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@Handle this document carefully for it contains material protected by international
copyright law. Any reproduction, full or in part, of this material is prohibited
without the express written permission of the company.

@ When using the products covered herein, please observe the conditions written herein
and the precautions outlined in the following paragraphs. In no event shall the
company be liable for any damages resulting from failure to strictly adhere to these
conditions and precautions.

(1) The products covered herein are designed and manufactured for the following
application areas. When using the products covered herein for the equihment
listed in Paragraph (2), even for the following application areas, bg
to observe the precautions given in Paragraph (2). Never use
for the equipment listed in Paragraph (3).

- Office electronics

*Instrumentation and measuring equipment
*Machine tools

- Audiovisual equipment

*Home appliance

-Communication equipment other th

(2) Those contemplating using the prodt

cept responsibility for incorporating
mdancy, and other appropriate

yKafety of the equipment and the overall system.
b airplanes, trains, automobiles, and other

representative of the compan
into the design fail-safe o

*ctors and automatic cutoff devices
‘Rescue and®gcurity equipment
-Other safety devices and safety equipment,etc.

(3) Do not use the products covered herein for the following equipment which
demands extremely high performance in terms of functionality, reliability, or accuracy.
* Aerospace equipment
-Communications equipment for trunk lines
- Control equipment for the nuclear power industry
-Medical equipment related to life support, etc.

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

@Please direct all queries regarding the products covered herein to a sales
representative of the company.
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LH28F800BG-L
8M-BIT (512KB x16)
SmartVoltage FLASH MEMORY

FEATURES
» SmartVoitage Technology « SRAM-Compatibie Write Interface

- 27V,33VorsSvVy,, « Optimi : .

ptimized Array Blocking Architecture

- 27V,33V,5Vor12vyV, - Two 4k-word Boot Blocks

+ High-Performance - Six 4k-word Parameter Blocks

- 85ns (5V V) Read Access Time Fifteen 32k-word Majn Blocks

- 120ns (2.7V V) Read Access Time

» Enhanced Automated Suspend Options .
- Word Write Suspend to Read
- Block Erase Suspend to Word Write .

- Block Erase Suspend to Read
« Absolute Hardware-Protection

+ Industry Standard Packaging
- 48-Lead TSOP .

» Chip Size Packaging
- 48-Ball CSP

ge technology is a high-density, low-cost, nonvolatile, read/
H28F800BG-L can operate at V. =2.7V and V,=2.7V. Its low
and suits for cellular phone application. Its Boot, Parameter and
Bxtended cycling provide for highly flexible component suitable for
#€ enhanced suspend capabilities provide for an ideal solution for code +
ME storage applications, such as networking, where code is either directly
PRAM, the LH28F800BG-L offers two levels of protection: absolute protection
;are boot block locking. These alternatives give designers ultimate control of their

voltage operation capability realiz
Main-blocked architecture, flexib

data storage applications.
executed out of flash or do
with V,, at GND, seleghft
code security needsg

The LH28F800BG-L is Mgnufactured on SHARP's 0.4um ETOX™" V process technology. it comes in industry-
standard rackage: the 48-lead TSOP and chip size package: the 48-lead CSP, ideal for board constrained
applications.

* ETOX is a trademark of Intel Corporation.
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1.0 INTRODUCTION

This datasheet contains LH28F3CGBG-L specifications.
Section 1 provides a flash memcry overview. Secticns
2, 3, 4, and 5 describe the memory organization and
functionality. Section 6 covers electrical specifications.

1.1 New Features

Key enhancements of LH28F8CCBG-L SmantVoltage
Flash memory are:

e SmartVoltage Technology
¢ Enhanced Suspend Capabilities
* Boot Block Archtecture

Please note following important differences:

* V.. has been lowered to 1.5V to support 2.7V, 3.3V
and 5V block erase and word write operations.
Designs that switch V,, off during read cperations
should make sure that the V,, voitage transitions to
GND.

» To take advantage of SmartVoltage technolog
allow V. connection to 2.7V, 3.3V or 5V.

1.2 Product Overview

The LH28F800BG-L is a high-perig
SmartVoltage Flash memory organizedy
16 bits. The 512K-word of dat
word boot blocks, six 4K-wo
tifteen 32K-word main
erasable in-system. TH
ure 5.

blocks and
h are individually
B is shown in Fig-

rym

SmartVoltage technology provides a choice ¢f V. and
V., combinations, as shown in Table 1, to mest system
performance and power expectations. 2.7V V .
consumes approximately one-fifth the power of 5V V..
But, 5V V_ provides the highest read performance. V,,
at 2.7V, 3.3V and 5V eliminates the need for a separate
12V converter, while V=12V maximizes bicck erase
and word write performance. In addition to flexible erase
and program voltages, the dedicated V,, pin gives
complete data protection when VsV, .

Table 1. V__and V,, Voltage Combinations Offered
by SmartVoitage Technoiogy

Vee Voltage Vpp Voltage
2.7V 2.7V. 3.3V, 5v, 12V
3.3v 3.3V, 5V, 12v

5\ 5V, 12V

Internal V. and V,, detection circuitry automatically
configures the device for optimized read and write
operations.

erves as the interface
internal operation of
nce written to the

A command User Interface (CU
between the system processor
the device. A valid comm
CUl initiates device
Machine (WSM) a
and timing ne
operations.

ally within 0.39sec, 4K-word blocks
in 0.25sec (5V V., 12V V,,) independent

100,000 times. Block erase suspend mode
s system software to suspend block erase to read
br write data from any other block.

Writing memory data is performed in word increments of
the device's 32K-word blocks typically within 8.4us, 4K-
word blocks typically within 17ps {5V V.., 12V V,.).
Word write suspend mode enables the system to read
data or execute code from any other flash memory array
location.

The boot blocks can be locked for the WP# pin. Block
erase or word write for boot block must not be carried
out by WP# to Low and RP# to ViH.

The status register indicates when the WSM'’s block
erase or word write operation is finished.

The RY/BY# output gives an additional indicator of
WSM activity by providing both a hardware signal of sta-
tus (versus software polling) and status masking (inter-
rupt masking for background block erase, for example).
Status polling using RY/BY# minimizes both CPU
overhead and system power consumption. When low,
RY/BY# indicates that the WSM is performing a block
erase or word write. RY/BY#-high indicates that the
WSM is ready for a new command, block erase is
suspended (and word write is inactive), word write is
suspended, or the device is in deep power-down mode.
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The access time is 85ns (t,,,,) over the commercial
temperature range (0°C to +70°C) and V.. supply volt-
age range of 4.75V-5.25V). At lower V. voltages, the
access times are 90ns or 120ns (4.5V-5.3V), 100ns or
130ns (3.0V-3.6V), 120ns or 150ns (2.7V-3.0V).

standby mecde is enabled. When the RP# pin is at GND,
deep power-down mode is enabied which minimizes
power consumption and provides write protection during
reset. A reset time (t,,,.,) is required from RP# switching
high until outputs are valid. Likewise, the device has a

wake time (1, . ) from RP#-high until writes to the CUI
are recognized. With RP# at GND, the WSM is reset and
the status register is clearad.

The Automatic Power Saving (APS) feature
substantially reduces active current when the device is
in static mode (addresses not switching). In APS mode,

the typical I, currentis 1mA at 5V V.. The device is available in 48-lead TSOP (Thin Small

Outline Package, 1.2mm thick ) and 48-ball CSP (Chip

Wh ; i i
en CE# and RP# pins are at Ve, the lg; CMOS Size Package). Pinouts are shown in Figures 2, 3 and 4.

;—Vcc

1o
Logic
AAA
< 5 -t CE#
sy Command WE#
S User | OE#
Status | | | Interface [¢—— RP#
Reguster L ——— WP#
I A A
Data
Comparator
L Write
» State —»RY/BY#
Y ~N~ |Machine
Input Y . A A
AO-A1B:> BuFferr Decoder || Y-Gating
P Ofrjeufo| <t
3 < Y
e EEEEEEE 2|13
. Address H . [=ololelelole %% Tis Program/Erase
™ Latch | DA Rt e = 15 818 Voitage
Decoder| & [=m|2/2jelele|e@@m| 32K-Word | 5im Switch
o |~l=lo|oiojojojof £ | H
S3lelelelelelele 5 | @ Main blocks ,% % A At
Address =EIIgdan == == Vep
Counter — ::{ N e <+—— Ve
A A JYYYYVYYW I A A GND

Figure 1. Block Diagram
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Table 2. Pin Descriptions

- Symbol

Type

Name and Function

Ao'A1s

INPUT

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

INPUT/QUTPUT

DATA INPUT/QUTPUTS: Inputs data and commands during CUI write
cycles; outputs data during memory array, status register and identifier code
read cycles. Data pins float to high-impedance when the chip is deselected
or outputs are disabled. Data is internally latched during a write cycle.

