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FEATURES

1 Industry Standard Serial Interface

- 1S25LP256E: 256Mbit/32Mbyte

- 1IS25WP256E: 256Mbit/32Mbyte

- 3 or 4 Byte Addressing Mode

- Supports Standard SPI, Fast, Dual, Dual
I/0, Quad, Quad I/O, SPI DTR, Dual I/O
DTR, Quad I/O DTR, and QPI

- Software & Hardware Reset

- Supports Serial Flash Discoverable
Parameters (SFDP)

1 High Performance Serial Flash (SPI)

- 80MHz Normal Read®

- Up tol66Mhz Fast Read

- Up to 80MHz DTR (Dual Transfer Rate)

- Equivalent Throughput of 664 Mb/s

- Selectable Dummy Cycles

- Configurable Drive Strength

- Supports SPI Modes 0 and 3

- More than 100,000 Erase/Program Cycles
- More than 20-year Data Retention

9 Flexible & Efficient Memory Architecture

- Chip Erase with Uniform Sector/Block
Erase (4/32/64KB or 4/32/256 KB)®

- Program 1 to 256 or 512 Byte per Page®@

- Program/Erase Suspend & Resume

9 Efficient Read and Program modes

- Low Instruction Overhead Operations

- Continuous Read 8/16/32/64 Byte

Burst Wrap

Selectable Burst Length

QPI for Reduced Instruction Overhead
AutoBoot Operation

Data Learning Pattern for training in DTR
operation

9 Low Power with Wide Temp. Ranges

Single Voltage Supply
IS25LP: 2.30V to 3.60V
IS25WP: 1.70V to 1.95V
7 mA Active Read Current
10 pA Standby Current
1 pA Deep Power Down
Temp Grades:
Extended: -40°C to +105°C
Auto Grade (A3): -40°C to +125°C

9 Advanced Security Protection

Software and Hardware Write Protection
Advanced Sector/Block Protection
Top/Bottom Block Protection

Power Supply Lock Protection

4x256 Byte Dedicated Security Area
with OTP User-lockable Bits

128 bit Unique ID for Each Device

(Call Factory)

1 Industry Standard Pin-out & Packages®

M =16-pin SOIC 300mil

L = 8-contact WSON 8x6mm

J = 8-contact WSON 8x6mm *

G = 24-ball TFBGA 6x8mm (4x6 ball array)
H = 24-ball TFBGA 6x8mm (5x5 ball array)
KGD (Call Factory)

Notes:
1. Call Factory for other package options available.
2. For optional 512 Byte Page size with 256 KB
Block size, see the Ordering Information.
3. 80MHz for 3.0V device and 50MHz for 1.8V device.
4. Exposed Pad Size = 3.4mmx4.3mm instead of
4. 7mmx4.7mm
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GENERAL DESCRIPTION

The IS25LP256E and IS25WP256E Serial Flash memory offers a versatile storage solution with high flexibility
and performance in a simplified pin count package.
that require limited space, a low pin count, and low power consumption. The device is accessed through a 4-wire
SPI Interface consisting of a Serial Data Input (Sl), Serial Data Output (SO), Serial Clock (SCK), and Chip Enable
(CE#) pins, which can also be configured to serve as multi-I/O (see pin descriptions).

The device supports Dual and Quad I/O as well as standard, Dual Output, and Quad Output SPI. Clock frequencies
of up to 166MHz allow for equivalent clock rates of up to 664MHz (166MHz x 4) which equates to 83Mbytes/s of
data throughput. The IS25xE series of Flash adds support for DTR (Double Transfer Rate) commands that transfer
addresses and read data on both edges of the clock. These transfer rates can outperform 16-bit Parallel Flash
memories allowing for efficient memory access to support XIP (execute in place) operation.

Initial state of the memory array is erased (all bits are set to 1) when shipped from the factory.
QPI (Quad Peripheral Interface) supports 2-cycle instruction further reducing instruction times. Pages can be
erased in groups of 4Kbyte sectors, 32Kbyte blocks, 64K/256Kbyte blocks, and/or the entire chip. The uniform

sector and block architecture allows for a high degree of flexibility so that the device can be utilized for a broad
variety of applications requiring solid data retention.

Supply Voltage Range & Temperature Range vs. Maximum Speed

Voltage & Temp. Speed
2.30~3.6V, 125°C 133MHz
IS25LP (3.0V typ.) S
2.70~3.6V, 125°C 166MHz
1.70~1.95V, 125°C 133MHz
IS25WP (1.8V typ.) S
1.70~1.95V, 105°C 166MHz®
Note:
1. Values are guaranteed by characterization and not 100% tested in production.
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1. PIN CONFIGURATION

@ \ J
HOLD# or RESET# l:

(103) 1 16[ ] scK
vee |2 15| ] SI(100)
RESET#NC [___|3 14 NC
NC |4 13[_1NC
NC s 12[__]NC
NC[1e 11 NC
ce# |7 101 GND
so@o1n s 9 [_JWP#(I02)

CE# Vcc
HOLD# or

SO (161) RESET# (103)

1)
WP# (102) SCK

GND

CACAYAY
() (5) (3 (o)

SI (100)

16-pin SOIC 300mil 8-contact WSON 8x6mm

Top View, Balls Facing Down Top View, Balls Facing Down

(AL} (A2 (A3} (A4}
RESET#/NC (A2} (A3} (A4} {As )
NC NC  RESET#INC NC

NC NC NC

{81}

NC

{c1)
NC
{p1}
NC

{E1)

NC

{F1)

NC

(B2}
scK
{ca2)
CE#
(D2}
SO(101)
=y
NC
(F2)

NC

(B3}
GND
{cs)

NG W
{p3}
SI(100)
{E3)
NC
=)

NC

HOLD# or @
RESET# (103)

(B4}
vce
{ca)
P#(102)

{pa}

{E4;
NC
(Fa)

NC

24-ball TFBGA 6x8mm (4x6 ball array)
(Package: G)

Note:

{81} B2
NC SCK
{c1y  {c2)
NC CE#

NC SO(I01)

{E1} {E2}

NC NC

{83 {B4)

GND vce

OO

NC  WPH#(02)

D3 D4

siioo)  HoLD#or @
RESET# (103)

{E3} {E4)

NC NC

{B5}
{cs )
{ps5}

{E5)

NC

NC

NC

NC

24-ball TFBGA 6x8mm (5x5 ball array)

(Package: H)

1. The pin can be configured as Hold# or Reset# by setting P7 bit of the Read Register. Pin default is Hold# (103).
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2. PIN DESCRIPTIONS

SYMBOL

TYPE

DESCRIPTION

CE#

INPUT

Chip Enable: The Chip Enable (CE#) pin enables and disables the devices
operation. When CE# is high the device is deselected and output pins are in a high
impedance state. When deselected the devices non-critical internal circuitry power
down to allow minimal levels of power consumption while in a standby state.

When CE# is pulled low the device will be selected and brought out of standby mode.
The device is considered active and instructions can be written to, data read, and
written to the device. After power-up, CE# must transition from high to low before a
new instruction will be accepted.

Keeping CE# in a high state deselects the device and switches it into its low power
state. Data will not be accepted when CE# is high.

SI (100),
SO (101)

INPUT/OUTPUT

Serial Data Input, Serial Output, and IOs (S, SO, 100, and 101):

This device supports standard SPI, Dual SPI, and Quad SPI operation. Standard SPI
instructions use the unidirectional S| (Serial Input) pin to write instructions,
addresses, or data to the device on the rising edge of the Serial Clock (SCK).
Standard SPI also uses the unidirectional SO (Serial Output) to read data or status
from the device on the falling edge of the serial clock (SCK).

In Dual and Quad SPI mode, Sl and SO become bidirectional 10 pins to write
instructions, addresses or data to the device on the rising edge of the Serial Clock
(SCK) and read data or status from the device on the falling edge of SCK. Quad
SPI instructions use the WP# and HOLD# pins as 102 and 103 respectively.

WP# (102)

INPUT/OUTPUT

Write Protect/Serial Data 10 (I02): The WP# pin protects the Status Register from
being written in conjunction with the
WP# is pulled low, the Status Register bits (SRWD, QE, BP3, BP2, BP1, BPO0) are
write-protected andvice-v er sa f or WP# high. When th
Register is not write-protected regardless of WP# state.

When the QE bit is set to fAlo, t he WPH#
since this pin is used for 102.

HOLD# (103)
or
RESET# (103)

INPUT/OUTPUT

HOLD# or RESET#/Serial Data IO (103): When the QE bit of Status Register is set
to Al10o, HOLD# pin or RESET# is not ava

Most packages except for 16-pin SOIC and 24-ball BGA:

When QE=0, the pin acts as HOLD# or RESET# and either one can be selected by
the P7 bit setting in Read Register. HOLD# will be selected if P7=0 (Default) and
RESET# will be selected if P7=1.

16-pin SOIC and 24-ball BGA packages :

- When QE=0 and Dedicated RESET# is Enabled (Default), the pin acts as
HOLD# regardless of the P7 bit setting in Read Register.

- When QE=0 and Dedicated RESET# is Disabled, the pin acts as HOLD# or
RESET# and either one can be selected by the P7 bit setting in Read Register.
HOLD# will be selected if P7=0 (Default) and RESET# will be selected if P7=1.

The HOLD# pin allows the device to be paused while it is selected. It pauses serial
communication by the master device without resetting the serial sequence. The
HOLD# pin is active low. When HOLD# is in a low state and CE# is low, the SO pin
will be at high impedance. Device operation can resume when HOLD# pin is brought
to a high state.
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IS25WP256E
SYMBOL TYPE DESCRIPTION
RESET#: This dedicated RESET# is available in 16-pin SOIC and 24-ball BGA
packages.
The RESET# pin is a hardware RESET signal. When RESET# is driven HIGH, the
RESET# INPUT memory is in the normal operating mode. When RESET# is driven LOW, the memory
enters reset mode and output is High-Z. If RESET# is driven LOW while an internal
WRITE, PROGRAM, or ERASE operation is in progress, data may be lost.
Dedicated RESET# function can be Disabled when bit O of Function Register = 1.
It has an internal pull-up resistor and may be left floating if not used.
SCK INPUT Serial Data Clock: Synchronized Clock for input and output timing operations.
Vce POWER Power: Device Core Power Supply
GND GROUND Ground: Connect to ground when referenced to Vcc
NC Unused NC:Pins | abeled ANCO sNoaimetnalfy connecietlo Conn
Integrated Silicon Solution, Inc.- www.issi.com 10
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IS25WP256E
3. BLOCK DIAGRAM
Control Logic > High Voltage Generator
l A
Status q I/0 Buffers and
Register Data Latches
l ! l
CE#t —»p 256 Bytes
Page Buffer
SCK ——pf 9
IS,
WP# © l
02 " £ |le—0mn—
S| I —: Y-Decoder
4+—P Q
(100) = 3
SO o A 4 >
«—»p o
(101) =
@ =
HOLD# or RESET# 3
(103)
RESET# ——» 5
©
l § > Memory Array
A/ Q
X
Address Latch & I
Counter

Note:

1: In case of 16-pin SOIC or 24-ball TFBFA, when QE=0 and Dedicated RESET# is Disabled, the pin acts as HOLD# or
RESET# and either one can be selected by the P7 bit setting in Read Register. HOLD# will be selected if P7=0
(Default) and RESET# will be selected if P7=1
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4. SPI MODES DESCRIPTION

Multiple IS25LP256E devices or multiple 1IS25WP256E devices can be connected on the SPI serial bus and
controlled by a SPI Master, i.e. microcontroller, as shown in Figure 4.1. The devices support either of two SPI
modes:

Mode 0 (0, 0)
Mode 3 (1, 1)

The difference between these two modes is the clock polarity. When the SPI master is in stand-by mode, the serial
clock remains at fi0o (SCK = 0) for Mode 0 PleasedefetthFegure | o c k
4.2 and Figure 4.3 for SPl and QPI mode. In both modes, the input data is latched on the rising edge of Serial Clock

(SCK), and the output data is available from the falling edge of SCK.

Figure 4.1 Connection Diagram among SPI Master and SPI Slaves (Memory Devices)

SDO ° .
SPI interface with SDI
< L 4 @ | 4
(0,0) or (1,2) A A A
SCK -
SCKI SO| SI SCKI SO| Sl SCKI SO| S
SPI Master A 4 A 4 A 4
(i.e. Microcontroller)
SPI SPI SPI
Memory Memory Memory
cs3 Ccs2  csi Device Device Device

L =, =TT =111

WP# o RESET# WP# HOLD# WP# HOLD#
or or RESET# or RESET#

Notes:

1. In case of 16-pin SOIC and 24-ball TFBGA, dedicated RESET# is supported.

2. Sl and SO pins become bidirectional 100 and 101 respectively during Dual /O mode and SlI, SO, WP#, and HOLD#
pins become bidirectional 100, 101, 102, and 103 respectively during Quad I/0 or QPI mode.
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Figure 4.2 SPI Mode Support

SCK

Mode 0 (0,0)

SCK

Mode 3 (1,1)

© - Grsa X X

Figure 4.3 QPI Mode Support

CE#

3-byte Address :ModeBits: Datal | Data2 | Data3 :

|

|

| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
1 1 1 1 1 1

Notel: MSB (Most Significant Bit)
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5. SYSTEM CONFIGURATION

The memory array is divided into uniform 4 Kbyte sectors or uniform 32/64 Kbyte blocks (a block consists of
eight/sixteen adjacent sectors respectively).

Also optional uniform 32/256 Kbyte blocks are available with 512B page size. See ordering table for more detalil
information.

Table 5.1 illustrates the memory map of the device. The Status Register controls how the memory is protected.

5.1 BLOCK/SECTOR ADDRESSES

Table 5.1 Block/Sector Addresses (Block Size = 32KB/64KB)

Memory Block No. Block No. Sector Size
Density (64Kbyte) (32Kbyte) Sector No. (Kbyte) Address Range
Sector 0 4 000000h - 000FFFh
Block 0
Block 0 :
Block 1 . ' '
Sector 15 4 00F000h - O0OFFFFh
Sector 16 4 010000h - 010FFFh
Block 2
Block 1 :
Block 3 . ' '
Sector 31 4 01F000h - 01FFFFh
Sector 32 4 020000h - 020FFFh
Block 4
Block 2 :
Block 5 - ' '
Sector 47 4 02F000h - 02FFFFh
Sector 4064 4 FEOO0Oh i FEOFFFh
a Block 508 -
3 Block 254 :
N Block 509 - '
Sector 4079 4 FEFOOOh i FEFFFFh
Sector 4080 4 FFO000h i FFOFFFh
Block 510 -
Block 255 ;
Block 511 : '
Sector 4095 4 FFFOOOh i FFFFFFh
Sector 8160 4 1FEO000Oh i 1FEOFFFh
Block 1020 -
Block 510 :
Block 1021 . :
Sector 8175 4 1FEF000h i 1FEFFFFh
Sector 8176 4 1FF0000h i 1FFOFFFh
Block 1022 -
Block 511 :
Block 1023 . :
Sector 8191 4 1FFFO00Oh i 1FFFFFFh

Integrated Silicon Solution, Inc.- www.issi.com
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Table 5.2 Block/Sector Addresses (Block Size = 32KB/256KB)

Memory Block No. Block No. Sector Size
Density (256Kbyte) | (32Kbyte) Sector No. (Kbyte) Address Range
Sector 0 4 000000h - 000FFFh
Block O
Block 1 : : .
Sector 15 4 00FO000h - 00FFFFh
Sector 16 4 010000h - 010FFFh
Block 2 -
Block 3 . : :
Block 0 Sector 31 4 01F000h - 01FFFFh
Sector 32 4 020000h - 020FFFh
Block 4 -
Block 5 . - .
Sector 47 4 02F000h - 02FFFFh
Sector 48 030000h - 030FFFh
Block 6
Block 7 :
Sector 63 03F000h - 03FFFFh
Sector 4032 4 FCO0000h i FCOFFFh
Block 504 -
Block 505 ' '
a Sector 4047 4 FCFO0OOh i FCFFFFh
§ Block 63
o Sector 4080 4 FFO000h i FFOFFFh
Block 510 -
Block 511 ' '
Sector 4095 4 FFFOOOh i FFFFFFh
Sector 8128 4 1FC0000h i 1FCOFFFh
Block 1016 -
Block 1017 . :
Sector 8143 4 1FCF0O00h T 1FCFFFFh
Sector 8144 1FD0000h i 1FDOFFFh
Block 1018 -
Block 1019 .
Sector 8159 1FDFO00Oh T 1FDFFFFh
Block 127 —
Sector 8160 4 1FEOO00Oh i 1FEOFFFh
Block 1020 -
Block 1021 . :
Sector 8175 4 1FEFO00h 7 1FEFFFFh
Sector 8176 4 1FF0000h i 1FFOFFFh
Block 1022
Block 1023 ' :
Sector 8191 4 1FFFO00Oh i 1FFFFFFh
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5.2 SERIAL FLASH DISCOVERABLE PARAMETERS

The Serial Flash Discoverable Parameters (SFDP) standard defines the structure of the SFDP database within the
memory device. SFDP is the standard of JEDEC JESD216.

The JEDEC-defined header with Parameter ID FFOOh and related Basic Parameter Table is mandatory. Additional
parameter headers and tables are optional.

Table 5.3 Signature and Parameter Identification Data Values

Description Address Addr ess Data
(Byte) (Bit)

SFDP Signature 00h 7:0 53h
01h 15:8 46h
02h 23:16 44h
03h 31:24 50h

SFDHRRevision Minor 04h 7:0 06h

Major 05h 15:8 01h

Number of ParameteHeaders (NPH) 06h 23:16 01h

Unused 07h 31:24 FFh

Parameter ID LSB 08h 7:0 00h

ParametemMinor Revision 09h 15:8 06h

Parameter Major Revision OAh 23:16 01h

ParameterTableLength (inDWPRDjs 0OBh 31:24 10h
0Ch 7:0 30h

Basic FlasRarameter Table Pointer (PTP) O0Dh 15:8 00h
OEh 23:16 00h

Parameter ID MSB OFh 31:24 FFh

Parameter ID LSB 10h 7:0 84h

ParametemMinor Revision 11h 15:8 Oh

Parameter Major Revision 12h 23:16 1lh

ParameterTableLength (inDWPRD)s 13h 31:24 02h
14h 7:0 80h

Parameter Table PointéPTP) 15h 15:8 00h
16h 23:16 00h

Parameter ID MSB 17h 31:24 FFh

Integrated Silicon Solution, Inc.- www.issi.com 16
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Table 5.4 JEDEC Basic Flash Parameter Table
Description Ag;rtiis Atzlgirte):ss Data
Minimum Sector Erase Sizes 1:0 01b
Write Granularity 2 1b
VolatileStatus Register Block Protect bits 30h 3 Ob
Writg EnabldnstructionSelect for writing to Volatile Status 4 b
Register
Unused 75 111b
4KB Erase Instruction 31h 15:8 20h
Supports (11-2) Fast Read 16 1b
Address Bytes 18:17 01b
SupportsDouble Transfer Rate (DTR) Clocking 19 1b
Supportg(1-2-2) Fast Read 32h 20 1b
Supportg(1-4-4) Fast Read 21 1b
Supportg(1-1-4) Fast Read 22 1b
Unused 23 1b
Reserved 33h 31:24 FFh
34h 7:0 FFh
Flash memory Density (bits) 35h 15:8 FFh
36h 23:16 FFh
Flash memory Densifyits) 37h 31:24 OFh
1-4-4 Fast ReadlVait Cycle Count 38h 4:0 00100b
1-4-4 Fast Readlode bit Cycle Count 75 010b
1-4-4 Fast Readhstruction 39h 15:8 EBh
1-1-4 Fast ReadfVait Cycle Count 3Ah 20:16 01000b
1-1-4 Fast Readllode bit Cycle Count 23:21 000b
1-1-4 Fast Readhstruction 3Bh 31:24 6Bh
1-1-2 Fast ReadVait Cycle Count ach 4:0 01000b
1-1-2 Fast Readllode bit Cycle Count 7:5 000b
1-1-2 Fast Readhstruction 3Dh 15:8 3Bh
1-2-2 Fast ReadlVait Cycle Count 3Eh 20:16 00000b
1-2-2 Fast Readllode bit Cycle Count 23:21 100b
1-2-2 Fast Readhstruction 3Fh 31:24 BBh
Integrated Silicon Solution, Inc.- www.issi.com 17
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Table 5.4 JEDEC Basic Flash Parameter Tal{l@ontinued)
Description AEOIIB(;;E?S A?S,.rs S3 Data
Supports (2-2) Fast Read 0 Ob
Reserved 31 111b
Supports (4-4) Fast Read 40n 4 1b
Reserved 75 111b
Reserved 43:41h 31:8 FFFFFFh
Reserved 45:44h 15:0 FFFFh
2-2-2 Fast ReadVait Cycle Count 46h 20:16 00000b
2-2-2 Fast Readlode bit Cycle Count 2321 000b
2-2-2 Fast Readhstruction 47h 31:24 FFh
Reserved 49:48h 15:0 FFFFh
4-4-4 Fast ReadlVait Cycle Count AA 20:16 00100b
4-4-4 Fast Readllode bit Cycle Count 2321 010b
4-4-4 Fast Readhstruction 4Bh 31:24 EBh
Erase Type 1 Sit4KB) 4Ch 7.0 0Ch
Erase Type Ihstruction 4Dh 15:8 20h
Erase Type 2 Si¢82KB) 4Eh 23:16 OFh
Erase Type 2 Instruction 4Fh 31:24 52h
Erase Type 3 Size (64KB) 50h 7:0 10h(00HY)
Erase Type 3 Instruction 51h 15:8 D8h(FFH)
Erase Type 4 Size (256KB) 52h 23:16 00h(12HY)
EraseType 4 Instruction 53h 31:24 FFh(D8H)
Multiplier from typical erase time to maximum erase time 3.0 001
Sector Type 1 ERASE time (typ) 8:4 00110b
10:9 01b
Sector Type 2 ERASE time (typ) 15:11 01000b
17:16 01b
57:54h 018 01010b
Sector Type 3 ERASE tiftyp) ' (00000KY)
24:23 01b(00KY)
29:95 00000b
Sector Type 4 ERASE time (typ) (00101KY)
31:30 00b(100)
Note:
1. Only for option K (256KB Block Size instead of 64KB)
Integrated Silicon Solution, Inc.- www.issi.com 18
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Table 5.4 JEDEC Basic Flash Parameter Tal{l@ontinued)
- Address Address
Description (Byte) (Bit) Data
Multiplier from typical time to maximum time for page or byte 30 0010b
PROGRAM
58h
Page size 74 1000b
9 ' (1001HY)
. 0010
_ _ 12:8 1)
Page Program Typical time (01001b™)
13 1b
. 17:14 1001b
Byte Program Typictime, first byte SAN:59h
18 Ob
: : " 22:19 0000b
Byte Program Typical time, additional byte
23 Ob
Chip Erase, Typical time 28:24 10001b
Units SBh 30:29 10b
Reserved 31 1b
Prohibited Operations During Program Suspend sch 3:0 1100b
ProhibitedOperations During Erase Suspend 74 1110b
Reserved 8 1b
ProgramResume to Suspend Interval 129 0110b
Suspend ifprogress progranmax latenc SEh:5Dh 17:13 01100
P FProg prog y 19:18 10b
Erase Resume to Suspend Interval 23:20 0110b
Suspend ifprogress erasenax latenc 28:24 01100
pend irprog y 5Fh 30:29 10b
SuspendResume supported 31 Ob
Program Resume Instruction 60h 7:0 7Ah
Program Suspend Instruction 61h 15:8 75h
Resume Instruction 62h 23:16 7Ah
Suspend Instruction 63h 31:24 75h
Reserved 64h 1:0 11b
StatusRegister Polling Device Busy 7:2 111101b
Note:
1. Only for option K (512B Page Size instead of 256B)
Integrated Silicon Solution, Inc.- www.issi.com 19
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Table 5.4 JEDEC Basic Flash Parameter Tal{léontinued)
Description A(%?/iis Ac(jgirte)zss Data

. . 3V 00010b
Exit Deep Powedown to next operation delay 1.8V 12:8 00100b
Exit Deep Powedown to next operation delaynits 14:13 01b
Exit Deep Powedown Instruction 67h:65h 22:15 ABh
Enter Deep Powedown Instruction 30:23 B9h
Deep Powedown Supported 31 Ob
4-4-4 mode disablsequencegQPIDI) 3.0 1010b
4-4-4 mode enablesequences (QPIEN) 69h:68h 8:4 001@0b
0-4-4 ModeSupported 9 1b
0-4-4 Mode Exit Method 15:10 11000
0-4-4 Mode Entry Method: 19:16 1100b
Quad Enable Requirements (QER) 6Ah 22:20 010b
Hold or RESET Disable 23 Ob
Reserved 6Bh 31:24 FFh
o o S i e Enae CREN) T T 6o | saom
Reserved 7 1b
Soft Reset and Rescue Sequence Support 6Eh-6Dh 13:8 11000
Exit 4Byte Addressing 23:14 1111101000
Enter4-Byte Addressing 6Fh 31:24 10101000
Integrated Silicon Solution, Inc.- www.issi.com 20
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Table 5.5 Parameter Table (1): 4-byte Address Instruction Tables
Description AEOIIB?;[?S A?glr,s 53 Data
Support for (31-1) READ Command, Instruction = 13h 0 1b
Support for (11-1) FAST_REAImmand, Instruction = 0Ch 1 1b
Support for (21-2) FAST_READ Command, Instruction = 3Ch 2 1b
Support for (32-2) FAST_READ Command, Instruction = BCh 80h 3 1b
Support for (21-4) FAST_READ Command, Instruction = 6Ch 4 1b
Support for (34-4) FAST_REAIdmmand, Instruction = ECh 5 1b
Support for (11-1) Page Program Command, Instruction = 12h 6 1b
Support for (11-4) Page Program Command, Instruction = 34h 7 1b
Support for (14-4) Page Program Command, Instruction = 3Eh 8 0b
Support for Eras€ommandType 1 9 1b
Support for Erase Commaiig/pe 2 10 1b
Support for Erase CommaiType 3 ., 11 1b (0BY)
Support for Erase Commaiiype 4 12 Ob (18Y)
Support for (311-1) DTR_READ Command, Instruction = OEh 13 1b
Support for (32-2) DTR_READommand, Instruction = BEh 14 1b
Support for (34-4) DTR_READ Command, Instruction = EEh 15 1b
Support for volatile individual sector lock Read Command (EOk 16 1b
Support for volatile individual sector lock Write Command (E1h 17 1b
Support fornon-volatile individual sector lock Read Command 18 1b
(E2h) 82h
Support for norvolatile individual sector lock Write Command
(E3h) 19 1b
Reserved 23:20 1111b
Reserved 83h 31:24 FFh
Sector Erase Instruction for Sector Type | 84h 7:0 21h
Sector Erasénstruction for Sector Type 2 85h 15:8 5Ch
Sector Erase Instruction for Sector Type 3 86h 23:16 DCh (FFR)
Sector Erase Instruction for Sector Type 4 87h 31:24 FFh (DCR)
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6. REGISTERS

The device has various sets of Registers: Status, Function, Read, Extended Read and Autoboot.
When the register is read continuously, the same data is output repeatedly until CE# goes HIGH.

