LH28F020SUN-L12
2 Mbit (256 Kbit x 8)
3.3V (v,,=5v) FLASH MEMORY

FEATURES
* 16 Independentiy Lockable Blocks + System Performance Enhancement
+ 100,000 Erase Cycles per Block - $fasea Sus\rfvevd for Read
} + 5V Write/Erase Operation (5V V,,, 3.3V V) . FunChp Erase
. . . X + Data Protection
* 256 Kbit x 8 Bit Configuration - Hardware Erase/Write Lockout
* Min. 2,7V Read Capability during
- 160 ns Maximum Access Time Power Transitions
(Vee=2.7V) - Software Erase/Write LockoGt,. -
* Automated Byte Write/Block Erase + Independently Lockabl Erase on
- Command User interface Each Block (Lock B ¢ rotect Set/
- Status Register :
e 32-lLead, 2.7mm x 14.1mm x 20.6mm SOP . _ OS Standby
Package . 55 um ETOX™ Flash
Sharp's LH28F020SUN-L12 2-Mbit Flash Memory e : re b tionary architecture which enables the design of truly

mobile, high perfom-lance personal compuhn

éperation enables the design of memory cards which can be read in 3.3V system and written
MEms. Its x8 architecture allows the optimization of memory to processor interface. The fiexible block
; aAtibles bundiing of executable application software in a Resident Flash Array or memory card. Manu-

lockin
fa n Sharps 0.55 um ETOX™ process technology, the LH28F020SUN-L12 is the most cost-effective, high-
densiR.3AV flash meniory.

in 5.0V/3.3V"

* 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 LH28F020SUN-L12 is a high performance 2-Mbit
(2,087,152 bit) block erasable non-volatile random ac-
cess memory organized as 256 Kbit x 8. The
LH28F020SUN-L12 includes sixteen 16 KB (16,384)
blocks. 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
LH28FO20SUN-L12:

* 3V Read, 5V Write/Erase Operation (5V Ve, 3V V)

+ Low Power Capability (2.7V V.. Read)

* Improved Write Performance

* Dedicated Block Write/Erase Protection

» Command-Controled Memory Protection Set/
Capability ‘

Jetwéen the microprocessor or micro-
and the internal memory operation.

Internal Algorithm Automation allows Byte Writes and
Block Erase operations o be executed using a Two-
Write command sequence to the CU! in the same way
as the LH2BFQ08SA 8-Mbit Flash memory.

A Superset of commands have been added {0 the basic
LH28FO08SA command-set o achieve higher write per-
formance and provide additional capabilities. These
new commands and features include:

* Software Locking of Memory Blocks

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

Writing of memory data is performed typically within 20
usec. A Block Erase operation erases one of the 16
blocks in typicaily 0.8 sec, independent of the other
blocks.

LH28FO20SUN-L12 ailoyws to erase all unfocked blocks.
' is desirable in case of which you have to impiement
Erase operation max. 16 times.

LH28F020SUN-L12 enables Two-Byte serial Write
which is operated by three times command input. This
feature can improve system write performance by up to
typically 17 psec per byte. -

All operations are started by a sequence o
mands to the device. Status Register (¥

detail later) provide informatior grmthgprégress of the
requested operation. '

Same as the LE{ A, LH28F020SUN-L12
requires an gperat to complete before the next
operatio bg-requested, also it allows to suspend
rase & read data from any other block, and allow
ve erase operation.

e LH28F020SUN-L12 provides user-selectable block
locking to protect code or data such as Device Drivers,
PCMCIA card information, ROM-Executable OS or
Application Code. Each block has an associated non-
volatile lock-bit which determines the lock status of the
block. In addition, the LH28F020SUN-L12 has a
software controled master Write Protect circuit which
prevents any modifications to memory blocks whose
lock-bits are set.

When the device powear-up, 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, Erase
All Untocked 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 LH28F020SUN-L12 contains Status Register 10
accomplish various functions:

» A Compatible Status Register (CSR) which is 100%
compatible with the LH28F0C8SA Flash memory's
Status Register. This register, when used alone, pro-
vides a straightforward upgrade capability to the
LH28F020SUN-L12 from a LH28F008SA-based
design.

The LH28F020SUN-L12 is specified for a maximum
access time of 120 nsec (t,..) at 3.3V operation (3.0 to
3.6V) over the commercial temperature range {0 to
+70°C). A corresponding maximum access time of 160
nsec (1,..) at 2.7V (0 to +70°C) is achieved for reduced
power consumption applications.

The LH28F020SUN-L12 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 I current is 4 mA at 3.3V.

