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Faoreword

(This Foreword is not a part of IEEE Std 1005-1991, IEEE Standard Definitions and Characterization of Floating Gate

Semiconductor Arrays.)

Over the last few years, floating gate memory arrays have become the overwhelming technology
of choice for those applications requiring nonvolatile semiconductor memory whose contents may
be altered in the system. However, because this technology raises issues heretofore not commonly
addressed by users, there has been uncertainty as to how to best characterize and evaluate products
incorporating it for various applications. A complicating factor has been the fact that products
using this technology have been available from a number of commercial suppliers who have
employed several variants of the basic technology and who have sometimes used inconsistent

terminology to describe it.

This standard is intended for users or prospective users of floating gate technology. It provides
an introduction to the technology, describes the variants in current use, addresses the salient
issues and describes, for new users, tests designed to characterize and evaluate products in light of
these issues. It also defines common terms in order to facilitate communication.
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IEEE Standard Definitions and
Characterization of Floating Gate
Semiconductor Arrays

1. Introduction

1.1 Overview. Section 1 contains an introduc-
tion to the physics unique to this type of mem-
ory and an overview of typical array architec-
tures. It also defines the limitations of this
standard.

Section 2 defines symbols and definitions
used in the remaining sections.

Section 3 provides the reader with references
that are necessary for implementation of this
standard.

Section 4 describes the variations on the ba-
sic floating gate nonvolatile cell structure that
have been used in commercially available de-
vices.

Section 5 explores the various reliability
considerations involved in these devices. It
discusses retention and endurance failures
and the interaction between endurance, reten-
tion, and standard semiconductor failure
mechanisms in determining the device fail-
ure rate.

Section 6 defines retention of data stored in
these arrays. It describes how to specify and
perform engineering verification of reten-
tion. Some typical production screens and
monitors are indicated.

Section 7 defines endurance of floating gate
arrays. Effects that limit the endurance are
discussed. The specification and engineering
verification of endurance are described.

Section 8 deals with testing floating gate ar-
rays. It describes the more common features
incorporated into these arrays and how to effi-
ciently test these complex products.

Section 9 treats the effects that various forms
of ionizing radiation may have on floating
gate arrays and on approaches to test for these
effects.

Section 10 sketches briefly the use of floating
gate cells in nonmemory applications. Com-
peting electrically-alterable semiconductor
nonvolatile memory technologies are also
mentioned.

1.2 Basic Tunneling Physics. The fundamen-
tal challenge in designing an electronically-
reprogrammable nonvolatile memory cell is
the necessity of finding a controllable, repro-
ducible effect that has a sufficient nonlinear-
ity such that the cell can be written to a state at
one voltage in about 1 ms, and that state can be
maintained during read or storage at another
voltage for more than 10 years (~3.108 s). One
phenomenon that exhibits the necessary non-
linearity is Fowler-Nordheim tunneling,
which was first described by Fowler and
Nordheim in 1928 and subsequently named
after them, see [B14].!

The basic idea is illustrated in Fig 1.1. The

energy difference between the conduction and
valence bands in Si is about 1.1 eV. The en-
ergy difference between these bands in SiOg is
approximately 9 eV. When the two materials
are joined, the conduction band in SiOg is 3.25
eV above that in Si. The differences in valence
band energies is even larger (>4 eV). Since
the thermal energy of an electron averages
only 0.025 eV at room temperature, the chances
of an electron in silicon gaining enough
thermal energy to surmount the barrier and
enter the conduction band in SiOg is exceed-
ingly small. This case is illustrated in Fig.
1.1(a).
Fowler and Nordheim (see [B14]) pointed out
that in the presence of a high electric field, the
energy bands will be distorted as illustrated in
Fig 1.1(b). Under these conditions, there is a
small but finite probability that an electron in
the conduction band in the silicon will quan-
tum mechanically tunnel through the energy
barrier and emerge in the conduction band of
the SiOg, as illustrated in Fig 1.1(b).

