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LH28F016SCH-L
16-MBIT (2 MB x 8)
SmartVoltage Flash MEMORY

H SmartVoltage Technology B SRAM-Compatible Write Interface
— 2.7V(Read-Only), 3.3V or 5V V¢e ,
— 3.3V, 5V or 12V Vpp B High-Density Symmetrically-Blocked
Architecture
B High-Performance — Thirty-two 64-Kbyte Erasable Blocks
— 95 ns Read Access Time
B Extended Cycling Capability
B Enhanced Automated Suspend Options — 100,000 Block Erase Cycles
— Byte Write Suspend to Read — 3.2 Million Block Erase Cycles/Chip
— Block Erase Suspend to Byte Write '
— Block Erase Suspend to Read B Low Power Management
— Deep Power-Down Mode
B Enhanced Data Protection Features — Automatic Power Savings Mode
— Absolute Protection with Vpp=GND Decreases I in Static Mode
— Flexible Block Locking
— Block Erase/Byte Write Lockout B Automated Byte Write and Block Erase
during Power Transitions — Command User Interface
— Status Register
M Industry-Standard Packaging
— 40-Lead TSOP, 44-Lead PSOP B ETOXTM®V Nonvolatile Flash
Technology
W Chip Size Packaging
— 48-Lead CSP B Not designed or rated as radiation

hardened

SHARP's LH28F016SCH-L Flash memory with SmartVoltage technology is & high-density, low-cost, nenvolatile,
read/write storage solution for a wide range of applications. Its symmetrically-ticcked architecture, flexibie voitags
and extended cycling provide for highly flexible component suitable for resident flash arrays, SIMMs and memcr.
cards. Its enhanced suspend capabilities provide for an ideal solution for ccds + data storage applications. Fcr
secure code storage applications, such as networking, where code is either directly executed out of flash c-
downloaded to DRAM, the LH28F016SCH-L offers three levels of protection: absolute protection with Vpo at GNC
selective hardware block locking, or flexible software block focking. These aiternatives give designers ultimais

control of their code security needs. ’

The LH28F016SCH-L is manufactured on SHARP's 0.4um ETOX™ V process technology. It comes ir
industry-standard packages: the 40-lead TSOP and 48-Lead CSP, ideal for beard constrained applicatiors. and trhs
rugged 44-lead PSOP. Based on the 28F008SA architecture, the LH28FCi16SCH-L enables quick and ez
upgrades for designs demanding the state-of-the-art.

s

*ETOX is a trademark of Intel Corporation.
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@Handle this dccument carsfully for it contains material protzcied by international
copyright law. Any reproduction, full or in part, of this material is zrohibited without the
express written permission of the company.

@\When using the products covered herein, please observe the ccrditions 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 {c 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 tocis

sAudiovisual 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 intc the design fail-safe
operation, redundancy, and other appropriate measures for ensuring reliability and
safety of the equipment and the overall system.

«Control and safety devices for airplanes, trains, automotiles, and other
transportation equipment

eMainframe computers

oTraffic control systems

*Gas leak detectors and automatic cutoff devices

eRescue and security equipment -

«Other 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.

sAerospace equipment

e«Communications equipment for trunk lines
«Control equipment for the nuclear power industry
Medical equipment related to life support, efc.

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

®Please direct all queries regarding the products covered herein to a sales representative
of the company.
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1 INTRODUCTION

This datashest contains LH28F018SCH-L
specifications. Section 1 provides a flash memory
overview. Sections 2, 3, 4, and 5 descrice the
memcry organization and functionality. Section 6
covers electrical specifications. LH28F0163CH-L
Fiash memory documentation also includes
application notes and design tools which are
referenced in Section 7.

1.1 New Features

The LH28F016SCH-L SmartVoltage Flash memory
maintains backwards-compatibility with SHARP's
25F008SA. Key enhancements over the 28F008SA
include:

eSmartVoltage Technology
eEnhanced Suspend Capabilities
«In-System Block Locking

Both devices share a compatible pinout, status -

register, and software command set. These
similarities enable a clean upgrade from the
28FQ08SA to LH28F016SCH-L. When upgrading, it is
important to note the following differences:

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

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

sTo take advantage of SmantVoltage technology,
allow Vpp connection to 3.3V or 5V.

1.2 Product Overview

The LH28F0186SCH-L is a high-performance 16-Mbit
SmantVoltage Flash memory organized as 2 Mbyte of
8 bits. The 2 Mbyte of data is arranged in thirty-two
64-Kbyte blocks which are individually erasable,
lockable, and unlockable in-system. The memory
map is shown in Figure 6.

SmartVoltage technclcgy provides a choice of Vg
and Vzp combinations. as shewn in Tatle 1, to meet
system pericrmance and power expectaticns. 2.7V
Ve~ consumes aporoximately one-fiith the cower of
5V Voo But, 5V Vo~ provides the highest read
performance. Vpp at 3.3V and 3V eliminates the need
for a separate 12V converter, while Vpp=12V
maximizes biock erase and byte write performance.
In addition to flexible srase and program voltages,
the dedicated Vpp pin gives complete data protection
when Veo € Vppy .

Table 1. V¢ and Vpp Voitage Combinations
Offered by SmartVoltage Technology

Vep Voltage | Vpp Voitage !
2.7V 1 — i
3.3V 1 3.3V, 5V, 12V !
5V I 5V, 12V ;
NOTE:

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

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

A Command User Interface (CU!) 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, byte write. and lock-bit cenfiguration
operations.

A block erase operation erases one of the device's
64-Kbyte blocks typically within 1 second (5V Ve,
12V Vpp) independent of other blocks. Each biock
can be independently erased 100,000 times (3.2
million block erases per device). Block erase suspend
mode allows system scftware to suspend block erase
to read or write data from any other block.

Writing memcry data is performed in byte increments
typically within 6 us (3V Vg, 12V Vgp). Byte write
suspend mode enables the system to read data or
execute ccde from any other flash memory array
location.

PRODUCT PREVIEW
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Incividual ticex locking usss a combination of bits,
thirty-two Eicck lcck-bits and a master lock-bit, to lock
and unlock Ticcks. Block lock-bits gate block erase
and byte writz operations. while the master lock-dit
gates  blcck  lock-bit  modification.  Lock-bit
configuraticn operations (Set Block Lock-Bit, Set
Master Lock-Bit, and Clear Block Lock-Bits

ccmmands: set and cleared lock-bits.

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

The RY/BY# output gives an additional indicator of
WSEM 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 RY/BY# minimizes
both CPU cverhead and system power consumption.
When low, RY/BY# indicates that the WSM s
performing a block erase, byte write, or lock-bit
configuraticn. RY/BY#-high indicates that the WSM is
ready for a new command, block erase is suspended
(and byte write is inactive), byte write is suspended,
or the device is in deep power-down mode. ’

LH28F016SCH-L SmartVoltage Fiash MEMC=

The access time is 25 ns (tyyay) Over the commer:'a
temperaturs range (-25°C to +85°C) and Vpp suz
veltage range of 4.75V-3.25V. At lcwer VCA voltaze
the access times are 100 ns (4.3V-3.5V), 122 ns
(3.0V-3.8V) and 150 ns (2.7V-3.6V).

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

When CE# and RP# pins are at Vg5, the I CMOE
standby mode is enabled. When the RP# pin is &:
GND, deep power-down mode is enabled wnicr
minimizes power consumption and provides writs
protection during reset. A reset time (tppqy) ic
required from RP# switching high until outputs arz
valid. Likewise, the device has a wake time (tz.z;
from RP#-high until writes to the CU! are recognizsc.
With RP# at GND, the WSM is resst and the status
register is cleared.

The device is available in 40-lead TSOP (Thin Sma:
Qutline Package, 1.2 mm thick), 44-lead PSOF
(Plastic Small Qutline Package) and 48-lead CSF
(Chip Size Package). Pinouts are shown in Figurss 2.
3,4 and 5.
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Figure 1. Biock Diagram

PRODUCT PREVIEW

n



SHARP

LH28F016SCH-L SmartVoltage Fiash MENMORY

Table 2. Pin Descriptions

Sym

Type

' Name and Function ‘

Ag-Azg

INPUT

L ADDRESS INPUTS: Inputs for addresses during read and write cperaticns. Addresses
" arz internally latched during a write cvcle.

DQ,-DQ-

INPUT/
QUTPUT

i DATA INPUT/QUTPUTS: Inputs data and commands during CUl write cycles; outputs

| cata during memory array. status register, and identifier coce read cycies. Data pins float
| to high-impedance when the chip is deselected or outputs are disabled. Data is internally
‘ la:ched during a write cvcie.

INPUT

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

- levels.

INPUT

" RESET/DEEP POWER-DOWN: Puts the device in deep pcwer-down mede and resets
| internal automation. RP#-high enables normal operation. When driven low, RP# inhibits
write operations which provides data protection during power transitions. Exit from deep
' cower-down sets the device to read array mode. RP# at V... enables setting of the

i master lock-bit and enaties configuration of block lock-bits when the master lock-bit is
set. RP#=V,,, overrides biock lock-bits thereby enabling bicck erase and byte write
cperations to locked memory blocks. Black erase, byte write. or lock-bit configuration
with V,.<RP#<V,, produce spurious results and should not be attempted.

OE#

INPUT

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

WE#

INPUT

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

RY/BY#

OUTPUT

READY/BUSY#: Indicates the status of the internal WSM. When low, the WSM is

- performing an internal operation (block erase, byte write, or lock-bit configuration).

RY/BY#-high indicates that the WSM is ready for new commands, block erase is
suspended, and byte write is inactive, byte write is suspended, or the device is in deep
power-down mode. RY/BY# is always active and does not ficat when the chip is
deselected or data outputs are disabled.

SUPPLY

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

SUPPLY

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

GND

SUPPLY

| GROUND: Do not float any ground pins.