Ce#

INPUT

CHIP ENABLE: Activates the device's control logic, input bufters, decoders
and sense amplifiers. CE#-high deselects the device and reduces power
consumption to standby levels.

RP#

INPUT

RESET/DEEP POWER-DOWN: Puts the device in degp power-down mode
and resets internal automation. RP#-high enables norrial operation. When
driven low, RP# inhibits write operations which pyg $idata protection
during power transitions. Exit from deep power.d »ihe device to read
array mode. :

Block erase or word write with Vu<RP#<
should not be attempted.

ysSpurious results and

OE#

INPUT

OUTPUT ENABLE: Gates the devic ring a read cycle.

WE#

INPUT

WRITE ENABLE: Controls write I and array blocks. Addresses
the WE# pulse.

WP#

INPUT

gl for boot blocks locking. When V,,, locked
programmed.

RY/BY#

OUTPUT

status of the internal WSM. When low, the

gl operation (block erase or word write).

; that the WSM is ready for new commands, block

erase g suspends word write is inactive, word write is suspended, or

the geviglys in dgeb power-down mode. RY/BY# is always active and does
logt w e chip is deselected or data outputs are disabled.

WSM is perf
RY/BY#-high f

SUPPLY

E E AND WORD WRITE POWER SUPPLY: For erasing array
opgNIiting words. With Vpp<Vpp . memory contents cannot be
ed¥Block erase and word write with an invalid Vpp (see DC
Facteristics) produce spurious resuits and should not be attempted.

DEVICE POWER SUPPLY: Internal detection configured the device for
2.7V, 3.3V or 5V operation. To switch from one voltage to another, ramp
Ve down to GND and then ramp V¢ to the new voitage. Do not float any
power pins. With Vo2V ., all write attempts to the flash memory are
inhibited. Device operations at invalid V¢ voltage (see DC Characteristics)
produce spurious results and should not be attempted.

GND

SUPPLY

GROUND: Do not float any ground pins.

NC

NO CONNECT: Lead is not internal connected; it may be driven or floated.
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Ncl ¢ STANDARD PINQUT
wes 11 LH28F800BGE-L
RPe L3 12 48-LEAD TSOP
wee [ |14 12mm x 20mm

RY,B;\{: L::: TOP VIEW

39

Figure 2. 48-Lead TSOP Standard PiR

REVERSE PINOUT
LH28F800BGR-L
48-LEAD TSOP
12mm x 20mm
TOP VIEW

@~ B WA -

Figure 3. 48-Lead TSOP Reverse Pinout Configuration




SHARP

LHF80BXX

YoRoRcRcRcRoRoRC
YoRoRoReRcRcReRe
JoRcNcRcXcRoReRe
DO OO e o
OO0 06O e
OO OO 666 E

LH28F800BGB-L
:: ALL CSP

out Configuration
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2.0 PRINCIPLES OF OPERATION

The LH28F800BG-L SmartVoltage Flash memory
includes an on-chip WSM to manage block erase and
word write functions. It allows for 100% TTL-level
control inputs, fixed power supplies during block erasure
and word write, and minimal processor overhead with
RAM-iike interface timings.

After initial device power-up or return from deep power-
down mode (see Bus Operations), the device defaults to
read array mode. Manipulation of external memory
control pins allow array read, standby and output
disable operations.

Status register and identifier codes can be accessed
through the CUI independent of the V, voltage. High
voltage on V,, enables successful bleck erasure and
word writing. All functions associated with altering
memory contents — block erase, word write, status and
identifier codes — are accessed via the CUI and verified
through the status register.

Bottom Boot
32K-word Main Block

7FFFF
78000
77FFF
70000
6FFFF
68000
67FFF
60000
SFFFF
58000
STFFF
50000
4FFFF

48000
47FFF

40000
aFFFF

38000
37FFF

30000
SFFFF
28000
27FFF
20000
1FFFF

32K-word Main Block

32K-word Main Block

32K-word Main Block

32K-word Main Block

32K-word Main Block

N|jwlajn o N> jo

18000 32K-word Main Block
17FFF
10000
OFFFF
08000
O7FFF
07000
O06FFF
06000
OSFFF
05000
04FFF

04000
O3FFF

-

32K-word Main Block

32K-word Main Block

4K-word Parameter Block

4K-word Parameter Block

4K-word Parameter Block

NjWw s Jn]lo

4K-word Parameter Block

—ry

03000 4K-word Parameter Block

02FFF

02000
01FFF
01000
00FFF
00000

4K-word Parameter Block 0

4K-word Boot Block 1

4K-word Boot Block 0

Commands are written using standard microprocessor
write timings. The CUl contents serve as input to the
WSM, which contrels the bleck erase and word write.
The internal algorithms are regulated by the WSM,
including pulse repetition, internal verification and
margining of data. Addresses and data are internally
latch during write cycles. Writing the appropriate
command outputs array data, accesses the identifier
codes or outputs status register data.

Interface software that initiates and poils progress of
block erase and word write can be stored in any block.
This code is copied to and d}ecuted from system RAM
during flash memor, ates. After successful

se tG¥ead or write data from any
nsuspend allows system software

Top Boot

R -
775828 4K-4w<;\r’;°;ara:ete: ;lock 0
;gggg 4K-word Parameter Block 1
7o

[T
;gggg 4K-word Parameter Block 4
;,gggg 4K-word Parameter Block 5
7a6e2 ,
T —
ggggg 32K-word Main Block 2
60000

E:SE)EE: 32K-word Main Block 3
4559}982 32K-word Ma!n Block 4
:;ggg 32K-word Mafn Block 5
;gggg 32K-word Mafn Block 6
e
30000
e
12888? 32K-word Main Block 11
18000
g
8%9;92 32K-word Main Block 14
00000

Figure 5. Memory Map
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2.1 Data Protection

Depending on the application, the sysiem designer may
chcose to make the V., power supply switchable
(available only when memory biock erases or word
writes are required) or hardwired to V... The device
accommodates either design practice and encourages
optimization of the processor-memory interface.

When V, <V, . memory contents cannot be altered.
The CUI, with two-step block erase or word write
command sequences, provides protection from
unwanted operations even when high voltage is applied
to V.. All write functions are disabled when V. is below
the write lockout voltage V,,, or when RP# is at V. The
device's block locking capability provides additional
protection from inadvertent code or data alteration by

gating erase and word write operations.

3.0 BUS OPERATION

The local CPU reads and writes flash memory in-
system. All bus cycles to or from the flash memory con-
form to standard microprocessor bus cycles.

3.1 Read

Information can be read from any block, igs
or status register independent of the, :
can be at either V, ,or V.

ad mode com-
Codes or Read
ial device power-

The first task is to write the aff
mand (Read Array, Reg
Status Register) to th :
up or after exit from deep Tgwer-down mode, the device
automatically resets to read®rray moce. Five control
pins dictate the data flow in and out of the component:
CE#, OE#, WE#, RP# and WP#. CE# and OE# must be
driven active to obtain data at the outputs. CE# is the
device selection control, and when active enables the
selected memory device. OE# is the data output (DQ,-
DQ,,) control and when active drives the selected
memory data onto the I/O bus. WE# must be at V,, and
RP# must be at V,, or V. Figure 15 illustrates read
cycle.

3.2 Output Disable

With OE# at a logic-high level (V ), the device outputs
are disabled. Output pins DQ,-DQ, are placed in a high-
impedance state.

3.3 Standby

CE# at a logic-high level {V ) places the device in
standby mode which sutstantially reduces device
power consumption. DQ,-DQ,, outputs are placed in a
high-impedance state independent of OE#. I
deselected during block erase or word write, the device
continues functioning, and consuming active power until
the operation completes.

