SHARP 10 8.1997

4 )
FLASH MEMORY |

LH28F160BGX-XXXX

Ver. 0
\_ ,

SHARP CORPORATION



LHF16BXX
LH28F160BGX-XXXX

16 Mbit (1024 Kbit x 16)

2.4V-only Flash Memory
CONTENTS PAGE CONTENTS PAGE
FEATURES 1 5.0 DESIGN CONSIDERATIONS ........ccvvevemveerenens 19
5.1 Three-Line Qutput Control ......cccccevvueeenennee 19

1.0 INTRODUCTION 2 5.2 RY/BY#, Blogk Erase and Word Write

1.1 New Features .......cccoveevmncninecnniciininnnee 2 POIING .. #5a oeeenenseemecinemisci e 19

1.2 Product Overview

& ply Decoupling........c.omvevenenens 19
on’Printed Circuit Boards .......... 19

2.0 PRINCIPLES OF OPERATION .....coceeieeneennee 7 e RP# Transitions .........

2.1 Data Protection ...........cccomeeeeennnccenecneennens 7 6 ,ﬁpr-Up/Down Protection
%%Swer Dissipation ........cceeeeennne. B

3.0 BUS OPERATION 7 %%%
3.1 BEAG ...ttt ‘ .g LECTRICAL SPECIFICATIONS........ccccovennee 21
3.2 Output Disable 6.1 Absolute Maximum Ratings ...................... 21
3.3 StANADY oo #..5%7 K 6.2 Operating Conditions .......cccoceevvverriererenens 21
3.4 Deep Power-Down .........cceevccuvennaen oy, 8 6.2.1 CapacitanCe ......ccocveeeeereeireeeeeeeieeeee 21
3.5 Read Identifier Codes ' S, A 6.2.2 AC Input/Qutput Test Conditions ......... 22
3.6 Write ...vveeeeeiicciiiiieciiiceene, 3 ' 6.2.3 DC Characteristics .......ccccooveceeciiniinnnene 23

' 6.2.4 AC Characteristics - Read Only

4.0 COMMAND DEFINITIONS Operations ......ccceeevceeeceneneerccoecene 25
4.1 Read Array Command 6.2.5 AC Characteristics for WE# - Controlled
4.2 Read Identifier Codes Command 11 Write Operations ........cocceciveercenrenieeene 28
4.3 Read Status Register Command ............... 11 6.2.6 AC Characteristics for CE# - Controlled
4.4 Clear Status Register Command ............... 11 Write Operations .........ccoevevenivneninnnnns 31
4.5 Block Erase Command ......ccccocecrvriiivcnnnne 11 6.2.7 Reset Operations .....c.cccceeeecrrceercenaceneee 34
4.6 Word Write Command .........cocovviinninnnnnns 12 6.2.8 Block Erase and Word Write
4.7 Block Erase Suspend Command ............... 12 Performance .........ccccccevevveiiiiiiiececcinnens 35

4.8 Word Write Suspend Command




LHF16BXX 1

LH28F160BGX-XXXX
16M-BIT (1024KB x16)
2.4V-only FLASH MEMORY

FEATURES
¢ 2.4V-only Single Voltage Technology * Low Power Management
2.4V-2.6V V_.and V,, Read/Write/Erase - Deep Power-Down Mode
+ Operation: High Speed Products - Automatic Power Saving Mode
wl. 24v.3.0v V..and V_, Read/Write/Erase Decreases | in Static Mode

Operation: Standard Products
- Smart3V_ (2.7V-3.6V V_.and V,, Read/ * Industry Standard Packaging
Write/Erase Operation): Smart 3 Products - 48-Lead TSCP

High-Block Erase and Word Write Performance
- Useable 12V+0.6V V,,

Optimized Array Blocking Architecture
- Thirty-one 32k-word Main Blocks

- Two 4k-word Boot Blocks

- Six 4k-word Parameter Blocks

- Top or Bottom Boot Locations %’:@ Command User Interface
x- - Status Register

High-Performance
- Maximum Access Time
110ns (V_ = 2.4V-2.6V): High Speeg: Fi “ug&
120ns (V, = 2.4V-3.0V): Standard:Prgdycts « SRAM-Compatible Write Interface
100ns (V.= 2.7V-3.6V): szzg&ﬁ% r
&

* Absolute Hardware-Write/Erase Protection

» Extended Cycling Capability
- 100,000 Block Erase Cycles

Automated Suspend Options
- Block Erase Suspend to Read
- Block Erase Suspend to Word Write e ETOX™" V Nonvolatile Flash Technology
- Word Write Suspend to Read
e Not designed or rated as radiation hardened

16bit 1/0 Interface

SHARP's LH28F 160BGX-XXXX Flash memory is a high-density, low-cost, nonvolatile, read/write storage solution for
a wide range of applications. LH28F160BGX-XXXX can operate at V. and V,,=2.4V. lts low voltage operation
capability realize longer battery life and suits for cellular phone application. lts Boot, Parameter and Main-blocked
architecture, flexible voltage and extended cycling provide for highly flexible component suitable for portable terminals
and personal computers. 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 DAAM, the LH28F160BGX-XXXX offers two levels of protection: absolute protection with V
at GND, selective hardware boot block locking. These alternatives give designers uitimate control of their code
security needs. .

The LH28F160BGX-XXXX is manufactured on SHARP's 0.4um ETOX™* V process technology. It comes in industry-
standard package: the 48-lead TSOP and chip size package: the 48-lead CSP, ideal for board constrained
applications.

* ETOX is a trademark of Intel Corporation.
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1.0 INTRODUCTION

This datasheet contains LH28F160BGX-XXXX
specifications. Section 1 provides a flash memory
overview. Sections 2, 3, 4, and 5 describe the memory
organization and functionality. Section & covers
electrical specifications.

1.1 New Features

Key enhancements of LH28F160BGX-XXXX Flash
memory are:

e 2.4V Vcc and Vpp Write/Erase Operation
¢ Enhanced Suspend Capabilities
* Boot Block Archtecture

Please note following important differences:

* V.. has been lowered to 1.5V to support 2.4V block
erase and word write operations. Designs that switch
V., off during read operations should make sure that
the V__ voltage transitions to GND.

",
* To take advantage of technology, au,ow \%
connection to 2.4V or 12V. & E

1.2 Product Overview

The LH28F160BGX-XXXX is ampedrmance 16M-
bit Flash memory organized as 1024K-word of 16 bits.
The 1024K-word of data is arranged in two 4K-word
boot blocks, six 4K-word parameter blocks and thirty-
one 32K-word main blocks which are individually
erasable in-system. The memory map is shown in Fig-
ure 5.

V., at 2.4V eliminates the need for a separate 12V
converter, while V,,=12V maximizes block erase and
word write performance. In addition to flexible erase and
program voltages, the dedicated V_, pin gives complete
data protection when V_ <V .

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
CUl initiates device automation. An internal Write State
Machine (WSM) automatically executes the algorithms
and timing necessary for block erase and word write
operations.

