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Founded in 1968 to pursue the integration of large numbers of

transistors onto tiny silicon chips, Intel’s history has been marked by

a remarkable number of scientific breakthroughs and innovations. In

1971, Intel introduced the 4004, the first microprocessor. Containing

2300 transistors, this first commercially-available computer on a chip

“Ais considered primitive compared with today’s million-plus transistor
products.

Innovations such as the microprocessor, the erasable program-

. mable read-only memory (EPROM) and the dynamic random access

memory (DRAM) revolutionized electronics by making integrated

circuits the mainstay of both consumer and business computing
products.

Over the last two and a half decades, Intel’s business has
evolved and today the company’s focus is on delivering an extensive
line of component, module and system-]evel building block products
to the computer industry. The company’s product line covers a broad
spectrum, and includes microprocessors, flash memory, microcontrol-
lers, a broad line of PC enhancement and local area network
products, multimedia technology products, and madssively parallel
supercomputers. Intel’s 32-bit X86 architecture, represented by the
Intel386™ and Intel486™ microprocessor families, are the de facto
standard of modern business computmg and installed in millions of
PCs worldwide.

Intel has over 25,000 employees located in offices ahd manufac-
turing facilities around the world. Today, Intel is the largest semicon-
ductor company in the United States and the second largest in the
world.
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INTEL MEMORY TECHNOLOGIES

Most of this handbook is devoted to techniques and
information to help you design and implement semi-
conductor memory in your application or system. In
this section, however, the memory chip itself will be
examined and the processing technology required to
turn a bare slice of silicon into high performance
memory devices is described. The discussion has
been limited to the basics of MOS (Metal Oxide
Semiconductor) technologies as they are responsi-
ble for the majority of memory devices manufactured
at Intel. )

There are three major MOS technology families—
PMOS, NMOS, and CMOS (Figure 1). They refer to
the channel type of the MOS transistors made with
the technology. PMOS technologies implement
p-channel transistors by diffusing p-type dopants
(usually boron) into an n-type silicon substrate to
form the source and drain. P-channel is so named
because the channel is comprised of positively
charged carriers. NMOS technologies are' similar,
but use n-type dopants (normally phosphorus or ar-
senic) to make n-channel transistors in p-type silicon
substrates. N-channel is so named because the
channel is comprised of negatively charged carriers.
CMOS or Complementary MOS technologies com-
bine both p-channel and n-channel devices on the.

same silicon. Either p- or n-type silicon substrates
can be used, however, deep areas of the opposite
doping type (called wells) must be defined to allow
fabrication of the complementary transistor type.

Most of the early semiconductor memory devices,
like Intel's pioneering 1103 dynamic RAM and 1702
EPROM were made with PMOS technologies. As
higher speeds and greater densities were needed,
most new devices were implemented with NMOS.
This was due to the inherently higher speed of
n-channel charge carriers (electrons) in silicon along
with improved process margins. CMOS technology
has begun to see widespread commercial use in
memory devices. It allows for very low power devic-
es used for battery operated or battery back-up ap-
plications. Historically, CMOS has been slower than~
any NMOS device. However, CMOS technology has
been improved to produce higher speed devices.

‘The extra cost of processing required to make both

transistor types had kept CMOS memories limited to
those areas where the technology’s special charac-
teristics would justify the extra cost. In the future, the
learning curve for high performance CMOS costs
are making a larger number of memory devices
practical in CMOS.

GATE
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2 N-SUBSTRATE P-SUBSTRATE
296102-1 ) 296102-2
PMOS NMOS
P-CHANNEL N-CHANNEL
-DEVICE DEVICE |
GATE
SOURCE G‘ITE DRAIN SOURCE I anm
> =<~ mEoox I \_Fo
P+ P+ ~\ N+ /
N-WELL : ) )
} ' . ' P-SUBSTRATE
296102-3
CMOS

Figure 1. MOS Process Cross-sections
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INTEL MEMORY TECHNOLOGIES

In the following section, the basic fabrication se-
quence for an HMOS circuit will be described.

HMOS is a high performance n-channe! MOS pro-.

cess developed by Intel for 5V single supply circuits.
HMOS, and CHMOS, CHMOS-E (EPROM) and
ETOX™ (Flash Memory), along with their evolution-
ary counterparts comprise the process family re-
sponsible for most of the memory components pro-
duced by Intel today.

The MOS IC fabrication process begins with a slice
(or wafer) of single crystal silicon. Typically, it's 100
or 150 millimeter in diameter, about a half millimeter
thick, and uniformly doped p-type. The wafer is then
oxidized in a furnace at around 1000°C to grow a
thin layer of silicon dioxide (SiO5) on the surface.
Silicon nitride is then deposited on the oxidized wa-
fer in a gas phase chemical reactor. The wafer is
now ready to receive the first pattern of what is to
become a many layered complex circuit. The pattern
is etched into the silicon nitride using a process
known as photolithography, which will be described
in a later section. This first pattern (Figure 2) defines
the boundaries of the active regions of the IC, where
transistors, capacitors, diffused resistors, and first
level interconnects will be made.

ETCHED
AREAS
NITRIDE
N yi
OXIDE—"
P-SUBSTRATE
.296102-4
Figure 2. First Mask

The patterned and etched wafer is then implanted
with additional boron atoms accelerated at high en-
ergy. The boron will only reach the silicon substrate
where the nitride and oxide was etched away, pro-
viding areas doped strongly p-type that will electri-
cally separate active areas. After implanting, the wa-
fers are oxidized again and this time a thick oxide is
grown. The oxide only grows in the etched areas
due to silicon nitride’s properties as an oxidation bar-
rier. When the oxide is grown, some of the silicon
substrate is consumed and this gives a physical as
well as electrical isolation for adjacent devices as
¢an be seen in Figure 3.

NITRIDE FIELD OX

P-SUBSTRATE p,

P+

296102-5

Figure 3. Post Field Oxidation

Having fulfilled its purpose, the remaining silicon ni-
tride layer is removed. A light oxide etch follows tak-
ing with it the underlying first ox1de but leaving the
thick (field) oxide.

Now that the areas for active transistors have beén
defined and isolated, the transistor types needed
can be determined. The wafer is again patterned
and then if special characteristics (such as depletion
mode operation) are required, it is implanted with
dopant atoms. The energy and dose at which the
dopant atoms are implanted determines much of the
transistor’s characteristics. The type of the dopant
provides for depletion mode (n-type) or enhance-
ment mode (p-type) operation.

The transistor types defined, the gate oxide of the
active transistors are grown in a high temperature
furnace. Special care must be taken to prevent con-
tamination or inclusion of defects in the oxide and to
ensure uniform consistent thickness. This is impor-
tant to provide precise, reliable device characteris-
tics. The gate oxide layer is then masked and holes
are etched to provide for direct gate to diffusion
(“buried”) contacts where needed.

The wafers are now deposited with a layer of gate
material. This is typically poly crystaline silicon
(“poly”’) which is deposited in-a gas phase chemical
reactor similar to that used for silicon nitride. The

* poly is then doped (usually with phosphorus) to bring

the sheet resistance down to 10-20 Q/square. This
layer is also used for circuit interconnects and if a
lower resistance is required, a refractory metal/poly-
silicon composite or refractory metal silicide can be
used instead. The gate layer is then patterned to
define the actual transistor gates and interconnect
paths (Figure 4).

BURIED _ FIELD
coNtacy’  POLYSILICON i
GATE
OXIDE 7
P+ p.supstrate P+ \
296102-6

Figure 4. Post Gate Mask

. The wafer is next diffused with n-type dopant (typi-

12

cally arsenic or phosphorus) to form the source and
drain junctions. The transistor gate material acts as
a barrier to the dopant providing an undiffused chan-
nel self-aligned to the two junctions. The wafer is
then oxidized to seal the junctions from contamina-
tion with a layer of SiO» (Figure 5).
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Figure 5. Post Oxidation

A thick layer glass is then deposited over the wafer
to provide for insulation and sufficiently low capaci-
tance between the underlying layers and the metal
interconnect signals. (The lower the capacitance,
the higher the inherent speed of the device.) The
glass layer is then patterned with contact holes and
placed in a high temperature furnace. This furnace
step smooths the glass surface and rounds the con-
tact edges to provide uniform metal coverage. Metal
(usually aluminum or aluminum/silicon) is then de-

posited on the wafer and the interconnect patterns

and external bonding pads are defined and etched
(Figure 6). The wafers then receive a low tempera-
ture (approximately 500°C) alloy that insures good
ohmic contact between the aluminum and diffusion
or poly. ‘

METAL

GLASS

GATE CONTACT

+ 7 F
p_suBsTRATE P+~ /

FiELD -
OXIDE

296102-8

Figure 6. Complete Circuit (without passivation)

At this point the circuit is fully operational, however,
the top metal layer is very soft and easily damaged
by handling. The device is also susceptible to con-
tamination or attack from moisture. To prevent this
the wafers are sealed with a passivation layer of sili-
con nitride or a silicon and phosphorus oxide com-
posite. Patterning is done for the last time opening
up windows only over the bond pads where external
connections will be made.

This completes basic fabrication sequence for a sin-
gle poly layer process. Double poly processes such

FIRST-LEVEL
POLYSILICON

+Va  SECOND-LEVEL

POLYSILICON

. (FLOATING)

P-SUBSTRATE

206102-9
EPROM/FLASH MEMORY CELL

Figure 7. Double Poly Structure

After fabrication is complete, the wafers are sent for
testing. Each circuit is tested individually under con-
ditions designed to determine which circuits will op-
erate properly both at low temperature and at condi-
tions found in actual operation. Circuits that fail
these tests are inked to distinguish them from good
circuits. From here the wafers are sent from assem-
bly where they are sawed into individual circuits with
a paper-thin diamond blade. The inked circuits are

[

then separated out and the good circuits are senton -

for packaging.

Packages fall into two categories—hermetic and
non-hermetic. Hermetic packages are Cerdip, where
two ceramic halves are sealed with a glass fritt, or
ceramic with soldered metal lids. An example of her-
metic package assembly is shown in Table 1. Non-
hermetic packages are molded plastics.

The ceramic package has two parts, the base, which
has the leads and die (or circuit) cavity, and the met-
al lid. The base is placed on a heater block and a
metal alloy preform is inserted. The die is placed on
top of the preform which bonds it to the package.
Once attached, wires are bonded to the circuit and
then connected to the leads. Finally the package is
placed in a dry inert atmosphere and the lid is sol-
dered on.

The cerdip package consists of a base, lead frame,
and lid. The base is placed-on a heater block and
the lead frame placed on top. This sets the lead
frame in glass attached to the base. The die is then
attached and bonded to the leads. Finally the lid is
placed on the package and it is inserted in a seal

- furnace where the glass on the two halves melt to-

as those used for high density Dynamic RAMs, -

EPROMs, flash memories, and EEPROMs follow the
same general process flow with the addition of gate,
poly deposition, doping, and interlayer dielectric pro-
cess modules required for the additional poly layer
(Figure 7). These steps are performed right after the
active areas have been defined (Figure 3) providing
the capacitor or floating gate storage nodes on
those devices.

gether making a hermetic package.

In a plastic package, the key component is the lead
frame. The die is attached to a pad on the lead
frame and bonded out to the leads with gold wires.
The frame then goes to an injection molding ma-
chine and the package is formed around the lead
frame. After mold the excess plastic is removed and
the leads trimmed.
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After assembly, the individual circuits are retested at
an elevated operating temperature to assure critical
operating parameters and separated according to
speed and power consumption into individual speci-
fication groups. The finished circuits are marked and
then readied for shipment.

The basic process flow described above may make
VLSI device fabrication sound straightforward, how-
ever, there are actually hundreds of individual opera-
tions that must be performed correctly to complete a
working circuit. It usually takes well over two months
to complete all these operations and the many tests
and measurements involved throughout the manu-
facturing process. Many of these details are respon-
sible for ensuring the performance, quality, and reli-
ability you expect from Intel products. The following
sections will discuss the technology underlying each
of the major process elements mentioned in the ba-
sic process flow. '

' PHOTOLITHOGRAPHY

The photo or masking technology is the most impor-
tant part of the manufacturing flow if for no other
reason than the number of times it is applied to each
wafer. The manufacturing process gets more com-
plex in order to make smaller and higher perform-
ance circuits. As this happens the number of mask-
ing steps increases, the features get smaller, and
the tolerance required becomes tighter. This is
largely because the minimum size of individual pat-
tern elements determine the size of the whole cir-
cuit, effecting its cost and limiting its potential com-
plexity. Early MOS IC’s used minimum geometries
(lines or spaces) of 8~10 microns (1 micron = 10—6
meter = 1/25,000 inch). The n-channel processes
of the mid 1970’s brought this down to approximate-
ly 5 microns, and today minimum geometries of one
micron are in production. This dramatic reduction

Table 1. Typical Hermetic Package Assembly
Flow Process/Materials Typical Item - Frequency Criteria
Wafer '
Die saw, wafer break
Die wash and plate .
Die visual insp: P metal 100% of die
QA gate : Every lot 0/76, LTPD =5%
Die attach Wet out 4 x /operator/shift 0/11 LTPD =20%
(Process monitor) .
Post die attach visual 100% of devices
Wire bond Orientation, lead 4 x Joperator/
(Process monitor) dressing, etc. machine/shift
Post bond inspection N 100% devices
QA gate All previous items every lot 1/129, LTPD=3%
Seal and Mark Cap align, glass 4 x [furnace/shift 0/15, LTPD = 15%
(Process monitor) integrity, moisture
Temp cycle 10x to mil std. 111, LTPD =20%
' : 883 cond. C
Hermeticity check FIG leak 100% devices
(Process monitor)
Lead Trim Burrs, etc. (visual) 4 x /station/shift 0/15, LTPD=15%
(Process monitor) Fine leak 2 x /station/shift 1/129, LTPD = 3%
External visual Solder voids, cap 100% devices
alignment, etc. )
1. QA gate All previous items All lots 1129, LTPD=3%
Class test Run standards Every 48 hrs.
(Process monitor) (good and reject)
Calibrate every
system using
“‘autover" program
2 Mark and Pack
’ ‘Final QA (See attached)
' 296102-11
NOTES: '
1. Units for assembly reliability monitor.
2. Units for product reliability monitor.
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in feature size was achieved using the newer high
resolution photo resists and optimizing their pro-
cessing to match improved optical printing systems.

A second major factor in determining the size of the
circuit is the registration or overlay error. This is how
accurately one pattern can be aligned to a previous
one. Design rules require that space be left in all
directions according to the overlay error so that un-
related patterns do not overlap or interfere with one
another. As the error space increases the circuit size
increases dramatically. Only a few years ago stan-
dard alignment tolerances were > *2 microns; now
advanced Intel processes have reduced this dramat-
ically due mostly to the use of advanced projection
and step and repeat exposure equipment.

- The wafer that is ready for patterning must go
through many individual steps before that pattern is
complete. First the wafer is baked to remove mois-
ture from its surface and is then treated with chemi-
cals that ensure good resist adhesion. The thick
photoresist liquid is then applied and the wafer is
spun flat to give a uniform coating, critical for high
resolution. The wafer is baked at a low temperature
to solidify the resist into gel. It is then exposed with a
machine that aligns a mask with the new pattern on
it to a previously defined layer. The photo-resist will
replicate this pattern on the wafer.

Negative working resists are polymerized by the light
and the unexposed resist can be rinsed off with sol-
vents. Positive working resists use photosensitive
polymerization inhibitors that allow a chemically re-
active developer to remove the exposed areas. The
positive resists require much tighter control of expo-
sure and development but yield higher resolution
patterns than negative resistance systems.

The wafer is now ready to have its pattern etched.
The etch procedure is specialized for each layer to
be etched. Wet chemical etchants such as hydro-
fluoric acid for silicon oxide or phosphoric acid for
aluminum are often used for this. The need for
smaller features and tighter control of etched dimen-
sions is increasing the use of plasma etching in fab-
rication. Here a reactor is run with a partial vacuum
into which etchant gases are introduced and an
electrical field is applied. This yields a reactive plas-
ma which etches the required layer..

The wafer is now ready for the next process step. Its
single journey through the masking process required
the careful engineering of mechanics, optics, organ-
ic chemistry, inorganic chemistry, plasma chemistry,
physics, and electronics.

DIFFUSION

The picture of clean room garbed operators tending
furnace tubes glowing cherry red is the one most
often associated with IC fabrication. These furnace
operations are referred to collectively as diffusion
because they employ the principle of sold state diffu-
sion of matter to accomplish their results. In MOS
processing, there are three main types of diffusion
operations: predeps, drives, and oxidations.

Predeposition, or “predep,” is an operation where a
dopant is introduced into the furnace from a solid,
liquid, or gaseous source and at the furnace temper-
ature (usually 900°C-1200°C) a saturated solution is
formed at the silicon surface. The temperature of the
furnace, the dopant atom, and rate of introduction
are all engineered to give a specific dose of the dop-

“ant on the wafer. Once this is completed the wafer is
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given a drive cycle where the dopant left at the sur-
face by the predep is driven into the wafer by high
temperatures. These are generally at different tem-
peratures than the predeps and are designed to give
the required junction depth and concentration pro-
file.

Oxidation, the third category, is used at many steps
of the process as was shown in the process flow.
The temperature and -oxidizing ambient can range
from 800°C to 1200°C and from pure oxygen to mix-
tures of oxygen and other gases to steam depending
on the type of oxide required. Gate oxides require
high dielectric breakdown strength for thin layers
(between 0.01 and 0.1 micron) and very tight control
over thickness (typically +0.005 micron or less than
+1/5,000,000 inch), while isolation oxides need to
be quite thick and because of this their dielectric
breakdown strength per unit thickness is much less
important. :

The properties of the diffused junctions and oxides
are key to the performance and reliability of the fin-
ished device so the diffusion operations must be ex-
tremely well controlled for accuracy, consistency
and purity.

ION IMPLANT

Intel’s high performance products require such high
accuracy and repeatability of dopant control that
even the high degree of control provided by diffusion
operations is inadequate. However, this limitation
has been overcome by replacing critical predeps
‘with ion implantation. In ion implantation, ionized
dopant atoms are accelerated by an electric field
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and implanted directly into the wafer. The accelera-
tion potentlal determines .the depth to which the
- dopant is implanted.

The charged ions can be counted electrically during
implantation giving very tight control over dose. The
ion implanters used to perform this are a combina-
tion of high vacuum system, ion source, mass spec-
trometer, linear accelerator, ultra high resolution cur-
rent integrator, and ion beam scanner. You can see
that this important technique requires a host of so-
phisticated technologies to support it.

THIN FILMS

\
Thin film depositions make up most of the features
on the completed circuit. They include the silicon ni-
tride for defining isolation, polysilicon for the gate
and interconnections, the glass for interlayer dielec-
tric, metal for interconnection and external connec-
tions, and passivation layers. Thin film depositions
are done by two main methods: physical deposition
and chemical vapor deposition. Physical deposition
is most common for deposition metal. Physical dep-
ositions are performed in a vacuum and are accom-
plished by vaporizing the metal with a high energy
electron beam and redepositing it on the wafer or by
sputtering it from a target to the wafer under an elec-
tric field.

Chemical .vapor deposition can be done at atmo-
spheric pressure or under a moderate vacuum. This
type of deposition is performed when chemical gas-
es react at the wafer surface and deposit a solid film
of the reaction product. These reactors, unlike their
general industrial counterparts, must be controlled
on a microscale to provide exact chemical and phys-
ical properties for thin films such as smcon d|0X|de,
silicon nitride, and polysilicon.

The fabrication of modern memory devices is a long,
complex process where each step must be moni-
tored, measured and verified. Developing a totally
new manufacturing process for each new product or
even product line takes a long time and involves sig-
nificant risk. Because of this, Intel has developed
process families, such as HMOS, on which a wide
variety of devices can be made. These families are
scalable so that circuits need not be totally rede-

- signed to meet your needs for higher perform-

ance.(1) They are evolutionary so that development
time of new processes and products can be reduced
without compromising Intel’s commitment to consist-
ency, quality, and reliability.

The manufacture of today’s MOS memory devices
requires a tremendous' variety of technologies and
manufacturing techniques, many more than could be
mentioned here. Each requires a team of experts to
design, optimize, control and maintain it. All these
people and thousands of others involved in engi-
neering, design, testing and production stand behlnd
Intel's products.

Because of these extensive requirements, most
manufacturers have not been able to realize their
needs for custom circuits on high performance, high
reliability processes. To address this Intel’s exper-
tise in this area is now available to industry through
the silicon foundry: Intel supplies design rules and
support to design and debug circuits. This includes
access to Intel’s n-well CHMOS technology. Users .
of the foundry can now benefit from advanced tech-
nology without developing processes and IC manu-
facturing capability themselves.

(MR Pashley, K. Kokkonen, E. Boleky, R. Jecmen, S. Liu,
and W. Owen, “H-MOS Scales Traditional Devices to High-
er Performance Level,” Efectronics, August 18, 1977.
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Flash Memory Overview

The ideal memory system optimizes density, nonvolatil-
ity, fast readability and cost effectiveness. While tradi-
tional memory technologies may individually exhibit
one or more of these desired characteristics, no single
memory technology has achieved all of them without
major tradeoffs—until the introduction of Intel Flash
Memory.

WHAT IS FLASH MEMORY?

Introduced by Intel in 1988, ETOXTM flash memory is
a high-density, truly nonvolatile and high performance
read-write memory solution also characterized by low
power consumption and extreme ruggedness and high

- reliability. The cost trend of Intel Flash Memory com-

ponents continues to decline sharply due to: (1) manu-
facturing economies inherent in ETOX, Intel’s indus-
try-standard EPROM-based flash “technology, (2)
increases in memory density, and (3) rapid growth in
production volume.

A comparison between Intel Flash Memory and other
solid-state memory technologies underscores the fact
that flash offers a design solution with distinct advan-
tages. These advantages are key to future product dif-
ferentiation for many applications requiring firmware
updates or compact mass storage (Figure 1).

— ROM (read-only memory) is a mature, high densi-
ty, nonvolatile, reliable and low cost memory tech-
nology widely used in PC and embedded applica-
tions. Once it is manufactured however, the
contents of a ROM can never be altered. Addition-
ally, initial ROM programming involves a time-
consuming mask development process that requires
stable code and is most cost-effective in high vol-
umes.

Easy updatability makes .flash memory clearly more
flexible than ROM in most applications.

— SRAM (static random-access memory) is a high-
speed, reprogrammable memory technology which
is limited by its volatility and relatively low density.
As a volatile memory technology, SRAM requires
constant power to retain its contents. Built-in bat-
tery backup is therefore required when the main
power source is turned off. Since battery failure is
an inevitable fact of life, SRAM data loss is an ever-
present danger. Additionally, SRAM requires four
to six transistors to store one bit of information.
This becomes a significant limitation in developing
higher densities—effectively keeping SRAM cost
relatively high. .