6.1 STATUS REGISTER

Status Register Format and Status Register Bit Definitions are described in Tables 6.1 & 6.2.

Table 6.1 Status Register Format

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SRWD QE BP3 BP2 BP1 BPO WEL WIP
Default 0 0 0 0 0 0 0 0

Table 6.2 Status Register Bit Definition

Read-

Bit Name Definition Mrite Type

Write In Progress Bit:
Bit 0 WIP "0" indicates the device is ready (default) R Volatile
"1" indicates a write cycle is in progress and the device is busy
Write Enable Latch:

Bit 1 WEL "0" indicates the device is not write enabled (default) R/W? Volatile
"1" indicates the device is write enabled

Bit 2 BPO
Bit 3 BP1 Block Protection Bit: (See Tables 6.4 for details)
- "0" indicates the specific blocks are not write-protected (default) R/W Non-Volatile

Bit 4 BP2 "1" indicates the specific blocks are write-protected

Bit 5 BP3
Quad Enable bit:

Bit 6 QE A0O0 indicates the Quadkfadtut put f y RW Non-Volatile
10 indicates the Quad output fu
Status Register Write Disable: (See Table 7.1 for details)

Bit 7 SRWD "0" indicates the Status Register is not write-protected (default) R/W Non-Volatile

"1" indicates the Status Register is write-protected

Note: WEL bit can be written by WREN and WRDI commands, but cannot by WRSR command.

The BPO, BP1, BP2, BP3, QE, and SRWD are non-volatile and volatile memory cells that can be written by a Write
Status Register (WRSR) instruction. The default value of the BP0, BP1, BP2, BP3, QE, and SRWD bits were set
t o0oaf factory.

The function of Status Register bits are described as follows:

WIP bit: Write In Progress (WIP) is read-only, and can be used to detect the progress or completion of a Program,
Erase, Write/Set Non-Volatile/OTP Register, or Gang Sector/Block Lock/Unlock operation. WI P i s s et
state) when the device is executing the operation. During this time the device will ignore further instructions except
for Read Status/Function Register and Software/Hardware Reset instructions. In addition to the instructions, an
Erase/Program Suspend instruction also can be executed during a Program or Erase operation. When an operation
has completed, WIP is cleared to fi O(keady state) whether the operation is successful or not and the device is
ready for further instructions.

Integrated Silicon Solution, Inc.- www.issi.com 22
Rev.A7
02/06/2022

—



m® IS25L P256E
IS25WP256E

WEL bit: Write Enable Latch (WEL) bit indicates the status of the internal write enable latch. When WEL biti s fi 00,
the internal write enable latch is disabled and the Write operations described in Table 6.3 are inhibited. When WEL

biti s Al1l0, the Write opbitissdtlhyaWste Enable (WREN, @) estructio/®Mbst of Write
Non-Volatile/Volatile Register, Program and Erase instruction must be preceded by a WREN instruction.

WEL bit can be reset by a Write Disable (WRDI) instruction. It will automatically reset after the completion of any
Write Non-Volatile Register, Program and Erase operation.

Integrated Silicon Solution, Inc.- www.issi.com 23
Rev.A7
02/06/2022



IS25LP256E

|IS25WP256E
Table 6.3 Instructions requiring WREN instruction ahead
Instructions must be preceded by the WREN instruction

Name Hex Code Operation

PP 02h Serial Input Page Program (3-byte or 4-byte Address)

4PP 12h Serial Input Page Program (4-byte Address)

PPQ 32h/38h Quad Input Page Program (3-byte or 4-byte Address)

4PPQ 34h/3Eh Quad Input Page Program (4-byte Address)

SER D7h/20h Sector Erase 4KB (3-byte or 4-byte Address)

4SER 21h Sector Erase 4KB (4-byte Address)

BER32 (32KB) 52h Block Erase 32KB (3-byte or 4-byte Address)

4BER32 (32KB) 5Ch Block Erase 32KB (4-byte Address)

BERG64 (64KB) D8h Block Erase 64KB (3-byte or 4-byte Address)

4BER64 (64KB) DCh Block Erase 64KB (4-byte Address)

CER C7h/60h Chip Erase

WRSR 01lh Write Status Register

WRFR 42h Write Function Register

SRPNV 65h Set Read Parameters (Non-Volatile)

SRPV® 63h Set Read Parameters (Volatile)

SERPNV 85h Set Extended Read Parameters (Non-Volatile)

SERPV 83h Set Extended Read Parameters (Volatile)

IRER 64h Erase Information Row

IRP 62h Program Information Row

WRABR 15h Write AutoBoot Register

WRBRNV 18h Write Non-Volatile Bank Address Register

WRBRV® C5h Write Volatile Bank Address Register

WRDYB FBh Write DYB Register (4-byte Address)

4WRDYB Elh Write DYB Register (3-byte or 4-byte Address)

PGPPB FDh Write PPB (3-byte or 4-byte Address)

4PGPPB E3h Write PPB (4-byte Address)

ERPPB E4h Erase PPB

PGASP 2Fh Program ASP

WRPLB A6h Write PPB Lock Bit

SFRZ 91h Set FREEZE bit

GBLK 7Eh GANG Sector/Block Lock

GBUN 98h GANG Sector/Block Unlock

PGPWD E8h Program Password

PNVDLR 43h Program Non-Volatile Data Learning Pattern Register

WRVDLR 4Ah Program Volatile Data Learning Pattern Register
Note:

1. COh command for SRPV operation and 17h command for WRBRV operation do not require WREN command ahead.

BP3, BP2, BP1, BPO bits: The Block Protection (BP3, BP2, BP1 and BPO0) bits are used to define the portion of

the memory area to be protected. Refer to Table 6.4 for the Block Write Protection (BP) bit settings. When a defined

combination of BP3, BP2, BP1 and BPO bits are set, the corresponding memory area is protected. Any program or

erase operation to that area will be inhibited.
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Note: A Chip Erase (CER) instruction will be ignored unlessal | t he Bl ock Protection Bits ar ¢

SRWD bhit: The Status Register Write Disable (SRWD) bit operates in conjunction with the Write Protection (WP#)

signal to provide a Hardware Protection Mode. When the SRWD isset t o #A00, the Stat-us R
protected. When the SRWD i s s et utthe bit df States Register SRWIVPE, | s |
BP3, BP2, BP1, BP0O) become read-on | vy , and a WRSR instruction wildl amda i
WP# is pulled high (Vix), the Status Register can be changed by a WRSR instruction.

QE bit: The Quad Enable (QE) is a non-volatile bit in the Status Register that allows quad operation. When the QE
bit 1 s ,theepin WPHoandiHDDD#/RESET# are enabled. When t he QE bit i s sest to
are enabled.

WARNING: The QE bit mustbe sett o if WB# or HOLD#/RESET# pin (or ball) is tied directly to the power supply.
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Table 6.4 Block assignment by Block Write Protect (BP) Bits

Status Register Bits Byte Block Size =64KB Protected Memory Area (256Mb, 512Blocks)
BP3 | BP2 | BP1 BOP Protected | TBS =0, Top area TBS = 1, Bottom area

0 0 0 0 OKB 0 ( None) 0 ( None)

0 0 0 1 64KB 1 (1 block: 51189 1 (1 block: 0t

0 0 1 0 128KB 2 (2 blocks: 510" and 5115 2 (2 blocks: 0™ and 1%%)

0 0 1 1 256KB 3 (4 blocks: 508™ to 511%%) 3 (4 blocks: 0™ to 3')

0 1 0 0 512KB 4 (8 blocks: 504™ to 5115 4 (8 blocks: 0™ to 7t)

0 1 0 1 1MB 5 (16 blocks: 496 to 5115Y) 5 (16 blocks: 0™ to 15t

0 1 1 0 2MB 6 (32 blocks: 480" to 511s%) 6 (32 blocks: 0™ to 31%)

0 1 1 1 4MB 7 (64 blocks: 448" to 5115Y) 7 (64 blocks: 0™ to 63™)

1 0 0 0 8MB 8 (128 blocks: 384™ to 5115 8 (128 blocks: 0™ to 127t)

1 0 0 1 16MB 9 (256 blocks: 256™ to 5115 9 (256 blocks: 0" to 255™)

1 0 1 0 24MB 10 (384 blocks : 128t to 5115 10 (384 blocks : 0™ to 3831)

1 0 1 1 28MB 11 (448 blocks : 64" to 5115Y) 11 (448 blocks : 0" to 447t)

1 1 0 0 30MB 112 (480 blocks : 32" to 5115Y) 12 (480 blocks : 0™ to 479™)

1 1 0 1 31MB 13 (496 blocks : 16! to 5115Y) 13 (496 blocks : 0t to 495t)

1 1 1 0 32256KB 14 (504 blocks : 8" to 5115 14 (504 blocks : 0" to 503'%)

1 1 1 1 | 32MB (All) | 15 (512 blocks : O to 511%) 15 (512 blocks : 0 to 5115

Status Register Bits Block Size = 256KB®), Protected Memory Area (256Mb, 128Blocks)
BP3 | BP2 | BP1 | BPO | TBS(T/B selection) =0, Top area TBS(T/B selection) = 1, Bottom area

0 0 0 0 0( None) 0( None)

0 0 0 1 1(1 block : 127t 1(1 block : 0t)

0 0 1 0 2(2 blocks : 126™ and 127t 2(2 blocks : 01 and 1%Y)

0 0 1 1 3(4 blocks : 124" to 127h) 3(4 blocks : 0™ to 39)

0 1 0 0 4(8 blocks : 120" to 127™) 4(8 blocks : 0" to 7t

0 1 0 1 5(16 blocks : 112t to 127t 5(16 blocks : O™ to 15t)

0 1 1 0 6(32 blocks : 96 to 127t 6(32 blocks : 0" to 315

0 1 1 1 7(64 blocks : 64" to 127t) 7(64 blocks : O™ to 63™)

1 X X X 8-15(128 blocks : 0" to 1271 All blocks 8-15(128 blocks : 0" to 1271 All blocks
Notes:
1.x is dondt <care

2. For Optional 256KB BP Table, seetheOrd er i ng

I nf or makioi)o n

(Option A

Integrated Silicon Solution, Inc.- www.issi.com
Rev.A7
02/06/2022

26




m® IS25L P256E
IS25WP256E

6.2 FUNCTION REGISTER

Function Register Format and Bit definition are described in Table 6.5 and Table 6.6.

Table 6.5 Function Register Format

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Dedicated
IRL3 IRL2 IRL1 IRLO ESUS PSUS TBS RESET#
Disable
Default 0 0 0 0 0 0 0 Oorl

Table 6.6 Function Register Bit Definition

Read

Bit Name Definition Write Type
_ Dedicated I?edigateq RESI_E'_I'# Disable bit R/W for O

Bit 0 RESET# Disable | N 00 i nDedicated RESET# was enabled R only for OTP
i lindicates Dedicated RESET# was disabled 1
Top/Bottom Selection. (See Table 6.4 for details)

Bit 1 TBS f00 indicates Top area. R/W OTP
fl1l0 indicates Bottom area.
Program suspend bit:

Bit 2 PSUS fi Oirwlicates program is not suspend R Volatile
Al10 indicates program i s suspg¢{
Erase suspend bit:

Bit 3 ESUS "0" indicates Erase is not suspend R Volatile

"1" indicates Erase is suspend
Lock the Information Row O:
Bit 4 IR Lock O fi0o i nd ildoantateos Row baa be programmed R/W OTP
filo i nd ilmdoantateors Row baanot be programmed
Lock the Information Row 1:

Bit 5 IR Lock 1 00 i ndildoantateors Rotv baa be programmed R/W OTP
Al10 i ndildoantateors Row baanot be programmed
Lock the Information Row 2:

Bit 6 IR Lock 2 i0o0 i ndildoantateors Rowv baa be programmed R/W OTP
ilo i ndildoantateois Row baanot be programmed
Lock the Information Row 3:

Bit 7 IR Lock 3 00 i ndildoaratos Rotv baa be programmed R/W OTP
ilo i ndildoartateos Rowv baanot be programmed

Notes:Once OTP bits of Function Register are written to fAlo, it

Dedicated RESET# Disable bit: The default status of the bit is dependent on package type. The device with
dedicated RESET# (16-pin SOIC and 24-ball BGA)can be programmed to Al10 to di
function to move RESET# function to Hold#/RESET# pin (or ball). So the device with dedicated RESET# can be

used for dedicated RESET# application and HOLD#/RESET# application.

TBS bit: BP0O~3 area assignment can be changed from Top (default) to Bottomby setting TBS bit
However, once Bottom is selected, it cannot be changed back to Top since TBS bit is OTP. See Table 6.4 for
details.

PSUS bit: The Program Suspend Status bit indicates when a Program operation has been suspended. The PSUS
changes to i lafter a suspend command is issued during the program operation. Once the suspended Program
resumes,the PSUSbit i s reset to fA00

ESUS bit: The Erase Suspend Status bit indicates when an Erase operation has been suspended. The ESUS bit
is Lo after a suspend command is issued during an Erase operation. Once the suspended Erase resumes, the
ESUS bit is reset to fDa
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IRLock bit0~3:The default is A00 so that t helftHebiffiscsrema ttiicanmofl®o w

be changed b a cikce IRbockibstare ®FPa i n
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6.3 READ REGISTER AND EXTENDED REGISTER

Read Register format and bit definitions are described below. Read Register and Extended Read Register consist
of a pair of rewritable non-volatile register and volatile register, respectively. During power up sequence, volatile
register will be loaded with the value of non-volatile value.

6.3.1 READ REGISTER

Table 6.7 and Table 6.8 define all bits that control features in SPI/QPI modes. HOLD#/RESET# pin selection (P7)
bitisusedtosel ect HOLD# pin or RESET# pin in SPI mode when QE
When QE=1 or in QPI mode, P7 bit setting will be ignored since the pin becomes 103.

For 16-pin SOIC or 24-ball TFBGA with dedicated RESET# device (Dedicated RESET# Disable bit in Functional
Register is A00), HOLD# wi l |l be selected regardless of

The Dummy Cycle bits (P6, P5, P4, P3) define how many dummy cycles are used during various READ modes.
The wrap selection bits (P2, P1, P0O) define burst length with an enable bit.

The SET READ PARAMETERS Operations (SRPNV: 65h, SRPV: COh or 63h) are used to set all the Read Register
bits, and can thereby define HOLD#/RESET# pin (or ball) selection, dummy cycles, and burst length with wrap
around. SRPNYV is used to set the non-volatile register and SRPV is used to set the volatile register.

Table 6.7 Read Register Parameter Bit Table

P7 P6 P5 P4 P3 P2 P1 PO
HOLD#/ Dummy Dummy Dummy Dummy Wrap Burst Burst
RESET# Cycles Cycles Cycles Cycles Enable Length Length
Default 0 0 0 0 0 0 0 0
Table 6.8 Read Register Bit Definition
] N Read-
Bit Name Definition MWrite Type
Non-Volatile
PO Burst Length Burst Length R/W and Volatile
Non-Volatile
P1 Burst Length Burst Length R/W and Volatile
Burst Length Set Enable Bit: E .
pp | Burstlendth | .q.ingicates disable (default) riw | Non-Volatile
Set Enable a1 and Volatile
1" indicates enable
Non-Volatile
P3 Dummy Cycles R/W and Volatile
P4 | Dummy Cycles | Number of Dummy Cycles: R/W Non-Volatile
. . and Volatile
Bits1 to Bit4 can be toggled to select the number of dummy cycles Non-Volatile
P5 Dummy Cycles | (1 to 15 cycles) R/W and Volatile
Non-Volatile
P6 Dummy Cycles R/W and Volatile
HOLD#/RESET# function selection Bit: .
P7 RHI(E)SLED'I#:# "0" indicates the HOLD# function is selected (default) R/W ':r?g—\\//g::ttﬁls
"1" indicates the RESET# function is selected
Table 6.9 Burst Length Data
P1 PO
8 bytes 0 0
16 bytes 0 1
32 bytes 1 0
64 bytes 1 1
Integrated Silicon Solution, Inc.- www.issi.com 29

Rev.A7
02/06/2022



’ IS25LP256E

IS25WP256E
Table 6.10 Wrap Function
Wrap around boundary P2
Whole array regardless of P1 and PO value 0
Burst Length set by P1 and PO
Table 6.11 Read Dummy Cycles vs Max Frequency
3.0V Device (IS25LP)
Fast Read® FaSthaTad F"E‘)S:a?fgd Faétuiﬁad ngtaﬁﬁgd FRDTR | FRDDTR | FRQDTR
P[6:3] CDUTQZ); 0Bh/0Ch Output BBh/BCh Output EBHECh 0Dh/OEh BDh/BEh | EDh/EEh
yc 3Bh/3Ch 6Bh/6Ch
SPI QPI SPI SPI SPI SPI, QPI | SPIQPI SPI* SPI, QPI
0 Defaultt | 166MHz 81MHz 166MHz | 104MHz | 145MHz 81MHz | 80/69MHz | 60MHz 69MHz
1 1 98MHz 23MHz 75MHz 52MHz 63MHz 23MHz | 50/11MHz | 29MHz 11MHz
2 2 110MHz 34MHz 84MHz 80MHz 75MHz 34MHz | 63/23MHz | 40MHz 23MHz
3 3 122MHz 46MHz 98MHz 98MHz 87MHz 46MHz | 75/34MHz | 52MHz 34MHz
4 4 133MHz 58MHz 133MHz | 104MHz 98MHz 58MHz | 80/46MHz | 60MHz 46MHz
5 5 145MHz 69MHz 140MHz | 122MHz | 110MHz 69MHz | 80/58MHz | 75MHz 58MHz
6 6 156MHz 81MHz 150MHz | 133MHz | 122MHz 81MHz | 80/69MHz | 80MHz 69MHz
7 7 166MHz 93MHz 166MHz | 145MHz | 133MHz 93MHz | 80/80MHz | 80MHz 80MHz
8 8 166MHz | 104MHz 166MHz | 156MHz | 145MHz | 104MHz | 80/80MHz | 80MHz 80MHz
9 9 166MHz | 122MHz 166MHz | 166MHz | 156MHz | 122MHz | 80/80MHz | 80MHz 80MHz
10 10 166MHz | 127MHz 166MHz | 166MHz | 166MHz | 127MHz | 80/80MHz | 80MHz 80MHz
11 11 166MHz | 139MHz 166MHz | 166MHz | 166MHz | 139MHz | 80/80MHz | 80MHz 80MHz
12 12 166MHz | 151MHz 166MHz | 166MHz | 166MHz | 151MHz | 80/80MHz | 80MHz 80MHz
13 13 166MHz | 162MHz 166MHz | 166MHz | 166MHz | 162MHz | 80/80MHz | 80MHz 80MHz
14 14 166MHz | 166MHz 166MHz | 166MHz | 166MHz | 166MHz | 80/80MHz | 80MHz 80MHz
15 15 166MHz | 166MHz 166MHz | 166MHz | 166MHz | 166MHz | 80/80MHz | 80MHz 80MHz
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1.8V Device (IS25WP)
Fast Read® FaSDtLE?ad ngutaﬁzf’gd Faétuﬁgad ngtagelgd FRDTR | FRDDTR | FRQDTR
pie:3] | Rummy 0Bh/0Ch Output | poe S | Output | Spie o | ODh/OEh | BDh/BEh | EDh/EEh
Cycles* 3Bh/3Ch 6Bh/6Ch
SPI QPI SPI SPI SPI SPI, QPI SPI/QPI SPI* SPI, QPI
0 Default! 166MHz 81MHz 166MHz 98MHz 138MHz 81MHz 80/58MHz 60MHz 58MHz
1 1 98MHz 23MHz 75MHz 46MHz 63MHz 23MHz 46/10MHz 23MHz 10MHz
2 2 110MHz 34MHz 84MHz 75MHz 75MHz 34MHz 58/15MHz 40MHz 15MHz
3 3 122MHz 46MHz 98MHz 87MHz 87MHz 46MHz 69/20MHz 50MHz 20MHz
4 4 133MHz 58MHz 122MHz 98MHz 98MHz 58MHz 75/30MHz 60MHz 30MHz
5 5 145MHz 69MHz 133MHz 110MHz 110MHz 69MHz 80/40MHz 70MHz 40MHz
6 6 156MHz 81MHz 145MHz 122MHz 122MHz 81MHz 80/58MHz 75MHz 58MHz
7 7 166MHz 93MHz 156MHz 133MHz 133MHz 93MHz 80/69MHz 80MHz 69MHz
8 8 166MHz 104MHz 166MHz 145MHz 138MHz 104MHz 80/80MHz 80MHz 80MHz
9 9 166MHz 122MHz 166MHz 156MHz 140MHz 122MHz 80/80MHz 80MHz 80MHz
10 10 166MHz 127MHz 166MHz 166MHz 145MHz 127MHz 80/80MHz 80MHz 80MHz
11 11 166MHz 139MHz 166MHz 166MHz 151MHz 139MHz 80/80MHz 80MHz 80MHz
12 12 166MHz 151MHz 166MHz 166MHz 166MHz 151MHz 80/80MHz 80MHz 80MHz
13 13 166MHz 162MHz 166MHz 166MHz 166MHz 162MHz 80/80MHz 80MHz 80MHz
14 14 166MHz 166MHz 166MHz 166MHz 166MHz 166MHz 80/80MHz 80MHz 80MHz
15 15 166MHz 166MHz 166MHz 166MHz 166MHz 166MHz 80/80MHz 80MHz 80MHz
Notes:
1. Default dummy cycles are as follows.
Operation Command Dummy Cycles Comment
SPI mode QPI mode SPI mode QPI mode
Fast Read 0Bh/OCh 0Bh/OCh 8 6 :;I)::)Lljile?i’. IRRD instructions are also
Fast Read Dual Output 3Bh/3Ch - 8 -
Fast Read Quad Output 6Bh/6Ch - 8 -
Fast Read Dual 10 BBh/BCh - 4 -
Fast Read Quad 10 EBh/ECh EBh/ECh 6 6
Fast Read DTR 0Dh/OEh 0Dh/OEh 8 6
Fast Read Dual 10 DTR BDh/BEh - 4 -
Fast Read Quad 10 DTR EDh/EEh EDh/EEh 6 6

2. Enough number of dummy cycles must be applied to execute properly the AX read operation.

3. Must satisfy bus I/O contention. For instance, if the number of dummy cycles and AX bits cycles are same, then X
must be Hi-Z.

4. QPI mode is not available for FRDDTR command.
5. RDUID, IRRD instructions are also applied.
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6.3.2 EXTENDED READ REGISTER

Table 6.12 and Table 6.13 define all bits that control features in SPI/QPI modes. The ODS2, ODS1, ODSO0 (EB7,
EB6, EBb) bits provide a method to set and control driver strength. The three bits (EB3, EB2, EB1) are read-only
bits and may be checked to know whether there is an error during an Erase, Program, or Write/Set Register
operation. These bits are not affected by SERPNV or SERPV commands. EBO bit remains reserved for future use.

The SET EXTENDED READ PARAMETERS Operations (SERPNV: 85h, SERPV: 83h) are used to set all the
Extended Read Register bits, and can thereby define the output driver strength used during READ modes. SRPNV
is used to set the non-volatile register and SRPV is used to set the volatile register.

Table 6.12 Extended Read Register Bit Table

Bit EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
Name 0ODS2 ODS1 ODSO0 DLPEN E_ERR P_ERR PROT_E Reserved
Default 1 1 1 0 0 0 0 0

Table 6.13 Extended Read Register Bit Definition

] N Read-

Bit Name Definition Write Type

EBO Reserved Reserved R Reserved
Protection Error Bit:

EB1 PROT_E "0" indicates no error R Volatile

"1" indicates protection error in an Erase or a Program operation
Program Error Bit:

EB2 P_ERR "0" indicates no error R Volatile
"1" indicates a Program operation failure or protection error
Erase Error Bit:

EB3 E_ERR "0" indicates no error R Volatile
"1" indicates an Erase operation failure or protection error
DLP Enable Bit

EB4 DLPEN "0" indicates Disable rw | Non-Volatile
A and Volatile
1" indicates Enable
Non-Volatile
EBS ODSO RIW and Volatile
Output Driver Strength: Non-Volatile
EB6 ODS1 Output Drive Strength can be selected according to Table 6.14 RIW and Volatile
Non-Volatile
EB7 ODS2 RIW and Volatile
Table 6.14 Driver Strength Table
ODS2 ODS1 ODSO0 Description Remark
0 0 0 Reserved
0 0 1 12.50%
0 1 0 25%
0 1 1 37.50%
1 0 0 Reserved
1 0 1 75%
1 1 0 100%
1 1 1 50% Default
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PROT _E bit: The Protection Error bit indicates whether an Erase or Program operation has attempted to modify a

protected array sector or block, or to access a locked Information Row region.When t he bit is set t

that there was an error or errors in previous Erase or Program operations. See Table 6.15 for details.

