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NOTICE

H This publication Is the proprietary product of Sharp and Is copyrighted, with all rights reserved. Under the copy-
tight laws, no part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical for any purpose, in whole or in part, without the express written permission of Sharp. Express written
pemission is also required before any use of this pubfication may be mada by a third party.

B The application circuit examples in this publication are provided to explain the represantative applications of
Sharp devices and are not Intended 1o guarantee any circult design or parmit any industrial propesty right or ather
rights 1o be executed. Sharp takes no responalbifity for any problemns related to any industrial property right ora
third panty resulting from the use of Sharp's devices, except for those resulting directly from device manufacturing
processes.

1B In the absenca of confirmation by device specification shests, Sharp takes no responsibllity for any defects that
occur In equipment using any of Sharp's devices, shown in catalogs, data boaks, etc. Contact Sharp in order to
obtain the lateat device specifications eheats before using any Sharp device.

M Sharp reserves the right o make changes in the specifications, tharacteristics, data, materlals, structureg and
other contents described herein at any time without notice In order to improve design or refiability. Contact Sharp
in order to obtain the latast specification sheats befora using any Sham device. Manufacturing locations are alsc
subject to change without notics,

IR Obeorve the following points when using any device in this publication. Sharp takes no responshility for damage
caused by impraper use of devices.

1 The devices In this publication are designed for uge In generaf slectronic equipment designs, such as:
* Personal computare » Office automation * Telecommunication equipment (except fof trunk nes)
« Test and measurement equipment » Industrial control » Audio visual and mutiimedia equipment
« Consumer electronics
2 The appropriate design ineasures should be taken to ensure refiability and safety when Sharp dovices are
used for equipment, such &s :
* Majn frame compulers * Transportation control and safety equipment (Le,, alreraft, rains, automobiles, gtc.)
» Traffic signal « Gas leakage sensor breakers ¢ Alarm equipment « Varlous safety devices ele.
3 Sharp devices shal not be used for aquipment that requires an extremely high lavel of reliabiity, such as:
« Military and aerospace applications » Telecommunication equipmant (trunk lines)
» Nuclear power control equipment « Medical equipment for iife support

M Contact a Sharp represantative, in advance, when intending to use Sharp devices for any *Specific” applications
other than those recommendad by Sham.

B Contact and consult with a Sharp representative f there are any questions about the contents of this publication.
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LH28F400SUT-LC12
4 MBIT (512 KBIT x 8, 256 KBIT x 16)
3.3V (v,,=5v) FLASH MEMORY

FEATURES
¢ 32 Independently Lockable Blocks » System Performance Enhancement
= 100,000 Erase Cycles per Block - Erase Suspend for Read
*» BV Write/Erase Operation (6V V., 3.3V V. ) - Two-Byte Write

- No Requirementfor DC/DG o - Full Chilp Erase

Converter to Write/Erase * Data Fg:becﬁon |
- Hardware Erase/Wrlte Lockout

* User-Configurable x8 or x16 Operation during Power Transilions
* 120 ng Maximum Access Time - Software Erase/Wrlte Lockout

(Voo=33VL03y) "« Independently Lociable tor Write/Erase on
* Min. 2.7V Read Capability Each Block (Lock Block & Protect Set/

- 160 ns Maximum Access Time Reset)

(Vo em27V) 4 .
* 4 A (Typ.) [, in CMOS Standby

* Automated Byte Write/Block Erase

- Command User Interface * 02pA (Typ,) Deep Power-Dow:

- Status Register = State-of-the-Art 0.55 pm ETOX™ Flash

- RY/BY# Status Output Technology
* gz:k?;e’ 1.2mm x 14mm x 20mm TSOP » Not designed or rated as radiation hardened

Sharp's LH28F400SUT-LC12 4-Mbit Flash Memory Is a revolutionary architectura which anables the design of truly
moblle, high performance, personal computing and communication products. With innovative capabilities, 3.3V low
power operation and very high read/write performance, the LH28F4005UT-LC12 is also the ideal cholce for designing
embeddod mass storage flash memory systoms.

The LH28F400SUT-LC12's Independently lockable 32 symmetrical blocked architecture (18-Kbyle sach) extended
cyaling, low power operalion, very fast write and read performance and selactive hlock kcking provide a highly flexible
memory companent suitable for Cellular phone, Facsimile, Qame, PC, Prntor and Handy términal. The
LH28F4008UT-LC12's 5.0V/3.3V powar supply operation enables the design of memory cards which can be read in
2.3V system and writton in 5.0V/3.3V systems. lts x8/x18 archilecture allows the optimization of memory to procassar
interface. The flexible block locking option enables bundfing of executable application software in a Resident Flaah
Array or memory card. Manufactured on Sham's 0.55 um ETOX™ process technology, the LH28F400SUT-LC121s
the most cost-effective, high-density 3.3V flash memory.

* ETOX Is a trademark of Intel corporation.
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1.0 INTRODUCTION

The data sheat is Intended to give an ovarview of the
chip feature-set and of the operating AC/DC specifica-
tions.

1.1 Product Qverview

The LH28F400SUT-LC12 1$ a high pedormance 4-Mbit
(4,194,304 bit) block orasable non-volatile random ac-
ces9 memory organized as either 266 Kword X 16 or 512
Kbyle x 8. The LH28F400SUT-LC12 includes thirty-two
1% KB (16,384) blocks. A chip memoty map is shown in
Figure 3.

The implementation of 8 new architecture, with many
enhanced features, will improve the device opsrating
characteristics and resuits in greater product rellability
and ease of ysa.

Among the significant enhancements of the

LH28F400SUT-LC12:

» 3V Read, 5V Write/Erase Operation (5V VP,,_QV Vo)

= Low Power Capability (2.7V V. Read)

* Improved Write Performance

* Dedicated Block Write/Erase Protection

¢ Command-Controfled Memory Protection Set/Reset
Capability

The LH2BF400SUT-LC 12 wilt be availablg in a 36-load,
1.2mm thick, 14mm x 20mm TSOP type 1 package. This
form faotor and pinout allow for very high board layout
denstties,

A Command User Interface (CUI) serves as tho system
interface betwean the microprocessor or micro-
controller and the intemal memory operation.

Intemat Algorithm Automation allows Byte Writes and
Block Erase operations o be executed using a Two-
Write command sequence to the CU| in the Same way
as the LH2B8FO08SA 8-Mbit Flash memory.

A Superset of commands have been added to the basic
LH28F008SA command.set to achleve higher write per-
formance and provide additional ¢capabilities. These
naw commands and features include:

* Softwara Locking of Memory Blocks

= Memory Protection Set/Reset Capsbility

+ Two-Byte Serfal Writes in 8-bit Systems

s Erase All Unlocked Blocks

Writing of memory data is parformed typically within 20
esec per byte. Writing of memory data is performed
typically within 30 usec per word. A Block Erase
operation srases one of the 32 blocks in typically 0.8
sec, independsnt of the other blocks.

LH28F4005UT-LC12 allows to erase all untockad
blocks. It is desirable in case of which you have to
implement Erase operation max. 32 imes.

