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

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

i

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

«Office electronics

eInstrumentaticn and measuring equipment
sMachine tools

+Audiovisual equioment

eHome appliance

sCommunication equipment other than for trunk lines

(2) Those contemplating using the products ccvered herein for the following equipment
which demands _high reliability, shouid 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 system.

eControl and safety devices for airplanes, trains, automobiles, and other
transportation equipment

eMainframe computers

sTraffic control systems

*Gas leak detectors and automatic cutoff devices

*Rescue and security equipment

«Other safety devices and safety equipment,etc.

(8) Do not use the products covered herein for the following equipment which demands
extremely high performance in terms of functionality, reliability, or accuracy.

eAerospace equipment

eCommunications equipment for trunk lines
eControl equipment for the nuclear power industry
eMedical 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.

Rev. 1.3
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LH28F004SCT-L85
4-MBIT (512 KB x 8)
SmartVoltage Flash MEMORY

® SmartVoltage Technology B High-Density Symmetrically-Blocked
— 2.7V(Read-Only), 3.3V or 5V V¢ Architecture
— 3.3V, 5V or 12V Vpp — Eight 64-Kbyte Erasable Blocks
A High-Performance B Extended Cycling Capability
— 385 ns Read Access Time — 106,000 Elock Erase Cycles

— 0.8 Million Block Erase Cycles/Chip |
A Enhanced Automated Suspend Options

— Byte Write Suspend to Read Low Power Llanagement i
— Block Erase Suspend to Byte Write — Deep Power-Down Mode
— Block Erase Suspend to Read — Automatic Power Savings Mode

Cecreases Ig¢ in Static Mode
# Enhanced Data Protection Faatures

— Absolute Protection with Vop=GN M Autcmated Eyte Write and Block Erase
— Flexible Block Locking : — Command User Interface :
— Block Erase/Byte Write Lockout — Status Register

during Power Transitions
B ETOXTM V Nonvolatile Flash

Industry-Standard Packaging Technology

— 40-Lead TSOP
B Not designed or rated as radiation

B SRAM-Compatible Write Interface hardened

SHARP's LH28F004SCT-L85 Flash memory with SmartVoltage technology is a high-density, low-cost, nonvolatile,
read/write storage solution for a wide range of applications. Its symmetrically-blocked architecture, flexible voitage
and extended cycling provide for highly fiexible component suitable for resident flash arrays, SIMMs and memory
cards. lts enhanced suspend capabilities provide for an ideal solution for code + data storage applications. For
secure code storage applications, such as networking, where code is either directly executed out of flash or
downloaded to DRAM, the LH28F004SCT-L85 offers three levels of protection: absolute protection with Vpp at
GND, selective hardware block locking, or flexible software block locking. These alternatives give designers
ultimate control of their code security needs.

The LH28F004SCT-L85 is manufactured on SHARP's 0.4uym ETOX™ V process technology. It comes in:

industry-standard packages: the 40-lead TSOP, ideal for board constrained applications. Based on the 28F008SA .
architecture, the LH28F004SCT-L85 enables quick and easy upgrades for designs demanding the state-of-the-art.

"ETOX is a trademark of Intel Corporation.

Rev. 1.2
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1 INTRODUCTION

This  datasheet contains LH28F004SCT-L85
specifications. Section 1 provides a flash memory
overview. Sections 2, 3, 4, and 5 describe the
memory organization and functionality. Section 6
covers electrical specifications. LH28F004SCT-L85
Flash memory documentation also includes
application notes and design tools which are
referenced in Section 7.

1.1 New Features

The LH28F004SCT-L85 SmartVoltage Flash memory
maintains backwards-compatibility with SHARP's
2BFO08SA. Key enhancements over the 28F008SA
incluce:

eSmartVoltage Technology
*Erhancad Suspend Capabilities
*In-System Block Locking

Both devices share a compatible pinout, status
register, and software command set. These
similarites enable a clean upgrade from the
28F008SA to LH28F004SCT-L85. When upgrading, it
is important to note the following differences:

*Because of new feature support, the two devices
have different device codes. This allows for
software optimization.

*Vpp k has been lowered from 6.5V to 1.5V to
Support 3.3V and 5V block erase, byte write, and
lock-bit configuration operations. Designs that
switch Vpp off during read operations shouid make
sure that the Vpp voltage transitions to GND.

*To take advantage of SmartVoltage technology,
allow Vg connection to 3.3V or 5V.

1.2 Product Overview

The LH28F004SCT-L85 is a high-performance 4-Mbit
SmanVoitage Flash memory organized as 512 Kbyte
of 8 bits. The 512 Kbyte of data is arranged in eight
64-Kbyte blocks which are individually erasable,
lockable, and unlockable in-system. The memory
map is shown in Figure 3.

SmartVoltage technology provides a choice of Vee
and Vpp combinations, as shown in Table 1, to meet
system performance and power expectations. 27V,
Ve consumes approximately one-fith the power of
SV Vge. But, 5V Vo provides the highest read
performance. Vpp at 3.3V and 5V eliminates the need ;
for a separate 12V converter, while Vpp=12V
maximizes block erase and byte write performance.
In addition to flexible erase and program voltages, .
the dedicated Vpp pin gives ccmplete data protection T
when VPP < VPPLK‘ !
Table 1. V¢c and Vpp Voitage Combinations
Offered by SmartVoltage Technology i

Ve Voitage ! Vpp Voltage
2.7vih ; — ¥
3.3V : 3.3V, 5V, 12V P
5V i 5V, 12V |

NOTE: .
1. Block erase, byte write and lock-bit configuration (
operations with V~~<3.0V are not supported.

|
Internal Voo and  Vpp  detection  Circuitry
automatically configures the device for optimized-
read and write operations. 1
A Command User Interface (CUI) serves as thej
interface between the system processor and internal
operation of the device. A valid command sequence;
written to the CU! initiates device automation. An .
internal Write State Machine (WSM) automatically -
executes the algorithms and timings necessary for
block erase, byte write, and lock-bit configuration
operations.

A block erase operation erases one of the device's .
64-Kbyte blocks typically within 1 second (5V Vg,
12V Vpp) independent of other blocks. Each block
can be independently erased 100,000 times (0.8
million block erases per device). Block erase suspend
mode allows system software to suspend block erase
to read or write data from any other biock.

Writing memory data is performed in byte increments :
typically within 6 us (5V Vgg, 12V Vpp). Byte writeé
suspend mode enables the system to read data or,
execute code from any other flash memory array:
location. ’

|

|

i

t

Rev. 1.2
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Individual block locking uses a combination of bits,
eight block lock-bits and a master lock-bit, to lock and
uniock blocks. Block iock-bits gate biock erase and
byte write operations, while the master lock-bit gates
block lock-bit modification. Lock-bit configuration
operations (Set Block Lock-Bit, Set Master Lock-Bit,
and Clear Block Lock-Bits commands) set and
cleared lock-bits.

The status register indicates when the WSM's block
erase, byte write, or lock-bit configuration operation is
finished.

The RY/BY# output gives an additional indicator of
WSM activity by providing both a harcware signal of
status (versus software polling) and status masking
(interrupt masking for background block erase, for
example). Status polfing using RY/BY# minimizes
both CPU overhead and system power consumption.
When iow, RY/BY# incicates that the WSM is
perferming a block erase, byte write, or lock-bit
configuration. RY/BY#-high indicates that the WSM is
ready for a new command, biock erase is suspended
(and byte write is inactive), byte write is suspended,
or the device is in deep power-down mode.

The access time is 85 ns (tyyay) Over the commercial
temperature range (0°C to +70°C) and Vs supply
voltage range of 4.75V-5.25V. At lower V. voltages,
the access times are 90 ns (4.5V-5.5V), 120 ns
(3.0V-3.6V) and 150 ns (2.7V-3.6V).

The Automatic Power Savings (APS) feature
substantially reduces active current when the device
is in static mode (addresses not switching). In APS
mode, the typical locg currentis 1 mA at 5V V.

When CE# and RP# pins are at Vi, the Icc CMOS
standby mode is enabled. When the RP# pin is at
GND, deep power-down mode is enabled which
minimizes power consumption and provides write
protection during reset. A reset time (tppqy) is
required from RP# switching high until outputs are
valid. Likewise, the device has a wake time (tppg,)
from RP#-high until writes to the CUI are recognized.
With RP# at GND, the WSM is reset and the statu
register is cleared. -

The device is available in 40-lead TSOP (Thin Small
Outline Package, 1.2 mm thick). Pinout is shown in
Figure 2.

Rev. 1.2
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Figure 1. Block Diagram
NC 1 40 NC
Ars 2 O 39— NC
Ay ——3 38 /1 WE#
Ay C— 4 37 [—— OE#
A;s L5 36 T RY/BY#
Ay, T— 6 35 ——1 DGy
Ay 37 34— DQg
A T8 - 3B/ DQs
CE# —9 40-LEAD TS'OP 32 /3 DQ.
Ve T 10 STANDARD PINOUT 3 Vee
Vep T 11 30 —3 GND
RP¥ — 12 10mm x 20mm 29—/ anD
Ay C—13 TOP VIEW 28 —3 DQ,
A T— 14 27 1 DQ,
Ay C— 15 26 —3 DQ,
Ay T—= 16 25 1 DQ,
A, C— 17 24 T p,
Ay T— 18 23 =1 A,
As —— 19 2 a,
—J20 —

21

Figure 2. TSOP 40-Lead Pinout
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Table 2. Pin Descriptions

Type

Name and Function |

INPUT

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

INPUT/
OUTPUT

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

INPUT

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

RP#

INPUT

RESET/DEEP POWER-DOWN: Puts the device in deep power-down mode and resets
internal autcmation. RP#-high enables normal operation. When driven low, RP# inhibits
writ2 cperations which provides data protection during power transitions. Exit from deep
Fower-down sets the device to read array mode. RP# at V,y,, enables setting of the
master lock-bit and enables configuration of block lock-bits when the master lock-bit is
set. RP#=V_, overrides block lock-bits thereby enabling block erase and byte write
Cperations to lecked memory blocks. Block erase, byte write, or lock-bit configuraticn
with V.,<BP#<V,,, produce spurious results and should not te attempted.

OE+

INPUT

CUTPUT ENABLE: Gates the device's outputs during a read cycle. i

L VE#

INPUT

WRITE ENABLE: Conirols writes to the CUI and array blocks. Addresses and data are
latchied on the rising ecge of the WE# pulse.

RY/BY#

OUTPUT

READY/BUSY#: Indicates the status of the internal WSM. When low, the WSM is
Fer'orming an internal operation (block erase, byte write, or lock-bit configuration).
RY.BY#-high indicates that the WSM is ready for new commands, block erase is
suscended, and byte write is inactive, byte write is suspended, or the device is in deep
power-down mode. RY/BY# is always active and does not float when the chip is
deselected or data outputs are disabled.