P_ERR bit: The Program Error bit indicates whether a Program operation has succeeded or failed, or whether a
Program operation has attempted to program a protected array sector/block or a locked Information Row region.
When the bit is set to fiLoit indicates that there was an error or errors in previous Program or Write/Set Non-Volatile
Register operations. See Table 6.15 for details.

E_ERR bit: The Erase Error bit indicates whether an Erase operation has succeeded or failed, or whether an Erase
operation has attempted to erase a protected array sector/block or a locked Information Row region. When the bit
is set to fAlo it indicates that t her Wdte/SetaNon-Valatile Kegisterr
operations. See Table 6.15 for details.

Table 6.15 Instructions to set PROT_E, P_ERR, or E_ERR bit

Instructions Description

The commands will set the P_ERR if there is a failure in the operation. Attempting to program

PP/4PP/PPQ/4PPQ/PGPPB/ within the protected array sector/block or within an erase suspended sector/block will result in

4PGPPB/PGPWD a programming error with P_ERR and PROT_Es et t o A10.
The command will set the P_ERR if there is a failure in the operation. In attempting to program
IRP within a locked Information Row region, the operation will fail with P_ERR and PROT_E set to

1.

The command will set the P_ERR if there is a failure in the operation. Attempting to program
PGASP ASPRJ2:1] after the Protection Mode is selected or attempting to program ASPR[2:1] = 00b
will result in a programming error with P_ERR and PROT_Es et t o fA10.

If the UNPWD command supplied password does not match the hidden internal password, the
UNPWD UNPWD operation fails in the same manner as a programming operation on a protected
sector/block and sets the P ERRand PROT_ Et o A 10.

The update process for the non-volatile register bits involves an erase and a program operation
on the non-volatile register bits. If either the erase or program portion of the update fails, the

\éngSF?l\/l\\//VIS\f\RB;élS\E/IIDPNI\\l/\;DLR related error bit (P_ERR or E_ERR) wi | | be.set to fAlo
Only for WRSR command, when Status Register is write-protected by SRWD bit and WP# pin,
attempting to write the register will set
WRFR The commands will set the P_ERR if there is a failure in the operation.
The commands will set the E_ERR if there is a failure in the operation. E_ERR and PROT_E
SER/ASER/BER32K/ wi || be set to fil10 when the user attempts
4BER32K/BER64K/ locked Information Row region. Chip Erase (CER) command will set E_ERR and PROT_E if
4BER64K/BER256K/4BER25 | any blocks are protected by Block Protection bits (BP3~BP0). But Chip Erase (CER) command
6K/CER/IRER/ERPPB will not set E_ERR and PROT_E if sectors/blocks are protected by ASP (DYB bits or PPB bits)
only.
Notes:
1. OTP bits in the Function Register and TBPARM (OTP bit)
Writing of the bits back to A00 is ignored and no error

2. Read only bits and partially protected bits by FREEZE bit in registers are never modified by a command so that the
corresponding bits in the Write/Set Register command data byte are ignored without setting any error indication.

3. Oncethe PROT_E,P_ERR,and E_ERRerrorbi t s ar e theytremains sét fiodi,1 0 udheyarelclear ed t
with a Clear Extended Read Register (CLERP) command. This means that those error bits must be cleared through
the CLERP command. Alternatively, Hardware Reset, or Software Reset may be used to clear the bits.

4. Any further command willbeexecut ed even though the error bits are set
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6.4 AUTOBOOT REGISTER
AutoBoot Register Bit (32 bits) definitions are described in Table 6.16.
Table 6.16 AutoBoot Register Parameter Bit Table
: : Default .
Bits Symbols Function Type value Description
AB[31:5] ABSA AutoBoot Start Non_— 0000000h 32 byte boundary address for the start of boot code
Address Volatile access
Number of initial delay cycles between CE# going
low and the first bit of boot code being transferred,
) and it is the same as dummy cycles of FRD (QE=0)
AB[4:1] | ABSD A”toggfg Start V';'g:"e oh or FRQIO (QE=1).
y Example: The number of initial delay cycles is 8
(QE=0) or 6 (QE=1) when AB[4:1]=0h (Default
setting).
AutoBoot Non- 1 = AutoBoot is enabled
ABO ABE Enable Volatile 0 0 = AutoBoot is not enabled
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6.5 BANK ADDRESS REGISTER

Related Commands: Read Volatile Bank Address Register (RDBR 16h/C8h), Write Volatile Bank Address Register
(WRBRV 17h/C5h), Write Non-Volatile Bank Address Register (WRBRNYV 18h), Enter 4-byte Address Mode (EN4B
B7h), and Exit 4-byte Address Mode (EX4B 29h).

Bank Address Register Bit (8 bits) definitions are described in Table 6.17 and Table 6.18.

Table 6.17 Bank Address Register Bit Table

BA7 BAG6 BAS5 BA4 BA3 BA2 BAl BAO
EXTADD Reserved Reserved Reserved Reserved Reserved Reserved BA24
Default 0 0 0 0 0 0 0 0
Table 6.18 Bank Address Register Bit Definition
Bit Name Definition /F\{/\?ﬁ(tje Type
Enables 128Mb segment selection in 3-byte addressing
20 | maze | Detes oner 20 segment b sected S v
ifReservedo in 128Mb.
BA1l Reserved Reserved R Reserved
BA2 Reserved Reserved R Reserved
BA3 Reserved Reserved R Reserved
BA4 Reserved Reserved R Reserved
BA5 Reserved Reserved R Reserved
BA6 Reserved Reserved R Reserved
3-byte.or 4-byte addressing .mode selection Bit: Non-Volatile
BA7 EXTADD "0" indicates 3-byte addressing mode R/W .
"1" indicates 4-byte addressing mode and Volatile

BA24: The Bank Address Register supplies additional high order bits of the main flash array byte boundary address
for legacy commands that supply only the low order 24 bits of address. The Bank Address is used as the high bits
of address (above A23) for all 3-byte address commands when EXTADD=0.

The Bank Address is not used when EXTADD = 1 and traditional 3-byte address commands are instead required
to provide all four bytes of address.

EXTADD: Extended Address (EXTADD) controls the address field size for legacy SPI commands. When shipped
fromfactory, it i s cfér8-layte addressirg made.o

Wh e n s e for 4tbgte atldredsing mode, the legacy commands will require 4 bytes of address for the address
field
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6.6 ADVANCED SECTOR/BLOCK PROTECTION (ASP) RELATED REGISTER

6.6.1 ADVANCED SECTOR/BLOCK PROTECTION REGISTER (ASPR)

Related Commands: Read ASP (RDASP 2Bh) and Program ASP (PGASP 2Fh).
Advanced Sector/Block Protection (ASP) Register Bit (16 bits) definitions are described in Tables 6.19 and 6.20.

Table 6.19 Advanced Sector/Block Protection Register (ASPR) Bit Table

15 14to 7 6 5 4 3 2 1 0
TBPARM® Resozlerve Resc;erve Resozlerve Res(tjarve Res(;erve PWDMLB | PSTMLB Res;rve
Default 1 1 1 1 1 1 1 1 1

Table 6.20 Advanced Sector/Block Protection Register (ASPR) Bit Definition

) o Read-
Bit Name Definition MWrite Type
0 Reserved Reserved R Reserved
Persistent Protection Mode Lock Bit
1 PSTMLB fDO= Persistent Protection Mode permanently enabled. R/W OTP
filo= Persistent Protection Mode not permanently enabled.
Password Protection Mode Lock Bit
2 PWDMLB | o= Password Protection Mode permanently enabled. R/W OTP
filo= Password Protection Mode not permanently enabled.
14:3 Reserved Reserved R Reserved
Configures Parameter Sectors location
15 TBPARM® | fDo= 4KB physical sectors at top, (high address) R/W oTP®
filo= 4KB physical sectors at bottom (Low address)

Note:
1. TBPARM bit is Reserved for optional block size of 256KB device

The Advanced Sector/Block Protection Register (ASPR) is used to permanently configure the behavior of Advanced
Sector/Block Protection (ASP) features and parameter sectors location.

PWDMLB (ASPR[2]) and PSTMLB (ASPR[1]) bits: When shipped from the factory, all devices default ASP to the
Persistent Protection Mode, with all sectors unprotected, when power is applied. The device programmer or host
system must then choose which sector/block protection method to use. Programming either of the Protection Mode
Lock Bits locks the part permanently in the selected mode:

=A =4 =8 =9

ASPR[2:1] = 11 = No ASP mode selected, Persistent Protection Mode is the default.

ASPR[2:1] = 10 = Persistent Protection Mode permanently selected.

ASPR[2:1] = 01 = Password Protection Mode permanently selected.

ASPR][2:1] = 00 = lllegal condition, attempting to program both bits to zero results in a programming failure
and the program operation will abort. It will result in a programming error with P_ERR set to 1.

As a result, PWDMLB and PSTMLB are mutually exclusive, only one may be programmed to zero.

ASPR programming rules:

1 If the Password Protection Mode is chosen, the password must be programmed prior to setting the
corresponding bit.

1 Once the Protection Mode is selected, the ASPR[2:1] bits are permanently protected from programming and no
further change to the ASPR[2:1] is allowed. Attempting to program ASPR[2:1] after selected will result in a
programming error with P_ERR set to 1. The programming time of the ASPR is the same as the typical page
programming time. The system can determine the status of the ASPR programming operation by reading the
WIP bit in the Status Register.

1 TBPARM bit can be programmed even after ASPR[2:1] bits are programmed while the FREEZE bit in the PPB
Lock Register is fA00.
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TBPARM bit: TBPARM defines the logical location of the parameter block. The parameter block consists of thirty-
two 4KB sectors, which replace two 64KB blocks. When TBPARM is set to a fD0the parameter block is in the top
of the memory array address space. When TBPARM is set to a fllothe parameter block is at the Bottom of the

array. TBPARM is OTP and set to a filowhen it ships from Factory. If TBPARM is programmed to fDg an attempt
to change it back to fiLowill fail and ignore the Program.

The desired state of TBPARM must be selected during the initial configuration of the device during system
manufacture; before the first program or erase operation on the main flash array. TBPARM must not be
programmed after programming or erasing is done in the main flash array.

TBS can be programmed independent of TBPARM. Therefore, the user can select to store parameter information

from the bottom of the array and protect boot code starting at the top of the array, and vice versa. Or the user can
select to store and protect the parameter information starting from the top or bottom together.

Note: For optional device with block size of 256KB, there is no parameter blocks, so TBPARM bit is reserved.

6.6.2 PASSWORD REGISTER

Related Commands: Read Password (RDPWD E7h), Program Password (PGPWD EB8h), and Unlock Password
(UNPWD, E9h).

Table 6.21 Password Register Bit Definition

Read-

Bit Name Definition Default MWrite Type
64 bit hidden password:
. The password is no longer readable after the password FFFFFFFF-
63:0 PSWD protection mode is selected by programming ASPR bit 2 FFFFFFFFh RIW oTP
to zero.

6.6.3 PPB LOCK REGISTER

Related Commands: Read PPB Lock Bit (RDPLB A7h), Write PPB Lock Bit (WRPLB A6h), and Set FREEZE Bit
(SFRZ 91h).

Table 6.22 PPB Lock Register Bit Definition

. - Read-

Bit Name Definition Default MWrite Type
PPB Lock bit: Protect PPB Array

0 PPBLK fDo= PPB array protected until next power cycle PerS|stentE 1 RIW volatile

or Hardware Reset Password: 0

filo= PPB array may be programmed or erased.

6:1 Reserved | Reserved Reserved R Reserved
Lock current state of BP3-0 bits in Status Register, TBS in
Function Register and TBPARM in ASPR, and

7 FREEZE | Information Row (IR) regions. 0 R/W Volatile
fi 1 d_ocked
i 0 dJn-locked
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PPBLK bit: The PPB Lock bit is a volatile bit for protecting all PPB bits. When cleared to 0, it locks all PPBs, when

set to 1, it allows the PPBs to be changed. The WRPLB command is used to clear the PPB Lock bit to 0. The PPB
Lock bit must be cleared to 0 only after all the PPBs are configured to the desired settings.

In Persistent Protection mode, the PPB Lock bit is set to 1 during POR or Hardware Reset. When cleared to 0, no
software command sequence can set the PPB Lock bit to 1, only another Hardware Reset or power-up can set the
PPB Lock bit.

In the Password Protection mode, the PPB Lock bit is cleared to 0 during POR or Hardware Reset. The PPB Lock
bit can only be set to 1 by the Unlock Password command.

FREEZE bit: FREEZE bit, when set to A106, | 0-0ik Statds Register, TBS iretimetFunstibonat e o
Register, TBPARM in the Advanced Sector/Block Protection Register, and the Information Row. This prevents
writing, programming, or erasing these ar eaBP30iAStatusong
Register, TBS in the Function Register, and TBPARM in the Advanced Sector/Block Protection Register are
writable and the Information Row is programmabl e. Once
cl eared to a | eogdydeofaHardwareg Reset. SatmaserReset will not affect the state of FREEZE.

The FREEZE is volatile and the default state of FREEZE afterpower-on i s A00. The RFREWWADB c al
SFRZ command.

6.6.4 PPB REGISTER

Related Commands: Read PPB (RDPPB FCh or 4RDPPB E2h)), Program PPB (PGPPB FDh or 4PGPPB E3h),
and Erase PPB (ERPPB E4h).

Table 6.23 PPB Register Bit Definition

. . Read-
Bit Name Definition Default MWrite Type

Read or Program per sector/block PPB:

00h = PPB for the sector/block addressed by the RDPPB or
PGPPB command is programmed to fDg protecting
that sector/block from program or erase operations. FEN RIW

FFh = PPB for the sector/block addressed by the RDPPB
or
PGPPB command is erased to fiL§ not protecting
that sector/block from program or erase operations.

7:0 PPB Non-Volatile

6.6.5 DYB REGISTER
Related Commands: Read DYB (RDDYB FAh or 4RDDYB EOh) and Write DYB (WRDYB FBh or 4WRDYB E1h).

Table 6.24 DYB Register Bit Definition

Read-

Bit Name Definition Default MWrite Type

Read or Write per sector/block DYB:
00h = DYB for the sector/block addressed by the RDDYB
or
WRDYB command is cleared to f0Q protecting that
7:0 DYB sector/block from program or erase operations. FFh R/W Volatile
FFh = DYB for the sector/block addressed by the RDDYB
or
WRDYB command is set to fiLg not protecting that
sector/block from program or erase operations.
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6.6.6 DATA LEARNING PATTERN REGISTER

Related Commands: Read DLP (RDDLP 41h), Program Non-Volatile DLP Register (PNVDLR 43h), Write Volatile
DLP Register (WRVDLR 4Ah).

The Data Learning Pattern (DLP) resides in an 8-bit NON-Volatile Data Learning Register (NVDLR) as well as an
8-bit Volatile Data Learning Register (VDLR). When shipped from the factory, default value is 00h.
A copy of the data pattern in NVDLR will also be written to the VDLR. The VDLR can be written to at any time, but
on power cycles the data pattern will return back to data pattern in NVDLR.
During Data Training phase, DLP will come from VDLR.

Table 6.25 Non-Volatile Data Learning Register (NVDLR)

. N Read-
Bit Name Definition Default MWrite Type
Non-Volatile Data Learning Pattern:
The value that may be transferred to the host during DDR
7:0 NVDLP read command latency (dummy) cycles to provide a training 00h R/W Non-Volatile
pattern to help the host more accurately center the data
capture point in the received data bits.
Table 6.26 Volatile Data Learning Register (VDLR)
. - Read-
Bit Name Definition Default Write Type
Volatile Data Learning Pattern: Takes the
Volatile copy of the NVDLP used to enable and deliver value of
7:0 VDLP the NVDLR R/W Volatile
Data Learning Pattern to the outputs. The VDLP may be during POR or
changed by the host during system operation. Reset
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7. PROTECTION MODE

The device supports hardware and software write-protection mechanisms.

7.1 HARDWARE WRITE PROTECTION

The Write Protection (WP#) pin provides a hardware write protection method for BP3, BP2, BP1, BP0, SRWD, and
QE in the Status Register. Refer to the section 6.1 STATUS REGISTER.

Write inhibit voltage (Vw) is specified in the section 9.8 POWER-UP AND POWER-DOWN. All write sequence will
be ignored when Vcc drops to Vwi.

Table 7.1 Hardware Write Protection on Status Register

SRWD WP# Status Register
0 Low Writable
1 Low Protected
0 High Writable
1 High Writable

Note: Before the execution of any program, erase or Write Status/Function Register instruction, the Write Enable Latch
(WEL) bit must be enabled by executing a Write Enable (WREN) instruction. If the WEL bit is not enabled, the
program, erase or write register instruction will be ignored.

7.2 SOFTWARE WRITE PROTECTION

The device also provides two kinds of software write protection feature. One is Block Protection by Block Protection
bits (BP3, BP2, BP1, BP0) and another is Advanced Sector/Block Protection (ASP). When Block Protection is
enabled (i.e., any BP3-0 ar e set t o A 1 dBlock Photatian fASE)ctan Stidl ba used to protect
sectors/blocks not protected by the Block Protection scheme. In the case that both ASP and Block Protection are
used on the same sector/block the logical OR of ASP and Block Protection related to the sector/block is used.

Warning: ASP and Block Protection should not be used concurrently. Use one or the other, but not both.

7.2.1 BLOCK PROTECTION BITS

The device provides a software write protection feature. The Block Protection bits (BP3, BP2, BP1, BPO0) allow part
or the whole memory area to be write-protected. For details, see 6.1 Status Register.
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7.2.2 ADVANCED SECTOR/BLOCK PROTECTION (ASP)

There are two ways to implement software Advanced Sector/Block Protection on this device: Password Protection
method or Persistent Protection methods. Through these two protection methods, user can disable or enable the
programming or erasing operation to any or all blocks including 32 top 4K sectors or 32 bottom 4K sectors when
block size is 64KB. When block size is uniform 256KB, there will be no 32 4KB parameter blocks.

The Figure 7.1 shows an overview of these methods

Every main flash array block/top sector/bottom sector has a non-volatile (PPB) and a volatile (DYB) protection bit
associated with it. When either bit is 0, the sector is protected from program and erase operations.

The PPB bits are protected from program and erase when the PPB Lock bit is fDa The PPB bits are erased so that
all main flash array sectors are unprotected when shipped from factory.

There are two methods for managing the state of the PPB Lock bit, Persistent Protection and Password Protection.

The Persistent Protection Mode sets the PPB Lock bit to fiLloduring power up or Hardware Reset so that the PPB
bits are unprotected. There is a WRPLB command to clear the PPB Lock bit to fDoto protect the PPB bits. There
is no command in the Persistent Protection method to set the PPB Lock bit therefore the PPB Lock bit will remain
at fountil the next power up or Hardware Reset. The Persistent Protection method allows boot code the option of
changing sector protection by programming or erasing the PPB, then protecting the PPB from further change for
the remainder of normal system operation by clearing the PPB Lock bit. This is sometimes called Boot-code
controlled sector protection.

The Password Protection Mode requires use of a password to control PPB protection. In the Password Protection
Mode, the PPB Lock bit is clearedt o duing power up or Hardware Reset to protect the PPB bits. A 64-bit
password may be permanently programmed and hidden for the Password Protection Mode. The UNPWD command
can be used to provide a password for comparison with the hidden password. If the password matches the PPB
Lock bitis sett o té Unprotect the PPB. The WRPLB command can be used to clear the PPB Lock bitt o
After clearing the PPB Lock bitt o i00, the UNPWD command can be used

The selection of the PPB Lock bit management method is made by programming OTP bits in the ASP Register so
as to permanently select the method used.
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Figure 7.1 Advanced Sector/Block Protection

ASP Register Bits (OTP)
Password Protection Persistent Protection
Mode (ASPR[2]=0 Mode (ASPR[1]=0
64-bit Password
(OTP)
A\ 4
PPB Lock Bit
(Volatile)
0 = Locked |1 = Unocked
DYB Memory Array PPB ¢ 1.The bit dié(Peasistert Rrotection niode)
DYB 0 » Sector/Block 0 |« PPB 0 o r0o(Rassword Protection mode) upon reset.
N B 2.0 locks all PPB bi.ts to

DYB1 > Sector/Block1l |+ PPB 1 3. Password Protection mode requires a password to
DYB 2 »| Sector/Block 2 | PPB 2 set PPB Lakckt diegndatol @@ pro

erase of PPB bits.
DYB 3 »|_Sector/Block3 |« PPB3 4. Persistent Protection mode only allows PPB Lock

: : bit to beOoclteoarpede viemti pr

PPB bits. Power off or hardware reset is required to

set PPB Laxk bit to 0
DYB N-3 » Sector/Block N-3 |« PPB N-3
DYB N-2 > Sector/Block N-2 |« PPB N-2
DYB N-1 »| Sector/Block N-1 |« PPB N-1
DYB N » Sector/Block N |« PPB N

1. 0 = Sector/Block Protected 1. 0 = Sector/Block Protected
1 = Sector/Block Unprotected (default) 1 = Sector/Block Unprotected
2.DYBs are volatill®e and def aul ®2$PRDbisap programmed individually,
after power-up but erased collectively

Notes:
1. 256M (64KB Block): N =541 = 32 (32xTop 4KB sectors or 32xBottom 4KB sectors) + 510 (510x64KB blocks) - 1
2. 256M (256KB Block): N =127 = 0 + 128 (128x256KB blocks) - 1
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Table 7.2 PPB/DYB and Sector/Block mapping when Block Size is 64KB (TBPARM = 1)
PPB Sector
'\S:?sci){y Grou GDrZE 23'2}2'8 ’\tlg)' Sector No. Size Address Range
Y| o P Y (Kbyte)
PSB DYB O Sector O 4 000000h - 000FFFh
- Block 0
PPB
15 DYB 15 Sector 15 4 00F000h - OOFFFFh
Pl | DyBi6 Sector 16 4 010000h - 010FFFh
- Block 1
PPB
31 DYB 31 Sector 31 4 01F000h - 01FFFFh
Sector 32 4 020000h - 020FFFh
PPB :
32 DYB 32 Block 2 : : .
Sector 47 4 02F000h - 02FFFFh
5 :
% Sector 4064 4 FEOOOOh i FEOFFFh
Lo
R\ PPB
284 DYB 284 Block 254 : : .
Sector 4079 4 FEFO0Oh i FEFFFFh
Sector 4080 4 FFO000h i FFOFFFh
PPB :
285 DYB 285 Block 255 : : .
Sector 4095 4 FFFOOOh i FFFFFFh
Sector 8160 4 1FEOO00Oh T 1FEOFFFh
PPB :
540 DYB 540 Block 510 : : :
Sector 8175 4 1FEFO0Oh i 1FEFFFFh
Sector 8176 4 1FFO000h i 1FFOFFFh
PPB :
541 DYB 541 Block 511 : : .
Sector 8191 4 1FFFO0Oh i 1FFFFFFh
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Table 7.3 PPB/DYB and Sector/Block mapping when Block Size is 64KB (TBPARM = 0)
’\EA)::]SC?{;/ GPrEEp GDrIEp (BGIZIElt()yth) Sector No. Sgiczt((e)r Address Range
(Kbyte)
Sector O 4 000000h - 000FFFh
PPB 0 DYBO Block 0 -
Sect;)r 15 4 00F000h OOFFFFh
Sector 16 4 010000h - 010FFFh
PPB 1 DYB 1 Block 1 -
Sect;)r 31 4 01F000h 01FFFFh
Sector 32 4 020000h - 020FFFh
PPB 2 DYB 2 Block 2 -
Sect.or 47 4 02F000h 02FFFFh
Sector 4064 4 FEOOOOh i FEOFFFh
256Mb PPB 254 DYB 254 Block 254 : -
Sect0|.’ 4079 4 FEFO00h 'I" FEFFFFh
Sector 4080 4 FFO000h i FFOFFFh
PPB 255 DYB 255 Block 255 . -
Sect0|.’ 4095 4 FFFOOOh 'I" FFFFFFh
PPB 510 DYB 510 Sector 8160 4 1FEO00Oh i 1FEOFFFh
Block 510 -
PPé 525 DYB. 525 Secto.r 8175 4 1FEFO00h 'I'. 1FEFFFFh
PPB 525 DYB 526 Sector 8176 4 1FFO000h i 1FFOFFFh
: : Block 511 : - :
PPé 541 DYE; 541 Sectolr 8191 4 1FFFO0O0h 'I'- 1FFFFFFh
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Table 7.4 PPB/DYB and Sector/Block mapping when Block Size is 256KB (TBPARM bit is Reserved)

Memory PPB Block No. Sector Size
Density | Group DYB Group (256K byte) Sector No. (Kbyte) Address Range
Sector 0 4 000000h - 000FFFh
Sector 15 4 00FO000h - 00FFFFh
Sector 16 4 010000h - 010FFFh
Sector 31 4 01FO000h - 01FFFFh
PPB O DYB O Block O
Sector 32 4 020000h - 020FFFh
Sector 47 4 02F000h - 02FFFFh
Sector 48 4 030000h - 030FFFh
Sector 63 4 03F000h - 03FFFFh
Sector 4032 4 FC0000h i FCOFFFh
a Sector 4047 4 FCFO0Oh i FCFFFFh
§ PPB63 | DYB63 Block 63
o Sector 4080 4 FFO000h i FFOFFFh
Sector 4095 4 FFFOOOh T FFFFFFh
Sector 8128 4 1FC0000h i 1FCOFFFh
Sector 8143 4 1FCFO0Oh i 1FCFFFFh
Sector 8144 4 1FD0000h i 1FDOFFFh
PPB Sector 8159 4 1FDFOOOh i 1FDFFFFh
DYB 127 Block 127 -
127 Sector 8160 4 1FE0000h i 1FEOFFFh
Sector 8175 4 1FEFO000h i 1FEFFFFh
Sector 8176 4 1FF0000h 7 1FFOFFFh
Sector 8191 4 1FFFOOOh 7 1FFFFFFh
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Persistent Protection Bits (PPBs)

The Persistent Protection Bits (PPBs) are unique for each sector/block and non-volatile (refer to Figure 7.1, Table
7.2, and Table 7.3). It is programmed individually but must be erased as a group, similar to the way individual words
may be programmed in the main array but an entire sector/block must be erased at the same time. The PPBs have
the same endurances as the Flash memory. Preprogramming and verification prior to erasure are handled by the
device, and therefore do not require system monitoring. Programming a PPB bit requires the typical page
programming time. Erasing all the PPBs requires typical sector erase time. During PPB bit programming and PPB
bit erasing, status is available by reading the Status Register. Reading of a PPB bit requires the initial access time
of the device.

