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ISMOO2FLKA
2 MBYTE (1024K x 16) CMOS FLASH SIMM

| High-Performance
— 150 ns Maximum Access Time
— 13.3 MB/s Read Transfer Rate

®m 10,000 Rewrite Cycles Minimum/
Component

| Flash Electrical Chip-Erase
- 2 Second Typical Chip-Erase

| 16 ps Typical Word Write
— Up to 1 Mb/s Write Transfer Rate

B Inherent Non-volatility
— No Batteries or Disk Required for
Back-up
— OW Data Retention Power
m CMOS Low Power Consumption

— 20.3 mA Typical Active Current
— 0.4 mA Typical Standby Current

m Standard 80-Pin Insertabie Module

— 0.050 Centerline Lead Spacing
— Upgrade Path through 128M bytes

Hardware Presence Detect

Command Register Architecture for
Microprocessor/Microcontroliler
Compatible Write Interface

Noise Immunity Features

— £ 10% V¢ Tolerance

— Maximum Latch-Up Immunity
Through EP1 Processing

12.0V £5% Vpp
Integrated Program/Erase Stop Timer

ETOX™ || Nonvolatile Flash
Technology

— High-Volume Manufacturing
Experience

Intel’'s ISMO02FLKA flash SIMM (Single In-Line Memory Module) is targeted at high-density read/write nonvol-
atile memory. The iSMO02FLKA enables you to optimize board space; to offer incremental memory expansion
similar to today’s DRAM; and to assure continued access to today’s and tomorrow’s surface-mount technolo-
gies. Intel's iISMOO2FLKA offers a reliable sold-state alternative for mass storage. The flash memory module is
also ideal for high performance code and data storage as well as data recording and accumulation.

The iSMO02FLKA, composed of eight 2 Mb flash memories in plastic leaded chip carrier (N28F020), is orga-
nized as 1,048,576 words of 16 bits. The PLCCs are mounted, four to a side, together with 0.1 uF decoupling
capacitors on an 80-pin standard, low-profile module.

Extended erase and program cycling capability is designed into Intel's ETOX™ |i (EPROM Tunnel Oxide)
process technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field
combine to extend reliable cycling beyond that of traditional nonvolatile memory.

Intel’'s iISMOO2FLKA flash SIMM employs advanced CMOS circuitry for systems requiring high-performance
access speeds, low power consumption, and immunity to noise. Its 150 ns access time provides no WAIT
state performance for a wide range of microprocessors and microcontrollers. Maximum standby current of
0.8 mA translates into power savings when the memory module is deselected. Finally, the highest degree of
latch-up protection is achieved through Intel’s unique EPI processing. Prevention of latch-up is provided for
stresses up to 100 mA on address and data pins, from —1V to Vgc + 1V.
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Figure 1. ISM002FLKA Functional Block Diagram
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Figure 2. ISM002FLKA Pin Configurations
Table 1. Pinout

1 Vss 21 CE3 41 Aq 61 DQg
2 Vee 22 CE2 42 Aqp 62 DQg
3 Vpp 23 CET 43 Ag 63 DQy
4 OF 24 CED 44 Ag 64 DQs
5 WEH 25 Vss 45 A7 65 DQs
6 WEL 26 RES 46 Ag 66 DQy4
7 NC 27 RES 47 As 67 DQg
8 RES 28 RES 48 Ay 68 DQa
9 RES 29 RES 49 Az 69 DQ4
10 RES 30 NC 50 As 70 DQy
11 RES 31 NC 51 Aq 71 Vpp
12 RES 32 NC 52 Ao 72 Vee
13 RES 33 NC 53 RES 73 PD;4
14 RES 34 NC 54 Vss 74 PD»
15 RES 35 A7 55 DQ1s 75 PD3
16 RES 36 A 56 DQy4 76 PD4
17 NC 37 As 57 DQ43 77 PDs
18 NC 38 Ag 58 DQy2 78 PDg
19 NC 39 Aqs 59 DQy4 79 PD;
20 NC 40 Ayz 60 DQ1o 80 Vss
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Table 2. Pin Description
Symbol Type Name and Function

Ag-Aq7 INPUT | ADDRESS INPUTS for memory addresses. Addresses are internally latched
during a write cycle.

DQy-DQqs | INPUT/ | DATA INPUT/OUTPUT: Inputs data during memory write cycles; outputs data

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

CEy-CE4 INPUT | CHIP ENABLE: Activates each device's control logic, input buffers, decoders,
and sense amplifiers. Each line is unique to one set of 2 devices (word). CEx is
active low; CEx high deselects the memory device and reduces power
consumption to standby levels. Only one CEy may be active at a time.

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

WEy; WEL | INPUT | WRITE ENABLE controls writes to the control register and the array.

(WEp = High Byte; WE_ = Low Byte)

Write enable is active low. Addresses are latched on the falling edge and data is
latched on the rising edge of the WE pulse.

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

Vpp ERASE/PROGRAM POWER SUPPLY for writing the command register, erasing
the entire array, or programming bytes in the array (12V + 5%).

Ve DEVICE POWER SUPPLY: (5V t+ 10%).

Vss GROUND.

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

Pin Function
17 CE;
18 CEg
19 CEs
20 CE,
30 Aoz
31 Aoy
32 Ago
33 Aqg
34 A1g

RES RESERVED for future product enhancements.

PD¢-PD7 PRESENCE DETECT: Denotes word depth (512K) and access time of device.
See Table 3, "‘Presence Detect “PD" Pins” on Page 5.
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Table 3. Presence Detect “PD” Pins

MODULE CAPACITY IDENTIFICATION

MODULE CAPACITY
WORD DEPTH

PD6

PD2

PD1

NO MODULE

256K/32M

512K/64M

1M/128M

2M/256M

4M/512M

8M/1G

16M/2G

wlo|lo|lnw]0|O]0|0

wln|Oo|lO|w|n]O]|0O

w|ojw|jo|lnw|O|n]|O

MODULE SPEED IDENTIFICATION

MAXIMUM
ACCESS
TIME

PD7

PDS

PD4

PD3

>300 ns

300 ns

250 ns

200 ns

185ns

150 ns

135ns

120 ns

100 ns

85 ns

70ns

60 ns

50 ns

40 ns

30ns

ND

olo|lo|ojo|o|Oo|O|w|w|nw|jn|lvinin]|®n

olo|o|olwiv|w|vw|OjO|OIO|B V|V |®

ojo|lw|w|olojn|({w]|OjO|vw | (O|O|w]|®

olnlolw|o|lwlio|n|Oo|w|Ojn|O|®w|O|®

0
S
N

NOT DEFINED

OPEN CIRCUIT ON MODULE
SHORT CIRCUIT TO GROUND ON MODULE
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SINGLE IN-LINE MEMORY MODULE
BOARD ‘

PC substrate: Glass Epoxy [0.05” +0.004/—0.003
nominal thickness]. The iISMOO2FLKA low-profile
SIMM mounts easily between expansion siots. See
Appendix A for a list of 80-pin socket suppliers.

