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SERIES 2+ FLASH MEMORY
CARD USER’S MANUAL OVERVIEW

The documentation for Intel’s Series 2+ Flash Memory Card includes the SERIES 2+ FLASH MEMORY
CARD USER‘S MANUAL (297373) and the Series 2+ Datasheet (290491). The user’s manual provides a complete
description of the methods for using the Series 2+ Flash Memory Card, from both a hardware and a software
perspective. The data sheet provides all AC and DC characteristics (including timing waveforms) and a convenient
reference for the device command set and the card’s integrated registers.

The user’s guide encompasses all aspects of the Series 2+ Card in detail, ranging from the 28F016SA to the card’s
PCMCIA electrical interface. Each subject discussed within this document is organized to minimize the OEM’s
efforts for comprehending the functionality of the Series 2+ card.

SERIES 2+ USER’S MANUAL: CHAPTER OVERVIEW
Chapter 2: Card Architecture

This chapter discusses the hardware aspects of the Series 2+ Card, including its integrated Vpp generator, Smart-
Power circuitry, Component Management Registers, PCMCIA interface, and device layout.

Chapter 3: Device Architecture

This chapter explains the basic functionality of the 28F016SA, the integral foundation for the Series 2+ Card. In
particular, the device status registers are thoroughly discussed—down to the bit level.

Chapter 4: Command Descriptions

This chapter, supported by the algorithms in Chapter 8, discusses all the details of every command the 28F016SA
can execute. The chapter is divided into two major sections: the 28FO08SA-compatible commands and the new
Performance Enhancement commands.

Chapter 5: Application Programming Specifics

This chapter goes into more detail on some of the special capabilities of the Series 2+ Card. This includes page
buffer operation, data protection, ready/busy modes, and power conservation.

Chapter 6: 40-Megabyte Series 2+ Card Operation

This chapter explains the difference, from a programmer’s standpoint, between the 4- or 20-megabyte cards
(28F016SA-based) and the 40-megabyte card (28F032SA-based).

Chapter 7: Series 2 Compatibility

The Series 2+ Card was designed to be backwards-compatible with the Series 2 Card. However, a few minor
differences exist due to the advancement in the technology. This chapter explains those differences and how to
accommodate them.

Chapter 8: Software Algorithms

This chapter supports all the other sections in this user’s guide dealing with software programming. It includes
flowcharts for the 28F016SA commands as well as C and Assembly code for some of the basic routines.

November 1994
Order Number: 297550-001 6-1



Intel’s Series 2+ Flash Memory Card sets the new record for high-performance disk emulation and eXecute-
In-Place (XIP) applications in mobile PCs and dedicated equipment. Manufactured with Intel’'s 28F016SA 16-
Mbit (DD28F032SA 32-Mbit) FlashFile™ Memory, this card takes advantage of a revolutionary architecture

intal.

~ SERIES 2+ FLASH MEMORY CARDS

4-, 8-, 20- AND 40-MEGABYTE

IMCOO4FLSP, iMCOO8FLSP, iMCO20FLSP, iMCO40FLSP

Single Power Supply

Automatically Reconfigure for 3.3V and

5V Systems

150 ns Maximum Access Time with 5V

Power Supply

250 ns Maximum Access Time with 3.3V

Power Supply

High-Performance Random Writes
—0.85 MB/S Sustained Throughput
— 1 KB Burst Write at 10 MB/S

12 pA Typical Deep Power-Down

Revolutionary Architecture

— Pipelined Command Execution
— Write during Erase

— Series 2 Command Super-Set

m State-of-the-Art 0.6 um ETOX™ |V

Flash Technology
1 Million Erase Cycles per Block

Up to 640 Independent Lockable
Blocks

PCMCIA 2.1/JEIDA 4.1-Compatible
PCMCIA Type 1 Form Factor
Series 2+ User’s Manual

that provides innovative capabilities, low-power operation and very high read/write performance.

The Series 2+ Card provides today’s highest density, highest performance nonvolatile read/write solution for
solid-state storage applications. These applications are enhanced further with- this product's symmetrically
blocked architecture, extended MTBF, low-power 3.3V operation, built-in Vpp generator, and multiple block-
locking methods. The Series 2+ Card’s dual read and write voltages allow interchange between 3.3V and

5.0V systems.

ETOX and FlashFile™ are trademarks of Intel Corporation.
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SERIES 2+ FLASH MEMORY.CARDS

1.0 SCOPE OF DOCUMENT

The documentation for Intel's Series 2+ Flash
Memory Card includes this datasheet and the Se-
ries 2+ Flash Memory Card User's Manual
(297373). The datasheet provides all AC and DC
characteristics (including timing waveforms) and a
convenient reference for the device command set
and the card’s integrated registers (including the
28F016SA’s status registers). The Series 2+ Mem-
ory Card User’s Manual provides a complete de-
scription of the methods for using the card. It aiso
contains the full list of software algorithms and flow-
charts and a section for upgrading Intel’'s Series 2
Flash Memory Cards designs. i

2.0 PRODUCT OVERVIEW

The 4-, 8-, and 20- Megabyte Series 2+ Flash Mem-
ory Cards each contain a flash memory array that
consists of two, four, and ten 28F016SA TSOP
memory devices, respectively. Each 28F016SA con-
tains 32 distinct, individually-erasable, 64-Kbyte
blocks. Therefore, the 4-, 8-, and 20-megabyte cards
contain 64, 128 and 320 independantly lockable
blocks, respectively.

The 40-Megabyte Series 2+ Flash Memory Cards

contain a flash memory array that consists of ten

DD28F032SA TSOP memory devices. Each

DD28F032SA contains two 28F016SA die in a single

package, resulting in 64 distinct, individually-eras-

able, 64-Kbyte blocks. The 40-megabyte cards have
640 independently lockable blocks.

The Series 2+ Card offers additional product fea-
tures to those of the Series 2 Card family (refer to
‘the iIMCOXXFLSA datasheets). Some of the more
notable card-level enhancements include: inter-
changeable operation at 3.3V or 5.0V, block locking
and internal Vpp generation.

The Series 2+ card incorporates Vg detect circuit-
1y, referred to as SmartPower, to sense the voltage
level present at the card interface. The card’s con-

trol logic automatically configures its circuitry and

n
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the 28F016SA/DD28F032SA memory array accord-
ingly. The Card Information Structure (CIS) reports
that the card is 3.3V or 5.0V compatible. The card
also detects the presence of 12.0V on the Vpp pin
and passes this supply to each memory device.
When the 12.0V power supply is unavailable, the
card can generate the required Vpp via its internal
Vpp generation circuitry, whether Vg is 3.3V or
5.0V.

At the device level, internal algorithm automation al-
lows Write and Erase operations to be executed us-
ing a two-write command sequence in the same way
as the 28F008SA FlashFile memory in the Series 2
Card. A super-set of commands and additional per-
formance enhancements have been added to the

. basic 28F008SA command set:

® Page Buffer Write to Flash results in writes up to
four times faster than Series 2 Cards.

e Command Queueing permits the devices to re-
ceive new commands during the execution of the
current command set.

* Automatic data writes during erase allows the
28F016SA to perform Write operations to one
block of memory while performing an Erase on
another block.

e Software locking of memory blocks provides a
means to selectively protect code or data within
the card.

® Erase all unlocked blocks provides a quick and
simple method to sequentially erase all the
blocks within a 28F016SA memory device.

The Series 2+. Card has two ways to put the flash

- devices into a sleep mode for reduced power con-

sumption:

1. Issue a command to individual devices, referred
to as the software-controlled sleep mode. The
device will retain status register data contents
and finish any operation in progress using this
approach.

2. Write to the card’s PCMCIA-compatible Configu-

ration and Status Register to activate a Reset
Power-Down to all devices simultaneously.
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The card achieves its PCMCIA-compatible word-
wide access by pairing the 28F016SA/
DD28F032SA devices resulting in an accessible
memory block size of 64 Kwords. The card’'s decod-
ing logic (contained within the ASICs) allows the sys-
tem to write or read one word at a time, or one byte
at a time by referencing the high or low byte. Erasure
can be performed on the entire block pair (high and
low byte simultaneously) or on the high and low por-
tions separately. Although the 28F016SA/
DD28F032SA support byte or word-wide data ac-
cess, the byte interface was utilized within the card
to allow the delivery of higher performance benefits,
such as doubling the effective page buffer size and
write performance.

The Series 2+ Card’s ASICs also contain the Com-
ponent Management Registers that provide five con-
trol functions: Ready-Busy Mode Selection, Soft-
ware Write Protection, Card Status, Voltage Control,
and Soft Reset.

The memory card interface supports the Personal
Computer Memory Card Industry Association
(PCMCIA 2.10) and Japanese Electronics Industry
Development Association (JEIDA 4.1) 68-pin card
format. The Series 2+ Flash Card meets all
PCMCIA/JEIDA Type 1 mechanical specifications.

SERIES 2+ FLASH MEMORY \

3.0 SERIES 2+ ARCHITECTURE
OVERVIEW

The Series 2+ Card consists of three major func-
tional elements—the flash memory array, card con-
trol and SmartPower circuitry. The card control logic
handles the interface between the flash memory ar-
ray and the host system’s PCMCIA signals. Smart-
Power circuitry provides the card’s integrated Vpp
generator and a means for detecting the socket's
voltage levels.

3.1 Card Pinout and Pin Description

The 68-pin PCMCIA format provides the system in-
terface for the Series 2+ Flash Memory Card (see
Tables 1 and 2). The detailed specifications for this
interface is described in the PCMCIA 2.10 Standard
Specification. The Series 2+ Flash Card product
family conforms to the requirements of previous
PCMCIA Versions Release 1.0, Release 2.0 and Re-
lease 2.01 of the PC Card Standard. Release 2.10
redefined pins 43 and 57 as VS¢ and VSy (previous-
ly REFRESH and RFU, respectively).
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D<15:0: ZDQ<15:8>
A<25:0> ZDQ<7:0>
REG# ZA<20:0>
CE, # CARD ZWE#
CE,# ZOE#
CONTROL ZCEq#<7:0>
— WE#!  LOGIC o
OE# ZCE #<7:0>
—
RST. ZRY/ZBY#
ZRP#
WAIT#
RDY/BSY# ZWP
BVD,
BVD,
D<70> 28F016SA  CEgh CEg# 28F016SA  D<7.0>]
WP A<20:0> DEVICES CE1# CEq# DEVICES  A<20:0>
CD,# 1+ WE# RY/BY: Y/BY# WE:
1 b OE# RP# RP# OE:
CD# Voo Ve Vss  arse WP WP 358 VssVee Voo
RDY/BSY# Vss Vec
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| | D<7:0> 28F016SA CEg# CEg# 28F016SA D<7:O>_|
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OE# RP# E
v, Vec Vep Vo aise WP WP 358 VssVepVoc
—Yee ) Vep Vee
—Verz || GENERATION |[Vop
Vppy CIRCUITRY
" Vss
SmartPower
VS1
] 3/5#
VS2
— ]
' 2904911

Figure 1. Series 2+ Flash Memory Card Block Diagram Showing Major Functional Elements
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Table 1. Series 2+ Flash Memory Card Signals

Pin Signal 170 Function Active Pin | Signal | 1/0 Function Active
1 | GND Ground 27 | A2 l Address Bit 2
2 | DQ3 I1/0 | Data Bit 3 28 | Aq | Address Bit 1
3 | DQg 1/0 | Data Bit 4 29 | Ao | Address Bit 0
4 | DQs I/0 | Data Bit5 30 | DQg I1/0 | DataBit0
5 | DQg 170 | Data Bit 6 31 | DQq I1/0 | Data Bit 1
6 [DQ7 - 1/0 | Data Bit 7 32 | DQ2 I1/0 | DataBit2
7 | CE1# I [ Card Enable 1 LOW 33 | WP O | Write Protect HIGH
8 | Ao | | Address Bit 10 34 | GND Ground
9 | OE# | | Output Enable | LOW 35 | GND Ground
10 | Ay | | Address Bit 11 36 | CDy# O | Card Detect 1 LOW
11 | Ag | | Address Bit9 37 | DQq4 1/0 | DataBit11
12 | Ag | | Address Bit 8 38 | DQq2 | I/O | DataBit12
13 | Aq3 | | Address Bit 13 39 | DQ3 1/0 | DataBit 13
14 | Aqg | | Address Bit 14 40 | DQq4 | I/O | DataBit 14
15 | WE# | | Write Enable LOW 41 [ DQys | I/0 | DataBit 15
16 | RDY/BSY# | O | Ready/Busy LOW 42 | CEo# | Card Enable 2 LOW
17 | Vco Supply Voltage 43 | VS, O | Voltage Sense 1 LOW
18 | Vppq Supply Voltage 44 | RFU Reserved
19 | A | | Address Bit 16 45 | RFU Reserved
20 | A¢s | | Address Bit 15 46 | Aq7 | Address Bit 17
21 | A2 | | Address Bit 12 47 | Aqg | Address Bit 18
22 | A7 | | Address Bit7 48 | Aqg | Address Bit 19
23 | Ag | | Address Bit 6 49 | Ao | Address Bit 20
24 | As | | Address Bit5 50 | Apq | Address Bit 21
25 | Ay | | Address Bit 4 51 | Vo Supply Voltage
26 | Az | | Address Bit 3 52 | Vpp2 Supply Voltage
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Table 1’. Series 2+ Flash Memory Card Signals (Continued)

Pin | Signal | 1/0 Function Active _|Pin| Signal | 1/0 Function Active
53 | Az I | Address Bit 22 ' 61 |REG# | | [Attribute Memory Select LOW
54 | Agg- I | Address Bit23 62 [BVD, | O |Battery Voltage Detect 2
55 | Axg I | Address Bit 24 63 |BVDy | O |Battery Voltage Detect 1
56 | Ags | | Address Bit 25 64 (DQg |(1/0|DataBit8
57 | VSp O | Voltage Sense 2 N.C. 65 |DQg |1/0O|DataBit9
58 | RST I | Reset HIGH 66 |DQqg |1/0|Data Bit 10
59 | WAIT# | O | ExtendBus Cycle | LOW 67 |CDa# | O | Card Detect 2 LOwW
60 | RFU Reserved ) 68 | GND Ground
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Table 2. Series 2+ Flash Memory Card Signal Description

Symbol Type Name and Function

Ag-Azs | ADDRESS INPUTS: Address Ag through Aps are address bus lines which enable
direct addressing of up to 64 megabytes of memory on the card. Signal Ag is not
used in word access mode. Az is the most significant bit.

DQo-DQ15 I1/0 | DATA INPUT/OUTPUT: DQg through DQ15 constitute the bi-directional data bus. .
DQq5 is the most significant bit.

CEq#,CEx# | CARD ENABLE 1 & 2: CE¢ # enables even bytes, CEx # enables odd bytes.
Multiplexing Ag, CE4 # and CE, # allows 8-bit hosts to access all data on Dg through
D7.

OE# | OUTPUT ENABLE: Active low signal gating read data from the memory card.

WE # | WRITE ENABLE: Active low signal gating write data to the memory card.

RDY/BSY # O READY/BUSY OUTPUT: Indicates status of internally timed erase or write activities.
A high output indicates the memory card is ready to accept accesses. A low output
indicates that a device in the memory card is busy with internally timed erase or write
activities.

CDq#,CDo # (@] CARD DETECT 1 & 2: These signals provide for correct memory card insertion
detection. They are positioned at opposite ends of the card to detect proper
alignment. The signals are connected to ground internally on the memory card, and
will be forced low whenever a card is placed in the socket. The host socket interface
circuitry shall supply 10K or larger pull-up resistors on these signal pins.

WP (0] WRITE PROTECT: Write Protect reflects the status of the Write Protect switch on
the memory card. WP set to high = write protected, providing internal hardware
write lockout to the flash array.

Vpp1,Vpp2 WRITE/ERASE POWER SUPPLY: (12V nominal) for erasing memory array blocks
or writing bytes in the array. These pins must be 12V to perform and Write/Erase
operation when not using the card’s integrated Vpp generator. These signals may be
disconnected but are required for EXCAT standard compliance.

Vce CARD POWER SUPPLY: (3.3V or 5V nominal) for all internal circuitry.

GND GROUND for all internal circuitry. .

REG # | REGISTER SELECT: Provides access to Series 2+ Flash Memory Card registers
and Card Information Structure in the Attribute Memory Plane.

RST | RESET: Active high signal for placing card in Power-On Default State.

WAIT # (0] WAIT: (Extend Bus Cycle) This signal is driven high for compatibility.

BVD4, BVDg O | BATTERY VOLTAGE DETECT: These signals are driven high to maintain SRAM
card compatibility.

VS84, VSo (0] VOLTAGE SENSE: Notify the host socket of the card’s V¢ requirements. VS,
grounded and VS, open indicates a 3.3V/5V card has been inserted.

RFU RESERVED FOR FUTURE USE

N.C. NO INTERNAL CONNECTION TO CARD; pin may be driven or left floating.
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3.2 Series 2+ Card Control Logic

The Card Control Logic, contained within two
ASICS, handles the address decoding and data
control for the Series 2+ Card. The Component
Management Registers are also contained within
the Card Control Logic.

3.2.1 ADDRESS DECODE LOGIC

At the highest level, the Address Decode section
determines when to select the Common Memory
(REG# = V) or Attribute Memory (REG# = V))
Planes. Within the Attribute Memory Plane ( Figure
2) , the address decode logic determines when to
select the Card Information Structure (CIS) or Com-
ponent Management Registers (CMR). The CIS con-
tains tuple information and is located at even-byte
addresses beginning with address 0000H (refer to
Section 6.0). The Component Management Regis-
ters are mapped at even byte locations beginning at
address 4000H (refer to Section 3.3 for a detailed
description).

intel.

MEMORY
oo EVENBYTE ADDRESS
NOT USED 1FFFFFH
NOT USED COMPONENT 004200H
MANAGEMENT
REGISTERS 004000
NOT USED
000100H
NOT USED HARDWIRED
PCMCIA CIS sooanon
290491-9

Figure 2. Attribute Memory Plane

3.2.2 DATA CONTROL

As shown in Table 3, data paths and directions are
selected by the Data Control logic using REG #, Ao,
WE#, OE#, CE1#, and CE# as logic inputs. The
Data Control logic selects any of the PCMCIA word-
wide, byte-wide, and odd-byte modes for either
Reads or Writes to Common or Attribute Memory. All
accesses to the Attribute Memory Plane must be
made through D[7:0] no valid data can be written on
the high byte. Reads of D[15:8] will yield FFH.

Table 3. Data Access Mode Truth Table

COMMON MEMORY PLANE
Mode REG# | CEx# | CE1# | Ag | OE# | WE# | Vppa | Vppy | D[15:8] | D[7:0]
Standby X VIH ViH X X X VppL | VppL | High-Z | High-Z
Byte-Read ViH VIH ViL ViL ViL VIH VppL | VppL | High-Z Even
ViH ViH ViL | ViH [ Vi ViH | VeeL | VepL | High-Z | Odd
Word-Read ViH ViL viL | X ViL ViH VepL | VpPL Odd Even
Odd Byte-Read VIH ViL " Vi X ViL VIH VepL | VepL Odd High-Z
Byte-Write VIH ViH ViL ViL| VH ViL XXX | VppH XXX Even
ViH VIH ViL VIH | VIiH ViL VppH | XXX XXX Odd
Word-Write - VIH ViL ViL X VIH ViL VepH | VPPH Odd Even
Odd Byte-Write ViH ViL VIH X VIH ViL | VepH | VPpPL Odd XXX
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Table 3. Data Access Mode Truth Table (Continued)

ATTRIBUTE MEMORY PLANE
Mode REG# | CEx# | CE1# | Ag | OE# | WE# | Vppa | Vppy | D[15:8] | D[7:0]
Standby X ViH ViH X X X VppL | VppL | High-Z | High-Z
Byte-Read ViL ViH ViL ViL ViL VIH VpepL | VppL | High-Z Even
Vi ViH Vi | ViH| Vi Vih | VepL | VppL | High-Z | FFH
Word-Read ViL ViL ViL X ViL ViH VepL | VepL FFH Even
Odd Byte-Read ViL ViL ViH X ViL VIH VppL | VepL FFH High-Z
Byte-Write ViL ViH ViL ViL ViH ViL VepL | VepL XXX Even
ViL ViH Vi | VIH| Vi ViL | VepL | VppL [ XXX XXX
Word-Write ViL ViL ViL X ViH ViL VppL | VePL XXX Even
Odd Byte-Write ViL ViL VIH X ViH ViL VppL | VepL XXX XXX
NOTES:

When using the Vpp generator, Vpp4 and Vppg are “don’t care.”

3.3 Component Management
Registers

The Component Management Registers (CMRs) are
classified into two categories: those defined by
PCMCIA Rev 2.0, and those included by Intel to en-
hance the interface between the host system and
the card’s flash memory array. The CMRs provide
five control functions: Ready-Busy Mode selection,
Voltage Control, Software Write Protection, Card
Status and Soft Reset. For more details about the
Component Management Register functionality,
consult Intel’'s Series 2+ Flash Memory Card Us-
er’s Manual (297373).

3.4 SmartPower

The SmartPower circuitry generates and monitors
the card’s programming voltages. When a host sys-
tem does not provide a valid Vpp supply, the card’'s
integrated generator can be switched on via the
Voltage Control Register. The SmartPower circuitry
also detects the host system’s Vg level (3.3V or
5.0V) and configures the card’s flash memory devic-
es, accordingly driving the 3/5# pin to the memory
array to the appropriate value.

The SmartPower circuitry is enabled by writing a “1”
to Bit 0 of the Voltage Control Register.



-
SERIES 2+ FLASH MEMORY CARDS Intd ®

Table 4. Configuration Option Register—PCMCIA

(Soft Reset Register)
Attribute Memory Plane Address: 4000H
Read/Write
SRESET | LeviREQ ) Configuration Index -
7 6 5 4 3 2 1 0
' Default: 02H
Bit 7 = Soft Reset Bits 5-0 = Configuration Index
1 = Reset State May Be Written with Values 1-4, Refer to
0 = End Reset Cycle Index in CIS Card Configuration Table Tuple.
Bit 6 = Level Request
Driven Low
Table 5. Card Configuration and Status Register—PCMCIA
(Global Power-Down Register)
Attribute Memory Plane Address: 4002H
Read/Write
Reserved PWRDWN Reserved
7 | e 5 4 3 2 1| o
' . Default: 00H,
Bit 2 = Power-Down
1 = 28F016SAs in Reset Power-Down
0 = Power-Up
Table 6. Card Status Register—Intel
Attribute Memory Plane Address: 4100H
Read Only
Reserved SRESET CMWP PWRDWN CISWP WP RDY/BSY #
7 | s 5 4 3 2 1 0
Default: 01H or 03H
Bit 5 = Soft Reset Bit2 = Common Memory CIS Write Protect
1 = Reset State 1 = Wirite Protected
Bit4 = Common Memory Write Protect Bit 1 = Write Protect Switch
1 = Wirite Protected 1 = Write Protected
Bit 3 = Power-Down Bit0 = Card Ready/Busy #
= Power-Down 1 = Ready
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Table 7. Write Protection Register—Intel -

Attribute Memory Plane Address: 4104H
Read/Write ‘ v
Reserved : BLKEN CMWP CISWP
7 6 | 5 4 3 2 1 0
) Default: 04H -
Bit 2 = Block Locking Enable Bit 0 = Common Memory CIS Write Protect
1 = Enable Independent 28F016SA 1 = Common Memory CIS in
Block Locking - Write Protect Status
0 = All Blocks Unlocked 0 = Write Protect According to
Independent 28F016SA Block
Bit 1 = Common Memory Write Protect Locking
1 = Common Memory Minus the CMCIS
in Write Protect Status
0 = Write Protect According to
Independent 28F016SA
Block Locking
Table 8. Voltage Control Reglster4—|ntel
Attribute Memory Plane Address: 410CH
‘ Read/Write
Vce Vep Vpp
LEVEL Reserved VALID GEN
7 6 | 5 4 3 2 1 0
. Default: 82 or 02H
Bit 7 = Vg Level: Read Only Bit Bit 0 = Vpp Generation
1 = Host Supplying 3.3V 1 = Turn on Integrated Vpp Generator
0 = Host Supplying 5V 0 = Turn off Integrated Vpp Generator
Bit 1 = Vpp Valid Note: The Vpp Valid bit only reflects the state of
1 = Vpp between 11.4V and 12V the Vpp Generator, NOT the external Vpp.
0 = Vpp Invalid.
Table 9. Ready/Busy Mode Register—Intel
Attribute Memory Plane Address: 4140H
Read/Write )
Reserved . RACK MODE
7 6 5 4 | 3 2 1 0
Default: 00H
Bit 1 = Ready Acknowledge Bit0 = RDY/BSY # Mode :
0 = Clear RDY/BSY # 1 = High-Performance Mode

0 = PCMCIA Level Mode
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4.0 DEVICE COMMAND SET . Codes (H) Series 2+ Performance
The 28F016SA/DD28F032SA-based Series 2+ Enhancement
Command Set increases functionality over e;rlier OCH Page Buffer Write to Flash
28F008SA-based designs while maintaining back-
wards compatibility. The extended command set in- 71H Read GSR or BSRs
corporates many new features to improve pro- 72H Page Buffer Swap
grammability and write performance such as: page -
buffered writing, individual block locking, multiple 74H Single Load to Page Buffer
RDY/BSY # configurations and device level queuing 75H Read Page Buffer
capabilities. The following pages list the Series 2+
command set and Bus Cycle Operations overview. 77H Lock Block
Series 2+ Command Set 80H Abort
Codes (H) Series 2 Compatible Mode 96H,01H RY/’BY# Level Mode Enable
00H Invalid/Reserved i 96H,02H RY/BY # Pulse-On-Write
10H Alternate Data Write 96H,03H RY/BY # Pulse-On Erase
20H Single Block Erase 96H,04H RY/BY # Disable
40H Data Write 97H Upload Status Bits
50H Clear Status Registers "~ 99H Upload Device Information
70H Read CSR. A7H Erase All Unlocked Blocks
90H Read ID Codes - EOH Sequential Load to Page Buffer
BOH Erase Suspend FoH _ Sleep
DOH Confirm/Resume .
FFH Read Flash Array
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Table 10. 28F008SA-Compatible Mode Command Bus Definitions

First Bus Cycle Second Bus Cycle
Command Data Data
R/W | Addr R/W | Addr
Byte Word Byte Word
Read Array w DA FFH FFFFH R DA AD AD
Intelligent Identifier W DA 90H 9090H R 1A ID ID
Read CSR(1) w DA 70H 7070H R DA CSRD CSRD
Clear Status Register(?) w DA 50H | 5050H
Word/Byte Write § W WA 40H 4040H w WA WD WD
Word/Byte Write (Alternate) § w WA 10H 1010H w WA WD wD
Block Erase/Confirm § W BA 20H 2020H w BA DOH DODOH
Erase Suspend/Resume W DA BOH | BOBOH W DA -DOH DODOH
ADDRESSES: DATA:
DA Device Address AD Array Data
BA Block Address CSRD CSR Data
1A Identifier Address ID |dentifier Data
WA  Write Address WD  Write Data

§ = Queueable Commands

NOTES: .
1. The CSR is automatically available after the device enters Data Write, Erase or Suspend operations.
2. Clears CSR.3, CSR.4 and CSR.5. Also clears GSR.5 and all BSR.5 and BSR.2 bits.
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Table 11. 28F016SA-Super-Set Mode Performance Enhancement Command Bus Definitions

First Bus Cycle Second Bus Cycle Third Bus Cycle
d Not Data Data
Comman otes | oper | Addr 22| oper | Addr a Oper | Addr
Byte | Word Byte | Word Byte | Word
Read Page Buffer 4 DA | 76H | 75675H | R PA | PD | PDPD
Page Buffer Swap 6 w DA | 72H | 7272H
Single Load to Page w DA | 74H | 7474H | W PA PD | PDPD
Buffer
Sequential Load to 4,5 w DA | EOH | EOEOH | - W DA BCH w DA BCH
Page Buffer
Page Buffer Writeto | 3,4,5 w DA | OCH | 0OCOCH | W Ao BC(L,H) w WA BC(H,L)
Flash Array § ’
RY/BY # Pulse-On- 7 w DA | 96H | 9696H | W DA | DOH | DODOH
Erase §
RY/BY # Pulse-On- 7 w DA | 96H | 9696H | W DA | D1H | D1D1H
Write § :
RY/BY # Enable to 7 w DA | 96H | 9696H | W | DA | D2H | D2D2H
Level-Mode §
RY/BY # Disable § 7 W DA | 96H | 9696H | W DA | D3H | D3D3H
Lock Block/ w DA [ 77H | 7777TH | W BA | DOH | DODOH
Confirm §
Upload Status Bits/ 2 w DA | 97H | 9797H| W | DA | DOH | DODOH
Confirm § ’
Read Extended 1 w DA | 71H [ 7171H| R RA | GSRD/BSRD
Status Registers .
Erase All Unlocked w DA | A7TH | A7TATH| W DA | DOH | DODOH
Blocks/ Confirm §
Sleep w DA | FOH | FOFOH
Abort w DA | 80H | 8080H
Upload Device w DA | 99H | 9999H | W DA | DOH | DODOH
Information
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SERIES 2+ FLASH MEMORY Ci

ADDRESSES: DATA: DATA COUNTS:
DA Device Address AD Write Address WC(L,H)  Word Count (Low, High)
BA Block Address CSRD CSR Data BC(L,H)  Byte Count (Low, High)

IA  Identifier Address

PA Page Buffer Address ID
RA Extended Register Address WD
WA Write Address PD
X Don’t Care

§ = Queueable Commands

NOTES:

1. RA can be the GSR address or any BSR address.

G/BSRD GSR/BSR Data
Identifier Data
Write Data

Page Buffer Data

WD(L,H)V Write Data (Low, High)

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

actual lock-bit status.

3. Ag is automatically complemented to load the second byte of data.

4. BCH/WCH must be at 00H for this product because of the 256-byte Page Buffer size and to avoid writing the Page Buffer
contents into more than one 256-byte segment within an array block. They are simply shown for Page Buffer expandability.
5. PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle (not shown).

6. This command allows the user to swap between available page buffers (0 or 1).

7. These commands reconfigure RY/BY # output to one of two pulse modes, or they enable and disable the RY/BY #

function. . .

5.0 DEVICE STATUS REGISTER

Each 28F016SA has three types of status registers:
the Compatible Status Register (CSR), the Global
Status Register (GSR) and the Block Status Regis-
ter (BSR). The Compatible Status Register is identi-
cal to the 28F008SA Status Register. The

Global Status Register contains queue and page
buffer information about each device. Each block
within the device has a Block Status Register as-
signed to it. The Block Status Register contains the
Block Locking Status and other information specific
to the block being addressed.

Table 12. Compatible Status Register

CSR.7 =WRITE STATE MACHINE STATUS .

(WSMS)
1 = Ready
0 = Busy

CSR.6 = ERASE-SUSPEND STATUS (ESS)
1 = Erase Suspended
0 = Erase in Progress/Completed

CSR.5 = ERASE STATUS (ES)
1 = Error in Block Erasure
0 = Successful Block Erase

Read Only Register
WSMS ESS ES DWS VPPS Reserved
7 6 5 4 3 T E 0
Default: 80H

CSR.4 =DATA-WRITE STATUS
(DWS)
1 = Error in Data Write
0 = Data Write Successful
CSR.3 = Vpp STATUS (VPPS)
1 = Vpp Low Detect, Operation Abort
0 = Vpp OK
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Table 13. Global sfalus Register

WSMS ESS ES DWS

VPPS Reserved

7 6 5 4

3 2 | 1 ] o

CSR.7 =WRITE STATE MACHINE STATUS
(WSMS)
"1 = Ready
0 = Busy
CSR.6 = ERASE-SUSPEND STATUS (ESS)
= Erase Suspended
0 = Erase in Progress/Completed

CSR.5 = ERASE STATUS (ES)
1 = Error in Block Erasure
0 = Successful Block Erase

Default: 80H

CSR.4 =DATA-WRITE STATUS

(DWS)

1 = Error in Data Write

0 = Data Write Successful
CSR.3 = Vpp STATUS (VPPS)

1 = Vpp Low Detect, Operation Abort

0 = Vpp OK

Table 14. Block Status Reagister

BSR.6 = BLOCK-LOCK STATUS (BLS)
1 = Block Unlocked for Write/Erase
0 = Block Locked for Write/Erase

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

BS BLS BOS BOAS Qs VPPS Reserved
7 6 - 5 4 3 2 1 0
Default: 80H
BSR.7 =BLOCK STATUS BSR.4 =BLOCK OPERATION ABORT STATUS
(BS) (BOAS)
1 = Ready 1 = Operation Aborted
0 = Busy 0 = Operation Not Aborted

BSR.3 = QUEUE STATUS (QS)
1 = Queue Full
0 = Queue Available

BSR.2 = Vpp STATUS

(VPPS) :
1 = Vpp Low Detect, Operation Abort
0 = Vpp OK

6.0 PCMCIA CARD INFORMATION
' STRUCTURE

The Card Information Structure (CIS) begins at ad-
dress 00000000H of the card’'s Attribute Memory
Plane. It contains a variable length chain of data
blocks (tuples) that conform to a basic format (Table
15). The CIS of the Series 2+ Flash Memory Card is
found in Table 16.
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Table 15. PCMCIA Tuple Format

Bytes Data

0 Tuple Code: CISTPL__xxx. The tuple code
OFFH indicates no more tuples in the list.

1 Tuple Link: TPL__LINK. Link to the next
tuple in the list. This can be viewed as the
number of additional bytes in tuple,
excluding this byte. A link field of zero
indicates an empty tuple body. A link field
containing OFFH indicates the last tuple in
the list.