LH28F400SUT-LC12 enables Two-Byte getial Writa
which is operated by three times command input.
Writing of memory data is performed typically within 30
usec per twosbyte. This teatyre can Improve 8-bit
systemn write petformance by up to typically 15 psec per
byte.

All oparations are started by a sequence of Write com-
mands to the device, Status Register (described in
detall later) and a RY/BY# oulput pin provide Informa-
tion on the progross of the requested operation.

Same as the LH28F008SA, LH28F400SUT-LC12
requires an operation to complete before the next
operation can be requested, also i aliows to suspend
block erase to read data from any other block, and aflow
1o resume erase operation.

The LH28F400SUT-LC12 pravides user-selectable
block locking to protact code or data such as Device
Drivers, FCMCIA card information, ROM-Exaecutable
05 or Application Code, Each block has an associatad
non-volatlle lock-bit which determines the lock status of
the block. In addition, the LH28F400SUT-LC12 has a
software controlled master Write Protect clrcult which
prevants any modificationa to memory blocks whose
lock-bits ara set.

When the device power-up or RP# tums High, Write
Protact Set/Confirm ¢ommand must be written.
Otherwlse, all lock bits in the device remain bsing
locked, can't perform tho Write to each block and single
Block Erase, Write Protect Set/Confirm command must
be written to reflect the actual jock status. However,
when the device power-on or RP# turns High, Erase All
Unlocked Blocks can be used. If used, Erase is
performed with reflscting actual lock status, and after
that Write and Block Erase can be used.
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The LH28F400SUT-LC12 containg a Compatible Status
Register (CSR) which is 100% compatible with the
LH28F008SA Flash memory's Status Register, This
register, when used alone, provides a straightforward
upgrade capability to the LH28F400SUT-LC12 from a
LH28F008SA-based design.

The LH28F4005UT-LC12 Incorporales an open drain
RY/BY# output pin. This feature allows the user to OR-
tie many RY/BY# pins together {n a muitiple memory
configuration such as a Resident Flash Array.

The LH28F400SUT-LC12 Is specitied for a maximum
accoss time of 120 nsec (t,..) at 3.3V operation (3.0 to
3.8V) over the commarclal temperature range (0 to
4+70°C). A ¢orresponding maximum acgess time of 160
nsec (L, .} at 2.7V (0 to +70°C) is achieved for reduced
power consumption applications.

The LH28F400SUT-LC12 Incorporates an Autamatic
Power Saving (APS) fealture which substantially
reduces the active current when the device is in statlc
mode of operation (addresses not switching).

In APS modle, the typical |, outrentis 1 mA at 3.3V.

A Deep Power-Down mode of operation Is invokaed
when the RP# (called PWD# on the LLH28F0085A) pin
transitions low, any cument operation Is aborted and the
device is put into the deep power down mode. This
mede brings the device powers consumption to less than
& A, and provides additional wifle protection by acling
a3 & davice reset pin during power transitions. When the
power s turned on, RP# pin is tumed to low in order to
teturn the device to delault canfiguration, When the
power transition Is occurred, or at the power onfoff, RP#
Is required to stay low in order to protect data from
noise. A recovery time of 620ns Is required from RP§
switching high until outputs are again valid. In the Deep
Power-Down siate, tho W5SM ia reset (any current op-
aration will abort) and the CSR register is cleareq.

A CMOS Standby mode of operation is enabled when
CE#* transitions high and RP# stays high with all input
contro! pins at CMOS levels, in this mode, the devica
draws an I stancby current of 8 yA.

2.0 DEVICE PINOQUT

The LH2BF400SUT-LC12 58-Lead TSOP Type | pinout
configuration Is shown In Figure 2.
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Figure 1, LH28F400SUT-LC12 Block Diagram
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Symbeol

Type

Name and Function

DQyg/A

INPUT

BYTE-SELECT ADDRESS: Selects belween high and low byte when
devica is In x8 mode. This address is latched In x8 Data Writes. Not used
in x16 mode (i.e., the DQ5/A_¢ Input buffer is tumed off when BYTE# is
high),

Ao-A12

INPUT

WORD-SELECT ADDRESSES: Select a word within one 16-Kbyte
block. ‘These addrasses are latched during Data Writes.

Aia-Ar7

INPUT

BLOCK-SELECT ADDRESSES: Select 1 of 32 Erase blocks. These
addresses are latched during Data Writea, Erasa and Lock-Block
operations.

DQo-DQ,

INPUT/OUTPUT

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

DQy-DQ1s

INPUT/QUTPUT

HIGH-BYTE DATA BUS: Inputs data during x16 Data-Writo operations.
Outputs array, bufter or identifier data In the appropriate Read mode; not
used for Status register reads. Floated when the chip Is de-selected or
the outputs are disabled. DQ1s/A-1 Is address.

CE#

INPUT

CHIP ENABLE INPUTS: Activate the device's control logic, input buffers,
decoders and sense amplifiers. CE# must be low 10 seloct the device.

RP#

INPUT

RESET/POWER-DOWN: With RP# low,the device Is reset, any current
operation is aborted and davice is put into the deep power down mode.
When the power is turned on, RP# pin Is tumned to low in order % return
the davice 10 default configuration, When the power transition s occurred,
of the power or/off, RP# is required to stay low in order to protact data
from noise.

When retuming from Deep Power-Down, a regovery time of 820 ns is
required to allow thage oitcuita to power-up. When RP# gogs low, any
current or pending WSM operation(s) arg terminated, and the devi¢e is
reset. All Status megisters return to ready (with all status flags cleared).
After returning, the device is in read array mode.

OE#

INPUT

QUTPUT ENABLE; Gates device data through the output buffers when
low. The outputs float to tri-state off when OE# is high,

WE#

INPUT

WRITE ENABLE: Controls access 1o the CUI, Data Queue Registers
and Address Queus Latches. WE# is active low, and latches
beth address and data (command or aray) on its rising edgs.

RY/BY#

OPEN DRAIN
OUTPUT

READY/BUSY: Indicates status of the internal WSM. When low, it
indicates that the WSM is busy performing an operation. When the WSM
Is ready for new operation or Erase Is Suspended, or the devica is in deep
powegr-down mode RY/BY# pin is floated.

BEYTE#

INPUT

BYTE ENABLE: BYTE# low places device in x8 made. All data is then
input or output on DQgp-7, and DQg.15 float. Address A.1 selects between
the high and low byte. BYTE# high places the device In X16 mode, and
tums off the A1 Input butfer, Address Ag, then becamgs the lowest order
address.

Vep

SUPPLY

ERASE/WRITE POWER SUPPLY (5.0V  0.5V): For erasing memory
array blocks or writing words/bytes into tha flash array.

Vee

SUPPLY

DEVICE POWER SUPPLY (3.3V £ 0.3V):
Do not leave any power pins floating.

