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Limited usage of LH28F800SUD (In the case of 8bit configuration)

Programmingproblem at commandand data

We observed some operation error when you write commandand data in following timing.
- Same timing of BEX# High and WE# High
+« WE# High is succeededby BEX# High
Particularly device does not latch the A-1 at 2nd bus cycle/3rd bus cycle.
Whenvyou provide more than 10nsec margin from WE# High to BEX# High, device can work well.

BEX# \

WE# \ r
Address or X -

—~—

i
\_

A A X

provide more than 10nsec >
margin from WE# High to /
BEX= High.

Data

Recommended timming chart to avoid miss operation

Sharp’s Proposal to avoid miss operation

Whenyou write commandand data, please follow below operation.

Whenvyou hold BEX# to low, you write commandanddatausingWE= trigger. At thattime,please provide
more than 10nsec margin from WE# High to BEX# High. This margincan achievedby circuit addition

such as CR delay circuit.
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LH28FXXXSU FLASH MEMORY ERRATA

Problem on 3.3V operation device at the power up.

Conceming the 3.3V operation device, when Vcc rises slowly the device might
have some problem for reset operation. Especially for the extended temperature
range operation device.

In this case data reading can not be assured data integrity.

Rapid Vcc rising executes complete reset operation and data reading.

VCC POWER UP

3.0V

vCC
(3V)

NOTE : Hold data line to GND or High Z until Vcc becomes
in recommended operating voltage range, or raise data
line and Vcc together.

Timing Chart for complete reset operation

Countermeasure :

Refer to the following countermeasure for this problem.
When the power up, Vce should rise at least 2.7V within 3msec.



LHF40S46 1

LH28F400SUHE-NC80
4 Mbit (512 Kbit x 8, 256 Kbit x 16)
5V Single Voltage Flash Memory
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LH28F400SUHT-NC80
4 MBIT (512 KBIT x 8, 256 KBIT x 16)
5V SINGLE VOLTAGE FLASH MEMORY

FEATURES

32 Independently Lockable Blocks
10,000 Erase Cycles per Block

5V Write/Erase Operation (5V V)
- No Requirement for DC/DC
Converter to Write/Erase

User-Configurable x8 or x16 Operation

80 ns Maximum Access Time
(Ve = 5.0V £0.5V)

Automated Byte Write/Block Erase

System Performance Enhancement
- Erase Suspend for Read

- Two-Byte Write

- Full Chip Erase

Data Protection

- Hardware Erase/Write Lockout
during Power Transitions

- Software Erase/Write Lockout

Independently Lockable for Write/Erase on
Each Block (Lock Block & Protect Set/

- Command User interface Reset)
- Status Register o ;
- RY/BY# Status Output SuA (Typ,) 'ch in CMOS St:“dby
* 56-Lead, 1.2mm x 14mm x 20mm TSOP * 0.2 A (Typ.) Deep Power- own
Package  State-of-the-Art 0.45 um ETOX™ Flash

Technology

« Extended Temperature Operation
- -40°C to +85°C

* Not designed or rated as radiation hardened

Sharp's LH28F400SUHE-NCB80 4-Mbit Flash Memory is a revolutionary architecture which enables the design of truly
mobile, high performance, personal computing and communication products. With innovative capabilities, 5V single
voltage operation and very high read/write performance, the LH28F400SUHE-NC80 is also the ideal choice for
designing embedded mass storage flash memory systems.

The LH28F400SUHE-NCB80's independently lockable 32 symmetrical biocked architecture (16-Kbyte each) extended
cycling, low power operation, very fast write and read performance and selective block locking provide a highly flexible
memory component suitable for Cellular phone, Facsimile, Game, PC, Printer and Handy terminal. The
LH28F400SUHE-NC80's single power supply operation enables the design of memory cards which can be read/
written in 5.0V systems. Its x8/x16 architecture allows the optimization of memory to processor interface. The flexible
block locking option enables bundling of executable application software in a Resident Flash Array or memory card.
Manufactured on Sharp's 0.45 um ETOX™ process technology, the LH28F400SUHE-NC80 is the most cost-effective,
high-density 5.0V flash memory.

* ETOX is a trademark of Intel corporation.
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1.0 INTRODUCTION

The data sheet is intended to give an overview of the
chip feature-set and of the operating AC/DC specifica-
tions.

1.1 Product Overview

The LH28F400SUHE-NC80 is a high performance 4-
Mbit (4,194,304 bit) block erasable non-volatile random
access memory organized as either 256 Kword x 16 or
512 Kbyte x 8. The LH28F400SUHE-NC80 includes
thirty-two 16 KB (16,384) biocks. A chip memory map is
shown in Figure 3.

The implementation of a new architecture, with many
enhanced features, will improve the device operating
characteristics and results in greater product reliability
and ease of use.

Among the significant enhancements of the
LH28F400SUHE-NCB80:

* 5V Read, Write/Erase Operation (5V Vee Vep)

* Low Power Capability

¢ improved Write Performance

» Dedicated Block Write/Erase Protection

* Command-Controlled Memery Protection Set/Reset
Capability

The LH28F400SUHE-NC80 will be available in a 48-
lead, 1.2mm thick, 12mm x 20mm TSOP type 1
package. This form factor and pinout allow for very high
board layout densities.

A Command User Interface (CUl) serves as the system
interface between the microprocessor or micro-
controller and the internal memory operation.

Internal Algorithm Automation allows Byte Writes and
Block Erase operations to be executed using a Two-
Write command sequence to the CUl in the same way
as the LH28F008SA 8-Mbit Flash memory.

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

* Software Locking of Memory Blocks

* Memory Protection Set/Reset Capability
¢ Two-Byte Serial Writes in 8-bit Systems
* Erase All Unlocked Blocks

Writing of memory data is performed typically within 13
usec per byte or within 20 usec per word. A Block Erase
operation erases one of the 32 blocks in typically 0.6
sec, independent of the other biocks.

LH28F400SUHE-NC80 allows to erase all unlocked
blocks. It is desirable in case of which you have to
implement Erase operation max. 32 times.

Only in x8 mode, LH28400SUHE-NC80 enables Two-
Byte serial Write which is operated by three times
command input. Writing of memory data is performed
typically within 20 usec per two-byte. This feature can
improve 8-bit system write performance by up to
typically 10 usec per byte.