2-n | Bytes specific to this tuplé.
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Table 16. Tuples for Series 2+ Card

Address | Value Description Address | Value Description
00h 01H CISTPL__DEVICE 3AH AOH 28F016 J-ID
02h 04H TPL__LINK 3CH 00H | NULL CONTROL TUPLE

" 04h 57H FLASH 3EH 15H CISTPL VERS 1
06h 22H 150 ns 40H 39H TPL__LINK

32H 250 nx 42H 04H TPLLV1__MAJOR
CARD SIZE 44H 01H TPLLV1_MINOR
08h OEH 4MB
1EH 8 MB TPLLV1_INFO
4EH 20 MB 46H 49H I
9EH 40 MB 48H 6EH | - n
0AH FFH END OF DEVICE 4AH 74H
OCH 1CH CISTPL__DEVICE_OC 4CH 65H e
OEH . | 05H TPL_LINK 4EH 6CH I
10H 02H | OTHER CONDITIONS - 3 Vg 50H 00H END TEXT
12H 57H FLASH 52H 53H s
14H 32H 250 ns 54H 32H 2
CARD SIZE 56H 45H E
16H | OEH 4 MB 58H 34H 4MB
1EH 8 MB 38H 8 MB
4EH 20 MB 32H 20 MB
9EH 40MB 34H 40MB
18H FFH END OF DEVICE 5AH 20H 4 MB
1AH 17H CISTPL_DEVICE__A 20H 8 M8
30H - 20MB
1CH 04H TPL__LINK 30H 40 MB
1EH 1FH ROM 5CH 53H S
20H 22H 150 ns 20H SPACE
22H 01H 2 Kb 5EH 57H w
24H FFH END OF DEVICE 20H SPACE
26H 1DH CISTPL_DEVICE_OA 60H 00H ENDTEXT
28H 05H TPL__LINK 62H 43H C
2AH 02H | OTHER CONDITIONS - 3 Vg 64H 4FH o
2CH . | 17H ROM 66H 50H P
2EH 32H 250 ns 68H 59H Y
30H 01H ' 2Kb 6AH 52H R
32H FFH END OF DEVICE 6CH 49H I
34H 18H CISTPL JEDEC__C 6EH 47H G
36H 02H TPL__LINK 70H 48H H
38H 89H INTEL J-ID 72H 54H T
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Table 16. Tuples for Series 2+ Card (Continued)

Address Value Description Address | Value Description’
74H 20H SPACE BCH | OOH TPCC__RADR
76H 49H [ BEH | 40H TPCC__RADR
78H 6EH n COH | O03H TPCC__RMSK
7AH 74H t C2H | OOH NULL CONTROL TUPLE
7CH 65H e C4H | 1BH | CISTPL__CFTABLE__ENTRY
7EH 6CH [ CéH | O8H TPL__LINK '
80H 20H SPACE C8H | O1H TPCE_INDEX (01H)
82H 43H c CAH | O1H TPCE__FS ( Vgg ONLY)
84H 4FH o . : TPCE_PD
66 s2H R M siecTionevre
88H SOH P CEH | 55H | VgcNOMINAL VOLTAGE
8AH 4FH (0] 5V + 5%
8CH 52H R DoH | 58H Icc STATIC 500 pA
8EH 41H A D2H | 1EH Icc AVERAGE 150 mA
90H 54H T D4H 1EH Icc PEAK 150 mA
92H 49H | D6H | 1BH Icc PWRDWN 200 pA
94H 4FH ) D8H 1BH | CISTPL__CFTABLE_ENTRY
96H 4EH N DAH | OFH TPL__LINK
98H 20H SPACE DCH | 02H TPCE__INDEX (02H)

_9AH 31H 1 DEH | 02H | TPCE_FS (Voc AND Vpp)
9CH 39H 9 TPCE__PD
9EH 39H 9 EOH | 79H Ve PARAMETER
AH a3H 3 ‘ SELECTION BYTE
Ao 20 SPAGE E2H | 55H | Vo NOh5A\I/N£L5 \O/AOLTAGE
AdH 47H G E4H | 2BH I STATIC 250 pA
AGH ACH L E6H | 06H | loc AVERAGE 100 mA
A8H 41H A EsH | oeH lcc PEAK 100 mA
AAH 44H D EAH | 52H lcc PWRDWN 50 pA °
ACH 45H E TPCE_PD
AEH 4BH K ECH | 79H Vpp PARAMETER
BOH 00H END TEXT SELECTION BYTE
B2H FFH END OF LIST een | sEn 12.0V £ 5%
BaH 1AH CISTPL__CONF FOH | 7DH | NC OK ON STANDBY & PWD
BEH 05H TUPL._LINK FeH | 58H Ipp STATIC 500 A
B8H o1H TPCC_S2 FaH | 25H Ipp AVERAGE 20 mA
BAH 04H TPCC_LAST FeH | 25H Ipp PEAK 20 mA'
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Table 16. Tuples for Series 2+ Card (Continued)

‘| Address | Value Description Address | Value Description
F8H | 52H Ipp PWRDWN 50 ;A 136H | OOH | NULLCONTROLTUPLE
FAH | 1BH | CISTPL_CFTABLE_ENTRY 138H | 1EH CISTPL DEVICEGEO
FCH | 09H TPL_LINK 13AH | O6H TPL_LINK
FEH | O3H TPCE_INDEX (03H) 13CH | o2H DGTPL_BUS
100H | O1H | TPCE_FS (VoG ONLY) 13EH | 11H DGTPL_EBS

TPCE_PD 140H | O1H DGTPL_RBS
102H | 79H é‘é‘i; éﬁghNAEBTYETRE 142H | otH DGTPL_WBS
i o ey 144H | O1H DGTPL_PART = 1
106H | 1EH EXTENSION BYTE 146H ) O1H F:‘,\'?TS:REEX:,CEE
108H | 04H lcc STATIC 1 mA 148H | 20H CISTPL_MANFID
10AH | 1EH Icc AVERAGE 150 mA an | omn TPL_LINK (04H)
10CH | 1EH lcc PEAK 150 mA ] TPLMID_MANF
10EH | 53H Icc PWRDWN 500 pA 1acn | son B
110H | 1BH | CISTPL__CFTABLE_ENTRY aen | oon VSB
112H | 10H TPL_LINK 150H | 12H 4 MB- 150 ns
114H | 04H TPCE_INDEX (04H) . 22H 8 MB - 150 ns
116H | 02H | TPCE_FS (Vog AND Vpp) gg: ig mg : :gg e
118H | 79H vCCLTREAKAF;sDTER 152H | 84H TPLMID_CARD MSB

~ SELECTION BYTE 154H | 21H CISTPL_FUNCID

11AH | BSH Voo = 3.3V 156H | O2H TPL_LINK

11CH | 1EH EXTENSION BYTE 158H | O1H TPLFID_FUNCTION

11EH | 2BH lcc STATIC 250 pA (MEMORY)

1200 | osH oo AVERAGE 100 mA 15AH | OOH | TPLFID_SYSINIT (NONE)

122H | oeH lcc PEAK 100 mA 15CH | FFH CISTPL_END

12en | 521 \oc PWRDWN 50 A 00H INVALID ADDRESS
: TPOE_PD (156H-1FEH)

126H | 79H Vpp PARAMETER

SELECTION BYTE

128H | 8EH 12.0V =/-5%

12AH | 7DH | NC OK ON STANDBY & PWD

12CH | 53H Ipp STATIC 500 pA

12EH | 25H Ipp AVERAGE 20 mA

130H | 25H Ipp PEAK 20 mA

132H | 1BH Ipp PWRDWN 150 pA

134H | 00H | NULL CONTROL TUPLE
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7.0 SYSTEM DESIGN
CONSIDERATIONS

7.1 Power Supply Decoupling

Flash memory power-switching characteristics re-
quire careful device decoupling. System designers
are interested in three supply current issues: stand-
by, active and transient current peaks which are pro-
duced by rising and falling edges of CE{# and
CEo#. The capacitive and inductive loads on the
card and internal flash memory device pairs deter-
mine the magnitudes of these peaks.

Three-line control and proper decoupling capacitor
selection suppress transient voltage peaks. Series
2+ cards contain on-card ceramic decoupling ca-
pacitors connected between Vgg and GND, and be-
tween Vpp1/Vppa and GND.

The card connector should also have a 4.7 uF elec-
trolytic capacitor between Vgc and GND, as well as
between Vpp1/Vppa and GND. The bulk capacitors
overcome voltage slumps caused by printed-circuit-
board trace inductance, and supply charge to the
smaller capacitors as needed. '

7.2 Power-Up/Down Protection

The PCMCIA/JEIDA-specified socket properly se-
quences the power supplies to the flash memory
card via shorter and longer pins. This design assures
that hot insertion and removal will not result in card
damage or data loss.

6-22
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Each device in the memory card is designed to offer
protection against accidental erasure or writing,
caused by spurious system-level signals that may

exist during power transitions. The card will power-
up into the read state.

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 com-
mand write, driving either to V4 will inhibit writes.
With its control register architecture, alteration of de-
vice contents only occurs after successful comple-
tion of the two-step command sequences. While
these precautions are sufficient for most applica-
tions, an alternative approach would allow Vgg to
reach its steady state value before raising Vppq/
Vpp2 above Vg + 2.0V. In addition, upon powering
down, Vpp4/Vpp2 should be below Voo + 2.0V be-
fore lowering V.

NOTE:
The Integrated Vpp generator defaults to the
power off condition after reset and system
power-up. The Vpp Generation circuitry must
be enabled for the memory card to operate
in 3.3V-Only or 5.0V-Only mode.

7.3 Hot Insertion/Removal

The capability to remove or insert PC cards while the
system is powered on (i.e., hot insertion/removal)
requires careful design approaches on the system
and card levels. To design for this capability, consid-
er card over-voltage stress, system power fluxua-

_ tions and control line stability.
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8.0 ELECTRICAL SPECIFICATIONS

8.1 Absolute Maximum Ratings*

Operating Temperature ‘
DuringRead .................. 0°C to +60°C(1)

DuringWrite .................... 0°Cto +60°C
Storage Temperature.......... —30°C to +70°C(2)
Voltage on Any Pin with

Respect to Ground ... .. —2.0Vto Vgg + 2.0V

Vpp1/Vpp2 Supply Voltage with
Respect to Ground .. —2.0V to Vgg + 14.0V(2. 3)

Ve Supply Voltage with
RespecttoGround ............ —0.5Vto +7.0V

NOTES:

SERIES 2+ FLASH MEMORY CARDS

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 Vo + 0.5V, which may overshqot to Vog + 2.0V for periods less than 20 ns.

3. Maximum DC input voltage on Vpp1/Vpp2 may overshoot to + 14.0V for periods less than 20 ns.

4. Vpp generator turned “on” for 3.3V or 5.0V only operation.

Symbol Parameter Min Max Units
Vcc at 3.3V, 12V Vpp Vce Supply Voltage (+0.3V) 3.0 3.6 \"
Ve at 3.3V, Vpp Gen(4) Ve Supply Voltage (+0.15V) 3.15 3.45 \%
Vcg at 5.0V Ve Supply Voltage (0.25V) 475 5.25 v
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9.0 - SERIES 2+ DC CHARACTERISTICS

9.1 General

Symbol Parameter i Notes Min Max Units| Test Conditions
Iy Input Leakage Current 1,3 +20 pA | Voo = Voo Max
‘ . ViN = Vogor GND
Lo Output Leakage Current 1 +20 rA | Vcc = Voo Max
E Vout = Vcc or GND
ViLs Input Low Voltage 1 0 0.8 V | Vec= 5V
ViLaa » ' . 0.7 ‘ Vce = 3.3V
ViH5 Input High Voltage o 1 2.4 Vocc + 05| V |Vcc =5V
ViH3.3 2.2 Vee + 0.3 Vee = 3.3V
VoL Output Low Voltage 1 0.4 V |lop=32mA
VoH Output High Voltage 1 Vec — 0.4 Ve V Jloy= —20mA
VppL Vpp during Read Only Operations 1,2 0 ‘ 6.5 \"
VppH Vpp during Read/Write Operations 1 114 12.6 \
Viko | Vcc Erase/Write Lock Voltage 1 20 v
NOTES:

1.Values are the same for byte and word wide modes for all card densities.

2.Block Erases/Data Writes are inhibited when Vpp and Vpp;_ are not guaranteed in the range between Vppy and VppL.
3.Exceptions: With Viy = GND, the leakage current on CEq #, CEx#, REG#, OE#, and WE# will be < 500 nA due to
internal pull-up resistors. With V)y = Vgg, RST leakage current will be < 500 A due to internal pull-down resistors. With
VIN = Vce, A21-Ags leakage current will be <100 pA due to internal pull down resistors.
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9.2 CMOS Interfacing: Voo = 3.3V
Series 2+ DC Characteristics(1)

' SERIES 2+ FLASH MEMORY CAR.

i x8 Mode | x16 Mode
Symbol | Parameter Density Notes Units Te.st
(Mbytes) Typ | Max | Typ | Max Conditions
lccr VccRead | 4,8, 20,40 2,3 75 100 | 'mA | Vcc = Voo Max
Current tcycLe = 200 ns
lcow | VocWrite | 4,8,20,40 | 2,3,4 40 50 | mA | VppGen = OFF
Current . during Data Write
2,8,5 100 175 | mA | VppGen = ON
during Data Write
lcce Vcc Erase | 4,8,20,40 ( 2,3,4 40 50 mA | Vpp Gen = OFF
A Current 2,3,5 80 150 | mA | VppGen = ON
lccsL Vce Sleep 4 3,4,6 12 | 20 12 | 20 pA | Vcc = Veg Max
Current 8 14 | 30 |14 | 30 Control Signals = V¢
20 20 60 20 60
40 30 | 110 | 30 | 110
lccs Vee 4 2,3,4,6| 75 [ 115 | 110 | 210 | pA | Voo = Voo Max
Standby 80 | 125 | 115 | 230 Control Signals = V,
Current ontrol Signals = Ve
20 85 | 155 | 120 | 250
40 100 | 200 | 150 | 300
lppw Vpp Write | 4,8,20,40 | 2,3,4 10 16 | 20 | 30 mA | Data Write in Progress
Current Vpp = VppH
lppE VppErase | 4,8,20,40 | 2,3,4 6 12 12 | 22 mA | Block (Pair)
Current Erase in Progress
Vep = VppH
IppsL VppSleep | 4,8,20,40 | 2,3,4 0 0.5 0 0.5 mA | Vpp < Ve
: Current
lpps Vpp 4,8,20,40 | 2,3,4 0 0.5 0 0.5 mA | Vpp < Vce
Standby/
Read
Current

CMOS Test Conditions: Vy_ = GND * 0.2V Viy = Vg £ 0.2V

NOTES:

1. All currents are RMS values unless otherwise specified. Typical Voo = 5V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.
3. Devices not addressed are in sleep mode.
4. Vpp Generation Circuitry turned off.
5. Vpp Generation Circuitry turned on.

6. Control Signals, CE¢ #, CEa#, OE#, WE#, REG#.
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9.3 CMOS Interfacing: Voc = 5.0V

Series 2+ DC Characteristics(1)

intel.

j x8 Mode | x16 Mode
Symbol | Parameter Density Notes Units Test
(Mbytes) Typ Max Typ Max . Conditions
lccr Vce Read 4,8,20,40 2,3 140 160 | mA | Voo = Vo Max
Current tcycLE = 200 ns
lcow | Vg Write 4,8,20,40 | 2,8,4 85 120 | mA | Vpp Gen = OFF
Current during Data Write
’ 2,3,5 120 150 | mA | VppGen = ON
during Data Write
lcce © | Voc Erase 4,8,20,40 | 2,3,4 ;75 100 | mA | Vpp Gen = OFF
Current 2,3,5 100 150 | mA | VppGen = ON
lcesL Ve Sleep 3,4,6 12 | 20 | 12 | 20 mA | Voo = Voo Max
Current 14 | 30 | 14 | 30 Control Signals = Vcg
20 20 | 60 | 20 | 60 ‘ ‘
40 30 | 110 | 30 | 110
lccs Vcc Standby 2,3,4,6| 75 | 115 110 | 210 | pA | Voo = Voo Max
Current 8 ' 80 | 125 | 115 | 230 Control Signals = Vg
20 85 | 155 | 120 | 250
40 100 | 200 | 150 | 300
lppw - | Vpp Write 4,8,20,40( 2,3,4 6 12 | 14 | 24 mA | Data Write in Progress
Current Vpp = Vppy
(Vpp=VppH)
IppE Vpp Erase 4,8,20,40 | 2,3,4 6 12 | 12 | 22 | mA | Block (Pair)
Current : Erase in Progress
Vpp = VppH
IppsL Vpp Sleep 4,8,20,40 | 2,3,4 0 05| 0 05 | mA | Vpp < Vcc
Current
Ipps Vpp 4,8,20,40| 2,3,4 | 0 [ 05| 0 | 05| mA | Vpp<Vce
Standby/ :
Read Current

CMOS Test Conditions: V| = GND + 0.2V, V|y = V¢ + 0.2V

NOTES:

1. All currents are RMS values unless otherwise specified. Typical Voc = 5V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.

3. Devices not addressed are in sleep mode.

4. Vpp Generation Circuitry turned off.
5. Vpp Generation Circuitry turned on.
6. Control Signals, CE¢ #, CEo#, OE#, WE#, REG#.
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9.4 TTL Interfacing: Vg = 3.3V

Series 2+ DC Characteristics(1)

Density x8 Mode x16 Mode ; Test
Symbol Paraméter (Mbytes) Notes Typ | Max | Typ | Max Units Conditions
lccr Vcc Read | 4,8, 20, 40 2,3 75 90 mA | Vgc = Voo Max
Current tcycLe = 200 ns
lcow Voo Write | 4,8,20,40 | 2,3,4 85 100 | mA | Vpp Gen = OFF
Current during Data Write
2,3,5 150 225 | mA | VppGen = ON
during Data Write
lcce VccErase | 4,8,20,40 | 2,3,4 85 100 | mA | Vpp Gen = OFF
Current | 2,3,5 125 180 | mA | VppGen = ON
lccsL VccSleep | 4,8,20,40 | 3,4,6 70 70 mA | Vgc = Voo Max
Current . Control Signals = V|4
lccs Vco 4,8,20,40 | 2,3,4,6 70 70 mA | Vgc = Voo Max
Standby Control Signals = V4
Current
lppw VppWrite | 4,8,20,40 | 2,3,4 10 15 20 30 mA | Data Write in Progress
Current Vpp = VppH
lppE VppErase | 4,8,20,40 | 2,3,4 5 10 10 20 mA | Block (Pair)
Current Erase in Progress
Vep = VpPH
IppPsL VppSleep | 4,8,20,40 | 2,3,4 0 0.5 0 05 | mA | Vpp < Vo
Current
Ipps Vpp 4,8,20,40 | 2,3,4 0 0.5 0 0.5 mA | Vpp < Vg
Standby/
Read
Current
TTL Test Conditions: Vy_ = 0.7V, V|y = 2.2V

NOTES:

1. All currents are RMS values unless otherwise specified. Typical Vo = 5V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.

3. Devices not addressed are in sleep mode.

4. Vpp Generation Circuitry turned off.

5. Vpp Generation Circuitry turned on.

6. Control Signals, CE1#, CEx#, OE#, WE#, REG#.
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9.5 TTL Interfacing: Vgc = 5.0V
Series 2+ DC Characteristics(1)

intel.

x16 Mode

Density x8 Mode ] Test
Symbol | Parameter (Mbytes)- Notes Typ | Max | Typ | Max Units Conditions
lccr Vcc Read | 4,8, 20,40 2,3 | 170 190 | mA | Vgo = Vgc Max
Current tcycLe = 150 ns
lccw Vco Write | 4,8,20,40 ( 2,3,4 135 170 | mA | Vpp Gen = OFF
Cyrrent during Data Write
2,3,5 170 250 [ mA | VppGen = ON
) ‘ during Data Write -
lcce VccErase | 4,8,20,40 | 2,3,4 | 125 150 | mA | Vpp Gen = OFF
Current 2,3,5 150 200 | mA | VppGen = ON
lccsL | Voo Sleep | 4,8,20,40 | 3,4,6 - 100 100 | mA | Voo = Ve Max
Current , Control! Signals = V4
Iccs Vee 4,8,20,40 | 2,3,4,6 100 100 | mA | Voc = Voo Max
Standby ‘ Control Signals = Vi
Current
lppw Vpp Write | 4,8,20,40 | 2,3,4 7 12 14 | 24 mA | Data Write in Progress
Current : VPP = VPPH
IppE VppErase | 4,8,20,40 ( 2,3,4 5 10 | 10 | 20 mA | Block (Pair) ,
Current Erase in Progress
. Vep = VppH
IppsL Vpp Sleep | 4,8,20,40 | 2,3,4 0 0.5 0 0.5 mA | Vpp < Ve
Current :
Ipps Vpp 4,8,20,40 | 2,3,4 0 0.5 0 | 05 mA | Vpp < Vo
Standby/
-Read
Current

TTL Test Conditions: V| = 0.8V, V| = 2.4V

NOTES:

1. All currents are RMS values unless otherwise specified. Typical Voc = 5V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.
3. Devices not addressed are in sleep mode.
4. Vpp Generation Circuitry turned off.
5. Vpp Generation Circuitry turned on.
6. Control Signals, CE4#, CEx#, OE#, WE#, REG#.
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10.0 AC CHARACTERISTICS

AC Timing Diagrams and characteristics are guaran-
teed to meet or exceed PCMCIA 2.1 specifications.
No delay occurs when switching between the Com-
mon and Attribute Memory Planes.

SERIES 2+ FLASH MEMORY CARDS

10.1 Read Operations: Common and Attribute Memory

Symbol Parameter 150 ns at 5V 250 ns at 3.3V Unit

JEDEC | PCMCIA Min Max Min Max

tavav trc Read Cycle Time 150 250 ns
tavav | ta (A) Address Access Time 150 250 ns
teLqv ta (CE) Card Enable Access Time 150 250 ns
taLav t3 (OE) Output Enable Access Time 75 125 ns
tEHQX t4is (CE) Output Disable Time from CE # 75 100 ns
teHQz tgis (OE) Output Disable Time from OE # 75 100 ns
tgLQx ten (CE) Output Enable Time from CE # ns
teLax ten (OE) Output Enable Time from OE # ns
tpHQV Power-Down Recovery to 530 670 ns

Output Delay. Voo = 5V
6-29
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In

Vin
ADDRESSES (A)

Vie

AT
CE# (C)
A\

0
OE# (G)

Yo

Vi
WE# (W)

Vou
DATA (0/Q)

Vou

Ve POWER-UP

STANDBY

DEVICE AND

ADDRESS SELECTION

OUTPUTS ENABLED

DATA VALID

STANDBY

Ve POWER-DOWN

XXX

ADDRESSES STABLE

Klgggg NOTE 1
NVAVAVAVAV.V:

tavav

N
NOTE 1

"‘V’VV \WAVAVAY, VV"V‘V
ARXNGTE 1 8K

\/ VVVVVVVV;‘;::
AN

N -
t=- toHaz =]
/ |- \
teav
toLox =1 f— taxax —=| [—
terax . F — <
HIGH Z -/ 7 HIGH Z
q { VALID OUTPUT
AN _ 2
tavav
NOTE 1: The hatched area may be sither high or low.
290491-2
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10.2 Write Operations: Common and Attribute Memory (1)

SERIES 2+ FLASH MEMORY CA}

Symbol Parameter 150 ns at 5V 250 ns at 3.3V Unit

JEDEC PCMCIA Min Max Min Max

tAvAv tW Write Cycle Time 150 250 ns

twewH | tw (WE) Write Pulse Width 80 150 ns

tavwL tsu (A) Address Setup Time 20 30 ns

tAVWH tsu (A-WEH) Address Setup Time for 100 180 ns
WE #

tvPwWH typs Vpp Setup to WE# Going 100 180 ns
High

tELWH tsy (CEWEH) | Card Enable Setup Time for 100 180 ns
WE #

tovVWH tsu (D-WEH) Data Setup Time for WE # 50 80 ns

twHDX th (D) Data Hold Time 20 30 ns

twHAX trec (WE) Write Recover Time 20 30 ns

tWHRL WE # High to RDY/BSY # 140 140 ns

tavvL Vpp Hold from Operation 0 0 ns
Complete

twHGL th (OE-WE) Output Enable Hold from 80 120 ns

. WE #

tPHWL Power-Down Recovery to 1 1 us

WE # Going Low
NOTE:

1. Read timing characteristics during Erase and Data Write operations are the same as during Read-Only operations. Refer
to AC Characteristics for Read-Only operations.
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Vcc POWER-UP  WRITE DATA WRITE OR  ADDRESS va’{Rg:rX?tL:Tu WRITE) ~ AUTOMATED DATA WRITE READ STATUS wnﬁz READ ARRAY
& STANDBY  ERASE SETUP COMMAND  OR ERASE CONFIRM COMMAND OR ERASE DELAY REGISTER DATA COMMAND
Vm LV AV AV AVAVAVAVAVAVAY, \VAVAVAVAVAVAVAVAVAVAVAVAN! VAVAVAVAVAV AVAVAVAVAVAY,
QOO XALLXXXXXXXXXXX
o m v X “" oo to oAttt tta et tto ettt detod!
" T tavav tavwn —] twnax
AVWL |

Vin

cew (6) —/_\ / \ \__/_\___/_—
Vi /

twmoL i

Vin

oe# (6) / . \_/
i :

FeteLwn —~‘ twhavt, 2

Vin —

WE# (W) / . \ Z \_/
e twiwn

Yovwn . '
v twupx ) .
DATA (0/Q) ! %
W o, — n -/ \\ i/ -/
"— twHRL ——|
Vou
RDY/BSY# (R) : -\ ;
Vou -
Vin - g
RP# j NOTE: As shown, RP# is generated in the card by the ASIC by writing to the appropriate register.
\ :
tvpwn —] ot
VepH NS N S S S SN NS Y S N
XXX XXX CXCKIXXHKXICXXXAX XX
o' A0SR0 NS
i OGO XX XOXXAXXXHXXXX
, LY RN
290491-3
Figure 4. AC Waveforms for Write Operations
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10.3 CE #-Controlled Write Operations: Common and Attribute Memory

SERIES 2+ FLASH MEMORY \

Symbol Parameter 150 ns at 5V 250 ns at 3.3V Unit

JEDEC PCMCIA Min Max Min Max

tavav tW Write Cycle Time 150 250 ns

teLEH tw (WE) Chip Enable Pulse Width 80 150 ns

tAVEL tsu (A) Address Setup Time 20 30 ns

taveH | tsu (A-WEH) | Address Setup Time for 100 180 ‘ns
CE#

tyPEH tups Vpp Setup to CE# Going 100 180 ns
High

tWLEH tsu(CE-WEH) | Write Enable Setup Time for 100 180 ns
CE#

toveEH tsy (D-WEH) Data Setup Time for CE # 50 60 ns

tEHDX th (D) Data Hold Time 20 30 ns

tEHAX trec (WE) Write Recover Time 20 30 ns

tEHRL CE# High to RDY/BSY # 140 140 ns

tavvL Vpp Hold from Operation 0 0 ns
Complete

tengL | th (OE-WE) Output Enable Hold from 80 120 ns
WE #

tPHEL Power-Down Recovery to "1 1 us
CE# Going Low

NOTE:

1. Read timing characteristics during Erase and Data Write operations are the same as during Read-Only operations. Refer
to AC Characteristics for Read-Only operations.
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\
ADDRESSES (A)
A\

iy
WE# (W)
A

Vin
0E# (6)
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DATA (D/Q)
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RDY/BSY#.(R)
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Vin
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A\

Veen

v

opL

Vep (V) 7y
W

WRITE VALID

Vcc POWER-UP  WRITE DATA WRITE OR  ADDRESS & DATA (DATA WRITE)  AUTOMATED DATA WRITE READ STATUS WRITE READ ARRAY
& STANDBY  ERASE SETUP COMMAND  OR ERASE CONFIRM COMMAND OR ERASE DELAY REGISTER DATA COMMAND
tavav Qaven —»] tenax
Javey
tweet .
tenoL |
- e teHav1, 2
Yeen .
Yoven . .
terox
HIGH Z n / N \ JFanm\\ / O \
SRD
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/]

\

NOTE: As shown, RP¥ is generated in the card by the ASIC by writing to the appropriate register.
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10.4 Power-Up/Power-Down

SERIES 2+ FLASH MEM\

Symbol Parameter Notes Min Max
PCMCIA :
V; (CE) CE# Signal Level (0.0V < Vg < 2.0V) 1 0 - Vimax \Y
CE # Signal Level (2.0V < Vgg < Vin) 1 Voo — 0.1 | Vimax Vv
CE# Signal Level (Vi4 < Vo) 1 ViH ViMAX v
tsu (Vco) CE# Setup Time 20 ms
tsy (RESET) CE # Setup Time 20 ms
trec (Vo) CE # Recover Time 1.0 us
tor Ve Rising Time 2 0.1 300 ms
tpf Ve Falling Time 3.0 300 ms
tw (RESET) RESET Width 10 us
th (Hi-Z Reset) RESET Width ms
ts (Hi-Z Reset) RESET Width 0 ms

NOTES:

1. Vimax means Absolute Maximum Voltage for input in the period of 0.0V < Vg < 2.0V, V; (CE#) is only 0.00V ~ Vimax.
2. The tpr and tpy are defined as “linear waveforms™ in the period of 10% to'90%, or vice-versa. Even if the waveform is not
a “linear waveform,” its rising and falling time must meet this specification.

~CE1, ~CE2

le— tsu (Veo)

Hi-z ----------—rl

(RESET)
tSl.l

le— t,, (RESET)

[

t, (Hi-z RESET) |

L ty (Hi-z RESET)

RESET

e o - - - - - Hi-z

290491-5

Figure 6. Power-Up/Down Timing for Systems Supporting RESET
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10.5 Series 2+ Card Information
Structure Tuple Changes

11.0 CAPACITANCE
Ta = 25°C, f = 1.0 MHz

in

tel.

Address Value Description Symbol Pins Typ | Max | Unit
06H 22H 150 ns Cn | Ao 15 | 30 | pF
32H 250 ns Cin Address/Control | 10 20 pF
14H 32H 250 ns CiN Voo, Vep. 2 2 pF
150H 12H 4MB-150ns Cout | Output 10 20 pF
22H 8MB-150ns
42H 20 MB - 200 ns
7 Vee <
INPUT 1.5 &————TESTPOINTS —p 15 OUTPUT
.04 55
290491-10
Figure 7. Transient Input/Output Reference Waveform (Vcc = 5. OV)
for Standard Test Configuration
3.0 C
P24
INPUT 1.5 ¢———TESTPOINTS —— 15 OUTPUT
0.0 ‘ S5
_ 29049111 .
Figure 8. Transient Input/Output Reference Waveform (Ve = 3.3V)
for Standard Test Configuration
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12.0 ERASE AND DATA WRITE PERFORMANCE(1,3)
Voc = 3.3V £ 0.3V, Tp = 0°C to +70°C

Symbol Parameter Notes | Min | Typ(1) | Max | Units | Test Conditions
Page Buffer Word Write Time 2 2.2 us

twHrH1 | Word/Byte Write Time 2 9 us 3ms

twHrH2 | Block Write Time 2 0.6 2.1 sec Byte Write Mode
Block Erase Time 2 0.8 10 sec
Full Chip Erase Time 2 51.2 sec

Ve = 5.0V £ 0.5V, Ta = 0°C to +70°C

Symbol | Parameter Notes | Min | Typ(1) | Max | Units | Test Conditions
Page Buffer Word Write Time 2 2.1 us

twHrH1 | Word/Byte Write Time 2,4 6 us 3ms

twHrRH2 | Block Write Time 2 0.4 2.1 sec Byte Write Mode
Block Erase Time 2 0.6 10 sec
Full Chip Erase Time ' 2 38.4 sec

NOTES:

1. 25°C, and normal voltages.

2. Excludes system-level overhead.

3. These performance numbers are valid for all speed versions.

4. To maximize system performance, the RDY/BSY# signal should be polled instead of using the maximum Word/Byte
write time as a delay timer. ’

The maximum Word/Byte write time is the absolute maximum time it takes the write algorithm to complete. The majority of
the bits program in the typical value specified above.
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13.0 PACKAGING

WPS

r.a —
—=
== 103104d

Surface A
7 )
o %
9 %
4 4
g g
? %
L/ | /1 I
4 ]|
¢ o |
L/
g ?
SUBSTRATE AREA /
1 % A L
¢ 77 % T
; INTERCONNECT AREA P
- NLL L /}//// _LL
2x S —= L— ‘\ CONNECTOR x T Ai l.-
"
X — X le—
Surface A
#34 #1
L] /_ | [— X
S s e
TTTT ] ] f
Y #68 \— Surface B #33
cun | Lzo.008 | PuN/N| s T/ | wzo.004 | xz0.002 | Yzo0.002
0.294 3.370 0.394 0.118 0.065 2.126 0.039 0.063
(10.0) (85.60) (10.0) (3.0) (1.65) (54.0) (1.00) (1.60)

A POLARIZATION KEY LENGTH.

INTERCONNECT AREA TOLERANCE = 10.002
SUBSTRATE AREA TOLERANCE = +0.004

3 MILLIMETERS ARE IN PARENTHESIS ().

290491-6
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NANNN
!

PIN

A PIN/SOCKET CONTACT AREA

l— L1 —>

SOCKET CONTACT

2. MILLIMETERS ARE IN PARENTHESIS ()

290491-7
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14.0 ADDITIONAL INFORMATION

14.1 Ordering Information

iIMCO20FLSP,SBXXXXX

'WHERE:

i = INTEL

MC ° - = MEMORY CARD

020 = DENSITY IN MEGABYTES (004,020 AVAILABLE)
FL = FLASH TECHNOLOGY

s = BLOCKED ARCHITECTURE

P = PERFORMANCE

SBXXXXX = CUSTOMER IDENTIFIER

14.2 References

Order Number - Document
290434 Series 2+ Flash Memory Card Datasheet
297373 “Series 2+ Flash Memory Card User’s Manual”
290489 | “28F016SA 16-Mbit (1 Mb x 16, 2 Mb x 8 ) FlashFile™ Memory” Datasheet
290429 *28FO08SA 8-Mbit (1 Mb x 8) FlashFile™ Memory” Datasheet
292092 AP-357, “Power Supply Solutions for Flash Memory”’
292097 AP-362, “Implementing Mobile PC Designs Using High Density FlashFile™
‘ Components” ‘
292126 AP-377, “The 28F016SA Software Drivers”
292127 AP-378, “Enhanced Features of the 28F016SA”
292158 AP-606, “Interchangabiility of Series 1, Series 2, and Series 2+ Flash Memory Cards”
294015 ER-31, “The 28F016SA FlashFile™ Memory” '
294016 | ER-33, “ETOX™ IV Flash Memory Technology: Insight to Intel’s Fourth Generation
: Process Innovation”
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14.3 Revision History
Number Description

001 Original Version

002 Page Buffer Write to Flash Command Code Correction (from 08H to OCH).

Series 2+ Tuples and AC Characteristics Tables Include Support for 150 ns Access.
003 TTL DC Characteristics Tables Added.

General DC Characteristics Table Changed to Reflect TTL Levels.

004 AC Characteristics Condensed to Include Vpp Pump Information.

005 Series 2+ 8-Meg and 40-Meg Cards Added to Datasheet.

Table of Contents Numbering System Added. Component Management Register Tables
Reformatted.

Iccr Values Increased for CMOS and TTL. 3.3V Timings Updated to 250 ns.
006 Changed Igg S and SL max values
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SERIES 2 FLASH MEMORY CARDS
iMCOO2FLSA, iMCO04FLSA, iIMCO10FLSA, iMCO20FLSA

Extended Temperature Specifications /nc/uded

B 2, 4, 10 and 20 Megabyte Capacities m High-Performance Read Access
m PCMCIA 2.1/JEIDA 4.1 68-Pin Standard — 200 ns Maximum
— Hardwired Card Information m High-Performance Random Writes
Structure — 10 us Typical Word Write

— Byte- or Word-Wide Selectable " m Erase Suspend to Read Command
B Component Management Registers for — Keeps Erase as Background Task

Card Sta:tus/rfontwl and Flexible m Nonvolatility (Zero Retention Power)
System Interface — No Batteries Required for Back-up

m Automatic Erase/Write
A m ETOX™ |l 0.8p. Flash Memory
— Monitored with Ready/Busy Output Technology
m Card Power-Down Modes — 5V Read, 12V Erase/Write
— Deep-Sleep for Low Power — High-Volume Manufacturing
Applications 4 Experience
B Mechanical Write Protect Switch m Extended Temperature Version
m Solid-State Reliability — —40°C to +85°C

m Intel FlashFileTM Architecture

Intel’s Series 2 Flash Memory Card facilitates high-performance disk emulation in mobile PCs and dedicated
equipment. Manufactured with Intel's ETOX™ Iil 0.8, FlashFile Memory devices, the Series 2 Card allows
code and data retention while erasing and/or writing other blocks. Additionally, the Series 2 Flash Memory
Card features low power modes, flexible system interfacing and a 200 ns read access time. When coupled with
Intel’s low-power microprocessors, these cards enable high-performance implementations of mobile comput-
ers and systems.

Series 2 Cards conform to the Personal Computer Memory Card International Association (PCMCIA 2.1)/Jap-
anese Electronics Industry Development Association (JEIDA 4.1) 68-pin standard, providing electrical and
physical compatibility.

Data file management software, such as Microsoft’'s* Flash File System (FFS), provide data file storage and
memory management, much like a disk operating system. Intel’s Series 2 Flash Memory Cards, coupled with
- flash file management software, effectively provide a removable, all-silicon mass storage solution with higher
performance and reliability than disk-based memory architectures.

Designing with Intel’s FlashFile Architecture enables OEM system manufacturers to design and manufacture a
new generation of mobile PCs and dedicated equipment where high performance, ruggedness, long battery
life and lighter weight are a requirement. For large user groups in workstation environments, the Series 2
Cards provide a means to securely store user data and backup system configuration/status information.

ETOX, FlashFile, and i386SL are trademarks of Intel Corporation.
Microsoft is a trademark of Microsoft Corporation.

December 1994
6-42 Order Number: 290434-004



n
|n‘te| R SERIES 2 FLASH MEMORY CARDS

Table 1. Series 2 Flash Memory Card Pinout

Pin Signal 170 Function Active Pin | Signal | I/0 Function Active

1 GND Ground 35 | GND Ground

2 | DQj 1/0 | Data Bit 3 36 | CDy# O | Card Detect 1 LO
3 | DQg 1/0 | Data Bit 4 37 | DQqq 1/0 | DataBit 11

4 | DQs 1/0 | Data Bit 5 38 | DQq2 1/0 | Data Bit 12

5 | DQg 1/0 | Data Bit 6 39 | DQi3 1/0 | DataBit 13

6 | DQy 1/0 | Data Bit 7 40 | DQy4 1/0 | Data Bit 14

7 |CE# I | Card Enable 1 LO 41 | DQqs 1/0 | Data Bit 15

8 Ao I | Address Bit 10 42 | CEx# | | Card Enable 2 LO
9 | OE# | | Output Enable LO 43 | VS O | Voltage Sense 1 N.C.
10 | Aqq I | Address Bit 11 44 | RFU Reserved

11 | Ag | | Address Bit 9 45 | RFU Reserved

12 | Ag | | Address Bit 8 46 | A7 | | Address Bit17

13 | Ay3 | | Address Bit 13 - | 47 | A8 | | Address Bit 18

14 | A4 | | Address Bit 14 48 | Aqg | | Address Bit 19

15 | WE# I | Write Enable LO 49 | Ao | | Address Bit20

16 | RDY/BSY # Ready-Busy HI/LO 50 | Agq 1 | Address Bit21

17 | Voo Supply Voltage 51 | Veo Supply Voltage

18 | Vppq Supply Voltage 52 | Vpp2 Supply Voltage

19 | A | | Address Bit 16 53 | Ag2 I | Address Bit 22

20 | A¢s | | Address Bit 15 ' 54 | Ags | | Address Bit 23

21 | A2 | | Address Bit 12 . 55 | Agg | | Address Bit 24

22 | Az | | Address Bit7 56 | Azs No Connect

23 | As | | Address Bit 6 57 | VSp O | Voltage Sense 2 N.C.
24 | As I | Address Bit 5 58 | RST | | Reset ’ HI
25 | A4 | | Address Bit 4 : 59 | WAIT# | O | Extend Bus Cycle LO
26 | Az | | Address Bit 3 ' 60 | RFU Reserved

27 | A | | Address Bit 2 61 | REG# | | Register Select LO
28 | Aq I | Address Bit 1 .| 62 | BVDy O | Batt. Volt Det 2

29 | Ao I | Address Bit 0 63 | BVD; O | Bait. Volt Det 1

30 | DQg 1/0 | Data Bit 0 64 | DQsg 1/0 | DataBit8

31 | DQq 1/0 | Data Bit 1 65 | DQg I1/0 | DataBit9

32 [ DQg 1/0 | Data Bit 2 66 | DQ1op I/0 | Data Bit 10

33 | WP O | Write Protect HI 67 | CDo# O | Card Detect 2: LO
34 | GND Ground 68 | GND Ground
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‘Table 2. Series 2 Flash Memory Card Pin Descriptioné

Symbol Type Name and Function

Ag-Azs | ADDRESS INPUTS: Ag through Ags are address bus lines which enable direct
addressing of 64 megabytes of memory on a card. Ag is not used in word
access mode. Apy4 is the most significant address bit. Note: Aas is a no-connect
but should be provided on host side.

