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@Handle this document carefully for it contains material protected by international
copyright lav. Any reproduction. full or in part, of this material is prohibited
vithout the express written permission of the company.

OMhen using the products covered herein, please obeerve 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) e products covered herein are designed and manufactured for the following
application areas. When using the products covered herein for the equipasent
listed in Paragraph (2), even for the following application areas, be sure
to observe the precautions given in Paragraph (2). Never use the products
for the equipment listed in Paragraph (3).

*Office electronics

*Instrumentation and measuring equipwent

*Machine tools

*Audiovisual equipment

*Home appliances

*Communication equipment other than for trunk lines

(2) Those contemplating using the products covered herein for the following
equipaent which demands high reliability, should first contact a sales
representative of the company and then accept responsibility for incorporating
into the design fail-safe operation, redundancy, and other appropriate
measures for ensuring reliability and safety of the equipment and the overall
systea.

»Control and safety devices for airplanes, trains, automobiles, and other
transportation equipsent

*Mainfrape computers

Traffic control systems

«Gas leak detectors and automatic cutoff devices

*Rescue and security equipment

*Other safety devices and safety equipeent, 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.




SHARP PRELIIMARY

@ Handle his document careully for @ comtains material protected by international copyright law.
Any reproduction, ful or in pat, of this material is prohibited withowt the express written
pemission of the company.

® When using the products covered herein, please observe he condtions written herein and the
precautions outined in the following paragraphs. In no event shall he company be liable for any
damages resulting from failure to stricly adhera to these condifons and precautions.

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

+ Office electronics

* Instrumentagon and measuring equipment

- Machine tods

* Audiovisual equipment

* Home appliance

- Communication equipment other than for trunk lines

(@) Those contemplafiong using he products covered herain for the following equipment which
demands high reliability, should first contact a sales representative of the aompany and then
accept responsibiity for incorporating into the design fail-safe operation, redundancy, and other
appropriate measwes for ensuring reliabilty and safety of he equipment and the overall system.

+ Control and safety devices for airplanes, ftrains, automobiles, and oher transportation
equipmert

* Mainfame computers

* Traffic control systems

* Gas leak detectors and aubatic cutoff devices

- Rescue and security equipment

- Other safety devices and safety equipment, etc.

3) Donat use the products covered herein for the following equipment which demands extremely
high performance in terms of kunctionality, reliability, or accuracy.

- Aerospace equipment

» Communications equipment for trunk lines

- Control equipment for the nuclear power industry
* Medical equipment related to life support, efc.

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

@ Please direct all queries regarding the products covered herein b a saes representative of the
company.
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1 INTRODUCTION

This datasheet contains LH28F160SPXX
specifications. Secfon 1 provides a flash memory
overvigw. Sections 2, 3, 4, and 5 descrbe the
memory organization and functionality. Section 6
covers slectrical specifications.

1.1 FEATURES

W High Speed Page Mode Read Perfomance
—Normal access ime : 100ns
—Page mode access time : 50ns
B Page Depth
—16Bytes / 8 Words
W High Speed Write Perfomance
—32 Bytes x 2 plane Page Buffer
M High - Density Symmetrically - Blocked
Architecture
_Thirty - two 64K-byta Erasable Blocks
M Enhanced Data Protection Features
—Flexible Block Locking
—FErase/Write Lockout during Power Transitions
M Low Power Management
—Deep Power - Down Mode : 15uA (Max)
B User - Configurable x8 or x16 Operation
B Extended Cycling Capability
—.100,000 Block Erase Cycles
—32 Million Block Erase Cycles/Chip
B Enhanced Automated Suspend Ogptions
—Write Suspend to Read
—Block Erase Suspend to Write
Block Erase Suspend to Read
W Power Supply .
33V + o3v
B Package
__44S0P
B Not designed or rated as radiation hardened

1.2 Product Overview

The LH28F180SPXX is a high-performance 16Mbit
Page Mode Flash memary organized as
2Mbitx8/1Mbitx16. The 2MB of data is amanged in
thity-two 64K-byte blocks which are individually
erasable, lockable, and unlockable in-system. The
memory map is shown in Figure 3.

A Command User Interface (CUI) serve as he
interface between the system processor and
intemal operation of the device. A valid command
sequence written to the CUI initiates device
automation. An intema Write State Machine (WSM)
automatically executes the algorthms and timings
necessary for block erass, il chip erase, (mult)
wordbyte write and block lock-bit configuration
operations.

Each block can be independently erased 100,000
times (3.2 milion block erases per device). Block
erase suspend mode allows system software to
suspend block erase to read or write data from
any other block.

(Muit) Wordbyte write suspend mode enables the
system to read data or execute code from any
other flash memory array location.

Individual block locking uses a combination of
thity-two block lock-bits and RP# to lock and
unlock blocks. Block lock-bits gate block erase, iull
chip erase and (mult) wordbyte write operations.
Block lock-bit configuration operatons (Set Block
Lock-Bit and Clear Block Lock-Bits commands) set
and cleared block lock-bits.

The status register indicates when the WSM's
block erass, full chip erase, (mult) word/byte write
or block lock-bit configuration operation is finished.

Revision 0.3
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The noma access time and page mode access time(PHQV) is required from RP# switching high
time are 100nst AVQV) and 50ns(t PAVQV) over unti outputs are valid. Likewise, the device has a
the commercial temperature range (0°C to +70°C wake time@PHEL) from RP# - high until writes to
)} and Vec supply voitage range of 3.0V - 36V. the CUl are recognized With RP# at GND, the
When CE# and RP# pins are a Vcc, the lcc WSM is reset and the status register is cleared.
CMOS starby mode is enabled When the RPF The device Is avaiable in 44 -SOP. Pinout is
pn is & GND, deep power - down mode is  Shown in Figure 2

enabled which minimizes power consumption and

provides write protection during reset. A reset

Output [ input
Buffer ‘_I Buffer
PN
o hg— Vce
logic [«— BYTES
B /] (dentifier )
- & [N | Register
§§ 3 °
F___| Saus 3 le 2 P ‘____ %EE"
< N~ Register 1% 3 (¢O0—— Og#
ca § g RPY
——— "y o=
Companator
)
h't . Y v Write
A1a19C0 2% B |pesoder Y Gang Sae
[} <— VCC
> f::hm :3 X : x» -+ GND
Decoder| o 64KByte
® Blocks
Address
Counter I »-
’ t 1??000-000..00 ?

Figure 1. Block Diagram
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Table 1. Pin Description

Symbol

Type

Pin name and function

Aia.Arg

INPUT

ADDRESS INPUTS : Inputs for addresses during read and write operations.
Addresses are intemally latched during a write cycle. A.-Az are address
inputs for page mode read operation.

DQo-
DQ:s

INPUT/
OUTPUT

DATA INPUT/OUTPUTS :

0Qo~DQ7 :Inputs data and commands during CUl write cycles; outputs ..
data duing memory amay, status register and identifier code read cycles. Data
pins float to high-impedance when the chip Is deselected or outputs are
disabled Data is intemally latched during a write cycle.

DQe~D Q15 :Inputs data during CUI write cycles in x16 mode; outputs data
duing memory amay read cycles in x16 mode; not used for status register
and identifier code read mode. Data pins float b high-mpedance when the
chip is deselected, outputs are disabled, or in x8 mode(BYTE#-VIL) Deta is
intemally latched during a write cycle.

CE#

INPUT

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

RP#

INPUT

RESET/DEEP POWER-DOWN : Puts the device in deep power-down mode
and resefs intemal automation. RP#-high enables nomal operation. When
driven low, RP# inhibits write operations which provides data protection during
power transitions. Exit from deep power-down sets the device to read aray
mode.

Block erase, word write, or lock-bit configuration with VIH < RP# <VHH .
produce spuricus results and should not be attempted.

OE#

INPUT

QUTPUT ENABLE : Controis the device's oulpuls during a read cycle.

WE#

INPUT

WRITE ENABLE : Cortrols writes to the CPU and array block. Addresses
and data are lached on the rising edge of the WE# puise.