APPLICATIONS

With high density, nonvolatility, and extended cycling
capability, intel's iISMOO2FLKA flash SIMMs offer an
innovative alternative to disk and battery-backed
static RAM.

Primary applications and operating systems can be
stored in flash, eliminating the slow disk-to-DRAM
download process. Performance is dramatically en-
hanced and power consumption is reduced—a con-
sideration particularly important in portable equip-
ment. Flexibility is increased with Flash’s electrical
chip erasure allowing in-system updates to operating
systems and application code.

In diskless workstations and terminals, network traf-
fic is reduced to a minimum and systems are instant-
on. Reliability exceeds that of electro-mechanical
media. Often in these environments, power glitches
force extended re-boot periods for all networked ter-
minals. This mishap is no longer an issue if boot
code, operating systems, communication protocols
and primary applications are flash-resident in each
terminal.

For embedded systems that rely on dynamic RAM/
disk for main system memory or nonvolatile backup
storage, Flash SIMMs provide a solid state alterna-
tive in a minimal form factor. Flash memory provides
higher performance, lower power consumption and
instant-on capability. Additionally, flash is more rug-
ged and reliable in harsh environments where ex-
treme temperatures and shock can cause disk-
based systems to fail.

For systems currently using a high-density static
RAM/battery configuration for code updates and
data accumulation, flash memory’s inherent ronvol-
atility eliminates the need for battery backup. The
possibility of battery failure is removed. This consid-
eration is important for portable equipment and med-
ical instruments, both requiring continuous perform-
ance. In addition, flash memory offers a four-to-one
cost advantage over SRAM.

Flash memory’s electrical chip erasure, byte repro-
grammability and complete nonvolatility fit well with
data accumulation and recording needs. Electrical
chip-erasure gives the designer a “blank-slate” in
which to log or record data. Data can be periodicalily
off-loaded for analysis-erasing the slate and repeat-
ing the cycle.

Fiash SIMMs add additional flexibility to designers
by offering end-users incremental expansion memo-
ry. As code requirements grow or as memory prices
drop, your customers have the option of adding
more memory.

PRINCIPALS OF OPERATION

The iISMO02FLKA operates as eight N28F020 flash
memories connected as shown in the Functional
Block Diagram on Page 2.

The iSMOO2FLKA, organized as 1024K x 16, can
also be configured for 8- and 32-bit systems. For
32-bit systems, add a second SIMM to your design
as currently done with DRAM. For byte-wide opera-
tion, buffer the SIMMs DQg-DQ; and DQg-DQys
lines with an octal transceiver; then, tie the buffered
outputs together to form the 8-bit bus. Decode the
transceiver's enable input with an address line.

The iISMOO2FLKA features hardware presence de-
tect pins to facilitate memory design. The presence
detect pins (PD1-PD?7) indicate module word depth
and maximum access speed (see Table 3 on the
previous page). The pins allow memory-specific
wait-state generation upon system initialization. To
use the presence capability, pull-up the PD1-PD7
lines through a pull-up resistor. Read the lines
through a port and select the appropriate memory
depth and speed from a PD data table.

In the absence of high voltage on the modules Vpp
pins, the iISMOO2FLKA is a read-only memory array.
Manipulation of the module’s control pins yields
standard read, standby and output disable functions.

Read, standby and output disable operations are
also available when high voltage is applied to the
Vpp pins. In addition, high voltage on the Vpp pins
enables erasure and programming of the module’s
devices. All functions associated with altering the
memory contents of one or more devices—erase,
erase verify, program and program verify—are ac-
cessed via each flash device’s command register.

Commands are written to a device’s command regis-
ter using standard microprocessor write timings.
Register contents serve as input to the devices inter-
nal state-machine which controls the erase and
programming circuitry. Write cycles to a device also
internally latch addresses and data needed for pro-
gramming or erase operations. With the appropriate
command written to a device’s register, standard mi-
croprocessor read timings output array data, access
the intgligent identifier codes, or output data for
erase and program verification.
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Table 4. Bus Operations

PI®_ | veph | TE | OF | WE | DQo-DQys

Operation

Read VppL ViL ViL ViH Data Out
READ-ONLY Output Disable VepL ViL ViH ViH Tri-State

Standby VppL ViH X X Tri-State

Read VPPH ViL ViL ViH Data Out(3)
READ/WRITE Output Disable VPPH Vit VIH ViH Tri-State

Standby(4) VEPH ViH X X Tri-State

Write VPPH ViL ViR ViL Data In(5)

NOTES:

1. Refer to DC Characteristics. When Vpp = VppL memory contents can be read but not written or erased.
2. Manufacturer and device codes are accessed via a command register write sequence. Refer to Table 5. All other ad-

dresses are low.

3. Read operations with Vpp = Vppy may access array data or the intgligent identifior™ codes.
4. With Vpp at high voltage, the standby current equais Icc + Ipp {standby).

5. Refer to Table 5 for valid Data-In during a write operation.

6. X can be Vj_or Vi

integrated Stop Timer

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

Write Protection

A device’s command register is only active when
Vpp is at high voltage. Depending upon the applica-
tion, the system designer may choose to make the
Vpp power supply switchable—available only when
memory updates are desired. When Vpp = Vppi,
the contents of the register default to the read com-
mand, making the ISMOO2FLKA a read-only memo-
ry. In this mode, the memory contents cannot be
altered.

Or, the system designer may choose to “hardwire”
Vpp, making the high voltage supply constantly
available. In this instance, all operations are ‘per-
formed in conjunction with the command register.
The iISMOO2FLKA is designed to accommodate ei-
ther design practice, and to encourage optimization
of flash’s processor-memory interface.

The following section first discusses byte-wide orga-
nization, building a basic understanding of byte-wide

bus operations, command definitions, and program-
ming and erasure algorithms. The section concludes
with performance enhancements for both 16- and
32-bit systems.