A chip reset mode of operation is enabled when whole
CE#, WE# and OE# hold low more than 5 usec. In thi

chip reset operation must be exacuted 10 ing
contral circuit, put the device inHip 1

protection against swit
chip reset sequen

oes high, chip reset mode will
s more than 620ns from one of the

A CMOS Standby mode of operation is enabled when
CE# transitions high with all input contrel pins at CMCS
levels. In this mode, the device draws an i_. standby
current of 80 pA.

Please do not excute reprogramming 0 for the bit which
has already been programed 0. Overwrite operation
may generate unerasable bit. In case of reprogramming
0 to the data whitch has been programmed 1.
« program O for the bit in which you want to change
data from 1 to 0.

» program 1 for the bit which has already been
programmed O.
For example, changing data from 10111101 to
10111100 requires 11111110 programming.

2.0 DEVICE PINOUT

The LH2BF020SUN-L12 32-Lead SOPpinout
configuration is shown in Figure 2.
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Figure 1. LH28F020SUN-L12 Biock Diagram
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2.1 Lead Descriptions
Symbol Type Name and Function

Ag-Ai3 INPUT BYTE-SELECT ADDRESSES: Select a byte within one 16-Kbyte block.
These addresses are latched during Data Writes.

Ays-Ar7 INPUT BLOCK-SELECT ADDRESSES: Select1 of 16 Erase blocks. These -
addresses are latched during Data Writes, Erase and Lock-Block
operations.

DQ¢-DQ7 INPUT/QUTPUT | DATA INPUT/QUTPUT: Inputs data and commands during CU! write
cycles. Qutputs array, buffer, identifier or status data in the appropriate
Read mode. Floated when the chip is de-selected or the outputs are :
disabted. ;

CE# INPUT CHIP ENABLE INPUTS: Activate the devica's control logic, input bu ers,
decoders and sense amplifiers. CE# must be low to select the e,

OE# INPUT OUTPUT ENABLE: Gates device data through the output
low. The outputs float to tri-state off when OE# is high, .

v
uffers, Data Queue
low, and latches

WE# INPUT WRITE ENABLE: Controls access to the CUL,
Registers and Address Queue Latches. WE:
both address and data (command or a

Vep SUPPLY ERASE/WRITE POWER SUPPLY 5.0\ 0.5V): For erasing memory
array blocks or writing word es into the flash array.
Vee SUPPLY DEVICE POWER SUPH(3.9V = 0.3v):
- - Do not leave an 5ins floating.

GND SUPPLY GROUND R ALY INTERNAL CIRCUITRY:
Do not i€aviigay ground pins floating.

G /
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3.0 MEMORY MAPS
IFFFE
10000m 16 KByte Block 15
WFFFM
So000M 16 K8yte Block 14
WEFEM
24000H 16 KByte Block 13 R -
AIFFFR
30000H 16 KByte Block 12
2FFFFH
2Co00 16 KByte Block 11
BFFPH
28000m 16 KByte Block 10
27FFFH
ac0m 16 KByte Block 9
ZIFEEN
P 16 KByte Block 8
oo 16 KByte Block 7
IBFFFH
<B000H 1€ KByte Block 6
1PEFER
+4000H 16 KByte Block 5
13FFFH
10000M 16 KByte Biock 4
OFFFFH
oCoooH 16 KByte Block 3
OBFFFH
ceoooHt 16 KByte Block 2
Q7FFFH
cad00 16 KByts Block 1
ookl 16 KByte Block
B} Figure 3. LH28F0208,
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4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS

4.1 Bus Operations

Mode Notes CE# OE# WE# Ag DQo.7
Read 1 Vi ViL ViH |, X Dour
Output Disable 1 Vie Vil Vis X High Z
Standby 1 ViH X X X High Z
Manufacturer ID 2 Vie ViL Vin ViL BOH
Device ID 2 Vi Vi Vin Vi 31H
Write 1,3 ViL Vin ViL X Din 4

NQTES:

1. X can ba V, orV,_ for address of cantrol pins, which is either Vg, or V.

2. A, at V, provide manufacturer D codes. A, at V,, provide device ID codes. All ather addresses are set to zero.

3. Commands for difierent Erase operations, Data Write operations of Lock-Block operations can only be se g:; .
whenV, = V...