SUPPLY

BLCCK ERASE, BYTE WRITE, LOCK-BIT CONFIGURATICN POWER SUPPLY: For
erasing array blocks, writing bytes, or configuring lock-bits. With Vps<Vpp) «, memory
contents cannot be altered. Block erase, byte write, and lock-bit configuration with an
invalid Vpp (see DC Characteristics) produce spurious results and should not be
attempted.

SUPPLY

DEVICE POWER SUPPLY: Internal detection configures the device for 2.7V, 3.3V or 5V
operation. To switch from one voltage to another, ramp V¢ down to GND and then ramp
V¢ to the new voltage. Do not float any power pins. With Vo<V xq, all write attempts
to the flash memory are inhibited. Device operations at invalid V¢ voitage (see DC
Characteristics) produce spurious results and should not be attempted. Block erase. byte
write and lock-bit configuration operations with V~~<3.0V are not supported.

GND

SUPPLY

GROUND: Do not float any ground pins.

NC

NO CONNECT: Lead is not internal connected; it may be driven or floated.

Rev. 1.2
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;2 PRINCIPLES OF OPERATION

. The LH28F004SCT-L85 SmartVoltage Fiash memory
!includes an on-chip WSM to manage block erase,
| byte write, and lock-bit configuration functions. It
i allows for: 100% TTL-level control inputs, fixed power
. supplies during block erasure, byte write, and lock-bit
i configuration, and minimal processor overhead with

" RAM-Like interface timings.

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

!

' Status register and identifier codes can be accessed

through the CUI independent of the Vpp voitage. High
,voltage on Vpp enables successful biock erasure,
. oyte writing, and lock-bit configuration. All functions
_associated with altering memory contents-block
, erase, byte write, Lock-bit configuration, status, and
i identifier codes-are accessed via the CUl and
| verified through the status register.

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

Interface software that initiates and polls progress of
block erase, byte write, and lock-bit configuration can
be stored in any block. This code is copied to and
executed from system RAM during flash memory
updates. After successful completion, reads are
again possible via the Read Array command. Block
erase suspend allows system software to suspend a
block erase to read or write data from any other
block. Byte write suspend allows system software to

suspend a byte write to read data from any other
flash memory array location.

TRRRE 64-Kbyte Block 7
70090
SFFFF 64-Kbyte Block 6
60000
SFFPF 64-Kbyte Block 5
50092
i 64-Kbyte Block 4
40000
3FFER 64-Kbyte Block 3
30000
S 64-Kbyte Block 2
20260
1FFFE 64-Kbyte Block 1
10000 ‘
OFFFF 64-Kbyte Block ol
00CCo g

Figure 3. Memory Map

2.1 Data Protection

Derending on the application, the system designer
may choose to make the Vgp power supply
switchable (available only when memory block
erases, byte writes, or lock-bit configurations are
required) or hardwired to Vppyyos. The device
accommodates  either design practice and
encourages optimization of the processor-memoryz

interface. ;
|

When Vpp<Vpp , memory contents cannot be |
altered. The CUI, with two-step block erase, byte!
write, or lock-bit configuration command sequences, '
provides protection from unwanted operations even
when high voltage is applied to Vpp. All write!
functions are disabled when V¢ is below the write
lockout voltage V| xo or when RP# is at V.. The:
device's block locking capability provides additional
protection from inadvertent code or data alteration by
gating erase and byte write operations. §

Rev. 1.2



SHARP

LHF04CO1 8

3 BUS OPERATION

The lccal CPU reads and writes flash memory
"in-system. All bus cycies to or from the flash memory
* conform to standard microprocessor bus cycles.

3.1 Read

Informaticn can be read from any block, identifier
ccdes, or status register incependent of the Vpp
vcitage. RP# can be at either V, or V.

The first task is to write the appropriate read mcde
ccmmand (Read Array, Read Identifier Codes, cr
Read Status Register) to the CUI. Upon initial device
power-up or after exit from deep power-down mode,
the devicz automatically resets to read array mode.
Four control pins dictate the data flow in and out of
the component: CE#, OE#, WE#, and RP#. CE# and
OE# must be driven active to obtain data at the
outputs. CE# is the device selection control, and
when active enables the selected memory device.
OE# is the data output (DQy-DQ;) control and when
active drives the selected memory data onto the /O
bus. WE# must be at V| and RP# must be at V, or
- V- Figure 15 illustrates a read cycle.

3.2 Output Disable

~With OE# at a logic-high level (V}), the device
;Outputs are disabled. Output pins DQy-DQ; are

: placed in a high-impedance state.
!

‘ 3.3 Standby

i CE# at a logic-high level (V) places the device in
‘standby mode which substantially reduces device
; power consumption. DQ,-DQ, outputs are placed in
a high-impedance state independent of OE#. If
! deselected during block erase, byte write, or lock-bit
configuration, the device continues functioning, and

consuming active power until the operation
completes.

3.4 Deep Power-Down
RP# atV, initiates the deep power-down mcde.

In read modes, RP#-low deselects the memory.
places output drivers in a high-impedance stats and
turns off all internal circuits. RP# must be heid low fcr
a minimum of 100 ns. Time tpyqy is required after
return from power-down until initial memory accass
outputs zre valid. After this wake-up intervai, normai
operation is restored. The CUl is reset to reac array
mode anc status register is set to 80H.

During blcck erase, byte write, or lock-bit
configurazion modes, RP#-low will atort the
operation. RY/BY# remains low until the resst
operation is complete. Memory contents being
altered arz no longer valid; the data may be partizlly
erased or written. Time toywy iS required aiter RP=
goes to legic-high (V) before another command can
be writter.

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

Rev. 1.2
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3.5 Read ldentifier Codes Operation

The read identifier codes operation outputs the
manufacturer code, device code, tlock lock
configuration codes for each block, and the master
lock configuration ccde (see Figure 4). Using the
manufacturer and device codes, the system CPU can
automatically match the device with its proper
algorithms. The block lock and master lock
configuraticn codes identify lccked anc unlccked
blocks and master lock-bit setting.

TFFFF
. . Reservedfcr
70C34 -y Futurs implemertation
70038 :
70¢22 Bleck 7 Lock Cenfiguraticn Cece
70001 _ Reserved for
S Future Implementation ;
700:¢ __ Block7]
i . (Blocks 2 through 6)
1FFFE
.. :Reservedfor: -
10064} . . Future Implementation
woosf
10002 Block 1 Lock Configuration Code
10001} . Reserved for.
. .1 % Future Implementation
10000 - Block 1
OFFFF RN o
Reserved for-
" I Future Implementation
00004 : :
00003 Master Lock Configuration Code
00002 Block 0 Lock Configuration Code
00001 Device Code
00000 Manufacturer Code  gjock of

Figure 4. Device Identifier Code Memory Map

3.6 Write

Writing commands to the CUl enable reading of
device data and identifier codes. They also control
inspection and clearing of the status register. When
Vpp=Vppui3, the CUI additionally controls bleck
erasure, byte write, and lock-bit configuration. !

The Block Erase command requires apprcpriate
command data and an address within the block to be
erased. The Byte Write command requires the
command and address of the location to be writtan. |
Set Master and Block Lock-Bit commands recuire the
command and address within the device (Master
Lcek) or block within the device (Bleck Lock) to be
locked. The Clear Block Lock-Bits command reguires
the command and address within the devica.

The CUI does not occupy an addressable memory
location. It is written when WE# and CE# are active.
The adcress and data needed to execute a ccmmand
are latched on the rising edge of WE# or CE#
(whichever goes high first). Standard microprocessor
write timings are used. Figures 16 and 17 iilustrate
WE# and CE#-controlled write operations. )

4 COMMAND DEFINITIONS J
When the Vpp voltage £ Vpp k, Read operations
from the status register, identifier codes, or blocks -
are enabled. Placing Vpppypnz 00 Vpp enables
successful block erase, byte write and lock-bit
configuration operations.

Device operations are selected by writing specific
commands into the CUI. Table 4 defines these

commands.

i




SHARP

Do

1. Refer to DC Characteristics. When Vop<Vpp «, memory contents can be read, but not altered.
2. Xcanbe V)_or V, for control pins and addresses, and Vpp_k Of Vppy/213 for Vpp. See DC Characteristics for
VPPLK and VPPH1/2/3 VO'tageS.
3. RY/BY#is Vo when the WSM is executing internal block erase, byte write, or lock-bit configuration algorithms.
Itis Vo during when the WSM is not busy, in block erase suspend mode (with byte write inactive), byte write
suspend mode, or deep power-down mode.
RF# at GND0.2V ensures the lowest deep power-down current.
See Section 4.2 for read identifier code data.
Command writes involving block erase, write, or lock-bit configuration are reliably executed when Vpp=Vpepy/2/3
and Vee=Vecoaa- Block erase, byte write, or lock-bit configuration with Vs<3.0V or V| <RP#<V,, produce
spurious results and should not be attempted.
7. Refer to Table 4 for valid Dy during a write operation.
8. Don't use the timing both OE# and WE# are V.

LHF04CO1 10
Table 3. Bus Operations
Mode | Notes RP# CE# | OE# | WE# | Address | Vpp DQ,. -, RY/BY#
Read 1,238 V'*::' v | v fove | X X | Doyr X
Output Disable 3 | O v | v | v | X X | Hghz | x |
Standby VRO vy | x| X X X | Highz | x
W%}
Deep Power-Down Vy X X X X X High Z Vax
- Vi or See

Read Icentifier Codes \‘;: N VL Vi | VM | Fiqurea | X Note 5 Vou
Write 3678 | WO v | v | v | x X Diy X
NOTES:

Rev. 1.2
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first).

be done while RP# is V,,,.

should not be used.

ID=Data read from identifier codes. »
4. Following the Read Identifier Codes command, read operations access manufacturer, device, block lock, and
master lock codes. See Section 4.2 for read identifier code data.
5. If the block is locked, RP# must be at V},,, to enabie block erase or byte write operations, Attempts to issue a
block erase or byte write to a locked block while RP# is Vi
6. Either 40H or 10H are recognized by the WSM as the byte write setup.
7. It the master lock-bit is set, RP# must be at Vy, to set a block lock-
lock-bit. If the master lock-bit is not set, a biock lock-
8. If the master lock-bit is set, RP# must be at V, to clear block lock-bits. The clear biock lock-bits operation
simultaneously clears all biock lock-bits. If the master lock-bit is not set, the Clear Block Lock-Bits command can

1. BUS operations are defined in Table 3.

!2. X=Any valid address within the device.
IA=Identifier 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 7 for a description of the status register bits.
WD=Data to be written at location WA. Data is latched on the rising edge of WE# or CE# (

LHF04CO01 11
Table 4. Command Definitions(®)
Bus Cycles| First Bus Cycle | Second Bus Cycle
Command Req'd. |Notes Oper() | Addr? | Data® | OperV | Addr® | Data®
Read Array/Reset 1 | Write X FFH :
Read Identifier Codes 22 | 4 Write X 90H Read IA D |
Read Status Register 2 | Write X 70H Read X SRD_ |
Clear Status Register 1 Write X 50H :
Block Erase 2 5 Write BA 20H Write BA DOH
40H
Byte Write 2 5,6 Write WA or Write WA WD
10H
Block Erase and Byte Write !
Suspend 1 ‘ 5 Write X BOH
Block Erase and Byte Write :
o 1| 5 | wit X DOH
Set Block Lock-Bit 2 7 Write BA 60H | Write BA 014
Set Master Lock-Bit 2 7 Write X 60H ! Write X F1H
Clear Block Lock-Bits 2 8 Write X 60H | Write X DOH
NOTES:

whichever goes high

bit. RP# must be at Vi to set the master
bit can be set while RP# is V.