NC

| NO CONNECT: Lead is not internal connected:; it may be driven or floated.
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A C— 40 T/ A
Ay =2 Q 39 —— NC
Ay C—=3° 38 ——— WE#
A ——+4 37 ——— Ct=
Ay C——=35 36 RY/BY#
Ay =6 35 —— D&y
2 —
212 C— é LH28F016SCHT-L g‘; — Bg?
CE# ——29 40-LEAD TSOP 2 = oo
VCC —— 10 T 31— = VCC
vee  —= 11 STANDARD PINOUT 0 == &
RPy 12 10mm x 20mm 29 —— GND
A ——— 1 28 —— CC;
Ay T 12 TOP VIEW 27 —— CC»
Ay 18 28 ——— CG
Ag T/ 16 25 /= DQ
N o= I
As C——— 19 25— A
A, C—/—20 21— A;
Figure 2. TSOP(Normal Bend) 40-Lead Pinout

Vpp "_"“I ) 4 ; Vee
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Ao —_—— 4 41 === A3
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As o 9 36— Aisg

Ay ~— 1gLH28F016SCHN-L35 == A1g

NC == 11 44-LEAD PSOP 34— NC

NC —=12 0.525"x 1.110" 33:“:_: NC
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A —_ 14 31—— NC

A4 =13 15 30— WE#

Ao ——/— 16 29 —1 = OE#

DQy = 17 28— RAYBY

DQy —==18 27 == DQ7

DQ; —=19 26 —= DQs

DQ3 T 20 25 '___x__ OQs

GND =—= 21 24 i‘—“‘ DQy

GND 22 23— V¢c

Figure 3. PSOP 44-Lead Pinout
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LH28F016SCHR-L
40-LEAD TSOP
STANDARD PINOUT
10mm x 20mm
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Figure 4. TSOP(Reverse Bend) 40-Lead Pinout
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LH28F016SCHB-L
48-LEAD CSP
STANDARD PINOUT
8mm x 10mm
TOP VIEW

Figure 5. CSP 42-Lead Pinout
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2 PRINCIPLES OF OPERATION

The LHZ8F318SCH-L SmartVoltage Flash memory
includes an on-chip WSM to manage bicck erase,
byte writz, and lock-bit configuration functions. It
allows for: 100% TTL-level control inputs, fixed power
sucplies curing bleck erasure, byte write, and lock-bit
configuraticn, and minimal processor overhead with
RAM-Like interface timings.

After initiz! device pcwer-up or return from deep
power-dcwn mode (see Bus Ogperations), the device
defaults tc read array mode. Manipulation of external
memory control pins allow array read, standby, and
output disable operations.

Status register and identifier codes can be accessed
through the CU! independent of the Vpp voltage. High
voltage con Vpp enables successful block erasure,
byte writing, and lock-bit configuration. All functions
associated with altering memory contents-block
erase, byte write, Lock-bit configuration, status, and
identifier codes-are accessed via the CUl and
verified thfough the status register. )

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

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

PRODUCT PREVIEW

+F0000! 81-Ktyie Zicck 31
'DEggooi 64-Kcyie Sleck 20
1DFFFF;
100000! B4-Kbyte Slock 29,
1CFFFFE .
123000 64-Kbyte Sicck 28
1BFFFF —
180000 64-Kbyte Slock 27
VAFFFF; — :
,‘;3939! 84-Kbyte Slock 25
190909? 64-Kbyte 3lock 25:
“Z:;;i 64-Kbyts Siock ca
1TEFFF] svie 3l ‘
170000 64-Kbyte Slock 23
16FFFF 64-Kbyte Slock 20
160000
1SFEFF —=
150000 64-Kbyts Slock 21
14FFFF 64-Kbyts Block =
140000
- 64-Kbyte Slock o
12FFFF] 64 Kbyte Block 5
120000 |
TFFRF 64-Kbyte Biock 17!
110000 ;
10FFFF — = —
100000 64-Kbyte Slock 186
FEFRR :
00;2000 64-Kbyte Siock 15
OEFFFE
0E0000 64-Kbyte Block 14
ODFFFF |
0D0000 64-Kbyte Block 13|
OCFFFF = :
0C0000 64-Kbyte Block 12
0BFEFF — :
©B00C0 64-Kbyte Block 11
QAFFFF — :
0A0000 64-Kbyte Block 10i
O9FFFF —
090000 64-Kbyte Block 9
08FFFF
080000 64-Kbyte Block 8|
O7FFFF ‘
070000 64-Kbyte Block 7
O6FFFF 1
060000 64-Kbyte Block 6!
FEFF »
(:)550000 64-Kbyte Block 5
C4FFFF !
040000 64-Kbyte Block 4
03FFFF —
030000 64-Kbyte Slock 3
02FFFF — J
020000 64-Kbyte Block 2!
O1FFFF — ‘
010000 64-Kbyte Block 1
FFEE :
* 64-Kbyte Block o]l
000000 :

Figure 6. Memory Map
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2.1 Data Protection

Cegending on the application, the system designer
may chcose to make the Vpp power supply
switchatie (available only when memory block
erases, byte writes, or lock-bit configurations are
required) or hardwired t0 Vpppyng. The device
accommodates  either  design  practice  and
encourages optimization of the prccessor-memory
interface.

When Vzp<Voz k., memory contenis cannot be
altered. The CUI, with two-step block erase, byte
write, or lock-bit configuration command sequences,
provides protection from unwanted operations even
when high voltage is applied to Vpp. All write
functions are disabled when V.5 is below the write
lockout voltage V| g or when RP# is at V, . The
device's block locking capability provides additional
protection from inadvertent code or data alteration by
gating erase and byte write operations.

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, or status register independent of the Vpp
- voltage. RP# can be at either V| or Vi,

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

10

3.2 OQutput Disable

With QE# at a logic-high level (Viy), the device .
outputs are disablec. Output pins DQy-DQy are
ptaced in a high-impedance stals.

3.3 Standby

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

3.4 Deep Power-Down
RP# at V,_initiates the deep power-down mcde.

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 tpqy is required after
return from power-down until initial 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, byte write, or lock-bit
configuration modes, RP#-low will abort the
operation. RY/BY# remains low unti the reset
operation is complete. Memory contents being
altered are no longer valid; the data may be partially
erased or written. Time tpLy, is required after RP#
goes to legic-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, byte
write, or lock-bit configuration modes. 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.
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3.5 Read Identifier Codes Operation

The read idsn:fesr ccdes coeration outputs the
manufacturer ccce, csvice code, block lock
configuration ccces for sach tiock, and the master
lock configuraticn code (see Figure 7). Using the
manufacturer ar s devics codes. the system CPU can
automatically match tne device with its proper
algorithms. The block lock and master lock
configuration ccces icentify locked and unlocked
biccks and mas:zr lock-zit setting.

1FFFEF
Reserved for
1F0004 Futurs Implementation
1F0003
1F0002 Bicck 31 Leck Cenfiguration Code
1F0001 Reserved for
: ” Future implementation 0 .. °
170000 Block 31
(Blocks 2 through 30)
O1FFFF
Reserved for
010004 Future Implementation
010003
010002 Bleck 1 Lock Configuration Code
010001 Feserved for
. Futurz Implementation .
010000 Block 1
QOFFFF
Reserved for
Futurs Implementation
000004
000003 Master Leck Configuration Code
000002 Blcck 0 Leck Configuration Code
0C0C01 Csvice Code
000000 Manufacturer Code  glock 0

Figure 7. Device identifier Code Memory Map
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3.6 Write

Writing commancs to the CUl ereble r:adir'»*
device data and icentifier ccdes. They aiso ccnic:
inspection and clezaring of the status regs ar. When
Vee=Veecoys  and  Vep=Vopuyzs i
additionally contrcis bicck erasure, byte write,
lock-bit configuraticn.

The Block Erase command requires approgriat
command data anc an zddress within the bicckic &
erased. The Byie Write command recuires
command and accress of the locaticn tc £ writsn.
Set Master and Bleck Lzck-Bit commands rzquire the
command and address within the device (Mzaster
Lock) or block within the device (Block Lock) tc be
locked. The Clear Block Lock-Bits command reguires
the command and address within the devics.

)‘
M M M

—

The CUI does nct occupy an addressabis memory
location. It is written when WE# and CE# are active.
The address and data nesded to execute a commanc
are latched on the rising edge of WE# or CE=
(whichever goes high first). Standard micregrocesser
write timings are used. Figures 19 and 20 illustrate
WE# and CE#-controiled write operations.

4 COMMAND DEFINITIONS

When the Vpp voltage < Vpp k, Read cperations
from the status register, identifier codes, or biccks
are enabled. Placing Vpppyg ON Vos enaple;
successful block erase, byte write and lock-bit
configuration operations.

Device operations are selected by writing specific

commands into the CUlL Table 4 defines these
commands.

11
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Tablie 3. Bus Operations

B Mode ! Notes | RP# | CE# | OE# | WE# [ Address | Veo | DQy-, | RY/BY# |
Read 1 1238 Vigyor \n ViL Ve X X Dout X
f VHu
Qutput Disable P 3 Vi or ViL Vin Vip X X High Z X
! Vu_y
Standby {3 Vi or Vin X X X X High Z X
| Vi
De=p Power-Down i 4 Vi X X X X X High Z Vau
Read Ildentifier Codes , Vi or ViL ViL A See X Note 5 Vowr
Vi Figure 7
Write ] 3,6,7,8 i V|H or VIL V’H V”. X X D[N X
I Y

NOTES:

1.
2.

3.

(o206 ) I

© N

12

Refer to DC Characteristics. When Vpp<Vep, «, memory contents can be read, but not altered.
X can be V,_or V,y for control pins and addresses, and Vpp k OF Veppya/3 for Vep. See DC Characteristics for

VepLk @nd Vppyy/org Voltages.
RY/BY# is V5 when the WSM is executing internal block erase, byte write, or lock-bit configuration algorithms.

Itis Vou during when the WSM is not busy, in block erase suspend mode (with byte write inactive), byte write
suspend mode, or deep power-down mode.

