Datasheet

RENESAS

AT25SF2561C / AT25QF2561C
256-Mbit SPI Serial Flash Memory with Dual I/0 and Quad I/O Support

Features

Single voltage operation with range of 2.7 V to
3.6V

Serial Peripheral Interface (SPI) compatible support

» Supports SPI modes 0 and 3

» Supports single input/output operations (1-1-1)

» Supports SPI dual output operations (1-1-2)

» Supports SPI dual I/0 operations (1-2-2)

» Supports Quad output operations (1-1-4)

» Supports Quad I/O / XiP operations (1-4-4,
0-4-4)

» Supports QPI operations

Supports 3- and 4-byte addressing

Read operations

* Fastread up to 133 MHz

» Quad SPI and QPI read up to 133 MHz

+ DTR frequency up to 84 MHz

» Continuous read with 8/16/32/64-byte wrap

Flexible erase architecture and time

* Block erase 4 kB (45 ms typical)

» Block erase 32 kB and 64 kB (90 ms and 150 ms
typical)

* Full chip erase (80 s typical)

Flexible programming and time

» Page/byte program (from 1 to 256 bytes)

» Page program time (0.15 ms, typical)

Erase program suspend resume

JEDEC hardware reset

Hardware Reset pin option in 16-pin SOIC package
JEDEC Standard Manufacturer and Device ID
Multiple memory protection schemes

» Individual block protection

* Top, bottom, or block selection

« Enable/disable protection with WP pin

» Write protect all portions of memory via software
protect

3 x 1024-byte One-Time Programmable (OTP)
security registers

Serial Flash Discoverable Parameter (SFDP)
register

Low power dissipation

* 12 pA Standby current (typical)

* 0.5 pA Deep power-down current (typical)

* 11 mA active read current (typical)
User-configurable 1/O pin drive strength levels
Endurance 100,000 program/erase cycles

Data Retention: 20 years

Temperature Range: Industrial (-40 °C to 85 °C)

Industry standard green (Pb/Halide-free/RoHS
compliant) package options

* 8-pin Wide Body SOIC (208 mil)
* 8-pin DFN (6 x 8 x 0.8 mm)

* 8-pin DFN (5 x 6 x 0.8 mm)

* 16-pin SOIC (300 mil)
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1. Product Overview

The AT25SF2561C / AT25QF2561C is a 256-Mbit Serial Peripheral Interface (SPI) Flash memory device
designed for use in a wide variety of high-volume industrial, consumer and connected applications.

It can be used for storing program memory that is booted from Flash memory into embedded or external RAM,; it
can also be used for directly executing the program code from the Flash memory (execute in place [XiP]).

XiP is specifically supported by features which enhance read speed:
* Quad-SPI, which allows reading four bits in one clock cycle, or eight bits when double transfer rate (DTR) is
enabled.
*  Continuous read mode (0-4-4 command format), which removes the need to send a command opcode.
* High SPI clock frequency.
These features allow fast response from the Flash memory whenever the host must fetch commands or data from
it.

Both the AT25SF2561C and the AT25QF2561C support quad-SPI operations. The AT25QF2561C has quad-SPI
enabled by default. The AT25SF2561C does not have quad-SPI enabled by default; thus, for quad-SPI
operations, users must enable it explicitly (by setting the QE bit in Status Register 2 to 1).

2. Pin Descriptions

Table 1. AT25SF2561C / AT25QF2561C Pin Names

Pin Name 110 Description

Chip Select. The chip select signal indicates the beginning of a device operation. When the CS
signal is at the logic high state, the device is not selected and all input signals are ignored and
- all output signals are high impedance. Unless an internal Program, Erase or Write Status
Registers embedded operation is in progress, the device remains in the Standby Power mode.
Driving the cs input to logic low state enables the device, placing it in the Active Power mode.
After power-up, a falling edge on CSis required prior to the start of any command.

Serial Output for single bit data commands. 104 for dual or quad commands.

During single SPI transfers, the SO output signal is used to transfer data serially out of the
AT25SF2561C / AT25QF2561C device. Data is shifted out on the falling edge of the serial SCK
SO (104) 110 clock signal.

During a dual or quad transfer, the SO pin becomes an I/O pin (I/O) This pin works in
conjunction with the other I/O pins to transfer data. Data is shifted out on the falling edge of
SCK, MSB first.

Write Protect in single bit or dual data commands. 10, in quad mode. The signal has an
internal pull-up resistor and can be left unconnected in the host system if not used for quad
commands.

When WP is driven low, while the Status Register Protect bits (SRP1 and SRPO) are set to 0
and 1 respectively, it is not possible to write to the Status Registers. This prevents any alteration
of the Status Registers. As a consequence, all the data bytes in the memory area that are
protected by the Block Protect bits in the Status Registers are also hardware protected against
data modification while WP remains low. The WP function is not available when the Quad mode
is enabled (QE bit in Status Register 2 = 1).

The WP function is replaced by 1/O, for input and output during Quad mode for receiving
addresses, and data to be programmed (values are latched on rising edge of the SCK signal) as
well as shifting out data (on the falling edge of SCK). WP has an internal pull-up resistor.

WP (10,) I/0

GND Ground. The ground reference for the V¢ supply voltage.
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Table 1. AT25SF2561C / AT25QF2561C Pin Names (continued)

Pin Name 1/10 Description

Serial Input for single bit data commands. 10 for dual or quad commands.

During the write phase of an operation, this signal transfers command, address, and data from
the host into the AT25SF2561C / AT25QF2561C device. The command is transmitted first,
followed by the address, followed by write data (on a write operation). The MSB of each field is
transmitted first. Values are latched on the rising edge of serial SCK clock signal.

During the read phase of a single SPI operation, the SO pin is used to transfer data to the
device; the Sl pin is not used. During the read phase of a dual or quad operation, the Sl pin
becomes the I/Oq an output pin and works in conjunction with the other I/O pins to allow data
from the AT25SF2561C / AT25QF2561C device to be driven to the host during execution of a
dual or quad mode command. The data is shifted out of the memory on the falling edge of SCK.

SI (10,) /0

Serial Clock. This input signal provides the synchronization reference for the SPI interface.
SCK | Commands, addresses, or data input are latched on the rising edge of the SCK signal. Data
output changes after the falling edge of SCK.

Hold/Reset/IO;

This pin is used either for pausing communication (in which case it is referred to as HOLD), as a
hardware reset pin (in which case it is referred to as RESET), or as one of the quad-SPI I/O pins
(in which case it is referred to as 103).

When the Quad Enable (QE) bit of Status Register 2 is 0 and the HOLD/RST bit in Status
Register 3 is 0, this pin is used as a HOLD pin. When the Quad Enable (QE) bit of Status
Register 2 is 0 and the HOLD/RST bit in Status Register 3 is 1, this pin is used as a RESET pin.
When the QE bit of Status Register 2 is 1, quad-SPI communication is enabled, and the pin is
HOLD / RESET (103) /O used as the 103 pin in any command that makes use of quad-SPI. In this setting, do not use the
pin for pausing communication or for reset.

