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inteh ADVANCE umﬁ@ﬁmrn@w
SERIES 2+ FLASH MEMORY CARDS

40 MEGABYTES
- IMCO40FLSP
m Single Power Supply Operation m Revolutionary Architecture
m Automatically Reconfigures for 3.3V — Pipelined Command Execution
and 5V Systems — Write During Erase
m 150 ns Maxi A T ith — Series 2 Command Superset
ns Maximum Access Time w
13 MB/S Read Throughput m 50 pA Typical Deep PowerDown
- ngh Performance Random Writes m State-of-the-Art 0.6 um ETOX IV Flash
— 0.85 MB/S Sustained Throughput Technology
— 1 KB Burst Write @ 10 MB/S B 1 Million Erase Cycles per Block
B PCMCIA 2.0/JEIDA 4.1 Compatible B 640 independent Lockable Blocks

m PCMCIA Type 1 Form Factor

Intel's Series 2+ Flash Memory Card sets the new record for high-performance disk emulation and XIP
applications in mobile PC's and dedicated equipment. Manufactured with Intel's DD28F032SA 32-Mbit
FlashFile™ Memory, this card takes advantage of a revolutionary architecture that provides innovative capa-
bilities, low power operation and very high read/write performance. '

The Series 2+ Card provides today’s highest density, highest performance non-volatile read/write solution for
solid-state storage applications. These applications are further enhanced 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 5V
systems.

290512~2

ETOX and FlashFile™ are trademarks of Intel Corporation.

November 1993
Order Number: 290512-001 ' ‘ 6-1




SERIES 2+ FLASH MEMORY CARD

PRODUCT OVERVIEW

The 40 Mégabyte, Series 2+ Flash Memory Cards

contain a flash memory array that consists of 10
DD28F032SA TSOP -memory devices... Each
DD28F032SA, encapsulating two 28F016SA devic-
es, contains sixty-four distinct, individually-erasable,

64 Kbyte blocks; therefore, the cards contain 640

device blocks.

The Series 2+ Card offers additional product fea-
tures to those of the Series 2 ‘Card product family
(refer to the IMCOO2FLSA, iMCO04FLSA, iMCO10FL-
SA, and iIMCO20FLSA data sheets). Some of the
more notable card-level enhancements include: sin-
gle power supply operation at either 3.3V or 5V and
page buffers to increase write performance.

The card incorporates Vcc and Vpp detect circuitry,
referred to as SmartPower, to sense the voltage lev-
el present at the card interface. The card’s control
logic automatically configures its circuitry and the
DD28F032SA memory array accordingly. The Card
Information Structure reports that the card is 3.3V or
5V compatible. The card also detects the présence
of 12V on the socket Vpp pin and passes this supply
to each DD28F032SA. When 12V is unavailable, the

card generates the required Vpp via its integrated -

Vpp-generation circuitry, whether Vo is 3.3V or 5V.

At the device level, internal algorithm automation al-
lows write and block erase operations to be execut-
ed using a two-write command sequence in the
same way as the 28F008SA FlashFile memory in the
Series 2 Card. A superset of commands and addi-
tional performance enhancements have been added
to the basic 28FO008SA command-set:

e Page buffer writes to flash result.in 4 times
faster writes than Series 2 Cards.

e Command queuing permits the: devices to re-
ceive new commands during the executlon of the
current command.

e Automatic data writes during erase allows the
DD28F032SA to perform write operations to one
block of memory while performnng an erase on
-another block.

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

e Erase all unlocked blocks provides a quick ‘and

simple method to sequentially erase the blocks

within a DD28F032SA.

Each block of the DD28F032SA can be written and

erased a minimum of 100,000 cycles. The Series
2+ Card can achieve 1 million Biock Erase Cycles
by provndmg wear-leveling algorithms and graceful

intel.

block retirement. These techniques, analogous to
those: used in hard disk drives, have already been
employed in many | flash file systems.

The Series 2+ Card has two. means for putting |ts
flash devices into ‘a Deep-Sleep mode for reduced
power consumption: 1):Write to the card’s PCMCIA-
compatible Configuration.and Status Register to. ac-
tivate a Reset-PowerDown to all devices simulta-
neously; 2) Issue a command to individual devices,
referred to as the software-controlled Deep-Sleep
mode. Using this. approach, the device will retain
status register contents and finish any. operation in
progress.

The card achieves its PCMCIA-compatible. word-
wide access by pairing the DD28F032SA devices re-
sulting in an accessible memory block size of
64 KWords. The card’s decoding logic (contained
within its ASICs) allows the system to write or read
one word at a time, or one byte at a time by refer- .
encing the high or low byte. Erasure can be per-
formed on the entire block pair (high and low device
block simultaneously) or on the high or low byte por-
tion separately. Although the DD28F032SA supports
byte or word-wide data access, the byte interface
was utilized within the card to ‘allow the delivery of

" higher performance benefits (such as the doubling
of the effective page buffer size).

The Series 2+ Card’s ASICs also contain the Card'
Information Structure and the Component Manage-
ment Registers that provide five control functions—.
Ready-Busy mode, selection, software-controlled
write- protection, card status, voltage-control and
status, and soft reset.

The memory card interface supports the Personal
Computer  Memory  Card Industry Association
(PCMCIA 2.01) 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+ CARD ARCHITECTURE
OVERVIEW

As depicted in Figure 1, the Series 2+ Card con-
sists of three major functional elements—the

- DD28F032SA Flash Memory array, card control log-

ic and SmartPower circuitry. The card control logic
handles the interface between the flash memory ar-
ray and the host system’s PCMCIA signals. The
SmartPower circuitry provides the card’s integrated
Vpp generator and a means for detecting the sock-
et’s voltage levels.

v
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Figure 1. Series 2+ Card Block Diagram showing Major Functional Elements including the Card’s
Control Logic, Smart Power Circuitry and the DD28F032SA Flash Memory Components
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SERIES 2+ FLASH MEMORY CARD

Table 1. Series 2-+ Flash Memory Card Signals

-y :
intgl.
The Series 2+ Card signals comply with the PCMCIA specification, as shown in Table 1. Table 2 describes the
functionality of these signals. ‘

Pin| Signal |1/O| Function. | Active Pin | Signal | I/0 Function ‘Active
1|{GND ' Ground 35 | GND' Ground ;
2 | DQg I/0 | Data Bit 3 36 | CDy# | O | Card Detect1 LOW
3 | DQy /0 | Data Bit 4 37 | DQyy | I/O | DataBit 11
4| DQs I/0 | Data Bit5 38 | DQi2 | 170 | DataBit12
5 | DQg I/0 | Data Bit6 39 | DQy3 | I/0 | DataBit13
6 | DQy 1/0 | Data Bit 7 40 | DQq4 | 1/O | DataBit14
7 | CE1# "1 |CardEnablet | LOW 41 | DQys 1/0 | DataBit 15
8 | Ao I | Address Bit 10 42 | CEp# | | Card Enable 2 Low
9 | OE# I | Output Enable | LOW 43 .| VS O | Voltage Sense 1
10 | Aqq | | Address Bit 11 44 | RFU Reserved
11 | Ag ( | | Address Bit9 45 | RFU Reserved
12 | Ag I | Address Bit 8 46 | Aq7 | | Address Bit 17
13 | Asa | | Address Bit 13 47 | Aqg | | Address Bit 18
14 [ Ayq I | Address Bit 14 48 | Aqg | | Address Bit 19
156 | WE# | | Write Enable LOW 49 | Ago | | Address Bit 20
16 | RDY/BSY # Ready-Busy | LOW 50 | Az I | Address Bit 21
17 | Veo Supply Voltage 51 | Vcc Supply Voltage
18 | Vppy Supply Voltage 52 | Vppa Supply Voltage
19 | Asg | | Address Bit 16 53 | Az I | Address Bit 22
20 | A5 | | Address Bit 15 54 | Az3 | | Address Bit 23
21 | A2 1 | Address Bit 12 55 | Ao || Address Bit 24
22 | A7 I | Address Bit 7 56 | Ass Address Bit 25
23 | Ag 1 | Address Bit6 57 | VS, O | VoltageSense2 | N.C.
24 | As I | Address Bit5 58 | RST | | Reset ‘ HIGH
25 | Ay I | Address Bit 4 59 | WAIT# | O | Extend Bus Cycle | LOW
26 | Ag 1 | Address Bit3 60 | RFU Reserved
27 | A |- | Address Bit 2 61 |REG# | 1| Register Select LOW
28 | A4 | | Address Bit 1 62 | BVD, O | Batt. Volt Det 2
29 | Ap || Address Bit 0 63 | BVD4 O | Batt. Volt Det 1
30 | DQg I/0 | Data Bit 0 64 | DQg | I/0 | DataBit8
31 | DQy 1/0 | Data Bit 1 65 | DQg I/0 | DataBit9
32 | DQy I/0 | Data Bit 2 , 66 | DQyo | I/0.| DataBit10
33 | WP O | Write Protect HIGH 67 | CDo# O | Card Detect 2 LOW
34 | GND Ground 68 | GND Ground
6-4

ADVANCE INFORMATION | .



intgl.

SERIES 2+ FLASH MEMORY CARD

Table 2. Series 2+ Flash Memory Card Signal Descriptions

Symbol Type Description

Ap-Azs | ADDRESS INPUTS: A through Ays are address bus lines which enable direct
addressing of 64 megabytes of memory on a card. Ag is not used in word
access. Ags is the most significant bit.

DQo-DQ15 110 DATA INPUT/OUTPUT: DQq through DQ15 constitute the bld»rectlonal data
bus. DQ15 is the most significant bit.

CEq#,CEg# | CARD ENABLE 1, 2: CE4 # enables even bytes, CE># enables odd bytes.
Multiplexing Ag, CD1# and CD2# allows 8-bit hosts to access all data on DQg
through DQ7.

OE# l 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 outputindicates that a device(s) in the memory card is(are) busy with
internally timed activities.

CDq #, CDo# (o} 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, providing 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, when not using the card’s integrated Vpp generator. These signals
may be disconnected but are required for ExCA compliance.

Vce CARD POWER SUPPLY: (3.3V/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.

WAIT # (o] WAIT: (Extend Bus Cycle) Used by Intel’s |/0 cards and is driven high.

BVD4, BVD2 o BATTERY VOLTAGE DETECT: Upon completion of the power on reset cycle,
these signals are driven high to maintain SRAM-card compatibility.

VS84, VSy (0] VOLTAGE SENSE: Signals notify the host socket of the card’s Voc
requirements. VS, is grounded and VS, open indicates a 3.3V/ 5V card as
depicted in the CIS.

RFU RESERVED FOR FUTURE USE.

N.C. NO INTERNAL CONNECTION. Pin may be driven or left floating.

I ADVANCE INFORMATION 6-5
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SERIES 2+ FLASH MEMORY CARDS
4 and 20 Megabytes
iIMCOO4FLSP, iMCO20FLSP

m Single Power Supply Operation ., Revolutl'onaryAfchife‘cture
n Automatically Reconfigures for 3.3V - Pipellned °°'““‘a“?' Execution
and 5v systems . —erte Durlng Erase )
150 e M A T ith — Series 2 Command Superset
] ns Maximum Access Time w :
13 MB/S Read Throughput ‘ m 12 pA Typical Deep Powerdown
. High Performance Random Writes m State-of-the Art 0.6 pm ETOX IV Flash
—0.85 MB/S Sustained Throughput - Technology
— 1 KB Burst Write @ 10 MB/S ‘m 1 Million Erase Cycles per Block
m PCMCIA 2.0/JEIDA 4.1 Compatible - m 320 Independent Lockable Blocks

'm PCMCIA Type 1 Form Factor

Intel's Series 2+ Flash Memory Card'sets the new record for high-performance disk emulation and XIP
applications in mobile PC’'s and dedicated equipment. Manufactured with Intel's 28F016SA 16-Mbit
FlashFile™ Memory, this card takes advantage of a revolutionary architecture that provides innovative capa-
bilities, low power operation and very high read/write performance.

The Series 2+ Card provndes today’s highest density, highest performance non-volatile read/write solution for
solid-state storage applications. These applications are further enhanced with this product’s symmetrically
"blocked architecture, extended MTBF, low power 3.3V operation, built-in Vpp generator, and muiltiple block-
locking methods. The Series 2+ Card’s dual read and write voltages allow interchange between 3.3V and 5V
systems.

290491-8
ETOX and FlashFile™ are trademarks of Intel Corporation.

) . December 1993
6-6 , - . Order Number: 200491-002
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SERIES 2+ FLASH MEMORY CARDS

SCOPE OF DOCUMENT

The documentatlon for Intel’'s Series 2+ Flash
Memory Card includes this data sheet and a detailed
design guide. The data sheet provides all AC and
DC charactensﬂcs (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 design guide (or-
der number 297373-001) provides a complete de-
scription of the methods for using the card. It also
contains the full list of software algorithms and flow-
charts and a section for upgrading from Intel’s Se-
ries 2 Flash Memory Cards.

PRODUCT OVERVIEW

The 4 and 20 Megabyte, Series 2+ Flash Memory
Cards contain a flash memory array that consists of
2 to 10 28F016SA TSOP memory devices, respec-
tively. Each 28F016SA contains 32 distinct, individu-
ally-erasable, 64 Kbyte blocks; therefore, the cards
contain 64 and 320 device blocks, respectively.

The Series 2+ Card offers additional product fea-
tures to those of the Series 2 Card product family
(refer "to the iMCOO2FLSA,  iMCOO04FLSA,
iMCO10FLSA, and iMCO20FLSA data sheets). Some
of the more notable card-level enhancements in-
clude: interchangeable operation at 3.3V or 5V and
internal Vpp generation.

The card incorporates Vg detect circuitry, referred
to as SmartPower, to sense the voltage level pres-
ent at the card interface. The card’s control logic
automatically configures its circuitry and the
28F016SA memory array accordingly. The Card In-
formation Structure reports that the card is 3.3V or
5V compatible. The card also detects the presence
of 12V on the socket Vpp pin and passes this supply
to each 28F016SA. When 12V are unavailable, the
card generates the required Vpp via its internal Vpp-
" generation circuitry, whether Vg is 3.3V or 5V.

At the device level, internal algorithm automation al-
lows write and block erase operations to be execut-
ed using a, two-write command- sequence in the
same way as the 28F008SA FlashFile memory in the

Series 2 Card. A superset of commands and addi--

tional performance enhancements have been added
to the basic 28F008SA command-set:

= Page buffer writes to flash results in writes up to
4 times faster than Series 2 Cards.

68

mtel

: s Command queuing permits the devices to re-

ceive new commands during the executlon of the
current command.

= Automatic data writes during erase allows the
28F016SA to perform write operations to one
block of memory while performing an erase on an-
other block.

= Software locking of memory blocks provides a

means to selectively protect code or data within
the card.

. Erase all unlbcked blocks provides a quick and

simple method to sequentially erase the blocks
within a 28F016$A

The Series 2+ Card has two means for putting its
flash devices into-a Deep-Sleep mode for reduced

power consumption: 1) Issue a command to individu-

al devices, referred to as the software-controlled

Deep-Sleep mode. Using this approach the device .
will retain status register contents and finish any op-

eration in progress: 2) Write to the card’s PCMCIA-

compatible Configuration and Status Register to ac-

tivate a Reset-PowerDown to all devices simulta-

neously.

The card achieves its PCMCIA-compatible word-
wide access by pairing the 28F016SA devices re-
sulting in an accessible memory block size of
64 KWords. The card’s decoding logic (contained
within its ASICs) allows the system to write or read
one word at a time, or one byte at a time by refer-
encing the high or low byte. Erasure can be per-
formed on the entire block pair (high and low device
block simultaneously) or on the high or low byte por-
tion separately. Although the 28F016SA - supports
byte or word-wide data access, the byte interface
was utilized within the card to allow the delivery of
higher performance benefits (such as the doubling
of the effective page buffer size).

* 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-controlled - write protection, card status,
voltage-control and status, and soft reset.

. The memory card interface supports the Personal

Computer Memory Card Industry- Association
(PCMCIA 2.01) 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.

ADVANCE INFORMATION
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SERIES 2+ ARCHITECTURE OVERVIEW

As depicted in Figure 1, the Series 2+ Card con-
sists of three major functional
28F016SA Flash Memory array, card control logic
and SmartPower circuitry. The card control logic

elements—the

SERIES 2+ FLASH MEMORY CARDS

handles the interface between the flash memory ar-

" ray and the host system’s PCMCIA signals. The
Smart Power circuitry provides the card’s integrated
Vpp generator and a means for detecting the sock-
et’s voltage levels.
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. Figure 1. Series 2+ Card Block Diagram Showing
Major Functional Elements Including the Card’s Control Logic,
Smart Power Circuitry and the 28F016SA Flash Memory Components -
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SERIES 2+ FLASH MEMORY CARDS ‘ |nte| 5

" The Series 2+ Card signals comply with the PCMCIA specmcatlon as shown in Table 1. Table 2 describes the -
functlonahty of these sngnals

Table 1. Series 2+ Flash Memory Card SIQnals

Pin'| Slgnal 1/0 | “ Function - | Active | | Pin Signal | I/0 “Function Active |
- 1leaND | | Ground | |85 ]ano | Ground ‘
2(DQg  |1/O|DataBits - |36 | cDy# | O | CardDetect 1 LOW
3|DQs I/0 | DataBit4 - 37 [ DQy; | /O | DataBit 11
4 | DQs 1/0 | DataBit5 38 | DQiz | 1/O | DataBit12
5 | DQg I/0 | DataBit6 ' 39 | DQy3 | /O | DataBit13
6 | DQ7 /0| DataBit7 - | 40 | DQys | 1/O | DataBit14
7 | CEq# | | CardEnable1 | LOW 41 | DQis | I/0 | DataBit 15
8¢ A1 i | Address Bit10 42 | CEp# | | CardEnable2 | LOW
9 | OE# | | Output Enable | LOW 43|vs; | O [VoltageSense1 |
10 | A I | Address Bit 11 , 44 | RFU Reserved
11 | Ag | | Address Bit 9 45 | RFU Reserved
12 | Ag | | Address Bit 8 | 46 A7 | | AddressBit17
13 [ Agg I | Address Bit 13 47 | Aqg I | Address Bit 18
14 | Aqq | | AddressBit14 | | 48 | A | | Address Bit 19
15 | WE# | | Write Enable |- LOW 49 | Ay I | Address Bit 20
16 | RDY/BSY# [ Ready-Busy LOW. 50 | Agy | | | Address Bit 21
17 | Vee Supply Voltage 51 | Vgo . Supply Voltage
1 18 | Vppy Supply Voltage | 52 | Vppp Supply Voltage
19 | Ajg "1 ‘| Address Bit 16 .53 | Ao I | Address Bit22
20 | Ass | | Address Bit 15 "1 54 | Ang I | Address Bit23
21 | Az . I | Address Bit 12 155 | A I | Address Bit 24
22 | A7 | | Address Bit 7 : 56 | Ags | | Address Bit 25 -
23 | Ag | | Address Bit 6 57 | VS2 - |" O | Voltage Sense 2 NC.
24 | As | | Address Bit5 | 58 | RST ‘I |'Reset "~ | HIGH
125 | Ag. I | Address Bit 4 . 59 | WAIT# | O | ExtendBus Cycle | LOW
26 | A3 | | Address Bit3 60 | RFU Reserved 1
27 | As | | AddressBit2 | 61 | REG# | | | RegisterSelect | LOW
28 | A4 | | Address Bit 1 62 | BVDy O | Batt. Volt Det 2
29 | Ag v | | Address Bit0 | |83 BVD4 O | -Batt. Vot Det 1
30 | DQg I/0 | DataBit0 .| 64 |DQg | VO | DataBit8
31 | DQy 1/0|DataBit1 | | |65|DQg |1/O | DataBito
32 | DQy | 70| DataBit2 | |66 |DQy |1/0] DataBit10
33 | WP O | Write Protect HIGH | 67 | CDo# | O Card Detect 2 LOw
34 | GND Ground ‘| 68 | GND Ground

610 o . ~ ADVANGE INFORMATION
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- SERIES 2+ FLASH MEMORY CARDS

Table 2. Series 2+ Flash Memory card Signal Descriptions

Symbol Type Description

Ag-Ags | 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. Aps is the most significant bit.

DQo-DQy5 170 DATA INPUT/OUTPUT: DQg through DQ15 constitute the bidirectional data
bus. DQ15 is the most significant bit. )

CEq#,CEo# | CARD ENABLE 1, 2: CE1 # enables even bytes, CEo# enables odd bytes.
Multiplexing Ag, CD4 # and CDg # allows 8-bit hosts to access all data on DQg
through DQ7. )

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(s) in the memory card is(are) busy with
internally timed activities. )

CDq#,CDo# (o] 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 (0] WRITE PROTECT: Write Protect reflects the status of the Write-Protect switch
on the memory card. WP set 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 data in the array. They must be 12V to perform an erase/write
operation, when not using the card’s integrated Vpp generator. These signals

; may be disconnected but are required for ExXCA compliance.

Vece CARD POWER SUPPLY: (3.3V/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 from system for placing card in Power-On Default
State.

WAIT # (o] WAIT: (Extend Bus Cycle) Used by Intel’s 1/0 cards and is driven high.

BVD4, BVD2 (0] BATTERY VOLTAGE DETECT: Upon completion of the power on reset cycle,

i these signals are driven high to maintain SRAM-card compatibility.
| V84, VSa (0] VOLTAGE SENSE: Notify the host socket of the card’s Vg requirements. VS4
. is grounded and VS5 open indicates a 3.3V/5V card as depicted in the CIS.
RFU RESERVED FOR FUTURE USE.
N.C. NO INTERNAL CONNECTION. Pin may be driven or left floating.

ADVANCE INFORMATION ‘ | &:11




SERIES 2+ FLASH MEMORY CARDS

CARD CONTROL LOGIC ‘
The Card Control Logic, contained within two ASICs,

handles the address decoding and data control for .

the Series 2+ Card. The card’s Component Man-
‘agement Registers are also contained within the
Card Control Logic.

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, the ad-

WE#, OE#, CE4#, and CEo# 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 D7_o; no valid data can be written on

the high byte. Reads of Dys-. 8 will yield FFH.

dress decode logic determines when to select the -

Card Information . Structure (CIS) or Component
Management Registers (CMR). The CIS is contained
at even-byte locations beginning at address 0000H.

The CMRs are mapped at even-| byte locations be-

ginning at address 4000H as shown in Figure 2.

DATA CONTROL LOGIC

As shown in Table 3, data paths and directions are

selected by the Data Control logic using REG #, Ag,

ODDBYTE . EVENBYTE
I , MEMORY
ADDRESS
, 1FFFFFH
NOT USED
004200H
NOT USED 004000H
NOT USED
000100H
NOT USED 000000H

Figure 2. Attribute Memory Plane

Tablé 3. Data Access Mode Truth Tables

612

MODE | REG# | CE2# | CE4# | Ag | OE# | WE# | Vppa [ Vep1| Diss D7-0
_ , “‘COMMON MEMORY PLANE . AR
STANDBY X ViH ViH X X X | VppL | VppL{ HIGH-Z HIGH-Z
BYTE-READ VIH ViH Vi Vil Vi | Vin | VepL | VPpL| HIGH-Z. | EVEN-BYTE
Vih | Vi | Ve [Viu| Vic | Vin | VepL|VepL| HIGH-Z | ODD-BYTE
WORD-READ Vi | ovie | ovie | X | vie | Vie | VepL | VepL | ODD-BYTE | EVEN-BYTE
ODDBYTE READ ViH V|L ViIH.| X | ViL | ViH | VPpL ‘VPF;L ODD-BYTE HIGH-Z
BYTE WRITE " VIH ViH Vie {Vie] Vin | ViL | XXX | Vppy XXX EVEN-BYTE
ViIH | Vin | ML V| ViH | ViL | VPPH| XXX | XXX | ODD-BYTE
WORD-WRITE ViH Vie Vi X! Vim | Vi | VepH | VPPH | ODD-BYTE | EVEN-BYTE
ODDBYTE WRITE | V|4 ViL Vih | X I'Vi'| Vi | VppH | VepL | ODD-BYTE XXX
, ATTRIBUTE MEMORY PLANE .
STANDBY X VIH | VIR | X X X | VppL | VppL | HIGH-Z HIGH-Z
BYTE-READ ViL ViH ViL . V"_ Vi | ViH | VepL | VppL| HIGH-Z EVEN-BYTE
Vi | Ve | Vi [ Vie| Vi | Ve | VeeL [ VppL| HIGH-Z FFH. |
WORD-READ ViL ViL vie | X | vie | Vi | VeeL | VeeL FFH EVEN-BYTE
ODDBYTE READ ViL ViL ViH X | Vi | Vin | VepL | VepL FFH HIGH-Z
BYTE WRITE ViL ViH Vie |ViL|l Vin | ViL | VeeL | VeeL XXX EVEN-BYTE
. Vi | Ve | Ve |[Vie| Vi | ViL | Ve | VeeL XXX XXX
WORD-WRITE | V| ViL Vi X | Vim | Vi | VeeL| VerL XXX EVEN-BYTE
ODDBYTEWRITE | V| | V||_‘; ViH X | Vin | Vie | VepL | VeeL XXX XXX

ADVANCE INFORMATION
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COMPONENT MANAGEMENT
REGISTERS

The Component Management Registers (CMRs) are
classified into two categories: those defined by
PCMCIA R2.0 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-controlled Write Protec-
tion, Card Status, and Soft Reset.

Card Register Tables

SERIES 2+ FLASH MEMORY CARDS

4000H—Configuration Option Register
(PCMCIA)

'

SRESET CONFIGURATION INDEX
T Tels[«lslz]7]o

BIT 7 SOFT RESET

1 = Reset to Power On
State

0 = End Reset Cycle

BITS 6-0
- Driven Low

Default: 02H

4100H—Card Status Register

(Intel—READ ONLY)
RESERVED* | SRESET|CMWP | PwrDwn | CISWP| WP | RDY/BSY #
7 I 6 5 4 3 2 |1 0
BIT 5 SOFT RESET BIT 2 COMMON
- Mirrors the SRESET Bit ~ MEMORY CIS WP
~ (7) of the Configuration - Indicates the Write
Option Register. Protect Status of the
1= RESET Common Memory CIS.
. 1= WRITE
BIT 4 COMMON PROTECTED
MEMORY WP .
- Indicates the Write BIT 1 WRITE PROTECT
Protect Status of the SWITCH
Common Memory - - Reports the Status of
Plane, Minus the the Card’s Mechanical
CMCIS. Write Protect Switch.
. 1 = WRITE PROTECT
BIT 3 POWER DOWN SWITCH ON
- Reflects the PwrDwn )
Bit (2) of the BIT 0 READY/BUSY #
Configuration and - Mirrors the Card’s
Status Register. RDY/BSY # Pin
1= POWERDOWN 1 = READY

Default:  1H or 3H

4002H—Configuration and Status Register

(PCMCIA)
RESERVED* PwiDwn RESERVED®
7]e[s]als 2 1] o

BIT 2 POWER DOWN

1 = Force All Devices Into Deep Sleep via the
Device’'s RP# Pin. All Device Register
Contents are Lost.

0= PowerUp Default: 00H

ADVANCE INFORMATION

4104H—Write Protection Register (Intel)

RESERVED* BLKEN | CMWP | CISWP

7[e[s]4]s 2 1 0

BIT 2 BLOCK LOCKING BIT 0 COMMON
ENABLE MEMORY CIS WP
1 = Enable Independent 1 = Force Only the
28F016SA Block ’ Common Memory
Locking. CIS Into Write
0 = All Blocks Uniocked. . Protected Status.
0 = Write Protected
BIT 1 COMMON According to
MEMORY WP Independent
1 = Force Common '28F016SA Block
Memory, Minus the Locking.
CMCIS, to Write
Protected Status.
0 = WriteProtect
According to
Independent
27F016S Block
Locking. Default: 04H
6-13




SERIES 2+ FLASH MEMORY CARDS

410CH—Volitage Control Register (Intel) |

Vg LVL RESERVED* VppVAL | VppGEN
7 e|5|4|a‘~|2 1 0
BIT7V, EL BIT 0 Vpp GENERATION
1 1= Host:Supplying - 1 = Turnon Integrated
.83V Vpp Generator
0 = Host Supplying 5V. 0 = Turn off Integrated
. Vpp Generator
BIT 1 Vpp VALID
1= VppBetween 11.4V
and 12.6V

0 = Vpp'invalid. Default: 82H.or 02H

4140H-Ready/ Busy Mode Register (Intel)

RESERVED* RACK MODE

7|6I5|4|3']2 1 0 -
BIT 1 READY BIT 0 RDY/BSY # MODE
ACKNOWLEDGE ’ ’
- Clear to Set up RDY/ 1 = High Performance

BSY # Pin, Then Clear Mode

After Each Becomes 0 = ‘PCMCIA Level

Ready to Acknowledge . Mode

Transition.

Default: 00H

intel.

signs while maintaining backwards compatibility.
The extended 28F016SA command set supports
many new features to improve programmability and
write performance such as: page buffered writing,
individual block-locking, multiple RDY/BSY # config-
urations: and- device level queuing capabilities. The
following pages list the Series 2+ command set and
Bus Cycle Operations overview.

Serles 2+ COmmand Set

Code (H) Series 2-Compatible Mode
00 Invalid/Reserved
10 Byte Write
20 Single Block Erase
40 Byte Write
50 Clear Status Register
70 Read Compatible Status Register
90 “Intelligent Identifier
BO Erase Suspend
Do Erase Confirm/Resume

: ~ NOTE:
*Reserved bits should be zero (low) to insure future
compatability.

'SMART POWER

The Smart Power circuitry generates and monitors
the card’s programming voltage. When a host sys-
tem does not provide a Vpp supply, the card’s inte-
grated generator can be switched on via the card’s
Voltage Control Register. The Smart Power circuitry
also detects the host system’s Vcg level (3.3V or
5V) and configures the card’s flash memory devices
accordingly (using the 28F016SA 3/5# pin as
shown in Figure 1). ;

DEVICE COMMAND SET

The 28F016SA-based Series 2+ Command Set in-
creases functionality over earlier 28F008-based de-

6-14

FF Read Array

Series 2+ Performance

Code (H) Enhancement
08 Page Buffer Write to Flash
7 Read Extended Status Registers
72 Page Buffer Swap
74 Single Load to Page Buffer
75 Read Page Buffer
77 Lock Block
80 Abort -

96 RY/BY # Reconfiguration
97 Status Bits Upload '
A7 Erase All Unlocked Blocks

EO Sequential Load to Page Buffer
FO Sleep '

ADVANGE INFORMATION
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Command Bus Cycle Definitions (28F008SA-Compatible Mode)

First Bus Cycle Second Bus Cycle
Command Data Data Notes
R/W | Adrs. R/W | Adrs.
x8 x16 x8 x16
Read Array w DA | FFH | FFFFH R DA AD AD
Intelligent Identifier w DA | 90H | 9090H R 1A ID ID
Read CSR w DA | 70H | 7070H R DA | CSRD | CSRD
Clear Status Register w DA | 50H | 5050H 2
Word/Byte Write§ w WA | 40H | 4040H w WA WD WD
Word/Byte Write (Alternate)s | 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 = |dentifier Address ID = |dentifier Data
WA = Write Address WD = Wirite Data

§ = Queueable Commands

NOTES: .
1. The CSR is automatically available after the device enters Data Write, Erase or Suspend operations.
2. This command clears CSR.3, CSR.4 and CSR.5. Also clears GSR.5 and BSR.5 and BSR.2 bits.

ADVANCE INFORMATION ' 6-15
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Command Bus Cycle Definitions (28F016$A Superset Mode)

) ~ First Bus Cycle Second Bus Cycle , Third Bus Cycle = |
‘Command - - Data ‘ * Data Data | Notes
o . ; R/W Adrs. - R/W | Adrs. R/W | Adrs. -
, T e we x8 | xie x8 | x16
PAGE BUFFER CONTROL B - ‘
Read Page Buffer | W |+ DA ‘| 75H 7575H [ R PA | PD PDPD |
PageBufferSwap | W | DA | 72H | 7272H s R ‘ ‘ 1
Slngle Load to Page W | DA [74H | 7474H| R | PA | PD PDPD
Buffer . . )
Sequential Load to w DA | EOH | EOEOH | W DA BCL - W DA BCH | 2,3
Page Buffer ) . ) . : . . )
Page Buffer Write to w DA | OCH | ococH w AO BC(L,H) w WA | BCH,L) | 2,3, 4
Flash Array$ ‘ )
READY/BUSY CONFIGURATION . ) v .
RY/BY # Pulse-On- w DA |.96H | 9696H | W DA 03H 0303H 5
Erase$ . : |
RY/BY # Pulse-On- ‘W DA | 96H | 9696H | W ' DA 02H 0202H - 5
Write§ . i i
RY/BY # Enable$ w DA | 96H | 9696H | W DA 01H 0101H . L | '8
RY/BY # Disable$ W DA | 96H | 9696H | W DA 04H 0404H | -~ 5
WRITE PROTECTION AND DEVICE STATUS ‘ ; . )
Lock Block/Confirm§ | ‘W DA | 77H | 7777TH | W BA DOH - | DODOH
| Upload StatusBits/ | W | DA |97H | 9797H | W | DA | DOH | DODOH ‘ 6
Confirm$ :
ADDITIONAL FUNCTIONS . .
Read Extended w DA |71H | 7171H | R RA GSRD/BSRD 7
Registers ;
Erase All Unlocked w DA | A7TH | A7TA7TH | W DA DOH | DODOH
Blocks/Confirm§ :
Sleep W | DA | FOH | FOFOH
Abort W | DA | 80H | 8080H
ADDRESSES: DATA: DATA COUNTS:
DA. = Device Address AD = Array Data WC(L,H) - = Word Count (Low, High)
BA = Block Address . CSRD = CSR Data BC(L,H) = Byte Count (Low, High)
IA = Identifier Address G/BSRD = GSR/BSR Data WD(L,H) = Write Data (Low, High)
PA = Page Buffer Address D = |dentifier Data
RA = Extended Register Address WD = Write Data
WA = Write Address PD = Page Buffer Data
X = Don’t Care ) )
§ = Queueable Commands
NOTES:

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

2. 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.
3. Page Address and Page Data (whose count is given in cycles 2 and 3) are supplied starting in the 4th cycle (not shown).
4. A0 is automatically complemented to load the second byte of data.

5. These commands reconfigure RY/BY # output to one of two pulse modes, or they enable and disable the RY/BY # function.
6. 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.

7. RA can be the GSR address or any BSR address.
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DEVICE STATUS REGISTERS

Each 28F016SA has three types of status registers:
the Compatible Status Register, the Global Status
Register and the Block Status Register. The Com-
patible Status register is identical to the 28FO08SA
Status Register. The Global Status Register pro-
vides queue and page buffer information about each
device. Each block within the device has a Block
Status Register assigned to it. The BSR contains the
Block-Locking Status and other information specific
to the block being addressed.

SERIES 2+ FLASH MEMORY CARDS

Compatible Status Reglstel; (CSR)

WSMS | ESS ES DWS | VPPS |RSRVD|RSRVD|RSRVD

7 6 5 4 3 2 1 0

CSR.7 WRITE STATE CSR.4 DATA-WRITE

MACHINE STATUS STATUS

1 = Ready 1 = Error in Data Write

0 = Busy 0 = Data Write
Successful

CSR.6 ERASE SUSPEND

STAT .3 Vpp STATU!

1 = Erase Suspended
0 = Erasein Progress/
Completed

1 = Vpp Low Detected,
Operation Aborted
0= VppOK

CSR.5 ERASE STATUS CSR.2-0

Global Status Register (GSR)

WSMS| 0SS | DOS | DSs

QS | PBAS | PBS | PBSS

1 = Errorin Block Reserved

Erasure
0 = Successful Block

Erasure Default: 80H
ADVANGCE INFORMATION

7 6 5 4 3 2 1 0
GSR.7 WRITE STATE GSR.3 QUEUE STATUS
MACHINE STATUS 1= Queue Full
1 = Ready 0 = Queue Available
0 = Busy
GSR.2 PAGE BUFFER
GSR.6 OPERATION AVAILABLE STATUS
SUSPEND STATUS 1 = One or Two Buffers
1 = Operation Available
Suspended 0 = No Page Buffer
0 = Operation in Available
Progress/
Completed GSR.1 PAGE BUFFER
STATUS
GSR.5 DEVICE 1 = Selected Page
OPERATION STATUS Buffer Ready
1 = Operation 0 = Selected Page
Unsuccessful Buffer Busy
0 = Operation
Successful or GSR.0 PAGE BUFFER
Running SELECT STATUS
1 = Page Buffer 1
GSR.4 DEVICE SLEEP/ Selected
Status 0 = Page Buffer 0
1 = Device in Sleep Selected
0 = Device Not in Sleep
Default: 8EH
6-17
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- Block Status Register (BSR)

BS | BLS | BOS |BOAS| Q@S |VvPPS| R R

7 6

s | 4 | 3| 2| 1] o

BSR.7 BLOCK STATUS BSR.4 BLOCK -

1 = Ready : OPERATION ABORT

0 = .Busy STATUS )

. 1 = Operation Aborted -
BSR. K-LOCK 0 = Operation Not
s_mtus Aborted

1 = Block Un!ocked ) '
0 = Block Locked BSR.3 QUEUE STATUS

1 = Queue Full

- | - | in

PCMCIA CARD INFORMATION
STRUCTURE

The Card Informatlon Structure ‘begins ‘at address
0000000H of the ‘card’s: Attribute Memory Plane: It
contains a variable-length chain of data :blocks (tu-
ples) that conform to a basic format (Table 4). The»
CIS of the Series 2+ Flash Memory Card is. found in
Table 5

~Table 4. PCMCIA Tuple Format
BYTES : 'DATA

" BSR.5 BLOCK 0 = Queue Available 0 | TUPLE CODE: CISTPL_xxx. The

OPERATION STATUS { tuple code OFFh indicates no more

1 = Operation BSR.2 Vpp STATUS tuples in the list.

Unsuccessful 1 = Vpp Low Detect -

0 = Operation 0= VppOK 1 TUPLE LINK: TPL__LINK. Link to the
Successful or . next tuple in thelist. This can be
Running BSR.1-DRESERVED viewed as the number of additional

Default: - COH 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 i |n the Ilst
» 2-n" | Bytes specific to this tuple.
Table 5. Series 2+ Tuples
Address | Value ‘Description Address | Value Description
00H | O1H CISTPL DEVICE 1AH 17H CISTPL_DEVICE__A’
02H 04H TPL__LINK 1CH 04H TPL_LINK
04H 57H - FLASH 1EH 1FH . ROM
06H | 22H 150 ns 20H | 22H 150ns
2AH 200 ns 22H | otH 2Kb
CARD SIZE ‘
H END OF DEVICE
08H OEH ; 4MB 24H FF D OF DEVICE
4EH 20 MB 26H 1DH CISTPL_DEVICE_OA
0AH | FFH . END OF DEVICE 28H 0sH TPL_LINK ;
OCH 1CH CISTPL__DEVICE_OC 2AH.- | 02H | OTHER CONDITIONS—3 Ve |
OEH | O5H TPL__LINK 2CH | 17H ROM
10H 02H | OTHER CONDITIONS—3 Voo 2EH 2AH 200 ns
12H | 57H | FLASH 30H | OH | 2Kb
14H 2AH 200 ns 32H FFH . END OF DEVICE
, CARD SIZE 34H 18H " CISTPL_JEDEC_C
16H | OEH 4M8B 36H | O2H TPL__LINK
4EH 20 Mz 38H 89H INTEL J-ID
Vi
18H il END OF DEVICE - 3AH AOH 28F016 J-ID
3CH O0H Null Control Tuple
6-18 ADVANCE INFORMATION
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SERIES 2+ FLASH MEMORY CARDS

Table 5. Series 2+ Tuples (Continued)

ADVANCE INFORMATION

Address Value Description Address Value Description
3EH 15H CISTPL VERS 1 7CH 65H e
40H agH TPL_LINK 7EH 6CH [
42H 04H TPLLV1_MAJOR 80H 20H SPACE
44H 01H TPLLV1_MINOR 82H 43H c
TPLLVI_INFO 84H 4FH o
46H 49H I pyey e A
48H 6EH n pyor e =
4AH 74H t ym 2FH o
4CH 65H o 8CH 52H R
4EH 6CH [ oEN o A
50H O00H END TEXT o0 ah T
52H_ 53H S Y prey '
54H 32H 2 odr 2FH o
56H 45H E oy “EH N
SeH gg: ” mg 98H 20H SPACE
5AH 20H 4MB 9AH S1H L
30H 20 MB 9CH 39H 9
5CH 53H s 9EH 39H 9 .
20H SPACE AOH 33H 3
5EH 57H w - A2H 20H SPACE
20H SPACE A4H 47H G
60H 00H ENDTEXT | AeH 4CH L
' 62H 43H c A8H 41H A
64H 4FH o) AAH 44H D
66H 50H P ACH 45H E
68H 59H Y AEH 4BH K
6AH 52H R BOH OOH END TEXT
6CH 49H I B2H FFH END OF LIST
6EH 47H G B4H 1AH CISTPL__CONF
70H 48H H B6H 05H TUPL__LINK
72H 54H T B8H 01H TPCC_SZ
74H 20H SPACE BAH 04H TPCC__LAST
76H 49H | BCH 00H TPCC__RADR
78H “6EH n BEH 40H - TPCC__RADR
7AH 74H t i
6-19
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Table 5. Series 2+ Tuples (Continued)

intel.

Address|Value| Description Address | Value - Description

COH | 03H ~ TPCC_RMSK » TPCE_PD ‘

oo oo ULl GONTROL TUPLE 102H | 79H | Vee PARAMEI(ETZ SELECTION

C4H [1BH| CISTPL_CFTABLE_ENTRY i T IRy

C6H | 08H TPL_LINK 106H | 1EH EXTENSION BYTE

C8H |O01H TPCE_INDEX (01H) oo | oam -

CAH | O1H TPCE::;V,C:DONLY) 10AH | 1EH lcc AVERAGE 150 mA

CCH | 79H| Voo PARAMETER SELECTION 10CH | 1EH | lcc PEAK 150 mA
BYTE 10EH | 53H Icc PWRDWN 500 pA

CEH | 55H [Voc NOMINAL VOLTAGE 5V +5% 110H | 1BH | CISTPL__CFTABLE_ENTRY

DOH | 53H lcg STATIC'500 pA 112H | 10H TPL__LINK

D2H | 1EH lcc AVERAGE 150 mA 114H | 04H TPCE_INDEX (04H)

D4H | 1EH lcc PEAK 150 mA 116H | 02H | TPCE_FS (Voo AND Vpp)

D6H | 1BH lcc PWRDWN 200 pA TPCE_PD

D8H |1BH| CISTPL_CFTABLE_ENTRY 118H | 79H | Vee PARAMEBUET'; SELECTION

DAH | OFH TPL__LINK T oo vy

DCH | 02 TPCE_INDEX (02H) 11CH | 1EH EXTENSION BYTE

DEH | 02H TPCE—::’C:;"CPADND Ver) 11EH | 2BH Icc STATIC 250 pA

EOH | 79H | Voc PARAMETER SELECTION 120H | 06H lcc AVERAGE 100 mA
BYTE 122H | oeH Icc PEAK 100 mA

E2H | 55H |V NOMINAL VOLTAGE 5V £5% 124H | 52H Icc PWRDWN 50 pA

E4H |2BH|  Icg STATIC 250 pA TPCE_PD

=on T oer oo AVERAGE 100 mA 126H | 79H | Vpp PARAMEB’I;ngé SELECTION

E8H | O6H lcc PEAK 100 mA o o Py

EAH | S2H lec PXVPZ?EW";SO pA 12AH | 7DH | NC OK ON STANDBY & PWD

ECH | 79H | Vpp PARAMETER SELECTION 12CH | 53H Ipp STATIC 500 pA
BYTE 12EH | 25H Ipp AVERAGE 20 mA

EEH | 8EH 12.0V £5% 130H | 25H | Ipp PEAK 20 mA

FOH | 7DH| NCOKON STANDBY & PWD 132H | 1BH lbp PWRDWN 150 pA

F2H | 53H Ipp STATIC 500 pA 134H | 00H | NULL CONTROL TUPLE

FaH | 25H Ipp AVERAGE 20 mA 136H | 00H | NULL CONTROL TUPLE

F6H | 25H Ipp PEAK 20 mA 138H | 1EH CISTPL DEVICEGEO

F8H | 52H Ipp PWRDWN 50 pA 13AH | O6H TPL_LINK

FAH |1BH| CISTPL_CFTABLE_ENTRY 13CH | 02H DGTPL_BUS

FCH | 09H TPL__LINK 13EH | 11H DGTPL_EBS

FEH | 03H TPCE_INDEX (03H) 140H | O1H DGTPL_RBS

100H | O1H TPCE_FS (Vo ONLY) 142H | O1H DGTPL_WBS

6-20
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Table 5. Series 2 + Tuples (Continued)

Address | Value Description
144H | O1H DGTPL_PART=1
146H | 01H | FLASH DEVICE INTERLEAVE
i48H | 20H CISTPL MANFID
14AH | 04H TPL__LINK (04H)

TPLMID_MANF
14CH | 89H LSB
14EH | OOH MSB
150H 12H 4 MB—150 ns
42H 20 MB—150 ns
11H 4 MB—200 ns
41H 20 MB—200 ns
152H | 83H TPLMID__CARD MSB
84H TPLMID_CARD MSB
154H 21H CISTPL_FUNCID
156H 02H TPL_LINK
158H | O1H TPLFID_FUNCTION
(MEMORY)
15AH | OOH TPLFID_SYSINIT
(NONE)
15CH | FFH CISTPL_END
00H INVALID ECIS ADDRESS
(15EH-1FEH)

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 which are pro-
duced by rising and falling edges of CEq# and
CE,#. 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 Vg and GND, and be-
tween Vpp1/Vppz and GND.

ADVANCE INFORMATION

SERIES 2+ FLASH MEMORY CARDS

The card connector should also have a 4.7 uF elec-
trolytic capacitor between Vi and GND, as well as
between Vpp1/Vpp2 and GND. The bulk capacitors
overcome voltage slumps caused by printed-circuit-
board trace inductance, and supply charge to the
smaller capacitors as needed.

POWER UP/DOWN PROTECTION

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

Each device in the card is designed to offer protec-
tion 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 Vi ko when Vpp is active.
Since both WE# and CE4# 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 Vpp{/
Vpp2 above Vgg + 2.0V. In addition, upon powering
down, Vpp1/Vpp2 should be below Vo + 2.0V be-
fore lowering V.

NOTE:
The Integrated Vpp generator defaults to the power
off condition after reset and system power up.

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 techniques on the system
and card levels. To design for.this capability consid-
er card over-voltage stress, system power droop
and control line stability.

6-21
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SERIES 2+ FLASH MEMORY CARDS

\ OPERAT‘ON SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS®
Operating Temperature

DuringRead .................. 0°C to +60°C(1)
During Erase/Write .............. 0°Cto +60°C
Storage Temperature. ......... —30°C to +70°C(@

Voltage on Any Pin with

Respect to Ground ...—2.0Vto +Vge + 2.0V(2)
Vpp1/Vpp2 Supply Voltage with

Respect to Ground *

during Erase/Write . ....... —2.0Vto +14.0V(2.3) \
Ve Supply: Voltage with

RespecttoGround ............ —0.5Vto +6.0V
NOTES:

intel.