BUS OPERATIONS

Read

Each of the iISMOO2FLKA's flash memory devices
has two control functions, both of which must be
logically active, to obtain data. Chip-Enable (CEx is
the power control and should be used for device
selection. Four chip enables (CEq-CE3) control the
array's eight devices. Each line is unique to one set
of two devices (word). Only one TEx may be active
at a time.

Output-Enable (OE) is the output control and should
be used to gate data from a device to the output pins
on the module, independent of device selection.
One OE line serves the iISMOO2FLKA'’s flash devic-
es. Figure 7 illustrates read timing waveforms.

When the Vpp lines are high (Vppy), a read opera-
tion can be used to access array data, to output a
device's intgligent identifier™ code, and to access a
device’s data for program/erase verification. When
Vpp is low (Vppy). a read operation can only access
array data.

Output Disable

With the iISMOO2FLKA’s Output-Enable pin at a log-
ic-high level (V)i4), outputs from all devices are dis-
abled. They are placed in a high-impedance state.
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STANDBY

With Chip-Enable at a logic-high level, the standby
operation disables most of the deselected devices
circuitry and substantially reduces device power
consumption. The outputs of the deselected devices
are place in a high-impedance state, independent of
the Output-Enable signal. If a word is deselected
during erase, programming, or program/erasure ver-
ification, the device draws active current until the op-
eration is terminated.

Intelligent Identifier Operation

The intelligent identifier operation outputs the select-
ed devices' manufacturer code (89H) and device
code (BDH). The manufacturer code and device
code are read via the devices' command register.
Following a write of 90H to a device’s command reg-
ister, a read from address location 0000H outputs
the manufacture code (89H). A read from address
0001H outputs the device code (BDH).

Write

Erasure and programming is accomplished via each
device’s command register, when high voitage is ap-
plied to the Vpp pins. The contents of each device’s
register serve as input to its internal state-machine.
The state machine outputs dictate the function of
each device.

A device’s command register itself does not occupy
an addressable memory location. The register is a
latch used to store the command, along with ad-
dress and data information needed to execute the
command.

Two write enable lines are provided, WEy; and
WE_, allowing selective write control of upper
and lower bytes.

A device's command register is written by selecting
the device (Chip-Enable low), then bringing Write-
Enable (WEH or WE) to a logic-low level (V). if
both WE lines are a logic low, both upper and lower
bytes are written. Addresses are latched on the fall-
ing edge of the Write-Enable signal, while data is
latched on the rising edge of the Write-Enable pulse.
Standard microprocessor write timing are used.

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

COMMAND DEFINITIONS

When low voltage is applied to the module’s Vpp
pins, the contents of all devices’ command registers
default to 00H, enabling read-only operations.

Placing high voltage on the module’s Vpp pins al-
lows read/write operation on selected devices. Op-
erations are selected by writing specific data pat-
terns to the device(s) command register. Table 5 de-
fines these register commands.

Table 5. Command Definitions

Command c?::ll'o First Bus Cycle Second Bus Cycle
Req'd [operation(1)Address(2iDatal?}Operation(1]Address2IData(3)

Read Memory 1 Write X 00H
Read intgligent identifier™ Codes(4) 3 Write X 90H Read (4) {4)
[Set-up Erase/Erase(5) 2 Write X 20H Write X 20H
Erase Verify(5) 2 Write EA AOH Read X EVD
Set-up Program/Program(6) 2 Write X 40H Write PA PD
Program Verify(6) 2 Write X COH Read X PVD
Reset(?) 2 Write X FFH Write X FFH
NOTES:
1. Bus operations are defined in Table 4.

2. 1A = Identifier address: 00H for manufacturer code, 01H for device code.
EA = Address of memory location to be read during erase verify.

PA = Address of memory location to be programmed.

Addresses are latched on the falling edge of the Write-Enable puise.
3. 1D = Data read from location IA during device identification (Mfr = 89H, Device BDH).

EVD = Data read from location EA during erase verify.

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable.
PVD = Data read from location PA during program verify. PA is latched on the Program command.
Following the Read intelligent ID command, two read operations access manufacturer and device codes.

4,
5. Figure 4 illustrates the Quick-Erase™ Algorithm,
6.

Figure 3 illustrates the Quick-Pulse Programming™ Algorithm.

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

While Vpp is high, for erasure and programming, the
selected devices memory contents can be accessed
via the read command. The read operation is initiat-
ed by writing 00H into the command register of each
device. Microprocessor read cycles retrieve array
data. The selected devices remain enabled for reads
untit their command register contents are altered.

The default contents of each device’'s command
register upon Vpp power-up is 00H. This default val-
ue ensures that no spurious alteration to the
iSMOO2FLKA’s memory contents occurs during the
Vpp power transition. Where the Vpp supply is hard-
wired to the iSMOO2FLKA’s Vpp pins, all eight devic-
es power-up and remain enabled for reads until their
command-register contents are changed. Refer to
the AC Read Characteristics and Waveforms for
specific timing parameters.

intelligent Identifler Command

Flash memories are intended for use in applications
where the local CPU alters memory contents. As
such, manufacturer- and device-codes must be ac-
cessible while the device resides in the target sys-
tem.

Each flash memory device contains an intelligent
Identifier operation. The operation is initiated by writ-
ing 90H into the command register. Following the
command write, a read cycle from address 0000H
retrieves the manufacturer code of 89H. A read cy-
cle from address 0001H returns the device code of
BDH. To terminate the operation, it is necessary to
write another valid command into the register.

The intelligent Identifier and the Presence Detect
pins give you complementary information. While the
PD pins denote speed and depth, the intelligent
\dentifier operation gives you manufacture and de-
vice data.

Set-Up Erase/Erase Commands

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

To commence chip-erasure, the erase command
(20H) must again be written to the register. The
erase operation begins with the rising edge of a
Write-Enable pulse (WEy or WE,) and terminates

with the rising edge of the next Write-Enable pulse
(i.e., Erase-Verify Command).

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

Erase-Verify Command

The erase command erases all bytes of the selected
device(s) in parallel. After each erase operation, all
bytes must be verified. The erase verify operation is
initiated by writing AOH into the command register of
the device. The address for the byte to be verified
must be supplied as it is latched on the falling edge
of a Write-Enable pulse. The register write termi-
nates the erase operation with the rising edge of its
Wirite-Enable pulse.

Each 28F020 applies an internally-generated margin
voltage to the addressed byte. Reading FFH from
the addressed byte indicates that all bits in the byte
are erased.