GND

SUPPLY

QROUND FOR ALL INTERNAL CIRCUITRY:
Do not leave any ground pins floating,

NC

NO CONNECT:
No Internal connaction to die, lead may ba driven ar left floating.
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NC ) ) NG
NC 2 O 55 Al
AlS a & 8YTEs
Als 4 63 GND
Al3 L] &2 DQISA-Y
A2 [ &1 baz
At1 7 50 DQ14
A10 [ 48 DQS§
A 9 48| oos
AB 10 47 0Qs
NC 1" 46 D1z
NO ] LH28F400SUT-LC12 © DOt
WEF 13 a v,
Ame " S6-LEAD TSOP PINOUT 4 Voo
15 A
",.8 N 14mm x 20mm 4 o&
Vpp 17 40 Daho
RYiBve 18 TOP VIEW o bae
NC |10 L] (b1 ]
At? ¥ - meemme {1 o ]
A7 a : [ Jous
8| b~ —
As| 23 34 Lo =]
M g : lGvD
A3 S—
a2 o 51 A0
Af 7 % NG
NC 8 20 NC

Figure 2, TSOP Configuration
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3.0 MEMORY MAPS
romen | 18KByeBlock @
Toon | 18XBymBock 30
oo |  18KByeBlck 20
Xoow | 18XBpeBlock 2
oo | 18KBjeBock 27
s | 16KBpeBlock 26
oo | 161Bredock 2
e 16 KByle Block 24
é’ég 16 KByle Block 23
Pkl 18KByle Block 22
bbb 16 KByt Block 21
oot | 18KBymBok 20
oo | 15Ok 19
;;'E‘ 16 KByl Block 18
oo | 18KBysBlock 17
wow | 16KBywBlock 18
o | 1Bt 15
ol ereseBock 14
i 16 KBy Blogk 13
xon | 16KByleBlock 12
wow | 16KByeBock 11
mom | 18KBywBlock 10
i 18 KByte Block 9
i 16 KByt Block 8
oxot | 18KBywBock 7
oo | 16KByeBock @
oo | 16KBywBuek &
Yoot 16KBytaBlock 4
o 1 16kByeBlock 8
ﬁ 16KBytoBlock 2
s | 16KBveBlock 1
oo | 16KByleBlock 0

Figure 3, LH2BF400SUT-LG12 Memory Map (Byte-wide mode)

* In Byte-wide (x8) moda A, Is the lowest order address.
In Word-wide (x16) mode A, don't care, address values are Ignored A .
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4.0 BUS OPERATION_S, COMMANDS AND STATUS REGISTER DEFINITIONS

4.1 Bus Operations for Word-Wide Mode (Byts#=V,)

Mode Notes | RP# CE# OE# | WE# | Ap | DQpis | RV/BY#
Read 1,27 Vin Vi Vi, Vin X Dout X
Qutput Disable 16,7 Vi Vi Vi ViH X | HighZ X
Standby 1,67 ViH ViH X X X HighZ X
Deep Power-Down 1,3 ViL X X X X High Z Vou
Manufgcturer 1D 4 Vin ViL ViL Vig V. | OOBOH Vou
Device ID 4 Vi Vi ViL Vi Vi iD VoH
Wiits 1,56 Vi ViL Vin ViL X Din X
4.2 Bus Operations for Byte-Wide Mode (Byte#=V, )
Mode Notes RP# CE# oc# WE# Ag DQp-y RY/BY#
Read 12,7 Viy Vo Vi Vi X Doyr X
Output Disable 167 | vm Vi Vin Vi X | Highz X
Standby 1,67 ViH Vi X X X High Z X
Desp Power-Down 1,3 ViL X X X X HighZ Vo
Wanu'aoturer 1)) q VH ViL ViL Viu ViL BCH Vou
Davics ID 4 Vi ViL viL ViH ViH D Vou
Write 1,5,8 Vin ViL ViH Vit X Din X

NOTES:

1. X can bs V, or V, for address or contrel pins except for RY/BY#, which is either V,, of Voo

2. RY/BYS wmm ls open drain. When the WSM is ready, Erasa Is suspended or the device is in deep power-down mode, RY/BY#
will Do at Vi, if itis tled to Vi, through a rosistor. When the RY/BY# at V,, Is Independent of QE# whila 8 WSM opoeration is in

progress.
3. AP# a1 GND ¢ 0.2V ensures the lowest desp powar-down cutrent.
4. A at V, provide manufacturer 10 godes.
A, atV,, provide device ID codas. Davics ID Code = 23H (xB). Device 1D Code = 6623H {x18).
All other addresses are set {0 2era.
8. Commands for differant Erasa operations, Data Wiite operations, and Lock-Block operations can only be successfully completed
whenV, =V,
8. While the WSM Is running, AY/BY# in Level-Mada (defaull) stays at V,, untl all aperations are completa. RY/BY# goes o V,,
when the WEM ia not busy or in erasa suspend mode.
7. RY/BY# may be at V, while the WSM s busy performing various operaions. For exarmple, a status reglster read during a wiile
operation.
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4.3 LH28F008SA-Compatible Mode Command Bus Definitions

Firat Bus Cycle Second Bus Cycle
Command Notes
Oper | Addr | Data Oper | Addr Data

Read Array Write X FFH | Read AA AD
intelligent Identifier 1 Wiite X 90H Read 1A iD
Read Compatible Status Register 2 Write X 70H Read X CSRD
Clesr Status Reglster 3 Write X S0H
Word Wrile Write X 40H Wiite WA WD
Altemate Word Write Write X 10H Write WA wD
Block Erase/Confirm 4 Write X 20H Wiite BA DOH
Erase Suspend/Resume 4 Write | = X BOH Wirite X DOH

ADDRESS DATA ‘

AA = Amray Address AD = Array Data

BA = Block Address CSRD = CSR Data

IA = identifier Address 1D = idantfier Cata

WA = Write Addrgss WD = Write Dala

X =Don't Care

NOTES:

1. Following the inteiligent identifler command, two Read operalions accgss the manufacturer and device signalura codss,

2. Tha CSR is automatically available after device anters Data Write, Erase, or Suspend operations. :

3, Claars CSA.3, CSR.4 and CSR.5, See Stalus register definitions. |,

4. While device performs Block Erase, If you issue Erase Suspand oominand (BCH), be sure to confiun ESS (Erace-Suspend-
Stalus) Is set to 1 on compatible status ragister, in the case, ESS bit was not set to 1, also completed the Erase (ESS=0, WSMSw1),
bo sure to issue Resume command (DOH) after completed next Erasa cgmmand. Beside, when the Erase Suspand command le
issuad, whila the device l¢ not in Erase, be sure fo lssue Resume cormmand (DOH) after the next erase complatad.
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4.4 LH28F400SUT-LC12-Performance Enhancemeant Command Bus Definitions

1

First Bus Cycle Second Bus Cycle Third Bus Cycle
Command Mods | Notes ™
Qper | Addr | Data | Oper | Addr | Data |Oper| Addr| Data
Proteat Sev/Conflrm 12 |writa| X | 57H |write [oFFH| Do
Protect Reset ]
IConfirm 3 Write | X 47H | Write |OFFH| DOH
Lock Block/Confirm 1,24 |Wite| X | 77H |Write | BA | DOH
Erase All Unlocked 12 |wite| X |A7d |writs] x | DoH
Two-Byte Write xB 125 {Wite| X | FBR | Write | A-1 [WD(L,H)| Writs | WA |WD(H,L)
ADDRESS DATA
BA = Blook Address AD = Array Data -

WA = Writa Address

X =Don't Care

NOTES:

Wb (L.H) = Write Data (Low, High)
WD (H.L) = Wrlta Data (High, Low)

1. Aftar initlal device power-up, of return trom doep power-down mode. the block lock status bits default t the looked state
Independent of the data In tha corresponding lock bits. In ordar 1o upload the fock bit status, It requires to writa Protact Set/Confirm

2. To reflect the actual fock-bit status, the Protact Eet/Confinm command must be writlen after Lack Block/Confirm command.