3.4 Deep Power-Down

internal circuits. R
100 ns. Time

e operation. RY/BY# remains low until the reset
ration is complete. Memory contents being altered
are no longer valid; the data may be partially erased or
written. Time t,,,,, is required after RP# goes to logic-
high (V,,) before another command can be written.

As with any automated device, it is important to assert
RP# during system reset. When the system comes out
of reset, it expects to read from the flash memory.
Automated flash memories provide status information
when accessed during block erase or word write modes.
If a CPU reset occurs with no flash memory reset,
proper CPU initialization may not occur because the
flash memory may be providing status information
instead of array data. SHARP's flash memories allow
proper CPU initialization following a system reset
through the use of the RP# input. In this application,
RP# is controlled by the same RESET# signal that
resets the system CPU.
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3.5 Read Identifier Codes

The read identifier codas cperation outputs the
manufacturer code and dev:ce code (see Figure 6).
Using the manufacturer and device codes, the system
CPU can automatically match the device with its proper
algorithms.

7FFFF

00001
000C0 Manufacturer Cedes

Figure 6. Device Identifier Code Memory Map

3.6 Write

Writing commands to the CUI enable reading of dgyi
data and identifier codes. They also control ing
and clearing of the status register.

The Block Erase command requires appropriate
ccmmand data and an address within the block to be
erased. The Word Write command requires the
cemmand and address of the location to be written.

The CU! does not occupy an addressable memory
lecation. It is written when WE# and CE# are active. The
address and data needed to execute a command are
latched on the rising edge of WE# or CE# (whichever
goes high first). Standard microprocessor write timings
are used. Figures 16 and 17 illustrate WE# and CE#
controlled write operations.

4.0 COMMAND Q TIONS

When the V<V 4 tions from the status
register, identifier<g ocks are enabled. Placing

uccessful block erase and word

ns are selected by writing specific
nto the CUIl. Table 4 defines these

Table 3. Bus Operations

Mode RP# CE# | OE# | WE# |Address| Vpp | DQqq5 | RY/BY#
Read VimorVa ! Vie | Vi | VY X X Dout X
Qutput Disable 3 VmorVeul Vie ! Va | Vi X X High Z X
Standby 3 VigorVuu!l Vi X X X X High Z X
Deep Power-Down 4 Vi X X X X X High Z VoH
Read Identifier Codes 8 ViworVy | Vie | Ve | vy See X Note 5 Vou
Figure 6
Write 3,6,7,8 VigorVy | Vie | Via | VL X X D X
NOTES:

1. Refer to DC Characteristics. When V,.<V,., ., memory contents can be read, but not altered.
2. X can be V, or V,, for control pins and addresses, and V,,,, or Voeni 24 fOr V.. See DC Characteristics for V., and Voo, on

voitages.

3. RY/BY#is V, when the WSM is executing internal block erase or word write algorithms. It is V,,, during when the WSM is not
busy, in block erase suspend mode (with word write inactive), word write suspend mode or deep power-down mode.

See Section 4.2 for read identifier code data.

. Refer to Table 4 for valid D, during a write operation.
. Never hold OE# low and WE# low at the same timing.

o NG A

- RP# at GND%0.2V ensures the lowest deep power-down current.

- V,,<RP#<V_, produce spurious resuits and should not be attempted.
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Table 4. Command Definitions™

Bus First Bus Cycle Second Bus Cycle
Cycles | Notes
Command Req'd. Oper"| Addr®| Data® oper"|Addr?| Data®

Read Array/Reset 1 Write X FFH
Read Identifier Codes 22 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 BA 20H Wirite BA DOH
Word Write 2 56 | Write | WA [|40H or 10H| Wrjte | WA WD
Block Erase and Word Write Suspend| 1 - 5 Write X BOH
Block Erase and Word Write Resume 1 5 Write X DOH

NOTES: .

1. Bus operations are defined in Table 3.

2. X = Any valid address within the device.
|A = Identifier Code Address: see Figure 6.
BA = Address within the block being erasad.
WA = Address of memory location to be written.

3. SRD = Data read from status register. See Table 7 for a description of
WD = Data to be written at location WA. Data is latched on the risi
ID = Data read from identifier codes.

4. Following the Read Identifier Codes command, read operations
identifier code data. :

§. If the block is boot block, WP# must be at V,, or RP# musf le block erase or word write operations. Attempts to
issue a block erase or word write to a boot block while

6. Either 40H or 10H are recognized by the WSM as the w

7. Commands other than those shown above are

@r bits.
E# (whichever goes high first).

rer and device codes. See Section 4.2 for read
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4.1 Read Array Command

Upcn initial device power-up and after exit frem deep
power-down mode, the device defaults to read array
mode. This operaticn is also initiated by writing the
Read Array command. The device remains enabled for
reads until another command is written. Once the
internal WSM has started a block erase or word write,
the device will not recognize the Read Array command
until the WSM completes its operation unless the WSM
is suspended via an Erase Suspend or Word Write
Suspend command. The Read Array command
functions independently of the V,_ voltage and RP# can
beV, orVv,.

4.2 Read ldentifier Codes Command

The identifier code operation is initiated by writing the
Read Identifier Codes command. Following the
command write, read cycles from addresses shown in
Figure 6 retrieve the manufacturer and device codes
{see Table 5 for identitier code values). To terminate the
operation, write ancther valid command. Like the Read
Array command, the Read ldentifier Codas co
functions independently of the V,, voitage andg
be V,, or V,,.. Following the Read ldentifier%
command, the foliowing information ca

Address

00000H
00001H

Code

Manufacture Code
Device Code (Top Boot)

Device Code (Bottom B 00001H

4.3 Read Status Régister Command

The status register may be read to determine when a
block erase or word write is complete and whether the
operation completed successfully. it may be read at any
time by writing the Read Status Register command.
After writing this command, all subseguent read
operations output data from the status register until
another valid command is written. The status register
contents are latched on the falling edge of OE# or CE#,
whichever occurs. OE# or CE# must toggle to V,, before
further reads to update the status register latch. The
Read Status Register command functions
independently of the V,,, voltage. RP# canbe V,, or V,,.

4.4 Clear Status Register Command

Status register bits SR.5, SR.4, SR.3 or SR.1 are set to
“1"s by the WSM and can only be reset by the Clear
Status Register command. These bits indicate various
failure conditions (see Table 7). By allowing system
software to reset these bits, several operations (such as
cumulatively erasing multiple blocks or writing several
words in sequence) may be performed. The status
register may be polled to determine if an error occurred
during the sequence.

e Clear Status Register
nctions independently of
gcan be V, or V. This
al duriig block erase or word

To clear the status registerd
command (50H) is written
the applied V,, voltage.
command is n
write suspend

jed one block at a time and initiated by a
fimand. A block erase setup is first written,
§ by an block erase confirm. This command
; nce requires appropriate sequencing and an

ddress within the block to be erased (erase changes all
lock data to FFH). Block preconditioning, erase, and
verify are handled internally by the WSM (invisible to the
system). After the two-cycle block erase sequence is
written, the device automatically outputs status register
data when read (see Figure 7). The CPU can detect
block erase completion by analyzing the output data of
the RY/BY# pin or status register bit SR.7.

When the block erase is complete, status register bit
SR.5 should be checked. If a block erase error is
detected, the status register should be cleared before
system software attempts corrective actions. The CU!
remains in read status register mode until a new
command is issued.

This two-step command sequence of set-up followed by
execution ensures that block contents are not
accidentally erased. An invalid Block Erase command
sequence will result in both status register bits SR.4 and
SR.5 being set to “1”. Also, reliable block erasure can
only occur when V=V .. and V =V, . Inthe
absence of this high voltage, block contents are
protected against erasure. If block erase is attempted
while V_ <V SR.3 and SR.5 will be set to “1".

PP= Y ppLK’
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Successful block erase fer boot blocks requires that the
corresponding if set, that WP#=V  or RP#=V . If tlock
erase is attempted to boot block when the
corresponding WP#=V, or RP#=V,, SR.1 and SR.5 will
be set to “17. Block erase operations with V, <RP#<V,,
produce spurious results and should not be attemptad.