SUPPLY

DEVICE POWER SUPPLY : Wih Vec S Vixo, al write attempts to the flash
memory are inhibited. Device operations at invalid Vcc voltage {see DC
Characteristics) produce spurious resuits and should not be attempted.

GND

SUPPLY

GROUND : Do not float any ground pins.

Revision 0.3
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WEN 1 O 44 1 RP#
A8 ]2 43 [ A19
A7 []3 42 [ A8
A7 Ta 41 3 A9
A6 C}s 40 [ A10
As [ .39 3 An
A4 7 38 [ A12
A3 []s 37 [ A
A2 s 44 LEAD SOP 3 [ A4
Al 10 35 £ AfS
A0 T 14 TOP VIEW 3¢ 3 A8
CE# (12 33 [ BYTE#
GND & 13 32 1 GND
OE# C 14 31 3 DQigA-
0Q0 ] 15 30 [ bQ7
Das 3 18 29 1 DQi4
DQ1 T 17 28 1 DQs6
DQ9 ] 18 27 £/ DQ13
DQ2 19 26 [ DQs
0Q10 ] 20 25 [ DQit2
bz 3 21 24 3 DQ4
DQ11 T 22 23 |1 vee

Figure 2. SOP 44-lLead Pinout
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2 PRINCIPLES OF OPERATION

The LH28F160SPXX Flash memory includes an 1FFFFF]
onchip WSM to manage block erase, full chip :?;F?; 84K-byte Block 31
erase, (muit) wordbys write and block lock-bit 1JECD00 84K-byte Block 30
configuration functions. It alows for 100% TTL-Level :DFFFF' saK-byte Block 29
control inputs, fixed power supplies during block 1CFFFA K-b Block 28
erase, full chip erase. (muit) wordbyte write and :m*‘i'—us———‘
block lock-bit configuration, and minimal processor 180000 84K-byte Block 27
ovehead with RAM-LIKE interface timing. \acol___84K-byte Block 26
After inital devica powerup or return from deep 10FFFF 64K-byte Block 25 .
power-down mode (see Bus Operations), the device et -
defaults to read array mode. Manipulation of 18000 64K-byte Biock 24
extemal memory control pins allow array read. e 84K-byte Block 23
standby, and output disable operations. 16FFFF
, 4K-byte Block 22
Status register and identfier codes can be ) sak-byle :
accesssed through the CUI. Al functions 18000 64K-byte Block 21
associated with altering memory contents — block :ﬁ: 64K-byte Block 20
erase, full chip erase, (mult) wordbyte write and 13FFFF :
64K-byte Block 19
block lock-bit corfiguration, status and identifier Pyt
codes — are accessed via the CUl and verified :%F §4K-byts Block 18
through the status register. 110000 84K-byte Block 17
T.he CU! contents serve as input b the WSM, :%‘ 84K-byte Block 16 ‘
which controls the block erase, fll chip erase, OFFFFF K-b Block 15
(mut)  wordbyte write and bock lockbit omocol 64K-byls Bloc
configuration. The intema algoribhms are regulated 0E®O0 64K-byte Block 14
by he WSM, including puse repetition, nternal ool o 64K-byte Block 13
verificaon, and margining of data. Addresses and OCFFFH 84K-byte Block 12
data are intemally latched during write cycles. popaned ye =
Writing the appropriate command outputs amay 086000 64K-byte Block 11
data, accesses the identifier codes, or outputs 3:2’5: 64K-byte Block 10
status register data. O9FFFF
- -b Block 9 ‘
interface software that inifates and polls progess m,, ) s3K-byta
of block erase, full chip erase, (mult) word/byte ceoom | 64K-byte Block 8
write and block lock-bit configuration can be stored iy 64K-byte Block 7
in any block. This code is copied © and executed osFree
in any block. This e is co and execut 84K-byte Block s
from system RAM during flash memory updates. poal . -
Afer successfu completion, reads are again 8500 64K-byte Block ]
possible via the READ Amay command. Block 040000 64K-byte Block 4
erase suspend allows system software to suspend OFFFF 64K-byte Block 3
a block erase to read or write data from any 02FFEE Block 2
other block. Write suspend allows system sofiware gfgg?F e4K-byte Blog
to suspend a (mult) wordbyte write o read data 0100 64K-byte Block 1
from any other flash memory array locations. &"’;‘;‘ 64K-byte Block 0

Figure 3. Memory Map
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2.1 Data Protection

Al wite funcions are disabled when Vcc
is below the write lockowt votage Vo o
when RP# is at Vi.. The device's block
locking capabiity provides additional protection
from inadvertent code or data ateration by
gating block erase, ful chip erase and
(muit) word/byte write operations.

3 BUS OPERATION

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

3.1 Read

The first task Is to write the appropriate read
mode command (Read Array. Read Identifier
Codes, or Read Status Register) to the CUL. Upon
initlal device power-up or after exit from deep
power-down mode, the device automatically resets
to read aray mode. Four control pins dictate the
data flow in and out of the componert: CE#, OE#,
WE# and RP# CE# and OE# must be driven
acive b obtain data at the outputs. CE# is the
device selection control, and when active enables
the selected memory device. OE# is the data
output(DQO - DQ15) control and when active drives
the selected memory data onto the 1/O bus. WE#
must be at ik and RP# must be at ViH or VHH.
Figure 15 illustrates read cycle.

3.2 Output Disable

With OE# at a logic-high level (ViH), the device
outputs are disabled. Output pins DQO - DQ15 are
placed in a high-impedance state.

3.3 Standby

CE# a a logic-high level (VIH) places the device
in standby mode which substantially reduces
device power consumption. DQO-DQ1S outputs are
placed in a high-impedance state independent of
OE#. it deselected during block erase, word write,
or lockbit confguration, the device continues
functioning, and consuming active power untl the
operafon completes.

A

3.4 Deep Power-Down -

RP# atVLL initiates the deep power-down mode.

In read modes, RP#low deselects the memory,
places output drivers in a high-impedance state
and turns off all intema circuits. RP# must be
held low for a minimum of 100ns. Time tPHQV is
required after retum fFom power-down unti initial
memory access outputs are valid. After this
wake-up interval, normal operation is restored. The
CUl is reset © read aray mode and staus
register i3 set to 8CH.

During block erase, word write, or lock-bit
configuration modes, RP#-low will abort the
operajon. Memory cortents being altered are no
longer valid; the data may be partially erased or
written. Time ®HWL is required after RP# goes to
logic-high(VIH) before another command can be
written.

As with any automated device, it is important ©
asset RP# duing system reset. When the system
comes out of reset & expects to read fom the
flash memory. Automated flash memories provide
status informaion when accessed during block
grase, ful chip erase, (mult) word/byte write and
block lock-bit configuration. if a CPU reset occurs
with no flash memory reset, proper CcPU
initializaton may not occur because the flash
memory may be providng staus information
instead of aray data. SHARP's flash memories
allow proper CPU initialization following a system
reset through the use of the RP# input. In this
applicaion, RP# is cotrolled by the same RESET#
signai that resets the system CPU.

Revision 0.3
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3.5 Read !dentifier Codes

The read identifier codes operation outputs the
manufacture code, device code, block status codes
for each block(see Figure 4). Using the manufacture
and device codes, the system CPU can automatically
match the device with its proper aigorithms. The
block status codes identfy locked or wunlocked
block seting and erase completed or erase
uncompleted condition.

1F0006
1F0005
1F0004

1F0003

{ Future implementatio
1F0000 saistetedelatsisssiatisteittedsietetainiots Biock 31
1EFFFF

(Blocks 2 through 30)

010003 eserved for
010000 uture Implementatio

000005
000004
000003
000002
000001

000000

Device ldentifier Code
Memory Map

Figure 4.

3.6 Write

Writng commands © the CPU enable reading of
device data and identifier codes. They aiso control
inspection and clearing of the status register.

The Block Erase command requires appropriate
command data and an address within the block
be erased. The Wordbyee Write command requires
the command and address of the location to be
writien. Set Block Lock-Bit command requires the
command and block address within the device
Block Lock) to be locked. The Clear Block
Lock-Bits command requires the command and
address wihin the device.