®¢ completed
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4.2 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 dentifier 1 Write X 90H Read 1A ID -
Read Compatible Status Register 2 Write X 70H Read X CSRD
Clear Status Register 3 Write X 50H
Byte Write Write X 40H Write WA wD
Alternate Byte Write Write X 10H Write WA WD
Block Erase/Confirm 4 Write X 20H Write BA DOH.4
Erase Suspend/Resume 4 Write X BOH Write X |ORH

ADDRESS DATA

AA = Array Address AD = Array Data

BA = Block Address CSRD = CSR Data

|A = ldentifier Address ID = Identifier Data

WA = Write Address WD = Write Data

X = Don't Care

NOTES:

1. Fouowing the mtelhgent Edentif ier command, two Read operations accessd

command is issued, while the device is not in Erase, be s > 'to issue Resume command (DO!-') after the next erase completed.
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4.3 LH28F020SUT-L15 -Performance Enhancement Command Bus Definitions

First Bus Cycle Second Bus Cycle [ Third Bus Cycle
Command Notes i
Op | Add ;Data, Op | Add | Data | Op | Add Data
t i |
Protect SevConfim | 4 26 |write | X | 57H | write |OFFH| DoH | )
Protect R t
oot oo 36 |wite| X | 47H | write |OFFH| DoH
Lock Block/Confirm 1,24 |(Wrte] X 77H |write | BA DOH
- Srase AllUnlocked | 45 |write| x | A7H |write| x | Do
Two-Byte Write 1.25 jWrite}! X FBH | Write | A0 'WD(L H){ Write
ADDRESS DATA
BA = Block Address AD = Array Data
WA = Write Address WO (L.H) = Write Data {Low, High)
WD (H,L) = Write Data (High, Low)
X = Don't Care
NOTES:

it to the locked state independent of the
ireS 1o write Protect Set/Confirm command.
written after Lock Slock/Confirm command.

1. After initial device power-up, of chip reset is complated, the block lock status bits d
data in the corresponding lock bits. In order to upload the tock bit status, g
2. To reflect the actual lock-bit status, the Protect Set/Confirm comm

5. A, is automatically complamented to load second byte g# lue determines which WD is supplied first: A, = 0 looks at the

WODL, A, = 1 looks at the WDH.
6. Second bus cycle address of Protect Set/Conf‘ T
others are dan't care.

ang Protect Reset/Confirm command is OFFH. Specifically A-A, = 0, A-A = 1,

10
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4.4 Compatible Status Register
| wswms ESS | Es | ows vVPPSs | A R
7 6 5 4 3 2 1 0

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

NOTES:

CSR.7 = WRITE STATE MACHINE STATUS (WSMS) WSMS bit must be checked to determine compiletion

of an operation (Erase Suspend, Erase or Data
Write) before the appropriate Status bit {ESS, ES or
DWS;) is checked for success.

it DWS and ES are set to “1” during rase at-
tempt, an improper command
tered. Clear the CSR and
again. ;

prtinuous indication of V,, level. The WSM

% pérrogates V., 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 |
These bits are reserved for._futu

A% BRHANCEMENTS
s&and should be masked out when polling the CSR.

11
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5.0 2M 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 fiowcharts 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 5-3 depict flowcharts using the 2nd generation flash device’s performa ‘e'
enhancement commands mode. '

e Write, Two

When the device power-up or reset is completed, all blocks come up locked. Therefore; 8y
time, Erase All

Byte Serial Write and Block Erase can not be performed in each block. Howe?a

Unlocked Block is performed normally, if used, and reflect actual fock sj; u's, 50 the unlocked block
data is erased. When the device power-up or reset is completed, WWeiteProtect command must be
written to reflect actual block lock status. <

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.

12
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5.2 2M Flash Memory Algorithm Flowcharts

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

Figure 5-1 Byte Writes with Compatible Status Register

Figure 5-2 Block Erase with Compatible Status Reéister

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

Figure 5-4 Block Locking

Figure 5-5 Updating Data in a Locked Block

Figure 5-6 Two-Byte Serial Writes with Compatible Status Registers

Figure 5-7 Erase All Unlocked Blocks with Compatible Status Registers ﬁ—;
Figure 5-8 Set Write Protect

Figure 5-9 Reset Write Protect

13
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C Stlart ) Ops;fion Command Comments
h 4 =
Write Byte Write g_ :(OH or 100
Write 404 or 10H —
. D=WD .
# Write 1A=WA
Write Q=CsRD
Data/Address Toggle CE# or OE#
T Read to update CSRD.
h 4 A=X
Read Compatible Check CSR.7
Status Register Standby 1= WSM Ready
0 = WSM Busy
Repeat for subsequent Byte Writes. - .
CSA Full Status Check can be done after each Byt 2, o “

after a sequenca of Byte Writes.

Write FFH affer the last operation to reset device § £ad array

mode.
CSR Full Status See Command Bus Cytte notegor dégsription of codes.
Check if Desired i
]
h 4

@peraﬁon Comple@

CSR FULL STATUS CHECK PROCEDURE

Read CSRD Bus c ts
(See Above) Operation Command ommen
Check CSR.4,5
9 Standby 1 = Data Write Unsuccessful
Data Write 0 = Data Write Successful
Successful Check CSR.3
Standby 1= Vpp Low Detect
0= Vpp OK
CSR.3,4,5 SHOULD be cleared, if set, bafora further attempts ar
initiated.