Figure 1. Intel Flash Memory vs Traditional Memory Teéhnologies

Memory Inh::l'-‘ﬂy D::lgs'i‘ty Pt?rlv:r Trag:iestor " Sg:_t o an%og:ta AI;'e ¥::)|e Blocking H?)rf';’ ®
Volatile Cell Writable | Storage . Updates
Flash v v v v v v v v
SRAM + Battery ' v v v v v
DRAM + Disk . v V. v v v v
EEPROM v v v v I v v
OTP/EPROM v v v v
Masked ROM v v v N

*MS-DOS and Windows are registered trademarks of Microsoft Corporation.
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In contrast, Intel flash memory ‘is inherently nonvola-
tile, and the single transistor cell design of Intel’s
ETOXT™ manufacturing process is extremely scalable,
allowing the development of continuously higher densi-
ties ‘and steady cost - 1mprovement over SRAM

(Figure 2).

1000
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Figure 2

— EPROM (electrically programmable read-only
memory) is a mature; high-density, nonvolatile
technology which provides a degree of updatability
not found in ROM. An OEM may program
EPROM as needed to accommodate code changes
or varying manufacturing unit quantities. Once pro-
grammed, however, the EPROM may only be
erased by removing it from the system. and then
exposing the memory component to ultraviolet
light—an impractical and time-consuming proce-
dure for many OEMs and a virtually impossible
task for end-users.

Unlike EPROM, flash memory is electrically re-writa-
ble within the host system, making it a much more
flexible and easier to use alternative. Flash memory of-
fers OEMs not only high density and nonvolatility, but
higher functionality and the ability to differentiate their
systems. )

— EEPROM (electrically erasable ~programmable
read-only memory) is nonvolatile and electrically
byte-erasable. Such byte-alterability is needed in
certain applications but involves a more complex
cell structure, and significant trade-offs in terms of
limited density, lower reliability and higher cost,
making it unsuitable as a mainstream memory.

Unlike EEPROM, Intel flash memory technology uti-
lizes a one-transistor cell, allowing higher densities,
scalability, lower cost, and higher reliability, while tak-
ing advantage of in-system, electrical erasability (Fig-
ure 3).

ETOX™M Fiash | EEPROM
Transistors 1 2
Cell Size 15p 38
(1-Micro Lithogrpahy) | -
Cycling Features 0.1% 5%
Figure 3

— DRAM (dynamic random access memory) is a vol-
atile memory known for its density and low cost.
Because of its volatility, however, it requires not
only a constant power supply to retain data, but
also an archival storage technology, such as disk, to
back it up.

Partnered with hard disks for permanent mass storage, -
DRAM technology has provided a low-cost, yet space

* and power-hungry solution for today’s PCs.

With ETOX process technology, Intel manufactures a
flash memory cell that is 30% smaller than equivalent
DRAM cells. Flash memory’s scalability offers a price
advantage as well, keeping price parity with DRAM,
and also becoming more attractive as a hard disk re-
placement in portable systems as densities grow and
costs decline.

Intel flash memory combines advantages from each of
these memory technologies. In embedded memory ap-
plications, flash memory provides higher-performance
and more flexibility than ROM and EPROM, while
providing ‘higher density and better cost effectiveness
than battery-backed SRAM and EEPROM. Moreover,
the true nonvolatility and low power consumption
characteristics of flash memory make it a compelling
alternative to DRAM in many applications.

ETOX™ [Il TECHNOLOGY

Unlike other approaches to flash memory, Intel ETOX
is a proven technology. As its name suggests, ETOX
(or “EPROM tunnel oxide”) technology evolved from
EPROM. With 95% process compatibility with
EPROM, ETOX taps experience gained from a mature
high-volume manufacturing base pioneered by Intel in
the 1970s. .

“ Data retention and lifetime reliability statistics for

ETOX III flash are equivalent to those of EPROM.
Representing the third generation of Intel flash memo-
ry technology, the ETOX III O.8u process provides
<100 FITS (failures in time) @ 55°C in a specification
that delivers 100,000 write cycles per block. This capa-
bility significantly exceeds the cyc}mg requlrements of
even the most demanding applications.
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For example, code storage for embedded control pro-
grams used in standard computer applications is infre-
quently updated. Twenty-year system lifetimes may re-
quire fewer than 100 rewrites. Even routinely-changed
data tables (used in navigational computers and black
box controllers) only require about 1,000 write cycles
over a 20-year period. The most demanding flash mem-
ory application of all, archival data storage in PC appli-
cations, typically requires about 5,000 write cycles in 20
years.

ETOX flash memory’s simple single-transistor cell
structure makes it smaller than other flash cells, allow-
ing designers to create highly integrated systems which
are more reliable and cost-effective than those based on
more complex and less mature flash technologies. The
inherent scalability of ETOX III Flash Memory and
high-volume manufacturing is enabling a correspond-
ing downtrend in flash cost. ’

Flash memory has added a new dimension to nonvola-
tile memory applications. Embedded systems, such as
PC BIOS; hard disk drive controllers and cellular tele-
phone applications take advantage of the easy update
capability, high density and high performance of Intel
Flash Memory. Today’s new generation of portable
computers require the optimum combination of per-
formance, size, weight, low power and shock resistance.
Whether implemented in memory cards, solid state
disks or at the component level, Intel’s Flash Memories
are also enabling a whole new generation of mobile
computers.

IMPLEMENTING INTEL FLASH
MEMORY

Today, Intel continues to serve both updatable nonvol-
atile' memory applications as well as the rapidly emerg-
ing solid-state mass storage applications with flash
memory solutions tailored to meet the needs of these
markets.

Updatable Code Storage

Code and data storage comprise the updatable nonvola-
tile memory applications that require high perform-
ance, high density, and easy update capability. Because
these applications are not updated as frequently as sol-
id-state mass storage applications, erase/write cycles
are not as critical as integration and performance re-
quirements. This application segment is served effec-
tively with full chip-erase or Boot Block products.

*Based on 10 MB card design, 5,000 cycle yields 50,000 MB of stored
data, which far exceeds most usage environments and file system
methodologies.
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Intel’s 28FO01BX 1 Mbit Boot Block flash component,
featuring a sectored architecture, has been widely ac-
cepted in embedded code storage applications, particu-
larly in PC BIOS and cellular communications. By
adopting Boot Block for their products, over 20 PC
manufacturers have gained added flexibility and the
ability to differentiate in a highly competitive market.
End users also benefit from the ability to upgrade BIOS
software quickly and securely. The blocked architec-
ture allows the OEM to store critical system code se-
curely in the lockable “boot block” of the device that
can minimally bring up the system and download to
other locations of the device to initialize the system.
The hardware boot locking feature guarantees that even
if the power is disrupted during a BIOS update, the
system will be able to recover immediately.

In response to customer requests for speed, density, low
power, surface-mount options and an industry-standard
upgrade path for portable computing and telecommuni-
cations, Intel more recently introduced the 2 Mbit
28F200BX and 4 Mbit 28F400BX Boot Block prod-
ucts.

These products offer 60 ns performance; two surface
mount packages: 40-lead TSOP (X8 only) and 44-lead
PSOP; and a proprietary Boot Block architecture simi-
lar to the 1 Mbit Boot Block device. The Boot Block
stores the code necessary to initialize the system, while
parameter blocks can be used to store manufacturing
product code, setup parameters, and frequently updat- -
ed code such as system diagnostics. The main operating
code is stored in the main blocks. Both devices are
available in a x16/x8 ROM-compatible pin-out in
44-lead PSOP surface mount packaging. These pinouts
and packages allow an easy upgrade from 2 Mb to
4 Mb, since only one address is added to the 4 Mb
device.

Solid-State Mass Storage

This major application segment requires very high den-
sity memory, automated programming and high-per-
formance erase/write capability at a very low cost per
bit. Erasing and writing portions of the code or data is
much more frequent in solid-state mass storage than in
updatable firmware applications.

Intel’s symmetrically blocked 8 Mbit 28FO08SA Flash-
FileTM memory is the highest density nonvolatile read/
write solution for solid-state mass storage. What’s
more, it is the first flash memory device optimized for
solid-state storage of software and data files.

The 28F008SA is packaged in an advanced 40-lead
TSOP (thin, small outline package) or 44-lead PSOP
(plastic SOP) to provide the extremely small form fac-
tor required for today’s handheld, pen-based and sub-
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notebook portable computers. The compactness of an
8 Mbit device in a TSOP package allows for high-densi-
ty flash arrays to be included both on a system mother-
board for direct execution of user programs or operat-
ing systems, as well as memory cards for transportable
program and file storage.

Memory Cards

Intel’s family of flash memory cards provides the most
reliable and rugged form of removable memory media.
High density, true nonvolatility, rewrite flexibility, and
proven cost effectiveness make Intel Series 1 Flash
Memory Cards the ideal medium for storing and updat-
ing application code as well as. capturing data.

For file storage applications that require high perform-
ance, ruggedness, long battery life, small size and light
weight, Intel’s Series 2 Flash Memory Cards in
4-Mbyte, 10-Mbyte and 20-Mbyte densities provide the
best solution. Based on Intel’s 8-Mbit FlashFile memio-
ry components, the Series 2 card’s block-erase function-
ality and high density take full advantage of flash filing
systems like Microsoft*’s Flash File System software to
provide full disk emulation in the form of removable,
nonvolatile storage. The cards conform to the
PCMCIA 2.0/JEIDA 4.1 68-pin standards and are
compatible with Intel’s Exchangeable Card Architec-
ture (ExCATM) to ensure system-to-system interopera-
bllllty

v

THE IMPETUS BEHIND THE “SOLID-
STATE” DISK

Because the disk-based PC is so prevalent and eminent-
ly familiar to both designers and end-users, many of
today’s portable systems still rely on it as their primary
medium. At the same time, disk drive manufacturers
have made great strides toward improving the reliabili-

ty, size and performénce of their systems, as well as the
disk media themselves. -

Yet the disk drive is an electro-mechanical system with
inherent limitations. Any mechanical hardware is much
more vulnerable than solid state semiconductor tech-
nology to the shock, vibration, and impurities that por-
table PCs encounter during normal use. Hard disk
drives can typically withstand up to 10Gs of operating
shock; Intel FlashFile memory, with no moving parts,
can withstand as much as 1000Gs. Additionally, Intel’s
Series 2 Memory Cards feature approximately 1.6 mil-
lion hours mean time between failure (MTBF). Such
endurance and reliability is essential for many of to-
day’s truly mobile handheld palmtop and notebook

_ sized PCs, particularly within apphcatlons requiring ex-

treme data integrity.

Power consumption is another major consideration for
today’s mobile PC designer and user. The drive typical-
ly requires anywhere from 3 watts to as many as
8 watts of power to run—which means rapid drain of
the system’s batteries. Compare this to flash memory in
a hard disk configuration. It consumes less than one
two-hundredth the average power of a comparable
magnetic disk drive based on the typical user model. At
the chip level, the 8 Mbit FlashFile Memory compo-
nent has a DEEP POWERDOWN mode that reduces
power consumption to less than 0.2 pA.

Additional shortcomings of disk drives are their size,
weight and floor costs. Magnetic drives do not scale
well, that is, it becomes increasingly difficult to im-
prove or even retain density as platter size shrinks.
Thus, every reduction in drive size requires complete
retooling and costly learning. Also, the complex con-
troller . circuitry provides a price floor under which
magnetic drives cannot drop. Since flash is scalable, at
some point in the near future, small magnetic drives are
likely to become more expensive per Mbyte than flash

_ cards and are certain to have less capacity.

Disk/DRAM - Flash

Average Seek Time 128.0ms 0
Latency 8.3ms 0
Data Transfer Rate

Read: 8 Mbits/sec. 106.7 Mbits/sec.

Write: - 8 Mbits/sec. 1 Mbit/sec.

.. Now Read from RAM Direct Processor Access
Total Time to Access 37.3ms ‘ " 0.077 ms
(1 Kbyte File) )
Figure 4

e
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From a performance standpoint, disk-based systems
still require some form of supplementary memory that
is directly executable. Typically, DRAM is used for ex-
ecutable code storage and data manipulation. Data
from the disk is downloadable into the DRAM cache
before users can access the information. Then when a
“‘save” operation is desired, the data is uploaded from
DRAM back into the disk. This download/upload pro-
cess slows down system throughput while the redun-
dant memory media produce even more system over-
head in the form of added space, power consumption
and weight (Figure 4).

Today’s PCs are typically configured with
4 Mbytes—8 Mbytes of DRAM backed up by at least a
40-Mbyte disk. FlashFile memory fully supports this
system configuration whern used simply as a magnetic

~drive replacement. Instructions and data are still
swapped to DRAM, but at a faster rate. Plus execution
speed can be enhanced if the DRAM is replaced with
SRAM.

In the solid-state computer, the “DRAM + magnetic
hard drive” is replaced by a “flash memory +
SRAM”. The key to this architecture is the ability to
eXecute-In-Place (XIP). Program instructions stored in
flash memory are read directly by the processor. Re-
sults are written directly to the flash memory. Com-
pute-intensive operations that require the fastest memo-
ry access and byte-alterability can use high-speed
SRAM or pseudo SRAM. Some of the system DRAM
can be replaced by low-cost flash and a small part of
the DRAM can be replaced by SRAM. The flash mem-
ory space is made even more storage efficient through
the use of compression techniques which may offer up
to 2:1 compression.

SOFTWARE DEVELOPMENTS
POSITION FLASH FOR PORTABLE
APPLICATIONS ‘

The majority of today’s portable computers and sup-
porting software programmers are designed to run us-
ing Microsoft’s MS-DOS* disk operating system. MS-
DOS was developed to allow broad-based compatibility
between systems and software and to optimize the sec-
toring scheme inherent to disk technology.

Intel’s Flash Memory, based on a block-erase architec-

Specifically, two recent developments allow this
achievement: DOS in ROM-executable form (DOS was
formerly designed to be stored on disk and then down-
loaded to/executed out of RAM); and a file system de-
signed for flash memory technology that allows the de-
vices to erase blocks of memory instead of the whole
chip.

ROM-executable DOS provides several benefits to both
system manufacturers and ultimately end users. First,
since most of the operating system is composed of fixed
code, the amount of system RAM required to execute
DOS is reduced from 50K to 15K, thereby conserving
system space and power. Secondly, DOS can now be
permanently stored in and executed from a single
ROM-type of device—flash memory—so systems come
ready to run. Lastly, users enjoy “instant on” perform-
ance since the traditional disk-to-DRAM boot function
and software downloading steps are eliminated.

For example, by storing application software and oper-
ating system code in a Resident Flash Array (RFA),

. users enjoy virtually instant-on performance and rapid

ture, divides the flash memory into segments that are .

loosely analogous to the-zones recognized in MS-DOS.
Thanks to recent software developments, flash memory
can effectively serve as the main memory within porta-
ble computers, providing user functions virtually identi-
cal to, and even improved over, those of disk-based sys-
tems.

in-place code execution. An RFA also protects against
software obsolescence because it is in-system updatable.
Resident software, stored in flash rather than disk, ex-
tends battery life and increases system reliability.

Since erasing and writing data to flash memory is a
distinctly different operation than rewriting informa-
tion to a disk, new software techniques were necessary
to allow flash to emulate disk functionality. File man-
agement software like Microsoft*’s Flash File System
(FFS) allows Intel’s Flash Memory components and .
flash cards to emulate the file storage capabilities of
disk. Microsoft’s FFS transparently handles data swaps
between flash blocks similar to the way MS-DOS han-
dles swaps between disk sectors. Under FFS, the user
may input a MS-DOS or Windows* command without
regard for whether a flash memory or magnetic disk is
installed in the system. The FFS also employs wear-lev-
eling algorithms that prevent any block from being cy-
cled excessively, thus assuring millions of hours of reli-
ability. Flash filing systems make the management of
flash memory devices completely transparent to the
user.

CONCLUSION

Intel Flash Memory presents an entirely new memory
technology alternative. As a high-density, nonvolatile
read/write technology, it is exceptionally well:suited to
serve as a solid-state disk or a cost-effective and highly .
reliable replacement for DRAMs and battery-backed
static RAMs. Its inherent advantages over these tech-
nologies make it particularly useful in portable systems
that require the utmost in low power, compact size, and
ruggedness while maintaining high performance and
full functionality.
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FLASH MEMORY OVERVIEW

Intel Flash Memory offers:

® Inherent Nonvolatility: Unlike static RAMs, no
backup battery is required to ensure data retention.
In contrast to- DRAMs, flash requires no disk to
provide backup storage of data, programs or files.

‘e Cost-Effective High Density: Today, Intel flash
memories cost about the same as DRAMs and
about one fourth of SRAMs on a per-bit basis. The
broad acceptance of flash is driving manufacturing
volumes up and costs down at an unprecedented
rate, allowing flash to soon compete on a cost basis
even with disk drive within the notebook, sub-note-
book and palmtop markets.

® Solid-State Performance: Because it is a semicon-
ductor technology, flash memory consumes much
less power, is much lighter in weight and is smaller
and more shock-resistant and reliable than disk
drives. Mobile computers no longer have to drain
the battery to run a disk drive motor or accommo-
date the disk assembly’s added bulk and weight.
Now users no longer have to be threatened with the
possibility of losing their data after a disk crash
. when conditions become unusually rough.

o Direct Execution: Since no disk-to-DRAM down-
load step, seek or latency times are incurred with

flash memory, users enjoy significantly higher speed
program and file access, as well as systems that turn
on instantly to wherever the user left off.

Easy Updatability: Unlike other nonvolatile memo-
ry technologies—ROM that can never be altered af-
ter it is manufactured or EPROM that can only be
erased by removing it from the system and exposing
it to ultraviolet light—flash can be erased and repro-
grammed electrically while resident in the host sys-
tem:

Software Compatibility: With Flash File System
software and ROM-executable versions of the disk
operating system (DOS), complete software compat-
ibility between a user’s desktop and portable system
is ensured. o

Exchangeable Card Architecture (ExCATM);
Through Intel’s ExCA card . interface standard, In-
tel’'s flash memory cards meet all specifications of
PCMCIA 2.0, ensuring interchangeability between a
host of PCMCIA-compatible systems.

Family of Products: Intel Flash Memory products

are currently available in component densities up to

8 Mbits, and in 4-Mbyte, 10-Mbyte and 20-Mbyte
memory cards. Additionally, Intel offers Boot Block
devices in densities up to 4 Mbits.



Flash Memory | 3 |

Components







intgl.

28F256A
256K (32K x 8) CMOS FLASH MEMORY
m Flash Electrical Chip-Erase m Command Register Architecture for
— 1 Second Typical Chip-Erase , Microprocessor/Microcontroller
m Quick-Pulse Programming Algorithm Compatible Write Interface
— 10 ps Typlcal Byte-Program m Noise Immunity Features
— 0.5 Second Chip-Program — +10% V¢ Tolerance

- Maximum Latch-Up Immunity
through EPI Processing

m ETOX™ |l Flash Nonvolatile

m 100,000 Erase/Program Cycles Typical
m 12,0V +5% Vpp

m High-Performance Read Technology
- =120 ns Maximum Access Time — EPROM-Compatible Process Base
m CMOS Low Power Consumption — High-Volume Manufacturing
— 10 mA Typical Active Current Experlence
— 50 uA Typical Standby Current m JEDEC-Standard Pinouts
— 0 Watts Data Retention Power —32-Pin Cerdip
@ Integrated Program/Erase Stop Timer —32-Lead PLCC ‘

(See Packaging Spec., Order #231369)

Intel's 28F256A CMOS flash memory offers the most cost-effective and reliable alternative for read/write
random access nonvolatile memory. The 28F256A adds electrical chip-erasure and reprogramming to familiar
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on-

- board during subassembly test; in-system-during final test; and in-system after-sale. The 28F256A increases
memory flexibility, while contributing to time and cost savings.

The 28F256A is a 256-kilobit nonvolatile memory organized as 32,768 bytes of 8 bits. Intel’s 28F256A is
offered in 32-pin plastic dip and 32-lead PLCC. Pin assignments conform to JEDEC standards.

Extended erase and program cycling capability is designed into Intel’s ETOX™ |l (EPROM Tunnel Oxide)
process technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field
combine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the
28F256A performs a minimum of 10,000 erase and program cycles well within the time limits of the Quick-
Pulse Programming and Quick-Erase algorithms. .

Intel’'s 28F256A employs advanced CMOS circuitry for systems requiring high-performance access speeds,
low power consumption, and immunity to noise. Its 120 ns access time provides no-WAIT-state performance
for a wide range of microprocessors and microcontrollers. Typical standby current of 50 pA translates into
power savings when the device is deselected. Finally, the hrghest degree of latch-up protection is achieved
through Intel’s unique EPI processing. Prevention of latch-up is provrded for stresses up to 100 mA on address
and data pins, from —1V to Voo + 1V.

"With Intel's ETOX i process base, the 28F256A Iévérs years of EPROM experience to yield the highest levels ’

~ of quality, reliability, and cost-effectiveness.

September 1992
3-1 Order Number: 290243-005
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Table 1. Pin Description

Symbol Type Name and Function
"~ Ao-Aqg INPUT ADDRESS INPUTS for memory addresses. Addresses are internally

latched during a write cycle.

DQo-DQ7 INPUT/ | DATA INPUT/OUTPUT: Inputs data during memory write cycles; outputs

OUTPUT | data during memory read cycles. The data pins are active high and float to

tri-state OFF when the chip is deselected or the outputs are disabled. Data
is internally latched during a write cycle.

CE INPUT CHIP ENABLE activates the devic_e’s control logic, input buffers,
decoders, and sense amplifiers. CE is active low; CE high deselects the
memory device and reduces power consumption to standby levels.

OE INPUT OUTPUT ENABLE gates the devices output through the data buffers
during a read cycle. OE is active low.

WE INPUT WRITE ENABLE controls writes to the control register and the array. Write

' enable is active low. Addresses are latched on the falling edge and data is
latched on the rising edge of the WE pulse. Note: With Vpp < 6.5V,
memory contents cannot be altered. .

Vpp ERASE/PROGRAM POWER SUPPLY for writing the command register, 3
erasing the entire array, or programming bytes in the array.

Veo DEVICE POWER SUPPLY (5V £ 10%).

Vss GROUND.

NC NO INTERNAL CONNECTION to device. Pin may be driven or left floating.

APPLICATIONS ‘ cal media. Often in these environments, power inter-

The 28F256A flash memory provides nonvolatility
along with the capability to typically perform over
100,000 electrical chip-erasure/reprogram cycles.
These features make the 28F256A an innovative al-
ternative to disk, EEPROM, and battery-backed stat-
ic RAM. Where periodic updates of code and data-
tables are required, the 28F256A’s reprogrammabili-
ty and nonvolatility make it the obvious and ideal
replacement for EPROM.

Primary- applications and operating systems stored -

in flash eliminate the slow disk-DRAM download pro-
cess. This results in a dramatic enhancement of per-
formance and substantial reduction of power con-
sumption—considerations particularly important in
portable, equipment. Flash memory increases flexi-
bility with electrical chip-erasure and in-system- up-
date capability of operating systems and application
code. With updatable BIOS, system manufacturers
can easily accommodate last-minute changes as re-
visions are made.

In diskless workstations and terminals, network traf-
fic reduces to a minimum and systems become in-
stant-on. Reliability exceeds that of electromechani-

rupts force extended re-boot periods for all net-
worked terminals. This mishap is no longer an issue
if boot code, operating systems, communications
protocols and primary applications are flash-resident
in each terminal.