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

In the case where the data read is'not FFH, another
erase operation is performed. (Refer to Set-up
Erase/Erase). Verification then resumes from the
address of the last-verified byte. Once all bytes of
the device have been verified, the erase step is
complete. The device can be programmed. At this
point, the verify operation is terminated by writing a
valid command (e.g., Program Set-up) to the com-
mand register of the device. Figure 4, the Quick-
Erase™ aigorithm, illustrates how commands and
bus operations are combined to perform electrical
erasure of each 28F020. Refer to AC Erase Charac-
teristics and Waveforms for specific timing parame-
ters.

Set-Up Program/Program Commands

Set-up program is a command-only operation that
stages a device for byte programming. Writing 40H
into the command register of the device performs
the set-up operation.
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Once the program set-up operation is performed,
the next Write-Enable pulse causes a transition to
an active programming operation. Addresses are in-
ternally latched on the falling edge of the Write-En-
able pulse. Data is internally latched on the rising
edge of the Write-Enable pulse. The rising edge of
Write-Enable also begins the programming opera-
tion. The programming operation terminates with the
next rising edge of Write-Enable, used to write the
program-verify command. Refer to AC Programming
Characteristics and Waveforms for specific timing
parameters.

Program-Verify Command

Each 28F020 is programmed on a byte-by-byte ba-
sis. Byte programming may occur sequentially or at
random. Following each programming operation, the
byte just programmed must be verified.

The program-verify operation is initiated by writing
COH into the command register of the device. The
register write terminates the programming operation
with the rising edge of its Write-Enable pulse. The
program-verify operation stages the device for verifi-
cation of the byte last programmed. No new address
information is tatched. .

Each 28F020 applies an internally-generated margin
voltage to the byte. A microprocessor read cycle
outputs the data. A successful comparison between
the programmed byte and true data means that the
byte is successfully programmed. Programming then
proceeds to the next desired byte location. Figure 3,
the Quick-Pulse Programming algorithm (8-bit Sys-
tems), illustrates how commands are combined with
bus operations to perform byte programming. Refer
to AC Programming Characteristics and Waveforms
for specific timing parameters.

Reset Command

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

EXTENDED ERASE/PROGRAM CYCLING

EEPROM cycling failures have always concerned
users. The high electrical field required by thin oxide
EEPROMSs for tunneling can literally tear apart the
oxide at defect regions. To combat this, some
suppliers have implemented redundancy schemes,
reducing cycling failures to insignificant levels. How-
ever, redundancy requires that cell size be dou-
bled—an expensive solution.

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

Each of the iISMOO2FLKA's eight 28F020s is speci-
fied for a minimum of 10,000 program/erase cycles.
Each device is programmed and erased using Intel’s
Quick-Pulse Programming and Quick-Erase algo-
rithms. Intel's algorithmic approach uses a series of
operations (puises), along with byte verification, to
completely and reliably erase and program the de-
vice.

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

QUICK-PULSE PROGRAMMING ALGORITHM

The Quick-Pulse Programming algorithm uses pro-
gramming operations of 10 us duration. Each opera-
tion is followed by a byte verification to determine
when the addressed byte has been successfully pro-
grammed. The algorithm allows for up to 25 pro-
gramming operations per byte, although most bytes
verify on the first or second operation. The entire
sequence of programming and byte verification is
performed with Vpp at high voitage. Figure 3 illus-
trates the Quick-Pulse Programming algorithm for
8-bit systems.
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QUICK-ERASE ALGORITHM

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

Erasure begins with a read of memory contents. The
iSMOO2FLKA is erased when shipped from the fac-
tory. Reading FFH data from each device would im-
mediately be followed by device programming.

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

Erase execution then continues with an initial erase
operation. Erase verification (data = FFH) begins at
address 0000H and continues through the array to
the last address, or until data other than FFH is en-
countered. With each erase operation, an increasing
number of bytes verify to the erased state. Erase
efficiency may be improved by storing the address of
the last byte verified in a register. Following the next
erase operation, verification starts at that stored ad-
dress location. Erasure typically occurs in one sec-
ond. Figure 4 illustrates the Quick-Erase algorithm
for 8-bit systems.
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Bus Command Comments
Operation
Standby Wait for Vpp Ramp to Vppi(1)
A 4 Initialize Pulse-Count
I PLSCNT=0
A4 Write Set-up Data = 40H
WRITE Set-up Program
Program Cmd
} Write Program | Valid Address/Data
Write Program .
cmd (A/D)
- Standby Duration of Program
Operation (twHwH1)
Write Program(3){Data = COH; Stops Program
Write Program Verify Operation(4)
Verify Cmd
Standb t
Read Read Byte to Verify
Read Data Programming
from Device
N
PL;’:NT Standby Compare Data QOutput to Data
=257 Expected
Y
Last
Increment Address
Address ?
M Wriite  |Read Data = 00H, Resets the
Write Register for Read Operations
Read Cmd
‘ ) 4 Standby Wait for Vpp Ramp to Vpp (2)
Apply Apply
Ve, 21 Vepy [2]
Programming
Completed
290465-3
NOTES:

vice.

1. CAUTION: The algorithm MUST BE FOLLOWED
to ensure proper and reliable operation of the de-

2. See DC Characteristics for value of Vppy and Vppy.

3. Program Verify is only performed after byte program-
ming. A final read/compare may be performed (option-

al) after the register is written with the Read command.

4. Refer to principles of operation

Figure 3. Quick-Puise Programming Algorithm (8-Bit Systems)
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oot OpeBr‘:I on | COmmand Comments
4]
Entire Memory Must = 00H
Before Erasure
Use Quick-Pulse
Programming™ Aigorithm
(Figure 4)
Standby Wait for Vpp Ramp to Vppr(2)
Initialize Addresses and
Pulse-Count
Write Erase Write Set-up Data = 20H
Set-up Cmd Erase
Write Erase Data = 20H
- Standby Duration of Erase Operation
(twHwH2)
Write Erase(3) Addr = Byte to Verify;
Verify Data = AOH; Stops Erase
Operation(4)
Standby twHGL
Read Read Byte to Verify Erasure
N
Inc
PLSCNT Standby Compare Output to FFH
=30007 Increment Pulse-Count
Y
Increment
Address
Write Read Data = OOH, Resets the
Register for Read Operations
v Standby Wait for Vpp Ramp to Vpp| (2)
Apply Apply
I Vep, 2] J I Vep, [2] |
( Erasure ) C Erase )
Completed Error
280465-4
NOTES:
1. CAUTION: The aigorithm MUST BE FOLLOWED 3. Erase Verifty is performed only after chip-erasure. A
to ensure proper and reliable operation of the de- final read/compare may be performed (optional) after
vice. the register is written with the read command.
2. See DC Characteristics for value of Vppy and Vppy. 4. Refer to principles of operation.