The CU! does not occupy an addressable memory
location. It is written when WEF¥ and CE# are
aclive. The address and data needed 1o execute a
command are lakched on the rising edge of WE#
or CE#{whichever goes high first). Standard
microprocessor write timings are used. Figures 16
and 17 ilustrate WE# and CE# controlled write
operatons.

4 COMMAND DEFINITIONS
Device operaions are selected by writing specific

commands into CUI. Table 3 defines tese
commands.

.10
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Table 2. Bus Operations(BYTE# = VIH)
Mode Notes| RP# | CE# | OE# | WE#| Address| DQO-1§
VIH or
ViL ViL VIH X oour
Read 18 VHH
Output Disable Vinol wie [ wm| vm| x| HgnhZ
VIH or
High Z
Standby VHH VIH X X X ig
Deep Power-Down 2 vIL X X X X High 2
. VIH or See
Read |dentifier Codes 8 VHH ViL ViL VIH Figue 4 Note 3
. VIH -
Write 456 | vigr (VL | vm | v | X DIN
Table 2.1 Bus Operations(BYTE# = VIL)
Mode Notes| RP# | CE# | OE# | WE#| Address| DQo-7
VIH or
vi Vi VIH X Dout
Read 16 VHH L L
Output Disable VHH ViL VIH | VIH X g
VIH or
Standby Vi | VM X X X High Z
Deep Power-Down 2 Vi X X X X High Z
Read Identifler Cod 6 VIH or VIH See Note 3
e entifler es VHH ViL viL Figure 4 CJ
Write 45.6 \CH,_H“ vie | vi | viL X DIN
NOTES :
1. X can be VL or VIH for control pins and addresses.
2. RP# & GND % 0.2V ensures the lowest deep power-down cument.
3. See Section 42 for read idertifier code data.
4. VH<RP# <VHH produce spurious results and shouid not be attempted.
5. Refer to Table 3 for valild DIN during a write operation.
6. Dont use the tming both OE# and WE# are VIL

Revislon 0.3
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Table 3. Command Definitions (19

Bus CYC'Oj Notes| First Bus Cyde |Second Bus Cycle

Command Req'd Opes”|Addr?|Datd”|Oper”|Addr®|Datd"
Read Array/Reset 1 Wite | X | FFH
Read Identifier Codes 22 4 | Write X 90H | Read IA iD
Read Status Register 2 Wiite | X | 70H [Read | X | SRD
Clear Staus Register 1 Write | X | S0H
Block Erase Setup/Confirm 2 5 |Wite | BA | 20H | Write | BA | DOH
Full Chip Erase Setup/Confirm 2 Write X 30H | Write X DoH
Word/Byte Write SetupMrite 2 56 |Write | WA | 404 | Write | WA | WD -
Alternate Word Wri
Setup/Write Bte Wike 2 S6 |write | WA | 10H | Write | WA | WD
Muiti Word/ Writ
s;up/c%nnme ° 24 9 |write| WA | E8H |Write | WA [ N
Block Erase and (Mutt) . )
Word/byte Write Suspend 1 5 [Write | X | BOH
Confirm and Block Erase and .

ulti) Word/byte Write Resume 1 § |Write | X | DoH].
Block Lock-Bit Set Setup/Confirm 2 7 |Write| BA | 60H | Write | BA | O1H
Block Lock-Bit Reset .
Setup/Conirm ° 2 8 |write| X | g |Write | X | DoH
NOTES :

1. BUS operatons are defined in Table 2 and Table 2.1.
2. X=Any valid address within the device.
W=ldentifier Code Address: see Figure 4.
BA=Address within the block being erased or locked.
WA=Address of memory location to be written,
3. SRD=Data read from status register. See Table 6 for a description of the status register bits.
WD=Data to be written at locaion WA Data is latched on the rising edge of WE¥ or CE#
(whichever goes high).
ID=Data read from identifier codes.

4. Following he Read Kentifier Codes command, read operations access manufacture, device and
biock status codes. See Sacfion 4.2 for read identifier code data.

5. If the block is locked, RP# must be at VHH to enable block erase or (mulf) wordbyte write
operafions. Attempts to issue a block erase or (mult) word/byte write to a locked block while
RP# is VIH,

6. Either 40H or 10H are recognized by the WSM as he word write setup.

. RP# must be a8 VHH b set a block Jock-bit.

8. RP# must be at VHH b clear block lock-bits. The clear block lock-bits operation simultaneously
clears all block lock-bits. o

9. Following he Third Bus cycle, input the write address and write data of ‘N'+t imes. Finally,
input the confim command 'DOH'.

10. Commands other than thcse shown above are reserved by SHARP for future device

implementations and should not be used.

~
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4.1 Read Amray Command

Upon initlal device powerup and after exit from
deep powerdown mode, he devica defaults
read amay mode. This operation is also inifated
by writing the Read Amay command. The device
remains enabled for reads untl anoher command
is writen. Once the intemal WSM has started a
block erase, ful chip erase, (multi) word/byte
write or block lock-bit configuration, the device will
nat recognize the Read Amay command until the
WSM completes its operation unless the WSM is
suspended via an Erase Suspend and (Muf)
Word/byte Write Suspend command RP# can be
Vin or Vis.

4.2 Read lidentifler Codes Command

The identifier code operation is initiated by writing
the Read Kentifler Codes command. Fallowing
the command write, read cycles from addresses
shown in Figure 4 retrieve the manufacurer,
device, block lock configuration and block erase
status (see Table 4 for identifier code values). To
terminate the operation, write another valid
command. RP# can be Vim or Vin. Folowing the
Read Identifier Codes command, te following
infomation can be read:

Table 4. identifier Codes
Code Address Data
Manufacture Code 00000 BO
Device Code

Block Status Code

-Block is Unlocked
*Block is Locked

‘Last erase operaion

completed successfully DQ=0
-Last erase operation did

not completed successfuily DQ=1
-Reserved for Future Use DQar

NOTE:

1. X selects the specific block status code to be
read. See Figure 8 for the device identilier code
memory map.

4.3 Read Status Register Command

The status register may be read b determine
when a block erase, ful chip erase, (mult)
wordbyte wite or block lock-bit configuration Is
complete and whether the operation completed
successfuly (see Table 6). it may be read a any
time by writing the Read Status Register
command. After witing this command, - al
subsequent read operations output data from the
status register unti ancther 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 © Vm before further
reads to update the stals register lath. RP# can
be Vw or V. The extended slatus register may
be read to detemine multi byte write avaiability
{see Table 8.1). The extended status register may
be read a any time by wiling the Multi Byt
Write command. After writing this command, ail
subsequent read operations output data from the
extended status register, unfl ancther valid
command is written. The contents of the extended
status register are lakhed on the faling edge of
OE# or CE#, whichever occurs last in the read
cycle. Muti Byte Write command must be re-issued
to update the extended status register latch.

4.4 Clear Status Register Command

Status register bits SR.5, SR4, SA3 and SRA
are set o "1"s by the WSM and can only be
reset by the Clear Status Register command
These bits indicate various falure conditions (see
Table 6). By allowing system software to reset
these bits, several operations (such as cumulatively
erasing or locking multiple blocks or wring several
bytes in sequence) may be performed. The status
register may be poled b detemine if an error
occurs during the sequence. To clear the stawus
register, the Clear Staus Regiser command (S0H)
is written. RP# can be Vim or V. This command
is not funciona during block erase, Wil chip erase,
(mult) wordbyte write block lock-bit configuration,
block erase suspend or (mult) -wordbyte wite
suspend modes.

Revision 0.3
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4.5 Block Erase Command

Block erase is executed one block at a time and
initiated by a two-cycle command. A block erase
seup i first written, followed by an block erase
confim. This command _sequence requires
appropriate sequencing and an address within the
block to be erased (erase changes all block dafa
to FFH). Block precondtioning, erase and verfy
are handed intemally by the WSM (invisble to the
system). After the two-cycle biock erase sequence
is written, the device automatically outputs status
register data when read (see Figure 5). The CPU
can detect bilock erase completion by anayzing
status register bt SR.7. When the block erase is
compiete, status register bit SR.5 should be
checked. If a block erase eror is detected, the
status register should be cleared before system
softwara attempts comective actions. The CUI
remains in read status register mode until a new
command is Issued This two-step command
saquence of set-up fdlowed by axecution ensues
that block contents are nat accidentally erased. An
invalid Block Erase command sequence will result
in both status register bits SR.4 and SR.5 being
set to “1". Successful block erase requires that
the corresponding block lock-bit be cleared or if
set, tha RP#=Vin, if block erase is attempted
when the corresponding block lock-bit is set and
RP#=Vi, SR.1 and SR.5 willbe set to "1".