9. Commands other than those shown above are reserved by SHARP for future device implementations and

Rev.1.2
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4.1 Read Array Command

Upon initial device power-up and after exit from deep
power-down mode, the device defaults to read array
mode. This operation is also initiated by writing the
Read Array command. The device remains enabled
for reads until another command is written. Once the
internal WSM has started a block erase, byte write or
lock-bit configuration, the device will not recognize
the Read Array command until the WSM completes
its operation uniess the WSM is suspended via an
Erase Suspend or Byte Write Suspend command.
: The Read Array command functicns indeperdently of
| the Vpp voltage and RP# can be Vy, or V.

4.2 Read ldentifier Codes Command

The identifier code operation is initiated by writing the
Read Identifier Codes command. Following the
| command write, read cycles from addresses shown in
. Figure 4 retrieve the manufacturer, device, tiock lock
configuration and master lock configuration codas
(see Table 5 for identifier code values). To terminate
the operation, write another valid command. Like the
Read Array command, the Read ldentifier Codes
command functions independently of the Vpp voltage
and RP# can be V|, or V. Following the Read
Identifier Codes command, the following information
can be read:

Table 5. Identifier Codes

Code Address Data
Manufacture Code 00000
Device Code | 00001
Block Lock Configuration | X0002(1)
#Block is Unlocked DQq4=0
eBlock is Locked DQqy=1

*Reserved for Future Use
Master Lock Configuration 00003

eDevice is Unlocked DQy=0

eDevice is Locked DQy=1

eReserved for Future Use DQ, .,
NOTE:

1. X selects the specific block lock configuration
code to be read. See Figure 4 for the device
identifier code memory map.

4.3 Read Status Register Command

The status register may be read to determine when a
block erase, byte write, or lock-bit configuraticn is
complete and whether the operation completed
successiuily. It may be read at any time by writing the
Read Status Register command. After writing this
command, all subsequent read operations output
data from the status register untii another valid
command is written. The status register contents are
latched on the falling edge of OE# or CE#, whichever
occurs. O=# or CE# must toggle to V, before further
reads to update the status register latch. Ths =ezad
Status Register ccmmand functions indepencen:y of
the Vpp veitage. RP# can be Vi or V.

4.4 Clear Siatus Register Command

Status recistar bits SR.5, SR.4, SR.3, and SR.® are
set to "1"s by the 'NSM and can only be reset bv the -
Clear Stawus Register command. These bits incicate
various failurs corditions (see Table 7). By allowing
system software to reset these bits, several
operations (such as cumulatively erasing or locking .
muitiple b'ocks or writing several bytes in sequencs)
may be performec. The status register may be pclled
to determine if an error occurre during the sequence. -+

To clear the status register, the Clear Status Register .
command (50H) is written. it functions independently
of the applied Vpp Voltage. RP# can be V or Vig.
This command is not functional during block erase or .
byte write suspend modes. |

|

|
4.5 Block Erase Command '
Erase is executed one block at a time and initiated by I
a two-cycle command. A block erase setup is first'
written, followed by an block erase confirm. This
command sequence requires appropriate sequencing -
and an address within the block to be erased (erase |
changes all block data to FFH). Biock,
preconditioning, erase, and verify are handled
internally by the WSM (invisible to the system). After
the two-cycle block erase sequence is written, the
device automatically outputs status register data
when read (see Figure 5). The CPU can detect biock
erase completion by analyzing the output data of the

RY/BY# pin or status register bit SR.7. t
i
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When the block erase is complete, status register bit
SR.5 should be checked. If a block erase error is
detected, the status register should be cleared before
system software attempts corrective actions. The CUI
remains in read status register mode until a new
command is issued.

This two-step command sequence of set-up followed
by execution ensures that block contents are not
accidentzlly erased. An invalid Block Erase command
sequencs will result in both status register bits SR.4
and SR.Z being set to "1". Also, reliable block erasure
can crly occur when Veo=Vecoigu and
Vee=Vaz4: o3 In the absance of this high voltage,
block ccrtents are protected against erasura. if block
erase is attsmpted while Vpp<sVez i, SR.3 and ER.5
will be szt t2 "1". Succassful biock erase requiras that
the cc:responding block lock-bit ce cleared or, if set,
that RP#=V . If block erase is attempted when the
correspcnding block lock-bit is set and RP#=V,
iSR.1 ard SR.5 will bz set to "1". Block erase
;operatons with V| <RP#<Vy. produce spurious
| results and should not be attemptad.

, 4.6 3Byte Write Command

i Byte write is executed by a two-cycle command
isequencs. Byte write setup (standard 40H or
alternate 1CH) is written, foilowed by a second write
that specifies the address and cata (latched on the
rising ecge of WE#). The WSM then takes over,
controlling the byte write and write verify algorithms
internally. After the byte write sequence is written, the
device automatically outputs status register data
when read (see Figure 6). The CPU can detect the
completicn of the byte write event by analyzing the
RY/BY# pin or status register bit SR.7.

When byte write is complete, status register bit SR.4
should be checked. If byte write error is detected, the
status register should be cleared. The internal WSM
verify only detects errors for "1"s that do not
successfully write to “0"s. The CU| remains in read
status register mode until it receives ancther
command.

Reliabie byte writes can only occur when
Vee=Veeoss and Vpp=Vppny3- In the absence of
this high voitage, memory contents are protected
against byte writes. If byte write is attempted while
VppsVpp k. Status register bits SR.3 and SR.4 will be
set to "1". Successfui byte write requires that the

corresponding block lock-bit be cleared or, if set, that
RP#=V,,,. If byte write is attempted when the
corresponding block lock-bit is set and RP#=V.,
SR.1 and SR.4 will be set to "1°. Byte write
operations with V<RP#<V,, produce spuricus
results and should not be attempted.

4.7 Block Erase Suspend Command

The Block Erase Suspend command allcws
block-erase interruption to read or byte-write data in
another block of memory. Once the biock-asrase
process starts, writing the Block Erase Suspenc
command requests that the 'WSM suspend the blcck
erase sequence at a precetermined point in the
algcrithm. The device outputs status register data
when read after the Block E-ase Suspend commanc
is written. Poiling status register bits SR.7 and S3.€
can determine when the blcck erase operation has
been suspended (both wili be sat to "1"). RY/BY# wili
also transition to V. Specification tyngn, defires
the block erase suspend latency.

At this point, a Read Array command can be writian
to read data from blocks other than that which is
suspended. A Byte Write command sequence can _
also be issued during erase suspend to program data
in other blocks. Using the Byte Write Suspend
command (see Section 4.8), a byte write operation
can also be suspended. During a byte write operation
with block erase suspended, status register bit SR.7
will return to "0" and the RY/BY# output will transition
to Vg . However, SR.6 will remain "1" to indicate
block erase suspend status.

The only other valid commands while block erase is
suspended are Read Status Register and Block
Erase Resume. After a Block Erase Resume
command is written to the flash memory, the WSM
will continue the block erase process. Status register
bits SR.6 and SR.7 will automatically clear and
RY/BY# will return to Vg . After the Erase Resume
command is written, the device automatically outputs
status register data when read (see Figure 7). Vpp
must remain at Vppyy/3 (the same Vpp level used
for block erase) while block erase is suspended. RP#
must also remain at V| or Vyy (the same RP# level
used for block erase). Block erase cannot resume
until byte write operations initiated during block erase
suspend have completed.

Rev. 1.2°
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I

4.8 Byte Write Suspend Command
i The 3yie Write Suspend command allows byte write
[irterruction to read data in other flash memory
 lecatiors. Once the byte write process starts, writing
: th2 By2 Write Suspend command requests that the
|WSiit suspend the byte write sequence at a
| precatermined point in the algorithm. The device
feontinuzs to output status register data when read
;alter tr2 Byte Write Suspend command is written.
'Palling status register bits SR.7 and SR.2 can
| datermine when the byte write operation has been
'susrar ed (both will ke set to “1"). RY/BY# will also
tfransticn to Vou. Specification typge; defines the
} b:te wr te suspend latency.

A tis point, a Read Array command can bs written
,tc reac data from locations other than that which is
| susparZed. The only other valid commands while
fb‘_-/te W te is suspended are Read Status Register
-and 3y'2 Write Resume. After Byte ‘Vrite Resume
;commrd is written to the flash memory. the WSM
| Will cortinue the byte write process. Status register
bils S~.2 and SR.7 wiil automaticaily clear ard
RY/EY= will return to Vg . After the Byte Write
Resums command is written, the device
automatically outputs status register data when read
(see Figure 8). Vpp must remain at Vepni2ss (the
samz Vg level used for byte write) while in byte write
suspend mode. RP# must also remain at Vi or Vpy
(the same RP# level used for byte write).

4.9 Set Block and Master Lock-Bit
Commands

A flexible block locking and unlocking scheme is
enabled via a combination of block lock-bits and a
master ‘ock-bit. The block lock-bits gate program and
erase cperations while the master lock-bit gates
block-lcck bit modification. With the master lock-bit
not set, individual block lock-bits can be set using the
Set Blcck Lock-Bit command. The Set Master
Lock-Bit command, in conjunction with RP#=Vy,,
sets the master lock-bit. After the master lock-bit is
set, subsequent setting of block lock-bits requires
both the Set Block Lock-Bit command and Vi on

the RP# pin. See Table 6 for a summary of hardware
and software write protection opticns.

Set block lock-bit and master lock-bit are executed by
a two-cycle command sequence. The set block or
master lock-bit setup along with appropriate bleck or
device address is written fcilowed by either the set
block lock-bit confirm (and an address within the
block to be lockec) or the set master lock-bit confirm |
(and any device address). The WSM then ccntrols
the set lock-bit algorithm. After the sequence is
written, the device automatically outputs status
register data when read (see Figure 9). Tha CP'J zan
detect the complstion of the set lock-bit avent by
analyzing the RY/BY# pin output or status register bit
SR.7.

When the set lock-bit operaticn is compiate, staius
register bit SR.4 should be checked. If an error is
detected, the status register should be cisared. The
CUI will remain in read status register moce unti a
new command is issued.