A block erase operation erases one of the device's 32K-
word blocks typically within TBD (2.5V V_. and V)
independent of other blocks. Each block can be
independently erased 100,000 times. Block erase
suspend mode allows system software to suspend block
erase to read or write data from any other block.

Writing memory data is performed in word increments of
the device's 32K-word blocks typically within TBD, 4K-
word blocks typically within TBD (2.5V V.. and V_.).
Word write suspend mode enabies the system to read
data or execute code from any other flash memory array
location.

The boot blocks ean be tocked for the WP# pin. Block
erase or wor for boot block must not be carried
4 }g’;}a;.,pw and RP# to Vin.

%sf %geglster indicates when the WSM's block
S ord write operation is finished.

“%N@RY/BY# output gives an additional indicator of
% “WSM activity by providing both a hardware signal of sta-

tus (versus software polling) and status masking (inter-
rupt masking for background block erase, for example).
Status polling using RY/BY# minimizes both CPU
overhead and system power consumption. When low,
RY/BY# indicates that the WSM is performing a block
erase or word write. RY/BY#-High Z indicates that the
WSM is ready for a new command, block erase is
suspended (and word write is inactive), word write is
suspended, or the device is in deep power-down mode.

The access time is 110ns (t,,,,) over the extended
temperature range (-20°C to +85°C) and V supply volt-
age range of 2.4V-2.6V for High Speed Products.The
access times are 120ns or 150ns (2.4V-3.0V) for
Standard Products, 100ns or 120ns (2.7V-3.6V) for
Smart 3 Products over the extended temperature range
(-40°C to +85°C).

The Automatic Power Saving (APS) feature
substantially reduces active current when the device is
in static mode (addresses not switching).

When 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 (t,,,.,) is required from RP# switching
high until outputs are valid. Likewise, the device has a

wake time (t,, ., ) from RP#-high uritil writes to the CUI
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are recognized. With RP# at GND, the WSM is reset and
the status register is cleared.

The device is available in 48-lead TSOP (Thin Small
Outline Package, 1.2mm thick ) and 48-ball CSP (Chip
Size Package). Pinouts are shown in Figures 2, 3 and 4.
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Table 1. Pin Descriptions

Symbol

Type

Name and Function

Ag-A1g

INPUT

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

DQO‘DQ15

INPUT/OUTPUT

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

CE#

INPUT

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

RP#

INPUT

RESET/DEEP POWER-DOWN: Puts the device in deep power-down mode
and resets intemal automation. RP#-high enabies normal operation. When
driven low, RP# inhibits write operations which provides data protection
during power transitions. Exit from deep power-down sets the device to read
array mode.Block erase or word writg, with V| ,<RP#<V |, produce spurious
results and should not be attempted,

OE#

INPUT

OUTPUT ENABLE: Gates t} 's outputs during a read cycle.

WE#

INPUT

rites to the CU! and array blocks. Addresses
ing edge of the WE# pulse.

WRITE ENABLE: C
and data are latched:pi

WP#

INPUT

WRITE PROTECT;

»‘Master control for boot blocks locking. When V,, locked
boot blocks cafiivet,|

rased and programmed.

RY/BY#

OuUTPUT

o

READY/BUS Y#; Tndicates the status of the intemal WSM. When low, the
WSM js Performing an internal operation (block erase or word write).

RY. ] @v‘? (open) indicates that the WSM is ready for new commands,
s€ is suspended, and word write is inactive, word write is suspend-
device is in deep power-down mode.

SUPPLY

BLOCK ERASE AND WORD WRITE POWER SUPPLY: For erasing array

-blocks or writing words. With Vpp<Vpp| «, memory contents cannot be

altered. Block erase and word write with an invalid Vpp (see DC Characteri-
stics) produce spurious results and should not be attempted.

SUPPLY

DEVICE POWER SUPPLY: Do not float any power pins. With V<V ko,
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 fioat any ground pins.

NC

NO CONNECT: Lead is not internal connected; it may be driven or floated.
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LH28F160BGX-XXXX
48-BALL CSP
8mm x 11mm

TOP VIEW
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Figure 4. 48-Ball CSP Pinout Configuration
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2.0 PRINCIPLES OF OPERATION

The LH28F160BGX-XXXX Flash memory includes an
on-chip WSM to manage block erase and word write
functions. it allows for 100% TTL-level control inputs,
fixed power supplies during block erase and word write,
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 and identifier codes can be accessed
through the CUI independent of the V, voltage. High
voltage on V,__ enables successful block erasure and
word writing. All functions associated with altering
memory contents — block erase, word write, status and
identifier codes — are accessed via the CUl and verified, )
through the status register. ~ e

S
Commands are written using standard microp&féga'ssgr/
write timings. The CU! contents serve agfhpgyt" wtﬁe
WSM, which controls the block erase,;;aﬁ'd“ brf’éz'i}"write.
The internal algorithms are regula%gw y?ﬁe WSM,
including pulse repetition, internal végification 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 and word write 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. Word write suspend allows system software
to suspend a word write to read data from any other
flash memory array location.

2.1 Data Protection

Depending on the application, the system designer may
choose to make the V,, power supply switchable
(available only when memory block erases or word
writes are required) or hardwired to V... The device
accommodates either design practice and encourages
optimization of the processor-memory interface.

When V. <V, .. memory contents cannot be altered.
The CUI, with two-step block erase or word write
command sequences, provides protection from
unwanted operations even when high voltage is applied
to V... All write functions are disabled when V__ is below
the write lockout voltage V|, or when RP#is atV . The
device's block locking capability provides additional
protection from inadvertent code or data alteration by

gating erase and word write operations.

3.0 BUS OPERATION

The local CPU re'ad’ and writes flash memory in-
system. All bus gygles té,pr from the flash memory con-
form to standaigl pétgprocessor bus cycles.

ipn can be read from any block, identifier codes
54 tis register independent of the V, voltage. RP#
&a# be at either V,, or V,,,,.

The first task is to write the appropriate read mode com-
mand (Read Array, Read l|dentifier Codes or Read
Status Register) to the CUI. 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#, OE#, WE#, RP# and WP#. 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 (DQ_-
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 14 illustrates read
cycle.