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

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

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

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

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

OPERATING CONDITIONS

Symbol Parameter Min Max Units
Vcess Ve Supply Voltage (5%) 3.0 36 v
' Voos Ve Supply Voltage (5%) 475 5.25 Y
SERIES 2+ DC CHARACTERISTICS, GENERAL
Symbol Parameter Notes Min Max Units Test Conditions
Iu Input Leakage Current 1,3 +1 +20 rA | Voo = Voo MAX
. ViN = Vcc or GND
ILo Output Leakage Current 1 +1 +20 pA | Voo = Voo MAX
) ‘ Vout = Vg or GND
ViL Input Low Voltage 1 -05 0.8 V | Min = -0.3Vfor
. . 3.3V Ve
ViH Input High Voltage 1 0.7Vecc | Vec +0.3 \" Max = Vgg +0.5V
for 5V Ve
VoL Output Low Voltage 1 0.4 \" Max = 0.45V for 5V
| w/loy = —2.0mA
VoHi - | Output High Voltage 1 2.4 v
(@3.3V) .
VoH2 Output High Voltage 1 0.85V¢ee v loH = —25mA
(@5.0V) :
VppL Vpp during Read Only 1,2 0.0 6.5 v
Operations
6-22 ADVANCE INFORMATION
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SERIES 2+ DC CHARACTERISTICS, GENERAL (Continued)

Symbol Parameter Notes | Min | Max | Units | Test Conditions ;
VPRH Vpp during Read/Write Operations 1 141126 | V :
Viko Vg Erase/Write Lock Voltage 1 20 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|_ are not guaranteed in the range between Vppy and Vppy.

3. Exceptions: With Vjy = GND, the leakage on CE#, CE #, REG#, OE# and WE # will be <500 nA due to internal pull
up resistors and, with Viy = Vg, RST leakage will be <500 pA due to internal pull-down resistors.

SERIES 2+ DC CHARACTERISTICS(1) v¢c = 5V, Vpp = 12V - |

Density x8 Mode x16 Mode Test
Symbol Parameters Notes Units
v (Mbytes) Typ Max Typ Max Conditions
lccr Ve Read 4,20 2,3 85 120 | mA | Vgc = Voo MAX
Current : tcycLe = 150 ns
lcocw Vg Write 4,20 2,3 85 120 mA | Data Write in
Current. ) Progress
lcce Ve Erase 4,20 2,3 75 100 | mA | Block (Pair)
Current Erasein
Progress {
lccst | Vec Sleep 4 12 | 20 | 12 | 20 | pA
Current 20 20 | 60 | 20 | 60 | pA )
Iccs Ve Standby 4,20 2,3 | 61 | 115 | 170 | 210 | pA | Voo = Voo MAX
Current ' Control Signals
=ViH
IpPW Vpp Write 4,20 2,3 7 | 12 | 14 | 24 | mA | DataWritein
Current (Vpp = Progress
VepH) ‘ ‘
IpPE Vpp Erase 4,20 2,3 5 10 10 20 mA | Block (Pair)
Current (Vpp = Erasein”
VppH) Progress
IppsL Vpp Sleep 4 0 0 BpA | Vpp = OV
‘ Current 20 0 0 WA
Ippg4 Vpp Standby or 4 2,3 0 0 wA | Vpp =0V
Read Current
(Vep < Vo) 20 0 0 KA

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. Currents are not added in for devices not accessed or in sleep mode.
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SERIES 2+ FLASH MEMORY CARDS

SERIES 2+ DC CHARACTERISTICS CMOS(") Vee = 5V Vpp = OV"

Density x8 Mode | x16 Mode Test’
s mbol Parameters~ 1 Notes UnIt e
y : (MBytes) | O 30T Max | Typ | Max ® | conditions
' IccR Ve Read . 4,20 2,3,4 ' 86 1120 | mA | Voo = MAX
© . | Current , ‘ " | tcycLe = 150 ns
lcow Ve Write 4,20 2,3,5 119 150 | mA | DataWritein
) Current : . : ‘ e Progress
lcce | VocErase 4,20 | 2,35 104 150 | mA | Block Erasein
- Current Progress
lccst | Vcc Sleep 4 4 12| 20 | 12 | 20 | wA |/
| | Current 20 20 | 60 | 20 | 60 [ pA
lccs | VccStandby | 4,20 3,4 | 61 [ 115 | 110 | 250 | pA | Voo = Voo MAX
' Current , ‘ Control Signals
=ViH '

** |pp specs not included because all Ipp is derived from lcc via the internal Vpp Generation Circuitry.

NOTES:

1. All currents are RMS values unless otherwuse speclfled Typlcal Vee = - 3, 3V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.

3. Currents are not added in for devices not accessed or in sleep mode.

4. Vpp Generation Circuitry turned off. i

5. Vpp Generation Circuitry turned on.
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SERIES 2+ DC CHARACTERISTICS(1) vc = 3.3V, Vpp = 12V

SERIES 2+ FLASH MEMORY CARDS

Density . x8 Mode x16 Mode Test
Symbol Parameters (MBytes) Notes Tye | Max | Typ | Max Units Conditions
lccr Vcc Read 4,20 2,3 44 64 mA | Voo = Voo MAX
Current tcycLE = 200 ns
lccw Ve Write 4,20 2,3 36 48 mA | Data Write in
Current Progress
lcce Vcc Erase 4,20 2,3 36 48 mA | Block (Pair)
Current . Erasein
Progress
lcesL Vce Sleep 4 20 20 rA
Current 20 60 60 | pA
lccs Vcc Standby 4,20 2,3 115 250 A | Voo = Voo MAX
Current Control Signals
=VH
lppw Vg Write 4,20 2,3 10 15 20 30 mA | Data Write in
Current (Vpp = Progress
VepH) '
IppE Vcc Erase 4,20 2,3 4 10 8 20 mA | Block (Pair)
Current (Vpp = Erasein
VppH) Progress
IppsL Vcc Sleep 4 0 0 pA | Vpp = 0OV
Current 20 0 0 A
Ipps4 Ve Standby 4 2,3 0 0 pA | Vpp = 0OV
or Read
Current (Vpp < 20 0 0 pA
Vco)
NOTES:

1. All currents are RMS values unless otherwise specified. Typical Voc = 3.3V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.
3. Currents are not added in for devices not accessed or in sleep mode.

ADVANGCE INFORMATION
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SERIES 2+ DC CHARACTERISTICS(1) Voe = 3.3V, Vpp = OV**

mtel

- ' Density ) x8 Mode x16 Mode Test
Symbol Parameters Notes Units
lccr Vcc Read 420 |234]|" 44 64 | mA | Voo = Voo MAX
Current tcycLE = 200 ns
lcow Vg Write 4,20 2,3,5 100 177 | mA | Data Writein
Current ) Progress
lcce Vg Erase 4,20 2,3,5 79 134 mA Block (Pair)
Current Erasein
Progress
lcesL Vce Sleep 4 4 12 | 20 | 12 | 20 pA
' Current 20 20 | 60 | 20 | 60 | pA
Iccs Ve Standby 4,20 3,4 | 61 | 155 | 110 | 250 | pA | Voo = Voo MAX
Current Control Signals
=V

** Ipp specs not included because all Ipp is derived from Icc via the internal Vpp Generation Circuitry.

NOTES:

1. All currents are RMS values unless otherwise specified. Typical Vg = 3.3V, Vpp = 12V, T = 25°C.
2. Two devices active in word mode, one device active in byte mode.

3. Currents are not added in for devices not accessed or in sleep mode.
4. Vpp Generation Circuitry turned off.
5. Vpp Generation Circuitry turned on.
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AC CHARACTERISTICS

AC Timing Diagrams and characteristics are guaran-
teed to meet or exceed PCMCIA Release 2.01 spec-

SERIES 2+ FLASH MEMORY CARDS

COMMON AND ATTRIBUTE MEMORY Read-Only Operations

ifications. No delay occurs when switching between
the Common and Attribute Memory Planes.

Symbol 150 ns . 200 ns
Parameter Notes Units

JEDEC | PCMCIA Min | Max | Min | Max
tavav tRc Read Cycle Time 150 200 ns
tavav ta (A) Address Access Time 150 200 ns
teLav ta (CE) Card Enable Access Time 150 200 ns
teLav ta (OE) Output Enable Access Time 75 100 ns
teHaX tgis (CE) Output Disable Time from CE # 75 90 ns
teHQzZ tgis (OE) Output Disable Time from OE # 75 90 ns
tgLax ten- (CE) Output Enable Time From CE # 5 ns
teLax ten (OE) Output Enable Time from OE # ns
tPHQV Powerdown Recovery to 530 530 ns

Output Delay. Vo = 5V

Powerdown Recovery to 670 670 ns

Output Delay. Vgc = 3.3V

tsu (Voc) | CE Setup Time on Powerup 0 0 ms
ADVANCE INFORMATION 6-27
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DEVICE AND
Vgc POWER-UP STANDBY

ADDRESS SELECTION

OUTPUTS ENABLED

DATA VALID

Vin
ADDRESSES (A)
v,

18

Vin
CE (c)
Vi

Vin
OE (G)
ViL

Vin
WE (W)
ViL

Vo
DATA (D/Q)

VoL

XXX

ADDRESSES STABLE

STANDBY

Vce POWER-DOWN

tavav

68882 NOTE 1
AVAVAVAVAVAYA Y

NOTE 1

le-teHaz |

/‘VVVVVVVVVV.VV‘
QNOTE 1 XK

XXX y VNN
XSENOTE 140

= toHaz >

/

le— tGLqv —]

teLay

toLax —*

‘4—

HIGH Z ~

teLox

VALID OUTPUT

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

tavav

taxax —

2/

™D

\

HIGH Z
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intel o SERIES 2+ FLASH MEMORY CARDS
COMMON AND ATTRIBUTE MEMORY Write Operations(1)

Symbol 150 ns 200 ns

Parameter Notes Units

JEDEC PCMCIA Min | Max | Min | Max
tavav | twc Write Cycle Time 150 200 ns -
wiwH | tw (WE) Write Pulse Width - 80 120 ns
tavwL | tsu (A) Address Setup Time 20 20 ns
tavwH | tsu (A-WEH) | Address Setup Time for WE # 100 140 ns
tvwH | tvps Vpp Setup to WE # Going High 100 100 | ns i
teLwH | tsu (CE-WEH) | Card Enable Setup Time for WE # 100 140 ns |
{ovWH | teu (D-WEH) | Data Setup Time for WE # 50 60 ns |
twHpx | th (D) Data Hold Time 20 30 ns i
twHAX | trec WE) | Write Recover Time 20 30 ns
tWHRL ' WE # High to RDY/BSY # 140 | 140 ns
twHQv1 Duration of Data Write Operation 6 6 us
twHav2 Duration of Block Erase Operation 0.3 0.3 sec
tQwvL ij: Hold from Operation Complete 1 0 0 ns
twHGL | th (OE-WE) Write Recovery Before Read 10 10 ns
tPHWL Powerdown Recovery to WE # Going Low 1 1 us [

NOTE: ’
1. Read timing charateristics during erase and data write operations are the same as during read-only operations. Refer to i
AC Characteristics for Read-Only operations. ?

—
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Vcc POWER-UP  wRITE DATA WRITE OR

- & STANDBY  ERASE

: A
ADDRESSES (A)
- W
Vin
CE# (E)
v,

. L
- Y
OE# (G)
Vie
Vi
WE# (W)
Vie

Vi
DATA (D/Q)

Vi -

) Vou
RDY/BSY# (R)
Vo

Vepy

VepL

Vep (V) Vi

Vi

. WRITE VALID
ADDRESS & DATA (DATA WRITE)

SETUP- COMMAND OR ERASE CONFIRM COMMAND

B

’V’V.V‘V VVV V’ ‘ ‘V‘V’Y‘V‘V‘V.V‘V’V V.V’\v: OV‘V’V‘V’V’V’V’V’V.V \/ V‘ -
v X - RN
tavav tavwn —»] twhax ‘ '

tavwe

/N

AUTOMATED DATA WRITE
OR ERASE DELAY

- READ STATUS
REGISTER DATA

WRITE READ ARRAY
COMMAND

N Nan

J/ \/
o]
SN\ \/
tovwn
S P >/ N/ \>/
| o
__/ 3 /

L

NOTE: As shown, RP# is generated in the card by the ASIC by writing to the appropriate register.

R
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intd @ SERIES 2+ FLASH MEMORY CARDS ]
COMMON AND ATTRIBUTE MEMORY CE #-Controlled Write Operations(1)

Symbol 150 ns 200 ns e
JEDEC PCMCIA Parameter Notes Min | Max | Min | Max Units
tavav | twe Write Cycle Time 150 200 ns
teten | tw (WE) Chip Enable Pulse Width 80 120 ns
taver | tsu(A) Address Setup Time 20 20 ns
taveH | tsu (A-WEH) Address Setup Time for CE # 100 140 ns
tvPEH | tvps Vpp Setup to CE# Going High 100 100 ns
twLeH | tsu (CE-WEH) | Write Enable Setup Time for CE # | 100 140 ns
toveH | tsu (D-WEH) Data Setup Time for CE # . 50 60 ns
tenpx | 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
teHQVA Duration of Data Write Operation 9 9 us
teHQV2 Duration of Block Erase Operation 0.3 0.3 sec
tovvL Vpp Hold from Operation Complete 0 0 ns
tengL | th (OE-WE) | Write Recovery Before' Read 10 10 ns
tPHEL Eowerdown Recovery to CE# Going 1 1 us

ow

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.

ORDERING INFORMATION

iMCO20FLSP,SBXXXXX
WHERE:
i = INTEL FL =FLASH TECHNOLOGY
MC ~MEMORY CARD / S i E;(;(;KiD A::S:ITECTUHE _ L
020 =DENSITY IN MEGABYTES ; XXX :CUSTgM'g: IDENTIFIER
(004,020 AVAILABLE) BXXXXX = ;
ADDITIONAL INFORMATION ‘
References
Available Documentation i
Document Order Number 7
SERIES 2 FLASH MEMORY CARD Data Sheet 290434
SERIES 2+ Flash Memory Card User’s Manual 297373
28F016SA 16 Mbit (1Mbit x 16, 2Mbit x 8) FlashFile™ Memory Data Sheet 290489
28F008SA 8 Mb (1Mb x 8) FlashFile™ Memory Data Sheet 290429
AP-357 Power Supply Solutions for Flash Memory 292092
AP-362 Implementing Mobile PC Designs Using High Density FlashFile™ Components 292097
AP-377 The 28F016SA Software Drivers 292126
AP-378 Enhanced Features of the 28F016SA 292127
ER-31 The 28F016SA FlashFile™ Memory 294015
ER-33 ETOX IV Flash Memory Technology 294016
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Vi <— tpHEL —>] \/ ; _ \ert
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RPE / NOTE: As shown,.RP# is generated in the card by the ASIC by writing to the appropriate register.
ie ; o
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v,
Vep (V) ':Z:
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SERIES 2+ FLASH MEMORY CARDS

POWER-UP/POWER-DOWN
Symbol
Parameter Notes Min Max Units
PCMCIA
V; (CE) CE # Signal Level (OV < Vgg < 2.0V) 1 0 ViIMAX v
CE# Signal Level (2.0V < Vcc < Vi) 1 " Vgg — 0.1 | VIMAX \
CE # Signal Level (Vi4 < Vco) 1 VH VIMAX v
tsu (Vco) CE # Setup Time 20 ms
tsu (RESET) CE# Setup Time 20 ms
trec (Vco) CE# Recover Time 1.0 ps
tor Vg Rising Time 2 0.1 300 ms
tof Vg Falling Time 3.0 300 ms
tw (RESET) RESET Width 10 ps
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 OV < Vgg < 2.0V, V; (CE#) is only OV ~ Vijmax

2. The

a “linear waveform”, its rising and falling time must meet this specification.

tor and tpf are defined as “linear waveforms” in the period of 10% to 80% or vice-versa. Even if the waveform is not

~CE1, ~CE2

Power-Up/Down Timing for Systems Supporting RESET

tor —— st tsy (Vo)

tg, (RESET)

— |Tv 4, (Hi-z RESET)

Hi-z -----------Il

Vee

tg, (RESET) |

'»I

<— t,, (RESET)

[

4, (Hi-z RESET) -

L— t; (Hi-z RESET)

RESET

Yp——— | b

290491-5
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SERIES 2+ FLASH MEMORY CARDS InteL

CAPACITANCE Ty = 25°, f = 1.0 MHz

Symbol Pins Typ 4MB Units ‘
‘Max ‘

CiN Ao 15 | 30 | pF

CN | Address/Control [ 10 | 20 | pF

Cin Vce: Vep 2 2 uF

Cout Output 10 20 pF
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lnté o SERIES 2+ FLASH MEMORY CARDS

PACKAGING
/— WPS
I):%‘L“ _ _— J
Surface A
ﬁ .
2 % |
o % |
4 ¢
/ | /] |
¢ %
% /1 L b
’ : ~
| / | 5
Q :
g
/ /
] /]
SUBSTRATE AREA
% , | A]
T F 777777 % T
c INTERCONNECT AREA P
i Yoy /} D4 4 U
2x S —= l‘— \—- CONNECTOR T ‘.{ l._
v .
_-1 I‘ Surface A X .1 I~
#34 #
l L1 /_ | 1" X
vy e g |
| TTT \— ] }
#68 #35
Surface B
CMIN | L£0.008 | PMIN/N| S MIN T/ | weo.004 | x20.002 | v£0.002
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. 4
I}
INTERCONNECT AREA TOLERANCE = £0.002
SUBSTRATE AREA TOLERANCE = £0.004
3 MILLIMETERS ARE IN PARENTHESIS (). 290491-6
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A PIN/SOCKET CONTACT AREA

2. MILLIMETERS ARE IN PARENTHESIS ()
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intel PRELIMINARY o

SERIES 2 FLASH MEMORY CARDS
iIMCOO02FLSA, iMCO04FLSA, iMCO10FLSA, iMC020FLSA

m 2 4, 10 and 20 Megabyte Capacities B Intel FlashFileT™™ Architecture
m PCMCIA 2.0/JEIDA 4.1 68-Pin Standard m High-Performance Read Access
— Hardwired Card Information — 200 ns Maximum
Structure

m High-Performance Random Writes
— 10 us Typical Word Write

m Erase Suspend to Read Command
— Keeps Erase as Background Task

m Nonvolatility (Zero Retention Power)

— Monitored with Ready/Busy Output — No Batteries Required for Back-up
m ETOX™™ |il 0.8u. Flash Memory

m Card Power-Down Modes
_ Technolo:
— Deep-Sleep for Low Power —5V Rea?iY 12V Erase/Write

Applications — High-Volume Manufacturing
B Mechanical Write Protect Switch Experience

m Solid-State Reliability

— Byte- or Word-Wide Selectable

m Component Management Registers for
Card Status/Control and Flexible
System Interface

m Automatic Erase/Write

e e T A

Intel’s Series 2 Flash Memory Card facilitates high-performance disk emulation in mobile PCs and dedicated
equipment. Manufactured with Intel's ETOX™ Il 0.8y, 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 2.01)/
Japanese 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 i
Cards provide a means to securely store user data and backup system configuration/status information. |

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

October 1993
Order Number: 280434-003 6-37
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SERIES 2 FLASH MEMORY CARDS

Table 1. Series 2 Flash Memory Card Pinout

intel.

~ signal

Pin 1710 Function Active Pin | Signal | I/0 Function Active
1 GND Ground - 35 | GND - | Ground
2 | DQ3 170 | Data Bit 3 36 | CDy# O | Card Detect 1 LO
3 [ DQg 1/0 | Data Bit 4 37 | DQ44 1/0 | Data Bit 11
4 | DQs 1/0 | Data Bit5 38 | DQi2 | I/O | DataBit 12
5 |DQg | 170 | Data Bit6 39 | DQyz | I/0 | DataBit13
6 |DQ; 1/0 | Data Bit 7 40 | DQq4 | 1/0O'| DataBit 14
7 | CEq# | | CardEnable1 | LO 41 | DQ1s 1/0 | Data Bit 15
8 | Ao I | Address Bit 10 42 | CEx# | | Card Enable 2 LO
9 |OE# | | OutputEnable | LO 43 [ NC '
10 | Ay | | Address Bit 11 44 | RFU Reserved
11 | Ag I | Address Bit 9 45 | RFU Reserved
12 | Ag | | Address Bit 8 46 | Aq7 | .| Address Bit17
13 | A3 | | Address Bit 13 47 | Asg I | Address Bit 18
14 | Agg’ | | Address Bit 14 48 | Aqg | | Address Bit 19
15 | WE# I | Write Enable LO 49 | Ay | | Address Bit 20
16 | RDY/BSY # Ready-Busy HI/LO 50 | Agy | | Address Bit 21
17 | Voo Supply Voltage 51 | Voo Supply Voltage
18 | Vppy Supply Voltage 52 | Vppz Supply Voltage
19 | As | | Address Bit 16 53 | A2 I | Address Bit 22
20 | A5 I | Address Bit 15 54 | Ag3 I | Address Bit 23
21 | A2 | -| Address Bit 12 55 | Agg | | Address Bit 24
22 (A7 | | Address Bit 7 56 | A No Connect
23 | As | | Address Bit 6 57 | RFU Reserved
24 | As I | Address Bit 5 58 | RST | | Reset Hi
25 | Agq | | Address Bit 4 59 | WAIT# | O | Extend Bus Cycle LO
26 | A3 I | Address Bit 3 60 |'RFU "~ | Reserved .
27 | A2 I | Address Bit 2 61 | REG# If Register Select LO
28 | Aq | | Address Bit 1 62 | BVD2o O | Batt. Volt Det 2
29 | Ag | | Address Bit 0 63 | BVDy O | Batt. Volt Det 1
30 | DQy 1/0 | Data Bit0 64 | DQg 1/0 | DataBit8 -
31 | DQy 170 | Data Bit-1 65 | DQg I/0 | DataBit9
32 | DQ2 1/0 | Data Bit 2 66 | DQjo 1/0 | DataBit 10
33 | WP O | Write Protect HI 167 CDo# O, | Card Detect 2 LO
34 | GND Ground 68 | GND Ground
6-38 PRELIMINARY
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SERIES 2 FLASH MEMORY CARDS

Table 2. Series 2 Flash Memory Card Pin Descriptions

Symbol

Type

Name and Function

Ao-Azs

ADDRESS INPUTS: Ag through Aps are address bus lines which enable direct
addressing of 64 megabytes of memory on a card. Ag is not used in word
access mode. A4 is the most significant address bit. Note: Azs is a no-connect
but should be provided on host side.

DQp-DQ15

I1/0

DATA INPUT/OUTPUT: DQg through DQ15 constitute the bidirectional data
bus. DQ15 is the most significant bit.

« | CEq#, CEZ#

CARD ENABLE 1, 2: CE4# enables even bytes, CE># enables odd bytes.
Multiplexing Ag, CE4 # and CE, # allows 8-bit hosts to access all data on DQg
through DQ?7. (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 #

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).

CDy# &CDp#

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

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

Vep1, Vep2

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.

Vee

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 #

WAIT (Extend Bus Cycle) is used by Intel’s 1/0 cards and is driven high.

BVD;, BVD,

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.

PRELIMINARY
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SERIES 2 FLASH MEMORY CARDS

RS H R DQ<15:8>
WE# DQ<7:0>,
OE#
WE#
RDY/BSY#
RST OF#
A<25:0> RY/BY#<19:0>
CARD RP#<9:0>
CONTROL
REG# | LOGIC
CE,#
CE,#
WAIT
BvD
BVDZI—
A<19:0>
WE CE#<19:0>
wp
S 28F008SA 28F008SA
Vee >
Arg ~Ag Arg=Ag
O con D, -0Q, = o cer 507/.000
RY/BY# 4
i . RY/BY#
= N e PROTECT WE* pevice o WE# pevicE 1
OE# OE#
co# RP# RP#
N0 Ve Vi GND  Vec  Vep2
CD, # CARD
——  DETECT
‘9 Arg ~Ag == A19 ~Ag
cew DQ; ~DQy fued cEn DQ, -DQg
RY/BY# RY/BY# 4
WE* DEvicE 2 WE# pevice 3
OE# OE#
RP# RP#
6ND  Vec  Vepi GND  Vec  Vep2
' ]
. .
. .
A9 =Ag Ag ~Ag
0Q, - pnd -
cen Q,-DQ, con D, -DQ,
RY/BY# ] RY/BY # [
WE* DEVICE 18 WE# pevice 19
OE# OE# -
. RP# RP#
oND Ve Vet GND Vec  Ver2
GND I
Vee
Vep1
Vpp2
290434-3
Figure 1. Detailed Block Diagram. The Card Control Logic Provides
Decoding Buffering and Control Signals.
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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-
vironment.

PRELIMINARY

SERIES 2 FLASH MEMORY CARDS

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 tc’ 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
28F008SA FlashFile Memory devices. 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 multiplexed onto
the low byte data bus.

6-41




SERIES 2 FLASH MEMORY CARDS

intal.

I T

T
DEVICE PAIR 8

DEVICE PAIR 0 N

‘ ) D15 D8 D7 DO

SERIES 2 CARD
- I High Byte Low Byte x 16 mode
— PCMCIA INTERFACE — ) . Even Byte x 8 mode

Y K

r———— -y

y R4 * 0dd Byte 1

oo s o
I CARD CONTROL LOGIC | L ‘ -

[~ x 16 mode

[¢—— x 8 mode

L BLOCK PAIR —I

290434-1

" 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, iMCOO2FLKA and
iMCOO4FLKA 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.
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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 0°C to
60°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 2.01 and JEIDA 4.1 68-pin card format
(see Tables 1 and 2). Detailed specifications are de-
scribed in the PC Card Standard, Release 2.0, Sep-

tember 1991, published by PCMCIA. The Series 2 -

Card conforms 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. Apy through Aps, 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.

SERIES 2 FLASH MEMORY CARDS

BATTERY VOLTAGE DETECT

PCMCIA requires two signals, BVD4 and BVD,, 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, BVD,
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-aiterable 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.

COMPONENT MANAGEMENT REGISTERS
ATTRIBUTE MEMORY PLANE
7 |_CisADDRESS FUNCTION
! P 4142H - 41FEH | RESERVED
NOT USED P s 4140H READY-BUSY MODE (INTEL)
(0004200H) g 4136H — 413EH | RESERVED
4130H - 4134H | READY-BUSY STATUS (INTEL)
COMPONENT MANAGEMENT 4126H - 412EH | RESERVED
REGISTERS 4120H - 4124H | READY-BUSY MASK (INTEL)
(0004000H) 411CH -~ 411EH | RESERVED
NOT USED \\ 4118H-411AH | SLEEP CONTROL (INTEL)
(00000DBH) ‘ \ 4106H-4116H | RESERVED
\\ 4104H WRITE PROTECTION (INTEL)
HARDWIRED PCMCIA CIS \ 4102H RESERVED
(0000000H) ‘\ 4100H CARD STATUS (INTEL)
\\ 4004H - 40FEH | RESERVED
Attribute Memory Plane ) \ |4002H GLOBAL RESET-PWRDWN (PCMCIA)
accessible with \
REG (pin 61) = Vy_ 4000H SOFT RESET (PCMCIA)
) 290434-2
INTEL = Perf Enh t Regi
PCMCIA = Defined in PCMCIA Release 2.0

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

Address decoding provides the decoding Ioglc for

the 2 to 20 Device Chip Enables and the elements of

the Attribute Memory Plane. REG # sélects 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

Az4 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-Wlde, 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.
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’ 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 #,
Ag through' Azs, WE#, OE#, CE(#, and CEp#.

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 contng-

uous bytes w1th|n one flash device when in by-8

mode.
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Table 3. Data Access Mode Truth Table

Function Mode |REG#|CE#5|CE#4|Ao|OE#|WE#| Vpps | Vppy | Dys-Dg D7-Do
COMMON MEMORY PLANE ; : ) f
STANDBY(1) X H | H [X| X | X [VepL@|Vpp®| HIGH-Z HIGH-Z ”
BYTE READ H H| L Ll L | H |Vep®|Vpp@| HIGH-Z EVEN-BYTE

H H | L [H[ L | H |[VepL®@|Vpp@| HIGH-Z ODD-BYTE i
WORD READ H L | L x| L | H |Vep®|Vpp @] ODD-BYTE | EVEN-BYTE i
ODD-BYTEREAD | H L | H x| L| H |Vep@|Vpp@| ODD-BYTE HIGH-Z
BYTE WRITE H. | H| L |L| H| L | Vepn| Veen X | EVEN-BYTE
H H L [H| H L | VppH | VPPH X ODD-BYTE
WORD WRITE H L L | X| H L | VepH | VppH | ODD-BYTE EVEN-BYTE
ODD-BYTEWRITE| H L | H|X|H]| L | Vepy |VppL®| ODD-BYTE X 1
ATTRIBUTE MEMORY PLANE ' ’
BYTE READ L H| L |LlL|H]| x| x2 HIGH-Z EVEN-BYTE
L H Hl L | H | x@ | x@ HIGH-Z INVALID ‘
WORD READ L L| L |x|{L]|H]| x| x INVALID | EVEN-BYTE
v DATA®) g
ODD-BYTEREAD | L L|HI[X|L|[H| x| x2 INVALID HIGH-Z i
DATA®)
BYTE WRITE - L H| L |[LlH|L]| x| x® X EVEN-BYTE ls
H| L |HlH| L[| x| x® X INVALID ‘
) OPERATION(®) |
WORD WRITE L Ll L |X|H|L]| x| x@ INVALID .| EVEN-BYTE “
OPERATION®)
ODD-BYTEWRITE| L L | HI[X|{H|]L]| x| x@ | INVALD X
OPERATION(®)

NOTES:

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, 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” (CUI) 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 —
1 200000"_' . Devnce Pair9
~1000000H Device Pair 8
~_OEOO00OH Device Pair 7
0C00000H Device Pair 6
. 0AOO00OH . Device Pair 5
0800000H Device Pair 4
__0600000H Device Pair 3
0400000H Device Pair 2
0200000H " Device Pair 1
0020000H Device Pair 0
0000000H

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

6-46

Intel .

The card's structure descnptnon 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 descnbmg details such as manufactur-
er's name, the size of each memory device and the
number of flash devices within the card.

'HARDWIRED. cis

COMi’ONENT 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 R2.0 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 0 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)
(Read/Write Register)

ADDRESS BIT7 BIT6 BITS BIT4 BIT4 BIT2 BIT1 BITO

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. i

GLOBAL RESET-POWER-DOWN REGISTER
(CONFIGURATION AND STATUS REGISTER)

(Read/Write Register)
1 = POWER DOWN

ADDRESS

e e

Figure 6. GLOBAL RESET-PWRDWN REGISTER (PCMCIA). The RP
Bit Enables Reset PowerDown of All Flash Memory Devices. 5
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CARD STATUS REGISTER
(Read Only Register)

ADDRESS BIT7 BIT6 BIT5 BIT4

BIT3 BIT 2 BIT 1 BITO

4100H ADM ADS SRESET

CMwpP

RP Ciswp WP RDY/BSY #

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

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
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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

BIT 1 BITO

CMWP CIswpP

1 = WRITE PROTECT.

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 the 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

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

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 BIT7 BIT6 BITS BIT4 BIT3 BIT 2 BIT 1 BITO
DEVICES | DEVICES
18/19 16/17
4118H DEVICES | DEVICES | DEVICES | DEVICES | DEVICES | DEVICES | DEVICES | DEVICES
14/15 12/13 10/11 8/9 6/7 4/5 2/3 . 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

l PRELIMINARY
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READY-BUSY STATUS REGISTER
.(Read/Write, Registgr)

1
ADDRESS BIT3 BIT2 BIT1 BITO
. DEVICE DEVICE DEV.ICE DEVICE
4134H . ¢
19 18 17 16

41324 DEVICE DEVICE | 'DEVICE ' DEVICE | DEVICE DEVICE DEVICE DEVICE

15 14 13 12 1 10 9 8
4130H DEVICE DEVICE DEVICE DEVICE DEVI»‘CE DEVICE DEVICE DEVICE

7 6 -5 4 3 2 1 0

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)
and the CARD STATUS REGISTER RDY/BSY # Bit
(bit 0).

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\w). 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 REGISTER.

READY-BUSY MASK
(Read/Write Register)

ADDRESS BIT7 BIT6 BIT5 BIT4 BIT3 BIT 2 BIT1 BITO
: DEVICE DEVICE DEVICE DEVICE
‘4124H -

19 18 17 16

a1z DEVICE | DEVICE DEVICE |: DEVICE DEVICE | DEVICE DEVICE DEVICE
15 14 13 12 ERET! 10 9 8

150K DEVICE | DEVICE. |. DEVICE DEVICE DEVICE DEVICE | - DEVICE DEVICE
7 6 5 4 3 2 1 0

v

1= MASK ENABLED

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

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

SERIES 2 FLASH MEMORY CARDS

system 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.

READY-BUSY MODE REGISTER
(Read/Write Register)

ADDRESS

BIT 1 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 (Iniel)
Used to Trigger a Ready Interrupt for Each Device

PRELIMINARY
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PRINCIPLES OF DEVICE OPERATION

Individual 28FO08SA devices: include a Command
User . Interface (CUIl)-and a Write State Machine
(WSM) to manage write and erase functlons 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 CULI 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.

mtel

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 V ko, 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.

it

Table 4. Device Command Set
; ~ Bus First Bus Ccyle ‘ Second Bus Cycle
26F006SA Command(h (;,::’e: Operation| Addr( Data Operation| Addr(2) Data
| 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 11D®) 1IDEY
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/ » 2 Write . | DA BOH BOBOH | Write DA DOH DODOH
Erase Resume , S ,
Write Setup/Write v 2 Write WA 40H 4040H Write WA | wD(®) WD(S) .
Alternate Write Setup/Write(6) Write WA 10H 1010H Wiite | WA WD®) | wD®)

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.

o0 AW
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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 CUI. 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
dre 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 CE2#), 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
CEs # 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-

PRELIMINARY
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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 muiltiple 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 VppH. 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 Vppy,
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 = Vppp. 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
M1 ll.

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.
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Erase Suspend (BOH)/Erase Resume

* (DOH)

Erase Suspend allows blockerase ‘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 CUl (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
CUI 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 VL.

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.

SERIES 2 FLASH MEMORY CARDS

Bit 5—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 CUI 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.

Erase Status
| Erase Suspend status
WSM Status

Write Status

DEVICE STATUS REGISTER
b7 b6 b5 b4 b3 b2 b1 b0
| ] | | | | | |
| | 1 | | | | reserved
| | | | | | reserved
i | | | | reserved
| | | | Vpp Status
| | |
| |

290434-16
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Issue Write Se!up(’)
Command -

¥

Write Data

<
<

Read S(utus(z)
Register

Done
Writing Data
?

NO

Full Status(®)
Check if Desired

Write Operotion(‘)
\ © Completed

290434-17

FULL STATUS CHECK
PROCEDURE

Status Register Data
Read (See Above)

Ve N\
Level OK
?
YES

Data

Write OK
?.

' -Data Write
Successful

Vep Range(s)
Error

Data Write(s)
Error

290434-18

Bus

Operation Command x8 Mode 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 Defaultsto | Status Register Status Register
Device Sta- | Data. Toggle OE #, | Data. Toggle OE # or
tus Register | CE1# or CEx# to | (CEq# and CEx#)
Read Mode update Status to update Status
Register Registers
Standby Check SR Bit 7 Check SR Bits
1 = Ready, 7 and 15
0 = Busy 1 = Ready,
0 = Busy
Bus
Operation Command x8 que 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 Reglster 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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Write Erase So(up(1)
' Command

¥

Write Erase Confirm
Command

le

y

Read Status(?)
Register

Full S!otus(s)
Check if Desired

Block Erou(‘)

Completed

Status Register Data
Read (See Above)

Vep
Level OK
?

YES

Command
Sequence
0K?

NO

Block
Erase OK
?

YES

Block Erase
Successful

Suspend Erase
Loop

Suspend
Erase?

290434-19

FULL STATUS CHECK PROCEDURE

Vep Runge(s)
Error

Command Sequence
Error
Block Erase(S)
Error

290434-20

o Bus Command x8 Mode x16 Mode
Write Erase - Data = 20H Data = 2020H
Setup Address = Block | Address = Block Pair
Within Card to be Within Card to be
Erased Erased
Write Erase Data = DOH Data = DODOH
Address = Block Address = Block
Within Card to be Pair Within Card to
Erased be Erased
Read | Defaultsto| Status Register Status Register
Device Sta- | Data. Toggle OE #,| Data. Toggle OE # or
tus Register| CE4 # or CEp# to (CE4# and CEo#)
Read Mode| update Status to update Status
Register Register
Standby | Check SR Bit7 |Check SR Bits 7 and 15
1 = Ready, 1 = Ready,
0 = Busy 0 = Busy
Bus
Operation Command x8 Mode x16 Mode
Standby Check SR Bit 3 Check SR Bits
1 = Vpp Detected 3and 11
Low Either Bit 1 = Vpp
‘ Detected Low
Standby Check SR Bits 4 and 5 | Check SR Bits 4, 5,
: Both 1 = Command 12,13
Sequence Error All 1 = Command
Sequence Error
Standby Check SR Bit 5 Check SR Bits
1 = Block Erase 5and 13
Error Both 1 = Block
Erase Failure

NOTES:
1. Repeat for subsequent data

Figure 14. Device-Level Automated Erase Algorithm

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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C Start ) Bus
ooy * Operation Command x8 Mode x16 Mode -
Write Erase Suspehd 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 :
A 4 )
Read Status . Read ' Status Register Status Register
Register - Data. Toggle OE #, Data. Toggle OE # or
CEq# or CEx# to (CE4# and CEp#)
update Status to update Status
Register Register
Standby Check SR Bit7 Check SRBit7and 15
"1 = Ready, 1 = Ready, -
0 = Busy 0 = Busy
Standby Check SR Bit6’ Check SR Bit 6 and 14
‘ 1 = Suspended, 1 = Suspended,
Erase Has 0 = In Progress 0 = InProgress .
Write Read Array Cmd Write Rd Array Data = FFH Data = FFFFH
Cmd
Done Read Read Data Read Data
Reading? until finished until finished
YES
Write Resume Cmd Write Erase Data = DOH, Data = DODOH,
Resume Address = Valid . Address = Valid
v : ' Block Address. Block Pair Address.
(¢ 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 CEx# input signals must also be
at Vi4. 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.

6-58.

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 A per device. Addition-

ally, when the host system pulls ASIC control logic
high and latches all address and data lines (i.e., not
toggling), the card’s total current draw is reduced to

_approximately 5 pA (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 CEx#. The
capacitive and inductive loads on the card and inter-
nal flash memory device pairs determine the magni-
tudes of these peaks.

The Flash Memory Card features on-card ceramic
decoupling capacitors connected between V¢ 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 Vg
‘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 Voc 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|4 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.

SERIES 2 FLASH MEMORY CARDS

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 Voo + 2.0V. In addition, upon power-
ing-down, Vpp1/Vpp2 should be below Voo + 2.0V,
before lowering Vgc.

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-
bytes. )

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.

PRELIMINARY
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The Device Geometry Tuple

This tuple (CISTPL__DEVICEGEO =
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(n—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(n—1) times inter-
- leaving of the entire memory arrays with the above
" characteristics. Non-mterleaved cards have values
n=1 \

Jedec Programming
Information Tuple

This tuple (CISTPL__JEDEC =
Intel manufacturing identifier
28F008SA device ID (A2H).

(89H) and the

6-60 ’

1EH) is con-.

18H) contains the

.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—-Maior version number = 04H.

TPLLV1 MINOR—Minor version number =

01H for
release 2.0. o

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 = O0OH. ‘

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

TPCC RMSK—-Conflguratlon Reglsters Present
Mask = O3H.

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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A';:f;ess Value Description A::'::zess Value Description 1
00H 01H CISTPL__DEV 32H 6CH ! |
02H 03H TPL__LINK 34H 00H END TEXT
04H 53H DEVICE__INFO = 36H 53H s

B B T T R
FLASH 200 ns 3AH 52H R
: CARD SIZE 3CH 49H l
06H 06H : M 3EH 45H E
oEH o | e 5
4EH : 20M 42H 32H 2
08H FFH END OF a4 2DH —
DEVICE 46H 30H |  2M=0
0AH 1EH CISTPL__ , 30H aM =0 o
DEVICEGEO 31H 10M = 1 :
OCH 06H TPL_LINK 82H 20M = 2
OEH 02H DGTPL_BUS 48H o VI
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 , gi: 5 - ggm: 128 e
1EH 89H INTEL J-ID : | 48H H = 2M, 200 ns
20H A2H 28F008 J-ID Pl L o oo

- 22H . 15H |  CISTPL__VER1 . 4FH O = 20M, 200 ns
24H 50H TPL_LINK '
26H 04H TPLLV1

‘ MAJOR

28H 01H TPLLV1

MINOR

2AH 69H TPLLV1 INFO
)
2CH 6EH n
2EH | 74H t
30H 65H e
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' A::'r’;ess Va!ue VDesgrlptIon_ ‘ , A::ﬂ:s Value |  Description
7 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 o
5CH 41H A AgH 20H SPACE
SEH | 53H I | CORPORATION
60H 45H E A2H 43H c
62H " 20H SPACE __AdH 4FH ‘ 0
2000h A6H 52H R
64H 34H 4 ABH 50H P
66H 30H | 0 ‘AAH 4FH o
68H 30H 0 » ACH | s2H 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 BeH | 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 ~ 00H END TEXT
80H - 00H ENDTEXT C4H | FFH END OF LIST
, COPYRIGHT . C6H 1AH CISTPL__CONF
82H _ 48H c C8H 06H TPL__LINK |
84H 4FH - O CAH | otH TPCC_SZ
86H . 50H P CCH 00H TPCC_LAST
' 88H 56H Y CEH 00H | TPCC_RADR
BAH 52H R DOH 40H TPCC__RADR
8CH 49H ! D2H 03H TPCC_RMSK
SEH 4mH G ~ D4H FFH | ENDOFLIST
90H 48H H D6H 'FFH CISTPL_END
92H 54t T _ DBH | O0OH | INVALIDECIS
94H 20H  SPACE , ADDRESS
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OPERATING SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS*

Operating Temperature

DuringRead .................. 0°C to +60°C(1)

During Erase/Write .............. 0°Cto +60°C
Storage Temperature............ —30°Cto +70°C
Voltage on Any Pin with

.RespecttoGround ........... —2.0Vto +7.0v(@

Vep1/Vpp2 Supply Voltage with
Respect to Ground

during Erase/Write ....... .. —2.0Vto +14.0v(2.3)
Vce Supply Voltage with

RespecttoGround ............ —0.5Vto +6.0V
NOTES:

SERIES 2 FLASH MEMORY CARDS

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.

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

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

OPERATING CONDITIONS

Symbol Parameter Min Max Unit
. Ta Operating Temperature 0 60 °C
Vce Vcc Supply Voltage (5%) 4.75 5.25 \

COMMON DC CHARACTERISTICS, CMOS and TTL

Test Condition

Symbol Parameter Notes| Min |Typ Max Unit
Il - |Input Leakage Current 1,3 +1 +20 rA | Vcc = Vcc Max
‘ ViN = Vg or GND
ILo Output Leakage Current 1 +1 +20 rA | Vee = Voo Max
. VouTt = Vcc or GND
ViL Input Low Voltage 1 -0.5 0.8 \
ViH Input High Voltage (TTL) ) 24 Voo + 03| |,
Input High Voltage (CMOS) 0.7 Vgo Vec + 0.3
VoL Output Low Voltage 1 Vss - 04 V | Vcc = Vo Min
v loL = 32mA
VOH Output High Voltage 1 4.0 Vee V |Vco = Voo Min
. : loH = 20 mA
VepL Vpp during Read Only Operations | 1,2 0.0 6.5 V.
VppH | Vpp during Read/Write Operations | 1 11.4 12.6 \"
Viko | Vcc Erase/Write Lock Voltage 1 2.0 \
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 Vppi and not guaranteed in the range between Vppy and Vppy.

3. Exceptions: With Viy = GND, the leakage on CE4 #, CEa#, REG#, OE#, WE#, will be < 500 nA due to internal pullup
resistors and, with Vjy = Vcc, RST leakage will be < 500 pA due to internal pulldown resistor.
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SERIES 2 FLASH MEMORY CARDS

DC CHARACTERISTICS CMOS.

Byte Wide Mode

Symbol ; Parameter Notes' Word Wide Mode Unit | Test Condition
Min | Typ | Max | Min | Typ | Max ]
IccR | Voo Read Cu'rrem 1,3 45 | 85 65 | 120 | mA | Voo = Vog Max,
3 , . ‘ | Control Signals
=GND - .
teyoLe =200 ns,
) : . lout = 0mA
lcow | Vog Write Current 1,3 35 | 80 45 | 110 | mA | DataWrite
. ' in Progress
Icce Vg Erase Current 1,2,3 35 80 45 110 | mA | Block (Pair) Erase
. ‘ . ' in Progress
lccs Vee Sfandby Current | 2Meg 61 220 61 220 Vce = Voo 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
lccsL | Vg Sleep Current 2 Meg 1 22 1 22
4 Meg 2| 25 2 25
: 1,4,5 uA
10 Meg 3 32 32 | .
| , ‘| 20 Meg 5 44 44
lppw | Vep Write 1,3 10 | 30 20 | 60 | mA | DataWrite -
Current (Vpp = VppR) in Progress:
IpPE Vpp Erase 1,3 10 | 30 20 | 60 | mA | Block (Pair) Erase
Current (Vpp = VppH) ) in Progress
IppsL Vpp Sleep Current 2 Meg 02 | 10 0.2 10 g
4 Meg 0.4 20 04 | 20
- -~ 1,5 MA
10 Meg 1 50 1 50
20 Meg 2 100 2 100
[lpps1 | Vip Standby or 2 Meg 20 | 20 20 | 20
Read Current i
’ . 4 Me 2.2 30 2.2 30
(Vep < Vco) 9 1,6 - - : RA
10 Meg 2.8 60 - 2.8 60
20 Meg 3.8 110 3.8 110
Ipps2 Vpp Standby or 2 Meg 180 | 400 180 | 400
Read Current 4 Meg 180 | 410 180 | 410 |
(Vpp = Vo) - 1,6 pA
10 Meg 181 440 181 440
' 20 Meg 182 | 490 182 | 490
NOTES:

1. Ali currents are in RMS unless otherwnse noted. Typical values at Vg = 5. 0V Vpp = 120V, T = 25°C.

2. The Data Sheet speclflcatlon for the 28F008SA in Erase Suspend (Icces) 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 IccRr.