Fowler-Nordheim emission was observed
early in this century for the case of electrons
being emitted from metals into vacuum. In
1969, Lenzlinger and Snow observed this phe-

IThe numbers in brackets, when preceded by the letter
B, correspond to those in the bibliography in Section 11.
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Si SiO2 Si SiO2 -
3.25 eV
CONDUCTION
BAND YyOOO QOO0 -1
11eV
VALENCE
BAND
4.7 eV
(a) ®)
Fig 1.1
Energy Band Diagrams of the Si/SiOg System

in the Neutral State (a) and During the Write Operation (b)

nomenon for the Si-Si0y system, see [B25]. The
Fowler-Nordheim current increases exponen-
tially with applied field and becomes readily
observable (i.e., J ~ 106 A/em2) for the Si-SiOy
system when the field at the Si-SiOg2 interface
is on the order of 10 mV/cm.

Local fields of this magnitude, at voltages
practicable for use on high density integrated

circuits, have been obtained by either applying
a voltage across a very thin (~100 A) oxide
layer grown on a smooth Si substrate or by ap-
plying a voltage across a somewhat thicker ox-
ide (~500-1000 A) grown on polyerystalline
electrodes. In the latter case, the field en-
hancement arising from the positive curva-
ture regions of the textured polycrystalline
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OF FLOATING GATE SEMICONDUCTOR ARRAYS

surface results in tunneling at similar volt-
ages as in the first case, see [B11]. There are
several reports of practical memories being
fabricated with both techniques, see [B10],
[B14], [B17], [B18], and [B21]-{B24].

1.3 Introduction to Floating Gate Memory
Arrays. The floating gate devices discussed
in this standard program and erase via
Fowler-Nordheim tunneling and may require
that pulses of the order of 20 V be applied to the
cell terminals in order to write to the cell.
Moreover, reliability is enhanced if the pulse
is shaped to reduce the instantaneous tunnel
current spikes. Early memory arrays left to
the user the task of supplying these pulses, just
as early RAMs lacked onboard sense ampli-
fiers. However, all modern commercial ar-
rays of this type generate the necessary write
pulses onboard the chip from a standard 5 V
power supply under the control of external
logic level signals.

Typical system cycle times are in the order
of 50-500 ns. Floating gate memory arrays
are made with read access times compatible
with system timing requirements. In order to
avoid overstressing the tunnel oxide, however,
it is desirable to allow the writing to take place
over a time on the order of a millisecond. To
match the write times with the system cycle
times, today’s memory arrays control the long
internal timings on chip in response to logic
signals with timings that are comparable to
read access times.

Many other functions intended to make
these arrays easier to use, such as the ability to
write many bytes per write cycle, the ability to
detect the end of the internal write cycle, and
the ability to inhibit writing when desired,
have been incorporated into some devices.
These are discussed in more detail in Section
8 along with methods for testing them.

In response to differing application re-
quirements, various array organizations
have been developed. One major difference in
organization is whether the array is byte al-
terable, page (or block) alterable, or chip (or
bulk) alterable. (Alterability is the ability to
change the designated section from any pat-
tern to any other pattern without changing the
data in other sections.) Cells that may be used
in byte alterable arrays are described in 4.3
and 4.4. Section 4.5 discusses a cell applicable
to chip or block alterable arrays.

IEEE
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1.4 Restrictions. This standard is restricted to
consideration of floating gate memory arrays
that program and erase via Fowler-Nordheim
tunneling. MNOS memory arrays are al-
ready covered in another IEEE standard
(IEEE Std 641-1987 [B3]). Floating gate memo-
ries that program via hot electron injection
through the gate oxide are specifically ex-
cluded. Hot electron emission, a different pro-
gramming mechanism, leads to different de-
vice physics and reliability concerns. The
relative inefficiency of the hot electron pro-
graming mechanism may require that a high-
voltage pulse be externally supplied to the ar-
ray. An external high-voltage supply may
lead to different applications and different
testing issues.

This standard also does not deal with the use
of any floating gate memory cell in non-
memory applications such as logic or trim-
ming for analog functions.

Such excluded topics are discussed briefly in
Section 10.

2. Definitions and Symbols
2.1 Definitions

address. A character or group of characters
that identifies a register, a particular part of
storage, or some other data source or destina-
tion (see JESD 100-82 [B6] ).