8. When Protect Reset/Confirm command Is written, afl blocks can be written and erased ragardiess of tha stata of the fock-bits.
4. The Lock Block/Cenfirm command must be wiittan aftar Pratect Reset/Confinm command was written.
8. A, Is automaticalty complemented 16 load second byte of data. A, value detenmines which WD Is suppfled first: A , = 0 ooks atthe

WDL, A, = 1 locks at the WDH. In word-wida (x18) mode A, don't care.

8. Second bus cycle address of Protect SetConfirm and Protect Reset/Confirm command ia OFFH. Gpecifically A-A, = 0, A;-A, =1,

othsrs are don't cara.
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4.5 Compatible Status Register
| wsms | ess [ es | ows | wps | R | R
7 6 5 4 3 2 1 ]
NOTES:
CSR.7 = WRITE STATE MACHINE STATUS (WSMS) RY/BY# oufput or WSMS bit must be checked to de-
1 = Ready termine completion ot an operation (Erase Suspend,
0 = Busy Erase or Data Write) before the appropriata Status
bit (ESS, ES or DWS) is checked for success.
CSR.8 = ERASE-SUSPEND STATUS (ESS)
1 = Erase Suspended
0 = Erase in Progress/Complated
CSR.5 = ERASE STATUS (ES) If DWS and ES ara set to “1* during an erase at-
1 = Enror in Block Erasure temp?, an improper command sequence was en-
0 = Successful Block Erase tered. Clear the CSR and attempt the operation
again.
CSR.4 = DATA-WRITE STATUS (DWS)
1 = Error in Data Write
0 = Data Write Succassful
The VPPS bit, unfike an A/D converter, does not pro-
CSR.8= V,, STATUS (VPPS) vide continuous indication of V_, level. The WSM
1 = V. Low Detect, Operation Abort interrogatea V,,'s level only after the Data-Write or
0=V, 0K Erase command sequences have been entered, and
inlorms the system if V. has not been switched on.
VPFS fs not guaranteed to report accurate feedback
batween Vi, and V.

C38R.2-0 = RESERVED FOR FUTURE ENHANCEMENTS

These bits are reserved for future use and should be masked out when polling the CSR.
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5.0 4M FLASH MEMORY SOFTWARE ALGORITHMS

5.1 Overview

With the advanced Command User Interface, its Performance Enhancement commands and Status
Registers, the software code required to perform a given operation may become more intensive but it will
result in much higher write/erase performance compared with current flash memory architectures.

The software flowcharts describing how a given operation proceeds are shown here. Figures 6-1 through
§-3 depict flowcharts using the 2nd gensration flash device in the LH28F008SA-compatible mode.
Figures 5-4 through 5-9 depict flowcharts using the 2nd generation flash device’s performance
enhancemeant commands mode.

When the device power-up or the device is reset by RP# pin, all blocks come up locked. Therefore,
Word/Byte Write, Two Byte Serial Write and Block Erase can not be performed in each block. However,
at that time, Erase All Unlocked Block is performed normally, if used, and raflect actual lock status, also
the unlocked block data is erased. When the device power-up or the device is reset by RP# pln, Set Write
Protect comrnand must be written to reflect actual block lock status,

Reset Write Protect command must be written before Write Block Lock command. To reflect actual block
lock status, Set Write Protect command is succeeded.

The Compatible Status Register (CSR) is used to determine which blocks are locked. In order to see
Lock Status of & certain block, 2a Word/Byte Write command (WA=Block Address, WD=FFH) is written to
the CUI, after issuing Set Write Protect command. f CSR7, CSRS and CSR4 (WEMS, ES and DWS) are
set10 "1"s, the block is locked. if CSR7 Is set to "1, the block is not locked,

Reset Write Protect command enables Write/Erase operation to each block,

In the case of Block Erase i3 performed, the block fock information ls also erased. Block Lock command
and Set Write Protect command must be written to prohibit Write/Erase operation to each block.

There are unassigned commands. It Is not recommended that the customer use any command other
than the valid commands speclfied in Chapter 4 "Command Bus Definjtlons". Sharp reserved the right to
redsfine these codes for future functions.
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5.2 4M Flash Memory Algorithm Flowcharts

The following flowcharts describe the 2nd generation flash device modes of operation:

Figure 5-1
Figure 5-2
Figure 5-3
Figure 54
Figure 5-5
Figure 5-6
Figure 5-7
Figure 5-8
Figure 5-9

Word/Byte Writes with Compatible Status Register

Block Erase with Compatible Status Register

Erase Suspend to Read Array with Compatible Status Register
Block Locking Scheme

Updating Data in a Locked Block

Two-Byte Serial Writes with Compatible Status Registers
Erase All Uniocked Blocks with Compatible Status Registers
Set Write Protect

Reset Write Protect
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Start Bus ;
L ¢ j Operation Command Comments
Write Word/Byta | D =40H or 10H
Wiite 40H or 10H Wite |A=X
D=WD
* Write A=WA
Write Q=C8RD
Data/Address Toggle CE# or OE#
Read to update CSRD.
‘ AzX
Read Compgtibla Check C8R.7
Status Register Standby 1= WEM Heady
0 = WSM Busy

CSR Full Satus
Check if Deslred

Y

(Operaﬁon Gompleto)

CSR FULL STATUS CHECK PROCEDURE

Read CSRD
(See Above)

Data Write
Successful

VF P Low Deteotj

Vi—

Clear CSRD
Hetry/Error Recovery

| CSR Full Status Check can he done after each Word/Byte Write,

Repeat for subsequent Wort/Bys Wiites.

or after a saquenca of Wor/Byte Writes.

Wrile FFH after the |ast operation fo reset device to read array
mode.

See Command Bus Cydle notos for dascription of codas.

Operamon | Command | Comments
Check CSR.4,5
Standby 1 = Data Write Unsuccessful
0 = Data Write Succassiul
Check CSR.3
Standby 1 =Vpp Low Detect
0=Vpp OK

CSR.3,4,5 SHOULD be ¢leared, If set, before further altempts ar

Initiated,

7

Figure 5-1. Word/Byte Writes with Compatible Status Register
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Bu
C Si“ ) Oper;ion Command Comments
D=20H
Write Block Erase
Write 20H A=X
D=0D0H
¢ Writs Confim |, _pa
Write DOH and Q=CSRD
Block Addre=s Aead Toggle CE# or QE#
ea 10 update CSRD.
v Aox
Read Compatible Check CSR.7
Status Register Standby 1 = WEM Ready
Suspend Erase 0 = WSM Buysy

CSR Full Status
Check it Dasired

T
@peraﬁon Compl eta

CSR FULL STATUS CHECK PROCEDURE

Read CSRD
{See Above)

Erase Successful

Vpp Low Deteot

Retry/Error Recovery

Clear CSRD (Note1) <

Repeat for subsequent Block Erasures.