For embedded systems that rely on dynamic RAM/
disk for main system memory or nonvolatile backup
storage, the 28F256A provides higher performance,
lower power consumption, instant-on capability, and
allows an “execute in place” memory hierarchy for
code and data table reading. Additionally, the flash
memory is more rugged and reliable in harsh envi-
ronments where extreme temperatures and shock
can cause disk-based systems to fail.

The need for code updates pervades all phases of a
system'’s life—from prototyping to system manufac-
turing to after-sale service. The electrical chip-era-
sure and reprogramming ability of the 28F256A al-
lows in-circuit alterability; this eliminates unneces-
sary handling and less-reliable socketed connec-
tions, while adding greater test, manufacture, and
update flexibility.

Material and labor costs associated with code

- changes increases at higher levels of system inte-
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gration—the most costly being code updates after
sale. Code “‘bugs”, or the desire to augment system
functionality, prompt after-sale code updates. Field
revision to EPROM-based code requires the remov-
al of EPROM components or entire boards. With the
28F256A, code updates are implemented locally via
an edge-connector, or remotely over a communica-
tions link.

For systems currently using a high-density static
RAM/battery configuration for data accumulation,
flash memory’s inherent nonvolatility eliminates the
' need for battery backup. The concern for. battery
failure no longer exists, an important consideration
for portable equipment and medical instruments,
both requiring continuous performance. In addition,
flash memory offers a considerable cost advantage
over static RAM.

Flash memory’s electrical 6hip-erasure, byte pro-
grammability and complete nonvolatility fit well with
data accumulation and recording needs. Electrical

chip-erasure gives the designer a “blank slate” in
which to log or record data. Data can be periodically
off-loaded for analysis and the flash memory erased
producing 2 new “blank slate”.

A high degree of on-chip feature integration simpli-
fies memory-to-processor interfacing. Figure 3 de-
picts two 28F256As tied to the 80C186 system bus.
The 28F256A’s architecture minimizes interface cir-
cuitry needed for complete in-circuit updates of
memory contents.

With cost-effective in-system reprogramming, ex-
tended cycling capability, and true nonvolatility, the
28F256A is a functional superset of one or more of
the alternatives: EPROMs, EEPROMSs, battery
backed static RAM, or disk. EPROM-compatible
read specifications, straightforward interfacing, and
in-circuit alterability offer designers unlimited flexibili-
ty to meet the high standards of today’s designs.

Vee T Vep I Vec
80186
SYSTEM BUS Vo  Vep Vep Vo
Ar=Ass g Y Ag=A14
DQg=DQy5 < DQg=DQ;
DQg=DQ; < ‘ » Dag=00;,
28F256A 28F256A
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Ao »| WE
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Figure 3. 28F256As in a 80C186 System
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PRINCIPLES OF OPERATION

Flash memory augments EPROM functionality with
in-circuit electrical erasure and reprogramming. The
28F256A introduces a command register to manage
this new functionality. The command register allows
for: 100% TTL-level control inputs; fixed power sup-
ply during erasure and programming; and maximum
EPROM compatibility.

In the absence of high voltage on the Vpp pin, the
28F256A is a read-only memory. Manipulation of the
external memory-control pins yields the standard
EPROM read, standby, output disable, and intgligent
Identifier™ operations.

The same EPROM read, standby, and output disable
operations are available when high voitage is ap-
plied to the Vpp pin. In addition, high voltage on Vpp
enables erasure and programming of the device. All
functions associated with altering memory con-
tents—intgligent Identifier, erase, erase verify, pro-
gram, and program verify—are accessed via the
command register.

Commands are written to the register using standard
microprocessor write timings. Register contents
serve as input to an internal state-machine which
control the erase and programming circuitry. Write
cycles also internally latch addresses and data
needed for programming and erase operations. With
the appropriate command written to the register,
standard microprocessor read timings output array
data, access the intgligent Identifier codes, or output
data for erase and program verification.

lntegfated Program/Erase Stop Timer

Successive command write cycles define the dura-
tion of program and erase operations; specifically,
the program or erase time durations are normally
terminated by associated program or erase verify
commands. An integrated stop timer provides simpli-
fied timing control over these operations; thus elimi-
nating the need for maximum program/erase timing
-specifications. Programming and erase pulse dura-
tions are minimums only. When the stop timer termi-
nates a program or erase operation, the device en-
ters an inactive state and remains inactive until re-
ceiving the appropriate verify or reset command.

Write Protection

The command register is only active when Vpp is at
high voltage. Depending upon. the application, the
system designer may choose to make the Vpp pow-
er supply switchable—available only when memory
updates are desired. When Vpp = Vppi, the con-
tents of the register default to the read command,
making the 28F256A a read-only memory. In this
mode, the memory contents cannot be altered.

Or, the system designer may choose to “hardwire”
Vpp, making the high voltage supply constantly
available. In this case, all Command Register func-
tions are inhibited whenever Vg is below the write
lockout voltage V| ko. (See Power Up/Down Protec-
tion). The 28F256A is designed to accommodate ei-
ther design practice, and to encourage optimization
of the processor-memory interface.

The two-step program/erase write sequence to the
Command Register provides additional software
write protection.

BUS OPERATIONS

Read

The 28F256A has two control functions, both of
which must be logically active, to obtain data at the
outputs. Chip-Enable (CE) is the power control and
should be used for device selection. Output-Enable
(OE) is the output control and should be used to .
gate data from the output pins, independent of de-
vice selection. Refer to AC read timing waveforms.

When Vpp is high (Vpph), the read operations can

be used to access array data, to output the intgligent

Identifier codes, and to access data for program/

erase verification. When Vpp is low (VppL), the read
- operation can access only the array data.

- Output Disable

With Output-Enable at a logic-high level (V}y), output
from the device is disabled. Output pins are placed
in a high-impedance state.

Standby

With Chip-Enable at a logic-high level, the standby
operation disables most of the 28F256A’s circuitry .
.and substantially reduces device power consump-
‘tion. The outputs are placed in a high-impedance
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state, independent of the Output-Enable signal. If
the 28F256A is deselected during erasure, program-
ming, or program/erase verification, the device
draws active current until the operation is terminat-
ed.

intgligent Identifier Operation

The intgligent Identifier operation outputs the manu-
facturer code (89H) and. device code (B9H). Pro-
‘gramming equipment automatically matches the de-
vice with its proper erase and programming algo-
rithms. With Chip-Enable and Output-Enable at a
logic low level, rising Ay to high voltage V|p (see

D.C. Characteristics) activates the operation. Data
read from locations 0000H and 0001H represent the

manufacturer’'s code and the device code, respec-
tively.

The manufacturer- and device-codes can also be

read via the command register, for instances where

the 28F256A is erased and reprogrammed in the tar-
get system. Following :a write of 90H to the com-

mand register, a read from address location 0000H

outputs the manufacturer code (89H). A read from
address 0001H outputs the device code (BOH).

Write

Device erasure and programming are accomplished
via the command register, when high voltage is ap-

N

plied to the Vpp pin. The contents of the register
serve as input to the internal state-machine. The
state-machine outputs dictate the function of the de-
vice.

The command register itself does not occupy an ad-
dressable memory location. The register is a latch
used to store the command, along with address and
data information needed to execute the command.

The command register is written by bringing. Write-
Enable to.a logic-low level (Vy ), while Chip-Enable is
- low. Addresses are latched on the falling edge of
Write-Enable, while data is latched on the rising
- edge of the Write-Enable pulse Standard microproc-
essor write tlmmgs are used.

Refer to AC Wnte Characteristics and the Erase/
Programming Waveforms for specific timing parame-
ters.

COMMAND DEFINITIONS

* When low voltage is applied to the Vpp pin, the con-
tents of the command register default to 00H, en-
abling read-only operations..

Placing high voltage on the Vpp pin enables:read/
write operations. Device operations are selected by
writing specific data patterns into the command reg-
ister. Table 3 defines these 28F256A register com-
mands. :

Table 2. 28F256A Bus Operations:

PInS | vep() | Ag | Ag | CE | OE | WE | DQo-DQy
Operation : :
> Read VepL Ao Ag ViL | Vi | Vi | DataOut
%I Output Disable VppL x(?) X Vi | Vi | Vim | Tri-State
a Standby VppL X X ViH X | X Tri-State
§. | inteligent ID Manufacturer®® | Vepr | Vi | Vio® | Vi | Vi | Vin | Data = 8oH
inteligent ID Device(2) VppL Ve | Vio® | viL | ViL | Viy | Data= BoH
Read VppH Ao Ag | Vi | ViL | Vi | DataOut@
, éE " Output Disable Vepy | X | X ViL | Vin | Vin | Tri-State
gg Standby(5) VPPH X X Vi | X X .| Tri-State ‘
Write VPPH Ao | Ag ViL | VIH | ViL | Dataln() -
NOTES:

1. Refer to DC Characteristics. When Vpp = Vpp._ memory contents can be read but not written or erased.
2. Manufacturer and device codés may also be accessed via a command register write sequence.

Refer.to Table 3. All other addresses low.

3. V|p is the intgligent Identifier high voltage. Refer to D.C. Characteristics.
4. Read operations with Vpp = Vppy may access array data or the intgligent Identifier codes.
5. With Vpp at high voltage, the standby current equals Icc + Ipp (standby).

6. Refer to Table 3 for valid Data-In during a write operation.

7. X can be V| or V|n.
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Table 3. Command Definitions

Bus First Bus Cycle Second Bus Cycle
Command Cycles
Req'd | Operation(1) | Address(2) | Data(3) | Operation(1)| Address(2) | Data(3)
Read Memory 1 Write X 00H
Read inteligent ID Codes 3 Write X 90H |Read (4) 4)
Set-Up Erase/Erase(6) 2 Write X 20H |Write X 20H
Erase Verify(6) 2 Write EA AOH |Read X EVD
Set-Up Program/Program(®)| 2 Write X 40H | Write PA PD
Program Verify(5) 2 Write X COH |Read X PVD
Reset(?) 2 Write X FFH | Write X FFH
NOTES: .
1. Bus operation are defined in Table 2.
2. IA = |dentifier address: 00H for manufacturer code, 01H for device code.

EA = Address of memory location to be read during erase verify.

PA = Address of memory location to be programmed.

Addresses are latched on the falling edge of the Write-Enable pulse.

EVD = Data read from location EA during erase verify.

ID = Data read from location 1A during device identification. (Mfr = 89H, Device = B9H).

PD = Data to be programmed at location PA. Data is latched on the rising edge of the Write-Enable.
PVD = Data read from location PA during program verify. PA is latched on the Program command.

4.
5.
6. Figure 5 illustrates the Quick-Erase Algorithm.
7.

Read Command

While Vpp is high, for erasure and programming,
memory contents can be accessed via the read
command. The read operation is initiated by writing
00H into the command register. Microprocessor
read cycles retrieve array data. The device remains
enabled for reads until the command register con-
tents are altered.

The default contents of the register upon Vpp pow-
er-up is 00H. This default value ensures that no spu-
rious alternation of memory contents occurs during
the Vpp power transition. Where the Vpp supply is
hard-wired to the 28F256A, the device powers-up
and remains enabled for reads until the command
register contents are changed. Refer to the AC
Read Characteristics and Waveforms for specific
timing parameters.

inteligent Identifier Command

Flash memories are intended for use in applications
where the local CPU alters memory contents. As
such, manufacturer- and device-codes must be ac-
cessible while the device resides in the target sys-
tem. PROM programmers typically access signature
codes by raising Ag to a high voitage. However, mul-

AN

Following the Read intgligent ID command, two read operations access manufacturer and device codes.
Figure 4 illustrates the Quick-Pulse Programming Algorithm.

The second bus cycle must be followed by the desired command register write.

tiplexing high voltage onto address lines is not a de-
sired system-design practice.

The 28F256A contains an intgligent Identifier opera-
tion to supplement traditional PROM-programming
methodology. The operation is initiated by writing
90H into the command register. Following the com-
mand write, a read cycle from address 0000H re-
trieves the manufacturer code 89H. A read cycle
from address 0001H returns the device code B9H.
To terminate the operation, it is necessary to write
another valid command into the register.

Set-Up Erase/Erase Commands

Set-up Erase is a command-only operation that
stages the device for electrical erase of all bytes in
the array. The set-up erase operation is performed
by writing 20H to the command register. To com-
mence chip-erasure, the erase command (20H)
must again be written to the register. The erase op-
eration begins with the rising edge of the Write-En-
able pulse and terminate with the rising edge of the
next Write-Enable pulse (i.e., Erase-Verify Com-
mand).

This two-step sequence of set-up followed by execu-
tion ensures that memory contents are not acciden-
tally erased. Also, chip-erasure can only occur when
high voltage is applied to the Vpp pin. In the absence
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of this high voltage, memory contents are protected
against erasure. Refer to AC Erase Characteristics
and Waveforms for specific timing parameters.

Erase-Verify Command

The erase command erases all of the bytes of the
array in parallel. After each erase operation, all bytes
must be verified. The erase verify operation is initiat-
ed by writing AOH into the command register. The
address for the byte to be verified must be supplied
as it is latched on the falling edge of the Write-En-
able pulse. The register write terminates the erase
operation with the rising edge of its Write-Enable
pulse. :

The 28F256A applies an internally-generated margin
voltage to the addressed byte. Reading FFH from
the addressed byte indicates that all bits in the byte
are erased.

The erase-verify command must be written to the
command register prior to each byte verification to
latch its address. The process continues for each
byte in the array until a byte does not return FFH
data, or the last address is accessed.

In the case where the data read is not FFH, another
erase operation .is performed. (Refer to Set-Up
Erase/Erase.) Verification then resumes from the
address of the last-verified byte. Once all bytes in
the array have been verified, the erase step is com-
plete. The device can be programmed. At this point,
the verify operation is terminated by writing a valid
command (e.g., Program Set-Up) to the command
register. Figure 5, the Quick-Erase algorithm, illus-
trates how commands and bus operations are com-
bined to perform electrical erasure of the 28F256A.
Refer to AC Erase Characteristics and- Waveforms
for specific timing parameters.

Set-Up Program/Program Commands

Set-up program is a commandfonly operation that
stages the device for byte programming. Writing 40H
into the command register performs the set-up oper-
ation.-

Once the program set-up operation is performed,
the next Write-Enable pulse causes a transition to
an active programming operation. Addresses are in-
ternally latched on the falling edge of the Write-En-
able pulse. Data is internally latched on the rising
edge of the Write-Enable pulse. The rising edge of
Write-Enable also begins the programming opera-

tion. The programming operation terminates with the.

next rising edge of Write-Enable, used to write the

program-verify command. Refer to AC Programming
Characteristics and Waveforms for specific timing
parameters.

Program Verify Command

The 28F256A is programmed on a byte-by-byte ba-
sis. Byte programming may occur sequentially or at
random. Following each programming operation, the
byte just programmed must be verified.

The program-verify operation is initiated by writing
COH into the command register. The register write
terminates the programming operation with the ris-
ing edge of its Write-Enable pulse. The program-ver-
ify operation stages the device for verification of the

. byte last programmed. No new address information
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is latched.

The 28F256A applies an internally-generated margin
voltage to the byte. A microprocessor read cycle
outputs the data. A successful comparison between
the programmed byte and true data means that the
byte is successfully programmed. Programming then
proceeds to the next desired byte location. Figure 4,
the 28F256A Quick-Pulse Programming algorithm, il-
lustrates how commands are combined with bus op-
erations to perform byte programming. Refer to AC
Programming . Characteristics and Waveforms for
specific timing parameters.

Reset Command

A reset command is provided as a means to safely
abort the erase- or program-command sequences.
Following either set-up command (erase or program)
with two consecutive writes of FFH will safely abort -
the operation. Memory contents will not be altered.
A valid command must then be written to place the
device in the desired state.

EXTENDED ERASE/PROGRAM
CYCLING

EEPROM cycling failures have always concerned
users. The high electrical field required by thin oxide
EEPROMSs for tunneling can literally tear apart the
oxide at defect regions. To combat this, some sup-
pliers have implemented redundancy schemes, re-
ducing cycling failures to insignificant levels. Howev-
er, redundancy requires that cell size be doubled—
an expensive solution.

Intel has designed extended cycling capability into
its ETOX Il flash memory technology. Resulting im-
provements in cycling reliability come without in-
creasing memory cell size or complexity. First, an
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advanced tunnel oxide increases the charge carry-
ing ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field is one-tenth
that of common EEPROMSs, minimizing the probabili-
ty of oxide defects in the region. Finally, the peak
electric field during erasure is approximately

2 MV/cm lower then EEPROM. The lower electric *

field greatly reduces oxide stress and the probability

of failure—increasing time to wear out by a factor of

100,000,000.

The 28F256A is specified for a minimum of. 10,000
program/erase cycles. The device is programmed
and erased using Intel's Quick-Pulse' Programming
and Quick-Erase algorithms. Intel’s algorithmic ap-
proach uses a series of operations (pulses), along
with byte verification, to completely and reliably
erase and program the device.

For further reliability information, see Reliability Re-
port RR-60 (ETOX |l Reliability Data Summary).

QUICK-PULSE PROGRAMMING
ALGORITHM

The Quick-Pulse Programming algorithm uses pro-
gramming operations of 10 us duration. Each opera-
tion is followed by a byte verification to determine
when the addressed byte has been successfully pro-
grammed. The algorithm allows for up to 25 pro-
gramming operations per byte, although most bytes
verify on the first or second operation. The entire
sequence of programming and byte verification is

performed with Vpp at high voltage. Figure 4 illus-
trates the Quick-Pulse Programming algorithm. ’

QUICK-ERASE ALGORITHM

Intel's Quick-Erase algorithm yields fast and reliable
electrical erasure of memory contents. The algo-
rithm employs a closed-loop flow, similar to the
Quick-Pulse Programming algorithm, to simuita-
neously remove charge from all bits in the array.
Erasure begins with a read of memory contents. The
28F256A is erased when shipped from the factory.
Reading FFH data from the device would immedi-
ately be followed by device programming.

For devices being erased and reprogrammed, uni-
form and reliable erasure is ensured by first pro-
gramming all bits in the device to their charged state
(data = OOH). -‘This is ‘accomplished, using the
Quick-Pulse Programming algorithm, in approxi-
mately one-half second.

Erase execution then continues with an initial erase
operation. Erase verification (data = FFH) begins at
address 0000H and continues through the array to
the last address, or until data other than FFH is en-
countered. With each erase operation, an increasing
number of bytes verify to the erased state. Erase
efficiency may be improved by storing the address of

. the last byte verified in a register. Following the next
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erase operation, verification starts at that stored ad-
dress location. Erasure typically occurs in one sec-
ond. Figure 5 illustrates the Quick-Erase algorithm.
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NOTES:

1. See DC Characteristics for the value of Vppy and Vppy.
2. Program Verify is only performed after byte program-
ming. A final read/compare may be performed (optional)
after the register is written with the Read command.

3. Refer to principles of operation.

4. CAUTION: The algorithm MUST BE FOLLOWED to en-
sure proper and reliable operation of the device.

Figure 4. 28F256A Quick-Pulse Programming Algorithm

'START Bus .
Pnoc?ﬁ;mmc Operation Command Comments
oPLY , Standby Wait for Vpp ramp
L o VppH (= 12.0V) (1)
Initialize pulse-count
-
PROGRAM CMD , Write Set-Up Data = 40H
: Program
WRITE PROGRAM ‘
CMD (A/D) Write Program | Valid address/data
Standby Duration of Program
operation (twHwH1)
Write Program(2) | Data = COH; Stops (3)
Verify Program Operation
Standby tWHGL
Read Read byte to verify
N programming
INC Standby Compare data output
PLSCNT, ;
257 to data expected
Y Y
LAST
INCREMENT
ADDRESS '
Y
WRITE " -
Write Read Dat.a = OOH, resets the
’ register for read
APPLY APPLY ope;atnons.
VRRL(1) - VepL(1) Standby Wait for Vpp ramp
‘ to. VpepL(1)
PROGRAM
PROGRAMMING
COMPLETED :
290243-5
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ERASURE (4) . Command Comments
Operation
Standby Wait for Vpp ramp
to VppH (= 12.0V) (1)
: Use Quick-Pulse
PROGRAM ALL i ]
Programming (Fig. 4)
APPLY
Vepu(1)
¥ .
YW= toms - Initialize Addresses,
PLSCNT = 0 Erase Pulse Width,
t——*—— and Pulse Count
WRITE ERASE
SET-UP CMD Write Set-Up Data = 20H
v Erase
3
ERASE CMD- Write Erase Data = 20H
: i
Standby Duration of Erase
v operation (twHwH2)
WRITE ERASE 5 . = iy
Write Erase Addr = Byte to verify;
Verify(2) Data = AOH; Stops
| . : ‘ Erase Operation (3)
Standby tWHGL )
READ DATA )
FROM DEVICE Read : Read byte to venfy
N erasure
INC
PLSCNT,
=1000?, Standby Compare output to FFH
d increment pulse count
LAST
INCREMENT
' Y
WRITE . _
Write Read . Dat.a = Q00H, resets the
! register for read
APPLY . N - APPLY Ope.ratlons'
v,,,,,_“) : v,,,,L(,) Standby Wait for Vpp ramp
to VppL(1)
( ERASURE ) ( ERASE )
COMPLETED ERROR
290243-6
NOTES:
1. See DC Characteristics for the value of Vppy and Vppy. 3. Refer to principles of operation.
2. Erase Verify is performed only after chip-erasure. A final 4. CAUTION: The algorithm MUST BE FOLLOWED to en-

read/compare may be performed (optional) after the regis- sure proper and reliable operation of the device.
ter is written with the Read command. )
Figure 5. 28F256A Quick-Erase Algonthm
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DESIGN CONélDERATIONS |

Two-Line Output Control

Flash memories are often used in larger memory ar-
rays. Intel provides two read-control inputs to ac-
commodate multiple memory connections. Two-line
control provides for:

a. the lowest possible memory power dissipation,
and

- b. complete assurance that output bus contention:

will not occur.

To efficiently use these two control units, an ad-
dress-decoder output should drive chip-enable,
while the system’s read signal controls all flash
memories and other parallel memories. This assures
that only enabled memory devices have active out-
puts, while deselected devices maintain the low
power standby condition.

Power Supply Decoupling

Flash memory power-switching characteristics re-
quire careful device decoupling. System designers
are interested in three supply current (Icg) issues—
standby, active, and transient current peaks pro-
duced by falling and rising edges of chip-enable. The
capacitive and inductive loads on the device outputs
determine the magnitudes of these peaks.

Two-line control and proper decoupling capacitor
selection will suppress transient voltage peaks.
Each device should have a 0.1 uF ceramic capacitor
connected between Vg and Vsg, and between Vpp
and Vgs.

Place the high-frequency, low-inherent-inductance
capacitors as close as possible to the devices. Also,
for every eight devices, a 4.7 uF electrolytic capaci-

tor should be placed at the array’s power supply.

connection, between Vg and Vgs. The bulk capaci-
tor will overcome voltage slumps caused by printed-
circuit-board trace inductance, and will supply
charge to the smaller capacitors as needed.