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 V| or V)i

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

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

Symbol Parameter Not 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 |Vcc = Voo Max,
Control Signals = GND
tcycLe = 200 ns,
loutr = 0mA
lcocw Vg Write Current 1,3 60 130 70 160 | mA | Data Write
in Progress
lcce Vcc Erase Current 1,2,3 60 | 130 70 160 | mA | Block (Pair) Erase
. . in Progress
lccs  |Vcc Standby Current | 2 Meg . Vee = Voc Max,
4 Meg Control Signals ‘
1,4,6 20 | 100 20 100 [ mA | =V . .
10 Meg . y
20 Meg i
lccst | Ve Sleep Current 2 Meg . \ |
4Meg| 4 4,5 20 | 100 20 | 100 | mA :
10 Meg :
20 Meg
Ippw Vpp Write 1,3 10 30 1 20 60 | mA | Data Write . i
Current (Vpp = VppH) in Progress i
IppE Vpp Erase 1,3 10 30 20 60 | mA | Block (Pair) Erase
Current (Vpp = Vppn) in Progress . i
Ippst. | Vpp Sleep Current 2 Meg 0.2 10 0.2 10 :
I
4 Meg 04 | 20 0.4 20 E
1,5 BA E
10 Meg 1.0 50 1.0 50 : i
. 20 Meg 2.0 | 100 20 | 100
lpps1 | Vpp Standby or 2 Meg 2.0 20 20 20
Read Current
4 Me: 22 | 30 22 30
(Vpp < Vco) 9 1,6 pA
10 Meg 28 | 60 2.8 60
20 Meg 38 | 110 3.8 110 |
Ipps2 | Vpp Standby or 2 Meg 180 | 400 180 | 400 1
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 Voo = 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 Iccp.

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 V)4 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.

7. The current consumption from the 28F008SA is insignificant in relation to the AS|C'
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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 tre. Read Cycle Time ' 200 |’ ns
tavav ta (A) Address Access Time 200 ns
teLav ta (CE) Card Enable Access Time ) 200 ns
taLav ta (OE) Output Enable Access Time 100 ns
teHaX tgis (CE) Output Disable Time from CE # 90 ns
tcHQZ tgis (CE) Output Disable Time from OE # 70 ns
taLax ten (CE) | Output Enable Time from CE # 5 ns
teLax 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 (Voo) | CE Setup Time on Power-Up 1 ms
First Access after Reset : . 500 - ns
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subue.lado peay 10} WI0JARM IV "9 a.nbid

Vec POWER-UP STANDBY

DEVICE AND

ADDRESS SELECTION OQUTPUTS ENABLED

DATA VALID

STANDBY

Vcc POWER-DOWN

oV - / -
ADDRESSES (A) W ADDRESSES STABLE |
Vic \ -
tavay
v,
H "vvvvvvvvvv‘v‘v(
cex (©) NOTE 0.0 O]
Vi - AVAVAYAVAVAVAVAVAVAVAY)
~ letenaz -
Vin . "’VVV VVVVVV’V‘V‘
e © NOTE | XK NOTE 40X
W N —_
e toHaz
Vin
o/ L
le— toLqv —»}
Y Loy
toLax — taxax —»| jo—
Vou teLox r— -— <
HIGH Z (\\ HIGH Z
DATA (D/Q) VALID OUTPUT ) / /
VoL — 7
tavav .
29043421
NOTE:

1. The hatched area may be either high or low.
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SERIES 2 FLASH MEMORY CARDS

’ : \
" COMMON AND ATTRIBUTE MEMORY, AC CHA“AQTER|ST|CS: \erte‘ Operations(1)
Symbol . R '
‘ r — Parameter : Notes | Min | Max | Unit
JEDEC PCMCIA | ; ) L
tavav twe " | Write Cycle Time Co ) ' 200 ns
' twLwH tw (WE) .| Write Pulse Width : w 120 ns
tavwe U tsu (A) Address Setup Time ‘ o 20 | ns
tawwH | teu (AWEH) | Address Setup Time for WE# 140 ns
tvewH | tps Vpp Setup to WE # Going High | 100 “ns
teLwH tsy (CE-WEH) - Card Enable Setup Time for WE # 140 ns
toyWH | tey (D-WEH) | Data Setup Time for WE# 60 ns
twipx | th(D) Data Hold Time 30 ns
tWHAX trec (WE) Write Recover Time 30 ‘| ns’
| twHRL WE# High to RDY/BSY # o ' 120 | ns
| twHav1 Duration of Data Write Operation 6 | s
- twHQv2 - Duration of Block Erase Operation ‘ 0.3 sec
tawwL 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 us

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(W| 2 | | 1.6 | 10 | sec
Block Pair Write Time 2 | 06 | 21 |sec|
NOTES:

1. Individual blocks can be erased 100,000 times.
2. Excludes System-Level Overhead.
3. 25°C, 12.0 Vpp.
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suouejodo BJ14M 40} WIOJOABM OV “LI ‘24nbiy

VCC-POVIER-UP “WRITE
& STANDBY  ERASE

WRITE -VALID
ADDRESS & DATA (DATA WRITE) AUTOMATED DATA WRITE READ STATUS WRITE READ ARRAY
OR ERASE CONFIRM COMMAND "OR ERASE- DELAY REGISTER DATA COMMAND

DATA WRITE OR
SETUP COMMAND

, R AKX TTTIN (TR RXIIXIRTR)
X RN

Vin
ADDRESSES (A)
Vi

- tavav le— tavwn — twHax
v tavwe
o » .
\N ‘ /
twoL Ai
Vin
. oe# (6) / ) \_/
e teLwn | ’
v twhavt, 2
. W
WE# (W) / ’ \ Z \—/
e twiwn ‘
v oo T —>| e twnox
DATA (0, /0;“ HIGH Z 7 B \ / By \ [T\ / o \
V"_ iprL ——J l \—/ ) Qﬂ” \—/
L— twuRL —
Vou = )
RDY/BSY# (R) \ /_
Vou -
Vin -
Vi
typwH  tg
S s TR
o 0 RRRKXXXCCEORRAN) il
m " “‘."..".‘.’OOVOQV" Y\VVV'VVV"V VV/VVVVY
. LXK XK
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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SQHYO AHOWIN HSV1d Z S3IH3S




SERIES 2 FLASH MEMORY CARDS

in

' COMMON AND ATTRIBUTE MEMORY, AC CHARACTERISTICS: CE #-Controlled Write Operations(1)

Symbol ‘ : ‘

‘ Parameter Notes | Min | Max | Unit

JEDEC PCMCIA

tavav twe Write Cycle Time 1 200 ns

tELEH tw (WE) Chip Enable Pulse Width, 1 120 .ns
“tAVEL teu (A) Address Setup Time 1 20 ns

tAVEH tsu (A-WEH)’ Address Setup Time for CE# 1 140 ns

tvPEH tps Vpp Setup to CE # Going High 1 100 ns

twieH | tsu (CE-WEH) | Write Enable Setup Time for CE # 1 140 ns |

tDVEH tey (D-WEH) Data Setup Time for CE # 1 60 ns

tevpx | th (D) | DataHold Time 1 30 ns

tEHAX trec (WE) Write Recover Time 1 30 ns

terRL | ‘ CE# High to RDY/BSY # 1 120 | ns

teHqvi | Duration of Duration of Data Write Operation 1 6. ps’

Data Write o

tE'HQ\}g Duration of Duration of Block Erase Operation 1 0.3 sec

B Erase : '

tavvi ‘ Vpp Hold from Operation Complete 1,2 0 ns

tengL | th (OE-WE) Write Recovery before Read 1 10 ns

tRHEL Reset-PwrDwn Recovery to CE# Going Low 1 us
NOTES: :

1. Read timing ‘characteristics during erase and data write operations are the same as dunng 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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L.-9

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
i
ADDRESSES (A) An X An
A\
tavav taven —» tenax .
taver
Vin
WE# (W) . / ;
A\
. teneL i
Vin
OE# (G) / \ /
v,
it twien |
fe—————— tenvi,2 ——————»
Vin
“o _/ \_/ \/
v,
L
teLen .
toven ——»]
e— teHpx
v,
W
DATA (D/0) ez 4 o N { o, \ Y/ Ern\\ m
SRD
Viu topgL —| r \—/ Qr——” \—-/

l- tenRL —
Vou
RDY/BSY# (R) —\ /—

Vi
RP# jNote: As shown, RP# is generated in the card by the ASIC by writing to the appropriate register.

Vit l
typeH -—-I tawvL
Veph
XXX KRR XKD
e AR 1000000000000 0 e e
Vep (V) Vin .v’v.v’v‘v‘v‘v‘v’v’v’v’v‘v’v‘v.v‘v’v y‘v’v‘v’v‘v’v’v‘v.v’v‘v’v.v’v‘v’v.v
AN NN

Vie

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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' SERIES 2 FLASH MEMORY CARDS

A
i
2
2
o

’ /—WPS o
——

—

'Sur'lco A

2x S —» |

e

4B ) ]
/ ’

V %

V] %

; %

7 %

/ /

4 ‘| / |

L/

)/ 7B

“

g 4

/] | / |

2 /

% /

¢ /1

é SUBSTRATE AREA ? A

b T

(i ) | 1

CONNECTOR % T - '...

J_:Ijjfli /_ - :1 - -

\— Surface B

#35

1

cMN | Lz0.008 | P MN /AN s MIN T/\ | wz0.004 | x£0.002 | Y£0.002

0204 | 3.370 | o394 | o018 | o065 | 21286 | 0.039 | o.063

(10.0) | (ss.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 ().
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Figure 19. Series 2 Flash Memory Card Package Dimensions
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<

2
e

PIN INSERTION

290434-25

i e e s . T Fidaral )

Figure 20. Card Connector Socket

AN\
!

je— L1 [ L2 [ L1~

PIN SOCKET CONTACT

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 Tp = 25°C, f = 1.0 MHz

intgl.

Symbol Characteristics Commercial Unit
‘ , o Min ~ Max
CiN Address/Control Capacitance (Ag-Ag, CE{ #, CE2#) 30 pF
Address/Control Capacitance (Ag—-Aza, all others) 20 pF
Voo, Vep 2 pF
Cout Output Capacitance 20 pF
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
SBXXXXX = CUSTOMER IDENTIFIER
ADDITIONAL INFORMATION ORDER NUMBER
28F008SA FlashFileT™ Memory Data Sheet 290429
iMCO01FLKA 1-Mbyte Flash Memory Card 290399 .
iMCOO2FLKA 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 |l Flash Memory Technology” 294012
~ AP-359 “28F008SA Hardware Interfacing” 292094
AP-360 “28F008SA Software Drivers” 292095
REVISION HISTORY
Number ‘ ‘ Descrlption
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)
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iMCOO4FLKA
4-MBYTE FLASH MEMORY CARD
B 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™ |l Flash Memory Technology
— 40 mA Typical Active Current (X8) — 5V Read, 12V Erase/Write
— 800 1A 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
® 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 iIMCO04FLKA 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.

October 1993 .
Order Number: 290388-004 6-75




iMCO04FLKA | o I in'tel ;

} 54.0% 0.1 mm ' i i 3580.1mm “
L | )
; I . ] | : ki
( — —) (T I NY
) ]
1 )
, S
] 4 :
©
8
£ . £ .
£ £
b =
Q- =
o o
. ) - 1
' L ] . . - . 1.
4 _ FRONT SIDE  _ ) .
000000
68 35
o BACK SIDE - i
'290388-1
1 GND 18 ~ Vppy 35 GND 52 Vpp2
2 D3 19 Ate 36 .. CDy # 53 NC
3 Dy ' 20 A15 ' 137 D14 . 54 NC
4 Ds 21 Aq2 38 Dqo 55 NC
5 De 22 Ay . 39 | D4g ] 56 NC
6 D7 : 23 Ag 40 Dq4 57 NC
7 CEq# 24 As 41 Dys 58 NC
8 Aqo . 25 Ay 42 CEo# 59 NC
9 OE# ‘ 26 Ag 43 NC 60 NC
10 Aqq 27 Ao 44 NC 61 REG#1
11 Ag 28 Aq : 45 . NC 62 BVD, #2
12 Ag 29 | Ao 46 A7 63 BVD{#2
13 Aq3 30 Do 47 Atg 64 Dg
14 Aqa 31 Dy 48 Aqg 65 Do
15 WE # 32 Dy 49 Az : 66 Dio
16 NC - 33 WP 50 A2q 67 | CDo#
17 " Veo - 34 GND 51 Veo 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. iIMCO04FLKA Pin Configurations
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Table 1. Pin Description

Symbol Type Name and Function
Ap-A2q | ADDRESS INPUTS for memory locations. Addresses are internally
latched during a write cycle.
Do-D1s 170 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#,CEpo# l 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

CDy#,CDo# (0] CARD DETECT. The card is detected when CD4 # and
CD,# = 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.

BVDq#, BVDo# o BATTERY VOLTAGE DETECT. NOT REQUIRED.
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iMCOO4FLKA In
Do-Dis ) Dg-Dy's
1/0 TRans- poo=%
WE# CEIVERS  |'we#
AND
# #
Q21 surrers  pE
w1 .
<
Vee S
O~~0
— \—WRITE PROTECT
SWITCH
Ao Ag=hi7
A -A21 ] ADDRESS
BUFFERs | CEHo#-CEHs #
CEp ¥ AND
CE, # DECODERS | cey #-CELy #
28F020 28F020
14 A7 Do-Dy [ *" Ag=Ay7 Dg=Dy5 [
] CE# b CE#
REG# Z0 Z1
WE# WE#
coy #
—_— OE# oE#
€Dy #~ Vss Vo Vepi Vss Vec Vep2
w——
CARD DETECT
1% A7 Do-D; | 1% A7 Dg~Dis [
o CE# Ml CE#
’ L2 Z3
WE# WE#
OE# OE#
BOV, # Vss Vec Vet Vss Vec Vep2
BVD, # LI LI
—_— . .
> L] o
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Figure 2. IMCO04FLKA Block Diagram
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APPLICATIONS

The iIMCO04FLKA 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 |I 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.

iMCOO04FLKA -

For systems currently using a static RAM/battery
configuration for data  acquisition, the
iMCOO4FLKA’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 iIMCOO4FLKA
consumes no power when the system is off. In addi-
tion, the iIMCO04FLKA 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.
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In the absence of high voltage on the Vppy, pins,
the iIMCO04FLKA 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 Vpp12 pins. In addition, high voltage on Vppyz
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 Vpp4 and/or CEq# control
the LO-Byte while Vpps and CEp# 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 CE¢# active-low,
with CEa# 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
corrésponds to data presented on Dg-D15 pins in
x16 mode.
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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
(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 insiruct 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 Vppy is at high voltage. Depending
upon the application, the system designer may
choose to make Vpp1, power supply switchable—
available only when writes are desired. When Vpp1»
= VppL, the contents of the register default to the
read command, making the iIMCOO4FLKA 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 Vg 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 (Vppy), the read operations can
be used to access zone data and to access data for
write/erase verification. When Vpp2 is low (Vppy),
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 CE40# bank is active at a time. (NOTE: Ag
must be low to select the low half of the x16 word
when CE># = 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 iIMCOO4FLKA 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
iMCOO4FLKA is erased and rewritten in a universal

'iIMCOO4FLKA

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.
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Table 2. Bus Operations

Pins Notes 9 7l {,‘ 71| po | CE#2| CE#4| OE# | WE# | Dg-Dys |  Do-D;
Operation | YPP2 | -VPP1 :
> Read (x8) 8 VppL VppL Vil Vin ViL Vit | ViH | Tri-state | Data Out-Even
E' Read (x8) : 9 Ve | VPP | VIH| VIH ViL ViL | Viy | Tri-state | Data Out-Odd
g Read (x8) 10 | VppL | VppL | X ViL ViH ViL. | Vin | DataOut | Tri-state
g Read (x16) | 11 |VppL |VepL | X | Vi | Vi | ViL | Vin | DataOut | Data Out
Output Disable VepL | Ve | X X X ViH | Vin | Tri-state | Tri-state
Standby ) VepL | VepL | X ViH ViH X X | Tri-state | Tri-state
Read (x8) 3,! 8 | Vppx | VePH | VIL| VIH ViL Vi | Viy | Tri-state | Data Out-Even
.Read (x8) 3,9 | VppH | VPPx [VIH| VIH ViL ViL | Vi4 | Tri-state | Data Out-Odd
w | Read (x8) 10 [Vppn | Veex| X | ViL | Vin | ViL | Viy | DataOut | Tri-state
E Read (x16) 3, 11 VppH VppH |4 X ‘ ViL ViL ViL | ViH | Data Out | Data Out
g Write (x8) 5,8 | Vppx | VPPH | VIL| VIH ViL ViH | ViL | Tri-state | Data In-Even
ﬁ Write (x8) 9 VepH | VPPx | VIH| ViIH ViL | ViIH | Vi | Tri-state | Data In-Odd
& | Write (x8) 10 | VppH | VPPx | X Vi ViH | ViH | ViL |Dataln’ | Tri-state
Write (x16) 11 | Vppu |Veen | X | Vit | Vie | Vi | ViL | Datain | Datain
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 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 Vpp4 at high voltage, the standby current equals icc + Ipp (standby).

5. Refer to 1[2ble 3 for valid Data-In during a write operation.

6. X can be V)_or Vi.

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.,’Ag high reads
“odd” byte in x8 mode. -,

10. This x8 operation reads or writes the high byte of the x16 on DQg_1s. 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 f
Command Notes|Cycles i
Req’'d |operation(1)| Address(2)| Data(3)| Operation(1)| Address(2)| Data(3) )
Read Memory 1 Write RA O0H
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 '1‘
Set-up Write/Write 6 2 Write WA 40H Write WA WD !
Write Verify 6 | 2 Write WA | COH | Read WA | wwD [
Reset 7 | 2 Write ZA | FFH | write ZA | FFH "
Table 4. COrﬁmand Definitions Word-Wide Mode
Bus First Bus Cycle Second Bus Cycle
Command Notes|Cycles
o 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 i
Reset 7 | 2 Write ZA  |FFFFH|  Write ZA  |FFFFH ;
NOTES:

1. Bus operations are defined in Table 2.
2. 1A = 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. . I
Figure 6 illustrates the Write Algorithm. i
The second bus cycle must be followed by the desired command register write. !
The Reset command operation on a zone basic, To reset entire Card, requires reset write cycles to each zone.

@NO A
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Rgad 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
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 Regls-
ter(s) contents are altered

The default contents of each zone's register(s) upon
Vpp1/2 power-up is 00H (00000H for word-wide).
This default value ensures that no spurious altera-
tion of memory card contents occurs during the
Vpp12 power transition. Where the Vppy» supply is
left at Vppn, 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 iIMCO04FLKA 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-
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- 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 iMCO01FLKA. 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 iIMCOO4FLKA 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

iMCOO4FLKA

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 |l 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 =
OOH byte-wide, 00000H word-wide). This is accom-
plished, using the write algorithm, in approximately
four séconds 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.

intgl.

(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.

1 START )

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

A

-———bl ERASE ZONES L, H

ZONE
ERASURE

COMPLETE

?

ALL
ZONES
ERASED
?

ERASURE
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h 4

ERASURE
ERROR

290388-3
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[1] Operation Command Comments -
Standby Wait for Vpp ramp
R to Vppu (= 12.0V) @
A 4
PLSCNT =0 Initialize pulse-count
WR'T\';R'CT:DSH\B%PRESS Write Set-up Data = 40H )
Write + Valid Address .
Write Write Valid address/data
Standby Duration of Write
Operation (twHwH1):
venry o s Write Write(3) Data = COH at Valid
LLR&LL Verify Address; Stops (4)
Write Operation
Standby oL
Read Read byte to verify
Write Operation
N at Valid Address
INC
VDES;Y PLSCNT, Standby Compare data output
= 257
X to data expected -
Y Y
INCREMENT | LAST
" ADDRESS ADDI?RESS
Y
WRITE Write Read Data = OOH, resets the
READ CMD register for read
3 ;P'LY operations.
APPLY .
Voo, [2] Vo121 Standby Wait for Vpp ramp
l i to VppL(z)
WRITING WRITE -
( COMPLETED ) C ERROR )
290388-4
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.
VepL. 4. Refer to principles of operation.

Figure 4. Write Algorithm for Eyta-Wlde Mode
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" START Bus '
v Operation Command Comments
" DOAJ: ’ Standby Wait for Vpp ramp to Vppy (= 12.0V)()
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
0DD= 0
ADDR = 0000 1H T
F—h PLSCNT=0 > <
0DD = 1 )
Write Set-up Data = 20H + Address
SET-UP CMD + ADDRESS E
0 rase
) 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(®) twhaL
h READ DATA Read Read byte to verify erasure at address
FROM DEVICE
N
INC
PLSCNT, Standby Compares output to FFH increment pulse
= 3000 ? count
Y
INCREMENT
\ ADDRESS + 2
Y
WRITE Write Read Data = O0H, resets the register for read
READ CMD operations.
A 4
APPLY APPLY Standby * | Wait for Vpp ramp to Vppy (2
r Vep [2] l | Vepr[2] I .
! S v
ERASURE ERASE -
COMPLETED J - 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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® |
i
) i
&
Start Write Comments i
Operation '
!
|
1 Apply Vppy ] Wait for Vpp ramp 1o Vppy
l Get ADRS/W_DAT I ADRS = address to write
¥ W__DAT = data word to write .
Initialize: Initialize Data Word Variables: ‘
V_DAT = W_DAT PLSCNT_HI =0 V_DAT = valid data i
W_COM = 4040H PLSCNT_LO=0 W_COM = Write Command |
V_COM = COCOH FLAG=0 V_COM = Write Verify Command !
T PLSCNT_HI = Hi Byte Pulse Counter i
b g -+ PLSCNT_LO = LO Byte Pulse Counter
FLAG = Write Error Flag :
| Write ADRS/W_COM + VALID ADDRESS | Write Set-up Command |
1 Address needs to be Valid i

Write

Write ADRS/V_DAT
Time Out 10 uS

Write ADRS/V_COM

Time Out 6 uS

High/Low Byte
Compare & Mask
Subroutine

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.

F_DAT = W_DAT
?

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

| write READ_COM | | Write READ_COM - ]

Reset device for read operation

| Apply VppL I | Apply VppL | ) Turn off Vpp

Write Write
Complete Error

290388-6 . ’

Figure 6. Write Algorithm for Word-Wide Mode
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intgl.

START
SUBROUTINE

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

Comments

LO-BYTE =

V_DAT AND 00OFFH
?

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

[ INCREMENT PLSCNT_LO ]

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

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 Hl or LO register contents.

290388-7

To look at the LO Byts,
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 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 7. Write Verify and Mask Subroutine for Word-Wide Mode
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Comments

Wéit for Vpp to stabilize.

APPLY Vppp,

WRITE ALL DEVICES Use Write operation algorithm in x8 or x16 )
TO 00H configuration &
Initialize Variables: -
INITIALIZE: R PLSCNT.__HI = Hi Byte Pulse Counter
PLSCNT_HI =0 FLAG=0 PLSCNT_LO = LO Byte Pulse Counter
PLSCNT_LO=0 E_COM = 2020H FLAG = Erasure error flag
ADRS = 0 V_COM = AOAOH ADRS = Address
¢ < E_COM = Erase Command
' V__COM = Verify Command )
Erase Set-up Command ‘3
‘ Start Erasing f“;

TIME OUT 10 mS

Duration of Erase Operation

I

A 4
Write ADRS/V_COM .
) Erase Verify Command stops erasure

BLOCK ERASE ) ) 4
VERIFY & MASK See Block Erase Verify & Mask Subroutine ;

SUBROUTINE

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

Y
Reset commands default to 9
N (E_.COM = 2020H) (V__COM = AQAOQH)
" | before verifying next ADRS
LAST ADDRESS
?
| :
| write Reap_coM | | WRITE READ_com | Reset device for read operation /
o APPLY Vpp_ ] [ APPLY Vpp, ] Turn off Vpp

290388-8

ERASURE ERASE
COMPLETE . ERROR
NOTE:

X16 Addressing uses Aj-Aq only. Ag = 0 throughout word-wide operation.

Figure 8. Erase Algorithm for Word-Wide Mode
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Comments
' This subroutine reads the data
| Time Out 6 uS | word (F_DATA). It then masks
j K 2 . the HI or LO Byte of the Erase
| Read ADRS/F_DATA | and Verify commands from .
g executing during the next
operation.

F_DATA=FFFFH?
‘

|Lo_Byte'=(F_DATA and (00FFH)]

LO_Byte=FFH?

E_COM =(E_COM or OOFFH)
V_COM =(V_COM or O0FFH)

[ NCREMENT PLsCNT_Lo ]

A 4
| HI_Byte = (F_DAT AND FFOOH) |

HI_Byte =FFOOH ?

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

N
| INCREMENT PLSCNT_HI |

PLSCNT_HI = 3000
?

\ 4
y

A 4 N

SUBROUTINE .
RETURN

290388-9

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

=1 denotes a LO Byte error.

" Repeat the sequence for the HI

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

Byte.

Flag = 2 denotes a HI Byte error.
Flag = 3 denotes both a HI 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, 2#, 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 CE4»#. 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 Vgs, and
between Vpp1/Vpp2 and Vsgs.

iMCO04FLKA

The card connector should also have a 4.7 pF elec-
trolytic capacitor between Vgc and Vgg, as well as
between Vpp1/Vpp2 and Vgg. 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 Voo voltages above Viko when Vpp is active.
Since both WE# and CE4, o# must be low for a
command write, driving either to V)q 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 Vpp42 above Vcc + 2.0V.
In addition, upon powering-down, Vppy should be
below Vg + 2.0V, before lowering Vge.
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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

o °(1 *WARNING: Stressing the device beyond the “Absolute
gz:::g E:Baa:e/Wht e' Transtree 0 g,tg t: -?-oegsé Maximum Ratings” may cause perm.'anent damage.
et/ DR These are stress ratmgs only. Operation beyond the
Temperature Under Bias ......... —10°Cto +70°C “Operating Conditions” is not recommended and ex-
Storage Temperature............ —30°Cto +70°C  fended exposurs beyond the “Operating Conditions”
Voltage on Any Pin with ‘ may affect device reliability.
RespecttoGround .......... —2.0Vto +7.0v(d

Vpp41/Vpp2 Supply Voltage with
Respect to Ground

- During Erase/Write . ... . ... —2.0Vto +14.0v(2.3)
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 Vcc + 0.5V, which may overshoot to Vcc + 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 Temberature 0 60 °C For Read-Only and
. Read/Write Operations
Vee Ve Supply Voltage 4.75 5.25 \"
VPPH Active Vpp1, Vpp2 11.40 1260 |V
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
L Input Leakage Current 1,4 | +1.0 [ £20| pA | Voo = Voo max
ViN = Vg or Vss
Lo Output Leakage Current 1 +1.0 | £20| pA | Ve = Voo max
Vout = VccorVss
lccs Ve Standby Current 1 0.8 1.6 | mA | Voo = Voo max, CE = Vg £0.2V
» 4 7 | mA |CE# = V|y, Voc = Ve max
lcct Vcc Active Read Current | 1,2 40 70 | mA | Vcc = Vecmax CE# =V
: f = 6 MHz, loyt = 0mA
lcc2 Vg Write Current 1,2 5.0 15 | mA | Writing in Progress
lccs Vcc Erase Current 1,2 10 20 | mA | Erasure in Progress
lcca Vg Write Verify Current | 1,2 10 20 | mA | Vpp = VppH
Write Verify in Progress
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DC CHARACTERISTICS—Byte Wide Mode (Continued)
Limits
Symbol Parameter Notes Unit Test Conditions
Min | Typical Max
Ilccs Vcc Erase Verify Current | 1,2 10 20 mA | Vpp = Vppy
Erase Verify in Progress
Ipps Vpp Leakage Current 1 +80 pA | Vpp < Voo
Ippq Vpp Read Current 1,3 0.7 1.6 mA | Vpp > Vo
or Standby Current +0.08 Vpp < 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
Ipps Vpp Write Verify Current | 1,3 3.0 6.0 mA | Vpp = Vppy
' 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 Vv
VIiH Input High Voltage 2.4 Vecc £ 03| V
VoL Output Low Voltage 0.40 V |loL=382mA
Vce = Veg min
VoH1 Output High Voltage 3.8 V |lop= —20mA .
Vce = Vgg 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 Ve Erase/Write Lock 2.5 \"
Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. Typical values at Vo = 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 |, when Viy = Vgs.

DC CHARACTERISTICS—Word Wide Mode

Limits
Symbol Parameter .| Notes Unit Test Conditions
Min | Typical | Max
Iu Input Leakage Current- | 1,4 +1.0 | £20| pA | Voc = Voc max
‘ ViN = Vcc orVss
ILo Output Leakage Current| 1 +1.0 [ £20| pA | Voo = Ve max
Vout = Vg or Vss
lccs Ve Standby Current 1 0.8 1.6 | mA | Vgc = Voo max, CE# = Vg £0.2V
: 4 7 | mA |CE# = V|y, Vcc = Voo max
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DC CHARACTERISTICS—Word Wide Mode (Contmued)

intel.

‘Limits ‘
Symbol Parameter Notes Unit Test Conditions
) Min | Typical Max
lcct | Voc Active Read Current | 1,2 50 100 | mA | Veo = Voo max CE# = Vi
f = 6 MHz, loyT = 0 mA
lcc2 Vg Write Current 1,2 5.0 25 mA | Writing in Progress
lcca . | Vo 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 15 30 mA | Vpp = VppH
- - Erase Verify in Progress
Ipps Vpp Leakage Current 1 +160 pA | Vpp < Voo
Ipp1 Vpp Read Current 1,3 1.5 3.0 mA | Vpp > Voo
or Standby Current +.16 Vpp < Veg
Ipp2 Vpp Write Current 1,3 17 63 mA | Vpp = VppH
: Write in Progress
Ipp3 Vpp Erase Current 1,3 20 60 mA | Vpp = VppH
Erasure in Progress
Ipp4. Vpp Write Verify Current |, 1,3 5.0 12 mA | Vpp = Vppy
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 -05 0.8 v
Vi Input High Voltage 2.4 Vec £ 03| V
VoL Output Low Voltage 0.40 V |lgL = 32mA
. Vee = Ve min
VoH1 Output High Voltage 3.8 V. |lon = —2.0mA
Vee = 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 \'
Operations
Viko Vcc Erase/Write Lock 25 \Y
Voltage
NOTES:
1. All currents are in RMS unless otherwise noted. Typical values at Voo = 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#, CE1 #, CEo#, and WE# will exhibit < 55 pA of additional I | when V|N = Vss.
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CAPACITANCE T = 25°C, f = 1.0 MHz
) Limits
Symbol Parameter Notes Unit | Conditions
Min | Max
CiNt Address Capacitance 40 pF | ViN=0V
Cing Control Capacitance 40 pF | Vin=0V
Cout Output Capacitance 40 pF | Voutr = 0V
Cio 170 Capacitance 40 pF | Viyo =0V
AC TEST CONDITIONS ;
Input Rise and Fall Times (10% t0 90%)...... 10ns
InputPulselevels ................. VoL and VoHs
Input Timing Reference Level .......... ViLand Vi
Output Timing Reference Level ........ ViLand V4
AC CHARACTERISTICS—Read-Only Operations
Symbol Characteristic Notes Min Max Unit
tavav/trc - Read Cycle Time 2 200 ns
vtELQV/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
inLow Z ’
teHQz Chip Disable to Output 2 60 ns
. in High Z
téLax/toLz Output Enable to Output 2 5 ns
in Low Z :
taHQz/toF 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 us
before Read

NOTES:
1. Whichever occurs first.
2. Rise/Fall Time < 10 ns.
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Voc POWER-UP/ DEVICE AND STANDBY/
STANDBY ADDRESS SELECTION QUTPUTS ENABLED DATA VALID Vec POWER-DOWN
— 4§
45 :
. tavav (tge)

CE® (E¥) \ : . . / )

- ;
s .

tenaz 1

OE# (G#)

WE# (W) ' toLav (toe) . \_
E ’ teLav (tee)

\ .
~

twhaL tonaz (o)
torax (torz) I“—ﬁ
F—teLox (4 7) —= i " o
e, 1
DATA (DQ) uEi ‘7£ Z VALID OUTPUT \ T\ HIGH 2
, X k- . [HN
' tavay (tace)
s.0v -
/ \_
ov

290388-10

NOTE:
CE# refers to CEq, 2#.

Figure 10. AC Waveforms for Read Operations
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AC CHARACTERISTICS—For Write/Erase Operations i
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/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 us
tGHWL Read Recovery Time before Write 1,2 us
twLoz Output High-Z from Write Enable 1,2 5 ns .;
twHoZ Output Low-Z from Write Enable 1,2 60 ns :
tewL/tcs Chip Enable Set-up Time before Write 1,2 40 ns K
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 pns ‘
" 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 AC 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 specifica-

tion.

ERASE/WRITE PERFORMANCE

T T T T

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) Hrs
NOTES:

1. 25°C, 12.0V Vpp.

2. Minimum byte writing time excluding system overhead is 16 ps (10 us program + 6 us write recovery), while maximum is
400 ps/byte (16 ps 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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N WRITE
Vo POWER-UP & SET-UP WRITE WRITE. COMMAND VERIFY WRITE STANDBY/
STANDBY COMMAND LATCH ADDRESS & DATA - WRITING COMMAND ERIFI Voo
[+ tavav (twe) tavav (tye) 1 [*tavav (twe) *—tavav (trc) ")"
. famt, R t —la—s]
; A wax ) A ok () VWL |ty (tar) —
CE# (E#) / \ ’ /_1 \ ’ \ / \
Yo fe—s{  tungn = |- P - [+ = tumen
ow) Ges) oy Ces) : J o) oz
OE¥ (G#) ! -\ / \
[ tonwe [+ twawi — YhwH1 twHoL tosaz (or)
WE# (W#) / \_
4 toav (o)
1= twhox e 1 twkox "
—\ fovwn ] YoLax o
y k L vaLio 3
DATA (DQ) HicH 2 DATA IN E g D:'C',‘,:‘" /s Couz) DATIA
", 7 7 teox (42) h( Sl
(=4040H for word wide mode) (=COCOH for word wide mode) ol
’ FteLqv (tee) =
5.0v -
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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ERASE
Ve POWER-UP & SET-UP ERASE VERIFY ERASE STANDBY/
STANDBY COMMAND ERASE COMMAND ERASING COMMAND VERIFICATION Ve POWER-DOWN
o = tavav (twe) " tavav (twe) o =tavav (twe) [*—tavav (fre) =T
4 4 AVWL [ 1,
avine (tas ) o () avwe (tas o )
e (e%) ’ \ twiax (taw) fﬁ'_\ [\
(tgs) ool twmgn= - - %
e fos «CI:‘E)N* ~ eLw twHeH - (t'é:)L ~ 7 }‘-::cf)“
(ts) (o) "
{5
OE# (G#) ! \ / \-
twuw, (twen)
: I toHwL e twHwHz twmoL tonaz (or)
WE# (W#) -/ \—
4 ) J § toav Cloe)
WLwH -] Yoo tuLwk b by WLWH o oty
tovwn [R— [—— . < o~
AT e Vo
DATA (DQ) Honz S on { Lo E g o E = DATA
_/ . f out
' (=2020H for word wide mode)  (=2020H for word wide mode) (=AOAGH for word wide mods)  YLQX (42)
teqv (teg)
5.0V -
ov ‘
tvpeL
12.0v
Vep : \
VepL
; 200388-12
NOTE: ,
CE# refers to CE#¢, 2. ~

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 i . 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 6 s
tGHEL Read Recovery Time before Write 0 s
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
e xapgrﬁgtEl:\pa:I': Eow 100 ns

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.

6-102



In

iMCO04FLKA

CE# refers to CEq, p#.

PROGRAM
Voo POWER-UP &  SET-UP PROGRAM PROGRAM COMMAND VERIFY PROGRAM STANDBY/
STANDBY COMMAND LATCH ADDRESS & DATA  PROGRAMMING COMMAND VERIFICATION Vec POWER-DOWN
N
ADDRESSES
tavav tavay (twe) 1 [+ tavav (e} =1~
taver [ taver
teLax tecax ¢
WE# (E¥) / \ / \ f \_
el | e teHwn ] Fltwee | fteuwn e e - b tewn
‘e
i { )
OE# (G#)
. ‘ (tor)
*tomeL [+ teneL —| YeHEn tenoL tawaz Cor
.
- 45
o ./ \.__1/ \_
e = teyox L |l tgpx ooy Ctoe) tenaz
foven toven torax (torg) [+— | I=ton~]
HIGH Z 4 e
DATA (DQ) DATA IN ) j D:Z‘o,:ﬁ 4§ DATA
(=4040H in word wide mode) (=COCOH in word wide mode) terax (t2) !
terav (tee)
5.0v
9 / \_
ov
tvpeL -
12.0V
Vep \
VepL .
290388-13
NOTE:

Figure 13. Alternate AC Waveforms for Write Operations
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ORDERING

INFORMATION

GRS AT IR TAL TS IE IXIXIXIXIX]
JL L J [ J

|— 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 i Flash Memory Technology” 294005
RR-60, “ETOX Il 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 = Vpph in Erasé Algorithm
Increased Icc2-lccs 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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iMCO02FLKA
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 ETOXT™ |l Flash Memory Technology
— 25 mA Typical Active Current (X8) — 5V Read, 12V Erase/Write
— 400 p.A 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 = 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 iIMCO02FLKA 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 conf:guratlon 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 reliable and higher performance than disk-
based memory systems.

*Microsoft is a trademark of Microsoft Corp.

October 1993
Order Number: 290412-003 ' » 6-105
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£ £
b b3
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e e
9 1
\& u ) \S . 2
T 1
FRONT SIDE
2904121
1 GND 18 | Vppy 35 GND 52 Vpp2
2 D3 19 A . 36 CD¢ # 53 NC
3 Dy 20 Ais 37 Dy4 ) 54 NC’
4 Ds 221 | Agp - 38 D2 55 NC .
) De 22 Az 39 D43 | 56 NC
6 Dy 23 - Ag 40 D14 57 NC
7 CEq # 24 As ' 41 Dys5 58 NC
8 A1g 25 Ay 42 CEp # 59 NC
9 OE# 26 Az -~ 43 NC 60 NC
10 - Aqq 27 Ao | 44 NC 61 REG#
11 Ag . 28 Aq 45 NC 62 BVD, #2
12 Ag - 29 Ao 46 Aq7 ¢ |68 BVDy #2
13 Aq3 30 Dp 47 Aqg 64 Dg
14 Aqs 31 Dy 48 - Aqg 65 Dg
15 WE# | 32 Do [ 49 Ao : 66 D40
16 NC 33 WP 50 . NC ) 67 CDo #
17 Veo - 34 GND 51 | Vee .| 68 GND
NOTES: o - ' o o
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 Hugh through Pull-Up Resistor.

Figure 1. IMCOO2FLKA Pin COnﬂgurations
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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 170 DATA INPUT/OUTPUT: Inputs data during rnémory 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#,CEg# | 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 . i

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 reglster, erasing ‘

the entire array, or writing bytes in the array. I
Vee DEVICE POWER SUPPLY (5V +5%). ‘
GND GROUND
CDy#,CDo# O | CARD DETECT. The card is detected at CD¢/2# = ground. |
WP e WRITE PROTECT. All write operations are disabled with WP = active high. I
NC . NO INTERNAL CONNECTION to device. Pin may be driven or left floating. **

BVD1#, BVDy# O | BATTERY VOLTAGE DETECT. NOT REQUIRED.
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APPLICATIONS

The iIMC002FLKA 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
iIMCO02FLKA’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-

iMCO02FLKA

ous operation. The iMCO02FLKA 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 OPEF\"ATION

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 Vppq 2 pins,
the iMCOO2FLKA 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 Vpp2 pins. In addition, high voltage on Vppq2
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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 Vppy and/or CE4# 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 CEa# high, to read or write data through the
Do-Dy7 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-Dqs pins in
x16 mode. ) i

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.
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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.

Card Detection

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 Vppyp is at high voltage. Depending
upon the application, the system designer may
choose to make Vpp1p power supply switchable—
available only when writes are desired. When Vpp12
= VppL, the contents of the register default to the
read command, making the iMCO02FLKA 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 Vg is below the write
lockout voltage, Vi 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 Vpp1,» is high (Vppn), the read operations can
be used to access zone data and to access data for
write/erase verification. When Vpp is low (Vppy),
only read accesses to the zone data are allowed.

Output Disable

" With Output Enable at a logic-high level (Vj), 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 CE1o# bank is active at a time. (NOTE: Ag
must be low to select the low half of the x16 word
when CEx# = 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 IMCO02FLKA is de-
selected during erasure, writing, or write/erase veri-
fication, the accessed zone draws active current un-
til the operation is terminated.

iMCO02FLKA

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 O0OH, 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 iMCO02FLKA

~ 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 e 71| A0 | CEp# | CE(# | OE# | WE# | Dg-D1s |  Do-D7
Operation - | . 'PP2 | VPP1 . 4
5 Read (x8) 8 | VppL |VepL | ViL| ViH ViL ViL | V4 | Tri-state | Data Out-Even
E' Read (x8) 9 VepL | VepL | VIHT - VIH ViL ViL'| V4 | Tri-state | Data Out-Odd
g Read (x8) 10 [ VppL | VPpL | X ViL ViH ViL | Viy | DataOut | Tri-state
§ Read (x16) 11 Ve [ Vee | X | Vi | vie | vie | Viu | DataOut | Data Out
Output Disable VppL | VepL | X X X Vig | Viy | Tri-state | Tri-state
Standby ; VepL {VPrL | X | VIH | Vi | X X | Tri-state | Tri-state
Read (x8) 3,8 | Vppx | VPPH | ViL| VIH ViL Vit | Viy | Tri-state | Data Out-Even
Read (x8) 3,9 | Vepu |Veex |ViH| Vi | ViL | ViL | Vin | Tristate | Data Out-Odd
w Read (x8) 10 | Vppu | VPex | X ViL ViH ViL'| ViH | DataOut | Tri-state
E Read (x16) 3,11 | VppH | VPPH | X ViL \i"_ ViL' | V4 | Data Out | Data Out
g Write (x8) 58 | Vppx | VPPH | ViL| VIH ViL ViH | Vi | Tri-state | Data In-Even
ﬁ 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 | ViL | Dataln | Tri-state
Write (x16) 11 | VppH | VppH | X ViL ViL ViH | ViL |Dataln | Dataln
Standby 4 1 VppH | VPPH| X | VIH VIH X X | Tri-state | Tri-state
Output Disable VppH | VPP | X X X ViH ViL | Tri-state | Tri-state
NOTES

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

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

3. Read operations with Vppy2 = Vppy may access array data or the Intelligent Identifier codes

4. With Vpp12 at high voltage, the standby current equals Icc + Ipp (standby).

5. Refer to 'I/azble 3 for valid Data-In during a write operation.

6. X can be V_or V.

7. Vppx = VppH Of VppL.

8. This x8 operation reads or writes the low byte of the x16 word on DQo 7, i.6.,-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., 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 Cycles :
Req’d |operation(1)| Address(2)| Data(3)| Operation(1)| Address(2)| Data(3)
Read Memory 2 1 Write RA OO0H
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
le 4. Command Definitions Word-Wide Mode
Bus First Bus Cycle Second Bus Cycle
Command Cycles

v - | Req’d |operation(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 7, 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 1A 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.

ONO O A

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.
The second bus cycle must be followed by the desired command register write.
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 Vpp1/2 is hlgh for erasure and wntrng, zone

memory contents can be- accessed via the read -

command. The read .operation is initiated by wrmng
0OH (0000H for the word-wide configuration) into the
zone Command Regrster(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
Vpp1/2 power-up is 00H (00000H far-word-wide).
This default value ensures that no spurious altera-
tion of memory card contents occurs during the
Vpp12 power transition. Where the Vppy2 supply is
left at Vppn, 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 trmmg parameters.

Intelligent Identifier Command

Each zone of the iMCOQéFLKA 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-wrde) 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 Vppy pins. In
the absence of this high voltage, zone memory con-
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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

marginvoltage to the addressed byte. Readrng FFH
from the addressed byte indicates that all bits in the
byte are erased. Similarly, reading FFFFH from the
addressed word mdlcates 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 Iast 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
specrflc 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 iIMCOO02FLKA 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

iIMCO02FLKA

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 =
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.

(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

ZONE H=1 ’

A

4

——'»l ERASE ZONES L, H

ZONE
ERASURE
COMPLETE

?

ALL
ZONES
ERASED
?

g ERASURE
COMPLETE

Figure 3. Full Card Erase Flow

v

ERASURE
ERROR ‘

290412-3 .
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Bus Command Comments
Operation
Standby Wait for Vpp ramp
R to VppH (= 12.0V) (2)
g A 4
PLSCNT =0 Initialize pulse-count
WRITE SET-UP- Write Set-up Data = 40H +
WRITE CMD + ADDRESS .
Write Valid Address f
Write Write Valid address/data
Standby Duration of Write
operation (twHwH1)
Write Write(3) Data = COH + Valid Address;
Verify Stops(4) Write Operation
T
L Standby twHGL
’ READ DATA Read Read byté to verify Write
ZEom e Operation at Valid Address
N
INC '
PLSCNT, Standby Compare data output
= 257 .
to data expected
Y
»k:n:u:m
ADDRESS
Y
Write Read . Data = OOH, resets the
READ.CMD * | register for read
A 4 ‘operations.
APPLY PPLY .
Vep [2] l ‘}: o (2] | Standby Wait for Vpp ramp
1 T to VppL(2)
C WRITING ( WRITE ) E
COMPLETED ERROR I
' 200412-4
NOTES: . ‘
1. CAUTION: The algorithm MUST BE FOLLOWED to 3. Write Verify is only performed after a byte write oper- I
ensure proper and reliable operation of the device. - ation. A final read/compare may be performed (option- f
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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START ’ Bus i o
ERASURE [1]
| operation Command .Comments
Y~ oata ‘
C00H ? Standby . Wait for Vpg ramp to VppH
{ (=12 ‘
a BYTES 70 00 ' ' | Use with Write Operation
| Algorithm
A
) Initialize even/odd Addresses,
i Erase Pulse Width, and Pulse
' Count
ADDR = 00000H .
TEW=10ms 1
PLSCNT=0
- 0DD =0
'ADDR = 0000 1H T
PLSCNT = 0 > <
obD = 1 4 k
SET-0p o A DORESS Write Set-up Data = 20H + Address
- ) Erase
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®) twHgL
1 Read Read byte to verify erasure at
N’ address
INC ) ot
e valn Standby | : Compares output to FFH.
increment pulse count
Y
INCREMENT
ADDRESS + 2
: Y . . . .
Write Read Data = 00H, resets the register |
for read operations.
A N .
l ,,":};] ] I ,;‘P:‘[;] | Smﬁdby Wait for Vpp ramp to Vpp, (2)
= (=
290412-5
1. CAUTION The algomhm 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/coi'npare 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.

Flgure 5. Erase Algorlthm for Byte-Wide Mode
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Start Write Comments
Operation
Apply Vppy Wait for Vpp ramp to Vppy

ADRS = address to write )

Get ADRS/W_DAT
W_DAT = data word to write %

Initialize: Initialize Data Word Variables:

V_DAT = W_DAT PLSCNT_HI =0 V_DAT = valid data
W_COM = 4040H PLSCNT_LO=0 W_COM = Write Command
V_COM = COCOH FLAG=0 V_COM = Write Verify Command
T - PLSCNT__HI = HI Byte Pulse Counter
‘ < PLSCNT__LO = LO Byte Pulse Counter
FLAG = Write Error Flag
| Write ADRS/W_COM+VALID ADDRESS | Write Set-up Command

Address needs to be Valid
Write k.