CSR Full Status Chack can be done after each Block Erase, or
after a sequance of Blogk Eraswas,

Write FFH after the last operation to reset device o read aray
moda,

8ee Command Bus Cydle notes for description of codas.

Bua

Operation Comiments

Command

Check CSR.4.5

1 =Erase Error

0 = Erase Successhul
Both 1 = Command
Saquence Enor

8tandby

Check CSR.3
1= Vap Low Detect
0= Vpp OK

Standby

CSR.3.4,5 SHOULD ba cloared, ¥ set, befcre further attampts
are initiated.
Note1. [f CBR.3 (VPPS)is sat to *1°, after clearing C3R.34/5,
(1) lesue Reset WP command,
(2). Relry Single Block Erasa comynand,
(3). Set WP command I3 Issued, if necessary.

if CSR.3 (YPPB) is set 1o *0°, after clearing CSR.V4/5,
{1). Retry Single Block Erase commard.

if powgr Is off or RP# I8 sot low during erase operation,
(1"). Clear CSR.3/4/5 and issue Reset WP command,
(2). Ratry Single Block Erase command,

(3). Set WP command is Issued, f necessary.

Figure 5-2. Block Erase with Compatible Status Register




PrLIiNARY |

LHF40817
Start :
L i ) Opg::'ou Cammand Comments
. D= BOH
Wirite BoH Write Erase Suspend A=X
Q=CSRD
* Read Toggte CE# or OE#
Read Compatibla : u;;(dme CSRD.
Status Register =
Check C3R.7
Standby 1 = WEM Ready
0=WsSM BUSY
Chack CSR.6
Stendby 1= Erase Suspcnded
0 = Erase Completed
Write Read Array R:XFFH
Erase Completed Q= AD
Read Read must be from block
other than the one suspended,
Write FFH Writo Erase Resume 2: )?o H
+ See Command Bus Cycle notes for description of codas,
Read
Array Data
Done ™\ NO
Readin
YES ¢
Write DOM Write FFH

v v
Cmse Resumed ) Read

Asray Data

Figure 5-3. Erase Suspend to Read Array with Compatible Status Register
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Start ) Bus !
( + Operation Command Comments
Read Compatible Q=CSRD
Status Register “-—— Read I?aces asge:rd C;E# 1o update GSHD.
0 = WSM Busy
o) Write Reset AferWrite D=47H A=X,
Write Protect | Write D=D0H A=0FFH
1 Q=CSRD
Read Toggle CE# or OE# to updata CSRD.
68 1 = WSM Ready
Heset WP 0 = WSM Busy
! D=T77H
v Write Look Block | o=
Read Compatible D= DOH
Status Register Write Conflrm A - BA
‘ Q=CSRD
Read Toggle CE# or OE# to update CSRD.
1 = WEM Ready
0 = WSM Busy
Wi Set After Write D=57H AmX,
te Write Protect | Write D = DOH A = OFFH
Wirite 77H i .
1. See CSR Full Status Check for Data-Write operafion.
* It CSR.4,5 I6 set, a3 it Js command saquencs eror, SHOULD be cleared
Write DOH and before turther attempts are inifiated.
Block Address Wiitn FFH after he last operation to raast device to read array mode.
+ Sza Command 8us Definitions for dascription of codes.
Read Compatible
Status Register

Figure 5-4. Block Locking Scheme
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C st ) (" stan )
v v

Reset WP Reset WP
(Note 1) (Note 1)
Erase Block Write More Data
(Note 2) to Block (Note 4)
Set WP Set WP
(Note 3) (Note 3)
Wiite New Data to C Operation Complete_)
Block (Note 4)
+ Flow to Add Data

Relock Block

(Note 5)
(Operation Gomplete )
Flow to Rewrlte Data

NOTES:

1. Use Reset-Writa-Protect flowchart. Enable Write/Erase operation to alt blocks.

2. Usa Block-Erasa flowchart. Erasing a block clears any previously established lockout for that block.
8. Use Sel-Write-Protact flowchart. This step re-<mplements protaction to locked blocks.

4. Use Word/Byte-Write or 2-Byts-Writa flowchart sequences o write data.

&. Use Black-Lock flowchart to writs lock bit it dasirad.

Figure 5-5. Updating Data in a Locked Block
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( Stant j
v

Read Compatibie
Status Reglster

o

1

Wiite FBH

v

Wiite
Data/A-1

¥

Write
Data/Address

¥

Read Compatible
Status Register

Operation Gomplete

( Apply to LH28F400SU , x16/x8 , 48TSOP/SETSOP/44S0P )

B
Dpor:l on Command Comments
Q= CSRD
Read Toggle CE# or OE# to update CSRD.
1=WSM Ready
0= WSM Busy
2-Byle |D=FBH
Wiite Write | A=X
D=WD
Write A-1 = 0 loads low byte of Data Reglister.
A-1 = 1 loads high byte of Data Register.
Other Addresses = X
D=WD
A=WA
Write intemally, A-1 Is automatically
complementad to load the altemate
byte location of the Data Register.
Q=CS8RD
Road Topgle CE# or OE# o update CSRD.
1 =WSM Ready
0 = W8M Busy
1.1 CSRA,S Is sat, as It i9 command sequence efsor, SHOULD be cleared
before turther attempts are initiated.
CSR Fult Statug Check can be done aftar each 2-Byta Wrkte, or after a
sequance of 2-Byte Writes.
Write ¥FH after the last operation to reset device o read arrdy mode.
8es Comimand Bus Cycla notes for description of codas.

Figure 5-6. Two-Byte Serial Writes with Compatible Status Registers (LH28F400SU)
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Start  (Note1) Bus
( * ) Operation Command Comments
Erase All
D=A7H
Wirite A7H Write UDBXIO:::(’ A=X
* Writo Confirm 2: 20 H
Whrite DOH Q=CSRD
Toggle CE# or CE#
+ Read to update CSRD.
Read Compatible A=X
Status Reglster Check CSR.7
Suspend Erase Standby 1= WSM Ready
Loop 0 =WSM Busy
CSR Full Status Check can be dons after Erase All Unlocked
Block, or after a sequence of Erasures.

CSR Full Status
Check if Desired

@peratlon Comple@

CSR FULL STATUS CHECK PROCEDURE

Read CSRD
{See Above)

Erase Successful

- Vpp Low Detect

Y¥rite FFH after the last operation to rasat device to read array
moda.

Sge Command Bus Cycle notes for descripfion of codes,

Nota1. If power is off or RPF i5 set low during erase operation,
(1). Clear CSR.9/4/5 and izsue Reset WF command,
(2)- Relry Erase All Unlocked Block Erase command
1o orase gl blocks, or Issue Single Block Erasa
tn erase all of the unlocked blocks In sequence,
{3). Set WP command is issued, if nacassary.

Bus

Operation Comments

Command

Check CSR.4,5

1 = Erase Ervor

0 = Erase Successiul
Both 1 = Command
Sagquence Error

Standby

Check C8R.3
1 = Vpp Low Detuct

Standby el
= Vpp

Clear CSRD (Note2) »
Retry/Error Recovery

CSR.3,4,5 SHOULD ba cleared, If sa1, beforo further attempts
e initated,
Note 2. If CSR.3 (VPPS) is set to *{", after clearing CSR.3/4/5,
(1). Issug Resct WP command,

; (2). Retry Erasa All Unlocked Biock Erase command
to erase all blocks, or isstie Single Block Erase
1o orass all of the unlocked blocks in sequence,
i (). et WP command Is lssuad, if necessary,

i# CSR.3 (VPPS) Is set to "0, afler clearing CSR.3/4/5,
(1). Retry Erase All Uniocked Block Erase command.

