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24-HOUR AUTOMATED TECHNICAL SUPPORT*

Intel’'s Application Bulletin Board System (BBS) and FaxBack System are at your service, 24-hours a day, at no
charge, and the information is updated frequently.

FaxBack SYSTEM

Technical and product information are available 24-hours a day! Order documents containing:

¢ Product Announcements o Design/Application Recommendations
¢ Product Literature » Stepping/Change Notifications

» Intel Device Characteristics « Quality and Reliability Information

Information on the following subjects is also available:

¢ Microcontroller and Flash o Development Tools

e OEM Branded Systems « Quality and Reliability/Change Notification
e Multibus/BBS Listing * Microprocessor/PCl/Peripheral

¢ Multimedia o Intel Architecture Lab

To use FaxBack for Intel components and systems, dial (800) 628-2283 or (916) 356-3105 (U.S. and Canada)
or +44{0} 1793-496646 (Europe) and follow the automated voice-prompt menu. Document orders will be faxed
to the fax number you specify. Catalogs are updated twice a month, so call for the latest information!

BULLETIN BOARD SYSTEM

Intel’'s Application Bulletin Board System (BBS) enables file retrieval 24-hours a day. The following can be
located on the BBS:

o Software Drivers e Product/Technical Documentation

¢ Tool Information o Firmware Upgrades
o Software/Application Utilities o Quality and Reliability Data

To use the Intel Application BBS (components and systems), dial (916) 356-3600 for download access (U.S.
and Canada) or +44{0} 1793-496340 (Europe). The BBS will support 1200-19200 baud rate modem. Typical
modem configuration: 9600 baud rate, No Parity, 8 Data Bits, 1 Stop Bit. A directory listing of BBS files is also
available through FaxBack or our 800 BBS (800-897-2536).

Retail Products

Information on Intel’s retail products (Coprocessors and wireless, video, personal conferencing and network
products) is available through the following services:

Internet : ftp.intel.com (143.185.65.2)
CompuServe: GO INTELFORUM (modem settings: E-7-1, up to 14.4 Kbps)
Country BBS (N-8-1, up to 14.4 Kbps) FaxBack
North America (503) 264-7999 (800) 525-3019 or
(503) 264-6835

Europe +44 1 793-432955 +44 1 793-432509
Australia : +61 2975-3066 +61 2 975-3922
Taiwan +886 2 718-6422 +886 2 514-0815
Singapore +65 256-4776 +65 256-5350
Hong Kong +852 530-4116 +852 844-4448
Korea +822 784-3430 +822 767-2594

*Support services provided courtesy of Intel Application Support
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For additional information on Intel products in the U.S. or Canada, call Intel’s Literature Center at
(800) 548-4725 or write to:

Intel Literature

P.O. Box 7641

Mt. Prospect, Il 60056-7641

To order literature outside of the U.S. and Canada contact your local international sales office.

CURRENT DATABOOKS

Product line databooks contain datasheets, application notes, article reprints, and other design information.
Databooks can be ordered in the U.S. and Canada by calling TAB/McGraw-Hill at 1-800-822-8158; outside of

the U.S. and Canada contact your local international sales office.

Title Intel Order Number
Automotive Products j 231792
Embedded Applications (2 vol. set) 270648
Embedded Microcontrollers . 270646
Embedded Microprocessors 272396
Flash Memory (2 vol. set) 210830
Intel486™ Microprocessors and Related Products 241731
i960® Processors and Related Products 272084
Military and Special Products 210461
Networking 297360
OEM Boards, Systems and Software 280407
Packaging 240800
Pentium™ Processors and Related Products 241732
Peripheral Components : 296467

ISBN

N/A
1-55512-242-6
1-55512-230-2
1-55512-231-0
1-55512-232-9
1-55512-235-3
1-55512-234-5

N/A
1-55512-236-1
1-55512-237-X
1-55512-238-8
1-55512-239-6
1-55512-240-X

A complete set of this information is available on CD-ROM through Intel’s Data on Demand program, order
number 240897. For information about Intel’s Data on Demand ask for item number 240952.



Flash Memory
Volume 1

Synchronous and DRAM-Interface Components,
FlashFile ™ Components, Boot Block Components,
Bulk-Erase Components

1995



Information in this document is provided solely to enable use of Intel products. Intel assumes no liability
whatsoever, including infringement of any patent or copyright, for sale and use of Intel products except as
provided in Intel’s Terms and Conditions of Sale for such products.

Intel Corporation makes no warranty for the use of its products and assumes no responsibility for any errors
which may appear in this document nor does it make a commitment to update the information contained
herein.

Intel retains the right to make changes to these specifications at any time, without notice.
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DATASHEET DESIGNATIONS

Intel uses various datasheet markings to designate each phase of the document as it
relates to the product. The markings appear in the lower inside corner of each datasheet
page. Following are the definitions of each marking:

Datasheet Marking Description

Product Preview Contains information on products in the design phase of
development. Do not finalize a design with this
information. Revised information will be published
when the product becomes available.

Advanced Information Contains information on products being sampled or in
the initial production phase of development.*

Preliminary Contains preliminary information on new products in
production.*

No Marking Contains information on products in full production.*

* Specifications within these datasheets are subject to change without notice. Verify with your local Intel
sales office that you have the latest datasheet before finalizing a design.
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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

INTEL MEMORY TECHNOLOGIES

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. Today, CMOS technology has
been improved to produce higher speed devices.
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In the following section, the basic fabrication se-
quence for an HMOS circuit will be described.
HMOS is a high performance n-channel MOS pro-
cess developed by Intel for 5V single supply circuits.
HMOS, and CHMOS, CHMOS-E (EPROM) and
ETOX (Flash Memory), along with their evolutionary
counterparts comprise the process family responsi-
ble for most of the memory components produced
by Intel today. -

The MOS IC fabrication process begins with a slice
(or wafer) of single crystal silicon. Typically, it's 150
or 200 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 (SiOg) on the surface.
Silicon nitride is then deposited on the oxidized wa-
fer in a gas phase chemical réactor. 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 —,
£
' 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
can be seen in Figure 3.
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Figure 3. Post Field Oxidation
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Having fulfilled its purpose, the remaining silicon ni-
tride layer is removed. A light oxide etch follows tak-
ing with it the underlying first oxide but leaving the
thick (field) oxide. :

Now that the areas for active transistors have been
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).
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Figure 4. Post Gate Mask

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

" 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 SiO2 (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.
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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
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.
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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 noted to distinguish them from good
circuits. From here the wafers are sent for assembly
where they are sawed into individual circuits with a
paper-thin diamond blade. The noted circuits are
then separated out and the good circuits are sent on
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-
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 pru-ess flow.

intal.
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 0.8
and even 0.6 microns are in production. This dra-

Table 1. Typical Hermetic Package Assembly
Flow ~ Process/Materials Typlcal item Frequency Criterla
. Wafer
Die saw, wafer break
Die wash and plate
Die visual insp P; metal 100% of die
QA gate Every lot © 0176, 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 /operator/
(Process monitor) dressing, etc. machine/shift
Post bond inspection 100% devices .
QA gate All previous items every lot 1129, LTPD =3%
Seal and Mark Cap align, glass 4 x /furnace/shift 0/15, LTPD =15%
(Process monitor) integrity, moisture
Temp cycle 10 x to mil std. 1/11, LTPD =20%
883 cond. C
Hermeticity check F/G 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 11129, LTPD =3%
External visual Solder voids, cap 100% devices
alignment, etc. ’
" QA gate All previous items All lots 1/129, 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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matic reduction in feature size was achieved using
the newer high resolution photo resists and optimiz-

ing their processing to match improved optical print-
ing 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.

INTEL MEMORY TECHNOLOGIES

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 resuits. 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
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

1-56
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and implanted directlvy into the wafer. The accelera-
tion potential 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-

n
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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 silicon dioxide,
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 behind
Intel’s products.

- (NR. Pashley, K. Kokkonen, E. Boleky, R. Jecmen, S. Liu,

and W. Owen, “H-MOS Scales Traditional Devices to High-
er Performance Level,” Electronics, 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, ETOX 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 Teéhnologles

Inherently : One |In-System| Code Hands
Memory Non- D:;gs'i‘ty Ptgvv;r Transistor Re- and Data AI?e vr::l e Blocking| off
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SRAM + Battery v v v %4 I
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OTP/EPROM I v v %
Masked ROM 14 4 v 74
*MS-DOS and Windows are registered trademarks of Microsoft Corporation.
November 1992
Order Number: 296101-004 21




FLASH MEMORY OVERVIEW

In contrast, Intel flash memory is inkerently nonvola-
tile, and the single transistor cell design of Intel’s
ETOX manufacturing process is extremely scalable, al-
lowing the development of continuously higher densi-
ties and steady cost improvement over SRAM
(Figure 2).
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Figure2

— 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 onme-transistor cell, allowing higher densities,
scalability, lower cost, and higher reliability, while tak-
ing advantage of in-system, electrical erasability (Fig-
ure 3).

2-2
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ETOX Fiash | EEPROM
Transistors A 2
Cell Size . 15w | 38p
(1-Micro Lithogrpahy) i
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 1ll 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.8p 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 cycling requirements 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 envirc and file syst
methodologies.

FLASH MEMORY OVERVIEW

Intel’s 28F001BX 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. i

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-
FileT™ 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 memo-
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-
bililty.

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-
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ty, size and performance 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 applications 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.
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Disk/DRAM Flash
Average Seek Time 28.0ms . 0
Latency 8.3 ms 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
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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 when 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-
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.

FLASH MEMORY OVERVIEW

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
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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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.

o 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.

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

2-6

intgl.

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.

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. ‘
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FLASH MEMORY CUSTOMER SUPPORT

New/Updated Technical Literature

By the time you receive this databook, new information
may be available for Intel’s Flash Memory products.
This could include advanced information on new devic-
es or important new applications information or data-
sheet addendums for those described in this databook.
Call 1-800-548-4725 (US and Canada) for the newest
information on Intel Flash Memories. This service is
available from 7am to 7pm Central Standard Time.
Contact your local distributor or sales office if outside
US or Canada.

Applications Support Hotline

The Technical Hotline is staffed by applications person-
nel during normal business hours—5am to 5pm Pacific
Standard Time. Toll frée number 1-800-628-8686 is
available for US and Canada; 916-356-7599 is also
available for those who cannot access the toll free num-
ber.

Additionally, assistance can be obtained through your
local Intel/distributor sales office. You can leave a mes-
sage during off hours or when applications personnel
are already handling calls.

Intel’s Application Bulletin Board
System (BBS)

Intel’s Application Support BBS provides the designer,
developer or OEM using or contemplating the use of
Intel components, systems or software with the latest
information on Intel’s product line.

The Intel Application Support BBS is duplicated at two
sites worldwide, and can be accessed at 916-356-3600
(Folsom, California USA) or 44-793-496340 (Swindon,
- England UK). Upon calling your are prompted
through an automatic registration process. You then
have immediate access to the downloadable files area.
For non-urgent requests or technical assistance you
may leave a message to one of our System Operators
(SysOps). Online forums among users are not support-
ed. In North America you may also call our tollfree line

December 1994
Order Number: 297539-001

at 1-800-897-2536. This limited access allows you to
download the current BBS master file list (generated
nightly), FaxBACK* catalogs, our Windows-based
FaxFind keyword search utility and the BBS user’s
guide. The BBS supports baud rates up to 19.2 Baud;
settings are 8 data bits, No parity and 1 stop bit.

*NOTE:
Other brands and names are the property of their re-
spective owners.

The eight flash memory file areas are:
Bulk Erase

Boot Block

FlashFileT™

Flash Card

Flash Drive

Tools

FlashFileT™ Layout: 8/16/32 Mbit
Boot Block Layout: 2/4 Mbit

These file areas include the following types of support:
® Software drivers

® 3rd-party programming support, tools, adapters and
vendor information

® Reader/Writer support for Flash Memory Cards
. and ATA Flash Drives

® Orcad and Workview schematic symbols

® Timing Designer files

¢ FLASHBuilder 16-Mb FlashFile Memory Win-
dows-based design/help file

Information (document) navigator utility
Design recommendations

Component flexible layout files
Presentations

Socket information

Data sheet addendums

Errata notifications
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FaxBACK System

Available 24 hours a day. Order documents by phone
for prompt delivery to your fax machine. :

Dial toll free number 1-800-628-2283 if inside US or
Canada (or 916-356-3105, which also supports users
not having tollfree access), and the user-friendly system
will prompt you along. In Europe, dial 44793-49-6646.
Have your fax number ready.

Each document is assigned an order number. All docu-
ments for a particular product group (e.g., Flash Mem-
ory, Multimedia, PCI ... ) are listed in their subject
catalog. First time users should order the appropriate
catalog(s) for a complete reference of available informa-
tion; this is down by following the automated system’s
voice prompts and selecting catalog order. Document
orders are made by selecting document order at the
voice prompt; you are allowed up to five documents per
call.

Rely on FaxBACK for the following types of informa-
tion about flash memory products:

® Product briefs and literature references -

® Press releases and new product announcements
® Datasheet addendums

® Technical support material and references

® Product evaluation kits

® 3rd-party programming support, tools, adapters and
vendor information

intel.

® System/compatibility validation reports
® Application articles

® Design recommendations

® Errata notifications

Document Highlight: #2204 is the all-inclusive “Flash
Memory Technical Support Summary”. This.document
summarizes available literature and order numbers,
FaxBACK and BBS references, evaluation kits and
support tools/information, programmer and reader/
writer support and vendor contact references, program-
ming adapter information and vendors, prototyping
and burn-in/test socket vendors and information, 12V-
convertor vendors, PCMCIA development tools/com-
pliance testing/general support contacts, PCMCIA
card-connector vendors, FFS vendors, disk emulator
vendors and BIOS vendors.

FaxFind

A Windows-based utility to search all FaxBACK docu-
ments-and BBS files via keyword entry. Available on
the Applications BBS under the Bulletins menu or in
the FaxBACK area selected via File Locator. Also
available via the dedicated FaxFind number:
1-800-897-2536.
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SPRINT PLUS48
Intel Support Version

Universal Device
Programmer

General Description

The PLUSA48 is the newest Univer-
sal Device Programmer 'in the
Sprint family. Complete with 48
universal pin drivers, it sets a new
standard for low-cost programmers
in this class. A specially-configured
version supports all Intel Flash,
Microcontroller, PLD, EPROM
and EEPROM devices at a very at-
tractive price. Controllable lockout
of standard software libraries allow
you to purchase the Intel support
you need today, with the capability
to switch to full industry support
later. :

Full custom ASIC pin drivers were
developed enabling the program-
ming and testing of new high-speed
CMOS devices. A compact design
is achieved because of these analog/
digital ASICs, allowing pin drivers
and Ve and GND relays to be as
close to device pins as possible. This
technology virtually eliminates
ground bounce, greatly improving
programming yields.

As a peripheral attachment, the
PLUS48 utilizes your PCs RAM,
CPU and Hard Disk Drive. Key to
this approach, the PLUS48’s cost is
extremely competitive while pro-
viding lots of programming power.

Additionally, file download times
of stand-alone programmers is
eliminated.

November 1994
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SPRINT PLUS48

PC Interface is through the standard parallel port. With included software
installed, the PLUS48 automatically interrogates LPT ports to determine
where it is attached—then configures itself. Ant LPT port, such as that on a
Notebook PC, can be used to control the PLUS48 giving you the freedom to
take your support on the road.

Specifications

STANDARD FEATURES

@ INTEL device support.

e Standard 48-pin DIP/ZIF socket.

® Larger pin-count and non-DIP devices supported via adapters.
© Precise digital and analog signals on every pin.

e PC peripheral—USes computer’s existing RAM, CPU and HDD to pro-
vide maximum price performance.

® Portable—Connects to any standard LPT port.
® Compact design eliminates yield loss due to ground bounce.

® An internal crystal-controlled state machine insures accurate waveform
generation—independent of the PC.

® Intuitive full screen menus make the PLUS48 simple to learn and easy to
use.

® Batch mode operation—All commands can be executed from a batch file.
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Available Versions

INTEL SUPPORT VERSION

® Programs Intel devices only.
® Reads all manufacturer’s devices.

UNLIMITED VERSIONS
® Supports all devices from SPRINT device list.

PLUSA48 is easily upgraded from Intel Support Version
to Full Support via KEYFAX.

PC Requirements

® DOS-based PC, Laptop or Notebook (tested to 486).
® 512 KB free RAM.

® 3 MB free space on HDD.

® CGA, EGA, VGA or LCD.

® Centronics Parallel port.

System Operations

® Read, Blank check, Program and Verify.

® Sum check, ID test, Illegal bit and Continuity
check.

® Address f/ange, Change device, Execute DOS, Input
file.

o Edit data, List memory and Write file.

Translation Formats |

e INTEL 8/16/32-bit

® 286/386 OMF.

® Motorola 8/16/32 bit.

e TEK HEX, ASCII HEX, MOS Tech.
e JEDEC, POF, Binary.

Standard Accessories

® 48-pin DIP/ZIF socket.
® User’s manual.

e System Software.

® Power supply.

® Line cord.
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Electrical Requirements/

Physical Specifications

® Operating voltages: 100 to 250 VAC

® Frequency range: 47 to 63 Hz

® Power consumption: 25W

® Operating temperature: 10°C to 40°C

® Dimensions: 2.56 x 17.9 x 20.5 cm
L]

Operational weight: 2.61 kg

Safety Standards
¢ UL, CSA and GS

The PLUS48 comes with a standard 48-pin DIP/ZIF
socket. Affordable adapters are available for larger pin-
count DIP devices or other package types. Please con-
tact SMS or one of the SMS distributors from the fol-
lowing distribution list for availability.

SMS Service Centers

. & USA

SMS North America Inc.
P.O. Box 3159

Redmond, WA 98073-3159
Phone: (206) 883-8847
FAX: (206) 883-8601

® Japan

Micron Inc.

4-26-16, Koenji-Minami
Suginami Tokyo 166
Phone: + 81 3 3796 1860
FAX: +81 3 3796 1866

® Europe

SMS GmbH
Im Grund 15
88239 Wangen, Germany
Phone: +49 7522 9728 0
FAX: +49 7522 9728 50
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International
Distributors for SMS
SPRINT products:

Austria

Memo ELECTRONICS
Muehlberg str. 22
A-1140 Vienna (Wien)
Phone: +(43) 1 975 626
FAX: +(43) 1 975 627

Belgium

Sonetech BELGIUM

de Limburg Stirumlaan 243, Bus 3
B-1780 Wemmel

Phone: +(32) 2 460 07 07

FAX: +(32) 2 460 12 00

Denmark

sd Elektronik & Data
Rejnstrupvej 11

DK - 4640 Faskse

Phone: +(45) 56 71 41 51
FAX: +(45) 56 71 41 51

Finland

Computer 2000 Finland OY
P.O. Box 44

Pyyntitie 3

02231 Espoo

Phone: +(358) 0887 331
FAX: +(358) 0887 33 343

France

Emulations

Chemin de Gizy

Parc Burospace A13
F-91572 Bievres Cedex
Phone: +(33) 1-69.41.28.01
FAX: +(33) 1-60.19.29.50

Newtek

8 rue de I’Esterel-SILIC 583
F-94663 Rungis Cedex
Phone: +(33) 1-46.87.22.00
FAX: +(33) 1-46.87.80.49

Germany

Logic Design

Riepacker str. 65

D-31 691 Helpsen

Phone: +(49) 5721 9714 0
FAX: +(49) 5721 9714 97

MSC Vertriebs GmbH
Industrie str. 16

D-76297 Stutensee

Phone: + (49) 7249 910 175
FAX: +(49) 7249 910 221

SE Spezial Electronic
Kreuzbreite 15

D-31675 Buckeburg
Phone: +(49) 5722 203 0
FAX: +(49) 5722 203 120

Synatron

Bretonischer Ring 13
D-85630 Grasbrunn

Phone: + (49) 89 460 20 71 .
FAX: +(49) 89 460 56 61
Trias

Zur Eibe 11

D-47802 Krefeld

Phone: +(49) 2151 47 67 01
FAX: +(49) 2151 47 47 15

Great Britain

Concentrated Programming Ltd.
Unit 3A The Maltings

Station Rd., Sawbridgeworth
Herts, CM21 9JX

Phone: + (44) 279 600 313
FAX: +(44) 279 600 322

Pronto Electronic Systems Ltd.
City Gate House

399-425 Eastern Ave., Gants Hill
Iiiford, Essex IG2 6LR

Phone +(44) 81 554 5700

FAX: +(44) 81 518 3222

Hong Kong

Int’l Technology Enterprise Co.
5 Long Yuet St. 6th Floor

F2, Kowloon

Phone: +(852) 3622309

FAX: +(852) 3620886

Israel

Talviton Electronics Ltd.

9, Biltmor str., P.O. Box 21104
Tel Aviv 61216

Phone: +(972) 3 54 42 430
FAX: +(972) 3 54 42 085

SPRINT PLUS48

Italy

De Mico

Viale Vittorio Veneto, 8

20060 Cassina De’Pecchi-Milano
Phone: +(39) 2 95 343 600
FAX: +(39) 295219 12

Silverstar

Viale Fulvio Testi, 280
20126 Milano

Phone: +(39) 2-66 12 51
FAX: +(39) 2-66101359

Japan

Micron Inc.

4-26-16, Koenji-Minami
Suginami, Tokyo 166
Phone: +(81) 3 3317 9911
FAX: +(81) 3 3317 9917

Korea

Logicom Corporation
1634-9 Bongchum-Dong
Kwanak-Ku, Seoul
Korea 151-061

Phone: +(82) 2 888 2858
FAX: +(82) 2 888 7040

Netherland

Sonetech Netherland bv
Gulberg 33

NL-5674 TE Nuenen
Phone: +(31) 40 83 80 09
FAX: +(31) 40 8392 71

Norway

Kjell G. Knutsen A.S.

P.O. Box 113

N-4520 SOR-AUDNEDAL
Phone: +(47) 38 25 62 05
FAX: +(47) 38 25 68 18

Poland

Cadel sp.z.o.0.

UL, Tamka 38

00355 Warszawa

Phone: +(48) 2 227 50 61
FAX: +(48) 2 635 52 62
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Singapore

WesTech Electronics Pte Ltd.
12, Lorong Bakar Batu, #05-07
Kolam Ayer Industrial Park
Singapure 1334

Phone: + (65) 743 6355

FAX: +(65) 746 1396

Spain

ADM Electronica SA
Tomas Breton, 50 3i 2
E-28045 Madrid

Phone: +(34) 1 530 41 21
FAX: +(34) 1 530 01 64

212

Suisse

Redacom AG
Gurzelenstrasse 6
CH-2502 Biel/Bienne
Phone: +(41) 32410 111
FAX: +(41) 32 41 49 49

Sweden

Gordia Elektronik

Box 12 40 -

$-221 05 LUND

Phone: + (46) 46 120211
FAX: +(46) 46 138 156

intal.

Prospect Technology Corp.

5F, No. 348, Sec. 7 Cheng Teh Rd.
Taipei, Taiwan ROC

Phone: +(886) 2 820 5353

FAX: +(886) 2 820 5731

USA

SMS North America Inc.
P.O. Box 3159 '
Redmond, WA 98073-3159
Phone: + (206) 883-8447
FAX: +(206) 883-8601
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-SYSTEM
GENERAL

297541-2

Multi-APRO Programmer
Intel Support Version

General Description

The new System General Multi-
APRO is a revolutionary concept in
device programmers. Based on 48
Universal pin driver design, it can
support virtually any programma-
ble device. The Intel Support Ver-
sion of Multi-APRO programs all
Intel Flash, Microcontroller, FLEX-
logic, EPLD and E(E)PROM de-
vices at significant discount off our
standard version. Additionally, all
other manufacturer’s devices can be
read into buffer memory.

This unit comes with full stand-
alone control, but can be PC driven
for added flexibility. Expansion is
possible in two ways:

1. Full Universal (programs all
manufacturer’s  devices) by
swapping signature keys, or

2. Production (gang) programmer
by adding modules.

Different package types are sup-
ported via our own proprietary
adapters or DIP converters. With
adapter method, the device sits as
close to the pin drivers as possible.
This virtually eliminates any noise-
related problems due to ground
bounce. When adapters are unavail-
able, quality third-party converters
will be specified by System General.
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MULTI-APRO

297541-1

Multi-APRO comes standard with 1 megabyte of user RAM, upgradable to
16 megabytes. The device driver and related file can be downloaded via
parallel or RS232 (up to 115.2K baud) or read in from a master, then stored
in RAM. Programming therefore is done stand-alone which improves
throughput time and yield because clock control issues are not present.
When expanded to a gang programmer, Multi-APRO is the most efficient
production tool on the market. Since each socket is independent, program-
ming proceeds continuously from one device to the next, minimizZing inser-
tion overhead.

Support for Intel devices is provided via normal distribution media (Intel
Flash Memory Card) or BBS (Downloaded to Flash). New devices are sup-
ported prior to their introduction, handled via secure methods on a custom-
er-by-customer basis.

In addition to the best device support available, upgrades are free for the life
of the programmer via our 24-hour BBS line.

Specifications

¢ Supports full range of INTEL programmable devices.
e Standard 48-pin DIP/ZIF socket.

® Optional adapters or converters available for different package configu-
rations.

@ Universally pin-driven.

® On-board RAM means programming is done directly to chip, providing
highest yield and throughput.

e Easy to use PC-assisted SW included.

o Full Batch-mode capabilities.
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MULTI-APRO

Available Versions

INTEL SUPPORT VERSION
Features:

® Programs all Intel devices.
® Reads any master device.

e Expandable to full Universal version via field-in-
stallable signature key.

e Expandable to production model.

FULL UNIVERSAL VERSION

Features:

. Supports virtually all programmable device technol-
ogies.

® Expandable to production model.

GANG/PRODUCTION VERSION
Features:
¢ Up to eight programming modules.

® Each independent from the others—allows continu-
ous programming for highest throughput.

® No future constraints!

PC Requirements
® DOS-based PC, Laptop or Notebook.

® 512KB free RAM. :
® CGA, EGA, VGA, SVGA or LCD.

¢ Remote control and data transfer via PC parallel
port.

® Remote control and data transfer via RS232, Baud-
rate Max 115.2K bps.

System Operations
® Read, insertion check, illegal bit check, erase, blank
check, program, continuity check and verify.

Auto-Sense™, ID test.
Even/Odd programming.
Special on-screen editor.

Sum check, Pass/Fail counter.
EPROM Auto-Identify.
Address range modification.
Current sense, boot-block secure.
Functional Test, Margin Verify.
PLD JEDEC fuse screen editor.
Upload/Download functions.
Context-sensitive help screen.

Stand-alone and remote control.

¢ Connects to IBM PC, compatible or non-IBM PC
via RS232.

2-14

Translation Formats

o Intel-HEX (32, 24, 16) .
® Tektronix-HEX

® Motorola S (3,2,1)
® Signetics-HEX

o Extended Tekhex

o HP 64000 Absolute

e ASCII-HEX()

® ASCII-HEX(%)

e ASCII-HEX(*)
ASCII-HEX(,)

ASCII-HEX SMS
ASCII-OCT()
ASCII-OCT(%)
ASCII-OCT(*)

ASCII-OCT SMS

B10OF

BHLF

BPNF

JEDEC

Binary (no format, no header)

Standard Accessories

® 48-pin DIP/ZIF socket adapter (Intel Support Ver-
sion)

® System software (IBM PC or compatible)

® Power Supply

® All neccessary cabling

e User’s manual

Adapter Options
e PLCC 20, 28, 32, 44, 52, 68 or 84 pins

e QFP100

Electrical Requirements/Physical
Specifications
® Operation Voltages: 90 to 250 VAC

® Frequency range: 47 to 63 Hz

® Power consumption: 30W max

® Operation Temperature: 0° to 45°C
[ ]

Dimensions:
Controller—350mm x 200mm
Module—350mm x 155mm

e Safety Standards: UL, CSA, VDE
e EMI: FCC class B, VDE 0871 B
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INTERNATIONAL CONTACTS
FOR SYSTEM GENERAL

us

System General Corp.
1603-A South Main St.
Milpitas, CA 95035
TEL: (408) 263-6667
FAX: (408) 262-9220
SALES: (800) 967-4776

Japan

Nippon System General
TEL: 81-3-34411510

Korea

Wooyoung Tech. Co., Ltd.
TEL: 82-2-3697099

Dasan Technology
TEL: 82-2-5018276

Hong Kong

Twin-Star Trading Company, Ltd.
TEL: 852-3469085

Singapore

WesTech Electronics Pte., Ltd.
TEL: 65-7436355

EPE Computronics Pte:, Ltd.
TEL: 65-7468182

Taiwan

System General Corp.

