PRELIMINARY PRODUCT SPECIFICATION

SHARP Integrated Circuits Group

LH28F160S3HNS-TV

Flash Memory
16Mbit (2Mbitx8/1Mbitx16)

(Model Number: LHF16KTV)
Lead-free (Pb-free)

Spec. Issue Date: October 25, 2004
Spec No: ELT16X211




NOLLVIOdIOD JdVHS
dnoin) symonyy pareiSaug
UOISIAI(] YSe[J-WalsAS

1 1da(q Juswdopaaa(q 1onpoid

i e QZZWQ

‘Ad qddvddad HMHIAHA

133euey [e1ousn) 1do(q

 VLLOA &
Y ZZOZL&/ y ‘Ad
JHAILNISHId -Ad
dLvd
HONV.LJIODV SYHNO.LSND
"19pio Juiseyoind Surnsst a10§aq sn 1oeIU0d aseald ‘suonosfqo Aue oAy nok Ji
"xipuadde pue 19400 oy Surpnpout safed (g sureyuos suoneoyIads siy L%
(ALMO9TAHT) "ON [°POIN
AL=—SNHE€ES09TA8ZH
AITOWLoN Yseld ITgQNOT adAJ, 1onpoig
SNOILVOI4dI1D3dS
01

vY00C ‘ST 1O -dNSSI

TTZX9 1 Td]| oNDds|

daVHS




SHARP LHF16KTV

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

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

(1) The products covered herein are designed and manufactured for the following
application areas. When using the products covered herein for the 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

eInstrumentation and measuring equipment
eMachine tools

eAudiovisual equipment

eHome appliance

eCommunication equipment other than for trunk lines

(2) Those contemplating using the products covered herein for the following equipment
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 system.

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

eMainframe computers

eTraffic control systems

eGas leak detectors and automatic cutoff devices

eRescue and security equipment

eOther safety devices and safety equipment, etc.

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

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.

ePlease direct all queries regarding the products covered herein to a sales representative
of the company.
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LH28F160S3HNS-TV
16M-BIT (2MBx8/1MBx16)
Smart 3 Flash MEMORY

m Smart 3 Technology m Enhanced Data Protection Features
— 2.7V or 3.3V V¢ — Absolute Protection with Vpp=GND
— 2.7V, 3.3V or 5V Vpp — Flexible Block Locking

— Erase/Write Lockout during Power

m Common Flash Interface (CFl)
— Universal & Upgradable Interface

Transitions

m Extended Cycling Capability
m Scalable Command Set (SCS) — 100,000 Block Erase Cycles

m High Speed Write Performance — 3.2 Million Block Erase Cycles/Chip

— 32 Bytes x 2 plane Page Buffer

¢ m Low Power Management
— 2.7 us/Byte Write Transfer Rate

— Deep Power-Down Mode

m High Speed Read Performance — gutomatic f’ow_erSSav_inglg\/Is I(\j/lode
— 100ns(3.3V+0.3V), 120ns(2.7V-3.6V) ecreases Icc In Static Mode

m Operating Temperature m Automated Write and Erase
— -40°C to +85°C — Command User Interface
— Status Register
m Enhanced Automated Suspend Options
— Write Suspend to Read u Industry-Standard PaCkaging
— Block Erase Suspend to Write — 56-Lead SSOP

— Block Erase Suspend to Read m ETOXTM* V Nonvolatile Elash
m High-Density Symmetrically-Blocked Technology

Architecture
. m CMOS Process
— Thirty- 4K - E le Block o
irty-two 64K-byte Erasable Blocks (P-type silicon substrate)

m SRAM-Compatible Write Interf . .
S Compatible Write Interface m Not designed or rated as radiation

m User-Configurable x8 or x16 Operation hardened

SHARP’s LH28F160S3HNS-TV Flash memory with Smart 3 technology is a high-density, low-cost, nonvolatile,
read/write storage solution for a wide range of applications. Its symmetrically-blocked architecture, flexible voltage
and extended cycling provide for highly flexible component suitable for resident flash arrays, SIMMs and memory
cards. Its 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 LH28F160S3HNS-TV 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 LH28F160S3HNS-TV is conformed to the flash Scalable Command Set (SCS) and the Common Flash
Interface (CFI) specification which enable universal and upgradable interface, enable the highest system/device
data transfer rates and minimize device and system-level implementation costs.

The LH28F160S3HNS-TV is manufactured on SHARP's 0.35um ETOXT™* Vv process technology. It come in
industry-standard package: the 56-Lead SSOP ideal for board constrained applications.

*ETOX is a trademark of Intel Corporation.
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1 INTRODUCTION

This datasheet contains LH28F160S3HNS-TV
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.

1.1 Product Overview

The LH28F160S3HNS-TV is a high-performance
16M-bit Smart 3 Flash memory organized as
2MBx8/1MBx16. The 2MB of data is arranged in
thirty-two 64K-byte blocks which are individually
erasable, lockable, and unlockable in-system. The
memory map is shown in Figure 3.

Smart 3 technology provides a choice of V- and
Vpp cOmbinations, as shown in Table 1, to meet
system performance and power expectations. 2.7V
Ve consumes approximately one-fifth the power of
5V Vee. Vpp at 2.7V, 3.3V and 5V eliminates the
need for a separate 12V converter, while Vpp=5V
maximizes erase and write performance. In addition
to flexible erase and program voltages, the dedicated
Vpp pin gives complete data protection when

Veps=Vppk-

Table 1. V¢ and Vpp Voltage Combinations
Offered by Smart 3 Technology

Ve Voltage Vpp Voltage
2.7V 2.7V, 3.3V, 5V
3.3V 3.3V, 5V

Internal  Voc and Vpp detection  Circuitry
automatically configures the device for optimized
read and write operations.

A Command User Interface (CUI) serves as the
interface between the system processor and internal
operation of the device. A valid command sequence
written to the CUI initiates device automation. An
internal Write State Machine (WSM) automatically
executes the algorithms and timings necessary for
block erase, full chip erase, (multi) word/byte write
and block lock-bit configuration operations.

A block erase operation erases one of the device’s
64K-byte blocks typically within 0.41s (3.3V V¢, 5V
Vpp) independent of other blocks. Each block can be
independently erased 100,000 times (3.2 million
block erases per device). Block erase suspend mode
allows system software to suspend block erase to
read or write data from any other block.

A word/byte write is performed in byte increments
typically within 12.95us (3.3V V¢, 5V Vpp). A multi
word/byte write has high speed write performance of
2.7pus/byte (3.3V Ve, 5V Vpp). (Multi) Word/byte

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 bits
and WP#, Thirty-two block lock-bits, to lock and
unlock blocks. Block lock-bits gate block erase, full
chip erase and (multi) word/byte write operations.
Block lock-bit configuration operations (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
erase, full chip erase, (multi) word/byte write or block
lock-bit configuration operation is finished.

The STS output gives an additional indicator of WSM
activity by providing both a hardware signal of status
(versus software polling) and status masking
(interrupt masking for background block erase, for
example). Status polling using STS minimizes both
CPU overhead and system power consumption. STS
pin can be configured to different states using the
Configuration command. The STS pin defaults to
RY/BY# operation. When low, STS indicates that the
WSM is performing a block erase, full chip erase,
(multi) word/byte write or block lock-bit configuration.
STS-High Z indicates that the WSM is ready for a
new command, block erase is suspended and (multi)
word/byte write are inactive, (multi) word/byte write
are suspended, or the device is in deep power-down
mode. The other 3 alternate configurations are all
pulse mode for use as a system interrupt.

The access time is 100ns (tayoy) Over the extended
temperature range (-40°C to +85°C) and V. supply
voltage range of 3.0V-3.6V. At lower V. voltage, the
access time is 120ns (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 Iocg current is 3 mA at 3.3V V.

When either CEy# or CE#, and RP# pins are at V,
the I 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
(tPHQV) is required from RP# switching high until
outputs are valid. Likewise, the device has a wake
time (tpyg) from RP#-high until writes to the CUI are
recognized. With RP# at GND, the WSM is reset and
the status register is cleared.

The device is available in 56-Lead SSOP (Shrink
Small Outline Package). Pinout is shown in Figure 2.

Rev. 2.0
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CEf# C— 1 (O 56 1 vop
A C—1 2 55 1 RP#
Az 13 54 T Ay
Ay | 4 53 [ Agp
Ais 15 52 [ Ag
NC C— 6 51— A
CE# C— 7 50— Ay
NC C— 8 49 1 A3
Ay C—1 9 48 1 A4
Ag C—110 47 1 A
Ag 111 46 1 Ag
Al 45 — A
I L 56 LEAD SSOP =
Vee T 14 PINOUT 43 1 Ag
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DQu | 17 TOP VIEW pr ety
DR — 18 39 — DQs
DQis 1 19 38 — bor
STS C—1 20 37— A
OE# ] 21 36 — BYTE®
WE# C— 22 35— NG
WP# ] 23 34 1 NC
DQiz T 24 33 — DG,
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DQ, T 27 30 — DQq1
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Figure 2. SSOP 56-Lead Pinout
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Table 2. Pin Descriptions

Symbol

Type

Name and Function

Ao-Ag

INPUT

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

Ao: Byte Select Address. Not used in x16 mode(can be floated).

A1-A4: Column Address. Selects 1 of 16 bit lines.

As-A15: Row Address. Selects 1 of 2048 word lines.

A16-A20 : Block Address.

DQo-DQ15

INPUT/
OUTPUT

DATA INPUT/OUTPUTS:

DQy-DQ-:Inputs data and commands during CUI write cycles; outputs data during memory
array, status register, query, 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.

DQg-DQ5:Inputs data during CUI write cycles in x16 mode; outputs data during memory
array read cycles in x16 mode; not used for status register, query and identifier code read
mode. Data pins float to high-impedance when the chip is deselected, outputs are
disabled, or in x8 mode(Byte#=V,, ). Data is internally latched during a write cycle.

CE#,
CE, #

INPUT

CHIP ENABLE: Activates the device’s control logic, input buffers decoders, and sense
amplifiers. Either CEy# or CE# V, deselects the device and reduces power consumption
to standby levels. Both CE4# and CE# must be V,, to select the devices.

RP#

INPUT

RESET/DEEP POWER-DOWN: Puts the device in deep power-down mode and resets
internal automation. RP# V,,; enables normal operation. When driven V, , RP# inhibits
write operations which provides data protection during power transitions. Exit from deep
power-down sets the device to read array mode.

OE#

INPUT

OUTPUT ENABLE: Gates the device’s outputs during a read cycle.

WE#

INPUT

WRITE ENABLE: Controls writes to the CUI and array blocks. Addresses and data are
latched on the rising edge of the WE# pulse.

STS

OPEN
DRAIN
OUTPUT

STS (RY/BY#): Indicates the status of the internal WSM. When configured in level mode
(default mode), it acts as a RY/BY# pin. When low, the WSM is performing an internal
operation (block erase, full chip erase, (multi) word/byte write or block lock-bit
configuration). STS High Z indicates that the WSM is ready for new commands, block
erase is suspended, and (multi) word/byte write is inactive, (multi) word/byte write is
suspended or the device is in deep power-down mode. For alternate configurations of the
STATUS pin, see the Configuration command.

WP#

INPUT

WRITE PROTECT: Master control for block locking. When V,, Locked blocks can not be
erased and programmed, and block lock-bits can not be set and reset.

BYTE#

INPUT

BYTE ENABLE: BYTE# V, places device in x8 mode. All data is then input or output on
DQg.7, and DQg_;5 float. BYTE# V| places the device in x16 mode , and turns off the A,
input buffer.

SUPPLY

BLOCK ERASE, FULL CHIP ERASE, (MULTI) WORD/BYTE WRITE, BLOCK LOCK-
BIT CONFIGURATION POWER SUPPLY: For erasing array blocks, writing bytes or
configuring block lock-bits. With Vpp<Vpp| k, memory contents cannot be altered. Block
erase, full chip erase, (multi) word/byte write and block 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 or 3.3V
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 o, all write attempts to
the flash memory are inhibited. Device operations at invalid V. voltage (see DC
Characteristics) produce spurious results and should not be attempted.

GND

SUPPLY

GROUND: Do not float any ground pins.

NC

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

Rev. 2.0
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2 PRINCIPLES OF OPERATION

The LH28F160S3HNS-TV Flash memory includes an
on-chip WSM to manage block erase, full chip erase,
(multi)  word/byte write and block lock-bit
configuration functions. It allows for: 100% TTL-level
control inputs, fixed power supplies during block
erase, full chip erase, (multi) word/byte write and
block lock-bit 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 control pins allow array read, standby, and
output disable operations.

Status register, query structure and identifier codes
can be accessed through the CUI independent of the
Vpp voltage. High voltage on Vpp enables successful
block erase, full chip erase, (multi) word/byte write
and block lock-bit configuration. All functions
associated with altering memory contents—block
erase, full chip erase, (multi) word/byte write and
block lock-bit configuration, status, query and
identifier codes—are accessed via the CUIl 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,
full chip erase, (multi) word/byte write and block 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, outputs
query structure or outputs status register data.

Interface software that initiates and polls progress of
block erase, full chip erase, (multi) word/byte write
and block 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. Write
suspend allows system software to suspend a (multi)
word/byte write to read data from any other flash
memory array location.

