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®Handle this document carefully for it contains mniaieprotected by international copyright law.
Any reproduction, full or in part, of this materigd prohibited without the express written
permission of the company.

@®When using the products covered herein, pleasenabsbe conditions written herein and the
precautions outlined in the following paragrapimsnb event shall the company be liable for any
damages resulting from failure to strictly adher¢hese conditions and precautions.

(1) The products covered herein are designed amuif@etured for the following application
areas. When using the products covered hereithtorequipment listed in Paragraph (2),
even for the following application areas, be suveobserve the precautions given in
Paragraph (2). Never use the products for thepegemt listed in Paragraph (3).

oOffice electronics

eInstrumentation and measuring equipment
eMachine tools

eAudiovisual equipment

eHome appliance

eCommunication equipment other than for trunk lines

(2) Those contemplating using the products covéeéin for the following equipment which
demandshigh reliability, should first contact a sales representative @fctmpany and then
accept responsibility for incorporating into thesim fail-safe operation, redundancy, and
other appropriate measures for ensuring reliabgibd safety of the equipment and the
overall system.

eControl and safety devices for airplanes, trainsitomobiles, and other
transportation equipment

eMainframe computers

eTraffic control systems

*Gas leak detectors and automatic cutoff devices

eRescue and security equipment

*Other safety devices and safety equipment, etc.

(3) Do not use the products covered herein for flowing equipment_whichdemands
extremely high performanda terms of functionality, reliability, or accunga

eAerospace equipment

eCommunications equipment for trunk lines
eControl equipment for the nuclear power industry
eMedical equipment related to life support, etc.

(4) Please direct all queries and comments regarthe interpretation of the above three
Paragraphs to a sales representative of the company.

®Please direct all queries regarding the productereal herein to a sales representative of th
company.
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LH28F800BJE-PTTL90
8M-BIT ( 512Kbit x16 / 1Mbit x8)
Boot Block Flash MEMORY

B Low Voltage Operation B Enhanced Automated Suspend Options
— Vcec=Veews2.7V-3.6V Single Voltage — Word/Byte Write Suspend to Read
— Block Erase Suspend to Word/Byte Write
B OTP(One Time Program) Block — Block Erase Suspend to Read

— 3963 word + 4 word Program only array )
B Enhanced Data Protection Features

User-Configurable x8 or x16 Operation — Absolute Protection with ¥V cowLk
) ) — Block Erase, Full Chip Erase, Word/Byte Write &
High-Performance Read Access Time Lock-Bit Configuration Lockout during Power
— 90ns(Vc=2.7V-3.6V) Transitions
— Block Locking Wi_th Command and WP#
B Operating Temperature — Permanent Locking
— 0°Cto +70°C _
B Automated Block Erase, Full Chip Erase,
B Low Power Management Word/Byte Write and Lock-Bit Configuration
— Typ. 2pA (V=3.0V) Standby Current — Command User Interface (CUI)
— Automatic Power Savings Mode Decreaggsglin — Status Register (SR)
Static Mode
— Typ. 120pA (\;c=3.0V, Tp=+25°C, f=32kHz) B SRAM-Compatible Write Interface
Read Current
_ , , B Industry-Standard Packaging
B Optimized Array Blocking Architecture —_ 48-Lead TSOP
— Two 4K-word (8K-byte) Boot Blocks
— Six 4K-word (8K-byte) Parameter Blocks B ETOXTM* Nonvolatile Flash Technology
— Fifteen 32K-word (64K-byte) Main Blocks
— Top Boot Location B CMOS Process (P-type silicon substrate)

B Extended Cycling Capability m
— Minimum 100,000 Block Erase Cycles

The product is a high-density, low-cost, nonvotatiead/write storage solution for a wide rangepgdlications.

The product can operate al¥2.7V-3.6V and \c\~2.7V-3.6V or 11.7V-12.3V. Its low voltage operaticapability
realize battery life and suits for cellular phompglécation.

Not designed or rated as radiation hardened

nd

Its Boot, Parameter and Main-blocked architecture, low voltage and extended cycling provide for highly flexible component

suitable for portable terminals and personal coemguits enhanced suspend capabilities providarfadeal solution for caa
+ data storage applications.

For secure code storage applications, such as rehgpwhere code is either directly executed dutash or downloaded to

DRAM, the product offers four levels of protectioabsolute protection with Moy<Veewik: Selective hardware blog
locking or flexible software block locking. Thedéeanatives give designers ultimate control of tleeide security needs.

The product is manufactured on SHARP’s 0.25um ET¥Xprocess technology. It come in industry-standard package
48-lead TSOP, ideal for board constrained applications.

*ETOX is a trademark of Intel Corporation.

=
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1 INTRODUCTION

This datasheet contains the product specificatiBastion

1 provides a flash memory overview. Sections 24 and

5 describe the memory organization and functionalit
Section 6 covers electrical specifications.

1.1 Features
Key enhancements of the product are:

eSingle low voltage operation
eLow power consumption
eEnhanced Suspend Capabilities
eBoot Block Architecture

Please note following:

*VcwLk has been lowered to 1.0V to support 2.7V-
3.6V block erase, full chip erase, word/byte wated
lock-bit configuration operations. Thecy,, voltage
transitions to GND is recommended for designs that
switch V. Off during read operation.

1.2 Product Overview

The product is a high-performance 8M-bit Boot Block
Flash memory organized as 512K-word of 16 bitsir 1
byte of 8 bits. The 512K-word/1M-byte of data isasuged

in two 4K-word/8K-byte boot blocks, six 4K-word/8K-
byte parameter blocks and fifteen 32K-word/64K-byte
main blocks which are individually erasable, lodkabnd
unlockable in-system. The memory map is shown in
Figure 3.

The dedicated ¥y pin gives complete data protection
when Veew<Vccwik-

A Command User Interface (CUI) serves as the iaterf
between the system processor and internal operatitire
device. A valid command sequence written to the CUI
initiates device automation. An internal Write $tat
Machine (WSM) automatically executes the algorithms
and timings necessary for block erase, full chiaser
word/byte write and lock-bit configuration operatio

A block erase operation erases one of the device's 32K-
word/64K-byte blocks typically within 1.2s (3VAg, 3V
Veew) 4K-word/8K-byte blocks typically within 0.6s (3V
Ve 3V Veew) independent of other blocks. Each black

can be independently erased minimum 100,000 times.
Block erase suspend mode allows system software to
suspend block erase to read or write data from any other
block.

Writing memory data is performed in word/byte
increments of the device's 32K-word blocks typically
within 33us (3V Ve, 3V Veew): 64K-byte blocks
typically within 31us (3V Vo 3V Veew) 4K-word
blocks typically within 36us (3V ¥c, 3V Veew): 8K-
byte blocks typically within 32us (3V 3¢, 3V Veew)-
Word/byte write suspend mode enables the system to read
data or execute code from any other flash memory array
location.

Individual block locking uses a combination of bitsirty-
nine block lock-bits, a permanent lock-bit and Win# to
lock and unlock blocks. Block lock-bits gate blaatase,
full chip erase and word/byte write operations, le/tihe
permanent lock-bit gates block lock-bit modificatiand
locked block alternation. Lock-bit configuration
operations (Set Block Lock-Bit, Set Permanent LBk
and Clear Block Lock-Bits commands) set and cleared
lock-bits.

The status register indicates when the WSM’s bkrelse,
full chip erase, word/byte write or lock-bit configuratipn
operation is finished.

The RY/BY# output gives an additional indicatongSM
activity by providing both a hardware signal of status
(versus software polling) and status masking (inr
masking for background block erase, for exampl&gtus
polling using RY/BY# minimizes both CPU overheadlan
system power consumption. When low, RY/BY# indicates
that the WSM is performing a block erase, full cbipse,
word/byte write or lock-bit configuration. RY/BY#dh Z
indicates that the WSM is ready for a new command,
block erase is suspended (and word/byte write is
inactive), word/byte write is suspended, or theickeis in
reset mode.
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The access time is 90nsuty) over the operating
temperature range (0°C to +70°C) ang\Msupply voltage
range of 2.7V-3.6V.

The Automatic Power Savings (APS) feature subsiliyti
reduces active current when the device is in staticle
(addresses not switching). In APS mode, the tydisgk

current is 2uA (CMOS) at 3.0V AL

When CE# and RP# pins are agy the k. CMOS
standby mode is enabled. When the RP# pin is at GND
reset mode is enabled which minimizes power
consumption and provides write protection. A retiee
(tpHQV) is required from RP# switching high until outputs
are valid. Likewise, the device has a wake timggf)
from RP#-high until writes to the CUI are recoguize
With RP# at GND, the WSM is reset and the status
register is cleared.

Please do not execute reprogramming "0" for thevhith

has already been programed "0". Overwrite operation may
generate unerasable bit. In case of reprogramnOhgo’

the data which has been programed "1".

-Program "0" for the bit in which you want to chang
data from "1" to "0".

‘Program "1" for the bit which has already been
programmed "0".

For example, changing data from "10111101" to

"10111100" requires "11111110" programming.

1.3 Product Description
1.3.1 Package Pinout

The product is available in 48-lead TSOP package
Figure 2).

1.3.2 Block Organization

This product features an asymmetrically-block
architecture providing system memory integratioactt
erase block can be erased independently of thesotipeto
100,000 times. For the address locations of thekislosee
the memory map in Figure 3.

Boot Blocks: The boot block is intended to replae
dedicated boot PROM in a microprocessor
microcontroller-based system. This boot block 4Krdgqg
(4,096words) features hardware controllable wr
protection to protect the crucial microprocessoothmde
from accidental modification. The protection of theot
block is controlled using a combination of thg(,, RP#,
WP# pins and block lock-bit.

Parameter Blocks: The boot block architecture ety
parameter blocks to facilitate storage of frequenfdate
small parameters that would normally require
EEPROM. By using software techniques, the word-rew
functionality of EEPROMs can be emulated. Each K
block component contains six parameter blocks of
words (4,096 words) each. The protection of thaipater
block is controlled using a combination of thg{, RP#
and block lock-bit.

Main Blocks: The reminder is divided into main ttedor
data or code storage. Each 8M-bit device contafteeh
32K words (32,768 words) blocks. The protectionthf
main block is controlled using a combination of
Vccw RP# and block lock-bit.
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DQo-DQ15
T
Output Input
Buffer Buffer |
l[e} Vee
L Identifier Logic BYTE#
= @ [\ Register
+ : TL i
= (oS
= =0 Command WE#
L
9 | Interface ¢———— RP#
— wp#
Data (S J
Input Yo Y-Gating wite | PRvBYE
A-A J\ Decod
T8 1 Buffer ECocer P State Program/Erasel- Vccw
:t Machine Voltage Switch
4 o« AR
Address X ol SBIEEIE[8 5 5| 32K-Word x|« |G Vee
Latch Decoder|® (B85 5 5[5 5 2 2| 2| (64K-Byte) I «— oD
:§§§§§§§§E c MainBIockscgcg,E
o lEszEsE 12| x5 |g|g|0
Address :‘
Counter
T LA LL L e N Ktk
Figure 1. Block Diagram
As C_—J1 48 [ Ass
A 12 Q 47— BYTE#
Az 13 46 | — GND
Ap, C—14 45 1 DQidA;
A C—15 44— DQy
Ap C_—16 43 1 DQiq
Ag C—17 42 1 DQg
Ag C_— 8 41— DQi3
NC C—19 40— DQs

NC ——10 48-LEAD TSOP 39— DQi,

s STANDARD PINOUT e

Ve
VV<\:/<|:3V;\&I¢ [— ii 12mm x 20mm gg — Bg;l
RY/BY# C— 15 TOP VIEW 34— DQyo
Aig C—116 33— DQ,
A 117 327 DQ
A; C—18 31— DQ
As 119 301 DQg
As C—120 291 DQo
A, 121 281 OE#
Ay C—1 22 27— GND
A, C—] 23 26— CE#
A, C—1 24 25— A

Figure 2. TSOP 48-Lead Pinout
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Table 1. Pin Descriptions

Symbol

Type

Name and Function

AoAig

INPUT

ADDRESS INPUTS: Inputs for addresses during reabvarite operations. Addresses are
internally latched during a write cycle.