AOQL. Average outgoing quality level. A sta-
tistical measure of outgoing quality

array. A group of memory cells arranged in a
pattern.

bit. (1) An abbreviation of binary digit. (2) A
single occurrence of a character in a language
employing exactly two distinct kinds of char-
acters. (3) A unit of storage capacity. The ca-
pacity, in bits, of a storage device is the
logarithm to the base two of number of possi-
ble states of the device (see IEEE Std 100-1988
[B1D).

bit-retention. The time interval from the
writing of either state into a specified memory
location to the earliest appearance of an in-
correct state from such memory location as
measured on specified output terminal(s).
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block. A group of data that is contiguous in
nature (see IEEE Std 100-1988 [B1]). As used in
this standard, it is understood to imply a subset
of an entire memory array. It may also be
referred to as a sector.

block clear. Operation that sets a block of data
within a memory to a common “1” state with-
out affecting any other memory block.

NOTE: In the field of nonvolatile memories, clear con-

ventionally means set to a “1” state. This usage is adhered
to in this standard.

block select. An input terminal to which a
signal must be applied in order to permit the
device to read or write a block of data.

bulk erase. Operation of removing electrons
from all of the bits of an array.

byte. A binary bit string operated on as a unit,
usually eight bits long, and capable of holding
one character in the local character set (see
IEEE Std 100-1988 [B1)).

byte clear. Operation that sets all bits in an
addressed byte of memory to a common “1”
state.

cell. Same as memory cell.

charge pump. Circuitry used to create an on-
chip voltage greater than the voltage available
from the device power supply. This voltage is
typically used for the write operation.

chip. A small unpackaged functional element
made by subdividing a wafer of semiconduc-
tor material. Sometimes referred to as a die
(see IEEE Std 100-1988 [B1]). Also used as a
modifier to indicate an operation that applies
to the entire chip, as in chip enable or chip
clear.

chip clear. Operation that causes the writing of
all memory elements to a common “1” state.
Terminal to which the clear signal is applied
(preferred usage).

chip erase. Same as bulk erase. May be re-
ferred to as mass erase.

data change. The event in which new data is
written to a byte or word. This event may be
used as a unit of endurance measurement.

10
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data rewrite. The operation in which the array
is written, whether measured in terms of data
changes or program/erase cycl_es.

dc static tests. Voltage and current tests to
determine the input levels, output levels, and
power dissipation characteristics of a device.

differential sensing circuit. A circuit capable
of detecting the differential characteristics of
a multiple-sense-transistor memory cell.

dose rate. The time rate of deposition of ioniz-
ing radiation (see IEEE Std 581-1978 [B2]).

dynamic radiation test. Test of the instanta-
neous effects of radiation obtained by monitor-
ing electrical and memory properties of inter-
est continuously during and immediately af-
ter exposure to a transient radiation pulse (see
IEEE Std. 518-1978 [B2)).

EEPROM (EZPROM). Electrically erasable
programmable read only memory. A non-
volatile, randomly-addressable storage de-
vice whose bits can be written into either state
electrically. These devices are characterized
by much slower write times than read times.
The memory is intended for applications spec-
ifying a maximum number of write opera-
tions (cf., JESD 100-82 [B6]).

E2PROM. Same as EEPROM.

EEPROM redundancy. A circuit technique in
which extra EEPROM cells are mapped into
the memory array address space to replace
defective EEPROM cells. The mapping may
be controlled through EEPROM or other fuse
techniques.

endurance. The measure of the ability of a
nonvolatile memory device to meet its data
sheet specifications as a function of accumu-
lated nonvolatile data rewrites.

EPROM (UV-EPROM). Electrically pro-
grammable read only memory. A non-
volatile, randomly-addressable semiconduc-
tor memory in which data is stored as charge
on an electrically insulated gate, program-
ming occurs via hot electron injection, and
erasure is implemented by exposure to ultravi-
olet light.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 04:30:08 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1005-1991


http://www.avadocuments.com/doc/ieee-1005-1991
http://www.avadocuments.com/doc/ieee-1005-1991

OF FLOATING GATE SEMICONDUCTOR ARRAYS

erase. The operation of removing electrons
from the floating gate of the memory cell.

erase margin. The minimum measured dif-
ference between the erased states and the sens-
ing level for the array.