4.6 Word Write Command

Word write is executed by a two-cycle command
sequence. Word write setup (standard 40H or alternate
10H) is written, followed by a second write that specifies
the address and data (latched on the rising edge of
WE#). The WSM then taxes over, controlling the werd
write and write verify algorithms internally. After the
word write sequence is written, the device automatically
outputs status register data when read (see Figure 8).
The CPU can detect the completion of the word write
event by analyzing the RY/BY# pin or status register bit
SR.7.

When word write is complete, status register bit SR.4
should be checked. If word write error is detected, the
status register should be cleared. The internal W
verify only detects errors for “1"s that do not succes
write to “0"s. The CUI remains in read status regis
mode until it receives another command. ’

Reliable word writes can only occur
and V.=V, ., In the absenc
memory contents are protectg
word write is attempted whjle
bits SR.3 and SR.4 wi ;
write for boot blocks re that the corresponding if
set, that WP#=V,_ or RP#="8, If word write is attempted
to boot block when the corresponding WP#=V, or
RP#=V _, SR.1 and SR.4 will be set to “1”. Word write
operations with V, <RP#<V,, produce spurious results
and should not be attempted.

4.7 Block Erase Suspend Command

The Block Erase Suspend command allows block-erase
interruption to read or werd-write data in another block
of memory. Once the block-erase process starts, writing
the Block Erase Suspend command requests that the
WSM suspend the block erase sequence at a
predetermined point in the algorithm. The device
outputs status register data when read after the Block
Erase Suspend command is written. Polling status
register bits SR.7 and SR.6 can determine when the
block erase operaticn has been suspended (both will be
set to "17). RY/BY# will af§o transition to V.
Specification t defi block erase suspend
latency. :

WHRH2

o¥¥mand can be written to
My, other than that which is

At this point, a Rea:
read data f
suspend

rase suspend to program data in
the Word Write Suspend command

& During a word write operation with block
pended, status register bit SR.7 will return to
5 and the RY/BY# output will transition to V.
However, SR.6 will remain “1” to indicate block erase
suspend 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 is
written to the flash memory, the WSM will continue the
block erase process. Status register bits SR.6 and SR.7
will automatically clear and RY/BY# will return to A
After the Erase Resume command is written, the device
automatically outputs status register data when read
{see Figure 9). V,,, must remain at Voenyas (the same V,,,
level used for block erase) while block erase is
suspended. RP# must also remain at V or V, (the
same RP# level used for block erase). WP# must also
remain at V, or V,, (the same WP# level used for block
erase). Block erase cannot resume until word write
operations initiated during block erase suspend have
completed.
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4.8 Word Write Suspend Command

The Werd Write Suspend command ailows word write
interruption to read data in other fiash memory
locations. Once the word write process starts, writing
the Word Write Suspend command requests that the
WSM suspend the word write sequence at a
predetermined point in the algorithm. The device
continues to output status register data when read after
the Word Write Suspend command is written. Polling
status register bits SR.7 and SR.2 can determine whan
the word write operation has been suspended (both will
be set to “1”). RY/BY# will also transition to Vo
Specification t,,,.., defines the worc write suspend

13

At this point, a Read Array command can be written to
read data from locations other than that which is
suspended. The only other valid commands while word
write is suspended are Read Status Register and Word
Write Resume. After Word Write Resume command is
written to the flash memory, the WSM will continue the
word write process. Status register bits SR.2 and SR.7
will automatically clear and RY/BY# will return to Vo
After the Word Write Resume command is written, the
device automatically outputs status register data when
read (see Figure 10). V. must remain at V,,,, .. (the
same V,, level used for wogd write) while in word write
suspend mode. RP# must &so remain at VyorV,, (the

: d write). WP# must also

latency. AP# level used for word
Table 6. Write Protection Ritern®i¥es
Operation Vpp RP# WP# Effect
Vi X X All Bl L&eked.
Word Write ViL loc ed.
or VuH X Al niocked.
Block Erase { > Vprik
ot*Blocks Locked.
Blocks Unlocked.
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Table 7. Status Register Definition

WSMS‘ ESS ES WWS VPPS WWSS DPS R
7 6 5 4 3 2 1
NOTES:
SR.7=  WRITE STATE MACHINE STATUS (WSMS) | Check RY/BY# or SR.7 to determine block erase or
1 = Ready word writecompletion. SR.6-0 are invalid while
0 = Busy SR.7=0".
SR.6 = ERASE SUSPEND STATUS (ESS)
1 = Block Erase Suspended
0 = Blcck Erase in Progress/Cempleted
SR.5= ERASE STATUS (ES) If both SR.5 and SR.4 are “1"@after a block erase
1 = Error in Block Erasure attempt, an improper sequence was
0 = Successful Block Erase entered.
SR.4= WORD WRITE STATUS(WWS)
1 = Errer in Word Write
0 = Successiul Word Write
SR.3= V_ STATUS (VPPS) continuous indication of V, |
1=V, Low Detect, Operation Abort errogates and indicates the V,,
0=V_ 0K €k Erase or Word Write command
P is not guaranteed to reports accurate
SR2= WORD WRITE SUSPEND STATUS (WWSS) when Veo=Veo, s
1 = Word Write Suspended
0 = Word Write in Progress/Completed
SR.1= DEVICE PROTECT STATUS (DPS) ThE& WSM interrogates the WP# and RP# only after
1 = WP# or RP# Lock Detected. O Block Erase or Word Write command sequences. It
Abort % informs the system, depending on the attempted
0 = Unlock operation, if the WP# is not V,,, RP# is not Vi
SR.O0= RESERVED FOR FU SR.0 is reserved for future use and should be masked
ENHANCEMENT. out when polling the status register.
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C - Stant ) Bus
| Operation Command Comments
A 4 D = 20H
Write 20H, Write | Erase Setup | » _ within Block to be Erased
Block Address Wi Erase D = DoH
¢ rite Confirm | A = Within Block to be Erased
Write DOH,
Block iddress Read Status Register Data
Read Check SR.7
Status Register Standby
| Suspend Block
Erase Loop Repeat for subsequent block er
_ Full status check can be d
Block Erasg sequence of block erast
Write FFH after th
Y mode.
Full Status
Check if Desired
Block Erase
Complete
FULL STATUS CHECK PROCEDUR!
ead Status Registe Bus ¢ d c nts
Data (See Above) Operation| “Omman omme
Check SR.3
Standby 1 = Vpp Error Detect
Check SR.1
Standby 1 = Device Protect Detect
Standb Check SR.4,5
andby Both 1 = Command Sequence Error
Check SR.5
or Standby 1 = Block Erase Error
SR.5, SR.4, SR.3 and SR.1 are only cleared by the Clear Status
Register command in cases where multiple blocks are erased
before full status is checked.
s Commaréd If error is detected, clear the Status Register before attempting
equence rro retry or other error recovery.

Block Erase
Error

Block Erase
Successful

Fiaure 7. Automated Block Erase Flowchart



Full Status
Check if Desired

Word Write
Complete

ead Status Registe
Data (See Above)

Word Write
Successful

FULL STATUS CHECK PROCEDURE

Device Protect Err@

Word Write Error ’
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{ . ) Bus
Start op erl;ti on Command Comments
Writ Setup D = 40H
Write 40H, riee Word Write | A = Location to Be Written
Address Wit Word Writ D = Data to Be Written
‘ e ° e ax Location to Be Written
Write Word
Data aniAddress Read Status Register Data
Read Check SR.7
Status Register Standby 1= WSM Regdy
Suspend Word 0=
Write Loop Repeat for subsequent word writes
SR full status check can be d d write, or after a
sequence of word writes.
Write FFH after the lag operation to place device in
read array mode.

Standby ?26\(;1;: Evor Detect
Standby sieg;vsi; 1Protect Detect
Standby ?ielggt??/;/‘tite Error

SR.4, SR.3 and SR.1 are only cleared by the Clear Status
Register command in cases where muitiple locations are written
before full status is checked.

If error is detected, clear the Status Register before attempting
retry or other error recovery.