3.2 Output Disable

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

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 or word write, the device
continues functioning, and consuming active power until
the operation completes.
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FFFFF
F8000
FIFFF
F0000
EFFFF
E8000
E7FFF
E0000
OFFFF
D8000
D7FFF
D0000
CFFFF
C8000
C7FFF
C0000
BFFFF
88000
B7FFF
B000O
AFFFF
AB0QO
ATFFF
A0000
9FFFF
98000
97FFF
90000
BFFFF
88000
87FFF
80000
7FFFF
78000
77FFF
70000
6FFFF
68000
67FFF
60000
SEFFF
58000
57FFF
50000
4FFFF
48000
47FFF
40000
3FFFF
38000
37FFF
30000
2FFFF
28000
27FFF
20000
FFFF
18000
17FFF
10000
OFFFF
08000
O7FFF
07000
O6FFF
06000
05FFF
05000
O4FFF
04000
03FFF
03000
02FFF
02000
O1FFF
01000
OOFFF
00000

32K-word Main Block 30 ’;’;:g 4K-word Boot Block 0
32K-word Main Block 29 iEEg‘c:)g 4K-word Boot Block 1
32K-word Main Block 28 F%’;ZF 4K-word Parameter Block 0
32K-word Main Block 27 i%FOZg 4K-word Parameter Block 1
32K-word Main Block 26 FFBBT)F(:J; 4K-word Parameter Block 2
32K-word Main Block 25 ?’\\222 {g_l\(-word Parameter Block 3
32K-word Main Block 24 7;%2;5 -word Parameter Block 4
32K-word Main Block 23 i%zzg ord Parameter Block 5
32K-word Main Block 22 FF "0 30K-word Main Block 0
32K-word Main Block 21 % 32K-word Main Block 1
32K-word Main Block 32K-word Main Block 2
32K-word Main Block 32K-word Main Block 3
32K-word Main Block 32K-word Main Block 4
32K-word Main Block 32K-word Main Block 5
32K-word Main Block 32K-word Main Block 6
32K-word Main Blog)s” 32K-word Main Block 7
32K-word Maiﬂﬁ\.‘_‘ 32K-word Main Block 8
32K-word Main Blogk 32K-word Main Block 9
32K-weidy fh;z_g'lock 32K-word Main Block 10
32K-whed Main Block 32K-word Main Block 11
32K-word Main Block 32K-word Main Block 12
32K-word Main Block 9 BBFBZF(:)S 32K-word Main Block 13
32K-word Main Block 8 BB-QZ(F)Z 32K-word Main Block 14
32K-word Main Block 7 772';2; 32K-word Main Block 15
32K-word Main Block 6 WOF;SF 32K-word Main Biock 16
32K-word Main Block 5 oA 32K-word Main Block 17
32K-word Main Block 4 GGZ)ZZE 32K-word Main Block 18
32K-word Main Biock 3 A 32K-word Main Block 19
32K-word Main Block 2 570ng 32K-word Main Block 20
32K-word Main Block 1 A 32K-word Main Block 21
32K-word Main Block 0 4471';)2; 32K-word Main Block 22
4K-word Parameter Block [ 33?;';5 32K-word Main Block 23
4K-word Parameter Block 4 :;7022}; 32K-word Main Block 24
4K-word Parameter Block 3 ZZFBZF(:JS 32K-word Main Block 25
4K-word Parameter Block 2 ";702;; 32K-word Main Block 26
4K-word Parameter Block 1 112%%5 32K-word Main Block 27
4K-word Parameter Block 0 1170%22 32K-word Main Block 28
4K-word Boot Block 1 %Fsz;g 32K-word Main Biock 29
4K-word Boot Block 0 %7022‘; 32K-word Main Block 30

Bottom Boot

Top Boot

Figure 5. Memory Map
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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 t,,,,, 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 or word write modes, RP#-low will
abort the operation. RY/BY# 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 t,, 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

of reset, it expects to read from the ﬂash m;mcz&

proper CPU initialization may not oc;::u? because the
flash memory may be providing staf%ts 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.

3.5 Read Ildentifier Codes

The read identifier codes operation outputs the
manufacturer code and device code (see Figure 8).
Using the manufacturer and device codes, the system
CPU can automatically match the device with its proper
algorithms.

FFFFF

Device Code

00001
00000

Manufacturer Code

Figure 6. Device lgentifier Code Memory Map

A

A
““”%
3.6 Write &

By, _"%
Writin %m ands to the CUI enable reading of device

data ‘8nd‘éntifier codes. They also control inspection
N ! )
Gleating of the status register.

RP# during system reset. When the system comes out"a:__ :Q'Te Block Erase command requires appropriate

“&command data and an address within the biock to be
erased. The Word Write command requires the
command and address of the location to be written.

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 15 and 16 illustrate WE# and CE#
controlled write operations.

4.0 COMMAND DEFINITIONS

When the V<V, .. Read operations from the status

register, identifier codes, or blocks are enabled.

Device operations are selected by writing specific
commands into the CU!. Table 3 defines these
commands.
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Table 2. Bus Operations

Mode Notes RP# CE# | OE# | WE# (Address| Vpp | DQqq5 | RY/BY#
Read 1,238 VmorVuu| Vie | Vo | Vi X X Dour X
Qutput Disable 3 VigorVaul Vie | Vim | Vi X X High Z X
Standby 3 VimorVuul Vi X X X X High Z X
Deep Power-Down 4 ViL X X X X X HighZ | HighZ
Read Identifier Codes 8 ViworVu| Vo | Vi | Vi See X Note5 | HighZ

Figure 6

Write 3,6,7,8 VimorVus!| Vie | Vm | Vu X X Din X

NOTES:

1. Refer to DC Characteristics. When V_. <V, ., memory contents can be read, but n%t altered.

2. X canbe V, or V,, for control pins and addresses, and V., or V., for V,,? S‘fe%g Characteristics for V,, and V.
voltages.

. RY/BY# is V,, when the WSM is executing internal block erase or word writa,
busy, in block erase suspend mode (with word write inactive), word wtgw,@

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

. See Section 4.2 for read identifier code data.

. V,,<RP#<V,,, produce spurious results and should not be atigr

. Refer to Table 3 for valid D, during a write operation.

. Never hold OE# low and WE# low at the same timing.,,

w

gorthms. It is High-z during when the WSM is not
end mode or deep power-down mode.

XN S

First Bus Cycle Second Bus Cycle
Notes
Command operM{Addr®| Dpata® |Oper”|Addr?| Data®

Read Array/Reset Wirite X FFH
Read Identifier Codes 4 Write X 90H Read 1A 1D
Read Status Register 2 Write X 70H Read X SRD
Clear Status Register 1 Write X 50H
Block Erase 2 5 Wirite BA 20H Write BA DoH
Word Write 2 56 | Write | WA |40H or 10H| Write | WA wD
Block Erase and Word Write Suspend 1 5 Write X BOH
Block Erase and Word Write Resume 1 5 Write X DOH

NOTES:
1. Bus operations are defined in Table 2.
2. X = Any valid address within the device.
IA = Identifier Code Address: see Figure 6.
BA = Address within the block being erased.
WA = Address of memory location to be written.
3. SRD = Data read from status register. See Table 6 for a description of the status register bits.
WD = Data to be written at location WA. Data is latched on the rising edge of WE# or CE# (whichever goes high first).
ID = Data read from identifier codes.
4, Following the Read Identifier Codes command, read operations access manufacturer and device codes. See Section 4.2 for read
identifier code data.
5. If the block is boot block, WP# must be at V,, or RP# must be at V,,, to enable block erase or word write operations. Attempts to
issue a block erase or word write to a boot block while WP# is V, or RP#is V .
6. Either 40H or 10H are recognized by the WSM as the word write setup.
7. 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 or word write,
the device will not recognize the Read Array command
until the WSM compiletes its operation unless the WSM
is suspended via an Erase Suspend or Word Write
Suspend command. The Read Array command
functions independently of the V,, voltage and RP# can
bev,orv,.