All operations are started by a sequence of Write com-
mands to the device. Status Register (described in
detail later) and a RY/BY# output pin provide informa-
tion on the progress of the requested operation.

Same as the LH28FQ08SA, LH28F400SUHE-NC80
requires an operation to complete before the next
operation can be requested, also it allows to suspend
block erase to read data from any other block, and allow
to resume erase operation.

The LH28F400SUHE-NC80 provides user-selectabie
block locking to protect code or data such as Device
Drivers, PCMCIA card information, ROM-Executable
OS or Application Code. Each biock has an associated
non-volatile lock-bit which determines the lock status of
the block. In addition, the LH28F400SUHE-NC80 has a
software controlled master Write Protect circuit which
prevents any modifications to memory blocks whose
lock-bits are set.

When the device power-up or RP# turns High, Write
Protect Set/Confirm command must be written.
Otherwise, all lock bits in the device remain being
locked, can't perform the Write to each block and single
Block Erase. Write Protect Set/Confirm command must
be written to reflect the actual lock status. However,
when the device power-on or RP# turns High, Erase All
Unlocked Blocks can be used. If used, Erase is
performed with reflecting actual lock status, and after
that Write and Block Erase can be used.
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The LH28F400SUHE-NC80 contains a Compatible
Status Register (CSR) which is 100% compatible with
the LH28FQ08SA Flash memory’s Status Register. This
register, when used alone, provides a straightforward
upgrade capability to the LH28F400SUHE-NC80 from a
LH28F008SA-based design.

The LH28F400SUHE-NCB80 incorporates an open drain
RY/BY# output pin. This feature allows the user to OR-
tie many RY/BY# pins together in a multiple memory
configuration such as a Resident Flash Array.

The LH28F400SUHE-NC80 is specified for a maximum
access time of 80 nsec (t,..) at 5V operation (4.5 to
5.5V) over the commercial temperature range (-40 to
+85°C).

The LH28F400SUHE-NC80 incorporates an Automatic
Power Saving (APS) feature which substantially
reduces the active current when the device is in static
mode of operation (addresses not switching).

in APS mode, the typical | . current is 2 mA at 5.0V.

A Deep Power-Down mode of operation is invoked
when the RP# (called PWD# on the LH28F008SA) pin
transitions low, any current operation is aborted and the
device is put into the deep power down mode. This
mode brings the device power consumption to less than
8 pA, and provides additional write protection by acting
as a device reset pin during power transitions. When the
power is turned on, RP# pin is turned to low in order to
return the device to default configuration. When the
power transition is occurred, or at the power on/off, RP#
is required to stay low in order to protect data from
noise. A recovery time of 480ns is required from RP#
switching high until outputs are again valid. In the Deep
Power-Down state, the WSM is reset (any current op-
eration will abort) and the CSR register is cleared.

A CMOS Standby mode of operation is enabied when
CE# transitions high and RP# stays high with all input
control pins at CMOS levels. In this mode, the device
draws an | standby current of 15 pA.

2.0 DEVICE PINOUT

The LH28F400SUHE-NC80 48-Lead TSOP Type |

pinout configuration is shown in Figure 2.
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Figure 1. LH28F400SUHE-NC80 Block Diagram
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2.1 Lead Descriptions

Symbol

Type

Name and Function

DQ1s/A4

INPUT

BYTE-SELECT ADDRESS: Selects between high and low byte when
device is in x8 mode. This address is latched in x8 Data Writes. Not used
in x16 mode (i.e., the DQqs/A.4 input buffer is turned off when BYTE# is
high).

Ap-Aq2

INPUT

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

Aq3-At7

INPUT

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

DQo-DQ7

INPUT/OUTPUT

LOW-BYTE DATA BUS: Inputs data and commands during CU! write
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.

DQg-DQ1s

INPUT/QUTPUT

HIGH-BYTE DATA BUS: Inputs data during x16 Data-Write operations.
Outputs array, buffer 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. DQqs/A.q is address.

CE#

INPUT

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

RP#

INPUT

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

When retuming from Deep Power-Down, a recovery time of 480 ns is
required to allow these circuits to power-up. When RP# goes low, any
current or pending WSM operation(s) are terminated, and the device is
reset. All Status registers return to ready (with all status flags cleared).
After returning, the device is in read array mode.

OE#

INPUT

OUTPUT 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 to the CUI, Data Queue Registers
and Address Queue Latches. WE# is active low, and latches
both address and data (command or array) on its rising edge.

RY/BY#

OPEN DRAIN
OUTPUT

READY/BUSY: Indicates status of the intemai 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 device is in deep
power-down mode RY/BY# pin is floated.

BYTE#

INPUT

BYTE ENABLE: BYTE# low places device in x8 mode. All data is then
input or output on DQg.7, and DQs.15 float. Address A-1 selects between
the high and low byte. BYTE# high places the device in x16 mode, and
turns off the A.4 input buffer. Address Ag, then becomes the lowest order
address.

Vpp

SUPPLY

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

Vece

SUPPLY

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

GND

SUPPLY

GROUND FOR ALL INTERNAL CIRCUITRY:
Do not leave any ground pins floating.

NC

NO CONNECT:
No internal connection to die, lead may be driven or left floating.
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LH28F400SUHE-NC80

48-LEAD TSOP PINOUT
12mm x 20mm
TOP VIEW

B88EREL 65488

(LI

JA16

BYTE#

GND

DQ15/A-1

bQz7
DQi4

DQs
DQ13
DQs
DQ12
DQ4
Vee
oQit
0Q3
Q1o

DQ2

DQs

baQt

DQs

 m— o)

] OE#
] GND

E——JCE#
 M—

Figure 2. TSOP Configuration
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3.0 MEMORY MAPS