Notes:

1. Each PPB is individually programmedt o amdadl are erasedt o ifiphrallel.

2. The PPB Lock bit must be cleared first before changing the status of a PPB.

3. While programming PPB, array data cannot be read from any sectors/blocks.

4. When reading the PPB of the desired sector/block the address should be location zero within the sector/block. The high
order address bits not used must be zero.

5. There are no means for individually erasing a specific PPB and no specific sector/block address is required for this operation.

6. The state of the PPB for a given sector/block can be verified by using a PPB Read command.

7. Whenthe parts are firsts hi pped, the PPBs are cleared (erased to fAlo).

Dynamic Protection Bits (DYBS)

Dynamic Protection Bits (DYBs) are volatile and unique for each sector/block and can be individually modified.

DYBs only control the protection for unprotected sectors/blockst hat have their PPBs <cl ear
issuing the Write DYB command, the DYBs are clearedt o fA€bt cori 106, t hus phleckinthegg eac
protected or unprotected state respectively. This feature allows software to easily protect sectors/blocks against
inadvertent changes, yet does not prevent the easy removal of protection when changes are needed. The DYBs

can be set or cleared as often as needed as they are volatile bits.

Persistent Protection Bit (PPB) Lock Bit

The PPB Lock bit is a volatile bit for protecting all PPB bits. Whenc | e a r e (it lotks all PRB8 and when set to
fi 1idballows the PPBs to be changed. . If the PPB Lock biti s fi0o, the PPB Program or E
execute and fails without programming or erasing the PPB.

In Persistent Protection mode, the PPB Lock bitiss et t o fA10 during power up or Har
oo, no software command sequence can set the PPBupLock
can set the PPB Lock bit.

In the Password Protection mode, the PPB Lock bitisc | eared to fi00 during power up
power up or a Hardware Reset during power up or a Hardware Reset. The PPBLock bit can only b
the Password Unlock command.

The PPB Lock bit must be clearedt o aml{ ajter all PPBs are configured to the desired settings.
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Sector/Block Protection States Summary

Each sector in specific blocks and each of all other blocks except for the specific blocks can be in one of the

following protection states:

1 Unlocked i The sector/block is unprotected and protection can be changed by a simple command. The
protection state defaults to unprotected after a power cycle, software reset, or hardware reset.

1 Dynamically Locked i A sector/block is protected and protection can be changed by a simple command. The
protection state is not saved across a power cycle.

1 Persistently Locked i A sector/block is protected and protection can only be changed if the PPB Lock bit is set
to fila The protection state is non-volatile and saved across a power cycle or reset. Changing the protection
state requires programming and or erase of the PPB bits.

Table 7.4 contains all possible combinations of the DYB, PPB, and PPB Lock bit relating to the status of the
sector/block. In summary, if the PPB Lock bit is locked (clearedt o A 00) , no changes to the
PPB Lock bit can only be unlocked(s et t o A106) through a Hardware Reset or

Table 7.5 Sector/Block Protection States

Protection Bit values )
Assigned Sector/Block State
PPB DYB
fD6= Locked or Protected 1 1 Unprotected
fiLo= Unlocked or Unprotected 1 0 Protected
0 1 Protected
0 0 Protected
) Changeable Changeable
PPB Lock Bit
0 NOT changeable Changeable
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Persistent Protection Mode

The Persistent Protection Mode sets the PPB Lock bit to filoduring power up or Hardware Reset so that the PPB
bits are unprotected by a device Hardware Reset. Software Reset does not affect the PPB Lock bit. The WRPLB
command can clear the PPB Lock bit to oto protect the PPB. There is no command to set the PPB Lock bit
therefore the PPB Lock bit will remain at ountil the next power up or Hardware Reset.

Password Protection Mode

The Password Protection Mode allows an even higher level of security than the Persistent Protection Mode by
requiring a 64-bit password for unlocking the device PPB Lock bit. In addition to this password requirement, after

power up or Hardware Reset, the PPB Lock bitisclearedtoi0 0 t o mai ntain the passwo
Successful execution of the Unlock Password command by entering the entire password sets the PPB Lock bit to

f 1 alowing for sector/block PPBs modifications.

Notes:

1. The password i s a lfrom Factod .dtisvotatdin its bwin pmenmerg space and is accessible through the use
of the Program Password and Read Password commands.

2. Once the Password is programmed and verified, the Password Protection Mode Lock Bit (ASPR[2]=0) in ASP Register must
be programmed in order to prevent reading or modifying the password. After the Password Protection Mode Lock Bit is
programmed, all further Program and Read commands to the password region are disabled and these commands are
ignored so that there is no means to verify what the password is. Password verification is only allowed before selecting the
Password Protection Mode.

3. The Program Password Command is only capable of programming f0&. Programming a fildafter a cell is programmed as a

fOoresults in the cell left as a fDOwith no programming error.

All 64-bit password combinations are valid as a password.

The Protection Mode Lock Bits in ASP Register are not erasable because they are OTP.

The exact password must be entered in order for the unlocking function to occur. If the password provided by Unlock

Password command does not match the hidden internal password, the unlock operation fails in the same manner as a

programming operation on a protected sector/block. The P_ERR and PROT_E are set to 1 and the PPB Lock bit remains

cleared to 0. In this case it is a failure to change the state of the PPB Lock bit because it is still protected by the lack of a

valid password.

7. The Unlock Password command cannot be accepted any faster than once ever y 100¢e&s N makescitstake aii h i s
unreasonably long time (58 million years) for a hacker to run through all the 64-bit combinations in an attempt to correctly
match a password. The Read Status Register command may be used to read the WIP bit to determine when the device has
completed the Unlock Password command or is ready to accept a new password command. When a valid password is
provided the Unlock Pa s s wor d command does not insert the 100&es delay be

8. If the password is lost after selecting the Password Protection Mode, there is no way to set the PPB Lock bit.

oo ks
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8. DEVICE OPERATION
8.1 COMMAND OVERVIEW

The device utilizes an 8-bit instruction register. Refer to Table 8.4. Instruction Set for details on instructions and
instruction codes. All instructions, addresses, and data are shifted in with the most significant bit (MSB) first_on
Serial Data Input (SI) or Serial Data 10s (100, 101, 102, 103). The input data on Sl or 10s is latched on the rising
edge of Serial Clock (SCK) for normal mode and both of rising and falling edges for DTR mode after Chip Enable
(CE#) is driven low (ViL). Every instruction sequence starts with a one-byte instruction code and is followed by
address bytes and/or dummy cycles (configurable) and/or data bytes, depending on the type of instruction. CE#
must be driven high (Viu) after the last bit of the instruction sequence has been shifted in to end the operation.

Commands are structured as follows:

1 Each command begins with a byte (eight bits) instruction.

1 The instruction may be stand alone or may be followed by address bits to select a location within one of several
address spaces in the device. The address may be either a 24-bit or 32-bit byte boundary address.

1 The SPI interface with Multiple 10 provides the option for each transfer of address and data information to be

done one, two, or four bits in parallel. This enables a tradeoff between the number of signal connections (10 bus

width) and the speed of information transfer. If the host system can support a two or four bit wide 10 bus the
memory performance can be increased by using the instructions that provide parallel two bit (dual) or parallel
four bit (quad) transfers.

The width of all transfers following the instruction are determined by the instruction sent.

All single bit or parallel bit groups are transferred in most to least significant bit order.

Some instructions send Mode Bits following the address to indicate that the next command will be of the same

type with an implied, rather than an explicit, instruction. The next command thus does not provide an instruction

byte, only a new address and mode bits. This reduces the time needed to send each command when the same
command type is repeated in a sequence of commands.

The address or Mode Bits may be followed by Dummy Cycles before read data is returned to the host.

Dummy Cycles may be zero to several SCK cycles. In fact, Mode Bits will be counted as a part of Dummy

Cycles.

1 Allinstruction, address, Mode, and data information is transferred in byte granularity. Addresses are shifted into
the device with the Most Significant Byte first. All data is transferred with the lowest address byte sent first.
Following bytes of data are sent in lowest to highest byte address order i.e. the byte address increments.

1 All attempts to read the flash memory array during a program, erase, or a write cycle (embedded operations)
are ignored. The embedded operation will continue to execute without any affect. A very limited set of commands
are accepted during an embedded operation. These are discussed in the individual command descriptions.
While a program, erase, or write operation is in progress, it is recommended to check that the Write In Progress
(WIP) bit is fobefore issuing most commands to the device, to ensure the new command can be accepted.

1 Depending on the command, the time for execution varies. A command to read status information from an
executing command is available to determine when the command completes execution and whether the
command was successful.

§i Following are some general signal relationship descriptions to keep in mind.

I The host always controls the Chip Enable (CE#), Serial Clock (SCK), and Serial Input (SI) - Sl for single bit
wide transfers. The memory drives Serial Output (SO) for single bit read transfers. The host and memory
alternately drive the 100-103 signals during Dual and Quad transfers.

i All commands begin with the host selecting the memory by driving CE# low before the first rising edge of
SCK. CE# is kept low throughout a command and when CE# is returned high the command ends.

Generally, CE# remains low for 8-bit transfer multiples to transfer byte granularity information. All commands
will not be accepted if CE# is returned high not at an 8-bit boundary.

= =4 =

= =
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8.2 COMMAND SET SUMMARY

Extended Addressing

To accommodate addressing above 128Mb (24-bit) for read, erase, write and program operations, there are three
options:

1. New 4-byte (32-bit) address instructions.
New 4-byte instructions are valid in both 4-byte addressing mode and 3-byte addressing mode. See Table 8.2.

2. 4-byte addressing mode with legacy 3-byte address instructions.
There are 2 ways to enter into 4-byte addressing mode.
-The device can be setto4-byt e addressing mode by s etBankdddre&SRaK/t&YD bi t
(BAR[7])

-1f EXTADD bit is set to i 0 o-byte &ddressing mode), also the device can be switched to 4-byte addressing
mode by issuing Enter 4-byte Address Mode Command See Table 8.3.
-BA24 bit is ignored in 4-byte addressing mode

3. 3-byte addressing mode with the 3-byte address instructions:
The device canbe setto3-byt e addressing mode by s eBankiAddgessRegEt&rDD b i
(BAR[7])

BA24 selects individual bank (128Mb) in 3-byte addressing mode.
3-byte address selects an address within the bank (128Mb)
The host system writes the Bank Address Register to access beyond the first 128Mbit of memory.

=a =4 =9

1 Bank Address Register bits are volatile.
o On power up, the default is BankO (the lowest address 16 Mbytes).
1 For Read, the device will continuously transfer out data until the end of the array.
o There is no bank to bank delay.
0 The Bank Address Register is not updated.
o The Bank Address Register value is used only for the initial address of an access.

Table 8.1 Bank Address Map

Bank Address Register Bit 0 Bank Memory Array Address Range
0 0 00000000h 00FFFFFFh
1 1 01000000h 01FFFFFFh
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Table 8.2 New Instruction Set with 4-byte address
Instruction Name Operation Code Address Mode
4NORD 4-byte Address Normal Read Mode 13h 4-byte Address
4FRD 4-byte Address Fast Read Mode 0Ch 4-byte Address
4FRDIO 4-byte Address Fast Read Dual I/0 BCh 4-byte Address
4FRDO 4-byte Address Fast Read Dual Output 3Ch 4-byte Address
4FRQIO 4-byte Address Fast Read Quad I/O ECh 4-byte Address
4FRQO 4-byte Address Fast Read Quad Output 6Ch 4-byte Address
4FRDTR 4-byte Address Fast Read DTR Mode OEh 4-byte Address
4FRDDTR 4-byte Address Fast Read Dual /0 DTR BEh 4-byte Address
4AFRQDTR 4-byte Address Fast Read Quad I/0 DTR EEh 4-byte Address
4PP 4-byte Address Serial Input Page Program 12h 4-byte Address
4PPQ 4-byte Address Quad Input Page Program 34h/3Eh 4-byte Address
4SER 4-byte Address Sector Erase 21h 4-byte Address
4BER32 (32KB) 4-byte Address Block Erase 32KB 5Ch 4-byte Address
“('gfgggfgf 4-byte Address Block Erase 64KB DCh 4-byte Address
4SECUNLOCK 4-byte Address Sector Unlock 25h 4-byte Address
4RDDYB 4-byte Address Read DYB EO 4-byte Address
4WRDYB 4-byte Address Write DYB El 4-byte Address
4RDPPB 4-byte Address Read PPB E2 4-byte Address
4PGPPB 4-byte Address Program PPB E3 4-byte Address
Integrated Silicon Solution, Inc.- www.issi.com 51

Rev.A7
02/06/2022



’ IS25LP256E
[S25WP256E

Table 8.3 Instruction Set with 3-byte or 4-byte address according to EXTADD Bit setting

Address Mode
Instruction Name Operation Code
EXTADD (BAR[7] =1 EXTADD (BAR[7]) =0
NORD Normal Read Mode 03h 4-byte Address 3-byte Address
FRD Fast Read Mode 0Bh 4-byte Address 3-byte Address
FRDIO Fast Read Dual /0 BBh 4-byte Address 3-byte Address
FRDO Fast Read Dual Output 3Bh 4-byte Address 3-byte Address
FRQIO Fast Read Quad I/O EBh 4-byte Address 3-byte Address
FRQO Fast Read Quad Output 6Bh 4-byte Address 3-byte Address
FRDTR Fast Read DTR Mode 0Dh 4-byte Address 3-byte Address
FRDDTR Fast Read Dual I/0O DTR BDh 4-byte Address 3-byte Address
FRQDTR Fast Read Quad I/0 DTR EDh 4-byte Address 3-byte Address
PP Serial Input Page Program 02h 4-byte Address 3-byte Address
PPQ Quad Input Page Program 32h/38h 4-byte Address 3-byte Address
SER Sector Erase D7h/20h 4-byte Address 3-byte Address
BER32 (32KB) Block Erase 32KB 52h 4-byte Address 3-byte Address
BER64 (64KB/256KB) Block Erase 64KB/256KB D8h 4-byte Address 3-byte Address
SECUNLOCK Sector Unlock 26h 4-byte Address 3-byte Address
RDDYB Read DYB FA 4-byte Address 3-byte Address
WRDYB Write DYB FB 4-byte Address 3-byte Address
RDPPB Read PPB FC 4-byte Address 3-byte Address
PGPPB Program PPB FD 4-byte Address 3-byte Address
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Table 8.4 All Instruction Set
Insﬁlr:rﬁgon Operation Mode ByteO Bytel Byte2 Byte3 Byte4 Byte5 Byte6
Normal Read A A A
NORD Mode SPI 03h . ) . Data out
(3-byte Address) <23:16> <15:8> <7:0>
Normal Read
A A A A
NORD Mode SPI 03h . . ) . Data out
(4-byte Address) <31::24> <23:16> <15:8> <7:0>
4-byte Address A A A A
4ANORD Normal Read SPI 13h <3124 <23:16> <15:8> <7:0> Data out
Mode i : : :
Fast Read
SPI A A A Dummy®
FRD Mode 0Bh . ) . Data out
(3-byte Address) QPI <23:16> <15:8> <7:0> Byte
Fast Read
SPI A A A A Dummy®
FRD Mode 0Bh - . ) . Data out
(4-byte Address) QPI <31::24> <23:16> <15:8> <7:0> Byte
4-byte Address
SPI A A A A Dummy®
4FRD Fafﬂto'zeead QPI 0Ch <3li24> | <23:16> | <15:8> <7:0> Byte Data out
Fast Read A A A
(1),2)
FRDIO Dual /0 SPI BBh <23:16> | <i5:8> <7:0> A)é'Lal D;:Egut
(3-byte Address) Dual Dual Dual
Fast Read A A A
(1).(2)
FRDIO Dual I/O SPI BBh <31'_6,‘24> <23:16> <15:8> <7:0> A)é)r:]al DaDt;&gut
(4-byte Address) " Dual Dual Dual
4-byte Address A A A 0.0
4FRDIO Fast Read SPI BCh s | <2316> | <158> <7:0> A)é'Lal DaDt;%'ut
Dual I/O " Dual Dual Dual
Fast Read
A A A Dummy® Dual
FRDO Dual Output SPI 3Bh . ) .
(3-byte Address) <23:16> <15:8> <7:0> Byte Data out
Fast Read
A A A A Dummy® Dual
FRDO Dual Output SPI 3Bh . . ) .
(4-byte Address) <81:24> | <23:16> | <158> <7:0> Byte Data out
4FRDO 4_%;/?55;355 SPI 3ch A A A A Dummy® | Dual
Dual Output <31::24> <23:16> <15:8> <7:0> Byte Data out
Fast Read A A A
1), )
FRQIO Quad I/0 g':,'l EBh <23:16> <15:8> <7:0> A)((gta P Dgt‘;agut
(3-byte Address) Quad Quad Quad
Fast Read A A A A
@ @
FROIO Quad I/0 g';'l EBh <31:24> | <23:16> | <15:8> <7:0> Ag;a ; Dgt‘;agut
(4-byte Address) Quad Quad Quad Quad
4-byte Address A A A A o @
4FRQIO Fast Read 8i|| ECh <31::24> <23:16> <15:8> <7:0> A)gsjad Dgt:a(()jut
Quad I/O Quad Quad Quad Quad
Fast Read
A A A Dummy® Quad
FRQO Quad Output SPI 6Bh . ) .
(3-byte Address) <23:16> <15:8> <7:0> Byte Data out
Fast Read
A A A A Dummy® Quad
FRQO Quad Output SPI 6Bh - . . .
(4-byte Address) <8l:24> | <23:16> | <15:8> <7:0> Byte Data out
4-byte Address
A A A A Dummy® Quad
4FRQO Fast Read SPI 6Ch <BL:24> | <23:16> | <15:8> <7:0> Byte Data out
Quad Output
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'”S,El':nﬁgon Operation | Mode | Byte0 Bytel Byte2 Byte3 Byte4 Byte5 Byte6
Fast Read
SPI A A A Dummy® Dual
FRDTR (3_5;5 x&‘:gss) QPI 0Dh <2316> | <15:8> <7:0> Byte Data out
Fast Read
SPI A A A A Dummy® Dual
FRDTR ( 4_5;5 Xj(()j(::ss) QPI 0Dh <31:24> | <23:16> | <I5:8> <7:0> Byte Data out
4FRDTR 4-?:yat§t/?adedar§ss SPI OEh A A A A Dummy® Dual
DTR Mode QPI <31::24> <23:16> <15:8> <7:0> Byte Data out
Fast Read A A A
.
FRDDTR Dual I/O DTR SPI BDh <23:16> <15:8> <7:0> AthuaI Dzla)t:‘ﬂut
(3-byte Address) Dual Dual Dual
Fast Read A A A
.
FRDDTR Dual I/0O DTR SPI BDh <31'§24> <23:16> <15:8> <7:0> AthuaI DaDt:E:JIut
(4-byte Address) " Dual Dual Dual
4-byte Address A A A W @
4FRDDTR Fast Read SPI BEh <3l,.a.\24> <23:16> <15:8> <7:0> AthuaI DaDt:aolut
Dual I/O DTR v Dual Dual Dual
Fast Read
SPI A A A AXh®: @ Quad
d /O DTR
FRQDTR (Szjte nddress) | @ EDh <2316> | <15:8> <7:0> Quad Data out
Fast Read
SPI A A A A AXh®: @ Quad
FRQDTR (Eg;‘t‘é 'A?j dDrlfs) QPI EDh <31:24> | <23:16> <15:8> <7:0> Quad Data out
4-byte Address . @
4FRQDTR Fast Read Shl EEh A A A A AXh Quad
Quad I/O DTR QPI <31::24> <23:16> <15:8> <7:.0> Quad Data out
PP hrogram | | oz A A A PD
(3-byte %ddress) QPI <23:16> <15:8> <7:0> (256byte)
Input Page
PP Program SPI 02h A A A A PP
(4-byte Address) QPI <31::24> <23:16> <15:8> <7:0> (256byte)
4PP 4-?r¥titA§g "ZSS SPI 12h A A A A PD
Ppr Ogran% QPI <31:24> | <23:16> <15:8> <7:0> (256byte)
Quad Input
A A A Quad PD
PPQ (3'?_ i&eei@g[i?s) SPI | 32h/38h | 3465 | <i58> <7:0> | (256byte)
Quad Input
A A A A Quad PD
PPQ (Z%?/EFXZ%:Z;“S) SPl 32h/38h <31::24> <23:16> <15:8> <7:0> (256byte)
4-byte Address
A A A A Quad PD
4PPQ P%”eagr'ggr‘gm SPI BANSEN | 31045 | <23:16> <15:8> <7:0> (256byte)
Sector Erase SPI A A A
SER (3-byte Address) QPI D7h/20h <23:16> <15:8> <7:0>
Sector Erase SPI A A A A
SER (4-byte Address) QPI D7h/20h <31::24> <23:16> <15:8> <7:0>
4-byte Address SPI A A A A
4SER Sector Erase QPI 2th <31::24> <23:16> <15:8> <7:0>
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'”S,El':nﬁgon Operation | Mode | Byte0 Bytel Byte2 Byte3 Byte4 Byte5 Byte6
BER32 Block Erase SPI A A A
32Kbyte 52h . . .
(32KB) (3-byte Address) QPI <23:16> <15:8> <7:0>
BER32 Block Erase SPI A A A A
32Kbyte 52h A . ' .
(32KB) (4-byte Address) QPI <31:24> <23:16> <15:8> <7:0>
4BER32 4'5%&?%':;5 SPI sch A A A A
(32KB) 32Kbyte QPI <31::24> <23:16> <15:8> <7:0>
BER64 Block Erase SPI A A A
64Kbyte D8h i . :
(64KB) (3-byte Address) QPI <23:16> <15:8> <7:0>
BER64 B'gﬁ'&g;taese SPI D8h A A A A
(64KB) (4-byte Address) QPI <31::24> <23:16> <15:8> <7:0>
4BER64 4'§|>(')tcekAgr‘;f§S SPI och A A A A
(64KB) 64Kbyte QPI <31::24> <23:16> <15:8> <7:0>
CER Chip Erase g';ll C7h/60h
WREN Write Enable g';ll 06h
WRDI Write Disable g';ll 04h
Read Status SPI
RDSR Register QP 05h Data out
Write Status SPI .
WRSR Register QP 01h Data in
Read Function SPI
RDFR Register QP 48h Data out
Write Function SPI .
WRFR Register QP! 42h Data in
Enter
QPIEN QPI mode SPI 35h
Exit
QPIDI QPI mode QPI F5h
Suspend during SPI
PERSUS program/erase oP! 75h/BOh
Resume SPI
PERRSM program/erase QPI 7AN/30h
Deep Power SPI
DbP Down QPI Boh
Read ID /
RO Release gi'l ABh XXhe) XXh@) Xxh® | ID7-ID0
Power Down
Set Read spl )
SRPNV Parameters QP! 65h Data in
(Non-Volatile)
Set Read
SRPV Parameters 8i|| CO0h/63h Data in
(Volatile)
Set Extended spl
SERPNV Read Parameters QP! 85h Data in
(Non-Volatile)
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'”S,El':nﬁgon Operation | Mode | Byte0 Bytel Byte2 Byte3 Byte4 Byte5 Byte6
Set Extended spl
SERPV Read Parameters QP! 83h Data in
(Volatile)
Read Read sp|
RDRP Parameters QP 61h Data out
(Volatile)
Read Extended spl
RDERP Read Parameters QP 81h Data out
(Volatile)
Clear Extended SPI
CLERP Read Register QPI 82h
Read JEDEC SPI
RDJDID ID Command QP! 9Fh MF7-MFO 1D15-ID8 ID7-IDO
Read Spl 00h MF7-MFO ID7-IDO
RDMDID Manufacturer oPI 90h XXh®) XXh®
& Device ID 01h ID7-IDO MF7-MFO
Read JEDEC
RDJDIDQ 1D QPI AFh MF7-MFO 1D15-ID8 ID7-IDO
QPI mode
Read SPI A® A®) A®) Dummy
RDUID Unique ID QPI 4Bh <23:16> | <15:8> <7:0> Byte Data out
SPI A A A Dummy
RDSFDP SFDP Read QP 5Ah <23:16> <15:8> <7:0> Byte Data out
. SPI
NOP No Operation QP 00h
Software spl
RSTEN Reset QP! 66h
Enable
SPI
RST Software Reset QP 99h
Erase
: SPI A A A
IRER Infoqumatlon QP 64h <23:16> <15:8> <7:0>
ow
Program
. SPI A A A PD
IRP '”fogg\‘;"v“o” QPI 62h <23:16> | <15:8> <7:0> | (256byte)
Read
' SPI A A A Dummy
IRRD Infoqu?\?vtlon QP! 68h <23:16> <15:8> <7:0> Byte Data out
Sector Unlock SPI A A A
SECUNLOCK (3-byte Address) QPI 26h <23:16> <15:8> <7:0>
Sector Unlock SPI A A A A
SECUNLOCK (4-byte Address) QPI 26h <31::24> <23:16> <15:8> <7:0>
4-byte Address SPI A A A A
4SECUNLOCK Sector Unlock QPI 25h <31::24> <23:16> <15:8> <7:0>
SPI
SECLOCK Sector Lock QP 24h
RDABR | Read AutoBoot | p, 14h
Register
WRABR | \Vrite AutoBoot | SPI 15h Datainl | Datain2 | Datain3 | Datain4
Register QPI
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'”S,El':nﬁgon Operation | Mode | Byte0 Bytel Byte2 Byte3 Byte4 Byte5 Byte6
Read Bank spl
RDBR Address Register QP! 16h/C8h Data out
(Volatile)
Write Bank sp|
WRBRV Address Register QP 17h/C5h Data in
(Volatile)
Write Bank spl
WRBRNV | Address Register QP 18h Data in
(Non-Volatile)
Enter 4-byte SPI
EN4B Address Mode QPI B7h
Exit 4-byte SPI
EX4B Address Mode QPI 2%h
Read DYB A A A
RDDYB (3-byte Address) SPI FAR <23:16> <15:8> <7:0> Data out
Read DYB A A A A
RDDYB (4-byte Address) SPI FAh <31::24> <23:16> <15:8> <7:0> Data out
4-byte Address A A A A
4RDDYB Read DYB SPI EOh <31::24> <23:16> <15:8> <7:.0> Data out
Write DYB SPI A A A .
WRDYB (3-byte Address) QPI FBh <23:16> <15:8> <7:0> Datain
Write DYB SPI A A A A .
WRDYB (4-byte Address) QPI FBh <31::24> <23:16> <15:8> <7:.0> Data in
4-byte Address SPI A A A A .
AWRDYB Write DYB QPI Elh <31:24> | <23:16> | <158> <7:0> Datain
Read PPB A A A
RDPPB | (3-byte Address) | SF' FCh | <2316> | <15:8> | <70> | Da@oU
Read PPB A A A A
RDPPB | (4-byte Address) | 7' FCh | <a1:24> | <2316> | <1585 <70> | Damout
4-byte Address A A A A
4RDPPB Read PPB SPI E2h <31:24> | <23:16> | <15:8> <7:0- | Damout
Program PPB
A SPI A A A
PGPPB (Individually) FDh . . .
(3-byte Address) QPI <23:16> <15:8> <7:0>
Program PPB
A SPI A A A A
PGPPB (Individually) FDh . . . .
(4-byte Address) QPI <31::24> <23:16> <15:8> <7:0>
4-byte Address
SPI A A A A
4PGPPB Program PPB E3h . . . .
(individually) QPI <31:24> <23:16> <15:8> <7:0>
ERPPB Erase PPB (as SPI E4h
a group) QPI
RDASP Read ASP SPI 2Bh ?25‘&08‘)“
SPI PD
PGASP Program ASP QP 2Fh (2 byte)
RDPLB Read ';'?tB Lock | gpy A7h Data out
Write PPB Lock SPI
WRPLB Bit QP! A6h
. SPI
SFRZ Set FREEZE bit 91h
QPI
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'”Sﬁl':nﬁgon Operation | Mode | Byte0 Bytel Byte2 Byte3 Byte4 Byte5 Byte6
Data out
RDPWD Read Password SPI E7h (8 byte)
Program SPI PD
PGPWD Password QP E8h (8 byte)
Unlock SPI Data in
UNPWD Password QP Eoh (8 byte)
Set all DYB bits spl
GBLK (Gang Sector/ QP 7Eh
Block Lock)
Clear all DYB bits SP
GBUN (Gang Sector/ QP! 98h
Block Unlock)
Read Data SPI
RDDLP Learning Pattern QPI 41h Data out
Program DLP spl
PNVDLR Register (Non- QP 43h Data in
Volatile)
Write DLP spl
WRVDLR Register oPI 4Ah Data in
(Volatile)
Notes:

1. The number of dummy cycles depends on the value setting in the Table 6.11 Read Dummy Cycles.

2. AXh hastobecountedasapart of dummy cycles. X means fidondét careo.
3. XX means fidonod6t careo.

4. A<23:9>areidond6t car eo aanldwafy<s8 :fi40>0 .ar e
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8.3 NORMAL READ OPERATION (NORD, 03h or 4NORD, 13h)

The Normal Read (NORD) instruction is used to read memory contents at a maximum frequency of 80MHz.

1 03h (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 03h (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 13his followed by a 4-byte address (A31-A0)

The Normal Read instruction code is transmitted via the Sl line, followed by three (A23 - AO) or four (A31 1 AO)
address bytes of the first memory location to be read as above. A total of 24 or 32 address bits are shifted in, but
only Avuse (Valid Most Significant Bit) - Ao are decoded. The remaining bits (A31 i Avwmss+1) are ignored. The first
byte addressed can be at any memory location. Upon completion, any data on the Sl will be ignored. Refer to Table
8.5 for the related Address Key.

The first byte data (D7 - DO) is shifted out on the SO line, MSB first. A single byte of data, or up to the whole memory
array, can be read out in one Normal Read instruction. The address is automatically incremented by one after each
byte of data is shifted out. The read operation can be terminated at any time by driving CE# high (VIH) after the
data comes out. When the highest address of the device is reached, the address counter will roll over to the
000000h address, allowing the entire memory to be read in one continuous Read instruction.

If the Normal Read instruction is issued while an Erase, Program or Write operation is in process (WIP=1) the
instruction is ignored and will not have any effects on the current operation.

Table 8.5 Address Key

Mode Valid Address 256Mb
3 byte address ~ A23-A0
Avmse@i Ag
4 byte address A24-A0 (A31-A25=X)®
Notes:

1. X=Donodt Car e
2. Avwss is a Valid MSB. In 4 byte address for 256Mb, A31 is an MSB, and A24 is a Valid MSB.
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Figure 8.1 Normal Read Sequence (03h [EXTADD=0], 3-byte address)

CE#

Mode 3 0 1

Mode 0
3-byte Address

S \\>< Instruction = 03h aaao

so High Impedance l

'*'T I

CE#

scK nOoNMnnNnNnnannnnnT *L
ALV VANV VANV

Data Out 1 Data Out 2

00000000 00000000¢

S
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Figure 8.2 Normal Read Sequence (03h [EXTADD=1] or 13h, 4-byte address)

CE#

Mode 3 ©
ScK K

i 4-byte Address i

S| | |
AN meton=on 00090000

|

|

SO High Impedance

cex :r
= JUUUUUUUTUTUUU UL
ARVARMARVARRVRNAARNRARRRMRRRAR

Data Out 1 Data Out 2

SO
tv

S
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8.4 FAST READ OPERATION (FRD, OBh or 4FRD, 0Ch)
The Fast Read (FRD, 4FRD) instruction is used to read memory data at up to a 166MHz clock.

1 0Bh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 OBh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 OCh is followed by a 4-byte address (A31-A0)

The Fast Read instruction code is followed by three or four address bytes as above and dummy cycles
(configurable, default is 8 clocks), transmitted via the Sl line, with each bit latched-in during the rising edge of SCK.
Then the first data byte from the address is shifted out on the SO line, with each bit shifted out at a maximum
frequency fcr, during the falling edge of SCK.

The first byte addressed can be at any memory location. The address is automatically incremented by one after
each byte of data is shifted out. When the highest address is reached, the address counter will roll over to the
000000h address, allowing the entire memory to be read with a single Fast Read instruction. The Fast Read
instruction is terminated by driving CE# high (VIH).

If the Fast Read instruction is issued while an Erase, Program or Write cycle is in process (WIP=1) the instruction
is ignored without affecting the current cycle.
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Figure 8.3 Fast Read Sequence (0Bh [EXTADD=0], 3-byte address)

CE#

i 3-byte Address i

! |
C e OEEEOEEOE
! |

e High Impedance

CE#

(0 GRS (UATARINARARARARN

Data Out
ty !

e—l
* 3 2.0000000¢
|

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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Figure 8.4 Fast Read Sequence (0Bh [EXTADD=1] or OCh, 4-byte address)

CE#

Mode 3 0 1

Mode 0
4-byte Address

SI \\>< Instruction = 0Bh/0OCh Gaao

so High Impedance

CE#

+ Y=o~ (ITITTIITIITY

|

|

' Data Out

|t V |

w© 20000000

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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FAST READ OPERATION IN QPI MODE (FRD, 0Bh or 4FRD, 0Ch)
The Fast Read (FRD) instruction in QPI mode is used to read memory data at up to a 166MHz clock.

1 0Bh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 OBh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 OCh is followed by a 4-byte address (A31-A0)

The Fast Read instruction code (2 clocks) is followed by three (6 clocks) or four (8 clocks) address bytes as above
and 6 dummy cycles (configurable, default is 6 clocks), transmitted via the 103, 102, 101 and 100 lines, with each
bit latched-in during the rising edge of SCK. Then the first data byte addressed is shifted out on the 103, 102, 101
and 100 lines, with each bit shifted out at a maximum frequency fcr, during the falling edge of SCK.

The first byte addressed can be at any memory location. The address is automatically incremented by one after
each byte of data is shifted out. When the highest address is reached, the address counter will roll over to the
000000h address, allowing the entire memory to be read with a single Fast Read QPI instruction. The Fast Read
QPI instruction is terminated by driving CE# high (VIH).

If the Fast Read instruction in QPI mode is issued while an Erase, Program or Write cycle is in process (WIP=1)
the instruction is ignored without affecting the current cycle.

The Fast Read sequence in QPI mode is also applied to the commands in the following table 8.6. However, only
3-byte address mode QPI sequence is applied for RDUID, and IRRD commands.

Table 8.6 Instructions that Fast Read sequence in QPI Mode is applied to

Instruction Name Operation Hex Code
FRQIO Fast Read Quad I/O EBh
RDUID Read Unique ID 4Bh

IRRD Read Information Row 68h

Figure 8.5 Fast Read Sequence In QPI Mode (OBh [EXTADD=0], 3-byte address)

CE#

Mode 3 0 1
Mode 0
tvl
«—»l
n T REOEE———
I
Instruction 3-byte Address ' 6 Dummy Cycles ' ' Data 1 ' Data 2
Note: Number of dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy
Cycles.
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Figure 8.6 Fast Read Sequence In QPI Mode (OBh [EXTADD=1] or 0Ch, 4-byte address)

CE#

Mode 3 O 1
Mode 0
t |
k—>| I
VD 2z 2 T2 0 —
[ |
Instruction 4-byte Address ' 6 Dummy Cycles "' patal '

Note: Number of dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy
Cycles.

8.5 HOLD OPERATION

HOLD# is used in conjunction with CE# to select the device. When the device is selected and a serial sequence is
underway, HOLD# can be used to pause the serial communication with the master device without resetting the
serial sequence. To pause, HOLD# is brought low while the SCK signal is low. To resume serial communication,
HOLD# is brought high while the SCK signal is low (SCK may still toggle during HOLD). Inputs to Sl will be ignored
while SO is in the high impedance state, during HOLD.

Note: HOLD is not supported in DTR mode or with QE=1 or when RESET# is selected for the HOLD# or RESET# pin.

Timing graph can be referenced in AC Parameters Figure 9.4.
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8.6 FAST READ DUAL I/O OPERATION (FRDIO, BBh or 4FRDIO, BCh)

The Fast Read Dual I/O (FRDIO, 4FRDIO) instruction allows the address bits to be input two bits at a time. This
may allow for code to be executed directly from the SPI in some applications.

1 BBh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 BBh (EXTADD-=1) is followed by a 4-byte address (A31-A0) or
1 BCh is followed by a 4-byte address (A31-A0)

The FRDIO/4FRDIO instruction code is followed by three or four address bytes as above and dummy cycles
(configurable, default is 4 clocks), transmitted via the 101 and 100 lines, with each pair of bits latched-in during the
rising edge of SCK. The address MSB is input on 101, the next bit on 100, and this shift pattern continues to
alternate between the two lines. Depending on the usage of AX read operation mode, a mode byte may be located
after address input.

The first data byte addressed is shifted out on the 101 and 100 lines, with each pair of bits shifted out at a maximum
frequency fer, during the falling edge of SCK. The first bit (MSB) is output on |01, while simultaneously the second
bit is output on 100. Figures 8.7 and 8.8 illustrates the timing sequence.

The first byte addressed can be at any memory location. The address is automatically incremented by one after
each byte of data is shifted out. When the highest address is reached, the address counter will roll over to the
000000h address, allowing the entire memory to be read with a single FRDIO/4FRDIO instruction. The
FRDIO/4FRDIO instruction is terminated by driving CE# high (V).

The device supports the AX read operation by applying mode bits during dummy period. Mode bits consist of 8
bits, such as M7 to MO. Four cycles after address input are reserved for Mode bits in FRDIO/4FRDIO execution.
M7 to M4 are important for enabl i nfgfuturhuss Wheo d[&4]=10M&Ah}, o
it enables the AX read operation and subsequent FRDIO/4FRDIO execution skips command code. It saves cycles
as described in Figures 8.9and 8.10.When t he code is different from Ai&h
the AX read operation. After finishing the read operation, device becomes ready to receive a new command. SPI
or QPI mode configuration retains the prior setting. Mode bit must be applied during dummy cycles. Number of
dummy cycles in Table 6.11 includes number of mode bit cycles. If dummy cycles are configured as 4 cycles, data
output will start right after mode bit is applied.

If the FRDIO/4FRDIO instruction is issued while an Erase, Program or Write cycle is in process (WIP=1) the
instruction is ignored and will not affect the current cycle.
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Figure 8.7 Fast Read Dual I/O Sequence (BBh [EXTADD=0], 3-byte address)
ce# |
Modes 0 1 2 3 4 5 6 7 8 9 10 18 19 20 21
sck |
|
Mode 0 | 4 Dummy Cycles

3-byte Address

100 \\>< Instruction = BBh 006“
High Impedance | |

- - PEEOEEOE
| |

Mode Bits

CE#

2 23 24 25 26 2r 28 29 30 31 32 33 34 3 36 37 -
SCK
. IGQQOGGGQGQQQGG
|

I
: | Data Out 1 | Data Out 2 | Data Out 3 |
I
o 2000090000000 00¢
Mode Bits
Notes:
1.1 f the mode bits=AXh (where X is dondét care), i.Wheo themozl@ e c ut €

bits are different from AXh, the device exits the AX read operation.
2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.
3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles

are same, then X should be Hi-Z.
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Figure 8.8 Fast Read Dual I/0O Sequence (BBh [EXTADD=1] or BCh, 4-byte address)
CE#
Mode3 © 1 2 3 4 5 6 7 8 9 10 22 23 24 25
sck

4-pyte Address 2 Dummy Cycles

|
Y SR O ©/0.0/0/0.00
| |

High Impedance !
e (a2 X)) KK

Mode Bits

CE#
26 2 28 29 30 31 32 33 34 3 36 37 38 39 36 41 .
SCK

|
’ |

;

n |
| | | |
: ! Data Out 1 : Data Out 2 : Data Out 3 :
[
|
Mode Bits
Notes:

1.1 f the mode bits=AXh (where X is dondt car erymand). Wheotheamoselex ec ut ¢
bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.9 Fast Read Dual I/O AX Read Sequence (BBh [EXTADD=0], 3-byte address)

CE#

15 16 17 18 19 20 21

M(_)df?’ 0 1 2 3 11 12 13 14
ScK B
I
Mode 0 4 Dummy Cycles
" ummy -y It, Data Out 1 | DataOut2

3-byte Address
GGGG 1000000
|
6066 ' 666066

Mode Bits

Notes:
1.1I'f the mode bits=AXh (wher eexetutingthedAX neddtmodegwitegut comnandy. Whdn thke e e p

mode bits are different from AXh, the device exits the AX read operation.
Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

2.
3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.

Figure 8.10 Fast Read Dual /0O AX Read Sequence (BBh [EXTADD=1] or BCh, 4-byte address)

CE#

200 21 22 23 24 25

Modes © 1 2 3 .. 15 16 17 18 19
L

SCK |
I
Mode 0 4D |
4-byte Address " ummy Cycles . | v , Data Out 1 | DataOut2
GGGG 1000000
|
60@6 ' 6660@6
Mode Bits
Notes:
care), it wildl keep exeWhehtheng t he

1. Ifthemode bits=AXh(where X is donot
mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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8.7 FAST READ DUAL OUTPUT OPERATION (FRDO, 3Bh or 4FRDOQO, 3Ch)
The FRDO/4FRDO instruction is used to read memory data on two output pins each at up to a 166MHz clock.

1 3Bh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 3Bh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 3Chis followed by a 4-byte address (A31-A0)

The FRDO/4FRDO instruction code is followed by three or four address bytes as above and dummy cycles
(configurable, default is 8 clocks), transmitted via the 100 line, with each bit latched-in during the rising edge of SCK.
Then the first data byte addressed is shifted out on the 101 and 100 lines, with each pair of bits shifted out at a
maximum frequency fcr, during the falling edge of SCK. The first bit (MSB) is output on 101. Simultaneously, the
second bit is output on 100.

The first byte addressed can be at any memory location. The address is automatically incremented by one after
each byte of data is shifted out. When the highest address is reached, the address counter will roll over to the
000000h address, allowing the entire memory to be read with a single FRDO/4FRDO instruction. The instruction
FRDO/4FRDO is terminated by driving CE# high (VIH).

If the FRDO/4FRDO instruction is issued while an Erase, Program or Write cycle is in process (WIP=1) the
instruction is ignored and will not have any effects on the current cycle.
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Figure 8.11 Fast Read Dual Output Sequence (3Bh [EXTADD=0], 3-byte address)

CE#

Mode 3 0 1

Mode 0
3-byte Address

oo A\ X GQGG

High Impedance

101

I
=TI UL

| I
i QQQQQQG
[
8 Dummy Cycles : : Data Out 1 , Data Out 2
|
101 }
|

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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Figure 8.12 Fast Read Dual Output Sequence (3Bh [EXTADD=1] or 3Ch, 4-byte address)

CE#
Mode 3 I
SCK K
|
|
Mode 0

: 4-byte Address :

I |
SNy G $000.0

High Impedance

101

ce :T
= JUUUUUUU LU LUUUUUL

tv | |
| |
I | |
100 l . GQQGQGG
: | |
| | |
8 Dummy Cycles | : Data Out 1 ! Data Out 2 !
(. |
101 —
|

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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8.8 FAST READ QUAD OUTPUT OPERATION (FRQO, 6Bh or 4FRQO 6Ch)

The FRQO/4FRQO instruction is used to read memory data on four output pins each at up to a 166 MHz
clock.

A Quad Enable (QE) bit of Status Register must be setto "1" before sending the Fast Read Quad Output instruction.

1 6Bh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 6Bh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 6Ch is followed by a 4-byte address (A31-A0)

The FRQO/4FRQO instruction code is followed by three or four address bytes as above and dummy cycles
(configurable, default is 8 clocks), transmitted via the 100 line, with each bit latched-in during the rising
edge of SCK. Then the first data byte addressed is shifted out on the 103, 102, 101 and 100 lines, with
each group of four bits shifted out at a maximum frequency fcr, during the falling edge of SCK. The first
bit (MSB) is output on 103, while simultaneously the second bit is output on 102, the third bit is output on
101, etc.

The first byte addressed can be at any memory location. The address is automatically incremented after
each byte of data is shifted out. When the highest address is reached, the address counter will roll over
to the 000000h address, allowing the entire memory to be read with a single FRQO/4FRQO instruction.
FRQO/4FRQO instruction is terminated by driving CE# high (VIH).

If a FRQO/4FRQO instruction is issued while an Erase, Program or Write cycle is in process (WIP=1) the
instruction is ignored and will not have any effects on the current cycle.
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Figure 8.13 Fast Read Quad Output Sequence (6Bh [EXTADD=0], 3-byte address)
ce# |
Mode3 © 1 2 3 4 5 6 7 8 9 10 28 29 30 31
sck |

3-byte Address

SN SENCTTTRE 000 600,00

High Impedance

101

High Impedance
102 gh 'mp

High Impedance
103 9 P

I
= JUUUUUUUUUUTIIIUL

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.

ty!
.
' GGQGGGG
by
Iy
8 Dummy Cycles : : Data Out 1 : Data Out 2 : Data Out 3 : Data Out 4 :
by | | | |
: 200000000¢
Iy I I I I
. I I I I
by | | | |
by | | | |
102 : 6
I | | | |
.
by
by
Iy
103 1
I
I
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Figure 8.14 Fast Read Quad Output Sequence (6Bh [EXTADD=1] or 6Ch, 4-byte address)

CE#
Mode 3 0 1 2 3 4 5 6 7 8 9 10 3 37 38 39
SCK B
|
Mode 0

4-byte Address

100 \\>< Instruction = 6Bh/6Ch GQGG

High Impedance

101

High Impedance
102 ghmp

High Impedance
103 9 P

I
= TUUUUUTUTUTUUUUTIUL

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.

ty !
.
' QQGGGGQ
by
by
8 Dummy Cycles : | Data Out 1 I Data Out 2 I Data Out 3 I Data Out 4 I
I I I I I
Iy | | | |
: 200000000 ¢
by | | | |
by [ [ [ [
. I I I I
Iy I I I I
102 : 6
I | | | |
by
Loy
Iy
Iy
103 }
I
I
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8.9 FAST READ QUAD |/0 OPERATION (FRQIO, EBh or 4FRQIO, ECh)

The FRQIO/4FRQIO instruction allows the address bits to be input four bits at a time. This may allow for code to
be executed directly from the SPI in some applications.

A Quad Enable (QE) bit of Status Register must be set to "1" before sending the Fast Read Quad I/O instruction.

1 EBh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 EBh (EXTADD-=1) is followed by a 4-byte address (A31-A0) or
1 ECh is followed by a 4-byte address (A31-A0)

The FRQIO/4FRQIO instruction code is followed by three or four address bytes as above and dummy cycles
(configurable, default is 6 clocks), transmitted via the 103, 102, 101 and 100 lines, with each group of four bits
latched-in during the rising edge of SCK. The address of MSB inputs on 103, the next bit on 102, the next bit on
101, the next bit on 100, and continue to shift in alternating on the four. Depending on the usage of AX read
operation mode, a mode byte may be located after address input.

The first data byte addressed is shifted out on the 103, 102, 101 and 100 lines, with each group of four bits shifted
out at a maximum frequency fcr, during the falling edge of SCK. The first bit (MSB) is output on 103, while
simultaneously the second bit is output on 102, the third bit is output on |01, etc. Figures 8.15 and 8.16 illustrates
the timing sequence.

The first byte addressed can be at any memory location. The address is automatically incremented after each byte
of data is shifted out. When the highest address is reached, the address counter will roll over to the 000000h
address, allowing the entire memory to be read with a single FRQIO/4FRQIO instruction. FRQIO/4FRQIO
instruction is terminated by driving CE# high (Vin).

The device supports the AX read operation by applying mode bits during dummy period. Mode bits consist of 8

bits, such as M7 to MO. Two cycles after address input are reserved for Mode bits in FRQIO/4FRQIO execution.

M7 to M4 are important for enabling this mod®e&4]=1M&Ah},0c MO
it enables the AX read operation and subsequent FRQIO/4FRQIO execution skips command code. It saves cycles

as described in Figures 8.17 and 8.18. When t he code is different from AXh (
exits the AX read operation. After finishing the read operation, device becomes ready to receive a new command.

SPI or QPI mode configuration retains the prior setting. Mode bit must be applied during dummy cycles. Number

of dummy cycles in Table 6.11 includes number of mode bit cycles. If dummy cycles are configured as 6 cycles,

data output will start right after mode bits and 4 additional dummy cycles are applied.

If the FRQIO/4FRQIO instruction is issued while an Erase, Program or Write cycle is in process (WIP=1) the
instruction is ignored and will not have any effects on the current cycle.
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Figure 8.15 Fast Read Quad I/0 Sequence (EBh [EXTADD=0], 3-byte address)

CE#
Mode3 © 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SCK B
|
Mode 0

3-byte Address

100 \\>< Instruction = EBh @@@606“6
o1 High Impedance 21 @@aaaaa
00000600
20000000

' Mode BItS

I
= TUUUTUTUUUUTUTUTTL

6 Dummy Cycles V| Data Out 1 | Data Out 2 | Data Out 3 | Data Out 4 | Data Out 5 | Data Out 6|

|4—H

30 0800000000¢

| | | | |
2000600000800 ¢

| | | | | | |

| | | | | | |

| | | | | { |
200000000000 ¢

| | | | | | |
000000000000

03 | | | | | | |

Notes:

1.I'f the mode bits=AXh (where X is don 6 f{witcoatrcemmand). Wheo themozlx e c ut e
bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.16 Fast Read Quad I/0 Sequence (EBh [EXTADD=1] or ECh, 4-byte address)

CE#
Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
scK B
|
Mode O

4-byte Address

SNV E @@@@@0@@
High Impedance
e OO0 0000
| |
| |
0 Ko X2 Koo Ko XX o X 2)
| |
| |
9900000
| |

i
= TUIUUUTUUUUTUTUUUL

6 Dummy Cycles V| Data Out 1 | Data Out 2 | Data Out 3 | Data Out 4 | Data Out 5|

00 20'000000000¢
200 0/000000000¢
NS00 0/0000000000¢
00 8000000000¢

Mode Bits '

Notes:

1.1 f the mode bits=AXh ( wh exeeuteXheiAX reatl mode {witltoatrc@rymand). Wheo themode
bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.