Figure 8. Automated Word Write Flowchart
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C ‘ Start ) Bus Command Comments
¢ Operation
. Erase D=BO0H
Write BOH Write Suspend A=X
Status Register Data
+ Read Ao X
Read Check SR.7
Status Register Standby 1 = WSM Ready
0 = WSM Busy
Check SR.6
Standby 1 = Block Erase Suspended
Bock Erase Completed

Block Erase
Completed

Read

Read
Array
Data

Word Write
Loop

Read
Array Data

Figure 9. Block Erase Suspend/Resume Flowchart
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( - Start ) Bus
‘ Operation Command Comments
: Word Write | D =BOH
Write
Write BOH Suspend |A=X
Status Register Data
¢ Read A=X
Read Check SR.7
Status Register Standby 1 = WSM Ready
0 = WSM Busy
Check SR.2
Standby 1 = Word Write Suspended
1 Write Read Array
0 ; Re ay locations other
Word Write Read y :
Completed ) thatdreing written
. OH
1 Write X
Write FFH
Read
Array Data

Write DOH

v

|
A 4

@ord Write Resumed

Read
Array Data

Figure 10. Word Write Suspend/Resume Flowchart
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5.0 DESIGN CONSIDERATIONS

5.1 Three-Line Output Control

The device will often be used in large memory arrays.
SHARP provides three control inputs to accommodate
multiple memory connections. Three-line control
provides for:

a. Lowest possible memory power dissipation.
b. Complete assurance that data bus contention
will not occur.

To use these control inputs efficiently, an address
decoder should enable CE# while OE# should be
connected to all memory devices and the system’s
READ# control line. This assures that only selected
memory devices have active outputs while deselected
memory devices are in standby mode. RP# should be
connected to the system POWERGOOD signal to
prevent unintended writes during system power
transitions. POWERGOOD should also toggle during
system reset.

5.2 RY/BY#, Block Erase and Word
Polling

RY/BY# is a full CMOS output that pr
method of detecting block er
completion. It transitions low
write commands and retur
finished executing the inte

i 10 a interrupt input of the
system CPU or contr r. It is active at all times. RY/
BY# is alsc V,, when t#e device is in block erase
suspend (with word write inactive), word write suspend
or deep power-down modes.

RY/BY# can be cc

5.3 Power Supply Decoupling

Flash memory power switching characteristics require
careful device decoupling. System designers are
interested in three supply current issues; standby
current levels, active current levels and transient peaks
produced by falling and rising edges of CE# and OE#.
Transient current magnitudes depend on the device
outputs’ capacitive and inductive loading. Two-line
control and proper decoupling capacitor selection will
suppress transient voltage peaks. Each device should
have a 0.1uF ceramic capacitor connected between its
V.. and GND and betweerkits V. and GND. These
high-frequency, low ingg e capacitors should be
placed as close '

aced 3t the array's power supply
and GND. The bulk capacitor

stem requires that the printed circuit board designer
pay attention to the V,, power supply trace. The V., pin
supplies the memory cell current for word writing and
block erasing. Use similar trace widths and layout .
considerations given to the V. power bus. Adequate
V., supply traces and decoupling will decrease V,,
voltage spikes and overshoots.
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5.5V, V,,, RP# Transitions

Block erase and word write are not guaranteed if Vae
falls outside of a valid V,,,,,., range, V. falls outside of
avalid V., .., range, or RP# =V orV 1tV erroris
detected, status register bit SR.3 is set to 1" along with
SR.4 or SR.5, depending on the attempted operation. If
RP# transitions to V, during block erase or word write,
RY/BY# will remain low until the reset operation is
complete. Then, the operation will abort and the device
will enter deep power-down. The aborted operation may
leave data partiaily altered. Therefore, the command
sequence must be repeated after normal operation is
restored. Device power-off or RP# transiticns to V,_clear
the status register.

The CUI latches commands issued by system software
and is not altered by V_, or CE# transitions or WSM
actions. Its state is read array mode upon power-up,
after exit from deep power-down or after V. transitions
below V.

After block erase or word write, even after V,
transitions down to V,, ., the CUI must be placed in regd
array mode via the Read Array command if subse
access to the memory array is desired.

5.6 Power-Up/Down Protection

to which power suppl
Internal circuitry rese
power-up.

| to read array mode at

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

The device is disabled while RP#=V, regardless of its
control inputs state.

5.7 Power Dissipation

When designing portable systems, designers must
consider battery power consumption not only during
device operation, but also for data retention during
system idle time. Flash memory’s nonvolatility increases
usabie battery life because data is retained when
system power is removed.

In addition, deep power-down mode ensures extremely
low power consumption even when system power is
applied. For example, portable computing products and
other power sensitive applicatiys that use an array of

An consume negligible
or sleep modes. If

e-up cycles required
. See AC Characteristics —
prations and Figures 15, 16 and
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6.0 ELECTRICAL SPECIFICATIONS
6.1 Absolute Maximum Ratings*

<Operating Temperature>
Ccmmercial Products
During Read, Block Erase and
Word WIe et 0°'Cto +70°C
Temperature under Bias........cc....... -10°C to +80°C
Extended temperature Products
During Read, Block Erase and

Word Write ....oeeveeeeeniniiceeceenenecenaans -40°C to +85°C

Temperature under Bias.................. -40°C to +85°C
<Storage Temperature> .....ccceceevenn. -65°C to +125°C
<Voltage On Any Pin>

except V., V., and RP# ............. -2.0V to +7.0vV®

V.. Supply Voltage .......ceevcunnenee. -2.0V to +7.0V"

V., Update Voltage during

Block Erase and Word Write ..... -2.0V to +14.0V0¢2

RP# Voltage ....ccecveveevecceeieen. -2.0V to +14.0v02
<Qutput Shert Circuit Current> .........c...n....... 100mA®

6.2 Operating Conditions

NOTICE: This datasheet contains information on
products in the design phase of development. Do not
finalize a design with this information. Revised
information will be published when the product is
available. Verify with your local SHARP Sales office
that you have the latest datasheet before finalizing a
design.

*"WARNING: Stressing the device beyond the "Absolute
Maximum Ratings* may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions" i§ not recommended and
extended exposure beyond$he "Operating Conditions”
may affect device relid#8

is féFcommercial product defined by

this spe .
2. All speci : with respect to GND. Minimum DC
voltdg onhput/output pins and -0.2V on V. and

g transitions, this level may undershoot to

s <20ns. Maximum DC voltage on input/

nd V.. is V.+0.5V which, during transitions,
vershoot to V. +2.0V for periods <20ns.

ifum DC voltage on V,, and RP# may overshoot to
®.0V for periods <20ns. :
utput shorted for no more than one second. No more than
one output shorted at a time.

and V_. Operating Conditions

Symbol Notes | Min. | Max. | Unit Test Condition
Ta Operating Te 0 +70 ‘C |Ambient Temperature
Commercigs
Ta Operati Fperattfe -40 +85 ‘C |Ambient Temperature
Extended perature Products
Veet Vee Supply Vditage (2.7V-3.6V) 2.7 3.6 \
Veez Vee Supply Voitage (3.3V10.3V) 3.0 3.6 \Y
Vecs  |Vec Supply Voltage (5.0V+5%) 475 | 525 | V
Vces  |Vec Supply Voltage (5.0V£10%) 4.50 | 5.50 \
6.2.1 Capacitance®™
T,=+25°C, f=1MHz
Symbol Parameter Typ. Max. Unit Condition
CiN Input Capacitance 7 10 pF Vin = 0.0V
Cout |Output Capacitance 9 12 pF Vourt = 0.0V
NOTES:

1. Samopled. not 100% tested.
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6.2.2 AC Input/Output Test Conditions

27 {

)
DAY
INPUT X-:ﬂs 4 TESTPOINTS — % 1.35 QUTPUT
00 £ 1

J (

AC test inputs are driven at 2.7V for a Logic “1" and 0.0V for a Logic “0.

" Input timing begins, and output timing
ends, at 1.35V. Input rise and fall times(10% to 80%)<10ns.

Figure 11. Transient Input/Output Reference Waveform for Vee=2.7V-3.6V

{
30 e
INPUT 54— TESTPOINTS —>
£
00 Y ¢

AC test inputs are driven at 3.0V for a Logic “1” and 0.0V for a Logic “0."
ends, at 1.5V. Input rise and fall times(10% to 90%)<10ns.