TFFFFH

7C000H 16 KByte Block 31
TBFFFH

78000H 16 KByte Block 30
TIFFFH

74000H 16 KByte Block 29
T3FFFH

70000H 16 KByte Block 28
6FFFFH

6C000H 16 KByte Block 27
6BFFFH

S8000H 16 KByte Block 26
67FFFH

£4000H 16 KByte Block 25
BIFFFH

50000H 16 KByte Block 24
SFFFFH

s 16 KByte Block 23
SBFFFH

S8000H 16 KByte Block 22
STFFFH

54000H 16 KByte Block 21
S3FFFH

S0000H 16 KByte Block 20
AFFFFH

4CO00H 16 KByte Block 19
4BFFFH

48000H 16 KByte Block 18
47FFFH

44000H 16 KByte Block 17
43FFFH

40000 16 KByte Block 16
IFFFFH

3C000H 16 KByte Block 15
IBFFFH

38000H 16 KByte Block 14
I7FFFH

34000 16 KByte Block 13
33FFFH

30000H 16 KByte Block 12
2FFFFH ~

2C000H 16 KByte Block 11
2BFFFH

28000H 16 KByte Block 10
27FFFH

24000H 16 KByte Block 9
23FFFH

200004 16 KByte Block 8
1FFFFH

1C000H 16 KByte Block 7
1BFFFH

18000H 16 KByte Block 6
1TFFFH

14000H 16 KByte Block 5
13FFFH

10000H 16 KByte Block 4
OFFFFH

0CO00H 16 KByte Block 3
O0BFFFH

08000H 16 KByte Block 2
O7FFFH

04000H 16 KByte Block 1
03FFFH

00000H 16 KByte Block 0

Figure 3. LH28F400SUHE-NC80 Memory Map (Byte-wide mode)

* In Byte-wide (x8) mode 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 OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS

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

Mode Notes RP# CE# OE# WE# Ao DQg.1s RY/BY#
Read 12,7 VIH ViL ViL ViH X Dout X
Qutput Disable 1,6,7 ViH ViL Vin VIH X High Z X
Standby 1,6,7 ViH ViH X X X High Z X
Deep Power-Down 1,3 ViL X X X X High Z VoH
Manufacturer ID 4 ViH ViL ViL ViH Vi 00BOH VoH
Device ID 4 ViH ViL ViL ViH ViH ID VoH
Write 1,5,6 ViH ViL ViH ViL X DIN X

4.2 Bus Operations for Byte-Wide Mode (Byte#=V )

Mode Notes RP# CE# OE# WE# Ao DQo-7 RY/BY#
Read 12,7 ViH ViL ViL ViH X Dout X
Output Disable 1,6,7 VIH ViL ViH ViH X High Z X
Standby 16,7 VIH Vin X X X High Z X
Deep Power-Down 1,3 ViL X X X X High Z Vor
Manufacturer ID 4 ViH ViL ViL ViH ViL BOH VoH
Device 1D 4 Vi ViL Vi ViH A\ ID VoH
Write 1,56 ViH Vi Vin Vi X Din X

NOTES:

1. X can be V  orV, for address or control pins except for RY/BY#, which is either V, or V..

2. RY/BY# output is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode, RY/BY#
will be at V,,, ifitis tied to V. through a resistor. When the RY/BY# at V,, is independent of OE# while a WSM operation is in
progress.

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

4. A, at vV provide manufacturer 1D codes.

A, at vV, provide device ID codes. Device ID Code = 21H (x8). Device ID Code = 6621H (x16).

All other addresses are set to zero.

5. Commands for different Erase operations, Data Write operations, and Lock-Block operations can only be successfully completed
whenV,, =V,

6. While the WSM is running, RY/BY# in Levei-Mode (default) stays at V,_until ail operations are complete. RY/BY# goes to V,,
when the WSM is not busy or in erase suspend mode.

7. RY/BY# may be at V, while the WSM is busy performing various operations. For example, a status register read during a write
operation.

8. Only to RP#, V (Min.) = 2.4V at TTL-level input.
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4.3 LH28F008SA-Compatible Mode Command Bus Definitions

First Bus Cycle Second Bus Cycle
Command Notes

Oper Addr Data Oper Addr Data
Read Array Write X FFH Read AA AD
Intelligent Identifier 1 Write 90H Read 1A ID
Read Compatible Status Register Write X 70H Read X CSRD
Clear Status Register Write X 50H
Word Write Write X 40H Write WA WD
Altemate Word Write Write X 10H Write WA wD
Block Erase/Confirm Write X 20H Write BA DoH
Erase Suspend/Resume Write X BOH Write X DoOH

ADDRESS DATA

AA = Array Address
BA = Block Address
A = Identifier Address
WA = Write Address
X = Don't Care

NOTES:

AD = Array Data
CSRD = CSR Data
ID = Identifier Data
WD = Write Data

1. Following the intelligent identifier command, two Read operations access the manufacturer and device signature codes.
2. The CSR is automatically available after device enters Data Write, Erase, or Suspend operations.
3. Clears CSR.3, CSR.4 and CSR.5. See Status register definitions.
4. While device performs Block Erase, if you issue Erase Suspend command (BOH), be sure to confirm ESS (Erase-Suspend-
Status) is set to 1 on compatible status register. In the case, ESS bit was not set to 1, also completed the Erase (ESS=0, WSMS=1),
be sure to issue Resume command (DOH) after completed next Erase command. Beside, when the Erase Suspend command is
issued, while the device is not in Erase, be sure to issue Resume command (DOH) after the next erase completed.
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4.4 LH28F400SUHE-NC80 -Performance Enhancement Command Bus Definitions

First Bus Cycle Second Bus Cycle Third Bus Cycle

Command Mode | Notes
Oper | Addr | Data | Oper | Addr| Data | Oper | Addr| Data

Protect Set/Confirm 12 |write| X |57H |Wrte |oFFH| DOH

R
Protect Reset 3 |write| X | 47H |Write |OFFH| DOH

/Confirm

Lock Block/Confirm 1,2,4 | Write X 77H | Write | BA DOH

Erase All Unlocked 12 |Wite| X |A7H |Wrte| X | DOH

Two-Byte Write x8 12,5 | Write X FBH | Write | A -1 |WD(L,H)| Write | WA [WD(H,L)
ADDRESS DATA
BA = Block Address AD = Array Data
WA = Write Address WD (L.H) = Write Data (Low, High)

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

X = Don't Care
NOTES:

1. After initial device power-up, or return from deep power-down mode, the block lock status bits default to the locked state
independent of the data in the corresponding !ock bits. in order to upload the lock bit status, it requires to write Protect Set/Confirm
command.

2. To reflect the actual lock-bit status, the Protect Set/Confirm command must be written after Lock Block/Confirm command.