Figure 5-7. Erase All Unlocked Blocks with Compatible Status Registers
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( Slal’t j OpeBl;:lon Command Comments
Read Compatible Raad ?:-ed(wsmcsnﬁéidy
Status Register 0 = WSM Busy
Sat D=57H
Write Write Protect | A=X
D =00H
Write 8ot Confirm | A=OFFH :
(A-A8 m 0, A7-AC = 1, Others = X)
Check CSR.7
Write S7H n Read 1= WSM Ready
i 0 = WSM Busy
- Check CSRL4,6
Wiite Confirm Read 1 = Ynsuccessiul
Data/Address 0= Success
1. F CSR.4,5 Ie set, a3 it is command sequence error, SHOULD be cleared
Read Compatble befora further attermpls are inltiated.
Status Register UpOR devicea pawer-up o toggle RP#, Sat Wit Protect cammand must ba
wiitien 1o reflect the actual lock-bit status.
Write FFH after the last operation to resat davica to Read Array Mada.
Sea Command Bus Cycle notes for descripfion of codes.

{ Operation Comple@

Figure 5-8. Set Write Protect
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( ; t ) Op:r::lon Command Comments
Ch CSR.7
Read Compatibla Read 1 =e‘:':kaM Ready
Status Register 0 = WSM Busy
. Reset D =47H
Write Write Protect |A=X
D=DoH
Write Reset Confirm | A =0FFH
(A9-AB = 0, A7-A0 = 1, Others = X)
Chack C3R.7
Write 47H — Read 1 = WSM Ready
0= WSM Busy
+ Check CSR.4,5
Write Confirm Read 1 = Unsucecessful
Data/Address 0 = Success
i 1.1 GSRL4,5 is set, as it1s command sequence error, SHOULD be cleared
Status Register Reset Write Protect command enables Write/Erase oparation to all blocks.

Gpefation compleba

Write FFH after the last oparation o reset device 10 Read Array Mode,
Sog Command Bus Cycle notss for description of codes.

Figure 5-9. Reset Write Protect
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6.0 ELECTRICAL SPECIFICATIONS®™

6.1 Absolute Maximum Ratings*

Note: 1. Voo supply range during read Ig 2.7 to 3.6V.

*WARNING: Stressing the davicae bayond the “Absolute
Maximum Ralings* may cause permanent damage.

Temperature Under Bias .......cvermesssismases 0'Clo+80°C These are slress ratings only. Operation beyond the
Storage Tamperature .........ccceeuenvene -65Clo+125'C *Operating Conditions" is not recommended and
extended axposura beyond the "Operating Conditions”
may affect device reliability.
Vo = 3.3V £0.3V Systems
Symbol Parameter Notes{ Min | Max |Units| Test Conditions
Ta Operating Temperaiure, Commercial 3 0 70 '‘C |Ambient Temperature
Vee Ve with Respact to GND 2 -021] 70 v
Vep Vpp Supply Voltage with Respect to GND 2 -02 | 70 \'i
v Voltage on any Pin {except Ve, Vep) 2'[-08]Vee] V
with Respect to GND +0.5
! Current inte any Non-Supply Pin 30 | mA
lout Output Short Circuit Cunrent 3 100 | mA
NOTES:

1. Oparating tempsarature is for gommercial product defined by thia specification.

2. Minimum DG voitage is - 0.5V on Input/output pins. Dusing transitions, this level may undershoot to - 2.0V for periods < 20 ns.
Maximum DC voltage on Input/olitput pins is V., + 0.5V which, during transitions, may overshoot to Vi + 2.0V for periods < 20 ns.
4. Output shorted for no more than one sscond. No more than ong oulput shorted at a ime.

8.2 Capacitance
For a 3.3V Systern:
Symbol Parameter Note | Typ | Max | Units Test Conditions
Cin Capacitance Looking into an 1 7 10 | pF | Ta=25'C,1=1.0MHz
Address/Control Pin

Capacitance Lookdng into an
Address/Control Pin A-t

Ta=25'C,{=1.0 MHz

Cour |Capacitance Looking Into an Output Pin 1 B | 12 | pF | Ta=25C,t=10MHz
Cloap |Load Capacitances Driven by Outputs 1 80 pF | For Vgg=3.3V 0.3V
for Timing Spedifications
Equivalent Testing Load Circuit VOC + 10% 2.5 na { 5082 tranamission
line delay
NOTE;

1. Sampled, not 100% tested.
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6.3 Timing Nomenclature

For 3.3V systems use 1.5V cross point definitions.
Each timing parameter consists of § characters. Some common exarnples are defined below:

e ooy Uime(t) from CE# (E) going low (L) to the outputs (Q) becoming valid (V)

te  toov IMe(t) from OE# (@) going Jow (L) to the outputs () becoming valid (V)

tee  tawgy Ime(l) from address (A) valid (V) to the outputs (Q) becoming vaild (V)

ts  byw time(t) from addrees (A) valid (V) to WE# (W) going high (H)

by Yooy time(t) from WE# (W) going high (H) to when the data (D) can become undefined (0

Pin Characters Pin States

A Address Inputs H High

D Data Inpuis L Low

Q Data Qutputs v Valid

E CE#¥ (Chip Enable) X Diiven, but not necessarlly valid
G OE# (Output Enable) F4 High impedance

w WEi# (Write Enable)

P RP# (Desp Power-Down Pin)

R RY/BY# (Ready/Busy#)

v Any Vaitage Levs!
av Vee at 3.0V Minimum
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a0 ‘) \’
INPUT Xsﬂ'— TEST POINTS ~ 1.5 QUTPUT
£ 3
0.0 2 C

AG test inputs are driven at 3.0V for a Logic “4” and 0.0V for a Lagic 0.” Input timing begins, and output timing
ends, at 1.6V. Input rise and fall times (10% to 90%) < 10 ns.