1FFFFF
1F0000
1EFFFF

1E0000
1DFFFF

1D0000
1CFFFF

1C0000
1BFFFF

180000
1AFFFF

1A0000
19FFFF

190000
18FFFF

180000
17FFFF

170000
16FFFF

160000
15FFFF

150000
14FFFF

140000
13FFFF

130000
12FFFF

120000
11FFFF

110000
10FFFF

100000
OFFFFF

0OF0000
OEFFFF

0E0000
ODFFFF

0D0000
OCFFFF

0C0000
OBFFFF

0B000O
OAFFFF

0A0000
09FFFF

090000
08FFFF

080000
O7FFFF

070000
06FFFF

060000
05FFFF

050000
04FFFF

040000
03FFFF

030000
02FFFF

020000
01FFFF

010000
00FFFF

000000

64K-byte Block 31
64K-byte Block 30
64K-byte Block 29
64K-byte Block 28
64K-byte Block 27
64K-byte Block 26
64K-byte Block 25
64K-byte Block 24
64K-byte Block 23
64K-byte Block 22
64K-byte Block 21
64K-byte Block 20
64K-byte Block 19
64K-byte Block 18
64K-byte Block 17
64K-byte Block 16
64K-byte Block 15
64K-byte Block 14
64K-byte Block 13
64K-byte Block 12
64K-byte Block 11
64K-byte Block 10
64K-byte Block 9
64K-byte Block 8
64K-byte Block 7
64K-byte Block 6
64K-byte Block 5
64K-byte Block 4
64K-byte Block 3
64K-byte Block 2
64K-byte Block 1
64K-byte Block 0

Figure 3. Memory Map
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2.1 Data Protection

Depending on the application, the system designer
may choose to make the Vpp power supply
switchable (available only when block erase, full chip
erase, (multi) word/byte write and block lock-bit
configuration are required) or hardwired to Vppy1/o/3-
The device accommodates either design practice and
encourages optimization of the processor-memory
interface.

When Vpp<Vpp k, Memory contents cannot be
altered. The CUI, with multi-step block erase, full chip
erase, (multi) word/byte write and block 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
Viko or when RP# is at V,. The device's block
locking capability provides additional protection from
inadvertent code or data alteration by gating block
erase, full chip erase and (multi) word/byte write
operations.

3 BUS OPERATION

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

3.1 Read

Information can be read from any block, identifier
codes, query structure, or status register independent
of the Vpp voltage. RP# must be at V.

The first task is to write the appropriate read mode
command (Read Array, Read Identifier Codes, Query
or Read Status Register) to the CUIL. Upon initial
device power-up or after exit from deep power-down
mode, the device automatically resets to read array
mode. Five control pins dictate the data flow in and
out of the component: CE# (CEy#, CE#), OE#, WE#,
RP# and WP#. CEy#, CE# and OE# must be driven
active to obtain data at the outputs. CEy#, CE# is
the device selection control, and when active enables
the selected memory device. OE# is the data output
(DQy-DQq5) control and when active drives the
selected memory data onto the I/O bus. WE# and
RP# must be at V. Figure 17, 18 illustrates a read
cycle.

3.2 Output Disable

With OE# at a logic-high level (V|y), the device
outputs are disabled. Output pins DQy-DQq5 are
placed in a high-impedance state.

3.3 Standby

Either CEy# or CE# at a logic-high level (V) places
the device in standby mode which substantially
reduces device power consumption. DQy-DQqg
outputs are placed in a high-impedance state
independent of OE#. If deselected during block
erase, full chip erase, (multi) word/byte write and
block lock-bit configuration, the device continues
functioning, and consuming active power until the
operation completes.

3.4 Deep Power-Down
RP# at V,_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 internal circuits. RP# must be held low for
a minimum of 100 ns. Time tp oy is required after
return from power-down until inittal memory access
outputs are valid. After this wake-up interval, normal
operation is restored. The CUI is reset to read array
mode and status register is set to 80H.

During block erase, full chip erase, (multi) word/byte
write or block lock-bit configuration modes, RP#-low
will abort the operation. STS remains low until the
reset operation is complete. Memory contents being
altered are no longer valid; the data may be partially
erased or written. Time tpyyy is required after RP#
goes to logic-high (V) before another command can
be written.

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

Rev. 2.0
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3.5 Read Identifier Codes Operation

The read identifier codes operation outputs the
manufacturer code, device code, block status codes
for each block (see Figure 4). Using the manufacturer
and device codes, the system CPU can automatically
match the device with its proper algorithms. The
block status codes identify locked or unlocked block
setting and erase completed or erase uncompleted
condition.

1FFFFF
Reserved for
Future Implementation
tFOOOGy
1F0005
wrooos|  Block3lStaws Code |
1F0003
Reserved for
Future Implementation
1F0000 Block 31
1EFFFF: :
(Blocks 2 through 30)
020000 :
0LFFFF
Reserved for
Future Implementation
o006y
1
818882 Block 1 Status Code
010003 T
Reserved for
Future Implementation
010000 Block 1
O00FFFF
Reserved for
Future Implementation
oooo06f
000005
ooooo4]  BlockOStatusCode |
000003 -
oooo2f Device Code |
000001
000000 Manufacturer Code  Bjock 0

Figure 4. Device Identifier Code Memory Map

3.6 Query Operation

The query operation outputs the query structure.
Query database is stored in the 48Byte ROM. Query
structure allows system software to gain critical
information for controlling the flash component.
Query structure are always presented on the lowest-
order data output (DQy-DQ-) only.

3.7 Write

Writing commands to the CUI enable reading of
device data and identifier codes. They also control
inspection and clearing of the status register. When
Vee=Veere and Vpp=Vpph/9/3: the CUI additionally
controls block erase, full chip erase, (multi) word/byte
write and block lock-bit configuration.

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

The CUI does not occupy an addressable memory
location. It is written when WE# and CE# are active.
The address and data needed to execute a command
are latched on the rising edge of WE# or CE#
(whichever goes high first). Standard microprocessor
write timings are used. Figures 19 and 20 illustrate
WE# and CE#-controlled write operations.

4 COMMAND DEFINITIONS

When the Vpp voltage < Vpp ¢ Read operations from
the status register, identifier codes, query, or blocks
are enabled. Placing Vppyipz On Vpp enables
successful block erase, full chip erase, (multi)
word/byte write and block lock-bit configuration
operations.

Device operations are selected by writing specific
commands into the CUI. Table 4 defines these
commands.
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Table 3. Bus Operations(BYTE#=V )

Mode Notes | RP# | CEqg# | CE# | OE# | WE# | Address | Vpp | DQg.q= | STS

Read 1,239 Vg Vy, Vy, Vy, Vig X X DouT X

Output Disable 3 Vig Vy, Vy, Vig Vig X X High Z X
ViH Vin _

Standby 3 Viy Viy Vi X X X X | Highz | X
Vi Vig

Deep Power-Down 4 Vy X X X X X X High Z | High Z

Read Identifier See .

Codes 9 Vi4 Vi Vi Vi Vi4 Figure 4 X Note 5 | High Z

Query 9 Ve | Ve | Ve | Vi | Vi Se?jlalb'e X | Note6 | Highz

Write 3,789] VvV Vy, Vy, Vig Vy, X X Dy X

Table 3.1. Bus Operations(BYTE#=V,)
Mode Notes | RP# | CEy# | CE.# | OE# | WE# | Address | Vpp DQy~s | STS

Read 1,2,3,9 V|H V“ V“ V“ V|H X X DOUT X

Output Disable 3 Vig Vy, Vy, Vig Vig X X High Z X
ViH ViH _

Standby 3 Vi4 Vi4 Vi X X X X High Z X
Vi, Viy

Deep Power-Down 4 Vy, X X X X X X High Z | High Z

Read ldentifier See .

Codes 9 Vi VL VL VL Vi Figure 4 X Note 5 | High Z

Query 9 Vig | Vi | Ve | Ve | Vg Se?jﬁb'e X | Note 6 | HighZ

NOTES:

1. Refer to DC Characteristics. When Vpp<Vpp| «, memory contents can be read, but not altered.

2. X can be V|_or V, for control pins and addresses, and Vpp| k Of Vppp1/2/3 for Vpp. See DC Characteristics for
Vppk and Vppp1/o/3 Voltages.

3. STSis Vg (if configured to RY/BY# mode) when the WSM is executing internal block erase, full chip erase,

(multi) word/byte write or block lock-bit configuration algorithms. It is floated during when the WSM is not busy,

in block erase suspend mode with (multi) word/byte write inactive, (multi) word/byte write suspend mode, or

deep power-down mode.

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

See Section 4.2 for read identifier code data.

See Section 4.5 for query data.

Command writes involving block erase, full chip erase, (multi) word/byte write or block lock-bit configuration are

reliably executed when Vpp=Vpp1/2/3 aNd Vee=Veey -

Refer to Table 4 for valid Dy during a write operation.

Don't use the timing both OE# and WE# are V|, .

No gk

©®
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Table 4. Command Definitions(10)

Bus Cycles| Notes First Bus Cycle Second Bus Cycle

Command Reqg’d Oper® | Addr@ | Data® | OperD | Addr(@ | Data(®
Read Array/Reset 1 Write X FFH
Read ldentifier Codes >2 4 Write X 90H Read 1A ID
Query >2 Write X 98H Read QA QD
Read Status Register 2 Write X 70H Read X SRD
Clear Status Register 1 Write X 50H
Block Erase Setup/Confirm 2 5 Write BA 20H Write BA DOH
Full Chip Erase Setup/Confirm 2 Write X 30H Write X DOH
Word/Byte Write Setup/Write 2 5,6 Write WA 40H Write WA WD
Aliernate Word/Byte Write 2 56 | Write | WA | 10H | Write | WA | WD
Setup/Write
Multi Word/Byte Write >4 9 | Wrte | WA | E8H | Wite | WA | N-1
Setup/Confirm
Block Erase and (Multi) .
Word/byte Write Suspend 1 5 Write X BOH
Confirm and Block Erase and .
(Multi) Word/byte Write Resume 1 5 Write X DOH
Block Lock-Bit Set Setup/Confirm 2 7 Write BA 60H Write BA 01H
Block Lock-Bit Reset 2 8 | wite | X 60H | Write | X DOH
Setup/Confirm
STS Configuration
Level-Mode for Erase and Write 2 Write X B8H Write X OOH
(RY/BY# Mode)
STS Configuration . .
Pulse-Mode for Erase 2 Write X B8H Write X O01H
STS Configuration . .
Pulse-Mode for Write 2 Write X B8H Write X 02H
STS Configuration . .
Pulse-Mode for Erase and Write 2 Write X B8H Write X 03H

NOTES:

1. BUS operations are defined in Table 3 and Table 3.1.

2. X=Any valid address within the device.
IA=Identifier Code Address: see Figure 4.
QA=Query Offset Address.
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 14 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# (whichever goes high
first).
ID=Data read from identifier codes.
QD=Data read from query database.

4. Following the Read Identifier Codes command, read operations access manufacturer, device and block status
codes. See Section 4.2 for read identifier code data.

5. If the block is locked, WP# must be at V| to enable block erase or (multi) word/byte write operations. Attempts
to issue a block erase or (multi) word/byte write to a locked block while RP# is V.

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

7. A block lock-bit can be set while WP# is V.

8. WP# must be at V| to clear block lock-bits. The clear block lock-bits operation simultaneously clears all block
lock-bits.

9. Following the Third Bus Cycle, inputs the write address and write data of 'N’ times. Finally, input the confirm
command 'DOH’.

10. Commands other than those shown above are reserved by SHARP for future device implementations and
should not be used.
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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, full chip
erase, (multi) word/byte write or block lock-bit
configuration, the device will not recognize the Read
Array command until the WSM completes its
operation unless the WSM is suspended via an Erase
Suspend and (Multi) Word/byte Write Suspend
command. The Read Array command functions
independently of the Vpp voltage and RP# must be
Vin-

4.2 Read Identifier 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, block lock
configuration and block erase status (see Table 5 for
identifier code values). To terminate the operation,
write another valid command. Like the Read Array
command, the Read Identifier Codes command
functions independently of the Vpp voltage and RP#
must be V,y. Following the Read Identifier Codes
command, the following information can be read:

Table 5. Identifier Codes

Code Address Data
00000
Manufacture Code 00001 BO
. 00002
Device Code 00003 DO
X0004(1)
Block Status Code X0005(1)
eBlock is Unlocked DQy=0
eBlock is Locked DQy=1
eLast erase operation DQ,=0
completed successfully 1
el ast erase operation did _
DQ,=1
not completed successfully
*Reserved for Future Use DQ,.;

NOTE:

1. X selects the specific block status 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, full chip erase, (multi) word/byte write or
block lock-bit configuration is complete and whether
the operation completed successfully(see Table 14).
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 until another valid command is written.
The status register contents are latched on the falling
edge of OE# or CE#(Either CEy# or CE#),
whichever occurs. OE# or CE#(Either CEy# or CE#)
must toggle to V| before further reads to update the
status register latch. The Read Status Register
command functions independently of the Vpp voltage.
RP# must be V.

The extended status register may be read to
determine multi word/byte write availability(see Table
14.1). The extended status register may be read at
any time by writing the Multi Word/Byte Write
command. After writing this command, all subsequent
read operations output data from the extended status
register, until another valid command is written. Multi
Word/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, SR.4, SR.3 and SR.1 are
set to "1"s by the WSM and can only be reset by the
Clear Status Register command. These bits indicate
various failure conditions (see Table 14). By allowing
system software to reset these bits, several
operations (such as cumulatively erasing or locking
multiple blocks or writing several bytes in sequence)
may be performed. The status register may be polled
to determine if an error occurs 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# must be V. This
command is not functional during block erase, full
chip erase, (multi) word/byte write block lock-bit
configuration, block erase suspend or (multi)
word/byte write suspend modes.
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4.5 Query Command Table 6. Example of Query Structure Output
Mode Offset Address Output

Query database can be read by writing Query DQqc_g| DQ7_g
command (98H). Following the command write, read Ag, Ay Az Ay Ag A

cycle from address shown in Table 7~11 retrieve the 1,0,0,0,0,0(20H) Highz | "Q"
critical information to write, erase and otherwise X8 mode |1,0,0,0,0,1(21H) Highz| "Q"
control the flash component. A, of query offset 1, 0,0,0,1,0(22H) Highz | "R"
address is ignored when X8 mode (BYTE#=V,)). 1,0,0,0,1,1(23H) Highz| "R"

Ag, Ay, Ag, Ay Ag

Query data are always presented on the low-byte X16 mode| 1,0,0,0,0 (10H) | OOH "Q"
data output (DQy-DQ,). In x16 mode, high-byte 1,0,0,0,1 (11H) | OOH "R"

(DQg-DQq5) outputs O0H. The bytes not assigned to
any information or reserved for future use are set to
"0". This command functions independently of the
Vpp voltage. RP# must be V.