3F, No. 1, Alley 8, Lane 45
Bao Shing Rd., Shin Dian
Taipei, Taiwan R.O.C.
TEL: 886-2-917-3005
FAX: 886-2-911-1283

Switzerland

Novitas Elektronik AG
TEL: 41-1-9450300

Belgium

Eurodis Inelco NV/SA
TEL: 32-2-2442924

France

Micropross
TEL: 33-20479040

Norway

Tormatic A/S
TEL: 47-34-25011

Australia

Macro Dynamics Pty., Ltd.
TEL: 61-3-7202399

. South Africa

Specitec Pty., Ltd.
TEL: 27-11-7891743

MULTI-APRO

CONTACT YOUR LOCAL DISTRIBUTOR FOR

PRICING AND AVAILABILITY.
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Flash Memory Card and Flash Drive Evaluation Kit

Product Brief

Product ® Complete kit for adding a

Highlights PCMCIA socket to an AT-based

system

W The Flash Drive Kit (IATAKIT)

includes a SMB Flash Drive

W The Flash Card Kit
(S2S2PLUSKIT) includes both
a 4MB Series 2+ and a 2MB
Series 2 Flash Card

B Includes ISA-based PCMCIA
Reader/Writer that fits into
anempty floppy disk slot on
your system

W Created for x86 DOS- or
Windows*-based systems

W Includes source code for
non-DOS system development

W Includes SystemSoft’s*
CardSoft* suite of software

M Contains industry-standard
PCMCIA software, including
SystemSoft Flash File System
(FFS) software

M Contains a 68-pin PCMCIA-
ATA to 40/44-pin IDE
adapter for easy conversion
(IATAKIT only)

B Excellent for evaluating
Flash Card or Flash Drive
performance with multiple
software configurations

intel.

Product Description

The Flash Drive (IATAKIT) and the Flash Card (S2S2PLUSKIT) evaluation kits

are designed to make DOS-based AT systems Intel Flash Card or Flash Drive-ready
— quickly and simply. Each kit provides everything necessary to add a PCMCIA
socket to a desktop system.

The Flash Drive and Flash Card kits are ideally suited for designers creating PDA-
like products; designers of mobile, handheld and sub-notebook products; designers
who want to evaluate Flash Card and/or Flash Drive products for embedded

applications; and ISVs who write software for Flash Card or Flash Drive products.

To shorten time to market, both kits contain all necessary tools in a single box.
Thus eliminating the time-cc ing task of seeking and obtaining separate
components.

Each kit includes SystemSoft’s CardSoft suite utilizing industry-standard PCMCIA
software — as well as SystemSoft’s Flash File System (FFS) software. Addition-
ally, each kit includes low-level driver and MTD source code, enabling modification
for your specific requirements or product differentiation. For easy conversion of
PCMCIA-ATA to IDE pinouts a 68-pin to 40/44-pin adapter is included.



Features

Benefits

— All-in-one kit

— Contains everything needed to develop Intel
Flash Card or Flash Drive-ready systems

— Includes low-level driver and MTD source code

— Enables code modification for specific requirements

— SystemSoft CardSoft

— Industry-standard PCMCIA software suite

— Flash File System (FFS) software

— Industry-standard file system from SystemSoft

— 68-pin ATA to 40/44-pin IDE adapter

- — Easily converts PCMCIA-ATA pinout to IDE

The Intel logo is a registered trademark of Intel Corp

Other brands and names are the property of their respective owners.

Printed in USA/0694/40K/ASI/LK
©1994 Intel Corporation

Order Number: 297506-001
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SMALL OUTLINE PACKAGE GUIDE OVERVIEW

Intent This overview provides a quick reference for the Small Outline Package Guide, Intel literature
order number 296514.
Contents The table below details, in outline form, the type of information that can be found in the guide.
How to Order Phone: (800) 548-4725 in US and Canada
Outside US/Canada, contact local Intel or distributor sales office
or write to:
Intel Corporation
Literature Sales
P.O. Box 7641
Mt. Prospect, IL 60056-7641
Chapter Contents
Package © Small-Form-Factor/Fine-Pitch Introduction
Description © TSOP, SSOP and PSOP Key Features
¢ Device/Package Offerings
SOP Layout ® Space-Saving Features
Features and ® Device Pinouts -
Applications ® SOP Applications
SOP Physical ® Package Drawings and Specifications
Dimensions ® PCB Land-Pad Layout Diagrams
¢ Component Volume and Weight
SOP Package ® Electrical Characteristics
Characteristics ® Thermal Data
SOP Manufacturing ® Assembly Process Flow
® Package Materials
® Cross-Section Diagrams
e Electrical and Solderability Test
® Mechanical Inspection
~ SOP Reliability ® Temperature Cycling via Convection
Stresses - ® Thermal Shock, Liquid-to-Liquid Stress
® Steam, Accelerated Moisture Penetration Stress
® 85°C/85% Relative Humidity, Alternate Pins Biased (+ 5V ahd GND)
¢ High-Temperature Dynamic Life Test
® Solder-Joint Reliability
o Surface Mount Process Considerations
® Use Condition Considerations
® Solder-Joint Life Predictions Curves
SOP Handling © SOP Shipping Formats
¢ Tray Diagrams and Dimensions
® Tray Recycling
¢ Tape and Reel Carrier Diagrams and Dimensions
® Tube Diagrams and Dimensions
® Moisture Considerations and Data
— Plastic Package Aggressive Preconditioning Flow
— Reliability Data
— Moisture Absorption
— Moisture Desorption

" November 1994
Order Number: 297542-001
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Chapter

Contents

SOP SMT Assembly
Considerations

® Storage and Handling
® Screen Printing
— Solder Paste
— Solder Volume
— Solder Mask
— Stencil
— Vision System
— Squeegee
® Placement Equipment
o Cleaning
® IR Furnace
® PCB Design Considerations
¢ Lead Placement Examples:
— Good Placement
— Misaligned
— Lifting

SOP Ordering
Information

® Production/Package Identification -

References and
Additional
Information

¢ Other Reference Material

SOP 3rd-Party
Equipment
Suppliers

® SOP Suction Wand Suppliers
® SOP Programming Adapter Suppliers
® SOP Programming Vendors
® SOP Socket Suppliers
— Prototyping Sockets
— Burn-In/Test Sockets
¢ SOP Handler Equipment Suppliers
® SOP Manufacturing Equipment Suppliers
© SOP Custom Board Manufacturing and Interposer Mounting

SOP Standards
Bodies

* EIA/JEDEC
o ANSI

¢ IPC

e EIAJ
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Intel FLASHBuilder Software |
Product Brief

Product W Supports 16-Mbit 28F016SA
Highlights ~ FlashFile™ memory
‘ ] Tmhlghnghts for quick access
to information about device
functional blocks

B On-line documentation

1 Toolbar for fast access to
information resources

8 FLASHText window for tips
on using FLASHBuilder

Product Description

FLASHBuilder is a Windows®-based software tool developed to facilitate the
understanding of and designing with Intel Flash Memory components. Its user
interface provides a graphical representation of device functional blocks within the
flash memory architecture.

FLASHBuilder also features dialog boxes in the toolbar for quick access to
information about 28F016SA operations, commands, algorithms and registers. For
example, the command dialog box displays on a single screen the 28F016SA
command set and corresponding hexadecimal values, bus-cycle counts for each
command, and status register output indicating a successful operation.

Currently supporting the 16-Mbit 28F016SA FlashFile memory, FLASHBuilder
contains the associated user’s manual, application notes and datasheet specifications
in an easy-to-use, on-line Hypertext format for point-and-click access. Documenta-
tion embedded in the software includes:
— 28F016SA User's Manual
— 28FO16SA Application Notes:
— AP-357 “Power Supply Solutions for Flash Memory”
— AP-359 “28F008SA Hardware Interfacing”
— AP-375 “Upgrade Considerations from the 28F008SA to the 28F016SA”
— AP-377 “28F016SA Software Drivers
— AP-378 “System Optimization Using the Enhanced Features of the
28F016SA”
— 28F016SA timing and waveform specifications
— 28F016SA Qs and As — Frequently asked quesuons and answers regarding
28F016SA FlashFile memory

- » ~— Flash Memory Overview — A high level description of flash technology and
U . product applications.
®
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Future updates to FLASHBuilder will provide support for multiple devices and chip
architectures. To speed decision making and reduce user resource requirements,
options allowing minimal or partial install will be added. With minimal install
selected, a subset of available information can be installed, allowing the designer to

quickly decide which device best suits the application need. Partial install minimizes
disk consumption by installing only the necessary files for the selected device(s).

Features Benefits
— Graphical user interface — Easy-to-use point and click access 2
— On-line documentation — Quick reference to technical specifications and
product applications notes
— Integrated toolbar dialog boxes — Intuitive resource for operations, registers, commands,
algorithms, documentation, help
— Enhancement path — Variable install options will meet application needs
(minimal/partial installations)

System Requirements — Version 1.0a

— Intel386™ microprocessor or higher

— 2-MBRAM

— 4-MB free hard disk space

— VGA display (SVGA recommended)

— 3" floppy disk drive

— Windows 3.1 or above

To order FLASHBuilder or additional literature, call 1 (800) 548-4725.
FLASHBuilder order number: 297508.

For technical assistance and/or the name of your local distributor call
1 (800) 628-8686.

FLASHBuilder is also available through Intel’s Bulletin Board Service (BBS):
in North/South America and Asia Pacific dial (916) 356-3600; in Europe dial
+44 (0) 793-496340

*Other brands and names are the trademarks of their respective owners.

Printed in USA/1094/10K/ASI/TC/MCD.
© 1994 Intel Corporation

Order Number: 297536-001
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Power Supply Solutions for Flash Memory
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1.0 INTRODUCTION

Intel flash memory is rapidly being incorporated into a
wide range of applications, adding enhanced capability
to existing “traditional” memory markets, and creating
new markets that exploit its benefits. Sometimes the
design platforms may not possess the low powered 12V
supply for writing flash memory. The system design
engineer then needs to identify a power conversion so-
lution with features and capabilities matching the needs
of the application. For example, portable equipment re-
quires a power supply converter that minimizes size
and weight, maximizes efficiency to extend battery life,
and can be switched into a standby mode to conserve
power.

The following pages present some state of the art DC-
DC converter solutions. These new solutions are small-
er and more efficient than those typically seen in the
past. Each of these solutions optimizes a subset of all
possible power converter features. The choice of an op-
timal solution for a given application will be a tradeoff
between several attributes. The solutions shown should
meet the conversion needs of the majority of applica-
tions involving flash memory. Specifically, the solutions
that follow encompass the following five categories:

® 5V to 12V conversion

® 3V (2 alkaline/NiCd cells) to 12V conversion
® 3V (2 Alkaline/NiCd cells) to 5V conversion

¢ Downconverting to 12V from a higher voltage
® Converting 12V unregulated to 12V regulated

More than one solution is presented within each of
these categories. These different solutions have distinct
optimal features/advantages. The optimal attributes of
each solution are outlined. In addition, the appendix
contains a survey of all solutions. presented here, and
provides a basis for comparing their features. The read-
er should reference it to choose an optimal solution for
his/her application.

NOTE:
Solutions were selected from products offered by over
thirty DC-DC converter vendors. Since this industry
develops many new solutions each year, Intel recom-
mends that designers contact vendors for latest prod-
ucts. Intel will continue to work with the industry to
develop optimum solutions for power conversion. Intel
Corporation assumes no responsibility for circuitry

other than circuitry embodied in Intel products. No

other circuit patent licenses are implied.
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2.0 INTEL FLASH MEMORY POWER
REQUIREMENTS

Intel flash memory is powered by two sources; a 5V
Vcc line and a 12V Vpp line. Vc is the primary pow-
er source and the only power source needed to read the
memory. Vpp is required when writing or erasing the
memory.

Vcc Characteristics

Vcc supplies power to the flash device during all oper-
ational modes. Maximum V¢ current is demanded by
the device during the read operation. The data sheets
for specific Intel flash memory devices should be con-
sulted to determine the maximum read current (Icc)
for the device. If multiple components are read simulta-
neously, the V¢ current requirement increases propor-
tionately. Vcc tolerance must be maintained to within
specification limits at all times for proper functioning of
the device.

Vpp Characteristics

The supplemental Vpp source provides the higher volt-
ages needed to carry out the erase, erase verify, pro-
gram, and program verify operations. Maximum Vpp
current is typically demanded during the program and
erase modes. The data sheets for specific Intel Flash
Memory devices should be consulted to determine the
Vpp voltage and maximum Vpp write/erase current
(Ipp) for the device. If multiple components are pro-
grammed/erased simultaneously, the current require-
ment increases proportionately. Vpp must be main-
tained to within specification limits at all times during
device program, and erase. The tolerance specification
on Vpp must be strictly maintained. Over-voltage can
damage the device, and under-voltage can decrease

" specified device reliability. Although the Vpp supply

must meet these worst case specifications, power usage
will typically be much lower. The lower typical values
seen in the data sheets should be used in calculating
typlcal battery life.
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2.1 Supplies for Battery Powered
Applications

In applications where batteries are the primary source
of power, the power supplies providing Vcc and Vpp
need to be selected very carefully. Optimized operating
efficiency of these supplies is important to extend bat-
tery life. Another attractive feature is the capability of
these supplies to be switched into a very low power
shutdown mode. It is important to minimize this shut-
down current consumption as well since flash memory
Vpp generators will often be in this state for extended
periods of time. Moreover, since these supplies are used
in equipment that is physically small and space-con-
strained, size and height of the supply need to be mini-
mized.

Where two alkaline/NiCd batteries are used as the pri-
mary source of power, the primary voltage varies de-
pending on the type and the state of discharge of the
batteries. For example, alkaline batteries start life off at
1.5V, but may still retain a significant amount of energy
when the voltage falls to 1.0V with use, and will work
all the way down to 0.8V. On the other hand, NiCd
cells maintain a near constant voltage of 1.25V
throughout most of their discharge cycle, and work
down to 1.0V. A solution that derives V¢ or Vpp from
2 AA batteries must hence be capable of doing so from
an input voltage that lies in the range of 1.6V to 3.0V.

It is best to directly convert the primary battery voltage
into the various voltages needed throughout the system.
A step conversion (e.g. a 3V to 5V converter for Vcc,
followed by a 5V to 12V converter for Vpp) is not rec-
ommended, since the inefficiency involved in each con-
version step combines into one large inefficiency for the
sum 3V to 12V conversion. Section 4 presents appropri-
ate 3V battery to 12V converter solutions. Most of the
solutions presented in this application note, while spe-
cifically designed for battery powered applications, are
also viewed as ideal for other applications that incorpo-
rate flash memory.

2.2 Choice of a DC-DC Converter

The solution to finding the right power supply for flash
memory lies in picking the right DC-DC converter for
the job. Three broad categories of DC-DC converters

. available in the market today can be applied towards
this purpose. These are the low power hybrid DC-DC
converter module (or modular solution), the low power
discrete switching regulator IC solution, and the low
power discrete charge-pump solution.

AP-357

The Modular Solution

The modular solution generally consists of a push-pull
(Royer type) oscillator built around an isolation trans-
former, and in some cases followed by a linear regula-
tor; all of which is encapsulated within a module. This
hybrid module includes all components that are re-
quired by the DC-DC converter, and so no additional
design effort is needed. The input and output voltages
are fixed, and the input and output are almost always
isolated via the isolation transformer. The main advan-
tage of these solutions is that no design effort and/or
external components are involved. They simply plug
into a socket on a PC board. Disadvantages include
lower efficiency (generally 60%), larger size/height (in
most cases), and higher cost (generally 3x to 10x the
cost of discrete solutions).

It would seem that the integration inherent in these
solutions contributes towards system reliability, howev-
er the type and quality of the discrete components used
internal to these hybrid devices is open to question. The
isolation offered between the input and output is viewed
as overkill for flash applications, since the total power
required is typically less than 1W. Note also that the
isolation transformer is often the main reason for the
lower efficiencies.

The Discrete Switching Regulator
Solution

The discrete switching regulator IC solution consists of
a DC-DC converter IC (containing a switching regula-
tor controller and an output power switch), along with
a few discrete external components (inductor, diode,
capacitors, resistors, etc.). The layout of the power sup-
ply system in this case is mostly left up to the user.
However, application notes and data sheets explain the
design process, and provide recommended circuits for
commonly used solutions. The design can be tailored to
deliver different output voltages and current levels de-
pending on the characteristics of the input voltage and.
the external components.

Some vendors offer fixed output voltage versions, fur-
ther simplifying the design process. The newer genera-
tion of high frequency low power switching regulator
ICs are specifically targeted at battery powered opera-
tion, and most can be switched into a low quiescent
current shutdown mode to extend battery life. These
have typical efficiencies in the 75% to 90% range. Fur-
thermore, the higher switching frequencies of these new
parts (typically 100 KHz to 200 KHz) allow the use of
smaller external components, which are available in
surface mount varieties. As a consequence, these newer
solutions are overall much smaller than what was typi-
cally seen just a year ago.
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The Discrete Charge-Pump Solution

The discrete charge-pump solution is similar to the dis-
crete switching regulator IC solution in that it also con-
sists of a DC-DC converter IC and a few discrete
external components (capacitors). The charge-pump,
however, operates in a significantly different fashion
(see Appendix E), and as a result does not require in-
ductors and diodes as a discrete switching regulator so-
lution does, which means that a charge-pump solution
is generally smaller and cheaper. On the down side,
charge-pump solutions generally have lower efficiencies
and lower output current capabilities than discrete
switching regulator solutions.

Attributes of a DC-DC Converter

Several attributes of a power supply converter must be
evaluated and prioritized when choosing the best solu-
tion for a given application. These attributes include:

¢ Input Voltage Range

Output Voltage and Tolerance
Output Current Capability
Efficiency of Conversion
Printed Circuit Area

Height

Total Cost

Shutdown Capability
Quiescent Current Consumed in Shutdown Mode
Rise Time from Shutdown
Surface Mountability

2-26
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The reader is referred to Appendix B, which provides a
survey of all the solutions that are presented in this
application note, in order to compare their attributes.

2.3 Summary

This application note primarily presents state of the art
discrete switching regulator IC solutions (and one
charge-pump solution) which have been carefully de-
signed for operation with flash memory. Included along
with schematics are component values and sources/
contacts for obtaining components. Actual layouts have
also been included where possible. These are provided
in Appendix F.

NOTE:
External components recommended in the designs
should be used. These components (inductors, capaci-
tors, resistors) were chosen based on recommendations
by the converter IC vendors and provide the necessary
quality for a clean design. Alternate “equivalent”
parts should be chosen with care as their resistive and
inductive elements can affect the operation of the solu-
tion. Please contact the respective converter IC com-
panies for assistance if you select an alternate value/
source for passive components.

3.0 Vpp SOLUTIONS: CONVERTING
UB FROM 5V

Most computer systems have available a 5V V¢ line
that is used for the majority of system power. Frequent-
ly, this 5V supply is used to generate 12V for flash
memory. This section presents some of the new state of
the art solutions that can achieve this function. These
are all discrete switching regulators that optimize dif-
ferent attributes, mentioned along with the main fea-
tures section of each example. Refer to Appendix B for
a more detailed comparison of the attributes of these
solutions.
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3.1 Maxim Integrated Products—MAX734: Vpp @ 120 mA
iy (4V-7V)
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Figure 3-1. Maxim MAX734 5V to 12V Converter

Optimal Attributes
® High Efficiency
® Low Shutdown Current

® Small Size: 0.3 sq. in. Total Board Area
(Single Sided)

e All Surface Mount

“Main Features
¢ Input Voltage Range: 4V to 7V

‘e Qutput Voltage: 12V.+5%

® Output Current Capability:
Up to 120 mA @ Vi = 5V

o Typical Efficiency: 83% @ Iy oap = 120 mA,
ViN = 5V

170 KHz Switching Frequency

Shutdown Feature on Chip

Low Quiescent Current at Shutdown: 70 pA typical
Low Operating Quiescent Current: 1.3 mA typical
Rise,,Time from Shutdown: 1.5 ms typical
Soft-start Capability

The MAX734is a 12V-ou'tput step-up converter which
uses 6 small external surface mount components to im-
plement a small 5V to 12V converter solution. It is
available in a small 8-pin surface mount package. The
MAXT734 design as shown is capable of providing up
to 120 mA of Vpp current at an efficiency of 83%. The
supply can be switched into a shutdown mode where
the output voltage falls to approximately ViNn —
100 mV and the quiescent input current falls to below
70 pA. The rise time from shutdown mode is typically
1.5 ms. The MAX734 also has a Soft-start feature
which allows the designer to limit surge currents at
start-up by adding a capacitor between the MAX734’s
SS pin and ground. The high switching frequency of the
MAX734 allows the use of very small external capaci-
tors and contributes to the small size of the supply cir-
cuit. Series inductance in the filter capacitor and diode
switching transients may cause high-frequency noise
which appears as sharp voltage spikes in the output.
Such spikes can be eliminated by practicing good PC-
board layout or by using the optional filter circuit
shown in the design. Applications assistance and a sur-

- face mount evaluation board are available from Maxim.
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Table 3-1. Parts List for the MAX734 5V to 12V Converter
Ref Part # Value/Type Source Cost*
U1 MAX734CSA SMPSIC Maxim $1.83
(408) 737-7600
C1,C5 267M1602-336-MR-720 33 uF/16v Matsuo $0.48
Tantalum (714) 969-2491
c2 GRM40Z5U104M050AD © 0.1 uF Murata Erie $0.05
(404) 436-1300
C3 (opt) GRM40Z5U103M050AD 0.01 uF Murata Erie $0.03
(404) 436-1300
C4 GRM40Z5U102M050AD 0.001 pF Murata Erie $0.03
' (404) 436-1300 .
C6 (opt) GRM4025U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300
D1 EC15QS02L 1N5817 Diode “Nihon $0.30
(805) 867-2555
L1 CD43-180 18 uH Sumida $0.55
(708) 956-0666
R1, R2 (opt) 9C08052A1R00JLR 10, 5% Philips $0.03
: (817) 325-7871
Total Cost $3.35
* Cost estimates based on published 10K unit pricing at the time this application note was written.
3.2 Maxim Integrated Products—MAX761: Vpp @ 150 mA
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Figure 3-2. Maxim MAX761 5V to 12V Converter
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Optimal Attributes

e High Efficiency

® Lowest Shutdown Current
® Low Quiescent Supply Current
o All Surface Mount

The MAX761 is a 12V-output step-up converter which
uses pulse-frequency-modulated (PFM) control to offer
high efficiency over a wide range of loads. It is available
in a small 8-pin surface mount package and uses only 6
small external surface mount components to provide a
12V £5% supply. The MAX761 design as shown is
capable of providing up to 150 mA of Vpp current at an
efficiency of 86%. The supply can be switched into a
shutdown mode where the output voltage falls to ap-
proximately Vin and the quiescent supply current falls
to below 5 wA. The rise time from shutdown mode is
typically 1 ms. The high switching frequency of the
MAX761 allows the use of very small external capaci-
tors and contributes to the small size of the supply cir-
cuit. Series inductance in the filter capacitor and diode
switching transients may cause high-frequency noise
which appears as sharp voltage spikes in the output.
Such spikes can be eliminated by practicing good PC-
board layout or by using the optional filter circuit
shown in the design. Applications assistance and a sur-
face mount evaluation board are available from Maxim.

Main Features
e Input Voltage Range: 4.75V to 12V

® Output Voltage: 12V £4%

® OQOutput Current Capability:
Up to 150 mA @ Vi = 5V

o Typical Efficiency: 86% @ Ijoap = 150 mA,
ViN = 5V

300 KHz Switching Frequency

Shutdown Feature on Chip

Low Quiescent Current at Shutdown: 5 MA max
Low Operating Quiescent Current: 250 pA typical
Rise Time from Shutdown: 1 ms typical

Table 3-2. Parts List for the MAX761 5V to 12V Converter

Ref Part # Value/Type Source Cost*

U1 MAX761CSA SMPS IC Maxim $2.02
(408) 737-7600

C1,C2 267M1602-226-MR-720 22 uF/16v Matsuo $0.48
: Tantalum (714) 969-2491

C3,C5 GRM40Z5U104AM050AD 0.1uF Murata Erie $0.05
(404) 436-1300

C4 (opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
. (404) 436-1300

D1 EC10QS02L 1N5817 Diode Nihon $0.22
: (805) 867-2555

L1 CD43-180MC 18 pH Sumida $0.53
(708) 956-0666

-R1, R2 (opt) 9C08052A1R00JLR 10,5% Philips $0.03
(817) 325-7871

Total Cost $3.38

* Cost estimates based on published 10K unit pricing at the time this application note was written.
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3.3 Maxim Integrated Products—MAX662: Vpp @ 30 mA
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Figure 3-3. Maxim MAX662 5V to 12V Converter

Optimal Attributes
® Lowest Cost

® Low Shutdown Current
® Low Quiescent Supply Current
® Fast Rise Time from Shutdown
® No Inductors Necessary

® Small Size: 0.2 sq. in. Total Board Area
(Single Sided)
o All Surface Mount

Main Features
e Input Voltage Range: 4.75V to 5.5V

® Output Voltage: 12V +5%

® Output Current Capability:
Up to 30 mA @ Vi = 5V

e Typical Efficiency: 74% @ I1oap = 30 mA,
VIN = 5V

® 400 KHz Switching Frequency

e Shutdown Feature on Chip

2-30

® Low Quiescent Current at Shutdown: 70 pA typical
® Low Operating Quiescent Current: 320 pA typical
® Rise Time from Shutdown: 600 us typical

The MAX662 is'a 12V-output boost converter. It uses
internal charge pumps and 5 small external surface
mount capacitors to generate Vpp, with no need for
inductors. It is available in a small 8-pin narrow surface
mount package. The MAX662 design as shown is capa-
ble of providing up to 30 mA of Vpp current at an
efficiency of 74%. The supply can be switched into a
shutdown mode where the output voltage falls to VN
and the quiescent supply current falls to below 70 pA.
The rise time from shutdown mode is typically 600 us.
The high switching frequency of the MAX662 allows
the use of very small external capacitors and contrib-
utes to the small size of the supply circuit. Series induc-
tance in the filter capacitor and diode switching tran-
sients may cause high-frequency noise which appears as
sharp voltage spikes in the output. Such spikes can be
eliminated by practicing good PC-board layout or by
using the optional filter circuit shown in the design.
Applications assistance and a surface mount evaluation
board are available from Maxim.
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Table 3-3. Parts List for the MAX662 5V to 12V Converter
Ref Part # Value/Type Source Cost*
Ut MAX662CSA SMPS IC Maxim $1.69
(408) 737-7600
C1,C2 GRM40Y5V224Z2025AD 0.22 uF Murata Erie $0.15
(404) 436-1300
C3 GRM40Z5U104MO050AD 0.1 uF Murata Erie $0.05
(404) 436-1300
C4,C5 267M1602-475-MR-533 4.7 uF/16V Matsuo $0.21
Tantalum (714) 969-2491
C6 (opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300
R1, R2 (opt) 9C08052A1R0O0JLR 1Q,5% Philips $0.03
(817) 325-7871
Total Cost $2.18
* Cost estimates based on published 10K unit pricing at the time this application note was written.
3.4 Linear Technology LT1109-12: Vpp @ 60 mA
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Figure 3.4 Linear Technology LT1109-12 5V to 12V Converter
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Optimal Attributes -
® Low Quiescent Supply Current

® Small Size
o All Surface Mount

Main Features
¢ Input Voltage Range: 4.5V to 5.5V

® Qutput Voltage: 12V +5%

® Output Current Capability:
Up to 60 mA, @ ViN = 5V

® Typical Efficiency: 84% @ I oap = 60 mA,
- VN = 5V

® 120 KHz Switching Frequency
¢ Shutdown Feature on Chip

® Low Quiescent Current at Shutdown: 320 A
typical

intal.