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

. See Section 4.2 for read identifier code data.
. Command writes involving block erase, write, or fock-bit configuration are reliably executed when Vpp=Vppq/0/3

and Vee=Vecosmy4- Block erase, byte write, or lock-bit configuration with Voc<3.0V or V| <RP#<V, produce
spurious results and should not be attempted.

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

Don’t use the timing both OE# and WE# are V.

PRODUCT PREVIEW
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Table 4. Command Definitions(®
Bus Cycles i First Bus Cycle ! Second Bus Cycle
Command Regq'd. Notes. Oper(l) . Addrf? ' Data® | Oper(!) Addri¢ Dz ¥
Read Array/Resst 1 | Write X v FFH ; ‘
Read Identifier Coces >2 4 | Write | X 9CH Read | 1A ¢ .Z
Read Status Reaisier 2 | Write | X 70H Read | X i 8=30
Clear Status Register 1 i Write | X | 50H ] |
Biock Erase 2 i 5 | Write i BA | 20H Write | BA  [l=
Byte Write 2 I 5,6 Write | WA 40H Write | - WA | V.2
i | or i |
| f ] 10H | l
Block Erase and 2yte Writs 1 5 Write X BOH
Suspend , i | j ‘
Block Erase and 2yte Wrie 1 i 5 Write | X DOH | |
Resume ‘ j I ; j
Set Block Lock-Bit 2 7 Write | BA 60H Write | BA | (=
Set Master Lock-Bit : 2 L7 Write | X 60H Write | X PR =
Clear Block Lock-Rits 2 8 Write | X . 60H Write X o CI=

NOTES:
1. BUS operations are defined in Table 3.

2.

X=Any valid address within the device.

IA=Identifier Code Address: see Figure 7.
BA=Address within the tiock being erased or locked.
WA=Address 'of memory location to be written.

. SRD=Data read from stztus register. See Table 7 for a description of the status register bits.

WD=Data to be written at location WA. Data is latched on the rising edge of WE# or CE# (whichever goes ~.gh
first).

ID=Data read from identifier codes.

Following the Read Identifier Codes command, read operations access manufacturer, device, block lock, a~d
master lock codes. See Section 4.2 for read identifier code data.

If the block is locked, RP# must be at Vy, to enable block erase or byte write operations. Attempts to issuz 2
block erase or byte write to a locked biock while RP# is V.

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

If the master lock-bit is s=t, RP# must be at Vi, to set a block lock-bit. RP# must be at Vi, to set the mas:zr
lock-bit. If the master lock-bit is not set, a block lock-bit can be set while RP# is V.

If the master lock-bit is s2t, RP# must be at Vi, to clear block lock-bits. The clear block lock-bits operation

S poarn

simultaneously clears al! olock lock-bits. If the master lock-bit is not set, the Clear Block Lock-Bits commarc car

be done while RP#is V.
Commands other than t‘*ose shown above are reserved by SHARP for future device implementations and

should not be used.

PRODUCT PREVIEW e
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4.1 Read Array Command

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

4.2 Read ldentifier Codes Cocmmand

The identifier code operation is initiated by writing the
Read Identifier Codes command. Following the
command write, read cycles from addresses shown in
Figure 7 retrieve the manufacturer, device, bicck lock
configuration and master lock configuration codes
(see Table 5 for identifier code values). To terminate

the operation, write another valid command. Like the -

Read Array command, the Read ldentifier Codes
command functions independently of the Vo voltage
and RP# can be V| or Vg Following the Read
{dentifier Codes command, the following information
can be read:

Table 5. Identifier Codes

Code Address Data
Manufacture Code 00000
Device Code 00001
Block Lock Configuration | X0002(1)
*Block is Unlocked
sBlock is Locked DQg=1
*Reserved for Future Use

Master Lock Configuration 00003 i

+Device is Unlocked DQy=0

+Device is Locked DQy=1
| eReserved for Future Use DQy .4

NOTE:

1. X selects the specific block lock configuration
ccde to be read. See Figure 7 for the device
identifier code memory map.

14

4.3 Read Status Register Command

The status register may be rezd to determine when a .
biock erase. byte write. or lock-bit cenfiguration is
complete and whether the operaticn completed
successfully. It may be read at any time by writing the
Read Status Register command. After writing this
command, all subsequent rzad operations output
data from the status regisisr until another valid
command is written. The status register contents are
latched on the falling edge of OE# or C=#, whichever
occurs. OE# or CE# must tocgle to V. before further
reads to update the status register latch. The Read
Status Register command functions incependently of
the Vpp voltage. RP# can be V., or V...

4.4 Clear Status Register Command

Status register bits SR.3. 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 7). 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 occurre during the sequence.

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

4.5 Block Erase Command

Erase is executed one block at a time and initiated by
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 srased (erase
changes all block date to FFH). Block
preconditioning, erase, and verify are handled
internally by the WSM (invisible to the system). ARer
the two-cycle block erase sequence is written, the .
device automatically outputs status register data
when read (see Figure 8). The CPU can detect block
erase completion by analyzing the outgut data of the
RY/BY# pin or status register tit SR.7.

PRODUCT PREVIEW
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status register bit
cck erase error is
= be cleared before
cive actions. The CU!
reglster mode until a new

When the biccx srase s ¢
SR.3 shculd &= chec Ks
det cc‘cd the SEHIERECIN

remains in read statu
command is issued.

This two-step commang ssquence of set-up followed
by execution ensures that biccx contents are not
accidentally erased. An invalid Blcck Erase command
sequence will rasult in beth status register bits SR.4
and SR.3 beirg settc "1 . Also, r.iable block erasure
can only occur wien  Voo=Veepg, o and
Vep=Vppnimsa. In the atsence Ci this high voltage,
block contents are protecied against erasure. |f biock
erase is attempted while Vo<V «, SR.3 and SR.5
will be setto "1". Successiul block erase requires that
the correspordrng block leck-bit t2 cleared or, if set,
that RP#=V.. If block zrase is attempted when the
corresponding block lock-bit is set and RP#=V,,,
SR.1 and SAR.5 will te set tc "1". Block erase
operations with V,4<RFP#<Vy. produce spuricus
results and shculd not te attempizd.

4.6 Byte Write Command

Byte write is executed by a two-cycle command
sequence. Byte write setup (standard 40H or
alternate 10H) is written, followed by a second write
that specifies the address and czta (latched on the
rising edge of WE#). The WSM then takes over,
controlling the byte write and write verify algorithms
internally. After the byte write sequence is written, the
device automatically outputs status register data
when read (see Figure 8). The CPU can detect the
completion of the byte write event by analyzing the
RY/BY# pin or status register bit SR.7.

When byte write is complate, status register bit SR.4
should be checked. If byte write error is detected, the
status register should be cleared. The internal WSM
verify only detects errors for "1"s that do not
successfully write to "0"s. The CUl remains in read

status register mcde until it receives another
command.
Reliable byte writes can cnly occur when

Vee=Vecaraa 8nd Voe=Vaoyy s 2. In the absence of
this high voltage, m memaery cornznts are protected
against byte writes. If Tyt write is attempted while
VppsVop k. Siatus registzr bits 3.3 and SR.4 will be

PRODUCT PREVIEW
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set to "1'. Successiul byte write reg
correspending bicck lock-bit be clezarad
RP#=V... If byiz write is atismpt

correspending bleck lock-bit is set ar
SR.1 and SR.4 will be set to "1". E.
operations with V,.<RP#<V, producs
results and should nct be attempted.

m
b

4.7 Block Erase Suspend Command

The Block Erase Suspend command &i'c

block-erase interruction to read or byte-\v i c’ata i
another block of memory. Once the
process starts, writing the Block Erasv aus::n

command requests that the WSM suspenc L.cch
erase seguence & a predetermined po "t in :he
algorithm. The device outputs siatus recister czie
when read after the Block Erase Suspcrc cocmmenc
is written. Polling status register bits SR.7 and S3.¢
can determine wren the block erase operzaiion nas
been suspended (both will be set to "1"). “VBY— Wikl
also ftransition to Vay. Specification typ=.; deinas
the block erase susgend latency.

T asc

At this point, a Read Array command can te writen
to read data from blocks other than that which is
suspended. A Byie Write command seguence can
also be issued during erase suspend to prcgram caiz
in other blocks. Using the Byte Write Susgzand
command (see Section 4.8), a byte write cperziion
can also be suspended. During a byte write operza:ion
with block erase suspended, status register bit SR.7
will return to "0" and the RY/BY# cutput will transition
te Vg, However, SR.6 will remain "1" tc incicate
block erase suspend status.

The only other valid commands while block erasz is
suspended are Read Status Register and Block
Erase Resume. After a Block Erase Resume
command is written to the flash memory. the V 'SM

bits SR.6 and SR.7 will automatlcally cxear and
RY/BY# will return to Vg, . After the Erase Resume
command is written, the device automaticaily ouwtc
status register data when read (see Figurs 10). Vo
must remain at Vaozoqs (the same Vee level usad
for block erase) while block erase is suspended. =P=
must also remain at Vyy or Vi (the same SP# ievel
used for block erazse). Block erase cannct rc.,r".w
until byte write cperations initiated during ticck erase
suspend have compieted.

3t () n
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4.8 Byte Write Suspend Command

The Byte Write Suscend command allows byte write
interruption to read data in other flash memory
locations. Once the byte write process starts, writing
the Byte Write Suspend command requests that the
WSM suspend the byte write sequence at a
predetermined point in the algorithm. The device
continues to output status register data when read
after the Byte Write Suspend command is written.
Polling status register bits SR.7 and SR.2 can
determine when the byte write operation has been
suspended (both will be set to "1"). RY/BY# will also
transition to V. Specification tynpnq defines the
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
byte write is suspended are Read Status Register
and Byte Write Resume. After Byte Write Resume
command is written to the flash memory, the WSM
will continue the byte write process. Status register
bits SR.2 and SR.7 will automatically clear and
RY/BY# will return to Vg . After the Byte Write
Resume command is written, the device
automatically outputs status register data when read
(see Figure 11). Vpp must remain at Vppy /3 (the
same Vpp level used for byte write) while in byte write
suspend mode. RP# must also remain at V| or Vy
(the same RP# level used for byte write).