High/Low Byte
Compare & Mask
Subroutine

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

F_DAT = W_DAT |
? ;
High and Low Bytes in the Subroutine. ‘

|
More Data i
? Check buffer of 1/0 port for more data to write \

[ write READ_CoM | [ Write READ_cOM | Reset device for read operation

| Apply VppL | Apply Vpp | Turn off Vpp
Write Write
Complete Error
290412-6

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

| Lo-BYTE = (F_DAT AND 00FFH) |

.

LO=BYTE = "\
V_DAT AND OOFFH

'?

_ V_COM=(V_COM OR OQFFH)

"V_DAT = (V_DAT OR OOFFH)
W_COM = (W_COM OR OOFFH)

SN
| INCREMENT PLSCNT_LO |

HI-BYTE =
V_DAT AND FFOOH
?

V_DAT = (V_DAT OR FFOOH)
W_COM = (W_COM OR FFOOH)
V._COM = (V_.COM OR FFOOH)

| INCREMENT. PLSCNL.HI |

A 4

. SUBROUTINE
RETURN

290412-7

*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

" If the LO Byte verifies,

"FLAG = 1denotesa LO

" Repeat the sequence for

FLAG = 3 denotes both

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

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

Byte error

the HI Byte

FLAG = 2denotes a HI -
Byte error

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

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

APPLY Vppp

WRITE ALL DEVICES
TO OOH
INITIALIZE:
PLSCNT_Hi=0 FLAG=0
PLSCNT_LO=0 E_COM=2020H
ADRS =0 V_.COM = AOAOH
Ju <

WRITE ADRS/E_COM

WRITE ADRS/E_COM

TIME OUT 10 mS

IS

" \ 4
| Write ADRS/V_COM l

BLOCK ERASE
VERIFY & MASK
SUBROUTINE

) @ N
Y
RESET V_COM, E_COM
INCREMENT ADRS

LAST ADDRESS
?

FLAG=0 ?

A

y

| wrTEREAD_com | |

WRITE RE,

AD_COM |

¥
[ APPLY Vop, |

APPLY

VppL ]

ERASURE
COMPLETE

NOTE:

ERASE
ERROR

X16 Addressing uses Aq-Agg only. Ag = 0 throughout word-wide operation.

290412-8

Comments

pulse counter and check for last pulse

Wait for Vpp to stabilize.

Use Write operation algorithm in x8 or x16
configuration
Initialize Variables:
PLSCNT_HI = Hi 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

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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‘ ‘ This subroutine reads the data
| Time Out 6 uS | ' ) .word (F_DATA). It then masks
] v the Hl or LO Byte of the Erase
| Read ADRS/F_DATA | .and Verify commands from
\ executing during the next
operation. ;

If both HI and LO Bytes verify,
then return.

~ Mask* the HI Byte with 00H.

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

If the LO Byte verifies erasure,

then mask* the next erase and
. verify commands with FFH

| INCREMENT PLSCNT_LO ] ) (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.

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

Flag = 2 denotes a Hi Byte error. ’
Flag = 3 denotes both a Hl and

| INCREMENT PLSCNT_HI | : _ LO Byte efrors. FLAG = 0

' | denotes no max count errors;
continue with algorithm.

C PLSCNT_HI = 3000 FLAG =FLAG + 2
?

A\ 4
3

. 4
SUBROUTINE
\ RETURN

*Masking can easily and efficiently be done in assembly langdages. S_ivhply 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

: 290412-9
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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 CEq, 2#, 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 charaéteristics 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 CE4»#. 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
iMCOO2FLKA features on-card ceramic decoupling
capacitors connected between Voo and Vgg, and
between Vpp1/Vppz and Vss.

iMCO02FLKA

The card connector should also have a 4.7 pF elec-
trolytic capacitor between Vg and Vgg, as well as
between Vpp1/Vppa and Vgg. 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 quI not result in card damage
or data loss.,

~Each zone in the iIMCOO2FLKA 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 Ve voltages above Vi ko when Vpp is active.
Since both WE# and CEq, 2# must be low for a
command write, driving either to V| 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 Vpp12 above Voc + 2.0V.
In addition, upon powering-down, Vpp4» should be
below Vg, + 2.0V, before lowering Ve,
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Absolute Maximum Ratings* -

Operating Temperature

DuringRead .................. 0°Cto + 60°C(1)
- During Erase/Write . ............. 0°Cto + 60°C
Temperature Under Bias . ........ —10°Cto +70°C
Storage Temperature. ........... —30°Cto +70°C
Voltage on Any Pin with

RespecttoGround .......... —2.0Vto +7.0v@®

Vpp1/Vppz Supply Voltage with
Respect to Ground

intel.

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

During Erase/Write.. ... ... —2.0Vto +14.0V(2,3)
Vcc Supply Voltage with
Respectto Ground ............ —2.0Vto +7.0V@
NOTES:

1. Operating temperature is for commercial product defined by this specnflcatlon
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 Vog + 0.5V, which may overshoot to Voc + 2.0V for

periods less than 20 ns.

3. Maxamum DC input voltage on Vpp1/Vppa may overshoot to + 14. 0V for penods less than 20 ns.

OPERATING CONDITIONS

. Limits .
Symbol Parameter Unit | Comments
Min Max R
Ta Operating Temperature 0 60 °C For Read-Only and -
- i Read/Write Operations.
Vee 'Vee Supply Voltage 4.75 5.25 Vv
VppH .Active Vpp1, Vpp2 ) 11.40 12.60 - Vv
Supply Voltages
VepL Vpp During Read Only 0.00 6.50 \"
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 | Vog = Vg max
VIN = Vgc or Vss
Lo Output Leakage Current 1 +1.0 | £20| pA | Voo = Voo max
' Vourt = Vccor Vss
lccs Vcc Standby Current 1 0.4 0.8 | mA | Voo = Voo max
CE1# = CEg# = Vgg £0.2V
4 | 7 mA | Vcc = Voo max
CE1# = CE2# = V|
lcct Vcc Active Read Current | 1,2 25 50 | mA | Vog = Voccmax CE# = V)
f = 6 MHz, loyT:= 0 mA
lccz V¢ Write Current 1,2 5.0 15.0 | mA | Writing in Progress
lccs Vcc Erase Current 1,2 10.0 | 20.0 | mA | Erasure in Progress
lccs | Voc Write Verify Current | 1,2 10.0 | 20.0 | mA | Vpp = VppH
: Write Verify in Progress
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DC CHARACTERISTICS—Byte Wide Mode (Continued)
© Limits ) N
Symbol Parameter Notes — Unit Test Conditions
“Min | Typical Max :
1lces Vcc Erase Verify Current | 1,2 10.0 20.0 mA | Vpp = VppH
Erase Verify in Progress
Ipps Vpp Leakage Current 1 +80 MA | Vpp < Voo -
Ippy Vpp Read Current 1,3 0.4 0.8 mA | Vpp > Veo
or Standby Current +0.08 Vpp < Voo
lpp2 Vpp Write Current 1,3 8.0 30 mA | Vpp = Vppy
Write in Progress
lpp3 Vpp Erase Current 1,3 10 30 mA | Vpp = VppH
. . Erasure in Progress
Ippa Vpp Write Verify Current | 1,3 20 5.0 mA | Vpp = VppH
Write Verify in Progress
lpps Vpp Erase Verify Current | 1,3 20 5.0 mA | Vpp = VppH
Erase Verify in Progress
ViL Input Low Voltage —-0.5 0.8 \Y
ViH Input High Voltage 2.4 Vcc £ 03| V
VoL | Output Low Voitage 0.40 V |loL=32mA
Vee = Vge min
VOH1 Output High Voltage 3.8 V |loH= —2.0mA
: Vee = Vgo min
VppL Vpp During Read-Only 0.00 6.5 V | Note: Erase/Write are
Operations ' - | Inhibited when Vpp = Vpp__
VepH Vpp During Read/Write 11.40 12.60 \ ‘ '
Operations
|Viko | Voc Erase/Write Lock 25 \%
Voltage
NOTES:

1. All.currents are in RMS unless otherwise noted. Typical values at Vo = 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# wnll exhibit < 55 A of additional Iy when ViN = Vss.

DC CHARACTERISTICS—Word 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 = VccorVss
ILo Output Leakage Current 1 +1.0 | +20 | pA | Voo = Voo max
Vourt = Vcc or Vss
‘Iccs Ve Standby Current 1 0.4 0.8 | mA | Voo = Vgg max
CEq# = CEp# = Vgg £0.2V
4 7 mA | Vcc = Voo max
CEq1# = CEg# = V|
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DC CHARACTERISTICS—Word Wide Mode (Continued)

Limits
Symbol Parameter Notes - Unit Test Conditions . -
Min. | Typical Max
Icc Vcc Active Read Current| 1,2 40 80 mA | Voc = Vogmax CE# = V)i
' f = 6 MHz, loyT = 0mA
lccz Vg Write Current 1,2 7.0 25 mA | Writing in Progress
Iccs Vg 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
Iccs Vg Erase Verify Current | 1,2 10 30 mA | Vpp = VppH
. Erase Verify in Progress
Ipps Vpp Leakage Current 1 . +80 pA | Vpp-< Voo
lppq Vpp Read Current 1,3 0.7 1.6 mA | Vpp > Ve
or Standby Current '+£0.16 Vpp < Voo
Ipp2 Vpp Write Current 1,3 16 60 mA | Vpp = VppH
’ Write in Progress
Ipp3 Vpp Erase Current 1,3 20 60 mA | Vpp = VppH
Erasure in Progress
lpp4 Vpp Write Verify Current | 1,3 5.0 12 mA | Vpp = VppyH
Write Verify in Progress
Ipps Vpp Erase Verify Current | - 1,3 5.0 12 mA | Vpp = VppH
o Erase Verify in Progress
ViL Input Low Voltage —0.5 0.8 v ‘
VIH Input High Voltage 2.4 Vcc £ 03] V
VoL Output Low Voltage 0.40 V |loL=32mA
. Veec = Vec min
VoHi | Output High Voltage 3.8 V |lon = —2.0mA
Vce = Veg 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 Ve 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. 2 chips active and 6 in standby for word-wide mode.
3. Assumes 2 Vppg are active. !
4. Due to 100 k2 pull up resistors OE+#, CE¢ #, CEx# and WE# will exhibit < 55 uA of additional I, | when V|y = Vss.
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CAPACITANCE T = 25°C,f = 1.0 MHz .
: Limits
Symbol Parameter Notes Unit | Conditions
Min | Max
CiNnt Address Capacitance 40 pF | ViN=0V
Cinz Control Capacitance 40 pF | ViN=0V
Cout Output Capacitance 40 pF | Vour =0V
Ci/o 1/0 Capacitance 40 pF | Vo =0V
AC TEST CONDITIONS
Input Rise and Fall Times (10% t0 90%)...... 10ns
Input Pulse Levels ................. VoL and VoH1
Input Timing Reference Level .......... ViLand Vi
Output Timing Reference Level ........ ViLand V|4
AC CHARACTERISTICS—Read-Only Operations
Symbol Characteristic Notes Min Max Unit
. tavav/tre 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
taLax/toLz Output Enable to Output 2 5 ns
inLow Z
teHQz/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 us
before Read

NOTES:
1. Whichever occurs first.
2. Rise/Fall Time < 10 ns.
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Voc POWER-UP/ . DEVICE AND . o R STANDBY/ .
STANDBY ADDRESS SELECTION OUTPUTS ENABLED  + DATA VALID ) Voo POWER-DOWN
ADDRESSES W e ADDRESS STABLE ’ X
avav (tee) 0 -
cew (£#) / o \ : / . \
o ) ) ‘ . ’ v =-tenaz =
' . | \
OE# (G#) / . . /
‘ twmor v tnaz (tor) ‘
wEe (W#) o toLav (toe) .
terqv (tog) ———= !
' torax (torz) | .
[ terox (4z) — : ) to [+ ‘
. . s i } AN AR
DATA (DQ) toe 2 §L<<<<g VALID OUTPUT \ E\ HIGH 2
X K " [7/ ,
tavav (tacc) ' »
5.0V '
</ | | -\
ov . ) . )
: ’ 290412-10
NOTE:
CE# refers to CEq, 2#.

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
twiLAx/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 us
tGHWL Read Recovery Time before Write 1,2 ps
twLoz Output High-Z from Write Enable 1,2 5 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
twHERH/tcH Chip Enable Hold Time 1,2 0 ns
twLwr/twp Write Pulse Width 1,2 100 ns
twHwWL/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 s (10 us program + 6 ps 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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B e
Voo POWER-UP & SET-UP WRITE, WRITE COMMAND _VERIFY WRITE STANDBY/
STANDBY - COMMAND ' LATCH ADDRESS & DATA . WRITING © *' . COMMAND Vee
= tavav Ctwc). tavav (twe) - i ~tavav (twe) E—“‘AVAV (tge) —T1 .
: et b=t ol . .
. A T ) A Tk () i {AVHL | by (i) R —
CE# (E#) / \ /—’ ’ _\ . / \
R e Ciw o] feteen tenaz
o (cs) o Ces) (i) "
- - - 4 .
0¥ (G#) ! . \ /
. , (o)
tonwl [ twewe —> YwHw1 - twHoL —5— oHaz t,w
" 4 o »
-/ R | \
4 o i toLav (toe)
e - twx i I twox ™ twrox
fovwn . Yovwn oo ~ton
HIGH Z DATA IN Jl Y 7lmu m!K . (‘oiz)) £ vauo Y\
DATA (DQ) = 40K A DATA IN Iy s IRNs - DATA
R ouT
J . . 7 teox (t2)
(=4040H for word wide mode) (=COCOH for word wids mode) 1
Ftg gy (teg) =1
5.0V
\
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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(=2020H for word wide mode)

(=2020H for word wide mode)

ERASE
Voo POWER-UP & SET-UP ERASE VERIFY ERASE STANDBY/
STANDBY COMMAND ERASE COMMAND ERASING CONMAND VERIFICATION' Ve POWER-DOWN
w I tavav (twe) L tavav (twe) —7 o = tavav (twe) —1— [ tavav (e) —T1
[ t avwL \ \ )
e _as (tys) tweax (tan) o twiax (tan)
/ o Ca) / \
cE# (£#) \- twiax (tan [\
(tgs) F—== el TR t 4
feuw (s (‘cn)H“ " eLw twHEH (\L;:% (z:‘:;.
(tcs) (tcn) .
OE# (G#) ! | \ /
tyw, o) ’
I toHw ML WP twHwh2 [ toraz (tor)
WE# (W#) / \_
4 4 torav (o)
e e twox >+ tweox Ao 1 twiox
tovwn tovwn —1 tovwn 1 ~lon
HIGH Z DATA IN ]Lmn m! ]Lmu N 2?;::) f-vauio
DATA (00) =204 - Y ) S 4 ot
J 7 ' N

(=ADAOH for ward wide mode) tLax (t2)

terav (teg)

o
< ¢

o o

28 2

tvpeL

NOTE:
CE# refers to CE¢, o#.

\
\_

290412-12

Figure 12. AC Waveforms for Erase Operations

»
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ALTERNATIVE CE #-CONTROLLED WRITES _

Symbol LT Characteristic v Notes Min . Max - Unit
tAVAV " Write Cycle Time =~ DRI R 200 B  ns
taveL | = Address Set-up Time R R |0 - ns -
telax |  Address Hold Time s ‘ 100 | ns
“tDVEH ‘ " Data Set-up Time \ L 80 _ k . ns
tewpx | DataHoldTime - ; 30 | ns
teHgL Write Recovery Time before Read. . 6 .. | us
tGHEL ' Read Recovery Time before Write, ‘ [V ps
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
- | e, :
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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12.0v
Vep

VerL

NOTE:

PROGRAM
Vec POWER-UP & SET-UP PROGRAM PROGRAM COMMAND VERIFY PROGRAM STANDBY/
STANDBY COMMAND LATCH ADDRESS & DATA PROGRAMMING ‘COMMAND VERIFICATION VCC POWER-DOWN
)
ADDRESSES
tavav tavav (twe) 1 ul " tavav (tc) —]
= taver = taveL
teLax feLax &
WE# (E#) / \ /—’ \-
el [ e o] Wi ] Mt e [~ ~ tenwn
£
45 -
oEw (G#) \ / \—
(tor)
*tomer [+ wer —> YeHen feHoL ‘anaz (o
F.__;;
CE# (W#) _/ / \_
! b teuox e | [ tgox ooy (toe) teraz
) Yoven torox (tor2) =ton =
X £\ v
HIGH Z ALID
DATA (DQ) DATA IN |- | u:v;m N DATA
A ) Bk 4
__7 __7 out
(=4040H in word wide mode) (2COCOH in word wide mode) terox (t2)
ferqv (ter)
5.0V
ov
tvpeL

CE# refers to CEq, 2#.

290412-13

Figure 13. Alternate AC Waveforms for Write Operations
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ORDERING INFORMATION

CIMIC 2 AL TSTEIXIXIXIXIX o
[ I O )
I: CUSTOMER IDENTIFIER
A= REVISION
K = WORD-WIDE
ARCHITECTURE
FL =FLASH
002=2 MEGABYTE
DENSITY IN MEGABYTES
MC = MEMORY CARD
i = INTEL
PACKAGE PLACEHOLDER o0, .,
ADDITIONAL INFORMATION ORDER NUMBER
ER-20, “ETOX™ i 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 Igca-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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iMCOO1FLKA
1-MBYTE FLASH MEMORY CARD

® 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
B CMOS Low Power Consumption m ETOXT™™ |l Flash Memory Technology

— 25 mA Typical Active Current (X8) — 5V Read, 12V Erase/Write

— 400 p.A Typical Standby 0urrent — 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

— Muitiple Zone Erase > 128 KB/s m Independent Software & Hardware
B Random Writes to Erased Zones Vendor Support

— 10 ps Typical Byte Write — Integrated System Solution Using

Flash Filing Systems .

Intel’'s IMCO01FLKA 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 iMC001FLKA 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™ |I 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.

October 1993
Order Number: 290399-004 6-135
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85.6% 0.2mm

iMCOO1FLKA.
54.0% 0.1 mm i-—-]— 3.32 0.4 mm
_ B —
G . \ G
1
1
T T
E ' E
£ £
= =
] o
o o
2 ! e
\& ] “ \—
N I —
4 FRONT SIDE
LO0000000000000000000000000000000]
o8 BACK SIDE
1 | GND 18 | Vppy 35 | GND
2 D3 19 Ais 36 | CDq#
3 D4 20 Ais 37 Dy
4 Ds 121 A2 38 | Dy2
5 Deg 22 A7 39 | D43
6 Dy ‘ 23 Ag 40 D14
7 CEq# 24 As 41 Dis
8 A10 25 Ag 42 CEq#
9 OE# 26 Az 43 NC
10 | Aqy 27 Az 44 | NC
1 1 Ag 28 Aq 45 NC
12 Ag 29 Ao 46 Aq7 .
13 Aq3 30 Do 47 | Aqsg
14 | Aq4 31 D4 48 | Aqg
15 | \WE# 32 Do 49 NC
16 NC. 33 WP 50 NC
17 Vee 34 | GND 51 Vee
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.

1

290399-1

Vpp2
NC
NC
NC
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Table 1. Pin Description

Symbol Type Name and Function
Ap-Aig I ADDRESS INPUTS for memory locations. Addresses are internally latched
. during a write cycle.

Do-D1s 110 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 dlsabled 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.

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#2 (e] CARD DETECT: The card is detected when CD4 # and CD#p = 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.

BVD, #, BVDo # (o] BATTERY VOLTAGE DETECT: Not Required.
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IMCOO1FLKA I n
Do-Dys Dg-Dy5
| /0 trans: [P IR
WE# cevers | wes
w1 awo
# #
XX 1 aurrers PE
Ll —
<

Vee $

o—o

= \_ wire proreCT

SWITCH
Ag . Ag—Aig
A =Arg]  ADDRESS '
- | BuFrers | CEMg#-CEHs#
o AND
CEy # | DECODERS | cgpj#-cELy#
. 28F010 .~ 28F010
1% As D007 [ 140416 Ds~Dys ;
b CE # p—q CE#
REG# - Z0 : Z1 .
—— WE* . WE# -
co, # .
— } OE# OE#
CD, # Vss Vec Vep1 | | Vss Vec Ver2 |
—2__ 4
CARD DETECT - !
- 1% "*s Do-0; [ 1% A6 Ds-Dis P
Mt CE# M ce#
Z2 3
WE# WE#
oE# OE#
BDV, # Vss Vec Vepi Vss Ve Vep2
BOV, # 11 L
[ ] [ ]
> [ ] L ]
:: [ .
lL L1 1 L1 1
Yee Ag=Ag Do-D; Ag=Ag Dg~Dys
BATTERY VOLTAGE
DETECT CE# CE#
. 6 7
WE# WE#
OE# OE#
Vss Vec Vepi Vss Vec Vep2
GND l I
Ve
Vep 1
Vep2

290399-2

Figure 2. IMCO01FLKA Block Diagram
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APPLICATIONS

The iMC001FLKA 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 I 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
iMCOO1FLKA'’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

iMCOO1FLKA

iMCO01FLKA consumes no power when the system
is off. In addition, the iIMC001FLKA 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 Vpp1/2 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 Vpp1/2
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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 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 Vpps 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-wid

operation). .

Conventional x8 operation uses CEq# active-low,
with CEa# 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 Do—D7 outputs. This odd byte
corresponds to data presented on Dg-D15 pins in
x16 mode.

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.

Card Detection

The flash memory card features two card detect pins
(CDq/2#) that allow the host system to determine if
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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. CD¢/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 Vppy/2 is at high voltage. Depending
upon the application, the system designer may
choose to make Vpp4/2 power supply switchable—
available only when writes are desired. When
Vppi/2 = VppL, the contents of the register default
to the read command, making the iIMCO0O1FLKA 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 Vg is below the write
lockout voltage, Vi ko. (See the section on Power
Up/Down Protection.) The iMC001FLKA is designed
to accommodate either design practice, and to en-
courage optimization of the processor-memory card
interface.

BUS OPERATIONS

Read

The iIMCO01FLKA 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 Vppi/2 is high (Vppn), 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 (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 CE42# bank is active at a time. (NOTE: Ag
must be low to select the low half of the x16 word
when CEx# = 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 iMCO01FLKA 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

- iIMCOO1FLKA 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).

iIMCO01FLKA

Write

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 (Vi ), 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 O0OH, 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 iIMCO01FLKA
register commands for both byte-wnde 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
operaﬂonm"s Notes UP:: &,‘P;] Ao | CEx# |CE(# |OE# |WE# | DgDy5 |  Do-Dy
Read (x8) . 8 Vepe | VeeL | ViL | VIH ViL Vit | ViH |[ Tri-state | Data Out-Even
> | Read (x8) 9 VepL | VeeL | VIH| VIH ViL ViL | ViH | Tri-state | Data Out-Odd
S | Read (x8) 10 | VppL | VeeL| X | ViL | Vin | Vi | Vin | DataOut| Tri-state
E Read(x16) | 11 [Vep|[Ver| X | Vi | Vi | Vi | Vi |DataOut] DataOut
Output Disable VepL | VppL | X X X ViH | ViH | Tri-state | Tri-state
Standby VepL | 'VepL | X | VIH ViH X X | Tri-state | Tri-state
Read (x8) 3,8 | Vepx | VepH | ViL| VIH ViL ViL | ViH | Tri-state | Data Out-Even
Read (x8) 3,9 | VppH | Verx | VIH| VIH ViL ViL | Vin | Tri-state | Data Out-Odd
| Read (x8) 10 | Vppu | Vepx | X ViL ViH ViL | ViH | DataOut | Tri-state
£ | Read (x16) 3,11 | VppH | VPPH | X ViL ViL ViL | ViH | DataOut | Data Out
g Write (x8) 58 | Vppx | VePH | ViL| VIH ViL ‘.VIH ViL Tri-state | Data In-Even
.§ Write (x8) 9 VepH | Vepx | ViH| VIH Vit | ViH | Vi | Tri-state | Data In-Odd
& | Write (x8) 10 | Vppu | Vepx | X | Vit | Vin | Viu | Vi |Dataln | Tri-state
Write (x16) 11 | VepH | VPPH| X | ViL ViL | Vih | ViL |Datain | Datain
Standby 4 VepH | VPPH | X ViH VIH X X | Tri-state | Tri-state
‘ Output Disable VepH | VePH | X X X ViH | ViL | Tri-state | Tri-state
NOTES:

1. Refer to DC Characteristics. When Vpp4/2 = 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.

3. Read operations with Vpp1 /2 = VppH may access array data or the Intelligent Identifier codes.

4. With Vpp4/2 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 Vj_ or Vi.

7. Vppx = VppH 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., Ag high reads
“odd” byte in x8 mode.

10. This x8 operation reads or writes the high byte of the x16 on DQg_1s. 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

iMCOO1FLKA

Command Notes c::‘:’ First Bus Cycle Second Bus Cycle
Req'd | 5peration(!) | Address(2)| Data(®) | Operation()| Address(2)| Data(®

Read Memory 1 Write RA O00H

Read Intelligent 4 Write 1A 90H Read

Identifier Codes p
Set-Up Erase/Erase| 5 2 Write ZA 20H Write, ZA 20H
Erase Verify 5 2 Write EA AOH Read EA EVD q
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 c::I:s First Bus Cyclé 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 IA 9090H Read

Identifier Codes

Set-Up Erase/Erase| 5 2 Write ZA 2020H Write ZA 2020H L
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.
2.

Bus operations are defined in Table 2.
|A = 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 128 Kbyte zones involved in erase operation.
Addresses are latched on the falling edge of the Write Enable pulse.

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.
5.
6.
7.

ID = Data read from location |A during device indentification. (Mfr = 89H, Device = B4H).

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.
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 Vppy,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 Reg:ster(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
Vpp172 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 Vpp4/2 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.

Intelligént Identifier Command

Each zone of the iMCO01FLKA 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 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 Vppq/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.
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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.

Erase-Verify Command

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 aré combined to
perform electrical erasure of the iMCO01FLKA. 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 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. Resuilt-
ing improvements in cycling reliability come with-

iMCO01FLKA

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) 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).

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 approxnmately

“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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‘ START }

A

INITIALIZE SIZE
AND NUMBER OF ZONES
ZONEL=0
ZONE H=1

A 4

—DI ERASE ZONES L,H l

ZONE
ERASURE
\ COMPLETE
?

INCREMENT ZONES L,H

ALL
ZONES
ERASED
?

R

ERASURE
COMPLETE

ERASURE
ERROR

290399-3
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Intel . IMCOO1FLKA
START WRITING Bus
Operation Command Comments
v"""i;] Standby Wait for Vpp Ramp
= to VppH (= 12.0V)(@
PLSCNT =0 Initialize Pulse-Count
wal'x:kg:osﬂag:ﬁs Write Set-Up Data = 40H +
Write Valid Address
WRITE Write Write Valid Address/Data
CMD (A/D)
Standby Duration of Write
Operation (twHwH1)
VERIFY oo A DORESS Write Write® | Data = COH + Valid
Verify Address; Stops(4)
Write Operation
Standby twHGL
Read Read Byte to Verify Write
FROM DEVICE Operation at
N Valid Address
VERIFY i S C [o)
SCNT, tandby ompare Data Output
DATA
= 252 to Data Expected
Y Y
INCREMENT
ADDRESS
Y
WRITE Write Read Data = O0H,
READ CMD Resets the Register for
v Read Operations
APPLY APPLY
Vpp 2] Vep [2] Standby Wait for Vpp Ramp
to Vpp @)
WRITING ) ( WRITE )
COMPLETED ERROR
290399-4

NOTES:

4. Refer to principles of operation.

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 Vppi.

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. !

Figure 4. Write Algorithm for Byte-Wide Mode
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B oo | Command | Comment
Operation omman ‘ omments
Standby’ ~Wait for Vpp Ramp
- to VppH (= 12.0V)@
Use Write Operation
Algorithm
Initialize Even/Odd
Addresses, !
e — Erase Pulse Width,
TEW=10ms and Pulse Count
PLSCNT=0 . |
. oDD =0
ADDR=00001H | . T
—P»| PLSCNT=0 > +——
oDD = 1 v
SET-uR o A RESS Write Set-Up Data = 20H + Address
Erase )
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) twnaL
1 Read ) Read Byte to Verify
. Erasure at Address
INC .
PLSCNT, . Standby Compare Output to FFH
3000 ? .
Increment Pulse Count
Y
INCREMENT
ADDRESS + 2
Y 1
Write Read Data = O0H, Resets the
READ CMD . . Register for Read
. A 4 ) Operations
| APPLY | I APPLY ] .
""L fl "mm Standby  Wait for Vpp Ramp
to Vpp (2
ERASURE ERASE PPL
( COMPLETED ) ( ERROR
290399-5
NOTES
1. CAUTION: The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the devace
2. See DC Characteristics for the value of Vppy and Vppy.
3. Erase Verify is only performed after chip erasure. A final read/compare may be performed (optlonal) aﬂer the reglster
is written with the Read command.
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

¢ <

v

[Write ADRS/W_COM+ VALID ADDRESS |

More Data
X ?

High/Low Byte
Compare & Mask
Subroutine

A

Flag=0 ?

| Write READ_COM |

| write READ_cOM |

« L 2
L__Aeply Ve |

L__Aeply Vep |

Write
Complete

290399-6

Comments

| Turn off Vpp.

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 1/0 Port for More Data to
Write.

Reset Device for Read Operation.

Figure 6. Write Algbrlthm for Word-Wide Mode
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IMCOO1FLKA

© START
SUBROUTINE /'

LO~BYTE = (F_DAT AND OOFFH)

'V._DAT = (V_DAT OR OOFFH)
W_COM = (W_COM OR 0OFFH)
V_COM = (V_COM OR OOFFH)

LO-BYTE =
V_DAT AND O0OFFH
?

| INCREMENT PLSCNT_LO |

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

HI-BYTE =
V_DAT AND FFOOH
?

| INCREMENT PLSCNT_HI |

N

-

A
" SUBROUTINE
RETURN

290399-7

Comments

‘Repeat the sequence for the HI

Continue with Algorithm.

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'Denotes a LO Byte
Error.

Byte.

FLAG = 2 Denotes a Hi Byte
Error. FLAG = 3 Denotes both a HI
and LO Byte Errors. FLAG =0
Denotes No Max Count Errors;

/

*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 Hl or LO register contents.

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

: APPLY Vppyy

WRITE ALL DEVICES
T0 00H
INITIALIZE:
PLSCNT_HI = 0 FLAG=0
PLSCNT_LO=0 E_COM = 2020H
ADRS = 0 V_COM = ADAOH
o <

Comments

WRITE ADRS/E_COM

WRITE ADRS/E_COM

TIME OUT 10 mS

>

.
A 4
I Write ADRS/V_COM |

BLOCK ERASE
VERIFY & MASK
SUBROUTINE

Y

RESET V_COM, E_COM

LAST ADDRESS
?

FLAG=0 ?

A

| WRITE READ_COM |

| WRITE READ_COM

| APPLY Vpp |

[ PPy Vg,

1

ERASURE
COMPLETE

NOTES:

ERASE
ERROR

x16 Addressing uses A{-Aqg 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 and 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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| Comments
: This subroutine Reads the

| Time Out 6 uS | Data Word (F_DATA). it then
masks the Hi or LO Byte of the
| Read ADRS/F_DATA ] Erase and Verify Commands
" from Executing during the Next
Operation. )

F_DATA = FFFFH ? If both HI'and LO Bytes Verify,

then Return.

[To_Byte = (F_DATA and (00FFR)] Mask* the HI Byte with O0H.

If the LO Byte Verifies Erasure,
E_COM = (E_COM or 00FFH) then Mask* the Next Erase
V_COM =(V_COM or 00FFH) and Verify Commands with
FFH (RESET).

If the LO Byte Does Not Verify,
then Iincrement its Pulse

Y Counter and Check for Max
Count. FLAG = 1 Denotes a
LO Byte Error.

LO_Byte =FFH?

| . INCREMENT PLSCNT_LO |

. Repeat the Sequence for the
~ | HI_Byte = (F_DAT AND. FFOOH) | HI Byte.

Y E_COM = (E_COM or FFOOH) —
HI_Byte = FFOOH ? V_COM = (V_COM or FFOOH) FLAG = 2 Denotes a HI Byte

Error. FLAG = 3 Denotes both
HI and LO Byte Errors. FLAG

, = 0 Denotes no Max Count
|__INCREMENT PLSCNT_HI__ | Errors; Continue with

' Algorithm.

N

A 4

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 Hl or LO register contents.

Figure 9. Erase Verify and Mask SUbroutlné for Word-Wide Mode

290399-9
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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 # signal,
and other parallel zones. This, coupled with the in-
ternal 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/2#. 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
iMCOO1FLKA features on-card ceramic decoupling
capacitors connected between Voo and Vgs, and
between Vpp1/Vpp2 and Vgs.

iMCO01FLKA

The card connector should also have a 4.7 uF elec-
trolytic capacitor between Vg and Vgs, as well as
between Vpp1/Vpp2 and Vgg. 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 iIMCO01FLKA 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 CE4, ># must be low for a

. command write, driving either to Vi 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 Vgc reach its steady
state value before raising Vpp1/2 above Voo +
2.0V. In addition, upon powering-down, Vppi/2
should be below Vg + 2.0V, before lowering Vcg.
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature

DuringRead .................. 0°C to +60°C(1)

During Erase/Write ..............0°Cto +60°C
Temperature under Bias ......... —10°Cto +70°C
Storage Temperature............ —30°Cto +70°C
Voltage on Any Pin with

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

Vpp1/Vpp2 Supply Voltage
with Respect to Ground

during Erase/Write ....... —2.0Vto +14.0V(2.3)
Vce Supply Voltage with

Respectto Ground ........... —2.0Vto +7.0v(®
NOTES: .

- :

intgl.
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 Voc + 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 for periods less than 20 ns.

OPERATING CONDITIONS

Symbol Parameter Limits Unit " Comments
‘Min Max
Ta Operating Temperature 0 60 °C For Read-Only and
Read/Write Operations

Voo Ve Supply Voltage 475 525 | V
VPpPH Active Vpp1, Vpp2 11.40 12.60 v

Supply Voltages
VppL Vpp during Read Only 0.00 6.50 Vv

Operations
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DC CHARACTERISTICS—Byte Wide Mode
Limits
Symbol Parameter Notes - Unit Test Conditions
Min | Typ Max
L Input Leakage Current 1,4 +1.0 +20 kA | Voo = Veog Max
ViN = Vg or Vss
ILo Output Leakage Current 1 +1.0 +20 rA | Voo = Voo Max
Vout = Vccor Vss
lccs Vcc Standby Current 1 0.4 0.8 mA | Voo = Voc Max
CE# = Vgc = 0.2V
4 7 mA | CE# = V|y, Vcc = Ve Max
lcct Vcc Active Read Current | 1,2 25 50 mA | Vce = Vee, MaxCE# = V)
f = 6 MHz, loyT = O mA
lcc2 Vcc Write Current 1,2 5.0 15.0 mA | Writing in Progress
lccs Vcc Erase Current 1,2 10.0 20.0 mA | Erasure in Progress
Icca Ve Write Verify Current | 1,2 10.0 20.0 mA | Vpp = VppH
Write Verify in Progress
lccs Vcc Erase Verify Current | 1,2 10.0 20.0 mA | Vpp = VppH
Erase Verify in Progress
lpps Vpp Leakage Current 1 +80 kA | Vpp < Voo
Ipp1 Vpp Read Current 1,3 0.4 0.8 A Vpp > Vco
Standby Current m
or +0.08 Vpp < Voo
Ipp2 Vpp Write Current 1,3 8.0 30 mA [ Vpp = Vppy
Write in Progress
lpp3 Vpp Erase Current 1,3 10 30 /| mA | Vpp = VppH
Erasure in Progress
Ippg Vpp Write Verify Current | 1,3 2.0 5.0 mA [ Vpp = VppH
. Write Verify in Progress
Ipps 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 2.4 Vcc + 03| V
VoL Output Low Voltage 0.40 V lloL=32mA
Vce = Voo Min
VoH1 Output High Voltage 3.8 V [loH = —2.0mA
Vce = Voo 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 25 \"
Voltage
NOTES: i

1. All currents are in RMS unless otherwise noted. Typical values at Vo = 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 pA of additional I when V|y = Vgs.
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DC CHARACTERISTICS—Word Wide Mode

InteL

) Limits
Symbol Parameter Notes Unit Test Conditions
. . Min | Typ ‘Max :
I Input Leakage Current 1,4 +1.0 +20 rA | Voo = Voo Max
ViN = Vccor Vss
ILo Output Leakage 1 +1.0 +20 kA | Voo = Voo Max
' Current . Vout = Vg or Vss
lccs V¢ Standby Current 1 0.4 0.8 mA | Voc = Vg Max,
CE# = Vgg 0.2V
4 7 mA | Voo = Voo Max, CE# = Vi
lcc1 . | Voo Active Read Current | 1,2 40 80 mA | Vec = Voo, MaxCE# = V)i
: . f=6MHz loyTr = 0mA
lccz Vg Write Current 1,2 5.0 25 mA | Writing in Progress
lccs Vcc Erase Current 1,2 15.0 30 mA | Erasure in Progress
lcca Ve Write Verify Current | 1,2 15.0 30 mA | Vpp = VppH
Write Verify in Progress
lccs Vcc Erase Verify Current | 1,2 15.0 30 mA | Vpp = VppH
. Erase Verify in Progress
Ipps Vpp Leakage Current 1 +80 kA | Vpp < Voo
Ippy Vpp Read Current 1,3 0.7 1.6 Vpp 2 Voo
or Standby Current . mA
+0.16 Vpp < Vo
lpp2 Vpp Write Current 1,3 16 60 mA | Vpp = VppH
. Write in Progress
Ipp3 Vpp Erase Current 1,3 20 60 mA | Vpp = VppH
Erasure in Progress
‘| 1ppa 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
1 Erase Verify in Progress
ViL Input Low Voltage —-0.5 0.8 v
VIH Input High Voltage 2.4 Ve + 03| V
VoL Output Low Voltage 0.40 V |loL=32mA
Vee = Ve Min
VoHi | Output High Voltage 3.8 V |lop= —20mA
| Vec = Vee 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 1260 | V
Operations
Viko Vcc Erase/Write Lock 25 \"
Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. Typlcal values at Vo = 5.0V, Vpp = 120V, T = 25°C.
2. 2 chips active and 6 in standby for word-wide mode.
3. Assumes 2 Vpps are active.
4. Dué to 100 kQ pull up resistors, OE#, CE4#, CEo#, and WE# will exhibit < 55 uA of additional I} when V|y = Vgs.
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CAPACITANCE T = 25°C,f = 1.0 MHz
Symbol Parameter Notes Limits Unit Conditions

Min Max

CiNt Address Capacitance 40 pF ViN = OV
Cing Control Capacitance 40 pF VIN = OV
Cout Output Capacitance 40 pF Vout = OV
Cio I/0 Capacitance 40 pF Vijo = 0V

AC TEST CONDITIONS

Input Rise and Fall Times (10% t0 90%)...... 10 ns

InputPulse Levels ................. VoL and Von1

Input Timing Reference Level .......... ViLand Viy

Output Timing Reference Level ........ ViLand V|4

AC CHARACTERISTICS—Read-Only Operations

Symbol Parameter 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
terax/tLz - Chip Enable to Output in Low Z 2 5 ns
teHQz Chip Disable to Output in High Z 2 60 ns
taLax/toLz Output Enable to Output in Low Z 2 5 ns
tgHQz/tDF ‘ Output Disable to Output in High Z 2 60 ns
toH Odtput Hold from Address, 1,2 5 ns
CE#, or OE# Change

tWHGL Write Recovery Time before Read 2 5 us

NOTES:

1. Whichever occurs first.

2. Rise/Fall time < 10 ns.
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Voc POWER-UP/

DEVICE AND

STANDBY/

STANDBY ADDRESS SELECTION OUTPUTS ENABLED DATA VALID Ve POWER-DOWN
4~ |
ADDRESSES ADDRESS STABLE
tavav (ge)

CE# (E#) / \ /

3 .
v <tenaz
oE# (G¥) / \ ' /
. tw|4(3|_ ‘GHOZ ('OF)
WE# (W#) toLav (toe)
) teqv (tcg) ———
torax (torz) "-’ v
[ terax (4z) —= : , oH
L —L E R} )
DATA (DQ) HicH Z g VALID OUTPUT \ z\ HCHZ
AN y [
xR
e tavqv (tacc) —
5.0V
Vee \
ov
290399-10
NOTE:

CE# refers to CEq o #
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AC CHARACTERISTICS—For Write/Erase Operations
Symbol Parameter 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 s
tGHWL Read Recovery Time before Write 1,2 us
twLoz Output High-Z from Write Enable 1,2 ‘ ns
tw.Hox . Output Low-Z from Write Enable 1,2 60 ns
terwL/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
twHwWL/ 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 to Chip Enable Low 1,2 100 ns

NOTES:

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

2. Rise/Fall time < 10 ns.
3. The integrated stop timer terminates the wrute/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 1.0 10 sec
Zone Write Time 1,2,4 2.0 125 sec

"MTBF 5 106 Hrs
NOTES:

1. 25°C, 12.0V Vpp. ‘

2. Minimum byte writing time excluding system overhead is 16 ps (10 ps program
+ 6 us 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 O0H writing Prior to Erasure.

4. One zone equals 128 Kbytes.

" 5. MTBF = Mean Time Between Failure, 50% failure point for disk drives.
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STANDBY/
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tenqz

-

tnaz (tor)

WRITE
Ve POWER-UP & SET-UP ‘WRITE WRITE COMMAND VERIFY WRITE
STANDBY COMMAND LATCH ADDRESS & DATA WRITING COMMAND VERIFICATION
= tavav (twe) - tava (twe) - F—tavav (trc) —
-t - ja—t,
AVWL AVWL
twa (‘AH) twiax ((AH) tavwL twax ‘AN) }___:
CE# (E#) \ \
1w twngp > | Htew }‘“wu:)u teLw [
. (tcn) (tcs) (tew) - (cs) (ten)
P
17
OE# (G#) ! - \
< tGHwWL [ twHw —*] twnwn1 p twhoL
£6
Rl
WE# (W#) _/
twLwn twwn twLwk tovav (toe)
1= twnox - > 1 twupx bty
tovwn ovwn tovwn
:GLOX)
HIGH Z toLz
DATA (DQ) D:?o,'," E g DATA IN \ n:?.,,'," E {
/ 7 . terox (4z)
(=4040H for word wide mode) (=COCOH for word wide mode)
g qv (tce)
5.0V

N

O<
o

ov

tvpeL

12.0v

VppL -

‘NOTE:

CE# refers to CEq 2 #
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ERASE

Vo POWER-UP & SET-UP ERASE VERIFY ERASE STANDBY/
STANDBY COMMAND ERASE COMMAND ERASING COMMAND VERIFICATION Ve POWER-DOWN
~ tavav (tye) : tavav (twe) —] ~tavav (twe) [+ tavav (tre) —
tavwe (tas) AVWL tavw (tas)
(tas) tyrax (tan) tyLax (tan)
(taw)
CE# (E#) \ twiax (tan
teowe (es) twhen = l<- | > teLwL twHen
(ten) teLwL twHen (tcs) (te)
() Ga W
' LR A
OE# (G#) ! _\
: tww (twpn) . (toF)
= tonwL twHwhz twhoL ‘ez Cor
- =
WE# (W#) f
‘ (top)
twwn - twiwk twiwn : torav (to
1 tweox - twhpx 1 twnox
tovwn tovwn ] tovwn |
y toLax
HIGH Z DATA NN 7 oata K 7 oata mk (tor7)
DATA (DQ) / !‘ =200 ) \ - N e
(=2020H for word wide mode) (=2020H for word wide mode) (=AOAOH for word wide mode)  ELQX (‘Lz) ‘—‘"‘
teiqy (tee)
tveeL

NOTE:
CE# refers to CEq 2 #
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ALTERNATIVE CE #-CONTROLLED WRITES

Symbol o Parameter Notes | Min | Max | Unit
tAVAV Write Cycle Time ’ ' 200 ns
tAVEL Address Set-Up Time C ) 0 ns
tELAX Address Hold Time 100 | ns
toveEH ~ Data Set-Up Time R o 80 ns
tEHDX " Data Hold Time ' 30 - ns .
teHGL | Write Recovery Time before Read , , 6 ‘ us
tGHEL Read Recovery Time before Write . ‘ 0 o us
twLer Write Enable Set-Up Time before Chip-Enable ‘ 0 o ns
tEHWH Write Enable Hold Time 0 ns
tELEH ~ Write Pulse Width 1 100 | ns
tEHEL Write Pulse Width High ) 20 ns
tPEL Vpp Set-Up Time to Chip-Enable Low 100 ns
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 waveforms) all set-up, hold and
inactive Write Enable times should be measured relative to the Chip Enable waveform. )
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INTRODUCTION

Mass storage encompasses many different technologies.
Though commonalities exist, mass storage strives for
nonvolatility, low cost per bit, and high density. Disk
drives provide the best known example. However,
many environments now require higher performance
and reliability with lower power consumption, even at
the expense of capacity. Flash memory uniquely meets
these demands.

Flash memory can be used as a mass storage medium in
applications including factory automation, notebook
computers, high-end workstations, point of sale termi-
nals, and data acquisition systems. Even desktop com-
puters benefit from solid-state storage. The motivation
to incorporate flash memory in any of these applica-
tions becomes obvious to the system designer who un-
derstands flash memory’s benefits and density projec-
tions.

In an effort to understand these benefits, this document
includes both conceptual and application oriented dis-
cussions. These discussions will be kept to. a minimum
with the real focus being on specnﬁc design techniques
and considerations.

ADVANCED PACKAGING

Mass storage is synonymous with high density. Disk
drives have increased the bit density of the rotating me-
dia via material improvements and closer tolerances.
For semiconductors, density requires advanced packag-

AP-343

ing as well as higher capacity silicon (improved photoli-
thography). Intel’s Flash Memory devices are based on
the company’s EPROM Tunnel Oxide (ETOX) tech-
nology that enables the high degree of scaling required
to achieve high density.

Intel offers the high density flash memories in several
package types. The standard packages are the Plastic
Dual In-line Package (PDIP), the Plastic Leaded Chip
Carrier (PLCC), and the Thin Small Outline Package
(TSOP). Advanced modular packaging in the form of
PCMCIA compatible memory cards and flash drives
provide the total solution.

Which package is best for your application?

Plastic Leaded Chip Carrier (PLCC)

The engineer striving to reduce board space is already
using surface-mounted technology, such as PLCC. The
PLCC is seen frequently on PC add-in cards and moth-
erboards. Compared to the DIP, PLCC uses as little as
35% the overall board space. Its small size, compared
to the DIP, is attributed to the terminal center-to-cen-
ter spacing—50 mils versus 100 mils—as well as its
four-sided pinout. No drilling or lead-cutting is neces-
sary as leads are soldered directly to pads on the circuit
board. The PLCC’s 50-mil pad pitch is compatible with
most circuit board manufacturing equipment. Addi-
tionally, components can be mounted on both sides of
the board. However,the four-sided PLCC generally re-
quires the use of a multl-layered board to lay out con-
ductor traces for maximum compaction.

6-167
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Thin Small Outline Package (TSOP)

‘When overall space constraints are critical, the TSOP is
the best chioice. This-is best exemplified by IC memory
cards. Low height is the key attribute of the TSOP,
measuring 1:2 mm versus 3.5 mm for the PLCC. (Me-
chanical drawings il Appendix.) State-of-the-art cen-
ter-to-center terminal spacing of 0.5 mm yields a small-
er package and narrower conductor traces than the
PLCC or DIP. In comparison, the volume of the TSOP
is 172.8 mm3 versus 656.3 mm3 for the PLCC and
1872.3 mm3 for the DIP.