DQp-DQ15 170 DATA INPUT/OUTPUT: DQq through DQ1s5 constitute the bidirectional data
bus. DQqs5 is the most significant bit.

CE #,CEp# | CARD ENABLE 1, 2: CE4 # enables even bytes, CEo# enables odd bytes.
Multiplexing Ag, CE1# and CE# allows 8-bit hosts to access all data on DQg
through DQ7. (See Table 3 for a more detailed description.)

OE# | OUTPUT ENABLE: Active low signal gating read data from the memory card.

WE # | WRITE ENABLE: Active low signal gating write data to the memory card.

RDY/BSY # (0] READY/BUSY OUTPUT: Indicates status of internally timed erase or write
activities. A high output indicates the memory card is ready to accept
accesses. A low output indicates that a device(s) in the memory card is(are)
busy with internally timed activities. See text for an alternate function (READY-
BUSY MODE REGISTER).

CDq# &CDy# (0] CARD DETECT {1, 2: These signals provide for correct card insertion detection.
They are positioned at opposite ends of the card to detect proper alignment.
The signals are connected to ground internally on the memory card and will be
forced low whenever a card is placed in the socket. The host socket interface
circuitry shall supply 10K or larger pull-up resistors on these signal pins.

WP o) WRITE PROTECT: Write Protect reflects the status of the Write-Protect switch

: on the memory card. WP set high = write protected, provndlng internal
hardware write lockout to the flash array.

Vpp1, Vpp2 WRITE/ERASE POWER SUPPLY: (12V nominal) for erasing memory array
blocks or writing data in the array. They must be 12V to perform an erase/write
operation. Vpp4 supplies even byte Erase/Write voltage and Vpp2 supplies the
odd byte Erase/Write voltage.

Vce CARD POWER SUPPLY (5V nominal) for all internal circuitry.

GND | GROUND for all internal circuitry.

REG # | REGISTER SELECT provides access to Series 2 Flash Memory Card registers

, and Card Information Structure in the Attribute Memory Plane.

RST | RESET from system, active high. Places card in Power-On Default State.
RESET pulse width must be > 200 ns.

WAIT # (0] WAIT (Extend Bus Cycle) is used by Intel’s I/0 cards and is driven high.

BVD4, BVD, (o] BATTERY VOLTAGE DETECT: Upon completion of the power on reset cycle,
these signals are driven high to maintain SRAM-card compatibility.

RFU RESERVED FOR FUTURE USE

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

V84, VS VOLTAGE SENSE: Notifies the host Socket of the card’s Vg requirements.
VS, and VS, are both open, indicating a 5V V¢ card.

. 644
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D0<15:00 DQ<15:8>
WE# DQ<7:0>
OE#
— WE#
RDY/BSY#
RST OF#
A<25:0> RY/BY#<19:0>
s
CARD RP#<9:0>
CONTROL
rec# | Loic
CE#
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WAIT
BVD,
avnzl—
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WP CE#<19:0>
wp
28F008SA 28F008SA
e ey Ajg=Ag i Ag ~Ag
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. RY/BY# RY/BY#
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CD, # CARD
DETECT
\V4 A1g~Ag 0-0a ! RERG] 5D
00, L) -
CE# % 0 CE# Q7-DQg
RY/BY# RY/BY#
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290434-3

Figure 1. Detailed Block Diagram. The Card Control Logic Provides

Decoding Buffering and Control Signals.
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SERIES 2 FLASH MEMORY CARDS

APPLICATIONS

Intel’s second generation Series 2 Flash Memory
Cards facilitate high performance disk emulation for
the storage of data files and application programs on
a purely solid-state removable medium. File man-
agement software, such as Microsoft's Flash File
System, in conjunction with the Series 2 Flash Mem-
ory Cards enable the design of high-performance
light-weight notebook, palmtop, and pen-based PCs
that have the processing power of today’s desktop
computers.

Application software stored on the flash memory
card substantially reduces the slow disk-to-DRAM
download process. Replacing the mechanical disk
results in a dramatic enhancement of read perform-
ance and substantial reduction of power consump-
tion, size and weight—considerations particularly
important in portable PCs and equipment. The Se-
ries 2 Card’s high performance read access time al-
lows the use of Series 2 Cards in an “execute-in-
place” (XIP) architecture. XIP eliminates redundancy
associated with DRAM/Disk memory system archi-
tectures. Operating systems stored in Flash Memory

. decreases system boot or program load times, en-
abling the design of PCs that boot, operate, store
data files and execute application programs from/to
nonvolatile memory without losing the ability to per-
form an update.

File management systems modify and store data
files by allocating flash memory space intelligently.

Wear leveling algorithms, employed to equally dis--

tribute the number of rewrite cycles, ensure that no
particular block is cycled excessively relative to oth-
er blocks. This provides hundreds of thousands of
hours of power on usage.

This file management software enables the user to
interact with the flash memory card in precisely the
same way as a magnetic disk.

For example, the Microsoft Flash File System en-
ables the storage and modification of data files by
utilizing a linked-list directory structure that is evenly
distributed along with the data throughout the mem-
ory array. The linked-list approach minimizes file
fragmentation losses by using variable-sized data
structures rather than the standard sector/cluster
method of disk-based systems.

Series 2 Flash Memory Cards provide durable non-
volatile memory storage for mobile PCs on the road,

facilitating simple transfer back into the desktop en-

vnronment
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For systems currently using a static RAM/battery.
configuration for data acquisition, the Series 2 Flash
Memory Card’s nonvolatility eliminates the need for
battery backup. The concern for battery failure no
longer exists, an important consideration for porta-
ble computers and medical instruments, both requir-
ing continuous operation. Series 2 Cards consume
no power when the system is off, and only 5 pA in
Deep-Sleep mode (20 Megabyte card). Furthermore,
Flash Memory Cards offer a considerable cost and
density advantage over memory cards based on
static RAM with battery backup.

Besides disk emulation, the Series 2 Card’s electri-
cal block-erasure, data writability, and inherent non-
volatility fit well with data accumulation and record-

_ing needs. Electrical block-erasure provides design

flexibility to selectively rewrite blocks of data, while
saving other blocks for infrequently updated param-
eters and lookup tables. For example, networks and
systems that utilize large banks of battery-backed .
DRAM to store configuration and status benefit from
the Series 2 Flash Card’s nonvolatility and reliability.

SERIES 2 ARCHITECTURE
OVERVIEW

The Series 2 Flash Memory Card contains a 2 to 20
Megabyte Flash Memory array consisting of 2 to 20
Each
28F008SA contains sixteen individually-erasable, 64
Kbyte blocks; therefore, the Flash Memory Card
contains from 32 to 320 device blocks. It also con-
tains two Card Control Logic devices that manage
the external interface, address decoding, and com-
ponent management logic. (Refer. to Figure 1 for a
block diagram.)

To support PCMCIA-compatible word-wide access,
devices are paired so that each accessible memory
block is 64 KWords (see Figure 2). Card logic allows
the system to write or read one word at a time, or

one byte at a time by referencing the high or low

byte. Erasure can be performed on the entire block
pair (high and low device blocks simultaneously), or
on the high or low byte portion separately.

Also in accordance with PCMCIA specifications this
product supports byte-wide operation, in which the
flash array is divided into 128K x 8 bit device blocks.
In this configuration, odd bytes are multlplexed onto
the low byte data bus.

PRELIMINARY I ,
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Figure 2. Memory Architecture. Each Device Pair Consists of Sixteen 64 KWord Blocks.

Series 2 Flash Memory Cards offer additional fea-
tures over the Bulk Erase Flash Card product family
(refer to iIMCOO1FLKA, iMCO02FLKA and
iMCO04FLKA data sheets). Some of the more nota-
ble enhancements include: high density capability,
erase blocking, internal write/erase automation,
erase suspension to read, Component Management
Registers that provide software control of device-
level functions and a deep-sleep mode.

Erase blocking facilitates solid-state storage applica-
tions by allowing selective memory reclamation. Mul-
tiple 64 Kbyte blocks may be simultaneously erased
within the memory card as long as not more than
one block per device is erasing. This shortens the
total time required for erasure, but requires addition-
al supply current. A block typically requires 1.6 sec-
onds to erase. Each memory block can be erased
and completely written 100,000 times.

Erase suspend allows the system to temporarily in-
terrupt a block erase operation. This mode permits
reads from alternate device blocks while that same
device contains an erasing block. Upon completion
of the read operation, erasure of the suspended
block must be resumed.

I PRELIMINARY

Write/erase automation simplifies the system soft-
ware interface to the card. A two-step command se-
quence initiates write or erase operations and pro-
vides additional data security. Internal device circuits
automatically execute the algorithms and timings
necessary for data-write or block-erase operations,
including verifications for long-term data integrity.
While performing either data-write or block-erase,
the memory card interface reflects this by bringing
its RDY/BSY# (Ready/Busy) pin low. This output
goes high when the operation completes. This fea-
ture reduces CPU overhead and allows software
polling or hardware interrupt mechanisms. Writing
memory data is achieved in single byte or word in-
crements, typically in 10 ps.

Read access time is 200 ns or less over the —40°C
to +85°C temperature range.

The Reset-PowerDown mode reduces power con-
sumption to less than 5 pA to help extend battery
life of portable host systems. Activated through soft-
ware control, this mode optionally affects the entire
flash array (Global Reset-PowerDown Register) or
specific device pairs (Sleep Control Register).
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PCMCIA/JEIDA INTERFACE

The Series 2 Flash Memory Card interface supports
the PCMCIA 2.1 and JEIDA 4.1 68-pin card format
(see Tables 1 and 2). Detailed specifications are de-
scribed in the PC Card Standard, Release 2.1, July,
1993, published by PCMCIA. The Series 2 Card con-
forms to the requirements of both Release 1 and
Release 2 of the PC Card Standard.

Series 2 Card pin definitions are equivalent to the
Bulk-Erase Flash Card except that certain No Con-
nects are now used. Ago through Ag4, RST (Reset),
and RDY/BSY# (Ready/Busy) have pin assign-
ments as set by the PCMCIA standard.

NOTE: The READY/BUSY signal is abbreviated as
RDY/BSY# by PCMCIA (card level) and as
RY/BY# by JEDEC (component level).

The outer shell of the Series 2 card meets all
PCMCIA/JEIDA Type 1 mechanical specifications.
See Figure 19 for mechanical dimensions.

WRITE PROTECT SWITCH

A mechanical write protect switch provides the
card’s memory array with internal write lockout. The
Write-Protect (WP) output pin reflects the status of
this mechanical switch. It outputs a high signal (Vo)
when writes are disabled. This switch does not lock
out writes to the Component Management Regis-
ters.

intgl.
BATTERY VOLTAGE DETECT

PCMCIA requires two signals, BVDq and BVDy, be
supplied at the interface to reflect card battery con-
dition. Flash Memory Cards do not require batteries.
When the power on reset cycle is complete, BVD4
and BVDy are driven high to maintain compatibility.

CARD DETECT

Two signals, CD¢# and CD2 #, allow the host to de-
termine proper socket seating. They reside at oppo-
site ends of the connector and are tied to ground
within the memory card.

DESIGN CONSIDERATIONS

The Series 2 Card consists of two separate memory
planes: the Common Memory Plane (or Main Memo-
ry) and the Attribute Memory Plane. The Common .
Memory Plane resides in the banks of device pairs
and represents the user-alterable memory space.

The Component Management Registers (CMR) and
the hardwired Card Information Structure (CIS) re-
side in the Attribute Memory Plane within the Card
Control Logic, as shown in Figure 3. The Card Con-
trol Logic interfaces the PCMCIA connector and the
internal flash memory array and performs address
decoding and data control.

ATTRIBUTE MEMORY PLANE

_ NOT USED ’,
(0004200H) ’,

COMPONENT MANAGEMENT
REGISTERS
(0004000H)

NOT USED \
. (00000D8H) \

HARDWIRED PCMCIA CIS \
(0000000H) \

Attribute Memory Plane \
accessible with
REG (pin 61) = V.

‘COMPONENT MANAGEMENT REGISTERS

CIS ADDRESS FUNCTION

4142H- 41FEH | RESERVED

4140H READY-BUSY MODE (INTEL)

4136H - 413EH | RESERVED

4130H - 4134H | READY-BUSY STATUS (INTEL)

4126H - 412EH | RESERVED -

4120H - 4124H | READY-BUSY MASK (INTEL)

411CH - 411EH ] RESERVED

4118H-411AH | SLEEP CONTROL (INTEL)

4106H-4116H | RESERVED

4104H WRITE PROTECTION (INTEL)

4102H RESERVED

4100H CARD STATUS (INTEL)

4004H - 40FEH | RESERVED

4002H GLOBAL RESET-PWRDWN (PCMCIA)

4000H SOFT RESET (PCMCIA)

INTEL
PCMCIA = Defined in PCMCIA Release 2.0

. 290434-2
= Performance Enhancement Register .

Figure 3. Component Management Registers Allow S/W Control of Components within Card
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ADDRESS DECODE

Address decoding provides the decoding logic for
the 2 to 20 Device Chip Enables and the elements of
the Attribute Memory Plane. REG # selects between
the Common Memory Plane (REG# = V) and the
Attribute Memory Plane (REG# = V||).

NOTE:
The Series 2 Card has active address inputs Ag to
A4 implying that reading and writing to addresses
beyond 32 Megabytes causes wraparound. Further-
more, reads to illegal addresses (for example, be-
tween 20 and 32 Meg on a 20 Megabyte card) re-
turns OFFFFh data.

The 28F008SA devices, storing data, applications or
firmware, form the Common Memory Plane ac-
cessed individually or as device pairs. Memory is lin-
early mapped in the Common Memory Plane. Three
memory access modes are available when access-
ing the Common Memory Plane: Byte-Wide, Word
Wide, and Odd-Byte modes.

Additional decoding selects the hardwired PCMCIA
CIS and Component Management Registers
mapped in the Attribute Memory Plane beginning at
address 000000H.

| I PRELIMINARY

SERIES 2 FLASH MEMORY CARDS

The 512 memory-mapped even-byte CMRs are lin-
early mapped beginning at address 4000H in the At-
tribute Memory Plane.

DATA CONTROL

Data Control Logic selects the path and direction for
accessing the Common or Attribute Memory Plane.
It controls any of the PCMCIA-defined Word-Wide,
Byte-Wide or Odd-Byte modes for either reads or
writes to these areas. As shown in Table 3, input
pins which determine these selections are REG #,
Ap through Apy, WE#, OE#, CE{#, and CE,#.
PCMCIA specifications allow only even-byte access
to the Attribute Memory Plane.

In Byte-Wide mode, bytes contiguous in software ac-
tually alternate between two device blocks of a de-
vice pair. Therefore, erasure of one device block
erases every other contiguous byte. In accordance
with the PCMCIA standard for memory configuration,
the Series 2 Card does not support confining contig-
uous bytes within one flash device when in by-8
mode.

6-49




SERIES 2 FLASH MEMORY CARDS ’ |n‘te| o

Table 3. Data Access Mode Truth Table

Function Mode |REG#|CE#,|CE#|Ao]OE#|WE#| Vppo | Vpp1 | Dis-Dg | D7-Dg
COMMON MEMORY PLANE
STANDBY() x | H | H [x] x| x |[vep®@|Vep®| HIGHZ HIGH-Z
BYTE READ H| H| L |t L] H |vep®|vep®| HIGHZ | EVEN-BYTE
H| H | L[| L] H |vep@|vep®] HiGHz | oDD-BYTE
WORD READ H | L | x| L] H [vep®|vep®| oDD-BYTE | EVEN-BYTE
opD-BYTEREAD | H | L | H [x| L | H |vep@|vep@] ODD-BYTE | HIGH-Z
BYTE WRITE H H L |L| H L | VppH | VPPH X EVEN-BYTE
H | H | L |H[H [ L [Vepu|[Veru| X ODD-BYTE
WORD WRITE H | v | o [x[ n] L [veeul|Vepn| ODD-BYTE | EVEN-BYTE
opD-BYTEWRITE] H | L | H [x] H | L [ Vepu |vep@] ODD-BYTE X
ATTRIBUTE MEMORY PLANE ‘
BYTE READ LIH ] Lo n]xa]xa] weHz | even-BYTE
L | H | xo]|xa | wHaeHz INVALID
WORD READ - Lo oix[o]n]xa]xa] ivauo | evensyte
S DATA®)
opbD-BYTEREAD [ L | L [ H [x| L | H | x& | x@ | INvALID HIGH-Z
\ DATA®)
BYTE WRITE Ll wn o] L] xa]xa ] x EVEN-BYTE
H|L|HH] L] x| x® X INVALID
OPERATION®)
WORD WRITE Lo o x[w] o] xa]xa| mwvaump | evensyre
- OPERATIONG®)
ODD-BYTEWRITE| L | L | H [x] H]| L | x@ | x@ | INvALD X
~ OPERATION®)
NOTES: i

1. Standby mode is valid in Common Memory or Attribute Memory access.

2. To meet the low power specifications, Vpp = Vpp; however Vppy presents no reliability problems.
3. Odd-Byte data are not valid during access to the Attribute Memory Plane.

4.H = V|y, L = V), X = Don’t Care.
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PRINCIPLES OF OPERATION

Intel’s Series 2 Flash Memory Card provides electri-
cally-alterable, non-volatile, random-access storage.
Individual 28F008SA devices utilize a Command
User Interface (CUl) and Write State Machine
(WSM) to simplify block-erasure and data write oper-
ations.

COMMON MEMORY ARRAY

Figure 4 shows the Common Memory Plane’s orga-
nization. The first block pair (64 KWords) of Com-
mon Memory, referred to as the Common Memory
Card Information Structure Block, optionally extends
the hardwired CIS in the Attribute Memory Plane for
additional card information. This may be written dur-
ing initial card formatting for OEM customization.
Since this CIS Block is part of Common Memory, its
data can be altered. Write access to the Common
Memory CIS Block is controlled by the Write Protect
Control Register which may be activated by system
software after power-up. Additionally, the entire
Common Memory plane (minus the Common Memo-
ry CIS Block) may be software write protected. Note

that the Common Memory CIS Block is not part of

the Attribute Memory Plane. Do not assert REG# to
access the Common Memory CIS Block.

13FFFFFH ] ]
1200000H Device Pair 9
1000000H Device Pair 8
OE00000H Device Pair 7
0C00000H Device Pair 6
0A00000H Device Pair 5
0800000H Device Pair 4
0600000H Device Pair 3
0400000H Device Pair 2
0200000H Device Pair 1
0020000H Device Pair 0
0000000H Optional CIS

Figure 4. Common Memory Plane. Use
the Optional Common Memory Plane
CIS for Custom Card Format Information.

I PRELIMINARY
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HARDWIRED CIS

The card’s structure description resides in the even-
byte locations starting at 0000H and going to the
CIS ending tuple (FNULL) within the Attribute Memo-
ry Plane. Data included in the hardwired CIS con-
sists of tuples. Tuples are a variable-length list of
data blocks describing details such as manufactur-
er's name, the size of each memory device and the
number of flash devices within the card.

COMPONENT MANAGEMENT
REGISTERS (CMRs)

The CMRs in the Attribute Memory Plane provide
special, software-controlled functionality. Card Con-
trol Logic includes circuitry to access the CMRs.
REG (PCMCIA, pin 61) selects the Attribute Memory
Plane (and therefore the CMRs) when equal to V.

CMRs are classified into two categories: those de-
fined by PCMCIA R2.1 and those included by Intel
(referred to as Performance Enhancement Regis-
ters) to enhance the interface between the host sys-
tem and the card’s flash memory array. CMRs (See
Figure 3) provide seven control functions—Ready-
Busy Interrupt Mode, Device Ready-Busy Status,
Device Ready-Busy Mask, Reset-PowerDown Con-
trol, Software-controlled Write Protection, Card
Status and Soft Reset.

SOFT RESET REGISTER (PCMCIA)
(CONFIGURATION OPTION)

The SOFT RESET REGISTER (Attribute Memory
Plane Address 4000H, Figure 5) is defined in the
PCMCIA Release 2.0 specification as the Configura-
tion Option Register.

Bit 7 is the soft reset bit (SRESET). Writing a 1 to
this bit initiates card reset to the power-on default
state (see Side Bar page 11). This bit must be
cleared to use the CMRs or to access the devices.

SRESET implements in software what the reset pin
implements in hardware. On power-up, the card au-

" tomatically assumes default conditions. Similar to

the reset pin (pin 58), this bit clears at the end of a
power-on reset cycle or a system reset cycle.

Bits O through 6 are not used by this memory card,
but power up as zeroes for PCMCIA compatibility.
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SOFT RESET REGISTER
(CONFIGURATION OPTION REGISTER)
(Ftead/Write Register)

ADDRESS BIT7

4000H SRESET |

1 = RESET, CLEAR TO ACCESS CARD
Figure 5. SOFT RESET REGISTER (PCMCIA). Sets the Memory Card in the Power-On Default State.

Global PowerDown Register (PCMCIA)

“(Configuration and Status)

The Global Reset-PowerDown Register (Attribute
Memory Plane Address 4002H, Figure 6) is referred
to as the Configuration and Status Register in the
PCMCIA Release 2.0 specification.

Bit 2 (RP) controls global card power-down. Writing
a 1 to this bit places each device within the card into
“Deep-Sleep” mode. Devices in Deep-Sleep are not:
accessible. Recovery from power-down requires
500 ns for reads and 1 us for writes.

The RP bit defaults to 0 on card power-up or reset.
Setting or clearing this bit has no affect on the bit
settings of the Sleep Control Register.

The remaining Global Reset-PwrDwn Register bits
are defined for Intel’'s family of 1/0 cards and are
driven low for compatibility.

GLOBAL RESET-POWER-DOWN REGISTER
(CONFIGURATION AND STATUS REGISTER)
(Read/Write Register)

1 = POWER DOWN

ADDRESS

Figure 6. GLOBAL RESET-PWRDWN REGISTER (PCMCIA). The RP
Bit Enables Reset PowerDown of All Flash Memory Devices.
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CARD STATUS REGISTER
(Read Only Register)

ADDRESS BIT7 BIT6 BITS

BIT 4

BIT3 BIT 2 BIT 1 BITO

4100H ADM ADS SRESET

CMWP

RP ciswp WP RDY/BSY #

CARD STATUS REGISTER (INTEL)

The Read-Only, CARD STATUS REGISTER (Attri-
bute Memory Plane Address 4100H, Figure 7) re-
turns generalized status of the Series 2 Card and its
CMRs.

Bit 0 (RDY/BSY #) reflects the card’s RDY/BSY #
(Ready-Busy) output. Software polling of this bit pro-
vides data-write or block-erase operation status. A
zero indicates a busy device(s) in the card.

Bit 1 (WP) reports the position of the card’s Write
Protection switch with 1 indicating write protected. It
reports the status of the WP pin.

Bit 2 (CISWP) reflects whether the Common Memo-
ry CIS is write protected using the WRITE PROTECT
REGISTER, with 1 indicating write protected.

Bit 3 (RP) reports whether the entire flash memory
array is in ‘“Deep-Sleep” (Reset-PwrDwn) mode,
with 1 indicating “Deep-Sleep”. This bit reflects the
RP bit of the GLOBAL RESET-POWERDOWN REG-
ISTER. Powering down a// device pairs individually
(using the Sleep Control Register), also sets this bit.

Bit 4 (CMWP) reports whether the Common Memory
Plane (minus Common Memory CIS) is write protect-
ed via the WRITE PROTECT REGISTER with 1 indi-
cating write protected. ‘

Bit 5 (SRESET) reflects the SRESET bit of the SOFT
RESET REGISTER. It reports that the card is in Soft

I PRELIMINARY

Figure 7. CARD STATUS REGISTER (Intel) Provides a Quick Review of the Card’s Status

Reset with 1 indicating reset. When this bit is zero,
the flash memory array and CMRs may be ac-
cessed, otherwise clear it via the SRESET REGIS-
TER.

Bit 6 (ADS, ANY DEVICE SLEEP) is the “ORed”
value of the SLEEP CONTROL REGISTER. Power-
ing down any device pair sets this bit.

Bit 7 (ADM, ANY DEVICE MASKED) is the “ORed”
value of the READY/BUSY MASK REGISTER.
Masking any device sets this bit.

WRITE PROTECTION REGISTER
(INTEL) '

The WRITE PROTECTION REGISTER (Attribute
Memory Plane Address 4104H, Figure 8) selects
whether the optional Common Memory CIS and the
remaining Common Memory blocks are write pro-
tected (see Figure 4). )

Enable Common Memory CIS write protection’ by
writing a 1 to the CISWP Bit (bit 0).

Enable write protection of the remaining Common
Memory blocks by writing a 1 to the CMWP Bit (bit
1). ‘

In the power-on default state, both bits are 0, and
therefore not write protected.

Reserved bits (2-7) have undefined values and
should be written as zeroes for future compatibility.
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WRITE PROTECTION REGISTER
(Read/Write Register)

ADDRESS' BIT7 BIT6 BITS

4104H

BIT3 BIT 2 BIT1 BITO -

CMWP CiswpP

1 = WRITE PROTECT

Figure 8. WRITE PROTECTION REGISTER (Intel) Eliminates Accidental Data Corruption

SLEEP CONTROL REGISTER (INTEL)

Unlike the GLOBAL RESET-POWERDOWN REGIS-
TER, which simultaneously resets and places all

flash memory devices into a Deep-Sleep mode, the .

SLEEP CONTROL REGISTER (Attribute Memory
Plane Address 4118H-411AH, Figure 9) allows se-
lective power-down control of individual device pairs.

Writing a 1 to a specific bit of the SLEEP CONTROL
REGISTER places the corresponding device pair
into the “Deep-Sleep” mode. Devices in Deep-Sleep
are not accessible. On_cards with fewer than
20 Megabytes (10 device pairs), writing a one to an
absent device pair has no affect and reads back as
zero. :

This register contains all zeroes (i.e., not in Deep-

Sleep mode) when thé card powers up or after a
hard or soft reset. Furthermore, the Global Reset-
PowerDown Register has no affect on the contents
of this register. Therefore, any bit settings of the

Sleep Control Register will remain unchanged after
returning from a global reset and power down (writ-
ing a zero to the RP bit of the Global Reset-Power-
Down Register). !

READY-BUSY STATUS
REGISTER (INTEL) \

The bits in the Read-only, READY-BUSY Status

Register (Attribute Memory Plane Address 4130H-
4134H, Figure 10) reflect the status (READY=1,

BUSY =0) of each device’s RY/BY # output. A busy

condition indicates that a device is currently pro-

cessing a data-write or block-erase operation.

These bits are logically “AND-ed” to form the
Ready/Busy output (RDY/BSY#, pin 16) of the
PCMCIA interface. On memory cards with fewer
than 20 devices, unused Device RY/BY # Status
Register bits appear as ready.

SLEEP CONTROL REGISTER
(Read/Write Register)

| ADDRESS

BITO

DEVICES
16/17

DEVICES
0/1

1 = SELECTED DEVICE PAIR IN POWER-DOWN MODE AND RESET

Figure 9. SLEEP CONTROL REGISTER (Intel) Allows Specific
Devices to be Reset and Put into Power-Down Mode
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READY-BUSY STATUS REGISTER
(Read/Write Register)

ADDRESS BIT7 I BIT6 | BITS I BIT 4 BIT3 BIT2 BIT1 BITO
& \ DEVICE DEVICE DEVICE DEVICE

4134H . RESERVED :

; 19 18 17 16
a132H DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE

15 14 13 12 1 10 9 8
1301 DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE

7 6 5 4 3 2 1 0o

1 = DEVICE READY, 0 = DEVICE BUSY

Figure 10. READY-BUSY STATUS REGISTER (Intel) Provides
Operation Status of All Flash Memory Devices

READY-BUSY MASK REGISTER
(INTEL)

The bits of the Read/Write READY-BUSY MASK
REGISTER (Attribute Memory Plane Address
4120H-4124H, Figure 11) mask out the correspond-
ing “AND-ed” READY-BUSY STATUS REGISTER
bits from the PCMCIA data bus (RDY/BSY #, pin 16)

In an unmasked condition (MASK REGISTER bits =
0), any device RY/BY# output going low pulls the
card’s RDY/BSY# output to V)  (BUSY). In this
case, all devices must be READY to allow the card’s
RDY/BSY # output to be ready (V|y). This is referred
to as the PCMCIA READY-BUSY MODE. An alter-

~nate type of READY-BUSY function is described in

the next section, READY-BUSY MODE REG/STER.

and the CARD STATUS REGISTER RDY/BSY # Bit

(bit 0).
READY-BUSY MASK
(Read/Write Register)
ADDRESS BIT7 BIT6 | BITS BIT3 BIT2 BIT 1 BITO
L e DEVICE DEVICE DEVICE DEVICE
4124H - RE ' '
: L S{gﬂveo, 19 18 17 16
1o DEVICE | DEVICE | DEVICE | DEVICE | DEVICE DEVICE | DEVICE | DEVICE
15 14 13 12 11 10 9 8
41201 DEVICE | DEVICE | DEVICE | DEVICE | DEVICE DEVICE DEVICE DEVICE
7 6 5 4 3 2 1 0
1 = MASK ENABLED

Figure 11. READY-BUSY MASK REGISTER (Intel) Essential for Write Optimization

l PRELIMINARY | | 6-55



SERIES 2 FLASH MEMORY CARDS

If the READY-BUSY MASK REGISTER bits are set
to ones (masked condition), the RDY/BSY # output
and the CARD STATUS REGISTER RDY/BSY # bit
will reflect a READY condition regardless of the
state of the corresponding devices. The READY-
BUSY MASK REGISTER does not affect the
READY-BUSY STATUS REGISTER allowing soft-
ware polling to determine operation status.

Unmasked is the default condition for the bits in this

register. On memory cards with fewer than 20 devic- .

es, unused device mask bits appear as masked.

READY-BUSY MODE REGISTER
(INTEL)

The READY-BUSY MODE REGISTER (Attribute
Memory Plane Address 4140H, Figure 12) provides
the selection of two types of system interfacing for
the busy-to-ready transition of the card’s
RDY/BSY # pin: oo

1. The standard PCMCIA READY-BUSY MODE, in
which the card’s RDY/BSY # signal generates a
low-to-high transition (from busy to ready) only
after all busy devices (not including masked
devices) have completed their data-write or block-
erase operations. This may result in a long inter-
rupt latency.

2. A High-Performance mode that generates a low-
to-high (from busy-to-ready) transition after each
device becomes ready. This provides the host

L]

intel.
sysiem with immediate notification that a specific
device’s operation has completed and that de-
vice may now be used. This is particularly useful
in a file management application where a block

pair, containing only deleted files, is being erased
to free up space so new file data may be written.

Enabling the HIGH-PERFORMANCE READY-BUSY
MODE requires a three step sequence:

1. Set all bits in the READY/BUSY MASK REGIS-
TER. This prevents ready devices from triggering
an unwanted interrupt when step 3 is performed.

2. Write 01H to the READY-BUSY MODE REGIS-
TER. This sets the MODE bit.

3. Write 01H to the READY-BUSY MODE REGIS-
TER. This clears the RACK bit.

The MODE and RACK bits must be written in the
prescribed sequence, not simultaneously. The
card’s circuitry is designed purposely in this manner
to prevent an initial, unwanted busy-to-ready tran-
sition. Note that in Step 2, writing to the RACK bit is
a Don’t Care.

When the High-Performance Mode is enabled, spe-
cific READY-BUSY MASK bits must be cleared after
an operation is initiated on the respective devices.
After each device becomes ready, the RDY/BSY #
pin makes a low-to-high transition. To catch the next
device’s completion of an operation, the RACK bit
must be cleared by writing “01H” to the Ready/Busy
Mode Register.

READY-BUSY MODE REGISTER
(Read/Write Register)

ADDRESS BIT7 BIT6 BIT 5

4140H

BIT3 BT2 | BT BITO

RACK MODE

MODE = READY-BUSY MODE
0 = PCMCIA MODE
1 = HIGH PERFORMANCE

RACK = READY ACKNOWLEDGE CLEAR TO
SET. UP RDY/BSY# PIN, THEN CLEAR AFTER
EACH DEVICE BECOMES READY TO ACKNOWL-
EDGE TRANSITION.

Figure 12. High Performance Ready-Busy Mode REGISTER (Intel)
Used to Trigger a Ready Interrupt for Each Device
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PRINCIPLES OF DEVICE OPERATION

Individual 28F008SA devices include a Command
User Interface (CUI) and a Write State Machine
(WSM) to manage write and erase functions in each
device block.

The CUI serves as the device’s interface to the Card
Control Logic by directing commands to the appro-
priate device circuitry (Table 4). It allows for fixed
power supplies during block erasure and data writes.
The CUI handles the WE# interface into the device
data and address latches, as well as system soft-
ware requests for status while the WSM is operating.

The CUI itself does not occupy an addressable
memory location. The CUI provides a latch used to
store the command and address and data informa-
tion needed to execute the command. Erase Setup
and Erase Confirm commands require both appropri-
ate command data and an address within the block
to be erased. The Data Write Setup command re-
quires both appropriate command data and the ad-
dress of the location to be written, while the Data
Write command consists of the data to be written
and the address of the location to be written.

SERIES 2 FLASH MEMORY CARDS

The CUI initiates flash memory writing and erasing
operations only when Vpp is at 12V. Depending on
the application, the system designer may choose to
make the Vpp power supply switchable (available
when writes and erases are required) or hardwired to
VppH. When Vpp = Vpp|, power savings are in-
curred and memory contents cannot be altered. The
CUI architecture provides protection from unwanted
write and erase operations even when high voltage
is applied to Vpp. Additionally, all functions are dis-
abled whenever Vg is below the write lockout volt-
age Viko, or when the card’s Deep-Sleep modes
are enabled. The WSM automates the writing and
erasure of blocks within a device. This on-chip state
machine controls block erase and data-write, freeing
the host processor for other tasks. After receiving
the Erase Setup and Erase Confirm commands from
the CUI, the WSM controls block-erase. Progress is
monitored via the device’s status register, the card’s
control logic,” and the RDY/BSY# pin of the
PCMCIA interface. Data-write is similarly controlled,
after destination address and expected data are
supplied.

Table 4. Device Command Set

. Bus First Bus Ccyle Second Bus Cycle
28F008SA Command(1) |Cycles Data Data
Req'd Operation| Addr(2) Operation| Addr(2)
x8 Mode | x16 Mode x8 Mode | x16 Mode

Read Array/Reset 1 Write DA FFH FFFFH
Intelligent Identifer 3 Write DA 90H 9090H Read 1A 1ID(3) 1ID(3)
Read Device Status Register 2 Write DA 70H 7070H Read DA SRD@) | SRD®)
Clear Device Status Register 1 Write DA 50H 5050H
Erase Setup/Erase Confirm 2 Write BA 20H 2020H Write BA DOH DODOH
Erase Suspend/ Write DA BOH BOBOH Write DA DOH DODOH
Erase Resume
Write Setup/Write Write WA 40H 4040H Write WA WD(5) WD(5)
Alternate Write Setup/Write(6) Write WA 10H 1010H Write WA WD(5) WD(5)
NOTES:
1. Commands other than those shown above are reserved by Intel for future device implementations and should not be

used.

2. DA = A device-level (or device pair) address within the card.
* BA = Address within the block of a specific device (device pair) being erased.

WA = Address of memory location to be written.

IA = A device-level address; 00H for manufacturer code, 01 for device code.

. SRD = Data read from Device Status Register.

oOOh W

I PRELIMINARY

. Following the intelligent identifier command, two read operations access manufacturer (89H) and device codes (A2H).

. WD = Data to be written at location WA. Data is latched on the rising edge of WE #.
. Either 40H or 10H are recognized by the WSM as the Write Setup command.
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COMMAND DEFINITIONS

Read Array (FFH) —

Upon initial card power-up, after exit from the Deep-
Sleep modes, and whenever illegal commands are
given, individual devices default to the Read Array
mode. This mode is also entered by writing FFH into
the CUL. In this mode, microprocessor read cycles
retrieve array data. Devices remain enabled for
reads until the CUI receives an alternate command.
Once the internal WSM has started a block-erase or

data-write operation within a device, that device will -

not recognize the Read Array command until the
WSM has completed its operation (or the Erase Sus-
pend command is issued during erase).

Intelligent Identifier (90H) —

After executing this command, the intelligent identifi-
er values can be read. Only address Ag of each de-
vice is used in this mode, all other address inputs
are ignored [(Manufacturer code = 89H for Ag =
0), (Device code = A2H for Ag = 1)]. The device
will remain in this mode until the CUI receives anoth-
er command.

This information is useful by system software in de-
termining what type of flash memory device is con-
tained within the card and allows the correct match-
ing of device to write and erase algorithms. System
software that fully utilizes the PCMCIA specification
will not use the intelligent identifier mode, as this
data is available within the Card Information Struc-
ture (refer to section on PCMCIA Card Information
Structure). ‘

Read Status Register (70H)

After writing this command, a device read outputs
the contents of its Status Register, regardless of the
address presented to that device. The contents of
this register are latched on the falling edge of OE #,
CEq# (and/or CEa#), whichever occurs last in the
read cycle. This prevents possible bus errors which
might occur if the contents of the Status Register
changed while reading its contents. CE1# (and
CEo# for odd-byte or word access) or OE# must be
toggled with each subsequent status read, or the
completion of a write or erase operation will not be
evident. This command is executable while the
WSM is operating, however, during a block-erase or
data-write operation, reads from the device will auto-
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matically return status register data. Upon comple-
tion of that operation, the device remains in the

Status Register read mode until the CUI receives
another command.