A_;: Lower address input while BYTE# iV A_; pin changes D@ pin while BYTE# is \{.
A;5-A g Main Block Address.

A,,-A,g Boot and Parameter Block Address.

DQy-DQy5

INPUT/
OUTPUT

DATA INPUT/OUTPUTS: Inputs data and commands dur@igdl write cycles; outputs data
during memory array, status register and identdade read cycles. Data pins float to high-
impedance when the chip is deselected or outpatdiaabled. Data is internally latched during
write cycle. DQ-DQ; 5 pins are not used while byte mode (BYTE#z)V Then, DQg pin
changes A address input.

Faty

CE#

INPUT

CHIP ENABLE: Activates the device’s control loginput buffers, decoders and sense amplifie
CE#-high deselects the device and reduces powsuogtion to standby levels.

RP#

INPUT

RESET: Resets the device internal automation. Rg#4mables normal operation. When drive
low, RP# inhibits write operations which provides data protection during power transitions. Bxi
from reset mode sets the device to read array nidieié.must be )y during power-up.

—

OE#

INPUT

OUTPUT ENABLE: Gates the device’s outputs duringad cycle.

WE#

INPUT

WRITE ENABLE: Controls writes to the CUI and arralpcks. Addresses and data are latched
the rising edge of the WE# pulse.

WP#

INPUT

WRITE PROTECT: When WP# isV, boot blocks cannot be written or erased. When W§P#
V|, locked boot blocks can not be written or era¥éB# is not affected parameter and main
blocks.

BYTE#

INPUT

BYTE ENABLE: BYTE# V| places device in byte mode (x8). All data is thgwut or output on
DQq.7» and DQ_;5float. BYTE# V| places the device in word mode (x16), and turnshefA |
input buffer.

RY/BY#

OPEN
DRAIN
OUTPUT

READY/BUSY#: Indicates the status of the internabM. When low, the WSM is performing &
internal operation (block erase, full chip eraserdibyte write or lock-bit configuration).
RY/BY#-high Z indicates that the WSM is ready f@wcommands, block erase is suspended,
and word/byte write is inactive, word/byte writesisspended, or the device is in reset mode.

S

Veew

SUPPLY

BLOCK ERASE, FULL CHIP ERASE, WORD/BYTE WRITE OR L@K-BIT
CONFIGURATION POWER SUPPLY: For erasing array bleckriting words/bytes or
configuring lock-bits. With \V.c\w&V ccwiLk: Memory contents cannot be altered. Block eradle, f
chip erase, word/byte write and lock-bit configuration with an invalighy (see 6.2.3 DC
Characteristics) produce spurious results and dhmatl be attempted. Applying 12V+0.3V to
Vcw during erase/write can only be done for a maxinafirh000 cycles on each blocke¥y
may be connected to 12V+0.3V for a total of 80 lsquaximum.

SUPPLY

DEVICE POWER SUPPLY: Do not float any power pinsStWW <V ., all write attempts to
the flash memory are inhibited. Device operatidns\alid V. voltage (see 6.2.3 DC
Characteristics) produce spurious results and dhwatl be attempted.

GND

SUPPLY

GROUND: Do not float any ground pins.

NC

NO CONNECT: Lead is not internal connected; it rhaydriven or floated.

Rev. 1.27
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2 PRINCIPLES OF OPERATION

h el h ock [A1gA] Top Boot [A1gA]
The product inc udes an on-chip WSM to manage b0(_: TFFFF AKWIBKE Boot Block o | FrFFF
erase, full chip erase, word/byte write and lodk-bi 7F000 FE000
configuration functions. It allows for: fixed powsupplies [ 4KW/8KB Boot Block 1|
durlng' block. erase, full chip erase, word/byte write and 7DFFF AKW/SKB Parameter Block 0| FBFFF
lock-bit configuration, and minimal processor owsatl 7D000 FA000
i i . . 7CFFF FOFFF
with RAM-like interface timings. 000 4KW/BKB Parameter Block 1| =~
7BFFF F7FFF
After initial device power-up or return from reseibde 78000 AKWIBKB Parameter Block 2| cso0
(see section 3 Bus Operations), the device deftaltsad e 4KW/8KB Parameter Block 3| °''
array mode. Manipulation of external memory confriok 7OFFF F3FFF
: : 4KW/8KB Parameter Block 4
allow array read, standby and output disable operations. 79000 F2000
T8FFE AKW/8KB Parameter Block 5| - "
. . . 78000 F0000
Status register and identifier codes can be acdesse 776eF : EFERF
through the CUI independent of the-M,, voltage. High 70000 S2KW/64KB Main Block 0 | 25,
voltage on ey enal:_)les successful_block erase, full chip f;zzz 32KW/64KB Main Block 1 ggggg
erase, word/byte write and lock-bit configuratiors! 7FFF : e
functions associated with altering memory contelitsek 60000 32KW/B4KB Main Block 2 | -,
erase, fgll chip erase, qurd/byte write, Iocl_<-b|t ZZ';';E 32KW/64KB Main Block 3 Egggg
configuration, status and identifier codes—are s®eé via i APFEE
ifi i 32KW/64KB Main Block 4
the CUI and verified through the status register. 50000 A0000
4FFFF . 9FFFF
. . . 48000 32KW/64KB Main Block 5 90000
Commands are written using standard microprocessor s i
write timings. The CUI contents serve as input he t 40000 32KW/64KB Main Block 6 | .
WSM, which controls the block erase, full chip eras e 32KW/BAKE Main Block 7 | /0"
word/byte write and lock-bit configuration. The internal sreer Srerr
algorithms are regulated by the WSM, including puls 20000 32KW/64KB Main Block 8|
repetition, internal venﬂcapon and margining q‘h_ta. 2FFFF 32KW/GAKE Main Block 9 | 5FFFF
Addresses and data are internally latched durintewr 2278;’22 ig‘;‘;‘;
cycles. Writing the appropriate command outputgyarr 20000 32KW/64KB Main Block 10 | ,
ggig, accesses the identifier codes or outputgsstagister 1;222 32KW/64KE Main Block 11 :ggg;
’ 17FFF ; 2FFFF
32KW/64KB Main Block 12
o 10000 20000
Interface softw:_:lre that initiates and polls_progrefsblock _ OFFFF 32KW/64KE Main Block 13 | XFF¥F
erase, full chip erase, word/byte write and lodk-bi . 10000

O7FFF 32KWI/64KB Main Block 14 | °°F

configuration can be stored in any block. This casle 00000 00000

copied to and executed from system RAM during flash
memory updates. After successful completion, remes
again possible via the Read Array command. Bloelser Figure 3. Memory Map
suspend allows system software to suspend a block erase

to read/write data from/to blocks other than thaicl is

suspend. Word/byte write suspend allows systemvaodt

to suspend a word/byte write to read data from @ther

flash memory array location.
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2.1 Data Protection

When VeewSVeewlk: memory contents cannot be
altered. The CUI, with two-step block erase, fulllipc
erase, word/byte write or lock-bit configurationnomand
sequences, provides protection from unwanted dpesat
even when high voltage is applied tg-{,. All write
functions are disabled whenc¥ is below the write
lockout voltage Yy or when RP# is at V. The device’s
block locking capability provides additional prdiea
from inadvertent code or data alteration by gatihock
erase, full chip erase and word/byte write openatio
Refer to Table 5 for write protection alternatives.

3 BUS OPERATION

The local CPU reads and writes flash memory inesyst
All bus cycles to or from the flash memory conform to
standard microprocessor bus cycles.

3.1 Read

Information can be read from any block, identifier codes
or status register independent of thgyi, voltage. RP#
can be at ;.

The first task is to write the appropriate read mod
command (Read Array, Read Identifier Codes or Read
Status Register) to the CUI. Upon initial devicevpo-up

or after exit from reset mode, the device autoradic
resets to read array mode. Six control pins didia¢ data
flow in and out of the component: CE#, OE#, BYTE#,
WE#, RP# and WP#. CE# and OE# must be driven active
to obtain data at the outputs. CE# is the devidecten
control, and when active enables the selected mgemor
device. OE# is the data output (BQQq5) control and
when active drives the selected memory data orgd/@®
bus. BYTE# is the device I/O interface mode control
WE# must be at ¥,, RP# must be at {, and BYTE#
and WP# must be at Vor V|y. Figure 16, 17 illustrates
read cycle.

3.2 Output Disable
With OE# at a logic-high level ()), the device outputs

are disabled. Output pins (@Q,5) are placed in a
high-impedance state.

3.3 Standby

CE# at a logic-high level (V) places the device in
standby mode which substantially reduces device power
consumption. D@DQ,5 outputs are placed in a high-
impedance state independent of OE#. If deseleaieédgl
block erase, full chip erase, word/byte write ockidbit
configuration, the device continues functioning,dan
consuming active power until the operation comglete

3.4 Reset

RP# at \(|_initiates the reset mode.

In read modes, RP#-low deselects the memory, places
output drivers in a high-impedance state and tofhsll
internal circuits. RP# must be held low for a minim of
100ns. Time gqy is required after return from reset
mode until initial memory access outputs are valitter
this wake-up interval, normal operation is restoréte
CUI is reset to read array mode and status registat to
80H.

During block erase, full chip erase, word/byte write| or
lock-bit configuration modes, RP#-low will abort the
operation. RY/BY# remains low until the reset opiera
is complete. Memory contents being altered areongér
valid; the data may be partially erased or writt€ime
togwL IS required after RP# goes to logic-high Y
before another command can be written.

As with any automated device, it is important t@eas
RP# during system reset. When the system comesfqut
reset, it expects to read from the flash memoryofated
flash memories provide status information when sseé
during block erase, full chip erase, word/byte write| or
lock-bit configuration modes. If a CPU reset occwith
no flash memory reset, proper CPU initializationynnat
occur because the flash memory may be providing status
information instead of array data. SHARP’s flash
memories allow proper CPU initialization following
system reset through the use of the RP# inputhis
application, RP# is controlled by the same RESHG#Had
that resets the system CPU.

—
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3.5 Read ldentifier Codes

The read identifier codes operation outputs the
manufacturer code, device code, block lock configuration
codes for each block and the permanent lock cordtgn
code (see Figure 4). Using the manufacturer andceev
codes, the system CPU can automatically matchekhieel
with its proper algorithms. The block lock and permanent
lock configuration codes identify locked and unledk
blocks and permanent lock-bit setting.