4.6 Full Chip Erase Command

This command followed by a confirm command
(DOH) erases all of the unlocked blocks. A full
chip erase setup is first written, followed by a full
chip erase confim. After a confim command Is
written, device erases the all unlocked blocks from
biock 0 to Block 31 block by block. This command
sequence requires approprite sequencing. Block
preconditioning, erase and verfy are handled
intemally by the WSM (invisitle to the system).
Afer the two-cycle Ll chip erase sequence is
written , the device automatically outputs status
register data when read (see Figure 6). The CPU
can detect full chip erase completion by analyzing
status register bit SR.7. When the fulchip erase
s complete, status register bit SR.5 should be
checked !f erase emor is detected, the status
register should be cleared before system software
atempts comective actions. The CUI remains in
read status register mode unti a new command is
issued. i error is detected on a block during full
chip erase operation, WSM stops erasing. Reading
the block valid status by issuing Read 1D Codes
command or informs which blocks failed to its
erase. This two-step command sequence of set-up
followed by execution ensures that block contents
are nat accidentally erased. An Invaiild Ful Chip
Erase command sequence will result in both status
regster bits SR.4 and SR.5 being set to i
When RP#=Vin, all blocks are erased independent
of block lock-bits status. When RP#=Vin, only
uniocked blocks are erased. In this case, SR.1
and SR.4 will not be set to *1" Full chip erase
can not be suspended.
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4.7 Word/Byte Write Command

Word/tyte wiite is executed by a two-cycle
command sequence. WordByte Write setup
(standard 40H or atemate 10H) is written, followed
by a second write that specifies the address and
data (atched on the rising edge of WE#. The
WSM then ftakes over, confraling the wordbyte
write and write verify algorithms intemally. After the
wordbyte write sequence is written, the device
automatically outputs status register data when
read (see Figura 7). The CPU can dstect the
completion of the wordbyte write event by
analyzing status register bit SR.7. When wordbyte
write is complete, status register bit SR.4 should
be checked. If wordbyte write error is detected,
the status register shoud be cleared The internal
WSM verify only detects errors for “1"s that do
not successfully write to 0"s. The CUl remains in
read status register mode ungl it receives another
command. Successful wordbyle write requires that
the corresponding block lock-bit be cleared or, i
set hat RP#=Vim. If wordbyte write is attempted
when the corresponding block lock-bit Is set and
RP#=Vi, SR.1 and SR4 wil be set to ™"
Word/byte write operations wih  VincRP#<Vin
produce spwiocus resuts and should nat be
atempted.

4.8 Multi Word/Byte Write Command

Multi wordbyte write is executed by at least
four-cycle or wp to 35-cycle command sequence.
Up to 32 bytes inx8 mode (16 words in x18
mode) can be loaded into the buffer and written ©
the Flash Amray. First multi word/byte write setup
(E8H) is written with the write address. At this
point, the device automatically outputs extended
status register data (XSR) when read (see Figure
89). It extended status register bit XSR.7 is 0, no
Multi Word/Byte Write command is avallable and
multi word/byte write setup which just has been
written is ignored. To refry, confinue monitoring

XSR.7 by writing muiti wordbyte write setup with
write address unti XSR.7 ¥ansitions to 1. When
XSR.7 transitions © 1, the device is ready for
loading the data to the buffer. A word/byte count
(N) is witten with write address. After writing a
wordbyte count(N), the device automatically tums
back © oufput status register data. The wordbyte
count {N) must be less han or equal to 1FH in
x8 mode (OFH in x16 mode). On the next write,
device start address is written with buffer data
Subsequent wries provide addfiond device
address and data, depending on the count Al
subsequent address must Fe within the 'start
address plus the count. After the final bufer data
is witen, write confin (DOH) must be writen
This intites WSM to begin copying the buffer
data to the Flash Array. An invalid Multi Wore/Byte
Write command sequence will result in both staus
regiseer bits SR.4 and SRS being set to *1°. For
additional muti wordbyte write, write ancther multi
wordbyte wiite seup and check XSR.7. The Multi
Word/Byte Write command can be queued whie
WSM is busy as long as XSR.7 indicates °1°,
because LHE16PXX has two buffers. ¥ an error
occus while writing, the device will stop writing
and fush next multi wordbyte write command
loaded in multi wordbyte write command. Staus
regser bit SR.4 will be set © °1°. No mutti
wordbyte wiite command is available # either
SR4 or SR5 are set b "1". SR4 and SRS
should be cleared before issuing mut word/byte
write command. if a muti wordbyte write
command is attempted past an erase block
boundary, the device will write the data to Flash
Amay up to an erase block boundary and then
stop writing. Status register bits SR.4 and SRS
will be set to "1,

Successful multi wordbyte write requires that the
comesponding block lock-bit be cleared or, i set,
that RP#=Vin. If multi byte write is attempted
when the corresponding bock lock-bit is set and
RP#=Viy, SR.1 and SR.4 will be set to "1".

Revision 0.3
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4.9 Block Erase Suspend Command

The Block FErase Suspend command allows
biock-erase interruption to read or (mult)
wordbyte-write data in another block of memory.
Once the biock-erase process stats, witing the
Block Erase Suspend command requests that the
WSM suspend the block erase sequence at a
predetemined point in the algorthm. The device
outputs status register data when read after the
Block Erase Suspend command ls written. Polling
status register bits SR.7 and SR.6 can dewmine
when the block erase operation has been
suspended (both will be set to "1").

At this point, a Read Amay command can be
written 0 read data from blocks others than that
which is suspended. A (Mut) Word/Byte Write
command sequence can aso be issued during
erase suspend to proggam data in other blocks.
Using the (Mut) WordByte Wrte Suspend
command (see Section 4.10), a (mult) wordbyte
write operation can aso be suspended. During a
(muit) word/byte write operation with block erase
suspended, staus register bit SR.7 will return
*0*. However, SR.6 will remain "1* to indicate
block erase suspend status.

The only other valid commands whie block erase
is suspended are Read Status Register and Block
Erase Resume. Afer a Block Erase Resume
command is written to the flash memory, the WSM
wil continue the bock erase process. Status
register bits SR.6 and SR.7 will automatically clear.
After the Erase Resume command is written, the
device automafically outputs status register data
when read (see Figure 10). RP# must also remain
at V. Block erase cannot resume until (mult)

wordbyte write operations inifated during block
arase suspend have completed.

(Mult)) Word/Byte Write Suspend
Command

4.10

The (Mult) Word/Byte Write Suspend command
allows (mult) wordbyte write interrupon b read
data n oher flash memory localons. Once the
(mult) wordbyte write process stats, writing the
(Muit)  Word/Byte Write Suspend command
requess that the WSM suspend the (multi)
wordbyte write sequence a a predetermined paint
in he agorithm. The device continues to autput
status register data when read efter the (Mull)
Word/Byte Write Suspend command writen.
Poling status regster bits SR.7 and SR2 can
detemine when the (mult) wordbyte wiite
operafion has been suspended (both will be set b
*1*). Specificaon twen defines the (muit)
wordbyte write suspend latency.

At this point, a Read Amay command can be
written to read data from lacations other than that
which is suspended. The only other valid comands
while (mut) wordbyle write is suspended are
Read Status Register and (Mufi) Word/Byte Write
Resume. After (Mut) WordByte Witte Resume
command is written to the flash memory, the WSM
will contirue the (mult) wordbyte write process.
Sttus register bis SR2 and SR7 will
automatically clear. After the (Multi) Word/Byte
Write command is wiitten, the device automatically
outputs status register data when read (ses
Figuret 1).