"The read Status Register command functions when

Vpp = VppL Or VppH.

Clear Status Register (50H)

The Erase Status and Write Status bits may be set
to “1”s by the WSM and can only be reset by the
Clear Status Register Command. These bits indicate
various failure conditions. By allowing system soft-
ware to control the resetting of these bits, several
operations may be performed (such as cumulatively
writing several bytes or erasing multiple blocks in
sequence). The device’s Status Register may then
be polled to determine if an error occurred during
that sequence. This adds flexibility to the way the
device may be used.

Additionally, the Vpp Status bit (SR.3) MUST be re-
set by system software (Clear Status Register com-
mand) before further block-erases are attempted
(after an error).

The Clear Status Register command functions when
Vpp = VppL or Vppy. This command puts the device
in the Read Array mode.

Write Setup/Write

A two-command sequence executes a data-write
operation. After the system switches Vpp to Vppn,
the write setup command (40H) is written to the CUI.
of the appropriate device, followed by a-second
write specifying the address and write data (latched
on the rising edge of WE #). The device’s WSM con-
trols the data-write and write verify algorithms inter-
nally. After receiving the two-command write se-
quence, the device automatically outputs Status
Register data when read (see Figure 13). The CPU
detects the completion of the write operation by an-
alyzing card-level or device-level indicators. Card-
level indicators include the RDY/BSY # pin and the
READY-BUSY STATUS REGISTER; while device-
level indicators include the specific device’s Status
Register. Only the Read Status Register command
is valid while the write operation is active. Upon
completion of the data-write sequence (see section
on Status Register) the device’s Status Register re-
flects the result of the write operation. The device
remains in the Read Status Register mode until the
CUI receives an alternate command.
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Erase Setup/Erase Confirm
Commands (20H)

Within a device, a two-command sequence initiates
an erase operation on one device block at a time.
After the system switches Vpp to Vppy, an Erase
Setup command (20H) prepares the CUI for the
Erase Confirm command (DOH). The device’s WSM
controls the erase algorithms internally. After receiv-
ing the two-command erase sequence, the device
automatically outputs Status Register data when
read (see Figure 14). If the command after erase
setup is not an Erase Confirm command, the CR
sets the Write Failure and Erase Failure bits of the
Status Register, places the device into the Read
Status Register mode, and waits for another com-
mand. The Erase Confirm command enables the
WSM for erase (simultaneously closing the address
latches for that device’s block (A1g—A1g). The CPU
detects the completion of the erase operation by an-
alyzing card-level or device-level indicators. Card-
level indicators include the RDY/BSY pin and the
READY-BUSY STATUS REGISTER; while device-
level indicators include the specific device’s Status
Register. Only the Read Status Register and Erase
Suspend command is valid during an active erase
operation. Upon completion of the erase sequence
(see section on Status Register) the device’s Status
Register reflects the result of the erase operation.
The device remains in the Read Status Register
mode until the CUI receives an alternate command.

The two-step block-erase sequence ensures that
memory contents are not accidentally erased. Erase
attempts while Vpp < Vpp< Vppy produce spuri-
ous results and are not recommended. Reliable
block erasure only occurs when Vpp = Vppy. In the
absence of this voltage, memory contents are pro-
tected against erasure. If block erase is attempted
while Vpp = Vpp|, the Vpp Status bit will be set to
“1 !l.

When erase completes, the Erase Status bit should
be checked. If an erase error is detected, the de-
vice's Status Register should be cleared. The CUI
remains in Read Status Register mode until receiv-
ing an alternate command.

I PRELIMINARY

SERIES 2 FLASH MEMORY CARDS

Erase Suspend (BOH)/Erase Resume
(DOH)

Erase Suspend allows block erase interruption to
read data from another block of the device or to
temporarily conserve power for another system op-
eration. Once the erase process starts, writing the
Erase Suspend command to the CUI (see Figure 15)
requests the WSM to suspend the erase sequence
at a predetermined point in the erase algorithm. In
the erase suspend state, the device continues to
output Status Register data when read.

Polling the device’s RY/BY# and Erase Suspend
Status bits (Status Register) will determine when the
erase suspend mode is valid. It is important to note
that the card’s RDY/BSY # pin will also transition to
Von and will generate an interrupt if this pin is con-
nected to a system-level interrupt. At this point, a
Read Array command can be written to the device’s
CU! to read data from blocks other than those
which are suspended. The only other valid com-
mands at this time are Read Status Register (70H)
and Erase Resume (DOH). If Vpp goes low during
Erase Suspend, the Vpp Status bit is set in the
Status Register and the erase operation is aborted.

The Erase Resume command clears the Erase Sus-
pend state and allows the WSM to continue with the
erase operation. The device's RY/BY # Status and
Erase Suspend Status bits and the card’s READY-
BUSY Status Register are automatically updated to
reflect the erase resume condition. The card’s RDY/
BSY # pin also returns to Vo.

invalid/ Reserved

These are unassigned commands having the same
effect as the Read Array command. Do not issue
any command other than the valid commands speci-
fied above. Intel reserves the right to redefine these
codes for future functions.
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DEVICE STATUS REGISTER

Each 28F008SA device in the Series 2 Card con-
tains a Status Register which displays the condition
of its Write State Machine. The Status Register is
read at any time by writing the Read Status com-
mand to the CUL. After writing this command, all sub-
sequent Read operations output data from the
Status Register, until another command is written to
the CUL.

Bit 7—WSM Status

This bit reflects the Ready/Busy condition of the
WSM. A “1” indicates that read, block-erase or
data- write operations are available. A “0” indicates
that write or erase operations are in progress.

Bit 6—Erase Suspend Status

If an Erase Suspend command is issued during the
erase operation, the WSM halts execution and sets
the WSM Status bit and the Erase Suspend Status
bit to a “1”. This bit remains set until the device
receives an Erase Resume command, at which point
the CUI resets the WSM Status bit and the Erase
Suspend Status bit.

intal.
Bit S—Erase Status

This bit will be cleared to 0 to indicate a successful
block-erasure. When set to a “1”, the WSM has
been unsuccessful at performing an erase verifica-
tion. The device’s CUI only resets this bit to a “0” in
response to a Clear Status Register command.

Bit 4—Write Status

This bit will be cleared to a 0 to indicate a successful
data-write operation. When the WSM fails to write
data after receiving a write command, the bit is set
to a “1” and can only be reset by the CUIl in re-
sponse to a Clear Status Register command.

Bit 3—Vpp Status

During block-erase and data-write operations, the
WSM monitors the output of the device’s internal
Vpp detector. In the event of low Vpp, the WSM sets
(“1”) the Vpp Status bit, the status bit for the opera-
tion in progress (either write or erase). The CUI re-
sets these bits in response to a Clear Status Regis-
ter command. Also, the WSM RY/BY # bit will be set
to indicate a device ready condition. This bit MUST
be reset by system software (Clear Status Register
command) before further data writes or block erases
are attempted.

Device Status Register (Read Only Register)

Bit7 Bit6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit0
WSM Erase Erase Write Vpp '”
Status Suspend Status Status Status
Status
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Issue Write Se(up( n
Command

¥

Write Data

»
N

Read Status(z)
Register

Done
Writing Data
?

NO

Full Status(‘-’)
Check if Desired

Write Operation(#)
Completed

290434-17

FULL STATUS CHECK
PROCEDURE

Status Register Data
Read (See Above)

Vpp
Level OK
?

YES

Data
Write OK
?

Data Write
Successful

Data Write(6)
Error

Vep Rango(s)
Error

290434-18

Opzl;:lon Command |  x8Mode x16 Mode
Write Write Setup Data = 40H Data = 4040H
Address = Byte | Address = Word
Within Card to be Within Card to be
. Written Written
Write Data Write | Data to be Written | Data to be Written
Address = Byte Address = Word
Within Card to be Within Card to be
Written Written
Read Defaults to | Status Register Status Register
Device Sta- | Data. Toggle OE #, | Data. Toggle OE # or
tus Register | CEq# or CEx# to | (CEq# and CEp#)
Read Mode update Status to update Status
Register Registers
Standby Check SR Bit7 Check SR Bits
1 = Ready, 7 and 15
0 = Busy 1 = Ready,
0 = Busy
Op:::Ion Command x8 Mode x16 Mode
Standby Check SR Bit 3 Check SR Bits
1 = Vpp Detected 3and 11
Low 1 = Vpp Detected
Low
Standby Check SR Bit4 Check SR Bits
1 = Data Write Error 4and 12
1 = Data Write Error

Figure 13. Device-Level Automated Write Algorithm

NOTES:

1. Repeat for subsequent data writes.
2. In addition, the card’s READY-BUSY STATUS REGISTER or the RDY/BSY # pin may be used

3. Full device-level status check can be done after each data write or after a sequence of data writes.

4. Write FFH (or FFFFH) after the last data write operation to reset the device(s) to Read Array Mode.

5. If a data write operation fails due to a low Vpp (setting SR Bit 3), the Clear Status Register command MUST be issued
before further attempts are allowed by the Write State Machine.
6. If a data write operation fails during a multiple write sequence, SR Bit 4 (Write Status) will ‘not be cleared until the
Command User Interface receives the Clear Status Register command.
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' Start
o Bus. Command x8 Mode x16 Mode
Write Erase Setup(!) Write Erase Data = 20H " Data = 2020H
Command P Setup Address = Block | Address = Block Pair
Within Card to be Within Card to be
! Erased - Erased
Wri ) . )
rite Erose Confirm Wite | Erase | Data= DOH Data = DODOH
T Address = Block Address = Block
< Within Card to be Pair Within Card to
l Erased be Erased
Read S}Gius(z) Suspend Erase Read | Defaultsto| Status Register Status Register
Register Loop Device Sta- | Data. Toggle OE#,| Data. Toggle OE# or
. tus Register| CE4# or CEx# to (CEq# and CEg#)
Read Mode| update Status to update Status
Register Register
Suspend
Erase? Standby Check SRBit7 |Check SR Bits 7 and 15
1 = Ready, 1 = Ready,
0 = Busy 0 = Busy
Full Status()
Check if Desired
Block Eruse(‘)
Completed 29043419
FULL STATUS CHECK PROCEDURE
Status Register Data ’ Bus .
Read (See Above) Operation Command . x8 Mode x16 Mode
Vep (5)
Vpp Range'
Level OK PP oy Standby Check SR Bit 3 Check SR Bits
? 1 = Vpp Detected 3and 11
Low " | Either Bit1 = Vpp
YES Detected Low
Command Command Sequence
Sequence Error ) "
0K? . Standby Check SR Bits 4 and 5 | Check SR Bits 4, 5,
Both 1 = Command 12,13
NO Sequence Error All 1 = Command
Sequence Error
Block 6
Erase 0K Block Erase(8)
? Error Standby Check SR Bit5 Check SR Bits
1 = Block Erase 5and 13
YES Error Both 1 = Block
. Erase Failure
Block Erase
Successful .
290434-20

Figure 14. Device-Level Automated Erase Algorithm

NOTES:

1. Repeat for subsequent data writes. ,

2. In addition, the card’s READY-BUSY STATUS REGISTER or the RDY/BSY # pin may be used.

3. Full device-level status check can be done after each block erase or after a sequence of block erases.

4. Write FFH (or FFFFH) after the last block erase operation to reset the device(s) to Ready Array Mode.

5. If a block erase operation fails due to a low Vpp (setting SR Bit 3), the Clear Status Register command MUST be issued
before further attempts are allowed by the Write State Machine. . ‘ :

6. If a block erase operation fails. during a multiple block erase sequence, SR Bit 4 (Write Status) will not be cleared until the
Command User Interface receives the Clear Status Register command. .
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( Start ) ™
* Operation Command x8 Mode x16 Mode
Write Erase Suspend Cmd Write Suspend Data = BOH, Data = BOBOH,
Erase Address = Desired Address = Desired
‘ Block to Erase Block Pair to Erase
Suspend Suspend
Write Read Status Register Cmd
L4
Read Status Read Status Register Status Register
Register Data. Toggle OE #, Data. Toggle OE # or
CEq# or CE2# to (CE4# and CEp#)
update Status to update Status
Register Register
Standby Check SR Bit 7 Check SR Bit 7 and 15
1 = Ready, 1 = Ready,
0 = Busy 0 = Busy
Sunpanciod DO Standby Check SR Bit 6 Check SR Bit 6 and 14
? 1 = Suspended, 1-= Suspended,
Erase Has 0 = In Progress 0 = In Progress
YES
Completed
Write Read Array Cmd Write Rd Array Data = FFH Data = FFFFH
Cmd
Done Y Read Read Data Read Data
Reading? until finished until finished
Write Resume Cmd Write Erase Data = DOH, Data = DODOH,
Resume Address = Valid Address = Valid
* Block Address. Block Pair Address.
C Continue Erase )
290434-27

Figure 15. Erase Suspend/Resume Algorithm. Allows Reads to Interrupt Erases.

POWER CONSUMPTION

STANDBY MODE

In most applications, software will only be accessing
one device pair at a time. The Series 2 Card is de-
fined to be in the standby mode when one device
pair is in the Read Array Mode while the remaining
devices are in the Deep-Sleep Mode. The Series 2
Card’s CE1# and CEo# input signals must also be
at V. In standby mode, much of the card’s circuitry
is shut off, substantially reducing power consump-
tion. Typical power consumption for a 20 Megabyte
Series 2 card in standby mode is 65 pA.

I PRELIMINARY

SLEEP MODE

Writing a “1” to the PWRDWN bit of the GLOBAL
POWERDOWN 'REGISTER places all FlashFile
Memory devices into a Deep-Sleep mode. This dis-
ables most of the 28F008SA’s circuitry and reduces
current consumption to 0.2 pA per device. Addition-
ally, when the host system pulis ASIC control logic
high and latches all address and data lines (j.e., not
toggling), the card’s total current draw is reduced to
approximately 5 uA (CMOS input levels) for a 20
Megabyte card. On writing a “‘0” to the PWRDWN bit
(Global PowerDown Register) or any individual de-
vice pair (Sleep Control Register), a Deep-Sleep
mode recovery period must be allowed for
28F008SA device circuitry to power back on.
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SYSTEM DESIGN CONSIDERATIONS

POWER SUPPLY DECOUPLING

Flash memory power-switching characteristics re-
quire careful device decoupling. System designers
are interested in three supply current issues—stand-
by, active and transient current peaks, produced by
rising and falling edges of CE1# and CEz#. The
capacitive and inductive loads on the card and inter-
nal flash memory device pairs determine the magni-
tudes of these peaks.

The Fiash Memory Card features on-card ceramic’

decoupling capacitors connected between Vg and
GND, and between Vpp1/Vpp2 and GND to help
transient voltage peaks.

On the host side, the card connector should also
have a 4.7 uF electrolytic capacitor between V¢
and GND, as well as between Vpp1/Vpp2 and GND.
The bulk capacitors will overcome voltage slumps
caused by printed-circuit-board trace inductance,
and will supply charge to the smaller capacitors as
needed.

POWER UP/DOWN PROTECTION

Each device in the Flash Memory Card is designed
to offer protection against accidental erasure or writ-
ing, caused by spurious system-level signals that
may exist during power transitions. The card will
power-up into the Read Array Mode.

A system designer must guard against active writes
for Vgc voltages above Vi ko when Vpp is active.
Since both WE# and CE{# (and/or CE2#) must be
low for a command write, driving either to V| will
inhibit writes. With its Command User Interface, al-
teration of device contents only occurs after suc-
cessful completion of the two-step command se-
quences.

]
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While these precautions are sufficient for most appli-
cations, an alternative approach would allow Vg to
reach its steady state value before raising Vppy/
Vpp2 above Vgc + 2.0V. In addition, upon power-

ing-down, Vpp1/Vpp2 should be below Vg + 2.0V,
before lowering Vcc.

HOT INSERTION/REMOVAL

" The capability to remove or insert PC cards while the

system is powered on (i.e., hot insertion/removal)
requires careful design approaches.on the system
and card levels. To.design for this capability consid-
er card overvoltage stress, system power droop and

control line stability. '

A PCMCIA/JEIDA specified socket properly se-
quences the power supplies to the flash memory
card via shorter and longer pins. This assures that
hot insertion and removal will not result in card dam-
age or data loss.

PCMCIA CARD INFORMATION
STRUCTURE

The Card Information Structure (CIS) starts at ad-
dress zero of the card’s Attribute Memory Plane. It
contains a variable-length chain of data blocks (tu-

‘ples) that conform to a basic format as shown in

Table 5. This section describes each tuple contained
within the Series 2 Flash Memory Card.

The Device Information Tuple

This tuple (CISTPL_DEV = 01H) contains informa-
tion pertaining to the card’s speed and size. The Se-
ries 2 Card is offered with a 200 nanosecond access
time. Card sizes range between 2 and 20 Mega-
byltes.

Table 5. Tuple Format

Bytes

Data

0 Tuple Code: CISTPL__xxx. The tuple code OFFH indicates no more tuples in the list.

1 Tuple Link: TPL__LINK. Link to the next tuple in the list. This can be viewed as the number of
additional bytes in tuple, excluding this byte. If the link field is zero, the tuple body is empty. If the
link field contains OFFH, this tuple is the last tuple in the list.

2—n | Bytes specific to this tuple.
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The Device Geometry Tuple

This tuple (CISTPL__DEVICEGEO = 1EH) is con-
ceptually similar to a DOS disk geometry tuple
(CISTPL_GEOMETRY), except it is not a format-
dependent property; this deals with the fixed archi-
tecture of the memory device(s).

Fields are defined as follows:

DGTPL BUS—Value = n, where system bus width
= 2(n—1) bytes. N = 2 for standard PCMCIA Re-
lease 1.0/2.0 cards.

DGTPL EBS—Value = n, where the memory array’s
physical memory segments have a minimum erase
block size of 2(—1) address increments of
DGTPL__BUS-wide accesses.

DGTPL RBS—Value = n, where the memory ar-
ray’s physical memory segments have a minimum
read block size of 2(n—1) address increments of
DGTPL__BUS-wide accesses.

DGTPL WBS—Value = n, where the memory ar-
ray’s physical memory segments have a minimum
write block size of 2(n—1) address increments of
DGTPL__BUS-wide accesses.

DGTPL PART—Value = n, where the memory ar-
ray’s physical memory segments can have partitions
subdividing the arrays in minimum granularity of
2(n—1) number of erase blocks.

FL DEVICE INTERLEAVE—Value = n, where card
architectures employ a multiple of 2(0—1) times inter-
leaving of the entire memory arrays with the above
characteristics. Non-interleaved cards have values
n=1.

Jedec Programming
_ Information Tuple

This tuple (CISTPL_JEDEC = 18H) contains the
Intel manufacturing identifier (89H) and the
28F008SA device ID (A2H).

I PRELIMINARY
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Level 1 Version/Product
Information Tuple

This tuple (CISTPL__VERI = 15H) contains Level-1-
version compliance and card-manufacturer informa-
tion. Fields are described as follows:

TPLLV1 MAJOR—Major version number = 04H.

TPLLV1 MINOR—Minor version number = 01H for
release 2.0.

TPLLV1 INFO—

Name of manufacturer = intel;

Name of product = SERIES2-“Card size”;
Card type =2

Speed = 150 ns or 200 ns
Register Base = REGBASE 4000H
Test Codes = DBBDRELP
Legalities = COPYRIGHT intel

Corporation 1991

The Configurable Card Tuple

This tuple (CISTPL_CONF = 1AH) describes the
interface supported by the card and the locations of
the Card Configuration Registers and the Card Con-
figuration Table.

Fields are described as follows:
TPCC SZ—Size of fields byte = 01H.

TPCC LAST—Index number of the last entry in the
Card Configuration Table = 00H.

TPCC RADR—Configuration Registers Base Ad-
dress in Reg Space =-4000H.

‘TPCC RMSK—Configuration Registers Present

Mask = 03H.

The End-Of-List Tuple

The end-of-list tuple (CISTPL__END = FFH) marks
the end of a tuple chain. Upon encountering this tu-
ple, continue tuple processing as if a long-link to ad-
dress 0 of common memory space were encoun-
tered.
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00H 01H CISTPL__DEV : 32H 6CH. !
02H 03H TPL__LINK 34H © 00H END TEXT
04H 53H DEVICE_INFO = 36H 53H s
FLASH200ns 3AH 52H R
CARD SIZE 3CH 49H !
06H 06H 2M 3EH 45H E
gg:: 140“,':/, - 40H 53H s
4EH 20M 42H 32H 2
08H FFH END OF 44H 2DH —
: DEVICE 46H 30H 2M =0
0AH 1EH CISTPL_ ) 30H M=0
‘ DEVICEGEO 31H 10M = 1
OCH 06H TPL_LINK 82H 20M =2
OEH | ozH DGTPL_BUS 48H o e
10H 11H DGTPL_EBS | . 30H 10M = 0
12H 01H DGTPL_RBS ' 30H 20M =0
14H 01H DGPL__WBS 4AH 20H SPACE
16H 03H DGTPL__PART 4CH 00H END TEXT
18H 01H FL__DEVICE 4EH 32H -CARD TYPE 2
! INTERLEAVE 50H 41H A= 2M, 150 ns
1AH 18H CISTPL__JEDEC 42H B = 4M, 150 ns
1CH 02H TPL_LINK ;‘f\ﬂ 5 _ ;83; }28 ne
1EH 89H |.  INTELJID 48H H = 2M, 200 ns
20H A2H 28F008 J-ID pra R gﬁnh,z 200 ns
22H 15H CISTPL_VER1 - 4FH O = 20M, 200 ns -
24H 50H TPL_LINK :
26H | 04H TPLLVA
: MAJOR
28H 01H TPLLV1
MINOR
2AH 69H TPLLV1 INFO
[}
2CH 6EH n
2EH  74H t
30H 65H | e
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I PRELIMINARY

A::Fr,::s Value Description A::f:s Value Description
52H 20H SPACE 96H 69H i
54H 52H REGBASE-R 98H 6EH n
56H 45H E 9AH 74H t
58H 47H G " 9CH 65H e
5AH 42H B 9EH 6CH |
5CH 41H A AgH 20H SPACE
5EH 53H s CORPORATION
60H 45H E AZH 43H c
62H 20H SPACE A4H 4FH 0
2000 A6H 52H R
64H 34H 4 ASH 50H P
66H 30H 0 AAH 4FH 0
68H 30H 0 ACH 52H R
6AH 30H 0 AEH 41H A
6CH 68H h BOH 54H T
6EH 20H SPACE B2H 49H |
70H 44H D B4H 4FH o
72H 42H B B6H 4EH N
74H 42H B B8H 20H SPACE
76H 44H D BAH 31H 1
78H 52H R BCH 39H 9
7AH 45H E BEH 39H 9
7CH 4CH L COH 31H 1
7EH 50H P C2H 0OH END TEXT
80H 00H END TEXT C4H FFH END OF LIST
COPYRIGHT CéH 1AH CISTPL__CONF
82H 43H c C8H 06H TPL_LINK
84H 4FH 0 CAH 01H TPCC_SZ
86H 50H P CCH 00H TPCC__LAST
88H 5SH Y CEH 00H TPCC__RADR
8AH 52H R DOH 40H TPCC__RADR
8CH 40H ' D2H 03H TPCC__RMSK
8EH _47H G D4H FFH END OF LIST
90H 48H H DéH FFH CISTPL_END
92H _54H T D8H 00H INVALID ECIS
94H 20H SPACE ADDRESS
6-67




SERIES 2 FLASH MEMORY CARDS

OPERATING SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS*

Commercial Temperature

intal.

NOTICE: This data sheet contains preliminary infor-
mation on new products in production. The specifica-
tions are subject to change without notice. Verify with
your local Intel Sales office that you have the latest
data sheet before finalizing a design.

OperatingRange .............. 0°C to +70°C(1) *WARNING: Stressing the device beyond the “Absolute
Storage Temperature ......... —40°C to +85°C Maximum HRatings” may cause permanent damage.
These are stress ratings only. Operation beyond the
Extended Temperature R . “Operating Conditions” is not recommended and ex-
OperatingRange ............. —40°Cto +85°C tended exposure beyond the “Operating Conditions™ .
Lower Temperature Limit ............... —40°C may affect device reiiability.
Upper Temperature Limit ............... +85°C :
Voltage on Any Pin with
Respect to Ground ..... —2.0VtoVgg + 2.0V(@)

Vpp1/Vpp2 Supply Voltage with
Respect to Ground .. —2.0V to Vgg + 14.0V(2.3)

Vcc Supply Voltage with
RespecttoGround ............ —0.5Vto +7.0V

NOTES: .

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 tor periods less than 20 ns.
Maximum DC voltage on output pins is Vcc + 0.5V, which may overshoot to Vg + 2.0V for periods less than 20 ns.

3. Maximum DC input voltage on Vpp1/Vpp2 may overshoot to + 14.0V tor periods less than 20 ns.

4. Vpp generator turned “on” for 3.3V or 5.0V only operation.

OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Ta ) Operating Temperature 0 - 70 °C
Vee Ve Supply Voltage (5%) 4.75 5.25 Vv
COMMON DC CHARACTERISTICS, CMOS and TTL
Symbol _ Parameter Notes Min Typ Max Unit Test Condition
Iy Input Leakage Current 1,3 . +1| %20 BA | Voo = Voo Max
: ViN = Vgc or GND
Lo Output Leakage Current - 1 ; +1 +20 rA | Voo = Voo Max
Vout = Vg or GND
ViL input Low Voltage v 1 -0.5 0.8 '
ViH Input High Voltage (TTL) 9 24 | Ve + 0.3
Input High Voltage (CMOS) 0.7 Vco Veog + 0.3
VoL Output Low Voltage 1 Vss 0.4 V | Vo = Vec Min
loL = 3.2mA
VoH Output High Voltage 1 4.0 Vce V | Vgg = Voc Min
. ) loH = —2.0mA
VppL Vpp during Read Only Operations 1,2 0.0 6.5 \"
VppH Vpp during Read/Write Operations 1 114 126 \'
Viko Ve Erase/Write Lock Voltage 1 2.0 v
NOTES:

1. Values are the same for byte and word wide modes and for all card densities.

2. Block Erases/Data Writes are inhibited when Vpp and Vpp and not guaranteed in the range between Vppy and Vpp.

3. Exceptions: With V|y = GND, the leakage on CE4 #, CEo#, REG#, OE#, WE#, will be < 500 pA due to internal pullup
resistors and, with Viy = Vg, RST leakage will be < 500 pA due to internal pulldown resistor.
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DC CHARACTERISTICS, CMOS

- SERIES 2 FLASH MEMORY CARDS

Symbol Parameter Not Byte Wide Mode Word Wide Mode Unit | Test Condition
Min | Typ | Max | Min | Typ | Max
lccr Ve Read Current 1,3 45 85 ’ 65 120 | mA | Ve = Vee Max,
Control Signals
= GND
tcycLe = 200 ns,
lour = 0mA
lccw Vcc Write Current 1,3 35 80 45 110 | mA | Data Write
in Progress
lcce V¢ Erase Current 1,2,3 35 80 45 110 | mA | Block (Pair) Erase
in Progress
lccs | Voc Standby Current | 2 Meg 61 | 220 61 | 220 Vog = Vec Max,
4 Meg 62 | 222 62 | 222 Control Signals
1,4,6 pA | =ViH
10 Meg 63 230 63 230
20 Meg 65 242 65 242
lccst | Vec Sleep Current 2 Meg 1 22 1 22
4 Meg 2 25 2 25
1,4,5 A
10 Meg 3 32 3 32
20 Meg 5 44 5 44
Ippw Vpp Write 1,3 10 30 20 60 | mA | Data Write
Current (Vpp = Vppn) in Progress
IppE Vpp Erase 1,3 10 30 20 60 | mA [ Block (Pair) Erase
Current (Vpp = VppR) in Progress
IppsL Vpp Sleep Current 2 Meg 0.2 10 0.2 10
4 Meg 04 | 20 “04 | 20
1,5 rA
10 Meg 1 50 50
20 Meg 2 100 2 100
Ipps1 Vpp Standby or 2 Meg 2.0 20 2.0 20
Read Current
4 Me: 22 30 22 30
(Vep < Vco) g 1,6 pA
10 Meg 28 60 28 60
20 Meg 3.8 110 3.8 110
Ipps2 Vpp Standby or 2 Meg 180 | 400 180 | -400
Read Current
4 Me: 180 | 410 180 | 410
(Vpp = Vco) g 1,6 RA
10 Meg 181 | 440 181 | 440
20 Meg 182 | 490 182 | 490
NOTES:

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

2. The Data Sheet specification for the 28F008SA in Erase Suspend (Iccgs) is 5 mA typical and 10 mA max with the device
deselected. If the device(s) are read while in Erase Suspend Mode, current draw is the sum of Iccgs and Iccg-

3. Standby or Sleep currents are not included for non-accessed devices.

4. Address and data inputs to card static. Control line voltages equal to Vi or V).

5. All 28F008SA devices in Deep-Sleep (Reset-PowerDown) mode.

6. In Byte and Word Mode, all but two devices in Deep-Sleep.

I PRELIMINARY
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DC CHARACTERISTICS, TTL

intgl.

Symbol Parameter Notes Byte Wide Mode Word Wide Mode Unit Test Condition
Min | Typ | Max | Min | Typ | Max
lccr Vcc Read Current 1,3 70 | 135 90 170 | mA |Vce = Voo Max,
: Control Signals = GND
tcvcLe = 200 ns,
, loyt = 0mA
lccw Vg Write Current 1,3 60 130 70 160 | mA |Data Write
in Progress
lcce Vg Erase Current 1,23 60 | 130 70 160 | mA | Block (Pair) Erase
’ in Progress
lccs Ve Standby Current | 2 Meg Vce = Voo Max,
4 Meg Control Signals
1,4,6 20 | 100 20 100 | mA |=VIiH
10 Meg
) 20 Meg
lccst | Vcc Sleep Current 2 Meg
4Megy 45 20 | 100 20 | 100 | mA
10 Meg
20 Meg »
Ippw Vpp Write 1,3 10 30 20 60 | mA |Data Write
Current (Vpp = Vppp) in Progress
lppE Vpp Erase 1,3 10 30 20 60 | mA [Block (Pair) Erase
Current (Vpp = Vppp) in Progress
IppsL | Vpp Sleep Current 2 Meg 0.2 10 0.2 10
4 Meg 04 | 20 0.4 20
1,5 pA
10 Meg 1.0 | 50 1.0 50
20 Meg 20| 100 2.0 100
lpps1 | Vpp Standby or 2 Meg 20 20 2.0 20
Read Current
3 4 Me: 22 | 30 2.2 30
(Vep < Vco) 9 1,6 pA
10 Meg| . 28 | 60 2.8 60
20 Meg 38| 110 . 38 110
lpps2 | Vpp Standby or 2 Meg 180 | 400 180 | 400
Read Current
4 Me 180 | 410 180 | 410
(Vpp = Vco) g 1,6 — pA
10 Meg 181 | 440 181 | 440
20 Meg 182 | 490 182 | 490
NOTES:

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

2. The Data Sheet specification for the 28F008SA in Erase Suspend (Iccgs) is 5 mA typical and 10 mA max with the device
deselected. If the device(s) are read while in Erase Suspend Mode, current draw is the sum of Icces and IgcRg.

3. Standby or Sleep currents are not included for non-accessed devices.

4. Address and data inputs to card static. Control line voltages equal to Vi or Vj .

5. All 28F008SA devices in Deep-Sleep (Reset-PowerDown) mode.

6. In Byte and Word Mode, all but two devices in Deep-Sleep.

7. The current consumption from the 28F008SA is insignificant in relation to the ASIC's.
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AC CHARACTERISTICS

AC Timing Diagrams and characteristics are guaran- timings to the Series 2 Flash Memory Card’s Com-
teed to meet or exceed PCMCIA Release 2.0 speci- mon and Attribute Memory Planes are identical at
fications. PCMCIA allows a 300 ns access time for 200 ns. Furthermore, there is no delay in switching
Attribute Memory. Note that read and write access between the Common and Attribute Memory Planes.

COMMON AND ATTRIBUTE MEMORY, AC CHARACTERISTICS: Read-Only Operations

Symbol
Parameter . Notes Min Max Unit

JEDEC PCMCIA
tavav (=To} Read Cycle Time 200 ns
tavav ta (A) Address Access Time 200 ns
teLav ta (CE) Card Enable Access Time 200 ns
tecLav ta (OE) Output Enable Access Time 100 ns
teHaX tgis (CE) Output Disable Time from CE # 90 ns
tgHQz tgis (CE) Output Disable Time from OE # 70 ns
tgLax ten (CE) Output Enable Time from CE # 5 ns
teLQx ten (OE) Output Enable Time from OE # 5 _ ns
taxax tv (A) Data Valid from Add Change 0 ns
tRHQV Reset-PwrDwn Recovery to Output Delay 500 ns
tsu(Voc) | CE Setup Time on Power-Up 1 ms
First Access after Reset 500 ns

7 Vee (-
INPUT 15 ¢———TESTPOINTS ——p ¥ 1.5 OUTPUT
0.0 o
290434-28
Transient Input/Output Reference Waveform (Vgc = 5.0V) for Standard Test Configuration
30 S _
INPUT >Q 4——TESTPOINTS —p 15 OUTPUT
0.0 S5

290434-29

Transient Input/Output Reference Waveform (Vgc = 3.3V) for Standard Test Configuration
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Vin
ADDRESSES (A)

Vit

Vin
CE# (C)

ViL

Vin

OE# (G)

ViL

Vi
WE# (W) _/
. ViL

Vou
DATA (D/Q)

VoL

NOTE:

Vcc POWER-UP STANDBY

DEVICE AND

ADDRESS SELECTION QUTPUTS ENABLED

DATA VALID

XXX

/
\

. ADDRESSES STABLE

STANDBY

Ve POWER-DOWN

4888% NOTE
VAVAVAVAV.Y:

tavav

- NOTE

VALID OUTPUT

le— toLqv —>]
teLqv
tolax =1 [~
teLax s
HH 2 y i,
AN
tavav

1. The hatched area may be either high or low.

taxax —= j=—
AR\\ HIGH Z
L//
290434-21
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COMMON AND ATTRIBUTE MEMORY, AC CHARACTERISTICS: Write Operations(1)

SERIES 2 FLASH MEMORY CARDS

Symbol ' . i
JEDEG PCMCIA Parameter Notes | Min | Max | Unit
tavav twe Write Cycle Time 200 ns
twewH | tw (WE) Write Pulse Width 120 ns
tavwiL tsu (A) Address Setup Time 20 ns
tAvWH tsu (A-WEH) Address Setup Time for WE # 140 ns
tvPwH typs Vpp Setup to WE# Going High 100 ns
teLwH tsy (CE-WEH) | Card Enable Setup Time for WE # 140 ns
tovwH tsu (D-WEH) Data Setup Time for WE # 60 ns
twHDX th (D) Data Hold Time 30 ns
tWHAX trec (WE) Write Recover Time 30 ns
tWHRL WE# High to RDY/BSY # 120 ns
twHaV1 Duration of Data Write Operation 6 us
twHav?2 Duration of Block Erase Operation 0.3 sec
tQuvL Vpp Hold from Operation Complete 2 ns
twHGL th (OE-WE) Write Recovery before Read 10 ns
tRHWL Reset-PwrDwn Recovery to WE # Going Low 1 s

NOTES:

1. Read timing characteristics during erase and data write operations are the same as during read-only operations. Refer to
AC Characteristics for Read-Only operations.
2. Refer to text on Data-Write and Block-Erase Operations.

BLOCK ERASE AND DATA WRITE PERFORMANCE

Parameter Notes | Min | Typ(3) | Max | Unit
Block Pair Erase Time(1) | 2,4 1.6 10 | sec
Block Pair Write Time 2,4 06 | 2.1 | sec
Byte/Word Write Time 4 |6us|10pus|3ms
NOTES:

1. Individual blocks can be erased 100,000 times.
2. Excludes System-Level Overhead.

3. 25°C, 12.0 Vpp.
4. Monitor Ready/Busy Registers for the completion of a write/erase command.

I PRELIMINARY
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WRITE VALID
ADDRESS & DATA (DATA WRITE)
OR ERASE CONFIRM COMMAND

Vo POWER-UP  wRiTE DATA WRITE OR
& STANDBY  ERASE SETUP COMMAND

Vin

AUTOMATED DATA WRITE

READ STATUS
REGISTER DATA

WRITE READ ARRAY °

OR ERASE DELAY COMMAND

OO LOOOOOKXXX
=, m i X GGG,

v o tavav fe— tavwn —>] twax

ce# (€) ‘ / \ \—/—\—/_
\1 —/_-—\ /
" twhoL i

0E# (6) J \_/
A\ " , ;
" H . twhavi, 2

WE# (W) / \ ’ Z \_/
e twLwn

tovwn ——
—| |=— twnox
.~ DATA (D/(JV)IH MoHZ { Dy ) Diy ﬁ vaL Din
Vi toHwL —>| 3 3 \—/ Qrﬂ[/ \_./
o : I-— twre ——I
RDY/BSY# (R) . \ : /-
VoL ’
Vin
"t
l-—» tvpw <—>| tavvi

Vepu -
XXX
VPP (V) VPV’:: .V‘V‘V’"V"’V’V’V‘V.V‘V"’V’V‘V’V’V V’V‘V’V"‘V’V’V’V"‘:’#:::#::::‘#
LY REKKK
L 290434-22
NOTE:

By writing the appropriate register, or on power-up, the card control ASIC geneiates the RP# signal to the card’s devices.