Vpp Low Detect )

Clear CSRD <
Retry/Error Recovery

Figure 5-1. Byte Writes with Compatibie Status Register

14
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( Stant ) ' OpeBr::ion "{ Command Comments
]
4 =
Write Block Erase 2_ )Z(OH
Write 20H -
! Write Confirm g f ggu
4 =
Write DOH and Q=CSRD
Block Address Read Toggle CE# or OE#
to update CSRD.
v =X
Read Compatible Check CSR.7
Status Register Standby 1 = WEM Ready
Suspend Erase 0 = WSM Busy
Loop Repeat for subsequent Block Erasures.
Suspend CSR Full Status Check can be done after each Blos se, Of
Erase after a sequence of Block Erasures.
Write FFH after the last operation 10 reset de: ad array
mode. M
CSR Full Status See Command Bus Cycle not

Check if Desired

@peration Completa

CSR FULL STATUS CHECK PROCEDURE

" Bus
C Read GSRD Operation Command Comments
(See Above) Check CSR.4,5
{ 1 = Erase Error
Standby 0 = Erase Successful
Both 1 = Command
Sequence Error
Check CSR.3
Standby 1 = Vpp Low Detect
0= Vpp OK
CSR.3.4,5 SHOULD be cleared, if set, before further attempts
Vpp Low Detect are initiated.

Notet, if CSR.3 (VPPS)is setto *1°, after clearing CSR.3/4/5,
(1}. Issue Reset WP command,
{2). Retry Single Biock Erase command,
{3). Set WP command is issued, if necassary.

Clear CSRD (Notet) < )1 CSR.3 (VPPS) is set to "0", after clearing CSR.3/4/5,
Retry/Error Recovery (1). Retry Single Block Erase command.

Where power off or chip reset during erase operation,
{1Y). Clear CSR.3/4/5 and issue Reset WP command,
(2'). Retry Single Biock Erase command,

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

Figure 5-2. Block Erase with Compatible Status Register

15
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San ) s |
: Operation Command Comments
A 4 =
Write Erase Suspend 2 - $0H
Write BOH —
¢ Q=CSRD
Toggle CE# or OE#
. Read to update CSRD.
Read Compatible 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 AD:; FH “
Erase Completed) Q= AD N
L Read Read be fedm block
othefsh, ' one suspended.
Write FFH Write
|
\ 4
Read
Array Data

Done

Reading
YES
Wite DOH |l Write FFH
v ) .~ v
Erase Resumed Arrl:a:t;?:"jata

16
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C St?n )

v

Read Compatible
Status Register

]
A 4

Reset WP

v

Read Compatible
Status Register

Write 77H

v

Write DOH and
Block Address

v

Read Compatible
Status Register

Set WP

v

@peration Completg

(Note 1)

Bu -
Operafion Command Comments
Q=CSRD
Read Toggle CE# or OE# 1o update CSRD.
1 = WSM Ready
0 = WSM Busy
Writ Reset After Write D = 47H A=X,
fite Write Protect | Write D= DOH A = OFFH
Q=CSRD
Read Toggle CE# or OE# to update CSRD.
ea 1 = WSM Ready
0 = WSM Busy 4’
write Lock Block 2 - )7(7H e §/
= oy
i . D =DOH L ‘
Write Confirm A=BA 7
a=csro AL 7>
Read Toggle,£E# E# to update CSRD.
1 = WSy Reédy
)L S usy
, set” | ARG WiteD=57H A=X,
Write writ eclA Write O = DOH A = OFFH
Note 1. See CSR F! gy Check for Data-Write operation,
| is command sequence error, SHOULD be cleared
mpts are initiated.
aﬂar the last oparation 1o resat device to read array mode.
}s_ee Command Bus Definitions for description of codes.

Figure 5-4. Block Locking

17
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C sat ) " St'art )
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} Z
Write New Data to (Operation Complete Y2 .. ~
Block (Note 4)
Relock Block
(Note 5)
|
A 4
COperation Completej

Flow to Rewrite Data

NOTES:
1. Use Reset-Write-Protect flowc . rféble Write/Erase operation to all blocks.

2. Use Block-Erase figwceh. rééing a block clears any previously established lockout for that block.

g Block-Lock flowchart to write lock bit if desired.