FAMOS™. Floating gate avalanche MOS
transistor used in EPROMS.

FET. Field-Effect Transistor.
FLOTOX™ . Floating gate tunnel oxide.

Fowler-Nordheim tunneling. A quantum me-
chanical effect in which electrons penetrate
through a region of space in which they are en-
ergetically forbidden as a result of an exter-
nally applied electric field.

functional dynamic tests. Operation of the ar-
ray at specified dynamic conditions to deter-
mine functional performance.

IC. Integrated circuit. A combination of inter-
connected circuit elements inseparably asso-

ciated on or within a continuous substrate
(IEEE Std 100-1988 [B1).

IGFET. Insulated-gate field-effect transistor.
A field-effect transistor having one or more
gate electrodes that are electrically insulated
from the channel (see JESD 77-81 [B5]).

inadvertent write protection. Circuitry used to
prevent inadvertent write cycles that may
occur when the device’s control signals enter
an indeterminate state during power on/off or
noise transitions.

incremental total dose test. Test of permanent
changes induced by radiation obtained by a
comparison of characteristics before and after
exposure to a given integrated total dose level.

integrated circuit. See IC.

internal reference voltage. Internally devel-
oped bias voltage.

: FAMOS is a trademark of Intel Corp.
FLOTOX is a trademark of Intel Corp.
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latch-up. A state in which a low-impedance
path results from and persists following an
input, output, or supply overvoltage that trig-
gers a parasitic four-layer bipolar structure
(see JEDEC Standard No. 17 [B4)).

LET. Linear energy transfer. The amount of
energy transferred from an ionized particle to
the medium through which it passes per nor-
malized unit of distance traveled. Usually ex-
pressed in units of MeV.cm?/mg.

LSI. Large-scale integration.
mass erase. Same as bulk erase.
memory array. Same as array.

memory cell. The combination of one or more
single or merged transistors formed to provide
a means of accessing, changing, and storing
data.

memory capacity. Same as storage capacity.

memory location. Addressable portion of the
memory that is capable of storing a binary
signal.

memory organization. An arrangement of
memory cells, either by geometrical ar-
rangement in rows and columns, or by the
organization of the data to be stored (see IEEE
Std 641-1988 [26]).

MNOS. Metal-nitride-oxide semiconductor
transistor (see IEEE Std 581-1978 [B2)).

nonvolatile memory. A memory in which the
data content is retained when power is no
longer supplied to it (see JESD 100-82 [B6]).

NOVRAM. Nonvolatile random access mem-
ory.

NVRAM. Nonvolatile random access mem-
ory. (Also known as “Shadow Memory.”)

page. A section of the array that may be written
to simultaneously. This usually refers to more
than one byte.

powerup/down protection. See inadvertent
write protection.
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program. The operation of injecting electrons
onto the floating gate of the memory cell.

program margin. The minimum measured
difference between the program states and the
sensing level for the array.

program/erase cycle. The event of writing a
memory cell from one state (e.g., erased) to the
opposite state and back to the original state.
This event may be used as a unit of endurance
measurement.

radiation-induced data loss characteristics
(data upset). Stored data integrity as a func-
tion of total dose or dose rate after a given test
pattern has been written into the device.

rads in Si. Amount of radiation measured by
its ionizing effect in silicon; one rad equals
100 erg of energy deposited in a gram of
irradiated solid (see IEEE Std 100-1988 [B11).

RAM. Random access memory. A memory
that permits access to any of its address loca-
tions in any desired sequence with similar
access time to each location (see JESD 100-82
[B6]).