® Low Operating Quiescent Current: 320 pA typical
® Rise Time from Shutdown: 800 us typical

The LT1109-12 is a fixed 12V-output part which is well
suited to flash memory applications. It is available in a
small 8-pin surface mount package and uses only 4
small external components to implement a very small
size 5V to 12V converter solution. The LT1109-12 de-
sign as shown is capable of providing up to 60 mA of
Vpp current at an efficiency of 84%. The supply can be
switched into a shutdown mode where the output volt-
age falls to approximately ViN-550 mV. Quiescent
supply current at shutdown remains at approximately
320 pA. The rise time from shutdown mode is typically
800 us. Series inductance in the filter capacitor and
diode switching transients may cause high-frequency
noise which appears as sharp voltage spikes in the out-
put. Such spikes can be eliminated by practicing good
PC-board layout or by using the optional filter circuit
shown in the design. Applications assistance is available
from Linear Technology Corporation.

Table 3-4. Parts List for the LT1109-12 5V to 12V Converter

Ref Part# Value/Type Source Cost*

U1 LT1109CS8-12 SMPS IC Linear Tech $2.16
(408) 432-1900

C1 267M1002-226-MR-720 22 pF/10Vv Matsuo $0.16
. Tantalum (714) 969-2491

c2 267M2502-106-MR-720 10 uF/25V Matsuo $0.24
Tantalum (714) 969-2491

C3-(opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300

D1 MBRS120T3 Schottky Diode Motorola $0.37
(800) 521-6274

L1 CD54-330LC 3 pH Sumida $0.55
(708) 956-0666

R1, R2 (opt) 9C08052A1R00JLR 1Q,5% Philips $0.03
(817) 325-7871

Total Cost $3.56

* Cost estimates based on published 10K unit pricing at the time this application note was written.
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3.5 Linear Technology LT1301: Vpp @ 200 mA
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Figure 3-5. Linear Technology LT1301 5V to 12V Converter
Optimal Attributes The LT1301 isa micropower step-up DC-DC convert-
e High Efficiency er. It is available in a small 8-pin surface mount pack-

age and uses only 4 small external surface mount com-

¢ High Output Current Capability ponents. The LT1301 design as shown is capable of

® Low Shutdown Current ‘ providing over 200 mA of Vpp current at an efficiency

e Low Quiescent Supply Current of 88%. The supply can be switched into a shutdown

e Small Si mode where the output voltage falls to approximately
mall Size

ViN — 550 mV and the quiescent supply current falls
to below 15 pA. The LT1301 also has an input which

Main Features . se!e:ctst .betv:eersl a itV ‘a;nlcl 12Vﬂou}tlput, for ﬂe)”‘lilb;ﬂithx iﬁ
. . migration to Smart Voltage flash memory. The hig|
Input Voltage Range: 3V to 10V switching frequency of the MAX761 allows the use of
® Output Voltage: 12V £5% very small external capacitors and contributes to the
® Output Current Capability: small size of the supply circuit. Series inductance in the
Over 200 mA @ VN = 5V filter capacitor and diode switching transients may
e Typical Efficiency: 88% @ Iy oap = 200 mA, cause high-frequency noise which appears as sharp

voltage spikes in the output. Such spikes can be elimi- .

Vin = 5V L. nated by practicing good PC-board layout or by using
® 155 KHz Switching Frequency the optional filter circuit shown in the design. Applica-
o Shutdown Feature on Chip tions assistance is available from Linear Technology
® Low Quiescent Current at Shutdown: 15 pA max Corporation.

L[]

Low Operating Quiescent Current: 120 pA typical

Rise Time from Shutdown: 1.2 ms typical
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Table 3-5. Parts List for the LT1301 5V to 12V Converter

Ref Part # Value/Type Source Cost*
U1 LT1301CS8 SMPS IC Linear Tech $2.40
(408) 432-1900
C1 267M1002-107-MR-720 100 uF/10V Matsuo $0.35
i Tantalum (714) 969-2491
Cc2 267M1602-476-MR-720 4 pF/16V Matsuo $0.35
Tantalum (714) 969-2491
C3 (opt) GRM40Z5U104M050AD 0.1 pF Murata Erie $0.05
(404) 436-1300
D1 EC10QS02L 1N5817 Diode Nihon $0.22
(805) 867-2555
L1 CD75-220KC 22 uH Sumida $0.63
N E (708) 956-0666 :
R1, R2 (opt) 9C08052A1R0O0JLR 10,5% Philips $0.03
(817) 325-7871
Total Cost $4.03
* Cost estimates based on published 10K unit pricing at the time this application note was written.
3.6 Motorola MC34063A: Vpp @ 120 mA
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Figure 3-6. Motorola MC34063A 5V to 12V Converter
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Optimal Attributes

® Low Cost

® Low Shutdown Current

® All Surface Mount

Main Features

® Input Voltage Range: 4.5V to 5.5V
® Output Voltage: 12V £5%

® Output Current Capability:
Up to 120 mA @ Vi = 5V

o Typical Efficiency: 80% @ I;oap = 120 mA,

ViIN = 5V

100 KHz Switching Frequency

Shutdown Feature using External Components
Low Quiescent Current at Shutdown: 25 pA typical
Rise Time from Shutdown: 2 ms typical

AP-357

The MC34063A solution presented uses 11 small sized
external components to implement a low cost surface
mount 5V to 12V converter solution. Three external
components (U2, R4, R5) are used to shut down supply
to the part when Vpp is not needed. These could be
eliminated to further lower the cost if power consump-
tion is not important. The quiescent current in shut-
down state is 25 pA. The output voltage in shutdown is
approximately ViN—550 mV. Series inductance in the
filter capacitor and diode switching transients may
cause high-frequency noise which appears as sharp
voltage spikes in the output. Such spikes can be elimi-
nated by practicing good PC-board layout or by using
the optional filter circuit shown in the design. Applica-
tions assistance is available from Motorola.

Table 3-6. Parts List for the MC34063A 5V to 12V Converter

Ref Part # Value/Type Source Cost*

U1 MC34063A SMPS IC Motorola $0.85
(800) 521-6274

u2 MMBT4403LT1 PNP Transistor Motorola $0.10
(800) 521-6274

C1 267M1002-336-MR-720 33 uF/10V Matsuo $0.24
Tantalum (714) 969-2491

Cc2 267M1602-336-MR-720 33 uF/16v Matsuo $0.24
) Tantalum (714) 969-2491

C3 GRM40X7R330M050AD 330 pF Murata Erie $0.08
(404) 436-1300

C4 (opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300

D1 MBRS120T3 Schottky Diode Motorola $0.37
(800) 521-6274

L1 CD54-470LC 47 pH Sumida $0.55
(708) 956-0666

R1 9C08052A9100JLR 910, 5% Philips $0.02
(817) 325-7871

R2 9B08053A1723FCB 172KQ, 1% Philips $0.03
(817) 325-7871

R3 9B08053A2002FCB 20K, 1% Philips $0.03
(817) 325-7871

R4 9C08052A3001JLR 3KQ, 5% Philips $0.02
(817) 325-7871

RS 9C08052A1002JLR 10 KQ, 5% Philips $0.02
(817) 325-7871

R6, R7 (opt) 9C08052A1R00JLR 10,5% Philips $0.03

(817) 325-7871 -
Total Cost $2.63
* Cost estimates based on published 10K unit pricing at the time this application note was written.
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40 V
uP'

SOLUTIONS: CONVERTING
FROM 2 NiCd/ALKALINE
CELLS

Palmtop computers that use 2 alkaline/NiCd batteries
require that the system work even when the battery

- .

intgl.
voltage is down near 1.8V. Currently there exist two
good solutions that achieve a 12V output with inputs as
low as 1.8V, and yet supply at least 30 mA of current.
These are the LT1301 from Linear Technology Corpo-

ration, and the MAX761 from Maxim Integrated Prod-
ucts.

4.1 Maxim Integrated Products—MAX761: Vpp @ 75 mA
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Figure 4-1. Maxim MAX761 3V to 12V Converter
Optimal Attributes The MAX761 is a 12V-output step-up converter which
e High Efficiency - uses pulse-frequency-modulated (PFM) control to offer

Lowest Shutdown Current
Low Quiescent Supply Current
All Surface Mount

Main Features

Input Voltage Range: 1.7V to 12V
Output Voltage: 12V +5%

Output Current Capability:
Up to 75 mA @ Vi = 3.3V

Typical Efficiency: 79% @ Ijoap = 75 mA,
VIN = 3.3V

300 KHz Switching Frequency
Shutdown Feature on Chip

Low Quiescent Current at Shutdown: 5 pA max

Low Operating Quiescent Current: 500 pA typical
Rise T?me from Shutdown: 1 ms typical
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high efficiency over a wide range of loads. It is available
in a small 8-pin surface mount package and uses only 6
small external surface mount components to provide a
12V 15% supply. This design is identical to the 5V to
12V converter design shown in Section 3.2, but with
different characteristics when operating with a 3.3V in-
put. The MAX761 design as shown is capable of pro-
viding up to 75 mA of Vpp current at an efficiency of
79% with a V1N of 3.3V. The supply can be switched
into a shutdown mode where the output voltage falls to
approximately VyN and the quiescent supply current
falls to below 5 pA. The rise time from shutdown mode
is typically 1 ms. The high switching frequency of the
MAXT761 allows the use of very small external capaci-
tors and contributes to the small size of the supply cir-
cuit. Series inductance in the filter capacitor and diode
switching transients may cause high-frequency noise
which appears as sharp voltage spikes in the output.
Such spikes can be eliminated by practicing good PC-
board layout or by using the optional filter circuit
shown in the design. Applications assistance and a sur-
face mount evaluation board are available from Maxim.
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Table 4-1. Parts List for the MAX761 3.3V to 12C Converter
Ref Part# Value/Type Source Cost*
U1 MAX761CSA SMPS IC Maxim $2.02
(408) 737-7600
C1,C2 267M1602-226-MR-720 22 pF/16V Matsuo $0.48
Tantalum (714) 969-2491
C3,C5 GRM4025U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300
C4 (opt) ‘GRM40Z5U104M050AD 0.1 pF Murata Erie $0.05
(404) 436-1300
D1 EC10QS02L 1N5817 Diode Nihon $0.22
(805) 867-2555
L1 CD43-180MC 18 uH Sumida $0.53
) (708) 956-0666
R1, R2 (opt) 9C08052A1R0O0JLR 10,5% Philips $0.03
(817) 325-7871
. Total Cost $3.38
* Cost estimates based on published 10K unit pricing at the time this application note was written.
4.2 Linear Technology LT1301: Vpp @ 120 mA
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Figure 4-2. Linear Technology LT1301 3V to 12V Converter
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Optimal Attributes
e High Efficiency

® High Output Current Capability
® Low Shutdown Current ‘

® Low Quiescent Supply Current
® Small Size

Main Features ;
® Input Voltage Range: 1.8V to 10V

® OQutput Voltage: 12V + 5%

® Output Current Capability:
Upto 120 mA @ Vi = 3.3V

® Typical Efficiency: 86% @ Ijoap = 120 mA,
ViN = 3.3V

155 KHz Switching Frequency

Shutdown Feature on Chip ‘

Low Quiescent Current at Shutdown: 15 pA max
Low Operating Quiescent Current: 120 pA typical
Rise Time from Shutdown: 1.2 ms typical

-

intel.
The LT1301 is a micropower step-up DC-DC convert-
er. It is available in a small 8-pin surface mount pack-
age and uses only 4 small external surface mount com-
ponents. This design is identical to the 5V to 12V con-
verter design shown in Section 3.5, but with different
characteristics when operating with a 3.3V input. The
LT1301 design as shown is capable of providing
120 mA of Vpp current at an efficiency of 86%. The
supply can be switched into a shutdown mode where
the output voltage falls to approximately Vin —
550 mV and the quiescent supply current falls to below
15 pA. The LT1301 also has an input which selects
between a 5V and 12V output, for flexibility in migra-
tion to a Smart Voltage flash memory. The high switch-
ing frequency of the MAX761 allows the use of very
small external capacitors and contributes to the small
size of the supply circuit. Series inductance in the filter
capacitor and diode switching transients may cause
high-frequency noise which appears as sharp voltage
spikes in the output. Such spikes can be eliminated by
practicing good PC-board layout or by using the op-
tional filter circuit shown in the design. Applications
assistance is available from Linear Technology Corpo-
ration.

_Table 4-2. Parts List for the LT1301 3.3V to 12V Converter

Ref Part # Value/Type Source Cost*

U1 LT1301CS8 SMPSIC Linear Tech $2.40
(408) 432-1900

C1 267M1002-107-MR-720 100 pF/10V Matsuo $0.35
- Tantalum (714) 969-2491

c2 267M1602-476-MR-720 47 uF/16V Matsuo $0.35
) . Tantalum (714) 969-2491

C3 (opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
. (404) 436-1300

D1 EC10QS02L 1N5817 Diode Nihon $0.22
(805) 867-2555

L1 CD75-220KC 22 pH Sumida $0.63
(708) 956-0666

R1, R2 (opt) 9C08052A1R00JLR 1Q,5% Philips $0.03
(817) 325-7871

Total Cost $4.03

* Cost estimates based on published 10K unit pricing at the time this application note was written.
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50 V c SOLUTIONS: CONVERTING tion to provide the Ve supply for the system as well as

flash memory. Two good solutions are offered currently
gEL':_FéOM TWO NiCd/ALKALINE for this purpose, the MAX756 from Maxim Integrated

Products and the LT1301 from Linear Technology

Palmtop and hand-held computers that use two AA Corporation.
size NiCd or alkaline batteries need a converter solu-

5.1 Maxim Integrated Products—MAX756: Ve @ 400 mA
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Figure 5-1. Maxim MAX756 3V to 5V Converter
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Optimal Attributes
® High Output Current Capability

® Low Quiescent Supply Current
¢ Low Shutdown Current
e High Efficiency

Main Features
® Input Voltage Range: 0.9V to 5V

® Output Voltage: 5V £4%

® Output Current Capability:
Up to 400 mA @ Vi = 3V

o Typical Efficiency:
87% @ I; oap = 200 mA, Vi = 3.3V

® 0.5 MHz Switching Frequency
o Shutdown Feature on Chip

intal.

® Low Quiescent Current at Shutdown: 20 pA max
® Low Operating Quiescent Current: 140 pA typical
® Rise Time from Shutdown: 2 ms typical

The MAX756 is a high-current solution for obtaining
Vcc from a pair of NiCd/alkaline cells. The supply can
be switched into a shutdown mode where the output
voltage falls to approximately Vin and the quiescent
“supply current falls to below 20 wA. The high switch-

- ing frequency of the MAX756 allows the use of very

small external capacitors and inductors and contributes
to the small size of the supply circuit. Series inductance
in the filter capacitor and diode switching transients
may cause high-frequency noise which appears as sharp
voltage spikes in the output. Such spikes can be elimi-
nated by practicing good PC-board layout or by using
the optional filter circuit shown in the design. Applica-
tions assistance and an evaluation kit are available from
Maxim.

Table 5-1. Paﬁs List for the MAX756 3V to 5V Converter

Ref Part # Value/Type Source Cost*

U1 MAX756 SMPS IC Maxim $1.97
(408) 737-7600

C1 267M1002-107-MR-720 100 puF/10V Matsuo $0.35
Tantalum (714) 969-2491

c2 267M1602-476-MR-720 47 uF/16V - Matsuo $0.35
Tantalum (714) 969-2491

C3 GRM40Z5U104MO050AD 0.1 uF Murata Erie ) $0.05
(404) 436-1300

C4 (opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300

D1 EC10QS02L 1N5817 Diode Nihon $0.22
(805) 867-2555

L1 CD54-220KC 22 pH Sumida $0.55
(708) 956-0666

R1, R2 (opt) 9C08052A1R00JLR 1Q,5% Philips $0.03
(817) 325-7871

Total Cost $3.57

* Cost estimates based on published 10K unit pricing at the time this application note was written.
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Figure 5-2. Linear Technology LT1301 3V to 5V Converter

Optimal Attributes
® Low Shutdown Current

® Low Quiescent Supply Current
® Small Size

Main Features
® Input Voltage Range: 1.8V to 5V

® Qutput Voltage: 5V £5%

Output Current Capability:
Upto 120 mA @ Vi = 3.3V

Typical Efficiency: 86% @ I oap = 120 mA,
Vin = 3.3V

155 KHz Switching Frequency

Shutdown Feature on Chip

Low Quiescent Current at Shutdown: 15 pA max
Low Operating Quiescent Current: 120 wA typical
Rise Time from Shutdown: 1.2 ms typical

The LT1301 3V-to-5V converter design is the same as
the LT1301 12V converter designs shown in sections
3.4 and 4.2, with the output selected as 5V instead of
12V using the select pin.

2-41



. -
AP-267 intal.
Table 5-2. Parts List for the LT1301 3.3V to 5V Converter

Ref Part # Value/Type Source Cost*

U1 LT1301CS8 SMPS IC Linear Tech $2.40
(408) 432-1900

C1 267M1002-107-MR-720 100 pF/10V Matsuo $0.35
Tantalum (714) 969-2491

c2 267M1602-476-MR-720 47 pF/16V Matsuo $0.35
Tantalum (714) 969-2491

C3 (opt) GRM40Z5U104M050AD 0.1 uF Murata Erie $0.05
(404) 436-1300

D1 EC10QS02L 1N5817 Diode Nihon $0.22
(805) 867-2555

L1 CD75-220KC 22 uH Sumida $0.63
(708) 956-0666

R1, R2 (opt) 9C08052A1R00JLR 1Q,5% Philips $0.03
(817) 325-7871

Total Cost $4.03

* Cost estimates based on published 10K unit pricing at the time this application note was written

6.0 DOWN-CONVERTING TO 12V

The ability to down-convert to 12V from a higher voltage is often needed (as in the telecommunications environ-
ment). This section presents some good solutions for obtaining Vpp from a higher voltage.

6.1 Maxim Integrated Products MAX667

SHUTDOWN

Vi (12.1v-16.5v)
< Ri
U1 | S 402k, 1%
—; DD IN| g
2{our  LBo fe—
s LR 5
J__ GND . SHDN
S R2
L waxee7 <I|_ 47.5k, 1%

Vep

—e

*et
47 uF/ 16V

292092-10
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Optimal Attributes

® Small Size

¢ Ultra Low Shutdown Current
e All Surface Mount
® Very Low Dropout

AP-357

Main Features

e Input Voltage Range: 12.1V to 16.5V

® Qutput Voltage: 12V 5%

® Output Current Capability: Up to 120 mA
¢ Typical Efficiency: 70%

e Shutdown Mode On Chip

[ ]

Low Quiescent Current at Shutdown: 0.2 pA
Typical
® Rise Time from Shutdown: Less than 0.1 ms Typical

Table 6-1. Parts List for the MAX667 12V Step Down Converter

Ref Part # Value/Type Source Cost*
U1 MAX667CSA SMPS IC- Maxim $1.99 .
‘ S08 Package (408) 737-7600 2 ‘
C1 267M1602-476-MR-720 7 pF/16v Matsuo $0.35
Tantalum (714) 969-2491

R1 9C08053A4023JLR 402 KQ, 1% Philips $0.03

(817) 325-7871 .
R2 9C08053A4752JLR 47.5KN,1% Philips ) $0.03

Total Cost $2.39

*Cost estimates based on published 10K unit pricing at the time this application note was written.
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6.2 Linear Technology Corporation LT1111-12
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Figure 6-2. Linear Technology LT1111-12 Step Down Switcher

Optimal Attributes

* High Efficiency

o All Surface Mount

Main Features

¢ Input Voltage Range: 16V to 30V

e Output Voltage: 12V +5%
® Output Current Capability: Up to 120 mA
® Typical Efficiency: 80%

Table 6-2. Parts List for the LT1111-12 12V Step Down Converter

Ref Part # Value/Type Source Cost*
U1 LT1111-12 SMPS IC- Linear Tech $2.20
. SO8 Package (408) 432-1900 .
C1 267M3502-225-MR-720 2.2 uF/35V . Matsuo $0.28
Tantalum (714) 969-2491.
c2 267M1602-476-MR-720 47 pF/16V Matsuo $0.35
Tantalum (714) 969-2491 ;
R1 9C08052A1500JLR 1509, 5% Philips $0.02
(817) 325-7871 )
L1 CDR105-470 47 pH Sumida $0.38
(708) 956-0666
D1, D2 MBRS140T3 Schottky Diode Motorola $0.74
(800) 521-6274
Total Cost - $3.97

*Cost estimates based on publishéd 10K unit pricing at the time this application note was written.
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6.3 National Semiconductor LM2940CT-12

AP-357

LM2940CT-12

Viy (13v-26V) INP out \/
IN T GND T PP
+
c1 ¢
To

2
ATuF T 22uF/ 16V

292092-12

Figure 6-3. National LM2940CT-12 12V Linear Regulator

Optimal Attributes

® Iowest Cost

Main Features

e Input Voltage Range: 13V to 26V
® Output Voltage: 12V 3%
e Output Current Capability: 1A

The LM2940CT-12 is a low drop-out linear regulator
from National Semiconductor. This is a good low cost
fixed 12V output solution. The part is offered in a stan-

dard TO-220 plastic package. The input capacitor is
required only if the regulator is located far away from
the input power supply filter, and the output capacitor
must be at least 22 uF in order to maintain stability.

Table 6-3. Parts List for the LM2940CT-12 Step Down Converter

Ref Part # Value/Type Source Cost*
U1 LM2940CT-12 Voltage Reg TO-220 National $0.95
(408) 721-5000
C1 GRM43-2Z25U474M050AD 0.47 pF/50V Murata Erie $0.07
. (404) 436-1300
C2 267M1602-226-MR-720 22 pF/16v Matsuo $0.24
Tantalum (714) 969-2491
Total Cost $1.26

*Cost estimates based on published 10K unit pricing at the time this application note was written.
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7.0 OBTAINING Vpp FROM 12V
UNREGULATED

In systems like the desktop computer, a 12V supply
exists but may not be regulated to +5%. If this voltage
is used as the Vpp source for flash memory, it may well
degrade the write/erase performance of the memory, or
adversely affect its reliability. Fortunately, in most of
the situations where a 12V unregulated (or not regulat-
ed to within 5%) supply exists, a 5V supply also exists
in the system (the desktop computer is a good exam-
ple). It is recommended in such cases that the existing
5V supply be used to obtain the 12V 5% rail. This
approach is more economical, more efficient, and pro-
vides space savings over a buck-boost topology that
takes unregulated 12V and regulates it to +5%.

In the rare case where a 5V supply is not present, mod-
ular solutions exist that will regulate the unregulated
12V supply to +5%. However, these are bulky and
expensive. Moreover, many of them require that a mini-
mum load be maintained in order to stay in regulation.
One such solution in presented in Appendix A. -
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For battery powered applications, the author views the
discrete switching regulator IC solution or charge
pump solution as a better choice than the modular solu-
tion. The lower cost, higher efficiency, and smaller
size/height associated with discrete solutions justify the
small additional design effort required to incorporate
them in flash memory applications. In applications
where the primary source of power is a wall power
outlet, or in applications where the flash memory will
be written to infrequently, efficiency and quiescent cur-
rent take on secondary importance. In such cases, it
may be acceptable to use a 12V regulated (to within
+5%) tap from the system supply. Alternatively, the
ability to easily design-in modular solutions may out-
weigh the disadvantages of lower efficiency and in-
creased cost. For those users wishing to incorporate
modular solutions,” Appendix A provides some of the
lower cost solutions from this industry segment.

8.0 SUMMARY
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APPENDIX A
MODULAR SOLUTIONS

Modular solutions may work well in non-battery pow-
ered situations where the efficiency of the power supply
converter is not critical. These are also advantageous in
that they usually do not need any external components
and there is no converter design involved. However, the
type and quality of the discrete components used in
these hybrid solutions is open to question. This is not
true in the case of the discrete converter designs pre-
sented in the earlier sections, where the quality of the
components used are under the control of the system
design engineer. Hence, even though modular solutions
offer the convenience of a single package and ease of
testability, the quality/reliability of comparably priced
modular solutions may be questionable.

Some modular solutions suited to flash memory appli-
cations are presented below, with a brief description of
each. Sources for obtaining these are listed in Appendix
B.

International Power/Newport
Components NMF0512S

The NMFO0512S is a 5V to 12V hybrid power module
that has an output current capability of 80 mA. Output
tolerance is +5%. It is equipped with a shutdown pin

. which can be used to switch Vpp off. However, power
dissipated in the shutdown mode is relatively high
(about 100 mW). The part is small in size and measures
0.76 in. (19.5 mm) x 0.4 in. (9.8 mm) x 0.4 in. (9.8 mm),
and costs about $7.90 in 10K quantities (at the time
this application note was written). Typical efficiency of
conversion is 62%.

Xentek NPSC-0512S

The Xentek NPSC-0512S is a W power module that
converts 5V to Vpp and will source up to 80 mA of
continuous current. However, it uses two external filter |
capacitors—one at the input and one at the output. The
input filter capacitor is 47 pF/10V, and the output fil-
ter capacitor is 100 pF/16V. Size of the solution (con-
verter alone) is 0.87 in. (22 mm) x 0.39 in. (10 mm) x
0.79 in. (20 mm). The NPSC-0512S does not have a
shutdown mode. The part costs around $5.00 in 10K
quantities (at the time this application note was writ-
ten). Typical efficiency of conversion is 60%.

Shindengen America Inc. HDF-0512D

The HDF-0512D module from Shindengen will convert
unregulated 12V to 12V £5%. This part is a dual out-
put part (£ 12V), but only the + 12V line is used. The
conversion efficiency is high (75% typical), and the
part will provide a regulated Vpp voltage from input
voltages as low as 8V, and as high as 16.5V. A mini-
mum load of 5 mA needs to be maintained to guarantee
regulation. Size of the solution is 1.75 in. (44 mm) x
0.43 in. (11 mm) x 0.8 in. (20 mm). Cost is approxi-
mately $10.00 in quantities of 10K (at the time this
application note was written).