4.9 Set Block and Master Lock-Bit
Commands

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

16

the RP# pir. S2e Table 3 for a summary of hardware
and softwars write protsction options.

Set block lccx-bit and measter lock-bit are executed by
a two-cycle command ssquence. The set block or
master lock-cit setup aicng with appropriate block or
device adcrsss is written followed by either the set
block lock-tit confirm {and an address within the
block to be ‘ccked) or the set master lock-bit confirm
(and any device address). The WSM then controls
the set lock-bit algorithm. After the sequence is
written, the device automatically outputs status
register daiz when read (see Figure 12). The CPU
can detect the completicn of the set lock-bit event by
analyzing the RY/BY# pin output or status register bit
SR.7.

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

This two-sizp sequence of set-up followed by
execution ersures that lock-bits are not accidentally
set. An invalid Set Block or Master Lock-Bit
command wiil resuit in status register bits SR.4 and
SR.5 being sat to "1". Also, reliable operations occur
Only when VCC=VC02/3/4 and VPP=VPPH1/2/3‘ In the
absence of this high voitage, lock-bit contents are
protected acainst alteration.

A successiul set block lock-bit operation requires that
the master lock-bit be cleared or, if the master
lock-bit is set, that RP#=V,,. if it is attempted with
the master lcck-bit set and RP#=V,,, SR.1 and SR.4
will be set to “1" and the operation will fail. Set block
lock-bit operations while V| <RP#<V,, produce
spurious results and should not be attempted. A
successful set master lock-bit operation requires that
RP#=V,y,. If it is attempted with RP#=V,,, SR.1 and
SR.4 will be set to “1" and the operation will fail. Set
master lock-bit operations with V| ,<RP#<V,
produce sgurious results and should not be
attempted.
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4,10 Clear Block Lock-Bits Command

All set blcck lock-bits are cieared in parallel via the
Clear Block Lock-Bits command. With the master
lock-bit not set, block lock-bits can te cleared using
only the Clear Block Lock-Bits command. If the
master lock-bit is set, clearing block 'ock-bits reguires
beth the Clear Block Lock-Bits command and Vi, on
the RP# pin. See Table 6 for a summary of hardware
and software write protectiocn options.

Clear block lock-bits operation is executed by a
two-cycle command sequence. A clear biock 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 leck-bits event by
analyzing the RY/BY# Pin output or siatus 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.

LH28F016SCH-L SmartVoltage Flash MEMCE ™

This two-step sscusnce of sst-up fciowec b
execution ensurss that bleck lock-bits ars nc:
accidentally clearsd. An invalid Clear Blcck Lock-3it
command sequence will result in status registzr b
SR.4 and SR.5 bzing set to "1". Also, a relizble ciza
block lock-bits cperation can only cccur wher
VCC=VCCZ/3/4 and VPP=VPPH1/2/3- If a ciear blocs
lock-bits operaticn is attempted while VoosVaz o
SR.3 and SR.5 wiil be set to "1", In the absence c*
this high wvoltags, the block lock-bits centent ars
protected against alteration. A successful clear block
lock-bits operation requires that the master lock-tit is
not set or, if the master lock-bit is set, that RP#=V.__.
If it is attemptec with the master lock-tit set anc
RP#=V,4, SR.1 and SR.5 will be set to "1" and the
operation will fail. A clear block lock-bits operaticr
with V|, <RP#<V_. produce spuricus results anz
should not be attempted.

+
B

a2

If a clear block lcck-bits operation is aberied dus iz
Vep oOr V¢ transitioning out of valid range or RP=
active transition, block lock-bit values are left in a-
undetermined stats. A repeat of clear block lock-bits
is required to initialize block lock-bit contents tc
known values. Once the master lock-bit is sst, i:
cannot be cleared.

Table 6. Write Protection Alternatives

Master Block
Operation Lock-Bit | Lock-Bit RP# Effect
Block Erase or 0 V. or Vo, | Block Erase and Byte Write Enabled
Byte Write X 1 Vg Block is Locked. Block Erase and Byte Write Disabled
Vi Block Lock-Bit Override. Block Erase and Byte Write
Enabled
Set Block 0 X Vi orVy, | Set Block Lock-Bit Enabled
Lock-Bit 1 X Vig Master Lock-Bit is Set. Set Block Lock-Bit Disabled
Vi Master Lock-Bit Override. Set Block Lock-Bit Enzbled
Set Master X X i Set Master Lock-Bit Disabled
Lock-Bit Vo Set Master Lock-Bit Enabled
Clear Block 0 X | ViuorVyy, | Ciear Block Lock-Bits Enabled
Lock-Bits 1 X Vig Master Lock-Bit is Set. Clear Block Lock-Bits Disabled
Viy Master Lock-Bit Override. Clear Block Lock-Bits
Enabled
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Table 7. Status Register Definition

| wsMs | ESS ECLBS | BWSLES VPPS | BWSS DPS
7 8 5 4 3 2 1 0
NOTES: !

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

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

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

SR.4 = BYTE WRITZ AND SET LOCK-BIT STATUS
1 = Error in Byte Write or Set Master/Block Lock-Eit
0 = Successful Byte Write or Set Master/Block
Lock-Bit

SR.3 = Vpp STATUS
1 = Vpp Low Detect; Operation Abort

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

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

SR.0 = RESERVED FOR FUTURE ENHANCEMENTS

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

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

SR.3 does not provide a continuous indication of Vop
level. The WSM interrogates and indicates the Vpp level
only after Block Erase, Byte Write, Set Block/Master
Lock-Bit, or Clear Block Lock-Bits command sequences.
SR.3 is not guaranteed to reports accurate feedback
only when Vep=Vpou1 /23

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

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

18

PRODUCT PREVIEW



SHARP

LH28F016SCH-L SmartVoltage Flash MEMC="

|
H Block Address
|

Wnte COH.

i

i
: Block Address l

Fead Status |

; “—2 |
|
|

Wnte 20H, |

! Register
Suspend Sleck

Erase Loop

Suspend
Block Erase

Fuil Status i

Check if Cesired

Block Erase
Complete
FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)

Vpe Range Error

Davice Protact Error

p Gy

1 Commang Sequance
| Error

Biock Erase Error

U

Block Erase Successful

Bus. Command Comments
Operation
- Cau=ZCH
Wnte Srasae Seto : ) "
. Addr=Within Slock ‘o be Erased
: Zrase | Data={CH
Whnte ! . X
: Canfim . Addr=Within Block to be Erased
Read i i tatus Register Data
|
; . Check SR.T
Stanaby | | 1=WSM Feacy

' i O=WSh! Susy
i !

Repeat for subsequant block erasures.

Full status checx can 2a dene after each tiock erase or after a sequence of
block erasures.

Whnte FFH after ™he iast operation to piaca device in read array mode.

8
u;_ Command Comments
Operation
Standb Check SR.3
4 1=Vpgp Error Detact
Check SR.1
1=Davice Protect Detact
Standby RP#=V.y, Block Lock-Bitis Set
Only required for systems
implementing lock-bit configuration
Standby Check SR.4.5
" Both 1=Command Saquence Error
Check SR.S
Stancb
Y 1=Block Erase Error

$R.5.5R.4.8R.3 and SR.1 are only cleared by the Clear Status
Register Command in cases whare multicie blocks are erased
before full status is chacxed.

If error is detectsd, clear he Status Register before allampting
retry or other error reccvery.

Figure 8. Automated Block Erase Flowchart
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Wnig 40

\ Aczress

Wrie 3yte

Cata anc Accrass

f Reaq |

) Starus Sequetar 4 A i
Suspend 3yte
Whte Locp

Suspend
Byte Wnite

Ful Starus
Check if Desirec

FULL STATUS CHECK PROCEDURE

Read Status Register
Data(See Above)
+

Vpp Range Error

Devica Protect Error

10
1
Byte Write Eror
0

Syte Wnite Succasstul

i
Bus H
N | Command Comments
Operation [
k Camaailr-
Wnte | Setun Syte Wnia waRes -
i Aaar=iacaon o Se Wntten
|
Daw=Caa o Se Wanrten
Write Byte Wnie -
Acdr=_zcaton lo Se Watten
Read Staws Segrster Data
Standby 1=WSN Y
CuWSM Susy

Repeat for subsegquent byte wntes..

SR full status check can be done aftar each byte wnie. 3 after a sequence of
byte wntes.

Wnte FFH after the last byte write operation to clacs Zevice in
read array mode.