4.2 Read ldentifier Codes Command

The identifier code operation is initiated by writing the
Read ldentifier Codes command. Following the
command write, read cycles from addresses shown in
Figure 6 retrieve the manufacturer and device codezg’%

operation, write another valid command. Like -tﬁ‘e,ﬁe'af’&’/’#
Array command, the Read identifier Codas}’ %n@a'ﬁd
tunctions independently of the V, volggg B RP# can
be V,, or V,,,. Following the Read:|dghtiffer Codes
command, the following information cartpe read:

Table 4. Identifier Codes

Code Data Address

Manufacture Code 00BOH 00000H

Device Code Top Boot 0064H 00001H
(High Speed Products)| Bottom Boot 0065H 00001H
Device Code Top Boot 0066H 00001H
(Standard Products) Bottom Boot 0067H 00001H
Device Code Top Boot 0068H 00001H
(Smart 3 Vee Products)| Bottom Boot 0069H 00001H

4.3 Read Status Register Command

The status register may be read to determine when a
block erase or word write is complete and whether the
operation completed successfully. 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#,
whichever occurs. OE# or CE# must toggle to V,, before
further reads to update the status register latch. The
Read Status Register command functions
independently of the V,, voltage. RP# canbe V orV,

4.4 Clear Status Register Command

Status register bits SR.5, SR.4, SR.3 or SR.1 are sst 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 6). By allowing system
software to reset these bits, several operations (such as
cumulatively erasing multiple blocks or writing several
words in sequence) may be performed. The status
register may be polled to determine if an error occurred
during the sequence.

To clear the statug, register, the Clear Status Register
command (50H > _ntt”&n. It functions independently of
the applied ftage. RP# can be V,, or V,,,. This

.5'Blisck Erase Command

se is executed one block at a time and initiated by a

(see Table 4 for identifier code values). To terminsgt&sgge tk 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 7). The CPU can detect
block erase completion by analyzing the output data of
the RY/BY# 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 biock erasure can
only occur when V_ .=V ., .. and V_=V__ .. In the
absence of this high voltage, block contents are
protected against erasure. If block erase is attempted
while V_ <V SR.3 and SR.5 will be set to “1”.

pp= Y ppLK’

Successtul biock erase for boot blocks requires that the
corresponding if set, that WP#=V_ or RP#=V . If block
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erase is attempted to boot block when the
corresponding WP#=V, or RP#=V,,, SR.1 and SR.5 will
be set to “1°. Block erase operations with V, <RP#<V
produce spurious results and should not be attempted.

4.6 Word Write Command

Word write is executed by a two-cycle command
sequence. Word 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
write and write verify algorithms internally. After the
word write sequence is written, the device automatically
outputs status register data when read (see Figure 8).
The CPU can detect the completion of the word write
event by analyzing the RY/BY# pin or status register bit
SR.7.

When word write is complete, status register bit SR
should be checked. if word write error is detected,
status register should be cleared. The internafy
verity only detects errors for “1”s that do not success elly
write to “0"s. The CUI remains in read statys®
mode until it receives another comma

Reliable word writes can only géyrihen V.=V . ..
and V,,=V,,,,.,- In the absenéggbt this high voltage,
memory contents are protected against word writes. If
word write is attempted while V.V, ., status register
bits SR.3 and SR.4 will be set to “1”. Successful word
write for boot blocks requires that the corresponding if
set, that WP#=V,, or RP#=V, . If word write is attempted
to boot block when the corresponding WP#=V_ or
RP#=V,, SR.1 and SR.4 will be set to “1". Word wnte
operations with V <RP#<V,,, produce spurious results
and should not be attempted.

4.7 Block Erase Suspend Command

The Block Erase Suspend command allows block-erase
interruption to read or word-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 “17). RY/BY# will also transition to High Z.
Specification@;;‘ .. defines the block erase suspend
latency. s N

qgo > K-S .
irt, a Read Array command can be written to

alé”'from blocks other than that which is

@ﬁuﬁpanded A Word Write command sequence can also

B, issued during erase suspend to program data in
her blocks. Using the Word Write Suspend command

V (see Section 4.8), a word write operation can also be

suspended. During a word write operation with block
erase suspended, status register bit SR.7 will return to
“0” and the RY/BY# output will transition to V,
However, SR.6 will remain “1” to indicate block erase
suspend status.

The only other valid commands while block erase is
suspended are Read Status Register and Block Erase
Resume. After a Block Erase Resume command is
written to the flash memory, the WSM will continue the
block erase process. Status register bits SR.6 and SR.7
will automatically clear and RY/BY# will return to V.
After the Erase Resume command is written, the device
automatically outputs status register data when read
(see Figure 9). V,, must remain at V., (the same V,
level used for block erase) while block erase is
suspended. RP# must aiso remain at V,or V,,, (the
same RP# level used for block erase). WP# must also
remain at V, or V,, (the same WP# level used for block
erase). Block erase cannot resume until word write
operations initiated during block erase suspend have
completed.




LHF16BXX 13

4.8 Word Write Suspend Command

The Word Write Suspend command allows word write
interruption to read data in other flash memory
locations. Once the word write process starts, writing
the Word Write Suspend command requests that the
WSM suspend the word write sequence at a
predetermined point in the algorithm. The device
continues to output status register data when read after
the Word Write Suspend command is written. Polling
status register bits SR.7 and SR.2 can determine when
the word write operation has been suspended (both will
be set to “1”). RY/BY# will also transition to V..
Specification t defines the word write suspend

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 word
write is suspended are Read Status Register and Word
Write Resume. After Word Write Resume command is
written to the flash memory, the WSM will continue the
word write process. Status register bits SR.2 and SR.7
will automatically clear and RY/BY# will return to High Z.
After the Word Write Resume command is written, the
device automatically outputs status register data when
read (see Figure 10). V,, must remain at V.. (the
same V_, level used fhr word write) while in word write
suspend mode. RP#smyst also remain at V, or V,, (the
ad for word write). WP# must also

WHRH1 same RP# leyél u
latency. remain at " (the same WP# level used for word
write). 4, -
ﬁ%ﬂ
Table 5. Write Protettion Alternatives
Operation Vpp RP# Effect
Vi X Al Blocks Locked.
Word Write ViL % All Biocks Locked.
or Vin X All Blocks Unlocked.
Block Erase | > VepLk
y ViL 2 Boot Blocks Lacked.
H
Vi | All Blocks Unlocked.
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Table 6. Status Register Definition

[wsws | Ess | ecies | BwslBs | veps | wwss | DPS R |
7 6 5 4 3 2 1 0
NOTES:

SR.7= WRITE STATE MACHINE STATUS (WSMS) Check RY/BY# or SR.7 to determine block erase or
1 = Ready word write completion. SR.6-0 are invalid while
0 = Busy SR.7="0".

SR.6= ERASE SUSPEND STATUS (ESS)

1 = Block Erase Suspended
0 = Block Erase in Progress/Completed

SR.5= ERASE STATUS (ES) If both SR.5 and SR.4 are “1"s after a block erase
1 = Error in Block Erasure attempt, an u% roper command sequence was
0 = Successfui Block Erase entered. %%

SR.4= WORD WRITE STATUS(WWS)

1 = Error in Word Write
0 = Successful Word Write
R '..,.‘:* . . . . .