NOTE: The term RAM, as commonly used, denotes a

read/write memory with unlimited data rewrite capability
and equal read and write times.

read circuitry. That part of the memory used
in transferring the stored data from the mem-
ory section to external circuitry.

read disturb. The corruption of data induced
by reading the memory.

retention time. The time period from storing
data until the data can no longer be read cor-
rectly under all the conditions allowed by the
device specification (cf., IEEE Std 641-1988
[B31).

sector. See block.

sense amplifier voltage window. Sense ampli-

IEEE STANDARD DEFINITIONS AND CHARACTERIZATION

static dose rate test. Test of the permanent
changes induced by radiation obtained by a
comparison of characteristics before and after
exposure at a given dose rate.

storage capacity. The amount of data that can
be contained in a storage device (see IEEE Std
100-1988 [B1)).

storage cell. An elementary unit of storage
(for example, a binary cell, a decimal cell)
(see IEEE Std 100-1988 [B1]).

timing sequence. Sequence of enable, coding,
and data pulses to permit writing or reading of
information.

total dose. The total amount of ionizing
radiation deposited in the active area of a
device over a given period of time. The unit of
measure for total dose most commonly used in
the present context is rads (Si) (see IEEE Std
100-1988 [B1]).

UV-PROM. Same as EPROM.

window. The measured difference in voltage
or current between the erased and pro-
grammed states.

word. A character string or bit string consid-
ered as an entity (see IEEE Std 100-1988 [B1]).

word clear. Operation that sets all bits of a
word to a common logic “1” state.

word erase. The operation of removing the
electrons from all bits in a word.

write. The operation by which a data state is
entered into one or more memory cells. This
may be a program or an erase operation.

write circuitry. Section of the memory used in
the alteration of the stored data during the
write operation.

fier sensitivity between differential state or 2.2 Letter Symbols for Quantities
reference voltage and sensed state.

Ce = gate capacitance per unit area
SEU. Single-event upset. The loss of data Ips = drain-source current
caused by passage of a single ionizing particle k = Boltzmann’s constant
through an array. k' = gain factor
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L = length of channel in the direction
of current flow

Nend = endurance

T = temperature

tret = retention time

Vps = drain-source voltage

Vaes = gate-source voltage

Vr = threshold voltage

w = width of the channel

u = carrier mobility

Os = Fermi potential

2.3 Letter Symbols for Units of Measurement

k = kilo 10%)
nanosecond (1079 s)

ns =
us = microsecond (107 s)
ms = millisecond (103 s)
M = mega (10%)
A" = volt
eV = electron volt (1.602:102 J)
A = angstroms (101° m)
nm = nanometer (102 m)
rad = 100 erg/gm
3. References

[1]1 JEDEC Standard No. 21, Configurations for
Solid State Memory.2

[2] MIL-STD-883, Test Methods and Pro-
cedures for Microelectronics.?

4, Basic Floating Gate Cell Types

4.1 Background. The floating gate FET
structure was first proposed by Kahng and Sze
in 1967. The first commercial realization of a
floating gate memory device was the floating-
gate avalanche-injection MOS memory
(FAMOS) device developed by D. Frohman-
Bentchkowsky in the early 70’s. Program-
ming of the FAMOS device was by avalanche
breakdown of the drain junction. Hot elec-

2 JEDEC publications are available from JEDEC, 2001 I
Street NW, Washington, DC 20006, USA.

3 MIL publications are available from the Director, U.S.
Navy Publications and Printing Service, Eastern
Division, 700 Robbins Avenue, Philadelphia, PA 19111,
(215) 697-2179.
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trons generated by the process were trans-
ported to the floating gate. Hot electrons could
overcome the oxide barrier with a relatively
low applied voltage. To erase the FAMOS
memory, ultraviolet light could be used to
excite electrons over the oxide barrier. From
the early 70’s, FAMOS devices evolved into a
generic memory product called electrically
programmable read only memory (EPROM),
which uses channel hot electron for program-
ming.

The obvious drawback of the EPROM was
that it required ultraviolet (UV) light for eras-
ing. This required a quartz window in the
package and the removal of the memory com-
ponent from the circuit board to be erased by a
special UV eraser. Furthermore, a high-volt-
age (12-21 V), high-current supply (> 10 mA)
in addition to 5 V was required for program-
ming. Consequently, instead of programming
in circuit, programmers were developed for
the exclusive purpose of programming
EPROMs. Ideally, a nonvolatile memory
should be erasable electrically and should not
require an extra power supply, so that pro-
gramming can be done in circuit with exist-
ing power supplies. Floating gate EEPROMs
satisfy these requirements.