The HOLD pin is used to pause a SPI sequence without resetting the clocking sequence. To
enable the HOLD mode, the CS must be low. The HOLD mode effect is on with the falling edge
of the HOLD signal with SCK being low. The HOLD mode ends on the rising edge of HOLD
signal with SCK being low.

If not used, the HOLD pin is internally pulled-high and can be left floating.

Note: When using the device in a 16-pin SOIC package, use the dedicated RESET (pin3) for a
hardware reset.

Device Power Supply

Vee V¢ is the single voltage used for all device functions. See Section 6.1 for details.
CS1 8[vce CS[1] [8]vce
SO (10,) ]2 7 [ HOLD or RESET (10,) SO (10, [2] [7|HOLD or RESET (10,)
WP (10,) 3 6 [1SCK WP (10,)[3] [6]scK
GND [ 4 5[1SI(10,) GND [4] [5]sI (10,)
Figure 1. 8-SOIC (150 and 208 mil) — Top View Figure 3. 8-DFN — Top View
HOLD (10s) C_|®1 16 [1SCK
veec] 2 15 [ Sl (100)
RESET[] 3 14 [INC
NC[] 4 13 [1RSVD*
NC[] 5 12 [INC
NC[] 6 11 [INC
cs 7 10 [ GND
SO (101 ] 8 9 [JWP (102)

* RSVD = Reserved. Do not connect this pin.

Figure 2. 16-SOIC (300 mil) — Top View
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3. Memory Architecture

Table 2. Memory Architecture Diagram of AT25SF2561C / AT25QF2561C

"[’::nms‘:t';’ 512 kB Block | 64 kB Block 32 kB Block 4 kB Block Address Range
Block 0 0000000h - 0000FFFh
Block 0
Block 0 Block 7 0007000h - 0007FFFh
Block 8 0008000h - 0008FFFh
Block 1
Block 15 000F000h - 000FFFFh
Block O
Block 112 0070000h - 0070FFFh
Block 14
Block 7 Block 119 0077000h - 0077FFFh
Block 120 0078000h - 0078FFFh
Block 15
Block 127 007F000h - 007FFFFh
256 Mbit
Block 8064 1F80000h - 1F80FFFh
Block 1008
Block 504 Block 8071 1F87000h - 1F87FFFh
Block 8072 1F88000h - 1F88FFFh
Block 1009
Block 8079 1F8F000h - 1F8FFFFh
Block 63
Block 8176 1FF0000h - 1FFOFFFh
Block 1022
Block 511 Block 8183 1FF7000h - 1FF7FFFh
Block 8184 1FF8000h - 1FF8FFFh
Block 1023
Block 8191 1FFFO00h - 1FFFFFFh
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4. SPI Operation

C Power Up )

/

Device Initialization
=k& Status Register Refresv‘

(non-Volitile Cells)

ADP bit Value

R
3-Byte Address

\
| f '
4-Byte Address !
Hardware : Enable 4-byte (B7h) Y : SPI Reset
Reset | . (66h +99h)
h : Standard SPI | Standard SPI : o
I Dual SPI Disable 4-byte (E9h) Dual SPI 0
I
Quad SPI Quad SPI !
! Y, N '
i Y !
N ol ____________ _d_-____ _
Enable QP (38h) Disable QP! (FFh) Enable QP (38h) Disable QPI (FFh)
A y_ I y_ I \\
: N 4 !
I 3-Byte Address 4-Byte Address |
| Enable 4-byte (B7h) | QPI Reset
Hardware | | (66h + 99h)
~ Reset | i v
: QP - !
| Disable 4-byte (E9h) :
! 1
! 1
\ 7

Figure 4. Device Operation Modes

4.1 Standard SPI Commands

The AT25SF2561C / AT25QF2561C features a four-pin serial peripheral interface on a four-signal bus: Serial
Clock (SCK), Chip Select (CS), Serial Data Input (Sl) and Serial Data Output (SO). SPI bus modes 0 and 3 are
supported. Input data is latched on the rising edge of SCK and data shifts out on the falling edge of SCK.

4.2 Dual SPI Commands

The AT25SF2561C / AT25QF2561C supports Dual SPI operation when using the 3Bh, 3Ch, BBh, BCh, and 92h
commands. These commands allow data to be transferred to, or from, the device at two times the rate of the
standard SPI. When using the Dual SPI command the Sl and SO pins become bidirectional I/O pins: 1/Ogand I/0y,
respectively.
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4.3 Quad SPI Commands

The AT25SF2561C / AT25QF2561C supports Quad SPI operation when using the 6Bh, 6Ch, EBh, EDh, ECh,
94h, 32h, and 34h commands. These commands allow data to be transferred to, or from, the device at four times
the rate of the standard SPI. Quad SPI is enabled by default on the AT25QF2561C. When using the Quad SPI
command, the Sl and SO pins become bidirectional I/O pins: 1/0y and 1/0;, and the WP and HOLD pins become
I/0, and 1/05. Quad SPI commands require the non-volatile Quad Enable bit (QE) in Status Register to be set.

4.4 QPIlI Commands

The AT25SF2561C / AT25QF2561C supports Quad Peripheral Interface (QPI) operations only when the device is
switched from Standard/Dual/Quad SPI mode to QPI mode using the Enter QPI (38h) command. The typical SPI
protocol requires that the byte long command code being shifted into the device only through the Sl pin in eight

serial clocks. QPI mode uses all four IO pins to input the command code; thus, only two serial clocks are required.

Standard/Dual/Quad SPI mode and QPI mode are exclusive. Only one mode can be active at a time. The Enter
QPI (38h) and Exit QPI (FFh) commands are used to switch between these two modes. QPI mode requires Quad-
SPI to be enabled (QE bit in Status Register 2 must be set to 1).

4.5 DTR Commands

The AT25SF2561C / AT25QF2561C supports DTR operation when using the DTR Quad 1/O Fast Read
(EDh/EEh) commands or the Burst Read with Wrap (0Ch) command. These commands allow data to be
transferred to, or from, the device at eight times the rate of the standard SPI, and data output is latched on both
rising and falling edges of the serial clock. When using the DTR instructions the Sl and SO pins become
bidirectional 1/0 pins: 10y and 10;.

4.6 Three-Byte / Four-Byte Address Modes

The AT25SF2561C / AT25QF2561C provides two Address Modes to specify any byte of data in the memory array.
The Three-Byte Address Mode is backward-compatible to older generations of serial Flash memory that only
support up to 128 Mbit data. To address the 256 Mbit or more data in Three-Byte Address Mode, Extended
Address Register must be used in addition to the three-byte addresses.