3. When Protect Reset/Confirm command is written, ail Blocks can be written and erased regardless of the state of the lock-bits.
4. The Lock Block/Confirm command must be written after Protect Reset/Confirm command was written.

5. A, is automatically complemented to load second byte of data. A | value determines which WD is supplied first: A | = 0 looks at the
WDL, A, =1 looks at the WDH. In word-wide (x16) mode A, don't care.

6. Second bus cycle address of Protect Set/Confirm and Protect Reset/Confirm command is OFFH. Specifically A;-A, = 0, A-A =1,
others are don't care.
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4.5 Compatible Status Register

| wsMs ESS ES | Dws vwes | R | R | R |
7 6 5 4 3 2 1 0
NOTES:

1 = Ready
0 = Busy

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

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

CSR.4 = DATA-WRITE STATUS (DWS)
1 = Error in Data Write
0 = Data Write Successful

CSR.3= V., STATUS (VPPS)
1=V, Low Detect, Operation Abort
0=V, 0K

CSR.7 = WRITE STATE MACHINE STATUS (WSMS)

RY/BY# output or WSMS bit must be checked to de-
termine completion of an operation (Erase Suspend,
Erase or Data Write) before the appropriate Status
bit (ESS, ES or DWS) is checked for success.

If DWS and ES are set to “1” during an erase at-
tempt, an improper command sequence was en-
tered. Clear the CSR and attempt the operation
again.

The VPPS bit, unlike an A/D converter, does not pro-
vide continuous indication of V_, level. The WSM
interrogates V_'s level only after the Data-Write or
Erase command sequences have been entered, and
informs the system if V,, has not been switched on.
VPPS is not guaranteed to report accurate feedback
between V,, and V_, .

CSR.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 5-1 through
5-3 depict flowcharts using the 2nd generation flash device in the LH28F008SA-compatible mode.
Figures 5-4 through 5-9 depict flowcharts using the 2nd generation flash device’s performance
enhancement 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 reflect actual lock status, also
the uniocked block data is erased. When the device power-up or the device is reset by RP# pin, Set Write
Protect command 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 a certain block, a Word/Byte Write command (WA=Block Address, WD=FFH) is written to
the CUI, after issuing Set Write Protect command. If CSR7, CSR5 and CSR4 (WSMS, ES and DWS) are
set to "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 is performed, the block lock information is 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 specified in Chapter 4 "Command Bus Definitions". Sharp reserved the right to
redefine these codes for future functions. '

Please do not execute reprogramming 0 for the bit which has already been programed 0. Overwrite
operation may generate unerasable bit. In case of reprocgramming 0 to the Byte data which has been
programed 1.

- Program O for the bit in which you want to change data from 1 to 0.

- Procgram 1 for the bit which has already been programed 0.

For example, changing Byte data from 1011 1101 to 1011 1100 requires 1111 1110 programing.
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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 5-4
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 Unlocked Blocks with Compatible Status Registers
Set Write Protect

Reset Write Protect
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( sat )

v

Write 40H or 10H

v

Write
Data/Address

v

Read Compatible
Status Register

CSR Fult Status
Check if Desired

@peration Comple@

CSR FULL STATUS CHECK PROCEDURE

Read CSRD
(See Above)

Clear CSRD
Retry/Error Recovery

Data Write
Successful

Vpp Low Detect )

<«

Bus
Operation Command Comments
. Word/Byte | D = 40H or 10H
Write Write | A=X
. D=wWD
Write A=WA
Q=CSRD
Toggle CE# or OE#
Read to update CSRD.
A=X
Check CSR.7
Standby 1 = WSM Ready
0 = WSM Busy
Repeat for subsequent Word/Byte Writes.
CSR Full Status Check can be done after each Word/Byte Write,
or after a sequence of Word/Byte Writes.
Write FFH after the iast operation to reset device to read array
mode.
See Command Bus Cyéle notes for description of codes.

Bus
Operation Command Comments
Check CSR.4,5
Standby 1 = Data Write Unsuccessful
0 = Data Write Successful
Check CSR.3
Standby 1 = Vpp Low Detect
0=Vpp OK
CSR.3,4,5 SHOULD be cleared, if set, before further attempts ard
initiated.

Figure 5-1. Word/Byte Writes with Compatible Status Register
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B
C Slan ) Oper:i)i on Command Comments
Write Block Erase 2 -___ )2(0H
Write 20H ~
. . D =DOH
* Write Confirm A=BA
Write DOH and Q=CSRD
Block Address Read Toggle CE# or OE#
to update CSRD.
* A=X
Read Compatible Check CSR.7
Status Register Standby 1 = WSM Ready
Suspend Erase 0 = WSM Busy

Loop

CSR Full Status
Check if Desired

v

@peration Completa

CSR FULL STATUS CHECK PROCEDURE

(

Read CSRD
(See Above)

)

Erase Successful)

Vpp Low Detect

Clear CSRD (Notel)
Retry/Error Recovery

Repeat for subsequent Block Erasures.

CSR Full Status Check can be done after each Block Erase, or
after a sequence of Block Erasures.

Write FFH after the last operation 1o reset device to read array
mode.

See Command Bus Cycle notes for description of codes.

Bus

Operation Comments

Command

Check CSR.4,5

1 = Erase Error

0 = Erase Successfui
Both 1 = Command
Sequence Error

Standby

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

Standby

CSR.3,4,5 SHOULD be cleared, if set, before further attempts
are initiated.

Note1. If CSR.3 (VPPS) is set to "1", after clearing CSR.3/4/5,
(1). Issue Reset WP command,
(2). Retry Single Block Erase command,

(3). Set WP command is issued, if necessary.

If CSR.3 (VPPS) is set to "0", after clearing CSR.3/4/5,
(1). Retry Single Block Erase command.

if power is off or RP# is set low during erase operation,

(1. Clear CSR.3/4/5 and issue Reset WP command,
(2'). Retry Single Block Erase command,
(3). Set WP command is issued, if necessary.