- "

intel.
The TSOP is available in standard and reverse pin con-
figurations (Figure 1). Pins are located on only two
ends of the package. This approach simplifies trace lay-
out while reducing the number of board layers because
traces can be routed out the non-leaded sides of the
devices. Very dense board layouts are accommodated
because components can literally be laid out end-to-end
and side-by-side. Figure 2 displays an optimal layout
best utilizing the TSOP’s attributes. The close spacing
allows one bypass capacitor to be used for two devices
(provided they are not simultaneously selected). This
optimal component layout can be mirror-imaged

- through the board to easily double the memory capaci-

ty.
W O =1
= 31 A0
= 30 ce#
= 290,
=N 28 D,
= K 27 005
° 26 D
%E:E . STANDARD PINOUT 25 g"-‘;
= 24
=1 E28F020 250,
A5 11 e ED1
= I 21 D
A:E 13 ZODAZ
M= 194
As:: o 180 A,
= 17 L Ag
N 32>:IA1
Ao 2 V ’31:“91
ce# )3 2 N
b, 4 =W
Dg 5 2 :A:
= b » 27 A7
‘;;E : REVERSE PINOUT ;: g:«;:
(2 s [ i =
S:E : .F28F020 23 gm
0, 11 p a
) D 12 A=He
= I 200 A
= 19 Ag
Azg 15 e gAS
. '8 17 Ay
292079-17

Figure 1. 28F020 32-Lead TSOP—Standard and Reverse Pinouts

6-168



E

AP-343

0204874
o .

0Z04823

O
E28F020

0204824
O

<l

F28F020

0204823

©)
E28F020

F28F020

292079-18

Figure 2. TSOP Optimal Layout: Highest Density Configuration (Conceptual)
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Memory Cards

Many computer manufacturers are pursuing the IC
memory card to incorporate a removable mass storage
medium. This is an ideal application for the Intel Flash
Memory TSOP, due to the package’s minimal height.

~ Solid-State Memory Alternatives

ROM and SRAM are currently the dominant IC card
memory technologies. ROM has the advantage of being
inexpensive, but is not changeable. When newer soft-
ware revisions (e.g. Lotus* 123, Windows, etc.) are
available, the user must buy a new ROM card for each
upgrade. Intel’ Flash Memory’s reprogrammability
minimizes the user’s expense and the OEM’s inventory
risk.

SRAM is reprogrammable but requires batteries to
maintain data, risking data loss. Like magnetic disks,
flash memory is truly nonvolatile and thus has virtually

‘intgl.

infinite storage time with power off (100 years typical).

Additionally, SRAM is expensive and not a high densi-

ty solution. Intel Flash Memory provides a denser,
more cost effective and reliable solution.

System level cost is about the same for Intel Flash
Memory and SRAM + battery—

Flash memory requires 12V for programming and eras-
ing. If a 12V supply is not available, 5V can easily be
boosted. (See Application Note AP-316.) SRAM +
battery requires battery state detect circuitry.

Card level cost differences are substantial (Figure 3)—

SRAM must have a battery to retain data. It also re-
quires a Voc monitor and Write Lockout circuitry. In-
tel’s Flash Memory only requires Write Lockout cir-
cuitry (switching Vpp to OV is an alternative write pro-
tect). This leads to increased area for memory compo-
nents. More importantly, Intel’s Flash Memory density
is 4 times that of static RAM, yielding lower cost per
bit.

CARD LEVEL
-
8
‘é' Battery
j Higher Densities| Vcc Monitor
Circuits
E X Increased Area
: for Memory .
SYSTEM LEVEL Components Write
Lockout
’ Circuit
Voltage Bg:(o::y Write
Conversion Detect Lockout Lower
SV-=12v Clreult Circuit Densities
FLASH SRAM FLASH SRAM

292079-23

Figure 3. Support Circuitry Cost Comparison

*LOTUS is a registered trademark of LOTUS Development Corporatlon

**WINDOWS is a registered trademark of Microsoft.
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Designing a PCMCIA/JEIDA Standard
Memory Card

Choosing among IC card design options depends on
card architecture (standardization), memory capacity,
data bus width, card intelligence, Vpp generation, and
reliability.

What are the advantages of a standardized memory card
pinout?

From the computer system’s viewpoint, a standardized
pinout enables the use of multiple third-party memory
cards. This ensures competitive pricing and wide avail-
ability. From the memory card point of view, standard-
ization allows use in a variety of systems.

The Personal Computer Memory Card International
Association/Japan Electronic Industry Development
Association (PCMCIA/JEIDA) 68-pin format has be-
come the dominant IC memory card standard. Several

.offer PCMCIA/JEIDA versions.

AP-343

proprietary formats are also available from their respec-
tive manufacturers, but these same manufacturers now
The PCMCIA/
JEIDA standard specifies physical, electrical, informa-
tion structure, and data format characteristics of the
card. This standard accommodates either 8- or 16-bit
system data bus widths.

The following 2 Mbyte memory card design provides a
byte-addressable interface using 8-28F020s (2 Mbit,
256k x 8 devices) as.shown in Figure 4. The same prin-
ciples may be applied to higher density cards using

. higher density components. While TTL equivalent in-

terfacing is shown, most cards will use gate arrays to
reduce chip count. Address lines A18 and A19 are de-
coded with a 2-to-4 decoder (74HC139) to generate
high and low byte chip select signals for each of the 4
pairs of flash memory devices (one pair = high and
low byte). The PCMCIA/JEIDA format specifies in-
puts CE1# and CE2# (along with the AO address line)
select the low and high byte, respectively.

HIGH : Low
""" A0=17 AO-17 A0-17
28F020 28F020
74HC139 %
cEo# ] ceo#
74HC244
A18-A19 )
ADDRESSES CEH1-3
- S 9
CSH# I
£# |
A0-17 A0-17
28F020 28F020
CELO
74HC139 p—-— CET# CE1#
»] A8 CEL1-3
(Octal Buffer) ; i l
| e |,
3 A0-17 A0-17
FﬁD———— 28F020 28F020
A0 | DATA
5 D8-15 74HC245 CE2# CE2#
® —H:
74HC245
et A 8 I
>4 £
A0-17 A0-17
33”; hama 21 28F020 28F020
High byte CE3# CE3#
CE2# —tg 1o tow bus 74HC245
L - DATA DATA
D8-15 I D0-7
A B
292079-24

Figure 4. Decoding for PCMCIA/JEIDA Standard Bus Interface
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According to the PCMCIA/JEIDA standard, the
memory card is designed with the flexibility to have
both an 8-bit or a 16-bit interface, dependent upon the
machine it is plugged into. When the memory card is
plugged into an 8-bit system, the high byte transceiver
is multiplexed to the low byte of the system. In Figure
4, the highlighted transceiver (#2), maps the upper
byte to the lower byte of the data bus (i.e., Dg_15 to
Dyg_7). Signals are decoded according to the truth table
in the Appendix.

One can:double the memory capacity and select from
among 8 pairs of flash memory devices by using a 3.to 8
decoder with inputs Ajg.70. Notice that additional
transceivers are not needed to support the additional
data fanout. (See section on capacitive loading.)

HARDWARE DESIGN
IMPLEMENTATIONS

Paged, linear, and I/O are the three fundamental ad-
dressing methods that can be used for accessing an ar-
ray of memory devices. Linear addressing offers the
fastest and most direct access to a memory array. It

. | IS o
- Iintgl.
\

consumes the largest portion of the system’s memory
and is only practical in a 386 microprocessor (or other
32-bit processor) family system because of the large
memory space available above 1 Mbyte. The 1/0
mapped memory array consumes the smallest amount
of the system address space but has the lowest perform-
ance. A page-mapped memory array, also called a slid-
ing AT window, is a hybrid of the linear and I/O de-
signs. The memory array is usually very large relative
to the system interface, consisting of pages typically
ranging in size from 8 Kbytes to 64 Kbytes. (LIM-EMS
use four to twelve 16 Kbyte pages.)

Design Example—A Paged-Mapped
Memory Board :

A paged design employs addressing techniques similar
to the Lotus-Intel-Microsoft expanded memory specifi-
cation (LIM-EMS). It allows access to one or more
sections (or pages) of the flash memory array at a time.
This minimal interface is particularly useful within the
DOS 1 Mbyte memory space. The DOS map (Figure 5)
shows 128 Kbytes of memory space available in the
Optional I/O Adapter ROM area.

1000000H (16 MBytes).

- EXTENDED
MEMORY

100000H (1 MByte)

PC/XT/AT PS/2
ROM-BIOS

FOOOOH (960k)

PC/AT PS/2
ROM-BIOS
) E000OH (896k) \
" PAGE MEMORY BOARD CAN
BE INSTALLED OPTIONAL 1/0

WITHIN THIS ADAPTER ROM

128 Kbyte AREA

~ C0000H (768K)
DISPLAY
BUFFERS
AOOOOH (640k)
APPLICATIONS
DEVICE DRIVERS
DoS :
. 4 00000H '
: 292079-25
Figure 5. DOS Memory Map
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Figure 6 shows the block diagram of a page-mapped
flash memory board design. (Except for the addressing
method, all the functional components of a board could
be used on a linear or I/0 niapped flash memory ar-
ray.) This PC-AT*** compatible design example con-
sists of a flash memory array and the corresponding

memory and I/O decoding, Vpp generation, and the -

AP-343

interface to the system bus. A page size of 64 Kbytes is
used. Depending on the system’s configuration, memo-
ry contention may require a smaller page size. (Note
that the LIM EMS 4.0 standard uses 4 contiguous
16 Kbyte pages. Multiple pages can exist as space pef-
mits.)

ADDRESS 1/0.
P-. DECODE -
DATA
P
1/0 CONTROL
PAGE
SELECT
Vpp ENABLE
Vep
FLASH
SYSTEM GENERATOR VPP MEMORY
BUS ARRAY
CHIP ENABLE (CE#) .
MEMORY CONTROL MEMORY RD#, WEL¥, WEH#
DECODE
: TRANSCEIVER SELECT
202079-26

Figure 6. Page-Mapped Flash Memory Board

***PC-AT is a registered trademark of International Business Machine Corporation.
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Ina sYéte’m design: using' PCMCIA/JEIDA standard
memory cards the memory card is treated like a large
memory array. Using a 64 Kbyte page size as an exam-

ple:

intgl. |

Address lines Ag_15 are supplied directly from the sys-
tem address bus (after buffering). Address lines Aj6_23,
which select the pages, are sent as data to a latch before
entering the memory card (Figure 7).

PCMCIA STANDARD
MEMORY CARD

Ag-15

CE, #

CEy#

74F521
COMPARATOR
ho-15 SWITCH
Ar6-23 —_—
Po-7  Qo-7
AEN - —_— ‘
Ol 6# JR—
N Ao
P=Q
44 p
2
@ Control signals and data lines
= BHE# |
- 74F273
(7)) (D-TYPE FLIP=FLOP) -
>=
(%]}
Do-7 Arg-23
Do-7 Q-7
SELECTS PAGES
10W#
> CLK
CLR
10 PAGE T
NUMBER
(from 1/0 decode circuitry, RESET
not shown) (forces page zero on power up)

Ag-23

292079-29
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The Window Address

A user-selectable window address can be set up on any
64K boundary below 1 Mbyte. (The memory window
should be placed between C0000h and E000Oh to be
DOS compatible.) A DIP.switch (connected to a trans-
ceiver for reading) and the four address lines Ayg_19
are the inputs to the 74F521 comparator (Figure 8).
There are 16 possible window addresses. The compara-
tor outputs the “Memory Decode Enable” signal when

AP-343

an address is selected that is within the 64 Kbyte win-
dow. This signal (with AEN low) allows board level
memory decode.

The location of this 64 Kbyte window can be moved
above 1 Mbyte by adding Ajp_>3 to the comparator’s
inputs P4 to P7 of the 74F521. Bits D4_7 of the data
bus can be connected to the comparator’s pins Q4 to Q7
to allow reading of the full base memory address.

READ AS 10 PORT

74F521 44 ‘r
COMPARATOR
SWITCH
Wo
Ag =—————qP0 Qo =& -1 —
A+ e P 1 a1 1] _ | user seLecTs 16 PossIBLE
7 Wo] ~ | BASE ADDRESSES ON
Mg P2 Q2 Vs 64 KBYTE BOUNDARIES
A19 ——— P 3 Q3 a—
P4 Q4
PS5 Qs
oG P6 Qs
P7 Q7
GND (AEN®) — OND
AEN e G p=q# Jommp MEMORY DECODE
(ADDRESS ENABLE) , ENABLE

*NOTE:

Ignore the contents within parentheses. This is used for section on master/slave configuration.

292079-32

Figure 8. User Selects Base Memory Address
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Vpp Generatlon

Vpp can be generated locally to ensure a stable, switch:
able 12V (£5%) supply. (Many systems generate their
_own 12V.power supply. However, it should not be used
if its regulation is ‘greater than 5%.) On power-up, sys-
tem reset, or when Vg is below: 4.5V, Vpp is forced
off. It is enabled (or disabled) by writing to an 1/0 port
address - that generates -the VPPEN#. signal. This

on/off capability is essential for. battery-operated equip-
ment and eliminates the need for WE# filtering (as
discussed below). (See Intel data sheet for Vpp standby
current.) The VPPEN# sjignal “ORed” with the sys-

‘tem I/0 write, IOW #, functions as the clock signal for

the 74HC74 D-flip flop (Figure 9). The D-input is
latched when IOW # goes high. Writing a one or a zero

turns Vpp on or off, respectlvely

1

VPPEN#
I0R#

Read to determine
Vpp status

10 DATA LINEO D 74HC74 Q

(D~TYPE POSITIVE EDGE
] TRIGGERED FLIP~FLOP)

1ow#
VPPEN# :D‘>°LKCL a#

[+

RESET#
(Vpp OFF ON POWER-UP)

. Vee
T MUR120
150 pH 5.6V
VSW |—
ve Vep
B | 1 12V, 200 mA
wiozz || THEL o 2 ¢ )
BOOST- S 100 uF
1 FCONV;ERTER . k &
ue 124k 3
1
GND
RESET '

RESET# et

(from system bus)

Vee
RESET# ‘.‘.‘J
_ MC34064P 10k
UNDERVOLTAGE
oq SENSING CIRCUIT
B 292079-34

Figure 9. Vpp and RESET # Generation
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Linear Technology’s LT1072 switching regulator is
used as a 5V to 12V boost converter. The FB input’
regulates the voltage output. The 10.7k and 1.24k resis-
tors establish the correct reference voltage to obtain
12V. The 100 puF capacitor at the output is used to
handle up to 200 mA. (See Linear Technology’s
LT1072 data sheet for more information.) Typically
this will be much more than needed and a smaller ca-
pacitor can be used. However, this will accommodate
interleaving of 8 components but may not be practical
in a battery-operated system. (See section on Interleav-
ing in the Software Design Implementation chapter.)
Additionally, sufficient time should be allowed when
switching Vpp on. The delay is a factor of the load on
the line and the quality of the passive components cho-
sen. The diode, MUR120, keeps the inductor from ab-
sorbing current from the charged output capacitor. The
5.6V zener diode ensures that when Vpp is less than
5.6V, the Vpp output is held at OV. (This is optional if
Vpp < 5V is tolerable.)

AP-343

During system power-up, some probability exists that
noise may generate spurious writes which are actually
the sequence of flash memory commands that initiate
erasure or programming. Power-up protection in this
design is provided by disabling Vpp until voltages have
stabilized. The Motorola component, MC34064P, is an
undervoltage sensing circuit that begins functioning
when Ve is above 1V. Between 1V and 4.6V, the
RESET# output is active. The RESET# output or a
system RESET clears the 74HC74, keeping Vpp off
when Vo is less than 4.6V. Alternatively, this signal,
or a supply’s “POWERGOOD” signal, may gate WE #
or CE#, as is common with battery-backed SRAM or
EEPROM designs. As an example, the RESET # out-
put of the MC34064P can be tied to the active-high
enable of the decoder to disable any CEs# until V¢
= 4.6V, as shown in Figure 10.

Vee
RESET# Jv‘v‘-g-
MC34064P 10k
UNDERVOLTAGE 3 1'0743H§[1(?:DER
SENSING CIRCUIT Ay -
N - . Yo JO— CEp#
A c Y10 CEy #
Y2 JO CE#
Y3 O CEz#
v4fo CE4#
Y5 [O- CEs#
G1 Y6 |O- CEg #
MEMDECODE # mmeeeeee O G2A#
_E—o G2B# Y710- ¥

GND
Chip Enables will not be active until Vo = 4.6V.

At this point, signals are stable and involuntary writes will not occur.

292079-35

Figure 10. Protecting the Circuit from Involuntary Erasure and Programming.
Use an Undervoltage Sensing Circuit, or a System’s “POWERGOOD” Signal, to Control Chip Enables
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Latching a one into the 74HC74 D-input puts a zero on
the output Q# .This turns off the transistor 2N3904.
When the 2N3904 is off, the VC input of the LT1072 is
5V and the VOLTAGE SWITCH (VSW) output gener-
ates 12V.

Page Number Selection and Reading

It is standard practice to use an I/O port-to generate
the page number for 'this type of memory array. The
potential number of pages that can be selected is deter-
mined by the size of the data bus as well as the amount
of decoding the system can practically handle. In this
design, this I/0 port allows selection of 256 64-Kbyte
pages, for a total of 16 Mbytes of flash memory. The
page number is written to the 74F273, Octal D-Type
Flip-Flop (Figure 11). It is latched by the rising edge

 intdl.

clock signal derived by the “ORing” of the correspond-

"ing 74F138 decode signal (I/0 PAGE NUMBER) and

the system IOW #.

Page zero is automatically selected on power-up be-

cause the 74F273 clear input is connected to RESET #

(generated as part of the Vpp circuitry). This feature

ensures that the board will power up in page zero. Giv-

en the proper software, this board can be turned into

the system’s bootable drive. (See sectlon on Software '
Design Implementations.) :

The current page number can be obtained by reading
the same 1/0 port. The 1/0 decoder output, 1I/O
PAGE NUMBER, “ORed” with the system IOR#,
produces the signal enabling the 74F245 bus transceiver
(that is tied to the output of the 74F273)..

10 DATA 0-7 ' 74F273
(OCTAL D-TYPE FLIP-FLOP)
0. Qo - Po
D1 Q1 - Py
D2 az | P,
D3 Q3 —P;
D4 Q4 Py
DS Q5 Ps
D6 Q6 Ps
. D7 Q7 g Py
" ‘
10w S Lk
10 PAGE
NUMBER CLR
RESET# o |
(FOR STARTUP AT PAGE ZERO)
' bed AO Bo
Al . Bt
4 A2 B2
A3 B3
A4 B4
A5 85
A6 B6
: A7 - - B7
10R# =N\
) . O} 6#
io pack —4_" ‘
NUMBER : _l_—‘om
= 74F245

(OCTAL BUS TRANSCEIVER)

292079-36

Figure 11. Selecting or Reading Page Number
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Optional Board Features

So far we have described the components required to
design a functional flash memory array. Optional fea-
tures can be added to make an implementation more
versatile in an application environment:

Switchable Data Bus Width

AP-343

must include similar provisions as shown earlier. At the
PC-1/0 channel interface, (for use in an 8-bit system),

an extra transceiver redirects the upper data bus
(Dg_15) to the lower data bus (Figure 12). The 16BIT #
signal is generated from a ground on the PC AT I/0
channel extension; it will be high (because of the pull-

up resistor) when a PC XT is used.

Linear Addressing

This feature allows a board to execute in a PC XT*

(8-bit bus) or a PC AT system (16-bit bus). Memory
card designs for adopting the PCMCIA/JEIDA format

Linear addressing directly maps the flash memory ar-
ray into the system’s memory space. “Instantaneous

An extra transceiver is used to redirect
the upper data bus to the lower data bus

10
CHANNEL
DATA BUS

Dg
D Q0 D Q0
\_.._DO— PO a1 \ \_Do- PO a1 Dg '\
\-_l; Pl Q2 \ \_ﬁn‘ Pl Q2 2o
N 21;, \ N>}, Dy \
\ Ds Q3 N Ds Q3
ol Q4 \ oA i Q4 2z N
\—DA P4 Qs \ \—D‘ P4 s D3
\—Di PS T P @ Dig
— = = o=
1., —\ NN ] s
—O) G# O G#
DIR DIR
74F245 X 74F245
D -
\—% PO Q0 Do-Dys
\e———1p1 Q1
\—E‘—O‘PZ Q2
'\_D:_‘ P3 Q3 | LowW 8-16—811’4/1—0-—-— Ag
\-—Dii—m Q4 T NP
\———p5 Qs
D
e o]
P7 Q7 HIGH 8-BIT MEMDECODE#
e { IODECODE#
Vee
T4F245
w7 ? iy
[ A X L 4 of AT
IOR# 16BIT# 10
SMEMR# channel
292079-37

Figure 12. 170 Channel Transceiver Interface for 8- or 16-Bit Data Bus Selection

*PCXT is a registered trademark of International Business Machine Corporation.
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BHE#

WE# WRH#

WRL#

RD# —>

RD#, (OE#)

Ag=Ay3 —

DIRECTION

74F244

ENABLE

Dp=Dy5 m—

High and low byte selection

SWITCH Agg and Ayz are
INPUTS p=i system address inputs
L
L
- A227Az3 o
-t
74F521

TO 16- 28F020's
o— ce, #
jo— ck, #
o— cg, #
o— ce5
jo— cg, #
o— CE5 #
jo—— CEg #

G1

G2a# o— CE;#
G2B#

74F138

e

[2)
b4
(5]

A - Mg

74F245

TO 28F020s

292079-44

Figure 13. Linear Addressing Hardware Block Diagram

Access” of the entire array is the obvious advantage
over paging. Additionally, the decode circuitry is sim-
plified. Figure 13 shows an example for accessing 16
Intel Flash Memory 28F020s arranged in a 4 Mbyte
linear array.

The number of address lines used, as well as the decod-
er type (2 to 4, 3 to 8, etc.), is determined by the flash
memory device size. The address lines Aj-Ajg
are used for byte selection within each device
(256 Kbytes * 8).

The decodes for the individual devices can be designed
in a row-column method similar to that used for the

The enable for the 74HC138 (3 to 8 decoder) is gov-
erned by a 74F521 comparator. System address inputs
to the comparator are chosen to locate this array on a
4 Mbyte boundary. (The array base address could be
located on a non-4 Mbyte boundary but this would add
to the decoding complexity.) With the inputs chosen in
this example (Az—Aj3), the array base address will be
between address 0 and 12 Mbytes to confine this memo-
ry array within the PC AT defined address space of
16 Mbytes. Aj9—Aj; are inputs to the decoder which
generates one of the eight chip enables (CE#). (Use a
74F245 transceiver for the data bus of every 8 flash
memory devices. ThHe address lines also need buffering
when connected to a PC bus.)

page memory board. An alternative design uses an indi-

vidual chip enable for each of the 16 devices.
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1/0 Addressing

From the standpoint of the system’s address space us-
age, 170 addressing provides a conservative solution.
As an example, four gigabytes of a flash memory array
can be addressed through only two 1/0 ports. An I/0
write sends the flash memory addresses out on the data
bus. This “data” is latched (using ‘574s) and made
available to the flash memory devices and decoding cir-
cuitry (Figure 14). A third I/0 port, used as an enable
for the flash memory device decoder and transceivers,
helps conserve power when the array is not being ac-
cessed.

AP-343

Relative to linear addressing, /0 addressing generally
has limited access speed capability because of the I/0
“bottleneck”. Read speed can be increased to match
linear addressing by replacing the ‘574 latches with
‘191 counters.

In the following circuit example, decoding for 1/0 is
accomplshed with a 74F138, 3 to 8 decoder (Figure 15,
Ul). The base address for these I/O ports is on an
8-byte boundary. When any one of the 8 I/0 addresses
is selected, the comparator (U2) generates the enable
signal (if AEN is low) for the decoder.

lu.,,.<_mwz,,.4| |_xm,r| onm.rl

S ADDRESS LINES
Ag=A.
; oS FLASH
T DATA BUS
E Dg=Dys MEMORY
M ADDRESS LINES ARRAY
Ayg~Az
B
s AND
S DECODING

DATA
Do=D1s

202079-45

Figure 14. Data Bus Generates Flash Memory Addresses

74F125

ow#

—-D—' PLO#

GND PL1#
74F138
3 70 8 DECODER
Sho A Y0 JO————eeeerd
SA ] "
S © 12 Jo—RESULAR READ/WRITE To ENABLE the
AUTO-INCREMENT trur_\sc-ivlrs and
Y3 device decoder
Ut
Y4 {0
Vee s jo CLOCK_PULSE
| v ’
RESET# Ol G2A# . S~
[-—O G28# p

Sy =———ir0 Q

Fyyp— @
—]

s :{:: Shs P3 Qs

4 Bus P4 U2 o

Shy Ps Qs

Shy P6 e

10R® Shyo 7 Q7
1ow#
G# P=Q

1

DIP SWITCH
TO SET
1/0 BASE
ADDRESS

AEN
(ADDRESS ENABLE) 74F521
COMPARATOR

292079-46

Figure 15. 1/0 Decode and Enable Circuitry
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An I/0 write to the first and second ports generates
parallel load signals, PLo# and PL;#. These signals
latch . the ‘“‘data” (addresses) into the 4-bit counters
(Figure 16, U3~U10). This latched data represents.the
address for the flash memory devices.

mtel

A read or write from the selected flash memory address
is performed when the third I/0 port is accessed (Fig-
ure 15, U1); this generates an enable for the flash mem-
ory device decoder and associated transceivers (Figure
17, To and T)).

10 16-
28F020's

- o, Jorur

\—-55— A QA —> Ais
N——s—s | A
;Dz_ c ac f—> A8
N—"10 ao}—>As

E# RCO#

PL#

—
_ro 74F138
GND

o, D/u#
N\ —1* QA —> A2
N Di 8 B b—» 421 292079-48
N ] A
c QC > A22
E:
N\ L D QD p—b A23 NOT

All counters are config-
ured in the UP count

mode.

N\ 2 A QA A24
N\ % B a8 |:: Azs
N\ z"’ c Qc p—> A26
N\ 2o wp—p A

I\ 22 0, o b 20
: 2:1 8 a8 p—b 429
: c ac f—> As0
N\ LT PO B

E# RCO#

TRANSCEIVER
BUFFERED
DATA BUS | GND
D/u#
\_-l;‘.o_ A QA b= A
;D—‘B Q@B p—> A
;Dz ¢ o b—» 4
\_—.3_ ] QD p—p Az
E# RCO¥
PL#
) pL#
p
crock_putse \ | J L
D/u#
D,
N o; PRy S
N\ 5 B QB b A5
- 3, c ac —> 4
N\— ] Q > A7
E# RCO#
PL#
—rdJcr U4
D/u#
N\ : A aAl—> 4
N\ 5 B QB [—> A
N\ 5 24 Q¢ = Ao
N\ 4o s A
E#  RCO# |-
pL#
L—Jcr U5
b/u#
N 22 4, on b A2
N D3 .
18 QB —p A3
N\ o:‘ ¢ acp—b A
Nt 4y oo b s
E#  RCO#
PL#
be——dcp U6
74HC191
PL*
NOTE:

28F020s.

Ag-Agy are inputs to flash memory devices. Only address lines Ag—A1g are used for the

PL¥
L 1cr U10
74HC191

292079-47

Figure 16. Counter Circuitry
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®
AD
WELW
1ow#
BHE# WEH#
Do =0y
TO TRANSCEIVER 70,
BUFFERED BO
DATA BUS A0 a1 FD,
Al FD, \
B2
A2 FD3 ,
B3
A3 FD, \
A4 84 FDs \
BS
AS T0 FDg
A6 ol I D, \
87
A7 \
—Of G#
A DIR
: 74F245
DATA | (TRANSCEIVER)
ENABLE ?
Fi
74F125 Al 81—
FDig \
IOR# b A2 B2 —FE-‘——\
A3 B3 "\
12
GND A4 84 |==
13 \
A T BS TD——-—\
14
A6 B6 _FD‘——\
A7 g7 p—a= \
G# I
T0 DATA BUS OF
Dg-Dy5 P OIR FLASH MEMORY
TO TRANSCEIVER DEVICES
BUFFERED
74F245
DATA BUS (TRANSCEIVER)
292079-49
NOTE:
The 16-28F020’s are arranged as a 16-bit word configuration. WEL# and WEH# are for the low and high bytes, respec-
tively.

Figure 17. Transceiver Enable Circuitry

The fourth I/0 port activates the circuitry that obtains
very high performance from an I/0 board. A read from
the fourth I/0 port address generates the clock signal
for the 74HC191s, CLOCK__PULSE. The counter in-
crements on the rising edge of the clock (read signal),
selecting the next flash memory ‘address. This rising
edge occurs at the end of the 1/0 read cycle and the
data has already been read. This method is analogous
to address pipelining. It is perfect for a “string” read
because continuous reads from the fourth 1/0 port au-
tomatically increments the address to access the next
word of data stored in the flash memory array.

Capacitive Loading

Capacitive loading is an important consideration for a
solid-state mass storage device. If proper buffering
techniques are not followed, performance degradation
will occur.

The specifications for Intel’s Flash Memory devices are
based oh a test capacitive load of 100 pF. Each data line
contributes 12 pF, therefore 8 devices connected to one
data transceiver will not experience speed derating
(12 pF * 8 = 96 pF). Additional flash memory devices
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on that transceiver will increase the loéding seen by any
one device.

Degradatlon is calculated as follows (Q = Amount of
Charge, T = Time, C = Capacitance, vV = Voltage,
and I = Current)
COULOMBS LAW STATES:
Q= IAT'
AND GIVEN THE RELATION: )
V = AQ/C = |'= CAV/AT
FROM THIS RELATION, THE CHANGE IN AC-
CESS TIME CAN BE EXPRESSED IN TERMS OF
CAPACITIVE LOAD:
AT = C AV/I
For example, using four SIMMs, each with 8 compo-
nents in a 16-bit configuration (4 components on high

byte and 4 components on low byte), each Intel Flash,
Memory device sees a load of 15 devices (12 pF * 15 =

180 pF). This loading is 80 pF in excess of the device

specification so therefore

Time  _ Additional - . Voc — Vou)

Change — Capacitance ' loL i
; ‘(50— 04

= BOpri————)-Y=64ns

5.8 mA

(Reflecting worst case conditions.)

- SOFTWARE DESIGN
'IMPLEMENTATIONS

Each hardware implementation discussed above can be
used in several types of mass storage applications. The
general categories include: data recoders, Write-Once-
Read-Many (WORM) drives for storing application
programs and fixed data, and magnetic disk emulators.

" Data Recotdlng‘v'

The applications for data recordmg represent an end-'

less list. Examples include digital imaging, digital pho-
tography, point-of-sale termmals, patient monitors, and
flight recorders. These systems will use Intel Flash
Memory as“a more economical and reliable replace-
ment for SRAM + " battery. Alternatively, mechanical
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disks will also be replaced by Intel's Flash Memory

_when_higher reliability, lower power ' consumption,

higher performance, and lighter weight are required.

Interleaving

Although the basic concept of data recording is similar
from system to system, variations in implementation
exist. For instance, some applications require high-
speed data acquisition. Data programming rates are im-
proved considerably by employing interleaving tech-
niques. The majority of time spent programming or
erasing a flash memory device results from the delay
times-in the software algorithms, (It is advised to re-
view the standard algorithms first. See any Intel Flash
Memory data sheet for Quick-Pulse Programming algo-
rithm.) Interleaving takes advantage of these delay
times to begin programming consecutive devices.

There are hardware and software mechanisms for inter-
leaving. The flash memory array for hardware inter-
leaving requires special decoding techniques (Figure
18). Contrary to linear decoding, the system address
lines Ag—Aj are decoded to provide the chip select sig-
nals and individual bytes are selected with the address
lines A4—Ajq. (For the Intel 28F010.) This decoding

“technique allows software to automatically access se-

quential devices by writing or reading sequential mem-
ory addresses. (Data accumulated with program inter-
leaving will not be stored consecutxvely within a single

"device.)

* The interleaving algorithm to program the 2 Mbyte

flash memory array is shown in Figure 20 and 21. The
basic goal is to utilize the delay times. To simplfy the
algorithm for this discussion, the data will be pro-
grammed on a byte-wide basis. Word-wide and double
word-wide techmques, discussed later, will further in-
crease programming speeds.

During multi-component programming, the number of
pulses required could vary between different devices.
Code is reduced if the programming loop does not have
to selectively “decide” if a byte has programmed cor-
rectly (verified). However, continual programming of a
programmed byte is not:necessary and should be avoid-

-ed. This is done by masking the command sent to that

particular device. The RAM table in Figure 19 is used
as a data and flash memory command buffer. After a

‘programmed byte has verified, its associated data and

commands in the RAM table are written with the value
OFFH (RESET command for Intel flash memory) The
data is also written as an OFFH since thns is null pro-
gram data.
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—B 2jo—————r
SEECTS ¢ R Connection of Pins
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;\Ao_m.
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292079-50
Figure 18. Hardware Interleaving Block Diagram
DEVICE} 1 2 3 4 5 6 7 n  n+l ne2
1 1 | 1 1
DATA|DATA INPUT FROM /0 PORT
PROGRAM COMMAND | 40H | 40H | 40H | 40H | 40H | 40H | 40H 40H | 40H | 40H
VERIFY COMMAND | COH | COH | COH | COH | COH | COH { COH COH | COH | COH
VERIFYDATAID AT A C O 1ED FR M |ABOVE
L1 1 | 1
292079-51
NOTE:
n = 14 for the example shown in text.

Figure 19. RAM Array Used as Data Buffer and Command Mask Storage
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COUNTO=SIZE_OF _COMPONENT
PTR1=1ST ADDRESS OF FLASH MEMORY ARRAY

&

<«

LOAD RAM TABLE (AS SHOWN IN FIGURE 30)
FLAG =OFFFFH

STORE_PTR=PTR1

COUNT 1=MAX_PROGRAM_TRIES

& <

COUNT2= #_OF __COMPONENTS
PTR2=1ST ADDRESS OF RAM TABLE DATA
PTR3=1ST ADDESS OF RAM TABLE PROGRAM_COMMAN|

PTR4=1ST ADDRESS OF RAM TABLE VERIFY;COMMAND1

PTR5=1ST ADDRESS OF RAM TABLE VERIFY_DATA

>y

CONTENTS. AT PTR1=CONTENTS AT PTR3
CONTENTS AT PTR1=CONTENTS AT PTR2
INCREMENT PTR1, PTR2, and PTR3
COUNT2=COUNT2 - 1

<G>

YES

PTR1=STORE_PTR
COUNT2= #_OF _COMPONENTS

>y

CONTENTS AT PTR1=CONTENTS AT PTR4
INCREMENT PTR1 AND PTR4
COUNT2 = COUNT2 - 1

NO & CouNT2=07

YES,

%0

29207952

FLAG used as indicator for successful byte program
verify. |
MAX PROGRAM TRIES = 25

16 components for this example.

Initialize pointers.

Program command to flash device.
Program data to flash device.
To get to next byte location.

All components gone thrdugh?

Verify command to flash device.

6186

Figure 20. Program Interieaving Algorithm
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?

COUNT2= # OF COMPONENTS

PTR1=STORE_PTR

PTR2=1ST ADDRESS OF RAM TABLE DATA

PTR3=1ST ADDRESS OF RAM TABLE PROGRAM_COMMAND
PTR4=1ST ADDRESS OF RAM TABLE VERIFY_COMMAND

>

b 4

CONTENTS AT PTR1=CONTENTS AT PTR5?
NO

CONTENTS AT PTR2, PTR3, PTR4, AND PTR5 = OFFH
FLAG=FLAG®* 2

<

v
| INCREMENT PTR1, PTR2, PTR3, PTR4, AND PTR5 I

COUNT2=COUNT2-1

NO

COUNT1=COUNT1-1

YES, GO TO PROGRAMMING ERROR

PTR1=STORE_PTR+16
COUNTO=COUNTO-1

“° 0

YES

292079-53

Does Flash Memory Byte = Verify
Byte?

Shift bits of flag left.

Exceeded program tries, go to er-
ror.

All 1’s shifted out?

To access next byte of each device.

Figure 21. Program Interleaving Algorithm (Continued)
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Software and hardware interleaving are very similar.
Software interleaving is performed using conventional

decoding and addressing methods. Instead of incre-

menting flash memory addresses by one to access the
next byte (as with hardware decoding), increment the
address by the size.of the component. While allowing
the use of ‘“general-purpose” (non-interleaved) hard-
ware, software interleaving requires reading back the
data in the same, non-sequential fashion as was used for
recording.

Interleaved erase is useful for quickly erasing an array
of flash memory devices. This approach greatly reduces
the total subsystem format time. As specified in the
erase algorithm, each erase pulse requires a 10 ms de-
lay. (See Quick-Erase algorithm in Intel Flash, Memory
data sheet.) Without interleaving, the processor idles
during this delay time. As with program interleaving,
this time is used to begin the erasure of consecutive
devices, thereby reducing the overall erase time.

Further program and erase time can be saved by sup-
plementing the byte-wide algorithm with 16- or 32-bit
interleaving. Extra data and commands are added to
the RAM Mask Table. The major difference in the al-
gorithms involves the verify operation. Depending on
the bus width, 2 or 4 bytes are verified simultaneously
as shown in Figure 22 (for a 16-bit algorithm).

Power Requirements for interleaving

Current consumption is an important consideration for

interleaving. During programming, each device typical-

.

intgl.
ly consumes 9 mA (1 mA Icc and 8 mA Ipp) while
programming or erasing; this translates to about 100
mW. If interleaving with 16 devices, about 144 mA (16
devices * 9 mA) or 1.6W, is drawn. Battery powered
systems ‘will have a practical limit on the number of
components in the interleaving loop. Failure to accom-
modate these current levels, resulting in Vpp voltage
drop, will compromise programming and erase reliabili-
ty.

Write-Once-Read- Many (WORM)
Drives

The optical disk is an example of a typical WORM
drive application. Its strengths are extremely high den-
sities and low cost per bit. However, it is an unaccept-
able solution for a low powered, lightweight laptop
computer system. It is this environment that solid-state
drives offer the greatest benefit. Solid-state ROMs have
historically been used in portable systems to store soft-
ware programs that seldom change. When the software
changes, discard the ROM “application hardfile” and
program a new one.

Unlike the ROM drive, Intel Flash Memories can be
reused and reprogrammed in a true WORM fashion. A
computer user can load favorite software programs on
the flash memory drive. Add revised programs to the
drive by writing to the next free space or by erasing and
reprogramming the entire drive. Software drivers can
be written to implement this functlonallty in most oper-
ating systems.

[T0_BYTE = (DATA AND OOFFH) ] @

VERIFY_COMMAND=(VERIFY_COMMAND- OR OOFFH)

PROGRAM_COMMAND=(PROGRAM_COMMAND OR OOFFH)
VERIFY_DATA=(VERIFY_DATA OR OOFFH)

VERIFY_COMMAND=

PROGRAM_COMMAND=(PROGRAM_COMMAND OR FFOOH)
VERIFY_DATA=(VERIFY_DATA OR FFOOH)

VERIFY_COMMAND OR FFOOH)

NOTES: '
1. MASK the Hi Byte with 00H.

3. Mask the LO Byte with 00H.

2. If the LO Byte verifies, then mask the data, program, and verify command with 00FFH (RESET).

4. If HI Byte verifies, then mask the data, program, and verify command with 00FFH (RESET).

292079-54

Figure 22. 16-Bit Masking for Verify Operation
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Disk Emulation

Microsoft has a flash memory file system. It stores and
retrieves data or application programs in a manner
that, to the end user, appears similar to a disk drive.
New files are written sequentially from beginning of
memory. However, when the disk is full, it reclaims
memory space for storing additional files.

When an application accesses a disk through INT 21H,
the MS-DOS* kernel checks the drive letter (Figure
23). If the drive has been declared as a flash memory
disk, a built-in redirector services the call (analogous to
networked drive accesses). Otherwise, if the drive letter
is that of a floppy or hard disk, the call is handled by
the standard DOS file system. The File System provides
the link between DOS and the Flash Memory and
Hardware device driver. It changes DOS file system
commands into a form understood by this unique file
structure.

AP-343

The Flash File System Driver contains the “intelli-
gence” of this file system. It searches for:

1. A Boot Record that identifies the file system and
version, and locates the start of the data area;

2. The Root Directory Entry Record and many Direc-
tory and File Entry Records.

The file system driver is independent of the hardware
interface to the flash memory disk. The PCMCIA de-
vice drivers, developed by the OEM or BIOS software
vendors, interfaces the flash memory disk to the flash
file system. The actual implementation of the interface
is dependent on the hardware configuration of the disk
(I/0, paged, and linear addressing are examples),

To minimize fragmentation losses and allow arbitrary
extension of files, the flash memory file system uses
variable sized blocks rather than the standard sector/
cluster method of more traditional file systems. The

APPLICATION
SOFTWARE

INT 21H

| X -
MICROSOFT Purchased
DOS BLOCK FLASH FILE == through
DEVICE DRIVER SYSTEM DRIVER Microsoft

I CARDDRV.EXE I

: MEMORY
CARD SERVICES TECHNOLOGY
DRIVER'

SOCKET SERVICES

HARD DISK(S)

FLASH MEMORY
FLOPPY OR SOLID-STATE

INTEL

DISK

292079-55

Figure 23. Disk Interface Levels

*MS-DOS and Microsoft are registered trademarks of Microsoft Corporation.
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fundamental structure employed to offer this flexibility
is based on linked list concepts; files are chained togeth-
er using address pointers located within directory en-
tries for each file.

Files and directories are written to the flash memory
disk using sequentially free memory locations—a stack-

"like operation (Figure 24). Furthermore, file sizes can ~

be variable, abandoning the traditional sector/cluster
approach of DOS. When “the stack” fills up, (contain-
ing deleted files), the intelligent software algorithm per-
forms a cleanup operation to reclaim the “dirty” space.

File and subdirectory information is essentially at-
tached to the beginning of each file, unlike the standard
DOS approach of directory and FAT placement. As
directory and file entries are added, they are located by
building a linked-list. Besides containing the customary
fields (e.g., name, extension, time, date of creation,
etc.), a directory and file entry contains a status byte

intal.

and various pointers used for the linked-list ‘process.
The status byte, besides indicating whether a file/subdi-
rectory exists or is deleted, is also used to signify valid
sibling and/or child pointers and to determine if a di-
rectory entry pertains to a file or a directory.

When a directory or file is requested or added, the flash
memory disk is searched beginning at the head of the
linked-list. The chain is followed from pointer to point-
er until-the correct entry is found. If the search arrives
at the chain’s end (an FNULL is encountered), the sys-
tem responds analogously to DOS. with a “File not
found” message.

This linked-list chain consists of two basic types of
pointers: sibling and child. Sibling pointers are used to
locate directories or files at the same hierarchial level.
Child pointers are used to locate subdirectories or the
first file of a particular directory. The following exam-
ples elaborate these concepts.

>
L

_

DIRECTORY ENTRY

DIRECTORY ENTRY

FILE CONTENTS

FILE ENTRY

DIRECTORY ENTRY
ROOT DIRECTORY
ENTRY

BOOT RECORD

FILES AND DIRECTORIES ADDED SEQUENTIALLY

USER DATA/DIRECTORY AREA

292079-56

Figure 24. FFS Storage
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In Figure 25, Directories B and C are subdirectories of is a valid or deleted file. The directory information of a
Directory A. Specifically, Directory C is a sibling of deleted file is used for pointers of the linked list and the
Directory B and both are children of Directory A. search would proceed until the most recent version is
FNULL indicates the end of the chain. found.

Figure 26 shows two files (File A and File B) added to A key point to be made for using this method of file

a directory (Directory A). File A and File B are at the storage is that the user is in control of the rate in which

same level, therefore they are siblings. A file’s file entry the disk becomes full; using the flash memory disk pre-

contains an extent location pointer that indicates the dominantly for application code storage and non-tem-

start of its data area. porary data files reduces the frequency of “cleanup”.
' However, flash memory will typically perform 100,000

When a file appears multiple times (because of deleted cycles and eliminates reliability concerns when used as

versions) on the flash memory disk, the file system a hard or floppy disk replacement.

must find the most recent version. The status byte con- .

tains bit fields that indicate whether that particular file

Sibling

DIRECTORY ENTRY A
Pointer

FNULL

Chllleolnter

DIRECTORY ENTRY B} _Sibling _IDIRECTORY ENTRY C|_Sibling | FNULL
(Subdirectory of A)[ Pointer ~[(Subdirectory of A)[ Pointer

Chl|leolntor STORAGE ON DISK

FNULL FNULL
DIRECTORY ENTRY C

Child DIRECTORY ENTRY B
Pointer Sibling
DIRECTORY ENTRY A | Pointer
s
;reo ROOT DIR i
ointer 292079-57
Figure 25. Directory Arrangement
4
DIRECTORY ENTRY A poiin® ol o | -
Pointer
Child lPointer
FILE ENTRY B Sibling_} e entryY © Sibling o rnuLL k
Pointer Pointer i
Chllleointor IExhnt Location Pointer lExton( Location Pointer ‘
CFNULL FILE B FILE C : :
. DATA File sizes are variable DATA
MASS CARRIBEAN
STORAGE VACATIONS
APNOTE
292079-58

Figure 26. File Arrangement
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Creating a Bootable Drive

The startup time of the PC can be decreased by booting
from a flash memory disk instead of the magnetic disk.
To do this, a “dxsk-xmage” is installed on the flash
memory diskwhich'is located in the system memory
space between COO00H and E0000H (Figure 10). (The
“disk image” contains the Boot Record, Directory; and
FAT.) This'memory space is referred to as Expansion
ROM. During the system' Power-On-Self-Test (POST),
tli¢ system searches this memory area for the ROM
adapter signature, 055AAh, marking the beginning of
the disk image. Once this signature is found, the

. BOOTSTRAP process begins. The software to create
and install this “disk image” is available as a product
from Microsoft Corporatlon as ROM executable MS-
DOS.

WHY FLASH?

CHARACTERISTICS OF INTEL FLASH
MEMORY

Power consumption, weight, performance, and reliabili-
ty are the key criteria for a system design. The discus-
sion of Intel flash memory as a mass storage medium

~ would not be complete without a performance analysis
and comparison to other technologies.

Power Consumption

Portability of a computer demands battery longevity
- and consequently minimal power consumption. Small
form factor disk drives are being designed specifically
.. for the size and power requirements of laptops.

A drive has three basic operating modes: active, power
savings, and standby. The active mode consists of read-
ing, writing, and ready. Ready condition allows “in-
stantanequs” transitions into the read or write states. In
the power-savings mode only the drive motor continues

to run. Standby shuts off all functionality except for the

- circuitry needed to “spin-up” the drive. From the
standby mode, extra power and considerable time, is
reqmred to “spin-up” the disk.