AC test inputs are driven at Vo (2.4

¥1"and V, (0.45V_ ) for a Logic “0.” Input timing begins
atV,, (2.0V;)and vV, (0.8V).

atV,, and V,. Input rise and fall times(10% to 90%)<10ns.

o]

Figure 13. utput Reference Waveform for V_ =5V10%

gandard Testing Configuration)

Test Configuration Capacitance Loading Value

Test Configuration CL (pF)
Vee=2.7V-3.8V, 3.3V+0.3V 50
Vee=5V+5% 30
Vee=5V+10% 100
RL = 3.3kQ

DEVICE

UNDER —O out
TEST
C

Cy Includes Jig '
Capacitance

Figure 14. Transient Equivalent Testing Load
Circuit
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6.2.3 DC Charactertistics
DC Charactertistics Tp =-40°C to +85°C
Vee=2.7V-3.6V | Vcc=5Vx10%
Symbol Parameter Notes Unit Test Conditions
[T Input Load Current 1 +0.5 z1 BA | Vo=V Max,
o Output Leakage Current 1 0.5 10 WA | Vo=V Max,
VouﬁVcc or GND
lecs Ve Standby Current 1,36 | 25 50 30 100 HA | CMOS Inputs
Vec=Vec Max
CE#=RP#=Vcz0.2V
0.2 2 0.4 2 mA | TTL Inputs
Vec=Vec Max
CE#-RP#=VIH
leco Ve Deep Power-Down 1 4 20 20 RP#=GND=z=0.2V
Current ur(RY/BY#)=0 mA
lecr Vcc Read Current 1,56 15 25 CMOS Inputs Vo=V Max,
CE#=GND
f=5MHz(3.3V, 2.7V), 8BMHZz(5V)
30 mA | TTL inputs
Vec=Vce Max,
CE#=GND
1=5MHz(3.3V, 2.7V), 8MHz(5V)
louT=0mA
lcow Ve Word Write Current 1.7 5 - - mA | Vpp=2.7V-3.6V
12 30 MA | Vpp=12Vt5%
lece Vcc Block Erase Current 1) 17 - - mA | Vpp=2.7V-3.6V
4 17 30 MmA | Vpp=5V+10%
4 12 25 mMA | Vpp=12V25%
ICCWS Vcc Word Write or 1,2 1 6 1 10 mA CE#=V|H
leces Erase Suspend Curre
lpps Vpp Standby or Read 1 +2 +15 +2 +15 MA | VppsVee
IPPR Current
10 200 10 200 PA | Vpp>Vee
'PPD VPP Deep Power-Down 1 0.1 5 0.1 5 uA RP#=GND=z0.2V
Current
lppw Vpp Word Write Current 1,7 12 40 - - mA | Vpp=2.7V-3.6V
40 40 MA | Vpp=5V+10%
30 30 mA | Vpp=12Vx5%
IppE Vpp Block Erase Current 1,7 8 25 - - mA | Vpp=2.7V-3.6V
25 25 mA | Vpp=5Vx10%
20 20 mA | Vpp=12V15%
'ppws Vpp Word Write or Block 1 10 200 10 200 IJA VPP=VPPH1/2/3
lppES Erase Suspend Current
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DC Characteristics (Continued)

Vee=2.7V-3.6V | Vce=5V+10%

Symbol Parameter Notes| Min. Max. Min. Max. | Unit Test Conditions
Vi Input Low Voltage 7 -0.5 0.8 -0.5 0.8 \"
ViH Input High Voltage 7 2.0 Vee 2.0 Vce v
+0.5 +0.5
VoL Output Low Voitage 3,7 0.4 0.45 V | Vece=Vce Min,

loL=5.8mA(Vge=5V)
loL=2.0mA(Vcc=3.3V)
VoH1 Cutput High Voltage 3,7 2.4 2.4 V | Vge=Vee Min,

(TTL)

VoHz | Qutput High Voltage 3,7 0.85

(CMOS) Vee
Vee
-0.4
VppLk | Vpp Lockout during 4,7 1.5
Normal Operations
VppH1 | Vpp during Word Write 2.7 3.6
or Block Erase
Operations
VepHz | Vpe during Word Write 4.5 5.5
or Block Erase
Operations

VppHz | Vpp during Word Write 6 11.4 12.6 Vv
or Block Erase

Operations

2.0 \

1.4 12.6 114 12.6 v | Block Erase and Word
Write for Boot Blocks

Viko Ve Lockout Voltage
VHH RP# Unlock Voltag

NOTES: :

1. All currents are in RMS uff
for all product versions (pack

2. | ows @Nd I, are specified wit
draw is the sum of | orl

3. Includes RY/BY#.

4. Block erases and word writes are inhibited when V,, < V. and not guaranteed in the range between V., (max) and V,,,,,
(min), between V., (max) and V,,,,, (min), between V,,, . (max) and V,,,, (min), and above V., (max).

. Automatic Power Saving (APS) reduces typical |, to 1 mA at 5V V. and 3 mA at 2.7V and 3.3V V. in static operation.

5
6. CMOS inputs are either V. + 0.2V or GND £ 0.2V. TTL inputs are either V_ or V.
7
8

otherwise noted. Typical values at nominal V, voltage and T, = +25°C. These currents are valid
g and speeds).
Pthe device de-selected. If read cr word written while in erase suspend mode, the device's current

and | . orl respectively.

ccws CCES CCR cew!

cc -
. Sampled, not 100% tested.
. Block erases and word writes are inhibited when the corresponding RP# = V,, or WP# = V, . Block erase and word write
operations are not guaranteed with V. < 2.7V or V,, < RP# <V, and should not be attempted.
9. RP# connection to a V,,, supply is allowed for a maximum cumulative period of 80 hours.

DC Characteristic Exchange T,=0Cto+70°C
Vee=2.7V-3.6V | Vcc=5V+10%
Symbol Parameter Notes| Typ. | Max. | Typ. | Max. |Unit Test Conditions
lcco Vcc Deep Power-Down 1 4 10 10 pA | RP#=GND+0.2V
Current louT(RY/BY#)=0 mA
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6.2.4 AC Characteristics - Read Only Operations"
V,=2.7V-3.6V, T,=-40°C to +85°C
LH28F800BG- LH28F800BG-
Versions(®) L85 L12
Symtol Parameter Notes! Min. Max. Min. Max. |Unit
tavay |Read Cycle Time 120 150 ns
tavav | Address to Output Delay 120 150 ns
terqv | CE# to Output Delay 2 120 150 ns
tpuqv | RP# High to Output Delay 600 600 ns
teLav | OE# to Output Delay 2 50 55 ns
teLax | CE# to Outputin Low Z 3 0 ns
tenoz | CE# High to Output in High Z 3 55 ns
taLax |OE# to Outputin Low Z 3 0 ns
taHaz | OE# High to Qutputin High Z 3 25 ns
toH Output Hold from Address, CE# or OE# 3 0 ns
Change, Whichever Occurs First
V,.=3.3V10.3 85'C
L H28F800BG- LH28F800BG-
Versions®) L85 L12
Symbol Parameter Min. Max. Min. Max. |Unit
tavav | Read Cycle Time 100 130 ns
tavav | Address to Qutput Dela ‘ 100 130 ns
tecqv | CE# to Output D 2 100 130 ns
teHav | RP# Highto O 600 600 ns
tgLav |OE#to O 2 50 55 ns
teLax | CE# to Outiy 3 0 0 ns
tenqz | CE# Highto put in High Z 3 55 55 ns
taLax |OE#to Outputin Low Z 3 0 0 ns
taHaz | OE# High to Output in High Z 3 20 25 ns
ton Qutput Hold from Address, CE# or OE# 3 0 0 ns
Change, Whichever Occurs First
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6.2.4 AC Characteristics - Read Only Operations (Cont.)®"

V,.=5.0V£10%, 5.0V$5%, T,=-40°C to +85°C

Veet5% LHZigi?S?BG-

Versions® Vee#10% LHzla.:g?s?BG- LHZ?.I::%?BG-
Symbol Parameter Notes| Min. Max. Min. Max. Min. Max. |Unit
tavav | Read Cycle Time 85 90 120 ns
tavav | Address to Output Delay 85 80 120 ns
tecav | CE# to Output Delay 2 85 90 120 ns
tprav | RP# High to Cutput Delay 400 400 400 ns
taLav | OE# to Cutput Delay 50 ns
terax | CE# to Outputin Low Z ns
tzHaz | CE# High to Qutput in 55 ns

High Z
tcLax |OE#to Qutputin Low Z 3 0 ns
tacHaz |OE# High to Outputin 15 ns

High Z
tox Output Hold from Address,| 3 0 ns

CE# or OE# Change,

Whichever Occurs First

N EON

NOTES: %
. See AC Input/Output Reference Waveform f ble input slew rate.
. OE# may be delayed up to tg, o, t, o, after CE# without impact on tg, .
. Sampled, not 100% tested.
. See Ordering Information for device spe tional combinations).
. See Transient Input/Output Refere ? Transient Equivalent Testing Load Circuit (High Speed Configuration) for

testing characteristics.
. See Transient Input/Output Refé
testing characteristics. )

rm and Transient Equivalent Testing Load Circuit (Standard Configuration) for

[o)]
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DEVICE
STANCBY ADDRESS S=zCTION

DATA VALID

Vin
ADDRESSES(A) WX >< ADDRESS STABLE
Vi

tavav

Vin
CEHE) / \
i

Vie |
aver !