Figure 5-2. Block Erase with Compatible Status Register -
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C Start ) Bus
‘ Operation Command Comments
Write Erase Suspend 2 f )?OH
Write BOH .
+ Q=CSRD
Toggle CE# or OE#
- Read to update CSRD.
Read Compatibie A=X
Status Register
Check CSR.7
Standby 1 = WSM Ready
0 = WSM Busy
Check CSR.6
Standby 1 = Erase Suspended
0 = Erase Completed
Write Read Array g:; FH
Erase Completed) Q-=AD
L Read Read must be from block
other than the one suspended.
Write FFH Write Erase Resume /_D\ : EOH
* See Command Bus Cycle notes for description of codes.
Read
Array Data

h 4
Write DOH Write FFH
Read
Erase R d
C € riesume ) Array Data

Figure 5-3. Erase Suspend to Read Array with Compatible Status Register
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)

C Start
v

Read Compatible
Status Register

Reset WP

v

Read Compatible
Status Register

Write 77H

v

Write DOH and
Block Address

v

Read Compatible
Status Register

(Note 1)

Bus
Operation

Command

Comments

Read

Q=CSRD

Toggie CE# or OE# to update CSRD.

1 = WSM Ready
0 = WSM Busy

Write

Reset
Write Protect

After Write D =47H A =X,
Write D = DOH A = OFFH

Read

Q=CSRD

Toggle CE# or OE# to update CSRD.

1 = WSM Ready
0 = WSM Busy

Write

Lock Block

D=77H
A=X

Write

Confirm

D =DOH
A=BA

Read

Q=CSRD

Toggle CE# or OE# to update CSRD.

1 = WEM Ready
0 = WSM Busy

Write

Set
Write Protect

After Write D = 57H A =X,
Write D = DOH A = OFFH

1. See CSR Full Status Check for Data-Write operation.

If CSR.4,5 is set, as it is command sequence error, SHOULD be cleared

before further attempts are initiated.

Write FFH after the last operation to reset device to read array mode.

See Command Bus Definitions for description of codes.

Set WP

v

@peration Complet9

Figure 5-4. Block Locking Scheme
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C Start ) C Start )
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)
Write New Data to COperation Complete)
Block (Note 4)
+ Flow to Add Data
Relock Block
(Note 5)

v

COperation Complete)

Flow to Rewrite Data

NOTES:

1. Use Reset-Write-Protect flowchan. Enable Write/Erase operation to all biocks.

2. Use Block-Erase flowchart. Erasing a block clears any previously established lockout for that block.
3. Use Set-Write-Protect flowchart. This step re-implements protection to locked biocks.

4. Use Word/Byte-Write or 2-Byte-Write flowchart sequences to write data.

5. Use Block-Lock flowchart to write lock bit if desired.

Figure 5-5. Updating Data in a Locked Block
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( sat )
v

Read Compatible
Status Register

Write FBH

v

Write
Data/A-1

v

Write
Data/Address

v

Read Compatible
Status Register

@peration Completa

( Apply to LH28F400SU , x16/x8 , 48 TSOP/56 TSOP/44SOP )

Bus
Operation Command Comments
Q=CSRD
Read Toggle CE# or OE# to update CSRD.
1 = WSM Ready
0 = WSM Busy
. 2-Byte D =FBH
Write write | A=X
D=WD
Write A-1 =0 loads low byte of Data Register.
A-1 = 1 loads high byte of Data Register.
Other Addresses = X
D=wWD
A=WA
Write internally, A-1 is automatically
complemented to load the alternate
byte location of the Data Register.
Q=CSRD
Read Toggle CE# or OE# to update CSRD.

1 = WSM Ready
0 = WSM Busy

1.1f CSR.4,5 is set, as it is command sequence error, SHOULD be cleared

before further attempts are initiated.

CSR Full Status Check can be done after each 2-Byte Write, or after a
sequence of 2-Byte Writes.

Wirite FFH after the last operation to reset device to read array mode.

See Command Bus Cycle notes for description of codes.

Figure 5-6. Two-Byte Serial Writes with Compatible Status Registers (LH28F400SU)
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C Stait (Note1D Op::fion Command Comments
Erase All
Write A7H Write Unlocked | 7= A7H
Block A=X
* . ) D=D0H
Write Confirm A=X
Write DOH Q = CSRD
Toggle CE# or OE#
‘ Read to update CSRD.
Read Compatible A=X
Status Register Check CSR.7
Suspend Erase Standby 1 = WSM Ready
0 = WSM Busy

CSR Full Status
Check if Desired

@peration Completa

CSR FULL STATUS CHECK PROCEDURE

Read CSRD
(See Above)

CSR Fuil Status Check can be done after Erase All Unlocked
Block, or after a sequence of Erasures.

Write FFH after the last operation to reset device to read array

mode.

See Command Bus Cycle notes for description of codes.

Note1i. If power is off or RP# is set low during erase operation,

).
().

(3).

Clear CSR.3/4/5 and issue Reset WP command,
Retry Erase All Unlocked Block Erase command
to erase all biocks, or issue Single Block Erase
to erase all of the unlocked blocks in sequence,
Set WP command is issued, if necessary.

Bus
Operation

Command

Comments

Standby

Check CSR.4,5

1 = Erase Error

0 = Erase Successful
Both 1 = Command
Sequence Error

Erase Successful

Standby

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

CSR.3,4,5 SHOULD be cleared, if set, before further attempts
are initiated.

Note 2. if CSR.3 (VPPS) is setto "1", after clearing CSR.3/4/5,
(1). Issue Reset WP command,
(2). Retry Erase All Unlocked Block Erase command
to erase all blocks, or issue Single Block Erase
to erase all of the uniocked blocks in sequence,
Clear CSRD (Note2) (3). Set WP command is issued, if necessary.

Vpp Low Detect

Retry/Error Recovery If CSR.3 (VPPS) is set to "0", after clearing CSR.3/4/5,

(1). Retry Erase All Unlocked Block Erase command.

Figure 5-7. Erase All Unlocked Blocks with Compatible Status Registers
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C Start ) Bus
i Operation Command Comments
- Check CSR.7
Read Compatible Read 1 = WSM Ready
Status Register 0 = WSM Busy
. Set D=57H
Write Write Protect | A=X
D =DOH
Write Set Confirm | A =0FFH
(A9-A8 = 0, A7-AQ = 1, Others = X)
Check CSR.7
Write 57H g Read 1 = WSM Ready
0 = WSM Busy
+ Check CSR.4,5
Write Confirm Read 1 = Unsuccessful
Data/Address 0 = Success
* 1.1 CSR.4,5 is set, as it is command sequence error, SHOULD be cleared
- furth initi .
Read Compatible before further attempts are initiated ‘
Status Register Upon devicce power-up or toggle RP#, Set Write Protect command must be
written to reflect the actual lock-bit status.
Write FFH after the last operation to reset device to Read Array Mode.
See Command Bus Cycle notes for description of codes.