18
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4.11 Set Block Lock-Bit Command

A flexible block locking and unlocking scheme is
enabled via block lock-bits. The block lock-bits
gate program and erase operafion. Wih
RP#aVHH, individual block lock-bits can be set
using the Set Block Lock-Bit command See
Table 5 for a sunmary of hardware and software
write pratecion op¥ons.

Set block lock-bit is executed by a two-cycle
command sequence. The set block lock-bit setup
along with appropriate block or device address is
written followed by the set block lock-bit confirm
(and an address within the block  be locked).
The WSM then contrds the set block lock-bit
algorithm. After the sequence is written, the
devica automatically outputs status register data
when read (see Figure 12). The CPU can detect
the complefon of the set block lock-bit event by
analyzing status register bit SR.7.

When the set block lock-bit operation is complete,
status register bit SAR.4 shoud be checked. if an
eror is detected, the status register should be
clewred. The CUl wil remain in read status
register mode unfl @ new command is issued.

This two-step sequence of setup followed by
execuion ensures that block lock-bits are not
accidentally set. An invalid Set Block Lock-Bit

command wil resut in status register bits SR4

and SR.5 being set to "1"

A successtul set block lack-bit operation requires
RP#=Vwm. If 1 is attempted with RP#=Vw, SR.1
and SR.4 wilbe set o “1" and the operation will
fail. Set block lock-bit operations with Vin<RP#<
Vi, produce spurious results and should not be
atemptsd,

4.12 Clear Block Lock-Bits Command
All set block lock-bits are cleared in perallel via

the Clear Block Lock-Bits command. Wit
RP#=Vw, block lock-bits can be cleared using

only he Clear Block Lock-Bits command. See
Table 5 for a summary of hardware and
software write protection optons.

Clear block lock-bits operation is executed by a
twocycle command sequence. A clear block
lock-bits setup is first written. After the command
is written, the device automalcaly ouputs status
regisier data when read (see Figure 13). The
CPU can detect compleion of the clear block
lock-bits event by anayzing status register(bit
SR.7. !

When the operation is complete, status register
bit SR.5 should be checked. If a clear block
lock-bit error is detected, the status register
should be cleared. The CUl will remain in read
status regster mode until another command is
issued.

This wo-step sequence of set-up followed by
execution ensures that block lock-bits are not
accidentally cleared. An invalid Clear Block
Lock-Bits command sequence will result in status
register bits SR.4 and SR.5 being set to "1 A
successful clear block lock-bits operation requires
RP#=Vi. If it is attempted with RP#=Vi,, SR.1
and SR5 will be set © "1* and the operation
wil fail. Clear block lock-bits operations with
Vn<RP#<Vws produce spurious results and
should not be attempted.

It a dear block lock-bits operaton is aborted
due to VCC transifoning out of valid range or
RP# active transition, block lock-bit values are
left in an undetermined state. A repeat of clear
block lock-bits is required to initialize block
lock-bit contents © known values.

Revision 0.3 -
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Table 12. Write Protection Alternatives

Block
Operation Lock Bit RP# Effect
Block Erase, 0| VinorViu| Block Erase and (Mutti) Word/Byte Write Enabled
Muit) Word/Byle 1 Vin Block is Locked. Block Erase and (Muit]) Word/Byte Write
Vier Block Lock-Bit Override. Block Erase and (Mult) Word/Byte
Write Enabled
Ful Chip Erase 0.1 Vin | All unlocked blocks are erased, locked blocks are not erased
X Vi | All ocks are erased .
Vm | Set Block Lock-Bit Disabled
Set Block Lock Bk X Vi | Set Block Lock-Bit Enabled
. Vin ar ed -
Clear Block LockBits| X Viet e ot e

18

Revision 0.3




PRELIBINARY

Table 14. Status.

Register Definition

WSMS BESS ECBLBS | WSBLBS R WSS oPs
7 6 5 4 3 2 1
NOTES:

SR.7 = WRITE STATE MACHINE STATUS
1 = Ready
0 = Busy

SR.8 = BLOCK ERASE SUSPEND STATUS
1 = Block Erase Suspended
0 = Block Erase in Progress/Completed

SR.S = ERASE AND CLEAR BLOCKLOCK-BITS
STATUS
1 = Error in Erase or Clear Block Lock-Bits
0 = Successfui Erase or Clear Block Lock-Bits

SR.4 = WRITE AND SET BLOCK LOCK-BIT STATUS
1 =Ermor in Write or Set Block Lock-Bit
0 = Successful Write or Set Block Lock-Bit

SR.3 = RESERVED FOR FUTURE ENHANCEMENTS

SR.2 = WRITE SUSPEND STATUS
1 = Write Suspended
0 = Write in Progress/Completed

SR.1 = DEVICE PROTECT STATUS
1 = Block Lock-Bit and/or WP# Lock Detected,
Operation Abort
0 = Unlock

SR.0 = RESERVED FOR FUTURE ENHANCEMENTS

Check SR.7 © determine block erase, full chip
erase, (muit) wordbyte write or block lock-bit
configuration campletion. SR.8-0 are invalid while
SR.7a"0" o

If beth SR.5 and SR.4 are "1°s after a biock
erase, full chip erase, (mult) word/byte write,
block lock-bit configuration attempt, an inproper
command sequence was enterad.

SR.3 is reserved for future use and should be
masked out when poliing the status register.

SR.1 does not provide a continuous indication of
block lock-bit vaiues. The WSM interrogates block
jobk-bit, and WP# only after block erase, full chip
erase, (mult) wordbyte write or block lock-bit
configuration command sequences. It infoms the
system, depending on the atlempted operation, it
the block lock-bit is set and/or RP# is not Vim.
Reading the block lock confguraion codes after
writing the Read Identifier Codes command
indecates block lock-bit status.

SR.0 is reserved for future use and should be
masked out when poliing the stalus register.

Table 14.1. Extended Status Register Definition

SMS R R . R R R R R
7 6 - 5 4 3 2 1
XSR.7 = STATE MACHINE STATUS NOTES:

1 » Multi Word/8yte Write avaiable
0 = Multi Word/Byte Write not available

XSR.8-0 = RESERVED FOR FUTURE ENHANCEMENTS

After issue a Multi Word/Byte Write command: XSRJ.
indicates that a next Multi Word/Byte Write command is
available. ’

XSR.8-0 isreserved for future use and should be
masked out when palling the extended status register.

Revigion 0.3
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Bhck Erase Suxcessful

Figure 5 . Automated

Bus
Operaion 0
Wite Read Status Data = 704
Register Ade =X
Read Staus Regster Daia
Chect SR.7
Stardby 1 «WSM Ready
0=WSM By
Wik Easwe Setwp Oata = 20H )
Addr = Within Biock to be Erased
Erasw Data « DOM
Wite Contemm Addr = Within Block 1o be Grsed
Read Staus Registe Data
Check SR7
Starddy 1+ WSM Roady
0=WSM Busy

Repaeat for subsequent Hock erasures

Full stalus check can be dore after
sequence of bicck erasures.

each black arase or aftar

Wrte PFH aftr e last operation to place device n reed amay mode.

Bus
Opersion Comemand Comments

Check SR.1
1 = Devics Protect Detact

Stanchy WP¥ 2 VIL, Biock Lock-8t is Set
Only reqrred for systems
implementing lock-bit configuration
Check SR4, §

Wite Both 1 = Commard Sequerce Error
Check SRS

Wrle 1 = Blodk Erase Emor

SR.3, SR.¢ and SR.1 am ony dewed by the Clear Staus Regswr
Command in cases whers multiple biocks are erased beore full staus

Is checled.

I enor is detechd, clear the atus Raegister befors attemping

relly or other efrof recovery.

Block Erase Flowchart
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B : e
Operaion
Wite Resd Saws Oata = 7CH
Register Add = X
Resd Stass Aegiste Oala
Chedr SR.7
Stardby 1=WSM Ready
0=WSM Busy
Full Chip Erase | Data »3GH
Wite Sotup Add =X
Ful Chip Erase | Dwta = DOH
Wite Corfirm Addr « X
Read Staus Register Deta
| Check 7
| Stardby 1t = WSM Ready
0=WSM By
Full staus check can be dore after each full chip erase.
Wrie FFH afar the lasgt oparation ' place device i read amay mode.