Valor PM6064

The PM6064 is a 5V to 12V module that will source up
to 60 mA of current. Output tolerance is £5%. It has
an enable pin which allows Vpp to be switched off. The
supply current when Vpp is disabled is less than 20 pA.
The part’s dimensions are 0.78 in. (19.8mm) x 0.58 in.
(14.7mm) x 0.35 in. (8.9mm). The part costs $3.00 in
10K quantities. Typical efficiency of conversion is high,
relative to other modular solutions, at 74%.
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REF| VENDOR PART# INPUTV [OUTPUTV|OUTPUTC| EFFIC | EXTCOMP [100%| COST |PC AREA|HEIGHT SHDN? ISHDN | R Time Temp
# NAME (Volts) (Voits) (mA) (%) (Note 1) SMD?| (Note 2)| (Note3) | (in.) (Note 4) | (Note 5)
3.1 | Maxim MAX734 4v-7vV 12V, 5% 120 mA 83% |6;D,L,4C YES | $3.35 0.3 0.18 YES 70pA| 1.5ms 0°C, 70°C
3.2 | Maxim MAX761 4.75V-12V | 12V,4% 150 mA 86% |6;D,L,4C YES | $3.38 0.3 0.12 YES 5pA 1ms 0°C, 70°C
3.3 { Maxim MAX662 4.75V-5.5V | 12V,5% 30mA 74% |5:5C YES | $2.18 0.2 0.07 YES 70pA | 0.6ms 0°C, 70°C
3.4 |Linear Tech | LT1109-12 5V, 10% 12V, 5% 60 mA 84% |[4;,D,L,2C YES | $3.56 0.38 0.18 YES | 320pA | 0.8ms 0°C, 70°C
3.5 | Linear Tech | LT1301 3v-10vV 12V, 5% 200 mA 88% |4;DL,2C YES | $4.03 0.38 0.14 YES 15pA | 1.2ms 0°C, 70°C
3.6 | Motorola MC34063A 5V, 10% 12V, 5% 120 mA 75% |11;D,L,T;3C;5R| YES | $2.63 0.49 0.18 YES 25 pA 2ms 0°C, 70°C
4.1 | Maxim MAX761 1.7v-12v | 12V,5% 75mA 79% |6;D,L,4C YES | $3.38 03 0.12 YES 5pA ims 0°C, 70°C
4.2 | Linear Tech | LT1301 3v-10v 12V, 5% 120 mA 86% |4D,L.2C YES | $4.03 0.38 0.14 YES 15pA | 1.2ms 0°C, 70°C
5.1 | Maxim MAX756 0.9v-5V 5V, 4% 400 mA 87% |5D,L,3C YES | $3.57 0.4 0.2 YES 20 pA 2ms 0°C, 70°C
6.2 | Linear Tech | LT1301 1.8V-5V 5V,5% 120 mA 86% |4;D,L,2C YES | $4.03 0.38 0.14 YES 15pA | 1.2ms 0°C, 70°C
6.1 | Maxim MAX667 12.1V-16.5V| 12V,5% 250 mA 70% |3;2R,1C YES | $2.39 0.25 0.15 YES | 0.2pA| O0.1ms 0°C, 70°C
6.2 | Linear Tech | LT1111-12 16V-30V 12V, 5% 120 mA 80% |6;2D,L,2C,R YES | $3.97 0.78 0.2 NO N/A N/A 0°C, 70°C
6.3 | National LM2940CT-12} - 13V-26V 12V, 3% 1Amp |[12V/ViN|2;2C NO $1.26 0.5 0.18 NO N/A N/A 0°C, 70°C
A.1 | International | NMF0512S 5V,10% 12V, 5% 80 mA 62% |0 NO $7.90 0.3 0.40 YES 20mA | 10ps 0°C, 70°C
Power
A.2 | Shindengen | HDF1212D 8Vv-16.5V | 12V,5% 120 mA 77% |0 NO | $10.00 0.76 0.80 NO N/A N/A | —40°C, 70°C
A3 | Xentek NPSC-0512S 5V,10% | 12V,5% 80 mA 60% |2;2C NO $6.50 0.34 0.79 NO N/A N/A | —10°C, 70°C
A4 | Valor PM6064 5V, 10% 12V, 5% 60 mA 74% |0 NO $3.00 0.9 0.35 YES 20 pA -10°C, 70°C
NOTES:

1. # External components. D: Diode, L: Inductor, C: Capacitor, R: Re3|stor, T: Transnstor
2. Cost. Cost estimates assume 10K quantities

3. PC Area. PC Area is conservatively estimated as 2.0X (area of all components) Where actual layouts are presented, the lower value is given.
Note that this estimate is for a single sided board, and area can be reduced considerably if both sides of the board are utilized.
4. | Shdn. Current consumed by supply at shutdown. Output settles to Vg at shutdown, so some additional flash Vpp leakage/standby will exist.
5. R Time. Rise time from shutdown state. Erase/Writes should not be attempted till Vpp level has risen to valid level after shutdown is disabled.

J31N3IS3Hd SNOLLNTOS 40 AJAHNS
g XIAN3ddVv
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APPENDIX C
SOURCES/CONTACTS FOR RECOMMENDED

DC-DC CONVERTERS

Linear Technology Corporation

Recommended Products: )
— LT1109-12 (DC-DC Converter IC)
— LT1111-12 (DC-DC Converter IC)
— LT1301 (DC-DC Converter IC)

In US.A.:

1630 McCarthy Blvd.
Milpitas, CA 95035-7487
Tel: (408) 432-1900

Fax: (408) 432-0507

In Europe (U.K.):

111 Windmill Road
Sunbury

Middlesex TW16 7EF
UK.

Tel (44)(932) 765688
Fax (44)(932) 781936

In Asia (Japan):

4F Ichihashi Bldg

1-8-4 Kudankita Chiyoda-ku
Tokyo 102 Japan

Tel (81) (03) 3237-7891

Fax (81) (03) 3237-8010

Maxim Integrated Products

Recommended Products:

— MAX662 (DC-DC Converter IC)
— MAX667 (DC-DC Converter IC)
— MAX734 (DC-DC Converter IC)
— MAX756 (DC-DC Converter IC)
— MAX761 (DC-DC Converter IC)

In US.A.:

120 San Gabriel Drive
Sunnyvale, CA 94086
Tel (408) 737-7600
Fax (408) 737-7194

In Europe (U.K.):

Maxim Integrated Products (UK), Ltd.

Tel: (44) (734) 845255

In Asia (Japan):
Maxim Japan Co., Ltd.
Tel: 81 (03) 3232-6141

Motorola Semiconductor Inc.

Recommended Product:

— MC34063AD (DC-DC Converter IC)

In U.S.A.:

616 West 24th Street
Tempe, AZ 85282
Tel: (800) 521-6274

In Europe (UK.):
Tel: (44) (296) 395-252

In Asia (Japan):
Tel: (81) (3) 440-3311

National Semiconductor

Recommended Product:

— LM2940CT-12 (Voltage Regulator IC)

In the U.S.:

2900 Semiconductor Drive
P.O. Box 58090 :
Santa Clara, CA 95052
Tel: (408) 721-5000

In Europe:

National Semiconductor (UK) Ltd.
The Maple, Kembrey Park
Swindon, Wiltshire SN26UT

UK.

Tel: (07-93) 614141

Fax: (07-93) 697522

In Asia: .
National Semiconductor Japan Ltd.
Sanseido Bldg. SF

"4-15 Nishi Shinjuku

Shinjuku-ku

Tokyo 160 Japan

Tel: (81) (3) 299-7001
Fax: (81) (3) 299-7000

AP-357
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Newport Components/
International Power

Recommended Product:
— NMFO0512S (5V-12V Converter Module)

In US.A.:

International Power Sources
200 Butterfield Drive
Ashland, MA 01721

Tel: (508) 881-7434

Fax: (508) 879-8669

In Europe:

Newport Components

4 Tanners Drive

Blakelands North

Milton Keynes MK 14 5NA
Tel: (0908) 615232

Fax: (0908) 617545

Shindengen Electric Co. Ltd.

Recommended Product:

— HDFO0512D (12V unreg. to 12V reg. converter
module)

In the U.S.:

2649 Townsgate Road #200
Westlake Village, CA 91361
Tel: (800) 634-3654

Fax: (805) 373-3710

In Europe:

Shindengen Magnaquest U.K. Ltd.
Unit 13, River Road,

Barking Business Park,

33 River Road, Barking,

Essex 1G11 ODA

Tel: (44) (81) 591-8703

Fax: (44) (81) 591-8792
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In Asia: .
2-1,2-Chome Ohtemachi
Chiyoda-ku

Tokyo 100

Japan

Tel: (81) (3) 279-4431
Fax: (81) (3) 279-6478

Valor Electronics, Inc.

Recommended Product:
— PM6064

InUSA.: '

9715 Business Park Avenue
San Diego, CA 92131-1642
Tel: (619) 537-2500

Fax: (619) 537-2525

In Europe:

Valor Electronics GmbH
SteinstrafBe 68

81667 Munchen
Germany

Tel: (49) (89) 480-2823
Fax: (49) (89) 484-743

In Asia:

Valor Electronics, Ltd.

Room 510, 5th Floor

1 Kornhill Road, Kornhill Metro Tower
Quarry Bay, Hong Kong

Tel: (852) 513-8210

Fax: (852) 513-8214

Xentek Inc.

Recommended Product:
— NPSC0512S (5V-12V Converter Module)

In US.A.: v
760 Shadowridge Drive
Vista,-CA 92083

Tel: (619) 727-0940

Fax: (619) 727-8926
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In Europe (Germany):
Xentek, Inc.

¢/o Taiyo Yuden GMBH.
Obermaierstrasse 10,

D-8500 Nurnberg 10

Federal Republic of Germany
Tel: (49) (911) 350-8400

Fax: (49) (911) 350-8460

In Asia (Japan):
Xentek, Inc,

c/o Taiyo Yuden., Ltd.
6-16-20, Ueno, Taito-ku
Tokyo 110

Japan

Tel: (81) (3) 3837-6547
Fax: (81) (3) 3835-4752

AP-357
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APPENDIX D
CONTACTS FOR DISCRETE COMPONENTS

Matsuo Electric Co., Ltd.

Matsuo’s 267 series surface mount tantalum chip ca-
pacitors are recommended by Maxim and Linear Tech-
nology for input and output filter capacitors on their
DC-DC converters. Part #s are included on the parts
list that "accompanies most solutions. If alternate
‘““equivalents” are required, choose high reliability, low
ESR (Equivalent Series Resistance) and low ESL
(Equivalent Series Inductance) type tantalums, which
help in keeping output ripple and switching noise to a
minimum.

In US.A::

2134 Main St., Ste. 200
Huntington Beach , CA 92648
Tel: (714) 969-2491

Fax: (714) 960-6492

In Europe:

Steucon - Center II Mergenthalleralle 77
D-6236 Eschben/Ts.

Federal Republic of Germany

Tel: 6196-470-361

Fax: 6196-470-360

In Asia:

Oak Esaka Bldg.
10-28 Hiroshiba-Cho
Suita-shi

Osaka 564

Tel: (06) 337-6450
Fax: (06) 337-6456

Sumida Electric Co. Ltd.

Sumida CD series surface mount inductors are recom-
mended by Maxim, Linear Technology for their minia-
ture size and relatively low cost. These are well suited
to low power DC-DC converter applications. Contact
Sumida Electric directly for procuring these. The part
#s are included in the parts list that accompanies most
solutions. In applications where noise (EMI) is a con-
cern, shielded varieties are also offered by Sumida.
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In US.A.:

637 East Golf Road

Suite 209

Arlington Heights, IL 60005
Tel: (708) 956-0666

Fax: (708) 956-0702

In Asia:

4-8 Kanamachi 2-chome,
Katsushika-ku,

Tokyo 125

Japan

Tel: (81) (03) 3607-5111
Fax: (81) (03) 3607-5428 -

Coiltronix Inc.

Coiltronix is recommended as, a good alternate source
for surface mount inductors. The CTX series offered by
Coiltronix is well suited to DC-DC converter applica-
tions. These are shielded, and have a toroidal core.
However, they are bigger in size and currently much
more expensive (7X to 8X) than the Sumida varieties
recommended in the solutions herein. The equivalent
part numbers are:

Sumida CD54-470 — Coiltronix CTX50-1
Sumida CD54-180 — Coiltronix CTX20-1
Sumida CD54-220 — Coiltronix CTX20-1
Sumida CD75-470 — Coiltronix CTX50-2
Sumida CDR105-470 —> Coiltronix CTX50-2

In US.A.:

Coiltronix Inc.

984 S.W. 13th Court
Pompano Beach, FL 33069
Tel: (305) 781-8900

Fax: (305) 782-4163

In UK.

Microelectronics Technology Ltd.
Great Haseley Trading Estate
Great Haseley

Oxfordshire OX9 7PF

UK.

Tel: (08) 44 278781

Fax: (08) 44 278746
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In Asia: In the US:

Serial System Mktg. ' 2001 W. Blue Heron Blvd.
Poh Leng Bldg., #02-01 P.O. Box 10330

21 Moonstone Lane Riviera Beach, FL 33404
Singapore 1232 Tel: (407) 881-3200

Tel: 2938830 Fax: (407) 881-3304

Fax: 2912673

i In Europe:

Philips Components Ltd.

Coilcraft Mullard House
Torrington Place

Coilcraft is also recommended as a good alternate London WCI1E 7HD

source for surface mount inductors. The N2724-A Tel: (44) 71 580 6633

shielded series is well suited to DC-DC converter appli- Fax: (44) 71 636 0394

cations. These are bigger and currently more expensive

(2x to 3x) than the Sumida inductors recommended in In Asia:

the solutions. Contact Coilcraft directly for any appli- Philips K.K.
cations assistance or for procurement of these pa.rts Philips Bldg. 13-37
The equivalent part numbers are: Kohnan 2-chome
Minato-Ku Tokyo 108
Sumida CD54-470 —> Coilcraft N2724-A 47 uH Tel: (81) 3 740-5028
Sumida CD54-180 — Coilcraft N2724-A 18 pH Fax: (81) 3 740-5035
Sumida CDR105-470 —> Coilcraft N2724-A 47 pH
In the US: Siliconix-Logic Level PFETs
1102 Silver Lake Road
Cary , IL 60013 Siliconix offers low-“on” resistance logic level PFETs
Tel: (708) 639-6400 (Si9400, and Si9405) that can be used for switching a
Fax: (708) 639-1469 DC-DC converter into a shutdown state by using these
‘ switches on the high side of the input to the converter
In Europe: (see Appendix E).
21 Napier Place
Wardpark North In the US:
Cumbernauld ‘ 2201 Laurelwood Road
Scotland G68 OLL P.O. Box 54951
Tel: 0236 730595 : Santa Clara, CA 95056-9951
Fax: 0236 730627 Tel: (408) 988-8000
Fax: (408) 727-5414
In Asia:
Block 101, Boon Keng Road In Europe:
#06-13/20 Weir House
Kallang Basin Industrial Estate Overbridge Square, Hambridge Lane
Singapore 1233 Newbury, Berks RG14 5UX
Tel: 2966933 Tel: (0635) 30905
Fax: 2964463 Fax: (0635) 34805
In Asia:
Philips Components Room 709, Chinachem Golden Plaza

‘ 77 Mody Road
Philips Components is recommended as a good source TST East Kowloon
for surface mount (SMD) resistors (standard 9C series, Tel: (852) 724-3377
and 9B (MELF) series). Part #s are included in the Fax: (852) 311-7909
parts list that accompanies most of the solutions in the
application note. Many alternate sources exist.
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APPENDIX E
OTHER DESIGN CONSIDERATIONS

Vpp Valid Handshake Logic

It is often desirable to have, along with the Vpp solu-
tion, a handshake signal (using extra hardware) that is
asserted as long as the voltage level on Vpp is valid.
The following schematic illustrates a good way of
achieving this. This handshake signal could be used to
determine when it is suitable to perform writes/erases
on the flash device. The circuit shown uses a precision
zener voltage reference and a comparator, along with
bias resistors, to monitor the voltage level on Vpp. The
point at which the comparator trips must be set after
careful consideration of the variation in the reference
voltage and the tolerances on the bias resistors. The
worst case conditions on these variations must guaran-
tee that the handshake signal is asserted when Vpp is at
its worst case lower-end level (11.4V). Care must be
taken to use the exact same components as specified in
order to maintain the tight tolerance on the trip level of
the output signal.

Obtaining Shutdown Usmg Logic Level
PFETs

Low “on
the high side of the input to the DC-DC converters to
obtain shutdown. One such part is the Si9405 from Sili-
conix Inc. The device is part of the “little foot” series,
and is available in an SO8 (8-pin surface mount) pack-
age. The Si9405 is a logic level PFET with an “on re-

» resistance logic level PFETs can be used on:

sistance” of 0.2 (at a gate drive of 4.5V). It is impor-
tant to have as low an “on” resistance as possible, since
the peak currents and start-up currents into the supply
are high. Care must be taken to ensure that the DC-DC
conversion process is not affected after accounting for
the drop in input voltage across the PFET.

Working of the Discrete Step Up
Switching Regulator '

This section presents a brief overview of the operation
of discrete step up switching regulators, and presents
issues that the user needs to be concerned with while
designing these solutions into the system.

The four most basic elements of a discrete sthchmg

regulator power supply are: ’

1. The SMPS IC (which includes the switch control
element and logic, along with the power switch it-
self),

. An inductor for storage and transfer of energy be-
tween the input and output,

. A switching diode to direct the inductor energy to
“catch”, or channel, the inductor energy to the out-
put, and

4. An output filter capacitor.

Vep Vee
o
L &3
RIS :E R S 100k
. <
107k,0.1% § S 22 5% 50l ®
* ! Vep VALID#
A
2] _ U1 PP
1 A
R2Q LTIy W
12.4k,0.1%
== DI:LINEAR TECHNOLOGY CORP LT1004-1.2
UT:LINEAR RECHNOLOGY CORP LT1017CN8 50200213

Figure E-1. Vpp Valid Handshake Circuit
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In the boost configuration where the output voltage is
greater than the input voltage, the basic switching pow-
er supply configuration is as shown in Figure E.2:

29209214

Figure E-2. Working of the Step-Up
Switching Regulator

The power switch SW can be turned on and off; the
control for it is derived from a feedback mechanism
that senses the output voltage. While the switch is
turned on, the inductor stores energy as the current
flows through it from the input supply. The peak cur-
rent through the inductor Iy, can be approximated as
(VIN/L * toN); where ton is the on time of the switch.
During this time, the energy is supplied by the input
voltage, Vi, = ViN. The output is isolated from the
inductor via the reverse-biased diode, and the load cur-
rent is supplied by the output filter capacitor. When the
switch turns off, the energy stored in the inductor ap-
pears as a rapidly increasing voltage across the induc-
tor. As soon as this voltage reaches a value equal to the
output voltage plus the voltage drop across the diode,
the diode switches on and current starts to flow
through the diode. This diode current supplies the load
current while also at the same time charging up the
output filter capacitor to the output voltage.

The switch is controlled by sensing the output voltage
via a feedback mechanism—usually a pair of resistors.
This sense voltage is gated via a comparator whose out-
put acts as a control signal to an oscillator. The oscilla-
tor output controls the switch.

The power into the inductor Py can be approximated
as:

PL=05*L"*Ipg2* fosc

and the power into the load Py oap (out of the induc-
tor) can be approximated as

PLoap = (Vout + Vp — ViN) * lout

AP-357

The peak currents through the inductor is usually sev-
eral times higher than the load current, is mostly of the
value of the load current and builds up during time
toN- On most of the solutions presented here, peak op-
erating currents lie in the range of 500 mA to 1.2A.
Though this may seem high, most of this in-rush of
energy is transferred to the output, and little is lost to
heat due to the efficient energy storage characteristic of
inductors. Note that since the peak currents are high,
the input voltage source must be capable of provid-
ing this current, and the current capability of the
input source must not be calculated simply as
(Vourt * Iour)/(VIn * Eff). A large bypass capacitor
at the input pin of the converter is hence also necessary
on all designs.

Some of the solutions presented in this application note
are of the fixed duty cycle or fixed on time type (e.g.
LT1109-12, MC34063A), whereas some of them vary
the duty cycle depending on the load current (e.g.
MAXT734). These latter ones provide higher efficien-

© c1es.

Inductor Selection

The choice of an inductor is crucial to the design of the
power supply system. To begin with, the inductor value
must be low enough to supply the peak currents needed
when the input voltage VN, as well as the on time toy,
are at their worst case low value. On the other hand,
the inductor value must be high enough so that the
peak currents at the worst case high values do not ex-
ceed the maximum peak currents that can be handled
by the switch. Furthermore, once the value has been
picked, the physical inductor that is chosen for the job
must be able to handle these peak currents, and must
not saturate. This is done by picking an inductor whose
DC current rating is more than the worst case peak
current that will be required by the operation of the
device. The other characteristic to consider is the resist-
ance of the inductor. In order to keep losses to a mini-
mum, it is essential that the resistance of the coil is a
minimum. Thus, it is important to use the inductors
specified in the parts list that accompanies the solu-
tions. These have been carefully chosen after reviewing
the requirements. Alternate inductors may be used, as
long as they are “equivalent”.

EMI Concerns

Since the switching regulators presented in this applica-
tion note switch at frequencies between 100 KHz and
500 KHz, there exists a potential for EMI. In cases
where EMI may be a problem, shielded inductors can
be used. This will reduce EMI significantly. Shielded
versions of the inductors specified are readily available.
Contact the vendor directly for these.
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Output Switching Noise

Output switching noise has several sources. The most
significant one is the IR drop through the ESR (Equiv-

alent Series Resistance) of the output filter capacitor. .

This is caused by switching current pulses from the
inductor. There is also noise in the form of switching
spikes riding on the DC output. This is due to the out-
put filter capacitor’s ESL (Equivalent Series Induc-
tance), current spikes in the ground trace and rectifier
turn-on transients.

It is important to use low ESR and low ESL output and

_input filter capacitors. Proper layout is also essential in
order to avoid spikes in the output. The safest solution
is to use a filter circuit at the output. LC filters are not
recommended, because of the transient nature of the
load currents on flash devices. An RC filter is recom-
mended on most solutions as an option. Two 1€ resis-
tors are used in parallel to avoid causing a significant
drop across the resistance. This method is inexpensive
and assures that the spikes riding on the output wave-
form are contained to within the 5% tolerance require-
ment on Vpp.

In addition, care must be taken to keep the leads from
the output of the solution to all flash devices-as short as
possible. Use of a 0.1 pF capacitor at the Vpp pm of
each flash device is highly recommended.

Working of the Discrete Charge-Pump
DC-DC Converter

_ This section provides a brief overview of the operation
of discrete charge-pump DC-DC converters.
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The three most basic elements of a discrete charge-
pump DC-DC converter are:

1. The charge-pump IC (which includes the internal
charge-pumps as well as output regulation logic),

2. External capacitors to store energy from the input,
and

3. An output filter capacitor.

The basic charge-pump power supply configuration is
as shown in Figure E.3 (a).

The S1 and S2 switches can be opened and closed; the
control is derived from a feedback mechanism that sen-
ses the output voltage. When the S1 switches are open,
the S2 switches are closed, and vice versa. When the S1
switches are closed (Figure E.3 (b)), capacitors C1 and
C2 are charged to ViN. When the S2 switches are
closed (Figure E.3 (c)), capacitors C1 and C2 are con-
nected in series between Vin and Voyt. This triples
the input voltage, with the feedback scheme in the
charge-pump IC adjusting the output voltage to 12V.
During one cycle, energy is transferred from the input
to the external charge-pump capacitors.(S1 switches
closed), and then from the charge-pump capacitors to
the output filter capacitor and the load (S2 switches
closed).

The S1 and S2 switches are controlled by sensing the
output voltage via a feedback mechanism. This sense
voltage is gated via a comparator whose output acts as
a control signal to an oscillator. The oscillator output
controls the S2 switches, and the inverted oscillator
output controls the S1 switches.
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APPENDIX F
PC LAYOUTS FOR SOME RECOMMENDED SOLUTIONS

Maxim Integrated Products MAX662

The double-sided layout presented below (Figure F-1)
has been designed for the MAX662 5V-12V converter
solution (Section 3.3). It has been designed for the parts
specified in the parts list that accompanies the solution.
Contact Maxim for any additional layout assistance.

Maxim Integrated Products MAX734

The double-sided layout presented below (Figure F-2)
has been de31gned for MAX734 5V-12V converter solu-
tion (Sectlon 3.1). It has been d&ﬂgned for the parts
specified in the parts list that accompanies the solution.
Contact Maxim for any additional layout assistance.

Maxim Integrated Products MAX761

The double-sided layout presented below (Figure F-3)
has been designed for the MAX761 3.3V/5V-12V con-
verter solution (Sections 3.2 and 4.1). It has been de-
signed for the parts specified in the parts list that ac-
companies the solution. Contact Maxim for any addi-
tional layout assistance.

Linear Technology Corporation
LT1109-12

The single-sided layout presented below (Figure F-4)
can be used to implement the LT1109-12 5V—-12V con- -
verter solution (Section 3.4). The layout has been de-
signed for the parts that are specified in the parts list
that accompanies the solution. Contact Linear Tech-
nology for any additional layout assistance.
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Revision History

Version | . Description

001 Original Version

002 Added MAX734, MAX761, MAX662, MAX756, LT1301, PME064. Deleted MAX732, LT1110,
MAX658.
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1.0 INTRODUCTION

Flash memory’s combination of nonvolatility and easy
in-system updateability are key attributes driving its
adoption into today’s system designs. However, this
flexibility also brings with it the responsibility (for
hardware and software engineers) to ensure that writes
to flash memory occur only when intended. This is espe-
cially important for those who are accustomed to de-
signing with various ROM (nonvolatile but non-up-
dateable) and RAM (updateable but volatile) memo-
ries. .

This application note discusses techniques for proac-
tively designing systems to prevent unintentional writes
to flash memory. These design techniques are by no
means complex or costly, but their implementation is
crucial to ensuring reliable operation through system
lifetime. For more information on the devices and spec-
ifications discussed in this document, please consult
specific flash memory datasheets.

2.0 WHY IS WRITE PROTECTION
IMPORTANT?

Let’s begin by identifying the key characteristics of two
generic memory technologies: ROM (Read-Only-Mem-
ory) and RAM (Random-Access-Memory). Flash
memory combines many of the capabilities of both in
one solution. Therefore, it is often being utilized to re-
place ROM and/or RAM in new designs. At a mini-
mum, flash memory’s status as a relatively new tech-
nology means that many engineers are moving to it
from the familiarity of a ROM/RAM knowledge base.

RAM is fully alterable on a bit-by-bit basis, and the
mechanism for writing to it is established and well un-
derstood. RAM is in-system updateable, yet it is vola-
tile. This means that when a RAM memory loses pow-
er, it also loses its data. RAM is guaranteed not to
contain valid information on powerup.

ROM offers the advantage of nonvolatility, i.e. when
power is removed from the device, the information
stored inside is retained. However, ROM is not in-sys-
tem updateable. Once the information is initially put
into the device, it is permanent and unchangeable. To
replace the information, you have to physically re-
move/replace the device itself.

Traditional system memory architectures often includ-
ed both ROM (nonvolatile but non-updateable) and
RAM (volatile but in-system updateable). The new
model for system design retains some RAM for tempo-
rary data storage, but replaces the rest of RAM and
ROM with flash memory. Being both nonvolatile and
in-system updateable, flash memory encompasses the
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strengths of both RAM and ROM, offering new system

- architecture possibilities. However, whereas in the past

RAM was guaranteed to be invalid on system powerup
and ROM was guaranteed to be unalterable, the same
cannot be said for flash memory.

Any alteration of flash memory contents (whether
planned or unintended) is permanent regardless of sys-
tem power transitions, until the data is again modified.
As we’ll see later, command writes to flash memory can
also put it in modes where it outputs something other
than array data, a non-permanent but still undesirable
condition when not intended. This means that the sys-
tem hardware and software must ensure that flash
memory is written only when specifically desired, to
ensure a predictable system environment. The following
sections will discuss how this can be accomplished.

3.0 SYSTEM WRITES WITH BULK-
ERASE FLASH MEMORIES

First-generation bulk erase flash memories from Intel
Corporation are shown in Figure 1. These devices auto-
matically power up in a “Read Array” mode in which
they output array data when read. Transitions to alter-
nate modes occur by writing commands to the flash
memory.

Device Density
28F256A° 32 Kbytes (x8)
28F512 64 Kbytes (x8)
28F010 128 Kbytes (x8)
28F020 256 Kbytes (x8)

Figure 1. Intel Corporation
Bulk-Erase Flash Memories

Bulk-erase flash memories include several forms of
“protection” to guard against unintended writes.
Writes with Vpp (the program/erase voltage) at Vppp,
(OV to 6.5V) are disregarded by the flash memory. Sim-
ilarly, write attempts with Vcc at or below Viko
(2.5V on most devices) are ignored. Finally, these de-
vices require multi-byte command sequences to initiate
internal program or erase algorithms. Note, however,
that while the erase command sequence (shown in Fig-
ure 2) requires both the proper Erase Setup and Erase
Confirm commands, the program sequence (Figure 3)
relies only on the valid Program Setup command. The
second command in the latter sequence can have any
value, and is interpreted as data to be programmed.
This means that if the flash memory receives an unin-
tended Program Setup command, the very next write to
the device (intended or not) will be interpreted as pro-
gram data and initiate an internal program event (if
Vpp is above Vppy).