Top Boot
[A1gAdl [AgA]
7FFFF FFFFF
Reserved for Future Implementation
7F003 FE006
" " Boot Block 0 Lock Configuration Code | FE005
7Fo02 _ Boot Block 0 Lock Configuration Code | ¢Eqoz
7FO01 Reserved for Future Implementation FE003
7F000 Boot Block 0| FEO00
7EFFF FDFFF
Reserved for Future Implementation
7E003 FC006
7E002]  Boot Block 1 Lock Configuration Code | E&39%
7EO001 Reserved for Future Implementation | F€003
7E000 Boot Block 1| FC000
7DFFF FBFFF
Reserved for Future Implementation
7D003 FA006
7D002| Parameter Block O Lock Configuration CodgA33%
7boo1 Reserved for Future Implementation FA003
7D000 Parameter Block pFA000
7CFFF| | FOFFF
: (Parameter Blocks 1 through 4) :
79000; ! F2000
78FFF F1FFF
Reserved for Future Implementation
78003 F0006
78002| Parameter Block 5 Lock Configuration Codé333%
78001 Reserved for Future Implementation F0003
78000 Parameter Block 5F0000
7TFFF EFFFF
Reserved for Future Implementation
70003 E0006
70002 Main Block 0 Lock Configuration Code | E398%
70001 Reserved for Future Implementation E0003
6FFFF! . | DFFFF
: (Main Blocks 1 through 13) :
08000 ! 10000
O7FFF . OFFFF
Reserved for Future Implementation
01000 02000
OOFFF O1FFF
OTP Block
00080 00100
0007F Reserved for Future Implementation 000FF
00004 00008
00003 Permanent Lock Configuration Code | §883¢
00002]  Main Block 14 Lock Configuration Code | 83333
00001 Device Code 98833
00000 Manufacturer Codepain Block 14! 33336

Figure 4. Device ldentifier Code Memory Map

3.6 OTP(One Time Program) Block

The OTP block is a special block that can not lzesext.
The block is divided into two parts. One is a fagtp
program area where a unique number can be written
according to customer requirements in SHARP factory.
This factory program area is "READ ONLY" (Already
locked). The other is a customer program areadhatbe
used by customers. This customer program area can be
locked. After locking, this customer program ares| i
protected permanently.

The OTP block is read in Configuration Read Mode| by
writing Read ldentifier Codes command(90H). To netu
to Read Array Mode, write Read Array command(FFH].

The OTP block is programmed by writing OTP Program
command(COH). First write OTP Program command and
then write data with address to the device (SearEi§).
If OTP program is failed, SR.4(WORD/BYTE WRITE
AND SET LOCK-BIT STATUS) bit is set to "1". And if
this OTP block is locked, SR.1(DEVICE PROTECT
STATUS) bit is set to "1" too.

The OTP block is also locked by writing OTP Program
command(COH). First write OTP Program command and
then write data "FFFDH" with address "80H" to the

device. Address "80H" of OTP block is OTP lock

information. Bit 0 of address "80H" means factory
program area lock status("1" is "NOT LOCKED", "®&'|i
"LOCKED"). Bit 1 of address "80H" means customer
program area lock status. The OTP lock informatian
not be cleared, after once it is set.

[A1gAq] [AgAd]
O00FFF 01FFF
Customer Program Area
00085 0010A
00084 00109
Factory Program Area
00081 00102
00080 OTP Lock | | |oow00
|

Customer Program Area Lock(Bit :L)J
Factory Program Area Lock(BitQ) |

Figure 5. OTP Block Address Map
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3.7 Write The CUI does not occupy an addressable memory
location. It is written when WE# and CE# are actiVhe
Writing commands to the CUI enable reading of devic address and data needed to execute a commandcéuedia
data and identifier codes. They also control inpaand on the rising edge of WE# or CE# (whichever goegh hi
clearing of the status register. Whep#2.7V-3.6V and first). Standard microprocessor write timings arseds
Veew=Vecwhiz the CUI additionally controls block Figures 18 and 19 illustrate WE# and CE# controlVeite
erase, full chip erase, word/byte write and lodk-bi operations.
configuration.

4 COMMAND DEFINITIONS
The Block Erase command requires appropriate command
data and an address within the block to be erageFull When the .,y voltage<V ey k. read operations fror
Chip Erase command requires appropriate command data the status register, identifier codes, or blocles emabled
and an address within the device. The Word/Bytet&\ri Placing Vecwhi/2 ON Vecw €nables successful block
command requires the command and address of the erase, full chip erase, word/byte write and lodkibi
location to be written. Set Permanent and Blockk:Bit configuration operations.
commands require the command and address within the
device (Permanent Lock) or block within the device Device operations are selected by writing spegific

(Block Lock) to be locked. The Clear Block Lock-8it commands into the CUI. Table 3 defines these cordman
command requires the command and address within the
device.

o

Table 2.1. Bus Operations (BY TE#z)(1:2)
Mode Notes RP# CE# OE# | WE# | Address | V

w | DQg.is |RY/BY#3)

CcC
Output Disable ViH Vi Vi4 Vi4 X X High Z X
Standby Vig | Vi X X X X High Z X
Reset 4 V) X X X X X HighZ | Highz
Read Identifier Codes 8 Vie | Vi | Vi | Vi Figl?rie4 g X Note 5 | HighZ
Write 678 | Viu | Vi | Vi |V, X X Din X

Table 2.2. Bus Operations (BYTE#7)Y(1:2)
Mode Notes RP# CE# OE# | WE# | Address | V

w | DQuz |RY/BY#B)

cc

Output Disable Vi Vi Vi Vi X X High Z X
Standby ViH ViH X X X X High Z X
Reset 4 ViL X X X X X High Z High Z
Read Identifier Codes 8 ViH Vi Vi ViH FigL?reee4 g X Note 5 High Z
Write 6,7,8 ViH Vi ViH Vi X X Din X

NOTES:

1. Refer to DC Characteristics. Wheg M=V ccwik: Memory contents can be read, but not altered.

2. Xcan be Y] orV, for control pins and addresses, angb\{ k Of Vecwhi/2for Vecw: See DC Characteristics for
Veewwk Voltages.

3. RY/BY#is Vo when the WSM is executing internal block erask chip erase, word/byte write or lock-bit configtion
algorithms. It is High Z during when the WSM is not busy, in block erase suspend mode (with word/byte write inactive),
word/byte write suspend mode or reset mode.

4. RP# at GND%0.2V ensures the lowest power consoempt

5. See Section 4.2 for read identifier code data.

6. Command writes involving block erase, full chipse, word/byte write or lock-bit configuration aediably executed
when Veew=Vecwnizand Voc=2.7V-3.6V.

7. Refer to Table 3 for valid |§ during a write operation.

8. Never hold OE# low and WE# low at the same tgmin
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Table 3. Command DefinitioH$)

Bus Cycles First Bus Cycle Second Bus Cycle

Command Req'd. Notes | Opefl) | Addri? | Datd3) | Opefd) | Addd? | Datd3)
Read Array/Reset 1 Write X FFH
Read Identifier Codes >2 4 Write X 90H Read 1A ID
Read Status Register 2 Write X 70H Read X SRD
Clear Status Register 1 Write X 50H
Block Erase 2 5 Write X 20H Write BA DOH
Full Chip Erase 2 Write X 30H Write X DOH
Word/Byte Write 2 56 | Write X 4%'_'” Write | WA WD
\%ﬂfg SEEZ‘;?S" Word/Byte 1 5 Write X BOH
\%Cr’l‘t:: Egii%ae”d Word/Byte 1 5 Write X DOH
Set Block Lock-Bit 2 8 Write X 60H Write BA 01H
Clear Block Lock-Bits 2 7,8 Write X 60H Write X DOH
Set Permanent Lock-Bit 2 9 Write X 60H Write X F1H
OTP Program 2 Write X COH Write OA oD

NOTES:
1. BUS operations are defined in Table 2.1 and Talde
2. X=Any valid address within the device.
IA=Identifier Code Address: see Figure 4.
BA=Address within the block being erased or locked.
WA=Address of memory location to be written.
OA=Address of OTP block to be written: see Figure 5
3. ID=Data read from identifier codes.
SRD=Data read from status register. See Table & f@scription of the status register bits.
WD=Data to be written at location WA. Data is latdion the rising edge of WE# or CE# (whichever dogs first).
OD=Data to be written at location OA. Data is ladlon the rising edge of WE# or CE# (whichever dogk first).
4. Following the Read Identifier Codes command, ma&kations access manufacturer, device, blockdoakiguration and
permanent lock configuration codes. See Sectiofiof.ad identifier code data.
If WP# is V|, boot blocks are locked without block lock-bitatst If WP# is ,, boot blocks are locked by block lock-
bits. The parameter and main blocks are lockeddgklock-bits without WP# state.
Either 40H or 10H are recognized by the WSM as the word/byte write setup.
The clear block lock-bits operation simultanegustars all block lock-bits.
If the permanent lock-bit is set, Set Block Ldgik-and Clear Block Lock-Bits commands can not bael
Once the permanent lock-bit is set, permaneithiicreset is unable.
0 Commands other than those shown above are eesBpvVSHARP for future device implementations amougd not be
used.

o

'—“090.\‘.07
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4.1 Read Array Command

Upon initial device power-up and after exit fromsee

mode, the device defaults to read array mode. This

operation is also initiated by writing the Read &r

command. The device remains enabled for reads until

another command is written. Once the internal WSid h
started a block erase, full chip erase, word/bytigewor
lock-bit configuration the device will not recogaizhe

4.3 Read Status Register Command

The status register may be read to determine whrock
erase, full
configuration is complete and whether the opera
completed successfully. It may be read at any tbye
writing the Read Status Register command. Aftetingi
this command, all subsequent read operations oulgat
from the status register until another valid comcam

chip erase, word/byte write or lockbit

tion

Read Array command until the WSM completes its

operation unless the WSM is suspended via an Erase
Suspend or Word/Byte Write Suspend command. The
Read Array command functions independently of the

Vccw Voltage and RP# can bg,/

written. The status register contents are latchedthe
falling edge of OE# or CE#, whichever occurs. OE# |0
CE# must toggle to \; before further reads to update the
status register latch. The Read Status Registemeomd
functions independently of the ¥y voltage. RP# can be
Vig-
4.2 Read Identifier Codes Command

4.4 Clear Status Register Command
The identifier code operation is initiated by wrdi the
Read Identifier Codes command. Following the conmanan
write, read cycles from addresses shown in Figure 4
retrieve the manufacturer, device, block lock ogufation
and permanent lock configuration codes (see Table 4 for
identifier code values). To terminate the operatiente
another valid command. Like the Read Array command,
the Read Identifier Codes command functions
independently of the My voltage and RP# can b,/
Following the Read Identifier Codes command,
following information can be read:

Status register bits SR.5, SR.4, SR.3 or SR.1 efrdos
"1"s by the WSM and can only be reset by the CBtatus
Register command. These bits indicate various riilu
conditions (see Table 6). By allowing system sofeven
reset these bits, several operations (such as atimaly
erasing multiple blocks or writing several worgdés in
sequence) may be performed. The status registerbmay
polled to determine if an error occurred during the

the  sequence.

To clear the status register, the Clear Status dReq

Table 4. Identifier Codes command (50H) is written. It functions independgruf

c Addres€®) | Datd3 the applied V¢, Voltage. RP# can be . This
ode [AgAq |[DQ-DQy command is not functional during block erase or

Manufacture Code 00000H BOH word/byte write suspend modes.

Device Code 00001H ECH

Block Lock Configuration BAD+2

eBlock is Unlocked DQy=0

eBlock is Locked DQy=1

eReserved for Future Use DQ, 7

Permanent Lock Configuration 00003H

eDevice is Unlocked DQy,=0

eDevice is Locked DQy=1

*Reserved for Future Use DQ,

NOTE:

1. BA selects the specific block lock configuratmde
to be read. See Figure 4 for the device identiftete
memory map.

2. A, don't care in byte mode.

3. DQ;5-DQg outputs 00H in word mode.
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45 Block Erase Command

Erase is executed one block at a time and initisted
two-cycle command. A block erase setup is firsttten,
followed by an block erase confirm. This command
sequence requires appropriate sequencing and aasadd
within the block to be erased (erase changes atkbdiata

to FFFFH/FFH). Block preconditioning, erase, andfye
are handled internally by the WSM (invisible to the
system). After the two-cycle block erase sequerse i
written, the device automatically outputs statugister
data when read (see Figure 6). The CPU can delisdk b
erase completion by analyzing the output data & th
RY/BY# pin or status register bit SR.7.

When the block erase is complete, status registeSm5
should be checked. If a block erase error is detedhe
status register should be cleared before systetwanef
attempts corrective actions. The CUI remains indrea
status register mode until a new command is issued.