@peration Completa

Figure 5-8. Set Write Protect
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( Start ) Bus
+ Operation Command Comments
- Check CSR.7
Read Compatible Read 1 = WSM Ready
Status Register 0 = WSM Busy
. Reset D =47H
Write Write Protect | A=X
D = DOH
Write Reset Confirm | A = OFFH
(A9-A8 =0, A7-AQ = 1, Others = X)
Check CSR.7
Write 47H — Read 1 = WSM Ready
0 = WSM Busy
+ Check CSR.4,5
Write Confirm Read 1 = Unsuccessful
Data/Address 0 = Success
‘ 1. If CSR.4,5 is set, as it is command sequence error, SHOULD be cleared
Read Compatible before further attempts are initiated. »
Status Register Reset Write Protect command enables Write/Erase operation to all blocks.
Write FFH after the last operation to reset device to Read Array Mode.
See Command Bus Cycle notes for description of codes.

COperation Complet9

Figure 5-9. Reset Write Protect
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6.0 ELECTRICAL SPECIFICATIONS
6.1 Absolute Maximum Ratings*
Temperature Under Bias .................... -40°Cto+85°C

Storage Temperature .........c..cocecee.. -65°Cto+125°C

V. = 5.0V £ 0.5V Systems

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

Symbol Parameter Notes | Min | Max | Units Test Conditions
Ta Operating Temperature, Commercial 1 -40 85 C |Ambient Temperature
Vee Vee with Respect to GND 2 -0.2 7.0 \
Vep Vpp Supply Voltage with Respect to GND 2 -0.2 7.0 \Y
\' Volitage on any Pin (except Vce, Vep) 2 -0.5 | Vece \
with Respect to GND +0.5
| Current into any Non-Supply Pin +30 mA
louT Qutput Short Circuit Current 3 100 mA

NOTES:

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

2. Minimum DC voltage is - 0.5V on input/output pins. During transitions, this level may undershoot to - 2.0V for periods < 20 ns.
Maximum DC voltage on input/output pins is V. + 0.5V which, during transitions, may overshoot to V.. + 2.0V for periods < 20 ns.
3. Output shorted for no.more than one second. No more than one output shorted at a time.

6.2 Capacitance

For a 5.0V System:

Symbol Parameter

Note | Typ | Max

Units Test Conditions

CiN Capacitance Looking into an
Address/Control Pin

Ta=25C,f=1.0MHz

Capacitance Looking into an 1 9 12 pF | Ta=25'C,f=1.0MHz
Address/Control Pin A-1
Cout |Capacitance Looking into an Qutput Pin 1 9 12 pF Ta=25C,f=1.0MHz
CLoap |load Capacitance Driven by Outputs 1 100 pF For Vcc = 5.0V £ 0.5V
for Timing Specifications
Equivalent Testing Load Circuit VcC = 10% 2.5 ns 25Q transmission
line delay
NOTE:

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

For 5.0V systems use the standard JEDEC cross point definitions.
Each timing parameter consists of 5 characters. Some common examples are defined below:

te te oy time(t) from CE# (E) going low (L) to the outputs (Q) becoming valid (V)
tos taqy time(t) from OE# (G) going low (L) to the outputs (Q) becoming valid (V)
tee  tavav time(t) from address (A) valid (V) to the outputs (Q) becoming valid (V)
ts tww time(t) from address (A) valid (V) to WE# (W) going high (H)
ton Lox time(t) from WE# (W) going high (H) to when the data (D) can become undefined (X)
Pin Characters Pin States
A Address inputs H High
D Data Inputs L Low
Q Data Outputs \Y Valid
E CE# (Chip Enable) X Driven, but not necessarily valid
G OE# (Qutput Enable) Z High Impedance
w WE# (Write Enable)
P RP# (Deep Power-Down Pin)
R RY/BY# (Ready/Busy#)
' Any Voitage Level
5V Vce at 4.5V Minimum
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3.0

£ ]
) (
INPUT 1.5 dm—— TEST POINTS ——> 1.5 QUTPUT
D!
) {

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

0.0

Figure 4. Transient Input/Output Reference Waveform (V. = 5.0V)

2.5 ns of 25 Q Transmission Line

’ From Qutput [ j Tost
Under Test l C Point

Total Capacitance = 100 pF

Figure 5. Transient Equivalent Testing Load Circuit (V__ = 5.0V)
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6.4 DC Characteristics
V,, =5.0V£0.5V, T, =-40°C to + 85'C
Symbol Parameter Notes | Min | Typ | Max | Units Test Conditions
I Input Load Current 1 +1 HA | Vce = Voo Max, VN = Vee or GND
Lo Output Leakage 1 +10 PA | Vce = Veoe Max, Vin = Veg or GND
Current
lccs Vcc Standby Current 1,4 5 15 HA | Vce = Vec Max,
CE#, RP# =Vcc £ 0.2V
BYTE# = Voc £ 0.2V or GND = 0.2V
1 4 mA | Ve = Vee Max,
CE#, RP#=V|y
BYTE#=Viqor VL
lccp Vce Deep Power-Down 1 0.2 8 A |RP#=GND = 0.2V
Current
lccri Vcc Read Current 1,34 60 mA | Vcc = Vee Max,
CMOQOS: CE# =GND = 0.2V
BYTE# = GND = 0.2V or Vg = 0.2V
Inputs = GND + 0.2V or Vecc £ 0.2V,
TTL: CE# =V,
BYTE# = VL or Vi
Inputs = Vy_ or Vi,
f=10 MHz, louT =0 mA
lccr2 Vcc Read Current 1,34 16 30 mA | Vce = Voo Max,
CMOS: CE#=GND = 0.2V,
BYTE# = Voc = 0.2V or GND = 0.2V
Inputs = GND = 0.2V or Vcc = 0.2V,
TTL: CE# =V
BYTE#=Vigor V|
Inputs = Vi or Vi,
f=5MHz, louTt =0 mA
lccw Vcc Write Current 1 18 35 mA | Word/Byte Write in Progress
lece Vce Block Erase 1 18 35 mA | Block Erase in Progress
Current
lcces | Vcc Erase Suspend 1,2 5 10 mA |CE# =V|y
Current Block Erase Suspended
lpps Vpp Standby Current 1 +1]| +£10 pA | Vpp < Vce
lpPD Vpp Deep Power-Down 1 0.2 8 HA |RP#=GND + 0.2V
Current
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DC Characteristics (Continued)
V,=50V£05V,T,=-40"Cto+85C