5
OEHG) ::: / ; N’L

Vin
WER(W) /
Vi,

Vou
DATA(D/Q) HIGHZ
(DQy-DQys5)

Vou

AC Waveform for Read Operations
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6.2.5 AC Characteristics for WE# - Controlled Write Operations(1)

Vc=3-3V£0.3V,T,=-40°C to +85°C

Versions(5) LH28F800BG-L85 | LH28F800BG-L12 Unit
Symbol Parameter Notes | Min. Max. Min. Max.
tavav Write Cycle Time 120 150 ns
terwe RP# High Recovery to WE# Going Low 2 1 1 Hs
tew CE# Setup to WE# Going Low 10 10 ns
twiwH WE# Pulse Width 50 50 ns
terwh | RP# Vi, Setup to WE# Going High 2 100 100 ns
tvewH Vpp Setup to WE# Going High 2 100 100 ns
tavwH Address Setup to WE# Going High 3 50 50 ns
tovwH Data Setup to WE# Going High 3 50 50 ns
twHDX Data Hold from WE# High ns
twHax Address Hold from WE# High ns
twHEH CE# Hold from WE# High 10 ns
twhwL WE# Pulse Width High 30 ns
twHRL WE# High to RY/BY# Going Low 100 ns
twHGL Write Recovery before Read ns
tavie Vpp Hold from Valid SRD, RY/BY# High ns
tavPH RP# Vy, Hold from Valid SRD, RY/BY# ns
Ve 3V+0.3W T 4=-40°C to +85°C
. V LH28F800BG-L85 | LH28F800BG-L12 Unit
Symbol | Notes Min. Max. Min. Max.

tavav Write Cycle Time 100 130 ns
terwL RP# High Re # Going Low 2 1 1 us
terwi CE# Setup to VWt Going Low 10 10 ns
tLwH WEH# Pulse Width 50 50 ns
teHHWH RP# V, Setup to WE# Going High 2 100 100 ns
tvpwH Vpp Setup to WE# Going High 2 100 100 ns
tavwH Address Setup to WE# Going High 3 50 50 ns
tovwH Data Setup to WE# Going High 3 50 50 ns
twHDX Data Hold from WE# High 5 5 ns
twHAX Address Hold from WE# High ' 5 5 . ns
twHEH CE# Hold from WE# High 10 10 ns
twHWL WE# Pulse Width High 30 30 ns
twHRL WE# High to RY/BY# Going Low 100 100 ns
twHaL Write Recovery before Read 0 0 ns
tavwL Vpp Hold from Valid SRD, RY/BY# High 24 0 0 ns
taveH RP# Vy,, Hold from Valid SRD, RY/BY# High 24 0 0 ns
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6.2.5 AC Characteristics for WE# - Controled Write Operations (Cont.}"

V__=5V£10%, 5V15%, T,=-40°C to +85°C

LH28F800SX-
Vccis% L85(5)
LH28F800BG- LH28F800BG-
+10%
versions® Veot10% L850 L12?
Symbol! Parameter Notes| Min. Max. Min. Max. Min. Max. |Unit
tavav | Write Cycle Time 85 90 120 ns
tpawL | Rp# High Recovery to 2 1 1 1 us
IWE# Going Low
tenwL ‘ CE# Setup to WE# Going ’ 10 10 ns
Low
twiwH  WE# Pulse Width 40 ns
tPHHWH | RP# VHH Setup to WE# 2 100 ns
Going High
tvpwH | Vep Setup to WE# Going 2 100 ns
High
tavwH | Address Setup to WE# 3 40 ns
Going High
tovwH | Data Setup to WE# Going 3 40 ns.
High
twrHpx | Data Hold from WE# High ns
twaax | Address Hold from WE# ns
High
twHen | CE# Hold from WE# 10 10 ns
twHwL | WE# Pulse Width 30 30 30 ns
twHRL | WE# High to 90 90 90 ns
Going Low,
twHaL | Write R 0 0 0 ns
Read
tavvL | Vep Hold from~alid SRD, | 2,4 0 0 0 ns
RY/BY# High
tavpPH RP# Vin Hold from Valid 2,4 0 0 0 ns
SRD, RY/BY# High

NOTES:

1. Read timing characteristics during block erase and word write operations are the same as during read-only operations. Refer to
AC Characteristics for read-only operations.

2. Sampled. not 100% tested.

3. Refer to Table 4 for valid A,, and D, for block erase or word write.

4.V, should be held at V (and if necessary RP# should be held at V,,,) until determination of block erase or word write
success (SR.3/4/5=0).

5. See Ordering Information for device speeds (valid operational combinations).

6. See Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (High Speed Configuration) for
testing characteristics.

7. See Transient Input/Qutput Reference Waveform and Transient Equivalent Testing Load Circuit (Standard Configuration) for
testing characteristics.
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e 16. AC Waveform for WE#-Controlled Write Operations
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6.2.6 AC Characteristics for CE# - Controlled Write Operations(1)
Vce=3.3V0.3V,T5=-40°C to +85°C
Versions!(5) LH28F800BG-L85 | LH28F800BG-L12 Unit
Symbol Parameter Notes Min. Max. Min. Max.

tavav Write Cycle Time 120 150 ns
toHEL RP# High Recovery to CE# Going Low 2 1 1 Hs
twieL WE# Setup to CE# Going Low 0 0 ns
te el CE# Pulse Width 70 70 ns
toHHEH RP# Vi, Setup to CE# Going High 2 100 100 ns
tvPEH Vpp Setup to CE# Going High 2 100 100 ns
tavEH Address Setup to CE# Going High 3 50 50 ns
toven Data Setup to CE# Going High 3 50 50 ns
tenpx Data Hold from CE# High ns
teHAX Address Hold from CE# High ns

tenwh WE# Hold from CE# High ns
tereL CE# Pulse Width High 25 ns
teHRL CE# High to RY/BY# Going Low 100 ns
tenaL Write Recovery before Read ns
tavwL Vpp Hold from Valid SRD, RY/BY# High ns
taveH RP# V,,,, Hold from Valid SRD, RY/BY# 0 ns

Ve Q3V10.J% T 4=-40°C to +85°C
. V LH268F800BG-L85 | LH28F800BG-L12 Unit
Symbol Notes | Min. Max. Min. Max.

tavav Write Cycle Time_ 100 130 ns
toHEL RP# High Regll Going Low 2 1 1 Us
twieL WE# Setup to (g Going Low 0 0 ns
teen CE# Pulse Width 70 70 ns
tpHHEH RP# V, Setup to CE# Going High 2 100 100 ns
tPEH Vpp Setup to CE# Going High 2 100 100 ns
tavEH Address Setup to CE# Going High 3 50 50 ns
tovEH Data Setup to CE# Going High 3 50 50 ns
tenox Data Hold from CE# High 5 ns
terAax Address Hold from CE# High ns
teHwH WE# Hold from CE# High 0 ns
teneL CE# Pulse Width High 25 25 ns
terRL CE# High to RY/BY# Going Low 100 100 ns
tenaL Write Recovery before Read 0 ns
tovwL Vpp Hold from Valid SRD, RY/BY# High 24 ns
taveH RP# V,, Hold from Valid SRD, RY/BY# High 24 ns
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6.2.6 AC Characteristics for CE#-Controlied Writes Operations (Cont.)"