SR.3= V,, STATUS (VPPS) SR 3"does not provide.a continuous indication of V,,,
12V Low Detect, Operation Abort &sel. The WSM interrogates and indicates the V,,
0= Vo OK gvel only after Block Erase or Word Write command

PP ' sequences. SR.3 is not guaranteed to reports accurate

SR2= WORD WRITE SUSPEND STATUS M y | feedback only when Vo =V,
1= Word Write Suspended &

0 = Word Write in Progress/gGomplet

SR.1= DEVICE PROTECT S 4 ) The WSM interrogates the WP# and RP# only after
1 = WP# or RP# Lock d, Operation Block Erase or Word Write command sequences. It

Abort 4 informs the system, depending on the attempted
0 = Unlock operation, if the WP# is not V,, RP#isnotV .

SR.0= RESERVED FOR FUTURE SR.0 is reserved for future use and should be masked

ENHANCEMENTS (R) out when polling the status register.
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B
( Start ) Operl:ion Command Comments
* . D =20H
Write 20H, Write | Erase Setup | 5 _ wyithin Block to be Erased
K
Block Address Wite Erase D = DOH
* Confirm A = Within Block to be Erased
Wirite DOH,
Block idd'ess Read Status Register Data
Read
Status Register Standby
Suspend Block
Erase Loop Repeat for subseques blgdkugrasures.

Full status check €@mpe ‘done after each block erase or after a
sequence of bi it

Full Status
Check if Desired

Block Erase
Complete

FULL STATUS CHECK PROCEDUKE

ead Status Registe Bus c d c :
Data (See Above) Operation| “omman omments
Check SR.3
Standby 1 = Vpp Error Detect
Vpp Range Error) Check SR.1
PP Standby 1 = Device Protect Detect
Check SR.4,5
Standby Both 1 = Command Sequence Error
: Check SR.5
Device Protect Errca Standby 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
Error

Command
Sequence Error

Block Erase
Successful

Figure 7. Automated Block Erase Flowchart
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( Bus
Start ) Oper:ti on Command Comments
+ Writ Setup D = 40H
Write 40H, e Word Write | A = Location to Be Written
Address Write Word Writ D = Data to Be Written
+ ° Mt | A = Location to Be Written
Write Word
Data aniAddress Read Status Register Data
Read Check SR.7
Status Register Standby 1 = WSM Ready
Suspend Word 4 | 0=WSM Busy

Write Loop Repeat for subseq Rord writes.

SA full status ¢l n bée done after each word write, or after a
sequence of whrgrites. :

Write Q:Hgﬂ last word write operation to place device in

read arfay | nfé%;

+EF T — gy

Full Status
Check if Desired

Word Write
Complete

4%;: g3

ead Status Registe Bus
6 ata (See Above) Operation Command Comments
Standby ?T\%f Fl'zi':rior Detect
Standby 10283';32 1Protect Detect
Standby Check SR.4

1 = Data Write Error

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.

Word Write
Successful

Figure 8. Automated Word Write Flowchart
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C

Start

)

v

Write BOH

v

Read
Status Register

Read

Read
Array
Data

B
Operl:i on Command Comments
. Erase D =BOH
Write Suspend | A=X
Read it:n;(s Register Data
Check SR.7
Standby 1 = WSM Ready
0 = WSM Busy
Check SR.6
Standby % 1 = Block Erase Suspended
2l 0 = Block Erase Completed
. D = DOH
Write Relgiine ™ | A= X

Block Erase
Completed

)

Write DOH Write FFH
Block Erase Read
Resumed Array Data

Figure 9. Block Erase Suspend/Resume Fiowchart
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LHF16BXX
Bus
C Slan ) Operation Command Comments
Word Write | D =BOH
Write
Write BOH Suspend |[A=X
Status Register Data
* Read A=X
Read ) Check SR.7
Status Register Standby 1 = WSM Ready
0 = WSM Busy
Check SR.2
Standby 1 = Word Write Suspended
0 = Word Write Completed
Write Hem%y 2==XFFH
Word Write Read 9 - Read array I_ocatiqns other
Completed 3 than that being written
W (&? Word Write | D=DOH
h_: N Resume {A=X
Write FFH 2
Read
Array Data

Y
Write DOH Write FFH
] Read
@ord Write Resumea Array Data

Figure 10. Word Write Suspend/Resume Flowchart
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5.0 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# contro! 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 tg oo,
prevent unintended writes during system power™

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 voitage peaks. Each device should
have a 0.1uF ceramicigapacitor connected between its
V.. and GND a/&aﬁéw?een its V,, and GND. These
high-frequency .%_J),nductance capac:tors should be
placed asgﬁclosv% as possible to package leads.
Additionglly} tﬁ%ery eight devices, a 4.7uF electrolytic
capaz;tte;ﬁwéuld be placed at the array’s power supply
,so%nectpn between V. and GND. The bulk capacitor
A vercome voltage slumps caused by PC board trace

%‘ﬁﬁuctance

transitions. POWERGOOD signal should also toggle f’ 5.4 V Trace on Printed Circuit Boards

during system reset.

5.2 RY/BY#, Block Erase and W :
Polling

RY/BY# is a full CMOS output that provides a hardware
method of detecting block erase and word write
completion. it transits low after block erase or word write
commands and returns to High Z when the WSM has
finished executing the internal algorithm.

RY/BY# can be connected to an interrupt input of the
system CPU or controller. It is active at all times. RY/
BY# is also High Z when the device is in block erase
suspend (with word write inactive), word write suspend
or deep power-down modes.

Updating flash memories that reside in the target
system requires that the printed circuit board designer
pay attention to the V,, power supply trace. The V, pin
supplies the memory cell current for word writing and
block erasing. Use similar trace widths and layout
considerations given to the V. power bus. Adequate
V.. supply traces and decoupling will decrease V.,
voltage spikes and overshoots.
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5.5V, V.., RP# Transitions

ce?

Block erase and word write are not guaranteed it V.
falls outside of a valid V,,,,, range, V.. falls outside of a
valid V., fange, of RP# = V _or V. If V,, 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 or word write,
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 CUI latches commands issued by system software
and is not altered by V_, or CE# transitions or WSM
actions. Its state is read array mode upon power-up,

below V..

After block erase or word write, evengfter %,
P 4
transitions down to V,, ., the CUI must bei Iaeegf?ip"read
ey, g
array mods via the Read Array com}nand"%%gbgequent
access to the memory array is desifeds”

5.6 Power-Up/Down Protégtion

The device is designed to offer protection against
accidental block erasure or word writing during power
transitions. Upon power-up, the device is indifferent as
to which power supply (V,, or 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,,, when V., 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.

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 gglidistate storage can consume negligible

; SQJA‘%*QP# to V, standby or sleep modes. if
In needed, the devices can be read
wake-up cycleé required

and t, ..