SAQHVO AHOW3IW HSVI4 ¢ S3143s



intgl.

COMMON AND ATTRIBUTE MEMORY, AC CHARACTERISTICS: CE #-Controlled Write Operations()

SERIES 2 FLASH MEMORY CARDS

Symbol . .
JEDEC PCMOIA Parameter Notes | Min | Max | Unit
tavAv twe Write Cycle Time 1 200 ns
teLEH tw (WE) Chip Enable Pulse Width 1 120 ns
tAVEL tsu (A) Address Setup Time 1 20 ns
tAVEH tsu (A-WEH) Address Setup Time for CE # 1 140 ns
tvPEH tvps Vpp Setup to CE# Going High 1 100 ns
tWLEH tsy (CE-WEH) | Write Enable Setup Time for CE# 1 140 ns
tbveEH tsy (D-WEH) Data Setup Time for CE # 1 60 ns
tEHDX th (D) Data Hold Time 1 30 ns
tEHAX trec (WE) Write Recover Time 1 30 ns
tEHRL CE# High to RDY/BSY # 1 120 ns
teHQV1 Duration of Duration of Data Write Operation 1 6 us

Data Write
tenqve | Duration of Duration of Block Erase Operation 1 0.3 sec
Erase
tavvL Vpp Hold from Operation Complete 1,2 0 ns
tEHGL th (OE-WE) Write Recovery before Read 1 10 ns
tRHEL Reset-PwrDwn Recovery to CE# Going Low 1 ps
NOTES:

1. Read timing characteristics during erase and data write operations are the same as during read-only operations. Refer to
AC Characteristics for Read-Only operations.
2. Refer to text on Data-Write and Block-Erase Operations.
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WRITE VALID

Vcc POWER-UP  wRITE DATA WRITE OR  ADDRESS & DATA (DATA WRITE)  AUTOMATED DATA WRITE READ STATUS WRITE READ ARRAY
& STANDBY  ERASE SETUP COMMAND  OR ERASE CONFIRM COMMAND OR ERASE DELAY REGISTER DATA COMMAND
vIH VVVVVVVVVV VVVVVVVVVV\V\\ VVVVVVVVVVVV
ADDRESSES (A) A A .0.0‘0.0’0‘0. ‘0.0.0. ) .0.0‘0’0‘0.0‘0.0,0.0‘0.0. ) .0.0’0‘0‘0‘0.0.0.0’0’0.0.0.
v, A‘A’A’A‘A‘A‘A‘A’A’A’ ’A’A’A’A’A‘A’A’A’A‘A A’A‘/ ’A’A’A‘A’A‘A‘A‘A‘A’A’A‘A’
" . tavay taven —» tenax
'AVEL

Vin
OE# (G) / ) _\ /
Vie

Vin
WE# (W) / \ / ) \—_/_
Vie
teneL i

\ / \ /7 o\

DATA (D/Q) Dy Din SRD
Vi toEL —>] 3 F \—-/ \).F_” ‘
L— enrL —»]
Vou
ROY/BSY# (R) \ /

HIGH Z 7

twien |
e teHav1,2 ————————
Vin
CE# (E) Z \ ’

v, \—7 L/
" teLen

toven ——»f

le— terox
. o
\ N )

Vou

Vin

RP# jNo(o: As shown, RP# is generated in the card by the ASIC by writing to the appropriate register.
iL
| tveen tawvL
Vepn VYV VVVVVVVVVVVAVANVVAA T VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY.
OOORXXXIXAIXN OO
o 0 oo O.g.g:g:g:g:g:;:g’g’gzg:g’::g.g,gg.g
I DOOOOOOOOXXXXXXY XPOOOOOXXXXXXXXXX
. LSRG R

NOTE:
By writing the appropriate register, or on power-up, the card control ASIC generates the RP # signal to the card’s devices.
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/— WwPS
—

Surface A

SUBSTRI}TE AREA
S SV S

COUNANNNNNNNNNANNNNNNANNNY N4

& SUAANAAARRRARRRRRRY

¥ T
c INTERCONNECT AREA P
t DU /Ar4 p Vi 4 Ll
2x S —= l‘— CONNECTOR 2 T — l<__
W‘

}

x —] r
Surface A
#34 /—
| J11]

_}_m_ I =

I L
’6]; ! \— Surface B
Y urface

(=2 ] olid
-

[
t

3*
o1~
o

cun | Lzo.008 [Pun/AN\| sun | 1A\ | weo.004 | xt0.002 | vo0.002
0.294 3.370 0.394 0.118 0.065 2.126 0.039 0.063
(10.0) (85.60) (10.0) (3.0) (1.65) (54.0) (1.00) (1.60)

A POLARIZATION KEY LENGTH.

INTERCONNECT AREA TOLERANCE = $0.002
SUBSTRATE AREA TOLERANCE = +0.004

3 MILLIMETERS ARE IN PARENTHESIS (). 20043424

Figure 19. Series 2 Flash Memory Card Package Dimensions
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7 |
N

PIN INSERTION

290434-25

Figure 20. Card Connector Socket

S
.

L1 ' L2 e L1 ]

PIN SOCKET CONTACT

I

A PIN/SOCKET CONTACT AREA

2.  MILLIMETERS ARE IN PARENTHESIS ()

290434-26
L1 MAX L2 L3 REF

0.020 Pin Type—See Table 1 0.024

(0.5) Detect 0.059 (1.5) +£0.039 (0.6)

General 0.084 (2.1) £0.064
Power 0.098 (2.5) £0.078

Figure 21. Pin/Socket Contact Length with Wipe
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SERIES 2 FLASH MEMORY CARDS

Table 5. Capacitance Ty = 25°C, f = 1.0 MHz

Symbol Characteristics Commercial Unit
Min Max
CiN Address/Control Capacitance (Ag—Ag, CE{ #, CE2#) 30 pF
Address/Control Capacitance (Ag—Ap4, all others) 20 pF
Vee, Vep 2 uF’
CouT Output Capacitance 20 pF
NOTE:
Sampled, not 100% tested.
ORDERING INFORMATION
iMCO20FLSA,SBXXXXX
WHERE:
i = INTEL
MC = MEMORY CARD
020 = DENSITY IN MEGABYTES
. (002,004,010,020 AVAILABLE)
FL = FLASH TECHNOLOGY
S = BLOCKED ARCHITECTURE
A = REVISION
-ET = EXTENDED TEMPERATURE
SBXXXXX = CUSTOMER IDENTIFIER
ADDITIONAL INFORMATION ORDER NUMBER
28F008SA FlashFile™ Memory Data Sheet 290429
iMCO01FLKA 1-Mbyte Flash Memory Card 290399
iMCO02FLKA 2-Mbyte Flash Memory Card 290412
iMCO04FLKA 4-Mbyte Flash Memory Card 290388
AP-361 “Implementing the Integrated Registers of the Series 2 Flash Memory Card” 292096
AP-364 “28F008SA Automation and Algorithms” 292099
ER-27 “The Intel 28F008SA Flash Memory” 294011
ER-28 “ETOX il Flash Memory Technology” 294012
AP-359 “28F008SA Hardware Interfacing” 292094
AP-360 “28F008SA Software Drivers” 292095
REVISION HISTORY
Number Description
02 Added 150 ns TUPLE, Deleted 250 ns TUPLE
Corrected Global Power Register Address to 4002H
Corrected Write Protection Register Address to 4104H
Corrected Ready-Busy Mode Register Address to 4140H
lcc Standby Byte Wide Mode MAX/TYP Increased
Added Power-On Timing Spec
Added First Access after Reset Spec
Changed Advanced Information to Preliminary
03 Added 2 MByte card support
Changed write timing waveforms to match PCMCIA
Changed PowerDown (PWD) to Reset-PowerDown (RP)
04 Extended Operating Temperature Range
Added Maximum Byte Write Time
6-79
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iMCO04FLKA

4-MBYTE FLASH MEMORY CARD
m Inherent Nonvolatility (Zero‘ Retention m Write Protect Switch to Prevent
Power) Accidental Data Loss
— No Batteries Required for Back-up m Command Register Architecture for
m High-Performance Read . Microprocesssor/Microcontroller
— 200 ns Maximum Access Time Compatible Write Interface
m CMOS Low Power Consumption B ETOX™ || Flash Memory Technology
— 40 mA Typical Active Current (X8) - 5V Read, 12V Erase/Write
— 800 nA Typical Standby Current — High-Volume Manufacturing
m Flash Electrical Zone-Erase Experience
— 2 Seconds Typical per 256 Kbyte m PCMCIA/JEIDA 68-Pin Standard
Zone — Byte- or Word-wide Selectable
— Multiple Zone-Erase m Independent Software & Hardware
m Random Writes to Erased Zones Vendor Support
— 10 us Typical Byte Write — Integrated System Solution Using

Flash Filing Systems

Intel’s IMCO04FLKA Flash Memory Card is the removable solution for storing and transporting important user
data and application code. The combination of rewritability and nonvolatility make the Intel Flash Memory Card
ideal for data acquisition and updatable firmware applications. Designing with Intel’s Flash Memory Card
enables OEM system manufacturers to produce portable and dedicated function systems that are higher
performance, more rugged, and consume less power.

The iMCO04FLKA conforms to the PCMCIA1.0 international standard, providing standardization at the hard-
ware and data interchange level. OEMs may opt to write the Card Information Structure (CIS) at the memory
card’s address 00000H with a format utility. This information provides data interchange functional capability.
The 200 ns access time allows for “execute-in-place” capability, for popular low-power microprocessors.
Intel's 4-MByte Flash Memory Card operates in a byte-wide and word-wide configuration providing perform-
. ance/power options for different systems.

Intel’s Flash Memory card employs Intel’s ETOX Il Flash Memories. Filing systems, such as Microsoft’s* Flash
File System (FFS), facilitate data file storage and card erasure using a purely nonvolatile medium in the DOS
environment. Flash filing systems, coupled with the Intel Flash Memory Card, effectively create an all-silicon
nonvolatile read/write random access memory system that is more reliable and higher performance than disk-
based memory systems.

*Microsoft is a trademark of Microsoft Corp.

April 1994
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[90,6/0/6/6/0/6/6/6/6/6/0/6/6/0/0/6/6/0/60/6/6/6/6/6,0/0/6/6¢]
68 BACK SIDE 35
290388-1
1 GND 18 Vppq 35 GND 52 Vpp2
2 D3 ) 19 A1p 36 CDy# 53 NC
3 D4 20 -~ Als 37 Di4 54 NC
4 Ds 21 A2 38 Dio 55 NC
5 Dg 22 Az 39 D13 56 NC
6 Dy 23 Ag 40 D14 57 NC
7 CEq# 24 As 41 Dys 58 NC
8 A0 25 Aq 42 CEp# 59 NC
9 OE# ~ 26 - Az 43 NC 60 NC
10 A11q 27 Ao 44 NC 61 REG#1
11 Ag } 28 Aq 45 NC 62 BVDo#2
12 Ag 29 Ao 46 A7 63 BVDq#2
13 A13 30 Do 47 A1s 64 Dg
14 A1a 31 D4 48 A1g 65 Dg
15 WE # 32 Do 49 Ao 66 Do
16 NC 33 WP 50 Aoy 67 CDo#
17 Vee 34 GND 51 Vece 68 GND
NOTES:
1. REG# = register memory select = No Connect (NC), unused. When REG# is brought low, PCMCIA/JEIDA stan-
dard card information structure data is expected. This is accomplished by formatting the card with this data.
2. BVD# = battery detect voltage = Pulled high through pull up resistor.

Figure 1. IMCO04FLKA Pin Configurations
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fable 1. Pin Description

Symbol Type Name and Function
Ap—-Agzq | ADDRESS INPUTS for memory locations. Addresses are internally
latched during a write cycle.
Do-D1s 1/0 DATA INPUT/OUTPUT: Inputs data during memory write cycles;

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

CEq#,CEo# I CARD ENABLE: Activates the card’s high and low byte control logic,
input buffers, zone decoders, and associated memory devices. CE# is
active low; CE# high deselects the memory card and reduces power
consumption to standby levels.

OE# ' | OUTPUT ENABLE: Gates the cards output through the data buffers
during a read cycle. OE # is active low.
WE # | WRITE ENABLE controls writes to the control register and the array.

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

NOTE:
With Vpp < 6.5V, memory contents cannot be altered.
Vpp1, Vpp2 ERASE/WRITE POWER SUPPLY for writing the command register,
| erasing the entire array, or writing bytes in the array.
Vee / DEVICE POWER SUPPLY (5V £5%).
GND ) GROUND
CD4#,CDo# (o] CARD DETECT. The card is detected when CD # and
CDy# = ground. .
WP O | WRITE PROTECT. All write operations are disabled with WP = active
high.
- NC NO INTERNAL CONNECTION to device. Pin may be driven or left
floating.
BVD1#, BVDo# o) BATTERY VOLTAGE DETECT. NOT REQUIRED.
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28F020 28F020
1%A7 DD, _+ 140 A17 Dg~Dys [
p+—] CE# M cE#
REG# Z0 Z1
WE# WE#
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l OE# OE#
Dy # ! Vss. Vec Vepi Vss Vec Vep2
CARD DETECT
*1%-A7 Do-D; [ M 40-47 Dg-Dys
‘L— CE# M ce#
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WE# WE#
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BVD, # | 11
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> L] [ ]
3 | .
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Yoo Ag=Ay; Dg=Dy Ag=Ay7 Dg=D
BATTERY VOLTAGE 0 ™7 "o 17 Y8~YUis
DETECT —_1 CE# Ly CE#
Z14 Z15
WE# WE#
OE# OE#
Vss Vec Vepi Vss Vec Vepa
GND 1 1l
Vec
Vep1
Vep2

290388-2

Figure 2. iMCO04FLKA Block Diagram
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APPLICATIONS

The iIMC004FLKA Flash Memory Card allows for the
storage of data files and application programs on a
purely solid-state removable medium. System resi-
dent flash filing systems, such as Microsoft’s Flash
File System, allow Intel's ETOX Il -highly reliable
Flash Memory Card to effectively function as a phys-
ical disk drive.

User application software stored on the flash memo-
ry card substantially reduces the slow disk-DRAM
download process. Replacing the disk results in a
dramatic enhancement of read performance and
substantial reduction of active power consumption,
size, and weight—considerations particularly impor-
tant in portable PCs and equipment. The
iMCO04FLKA'’s high performance read access time
and command register microprocessor write inter-
face allows for use of the flash memory system in an
“execute-in-place” architecture. This configuration
eliminates the need for the redundancy associated
with DRAM and Disk memory system architectures.
ROM based operating systems, such as Microsoft's
MS-DOS ROM Version allow for “instant-on” capa-
bility. This enables the design of PCs that boot, op-
erate, store data files, and execute application code
from/to purely nonvolatile memory.

The PCMCIA/JEIDA 68-pin interface with flash filing
systems enables the end-user to transport user files
and application code between portable PCs and
desktop PCs with memory card Reader/Writers. In-
tel Flash Memory cards provide durable nonvolatile
memory storage for Notebook PCs on the road, fa-
cilitating simple transfer back into the desktop envi-
ronment.

- 6-84

intel.

For systems currently using a static RAM/battery
configuration for data  acquisition, the
iMCO04FLKA'’s inherent nonvolatility eliminates the
need for battery backup. The concern of battery fail-
ure no longer exists, an important consideration for
portable computers and medical instruments, both
requiring continuous operation. The iIMCO04FLKA
consumes no power when the system is off. In addi-
tion, the iIMCOO4FLKA offers a considerable cost
and density advantage over memory cards based on
static RAM with battery backup.

The flash memory card’s electrical zone-erasure,
byte writability, and complete nonvolatility fit well
with data accumulation and recording needs. Electri-
cal zone-erasure gives the designer the flexibility to
selectively rewrite zones of data while saving other
zones for infrequently updated look-up tables.

PRINCIPLES OF OPERATION

Intel’s Flash Memory Card combines the functionali-
ty of two mainstream memory technologies: the re-
writability of RAM and the nonvolatility of EPROM.
The flash memory card consists of an array of indi-
vidual memory devices, each of which defines a
physical zone. The iIMCO04FLKA’s memory devices
erase as individual blocks, equivalent in size to the
256 Kbyte zone. Multiple zones can be erased
simultaneously provided sufficient current for the ap-
propriate number of zones (memory devices). Note,
multiple zone erasure requires higher current from
both the Vpp and V¢ power supplies. Erased zones
can then be written in bit- or byte-at-a-time fashion
and read randomly like RAM. Bit level write capabili-
ty also supports disk emulation.



-

intel.

In the absence of high voltage on the Vppy pins,
the iIMCOO4FLKA remains in the read-only mode.
Manipulation of the external memory card-control

pin yields the standard read, standby, and output
disable operations.

The same read, standby, and output disable opera-
tions are available when high voltage is applied to
the Vppy2 pins. In addition, high voltage on Vpp4
enables erasure and rewriting of the accessed
zone(s). All functions associated with altering zone
contents—erase, erase verify, write, and write veri-
fy—are accessed via the command register.

Commands are written to the internal memory regis-
ter(s), decoded by zone size, using standard micro-
processor write timings. Register contents for a giv-
en zone serve as input to that zone’s internal state-
machine which controls the erase and rewrite circuit-
ry. Write cycles also internally latch addresses and
data needed for write and erase operations. With the
appropriate command written to the register(s), stan-
dard microprocessor read timings output zone data,
or output data for erase and write verification.

Byte-wide or Word-wide Selection

The flash memory card can be read, erased, and
written in a byte-wide or word-wide mode. In the
word-wide configuration Vppy and/or CEq# control
the LO-Byte while Vppo and CEx# control the HI-
Byte (A9 = don’t care).

Read, Write, and Verify operations are byte- or word-
oriented, thus zone independent. Erase Setup and
Begin Erase Commands are zone dependent such
that commands written to any address within a 256
Kbyte zone boundary initiate the erase operation in
that zone (or two 256 Kbyte zones under word-wide
operation).

Conventional x8 operation uses CE{# active-low,
with CEo# high, to read or write data through the
Do-D7 only. “Even bytes” are accessed when Ag is
low, corresponding to the low byte of the complete
x16 word. When Ag is high, the “odd byte” is ac-
cessed by transposing the high byte of the complete
x16 word onto the Dg-D7 outputs. This odd byte
corresponds to data presented on Dg—-Dq5 pins in
x16 mode.

iMCO04FLKA

Note that two zones logically adjacent in x16 mode
are multiplexed through Dg-D7 in x8 mode and are
toggled by the Agp address. Thus, zone specific
erase operations must he kept discrete in x8 mode
by addressing even bytes only for one-half of the
zone pair, then addressing odd bytes only for the
other half.

Card Detection

The flash memory card features two card detect pins
(CD1p#) that allow the host system to determine if
the card is properly loaded. Note that the two pins
are located at opposite ends of the card. Each CD #
output should be read through a port bit. Should only
one of the two bits show the card to be present, then
the system should instruct the user to re-insert the
card squarely into the socket. Card detection can
also tell the system whether or not to redirect drives
in the case of system booting. CD1# is active low,
internally tied to ground.

Write Protection

The flash memory card features three types of write
protection. The first type features a mechanical
Write Protect Switch that disables the circuitry that
control Write Enable to the flash devices. When the
switch is activated, the WE# internal to the card is
forced high, which disables any writes to the Com-
mand Register. The second type of write protection
is based on the PCMCIA/JEIDA socket. Unique pin
length assignments provide protective power supply
sequencing during hot insertion and removal. The
third type operates via software control through the
Command Register when the card resides in its con-
nector. The Command Register of each zone is only
active when Vppqp is at high voltage. Depending
upon the application, the system designer may
choose to make Vppy2 power supply switchable—
available only when writes are desired. When Vpp1
= VppL, the contents of the register default to the
read command, making the iIMCO04FLKA a read-
only memory card. In this mode, the memory con-
tents cannot be altered.

The system designer may choose to leave Vppyp =
VppH, making the high voltage supply constantly
available. In this case, all Command Register func-
tions are inhibited whenever Vgg is below the write
lockout voltage, Vi ko- (See the section on Power
Up/Down Protection.) The iMCO04FLKA is designed
to accommodate either design practice, and to en-
courage optimization of the processor-memory card
interface.
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BUS OPERATIONS

Read

The iIMCO04FLKA has two control functions, both of -

which must be logically active, to obtain data at the
outputs. Card Enable (CE#) is the power control
and should be used for high and/or low zone(s) se-
lection. Output Enable (OE #) is the output control
and should be used to gate data from the output
pins, independent of accessed zone selection. In the
byte-wide configuration, only one CE# is required.
The word-wide configuration requires both CE #s ac-
tive low.

When Vpp» is high (Vppp), the read operations can
be used to access zone data and to access data for
write/erase verification. When Vppy» is low (Vppy),
only read accesses to the zone data are allowed.

Output Disable

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

Standby

With one Card Enable at a logic-high level, the
standby operation disables one-half of the x16 out-
put’s read/write buffer. Further, only the zone corre-
sponding to the selected address within the upper or
lower CE40# bank is active at a time. (NOTE: Ag
must be low to select the low half of the x16 word
when CE2# = 1 and CEq1# = 0.) All other zones
are deselected, substantially reducing card power
consumption. For deselected banks, the outputs are
placed in a high-impedance state, independent of
the Output Enable signal. If the iIMCO04FLKA is de-
selected during erasure, writing, or write/erase veri-

- fication, the accessed zone draws active current un-
til the operation is terminated.

Intelligent Identifier Command

The manufacturer- and device-codes can be read
via the Command Register, for instances where the
iMCO04FLKA is erased and rewritten in a universal

6-86

]

intal.
reader/writer. Following a write of 90H to a zone’s
Command Register, a read from address location
00000H on any zone outputs the manufacturer code

(89H). A read from address 0002H outputs the mem-
ory device code (BDH).

Write

Zone erasure and rewriting are accomplished via the
Command Register, when high voltage is applied to
Vpp12. The contents of the register serve as input to
that zone'’s internal state-machine. The state-ma-
chine outputs dictate the function of the targeted
zone.

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

The Command Register is written by bringing Write
Enable to a logic-low level (V).), while Card En-
able(s) is/are low. Addresses are latched on the fall-
ing edge of Write Enable, while data is latched on
the rising edge of the Write Enable pulse. Standard
microprocessor write timings are used.

Refer to AC Write Charcteristics and the Erase/
Write Waveforms for specific timing parameters.

COMMAND DEFINITIONS

When low voltage is applied to the Vpp pin(s), the
contents of the zone Command Register(s) default
to O0H, enabling read-only operations.

Placing high voltage on the Vpp pin(s) enable(s)
read/write operations. Zone operations are selected
by writing specific data patterns into the Command
Register. Tables 3 and 4 define these iIMCO04FLKA
register commands for both byte-wide and word-
wide configurations.

All commands written to the Command Register re-
quire that the Zone Address be valid or the incorrect
zone will receive the command. Any Command/
Data Write or Data Read requires the correct Valid
Address. B
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Table 2. Bus Operations

Pins Notes 9 L7 g | cE#, | CE#,| OE# | WE# | Dg-D1s |  Do-D7
Operation pp2 | Vep1
5 Read (x8) - 8 VepL | VepL | ViL| VIH ViL ViL Viy | Tri-state | Data Out-Even
3 | Read (x8) 9 VepL | VerL | VIH| VIH ViL | ViL | Vi | Tri-state | Data Out-Odd
| Read (x8) 10 [vppL [VeeL | X | Vi | Vin | Vi | vin | DataOut | Tri-state
E Read (x16) 11 | vep | VeeL | X | Vi | vie | viL | Vin | DataOut | Data Out
Output Disable VepL | VppL | X X X ViH | ViH | Tri-state | Tri-state
Standby VppL | VppL | X ViH VIH X X | Tri-state | Tri-state
Read (x8) 3,8 | Vppx [VPPH | ViL| VIH ViL ViL | Viy | Tri-state | Data Out-Even
Read (x8) 3,9 | VppH | VPpx | VIH| VIH ViL ViL | Vi | Tri-state | Data Out-Odd
w Read (x8) 10 [ VppH | VPpx | X ViL ViH ViL | Vi | DataOut | Tri-state
E Read (x16) 3,11 | VppH | VPPH | X ViL ViL ViL | Vi | Data Out | Data Out
§ Write (x8) 58 | Vepx | VPPH | ViL| VIH ViL Vi | ViL | Tri-state | Data In-Even
I.|<.l Write (x8) 9 Vepd | Vepx | VIH| VIH ViL Vig | ViL | Tri-state | Data In-Odd
& | Write (x8) 10 | Vppu |Veex | X | Vi | Vin | Vin | ViL | Datain | Tri-state
Write (x16) 11 VepH | VPPH | X ViL ViL ViH | ViL | Dataln | Dataln
Standby 4 VepH | VPR | X ViH ViH X X | Tri-state | Tri-state
Output Disable VepH | VPPH | X X X ViH ViL | Tri-state | Tri-state
NOTES:

1. Refer to DC Characteristics. When Vppy2 = VppL memory contents can be read but not written or erased.

2. Manufacturer and device codes may be accessed via a command register write sequence. Refer to Table 3. All other
addresses low.

3. Read operations with Vpp1» = Vppy may access array data or the Intelligent Identifier codes.

4. With Vpp1,2 at high voltage, the standby current equals Icc + Ipp (standby).

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

6. X can be V| or V|4.

7. Vppx = Vppy or VppL.

8. This x8 operation reads or writes the low byte of the x16 word on DQg_7, i.e., Ag low reads “‘even” byte in x8 mode.

9. This x8 operation reads or writes the high byte of the x16 word on DQg_7 (transposed from DQg_15), i.e., Ap high reads
“odd” byte in x8 mode.

10. This x8 operation reads or writes the high byte of the x16 on DQg_15. Ag is “‘don’t care.”

11. Ag is “don’t care,” unused in x16 mode. High and low bytes are presented simultaneously.
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Table 3. Command Definitions Byte-Wide Mode

First Bus Cycle Second Bus Cycle
Command Notes|Cycles .

Req’d | operation(1)| Address(2)| Data(3)| Operation(1)| Address(2)| Data(3)
Read Memory 1 Write RA 00H
Read Intelligent ID Codes| 4 3 Write 1A 90HT Read
Set-up Erase/Erase. 5 2 Write ZA 20H Write - ZA 20H
Erase Verify 5 2 Write EA AOH Read EA EVD
Set-up Write/Write 6 2 Write WA 40H ‘Write WA wD
Write Verify 6. 2 Write WA COH Read WA WVD
Reset 7 2 Write ZA FFH Write ZA FFH

Table 4. Command Definitions Word-Wide Mode
Bus First Bus Cycle Second Bus Cycle
Command Notes|Cycles

Req’d |operation(1)| Address(2)| Data(3)|Operation(1){ Address(2)| Data(3)
Read Memory 1 Write RA 0000H
Read Intelligent ID Codes| 4 3 Write 1A 9090H Read
Set-up Erase/Erase 5 2 Write ZA 2020H Write ZA 2020H
Erase Verify 5 2 Write " EA AOAOH Read EA EVD
Set-up Write/Write 6 2 Write WA 4040H Write WA WD
Write Verify 6 2 Write WA COCOH Read WA WVD
Reset 7 2 Write ZA FFFFH Write ZA FFFFH
NOTES:

1. Bus operations are defined in Table 2.
2.IA = Identifier address: 00H for manufacturer code, 01H for device code.
EA = Address of memory location to be read during erase verify.
RA = Read Address
WA = Address of memory location to be written.
ZA = Address of 256 Kbyte zones involved in erase operation.
Addresses are latched on the falling edge of the Write Enable pulse.
3.ID = Data read from location |A during device identification. (Mfr = 89H, Device = BDH).
EVD = Data read from location EA during erase verify.
WD = Data to be written at location WA. Data is latched on the rising edge of Write Enable.
WVD = Data read from location WA during write verify. WA is latched on the Write command.
Following the Read inteligent ID command, two read operations access manufacturer and device codes.
Figure 5 illustrates the Erase Algorithm. '
Figure 6 illustrates the Write Algorithm.
7. The second bus cycle must be followed by the desired command register write.
8. The Reset command operation on a zone basic, To reset entire Card, requires reset write cycles to each zone.

oo s
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Read Command

While Vpp4,2 is high, for erasure and writing, zone
memory contents can be accessed via the read
command. The read operation is initiated by writing
00H (0000H for the word-wide configuration) into the
zone Command Register(s). Microprocessor read
cycles retrieve zone data. The accessed zone re-
mains enabled for reads until the Command Regis-
ter(s) contents are altered.

The default contents of each zone’s register(s) upon

Vpp12 power-up is 00H (00000H for word-wide).
This default value ensures that no spurious altera-
tion of memory card contents occurs during the
Vpp12 power transition. Where the Vpp42 supply is
left at Vppy, the memory card powers-up and re-
mains enabled for reads until the command Register
contents of targeted zones are changed. Refer to
the AC Read Characteristics and Waveforms for
specific timing parameters.

Intelligent Identifier Command

Each zone of the iMCO04FLKA contains an Intelli-
gent Identifier to identify memory card device char-
acteristics. The operation is initiated by writing 90H
(9090H for word-wide) into the Command Regis-
ter(s) with Zone Address. Following the command
write, a read cycle from address 00000H retrieves
the manufacturer code 89H (8989H for word-wide).
A read cycle from ‘address 0002H returns the device
code BDH (BDBDH for word-wide). To terminate the
operation, it is necessary to write another valid com-
mand into the register(s).

Set-up Erase/Erase Commands

Set-up Erase stages the targeted zone(s) for electri-
cal erasure of all bytes in the zone. The set-up erase
operation is performed by writing 20H to the Com-
mand Register (2020H for word-wide) with Zone Ad-
dress.

To commence zone-erasure, the erase command
(20H or 2020H) must again be written to the regis-
ter(s). The erase operation begins with the rising
edge of the Write-Enable pulse and terminates with
the rising edge of the next Write-Enable pulse (i.e.,
Erase-Verify Command with zone address).

This two-step sequence of set-up followed by execu-
tion ensures that zone memory contents are not ac-
cidentally erased. Also, zone-erasure can only occur
when high voltage is applied to the Vppy. pins. in
the absence of this high voltage, zone memory con-

iMCO04FLKA

tents are .protected against erasure. Refer to AC
Erase Characterstics and Waveforms for specific
timing parameters.

Erase-Verify Command

The erase command erases all of the bytes of the
zone in parallel. After each erase operation, all bytes
in the zone must be individually verified. In byte-
mode operations, zones are segregated by Ag in
odd and even banks; erase and erase verify opera-
tions must be done in complete passes of even-
bytes-only then odd-bytes-only. See the Erase Algo-
rithm for byte-wide mode. The erase verify operation
is initiated by writing AOH (AOAOH for word-wide) into
the Command Register(s). The address for the
byte(s) to be verified must be supplied as it is
latched on the falling edge of the Write Enable
pulse. The register write terminates the erase opera-
tion with the rising edge of its Write Enable pulse.

The enabled zone 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. Similarly, reading FFFFH from the
addressed word indicates that all bits in the word are
erased.

The erase-verify command must be written to the
Command Register prior to each byte (word) verifi-
cation to latch its address. The process continues
for each byte (word) in the zone(s) until a byte (word)
does not return FFH (FFFFH) data, or the last ad-
dress is accessed.

In the case where the data read is not FFH (FFFFH),
another erase operation is performed. (Refer to Set-
up Erase/Erase.) Verification then resumes from the
address of the last-verified byte (word). Once all
bytes (words) in the zone(s) have been verified, the
erase step is complete. The accessed zone can now
be written. At this point, the verify operation is termi-
nated by writing a valid command (e.g., Write Set-
up) to the Command Register. The Erase algorithms
for byte-wide and word-wide configurations illustrate
how commands and bus operations are combined to
perform electrical erasure of the iIMCO01FLKA. Re-
fer to AC Erase Characteristics and Waveforms for
specific timing parameters.

Set-up Write/Write Commands

Set-up write is a command-only operation that
stages the targeted zone for byte writing. Writing
40H (4040H) into the Command Register(s) per-
forms the set-up operation.
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Once the write set-up operation is performed, the
next Write Enable pulse causes a transition to an
active write operation. Addresses are internally
latched on the falling edge of the Write Enable
pulse. Data is internally latched on the rising edge of
the Write Enable pulse. The rising edge of Write En-
able also begins the write operation. The write oper-
ation terminates with the next rising edge of Write
Enable, which is used to write the verify command.
Refer to AC Write Characteristics and Waveforms
for specific timing parameters.

Write Verify Command

The iIMCO04FLKA is written on a byte-by-byte or
word-by-word basis. Byte or word writing may occur
sequentially or at random. Following each write op-
eration, the byte or word just written must be veri-
fied.

The write-verify operation is initiated by writing COH
(COCOH) into the Command Register(s) with the cor-
rect address. The register write(s) terminate(s) the

write operation with the rising edge of its Write En- -

able pulse. The write-verify operation stages the ac-
cessed zone(s) for verification of the byte or word
last written. The zone(s) apply(ies) an internally-gen-
erated margin voltage to the byte or word. A micro-
processor read cycle outputs the data. A successful
comparison between the written byte or word and
true data means that the byte or word is successfully
written. The write operation then proceeds to the
next desired byte or word location. The Write algo-
rithms for byte-wide and word-wide configurations il-
lustrate how commands are combined with bus op-
erations to perform byte and word writes. Refer to
AC Write Characteristics and Waveforms for specific
timing parameters.

Reset Command

A reset command is provided as a means to safely
abort the erase- or write-command sequences. Fol-
lowing either set-up command (erase or write) with

6-90

a

intal.
two consecutive writes of FFH (FFFFH for word-
wide) will safely abort the operation. Zone memory
contents will not be altered. A valid command must

then be written to place the accessed zone in the
desired state.

EXTENDED ERASE/WRITE CYCLING

Intel has designed extended cycling capability into
its ETOX Il flash memory technology enabling a
flash memory card with a MTBF that is many times
more reliable than rotating disk technology. Result-
ing improvements in cycling reliability come without
increasing 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 minimizes
the probability of oxide defects in the region. The
lower electric field greatly reduces oxide stress and
the probability of failure.

WRITE ALGORITHMS

The write algorithm(s) use write operations of 10 us
duration. Each operation is followed by a byte or
word verification to determine when the addressed
byte or word has been successfully written. The al-
gorithm(s) allows for up to 25 write operations per
byte or word, although most bytes and words verify
on the first or second operation. The entire se-
quence of writing and byte/word verification is per-
formed with Vpp at high voltage.

ERASE ALGORITHM

The Erase algorithm(s) vyield(s) fast and reliable
electrical erasure of memory contents. The algo-
rithm employs a closed-loop flow, similar to the write
algorithm, to simultaneously remove charge from all
bits in the accessed zone(s).

Erasure begins with a read of memory zone con-
tents. Reading FFH (FFFFH) data from the ac-
cessed zone(s) can be immediately followed by writ-
ing to the desired zone(s).
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For zones being erased and rewritten, uniform and
reliable erasure is ensured by first writing all bits in
the accessed zone to their charged state (data =
00H byte-wide, 00000H word-wide). This is accom-
plished, using the write algorithm, in approximately
four seconds per zone.

Erase execution then continues with an initial erase
operation. Erase verification (data = FFH byte-wide,
FFFFH word-wide) begins at address 00000H and
“continues through the zone to the last address, or
until data other than FFH (FFFFH) is encountered.

iMCO04FLKA

(Note: byte-wide erase operation requires separate
even- and odd-address passes to handle the individ-
ual 256 Kbyte zones.) With each erase operation, an
increasing number of bytes or words verify to the
erased state. Erase efficiency may be improved by
storing the address of the last byte or word verified
in a register(s). Following the next erase operation,
verification starts at the stored address location. Fol-
low this procedure until all bytes in the zone are
erased. Then, re-start the procedure for the next
zone or word-wide zone pair. Erasure typically oc-
curs in two seconds per zone.

‘ START ’

A

INITIALIZE SIZE
AND NUMBER OF ZONES
ZONE L=0
. ZONEH=1

N

| ERASE ZONES L,H l

ERASURE

COMPLETE
?

[ INCREMENT ZONES L,H

ALL |
ZONES
ERASED
?

Y
ERASURE
COMPLETE

Figure 3. Full Card Erase Flow

A 4

ERASURE
ERROR

290388-3
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START WRITING
1]

>

A 4

‘ PLSCNT =0 I

WRITE SET-UP
WRITE CMD + ADDRESS

WRITE

TIME OUT 10 uS

WRITE
VERIFY CMD + ADDRESS

TIME OUT 6 uS

READ DATA
FROM DEVICE

VERIFY
DATA

Y

LAST
ADDRESS
?

INCREMENT
ADDRESS

Y

READ CMD

A 4

I APPLY |

Vep (2]

APPLY
Vep[2]

v

!

WRITING
COMPLETED

WRITE
ERROR

NOTES:

VppL.