4.5.1 Block Status Register

This field provides lock configuration and erase status for the specified block. These informations are only available
when device is ready (SR.7=1). If block erase or full chip erase operation is finished irregulary, block erase status
bit will be set to "1". If bit 1 is "1", this block is invalid.

Table 7. Query Block Status Register

(Worc?fisd%tress) Length Description
(BA+2)H 01H | Block Status Register

bit0 Block Lock Configuration
0=Block is unlocked
1=Block is Locked
bitl Block Erase Status
O=Last erase operation completed successfully
1=Last erase operation not completed successfully
bit2-7 reserved for future use

Note:
1. BA=The beginning of a Block Address.

Rev. 2.0



SHARP

LHF16KTV

13

4.5.2 CFl Query Identification String

The Identification String provides verification that the component supports the Common Flash Interface
specification. Additionally, it indicates which version of the spec and which Vendor-specified command set(s) is(are)

supported.
Table 8. CFI Query Identification String
(Worg)ifj%tress) Length Description

10H,11H,12H 03H Query Unique ASCII string "QRY"
51H,52H,59H

13H,14H 02H Primary Vendor Command Set and Control Interface ID Code
01H,00H (SCS ID Code)

15H,16H 02H Address for Primary Algorithm Extended Query Table
31H,00H (SCS Extended Query Table Offset)

17H,18H 02H Alternate Vendor Command Set and Control Interface ID Code
0000H (0000H means that no alternate exists)

19H,1AH 02H Address for Alternate Algorithm Extended Query Table
0000H (0000H means that no alternate exists)

4.5.3 System Interface Information

The following device information can be useful in optimizing system interface software.

Table 9. System Information String

(Wor((jjzzztress) Length Description

1BH 01H V¢ Logic Supply Minimum Write/Erase voltage
27H (2.7V)

1CH 01H V¢ Logic Supply Maximum Write/Erase voltage
55H (5.5V)

1DH 01H Vpp Programming Supply Minimum Write/Erase voltage
27H (2.7V)

1EH 01H Vpp Programming Supply Maximum Write/Erase voltage
55H (5.5V)

1FH 01H Typical Timeout per Single Byte/Word Write
03H (23=8s)

20H 01H Typical Timeout for Maximum Size Buffer Write (32 Bytes)
06H (26=64ps)

21H 01H Typical Timeout per Individual Block Erase
0AH (0AH=10, 210=1024ms)

22H 01H Typical Timeout for Full Chip Erase
OFH (OFH=15, 215=32768ms)

23H 01H Maximum Timeout per Single Byte/Word Write, 2N times of typical.
04H (24=16, 8usx16=128ys)

24H 01H Maximum Timeout Maximum Size Buffer Write, 2N times of typical.
04H (24=16, 64psx16=1024ys)

25H 01H Maximum Timeout per Individual Block Erase, 2N times of typical.
04H (24=16, 1024msx16=16384ms)

26H 01H Maximum Timeout for Full Chip Erase, 2N times of typical.
04H (24=16, 32768msx16=524288ms)
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4.5.4 Device Geometry Definition

This field provides critical details of the flash device geometry.

Table 10. Device Geometry Definition

(Worg)ifj%tress) Length Description

27H 01H Device Size
15H (15H=21, 221=2097152=2M Bytes)

28H,29H 02H Flash Device Interface description
02H,00H (x8/x16 supports x8 and x16 via BYTE#)

2AH,2BH 02H Maximum Number of Bytes in Multi word/byte write
05H,00H (25=32 Bytes )

2CH 01H Number of Erase Block Regions within device
01H (symmetrically blocked)

2DH,2EH 02H The Number of Erase Blocks
1FH,00H (1FH=31 ==> 31+1=32 Blocks)

2FH,30H 02H The Number of "256 Bytes" cluster in a Erase block
00H,01H (0100H=256 ==>256 Bytes x 256= 64K Bytes in a Erase Block)

455 SCS OEM Specific Extended Query Table

Certain flash features and commands may be optional in a vendor-specific algorithm specification. The optional
vendor-specific Query table(s) may be used to specify this and other types of information. These structures are
defined solely by the flash vendor(s).

Table 11. SCS OEM Specific Extended Query Table

(Worgizedtress) Length Description
31H,32H,33H 03H PRI
50H,52H,49H
34H 01H 31H (1) Major Version Number , ASCII
35H 01H 30H (0) Minor Version Number, ASCII
36H,37H, 04H OFH,00H,00H,00H
38H,39H Optional Command Support
bit0=1 : Chip Erase Supported
bit1=1 : Suspend Erase Supported
bit2=1 : Suspend Write Supported
bit3=1 : Lock/Unlock Supported
bit4=0 : Queued Erase Not Supported
bit5-31=0 : reserved for future use
3AH 01H 01H
Supported Functions after Suspend
bit0=1 : Write Supported after Erase Suspend
bit1-7=0 : reserved for future use
3BH,3CH 02H 03H,00H
Block Status Register Mask
bit0=1 : Block Status Register Lock Bit [BSR.0] active
bit1=1 : Block Status Register Valid Bit [BSR.1] active
bit2-15=0 : reserved for future use
3DH 01H V¢ Logic Supply Optimum Write/Erase voltage(highest performance)
50H(5.0V)
3EH 01H Vpp Programming Supply Optimum Write/Erase voltage(highest performance)
50H(5.0V)
3FH reserved | Reserved for future versions of the SCS Specification
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4.6 Block Erase Command

Block erase is executed one block at a time and
initiated by 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). Block preconditioning, erase and verify are
handled internally by the WSM (invisible to the
system). After the two-cycle block erase sequence is
written, the device automatically outputs status
register data when read (see Figure 5). The CPU can
detect block erase completion by analyzing the
output data of the STS pin or status register bit SR.7.

When the block erase is complete, status register bit
SR.5 should be checked. If a block erase error is
detected, the status register should be cleared before
system software attempts corrective actions. The 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
accidentally erased. An invalid Block Erase command
sequence will result in both status register bits SR.4
and SR.5 being set to "1". Also, reliable block erasure
can only occur when Vec=Veeqyo and Vpp=Vppy1/2/3-
In the absence of this high voltage, block contents
are protected against erasure. If block erase is
attempted while Vpp<Vpp , SR.3 and SR.5 will be
set to "1". Successful block erase requires that the
corresponding block lock-bit be cleared or if set, that
WP#=V|,. If block erase is attempted when the
corresponding block lock-bit is set and WP#=V,,
SR.1 and SR.5 will be set to "1".

4.7 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 confirm. After a confirm command is written,
device erases the all unlocked blocks from block O to
Block 31 block by block. This command sequence
requires appropriate sequencing. Block
preconditioning, erase and verify are handled
internally by the WSM (invisible to the system). After
the two-cycle full 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 the output data of
the STS pin or status register bit SR.7.

When the full chip erase is complete, status register
bit SR.5 should be checked. If 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. If error is detected on a block
during full chip erase operation, WSM stops erasing.
Reading the block valid status by issuing Read ID
Codes command or Query command informs which
blocks failed to its erase.

This two-step command sequence of set-up followed
by execution ensures that block contents are not
accidentally erased. An invalid Full Chip Erase
command sequence will result in both status register
bits SR.4 and SR.5 being set to "1". Also, reliable full
chip erasure can only occur when Vc=Vcqp and
Vpp=Vppu1/2/3- IN the absence of this high voltage,
block contents are protected against erasure. If full
chip erase is attempted while Vpp<Vpp k, SR.3 and
SR.5 will be set to "1". When WP#=V,,, all blocks are
erased independent of block lock-bits status. When
WP#=V, , only unlocked blocks are erased. In this
case, SR.1 and SR.5 will not be set to "1". Full chip
erase can not be suspended.
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4.8 Word/Byte Write Command

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

When word/byte write is complete, status register bit
SR.4 should be checked. If word/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 CUI remains in
read status register mode until it receives another
command.

Reliable word/byte writes can only occur when
Vee=Veer and Vpp=Vpphijos- In the absence of
this high voltage, memory contents are protected
against word/byte writes. If word/byte write is
attempted while Vpp<Vpp k, Status register bits SR.3
and SR.4 will be set to "1". Successful word/byte
write requires that the corresponding block lock-bit be
cleared or, if set, that WP#=V . If word/byte write is
attempted when the corresponding block lock-bit is
set and WP#=V,, SR.1 and SR.4 will be set to "1".
Word/byte write operations with V, <WP#<V,,
produce spurious results and should not be
attempted.

4.9 Multi Word/Byte Write Command

Multi word/byte write is executed by at least four-
cycle or up to 35-cycle command sequence. Up to
32 bytes in x8 mode (16 words in x16 mode) can be
loaded into the buffer and written to the Flash Array.
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 8, 9). If extended
status register bit XSR.7 is 0, no Multi Word/Byte
Write command is available and multi word/byte write
setup which just has been written is ignored. To retry,

continue monitoring XSR.7 by writing multi word/byte
write setup with write address until XSR.7 transitions
to 1. When XSR.7 transitions to 1, the device is ready
for loading the data to the buffer. A word/byte count
(N)-1 is written with write address. After writing a
word/byte count(N)-1, the device automatically turns
back to output status register data. The word/byte
count (N)-1 must be less than or equal to 1FH in x8
mode (OFH in x16 mode). On the next write, device
start address is written with buffer data. Subsequent
writes provide additional device address and data,
depending on the count. All subsequent address
must lie within the start address plus the count. After
the final buffer data is written, write confirm (DOH)
must be written. This initiates WSM to begin copying
the buffer data to the Flash Array. An invalid Multi
Word/Byte Write command sequence will result in
both status register bits SR.4 and SR.5 being set to
"1". For additional multi word/byte write, write another
multi word/byte write setup and check XSR.7. The
Multi Word/Byte Write command can be queued
while WSM is busy as long as XSR.7 indicates "1",
because LH28F160S3HNS-TV has two buffers. If an
error occurs while writing, the device will stop writing
and flush next multi word/byte write command loaded
in multi word/byte write command. Status register bit
SR.4 will be set to "1". No multi word/byte write
command is available if either SR.4 or SR.5 are set
to "1". SR.4 and SR.5 should be cleared before
issuing multi word/byte write command. If a multi
word/byte write command is attempted past an erase
block boundary, the device will write the data to Flash
Array up to an erase block boundary and then stop
writing. Status register bits SR.4 and SR.5 will be set
to "1".

Reliable multi byte writes can only occur when
Vee=Veere and Vpp=Vpphy/o3- In the absence of
this high voltage, memory contents are protected
against multi word/byte writes. If multi word/byte write
is attempted while Vpp<Vpp , status register bits
SR.3 and SR.4 will be set to "1". Successful multi
word/byte write requires that the corresponding block
lock-bit be cleared or, if set, that WP#=V,. If multi
byte write is attempted when the corresponding block
lock-bit is set and WP#=V, , SR.1 and SR.4 will be
setto "1".
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4.10 Block Erase Suspend Command

The Block Erase Suspend command allows block-
erase interruption to read or (multi) word/byte-write
data in another block of memory. Once the block-
erase process starts, writing the Block Erase
Suspend command requests that the WSM suspend
the block erase sequence at a predetermined point in
the algorithm. The device outputs status register data
when read after the Block Erase Suspend command
is written. Polling status register bits SR.7 and SR.6
can determine when the block erase operation has
been suspended (both will be set to "1"). STS will
also transition to High Z. Specification ty gy, defines
the block erase suspend latency.

At this point, a Read Array command can be written
to read data from blocks other than that which is
suspended. A (Multi) Word/Byte Write command
sequence can also be issued during erase suspend
to program data in other blocks. Using the (Multi)
Word/Byte Write Suspend command (see Section
4.11), a (multi) word/byte write operation can also be
suspended. During a (multi) word/byte write operation
with block erase suspended, status register bit SR.7
will return to "0" and the STS (if set to RY/BY#)
output will transition to Vo . 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 STS
will return to Vg, . After the Erase Resume command
is written, the device automatically outputs status
register data when read (see Figure 10). Vpp must
remain at Vppyqo/3 (the same Vpp level used for
block erase) while block erase is suspended. RP#
must also remain at V. WP# must also remain at
the same level used for block erase. BYTE# must be
the same level as writing the Block Erase command
when the Block Erase Resume command is written.
Block erase cannot resume until (multi) word/byte

write operations initiated during block erase suspend
have completed.

4.11 (Multi) Word/Byte Write Suspend
Command

The (Multi) Word/Byte Write Suspend command
allows (multi) word/byte write interruption to read data
in other flash memory locations. Once the (multi)
word/byte write process starts, writing the (Multi)
Word/Byte Write Suspend command requests that
the WSM suspend the (multi) word/byte write
sequence at a predetermined point in the algorithm.
The device continues to output status register data
when read after the (Multi) Word/Byte Write Suspend
command is written. Polling status register bits SR.7
and SR.2 can determine when the (multi) word/byte
write operation has been suspended (both will be set
to "1"). STS will also transition to High Z.
Specification tygy, defines the (multi) word/byte
write suspend latency.