Vpp Trace on Printed Circuit Boards

Programming flash memories, while they reside in
the target smith, requires that the printed circuit
board designer pay attention to the Vpp pin power
supply trace. Use similar trace widths and layout
considerations given the Vgc power bus. Adequate
Vpp supply traces and decoupling will decrease Vpp
voltage spikes and overshoots.

Power Up/Down Protection

The 28F256A is designed to offer protection against
accidental erasure or programming during power
transitions. Upon power-up, the 28F256A is indiffer-
ent as to which power supply, Vpp or Vcc, powers
up first. Power supply sequencing is not required.
Internal circuitry in .the 28F256A ensures that the
command register is reset to the read mode upon
power up.

A system designer must guard against active writes
for Vgg voltages above Vi ko when Vpp is active.
Since both WE and CE must be low for a command
write, driving either to Vi will inhibit writes. The con-
trol register architecture provides an added level of
protection since alteration of memory contents only
occurs after successful completion of the two-step
command sequences.

28F256A Power Dissipation

When designing portable systems, designers must
consider battery power consumption not only during
device operation, but also for data retention during
system idle time. Flash nonvolatility increases the
usable battery life of your system because the

- 28F256A does not consume any power to retain

code or data when the system is off. Table 4 illus-
trates the power dissipated when updating the
28F256A.

Table 4. 28F256A Typlcal Update Power Disslpatlon(4)

Operation P&T,':";Ps':z:;'a;g" Notes
Array Program/Program Verify 0.043 1
Array Erase/Erase Verify 0.083 .2
One Complete Cycle 0.169 3

NOTES:

1. Formula to. calculate typical Program/Program Verify Power

= [Vpp X # Bytes x typlcai # Prog Pulses (twHwH1 X

Ippo typical + twHgL X Ipps typical)]l + [Voo X # Bytes X typical # Prog Pulses (twHwH1 X lccz typical + twHagL X

Icca typical)l.
2. Formula to calculate typncal Erase/Erase Verify Power =

# Bytes)] + [Voo(lces typical X tepasg typical + Igcs typical

rp (Ipp3 typical X teRagE typical + Ipps ‘Vpical X twHGL X

X twHgL X # Bytes)].

3 One Complete Cycle = Array Preprogram + Array Erase + Program.
4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots.
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature

DuringRead .................. 0°Cto +70°C(1)

During Erase/Program ..........: :0°Cto +70°C
Temperature Under Bias .......... —10°Cto +80°C
Storage Temperature ......... .—65°Cto +125°C
Voltage on Any Pin with

Respectto Ground ........... —2.0Vto +7.0v(@
Voltage on Pin Ag with

Respectto Ground ......... —2.0Vto +13.5V(2,3)
Vpp Supply Voltage with

Respect to Ground

During Erase/Program . .. .. —2.0Vto +14.02.3)
Vce Supply Voltage with

Respectto Ground ............ —2.0Vto +7.0v@ -
Output Short Circuit Current. ............ 100 mA@)
NOTES:

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

1. Operating temperature is for commercial product defined by this specification.

2. Minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods less than 20 ns.
Maximum DC voltage on output pins is Vgg + 0.5V, which may overshoot to Vg +2.0V for periods less than 20 ns.

3. Maximum DC voltage on Ag or Vpp may overshoot to +14.0V for periods less than 20 ns.

4. Output shorted for no more than one second. No more than one output shorted at a time.

OPERATING CONDITIONS

Symbol o Parameter Limits Unit Comments
i : Min Max .
TA Operating Temperature 0 70 c For Read-Only and
Read/Write Operations
Vee Vcc Supply Voltage 4.50 5.50 \
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE

Symbol Parameter  ~ |Notes Limits __lunit|  Test Conditions
Min |Typical(4)| Max .
Iy Input Leakage Current 1 1.0 | pA |Voo = Vo max
, : . |VIN = Vg or Vss
o Output Leakage Current 1 +10.0 | pA |Veo = Voo max
Vout = Vcc or Vss
lccs |V Standby Current 1 103 1.0 mA |Vce = Voemax
CE = Vi
lcct Vcc Active Read Current 1 10 30 mA |Vcc = Vcgmax CE=vV|
) - f=6MHz loytr =0mA .
lcce Ve Programming Current 1,2 1.0 10 mA | Programming in Progress
lccs Vcc Erasure Current 1,2 5.0 15 mA |Erasure in Progress
lcca  |Voc Program Verify Current 1,2 5.0 15 mA |Vpp = VppH
: Program Verify in Progress
lccs » Vcc Erase Verify Current 1,2 . 5.0 15 mA |Vpp = VepH
‘ } Erase Verify in Progress
lpps Vpp Leakage Current 1 +10.0 | pA |Vpp < Vo
lpp1  |Vpp Read Current, ID Current, | 1 .90 200 WA Vpp > Vog
or Standby Current ‘ £10.0 Vep < Voo
Ipp2 Vpp Programming Current 1,2 .- 8.0 .30 mA |Vpp = VppH
‘|Programming in Progress
Ipp3 Vpp Erase Current . 1,2 4.0 20 | mA |{Vpp = VppH
Erasure in Progress
lppg Vpp Program Verify Current 1,2 2.0 5.0 mA |Vpp = Vppy
] Program Verify in Progress
Ipps Vpp Erase Verify Current 1,2 2.0 5.0 mA |Vpp = VppH ‘
: Erase Verify in Progress
ViL Input Low Voltage -0.5|" 0.8 Y%
ViH Input High Voltage 2.0 Veo + 0.5| V
VoL Output Low Voltage 0.45 V [loL =5.8mA
Vce = Vec min
VoHi |Output High Voltage 2.4 V |loy= —25mA
; Vcc = Vecmin
Vip Ag inteligent Identifier 11.50 13.00 \"
g Voltage )
o Ag inteligent Identifier 1,2 90 200 pA |Ag = VD
~ |Current ' 1.
VppL * |Vpp During Read-Only 0.00 6.5 V |Note: Erase/Program are
‘ Operations Inhibited when Vpp = Vpp|
VppH | Vpp During Read/Write 11.40| 1260 | V )
Operations ‘
Viko |Vcc Erase/Write Lock Voltage 2.5 \"

3-14



intel.

28F256A

- DC CHARACTERISTICS—CMOS COMPATIBLE

Current

Symbol Parameter Notes Limits Unit Test Conditions
: ' Min |Typical(4); Max
I Input Leakage Current 1 +1.0 | pA|Vee = Voo max
- ~ [ViN=VcgcorVss
Io Output Leakage Current 1 +10.0 | pA|Voc = Vecmax -
‘ . Vout = Vo or Vss
lccs |V Standby Current 1 50 100 pA [Vec = Voemax
. CE = Vgg 0.2V
lcc1 |Vcc Active Read Current 1 10 30 mA [Vgg = Veomax CE = Vi
. f=6MHz loyt = 0mA
lcc2 Ve Programming Current | 1,2 1.0 10 mA |Programming in Progress
lcca Vg Erase Current 1,2 5.0 15 mA |Erasure in Progress
lcca Vg Program Verify Current| 1,2 5.0 15 mA |Vpp = VppH
Program Verify in Progress
lccs  |Vog Erase Verify Current |1, 2 5.0 15 mA |Vpp = Vppy
: Erase Verify in Progress
lpps  {Vpp Leakage Current 1 +10.0 | pA |Vpp < Vco
Ipp1 Vpp Read Current, ID 1 90 200 p. A Vpp >Vce
Current, or Standby Current » £10.0 Vep < Voo
lpp2  |Vpp Programming Current | 1,2 8.0 30 mA |Vpp = VppH
s Ce Programming in Progress
Ipp3 Vpp Erase Current 1,2 4.0 20 mA |Vpp = VppH
Erasure in Progress
lpp4 Vpp Program Verify Current| 1,2 20 5.0 mA |Vpp = VppH
: ) : Program Verify in Progress
Ipps Vpp Erase Verify Current | 1,2 2.0 5.0 mA {Vpp = VppH
' - Erase Verify in Progress
ViL Input Low Voltage -05 0.8 Vv
Vih~  |Input High Voltage 0.7Vee Vge + 05| V
VoL Output Low Voltage 0.45 V lloL = 5.8 mA
g Vec = Vec min
Vd.“ ) Output Hig'h Vbltage _ V |lohH = —2.5mA,
) 0.85Vcc s Vee = Veg min
VOH2 _ lon = 100 pA,
' Voc —04 Vece = Vec min
Vip Ag inteligent |dentifier 11.50 - 13.00 \"
Voltage
ip Ag inteligent Identifier 1,2 90 200 pA |Ag = Vip
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DC CHARACTERISTICS—CMOS COMPATIBLE (Continued)‘ :

Symbol Parameter Notes Limits Unit Test Conditions
‘ Min | Typical(4)| Max
VppL Vpp During Read-Only 0.00 6.5 | V |Note: Erase/Program are
Operations . Inhibited when Vpp = VppL
VppH | Vpp During Read/Write 11.40 12.60| V.
Operations
Viko tVcc Erase/Write Lock Voltage 2.5 v
CAPACITANCE®) T = 25°C, f = 1.0 MHz
Limits , '
Symbol Parameter Notes - Unit | Conditions
: Min | Max
CiN Address/Control . 3 6 pF | ViN=0V
Capacitance g :
Cout Output Capacitance 3 12 pF | Vour =0V

NOTES FOR DC CHARACTERlsflcs AND CAPACITANCE:
1. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = 25°C, These currents-

are valid for all product versions (Packages and Speeds).
2. Not 100% tested: characterization data available.
3. Sampled, not 100% tested.

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots.

AC TESTING INPUT/OUTPUT WAVEFORM

AC TESTING LOAP CIRCUIT

2.4 -
INPUT 29 3> TEST POINTS
0.45 e
t
ouTPUT 29 > TEST POINTS
!

290243-7

AC Testing: Inputs are driven at 2.5V for a logic “1" and 0.45 for a
logic “0". Testing measurements are made at 2.0 for a logic “1"
and 0.8 for a logic “0”. Rise/Fall time < 10 ns.

AC Test Conditions

Input Rise and Fall Times (10% to 90%)...... 10ns
Input Pulse Levels............ veees....045and 2.4
Input Timing Reference Level .......... 0.8and 2.0
Output Timing Reference Level......... 0.8and 2.0

3-16
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AC CHARACTERISTICS Read-Only Operations

Versions Notes 28F256A-120 28F256A-150 Unit
Symbol Characteristic Min Max Min Max
tavav/trc Read Cycle Time 120 150 ns
teLav/tce Chip Enable Access Time 120 150 ns
tavav/tacc | Address Access Time 120 150 ns
tgLav/toe | Output Enable ' © 50 55 | ns
‘ Access Time . i
teLax/tLz Chip Enable to Output 2,3 -0 0 ns
1 inLowZ ‘
tEHQZ Chip Disable to Output 2 55 55 ns
in High Z
tgLax/toLz | Output Enable to Output 2,3 0 0 ns
inLow Z
teHQz/tDF Output Disable to Output 2 30 35 ns
‘ in High Z
toH . Output Hold from Address, 1,2 0 ' 0 ns
CE, or OE Change
tWHGL Write Recovery Time 6 6 us
| before Read ' ‘

NOTES:

1. Whichever occurs first.

2. Sampled, not 100% tested.
3. Guaranteed by design. -

’ DEVICE AND
Vcg POWER-UP  STANDBY  ADDRESS SELECTION . OUTPUTS ENABLED  DATA VALID STANDBY Vg POWER DOWN

y -———
ADDRESSES W ADDRESSES STABLE
X .

‘AVAV (*RC) —_—

\_ T\

CE (E)

tenaz

\ o T\
OE (8) / \ . .
— e - - e
toHaz .
twhoL (tor)
L.
e Al ] ke \_
- . e teqy (tce)
ox
(torz) 1 ton —
= teax (42) -
DATA (DQ) Honz VALID OUTPUT HoHZ

L—— tavav (tacc) -
5.0V
b / \_
i o _ ' .

290243-9

Figure 6. AC Waveform for Read Operations
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AC CHARACTERlSTICS—For erte/Erase/Program Operations(1)

Versions 28F256A-120 28F256A-150 .
, Notes : Unit |
Symbol - Characteristic Min Max Min Max )
tavav/twc Write Cycle Time 120 150 : ns
tavwL/tas Address Set-Up Time 0 ] (5 ns
twrax/taH Address Hold Time L 60 ‘ |1 60" | ‘ns
tovwH/tDs Data Set-Up Time 50 50 | | :ns
twHDX/tDH Data Hold Time 10 : : 10 v -1 ns
tWHGL Write Recovery Time - 6 - e | us
: before Read o i :
tGHWL Read Recovery Time 2 0 ' 0 us
before Write i :
teLwe/tcs Chip Enable Set-Up 20 20 | | ns
Time before Write ’ . . .
twHER/tCH Chip Enable Hold Time ' 0 I S B ns
twLwh/twp | Write Pulse Width 60 | 60 ns
twHwL/twPH | Write Pulse Width High 20 ' 20 S ‘ns
tWHWH1 Duration of . 3 10 - .10 . ‘us
Programming Operation ‘ R R
twHWH2 Duration of 3 9.5 9.5 -ms
Erase Operation : :
tvpEL Vpp Set-Up Time to 2 1.0 10 | .. | ms
Chip Enable Low '
NOTES:

1. Read timing parameters during read/write operatrons are the same as during read-only operations. Refer to AC Charac-
teristics for Read-Only Operations.

2. Guaranteed by design. ;
3. The integrated stop timer terminates the programming/erase operations, thereby eliminating the need for a maximum
specification.

ERASE AND PROGRAMMlNG PERFORMANCE

Limits
Parameter Notes 28F256A-120 28F256A-150 Unit
Min | Typ Max Min Typ | Max
. Chip Erase Time 1,3,4 1 10 ' 1 | 10 sec
Chip Program Time ~ | 1,2,4 0.5 3 0.5 3 sec
Erase/Program Cycles 1,5 10,000 | 100,000 ‘| 10,000 | 100,000 | cycles

' NOTES: ) '
1. “Typicals” are not guaranteed, but based on a limited number of samples taken from production lots. Data taken at 25°C,
12.0V Vpp, at 0 cycles. -

2. Minimum byte programming time excluding system overhead is 16 us program + 6 us write recovery) while maximum is
400 ps/byte (16 us x 25 loops allowed by algorithm). Max chip programming is specified lower than the worst case allowed :
by the programming algorithm since most bytes program significantly faster than the worst case byte.

3. Excludes 00H Programming Prior to Erasure

4. Excludes System-Level Overhead.

5. Refer to RR-60 “ETOX" Il Flash' Memory Relrability Data Summary for typical cycling data and failure rate calculations.
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Figure 7. 28F256A Typical Programming Capability
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Flgul;e 8. 28F256A Typical Program Time at 12V
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Figure 9. 28F256A Typical Erase Capability
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Figure 10. 28F256A Typical Erase Time at 12.0V
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ALTERNATIVE CE-CONTROLLED WRITES

Versions 28F256A-120 28F256A-150
Notes Unit
Symbol Characteristic Min Max Min Max
tavav Wirite Cycle Time © 120 150 ns
tAVEL Address Set-Up Time 0 0 ns
tELAX Address Hold Time 80 80 ns
tovEH Data Set-Up Time ’ 50 50 . ns
tEHDX Data Hold Time 10 10 ns
teHGL Write Recovery Time ' 6 6 : ps
before Read '
tGHEL Read Recover Time 2 0 0 us
before Write :
twLEL Write Enable Set-Up Time | 0 0 ns

before Chip-Enable

tEHWH | Write Enable Hold Time 0 "0 ns
teLEH Write Pulse Width 1 70 70 ns
tEHEL Write Pulse Width High 20 20 ns
tvpEL Vpp Set-Up Time 2 1.0 ' 1.0 ns

to Chip-Enable Low

NOTE:

1. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In
systems where Chip-Enable defines the write pulse width (with a longer Write-Enable timing waveform) all set-up, hold and
inactive Write-Enable times should be measured relative to the Chip-Enable waveform.

2. Guaranteed by design.
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ORDERING INFORMATION

OBoEEEnnEna0
I_|:'—PACKAGE

P=32-PIN PLASTIC DIP ACCESS SPEED (ns)
N=32-LEAD PLCC 120 ns
. 150ns . 290243-17
VALID COMBINATIONS: N2BF256A-120
P28F256A-120 N28F256A-150

P28F256A-150

ADDITIONAL INFORMATION

. Order Number
ER-20, - “ETOX |l Flash Memory Technology” 294005
ER-24, “Intel Flash Memory” 294008
RR-60, “ETOX |l Flash Memory Reliability Data Summary” 293002
AP-316, “Using Flash Memory for In-System Reprogramming 292046
. Nonvolatile Storage”
AP-325, “Guide to Flash Memory Reprogramming” 292059
REVISION HISTORY
Number ' Description
004 Removed Preliminary, Classification.

Removed 200 ns speed bin.
‘Revised Erase Maximum Pulse Count for Figure 5 from 3000 to 1000.
Clarified AC and DC test conditions.

005 : Corrected AC waveforms.
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28F51 2
512K (64K x 8) CMOS FLASH MEMORY
m Flash Electrlcal Chip-Erase . m Command Register Architecture for
— 1 Second Typical Chip-Erase Microprocessor/Microcontroller
m Quick-Pulse Programming Algorithm Compatible Write Intertace
— 10 us Typical Byte-Program m Noise Immunity Features
— 1 Second Chip-Program — +10% Vcc Tolerance

— Maximum Latch-Up Immunity
through EPI Processing

m ETOX™ |I Nonvolatile Flash

m 100,000 Erase/Program Cycle Typical
m 12.0V £5% Vpp

m High-Performance Read Technology
. =120 ns Maximum Access Time — EPROM-Compatible Process Base
. ®m CMOS Low Power Consumption — High-Volume Manufacturing
=10 mA Typical Active Current Experience
— 50 p.A Typical Standby Current . m JEDEC-Standard Pinouts
— 0W Data Retention Power — 32-Pin Plastic Dip
m Integrated Program/Erase Stop Timers —32-Lead PLCC

(See Packaging Spec., Order #231369)
m Extended Temperature Options

Intel's 28F512 CMOS flash memory offers the most cost-effective and reliable alternative for read/write
random access nonvolatile memory. The 28F512 adds electrical chip-erasure and reprogramming to familiar
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on-
board during subassembly test; in-system during final test; and in-system after-sale. The 28F512 increases
memory flexibility, while contributing to time- and cost-savings.

The 28F512 is a 512-kilobit nonvolatile memory Organized as 65,536' bytes of 8 bits. Intel's 28F512 is offered
in 32-pin plastic dip or 32-lead PLCC packages. Pin assignments conform to JEDEC standards for byte-wide
EPROMs.

.Extended erase and program cycling capability is designed into Intel's ETOX Il (EPROM Tunnel Oxide) pro-
cess technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field com-
bine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 28F512
performs a minimum of 10,000 erase and program cycles well within the time limits of the Quick-Pulse Pro-
gramming™ and Quick-Erase™ algorithms.

Intel's 28F512 employs advanced CMOS circuitry for systems requiring high-performance access speeds, low
power consumption, and immunity to noise. Its 120 nanosecond access time provides no-WAIT-state perform-
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 pA trans-
- lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is
achieved through Intel's unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA
on address and data pins, from —1V to Vgc + 1V.

With Intel’s ETOX Il process base, the 28F512 levers years of EPROM experience to yield the highest levels of
quality, reliability, and cost-effectiveness.

November 1992
3-26 Order Number: 290204-007
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Figure 1. 28F512 Block Diagram
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Figure 2. 28F512 Pin cohfiguratlons
Table 1. Pin Description !
Symbol Type Name and Function

Ao-A1s INPUT ADDRESS INPUTS for memory addresses. Addresses are internally
latched during a write cycle.

DQo-DQ7 | INPUT/OUTPUT .| DATA INPUT/OUTPUT: Inputs data during memory write cycles;
outputs data during memory read cycles. The data pins are active high
and float to tri-state OFF when the chip is deselected or the outputs
are disabled. Data is internally latched during a write cycle.

CE INPUT CHIP ENABLE: Activates the device’s control logic, input buffers,
decoders and sense amplifiers. CE is active low; CE high deselects the
memory device and reduces power consumption to standby levels.

OE INPUT OUTPUT ENABLE: Gates the devices output through the data buffers
during a read cycle. OE is active low.

WE INPUT WRITE ENABLE: Controls writes to the control register and the array.
Write enable is active low. Addresses are latched on the falling edge
and data is latched on the rising edge of the WE pulse.

Note: With Vpp < 6.5V, memory contents cannot be altered.

Vpp ERASE/PROGRAM POWER SUPPLY for writing the command
register, erasing the entire array, or programming bytes in the array.

Vee DEVICE POWER SUPPLY (5V +10%)

Vss GROUND

NC NO INTERNAL CONNECTION to device. Pm may be drlven or left
floating.
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APPLICATIONS

The 28F512 flash memory provides nonvolatility
along with the capability to typically perform over
100,000 electrical chip-erasure/reprogram cycles.
These features make the 28F512 an innovatiye al-
ternative to disk, EEPROM, and battery-backed stat-
ic RAM. Where periodic updates of code and data-
tables are required, the 28F512’s reprogrammability
and nonvolatility make it the obvious and ideal re-
placement for EPROM.

Primary applications and operating systems stored
in flash eliminate the slow disk-to-DRAM download
process. This results in dramatic enhancement of
performance and substantial reduction of power
consumption — a consideration particularly impor-
tant in portable equipment. Flash memory increases
flexibility with electrical chip erasure and in-system
update capability of operating systems and applica-
tion code. With updatable BIOS, system manufactur-
ers can easily accommodate last-minute changes as
revisions are made.

In diskless workstations and terminals, network traf-
fic reduces to a minimum and systems are instant-
on. Reliability exceeds that of electromechanical
media. Often in these environments, power interrup-
tions force extended re-boot periods for all net-
worked terminals. This mishap is no longer an issue
if boot code, operating systems, communication pro-
tocols and primary applications are flash-resident in
each terminal.

For embedded systems that rely on dynamic RAM/
disk for main system memory or nonvolatile backup
storage, the 28F512 flash memory offers a solid
state alternative in a minimal form factor. The
28F512 provides higher performance, lower power
consumption, instant-on capability, and allows an
“execute in place” memory hierarchy for code and
data table reading. Additionally, the flash memory is
more rugged and ‘reliable in harsh environments
where extreme temperatures and shock can cause
- disk-based systems to fail. -

The need for code updates pervades all phases of a
system’s life — from prototyping to system manufac-
ture to after-sale service. The electrical chip-erasure
and reprogramming ability of the 28F512 allows in-

circuit alterability; this eliminates unnecessary han-
dling and less-reliable socketed connections, while
adding greater test, manufacture, and update flexi-
bility.

Material and labor costs associated with code
changes increases at higher levels of system inte-
gration — the most costly being code updates after
sale. Code “bugs”, or the desire to augment system
functionality, prompt after-sale code updates. Field
revisions to EPROM-based code requires the re- -
moval of EPROM components or entire boards. With
the 28F512, code updates are implemented locally
via an edge-connector, or remotely over a commun-

- cation link.