290388-4

1. CAUTION: The algorithm MUST BE FOLLOWED to
ensure proper and reliable operation of the device.
2. See DC Characteristics for the value of Vppy and

Bus Command Comments
Operation
Standby Wait for Vpp ramp
to Vppy (= 12.0Vv) @
Initialize pulse-count
Write Set-up Data = 40H
. Write + Valid Address
Write Write Valid address/data
Standby Duration of Write
Operation (twHwH1)
Write Write(3) Data = COH at Valid
Verify Address; Stops (4)
Write Operation
Standby twHGL
Read Read byte to verify
! Write Operation
at Valid Address
Standby Compare data output
to data expected
Write Read Data = OOH, resets the
register for read
operations.
Standby Wait for Vpp ramp
to Vpp (@

3. Write Verify is only performed after a byte write oper-
ation. 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 4. Write Algorithm for Byte-Wide Mode
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Bus .
START
ERASURE [1] Operation Command Comments
Standby Wait for Vpp ramp to Vppy (= 12.0V)(2)
N
WRITE ALL
BYTES TO 00H Use with Write Operation Algorithm
Initialize even/odd Addresses, Erase Pulse
Width, and Pulse Count
ADDR = 00000H
TEW= 10ms-
PLSCNT =0
00D =0 . .
ADDR = 0000 1H T
—» PLSCNT=0 > <
0DD= 1
WRITE ERASE Write Set-up Data = 20H + Address
SET-UP CMD + ADDRESS Erase
WRITE Write - | Erase Data = 20H + Address
ERASE CMD + ADDRESS
Standby Duration of Erase operation (twHwH2)
Write Erase Addr = Byte to verify;
VERIFY CMD Verify(3) Data = AOH; Stops
Standby Erase Operation(4) twHaL
L s READ DATA Read Read byte to verify erasure at address
FROM DEVICE
’ N
INC
PLSCNT, Standby Compares output to FFH increment pulse
3000 2 count
Y
INCREMENT
ADDRESS + 2
Write Read Data = O0H, resets the register for read
READ CMD' operations.
A 4
APPLY APPLY Standby Wait for Vpp ramp to Vpp (2)
Vep [2] | | Vep [2] I i
ERASURE ERASE
COMPLETED ERROR
290388-5
NOTES:
1. CAUTION: The algorithm MUST BE FOLLOWED to 3. Erase Verify is only performed after a chip erasure. A
ensure proper and reliable operation of the device. final read/compare may be performed (optional) after
2. See DC Characteristics for the value of Vppy and the register is written with the Read command.
VppL 4. Refer to principles of operation.

Figure 5. Erase Algorithm for Byte-Wide Mode
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In

Start Write
Operation
| Apply Vppy |

[g—

|  Get ADRS/W_DAT |

v
Initialize:
V_DAT =W_DAT PLSCNT_HI=0
W_COM = 4040H PLSCNT_LO=0
V_COM =COCOH FLAG=0

P 8 &

b 4 <

Write ADRS/V_DAT
Time Out 10 uS

Write ADRS/V_COM

Time Out 6 uS

Read ADRS/F_DAT

F_DAT = W_DAT
?

More Data
?

Write ADRS/W_COM + VALID ADDRESS I

F N

High/Low Byte
Compare & Mask
Subroutine

-

\ 4

| write READ_COM |

Write READ_COM

AT

ApPly Vpp

Write
Complete

Write \
Error

290388-6

Comments

Wait for Vpp ramp to Vppy

ADRS = address to write
W__DAT = data word to write

Initialize Data Word Variables:
V_DAT = valid data
W_COM = Write Command
V_COM = Write Verify Command
PLSCNT_H! = HI Byte Pulse Counter
PLSCNT_LO = LO Byte Pulse Counter
FLAG = Write Error Flag
Write Set-up Command
Address needs to be Valid
Write

See Write Verify and Mask Subroutine

Write Verify Command

F_DAT = flash memory data

Compare flash memory data to valid data
(word compare). If not equal, check for
Write Error flag. If Flag not set, compare
High and Low Bytes in the Subroutine.

Check buffer of 1/0 port for more data to write

Reset device for read operation

Turn off Vpp

Figure 6. Write Algorithm for Word-Wide Mode
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START
SUBROUTINE

| LO-BYTE = (F_DAT AND 0OFFH) |

LO-BYTE =
V_DAT AND OOFFH
?

W_COM = (W_COM OR OOFFH)
V_DAT = (V_DAT OR OOFFH)
V_COM = (V_COM OR OOFFH)

I INCREMENT PLSCNT_LO

PLSCNT_LO=25 ?

N

FLAG=1

&
<

W_COM = (W_COM OR FFOOH)
V_DAT = (V_DAT OR FFOOH)
V_COM = (V_COM OR FFOOH)

A4

SUBROUTINE
RETURN

290388-7

Comments

To look at the LO Byte,
Mask* the HI Byte with
00

If the LO Byte verifies,
mask the LO Byte
commands with the reset
command (FFH)

If the LO Byte does not
verify, then increment its
pulse counter and check
for max count

FLAG = 1 denotesa LO
Byte error

Repeat the sequence for
the HI Byte

FLAG = 2 denotes a HI
Byte error

FLAG = 3 denotes both
a Hl and LO Byte errors.
Flag = 0 denotes no
max count errors;
continue with algorithm.

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data
(F__DAT), the program commands and the verify commands. Then manipulate the HI or LO register contents.

Figure 7. Write Verify and Mask Subroutine for Word-Wide Mode
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Comments

START
ERASURE

APPLY Vppy

WRITE ALL DEVICES ’ Usefwmefoperatlon algorithm in x8 or x16
10 OOH configuration

Wait for Vpp to stabilize.

Initialize Variables:

PLSCNT__HI = HI Byte Pulse Counter
INTIALIZE: _ PLSCNT_LO = LO Byte Pulse Counter
PLSCNT_HI =0 FLAG=0 FLAG = Erasure error flag
PLSCNT_LO=0 E_COM = 2020H ADRS = Address
ADRS=0 V_COM = AOAOH E_COM = Erase Command
Iy < V_COM = Verify Command

Erase Set-up Command

WRITE ADRS/E_COM
WRITE ADRS/E_COM

TIME OUT 10 mS

Start Erasing

Duratipn of Erase Operation

I

v : '
| Write ADRS/V_COM I Erase Verify Command stops erasure

BLOCK ERASE rify & Mask Subroutin
VERIEY & MasK See Block Erase Verify & Mask Subroutine

SUBROUTINE

When both devices at ADRS are erased,
F_DATA = FFFFH. If not equal, increment
the pulse counter and check for last pulse

FLAG=0 ?

Y
Reset commands default to
RESET V_COM, E_COM (E_COM = 2020H) (V_COM = AOAOH)
before verifying next ADRS
INCREMENT ADRS
LAST ADDRESS
?
Y v
| wrmE READ_coM | | WRITE READ_COM | Reset device for read operation
_v K '
| APPLY Vo | | APPLY Vpp, | Turn off Vpp
ERASURE ERASE
COMPLETE ERROR

290388-8

" NOTE: :
X16 Addressing uses Aj—Azq only. Ag = 0 throughout word-wide operation.

Figure 8. Erase Algorithm for Word-Wide Mode
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[ Time Out 6 uS I

| Read ADRS/F_DATA |

F_DATA =FFFFH?

| Lo_Byte = (F_DATA and (00FFH)|

Y
LO_Byte=FFH?

E_COM = (E_COM or O0FFH)
) |

| V_COM =(V_COM or 00FFH

N
| INCREMENT PLSCNT_LO |

FLAG=FLAG+ 1

HI_Byte = FFOOH ?

E_COM =(E_COM or FFOOH)
V_COM =(V_COM or FFOOH)

| INCREMENT PLSCNT_HI |

Y

A

SUBROUTINE
RETURN

290388-9

Comments

This subroutine reads the data
word (F_DATA). It then masks
the HI 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 HI Byte with O0H.

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

If the LO Byte does not verify,
then increment its pulse counter
and check for max count. FLAG
= 1 denotes a LO Byte error.

Repeat the sequence for the HI
Byte.

" Flag = 2 denotes a HI Byte error.

Flag = 3 denotes both a Hl and
LO Byte errors. FLAG = 0
denotes no max count errors;
continue with algorithm.

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data
(F_DAT), the program commands and the verify commands. Then manipulate the HI or LO register contents.

Figure 9. Erase Verify and Mask Subroutine for Word-Wide Mode
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SYSTEM DESIGN CONSIDERATIONS

Three-Line Control

Three-line control provides for:
a. the lowest possible power dissipation and.

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

To efficiently use these three control inputs, an ad-
dress-decoder output should drive CE4, o#, while
the system’s Read signal controls the card OE # sig-
nal, and other parallel zones. This, coupled with the
internal zone decoder, assures that only enabled
memory zones have active outputs, while deselect-
ed zones 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 issues—stand-
by, active and transient current peaks, produced by
falling and rising edges of CEy»#. The capacitive
and inductive loads on the card and internal flash
memory zones determine the magnitudes of these
peaks.

Three-line control and proper decoupling capacitor
selection will suppress transient voltage peaks. The
iMCOO4FLKA features on-card ceramic decoupling
capacitors connected between Vg and Vsg, and
between Vpp1/Vppo and Vgs.

6-98
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The card connector should also have a 4.7 uF elec-
trolytic capacitor between Vgc and Vgg, as well as
between Vpp1/Vpp2 and Vgs. The bulk capacitors
will overcome voltage slumps caused by printed-cir-

cuit-board trace inductance, and will supply charge
to the smaller capacitors as needed.

Power Up/Down Protection

The PCMCIA/JEIDA socket is specified, via unique
Pin lengths, to properly sequence the power sup-
plies to the flash memory card. This assures that hot
insertion and removal will not result in card damage
or data loss.

Each zone in the iIMCO04FLKA is designed to offer
protection against accidental erasure or writing,
caused by spurious system-level signals that may
exist during power transitions. The card will power-
up into the read state.

A system designer must guard against active writes
for Vg voltages above Vi ko when Vpp is active.
Since both WE# and CE4 »# must be low for a
command write, driving either to V4 will inhibit
writes. With its control register architecture, altera-
tion of zone contents only occurs after successful
completion of the two-step command sequences.

While these precautions are sufficient for most appli-
cations, it is recommended that Vg reach its steady
state value before raising Vpp4, above Vcc + 2.0V.
In addition, upon powering-down, Vpp4» should be
below Voo + 2.0V, before lowering Vce.
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Absolute Maximum Ratings* NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

Operating Temperature - - P
pDuringgReadF., ................ 0°Cto + 60°C(1) *WARNING: Stressing the device beyond the “Absolute

. . o o Maximum Ratings” may cause permanent damage.
During Erase/Write .............. 0°Cto + 60°C These are stress ratings only. Operation beyond the

Temperature Under Bias . ........ —10°Cto +70°C “Operating Conditions” is not recommended and ex-
Storage Temperature. ............ —30°C to +70°C tended exposure beyond the “Operating Conditions”
Voltage on Any Pin with may affect device reliability.

Respectto Ground ............ —2.0Vto +7.0vd

Vpp1/Vpp2 Supply Voltage with
Respect to Ground

During Erase/Write......... —2.0Vto +14.0V(23)
Vcc Supply Voltage with .
Respectto Ground ........... —2.0Vto +7.0v(@
NOTES:

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 Vo + 0.5V, which may overshoot to Vg + 2.0V for
periods less than 20 ns.

3. Maximum DC input voltage on Vpp1/Vppa may overshoot to + 14.0V for periods less than 20 ns.

OPERATING CONDITIONS

Limits .
Symbol Parameter Unit Comments
Min Max
Ta Operating Temperature 0 60 °C For Read-Only and
Read/Write Operations
Vee Vcc Supply Voltage 4.75 5.25 v
VepH Active Vppq, Vpp2 11.40 12.60 \
Supply Voltages
VppL Vpp During Read Only 0.00 6.50 \
Operations
DC CHARACTERISTICS—Byte Wide Mode
: Limits . .
Symbol Parameter Notes Unit Test Conditions
Min | Typical | Max
I Input Leakage Current 1,4 +1.0 | £20| pA [ Voo = Voo max
ViN = Vecor Vss
Lo Output Leakage Current 1 +1.0 | £20| pA | Vgg = Voo max
Vout = VccorVss
lccs Vcc Standby Current 1 0.8 1.6 | mA | Vog = Vg max, CE = Vgg £0.2V
: 4 7 | mA |CE# = V|, Vcc = Voo max
lcct Vcc Active Read Current| 1,2 40 70 | mA | Voo = Veomax CE# = V)
f = 6 MHz, loyT = 0 mA
lcc2 Vcc Write Current 1,2 5.0 15 | mA | Writing in Progress
lcca Vg Erase Current 1,2 10 20 | mA | Erasure in Progress
lcca Ve Write Verify Current | 1,2 10 20 | mA | Vpp = VppH
Write Verify in Progress
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DC CHARACTERISTICS—Byte Wide Mode (Continued)

intgl.

Limits ‘
Symbol Parameter Notes Unit Test Conditions
Min | Typical Max
lccs Ve Erase Verify Current | 1,2 10 20 mA | Vpp = VppH
Erase Verify in Progress
Ipps Vpp Leakage Current 1 +80 MA | Vpp < Voo
Ipp1 Vpp Read Current 1,3 0.7 1.6 mA | Vpp > Voo
or Standby Current +0.08 Vep < Voo
Ipp2 Vpp Write Current 1,3 8.0 30 mA | Vpp = VppH
. Write in Progress
Ipp3 Vpp Erase Current 1,3 10 30 mA | Vpp = VppH
Erasure in Progress
Ipp4 Vpp Write Verify Current | 1,3 3.0 6.0 mA | Vpp = VppH
Write Verify in Progress
Ipps Vpp Erase Verify Current | 1,3 3.0 6.0 mA | Vpp = VppH
Erase Verify in Progress
ViL Input Low Voltage —0.5 0.8 \"
VIH Input High Voltage 24 Vcc £ 03 V
VoL Output Low Voltage 0.40 V |loL =32mA
Vce = Ve min
VoH1 Output High Voltage 3.8 V |loy= —20mA
Vce = Ve min
VppL Vpp During Read-Only 0.00 6.5 V | Note: Erase/Write are
Operations Inhibited when Vpp = Vppp
VppH | Vpp During Read/Write 11.40 1260 | V
Operations
Viko Vee Erase/Write Lock 25 \"
Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = 25°C.
2. 1 chip active and 15 in standby for byte-wide mode.
3. Assumes 1 Vpp is active.
4. Due to 100 kQ pull up resistors, OE#, CE{ #, CE2# and WE# will exhibit < 55 pA of additional I when V| = Vgs.

DC CHARACTERISTICS—Word Wide Mode

Symbol Parameter Notes Limits Unit Test Conditions
Min | Typical | Max
Iu Input Leakage Current 1,4 +1.0 | £20| pA [Vee = Voo max
: VIN = Vccor Vss
ILo Output Leakage Current| 1 +1.0 | £20| pA [ Voo = Voo max
' ' Vout = Vcc or Vss
lccs Vcc Standby Current 1 0.8 1.6 | mA | Voc = Voo max, CE# = Vgg £0.2V
4 7 | mA |CE# = Vi, Vgc = Voo max
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DC CHARACTERISTICS—Word Wide Mode (Continued)
Limits
Symbol Parameter Notes Unit Test Conditions
Min | Typical Max
lcct Ve Active Read Current| 1,2 50 100 mA | Vgc = Voo max CE# = V|
f = 6 MHz, loyT = 0 mA
lcc2 Ve Write Current 1,2 5.0 25 mA | Writing in Progress
lccs Vcc Erase Current 1,2 15 30 mA | Erasure in Progress
lcca Ve Write Verify Current | 1,2 15 30 mA | Vpp = VppH
Write Verify in Progress
lces Ve Erase Verify Current | 1,2 15 30 mA | Vpp = Vppy
Erase Verify in Progress
Ipps Vpp Leakage Current 1 +160 mA | Vpp < Voo
Ipp1 Vpp Read Current 1,3 1.5 3.0 ‘mA | Vpp > Ve
or Standby Current +.16 Vpp £ Vco
Ipp2 Vpp Write Current 1,8 17 63 mA | Vpp = Vppy
Write in Progress
Ipp3 Vpp Erase Current 1,3 20 60 mA | Vpp = Vppy
Erasure in Progress
Ipp4 Vpp Write Verify Current | 1,3 5.0 12 mA | Vpp = VppH
Write Verify in Progress
Ipps Vpp Erase Verify Current | 1,3 5.0 12 mA | Vpp = VppH
Erase Verify in Progress
ViL Input Low Voltage —-0.5 0.8 \
Vi4 Input High Voltage 2.4 Vg £ 03|V
VoL Output Low Voltage 0.40 V {loL=382mA
’ Vce = Ve min
VoH1 Output High Voltage 3.8 V lloy = —2.0mA
Vce = Ve min
VppL Vpp During Read-Only - 0.00 6.5 V | Note: Erase/Write are
Operations Inhibited when Vpp = Vpp
VppH Vpp During Read/Write 11.40 12.60 Vv
Operations
Viko Vcc Erase/Write Lock 25 \"
Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. Typical values at Vg = 5.0V, Vpp = 12.0V, T = 25°C.
2. 2 chips active and 14 in standby for word-wide mode.
3. Assumes 2 Vppg are active.
4. Due to 100 kQ pull up resistors, OE#, CEq #, CEp#, and WE# will exhibit < 55 pA of additional I | when V|y = Vss.
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CAPACITANCE T = 25°C, f = 1.0 MHz

In

. Limits
Symbol Parameter Notes Unit | Conditions
Min | Max
CiNt Address Capacitance 40 pF | V=0V
Cin2 Control Capacitance 40 pF | ViN =0V
Cout Output Capacitance 40 pF | Voutr = 0V
Ciro 1/0 Capacitance 40 pF | Vijo = 0V
AC TEST CONDITIONS
Input Rise and Fall Times (10% t0 90%). ..... 10 ns
InputPulse Levels ................. VoL and VoH1
Input Timing Reference Level .......... ViLand Vi
Output Timing Reference Level ........ ViLand Vi4
AC CHARACTERISTICS—Read-Only Operations
Symbol Characteristic Notes Min Max Unit
tavav/trc Read Cycle Time 2 - 200 ns
teLav/tce Chip Enable Access Time 2 200 ns
tavav/tacc Address Access Time 2 200 ns
taLav/toe Output Enable Access Time 2 100 ns
teLax/tLz Chip Enable to Output 2 5 ‘ ns
inLowZ
teHQZ Chip Disable to Output 2 60 ns
in High Z
tgLax/toLz Output Enable to Output 2 5 ns
in Low Z ‘
teHQz/toF Output Disable to Output 2 60 ns
in High Z
toH Output Hold from Address, - 1,2 5 ns
CE#, or OE# Change
twWHGL Write Recovery Time 2 6 us
before Read

NOTES:
1. Whichever occurs first.
2. Rise/Fall Time < 10 ns.
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Vee POWER-UP/ DEVICE AND STANDBY/

STANDBY ADDRESS SELECTION OUTPUTS ENABLED DATA VALID Vec POWER-DOWN
45
ADDRESSES W ADDRESS STABLE X
45
tavav (re)
CE# (E#) \ /
‘c
5
=teHaz |
OE# (G#) \ /
) rqa
45
twhoL tnaz (tor)
WE# (W#) torav Clog)
terav (tee)
torax (torz) l‘-—
—terox () —= foH

L5

L<§<<ZL VALID 0UTPUT ; \- \ HCH 2
VAT [#

——————tavav (tacc) ————

5.0v
b _/ \_
ov - .

290388-10

DATA (DQ) Hen?

b

oy

NOTE:
CE# refers to CE4, o#.

Figure 10. AC Waveforms for Read Operations
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AC CHARACTERISTICS—For Write/Erase Operations

Symbol Characteristic Notes Min ‘Max Unit
tavav/twe Write Cycle Time 1,2 200 ns
tavwL/tas Address Set-up Time 1,2 0 ns
twLax/taH Address Hold Time 1,2 100 ns
tovwH/tos Data Set-up Time 1,2 80 ns
twHDX/tDH Data Hold Time 1,2 30 ns
tWHGL Write Recovery Time before Read 1,2 us
tGHWL 'Read Recovery Time before Write 1,2 us
twLoZ Output High-Z from Write Enable 1,2 ns
twHOZ Output Low-Z from Write Enable 1,2 60 ns
teLwi/tcs Chip Enable Set-up Time before Write 1,2 40 ns
twHERH/tcH Chip Enable Hold Time 1,2 0 ns
twLwH/twp Write Pulse Width 1,2 100 ns

tWHWL/tWPH Write Pulse Width High 1,2 20 ns
tWHWH1 Duration of Write Operation 1,2,3 10 us
twHWH2 Duration of Erase Operation 1,2,3 9.5 ms
tvpPEL Vpp Set-up Time 1,2 100 ns
to Chip Enable Low
NOTES:

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

2. Rise/Fall time < 10 ns.

3. The integrated stop timer termmates the write/erase operations, thereby eliminating the need for a maximum specifica-
tion.

ERASE/WRITE PERFORMANCE

Parameter Notes Min Typ Max Unit

Zone Erase Time 1,3,4 2.0 30 sec

Zone Write Time 1,2,4 . 4.0 ' 25 sec

MTBF 5 10(6) ' o Hrs
NOTES:

1. 25°C, 12.0V Vpp.

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

3. Excludes O0H writing Prior to Erasure.

4. One zone equals 256 Kbytes.

5. MTBF — Mean Time between Failure, 50% failure point for disk drives.
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WRITE
Vec POWER-UP & SET-UP WRITE WRITE COMMAND VERIFY WRITE - STANDBY/
STANDBY COMMAND LATCH ADDRESS & DATA WRITING COMMAND VERIFICATION Vec POWER-DOWN
— ><><X <§<X m
[ tavav (twe) tavav (tuc) 1 = tavav (twe) [*—tavav (tre) =1
= tavwe 1 () = tavwL "‘_’J( () 1 .
wiax (tan wiax (tan AVWL |ty ax (tan) | —
coen \ f \ / \
teuwe fo—el  twren{ |- e | ety -~ when tenaz
(tew) ( ) (s) I~ (tey) Ha
CH tes) (ten tes ten
‘«
55
OE# (G¥) \ ' / \
thaz (tor)
[ tonwe [~ twnwe twHwH1 twhot az (o

e
e},

WE# (W#)

bk
—

1,
twLwh twiwn atav (o)

twiwn
e twhox e twx 1 twhox
tovwn Yovwn tovwn Deywg lon=]
A
HIGH Z DATA N - Jlnm WX (tor2) 4 ‘l’)‘A';T
=con

DATA (DQ) =40 A
J A 7 terox (7). Nl

(=4040H for word wide mode) (=COCOH for word wide mode)
tecav (teg)

5.0v

cc
ov

~

tvpeL

12.0v

Vep

-

VepL

290388-11

NOTE:
CE# refers to CEq, o#.

Figure 11. AC Waveforms for Write Operations

.
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in

(<]

Ve POWER-UP &
STANDBY

- SET-UP ERASE

COMMAND

ERASE COMMAND

ERASING

ADDRESSES ><><X

0N

[ tavav (twe)

tavav (twe)

1 [*tavav (twe)

ERASE
VERIFY ERASE
COMMAND VERIFICATION
[*—tavav (tre) —

Vec POWER-DOWN

JJ8

STANDBY/

/

CE# refers to CE#4, ».

f
t (trg) AVWL [y (tyg)
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Figure 12. AC Waveforms for Erase Operations
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ALTERNATIVE CE #-CONTROLLED WRITES
Symbol Characteristic Notes Min Max Unit
tavAv Write Cycle Time 200 ' ns
tAvEL Address Set-up Time 0 ns
tELAX Address Hold Time 100 ns
tbvEH Data Set-up Time 80 ns
teHDX Data Hold Time 30 ns

" tEHGL Write Recovery Time before Read us
tGHEL Read Recovery Time before Write ns
twLEL Write Enaple Set-Up Time 0 ns
before Chip-Enable

tEHWH Write Enable Hold Time 0 ns
tELEH Write Pulse Width 1 100 ns
tEHEL Write Pulse Width High 20 ns
v | lmsemiee .

NOTES:

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

inactive Write Enable times should be measured relative to the Chip Enable waveform.
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ORDERING INFORMATION

CIIMICIoTo 2T F [LIKTAL: TSI B IX IXIXIXIX]

L It JL ] 1 ]

L CUSTOMER IDENTIFIER

A= REVISION

K= WORD-WIDE
ARCHITECTURE

FL=FLASH

004 = 4 MEGABYTE
DENSITY IN MEGABYTES

MC = MEMORY CARD

i=INTEL
, = PACKAGE PLACEHOLDER
200388-14
ADDITIONAL INFORMATION ORDER NUMBER
ER-20, “ETOX Il Flash Memory Technology” 294005
RR-60, “ETOX |l Flash Memory Reliability Data Summary” 293002
AP-343, “Solutions for High Density Applications using Flash Memory” 292079
RR-70, “Flash Memory Card Reliability Data Summary” 293007

REVISION HISTORY

Number Description

03 Removed PRELIMINARY

Removed ExCA Compliance Section

Clarified need for Valid Address during Commands
Corrected Vpp = Vppy in Erase Algorithm
Increased Icc2—-Iccs D.C. Current Specifications for
both Byte-Wide and Word-Wide modes.

Revised and updated Application Section discussion
Changed order number

04 Change signals with “_" to “#”
Change T/C values
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iMCO002FLKA
2-MBYTE FLASH MEMORY CARD
m Inherent Nonvolatility (Zero Retention m Write Protect Switch to Prevent
Power) Accidental Data Loss
— No Batteries Required for Back-up m Command Register Architecture for
m High-Performance Read . Microprocesssor/Microcontroller
— 200 ns Maximum Access Time Compatible Write Interface
m CMOS Low Power Consumption m ETOX™M || Flash Memory Technology
— 25 mA Typical Active Current (X8) — 5V Read, 12V Erase/Write
— 400 pA Typical Standby Current — High-Volume Manufacturing
m Flash Electrical Zone-Erase Experience
— 2 Seconds Typical per 256 Kbyte m PCMCIA/JEIDA 68-Pin Standard
Zone — Byte- or Word-wide Selectable
— Multiple Zone-Erase m Independent Software & Hardware
m Random Writes to Erased Zones Vendor Support
- —10 ps Typical Byte Write — Integrated System Solution Using

Flash Filing Systems

Intel's IMCO02FLKA Flash Memory Card is the removable solution for storing and transporting important user
data and application code. The combination of rewritability and nonvolatility make the Intel Flash Memory Card
ideal for data acquisition and updatable firmware applications. Designing with. Intel’s Flash Memory Card
enables OEM system manufacturers to produce portable and dedicated function systems that are higher
performance, more rugged, and consume less power.

The iIMCO02FLKA conforms to the PCMCIA 1.0 international standard, providing standardization at the hard-
ware and data interchange level. OEMs may opt to write the Card Information Structure (CIS) at the memory
card’s address 00000H with a format utility. This information provides data interchange functional capability.
The 200 ns access time allows for “execute-in-place” capability, for popular low-power microprocessors.
Intel’s 2-MByte Flash Memory Card operates in a byte-wide and word-wide configuration providing perform-
ance/power options for different systems. :

Intel’'s Flash Memory card employs Intel’s ETOX |l Flash Memories. Filing systems, such as Microsoft’s* Flash
File System (FFS), facilitate data file storage and card erasure using a purely nonvolatile medium in the DOS
environment. Flash filing systems, coupled with the Intel Flash Memory Card, effectively create an all-silicon
nonvolatile read/write random access memory system that is more rellable and higher performance than disk-
based memory systems.

*Microsoft is a trademark of Microsoft Corp.

) March 1994
6-110 Order Number: 290412-003
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54.0£0.1mm i i 3.34£0.1mm
| |
| | | . F
G . ) G . N
[ 1
£
3
o
o
] l -
©
wn
«©
E E
E fl £ '
] =]
2 2
\S E J \ , 28
FRONT SIDE
BACK SIDE
290412-1
1 GND 18 Vpp1 35 GND 52 Vpp2
2 D3 19 Ats 36 CDqy# 53 NC
3 Dy 20 Ais 37 D14 54 NC
4 Ds 21 Aq2 38 D12 55 NC
5 De 22 A7 39 D13 56 NC
6 Dy 23 Ag 40 D14 57 NC
7 CEq# 24 Asg 41 D15 58 NC
8 Aqg 25 Ay 42 CEo# 59 NC
9 OE# 26 A3 43 NC 60 NC
10 Aqq 27 Ao 44 NC 61 REG #
11 Ag 28 Aq 45 NC 62 BVD,#2
12 Ag 29 Ag 46 A7 63 BVD, #2
13 A3 30 Do 47 A1g 64 Dg
14 A4 31 Dy 48 A1g 65 Dg
15 WE # 32 Do 49 Agg 66 D1o
16 NC 33 WP . 50 NC 67 CDo#
17 Vee 34 GND 51 Veo 68 GND
NOTES: }
1. REG# = register memory select = No Connect (NC), unused. When FIEG# is brought low, PCMCIA/JEIDA stan~
dard card information structure data is expected. This is accomplished by formatting the card with this data.
2. BVD# = battery detect voltage = Pulled High through Pull-Up Resistor.

Figure 1. iMCO02FLKA Pin Configurations
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) Table 1. Pin Description
Symbol Type Name and Function

Ao-Azo | ADDRESS INPUTS for memory locations. Addresses are internally latched
during a write cycle.

Do-D15 1710 DATA INPUT/OUTPUT: Inputs data during memory write cycles; outputs
data during memory read cycles. The data pins are active high and float to tri-
state OFF when the card is deselected or the outputs are disabled. Data is
internally latched during a write cycle.

CEq#, CEx# | CARD ENABLE: Activates the card’s high and low byte control logic, input
buffers, zone decoders, and associated memory devices. CE # is active low;
CE # high deselects the memory card and reduces power consumption to
standby levels.

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

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

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

Vpp1, Vpp2 ERASE/WRITE POWER SUPPLY for writing the command register, erasing
the entire array, or writing bytes in the array.

Vee DEVICE POWER SUPPLY (5V +5%).

GND GROUND '

CD4#,CDo# o CARD DETECT. The card is detected at CD4,2# = ground.

WP O | WRITE PROTECT. All write operations are disabled with WP = active high.

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

BVD; #, BVDo # (0] BATTERY VOLTAGE DETECT. NOT REQUIRED.

6-112




iMCO02FLKA

®
Bo-Dis Dg=Dis
D -
1/0 TRANS- |2 5
WE# CEIVERS | we#
AND
# #
DE* 1 purrers  FE
WP
Vee v oo s
0——0 .
)
— \—WRITE PROTECT
SWITCH
Ag Ao A7
A -A
1=A20 | ADDRESS
e ¥ BUFFERs | CEHo#-CEH3 #
2 AND
CE, # DECODERS | gy o #-CeLy#
28F020 28F020
1% A7 Do-D; [ —{40-A17 Dg~Dys [
H—] CE# 70 +—] CE# 71
REGE WE# WE#
co, #
—_— OE# OE#
CDy # Vss Vec Vepi Vss Vec Vep2
27
CARD DETECT
14217 Do-D; [ {40417 Dg~Dis [P
¢ ce MH—] ce#
Z2 Z3
WE# WE#
OE# OE#
Bov; # Vss Vec Vepi Vss Vec Vep2
BVD, # 11 |
RN § ) . .
< L] .
: o o
l L1 1 L1 1
. Yo Ag=Aj; Dp-Dy Ag—A5 Dg-D, A
BATTERY VOLTAGE 17 "0 017 Y8 M1
DETECT e cE# Ll ce#
6 : z7
WE# WE#
OE# OE#
Vss Vec Vepi Vss Vec Vep2
GND F I
Ve
Vep
Vpp2
290412-2

Figure 2. iMC002FLKA Block Diagram
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APPLICATIONS

The iIMCO02FLKA Flash Memory Card allows for the
storage of data and application programs on a pure-
ly solid-state removable medium. System resident
flash filing systems, such as Microsoft’s Flash File
System, allow Intel’s ETOX Il highly reliable Flash
Memory Card to effectively function as a physical
disk drive.

User application software stored on the flash memo-
ry card substantially reduces the slow disk-DRAM
download process. Replacing the disk results in a
dramatic enhancement of read performance and
substantial reduction of active power consumption,
size, and weight—considerations particularly impor-
tant in portables and dedicated systems. The
iMCOO2FLKA'’s high performance read access time
and command register microprocessor write inter-
face allows for use of the flash memory system in an
“execute-in-place” architecture. This configuration
eliminates the need for the redundancy associated
with DRAM and Disk memory system architectures.
- ROM based operating systems, such as Microsoft's
MS-DOS ROM Version allow for “instant-on” capa-
bility. This enables the design of systems that boot,
operate, store data files, and execute application
code from/to purely nonvolatile memory.

The PCMCIA/JEIDA 68-pin interface with flash filing
systems enables the end-user to transport data and
application code between portables and host sys-
tems. Intel Flash Memory Cards provide durable
nonvolatile memory storage protecting valuable user
code and data. )

For systems currently using a static RAM/battery
configuration for data acquisition, the IMCO02FLKA’s

inherent nonvolatility eliminates the need for battery .

backup. The concern of battery failure no longer ex-
ists, an important consideration for portable comput-
ers and medical instruments, both requiring continu-
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ous c;peration. The iIMCO02FLKA consumes no pow-
er when the system is off. In addition, the iMCO02FL-
KA offers a considerable cost and density advan-

tage over memory cards based on static RAM with
battery backup. :

The flash memory card’s electrical zone-erasure,
byte writability, and complete nonvolatility fit well
with data accumulation and recording needs. Electri-
cal zone-erasure gives the designer the flexibility to
selectively rewrite zones of data while saving other
zones for infrequently updated look-up tables, for
example.

PRINCIPLES OF OPERATION

Intel’s Flash-Memory Card combines the functionali-
ty of two mainstream memory technologies: the re-
writability of RAM and the nonvolatility of EPROM.
The flash memory card consists of an array of indi-
vidual memory devices, each of which defines a
physical zone. The iIMCO02FLKA’s memory devices
erase as individual blocks, equivalent in size to the
256 Kbyte zone. Multiple zones can be erased
simultaneously provided sufficient current for the ap-
propriate number of zones (memory devices). Note,
multiple zone erasure requires higher current from
both the Vpp and Vg power supplies. Erased zones
can then be written in bit- or byte-at-a-time fashion
and read randomly like RAM. Bit level write capabili-
ty also supports disk emulation.

In the absence of high voltage on the Vppy. pins,
the iIMCO02FLKA remains in the read-only mode.
Manipulation of the external memory card-control
pin yields the standard read, standby, and output
disable operations.

The same read, standby, and output disable opera-
tions are available when high voltage is applied to
the Vpp4 pins. In addition, high voltage on Vppy»
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enables erasure and rewriting of the accessed
zone(s). All functions associated with altering zone
contents—erase, erase verify, write, and write veri-
fy—are accessed via the command register.

Commands are written to the internal memory regis-
ter(s), decoded by zone size, using standard micro-
processor write timings. Register contents for a giv-
en zone serve as input to that zone’s internal state-
machine which controls the erase and rewrite circuit-
ry. Write cycles also internally latch addresses and
data needed for write and erase operations. With the
appropriate command written to the register(s), stan-
dard microprocessor read timings output zone data,
or output data for erase and write verification.

Byte-wide or Word-wide Selection

The flash memory card can be read, erased, and
written in a byte-wide or word-wide mode. In the
word-wide configuration Vpp¢ and/or CEq# control
the LO-Byte while Vpps and CE,# control the HI-
Byte (Ag = don’t care).

Read, Write, and Verify operations are byte- or word-
oriented, thus zone independent. Erase Setup and
Begin Erase Commands are zone dependent such
that commands written to any address within a 256
Kbyte zone boundary initiate the erase operation in
that zone (or two 256 Kbyte zones under word-wide
operation).

Conventional x8 operation uses CEq# active-low,
with CEx# high, to read or write data through the
Do-D7 only. “Even bytes” are accessed when Ag is
low, corresponding to the low byte of the complete
x16 word. When Ag is high, the “odd byte” is ac-
cessed by transposing the high byte of the complete
x16 word onto the Dg-D7 outputs. This odd byte
corresponds to data presented on Dg-D45 pins in
x16 mode. i

Note that two zones logically adjacent in x16 mode
are multiplexed through Dp—D7 in x8 mode and are
toggled by the Ag address. Thus, zone specific
erase operations must be kept discrete in x8 mode
by addressing even bytes only for one-half of the
zone pair, then addressing odd bytes only for the
other half.

iMCO02FLKA

Card Detection

The flash memory card features two card detect pins
(CD42#) that allow the host system to determine if
the card is properly loaded. Note that the two pins
are located at opposite ends of the card. Each CD #
output should be read through a port bit. Should only
one of the two bits show the card to be present, then
the system should instruct the user to re-insert the
card squarely into the socket. Card detection can
also tell the system whether or not to redirect drives
in the case of system booting. CD4# is active low,

internally tied to ground.

Write Protection

The flash memory card features three types of write
protection. The first type features a mechanical
Write Protect Switch that disables the circuitry that
control Write Enable to the flash devices. When the
switch is activated, the WE# internal to the cord is
forced high, which disables any writes to the Com-
mand Register. The second type of write protection
is based on the PCMCIA/JEIDA socket. Unique pin
length assignments provide protective power supply
sequencing during hot insertion and removal. The
third type operates via software control through the
Command Register when the card resides in its con-
nector. The Command Register of each zone is only
active when Vpp1/2 is at high voltage. Depending
upon the application, the system designer may
choose to make Vpp1/2 power supply switchable—
available only when writes are desired. When Vpp42
= VppL, the contents of the register default to the
read command, making the iIMCO02FLKA a read-
only memory card. In this mode, the memory con-
tents cannot be altered.