4.2 General Description. The basic floating
gate electrically erasable programmable read
only memories (EEPROMs) are very similar
to EPROMs. Insulated from the channel re-
gion of the transistor is a poly silicon field
plate usually doped to degenerate N+ by phos-
phorus. This field plate is completely insu-
lated from all other electrodes and silicon by
high-quality insulators (usually silicon diox-
ide) forming a floating gate. Typically, there
are one or more electrodes that are coupled ca-
pacitively to the floating gate. Electron con-
duction of the transistor channel can be con-
trolled by the charge stored on the floating
gate. When there is gain in negative charge,
the threshold of the transistor is increased in
the positive voltage direction. When there is a
gain in positive charge on the floating gate, the
threshold voltage is increased in the negative
direction. By applying a fixed reference volt-
age to the top control gate, the charge state of the
floating gate can be sensed by the channel cur-
rent, thereby giving the memory states.

The major difference between an EPROM
and an EEPROM is that in the EEPROM there
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are electrical elements in the structure that al-
low the transport of electrons to and from the
floating gate under high voltages, but that
maintain the charge states at normal operat-
ing voltages. The transport process is Fowler-
Nordheim (FN) tunneling from planar
structures or enhanced FN tunneling from
non-planar structures (e.g., textured poly).
The process requires a very high electric field
and, in most cases, the tunneling process is
bidirectional. Memory cells are designed in
such a way as to couple the necessary high
voltages for charge transport across the tun-
neling element over intervals of millisec-
onds. The transport of electrons results in a
change of potential in the floating gate, which
reduces the electric field for tunneling.
Therefore, the electron transport process is a
self-limiting process. Because the floating
gate is conductive, it is possible to have charge
transported in a small area away from the
channel region. This gives flexibility in the
design and layout of the cell, see [B24].

It is relatively easy to design a single mem-
ory cell that has two memory states. It is a very
different problem to put the cell in an array
and have the cell program and erase in a con-
trolled fashion with no disturbance of other
cells. Applying voltage in one way to program
a cell in the array would usually mean that
another cell would be erased in the array.
Special inhibit conditions must be designed
into the cell. Several solutions that allow al-
teration of a single byte are described in 4.3
and 4.4. An alternative that abandons byte al-
terability in favor of a smaller cell size is de-
scribed in 4.5.

4.3 Planar Charge Transfer Cell
4.3.1 Tunnel Oxide Defined Lithograph-
ically in Drain Extension. The generic name
for this memory cell is FLOTOX (floating gate
tunnel oxide.), but there are variations of the
basic cell that have been reported and used for
EEPROM products, see [B16], [B21], and [B31).
4.3.1.1 Charge Transfer. The basic struc-
ture of the FLOTOX memory cell is shown in
Fig 4.1. The tunnel dielectric (which can be
oxide or oxynitride, typically less than 12 nm
thick) is grown over an area defined litho-
graphically in the drain region (or an exten-
sion of the drain region that may have lighter
doping). Under the high-voltage condition, the
memory cell is equivalent to a number of ca-
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pacitors with the transistor function playing
only a relatively minor part in the operation.
Charging of the floating gate is achieved by
grounding source and drain and applying a
high voltage (typically 16-20 V) to the top gate.
The cell is designed such that a large fraction
(typically >60%) of the applied voltage is cou-
pled across the tunnel dielectric, resulting in
transport of electrons from drain to floating
gate. Discharge is achieved by grounding the
top gate, floating the source, and applying a
high voltage to the drain. Again, most of the
applied voltage is coupled across the tunnel di-
electric (typically >70%), but the field is re-
versed. Electrons are removed from the float-
ing gate to the drain. The source is floated so
that there is no continuous current path. This
is an important factor when an internal
charge pump is used to generate the high volt-
age from the 5 V supply.