Figure 4. Quick-Erase Algorithm (8-Bit Systems)
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HIGH PERFORMANCE PARALLEL
DEVICE ERASURE

Total erase time for the iISMOO2FLKA is reduced by
implementing a parallel erase algorithm (Note 1).
You save time by erasing all devices at the same
time. However, since flash memories may erase at
different rates, you must verify each device sepa-
rately. This can be done in a word-wise fashion with
the command register Reset command and a spe-
cial masking algorithm.

Take for example the case of two-device (parallel)
erasure. The CPU first writes the data word erase
command 2020h twice in succession. This starts
erasure. After 10 ms, the CPU writes the data word
verify command AQACh to stop erasure and setup
erase verification. If both bytes are erased at the
given address, then the CPU increments the ad-
dress (by 2) and then writes the verify command
AOAOh again. If neither byte is erased, then the CPU
issues the erase sequence again without increment-
ing the address.

Suppose at the given address only the low byte veri-
fies FFh data? Could the whole chip be erased? The
answer is yes. Rather than check the rest of the low
byte addresses independently of the high byte, sim-
ply use the reset command to mask the low byte
from erasure and erase verification on the next
erase loop. In this example the erase command
would be 20FFh and the verify command would be
AOFFh. Once the high byte verifies at that address,
the CPU modifies the command back to the default
2020h and AOAOh, increments the address by 2, and
writes the verify command to the next address.

See Figure 5 for a conceptual view of the parallel
erase flow chart and Appendix B for the detailed ver-
sion. These flow charts are for 16-bit systems and
can be expanded for 32-bit designs.

NOTE:

1. Parallel Erasure and Programming require appro-
priate choice of Vpp supply to support the in-
creased power consumption.

HIGH PERFORMANCE PARALLEL
DEVICE PROGRAMMING

Software for word- or double-word programming can
be written in two different manners. The first method
offers simplicity of design and minimizes software
overhead by using a byte programming routine on
each device independently (using host CPU’s byte
addressing mode). The second method offers higher
performance by programming the word or double-
word data in parallel. This method manipulates the
command register instructions for independent byte
control. See Figure 6 for conceptual 2-device paral-
lel programming flow chart and Appendix C for the
detailed version. Here you can use the host CPU's
appropriate word- or double-word addressing modes
(i.e., incrementing by 2- or 4-byte addresses, respec-
tively).

NOTE:
Word or double-word programming assumes 2 or 4
8-bit flash memory devices.

Parallel Programming Algorithm Summary:

e Decreases programming time by programming 2
flash memories (16 bits) in parallel. The algorithm
can be expanded for 32-bit systems.

* Eliminates tracking of high/low byte addresses
and respective number of program pulses by di-
recting the CPU to write data-words (16-bit) to the
command register.

* Maintains word write and read operations. Should
a byte on one device program prior to a byte on
the other, the CPU continues to write word-com-
mands to both devices. However, it deselects the
verified byte with software commands. An alter-
native is to independently program high and low
bytes using hardware select capability (byte-ad-
dressing mode of host CPU).
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RAISE Vpp
PROGRAM ALL DEVICES TO 00h
RESET ALL VARIABLES

ISSUE ERASE COMMAND
TIME OUT
VERIFY COMMAND

BOTH DEVICES ERASED —i’ mask”

HI~OR LO=BYTE
y COMMANDS
N_ LAST ADDRESS LasT puLsE o
|¥ |¥
DONE : ERROR

280465-5
*You mask the device by substituting a Reset command for the Erase and Verify commands. That way, the erased byte
idies through the next erase loop. ’

Figure 5. High Performance Parallel Erasure (Conceptual Overview)

RAISE Vpp
GET ADDRESS/DATA WORD
— RESET COMMAND AND
COUNTER VARIABLES
PROGRAM DATA
WORD

|

TIME OUT 10 us

|

STOP PROGRAMMING WITH
PROGRAM VERIFY COMMAND

1 N MASK HI OR LO BYTE
DATA WORD PROGRAMMED? —— INCREMENT PULSE COUNTER )
LAST PULSE? ———
Y l Y

—47- MORE DATA ?

lN

WRITE READ COMMAND WRITE READ COMMAND
LOWER Vpp LOWER Vpp
PROGRAMMING COMPLETE PROGRAM ERROR

290465-6
*You mask the device by substituting a Reset command for the Program and Verify commands. That way, the pro-
grammed bytes do not get further programmed on subsequent pulses.

Figure 6. Parallel Programming Flow Chart (Conceptual Overview)
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DESIGN CONSIDERATIONS

Two-Line Output Control

Two-line control provides for:

a. the lowest possible memory power dissipation
and,

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

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

Power Supply Decoupling

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

Two-line control and proper decoupling capacitor
selection will suppress transient voltage peaks. The
iSMOO2FLKA features a 0.1 pF ceramic capacitor
connected between Vg and Vgg, and between Vpp
and Vgs.

Also, a 4.7 pF tantalum capacitor decouples the ar-
ray's power supply between Vg and Vgg and be-
tween Vpp and Vgg. The bulk capacitors will over-
come voltage slumps caused by printed-circuit-
board trace inductance, and will supply charge to
the smaller capacitors as needed.

Vpp Trace on Printed Circuit Boards

Programming flash memories, while they reside in
the target system, requires that the printed circuit
board designer pay attention to the Vpp power sup-
ply trace. The two Vpp pins supply current for pro-
gramming. Use similar trace widths and layout con-
siderations given the Vg power bus. Adequate Vpp
supply traces and decoupling will decrease Vpp volt-
age spikes and overshoots. Be sure to connect both
module Vpp inputs to your 12V supply.

Power Up/Down Protection

The iISMOO2FLKA is designed to offer protection
against accidental erasure or programming during
power transitions. Upon power-up, each 28F020 is
indifferent as to which power supply, Vpp or Vg,
powers up first. Power supply sequencing is not re-
quired. Internal circuitry in each 28F020 ensures that
the command register is reset to the read mode on
power up.

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

Power Dissipation

When designing portable systems, designers must
consider battery power consumption not only during
device operation, but also for data retention during
system idle time. Flash nonvolatility increases the
usable battery life of your system because each
28F020 does not consume any power to retain code
or data when the system is off. Table 4 illustrates the
power dissipated when updating each 28F020.