Integrated Silicon Solution, Inc.- www.issi.com 79
Rev.A7
02/06/2022



’ IS25LP256E
[S25WP256E

Figure 8.17 Fast Read Quad 1/0 AX Read Sequence (EBh [EXTADD=0], 3-byte address)

CE#

Mode 3 O
W L
Mode 0 6 Dummy Cycles

3-byte Address : | Data Out 1 Data Out 2

R 0.0.C.0000¢ 20000
e 0,000,060 O¢ -
s 000000 0000

o0 XXX (DK :
I I I
' Mode BItS ! ! !
Notes:
1. If the mode bits=AXh (whereXi s donét <care), it will keep execut iWhgntiehe AX

mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/0O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.18 Fast Read Quad 1/0 AX Read Sequence (EBh [EXTADD=1] or ECh, 4-byte address)

CE#

Mode 3 O
W
Mode 0 6 Dummy Cycles J
4-byte Address | | Data Out 1
Y |
10 I 4
by |
' |
: | |
1 Loy > |
' |
: | [
0 N ° |
' |
: | |
0 : N |
'ModeBlts o !
Notes:
1.1 f the mode bits=AXh (where X is donét care), it wWhdnthheeep e

mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/0O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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FAST READ QUAD I/O OPERATION IN QPI MODE (FRQIO, EBh or 4FRQIO, ECh)
The FRQIO/4FRQIO instruction in QPI mode is used to read memory data at up to a 166MHz clock.

It is not required to set QE bitt o .b@féré Fast Read Quad I/O instruction in QPI mode.

The FRQIO/4FRQIO instruction in QPI mode utilizes all four 10 lines to input the instruction code so that only two
clocks are required, while the FRQIO/4FRQIO instruction requires that the byte-long instruction code is shifted into
the device only via 100 line in eight clocks. As a result, 6 command cycles will be reduced by the FRQIO/4FRQIO
QPI instruction. In addition, subsequent address and data out are shifted in/out via all four 10 lines like the
FRQIO/4FRQIO instruction. In fact, except for the command cycle, the FRQIO/4FRQIO operation in QPI mode is
exactly same as the FRQIO/4FRQIO operation in SPI mode.

The device supports the AX read operation by applying mode bits during dummy period. Mode bits consist of 8

bits, such as M7 to MO. Two cycles after address input are reserved for Mode bits in FRQIO/4FRQIO execution.

M7 to M4 are important for enablingthis mode. M3 to MO become donét care for
it enables the AX read operation and subsequent FRQIO/4FRQIO execution skips command code. It saves cycles

as described in Figures 8.17 and 8.18. When the code is different from AXh (wher e X i s dondét car
exits the AX read operation. After finishing the read operation, device becomes ready to receive a new command.

SPI or QPI mode configuration retains the prior setting. Mode bit must be applied during dummy cycles. Number

of dummy cycles in Table 6.11 includes number of mode bit cycles. If dummy cycles are configured as 6 cycles,

data output will start right after mode bits and 4 additional dummy cycles are applied.

If the FRQIO/4FRQIO instruction in QPI mode is issued while an Erase, Program or Write cycle is in process
(WIP=1) the instruction is ignored and will not have any effects on the current cycle.

Figure 8.19 Fast Read Quad I/0O Sequence In QPI Mode (EBh [EXTADD=0], 3-byte address)

CE#

Mode 3 0 1

MMWML

Mode 0
I Mode Bits | tvl
o0l \\>< =en @@@@@@@@ @@@@
Instruction 3-byte Address ' 6 Dummy Cycles ' ' patal1 ' Data2
Notes:
1. Ifthemode bits=AXh (where X is dondét care), it caWhenthemodee t he

bits are different from AXh, the device exits the AX read operation.
2. Number of dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy
Cycles.
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Figure 8.20 Fast Read Quad I/0 Sequence In QPI Mode (EBh [EXTADD=1] or ECh, 4-byte address)

CE#

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 15 16 17

-——-1
SCK :

Mode 0

| Mode Blts Itvl
o\ \ esneen @@@@@@@@@@ @@
Instruction ! 4-pyte Address ! 6 Dummy Cycles . ' pata1

Notes:
1.1 f the mode bits=AXh (where X is dondt care), i.Wheothemoalxecut e

bits are different from AXh, the device exits the AX read operation.
2. Number of dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy

Cycles.
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8.10 PAGE PROGRAM OPERATION (PP, 02h or 4PP, 12h)

The Page Program (PP/4PP) instruction allows up to 256/512 bytes data to be programmed into memory in a single
operation. The destination of the memory to be programmed must be outside the protected memory area set by
the Block Protection bits (BP3, BP2, BP1, BP0O) or ASP. A PP/4PP instruction which attempts to program into a
page that is write-protected will be ignored. Before the execution of PP/4PP instruction, the Write Enable Latch
(WEL) must be enabled through a Write Enable (WREN) instruction.

1 02h (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 02h (EXTADD-=1) is followed by a 4-byte address (A31-A0) or
1 12his followed by a 4-byte address (A31-A0)

The PP/4PP instruction code, three or four address bytes as above and program data (1 to 256/512 bytes) are
input via the Sl line. Program operation will start immediately after the CE# is brought high, otherwise the PP/4PP
instruction will not be executed. The internal control logic automatically handles the programming voltages and
timing. The progress or completion of the program operation can be determined by reading the WIP bit. If the WIP
bit is Al1ld6, the program operation is stildl in progress.

If more than 256/512 bytes data are sent to a device, the address counter rolls over within the same page, the
previously latched data are discarded, and the last 256/512 bytes are kept to be programmed into the page. The
starting byte can be anywhere within the page. When the end of the page is reached, the address will wrap around
to the beginning of the same page. If the data to be programmed are less than a full page, the data of all other
bytes on the same page will remain unchanged.

Notes:

A program operation can al t erpefirladtsi oinntios firOeogsy,i rbeudt taom cehraansgee
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Figure 8.21 Page Program Sequence In SPI Mode (02h [EXTADD=0], 3-byte address)

CE#
R 2
ode 3 0 1 7 8 9 31 32 33 39 S S
—— 71
I
Mode 0 | | | |
| 3-byte Address Dataln 1 | | DataIn256
| I |
so High Impedance

Figure 8.22 Page Program Sequence In QPIl Mode (02h [EXTADD=0], 3-byte address)

CE#

Mode3 © 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

-7
SCK :

Mode 0

o \\X_on @@@@@@@@@@@@@@

3-byte Address : Data In 1 : Data In 2 : Data In 3 : Data In 4 :
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Figure 8.23 Page Program Sequence In SPI Mode (02h [EXTADD=1] or 12h, 4-byte address)

CE#

Mode 3 0 1

mmﬂmmﬂmﬂﬂm

Mode O | | | |
| 4-byte Address Dataln 1 | | Data In 256 |
| | |

Sl \\>< Instruction = 02h/12h J | |

High Impedance

2080

SO

Figure 8.24 Page Program Sequence In QPI Mode (02h [EXTADD=1] or 12h, 4-byte address)

CE#

Mode3 © 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

-7
SCK :

Mode 0

oa \\ o @@@@@@@@@@@@@@

4-byte Address : Data In 1 : Data In 2 : Data In 3 :
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8.11 QUAD INPUT PAGE PROGRAM OPERATION (PPQ, 32h/38h or 4PPQ, 34h/3Eh)

The Quad Input Page Program instruction allows up to 256/512 bytes data to be programmed into memory in a
single operation with four pins (100, 101, 102 and 103). The destination of the memory to be programmed must be
outside the protected memory area set by the Block Protection (BP3, BP2, BP1, BP0) bits or ASP. A Quad Input
Page Program instruction which attempts to program into a page that is write-protected will be ignored.

Before the execution of Quad Input Page Program instruction,t he QE bit in the Status Re
and the Write Enable Latch (WEL) must be enabled through a Write Enable (WREN) instruction.

1 32h/38h (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 32h/38h (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 34h/3Eh is followed by a 4-byte address (A31-A0)

Program operation will start immediately after the CE# is brought high, otherwise the Quad Input Page Program
instruction will not be executed. The internal control logic automatically handles the programming voltages and
timing. The progress or completion of the program operation can be determined by reading the WIP bit. If the WIP
bit is A106, the program operation is still imedrogress.

If more than 256/512 bytes data are sent to a device, the address counter rolls over within the same page, the
previously latched data are discarded, and the last 256/512 bytes data are kept to be programmed into the page.
The starting byte can be anywhere within the page. When the end of the page is reached, the address will wrap
around to the beginning of the same page. If the data to be programmed are less than a full page, the data of all
other bytes on the same page will remain unchanged.

Note:A program operation can alter fildos into fA0O0Ss, but a® erase

Figure 8.25 Quad Input Page Program operation (32h/38h [EXTADD=0], 3-byte address)

CE#

Mode 3 0 1 2 3 4 5 6 7 8 9 31 32 33 34 35
SCK B
|
Mode 0 | | | |
| 3-byte Address  Datalnl | Dataln2

| | | |
S\ G 0 0/0'0 0.0.00 ¢
. | | | |
| | |
| | |
0,000
| | |
| | |
! ! !

Integrated Silicon Solution, Inc.- www.issi.com 87
Rev.A7
02/06/2022



m® IS25L P256E
IS25WP256E

Figure 8.26 Quad Input Page Program operation (32h/38h [EXTADD=1] or 34h/3Eh, 4-byte address)

CE#

Mode 3 O

Mode 0 | |
| 4-byte Address  Datainl | Dataln2 |

SV T 00 8/0.0.0,0.0 ¢

High Impedance
101 9 P 5

| | |
50,00
| | |
| | |
! ! !

8.12 ERASE OPERATION

TheEr ase command sets all bits in the addressed sector 0

The memory array of the device is organized into uniform 4 Kbyte sectors or 32/64/256 Kbyte uniform blocks (a
block consists of eight/sixteen adjacent sectors respectively).

Beforeabyteisr e pr ogr ammed, the sector or block that contains
In order to erase the device, there are three erase instructions available: Sector Erase (SER), Block Erase (BER),

and Chip Erase (CER). A sector erase operation allows any individual sector to be erased without affecting the

data in other sectors. A block erase operation erases any individual block. A chip erase operation erases the whole
memory array of a device. A sector erase, block erase, or chip erase operation can be executed prior to any
programming operation.
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8.13 SECTOR ERASE OPERATION (SER, D7h/20h or 4SER, 21h)

A Sector Erase (SER/4SER) instruction erases a 4 Kbyte sector before the execution of a SER/4SER instruction,
the Write Enable Latch (WEL) must be set via a Write Enable (WREN) instruction. The WEL bit is automatically
reset after the completion of Sector Erase operation.

1 D7h/20h (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 D7h/20h (EXTADD-=1) is followed by a 4-byte address (A31-A0) or
1 21his followed by a 4-byte address (A31-A0)

A SER/4SER instruction is entered, after CE# is pulled low to select the device and stays low during the entire
instruction sequence The SER/4SER instruction code, and three or four address bytes as above are input via Sl.
Erase operation will start immediately after CE# is pulled high. The internal control logic automatically handles the
erase voltage and timing.

progress or completion of the erase operation can b

he
he erase operation is stildl in progress. I f the WI P bi

Figure 8.27 Sector Erase Sequence In SPI Mode (D7h/20h [EXTADD=0], 3-byte address)

CE#
Moges © 1 2 3 4 5 6 7 8 9 10 .. 28 20 30 3l
scK B
|
Mode 0

: 3-byte Address :

| I
Va6 6 00 0000
| I
| I
! |

so High Impedance
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Figure 8.28 Sector Erase Sequence In SPI Mode (D7h/20h [EXTADD=1] or 21h, 4-byte address)

CE#

SCK

4-byte Address

S| \\>< Instruction = D7h/20h/21h 99““

SO High Impedance

Figure 8.29 Sector Erase Sequence In QPI Mode (D7h/20h [EXTADD=0], 3-byte address)

CE#
Mode 3 0 1 2 3 4 5 6 7
-———7

SCK :
Mode 0

3-byte Address

o \\)oman @@@@@@

Figure 8.30 Sector Erase Sequence In QPI Mode (D7h/20h [EXTADD=1] or 21h, 4-byte address)

CE#

Mode 3 © 1 2 3 4 5 6 7 8 9

-T71
SCK :

Mode 0
4-byte Address

oso \\ X o2imh @@@@@@@@
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8.14 BLOCK ERASE OPERATION (BER32K252h or 4BER32K:5Ch, BER64K/256K:D8h or
4BER64K/256KZDCh)

A Block Erase (BER) instruction erases a 32/64 or 32/256 Kbyte block. Before the execution of a BER instruction,
the Write Enable Latch (WEL) must be set via a Write Enable (WREN) instruction. The WEL is reset automatically
after the completion of a block erase operation.

1 52h/D8h (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 52h/D8h (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 5Ch/DCh is followed by a 4-byte address (A31-A0)

The BER instruction code and three or four address bytes as above are input via Sl. Erase operation will start
immediately after the CE# is pulled high, otherwise the BER instruction will not be executed. The internal control
logic automatically handles the erase voltage and timing.

Figure 8.31 Block Erase (64K/256K) Sequence In SPI Mode (D8h [EXTADD=0], 3-byte address)

CE#
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31
—— -1
SCK |
|
Mode 0

3-byte Address

SNV G 6906

SO High Impedance

Figure 8.32 Block Erase (64K/256K) Sequence In SPI Mode (D8h [EXTADD=1] or DCh, 4-byte address)

CE#

Mode 3
SCK B
|
0

4-byte Address

SI \\>< Instruction = D8h/DCh GQGG

SO High Impedance
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Figure 8.33 Block Erase (64K/256K) Sequence In QPI Mode (D8h [EXTADD=0], 3-byte address)

CE#

Mode3 © 1 2 3 4 5 6 7

-0

SCK :

Mode O
3-byte Address

mwwm%@@@@@@

Figure 8.34 Block Erase (64K/256K) Sequence In QPI Mode (D8h [EXTADD=1] or DCh, 4-byte address)

CE#

4-byte Address

m“&@m@@@@@@@@

Figure 8.35 Block Erase (32K) Sequence In SPI Mode (52h [EXTADD=0], 3-byte address)

CE# —
Mode3 © 1 2 3 4 5 6 7 8 9 10 . 28 20 3 3l
scK B
|
Mode 0

3-byte Address

S \\>< Instruction = 52h 69““

so High Impedance
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Figure 8.36 Block Erase (32K) Sequence In SPI Mode (52h [EXTADD=1] or 5Ch, 4-byte address)

CE#

Mode 3
SCK B
|
0

4-byte Address

SI \\>< Instruction = 52h/5Ch QGGQ

so High Impedance

Figure 8.37 Block Erase (32K) Sequence In QPI Mode (52h [EXTADD=0], 3-byte address)

CE#
Mode3 © 1 2 3 4 5 6 7
-—— -1

SCK :
Mode 0

3-byte Address

NEY T2 2 R0

Figure 8.38 Block Erase (32K) Sequence In QPI Mode (52h [EXTADD=1] or 5Ch, 4-byte address)

CE#

Mode 3 © 1 2 3 4 5 6 7 8 9

-T71
SCK :

Mode 0
4-byte Address

o \\ fsmeer @@@@@@@@
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8.15 CHIP ERASE OPERATION (CER, C7h/60h)

A Chip Erase (CER) instruction erases the entire memory array. Before the execution of CER instruction, the Write
Enable Latch (WEL) must be set via a Write Enable (WREN) instruction. The WEL is automatically reset after
completion of a chip erase operation.

The CER instruction code is input via the Sl. Erase operation will start immediately after CE# is pulled high,
otherwise the CER instruction will not be executed. The internal control logic automatically handles the erase
voltage and timing.

Chip Erase (CER) instruction can be executed only when Block Protection (BP3~BPO) bits are set to 0s. If the BP
bits are not 0, the CER command is not executed and E_ERR and PROT _E are set.

Chip Erase (CER) instruction will skip sectors/blocks protected by ASP (DYB bits or PPB bits) and will not set
E_ERR and PROT _E if sectors/blocks are protected by ASP only.

Figure 8.39 Chip Erase Sequence In SPI Mode

CE#

|
S \\>< Instruction = C7h/60h >—

so High Impedance

Figure 8.40 Chip Erase Sequence In QPI Mode

CE#
Mode 3 0 1
—— -1

SCK :
Mode 0

|

|
10[3:0] \\>< C7h/60h >{~

|
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8.16 WRITE ENABLE OPERATION (WREN, 06h)

The Write Enable (WREN) instruction is used to set the Write Enable Latch (WEL) bit. The WEL bit is reset to the
write-protected state after power-up. The WEL bit must be write enabled before any write operation, including
Sector Erase, Block Erase, Chip Erase, Page Program, Program Information Row, Write Status Register, Write
Function Register, Set Non-Volatile Read Register, Set Non-Volatile Extended Read Register, Write Autoboot
Register operations, Set Volatile Read Register and Set Volatile Extended Read Register. The WEL bit will be
reset to the write-protected state automatically upon completion of a write operation. The WREN instruction is
required before any above operation is executed.

Figure 8.41 Write Enable Sequence In SPI Mode

CE#

|
S \\>< Instruction = 06h >—

so High Impedance

Figure 8.42 Write Enable Sequence In QPI Mode

CE#
Mode 3 0 1
—— -1

SCK :
Mode 0

oo Tk
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8.17 WRITE DISABLE OPERATION (WRDI, 04h)

The Write Disable (WRDI) instruction resets the WEL bit and disables all write instructions. The WRDI instruction
is not required after the execution of a write instruction, since the WEL bit is automatically reset.

Figure 8.43 Write Disable Sequence In SPI Mode

CE#

|
SI \\>< Instruction = 04h >—
|

SO High Impedance

Figure 8.44 Write Disable Sequence In QPI Mode

CE#
Mode 3 © 1
-7

SCK :
Mode 0

e Tk
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8.18 READ STATUS REGISTER OPERATION (RDSR, 05h)

The Read Status Register (RDSR) instruction provides access to the Status Register.
During the execution of a program, erase or Write Status Register operation, the RDSR instruction can be used to
check the progress or completion of an operation by reading the WIP bit.

Figure 8.45 Read Status Register Sequence In SPI Mode
CE#

Mode 3 © 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

|

gAY GRS (LRI

1 |
| |
* 20000000
| |
| |

Figure 8.46 Read Status Register Sequence In QPl Mode

CE#

Mode 3 0 1 2 3

-0
SCK |
|

Mode 0

l—!
| |

" DataOut
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8.19 WRITE STATUS REGISTER OPERATION (WRSR, 01h)

The Write Status Register (WRSR) instruction allows the user to enable or disable the block protection and Status
Register write protection f BR3tBP2 BRL BPY and SRWDibitsgAlsé WRSR
instruction allowsthe user to di sable or enable quad operation
To write Status Register bits, a standard Write Enable (06h) instruction must previously have been executed for
the device to accept Write Status Register (01h) instruction (Status Register bit WEL must equal 1).

Figure 8.47 Write Status Register Sequence In SPI Mode

CE#

Mode 0 | |
| Data In |
I I
TN oo V0000000
I I
I I
I I
SO High Impedence
Figure 8.48 Write Status Register QPI Sequence
CE#
Mode 3 © 1 2 3
—= 7N
SCK |
I
Mode 0 | |
I I
I I
LNV O
I I
Data In
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8.20 READ FUNCTION REGISTER OPERATION (RDFR, 48h)

The Read Function Register (RDFR) instruction provides access to the Function Register. Refer to Table 6.6
Function Register Bit Definition for more detail.

Figure 8.49 Read Function Register Sequence In SPI Mode

CE#

ANV GRS (LARAAAARAAAAN

| |
| |
* 20000000
| |
| |

Figure 8.50 Read Function Register QPI Sequence

CE#

Mode 0 |
|
A !
| |
" DataOut
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8.21 WRITE FUNCTION REGISTER OPERATION (WRFR, 42h)

The Write Function Register (WRFR) instruction allows the user to disable dedicated RESET# pin or ball on 16-pin

SOIC or 24 ball TFBGA by setting Dedicated RESET# Disable bit to fi 1 0 . Al so I nformation
(Il RL3~1I RLO) can be set to 10 individually by WRFR inst
Since Dedicated RESET# Disable bit and I RL bits are OTP
again

Figure 8.51 Write Function Register Sequence In SPI Mode

CE#

Mode 0 | |
| Data In |
I I
TN e 20000000,
I I
I I
I I
6] High Impedence
Figure 8.52 Write Function Register QPI Sequence
CE#
Mode 3 9 1 2 3
-7
SCK |
I
Mode 0 | |
I I
I I
oea \\X_en XraXeo)
I I
Data In
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8.22 ENTER QUAD PERIPHERAL INTERFACE (QPIl) MODE OPERATION (QPIEN,35h; QPIDI,F5h)

The Enter QPI (QPIEN) instruction, 35h, enables the Flash device for QPI bus operation. Upon completion of the
instruction, all instructions thereafter will be 4-bit multiplexed input/output until a power cycle or an Exit QPI
instruction is sent to device.

The Exit QPI instruction, F5h, resets the device to 1-bit SPI protocol operation. To execute an Exit QPI operation,
the host drives CE# low, sends the Exit QPI command cycle, then drives CE# high. The device just accepts QPI (2
clocks) command cycles.

Figure 8.53 Enter Quad Peripheral Interface (QPI) Mode Sequence

CE#

|
S \\>< Instruction = 35h >7
|

SO High Impedance

Figure 8.54 Exit Quad Peripheral Interface (QPI) Mode Sequence

CE#

Mode 3 0 1
———1

SCK :

Mode 0

e Tk
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8.23 PROGRAM/ERASE SUSPEND & RESUME

The device allows the interruption of Sector Erase, Block Erase, or Page Program operations to conduct other
operations. 75h/BOh command for suspend and 7Ah/30h for resume will be used. (SPI/QPI all acceptable) Function
Register bit2 (PSUS) and bit3 (ESUS) are used to check whether or not the device is in suspend mode.

Suspend to read ready timing (tsus): 100us (MAX)
Resume to another suspend timing (trs): 80us (TYP)

SUSPEND DURING SECTOR-ERASE OR BLOCK-ERASE (PERSUS 75h/B0h)

The Suspend command allows the interruption of Sector Erase and Block Erase operations. But Suspend command
will be ignored during Chip Erase operation. After the Suspend command, other commands include array read
operation can be accepted.

But Write Status Register command (01h) and Erase instructions are not allowed during Erase Suspend. Also,
array read for being erased sector/block is not allowed.

To execute Erase Suspend operation, the host drives CE# low, sends the Suspend command cycle (75h/B0Oh),

then drives CE# high. The Function Register indicates that the Erase has been suspended by setting the ESUS bit

from A0OO0 to A1ld0, but the device will not accept another
accept a new command, poll the WIP bit or wait the specified time tsus. When ESUS bitiss et { the White 0
Enable Latch (WEL) bitc | ear s t o fA0O0

SUSPEND DURING PAGE PROGRAMMING (PERSUS 75h/B0h)
The Suspend command also allows the interruption of all array Program operations. After the Suspend command,
other commands include array read operation can be accepted can be accepted.

But Write Status Register instruction (01h) and Program instructions are not allowed during Program Suspend.
Also, array read for being programmed page is not allowed.

To execute the Program Suspend operation, the host drives CE# low, sends the Suspend command cycle
(75h/B0Oh), then drives CE# high. The Function Register indicates that the programming has been suspended by

settingt he PSUS bit from A0OO0 to AlOo, but the device wildl n ¢
when the device will accept a new command, poll the WIP bit or wait the specified time tsus. When PSUS hit is set

t o ,felVirite Enable Latch (WEL) bitc | ear s t o AO00O0

PROGRAM/ERASE RESUME (PERRSM 7Ah/30h)

The Program/Erase Resume restarts the Program or Erase command that was suspended, and clears the suspend
status bit in the Function Register (ESUS or PSUS bits)
the host drives CE# low, sends the Program/Erase Resume command cycle (7Ah/30h), then drives CE# high. A

cycle is two nibbles long, most significant nibble first. To issue another Erase Suspend operation after Erase

Resume operation, Erase Resume to another Erase Suspend delay (trs) is required, but it could require longer

Erase time to complete Erase operation.