4.3.1.2 Inhibit Conditions. If a single
transistor memory cell is placed in a typical
array with drains connected to metal columns
and gates connected to common polysilicon
word lines, the programming of a cell (with
word line grounded) will mean that high volt-
age is applied to ALL the drains in a common
column. Programming can be inhibited in
nonselected cells by taking unselected word
lines to a high voltage, but unselected cells
along the same word line may get charged
(defined as electrons on the floating gate). In
order to get away from the disturb conditions,
in the minimum case, a select transistor is
needed to isolate the drain from the column
line. In other memory cell designs, there may
be more than 1 select transistor. The select
transistor will be off for rows that are not se-
lected. The floating gate transistor is only a
memory element used for storing the memory
state.

4.3.1.3 Reading. During reading, the se-
lect transistor serves another purpose. It is
possible for the cell to acquire a negative
threshold, giving a depletion memory transis-
tor. In an array, this would cause columns to
fail. The select transistor will isolate the
cells. Reading is accomplished by applying
some selected voltage to the gate of the select
transistor for memory selection in the row, ap-
plying a column voltage on the drain, and
sensing the voltage on the floating gate.
Electrons on the gate of an N-channel transis-
tor will tend to turn it off. A positive gate
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Fig 4.1
Cross-Section View llustrating the FLOTOX Device Structure

charge will tend to turn it on. Thus, a differ-
ence in gate charge of the floating gate mem-
ory transistor causes a difference in drain
current that can be sensed by the sense ampli-
fier. Because the drain is coupled to the float-
ing gate through the tunnel dielectric, drain
coupling is relatively high. A drain voltage
increase will decrease the threshold voltage of
the memory transistor.

4.3.2 Tunnel Oxide as the Floating Gate
Channel Oxide With Drain Overlap. The
generic name used for this memory cell is
FETMOS (floating gate electron tunneling
MOS), see [B22].

4.3.2.1 Charge Transfer. The basic con-
cept of the FETMOS cell is similar to
FLOTOX, but instead of a small tunnel dielec-
tric area defined lithographically in the
drain, the cell has a tunnel dielectric as the di-
electric underneath the floating gate in the
channel region instead of a much thicker ox-
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ide. During charging, a high voltage is ap-
plied to the top gate. Electrons tunnel from the
channel, as well as the S/D region, into the
floating gate. During discharging, the top gate
is grounded, a fixed low voltage is applied to
the source (or floated), and a high voltage is
applied to the drain. Tunneling now occurs
over the region where the floating gate over-
laps the drain region, which is very small.
With the high capacitance resulting from the
tunnel oxide in the channel, the coupling ratio
during charging is usually low; whereas be-
cause of the small drain/gate overlap, the pro-
gramming coupling ratio is very high.

4.3.2.2 Inhibit Conditions. The inhibit
conditions are identical to that of FLOTOX in
4.3.1.2.

4.3.2.3 Reading. Reading of the FETMOS
cell is identical to reading of the FLOTOX
cell. With the very thin tunnel dielectric, the
sense transistor usually has high gain and
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thus high read current. On the other hand,
drain coupling is small compared to the
FLOTOX cell.

4.3.3 Tunnel Oxide Defined Lithograph-
ically in the Channel Region With no Drain
Overlap

4.3.3.1 Charge Transfer. The basic
structure of this cell is shown in Fig 4.2, see
[B27]. The tunnel dielectric is defined litho-
graphically as a small area surrounded by
thick oxide in the channel region (N channel
in the present case). In order for this cell to
work, it must reside in a well (P well in
present case). Programming is achieved by
applying a high voltage to the gate with the
channel brought to ground potential by
grounding the drain with the source floating.

IEEE STANDARD DEFINITIONS AND CHARACTERIZATION

The cell is designed to have most of the applied
voltage coupled across the tunnel/gate di-
electric capacitor. This results in the transport
of electrons onto the floating gate. For erasure,
the top gate is grounded and the source, drain,
and well are brought to high voltage. Because
the source and drain are brought to high
voltage, the channel also will be at high
voltage. Most of the applied high voltage will
couple across the tunnel/gate dielectric,
resulting in the removal of electrons. The
erase coupling ratio is the same as for
programming because of the symmetry of the
cell. This is different from the FLOTOX and
the FETMOS cell where there is significant
difference between program and erase
coupling ratios.

Fig 4.2
Cross-Section View Mlustrating Cell That has Tunnel Oxide Defined
Lithographically in the Drain Region With no Overlap
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