This two-step command sequence of set-up followed b
execution ensures that block contents are not actatly
erased. An invalid Block Erase command sequenck wil
result in both status register bits SR.4 and SRiBgoset

to "1". Also, reliable block erasure can only oceuren
Vec=2.7V-3.6V and eeyw=Veeowniz In the absence of
this high voltage, block contents are protectedirega
erasure. If block erase is attempted whilecMEV cowik:
SR.3 and SR.5 will be set to "1". Successful bleckse
requires for boot blocks that WP# is,V and the
corresponding block lock-bit be cleared. In parameter and
main blocks case, it must be cleared the correspgnd
block lock-bit. If block erase is attempted where th
excepting above conditions, SR.1 and SR.5 will dtets
"1t

4.6 Full Chip Erase Command

This command followed by a confirm command eradles a
of the unlocked blocks. A full chip erase setupHpis
first written, followed by a full chip erase confir(DOH).
After a confirm command is written, device erades all
unlocked blocks block by block. This command segeen
requires appropriate sequencing. Block preconditmn
erase and verify are handled internally by the WSM
(invisible to the system). After the two-cycle fudhip
erase sequence is written, the device automatioaliyuts
status register data when read (see Figure 7)CHté can
detect full chip erase completion by analyzing theput
data of the RY/BY# pin or status register bit SR.7.

When the full chip erase is complete, status regibit
SR.5 should be checked. If erase error is detedted,
status register should be cleared before systetwanef
attempts corrective actions. The CUI remains indrea

status register mode until a new command is issifed.
error is detected on a block during full chip erase
operation, WSM stops erasing. Full chip erase djmer
start from lower address block, finish the higher address
block. Full chip erase can not be suspended.

This two-step command sequence of set-up followed b
execution ensures that block contents are not ectatly
erased. An invalid Full Chip Erase command sequénce
will result in both status register bits SR.4 ariRl%being
set to "1". Also, reliable full chip erasure canyooccur
when V=2.7V-3.6V and V:cw=Vceewniz In the
absence of this high voltage, block contents aotepted
against erasure. If full chip erase is attemptedl
VeewsVeewk: SR.3 and SR.5 will be set to
Successful full chip erase requires for boot blotkat
WP# is \jy and the corresponding block lock-bit
cleared. In parameter and main blocks case, it rhast
cleared the corresponding block lock-bit. If albdks are
locked, SR.1 and SR.5 will be set to "1".

4.7 Word/Byte Write Command

Word/Byte write is executed by a two-cycle command
sequence. Word/Byte write setup (standard 40H| or
alternate 10H) is written, followed by a secondtavthat
specifies the address and data (latched on thegresiige
of WE#). The WSM then takes over, controlling the
word/byte write and write verify algorithms intetlya
After the word/byte write sequence is written, thevice
automatically outputs status register data whed {eae
Figure 8). The CPU can detect the completion of

word/byte write event by analyzing the RY/BY# pin |or
status register bit SR.7.

When word/byte write is complete, status registeBR.4
should be checked. If word/byte write error is didd, the
status register should be cleared. The internal W8Ny

only detects errors for "1"s that do not succegsfutite

to "0"s. The CUI remains in read status registedenontil
it receives another command.

Reliable word/byte writes can only occur when
Ve=2.7V-3.6V and eeyw=Veewniz In the absence of
this high voltage, memory contents are protecteadnag
word/byte writes. If word/byte write is attemptechile
VeewEVeewLk: Status register bits SR.3 and SR.4 willlbe
set to "1". Successful word/byte write requires for boot
blocks that WP# is )y, and the corresponding block lock-
bit be cleared. In parameter and main blocks daseyst
be cleared the corresponding block lock-bit. If d/byte
write is attempted when the excepting above caoolti
SR.1 and SR.4 will be set to "1".
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4.8 Block Erase Suspend Command

The Block Erase Suspend command allows block-erase
interruption to read or word/byte write data in another
block of memory. Once the block erase processsstart
writing the Block Erase Suspend command requests th
the WSM suspend the block erase sequence at a
predetermined point in the algorithm. The devicépats
status register data when read after the Block eEras
Suspend command is written. Polling status regisiesr
SR.7 and SR.6 can determine when the block erase
operation has been suspended (both will be set to "1").
RY/BY# will also transition to High Z. Specificatio
tywhrz2 defines the block erase suspend latency.

When Block Erase Suspend command write to the €UI,
block erase was finished, the device places reaaly ar
mode. Therefore, after Block Erase Suspend command
write to the CUI, Read Status Register command )70H
has to write to CUI, then status register bit Séhéuld be
checked for places the device in suspend mode.

At this point, a Read Array command can be written
read data from blocks other than that which is endpd.

A Word/Byte Write command sequence can also beetssu
during erase suspend to program data in other &lock
Using the Word/Byte Write Suspend command (see
Section 4.9), a word/byte write operation can at&
suspended. During a word/byte write operation \pitick
erase suspended, status register bit SR.7 wilfrreétu"0"
and the RY/BY# output will transition to (. However,
SR.6 will remain "1" to indicate block erase sugpen
status.

The only other valid commands while block erase is
suspended are Read Status Register and Block Erase
Resume. After a Block Erase Resume command isawnritt
to the flash memory, the WSM will continue the Idoc
erase process. Status register bits SR.6 and SR.7 w
automatically clear and RY/BY# will return togy. After

the Erase Resume command is written, the device
automatically outputs status register data whed {eae
Figure 9). \kcw must remain at ¥e\wypo (the same
Vcew level used for block erase) while block erase is
suspended. RP# must also remain gf. WP# must also
remain at \{ or V,y (the same WP# level used for block
erase). Block erase cannot resume until word/byfigew
operations initiated during block erase suspend have
completed.

If the time between writing the Block Erase Resume
command and writing the Block Erase Suspend command
is shorter than greg and both commands are written
repeatedly, a longer time is required than standéodk
erase until the completion of the operation.

4.9 Word/Byte Write Suspend Command

2

The Word/Byte Write Suspend command allow:
word/byte write interruption to read data in othkash
memory locations. Once the word/byte write process
starts, writing the Word/Byte Write Suspend command
requests that the WSM suspend the Word/Byte write
sequence at a predetermined point in the algoritfiime.
device continues to output status register datanwbkad
after the Word/Byte Write Suspend command is writte
Polling status register bits SR.7 and SR.2 canrchinte
when the word/byte write operation has been susgend
(both will be set to "1"). RY/BY# will also trangin to
High Z. Specification\{ gz, defines the word/byte write
suspend latency.

When Word/Byte Write Suspend command write to
CUlI, if word/byte write was finished, the deviceapés
read array mode. Therefore, after Word/Byte Write
Suspend command write to the CUI, Read Status Regis
command (70H) has to write to CUI, then statussteg
bit SR.2 should be checked for places the device in
suspend mode.

At this point, a Read Array command can be written
read data from locations other than that which| is
suspended. The only other valid commands while
word/byte write is suspended are Read Status Registl
Word/Byte Write Resume. After Word/Byte Write
Resume command is written to the flash memory,|the
WSM will continue the word/byte write process. 8tat
register bits SR.2 and SR.7 will automatically clead
RY/BY# will return to Vi . After the Word/Byte Write
Resume command is written, the device automatically
outputs status register data when read (see FigQ)ye
Veew Must remain at ¥eywypo (the same ¥y level
used for word/byte write) while in word/byte write
suspend mode. RP# must also remain gt WP# must
also remain at )y or V, (the same WP# level used fq
word/byte write).

=

If the time between writing the Word/Byte Write Rese
command and writing the Word/Byte Write Suspend
command is short and both commands are written
repeatedly, a longer time is required than standard
word/byte write until the completion of the opeoati

Rev. 1.27



SHARP

LHF80J01

15

4.10 Set Block and Permanent Lock-Bit
Commands

A flexible block locking and unlocking scheme isabied

via a combination of block lock-bits, a permaneatktbit
and WP# pin. The block lock-bits and WP# pin gates
program and erase operations while the permanekitin
gates block-lock bit modification. With the permahe
lock-bit not set, individual block lock-bits can bet using
the Set Block Lock-Bit command. The Set Permanent
Lock-Bit command, sets the permanent lock-bit. Afte
permanent lock-bit is set, block lock-bits and ledlblock
contents cannot altered. See Table 5 for a sumrfry
hardware and software write protection options.

Set block lock-bit and permanent lock-bit are exedby

a two-cycle command sequence. The set block or
permanent lock-bit setup along with appropriatecklor
device address is written followed by either thetdeck
lock-bit confirm (and an address within the block to be
locked) or the set permanent lock-bit confirm (aardy
device address). The WSM then controls the set-lhitck
algorithm. After the sequence is written, the devic
automatically outputs status register data whed (sae
Figure 11). The CPU can detect the completion efgét
lock-bit event by analyzing the RY/BY# pin output or
status register bit SR.7.

When the set lock-bit operation is complete, stadgsster
bit SR.4 should be checked. If an error is detectied
status register should be cleared. The CUI will aimin
read status register mode until a new commandi® s

This two-step sequence of set-up followed by exenut
ensures that lock-bits are not accidentally set.irvalid
Set Block or Permanent Lock-Bit command will resaolt
status register bits SR.4 and SR.5 being set toAlBb,
reliable operations occur only when-}2.7V-3.6V and
Veew=Vecewniz In the absence of this high voltage,
lock-bit contents are protected against alteration.

A successful set block lock-bit operation requittest the
permanent lock-bit be cleared. If it is attempteithvthe
permanent lock-bit set, SR.1 and SR.4 will be eetit'
and the operation will fail.

4.11 Clear Block Lock-Bits Command

All set block lock-bits are cleared in parallel tiee Clear
Block Lock-Bits command. With the permanent lock-
not set, block lock-bits can be cleared using ¢inéyClear
Block Lock-Bits command. If the permanent lock-kst
set, block lock-bits cannot cleared. See Table 5 &f
summary of hardware and software write protec
options.

Clear block lock-bits operation is executed by a-twcle
command sequence. A clear block lock-bits setufirss
written. After the command is written, the dev
automatically outputs status register data whed {eae
Figure 12). The CPU can detect completion of thearg
block lock-bits event by analyzing the RY/BY# Pin out
or status register bit SR.7.

When the operation is complete, status registelSR5
should be checked. If a clear block lock-bit erisr
detected, the status register should be cleared. Quil
will remain in read status register mode until &eot
command is issued.

This two-step sequence of set-up followed by exenu
ensures that block lock-bits are not accidentalgared.
An invalid Clear Block Lock-Bits command sequend# v
result in status register bits SR.4 and SR.5 be@tgo "1".
Also, a reliable clear block lock-bits operatiomocanly
occur when VY=2.7V-3.6V and cw~Veewniz If @
clear block lock-bits operation
VeewEVYeewrk: SR.3 and SR.5 will be set to "1". In t
absence of this high voltage, the block lock-bisitent
are protected against alteration. A successfulr didack
lock-bits operation requires that the permanerit-lut is
not set. If it is attempted with the permanent lbikset,
SR.1 and SR.5 will be set to "1" and the operatigih
fail.

If a clear block lock-bits operation is aborted doi&/cy
or V¢ transitioning out of valid range or RP# acti
transition, block lock-bit values are left in
undetermined state. A repeat of clear block lodk-ls
required to initialize block lock-bit contents tadwn
values. Once the permanent lock-bit is set, it oare
cleared.

is attempted whi

I
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4.12 OTP Program Command

OTP program is executed by a two-cycle command
sequence. OTP program command(COH) is written,
followed by a second write cycle that specifiesdddress
and data (latched on the rising edge of WE#). TH&MN
then takes over, controlling the OTP program arugjam
verify algorithms internally. After the OTP program
command sequence is completed, the device autathatic
outputs status register data when read (see Fig))relhe
CPU can detect the completion of the OTP program by
analyzing the output data of the RY/BY# pin or s$at
register bit SR.7.