Four-Byte Address Mode supports Serial Flash Memory devices from 256 Mbit to 32 Gbit. The extended Address
Register is not necessary when Four-Byte Address Mode is enabled.

On power-up, the AT25SF2561C / AT25QF2561C can operate in either Three-Byte Address Mode or Four-Byte
Address Mode, depending on the Non-Volatile Status Register Bit ADP (SR3 bit 1) setting. If ADP=0, the device
operates in Three-Byte Address Mode; if ADP=1, the device operates in Four-Byte Address Mode. The factory
default value for ADP is 0.

To switch between the address modes, use either the Enter 4 Byte Address Mode (B7h) or Exit 4 Byte Address
Mode (E9h) command. The current address mode is indicated by the Status Register Bit ADS (SR3 bit 0).
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5.

Status Registers

The AT25SF2561C / AT25QF2561C contains three Status registers. The registers are read and written as follows:

» Write Status Register 1 (01h)
Read Status Register 1 (05h)
Write Status Register 2 (31h)
Read Status Register 2 (35h)
Write Status Register 3 (11h)
Read Status Register 3 (15h)

5.1

Status Register Tables

The following shows the layout of Status Register 1. This register is written using the Status Register 1 Read
command (05h) and read using the Status Register 1 Write command (01h).

Table 3. Status Register 1 Format

Bit #

Acronym

Name

Type

Default 1

Volatile/
Non-Volatile

Description

SRPO

Status
Register
Protect 0

R/W

Non-Volatile

The Status Register Protect O bit is a non-volatile bit that, along
with the SRP1, controls the method of status register write
protection: software protection, hardware protection, power
supply lock-down, or one time programmable protection. See
Section 6.6.1.

6:2

BP4-BPO

Block
Protect Size

R/W

Non-Volatile

The Block Protect (BP4, BP3, BP2, BP1, BPO) bits are non-
volatile. They define the size of the area to be software
protected against Program and Erase commands. These bits
are written with the Write Status Register command. When
WPS=0, and the Block Protect (BP4, BP3, BP2, BP1, BPO) bits
are set to 1, the relevant memory area (as defined in Table 11
and Table 12).becomes protected against Page Program,
Sector Erase and Block Erase commands. The Block Protect
(BP4, BP3, BP2, BP1, BPO) bits can be written provided that
the Hardware Protected mode has not been set. The Chip
Erase command is executed, if the Block Protect (BP2, BP1,
BPO) bits are 0 and CMP=0 or The Block Protect (BP2, BP1,
BPO) bits are 1 and CMP=1.

WEL

Write
Enable

Volatile

The Write Enable Latch (WEL) bit indicates the status of the
internal Write Enable Latch. When set to 1 the internal Write
Enable Latch is set, when set to 0 the internal Write Enable
Latch is reset and no Write Status Register, Program, or Erase
commands are accepted.

RDY/BSY

Ready/Busy

Volatile

The RDY/BSY (Ready/Busy) bit indicates whether the memory
is busy in program/erase/write status register progress. When
RDY/BSY bit sets to 1, means the device is busy in
program/erase/write status register progress, when RDY/BSY
bit sets 0, means the device is not in program/erase/write
status register progress.

1. For non-volatile bits, the default value is set by the factory. It can later be modified by the user.
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The following shows the layout of Status Register 2. This register is written using the Status Register 2 Read
command (35h) and read using the Status Register 2 Write command (31h).

Table 4. Status Register 2 Format

Bit #

Acronym

Name

Type

Default 1

Volatile/
Non-Volatile

Description

SUS1

Suspend
Status

Volatile

The Suspend Status bit 1 is a read only bit in the Status Register
that is set to 1 after executing a Erase Suspend (75h) command
during an erase operation. This bit is cleared to 0 after resuming
an erase operation using the Resume (7Ah) command, as well
as after power-up.

CMP

Complement
Protect

R/W

Non-Volatile

The Complement Protect bit (CMP) is a non-volatile read/write
bit in the status register. It is used in conjunction with BP4 — BPO
bits to provide more flexibility for the array protection. See
Table 11 and Table 12 for details. The default setting is CMP = 0.

5:3

LB3-LB1

Write-Protect
and Control
Status

R/W

Non-Volatile

The Security Register Lock (LB3/LB2/LB1) bits are non-volatile,
One Time Program (OTP) bits that provide the write protect
control and status to the Security Registers. Their default state is
0 (the security registers are unlocked). They can be set to 1
individually using the Write Register command. These bits are
One Time Programmable: once they are set to 1, the Security
Registers become read-only permanently.

SuUS2

Suspend
Status

Volatile

The Suspend Status bit 2 is a read only bit in the Status Register
that is set to 1 after executing a Program Suspend (75h)
command during a program operation. This bit is cleared to 0
after resuming a program operation using the Resume (7Ah)
command, as well as after power-up.

QE

Quad Enable

RW

Non-Volatile

The Quad Enable (QE) bit is a non-volatile Read/Write bit in
the Status Register that allows Quad operation. When the QE
bit is set to 0 (default for the AT25SF2561 CWle WP pin and
HOLD pin are enable. When the QE pin is set to 1 (default for
the AT25QF2561C), the Quad 10, and 103 pins are enabled.
(The QE bit should never be set to 1 during standard SPI or
Dual SPI operatiﬁ if the WP or HOLD pins directly to the
power supply or ground). The QE bit is required to be setto a 1
before issuing an “Enter QPI (38h)” to switch the device from
Standard/Dual/Quad SPI to QPI; otherwise the command will
be ignored. When the device is in QPl mode, QE bit will
remain to be 1. A “Write Status Register” command in QPI
mode cannot change QE bit from “1” to “0”.

SRP1

Status
Register
Protect 1

R/W

Non-Volatile

The Status Register Protect 1 bit is a non-volatile bit that, along
with the SRPO, controls the method of status register write
protection: software protection, hardware protection, power
supply lock-down, or one time programmable protection. See
Table 6.6.1.

1. For non-volatile bits, the default value is set by the factory. It can later be modified by the user.
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The following shows the layout of Status Register 3. This register is written using the Status Register 3 Read
command (15h) and read using the Status Register 3 Write command (11h).

Table 5. Status Register 3 Format

Bit# | Acronym

Name

Type

Default 1

Volatile/
Non-Volatile

Description

7 |HOLD/RST

HOLD/RESET
pin function

R/wW

Non-Volatile

The HOLD or RESET Pin Function (HOLD/RST) bit is used to
determine whether HOLD or RESET function should be
implemented on the hardware pin. When HOLD/RST=0 (factory
default), the pin acts as HOLD; when HOLD/RST=1, the pin
acts as RESET. However, HOLD or RESET functions are only
available when QE=0 (default for the AT25SF2561C). If QE is
set to 1 (default for the AT25QF2561C), the HOLD and
RESET functions are disabled, the pin acts as a dedicated

6 DRV1

Output Driver
Strength 1

R/W

Non-Volatile

5 DRVO

Output Driver
Strength 0

R/W

Non-Volatile

data 1/0 pin.
The Output Driver Strength (DRV1/DRVO0) bits determine the
drive strength of output signals used by any Read command
(see Table 9).