Bus
) Command Comments
Operation

Standby
Check SR.1
1=Davice Protect Detact

Standby RP#aV.. Siock Lock-Bitis Set
Only required for systams
implementng lock-bit configuration
Check SR.4

Standb

4 1=Cata Wntg Error

SR.4,SR.3 and SR.1 are only cleared by the Clear Status Register
command in cases where multipls locations are wnttan before

full status is checkad.
If error is detected. clear the Status Register befcre atiampting

retry or other @fror recovery.
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Figure 9. Automated Byte Write Flowchart
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\ Reac l
’ Status Register i i

i
|
|
l
i
1
t
;

Read 2yte Write

Read Array Data Byts “Wnte Loop

No
Done?
Yes

\ 4 h 4

Bus

X Command Comments
Operation
Era Data=30H
Wnte se : Data=30
Suspenc : AdaraX
A Status Registar Data
oad " Addr=X
, Check SR.7
Standby ¢ 1=WSM Reaay
I O=WSM Busy
, Checx SRS
Stancby ; 1=3lock Erase Suspendec
 O=Block Erase Completed
Erase | Data=D0M
Write H
Resume 1 Adar=X

[ Write DOH : I Write FFH

r ]
\ 4

(Block Erase Resumed) ’[ Read Armay Data

Figure 10. Block Erase Suspend/Resume Fiowchart

PRODUCT PREVIEW




SHARP

LH28F0186SCH-L SmartVoitage Flash MEMORY

Start )
N———

| Wnte 30K

e |
|

Read l
Status Regrster I

° Byte Wnte Compieted

Read Armray Data

N 2
| Write FFH

|
| Feormos |

Done No
Reading

Bus‘ Command Comments
Operation
Byte Wnte Data=80H
Wnte
Suspend AddraX
tatus R o)
fead Status Register Data
Addr=X
Check SR.7
Stancby 12WSM Ready
0=WSM Busy
Checx SR.2
Stancby 1=Byte Wnte Suspended
O=Byte Wnte Completed
X FEH
Wnte Read Amray Data=?
Addr=X
Read Array locatons other
Aead §
than that being wntien.
Byte Wnte Data=00H
Writa
Resume Adar=X

A 4

( Write COH lr

Write FFH J

[
h 4

l
h 4

CBylo Write Rasumad> r Read Amay Data
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Figure 11. Byte Write Suspend/Resume Flowchart
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Wrie 01ruF1H,

Slocx. Cevice Aacress

Reaa

Status Segister

“uil Staus
Checx if Cesired

FULL STATUS CHECK PROCEDURE

Reac Status Register
DataiSee Above)
|

Vpp Range Error

Daevice Protect Ermor

Command Sequence
Error

Set Lock-Bit Eor

i
| Set Leck-Sit Successtul

Bus

Command Camments
Operation |
k Set Data=3CH
wnte i BlocwMaster Adgar=_Ziocx Adcrassilock),
Locx-3it Sauz Cevica AadressiMaster) !
‘ Set " Datas=d 1 H(Block), !
i ‘ L FikiMasten :
Wrie i Block or Master - ) . !
i ; Accr=3lock Address(3lock),
i Lock-Bit Confirm | Davica AdaressiMasiar) i
i |
Read i Stans Segister Cata
!
| | . !
; Check SR.7 b
Stancty | 1aWSM Ready :
| E O=WSM Susy !
Repeat tcr supsaquent lock-bit set operalions. ‘

Fult status cnecx can ba dore aftar eac~ ock-bit set operation
or aftar a sequence of lock-Dit set cce-atons.
Write FFH afer the last lock-bit set cze-ztion to piaca device in

reag array mogce.

Bus
. Command Comments
Operation
Check SR.3
Standb
Y 1=Vos Error Detect
Chack SR.1
1=Cevice Protect Cetect
Stanct RP#aVy
tancoy (Set Master Lock-Bit Operation)
RP=x=V,, Master Lock-Bit is Set
{Sat Block Lock-8it Cperation)
Checx SR.4,5
Stancby Both 1aCommand
Seguence Ermor
Check SR.4
Stancby 1=Sat Lock-Bit ETor

SR.5.5R.4,.5R.3 and SR.1 are only cleared by the Clear Status
Regster command in cases where mL.iTie lock-Cits are set befors
tull status is chacked.

It error is detected. clear the Status Reg:star befora attempting
retry or cther error racovery.

Figure 12. Set Block and Master Lock-Bit Flowchart
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/—ﬁ i
Start !

\ / Bus‘ Command H Comments
- Operation i

Write Ciear Block

| Wnte 60H Locx-3its Sewno

Caw
Acgr=X

| W Ciaar Block Data=lCH
rte -
Lock-Zits Confirm Agcr=X
Wnte SoH
, Read Staws Regster Cata

Reag

i Staius Registar } '

f Standby =WE
o]
Whnte FFH after the Clear Elock Lock-Sits operaticn o
piace devica in read aray mode.
1

Full Staus
Chack if Desired

Clear Slock Lock-Bits
Complete

FULL STATUS CHECK PROCEDURE

Reac Status Register Bus
Data({See Above) . Command Comments
] Operation

Checx SR.3

Standey 1=Vpe Srror Cetact
Checx SR.1
Standby 1=Cevice Protact Detact

RPs=V.., Master Lock-Bitis Set

Check SR.4.3
Standby Both 1=Command
Sequance Emor

Device Protect Error

Check SR.5

Standb
t 1=Clear Slock Lock-Bits Error

SR.5.SR.4.SR.3 and SR.1 are only clearsd by the Ciaar Stalus
Register command.

It arror1s detected. clear the Status Register before attemping
ratry or other error recovery.

Commana Sequenca
Error

! Clear Slock Lock-Bits
Error
Clsar Sicex Lock-3its
Suczasstu!
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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 memocry arrays.
SHARP  provides three centrel  inputs  to
accommodate  multiple memcry  connections.
Three-line control provides fcr:

a. Lowest possible memory power dissipation.
b. Complete assurance that data bus contantion will
not occur.

To use these control inputs efficiently. an address
decoder should enable CEz while CZ% should be
connected to all memory devices arc 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
POWERGOOQOD signal to prevent unintended writes
during system power transitions. POWERGOOD
should alsc toggle during system reset.

5.2 RY/BY# and Block Erase, Byte Write,
and Lock-Bit Configuration Polling

RY/BY# is a full CMOS output that provides a
hardware method of detecting block erase, byte write
and lock-bit configuration completion. It transitions
low after block erase, byte write, or lock-bit
configuration commands and returns to Vg when
the WSM has finished executing the internal
algorithm.

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

PRODUCT PREVIEW

suspend (with tyte write inactive), ty=s write susce:
or deep power-down maodes.

5.3 Power Supply Decoupling

Flash memory power switching characteristics rezui-=
careful device deccupling. System designers a-=

[P

interested in three supply current issues; s
current levels, active current levels and transie:
peaks produced by falling and rising edges of C==
and QOE#. Transient current magnitudes depsnc o~
the device outputs’ capacitive and inductive Ica
Two-line control anc proper decoupiing cacaziic-
selection will suppress transient voitage peaks. =ac
device should have a 0.1 pF ceramic cacaciic
connected between its Vo and GND and betw
Vep and GND. These high-frequency. low indu
capacitors should be piaced as closz as pcss
package leads. Additicnally, for every eight dz
a 4.7 yF electrolytic capacitor should be piacec a1t
array’s power supply connection between Vg~ ar
GND. The bulk capacitor will overcome vcitazs
slumps caused by PC board trace incuctance.

o

Doy (b

5.4 Vpp Trace on Printed Circuit Boards

Updating flash memories that reside in the targz:
system requires that the printed circuit fcar:
designer pay attention to the Vpp Power supply tracs
The Vpp pin supplies the memory cell current for byrs
writing and block erasing. Use similar trace widirs
and layout considerations given to the Voo pews-
bus. Adequate Vpp supply traces and decoupling w'
decrease Vpp voltage spikes and overshoots,

(N
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5.5 V¢g, Vpp, RP# Transitions

Biock erase, byte write and lock-bit configuration are
not guaranteed if Vo falls outside of a valid Veewsio/a
range, Ve falls outside of a valid Vo range, or
RP#=V,, or 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. |f RP#
transitions to V,_ during block erase, byte write, or
lock-bit configuration, RY/BY# 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 CUIl latches commands issued by system
software and is not altered by Vpp or CE# transitions
or WSM actions. Its state is read array mode upon
power-up, after exit from deep power-down or after
V¢ transitions below V| 4.

After block erase, byte Write, or lock-bit configuration, 4

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 erasure, byte writing, or lock-bit

configuration during power transitions. Upon
power-up, the device is indifferent as to which power

26

ressts the CUI to read array mode at power-ue.

A system designer must guard against sourious -
writgs for Ve voltages atove Vi o when Voo is
active. Since both WE# and CE# must be low for a
command write, driving either to V4 will inhibit writes.
The CUl's two-step command sequence architacture
provides added level of protection against data
alteration. -

In-system bicck lock and unlock capability prevents
inadvertent data alteration. The device is cisabled
while RP#=V,_regardless of its contral inputs siate.

5.7 Power Dissipation

When designing portable systems, designers must
consider battery power consumption not only during
device operation, but also for data retenticn 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 exampie, 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 tpuqy and
terw, Wake-up cycles required after RP# is first
raised to V|y. See AC Characteristics— Read Only
and Write Operations and Figures 18, 19 and 20 for
more information.
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6 ELECTRICAL SPECIFICATIONS NOTICE: This datasheset contains information on
‘products in the design phase of develepment. Do nat
6.1 Absolute Maximum Ratings* finalize a design with this information. Revised

‘information will be published when the product is
.available. Verify with your local SHARP Sales offics

Commercial Operating Temperature :
ithat you have the latest datasheet before finalizing a

During Read, Block Erase, Byte Write poiat
and Lock-Bit Configuration ........ -25°C to +85°C(") (design.

- Temperature under Bias.............. -25°C to +85°C
. "WARNING: Stressing the device beyond the

Storage Temperature..........coeueveeeenen. -65°C to +125°C "Absolute Maximum Ratings" may cause permanent
damage. These are stress ratings only. Operation
beyond the ‘'Operating Conditions" is ro:

2.0V to +7.0Vt2) recommended and extended exposure beyond ths
"Operating Conditions" may affect device reliability.

Voltage On Any Pin
(except Voo, Vpp, and RP#H) ...

Ve Supply Voltage ... -2.0V to +7.0v@) -
NOTES:

Vpp Update Voltage during 1. Operating temperature is for commercial product

Block Erase, Byte Writs and defined by this specification.
Lock-Bit Configuration ........... -2.0V to +14.0V2.3) 2. Al specified voltages are with respect to GND.
Minimum DC voltage is -0.5V on input/output pins
RP# Voltage with Respect to and -0.2Y on Vgz and Vpp pins. During
GND during Lock-Bit transitions, this level may undershoot to -2.0V fcr
Configuration Operations ...... -2.0V to +14.0V(2.3) periods <20ns. Maximum DC voltage on
- = ; input/output pins and Vee is Vee+0.5V which,
Output Short Circuit CUITEnt ....veeeeeeiiieenns 100mAH) during transitions, may overshoot to Vge+2.0V

for pericds <20ns.