Erase Setup
(20H)

Erase Confirm

(20H for Bulk-Erase,
DOH for Block-Erase)

292123-1

AP-374
BOOT BLOCK ARCHITECTURE

Device Density
28F001BX 128 Kbytes (x8)
28F200BX 256 Kbytes (x16)
28F002BX 256 Kbytes (x8)
28F400BX 512 Kbytes (x16)
28F004BX 512 Kbytes (x8)

FlashFile™ ARCHITECTURE

Device Density

28F008SA 1 Mbyte (x8)

Figure 2. Flash Memory Erase
Command Sequence (Simplified)

Beyond the program and erase sequences, the Read In-
telligent Identifier Codes command will, when written
to the flash memory, put it in a mode where it outputs
device signature IDs instead of array information when
read.

Program Setup
(40H for Bulk-Erase,

Program Data
(xxH)

Programming
Begins

292123-2

Figure 3. Flash Memory Programming
Command Sequence (Simplified)

4.0 SYSTEM WRITES WITH BOOT
BLOCK AND FlashFile™
MEMORIES

Second-generation block-erase Boot Block and Flash-
File memories from Intel Corporation are shown in
Figure 4. They function similarly to the bulk-erase de-
vices described earlier, with a few key enhancements.
As before, these devices automatically power up in
“Read Array” mode, and transition to alternate modes
via command writes.

Figure 4. Intel Corporation
Block-Erase Flash Memories

For full access to the flash memory Status Register, as
well as for enhanced interface to internal device identi-
fiers, these block-erase flash memories will accept com-
mands written to them regardless of Vpp voltage, as
long as V¢c is above Vygo. Program and erase algo-
rithms initiated by command sequences will terminate
with Status Register error indication and unaltered ar-
ray data, if Vpp is at Vppy. However, regardless of Vpp
level, the device will still transition to a “Read Status
Register” mode after program/erase command se-
quences are written. In this case, it will output data that
the system, if the write was unintended, will not expect.
The same multi-byte command sequences (shown in
Figures 2 and 3) are used as in bulk-erase flash memo-
ries.

Boot Block and FlashFile memories provide commands
(in addition to the program and erase sequences) which
transition the memory to alternate modes, outputting
data other than array information for subsequent reads.
In this respect, they are similar to bulk-erase flash
memory discussed earlier. These commands are Intelli-
gent Identifier and Read Status Register.

Block-erase devices include a hardware input called
RP# (or Reset/Powerdown). Among its many uses,
this pin acts as a “master on/off switch” to completely
disable the flash memory and lock all other control in-
puts. RP# is extremely effective at blocking unintend-
ed writes during system power transitions. This tech-
nique will be covered in detail, in a few paragraphs.

5.0 PREVENTING UNINTENDED
WRITES DURING NORMAL
SYSTEM OPERATION

Preventing unintended writes to flash memory during
normal system operation is a routine part of debugging
a new design, and a common concern for any “writea-
ble” device on the processor interface. Any combina-
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tion of active chip select (CE#) and active write enable
(WE#) has the potential of being decoded by the flash
memory as a valid write attempt. One common culprit
in these situations is the chip select decoder logic (PAL,
etc.) between the processor and external devices. As
.addresses propogate through this logic at the beginning
of an access cycle, or in the undefined address state
between accesses, spurious chip selects of indeterminate
duration can be generated. System hardware should en-
sure that at these times, WE# to flash memory stays at
a logic “1” and doesn’t transition low.

Some concern has also been expressed in the past about
unintended writes in certain ‘“open” systems such as
the personal computer. In these environments, the type
and function of software run on the machine is beyond
the control of the computer manufacturer, who must
accordingly design his/her hardware. For example, a
third-party software utility may write to flash memory
assuming DRAM at that location. More malicious, of
course, is the case of the computer virus. Fortunately,
in cases like this, hardware design to prevent unintend-
‘ed writes is fairly simple.

WR# (FROM SYSTEM)
WE# (TO FLASH
GPIO MEMORY)

292123-3

Figure 5. WE # Gating

Figure 5 shows one means of clarifying the WE# sig-
nal. When flash memory is used for BIOS storage, for
example, the manufacturer’s update utility is the only
software that should be writing to the device. By tog-
gling the general purpose I/0 line (whose default state
is, of course, “disabled””), the update utility can control
whether writes from the system are blocked or allowed
to pass to the flash memory. This type of WE# clarify-
ing function is integrated in the Intel386TMSL and In-
tel486TMSL Microprocessor Supersets. ASICs integrat-
ing motherboard functions should also be designed to
include such logic.

One other method for preventing flash memory altera-
tion is by controlling (or “switching”) the Vpp voltage,
turning it on to Vppy only when desired for system
update. Many 12V converters and power supplies inte-
grate this on/off function as shown in Figure 6, or it
can be provided by an external FET. This approach
will be used again in the next section on write protec-
tion during system power transitions. Note, however,
that although it prevents actual flash memory data al-
teration, Vpp control is insufficient to keep block-erase
flash memories from transitioning to alternate data out-
put modes by unintended writes.
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Figure 6. Vpp 12V Converter with
‘Integrated Switch (Example)

In a traditional “closed” system, the software directing
the hardware is totally under control of the system
manufacturer. No additional effort should be needed
(after the initial prototype hardware and software de-
bugging) to protect the flash memory from unintended
writes during normal system operation. Write control
during system powerup and powerdown also requires
attention, however; a topic covered next.

6.0 PREVENTING UNINTENDED
WRITES DURING SYSTEM
RESET AND POWERUP/
POWERDOWN

System powerup and/or powerdown offer the greatest
potential for unintended writes in flash memory-based
system designs. As mentioned earlier, similar potential
also exists for other “nonvolatile/rewriteable” memory
technologies, such as EEPROM and battery-backed
SRAM. Several reasons for this are listed below.

' When a system begins to power up, all logic outputs

are at OV. This is also the “enable” condition for
flash memory CE# and WE# inputs.

® Logic devices have specified, documented and guar-
anteed operation only at a specific supply voltage
range (typically 5V £10% or 3.3V 10.3V). Opera-
tion beyond this voltage range is not guaranteed and
may not be consistent. Specifically, device output
behaviour is typically undefined.

® Similarly, logic operation is sometimes undefined
and erratic when devices are being reset. For exam-
ple, MCS-186 embedded processors, when reset, tri-
state their WR # (write enable) outputs, which will
then typically drift toward OV (or “enabled”, to
TTL inputs).
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Figure 7. Basic Processor/Flash Memory Interface

e If both the Voo and Vpp power supplies are
switched “on” at the same time, one or the other is
likely to ramp to a “valid” level first, depending on
the relative capacitive loading at the supply outputs.
Similarly, one supply will often ramp below its valid
voltage range before the other, on system poweroff.
This situation is acceptable, as long as the WE#
and/or CE# signals to the flash memory are con-
trolled.

Figure 7 shows a very basic example processor/memo-
ry interface. When the system power is switched on, the
processor (or logic) WE# output and logic CE# out-
put are both at GND. Depending on the processor and
logic, these outputs may not reliably stabilize until Voo
ramps to 4.5V. In most cases, CPU and logic outputs
will smoothly follow the supply voltage up to operating
levels. Any oscillations on these outputs, however, can
be decoded as a valid write by the flash memory, which
begins to “wake up” below 4.5V Vcc. Similarly, ad-
. dress and data processor outputs are typically unde-
fined below operating voltage ranges. Given a x8 inter-
face between processor and flash memory (therefore,
with 256 possible combinations of data inputs), there is
a finite chance that a valid command byte will be ran-
domly generated and written to the flash memory.

If the Vpp power supply output is less capacitively
loaded than Ve, Vpp can ramp above Vppy before
Ve reaches 4.5V. This can cause unintended flash
memory program and erase if the correct command
data values are “spuriously” written to the device.

Again referencing Figure 7, the behaviour of processor/
logic CE#, WE# and address/data outputs are typi-
cally undefined once Ve drops below 4.5V. If the
power supply Vpp output is more capacitively loaded
than Ve, Vpp can remain above Vppy, as Ve decays
toward OV. This has the potential to initiate program/
erase operations in response to unintended flash memo-
ry writes. -

6.1 Designing for Flash Memory
System Power Sequencing
Protection

Intel has taken several steps with respect to its flash
memory designs to significantly minimize the possibili-
ty of an unwanted write during system powerup or
powerdown. By synergizing system designs to these
flash memory features, you can easily eliminate the po-
tential for unwanted flash memory mode switching
and/or data alteration.

Flash memories from Intel are guaranteed not to pro-
gram or erase with Vpp below 6.5V. First generation
bulk-erase devices additionally block all write attempts
with Vpp below 6.5V. The implication here is clear; if
possible, don’t switch on Vpp until after the system
Vcc is stable (on powerup), and switch off Vpp before
the system is powered down. The Vpp supply itself can
be switched on/off, or an inline FET switch can be
installed between the power supply output and flash
memory input and controlled via an I/0 line from the
processor or discrete logic. Figure 6 gives an example of
circuitry for the former case.
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Figure 8. Supply Voltage/Device Output
Relationship During Powerup

Intel flash memory also provides Vc-driven “lockout
protection” from unwanted writes. With Ve below
VLKO, all write attempts to the flash memory are ig-
nored. Vi g varies between 2.5V and 2.0V depending
on the specific flash memory, and its value is targeted
to take advantage of the fact that in most cases device
outputs closely follow V¢ inputs (both up and down).
Referencing Figure 8, when V¢ exceeds Vi ko, device
outputs will in most cases also be at approximately
VLKO, and consequently at a TTL “1” level (or dis-
abled). The flash memory “protects itself” up to Vi ko,
and the system designer must above that point ensure
that flash memory control inputs are stable. Similarly,
the flash memory is again protected once V¢ drops
below Vi ko on system powerdown.

The RP# input (formerly known as PWD #), available
on Intel Boot Block and FlashFile memories, acts as a
“master on/off switch” for the device. With RP# at
V1L, the flash memory is put in a very low power mode
called Deep Powerdown, and is essentially turned
“off”. In this state, all write attempts to the flash mem-
ory are disregarded. RP# can be driven by the
POWERGOOD output of the system power supply (if
this output exists) or from an external analog “power
supply monitoring” device like the Maxim MAX?705 or
Motorola MC34064, providing absolute flash memory
protection. Figure 9 gives an example system design

- 2-70

intal.

using the Maxim component. Voltage monitoring cir-
cuits like those mentioned above have adjustable trip
points and tight tolerances, and can be set to the lower
value of the system logic normal operating voltage.

Flash
v Memory
‘I’C RP#
EXTERNAL PWR L SYSTEM
reser# ] MAX705 550p > RESET#
292123-7

Figure 9. Reset Control during
System Powerup and Powerdown

7.0 SUMMARY

Unintended writes to flash memory can, at a minimum,
cause it to output data that the system does not expect,
forcing system reset or power sequencing to restore
normal operation. Depending on the specific data writ-
ten to the device, and the Vpp voltage at the time of the -
write, actual “permanent” alteration of flash memory

‘contents can result from unintended program or erase.

However, Intel flash memory, in combination with
proper system interfacing techniques, easily eliminates
the potential for either of these scenarios.

Closely analyze the powerup/down and reset behaviour
of the system CPU and any interface logic that inter-
acts with the flash memory. In the vast majority of
cases, no problems will be found. If potential for un-
wanted writes does exist, however, nonvolatile/rewrite-
able memory protection can easily be included if incor-
porated early in the design, by following the hints de-
scribed in this application note.
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Recently, several laser printer and printer peripheral
companies have introduced products that incorporate
flash memory. Their advertisements validate the unique
capabilities and benefits that flash memory features
provide. OEM interest, and predictions by market ana-
lysts like BIS Strategic Decisions, point to increasing
future flash memory usage as laser printer manufactur-
ers continue to differentiate their product lines to meet
user needs. This application brief discusses the uses and
benefits of flash memory in laser printer designs. Specif-
ically, flash memory usage for system code storage, and
for font and “font-like’” data storage, will be highlight-
ed.

1.0 INTRODUCTION

Within the computer industry, the laser printer market
is one of the most rapidly growing business sectors. The
graph of Figure 1 shows growth rate of various market

AB-29

segments since 1988, as well as predicted growth
through 1996. Laser printer proliferations are expand-
ing to capture the needs of more and more user groups.
Simultaneously, more and more computer users are
turning to laser printers versus traditional “impact
printer” alternatives, as features proliferate, capabilities
expand, offices become more automated, and unit
prices fall. This combination grows the total number of
laser printer market segments, as well as the size of
each segment.

When a large and steadily increasing supply of poten-
tial laser printer users exists, the “invisible hands” of
economics unequivocally dictate that a large number of
suppliers will appear to service this demand. What does
this all mean to you, the laser printer manufacturer/de-
signer? In a word, competition! How can any one com-
pany expand (or at a minimum maintain) their market
share over the efforts of all others?

3500 —

Volume of Units
Shipped
(Thousands)

Year

B3 o0-6 pPM
Il 7-11eeM

12-19 PPM

[] 20-40 pem

292110-1

Figure 1. Laser Printer U.S. Market Growth 1988-1996
(BIS Strategic Decisions, 1992)

2-73




AB-29

One way to do this is by providing equivalent product
features as all other suppliers, at a lower unit price.
This is referred to as pricing-driven demand. Unfortu-
nately, as in the example of the “clone” market in to-
day’s PC industry, pricing-driven demand does not of-
ten translate to long-term financial health for your
company.

The other method of establishing a leadership image
(and the preferable means) is by stimulating differentia-
tion-based demand through key product features that
uniquely answer market needs. The advantages to this
approach are many:

~® Product differentiation makes good business market
share sense. Uniquely meeting customer needs
through product features establishes a short-term
leadership image and the potential for a long -term
protectable market position.

® Value-based pricing also makes good business prof-
itability sense. If product features are chosen care-
fully, the resultant customer demand allows the sup-

plier to price comfortably above per-unit cost, guar-

anteeing profitability and long term business health!

Flash memory is a key technology whose capabilities
trendsetting OEMs are exploiting to differentiate their
current and future laser printer designs. It enables clear
benefits in system expandability, flexibility, perform-

ance and ease-of-use; benefits that translate directly to

customer satisfaction and long-term loyalty. Flash
memory combines the attributes of nonvolatility (like
ROM or EPROM) and in-system updateability (like
RAM or a hard disk drive), while simultaneously pro-
viding high density and compatible read performance
to DRAM. This unique combination of features allows
flash memory to not only replace more “traditional”
laser printer memory approaches, but also to enhance
systems beyond the limitations of these “conservative”
memory solutions. The remainder of this application
brief will review the major memory subsystems in to-
day’s laser printer designs, and how flash memory ca-
pabilities can be applied in each case.

2,0 MEMORY USAGE IN LASER
PRINTERS

A high-level laser printer block diagram is shown in
Figure 2. Memory uses in laser printers can be grouped
in the following three areas:

® System and PDL (printer descﬁption language) em-
ulation code storage

¢ Font (and font-like data type) storage
¢ Temporary bitmap image storage and manipulation
Memory is used differently in each case: therefore opti-

mum memory features are similarly specialized, even
within a common memory technology. Semiconductor
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vendors, for example, have optimized various types of
DRAMs for the applications in which they’ll be used.
Similarly, Intel has optimized unique product “fami-
lies” within its flash memory line to match the require- ,
ments of applications like those found in laser printers.
These product ““families” will be referred to in the dis-
cussions below.

2.1 System Code Memory -

The system code memory stores the software that is
executed by the embedded processor to run and control
the laser printer. This includes code to interface the
processor with the input/output, coprocessor, print
drum and motor subsystems. System code memory also
includes a large amount of software devoted to emulat-
ing various printer description languages. The most
commonly known PDLs are PostScript* (pioneered by
Adobe and currently at version 2.0) and PCL* (Printer
Control Language, pioneered by Hewlett Packard and
currently at version 5). Beyond these two “industry
standards”, dozens of additional proprietary “lan-
guages” have been developed by various hardware and
software vendors.

Depending on the complexity and capabilities of the
laser printer and the number of supported emulations,
system code size varies. It ranges from as little as
256 Kbytes for an entry-level personal printer to several
Mbytes for powerful high-end network laser printers.
The traditional memory technology used to store sys-
tem code is high density ROM (for nonvolatility) shad-
owed to DRAM on system powerup (for fast read ac-
cess time).

Flash memory, when used for system code storage,
combines the nonvolatility and high density of ROM
with the fast read performance of DRAM, making the
ROM/DRAM redundancy unnecessary. Additionally,
the in-system upgradeability of flash memory makes la-
ser printers flexible and updateable both in the manu-
facturing line at your factory, and once the system is in

, the hands of the end customer. Although the per-device

cost of flash memory is higher than that of ROM, flash
memory’s upgradeability can result in a Jower system
cost through a laser printer’s operating lifetime.

Flash memory eliminates costly inventory of ROMs,
ROMs that must be scrapped if an enhanced software
version is released or a software “bug” is discovered.
Using flash memory, one hardware design can service
multiple markets via simple ‘“end-of-line” program-
ming as the system léaves the factory. Additionally, di-
agnostic code can be programmed on the assembly line
for full system debug, and replaced with the final soft-
ware version later in the manufacturing flow.
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Today, upgradeability once a system reaches the cus-
tomer’s hands is achieved via proprietary, costly add-in
ROM cards. These emulation modules connect to the
host system through low-performance interface buses.
Updating the local code memory in the printer requires
a technician visit, is very costly to the customer, and is
therefore rarely done. The result can be a less-than-op-
timized system with subpar performance, and a dissat-
isfied customer that will not consider your company for
his/her next printer purchase!

Flash memory’s in-system reprogramming makes sys-
tem code upgrade as simple as running an “UPDATE”
utility on the host computer, and can be done by the
customer at his/her PC using a diskette sent by the
printer manufacturer, or a file downloaded from a
OEM computer bulletin board service. Configuring the
printer with the exact emulations needed is equally
straightforward. Customer service is perhaps the su-
preme differentiator in multiple-source markets. As
companies focus more and more on the customer and
the service aspects of their business, they will turn to
flash memory as a means of readily and economically
achieving their goals.

Intel’s Boot Block flash memory product line has been
specifically defined to meet the specific requirements of
high-density embedded code storage and execution.
These devices are also available in ROM-compatible
pinouts. This allows printer OEMs to achieve quick
time-to-market with rev. O software (updateable once
-initial systems are in customer hands) and later convert
their designs to ROM if desired, once final production
code is stable. For further information on these prod-
ucts, reference the Additional Information section at
the conclusion of this application brief.

2.2 Font Storage

Today’s laser printers ship from the factory with a
number of “resident” fonts stored in nonvolatile ROM.
The density of this memory varies with the end market
for the printer. A “Roman” set of resident typefaces
requires anywhere from 1 Mbyte—2 Mbytes of storage.
Japanese “Kanjii” fonts, on the other hand, require up-

“wards of 5 Mbytes per typeface. A minimum-config-
ured laser printer for the Japanese market therefore
needs 10 Mbytes—20 Mbytes of resident font memory.
Additional permanent font storage is often available
through ROM font cartridges, similar to the “emula-
tion” fonts mentioned earlier. Finally, software such as
Adobe Type Manager* and Microsoft* TrueType*
downloads font information to the printer, storing it in
volatile DRAM. This latter temporary font data is lost
when the printer is turned off or reset. Resets can oc-
cur, for example, each time the printer output jams, or
when the paper supply is depleted.
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Computer users are more and more outgrowing the ca-
pabilities of the resident ROM fonts stored in their la-
ser printers, or available through the ROM expansion
font cartridges. ATM and TrueType are enabling these
users to customize their documents by varying not only
font size and attributes, but also the font typefaces
themselves. Many corporations have developed custom
fonts for use by their employees for a consistent docu-
mentation “look and feel”. These unique typefaces are
not-a part of the resident standard typeface set. Finally,
not only fonts, but also graphic bitmaps (corporate lo-
gos, bitmapped signatures, etc.) and page layout tem-
plates are being integrated into desktop-published doc-
uments. All of this non-resident information must be
repeatedly downloaded from the host computer to the
printer DRAM after each printer poweroff or reset.
Since this download is accomplished via the serial or
parallel connection, print performance is dramatically
and negatively impacted, especially noticeable in a net-
worked printer arrangement.

Flash memory, with its unique set of attributes, com-
bines the best qualities of today’s font and template
storage solutions while incorporating none of their
weaknesses. Like DRAM, it is in-system updateable
and has comparable per-device cost at higher densities.
Like ROM, it is nonvolatile. Like both of these technol-
ogies, it is a very dense storage medium, available in
sizes up to 1 Mbyte per component, and 20 Mbytes per
card, at the time this application note was written.
Where extremely high density memory is needed, as in
the case of Kanjii font storage, flash memory compo-
nents have an over 200,000x first read access advantage
and an over 14x data transfer performance advantage
over hard disk drives. The performance of a printer
computing subsystem is significantly hindered by the
slow access time of a HDD. Flash memory, with its
sub-100 ns read speed, is the superior solution.

A resident high-density array of flash memory is cou-
pled directly to the CPU local bus for highest perform-
ance. It allows the customer to exactly configure the
printer font, bitmap graphic and page template infor-
mation for his/her specific applications. This data is
downloaded to the printer once, and from that point on
is always available for use, even after the printer is
turned off or reset. If expanded printer usage (as in a
network environment) requires additional resident
“font” storage in the future, easy density upgrade is
enabled by designing in a PCMCIA memory-1/0 card
socket, again interfacing directly to the embedded proc-
essor bus. Plugging in a flash memory card means no

‘printer disassembly is required!
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Intel’s FlashFile™ flash memory component and Se-
ries 2 flash memory card lines combine the high density
and high performance required for resident “font” stor-
age. For further information on these products, refer-

ence the Additional Information section at the conclu-
sion of this application brief.

2.3 Image Storage and Manipulation

The temporary graphic memory subsystern stores the
image to be printed as it is “constructed” by the proces-
sor from data provided by the host computer. Optimum
characteristics of this memory include full “real-time”
bit-level alteration, infinite rewrite capability and fast
read/write performance. Nonvolatility is not required
in this area of the memory subsystem. Therefore,
DRAM will continue to be the memory of choice for
temporary image storage.

ADDITIONAL INFORMATION
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3.0 SUMMARY

This application brief has discussed the various memo-
ry subsystems in today’s laser printers, and their oper-
ating characteristics. Flash memory is an exciting new
approach that offers the very real potential to signifi-
cantly improve your next-generation laser printer de-
signs. Its capabilities are superior to traditional solu-
tions in the system code and font memory areas, and
enable laser printers that are more expandable, more
flexible, higher performance and easier to use than ever
before. The end result is a satisfied customer, a custom-
er that will choose your product over a competitor’s,
and a customer that will remain loyal to your company
far into the future.

For additional information on the Intel flash memory products mentioned in this article, please reference the
following documents, available through your local Intel sales representative.

Boot Block Components
28F001BX Datasheet
28F200BX/28F002BX Datasheet
28F400BX/28F004BX Datasheet

ER-26 “The Intel 28F001BX-T and 28F001BX-B Flash Memories”
ER-29 “The Intel 2/4 Mbit Boot Block Flash Memory Family”

FlashFile Components

28F008SA Datasheet

AP-359 “28F008SA Hardware Interfacing”
AP-360 “28F008SA Software Drivers”

~ AP-364 “28F008SA Automation and Algorithms”
ER-27 “The Intel 28F008SA Flash Memory”

FlashFile Series 2 Cards
Series 2 Flash Memory Card Datasheet

AP-361 “Implementing the Integrated Registers of the Series 2 Flash Memory Card”

General Flash Information

AP-357 “Power Supply Solutions for Flash Memory”
ER-20 “ETOX |l Flash Memory Technology”

ER-28 “ETOX lll Flash Memory Technology”

Order Number
290406
290448
290451
294010
294013

Order Number
290429
292094
292095
292099
294011

Order Number
290434
292096

Order Number

292092
294005
294012

*Microsoft and TrueType are trademarks of Microsoft Corporation. Adobe Type Manager and PostScript are
trademarks of Adobe Systems Incorporated. PCL is a trademark of Hewlett Packard Corporation. ETOX and

FlashFile are trademarks of Intel Corporation.
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1.0 INTRODUCTION

Intel Flash memory devices with two power supply
sources, a 5V Ve and 12V Vpp, offer flexibility. For
example, in a flash array, one simple off-chip circuit
can be used by the entire array to supply the Vpp volt-
age to any flash chip. Vc is the primary power source,
and the only power source needed to read the memory.
Vpp is required when writing or erasing the memory.

This technical paper describes a state-of-the-art 5V to
12V power conversion solution, which uses no induc-
tors, fits in 0.1” sq. area and yet costs less than $2.00,
in volume quantities.

A detailed description of the solution is presented in the
next section. Section 3.0 deals with the components
used, their type, value, price and vendors to contact.
References are provided in the Additional Information
section.

2.0 DETAILED DESCRIPTION

The power solution uses one MAXIM’s MAX662A
with four small, surface-mount capacitors to generate
regulated Vpp with no need for inductors (Figure 1).
MAXG662A is available in a small, 8-pin narrow surface
mount package. The entire design fits in 0.1” sq. area,
as shown in the layouts of Figures 2 and 3.

Optimal Attributes
® Very Low Cost

¢ Small Size: 0.1” sq. (67.9 mm?2) Total Board Area
(Single Sided)

® Low Shutdown Current
® Fast Rise Time from Shutdown
® No Inductor Necessary

o All-Surface Mount

Main Features
e Input Voltage Range: 4.75V to 5.5V
® QOutput Voltage: 12V * 5%

® QOutput Current Capability up to 30 mA at Viy =
5V )

o Typical Efficiency: 74% at Load = 30 mA
® 500 KHz Switching Frequency
® Shutdown Feature on Chip

ADVANCE INFORMATION

2.1 Maxim Integrated Products—
MAX662A: Vpp at 30 mA

The MAXG662A provides a regulated 12V output volt-
age at 30 mA from a 5V * 5% power supply. It uses
internal charge pumps and external capacitors to gener-
ate 12V, eliminating inductors. Regulation is provided
by pulse-skipping scheme that monitors the output
voltage level and turns on the charge pumps when the
output voltage begins to droop. The solution boasts a
typical efficiency of 74% with Voo = 5V and IoyT =
30 mA.

For protection from accidental erasure of flash memo-
ry, a shutdown pin is provided. In shutdown mode, the
charge-pump switching action is halted and Vyy is con-
nected to Voyr through a 1k internal resistor.

2.2 Charge-Pump Capacitors,
C1and C2

Since the values of C1 and C2 are critical, 0.22 uF
ceramic capacitors are used. Small surface-mount ca-
pacitors C2012Y5V1E224Z from TDK are used to
achieve smallest board area size.

2.3 Iinput and Output Capacitors,
C4 and C5

The type of input bypass (C4) and output filter capaci-
tor (C5) affect performance. TDK C3216Y5V1C225Z
and C2012Y5V1C105Z, 2.2 uF and 1 uF low ESR ce-
ramic capacitors are used. The low ESR of these units
eliminates the need for decoupling between Vyn and

Vour.

2.4 Layout Considerations

To ensure stability and decrease noise, careful attention
is paid to keeping the connections short. Since only one
side of the board is used, this 12V solution can be
placed right beneath the flash chip in a two-sided board
designs, thereby saving space and reducing pin to pin
track length.

To keep the inductance in the circuit to a minimum,
thick track lines are employed (0.025" wide). Some
critical dimensions are given below:

Total Length: 0.345" (8.763 mm)
Total Width: 0.305" (7.747 mm)
Track Width: 0.025” (0.635 mm)
Track-Track Spacing: 0.01” (0.254 mm)
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Figure 1. Maxim MAX662A 5V to 12V Converter Circuit
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Figure 2. 5x Scale Top Side Component
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3.0 PARTS LIST
Table 1. Parts List for the MAX662A 5V to 12V Converter

Reference Part Number Value/Type Source Cost(1)

U1 MAX662ACSA SMPSIC Maxim $1.69
(408) 737-7600

C1,C2 - C2012Y5V1E224Z 0.22 uF Ceramic TDK $0.06
(408) 437-9585

c4 C3216Y5V1C225Z 2.2 pF Ceramic TDK $0.09
(408) 437-9585

C5 C2012Y5V1C1052 1.0 uF Ceramic TDK ‘ $0.07
(408) 437-9585

Total Cost $1.97

NOTE:

1. Cost estimates based on published 10K unit-pricing at the time this technical paper was written.

4.0 SUMMARY

This technical paper summarizes low-cost 5V to 12V
power solution, which uses no inductors and fits in 0.1”
sq. area. The solution is based on recommendations
provided by the supplier vendors, and has been verified
at the Intel Corporation laboratory.