This two-step sequence of set-up fcilowed by -
execution ensures that lock-bits are not accidentally
set. An invalid Set Block or Master Lock-Bit
command will result in status register bits SR.4 and
SR.5 being set to "1". Also, reliable operations occur
Only when VCC=VCCZ/3/4 and VPP=VPF’H1,2’3' In the.
absence of this high voltage, lock-bit contents are
protected against alteration. :

A successful set block lock-bit operation requires that ;
the master lock-bit be cleared or, if the master,
lock-bit is set, that RP#=V\,,. If it is attempted with
the master lock-bit set and RP#=V,,, SR.1 and SR.4
will be set to "1" and the operation will fail. Set block
lock-bit operations while V| <RP#<V,, produce
spurious results and should not be attempted. A
successful set master lock-bit operation requires that
RP#=Vy. If it is attempted with RP#=V,,;, SR.1 and
SR.4 will be set to "1" and the operation will fail. Set
master lock-bit operations with V<RP#<Vy,
produce spurious results and should not be
attempted. '
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4.10 Clear Block Lock-Bits Command This two-step sequence of set-up followed by
execution ensures that block lock-bits are not

All set bleck lock-bits are cleared in parallel via the accidentally cleared. An invalid Clear Block Lock-Bits

Clear Blcck Lock-Bits command. With the master command sequence will result in status register bits
lock-bit not set, block lock-bits can be cleared using SR.4 and SR.5 being set to “1". Also, a reliable clear
only the Ciear Block Lock-Bits command. If the block lock-bits operation can only occur when
master lock-bit is set, clearing block lock-bits requires Vee=Vecoaa and Vep=Vppyyps. If a clear block ,
both the Clear Block Lock-Bits command and V,,,; on lock-bits operation is attempted while Vpps<Vpgy, |
the RP# pin. See Table 6 for a summary of hardware SR.3 and SR.5 will be set to "1*. In the absence of,
and software write protection options. this high voltage, the block lock-bits content are
protected against aiteration. A successful clear block _
Clear block lock-bits operation is executed by a lock-bits operation requires that the master lock-bit is
‘wo-cycla command sequence. A clear bleck lock-bits not set or, if the master Icck-bit is set, that RP#=V.y,,.
setup is first written. After the command is written, the If it is attempied with the master lock-bit set and
device automatically outputs status register data RP#=V,,, SR.1 and SR.5 will be set to "1" and the
when read (see Figure 10). The CPU can detect operation will fail. A clear block lock-bits cperation
completion of the clear biock lock-tits event by with V,,<RP#<V, procuce spurious results and
analyzirg the RY/BY# Pin output or status register bit should nct ke attempted. f
SR.7. :
If a clear block lock-bits oparation is aborted due to =
‘Vhen the operation is ccmplete, status register bit Vep or V¢ transitioning ot of valid range or RP#
SR.5 should be checked. If a clear block lock-bit error active transition, block lcck-dit values are left in an
is detected, the status register should be cleared. undetermined state. A receat of clear block ‘ock-bits |
The CU! will remain in read status regis‘er mode until is required to initialize bicck lock-bit contents to .
another command is issued. ) known vaiues. Once the master lock-bit is set, it
cannot be cleared. IL
’ Table 6. Write Protection Alternatives
Master | Block | | |
Operation Lock-Bit | Lock-Bit | RP# Effect !
Block Erase or 0 | Vi or Vi | Block Erase and Byte Write Enabled
Byte Write X 1 Viy Block is Locked. Block Erase and Byte Write Disabled
v Block Lock-Bit Override. Block Erase and Byte Write
HH Enabled
Set Block 0 X | ViyorVy, | SetBlock Lock-Bit Enabled
Lock-Bit 1 X | Vg Master Lock-Bit is Set. Set Block Lock-Bit Disabled
[ Viy Master Lock-Bit Override. Set Block Lock-Bit Enabled
Set Master X X | Viy Set Master Lock-Bit Disabled
Lock-Bit [ Vi, Set Master Lock-Bit Enabled
Clear Block 0 X | Vi or Vi, | Clear Block Lock-Bits Enabled \
Lock-Bits 1 X ' " Master Lock-Bit is Set. Clear Block Lock-Bits Disabled ‘
Vv Master Lock-Bit Override. Clear Block Lock-Bits f
HH Enabled “

Rev.1.2



SHARP

LHF04C01 15

4.10 Clear Block Lock-Bits Command

All set block lock-bits are cleared in parallel via the
Clear Blcck Lock-Bits command. With the master
lock-bit not set, block lock-bits can be cleared using
only the Clear Block Lock-Bits command. If the
master lock-bit is set, clearing biock lock-bits requires
both the Clear Block Lock-Bits command and Vhw On
the RP# pin. See Table 6 for a summary of hardware
and software write protection options.

Clear block lock-bits operation is executed by a
‘wo-cycls command sequence. A clear bleck lock-bits
setup is first written. After the command is written, the
device automatically outputs status register data
when read (see Figure 10). The CPU can detect
completion of the clear block lock-tits event by
analyzing the RY/BY# Pin output or status register bit
SR.7.

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

Table 6. Write Protection Alternatives

This two-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". Also, a reliable clear
block lock-bits operation can only occur when f
Vee=Vecas and Vpp=Vpoyips- If @ clear block
lock-bits operation is attempted while Vep<Vpp «,
SR.3 and SR.5 will be set to *1". In the absence of
this high voitage, the block lock-bits content are
protected against alteration. A successful clear block
lock-bits operation requires that the master lock-bit is
not set or, if the master lcck-bit is set, that RP#=V ..
If it is attempted with the master lock-bit set and
RP#=Vy,, SR.1 and SR.5 will be set to "1" and the -
operation will fail. A clear block lock-bits cperation
with V, <RP#<V_ procuce spurious results and
should nct b2 attempted. :

If a clear block lock-bits operation is aborted due to ‘
Vep or Vi transitioning ot of valid range or RP#
active transition, block lcck-bit values are left in an

undetermined state. A repezt of clear block !ock-bits .
is required to initialize blcck lock-bit contents to
known values. Once the master lock-bit is set, it

cannot be cleared.

|
(o
|
!
i
|
}
|

Master | Block |
Operation Lock-Bit | Lock-Bit RP# Effect
Block Erase or 0 | Vi orVyy, | Block Erase and Byte Write Enabied
Byte Write X 1 Vi Block is Locked. Block Erase and Byte Write Disabled
v Block Lock-Bit Override. Block Erase and Byte Write
HH Enabled
Set Block 0 X | VigorVy,, | SetBlock Lock-Bit Enabled
Lock-Bit 1 X \M Master Lock-Bit is Set. Set Block Lock-Bit Disabled
Vi Master Lock-Bit Override. Set Block Lock-Bit Enabled
Set Master X X L Vg Set Master Lock-Bit Disabled
Lock-Bit | Vg Set Master Lock-Bit Enabled
Clear Block 0 X I ViyorVy, | Clear Block Lock-Bits Enabled
Lock-Bits 1 X { Vg Master Lock-Bit is Set. Clear Block Lock-Bits Disabled
Vv Master Lock-Bit Override. Clear Block Lock-Bits
HH Enabled
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Table 7. Status Register Definition

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

SR.6 = SRASE SUSPEND STATUS
1 = Block Erase Suspended
0 = Blcck Erase in Progress/Completed

SR.5 = ZRASE AND CLEAR LOCK-BITS STATUS
1 = Error in Block Erasure or Clear Lock-Bits
0 = Successful Block Erase or Clear Lock-Bits

|| SR.4 = BYTE WRITE AND SET LOCK-BIT STATUS

! = Error in Byte Write or Set Master/Block Lock-Bit
;‘ 0 = Successful Byte Write or Set Master/Block
Lock-Bit

|
i
i

i
|

SR.3 = Vpp STATUS

1= Vpp Low Detect, Operation Abort
0= Vpp OK

SR.2 = BYTE WRITE SUSPEND STATUS
1 = Byte Write Suspended
0 = Byte Write in Pregress/Completed

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

'|SR.0 = RESERVED FOR FUTURE ENHANCEMENTS

!

L_WSMS ] ESS__ | ECLBS | BWSLBS | VPPS | BWSS ] DPs J R
7 6 5 4 3 2 1 0
NOTES:

Check RY/BY# or SR.7 to determine biock erase, byte
write, or lock-bit configuration completion.
SR.6-0 are invalid while SR.7="0".

If both SR.5 and SR.4 are "1's after a block erase or
lock-bit configuration attempt, an improper command
sequence was entered.

SR.3 does not provide a continuous indication of Vep
level. The WSM interrogates and indicates the Vpp level
only after Block Erase, Byte Write, Set Block/Master
Lock-Bit, or Clear Blcck Lock-Bits command sequences.
SR.3 is not guaranteed to reports accurate feedback
only when Vpp=Vppui o/a.

SR.1 does not provide a continuous indication of master
and block lock-bit values. The WSM interrogates the
master lock-bit, block lock-bit, and RP# only after Block
Erase, Byte Write. or Lock-Bit configuration command
sequences. It informs the system, depending on the
attempted operation, if the block lock-bit is set, master
lock-bit is set, and/or RP# is not V- Reading the block |
lock and master lock configuration codes after writing :
the Read |dentifier Codes command indicates master i
and block lock-bit status.

SR.0 is reserved for future use and should be masked
out when polling the status register.
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FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)

1
6 Vpp Range Enor

0
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Block Erase Successful

I o

Bus
Operation Command Comments
. Oata=20H
Wre Ease Setup AddreWithin Slock  be Erased
Write Emase Oata=DOH
Confirm Addr=Within Block to be Erased
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Repeat for subsequaent block erasures.
Full status check can be done after each block erase or after a sequence of
block arasurss.
Write FFH after the last cperation to place device in read array moce.

Bus
Command Comments
Operation
Check SR.3
Standb
¥ 1=Vpp Eror Detect
Check SR.1
1=Devica Protect Detect
Standby RP#=Vy,,Block Lock-Bit is Set
Only requirad for systems
impl ing lock-bit config
Check SR.4,5
Standhy Both 1=Command Sequence Error
Check SR.5
1=Block Erase Emor
SR.5,SR.4,SR.3 and SR.1 are only clearsd by the Clear Status
Register Command in cases where muitipie blocks are erased
before full status is checked.
It error is detected, clear the Status Register before attempting
retry or other error recovery.

Figure 5. Automated Block Erase Flowchart
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Operation .
DatamdoH
Sety Write
Wres P 3y WIS | drmocation to Be Written
, DatawData to Be Written
Byte Write Addr={ocation to Be Written
|
Read Status Registar Data
Read
Status Register Check SR7
Writs Lx:yp' Stndby ! 18\VSM Ready
IS 0=\WSM Busy
Repeat ‘or subsequent byts writes .
SR 'ull status check can be cone after sach byte write, or after a sequenca of
byte wrtes.
Wte F=H aiter the last byte wiite operation to place device in
mead array mode.
Bus
Cperation Command Comments
Check SR.3
Stanaby
1=Vop Ermor Detect
Check SR.1
1=0avice Protect Detect
Standby AP#=Vy, Block Lock-Bit is Set
Only required for systams
‘mpl ing lock-bit config
Chack SR.4
s 1=0ata Write Error
SR.4,SR.3 and SR.1 are only cleared by the Clear Status Register
command in cases where muitipie locatons are writtsn before
full status is checked.
If orror 1s detectad, ciear the Status Reg:ster before attampting
retry or other error recovery.