3. Maximum DC voltage on Vpp and RP# may
overshoot to +14.0V for periods <20ns.

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

6.2 Operating Conditions

Temperature and V.~ Operating Conditions

Symbol Parameter | Notes Min ' Max | Unit Test Condition
Ta Operzating Temperature 25 1 +85 | °C Ambient Temperature
Vg Ve Supply Voitage (2.7V-3.6V) 1 27 | 36 |V
Vers | Vo~ Supply Voltage (3.3V=0.3V) 30 : 38 | \
Vara | Var Supply Voltage (SV25%) 475 1+ 525 |V
Veng | Vo Supply Veltage (5V=10%) 450 550 | vV

NOTE:

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

6.2.1 CAPACITANCE(

T,=+25°C, f=1MHz

Symbol Parameter Typ Max ‘ Unit Condition
Ciny Input Capacitance 6 8 ‘: pF V,y=0.0V
Caur Output Capacitance 8 12 : pF VA =0.0V
NOTE:

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

EMORY

rr

2.7

INPUT

1.35¢— TESTPOINTS ———— P X 1.35

P

OUTPUT

G

0.0
AC test inputs are driven at 2.7V for a Logic 3

" and 0.0V for a Logic “0." Input timing begins. and output :iming 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 1.5 4————— TEST POINTS —————— P X 1.5 QUTPUT
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% 10 80%) <10 ns.

Figure 15. Transient Input/Output Reference Waveform for V-=3.3V=0.3V and V=5V=5%
(High Speed Testing Configuration)

24

OUTPUT

2.0
INPUT > TEST POINTS <
0.45 0.8 0.8

AC test inputs are driven at Voy (2.4 V1) for a Logic 1" and VOL (0.45 V) for a Logic "0." input timing begins at V4
(2.0 Vr71) and Vi (0.8 V). Output timing ends at Vi and V. Input rise and fall imes (10% to 90%) <10 ns.

Figure 16. Transient Input/Qutput Reference Waveform for V=5V£10%
(Standard Testing Configuration)

Test Configuration Capacitance Loading Value

Test Configuration | C; (pF) j
.y Vn=3.3V=0.3V, 2.7V-3.6V . 50
—— Var=5V=5% | 30
 QLEE Voe=5V=10% | 100
R =3.3kQ

DEVICE

UNDER ouT

TEST { O

Cy Includes Jig ~—< C,
Capacitance ’

28

Figure 17. Transient Equivalent Testing
Load Circuit
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6.2.3 DC CHARACTERISTICS

DC Characteristics

[ | | Vee=2.7V | Vae=3.3V | Vpes5V | 1 Test
Sym Parameter Notesi Typ | Max | Typ | Max | Typ | Max : Unit Conditions
I input Load Current 1 =0.5 ‘ ' =0.5 =1 pA [ Viee=VeoMax
Vin=Veror GND
Lo Qutput Leakage Current | 1 =0.5 i =0.5 =10 | HA |Vce=VeosMax
| VQLl:=V(~r~ or GND
lccs | Vec Standby Current 1,3,6 100 100 100 | pA | CMOS Inputs
Veo=VcMax
: : CE#=RP%=V~~=0.2V
2 2 2 | mA |TTL inputs
VCC=VchaX
. CE#=RP#=V'H
lcco | Vec Desp Power-Down 1 20 20 20 | pA [RP#=GND=z0.2V
Current | laur(RY/BY#)=0mA
lccr | Voo Read Current 1,5,6 12 12 35 | mA |CMOS Inputs
: VcczvchaX,
CE#=GND
f=5MHz(3.3V, 2.7V),
8MHz(5V)
|QUI~*-'OYT1A
16 16 50 mA | TTL Inputs
VCC=VCcMaX,
CE#=GND
f=5MHZz(3.3V, 2.7V),
8MHz(5V)
layT=0mA
ICCW VCC Byte Write or 1,7 _— — 17 —_— _— mA Vpp=3.3V10.3V
Set Lock-Bit Current — — 17 35 | mA |Vpp=5.0V£10%
—_ —_ 12 30 | mA |Vpp=12.0V=5%
lcce | Ve Block Erase or 1,7 | — — 17 — | — | mA |Vpp=3.3V+0.3V
Clear Block Lock-Bits — — 17 30 | mA | Vpp=5.0V£10%
Current — — 12 25 | mA |Vpp=12.0V=5%
lcows | Vo Byte Write or Biock | 1,2 | — | — 6 | 10 | mA |CE&=V,
lrrec | Erase Suspend Current
Ipps Vpp Standby or Read 1 =15 =15 +15 UA VppstC
loog | Current 200 200 200 | UA [ Vope>Van
lppp | Vpp Deep Power-Down 1 5 5 5 pA | RP#=GND=0.2V
Current
IPPW Vpp Eyte Write or Set 1,7 —_— J— 40 —_— _— mA ‘ Vpp=3.3Vio.3V
Lock-Bit Current — —_ 40 40 | mA | Vpp=5.0Vx10%
_— —_— 15 15 mA Vpp=12.0V:5°/o B
lepe | Vpp Block Erase or 1.7 { — | — 20 — | — | mA [Vpp=3.3V=0.3V
Clear Lock-Bit Current —_ — 20 20 | mA {Vpp=5.0V£10%
- — 15 15 | mA |Vpe=12.0V=5%
lPPWS Vpp Byte Write or Block 1 — — 200 200 [JA VFF’:VPF’HT/Z,'S
looeq | Erase Suspend Current

no
M
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DC Characteristics (Continued)

’ i Vpr=2.7v ' V(-C=3.3V I VCC:'SV ] Test
Sym | Parameter Notes| Min | Max | Min | Max ! Min | Max ' Unit . Conditions
Vy I Input Low Voltace 7 051 08 | -05}| 08 |-065]| 08+ V |
Vg Input High Voltage 7 20 | Voo | 20 | Ve | 20 | Vg l v
+0.5 +0.5 +0.5

Vo | Qutput Low Voltage 3.7 0.4 0.4 0.45 | V |Vep=VecMin,
lo=5.8mA(5V),
I3 =2.0mA(3.3V)

Vort | Qutput High Volitage 37 | 24 24 24 V| Vee=VecMin,

(TTL) lon=-2.5mA(5V),
l~L=-2.0mA(3.3V)

Vapz | Output High Voitage 3,7 | 0.85 0.85 0.85 V| Vee=VeeMin

(CMOS) Vr"['* Vr\r\ V(‘r‘ |qu'—"2.5[JA
Vee Vee Ve V| Vee=VecMin
-0.4 -0.4 -0.4 | ~nr=-100pA
VepLk | Vpp Lockout during 4,7 1.5 15 15 1V
Normal Operations
Vepyy | Vpp during Byte Write, — -— 30 | 3.6 — | — \
Block Erase or Lock-Bit
Operations
Vppus | Vpp during Byte Write, — — 45 | 55 | 45 | 55 v
Block Erase or Lock-Bit
Operations
Vppus | Vpp during Byte Write, — — 1141126 | 114|126 | V
Block Erase or Lock-Bit
_Operations

Vikn | Ve Lockout Voltage 2.0 2.0 2.0 \

Vuyy | BP# Unlock Voltage 8 — — 1114|126 | 114|126 | V |Setmasterlock-bit
Override master and
biock lock-bit

NOTES:

1.

@™o

All currents are in RMS unless otherwise noted. These currents are valid for all product versions (packages and
speeds). Contact SHARP’s Application Support Hotline or your local sales office for information about typical

specifications.
lecws @nd lsceg 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 Iocws OF leces @and Igcg OF Icow: respectively.

Includes RY/BY#. .
Block erases, byte writes, and lock-bit configurations are inhibited when Vpp<Vpp «, and not guaranteed in the

range between Vpp «(max) and Vppys(min), between Vppyi(max) and Vppp,(min), between Vpeyp(max) and
VppHa(min), and above VppHs(maX).

. Autornatic Power Savings (APS) reduces typical locg to 1mA at 5V Vg and 3mA at 3.3V Vs in static

operation.

. CMOS inputs are either Vpp=0.2V or GND=0.2V. TTL inputs are either V, or Viy.
. Sampled, not 100% tested. ’

Master lock-bit set operations are inhibited when RP#=V,.,. Block lock-bit configuration operations are inhibited
when the master lock-bit is set and RP#=V,,,. Block erases and byte writes are inhibited when the corresponding
block-lock bit is set and RP#=V,,. Block erase, byte write, and lock-bit configuration cperations are not
guaranteed with V<3.0V or V|y<RP#<Vy,, and should not be attempted.
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6.2.4 AC CHARACTERISTICS - READ-ONLY OPERATIONS!!)

V~~=2.7V-3.6V. T,=-25"C to +85°C

| Versions{?) LH28F016SCH- =~ LH28F016SCH- |
L150 : L170

Sym Parameter Notes Min | Max | Min | Max Unit
taya | Read Cycle Time 150 | I 170 | ns
tayry Acdress to Output Delav i 150 | 170 ns
te A~y CE# to Qutput Delay 2 130 170 ns
toun~y | RP# High to Output Delay 600 | - 600 ns
ta ~y | OE# to Qutput Deiay 2 | 50 | |53 ns
te;~y | CEzto Outputin Low Z 3 0 ' | 0 i | ns
te_~> | CE# High to Output in High Z | 3 53 | 33 i ns
tr) ~x QE# to Qutputin Low Z 3 0 j 0 | | ns
t~ur~y | OE# High to Output in High Z 3 . | 20 i | 25 ns
ton Qutput Hold from Address, CE# or 3 0 ! 0 | ns

OE# Change, Whichever Occurs First i |

NOTE:
See 5.0V Vs Read-Only Operaticns for notes 1 through 4.