4 DC1

Dummy
Configuration 1

R/W

Non-Volatile

3 DCO

Dummy
Configuration 0

R/W

Non-Volatile

The Dummy Configuration (DC) bit, which is non volatile,
selects the number of dummy cycles between the end of
address and the start of read data output. Dummy cycles
provide additional latency needed to complete the initial read
access of the Flash array before data can be returned to the
host system. Some read commands require additional dummy
cycles as the SCK frequency increases.

Table 6, Table 7, and Table 8 provide different dummy cycle
settings that are configured.

2 WPS

Write Memory
Array Protection
Mode

Volatile

There are two write memory array protection methods provided:
Block Protection (BP) mode or Individual Block Memory
Protection mode. The protection modes are mutually exclusive.
The WPS bit selects which protection mode is enabled. Note
that the WPS bit is an OTP bit. Once WPS is set to 1, it cannot
be programmed back to 0.

If WPS=0 (factory default), the BP mode is enabled, and
Individual Block Memory Protection mode is disabled. If WPS
=0, all Individual Block Memory Protection commands are not
available.

If WPS=1, the Individual Block Memory Protection mode is
enabled, and BP mode is disabled. Blocks are individually
protected by their own Individual Block Lock bit. On power-up,
all blocks are write-protected by the Individual Block Lock bits
by default, and the Individual Block Memory Protection
commands are activated. The CMP, BP[4:0] bits of the Status
Register are disabled and have no effect.

1 ADP

Power-Up
Address Mode

R/W

Non-Volatile

The Power-Up Address Mode (ADP) bit is non-volatile and
indicates the initial address mode when the device is powered
on or reset. This bit is only used during power-on or reset
initialization period. It can only be modified by writing Status
Register 3 (opcode 11h). When ADP = 0 (factory default), the
device powers up in three-byte address mode. When ADP = 1,
the device powers up in four-byte address mode.

0 ADS

Current Address
Mode

N/A

Volatile

The Current Address Mode (ADS) bit is a read-only bit in Status
Register 3 that indicates the current address mode of the
device. When ADS = 0, the device is in three-byte address
mode. When ADS = 1, the device is in four-byte address mode.

1. For non-volatile bits, the default value is set by the factory. It can later be modified by the user.
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Table 6. STR Mode Dual I/O

Fast Read Dual I/O with 4-Byte

DC Bit Number of Dummy Cycles ' Dual I/0 Fast Read (BBh) Address (BCh)
00 (default) 4 108 MHz 108 MHz
01 8 166 MHz 166 MHz
10 12 166 MHz 166 MHz
1 16 166 MHz 166 MHz

1. The number of dummy cycles includes M7-0.

Table 7. STR Mode Quad I/O

DC Bit Number of Dummy Cycles Dual I/O Fast Read (EBh) | K2t Re::’dgr“e"’s's"(cl’zé"l':)h 4-Byte
00 6 80 MHz 80 MHz
01 10 133 MHz 133 MHz
10 14 166 MHz 166 MHz
11 18 166 MHz 166 MHz

1. The number of dummy cycles includes M7-0.

Table 8. DTR Mode

DC Bit Number of Dummy Cycles T | DTR Fast Read Quad l/O (EDh) |01 % Q;;t‘l "f\%::tsr‘;;‘:];"”th 4-
00 6 54 MHz 54 MHz
01 10 80 MHz 80 MHz
10 14 84 MHz 84 MHz
11 18 84 MHz 84 MHz

1. The number of dummy cycles includes M7-0.

5.1.0.1

DRV1/DRVO Bits

The DRV1 and DRVO bits determine the output driver strength for the Read command.
Table 9. DRV1 / DRVO Drive Strength
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6. Operating Features

6.1  Supply Voltage

6.1.1 Operating Supply Voltage

Prior to selecting the memory and issuing commands to it, a valid and stable V¢ voltage within the specified V¢
(min) / Ve (max) range must be applied (see Section 8, Electrical Characteristics, on page 111). To secure a
stable DC supply voltage, it is recommended to decouple the V¢ line with a 0.1 uF to 1 pF low ESR/ESL
capacitor placed close to the V-c/GND package pins. This voltage must remain stable and valid until the end of
the transmission of the command and, for a Write command, until the completion of the internal write cycle tyy).

6.1.2 Power-up Conditions

When the power supply is turned on, V¢ rises continuously from GND to V. During this time, the Chip Select
(CS) line is not allowed to float but should follow the V¢ voltage; therefore, it is recommended to connect the CS
line to V¢ through a pull-up resistor.

Also, the CS input is both edge sensitive and level sensitive. After power-up, the device does not become selected
until a falling edge is first detected on CS. This ensures that CS must have been High, prior to going Low to start
the first operation.

6.1.3 Device Reset

To prevent inadvertent Write operations during power-up (continuous rise of V¢), a power on reset (POR) circuit
is included. At Power-up, the device does not respond to any command until V¢ has reached the power-on reset
threshold voltage (this threshold is lower than the minimum V¢ operating voltage defined by the DC operating
ranges).

When V¢ has passed the POR threshold, the device is reset.

6.1.4 Power-Down

At power-down (continuous decrease in V¢), as soon as V¢ drops from the normal operating voltage to below
the power on reset threshold voltage, the device stops responding to any command sent to it. During Power-down,
the device must be deselected (Chip Select (@) must be allowed to follow the voltage applied on V¢) and in
Standby Power mode (that is there must be no internal Write cycle in progress).

6.2 Active Power and Standby Power Modes

When Chip Select (CS) is low, the device is selected and in the Active Power mode and consuming current (Ice)-

When Chip Select (CS) is high, the device is deselected. If a Write cycle is not currently in progress, the device
enters the Standby Power mode, and the current consumption drops to Igg1.

6.3 Hold Condition

When QE = 0 and HOLD/RST = 0, the HOLD signal is used to pause any serial communications with the device
without resetting the clocking sequence. During the Hold condition, the Serial Data Output (SO) is high
impedance, and Serial Data Input (SI) and Serial Clock (SCK) are don't care.

To enter the Hold condition, the device must be selected, with Chip Select (@) low. Normally, the device remains
selected for the duration of the Hold condition. Deselecting the device while it is in the Hold condition, has the
effect of resetting the state of the device, and this mechanism can be used if it is required to reset any processes
that had been in progress.