N bor more information.

after exit from deep power-down or after V. transition&%
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6.0 ELECTRICAL SPECIFICATIONS NOTICE: This datasheet contains information on

6.1 Absolute Maximum Ratings*

<QOperating Temperature>

Extended Temperature Commercial Products

During Read, Block Erase and

Word Write ....covveeeiecereccceene e -40°C to +85°C
Temperature under Bias

products in the design phase of development. Do not
finalize a design with this information. Revised
information will be published when the product is
available. Verify with your local SHARP Sales office
that you have the latest datasheet before finalizing a
design.

-40°C to +85°C *WARNING: Stressing the device beyond the "Absolute

Maximum Ratings"” may cause permanent damage.

<Storage Temperature> ...........co..... -65°C to +125°C These are stress ratings only. Operation beyond the

<Voltage On Any Pin>

except V

cc’

V.. Supply Voltage

V.., and RP# ........ -0.5V to V. +0.5V® may affect dev,-c@_[e,;’%b,,,,y.

"Operating Conditions" is not recommended and
extended exposure heyond the “Operating Conditions”

s

Standard Products ............cceeeee. -0.2V to +3.6V® NOTES: %, %,
Smart 3 V_, Products ................ -0.2V to +3.9v™" 1. Operating lenpgrature is for commercial product defined by
. this spe L
Vpe Update Voltage during 2. All sphgifisd voltages are with respect to GND. Minimum DC

Block Erase and Word Write ...... -0.2V to +14.0V(2 Wiitage.i5.-0.5V on input/output pins and -0.2V on V... and

RP# Voltage .......cccocvvveveneeerceennes -0.5V to +14.0V2

<QOutput Short Circuit Current> .........oceeeeneee

%
6.2 Operating Conditions‘%%&

ns. During transitions, this level may undershoot to
N 4\ tor periods <20ns. Maximum DC voltage on input/
ottput pins and V... is V. .+0.5V which, during transitions,
may overshoot to V_.+2.0V for periods <20ns.

100mA
. Maximum DC voltage on V_, and RP# may overshoot to
ﬁw +14.0V for periods <20ns.

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

Temperature and V_. Operating Conditions

Symbol Parameter Note | Min. | Max. | Unit Test Condition
Ta1 Operating Temperature (High Speed Products) -20 +85 ‘C |Ambient Temperature
Taz Operating Temperature -40 +85 'C |Ambient Temperature
(Standard Products, Smart 3 Vcc Products)
Veet Vce Supply Voltage (High Speed Products) 2.4 2.6 \'
Veez Vce Supply Voltage (Standard Products) 2.4 3.0 V'
Vees Vce Supply Voltage (Smart 3 Vee Products) 27 3.6 \'
6.2.1 Capacitance!
T,=+25C, f=1MHz
Symbol Parameter Typ. Max. Unit Condition
Cin Input Capacitance 7 10 pF Vin =0V
Cour |Output Capacitance 9 12 pF VouTt =0V
NOTES:

1. Sampled, not 100% tested.
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6.2.2 AC Input/Output Test Conditions

{ L

24 h ¢
INPUT Xm <—— TESTPOINTS — 12 OUTPUT

£

00 h ¢

AC test inputs are driven at 2.4V for a Logic “1” and 0.0V for a Logic “0.” Input timing begins, and output timing
ends, at 1.2V. Input rise and fall times(10% to 90%)<10ns.

Figure 11. Transient Input/Output Reference Waveform for V_.=2.4V-3.0V (Standard Products) or
V_.=2.4V-2.6V (High Speed Products)

{ )

27 h ¢ 5
INPUT 1.35 «—— TEST POINTS 135 OUTPUT
{ 1) i
00 ) ¢ o

AC test inputs are driven at 2.7V for a Logic “1” and 0.0V for &ggic¢*0.” Input timing begins, and output timing

ends, at 1.35V. Input rise and fall times(10% to 90%)<1O

i

Figure 12. Transient Input/Output Reference, '

étq}rm' for V_.=2.7V-3.6V (Smart 3 Vcc Products)

Ry = 3.3kQ
DEVICE
UNDER O out
TEST —— cl=s0pF
Cy Includes Jig
] Capacitance

Figure 13. Transient Equivalent Testing Load
Circuit
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6.2.3 DC Characteristics

DC Characteristics T, =-40°Cto +85°C
2.4V-2.6V Vcd2.4V-3.0V VJ2.7V-3.6V Vg
Symbol Parameter Notes| Typ. [Max.| Typ. |Max.| Typ. | Max.| Unit Test Conditions
I Input Load Current 1 +0.5 +0.5 +1 | uA | Veec=Vec Max,
Vin=Vee or GND
ILo Output Leakage 1 0.5 0.5 +10 | A |Vec=Vcc Max,
Current VouTt=Vce or GND

lccs Vcc Standby Current 1,36| 5 10| 10 | 20 | 25 | 50 | pA |CMOS Inputs
Vce=Vee Max
CE#=RP#=Vcc+0.2V
01 | 1 |015[ 15| 02| 24 mA |TTL Inputs
Vee=Vcc Max
CE#=RP#=V\H
RP#=GND=+0.2V
lout(RY/BY#)=0mA

CMOS Inputs
Vce=Vee Max,
CE#=GND

lcco Vce Deep Power-Down 1
Current

lcer Vce Read Current

loyuT=0mA

TTL Inputs
Vee=Vce Max,
CE#=GND

louT=0 MmA

lccew | Voo Word Write Current | 1,7 17 17 17 | mA | Vpp=VppH1
12 12 12 | mA | Vpp=VPppH1
lcce Vcc Block Erase Currentl 1,7 17 17 17 | mA | Vpp=3.3V+0.3V
12 12 12 | mA | Vpp=12.0V+5%

lccws | Vcc Word Write or Block] 1,2 T8D TBD 6 | mA |CE#=V|H
lcces | Erase Suspend Current
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DC Characteristics (Continued) T,=-40"Cto +85°C
2.4V-2.6V Vd2.4V-3.0V Vd2.7V-3.6V Vcd
Symbol Parameter Notes| Min. |Max.| Min. |Max.| Min. | Max.| Unit Test Conditions
ViL Input Low Voltage 7 -05/06|-05{06|-05] 0.8 v
Vin Input High Voitage 7 0.7 {Vcc!| 0.7 {Vee | 0.7 {Vec| V
Vee 1+0.3| Vee |+0.3| Vee | +0.3
VoL Output Low Voltage 3.7 0.4 0.4 0.4 V | Vce=Vce Min,
lo.=2mA
Von1 | Output High Voltage 3,7 |0.85 0.85 0.85 V | Veo=Vce Min,
Vee Vce Vee loH=-2mA
VoHt | Output High Voitage 3,7 | 05 0.5 V | Vee=Vec Min,
lop=- 100uA
VppLk | Vpp Lockout during 4,7 1.5 v
Normal Operations
VepH1 | Vpp during Word Write \"
or Block Erase
Operations
VppH2 | Vpp during Word Write 114126} V
or Block Erase
Operations
Viko |Vec Lockout Voltage 2.0 \'

VHH RP# Unlock Voltage

M

11.4(12.6| V |Block Erase and Word
Write for Boot Blocks

<

NOTES:

1.