‘Power COnsumption Comparison
(Watts)

(Based on typical performance charactenstlcs The
20 Mbyte Flash Memory disk is based on the use of 80-
28F020s. Only two of the forty devices are accessed at a
time, the remainder are in standby mode.)
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Power Consumption (Wétts)'
Active | Hard Disk Drive | F';S:J;E:‘;ry |
Modes |(25%,20Mbytes)| OOl N
Ready 17-20 © |- 005
g (Same ‘as Standby)
Read 3540 | o015
Write 3.5-4.0 0.25
PowerSavings| 1.5 | . 005
: (Same- as Standby)
Standby 0.1-0.5 ©0.05
Spinup 9.3 0
(from Standby) | -

For a battery-powered system, 3—4 hours of operation
is unacceptable. Battery longevity is achieved by using
Intel Flash Memory solid-state storage as a disk re-
placement. The following table relates battery life and
the different functions of disk operation. A “AA” bat-
tery with a capacity of 2215'mAH is used for the com-
patison. Obviously, for a truly accurate representation,
other components of the system should be included.
But from the data storage point of view, the flash mem-
ory disk will operate many more hours than the hard
disk drive on aset of batteries.

Hours of Operation for a “AA” Battery
(Based on Data from Previous Table
and 2215 mAH Battery Capacity)

, INTEL
Hard Disk Drive
A Flash Memory
(2.5", 20 Mbytes) (20 Mbytes)
Read ' 0.83 22.15
. Write 0.83 13.29 -
Stahdby | 6.64 66.45
Data Access Tlme

Reading data from a magnetic dlsk is a very slow pro-
cess compared to a solid-state disk (SSD). Disk transfer
time is lengthy due to four time components: spin-up,
seek time, latency, and data transfer time. Spin-up is a

* factor to consider .for battery-powered systems, where

most disk accesses are begun from the standby mode.
During the seek time, the arm is repositioned to the
correct track. Latency is the delay from arm reposition-

ing until the first sector of the transfer moves under the’
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read/write head. This is dependent on the speed of ro-
tation. The actual transfer of data is the third compo-
nent. The standard SCSI interface transfers data be-
tween 5 Mbits and 10 Mbits per second, with which
flash memory compares very favorable.

For this example it is reasonable to assume a transfer
rate of 1.0 Mbytes per second. Using a full word-wide
(x16) bus bandwidth (120 ns access speed of the de-
vice), flash achieves a transfer rate of 16.6 Mbytes per
second.

Read Speed Comparisons
Hard Disk Flash Memory
(Standard | Floppy | (16-BitBus,
Scsi Disk 120 ns

Interface) Access)
Seek Time 28 ms 0
Latency 8.3ms 100 ms 0
Transfer Rate|1.0 Mbyte/s|62 Kbyte/s| 16.6 Mbyte/s
Total for 46.54ms | 261.3ms 0.62ms
10 Kbyte File

(Floppy disk drive specifications combine access into °

one category.)

In this example, the flash memory disk has 75 times the
read performance over the hard disk. Smaller files re-
sult in even greater differences. Additionally, the 5 sec-
ond spin-up of the hard disk gives the flash memory
disk over 8,000 times the performance!

A byte will typically program in Intel Flash Memory in
one pulse. (See Intel Flash Memory Data sheet for pro-
gramming algorithm.) Based on this and the parame-
ters used in the example above, a 10 Kbyte file is writ-
ten to the flash memory disk in 87.04 ms. Because
writes to a hard disk typically begin from spin-down,
the flash memory disk is still over 50 times faster. Since
reads are 80% of disk access, flash memory’s user-per-
ceptible performance advantage is substantial.

Reliability

The definition of hard disk mean-time-before-failure
(MTBF) is extremely ambiguous. There are no indus-
try-wide standards for making a reliable calculation.
Disk drive manufacturers choose whichever method
best suits their product’s reliability perception.
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One method uses the overall mean failure. The MTBF

" of all critical components is computer analyzed and the

lowest one is selected. A second method tests 100
drives. The hours of the first ones to fail are multiplied
by the number of drives. How many reads or writes are
performed? Is the disk stopped and started during the
process? Standard answers do not exist.

The vagueness of the test procedures makes it difficult
to compare the MTBF for a flash memory solid-state
disk and a hard disk. Based on the fact that disk usage
is 80% reads and 20% writes, a reasonable comparison
can be made. (What is not taken into account is that
disks are an ‘infinite’ write, but finite read medium.
Continuous reading causes reduced magnetic field
strength, a failure mechanism hidden by re-writing the
disk.)

Intel’s Flash Memory typically performs 100,000
erase/program cycles. (Failure does not occur at this
point. The only noticeable change is a gradual increase
in program and erase times.) Assume a flash memory
disk size of 4 Mbytes that functions like a WORM
drive; it is erased and reused after filling.

Based on a typical disk MTBF of 50,000 hours and the
80/20% division, 10,000 ‘hours are used for writing
files. Assume the average file size written to disk is
10 Kbytes. A 4 Mbyte flash disk can store approxi-
mately 400 X 10 Kbyte files (4 Mbyte/10K = 408)
before erasure is necessary.

These 400 files could be writen to the disk 40 X 106
times — (400 files X 100,000 cycles = 40 X 106). The
result is that within a 10,000 hour period, one 10 Kbyte
file could be written once every 0.9 seconds.

10,000 hours
40 % 106 Files

3600 Seconds _ 0.9 Seconds
1 Hour File

It would be more realistic (although still extremely ag-
gressive) to assume that this 10 Kbyte file is written to
this disk every 10 minutes. At-100,000 cycles, 40 X 106

files will have been written. The MTBF can be calculat-

ed as follows:

10 Minutes 1 Hour

—— =66 X
Fie < 80 Mingtes _ 08 * 108 Hours

40 X 108 Files X

This is an MTBF of over 6 million hours! (See Reliabili-
ty Report RR60 for more details.)

A flash memory solid-state disk outlasts its mechanical
counterpart by at least two orders of magnitude, espe-
cially if head parking problems and limited start/stop

cycles of the mechanical disk are taken into account.
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WGight

Lowering the power consumptlon of your portable sys-
tem also lowers the weight. Reduced battery demands
mean smaller and: lighter batteries and power supplies.
Weight savings is also gained by the proper choice of
the mass storage medium. The small 20 Mbyte 2.5”

disk drives weigh between 9 and 21 ounces. The equiva- -

lent capacity of flash memory using 80-2 Mbit TSOPs
(which individually weigh 1.16 x 10-2 ounces) weighs
0.93 ounces plus the weight of the circuit board. (See
section on Intel flash memory packaging.) This differ-

/ence is critical when the computer weight requirement

is under five (5) pounds

6-194

SUMMARY

The-advent of Intel Flash Memory has led to the evolu-
tion of solid-state mass storage.  This application note
has provided the building blocks that will allow the
innovative manufacturer to remain on the forefront of
technology.

® Advanced packaging, such as the TSOP, IC memo-
" ry cards, and SIMM, is nec&ssary for high-density
applications.

® Intel Flash Memory allows flexible system mterfac-
ing by usmg I/0, paged, or linear addressing meth-
ods.

® Software variations enable an unlimited number of
" mass storage applications for Intel Flash Memory.

® Intel 'Flash Memory offers superior performance
- ‘over the magnetic disk. ‘
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INTRODUCTION

Intel’s first generation flash memory cards(!) forever
changed the vision of solid-state storage. Electrically
rewritable, non-volatile, reliable, yet economical in high
densities, these cards provided a unique solution for the
portable computing industry demanding such media.
The second generation of flash memory cards provide
even higher densities, lower power consumption and a
higher level of functionality. The Series 2 Flash Memo-
ry Card delivers a major technology breakthrough by
supporting densities up to 20 Mbytes(2), an integrated
memory control register set (Component Management
Registers or CMRs) and PCMCIA 2.0 compliance.

Intel’s 8-Megabit FlashFileTM Memory, 28F008SA,
provides the foundation for the Series 2 Flash Memory
Card. Its properties include data-write and block-erase
automation, sixteen 64 Kbyte, separately-erasable
blocks, a Ready/Busy# output pin, and a Powerdown
mode. Within the Series 2 Card, high-functionality

AP-361

ASICs link the flash memory devices with the
PCMCIA-specified electrical interface. These ASICs
handle buffering, decoding and all control signals. They
also contain the CMRs and hardwired Card Informa-
tion Structure (CIS) used by system software to en-
hance device-level functions.

The OEM has many hardware and software alterna-
tives for using the Series 2 Card. From a hardware per-
spective, the Intel 82365SL offers the most practical
solution for controlling the PCMCIA socket in a PC
solid-state drive application. This component, called
the PC Card Interface Controller, provides the ExCA
compliant hardware interface between the host system
and the Series 2 Cards. As shown in Figure 1, the fun-
damental glue logic consists of a Vpp generator and
Vcc control, a latching transceiver and address and
decode signal buffers. Embedded systems can provide
proper card signals with discrete circuitry.

Interfacing the Series 2 Card to the 823655L

SD(15:8), ] X €D (15:8)
_ SD(15:0) Iso(7:o) RN S cD(7:0) 1 .
R 6\ —
DIR
G\ |&
DIR |¢ s
A4 EXT_DIR L
0
SA (11:0) | T
B .
a3 v A
= =P
ol Z| -] F
2|8|3 82365SL |

SD (7:0) ENABLE I

SA(16:0) CARDCTRL/STAT/INTR
LA (23:17) CONTROL
CADDR (25:12)
ISA CTRL »
WRC
IRQ FWRCTRL Vpp GENERATOR
|| syscrrL -
PORT

*This solution requires minimal glue logic.

292096-1

Figure 1. The 82365SL Requires Minimal Glue Logic

NOTES:

1. The Bulk-Erase iMC001FLKA, iMCO02FLKA, and iMCO04FLKA (One, Two and Four Megabytes, respectively).
2. Higher density cards may be realized in the future as component densities go beyond 8 Megabits.
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Series 2 Flash Memory Card
(
ASICS )
ATTRIBUTE MEMORY PLANE
REG# DO— HARDWIRED CARD COMPONENT
. INFORMATION MANAGEMENT
STRUCTURE REGISTERS
FLASH DEVICES
! : COMMON MEMORY PLANE
28F008sA | [ 28F008sA] | 28F008sA | | 28F0085A | | 28F008SA
< staros | [ staros | [Staros | [stares | [srares |
L w REGISTER | | REGISTER | | REGISTER | | REGISTER | | REGISTER
w
}'E 28F008sA | [ 28F008sA] | 28F008sA | | 28F008SA | | 28F008SA
o, & - —] }— - —]
g '-.': STATUS STATUS STATUS STATUS STATUS
2l=z REGISTER | | REGISTER | | REGISTER | | REGISTER § | REGISTER
292096-2
Operation Status Available at ASIC and Component Levels

Figure 2. Selecting the Attribute or Common Memory Planes

Computer systems using the Series 2 Card as a solid-
state disk drive employ file management software, such
as Microsoft’s* Flash File System. This software capi-
talizes on the architectural benefits of flash memory. It
includes drivers that interface directly to the Sefies 2
Card. Beyond specifying the hardware architecture,
PCMCIA provides a software solution that consists of
modular software pieces designed for easy adaptation to
the various hardware platforms and memory technolo-
gies. The various pieces of the PCMCIA system may be
obtained from your BIOS vendor. Essentially, this
means that a system OEM is relieved of having to write
any software for Series 2 'Flash Memory Card. !

This application note supplements the information con-
tained in the Series 2 Flash Memory Card Data Sheet.
It benefits OEMs developing their own Series 2 Flash
Memory Card software pieces, including custom flash
file management software and software for embedded
systems running non-DOS applications. Specifically, it

describes the software aspects of implementing the’

card’s CMRs which provide software control of many
28F008SA functions, elevating the system designer
above device-level issues used by higher-level file sys-
tem software.
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SERIES 2 COMPONENT
MANAGEMENT REGISTERS

The CMRs optimize the Series 2 Flash Memory Card’s
performance by supplying a software-controlled inter-
face to the individual devices within the card. As shown
in Figure 2, they are accessed as memory-mapped I/0
in the Attribute Memory Plane by pulling the card’s
Register Select pin low (REG#, pin 61)(3). CMRs can
be’ divided into two basic categories; those defined by
the PCMCIA Release 2.0 specification and Intel de-

. fined “Performance Enhancement Registers”.

PCMCIA RELEASE 2.0 DEFINED

Soft Reset Register |

" (Configuration Option Register)

During card operation, it may be necessary to place the
card into a known state by resetting the 28 FOO8SA-lev-
el Status Registers and the CMRs in the ASICs to their
power-on conditions (Figure 3). Specifically, in the

NOTE: ;
3. No switch-over setup-time from Common Memory is
needed when PCMCIA timing requirements are met.
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Component Managment Registers(4)

Defined by the PCMCIA R2.0 specification
= Soft Reset Register O'—(R/W)
® Global Reset-Powerdown Register (—(R/W)

directly to the Intel 28 FOO8SA:

& Sleep Control Registers—(R/W)

® Ready-Busy Status Registers—(RO)
® Ready-Busy Mode Registers—(R/W)
® Ready-Busy Mask Registers—(R/W)
® Write Protection Registers—(R/W)
® Card Status Register—(RO)

PERFORMANCE ENHANCEMENT REGISTERS designed to deliver control benefits tied

ASICs, this reset affects the RP bit (Global Reset-Pow-
erdown Register), the Sleep Control Register, . the
Ready-Busy Mode Register, the Ready-Busy Mask
Register, and the CISWP and CMWP bits (Write Pro-
tection Register). There are several ways to enter pow-
er-on status:

1. Issuing a hardware reset, with a complete system re-

set or socket reset through the interface hardware, .

affects the entire system or the Series 2 Card, respec-
tively.

2. During normal operation of many portable systems,
tremendous power savings are realized by entering a
suspend state. In this state, power to the card’s sock-
et is removed. After reapplying power, the card auto-
matically attains its power-on status. Therefore, be-
fore removing power from the Series 2 Card, system
software must save the contents of the Component
Management Registers. It should also be pointed
out, that a startup period must elapse to allow all
internal circuitry to stabilize before accessing the
card. This time period depends on host system power
supply capabilities.(7)

3. The third method utilizes a software-controlled
mechanism built into the Series 2 Card. This option,
activated with the Soft Reset Register, provides a
simple approach for placing the card in its power-on
state without time delay.

The Soft Reset Register (Figure 4) contains a soft reset
(SRESET) bit that performs a function similar to the
hardware reset invoked by the card’s RESET pin
(RST#, pin 58)(8). Achieve the reset condition by issu-
ing a two-step write sequence to the SRESET bit (i.e.
toggling from O to 1 and back to 0).

During reset (SRESET = 1), the ASICs drive the flash
memory array into the deep-sleep mode. This aborts
any device operations in progress and resets each de-
vice’s Status Register. After initiating a soft reset, the
SRESET bit must be cleared (zero) to enable access to
the flash memory array or write to another CMR. The

. host system can clear this bit by writing in a zero or

issuing a hardware reset.

ALL DEVICES IN STANDBY MODE.
SOFTWARE WRITE-PROTECT DISABLED.

PCMCIA-READY/BUSY # MODE ENABLED.

NOTE:

Power-On COnditions*

ALL DEVICES’ READY/BUSY # OUTPUTS UNMASKED.

READY/BUSY # OUTPUT PIN GOES TO READY.

Generated by Hardware Reset or Toggling SRESET Bit.

Figure 3

NOTES:
4. R = READ, W = WRITE, RO = READ ONLY

5. Referred to as Configuration Option Register by PCMCIA R2.0.
6. Referred to as Configuration and Status Register by PCMCIA R2.0.

7. As specified by PCMCIA Release 2.0.

8. Soft reset puts all devices into power-down mode and requires a recovery time after returning from soft reset (500 ns for

reads and 1 ps for writes).
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Soft Reset Register
(Configuration Option Register)

. PCMCIA-De‘ﬂn‘edV
. CIS )
ADDRESS BIT7
4000H SRESET .
= Toggle SRESET to reset and return to standby-mode.
a For power-on default, SRESET = 0.

Figure 4. Useful for placing the card into a known state

The other two fields (not implemented with the Series 2
Card), defined in this register by the PCMCIA R2.0
specification, include the Configuration Index and the
LevIREQ. After powerup or soft reset, the Configura-
tion Index contains zeros to maintain compatibility as a
Memory-Only Interface. The LevIREQ bit is hardwired
to zero.

GLOBAL RESET-POWERDOWN
REGISTER

PCMCIA R2.0 Defined
(Configuration and Status Register)

The portable system designer strives to minimize power
consumption in every conceivable way. Solid-state stor-
age devices using Intel Flash Memory deliver signifi-

cant power consumption reductions (when compared to

the mechanical disk) and therefore play an important
part of the system design considerations. The portable

system aimed at power conservation looks to shut down
portions of system circuitry not in use (i.e. the solid-
state, drive not accessing files, the screen’s backlight
when the keyboard has not been touched in a certain
amount of time, etc.). Powering down the entire socket
achieves a minimal power usage status. However, the
powerup. recovery time from this approach produces
varying delays.

The Series 2 Card offers the optimal solution with the
Global Reset-Powerdown Register (Figure 5). Writing
a one (1) to the Reset-PwrDwn Bit (RP bit 2) of this
register puts all internal devices into the Deep-Sleep
Mode by pulling every device’s RP# input low(?). In
the Deep-Sleep mode, a 20 Megabyte Series 2 Card con-
sumes 90% less current versus the standby mode cur-
rent(10), )

‘When the host system drives the two card enable pins
high(11), the Series 2 ASIC circuitry blocks system-level
address and data signals from the internal devices. Ad-
ditionally, latching address buffers and data transceiv-

Global Powerdown Register
(Configuration Option Register)

PCMCIA-Defined

ADDRESS| . BIT.7

4002H

= Write zeros to maintain PCMCIA compatibility.
® RP.= 0 after reset.

* m Reset-Powerdown places all devices into Deep-Sleep mode.

 NOTES:

Figure 5

9. The remaining fields in this register. (Changed, SigChg, 10is8, Audio, Intr and Rsvd) are tied low in the Series 2 Card for

PCMCIA compatibility and for simplifying software masking.

10. Iccs = 30 pAvs, IccsL = 0.2 pA,; refer to 28F008SA ‘Data Sheet. The ASICs consume 1 pA.

11. CE1# (pin 7) and CE2# (pin 42) = Vi
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GLOBAL_RP EQU 4002H
NOT_RP EQU ‘OH

MOV AX, MEM_CARD_BASE
MOV ES, AX
MOV DI, GLOBAL_RP

MOV CX, RECOVERY_TIME
FOR_A_WHILE:
LOOP FOR_A_WHILE

SAMPLE 80X86 CODE TO HANDLE RECOVERY-PERIOD TIMING

;Global Reset-PowerDown Register

sLoad card address
sPointer setup

s;Software assumes already in REG# mode access
MOV BYTE PIR ES:[DI], NOT_RP ;Clears RP bit

;Based on speed of processor

'

Figure 6. Assembly Language Code for Returning from “Deep-Sieep” Mode

ers on the host side eliminate address and data signal
switching at the Series 2 Card input buffers further re-
ducing power consumption levels. In other words, to
achieve the lowest power consumption levels, these sig-
nals should not be floated or tristated.

After clearing the RP bit, the device-recovery times
must be met before accessing the flash memory. As
shown in Figure 6, the recovery period can be imple-
mented using a simple software algorithm(12),

Prior to entering the Reset-Powerdown Mode, your
software must check operation status for data-writes or
block-erases in progress(13). Any operations in progress
will be terminated when powering down the flash array.
The 28F008SA does not maintain Status Register con-
tents in the Reset-Powerdown Mode. Therefore, when
the card returns to standby mode, all devices will report

successful status (Status Register = 80H) indicating
the need for software drivers to use the reset-power-
down function intelligently.

PERFORMANCE ENCHANCEMENT
REGISTERS

Sleep Control Register
(Performance Enhancement Register)

The reset-powerdown functionality of the Global Re-
set-Powerdown Register has a global affect on all devic-
es. In many solid-state storage applications, reading or
writing files only requires access to select device pairs
and the remaining devices could be kept in Deep-Sleep
status until needed.

Sleep Control Registers '
Performance Enhancement Register

ADDRESS| BIT7 BIT 6 BITS

411AH

ANBH |\ "la1s | 12713 | 10711

BIT 4 BIT3 BIT 2 BIT1 BITO

DEVICES | DEVICES | DEVICES | DEVICES | DEVICES | DEVICES | DEVICES | DEVICES
8/9 . 6/7 4/5 2/3 . 0/1

| DEVICES | DEVICES
18/19 | 16/17

® For reset, all devices powered up (bits = 0).

® Bits cleared to zero by SRESET and RESET.

® On cards less than 20 megabytes, absent devices read as “0”’s.

Figure 7. Allows Selective Reset-Powerdown of Devices within the Series 2 Card

NOTE:

12. PCMCIA does not specify a maximum recovery time. Recovery times, varying for different card technologies, must be

handled on a case-by-case basis.

13. Polling the individual device’s Status Register, the Ready/Busy Status Register, or the RDY/BSY # bit in the Card Status

Register.
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28F008SA Status Register Bit Definition

BIT7 BIT6 BIT5 BIT4 | BIT3 | BIT2 | BIT1 | BITO
WSM ERASE | ERASE | WRITE | - VPP

STATUS | SUSPEND | STATUS | STATUS | STATUS

: STATUS

Flgure 8. Read during Write or Erase Operatlons to Determine Status

The Sleep Control Register (Figure 7) offers this op-
tion; each bit provides power down for a specific device
pair. Except for the global vs individual affect, this reg-
ister functions identically to the Global Reset-Power-
down Register. The global reset-powerdown can be en-
abled while individual devices are sleeping. Disabling
the global RESET-PWRDWN does not affect prior bit
settings of the Sleep Control Register.

" In many applications using the Series 2 Card, the card
will be in the Standby Mode a large percentage of the
time. This avoids device recovery times associated with
complete socket power off or entering the Deep-Sleep
Mode. In the Standby Mode, the Sleep Control Regis-
ter offers the greatest advantage over the Global Reset-
Powerdown Register. With the capability of controlling
individual device pairs, a power savings improvement
of approximately 16 times (based on typical current
values) will be seen. This is derived from the following
information:

® 28F008SA devices in Deep-Sleep, Icc = 0.2 pA,
Ipp = 0.1 pA.

® 28F008SA devices in Standby; ICC = 30 pA,

Ipp.= 1 pA , .

® ASICs in Standby and Sleep; Icc =-1 pA.

® With device-pair control, unaccessed devices remain
in Deep Sleep.

Although the other operating modes (fead, ‘data-write, '

or block-erase) also experience power savings by using
the Sleep Control Register, the effects are not as signifi-
cant relative to the higher current requirements of
those mod&s

When using the Sleep Control Register, software must
account for the same device-recovery time of the global
reset-powerdown method. To access files (or data) that
span multiple device pairs (and experience uninterrupt-
- ed access), software can perform a “look-ahead” func-
tion to determine which device pairs must be powered
up.

6-202

READY-BUSY STATUS REGlSTER

Performance Enhanéément Register

The automated data-write and block-erase capability of
the Intel 28FO08SA. FlashFile Memory results in a sig-
nificant performance improvement. Furthermore, auto-
mation simplifies system-level interfacing as the user
only delivers the proper command and monitors the
operation’s READY/BUSY status. Referring to the
28F008SA Data Sheet (or Figure 8), operation status
can be obtained from the device’s Status Register or
RY/BY # pin. The device’s Status Register allows soft-
ware polling for ready status in addition to write and
erase status. The RY/BY # pin can be used to generate
an interrupt when making a busy to ready transition.
Regardless of the method used for determining ready
status, the Status Register should be read to determine
whether an operation was successful.

In the Series 2 Card, where multiple devices are present
and multiple simultaneous operations can occur, soft- '
ware polling each device’s Status Register requires ex-
tra software and time. Furthermore, the PCMCIA in-
terface only has one RDY/BSY # pin which obviously
prevents 20 devices from hooking their individual
RY/BY # out to the system. The ASICs within the
card take these signals and feed them into the BUSY #
Status Register (Figure 9). This facilitates multiple de-
vice-pair operations by allowing an analysis of all devic-
es simultaneously. After initiating the data-write and
block-erase operations, the system can switch the card
to the Attribute Memory Plane to access these regis-
ters. Alternatively, each device’s RY/BY # signal fun-
nels into a single “wired or” signal that becomes the
PCMCIA-RDY/BSY # pin dnvmg an interrupt or
polled through an 1/0 port.

When performmg smgle dev1ce pair operations, Ready/ -
Busy status should be accessed directly from the Status

Register of the flash memory devices for the following

reasons: 1) A device’s Status Register must be read any-

way to determine the result of an operation; 2) This

saves several instructions requu'ed to switch to the At-
tribute Memory Plane.
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Ready-Busy Status Register
Performance Enhancement Register
CIS
ADDRESS | BIT7 BIT6 BIT5 BIT 4 BIT3 | BIT2 BIT 1 BITO
4134H | DEVICE | DEVICE | DEVICE | DEVICE
19 18 17 16
4132H | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE
15 14 13 12 1 10 9 8
4130H | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE
7 6 5 4 3 2 1 0

= Each bit corresponds to a device’s RY/BY # signal.
= Devices not present (i.e. < 20 Megabytes) return ready status.

Figure 9. Monitors Individual Device’s RY/BY # Pins

DEVICE_O
DEVICE.1l
DEVICE_2
DEVICE.3
DEVICE_4
DEVICE_5

XOR AX, AX

‘| RDY_BSY_STATUS

MOV DI, RDY_BSY_STATUS

OR AX, DEVICE.O
OR AX, DEVICE.l
OR AX, DEVICE.2
OR AX, DEVICE.3
OR AX, DEVICE_4
OR AX, DEVICE.S

Example for Monitoring Ready/Busy Status

EQU 4130H
EQU O1H

(Assume ES contains memory card base address)

EQU 02H
EQU 04H
EQU 08H
EQU 10H
EQU 20H

sAssume card already in REG mode.
TEST BYTE PTR ES:[DI], AX

sRegister address
;Settings in register for specific devices

sZero AX Register

sInsert code to start write operation in first 3 Device Pairs
s;i.e. Devices 0, 1, 2, 3, 4, 5.

sZero flag cleared when programming

;devices are ready.
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READY-BUSY MASK REGISTER
Performance Enhancement Register

As described earlier, completion of a data-write or

block-erase operation can be determined by attaching .

the card’s RDY/BSY# pin into a system interrupt.
This frees the host system to perform alternate tasks

after initiating an operation. In othér words, device-lev-

el automation allows Series 2 Card operations to be-
come background tasks. :

Occasions exist where the interrupt generated from a
* device becoming ready produces unacceptable latency
times. For instance, data-write operations, completing
in only 10 us, realize a performance penalty dealing
with interrupt latencies longer than the write time it-
self. The data-write operations would achieve a higher
level of performance by using software polling tech-
niques(14). On the other hand, block-erase operations
typically require one second. Therefore, these opera-

mtel

tions perform well as background tasks because the in- .
terrupt latency constitutes a small fraction of the total
time.

This discussion implies that the system interrupt should

_ be disabled for data-writes and enabled for block-eras-
es. What if an application requires simultaneous writes

and erases? The Series 2 Flash Memory Card handles
this situation with its Ready-Busy Mask Register (Fig-
ure 10). Setting the appropriate mask bits in the Ready-
Busy Mask Register blocks the corresponding device’s
RY/BY # signals. With a device’s mask bit set, the
card’s RDY/BSY # pin and Card Status Register (bit
0) always reflect a ready condition, regardless of the
operation status. Figure 11 displays a conceptual mask
circuit for a single device. The mask settings have no
effect on the card’s Ready-Busy-Status Registers (pro-
viding direct access to each device’s RY/BY # output)
or the Device Status Register. This allows software
polling in the usual manner.

Ready-Busy Mask Register
Performance Enhancement Register

cls , , |
ADDRESS | BIT7 | BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT1 | BITO
4124H | DEVICE | DEVICE | DEVICE
18 17 16
4122H | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE
. 15 14 | 13 12 1 | 10 9 8
4120H | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE | DEVICE
7 6 5 |- 3 2 1 0
= MASKED

Figure 10. Allows Masking of Individual Device’s Ready/Busy Signals

MOV CL, 5 j;Load shift count

operations.

Selecting the Appropriate Device to Mask
Assume the register set DI:DX contains a 32-bit physical address into SERIES 2 card.
Each device pair represents 2 Megabytes (i.e. 200000H).
SHR DI, CL ;Result in DI is device pair num'ber to mask.

;Now determine whether to mask device pair for word operations or use Bit 0 of
the DX portion to determine high or low device (odd or even) for byte

NOTE:

14. Polling the mdnwdual device’s Status Reglster, the Ready/Busy Status Reglster or the RDY/BSY # bit in the Card Status

Register.
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DEVICE
@ READY/BUSY

0]

9]

0O

o) MASK ENABLE
Pe) 1=MASKED
0O

0

0O

(0]

0

® Each device has a Ready/Busy (RY/BY #) output.
® When mask enabled, devices always appear ready.
= RY/BY # available in RDY-BSY # Status Register.

Single Device Representation of RDY/BSY # Mask and Status

o) .
8 5 READ IN READY/BUSY
o)

ASK

STATUS REGISTER

COMBINE WITH ALL DEVICE
OUTPUTS TO PRODUCE CARD
INTERFACE AND CARD STATUS
REGISTER READY/BUSY

292096-3

Figure 11. The Ready-Busy Mask is Very Useful for Write Optimization

READY-BUSY MODE REGISTER

Performance Enhancement Register

The PCMCIA specification for the Ready/Busy inter-
face states that “the RDY/BSY# line is driven low by
the memory card to indicate that the memory-card cir-
cuits are busy and unable to accept a data-transfer oper-
ation.” Contrary to the PCMCIA specification, device-
level data-write and block-erase automation enables the
Series 2 Card to perform multiple operations simulta-
neously. Using the PCMCIA-specified method of
RDY/BSY # functionality for multiple device opera-
tions, the RDY/BSY # interrupt does not notify the
system until all devices finish because busy devices hold
the RDY/BSY # signal low, as shown in Figure 12.
Multiple block erases (typical block erase time of 1 sec-
ond) could present an unacceptable pushout if system
software waits for the first available “clean” block.to
write data.

The Series 2 Card offers an alternative Ready/Busy
mode (High-Performance Ready/Busy mode, alias
“Levy”-mode) removing the performance impact of the
PCMCIA mode. Circuitry internal to the ASIC catches
every “READY-going” edge from each device. After
an individual device becomes ready (Ready/Busy signal
goes high), the system has the opportunity to immedi-
ately service the interrupt. System software must now
toggle the CLEAR bit (bit 1) in the Ready-Busy Mode
Register (Figure 14) to reactivate the Ready/Busy sig-
nal. Figure 13 demonstrates the resulting waveform.

The Series 2 Card powers up in the PCMCIA-mode.
Switching into the High Performance mode requires a
two step process; as shown in Figure 15. ASIC circuitry
design prevents being able to write a zero to the RACK
bit on the same cycle as entering the High-Performance
RDY/BSY Mode. This intentional design technique
eliminates the possibility of receiving a noise generated
RDY/BSY # rising edge, which would trigger an un-
wanted interrupt.
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PCMCIA-Defined RDY/BSY # Waveform for Multiple Device Operations

First operation finishes

DEVICE 0 RY/BY# I | Interrupt

latency E
DEVICE 1 RY/BY# — . L | T
N 1
DEVICE 2 RY/BY# |_____l——
PCMCIA ROY/BSY# 1. fr—

Interrupt occurs
292096-4

Figure 12. PCMCIA-Defined RDY/BSY Waveform for Multiple-Device Operations

High-Performance RDY/BSY # for Multiple Device Operations

'
1
n

: i 1

: - 1

DEVICE 0 RY/BY# 1 I ! v
: l 1
] ! 1

DEVICE 1 RY/BY# — L X

DEVICE 2 RY/BY# L:'__'L—_
(Masked) v '

RDY/BSY# SIGNAL i ‘ N X
, ' VX AT '

202096-5

MASK BIT ] RDY/BSY#
RY/BY# ] (PCMCIA-interface)
202096-6
NOTES:

1. Device 0 operation completes. RDY/BSY # generates system interrupt. A masked RY/BY # is zero. Unmasking
simultaneously or after RY/BY# going high, still enables a low-to-high transition on RDY/BSY # to generate interrupt.
2. Software clears bit 1 of Ready-Busy Mode Register pulling RDY/BSY # signal low.

3. Last device operation completes. Masked RDY/BSY # signal does not generate interrupt. Software must poll to
detect operation completion of masked device(s). .

Figure 13. High-Performance Mode Catches Each Device Going Ready
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Ready/Busy Mode Register
Performance Enhancement Register

ADDRESS BIT1 BITO

RACK | MODE

® Mode = Ready/Busy Mode
0 = PCMCIA Mode
1 = High-Performance Mode
# RACK = Ready Acknowledge Bit
Clear this bit after receiving ready status to prepare for next device’s ready transition
= Register defaults to PCMCIA Mode for power on or reset. In PCMCIA Mode, RACK is a Don't Care

Figure 14. To Prevent Accidental Ready Transitions, a Three Step :
Sequence must be Followed to Enter High-Performance Mode i

As discussed in the previous section, the block-erase To block-erase in multiple devices:

operation benefits from the interrupt capabilities of the ] ices (i

RDY/BSY # signal. However, if your software only L g:gsi::;)t'o mask all devices (in Ready/Busy Mask
erases one device pair at any time, the PCMCIA-RDY/ . .
BSY # Mode will be sufficient for two reasons: 1) Both 2 If not already done, place the Series 2 Card in the
devices started simultaneously will complete the erase High-Performance Mode (refer to Figure 15).
operation almost at the same time; 2) in 16-bit access 3. Issue the block-erase command sequence to the ap-
mode, both devices of the pair must be erased before propriate devices.

writing.

L

Enabling High-Performance Ready/Busy Mode

SET ALL BITS IN Prevents ready devices from triggering an unwanted rising edgé, and gener-
RY/BY# MASK ating an interrupt after clearing RACK bit.
PUT CARD IN i i ;
HIGH- PERFORMANCE Wﬂ;e a one (1) to the Mode bit of the RY/BY # Mode Register. i
MODE ‘ ‘
] Write a zero (0) to the RACK bit of the RY/BY # Mode Register. The hard- .
ware requires this sequence to eliminate unwanted interrupts caused by sig-
i o ; |
292096-7 . i

Figure 15. Entering High-Performance Mode
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. 4. Unmask appropriate 'Ready-Busy Mask Register
bits. The circuitry catches devices with already com-

pleted erase operations with. the conceptual setup-'

shown in Figure 13. Use a RAM-based variable or
‘register for an erase-block queue to monitor erasing
devices.

The interrupt service routine (ISR) can be as simple as
removing the erase block from the queue. It could also
be used to notify the system that this block is free to
use. Regardless of the ISR implementation, it should
include the following basic procedures: (

1. Set all RY/BY # masks in the Ready-Busy Mask
Register. This prevents additionial interrupts within
the ISR (i.e. prevent re-entrant interrupt). Keep
track of mask setup to reinstate before ISR exit.

2. Check the queue of erasing devices and read the
Ready-Busy Status Register to determine which de-
vice completed the operation.

;
{

intal.
3. Sewice the erased block(s). Even though one érased
“ block generated the interrupt, more blocks may have
completed erasing at this point.
4. Clear RACK in the Ready-Busy Mode Register.
5. Before exiting the ISR, reset the mask. This
“catches” devices that went ready during the ISR
and will cause a re-entrant ISR. However, at this

point in the ISR, this will not affect system or soft-
ware integrity. :

WRITE-PROTECTION REGISTER
The, Series 2 Card contains a PCMCIA-defined, hard-

" wired Card Information Structure (CIS) accessed in the

Attribute Memory Plane. This data structure provides
fundamental, unchanging information. pertaining to the
card. It includes card size, type of components, access
speed, etc. Situations exist where the user needs to in-
clude custom-format information, such as card parti-
tioning and operating system specific - information.

OPTIONAL CIS

MEMORY BLOCK

DIAGRAM OF COMMON MEMORY PLANE

tzo0aoon | DEVICE I PAIR 9

1000000H DEV|CE X PAIR 8

0E00000H DEV'CE/: PAIR 7

scooooon | T2 E PAIR® | . seroossa  2srovssa

oaooooor | DEVICE 1PAIR S fI-

0800000H DEVICE 'PAIR 4

osooooon | DEVICE | PAIR 3 ‘

oso0000n | DEVICE | PAR 2 | §

02000004 | DEVICE \ PAIR 1 f;

ooooooon | DEVICE :‘PA/«IR‘ 0 /—C: =
= The frst block par of the firs device i s the common memory GIS; wit protectusing CISWP bit of Wit
Protection Register. ]
» Write protect the remaining 159 block pairs using the CMWP bit 31‘ the Write Protection Register.

292096-8

Figure 16. The WRITE PROTECT REGISTER Blocks Writes .
to the Two Sections of the Common Memory Plane
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This information can be loaded in the Common Memo-
ry CIS during card format (refer to Figure 16). Typical-
ly, after writing this information, it would rarely
change. The Series 2 Card provides a means of locking
this area of memory, as well as the remainder of the
Common Memory array with the Write Protection
Register (Figure 17). The Write Protection Register
has an advantage over the mechanical write protect
switch in that it allows software to control user write
access to the card’s data (the mechanical switch can be
easily switched off enabling card writes). For example,
a pen-based system may use this feature to protect its
read-only operating system stored within the Series 2
Card.

AP-361

The CIS Write Protect Bit (CISWP, bit 0) prevents
writes to the Common Memory CIS blocks. When soft-
ware determines that this block of memory contains
valid, custom-format information (contains PCMCIA
tuple data structure), the CISWP Bit could be set to
prevent accidental data corruption by another applica-
tion. Note that if an End-User format utility is provid-
ed, this software must be careful not to destroy the
custom format information which could be accessed if
the CISWP Bit was deactivated. The Common Memo-
ry Write Protect Bit (CMWP, bit 1) prevents writes to
the remainder of the Common Memory Plane (i.e. mi-

nus the Common Memory CIS blocks). To “software”-

write-protect the entire Common Memory Plane, both
bits must be set.

Write Protection Register
Performance Enhancement Register

ADDRESS

= CISWP = Common Memory CIS Write Protect
= CMWP = Common Memory Write Protect
® “1” = Write Protected

BIT1 | BITO
CMWP | Ciswp

Figure 17. Provides a Software Implementation of the Write Protect Switch

CARD STATUS REGISTER

Performance Enhancement Register

This (Read-Only) register provides quick access to gen-
eralized conditions within the Series 2 Card (Figure
18). It provides a shorthand method for checking the
following functions:

B Ready/Busy Status

® Ready/Busy Masking

8 Deep-Sleep Modes

® Setting of Mechanical Write-Protect Switch
® Software Write Protect Status

® Soft Reset Status

Where the RY/BY # Bit (bit O, Card Status Register)
displays the operation status of the cumulative devices
within the card, the Ready-Busy Status Registers re-
flects the status of each individual device. Bit 0 (RDY/
BSY #) mirrors the card’s RDY/BSY # (Ready/Busy)
output pin, also reflecting any Ready/Busy masking
conditions. Two circumstances warrant the use of this
bit: 1) When the hardware interrupt triggered by the
RDY/BSY # pin produces an unacceptably long laten-
cy period, this bit should be software polled instead to

‘increase performance; 2) When multiple devices have

data-write/block-erase operations in progress, reading
this cumulative Ready/Busy status will be quicker than
reading multiple status registers within each device.
However, when the application requires immediate ac-
cess to each device as it finishes an operation, individu-
al Device Status Registers or the card’s Ready-Busy
Status Register must be used.

6-209
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- Card Status Register
Performance Enhancement Register .
ADDRESS | BIT7 | BIT6| BIT5 BIT 4 BIT3 BIT2 | BIT1 BITO
4100H ADM | ADS | SRESET | CMWP | PWRDWN | CISWP | WP | RDY/BSY #

8 WP = Mechanical Write Protect Switch, 0 = off

m RDY/BSY# = Reflects PCMCIA interface RDY/BSY # pin, 0 = busy

. wCISWP = Common Memory CIS Write Protect, 0 = off
= RP = Reset-Powerdown Reflects RP in Global Reset-Power Down Reg, 1 = Power Off
& CMWP = Common Mode Write Protect, 0 = Off
® SRESET = Soft Reset Reflects SRESET in SOFT RESET Reg, 1. = Soft Reset
® ADS = Any Device Pair Powered Down, OR'’d Condition of Sieep Control Reg, 1 = Power Off
® ADM = Any Device Masked, OR’d Condition of Ready-Busy Mask Reg, 1 = Masked

Figure 18. Provides Generalized Card and Device Information

Bit 1 reflects the card’s mechanical switch position (1
= Write Protected). This switch disables any writes to
the card. Two software strategies can be implemented
for this bit: 1) Assume the card’s Write-Protect switch
is off. Attempt to write to the card and only check the
Write-Protect status if the data-write fails (which it will
if the switch is on); 2) Check the switch first to avoid
the possibility of failing a data-write. The choice de-
pends on the application. )

Bits 2 (CISWP = Common Memory CIS) and 4
(CMWP = Common Memory Write Protect) are di-
rect (Read Only) inputs from the Write-Protect Regis-
ter. These bits should be checked in a manner similar to
that for Bit 1 (WP). For more detail refer to the Write-
Protection Register section.

The RP Bit (bit 3) provides a (Read Only) version of
the RP Bit in the Global Reset-Powerdown Register
(1 = RP). Only the Attribute Memory Plane is avail-
able with the Reset-Powerdown feature enabled, allow-
ing access to the Component Management Registers.
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The SRESET Bit (bit 5) provides a (Read-Only) version
of the SRESET Bit in the Soft Reset Register (1 =
Locked in soft reset state).

SUMMARY

The Series 2 Flash Memory Card delivers the hardware
capabilities required for implementing a solid-state
storage device. Software engineers will find the features
of this card both flexible and powerful when coupled
with flash-optimized filing systems, such as Flash File

System from Microsoft. This application note has dis-

cussed the various methods of using the Component
Management Registers to facilitate designs incorporat-
ing the SERIES 2 card.

® PCMCIA-Defined Registers provide generalized as-
sistance for memory card interfacing.

® Performance Enhancement Registers boost software *
control over the card’s internal flash memory devic-
es.
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' GLOSSARY

Attribute Plane: Memory plane within the card select-
ed by pulling the REG# pin low. This random access
memory contains the CIS and Component Manage-
ment Registers.

Block-Erase: Erasing sections of a single flash memory
device.

Bulk-Erase: Erasing the entire flash device simulta-
neously.

Common Memory: The memory card’s main memory
array.

Common Memory-Card Information Structure: The
first block pair of the first device pair. Useful for stor-
ing custom format information, such as partitioning of
the card.

Component Management Registers (CMR): Memory-
mapped I/0 registers used to control device-level func-
tions.

Deep-Sleep Mode: A special very low power mode use-

ful for saving power when not accessing the flash mem-
ory components.

Device-Pair: Arrangement of the 8-bit 28F008SA de-
vices in the SERIES 2 card in a word-wide manner.

Hardwired Card Information Structure (CIS): Embed-
ded into the Attribute Memory Plane to describe

AP-361

non-changing information about the SERIES 2 Card
(i.e. density, speed).

Personal Computer Memory Card International Asso-
ciation (PCMCIA): The organization formed to pro-
mote interchangeability of IC cards by providing a
standardized mechanical, electrical and metaformat in-
terface.

Performance Enhancement Registers: Memory-
Mapped 1/0 registers included by Intel in the Series 2
Card to boost performance by providing software con-
trol of the internal 28FO08SA functions.

Ready/Busy: Indicator used to determine when a data-
write or block-erase operation has completed. Symbol-
ized by RY/BY # for the 28FOO8SA and RSY/BSY #
at the Series 2 Card interface.

Status Register: A register internal to a 28F008SA
FlashFileTM Memory device used to determine write
and erase operation status.

RELATED DOCUMENTS

28F008SA, 8 Megabit, FlashFileTM Memory Data
Sheet

Series 2 Flash Memory Card Data Sheet

82365SL, PC Card Interface Controller Data Sheet

PCMCIA PC Card Standard Release 2.0
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STANDARDIZATION

What single word explains both the advantage and dis-
advantage of a PCMCIA socket? Standardization!

A customer buys.a computer system with a PCMCIA
slot and expects to be able to plug any 68-pin
PCMCIA-compatible PC card into that slot. Sure, the
form factor allows it to fit. The electrical signals even

_ match up, so there’s no concern about damaging the IC
card (or computer system). The surprise comes when
that customer discovers that the system doesn’t contain
the software drivers that support his newly purchased
card. Flash memory, modems, faxes, and LAN cards,
to name but a few, all require some type of software
driver to operate. For example, a flash file system that
fits into the PCMCIA software model can easily sup-
port new flash memory.: cards by using a Memory Tech-
nology Driver (generically referrred to as a flash card
driver).

-

intal.
This application brief explains the benefits and funda-
mental techniques for building in the upgrade capabili-

\

.ty required for new flash memory cards.

SOFTWARE DRIVERS FOR' FLASH
CARDS

From a read standpoint, all of Intel’s flash memory
cards (Series 1, Series 2, and even future generations of
cards). have similar functionality. They don’t require
any special algorithms to read from them.. However,
these cards do have very distinct differences, especially
from a write and erase standpoint. For example, the
Series 1 cards require manual algorithms versus the au-
tomated algorithms of Series 2 cards (Figure 2). But
don’t be fooled, this situation is not restricted to Intel
alone. Flash memory writing and erase algorithms will
differ significantly depending on the card manufactur-
er, the included options, and the type of flash memory
devices in the card.

HOST SYSTEM
and
PCMCIA

Compatible
Socket.
Adapter

Flash
Memory
Card

292136-1

Figure 1. Any PCMCIA-Compatibie PC Card Plugs into Any PCMCIA Socket
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Using a monolithic software model as shown in Figure
3 (one approach for integrating Microsoft’s Flash File
System), the low-level driver, CARDDRV.EXE, con-
tains all the code for interfacing the flash file system to
the socket adapter hardware and flash memory cards.
Specifically, it includes the write and erase algorithms
for Intel’s Series 1 and Series 2 Flash Memory Cards.
After installing this monolithic piece of software in the
computer system, any unsupported flash memory card
could probably be read, but attempts to write or erase
would probably not work, for one reason or another.

AB-56

Using the “monolithic” model, including support for
additional cards obviously requires a code modification
to incorporate the new software algorithms. But if the
system was already in the field, it would be most diffi-
cult to upgrade the software for each additional card on
the market.

What if the new flash memory card algorithms could be
“hooked” into the file system software without having
to make any modifications? What if the new flash card
algorithms could be installed automatically when the
new card was inserted into the socket? This concept
provides the foundation behind a flash card driver.

Start Programming

| PLSCNT=0 !

Write Program
Setup Command

!

Write Program
Command

Time Out 10 us

Write Program
Verify Command

Time Out 6 us

Read Data
From Device

I Increment address I

Write
Read Command

y
‘ Programming Completeb (Program Error )

Series 1 Manual Algorithm

Write 40H
Byte Address

!

Write Byte
Address Data

No

YES

Full Status
Check if Desired

Byte Write
Completed

Series 2 Automated Algorithm

292136-2

Figure 2. Depending on the Card, Write and Erase Algorithms Can Differ Significantly
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. Hardware ~
F!"s_an‘s" Independent
tle System Piece
3
4
CARDDRV.EXE Hardware - bependent Piece
(Block ‘Device Driver) Requires Modifications

Y
) 2

Socket
Hardware

!