Table 4. 28F020 Typical Update Power

Dissipation(4)
Power
Operation Dissipation
(Watt-Seconds)
Array Program/Program Verify(1) 0.34
Array Erase/Erase Verify(2) 0.37
One Complete Cycle(3) 1.05

NOTES:

1. Formula to calculate typical Program/Program Verify
Power = [Vpp X # Bytes X typical # Prog Pulses
(twHwH1 X lpp2 typical + twHaL X Ipps typical)l + Voo
X # Bytes X typical # Prog Pulses (twHwH1 X loca typi-
cal + twHgL X lcos typicall.

2. Formuia to calculate typical Erase/Erase Verify Power
= [Vep (Vpps typical X terase typical + Ipps typical X
twHgL X # Bytes)] + [Vec (Igcs typical X terase typical
+ Iocs typical X twngL X # Bytes)].

3. One Complete Cycle = Array Preprogram + Array
Erase + Program.

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

Operating Temperature

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

During Erase/Program ........... 0°Cto +70°C
Temperature Under Bias . ........ —10°Cto +80°C
Storage Temperature .......... —50°C to +100°C
Voltage on Any Pin with

Respectto Ground ............ —2.0Vto +7.0v(@

Vpp Supply Voltage with
Respect to Ground

During Erase/Program . ... —2.0V to + 14.0v(2.3)
Ve Supply Voltage with

RespecttoGround .......... —2.0Vto +7.0V(®
Output Short Circuit Current............. 100 mA4)
NOTES:

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

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

1. Operating temperature is for commercial product defined by this specification.
2. Minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods less
than 20 ns. Maximum DC voltage on output pins is Vg + 0.5V, which may overshoot to Vo + 2.0V for

periods less than 20 ns.

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

OPERATING CONDITIONS

Symbol Parameter Limits Unit Comments
Min Max
Ta Operating Temperature 0 70 °C For Read-Only and
Read/Write Operations
Vce Vcc Supply Voltage 4.50 5.50 v
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE

Limits
Symbol Parameter Notes Unit Test Conditions
Min | Typ Max '
It Input Leakage Current 3 +8.0 pA | Voe = Vg Max
VIN = Vccor Vss
Lo Output Leakage Current 3 +40.0 pA | Voo = Voo Max
Vout = Vcc or Vss
lccs V¢ Standby Current 1,3 8.0 mA | Voo = Voo Max
CE = Viy
lcct Ve Active Read Current 2,3 26 66 mA | Voo = Voo Max, TE = v
f = 6 MHz, loyT = 0 mA
lcc2 Vg Programming Current 2,3 8.0 26 mA | Programming in Progress
lcca Vcc Erase Current 2,3 16.0 36 mA | Erasure in Progress
lcca Vg Program Verify Current | 2,3 16.0 36 mA | Vpp = Vppy
Program Verify in Progress
lccs Vg Erase Verify Current 2,3 16.0 36 mA | Vpp = VppH
Erase Verify in Progress
Ipps Vpp Leakage Current 3 +80 pA | Vpp < Veo
Ippq Vpp Read Current 3 0.7 1.6 mA | Vpp > Voo
or Standby Current 80 pA { Vpp < Veo
Ipp2 Vpp Programming Current 2,3 16.5 61.2 mA | Vpp = Vppy
Programming in Progress
Ipp3 Vpp Erase Current 2,3 20.5 61.2 mA | Vpp = VppH
Erasure in Progress
Ipps Vpp Program Verify Current | 2, 3 4.5 11.2 mA | Vpp = Vppy
Program Verify in Progress
lpps ~ | Vpp Erase Verify Current 2,3 45 11.2 mA | Vpp = VppH
Erase Verify in Progress
ViL Input Low Voltage -0.5 0.8 \'
ViH Input High Voltage 2.0 Vec + 05 V
VoL Output Low Voltage 0.45 V |loL = 58mA
Vee = Ve Min
VoH1 Output High Voltage 24 V o= —25mA
Voe = Ve Min
VepL Vpp during Read-Only 0.00 6.5 V | NOTE: Erase/Program are
Operations Inhibited when Vpp = Vpp.
VppH Vpp during Read/Write 11.40 12.60 \
Operations
Viko | Vcc Erase/Write 25 ‘ Y
Lock Voltage

NOTES:
1. Vg standby current for 8 devices.
2. Calculations assume only the 2 devices of the 16-bit word are enabled. The remaining 6 devices are in standby.
Current will be higher if interleaving is used.
3. All currents are in RMS unless otherwise noted. Typical values at Voc = 5.0V, Vpp = 12.0V, T = 26°C. These currents
are valid for all product versions (packages and speeds). 4180



intel. ISMOO2FLKA

DC CHARACTERISTICS—CMOS COMPATIBLE

Limits
Symbol Parameter Notes Unit Test Conditions
Min Typ Max
i Input Leakage Current 3 +8.0 MA [Vee = Voo Max
VIN = Ve of Vss
Lo Output Leakage Current 3 140.0 | pA |Vgeo = Ve Max
Vout = VccorVss
lccs V¢ Standby Current 1,3 0.4 08 mA | Voc = Voo Max
CE = Vg 0.2V
lcct V¢ Active Read Current 2,3 20.3 60.6 mA |Vee = Ve Max, CE = V.
f = 6 MHz, loyTr = 0 mA
lec2 V¢ Programming Current | 2,3 2.3 20.6 mA | Programming in Progress
lces Vg Erase Current 2,3 10.3 30.6 mA | Erasure in Progress
lcca Vg Program Verify Current| 2,3 10.3 30.6 mA | Vpp = VppH
Program Verify in Progress
lces Vg Erase Verify Current 2,8 10.3 30.6 mA |Vpp = Vppy
Erase Verify in Progress
lpps Vpp Leakage Current +80 MA | Vpp < Vo
Ipp1 Vpp Read Current 3 0.7 1.6 mA | Vpp > Voo
or Standby Current +80 MA [Vpp < Voo
Ipp2 Vpp Programming Current | 2,3 16.5 61.2 mA | Vpp = VppH
Programming in Progress
Ipp3 Vpp Erase Current 2,3 20.5 61.2 mA {Vpp = Vppy
Erasure in Progress
lpp4 Vpp Program Verify Current | 2,3 45 11.2 mA |Vpp = Vppn
Program Verify in Progress
Ipps Vpp Erase Verify Current 2,3 4.5 11.2 mA |Vpp = VppH
Erase Verify in Progress
ViL Input Low Voltage —0.5 0.8 \
Vi Input High Voltage 0.7 Vee Ve + 051 V
VoL Output Low Voltage 0.45 V |loL = 58mA
Vee = Veg Min
VoH1 loH = —2.5mA,
Output High Voltage 0.85Vee v |Yec = Vec Min
VoH2 Ve — 0.4 lo = —100 pA,
Vee = Voe Min
VppL Vpp during Read-Only 0.00 6.5 V | NOTE: Erase/Program are
Operations Inhibited when Vpp = Vpp
VppH | Vpp during Read/Write 11.40 12.60 v
Operations
Viko | Vcg Erase/Write 25 v
Lock Voltage