At this point, a Read Array command can be written
to read data from locations other than that which is
suspended. The only other valid commands while
(multi) word/byte write is suspended are Read Status
Register and (Multi) Word/Byte Write Resume. After
(Multi) Word/Byte Write Resume command is written
to the flash memory, the WSM will continue the
(multi) word/byte write process. Status register bits
SR.2 and SR.7 will automatically clear and STS will
return to Vg, . After the (Multi) Word/Byte Write
command is written, the device automatically outputs
status register data when read (see Figure 11). Vpp
must remain at Vppy9/3 (the same Vpp level used
for (multi) word/byte write) while in (multi) word/byte
write suspend mode. RP# must also remain at V.
WP# must also remain at the same level used for
(multi) word/byte write. BYTE# must be the same
level as writing the (Multi) Word/Byte Write command
when the (Multi) Word/Byte Write Resume command
is written.
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4.12 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 operations With WP#=V,,
individual block lock-bits can be set using the Set
Block Lock-Bit command. See Table 13 for a
summary of hardware and software write protection
options.

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 either the set block lock-bit
confirm (and an address within the block to be
locked). The WSM then controls the set block lock-bit
algorithm. After the sequence is written, the device
automatically outputs status register data when read
(see Figure 12). The CPU can detect the completion
of the set block lock-bit event by analyzing the STS
pin output or status register bit SR.7.

When the set block lock-bit operation is complete,
status register bit SR.4 should be checked. If an error
is detected, the status register should be cleared.
The CUI will remain in read status register mode until
a new command is issued.

This two-step sequence of set-up followed by
execution ensures that block lock-bits are not
accidentally set. An invalid Set Block 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:VCC]./Z and VPP:VPPH1/2/3' In the
absence of this high voltage, block lock-bit contents
are protected against alteration.

A successful set block lock-bit operation requires
WP#=V . If it is attempted with WP#=V|, SR.1 and
SR.4 will be set to "1" and the operation will fail. Set
block lock-bit operations with WP#<V, produce
spurious results and should not be attempted.

4.13 Clear Block Lock-Bits Command

All set block lock-bits are cleared in parallel via the
Clear Block Lock-Bits command. With WP#=V,,

block lock-bits can be cleared using only the Clear
Block Lock-Bits command. See Table 13 for a
summary of hardware and software write protection
options.

Clear block lock-bits operation is executed by a two-
cycle command sequence. A clear block lock-bits
setup is first written. After the command is written, the
device automatically outputs status register data
when read (see Figure 13). The CPU can detect
completion of the clear block lock-bits event by
analyzing the STS 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-bit error
is detected, the status register should be cleared.
The CUI will remain in read status register mode until
another command is issued.

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
Vee=Veer2 and Vpp=Vppy9/3- If @ clear block lock-
bits operation is attempted while Vpp<Vpp k, SR.3
and SR.5 will be set to "1". In the absence of this high
voltage, the block lock-bits content are protected
against alteration. A successful clear block lock-bits
operation requires WP#=V|. If it is attempted with
WP#=V, , SR.1 and SR.5 will be set to "1" and the
operation will fail. Clear block lock-bits operations
with V,,<RP# produce spurious results and should
not be attempted.

If a clear block lock-bits operation is aborted due to
Vpp Or Vc transitioning 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 to
known values.
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4.14 STS Configuration Command

The Status (STS) pin can be configured to different
states using the STS Configuration command. Once
the STS pin has been configured, it remains in that
configuration until another configuration command is
issued, the device is powered down or RP# is set to
V.. Upon initial device power-up and after exit from
deep power-down mode, the STS pin defaults to
RY/BY# operation where STS low indicates that the
WSM is busy. STS High Z indicates that the WSM is
ready for a new operation.

To reconfigure the STS pin to other modes, the STS
Configuration is issued followed by the appropriate
configuration code. The three alternate configurations
are all pulse mode for use as a system interrupt. The
STS Configuration command functions independently
of the Vpp voltage and RP# must be V.

Table 12. STS Configuration Coding Description

Configuration

Bits Effects

Set STS pin to default level mode
(RY/BY#). RY/BY# in the default
level-mode of operation will indicate
WSM status condition.

OOH

Set STS pin to pulsed output signal
for specific erase operation. In this
mode, STS provides low pulse at
the completion of BLock Erase,
Full Chip Erase and Clear Block
Lock-bits operations.

01H

Set STS pin to pulsed output signal
for a specific write operation. In this
02H mode, STS provides low pulse at
the completion of (Multi) Byte Write
and Set Block Lock-bit operation.

Set STS pin to pulsed output signal
for specific write and erase
operation. STS provides low pulse
03H at the completion of Block Erase,
Full Chip Erase, (Multi) Word/Byte
Write and Block Lock-bit
Configuration operations.

Table 13. Write Protection Alternatives

. Block
Operation Lock-Bit WP# Effect
Block Erase, 0 V, orV,, |Block Erase and (Multi) Word/Byte Write Enabled
(Multi) Word/Byte Block is Locked. Block Erase and (Multi) Word/Byte Write
Write 1 Vic Disabled
Vv Block Lock-Bit Override. Block Erase and (Multi) Word/Byte
IH Write Enabled
Full Chip Erase 0,1 V|, All unlocked blocks are erased, locked blocks are not erased
X Vg All blocks are erased
Set Block Lock-Bit X V), Set Block Lock-Bit Disabled
Viy Set Block Lock-Bit Enabled
Clear Block Lock-Bits X Vi, Clear Block Lock-Bits Disabled
Viy Clear Block Lock-Bits Enabled
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Table 14. Status Register Definition

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

SR.6 = BLOCK ERASE SUSPEND STATUS
1 = Block Erase Suspended
0 = Block Erase in Progress/Completed

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

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

SR.3 = Vpp STATUS
1 =Vpp Low Detect, Operation Abort
0 =Vpp OK

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

| WSMS | BESS | ECBLBS | WSBLBS | VPPS | WSS | DPS | R \
7 6 5 4 3 2 1 0
NOTES:

Check STS or SR.7 to determine block erase, full chip
erase, (multi) word/byte write or block 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, full
chip erase, (multi) word/byte write, block lock-bit
configuration or STS configuration attempt, an improper
command sequence was entered.

SR.3 does not provide a continuous indication of Vpp
level. The WSM interrogates and indicates the Vpp level
only after block erase, full chip erase, (multi) word/byte
write or block lock-bit configuration command
sequences. SR.3 is not guaranteed to reports accurate
feedback only when Vpp#Vpph1/9/3-

SR.1 does not provide a continuous indication of block
lock-bit values. The WSM interrogates block lock-bit,
and WP# only after block erase, full chip erase, (multi)
word/byte write or block lock-bit configuration command
sequences. It informs the system, depending on the
attempted operation, if the block lock-bit is set and/or
WP# is not V. Reading the block lock configuration
codes after writing the Read Identifier Codes command
indicates block lock-bit status.

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

Table 14.1. Extended Status Register Definition

XSR.7 = STATE MACHINE STATUS
1 = Multi Word/Byte Write available
0 = Multi Word/Byte Write not available

XSR.6-0=RESERVED FOR FUTURE ENHANCEMENTS

| sMS | R \ R \ R R R \ R \ \
7 6 5 4 3 2 1 0
NOTES:

After issue a Multi Word/Byte Write command: XSR.7
indicates that a next Multi Word/Byte Write command is
available.

XSR.6-0 is reserved for future use and should be
masked out when polling the extended status register.
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Bus

. Command Comments
Operation

Write 70H . Read Status Data=70H
Write

* Register Addr=X

Read Status

. Read Status Register Data
Register
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
. Data=20H
Write Erase Setup .
Addr=Within Block to be Erased
Write 20H,
Block Address Wit Erase Data=DOH
* e Confirm Addr=Within Block to be Erased
Write DOH,
Block Address Read Status Register Data
Read Status 4
Register Check SR.7
Suspend Block Standby 1=WSM Ready
Erase Loop 0=WSM Busy

Suspend
Block Erase

Repeat for subsequent block erasures.
Full status check can be done after each block erase or after a sequence of
block erasures.

Yes

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

Full Status
Check if Desired

Bus
X Command Comments
Operation
Check SR.3
Standby
1=Vpp Error Detect
Check SR.1
1=Device Protect Detect
Standby WP#=V__,Block Lock-Bit is Set
Only required for systems
implementing lock-bit configuration
Check SR.4,5
Standby
Both 1=Command Sequence Error
Standby Check SR.5
1=Block Erase Error
SR.5,SR.4,SR.3 and SR.1 are only cleared by the Clear Status
Register Command in cases where multiple blocks are erased
before full status is checked.
If error is detected, clear the Status Register before attempting
retry or other error recovery.

Block Erase Successful

Figure 5. Automated Block Erase Flowchart
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Write 70H

\ /

Read Status
Register

Write 30H

v

Write DOH

\ /

Read Status
Register

Full Status
Check if Desired

Full Chip Erase
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)

Vpp Range Error

Command Sequence
Error
Full Chip Erase Error

Full Chip Erase
Successful

Busl Command Comments
Operation
. Read Status Data=70H
Write .
Register Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Write Full Chip Erase Data=30H
Setup Addr=X
. Full Chip Erase Data=DOH
Write )
Confirm Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Full status check can be done after each full chip erase.
Write FFH after the last operation to place device in read array mode.

Bus
. Command Comments
Operation

Check SR.3

Standby ¢
1=Vpp Error Detect
Check SR.4,5

Standby
Both 1=Command Sequence Error

Standby Check SR.S
1=Full Chip Erase Error

before full status is checked.

retry or other error recovery.

SR.5,SR.4,SR.3 and SR.1 are only cleared by the Clear Status
Register Command in cases where multiple blocks are erased

If error is detected, clear the Status Register before attempting

Figure 6. Automated Full Chip Erase Flowchart
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Start Bus
- Command Comments

Operation
Write 70H Write Read Status Data=70H
rite Register Addr=X
Read Status Read Status Register Data
Register
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
. Setup Word/Byte Data=40H or 10H
Write . . .
Write Addr=Location to Be Written
WmeA‘L%H or 10H, Wit Word/Byte Writ Data=Data to Be Written
*ress e ord/Byte Write Addr=Location to Be Written

Write Word/Byte
Data and Address Read Status Register Data

v

Read
i ¢ Check SR.7
Status Register
Standby 1=WSM Ready
* Suspend Word/Byte 0=WSM Busy

Write Loop

Suspend
Word/Byte
Write

Repeat for subsequent word/byte writes.

SR full status check can be done after each word/byte write, or after a sequence of
word/byte writes.

Write FFH after the last word/byte write operation to place device in
read array mode.

Full Status
Check if Desired

Word/byte Write
Complete

FULL STATUS CHECK PROCEDURE

Read Status Register Bus
Data(See Above) X Command Comments
Operation
Check SR.3
Standby
1=Vpp Error Detect
Vpp Range Error
Check SR.1
1=Device Protect Detect
Standby WP#=V, ,Block Lock-Bit is Set
Only required for systems
Device Protect Error implementing lock-bit configuration
heck SR.4
Standby Check S :
1=Data Write Error
Word/byte Write Error SR.4,SR.3 a.nd SR.1 are only cléared by .the Clear SIatus Register
command in cases where multiple locations are written before
full status is checked.
If error is detected, clear the Status Register before attempting
retry or other error recovery.
Word/Byte Write v Y
Successful

Figure 7. Automated Word/byte Write Flowchart
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Write E8H, 4 Bus
Start Address ) Command Comments
* Operation
Read Extend Wiite Setup Data=E8H
. i
Status Register Multi Word/Byte Write | Addr=Start Address
No
Read Extended Status Register Data
Write Buffer \_Yes
Time Out
Check XSR.7
Standby 1=Multi Word/Byte Write Ready
0=Multi Word/Byte Write Busy
Write Word or Byte Count (N)-1,
Start Address Write Data=Word or Byte Count (N)-1
* (Note1) Addr=Start Address
Write Buffer Data,
i Data=Buffer Dat:
Start Address Write ata=Bulier Data
* (Note2,3) Addr=Start Address
X=1 Write Data=Buffer Data
(Note4,5) Addr=Device Address
Data=DOH
Write Addr=x
Read Status Register Data
Check SR.7
Abort Buffer N Yes Write Another Standby 1=WSM Ready
Write Commnad? —» Block Address 0=WSM Busy
- - 1. Byte or word count values on DQq.7 are loaded into the count register.
Multi Word/Byte Write . B
- 2. Write Buffer contents will be programmed at the start address.
Write Buffer Data, Abort ) ) .
X 3. Align the start address on a Write Buffer boundary for maximum
Device Address R
programming performance.
* 4.The device aborts the Multi Word/Byte Write command if the current address is
X=X+1 outside of the original block address.
5.The Status Register indicates an "improper command sequence" if the Multi
Word/Byte command is aborted. Follow this with a Clear Status Register command.
SR full status check can be done after each multi word/byte write,
*’ Write DOH or after a sequence of multi word/byte writes.
Write FFH after the last multi word/byte write operation to place device in
read array mode.
Another Yes

Buffer
Write ?

Read Status <
Register

Suspend Multi Word/Byte
Write Loop

Full Status
Check if Desired

Multi Word/Byte Write
Complete

Figure 8. Automated Multi Word/Byte Write Flowchart
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FULL STATUS CHECK PROCEDURE FOR
MULTI WORD/BYTE WRITE OPERATION

Read Status Register

Vpp Range Error

Device Protect Error

Command Sequence
Error

Multi Word/Byte Write
Error

Multi Word/Byte Write
Successful

Bus
. Command Comments
Operation
Check SR.3
Standby e¢
1=Vpp Error Detect
Check SR.1
1=Device Protect Detect
Standby WP#=V,__,Block Lock-Bit is Set
Only required for systems
implementing lock-bit configuration
Standby Check SR.4,5
Both 1=Command Sequence Error
Standby Check SR.fl
1=Data Write Error
SR.5,SR.4,SR.3 and SR.1 are only cleared by the Clear Status Register
command in cases where multiple locations are written before
full status is checked.
If error is detected, clear the Status Register before attempting
retry or other error recovery.