Figure 5-5. Updating Data in a Locked Block

18
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h 4
Read Compgtible OpSrzfion Command Comments
Status Register
] Q= (‘:SRO
Read Togale CE# or OE# to update CSRD.
1 = WSM Ready
0 = WSM Busy
. 2-Byte D =FBH
v Write write | A=X
Write FBH - D=WD
T Write AQ = 0 foads low byte of Data Registese
\ 4 AD = 1 loads high byte of Dala Reg'Sier.
- Other Addresses = X A
Write -
Data’A0 D=wWD ’y—v
* Az=WA L "’
Write Internally, AQ :% :ﬁ &fzany
Write complemented load the altemate
Data/Address byte Iocﬁ% e Data Register.
|
\ 4 _ .dﬁﬁao
Read Compatible .. | Toagle CE# or OE# to update CSRD.
Status Register {"1'= WSM Ready
0 = WSM Busy

PG .
@peration Compieta

}Mﬂe.'FFH after the last operation to reset device to read array mode.
1 See Command Bus Cycie notes for descripticn of codes.

Figure 5-6. Two-Byte Serial Writes with Compatibie Status Registers
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B -
C Star (Noxe‘SD Operﬁion Command Comments
A 4 Erase All D= ATH
, Write Unlocked =Al
Write A7H Block A=X
l D = DOH :
\ 4 Write Confirm AzX
Write DOH Q=CSRD
Toggle CE# or OE#
“ Read to update CSAD.
Read Compatible A=X
Status Register Check CSR.7
Suspend Erase Standby ‘ 1 = WEM Ready
Loop 0 = WSM Busy e i
CSR Fult Status Check can be done after Erase All Unlocked ‘V
Block, or after a sequence of Erasures. 7
Write FFH alter the last operation to reset devi array.
mode. ’:

CSA Full Status .
Check if Desired jode: Suring erase operation,

@peration Comple@ t

CSR FULL STATUS CHECK PROCEDURE

ed Block Erase command
s, Or issue Single Block Erase
the unlocked blocks in sequence,
Peommand is issued, if necessary.

" Bus

. . Command Comments
Read CSRD Operation
(See Above) Check CSR.4,5
1 = Erase Error
Standby 0 = Erase Successful

Both 1 = Command
Sequence Error

Check CSR.3
Standby 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 set to "1, after clearing CSR.3/4/5,
(1). Issue Reset WP command,
{2). Retry Erase All Uniocked Block Erase command
to erase all blocks, or issue Single Block Erase
to erase all of the unlocked blocks in sequence,
{3). Set WP command is issued, if necessary.

Clear CSRD (Note2)
Retry/Error Recovery <+ It 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

20
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C Start ) Bus .
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
(AS-A8 = 0, A7-A0 = 1, Others = X)
Check CSR.7
Write 57H o Smm— Read 1 = WSM Ready
0 = WSM Busy
‘ v
v Check CSR.4,5
Write Confirm Read’ 1 = Failure
Data/Address 0 = Success
¢ Note 1. If CSR.4,5 is set, as it is command sequene® > 0bLD be cleared
Read Compatible before further attempts are initiated. - /3
Status Register Upon devicce power-up of reset is core } Write Protect command must
be written to reflect the actual lock-bts
Write FFH after the last o set device to Read Array Mode,
‘for description of codes.

See Command Buﬁ/

{(Note 1)

T O R RRRRRRRRREEEEERREERERRRRRERRBRRRRSBSESiESSSS

Figure 5-8. Set Write Protect \
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( Start ) Bus :
. Operation Command Comments
11
v - Check CSR.7
Read Compatible Read 1 = WSM Ready
Status Register 0 = WSM Busy
Writ Reset D=47H
rite Write Protect | A=X
D = DOH
Write Reset Confirm | A = OFFH
(AG-A8 = 0, A7-A0 = 1, Others = X)
Check CSR.7
Write 47H ] Read 1 = WSM Ready
0= WSM BUSY
: j Check CSR.4,5
Write Confirm Read 1 = Unsuccessiul E
Data/Address 0 = Success . O '
‘ Note 1. )f CSR.4,5is set, as it is command sequence 8riaimglOl, EB';e cleared
Read Compatible before further attempts are initiatad, , .
Status Register Reset Write Protect command enables Write/ ’}"9. fifation to all blocks
eyice to Read Array Mode.
#ption of codes.

(Note 1)

Gperation Complete |

R

Figure 5-9. Reset Write Protect ’
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LHF02S3N

6.0 ELECTRICAL SPECIFICATIONS "WARNING: Stressing the device beyond the "Absolute
. . . Maximum Fatings® may cause permanent damage.
6.1 Absolute Maximum Ratings These are s:ress ratings only. Operation beyond the
) . . "Operating Conditions” is not recommended and
Temperature Under Bias .....ccoeeceeervnenns 0°'Cto+80C extended exzosure beyond the “Operating Conditions”
Storage Temperature ...........coceeeeen. -85'Cto+125°C may affect cavice reliabilty.
Symbol Parameter Notes | Min | Max | Units Test Conditions
Ta Operating Temperature, Commercial 1 0 70 ‘C |Ambient Temperature -
Ve Ve with Respect to GND 2 -0.2
Vpp Vpp Supply Voltage with Respect to GND 2 -0.2
Vv Voltage on any Pin (except Vcc. Ves) 2 -0.5
with Respect to GND
| Current into any Non-Supply Pin
lout Qutput Short Circuit Current 3