Ve=3.3V20.3V, T,=-25°C to +85°C

Versions(#) LH28F016SCH- | LH28F016SCH-
L120 i L150
Sym - Parameter - | Notes Min Max | Min | Max Unit
tayay Read Cycle Time l 120 | 150 | ns
tayoy | Address to Output Delav 120 | {150 ns
te; ~v | CE# to Qutput Delay 2 120 | [ 180 | ns
tonny RP# High to Output Delay 600 | | 600 ns
ta ny QE# to Output Delay 2 50 % | 55 ns
ter Ay CE# to Outputin Low Z 3 0 | 0 ns
tenn> | CE# High to Output in High Z 3 55 | 55 ns
tai~y | OE# to Outputin Low Z 3 0 | I 0 | | ns
tapnry | OE# High to Output in High Z 3 | 20 | | 25 ns
toH Output Hold from Address, CE# or 3 0 ‘ 0 ns
OE# Change, Whichever Occurs First

NOTE:
See 5.0V V¢ Read-Only Operations for notes 1 through 4.
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Vep=5V=0.5V, 5V=0.25V, T,=-25°C to +85°C

| Voe=5% | LH28F016SCH- |

| L95(5) ;

| Versions(4) Vecz10% LH28F016SCH- | LH28F016SCH-
L1006) | L120(6)

Sym | Parameter Notes| Min Max Min Max Min | Max | Unit
t.yay | Read Cycle Time 95 100 120 | ns
tauay | Acdress to Qutput Delay ! 85 100 | 120 ns
t= Ay CE# to Output Delay | 2 95 100 | 120 ns
touny | BP# High to Output Delay l 400 400 [ 400 ns
tr: Ay OE# to Qutput Delay I 2 | 40 45 {50 ns
tz~y | CEZ to Qutputin Low Z | 3 | 0 0 |0 | ns
t=—ny | CEZ High to Qutput in High Z 3 55 55 | |53 ns
tronay | OEZ to Qutputin Low Z 3 0 0 i 0 i ns
t~uny 1 OE# High to Qutputin High Z 3 10 . 10 | | 15 ns
ton Output Hold from Address, 3 0 0 | 0 { ns

CE# or OE# Change, P
Whichever Occurs First 1 E

NOTES:

See AC Input/QOutput Reference Waveform for maximum allowabie input siew rate.

OE# may be delayed up to tg; qu-tgLqv after the failing edge of CE# withoutimpact on tz; qy-

Sampled, not 100% tested.

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

See Transient Input/Qutput Reference Waveform and Transient Equivalent Testing Load Circuit (High Speed
Configuration) for testing characteristics.

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

S SR

o»
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Device
Standby , Address Selection Data Vaiic
e XK REOR
ESSES Address Stacie
" / \ A /& \ \ ‘ Yy, )(\
tavav J
Vin !
CE#(E) —/ \ A \
)t
Vi EHC
(,;',/El_lﬂ—"
A
OE#(G) / \
ViL ) r‘ﬁdc_,
i ;
Vin e . :
WE=W) _/ ' lazv | 3
Vie t=1qvi > i . \
tGLOXp——q e | »
terox : l
Vor | - virenEae
DATA(D/Q) HIGH Z p _ )F\\ \\ HIGH 2
(CQe-0Q7) ,{\\\ 4 Valid Qutput
Voo havay saverenens
vee _/ \
- teHav
Vi ‘ vesrvecens
RP#(P) _/
Vi \
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6.2.5 AC CHARACTERISTICS - WRITE OPERATION(!)

Vnz2.7V-3.6V. T,=-25°C ta +85°C

; Versionst5) LH28F016SCH- LH28F016SCH-
! L150 L170
. Sym | Parameter Notes Min | Max Min Max Unit
“tavay | Write Cycle Time 150 ! 170 ns
o | RP# High Recovery to WE# Going 2 1 | 1 HS
i : Low f
‘teray 1 CE# Setup to WE# Going Low 10 i 10 - ns
j tan s | WE# Pulse Width 20 ! 50 ns
t.aun ' Address Sstup to WE# Going High 3 50 50 ‘ | ns
Hteyayw | Data Setup to WE# Going High 3 50 50 ns
tweny { Data Hold from WE# High 5 i 5 ns
i tyusy | Address Hcld from WE# High 5 3 5 ns
itwew | CE# Hold from WE# High 10 | 10 ns
i tyw_gw] | WE# Pulse Width ngh 30 | 30 ns
ey | Write Recovery before Read 0 | 0 ns
NOTE: ’
See 5.0V Vo WE#-Controlled Writes for notes 1 through 5.
Vr=3.3V20.3V, To=-25°C to +85°C
Versions®) LH28F016SCH- LH28F016SCH-
- - - L120 L150
Sym Parameter Notes Min | Max Min Max Unit
tavay Write Cycle Time 120 150 ns
topwe | BP# High Recovery to WE# Going 2 1 1 s
Low
e wi CE# Setup to WE# Going Low 10 | 10 ns
o wia WE# Pulse Width 50 50 ns
toupyw | BP# Vo, Setup to WE# Going High 2 100 100 ns
tyewwn | Voo Setup to WE# Going High 2 100 | 100 ns
tawe | Address Setup to WE# Going High 3 50 { 50 ns
i | Data Setup to WE# Going High 3 50 | 50 ns
twuny | Data Hold from WE# High 5 | 5 ns
tway | Address Hold from WE# High 5 | 5 ns
tweew [ CE# Hold from WE# High 10 | 10 ns
fyna WE# Pulse Width ngh . 30 | 30 ns
twa WE# High to RY/BY# Going Low [ 100 100 ns
by Write Recovery before Read 0 i 0 ns
towwL Ve Hold frem Valid SRD, RY/BY# 2,4 0 |} 0 ns
High .
itqupy | RP# Vy, Hoeld from Valid SRD, 2,4 0 0 ns
' RY/BY# Hich . !
NOTE:

See 5V V. AC Characteristics - Write Operations for Notes 1 through 3.
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V.r=5V=0.5V, 5V=0.25V, T,=-25"C to +85°C

Voe=5% | LH23F016SCH- ! :
: L95(®) i !
Versions(®) T Vge=10% LH28F016SCH- | LH28F016SCH-
] i L1000 L120(7)
| Sym Parameter Notes| Min Max | Min | Max | Min Max | Unit
IRVIRY; Write Cvcle Time 2s | 100 P 120 | ns
AopwL . RP# High Recovery to WE# 2 1 LI . ys
: ' Geing Low | i
iteiywy  CE# Setup to WE# Geing Low 10 | 10 | [ 10 | ns
by e WE# Pulse Width 40 40 | bap | ns
oppwH  S0# Vap Setup to WE= Going 2 1CC 100 ;100 ns
! “High i !
Ctyoww Voo Setup to WE# Geing High 2 10C 100 | {100 ns
taywn | Address Setup to WE# Going 3 4C 40 l [ 40 ns
; “High i
"toyww  Data Setup to WE# Going 3 4C 40 | i 40 i ns
; " High i
Itwuny  Oata Hold from WE# High 5 5 | -] { ns
Ctwiay - Address Hold from WE# High 5 | ? | 5 I ns
twusw  CE# Hold from WE# High 1C 10 | P10 | ns
Moy WES Pulse Width High 3C 30 | . a0 ns
twmal | WE# High to RY/BY# Going 80 ‘ 80 20 ns
TLlow ¢ - !
twoen | Write Recovery before Read 0 P 0 | 0 | ns
tQVVL Vpp Hold from Valid SRD, 2,4 0 0 0 ns
| RY/BY# High
taven. | RP# Vi Hold from Valid 2,4 0 0 0 ns
| SRD, RY/BY# High

NOTES:
1. Read timing characteristics during block erase, byte write and lock-bit configuration operations are the same as

during read-onry cperations. Refer to AC Characteristics for read-only operations.

2. Sampled, not 100% tested.

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

4. Vpp should be held at Vppyyy,2/3 (@nd if necessary RP# should be held at Vi) until determination of block erase,
byte write, or lock-bit configuration success (SR.1/3/4/5=0).

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

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

7. See Transient InputOutput Reference Waveform anc Transient Equivalent Testing Load Circuit (Standard
Configuration) for testing characteristics.
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Vi
ACDRESSES(A) ,
Vi =
Vin
CE#(E)
ViL
i R T“ twhen tweGL ‘
ViH
OE#(G) v f 1 \__/'
IL
! tW“WL : (ww‘w 238 '
ViH f ( F "
weon "R 4 U \
i :
Vin =3 twkDx .
DATA(DIC) M Hign Z 0 * /D \ r—'———‘\/lrva“d X oo
Vi S \N/ \LSRD N

: Taewl f
Vi — L_'1 WAL —
RY/BY#(R) ¥ k ]

Vie

o B B

Vpp(V)

NOTES:

1. Vec power-up and standby.

2. Write block erase or byte write setup.

3. Write block erase confirm or valid address and data.
4,
5
6

Automated erase or program delay.

. Read status register data.
. Write Read Array command.
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Figure 19. AC Waveform for WE#-Controlled Write Operations
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#-CONTROLLED WRITES(")

m

6.2.6 ALTERNATIVEC

Vap=2.7V-3.6V, T,=-25°C to +85°C

Versions(3) A LH28F016SCH- | LH28F016SCH-
L150 | L170
Sym Parameter Notes Min Max Min | Max Unit

tayay Write Cvcie Time 150 170 ns
toue: ' RPZ Hicn Recovery to CE# Going Low 2 1 5 1 Us
tap = WEZ Setup tc CE= Going Low | 0 1‘ 0 . rs
te: e | CE# Puise Width 70 70 ns
tayew | Addrass Setup to CE#Z Going High 3 50 50 ns
‘tay=w  Date Ssturic CE# Geing Hich 3 50 | i 50 rs
temry | Data Heid frcm CE= High 5 | I 5 ns
teuay | Address Hoid from CEz High 5 | 5 ns
teown | WEZ Heid from CEZ High 0 | 0 ns
tee | CE# Pulse Width High 25 | 25 rs
tean | Write Recovery before Read 0 | ) ns
NOTE: :

See 5.0V V. Alternative CE#-Controlied Writes for notes 1 through 5.