When OTP program is completed, status registebRi#
should be checked. If OTP program error is detected, the
status register should be cleared. The internal W8My

only detects errors for "1"s that do not successful
program to "0"s. The CUI remains in read statussteg
mode until it receives other commands.

Reliable OTP program can be executed only when
Vec=2.7V-3.6V and eeyw=Vecwniz In the absence of
this voltage, memory contents are protected ag&x$?

programs. If OTP program is attempted while
VeewEVeewLk: Status register bits SR.3 and SR.4 is|set
to "1". If OTP write is attempted when the OTP kdut
is set, SR.1 and SR.4 is setto "1".

4.13 Block Locking by the WP#

This Boot Block Flash memory architecture features
hardware-lockable boot blocks so that the kerndedor
the system can be kept secure while other blocks ar
programmed or erased as necessary.

The lockable two boot blocks are locked when WPV
any program or erase operation to a locked blodk |wi
result in an error, which will be reflected in tlséatus
register. For top configuration, the top two bolatchs are
lockable. For the bottom configuration, the bottom two
boot blocks are lockable. If WP# is,Vand block lock-
bit is not set, boot block can be programmed osexta
normally (Unless ¥cyy is below Ve k). WP# is valid
only two boot blocks, other blocks are not affected
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Table 5. Write Protection Alternativés
Permanent Block

Operation | Veew | RP# Lock-Bit | Lock-bit | WP# Effect
Block Erasel <Vieowik | X X X X | All Blocks Locked.
or >Veewrk | Vio X X X | All Blocks Locked.
Word/Byte Vi X 0 V| | 2 Boot Blocks Locked.
Write V|y | Block Erase and Word/Byte Write Enabled.

1 V,_ |Block Erase and Word/Byte Write Disabled.
V|4 | Block Erase and Word/Byte Write Disabled.

Full Chip | sVeewik | X X X X | All Blocks Locked.
Erase | >Veeowik | Vi X X X | All Blocks Locked.
V4 X X VL | All Unlocked Blocks are Erased.

2 Boot Blocks and Locked Blocks are NOT Erased.

Vi | All Unlocked Blocks are Erased,
Locked Blocks are NOT Erased.

SetBlock | <Veowik | X X X X | Set Block Lock-Bit Disabled.
Lock-Bit | >Veewik | ViL X X X | Set Block Lock-Bit Disabled.
ViH 0 X X | Set Block Lock-Bit Enabled.
1 X X | Set Block Lock-Bit Disabled.
Clear Block| <Veewik | X X X X | Clear Block Lock-Bits Disabled.
Lock-Bits | >Veewik | ViL X X X | Clear Block Lock-Bits Disabled.
Viu 0 X X | Clear Block Lock-Bits Enabled.
1 X X | Clear Block Lock-Bits Disabled.
Set NVeewk | X X X X | Set Permanent Lock-Bit Disabled.
Permanent| >Vecwik | ViL X X X | Set Permanent Lock-Bit Disabled.
Lock-Bit Viu X X X | Set Permanent Lock-Bit Enabled.

NOTE:
1. Xcanbe Y, orV for RP# and WP#, and "0" or "1" for permanent lbakand block lock-bit. See DC Characteristics
for Veewi i Voltage.
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Table 6. Status Register Definition

| WSMS | BESS | ECBLBS | WBWSLBS| VCCWS | WBWSS DPS R |
7 6 5 4 3 2 1 0
NOTES:
SR.7 = WRITE STATE MACHINE STATUS (WSMS) Check RY/BY# or SR.7 to determine block erase,dhlp
1 = Ready erase, word/byte write or lock-bit configuratiomgaletion.
0 = Busy SR.6-0 are invalid while SR.7="0".

SR.6 = BLOCK ERASE SUSPEND STATUS (BESS)
1 = Block Erase Suspended
0 = Block Erase in Progress/Completed

SR.5 = ERASE AND CLEAR BLOCK LOCK-BITS If both SR.5 and SR.4 are "1"s after a block erfgkchip
STATUS (ECBLBS) erase or lock-bit configuration attempt, an imprope
1 = Error in Block Erase, Full Chip Erase or CIB&ck | command sequence was entered.
Lock-Bits

0 = Successful Block Erase, Full Chip Erase or Clea
Block Lock-Bits

SR.4 = WORD/BYTE WRITE AND SET LOCK-BIT

STATUS (WBWSLBS) SR.3 does not provide a continuous indication gk
1 = Error in Word/Byte Write or Set Block/Permanent | level. The WSM interrogates and indicates thg.Y, level
Lock-Bit only after Block Erase, Full Chip Erase, Word/BVieite or
0 = Successful Word/Byte Write or Set Block/PernmineLock-Bit Configuration command sequences. SR.3 is not
Lock-Bit guaranteed to reports accurate feedback only when
Veew?Vcowniz

SR.3 = \;cy STATUS (VCCWS)
1 = Ve Low Detect, Operation Abort

0 =Veew OK SR.1 does not provide a continuous indication ofraaent
and block lock-bit and WP# values. The WSM interrogates
SR.2 = WORD/BYTE WRITE SUSPEND STATUS the permanent lock-bit, block lock-bit and WP# only after
(WBWSS) Block Erase, Full Chip Erase, Word/Byte Write orckeBit
1 = Word/Byte Write Suspended Configuration command sequences. It informs the system,
0 = Word/Byte Write in Progress/Completed depending on the attempted operation, if the block-bit is
set, permanent lock-bit is set and/or WP# js. Reading
SR.1 = DEVICE PROTECT STATUS (DPS) the block lock and permanent lock configuration codes after
1 = Block Lock-Bit, Permanent Lock-Bit and/or WP# | writing the Read Identifier Codes command indicates
o boclk Eetected, Operation Abort permanent and block lock-bit status.
= Unloc

SR.0 = RESERVED FOR FUTURE ENHANCEMENTS (RER.0 is reserved for future use and should be ndasie
when polling the status register.
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Write 70H

v

Read Status
Register

Write 20H

v

Write DOH,
Block Address

Read Status
Register <

Suspend

Block Erase Yes

Full Status
Check if Desired

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)

VccewRange Error

Device Protect Error
Command Sequence
Error

Block Erase Error

Block Erase Successful

Suspend Block
Erase Loop

Bus C d C t:
Operation omman omments
- Read Status Data=70H
Write .
Register Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
. Data=20H
Write Erase Setup
Addr=X
X Erase Data=DOH
Write 8 -
Confirm Addr=Within Block to be Erased
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Repeat for subsequent block erasures.
Full status check can be done after each blocleemaafter a sequence of
block erasures.
Write FFH after the last operation to place deviceead array mode.

Bus
Operation Command Comments
Check SR.3
Standby
1=Vccw Error Detect
Check SR.1
Standby .
1=Device Protect Detect
Check SR.4,5
Standby
Both 1=Command Sequence Error
Check SR.5
Standby
1=Block Erase Error
SR.5, SR.4, SR.3 and SR.1 are only cleared by I Status Register Command in cases
where multiple blocks are erased before falfust is checked.
If error is detected, clear the Status Registeorigedittempting retry or other error recovery.

Figure 6. Automated Block Erase Flowchart
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Write 70H

v

Read Status
Register

Write 30H

v

Write DOH

v

Read Status
Register

Full Status
Check if Desired

Full Chip Erase
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)

VccwRange Error

Device Protect Error

Command Sequence
Error

Full Chip Erase Error

Full Chip Erase
Successful

Bus C d C t
Operation omman omments
. Read Status Data=70H
Write .
Register Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
5 Full Chip Erase Data=30H
Write
Setup Addr=X
i Data=DOH
Write Full Chlp Erase
Confirm Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Full status check can be done after each full ergge.
Write FFH after the last operation to place deviceead array mode.

Bus C d C t
Operation omman omments
Check SR.3
Standby
1=V¢ccw Error Detect
Check SR.1
Standby 1=Device Protect Detect
(All Blocks are locked)
Check SR.4,5
Standby
Both 1=Command Sequence Error
Check SR.5
Standby .
1=Full Chip Erase Error
SR.5, SR.4, SR.3 and SR.1 are only cleared by lther Status Register Command in cases
where multiple blocks are erased before faifust is checked.
If error is detected, clear the Status Registeorgehittempting retry or other error recovery.

Figure 7. Automated Full Chip Erase Flowchart
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Operation Command Comments
; Writ Read Status Data=70H
Write 70H rite Register Addr=x
Read Status Read Status Register Data
Register
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
. X Data=40H or 10H
Write Setup Word/Byte Write
Addr=X
i Data=Data to Be Written
Write 40H or 10H Write Word/Byte Write ) )
* Addr=Location to Be Written
Write Word/Byte
Data and Address Read Status Register Data
Read > Check SR.7
Status Register
Standby 1=WSM Ready
Suspend Word/Byte .
Write Loop 0=WSM Busy
Suspend .
Word/Byte Repeat for subsequent word/byte writes.
Write SR full status check can be done after each wotelivyite, or after a sequence of
word/byte writes.
Write FFH after the last word/byte write operattorplace device in read array mode.

Full Status
Check if Desired

Word/Byte Write
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above) Bus Ci d Comment
Operation omman omments
Check SR.3
Standby 1=v £ Detect
VccewRange Error =Vecw Sror Deted
Check SR.1
Standby .
1=Device Protect Detect
Check SR.4
. Standby
Device Protect Error 1=Data Write Error
SR.4, SR.3 and SR.1 are only cleared by the CleénsSRegister command in cases
where multiple locations are written beford fiatus is checked.
If error is detected, clear the Status Registeorgefittempting retry or other error recovery.

Word/Byte Write Error

Word/Byte Write Successf

Figure 8. Automated Word/Byte Write Flowchart
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Write BOH

v

Read
Status Register

Read

Word/Byte
Write ?

Read Array Data

Word/Byte Write

Word/Byte Write Loop

Block Erase Completed

v

Write DOH

Write FFH

v

v

< Block Erase ResumeD

Read Array Data

Bus_ Command Comments
Operation
. Erase Data=BOH
Write
Suspend Addr=X
Status Register Data
Read
Addr=X
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Check SR.6
Standby 1=Block Erase Suspended
0=Block Erase Completed
Data=DOH
Write Erase ata
Resume Addr=X

Figure 9. Block Erase Suspend/Resume Flowchart
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Write BOH

v

Read
Status Register

Write FFH

v

Read Array Data

Done
Reading

Word/Byte Write Complet

d

Write DOH

Write FFH

v

v

@ord/Byte Write Resunﬁi

Read Array Data

Bus c d
Operation omman Comments
. Word/Byte Write Data=BOH
write Suspend Addr=X
Status Register Data
R
ead Addr=X
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Check SR.2
Standby 1=Word/Byte Write Suspended
0=Word/Byte Write Completed
Data=FFH
Write Read Array
Addr=X
Read Array locations other
Read . .
than that being written.
i Data=DOH
Write Word/Byte Write ata:
Resume Addr=X

Figure 10. Word/Byte Write Suspend/Resume Flowchart
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Write 70H

v

Read Status
Register

Write 60H

v

Write 01H/F1H,
Block/Device Address

v

Read
Status Register

Full Status
Check if Desired

Set Lock-Bit
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)

VccwRange Error

Device Protect Error

Command Sequence
Error

Set Lock-Bit Error

Set Lock-Bit Successful

Bus c d
Operation omman Comments
. Read Status Data=70H
Write .
Register Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
) Set Data=60H
Write Block/Permanent
Lock-Bit Setup Addr=X
Data=01H(Block),
) Set F1H(Permanent)
Write Block or Permanent Addr=Block Add Block
Lock-Bit Confirm r=Block Address(Block),
Device Address(Permanent)
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Repeat for subsequent lock-bit set operations.
Full status check can be done after each lockebibgeration or after a sequence of
lock-bit set operations.
Write FFH after the last lock-bit set operatiorptace device in read array mode.