Figure 9. Full Status Check Procedure for Automated Multi Word/Byte Write
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Read

Read Array Data

Write BOH

v

Read
Status Register

Write ?

N

(Multi) Word/Byte Write

(Multi) Word/Byte Write Loop
(o]

Block Erase Completed

Bus. Command Comments
Operation
. Erase Data=BOH
Write
Suspend Addr=X
Status Register Data
Read Addr=x
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Check SR.6
Standby 1=Block Erase Suspended
0=Block Erase Completed
Wiite Erase Data=DOH
Resume Addr=X

Write DOH

Write FFH

v

(Block Erase Resumed)

Read Array Data

Figure 10. Block Erase Suspend/Resume Flowchart
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Write BOH

v

Read
Status Register

(Multi) Word/Byte Write
Completed

Write FFH

v

Read Array Data

Done
Reading

v

Write DOH

‘ Write FFH

v

v

C

(Multi) Word/Byte Write
Resumed

) Read Array Data

Bus. Command Comments
Operation
) (Multi) Word/Byte Write | Data=BOH
Write
Suspend Addr=X
Status Register Data
Read
Addr=X
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Check SR.2
1=(Multi) Word/Byte Write
Standby Suspended
0=(Multi) Word/Byte Write
Completed
) Read A Data=FFH
Write ead Array Addr=x
Read Array locations other
Read X R
than that being written.
. (Multi) Word/Byte Write | Data=DOH
Write
Resume Addr=X

Figure 11. (Multi) Word/Byte Write Suspend/Resume Flowchart
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Write 60H,
Block Address

Write 01H,
Block Address

v

Read
Status Register

Full Status
Check if Desired

Vpp Range Error

Device Protect Error

Command Sequence
Error

Set Block Lock-Bit Error

Set Block Lock-Bit
Successful

Bus. Command Comments
Operation
) Set Block Data=60H
Write .
Lock-Bit Setup Addr=Block Address
Set Block Data=01H,
Write . X
Lock-Bit Confirm Addr=Block Address
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy
Repeat for subsequent block lock-bit set operations.
Full status check can be done after each block lock-bit set operation
or after a sequence of block lock-bit set operations.
Write FFH after the last block lock-bit set operation to place device in
read array mode.

Bus
. Command Comments
Operation
Check SR.3
Standby
1=Vpp Error Detect
Check SR.1
Standby 1=Device Protect Detect
WP#=V,_
Check SR.4,5
Standby Both 1=Command
Sequence Error
Check SR.4
Standby 1=Set Block Lock-Bit Error
SR.5,SR.4,SR.3 and SR.1 are only cleared by the Clear Status
Register command in cases where multiple block 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 12. Set Block Lock-Bit Flowchart
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Write 60H

v

Write DOH

v

Read
Status Register

Full Status

Check if Desired

Vpp Range Error

Device Protect Error

Command Sequence
Error

Clear Block Lock-Bits
Error

Clear Block Lock-Bits
Successful

Bus. Command Comments
Operation
. Clear Block Data=60H
Write 3
Lock-Bits Setup Addr=X
Wi Clear Block Data=DOH
e Lock-Bits Confirm Addr=X
Read Status Register Data
Check SR.7
Standby 1=WSM Ready
0=WSM Busy

Write FFH after the Clear Block Lock-Bits operation to

place device in read array mode.

Bus
. Command Comments
Operation
Check SR.3
Standby ee
1=Vpp Error Detect
Check SR.1
Standby 1=Device Protect Detect
WP#=V,
Check SR.4,5
Standby Both 1=Command
Sequence Error
Check SR.5
Standby .
1=Clear Block Lock-Bits Error

SR.5,SR.4,SR.3 and SR.1 are only cleared by the Clear Status

Register command.

If error is detected, clear the Status Register before attempting

retry or other error recovery.

Figure 13. 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 possible memory power dissipation.

b. Complete assurance that data bus contention will
not occur.

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

5.2 STS and Block Erase, Full Chip
Erase, (Multi) Word/Byte Write and
Block Lock-Bit Configuration Polling

STS is an open drain output that should be
connected to V¢ by a pullup resistor to provide a
hardware method of detecting block erase, full chip
erase, (multi) word/byte write and block lock-bit
configuration completion. In default mode, it
transitions low after block erase, full chip erase,
(multi) word/byte write or block lock-bit configuration
commands and returns to Vg, when the WSM has
finished executing the internal algorithm. For
alternate STS pin  configurations, see the
Configuration command.

STS can be connected to an interrupt input of the
system CPU or controller. It is active at all times.

STS, in default mode, is also High Z when the device
is in block erase suspend (with (multi) word/byte write
inactive), (multi) word/byte write suspend or deep
power-down modes.

5.3 Power Supply Decoupling

Flash memory power switching characteristics require
careful device decoupling. System designers are
interested in three supply current issues; standby
current levels, active current levels and transient
peaks produced by falling and rising edges of CE#
and OE#. Transient current magnitudes depend on
the device outputs’ capacitive and inductive loading.
Two-line control and proper decoupling capacitor
selection will suppress transient voltage peaks. Each
device should have a O0.1yuF ceramic capacitor
connected between its V- and GND and between its
Vpp and GND. These high-frequency, low inductance
capacitors should be placed as close as possible to
package leads. Additionally, for every eight devices,
a 4.7uF electrolytic capacitor should be placed at the
array’s power supply connection between V- and
GND. The bulk capacitor will overcome voltage
slumps caused by PC board trace inductance.

5.4 Vpp Trace on Printed Circuit Boards

Updating flash memories that reside in the target
system requires that the printed circuit board
designer pay attention to the Vpp Power supply trace.
The Vpp pin supplies the memory cell current for
block erase, full chip erase, (multi) word/byte write
and block lock-bit configuration. Use similar trace
widths and layout considerations given to the V¢
power bus. Adequate Vpp supply traces and
decoupling will decrease Vpp voltage spikes and
overshoots.
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5.5 V¢, Vpp, RP# Transitions

Block erase, full chip erase, (multi) word/byte write
and block lock-bit configuration are not guaranteed if
Vpp falls outside of a valid Vppy9/3 range, Ve falls
outside of a valid Vcq0 range, or RP#=V| . If Vpp
error is detected, status register bit SR.3 is set to "1"
along with SR.4 or SR.5, depending on the attempted
operation. If RP# transitions to V, during block
erase, full chip erase, (multi) word/byte write or block
lock-bit configuration, STS(if set to RY/BY# mode)
will remain low until the reset operation is complete.
Then, the operation will abort and the device will
enter deep power-down. The aborted operation may
leave data partially altered. Therefore, the command
sequence must be repeated after normal operation is
restored. Device power-off or RP# transitions to V,_
clear the status register.

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

After block erase, full chip erase, (multi) word/byte
write or block lock-bit configuration, even after Vpp
transitions down to Vpp k, the CUI must be placed in
read array mode via the Read Array command if
subsequent access to the memory array is desired.

5.6 Power-Up/Down Protection

The device is designed to offer protection against
accidental block and full chip erasure, (multi)
word/byte writing or block lock-bit configuration during
power transitions. Upon power-up, the device is
indifferent as to which power supply (Vpp 0Or V()

powers-up first. Internal circuitry resets the CUI to
read array mode at power-up.

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

In-system block lock and unlock capability prevents
inadvertent data alteration. The device is disabled
while RP#=V, regardless of its control inputs state.

5.7 Power Dissipation

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

In addition, deep power-down mode ensures
extremely low power consumption even when system
power is applied. For example, portable computing
products and other power sensitive applications that
use an array of devices for solid-state storage can
consume negligible power by lowering RP# to V,_
standby or sleep modes. If access is again needed,
the devices can be read following the tpoy and
tow Wake-up cycles required after RP# is first
raised to V. See AC Characteristics— Read Only
and Write Operations and Figures 17, 18, 19, 20 for
more information.
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6 ELECTRICAL SPECIFICATIONS

6.1 Absolute Maximum Ratings*

Operating Temperature
During Read, Erase, Write and

Vpp Update Voltage during
Erase, Write and

Output Short Circuit Current ..........ccccoeeee.e.

6.2 Operating Conditions

Block Lock-Bit Configuration .....-40°C to +85°C(1)

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

(except Vg, Vpp) e, -0.5Vt0 V+0.5v(@)
Ve Suply Voltage ... -0.2V to +7.0V(

Block Lock-Bit Configuration ......-0.2V to +7.0V(2)

100mA®)

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

NOTES:

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

2. All specified voltages are with respect to GND.
Minimum DC voltage is -0.5V on input/output pins
and -0.2V on Vcc and Vpp pins. During
transitions, this level may undershoot to -2.0V for
periods <20ns. Maximum DC voltage on
input/output pins and Ve is Vc+0.5V which,
during transitions, may overshoot to V-+2.0V for
periods <20ns.

3. Output shorted for no more than one second. No
more than one output shorted at a time.

Temperature and V-~ Operating Conditions

1. Sampled, not 100% tested.

Symbol Parameter Min. Max. Unit Test Condition
Ta Operating Temperature -40 +85 °C Ambient Temperature
Veer V¢ Supply Voltage (2.7V-3.6V) 2.7 3.6 V

Veer V¢ Supply Voltage (3.3V+0.3V) 3.0 3.6 \%
6.2.1 CAPACITANCE(@)

T,=+25°C, f=1MHz

Symbol Parameter Typ. Max. Unit Condition
Cin Input Capacitance 7 10 pF V,=0.0V

Cout Output Capacitance 9 12 pF Vayr=0.0vV
NOTE:
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6.2.2 AC INPUT/OUTPUT TEST CONDITIONS

2.7 S
INPUT 1.35——— TESTPOINTS —————pp ¥ 1.35 OUTPUT
0.0 55

AC test inputs are driven at 2.7V for a Logic "1" and 0.0V for a Logic "0." Input timing begins, and output timing ends, at 1.35V.
Input rise and fall times (10% to 90%) <10 ns.

Figure 14. Transient Input/Output Reference Waveform for V-=2.7V-3.6V

3.0 55
INPUT 15— TESTPOINTS —— P ¥ 1.5 OUTPUT
0.0 55

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

Figure 15. Transient Input/Output Reference Waveform for V--=3.3V+0.3V

Test Configuration Capacitance Loading Value

1.3V Test Configuration C (pF)
1N914 Vee=3.3V+0.3V, 2.7V-3.6V 50
R.=3.3kQ
DEVICE
UNDER O out
TEST

CL

C Includes Jig
Capacitance

Figure 16. Transient Equivalent Testing
Load Circuit
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6.2.3 DC CHARACTERISTICS
DC Characteristics
Vec=2.7V Vcece=3.3V Test
Sym Parameter Notes | Typ. | Max. | Typ. | Max. | Unit Conditions
I Input Load Current 1 Vee=VecMax.
L +0.5 +0.5 | pA VEIC: VCCCCor GND
I Output Leakage Current 1 Vee=VecMax.
Lo +0.5 +0.5 | pA VgETZScC;c or GND
lccs | Ve Standby Current 1,3,6 CMOS Inputs
20 100 20 100 | pA | Vc=VcMax.
CE#=RP#=V+0.2V
TTL Inputs
1 4 1 4 MA | Vec=VecMax.
CE#=RP#=V
lcco | Ve Deep Power-Down 1 20 20 LA RP#=GND:_LO.2V
Current louT(STS)=0mA
lccr | Ve Read Current 1,5,6 CMQOS Inputs
Vee=VecMax.
25 25 | mA | £S5 GND
f=5MHz, I5,1=0mA
TTL Inputs
30 30 | MA | Ve=VecMax., CE#=V,
f=BMHz, 15,1=0mA
lccw | Ve Write Current 17 17 — — | MA | Vpp=2.7V-3.6V
((Multi) W/B Write or 17 17 | mA | Vpp=3.3V+0.3V
Set Block Lock Bit) 17 17 | mA | Vpp=5.0v+0.5V
lcce | Ve Erase Current 17 17 — — mA | Vpp=2.7V-3.6V
(Block Erase, Full Chip 17 17 mA | Vpp=3.3V+0.3V
Erase, Clear Block Lock Bits) 17 17 mA | Vpp=5.0V+0.5V
lccws | Ve Write or Block Erase 1,2 1 6 1 6 mA | CE#=V,,,
lcces | Suspend Current
lpps | Vpp Standby Current 1 *2 *15 *2 £15 | YA | VppsVce
lppr | Vpp Read Current 1 10 200 10 200 | pPA | Vpp>Ve
'epp | Vpp Deep Power-Down L' Vo1 5 |01 s RP#=GND=0.2V
Current
lppw | Vpp Write Current 1,7 80 — — | MA | Vpp=2.7V-3.6V
((Multi) W/B Write or 80 80 | mA |Vpp=3.3V+0.3V
Set Block Lock Bit) 80 80 | mA |Vpp=5.0vV+0.5V
lppe | Vpp Erase Current 1,7 40 — — | MA | Vpp=2.7V-3.6V
(Block Erase, Full Chip 40 40 | mA | Vpp=3.3V+0.3V
Erase, Clear Block Lock Bits) 40 40 | mA | Vpp=5.0v+0.5V
I Vpp Write or Block Erase 1
IE:;VSS Sazpend Current 101200 110 1 200 | WA [Vep=Vpprisrs
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DC Characteristics (Continued)

Vece=2.7V Vee=3.3V Test
Sym. Parameter Notes | Min. | Max. | Min. | Max. | Unit Conditions
Vi Input Low Voltage 7 -0.5 0.8 -0.5 0.8 \
ViH Input High Voltage 7 Vee Vee
2.0 105 2.0 w05 |V
VoL | Output Low Voltage 3,7 0.4 0.4 Vv VCE:VCCMin.
lo =2mA
Vony | Output High Voltage 3,7 Vec=VecMin.
(TTL) 24 24 v lo=-2.5MA
Vono | Output High Voltage 3,7 | 0.85 0.85 Vv Vee=VecMin,
Vee Vee v | Yec=VecMin.
-0.4 -0.4 lop=-100pA
Vpp k | Vpp Lockout Vpltage during 4,7 15 15 v
Normal Operations
Vpph1 | Vpp Voltage qluring Write or 27 36 o o Vv
Erase Operations
Vpph2 | Vpp Voltage QUrlng Write or 3.0 36 3.0 36 Vv
Erase Operations
Vppps | Vpp Voltage QUrmg Write or 45 55 45 55 Vv
Erase Operations
Viko | Ve Lockout Voltage 2.0 2.0 \
NOTES:

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

2. lccws and locgs 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 loc\yg OF lccgs and I Or loew: respectively.