Byte Write Successtul

Figure 6. Automated Byte Write Flowchart
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!
Bus
ton Command Comments
. Erase Data=B80H
Write Suspend AddraX
Status Register Data
Read AddreX
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Check SR.6
Standby 1=8lock Erase Suspended
O=Block Erase Completed
. Erase Oata=DOH
Wits Resume AddmeX

A 4 \ 4
L Writs DOH Write FFH

v v
CBlock Erase Rosum@ [ Read Array Data ]

Figure 7. Block Erase Suspend/Resume Flowchart
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Bus
Command Comments
Operation oo
i Byte Write Cata=30H
Suspend AcdreX
Status Register Data
AddreX
Check SR.7
Standty 1=WSM Ready
O='WSM Busy
Check SR.2
Stanazy 1uByte Wnte Suspended
O=3yte Wnte Comp:eted
Write Read Amay Data=FFH
o Addr=X
. By'e Write Compieted
N~————— - Read Array locatiors other
e than that baing writtan.
X Byte Wnte Daza=D0OH -
Write Resume AcdreX

Figure 8. Byte Write Suspend/Resume Flowchart
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Command Comments
Operation
Wnte 80H, ‘SOt Datas50H
BlockDevice Address Wnts Block/Master Addh‘Blod( Address(Block),
Lock-3it Setip Devica Address(Master)
’ Wnte 01H/F1H, Set D;:‘()D‘A::hr) >
Block/Device Address i Master
'%r— Wiite Block or AddreBlock Address(Block),
Lock-Git Confim Device Address(Masten)
Read
Status Register i
Read Status Register Data
° Check SR.7
Standby 1=WSM Ready
0=WSM Busy
1
Repeat for sut: t iock-bit sat
Full Status Full status checx can bo'dono:aﬁer each lock-bit set operation
Check if Dasired or after a seG.ence of ‘ock-bit set operanons.
Write FFH after the 'ast lock-bit set oparation to place davice in -
read aray mode.

Sat Lock-Bit
Complete

FULL STATUS CHECK PROGEDURE

Read Status Register
Data(See Above)

Vpp Range Error

Device Protect Error

1
+  Set Lock-Bit Error ’
0

Set Lock-Bit Successful

Bun. Command Comments
Operation
Check SR.3
Standb:
Y . 1=Vpp Emor Detect
Check SR.1
1=Device Protect Datect
RP#=Vy,
Standoy (Set Mastar Lock-BIt Operation)
RP#=Vy,, Master Lock-Bit is Set
(Set Block Lock-Bit Qperation)
Check SR.4,5
Standby 8oth 1=Command
Sequence Eror
s Check SR.4
Y 1=Set Lock-Bit Emor
SR.5,SR.4.SR.3 and SR.1 are only cleared by the Clear Status
Register command in cases where multiple lock-bits are set before
full status is checked.
If error is detected, clear the Status Register before attempting
retry or other error recovery.

Figure 9. Set Block and Master Lock-Bit Flowchart

Rev. 1.2



i
“ Bus
R Operation Command Comments
Wate Clear Tock Oata=80H
e - | am |
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- e Lock-Bits Confim | AddreX
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Read Status Register Data
Read
tatus Registe
Staus Regstar Check SR.7
Stanaby 1=WSM Ready
O=WSM Busy
Wrte FF< a=ar the Claar Block Locx-Bits operation to
place dev<ce n read armay moce.
Fui Status
Check if Dasired
Clear Block Lock-Bits
Complete
FULL STATUS CHECK PROCEDURE )
Bus
. Command Comments -
Operation
Stanc Check SR.3
itd 1=Vpa Error Detact
Vpp Range Emror
Check SR.1
Stanchy 1=Device Protect Cetect
RP#=Vy,, Master Lock-Bit is Set
Check SR.4.5
Sequence Error
Standt Check SR.5
1uClear Block Lock-Bits Error
SR.5.SR.4.S7.3 and SR.1 are only clearsd by the Clear Status
Register command.
It error ia cetectad, clear the Status Register before attempting
retry or other eror recovery.

Ciear Biock Lock-8its
Succassiul

Clear Block Lock-Bits
Emor

Figure 10. Clear Block Lock-Bits Flowchart
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5 DESIGN CONSIDERATIONS

5.1 Three-Line Output Control

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

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

To use these control inputs efiiciently, an adcress
! Cecoder should enable CE# while OE# should te
| connected to all memory devicas and the system's
i READ# control line. This assures that only selected
!memory devices have actve outputs ‘while
j deselected memory devices ars in standby mode.
RP# should be conneciad to -the system
; POWERGCOD signal to prevent unintended vrites
.during system power transiticns. POWERGQOOQOD

| should also tcggle during system reset.

5.2 RY/BY# and Block Erase, Byte Write,

} and Lock-Bit Configuration Polling
?RY/BY# is a full CMOS output that provides a
i hardware method of detecting block erase, byte write
and lock-bit configuration completion. it transitions
low after block erase, byte write, or lock-bit
configuration commands and returns to ‘Von when
the WSM has finished executing the internal
algorithm.

RY/BY# can be connected to an interrupt input of the
system CPU or controller. It is active at ail times.

RY.BY# is also Vg when the device is in block erase
suspend (with byte write inactive), byte write susgend
or deep power-down modes.

5.3 Power Supply Decoupling

Flash memory power switching characteristics require
caraful device decoupling. System designers are
interested in three supply current issues; standby
current levels, active current levels and transient
peaks produced by falling and rising edges of CE#
and OE#. Transient current magnitudes depend cn
the device outputs’ capacitive and inductive loac'ng.
Two-line contrcl and proper decoupling capacitcr
seaction will suppress transient voitage peaks. Each
device should have a 0.1 pF ceramic capacitor
connected between its Vo and GND and between its
Vp= and GND. These high-frequency, low inductanca
caracitors should te placed as close as possible ‘o
package leads. Adcitionally, for every eight devices,
a 4.7 uF slectrolytic capacitor should be piaced at ths
array's power supply connection between Voo ard
GND. The bulk capacitor will overcome voltaga
slumps caused ty PC board trace inductance.

5.4 Vpp Trace on Printed Circuit Boards

Upcating flash memories that reside in the target
system requires that the printed circuit board.
designer pay attention to the Vpp Power supply trace. '
The Vgp pin supplies the memory cell current for byte }
writing and block erasing. Use similar trace widths
and layout considerations given to the Voo power!
bus. Adequate Vpp supply traces and decoupling will |
decrease Vpp voltage spikes and overshoots.

Rev. 1.2



SHARP

LHF04C01 24

5.5 Vgg, Vpp, RP# Transitions

i Block erase, byte write and lock-bit configuration are
| not guaranteed if Vpp falls outside of a valid Vppy/9/3
i range, V¢ falls outside of a valid Vgeo/ay4 range, or
'RP#=V,y or V. If Vpo error is detected, status
i register bit SR.3 is set to *1" along with SR.4 or SR.5,

depencing on the attempted operation. If RP#
transiticns to V) during block erase, byte write, or
- lock-bit configuration, RY/BY# will remain low until
: the resat operation is ccmplete. Then, the operation
; will abcrt and the device will enter deep power-down.
- The aborted operaticn may leave data partially
. alter2c. Therefore, the ccmmand sequence must be
| repeated after normal operation is restored. Device
!power-cff or RP# transitions to V| clear the status
' register.

iThe CJl latches ccmmands issued by system
; softwars ana is not altered by Vpp or CE# transitions
cor WS actions. Its state is read array mede upon
jpower—-;p, after exit frem deep power-down or after
! Ve transitions below Vi k4.

|
After biock erase, byte write, or lock-bit configuration,
even aiter Vpp transitions down to Vpp, k, the CUI
must te placed in read array mode via the Read
Array command if subseguent access to the memory
array is desired.

5.6 Power-Up/Down Protection

| The device is designed to offer protection against
accidental block erasure, byte writing, or lock-bit
configuration during power transitions. Upon
power-up, the device is indifferent as to which power

supply (Vpp o V) powers-up first. Internal circuitry
resets the CUI to read array mode at power-up.

A system designer must guard against spuricus'
writes for Voo voltages above Vi q when Vpp is
active. Since both WE# and CE# must te low fcr a
command write, driving either to V,,, will inhibit writes. |
The CUI's two-step command sequence architecture |
provides added level of protection against dzta
alteration. ;

In-system block lock and unlock capability prevents
inadvertent data alteration. The device is disat z¢
while RP#=V,_recarcless of its contrel inputs state.

5.7 Power Dissipation

When designing portable systems, designers m.s:
consider battery power consumption not oniy cur ag
device operaticn, but also for data retention dur g
system idle times. Flash memory's nonvciat ty~
increases usabie battary life because data is retair =
when system power is removed.

In addition, desp power-down mode ensurss.
extremely low power consumption even when system

power is applied. For example, portable computng

products and other power sensitive applications trat”
use an array of davices for solid-state storage can
consume negligibie power by lowering RP# to V!
standby or sleep medes. If access is again needed, .
the devices can be read following the tpyqy and|
touwL Wake-up cycles required after RP# is first:
raised to Viy. See AC Characteristics— Read Orly

and Write Operations and Figures 15, 16 and 17 jor |
more information. !
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6 ELECTRICAL SPECIFICATIONS NOTICE: This datasheet contains information on
products in the design phase of development. Do not:
6.1 Absolute Maximum Ratings* finalize a design with this information. Revised“
information will be published when the product is:
Commercial Operating Temperature available. Verify with your local SHARP Saies office:
During Read, Block Erase, Byte Write that you have the latest datasheet before firalizing a.’
and Lock-Bit Configuration........... 0°C to +70°C() design. i
Temperature under Bias............... -10°C to +80°C : '
*WARNING: Stressing the device teyond the
Storage Temperature....................... -65°C to +125°C "Absolute Maximum Ratings” may cause psrmanent
damage. These are stress ratings only. Operation
Voltage On Any Pin beyond the “"Cperating Conditions’ is not
(except Ve, Vpp, and RPH)....... -2.0V to +7.0v(@ recommended anc extended exposure besond the
"Operating Conditicns" may affect device refiability.
Ve Supply Voitage......cneneoae.e. -2.0V to +7.0v@
NOTES:
Vpp Update Voltage during 1. Operating temperature is for commercia! product
Block Erase, Byte Write and defined by this specification.
Lock-Bit Configuration............ -2.0V to +14.0v(2.3) 2. All specified voitages are with respect ‘o GND.
Minimum DC vcltage is -0.5V on input/output pins.
RP# Vcltage with Respect to and -02V on Ve and Vpp pins. During
GND during Lock-Bit transitions, this level may undershoot to -2.0V for
Configuration Operations ...... -2.0V to +14.0V(2.3) periods <2Cns. Maximum DC voltage on’
inputoutput pins and Vgg is Vge+0.5Y which,
Output Short Circuit Current .........oon.......... 100mA@) during transitions, may overshoot to Veg+2.0V

for pericds <20ns. |
3. Maximum DC voitage on Vpp and RP# may
overshoot to +14.0V for periods <20ns.
4. Output shorted for no more than one second. No
more than one output shorted at a time.