For systems currently using a high-density static
RAM/battery configuration for data accumulation,
flash memory’s inherent nonvolatility eliminates the
need for battery backup. The concern for battery
failure no longer exists, an important consideration
for portable equipment and medical instruments,
both requiring continuous performance. In addition,
flash memory offers a considerable cost advantage
over static RAM.

Flash memory’s electrical chip erasure, byte pro-
grammability and complete nonvolatility fit well with
data accumulation and recording needs. Electrical
chip-erasure gives the designer a “blank slate” in
which to log or record data. Data can be periodically
off-loaded for analysis and the flash memory erased
producing a new “blank slate”.

A high degree of on-chip feature integration simpli-
fies memory-to-processor interfacing. Figure 3 de-
picts two 28F512s tied to the 80C186 system bus.
The 28F512’s architecture minimizes interface cir-
cuitry needed for complete in-circuit updates of
memory contents.

With cost-effective in-system reprogramming, ex-
tended cycling capability, and true nonvolatility,
the 28F512 offers advantages to the alternatives:
EPROMs, EEPROMs, battery backed static RAM,

" or disk. EPROM-compatible read - specifications,
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straight-forward interfacing, and in-circuit alterability
offers designers unlimited flexibility to meet the high
standards of today’s designs.
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PRINCIPLES OF OPERATION

: Flash-memory augments EPROM functionality with
in-circuit electrical erasure and reprogramming. The
28F512 introduces a command register to manage

this new functionality. The command register allows

for: 100% TTL-level control inputs; fixed power sup-
plies during .erasure and programming; and maX|-
(mum EPROM compatibility.

In the absence_of high voltage on the Vpp pin, the
28F512 is a read-only memory. Manipulation of the

standard microprocessor read timings output array
data, access the Intelligent Identifier codes, or out-
put data for erase and program verification. ‘

Integrated Stop Timer

- Successive command write cycles define the dura-

external memory-control pins yields the standard .

EPROM read, standby, output disable, and Intelll-
gent Identifier operahons

The same EPROM read, standby, and output disable
operations are available when high voltage is-ap-
plied to the Vpp pin. In addition, high voltage on Vpp
enables erasure and programming of the device. All
functions associated with altering memory con-
tents—Intelligent Identifier, erase, erase verify, pro-
gram, and program verify—are accessed via the
command register.

Commands are written to the register using standard
microprocessor write timings. Register contents
serve as input to an internal state-machine which
- controls the erase and programming circuitry. Write
cycles also internally latch addresses and data
needed for programming or erase operations. With
the appropriate command written to the register,

tion of program and erase operations; specifically,
the program or erase time durations are normally
terminated by associated program or erase verify
commands. An integrated stop timer provides simpli-
fied timing control over these operations; thus elimi-
nating the need for maximum program/erase timing
specifications. = Programming ~and ‘erase pulse
durations are minimums only. When the stop timer
terminates a program or erase operation, the device
enters an inactive state and remains inactive until

receiving the appropriate verify or reset command.

3-30

Write Protection

The command register is only active when Vpp is at -
high voltage. Depending upon the application, the

system designer may choose to make the Vpp pow-

er supply switchable—available only when memory

updates are desired. When Vpp = Vpp, the con-

tents of the register default to the read command,

making the 28F512 a read-only memory. In this

mode, the memory contents cannot be altered.
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Table 2. 28F512 Bus Operations

Pins Vep() | Ag Ay | CE | OE | WE | DQg-DQ;
Operation
Read VepL | Ao Ag Vi | ViL | Vin | DataOut
Output Disable VppL X X Vit | VIH | Vin | Tri-State
READ-ONLY | Standby VppL X X Vi | X X | Tri-State
Intelligent Identifier (Mfr)(2) VepL | Vie | Vip® | ViL | ViL | Vi4 | Data = 89H
Intelligent Identifier (Device)® | VppL | ViH | Vip® | Vi | ViL | Vin | Data = B8H
Read VepH | Ao Ag ViL | ViL | Vi | Data Out4)
READ/WRITE " Output Disable VppH X X |'ViL | Vin| Vin | Tri-State
Standby(5) VppH X X Vi | X X | Tri-State
Write Vepn | Ao | A | ViL | Viu | viL | DataIn®
NOTES:

1. Refer to DC Characteristics. When Vpp = Vpp| memory contents can be read but not written or erased.
2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 3. All other

addresses low.

3. Vip is the Intelligent Identifier high voltage. Refer to DC Characteristics.

4. Read operations with Vpp = Vppy may access array data or the Intelligent Identifier codes.
5. With Vpp at high voltage, the standby current equals Icc + Ipp (standby).

6. Refer to Table 3 for valid Data-In during a wrlte operation.

7. X can be V)_ or Vju.

Or, the system designer may choose to “hardwire”
Vpp, making the high voltage supply constantly
available. In this case, all Command Register func-
tions are inhibited whenever Vg is below the write
lockout voltage V| ko. (See Power Up/Down Protec-
tion). The 28F512 is designed to accommodate ei-
ther design practice, and to encourage optimization
of the processor-memory interface.

The two-step program/erase write sequence to the
Command Register provides additional software
write protection.

BUS OPERATIONS

Read

The 28F512 has two control functions, both of which
must be logically active, to obtain data at the out-
puts. Chip-Enable (CE) is the power control and
should be used for device selection. Output-Enable
(OE) is the output control and should be used

to gate data from the output pins, independent of -
timing .

device selection. Refer to AC read

waveforms.

When Vpp is high (Vppp), the read operation can be
used to access array data, to output the Intelligent
Identifier codes, and to access data for program/
erase verification. When Vpp is low (Vppl), the read
operation can only access the array data.

Output Disable

With Output-Enable at a logic-high level (V|H), output
from the device is disabled. Output pins. are placed
in a high-impedance state:

Standby

With Chjp-Enable at a logic-high level, the standby

" operation disables most of the 28F512’s circuitry

and substantially reduces device power consump-
tion. The outputs are placed in a high-impedance
state, independent of the Output-Enable signal.
If the 28F512 is deselected during erasure, pro-
gramming, or program/erase verification, the
device draws active current until the operatlon is
terminated.

Intelligent Identifier Operation
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The Intelligent Identifier operation outputs the manu-
facturer code (89H) and device code (B8H). Pro-

- gramming equipment automatically matches the de-

vice with its proper erase and programming algo-
rithms.
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With Chip-Enable and Output-Enable at a logic low
level, raising A9 to high voltage V|p (see DC Charac-
teristics) activates the operation. Data read from lo-
cations 0000H and 0001H represent the manufac-
turer's code and the device code, respectively.

The manufacturer- and device-codes can also be
read via the command register, for instances where
the 28F512 is erased and reprogrammed in the tar-
get system. Following a write of 90H to the com-
mand register, a read from address location 0000H
outputs the manufacturer code (89H). A read from
address 0001H outputs the device code (B8H).

Write

Device erasure and programming are accomplished
via the command register, when high voltage is ap-
plied to the Vpp pin. The contents of the register
serve as input to the internal state-machine. The
state-machine, outputs dictate the function of the
device.

‘The command register itself does not occupy an ad-
dressable memory location. The register is a latch

used to store the command, along with address and
data information needed to execute the command.

The command register is written by bringing Write-
Enable to a logic-low level (Vy), while Chip-Enable is
low. Addresses are latched on the falling edge of
Write-Enable, while data is latched on the rising
edge of the Write-Enable pulse. Standard microproc-
essor write timings are used.

_Refer to AC Write Characteristics and the Erase/
Programming Waveforms for specific timing
parameters. .

COMMAND DEFINITIONS

When low voltage is applied to the Vpp pin, the con-
tents of the command register default to 0O0H, en-
abling read-only operations.

‘Placing high voltage on the Vpp pin enables read/
write operations. Device operations are selected by
writing specific data patterns into the command reg-
ister. Table 3 defines these 28F512 register
commands.

Table 3. Command Definitions

Command cg::l:s First Bus Cycle Second Bus Cycle
- Req'd Operation(1)| Address(2)| Data(3)| Operation(1)| Address(2)| Data(3)
Read Memory 1 Write X OO0H
Read Intelligent Identifier Code(4)| 3 Write X 90H Read 4) 4)
Set-up Erase/Erase(®) 2 Write X 20H Write X 20H
Erase Verify(5) ‘ 2 Write EA AOH Read X EVD
Set-up Program/Program(6) 2 Write X 40H Write PA PD
Program Verify(6) ' 2 Write X COH Read X PVD
Reset(7) 2 Write X FFH | Write X FFH
NOTES
. Bus operations are defined in Table 2.
2. IA = Identifier address: 00H for manufacturer code, 01H for device code.

EA = Address of memory location to be read during erase verify.

PA = Address of memory location to be programmed.

Addresses are latched on the falling edge of the Write-Enable pulse.
3. ID = Data read from location |A during device identification (Mfr = 89H, Device = B8H).

EVD = Data read from location EA during erase verify.

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable.

Figure 5 illustrates the Quick-Erase™ algorithm.

N oA

PVD = Data read from location PA during.program verify. PA is latched on the Program command.
Following the Read Intelligent ID command, two read operations access manufacturer and device codes.

Figure 4 illustrates the Quick-Pulse Programming™ algorithm.
The second bus cycle must be followed by the desired command reglster write.
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Read Command

While Vpp is high, for erasure and programming,
memory contents can be accessed via the read
command. The read operation is initiated by writing
00H into the command register. Microprocessor
read cycles retrieve array data. The device remains
enabled for reads until the command register con-
tents are altered.

The default contents of the register upon Vpp pow-

er-up is 00H. This default value ensures that no spu-
rious alteration of memory contents occurs during
the Vpp power transition. Where the Vpp supply is
hard-wired to the 28F512, the device powers-up and
remains enabled for reads until the command-regis-
ter contents are changed. Refer to the AC Read
Characteristics and Waveforms for specific timing
parameters.

Intelligent Identifier Command

of this high voltage, memory contents are protected
against erasure. Refer to AC Erase Characteristics
and Waveforms for specific timing parameters.

Erase-Verify Command

The erase command erases all bytes of the array in
parallel. After each erase operation, all bytes must
be verified. The erase verify operation is initiated by
writing AOH into the command register. The address
for the byte to be verified must be supplied as it is
latched on the falling edge of the Write-Enable
pulse. The register write terminates the erase opera-
tion with the rising edge of its Write-Enable pulse.

The 28F512 applies an internally-generated margin
voltage to the addressed byte. Reading FFH from

-the addressed byte indicates that all bits in the byte

Flash-memories are intended for use in applications .

where the local CPU alters memory contents. As
such, manufacturer- and device-codes must be ac-
cessible while the device resides in the target sys-
tem. PROM programmers typically access signature
codes by raising A9 to a high voltage. However, mul-
tiplexing high voltage onto address lines is not a de-
sired system-design practice.

The 28F512 contains an Intelligent Identifier. opera-
tion to supplement traditional PROM-programming
methodology. The operation is initiated by writing
90H into the command register. Following the com-
mand write, a read cycle from address 0000H re-
trieves the manufacturer code of 89H. A read cycle
from address 0001H returns the device code of

" B8H. To terminate the operation, it is necessary to
write another valid command into the register.

Set-up Erase/Erase Commands

Set-up Erase is a command-only operation that
stages the device for electrical erasure of all bytes in
the array. The set-up erase operation is performed
by writing 20H to the command register.

To commence chip-erasure, the erase command
(20H) must again be written to the register. The
erase operation begins with the rising edge of the
Write-Enable pulse and terminates with the rising
edge of the next Write-Enable pulse (i.e., Erase-Veri-
fy Command).

This two-step sequence of set-up followed by execu-
tion ensures that memory contents are not acciden-
tally erased. Also, chip-erasure can only occur when
high voltage is applied to the Vpp pin. In the absence

3-33

are erased. .

The erase-verify command must be written to the
command register prior to each byte verification to
latch its address. The process continues for each
byte in the array until a byte does not return FFH
data, or the last address is accessed.

In the case where the data read is not FFH, another
erase operation is performed. (Refer to Set-up
Erase/Erase). Verification then resumes from the
address of the last-verified byte. Once all bytes in
the array have been verified, the erase step is com-
plete. The device can be programmed. At this point,
the verify operation is terminated by writing a valid
command (e.g. Program Set-up) to the command
register. Figure 5, the Quick-Erase algorithm, illus-
trates how commands and bus operations are com-
bined to perform electrical erasure of the 28F512.
Refer to AC Erase Characteristics and Waveforms
for specific timing parameters.

Set-up Program/Program Commands

Set-up program is a command-only operation that
stages the device for byte programming. Writing 40H
into the command register performs the set-up
operation.

Once the program set-up operation is performed,
the next Write-Enable pulse causes a transition to
an active programming operation. Addresses are in-
ternally latched on the falling edge of the Write-En-
able pulse. Data is internally latched on the rising
edge of the Write-Enable pulse. The rising edge of
Write-Enable also begins the programming opera-
tion. The programming operation terminates with the
next rising edge of Write-Enable, used to write the
program-verify command. Refer to AC Programming
Characteristics and Waveforms for specific timing
parameters. ,
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Program-Verify Command

The 28F512 is progfamméd on a byte-by-byte basis.
Byte programming may occur sequentially or at ran-

dom. Following each programming operation, the "

byte just programmed must be verified.

The program-verify operation is initiated by writing
COH into the command register. The register write
terminates the programming operation with the ris-
ing edge of its Write-Enable pulse. The program-ver-
ify operation stages the device for verification of the
byte last programmed. No new address information
is latched.

"The 28F512 applies an internally-generated margin
voltage to the byte. A microprocessor read cycle
outputs the data. A successful comparison between
the programmed byte and true data means that the
byte is successfully programmed. Programming then
proceeds to the next desired byte location. Figure 4,
the 28F512 Quick-Pulse Programming algorithm, il-
lustrates how commands are combined with bus op-
erations to perform byte programming. Refer to AC
Programming Characteristics and Waveforms for
specific timing parameters. -

Reset COi'nm'ang

A reset command is provided as a means to safely
abort the erase- or program-command sequences.
Following either set-up command (erase or program)
with two consecutive writes of FFH will safely abort
the operation. Memory contents will not be altered.
A valid command must then be written to place the
device in the desired state.

EXTENDED ERASE/PROGRAM CYCLING

EEPROM cycling failures have always concerned
users. The high electrical field required by thin oxide
EEPROMs for tunneling can literally tear apart the
oxide at defect regions. To combat this, some sup-
pliers have implemented redundancy schemes, re-
ducing cycling failures to insignificant levels. Howev-
er, redundancy requires that cell size be doubled—
an expensive solution.

Intel has designed extended cycling capability into

its ETOX |l flash memory technology. Resulting im-

provements in cycling reliability come without in-
creasing memory cell size or complexity. First, an
advanced tunnel oxide increases the charge carry-
ing ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field is one-tenth
that of common EEPROMSs, minimizing the probabili-
ty of oxide defects in the region. Finally, the peak
electric field during erasure is approximately 2 MV/
cm lower than EEPROM. The lower electric field
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greatfy reduces oxide stress and the probability of
failure—increasing time to wearout by a factor of
100,000,000.

The 28F512 is specified for a minimum of 10,000
program/erase cycles. The device .is programmed
and erased using Intel’s Quick-Pulse Program-
ming and Quick-Erase algorithms. Intel’s algorithmic
approach uses a series of operations (pulses), along
with byte verification, to completely and reliably
erase and program the device.

For further information, see Reliability Report RR-60
(ETOX-II Reliability Data Summary).

QUICK-PULSE PROGRAMMING ALGORITHM

The Quick-Pulse Programming algorithm uses pro-
gramming operations of 10 us duration. Each opera-
tion is followed by a byte verification to determine
when the addressed byte has been successfully pro-
grammed. The algorithm allows for up to 25 pro-
gramming operations per byte, although most bytes
verify on the: first or second operation. The entire
sequence of programming and byte verification is
performed with Vpp at high voltage. Figure 4 illus-
trates the Quick-Pulse Programming algorithm.

QUICK-ERASE ALGORITHM

Intel’s Quick-Erase algorithm yields fast and reliable
electrical erasure of memory contents. The algo-
rithm employs a closed-loop flow, similar to the
Quick-Pulse Programming algorithm, to simulta-
neously remove charge from all bits in the array.

Erasure begins with a read of memory contents. The
28F512 is erased when shipped from the factory.
Reading FFH data from the device would immedi-
ately be followed by device programming. .

For devices being erased and reprogrammed, uni-
form and reliable erasure is ensured by first pro-
gramming all bits in the device to their charged state
(Data O0H). This is accomplished, using the
Quick-Pulse Programming algorithm, in approxi-
mately one second.

Erase execution then continues with an initial erase
operation. Erase verification (data = FFH) begins at
address 0000H and continues through the array to
the last address, or until data other than FFH is en-
countered. With each erase operation, an increasing
number of bytes verify to the erased state. Erase
efficiency may be improved by storing the address of
the last byte verified in a register. Following the next
erase operation, verification starts at that stored ad-
dress location. Erasure typically occurs in one sec-
ond. Figure 5 illustrates the Quick-Erase algorithm.
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Bus
Operation COmman§ Comments
Standby Wait for Vpp Ramp to Vppn(1)
’ Initialize Pulse-Count
Program Cp Write Setup | Data=40H
’ Program
wg:dP(er%csm Write Program | Valid Address/Data
Standby Duration of Program
Operation (twHwH1)
Write Program(2) | Data = COH; Stops Program
Verify Operation(3)
Standby twHGL 3
(road Dato. Read Read Byte to Verify
Programming
N
[
pLs“ém Standby Compare Data Output to Data
=257 : Expected
Y
Increment .
Address
Write . _
Read Cmd Write Read Data = 00H, Resets the
Register for Read Operations
A 4 .
AppI ApPI h
I v:;.’['ﬂ | I v:;)['u J Standby Wait for Vpp Ramp to Vpp (1)
Completed
1290204-6
NOTES: 3. Refer to principles of operation
1. See DC Characteristics for value of Vppy and Vppi. . .
2. Program Verify is only performed after byte program- 4. CAUTION: The algorithm MUST BE FOLLOWED
ming. A final read/compare may be performed (option- to ensure proper and reliable operation of the de-
al) after the register is written with the Read command. vice.

Figure 4. 28F512 Quick-Pulse Programming Algorithm
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(4) Start Bus
Erasure y
Operation Command Comments
Entire memory must = 00H
Data before erasure
=00H?
N . .
Program All Use Quick-Pulse
Bytes to OOH : Programming™ Algorithm
« | (Figure 4)
Standby Wait for Vpp Ramp to Vppu(1)
Initialize Addresses and
PLSCNT =0 ‘ Pulse-Count
Write Set-up Data = 20H
Set-up Cmd Erase
m Write ' Erase Data = 20H
Standby Duration of Erase Operation
) (twHwH2)
Write Erase Write Erase(@) Addr = Byte to Verify;
Verify Cmd Verify Data = AOH; Stops Erase
' Operation(3)
Standby tWHGL
Read Data Read Read Byte to Verify Erasure
from Device
N
Inc .
0005 Standby Compare Output to FFH
Increment Pulse-Count -
Y
Increment
Address
Y i :
Write Write Read Data = 00H, Resets the
Read Cmd Register for Read Operations
.
Apply Apply Standby Wait for Vpp Ramp to Vppy (1)
Vepy [1] Vepy [1]
Erasure Erase
( Completed ) C Error j
290204-7
NOTES:
1. See DC Characteristics for value of Vppy and Vpp,. 3. Refer to principles of operation. )
2. Erase Verify is performed only after chip-erasure. A 4. CAUTION: The algorithm MUST BE FOLLOWED
final read/compare may be performed (optional) after to ensure proper and reliable operation of the de-
the register is written with the read command. vice.

Figure 5. 28F512 Quick-Erase Algorithm

»
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DESIGN CONSIDERATIONS

Two-Line Output Control

Flash-memories are often used in larger memory ar-
rays. Intel provides two read-control inputs to ac-
commodate multiple memory connections. Two-line
control provides for:

a. the lowest possible memory power dissipation
and,

b. complete assurance that output bus contention
will not occur.

To- efficiently use these two control inputs, an ad-
dress-decoder output should drive chip-enable,
while the system’s read signal controls all flash-
memories and other parallel memories. This assures
that only enabled memory devices have active out-
puts, while deselected devices maintain the low
power standby condition.

Power Supply Decoupling‘

Flash-memory power-switching characteristics re-
quire careful device decoupling. System designers
are interested in three supply current (Icc) issues—
standby, active, and transient current peaks pro-
duced by falling and rising edges of chip-enable. The
capacitive and inductive loads on the device outputs
determine the magnitudes of these peaks.

Two-line control and proper decoupling capacitor
selection will suppress transient voltage peaks.
Each device should have a 0.1 uF ceramic capacitor
connected between V¢ and Vss. and between Vpp
and Vss.

Place the high-frequency, low-inherent-inductance
capacitors as close as possible to the devices. Also,
for every eight devices, a 4.7 uF electrolytic capaci-
tor should be placed at the array’s power supply
connection, between V¢ and Vggs. The bulk capaci-
tor will overcome voltage slumps caused by printed-
circuit-board trace .inductance, and will supply
charge to the smaller capacitors as needed.

Vpp Trace on Printed Circuit Boards

Programming flash-memories, while they reside in
the target system, requires that the printed circuit
board designer pay attention to the Vpp power sup-
ply trace. The Vpp pin supplies the memory cell cur-
rent for programming. Use similar trace widths and
layout considerations given the Vgc power bus. Ad-
equate Vpp supply traces and decoupling will de-
crease Vpp voltage spikes and overshoots.

Power Up/Down Protection

The 28F512 is designed to offer protection against
accidental erasure or programming during power
transitions. Upon power-up, the 28F512 is indifferent

as to which power supply, Vpp or Vg, powers up

first. Power supply sequencing is not required. Inter-
nal circuitry in the 28F512 ensures that the com-
mand register is reset to the read mode on power

up.

. A system designer must guard against active writes
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for Vgc voltages above Vi ko when Vpp is active.
Since both WE and CE must be low for a command
write, driving either to V| will inhibit writes. The con-
trol register architecture provides an added level of
protection since alteration of memory contents only
occurs after successful completion of the two-step
command. sequences.

28F512 Power Dissipation

When designing portable systems, designers must
consider battery power consumption not only during
device operation, but also for data retention during
system idle time. Flash nonvolatility increases the
usable battery life of your system because the
28F512 does not consume any power to retain code
or data when the system is off. Table 4 illustrates the
power dissipated when updating the 28F512.

. Table 4. 28F512 Typical Update

Power Dissipation(4)
-Power Dissipation
Operation Notes (Watt-Seconds)

Array Program/ 1 0.085
Program Verify

Array Erase/ 2 0.092

Erase Verify

One Complete Cycle 3 0.262

NOTES:

1. Formula to calculate typical Program/Program Verify *

Power = [Vpp X # Bytes x Typical # Prog Pulses
(twHwH1 X lpp2 Typical + twhgL X lpps Typical)] +
[Vcc X # Bytes X Typical # Prog Pulses (twHwH1 X
Icc2 Typical + twHaL X lcca Typical).
2. Formula to calculate typical Erase/Erase Verify Power
= [Vpp(lpps Typical X terase Typical + Ipps Typical X
twraL X # Bytes)] + [Voc(lces Typical X terase Typi-
cal + Igcs Typical X twHgL X # Bytes)l.
3. One Complete Cycle = Array Preprogram + Array
Erase + Program.