The system designer may choose to leave Vppy2 =

'VppH, making the high voltage supply constantly

available. In this case, all Command Register func-
tions are inhibited whenever Vg is below the write
lockout voltage, V| ko. (See the section on Power
Up/Down Protection.) The iMCO02FLKA is designed
to accommodate either design practice, and to en-
courage optimization of the processor-memory card
interface.
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BUS OPERATIONS

Read

The iIMCO02FLKA has two control functions, both of
which must be logically active, to obtain data at the
outputs. Card Enable (CE#) is the power control
and should be used for high and/or low zone(s) se-
lection. Output Enable (OE#) is the output control
and should be used to gate data from the output
pins, independent of accessed zone selection. In the
byte-wide configuration, only one CE# is required.
The word-wide configuration requires both CE #s ac-
tive low.

When Vpp12 is high (Vppp), the read operations can
be used to access zone data and to access data for
write/erase verification. When Vppy, is low (VppL),
only read accesses to the zone data are allowed.

Output Disable

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

Standby

With one Card Enable at a logic-high level, the
standby operation disables one-half of the x16 out-
put’s read/write buffer. Further, only the zone corre-
sponding to the selected address within the upper or
lower CEq2# bank is active at a time. (NOTE: Ag
must be low to select the low half of the x16 word
when CE2# = 1 and CEq1# = 0.) All other zones
are deselected, substantially reducing card power
consumption. For deselected banks, the outputs are
placed in a high-impedance state, independent of
the Output Enable signal. If the iIMCOO2FLKA is de-
selected during erasure, writing, or write/erase veri-
fication, the accessed zone draws active current un-
til the operation is terminated.
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Intelligent Identifier Command

The manufacturer- and device-codes can be read
via the Command Register, for instances where the
iMCOO2FLKA is erased and rewritten in a universal
reader/writer. Following a write of 90H to a zone's
Command Register, a read from address location
00000H on any zone outputs the manufacturer code
(89H). A read from address 0002H outputs the mem-
ory device code (BDH).

Write

Zone erasure and rewriting are accomplished via the
Command Register, when high voltage is applied to
Vpp12- The contents of the register serve as input to
that zone’s internal state-machine. The state-ma-
chine outputs dictate the function of the targeted
zone.

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

The Command Register is written by bringing Write
Enable to a logic-low level (V|), while Card En-
able(s) is/are low. Addresses are latched on the fall-
ing edge of Write Enable, while data is latched on
the rising edge of the Write Enable pulse. Standard
microprocessor write timings are used.

Refer to AC Write Charcteristics and the Erase/
Write Waveforms for specific timing parameters.

COMMAND DEFINITIONS

When low voltage is applied to the Vpp pin(s), the
contents of the zone Command Register(s) default

. to O0H, enabling read-only operations.

Placing high voltage on the Vpp pin(s) enable(s)
read/write operations. Zone operations are selected
by writing specific data patterns into the Command
Register. Tables 3 and 4 define these iIMCO02FLKA
register commands for both byte-wide and word-
wide configurations.

All commands written to the Command Register re-
quire that the zone address be valid or the incorrect
zone will receive the command. Any Command/
Data Write or Data Read requires the correct valid
address.
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Table 2. Bus Operations
Pins Notes U 7l U 71| o | CEp# | CE# | OE# | WE# | Dg=Dys |  Do-D7
Operation PP2 | YPP1
> Read (x8) 8 VepL | VerL | ViIL| VIH ViL Vit | Viy | Tri-state | Data Out-Even
E' Read (x8) 9 VepL | VPPL [ VIH] VIH | VL ViL | Vin | Tri-state | Data Out-Odd
g Read (x8) 10 | VppL | VPPL | X ViL ViH ViL | Viy | DataOut | Tri-state
E Read (x16) 11 VepL | VepL | X ViL ViL ViL | Vi4 | DataOut | Data Out
Output Disable VepL | VepL | X X X ViH | Vi | Tri-state | Tri-state
Standby VppL | VppL | X ViH ViH X X | Tri-state | Tri-state
Read (x8) 3,8 | Vppx | VPPH | VIL| VIH ViL ViL | Viy | Tri-state | Data Out-Even
Read (x8) 3,9 | VppH | Vepx {VIH| VIH ViL Vit | ViH | Tri-state | Data Out-Odd
w Read (x8) 10" | VppH | VPpx | X ViL ViH ViL | ViH | DataOut | Tri-state
& | Read (x16) 3,11 | Vepu | Veen | X | Vie | Vie | ViL | Vin | Data Out | Data Out
E Write (x8) 58 | Vepx | VePH | ViL| VIH ViL ViH V|L | Tri-state | Data In-Even
E Write (x8) 9 VepH | Vepx | VIH| VIH ViL ViH | ViL | Tri-state | Data In-Odd
T | Write (x8) 10 | VppH | VPpx | X ViL VIH ViH | Vi |Dataln | Tri-state
Write (x16) 11 |Vepu | Veen | X | Vi | ViL | Vin | ViL |Dataln |Dataln
Standby 4 VepH | VPPH | X | VIH VIH X X | Tri-state | Tri-state
Output Disable VppH | VPPH | X X X VIH Vi | Tri-state | Tri-state
NOTES:

1. Refer to DC Characteristics. When Vppy» = VppL memory contents can be read but not written or erased. .

2. Manufacturer and device codes may be accessed via a command register write sequence. Refer to Table 3. All other
addresses low.

3. Read operations with Vpp12 = Vppy may access array data or the Intelligent Identifier codes.

4. With Vpp1 2 at high voltage, the standby current equals Icc + Ipp (standby).

5. Refer to 'éble 3 for valid Data-In during a write operation.

6. X can be V)_or V.

7. Vppx = VppH or VppL.

8. This x8 operation reads or writes the low byte of the x16 word on DQg_7, i.e., Ap low reads “‘even” byte in x8 mode.

9. This x8 operation reads or writes the high byte of the x16 word on DQg_7 (transposed from DQg_1s), i.e., Ag high reads
“odd” byte in x8 mode.

10. This x8 operation reads or writes the high byte of the x16 on DQg_15. Ag is “‘don’t care.”

11. Ag is “don’t care,” unused in x16 mode. High and low bytes are presented simultaneously.
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Table 3. Command Definitions Byte-Wide Mode

Bus First Bus Cycle Second Bus Cycle
Command Notes|Cycles ‘
Req’'d |operation(1)| Address(2)| Data(3)|Operation(1)| Address(2)| Data(3)
Read Memory 2 1 Write - RA 00H
Read Intelligent ID Codes| 4 3 Write 1A 90HT Read
Set-up Erase/Erase 5 2 Write ZA 20H Write ZA 20H
Erase Verify 5 2 Write EA AOH Read EA EVD
Set-up Write/Write 6 2 ‘Write WA 40H Write WA WD
Write Verify 6 2 Write WA | COH Read WA | WWD
Reset 2,7,8/ 2 Write ZA FFH Write ZA FFH
Table 4. Command Definitions Word-Wide Mode
Bus "~ First Bus Cycle Second Bus Cycle
Command Notes|Cycles

- Req'd | gperation(1)| Address(2)| Data(3)| Operation(1){ Address(2)| Data(3)
Read Memory 2 1 Write RA 0000H
Read Intelligent ID Codes| 4 3 Write 1A 9090H Read
Set-up Erase/Erase 5 2 Write ZA 2020H Write ZA 2020H
Erase Verify 5 2 Write EA AOAOH Read EA . EVD
Set-up Write/Write -6 2 Write WA 4040H Write WA WD
Write Verify 6 2 Write WA COCOH{" Read WA WVD
Reset ' 2,7,8] 2 Write ZA FFFFH Write ZA FFFFH
NOTES:
1. Bus operations are defined in Table 2.

2.1A = |dentifier address: 00H for manufacturer code, 01H for device code.
EA = Address of memory location to be read during erase verify.
RA = Read Address
WA = Address of memory location to be written.
ZA = Address of 256 Kbyte zones involved in erase or Reset operations.
Addresses are latched on the falling edge of the: Write Enable pulse.
3.ID = Data read from location IA during device identification. (Mfr = 89H, Device = BDH).
EVD = Data read from location EA during erase verify.
WD = Data to be written at location WA. Data is latched on the rising edge of Write Enable.
WVD = Data read from location WA during write verify. WA is latched on the Write command.
Following the Read Intelligent ID command, two read operations access manufacturer and device codes.
Figure 5 illustrates the Erase Algorithm. '
Figure 6 illustrates the Write Algorithm.
7. The second bus cycle must be followed by the desired command register write.
8. The Reset command operates on a zone basis. To reset the entire card requires reset write cycles to each zone.

[
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Read Command

While Vppy is high, for erasure and writing, zone
memory contents can be accessed via the read
command. The read operation is initiated by writing
OOH (0000H for the word-wide configuration) into the
zone Command Register(s). Microprocessor read
cycles retrieve zone data. The accessed zone re-
mains enabled for reads until the Command Regis-
ter(s) contents are altered.

The default contents of each zone's register(s) upon
Vpp1p power-up is 00H (00000H for word-wide).
This default value ensures that no spurious altera-
tion of memory card contents occurs during the
Vpp12 power transition. Where the Vpp2 supply is
left at Vppy, the memory card powers-up and re-
mains enabled for reads until the command Register
contents of targeted zones are changed. Refer to
the AC Read Characteristics and Waveforms for
specific timing parameters.

Intelligent ldentifier Command

Each zone of the iMCO02FLKA contains an Intelli-
gent Identifier to identify memory card device char-
acteristics. The operation is initiated by writing 90H
(9090H for word-wide) into the Command Regis-
ter(s) with zone address. Following the command
write, a read cycle from address 00000H retrieves
the manufacturer code 89H (8989H for word-wide).
A read cycle from address 0002H returns the device
code BDH (BDBDH for word-wide). To terminate the
operation, it is necessary to write another valid com-
mand into the register(s).

Set-up Erase/Erase Commands

Set-up Erase stages the targeted zone(s) for electri-
cal erasure of all bytes in the zone. The set-up erase

operation is performed by writing 20H to the Com- -

mand Register (2020H for word-wide) with zone ad-
dress.

To commence zone-erasure, the erase command
(20H or 2020H) must again be written to the regis-
ter(s) with zone address. The erase operation begins
with the rising edge of the Write-Enable pulse and
terminates with the rising edge of the next Write-En-
able pulse (i.e., Erase-Verify Command with zone
address).

This two-step sequence of set-up followed by execu-
tion ensures that zone memory contents are not ac-
cidentally erased. Also, zone-erasure can only occur
when high voltage is applied to the Vppys pins. In
the absence of this high voltage, zone memory con-

iMCO02FLKA

tents are protected against erasure. Refer to AC
Erase Characterstics and Waveforms for specific
timing parameters.

Erase-Verify Command

The erase command erases all of the bytes of the
zone in parallel. After each erase operation, all bytes
in the zone must be individually verified. In byte-
mode operations, zones are segregated by Ag in
odd and even banks; erase and erase verify opera-
tions must be done in complete passes of even-
bytes-only then odd-bytes-only. See the Erase Algo-
rithm for byte-wide mode. The erase verify operation
is initiated by writing AOH (AOAOH for word-wide) into
the Command Register(s). The address for the
byte(s) to be verified must- be supplied as it is
latched on the falling edge of the Write Enable
pulse. The register write terminates the erase opera-
tion with the rising edge of its Write Enable pulse.

The enabled zone 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. Similarly, reading FFFFH from the
addressed word indicates that all bits in the word are
erased.

The erase-verify command must be written to the
Command Register prior to each byte (word) verifi-
cation to latch its address. The process continues
for each byte (word) in the zone(s) until a byte (word)
does not return FFH (FFFFH) data, or the last ad-
dress is accessed.

In the case where the data read is not FFH (FFFFH),
another erase operation is performed. (Refer to Set-
up Erase/Erase.) Verification then resumes from the
address of the last-verified byte (word). Once all
bytes (words) in the zone(s) have been verified, the
erase step is complete. The accessed zone can now
be written. At this point, the verify operation is termi-
nated by writing a valid command (e.g., Write Set-
up) to the Command Register. The Erase algorithms
for byte-wide and word-wide configurations illustrate
how commands and bus operations are combined to
perform electrical erasure of the IMCCO02FLKA. Re-
fer to AC Erase Characteristics and Waveforms for
specific timing parameters.

Set-up Write/Write Commands

Set-up write is a command-only operation that
stages the targeted zone for byte writing. Writing
40H (4040H) into the Command Register(s) per-
forms the set-up operation.
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Once the write set-up operation is performed, the
next Write Enable pulse causes a transition to an
active write” operation. Addresses are internally
latched on the falling edge of the Write Enable
pulse. Data is internally latched on the rising edge of
the Write Enable pulse. The rising edge of Write En-
able also begins the write operation. The write oper-
ation terminates with the next rising edge of Write
Enable, which is used to write the verify command.
Refer to AC Write Characteristics and Waveforms
for specific timing parameters.

Write Verify Command

The iIMCOO2FLKA is written on a byte-by-byte or
word-by-word basis. Byte or word writing may occur
sequentially or at random. Following each write op-
eration, the byte or word just written must be veri-
fied.

The write-verify operation is initiated by writing COH
(COCOH) into the Command Register(s) with correct
address. The register write(s) terminate(s) the write
operation with the rising edge of its Write Enable
pulse. The write-verify operation stages the ac-
cessed zone(s) for verification of the byte or word
last written. The zone(s) apply(ies) an internally-gen-
erated margin voltage to the byte or word. A micro-
“processor read cycle outputs the data. A successful
comparison between the written byte or word and
true data means that the byte or word is successfully
written. The write operation then proceeds to the
next desired byte or word location. The Write algo-
rithms for byte-wide and word-wide configurations il-
lustrate how commands are combined with bus op-
erations to perform byte and word writes. Refer to
AC Write Characteristics and Waveforms for specific
timing parameters.

Reset Command

A reset command is provided as a means to safely
abort the erase- or write-command sequences. Fol-
lowing either set-up command (erase or write) with
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two consecutive writes of FFH (FFFFH for word-
wide) will safely abort the operation. Zone memory
contents will not be altered. A valid command must
then be written to place the accessed zone in the
desired state.

EXTENDED ERASE/WRITE CYCLING

Intel has designed extended cycling capability into
its ETOX Il flash memory technology enabling a
flash memory card with a MTBF that is many times
more reliable than rotating disk technology. Result-
ing improvements in cycling reliability come without
increasing 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 minimizes
the probability of oxide defects in the region. The
lower electric field greatly reduces oxide stress and
the probability of failure.

WRITE ALGORITHMS

The write algorithm(s) use write operations of 10 us
duration. Each operation is followed by a byte or
word verification to determine when the addressed
byte or word has been successfully written. The al-
gorithm(s) allows for up to 25 write operations per
byte or word, although most bytes and words verify
on the first or second operation: The entire se-
quence of writing and byte/word verification is per-
formed with Vpp at high voltage.

ERASE ALGORITHM

The Erase algorithm(s) yield(s) fast and reliable
electrical erasure of memory contents. The algo-
rithm employs a closed-loop flow, similar to the write
algorithm, to simultaneously remove charge from all
bits in the accessed zone(s).

Erasure begins with a read of memory zone con-
tents. Reading FFH (FFFFH) data from the ac-
cessed zone(s) can be immediately followed by writ-
ing to the desired zone(s).
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For zones being erased and rewritten, uniform and
reliable erasure is ensured by first writing all bits in
the accessed zone to their charged state (data =
O00H byte-wide, 00000H word-wide). This is accom-
plished, using the write algorithm, in approximately
four seconds per zone.

Erase execution then continues with an initial erase
operation. Erase verification (data = FFH byte-wide,
FFFFH word-wide) begins at address 00000H and
continues through the zone to the last address, or
until data other than FFH (FFFFH) is encountered.

iMCO02FLKA

(Note: byte-wide erase operation requires separate
even- and odd-address passes to handle the individ-
ual 256 Kbyte zones.) With each erase operation, an
increasing number of bytes or words verify to the
erased state. Erase efficiency may be improved by
storing the address of the last byte or word verified
in a register(s). Following the next erase operation,
verification starts at the stored address location. Fol-
low this procedure until all bytes in the zone are
erased. Then, re-start the procedure for the next
zone or word-wide zone pair. Erasure typically oc-
curs in two seconds per zone.

‘ START ,

A 4

INITIALIZE SIZE
AND NUMBER OF ZONES
ZONE L=0
ZONEH=1

A 4
ERASE ZONES L, H

—

ZONE
ERASURE
COMPLETE
?

I INCREMENT ZONES L, H J

ALL
ZONES
ERASED
?

Y

\ 4
ERASURE ERASURE
COMPLETE ERROR

Figure 3. Full Card Erase Flow

290412-3
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START WRITING Bus
[1} Command Comments
- Operation
Standby Wait for Vpp ramp
L to VppH (= 12.0V) ()
g v
PLSCNT =0 Initialize pulse-count
wmrvzﬂgtfnsﬂal;:sss Write Set-up Data = 40H +
. Write Valid Address
WRITE N N .
Write Write Valid address/data
Standby Duration of Write
. operation (twHwH1)
WRITE Write Write(3) Data = COH + Valid Address;
VERIFY CMD * ADDRESS Verify Stops(4) Write Operation
Standby ’ tWHGL
rﬁiﬁ"o[éﬁ& Read Read byte to verify Write
Operation at Valid Address
N .
INC
PLSCNT, Standby Compare data output
2572
to data expected
Y Y .
INCREMENT LAST
ADDRESS ADDRESS
?
Y
' Write Read Data = OOH, resets the
READ CMD register for read
A 4 operations.
APPLY APPLY f
Vop [2] I I Vep (2] I Standby Wait for Vpp ramp
l l to Vpp (@
( WRITING ) ( WRITE ) V
COMPLETED ERROR
290412-4
NOTES:
1. CAUTION: The algorithm MUST BE FOLLOWED to 3. Write Verify is only performed after a byte write oper-
ensure proper and reliable operation of the device. ation. A final read/compare may be performed (option-
2. See DC Characteristics for the value of Vppy and al) after the register is written with the Read command.
VppL- ‘ 4. Refer to principles of operation.

Figure 4. Write Algorithm for Byte-Wide Mode
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B
Standby Wait for Vpg ramp to VppH
(= 12.0V)(2)
N
avvt'glsT EroA 'b"ou Use with Write Operation
Algorithm
Initialize even/odd Addresses,
Erase Pulse Width, and Pulse
Count
ADDR = 00000H
TEW=10ms
PLSCNT=0
00D =0
ADDR = 0000 1H T
—»| PLSCNT=0
obD=1
WRITE ERASE Write Set-up Data = 20H + Address
SET-UP CMD + ADDRESS Erase
WRITE .
ERASE CMD + ADDRESS Write Erase Data = 20H + Address
Standby Duration of Erase operation
(twHwH2)
Write Erase Addr = Byte to verify;
Verify(3) Data = AOH; Stops
Standby Erase Operation(4) twHgL
1 READ DATA Read Read byte to verify erasure at
FROM DEVICE @ ADDRESS address
N
INC
S5000 2 Standby Compares output to FFH
increment pulse count
Y
INCREMENT
ADDRESS + 2
Y
WRITE Write Read Data = 00H, resets the register
REAT WD for read operations.
A 4
| ) | | o I Standby Wait for Vpp ramp to Vppy (2)
v v
ERASURE ERASE
C COMPLETED ) ( ERROR )
290412-5
NOTES:
1. CAUTION: The algorithm MUST BE FOLLOWED to 3. Erase Verify is only performed after a chip erasure. A
ensure proper and reliable operation of the device. final read/compare may be performed (optional) after
2. See DC Characteristics for the value of Vppy and the register is written with the Read command.
VppL. 4. Refer to principles of operation.

Figure 5. Erase Algorithm for Byte-Wide Mode
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Start Write
Operation

ApPly Vppy

Get ADRS/W_DAT

Initialize:
V_DAT = W_DAT PLSCNT_HI=0
W_COM = 4040H PLSCNT_LO=0
V_COM =COCOH FLAG=0

¢ <

(3

| Write ADRS/W_COM + VALID ADDRESS |

F_DAT = W_DAT
?

More Data

High/Low Byte
Compare & Mask
Subroutine

-~

A 4

| write READ_COM

Write READ_COM |

L_Arply Vep,

Apply Vpp - J

Write
Complete

Write
Error

Comments

Wait for Vpp ramp to Vppy

ADRS = address to write
W_DAT = data word to write

Initialize Data Word Variables:
V_DAT = valid data
W__COM = Write Command
V__.COM = Write Verify Command
PLSCNT_HI = HI Byte Pulse Counter
PLSCNT__LO = LO Byte Pulse Counter
FLAG = Write Error Flag
Write Set-up Command
Address needs to be Valid
Write

See Write Verify and Mask Subroutine

Write Verify Command

F__DAT = flash memory data

Compare flash memory data to valid data
(word compare). If not equal, check for
Write Error flag. If Flag not set, compare
High and Low Bytes in the Subroutine.

Check buffer of 170 port for more data to write

Reset de\)ice for read operation

Turn off Vpp

6-124

Figure 6. Write Algorithm for Word-Wide Mode




int9| ® iMCOO02FLKA \
Comments

To look at the LO Byte,
| LO-BYTE = (F_DAT AND 0OFFH) | Mask* the HI Byte with
00 ‘

LO-BYTE = V\I’_Dén = Ev-gg;f‘ OR %%FFF*L)) If the LO Byte verifies,
V_DAT AND OOFFH _COM = (W_COM OR OOF
? V_COM = (V_COM OR 0OFFH) mask the LO Byte
commands with the reset

command (FFH)
| INCREMENT PLSCNT_LO | )

If the LO Byte does not
verify, then increment its
pulse counter and check
for max count

FLAG = 1denotesa LO
Byte error

Repeat the sequence for
the Hl Byte

V_DAT = (V_DAT OR FFOOH)
W_COM = (W_COM OR FFOOH)
V_COM = (V_COM OR FFOOH)

| INCREMENT PLSCNT_HI |

‘ FLAG = 2 denotes a HI
 Z Byte error )
FLAG = 3 denotes both
a Hl and LO Byte errors.
Flag = 0 denotes no
max count errors;
continue with algorithm.

A 4
SUBROUTINE
RETURN

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data
(F—DAT), the program commands and the verify commands. Then manipulate the Hi or LO register contents.

280412-7

Figure 7. Write Verify and Mask Subroutine for Word-Wide Mode
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In

START
ERASURE
APPLY Vppy

WRITE ALL DEVICES
TO OOH

INITIALIZE:
PLSCNT_HI=0
PLSCNT_LO=0
ADRS =0

FLAG=0
E_COM=2020H
V_COM = AOAOH

J A

3

Comments

WRITE ADRS/E_COM
WRITE ADRS/E_COM

TIME OUT 10 mS

>
>

A 4

I Write ADRS/V_COM l

BLOCK ERASE
VERIFY & MASK
SUBROUTINE

Y
RESET V_COM, E_COM

INCREMENT ADRS

LAST ADDRESS
?

FLAG=0 ?

v

| WRITE READ_COM | | WRITE READ_COM |
y
| APPLY Vpp | | APPLY Vpp, |

ERASURE
COMPLETE

NOTE:

ERASE
ERROR

X16 Addressing uses A{—Agg only. Ag = 0 throughout word-wide operation.

Wait for Vpp to stabilize.

Use Write operation algorithm in x8 or x16
configuration
Initialize Variables: .
PLSCNT__HI = Hl Byte Pulse Counter
PLSCNT_LO = LO Byte Pulse Counter
FLAG = Erasure error flag
ADRS = Address
E_COM = Erase Command
V_COM = Verify Command

Erase Set-up Command

Start Erasing

Duration of Erase Operation

Erase Verify Command stops erasure

See Block Erase Verify & Mask Subroutine

When both devices at ADRS are erased, F_
DATA = FFFFH. If not equal, increment the
pulse counter and check for last pulse

Reset commands default to
(E_COM = 2020H) (V._COM = AOAOH)
before verifying next ADRS

Reset device for read operation

Turn off Vpp

Figure 8. Erase Algorithm for Word-Wide Mode
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START
SUBROUTINE

| Time Out 6 uS |
. 2
| Read ADRS/F_DATA ]

E_COM = (E_COM or OOFFH)
V_COM = (V_COM or 00FFH)

I INCREMENT PLSCNT_LO

N

&
<

HI_Byte = FFOOH ?

N

y .
| Hi_Byte = (F_DAT AND FFOOH) |

E_COM = (E_COM or FFOOH)
V_COM = (V_COM or FFOOH)

| INCREMENT PLSCNT_HI

PLSCNT_HI = 3000
?

A 4

v

SUBROUTINE
RETURN

4

290412-9

*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data
(F_DAT), the program commands and the verify commands. Then manipulate the HI or LO register contents.

Comments

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

1f both HI and LO Bytes verify,
then return.

Mask* the Hi Byte with OOH.

If the LO Byte verifies erasure,
then mask* the next erase and
verify commands with FFH
(RESET). ’

If the LO Byte does not verify,
then increment its pulse counter
and check for max count. FLAG
= 1 denotes a LO Byte error.

Repeat the sequence for the Hi
Byte.

Flag = 2 denotes a HI Byte error.
Flag = 3 denotes both a Hl and
LO Byte errors. FLAG = 0
denotes no max count errors;
continue with algorithm.

Figure 9. Erase Verify and Mask Subroutine for Word-Wide Mode
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SYSTEM DESIGN CONSIDERATIONS

Three-Line Control

Three-line control provides for:
a. the lowest possible power dissipation and.

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

To efficiently use these three control inputs, an ad-
dress-decoder output should drive CE4, »#, while
the system’s Read signal controls the card OE # sig-
nal, and other parallel zones. This, coupled with the
internal zone decoder, assures that only enabled
memory zones have active outputs, while deselect-
ed zones 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 issues—stand-
by, active and transient current peaks, produced by
falling and rising edges of CEq,#. The capacitive
and inductive loads on the card and internal flash
memory zones determine the magnitudes of these
peaks.

Three-line control and proper decoupling capacitor
selection will suppress transient voltage peaks. The
iMCO02FLKA features on-card ceramic decoupling
capacitors connected between Vgc and Vgg, and
between Vpp1/Vpp2 and Vgs. '
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The card connector should also have a 4.7 uF elec-
trolytic capacitor between Vgc and Vgg, as well as
between Vpp1/Vpp2 and Vgs. The bulk capacitors
will overcome voltage slumps caused by printed-cir-
cuit-board trace inductance, and will supply charge
to the smaller capacitors as needed.

Power Up/Down Protection

The PCMCIA/JEIDA socket is specified, via unique
Pin lengths, to properly sequence the power sup-
plies to the flash memory card. This assures that hot
insertion and removal will not result in card damage
or data loss.

Each zone in the iIMCO02FLKA is designed to offer
protection against accidental erasure or writing,
caused by spurious system-level signals that may
exist during power transitions. The card will power-
up into the read state.

A system designer must guard against active writes
for Vcc voltages above Vi ko when Vpp is active.
Since both WE# and CEq, o# must be low for a
command write, driving either to V)y will inhibit
writes. With its control register architecture, altera-
tion of zone contents only occurs after successful
completion of the two-step command sequences.

While these precautions are sufficient for most appli-
cations, it is recommended that Vg reach its steady
state value before raising Vpp1 above Vgg + 2.0V.

*In addition, upon powering-down, Vpp1/ should be

below Vg + 2.0V, before lowering V.
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Absolute Maximum Ratings* NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

Operating Temperature - - -
pDuringgRead? ................. 0°C to + 60°C(1) *WARNING: Stressing the device beyond the “Absolute

Maximum Ratings” may cause permanent damage.

During Erase/Wnte. """"""" 0°Cto + 60°C These are stress ratings only. Operation beyond the
Temperature Under Bias........... —10°Cto +70°C “Operating Conditions” is not recommended and ex-
Storage Temperature. . .......... —30°C to +70°C tended exposure beyond the “Operating Conditions”
Voltage on Any Pin with may affect device reliability.

Respectto Ground . .......... —2.0Vto +7.0vV@

Vpp1/Vpp2 Supply Voltage with
Respect to Ground

During Erase/Write.... . ... —2.0Vto +14.0V(2,3)
Ve Supply Voltage with
RespecttoGround .......... —2.0Vto +7.0V(@
NOTES:

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 Voo + 0.5V, which may overshoot to Vgg + 2.0V for
periods less than 20 ns.

3. Maximum DC input voltage on Vpp1/Vpp2 may overshoot to + 14.0V for periods less than 20 ns.

OPERATING CONDITIONS

Limits .
Symbol Parameter - Unit Comments
Min Max
TA Operating Temperature 0 60 °C For Read-Only and
Read/Write Operations
Vece Vcc Supply Voltage 4.75 5.25 Vv
VppH Active Vpp1, Vpp2 11.40 12.60 \"
Supply Voltages
VppL Vpp During Read Only 0.00 6.50 Vv
Operations
DC CHARACTERISTICS—Byte Wide Mode
Limits . -
Symbol Parameter Notes — - Unit Test Conditions
Min | Typical | Max .
L Input Leakage Current 1,4 +1.0 | £20 | pA | Voo = Vog max
VIN = Vcoor Vss
ILo Output Leakage Current 1 +1.0 | £20 | pA | Voo = Voo max
‘ Vout = Vg or Vss
lccs Vcc Standby Current 1 0.4 0.8 | mA | Vcc = Voo max
CE{# = CEp# = Vgg £0.2V
4 7 mA | Vgc = Voo max
CE # = CEx# = V|y
lcct Vo Active Read Current | 1,2 25 50 | mA | Voc = VgcmaxCE# = V|
f = 6 MHz, loyt = 0 mA
lcc2 Ve Write Current 1,2 5.0 15.0 | mA | Writing in Progress
lcca Vcc Erase Current 1,2 10.0 | 20.0 { mA | Erasure in Progress
lcca Ve Write Verify Current 1,2 10.0 | 20.0 | mA | Vpp = Vppy
: Write Verify in Progress
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Limits .
Symbol Parameter Notes Unit Test Conditions
Min | Typical Max
lccs Vcc Erase Verify Current | 1,2 10.0 20.0 mA | Vpp = VppH
Erase Verify in Progress
Ipps Vpp Leakage Current 1 +80 kA | Vpp < Voo
Ipp1 Vpp Read Current 1,3 0.4 0.8 mA | Vpp > Voo
or Standby Current +£0.08 Vpp < Voo
Ipp2 Vpp Write Current 1,3 8.0 30 mA | Vpp = VppH
Write in Progress
lpp3 Vpp Erase Current 1,3 10 . 30 mA | Vpp = VppH
Erasure in Progress
IPP4 Vpp Write Verify Current | 1,3 2.0 5.0 mA | Vpp = VppH
Write Verify in Progress
lpps Vpp Erase Verify Current | 1,3 2.0 5.0 mA | Vpp = VppH
Erase Verify in Progress
ViL Input Low.Voltage —-0.5 0.8 Vv
VIH Input High Voltage 24 Vocc £ 03| V
VoL Output Low Voltage 0.40 V |loL=32mA
Vce = Voo min
VoH1 Output High Voltage 3.8 V [loH= —20mA
Vece = Vee min
VepL Vpp During Read-Only 0.00 6.5 V | Note: Erase/Write are
Operations Inhibited when Vpp = VppL
VppH Vpp During Read/Write 11.40 12.60 \"
Operations
Viko Vcc Erase/Write Lock 2.5 \"
Voltage
NOTES: \

1. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = 25°C.
2. 1 chip active and 7 in standby for byte-wide mode.
3. Assumes 1 Vpp is active.
4. Due to 100 kQ pull up resistors OE #, CE4 #, CEx# and WE # will exhibit < 55 wA of additional I when VIN = Vss.

DC CHARACTERISTICS—Word Wide Mode

Limits
Symbol Parameter Notes Unit Test Conditions
Min | Typical | Max
1L Input Leakage Current 1,4 +1.0 | £20 | pA | Voo = Voo max
VIN = Vcc or Vss
Lo Output Leakage Current 1 +1.0 | £20| pA | Voo = Voo max
Vourt = VccorVss
lccs Ve Standby Current 1 0.4 0.8 | mA | Voo = Voo max
CE1# = CEp# = Vgg £0.2V
4 7 mA | Voo = Voo max
CE1# = CEx# = V|y
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DC CHARACTERISTICS—Word Wide Mode (Continued)

Limits
Symbol Parameter Notes Unit Test Conditions
Min | Typical Max .
lcct Vcc Active Read Current| 1,2 40 80 mA | Voo = Vogmax CE# = V)
f = 6 MHz, Ioytr = 0 mA
lcc2 Vg Write Current 1,2 7.0 25 mA | Writing in Progress
lcca Vcc Erase Current 1,2 15 30 mA | Erasure in Progress
lcca Ve Write Verify Current | 1,2 15 30 mA | Vpp = VppH
: Write Verify in Progress
lccs Vcc Erase Verify Current | 1,2 10 30 mA | Vpp = VppH
) Erase Verify in Progress
Ipps Vpp Leakage Current 1 +80 rA | Vpp < Voe
Ipp1 Vpp Read Current 1,3 0.7 1.6 mA | Vpp > Ve
or Standby Current +0.16 Vpp < Vo
lpp2 Vpp Write Current 1,3 16 60 mA | Vpp = Vppy
: Write in Progress
Ipp3 Vpp Erase Current 1,8 20 60 mA | Vpp = Vppy
Erasure in Progress -
Ippa Vpp Write Verify Current | 1,3 5.0 12 mA | Vpp = VppH
Write Verify in Progress
lpps | Vpp Erase Verify Current | 1,3 5.0 12 mA | Vpp = Vppy
. . Erase Verify in Progress
ViL Input Low Voltage —-0.5 0.8 Vv
VIH Input High Voltage 24 Vec £ 03| V
VoL Output Low Voltage 0.40 V |loL=32mA
. Vce = Vge min
VoH1 Output High Voltage 3.8 V |loy = —20mA
Voo = Yeog min
VppL Vpp During Read-Only 0.00 6.5 V | Note: Erase/Write are
Operations ' Inhibited when Vpp = VppL
VppH Vpp During Read/Write 11.40 12.60 \
Operations
Viko Vg Erase/Write Lock 2.5 \
Voltage

NOTES:

1. All currents are in RMS unless otherwise noted Typical values at Voc = 5.0V, Vpp = 12. OV T = 25°C.

2. 2 chips active and 6 in standby for word-wide mode.

3. Assumes 2 Vppg are active.

4. Due to 100 kQ pull up resistors OE #, CE #, CEp# and WE# will exhibit < 55 nA of additional I when V|y = Vgs.
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CAPACITANCE T = 25°C, f = 1.0 MHz

In

Limits
Symbol Parameter Notes Unit | Conditions
Min | Max
CiNt Address Capacitance 40 pF | VN =0V
Cin2 Control Capacitance 40 pF | ViN= 0V
Cout Output Capacitance 40 pF | Voutr = 0V
Ci/o 1/0 Capacitance 40 pF | Vo =0V
AC TEST CONDITIONS
Input Rise and Fall Times (10% t0 90%) .. .... 10ns
InputPulse Levels ................. VoL and Von1
Input Timing Reference Level .......... ViLand Vi
Output Timing Reference Level ........ ViLand Vi
AC CHARACTERISTICS—Read-Only Operations
Symbol . Characteristic Notes Min Max Unit
tavav/trc Read Cycle Time 2 200 ns
teLav/tce Chip Enable Access Time 2 200 ns
tavav/tacc Address Access Time 2 200 ns
tgLav/toe Output Enable Access Time 2 100 ns
teLax/tLz Chip Enable to Output 2 5 ns
inLow Z .
teHQz Chip Disable to Output 2 60 ns
in High Z
teLax/toLz Output Enable to Output 2 5 ns
inLow Z
teHaz/tDF Output Disable to Output 2 60 ns
in High Z
toH Output Hold from Address, 1,2 5 ns
CE#, or OE# Change
twHGL ~ Write Recovery Time 2 6 pus
before Read
NOTES:

1. Whichever occurs first.
2. Rise/Fall Time < 10 ns.
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®
Vee POWER-UP/ DEVICE AND STANDBY/
STANDBY ADDRESS SELECTION OUTPUTS ENABLED DATA VALID Vee POWER-DOWN
—
ADDRESSES W ADDRESS STABLE . X
tavav (tgre)
CE# (E#) / \ / \
§
[=-teHaz =1
= /) \ / \
N : -5
twioL tonaz (tor)
WE# (W#) torav (tog) \—
terqv (tee)
trox (torz) I-—’
[ tewox (42) —= N fon=—=
/ s 7 N
DATA (DQ) jenz - ; <<<<Z VALID OUTPUT \ E\ HICH Z
X 3 " /7
tavav (tacc)
5.0v
ov
290412-10
NOTE: E
CE# refers to CE¢, o#.

Figure 10. AC Waveforms for Read Operations
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AC CHARACTERISTICS—For Write/Erase Operations

Symbol Characteristic Notes Min Max Unit
tavav/twc Write Cycle Time 1,2 200 ns
tavwL/tas Address Set-up Time 1,2 0 ns
twLax/taH Address Hold Time 1,2 100 ns
tovwH/tps Data Set-up Time 1,2 80 ns
twHDX/tDH Data Hold Time 1,2 30 ns
twHGL Write Recovery Time before Read 1,2 s
tGHWL Read Recovery Time before Write 1,2 0 s
twLoz Output High-Z from Write Enable 1,2 ns
twHOZ Output Low-Z from Write Enable 1,2 60 ns
teLwL/tcs Chip Enable Set-up Time before Write 1,2 40 ns
twHEH/tCH Chip Enable Hold Time 1,2 0 ns
twLwH/twp Write Pulse Width 1,2 100 ns
twHwL/twpH Write Pulse Width High 1,2 20 ns
tWHWH1 Duration of Write Operation 1,2,3 10 us
twHWH2 Duration of Erase Operation 1,2,3 9.5 ms
tvPEL Vpp Set-up Time 1,2 100 ns

to Chip Enable Low
NOTES:

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

2. Rise/Fall time < 10 ns.

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

ERASE/WRITE PERFORMANCE

Parameter Notes Min Typ Max Unit

Zone Erase Time 1,3,4 2.0 30 sec

Zone Write Time 1,2,4 4.0 25 sec

MTBF 5 106 Hrs
NOTES:

1. 25°C, 12.0V Vpp.