Ve=3.3V20.3V, T,=-25°C to +85°C
Versions(s) LH28F016SCH- LH28FQ016SCH-
L120 L150
Sym | Parameter Notes Min Max Min Max Unit
tavay | Write Cvcie Time 120 150 ns
toye; | RP# High Recovery to CE# Going Low 2 1 1 LS
twi e | WEZ Setup t¢ CE# Going Low 0 0 ns
te) e CE# Pulse Width 70 70 ns
towmey | RP# Voo Setup to CE# Going High 2 100 100 ns
typew Voo Setup to CE# Going High 2 100 100 ns
tayvewu Address Setup to CE# Going High 3 50 50 ns
thyew | Data Setup to CE# Going High 3 50 50 ns
tenpny Data Held from CE# High 5 5 ns
teay Address Hold from CE# High 5 5 ns
tepywn | WE# Hoid from CE# High 0 0 ns
teue CE# Pulse Width High 25 25 ‘ ns
teug) CE# Hich to RY/BY# Going Low 100 100 ns
teuay Write Recovery before Read ' 0 0 ns
tawwL | Vpe Hold frem Valid SRD, RY/BY# 2,4 0 0 ns
High
taven | BP# Ve Held from Vaiid SRD, 24 0 0 ns
RY.BEY# High

NOTE:
See 5V V. Alternative CE#-Controlled Writes for Notes 1 through 3.
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V~=5V£0.5V, 5V£0.25V, T,=-25°C to +85°C

Veex5% LH28F016SCH-
L95(® !
Versions{5) Veex10% LH28F016SCH- | LH28F016SCH-
L100(" L1200
Sym ! Parameter Notes| Min Max Min Max Min Max | Unit
tavay Write Cvcle Time 95 100 120 ns
topg: RP# High Recovery to CE# 2 1 1 1 us
CGoing Low
tw = - WE# Setup to CE# Going Low 0 0 0 ' ns
ter =u CE# Pulse Width 50 50 50 ns
touncy RP# Vi Setup to CE# Going 2 100 | 1C0 100 ns
High i
tyoey Voo Setup to CE# Going High 2 100 | 100 100 ns
taven  Address Setup to CE# Going 3 40 - 40 40 ns
" High
tyen Data Setup to CE# GoingHigh| 3 | 40 | 40 40 ns
tenmy Data Hold from CE# High I 5 | 5 5 | ns
teray Address Hold from CE# High | 5 5 5 ns
teaywn  WE# Hold from CEZ High 0 0 0 ns
tews: CE# Pulse Width High 25 25 25 ns
teqm. | CE# High to RY/BY# Going 90 80 90 ns
Low
teuny | Write Recovery before Read 0 0 0 ns
tawL | Vpp Hold from Valid SRD, 2,4 0 0 0 ns
i RY/BY# High
tqueH E RP# V,y Hold from Valid 24 0 0 0 ns
! SRD, RY/BY# High
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 Dy, for block erase, byte write, or lock-bit configuration.

4. Vpp should be held at Vppyyy o/ (and if necessary RP# should be held at Vi) until determination of block erase,

byte write, or lock-bit configuration success (SR.1/3/4/5=0).

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

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

7. See Transient Input/Output Reference Waveform and Transient Equivalent Testing Load Circuit (Standard
Configuration) for testing characteristics.
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1 2 4 5 3
= Vin "\/{'/\-f TAATTAVATiTAYERS AR
ADDRESSESIA) 13 An An [ERERRERE $458¢!
vy Adive e
- ' -
Tavav TAvER EHAX
Vi F _—\—/—" /"__—
WEH(W) 1 i
Vi ' T o
iw.sw—l' =tz wn tewaL .

Vin i
OE#(G) f ! /7
Vi ! \——

ic_z: tewnyr o

= tzem
V‘cv{eu : |
Vi =t TFaeT
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Vi | N \_"/ \\4& SR N/
I '
|feme- } tear 1
Vin r
RY/BY#(R) k ]
ViL
tormen tavew
VHH T
RP#(P)
Vep(V)

NOTES:

. Voo power-up and standby.

. Write block erase or byte write setup.

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

. Read status register data.

. Write Read Array command.

DOvVEWON =

Figure 20. Alternate AC Waveform for CE#-Controlled Write Operations
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6.2.7 RESET OPERATIONS

Vik

RY/BY#R)
Vi
Vi

RP#(P) /
Vie
trLpn
(A)Reset During Read Array Mcde

Vin

RY/BY#(R) f
Vie T

teLAK .

Vip—
RP#(P) \ {f
Vie

r— lteion —'l

(B)Reset During Block Erase, Byte Write, or Lock-8it Ccnfigure!ion

2.7V/3.3V/5V J
Vee a
Vie

,L—-— taasvey —
-y :
RP#(P) " ![
Vi T
(C)RP# rising Timing
Figure 21. AC Waveform for Reset Operation
Reset AC Specifications{!)
Vee=2.7V Vee=3.3V Vee=5V
Sym Parameter Notes| Min Max Min | Max Min Max Unit

toLpH RP# Pulse Low Time 100 100 100 ns

(If RP# is tied to Vg, this :

specification is not applicable)
toL/H RP# Low to Reset during 23 ’ — 20 12 us

Block Erase, Byte Write or

Lock-Bit Configuration
taasven | Voo 2.7V to RP# High 4 100 100 100 ns

Ve 3.0V to RP# High

V-~ 4.5V to RP# High
NOTES: .
1. These specifications are valid for all product versions (packages and speeds).
2. If RP# is asserted while a block erase, byte write, or lock-bit configuration operation is not executing, the reset

will complete within 100ns.

3. Aresettime, toyqy. is required from the latter of RY/BY# or RP# going high until outputs are valid.
4. When the device power-up, holding RP# low minimum 100ns is required after Vo has been in predefined range

and also has been in stable there.
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6.2.8 BLOCK ERASE, BYTE WRITE AND LOCK-BIT CONFIGURATION PERFORMANCE®R4)

Vr=3.3V20.3V, T4=-25°C to +85°C

i I Vpp=3.3V Vpp'—'-sv i Vpp=1 2V |
Sym f Parameter Notes! Min |Typ("| Max | Min [Typ"! Max ' Min [Typ()| Max | Unit
twHQV1 i Byte Write Time 2 18 17 | TBD| 82 | 983 ; TBD l 8.7 l 76 | TED | s
=25 Tal\TAl
| Block Write Time 2 1 | 11 |TBD/ 05| 06 | TBD i 04 | 05 ! TED | ssc
':WHcvz i Block Erase Time 2 15 | 1.8 | TBD 1 12 | TBD | 08 | 1.1 TED | sec
SO0
twrcya } Sat Lock-Bit Time 2 18 21 {TBD | 1121133 |TBD{ 87 | 116 | TED | us
t:ur\f':
:WHQW ?Iear Bleck Lock-Bits 2 15 | 1.8 | 78D 1 12 |TBD | 0.8 | 1.1 § T=D | sac
S TaVE] ime
twrpp | Byte Write Suspend 8 7 5 7 5 g s
teupuy | Latency Time to Read
twirro | Erase Suspend Latency 16.2 | 20 9.6 12 88 | 12 LS
t:upuo Time to Read |
V~~=5V=0.5V, 5V=0.25V, T,=-25°C to +85°C
VPP--SV Vpp=12V
Sym Parameter Notes| Min |[Typ™ | Max | Min | Typ() | Max | Unit
;\,\,HOV1 Byte Write Time 2 6.5 8 T8D | 4.8 6 TED | ps
EHQWVY
Block Write Time 2 0.4 05 | 7BD | 03 | 04 | TED | sec
§WHCV2 Block Erase Time 2 0.9 11 | TBD | 03 1.0 | TBD | sec
EHOVD
twHqva | Set Lock-Bit Time 2 9.5 12 TBD | 7.8 10 | TBD | ps
tewova
twiique | Clear Block Lock-Bits Time 2 0.9 1.1 8D | 03 1.0 | TBD | sec
tenava
:WHRM lE{ytedwnte Suspend Latency Time to 5 6 4 5 s
(3%I=1301 €a
twhaHz | Erase Suspend Latency Time to Read 9.6 12 9.6 12 ys
tenpes
NOTES: -

1. Typical values measured at T,=+25°C and nominal voltages. Assumes corresponding lock-bits are not set.
Subject to change based on device characterization.

. Excludes system-level overhead.

H N

. Sampled but not 100% tested.
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7 ADDITIONAL INFORMATION

7.1 Ordering Information

[" .
. . . lcco moderate Option
Product line designator for all SHARP Flash products ,_L_ F = 50 pA (Iccp)
. ! ! i
L|H[2|8|F|0,1|6/S|CHIT|- 5
e l—
Device Density | ACCcSS Speed (ns)
016 = 16-Mbit | ; *95ns(5V,30pF), 100ns(5V),
) - - 120ns(3.3V), 150ns(2.7V)
Product Family L  «120ns(5V), 150ns(3.3V),
S = FlashFile™ Memory | j 170ns(2.7V)
Device Type [ Low Voltage Option
C = SmartVoltage Technology | _L L =2.7V Vcc (Read only)
Operating Temperature " Package
H=-25°C ~ +85°C ' T = 40-Lead TSOP
: - R = 40-Lead TSOP(Reverse Bend)
‘LN - 44-Lead PSOP
B =48-Lead CSP
Valid Operational Combinations
Vee=2.7-3.6V Vce=3.320.3V Vee=5.0=10% Vo=5.025%
50pF load, 50pF load, 100pF load, 30pF load,
.{Option Order Code 1.35V I/O Levels 1.5V 1/O Levels TTL VO Levels 1.5V 1/O Levels
1 LH28F016SCHX- LH28F016SCH- LH28F016SCH- LH28F016SCH- LH28F016SCH-
L95 L150 L120 L100 LS5
2 LH28F016SCHX- LH28FQ016SCH- LH28F016SCH- LH28F016SCH-
L12 L170 L150 L120
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LH28Fxxx FLASH MEMORY FLASH NON-VOLATILE MEMORY FLASH E2ROM FLASH ROM
READ ONLY MEMORY ETOX SMART VOLTAGE LH28F016SCH-L 16M (2M x 8)