6.2 Operating Conditions

1
l
i
!
i
|
1
|
1

Temperature and V. Operating Conditions

Symbol | Parameter Notes Min. Max. Unit Test Condition :

Ta Operating Temperature 0 +70 °C Ambient Temperature |

Vees Ve Supply Voltage (2.7V-3.6V) 1 2.7 3.6 v

Veco 1 Ve Supply Voltage (3.3V+0.3V) 3.0 3.6 v ||

Veea Ve Supply Voitage (5V+5%) 4,75 5.25 v i

Vs Ve Supply Voitage (5V+10%) 4.50 5.50 1 {
NOTE:

1. Block erase, byte write and lock-bit configuration operations with V¢ c<3.0V should not be attempted.

6.2.1 CAPACITANCE()

T,=+25°C, f=1MHz

Symbol Parameter Typ. Max. Unit Condition i
[ Input Capacitance 6 8 pF Viy=0.0V J
Caut Output Capacitance 8 12 pF Ve 7=0.0V i

NOTE: ' ,

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

27 55
INPUT ><si<—- TEST POINTS ———)><35 OUTPUT
0.0 <&

AC testinputs are driven at 2.7V for a Logic "1* and 0.0V for a Logic “0." Input timing tegins, and output timing ands, at 1.35V.
Input rise and fail times (10% to 90%;j <10 rs.

Figure 11. Transient Input/Output Reference Waveform for V=2.7V-3.5V

3.0 -5
INPUT >AS «<4—————— TEST POINTS _—D 1.5 OuU7PUT
0.0 \ ~G— -
AC test inputs ar2 driven at 3.0V for a Legic *t" and 0.0V for a Logic "0." Input timing tegins, and output tim:ng 2nds, at :.5V.
Input rise and fait times (10% to 90%) <10 rs.

=

rigure 12. Transient Input/Output Reference Waveform for Vee=3.3V20.3V and Vo =5V=5%
(High Speed Testing Configuration)

LC
20 23 2.0
INPUT > TEST POINTS < OUTPUT
0.8 0.8
0.45 55

AC test inputs are driven at Vo (2.4 Vrry) fc- a Logic "1* and Vo (0.45 V) for a Logic "0." Input timing begirs at Vi4
(2.0 V) and Vy_ (0.8 Vry). Qutput timing e~ds at Vi and VL. Input rise and fall times (10% to 90%) <10 ns.

24

Figure 13. Transient input/Output Reference Waveform for Vee=5Vx10%
(Standard Testing Configuration)

Test Configuration Capacitance Loading Value ’

Test Configuration C, (pF)
1.3V Ver=3.3V£0.3V, 2.7V-3.6V 50 l
ch=5V‘.."5°/o 30 !
1N914 Vee=5V£10% 100

—AAM—

R =3.3kQ
DEVICE ‘
UNDER O our
TEST

CL Includes Jig
Capacitance

I”—}OI——

Figure 14. Transient Equivalent Testing
Load Circuit ;
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6.2.3 DC CHARACTERISTICS

DC Characteristics

V=27V Ver=3.3V Veap=5V Test
Sym. Parameter Notes! Typ. | Max. | Typ. | Max. | Typ. | Max. | Unit Conditions i
! Input Load Current 1 Vee=VeeMax i
N i 205 *05 1 | WA |ViiveaorGND |
| Output Leakage Current | 1 Vee=VeeMax :
Lo P g 05 05 «10 | pa |yoc=VocVex
lccs | Ve Standby Current 1,3,6 CMOS Inputs !
20 [ 100 | 20 | 100 | 25 | 100 | WA |Vge=VecMax 3
CE#:RP#:V(*FZOZV
! TTL Inputs
| 01 | 2 [ 02| 2 | 04| 2 | mA | Vge=VcMax
i CE#=RP#=V
| Ve Deep Power-Down 1 RP#=GND=0.2V
} eep !Cﬁ?rent P 10 10 10 | PA [} L(RY/BY#)=0mA
Ef ICCR Vcc Read Current 1,5,6 CMOS ]npUtS
” | LD
6 112 ] 7 12| 73S MA L sHz(3.3Y, 27V),
¥ 8MHz(5V)
I% la=0mA
TTL inputs
VCC=VchaX,
CE#=GND i
718 8 1820 0 S0 MA | aMHz(3.aY, 2.7V),
8MHz(5V)
. 'n“T=OmA
ilccw | Vcc Byte Write or 17 | — | — 17 | — | — | mA [Vpo=3.3V+0.3V -
’ Set Lock-Bit Current — | — 17 35 | mA | Vpp=5.0V=10%
— | — 12 30 | mA | Vpp=12.0V+5% :
lcce | Vee Block Erase or 17| — | — 17 | — | — | mA |Vpp=3.3Vx0.3V |
Clear Block Lock-Bits —_— | — 17 30 | mA | Vpp=5.0Vx10% P
Current — | — 12 25 | mA | Vpp=12.0V+5% ,
! Vee Byte Write or Block | 1,2 ; |
3&‘:3 E?acse guspend Current — i~ ! 6 ! 10 | mA [CE#=V}y 5
lpps | Vpp Standby or Read 1 22 | 15 | 2 | #15 | 2 | 215 | pA | VppsVee i
lppg | Current 10 200 10 | 200 10 200 | pA | Vpp>Ven
lepo gz':reDr?tep Power-Down | 1 | 641 5 |01 5 | 01| 5 | uA |RP#=GND=02V
lppw | Vpp Byte Write or Set 17| — | — 40 | — — | mA | Vpp=3.3V+0.3V
Lock-Bit Current — | — 40 40 | mA | Vpp=5.0V£10%
— | — 15 15 | mA |Vpp=12.0V£5%
'pps Vpp Block Erase or 1,7 —_ —_ 20 — —_ mA Vpp=3.3VtO.3V
Clear Lock-Bit Current — | — 20 20 | mA |Vpp=5.0V=10% !
— | = 15 15 | mA | Vpp=12.0V£5% ;
o |t Soapens arost || | — | — | 10 | 200 | 10 [ 200 [ uA |VewVepruzn
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DC Characteristics (Continued)

VCC=2-7V VCC=3'3V Ver=5V Test
Sym. Parameter Notes' Min. | Max. | Min. | Max. | Min. | Max. | Unit Conditions
Vi Input Low Voitage 7 05| 08 |-05] 08 | -05 ]| 0.8 \'4
ViH Input High Voltage 7 v V V ‘
20 +gg 20 +gg 2.0 +g% \' '
VoL | Output Low Voitage 37 Vee=VecMin,
0.4 0.4 0.45 | V [l =5.8mA(5V),
la; =2.0mA(3.3V)
VOH1 OUtpUt ngh Voltage 3,7 VCC=VCcMin, t
(TTL) 2.4 24 2.4 V |lgn=-2.5mA(5V), |
Iop=-2.0MA(3.3V) ||
Vonz | Output High Voitage 3,7 | 085 0.85 0.85 Y Vee=VecMin ?
(CMOS) V- Ve Ve lop=-2.5mA :
Vee Vee Vee v | VYec=VecMin |
-0.4 -0.4 -0.4 lau=-100pA }
VppLk | Vpp Lockout during 47 ;|
Normal Operations 15 1.5 15|V b
Vepyy | Vpp during Byte Write,
Block Erase or Lock-Bit —_ — {30 }36 | — | — \Y
Operations i
VPPH2 VPP during Byte Write, t
Block Erase or Lock-Bit _ —_— 4.5 5.5 45 5.5 \
Operations
Vepns | Vpp during Byte Write, ;
Block Erase or Lock-Bit — — {114 (126 | 114 | 126 | V
Operations
Vika | Vo Lockout Voltage 2.0 2.0 2.0 \'J .
Vuy | RP# Unlock Voltage 8,9 Set master lock-bit
_ — | 114 1126 | 11.4 | 126 | V [Override master and
block lock-bit
NOTES:

1. All currents are in RMS unless otherwise noted. Typical values at nominal V¢ voltage and T,=+25°C. These

currents are valid for all product versions (packages and speeds).

2. lcows and Igceg are specified with the device de-selected. If read or byte written while in erase suspend mode,

the device's current draw is the sum of loows Of loces and g OF locws respectively.

3. Includes RY/BY#.

4. Block erases, byte writes, and lock-bit configurations are inhibited when Vpp<Vpp «, and not guaranteed in the

range between Vpp ((max) and Vppy(min), between Vppyy(max) and Vpppa(min), between Vpppo(max) and

Vppu3(min), and above Vppps(max).

5. Automatic Power Savings (APS) reduces typical Iccg to 1mA at 5V V¢ and 3mA at 2.7V and 3.3V Vg in static
operation.

. CMOS inputs are either Voc+0.2V or GND+0.2V. TTL inputs are either V_or V.

. Sampled, not 100% tested.

- Master lock-bit set operations are inhibited when RP#=V,,,. Block lock-bit configuration operations are inhibited
when the master lock-bit is set and RP#=V,,,. Block erases and byte writes are inhibited when the corresponding
block-lock bit is set and RP#=V,,,. Block erase, byte write, and lock-bit configuration operations are not
guaranteed with V:<3.0V or V,y<RP#<Vy, and should not be attempted.

9. RP# connection to a Vi, supply is allowed for a maximum cumulative period of 80 hours.

o ~N»
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6.2.4 AC CHARACTERISTICS - READ-ONLY OPERATIONS(1)
Vear=2.7V-3.6V, T,=0°C to +70°C :
Versions(?) LH28F004SC-L150 |
Sym. Parameter Notes Min. Max. t - Unit

tavav | Read Cycle Time 150 fns i
tavay | Address to Qutput Delay | 150 | ns i
te Ay CE# to QOutput Delay 2 150 | ns :
towny | RP# High to Qutput Delay 600 i ns

tar Ay QE# to Output Delay 2 50 | ns

te; Ay CE# to Qutputin Low Z 3 0 i ns
temnz | CE# High to QOutput in High Z 3 55 ns

tai Ay OE# to Outoutin Low Z 3 0 ns
trn> 1 OE# High to Qutput in High Z 3 20 ns

ton Qutput Hold from Address, CE# or OE# Change, 3 0 ns

Whichever Occurs First | '
NOTE:
See 5.0V V¢ Read-Only Operations for notes 1 through 4.
V~e=3.3V£0.3V, T,=0°C to +70°C .
Versions'¥) LH28F004SC-L120
Sym. ! Parameter | Notes Min. Max. i Unit

tayay | Read Cycle Time | 120 i ns
tayAy i Address to Qutput Delay i 120 L ns

te; v | CE# to Output Delay | 2 120 i ns
topay | RP# High to Qutput Delay ! 600 I ns &
taiay | OE# to Output Delay 2 50 ns L
tel Ay CE# to Output in Low Z 3 0 ns ]
tepns CE# High to Output in High Z ‘ 3 55 ns
tainx | OE# to Qutputin Low Z 3 0 i ns *
tanaz | OE# High to Output in High Z 3 20 | ns

ton Output Hold from Address, CE# or OE# Change, 3 0 ns

Whichever Occurs First

NOTE:
See 5.0V V¢ Read-Only Operations for notes 1 through 4.
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Ccnfiguration) for testing characteristics.
Sea Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (Standard
Cenfiguration) for testing characteristics.