NOTES:
1. Ve standby current for 8 devices.
2. Calculations assume only the 2 devices of the 16-bit word are enabled. The remaining 6 devices are in standby.
Current will be higher if interleaving is used.
3. All currents are in RMS unless otherwise noted. Typical values at Vo = 5.0V, Vpp = 12,0V, T = 25°C. These currents
are valid for all product versions (packages and speeds).
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CAPACITANCE(1) T, = 25°C,f = 1.0 MHz

Limits
Symbol Parameter Notes Unit Conditions
Min Max
Cint Address Capacitance 60 pF ViN = OV
Cin2 Control Capacitance 2 65 pF ViN = OV
Cout Output Capacitance 55 pF Vout = OV
NOTES:
1. Trace capacitance calculated, not measured.
2. Address and control capacitance of a typicat device is 6 pF.
3. Output capacitance of a typical device is 12 pF.
AC TEST CONDITIONS
Input Rise and Fall Times (10% t0 90%)...... 10ns
InputPulselevels ................ 0.45V and 2.4V
Input Timing Reference Level ....... 0.8V and 2.0V
Output Timing Reference Level . ..... 0.8V and 2.0V
AC CHARACTERISTICS—Read-Only Operations(?)
Versions ISMOO2FLKA-150
Notes Unit
Symbol Characteristic Min Max
tavav/tre Read Cycle Time 3 150 ns
teLav/tce Chip Enable 150 ns
Access Time
tavav/tacc Address Access 150 ns
Time
taLav/toe Output Enable 55 ns
Access Time
teLax/tLz Chip Enable to 3 0 ns
Outputin Low Z
tenaz Chip Disable to 3 55 ns
Output in High Z
taLax/toLz Output Enable to 3 0 ns
Outputin Low Z
taHQz/toF Output Disable to 4 35 ns
Output in High Z
ton Output Hold from 3 0 ns
Address, CE,
or OE Change
tWHGL Write Recovery 6 us
Time before
Read
NOTES:

1. Whichever occurs first.

2. Rige/Fall Time < 10 ns.

3. Not 100% tested: Characterization data available.
4. Guaranteed by design.
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Figure 7. AC Waveforms for Read Operations
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AC CHARACTERISTICS—Write/Erase/Program Operations(1; 2)

Versions ISMO02FLKA-150 Unit
n
Symbol Characteristic Notes Min Max

tavav/twe Write Cycle Time 150 ns

tavwiL/tas Address Set-up Time 0 ns

twiax/tam Address Hold Time 60 ns

tovwH/tps Data Set-up Time 50 ns

twHDX/toH Data Hold Time 10 ns

tWHGL Write Recovery Time 6 us
before Read

tGHWL Read Recovery 0 pus
Time before Write

teLwL/tcs Chip Enable Set-up 20 ns
Time before Write

twHERH/tcH Chip Enable 0 ns
Hold Time

twLwH/twp Write Pulse Width 2 60 ns

twHwL/twPH Write Pulse 20 ns
Width High

tWHWH1 Duration of 3 10 us
Programming
Operation

tWHWH2 Duration of Erase 3 9.5 ms
Operation

tvPEL Vpp Set-up Time to 1.0 us
Chip Enable Low

NOTES:

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

2. Rise/Fall time < 10 ns.

3. The integrated stop timer terminates the program/erase operations, thereby eliminating the need for a maximum specifi-
cation.

ERASE AND PROGRAMMING PERFORMANCE

Limits
Parameter Notes 28F020-150 Unit
Min Typ Max
Chip Erase Time 1,3, 4 2 30 Sec
Chip Program Time 1,2,4 4 25 Sec
Erase/Program Cycles 1,5 10,000 100,000 Cycles

NOTES:

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

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

3. Excludes 00H Programming prior to Erasure.

4. Excludes System-Level Overhead. .

-5. Refer to RR-60 “ETOXTMII Flash Memory Reliability Data Summary” for typical cycling data and failure rate calculations.
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Figure 10. 28F020 Typical Erase Capabllity
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Figure 13. AC Waveforms for Erase Operations
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ALTERNATIVE CE-CONTROLLED WRITES

Verslons 28F020-150 Unit

Symbol Characteristic Notes Min Max

tavav Write Cycle Time 150 ns

tavEL Address Set-Up Time 0 ns

teLAX Address Hold Time 80 ns

toveH Data Set-Up Time 50 ns

tEHDX Data Hold Time 10 ns

teHGL Write Recovery Time 6 us
before Read

tGHEL Read Recovery Time 0 us
before Write

twLeL Write Enable Set-Up Time 0 ns
before Chip Enable

tEHWH Write Enable Hold Time 0 ns

teLEH Write Pulse Width 1 70 ns

teHEL Write Pulse Width High 20 ns

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

NOTE:

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

4-191



iISMO02FLKA

1 -599062

ddy,
ddy
AO°ZI
be— 13dA,
A0
20,
A0S
(3%
A013,
(Th) o,
VAL 1no \l
N 0D = HOY =
A M_m_«w / N._ NIY1va a NI V1¥Q Z nom (0a) viva
wo._ww HIAG, H3AG, HIAG,
HO, XQH3, XOH3, XQH3,
03 | (39) A0 a3, W33, HIT3,
-
/1 \ N ANEA / ws
(% K3, HIH3, e— TIH3, —
o9, 13H9, —>
/ (9) 30
S — 5 /
W HMH3, RERLN
HMH3, =] 3w, HMH3, =~
T\r v|\ @) m
4 xv13,
13AY, ]
- HU}V ><><¢ —_—] I ><><~ | { AOB«V ><><~ —_——— >(><«
(AANN\XX (AN 4
() () “0. O () “ s3sS3900V
SRR REIAA

NMOG-33M0d A
/ABANYLS

NOILVDIJE3A
NVAO0Hd

GNYNMOD
AJIE3A
AVHO0Nd

ONINNYHO0Yd

ViIVQ ¥ SS3¥0AY HOLY1
GNYNNOD NYA90ud

ANVANOD
NVHO0¥d dN-13S

ABANYLS
¥ dn-¥3IMod A

NOTE:

Alternative CE-Controlled Write Timings also apply to erase operations.