V,,=5V£10%, 5V+5%, T,=-40°C to +85°C

LH28F800BG-
VCCis% Lss(e)
LH28F800BG- LH28F800BG-
0,
Versions(5) Vec£10% L85 L120
Symbol Parameter Notes| Min. Max. Min. Max. Min. Max. |Unit
tavav | Write Cycle Time 85 90 120 ns
tpuel | RPZ High Recovery to 2 1 1 1 us
CE# Going Low
twezy | WE= Setup to CE# Going 0 0 ns
Low
teeen | CE# Pulse Width £0 50 ns
tpuHEH | RP# ViR Setup to CE# 2 100 100 0 ns
Gcing High
tveen | Vep Setup to CE# Going 2 100 100 100 ns-
High
taveH |Address Setup to CE# 3 40 40 ns
Going High
toven | Data Setup to CE# Going 3 40 0 40 ns
High
tenpx | Data Hold from CE# High 5 5 ns
teqax | Address Hold from CE# 5 ns
High
tenwH | WE# Hold from CE# High 0 0 ns
tewsr | CE# Pulse Width Hig 25 25 ns
tenpL | CE# High to RY/B 90 90 90 ns
GoingLow
teHaL | Write Reco 0 0 0 ns
Read
tavwwL | Vep Hold from Vam® SRD, | 2,4 0 0 0 ns
RY.BY# High
taveH | RP# Vuu Hold from Valid 2,4 0 0 0 ns
SED, RY/BY# High

NOTES:

1. In systems where CE# defines the write pulse width (within a longer WE# timing waveform), all setup, hold, and inactive WE#
times should be measured relative to the CE# waveform.

2. Sampled, not 100% tested.

3. Refer to Table 4 for valid A, and D, for block erase or word write.

4.V, should be held at V, and if necessary RP# should be held at V,,|) until determination of block erase or word write
success (SR.3/4/5=0).

5. See Ordering information for device speeds (valid operational combinations).

6. See Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (High Speed Configuration) for
testing characteristics.

7. See Transient input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (Standard Configuration) for

testing characteristics.
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igure 17. AC Waveform for CE#-Controlled Write Operations
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6.2.7 Reset Operations
VIH
RYBY#* (R)
Vi
Vin
RP#(P)
VIL
‘*'mm
(A)Reset During Read Array Mode
Vin
RYBY# (R} \
Vi - -
-+ toyan >
Vin l
RP# (P)
e “-'PLPN
(B)Reset During Block Erase or Word Wr#
227VR.3VIVY
Vee
Viu
Vin
RP# (P)
Vie
et AC Specifications™
Vee= 2.7V-3.6V Vee=5Vi10%
Symbol Notes Min. Max. Min, Max. Unit
tpLpH J 100 100 ns
(If RP# is tied to V&, this specification
is not applicable)
tritre | RP# Low to Reset during Block Erase | 2,3 20 12 us
or Word Write
toasvpH | Vec 2.7V to RP# High 4 100 100 ns
Vee 3.0V to RP# High
Vee 4.5V to RP# High
NOTES:

1. These specifications are valid for ail product versions (packages and speeds).

2. It RP# is asserted while a biock erase or word write operation is not executing, the reset will complete within 100 ns.

3. A reset time, 1., Is required from the latter of RY/BY# or RP# going high until outputs are valid.
4. When the device power-up, holding RP# low minimum 100 ns is required after V. has been in predefined range and also has

been in stabie there.
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6.2.8 Block Erase and Word Write Performance®
V_.=2.7V-3.0V, T,=-40°C to +85°C
Vpp=2.7V-3.6V Vpp=5.0V:10% Vpp=12.0V15%
Symbol Parameter Notes | Min. [Typ."| Max. | Min. [Typ."| Max. | Min. [Typ.®"| Max. | Unit
twravi | Word Write |32KwordBlock| 2 44.6 17.7 12.6
tesqvr | Time aKword Block | 2 45.9 26.1 24.5 b
| Block Write |32k word Biock| 2 1.46 0.58 0.42
T sec
ime 4K word Block 2 0.19 0.11 0.11
twHavz | Block Erase [32Kwordglock| 2 1.14 0.61 0.51 sec
tepqve | Time dKwordBlock | 2 0.38 0.32 0.31
twHRrRHT : Word Write Suspend 7 8 6 6 7 us
teHRH1 | Latency Time to Read
twHRH2 | Erase Suspend 18 | 22 11 | 14 | ps
terrHz | Latency Time to Read
V = 3.3V£0.3V, T,=-40°C to +
Vpp=3.0V-3.6V p=%,0V+10% Vpp=12.0V15%
Symbol Parameter Notes | Min. Typ.") yp.| Max. | Min. [Typ.| Max. | Unit
twHavt | Word Write  |32K word Block| 2 17.3 12.3 s
tenavt | Time 4K word Block 2 4 25.6 24
Block Write |32Kword Block] 2 0.57 0.41
sec
Time 4K word Block 2 0.11 0.1
twHav2 | Block Erase |32K word Block 11 0.59 0.5 sec
teHave | Time 4K word Block 2 0.37 0.31 0.3
twHRH1 | Word Write Suspend 6 7 5 7 5 6 us
tenrH1 | Latency Time to
twHrH2 | Erase Suspe 16.2 | 20 9.6 | 12 96 | 12 | us
tenrHz | Latency Ty#Reio ®gad
V_ =5V£10%, 5V45%, T,= -40°C to +85'C
? Vpp=5V+10% Vpp=12V5%
Symboi | Parameter Notes | Min. [Typ."| Max. | Min. Typ.""| Max. | Unit
t 5 32K word Block 12.2 8.4
WHAVT\word Write Time word Bloc 2 2 s
temavt | 4K word Block 2 18.3 17
! Block Write Time 32K word Block 2 0.4 0.28 sec
| oc e 4K word Block 2 0.08 0.07
t 32K ward Block 2 0.46 0.39
WHQV2 | oy Erase Time mE = sec
teHavz | 4K word Block 2 0.26 0.25
t
tWHRm ?Word Write Suspend Latency Time to Read 5 6 4 5 us
EHRH1 |
:WHRHZ t Erase Suspend Latency Time to Read 96 | 12 96 | 12 | bs
EHRH2 |
NOTES:

1. Typical vziues measured at T,=+25'C and nominal voitages. Subject to change based on device characterization.
2. Excludes system-level overhead.
3. These performance numbers are valid for all speed versions.
4. Samplec 2ut not 100% tested.




SPECIFICATION UPDATE

Table Ver.0.3 v.s. Ver. 0.6

Ver. 0.3

Ver. 0.6

Access Time (ns)

[tavav: tavav: Ly ]
(P1, P3, P26, P29, P32)

70 (5V£5%)
80/100 (5V10%)

85 (5V+5%)
90/120 (5V+10%)

DC Characteristics
(P23)

TBD

fixed

Block Erase and WordWrite
Performance
(P2, P35)

round off value

exactly value

Boot Block Lock Condition

(P2)

WP# to Low or RP# to V

WP# to Low and RP# to V4

Table Ver. 0.6 v.s. Ver. 0.7

Ver. 0.6

Ver. 0.7

48-CSP pinout
(P6 Figure. 6)

Incorrect Figure

Correct Figure

Table Ver. 0.7 v.s. Ver. 0.8

Ver. 0.7

Ver.0.8

DC Characteristics
(P23,P24)

Typical values are not
described

Typical values, NOTES and
Operating temperature
extend

Block Erase and Word Write

(All Pages)

Performance Old Values New Values
(P35)
Table Ver. 0.8 v.s. Ver. 0.85
Ver. 0.8 Ver. 0.85
Product Name LH28F800SX LH28F800BG-L

Table Ver. 0.85 v.s. Ver. 0.9

Ver. 0.85

Ver. 0.9

6.2.1 Capacitance
(P21)

fnput Typ.=6 Max.=8
Output Typ.=8 Max.=12

Input Typ.=7 Max.=10
Output Typ.=9 Max.=12

Block Erase and Word Write
Performance
(P2)

Block Erase Time
32k=0.39sec, 4k=non
Word Write Time

32k= 8.93us, 4k=18.91pus

Block Erase Time
32k=0.39sec, 4k=0.25sec
Word Write Time

32k= 8.4ps, 4k=17us

s
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