Bus
) Command Comments
Operation
Check SR.3
Standby
1=V¢ccw Error Detect
Check SR.1
1=Device Protect Detect
Standby o
Permanent Lock-Bit is Set
(Set Block Lock-Bit Operation)
Check SR.4,5
Standby
Both 1=Command Sequence Error
Check SR.4
Standby
1=Set Lock-Bit Error
SR.5, SR.4, SR.3 and SR.1 are only cleared by lther Status Register command in cases
where multiple lock-bits are set before fulitss is checked.
If error is detected, clear the Status Registenrgefittempting retry or other error recovery.

Figure 11. Set Block and Permanent Lock-Bit Floart
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Write 70H

v

Read Status
Register

Write 60H

v

Write DOH

v

Read
Status Register

Full Status
Check if Desired

Clear Block Lock-Bits
Complete

Read Status Register
Data(See Above)

Clear Block Lock-Bits
Successful

FULL STATUS CHECK PROCEDURE

VccewRange Error
Device Protect Error

Command Sequence
Error

Clear Block Lock-Bits
Error

Bus
. Command Comments
Operation
- Read Status Data=70H
Write .
Register Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
. Clear Block Data=60H
Write Lock-Bits Setup Addr=X
- Clear Block Data=DOH
Write R X
Lock-Bits Confirm Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Write FFH after the Clear Block Lock-Bits operatimnplace device in read array mode.

Bus
Operation Command Comments
Check SR.3
Standby
1=Vccw Error Detect
Check SR.1
Standby 1=Device Protect Detect
Permanent Lock-Bit is Set
Check SR.4,5
Standby
Both 1=Command Sequence Error
Standby Check SR.5
1=Clear Block Lock-Bits Error
SR.5, SR.4, SR.3 and SR.1 are only cleared by léer Status Register command.
If error is detected, clear the Status Registeoreefittempting retry or other error recovery.

Figure 12. Clear Block Lock-Bits Flowchart
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Operation Command Comments
; Writ Read Status Data=70H
Write 70H rite Register Addr=x
Read Status Read Status Register Data
Register
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
. Data=COH
Write Setup OTP Program
Addr=X
Write COH Data=Data to Be Written
e Write OTP Program ) )
* Addr=Location to Be Written
Write Data and Address ,
Read Status Register Data
Read <4 Check SR.7
Status Register

Standby 1=WSM Ready
0=WSM Busy
0 Repeat for subsequent OTP programs.
SR full status check can be done after each OTgr@nn, or after a sequence of
1 OTP programs.
Write FFH after the last OTP program operationlgz@ device in read array mode.

Full Status
Check if Desired

OTP Program
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above) Bus Ci d Comment
Operation omman omments
Check SR.3
Standby 1=v £ Detect
VccewRange Error =Vecw Sror Deted
Check SR.1
Standby .
1=Device Protect Detect
Check SR.4
. Standby
Device Protect Error 1=Data Write Error
SR.4, SR.3 and SR.1 are only cleared by the CleénsSRegister command in cases
where multiple locations are written beford fiatus is checked.
If error is detected, clear the Status Registeorgefittempting retry or other error recovery.

OTP Program Error

OTP Program Successful

Figure 13. Automated OTP Program Flowchart
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SHARP

5 DESIGN CONSIDERATIONS 5.3 Power Supply Decoupling

Flash memory power switching characteristics reguir
careful device decoupling. System designers aeszasted

in three supply current issues; standby currentlée

5.1 Three-Line Output Control

The device will often be used in large memory &sray
SHARP provides three control inputs to accommodate active current levels and transient peaks produogd
multiple memory connections. Three-line control provides  falling and rising edges of CE# and OE#. Transient cufrent
for: magnitudes depend on the device outputs’ capacing
inductive loading. Two-line control and proper degling
capacitor selection will suppress transient voltagaks.
Each device should have a 0.1uF ceramic capacitor
connected between its ¥ and GND and between its
Vcew and GND. These high-frequency, low inductance
capacitors should be placed as close as possipkct@age

a. Lowest possible memory power dissipation.
b. Complete assurance that data bus contentiomuill
occur.

To use these control inputs efficiently, an addssoder
should enable CE# while OE# should be connecteall to leads. Additionally, for every eight devices, a 1
memory devices and the system’s READ# control line.  electrolytic capacitor should be placed at theyasrpower
This assures that only selected memory devices have supply connection between ¥ and GND. The bulk
active outputs while deselected memory devicesimre capacitor will overcome voltage slumps caused by PC
standby mode. RP# should be connected to the system board trace inductance.
POWERGOOQOD signal to prevent unintended writes durin

system power transitions. POWERGOOD should also
toggle during system reset.

5.4 Vccw Trace on Printed Circuit Boards

Updating flash memories that reside in the targstesn
requires that the printed circuit board designer pa
attention to the ¥y Power supply trace. Thegéy pin
supplies the memory cell current for word/byte imgt
and block erasing. Use similar trace widths anduiy
considerations given to the ¥ power bus. Adequate
Vew supply traces and decoupling will decrease-¥
voltage spikes and overshoots.

5.2 RY/BY# and WSM Polling

RY/BY# is an open drain output that should be connected
to V¢ by a pull up resistor to provides a hardware matho
of detecting block erase, full chip erase, wordébwirite

and lock-bit configuration completion. It transitions low
after block erase, full chip erase, word/byte wadtdock-

bit configuration commands and returns tg)/(while
RY/BY# is pull up) when the WSM has finished executing
the internal algorithm.

5.5 Vco Veew RP# Transitions

Block erase, full chip erase, word/byte write aadkkbit

RY/BY# can be connected to an interrupt input of th configuration are not guaranteed igMy, falls outside of g

system CPU or controller. It is active at all timBY/BY#
is also High Z when the device is in block erasgpsud
(with word/byte write inactive), word/byte write spend

valid Veeowne range, \sc falls outside of a valid 2.7V
3.6V range, or RR# . If V¢ error is detected, status
register bit SR.3 is set to "1" along with SR.4SR.5,

or reset modes. depending on the attempted operation. If RP# transitions

to V,_ during block erase, full chip erase, word/bytetevri
or lock-bit configuration, RY/BY# will remain low niil
the reset operation is complete. Then, the operatiil
abort and the device will enter reset mode. Thetato
operation may leave data partially altered. Thesfthe
command sequence must be repeated after normal
operation is restored. Device power-off or RP#gitions
to V,_clear the status register.

The CUI latches commands issued by system softarzte
is not altered by ¥ or CE# transitions or WSM
actions. Its state is read array mode upon powegdier
exit from reset mode or afterd¢ transitions below Yy .
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5.6 Power-Up/Down Protection

The device is designed to offer protection against
accidental block erase, full chip erase, word/lwtie or
lock-bit configuration during power transitions. &ip
power-up, the device is indifferent as to which power
supply (Mccw OF Vo) powers-up first. Internal circuitry
resets the CUI to read array mode at power-up.

A system designer must guard against spurious svfite
V¢ voltages above o when V- is active. Since
both WE# and CE# must be low for a command write,
driving either to \{y will inhibit writes. The CUI's two-
step command sequence architecture provides adsetl |
of protection against data alteration.

In-system block lock and unlock capability prevents
inadvertent data alteration. The device is disablbie
RP#=\|_regardless of its control inputs state.

5.7 Power Dissipation

When designing portable systems, designers musidzm
battery power consumption not only during device
operation, but also for data retention during systdle
time. Flash memory’s nonvolatility increases usable
battery life because data is retained when syswnepis
removed.

5.8 Data Protection Method

Noises having a level exceeding the limit specifiedhe
specification may be generated under specific dipera
conditions on some systems. Such noises, when éadduc
onto WE# signal or power supply, may be interpredsd
false commands, causing undesired memory updafing.
protect the data stored in the flash memory against
unwanted overwriting, systems operating with the flash
memory should have the following write protect desi,
as appropriate:

1) Protecting data in specific block

When a lock bit is set, the corresponding blockl(ides
the 2 boot blocks) is protected against overwritiBy
setting a WP# to low, only the 2 boot blocks can| be
protected against overwriting. By using this featuthe
flash memory space can be divided into the program
section (locked section) and data section (unlocked
section). The permanent lock bit can be used toente
false block bit setting. For further information on
setting/resetting lock-bit, refer to the specifioat (See
chapter 4.10 and 4.11.)

2) Data protection throughdéyy

When the level of ¥y is lower than V. (lockout
voltage), write operation on the flash memory isablied.
All blocks are locked and the data in the blocks |ar
completely write protected. For the lockout voltagefer
to the specification. (See chapter 6.2.3.)

3) Data protection through RP#

When the RP# is kept low during read mode, thehflas
memory will be reset mode, then write protecting |al
blocks. When the RP# is kept low during power ugd an
power down sequence such as voltage transitiorte wri
operation on the flash memory is disabled, write
protecting all blocks. For the details of RP# cohtrefer
to the specification. (See chapter 5.6 and 6.2.7.)
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6 ELECTRICAL SPECIFICATIONS

6.1 Absolute Maximum Ratings*
Operating Temperature
During Read, Block Erase,
Full Chip Erase, Word/Byte Write
and Lock-Bit Configuration................ 0°C toGT()

Storage Temperature

6.2 Operating Conditions

Temperature and M Operating Conditions

*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 extended exposure
beyond the "Operating Conditions' may affect device

rel

During under Bias ...........cccveveernnnnneen. *Cao +80°C 2.
During non Bias ..........ccccooevecvnvvnnnnen, -G5tb +125°C
Voltage On Any Pin
(except \ecand Vo) «oveveee -0.5V to 4 +0.5U2)
Ve Supply Voltage........ccceeeveiececenicnne. 0.0 +4.6\2) 3
Veeow Supply Voltage........ccenee. -0.2V to3taV(2.3)
Output Short Circuit Current..................ceee.... L00MA?)
4,

NOTES:
1. Operating temperature is for commercial tempeeatu

iability.

product defined by this specification.
All specified voltages are with respect to GN

Minimum DC voltage is -0.5V on input/output pins

and -0.2V on W and V¢ pins. During transitions
this level may undershoot to -2.0V for periods <0
Maximum DC voltage on input/output pins 3
Vc+0.5V which, during transitions, may overshoot
V2.0V for periods <20ns.

Maximum DC voltage on ¥y may overshoot to
+13.0V for periods <20ns. Applying 12V+0.3V to

Veew during erase/write can only be done for
maximum of 1000 cycles on each block.(, may be

D.

re
to

connected to 12V+0.3V for a total of 80 hours

maximum.

Output shorted for no more than one second. Niee mo

than one output shorted at a time.

1. Sampled, not 100% tested.

Symbol Parameter Min. Max. Unit Test Condition
Ta Operating Temperature 0 +70 °C Ambient Temperature
Vee V¢ Supply Voltage (2.7V-3.6V) 2.7 3.6 \%

6.2.1 Capacitan¢®
Ta=+25°C, f=1MHz
Symbol Parameter Typ. Max. Unit Condition

Cin Input Capacitance 7 10 pF V|ny=0.0V

Cout Output Capacitance 9 12 pF Vout=0.0V
NOTE:
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6.2.2 AC Input/Output Test Conditions

2.7 55
INPUT 1.35——— TESTPOINTS ——— P X 1.35 OUTPUT
0.0 55

AC test inputs are driven at 2.7V for a Logic "1ideD.0V for a Logic "0". Input timing begins, andtput timing ends, at 153/.
Input rise and fall times (10% to 90%) <10 ns.