The Hold condition starts when the HOLD signal is driven low at the same time as Serial Clock (SCK) is low. The
Hold condition ends when the HOLD signal is driven high at the same time as Serial Clock is low.
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6.4 Software Reset and Hardware Reset

6.4.1 Software Reset

The AT25SF2561C / AT25QF2561C can be reset to the initial power-on state by a software reset sequence, either
in SPI mode or QPI mode. This sequence must include two consecutive commands: Enable Reset (66h) and
Reset (99h). If the command sequence is successfully accepted, the device takes approximately 300 ys (trgT) to
reset. No command is accepted during the reset period.

6.4.2 Hardware Reset (HOLD pin or RESET pin)

The AT25SF2561C / AT25QF2561C can also be configured to use the hardware RESET pin. The HOLD/RST bit
in the Status Register 3 is the configuration bit for HOLD pin function or RESET pin function. When HOLD/RST=0
(factory default), the pin acts as a HOLD pin; when HOLD/RST=1, the pin acts as a RESET pin. Drive the RESET
pin low for a minimum period of treseT(1) to reset the device to its initial power-on state. Any on-going
Program/Erase operation are interrupted, and data corruption can happen. While RESET is low, the device does
not accept any command input.

If the QE bit is set to 1, the HOLD or RESET function is disabled, the pin becomes one of the four data I/O pins.

For the 16-pin SOIC 300-mil package, the AT25SF2561C / AT25QF2561C provides a dedicated RESET pin in
addition to the HOLD/RESET (IO3) pin. Drive the RESET pin low for the minimum treseT(q) to reset the device to
its initial power-on state. The HOLD/RST bit or QE bit in the Status Register does not affect the function of this
dedicated RESET pin.

The hardware RESET pin has the highest priority among all the input signals. Drive RESET low for a minimum
period of treseT Tto interrupt any on-going external/internal operations, regardless of the status of other SPI
signals (CS, SCK, I0s, WP and HOLD).

Notes:

1. While a faster RESET pulse (as short as a few hundred nanoseconds) often resets the device, a trgT mini-
mum pulse is recommended to ensure reliable operation.

2. There is an internal pull-up resistor for the dedicated RESET pin on the 16-pin SOIC 300-mil package. If the
reset function is not used, this pin can be left floating.
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6.4.3 Hardware Reset (JEDEC Standard Hardware Reset)

The AT25SF2561C / AT25QF2561C supports JEDEC Standard Hardware Reset. The JEDEC Standard Hardware
Reset sequence also can be used to reset the device to its power-on state without cycling power.

The reset sequence does not use the SCK pin. SCK must be low (mode 0) or high (mode 3) throughout the entire
reset sequence. This prevents any confusion with it being an command, since no command bits are transferred
(clocked).

Areset is commanded when the data on the Sl pin is 0101 on four consecutive positive edges of the CcS pin with
no edge on the SCK pin throughout. There is a sequence where:

1. CSis driven active low to select the device.

2. The clock (SCK) remains stable in either a high or low state.

3. Slisdriven low by the bus master, simultaneously with [ going active low. No SPI bus slave drives Sl during
CS low before a transition of SCK; that is: slave streaming output active is not allowed until after the first edge
of SCK.

4. CSis driven inactive. The slave captures the state of Sl on the rising edge of CS.
The above steps are repeated four times, each time alternating the state of Sl.

After the fourth CS pulse, the slave triggers its internal reset. Sl is low on the first CS, high on the second, low on
the third, high on the fourth. This provides a value of 5h, unlike random noise. Any activity on SCK during this time
halts the sequence, and a Reset is not generated. Figure 5 shows the timing for hardware Reset operation.

! o > ! ! 1
_Mode3 | [ ] e
SCK Mode 0 i i i 1 o
sl | | | |
SO HIGH-ilMPEDANCE i i 3

Internal Reset I

Figure 5. JEDEC Standard Hardware Reset
Table 10. JEDEC Standard Hardware Reset Timing Parameters

Parameters Min Typ. Max. Unit
tCL 20 ns
tCH 20 ns
Setup Time 5 ns
Hold Time 5 ns
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6.5 Write Protect Features

1. Software Protection (Memory array):

- The Block Protect (BP4, BP3, BP2, BP1, BPO0) bits define the section of the memory array that can be read
but not changed.

- Individual Block Memory Protection: The AT25SF2561C / AT25QF2561C also provides another Write
Protect method using the Individual Block Memory Protection. Each 64-kB block (except the top and bottom
blocks, total of 510 blocks) and each 4-kB block within the top/bottom blocks (total of 32 blocks) are
equipped with the Individual Block Lock bit. When the Individual Block Lock bit is 0, the corresponding block
can be erased or programmed; when the Individual Block Lock bit is set to 1, Erase or Program commands
issued to the corresponding block are ignored.

The WPS bit in Status Register 3 is used to decide which Write Protect scheme is used. When WPS=0
(factory default), the device uses only CMP, BP[4:0] bits to protect specific areas of the array; when WPS=1,
the device uses the Individual Block Memory Protection for write protection.

2. Hardware Protection (Status register): WP going low to protected the writable bits of Status Register.

3. Deep Power-Down: In Deep Power-Down Mode, all commands are ignored except Release from Deep
Power-Down Mode.

4. The device resets when V¢ is below threshold: On power-up or at power-down, the AT25SF2561C /
AT25QF2561C stays in the reset condition while V¢ is below the threshold value of Vyy,. While reset, all
operations are disabled, and no commands are recognized.

5. Time delay write disable after power-up, during power-up, and after the V¢ voltage exceeds V¢ (min), all
program and erase related commands are further disabled for a time delay of tyg . This includes the Write
Enable, Page Program, Block Erase, Chip Erase, and Write Status Register commands.

6. Write Enable: The Write Enable command is set with the Write Enable Latch bit. The WEL bit returns to reset
under the following conditions:

- Power-up

- Write Disable

- Write Status Register (when the SR is protected, WEL returns to reset)
- Write Extended Address Register (when in three-byte Address Mode)

- After some Individual Block Memory Protection commands that require the Write Enable command (see
Table 27) are executed correctly, the WEL bit returns to reset (when WPS=1)