4. “Typicals” are not guaranteed, but based on a limited
number of samples from production lots. .
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature

‘DuringRead .................. 0°C to +70°C(1)
During Erase/Program ......... 0°Cto +70°C(1)
Operating Temperature
DuringRead ............... —40°Cto +85°C(2)
During Erase/Program ...... —40°C to +85°C(2)
Temperature Under Bias ... ..... —10°C to +80°C(1)
Temperature Under Bias....... —50°C to +95°C(2)
Storage Temperature .......... —65°Cto + 125:0-
Voltage on Any Pin with
Respectto Ground .......... —2.0Vto +7.0v(2
Voltage on Pin Ag with
Respectto Ground ........ —2.0Vto +13.5v(2,3)
NOTES:

Vpp Supply Voltage with
Respect to Ground

During Erase/Program....— 2.0V to +14.0V(2,3)

Vce-Supply Voltage with :
. RespecttoGround.......... —2.0Vto +7.0V(2
Output Short Circuit Current. ............ 100 mA“4)

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions"
may affect device reliability.

1. Operating temperature is for commercial product defined by this specification.

2. Operating temperature is for extended temperature product defined by this specification.

3. Minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods less than 20 ns.
Maximum DC voltage on output pins is Vcc + 0.5V, which may overshoot to Voc + 2.0V for periods less than 20 ns.

4. Maximum DC voltage on Ag or Vpp may overshoot to -+ 14.0V for periods less than 20 ns.

5. Output shorted for no more than one second. No more than one output shorted at a time.

OPERATING CONDITIONS

Symbol Parameter Limits Unit . Comments
Min Max . '
Ta Operating Temperature(1) 0 70 °C ForRead-Only and ‘
Read/Write Operations
for Commercial Products
TA Operating Temperature(2) —40 +85 °C For Read-Only and
Read/Write Operations
for Extended Temperature Products
Vce Ve Supply Voltage 4.50 5.50 \"

DC CHARACTERISTICS—TTL/NMOS COMPATIBLE—Commercial Products

Limits ‘
Symbol Parameter Notes Unit Test Conditions
Min | Typ(9) | Max
I - | Input Leakage Current 1 ) +1.0 | pA | Voo = Voo Max
. VIN = Vgcor Vss
Lo Output Leakage Current ~ | 1 £10.0 | pA | Voo = Vg Max
: Vout = Vcgor Vss
lccs Ve Standby Current 1. 0.3 1.0 | mA | Voo = Vg Max
CE =Vjy
lcot Vg Active Read Current 1 10 30 | mA | Vgg = Voo Max,CE =V
f =6 MHz, oyt = 0 mA
lcc2 V¢ Programming Curfent 1,2 1.0 10 mA | Programmingin Progress
lcca Vg Erase Current 1,2 5.0 15 mA | Erasure in Progress
lcca Vcc Program Verify 1,2 5.0 15 mA | Vpp = VppH
Current : Program Verify in Progress
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE—Commercial Products

(Continued)
Limits p
Symbol Parameter Notes Unit |. Test Conditions
Min | Typ@) Max .
lccs Vcc Erase Verify Current 1,2 50 [ 15 mA | Vpp = VppH
Erase Verify in Progress
lpps Vpp Leakage Current 1 +10.0 rA | Vpp < Voo
lpp1 Vpp Read Current, Standby 1 90 . 200 kA | Vpp > Ve
Current, or ID Current
+10.0 Vpp £ Veo
lpp2 Vpp Programming Current 1,2 8.0 30 mA | Vpp = Vppn
Programming in Progress
Ipp3 Vpp Erase Current 1,2 4.0 30 mA | Vpp = VppH
Erasure in Progress
Ipps Vpp Program Verify Current 1,2 20 5.0 mA | Vpp = VppH
Program Verify in Progress
Ipps Vpp Erase Verify Current 1,2 2.0 5.0 mA | Vpp = Vppy
Erase Verify in Progress
ViL Input Low Voltage o -05 0.8 \'
ViH Input High Voltage 2.0 Ve + 05} V .
Vo Output Low Voltage 0.45 V |loL=58mA
. . Vce = Voo Min
VoHi | Output High Voltage 2.4 V |lon= —25mA
. Vce = Voo Min
Vip Ag Intelligent Identifier Voltage 11.50 13.00 v
lip Ag Intelligent Identifier Current | 1,2 | 90 200 rA [ Ag =V|p
VppL Vpp during Read-Only 0.00 - 6.5 V ' | NOTE: Erase/Program are
Operations Inhibited when Vpp = Vppi
VppH Vpp during Read/Write 11.40 12.60 \ i
Operations
Viko Ve Erase/Write Lock Voltage 25 v
DC CHARACTERISTICS—CMOS COMPATIBLE—Commercial Products
. Limits
Symbol Parameter Notes Unit Test Conditions
. Min | Typ4) | Max . :
Iy Input Leakage Current 1 +1.0 | pA | Voo = Voo Max
ViN = Vg or Vss
ILo Output Leakage Current 1 £10.0 | pA | Voo = Veg Max
ae Vourt = Vcc or Vss
lccs V¢ Standby Current 1 50 100 | pA | Voo = Vo Max
CE = Vgg 0.2V
lcct Ve Active Read Current 1 10 30 | mA | Voo = Voo Max, CE = V).
: f = 6 MHz, loyt = 0 mA
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DC CHARACTERISTICS—CMOS COMPATIBLE—Commercial Products (Continued)

Limits .
Symbol Parameter Notes Unit Test Conditions
; ' Min Typ4) Max . )
lccz Vcc Programming 1,2 1.0 10 mA | Programming in Progress
Current
lcca Vcc Erase Current 1,2 5.0 15 mA | Erasure in Progress
lcca Vg Program Verify 1,2 5.0 15 mA | Vpp = VppH
Current ) Program Verify in Progress
lccs Vg Erase Verify Current | 1,2 5.0 15 mA | Vpp-=_VppH ‘
’ ’ Erase Verify in Progress
Ipps Vpp Leakage Current 1 +10.0 pA | Vpp < Vg
Ipp1 Vpp Read Current, ID 1 90 200 pA | Vpp > Voo
Current, or Standby
Current +10.0 Vpp < Voo
Ipp2 Vpp Programming 1,2 8.0 30 mA | Vpp = VppH .
Current < Programming in Progress -
Ipp3 Vpp Erase Current 1,2 4.0 30 mA | Vpp = Vppy
‘ . Erasure in Progress
IpPa Vpp Program Verify 1,2 20 50 | mA | Vpp = VppH
Current . Program Verify in Progress
Ipps Vpp Erase Verify Current | 1,2 20 5.0 mA | Vpp = VppH
. : Erase Verify in Progress
ViL Input Low Voltage -0.5 0.8 \"
ViH Input High Voltage 0.7 Vce Vec+ 05| 'V
VoL Output Low Voltage ‘ 0.45 V |loL=58mA
Vee = Vge Min
VoH1 Output High Voltage 0.85 Vo loH = —2.5mA,
\" .
Vcc = Voc Min
VoH2 Vcc — 0.4 loH = —100 pA,
) Vece = Voo Min
Vip Ag Intelligent Identifier - 11.50 ) 13.60 V | Ag=Vp
Voltage '
o Ag Intelligent Identifier 1,2 90 200 pA { Ag =V
Current )
VppL Vpp during Read-Only 0.00 6.5 V | NOTE: Erase/Program
‘| Operations are Inhibited when
\ : Vpp = VppL
VepH Vpp during Read/Write 11.40 12.60 v
Operations '
Viko Ve Erase/Write Lock 25 \"
Voltage
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE—Extended femperature

Products ~
Limits .
Symbol Parameter Notes Unit Test Conditions
Min | Typ4) Max
I Input Leakage Current 1 +1.0 pA Voo = Voo Max
ViN = Vgc or Vss
Lo Output Leakage Current 1 +10.0 | pA |Vee = Voo Max
. Vout = Vccor Vss
lccs V¢ Standby Current 1 0.3 1.0. | mA|Vgc = Vcc Max
CE = V|4
lcc1 | Ve Active Read Current 1 10 30 mA Voo = Voo Max, CE = V.
f = 6 MHz, loyT = O0mA
lcce Ve Programming Current 1,2 1.0 30 mA | Programming in Progress
lcca Vcc Erase Current 1,2 5.0 30 mA |[Erasure in Progress
lcca Vg Program Verify Current 1,2 5.0 30 mA |Vpp = VppH -
: Program Verify in Progress
lccs | Vg Erase Verify Current 1,2 5.0 30 | mA|Vpp = Vppy
' | Erase Verify in Progress
lpps  |Vpp Leakage Current 1 £10.0 | pA |Vpp < Voo
IpP1 Vpp Read Current, Standby 1 90 200 pA |Vpp > Vg
Current, or ID Current . £10.0 Vep < Voo
Ipp2 Vpp Programming Current 1,2 8.0 ' 30 mA |Vpp = VppH
) Programming in Progress -
Ipp3 Vpp Erase Current 1,2 4.0 30 mA |Vpp = VppH
‘ : Erasure in Progress
lpp4 Vpp Program Verify Current 1,2 2.0 50 | mA |Vpp = VppH
. ' Program Verify in Progress
lpps Vpp Erase Verify Current 1,2 2.0 5.0 mA |Vpp = VppH
) Erase Verify in Progress
ViL Input Low Voltage —0.5 0.8 v
ViH  |Input High Voitage 2,0 Voo + 05| V
VoL  |Output Low Voltage 045 |V [loL=58mA
v . i Vce = Vec Min
Voni |Output High Voltage 2.4 V |lopg = —2.5mA
1Vee = Ve Min
Vip Ag Intelligent |dentifier Voltage 11.50 13.00 \
o Ag Intelligent Identifier Current | 1,2 90 500 pA [Ag = Vp
Vppr | Vpp during Read-Only 0.00 6.5 V |NOTE: Erase/Program are
Operations ’ Inhibited when Vpp = Vpp|
Vppy | Vpp during Read/Write 11.40 12.60 \' ’
Operations
Viko |Vcc Erase/Write Lock Voltage 25 v

3-41




intel.

28F512

DC CHARACTERISTICS—CMOS COMPATIBLE—Extended Temperature

Products
: -Limits . i .
Symbol . Parameter Notes Unit Test Conditions
Min | Typ@) Max
1 Input Leakage Current 1 +1.0 1A | Voo = Voo Max
VIN = Vg of Vss
o Output Leakage Current 1 +10.0 rA | Voo = Voo Max
: Vout = Vccor Vss
lccs Ve Standby Current 1 50 100 © | pA | Voo = Voo Max
CE = Vgg £0.2V
lcct Ve Active Read Current 1 10 50 mA | Voo = Voo Max, CE = Vi,
f = 6 MHz, IoyT = O mA
lcc2 Vg Programming Current 1,2 1.0 10 mA | Programming in Progress
lccs Vcc Erase Current 1,2 5.0 15 mA | Erasure in Progress
lcca Vg Program Verlfy 1,2 5.0 © 30 mA | Vpp = Vppy .
Current _ . " | Program Verify in Progress
lccs Vcc Erase Verify Current 1,2 5.0 30 mA | Vpp = Vppy
: ’ Erase Verify in Progress
Ipps Vpp Leakage Current 1 +10.0 pA | Vpp < Voo
Ippy Vpp Read Current, ID 1 90 200 pA | Vpp > Ve
Current, or Standby )
Current + 10.0 Vpp < Voo
Ipp2 Vpp Programming Current 1,2 8.0 30 mA | Vpp = Vppy
Programming in Progress
lppa Vpp Erase Current 1,2 4.0 30 mA | Vpp = Vppy
: o ’ Erasure in Progress .
lpp4 | Vpp Program Verify 1,2 20 50 | mA | Vpp = VppH
| Current Program Verify in Progress
lpps * Vpp Erase Verify Current 1,2 20 5.0 mA | Vpp = Vppy
Erase Verify in Progress
ViL Input Low Voltage -0.5 0.8 \
ViH input High Voltage 0.7 Voo Ve +05( V
VoL Output Low Voltage 0.45 V |loL=58mA
Vce = Voo Min
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DC CHARACTERISTICS—CMOS COMPATIBLE—Extended Temperature

- Products (Continued)
Limits
Symbol Parameter Notes Unit | Test Conditions
Min Typ(®) | Max .
VoH1 Output High Voltage 0.85 Ve v loh = —2.5mA,
Vce = Vec Min
VoH2 Vce — 0.4 lon = —100 pA,
Vcec = Ve Min
Vip Ag Intelligent Identifier Voltage 11.50 1300 V [{Ag=Vp
115} Ag Intelligent Identifier Current 1,2 90 500 | pA | Ag=Vpp
VppL Vpp during Read-Only Operations 0.00 6.5 V | NOTE: Erase/
: Program
are Inhibited
when
Vep = VppL
VppH Vpp during Read/Write Operations 11.40 1260 | V
Viko V¢ Erase/Write Lock Voltage 25
CAPACITANCE Tp = 25°C, f = 1.0 MHz
Limits
Symbol Parameter Notes : Unit Conditions
Min Max
CiN Address/Control Gapacitance 8 pF ViN =0V
Cout Output Capacitance 3 12 pF Vout = 0V
NOTES: :

1. All currents are in RMS unless otherwise noted. Typical values at Voo = 5.0V, Vpp = 12.0V, T = +25°C. These

currents are valid for all product versions (packages and speeds).
2. Not 100% tested: characterization data available.

3. Sampled, not 100% tested.
4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots.
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AC TESTING INPUT/OUTPUT WAVEFORM

AC TESTING LOAD CIRCUIT

TEST POINTS

j
" o24 —
INPUT x 08
0.45
t
20
OUTPUZXXXXXX 0§ == TEST POINTS
o8

~ 290204-8

AC Testing: Inputs are driven at 2.4V for a logic “1" and 0.45V for
a logic-““0". Testing measurements are made at 2.0V for a logic
*“1" and 0.8V for a logic “0”. Rise/Fall ime < 10 ns.

DEVICE
UNDER
TEST

CL = 100 pF
Cy includes Jig Capacitance

1N914

3.3K
out

ICL=100pF

" 200204-9

AC TEST CONDI;I'IONS

Input Rise and Fall Times (10% to 90%)...... 10 ns
Input Pulse Levels ........... e 0.45V and 2.4V
Input Timing Reference Level ....... 0.8V and 2.0V
Output Timing Reference Level ......0.8V and 2.0V

'AC CHARACTERISTICS—Read-Only Operations

1. Model number prefixes: N = PLCC, P = PDIP, T = Extended Temperature.

~ 2. Sampled, not 100% tested.
3. Guaranteed by design.
4. Whichever occurs first.
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' N28F512-120 ;
| S0 | Nz |
TP28F512-120
Symbol Characteristic Min Max Min Max
tavav/trc | Read Cycle Time 120 150 ns
teLqv/tce | Chip Enable Access Time 120 150 ns
tavav/tacc | Address Access Time 120 150 ns
taLav/toe | Output Enable Access Time 50 55 ns
teLax/tLz Chip Enable to Output in Low Z 2,3 0 0 ns
tEHQZ Chip Disable to Output in High Z 2 55 55 ns
tgLax/toLz | Output Enable to Output in Low Z 2,3 0 0 ns
tgH@z/tor | Output Disable to Output in High Z 2 30 35 ns
toH Output Hold from Address, CE, or 2,4 0 0 ns
OE Change
twHGL Write Recovery Time before Read 6 6 us
. NOTES:
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-AC CHARACTERISTICS—erte/Erase/Program Operatlons(1)

Versions 28F512-120 28F512-150
- = Notes Unit
Symbol | Characteristic . Min Max Min Max
tavav/twc | Write Cycle Time 120 150 ’ ns
tavwL/tas | Address Set-Up Time - 0 0. ns
twiLax/taH Address Hold Time - 60 - 60 ‘| ns
tovwH/tps | Data Set-up Time 50 50 | | ns
twHDx/tpH | Data Hold Time 10 10 | ns
twHGL Write Recovery Time before Read 6 6 us
tGHWL Read Recovery Time before Write 2 0 0 us
teLwr/tcs Chip Enable Set-Up Time before Write 20 20 ns
twHen/tcH | Chip Enable Hold Time . 0. 0 ns
twLwr/twp | Write Pulse Width . 60 60 ns
twHwL/twpH | Write Pulse Width High 20 20 ns
tWHWH1 Duration of Programming Operation 3 10 1 10 | us
tWHWH2 Duration of Erase Operation N 3 9.5 ‘ 9.5 ms
typEL Vpp Set-Up Time to Chip Enable Low 2 1.0 1.0 |- . us
NOTES:

1. Read timing characteristics during read/write operatlons are the same as dunng read-only operations. Refer to AC Char-
acteristics for Read-Only Operations.

2. Guaranteed by design.

3. The integrated stop timer termlnates the programmlng/erase operations, thereby eliminating the need for a maximum
specification.

\

ERASE AND PROGRAMMING PERFORMANCE

Limits
Parameter Notes ) N/P28F5127120, 150 TN/TP28F512-120(6) Unit
' . Min Typ Max Min Typ Max
Chip Erase 1,3,4 1 v 10 1 10 Sec
Time
Chip Program 1,2,4 1 ’ 6.25 1 6.25 | Sec
Time : . :
Erase/Program . 1,5 10,000 100,000 . 1,000 ’ Cycles
Cycles : - ) ' '
NOTES:

1. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. Data taken at 25°C, 12.0V
Vpp at 0 cycles.

2. Minimum byte  programming time excluding system overhead is 16 us (10 us program + 6 us write recovery) while
maximum is 400 ps/byte (16 us X 25 loops allowed by algorithm). Max chip programming time is specified lower than the
worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case byte.

3. Excludes 00H Programming Prior to Erasure. .
‘4, Excludes System-Level Overhead.

5. Refer to RR-60 “ETOX Il Flash Memory Reliability Data Summary” for typical cycling data and failure rate calculations.

6. Extended temperature products
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ALTERNATIVE CE-CONTROLLED WRITES
Versions . . 28F512-120 28F512-150

Notes - Unit

Symbol Characteristic Min Max © Min Max

tavav Write Cycle 120 150 ) ns
Time :

tAVEL Address Set- 0 0 ns
Up Time !

tELAX Address Hold ‘ 80 80 ns

: Time

tovEH Data Set-Up 50 50 ' ns
Time

tEHDX Data Hold 10 10 ns
Time

tEHGL Write 6 6 us
Recovery Time ,
before Read"

tGHEL Read : 2 -0 0 ns
Recovery Time
before Write

tWLEL Write Enable 0 .0 ns
Set-Up Time
before Chip
Enable _

tEHWH Write Enable 0 : 0 | "ns
Hold Time

tELEH Write Pulse 1 70 70 : ns
Width

teEHEL Write Pulse 20 20 ) ns
Width High '

tvPEL Vpp Set-Up 2 1.0 1.0 us
Time to Chip
Enable Low

NOTE:

1. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In
systems where Chip-Enable defines the write pulse width (within a longer Write-Enable timing waveform) all set-up, hold and
inactive Write-Enable times should be measured relative to the Chip-Enable waveform.

2. Guaranteed by design.
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Ordering Information

(rlr[z]sfr]s]1]2]-]+]2]o]
[

—
PACKAGE ‘- ACCESS SPEED (ns)
P =32-PIN PLASTIC DIP 120 ns
N=32-LEAD PLCC 150 ns
— TEMPERATURE

T =EXTENDED (~40°C TO +85°C)
BLANK = COMMERCIAL (0°C TO +70°C)

290204-13
Valid Corﬁbinations:
P28F512-120 N28F512-120 TP28F512-120
P28F512-150 N28F512-150 TN28F512-120
ADDITIONAL INFORMATION Order Number
ER-20, “ETOX™ || Flash Memory Technology” 294005
ER-24, “Intel Flash Memory” 294008
RR-60, “ETOX™ Il Flash Memory Reliability Data Summary” 293002

' AP-316, “Using Flash Memory for In-System Reprogrammable 292046

Nonvolatile Storage”
292059

AP-325 “Guide to Flash Memory-Reprogramming”

REVISION HISTORY

3-53

Number B Description
006 Removed 200 ns speed bin
’ Revised Erase Maximum Pulse Count for Figure 5 from 3000 to 1000
Clarified AC and DC test conditions
007 . Corrected AC Waveforms
Added Extended Temperature devices; TP28F512-120, TN28F512-120
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28F010
1024K (128K x 8) CMOS FLASH MEMORY
m Flash Electrical Chip-Erase m Command Register Architecture for
— 1 Second Typical Chip-Erase Microprocessor/Microcontroller
m Quick-Pulse Programming Algorithm - Compatible Write Interface
— 10 us Typical Byte-Program , ® Noise Immunity Features
— 2 Second Chip-Program — +10% V¢c Tolerance

— Maximum Latch-Up Immunity
through EPI Processing

- m ETOXT™ |l Nonvolatile Flash

m 100,000 Erase/Program Cycles Typical
m 12.0V 5% Vpp

m High-Performance Read ; Technology

—90 ns Maximum Access Time — EPROM-Compatible Process Base
m CMOS Low Power Consumption — High-Volume Manufacturing

— 10 mA Typical Active Current Experience

— 50 pA Typical Standby Current m JEDEC-Standard Pinouts

— 0 Watts Data Retention Power — 32-Pin Plastic Dip
m Integrated Program/Erase Stop Timer —32-Lead PLCC

— 32-Lead TSOP

(See Packaging Spec., Order #231369)
. ~ m Extended Temperature Options

Intel's 28F010 CMOS flash memory offers the most cost-effective and reliable alternative for read/write
random access nonvolatile memory. The 28F010 adds electrical chip-erasure and reprogramming to familiar
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on-
board during subassembly test; in-system during final test; and in-system after-sale. The 28F010 increases
memory flexibility, while contributing to time- and cost-savmgs

The 28F010 is a 1024-kilobit nonvolatile memory organized as 131,072 bytes of 8 bits. Intel's 28F010 is
offered in 32-pin plastic' dip or 32-lead PLCC and TSOP packages Pin assugnments conform to JEDEC
standards for byte-wide EPROMs. i

Extended erase and program cycling capability is designed into Intel’'s ETOX Il (EPROM Tunnel Oxide) pro-
‘cess technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field com-
bine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 28F010
performs a minimum of 10,000 erase and program cycles well within the time I|m|ts of the Quick-Pulse Pro-
gramming and Quick-Erase algorithms.

Intel's 28F010 employs advanced CMOS circuitry for systems requiring high-performance access speeds, low
power consumption, and immunity to noise. Its 90 nanosecond access time provides no-WAIT-state perform-
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 nA trans-
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is
achieved through Intel’s unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA
on address and data pins, from —1V to Vgc + 1V.