Figure 14. Transient Input/Output Reference Waweftor Vo =2.7V-3.6V

Test Configuration Capacitance Loading Value
Test Configuration C.(pF)
13v Vec=2.7V-3.6V 50

1N914
RL:3.3KZ
DEVICE
UNDER O out

TEST

C_ Includes Jig

Capacitance 7[>

Figure 15. Transient Equivalent Testing Load Gircu
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6.2.3 DC Characteristics
DC Characteristics
Ve=2.7V-3.6V Test
Sym. Parameter Notes Typ. Max. Unit Conditions
I, Input Load Current 1 Vee=VecMax.
0.5 1 HA -y “Zv cor GND
Lo Output Leakage Current 1 +05 LA VCC:\_/CCMax.
Vour=Vccor GND
lccs Ve Standby Current 1,3,6 CMOS Level Inputs
2 15 HA | Ve=VcMax.
CE#=RP#=\(*0.2V
TTL Level Inputs
0.2 2 mA | Ve=VecMax.
CE#=RP#=\{4
lccas | Ve Auto Power-Save Current 15,6 CMOS Level Inputs
2 15 HA | Vo=VcMax.
CE#=GND=0.2V
lcep Vc Reset Power-Down Current 1 2 15 LA RP#:GNDiO.%V
louT(RY/BY#)=0mA
lccr Vcc Read Current 1,6 CMOS Level Inputs
15 25 MA | Vco=VecMax., CE#=GND
f=5MHz, 15 ,7=0mA
TTL Level Inputs
30 mA | Vec=VecMax., CE#=GND
f=5MHz, |5 ;7=0mA
lccw V¢ Word/Byte Write or Set Lock- 1,7 5 17 mA | Veew~2.7V-3.6V
Bit Current 5 12 mA | Veew=11.7V-12.3V
lcce V¢ Block Erase, Full Chip Erase or 1,7 4 17 mA | Vcew~2.7V-3.6V
Clear Block Lock-Bits Current 4 12 mMA | Veew=11.7V-12.3V
lccws | Ve Word/Byte Write or 1,2 _
lcces | Block Erase Suspend Current 1 6 mA | CE#=Vy
lcews | Veew Standby or Read Current 1 +2 *15 MA | VeewSVee
lccwr 10 200 HA | VeewVec
lccwas | Vecow Auto Power-Save Current 15,6 CMOS Level Inputs
0.1 5 HA | Ve=VecMax.
CE#=GND=0.2V
lccwp | Veew Reset Power-Down Current 1 0.1 5 HA | RP#=GNDz0.2V
lccww | Veow Word/Byte Write or Set Lock-| 1,7 12 40 mA | Veew~2.7V-3.6V
Bit Current 30 mA | Veew=11.7V-12.3V
lccwe | Vcew Block Erase, Full Chip Erase| 1,7 8 25 mA | Veew~2.7V-3.6V
or Clear Block Lock-Bits Current 20 MA | Veeyw=11.7V-12.3V
lcewws | Veeow Word/Byte Write or 1 _
lccwes | Block Erase Suspend Current 10 200 WA Veew=Veowhir
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DC Characteristics (Continued)

Vc=2.7V-3.6V
Sym. Parameter Notes Min. Max. Unit Test Conditions
Vi Input Low Voltage 7 -0.5 0.8 \
Vi Input High Voltage 7 Vee
20 +0.5 v
VoL Output Low Voltage 3,7 0.4 v VC(E:VCC Min.
lo =2.0mA
Von1 | Output High Voltage 7 54 v | VectVecMin.
(TTL) ' lop=-2.0mA
Vo2 Output High Voltage 7 0.85 v | VecTVecMin.
(CMOS) Vee lo=-2.5mA
-0.4 | o=-100pA
Veewrk | VYeew Lockout during Normal 4,7 1.0 v
Operations '
Veewnt | Veew during Block Erase, Full Chip
Erase, Word/Byte Write or Lock-Bit 2.7 3.6 \%
Configuration Operations
Veewnz | Veewduring Block Erase, Full Chipp 8
Erase, Word/Byte Write or Lock-Bit 11.7 12.3 \%
Configuration Operations
Vi ko V¢ Lockout Voltage 2.0 \

NOTES:

1. All currents are in RMS unless otherwise noteghidal values at nominal M voltage and 1=+25°C.

2. lccwsand kcesare specified with the device de-selected. If readord/byte written while in erase suspend mdide,
device’s current draw is the sum @y sOr lccesand kg Of lcow: respectively.

3. Includes RY/BY#.

4. Block erases, full chip erase, word/byte writed bock-bit configurations are inhibited wheg¥\<V ccowLk. @and not
guaranteed in the range betweegg\, k(max.) and icyypa(min.), between ¥eywyi(max.) and VeeyypAmin.) and
above \:yypAmax.).

5. The Automatic Power Savings (APS) feature isqdasutomatically power save mode that addresseswitmhing more
than 300ns while read mode.

6. About all of pin except describe Test Conditicd@®|OS level inputs are either¢s+0.2V or GND+0.2V, TTL level
inputs are either y or V.

7. Sampled, not 100% tested.

8. Applying 12V+0.3V to sy, during erase/write can only be done for a maxinmirh000 cycles on each block¥,

may be connected to 12V+0.3V for a total of 80 lsauaximum.
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6.2.4 AC Characteristics - Read-Only Operafibns

Vc=2.7V-3.6V, T,=0°C to +70°C

1. See AC Input/Output Reference Waveform for maxmallowable input slew rate.
2. OE# may be delayed up 1 byt gy after the falling edge of CE# without impact @pdy.
3. Sampled, not 100% tested.

4. If BYTE# transfer during reading cycle, exist tiegulations separately.

Sym. Parameter Notes Min. Max. Unit
tayay | Read Cycle Time 90 ns
tavov | Address to Output Delay 90 ns
teiov | CE# to Output Delay 2 90 ns
tppoy | RP# High to Output Delay 600 ns
tcLoy | OE# to Output Delay 2 50 ns
teLox | CE#to Outputin Low Z 3 0 ns
tenoz | CE# High to Output in High Z 3 55 ns
toLox | OE# to Outputin Low Z 3 0 ns
tchoz | OE# High to Output in High Z 3 20 ns

Output Hold from Address, CE# or OE# Change, Whiehe
for Occurs First 3 0 ns
teyvovy | BYTE# to Output Delay 3 90 ns
trLoz BYTE# Low to Output in High Z 3 30 ns
teLpy CE# to BYTE# High or Low 3,4 5 ns
NOTES:
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Figure 16. AC Waveform for Read Operations
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6.2.5 AC Characteristics - Write Operatidis

V(c=2.7V-3.6V, T,=0°C to +70°C

the same as during read-only operations. RefelGd_Aaracteristics for read-only operations.
2. Sampled, not 100% tested.

configuration success (SR.1/3/4/5=0).
5. If BYTE# switch during reading cycle, exist tregulations separately.

Sym. Parameter Notes Min. Max. Unit
tayvay | Write Cycle Time 90 ns
topwL | RP# High Recovery to WE# Going Low 2 1 us
teywe | CE# Setup to WE# Going Low 10 ns
twiwn | WE# Pulse Width 50 ns
tspwh | WP#V)y Setup to WE# Going High 2 100 ns
typwn | Veeow Setup to WE# Going High 2 100 ns
taywn | Address Setup to WE# Going High 3 50 ns
towwn | Data Setup to WE# Going High 3 50 ns
twhpx | Data Hold from WE# High 0 ns
twuax | Address Hold from WE# High 0 ns
twuen | CE# Hold from WE# High 10 ns
twawe | WE# Pulse Width High 30 ns
twhre | WE# High to RY/BY# Going Low or SR.7 Going "0" 100 ns
twheL | Write Recovery before Read 0 ns
towwt | Veew Hold from Valid SRD, RY/BY# High Z 2,4 0 ns
toyvsL | WP# V| Hold from Valid SRD, RY/BY# High Z 2,4 0 ns
teywh | BYTE# Setup to WE# Going High 5 50 ns
twuey | BYTE# Hold from WE# High 5 90 ns

NOTES:

1. Read timing characteristics during block erask chip erase, word/byte write and lock-bit configtion operations are

3. Refer to Table 4 for valid @ and Oy, for block erase, full chip erase, word/byte watdock-bit configuration.
4. Vcew Should be held at Moywn1/2 Until determination of block erase, full chip exagord/byte write or lock-bit
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NOTES:
Vce power-up and standby.
Write each setup command.

Read status register data.
Write Read Array command.
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Figure 18. AC Waveform for WE#-Controlled Write €@ptions
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6.2.6 Alternative CE#-Controlled Writé}

Vc=2.7V-3.6V, T,=0°C to +70°C

Sym. Parameter Notes Min. Max. Unit
tayvay | Write Cycle Time 90 ns
toyeL | RP# High Recovery to CE# Going Low 2 1 us
twiel | WE# Setup to CE# Going Low 0 ns
te e | CE# Pulse Width 50 ns
tshen | WP#Vy Setup to CE# Going High 2 100 ns
typen | Veew Setup to CE# Going High 2 100 ns
taven | Address Setup to CE# Going High 3 50 ns
tovey | Data Setup to CE# Going High 3 50 ns
teypx | Data Hold from CE# High 0 ns
teyax | Address Hold from CE# High 0 ns
tepwn | WE# Hold from CE# High 0 ns
teye. | CE# Pulse Width High 30 ns
teyr. | CE# High to RY/BY# Going Low or SR.7 Going "0" 100 ns
teyoL | Write Recovery before Read 0 ns
towwt | VeewHold from Valid SRD, RY/BY# High Z 2,4 0 ns
toyvsL | WP# V| Hold from Valid SRD, RY/BY# High Z 2,4 0 ns
trvEH BYTE# Setup to CE# Going High 5 50 ns
teypy | BYTE# Hold from CE# High 5 90 ns

NOTES:

1. In systems where CE# defines the write pulsehwfdithin a longer WE# timing waveform), all setuqld, and inactive
WE# times should be measured relative to the CE/foam.

2. Sampled, not 100% tested.

3. Refer to Table 4 for valid @y and Qy, for block erase, full chip erase, word/byte watdock-bit configuration.

4. Vcew Should be held at Moywn1/2 Until determination of block erase, full chip exagord/byte write or lock-bit
configuration success (SR.1/3/4/5=0).

5. If BYTE# switch during reading cycle, exist tregulations separately.
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Automated erase or program delay.

Read status register data.

Write Read Array command.

Figure 19. AC Waveform for CE#-Controlled Write @ations
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6.2.7 Reset Operations
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Figure 20. AC Waveform for Reset Operation
Reset AC Specifications
Sym. Parameter Notes Min. Max. Unit
to pH RP# Pulse Low Time 2 100 ns
¢ RP# Low to Reset during Block Erase, Full Chip Eras 19 30 s
PLRZ | Word/Byte Write or Lock-Bit Configuration : H
toypy Ve 2.7V to RP# High 2,3 100 ns

NOTES:
the reset will complete within 100ns.
valid. Refer to AC Characteristics - Read-Only Gpiens for .

has been in stable there.