Symbol Parameter Notes Min Typ Max Units Test Conditions
IpPR Vpp Read Current 1 200 PA | Vpp>Vce
IpPw Vpp Write Current 1 15 35 mA | Vpp = VppH,
Word/Byte Write in Progress
lppe Vpp Erase Current 1 20 40 mA | Vpp = VppH,
Block Erase in Progress
lppes Vpp Erase Suspend 1 65 200 BA | Vpp = VppH,
Current Block Erase Suspended
ViL Input Low Voitage -0.5 0.8 Y
ViH Input High Voltage 5 2.0 Vee + 0.5 \
VoL Output Low Voltage 0.45 \' Vce = Vee Min and
loL=5.8 mA
Vol QOutput High Voltage 0.85 V¢e \ loH=-2.5mA
Vce = Vee Min
Vonr2 Vce-0.4 \' loH =-100 pA
Vee = Vee Min
Vepr Vpp during Normal 0.0 5.5 \'
Operations
VppH Vep during Write/ 45 7150 5.5 \
Erase Operations
Viko Vcc Erase/Write 1.4 \%
Lock Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. Typical values at V. = 5.0V, V,,, = 5.0V, T = 25°C. These currents are valid for
all product versions (package and speeds).
2. .. is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum of | .
and | ...

CCR
3. Automatic Power Saving (APS) reduces I to less than 2 mA in Static operation.
4. CMOS Inputs are either V.. + 0.2V or GND + 0.2V. TTL Inputs are either V,_or V .

cc

5. Only to RP#, V, (Min.) = 2.4V at VTTL-level input.
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6.5 AC Characteristics - Read Only Operations®
Vg = 5.0V £ 0.5V, T, =-40°C to +85°C

Symbol Parameter Notes Min Max Units
tavav Read Cycle Time 80 ns
tavaL Address Setup to OE# Going Low 3 0 ns
tavav Address to Output Delay 80 ns
teLav CE# to Output Delay 2 80 ns
teHqv | RP# High to Output Delay 4 480 ns
taLav OE# to Qutput Delay 2 55 ns
teLax CE# to Output in Low Z 3 0 ns
tenaz CE# to Output in High Z 3 50 ns
teLax OE# to Output in Low Z 3 0 ns
taHaz | OE# to Output in High Z 3 50 ns
toH Output Hold from Address, CE# or OE# Change, 3 0 ns
Whichever Occurs First
tFLaz  |BYTE# Low to Qutput in High Z 3 65 ns
IE:EELL BYTE# High or Low to CE# Low 3 15 ns
NOTES:

1. See AC Input/Output Reference Waveforms for timing measurements, Figure 4.

2. OE# may be delayed up to 1, , - t, o, after the failing edge of CE# without impact on t

3. Sampled, not 100% tested.
4. Only to RP#, V,, (Min.) = 2.4V.

ELQv”
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DEVICE AND OUTPUTS ENABLED STANDBY
Vgc POWER-UP STANDBY ADDRESS SELECTION DATA VALID Ve POWER-DOWN

ViH - ;
ADDRESSES (A) >O<><><><X ><>< ADDRESSES STABLE ><><><><>O<
ViL

tavav

CE¥ (B) ::: / \( JI——\

i+ lEHOZ
Vi /S
OF# (G) " /
AVGL
viL N * ‘GHaz >
ViH
WE# (W) e gy —ol \
it le——— teLav
fGLax —» -—
teLax N 1oH —»f  je—
VoH
HIGH Z b A
HIGH Z
DATA (D/Q) < <<§ VALID QUTPUT
x
VoL .
-— tavav —_—
5.0V
Vee / \
GND . -
trrav
v
RP¥ (P) \
viL

Figure 6. Read Timing Waveforms
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ADDRESSES (A)

CE# (E)

OE# (G)

BYTER (P)

DATA (DQO - DQ7)

PATA (DQ8 - DQ15)

—
Vi tavav
Vin / AN /‘ \
A N\ -
Tenaz
Vin / \ / _—\
L [ k Tanaz
FLEL

™ et > tavav

I

\\ terav /
ViL ‘e
larax
fetax loH—{ |e—
Vou z p
HIGH 2
DATA QUTPUT DATA Hich 2

Ve OUTPUT

oL - {

tavav .
FLaZ
Vou
HIGH Z 7 ; ; DATA HIGH Z

v QUTPUT

oL

Figure 7. BYTE# Timing Waveforms




LHF40S46 32

6.6 Power-Up and Reset Timings

Ve POWER UP

RP#

\
P) _—/ \ Jl

5.0V

\ 4.5V /
Vee

(5V) ov
. tpsy
Address
N NN N
o tavav
VALID
@ \ 5.0V OUTPUTS
Figure 8. V_. Power-Up and RP# Reset Waveforms
Symbot Parameter Note Min Max Unit
tPLsV RP# Low to Vg at 4.5V Minimum 1 0 ©S

Address Valid to Data Valid for
tavav

Voc = 5VE£10% 2 80 ns
RP# High to Data Valid for

Ve =5V+10%

tPHQV 2 480 ns

NOTES:
CE# and OE# are switched low after Power-Up.
1. The power supply may start to switch concurrently with RP# going Low. RP# is required to stay low, until Vcc stays at

recommended operating voltage.
2. The address access time and RP# high to data valid time are shown for 5.0V V. operation. Refer to the AC Characteristics Read

Only Operations also.
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6.7 AC Characteristics for WE# - Controlled Command Write Operations®
V=5.0%0.5V,T,=-40'Cto+85C