Flash
Memory
Card

4

292136-3

Figure 3. The Original File System
Approach Required Modifications for
Every New Card and System

Flash Card Driver Functions

As shown in the PCMCIA software model below (Fig-
ure 4), the flash card driver (referred to as Memory
Technology Driver.or MTD) plays an integral role. The
purposes behind the flash card driver include:

® Isolation of the software required to monitor and
control a specific flash memory card.

® Increasing system performance by speciﬁcaily opti-

mizing software algorithms for flash memory cards.
_ ® Reducing system memory requirements by eliminat-
ing software necessary to support other memory
card: types. In other words, the only driver that
needs to be present is the one that supports the card
currently installed in the PCMCIA slot. :

Fundamentally, the flash card driver manages 4 types
of operations to work in association with a flash ﬁle
system:

® Read—Transfers the byte(s) specxﬁed from a PC
memory card to a buffer.

® Write—Transfers the byte(s) specified from a buffer
to a PC memory card.

6-216
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® Copy—Transfers the specified data from one loca-r
tion to another within the same PC memory card, as

seen when doing block-to-block transfer during flash
file system cleanup.

® Erase—Restores all of the bytes in the specified
block to their erased state.

Interfacing to the‘FVIash Cai'd Driver

In a PCMCIA-compatible implementation (Figure 4),
Card Services interfaces between a flash file system and
the Memory Technology Driver. The file system calls
upon Card Services whenever it needs to perform one of
the operations listed above. Card Services, in turn, calls
upon the MTD.

Most computer systems will ship with some level of
software support built into the box. For example, to
support Intel’s Series 2 Flash Memory Card, a PC sys-
tem would ship with Microsoft’s Flash File System,
CARDDRV.EXE (a low-level block device driver),
Socket Services, and Card Services. The algorithms that
write and erase this particular memory card would be
included within this original software package.

APPS

ROM/DOS

[

FFS2

T

* CARDDRV

Card
Services

Socket
Services

Memory
Technology
Driver

SOCKET ADAPTER

PC -
CARD

292136-4

Figure 4. The Flash File System Indirectly Calls
the MTD through Card Services
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Installing the Flash Card Drivers

When Intel’s next generation flash memory card be-
comes available, a new flash card driver must be inte-
grated into the system. How that happens will depend
on the system’s memory-storage architecture, as deplct-
ed in Table 1.

Table 1. System Memory Storage Architectures

Case Hard | Floppy | Flash ROM
Drive | Drive Disk Disk
1 No No No ~ Yes
2 No No Yes No
3 Yes | External | Don’t Care | Don’t Care
4 Yes Yes Don’t Care | Don’t Care

The new driver can be installed into the system in sev-
eral ways:

® Download the new driver from a bulletin board
® Use a cable transfer utility

¢ Floppy disk

® Flash memory card

From the customer’s perspective, the flash card dnvcr
on the card provides the most automatic solution. It
delivers the most convenient approach, especially if it is
automatically pulled off the card without user interven-
tion. The mechanism to accomplish this could proceed
as shown in Figure 5:

EXECUTABLE

SYSTEM MEMORY SOCKET ADAPTER

Special Loader
Utility Pulls Driver | *
From Card Flash Card
Flash Card Driver . Install
- ] Card
\ Flash
" Card
Flash File :
System Driver
292136-5

Figure 5. A Flash Card Driver Can Be Pulled from -

the Card without User Intervention

® After interpreting the Card Information Structure
(CIS) to identify card and discovering an unsupport-
ed card type (i.e., specific flash card driver not built
into system), the file system realizes that it needs a
new driver.

AB-56

® A special loader utility can read the flash card driv-
er from the card (hopefully it will have one).

® A system described as Case 1 in Table 1 cannot per-
manently store the new driver because it is ROM-
based. After pulling the flash card driver from the
card, it must be loaded into system RAM while be-
ing used (i.e., until that card is removed). The other
system cases have more flexibility because the new
driver can be installed in flash or on disk. However
the most practical solution calls for putting the driv-
er on the card and leaving it there, where it is auto-
matically pulled off upon insertion into the socket.

- WHY SUPPORT NEW CARDS?

What motivation do OEMs have to include support for
flash card drivers and hence, new flash memory cards?
Intel’s next generation flash memory cards will provide
much higher performance, densities greater than
40 Megabytes, and increased functionality. The genera-
tion after that will deliver even more technical advance-
ments. Using these new cards will make a computer
system more desirable, ultimately producing a competi-
tive advantage. The ability to support new cards via the
flash card driver method has the following benefits:

e The OEM has a financial opportunity by selling
these cards as retail products.

® A system can accommodate any card already avail-
able on the market.

- An infinite number of drivers do not have to reside
in the system at the same time.

THE DIFFERENCE BETWEEN
UPGRADABILITY AND -
COMPATIBILITY

Upgradability allows a system to take advantage of new
capabilities; compatibility only allows basic functionali-
ty. At a minimum, compatibility implies that when try-
ing to use a new flash memory card (i.e., not already
supported within the system) the system will not lock
up. Some OEMs may only desire to ship a computer
that supports one and only one type of flash memory
card. This system would not possess an upgrade path to
any additional flash memory cards.

This brings up the question of whether new flash mem-
ory cards will even be compatible when plugged into

. this type of system. For the most part, the answer to

this question will be “NO”. Intel has taken great efforts
to allow the Series 2 and next generation flash memory
cards to be compatible, at least from the write/erase
algorithm perspective. However some fundamental
concepts must be considered:
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Device Boundaries

- Assuming the block sizes remain the same, higher den-
sity flash devices (8 Mbit versus 16 Mbit) implies more
blocks per device. This changes the device boundaries
which only becomes an issue when. performing multiple
operations per card (Figure 6). For example, assume 2

- intgl.

simultaneous block erases in a Series 2 card (occurring
in 2 separate devices). By virtue of the differences in
device sizes, these same 2 operations in the next genera-
tion card could be within the same device. The negative
impact behind this depends on the specifics of the sys-
tem’s software, but at the very least, it would prevent
the second operation. '

28F008SA DEVICE PAIRS in a 4-Mbyte Carﬂ H 28F016SA DEVICE PAIRS in a 4-Mbyte Card
i ) - .

BLOCK 31 BLOCK 31 : BLOCK 31 BLOCK 31
BLOCK 30 BLOCK 30 : BLOCK 30 . BLOCK 30
| - 1 ] | |
| | 711 _ [
| ! H 1 |
| — || = '
1

| —|
| | H |
| | i :
| | |
| | H
| | ' ~
BLOCK 17 BLOCK 17 [} BLOCK 17 BLOCK 17 .
BLOCK 16 ° BLOCK 16 : BLOCK 16 R BLOCK 16
i H BLOCK 15 BLOCK 15
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BLOCK 15 BLOCK 15 [} )
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] | | : |
| | : 1 '
1
| | ! |
| | 1 |
| | H |
| | H :
| : | !
| | 1 | |
| | i | , N
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‘ , » © 202136-6
R ' Figure 6. The 28F008SA and 28F016$A Have Different Device Boundaries
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Any new devices within a flash memory card will pos-
sess a new device ID. For example, the 8-Mbit devices
in Series 2 Cards have an ID value of A2H, and the
16-Mbit will have a value of AOH. System software
generally incorporates some type of lookup table to
match these values and determine the proper algo-
rithms to use. However, every system should also have
a method for handling unrecognized values, which at
the very least should be a “graceful” rejection. These
values can be obtained from either the card’s CIS or
directly from the flash memory device (Intelligent Iden-
tifier). :

SUMMARY

The PCMCIA socket enables a computer system to
support an unlimited number of capabilities simply by
removing one IC card and inserting another. These
cards ranging from modems to flash memory, require

s
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some form of system software support. From a flash -

memory card perspective, software drivers perform the
various read/write/copy/erase algorithms. These driv-
ers can accommodate two levels of functionality:

Compatibility—As a minimum, flash card drivers
should support the basic write and erase algorithms re-
quired by a flash memory card. The word compatibility
implies that this software allows new flash memory
cards to work without failing and nothing more.

Upgradability—As Intel’s flash memory technology
evolves and improves, new cards will require flash card
drivers that optimize their functionality. From an end-
user perspective, the simplest way to integrate these
new drivers is to automatically install them from the
flash memory cards. This implies that OEMs must be
developing mechanisms to “hook” these drivers.

Be compatible for basic functionality. Upgrade to take
advantage of the future!!! i
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INTRODUCTION

As the PC evolves into what is truly a “personal” com-
puter—one that can be held in your hand—a complete-
ly different system memory architecture will emerge.
Step aside ROM, DRAM, floppy disk, and hard disk;
Intel’s FlashFileT™ memory is here. FlashFile memory
will finally make it possible to build a thin, 2-pound
notebook computer that runs for many hours on a few
AA batteries. But before these mobile PCs are built,
designers must learn some new ways to configure sys-
tem memory.

In April 1992, Intel introduced a new flash memory
architecture with a combination of functionality and
price that redefines mobile computing. This new archi-
tecture, when implemented in new system memory con-
figurations, enables nonvolatile executable system
memory and removable file and program storage.
Intel’s new flash architecture lets designers create a
portfolio of products that will clearly differentiate them
from their competition.

WHY A NEW MEMORY
ARCHITECTURE? ,

The ideal memory system is:

® Dense (stores lots of code and data in a small
amount of space and weighs very little)

Fast (lets you read and write data quickly)
Inexpensive (low cost per megabyte)
Nonvolatile (data remains when power is removed)

Power Conscious (prolongs battery life and reduces
heat)

® Reliable (retains data when exposed to extreme tem-
perature and mechanical shock)

Since PCs were introduced over 10 years ago, designers
have grappled with how to construct memory systems
that offer all these attributes. They have wisely elected
to use to optimum combination of solid-state memory
and magnetic storage, i.e., DRAMs plus magnetic hard
disks. DRAMs are dense and inexpensive, yet slower

than the processors they serve, and they are volatile.

SRAMs are used in caching schemes to compensate for
DRAM’s slowness. While SRAMs keep pace with to-

" day’s high-performance microprocessors, they are not
as dense as DRAM, are inherently more expensive, and
volatile. Magnetic hard disks are very dense, inexpen-
sive on a cost-per-megabyte basis, and nonvolatile, but
they are painfully slow, power hungry and subject to
damage from physical shock.

INTEL FlashFile™ MEMORY

ENTER FLASH MEMORY

Because Intel’s ETOXTM III flash memory cell is
30-percent smaller than equivalent DRAM cells, the
company expects it to track DRAM density closely.
Intel’s new 28F008SA FlashFile Memory can store
8 megabits, or one megabyte, of data today. Flash
memory is more scalable than DRAM due to its simple
cell structure, so as DRAM technology shrinks towards
0.25 microns and 64 megabits, flash will pace and ulti-
mately overtake DRAM’s technology treadmill. In

fact, expect to see 256-Mbit flash memory by the end of |

the *90s.

FLASH MEMORY IS FAST

Don’t be misled by technology-to-technology speed
comparisons. Designing your system memory around
flash will break the code/data bottleneck created by
connecting a mechanical memory such as disks to a
high-performance electronic system. For instance, data
seek time for a 1.8” magnetic hard disk is 20 ms, plus
an 8 ms average rotational delay, while flash is less than
0.1 ms. At the chip level, current read speeds for flash
are about 90 ns. Thus, downloading from flash to sys-
tem RAM or directly executing from flash will dramat-
ically enhance system speed.

FLASH MEMORY IS INEXPENSIVE

At the 8-Mbit density, Intel flash pricing matches
DRAM and Intel expects to continue decreasing price
as both densities and volumes increase.

FLASH IS NONVOLATILE

Unlike SRAM or pseudo-SRAM (SRAM with built-in
battery), flash needs no battery backup. Further, Intel’s
flash devices retain data typically for over 100 years,
well beyond the useful lifetime of even the most ad-
vanced computer. s

FLASH IS POWER CONSCIOUS

FlashFile Memory in a hard-disk drive configuration
consumes less than one two-hundredth the average
power of a comparable magnetic disk drive based on
the typical user model. At the chip level, the 28FO08SA
has a DEEP POWERDOWN mode that reduces power
consumption to less than 0.2 pA.

FLASH IS RUGGED AND RELIABLE

" On average, today’s hard-disk drives can withstand up

to 10 Gs of operating shock; Intel FlashFile memory
can withstand as much as 1000 Gs. FlashFile compo-
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nents can operate at up to 70°C while magnetic drives
are limited to 55°C. Intel FlashFile memory can be cy-
cled 100,000 times per block or segment. By employing
wear-leveling techniques, a 20-Mbyte flash array can
provide over 30 million hours before failure.

WHY NOW? |

Flash memory is not a new technology. Intel has been
the flash technology and market leader since 1988.
Then why hasn’t flash taken the mobile PC market by
storm yet? Why now?

One reason that 1992 is the pivotal year for flash-based
systems is the sharply increased demand for highly mo-
bile computers. The other reason is that a number of
key capabilities, in development for some time, reached
maturity together.

1. Intel Introduces FlashFile™
Memory

- MS-DOS*, the ubiquitous operating system for PCs,
was developed specifically to optimize the sectoring
scheme inherent to disk technology. Intel’s first genera-
tion “bulk-erase” flash required that all of the chip be
erased before data could be re-written: a natural fit for
updatable firmware and data acquisition, but not for
data file storage or disk emulation. Intel FlashFile

memory, based on a block-erase architecture, divides

the flash memory space into segments that are some-

what analogous to the zones recognized by MS-DOS.

For instance, the Intel 28 FO08SA contains sixteen iden-
tical, individually-erasable, 64-Kbyte blocks. This orga-
nization has been carefully optimized to maximize cy-
cling capability while preserving the smallest granulari-

ty possible. The ability to segment block memory into '

individual segments allows disk-like data-file storage.

2. Standardiiatlon of Delivery System
- and Interface

Thanks to work by the Personal Computer Memory
Card International Association (PCMCIA), and the
Japanese Electronics Industry Development Associa-
tion (JEIDA), there is now an internationally recog-
nized standard for memory cards. PCMCIA cards are
the size of a business card but about four times'as thick.
Intel is widely promulgating its Exchangeable Card Ar-

chitecture (ExCATM), a hardware and software imple-

mentation of the PCMCIA system interface. When
used with the proper BIOS, ExCA/PCMCIA-compati-
ble cards will be completely interchangeable between

systems and vendors, and can be equated to solid-state

floppy disks, albeit with many advantages.
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Flash-based solid-state disks, intended to replace mag-
netic hard disks in certain applications, with IDE inter-
faces will be “plug compatible” with existing systems -

‘that are already designed with IDE magnetic drives in

mmd

3. Flash File System

Intel has worked very closely with Microsoft* to imple-
ment a DOS flash memory extension called Flash File
System (FFS) that. transparently handles swapping of
data between flash blocks, much as DOS now handles
swaps between disk sectors. With Flash File System,
the user inputs a DOS comand and doesn’t need to
think about whether a magnetic disk or a flash memory
is being used. Flash File System employs wear leveling
algorithms that prevent any block from being cycled
excessively, thus ensuring millions of hours of use
across multiple chips.

4. Off-the-Shelf Hardware Interface

The introduction of the Intel 82365SL PC Card Inter-
face Controller provides a ready-made interface be-
tween the PC’s ISA bus and up to two PCMCIA sock-
ets. It is a key component for memory and I/0 card
implementations since the designer is relieved from
building the interface from scratch. .

5. Cost Reductlons

Magnetic drives do not scale well; that is, it becomes
increasingly difficult to improve or even retain density
as platter size shrinks. Thus, every reduction in drive

size requires complete retooling and costly learning.

Also, the complex controller circuitry provides a price
floor under which magnetic drives cannot drop. Since
flash is scalable, at some point in the near future, small
magnetic drives are likely to become more expensive
per megabyte than flash cards and are certain to have
less capacity. But even today, the value of a particular
memory technology is a result of more than just dollars
per megabyte.

Notm market analysis expert Dataquest:

“The question is, “Can you put a floppy dlsk drive
in a palmtop PC to take advantage of the cost dis-
parity (between disk and flash)?” The answer.is,
‘No.” There is not enough power (or space). The
issue then, is not cost. Here, the removable storage
medium dictates the product’s capabilities and its
success or failure in the marketplace. Without a
memory card, a palmtop is nothing more than an
electronic organizer. It is the memory card that
transforms a palmtop into a full-fledged personal
computer.” . .. Nick Samaras, SAMS Newsletter.
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All of the aforementioned features, Intel FlashFile
memory’s block-erase architecture, PCMCIA stan-
dards, ExCA, Flash File System, 82365SL ISA-
PCMCIA interface controller and reduced costs, are
deliverables ... now. And not a moment too soon
based on the tremendous market opportunity created
by the increasing demand for truly mobile computers.
Dataquest predicts that the worldwide sale of portable
PCs will increase from six million units in 1992 to near-
ly 30 million units in 1995. While laptop PCs are only
expected to increase by about two million units, note-
books, pen-based, and handheld PCs will increase from
three million units in 1992 to nearly 25 million in 1995,
an eight-fold increase. This extraordinary growth will
be greatly assisted by FlashFile memory.

ENABLING THE TRULY MOBILE
COMPUTER

In the world of the desktop PC, DRAM is used for
executable code storage and data manipulation. Since
DRAM is volatile, if power is lost, both programs and
data are lost, hence the need for a nonvolatile magnetic
hard disk. With the addition of the hard disk, programs
and data are stored on the hard disk and swapped in
and out of DRAM as needed. Some part of the DRAM
is reserved for use as a register to store temporary re-
sults during compute-intensive operations. Today’s PCs
are typically configured with 4 megabytes of DRAM
and at least a 40-Mbyte disk.

FlashFile memory fully supports this system configura-
tion when used simply as a magnetic drive replacement.
Instructions and data are still swapped to DRAM but
at a much faster rate. Plus, execution speed can be en-
hanced if the DRAM is replaced with SRAM.

In the solid-state computer, the “DRAM + magnetic’

hard drive” are replaced by a “flash memory +
SRAM?”. The key to this architecture is the ability to
eXecute-InPlace (XIP). Program'instructions stored in
the flash memory are read directly by the processor.
Results are written directly to the flash memory. Com-
pute-intensive operations that require the fastest memo-
ry and byte-alterability use high-speed SRAM or pseu-
do SRAM. Most of what we now think of as the
“DRAM” is replaced by low-cost flash and only a rela-
tively small part of the DRAM is replaced by SRAM.

INTEL FlashFile™ MEMORY

The flash memory space is made even more storage-ef-
ficient. through the use of compression techniques
which offer at least 2:1 compression. For example, one
20-Mbyte flash card that uses 2:1 compression offers
the same storage as a 40-Mbyte hard disk!

The advantages of a flash-based computer include:
® Blazingly fast speed

® Instant-on and instant-resume

e Ultra-light PC (2-4 lbs.)

® Very secure data retention

e Flexible firmware

As you can see, by changing the system memory archi-

_tecture to a flash-based one, designers will be able to

build a new generation of PCs that meets the needs of
the computer user of both today and tomorrow.

Progress has been made toward implementing this ap-
proach with the introduction of Hewlett-Packard’s suc-
cessful HP9S5LX DOS-compatible palmtop. MS-DOS
and Lotus 1-2-3* are stored in ROM. Internally, pseu-

- do-static RAM is used, and a PCMCIA memory socket

is provided. Lotus 1-2-3 was re-written to allow ROM-
based storage so it could execute in place. Other ROM-
executable versions of popular operating systems are

. expected to be available shortly.

DESIGNING YOUR SYSTEM WITH
FLASHFILE MEMORY

Details of the three Intel flash applications and implé-
mentations—flash cards, silicon disks, and Resident
Flash Array (RFA)—are presented below.

APPLICATION NUMBER 1: MEMORY
CARDS

Memory cards arg the most rugged and reliable of the
removable memory media. A card can be slipped into a
shirt pocket and moved from location to location. With

high-density flash cards, you can download files from

the desktop and use the card in your notebook or palm-
top. '
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Memory cards have been around for some time. The ‘

first cards to be introduced were ROM-only cards used
“in video games and pocket organizers. These were pro-
duced in various formats prior to the formation of
PCMCIA and JEIDA. Later cards included battery-
backed SRAM and EEPROM. Neither became very
popular due to their high cost of $500-$600 per mega-
byte and limited capacity. Flash cards overcome the
cost barrierand they are certain to be multlply sourced,
assuring availability and competitive pricing. A
20-Mbyte flash card has three times the real storage
density ‘of a 20-Mbyte 1.8” magnetic drive
(0.95 Mbyte/cm3 vs 0.34 Mbyte/cm3) and it has 10

times the weight density (2 Mbyte/gm vs 0.21 Mbyte/

gm). The PCMCIA has complete industry support, and
enhanced versions, such as PCMCIA Version 2.0, are
designed to be backward-compatible with earlier ver-
sions. .

As part of its flash product family, Intel’s new Series 2
memory cards are the first to utilize chips processed on
its 0.8-micron flash technology. Storing up to 20 mega-
bytes, these cards are designated Series 2 to differenti-

ate them from the earlier bulk-erase flash cards. The

cards consist of 4 to 20, 28F008SA TSOP FlashFile
memory devices. Each 28F008SA contains 16 distinct,
individually-erasable, 64-Kbyte blocks. Therefore, each
card contains from 64 to 320 blocks.

With the release of PCMCIA Version 2.0 in September
of 1991, the PCMCIA-compatible field grew somewhat
larger. The PCMCIA interface grew from memory-
only to one that supports many types of I/O devices.
Intel’s system-level implementation of PCMCIA 2.0,
called ExCA, ensures that if there are two ExCA sock-
ets available, one can be used for a flash memory card
and one for a modem; and the cards may be inter-
, changed.

How difficult is it to design-in an ExCA socket? Not
very. Intel’s open ExCA specification details the system
implementation. Other than the physical incorporation
of the socket and card, the only required hardware is an
ISA-to-PCMCIA interface such as Intel’s 82365SL
chip, and an ExCA compliant BIOS from vendors like
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- SystemSoft, Award and Phoenix. You'll also need a

flash file management system like Microsoft’s Flash
File System. Intel’s block-erase architecture, along w1th
the DOS Fllmg System and ExCA BIOS, makes it easy
to incorporate ExCA features. In addition, ExCA-com-
phant systems will allow system-to-system interopera-
blhty much like ﬂoppy disks. .

APPLICATION NUMBER 2:
FLASH-BASED SOLID STATE DISK

The 1mplementat10n of block-erase flash as a “solid-
state disk” (SSD) is something of a misnomer. It is not
a disk at all, rather a flash module that has.the same
form, fit and function as a 2.5” or smaller magnetic
drive.

A flash-based SSD implementation is the most direct
route to adapting flash to an existing design. A built-in

- IDE interface would make it plug-compatible. But

what a difference a silicon disk will make! A 1.8” drive
typically uses one watt-hour/hour while a silicon disk
uses as little as 0.035 watt-hour/hour. This kind of
power savings makes it possible to reduce battery size
and weight considerably. Or, consider reliability. We've-
already discussed differences in susceptibility to shock
and temperature extremes. In addition, an SSD theoret-
ically has a mean-time-between-failure (MBTF) of
250,000 hours, compared to 100 000 hours for the mag-
netic drive.

With all these advantages, when should you use memo-
ry cards and when is use of a flash-based SSD prefer-
able?

First and foremost, the SSD is considered to be installa-
ble while memory cards are removable and transpor-
table. In other words, the SSD is meant to be installed
and then left alone, while memory cards are designed
for constant removal and reinsertion. In operation, the
only change a user would notice in a notebook comput-
er equipped with a flash-based SSD is that access speed
is unprecedented.
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The flash-based solid-state drive is one very good way
to get to market early with flash technology. In Febru-

ary 1992, Conner Peripherals, Inc., and Intel an-

nounced the signing of a joint product and technology
development contract focused on designing and bring-
ing to market proprietary FlashFile memory-based
SSD storage products.

Incidentally, manufacturers of magnetic drives are
starting to take notice. In a manner much like the tail
wagging the dog, 1.8” magnetic hard disks with
PCMCIA interfaces are currently being developed.

APPLICATION NUMBER 3:
RESIDENT FLASH ARRAY

The one approach that offers totally new capabilities is
the Resident Flash Array (RFA). This is an arrange-
ment of from 8 to 20, 8-Mbit FlashFile memories. In
the long term, it replaces some of the motherboard’s
DRAM. This is the approach that is applicable to all
levels of PC, from desktop to palmtop. For near-term
applications, however, RFA is an ideal way of making
code or ROM-executable operating systems such as
DOS or Windows* updatable to protect the end-user’s
software investment. Also, when used as a resident ap-

INTEL FlashFile™ MEMORY

plication program and data-file storage medium on the
local memory bus, RFA provides a high-performance,
low-power solution.

The Resident Flash Array provides the highest possible
performance of any option, especially since the proces-
sor can be closely coupled to it; and hence, would not

be encumbered by IDE or PCMCIA interfaces, or even .

the ISA bus itself. The flash memory and the processor
will sit side-by-side.

The proliferation of flash memory card-based systems
will accelerate the process of converting disk-oriented
applications to a flash-executable orientation. Those
manufacturers who elect to be early adopters of Intel
FlashFile memory will be able to develop a new genera-
tion of PC—the truly “personal” computer you can
hold in your hand.

NOTE:

ETOX, ExCA and FlashFile are trademarks of Intel

Corporation.

*Microsoft and MS-DOS are registered trademarks;
Windows is a trademark of Microsoft Corporation.
*Lotus and 1-2-3 are registered trademarks of Lotus
Development Corporation.

6-225

e



 Intel ExCA™ Hardware Developer s Kit
Product Br1ef

Kit W 1PC-AT* Add-in Board with
Contents - 2 PCMCIA sockets

W ExCA Hardware Developer’s
Kit User’s Guide

M Technical documentation
describing Intel’s Series 2 Flash
Memory Card and FlashFile™
Components

A copy of Intel’s ExCA
Specification

W An evaluation copy of
Microsoft’s* Flash File
System Software

B iCardrvl.exe — Intel’s Low -
Level Driver Software

. . Intel's ExCA™ Hardware Developer’s Kit provides the mobile computer
B 82365SL Diagnostic Software -desigrier with the hardware, software and system interface to evaluate the
benefits of Intel' s Series 1 and Series 2 Flash Memory Cards. This kit will
allow your design to be flash card ready, completing the evaluation, using
your Series 1 or Series 2 cards. An ExCA add-in board in an IBM PC-AT*
desktop PC using MS-DOS* serves as the development platform.

Intel’'s ExCA Hardware Developer’ s Kit product number for ordering is
EXCAHWEBD

Kit Description

A PC-AT add-in-board based on ExCA hardware, two PCMCIA slots, Microsoft’s
Flash File System and associated Flash driver, diagnostic software and Intel’s EXCA
Specification, provides a hands-on evaluation/development tool for flash ready
mobile computer designs.

The Kit User’s Guide provides hardware and software installation instructions and
advice on how to maximize kit usage.

This kit will enable systems designers to:
1. Familiarize yourself with Intel’s Exchangeable Card Archrtecture
2. Use your Series 1 and Series 2 cards in a PC-AT system.

3. Plan your next mobile computer desrgn to be Intel Series 1 or Series 2 Flash Card -
ready. .

The ExCA Developer’s Board will accept software upgrades that allow the
integration of future Intel Flash Memory Cards as they become available.

ExCA and FlashFile are trademarks of Intel Corporation -
* Other brands and names are the property of their respective owners. I n
Order Number: 297293-002 ) . ®
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Flash Drive
iIFDOO5P2SA/iFD010P2SA

m PCMCIA-ATA Type-2 PC Card m 5 and 10-Mbyte versions

m 10 mW Idle, Standby, and Sleep m Embedded Flash Memory CVC|e i
Power ' “Management

m 5 MB/s Interface Transfer Rate u Weighs °“|V 1 0z. (29 gms)

m 1000G Shock m Nonvolatile; No Batteries Required

m Four PCMCIA-ATA Modes m Single +5 Volt Supply

m IDE-ATA Mode m 32-Kbyte Buffer ;

m Absolutely Silent m Uses FlashFile™ Architecture

, ETOX™ lll 0.8p Flash Memory
m Compatible with Standard Data Technology

Compression Utilities

ETOX and FlashFile are trademarks of Intel Corporation.

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit
. patent licenses are implied. Information contained herein supersedes previously published specifications on these Intel devices.
© INTEL CORPORATION, 1993 October 1993 Order Number: 290492-001
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- INTRODUCTION

Intel's Flash Drive brings FlashFile™ memory's
mass storage advantages to PCMCIA-ATA and
IDE-ATA-equipped mobile computers.  These
nonvolatile storage products provide performance,
ruggedness, reliability, silent operation, and
extended battery life that these systems need.

In default mode, the flash drive operates in
PCMCIA-ATA compliant sockets. It conforms to
PCMCIA PC Card standard 2.01, or higher (with
ATA version 1.01 or higher hardware and software).

Its IDE-ATA auto-detect mode allows it to operate
in standard ‘IDE hardware- and BIOS-equipped
systems (with 68-pin connector). It uses the
industry-standard - ATA command set so no
software dnvers are required.

PCMCIA and ATA power management

- commands are supported. In addition, automatic
power management reduces power without
system intervention. Its instant-on capability allows
it to enter a power-down mode when not active; this
reduces power to less than 10 mW.

intel.

Its proprietary energy-saving modes can double
system battery life. ~ Unlike disk drives that
consume substantial disk-spinning and head-
positioning power, the flash drive's solid state
circuitry uses power only when managing and’
transferring data.

Spinup, seeks, and rotational latency, which
substantially degrade hard disk drive performance,
are virtually non-existent in the flash drive. This,
coupled with 5-MB/sec interface and 8-MB/sec
read-media transfer rates, makes it the highest
performance ATA drive available.

The PCMCIA Type-2 profile maintains interface
compatibility with Type-3 1.8" PCMCIA- and IDE-
ATA magnetic hard disk drives; at only half the
thickness and half the weight. And, its solid-
state construction, embedded flash memory
management, 1000G shock specification, built-
in ECC, and flash memory's inherent reliability
provide maximum data integrity.

Sector Buffer ‘

RN

ATA lnéarface
ED&C

PCMCIA Interface

-

PCMCIA Interface

Flash Interface

‘Flash =
Array .

e

2

pProcessor

HIE

N Controller

i

7-2

Figure 1. The Flash Drive's Block Diagram
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SPECIFICATION SUMMARY

Capacity (CHS Auto-Translate)

Formatted Bytes (cylinders, heads, sectors)
iFD005, 5M 5,242,880 (160, 2, 32)
iFD010, 10M 10,485,760 (320, 2, 32)

Environmental

Temperature
Operating 0°C to 60°C
Non-operating -30°C to +70°C

Humidity, Operating
(non-cond, 26°C wet bulb) 5% RH to 95% RH
Altitude, Operating -60m to 12Km
(-200 ft to 40K ft)
Interfaces
' 68-pin PCMCIA-ATA
PCMCIA PC Card Standard, Release 2.1
PCMCIA PC Card ATA Specification 1.02

68-pin IDE-ATA 1.8" disk-drive-type ATA
ATA Interface for Disk Drives Standard 4A
Performance
Seek Time (maximum or track-to-track) .<1ms
Rotational Latency Oms
Spinup Time '

Via Command (from deep power-down) 10ms

Power-on to ready 2.5s (max)
Media Transfer Rate

Read 8.0 MB/s

Write .27 MB/s
Interface Transfer Rate (burst) 5.0 MB/s
Buffer Size 32 KB

: I ADVANCE INFORMATION

Flash Drive iFDO05P2SA/iFDO10P2SA

Power (see DC specifications for details)

Read 0.5W
Write 0.7W
Idle 0.010W
Standby 0.010W
Sleep mode 0.010W

Peak current
(programming voltage start-up) 0.7A
Supply Voltage 5.0V £5%

Reliability

MTBF 250K power-on-hours
(25KB write every 5 minutes)

(TA=25°C)
: 5M power-on-hours (typical)

Read Error Rate
(with retries and ECC) 1in 10" bits read
ECC (optimized for flash memory) 32 bits/sector

Ruggedness (any axis or direction)
Shock, op/non-operating 1000G
Vibration, op/non-operating ~ >15 G, 10-500 Hz

Size 85.6mm x 54.0mm x 5.0mm
(3.37" x 2.126" x 0.196")

Weight 29 gms

(1.05 0z.)
Noise Absolutely silent operation ~ 0SPL

(Sound Pressure Level)
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PHYSICAL CHARACTERISTICS

Intel's Flash Drive has one surface-mount circuit
board. Dimensions and physical characteristics are
industry-standard PCMCIA and 68-pin IDE-ATA
disk drive compatible.

RELIABILITY

Non-Recoverable Error Rate

Minimum error rate is 1 error per 10'* bit-reads with:

retries and error correction enabled (typically 1
error in 10'7). Correctable defects are not included.

Mean Time Between Failures (MTBF)

Mean time between failure (MTBF) estimates the
time between physical repair or faulty-part
replacement to restore a unit to full functionality. It
is the reciprocal of failure rate during useful life,
when failures are random and the failure-
occurrence rate is constant. Flash drive MTBF
calculations incorporate flash cycling to give a
clearer comparison to magnetic hard disk drives.

MTBF conditions:
Environment: (TA=25°C)

25KB write every 5 minutes over 250,000 hours
on 10-Mbyte drive.

Error Correction

The 32-bit error correctioh code can correct one
error burst (8 bits maximum) per 512-byte sector.

Preventive Maintenance

No preventive maintenance is required.

LOW-POWER APPLICATIONS

The flash drive's low-power modes make it ideal for
battery-based applications.

e Self-initiated deep power-down mode places
non-critical circuitry, including the flash array and
programming power unit, into a power-down
mode (which is transparent to the host) when the

"Specification for detailed information.

" ]

intgl.
drive detects no activity. The drive pbwers up
and responds to a host command within 10 ms.

e Idle or standby ‘commands initiate Idle or

Standby modes. If requested by the host, the
drive places itself in idle mode for about 1.5

- seconds. If no activity is detected, it transitions
to standby mode, which is identical to its sleep
mode (or deep power-down mode). The drive
wakes upon receiving any command.

"« Host-initiated Sleep mode places all flash drive

circuitry in a power-down state when the host
executes a set sleep mode command. = A
hardware or software reset brings the drive out of
sleep mode.

PCMCIA-STANDARD COMPATIBILITY

Intel's Flash Drive is compatible with PCMCIA PC
Card Standard, Release 2.1. To obtain this
specification, write to:

PCMCIA
1030G East Duane Avenue
Sunnyvale, Ca 94086

Tel: (408) 720-0107

Fax: (408) 720-9416

ATA-STANDARD & COMPATIBILITY

The flash drive is compatible with the "AT- -
Attachment Interface for Disk Drives" draft proposal

Revision 4A. See the internal working document

X3T9.2, a Task Group of Accredited Standards

Committee X3 of the American National Standard

for Information Systems and the AT Attachment

To obtain

this specification, write to:

AT-Attachment Document Distribution
Global Engineering

15 Inverness Way East

Englewood, Co. 80112-5704

Tel: (800) 854-7179 or (303)792-2181
Fax: (303) 792-2192

Flash Drive Physical Dimensions

Figure 2 shows the drive's 68-pin PCMCIA Type-2
memory-card case dimensions.

ABDVANGE INFORMATION I
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CONFIGURATIONS | PCMCIA-ATA Modes
The flash drive has five addressing configurations ~ ® Memory Mode (2-KByte contiguous memory
that allow system designers to tailor hardware and space) b
software for system requirements.  These  * Independent /O (16 contiguous I/O addresses)
- configurations, described later, are: o Primary Drive Address (1F0-1F7, 3F6 & 3F7) i

. o Secondary Drive Address (170-177, 376 & 377).
1.8" AT-Attachment (IDE) Mode

* 68-pin IDE-ATA disk drive emulation.

ié
l
1.60 10.0
"' (:083) 1(039) (:394)
I = )
wleer | 1 | _ (7 3)
88 3.0 )
&3 (.118) x m
23 < o
B b= <
22 ' / (&} w
53 54.0 w =
/ 8 \ (2126) & Z &
o |38] < 5 8 B ~
8 [l 8 2 | x > Surface A “
Ele | zlE||® % “
@ (i3} @ ° 1 Z J
#3s| (33 |m - )
4 1.00 130 1o.o| | |
(:039) (039) (.394) 85.60
(3.370)
5.00
(.196)
330 4 -t = , ~—
(-130) 1 = - —
NOTE: (Inches in parenthesis) ‘ PENCIADSAYVE

Figure 2. Flash Drive Dimensions

\
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Table 1. Flash Drive Pinout

Pin| PCMCIA || PCMCIA- | IDE-ATA | Notes: Pin| PCMCIA PCMCIA- | IDE-ATA |Notes

Memory, 1/0 ATA Mode - Memory, 1/0 ATA Mode | -
Signal’ Mode : : Signal Mode o

1] GND GND GND 35| GND " GND GND

2 ‘Da Da HD3 |36 CD1# CD1# GND 4

3 D4 D4 HD4 37 D11 - Dn ~ HD11

4 Ds "Ds HDs ' 38 D12 D12 HD12

5 . De Ds HDs 30 D13 D13 HD13

6 D7 D7 HD7 40 D14 D14 HD14

7 CE1# CE1# HCSO# 411 Dis D1s HD1s

8 A10 A10 N.U. 2 42 CE2# CE2# HCS1#

9 OE# OE# IDE_DET#| 6 43 | RFSH# ‘N.C. N.C. 1

10 A11 N.C. N.C. 1 144 IORD# IORD# HIOR#

11 A9 Ag N.U. 2 45 | IOWR# IOWR# | HIOWR#

12 As As N.U. 2 46 A17 N.C. NC. | 1

13 A13 N.C. N.C. 1 47 Ats N.C. N.C. 1

4]  Aun N.C. N.C. 1 48 A1g N.C. N.C. 1

15 | WE#/PGM# WE# N.C. 1 49 A20 N.C. N.C. 1.

16 | RDY/BSY#/ || RDY/BSY#/| HIRQ 5 | 50 A2 N.C. NC. - 1

' IREQ# | IREQ# 51| - Vee Vee Vee ’

17 Vce Vce Vce 52 VpPpP2 N.C. N.C. 1

18 VrP1 N.C. N.C. 1 53 Az2 N.C." N.C. 1

19 A1s N.C: N.C. 1 54 Az23 N.C. N.C. 1

20 A1s N.C. N.C. 1 55 A2 N.C. N.C. 1.

21 ‘A2 N.C. N.C. 1 56 Azs N.C. N.C. 1

22 A7 A7 N.U. 2 57 | Reserved. N.C. N.C. 1.

23 As As N.U. 2 58 | RESET RESET HRST# 5

24 As As - N.U. 2 59 WAIT# WAIT# D.U. 3

25 A4 " Ag N.U. 2 60 | INPACK# || INPACK# | HDREQ

26 A3 A3 " N.U. 2 61 REG# REG# HDACK#

27 A2 A2 HA2 62| BVD2 Pullup HDASP#

28| - A1 A1 HA1 63| BVD1/ || STSCHG# |HPDIAG#

29 Ao Ao HAo STSCHG# : :

30 Do Do HDo 64 " Ds Ds HDs

31 D1 D1 HD1 ‘165 Do D9 HDe

32: D2 . - D2 HD2 166 D1o - D10 HD1o

33 [WP/IOIS16#||WP/I0IS16#| HIO16#. | 67 CD2# CD2# GND 4

34|  GND . GND GND 68 GND GND GND

Notes: 4. CD1# and CD2# are internally pulled low with 470 ohm

1. N.C. = Not connected internally. ‘
2. N.U. = Not Used. Connected internally but not used in

specified mode. )
3. D.U. = Don't Use in specified mode; internally driven.

7-6

resistors. .
5. PCMCIA-ATA RESET and IREQ# polarities are -
. inverted to form HRST# and HIRQ in IDE-ATA mode.
6. IDE-ATA sockets ground this signal. This signal is
used during reset to determine PCMCIA-ATA or IDE-
ATA configuration. .

APDVANGE INFORMATION I
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Table 2. Flash Drive Pin Description

Symbol Pin Direction | Description
GND 1,34,35, Ground between the host and drive.
68
Do-15 2-6,30- 1/10 PCMCIA-ATA mode: 16-bit bi-directional data bus between the
32,37-41, host and drive.
HDo-15 64-66 IDE-ATA mode: Register and ECC accesses use Do7. Data
transfers use Do-15.
CE1# 7 | PCMCIA-ATA mode: Card Enable 1 enables even data bytes on
’ Do-7 (see table 3 for detailed description).
HCSO0# IDE-ATA mode: IDE-ATA Host Chip Select 0 accesses
command block registers.
Ao-24 8, | PCMCIA-ATA Mode: Addresses Aoc-10 access data and registers
10-14, depending on the memory or I/0O mode chosen by the host (see
19-29, table 3). Addresses A11-24 are not used.
HAo-3 46-50, IDE-ATA mode: Only addresses Ao-2 are used (see table 3).
53-56
OE# 9 l PCMCIA-ATA mode: Output Enable used to read attribute- and
memory-mode data onto Do-15.
IDE_DET# IDE-ATA mode: Detects IDE-ATA mode when extemally
grounded during reset (see table 3).
WE# 15 | PCMCIA-ATA mode: Active-low Write Enable used to write
attribute- and memory-mode data that is on Do-15.
, IDE-ATA mode: Not used.
RDY/BSY# 16 (0] PCMCIA-ATA mode: Indicates internally timed activities status
: Drive can accept host accesses when high.
HIRQ IDE-ATA mode: Host enables Interrupt Request only when drive
is selected and the host activates the Digital Output register's
IEN#. HIRQ (a three-state pin) is high-Z when IEN# is inactive or
the drive is not selected. HIRQ is set when the drive's CPU sets
IRQ. HIRQ resets during Status register read or Command
register write. '
Vce 17, 51 | +5 Volt DC supply to the drive.
Vep1,VPP2 18, 52 N.C. +12 Volt DC programming supply is not required.
WP/IOIS16# 33 (0] PCMCIA-ATA mode: Held low after the reset initialization
sequence (Write Protect is not supported).
HIO16# IDE-ATA mode: Host I/O 16 tells the host that the data register
was accessed and the drive can send/receive 16-bit data.
HIO16# is a three-state pin,
CD1#, CD2#| 36,67 (0] - Card Detect pins, internally pulled low with 220Q resistors, allow
the host to determine that the drive is fully inserted in the socket.
CE2# 42 | PCMCIA-ATA mode: Card Enable 2 enables odd data bytes on
Ds-15 (see table 3).
HCS1# IDE-ATA mode: Host Chip Select 1 selects drive control block
) registers.
RFSH# 43 N.C.. Not used.

I ADVANGE INFORMATION : 1 ‘ 7.7
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) Table 2. Flash Drive Pin Description (Continued)

‘Symbol Pin Direction | Description

|IORD# 44 | - PCMCIA-ATA mode: Active-low |/O Read gates data onto Do 15
_during 1/0-mode accesses.

HIOR# IDE-ATA mode: Host I/O Read enables drive register data onto
HDo-15. The host latches drive data on HIOR#'s rising edge.

I/OWR# 45 N PCMCIA-ATA mode: ‘Active-low /O Write gates data from Do-15
during |/O-mode accesses.

HIOW## IDE-ATA mode: Host I/O Write's rising edge strobes data lnto a

: . drive register.

Reserved 57 N.C. Reserved. .

RESET 58 | PCMCIA-ATA mode At power-on or hardware reset, this active- |

: ) high signal resets all drive registers.

HRST# IDE-ATA mode: At power-on or hardware reset, this active-low

‘ signal resets all drive registers.
WAIT# 59 (0] PCMCIA-ATA mode: The drive's WAIT# signals the host that the
‘ ‘, in-progress memory or |/O cycle is not complete.

IDE-ATA mode: Do not connect.

INPACK# 60 (0] PCMCIA-ATA mode: When, selected, the drive asserts Input

: |_Acknowledge while responding to an |/O.read cycle.

HDREQ IDE-ATA mode: Host DMA Request is not supported.

REG# 61 | 'PCMCIA-ATA mode: Common memory is accessed when high.
Attribute memory and ATA registers are accessed when low.

HDACK# IDE-ATA mode: HDACK# is not supported.

BvVD2 62 O .| PCMCIA-ATA mode: 10K Pullup to Vcc.

HDASP# ‘ IDE-ATA mode: Drive-Active/Second-Present drives an LED

R ~when the disk is accessed. This open-drain output is pulled up
: with a 10K-ohm resistor. ]

BVD1/ 63 l{e] PCMCIA-ATA mode: Notifies the host of RDY/BSY# and Write

STSCHG# Protect state changes.

HPDIAGH# IDE-ATA mode: In- slave mode (not supported), Passed

| master mode, it is an input.

Diagnostics (low) tells a master that dlagnostlcs was passed. In

*Note: All pin dlrectlons are referenced to the drive.

ADVANGE INEFORMATION I |
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Table 3. Data Access Mode Truth Table

COMMON MEMORY PLANE )
Function ADDR | R/W |REG#| CE2# | CE1# | OE# | WE# IORD#IOWR# Dis-8 D7-0
Standby Ao=X! X H H X X X X High-Z High-Z g
Byte Ao=L |Read| H H L L|HI|H H | High-Z |Even-Byte
Ao=H H H L L H H H High-Z | Odd-Byte 3
Odd-Byte Ao=X H L -] H [ L H H H | Odd-Byte | High-Z
Word Ao=X "H L L L H H H | Odd-Byte |Even-Byte
Byte : Ao=L [Write| H H L H L.l H H X Even-Byte
v Ao=H H H L H L H H X QOdd-Byte
Odd-Byte Ao=X H L H H L H H | Odd-Byte X
Word Ao=X H L L H L H H | Odd-Byte |Even-Byte
ATTRIBUTE MEMORY PLANE « .
Standby Ao=X X H H X X X X High-Z High-Z
Byte Ao=L |Read| L H L L.l H H H High-Z |Even-Byte
Ao=H L H L L H H | H High-Z Invalid
Qdd-Byte Ao=X L L H L H H H Invalid High-Z .
Word Ao=X L L L L H H H Invalid |Even-Byte i
Byte A Ao=L | Write| L H L H | L H H X Even-Byte
Ao=H . L H L H L H H X Invalid
Odd-Byte Ao=X L L H H L H H Invalid X
Word Ao=X L L L H L H H Invalid |Even-Byte
IDE-ATA MODE (Primary = 1F0-1F7, 3F6-3F7; Secondary = 170-177, 376-377)*
No Operation X X H H X | X X X High-Z | High-Z ﬁ
Invalid X H L L | L X X | X Invalid | Invalid ;
Data 0 Read | H H L L {H L H _|Data High | Data Low :
N Wrte| H | H L L{H]| H L {Data High] Data Low ;
Error 1 Read| H H L L H L H Invalid Error (*-
Set Feature Write | H H L L |H H L invalid | Feature
Sector Count 2 Read | H H L L | H L H Invalid .| Sect. Cnt.
; Write | H H L L H{ H L Invalid |Sect. Cnt.
Sector Number 3 Read | H H L L H L H. Invalid | Sect. No.
: Write | H H L L H H L Invalid [ Sect. No.
Cylinder Low 4 Read | H H L L | H L H invalid | Cyl. Low
Write| H H L L' | H H L Invalid | Cyl. Low
Cylinder High "5 Read| H H L L H L H Invalid | Cyl. High |
1 ‘ | Write| H H L L H H L Invalid | Cyl. High |
Drive/Head . 6 Read || H H L L | H L. H Invalid | Drv/Hd
Write| H H L L H}| H |} L Invalid Drv/Hd
Status 7 Read| H H L L H L H Invalid Status
Command Write| H H L L |H H L Invalid |Command
Invalid 0-5 H L H L] X X | X Invalid | - Invalid
Alternate Status 6 Read| H L H L H L H Invalid = |Alt. Status
Drive Control Write| H L H L H H L Invalid Control
- Drive Address 7 Read{ H L H L H L -H Invalid | Drv. Add.
Write | H L H L H H L Invalid | Not Used
[AB!]@(E INFORMATION , , 7-9
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Table 3. Data Access Mode Truth Table (Continued)

PCMCIA-ATA MODE (Independent /O address = xx0-xxF)?