1. If RP# is asserted while a block erase, full arigse, word/byte write or lock-bit configuratiopesation is not executing
2. Areset time,FIHQV, is required from the later of RY/BY#(SR.7) goiHigh Z("1") or RP# going high until outputs are

3. When the device power-up, holding RP# low miniml@0ns is required afterdé has been in predefined range and al
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6.2.8 Block Erase, Full Chip Erase, Word/Byte Write and Lock-Bit Configuration Perforffance
Vc=2.7V-3.6V, Ty=0°C to +70°C
Veew=2.7V-3.6V Veew=11.7V-12.3V
Sym. Parameter Notes | Min. | Typ.)) | Max. | Min. | Typ.) | Max. | Unit
twHova | Word Write Time 32K word Block| 2 33 200 20 us
tEHQVL 4K word Block 2 36 200 27 VES
Byte Write Time 64K byte Block 2 31 200 19 us
8K byte Block 2 32 200 26 us
Block Write Time 32K word Block| 2 11 4 0.66 S
(In word mode) 4K word Block 2 0.15 0.5 0.12 S
Block Write Time 64K byte Block 2 2.2 7 1.4 s
(In byte mode) 8K byte Block 2 0.3 1 0.25 S
twHov2 . 32K word Block
terovs Block Erase Time 64K byte Block 2 1.2 6 0.9 S
4K word Block
8K byte Block | 2 06 | 5 0.5 s
Full Chip Erase Time 2 22.8 114 17.5 s
EWHQVC% Set Lock-Bit Time 2 56 | 200 42 us
EHQV3
{wHQV4 | Clear Block Lock-Bits Time 2 1 5 0.69 s
EHQV4
twhHrz1 | Word/Byte Write Suspend Latency Time|to 4 6 15 6 15 us
tenrz1 | Read
twhrz2 | Block Erase Suspend Latency Time to 4 16 30 16 30 us
teyrzo | Read
Latency Time from Block Erase Resume
teres | Command to Block Erase Suspend 5 600 600 us
Command
NOTES:

1. Typical values measured g{3+25°C and \4=3.0V, Vcc\,=3.0V or 12.0V. Assumes corresponding lock-bitsraore
set. Subject to change based on device charadienza

2. Excludes system-level overhead.

3. Sampled but not 100% tested.

4. A latency time is required from issuing suspeochmand(WE# or CE# going high) until RY/BY# goinggHiZ or SR.7
going "1".

5. If the time between writing the Block Erase Reswsommand and writing the Block Erase Suspend cordrisashorter
than Eresand both commands are written repeatedly, a lotmeris required than standard block erase urgil th
completion of the operation.
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7 PACKAGE AND PACKING SPECIFICATION ]

1.Storage Conditions.

~ 1-1.Storage conditions required before opening the dry packing.
* Normal temperature : 5~40C
* Normal humidity : 80% R.H. max.

1-2.Storage conditions required after opening the dry packing.
In order to prevent moisture absorption after opening, ensure the following storage
conditions apply:
(1) Storage conditions for one-time soldering. (Convection reflow, IR/Convection reflow,
or Manual soldering. )
* Temperature : 5~25C
* Humidity : 60% R.H. max.
* Period : 72 hours max. after opening.
(2) Storage conditions for two-time soldering. (Convection reflow, IR/Convection reflow.)

a. Storage conditions following opening and prior to performing the 1st reflow.
* Temperature : 5~25C,

* Humidity : 60% R.H. max.
* Period : 72 hours max. after opening.

b. Storage conditions following completion of the 1st reflow and prior to performing
the 2nd reflow.

* Temperature : 5~25TC,
* Humidity : 60% R .H. max.
* Period : 72 hours max. after completion of the 1st reflow.

1-3.Temporary storage after opening.

To re-store the devices before soldering, do so only once and use a dry box or place desiccant

(with a blue humidity indicator) with the devices and perform dry packing again using
heat-sealing.

The storage period, temperature and humidity must be as follows :
(1) Storage temperature and humidity.
%1 : External atmosphere temperature and humidity of the dry packing.
First opening ¢—— X1——p Re-sealing ¢—— Y—p Re-opening 4—— X2——p Mounting

N

D et O
Y Y Y h
%1 Temperature : 5~40T | 5~25C | X1 5~40T | 5~25C i
Humidity : 80%R.H. max 60%R.H. max. | 80%R.H. max. | 60%R.H. max. }

(2) Storage period.

* X1+X2 : Refer to Section 1-2(1) and (2)a , depending on the mounting method.
Y : Two weeks max.
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2. Baking Condition.
(1) Situations requiring baking before mounting.
* Storage conditions exceed the limits specified in Section 1-2 or 1-3.
* Humidity indicator in the desiccant was already pink when opened.
(' Also for re-opening.)
(2) Recommended baking conditions.
- Baking temperature and period :
120C for 16~24 hours.
The above baking conditions apply since the trays are heat-resistant.
(8) Storage after baking.
* After baking, store the devices in the environment specified in Section 1-2 and mount
immediately.

3.Surface mount conditions.
The following soldering condition are recommended to ensure device quality.
3-1.Soldering.
(1) Convection reflow or IR/Convection. (one-time soldering or two-time soldering)
* Temperature and period :
Peak temperature of 230C max.
Above 200C for 50 sec. max.
Preheat temperature of 140~160C for 90+ 30 sec.
Temperature increase rate of 1~3Csec.
* Measuring point : IC package surface.
* Temperature profile :

230C max.
200°C

8

& 50 sec. max

3 .

& 3

s s Preheating ( 90+ 30 sec.)

5 2

g

S8

Temp. increase 1~3C_sec.

Y
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(2) Manual soldering ( soldering iron) ( one-time soldering only )
Soldering iron should only touch the IC’s outer leads.
* Temperature and period :
350C max. for 3 sec. / pin max., or 260°C max. for 10 sec. / pin max.
(Soldering iron should only touch the IC’s outer leads.)
* Measuring point : Soldering iron tip.

4. Condition for removal of residual flax.
(1) Ultrasonic washing power : 25 watts / liter max.
(2) Washing time : Total 1 minute max.
(8) Solvent temperature : 15~40C
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5. Package outline specification.
Refer to the attached drawing.

6. Markings.
6-1.Marking details. (The information on the package should be given as follows.)
(1) Product name : LH28F800BJE-PTTL90

(2) Company name : SHARP
(8) Date code
(Example) Z YY WW XXX
Denotes the production ref. code (1~3 digits).
-— pDenotes the production week. (01 - 02 + ~ * 52 * 53)
% Denotes the production year.
(Last two digits of the year.)
» Denotes the production ref. code
(No marking ,A, B, C)
(4) “JAPAN’ is marked on the package when both wafer and assembly processes are
done in Japan , indicating the country of origin.
6-2.Marking layout.
The layout is shown in the attached drawing.
(However, this layout does not specify the size of the marking character and marking position.)

20001222



SHARP

46

LHF80J01
©
o
o
+
N .
l S|
S — 1| E=
1 48 ol
D-i O
o
o
- “ -
o
o
-y
24 25
!
1F’
- 20. 0 +0. 3 .
+ - é

g 18. 4 —o. 2 'g X g

. ok

Q ol© 8

o I : - -
1 N i
3 I XG. B PLANE
H
o
19. 0 #0. 1 ol 2
SEE DETAIL A o
DETAIL A
®
g
O PKG. BASE PLANE
0.5*0.1 s|s|E
= HiH %

D—-REREULE | NZFAvF U—RME !

LEAD FINISH E TIN-LEAD PLATING LEAD MATERIAL i 42ALLOY
220 . W% TIAFv I Ny T—I0kTER. NUE
NAME E TSOP048-P-1220 SERNVBDET B,

! E NOTE Plastic body dimensions do not include burr
DRAWING NO. | AA1142| UNIT ! mm of resin.

20001222



SHARP LHF80701

47

R—I L1479 K
Marking layout

FJAPAN) REENHBFED— 7k
Marking layout when “JAPAN” is indicated.

— O
LH28F800BJE-PTTL90
SHARP

JAPAN
YYWW XXX

TJAPAN] REENZWIEA DY — 7k
Marking layout when “JAPAN” is not indicated.

—10
LH28F800BJE-PTTL90
SHARP

LYYWW XXX
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7.Packing Specifications (Dry packing for surface mount packages.)
7-1.Packing materials.

Material name Material specifications Purpose
Inner carton Cardboard (500 devices / inner carton Packing the devices.
max.) (10 trays / inner carton)
Tray Conductive plastic (50 devices / tray) Securing the devices.
Upper cover tray Conductive plastic (1 tray / inner carton) Securing the devices.
Laminated aluminum | Aluminum polyethylene Keeping the devices dry.
bag
Desiccant Silica gel Keeping the devices dry.
Label Paper Indicates part number,
quantity, and packed date.
PP band Polypropylene (8 pcs. / inner carton ) Securing the devices.
Outer carton Cardboard (2000 devices / outer carton Outer packing.
max.)

( Devices must be placed on the tray in the same direction.)

7-2.0utline dimension of tray.
Refer to the attached drawing.

7-3.0Outline dimension of carton.
Refer to the attached drawing.

8. Precautions for use.

(1) Opening must be done on an anti-ESD treated workbench.

All workers must also have undergone anti-ESD treatment.
(2)  The trays have undergone either conductive or anti-ESD treatment.
If another tray is used, make sure it has also undergone conductive or anti-ESD

treatment.

(3)  The devices should be mounted the devices within one year of the date of delivery.
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A-1 RECOMMENDED OPERATING CONDITIONS
A-1.1 At Device Power-Up

AC timing illustrated in Figure A-1 is recommended the supply voltages and the control signaldeaice power-up.
If the timing in the figure is ignored, the devitgy not operate correctly.

Vcc(min)

Vee

GND

tvR | toven ! tr trHQV

Vi ‘ ‘ e

RP# (P) /

(RST#) Vi

\|

Vcewnin
. (Vepriz2)
Veew? ™)

(Ver) GND

tr or t
trR or tF | | tavQv Ront

Vi
ADDRESS (A) Valid
Vi Address

N tELQv tr

Vi
CE# (B)
Vi

Vi

/1

WE# (W)
Vi
| tF | toqv tr

Vi
OE# (G)
Vi

Vi

/1

WP# (S)
Vi

High Z

v
DATA D/Q) VOH

OL

B Valid
Output

J‘/\L

*1 tsypH for the device in 5V operations.

*2 To prevent the unwanted writes, system designers should consider the V. (Vpp) switch, which connects Vcy (Vip)
to GND during read operations and Vi cwiin (Vepni) during write or erase operations.
See the application note AP-007-SW-E for details.

Figure A-1. AC Timing at Device Power-Up

For the AC specifications,k, tr, tr in the figure, refer to the next page. See theEETRICAL SPECIFICATIONS*

described in specifications for the supply voltagege, the operating temperature and the AC spatifins not shown in
the next page.
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A-1.1.1 Rise and Fall Time

1. Sampled, not 100% tested.
2. This specification is applied for not only thevite power-up but also the normal operations.
tr(Max.) and g(Max.) for RP# (RST#) are 28/V.

Symbol Parameter Notes Min. Max. Unit
tvr Ve Rise Time 1 0.5 30000 us/vV
tr Input Signal Rise Time 1,2 1 us/vV
te Input Signal Fall Time 1,2 1 us/vV

NOTES:

Rev. 1.10
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A-1.2 Glitch Noises

Do not input the glitch noises which are beloyy YMin.) or above Y (Max.) on address, data, reset, and control sign
as shown in Figure A-2 (b). The acceptable glitolses are illustrated in Figure A-2 (a).

Input Signal Input Signal
VEe(Min.) = = = = = = = = — — - - Vi (Min.)
Vi(Max.) = = = = = = = = = = — - Vi (Max.)
Input Signal Input Signal
(a) Acceptable Glitch Noises (b) NOT Acceptable Glitch Noises

Figure A-2. Waveform for Glitch Noises

See the “DC CHARACTERISTICS" descgb in specifications for 4 (Min.) and \j, (Max.).
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A-2 RELATED DOCUMENT INFORMATIONY

Document No. Document Name
AP-001-SD-E Flash Memory Family Software Drivers
AP-006-PT-E Data Protection Method of SHARP Flgsmory
AP-007-SW-E RP#, \bpElectric Potential Switching Circuit

NOTE:

1. International customers should contact theial SHARP or distribution sales office.
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SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE.
Suggested applications (if any) are for standard use; See Important Restrictions for limitations on special applications. See Limited Warranty
for SHARP’s product warranty. The Limited Warranty is in lieu, and exclusive of, all other warranties, express or implied. ALL EXPRESS
AND IMPLIED WARRANTIES, INCLUDING THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR USE AND FITNESS FOR A
PARTICULAR PURPOSE, ARE SPECIFICALLY EXCLUDED. In no event will SHARP be liable, or in any way responsible, for any incidental

or consequential economic or property damage.
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