Bus
Operaion Commend Commants
st Check SR.4, 8
ardby Both 1= Command Sequerce Erros
Check SR.S
Stardby 1 » Bk Emse Emor

SR.S, SR.4 and SR.1 are only dexed by the Clear Staus Regser
Commend in casss where muitple blocks are erased before full staus
is checked.

¥ omoe is detechd, clear the Satus Ragister before aftemping Aty &
other emor recovery.

Figure 6. Automated Full Chip Erase Flowchart
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Bus
Opermion Command Comments
Read Satue Oata » 70H
Wrie -
Register Addr = X
Rend Staus Regisier Cata
Check SR.7
Stardby 1 =WSM Peady
0=WSM Busy
W Setp Word/Byte | Data = 4O or 10H
e Write Add = Location 10 be Witlen
Data = Data 10 be Writen
Wrie WadByte Wite | o  be W
Boad Staus Register Oata
Check SR.7
Stardby t s WSM Ready
0 =WSM Bisy

Repeat lor subssquent word/dyte wites.

SR Rl status check can be done aftar each wordtyte wiite or aftw &

saquence of wordbyte writes

Wite FFH afer the last wordby®s wrie opertion 10 place device in read

FULL STATUS CHECK PROCEDURE

Wad/Byte Write
Successful

Figure 7 . Automated

arsy mode.
Bus
Operaion Command Comments
Check SAR.1
1 = Device Protect Detect
Standby WP# = VIL, Block Lock-Bt & Set

Only requred for systomns
implementing Tock-bit configuration
Check SR.4

Wrte t = Data Wite Error

SR.4 and SR.1 are only cared by the Claar Saws Register Command
jn cases whare multiple locations are written before full gatus s checked
i emor Is detecnd, ciear the Status Register before attemping rtry &

other emmor recovery.

Word/byte Write Flowchart
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Sus
Opersion Command Commants
Wile Setup Data = E8H
Mull Woxi/Byle Write} Addr = Sast Address
fsad Exonded Status Register Data
Check R.7
Stardby 1 = Mull Word/Byte Write Ready
0= MUt WordBy® Wirite Busy
Wrke Data = Word or Byte Count 1)
MNowz) Addr « Sart Address
Wrie Data = Butfer Data
Now2,3) Add = Sart Address
Wike Deta = Buffer Data
Noted.S) Add = Device Address
Data = DOH
Wits Add = X
Read Staus Register Oata
Check SR.7
Stardby 1 s WSM Ready
0 =WSM Busy
1. Byw or ward cours value ot DQO-7 ae badsd D the count regser.
2 Win Bulfer contects wil be pregrammed it the st adess.
3 Algn the stat address on 3 Wrie Bufer boundary o mEdmum proganmINg
perfomance.
o The devica sbats the Mkl WordBys Wrte command ¥ the curent address is
agsde of he ongnal Yock address
S The Sumus Rugister tnd an Trgropw ¢ saquance’ 7 e Mut
WordBys command ¢ aborted. Folow this wihh a Cear Status Aegister command,
SR Ril status check can b done ater exch MUt wordbyte wike, & er 3
ssquence of muli wordibyte wites.
Wil FRY e the st MUkl wardby® Wi cperstan to pIce dewice W rend
avay o,

Figure 8. Automated Multi Word/Byte Write Flowchart
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FULL STATUS CHECK PROCEDURE FOR
MULTI WORD/BYTE WRITE OPERATION
Bus
Opersion Commants
Check SA.1
1 = Osvice Protect Detect
larddy WPE = VIL, Block Locl-5t s et
s Only requred for systems
implementing lock-bit configuration
Check SR4, S ’
Wrte Both 1 « Command Sequerce Error
Check SR.4
Wrke 1 « Data Wite Brror

Mull Word/Byte Wrile
Successful

SA.S, SR.4 and SR.1 aw only dexed by the Clear Status Regstr
conmand in cases where mulipie locatons ae writen before

Ml status is checked

¥ emor is detecd, clear the Satus Aegister before attemping rety o

other ermor recovery.

Figure 9. Full Status Check Procsdure for Automated Muiti Word/Byte Write
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Bus
Operation Command Commants
Erase Oata = 80H
Wik Suspend Adg = X
Staus Regsie Deta
Read Add = X
Check SRL7
Stardby 1 <WSA Ready e
0=WSM Busy
bck Erase Compl e
Stardby 1 » 8bck Erase Suspended
0= 8lbck Erase C'a.mpmd
Muit) Word/Byte Wite Erase Data = DOH
Wite Resume Add = X

Aead Array Data No (MUt Word/Byte Wrte Loop

Yes
Copr—

Figure 10. Block Erase Suspend/Resume Flowchart
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s e ; c .
Qperdion
Wiis Mult) Word/Byie w:m’ Oat = BOH
Suspend Add = X
Staus Regste Data
Road Add o X
Check SR.7
Stary 1 «WSM Ready
0=WSM Bwy
Check SR2
Stardby 1 = (Muli) Word/Byte Wrie Suspended
0 = (Muti) Word/Byte Wrile Completed}
Data = FFH4
Wrie Read Asray Add = X
Read Array Locations other
Read E
than ‘hat being written.
Data = DOM
Wrke Mult) Word/Byte Wite Addr =X

Resume

(Mult) Word/Byte Wi

Figure 11. (Mult) Word/Byte Write Suspend/Resume Flowchart
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Wile O1H

Wete O0H
Block Addess

Set Block Lock-Bt
Successiul

FULL STATUS CHECK PROCEDURE

Figure 12,

Bus
Command Commants
Qperaion
Wike Set Slock Dets = 80H
Lock-B2 Setp | Add = Bock Address
Set Block Datz = O1H
Wits Lock-82 Confim | Addr = Bock Address
Pead Staus Regstw Daia
Check SA.7
Stardby 1= WSM Ready
0=WSM Busy
Repeat for subsequent Hock lock-tit st operatons.

Fdll stauis check aan be dore after
or after a sequence of block lccleb

Wrie FFH afer the last biock lock-bX sat qperaion 1o place device in

sach blcck lodk-Dit set operalon
s& openstiors.

ead aray mode.
Bus c
Operation e

Check SA.1

Stardby 1 = Devics Protect Detect
WPS aVIL
Check SR, S

Standby Both 1 « Commard Sequerce Error
Check SR4

Stansdy 1= Sat Biock LockBR Eror

SRS, SR.4 end SA.1 s ony deared Dy the Clear Staus Megadr
canmand in cases where muliple biack lock-bib ae sat before ful

sttus 8 checked.

It enor is detechd, clear the atus Register before aftemping retry @

other eor recovery.

Set Block Lock-Bit Flowchart
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Bus
Command Commaents
Opersion
Gar Bock Oata = 60H
Wite Lock-Bits A = X
Sekp
G 8ot [ oy oo
Wee Lock AdS s X
Read Saus fegste Oam ,
Check SR.7
Stardby 12 WSM Ready
0= WSM Busy
Wre FFH afar te Clear Bock Lodck-Bis cperaion to placs devias in
road arey made. -
FULL STATUS CHECK PROCEDURE
Bus
Opoeration Commend Comments
Check SR.1
Stardby 1 = Device Protect Datect
WP = VIL
Check SRL4, S
Both 1 = Command Sequerce Error
Check SRS
Standby 1 = Sa Block LockBits Enor
Set Block Lock-Bits SRS, SR4 and SR.1 are only deaed by the Clear Staus Regser
sy canmand.
¥ emor is deteced, claar the Status Ragister belore attemping retry &
other enor recovery.

Figure 13. Clear Block Lock-Bits Flowchart

Revision 0.3




SHARP

PRELIMINARY

S5 DESIGN CONSIDERATIONS
8.1 Three-Line Output Control

The device will often be used in large memory
amays. SHARP provides three contrd inpus
accommodate  muitiple memory  connections.
Three-Line control provides for:

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

To use these control inputs efficiently, an address
decoder should enable CE# while OE# shoud be
connected to al memory devices and the system's
READ# control line. This assures that only
selected memory devices have active outputs while
deselected memory devices ars in standby mode.
RP# shoud be connected to the system
POWERGOOD signal to prevent unintended writes
dwing system power ¥ansitions. POWERGOOD
should also togge during system reset

5.2 Plower 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 flling and rising
edges of CE# and OE# Transient current
magnitudes depend on the device outputs'
capacitive and inductive loading Two-ine control
and proper decoupling capacitor selection will
suppress transient voltage peaks. Each device
should have a ceramic capacitor connected
between its Vec and GND. These high-frequency,
low inductance capacitors should be placed as
close as possible b package leads.