NOTES:
1. Operating temperature is for commercial product defined by this specificati

ﬂndershoot to - 2.0V for periods < 20 ns.
Maximum DC voltage on inpu¥output pins is V. + 0.5V which, duringgRnsitiops” may overshoot to V., + 2.0V for periods < 20 ns.
3. Output shorted for no more than one second. No more than one oufpu ried at a time.
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6.2 Capacitance

Symbot Max | Units Test Conditions
Cin Capacitanc 10 pF | Ta=25C,f=1.0MHz

AddressfBontr
Cout effance Looking into an Output Pin 1 9 | 12 | pF |Ta=25C,f=1.0MHz
Co oad Capacitance Driven by Outputs 1 50 pF | ForVee=3.3V £ 0.3V

e ~for Timing Specifications
Equivalent Testing Load Circuit VCC = 10% 25 ns | 50Q transmission
line delay

NOTE:
1. Sampled, not 100% tested.
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LHFO2S3N

6.3 Timing Nomenclature

For 3.3V systems use 1.5V cross paint definitions.
Each timing parameter consists of 5 characters. Some common examples are defined below:

te, o, time(t) from CE# (E) going low (L) to the outputs {Q} becoming valid (V)
to v time(t) from OE# (G) going low (L) to the outputs {Q) becoming valid vy
t,voy time(t) from address (A) valid (V) to the outputs (Q) becoming valid (V)

tvwn ime(t) from address (A) valid (V) to WE# (W) going high (H)

tox time(t) from WE# (W) going high (H) to when the data (D) can become undefined (X}

Pin Characters Pin States fr .
High ALl 1
Low : '
Valid
Driven, byvfiStmeessa
igh be&ce

Address Inputs

Data Inputs

Data Qutputs

CE# (Chip Enable)
OE# (Cutput Enable)
WE# (Write Enable)
Any Voltage Level
3v Ve at 3.0V Minimum

rily valid

NIXI<|r|T

<|Zg[®m|O|O|>
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LHF02S3N

30

) 7
INPUT 15 4— TEST POINT —?Xs OUTPUT
{

0 Y 7

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% o0 90%) < 10 ns. .

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

2.5 ns of 500 Transmission Line

IFrom Ouut : Y ® Test .
Unger Test Point

Total Capacitance = 50pF

Figure 5. Transient Equivalent Testing Loa
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LHF02S3N
6.4 DC Characteristics
V,=3.3V£0.3V,T,=0'Cto+70°C
Symbol Parameter Notes | Min | Typ | Max | Units Test Conditions
e Input Lead Current 1 =1 HA | Voo = Voe Max, Vin = Vg or GND
Lo Output Leakage Current 1 +10 | pA Voo =Vec Max, Vin= Voo or GND
lces | Ve Standby Current 80 | pA Vee = Ve Max,
1a CE#=Vgc 0.2V
' Ve = Voo Max,
4
0.3 mA CE# = Vi
lceoat V¢o Read Current Vee = Ve Max, 4
CMOS: CE#=GND = 0.2V P
Inputs = GND = 0.2V or Vg =027
1,34 : 35 | MA T cEr =i, 5
inputs = Vi or Vi,
lccr2 [ Vee Read Current
1,34 10
lcow Vec Writé Current 1 8 Byte/Two-Byte Serial Write in
Progress
lcce Vee Block Erase e ) A Block Erase in Progress
Current R m
lcces |Vcc Erase Suspend 5 mA CE# =Vin
Current Block Erase Suspended
lpps Vpp Standby Cg,wn,t o 1 =10 | pA |Vpp<Vee
26
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LHF02S3N
DC Characteristics (Continued)
Vee=3.3V 03V, T,20Cto+70C
Symbol Parameter Notes Min Typ Max Units Test Conditions
IppR Vep Read Current 1 200 HA | Vep> Voo
lppw | Vpp Write Current 1 15 35 mA | Vpp = Vppy, Byte/Two-Byte
Serial Write in Progress
lppE Vpp Erase Current 1 20 40 mA | Vpp = Vppy,
Block Erase in Progress
IPPES Vep Erase Suspend 1 200 UA | Vpp = VpPH,
Current Block Erase Suspended
Vie Input Low Voltage -0.3 0.8 \ L
Vin Input High Voltage 2.0 Veg+03| V ey
VoL Output Low Voltage ' 0.4 V | Vee = Vee Min gplf e
loL=4 mA R
Vout  |Output High Voltage 2.4 V llon= o ol
V o} Mm
Vou2 Vep -0.2 Vo ﬁ N 100 BA
/g Vce = Vee Min
VepL Vpp during Normal 0.0 5.5 A"
Operations : ’
Veen | Vep during Write/ Tl v
Erase Oparations
VKo Vcc Erase/Write
Lock Voltage
NOTES:

B 4180798 00L706Y4 77T WM
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6.5 AC Characteristics - Read Only Operations'?
V.. =3.3V£0.3V,T,=0"Cto +70°C

Symbol Parameter Notes Min Max Units
tavay Read Cycle Time 120 ns
tavGL Address Setup to OE# Going Low 3 0 ns
tavov Address to Qutput Delay 120 ns
teLov CE# to Output Delay 2 120 ns
teLov | OE# to Qutput Delay 2 45 ns
teLax | CE#to Qutputinlow Z 3 0 ns
tenoz | CE# to Qutputin High 2 3 50

taLex | OE# to Outputin Low Z 3 o]

tchoz | OE# to Outputin High Z 3 30 B

1oH Output Hold from Address, CE# or OE# Change, 3 c pP 1S

Whichever Occurs First

NOTES: ': ! ? :
1. See AC Inpu/Output Reference Waveforms for timing measurements. Figure 4. .

2. OE# may be delayed up to ,,, - t,, ., alter the falling edga of CE# without impact on tmv. il

3. Sampied, not 100% tested. )
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LHF02S3N

6.5 AC Characteristics - Read Only Operations'” (Continuved)
V. =2.B85V£0.15V, T, =0'C 1o -70°C

Symbol Parameter Notes Min Max Units
tAVAY Aead Cycle Time 160 ns
tAvGL Address Setup to OE# Going Low 3 , © ns
tavav | Address to Output Delay 160 ns
teLav CE# to Output Delay 160 ns
tgrav | OE# to Output Delay 55 ns
teLax CE# to Outputin Low Z 0 ns

tengz |CE#to QutputinHigh Z

W W |Ww|wjw ]|

taLax OE# to Outputin Low Z 0
tehaz |OE# to Outputin High Z
tom Qutput Hold from Acdress, CE# or OE# Change, 0

Whichever Occurs First

NOTES:

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

2. OE# may be delayed up to & ., - 15,0y after the falling edge of CE# without impact o
3. Sampled, not 100% tested.
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LHF02S3N

OEVICE AND OUT=UTS ENABLED STANDBY
Vee POWER-UP STANDBY ADDAESS SELECTION DATA VALID Ve POWER-COWN
Vi
ADDRESSES (A} XWXK ADDRESSES STABLE p
iL .
h tavav 4 -
Vin !
CEV(E) / ‘
X ;
vib :
-
¥in \i N x
OE#{G) / : -y \ N - oz o ,
viL ! F E i
l | e 2
Vin i o
WER W) ;‘— tetov —bi ‘ :
Wy ooy ' ;,. ,
Yo gz HIGHZ
DATA (D)
VoL
v
vee / \
GND

i Figure 6. Read Timing Waveforms
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6.6 Power-Up and Reset Timings

Vg POWER UP

|
— j—
H ERRS
*— leRs !

Ce# i . )

(€} ___/__.—\( - f—\
i H

CE# ; :

(G} __/——\ f-\

- +“— igas =™ % towms
WEr
W / . &
33V
\Lsov
vee
{3.3v) ov
L e
e e o
W AR ‘
‘ tavav
—d
Daa VALID
@ 3.3V OUTPUTS
tpHov
Y Figure 7.V, Power-Up and Reset Waveforms
, Parameter Note Min ' Max Unit
WE# Low to Ve at 3.0V Minimum 1 5 ps
Address Valid to Data Valid for 2 120 ns
Vee =3.3V 2 0.3V
tPHOV WE# High to Data Valid for 2 620 ns
Vec =3.3V 0.3V
tems CE# Setup to WE# Going Low 100 ns
{GLRS OE# Setup to WE# Going Low 100 ns
tEHRS CE# Hold from WE# Going High 100 ns
i teHRs OE# Hold from WE# Going High 100 ns

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

1. Chip reset is enabled when the low state of all CE#, OE# and WE# exceeds 5 {Ls. Especialy when you will power on the chip,
excute an above chip reset sequence for a protection from noise.
2. These values are shown for 3.3V 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,=33203V,T,=0Cto+70C