Figure 4. Transient Input/Output Reference Waveform (V= 3.3V)

2.3 ns of 50Q Transmission Line

pion Qutout S o Tel g
Urncser Tast - Pont

Total Capacitance =50 pF

Figure 5. Translent Equivalent Testing Load Circuit (V= 3.3V)
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6.4 DC Charactoristics
Ve =3.3V£0.3V,T,=0Cta+70°C
Symbol Parameter Notes | Min | Typ | Max | Unite Tost Conditlons
L Input Load Current 1 +1 | wA |Vee=Vee Max, Vin = Vec or GND
o Cutput Leakage 3 +10| pA |Vee=VYee Max, Vin = Vg or GND
Curmrent
lecs Vce Standby Current 14 4 8 pA | Vee = Voo Max,
CE#, RP# = Vg 0.2V
BYTE# =Vgpo+ 0.2V or GND £ 0.2V
03| 4 mA | Voe = Vee Max,
CE#, RP# =V
BYTE# = Vi or Vi
lccp V¢ Deep Pawer-Down 1 02 5 uA |RPa= GNP % 0.2V
Current .
fccal |} Voo Read Current 13,4 35 | mA |Vgg=Voc Max,
CMOS: CE#=GND = 0.2V
BYTE# = GND £ 0.2V or Vg £ 0.2V
Inputs = GND £ 0.2V or Voo = 0.2V,
TTL: CE# =V,
BYTE# = ViLor Vin
Inputs = Vi_or Vi,
f = 8 MHz, 'QU'[':OH\A
lcer2  |Vec Pead Current 1,34 10| 20 | mA |Vgg= Voo Max,
' ‘ ) CMOS. CE# =GND 2 0.2V,
BYTE# = VYoo 2 0.2V or GND 2 0.2V
Inpute = GND x 0.2V or Voe & 0.2V,
TTL CE# =V
BYTE# = Vigor ViL
Inputs = Vi or Vi,
f =4 MH2, loyTr =0 mA
Icew Vo Write Current 1 8 12 mA | Word/Byte Write in Progress
lcce Vec Block Erase 1 6 | 12 | mA |Block Erase In Progress
Current
lcces | Vce Erase Suspend 12 8 6 mA |CE#=Viy
Current Block Frase Suspended
lepg Vep Standby Current 1 1| 10| pA {Vpe<Voo
lpPD Vpp Deep Power-Down 1 02 & yA |RP#=GND 0.2V
Current
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DC Characteristics (Continued)
Ve =3.3V 0.3V, T, = 0'Cto + 70°C
Symbol Parameter Notes Min Typ] Max Units Test Conditions
R | Vpe Read Current 1 200 PA |Vep>Veg
tprw | Vpp Write Current 1 15 35 mA | Vpp = VrpH,
Word/Byte Wiite in Prograss
lppE Vpp Erase Cument 1 20 40 mA | Vpp = VPPH,
Block Erase In Progress
lepea | Vpp Erase Suspend 1 200 YA | Vpp = VPFH,
Cunrent Block Erase Suspended
ViL Input Low Voltage 5 -03 0.8 v
ViH input High Voltage 20 Vec +03| V
VoL Output Low Voltage 0.4 V |Vee = Vee Min and
loL=4mA
Voul | Output High Voltage 24 vV llon=-2mA
V¢ = Vee Min
Von2 Voo -0.2 V |loy=-100pA
Ve = Vee Min
Vppt Yep during Normal 8 0.0 55 v
Operations
Veex | Vpe during Write/ 4.5 50 55 \
Erass Operations
Viko Ve Erase/Write 1.4 v
Lock Voitage
NOTES:

1. All ourrente are in RMS unlgse otherwise noted. Typical values at V., =3.3V, V,, = 5.0V, T = 25'C. These ourrents ara vald for
all product versions (package and speeds},
2 (e I8 SPOCHTlad with the device de-selected. If the device is read while i erase suspend mods, ourrant draw s the sum of |y

and .

3. Automatic Powgr Saving (APS) reduces |, 1o lass than 1 mA In Static operation.

4. CMOS Inputs are either V,, 2 0.2V or GND £ 02V, TTL Inputs are either V, or V.

5. 1n 2.7V <V, < 3.0V operation, TTL-evet input of AP# I3
5. Vpp, 1N 163015 Vg - 0.2 < Yy < 5.5V 0r GND <V, < B

V_ (Max) = 0.6,
ND + 0.2V.
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6.5 AC Characteristics - Read Only Operations®

Voo = 3.3V 0.3V, T, <0°C t6 +70°C

Symbol Parameter Notes Min Max Units
tavav | Read Cycle Time 120 ns
tavgL | Address Setup to OE# Golng Low 3 0 ns
tavav | Address to Output Delay 120 ns
terav | CER to Output Delay 2 120 ng
fpHqv | BP# High to Qutput Delay 620 ns
tgLay | OE# to Output Delay 2 45 ns
ferax |CE#to Outputin Low 2 3 0 ns
EHoz | CE# to Qutputin Migh Z 3 50 ns
tolax |OE#to Outputin Low 2 3 0 ns
tgHGz | QE# to Qutputin High 2 . 3 30 ns
toH Output Hold from Address, CE# or OE# Change, 3 0 ns

Whichever Occurs First

tfLaz  |BYTE# Low to Output In High Z 50 ns
triet | BYTE# High or Low to CEit Low 3 20 ns
¥FHEL

NOTES:

1. Seo AC Input/Output Hefarance Waveforms for timing measurements, Figure 4.

2. OE# may be delayed up to ty o, - t, -, after the falling adge of CE¥ whthout Impact on tg .

9. Bampled, not 100% tested.
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AC Characteristics - Read Only Operations® (Continued)

Voo = 285V 10,15V, T, =0°C 10 +70°C
Symbol Parameter Notes Min Max Units
tavav | Read Cytle Time 180 ng
taval, | Address Setup to OE# Going Low 3 0 ns
tavay | Address to Quiput Delay 180 ns
terav | CE# to Ouiput Delay 2 180 ns
teay  |RP# High to Qutput Delay 800 ns
tauav | OE# to Output Delay 2 &5 ns
terox  |CE# 10 Outputin Low Z 3 0 ns
teHoz ] CE# to Quiputin High Z 3 60 ns
tarax | OE# to Outputin Low 2 3 0 ng
teHaz |OE# to Output in High Z 3 50 ns
ton Output Hold trom Address, CE# or QE# Change, 3 0 ns

Whichever Occurs First

tricz BYTE# Low to Output s High Z 3 75 ns
teLEL BYTE# High or Low to CE# Low 3 25 ns
trHEL

NOTES:

1. See AC Input/Output Relarance Waveformns for fiming measuraments, Figure 4. -
2. OE# may be delayed up (o t, o, - tuqy after the falling edge of CEX without impact on 1,
3. Sampled, not 100% tested.
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Voo POWERUP  STANDBY ADD:EE:S%AL:'&[M uTRITS DATA VALD STANDBY Vo POWER-DOWN
K v VVVVVV
ADORESSES (4) “:XXXXXXE{ ADORESEES STASLE A.A‘A A’A‘A‘A
yav
ViH A
cern \( /)
viL
- Bz
Vi -‘
ommvl / . o | e \
iy
WER(W) h— oy — \
i, —2
o —
4 letax ———by T e
Yo manz £/ /F >§> HGH
DAA VY sr\\ VALD OUTPUT z
Y
o f—— . — v B r—
s50v
Yoo \
GND
tovaw
v
" \

Y

Flgure 6. Read Timing Waveforms



| PRELIMINARY

LHF40517

L

Vi
S L :

CEI(E)::/

\ (] \ "nuz
OF8(G) L / \
" s o
i r_' e v
BYT&r ) " \‘ r o /
X
ox ’u'_.‘ "™
VYo
: e d DATA >>> n@1z
DATA (D20 - 07 Ya. \ <<§ DATA OUTPUT ol
. oy e
M veuz £77F varn \ 2
DATA (DO6 = BG13) DATA LioH
bas ) Yoo \ ) !s,wmn /

Flgure 7, BYTE# Timing Waveforms
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6.6 Power-Up and Reset Timings

Voo POWER P

APR
4

) ..__.___.f N\ A

\ s}/

v
" v
Address v Vv A ey
v X R KX KR KRN Va0
- tavav
Data
VALID
Q a3V OUTPUTS
tray
Figure 8. V.. Power-Up and RP# Reset Waveforms
Symbol Parameter Note Min Max Unit
teLav RP# Low to Ve at 3.0V Minimum 1 0 us
tavav Address Valid to Data Valid for 2 120 ns
Vee=3.3V 203V
tpHOQV RP# High to Data Valid for 2 620 ng
Vec=3.3V 2 0.3V
NOTES:

CE# and OE# are switched low after Power-Up.