8.3 Vcc, RP# Transitions

Block erase, full chip erasa, (muit) wordbyte wite
and block lock-bit configuration are not guaranteed
f Vo fafs outside of a Voo rangs, or RP#aViL
The asborted operaon may leave data partially
altered. Theredore, the command sequence must
be repeated after norma operation is restored.
Device poweroff or RP# transitions o Vi clear
the status register.

The CUI laches commands issued by system
software and is not atered by CE# tansitions or
WSM actions. Its state is read amay mode upon
power-up, afier exit from deep power-down or after
Vec Fansitions below Vixo:

5.4 Power-Up/Down Protection

The device is designed to offer protection against
accidental block and ful chip erasure, (mul)
wordbyte wriing or block lock-bit configuration
duing power transifons.

Intema circutry resats the CUl to read amay
mode at power-up.

Since both WE# and CE# must be low for a
command write, diving either to VIH wil inhibit
writes. The CUl's two-step sommand sequence
architecture provides added level of protection
against data alteration.

In-system block lock and unlock capability prevents
inadvertent data afteration. The device is disabled
while RP#=Vi. regardess of its control inputs state.

5.5 Power Dissipation

Deep powerdown mode ensures extremely low
power consumption even when system power is
applied. For example, portable compuling products
and other power sensitive applications hat use an
amay of devices for solid-state storage can
consume negligible power by lowering RP# to Vi
standby or sleep modes. If -access is agan
needed, the devices can be read following the
towov and tww wake-up cycles required efter RPH
is first raised to V. See AC Characteristics--
Read Only and Write Operations and Figures 16,
17, 18, 19 for more information. :
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6 ELECTRICAL SPECIFICATIONS
6.1 Absoiute Maximum Ratings*

Commercial Operating Temperature
During Read, Erase, Write and
Block Lock-Bit Configuration......0°Cto + 70°Cqy
Temperatwre under Bias............. -10°C b +80°C

Sborage Temperalure.........c.ovreee..-. £5°Cto+ 125°C

Voltage On Any Pin
(excopt Vot ..cvriceeensencrenes 05Vtio Ve + 0.5Via

Vo Supply Voltage 02V104.6Va

Outpuwt Short Circuit Cumrent......e.cuiemecinin. 100mA

6.2 Operating Conditions

NOTICE: This datasheet contains information on
products in the design phase of development Do
nct finalize a design with this informaton. Revisad
infomation wil be published when the product is
avalable. Verfy wih youwr local SHARP Sdes
office that you have the latest datasheet before
findizing a design.

*WARNING: Sressing he device beyond the

"Absdute Maximum Ratings® may cause permanent

damage. These are Stress ratings only. Operation

beyond the ‘Operating Condiions® 8 not
recommended and extended exposure beyond the

*Operating Conditions® may affect device reliability.

NOTES:

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

2. Al specified voltages are with respect to GND.
Minimum DC wvoitage is 0.5V on input/output
pins and 02V on Ve pins. During transifions,
tis level may undershoot to 2.0V for periods
<20ns. Maximum DC voftage on inputoutput
pins and Vec is Vec +0.5V which, during
ransitions, may overshoot to Vec +20V for
periods <20ns.

3. Output shorted for no more than one second.
No more than one oulput shorted & a time.

Temperature and Vcc Operating Conditions

Symbol Parameter Min. Max Unit Test Condition
Ta Operating Temperature 0 +70 °C Ambient Temperature
Ve Vec Supply Voltage (3.3V £ 0.3V) 30 36 \"

6.2.1 CAPACITANCE(,
Ta = +25°C, f= 1MHz

Symbol Paramaeter Typ. Max Unit Condition
Cn Inpwt Capacitance 7 10 pF Vin=0.0V
Cour | Output Capacitance 9 12 pF Vour =0.0V

NOTE:

1. Sampled, not 100% tested,
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6.2.2 AC INPUT/OUTPUT TEST CONDITIONS

INPUT 15V-4——TEST PONT—»1 {VX OUTPUT

AC test inputs are driven at 3.0V for a Logc *1* and 0.0V for LOGIC °0" Input
timing begins, and output fming ends, a 1.5V. lnput rise and fall imes (10% to

90% ) < 10ns.

Figure 14. Transient Input/Output Reference Waveform

- 13V

t 1Ng14

RL = 3.3kQ
DEVICE
UNDER —QO out
TEST

Clindudes Jg ~ _ L
Capacitance

Output Load Capacitance
CL = 50pF

Figure 15. Transient Equivalent Testing Load Circuit
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6.2.3 DC CHARACTERISTICS

Sym. Parameter Notes | Typ.| Max | Unit Test Conditions

Vee=VecMax

Vin=Vee or GND

Vec=VecMax

Vaura=Vec or GND

CMOS Input

lccs |Vec Standby Current 1,3 20 100 | uA | Vee=VecMax

CE#=RP#aVcct02V

TTL Input

1 4 mA | Vce=sVecMax -
* | CE#=RP#=Vn

Vec Deep Power-Down RP#=GND 0.2V

Curmrent four=0mA

CMOS nput

Vee=VecMax, CE#=GND

lccR |Vec Read Cument 1,3 95 mA | f=5MHz

lout=0mA

lu |inpwt Load Current 1 +05| #A

o |Output Leakage Current 1 +05| uA

TTL Input
Vce=VecMax, CE#=ViL
100 mA | f=8MHz

lour=0mA

Write Cument
(Mut)WB Write or 90 mA
Set Block Lock Bit)

Erase Current
lcce | (Block Erase, Full

Chip Erase, Clear 14 60 | mA
Block Lock Bits)

lccws | write or Block Erase

. CE#=Vin
lcces | suspend Cument .2 ! 7 mA !

Revision 0.3
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1.

Ll ol o

DC Characteristics (Continued )

Sym. Parameter Notes | Min. | Max.| Unit Test Conditions
Vi irput Low Voltage 4 05| 08 v
. Vee
. \'
Vin Inpwt High Voitage 4 20 +05
Vee=VecMin
Vo | Output Low Voltage 4 04 v jou=1.6mA
lov=-1mA
Viko {Vec Lockout Voltage 20 v
Vi | RP# Unlock Valtage 5 114 | 126 v Override Block Lock-Bit

NOTES:
Al currents are in RMS unless otherwise noted. Typical values at nominal Vcc voltage and

TA = 425°C.

ICCWS and ICCES are specified with the device de - selected. If read or byte wiitten while in

erase suspend mode, the device's current draw is the sum of ICCW or ICCES, respectively.
CMOS inputs are either VCC+02V or GND+0.2V. TTL inputs are either VIL or VIH.
Sampled, not 100% tested.

Block erases and (mult)jwordbyte writes are inhibited when the comesponding block-ock bit

is set and RP# =VIH. Block erase, (multijword/byte write, and lock-bit configuration
operations are not guaranteed with Vcc < 2.7V or VIH < RP# < VHH and shoud not be

attempted.