Symbol Parameter Notes | Min | Typ | Max | Unit
tavay | Write Cycle Time 120 ns
tvpwH | Vpp Setup to WE# Going High 3 100 ns -
teLwy | CE# Setup to WE# Going Low 10 ns
tavwr | Address Setup to WE# Going High 2,6 100 ns
tovwn | Data Setup to WE# Going High 2,6 100 ns
twiwn | WE# Pulse Width 100 ns
twrpx | Data Hold from WE# High 2 5 ns [~
twhax | Address Hold from WE# High 5 ns# "
twaen | CE# Hold from WE# High

twhwL | WE# Pulse Width High 60 A LA 15
tghwL | Read Recovery before Write 0 )S/ ns
twHeL | Write Recovery before Read . gﬂ/ o ns
towwL | Vep Hold from Valid Status Register Data v g us
twHavl | Duration of Byte Write Operation 4 S 8 20 us
twrav2 | Duration of Block Erase Operation i 4 0.3 s

NOTES:

1. Read timing during write and erase are the same as for nor,
2. Refer to command definition tables for valid address and \
3. Sampled, but not 100% tested. o~ <

4_ Write/Erase durations are measured o valid S Register (CSR) Data.
5. Byte write operations are typically performed with 1 Brbgramming Pulse.

6. Address and Data are fatched on the rising agge fWE# for all Commangd Write operations.
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LHF02S3N
soswm s WRITE VALD ACDRESS e,
WATIDATANRTEOR WRItEr o AVTOMATED DATAWATE SEAD COVPANBLE
Py S § JATA [DATAWRITE) OR Py €
ERASE SETUP COMMIND 151y fomsimn continp O EPASE DELKY gy
v! A
AODRESSES ) m
NOTE ¢ 0
Yu
v!N
CEr(E)
Vo
Vim
CE# {G) /
Yo
V:N
WE® (W) f
A\
VI.'(
BATA (010 HIGH Z
Yo
Vs . - ‘sv’v‘v’v.v.v.v“v‘v.v‘v.v.wv‘v‘v
O g CRREeRg
Vom,
NOTES:
1. This address string depicts Data-Write/Erase cypiéRuwith ¢
2. This cycle is invalid when using CSRD for verificatiofpeuri
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6.8 AC Characteristics for CE# - Controlled Command Write Operations'
Ve =33V203V,T,=0Cto+70°C

Symbol Parameter Notes | Min | Typ | Max | Unit
tavay | Write Cycle Time 120 ns
tvpen | Vee Setup to CE# Going High 3 100 | ns
twier | WE# Setup to CE# Going Low 0 ns
taveH Address Setup to CE# Going High 2,6 100 ns
tpoveH | Data Setup to CE# Going High 2.6 100 ns
tELEH CE# Pulse Width 100 ns
tEHDX Data Hold from CE# High 5 ns' 2 ‘
tenax | Address Hold from CE# High i} ,nsf .-
tenwH | WE# Hold from CE# High : 5 oy n(v
temeL | CE# Puise Width High 60 4~ s
igheL | Read Recovery before Write 0 o " ns
teHglL | Write Recovery before Read L. 93/’7 ns
tavvi Vpp Hold from Valid Status Register Data /ﬁ é/ us
tenav? | Duration of Byte Write Operation 8 20 Hs
tenav2 | Duration of Biock Erase Operation 0.3 s

NOTES:
1. Read timing during write and erase are the same as for no
2. Refer to command definition tables for valid address arx

3. Sampied, but not 100% tested. g
4. Write/Erase durations are measured to valid S|
5. Byte write operations are typically performed with 1 M0 .

6. Address and Data are latched on the rjsing egge St CE# for all Command Write Operations.
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LHF02S3N
TECATARRITEQR o iie VLS A00RESS  OMATES DATAWATTE R
SRSt SETUP COMMAND s SR OR EAmSE DELAY = "’G“: :;:"c:m
~ gV \YAvAvAYaT,
ADRESSES i FXXIXTIXTIT,
e QAN
wer U
i S |
OF« (&) h
CEV (D) 4
- A
DATA (CK)
RACOOCR OGO
Nadi \\’A’i’l"’A‘A’L’A’A’A’A‘A’l’l"’l
NOTES: ’ :
1. This address string depicts Data-Write/Erase cycles wj asponding verification via CSRD.
2. This cycle is invalid when using CSRD for verificat; ata-Write/Erase operations
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6.9 Erase and Byte Write Performance
Ve =33V£03V,T,=0Cto+70C

Symbol Parameter Notes | Min | Typ(1) | Max | Units Test Conditions
twrH1 | Byte Write Time 2 20 Us
twrRH2 | Two-Byte Serial Write Time| 2 34 S .
twHRH3 | 16KB Block Write Time 2 0.33 1.3 s |Byte Write Mode
twHrH4 | 16KB Block Write Time 2 0.3 1.1 s | Two-Byte Serial Writa Mode
Block Erase Time (16KB) 2 0.8 10 s
Full Chip Erase Time 2,3 8-15 s

NOTES:

1.25°C, V. = 5.0V.

2. Excludes System-Level Overhead.

3. Depends on the number of protectad biocks.
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