To determine if the internal, self-timed Write operation completed, poll the WIP bit.
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Table 8.7 Instructions accepted during Suspend

Operation Instruction Allowed

Suspended Name Hex Code Operation
Program or Erase NORD 03h Normal Read Mode
Program or Erase 4ANORD 13h 4-byte Address Normal Read Mode
Program or Erase FRD 0Bh Fast Read Mode
Program or Erase 4FRD 0Ch 4-byte Address Fast Read Mode
Program or Erase FRDIO BBh Fast Read Dual I/O
Program or Erase 4FRDIO BCh 4-byte Address Fast Read Dual I/0
Program or Erase FRDO 3Bh Fast Read Dual Output
Program or Erase 4FRDO 3Ch 4-byte Address Fast Read Dual Output
Program or Erase FRQIO EBh Fast Read Quad I/O
Program or Erase 4FRQIO ECh 4-byte Address Fast Read Quad I/O
Program or Erase FRQO 6Bh Fast Read Quad Output
Program or Erase 4FRQO 6Ch 4-byte Address Fast Read Quad Output
Program or Erase FRDTR 0Dh Fast Read DTR Mode
Program or Erase 4FRDTR OEh 4-byte Address Fast Read DTR Mode
Program or Erase FRDDTR BDh Fast Read Dual I/O DTR
Program or Erase 4FRDDTR BEh 4-byte Address Fast Read Dual /O DTR
Program or Erase FRQDTR EDh Fast Read Quad I/O DTR
Program or Erase 4FRQDTR EEh 4-byte Address Fast Read Quad I/O DTR
Program or Erase WREN 06h Write Enable
Program or Erase WRDI 04hh Write Disable
Program or Erase RDSR 05h Read Status Register
Program or Erase RDFR 48h Read Function Register
Program or Erase RDBR 16h/C8h Read Bank Address Register
Program or Erase RDRP 61h Read Read Parameters (Volatile)
Program or Erase RDERP 81h Read Extended Read Parameters (Volatile)
Program or Erase RDID ABh Read Manufacturer and Product ID
Program or Erase RDJDID 9Fh Read Manufacturer and Product ID by JEDEC ID Command
Program or Erase RDMDID 90h Read Manufacturer and Device ID
Program or Erase RDJDIDQ AFh Read JEDEC ID QPI mode
Program or Erase RDUID 4Bh Read Unique ID Number
Program or Erase RDSFDP 5Ah SFDP Read
Program or Erase CLERP 82h Clear Extended Read Register
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Operation Instruction Allowed
Suspended Name Hex Code Operation
Program or Erase PERRSM 7Ah/30h Program/Erase Resume
Program or Erase SRPV C0/63h Set Read Parameters (Volatile)
Program or Erase SERPV 83h Set Extended Read Parameters (Volatile)
Program or Erase WRBRV 17h/C5 Write Bank Address Register (Volatile)
Program or Erase EN4B B7h Enter 4-byte Address Mode
Program or Erase EX4B 29h Exit 4-byte Address Mode
Program or Erase RDPPB FCh Read PPB
Program or Erase 4RDPPB F2h 4-byte Address Read PPB
Program or Erase RDDYB FAh Read DYB
Program or Erase 4RDDYB EOh 4-byte Address Read DYB
Program or Erase RDPWD E7h Read Password
Program or Erase RDPLB A7h Read PPB Lock Bit
Program or Erase RDASP 2Bh Read ASP
Program or Erase RDABR 14h Read AutoBoot Register
Program or Erase RDDLP 41h Read Data Learning Pattern
Program or Erase WRVDLR 4Ah Write Volatile DLP Register
Erase SECLOCK 24h Sector Lock
Erase SECUNLOCK 26h Sector Unlock
Erase 4SECUNLOCK 25h 4-byte Address Sector Unlock
Erase PERSUS 75h/B0Oh Program/Erase Suspend
Erase PP 02h Serial Input Page Program
Erase 4PP 12h 4-byte Address Serial Input Page Program
Erase PPQ 32h/38h Quad Input Page Program
Erase 4PPQ 34h/3Eh 4-byte Address Quad Input Page Program
Erase WRDYB FBh Write DYB
Erase 4WRDYB EOh 4-byte Address Write DYB
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8.24 ENTER DEEP POWER DOWN (DP, B9h)

The Deep Power-down (DP) instruction is for setting the device on the minimizing the power consumption (enter
into Power-down mode). During this mode, standby current is reduced from lsb1 to Isb2. While in the Power-down
mode, the device is not active and all Write/Program/Erase instructions are ignored. The instruction is initiated by
driving the CE# pin low and shifting the instruction code into the device. The CE# pin must be driven high after the
instruction has been latched, or Power-down mode will not engage. Once CE# pin driven high, the Power-down
mode will be entered within the time duration of tor. While in the Power-down mode only the Release from Power-
down/RDID instruction, which restores the device to normal operation, will be recognized. All other instructions are
ignored, including the Read Status Register instruction which is always available during normal operation. Ignoring
all but one instruction makes the Power Down state a useful condition for securing maximum write protection. It is
available in both SPI and QPI mode.

Figure 8.55 Enter Deep Power Down Mode Sequence In SPI Mode

CE# top

—___ 1

Modes © 1 2 3 4 5 68 7

sck o
| |
Mode 0 |
|
|
Sl \\>< Instruction = B9h >:
|
|
so High Impedance

Figure 8.56 Enter Deep Power Down Mode Sequence In QPI Mode

_ _—
CE# e )
|
Mode 3 0 1
-==1 |——————
SCK : :
Mode 0 |
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8.25 RELEASE DEEP POWER DOWN (RDPD, ABh)

The Release Deep Power-down/Read Device ID instruction is a multi-purpose command. To release the device
from the deep power-down mode, the instruction is issued by driving the CE# pin low, shifting the instruction code
into the device and driving CE# high.

Releasing the device from Power-down mode will take the time duration of tRES1 before normal operation is restored
and other instructions are accepted. The CE# pin must remain high during the tRES1 time duration. If the Release
Deep Power-down/RDID instruction is issued while an Erase, Program or Write cycle is in progress (WIP=1) the
instruction is ignored and will not have any effects on the current cycle.

Figure 8.57 Release Power Down Mode Sequence In SPI Mode

CE# trRES1

—_ 1 -

Modes © 1 2 3 4 5 68 7

| |

Mode 0 |

SI \:
\\>< Instruction = ABh /I
|

so High Impedance

Figure 8.58 Release Power Down Mode Sequence In QPI Mode

CE# tREsy |

Mode 0

|
|

10[3:0] \\>< ABh >17
|
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8.26 SET READ PARAMETERS OPERATION (SRPNV: 65h, SRPV: C0Oh/63h)

Set Read Parameter Bits

This device supports configurable burst length and dummy cycles in both SPI and QPI mode by setting three bits
(P2, P1, PO) and four bits (P6, P5, P4, P3) within the Read Register, respectively. To set those bits the SRPNV
and SRPV operation instruction are used. Details regarding burst length and dummy cycles can be found in Table
6.9, Table 6.10, and Table 6.11. HOLD#/RESET# function selection (P7) bit in the Read Register can be set with
the SRPNV and SRPV operation as well, in order to select HOLD#/RESET# pin as RESET# or HOLD#.

For the device with dedicated RESET# pin (or ball), RESET# pin (or ball) will be a separate pin (or ball) and it is
independent of the P7 bit setting in Read Register.

SRPNV is used to set the non-volatile Read Register, while SRPV is used to set the volatile Read Register.

To write non-volatile Read Parameter bits, a standard Write Enable (06h) instruction must previously have been
executedf or t he device to accept SRPNV(65h) instruction (St

To write volatile Read Parameter bits (SRPV), 63h or COh command can be used.

When using 63h instruction, a standard Write Enable (06h) instruction must previously have been executed for the
device to accept SRPV (63h) instruction (Status Registe
But COh instruction does not require a standard Write Enable (06h) operation. (Status Register bit WEL remains

n0o) .

Note: When SRPNV is executed, the volatile Read Register is set as well as the non-volatile Read Register.

Figure 8.59 Set Read Parameters Sequence In SPI Mode

CE#

Mode3 © 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

|

Mode 0
Data In
Sl o
AV GGGGGGGG
so High Impedence
Figure 8.60 Set Read Parameters Sequence In QPI Mode
CE#
Mode 3 O 1 2 3
-——-1
SCK |
I
Mode 0
I
I
10[3:0] 65h or
C0h/63h I |
I
Data In
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Read with fABy/tle6/\V8r2a/p6 4Ar oundo

The device is capable of burst read with wrap around in both SPI and QPI mode. The size of burst length is
configurable by using PO, P1, and P2 bits in Read Register. P2 bit (Wrap enable) enables the burst mode feature.
PO and P1 define the size of burst. Burst lengths of 8, 16, 32, and 64 bytes are supported. By default, address
increases by one up through the entire array. By setting the burst length, the data being accessed can be limited
to the length of burst boundary within a 256 byte page. The first output will be the data at the initial address which
is specified in the instruction. Following data will come out from the next address within the burst boundary. Once
the address reaches the end of boundary, it will automatically move to the first address of the boundary. CE# high
will terminate the command.

For example, if burst length of 8 and initial address being applied is Oh, following byte output will be from address

0O0h and continue to O1h,..,07h, O0Oh, O0O1hé until CE# ter,
being applied is FEh(254d), following byte output will be from address FEh and continue to FFh, F8h, F9h, FAh,

FBh, FCh, FDh, and repeat from FEh until CE# terminates the operation.

The commands, ASRPV (65h) or SRPNV (COh or 63h)o0o, are u
input is one of AO0OOhO, 001hod, 002h o, atiom matle. & WilBble continuous burst e v i ¢
read of the whole array. I f the following data input i
burst length as 8,16,32 and 64, respectively.

To exit the burst mode, ainmedessarytosatCDth0. Otherwsd thedburst modmwailh d

be retained until either power down or reset operation
should be executed to set PO and P1 (Detailed information in Table 6.9 Burst Length Data). All read commands

will operate in burst mode once the Read Register is set to enable burst mode.

Refer to Figure 8.59 and Figure 8.60 for instruction sequence.
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8.27 SET EXTENDED READ PARAMETERS OPERATION (SERPNV: 85h, SERPV: 83h)

Set Read Operational Driver Strength

This device supports configurable Operational Driver Strength in both SPI and QPI modes by setting three bits

(ODSO0, ODS1, ODS2) within the Extended Read Register. To set the ODS bits the SERPNV and SERPV operation
instructions are required . The deviceds driver strength can be reduc
Details regarding the driver strength can be found in Table 6.14.

SERPNV is used to set the non-volatile Extended Read register, while SERPV is used to set the volatile Extended
Read register.

Notes:

1. The default driver strength is set to 50%.

2. When SERPNV is executed, the volatile Read Extended Register is set as well as the non-volatile Read Extended
Register.

Figure 8.61 Set Extended Read Parameters Sequence In SPI Mode

CE#

Mode 0 | |
| Data In |
s I I
NWER— I 0000 0000
I I
I I
I I
so High Impedence
Figure 8.62 Set Extended Read Parameters Sequence In QPI Mode
CE#
Mode 3 O 1 2 3
-——-1
SCK |
I
Mode 0
I I
I I
10[3:0] \‘ 85h/83h ||
I I
Data In
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8.28 READ READ PARAMETERS OPERATION (RDRP, 61h)

Prior to, or after setting Read Register, the data of the Read Register can be confirmed by the RDRP command.
The instruction is only applicable for the volatile Read Register, not for the non-volatile Read Register.

Figure 8.63 Read Read Parameters Sequence In SPI Mode

CE#

SNV G TR (ARATRARAARAAN

| |
| |
* 20000000
| |
| |

Figure 8.64 Read Read Parameters Sequence In QPI Mode

CE#

Mode 3 O 1 2 3

-0
SCK I
|

Mode 0 |
ENVED= OO
1| |
" DataOut
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8.29 READ EXTENDED READ PARAMETERS OPERATION (RDERP, 81h)

Prior to, or after setting Extended Read Register, the data of the Extended Read Register can be confirmed by the
RDERP command. The instruction is only applicable for the volatile Extended Read Register, not for the non-
volatile Extended Read Register.

Figure 8.65 Read Extended Read Parameters Sequence In SPI Mode

CE#

AN s %&V&V&V&V&V\

Ltl»' Data Out |

| |
| |
* 20000000
| |
| |

Figure 8.66 Read Extended Read Parameters Sequence In QPI Mode

CE#

Mode 3 O 1 2 3

-0
SCK I
|

Mode 0

Data Out
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8.30 CLEAR EXTENDED READ REGISTER OPERATION (CLERP, 82h)

A Clear Extended Read Register (CLERP) instruction clears PROT_E, P_ERR, and E_ERR error bits in the
Extended Read Registert o willebn t he error bits are set to Alo. Once |
toloi until they are cleared to A00 with a CLERP command.

Figure 8.67 Clear Extended Read Register Sequence In SPI Mode

CE#

|
|
:
S \>< Instruction = 82h >17
:
I

SO High Impedance

Figure 8.68 Clear Extended Read Register Sequence In QPI Mode

CE#

|
ScK !
|
|
10[3:0] \>< 82h >1—
|
|
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8.31 READ PRODUCT IDENTIFICATION (RDID, ABh)

The Release from Power-down/Read Device ID instruction is a multi-purpose instruction. It can support both SPI
and QPI modes. The Read Product Identification (RDID) instruction is for reading out the old style of 8-bit Electronic
Signature, whose values are shown as the table of Product Identification.

The RDID instruction code is followed by three dummy bytes, each bit being latched-in on SI during the rising SCK
edge. Then the Device ID is shifted out on SO with the MSB first, each bit been shifted out during the falling edge
of SCK. The RDID instruction is ended by driving CE# high. The Device ID (ID7-1D0) outputs repeatedly if additional
clock cycles are continuously sent to SCK while CE# is at low.

Table 8.8 Product Identification

Manufacturer 1D (MF7-MFO)
ISSI Serial Flash 9Dh
Instruction ABh 90h 9Fh
. _ Memory Type + Capacity
Part Number Device ID (ID7-1D0) (ID15-1D0)
IS25LP256E 18h 6019h
IS25WP256E 18h 7019h
Figure 8.69 Read Product Identification Sequence
CE#
Mode 3 ©
Mode 0
|
Sl '
\\>< Instruction = ABh >< 3 Dummy Bytes X\\\\\\\\
[ |
: tv Data Out
SO I‘_’I./ Device ID |
| (ID7-1D0) >,
| I
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Figure 8.70 Read Product Identification Sequence In QPI Mode

CE#

Mode 3 © 1 2 3 4 5 6 7 8 9

-———1
SCK :
Mode 0

V|

H Device ID
10[3:0] \\>< ABh >< 6 Dummy Cycles >_<(ID7 IDO)
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8.32 READ PRODUCT IDENTIFICATION BY JEDEC ID OPERATION (RDJDID, 9Fh; RDJDIDQ, AFh)

The JEDEC ID READ instruction allows the user to read the manufacturer and product ID of devices. Refer to Table
8.8 Product Identification for Manufacturer ID and Device ID. After the JEDEC ID READ command (9Fh in SPI
mode, AFh in QPI mode) is input, the Manufacturer ID is shifted out MSB first followed by the 2-byte electronic ID
(ID15-1D0) that indicates Memory Type and Capacity, one bit at a time. Each bit is shifted out during the falling
edge of SCK. If CE# stays low after the last bit of the 2-byte electronic ID, the Manufacturer ID and 2-byte electronic
ID will loop until CE# is pulled high.

Figure 8.71 Read Product Identification by JEDEC ID Read Sequence in SPI mode

CE#

Mode 3 0

Mode 0

T AN o %\\\\\\\\\\\\\\\\\\\\\\\

tvl

*—=1/" Manufacturer ID ' Memory Type ' Capacity '
| N\ (MF7-MF0) (ID15-1D8) | (ID7-1D0)
b

SO

|
[
Figure 8.72 RDJDID and RDJDIDQ (Read JEDEC ID) Sequence In QPI Mode

CE#

Mode 3 O 1 2 3 4 5 6 7

-TT7n
SCK |
|

Mode 0

| |
| |
opa \ \ o) @@@@@@

MF7-MFO  ID15-1D8 ID7-1D0
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8.33 READ DEVICE MANUFACTURER AND DEVICE ID OPERATION (RDMDID, 90h)

The Read Device Manufacturer and Device ID (RDMDID) instruction allows the user to read the Manufacturer and
product ID of devices. Refer to Table 8.8 Product Identification for Manufacturer ID and Device ID. The RDMDID
instruction code is followed by two dummy bytes and one byte address (A7~A0), each bit being latched-in on SI
during the rising edge of SCK. If one byte address is initially set as AO = 0, then the Manufacturer ID is shifted out
on SO with the MSB first followed by the device ID (ID7- IDO0). Each bit is shifted out during the falling edge of SCK.
If one byte address is initially set as A0 = 1, then Device ID7-1DO will be read first followed by the Manufacturer ID.
The Manufacturer and Device ID can be read continuously alternating between the two until CE# is driven high.

Figure 8.73 Read Product Identification by RDMDID Sequence In SPI Mode (A0=0)

CE#
Mode 3 0 1 7 8 9 . 3 32 33 .. 39 40 41 47
I
Mode 0 | |
| I
S| | |
\\>< Instruction = 90h >< 3-byte Address X\\\\\\\\\\\\\\\\
| |
I |
SO ! Manufacturer ID ' Device ID '
N (MF7-MFO0) | (ID7-1D0) |
| | |
Notes:

1. ADDRESS A0 =0, will output the 1-byte Manufacturer ID (MF7-MFO) A 1-byte Device ID (ID7-1D0)
ADDRESS A0 = 1, will output the 1-byte Device ID (ID7-ID0) A 1-byte Manufacturer ID (MF7-MFQ)

2. The Manufacturer and Device ID can be read continuously and will alternate from one to the other until CE# pin is
pulled high.

Figure 8.74 Read Product Identification by RDMDID Sequence In QPI Mode (A0=0)

CE#
Mode 3 © 1 2 3 4 5 6 7 8 9 10 11
.
SCK :
Mode 0 | |
I | tvi | I
I e I I
org \\X_#n Jeeaoagds ok raXsol e saf 1K)
I (. | |
Instruction 3-byte Address ' 'IVIanufacture; Device ID I

ID (MF7-MF0) (ID7-1D0)

Notes:

1. ADDRESS A0 =0, will output the 1-byte Manufacturer ID (MF7-MF0) A 1-byte Device ID (ID7-ID0)
ADDRESS A0 = 1, will output the 1-byte Device ID (ID7-ID0) A 1-byte Manufacturer ID (MF7-MFO)

2. The Manufacturer and Device ID can be read continuously and will alternate from one to the other until CE# pin is
pulled high.
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8.34 READ UNIQUE ID NUMBER (RDUID, 4Bh)

The Read Unigue ID Number (RDUID) instruction accesses a factory-set read-only 16-byte number that is unique
to the device. The ID number can be used in conjunction with user software methods to help prevent copying or
cloning of a system. The RDUID instruction is instated by driving the CE# pin low and shifting the instruction code
(4Bh) followed by 3 address bytes and dummy cycles (configurable, default is 8 clocks). After which, the 16-byte
ID is shifted out on the falling edge of SCK as shown below.

As a result, the sequence of RDUID instruction is same as FAST READ. RDUID sequence in QPI mode is also
same as FAST READ sequence in QPI mode except for the instruction code. Refer to the FAST READ operation
in QPI mode.

Note: 16 bytes of data will repeat as long as CE# is low and SCK is toggling.

Figure 8.75 RDUID Sequence In SPI Mode

CE#

Mode 3
I
Mode 0 | | |
I I I
si I I I
\\>< Instruction = 4Bh >< 3 Byte Address >< Dummy Cycles X\\\\\\\\
I I I
| | Ity
. . ﬁ/
so '
Data Out
I\

I
Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.

Table 8.9 Unique ID Addressing

A[23:16] A[15:9] A[8:4] A[3:0]
XXh XXh 00h Oh Byte address
XXh XXh 00h 1h Byte address
XXh XXh 00h 2h Byte address
XXh XXh 00h o)
XXh XXh 00h Fh Byte address
Note: XX means fidono6ét careo.
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8.35 READ SFDP OPERATION (RDSFDP, 5Ah)

The Serial Flash Discoverable Parameters (SFDP) standard provides a consistent method of describing the
functions and features of serial Flash devices in a standard set of internal parameter tables. These parameters can
be interrogated by host system software to enable adjustments needed to accommodate divergent features from
multiple vendors. For more details please refer to the JEDEC Standard JESD216 (Serial Flash Discoverable
Parameters).

The sequence of issuing RDSFDP instruction in SPI mode is:

CE# goes low A Send RDSFDP instruction (5Ah) A Send 3 address bytes on Sl pin A 8 dummy cycles on Sl pin

A Read SFDP code on SO A End RDSFDP operation by driving CE# high at any time during data out. Refer to

| SSI 6s Application note for SFDP tabl e. The data at
undefined.

RDSFDP Sequence in QPI mode, has 8 dummy cycles before SFDP code, too.

Figure 8.76 RDSFDP (Read SFDP) Sequence

CE#

Mode3 0 1 7 8 9 .. 31 32 33 .. 39 40 41 47
SCK B
I
Mode 0 | | !
| | |
sl ! ! |
\\>< Instruction = 5Ah >< 3 Byte Address >< Dummy Cycles X\\\\\\\\
| | |
! ! Ity
| | =
I
>° / Data Out
N\

8.36 NO OPERATION (NOP, 00h)

The No Operation command solely cancels a Reset Enable command and has no impact on any other commands.
It is available in both SPI and QPI modes. To execute a NOP, the host drives CE# low, sends the NOP command
cycle (00h), then drives CE# high.
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8.37 SOFTWARE RESET (RESET-ENABLE (RSTEN, 66h) AND RESET (RST, 99h)) AND HARDWARE RESET

The Software Reset operation is used as a system reset that puts the device in normal operating mode. During the
Reset operation, the value of volatile registers will default back to the value in the corresponding non-volatile
register. However, the volatile FREEZE bit and the volatile PPB Lock bit in the PPB Lock Register are not
changed by Software Reset. This operation consists of two commands: Reset-Enable (RSTEN) and Reset (RST).
The operation requires the Reset-Enable command followed by the Reset command. Any command other than the
Reset command after the Reset-Enable command will disable the Reset-Enable.

Execute the CE# pin low A sends the Reset-Enable command (66h), and drives CE# high. Next, the host drives
CE# low again, sends the Reset command (99h), and pulls CE# high.

Only if the RESET# pin is enabled, Hardware Reset function is available.
For the device with HOLD#/RESET#, the RESET# pin will be solely applicable in SPI mode and when the QE bit =

fi O For. the device with dedicated RESET#( Dedi cat ed RESET# Disable bit is fA00

pin is always applicable regardless of the QE bit value in Status Register and HOLD#/RESET# selection bit (P7) in
Read Register in SPI/QPI mode.

In order to activate Hardware Reset, the RESET# pin (or ball) must be driven low for a minimum period of treser
(100ns). Drive RESET# low for a minimum period of treser will interrupt any on-going internal and external
operations, release the device from deep power down mode?, disable all input signals, force the output pin enter a
state of high impedance, and reset all the read parameters.

The required wait time after activating a HW Reset before the device will accept another instruction is thwrst of
35us.

The Software/Hardware Reset during an active Program or Erase operation aborts the operation, which can result
in corrupting or losing the data of the targeted address range. Depending on the prior operation, the reset timing
may vary. Recovery from a Write operation will require more latency than recovery from other operations.

Note: The Status and Function Registers remain unaffected.

Figure 8.77 Software Reset Enable and Software Reset Sequence (RSTEN, 66h + RST, 99h)

CE#
Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
-—~-"

SCK :
Mode 0

Sl \\>< Instruction = 66h >—< Instruction = 99h >7

High Impedance

SO
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Figure 8.78 Software Reset Enable and Software Reset Sequence In QPI Mode (RSTEN, 66h + RST, 99h)

CE#
Mode 3 O 1 0 1
-7

SCK :
Mode 0

o (e

8.38 SECURITY INFORMATION ROW

The security Information Row is comprised of an additional 4 x 256 bytes of programmable information. The security
bits can be reprogrammed by the user. Any program security instruction issued while an erase, program or write
cycle is in progress is rejected without having any effect on the cycle that is in progress.

Table 8.10 Information Row Valid Address Range

Address Assignment A[23:16] A[15:8] A[7:0]
IRLO (Information Row LockO0) 00h 00h Byte address
IRL1 00h 10h Byte address
IRL2 00h 20h Byte address
IRL3 00h 30h Byte address

Bit 7~4 of the Function Register is used to permanently lock the programmable memory array.

When Function Register bitIRLx= fi0o, the 256 bytes of the programmabl e

When Function Register bit I RLx = Al106, the 256 bytes
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8.39 INFORMATION ROW ERASE OPERATION (IRER, 64h)

Information Row Erase (IRER) instruction erases the data in the Information Row x (x: 0~3) array. Prior to the
operation, the Write Enable Latch (WEL) must be set via a Write Enable (WREN) instruction. The WEL bit is
automatically reset after the completion of the operation.

The sequence of IRER operation: Pull CE# low to select the device A Send IRER instruction code A Send three
address bytes A Pull CE# high. CE# should remain low during the entire instruction sequence. Once CE# is pulled
high, Erase operation will begin immediately. The internal control logic automatically handles the erase voltage and
timing.

Figure 8.79 IRER (Information Row Erase) Sequence

CE#

Mode 3 O 1

Mode 0
3-byte Address

SI \\>< Instruction = 64h GGGG

SO High Impedance
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8.40 INFORMATION ROW PROGRAM OPERATION (IRP, 62h)

The Information Row Program (IRP) instruction allows up to 256 bytes of data to be programmed into the memory
in a single operation. Before the execution of IRP instruction, the Write Enable Latch (WEL) must be enabled
through a Write Enable (WREN) instruction.

The IRP instruction code, three address bytes and program data (1 to 256 bytes) should be sequentially input.

Three address bytes has to be input as specified in the Table 8.10 Information Row Valid Address Range. Program
operation will start once the CE# goes high, otherwise the IRP instruction will not be executed. The internal control

logic automatically handles the programming voltages and timing. The progress or completion of the program
operation can be determined by reading the WIIlinprbgress. | f
I f WIP bit is fA0O the program operation has completed.