Function ADDR | R/W [REG#| CE2# | CE1# | OE# | WE# IORD#IIOWR#I D15-8 D7-0
No Operation X X H H X X X X High-Z High-Z
' H X X X | X X X High-Z High-Z
‘Data - 0 |[Read| L | L L JH]IH] L H__|Data High | Data Low
Write| L L L H H H L | Data High| Data Low
Error - 1 Read L H | L H H L H Invalid Error
L L H, H H L | H Error Invalid
Set Feature Write L "H L H | H H L Invalid Feature
1L L H{H|HI|H L | Feature |  Invalid
Sector Count 2 Read | L X L H H L H Invalid |{Sect. Cnt.
Write L X L H H H L Invalid | Sect. Cnt.
Sector Number | 3 Read | L H L H H L H Invalid | Sect. No.
o L L H H H L ] H [Sect No.| Invalid
Write| L | H L H H H L Invalid | Sect. No. |
) L L H H{iH]|H L | Sect. No. | - Invalid
Cylinder Low 4 Read | L | X L {H]|H L H Invalid | Cyl. Low
Write L X L H H | H L Invalid | Cyl. Low
Cylinder High 5 Read | L H L |HI|H L H | Invalid | Cyl. High |
L L H H H L |- H |CylHigh| Invalid
‘ Write | L H L | H H H L Invalid | Cyl. High |
‘ . |l L L H H H H L | Cyl. High [ Invalid
Drive/Head 6 Read | L X L H | H L H Invalid Drv/Hd
L Write| L | X L H H H L Invalid Drv/Hd
Status 7 Read| L H L H H L H Invalid | Status
: L L H H H L H Status Invalid
Command Write L H L H H H L Invalid {Command
L L H: H H{'H - L |Command| Invalid
Data (duplicate) 8 Read | 'L X L H H L H _Invalid | Data Low
(see note 6) Write | L X L H H H | L Invalid | Data Low
9 Read | L H L H H L H Invalid | Data High|
‘ L L H | H]H L H |DataHigh| Invalid
Write L H L H H H L Invalid | Data High
» L L] H H | H H L Data High| Invalid
Invalid A-C L X X X X X | X Invalid Invalid
Error (duplicate)) D Read L H- L H H L H Invalid _Error
Ll L | H H|H L H Error Invalid
Write L H L H H H L Invalid Feature
L L H H|H H L Feature | Invalid |
Alternate Statusi E Read| L X | L H|H L H Invalid _|Alt. Status
Drive Control ' Write | L X L H H H L Invalid | Control
Drive Address F Read L H L | H H L H Invalid | Drv. Add.
' ‘ L. L H | H H L H | Drv. Add. | Invalid
Write | L H 1l L IHIH]HT]TL Invalid | Not Used
L L H H H H L | NotUsed| Invalid
7-10
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Table 3. Data Access Mode Truth Table (Continued)
PCMCIA-ATA MODE (Independent Memory address = 000-00F, 400-7FF)*

Function ADDR | R'W [REG#| cE2# | CE1# | OE# | WE# |IORD#/IOWR# D158 D70 !
No Operation X High-z | High-Z ;
High-Z High-Z 3
Data 000 | Read Data High | Data Low ‘
Write _| Data High | Data Low ;
Error 001 Read Invalid Error 3
Error Invalid
Set Feature . Write Invalid Feature

Feature Invalid
Invalid |Sect. Cnt.
Invalid | Sect. Cnt.
Invalid | Sect. No.
Sect. No. | Invalid
Invalid | Sect. No.
Sect. No. | Invalid
Invalid | Cyl. Low
Invalid | Cyl. Low

Sector Count 002 Read
. Write
Sector Number | 003 Read

Write

Cylinder Low 004 | Read
Write

Cylinder High 005 | Read Invalid | Cyl. High
Cyl. High | Invalid
Write' Invalid | Cyl. High
Cyl. High | Invalid ;
Drive/Head 006 | Read _Invalid | Drv/Hd i
v . Write Invalid | Drv/Hd :
Status 007 | Read Invalid Status :
Status Invalid
Command , Write Invalid _|Command :
Command| Invalid ‘
Data (duplicate)] 008 | Read Invalid | Data Low |
(see note 6) Write Invalid . | Data Low
009 Read Invalid | Data High
' Data High| Invalid
Write Invalid | Data High|
. ' Data High| Invalid
Invalid ___|ooA-00C Invalid Invalid

| Error-(duplicate)) 00D | Read ._Invalid Error
Error Invalid
Invalid Feature
Feature Invalid
. Invalid |Alt. Status
Invalid Control
Invalid | Drv. Add.
Drv. Add. | Invalid
Invalid | Not Used
Not Used | Invalid
Data High | Data Low
Data High | Data Low

Write

Alternate Status| OOE Read
Drive Control Write
Drive Address 00F Read

Write

Data (duplicate)| 400-7FF | Read .
(see note 7) Write

IIIIIIIIIIIIII‘.:EIIII-IIIIIIIIIIIIIIIIIIIIIIIII‘X
I_I-I'"Il—IXXT"II—I><l-IF‘:><><I—II"‘I><XFIF‘IX'XI‘II‘IXXI"II‘II"PXI
I—I"II—II—I"I"II"IF'XII-Ir"l“l"Il‘IIfl‘FIF‘IF‘F‘I‘IFII‘I‘I‘II"I!‘I‘I‘XI
II—‘I‘II—I"Il_III-I"XIII"I"II"III‘I-II"III_T‘II—IIl"r‘II"‘IIl_l_~II—><><
I—Ir'r‘IIr—Il-r‘IIXI—r'III—Ir‘r‘III—Ir\‘l‘IIl—v];l—r‘IIl‘Il—l-IIr'Ixx
IIIIIIIIIIIIXIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIXX
IiIIIIIIIIII*IIIiIIIIIIIIIIIIIIIIIIIIIIIIIIX*
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" Table3. Data Access Mode Truth Table (Continued)

PCMCIA-ATA MODE (Primary address = 1F0-1 F7, 3F6-3F7; Secondary address = 170-177, 37(5-377)5

‘ Set Feature Write

Function | AppR | R'W [REG#] CE2# [ CE1# | OE# | WE#|IORD#|IOWR# D158 D7-0
No Operation | - X ) High-Z | High-Z
1 High-Z | High-Z
Data '~ | 1F0/170 | Read Data High | Data Low
‘ ‘ Write Data High | Data Low
Error : 1F1/171 | Read Invalid Error
: Error ‘Invalid
Invalid Feature

Feature Invalid

Sector Count | 1F2/172 | Read

Invalid | Sect. Cnt. |

Write

Invalid [Sect. Cnt.

Sector Number | 1F3/173 | Read

Invalid | Sect. No.

Sect. No. | Invalid

Write

Invalid | Sect. No.

‘| Sect. No. | Invalid

Invalid | Cyl. Low

Cylinder Low | 1F4/174 | Read
: Write

Invalid | Cyl. Low |.

Cylinder High | 1F5/175 | Read

Invalid | Cyl. High

Cyl. High | Invalid

Write

Invalid | Cyl. High

Cyl. High | Invalid

Drive/Head 1F6/176 | Read

. Invalid Drv/Hd

Write | Invalid Drv/Hd

Status 1F7/177 | Read Invalid Status
_ Status | Invalid

Command Write Invalid |Command
|Command| Invalid.

Invalid 3F/370-5| RW Invalid | Invalid_
Alternate Status| 3F6/376.| Read invalid |Alt. Status
Drive Control Write Invalid Control

Drive -Address | 3F7/377 | Read

Invalid | Drv. Add.

Drv. Add. | Invalid

Write

Invalid | Not Used

[t Lol [l Ll [ [l (il (ol |l L Lol (sl { sl [l { ol |l Ll [l [l [l | ol Lol |l Lol [l [l Lol Ll [l Ll Ll o P
X XXX e X XXX e | X e XXX e | XX e [ XXX e | X e XX T e | X | T

:E‘l"‘II-I"'I"III‘II‘I"I‘IT‘Il—lv‘l—Il-Il"I-l"‘Il"'II"I—I-><I

iIIIIIXIIIIIIIIIIIIIIIIIIIIIIIIXX

x|zl x|z x|z x|z x|z | i e | e e e
iz |- |z |- x|z -l e Iz e e | e | e e e e e | e
rir|Zix|r|T|X|r ||| || e | T e | T | T | T e | T T T XX

Not Used | Invalid

NOTES:

1. X=don't care.

2. For AT-BIOS compatibility, a host adapter decodes

*  these I/O addresses. The flash drive decodes address
lines Ao-2.

3. The host must decode addresses A4-10 and provide
card enables CE1# and CE2# that place the drive on a
16-byte boundary. The drive decodes A0-3.

4. The host must decode addresses above A10 and
provide card enables CE1# and CE2# that place the

drive on a 2-Kbyte boundary. The drive decodes A0-10.

7-12

. The drive fully decodes these addresses usung

addresses A0-10.

. The drive operates in PCMCIA ATA 16-bit data mode.
~ Its auto-incrementing data register transfers a new data

word with each access. Accessing address 008
presents word X's low byte; accessing address 009
presents word X+1's high byte.

. In independent memory mode, each access to .
‘addresses 400-7FF present a new data-register word.

This allows sequential accesses of up to 1-Kbyte using
a single memory string-move instruction.

ADVANGE INFORMATION I
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PCMCIA FUNCTIONS

Attribute Memory Access

Attribute  memory, which contains the card
information structure (CIS), holds socket, card
identification, and configuration information. The
host reads this information by asserting REG#-low,
CE1#-low, CE2#-high, OE#-low, WE#-high and
even-numbered addresses (Ao=VIL) starting at
0000h. Table 3 shows PCMCIA signal levels for
accessing the attribute memory plane.

In addition to device, interface, features, and
manufacturer information, the CIS conveys
information about the drive's four PCMCIA-ATA
configurations: independent 1/0, independent
memory, primary, and secondary addressing
modes (described below).

The host picks one mode that fits its hardware and
software requirements. It writes the preferred
option's index number to the Configuration Option
register at card attribute memory address 200h.
The host can also read/write the Card Configuration
and Status, Pin Replacement, and Socket and
Copy registers at attribute memory addresses
202h, 204h, and 206h.

PCMCIA Card Configuration Registers
These read/write one-byte registers are located on

even-byte attribute-plane addresses to ensure
single-cycle access in both 8- and 16-bit systems.

Flash Drive iFDO05P2SA/iFD010P2SA

Available card status information allows arbitration
between resources that share interrupts and
memory-only-card status of pins 16, 33, 62, and 63.
Table 4 describes these registers.

CONFIGURATION OPTION REGISTER

The host uses the read/write Configuration Option
register to configure the drive for one of its four
PCMCIA-ATA addressing modes, establish the
interrupt signal mode, and issue a soft reset.

7 6 5 4 3 2 1 0
ISRSTiIRQLvIl Configuration Index J
SRST Resets the card when 1. When 0

(default), the card is unconfigured,
similar to the state following hardware
reset or power-on (which also reset
this bitto 0)
IRQLvI  Selects level mode interrupts when 1;
pulse mode interrupts when 0 (default)

Conf IDX The host chooses an option from the
card's configuration table tuples and
writes that option's Configuration Index
number into this field. When zero
(default), the memory-only interface is
chosen; I/O accesses are disabled.

Table 4. PCMCIA Card Configuration Registers Truth Table

| Register Add. Offset* | R/W | REGi# | CE2# | CE1# | OE# | WE#| D15-8 D7-0
Configuration Option 200h Read | L H L L H Invalid Option
Write L H L H L Invalid Option
Card Configuration and 202h Read | L H L L H Invalid Status
Status Write | L H L H L Invalid | Config. |
Pin Replacement 204h Read | L H L L H Invalid _|Pin Status
Write | L H L H L Invalid | Pin Status
Socket and Copy 206h - Read L H L L H Invalid | Socket ID
Write | L H L H L Invalid | Socket ID

Note. The host obtains the attribute-memory address offset from the Configuration Tuple's TPCC_RADR field when it reads -

the drive's CIS.

lM@E INEORMATION
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CARD CONFIGURATION  AND
REGISTER

STATUS

The read/write Card Configuration and Status
register contains card condition information.

7 6 5 4 3 2 k1 0
| chng [sigchg|10is8| 0 |Audio]PwrDn| Intr | 0 |

‘Chng  The Change bit indicates that a Pin
: Replacement register bit was set (1)
The host sets/resets the Signal
Changed bit to enable/disable a state-
change signal from the status register.
When set and the drive is configured
for 1/0, Chng controls pin 63 and is
called the Changed Status signal.
This bit should be 0 (BVD1/STSCHG#
“held high when configured for I/0) if no
state change signal is desired

SigChg

10is8 . This bit is ignored

~ Audio  Audio is not supported

Sétting PwrDn places the drive in
sleep mode. Host-initiated ATA task-
file-register commands can also invoke
low-power modes

. PwrDn

Intr This bit represents the interrupt
request's internal state. Its value is
available whether or not interrupts are
configured. It remains true until the
initiating-interrupt request is serviced.

PIN REPLACEMENT REGISTER -

The read/write Pin Replacement register provides
card status information that is otherwise provided
on memory-only interface pins 16, 33, 62, and 63.
When written, - bits 0-3 are masks for setting
- corresponding bits 4-7. s

7 6 5 4 3 2 1 0

CBvd [CBvd [Crdy/ |CWP |RBvd RBvd [Rrdy/ | RWP
1 2 |bsy# 1 2 |bsy#

377).

CBvd1,2 Set when written, otherwise zero

“7-14

it

Set when Rrdy/bsy# changes state

Crdy/
bsy#  or when written by the host
CWP  Set when written by the host,

otherwise zero

RBvd1‘,2 Cleared when written by the host, |
' otherwise set
RWP  Set when written by the host,
otherwise zero, since the flash drive
has no write protect switch.

SOCKET AND COPY REGISTER

The read/write Socket and Copy register allows the
drive to distinguish between similar drives at the
same address. The flash drive does not support
this feature. .

7 .6 5 4 3 2 1 0
| 0 | Copy Number Socket Number

Copy # The twin-card option is not supported.
These bits are ignored '

Socket # Thevsocket number is ignored.

Memory and 1/0 transfers can be either 8 or 16 bits .
wide. The card asserts I0IS16# when active I/O
addresses contain 16-bit data. The ATA data
register supports only 16-bit accesses. - All other
ATA task-file registers are 8-bit (see table 3 for
available modes). ,

IDE-ATA Mode

The host uses programmed /O to address the
drive. To access a desired register, the host
asserts the drive's address lines (HAo-2), a drive
select (HCSO# or HCS1#), and an 1/O read or write
strobe (HIOR# or HIOW#).

- The host generates two interface drive selects.

The high-order select, HCS1#, accesses registers
XX6 and XX7 (typically 3F6 and 3F7 or 376 and
The low order select, HCSO#, accesses
registers XX0-XX7 (typically 1FO-1F7 or 170-177)..

ABDVANCE INFORMATION I
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HI016# indicates to the host that data bus HD8-15 is
active when it accesses the data register. ECC
transfers occur on bits HDo-7 only during read- or
write-long operations.

PCMCIA-ATA Independent /O Mode

Once the host configures the socket for PCMCIA-
ATA independent I/O mode, it addresses the drive
using programmed 1/0O. To access a desired
register, the host asserts REG#, the drive's address
lines (Ao-3), card select(s) (CE1# and/or CE2#), and
an |/O read or write strobe (IORD# or IOWR#).

The host generates two card selects. The high-
order select, CS2#, accesses high-byte data or
odd-register contents onto data lines Ds-15. The
low-order select, CS1#, accesses low-byte data or
even-register contents onto data lines Do-7.
Asserting both card selects while accessing the
data register. places high-byte data-register
contents onto Ds-15 and low-byte data-register
contents onto Do7. The host must decode
addresses A4-10 to place the drive on a 16-byte I/O
boundary. The drive decodes addresses Ao-3 as
described in table 3.

101S16# indicates to the host that data bus Do-15 is
active when it accesses the data register. ECC
transfers occur on bits Do-7 only during read- or
write-long operations. '

PCMCIA-ATA Independent Memory
Mode

Once the host configures the socket for PCMCIA-
ATA independent memory mode, it uses memory
instructions and ‘a- memory window, within the
host's PCMCIA interface chip, to address the drive.
To access a desired register, the host de-asserts
REG#, asserts the drive's address lines (Ao-10),
. card select(s) (CE1# and/or CE2#), and a read or
write strobe (OE# or WE#).

The host generates two card selects. The high-
order select, CS2#, accesses high-byte data or
odd-register contents onto data lines Ds-1s. The
low-order select, CS1#, accesses low-byte data or
even-register contents onto data lines Do-7.
Asserting both card selects while accessing the
data register places high-byte data-register
contents onto Ds-15 and low-byte data-register

I ADVANGE INFORMATION
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contents onto Do-7. The host must decode
addresses above A1o to place the drive on a 2-
Kbyte . memory boundary. The drive decodes
addresses Ao-10 as described in table 3.

10IS16# indicates to the host that data bus Do-15 is
active when it accesses the data register. ECC
transfers occur on bits Do-7 only during read- or
write-long operations.

Primary or Secondary Address Mode
(1F0-1F7, 3F6,3F7 or 170-177, 376, 377)

Once the host configures the socket for PCMCIA-
ATA primary or secondary drive-address I/O mode,
it uses programmed I/O to address the drive. To
access a desired register, the host asserts REG#,
the drive's address lines (Ao-9), card select(s)
(CE1# and/or CE2#), and an |/O read or write
strobe (IORD# or IOWR#).

The host generates two card selects. The high-
order select, CS2#, accesses high-byte data or
odd-register contents onto data lines De-15. The
low-order select, CS1#, accesses low-byte data or
even-register contents onto data lines Do-7.
Asserting both card selects while accessing the
data register places high-byte data-register
contents onto De-15 and low-byte data-register
contents onto Do-7. The host must decode

' addresses above Ag to generate drive chip selects

when the primary (1F0-1F7, 3F6, and 3F7) or
secondary (170-177, 376, and 377) drive-address
range is selected. The drive decodes addresses
Ao-9 as described in table 3.

10IS16# indicates to the host that data bus Do-15 is
active when it accesses the data register. ECC
transfers occur on bits Do-7 only during read- or
write-long operations.

Table 3 defines all 1/0- and memory-mapped

register addresses and their functions. ATA
register descriptions follow.

7-15
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ATA FUNCTIONS
| Register De‘scriptie'n

In the following, unused read bits are "don't cares"
and unused write bits are zeros. The data register
is 16-bits wide; all others are 8-bits wide.

DATA REGISTER (READ/WRITE)

Data: block PIO (programmed
between the drive's data buffer and the host use
this 16-bit register. A format track command
transfers sector information through this register.

I/O) transfers .

F E D Cc - B A 9 8
D15 | D14 | D13 | D12| D11 | D10| D9 | D8
D7 | 06 | D5 { D4 | D3 | D2 | D1 | DO
7 6 5 4 3 2 1 ]
ERROR REGISTER (READ)

The Error register contains last drive-command- k

executed status or a diagnostic code. At any
command completion, except execute drive
diagnostic, the Error register's contents are valid
when the Status register's ERR is 1. It contains a

diagnostic .code (see table 6) following power-on,

reset, or execute drive diagnostic command.

7 6 5 ‘4 3 2. 1 0
[ BBK |UNC] Mc |IDNF]MCR]ABRTTONF| AMNF]

BBK  Bad Block mark detected in the
requested sector's ID field-
UNC Uncorrectable Data Error encountered -
MC Removable Media Changed; media
: access ability has changed -- not
supported
IDNF  Requested sector's ID-field Not Found
MCR | Media Change Request indicates that
the removable-media drive's latch has
changed, indicating that the user -
 wishes to remove the media -- not
supported ‘
7-16
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Dnve status error or aboﬂed mvalud‘

ABRT
command

TONF  Track 0 Not Found during a recallbrate
command

AMNF  Address Mark Not Fodnd after finding

the correct ID field. -
kUnu‘sed bits are zero.
WRITE PRECOMP REGISTER (WRITE)

This reglster previously set write precompensatlon
now it enables look-ahead reads

SECTOR COUNT REGISTER (READ/WRITE)

This register contains.the number of data sectors to -
be transferred during a read or write operation. - A
zero register value specifies 256 -sectors.- The
command was successful if this register is zero at .
command completion. - If the request is not
completed, the register contains the number of
sectors left to be transferred.

Some commands (e.g. initialize drive parameters or
format trgck) may redefine this register's contents.

6 5 4 3 2 1 0

7
sc7]sce|scs|sca|sca|sc2|sct] sco |

SECTOR NUMBER REGISTER (READ/WRITE)

In CHS (cylinder, head, sector) mode, this register
contains the subsequent command's starting sector
number. The sector number can be from 1 to the
maximum number of sectors per track: See the
command descriptions for register contents at
command. completion (whether successful or .

" unsuccessful).

:in LBA (logical block address)- mode, this register

contains LBA bits 0-7. It reflects updated LBA bits
0-7 at command completlon

7 6 ‘5 4 .3 2 1 )
['sn7 | sne | sns [ sna | sna | sna2 | st | sno |

J
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CYLINDER LOW REGISTER (READ/WRITE)

In CHS mode, this register contains the current
cylinder number's low-order 8 bits at any disk
access start or at command completion.

in LBA mode, this register contains_ LBA bits 8-15
and reflects their status at command completion.

7 -6 5 4 3 2 1 0

Flash Drive iFDO05P2SA/iFDO10P2SA

STATUS REGISTER (READ)

This register contains drive status, which is updated
at each command's completion. When BSY is
cleared, register bits are valid within 400 nsec. If
set, no other Status register bits are valid. A host
read, while interrupt is pending, constitutes interrupt
acknowledge which clears any pending interrupt.

7 6 5 4 3 2 1 0

ezl cie|cus|clalcafcle| c1| cro |

CYLINDER HIGH REGISTER (READ/WRITE)

In CHS mode, this register contains the current
cylinder number's high-order 8 bits at any disk
access start or at command completion.

in LBA mode, this register contains LBA bits 16-23
and reflects their status at command completion.

7 6 5 4 3 2 1 0
{cHz | cHe | cHs | cHa | cHa | ez | cHt | cHo |

DRIVE/HEAD REGISTER (READ/WRITE)

This register contains the drive and head numbers
(heads minus 1, when executing an initialize drive
parameters command).

7 6 5 4 3 2 1 o]
L 1] L] 1 |orv]|Hs3|Hs2]|Hs1|Hso]

L ~ Address mode select. 0=CHS
(cylinder, head, sector) mode; 1=LBA
(logical block address) mode

DRV  Binary drive select number; DRV=0
selects drive 0, DRV=1 is ignored (on
HDDs this bit selects drive 1)

HS3-0  If L=0: HS3-0 is the selected head's
binary coded address (e.g. if HS3-0 is
0011b, head 3 is selected). At
command completion, these bits
reflect the currently selected head

If L=1: HS3-0 contain LBA bits 24-27

and reflect their status at command
- completion.

I ADVANGE INFORMATION

| 8sy [proY | pwr| psc|pra[corr]|ipx| ERR]

- BSY The drive can access command block

registers (the host should not access

them) when set; any command block
register read returns the Status
register contents. The drive sets BSY:

within 400 nsec after HRST# negation
or after setting the Device Control
register's SRST. Following reset, the
drive sets BSY for up to 31 seconds

within 400 nsec of host command:
read, read long, read buffer, seek,
recalibrate, read verify, initialize drive
parameters, identify drive, execute
drive diagnostic :

within 5 psecs after a 512 byte write,
format track, or write buffer command
or data-plus-ECC write long command

DRDY Drive Ready indicates that the drive
can respond to a command. On error,
DRDY changes only after the host
reads the Status register; the bit again
indicates drive readiness. Power-on
clears this bit; it remains clear until the
drive can accept a command:

DWF Drive Write Fault status. On error, it
changes only after the host reads the
Status register; the bit again indicates
the current write fault status

DSC  Drive Seek Compiete indicates that the
requested sector was found. On error,
it changes only after a host Status
register read; the bit again indicates
the current seek complete status

7-17
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DRQ

Data Request indicates that the drive
.can transfer a data word or byte

CORR Indicates that a data error was
Corrected; transfer is not terminated

IDX -Index is not used

ERR An Error occurred during fhe previous

command's execution. The Error
register indicates the error's cause.

COMMAND REG‘STER (WRITE) -

"Execution commences when this register receives
a host command. Table 5 lists executable
command codes and indicates valid parameters.

ALTERNATE STATUS REGISTER (READ)

This register contains command block Status
infomiat_ion (see Status register). Unlike reading
the Status register, reading this register does not
acknowledge or clear an interrupt.

7 6 5 4 3 2 1) o
| 8sy | oroY|owe| psc | Fra]corr]ipx|eRR]

DRIVE CONTROL REGISTER (WRITE)
This register contains two control bits:

7 6 . 5 4 3 2 '1‘ 0
L=l —1—T—T— [srstiens] —

SRST  Reset holds the drivé in reset. The
drive is enabled when cleared.
IEN# Controls Interrupt. Enable to the host

(three-state pin HIRQ) when the drive
is selected. When inactive (1) or drive
not - selected, HIRQ is  high-Z
regardless of a pending interrupt.

DRIVE ADDRESS REGISTER (READ)

This register reflects the drive and its heads.-

7 ‘ 6 5 4 3 2 1 0
[High-Z| wTa# [Hs3#|Hs2#]Hs1#]Hso0#]Ds1#]Dso#]

7-18

intgl.

For floppy drive . address-space:
compatibility, bit 7 is not driven (it is
high-Z) when this register's address is
accessed. This allows a floppy-drive's -
disk-change bit to provide bit 7 data

High-Z

‘Write Gate bit is active during in-
progress disk writes

 WTGH

. HS3-0# Ones complement of the currently
selected head number. For example,
head 3 is selected if HS3-0 is 1100b

DS1# Drive Select 1 is low when drive 1 is

selected and active (not supported)

Drive Select 0 is low when drive 0 is
selected and active.

DSo#

AT-ATTACHMENT COMPATIBILITY

The flash drive is hardware and software
compatible with the IDE-AT-Attachment interface -
standard. It supports all mandatory, most optional,

- and several vendor unique commands.

The drive can operate in either CHS (cylinder,
head, sector) or LBA (logical block address) mode
on a by-command basis. Identify drive command
parameters indicate LBA mode compatibility. -

If the host selects LBA mode via the Drive/Head
register, Drive/Head bits 3-0, Sector Number, and
Cylinder-low and high registers contain the zero-
based LBA. In LBA mode, drive-sectors are

~ linearly mapped with LBAo at:

cylinder = 0, head = 0 secto; =1.

Regardless of host-set translation mode geometry,
a given sector's LBA address does not change:

LBA = [(cylinder * number-of-heads + heads) *
sectors/track] + sector-1.

- ATA Command Descriptions

Writing Command register codes and block-register
parameters issues commands. The drive responds
and executes a new command by aborting an in-
progress command, even if it can be completed.

ADVANGE F@RMATI@N o
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Table 5. Command Register Codes

Command Code (hex) Command Name Supported| FR | SC | SN | CY | DH f
10-1F Recalibrate v D

20 ' Read Sector(s) (w/ retry) (4 y y y y

21 Read Sector(s) (w/o retry) v y y y y

22 Read Long (w/ retry) v y y y y
23 Read Long (w/o retry) v yly|vyly ;
30 Write Sector(s) (W/ retry) v * y y y y i
31 Write Sector(s) (w/o retry) 4 * y y y y §
32 Write Long (W/ retry) v * y y Yy y

33 ) Write Long (W/o retry) v * y y y y

40 Read Verify Sector(s) (w/ retry) v y y y y

41 Read Verify Sector(s) (w/o retry) v y y y y

50 Format Track v * y y y

70-7F Seek v y y y

90 Execute Drive Diagnostic v D

91 Initialize Drive Parameters v y y

94 EO Standby Immediate 4 D

95 E1 Idle Immediate v D

96 E2 Standby v y D

97 E3 Idle v y D
98 E5 Check Power Mode v y D
99 E6 Set Sleep Mode v D

Cc4 Read Multiple 4 y y y y

C5 Write Multiple v * y y y !
c6 Set Multiple Mode v -y D

cs Read DMA (w/ retry) y y y y

c9 Read DMA (w/o retry) y y y | vy

CA Write DMA (w/ retry) y y y y

CB Write DMA (w/o retry) y y y y

E4 Read Buffer v D

E8 Write Buffer v D

EC Identify Drive v D

EF Set Features v y D

80-8F, 9A, C0-C3, FO-FF | Vendor Unique

CY = Cylinder Registers FR = Features Register (see command descriptions)

DH = Drive/Head Register y
SC = Sector Count Register D
SN = Sector Number Register

Register has a valid parameter.
Only the drive, not the head, parameter is valid. [
Maintained for compatibility i

*
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RECALIBRATE, 1X

Recalibrate completes and returns status.

" READ SECTOR(S), 20 OR 21

This command reads from 1 to 256 sectors as
specified in the Sector Count register; a sector
count of 0 requests 256 sectors. The Sector

Number register specifies the beginning sector.

DRQ is always set prior to data transfer, even in the
presence of an error condition.

If an error occurs, read terminates at the erred
sector. The sector buffer retains flawed data.

At command completion, command block registers

contain the last-read sector's cyllnder head, and:

sector numbers (or LBA).

READ LONG, 22 OR 23

The read long command is similar to the read -

sectors command but returns the desired sector's
data field and ECC bytes (8-bits wide). During a
read long command, the drive does not check the
ECC bytes to determine data errors. Only single-
sector read long operations are supported.

WRITE SECTOR(S), 30 OR 31

This command writes from 1 to 256 sectors as

specified in the Sector Count register beginning at
the specified sector; a sector count of 0 transfers
256 sectors. The Sector Number register specifies
the beginning sector. Buffer data followed by ECC
bytes are written to the sector's data field.

If an error occurs during a multiple sector write,
writing terminates at the erred sector. The host
may read the command block to discern the error
and erred sector. - See the Error Posting section for
Error and Status register contents.

At command completion, command block registers

contain the last written sector's cylinder, head, and
sector number (or LBA).

7-20
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~ WRITE LONG, 32 OR 33

This command is similar to the write sectors
command but writes data and ECC bytes directly
from the sector buffer; the drive does not generate
Only single sector write long .
operations are supported.

READ VERIFY SECTOR(S), 40 OR 41

This command, identical to the read sectors

~command, transfers no data and resets DRQ.

When the requested sectors are verified, the drive

_ clears BSY and generates an interrupt.

If an error occurs, verify terminates at the erred
sector. The Sector Count register contains the
number of unverified sectors. .

Upon - command completion, command block
registers contain the last verified sector's cylinder,
head, and sector number (or LBA).

FORMAT TRACK; 50

This command marks ‘a track's sectors as
"deleted." The next time a reclamation procedure
is invoked, these sectors are returned to the
avanlable flash- -memory pool.

Cylinder High and Cylinder Low registers specify -
the track address (or LBA). = The Sector Count

register specifies the number of sectors. When the

command is accepted, the drive sets DRQ and

waits for-the host to fill the sector buffer. The

sector buffer's contents are not written to the media

and are, in fact, ignored. The drive then clears

DRQ, sets BSY, and begins command execution.

SEEK, 7X

This command completes and |mmed|ately returns
successful seek status.

EXECUTE DRIVE DIAGNOSTIC, 90

This command performs internal self-diagnostic
tests. The drive posts its diagnostic results, clears
BSY, generates an interrupt, and loads its Error
register's status code. Table 6 shows 8-bit Error
register diagnostic codes.

ADVANGE INFORMATION I '



intel.

Table 6: Diagnostic Codes

Code | Description

01h | No error detected

02h | Formatter device error

03h | Sector buffer error

04h | ECC circuitry error

05h | Controlling microprocessor error

8xh | Drive 1 failed (not used)

INITIALIZE DRIVE PARAMETERS, 91

This command sets the sectors per. track (Sector
Count register) and the number of heads (minus 1)
per cylinder (Drive/Head register). Upon command
receipt, the drive sets BSY, saves the parameters,
clears BSY, and generates an interrupt.

This command does not check sector-count and
head-value validity. If invalid, no error is posted
until another command makes an illegal access.

STANDBY IMMEDIATE, 94 OR EO

This command places the drive in standby mode.
The drive sets the interrupt before completing the
standby mode transition. If the drive is already in
standby, the standby sequence is not re-executed.

IDLE IMMEDIATE, 95 OR E1

At this command, the drive sets BSY, enters idle
mode, clears BSY, and generates an interrupt
(even if it has not fully transitioned to idle mode).

STANDBY, 96 OR E2

This command places the drive in standby mode.
The drive sets the interrupt before transitioning to
standby mode. If the drive is already in standby
mode, the standby sequence is not re-executed.

A non-zero Sector Count register value enables the

-automatic power down sequence and begins timer
count-down when the drive returns to idie mode. If
the Sector Count register is zero, the automatic
power-down sequence is disabled.

IDLE, 97 OR E3
Idle causes the drive to set BSY, enter idle mode,

clear BSY, and generate an interrupt (even if the
drive has not fully transitioned to idle mode). The

o F@RIVIATI@N
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spinup sequence is not executed if the drive is
already active.

If the Sector Count register is non-zero then the
automatic power-down sequence is enabled and
the timer immediately begins counting down. |If the
Sector Count register is zero, the automatic power-
down sequence is disabled.

CHECK POWER MODE, 98 OR E5

This command checks the power mode. If the drive
is in, going to, or recovering from standby mode, it:

sets BSY

resets (00h) the Sector Count register
clears BSY

generates an interrupt.

o o o o

If it is in idle mode, the drive:

sets BSY )

sets the Sector Count register to FFh
clears BSY

generates an interrupt.

SET SLEEP MODE, 99 OR E6

This command places the drive in sleep mode. The
drive powers down all internal circuitry, clears BSY,
generates an interrupt, and deactivates the
interface. If the drive is already asleep, the sleep
sequence is not re-executed.

A drive does not self-power-on or remain in sleep
mode following host reset. Power-on, hardware
reset, or host-issued software reset are the only
exit from sleep mode.

A

READ MULTIPLE, C4

The read multiple command is similar to the read
sectors command. An interrupt is not generated by
every sector but by a block transfer. The set
multiple mode command, which must be executed
prior to the read multiple command, determines the

sector block count to be transferred without

intervening interrupts. DRQ qualification is required
only at the data block's start, not at each sector.

The Sector Count register contains the number of
sectors requested (not the number of blocks or the

7-21
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block count). ' If a non-even block count is
requested, all possible full blocks are transferred
followed by a partial block; remainder of (sector
count / block count).

The read multiple command is - rejected with an °

aborted-command error if it is executed before a
set multiple mode command or if read multiple
commands are disabled.

Disk errors encountered during read multiple
commands-are posted at the beginning of a block
. or partial block transfer. DRQ is still set and the
data, including corrupted-data, transfers normally.

Command block . register contents are undefined
following a sector-in-error data block transfer. The
host should retry the transfer as individual requests
to obtain error information.

“Subsequent or partial blocks are transferred only if
the data-error was correctable. Other errors stop
the command after transferring the error-containing
block. . Interrupts are generated when the beginning
of each block or partial block transfer sets DRQ.

WRITE MULTIPLE, C5 ~

This command is similar to the write sectors
command. The drive sets BSY within 400 nsec
after the command. Interrupts don't occur after
each sector transfer but after a block transfer. The
set multiple. command executed prior to the write
multiple command defines the number of sectors
transferred without intervening interrupts. - DRQ
transfer-qualification is required only at the data
+ block start, not at each sector.

The Sector Count register contains the number of
sectors requested (not the number of blocks or the
block count). If a non-even block count is
requested, all possible full blocks are transferred

followed by a partial block; remainder of (sector

count / block count).

The write 'multiple command is rejected with an

aborted-command error if it is executed before a

- set multiple mode command or if write multiple
commands are disabled.

Disk errors during write multiple commands are
posted after the attempted block or partial block
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disk write. The write multiple command ends with
the erred sector, even if it was in the middle of a
block; subsequent blocks “are not transferred.

Setting DRQ generates interrupts at the beglnmng
of each block or partial block.

Command block register contents are undefined
following a sector-in-error data block transfer. The
host should retry the transfer as individual requests
to obtain error information.

SET MULTIPLE MODE, C6

This command lets the drive perform . read- and
write-multiple operations. and establishes the
command block count. At the command, the drive
sets BSY and checks the Sector Count register.

The Sector Count register receives the sectors-per-
block number. The flash drive supports 2, 4, 8, and
16 sector block sizes.

If the Sector Count register value is valid and the
block count is supported, command execution is
enabled and subsequent read- and write-multiple
commands use this value. If a block count is not
supported or the Sector Count register contains 0,
an aborted-command error is posted, and read- and
write-multiple commands are disabled.

At power-on, or after hardware reset, read- and
write-multiple modes are disabled (default).

READ DMA, C8 OR C9

This command is not supported.

WRITE DMA, CA ORCB

This command is not supported.

READ BUFFER, E4

This command allows the host to read sector buffer
contents. When issued, the drive sets BSY, sets
the sector buffer for a read operation, sets DRQ,

clears.BSY, and generates an interrupt. The host
then reads up to 512 data bytes

The drive synchronizes write and read buffer

commands so sequential commands access. the
same 512 buffer bytes. .
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WRITE BUFFER, E8

This command allows the host to overwrite the
drive's sector buffer contents with any data pattern.
The drive synchronizes write and read buffer
commands so sequential commands access the
same 512 buffer bytes.

IDENTIFY DRIVE, EC

The identify drive command allows the host to
receive drive parameter information. When issued,
the drive sets BSY, transfers parameter information
in the sector buffer, sets DRQ, and generates an

Flash Drive iFDO05P2SA/iFD0O10P2SA

interrupt. The host then reads the sector buffer.
Table 7 defines arguments. and their meanings.
Reserved bits or words are zero.

SET FEATURES, EF

Contact Intel for set features command options.

Error Posting

Table 8 defines each command's valid errors. See
Error and Status register bit definitions.

Table 7. Identify Drive Arguments

Word! Bit | Description
0 General configuration bit-significant information:
15 1 = non-magnetic drive _
14 0 = format speed tolerance gap not required
13 0 = track offset option available
12 0 = data strobe offset option available
11 0 = rotational speed tolerance is > 0.5%
10 0 = disk transfer rate > 10 Mbs ]
9 1 = disk transfer rate > 5 Mbs but <= 10 Mbs
8 0 = disk transfer rate < 5 Mbs
7 0 = removable cartridge drive
6 1 = fixed drive
5 0 = spindle motor control option implemented
4 0 = head switch time > 15 psec
3 1 = not MFM encoded
2 1 = soft sectored
1 0 = hard sectored
0 0 = reserved
12 Number of cylinders in the default translation mode
3 Number of heads in the default translation mode
42 Number of unformatted bytes per track in the default translation mode
52 Number of unformatted bytes per sector in the default translation mode
62 Number of sectors per track in the default translation mode
10-19 Serial No. 20 ASCII chars, right justified, space padded (20h); 0000h=not specified
20° Buffer Type
0000h Not specified; 0004h-FFFFh Reserved
0001h Single port single sector buffer; no simultaneous host-disk transfer
0002h Dual port multi-sector buffer; simultaneous host-disk transfers
0003h Dual port multi-sector buffer; simultaneous transfers with read caching
21 Buffer size in 512-byte increments (0000h=not specified)

e T e
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Table 7. Identify Drive Arguments (continued)
Word! Bit | Description . ' .

2 . Number of ECC bytes passed on read/write long commands (0000h=not specified)
23-26 Firmware rev.; 8 ASCII chars, left justified, space padded (20h); 0000h=not specified
27-46 Model No. 40 ASCII chars, left justified, space padded (20h); 0000h=not specified

47 7-0 | Max read/write multiple sectors transferred/interrupt (00Oh=not allowed)

48 0000h = cannot perform doubleword 1/O; 0001h = can perform doubleword /O

49 15-10 | Capabilities; 0 = reserved

9 1 = LBA mode supported; 0 = CHS mode supported
8 1 = DMA supported; 0 = DMA not supported

514 15-8 | PIO data transfer cycle timing mode
52 15-8 | DMA data transfer cycle timing mode (not supported)
54 Number of current cylinders in the current translation mode
55 Number of current heads in the current translation mode
56 Number of current sectors-per-track in the current translation mode
57-58 Current sector capacity, excluding device-specific sectors, = words (54 * 55 * 56)
59 8 1 = Multiple sector setting, bits 7-0, is valid
7-0 | No. of sectors set to transfer per interrupt on read/write multiple commands
60-61 Total number of user addressable sectors if LBA mode is supported, CHS mode =0
62 15-8 | Single-word DMA transfer mode active, indicated by bits 7-0; (not supported)
7-0 | Single-word DMA transfer modes available; (not supported)
63 15-8 | Multi-word DMA transfer mode active, indicated by bits 7-0; (not supported)
7-0 | Multi-word DMA transfer modes available; (not supported) _
1. Words not listed are ATA or Intel reserved. 4. Each ATA device's transfer timing falls into unique
2. Initialize drive parameters does not affect words 1-6. parametric timing specification categories, determined
3. These codes, not typically used by an operating by comparing the cycle time specified in figure 7 with
system, are for diagnostic program initialization. ‘ bits 15-8. Mode 0 is the default timing.
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Table 8. Register Contents During Error Posting
Command : Error Register Status Register
BBK [ UNC | IDNF | ABRT [TKONF|AMNF| DRDY| DWF | DSC [CORR| ERR

Check Power Mode \ \" \"
Execute Drive Diags
Format Track \"
Identify Drive .

Idle

Idle Immediate
Initialize Drive params
Recalibrate

Read Buffer

Read DMA

Read Long

Read Multiple

Read Sector(s)

Read Verify Sector(s)
Seek

Set Features

Set Multiple Mode
Sleep

Standby

Standby Immediate
Write Buffer

Write DMA

Write Long

Write Multiple

Write Same

Write Sector(s)

Write Verify

<<<<
<< <K<K <

<<<<<
<<<<<
<<<<<<
<<<<<
<<<<<

< <K< <K< <LK

< <K<K << <
K LK<LK<LK<LK<LK<LK<LK<LKLK <K<K LKL LK LK K<L LKL LK <K <K<K <LK K <

LK LKL LK LK LK LK LK LK <LK <K<K <K<K <K <K<K <K<K KL
KLK<LK<LK<LK <LK LK LK LK <K<K <K<K <K<K <LK <K<K <K<K <K<K <K<K <K<K
KKK <LK <LK LK <LK <K<K <K<K <LK <LK <L <LK <L <LK LKL KL KL LKL LKL LKL
KKK LK LKL LK LK <LK <K<K LK <LK <LK <K<K <K<K <LK KK

Invalid Command
V = Valid for this command
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ABSOLUTE MAXIMUM RATINGS*

Operating temperature”.........co..oeveeers 0°C to +60°C

Storage temperature................... ..-30°C to +70°C -

Any pin voltage, from ground? -2.0V to +7.0V

VCcC voltage, from ground ................. .-0.5V to +6.0V

NOTES:

1. Operating temperature is for oommercaal product
- defined by this specnfncatlon

2. Minimum DC input voltage is -0.5V. During
transitions, inputs may undershoot to -2.0V for
periods less than 20ns. ‘Maximum DC output-pin
voltage is Vcc + 0.5V which may overshoot to
Vee + 2.0V for periods less than 20ns. i

intel.

*NOTICE:  Stresses béyond those listed under
"Absolute Maximum Ratings" may permanently

' damage the flash drive. This is a stress rating only.

Flash drive functional operation at or beyond
conditions ‘in this specification's operational ,
sections is not implied. . Extended exposure to
absolute maximum . rating conditions may affect
flash drive reliability.

NOTICE: This data sheet contains initial
production-development . and sampling-phase
information. Specifications may change without
notice.. Obtain the latest data sheet from your
local Intel sales office before finalizing a design.

DC CHARACTERISTICS: TA=0°C to 60°C,'VCC =4.75V to 5.25V

Symbol| Parameter Notes| Min | Typ | Max Unit Test Condition
Iu " | Input Leakage Current +1 +20 | pA | Vcc =Vce Max
' VIN = Vce or GND
ILo Output Leakagé Current +1 +20 A | Vce =Vee Max
VIN = Vcc or GND
- lcer Vcc Read Current 100 mA
lcew, Vcc Write Current 140 mA
Iccl Ve Idle Current 1 2 80 mA
lccs Vce Standby Current 2 2 mA
Icce Vcc Reclamation (erase) Current 140 _mMA
lcesL Vcce Sleep Current 1,2,3 2 mA
“lcep Vce Peak Current at Vep Startup 700 mA
ViL ‘Input Low Voltage | -0.5 0.8 \
VIH Input High Voltage 2.0 Vee+0.3| V
VoL Output Low Voltage Vss 0.45 V | Vec =Vee Min
VoH Output High Voltage 2.4 Vce V | Vcc = Vee Min

1. Iccl Max current applies only when a host idle
command forces the drive into idle mode. If no activity
is detected after about 1.5 seconds, the drive

~ automatically transitions to standby mode.

. 726

2. Standby and Sleep modes are equivalent.

3. After command completion, the drive enters standby

. mode. It wakes and responds to a host command
within 10 ms. )
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AC test inputs are driven at VoH (2.4V) for a logic "1" and VoL (0.45V) for a logic "0".
Input timing begins at ViH (2.0V) and ViL (0.8V). Output timing ends at ViH and ViL.
Input rise and fall times (10% to 90%) < 10ns.

SARA_AC.DS4.WMF

Figure 3. AC Input/Output Reference Waveform

bt — tv
BSY : / § \
_____ Py N R
HDASP# / O\ i
tr -!4 -ts —!
Control /T
Registers ’ [

Figure 4. Reset Timing Diagram

Table 9. Power-On and Reset Timing Parameters

Symbol| IEEE | Parameter Min Max | Units
™ tsLSH HRST# pulse width 10 ys
N {SHYH HRSTi# to BSY - 100 . ns
tp tsHpsPH.| HRST# to HDASP# high i | ms
ta tpsHDsL | HDASP# pulse width 30 sec -
tr tsHosL | HRST# to HDASP# low : 450 ms
ts tpsHpsLE] HDASP# pulse width (extended) 30.5 Sec
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Figure 5. Attribute and Memory-mode Timing Diagram
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