- Page Program if the program area is protected, WEL returns to reset)
- Block Erase/Chip Erase (if the erase area is protected, WEL returns to reset)
- Software Reset
- Hardware Reset
7. One Time Program (OTP) write protection for array and Security Registers using the Status Register.
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6.6 Array Memory Protection
6.6.1 Block Protect Table (WPS = 0)
Table 11. AT25SF2561C / AT25QF2561C Status Register Memory Protection (CMP = 0)
Status Register Content Memory Content
BP4 BP3 BP2 BP1 BPO Addresses Size Portion
X 0 0 0 0 NONE NONE NONE
0 0 0 0 1 01FFO000h - 01FFFFFFh 64 kB Upper 1/512
0 0 0 1 0 01FEO000h - 01FFFFFFh 128 kB Upper 1/256
0 0 0 1 1 01FCO0000h - 01FFFFFFh 256 kB Upper 1/128
0 0 1 0 0 01F80000h - 01FFFFFFh 512 kB Upper 1/64
0 0 1 0 1 01F000000h - 01FFFFFFh 1 MB Upper 1/32
0 0 1 1 0 01E00000h - 01FFFFFFh 2MB Upper 1/16
0 0 1 1 1 01C00000h - 01FFFFFFh 4 MB Upper 1/8
0 1 0 0 0 01800000h - 01FFFFFFh 8 MB Upper 1/4
0 1 0 0 1 01000000h - 01FFFFFFh 16 MB Upper 1/2
1 0 0 0 1 00000000h - 0000FFFFh 64 kB Lower 1/512
1 0 0 1 0 00000000h - 0001FFFFh 128 kB Lower 1/256
1 0 0 1 1 00000000h - 0003FFFFh 256 kB Lower 1/128
1 0 1 0 0 00000000h - 0007FFFFh 512 kB Lower 1/64
1 0 1 0 1 00000000h - 000FFFFFh 1 MB Lower 1/32
1 0 1 1 0 00000000h - 001FFFFFh 2 MB Lower 1/16
1 0 1 1 1 00000000h - 003FFFFFh 4 MB Lower 1/8
1 1 0 0 0 00000000h - 007FFFFFh 8 MB Lower 1/4
1 1 0 0 1 00000000h - OOFFFFFFh 16 MB Lower 1/2
X 1 1 0 X 00000000h - 01FFFFFFh 32 MB All
X 1 X 1 X 00000000h - 01FFFFFFh 32 MB All

Table 12. AT25SF2561C / AT25QF2561C Status Register Memory Protection (CMP = 1)

Status Register Content

Memory Content

BP4 BP3 BP2 BP1 BPO Addresses Size Portion

X 0 0 0 0 00000000h - 01FFFFFFh All All

0 0 0 0 1 00000000h - 10FEFFFFh 32,704 kB Lower 511/512

0 0 0 1 0 00000000h - 01FDFFFFh 32,640 kB Lower 255/256

0 0 0 1 1 00000000h - 01FBFFFFh 32,512 kB Lower 127/128

0 0 1 0 0 00000000h - 01F7FFFFh 32,256 kB Lower 63/64

0 0 1 0 1 00000000h - 01EFFFFFh 31 MB Lower 31/32

0 0 1 1 0 00000000h - 01DFFFFFh 30 MB Lower 15/16

0 0 1 1 1 00000000h - 01BFFFFFh 28 MB Lower 7/8

0 1 0 0 0 00000000h - 017FFFFFh 24 MB Lower 3/4

0 1 0 0 1 00000000h - O0OFFFFFFh 16 MB Lower 1/2

1 0 0 0 1 00010000h - 01FFFFFFh 32,704 kB Upper 511/512

1 0 0 1 0 00020000h - 01FFFFFFh 32,640 kB Upper 255/256

1 0 0 1 1 00040000h - 01FFFFFFh 32,512 kB Upper 127/128

1 0 1 0 0 00080000h - 01FFFFFFh 32,256 kB Upper 63/64

1 0 1 0 1 00100000h - 01FFFFFFh 31 MB Upper 31/32

1 0 1 1 0 00200000h - 01FFFFFFh 30 MB Upper 15/16

1 0 1 1 1 00400000h - 01FFFFFFh 28 MB Upper 7/8

1 1 0 0 0 00800000h - 01FFFFFFh 24 MB Upper 3/4

1 1 0 0 1 01000000h - 01FFFFFFh 16 MB Upper 1/2

X 1 1 0 X None None None

X 1 X 1 X None None None
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6.6.2 Individual Block Memory Protection (WPS = 1)
Individual Block Memory Protection can protect individual 4 kB blocks in the bottom and top 64 kB of memory and
protect individual 64 kB blocks in the rest of memory.

There is one volatile individual block lock bit assigned to each 4 kB block at the bottom and top 64 kB of memory,
as well as to each 64 kB block in the rest of memory. A block is write-protected from programming or erasing
when its associated individual block lock bit is set to 1.

Note: If WPS=0, Individual Block Memory Protection commands (Section 7.7.1 through Section 7.7.5) are not
available.

Individual block lock bit 0 [ 4K Block 0 §
cee > eee o w

Individual block lock bit 15 = 4K Block 15 §

Individual block lock bit 16 - 64K Block 1

Individual block lock bit 525 - 64K Block 510

Individual block lock bit 526 ~ 4K Block 8176 §
. 2%

Individual block lock bit 541 ~ 4K Block 8191 §

Notes: 1. Individual block protection is only valid when WPS = 1.
2. When Individual block protection is in effect (WPS=1) all individual block lock bits are set to 1 by default
after power-up (the entire memory array is protected).

Figure 6. Individual Block Lock Bit for Block Array

6.6.2.1 Individual Block Lock Bit

The individual block lock bits are volatile bits for quickly and easily enabling or disabling write protection to blocks.
An individual block lock bit is assigned to each 4 kB block in the bottom and top 64 kB of memory and to each 64
kB block in the rest of the memory.

When an individual block lock bit is 1, the associated block is write protected, preventing any program or erase
operation on the block. All individual block lock bits default to 1 after power-on or reset.

Individual block lock bits can be set to 1 by the Individual Block Lock command. The individual block lock bits can
also be globally cleared to 0 with the Global Block Unlock command. A Write Enable command must be executed
to set the WEL bit before sending the Individual Block Lock, Individual Block Unlock, Global Block Lock, or Global
Block Unlock command.

The Read Block Lock command reads the status of the individual block lock bit of a block. The Read Block Lock
command returns 00h if the individual block lock bit is 0, indicating write protection is disabled. The Read Block
Lock Status command returns FFh if the individual block lock bit is 1, indicating write protection is enabled.

Table 13. Individual Protection Bit

Description Bit Status Default Type
- . 0 = Unprotect Block )
Individual Block Lock bit 1 Volatile
1 = Protect Block
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6.7 Extended Address Register

In addition to the Status Registers, the AT25SF2561C / AT25QF2561C also provides a volatile Extended Address
Register that allows the 256 Mb area of the device to be used normally in three-byte Address Mode. The value of
the Extended Address Register and the 24-bit address input in the three-byte Address Mode together form the
complete start address of the command operation. That is, when A24 = 0, the starting address of the command
operation selects the lower 128 Mb memory array (00000000h OOFFFFFFh). When A24 = 1, the start address of
the command operation selects the high 128 Mb memory array (01000000h 01FFFFFFh).

Notes

1.