LHF04CO01 30
Vepr=5V20.5V, 5V£0.25V, T,=0°C to +70°C
* | Verx5% | LH28F004SC-L85(5) .
! Versions®) [ Vere10% LH28F004SC-L90®) :
|_Sym. | Parameter Notes | Min. Max. Min. Max. | Unit '
{tavay | Read Cycle Time 85 90 ns
i tayay | Address to Qutput Delay 85 90 ns
tei~y | CE# to Output Delay 2 85 90 ns |
towry | RP# High to Qutput Delay 400 400 ns
tei v | OE# to Output Delay 2 40 45 ng_ |
te: v | CE# to Qutputin Low Z 3 0 0 ns
teun> | CE# High to Output in High Z 3 55 55 ns
i te Ay | OE# to Output in Low Z 3 0 0 ns
toue- [ OFE# High to Output in High Z t 3 10 10 ns
ten Output Hold from Address, CE# or OE# 3 0 0 ns
| Change. Whichever Occurs First
NQOTES:
1. Se2 AC Input/Output Reference Waveform for maximum allowable input slew rate.
2. OE# may be delayed up to tz qy-tgLqu after the falling edge of CE# without impact on tg; qy.
3. Sampled, not 100% tested. .
4. See Qrdering Information for device speeds (valid operational combinations).
3. See Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (High Speed

Rev. 1.2



SHARP

LHF04CO01 31
Davice X ;
Ve Standby Address Selection Data Valid |
H sesnns ;
o TTOON e XXCO0K |
V|L sasenn . / :
” tavav 1
Viu !
e/ \ / |
Vie (EHCZ,
taveL (¢
Vik
OE#(G) _/ \ /
Vi GHEZ, ) \_
VIH Tesnsnane
WER(W) / ' \
5LV,
Vi teLoy!
taLexy
y o o tow
CH avsssnsnns
DATA(D/Q) HIGHZ I vaia oupu NN HiGH z
(0Qy-0Q7) ™ \\§ 3 uipu £/
VOL tavay sesenssens
vee / \
tpHav
V[H sesuntens
RP#(P} / \
ViL

Figure 15. AC Waveform for Read Operations
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6.2.5 AC CHARACTERISTICS - WRITE OPERATION(

Vr=2.7V-3.6V, T,=0°C to +70°C ?
Versions(®) LH28F004SC-L150
Sym, | Parameter Notes Min. Max. Unit |
tAyA\/ ' Write Cvcle Time 150 ns [
torw - RP# High Recovery to WE# Going Low 2 1 us i
terwy | CE# Setup to WE# Going Low 10 ns |
tw1 W WE# Pulse Width 50 ns |
tavwe Address Setup to WE# Going High 3 50 ns !
tovwy Data Setup to WE# Going High 3 50 ns !
| twupy  Data Hold from WE# High 5 ns_ |

twiay  Address Hold from WE# High 5 ns
twen  CE# Fold from WE# High 10 ns x
twiwy  WE# Pulse Width High 30 ns |
twiia Write Recovery before Read 0 ns :

' NOTE:
 See 5.0V V¢ WE#-Controlled Writes for notes 1 through 5.

l Vee=3.3Vz0.3V, T,=0°C to +70°C =
|
!
i

Versions(®) | LH28F004SC-L120 i
Sym. Parameter Notes Min. Max. Unit |
tavay Write Cycle Time 120 ns ;
tor RP# High Recovery to WE# Going Low 2 1 us :
teowy  CE# Setup to WE# Going Low 10 ns__|i
twrwy | WE# Pulse Width 50 ns [
oy  BP# Vo, Setup to WE# Going High 2 100 ns |-
tyewr ' Vop Setup to WE# Going High 2 100 ns |
tavy | Address Setup to WE# Going High 3 50 ns |
tovwy ' Data Setup to WE# Going High 3 50 ns
twupx | Data Hold from WE# High 5 ns
twiax I Address Hoid from WE# High 5 ns
twren | CE# Hold from WE# High 10 ns |
tweng | WE# Puise Width High 30 ns |
twng, | WE# High to RY/BY# Going Low 100 ns
twia 1 Write Recovery before Read 0 ns
vy -1 Vop Hold from Valid SRD, RY/BY# High 2,4 0 ns
py | RP# V., Hold from Valid SRD, RY/BY# High 2,4 0 ns
NOTE:

See 5V V¢ AC Characteristics - Write Operations for Notes 1 through 5.
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Ve=5V£0.5V, 5V£0.25V, T,=0°C to +70°C
Vee25% | LH28F004SC-L85(6)
Versions(5) Vee210% LH28F004SC-L90(7)

Sym. | Parameter Notes Min. Max. Min. Max. Unit
tavay i Write Cycle Time 85 90 ns
towpy | RP# High Recovery to WE# Going Low 2 1 1 us
terwg | CE# Setup to WE# Going Low 10 10 ns

| bwys | WE# Pulse Width 40 40 ns
tonnw | RP# Vi, Setup to WE# Going High 2 100 100 ns
tvpwr V=0 Setup to WE# Going High 2 100 100 ns
Tavwe 1 Address Setup to WE# Going High 3 40 40 ns |
thwww | Data Setup to WE# Going High 3 40 40 ns |
I t\NHF)X Data Hold from WE# ngh 5 5 ns |
twiay : Address Hold from WE# High 5 5 ns_ |
twien  CE# Hold from WE# High 10 10 ns |
twinny | WE# Puise Width High 30 30 | ns |
| twe, | WE# High to RY/BY# Going Low 90 90 | ns
| twia o Write Recovery before Read 0 0 i ns |
[tow Voo Held from Valid SRD, RY/BY# High 2,4 0 0 | ns_ |
; tavey ! Eiz; V.4 Hold from Valid SRD, RY/BY# 2.4 ns }
NOTES:

1. Read timing characteristics during biock erase, byte write and lock-bit configuration operations are the same as
during read-onry operations. Refer to AC Characteristics for read-only operations.

2. Sampled, not 100% tested.

3. Refer to Table 4 for valid Ay and Dy, for block erase, byte write, or lock-bit configuration. -

4. Vpp should be held at Vppyyy/0/3 (and if necessary RP# shouid be held at Vi) until determination of block erase,
byte write, or lock-bit configuration success (SR.1/3/4/5=0). |

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

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

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

i
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ADDRESSES(A)

Vin
CE#(E) v _/_\L
iL e .L-. .r_l. "
Vi
OE#G) j & /
ViL
b wovi2as
WE#W) Vi F %4 \ /
ViL u twiwe 1
e | i
M Highz (77 Valid\\\ @
oTADE) 2 on ——( 0w ) \ﬂ W,
T
Vi P L—ﬁtw»-m. -
RY/BY#(R) j \
\
toHHWH mﬂl
A f ,)X
RP#(P) Vi E -
ViL ]
VepHa 1 I = a——=
oy W
Vi A’A‘A‘A‘A’A‘A‘A‘A’I’A‘A’A‘ ‘A‘A’A’A‘A‘A‘A‘A‘A‘A’A’A‘A‘A’A’A
NOTES:
1. Vcc power-up and standby.
2. Write block erase or byte write setup.
3. Write block erase confirm or valid address and data.
4. Automated erase or program delay.
5. Read status register data.
6

. Write Read Array command.

Figure 16. AC Waveform for WE#-Controlled Write Operations
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6.2.6 ALTERNATIVE CE#-CONTROLLED WRITES(!)

Vep=2.7V-3.6V, T,=0°C to +70°C

See 5V V¢ Alternative CE#-Controlled Writes for Notes 1 through 5.

Versions(S) LH28F004SC-L150
Sym. | Parameter Notes Min. Max. Unit
tavay | Write Cycle Time 150 ns
tomer RP# High Recovery to CE# Going Low 2 1 us
hwt £ WE# Setup to CE# Going Low 0 ns
te o CE# Pulse Width 70 ns
taveEn Address Setup to CE# Going High 3 50 ns
toven Data Setup to CE# Going High 3 50 ns
tenny | Data Hold from CE# High 5 ns
tenax 1 Address Hold from CE# High 5 ns |
| tepwy | WE# Hold from CE# High 0 ns i
tepe, | CE# Puise Width High 25 ns
temgr | Write Recovery before Read 0 ns !
NOTE:
See 5.0V V¢ Alternative CE#-Controlled Writes for notes 1 through 5.
Vee=3.3V20.3V, T,=0°C to +70°C
Versions(®) LH28F004SC-L120
Sym. ! Parameter Notes Min. Max. Unit
tavay i Write Cycle Time 120 ns
topg | RP# High Recovery to CE# Going Low 2 1 us
tt e WE# Setup to CE# Going Low 0 ns
e Bl CE# Pulse Width 70 ns
topney | RP# Vi, Setup to CE# Going High 2 100 ns
typen | Vop Setup to CE# Going High 2 100 ns
taven | Address Setup to CE# Going High 3 50 ns
toven | Data Setup to CE# Going High 3 50 ns
tenny 1 Data Hold from CE# High 5 ns
temax | Address Hold from CE# High S ns
terwy | WE# Hold from CE# High 0 ns
tenEr CE# Pulse Width High 25 ns
temm CE# High to RY/BY# Going Low 100 ns
tenn Write Recovery before Read 0 ns
tavut Vop Hold from Valid-SRD, RY/BY# High 2,4 0 ns
py__ | RP# V., Hoid from Valid SRD, RY/BY# High 2,4 0 ns
NOTE:

Rev. 1.2



SHARP

LHF04CO01 36
Ver=5V£0.5V, 5V20.25V, T,=0°C to +70°C
Veet5% | LH28F004SC-L85(6)
Versions(S) Ver210% LH28F004SC-L90(7)

Sym. | Parameter Notes Min. Max. Min. Max. Unit
tavay | Write Cycle Time 85 90 ns |
tonr; | RP# High Recovery to CE# Going Low 2 1 1 us

|t £ WE# Setup to CE# Going Low 0 0 ns
ter el CE# Pulse Width 50 50 ns
toupen | BP# Vyy, Setup to CE# Going High 2 100 100 ns |
tyeen | Vpp Setup to CE# Going High 2 100 100 ns |
taven | Address Setup to CE# Going High 3 40 40 ns |
tovey | Data Setup to CE# Going High 3 40 40 ns_|
teuny | Data Hold from CE# High 5 5 ns !
tenax [ Address Hold from CE# High 5 5 ns |
terwn | WE# Hold from CE# High 0 0 ns |
tenpr | CE# Pulse Width High 25 25 ns_|
tenum | CE# High to RY/BY# Going Low 90 90 ns |
tena | Write Recovery before Read 0 0 ns !
towvut | Vpp Hold from Valid SRD, RY/BY# High 2.4 0 ns |
tQueH | SP# Viyn Hold from Valid SRD, RY/BY# | , , s |
igh ! i

NOTES:

. Sampled, not 100% tested.