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

the write algorithm since most bytes write significantly faster than the worst case byte.

3. Excludes 00H writing Prior to Erasure.
4. One zone equals 256 Kbytes.

5. MTBF — Mean Time between Failure, 50% failure point for disk drives.
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®
WRITE
Ve POWER-UP & SET-UP WRITE WRITE COMMAND VERIFY WRITE STANDBY/
STANDBY COMMAND LATCH ADDRESS & DATA WRITING COMMAND VERIFICATION Ve POWER-DOWN
ADDRESSES ><><X <><X
™ tavav (twe) tavav (twe) 1 Itavav (twe) [+ tavav (tre) =1
b=ty el b=ty —=t—]
AVWL AVWL
. twiax (tan) twiax (taw) AVHL |ty (tan) | am—
CEn (E#) / \ f f \ / \
teLwt ey E"’"f)"" l“ e ™ "“wu:u EELW)L twhen tenaz
ten (tcs) (tcy) tes (tey)
g - 55
OE# (G#) ! \
. (tor)
*tomwe [+ twnwe —* tyrwn twnoL ‘onaz (o
‘6
45
e / \_
4 4 [ torqv (o)
v - twox " 1 twox b | tunox
lovwh tovwn | tovwn | m ~on =
4 A A A
HIGH Z ( ) VALID
DATA (DQ) it —g oATA N E g et E oz g DATA
J 7 oo
terox (42)
(=4040H for word wide mode) (=COCOH for word wide mode)
FteLqv (teg) =1
5.0v
by / \_
ov
tvpeL
12.0v
Vep \
VepL
290412-11
NOTE:
CE# refers to CEq, o#.

Figure 11. AC Waveforms for Write Operations
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ALTERNATIVE CE #-CONTROLLED WRITES
Symbol Characteristic Notes Min Max Unit
tavAV Write Cycle Time 200 ns
tAVEL Address Set-up Time 0 ns
tELAX Address Hold Time 100 ns
tovEH Data Set-up Time 80 ns
tEHDX Data Hold Time 30 ns
tEHGL Write Recovery Time before Read us
tGHEL Read Recovery Time before Write us
tWLEL Write Ena!:)le Set-Up Time 0 ns

before Chip-Enable

tEHWH Write Enable Hold Time 0 ns
tELEH Write Pulse Width 1 100 ns
tEHEL Write Pulse Width High 20 ns
b | Vepsewelme s

NOTES:

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

inactive Write Enable times should be measured relative to the Chip Enable waveform.
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PROGRAM *

Vec POWER-UP &  SET-UP PROGRAM PROGRAM COMMAND VERIFY PROGRAM STANDBY/
STANDBY COMMAND LATCH ADDRESS & DATA  PROGRAMMING COMMAND VERIFICATION Vec POWER-DOWN
N Ii"""'ﬂ
ADDRESSES )
4
tavav tavav (twe) 1 tavav 1 —tavav (tre) =1
= taver [~ tavee ™3
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o N N S \
R I Pl ) et e e hal tenwn
7 55
OE# (G#) ! / \ /
(tor)
*tomer [~ lewer —* teHEn feHoL tewaz Lor
¢
5
wer \ /| \
feen = tewox fee = tenox fee - - teuox ‘otov (top) ‘ez
foven toven = toven ~| torax (torz) ton |
/Y . s \ r 3
HIG VALID
DATA (DQ) oz Eats g oATA N E g et E DATA
’ ‘ 7 K out 7
(=4040H in word wide mode) . (=COCOM in word wide mode) teox () *——j !
terav (te)
5.0V
o / \_
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tvpeL = .
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Vep \
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290412-13
NOTE:

CE# refers to CE4, o #.

Figure 13. Alternate AC Waveforms for Write Operations
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ORDERING INFORMATION

IMICJOJOl2]FILIKIAL JSTBIXIXIXIX]X])

L It T —) L ]
CUSTOMER IDENTIFIER

A= REVISION

K= WORD-WIDE
ARCHITECTURE

FL=FLASH

002 =2 MEGABYTE
DENSITY IN MEGABYTES

MC = MEMORY CARD

i=INTEL
PACKAGE PLACEHOLDER 00 .
ADDITIONAL INFORMATION ORDER NUMBER
ER-20, “ETOX™ |l Flash Memory Technology” 294005
RR-60, “ETOX™ || Flash Memory Reliability Data Summary” 293002
AP-343, “Solutions for High Density Applications using Flash Memory” 292079

REVISION HISTORY

Number Description

-002 — Removed Preliminary

— Removed ExCA Compliance Section

— Clarified need for Valid Address during commands

— Corrected Vpp = Vppy in Erase Algorithm '

— Increased Igc2-Iccs D.C. current specs for both Byte Wide and Word Wide modes
— Revised and Updated Application Section discussion

— Changed order number

-003 . — Change Signal with Bar to #
— Changed T/C Values
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iMCO01FLKA
1-MBYTE FLASH MEMORY CARD

m Inherent Nonvolatility (Zero Retention m Write Protect Switch to Prevent

Power) Accidental Data Loss

— No Batteries Required for Back-Up m Command Register Architecture for
m High-Performance Read Microprocessor/Microcontroller

— 200 ns Maximum Access Time Compatible Write Interface
m CMOS Low Power Consumption m ETOX™ |l Flash Memory Technology

— 25 mA Typical Active Current (X8) — 5V Read, 12V Erase/Write

— 400 pA Typical Standby Current — High-Volume Manufacturing
m Flash Electrical Zone-Erase Experience

— 1 Second Typical per m PCMCIA/JEIDA 68-Pin Standard

128 Kbyte Zone — Byte- or Word-Wide Selectable

— Multiple Zone Erase > 128 KB/s = Independent Software & Hardware

m Random Writes to Erased Zones Vendor Support

— 10 us Typical Byte Write — Integrated System Solution Using
: Flash Filing Systems

Intel’s iIMCOO1FLKA Flash Memory Card is the removable solution for storing and transporting important user
data and application code. The combination of rewritability and nonvolatility make the Intel Flash Memory Card
ideal for data acquisition and updatable firmware applications. Designing with Intel’s Flash Memory Card
enables OEM system manufacturers to produce portable and dedicated function systems that are higher
performance, more rugged, and consume less power.

The iMCO01FLKA conforms to the PCMCIA 1.0 international standard, providing compatibility at the hardware

and data interchange level. OEMs may opt to write the Card Information Structure (CIS) at the memory card’s

address 00000H with a format utility. This information provides data interchange functional compatibility. The

200 ns access time allows for “execute-in-place” capability, for popular low-power microprocessors. Intel’s

~ 1-Mbyte Flash Memory Card operates in a byte-wide and word-wide configuration providing performance/pow-
er options for different systems. ‘

Intel's Flash Memory card employs Intel’'s ETOX™ || Flash Memories. Filing systems, such as Microsoft’s*
Flash File System (FFS), facilitate data file storage and card erasure using a purely nonvolatile medium in the
DOS environment. Flash filing systems, coupled with the Intel Flash Memory Card, effectively create an all-sili-
con nonvolatile read/write random access memory system that is more reliable and higher performance than
disk-based memory systems.

*Microsoft is a trademark of Microsoft Corp.

March 1994
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54.0% 0.1mm i i 3.3% 0.1 mm
| |
| ] | . I
G . 2 % . S
' ' °
1 1
' ' :
@
H
T T
\E, ] \E, 1
£ £
3 3
o o
e e
. 1 '
\S | J N | 22
34 FRONT SIDE 1
I:’ BgOOOOOOOOOOOOOOOOOOOOOOOOOOOOOggg L_I
[0/00,6/0/6,6/6/6/6/0,0/6/6/6/0/6/6/0/0/0/6/6/6/0.0/0/00]
&8 BACK SIDE 3 .
290399-1
1 GND 18 Vppq 35 | GND 52 | Vppa
2 D3 19 Ate 36 | CDy# 53 | NC
3 Dy 20 Ais 37 D114 54 | NC
4 Ds 21 A2 38 D2 55 | NC
5 De 22 A7 39 | D43 56 | NC
6 D7 23 As 40 | Dqg 57 | NC
7 CEq# 24 As 41 D15 58 | NC
8 A0 25 Ag 42 | CEg# 59 | NC
9 OE# 26 A3 43 | NC 60 | NC
10 | Aqq 27 A2 44 | NC 61 | REG#1
11 Ag 28 Aq 45 | NC 62 | BVDo#2
12 | Ag 29 Ao 46 | Aq7 63 | BVDy#2
13 | Ay3 30 Do 47 | A¢g 64 | Dg
14 | Aqy 31 Dy 48 | Aqg 65 | Dg
15 | WE# 32 D2 49 [ NC 66 | Dqo
16 | NC 33 WP 50 | NC 67 | CDo#
17 | Vecc 34 GND 51 Vee 68 | GND
NOTES:

2. BVD# = battery detect voltage = Pulled high through pull-up resistor.

1. REG# = register memory select = No Connect (NC), unused. When REG# is brought low, PCMCIA/JEIDA stan-
dard card information structure data is expected. This is accomplished by formatting the card with this data.

Figure 1. iMCO01FLKA Pin Configuration
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Table 1. Pin Description
Symbol Type Name and Function

Ao-Aqg l ADDRESS INPUTS for memory locations. Addresses are internally latched
during a write cycle.

Do-D1s 1/0 DATA INPUT/OUTPUT: Inputs data during memory write cycles; outputs

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

CE4#, CEp# | CARD ENABLE: Activates the card’s high and low byte control logic, input
buffers, zone decoders, and associated memory devices. CE # is active low;
CE# high deselects the memory card and reduces power consumption to
standby levels. p

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

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

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

Vpp1, Vpp2 ERASE/WRITE POWER SUPPLY for writing the command register, erasing
the entire array, or writing bytes in the array.

Vee DEVICE POWER SUPPLY (5V £5%).

GND GROUND

CDq#,CD#» (0] CARD DETECT: The card is detected when CD{ # and CD#5 = ground.

WP (0] WRITE PROTECT: All write operations are disabled with WP = active high.

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

BVD4#, BVDo# (0] BATTERY VOLTAGE DETECT: Not Required.
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Do~Dis Dg-Dy5
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1/0 TRANS- |2 5
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120 ~A16
L {ce#
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Vss Vec Vepi
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28F010
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OE#
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Ag-Are Dg=Dys 4

P 40~A16  Do~D7 [ %0 ~A6 DsDis [
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OE# OE#
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BDV, # L 11
) o .
> [ ] °
:: ° O
]3 | I . L1 1
Yo Ao=Arg  Do=Dy Ag=Ag Dg-=D,
BATTERY VOLTAGE 0716 "0 0"%6 P8TY1s
DETECT CE# L] cex
76 7
WE# WE#
OE# OE#
Vss Ve Vepi Vss Vec Vepz
GND 1 —I
Vee
Vep4
Vep2

290399-2

Figure 2. iMCO01FLKA Block Diagram
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APPLICATIONS

The iIMCO01FLKA Flash Memory Card allows for the
storage of data and application programs on a pure-
ly solid-state removable medium. System resident
flash filing systems, such as Microsoft’s Flash File
System, allow Intel’s ETOX Il highly reliable Flash
Memory Card to effectively function as a physical
disk drive.

User application software stored on the flash memo-
ry card substantially reduces the slow disk-DRAM
download process. Replacing the disk results in a
dramatic enhancement of read performance and
substantial reduction of active power consumption,
size, and weight—considerations particularly impor-
tant in portables and dedicated systems. The
iMCOO01FLKA'’s high performance read access time
and command register microprocessor write inter-
face allows for use of the flash memory system in an

“execute-in-place” architecture. This configuration

eliminates the need for the redundancy associated
with DRAM and Disk memory system architectures.
ROM based operating systems, such as Microsoft's
MS-DOS ROM Version allow for “instant-on” capa-
bility. This enables the design of systems that boot,
operate, store data files, and execute application
code from/to purely nonvolatile memory.

The PCMCIA/JEIDA 68-pin interface enables the
end-user to transport data and application code be-
tween portables and host systems. Intel Flash Mem-
ory Cards provide durable nonvolatile memory stor-
age protecting valuable user code and data.

For systems currently using a static RAM/battery
configuration for data: acquisition, the
iMCO01FLKA’s inherent nonvolatility eliminates the
need for battery backup. The concern for battery
failure no longer exists, an important consideration
for portable computers and medical instruments,
both requiring continuous operation. The
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iMCO01FLKA consumes no power when the system
is off. In addition, the iIMCO01FLKA offers a consid-

erable cost and density advantage over memory
cards based on static RAM with battery backup.

The flash memory card’s electrical zone-erasure,
byte writability, and complete nonvolatility fit well
with data accumulation and recording needs. Electri-
cal zone-erasure gives the designer the flexibility to
selectively rewrite zones of data while saving other
zones for infrequently updated-look-up tables, for
example. :

PRINCIPLES OF OPERATION

Intel’s Flash Memory Card combines the functionali-
ty of two mainstream memory technologies: the re-
writability of RAM and the nonvolatility of EPROM.
The flash memory card consists of an array of indi-
vidual memory devices, each of which defines a
physical zone. The iIMCO01FLKA’s memory devices
erase as individual blocks, equivalent in size to the
128 Kbyte zone. Multiple zones can be erased
simultaneously provided sufficient current for the ap-
propriate number of zones (memory devices). Note,
multiple zone erasure requires higher current from
both the Vpp and Vg power supplies. Erased zones
can then be written in bit- or byte-at-a-time fashion
and read randomly like RAM. Bit level write capabili-
ty also supports disk emulation. .

In the absence of high voltage on the Vppq,2 pins,
the iIMCOO1FLKA remains in the read-only mode.
Manipulation of the external memory card-control
pins yields the standard read, standby, and output
disable operations.

The same read, standby, and output disable opera-
tions are available when high voltage is applied to
the Vpp4/2 pins. In addition, high voltage on Vppq/2
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enables erasure and rewriting of the accessed
zone(s). All functions associated with altering zone
contents—erase, erase verify, write, and write veri-
fy—are accessed via the command régister.

Commands are written to the internal memory regis-
ter(s), decoded by zone size, using standard micro-
processor write timings. Register contents for a giv-
en zone serve as input to that zone’s internal state-
machine which controls the erase and rewrite circuit-
ry. Write cycles also internally latch addresses and
data needed for write and erase operations. With the
appropriate command written to the register(s), stan-
dard microprocessor read timings output zone data,
or output data for erase and write verification.

Byte-Wide or Word-Wide Selection

The flash memory card can be read, erased, and
written in a byte-wide or word-wide mode. In the
word-wide configuration Vppy and/or CE41# control
the LO-Byte while Vppy and CEo# control the HI-
Byte (Ag = don’t care).

Read, Write, and Verify operations are byte- or word-
oriented, thus zone independent. Erase Setup and
Begin Erase Commands are zone dependent such
that commands written to any address within a 128
Kbyte zone boundary initiate the erase operation in
that zone (or two 128 Kbyte zones under word-wide
operation).

Conventional x8 operation uses CE{# active-low,
with CEo# high, to read or write data through the
Do—D7 only. “Even bytes” are accessed when Ag is
iow, corresponding to the low byte of the complete
x16 word. When Ag is high, the “odd byte” is ac-
cessed by transposing the high byte of the complete
x16 word onto the Dp—D7 outputs. This odd byte
corresponds to data presented on Dg—Dq5 pins in
x16 mode.

Note that two zones logically adjacent in x16 mode
are multiplexed through Dg—D7 in x8 mode and are
toggled by the Ag address. Thus, zone specific
erase operations must be kept discrete in x8 mode
by addressing even bytes only for one-half of the
zone pair, then addressing odd bytes only for the
other half.

Card Detection

The flash memory card features two card detect pins
(CD4,2#) that allow the host system to determine if

iMCOO1FLKA

the card is properly loaded. Note that the two pins
are located at opposite ends of the card. Each CD #
output should be read through a port bit. Should only
one of the two bits show the card to be present, thon
the system should instruct the user to re-insert the
card squarely into the socket. Card detection can
also tell the system whether or not to redirect drives
in the case of system booting. CD4,2# is active low,
internally tied to ground. .

Write Protection

The flash memory card features three types of write
protection. The first type features a mechanical
Write Protect Switch that disables the circuitry that
control Write Enable to the flash devices. When the
switch is activated, the WE# internal to the card is
forced high, which disables any writes to the Com-
mand Register. The second type of write protection
is based on the PCMCIA/JEIDA socket. Unique pin
length assignments provide protective power supply
sequencing during hot insertion and removal. The
third type operates via software control through the
Command Register when the card resides in its con-
nector. The Command Register of each zone is only
active when Vppq/2 is at high voltage. Depending -
upon the application, the system designer may
choose to make Vpp1/2 power supply switchable—
available only when writes are desired. When
Vpp1/2 = VppL, the contents of the register default
to the read command, making the iIMCOO1FLKA a
read-only memory card. In this mode, the memory
contents cannot be altered.

The system designer may choose to leave Vppy/2 =
VppH, making the high voltage supply constantly
available. In this case, all Command Register func-
tions are inhibited whenever V¢ is below the write
lockout voltage, V| ko. {(See the section on Power
Up/Down Protection.) The iMCO01FLKA is designed
to accommodate either design practice, and to en-
courage optimization of the processor-memory card
interface.

BUS OPERATIONS
Read

The iIMC001FLKA has two control functions, both of
which must be logically active, to obtain data at the
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outputs. Card Enable (CE#) is the power control
and should be used for high and/or low zone(s) se-
lection. Output Enable (OE#) is the output control
and should be used to gate data from the output
pins, independent of accessed zone selection. In the
byte-wide configuration, only one CE# is required.
The word-wide configuration requires both CE #s ac-
tive low.

When Vppq/2 is high (Vppu), the read operations
can be used to access zone data and to access data
for write/erase verification. When Vppq/2 is low
(VppL), only read accesses to the zone data are al-
lowed. )

Output Disable

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

Standby

With one Card Enable at a logic-high level, the
-standby operation disables one-half of the x16 out-
put’s read/write buffer. Further, only the zone corre-
sponding to the selected address within the upper or
lower CE¢2# bank is active at a time. (NOTE: Ag
must be low to select the low half of the x16 word
when CEg# = 1 and CE1# = 0.) All other zones
are deselected, substantially reducing card power
consumption. For deselected banks, the outputs are
placed in a high-impedance state, independent of
the Output Enable signal. If the iMCOO1FLKA is de-
selected during erasure, writing, or write/erase veri-
fication, the accessed zone draws active current un-
til the operation is terminated.

Intelligent Identifier Command

The manufacturer- and device-codes can be read
via the Command Register, for instances where the
iMCOO1FLKA is erased and rewritten in a universal
reader/writer. Following a write of 90H to a zone’s
Command Register, a read from address location
00000H on any zone outputs the manufacturer code
(89H). A read from address 0002H outputs the mem-
ory device code (B4H).
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Zone erasure and rewriting are accomplished via the
Command Register, when high voltage is applied to
Vpp1/2. The contents of the register serve as input
to that zone’s internal state-machine. The state-ma-
chine outputs dictate the function of the targeted
zone.

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

The Command Register is written by bringing Write
Enable to a logic-low level (V)), while Card En-
able(s) is/are low. Addresses are latched on the fall-
ing edge of Write Enable, while data is latched on
the rising edge of the Write Enable pulse. Standard
microprocessor write timings are used.

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

COMMAND DEFINITIONS

When low voltage is applied to the Vpp pins(s), the
contents of the zone Command Register(s) default
to OOH, enabling read-only operations.

Placing high voltage on the Vpp pin(s) enable(s)
read/write operations. Zone operations are selected
by writing specific data patterns into the Command
Register. Tables 3 and 4 define these iMC001FLKA
register commands for both byte-wide and word-
wide configurations.

All commands written to the Command Register re-
quire that the zone address be valid or the incorrect
zone will receive the command. Any Command/
Data Write or Data Read requires the correct valid
address.
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Table 2. Bus Operations

PIns | wotes | (71| (671 o | cEp# | CEy# | OE# | WE# | Dg-Dys |  Do-Dy
Operation Vep2 | Vep1
Read (x8) 8 VepL | VeeL [ ViL | VIH ViL ViL | V4 | Tri-state | Data Out-Even
> | Read (x8) 9 VepL | VepL | VIH| VIH ViL ViL | V|4 | Tri-state | Data Out-Odd
S | Read (xg) 10 [vepL [VerL | X | vie | vin | Vi | Vin | DataOut | Tri-state
8 | Read (x16) 11 [ VepL | VepL| X | Vic | ViL | Vi | Vin | DataOut | Data Out
« Output Disable VepL | VepL | X X X ViH | ViH | Tri-state | Tri-state
Standby VepL | VppL | X ViIH ViH X X | Tri-state | Tri-state
Read (x8) 3,8 [ Vepx | VepH | ViL| VH ViL ViL | ViH | Tri-state | Data Out-Even
Read (x8) 3,9 | VepH | Veex | VIH| VIH ViL ViL Viy | Tri-state | Data Out-Odd
Read (x8) 10 | VppH | VPpx | X ViL VIH ViL | Vi | DataOut | Tri-state
2 Read (x16) 3,11 | VppH | VppH | X ViL ViL ViL Vi | Data Out | Data Out
g Write (x8) 58 | Vepx | VePH | VIL| VIH ViL ViH ViL | Tri-state | Data In-Even
§ Write (x8) 9 | Vepu| Veex | Vie! Vim | ViL | Vin | Vi | Tri-state | Data In-Odd
& | Write (x8) 10 | Vepn| Vepx| X | ViL | Vin | Vih | ViL |Dataln | Tri-state
Write (x16) 11 VepH | VPPH | X Vi ViL VIH V)L |Dataln | Dataln
Standby 4 VepH | VepH | X | VIH ViH X X | Tri-state | Tri-state
Output Disable VppH | VPPH | X X X ViH | Vi | Tri-state | Tri-state
NOTES:

1. Refer to DC Characteristics. When Vpp1/2 = VppL memory contents can be read but not written or erased.

2. Manufacturer and device codes may be accessed via a command register write sequence. Refer to Table 3. All other
addresses low.

. Read operations with Vpp1/2 = Vppy may access array data or the Intelligent Identifier codes.

. With Vpp4/2 at high voltage, the standby current equals Icc + Ipp (standby).

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

. X can be V)_or V.

- Vppx = VppH or VppL.

. This x8 operation reads or writes the low byte of the x16 word on DQg_7, i.e., Ag low reads “even” byte in x8 mode.

. This x8 operation reads or writes the high byte of the x16 word on DQg_7 (transposed from DQg_1s), i.e., Ag high reads
“odd” byte in x8 mode.

10. This x8 operation reads or writes the high byte of the x16 on DQg_15. Ag is “‘don’t care”.

11. Ag is “‘don’t care”, unused in x16 mode. High and low bytes are presented simultaneously.

O©CONOOOMHW

I 6-147



iMCOO1FLKA : i n‘tel R

Table 3. Command Definitions Byte-Wide Mode

Command Notes CS:Ises First Bus Cycle - Second Bus Cycle

Req'd Operation(1) | Address(2) | Data(3) | Operation(1) | Address(2) | Data(3)
Read Memory 1 Write RA O0O0H
Read Intelligent 4 3 Write 1A 90H Read
Identifier Codes
Set-Up Erase/Erase| 5 2 Write ZA 20H Write ZA 20H
Erase Verify 5 2 « Write EA AOH Read EA EVD
Set-Up Write/Write 6 2 Write WA 40H Write WA WD
Write Verify 6 2 Write WA COH Read WA WVD
Reset 7 2 Write ZA FFH Write ZA FFH

- Table 4. Command Definitions Word-Wide Mode
Command Notes Ce::‘IZs First Bus Cycle Second Bus Cycle

Req'd Operation(1) | Address(2) | Data(3) | Operation(1)| Address(2) | Data(3)
Read Memory 1 Write RA 0000H
Read Intelligent 4 3 Write 1A 9090H Read
Identifier Codes ‘
Set-Up Erase/Erase| 5 2 Write ZA 2020H Write ZA 2020H
Erase Verify 5 2 Write EA AOAOH Read EA EVD
Set-Up Write/Write 6 2 Write WA 4040H Write WA WD
Write Verify 6 2 Write WA COCOH Read WA WVD
Reset 7 2 Write ZA FFFFH Write ZA FFFFH
NOTES:

1. Bus operations are defined in Table 2.
2. |A = |dentifier address: 00H for manufacturer code, 01H for device code.
EA = Address of memory location to be read during erase verify.
-‘RA = Read Address
WA = Address of memory location to be written.
ZA = Address of 128 Kbyte zones involved in erase operation.
Addresses are latched on the falling edge of the Write Enable pulse.
3. ID = Data read from location IA during device indentification. (Mfr = 89H, Device = B4H).
EVD = Data read from location EA during erase verify.
WD = Data to be written at location WA. Data is latched on the rising edge of Write Enable.
WVD = Data read from location WA during write verify. WA is latched on the Write command.
4. Following the Read Intelligent ID command, two read operations access manufacturer and device codes.
5. Figure 5 illustrates the Erase Algorithm.
6. Figure 6 illustrates the Write Algorithm.
7. The second bus cycle must be followed by the desired command register write.
8. The Reset command operation on Zone Basic to Reset entire Card, requires reset Write cycles to each zone.
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Read Command

While Vpp4/2 is high, for erasure and writing, zone
memory contents can be accessed via the read
command. The read operation is initiated by writing
00H (0O000H for the word-wide configuration) into the
zone Command Register(s). Microprocessor read
cycles retrieve zone data. The accessed zone re-
mains enabled for reads until the Command Regis-
ter(s) contents are altered.

The default contents of each zone's register(s) upon
Vppi/2 power-up is 00H (00000H for word-wide).
This default value ensures that no spurious altera-
tion of memory card contents occurs during the
Vpp1/2 power transition. Where the Vpp1/2 supply is
left at Vppy, the memory card powers up and re-
mains enabled for reads until the command Register
contents of targeted zones are changed. Refer to
the AC Read Characteristics and Waveforms for
specific timing parameters.

Intelligent Identifier Command

Each zone of the iMCOO1FLKA contains an Intelli-
gent |dentifier to identify memory card device char-
acteristics. The operation is initiated by writing 90H
(9090H for word-wide) into the Command Regis-
ter(s) with zone address. Following the command
write, a read cycle from address 00000H retrieves
the manufacturer code 89H (8989H for word-wide).
A read cycle from address 0002H returns the device
code B4H (B4B4H for word-wide). To terminate the
operation, it is necessary to write another valid com-
mand into the register(s).

Set-Up Erase/Erase Commands

Set-Up Erase stages the targeted zone(s) for electri-
cal erasure of all bytes in the zone. The set-up erase
operation is performed by writing 20H to the Com-
mand Register (2020H for word-wide) with zone ad-
dress.

To commence zone-erasure, the erase command
(20H or 2020H) must again be written to the regis-
ter(s) with zone address. The erase operation begins
with the rising edge of the Write-Enable pulse and
terminates with the rising edge of the next Write-En-
able pulse (i.e., Erase-Verify Command).

This two-step sequence of set-up followed by execu-
tion ensures that zone memory contents are not ac-
cidentally erased. Also, zone-erasure can only occur
when high voltage is applied to the Vpp1/2 pins. In
the absence of this high voltage, zone memory con-
tents are protected against erasure. Refer to AC
Erase Characteristics and Waveforms for specific
timing parameters.

iMCOO1FLKA

Erase-Verify Command

The erase command erases all of the bytes of the
zone in parallel. After each erase operation, all bytes
in the zone must be individually verified. In byte-
mode operations, zones are segregated by Ag in
odd and even banks; erase and erase verify opera-
tions must be done in complete passes of even-
bytes-only then odd-bytes-only. See the Erase Algo-
rithm for byte-wide mode. The erase verify operation
is initiated by writing AOH (AOAOH for word-wide) into
the Command Register(s). The address for the
byte(s) to be verified must be supplied as it is
latched on the falling edge of the Write Enable
pulse. The register write terminates the erase opera-
tion with the rising edge of its Write Enable pulse.

The enabled zone 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. Similarly, reading FFFFH from the
addressed word indicates that all bits in the word are
erased.

The erase-verify command must be written to the
Command Register prior to each byte (word) verifi-
cation to latch its address. The process continues
for each byte (word) in the zone(s) until a byte (word)
does not return FFH (FFFFH) data, or the last ad-
dress is accessed.

In the case where the data read is not FFH (FFFFH),
another erase operation is performed. (Refer to Set-
Up Erase/Erase.) Verification then resumes from the
address of the last-verified byte (word). Once all
bytes (words) in the zone(s) have been verified, the
erase step is complete. The accessed zone can now
be written. At this point, the verify operation is termi-
nated by writing a valid command (e.g., Write Set-
Up) to the Command Register. The Erase algorithms
for byte-wide and word-wide configurations illustrate
how commands and bus operations are combined to
perform electrical erasure of the iIMCO01FLKA. Re-
fer to AC Erase Characteristics and Waveforms for
specific timing parameters.

Set-Up Write/Write Commands

Set-Up write is a command-only operation that
stages the targeted zone for byte writing. Writing
40H (4040H) into the Command Register(s) per-
forms the set-up operation.

6-149




iMCOO1FLKA

Once the write set-up operation is performed, the
next Write Enable pulse causes a transition to an
active write operation. Addresses are internally
latched on the falling edge of the Write Enable
pulse. Data is internally latched on the rising edge of
the Write Enable pulse. The rising edge of Write En-
able also begins the write operation. The write oper-
ation terminates with the next rising edge of Write
Enable, which is used to write the verify command.
Refer to AC Write Characteristics and Waveforms
for specific timing parameters.

'Write Verify Command

The iIMCOO1FLKA is written on a byte-by-byte or
word-by-word basis. Byte or word writing may occur
sequentially or at random. Following each write op-
eration, the byte or word just written must be veri-
fied.

The write-verify operation is initiated by writing COH
(COCOH) into the Command Register(s) with correct
address. The register write(s) terminate(s) the write
operation with the rising edge of its Write Enable
pulse. The write-verify operation stages the ac-
cessed zone(s) for verification of the byte or word
last written. The zone(s) apply(ies) an internally-gen-
erated margin voltage to the byte or word. A micro-
processor read cycle outputs the data. A successful
comparison between the written byte or word and
true data means that the byte or word is successfully
written. The write operation then proceeds to the
next desired byte or word location. The Write algo-
rithms for byte-wide and word-wide configurations il-
lustrate how commands are combined with bus op-
erations to perform byte and word writes. Refer to
AC Write Characteristics and Waveforms for specific
timing parameters.

Reset Command

A reset command is provided as a means to safely ‘

abort the erase- or write-command sequences. Fol-
lowing either set-up command (erase or write) with
two consecutive writes of FFH (FFFFH or word-
wide) will safely abort the operation. Zone memory
contents will not be altered. A valid command must
then be written to place the accessed zone in the
desired state.

EXTENDED ERASE/WRITE CYCLING

Intel has designed extended cycling capability into
its ETOX Il flash memory technology enabling a
flash memory card with a MTBF that is many times
more reliable than rotating disk technology. Result-
ing improvements in cycling reliability come with-
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out increasing memory cell size or complexity. First,
an advanced tunnel oxide increases the charge car-
rying ability ten-fold. Second, the oxide area per cell
subjected to the tunneling electric field minimizes
the probability of oxide defects in the region. The

lower electric field greatly reduces oxide stress and
the probability of failure.

WRITE ALGORITHMS

The write algorithm(s) use write operations of 10 us
duration. Each operation is followed by a byte or
word verification to determine when the addressed
byte or word has been successfully written. The al-
gorithm(s) allows for up to 25 write operations per
byte or word, although most bytes and words verify
on the first or second operation. The entire se-
quence of writing and byte/word verification is per-
formed with Vpp at high voltage.

ERASE ALGORITHM

The Erase algorithm(s) vyield(s) fast and reliable
electrical erasure of memory contents. The algo-
rithm employs a closed-loop flow, similar to the write
algorithm, to simultaneously remove charge from all
bits in the accessed zone(s).

Erasure begins with a read of memory zone con-
tents. Reading FFH (FFFFH) data from the ac-
cessed zone(s) can be immediately followed by writ-
ing to the desired zone(s).

For zones being erased and rewritten, uniform and
reliable erasure is ensured by first writing all bits in
the accessed zone to their charged state (data =
00H byte-wide, 00000H word-wide). This is accom-
plished, using the write algorithm, in approximately
two seconds per zone.

Erase execution then continues with an initial erase
operation. Erase veification (data = FFH byte-wide,
FFFFH word-wide) begins at address 00000H and
continues through the zone to the last address, or
until data other than FFH (FFFFH) is encountered.
(Note: byte-wide erase operation requires separate
even- and odd-address passes to handle the individ-
ual 128 Kbyte zones.) With each erase operation, an
increasing number- of bytes or words verify to the
erased state. Erase efficiency may be improved by
storing the address of the last byte or word verified
in a register(s). Following the next erase operation,
verification starts at that stored address location.
Follow this procedure until all bytes in the zone are
erased. Then, re-start the procedure for the next
zone or word-wide zone pair. Erasure typically oc-
curs in one second per zone.
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Figure 3. Full Card Erase Flow
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START WRITING
1]

APPLY
Vepul2]

INCREMENT
ADDRESS

NOTES:

PLSCNT =0

WRITE SET-UP
WRITE CMD + ADDRESS

WRITE
CMD (A/D)
TIME OUT 10 uS

WRITE
VERIFY CMD + ADDRESS

TIME OUT 6 uS

READ DATA
FROM DEVICE

N
INC
PLSCNT,
=257
Y Y
LAST
ADDRESS
?
WRITE
READ CMD
- A 4
APPLY APPLY
Vep [2] Vpp, [2]
WRITING WRITE
COMPLETED ERROR
290399-4

Operation Command Qomments
Standby Wait for Vpp Ramp
to VppH (= 12.0V))
Initialize Pulse-Count
Write Set-Up Data = 40H +
Write Valid Address
Write Write Valid Address/Data
Standby Duration of Write
Operation (twHwH1)
Write Write(3) Data = COH + Valid
Verify Address; Stops(4)
Write Operation
Standby twHGL
Read Read Byte to Verify Write
Operation at
Valid Address
Standby Compare Data Output
to Data Expected
Write Read Data = OOH,
Resets the Register for
Read Operations
Standby Wait for Vpp Ramp
to VppL(z)

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

2. See D.C. Characteristics for the value of Vppy and Vppy.

3. Write Verify is only performed after a byte write operation. A final read/compare may be performed (optional) after the
register is written with the Read command.
4. Refer to principles of operation.
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ERASORE 1l Bus Command Comments
Operation
Standby Wait for Vpp Ramp
to Vppy (= 12.0V)(2)
WRITE ALL Use Write Operation
BYTES TO 00H Algorithm
Initialize Even/Odd
Addresses,
YT T Erase Pulse Width,
TEW=10ms and Pulse Count
PLSCNT=0
opb=0
ADDR=00001H T
—>]  PLSCNT=0 > «
oDD=1
WRITE ERASE i | -
Write gre;slip Data = 20H + Address
WRITE Write Erase Data = 20H + Address
ERASE CMD + ADDRESS
Standby Duration of Erase
Operation (twHwH2)
Write Erase Addr = Byte to Verify;
Verify(3) Data = AOH; Stops
Standby Erase Operation(4) twngL
READ DAT i
1 Read st o Very
‘ asure af sS
INC
:'iso%'g-? Standby Compare Output to FFH
Increment Pulse Count
Y
INCREMENT
ADDRESS + 2
Y
WRITE Write Read Data = 00H, Resets the
READ CMD Register for Read
Y Operations
I APPLY | I APPLY I
VepL[2] VepL[2] Standby Wait for Vpp Ramp
v v to VppL @
ERASURE ERASE
( COMPLETED ) C ERROR )
290399-5

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

2. See DC Characteristics for the value of Vppy and Vpp|.

3. Erase Verify is only performed after chip erasure. A final read/compare may be performed (optional) after the register
is written with the Read command.
4. Refer to principles of operation.

Figure 5. Erase Algorithm for Byte-Wide Mode
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In

Start Write
Operation

Apply: Vepy

Get ADRS/W_DAT

Comments

Initialize:

V_DAT = W_DAT PLSCNT_HI=0
W_COM = 4040H PLSCNT_LO=0
V_COM =CO0COH FLAG=0

j <

I Write ADRS/W_COM + VALID ADDRESS I

|

High/Low Byte
Compare & Mask
Subroutine

7y

F_DAT = W_DAT Flag=0 ?

More Data
?

A 4
| write READ_coM | | write READ_COM |

L Aeply Vep | - [ Apply Vepr |

Write . Write
Complete Error

Wait for Vpp ramp to Vppy

ADRS = Address to Write
W__DAT = Data Word to Write

Initialize Data Word Variables:
V__DAT = Valid Data
W_COM = Write Command
V_COM = Write Verify Command
PLSCNT_HI = HI Byte 