3. Includes STS.

4. Block erases, full chip erases, (multi) word/byte writes and block lock-bit configurations are inhibited when
Vpp<Vpp K, and not guaranteed in the range between Vpp| «(max.) and Vppy,(mMin.), between Vppy,(max.) and
Vpppo(min.), between Vpp,(max.) and Vppys(min.) and above Vppa(max.).

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

6. CMOS inputs are either V-+0.2V or GND+0.2V. TTL inputs are either V| _or V.

7. Sampled, not 100% tested.
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6.2.4 AC CHARACTERISTICS - READ-ONLY OPERATIONS(1)
Vee=2.7V-3.6V, T,=-40°C to +85°C
Versions®) LH28F160S3H-L120

Sym. Parameter Notes Min. Max. Unit
tayay Read Cycle Time 120 ns
tayoy | Address to Output Delay 120 ns
te, oy | CE# to Output Delay 2 120 ns
touny | RP# High to Output Delay 600 ns
te oy | OE# to Output Delay 2 50 ns
te ox | CE# to Output in Low Z 3 0 ns
teun> | CE# High to Output in High Z 3 50 ns
ta ox | OE# to Output in Low Z 3 0 ns
touny | OE# High to Output in High Z 3 20 ns
tOH‘ Output Hold from Address, CE# or OE# Change, 3 0 ns

Whichever Occurs First

:FLQV BYTE# to Output Delay 3 120 ns

EHQV
e oz BYTE# to Output in High Z 3 30 ns
:EILE: CE# Low to BYTE# High or Low 3 5 ns
NOTE:
See 3.3V V¢ Read-Only Operations for notes 1 through 4.

V=3.3V+0.3V, T,=-40°C to +85°C
Versions® LH28F160S3H-L100

Sym. Parameter Notes Min. Max. Unit
tavay Read Cycle Time 100 ns
tayay | Address to Output Delay 100 ns
te, oy | CE# to Output Delay 2 100 ns
touny | RP# High to Output Delay 600 ns
to oy | OE# to Output Delay 2 45 ns
te, oy | CE# to Output in Low Z 3 0 ns
teun, | CE# High to Output in High Z 3 50 ns
te ox | OE# to Output in Low Z 3 0 ns
tepoz | OE# High to Output in High Z 3 20 ns
toy | Output Hold from Address, CE# or OE# Change, 3 0 ns

Whichever Occurs First

:F'-QV BYTE# to Output Delay 3 100 ns

EHQV

teL oz BYTE# to Output in High Z 3 30 ns
:EILE: CE# Low to BYTE# High or Low 3 5 ns
NOTES:
1. See AC Input/Output Reference Waveform for maximum allowable input slew rate.
2. OE# may be delayed up to tg) o-tg gy after the falling edge of CE# without impact on tg gy
3. Sampled, not 100% tested.
4. See Ordering Information for device speeds (valid operational combinations).
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Device .
v Standby Address Selection Data Valid
H G
ADDRESSES(A) ><X Address Stable X
ViL TTEETIE
< tavav >
Vin

CE#(E) / \ / t \
Vie T <«

Vi

OE#(G) / \ / .
V||_ GHQZ;

Viy TTIT
WE#(W) / ‘
GLQV
ViL

\_
\_

NOTE: CE# is defined as the latter of CEg# and CE;# going Low or the first of CEg# or CE1# going High.

< teLQv ;
ttGLQX OH
ELOX
VOH (AR RERRENN]
AR
HIGH Z { ‘ . HIGH Z
DATA(D/Q) <\ { Valid Output >
7
V. e
oL tavov
=/ \_
< tPHQV
Vin
RP#(P) / \
ViL

Figure 17. AC Waveform for Read Operations

Rev. 2.0




SHARP LHF16KTV 38
Device .
v Standby Address Selection Data Valid
H
ADDRESSES(A) ><X Address Stable X
Vi
tavav >
Vin
CE#(E) / \ / \
t
ViL e <EHQZ>
taveL=teLFL
Vi
OE#(G) / \ / \
Vi el e JeHoz,
ViH < trLov=tavov >
BYTE#(F) \ teLov /
Vi t e v
<«ELQV toH
teLox
teLox
Vou / SRV \
DATA(D/Q) HIGH Z / i Data Outout valid \ HIGHZ
(DQo-DQ7} N P \ Output 4
VoL /
tavov
< lFlogz
VOH [ \
DATA(D/Q) HIGH Z y i Data \ HIGH Z
(DQsg-DQ15) \ x  Output ‘[
VoL
NOTE: CE# is defined as the latter of CEg# and CE;# going Low or the first of CEy# or CE;# going High.

Figure 18. BYTE# Timing Waveforms
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6.2.5 AC CHARACTERISTICS - WRITE OPERATIONS(®)
Vee=2.7V-3.6V, Tp=-40°C to +85°C
Versions® LH28F160S3H-L120

Sym. Parameter Notes Min. Max. Unit
tayay | Write Cycle Time 120 ns
topw RP# High Recovery to WE# Going Low 2 1 Us
te i CE# Setup to WE# Going Low 10 ns
twiwe | WE# Pulse Width 50 ns
tepwy | WP# V), Setup to WE# Going High 2 100 ns
typwy | Vpp Setup to WE# Going High 2 100 ns
taywy | Address Setup to WE# Going High 3 50 ns
toywy | Data Setup to WE# Going High 3 50 ns
twupx | Data Hold from WE# High 5 ns
twuax | Address Hold from WE# High 5 ns
twuey | CE# Hold from WE# High 10 ns
twow | WE# Pulse Width High 30 ns
twupl WE# High to STS Going Low 100 ns
twual Write Recovery before Read 0 ns
towvut Vpp Hold from Valid SRD, STS High Z 2,4 0 ns
tovs WP# V,, Hold from Valid SRD, STS High Z 2,4 0 ns
teywn | BYTE# Setup to WE# Going High 50 ns
twupy | BYTE# Hold from WE# High NOTE 6 ns
NOTE:

See 3.3V V¢ WE#-Controlled Writes for notes 1 through 6.
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Ve=3.3V+0.3V, T,=-40°C to +85°C
Versions®) LH28F160S3H-L100

Sym. Parameter Notes Min. Max. Unit
tayay | Write Cycle Time 100 ns
torwi RP# High Recovery to WE# Going Low 2 1 Us
te CE# Setup to WE# Going Low 10 ns
twiwy | WE# Pulse Width 50 ns
tepwy | WP# V|, Setup to WE# Going High 2 100 ns
typwa | Vpp Setup to WE# Going High 2 100 ns
taywy | Address Setup to WE# Going High 3 50 ns
toywy | Data Setup to WE# Going High 3 50 ns
twupx | Data Hold from WE# High 5 ns
twuayx | Address Hold from WE# High 5 ns
twuen | CE# Hold from WE# High 10 ns
twawt | WE# Pulse Width High 30 ns
twar WE# High to STS Going Low 100 ns
twua Write Recovery before Read 0 ns
tovyg Vpp Hold from Valid SRD, STS High Z 24 0 ns
toys WP# V,, Hold from Valid SRD, STS High Z 24 0 ns
teywy | BYTE# Setup to WE# Going High 50 ns
twuey | BYTE# Hold from WE# High NOTE 6 ns

NOTES:

1. Read timing characteristics during block erase, full chip erase, (multi) wrod/byte 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 A,y and D,y for block erase, full chip erase, (multi) word/byte write or block lock-bit

configuration.

block lock-bit configuration success (SR.1/3/4/5=0).
See Ordering Information for device speeds (valid operational combinations).

. Vpp should be held at Vppyq/o/3 Until determination of block erase, full chip erase, (multi) word/byte write or

BYTE# should be in stable until determination of block erase, full chip erase, (multi) word/byte write, block lock-

bit configuration or STS configuration success (SR.7=1).
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OEH#(G) \
ViL
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ViH 3 I

D Valid Din

WE#(W) \ k
ViL = | twLwr
tDVtWH
ViH ) WHDX
DATA(D/Q) High 2 Diy
ViL

PHWL

tevwH

| SRD

twhrv |

BYTE#(F)

|

High Z
STS(R) /
VoL

tsHwH

tovsL

Vi
WP#(S)
ViL

ViH

RP#(P)

tVF'WH

tovwL

N Mmom
e

NOTES:
. Ve power-up and standby.
. Write each setup command.

. Write each confirm command or valid address and data.
. Automated erase or program delay.
. Read status register data.

. Write Read Array command.

. CE# is defined as the latter of CEg# and CE;# going Low or the first of CEg# or CE;# going High.

’A”A‘A’A‘A’A‘A‘A’A‘A‘A‘A‘A’A’A‘A
g

Figure 19. AC Waveform for WE#-Controlled Write Operations
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6.2.6 ALTERNATIVE CE#-CONTROLLED WRITES({)
Vee=2.7V-3.6V, Tp=-40°C to +85°C
Versions® LH28F160S3H-L120

Sym. Parameter Notes Min. Max. Unit
tayay | Write Cycle Time 120 ns
toue RP# High Recovery to CE# Going Low 2 1 Us
i 1 WE# Setup to CE# Going Low 0 ns
te) Ey CE# Pulse Width 70 ns
teypy | WP# V), Setup to CE# Going High 2 100 ns
typEn Vpp Setup to CE# Going High 2 100 ns
tayey | Address Setup to CE# Going High 3 50 ns
toven Data Setup to CE# Going High 3 50 ns
teppx Data Hold from CE# High 5 ns
tepax Address Hold from CE# High 5 ns
tepwy | WE# Hold from CE# High 0 ns
teye CE# Pulse Width High 25 ns
tepn CE# High to STS Going Low 100 ns
tepa Write Recovery before Read 0 ns
towvut Vpp Hold from Valid SRD, STS High Z 2,4 0 ns
tovs WP# V,, Hold from Valid SRD, STS High Z 2,4 0 ns
teyen | BYTE# Setup to CE# Going High 50 ns
teppy BYTE# Hold from CE# High NOTE 6 ns
NOTE:

See 3.3V V¢ Alternative CE#-Controlled Writes for notes 1 through 6.
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V(e=3.3V£0.3V, T,=-40°C to +85°C

Versions®) LH28F160S3H-L100
Sym. Parameter Notes Min. Max. Unit
tayay | Write Cycle Time 100 ns
toye RP# High Recovery to CE# Going Low 2 1 Us
1 WE# Setup to CE# Going Low 0 ns
te) ey CE# Pulse Width 70 ns
teppn | WP# V|, Setup to CE# Going High 2 100 ns
typey | Vpp Setup to CE# Going High 2 100 ns
tavEn Address Setup to CE# Going High 3 50 ns
toyey | Data Setup to CE# Going High 3 50 ns
tenpyx Data Hold from CE# High 5 ns
teyax | Address Hold from CE# High 5 ns
tepwn | WE# Hold from CE# High 0 ns
teyE CE# Pulse Width High 25 ns
tepup CE# High to STS Going Low 100 ns
teya Write Recovery before Read 0 ns
tovyg Vpp Hold from Valid SRD, STS High Z 24 0 ns
toys WP# V,, Hold from Valid SRD, STS High Z 24 0 ns
teyey BYTE# Setup to CE# Going High 50 ns
teppy BYTE# Hold from CE# High NOTE 6 ns

NOTES:

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

2. Sampled, not 100% tested.

3. Refer to Table 4 for valid A,y and D,y for block erase, full chip erase, (multi) word/byte write or block lock-bit
configuration.

4. Vpp should be held at Vppy1/9/53 until determination of block erase, full chip erase, (multi) word/byte write or
block lock-bit configuration success (SR.1/3/4/5=0).

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

6. BYTE# should be in stable until determination of block erase, full chip erase, (multi) word/byte write, block lock-
bit configuration or STS configuration success (SR.7=1).
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NOTES:

. Ve power-up and standby.

. Write each setup command.

. Write each confirm command or valid address and data.

. Automated erase or program delay.

. Read status register data.

. Write Read Array command.

. CE# is defined as the latter of CEg# and CE;# going Low or the first of CEg# or CE;# going High.