& W

O N®W,

All currents are in RMS unless otherwise noted. Typical values at nominal V.. voltage and T, = +25°C. These currents are valid
for all product versions (package and speeds).

- foews @Nd locq are specified with the device de-selected. If read or word written while in erase suspend mode, the device's current

draw is the sum of | ... OF l...c and I ., or I .., respectively.

. Includes RY/BY#.
. Block erases and word writes are inhibited when V_, <V, ., and not guaranteed in the range between V,, , (max) and V

PPH1
(min), between V. (max) and V,,,, (min), between V.., (max).

. Automatic Power Saving (APS) reduces typical |... to TBD mA at 2.5V V__ in static operation.

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

. Sampled, not 100% tested.

. Block erases and word writes are inhibited when the corresponding RP# = V,, or WP# =V, . Block erase and word write

operations are not guaranteed with V. < 2.4V or V < RP# <V and should not be attempted.

. RP# connection to a V,, supply is allowed for a maximum cumulative period of 80 hours.
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6.2.4 AC Characteristics - Read Only Operations®™

V =2.5V10.1V, T,=-20°C to +85°C

Versions® High Speed Products
Symbol Parameter Notes| Min. Max. Unit
tavav | Read Cycle Time 110 ns
tavav | Address to Output Delay 110 ns
teLqv | CE# to Output Delay ns
tehqv | RP# High to Output Delay us
toLav | OE# to Output Delay ns
teLax | CE# to Output in Low Z ns
tenqz | CE# High to Output in High Z ns
tgLax {OE# to Output in Low Z ns
tgHaz | OE# High to Output in High Z ns
toH Qutput Hold from Address, CE# or OE# ns
Change, Whichever Occurs First

f
vcﬁaﬁ\%b‘ﬁ T,=-40"C to +85°C

@f\’kg % - Standard Products
Versions$®

120ns 150ns
Symbol Parameter Notes| Min. Max. Min. Max. |Unit
tavav |Read Cycle Time 120 150 ns
tavav | Address to Output Delay 120 150 ns
terav | CE# to Qutput Delay 2 120 150 ns
teHav | RP# High to Output Delay 10 10 us
taLav | OE# to Output Delay 2 50 55 ns
terax | CE# to QOutputin Low Z 3 0 (o} ns
tenaz | CE# High to Output in High Z 3 50 55 ns
tgLax |OE# to Outputin Low Z 3 0 0 ns
taHaoz | OE# High to Output in High Z 3 20 25 ns
toH Qutput Hold from Address, CE# or OE# 3 0 0 ns

Change, Whichever Occurs First
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6.2.4 AC Characteristics - Read Only Operations (Cont.)"

V=27V - 3.6V, T,=-40°C to +85°C

Smart 3 Vcc Products

Versions(® 100ns 120ns
Symbol Parameter Notes! Min. Max. Min. Max. [Unit
tavay |Read Cycle Time 100 120 ns
tavav | Address to Output Delay 100 120 ns
terav | CE# to Output Delay 2 100 120 ns
trHqv | RP# High to Output Delay 10 ©s
taLav | OE# to Output Delay 45 50 ns
teLax |CE# to Outputin Low Z 0 ns
tenaz |CE# High to Output in High Z 45 50 ns
tarax |OE# to Outputin Low Z 0 ns
tahaz | OE# High to Output in High Z 20 25 ns
toH Output Hold from Address, CE# or OE# 0 0 ns

Change, Whichever Occurs First

.%;%,@

NOTES: ?ym
. See AC Input/Qutput Reference Waveform @uxi allowable input slew rate.
. OE# may be delayed up to t; .-t o, afte ling’edge of CE# without impacton t
. Sampled, not 100% tested. $
. See Ordering Information for devicg.
. See Transient Input/Output Refes
testing characteristics.
. See Transient Input/Output Referencé Waveform and Transient Equivalent Testing Load Circuit (Standard Configuration) for
testing characteristics.

ELQV”

ds (valid operational combinations).
feeform and Transient Equivalent Testing Load Circuit (High Speed Configuration) for

CLb WM =

[]
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Figure 14. AC Waveform for Read Operations
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6.2.5 AC Characteristics for WE#- Controled Write Operations®®

V,=2.5V40.1V, T,=-20°C to +85°C

Versions(® High Speed Products
Symbol Parameter Notes| Min. Max. Unit
tavay | Wirite Cycle Time 110 ns
teywL | RP# High Recovery to WE# Going Low 2 10 us
terwr | CE# Setup to WE# Going Low 0 ns
twiwH | WE# Pulse Width 50 ns
tpHHWH | RP# Vi Setup to WE# Going High 2 100 4 ns
tvewH | Vpp Setup to WE# Going High 2 ns
tavwH | Address Setup to WE# Going High 3 ns
tovwH |Data Setup to WE# Going High 3% ns
twHpx | Data Hold from WE# High ns
twhax | Address Hold from WE# High ns
twHen | CE# Hold from WE# High _ ns
twiwt | WE# Pulse Width High NS 30 ns
twhrL | WE# High to RY/BY# Going Loy % & 100 ns
twHaL | Write Recovery before ReacL %{f & 0 ns
tawL | Vep Hold from Valid SR Yfﬁxﬁ High 2,4 0 ns
tqupH | RP# Vi Hold from %ﬁsm RY/BY#High | 2,4 0 ns

V,_.=3.3V10.3V, T,=-40°C to +85°C

Versions'5 Standard Products
120ns 150ns
Symbol Parameter Notes| Min. Max. Min. Max. |Unit
tavay | Write Cycle Time 120 150 ns
teHwL | RP# High Recovery to WE# Going Low 2 10 10 us
terwr | CE# Setup to WE# Going Low 0 0 ns
twiwH | WE# Pulse Width 50 50 ns
tprHwH | RP# Vi Setup to WE# Going High 2 100 100 ns
tvpwH | Vpp Setup to WE# Going High 2 100 100 ns
tavwH | Address Setup to WE# Going High 3 50 50 ns
tovwH |Data Setup to WE# Going High 3 50 50 ns
twHpx | Data Hold from WE# High 0 0 ns
twHax | Address Hoid from WE# High 0 0 ns
twHen | CE# Hold from WE# High 0 0 ns
twHwL | WE# Puise Width High 30 30 ns
twHrL | WE# High to RY/BY# Going Low 100 100 ns
twHaL | Write Recovery before Read 0 0 ns
tavvL | Vpp Hold from Valid SRD, RY/BY# High 24 0 0- ns
taveH | RP# Vuy Hold from Valid SRD, RY/BY# High 2,4 0 0 ns
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6.2.5 AC Characteristics for WE# - Controled Write Operations (Cont.)®
V, =2.7V-3.6V, T,=-40°C to +85°C
Versions Smart 3Vce Products
100ns 120ns

Symbol Parameter Notes| Min. Max. Min. Max. |Unit
tavay | Write Cycle Time 100 120 ns
teuwL | RP# High Recovery to WE# Going Low 2 10 10 us
terwt | CE# Setup to WE# Going Low 0 ns
twiwH | WE# Pulse Width 50 ns
tPHHwH | RP# Vi Setup to WE# Going High 100 ns
tvpwH | Vpp Setup to WE# Going High 100 ns
tavwH |Address Setup to WE# Going High 50 ns
tovwH | Data Setup to WE# Going High 50 ns
twHpx | Data Hold from WE# High ns
twhax | Address Hold from WE# High ns
twHen | CE# Hold from WE# High EN 0 ns
twhwL | WE# Pulse Width High & o 30 ns
twHRL | WE# High to RY/BY# Going Loy ag? 100 100 | ns
twHgL | Write Recovery before Realg\‘% ’g S ns
tavwL | Vep Holid from Valid SRD, ﬁ%’/BY# High 2,4 ns
taveH | RP# V4 Hold from Valid SRD RY/BY# High 2,4 ns
NOTES:

1. Read timing characteristics during biock erase and word write 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 3 for valid A, and D, for block erase or word write.