In three-byte Address Mode, when A24 = 0 /1, the starting address of the command operation selects the
lower high-128-Mb memory array. However, as the command operation address continues to be carried, the
address of the command operation can enter the high lower-128-Mb memory array. At this time, the value of
the Extended Address Register does not change with the carry of the address; that is, the value of Extended
Address Register can only be modified by the Write Extended Address Register command.

In four-byte Address Mode, Extended Address Register is not available. The value of Extended Address Reg-
ister has no effect on the command operation. The device requires four-byte address input for all address
related commands, and the Extended Address Register setting is ignored. The Read Extended Address Reg-
ister and Write Extended Address Register commands are not available in the four-byte Address Mode. At the
same time, during the command operation, the same as in the three-byte Address Mode, the carry of the
address does not have any effect on the Extended Address Register.

Table 14. Extended Address Register

EA7 EA6 EA5 EA4 EA3 EA2 EA1 EAOQ

A311 A30 " A29 1 A281 A27 1 A26 1 A251 A24 2

1. Reserved for higher densities: 512 Mb ~ 32 Gb.
2. Address Bit #24: A24 = 0: Select lower 128 Mb; A24 = 1: Select upper 128 Mb.
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7. Command Set

All commands, addresses, and data are shifted in and out of the device, beginning with the most significant bit on
the first rising edge of SCK after CS is driven low. Then, the one byte command code must be shifted in to the
device, most significant bit first on SI, each bit being latched on a rising edge of SCK.

In Table 15, every command sequence starts with a one byte command code. Depending on the command, this
can be followed by address bytes, or by data bytes, by both, or none. CS must be driven high after the last bit of
the command sequence has been shifted in. For the Read, Fast Read, Read Status Register, Release from Deep
Power-Down, and Read Device ID commands, the shifted in command sequence is followed by a data out
sequence. CS can be driven high after any bit of the data out sequence is shifted out.

For the Page Program, Block Erase, Chip Erase, Write Status Register, Write Enable, Write Disable, or Deep

Power-Down command, CS must be driven high exactly at a byte boundary; otherwise, the command is rejected
(not executed). That is, CS must go high when the number of clock pulses after CS driven low is an exact multiple
of eight. For Page Program, if at any time the input byte is not a full byte, nothing happens, and WEL is not reset.

Table 15. Command Set Table: Standard/Dual/Quad SPI Commands, 3-Byte and 4-Byte Mode 1

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7

Clock Number (0-7) (8-15) (16-23) (24-31) (32-39) (40-47) (48-55)
Write Enable 06h
Volatile SR Write Enable 50h
Write Disable 04h
Read Status Register 1 05h  |(SR1 Bits 7-0)(2)
Write Status Register(4) 01h  |[(SR1 Bits 7-0)(4)(SR2 Bits 7-0)
Read Status Register 2 35h  |(SR2 Bits 7-0)(?)
Write Status Register 2 31h (SR2 Bits 7-0)
Read Status Register 3 15h  |(SR3 Bits 7-0)2)
Write Status Register 3 11h (SR3 Bits 7-0)
Chip Erase C7h/60h
Program/Erase Suspend 75h
Program/Erase Resume 7Ah
Deep Power-down B9h
Release Power-down /ID| ABh Dummy Dummy Dummy (ID7-1D0)2)
Release Power-down ABh

i (MF7-MF0)/ | (ID7-1D0))
Manufacturer/Device ID 90h Dummy Dummy 00/01h
(ID7-1D0) (MF7-MFO0)
Read JEDEC ID 9Fh (MF7-MFO0) (ID15-1D8) (ID7-1D0)®)
Read Serial Flash 5Ah A23-A16 A15-A8 A7-AO Dummy (D7-DO)
Discoverable Parameter
Enter QPI Mode 38h
Enable Reset 66h
Reset Device 99h
Read Data with
4-Byte Address 13h A31-A24 A23-A16 A15-A8 A7-AO (D7-DO)
Fast Read with
4-Byte Address 0Ch A31-A24 A23-A16 A15-A8 A7-A0 Dummy (D7-DO0)
Fast Read DualOutput
with 4-Byte Ad dressp 3Ch A31-A24 A23-A16 A15-A8 A7-A0 Dummy | (D7-DO, ...)"
Fast Read Quad Output
with 4-Byte Address P 6Ch A31-A24 A23-A16 A15-A8 A7-A0 Dummy (D7-DO, ...)®)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7

Clock Number (0-7) (811) (12-15) (16-19) (20-23) (24-27) (28-31)
Fast Read Dual I/O with
4-Byte Address BCh A31-A24 A23-A16 A15-A8 A7-A0 Dummy (D7-DO0)
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Table 15. Command Set Table: Standard/Dual/Quad SPI Commands, 3-Byte and 4-Byte Mode ' (continued)

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8 Byte 9
Clock Number (0-7) (8-9) (1011) | (1213) | (1415) | (16-17) | (18-19) | (20-21) | (22-23)
Fast Read Quad 1/O with
4-Byte Address ECh A31-A24 | A23-A16 | A15-A8 A7-A0 M7-M0 | Dummy | Dummy | (D7-DO)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number (0-7) (8-9) (10-11) (12-13) (14-15) (16-17) (18-19)
Page Program with ) ) : . : PoYV3)
4-Byte Address 12h A31-A24 A23-A16 A15-A8 A7-A0 (D7-DO0) (D7-DO0)
Quad PageProgram with | 5, A31-A24 A23-A16 A15-A8 A7-A0 (D7-DO)
4-Byte Address
Block Erase (4kB)
with 4-Byte Address 21h A31-A24 A23-A16 A15-A8 A7-A0
Block Erase (32K) with 4-) 5, A31-A24 A23-A16 A15-A8 AT-AO
Byte Address
Block Erase(64K) A23-A16 A15-A8 A7-A0
with 4-Byte Address DCh A31-A24
Global Block Lock 7Eh
Global Block Unlock 98h
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Table 16. Command Set Table: Standard/Dual/Quad SPI Commands, 3-Byte Address Mode (1)