5.0 ADDITIONAL INFORMATION

5.1 References

Order Number Document
292092 AP-357, “Power Supply Solutions for Flash Memory”
292153 AB-59, “Multi-Site Layout Planning with Intel's Flash FileT™M Components Including ROM
Compatability”
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Intel 28F016XS Embedded Flash RAM
Product Brief

Product R Ideal for embedded applications:
T Datacom
nghllghts Office automation
Telecom
Computing
Games

B Supports burst-mode processors:
i960° and Intel486™
CPU-based systems

B Superior power, integration and
price to DRAM + ROM or code
DRAM + HDD:

Ideal for battery-powered
portable applications in
high-speed embedded designs

B Synchronous flash RAM

W Supports 33-MHz zero-wait state Product Description

W Very high read performance: The Intel 28F016XS embedded flash RAM is a 16Mb synchronous memory
2XDRAM component that blends very high read performance with the nonvolatility,

B SmartVoltage feature supports updatability and low power of flash memory. It provides higher integration, 3.3V
both 5V and 12V device writes capability and up to twice the performance of DRAM, without price premiums or

and 5V or 3.3V device reads additional board space requirements. As a result, the 28F016XS embedded flash
RAM is ideal for burst-mode processors, such as the i960® and Intel486™
B Nonvolatile and updatable microprocessors, as well as for embedded applications where redundant code
DRAM + ROM or code DRAM + HDD were used for code execution/storage

W In-system updatability for faster memory.
time to market
' Because the Intel 28F016XS embedded flash RAM is a nonvolatile, code storage
B Requires less board space than  and execution solution, there is no need for refresh, redundant memory or HDD
redundant multi-chip code “spin-up” latency when returning from deep power-down mode. It also enables
solutions instant-on system design. Using minimal glue logic, the Intel 28F016XS embed-
ded flash RAM can easily interface directly to burst-mode processors, supporting
u 3:;‘:;;51 mm::’;mﬁ 33-MHz zero-wait state, SV read performance code storage. The embedded flash
interface RAM device is internally partitioned into 16 software-lockable, 128KB blocks.

The Intel 28F016XS embedded flash RAM is particularly well suited for such data
communication needs as routers, hubs and ATM switches; for office i

p including printers, and copiers; for telecommunications
central office switches, local exchange switches, premise switches and cell base
stations; for such computing purposes as POS terminals, diskless workstations and
mobile communications; and for games applications for arcade, set-top and high-
end home use.

intal.
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Intel 28F016XD Embedded Flash RAM

Product Brief

)

M Innovative embedded flash
RAM device: ’
DRAM:like system interface
Nonvolatile, updatable and
low power

I Better price and performance
than DRAM + ROM and
DRAM + HDD:

Offers higher integration and
33V capability

Regquires lower power and less

board space
B Ideal for embedded applications:

W Simple DRAM-like interface:
Allows use of standard
DRAM controllers
Optimizes time to market
Sits directly on a cachable
bus

8 Ideal for portable
applications

8 Easy interface to systems using
embedded processors:
For 1960°KX, i960CS, i960JX
and Intel386™EX CPU-based
systems

B Internally partitioned into 32
software-lockable, 32KB blocks

H SmartVoltage feature:
Supports both 5V and 12V
device writes and 5V or 3.3V
device reads

I First flash memory device with
DRAM:like interface

Product Description

The Intel 28F016XD embedded flash RAM is an innovative 16Mb memory
component that combines a DRAM-like system interface with the nonvolatility,
updatability and lower power of flash memory. The 28F016XD embedded flash
RAM is an ideal solution for embedded applications where redundant code DRAM
+ ROM or code DRAM + HDD were used for code execution/storage memory.

Its simple DRAM-like interface allows use of standard DRAM controllers,
optimizing time to market. In addition, the Intel 28F016XD embedded flash RAM
is in-system updatable, reducing the risk of early manufacturing as compared to
DRAM + ROM and DRAM + OTP EPROM options. The Intel 28F016XD
embedded flash RAM can easily interface to systems using such embedded
processors as the i960°KX, i960X, i960JX and the Intel386™EX CPU-based
systems. Several vendors offer 28F016XD embedded flash RAM SIMM modules,
making it easier to upgrade code DRAM designs to embedded flash RAM.

The Intel 28F016XD embedded flash RAM is intemally partitioned into 32
software-lockable, 32-KB blocks. Like Intel’s 28F016SV SmartVoltage device,
the 28F016XD embedded flash RAM supports both 5V and 12V device writes as
well as 5V or 3.3V device reads. Because the Intel 28F016XS embedded flash
RAM is a nonvolatile, code storage and execution solution, there is no need for
refresh, redundant memory or HDD “spin-up” latency when returning from deep
power-down mode. It also enables instant-on system design.

The Intel 28F016XD embedded flash RAM, which is the first flash memory device
with a DRAM-like interface, is particularly well suited for data communications, .
office automation, telecommunications, computing and games.

'Other brands and names are the trademarks of their respective owners.

Printed in USA/1094/17.5K/ASVTC/MCD
© 1994 Intel Corporation

Order Number: 297547-001
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28F016XS
16-MBIT (1-MBIT x 16, 2-MBIT x 8)
SYNCHRONOUS FLASH MEMORY

m Effective 0-Wait-State Performance up m Backward Compatible with
to 33 MHz 28F016SA/SV, 28F008SA Command-Set
m SmartVoltage Technology B Revolutionary Architecture
— User-Selectable 3.3V or 5V Vg¢ — Synchronous Pipelined Reads
— User-Selectable 5V or 12V Vpp — Multiple Command Execution
m 30.8 MB/sec Burst Write Transfer Rate — Write During Erase
— Page Buffer Write
m 0.48 MB/sec Sustainable Write Transfer "
Rate m 2 pA Typical Deep Power-Down
m Configurable x8 or x16 Operation ® 1 mA Typical Active Icc Current in
16 S tely-E ble/Lockabl Static Mode
. 128-:2%?{';: %Egcigsa e/ockable 1 Million Erase Cycles per Block
m 56-Lead TSOP Type | Package State-of-the-Art 0.6 mm ETOX™ |V

Flash Technology

Intel’s 28F016XS 16-Mbit Flash memory is a revolutionary architecture which is the ideal choice for designing
truly revolutionary high-performance products. Combining very high read performance with the intrinsic non-
volatility of flash memory, the 28F016XS eliminates the traditional redundant memory paradigm of shadowing
code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, for improved
system performance. The innovative capabilities of the 28F016XS enable the design of direct-execute code
and mass storage data/file flash memory systems.

The 28F016XS is the highest performance high density nonvolatile read/write flash memory solution available
today. Its synchronous pipelined read interface, flexible Vcc and Vpp voltages, extended cycling, fast write and
read performance, symmetrically blocked architecture, and selective block locking provide a highly flexible
memory component suitable for resident flash component arrays on the system board or SIMMs. The synchro-
nous pipelined interface and x8/x16 architecture of the 28F016XS allow easy interface with minimal glue logic
to a wide range of processors/buses, providing effective 0-wait-state read performance up to 33 MHz. The
28F016XS’s dual read voltage allows the same component to operate at either 3.3V or 5.0V Vgc. Program-
ming voltage at 5V Vpp minimizes external circuitry in minimal-chip, space critical designs, while the 12V Vpp
option maximizes write/erase performance. Its high read performance combined with flexible block locking
enable both storage and execution of operating systems/application software and fast access to large data
tables. The 28F016XS is manufactured on Intel’s 0.6 um ETOX™ |V process technology.

290532-21

November 1994
Order Number: 290532-001 3-3
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1.0 INTRODUCTION

The documentation of the Intel 28F016XS Flash
memory device includes this datasheet, a detailed
user's manual, a number of application notes and
design tools, all of which are referenced at the end
of this datasheet.

The datasheet is intended to give an overview of the
chip feature-set and of the operating AC/DC specifi-
cations. The 16-Mbit Flash Product Family User's
Manual provides complete descriptions of the user
modes, system interface examples and detailed de-
scriptions of all principles of operation. It also con-
tains the full list of software algorithm flowcharts,
and a brief section on compatibility with the Intel
28F008SA.

1.1 Product Overview

The 28F016XS is a high-performance, 16-Mbit
(16,777,216-bit) block erasable nonvolatile random

- access memory organized as either 1-MWord x 16
or 2-MByte x 8, subdivided into even and odd banks.
Address Ay makes the bank selection. The
28F016XS includes sixteen 128-KByte (131,072
byte) blocks or sixteen 64-KWord (65,536 word)
blocks. Chip memory maps for x8 and x16 modes
are shown in Figures 3 and 4.

The implementation of a new architecture, with )

many enhanced features, will improve the device op-
erating characteristics and result in greater product
reliability and ease-of-use as compared to other
flash memories. Significant features of the
28F016XS as compared to previous asynchronous
flash memories include:

e Synchronous Pipelined Read Interface

e Significantly Improved Read and Write Perform-
ance

e SmartVoltage Technology

— User-Selectable 5.0V or 12.0 Vpp
¢ Internal 3.3V/5.0V V¢ Detection Circuitry
® Block Write/Erase Protection

The 28F016XS’s synchronous pipelined interface
dramatically raises read performance far beyond
previously attainable levels. Addresses are synchro-
nously latched and data is read from a 28F016XS
bank every 30 ns. This capability translates to O-
wait-state reads at clock rates up to 33 MHz at 5V
Vce, after an initial address pipeline fill delay and
assuming even and odd banks within the flash mem-

ADVANCE INFORMATION
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ory are alternately accessed. Data ‘is latched and
driven valid 20 ns (tcyqy) after a rising CLK edge.
The 28F016XS is capable of operating up to 66 MHz
(5V Vcc), and the programmable SFI Configuration
enables system design flexibility optimizing the
28F016XS to a specific system clock frequency. See
Section 4.9, SFI Configuration Table, for specific SFI
Configurations for given operating frequencies.

The SFI Configuration optimizes the 28F016XS for a
wide range of system operating frequencies. The de-
fault SFI Configuration is 4, which allows system
boot from the 28F016XS at any frequency up to 66
MHz at 5V Vgg. After initiating an access, data is
latched and will begin driving on the data outputs
after a CLK count corresponding to the SFI Configu-
ration has elapsed. The 28F016XS will hold data val-
id until CE# or OE# is deactivated or a CLK count
corresponding to the SFI Configuration for a subse-
guent access has elapsed.

The CLK and ADV # inputs, new to the 28F016XS in
comparison to previous flash memories, control ad-
dress latching and device synchronization during
read operations. CLK input controls the device laten-
cies, times out the SFI Configuration and synchro-
nizes data outputs. ADV # indicates the presence of
a valid address on the 28F016XS address inputs.
During read operations, addresses are latched and
accesses are initiated on a rising CLK edge in con-
junction with ADV# low. Both CLK and ADV# are
ignored by the 28F016XS during write operations.

The 28F016XS incorporates SmartVoltage technolo-
gy, providing Vgg operation at both 3.3V and 5.0V
and program and erase capability at Vpp = 12.0V or
5.0V. Operating at Vg = 3.3V, the 28F016XS con-
sumes less than one half the power consumption at
5.0V V¢, while 5.0V Vg provides highest read per-
formance capability. Vpp operation at 5.0V elimi-
nates the need for a separate 12.0V converter, while
the Vpp = 12.0V option maximizes write/erase per-
formance. In addition to the flexible program and
erase voltages, the dedicated Vpp gives complete
code protection with Vpp < Vppk.

Internal 3.3V or 5.0V Vg detection automatically
configures the device internally for optimized 3.3V or
5.0V Read/Write operation. Hence, the 28F016SA’s
3/5# pin is not required and is a no-connect (NC)
on the 28F016XS maintaining backwards-compati-
bility between components.

A Command User Interface (CUI) serves as the sys-

tem interface between the microprocessor or micro-
controller and the internal memory operation.

3-5
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Internal Algorithm. Automation allows Byte/Word
Writes and Block Erase operations to be executed
using a Two-Write command sequence to the CUI in
the same way as the 28F008SA 8-Mbit FlashFile™
memory. '

A super-set of commands has been added to the
basic 28F008SA command-set to achieve higher
write performance and provide additional capabili-
ties. These new commands and features include:

® Page Buffer Writes to Flash
-e Command Queuing Capability
e Automatic Data Writes during Erase
e Software Locking of Memory Blocks
® Two-Byte Successive Writes in 8-bit Systems
® Erase All Unlocked Blocks

Writing of memory data is performed in either byte or
word increments, typically within 6 psec at 12.0V
Vpp, which is a 33% improvement over the
28F008SA. A Block Erase operation erases one of
the 16 blocks in typically 1.2 sec, independent of the
other blocks.

Each block can be written and erased a minimum of
100,000 cycles. Systems can achieve one million
Block Erase Cycles by providing wear-leveling algo-
rithms and graceful block retirement. These tech-
niques have already been employed in many flash
file systems and hard disk drive designs.

The 28F016XS incorporates two Page Buffers of
256 bytes (128 words) each to allow page data
writes. This feature can improve a system write per-
formance by up to 4.8 times over previous flash
memory devices, which have no Page Buffers.

All operations are started by a sequence of Write
commands to the device. Three Status Registers

(described in detail later in this datasheet) and a -

RY/BY # output pin provide information on the prog-
ress of the requested operation.

While the 28FO08SA requires an operation to com-

plete before the next operation can be requested, .

the 28F016XS allows queuing of the next operation
while the memory executes the current operation.
This eliminates system overhead when writing sev-
eral bytes in a row to the array or erasing several
blocks at the same time. The 28F016XS can also
perform Write operations to one block of memory
while performing Erase of another block.

- .
intel.
The 28F016XS provides selectable block locking to
protect code or data such as direct-executable oper- -
ating systems or application code. Each block has’
an associated nonvolatile lock-bit which determines
the lock status of the block. In addition, the
28F016XS has a master Write Protect pin (WP#)

which prevents any modifications to memory blocks
whose lock-bits are set.

The 28F016XS contains three types of Status Regis-
ters to accomplish various functions:

e A Compatible Status Register (CSR) which is
100% compatible with the 28F008SA FlashFile
memory Status Register. The CSR, when used
alone, provides a straightforward upgrade capa-
bility to. the 28F016XS from a 28F008SA-based
design.

e A Global Status Register (GSR) which informs
the system of command Queue status, Page
Buffer status, and overall Write State Machine
(WSM) status. )

e 16 Block Status Registers (BSRs) which provide
block-specific status information such as the
block lock-bit status.

The GSR and BSR memory maps for Byte-Wide and
Word-Wide modes are shown in Figures 5 and 6.

The 28F016XS incorporates an open drain RY/BY #
output pin. This feature allows the user to OR-tie
many RY/BY # pins together in a multiple memory
configuration such as a Resident Flash Array. The
RY/BY # output pin employs five distinct configura-
tions, which are enabled via special CUl commands
and. are described in detail in the 16-Mbit Flash
Product Family User’s Manual.

The 28F016XS also incorporates a dual chip-enable
function with two input pins, CEg# and CEj#.
These pins have exactly the same functionality as
the regular chip-enable pin, CE #, on the 28F008SA.
For minimum chip designs, CE1# may be tied to
ground and system logic may use CEg# as the chip
enable input. The 28F016XS uses the logical combi-
nation of these two signals to enable or disable the
entire: chip. Both CEg# and CE{# must be active
low to enable the device. If either one becomes in-
active, the chip will be disabled. This feature, along
with the open drain RY/BY # pin, allows the system
designer to reduce the number of control pins used
in a large array of 16-Mbit devices. :
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The BYTE# pin allows either x8 or x16 read/writes
to the 28F016XS. BYTE# at logic low selects 8-bit
mode with address Ag selecting between low byte
and high byte. On the other hand, BYTE# at logic

28F016XS FLASH MEMORY

high enables 16-bit operation with address Ay be-
coming the lowest order address and address Ag is
not used (don't care). A device block diagram is
shown in Figure 1.
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Figure 1. 28F016XS Block Diagram
Architectural Evolution Includes Synchronous Pipelined Read Interface, SmartVoltage Technology,
Page Buffers, Queue Registers and Extended Status Registers
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The 28F016XS incorporates an Automatic Power
Saving (APS) feature, which substantially reduces
the active current when the device is in static mode
of operation (addresses not switching). In APS
mode, the typical Igc current is 1 mA at 5.0V (3 mA
at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD# on the 28F008SA) pin
transitions low. This mode brings the device power
consumption to less than 2.0 pA, typically, and pro-
vides additional write protection by acting as a de-
vice reset pin during power transitions. A reset time
of 300 ns is required from RP# switching high be-
fore latching an address into the 28F016XS. In the
Deep Power-Down state, the WSM is reset (any cur-
rent operation will abort) and the CSR, GSR and
BSR registers are cleared.

-

intal.
A CMOS standby mode of operation is enabled
when either CEq# or CE4# transitions high and
RP# stays high with all input control pins at CMOS

levels. In this mode, the device typically draws an
Icc standby current of 70 pA at 5V Vee.

The 28F016XS will be available in a 56-Lead, 1.2mm
thick, 14mm x 20mm TSOP Type | package. The
package’s form factor and pinout allows for very
high board layout densities.

2.0 DEVICE PINOUT

The 28F016XS is pinout compatible with the
28F016SA/SV 16-Mbit FlashFile™ memory compo-
nent, providing an performance upgrade path to the
28F016XS. The 28F016XS 56-Lead TSOP pinout
configuration is shown in Figure 2.

2BFO|SSAI 28F016SV] 28F016SV] 28F016SA|
NC | NC 1 O s6F— wWP# | wp# |wp#
CE,#| CE,# |CE,# ]2 55F—JWE# |WE# |WE#
NC| NC | Nc 3 54— OE# | OE# |OE#
Az| Az | A 4 53— RY/BY#| RY/BY{ RY/BY#|
Ag| A1 | A9 T 5 523 DQys | DQss | DQys
Al A | As T 6 51— DQ, DQ, |DQ,
Azl A | A ET 7 50| DQ,, |DQ,, |DQy,
As| A | Ae = 8 49 DQg DQg | DQg
Veel Vee Vee = 9 48 GND GND | GND
Ais| A | Als =10 47 DQ,; |DQ,; |DQy,
Al A | AN E28F016XS 46 DQ; | DQ; |DQs
Aa| A | A T 12 56-LEAD TSOP PINOUT 45— DQ,, |DQ,, |DQ;,
Az| Az | A T 13 44—/ DQ, DQ, Q,
CEo#| CEo# [CEq# T 14 433 Vcc | Vec. | Vec
Vep| Vep | Vep = 15 42— GND |GND |GND
RP#| RP# | RP# T— 16 14mm x 20mm M DQ;y | DQyy | DQyy
Al An | An 17 TOP VIEW 40 DQ, DQ,; |DQ,
Aw| A | Ao 18 38=3DQy, [DQj, | DA%
Ag Ag Ag 19 38 DQy DQ, DQ;
As As As — 20 37 Vee Vee Vee
GND | 'GND | GND &= 21 36— DQg DQg | DQg
A7l A7 | A, EH22 35—, |ba, |bQ,
As| As | As =H 23 34 DQy [DQy |DQ,
As As As T 24 3BEA DA, DQ, |DQ,
As|l A | AsE=H 25 32— Ay Ao Ao
Asl A3 | As =26 31— BYTE# | BYTE#| BYTE#
Al Az | A, E-e7 30— ADV# [NC c
Ay Aq A1 — 28 29/ CLK IC IC
290532-2

Figure 2. 28F016XS 56-Lead TSOP Pinout Configuration Shows Compatibility with the 28F016SA/SV,
Allowing for Easy Performance Upgrades from Existing 16-Mbit Designs
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2.1 Lead Descriptions

Symbol

Type

Name and Function

Ao

Input

BYTE-SELECT ADDRESS: Selects between high and low byte when device is in
x8 mode. This address is latched in x8 Data Writes and ignored in x16 mode (i.e.,
the Ag input buffer is turned off when BYTE # is high).

Aq

Input

~bank and A1 = 1 selects the odd bank, in both byte-wide mode and word-wide

BANK-SELECT ADDRESS: Selects an even or odd bank in a selected block. A
128-KByte block is subdivided into an even and odd bank. A1 = 0 selects the even

mode device configurations.

Ax-Aqp

Input

WORD-SELECT ADDRESSES: Select a word within one 128-KByte block.
Address A1 and A7_q¢ select 1 of 2048 rows, and Ap_g selects 16 of 512 columns.
These addresses are latched during both data reads and writes.

A17-Az0

Input

BLOCK-SELECT ADDRESSES: Select 1 of 16 Erase blocks. These addresses are
latched during Data Writes, Erase and Lock-Block operations.

DQo-DQ7

Input
Output

LOW-BYTE DATA BUS: Inputs data and commands during CUI write cycles.
Outputs array, buffer, identifier or status data in the appropriate read mode.
Floated when the chip is de-selected or the outputs are disabled.

DQg-DQ15

Input
Output

HIGH-BYTE DATA BUS: Inputs data during x16 Data-Write operations. Outputs .
array, buffer or identifier data in the appropriate read mode; not used for Status
Register reads. Outputs floated when the chip is de-selected, the outputs are
disabled (OE# = V)y) or BYTE # is driven active.

CEo#, CEq #

Input

CHIP ENABLE INPUTS: Activate the device’s control logic, input buffers,
decoders and sense amplifiers. With either CEq#or CE4 # high, the device is
de-selected and power consumption reduces to standby levels upon completion of
any current Data-Write or Erase operations. Both CEg# and CE{ # must be low to
select the device.

All timing specifications are the same for both signals. Device Selection occurs
with the latter falling edge of CEq# or CE #. The first rising edge of CEg# or
CE4 # disables the device.

RP#

Input

RESET/POWER-DOWN: RP # low places the device in a Deep Power-Down
state. All circuits that consume static power, even those circuits enabled in standby
mode, are turned off. When returning from Deep Power-Down, a recovery time of
tpHcH is required to allow these circuits to power-up.

When RP # goes low, any current or pending WSM operation(s) are terminated,
and the device is reset. All Status Registers return to ready, clearing all status
flags. Exit from Deep Power-Down places the device in read array mode.

OE#

Input

OUTPUT ENABLE: Drives device data through the output buffers when low. The
outputs float to tri-state off when OE # is high. CEx# overrides OE #, and OE#
overrides WE #.

WE #

Input

WRITE ENABLE: Controls access to the CUI, Page Buffers, Data Queue Registers
and Address Queue Latches. WE # is active low, and latches both address and
data (command or array) on its rising edge. Page Buffer addresses are latched on
the falling edge of WE #. .

I ADVANCE INFORMATION ” : ‘ 3-9
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2.1 Lead Descriptions (Continued)

Symbol

Type

Name and Function

CLK

Input

CLOCK: Provides the fundamental timing and internal operating frequency. CLK
latches input addresses in conjunction with ADV #, times out the desired output SFI
Configuration as a function of the CLK period, and synchronizes device outputs. CLK
can be slowed or stopped with no loss of data or synchronization. CLK is ignored
during write operations.

ADV#

Input

ADDRESS VALID: Indicates that a valid address is present on the address inputs.
ADV# low at the rising edge of CLK latches the address on the address inputs into the
flash memory and initiates a read access to the even or odd bank depending on the
state of address Ay. ADV # is ignored during write operations.

RY/BY #

Open
Drain
Output

READY/BUSY: Indicates status of the internal WSM. When low, it indicates that the
WSM is busy performing an operation. RY/BY # high indicates that the WSM is ready
for new operations (or WSM has completed all pending operations), or Erase is
Suspended, or the device is in deep power-down mode. This output is always active
(i.e., not floated to tri-state off when OE # or CEq #, CE1 # are high), except if a
RY/BY# Pin Disable command is issued.

WP #

Input

WRITE PROTECT: Erase blocks can be locked by writing a nonvolatile lock-bit for
each block. When WP # is low, those locked blocks as reflected by the Block-Lock
Status bits (BSR.6), are protected from inadvertent Data Writes or Erases. When WP #
is high, all blocks can be written or erased regardless of the state of the lock-bits. The
WP # input buffer is disabled when RP # transitions low (deep power-down mode).

BYTE#

Input

BYTE ENABLE: BYTE # low places device in x8 mode. All data is then input or output
on DQg-7, and DQg_15 float. Address Agselects between the high and low byte.
BYTE# high places the device in x16 mode, and turns off the Ag input buffer. Address
A4 then becomes the lowest order address.

Vep

Supply

WRITE/ERASE POWER SUPPLY (12.0V +0.6V, 5.0V +0.5V): For erasing memory
array blocks or writing words/bytes/pages into the flash array. Vpp = 5.0V £0.5V
eliminates the need for a 12V converter, while the 12.0V +0.6V option maximizes
Write/Erase Performance.

Write and Erase attempts are inhibited with Vpp at or below 1.5V. Write and Erase
attempts with Vpp between 1.5V and 4.5V, between 5.5V and 11.4V, and above 12.6V
produce spurious results and should not be attempted.

Vce

Supply

DEVICE POWER SUPPLY (3.3V +0.3V, 5.0V +0.5V): Internal detection configures
the device for 3.3V or 5.0V operation. To switch 3.3V to 5.0V (or vice versa), first ramp
Ve down to GND, and then power to the new V¢ voltage. Do not leave any power
pins floating.

GND

Supply

GROUND FOR ALL INTERNAL CIRCUITRY: Do not leave any ground pins floating.

NC

NO CONNECT: No internal connection to die, lead may be driven or left floating.

3-10
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3.0 MEMORY MAPS

x8 Mode A 0 x16 Mode A 04
1FFFFF FFFFF
128-KByte Block 15 64-KWord Block 15
1E0000 F0000
1DFFFF EFFFF
128-KByte Block 14 64-KWord Block 14
1C0000 E0000
1BFFFF DFFFF
128-KByte Block 13 64-KWord Block 13
1A0000 D0000
19FFFF CFFFF
128-KByte Block 12 64-KWord Block 12
180000 C0000
17FFFF BFFFF
128-KByte Block 11 64-KWord Block 11
160000 80000
15FFFF AFFFF
128-KByte Block 10 64-KWord Block 10
140000 A0000
13FFFF 9FFFF
128-KByte Block 9 64-KWord Block 9
120000 90000
11FFFF 8FFFF
128-KByte Block 8 64-KWord Block 8
100000 80000
OFFFFF 7FFFF
128-KByte Block 7 64-KWord Block 7
0E0000 70000
ODFFFF 6FFFF
128-KByte Block 6 64-KWord Block 6
0C0000 60000
 OBFFFF - SFFFF
128-KByte Block S 64-KWord Block 5
0A0000 50000
O09FFFF AFFFF
128-KByte Block 4 64-KWord Block 4
080000 40000
O7FFFF 3FFFF
128-KByte Block 3 64-KWord Block 3
060000 30000
O5FFFF 2FFFF
128-KByte Block 2 64-KWord Block 2
040000 20000
O03FFFF . TPERE
128-KByte Block 1 64-KWord Block 1
020000 10000
O1FFFF OFFFF
128-KByte Block 0 64-KWord Block 0
000000 00000
290532-3 290532-4
Figure 3. 28F016XS Memory Map Figure 4. 28F016XS Memory Map
(Byte-Wide Mode) (Word-Wide Mode)
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3.1 Extended Status Register Memory Map

intal.

x8 Mode Asgo
AFFFFFH
. RESERVED
1E0006H
RESERVED
1E0005H
GSR
1E0004H
RESERVED
1E0003H
BSR 15
1E0002H
RESERVED
1E0001H
RESERVED 1EQ000H
- .
01FFFFH
RESERVED
000006H
RESERVED
000005H
GSR
000004H
RESERVED
000003H
BSR O
000002H
RESERVED
RESERVED 000001H
000000H

290532-5

Figure 5. Extended Status Register Memory

Map (Byte-Wide Mode)

3-12

x16 Mode

RESERVED

RESERVED

RESERVED

A20-1

RESERVED

RESERVED

00001H

RESERVED

FFFFFH

FOOO3H

F0002H

FO001H

FOO00H

OFFFFH

00003H

00002H

00000H
290532-6

Figure 6. Extended Status Register Memory

; Map (Word-Wide Mode)
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4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS

4.1 Bus Operations for Word-Wide Mode (BYTE# = Viy)

Mode Notes | RP# | CEg-4# | OE# | WE# | ADV# | CLK | Ay | DQg-15 | RY/BY#
Latch Read 1,910 | Vi ViL X ViH ViL T X X X
Address
Inhibit 1,9 ViH ViL X VIH ViH T X X X
Latching
Read Address
Read 1,279 | Vi ViL ViL ViH X T X Dour X
Output 1,679 | Vi ViL VIH ViH X X X High Z X
Disable

| Standby 1,6,79 | ViH ViL X X X X X High Z X
Deep 1,3 ViL X X X X X X High Z VOH
Power-Down
Manufacturer 1,49 ViH ViL ViL ViH X T ViL | 0089H VoH
ID
Device ID 1,489 | Vi ViL ViL | Vi X T | Vin | 66A8H VoH
Write 1,569 | Vihm 1 VL VIH Vi X X X DiN X

NOTES: .