4.V, should be held at V., (and if necessary RP# should be held at V,,,) until determination of block erase or word write
success (SR.3/4/5=0).

5. See Ordering Information for device speeds (valid operational combinations).
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Figure 15. AC Waveform for WE#-Controlled Write Operations
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6.2.6 AC Characteristics for CE#-Controlled Writes Operations®"
V_ =2.5V0.1V, T,=-20°C 10 +85°C
versions(® HighSpeed Products

Symbol Parameter Notes| Min. Max. | Unit

tavay | Write Cycle Time 110 ns

tpeL | RP# High Recovery to CE# Going Low 2 10 us

twier | WE# Setup to CE# Going Low 0 ns

teLen | CE# Pulse Width ns

tpHHEH |RP# Vi Setup to CE# Going High 2 ns

tvren | Vpe Setup to CE# Going High 2 ns

taveH |Address Setup to CE# Going High 3 ns

toven |Data Setup to CE# Going High 3 ns

tenox | Data Hold from CE# High ' ns

teHax |Address Hold from CE# High ns

tenwn | WE# Hold from CE# High ns

teveL | CE# Pulse Width High ns

tenRL | CE# High to RY/BY# Going Low % 100 ns

tengL | Write Recovery before Read mv p oy ns

tawi | Vee Hold from Valid SRD, 8 Y/BY#®High 24 ns

taoveH | RP# Vyy Hold from Valid SRE&# RY/BY# High 2,4 ns

V  =2.7V+0.3V, T,=-40°C to +85°C
Standard Products
Versions'® 120ns 150ns

Symbol Parameter Notes| Min. Max. Min. Max. |[Unit
tavav | Write Cycle Time 120 150 ns
tPHEL RP# High Recovery to CE# Going Low 2 10 10 us
twieL | WE# Setup to CE# Going Low 0 0 ns
teLeH CE# Pulse Width 70 70 ns
tenHeH | RP# Vyn Setup to CE# Going High 2 100 100 ns
tveen | Vpp Setup to CE# Going High 2 100 100 ns
taven | Address Setup to CE# Going High 3 50 50 ns
toven |Data Setup to CE# Going High 3 50 50 ns
teHpx | Data Hold from CE# High ns
tenax | Address Hold from CE# High ns
tenwn | WE# Hold from CE# High 0 ns
teqeL | CE# Pulse Width High 25 25 ns
teqrL | CE# High to RY/BY# Going Low 100 100 ns
tengL | Write Recovery before Read ns
tavwL | Vep Hold from Valid SRD, RY/BY# High 2,4 ns
taven | RP# Vuy Hold from Valid SRD, RY/BY# High | 2,4 ns
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6.2.6 AC Characteristics for CE#-Controlled Writes Operations (Cont.)"

V_ =2.7V-3.6V, T,=-40°C to +85'C

Smart 3 Vcc Products
Versions(®) 100ns 120ns
Symbol Parameter Notes| Min. Max. Min. Max. [Unit
tavav | Write Cycle Time 100 120 ns
tpheL | RP# High Recovery to CE# Going Low 2 10 10 us
twier | WE# Setup to CE# Going Low 0 0 ns
teren | CE# Pulse Width 70 70 ns
tpHHeH | RP# Vi Setup to CE# Going High 100 ns
tvpen | Vep Setup to CE# Going High 100 ns
taveH |Address Setup to CE# Going High 50 ns
toven |Data Setup to CE# Going High 50 ns
tenpx | Data Hold from CE# High ns
teHax |Address Hold from CE# High ns
tenwH | WE# Hold from CE# High  Brw, ns
tewgL | CE# Pulse Width High N 25 25 ns
tenRL | CE# High to RY/BY# Going Loy® %, & 100 100 | ns
tenaL | Write Recovery before Re@d;}%sif ns
tavvL 2,4 ns
taveH 2,4 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. Sampied, not 100% tested.

3. Refer to Table 3 for valid A, and D, for block erase or word write.

success (SR.3/4/5=0).

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

. V,, should be held at V.., (and if necessary RP# should be held at V,,,,) until determination of block erase or word write
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Figure 16. AC Waveform for CE#-Controlled Write Operations
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6.2.7 Reset Operations
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Figure 17. AC Waveform for Reset Operation
Reset AC Specifications"
High Speed Standard Smart 3 Vcc
Products Products Rroducts
Symbol Parameter Notes| Min. | Max. | Min. | Max. | Min. | Max. |Unit
tppd | RP# Pulse Low Time 100 100 100 ns
(If RP# is tied to V¢, this specification
is not applicable)
trtrH | RP# Low to Reset during Block Erase | 2,3 TBD TBD TBD | us
or Word Write
tossvpH | Ve 2.4V to RP# High 4 100 100 100 ns
Vce 2.7V to RP# High
NOTES:

1. These specifications are valid for at product versions (packages and speeds).
2. If RP# is asserted while a block erase or word write operation is not executing, the reset will complete within 100 ns.
3. A reset time, 1, 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 100 ns is required after V., has been in predefmed range and also has

been in stable there.
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6.2.8 Block Erase and Word Write Performance®4

High Speed Products | Standard Products {Smart 3 Vcc Products

Symbol Parameter Notes | Min. [Typ."{ Max. | Min. [Typ.™)| Max. | Min. [Typ."| Max. | Unit
twHav1 | Word Write [32KwordBlock| 2 TBD TBD TBD
teHavt | Time aKword Block | 2 TBD TBD TBD a

Block Write {32KwondBlock| 2 TBD TBD

Time KwordBiock | 2 TBD TBD see
twHavz |Block Erase |32KwordBlock] 2 TBD T8D sec
temave | Time 4Kword Biock | 2 TBD TBD
twHRH1 | Word Write Suspend TBD TBD | TBD | ps
tenrH1 | Latency Time to Read
twHRH2 | Erase Suspend TBD TBD | TBD | us
tenrHz | Latency Time to Read
NOTES:

1. Typical values measured at T,=+25°C and nominal voltages.®

2. Excludes system-level overhead. 2,
3. These performance numbers are valid for ail speed ¥#
4. Sampled but not 100% tested.
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