~Noab~hwNBE

Figure 20. AC Waveform for CE#-Controlled Write Operations
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6.2.7 RESET OPERATIONS
High Z
STS(R)
VoL
ViH
RP#(P)
tpLpH —
(A)Reset During Read Array Mode
High 2
STS(R)
VoL
N tpLRH |
ViH
RP#(P)
Vi
tpLpH
(B)Reset During Block Erase, Full Chip Erase, (Multi) Word/Byte Write
or Block Lock-Bit Configuretion
2.7/3.3V r
Vee
ViL
t23vPH
ViH
RP#(P) /
Vi J
(C)Vcc Power Up Timing
Figure 21. AC Waveform for Reset Operation
Reset AC Specifications
Vee=2.7V Vee=3.3V
Symbol Parameter Notes Min. Max. Min. Max. Unit
toL pH RP# Pulse Low Time
(If RP# is tied to V¢, this specification is 100 100 ns
not applicable)
toL RH RP# Low to Reset during Block Erase,
Full Chip Erase, (Multi) Word/Byte Write 1,2 215 21.1 Hs
or Block Lock-Bit Configuration
traypy | Ve at 2.7V to RP# High
Ve at 3.0V to RP# High 3 100 100 ns
NOTES:
1. If RP# is asserted while a block erase, full chip erase, (multi) word/byte write or block lock-bit configuration
operation is not executing, the reset will complete within 100ns.
2. Aresettime, toHQv: is required from the latter of STS going High Z or RP# going high until outputs are valid.
3. When the device power-up, holding RP# low minimum 100ns is required after V- has been in predefined 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(®)
Ve=2.7V-3.6V, T,=-40°C to +85°C
Vpp=2.7V-3.6V | Vpp=3.0V-3.6V | Vpp=4.5V-5.5V
Sym. Parameter Notes | Typ.®®) | Max. | Typ.®) | Max. | Typ.® | Max. | Unit
¢ Word/Byte Write Time
tWHQVl (using W/B write, in word 2 22.19 250 22.19 250 13.2 180 us
¢ Word/Byte Write Time
(WHQVI | (using W/B write, in byte 2 19.9 250 19.9 250 13.2 180 us
Word/Byte Write Time 2 | 576 | 250 | 576 | 250 | 276 | 180 | ps
(using multi word/byte write)
Block Write Time
(using W/B write, in word 2 0.73 8.2 0.73 8.2 0.44 4.8 S
mode)
Block Write Time
(using W/B write, in byte 2 1.31 16.5 1.31 16.5 0.87 10.9 S
mode)
Block Write Time
(using multi word/byte write) 2 0.37 41 0.37 41 0.18 2 s
:WHQVZ Block Erase Time 2 0.56 10 0.56 10 0.42 10 s
EHQV2
Full Chip Erase Time 17.9 320 17.9 320 134 320 S
:WHQV3 Set Block Lock-Bit Time 2 22.17 250 22.17 250 13.2 180 us
EHQV3
:WHQV“ Clear Block Lock-Bits Time 2 0.56 10 0.56 10 0.42 10 s
EHQV4 _ _
fwhrpy | Write Suspend Latency Time 724 | 102 | 724 | 102 | 673 | 948 | us
teppyt | to Read
twrrnz | Erase Suspend Latency 155 | 215 | 155 | 215 | 1254 | 1754 | s
tepypyo | Time to Read
NOTE:

See 3.3V V. Block Erase, Full Chip Erase, (Multi) Word/Byte Write and Block Lock-Bit Configuration Performance
for notes 1 through 3.
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Ve=3.3V+0.3V, T,=-40°C to +85°C
Vpp=3.0V-3.6V Vpp=4.5V-5.5V
Sym. Parameter Notes | Typ.® Max. Typ.® Max. Unit
twHova | Word/Byte Write Time
tepoya | (Using W/B write, in word mode) 2 2L.75 250 12.95 180 Hs
twHova | Word/Byte Write Time
tepoyr | (using W/B write, in byte mode) 2 19.51 250 12.95 180 HS
N Word/Byte Write Time
(using multi word/byte write) 2 5.66 250 2.7 180 HS
Block Write Time
(using W/B write, in word mode) 2 0.72 8.2 0.43 48 S
Block Write Time
(using W/B write, in byte mode) 2 1.28 16.5 0.85 10.9 s
Block Write Time
(using multi word/byte write) 2 0.36 4.1 0.18 2 s
WHQV2 | Block Erase Time 2 0.55 10 0.41 10 s
tenQuz
Full Chip Erase Time 17.6 320 13.1 320 S
(WHQVS | Set Block Lock-Bit Time 2 2175 | 250 | 12.95 | 180 s
EHQV3
:WHQV“ Clear Block Lock-Bits Time 2 0.55 10 0.41 10 s
EHQV4
:WHRHl Write Suspend Latency Time to Read 7.1 10 6.6 9.3 Hs
EHRH1
:WHRHZ Erase Suspend Latency Time to Read 15.2 21.1 12.3 17.2 us
EHRH2
NOTES:
1. Typical values measured at T,=+25°C and nominal voltages. Assumes corresponding block lock-bits are not

2.
3. Sampled but not 100% tested.

set. Subject to change based on device characterization.

Excludes system-level overhead.
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7 ADDITIONAL INFORMATION

7.1 Ordering Information

Product line designator for all SHARP Flash products
|

L H28F16/0S3HNS - TV

B | I I | [E— \_'_1
Device Density Access Speed (ns)
160 = 16-Mbit | 10:100ns (3.3V), 120ns (2.7V)

_ _ 13:130ns (3.3V), 150ns (2.7V)
Architecture

S = Regular Block | ' Package
o T = 56-Lead TSOP
R = 56-Lead TSOP(Reverse Bend)
NS = 56-Lead SSOP
Operating Temperature | B = 64-Ball CSP
Blank = 0°C ~ +70°C | D = 64-Lead SDIP
H =-40°C ~ +85°C

Power Supply Type
3 = Smart 3 Technology | —

Valid Operational Combinations
Vee=2.7V-3.6V Vcc=3.3V+0.3V
50pF load, 50pF load,
Option Order Code 1.35V I/O Levels 1.5V I/O Levels
1 LH28F160S3HNS-TV LH28F160S3H-L120 LH28F160S3H-L100

Rev. 2.0



26017003

"XEUI S90M OM], : A .
"poyjour Sununowr 3y} uo Jurpusdap © B(7) pue ([)g-1 UONIIS 0} I9JY : TX +1X -
‘pourad a3ei01g (7)

: XeW %09 E ewyog Xew %09 5 Xow 9408 : Ayprumpy
| 2,86~¢ ' W0P~G I3 ! 2,86~§ r,0p~¢: amjetedwia], [
O © O O

SuuUnO ¢—— X ——» Sumado.0y ¢—— X —— p3uress.ay <—— X —» Sumwedojsmy

“Sunyoed A1p a3 Jo Aypruny pue amjerdduis) srsydsoune [eWSIXY : 3%
‘Ayprumy pue srmjeradurd) 98erolg (1)
1 SMO[[0] sk 5q Jsnut Ayrprumy pue argerddurs) ‘pouad a8eiols oy,
‘Bureas-jesy
Sursn urege upjoed Arp urograd pue SOO1ASD O YNM (J0TRIIPUT ANPIUNY N[ B Y)IM)
Jued21S9p 2oe[d 10 X0q AIp B IS PUE 39U AJUO OS Op ‘FULISPIOS 210§3q SIOIAIP I} SI0JS-01 O,
‘Buruado 1oye o3e10)s Arerodwa], ¢-1

JUISUIIOIIAUS UDFONIU IO IV
"MO[JO1 IST Y] JO uond[dwiod 19)Je "Xew SINoY g/ : poLd{ .
XBUI %09 : ANprumy .
D,5T~¢ : omeradurdy, .
"MO[J21 pug oy}
Suruuropad 03 Joud pue mopgar st ays yo uondpdwos Surmorjoy suonpuos sge10ls ‘q
“uruado 1o "Xeur SIOY 7/ : poud{ .
"XBUW 94,09 : AIprung] .
0,57~ : ameradwsy, .
‘Mopyar 1T oy Suruwiograd o) soud pue Suruado Surmoroy suonipuos ageIols e
(;, MO[JaI UONIRAUOD ] ¢, MO[JAI UOTIOAUO))) “FULIDPIOS SWIN-0M) J0J SUONIPUOd 3FeI0NS (7)
“uruado 19)Je “Xew SMOoY 7/ : poud{ -
"XBUI ¢4,09 : ANpruIngy .
D,$T~¢ : omerodudy, .
( ‘3uuapjos [enuey 10
‘. MO[J21 UOTIOSAUO/Y] | MO[JAI UONIBAUO))) “FULISPIOS SWIN-UO 10J SUONIpuod aeIols (1)
:Ajdde suonpuod
o3e10)s Juimojfoy sy amsus ‘Guruado Joyye uondrosqe amsiour JusAdxd 0) IOpIO U]
‘Bunyed Ap oy Suruado 19)ye parmbar suonpuod 98vI01S 71

WANpIINY 2ANE[SY, Sweow  ANpIung,
Xeun (Apruny dANE[Y )%08 : AIpruny [euLoy .
D,0v~¢ : samerndws; feurioy .
“Sunpoed A1p oy Sutuado 21030q parmbai suonpuod 3e101S 1-1
'suonIpuo)) 23e101g |

"UOTIEI193dS pIepuels € se pAIdAIRp THY-AV A1 2y} Jo a8exoed JJ 0y sargdde uonesyioads suy,
[Arqeonddy ]

uonesyads Funpoed pue ofexpeg g

6V ALMOTAH'T

daAVHS



Gc01v003

A

surp,

8’—1
52
]
e &
85
%
w
1=
]
o
o

-oryoad amyeroduway, .
-oepms agexoed D : jutod SuLnsespy .

SPu023s/D),€ 01 1 S| "ajel asearour axmjeradud], (g

SPU0d3s OEFOTT St PUB 0,007 01 OST STII ‘amereduwd) yesyard (O
0,07 Se Spuodss (9 01 O amjerodwo) Sunesy (g

Xeul Q) (0S¢ amyeroduwd) yeog (V

: poudd pue axnjeradway, «
(yuswruoiAud usgonm
10 ITe Ul SULISPJOS SUIT}-0M} JO FULISP[OS SWIN-OUO) "UOTOAUCD Y] 10 MO[JI UOTIOAUOD) (T)
"SULIOPOg [-¢
‘Airenb 901A5p SINSUDS 0) PIPUIUIUIOIT ATB UOHIPUOD SULIDPJOS FUIMO[[O] S
"SHOTIPUOD JUNOUT SOBLING “¢

‘K[91BIpaUIIII
junour pue -1 Uonddg ur payroads JUSUMICIIAUS Y UT SIOTAIP 2y} 210)S ‘Suryeq I8V -
‘Sunjeq Iaye o5e101§ (€)
‘JUE)SIS31-1eaY d1e sAexn Yy souts A[dde suontpuod Suryeq aaoqe oy, .
Smoy $7~91 10} O,0¢1
: pouad pue sxmjerodws) Suryeq .
'SUOT)IPUOD FUeq PSPUdIUIUOITY (T)
(‘8uruado-o1 10§ OS]V )
‘pauado uaym (juid) pa1 Apea1fe seam JUBDOISIP ) UI I0)RIIPUL ANPIUImy -
"€-1 10 Z-1 UONO3S ul pay1dads s)murf oY) Pasoxs suonpuod agerols .
‘Sununow 21052q Sunyeq uunnbal suonenys (1)
‘uonrpuo) sunyed ‘g

09 ALM9TAHT dHVH s



6201003

[°qe[
pojutrg Surpoed oy uo pojuud st

HHIId VAT « JO pIoM 34T

4d0D 41vd

QUIIIPUN UB Y)IM 9S0Y) oIe A8,
(1ig-ug) AdAL TIVd
AJAL AT9I-ava1 10 HSINIA avAT

'suorjeoyroads oy yo uoneordde AT, AHMA- VAT IO SUSIUOD Y] Tx

(‘'wonisod Sunprew pue 1s10€IRYD SUBpIRUI 9Y) JO 9ZIS AY) AJ192dS 10U S0P MOAE] STY) I9AIMOL)
“SurmMeIp payoelie oY) ur UMOYS ST INOAe[ ST,
"noAe| SUDIIEIN -9

‘w310 Jo AQUNOD S} SALIIPUT NVAV(, (h)
“(SUS1P ¢~ 1) 9poo ‘yox uononpoid ay sajousq — XXX
(€6 + TS« ~ + TO + 10) “yoom uononpoid oy s3j0us(] — MM
(1ea£ o) Jo spSrp omy Isery) 1ea4k uononpoid oy seouq — AA

XXX MMAX (ordurexy) opod areq (€)
ddVHS :  Sureu Aueduro) (7)
AL-SNHESO9TASCHT sureu onpord (1)
('smof[oj se uaA1d aq pinoys s3exoed o) UO UOTIBULIOJUT 3Y 1) ‘S[IEIdP SUDHRN [-9
'SSuDiEN ‘9

(Tx) suoneoyroads o jo uonesrdde FIA I FTAI-AVHT IO SOOI 3|,
("uIsar Jo 1mq SpNJoul Jou Op SUOISUSUIIP APOq dNISB[])
"‘Suimerp payoene oy 0} 19Joy

‘uonjesyads suipno agexoed ‘¢

0,00 ~6T : aImjeradurd) JUdA[OS ()

"Xeur dnurw 1 [ejo, : own Junysepy ()

Xeur 191 / spem ¢z : 1omod Jurysem owosenn (1)
"XNJJ [ENPISI1 JO [EAOWDI JOJ UOTIPUO)) “t

‘dn) uoxr Surropyos : jutod Sunnsespy .
("spea[ 19110 s, )] 241 Yonoj ATuo p[noys uox Suuspios)
“xeuwr urd / SPU0DaS ¢ J0J Xeuw ) OS¢
: pouad pue amjeroduwsy, .
"Spes[ 19In0 S, )] Y} Yono} AJUO pInoys uo JuLapjos
( Auo unaplos durn-ouo ) (uox Surapjos ) SuLepos [enuely  (7)