1. The power supply may start to switch concurrently with RP# going Low. RP# ig required to stay low, untif Vce elays at
recommended operating voltage.

2, The address access time and RP# high to data valid time are shown for 3.3V V), operation. Refer to the AC Characteristics Read
Only Operations atso,
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6.7 AC Characteristics for WE# - Controlled Command Write Operations!!
Vee=33+03V,T,=0Cto+70°C
Symbol Parameter Notes | Min | Typ | Max | Unit
tavay | Write Cycla Time 120 ns
tvewe | Vpp Setup lo WE# Going High 3 100 ns
| teuzr | AP# Setup to CE# Golng Low 480 ns
teLwt. | CE# Setup to WE# Going Low 10 ns
tavwy | Addresa Setup to WE# Going High 28 110 ns
tovwH | Data Setup to WE# Golng High 28 110 ns
twiwn | WE# Pulse Width 110 ns
twupx [ Data Hold from WE# High 2 ] ns
twrax | Address Hold from WE# High 2 5 ns
twued | CE# Hold from WE# High 5 ns
WHWL | WER Pulse Width High 60 ns
cHwL | Read Recovery before Writo 0 ns
twHpRL | WE# High to RY/BY# Going Low 100 | ns
truPL | RP# Hold from Valid Status Register Data and RY/BY# High| 3 0 ns
teuwL | BP# High Recoveary to WE# Coing Low 1 ps
twraL | Write Recovery before Read a5 ns
towe | Vpep Hold from Valid Status Register Data and RY/BY# High 0 us
twhqv? | Duration of Byte Write Operation 45 8 20 K8
twrqv2 | Duration of Block Erase Opsration 4 0.3 $
NOTES:

1, Read timing duting write and erass are the same as for nonnal read.

2 Raler lo command definition tables for valld address and data values.

3, Sampled, but not 100% testad.

4. Wilta/Erase durations are measurad to valid Status Register (CSR) Data.
§. Byte wrile operations are typically performed with 1 Programming Pulse.

6. Address and Data are laiched ob 118 N6iNg edge of WE# for all Command White operations.
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NOTES:

1. This address string depicts Data-Wrl19/Erass ¢ycles with comresponding verification via ESRD.
2. This address string depicts Data-Write/Erase ¢ycles with comesponding verification via CSRD.
3. This cycle Is invalld when using CSRD for varilication during Data-Write/Erase operations

4, RP# low traneltion is only t0 shoW tp.q : Not valid for above Read and Writs cycles.

Pigure 8. AC Waveforms for Command Write Operations
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6.8 AC Characteristics for CE# - Controlled Command Write Operatlonst®

Vo =3.3V£03V, T, = 0°Cto +70°C
Symbol Parameter Notes | Min | Typ | Max | Unit
tavav Write Cycle Time 120 ns
tenwt. | RP# Setup to WE# Going Low 3 480 ns
tveen | Vep Setup to CE# Going High 8 100 ns
twier | WE# Setup to CE# Going Low 0 ns
taven | Address Setup to CE# Going High 26 110 ns
toven | Data Setup to CE# Golng High 26 110 ns
teren | CE# Pulse Width 110 ns
tenpx | Data Hold from CE# High 2 -] ns
tenax | Address Hold from CE# High 2 5 na
teHwH | WE# Hold from CE# High ’ 5 ns
teqeL | CE# Pulse Width High 60 ns |
tgHe. | Read Recovery belore Write 0 ns
tenrL | CE# Migh to RY/BY# Going Low 100 | ns
tRHPL | RP# Hold from Valid Status Reglster Data and RY/BY# High| 3 0 ns
{PHEL RAP# High Recovery to CE# Going Low 1 us
tenGL | Write Recovery before Read 85 ns
o | VPP Hold from Valid Status Register Data and RY/BY# High 0 us
tenavl | Duration of Byte Write Operation 1 45 | 8 | 20 s
tenav2 | Duration of Block Erase Operation 4 03 8

NOTES:

1. Read thming during write and arasa are the sams as for normal read.

2. Refer to command definition tables for valld address and data valuea.

3. Sampled, but not 100% tasted.

4, Wrtte/Erase durations are measured to valid Skatus Reglater (OSR) Data.

5. Byle wrile cperations are typically performed with 1 Programming Pulse.

6. Address and Data are latched on the rising &dga of CE# for all Command Wtite Operations.



| PRELIMINARY

T CHEAGSTY 37

T WRITE VAUD ADDREES
DEEP  WRITE DATAWRITE OR AUTDNATED QATAWRITE
POWEROOWT ERAE SETUP CCAAND (& 00TA (DATAWITEI0N ™ o enage om ar

OO0
AR

XX

™ R TORRRRRIRIR AR R KRR N
name 0 XKNORMARGARIRIR. A KRN e NS
eI
e

tot—toser —af
- v
OATA (g 'Domg ‘, f_\*‘bn 7
YA )

NOTE &
R P)

o
N VUV VYV UV g"'"."'.'v"‘v"’v""'
—-— L, A
Ver,
NOTES;

1. This address string dapicts Data-Write/Erase cycles with corresponding verificafion via ESRD.
2. This address string depicls Data-Write/Erase cycles with correaponding verifioation via CSRD,
9. This cycle I3 Invalid when using CSRD for verification during Data-Write/Erasa operations

4. AP# low transition 15 only to show t,,, : not valld for above Read and Wirtta cycles.

Figure 10, Alternate AC Waveforms for Command Write Operations
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6.9 Erase and Word/Byte Write Performance
V,=33V103V,T,=0Cto+70°C
Symbal Parameter Notes| Min | Typ('} | Max | Units Test Conditions
twnRH1 |Byte Write Time 2 20 ps
twhaH2 | Two-Byte Seral Wiite Time{ 2,3 30 us
twirH3 | Word Write Time 24 30 ps
twiirnd | 16KB Blaock Write Time 2 0.33 13 s |Byte Write Mode
twireS | 16KB Block Wiite Time 23 0.28 1.0 8 | Two-Byts Serial Write Mode
twirHB | 16KB Biock Wiite Time 2,4 0.28 10 8 |Word Write Mode
Block Erase Time (168KB) 2 0.8 10 s
Full Chip Erasa Time 25 12-18.2 5

NOTES:

1.25°C, ¥,, 3 5.0V.
2. Excludes System-Lavel Overhead.
3. Two-Byte Sarlal Write mode is vakid at x8-bit configuration only.

4. Ward Wiite medes Is valid at x16-bit configuration only,

8. Dapends on the numbaer of protectad blocks.
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