Figure 14. Alternate AC Waveforms for Programming Operations
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APPENDIX A
PARTIAL LIST(1) OF 80-PIN SIMM SOCKET COMPANIES

AMP INCORPORATED
HARRISBURG, PA 17105
(800) 522-6752

BURNDY CORPORATION
51 RICHARDS AVENUE
NORWALK, CT 06856
(203) 838-4444

MOLEX

2222 WELLINGTON COURT
LISLE, IL 60532

(708) 969-4550

NOTES:

1. This list is intended for example only, and in no way represents ali companies that support 80-pin SIMM Sockets. Intel
Corporation assumes no responsibility for circuitry other than circuitry embodies in an Intel product. No other circuit patent
licenses are implied.

2. Socket reliability data can be obtained from the above companies upon request.
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APPENDIX B
PARALLEL ERASE FLOW CHART

COMMENTS
Wait for Vpp to stabilize.
et Use Quick-Pulse Programming
l algorithm.
mmrAzLJIZS 10ms Initialize Variables:
l;ll.;CSNY - [} TEW = Erase duration (width)
= PLSCNT = Pulse Counter
Vooou = Aoaow ADRS = Address
T _ E_COM = Erase Command
N - V_COM = Verify Command
Erase Sotup Command
Start Erasing
Duration of Erase Operation.
Erase Verify Command stops
erasure,
DEVICE VERIFY & See next page for subroutine.
MASK ROUTINE
When both devices at ADRS are
NG PLSCHT erased, F_DATA=FFFFH.
if not equal, increment the pulse
counter and check for last puise.
oo oo, "
V_COM=AOACH)
before verifying next ADRS.
INC ADRS, ¢
LAST ADRS?
Y
I WRITE READ_COM l I WRITE READ_COM ] Reset devices for read operation.
I APPLY VPPL l I APPLY VPPL l Turn off Vpp.

(:nsunz COMPLETE ) ( erasure erron )

280465-15
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Device Erase Verify and Mask Subroutine

START SUBROUTINE
TIME OUT 8 us
READ ADRS/F_DATA

Y £_COM = (E_COM OR OOFFH)

COMMENTS

V_COM = (V_COM OR OOFFH)

Y E_COM = (E_COM OR FFOOH)
V_COM = (V_COM OR FFOOH)

|

Hi_BYTE = FFOOH

This subroutine reads the data word
(F_DATA). It then masks the H! or
LO Byte of the Erase and Verify
commands from executing during
the next operation.

If both Hi and LO bytes verify, then
return.

Mask* the H! Byte with O0H.

If the LO Byte verifies erasure, then
mask* the erase and verify
commands with 00FFH(Reset).

Mask* the LO Byte with 00H.

If the HI Byte verifies erasure, then
mask* the erase and verify
commands with FFOOH(Reset).

P
< .

N N
A
‘ SUBROUTINE RETURN ’

200465-16
NOTE:

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming flash
data (F_DATA), the erase commands and the verify commands. Then manipulate the HI or LO register contents.
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APPENDIX C
PARALLEL PROGRAMMING FLOW CHART

START PROGRAM
APPLY VPPH

PLSCNT = 0
GET ADRS/P_DAT

INITIALIZE:
V_DAT = P_DAT
P_COM = 4040H
V_COM = COCOH

le <

Y
N

HIGH/LOW BYTE
COMPARE & MASK
SUBROUTINE

INC PLSCNT
=257

WRITE READ_COM
APPLY VPPL
PROGRAM ERROR

290465-17

COMMENTS

Wait for Vpp ramp to Vppy

PLSCNT = Pulse Counter
ADRS = address to program
P__DAT = data word to program

Initialize Data Word Variables:
V_.DAT = valid data

P_..COM = Program Command
V_COM = Verify Command

Program Set-up Command
xx = Address don't care

Program

See next page for subroutine

Program Verify Command

F_.DAT = flash memory data

Compare flash memory data
to valid data (word compare). If not
equal, increment pulse counter
and check for last pulse. If not last
pulse, compare High and Low
Byte.

Check buffer or 170 port for
more data to program.

Reset device for read operation.

Turn off Vpp.
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Program Verify and Mask Subroutine

( START SUBROUTINE ) COMMENTS

A

rLO_BYTE = (F_DATA AND 0OFFH) I MASK* the HI Byte with 00H.

P_COM = (P_COM OR OOFFH)
V_DAT = (V_DAT OR OOFFH) ¥
V_COM = (V_COM OR OOFFH)

If the LO Byte Verifies, then
mask* the program and verify
command with 00FFH
(RESET).

l HI_BYTE = (F_DAT AND FFOOH) ]

Mask* the LO Byte with O0H.

LN

P._COM = (P_COM OR FFOOH)

V_DAT = (V_DAT OR FFOOH) ; »
V_COM = (V_.COM OR FFOOH) If HI Byte Verifies, then mask

HI_BYTE =
(V_DAT AND FFOOH)

? the program and erase
N 1 command with FFOOH
< & (RESET).

290465-18

A
‘ SUBROUTINE RETURN ’
NOTE:

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming flash
data (F__DATA), the erase commands and the verify commands. Then manipulate the H! or LO register contents.

4-197



intgl. ' ISMOO2FLKA

Ordering information

IIISIMIOIOIZIF LlKIAl-IllSIOI
- 1 | S | )

1
I_ l— ACCESS SPEED (ns)
REVISION 150 ns
4

ARCHITECTURE
K=x 16

L = FLASH

DENSITY (MB)
002 = 2 MEGABYTE

—— PACKAGE
SM = 80-PIN SiMM

~— INTEL

20046519
Valid Combinations:
iISMOO2FLKA-150
ADDITIONAL INFORMATION Order Number
ER-20, “ETOX™ || Flash Memory Technology” 294005
ER-24, “The intel 28F020 Flash Memory” 294008
RR-60, “ETOX™ [i Flash Memory Reliability Data Summary” 293002
AP-3186, “Using Flash Memory for In-System Reprogrammable 292046

Nonvolatile Storage”

AP-325, “Guide to Flash Memory Reprogramming” 2082059
AP-343, “Flash Memory — A Mass Storage Medium”’ 292079
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