With Intel’s ETOX Il process base, the 28F010 levers years of EPROM experience to yleld the highest levels of
quality, reliability, and cost~effect|veness

) November 1992
3-54 - Order Number: 290207-008
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Figure 1. 28F010 Block Diagram

Table 1. Pin Description

Symbol

“Type

Name and Function

Ao-A1g

INPUT

ADDRESS INPUTS for memory addresses. Addresses are internally
latched during a write cycle.

DQp-DQ7

INPUT/OUTPUT

DATA INPUT/OUTPUT: Inputs data during memory write cycles;
outputs data during memory read cycles. The data pins are active high
and float to tri-state OFF when the chip is deselected or the outputs
are disabled. Data is internally latched during a write cycle.

=

INPUT

CHIP ENABLE: Activates the device’s control logic, input buffers,
decoders and sense amplifiers. CE is active low; CE high deselects the
memory device and reduces power consumption to standby levels.

%

INPUT

OUTPUT ENABLE: Gates the devices output through the data buffers
during a read cycle. OE is active low.

=

INPUT

WRITE ENABLE: Controls writes to the control register and the array.
Write enable is active low. Addresses are latched on the falling edge
and data is latched on the rising edge of the WE pulse.

Note: With Vpp < 6.5V, memory contents cannot be altered.

ERASE/PROGRAM POWER SUPPLY for wrltmg the command
register, erasing the entire array, or programming bytes in the array.

DEVICE POWER SUPPLY (5V +10%)

Voo
Vss

GROUND

NC

NO INTERNAL CONNECTION to device. Pin may be driven or left
floatlng
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Figure 2. 28F010 Pin Configurations
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APPLICATIONS

The 28F010 flash memory provides nonvolatility
along with the capability to typically perform over

. 100,000 electrical chip-erasure/reprogram cycles.
These features make the 28F010 an innovative al-
ternative to disk, EEPROM, and battery-backed stat-
ic RAM. Where periodic updates of code and data-
tables are required, the 28F010’s reprogrammability
and nonvolatility make it the obvious and ideal re-
placement for EPROM.

Primary applications and operating systems stored
in flash eliminate the slow disk-to-DRAM download
process. This results in dramatic enhancement of
performance and substantial reduction of power
consumption — a consideration particularly impor-
‘tant in portable equipment. Flash memory increases
flexibility with electrical chip erasure and in-system
update capability of operating systems and applica-
tion code. With updatable code, system manufactur-

Material and labor costs associated with code
changes increases at higher levels of system inte-
gration — the most costly being code updates after
sale. Code “bugs”, or the desire to augment system
functionality, prompt after-sale code updates. Field
revisions to EPROM-based code requires the re-
moval of EPROM components or entire boards. With
the 28F010, codée updates are implemented locally
via an edge-connector, or remotely over a commun-

cation link.

ers can easily accommodate last-munute changes as

revisions are made

In diskless workstations and terminals, network traf-
fic reduces to a minimum and systems are instant-
on. Reliability exceeds that of electromechanical
media. Often in these environments, power interrup-
tions force extended re-boot periods for all net-
worked terminals. This mishapis no longer an issue
if boot code, operatmg systems, communication pro-
tocols and primary applications are flash-resident i in
each termmal

For embedded systems that rely on dynamic RAM/
disk for main system memory or nonvolatile backup
storage, -the 28F010 flash memory offers a solid
state alternative in a minimal form factor. The
28F010 provides higher performance, lower power
consumption, instant-on capability, and allows an
“‘execute in place” memory hierarchy for code and
data table reading. Additionally, the flash memory is
more rugged and reliable in harsh environments
where extreme temperatures and shock can cause
disk-based systems to fail.

The need for code updates pervades all phases of a
system’s life — from prototyping to system manufac-
ture to after-sale service. The electrical chip-erasure
and reprogrammingability of the 28F010 allows in-
circuit alterability; this eliminates unnecessary han-
dling and less-reliable socketed connections, while
adding greater test manufacture, and update flexi-
bility.

For systems currently using a high-density static
RAM/battery configuration for data accumulation,
flash memory’s inherent nonvolatility eliminates the
need for battery backup. The concern for battery
failure no longer exists, an important consideration
for portable equipment and medical instruments,
both requiring continuous performance. In addition,
flash memory offers a considerable cost advantage
over static RAM.

Flash memory’s electrical chip erasure, byte pro-
grammability and complete nonvolatility fit well with
data accumulation and recording needs. Electrical
chip-erasure gives the designer a “blank slate” in
which to log or record data. Data can be periodically
off-loaded for analysis and the flash memory erased
producing a new “blank slate”. .

A high degree of on-chip feature integration simpli-
fies memory-to-processor interfacing. Figure 4 de-
picts two 28F010s tied to the 80C186 system bus.
The 28F010’s architecture minimizes interface cir-
cuitry -needed for complete in-circuit updates of
memory contents. v

The outstanding feature of the TSOP (Thin Small
Outline Package) is the 1.2 mm thickness. With stan-
dard and reverse pin configurations, TSOP reduces
the number of board layers and overall volume nec-
essary to layout multiple 28F010s. TSOP is particu-
larly suited for portable equipment and applications
requiring large amounts of flash memory. Figure 3
illustrates the TSOP Serpentine layout. :

With cost-effective in-system reprogramming, ex-
tended cycling capability, and true nonvolatility,
the 28F010 offers advantages to the alternatives:
EPROMs, EEPROMs, battery backed static RAM,
or disk. EPROM-compatible read specifications,
straight-forward interfacing, and in-circuit alterability
offers designers unlimited flexibility to meet the high

. standards of today's designs.
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Figure 4. 28F010 in a 80C186 System

PRINCIPLES OF OPERATION

Flash-memory augments EPROM functionality with
in-circuit electrical erasure and reprogramming. The
28F010 introduces a command register to manage
this new functionality. The command register allows
for: 100% TTL-level control inputs; fixed power sup-
plies during erasure and programming; and maxi-
mum EPROM compatibility.

In the absence of high voltage on the Vpp pin, the
28F010 is a read-only memory. Manipulation of the
external memory-control pins yields the standard
EPROM read, standby, output disable, and intgligent
Identifier™ operations. ' )

The same EPROM read, standby, and output disable
operations are available when high voltage is ap-
plied to the Vpp pin. In addition, high voltage on Vpp
enables erasure and programming of the device. All
functions associated with altering memory con-

tents—intgligent Identifier, erase, erase verify, pro-

gram, and program verify—are accessed via the
command register. )

Commands are written to the register using standard
microprocessor write timings. Register contents
serve as input to an internal state-machine which
controls the erase and programming circuitry. Write
cycles also internally latch ‘addresses and data

needed for programming or erase operations. With
the appropriate command written to the register,
standard microprocessor read timings output array

~ data, access the intgligent Identifier codes, or output

data for erase and program verification.

Integrated Stop Timer

Successive command write cycles define the dura-
tions of program and erase operations; specifically,
the program or erase time durations are normally

~ terminated by associated program or erase verify

commands. An integrated stop timer provides simpli-
fied timing control over these operations; thus elimi-
nating the need for maximum program/erase timing
specifications. Programming and erase pulse dura-
tions are minimums only. When the stop timer termi-
nates a program.or erase operation, the device en-
ters an inactive state and remains inactive until re-
ceiving the appropriate verify or reset command.

Write Protection

The command register is only active when Vpp is at
high voltage. Depending upon the application, the
system designer may choose to make the Vpp pow-
er supply switchable—available only when memory
updates are desired. When Vpp = Vpp|, the con-
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Table 2. 28F010 Bus Operations

Pins Vpp(1) | Ag Ag | CE | OE | WE | DQy-DQy
Operation
Read - VepL | Ao Ag ViL | Vi | ViH | DataOut
Output Disable VppL X X Vit | ViH | ViH | Tri-State
READ-ONLY | Standby VppL X X VH| X X | Tri-State
Intelligent Identifier (Mfr)(2) VepL | ViL | Vip® | ViL | ViL | Vi | Data = 89H
Intelligent Identifier (Device)@ | VppL | ViH | Vip® | ViL | ViL | Vin | Data = B4H
Read VepH | Ao Ag ViL | Vi | Vi | Data Out(4)
READ/WRITE - Output Disable VppH X X ViL | ViH | Viy | Tri-State
Standby(5) VPPH X X VH | X X | Tri-State
Write VppH | Ao Ag ViL | ViH | ViL | DataIn(6)
NOTES: ‘

1. Refer to DC Characteristics. When Vpp. = VppL memory contents can be read but not written or erased.
2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 3. All other

addresses low.

3. Vp is the Intelligent Identifier high voltage. Refer to DC Characteristics.

4. Read operations with Vpp = Vppy may access array data or the Intelligent Identifier codes.
5. With Vpp at high voltage, the standby current equals Icc + Ipp (standby).

6. Refer to Table 3 for valid Data-In during a write operation.

7. X can be V)_ or Vi.

tents of the register default to the read command,
making the 28F010 a read-only memory. In this
mode, the memory contents cannot be altered.

Or, the system designer may choose to ‘“hardwire”
Vpp, making the high voltage supply constantly
available. In this case, all Command Register func-
tions are inhibited whenever V¢c is below the write
lockout voltage V| ko. (See Power Up/Down Protec-

tion) The 28F010 is designed to accommodate ei-

ther design practice, and to encourage optimization
of the processor-memory interface.

The two-step program/erase ‘write sequence to the
Command Register provides additional software
write protections.

BUS OPERATIONS

Read

The 28F010 has two control functions, both of which
must be logically active, to obtain data at the out-
puts. Chip-Enable (CE) is the power control and
should be used for device selection. Output-Enable
(OFE) is the output control and should be used to
gate data from the output pins, independent of de-
vice selection. Refer to AC read timing waveforms.

When Vpp is high (Vppp), the read operation can be
used to access array data, to output the Intelligent
Identifier codes, and to access data for program/

erase verification. When Vpp is low (VppL), the read
operation can only access the array data.

Output Disable

With Output-Enable at a logic-high level (V|y), output
from the device is disabled. Output pins are placed
in a high-impedance state.

Standby

With Chip-Enable at a logic-high level, the standby
operation disables most of the 28F010’s circuitry
and substantially reduces device power consump-
tion. The outputs are placed in a high-impedance
state, independent of the Output-Enable signal.
If the 28F010 is deselected during erasure, pro-
gramming, or program/erase verification, the
device draws active current until the operation is
terminated. '

Intelligent Identifier Operation

- The intelligent Identifier operation outputs the manu-
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With Chip-Enable and Output-Enable at a logic low
level, raising A9 to high voltage Vp (see DC Charac-
teristics) activates the operation. Data read from lo-
cations 0000H and 0001H represent the manufac-
turer’s code and the device code, respectively.

The manufacturer- and device-codes can also be
read via the command register, for instances where
the 28F010 is erased and reprogrammed in the tar-
get system. Following a write of 90H to the com-
mand register, a read from address location 0000H
outputs the manufacturer code (89H). A read from
address 0001H outputs the device code (B4H).

Write

Device erasure and programming are accomplished
via the command register, when high voltage is ap-
plied to the Vpp pin. The contents of the register
serve as input to the internal state-machine. The
state-machine outputs dictate the function of the
device.

The command register itself does not occupy an ad-
dressable memory location. The register is a latch

used to store the command, along with address and
data information needed to execute the command.

The command register is written by bringing Write-
Enable to a logic-low level (V).), while Chip-Enable is
low. Addresses are latched on the falling edge of
Write-Enable, while data is latched on the rising
edge of the Write-Enable pulse. Standard microproc-
essor write timings are used.

Refer to AC Write Characteristics and the Erase/
Programming Waveforms for specific timing
parameters. '

COMMAND DEFINITIONS

When low voltage is applied to the Vpp pin, the con-
tents of the command register default to 00H, en-
abling read-only operations.

Placing high voltage on the Vpp pin enables read/
write operations. Device operations are selected by
writing specific data patterns into the command reg-
ister. Table 3 defines these 28F010 register
commands.

Table 3. Command Definitions

Bus First Bus Cycle Second Bus Cycle
Command Cycles - .
Req'd | Operation(1)| Address(2) | Data(3) | Operation() | Address(2) | Data(3)
Read Memory : 1 Write X OO0H
Read Intelligent Identifier 3 Write X 90H Read @) )
Codes(4) '
Set-up Erase/Erase(5) 2 Write X 20H Write X 20H
Erase Verify(5) 2 Write EA AOH Read X EVD
Set-up Program/Program(®€)| 2 Write X 40H Write PA PD
Program Verify(6) 2 Write X COH Read X PVD
Reset(7) 2 Write X FFH Write X FFH
NOTES
1. Bus operatlons are defined in Table 2.

2. |A = Identifier address: 00H for manufacturer code, 01H for device code.

EA = Address of memory location to be read during erase verify.

PA = Address of memory location to be programmed.

Addresses are latched on the falling edge of the Write-Enable pulse.
3. ID = Data read from location IA during device identification (Mfr = 89H, Device = B4H).

EVD = Data read from location EA during erase verify.

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable.
PVD = Data read from location PA during program verify. PA is latched on the Program command.

Figure 6 illustrates the Quick-Erase Algorithm.

Noos

Figure 5 illustrates the Quick-Pulse Programming Algorithm.
The second bus cycle must be followed by the desired command register write.

Following the Read intgligent ID command, two read operations access manufacturer and device codes.
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Read Command

While Vpp is high, for erasure and programming,
memory contents can be accessed via the read
command. The read operation is initiated by writing
O0OH into the command register. Microprocessor
read cycles retrieve array data. The device remains
enabled for reads until the command register con-
tents are altered.

The default contents of the register upon Vpp pow-
er-up is O0H. This default value ensures that no spu-
rious alteration of memory contents occurs during
the Vpp power transition. Where the Vpp supply is
hard-wired to the 28F010, the device powers-up and
remains enabled for reads until the command-regis-
ter contents are changed. Refer to the AC Read
Characteristics and Waveforms for specific timing
parameters.

Intelligent Identifier Command

Flash-memories are intended for use in applications
where the local CPU alters memory contents. As
such, manufacturer- and device-codes must be ac-
cessible while the device resides in the target sys-
tem. PROM programmers typically access signature
codes by raising A9 to a high voltage. However, mul-
tiplexing high voltage onto address lines is not a de-
sired system-design practice.

The 28F010 contains an Intelligent Identifier. opera-
tion to supplement traditional PROM-programming
methodology. The operation is initiated by writing

90H into the command register. Following the com-

mand write, a read cycle from address 0000H re-
trieves the manufacturer code of 89H. A read cycle
from address 0001H returns the device code of
B4H. To terminate the operation, it is necessary to
write"another valid command into the register.

Set-up Erase/Erase Commands

Set-up Erase is a command-only operation that
stages the device for electrical erasure of all bytes in
the array. The set-up erase operation’is performed
by writing 20H to the command register.

To commence chip-erasure, the erase command
(20H) must again be written to the register. The
erase operation begins with the rising edge of the
Write-Enable pulse and terminates with the rising
edge of the next Wnte-Enable pulse . e Erase-Veri-
fy Command).

This two-step sequence of set-up followed by execu-
tion ensures that memory contents are not acciden-
tally erased. Also, chip-erasure can only occur when

of this high voltage, memory contents are protected
against erasure. Refer to AC Erase Characteristics
and Waveforms for specific timing parameters.

Erase-Verify Command

The erase command erases all bytes of the array in
parallel. After each erase operation, all bytes must
be verified. The erase verify operation is initiated by
writing AOH into the command register. The address
for the byte to be verified must be supplied as it is -
latched on the falling edge of the Write-Enable
pulse. The register write terminates the erase opera-
tion with the rising edge of its Write-Enable pulse.

The 28F010 applies an internally-generated margin
voltage to the addressed byte. Reading FFH from
the addressed byte indicates that all bits in the byte
are erased.

The erase-verify command must be written to the
command register prior to each byte verification to
latch its address. The process continues for each
byte in the array until' a byte does not return FFH
data, or the last address is accessed.

In the case where the data read is not FFH, another
erase operation is performed. (Refer to Set-up
Erase/Erase). Verification then resumes from the
address of the last-verified byte. Once all bytes in
the array have been verified, the erase step is com-
plete. The device can be programmed. At this point,
the verify operation is terminated by writing a valid
command (e.g. Program Set-up) to the command
register. Figure 6, the Quick-Erase algorithm, illus-
trates how commands and bus operations are com-
bined to perform electrical erasure of the 28F010.
Refer to AC Erase Characteristics and Waveforms
for specific timing parameters

Set-up Program/Program Commands

" Set-up program is a-command-only operation that

stages the device for byte programming. Writing 40H
into the command register performs the set-up
operation.

Once the program set-up operation is performed,

high voltage is applied to the Vpp pin. In the absence -

i
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the next Write-Enable pulse causes a transition to
an active programming operation. Addresses are in-
ternally latched on the falling edge of the Write-En-
able pulse. Data is internally latched on the rising
edge of the Write-Enable pulse. The rising edge of
Write-Enable also begins the programming opera-
tion. The programming operation terminates with the
next rising edge of Write-Enable, used to write the
program-verify command. Refer to AC Programming
Characteristics and Waveforms for specific timing
parameters.
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Program-Verify Command

The 28F010 is’programmed on a byte-by-byte basis.
Byte programming may occur sequentially or at ran-
dom. Following each programming operation, the
byte just programmed must be verified.

The program-verify operation is initiated by writing
COH into the command register. The register write
terminates the programming operation with the ris-
ing edge of its Write-Enable pulse. The program-ver-
ify operation stages the device for verification of the
byte last programmed. No new address information
is latched.

The 28F010 applies an internally-generated margin
voltage to the byte. A microprocessor read cycle
outputs the data. A successful comparison between
the programmed byte and true data means that the
byte is successfully programmed. Programming then
proceeds to the next desired byte location. Figure 5,
the 28F010 Quick-Pulse Programming algorithm, il-
lustrates how commands are combined with bus op-
erations to perform byte programming. Refer to AC
Programming Characteristics and Waveforms for
specific timing parameters.

Reset Command

A reset command is provided as a means to safely
abort the erase- or program-command sequences.
Following either set-up command (erase or program)
with two consecutive writes of FFH will safely abort
the operation. Memory contents will not be altered.
A valid command must then be written to place the
device in the desired state.

EXTENDED ERASE/PROGRAM CYCLING

EEPROM cycling failures have always concerned
users. The high electrical field required by thin oxide

EEPROMs for tunneling can literally tear apart the.

oxide at defect regions. To combat this, some sup-
pliers have implemented redundancy schemes, re-
ducing cycling failures to insignificant levels. Howev-
er, redundancy requires that cell size be doubled—
an expensive solution.

Intel has designed extended cycling capability into
its ETOX II flash-memory technology. Resulting im-
provements in cycling reliability come without in-
creasing memory cell size or complexity. First, an
advanced tunnel oxide increases the charge carry-
ing ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field is one-tenth
that of common EEPROMSs, minimizing the probabili-
ty of oxide defects in the region. Finally, the peak
electric field during erasure is approximately
2 MV/cm lower than EEPROM. The lower electric
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field greatly reduces oxide stress and the probability
of failure—increasing time to wearout by a factor of
100,000,000.

The 28F010 is specified for a minimum of 10,000
program/erase cycles. The device is programmed
and erased using Intel’s Quick-Pulse Programming
and Quick-Erase algorithms. Intel’s algorithmic ap-
proach uses a series of operations (pulses), along
with byte verification, to completely and reliably
erase and program the device.

For further information, see Reliability Report RR-60.

QUICK-PULSE PROGRAMMING ALGORITHM

The Quick-Pulse Programming algorithm uses pro-
gramming operations of 10 us duration. Each opera-
tion is followed by a byte verification to determine
when the addressed byte has been successfully pro-
grammed. The algorithm allows for up to 25 pro-
gramming operations per byte, although most bytes
verify on the first or second operation. The entire
sequence of programming and. byte verification is
performed with Vpp at high voltage. Figure 5 illus-
trates the Quick-Pulse Programming.algorithm.

QUICK-ERASE ALGORITHM

Intel’s.Quick-Erase algorithm yields fast and reliable
electrical erasure of memory contents. The algo-
rithm employs a closed-loop flow, similar to the
Quick-Pulse Programming algorithm, to simulta-
neously remove charge from all bits in the array.

Erasure begins with a read of memory contents. The
28F010 is erased when shipped from the factory.
Reading FFH data from the device would immedi-
ately be followed by device programming.

For devices being erased and reprogrammed, uni-
form and reliable erasure is ensured by first pro-
gramming all bits in the device to their charged state
(Data 00H). This is accomplished, using the
Quick-Pulse 'Programming algorithm, in approxi-
mately two seconds.

Erase execution then continues with an initial erase
operation. Erase verification (data = FFH) begins at
address 0000H.and continues through the array to
the last address, or until data other than FFH is en-
countered. With each erase operation, an increasing
number of bytes verify to the erased state. Erase
efficiency may be improved by storing the address of
the last byte verified in a register. Following the next
erase operation, verification starts at that stored ad-
dress location. Erasure typically occurs in one sec-
ond. Figure 6 illustrates the Quick-Erase algorithm.
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| v o | standby Wait for Vpp Ramp to Vppy (1)
l - Program I
I ( Programmlng) o
Completed Lgﬂ-)
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NOTES: 3. Refer to principles of operation.
1. See DC Characteristics for the value of Vppy and 4. CAUTION: The algorithm MUST BE FOLLOWED
" VppL. X - :
2. Program Verify is only performed after byte program- to ensure proper and reliable operation of the de-
ming. A final read/compare may be performed (option- vice.
al) after the register is written with the Read command.

Figure 5. 28F010 Quick-Pulse Programming Algorithm
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1. See DC Characteristics for the value of Vppy and
VepL.

2. Erase Verify is performed only after chip-erasure. A
final read/compare may be performed (optional) after
the register is written with the read command.

3. Refer to principles of operation.

" 4. CAUTION: The algorithm MUST BE FOLLOWED

to ensure proper and reliable operation of the de-
vice.

Figure 6. 28F010 Quick-Erase Algorithm
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DESIGN CONSIDERATIONS

Two-Line Output Control

Flash-memories are often used in larger memory ar-
rays. Intel provides two read-control inputs to ac-
commodate muitiple- memory connections. Two-line
control provides for: -

a. the lowest possrble memory power dissipation
and,

b. complete assurance that output bus contentlon
will not occur.

To efficiently use these two control inputs, an ad-
dress-decoder output should drive chip-enable,
while the system’s read signal controls all flash-
memories and other parallel memories. This assures
that only enabled memory devices have active out-
puts, while deselected "devices marntarn the low
power standby condition.

Power Supply Decoupling

.Flash-memory power-switching characteristics re-
quire careful device decoupling. System designers
are interested in three supply current (Icc) issues—
standby, active, and transient current peaks pro-
duced by falling and rising edges of chip-enable. The
capacitive and inductive loads on the device outputs
determine the magnitudes of these peaks.

Two-line control and proper decoupling. capacitor
selection will suppress transient voltage peaks.
Each device should have a 0.1 uF ceramic capacitor

connected between Vg and Vgs, and between Vpp
and Vgs.