Configuration) for testing characteristics.

Configuration) for testing characteristics.

2

3. Refer to Table 4 for valid A and Dy, for block erase, byte write, or lock-bit configuration. |

4. Vpp should be held at Vppyy/n/3 (and if necessary RP# should be held at V) until determination of block erase; ‘-
byte write, or lock-bit configuration success (SR.1/3/4/5=0).

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

6. See Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (High Seed

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

7. See Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (Standard
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NOTES:

1. Vec power-up and standby.
. Write block erase or byte write setup.

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

. Read status register data.

. Write Read Array command.

Figure 17. Alternate AC Waveform for CE#-Controlled Write Operations
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6.2.7 RESET OPERATIONS
Vin
RY/BY#(R)
Vi
Vin
RAP#(P)
teLPu
(A)Reset During Read Array Mode
Vik
RY/BY#(R)
Vi
teLaK
Vig
RP#(P) )
— teLeu
(B)Reset During Block Erase, Byte Write, or Lock-Bit Configuretion
2.7V/3.3V/5V
Vee
ViL
t2asven
Vi
RP#(P)
Vi
(C)RP# rising Timing ,
Figure 18. AC Waveform for Reset Operation
Reset AC Specifications(!)
Vee=2.7V Ver=3.3V Vep=5V
Sym. Parameter Notes| Min. Max. Min. Max. Min. Max. | Unit
RP# Pulse Low Time
teLpH (If RP# is tied to V¢, this 100 100 100 ns
specification is not applicable) ‘
RP# Low to Reset during
terry | Block Erase, Byte Write or 2,3 — 20 12 ps
Lock-Bit Configuration
Vce 2.7V to RP# High
tossven VCC 3.0V to RP# High 4 100 100 100 ns
Vee 4.5V to RP# High i
NOTES: :

1. These specifications are valid for all product versions (packages and speeds).
2. If RP# is asserted while a block erase, byte write, or lock-bit configuration operation is not executing, the reset
will complete within 100ns.
3. Areset time, tpryqy, is required from the latter of RY/BY# or RP# going high until outputs are valid.
4. When the device power-up, holding RP# low minimum 100ns is required after Ve has been in predefined range
and also has been in stable there.
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1. Typical values measured at T,=+25°C and nominal voltages. Assumes corresponding lock-bits are not set.

Subject to change based on device characterization.
2. Excludes system-level overhead.
3. These performance numbers are valid for all speed versions.
4. Sampled but not 100% tested.
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6.2.8 BLOCK ERASE, BYTE WRITE AND LOCK-BIT CONFIGURATION PERFORMANCE(®:4)
Vr=3.3V20.3V, T,=0°C to +70°C i
Vpp=3.3V Vpp=5V Vpp=12V
Sym. Parameter Notes| Min. [Typ.()[ Max. [ Min. [Typ.()| Max. | Min. [Typ.(')l Max. | Unit
:W:(?W Byte Write Time 2 | 15 | 17 |TBD| 82 | 93 |TBD| 67 | 76 | TBD | ps ||
\YAN i
Block Write Time 2 1 11 |TBD| 05 | 05 |1BD | 0.4 | 0.5 | TBD | sec ||
WHQV2 | Block Erase Time 2 | 15|18 |tBO| 1 | 12|7BD| 0.8 | 1.1 | TBD | sec ||
EHOV2 '
WHQV3 | set Lock-Bit Time 2 18 | 21 |TBD | 112|133 | TBD| 9.7 | 116 | TBD | ps
EMOVA
twrqus | Clear Block Lock-Bits | » | 45 | yg |TBD| 1 | 12 |TBD| 0.8 | 1.1 | TBD | sec |
tenova Time ’
twHRH1 | Byte Write Suspend 1
R | Y ency Time to Read 71 | 10 6.6 | 9.3 7.4 | 104 | ps i
twHrHz | Erase Suspend Latency 152 | 21.1 123 | 17.2 123|172 | ps |
tFHFJHO Time to Read !
V=5V0.5V, 5V£0.25V, T,=0°C to +70°C
va'—'sV Vpp=1 2V
Sym. Parameter Notes| Min. |Typ.()] Max. | Min. [Typ.()| Max. | Unit .
WHQV1 | gyte Write Time 2 | 65| 8 [TBD| 48 | 6 |TBD | ps ||
EHQV1 H
Block Write Time 2 0.4 0.5 TBD 0.3 0.4 TBD | sec
wHav2 | giock Erase Time 2 0.9 11 | TBD | 0.3 1.0 | TBD | sec
EHQV?2
TWHQYS | et L ock-Bit Time > | 95| 12 | ™80 | 78 | 10 | TBD | s
EHQOV]
t‘;VHQV‘* Clear Block Lock-Bits Time 2 0.9 1.1 | TBD | 0.3 1.0 | TBD | sec
HOV4
twhRH1 | Byte Write Suspend Latency Time to 5.6 7 5.2 75 us
temmny | Read )
:WHRH2 Erase Suspend Latency Time to Read 9.4 | 13.1 9.8 | 126 | us
EHMRMH2
NOTES:
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7 ADDITIONAL INFORMATION

7.1 Ordering Information

Product line designator for all SHARP Flash products

r_-‘l__'ﬂ
L{H|2|8|F|0{0/4|S|CHIT|-|L|8|5
_ L ) L l_'_.l
Device Density Access Speed (ns)
004 = 4M-bit 85:85ns(5V,30pF), 90ns(5V),
. 120ns(3.3V), 150ns(2.7V)
Architecture 12:120ns(5V), 150ns(3.3V),
S = Regular Block 170ns(2.7V)
Power Supply Type ] Packac
ge
C = SmartVoltage Technology | T = 40-Lead TSOP
Operating Temperature | N = 44-Lead PSOP
blank = 0°C ~ +70°C B = 48-Lead CSP
H = -40°C ~ +85°C S = 40-Lead STSOP
Valid Operational Combinations
Vcc=2.7'3.sv Vcc=3.3=0.3v VCC=5'0=1 0% Vcc=5.0:5%
50pF load, 50pF load, 100pF load, 30pF load,
Option Order Code 1.35V VO Levels 1.5V /O Levels TTL /O Levels 1.5V /O Leveis
1 LH28F004SCT-L85 {LH28F004SC-L150 |LH28F004SC-L120 |LH28F004SC-L90 iLH28F004SC-L85
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8 Package and packing specificationJ

1. Package Outline Specification
Refer to drawing No.AA1105

2. Markings
2 —1. Marking contents

(1) Product name : LH28F004SCT—-L85

(2) Company name : SHARP

(3) Date code

(Example) YY WW XXX Indicates the product was manufactured

in the WWth week of 19YY.
Denotes the production ref.code(1~3)
Denotes the production week.
(01,02,03, - + + + +52,53)
Denotes the production year.
(Lower two digits of the year.)

(4) The marking of “JAPAN" indicates the country of origin.
2 — 2. Marking layout
Refer drawing No.AA1105 )
(This layout does not define the dimensions of marking character and marking position.)

3. Packing Specification (Dry packing for surface mount packages)
Dry packing is used for the purpose of maintaining IC quality after mount ing
packages on the PCB (Printed Circuit Board).
When the epoxy resin which is used for plastic packages is stored at high
humidity, it may absorb 0.15% or more of its weight in moisture. If the surface
mount type package for a relatively large chip absorbs a large amount of moisture
between the epoxy resin and insert material (e.g. chip, lead frame) this moisture
may suddenly vaporize into steam when the entire package is heated during the
soldering process (e.g. VPS). This causes expansion and results in separation
between the resin and insert material, and sometimes cracking of the package.
This dry packing is designed to prevent the above problem from occurring in
surface mount packages.

3 — 1. Packing Materials

Material Name Material Specificaiton Purpose

Tray Conductive plastic (50devices/tray)| Fixing of device

Upper cover tray Conductive plastic (1tray/case) | Fixing of device

Laminated aluminum bag Aluminum polyethylene (1bag/case) | Drying of device

Desiccant Silica gel Drying of device

P P band Polypropylene (3pes/case) | Fixing of tray

Inner case Card board (500devices/case)| Packaging of device

Label Paper : Indicates part number,quantityl
and date of manufacture

Quter case Card board Outer packing of tray

(Devices shall be placed into a tray in the same direction.)
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3 —~2. Outline dimension of tray
Refer to attached drawing

4. Storage and Opening of Dry Packing

4 —1. Store under conditions shown below before opening the dry packing
(1) Temperature range : 5~40°C
(2) Humidity : 80% RH or less

4 — 2. Notes on opening the dry packing
(1) Before opening the dry packing, prepare a working table which is
grounded against ESD and use a grounding strap.
(2) The tray has been treated to be conductive or anti-static. If the
device is transferred to another tray, use a equivalent tray.

4 — 3. Storage after opening the dry packing
Perform the following to prevent absorption of moisture after opening.
(1) After opening the dry packing, store the ICs in an environment with a
temperature of 5~25°C and a relative humidity of 60% or less and
mount ICs within 72 hours after opening dry packing.

4 — 4. Baking (drying) before mounting

(1) Baking is necessary
(A) If the humidity indicator in the desiccant becomes pink
(B) If the procedure in section 4—3 could not be performed

(2) Recommended baking conditions
If the above conditions (A) and (B) are applicable, bake it before
mount ing. The recommended conditions are 16~24 hours at 120°C.
Heat resistance tray is used for shipping tray.

5. Surface Mount Conditions
Please perform the following conditions when mounting ICs not to deteriorate IC

quality.

5—1 .Soldering conditions(The following conditions are valid only for one time soldering.)

Mounting Method | Temperature and Duration Measurement Point
Reflow soldering | Peak temperature of 230°C or less, IC package
(air) duration of less than 15 seconds. surface

200°C or over,duration of less than 40 seconds.
Temperature increase rate of 1~4°C/second
Manual soldering | 260°C or less, duration of less IC outer lead
(soldering iron) | than 10 seconds. surface

5—2, Conditions for removal of residual flux
(1) Ultrasonic washing power : 25 Vatts/liter or less
(2) Washing time : Tetal 1 minute maximum
(3) Solvent temperature : 15~40C
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LH28Fxxx FLASH MEMORY FLASH NON-VOLATILE MEMORY FLASH E2ROM FLASH ROM
READ ONLY MEMORY ETOX LH28F004SC 4M (512K x8) SmartVoltage