I¢

ALMOTAH

dIVHS




65017008

uru LINN 120TVV ‘ON ONIMVAd
‘ulsad Jo 1Imq 9pn[out J0u op suolsuewip £poq ouse[d : JJLON 0090-d-9S0dOSS . :’ TNVN
nj DNILV1d ig-us
AdAL VA1
TVIIAILVIA Avd1 HSINIA av3a1
grl"ox 8 ‘0 |
2
¢
1202VV-0090-d-950d 0SS
v 1Iviid
o© 2 "0F L ‘€2
[4)]
\V]
H 0T "0 ¥
o
INV1d ESVE O3d -l =
—~|~|© -
@il € 0¥ L €2 g
é ®
GO "O¥ 81T O
8¢ E l
MAnnanannnnannanonnnneanann
O
R o lo XXX MMAA
N @ |o ] NYdvr .
IS ':5 ';; dIVHS
= v |w AL-SNHES09148¢HT
L O
! 1 RN R
61 i 8§
V *”vj_a(] 333 a1 0 B 'dL.LB .O‘d T 'O:i_- 9 .0"99

2dA1 JAYI-QvVdT & Jo osnedaq 9pod aiep e UT Jurjulad SUT[JOpUN UB Y3Tm 9SOY] ST 11 (910N)

GS

ALM9THHT

deIVHS




63017003

AIBAT[OP JO 93P 9 JO IBAA DUO UIYIIA PIIUNOWL 3( P[NOYS SAMAIP YL,  (£)
“JueuI)BaI)
(SH-TIUE J0 DAT}ONPUOD SUOSISPUN OS[R SBY 1 9INS dYBUWI ‘Pasn ST Lex) JOYJoue J|
‘Jueurjear) (JSH-HUE I0 9AIIONPUOD JIYID dUo3Idpun dARY sAex) Y], (3)
“Juduledr) (JSH-1IUR duoIopun 9ARY OS[E )SNUW SISYIOM [V

"Youdqs[IoM pajear) (JSH-1IUe Ue uo ouop oq isnw Juruad()  (T)

'9sN JOJ SUOTJNBIALJ ‘g

"SurmeIp payoerie oy} 03 19J9Y
"UOLIRD JO UOTSUWIP SUIINQ)'E-/,

‘Sutmelp payoe)je 8y} 0} 10Oy
‘Aex) JO UOTSUSWIP dUI[IN()'Z-L

('UOTIIRXIP dwes dY) Ut Aex) 9Y) U0 peded aq JSNUI SAITAJ(] )

"AIp $901A0p oY) Surdesy]

(‘Xew
"Suryoed en( U0}IR) I8N0 / SINAJP 000Z) preoqpae) uoIed I9INn()
"S9O1AJP 9} SULINIBS ( uojxed zauut / 'sod ¢)  susTAdoxdAog pueq dd
‘o1ep payoed pure ‘Lyryuenb
‘Toquinu aed sajedrpuy zadeg °qeT
"AXp s901A9p oY) Surdedy] 108 eotqig JURIDISO(]
3eq

ausAyoA[od wnurwnyy

wnuiwne pajeurmwe|

"SOOIASP 9Y) ULINdeg

(u0laBD IoUUL / Avx) 1) d1serd aA}oNpuo))

Aex) 10400 19ddpy

"SOOTASP 9Y) SULINIBG

(Aexy / seotadp ()g) ouserd aAonpuo)

Leay,

(uojxed Jouut ; sfex) O1)
"SIJTASP 8} Suryord

(~Xeut
UO}Ied ISUUL / S801AD ())G) PIROqpIE))

uo}Ied IBUUJ

osodang

suorjeoyrosds (el

9WIRU [BLISJRA

‘S[elIeIR W SUTYoR ] |-/,
('sedeyoed junouwr soeyIns 10§ Suryoed L1() suonedyIoeds Sursoed ),

€¢

ALM9TAHT

daIVHS




6c01¥003

daAVHS

ALM9THHT

g |z
= ™
2 s %
m ||||||
m - 0Z 00Z
r“unll.% - rr’ nT\:UlIIJM.HP [mlT
5 |& T -
$ % @ W (1183 dnya o E::u;vw.nm*V/ v$-0C Cy-v \rd-¥ °
& $3)0y ON
mmm =~ ([—® i D P— 3 D—INVAVIT
= —“TS L.D | = - C ] L 1 1 .| L — i
5% {EIHETHESHESHESHESH
w L ) | | =
w E 1 - =}
? M HE S HE T SH
m WIW B m FTH TL r_l“..‘_ _ﬂn ; Jd\ﬂ _ ;
: Bl == V===V Yot -
A S S S o i o G —HESE
N m H
m j | = d | - —,-\h-, —— | ¢ — b |
> e e e e ESHE
o v N o o W B o W e M SHESHE
~3 L - | C - | L F C - C 4
v (—0 —b— P D- !
_
‘sl S'0F0°'6LI=6*E"'QF0" IE
18.8°SlE

¥a




66017008

ww o [INA - |P6EPP 1 ON DNIMVEA

‘SUOT}9BIJ ST |

sjuswdrys Jo Jequnu oYyl Usym uorjeoryroads suorieoII0ads Suryor]
STy} woiy jusisijtp A3rfrqrssod e ST axay] JION

JRVN

T
]
t
1
1
f

[oqe} opooiey

ped

“uowes ouu| Aq Sunpeg (¢ )

19qe] apodteg

Seq Suneunue; 1y

"3eq Suneunwue] [V AQ [e9s UMNORA (Z)

\

“JOSUST 10400 B 4
S1094s (1 SABI) 913

-adey g-4 4Aq Suipuey

1230303 Ak} 301A3p Sutpueg (1)

qq ALM9TAHT

daIVHS




¢G017003

‘SUOT}0BIJ ST
S1uawdIysS JO Jaqunu 8y} USYM UOT1BOTJIDads
STy} WoIy jud1dz3Tp A31TIqIssod e ST a8yl  {ION

L0000

LINN [PEEVPE ! "ON HONIMVIA

SUOT}BOTJToads Buy;[oed ARYN

T
)
t
t
t

0€Z X GEEXOBE : SUOTSUSWIP J8INQ — UOIIBD Join()
G6 X 0GT X09E : SUOTSUSWIP JI93N( — UOIIED JOUUT
H XA X 1

(Bwdey H,,) ades aArsaypy

JoGe] opodIeq UOHIED IAIN)

uoued 1100

[2qe] 9podieq UOoMIED ISUU]

uoped 1uug

9¢ ALN9TAH'T

daIVHS




5017002

3ulwiojuod paepueis g ry|3 (Jewdod)

91ep payoe(d

/

A11unoo oyl usym ‘sferdsip 1)

UT8TJ0 JO AJI3unod ay]

A111UBLY

R
ddVHS XXXXXXXXXXXX
e
AL-SNHES091482HT : I Q0Yd LSND (d)
T G0 AW MAR |
L
VTR 000 : ALIINYNO (D)
e
/ ALYOLIHT = QI DYd (SP) | (=—o] 275
<HHYA-AVHT >
('uedef ST UI8TJ0 JO laqel uo0j)Jred .lajno
(‘uede[ ST UISTIO JQ
[Con wowmowen sy | | eﬁ;ﬁ‘,f’;;ﬁjﬁiéi ﬂl{l
XXXXXOXXXNK QD €-0 PYIT  Nvdvr NI JavW JUIVHS
Vi3 00 W AL
g e —
AIM9L4HT

w1

apoo Auedwo)

107 dd
£113U8NY

0Z1E0L XXXXXXXXXXXX 00G ¢ (NE)

00§
<AL11INVNO>

<HHYA-AVHT >

AL-SNHES09 LI8ZHT L (NE)

AL-SNHES09148ZH

[eqe[ uojIeo Jouuj

BOTIIR 991]-peS[ B smMOYS Ae[dSIP <FHYA-AVHT> OUL (PI0N)

LS

ALM9TIH']

daVHS




0°C aY

(°L°Z 9 pue 9 -G 191deyd 33G) "uo13ed13103ds 3Y) 03 I9J2I ‘[01JU0D #JY JO S[TBIBP 3Y] 104

S}001q
[[e 3ur129301d 931IA ‘Pa[qesSIpP ST AIowsw YSe[] 9y} Uo uorjersdo 931Ia ‘UOTISURI]
98e}[0A SB Yons 3dousnbss umop Iomod pue dn romod Buranp moj jdey SI #J =Yl usyy

#d y3noayy uorjoojoxd eieq (g

('€°Z°9 I91deyd 99G) "uoriedryIdads 9y} 0} ISJSI ‘93eI[0A INOYIO| Y3 IOy
‘Pe199301d S)1aA

A19391dwod S1€ S320[q 3y} UT BIBP 9Y3 PUR PIYI0] 91 SYI0[q [ [V "PI[GeSIp ST AIowWSW YSe|J
943} U0 uorjerado 331aa ‘(S8e3[0A INOYI0T) YIJJA UeY3l Ioao] ST ddp JO [9AS[ 3y} Uy
ddp ysnoxyj uorjosjoxd eieq (Z

("€1°7 pue Z1'py I93deyd 993)

"UOT1BO17193ds 3y} 03 19331 ‘31q Y00[q Bu1339$91/8U1139S UO UOTIBWIOJUT ISYIIN] 104
"9IBA}JOS 9Y] UY3nOIy3} payd0[un/paxd0] 3q UeD SYJ0[q PAITSSp ‘i Sul[[0IjU0D Ag

’ " (U01399s
Po320[UN)UOTD9S Blep pue (UOI}D9S Pa3Yo0[)uol}oss weirdord ayj ‘spdwexs 10] ‘ojul
pepgA;p 9q ued 9deds Arowsw yse[j oy} ‘9Injeay S1Yy3 3uisn g "¥o0[q 3eY3 uo uorjerado
BUI}1IM Y3 SI[qesIp 4o #y Bury[nd pue 3d0{q PAIISAP dY} JO 3Iq ¥OO[ 9yl Su1319G
%201q O1y105ds ur ejep Jurioejoid (I

:91e1xdoxdde

Se ‘Su31ssp 329301d 93114 BUIMO[[O] SY) dAeY P[NOYS AIowsw Yse[J oy y3ia Suijerado
SWe1SAS ‘BUT)IIAISAO pajuesun jsuleSe AIowsuw Yse[J dY3 ul palols ejep ayj 199301d O]
"Surjepdn Arowsw paIrsopun 3UISNED ‘SpPUBLWOD

9S[e} Se pajaidrajul oq Aew ‘A[ddns Iomod 10 [RUSIS #H 0IUO PIONPUI USYA ‘SSSTOU YoNg
"SWa}SAS dWOS UO Suol31puod Zurjerado O17109dS Ispun pajeisua3d

9q Aew uOoI1}eDIFId3dS 9Yy] Ul PaIjioads J1WI[ 3y} SUIPeadXd [9AS] © BulaRy SOSION

u013199301J BIRQ A[IWE] YYUXXAHT AIowsw yseyy

8¢

ALA9TIHT

daIVHS



SHARP

A-1 RECOMMENDED OPERATING CONDITIONS

A-1.1 At Device Power-Up

If thetiming in the figure isignored, the device may not operate correctly.

AC timing illustrated in Figure A-1 is recommended for the supply voltages and the control signals at device power-up.

Vc(min)

VCC

GND

tvr toven 1 trR tPHQV

Vi ‘ L

RP# (P)

(RST#) \%%

Vcewniz
. (VreH12)
Veew 2 V)

(Vip) GND

trortF | | tavQv

Vi

ADDRESS (A)
Vi

Valid
Address

LN

tELQV

Vi

CE# (®)

/|

N

Vi

tr

tr

or tr

Vi
WE# (W)
Vi

Vi
OE# (G)
Vi

Vi

tF | toLov
[

tr

WP# (S)
Vi

Von High Z

DATA (D/Q) VO
O

L

*1 tsypH for the device in 5V operations.

See the application note AP-007-SW-E for details.

,‘V\L

Valid
Output

1y

*2 To prevent the unwanted writes, system designers should consider the V. (Vyp) switch, which connects Vcy (Vpp)
to GND during read operations and V ey (Vepi2) during write or erase operations.

Figure A-1. AC Timing at Device Power-Up

the next page.

For the AC specifications ty g, tr, tg in the figure, refer to the next page. See the “ELECTRICAL SPECIFICATIONS®
described in specifications for the supply voltage range, the operating temperature and the AC specifications not shown in

Rev. 1.10




SHARP

A-1.1.1 RiseandFall Time

1. Sampled, not 100% tested.

tr(Max.) and tg(Max.) for RP# (RST#) are 100us/V.

2. This specification is applied for not only the device power-up but also the normal operations.

Symbol Parameter Notes Min. Max. Unit
tr Input Signal Rise Time 1,2 1 pusv
te Input Signal Fall Time 1,2 1 us'v

NOTES:

Rev. 1.10




SHARP

A-1.2 Glitch Noises

Do not input the glitch noises which are below V, (Min.) or above V| (Max.) on address, data, reset, and control signals,
as shown in Figure A-2 (b). The acceptable glitch noises areillustrated in Figure A-2 (a).

Input Signal Input Signal
VHMin.) — = = = = = = = = — — - Vi (Min.)
ViMax.) = = = = = = = = = = = = Vi (Max.)
Input Signal Input Signal
(a) Acceptable Glitch Noises (b) NOT Acceptable Glitch Noises

Figure A-2. Waveform for Glitch Noises

Seethe “DC CHARACTERISTICS' described in specifications for V, (Min.) and V| (Max.).

Rev. 1.10



SHARP

A-2 RELATED DOCUMENT INFORMATION(

Document No. Document Name
AP-001-SD-E Flash Memory Family Software Drivers
AP-006-PT-E Data Protection Method of SHARP Flash Memory
AP-007-SW-E RP#, V pp Electric Potential Switching Circuit

NOTE:

1. International customers should contact their local SHARP or distribution sales office.

Rev. 1.10
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