Place the high-frequency, Iow-lnherent-lnductance
capacitors as close as possible to the devices. Also,
for every eight devices, a 4.7 uF electrolytic capaci-
tor should be placed at the array’s power supply
connection, between Vg and Vgg. The bulk capaci-
tor will overcome voltage slumps caused by printed-

circuit-board trace inductance, and will supply
charge to the smaller capacitors as needed.
Vpp Trace on Printed Circuit Boards

Programming flash-memories, while they reside in
the target system, requires that the printed circuit

-board designer pay attention to the Vpp power sup-

ply trace. The Vpp pin supplies the memory cell cur-
rent-for programming. Use similar trace widths arid
layout considerations given the Vg power bus. Ad-
equate Vpp supply traces and decoupling will de-
crease Vpp voltage spikes and overshoots.

Power Up/Down Protection

The 28F010 is designed to offer protection against -

accidental erasure or programming during power
transitions. Upon power-up, the 28F010 is indifferent
as to which power supply, Vpp or Vgg, powers up
first. Power supply sequencing is not required. Inter-
nal circuitry in the 28F010 ensures that the com-
mand reglster is reset to the read mode on power

up.
A system designer must guard agalnst active writes

- for Voo voltages above Viko when Vpp is- active.

Since both WE and CE must be low for a command
write, driving either to Vi will inhibit writes. The con-
trol register architecture provides an added level of
protection since alteration of memory contents only
occurs after successful completuon of the two-step
command sequences.

28F010 Power Dissipation

When designing portable systems, designers must
consider battery power consumption not only during
device operation, but also for data retention during
system idle time. Flash nonvolatility. increases the
usable battery life of your system because the
28F010 does not consume any power to retain code
or data when the system is off. Table 4 illustrates the
power dissipated when updating the 28F010.

Table 4. 28F010 Typical Update Power Dissipation(4)

' Power Dissipation
Operarlon ; Notes (Watt-Seconds)
Array Program/Program Verify 1 0.171
Array Erase/Erase Verify 2 0.136
One Complete Cycle 0.478
NbTES:

1. Formula to calculate typical Program/Program . Verify Power = Vep X

# Bytes X typical # Prog Pulses (twHwH1 X Ipp2 typical + twhgL X lppsa
typical)] + [Vgg X # Bytes X typical # Prog Pulses (twHwH1 X lcc2 typical

+ twHGL X lcca typicall.

2. Formula to calculate typical Erase/Erase Verify Power =

Vep (VPP3 typical

X teRasEe typical + Ipps typical X twHgL X # Bytes)] + [Vcc (lcca typical X
teraske typical + Igcs typical X twngL X # Bytes)l. . .
3 One Complete Cycle = Array Preprogram + Array Erase + Program

4. “Typicals” are not guaranteed, but based on a limited number of samples

from production lots.
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature
"DuringRead .................. 0°C to +70°C(1)
During Erase/Program ......... 0°Cto +70°C(1)
Operating Temperature '

DuringRead ............... —40°C to +85°C()

During Erase/Program ...... —40°Cto +85°C(2)
Temperature Under Bias . ........ —10°C to +80°C(1)
Temperature Under Bias .. .. .... —50°Cto +95°C(2)
Storage Temperature .......... —65°Cto +125°C
Voltage on Any Pin with

Respectto Ground . ......... —2.0Vto +7.0V@)
Voltage on Pin Ag with )

- Respectto Ground ....... —2.0Vto +13.5V(3,4)

Vpp Supply Voltage with .

" Respect to Ground
During Erase/Program. . ..
Ve Supply Voltage with

—2.0Vto +14.0V@E 4)

Respectto Ground ........... —2.0Vto +7.0v@@)
Output Short Circuit Current............. 100 mA(5)
NOTES:

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.

These are stress ratings only. Operation beyond the

- “Operating Conditions” is not.recommended and ex-
tended exposure beyond the ”Operat/ng -Conditions”
may affect device reliability.

1. Operating Temperature is for commercial product defined by this specmcatlon

2. Operating Temperature is for extended temperature products.as defined by this specification.

3. Minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods less
than 20 ns. Maximum DC voltage on output pins is Vo + 0.5V, which may overshoot to Vg + 2.0V for

periods less than 20 ns.

4. Maximum DC voltage on Ag or Vpp may overshoot to +14.0V for periods less than 20 ns.
5. Output shorted for no more than one second. No more than one output shorted at a time.

OPERATING CONDITIONS

Symbol Parameter Limits Unit Comments
. Min Max
Ta Operating Temperature 0 70 °C For Read-Only and
Read/Write Operations
for Commercial Products
Ta Operating Temperature —40 +85 °C For Read-Only and
Read/Write Operations for
Extended Temperature Products
Vee Vce Supply Voltage (10%) 4.50 5.50 Vv )
Vce Vcc Supply Voltage (5%) 4.75 5.25 \" . For 28F010-90V05 Only

DC CHARACTERISTICS—TTL/NMOS COMPATIBLE—Commercial Products

Symbol Parameter Notes Limits Unit Test Conditions
Min | Typical(4) | Max
im Input Leakage Current R +1.0 | pA | Voo = Voo Max
. ViN = Vg or Vss
o Output Leakage Current 1 +10 | pA | Voo = Voo Max
- Vout = Vgcor Vss

lccs Ve Standby Current 1 0.3 1.0 | mA | Vg = Ve Max
CE =V :

lcct Vcg Active Read Current 1 10 30 | mA | Voc = Voo Max, CE = Vi
f = 6 MHz, loyT = 0 MA
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE—CommerciéI Products

(Continued)
Limits
Symbol Parameter Notes Unit Test Conditions
Min |Typical(4)| Max :
lcca V¢ Programming Current 1,2 1.0 10 . | mA |Programming in Progress
lccs Vcc Erase Current 1,2 5.0 15 mA |Erasure in Progress
lcca  |Voc Program Verify Current 1,2 5.0 15 mA |Vpp = Vppy, Program
Verify in Progress
lccs  |Voc Erase Verify Current 1,2 5.0 15 mA |Vpp = Vppy, Erase
. : Verify in Progress
Ipps Vpp Leakage Current 1 ~+10 kA |Vpp < Vee
Ippq VppRead Current 1 90 200 kA |Vpp > Voo
or Standby Current £10.0 Vep < Voo
lpp2  |Vpp Programming Current 1,2 8.0 30 {mA|Vpp = Vppy \
. Programming in Progress
Ipp3 Vpp Erase Current 1,2 6.0 30 mA [Vpp = Vppy
Erasure in Progress
lppa Vpp Program Verify Current 1,2 | 20 5.0 mA [Vpp = VppH, Program
Verify in Progress
lpps  |Vpp Erase Verify Current 1,2 2.0 5.0 mA |Vpp = Vppy, Erase
Verify in'Progress
ViL Input Low Voltage -0.5 0.8 V-
VIH Input High Voltage 2.0 Vg + 05| V
VoL Output Low Voltage .0.45 V |loL = 5.8 mA
Vce = Vg Min
VoHi |Output High Voltage 24 V |loh = —2.5mA
Vce = Voo Min
Vip Ag Intelligent Identifer Voltage 11.50 13.00 v
Iip Ag Intelligent Identifier Current| 1,2 90 200 pA |Ag = Vp
VppL  |Vpp during Read-Only 0.00 6.5 V |NOTE: Erase/Program are
" |Operations Inhibited when Vpp = Vpp| |
VppH  |Vpp during Read/Write 11.40 12.60 v
Operations !
Viko |Vcc Erase/Write Lock Voltage 2.5 "
, [
DC CHARACTERISTICS—CMOS COMPATIBLE—Commercial Products
‘| Symbol Parameter Notes Limits Unit Test Conditions
Min | Typical(4) | Max
Iy Input Leakage Current 1 +1.0| pA | Voo = Voo Max
' , | ViN = VccorVss
ILo Output Leakage Current 1 +10' | pA | Vgc = Voo Max
- Vout = Vccor Vss
Iccs Ve Standby Current 1 50 100 | pA | Vgc = Voo Max
. CE = Vgc £0.2V
lcct Ve Active Read Current 1 10 30 | mA | Voo = VegMax, CE = V_
f = 6 MHz, IoyT = 0 mA
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DC CHARACTERISTICS—CMOS COMPATIBLE—Commercial Products (Continued)

Symbol | Parameter Notes Limits Unit Test Conditions
Min Typical(4) Max
lcc2 Ve Programming Current 1,2 1.0 10 mA | Programming in Progress
lccs Vg Erase Current 1,2 5.0 15 mA | Erasure in Progress
lcca Vcc Program Verify Current| 1, 2 5.0 15' mA Vpp = VppH, Program
: * Verify in Progress
lccs Vcc Erase Verify Current 1,2 5.0 15 mA | Vpp = Vppy, Erase
Verify in Progress
lpps Vpp Leakage Current 1 +10 rA | Vpp < Vo
lppy Vpp Read Current, ID 1 90 200 rA | Vpp > Voo
C
urrent or Standby Current £10 Vp < Voo
Ipp2 Vpp Programming 1,2 8.0 30 mA | Vpp = Vppﬁ
Current Programming in Progress
'lppg Vpp Erase Current 1,2 6.0 30 mA | Vpp = VppH
Erasure in Progress
lppa Vpp Program Verify 1,2 2.0 50 | mA | Vpp = Vppy, Program
Current Verify in Progress
Ipps Vpp Erase Verify 1,2 2.0 5.0 mA | Vpp = Vppp, Erase
Current Verify in Progress
ViL Input Low Voltage -0.5 0.8
ViH Input High Voltage 0.7 Vco Vce + 0.5
VoL Output Low Voltage 0.45 loL = 5.8 mA
Vce = Vo Min
. lo4 = —2.5mA, Vgg = Vg Mi
Vo1 Output High Voltage 085 Voo v |oH mA, ¥eo cc n
VoH2 Vcc — 0.4 loH = —100 pA, Voc = Vg Min
Vip Ag Intelligent Identifer 11.50 1300 | V ‘
Voltage
ip Ag Intelligent Identifier - 1,2 90 200 | pA |Ag =V
Current
VpepL Vpp during Read-Only 0.00 6.5 V | NOTE: Erase/Programs are
Operations Inhibited when Vpp = VppL
VppH | Vpp during Read/Write 11.40 12.60 v
Operations
Viko | Vcc Erase/Write Lock 25 \
Voltage
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DC CHARACTERISTICS—TTL/ NMOS COMPATIBLE—Extended Temperature

Products
Symbol Parameter Notes Limits , Unit Test Conditions
Min [Typical(4)| "Max ‘
I Input Leakage Current 1 +1.0 | pA|Vce = Voo Max
VIN = Vgc or Vss
lLo  |Output Leakage Current 1 +10 | pA {Voc =Voo Max.
- Vout = VccorVss -
lccs  |Vcc Standby Current 1 0.3 1.0 mA [Vgc = Voo Max
. . ~ |CE=VH ‘
icct  |Vcc Active Read Current 1 10 30 mA [Veg = Voo Max, CE = V).
: ' f = 6 MHz, loyt = O mA
lcca Vcc Programming Current 1,2 1.0 30 mA |Programming in Progress
lccs Vce Erase Current 1,2 5.0 30 mA |Erasure in Progress
lcca - [Vcc Program Verify Current 1,2 5.0 30 mA |Vpp = VppH, Program
‘ Verify in Progress
lccs  |Vog Erase Verify Current 1,2 5.0 30 mA |Vpp = Vppy, Erase
. : : Verify in Progress
lpps Vpp Leakage Current 1 ) +10 | pA {Vpp < Vo
lpp1- |Vpp Read Current 1 90 200 pA |Vpp > Veo
or Standby Current £10.0 Vep < Voo
lpp2 Vpp Programming-Current 1,2 8.0 30 mA |Vpp = VppH
: Programming in Progress
|lpp3 © |Vpp Erase Current 1,2 6.0 30 mA |Vpp = VppH
: . .|Erasure in Progress
lpp4 Vpp Program Verify Current 1,2 2.0 5.0 mA [Vpp = VppH, Program
. : Verify in Progress
lpps Vpp Erase Verify Current 1,2 2.0 5.0 ‘| mA|Vpp = Vppy, Erase
. Verify in Progress
ViL Input Low. Voltage -0.5 0.8 \"
ViH Input High Voltage 2.0 Vo + 0.5 V »
VoL  |Output Low Voltage 0.45 V |loL = 5.8mA
‘ Vec = Voo Min
VoHi |Output High Voltage 24 V |loH= —25mA
‘ Vec = Voo Min
ViD Ag Intelligent Identifer Voltage 11.50 . 13.00 Vv
lip Ag Intelligent |dentifier Current| 1,2 90 500 rA [Ag = VD
VppL  |Vpp during Read-Only 0.00 6.5 V |NOTE: Erase/Program are
Operations ' Inhibited when Vpp = Vppy|
VppH | Vpp during Read/Write 11.40 1260 |V ‘ o
Operations
Viko |Voc Erase/Write Lock Voltage 2.5 \
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DC CHARACTERISTICS—CMOS COMPATIBLE—Extended Temperature

Products
Symbol Parameter Notes Limits Unit Test Conditions
Min Typical(¥){ Max
Iy Input Leakage 1 +1.0 pA |Vec = Voo Max
Current ViN = Vgo or Vss
ILo Output Leakage - 1 +10 rA |Vece = Voo Max
) Current Vout = Vggor Vss
lccs V¢ Standby 1 50 100 pA |Vec = Voo Max
Current CE = Vgg £0.2V
lcct Vcc Active Read 1 10 30 mA |Vee = Voo Max, CE = V.
Current f =10 MHz, loyT = OmA
lcc2 Ve Programming 1,2 1.0 10 mA | Programming in Progress
Current : ‘ ‘
lccs Vg Erase Current 1,2 5.0 30 mA | Erasure in Progress
lcca Vcc Program Verify 1,2 5.0 . 30 mA | Vpp = Vppy, Program
Current ‘ Verify in Progress
lccs Vcc Erase Verify 1,2 5.0 30 mA |Vpp = Vpph, Erase
Current Verify in Progress
lpps Vpp Leakage Current 1 +10 pA |Vpp £ Voo
Ippq Vpp Read Current, 1 90 200 pA |Vpp > Ve
ID Current or
Standby Current £10 Vep < Voo
Ipp2 Vpp Programming 1,2 8.0 30 mA {Vpp = VppH
Current ’ Programming in Progress
Ipp3 Vpp Erase Current 1,2 6.0 30 mA |Vpp = Vppy
Erasure in Progress
Ipp4 Vpp Program Verify 1,2 20 5.0 mA |Vpp = VppH, Program
Current Verify in Progress
lpps Vpp Erase Verify 1,2 20 5.0 mA |Vpp = Vppy, Erase
Current Verify in Progress
ViL Input Low Voltage —-0.5 0.8 \
ViH Input High Voltage 0.7 Vcg Voc + 05| V
Vou Output Low Voltage ' 0.45 V {loL = 58mA
’ Vce = Voo Min
VOH1 . 0.85 Vgg loH = —2.5mA,
Output High Voltage v Viog = Ve Min
VoH2 Vgo — 0.4 ) loq = —100 pA,
Ve = Vg Min
Vip Ag Intelligent Identifer 11.50 13.00 | V
Voltage .
ip Ag Intelligent |dentifier| 1,2 90 500 rA |Ag = Vp
Current |
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DC CHARACTERISTICS—CMOS COMPATIBLE—Extended Temperature
Products (Continued)

Symbol Parameter , Notes Limits Unit Test Conditions
_ Min | Typical(4) | Max |
VppL Vpp during Read-Only 0.00 .| 6.5 V | NOTE: Erase/Programs are
Operations Inhibited when Vpp = VppL
VpPH Vpp during Read/Write 11.40 1260 | V
i Operations ’
Viko | Vog Erase/Write Lock 25 ’ ' Vv
Voltage ‘
CAPACITANCE Tp = 25°C,f = 1.0 MHz
Symbol Parameter ‘Notes Limits Unit Conditions
: Min Max
CiN Address/Control Capacitance | 3 8 - pF ViN = 0V
Cout .Output Capacitance 3 ] 12 - pF Vout = OV

NOTES: ’

1. All currents are in RMS unless otherwise noted. Typlcal values at Voo = 5.0V, Vpp = 12.0V, T = 25°C. These currents
are valid for all product versions (packages and speeds).

2. Not 100% tested: characterization data available.

‘3. Sampled, not 100% tested.

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots.
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AC TESTING INPUT/OUTPUT WAVEFORM

AC TESTING INPUT/OUTPUT WAVEFORM

For 28F010-90V05

TEST

For 28F010-120, 28F010-150
POINTS < ><o g OUTPUT

2.4
|NPUT><2 -0
0.45
2902077

AC test inputs are driven at Vou (2.4 V1) for a Logic
“1" and Vo (0.45 V1T) for a Logic “0”. Input timing
begins at Vi (2.0 V171) and Vyi_ (0.8 V7). Output tim-
ing ends at Viy and V.. Input rise and fall times (10%
to 90%) <10 ns.

3.0 — 4
lNPUT><.5 <— TEST POINTS ~— 1.5 OUTPUT
0.0 —

290207-8

AC test inputs are driven at 3.0V for a Logic “1”" and
0.0V for a Logic “0”. Input timing begins, and output
timing ends, at 1.5V. Input rise and fall times (10% to
90%) <10 ns.

AC TESTING LOAD CIRCUIT
For 28F010-120, 28F010-150

AC TESTING LOAD CIRCUIT
For 28F010-90V05
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1.3V 1.3V
1N9 14 1N9 14
R R
DEVICE DEVICE
UNDER out UNDER out
TEST TEST
a G
CL = 100 pF :_l; CL = 30 pF _j_:
C_ includes Jig Capacitance - 290207-22 Cy. includes Jig Capacnance - 290207-23
AL = 33KQ RL = 3.3KQ ,
AC TEST CONDITIONS AC TEST CONDITIONS
For 28F010-120, 28F010-150 For 28F010-90V05 :
Input Rise and Fall Times (10% to0 90%)...... 10ns Input i’iise and Fall Times (10% t0 90%) ...... 10ns
~ InputPulse Levels ................ 0.45V and 2.4V Input Pulse Levels ...... e 0.0V and 3.0V
Input Timing Reference Level ....... 0.8V and 2.0V Input Timing Reference Level ... ..... e 1.5V
Output Timing Reference Level . ... .. 0.8V and 2.0V Output Timing Reference Level .............. 1.5V
Capacitive Load..........cooveeeeeenenn.. 100pF  Capacitive Load.............veevrernnnnnns 30 pF
Vo Supply Tolerance . o.ovvvvvvvvvnennes 10% VccSupplyTolerance .......ooovvivnnnnnnnen 5%
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AC CHARACTERISTICS—Read-Only Operations—Commercial and Extended
Temperature Products :

28F010-120

1. Whichever occurs first. |

2. Sampled, not 100% tested.
3. Guaranteed by design.

4. See AC Test Conditions.
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Versions 28F010-90V05(3.4) 28F010-150 |
Notes - ‘ Unit
Symbol _Characteristic Min Max Min | Max | Min | Max
tavav/trc | Read Cycle Time 90 120 150 ns
teLav/tce | Chip Enable 90 120 150 | ns
Access Time
tavav/tacc | Address Access Time 90 120 150 ns
tgLav/toe | Output Enable 40 50 55 | ns
Access Time
teLax/tLz Chip Enable to 2,3 0 0 0 ns
Output in Low Z
teHQz Chip Disable to 2 55 55° '55 ns
Output in High Z )
tgLax/toLz | Output Enable to 2,3 0 0 0 ns
) Outputin Low Z
teHQz/tor | Output Disable to 2 30 30 35 ns
Output in High Z
| ton Output Hold from 1,2 0 0 0 ns
, Address, CE,
or OE Change
twHGL Write Recovery Time 6 6 6 us
. before Read
NOTES:




GL€
suopiesadQ peay 10} SWIOJOARM IV "L anbi4

Vec POWER=UP  STANDBY

DEVICE AND

ADDRESS SELECTION

OUTPUTS ENABLED DATA VALID

ADDRESS STABLE

tavav (tre)

STANDBY

Vcc POWER=DOWN

I

E@ f
\ —_—— e tEHQZ->
— . \ {_'J
OE (G) ’—
- N — . —-*(cuo)z-—
tor.
R twoL
WE (W)
l“cl.ov (top) -~ \_
— taqv (tcp)
torox (torz) — ton —»
— taox (42) L - -—— lr
@ .
N —— Z
f——— tavav (tac) ———=
5.0V

ov

/

290207-9
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AC CHARACTERISTICs—Write/Erase/Program Operations(1)—
Commercial and Extended Temperature Products

Versions ) Notes | 28F010-90V05(2:4) | 28F010-120(4) | 28F010-150(4)

Unit
Symbol Characteristic Min Max Min Max Min Max
tavav/twc | Write Cycle Time 90 120 150 ns
tavwL/tas | Address Set-Up Time 0 0 0 ns
twiLax/taH | Address Hold Time 50 60 60 ns
tovwH/tps | Data Set-Up Time 50 50 50 | ns
twHDx/tpH | Data Hold Time 10 10 10 ns
twHGL | Write Recovery Time | - 6 6 6 i us
before Read
taHWL Read Recovery Time 2 0 0 0 ps
before Write :
teLwL/tcs Chip Enable Set-Up 20 20 : 20 ns
. Time before Write .
twHen/tcH | Chip Enable - 0 0 0 ns
‘Hold Time ‘ . .
twLwr/twp | Write Pulse Width2 50 60 60 ns
twHwL/twpH | Write Pulse 20 20 20 ns
. Width High )
tWHWH1 Duration of 3 10 10 10 us
: Programming : :
Operation
twHWH2 Duration of 3 9.5 9.5 9.5 ms
Erase Operation )
tvpPEL Vpp Set-Up Time 2 1.0 1.0 1.0 ps
to Chip Enable Low
NOTES:

1. Read timing characteristics during read/write operations are the same as during read-only operatlons Refer to AC Char-
acteristics for Read-Only Operations.
2. Guaranteed by design.

3. The integrated stop timer terminates the programmlng/erase operations, thereby eliminating the need for a maximum
specification.

4. See AC Test Conditions.

ERASE AND PROGRAMMING PERFORMANCE—
Commercial and Extended Temperature Products

Parameter Notes Limits Unit
Min Typ Max
Chip Erase Time 1,3,4 . 1.0 10 Sec
Chip Program Time 1,2,4 ' 2 12,5 Sec
Erase/Program Cycles 1,5 10,000 100,000 Cycles
' » 6 1,000 '

NOTES:

1. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. Data taken at 25°C, 12.0V
Vpp, at 0 cycles.

2. Minimum byte programming time excluding system overhead is 16 ‘usec (10 psec program + 6 psec write recovery),
while maximum is 400 usec/byte (16 usec x 25 loops allowed by algorithm). Max chip programming time is specified lower
than the worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case
byte.

3. Excludes 00H Programming prior to Erasure.

4. Excludes System-Level Overhead.

5. Refer to RR-60 “ETOX Il Flash Memory Reliability Data Summary” for typical cycling data and failure rate calculations.
6. Extended Temperature Products.
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Figure 8. 28F010 Typical Programming Capability
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Flgilre 9. 28F010 Typical Program Time at 12V
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