1. X can be Vi or V| for address or control pins except for RY/BY #, which is either Vo or Vou, or High Z or Doyt for
data pins depending on whether or not OE # is active.

2. RY/BY# output is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode.

RY/BY# will be at Voy if it is tied to Vg through a resistor. RY/BY# at Voy is independent of OE# while a WSM

operation is in progress.

RP# at GND +0.2V ensures the lowest deep power-down current.

Ag and A at V) provide device manufacturer codes in x8 and x16 modes respectively. Ag and Aq at V|4 provide device

ID codes in x8 and x16 modes respectively. All other addresses are set to zero.

Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = Vppyq or \

Vpp = VppHa.

While the WSM is running, RY/BY # in level-mode (default) stays at Vo until all operations are complete. RY/BY # goes

to Von when the WSM is not busy or in erase suspend mode.

RY/BY# may be at Vo while the WSM is busy performing various operations. For example, a Status Register read

during a Write operation.

8. The 28F016XS shares an identical device identifier with other Intel Flash memories. Reading this identifier in conjunction
with the unique Device Proliferation Code (read from the Page Buffer after writing the Upload Device Configuration com-
mand), the 28F016XS can be identified by system software.

9. CEg.1 # at V| is defined as both CEg# and CE4 # low, and CEg. # at V| is defined as either CEg# or CE4# high.

10. Addresses are latched on the rising edge of CLK in conjunction with ADV# low. Address A1 = 0 selects the even bank

and Ay = 1 selects the odd bank, in both byte-wide mode and word-wide mode device configurations.

N o o pro

ADVANGCE INFORMATION ' 3-13



\ | .
28F016XS FLASH MEMORY , |n'l'e| .

4.2 Bus Operations for Byte-Wide Mode (BYTE# = V|)

Mode Notes | RP# | CEg.1# | OE# | WE# | ADV# | CLK | Ag | DQg-7 | RY/BY#
Latch Read 1,910 | Vi ViL X | vim | v T | X X X
Address ) :

Inhibit 1,9 ViH Vi X ViH ViH T | x X X

Latching i

Read Address

Read | 1279| Vi ViL vii | Vm X T | X | boutr X

Output 1,679 | VK ViL ViH ViH X X X | Highz X

Disable :

Standby 1679 | Vin Vil X X X X | X | Highz X

Deep 1,3 ViL X X X X X X | Highz VoH

Power-Down

Manufacturer 14,9 | VH ViL Vi Vi X T | ViL| 89H VoH

ID : :

Device ID 1,489 | Vi ViL ViL ViH X T Vi | A8H . VoH

Write 1,569 | Vin ViL ViH ViL X X X Din X
NOTES: ‘

1. X can be Vi or V) for address or control pins except for RY/BY #, which is either Vo or Vou, or High Z or Doy for
data pins depending on whether or not OE # is active.

2. RY/BY# output is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode.
RY/BY# will be at Voy if it is tied to Vgc through a resistor. RY/BY# at Vou is independent of OE# while a WSM
operation is in progress.

. RP# at GND *0.2V ensures the lowest deep power-down current.

. Ap and A4 at V)_ provide device manufacturer codes in x8 and x16 modes respectively. Ag and A4 at V| provide device
ID codes in x8 and x16 modes respectively. All other addresses are set to zero. '

5. Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = Vppnq or

Vep = VppHa.

6. While the WSM is runnlng, RY/BY # in level-mode (default) stays at Vo until all operations are complete. RY/BY # goes
to Vo when the WSM is not busy or in erase suspend mode.

7. RY/BY# may be at Vo while the WSM is busy performing various operations. For example, a Status Register read
during a Write operation.

8. The 28F016XS shares an identical device identifier with other Intel Flash memories. Reading thls identifier in conjunction
with the unique Device Proliferation Code (read from the Page Buffer after writing the Upload Device Configuration com-
mand), the 28F016XS can be identified by system software.

‘9. CEg.4# at Vj_is defined as both CEO# and CEq# low, and CEg 1 # at Vy is defined as either CEg# or CEq# high.

10. Addresses are latched on the rising edge of CLK in conjunction with ADV# low. Address A1 = 0 selects the even bank

and A1 = 1 selects the odd bank, in both byte-wide mode and word-wide mode device configurations.

&~ w
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4.3 28F008SA—Compatible Mode Command Bus Definitions

Command Notes First Bus Cycle Second Bus Cycle
Oper Addr Data Oper Addr Data

Read Array Write X FFH Read AA AD
Intelligent Identifier 1 Write X 90H Read 1A ID
Read Compatible Status Register 2 Write X 70H Read X CSRD
Clear Status Register 3 Write X 50H
Word/Byte Write Write X 40H Write WA WD
Alternate Word/Byte Write Write X 10H Write WA WD
Block Erase/Confirm ' Write X 20H | Write BA DOH
Erase Suspend/Resume Write X BOH Write X DOH

ADDRESS ' DATA

AA = Array Address AD = Array Data

BA = Block Address CSRD = CSR Data

IA = Identifier Address ' ID = Identifier Data 3

WA = Write Address WD = Write Data

X = Don’t Care

'NOTES:

1. Following the Intelligent Identifier command, two Read operations access the manufacturer and device signature codes.

2. The CSR is automatically available after device enters Data Write, Erase, or Suspend operations.

3. Clears CSR.3, CSR.4 and CSR.5. Also clears GSR.5 and all BSR.5, BSR.4 and BSR.2 bits. See Status Register defini-
tions.
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4.4 28FO16XS—Perfor'mance Enhancément Command Bus Definitions

intgl.

Command Mode | Notes First Bus Cycle Second Bus Cycle Third Bus Cycle
Oper | Addr | Data | Oper | Addr| Data |Oper|Addr| Data
Read Extended 1 Write| X | 71H |Read| RA | GSRD
Status Register BSRD
Page Buffer Swap 7 Write| X | 72H
Read Page Buffer 11 Write| X | 75H [ Read| PA PD
Single Load to Write| X | 74H [ Write| PA PD
Page Buffer ,
Sequential Load x8 46,10 [Write] X | EOH | Write| X BCL |Write] X |- BCH
to Page Buffer . ,
x16 |4,56,10| Write| X |EOH|write| X | WCL |[write| X | WCH
Page Buffer x8 |83,4,9,10| Write| X | OCH |Write| Ap | BC(L,H) | Write || WA | BC(H,L)
Write to Flash
) x16 | 4,5,10 |Write| X | OCH | Write| X WCL |Write| WA | WCH
Two-Byte Write x8 3 Write| X | FBH |[Write| Ag [ WD(L,H) | Write| WA | WD(H,L)
Lock Block/Confirm Write| X | 77H [ Write| BA DOH
Upload Status 2 Write| X | 97H | Write | X DOH
Bits/Confirm
Upload Device } 12 | Write| X | 99H [Write| X DOH
Information/Confirm
Erase All Unlocked Write| X [ A7H|{Write| X DOH
Blocks/Confirm .
Device 8 Write| X [ 96H [ Write| X DCCD
Configuration
Sleep Write| X | FOH
Abort Write| X | 80H
ADDRESS DATA

BA = Block Address

PA = Page Buffer Address
RA = Extended Register Address

WA = Write Address
X = Don’t Care

3-16

AD = Array Data

PD = Page Buffer Data

BSRD = BSR Data
GSRD = GSR Data

WC (L,H) = Word Count (Low, High)

BC (L,H) = Byte Count (Low, High)

WD (L,H) = Write Data (Low, High)
DCCD = Device Configuration Code Data

ADVANCE INFORMATION I
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NOTES: :

1. RA can be the GSR address or any BSR address. See Figures 5 and 6 for Extended Status Register memory maps.

2. Upon device power-up, all BSR lock-bits come up locked. The Upload Status Bits command must be written to reflect the

actual lock-bit status. : )

3. Ag is automatically complemented to load second byte of data. BYTE# must be at V). Ag value determines which

WD/BC is supplied first: A = 0 looks at the WDL/BCL, Ag = 1 looks at the WDH/BCH.

4. BCH/WCH must be at 00H for this product because of the 256-byte (128-word) Page Buffer size, and to avoid writing the
Page Buffer contents to more than one 256-byte segment within an array block. They are simply shown for future Page
Buffer expandability.

. In x16 mode, only the lower byte DQg_7 is used for WCL and WCH. The upper byte DQg_1s5 is a don't care.

. PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle, which is not shown.

. This command allows the user to swap between available Page Buffers (0 or 1).

. This command reconfigures RY/BY # output and SFI Configuration. .

. Write address, WA, is the Destination address in the flash array which must match the Source address in the Page Buffer.
Refer to the 16-Mbit Flash Product Family User's Manual.

10. BCL = 00H corresponds to a byte count of 1. Similarly, WCL = 00H corresponds to a word count of 1.

11. Page buffer reads are valid at any frequency up to the corresponding SFI Configuration setting of 2. Page buffer reads
above this frequency may produce invalid results and should not be attempted. See Section 4.9 for SFI Configuration
frequency settings.

12. After writing the Upload Device Information command and the Confirm command, the following information is output at
Page Buffer addresses specified below:

©CoO~NO;

Address Information

06H, 07H (Byte Mode) Device Revision Number

03H (Word Mode) Device Revision Number

1EH (Byte Mode) Device Configuration Code
OFH (DQg_7)(Word Mode) Device Configuration Code

1FH (Byte Mode) Device Proliferation Code (03H)
OFH (DQg_15)(Word Mode) Device Proliferation Code (03H)

A page buffer swap followed by a page buffer read sequence is necessary to access this information. The contents of all
other Page Buffer locations, after the Upload Device Information command is written, are reserved for future implementation
by Intel Corporation. See Section 4.8 for a description-of the Device Configuration Code. This code also corresponds to data
written to-the 28F016XS after writing the Device Configuration command.
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4.5 Compatible Status Register

| wsms | Ess | Es | ows wes | R | R | R |
7 6 5 4 3 2 1 0
NOTES:

CSR.7 = WRITE STATE MACHINE STATUS
1 = Ready ‘
0 = Busy

CSR.6 = ERASE-SUSPEND STATUS
1 = Erase Suspended
0 = Erase In Progress/Completed

-| CSR.5 = ERASE STATUS

1 = Error In Block Erasure
0 = Successful Block Erase
CSR.4 = DATA-WRITE STATUS
1 = Error in Data Write
0 = Data Write Successful

CSR.3 = Vpp STATUS
1 = Vpp Error Detect, Operation
Abort
0 = VppOK

CSR.2-0 = RESERVED FOR FUTURE ENHANCEMENTS

RY/BY # output or WSMS bit must be checked to determine
completion of an operation (Erase, Erase Suspend, or Data
Write) before the appropriate Status but (ESS, ES or DWS) is
checked for success.

If DWS and ES are set to “1 " during an erase attempt, an
improper command sequence was entered. Clear the CSR
and attempt the operation again.

The VPPS bit, unlike an A/D converter, does not provide
continuous indication of Vpplevel. The WSM interrogates
Vpp's level only after the Data Write or Erase command
sequences have been entered, and informs the system if
Vpp has not been switched on. VPPS is not guaranteed to
report accurate feedback between Vpp| k(max) and
VppH1(min), between Vppp1(max) and Vppya(min), and
above VppHa(max).

These bits are reserved for future use; mask them out when polling the CSR.

3-18
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4.6 Global Status Register

| wsms | oss | pbos | bss | as PBAS PBS PBSS
7 6 5 4 3 2 1 0
NOTES:
GSR.7 = WRITE STATE MACHINE STATUS [1] RY/BY # output or WSMS bit must be checked to
1 = Ready determine completion of an operation (Block Lock,
0 = Busy Suspend, any RY/BY # reconfiguration, Upload Status

Bits, Erase or Data Write) before the appropriate Status
bit (OSS or DOS) is checked for success.

GSR.6 = OPERATION SUSPEND STATUS

1 = Operation Suspended
0 = Operation in Progress/Completed

GSR.5 = DEVICE OPERATION STATUS
1 = Operation Unsuccessful
0 = Operation Successful or Currently
Running

GSR.4 = DEVICE SLEEP STATUS
1 = Device in Sleep
0 = Device Not in Sleep

MATRIX 5/4
~ 00 = Operation Successful or If operation currently running, then GSR.7 = 0.

Currently Running If device pending sleep, then GSR.7 = 0.

01 = Device in Sleep mode or
Pending Sleep

10 = Operation Unsuccessful Operation aborted: Unsuccessful due to Abort

11 = Operation Unsuccessful or command.
Aborted

GSR.3 = QUEUE STATUS
1 = Queue Full
0 = Queue Available

GSR.2 = PAGE BUFFER AVAILABLE STATUS  The device contains two Page Buffers.
1 = One or Two Page Buffers

Available
0 = No Page Buffer Available
GSR.1 = PAGE BUFFER STATUS Selected Page Buffer is currently busy with WSM
1 = Selected Page Buffer Ready operation

0 = Selected Page Buffer Busy

GSR.0 = PAGE BUFFER SELECT STATUS
1 = Page Buffer 1 Selected
0 = Page Buffer 0 Selected

NOTE: i
1. When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block.
GSR.7 provides indication when all queued operations are completed.
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4.7 Block Status Register

| Bs | Bs | Bos BOAS | as vwps | vl | R |
7 6 5 4 3 2 1 0
NOTES:

BSR.7 = BLOCK STATUS
1 = Ready
0 = Busy

BSR.6 = BLOCK LOCK STATUS
= Block Unlocked for Write/Erase
0 = Block Locked for Write/Erase

BSR.5 = BLOCK OPERATION STATUS
1 = Operation Unsuccessful
0 = Operation Successful or Currently
Running

BSR.4 = BLOCK OPERATION ABORT STATUS
1 = Operation Aborted
0 = Operation Not Aborted

MATRIX 5/4
0 0 = Operation Successful or
Currently Running
0 1 = Not a Valid Combination
1 0 = Operation Unsuccessful
11 = Operation Aborted

BSR.3 = QUEUE STATUS
1 = Queue Full
0 = Queue Available

BSR.2 = Vpp STATUS
1 = Vpp Error Detect, Operation Abort
0 = Vpp OK

BSR.1 = Vpp LEVEL
1 = Vpp Detected at 5.0V +10%
0 = Vpp Detected at 12.0V +5%

BSR.0 = RESERVED FOR FUTURE ENHANCEMENTS
This bits is reserved for future use; mask it out when polling the BSRs.

[1] RY/BY # output or BS bit must be checked to
determine completion of an operation (Block Lock,
Suspend, Erase or Data Write) before the appropriate
Status bits (BOS, BLS) is checked for success.

The BOAS bit will not be set until BSR.7 =

Operation halted via Abort command.

BSR.1 is not guaranteed to report accurate feedback
between the Vppr1 and Vppp2 voltage ranges. Writes
and erases with Vpp between Vppk(max) and Vppy1
(min), between VppH1(max) and VppH2(min), and above
VppH2(max) produce spurious results and should not be
attempted.

NOTE:

1. When multiple operations are queued checking BSR.7 -only provides indication of completion for that particular block.
GSR.7 provides indication when all queued operations are completed

3-20
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4.8 Device Configuration Code

| R | R | sm2 | sAA SF0 RB2 RB1 | RBO |
7 6 5 4 3 2 1 0

NOTES:
Default SFI Configuration on powerup or return from deep
powerdown mode is 4, allowing system boot from the
© 28F016XS at any frequency up to the device’s maximum
frequency. Undocumented combinations of SFI2-SFI0 are
reserved by Intel Corporation for future implementations
and should not be used. :

DCC.5-DCC.3 = SFI CONFIGURATION
(SF12-SFi0)
001 = SFI Configuration 1
010 = SFI Configuration 2
011 = SFI Configuration 3
100 = SFI Configuration 4
(Default)

g — Undocumented combinations of RB2-RBO0 are reserved by
bec.2-bec.o (R;‘ZTIQBB\(()? CONFIGURATION Intel Corporation for future implementations and should not

001 = Level Mode (Defaulty ~ °° 5%
010 = Pulse-On-Write

011 = Pulse-On-Erase

100 = RY/BY # Disabled

101 = Pulse-On-Write/Erase

DCC.7-DCC.6 = RESERVED FOR FUTURE ENHANCEMENTS
These bits are reserved for future use; mask them out when reading the Device Configuration Code. Set
these bits to “0” when writing the desired RY/BY # configuration to the device.

4.9 SFI Configuration Table

SFI Notes 28F016XS-15 28F016XS-20 28F016XS-25 -
Configuration Frequency (MHz) Frequency (MHz) Frequency (MHz)
4 1,2 66 (and below) 50 (and below) 40 (and below)
3 50 (and below) 37.5 (and below) 30 (and below)
2 33 (and below) 25 (and below) 20 (and below)
1 2 16.7 (and below) 12.5 (and below) 10 (and below)
NOTE: ;
1. Default SFI Configuration after powerup or return from deep power-down mode via RP# low.
2. SFI Configuration is retained if put in sleep mode via a Sleep or Abort Command.
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5.0 ELECTRICAL SPECIFICATIONS

5.1 Absolute Maximum Ratings*

Temperature UnderBias . . .......... 0°Cto +80°C
Storage Temperature ............ 65°C to +125°C

Vce = 3.3V £0.3V Systems(5)

intal.

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. The specifications are subject to
change without notice. Verify with your local Intel
Sales office that you have the latest data sheet be-
fore finalizing a design.

*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.

Output Short Circuit Current

Symbol Parameter Notes | Min Max Units | Test Conditions
TA Operating Temperature, Commercial 1 0 70 °C | Ambient Temperature
Vee Ve with Respect to GND 2 -0.2 7.0 \"
Vpep Vpp Supply Voltage with 23 | —02 14.0 \"
Respect to GND
v Voltage on any Pin (except Vg, Vpp) 2 —-05|Vgc+ 05| V
with Respect to GND
| Current into any Non-Supply Pin 30 mA
lout 4 100 mA

Vce = 5.0V £0.5V Systems(5) »

Symbol Parameter Notes [ Min | Max | Units Test Conditions.
Ta Operating Temperature, Commercial 1 0 70 °C | Ambient Temperature
Vee Vg with Respect to GND 2 -021 7.0 \"
Vpp Vpp Supply Voltage with Respect to GND 2,3 —-0.2 | 14.0 \"
v Voltage on any Pin (except Vcg, Vpp) with 2 -20] 7.0 v
Respect to GND
| Current into any Non-Supply Pin 30 mA
lout Output Short Circuit Current 4 100 | mA
NOTES: |

1. Operating temperature is for commercial product defined by this specification.
2. Minimum DC voltage is —0.5V on input/output pins. During transitions, this level may undershoot to —2.0V for periods
<20 ns. Maximum DC voltage on input/output pins is Vcc+ 0.5V which may overshoot to Vgc + 2.0V for periods

<20 ns.

3. Maximum DC voltage on Vpp may overshoot to + 14.0V for periods <20 ns.
4. Output shorted for no more than one second. No more than one output shorted at a time.
5. AC specifications are valid at both voltage ranges. See DC Characteristics tables for voltage range-specific specifications.

3-22
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5.2 Capacitance
For a 3.3V £0.3V System:

Symbol Parameter Notes | Typ | Max | Units Test Conditions

CiN Capacitance Looking into an 1 6 8 pF Ta = 25°C,f = 1.0 MHz
Address/Control Pin

Cout Capacitance Looking into an 1 8 12 pF Ta =25C,f = 1.0 MHz
Output Pin

CLoAD Load Capacitance Driven by 1,2 50 pF For the 28F016XS-20
Outputs for Timing Specifications and 28F016XS-25

For 5.0V +£0.5V System:

Symbol Parameter Notes | Typ | Max | Units Test Conditions
CiNn Capacitance Looking into 1 6 8 pF Ta= 25°C,f = 1.0 MHz
an Address/Control Pin '
Cout Capacitance Looking into an 1 8 12 pF Ta= 25°C, f = 1.0 MHz
Output Pin
CLoaD Load Capacitance Driven by 1,2 100 pF For the 28F016XS-20
Outputs for Timing Specifications i :
: ‘30 pF For the 28F016XS-15

NOTE:

1. Sampled, not 100% tested. Guaranteed by design.

2. Intel is currently developing more accurate models for the Transient Equivalent Testing Load Circuits. For more informa-
tion or to obtain iBIS models, please contact your local Intel/Distribution Sales Office.
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5.3 T§ansient Input/Output Reference Waveforms

2.4 — G
: 2.0 i 2.0
INPUT X >TEST P0!NTS< >< OUTPUT
0.8 P 0.8
4 J

0.45

290532-7
AC test inputs are driven at Vou (2.4 VTTL) for a Logic “1” and Vo (0.45 VTTL) for a Logic'“0.” Input timing begins at
ViH (2.0 VTTL) and V) (0.8 VTTL). Output timing ends at V| and V). Input rise and fall times (10% to 90%) <10 ns.

Figure 7. Transient Input/Output Reference Waveform
(Vee = 5.0V +0.5V) for Standard Testing Configuration(1)

3.0 5 §
INPUT X.u——rssr POINTS— 1.5 OUTPUT
0.0

L Com
r

200532-8
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.

Figure 8. Transient input/Output Reference Waveform (Vgc = 3.3V +0.3V)
High Speed Reference Waveform(2) (Vcc = 5.0V +0.5V)
NOTES:

1. Testing characteristics for 28F016XS-20 at 5V Vg,
2. Testing characteristics for 28F016XS-15 at 5V Vg and 28F016XS-20/28F016XS-25 at 3.3V Vce.
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5.4 DC Characteristics
Voo = 3.3V £0.3V, Tp = 0°C to +70°C
Symbol Parameter Notes | Min | Typ | Max | Units Test Conditions
T Input Load Current 1 +1 pA | Voo = Vg Max,
) ViN = Voo or GND
Lo Output Leakage 1 +10 | pA | Voo = Voo Max,
Current Vout = Vcc or GND
lccs Vcc Standby 1,5 70 | 130 | pA | Voo = VeocMax,
Current CEp#,CEq#, RP# = Vgg £0.2V
BYTE#,WP# = Vgg £0.2V
or GND +0.2V
1 4 mA | Vgc = Voo Max,
CEo#,CEy#,RP# = Vi
) BYTE#, WP# = VjyorV|L
lccp Vg Deep 1 2 5 pA | RP# = GND + 0.2V
Power-Down BYTE# = Vgg 0.2V or GND +0.2V
Current
Iccr1 Vcc Word/Byte 1,4,5 65 85 mA | Voo = Voo Max .
Read Current CMOS: CEg#, CE1# = GND 0.2V
BYTE# = GND £0.2V or Vg £0.2V
Inputs = GND 0.2V or Vgg 0.2V
4-Location Access
Sequence: 3-1-1-1 (clocks)
f = 25 MHz, loyT = 0 mA
lccre | Voo Word/Byte 1,4, 60 | 75 | mA | Voo = Voo Max
Read Current 56 CMOS: CEg#, CE1# = GND £0.2V
BYTE# = GND +0.2V or Vg £0.2V
Inputs = GND +0.2V or Vg £0.2V
4-Location Access
Sequence: 3-1-1-1 (clocks)
f =16 MHz, oyt = 0 mA
lccw Ve Write Current 1,6 8 12 mA | Word/Byte Write in Progress
Vpp = 12.0V 5%
8 | 17 mA | Word/Byte Write in Progress
Vpp = 5.0V £10%
lcce Ve Block Erase 1,6 6 12| mA | Block Erase in Progress
Current Vpp = 12.0V £5%
9 17 mA | Block Erase in Progress
Vpp = 5.0V £10%
lcces Vcg Erase 1,2 3 6 mA | CEg#,CE1# = V|4
Suspend Current Block Erase Suspended

I ADVANCE INFORMATION
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5.4 DC Characteristics (Continued)
Vo = 8.3V 0.3V, Tp = 0°C to +70°C

Symbol Parameter 'Notes | Min | Typ | Max | Units Test Conditions

lpps Vpp Standby/Read 1 +1 [ £10 | pA | Vpp < Vo

lppR | Current 30 | 50 | pA | Vep> Voo

IppD Vpp Deep Power- 1 02 | 5 pA | RP# = GND £0.2V
Down Current . ) :

IpPW Vpp Write Current 1 16 10 15 mA | Vpp = 12.0V £5%

Word/Byte Write in Progress

15 | 25 mA. | Vpp = 5.0V £10%
Word/Byte Write in Progress

IppE Vpp Erase Current 1,6 4 10 mA | Vpp = 12.0V £5%
Block Erase in Progress

14 20 mA | Vpp = 5.0V £10%
) Block Erase in Progress

lppEs | Vpp Erase 1 30 | 50 RA | Vpp = VppH1 OF Vpppgz,
Suspend Current Block Erase Suspended
ViL Input Low Voltage 6 -0.3 1 08 \
ViH - Input High Voltage 6 2.0 Vee \
] +0.3
VoL Output Low : 6 0.4 \' Vce = Ve Min and
Voltage lo=4mA ~
VoH1 Output High 6 24 v loH = —2.0mA
Voltage ) Vee = Veg Min
VoH2 i Vee ~ loH = —100 nA
-0.2 . Vee = Voo Min
VppLK Vpp Erase/Write 3,6 0.0 : 1.5 \"
- | Lock Voltage
VppHi | Vpp during Write/Erase | 3 45 | 50 | 55 %
: Operations
VppH2 | Vpp during Write/Erase 3 114 | 12.0 | 126" Vv
Operations
Viko Ve Erase/Write 2.0 \
Lock Voltage '
NOTES:

1. All currents are in RMS unless otherwise noted. Typlcal values at Vgc = 3.3V, Vpp = 12.0V or 5.0V, T = 25°C. These
currents are valid for all product versions (package and speeds)

2. Icces is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum
of Icces and Iccr.

3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp \ Vpp K and not guaranteed in the
ranges between Vpp| k(max) and Vppp1(min), between Vppri(max) and VppH2(min) and above Vpppa(max).