Revision 0.3

33



SHARP | PRELIMINARY

6.2.4 AC CHARACTERISTICS - READ-ONLY OPERATION (1)

Vee=3.3V+0.3V., Ta=0°C to +70°C

Sym. Parameter Notes Min. Max. | Unit
tavav Read Cycle Time 100 ns
taav | Address to Output Delay 100 ns
tewav CE# to Output Delay 2 100 ns
travav | Pagemode Address to Output Delay 50 - ns
teHov RP# High to Output Delay 600 ns
taLav OE# v Output Delay 2 45 ns
teLax CE# to Output in Low Z 3 0 ns
tewaz | CE# High to Output in High Z 3 50 ns
tarax OE# © Cutput in Low 2 3 0 ns
ta+az OE# High o Qutput in High Z 3 25 ns
o OQutput Hod from -Addness. CE# or 3 0 ns

O&# Change, Whichever Occurs First
tRav | BYTEK to Output Delay 3 100 ns
trHav
troz | BYTE# to Output in High Z 3 30 ns
{‘:ﬁ CE# Low to BYTE# High or Low 3 5 ns
NOTES :

1. See AC inputOutput Referance Waveform for maximum allowable input slew rate.

2. OE# may be ddlayed up b teLov- taov after the falling edge of CE# without
impact on telav.

3. Sampled, not 100% tested.
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Vin
CE#E) /

\' ¥

A", 7]
OE¥G)

wt

Standby

Device

Address Salecton

Address Stable

|
st XX
L

tAvav

-

\

4

\ ]
—
teLav ‘w"
R -
HGHZ (<<< g(Valid Output }
tAvav T

HIGH Z

»

tPHQv

N

Figure 16. AC Waveform for Normal Read Cycle Operations

.

VIH
ADDRESS Address
A3 -A19 ViL Stable
Vi Address (  Address /~ Address Address
ADDRESS )( X
A1-A2 \ _Stable Stable \ Stable Stable
CEXE)
ViL
ViH
OEH#(G)
v
travav travav travav >
DATA(D/Q\)IOH Valia >>3K<<§! Valid >X< g{ Vaild >>X<<§( Vaiid
vou Qutput N Outggz K_Output, . X_Out

Figure 16.1. AC Waveform for Pagemode Read Cycle Operations
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Davica

Standoy Address Selection
souressn) g UXKXXXXX
Wi

tavav
CE#E) h \L / \
Vn.-/ tenez I
tafetejn |
V‘H A J »
OEHG) / 5 tenaz e
teLmt 4
kg trLovetava >
Vi QVe v - -
BYTE#W) taav _/
vt S offl P
tE"m‘-ttaar ”
VOH ¢ ELaX » - HGH Z
DATA(D/Q) HIGH Z V777 i/ Vahd
LKL Dam Ouput XM —
VoL tavav )
r ‘ tercz
oaTAD/Q) Y HIGH Z ] <<<§(Daa AN HGHZ
{0Qs-DQAs) 7 R Output/// /Y

Figure 17. BYTE# Timing Waveforms
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6.2.5 AC CHARACTERISTICS — WRITE oPeRATIONS (¥

Veea3.3V+0.3V, Ta=0C to +70°C

Sym. Parameter Notes Min. Max Unit
%‘ ——re— |
tavav Write Cycle Time 100 ns
tPHaL | RP# High Recovery to WE# Going Low 2 1 Hs
tew | CE# Setup b WE# Going Low 10 ns.
twwve | WE# Puse Width 50 ns
terwe | RP# Vi Setup to WE# Going High 2 100 ns
tawn | Address Setup to WE# Going High 2 100 ns
tovws | Data Setup to WE# Going High 3 S0 ns
twrox | Data Hold from WE# High 3 50 ns
WHAX | Address Hold from WE# High 5 ns
twiet | CE# Hold from WE# High 10 ns
twiw. | WE# Pulse Width High 30 ns
twHaL | Write Recovery before Read 0 ns

NOTES :

1.Read ming characteristics during block erase, full chip erase, (mult) wordbyte write and
block lock-bit configuration 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 AIN and DIN for block erase, ful chip erase, (mult) word/byte
write or block lock-bit configuration.
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aooressa) v JI) ) X R D

el
v % tWHaX

e, /) /S S

teLwe twheH

owe ' [ /"

twhHaovi2se
ViH 4
WE# W) ViL / % U
twivn
o
OATADIG) (' HahZ D} (O (e C)
tPHWL
iy
RP#P) . ]

NOTES:

. Vce power-up and standby.

. Write erase or write setup.

. Write erase confirm or valid address and data.
. Automated erase or program delay.

. Read status register data.

. Write read aray command.

DD HWON -

Figure 18. AC Waveform for WE#-Controlled Write Operations
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8.2.6 ALTERNATIVE CE#-CONTROLLED wames'?

Vee=3.3V0.3V. Ta=0C to +70°C

Sym. Parameter Notes Min. Max Unit
8 — ]
tavav Write Cycle Time 100 ns
tPva. | RP# High Recovery to CE# Going Low 2 1 Mus
twier | WE# Setup to CE# Going Low Q ns
teled | CE# Puse Width 70 ns
trred | RP# Vi Setup to CE# Going High 2 100 - ns
tAvEH | Address Setup to CE# Going High 2 50 ns
toves | Data Setup to CE# Going High 3 50 ns
tevox | Data Hold from CE# High 3 5 ns
EHAX | Address Hold from CE# High 5 ns
tenws | WE# Hold from CE# High o ns
teva, CE# Pulse Width High 25 ns
teraL Write Recovery before Read 0 ns

NOTES :

1.1n system where CE# defines the write pulse widh (within a longer WE# timing waveform),
all setup, hold and inactive WE# times should be measured relaive to CE# waveform.

2. Sampled, not 100% tested.

3. Refer to Table 4 for valid AIN and DIN for block erase, full chip erase, (multi word/byte
write or bilock lock-bit configuration.

Revision 0.3
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/'}\V—'Jz\ﬁ/_/s\'_\f—"t—\/ 2 \/—L\

Figure 19. Alternate

ViH ] LYY
sooresse) v T YOO R Y
ViH taav *uva-i
. twiEL tErMM
H 3
OE#G) Vie / \ /
te tEHOV1.234
Vi .
CENE) v S \Wi
teLen
oataie) ¥ Hanz| gt i
A( , V'L DN f On \\‘m @
=
rP¥p) ™
L
NOTES:
1. Veec power-up and standby.
2. Write erase or wiite setup.
3. Write erase confirm or valid address and data.
4. Automated erase or program delay.
5. Read staus register data.
6. Write read array command.

AC Waveform for CE#-Controlled Write Operations
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6.2.7 RESET OPERATIONS

. —
tPLA

(A) Reset Dwring Read Amay ModeBlock Erase, Full
Chip Erase, (Mult) Word/Byte Write or Block
Lock-Bit Configuration

3.3v [
Vee ViL 1
P =
VIH /
L2
B8) Vcc Power Up Timing
Figure 20. AC Waveform for Reset Operation
Reset AC Specifications
Sym, Parameter Notes Min. Max Unit
tren | RP# Pulse Low Time
(f RP# is tied to Vcc, this specification is 100 ns
not applicable.)
tsved | Vec at 3.0V to RP# High 1 50 | MS
NOTES:

1. When the device power-up, holding RP# low minimum 100ns is required
after Vcc has been in predifined range and also has been in stable there.
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6.2.8 BLOCK ERASE, FULL CHIP ERASE, (MULTI) WORD/BYTE WRITE
AND BLOCK LOCK-BIT CONFIGURATION PERFORMANCE @

Vec=3.3VE0.3V. Tas0Ct0+70°C

1)
Sym. Parameter Notes [ Min. Typf Max | Unit
twhovt | Word/Byte Write Time 2 2175 | TBOD us
tenavt | (using W/B write, in word mode)
twhovt | Word/Byte Write Time 2 1951 | TBD us
teravt | (using W/B write, in byte mode) )
Word/Byte Write Time 2 566 | TBD us
(using multi word/byte write)
Block Write Time 2 089 TBD- sec
(using W/B write, in word mode) '
Block Write Time
) D sec
(using W/B write, in byle mode) 2 18 T8
Block Write Time sec
(using muiti word/byte write) 2 036 T80
twhQv
tEHW: Block Erase Time 2 0.55 TBD sec
Ful Chip Erase Time 2 17.8 T80 sec
twravs Set Block Lock-Bits Time 2 1.75 T80 us
tenava 21.
twHave .
OV Clear Block Lock-Bits Time 2 055 T80 sec
‘t::::‘ Write Suspend Latency Time to Read 71 | 10 us
W2 | e ase Suspend Latency Time to Read 152 | 211 us
NOTES :

1.

Jock-bits are not set. Subject to change based on device characterization.

Excludes system-level overhead.
Sampled but nat 100% tested.

Typical values measured at TA = +25°C and nominal voitage. Assumes comesponding block
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