Symbol Parameter Notes | Min Typ | Max | Unit
tavav | Write Cycle Time 80 ns
tvpwH | Vpp Setup to WE# Going High 3 80 ns
tPHEL RP# Setup to CE# Going Low 480 ns
teELwL CE# Setup to WE# Going Low 0 . ns
tavwH | Address Setup to WE# Going High 2,6 65 ns
tovwH | Data Setup to WE# Going High 2,6 65 ns
twiwH | WE# Pulse Width 65 ns
twHpx | Data Hold from WE# High 2 0 ns
twHax | Address Hold from WE# High 2 10 ns
twHen | CE# Hold from WE# High 10 ns
twhwL | WE# Pulse Width High 30 ns
teHwL | Read Recovery before Write 0 ns
twHRL | WE# High to RY/BY# Going Low ‘ 100 | ns
tRHPL RP# Hold from Valid Status Register Data and RY/BY# High 3 0 ns
tPHWL RP# High Recovery to WE# Going Low 1 ys
twHgL | Write Recovery before Read 65 ns
tavvL A Vpp Hold from Valid Status Register Déta and RY/BY# High 0 Us
twhav1 | Duration of Byte Write Operation 4,5 4.5 13 Us
twHav2 | Duration of Block Erase Operation 4 0.3 s
NOTES:

1. Read timing during write and erase are the same as for normal read.

2. Refer to command definition tables for valid address and data values.

3. Sampled, but not 100% tested.

4. Write/Erase durations are measured to vaiid Status Register (CSR) Data.
5. Byte write operations are typicaily performed with 1 Programming Pulse.

6. Address and Data are latched on the rising edge of WE# for all Command Write operations.
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ADDRESSES (A)
NOTE ¢

READ COMPATIBLE
STATUS REGISTER DATA

v
aooresses o " XTI, owe S/ CKKXTRATN nores XXX RN TRTRIRITIRD
virasil KX KA AN AR KA

- [—tvav tavwh twrax

Vin
CEN(E) /—\
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tewe —h1 - > when

Ve fe— twnaL —»f
CE#(G) /

Vie

le—twrw. —» ——— oV 1,2 ToHwe

V‘“/ V [ _ﬂ\/
WEW (W)

Viu \

v, tovwh DX [

HIGH Z / \ / \ / \

DATA (D/Q) OIN RLY 2N Dout o

Vie terw, \_/ \__/ \x__// \_/

.l‘—b( twaAL

Vou { 4
AY/BY# (R) \

Vou' /

v "rupt [
APH (P} ) _/ %‘\NOTE 4

Vi Sy RN

v I ] ‘-——'1 tavwe

e AOOCOCO0OCOC0 ROOOOOCK)
o ARG RIS

NOTES:

1. This address string depicts Data-Write/Erase cycles with corresponding verification via ESRD.
2. This address string depicts Data-Write/Erase cycles with corresponding verification via CSRD.
3. This cycle is invalid when using CSRD for verification during Data-Write/Erase operations

4. RP# low transition is only to show t_ ., ; not valid for above Read and Write cycles.

Figure 9. AC Waveforms for Command Write Operations
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6.8 AC Characteristics for CE# - Controlled Command Write Operations®
V., =5.0V£0.5V,T,=-40Cto+85C

Symbol Parameter Notes { Min Typ | Max | Unit
tavav Write Cycle Time 80 ns
tpHwL | RP# Setup to WE# Going Low 3 480 ns
tvpeH | Vep Setup to CE# Going High 3 100 ns
twLEL WE# Setup to CE# Going Low 0 ns
tAVEH Address Setup to CE# Going High 2,6 65 ns
toven | Data Setup to CE# Going High 2,6 65 ns
tELEH CE# Pulse Width 65 ns
tEHDX Data Hold from CE# High 2 0 ns
teHAX Address Hold from CE# High 2 10 ns
teHwH |WE# Hold from CE# High 10 ns
teHEL CE# Pulse Width High 30 ns
tGHEL Read Recovery before Write 0 ns
teHRL | CE# High to RY/BY# Going Low ‘ 100 | ns
tRHPL RP# Hoid from Valid Status Register Data and RY/BY# High 3 0 ns
tPHEL RP# High Recovery to CE# Going Low 1 Us
teHGL Write Recovery before Read 65 ns
tavvL VPP Hold from Valid Status Register Data and RY/BY# High 0 us
tenqv1 | Duration of Byte Write Operation 4,5 4.5 13 us
teHav2 | Duration of Block Erase Operation 4 0.3 s
NOTES:

1. Read timing during write and erase are the same as for normal read.

2. Refer to command definition tables for valid address and data values.

3. Sampled, but not 100% tested.

4. Write/Erase durations are measured to valid Status Register (CSR) Data.

5. Byte write operations are typically performed with 1 Programming Pulse.

6. Address and Data are latched on the rising edge of CE# for all Command Write Operations.
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NOTES:

1. This address string depicts Data-Write/Erase cycles with corresponding verification via ESRD.
2. This address string depicts Data-Write/Erase cycles with corresponding verification via CSRD.
3. This cycle is invalid when using CSRD for verification during Data-Write/Erase operations

4. RP# low transition is only to show t

RHPL?

not vaiid for above Read and Write cycles.

Figure 10. Aiternate AC Waveforms for Command Write Operations
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6.9 Erase and Word/Byte Write Performance

V., =5.0V+0.5V, T, =-40°Cto +85°C

Symbol Parameter Notes| Min | Typ(1) | Max | Units Test Conditions
twHrr1 | Byte Write Time 2 13 us
twhrH2 | Two-Byte Serial Write Time| 2,3 20 Hs
twHrH3 | Word Write Time 24 20 us
twHRH4 | 16KB Block Write Time 2 0.22 1.2 s |Byte Write Mode
twHrHS | 16KB Block Write Time 2,3 0.17 1.2 s Two-Byte Serial Write Mode
twHRHE6 | 16KB Block Write Time 24 0.17 1.2 s Word Write Mode
Block Erase Time (16KB) 2 1 13 s
Full Chip Erase Time 25 13.6-24 | 312 s
NOTES:
1.25°C, V,, = 5.0V. Sampled.

2. Excludes System-Level Overhead.

3. Two-Byte Serial Write mode is valid at x8-bit configuration only.
4. Word Write mode is valid at x16-bit configuration onty.

5. Depends on the number of protected blocks.




LH28Fxxx FLASH MEMORY FLASH NON-VOLATILE MEMORY FLASH E2ROM FLASH ROM
READ ONLY MEMORY ETOX LH28F400SUHT-NCB80 4M (512K x8/256Kx16) 5V SINGLE VOLTAGE