4. Automatic Power Savings (APS) reduces Iccr to 3 mA typical in static operation.

5. CMOS Inputs are either Vo £0.2V or GND +0.2V. TTL Inputs are either V| or Viy.

6. Sampled, but not 100% tested. Guaranteed by design.

3-26 ADVANGCE INFORMATION I



] f
Intel ® 28F016XS FLASH MEMORY

5.5 DC Characteristics
Vce = 5.0V £0.5V, Tp = 0°C to +70°C

Symbol Parameter Notes | Min | Typ | Max | Units Test Conditions
Iy Input Load Current| 1 +1 | pA | Voo = Voo Max
ViN= Vgc or GND
ILo Output Leakage 1 +10| pA |Vgc = Voo Max
Current VouTt = Vcc or GND
lccs Vcc Standby 1.5 70 | 130 | pA | Vco= Vcc Max
Current CEp#,CEq#,RP# = Vgg £ 0.2V

BYTE#, WP# = Vgg +£0.2V or GND 0.2V
2 4 mA | Vec = Voo Max

CEo#,CEq#,RP# = V|

BYTE#, WP# = V| orV|_

lccp Vcc Deep Power- 1 2 5 rA |RP# = GND 0.2V
Down Current : BYTE# = Vgg £0.2V or GND £0.2V
lccr1 | Vcc Read Current | 1,4,5 120 | 175 | mA | Voo = Voo Max,

CMOS: CEg# ,CE1# = GND +0.2V
BYTE# = GND +0.2V or Vgg £0.2V
Inputs = GND *0.2V or Vgg £0.2V
4-Location Access

Sequence: 3-1-1-1 (clocks)
f = 33 MHz, loyt = 0 mA

lccr2 | Voc Read Current | 1,4, 105| 150 | mA | Vgg = Voo Max,
5,6 CMOS: CEg#, CE1# = GND +0.2V
BYTE# = GND *0.2V or Vgg £0.2V
Inputs = GND £0.2V or Vgg £0.2V
4-Location Access

Sequence: 3-1-1-1 (clocks) *
f = 20 MHz, loyt = 0 mA

lccw Vcg Write Current | 1,6 25 | 35 | mA | Word/Byte in Progress
Vpp = 12.0V +5%

25 | 40 | mA |[Word/Bytein Progress
Vpp = 5.0V £10%
lcce Vg Erase 1,6 18 | 25 | mA |Block Erase in Progress
Suspend Current Vpp = 12.0V +5%

20 | 30 | mA |Block Erase in Progress
Vpp = 5.0V £10%

lcces | Voc Block Erase 1,2 5 10 | mA |CEo#,CEq# = Vi
Current Block Erase Suspended
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5.5 DC Characteristics (Continued)
Voo = 5.0V £0.5V, To = 0°C to +70°C

Symbol Parameter Notes | Min | Typ | Max | Units | Test Conditions

lpps Vpp Standby/Read 1 +1 | £10| pA | Vpp < Voo

IpPR Current . 30 50 pA | Vpp > Ve

IpPD Vpp Deep Power- 1 0.2 5 pA | RP# = GND *0.2V
Down Current :

Ippw Vpp Write Current 1,6 7 12 mA | Vpp = 12.0V +5%

Word/Byte Write in Progress

17 22 mA | Vpp = 5.0V £10%

i Word/Byte Write in Progress
IpPE Vpp Block Erase 1,6 5 10 mA | Vpp = 12.0V £5% -
Current Block Erase in Progress

16 20 mA | Vpp = 5.0V £10%
. Block Erase in Progress

lpPEs | Vep Erase 1 30 | 50 pA | Vpp = VppH1 OF VppH2,
Suspend Current Block Erase Suspended
ViL Input Low Voltage 6 -0.5 0.8 \"
ViH Input High Voltage 6 2.0 Veo \"
+05|
VoL Output Low 6 0.45 \" Vee = Voo Min
Voltage . ' loL = 5.8 mA
VoH1 Output High 6 0.85 : \" loH = —2.5mA
Voltage Vee ! Vce = Vg Min
VoH2 Vee ’ loH = —100 pA
—0.4 Vee = Voe Min
VppLK Vpp Write/Erase 3,6 0.0 1.5 \"
Lock Voltage ’
VPPH1 Vpp during Write/Erase 4.5 5.0 5.5 \"
Operations
VppH2 | Vpp during Write/Erase 114 [ 120 126 | V
Operations
ViLko Ve Write/Erase 2.0 \"
Lock Voltage
NOTES: :

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

. Icces is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum
of Icces and IccR-

. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp < Vpp K and not guaranteed in the
ranges between Vpp| k(max) and Vppy1(min), between Vppi4(max) and VppHa(min) and above Vpppz(max).

. Automatic Power Saving (APS) reduces Iccr to 1 mA typical in Static operation.

. CMOS Inputs are either Voc £0.2V or GND £0.2V. TTL Inputs are either V| or V|.

. Sampled, but not 100% tested. Guaranteed by design. :

W N

oo
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5.6 Timing Nomenclature

All 3.3V system timings are measured from where signals cross 1.5V.

For 5.0V systems, use the standard JEDEC cross point definitions (standard testing) or from where signals
cross 1.5V (high speed testing).

Each timing parameter consists of 5 characters. Some common examples are defined below:
teLcH time(t) from CE# (E) going low (L) to CLK (C) going high (H)
tavcH time(t) from address (A) valid (V) to CLK (C) going high (H)

twHDx time(t) from WE# (W) going high (H) to when the data (D) can become undefined (X)

Pin Characters Pin States

A Address Inputs H High

C CLK (Clock) L Low

D Data Inputs \Y Valid

Q Data Outputs X Driven, but Not Necessarily Valid
E CE # (Chip Enable) Z High Impedance

F BYTE# (Byte Enable) L Latched

G OE# (Output Enable)

W WE # (Write Enable)

P RP # (Deep Power-Down Pin)

R RY/BY # (Ready Busy)

Vv ADV # (Address Valid)
5V Ve at 4.5V Minimum
3V Vgc at 3.0V Minimum
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5.7 AC Characteristics—Read Only Operations(1)
Voc = 3.3V £0.3V, To = 0°C to +70°C

Versions(3) 28F016XS-20 28F016XS-25 Units
Symbol Parameter Notes Min Max Min Max
foLk CLK Frequency 7 50 40 MHz
tok CLK Period 20 25 ns
tcH CLK High Time 6 8.5 ns
toL CLK Low Time . 6 8.5 ns
tcLCH CLK Rise Time 4 4 ns
tcHoL CLK Fall Time ) : 4 4 ns
teLcH CEx# Setup to CLK 6 25 35 ns
tvLcH ADV# Setup to CLK 20 25 ns
tavcH Address Valid to CLK 20 25 ns
tcHAX Address Hold from CLK 0 . 0 ns
tcHVH ADV # Hold from CLK 0 0 ns
tgLCH OE # Setup to CLK 20 25 ns
tcHav CLK to Data Delay 30 35 ns
tPHCH. RP# High to CLK 480 . 480 ns
tcHax Output Hold from CLK 2 6 6 ns
teLax CEx# to Output Low Z 2,6 0 0 ns
teHQZ CEx# High to Output High Z 2,6 30 30 ns
taLax OE # to Output Low Z 2 0 0 ns
tgHazZ OE# High to Output High Z 2 30 30 -'ns
ton Output Hold from CEx # or OE # 6 0 0 : ns

Change, Whichever Occurs First

s ~ ADVANGE umns@@mn@ml
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5.7 AC Characteristics—Read Only Operations(1) (Continued)
Voc = 5.0V £0.5V, Ta = 0°C to +70°C

Versions(3) 28F016XS-15(4) 28F016XS-20(5) Units

Symbol Parameter Notes Min Max Min Max
foLk CLK Frequency 7 66 ' 50 MHz
toLk CLK Period } 15 20 ns
tcH CLK High Time 35 6 ns
tc. | CLKLow Time 35 6 ns
tcLcH CLK Rise Time 4 4 ns
tcHoL CLK Fall Time 4 4 . ns

" tELCH CEx# Setup to CLK 6 25 30 ns
tvLCH ADV # Setup to CLK 15 20 ns
tavcH Address Valid to CLK 15 20 ns
tCHAX Address Hold from CLK 0 0 ns
tCHVH ADV # Hold from CLK ) 0 ns
tGLCH OE # Setup to CLK : 15 20 ns
tcHav CLK to Data Delay 20 30 ns
tPHCH RP# High to CLK © 300 300 ns
tcHax Output Hold from CLK 2 5 5 ‘ ns
teLax CEx# to Output Low Z 2,6 0 (4] ns
teHQZ CEx# High to Output High 2 2,6 30 30 ns
taLax OE # to Output Low Z 2 0 0 ns
teHQz OE# High to Output High Z 2 30 30 ns
ton Output Hold from CEx # or OE# 6 ) 0 ns

Change, Whichever Occurs First

NOTES:
1. See AC Input/Output Reference Waveforms for timing measurements.
2. Sampled, not 100% tested. Guaranteed by design.
3. Device speeds are defined as:
15 ns at Voo = 5.0V equivalent to
20 ns at Voo = 3.3V
20 ns at Vg = 5.0V equivalent to
25 ns at Vg = 3.3V
4. See the high speed AC Input/Output Reference Waveforms.
5. See the standard AC Input/Output Reference Waveforms.
6. CEx# is defined as the latter of CEg# or CE4# going low, or the first of CEq# or CEq # going high.
7. Page buffer reads are valid at any frequency up to the corresponding SFI Configuration setting of 2. Page buffer reads
above this frequency may produce invalid results and should not be attempted. See Section 4.9 for SFI Configuration
frequency settings. .
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Figure 9. CLK Waveform
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NOTE:

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst
~access is dictated by the control CPU or bus architecture.

Figure 10. Read Timing Waveform(1) (SFI Configuration = 1, Alternate-Bank Accesses)
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NOTE:

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst
access is dictated by the control CPU or bus architecture.

Figure 11. Read Timing Waveform(1) (SFI Configuration = 2, Alternate-Bank Accesses)
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NOTES:

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst
access is dictated by the control CPU or bus architecture.

2. Depending on the actual operation frequency, a consecutive alternating bank access can be initiated one clock period
earlier. See AP-398 for further information. .

Figure 12. Read Timing Waveform(1) (SFI Configuration = 3, Alternate-Bank Accesses)
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NOTE:

1. The 28F016XS can sustain an endless burst access ass ming alternating bank a s; the length of the burst
access is dictated by the contr oI CPU or bus architectur

Figure 13. Read Timing Waveform(1) (SFl Configuration = 4, Alternating Bank Accesses)

| ADVANCE INFORMATION 3-35



n
28F016XS FLASH MEMORY ; Intel o

5.8 AC Characteristics for WE #-Controlled Write Operations(1)
Voo = 3.3V +0.3V, Ta = 0°C to +70°C

Versions : 28F016XS-20 28F016XS-25 Unit
Symbol Parameter Notes | Min | Typ | Max | Min | Typ | Max
tavAV Write Cycle Time , 75 ' 75 ns
tvPwH Vpp Setup to WE # 3 100 100 | ‘ns
: Going High
tPHEL RP# Setup to CEx# 37 | 480 480 | ns
| Going Low
teLwiL CEx# Setup to WE# 3,7 0 ) 0 . . ns
Going Low S
tavwH .| Address Setup to WE# 2,6 60 60 ns
Going High
tovwH Data Setup to WE# 2,6 60 60 ns
Going High
tWLWH WE # Pulse Width ' : 60 60 ns
twHpx | Data Hold from WE # High 2 5 5 ns
twHAX Address Hold from 2 5 5 ‘ ns
WE# High ‘
twHeH | CEx# hold from WE# High 37 5 5 ns
twHWL WE # Pulse Width High 15 15 ns
tGHWL Read Recovery 3 0 0 ns
before Write
tWHRL WE # High to RY/BY # 3 100 100 ns
Going Low '
tRHPL RP# Hold from Valid Status 3 .0 . 0 i ns
Register (CSR, GSR, BSR)
data and RY/BY # High ,
tPHWL RP# High Recovery 3 480 480 ns
to WE# Going Low
twHCH Write Recovery » 3 20 20 ns
before Read
tavvL Vpp Hold from Valid Status 3 0 0 us
Register (CSR, GSR, BSR)
Data and RY/BY # High
twHav1 Duration of Word/Byte 3,4,5 5 9 T™BD | 5 9 TBD us
Write Operation ‘
twHav2 | Duration of Block 3,4 0.6 1.6 20 0.6 1.6 20 sec
Erase Operation )
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5.8 AC Characteristics for WE #—Controlled Write Operations(1) (Continued)
Vo = 5.0V £0.5V, Ta = 0°C to +70°C

28F016XS FLASH MEMORY

Versions 28F016XS-15 28F016XS-20 Unit
Symbol Parameter Notes | Min | Typ | Max | Min | Typ | Max
tAvAv Write Cycle Time 65 65 ns
tvPwH Vpp Setup to WE # 3 100 100 ns
Going High
tPHEL RP# Setup to CEx# Going Low 3,7 300 300 ns
teLwe CEx# Setup to WE# 3,7 0 0 ns
Going Low
tAVWH Address Setup to WE # 2,6 50 50 ns
Going High
tovwH Data Setup to WE # Going High 2,6 50 50 ns
twLWH WE # Pulse Width 50 50 ns
twHDX Data Hold from WE # High 2 0 ns
twHAX Address Hold from WE # High 2 5 ns
tWHEH CEx# hold from WE# High 3,7 5 ns
twHWL WE # Pulse Width High 15 15 ns
tGHWL Read Recovery 3 0 0 ns
before Write
tWHRL WE# High to RY/BY # 3 100 100 ns
Going Low
tRHPL RP# Hold from Valid Status 3 0. 0 ns
Register (CSR, GSR, BSR)
data and RY/BY # High
tPHWL RP# High Recovery 3 300 300 ns
to WE # Going Low
twHCH Write Recovery 3 20 20 ns
before Read
tavvL Vpp Hold from Valid Status 3 0 0 us
Register (CSR, GSR, BSR)
Data and RY/BY # High
twHav! | Duration of Word/Byte 345 | 45| 6 | TBD | 45 6 | TBD | us
Write Operation
twHaQv2 | Duration of Block 34 06 | 1.2 20 06 | 1.2 20 sec
Erase Operation
NOTES:
1. Read timings during Write and Erase are the same as for normal read.
2. Refer to command definition tables for valid address and data values.
3. Sampled, but not 100% tested. Guaranteed by design.
4. Write/Erase durations are measured to valid Status Register (CSR) Data.
5. Word/Byte Write operations are typically performed with 1 Programming Pulse.
6. Address and Data are latched on.the rising edge of WE# for all Command Write operations.
7. CEx# is defined as the latter of CEg# or CE4# going low, or the first of CEq# or CE4# going high.
3-37
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NOTES:

1. This address string depicts Data Write/Erase cycles with corresponding verification via ESRD.

2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD.

3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations.

4. CEx # is defined as the latter of CEq# or CE¢# going low or the first of CEg# or CE4# going high.
5. RP# low transition is only to show tgHpy; not valid for above Read and Write cycles.

6. Data Write/Erase cycles are asynchronous; CLK and ADV# are ignored.

7. Vpp voltage during Data Write/Erase operations valid at both 12.0V and 5.0V.

8. Vpp voltage equal to or below Vppyk provides complete flash memory array protection.

Figure 14. AC Waveforms for WE # Command Write Operations, lllustrating a
Two Command Write Sequence Followed by a Extended Status Register Read
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5.9 AC Characteristics for CEy #—Controlled Write Operations(1)
Vo = 3.3V 0.3V, Tp = 0°C to +70°C

Versions 28F016XS-20 28F016XS-25 Unit
Symbol Parameter Notes | Min | Typ | Max | Min | Typ | Max
tAvAV Write Cycle Time 75 75 ns
tvPEH Vpp Setup to CEx # 3,7 100 100 ns
Going High
tPHWL RP# Setup to WE # 3 480 480 ns -
Going Low
tWLEL WE # Setup to CEx # 3,7 0 0 ns
Going Low
tAVEH Address Setup to CEx # 2,6,7 60 60 ns
Going High .
tpVvEH Data Setup to CEx # 2,6,7 60 60 ns
Going High
tELEH CEx # Pulse Width 7 60 60 ns
teHDX Data Hold from CEx # High 2,7 10 10 |1 ns
tEHAX Address Hold from 2,7 10 10 ns
CEx# High
tEHWH WE hold from CEx# High 3,7 5 5 ns
tEHEL CEx# Pulse Width High 7 15 15 ns
tGHEL Read Recovery 3 0 0 . ns
before Write
tEHRL CEx# High to RY/BY # 3,7 100 100 ns
Going Low .
tRHPL RP# Hold from Valid Status 3 0 0 ns
Register (CSR, GSR, BSR)
Data and RY/BY # High
tPHEL RP# High Recovery to 3,7 480 480 ns
CEx# Going Low
tEHCH Write Recovery 3 20 20 ns
before Read
tavvL Vpp Hold from Valid Status 3 0 0 s
Register (CSR, GSR, BSR)
Data and RY/BY # High
tEHQVA Duration of Word/Byte 34,5 5 9 TBD 5 9 TBD us
Write Operation
teHQv2 Duration of Block : 3,4 0.6 1.6 20 0.6 1.6 20 sec
.Erase Operation :
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5.9 AC Characteristics for CEx # Controlled Write Operations(1) (Continued)
Voe = 5.0V £0.5V, Ta = 0°C to +70°C

Versions 28F016XS-15 28F016XS-20 Unit
Symbbl Parameter Notes | Min | Typ | Max | Min | Typ | Max
tavav Write Cycle Time 60 : 60 | ns
tPHWL RP# Setup to WE# Going Low 3 300 300 ns
tvPEH Vpp Setup to CEx # 3,7 100 |. ‘| 100 ns
Going Low Going High
tWLEL WE # Setup to CEx # 3,7 0 0 ns
Going Low
tAVEH Address Setup to CEx # 2,6,7 45 45 ns
~ Going High
tDVEH Data Setup to CEx# Going High | 2,6,7 45 45 ns
teLen | CEx# Pulse Width 7 45 45 ns
tEHDX Data Hold from 2,7 0 0 ns
Going HighCEx # High .
tEHAX Address Hold from CEx# High 2,7 5 5 ns
tEHWH WE hold from CEx# High 3,7 5 5 ns
tEHEL CEx# Pulse Width High 7 15 15 ‘ ns
tgHEL | Read Recovery 3 0 0 ns
. before Write
tEHRL CEx# High to RY/BY # 3,7 100 100 ns
Going Low
tRHPL RP# Hold from Valid Status 3 0 0 ns
Register (CSR, GSR, BSR)
Data and RY/BY # High
tPHEL RP# High Recovery to 3,7 300 300 ns
CEx# Going Low .
tEHCH Write Recovery 3 20 20 ns
before Read
tQvvL Vpp Hold from Valid Status 3 0 0 p©s
Register (CSR, GSR, BSR)
Data and RY/BY # High
teHqv1 | Duration of Word/Byte 345 | 45 6 | TBD | 45 6 | TBD | ps
Write Operation
teHqv2 | Duration of Block 3,4 06 | 1.2 20 06 | 1.2 20 sec
Erase Operation

NOTES:

1. Read timings during Write and Erase are the same as for normal read.

2. Refer to command definition tables for valid address and data values.

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

4. Write/Erase durations are measured to valid Status Register (CSR) Data.

5. Word/Byte Write operations are typically performed with 1 Programming Pulse.

6. Address and Data are latched on the rising edge of WE# for all Command Write operations.

7. CEx# is defined as the latter of CEq# or CE¢# going low, or the first of CEq# or CE1# going high.
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WRITE VALID ADDRESS

DEEP WRITE DATA-WRITE OR & DATA (DATA-WRITE) OR AUTOMATED DATA-WRITE WRITE READ EXTENDED ' READ EXTENDED

POWER-DOWN ERASE SE’ ERASE ‘OR ERASE DELAY i TATU:
e TTRAATTRXTTINOIIIN .} XTXXXXOT (ORXXOTTIX TXTTRRXXTIIXN (X7
e io!éiéo!ofofoféofo!o’ RN ™ RSN
Yo ST ETXTTRXOTIIODN Y (XORIXXTIINN <> (XTIXYTTIYTIN XOTXXXTIXXTRN (X7
e XXXV R " AKX XXX RN

tavav AVEH teax

. R XXX XTTXXTKX XYY
vores RGN

WES (W) / \ / \ /
Vi,

wie—s{ [¢= = je=tenwn

Vin
OE# (G)
Vi
[ 'eney ~ 'enovi2 *ameL "I

’ .'.'.""V"‘v"’""V"" V"""""
Y
"'.'.'.V"’V’V.v’v"‘v‘v'v’v""."'
RO

290532-15

NOTES:

1. This address string depicts Data Write/Erase cycles with corresponding verification via ESRD. .

2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD.

3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations.

4. CEx # is defined as the latter of CEg# or CE4# going low or the first of CEg# or CE¢# going high.
5. RP# low transition is only to show tgpy; not valid for above Read and Write cycles.

6. Data Write/Erase cycles are asynchronous; CLK and ADV # are ignored.

7. Vpp voltage during Data Write/Erase operations valid at both 12.0V and 5.0V.

8. Vpp voltage equal to or below Vpp  provides complete flash memory array protection.

Figure 15. AC Waveforms for CEx #—Controlled Write Operations, lllustrating a
Two Command Write Sequence Followed by a Extended Status Register Read
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. 5.10 AC Characteristics for WE #—Controlled Page Buffer Write Operations(1)
Voo = 3.3V £0.3V, Ta = 0°C to +70°C

Versions 28F016XS-20 28F016XS-25 Unit
Symbol ~ Parameter. Notes Min Typ Max Min Typ Max
tavwiL Address Setup to WE # 2 0 0 ns
i - Going Low
Vee = 5.0V £0.5V, To = 0°C to +70°C \
Versions 28F016XS-15 28F016XS-20 Unit
Symbol Parameter Notes | Min | Typ | Max | Min | Typ | Max
tAVWL Address Setup to WE # 2 0 0 ns
Going Low '

NOTES: :
1. All other specifications for WE # Controlled Page Buffer Write Operations see Section 5.8.
2. Address must be valid during the entire WE# low pulse.

CEx#(E)
NOTE 1
t wHeH
B t
WE# (W) ‘ WHWL
twiwh t
WHAX
ADDRESSES (A) VALID
t bvwH ! whpx

v, /
DATA (D/Q) " Hignz o,
| " L

290532-16

NOTE:
1. CEx # is defined as the latter of CEq# or CEq# going low, or the first of CEq# or CE1# going high.

Figure 16. WE #—Controlled Page Buffer Write Timing Waveforms
(Loading Data to the Page Buffer)
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5.11 AC Characteristics for CEx #—Controlled Page Buffer Write Operations
Voc = 3.3V £0.3V, To = 0°C to +70°C

Versions 28F016XS-20 28F016XS-25 Unit
Symbol Parameter Notes | Min | Typ | Max | Min | Typ | Max
tAVEL Address Setup to CEx# 23 0 0 ns
Going Low
Vce = 5.0V £0.5V, Ta = 0°C to +70°C
Versions 28F016XS-15 28F016XS-20 Unit
Symbol Parameter Notes Min | Typ Max Min | Typ Max
tAVEL Address Setup to CEx # 2,3 0 | 0 ns
Going Low

NOTES: '

1. All other specifications for CEx # Controlled Page Buffer Write Operdtions see Section 5.9.

2. Address must be valid during the entire CE# low pulse.

3. CEx# is defined as the latter of CEg# or CEq1# going low, or the first of CEq# or CE4# going high.

WE#(W)
t EHWH
CExt () B tEHEL
NOTE 1 ¢
teLen tenax
VVVVVWWY
ADDRESSES (4) VALID | 0"““““““‘.
KOOOOXX
t oven Y erox
Vi HIGH Z /
DATA (D/Q) Din . \
vIL
290532-17
NOTE:
1. CEx# is defined as the latter of CEq# or CEq# going low, or the first of CEg# or CE4# going high.
Figure 17. CEx#—Controlled Page Buffer Write Timing Waveforms
(Loading Data to the Page Buffer)
3-43
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5.12 Power-Up and Reset Timings

Vo POWER-UP

)
RP# _—_/:
(P)

' 3.3v
Vcc ov 3.0v H
v "taven !
290532-18
NOTE: .
For read timings following reset see Section 5.7. )
Figure 18. Vcc Power-Up and RP # Reset Waveforms
Symbol . Parameter Notes Min Max Unit
tpLsv RP# Low to Vg at 4.5V (Minimum) 2 0 us
tpLav RP# Low to Vggat 3.0V (Minimum) 2 0 us
tsvPH Vce at 4.5V Minimum) to RP # High 1 2 s
tavPH Ve at 3.0V (Minimum) to RP# High 1 2 pus
NOTES:

1. The tsypy and/or tzypy times must be strictly followed to guarantee all other read and write specifications for the

28F016XS,

2. The power supply may start to switch concurrently with RP# going low.
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5.13 Erase and Word/Byte Write Performance(3,5)
Voo = 3.3V £0.3V, Vpp = 5.0V £0.5V, To = 0°C to +70°C

Symbol Parameter Notes | Min | Typ(1) | Max | Units | Test Conditions
Page Buffer Byte Write Time 2 TBD 6.0 TBD us

Page Buffer Word Write Time 2 TBD 121 TBD ns
twHRH1A | Byte Write Time 2 TBD 16.5 TBD ns
twHRH1B | Word Write Time 2 TBD 24.0 TBD us
tWHRH2 Block Write Time 2 TBD 2.2 TBD sec Byte Write Mode
tWHRH3 Block Write Time 2 TBD 1.6 TBD sec Word Write Mode
Block Erase Time 2 TBD 2.8 TBD | sec
Full Chip Erase Time 2 TBD 448 TBD sec
Time From Erase 4 TBD 10 TBD us
Suspend Command to
WSM Ready

Vce = 3.3V £0.3V, Vpp = 12.0V £0.6V, Ty = 0°C to +70°C

Symbol Parameter Notes | Min | Typ(1) | Max | Units | Test Conditions
Page Buffer Byte Write Time 2 TBD 22 TBD 1S
Page Buffer Word Write Time 2 TBD 4.4 TBD s
twHRH1 | Word/Byte Write Time 2 5 9 TBD us
twHRH2 | Block Write Time 2 TBD 1.2 4.2 sec Byte Write Mode
twHrH3 | Block Write Time 2 TBD 0.6 2.0 sec | Word Write Mode
Block Erase Time 2 0.6 1.6 20 sec
Full Chip Erase Time 2 TBD | 256 | TBD | sec
Time From Erase 4 TBD 10 TBD us
Suspend Command to
WSM Ready
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5.13 Erase and Word/Byte Write Performance(3,5) (Continued)
Voc = 5.0V £0.5V, Vpp = 5.0V £0.5V, To = 0°C to +70°C

Symbol Parameter Notes | Min | Typ(1) | Max | Units | Test Conditions
Page Buffer Byte 2 TBD 6.0 TBD us
Write Time
Page Buffer Word 2 TBD 121 TBD us
Write Time

twHRH1A | Byte Write Time 2 TBD 11 TBD | s
twHRH1B | Word Write Time 2 TBD 16 8D us
tWHRH2 Block Write Time 2 TBD 1.6 TBD sec Byte Write Mode
tWHRH3 Block Write Time 2 TBD 1.2 TBD sec Word Write Mode
Block Erase Time 2 TBD 20 TBD sec ) )
Full Chip Erase Time 2 TBD 32.0 TBD sec
Time From Erase 4 TBD 10 TBD us
Suspend Command to
WSM Ready

Ve = 5.0V 0.5V, Vpp = 12.0V £0.6V, Tp = 0°C to +70°C

Symbol Parameter Notes | Min | Typ(1) | Max | Units | Test Conditions
Page Buffer Byte Write Time 2 TBD 21 | TBD us
Page Buffer Word Write Time 2 TBD 4.1 8D us
twHRH1 | Word/Byte Write Time 2 4.5 6 TBD us
twHRH2 | Block Write Time 2 TBD 0.8 4.2 sec Byte Write Mode
twHRH3 | Block Write Time 2 TBD 0.4 20 sec Word Write Mode
Block Erase Time 2 0.6 1.2 20 | -sec
Full Chip Erase Time 2 - TBD 19.2 TBD sec
Time From Erase 4 TBD 10 TBD us
Suspend Command to ‘
WSM Ready

NOTES:

1. 25°C, and nominal voltages.

2. Excludes system-level overhead.

3. These performance numbers are valid fo