If more than 256 bytes data are sent to a device, the address counter rolls over within the same page. The
previously latched data are discarded and the last 256 bytes data are kept to be programmed into the page. The
starting byte can be anywhere within the page. When the end of the page is reached, the address will wrap around
to the beginning of the same page. If the data to be programmed are less than a full page, the data of all other
bytes on the same page will remain unchanged.

Note: A program operation can alter fAl1l0s into fi0oodos, but an er
byte cannot be reprogrammed without first erasing the corresponding Information Row array which is one of
IRO~3.

Figure 8.80 IRP (Information Row Program) Sequence

CE#

o
[N
~
©
©
w
=
w
N
w
w
W
©
2072

%
%
E
‘é
Gl |

Mode | | | |
| 3-byte Address Dataln 1 | | Data In 256 |
I I I
SO High Impedance
Integrated Silicon Solution, Inc.- www.issi.com 122
Rev.A7

02/06/2022



m® IS25L P256E
IS25WP256E

8.41 INFORMATION ROW READ OPERATION (IRRD, 68h)

The IRRD instruction is used to read memory data.

The IRRD instruction code is followed by three address bytes (A23 - A0) and dummy cycles (configurable, default
is 8 clocks), transmitted via the Sl line, with each bit latched-in during the rising edge of SCK. Then the first data
byte addressed is shifted out on the SO line, with each bit shifted out at a maximum frequency fcr, during the falling
edge of SCK.

The address is automatically incremented by one after each byte of data is shifted out. Once the address reaches
the last address of each 256 byte Information Row, the next address will not be valid and the data of the address
will be garbage data. It is recommended to repeat four times IRRD operation that reads 256 byte with a valid starting
address of each Information Row in order to read all data in the 4 x 256 byte Information Row array. The IRRD
instruction is terminated by driving CE# high (VIH).

If an IRRD instruction is issued while an Erase, Program or Write cycle is in process (WIP=1) the instruction is
ignored and will not have any effects on the current cycle

The sequence of IRRD instruction is same as Fast Read except for the instruction code. IRRD QPI sequence is
same as Fast Read QPI except for the instruction code. Refer to the Fast Read QPI operation.

Figure 8.81 IRRD (Information Row Read) Sequence

CE#

Mode 3
I
Mode 0 | | |
I I I
S| I I I
\\>< Instruction = 68h >< 3 Byte Address >< Dummy Cycles X\\\\\\\\
| | |
I I A
so '
Data Out
i\

I
Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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8.42 FAST READ DTR MODE OPERATION (FRDTR, O0Dh or 4FRDTR, OEh)

The FRDTR/4FRDTR instruction is for doubling the data in and out. Signals are triggered on both rising and falling
edge of clock. The address is latched on both rising and falling edge of SCK, and data of each bit shifts out on both
rising and falling edge of SCK. The 2-bit address can be latched-in at one clock, and 2-bit data can be read out at
one clock, which means one bit at the rising edge of clock, the other bit at the falling edge of clock.

The first address byte can be at any location. The address is automatically increased to the next higher address
after each byte of data is shifted out, so the whole memory can be read out in a single FRDTR/4FRDTR instruction.
The address counter rolls over to 0 when the highest address is reached.

1 ODh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 ODh (EXTADD-=1) is followed by a 4-byte address (A31-A0) or
1 OEh is followed by a 4-byte address (A31-A0)

The sequence of issuing FRDTR/4FRDTR instruction is: CE# goes low A Sending FRDTR/4FRDTR instruction
code (1bit per clock) A 3-byte or 4-byte address on Sl (2-bit per clock) as above A 8 dummy clocks (configurable,
default is 8 clocks) on SI A Data out on SO (2-bit per clock) A End FRDTR/4AFRDTR operation via driving CE#
high at any time during data out.

While a Program/Erase/Write Status Register cycle is in progress, FRDTR/4FRDTR instruction will be rejected
without any effect on the current cycle.
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Figure 8.82 FRDTR Sequence (ODh [EXTADD=0], 3-byte address)

CE#

SCK

SI

SO

CE#

SCK

SI

SO

Mode 3 0

l:lJlJlfoLTLHJTJIJIJIJIJITLFLFL

Mode 0
3-byte Address

ANV ST R

High Impedance

I
JTJWJIJlfLFLHJTJTJIJLFLFUTJTJ1_

[

8 Dummy Cycles nﬂq
1

|

|

|

|

| I
I
Data Out 1 | Data Out 2 | Data Out ..

R RARERERRARRER:

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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Figure 8.83 FRDTR Sequence (ODh [EXTADD=1] or OEh, 4-byte address)

CE#

SCK

SI

SO

CE#

SCK

SI

SO

Mode 3 O

l:lJlJlfoLFLHJTJIJIJIJIJIFLFLFL

Mode 0
4-byte Address

ANV S R

High Impedance

'
ahhhhnnhhhin

N

f ty !

8 Dummy Cycles =
]
|
|
|
|

| I
I
Data Out 1 | Data Out 2 | Data Out ..

AR AARRERERRARRAR:

Note: Dummy cycles depends on Read Parameter setting. Detailed information in Table 6.11 Read Dummy Cycles.
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FAST READ DTR OPERATION IN QPI MODE (FRDTR, ODh or 4FRDTR, OEh)

The FRDTR/4FRDTR instruction in QPI mode utilizes all four 10 lines to input the instruction code so that only two
clocks are required, while the FRDTR/4FRDTR instruction in SPI mode requires that the byte-long instruction code
is shifted into the device only via 100 (Sl) line in eight clocks. In addition, subsequent address and data out are
shifted in/out via all four 10 lines unlike the FRDTR/4FRDTR instruction. Eventually this operation is same as the
FRQDTR/4FRQDTR in QPI mode, but the only different thing is that AX mode is not available in the
FRDTR/4AFRDTR operation in QPI mode.

1 ODh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 ODh (EXTADD-=1) is followed by a 4-byte address (A31-A0) or
1 OEh is followed by a 4-byte address (A31-A0)

The sequence of issuing FRDTR/4FRDTR instruction in QPI mode is: CE# goes low A Sending FRDTR/4FRDTR
QPI instruction (4-bit per clock) A 24-bit or 32-bit address interleave on 103, 102, 101 & 100 (8-bit per clock) as
above A 6 dummy clocks (configurable, default is 6 clocks) A Data out interleave on 103, 102, 101 & |00 (8-bit
per clock) A End FRDTR/4FRDTR operation in QPl mode by driving CE# high at any time during data out.

If the FRDTR/4FRDTR instruction in QPI mode is issued while an Erase, Program or Write cycle is in process is in
progress (WIP=1), the instruction will be rejected without any effect on the current cycle.

Figure 8.84 FRDTR Sequence In QPI Mode (ODh [EXTADD=0], 3-byte address)

CE#

Mode 3 © 1 2 3 4 5 6 7 8 9 10 11 12

Mode 0 Instruction 6 Dummy Cycles ) Data Data

| —oDh | 3-byteAddress | | | tV| out | out |
> ’ GG @@@N
\GQ %@99 ! O%@C

I I |

I I I I I I
102 ! ! I | I I

I I I

I I I I I I
103

Nk Gauee

1. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.
2. Sufficient dummy cycles are required to avoid I/O contention.
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Figure 8.85 FRDTR Sequence In QPI Mode (ODh [EXTADD=1] or OEh, 4-byte address)

. I

oo i
g\ 0/ 2

N X ekl

1. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.
2. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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8.43 FAST READ DUAL |10 DTR MODE OPERATION (FRDDTR, BDh or 4FRDDTR, BEh)

The FRDDTR/4FRDDTR instruction enables Double Transfer Rate throughput on dual 1/0O of the device in read
mode. The address (interleave on dual 1/O pins) is latched on both rising and falling edge of SCK, and the data
(interleave on dual 1/O pins) shift out on both rising and falling edge of SCK. The 4-bit address can be latched-in at
one clock, and 4-bit data can be read out at one clock, which means two bits at the rising edge of clock, the other
two bits at the falling edge of clock.

The first address byte can be at any location. The address is automatically increased to the next higher address
after each byte of data is shifted out, so the whole memory can be read out with a single FRDDTR/4FRDDTR
instruction. The address counter rolls over to 0 when the highest address is reached. Once writing
FRDDTR/4FRDDTR instruction, the following address/dummy/data out will perform as 4-bit instead of previous 1-
bit.

1 BDh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 BDh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 BEh s followed by a 4-byte address (A31-A0)

The sequence of issuing FRDDTR/4FRDDTR instruction is: CE# goes low A Sending FRDDTR/4FRDDTR
instruction (1-bit per clock) A 24-bit or 32-bit address interleave on 101 & 100 (4-bit per clock) as above A 4 dummy
clocks (configurable, default is 4 clocks) on 101 & IO0 A Data out interleave on 101 & 100 (4-bit per clock) A End
FRDDTR/4FRDDTR operation via pulling CE# high at any time during data out (Please refer to Figures 8.86 and
8.87 for 2 x 1/0O Double Transfer Rate Read Mode Timing Waveform).

I f AXh (where X is dondt care) i s ithedpvce wilfertar AXrdacdoperatiahe b i t
mode which enables subsequent FRDDTR/4FRDDTR execution skips command code. It saves cycles as
described in Figures 8.88 and 8.89. When t he code is different from AXh (wkf
the AX read operation. After finishing the read operation, device becomes ready to receive a new command.

If the FRDDTR/4FRDDTR instruction is issued while an Erase, Program or Write cycle is in process is in progress
(WIP=1), the instruction will be rejected without any effect on the current cycle.
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Figure 8.86 FRDDTR Sequence (BDh [EXTADD=0], 3-byte address)
CE#
Mode 3 © 1 2 3 4 5 6 7 8 9 10 13 14
scKk
|
|
Mode 0
3-byte Address "4 Dummy |4 Dummy Cycles
100 \\>< Instruction = BDh @@@@@
Mode Bits

High Impedance
o B@@@@@ ]@@@
CE#
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 ..

ItvI Data Out ! Data Out ! Data Outu Data Out ! Data Out ! Data Out !

G 6@@6&6@@9@66@@@&6@@6@@9@

] | I I I I I
Mode Bits | : ! ! ! ! !
| | | | | |
101
|
Notes:
1.1 f the mode bits=AXh (where X is dondt care), i.Wheotheamoglxecut e

bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.87 FRDDTR Sequence (BDh [EXTADD=1] or BEh, 4-byte address)
CE#
Mode 3 © 1
IjLJIJIJIJIJIJIJIJIJIJIJIJlflfl_
Mode O
4-byte Address '4 Dummy Cycles
100 \\>< Instruction = BDh/BEh %@@é@ M
Mode Bits

High Impedance
o m%@%@@ ot
CE#
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 ..

ItvI Data Out | Data Out | Data Outu Data Out | Data Out | Data Out |

> (& eeea@eeaeaeaeaeaeeeaeeea

) ! I I I I I
Mode Bits | I I I I I I
| I | | | | |
\ | | | | |
101
|
Notes:
1.1 f the mode bits=AXh (where X is dondt care), i.Wheothemoslxecut €

bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.88 FRDDTR AX Read Sequence (BDh [EXTADD=0], 3-byte address)

CE#

Mode 3 0

| TJIJIJIJIJIJIJIJIJIJIJIJ1_

Mode 0 | 4Dummy Cycles |

3-byte Address ¢ ' v DataOut | DataOut ! DataOut !

! )
| |
' | I I
Mode Bits | : ! !
! | |

|

|

Notes:

1.1 f the mode bits=AXh (where X is donét <car e) ,comnandpWhdnthkeep e
mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/0O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.

Figure 8.89 FRDDTR AX Read Sequence (BDh [EXTADD=1] or BEh, 4-byte address)

CE#

Mode 3 0 1

::lflflflfIJlJIJIJIJIJIJIJIJIJIJIJ1_

Mode O 4 Dummy Cycles

|
l
4-byte Address r |tv: Data Out | Data Out | Data Out |

e B O e D S e C o e

SRl 00 o o g

Notes:

1.1 f the mode bits=AXh (where X i s edAXreaddtimodegwitbgutcomniandy Whdnthkeep e
mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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8.44 FAST READ QUAD IO DTR MODE OPERATION IN SPI MODE (FRQDTR, EDh or 4FRQDTR, EEh)

The FRQDTR/4FRQDTR instruction enables Double Transfer Rate throughput on quad 1/O of the device in read
mode.

A Quad Enable (QE) bit of Status Register must be set to "1" before sending the Fast Read Quad /O DTR
instruction.

The address (interleave on 4 1/O pins) is latched on both rising and falling edge of SCK, and data (interleave on 4
I/O pins) shift out on both rising and falling edge of SCK. The 8-bit address can be latched-in at one clock, and 8-
bit data can be read out at one clock, which means four bits at the rising edge of clock, the other four bits at the
falling edge of clock.

The first address byte can be at any location. The address is automatically increased to the next higher address
after each byte data is shifted out, so the whole memory can be read out with a single FRQDTR/4FRQDTR instruc-
tion. The address counter rolls over to 0 when the highest address is reached. Once writing FRQDTR/4FRQDTR
instruction, the following address/dummy/data out will perform as 8-bit instead of previous 1-bit.

1 EDh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 EDh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 EEhis followed by a 4-byte address (A31-A0)

The sequence of issuing FRQDTR/4FRQDTR instruction is: CE# goes low A Sending FRQDTR/4FRQDTR
instruction (1-bit per clock) A 24-bit or 32-bit address interleave on 103, 102, 101 & 100 (8-bit per clock) as above
A 6 dummy clocks (configurable, default is 6 clocks) A Data out interleave on 103, 102, 101 & 100 (8-bit per clock)
A End FRQDTR/4FRQDTR operation by driving CE# high at any time during data out.

I f AXh (where X is donét care) is input for the mode bit
mode which enables subsequent FRQDTR/4FRQDTR execution skips command code. It saves cycles as
described in Figures 8.92and 893.When the code is different from AXh (wf
the AX read operation. After finishing the read operation, device becomes ready to receive a new command.

If the FRQDTR/4FRQDTR instruction is issued while an Erase, Program or Write cycle is in process is in progress
(WIP=1), the instruction will be rejected without any effect on the current cycle.
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Figure 8.90 FRQDTR Sequence In SPI Mode (EDh [EXTADD=0], 3-byte address)
CE#
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12
sck
|
Mode 0 | 6 Dummy Cycles

|
| 3-byte Address &

BN ool
okl
Sodelelelel
SEEVSN

Mode Bits

SCK
Data Data Data Data Data Data Data Data Data Data

|
tv Out Out Out Out Out Out Out Out Out Out

|
| | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| I I I I I I I I I
| | | | | | | | | | |
Notes:

1.1 f the mode bits=AXh (where X is dondédt care), i.Wheo themoelex e c Ut ¢

bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.

CE#
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Figure 8.91 FRQDTR Sequence In SPI Mode (EDh [EXTADD=1] or EEh, 4-byte address)

CE#

scK B
|

Mode 0 , 6 Dummy Cycles
| 4-byte Address

SNV G T o 2 e
Sl
el
el

Mode Bits

I
mmmwwwwt

Data Data Data Data Data Data Data Data Data Data
v Out Out Out Out Out Out Out Out Out Out

|
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| I I I I I I I I I
| | | | | | | | | | |
Notes:

1.1 f the mode bits=AXh (where X is dondt care), i.Wheothemoalxecut e
bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.92 FRQDTR AX Read Sequence (EDh [EXTADD=0], 3-byte address)

CE#

_Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12

I
I
Mode 0 ' 6 Dummy Cycles | Data Data Data Data
3-byte Address k Mty ! | | | |
y f A ty, Out  Out | Out | Out

I I I
| I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
Mode Bits
Notes:
1.1 f the mode bits=AXh (where X is donét care), it wWhdntheeep e

mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.93 FRQDTR AX Read Sequence (EDh [EXTADD=1] or EEh, 4-byte address)

o I
sck L

Mode 0 ' 6 Dummy Cycles | Data Data Data Data
4-byte Address ¥ ty! Out | Out | Out | Out,

S N geuteeee
SRR SRR
= LB SRR

10

=

I I I I I
o —fesskalel)e URUSUEUES
(WAWIWAWWAW WAW/
Mode Bits
Notes:
1.1 f the mode bits=AXh (where X is donét care), it wWhdnthheeep e

mode bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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FAST READ QUAD IO DTR MODE OPERATION IN QPI MODE (FRQDTR, EDh OR 4FRQDTR, EEh)

The FRQDTR/4FRQDTR instruction in QPI mode utilizes all four 10 lines to input the instruction code so that only
two clocks are required, while the FRQDTR/4FRQDTR instruction in SPI mode requires that the byte-long
instruction code is shifted into the device only via 100 line in eight clocks. As a result, 6 command cycles will be
reduced by the FRQDTR/4FRQDTR instruction in QPI mode. In addition, subsequent address and data out are
shifted in/out via all four 10 lines like the FRQDTR/4FRQDTR instruction. In fact, except for the command cycle,
the FRQDTR/4FRQDTR operation in QPI mode is exactly same as the FRQDTR/4FRQDTR operation in SPI mode.

It is not required to set QE bitt o .befdré Fast Read Quad I/O DTR instruction in QPI mode.

1 EDh (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 EDh (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 EEhis followed by a 4-byte address (A31-A0)

The sequence of issuing FRQDTR/4FRQDTR instruction is: CE# goes low A Sending FRQDTR/4FRQDTR
instruction (4-bit per clock) A 24-bit or 32-bit address interleave on 103, 102, 101 & 100 (8-bit per clock) as above
A 6 dummy clocks (configurable, default is 6 clocks) A Data out interleave on 103, 102, 101 & 100 (8-bit per clock)
A End FRQDTR/4FRQDTR operation by driving CE# high at any time during data out.

I f AXh (where X is donét cirgduminyciyckes, thendpvice wilfertar AXrdacoperadiahe b i t
mode which enables subsequent FRQDTR/4FRQDTR in QPI mode execution skips command code. It saves cycles
as described in Figures 8.92 and 893. When the code is diff er en tre)fthedaniceAXh (
exits the AX read operation. After finishing the read operation, device becomes ready to receive a new command.

If the FRQDTR/4FRQDTR instruction in QPI mode is issued while an Erase, Program or Write cycle is in process
is in progress (WIP=1), the instruction will be rejected without any effect on the current cycle.
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Figure 8.94 FRQDTR Sequence In QPI Mode (EDh [EXTADD=0], 3-byte address)

. I

Mode 0 | < ction 6 Dummy Cycles ) . Data Data

| =EDh | 3-byteAddress | | | V| Out | out |
'O° \@G @@@MW

| | | |

| | | | : : :

| | | |
* . 66 @@@@@ee ? ° 9@9

| | | |

| | | | ' ' '
103

O OCHERERRER e

Mode Bits

Notes:

1.1 f the mode bits=AXh (where X is donodetwitlcoatrcemmand). Wheo themoelex e c ut ¢
bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid I/0O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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Figure 8.95 FRQDTR Sequence In QPI Mode (EDh [EXTADD=1] or EEh, 4-byte address)

o J
sek L

S\ 010 T oERT ol
SN 0/0-21 5t ue
SN 0/01 5 2

NVOI0 112 e

Mode Bits

Notes:

1.1 f the mode bits=AXh ( vlinexeeuteXheiAX reatl mode {witltoatrc@rymand). When the mode
bits are different from AXh, the device exits the AX read operation.

2. Number of dummy cycles depends on clock speed. Detailed information in Table 6.11 Read Dummy Cycles.

3. Sufficient dummy cycles are required to avoid /O contention. If the number of dummy cycles and AX bits cycles
are same, then X should be Hi-Z.
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8.45 SECTOR LOCK/UNLOCK FUNCTIONS
SECTOR UNLOCK OPERATION (SECUNLOCK, 26h or 4SECUNLOCK, 25h)

The Sector Unlock command allows the user to select a specific sector to allow program and erase operations.
This instruction is effective when the blocks are designated as write-protected through the BP0-BP3 bits in the
Status Register and TBS bit in the Function Register. Only one sector can be enabled at any time. To enable a
different sector, a previously enabled sector must be disabled by executing a Sector Lock command.

1 26h (EXTADD=0) is followed by a 3-byte address (A23-A0) or
1 26h (EXTADD=1) is followed by a 4-byte address (A31-A0) or
1 25his followed by a 4-byte address (A31-A0)

The instruction code is followed by a 24-bit or 32-bit address specifying the target sector as above, but A0 through
Al1 are not decoded. The remaining sectors within the same block remain as read-only.

Figure 8.96 Sector Unlock Sequence In SPI Mode (26h [EXTADD=0], 3-byte address)

CE# —
Modes © 1 2 3 4 5 6 7 8 9 10 28 29 30 31
scK B
|
Mode 0

3-byte Address

TN e QOGG

SO High Impedance

Figure 8.97 Sector Unlock Sequence In SPI Mode (26h [EXTADD=1] or 25h, 4-byte address)

CE#
Modes © 1 2 3 4 5 & 7 8 9 10 3 37 38 39
ScK B
|
Mode 0

4-byte Address

TNV s QQGG

SO High Impedance
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Figure 8.98 Sector Unlock Sequence In QPI Mode (26h [EXTADD=0], 3-byte address)

CE#

Modes © 1 2 3 4 5 6 7

-0
SCK :

Mode 0
Instruction | 3-byte Address

mW“|I@@@@@@

Figure 8.99 Sector Unlock Sequence In QPI Mode (26h [EXTADD=1] or 25h, 4-byte address)

CE#

Mode 3 © 1 2 3 4 5 6 7 8 9

-0
SCK :

Mode 0
4-byte Address

w“&@m@@@@@@@@
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SECTOR LOCK OPERATION (SECLOCK, 24h)

The Sector Lock command relocks a sector that was previously unlocked by the Sector Unlock command. The
instruction code does not require an address to be specified, as only one sector can be enabled at a time. The
remaining sectors within the same block remain in read-only mode.

Figure 8.100 Sector Lock Sequence In SPI mode

CE#

|
SI \\>< Instruction = 24h >—
|

SO High Impedance

Figure 8.101 Sector Lock Sequence In QPI mode

CE#
Mode 3 © 1
-7

SCK :
Mode 0

e
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8.46 AUTOBOOT

SPI devices normally require 32 or more cycles of command and address shifting to initiate a read command. And,
in order to read boot code from an SPI device, the host memory controller or processor must supply the read
command from a hardwired state machine or from some host processor internal ROM code.

Parallel NOR devices need only an initial address, supplied in parallel in a single cycle, and initial access time to
start reading boot code.

The AutoBoot feature allows the host memory controller to take boot code from the device immediately after the
end of reset, without having to send a read command. This saves 32 or more cycles and simplifies the logic needed
to initiate the reading of boot code.

1 As part of the Power-up Reset, Hardware Reset, or Software Reset process the AutoBoot feature automatically
starts a read access from a pre-specified address. At the time the reset process is completed, the device is
ready to deliver code from the starting address. The host memory controller only needs to drive CE# signal from
high to low and begin toggling the SCK signal. The device will delay code output for a pre-specified number of
clock cycles before code streams out.

T The Auto Boot Start Delay (ABSD) field of the AutoBoot register specifies the initial delay if any is needed by
the host.

T The host cannot send commands during this time.

ilf QE bit (Bit 6) in t HastRead@uad BO oRezatjon will be selected arsl anitial t o #
delay is the same as dummy cycles of Fast Read Quad I/O Read operation. I f it Fast Reaglt t O
operation will be applied and initial delay is the same as dummy cycles of Fast Read operation.

1 The starting address of the boot code is selected by the value programmed into the AutoBoot Start Address
(ABSA) field of the AutoBoot Register.

1 Data will continuously shift out until CE# returns high.

1 Atany point after the first data byte is transferred, when CE# returns high, the SPI device will reset to standard
SPI mode; able to accept normal command operations.

T A minimum of one byte must be transferred.
T AutoBoot mode will not initiate again until another power cycle or a reset occurs.

1 An AutoBoot Enable bit (ABE) is set to enable the AutoBoot feature.

The AutoBoot register bits are non-volatile and provide:
1 The starting address set by the AutoBoot Start Address (ABSA).
1 The number of initial delay cycles, set by the AutoBoot Start Delay (ABSD) 4-bit count value.
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Figure 8.102 AutoBoot Sequence (QE =0)

I

CE#
l\ﬁo_ng n+9 n+10
ScK —:
|
Mode 0

; \V&N@N&V&V&V&V&V&V&V&V&\

ABSD Delay (n)

!L__

t
SO

I
I
i |
! High Impedance !

;00000000008

OGOGOOOGGGC

Data Out 1 Data Out 2
Figure 8.103 AutoBoot Sequence (QE =1)
cE# | ,_,7
Mo_de_3 n+1 n+2 n+3 n+9 n+10

ScK —:

I

Mode 0I |

) ABSD Delay (n) )il I I I I |

y T I I I I I
100 ' 4 <

| I I I I I I

| I I I I I I

| I I I I I I

| I I I I I I

| |< >.°|.° .°|.° .°|.° .°|.° .°|<
101 } 5

| I I I I I I

| I I I I I I

| I I I I I I

| I I I I I I
102 l 6

| I | | | | |

| I

| I

| I

I
103 1

I

I

High Impedance

Data Out1l Data Out2 DataOut3 DataOut4 Data Out5
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AUTOBOOT REGISTER READ OPERATION (RDABR, 14h)

The AutoBoot Register Read command is shifted in. Then the 32bit AutoBoot Register is shifted out, least significant
byte first, most significant bit of each byte first. It is possible to read the AutoBoot Register continuously by providing
multiples of 32bits.

RDABR operation is valid only at SPI mode only.

Figure 8.104 RDABR Sequence In SPI Mode

CE#

Mode 3
ScK B
I
Mode 0 |
I
S| '
AWK -2 AN
I
Lty I
= I
N 00000000¢
I I
I I
Data Out 1
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