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Clock Number 0-7 8-15 16-23 24-31 32-39 40-55
Read Unique ID Number 4Bh Dummy Dummy Dummy Dummy (ID127-1D0)
Clock Number 0-7 8-15 16-23 24-31 32-39 40-47
Page Program 02h A23-A16 A15-A8 A7-A0 (D7-D0) (D7-D0)B)
Quad Page Program 32h A23-A16 A15-A8 A7-A0 (D7-DO, ...)®) (D7-DO, ...)®)
Block Erase (4 kB) 20h A23-A16 A15-A8 A7-A0
Block Erase (32 kB) 52h A23-A16 A15-A8 A7-A0
Block Erase (64 kB) D8h A23-A16 A15-A8 A7-A0
Normal Read Data 03h A23-A16 A15-A8 A7-A0 (D7-D0) (Next Byte)
Fast Read 0Bh A23-A16 A15-A8 A7-A0 Dummy (D7-DO)
Dual Output Fast read 3Bh A23-A16 A15-A8 A7-A0 Dummy (D7-DO)(™)
Quad Output Fast read 6Bh A23-A16 A15-A8 A7-A0 Dummy (D7-D0)®)
Erase Security Registers® |  44h A23-A16(8) A15-A8(8) A7-A0®)
;reog?;?;?s%?curity 42h A23-A16(8) A15-A8(8) A7-A0(®) D7-D0O Next Byte
Read Security Registers(®) 48h A23-A16(8) A15-A8(8) A7-A0®) Dummy D7-DO
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number 0-7 8-11 12-15 16-19 20-23 24-27 28-31
Dual I/O Fast read BBh A23-A16 A15-A8 A7-A0 Dummy (D7-DO)
Mftr./Device ID Dual I/O 92h A23-A16 A15-A8 A7-A0 Dummy (MF7-MFO) (ID7-1D0)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 | Byte 7 Byte 8 Byte 9
Clock Number 0-7 10-11 1213 14-15 16-17 18-19 20-21 22-23
Set Burst With Wrap 77h Dummy Dummy | Dummy | W6-W4
Quad /O Fast read EBh A23-A16 A15-A8 A7-A0 M7-MO | Dummy | Dummy | (D7-D0) (D7-DO0)
Mftr./Device ID Quad I/O 94h A23-A16 A15-A8 A7-A0 M7-MO | Dummy | Dummy | (MF7-MFO) | (ID7-ID0O)
Read Block Lock 3Dh A23-A16 A15-A8 A7-A0 | (D7-DO)
Individual Block Lock 36h A23-A16 A15-A8 A7-A0
Individual Block Unlock 3%9h A23-A16 A15-A8 A7-A0
Enter 4-Byte Address Mode B7h
E::idstlztended Addr. csh (EAT-EA0)®
\F/{V;gii)itended Addr. C5h (EA7-EAQ)
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Table 17. Command Set Table: Standard/Dual/Quad SPI Commands, 4-Byte Address Mode (1)

Data Input
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Output
Clock Number | 0-7 8-15 16-23 24-31 32-39 40-47 48-63
Read Unique ID
Number 4Bh Dummy Dummy Dummy Dummy Dummy ID127-1D0
Clock Number | 0-7 8-15 16-23 24-31 32-39 40-47 48-55
Page Program 02h A31-A24 A23-A16 A15-A8 A7-AO D7-D0 D7-D0®)
Quad Page 32h A31-A24 A23-A16 A15-A8 A7-A0 D7-DO, ...9 | D7-DO, ...
Program
EI'BO)CK Erase (4- 20h A31-A24 A23-A16 A15-A8 A7-AO
EI';)CK Erase (32- | 5pn A31-A24 A23-A16 A15-A8 A7-A0
EI';;C" Erase (64- | pgpy A31-A24 A23-A16 A15-A8 A7-AO
Normal Read Datd  03h A31-A24 A23-A16 A15-A8 A7-A0 D7-DO Next Byte
Fast Read 0Bh A31-A24 A23-A16 A15-A8 A7-AO Dummy D7-DO
5;;3' Output Fast | 4 A31-A24 A23-A16 A15-A8 A7-AO Dummy D7-D0()
S;;Zd OutputFast| g5y, A31-A24 A23-A16 A15-A8 A7-A0 Dummy D7-D0®)
Erase Security 44h A31-A24 | A23-A16@) | A15-A8() AT-A0(®)
Registers(®)
Program Security | on A31-A24 | A23-A16@) |  A15-A8() A7-A0(®) D7-DO Next Byte
Registers(®)
Read Security 48h A31-A24 A23-A16(8) A15-A8(8) A7-A0®) Dummy D7-DO
Registers(®)
Data Input Outpuff Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number | 0-7 8-11 12-15 16-19 20-23 24-27 28-31 22-35
Dual /O Fastread] BBh | A31-A24 | A23-A16 | A15-A8 A7-A0 Dummy D7-DO D7-DO
'\D"Lt;'l/ %"":e D 92h A31-A24 | A23-A16 A15-A8 A7-AO Dummy | MF7-MFO | ID7-IDO
thzt::lft"t Byte1 | Byte2 | Byte3 | Byte4 | Byte5 | Byte6 | Byte7 |Byte8| Byte9 | Byte10
Clock Number | 0-7 8-9 10-11 | 12413 | 1415 16-17 | 1819 | 20-21 | 22-23 | 24-25
\?\Z;Eumt With 77h Dummy | Dummy | Dummy | Dummy W6-W4
rQe‘;Zd VO Fast EBh | A31-A24 | A23-A16 | A15-A8 | A7-A0 | M7-MO | Dummy |Dummy| D7-D0 | D7-DO
gf};ﬁ%'ce D 94h | A31-A24 | A23-A16 | A15-A8 | A7-A0 | M7-MO | Dummy |Dummy| MF7-MFO | D7-DO
Read Block Lock | 3Dh | A31-A24 | A23-A16 | A15-A8 | A7-A0 | D7-DO
:_”odé:'d”a' Block 36h | A31-A24 | A23-A16 | A15-A8 | A7-AO
Individual Block 39h | A31-A24 | A23-A16 | A15-A8 | A7-AO
Unlock
Exit 4-Byte
Address Mode Eoh
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Table 18. Command Set Table: QP Commands, 3- and 4-Byte Address Mode 14

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number (0-1) (2-3) (4-5) (6-7) (8-9) (10-11) (12413) | (14-15)
Write Enable 06h
Volatile SR Write Enable 50h
Write Disable 04h
Read Status Register 1 05h  |(SR1 Bits 7-0)(2)
Write Status Register 14| 01h  [(SR1 Bits 7-0)(4)|(SR2 Bits 7-0)
Read Status Register 2 35h  [(SR2 Bits 7-0)2)
Write Status Register 2 31h (SR2 Bits 7-0)
Read Status Register 3 15h  |(SR3 Bits 7-0)(2)
Write Status Register 3 11h (SR3 Bits 7-0)
Chip Erase C7h/60h
Erase / ProgramSuspend| 75h
Erase / Program Resume| 7Ah
Power-down BY9h
Set Read Parameters COh P7-PO
Release Power-down / ID|  ABh Dummy Dummy Dummy ID7-1D0(2)
Manufacturer/Device ID 90h Dummy Dummy 00h (MF7-MFO) ID7-IDO
JEDEC ID 9Fh MF7-MFO ID15-1D8 ID7-1D0
Exit QPl Mode FFh
Enable Reset 66h
Reset Device 99h
Fast Read Quad /O with | ) A31-A24 A23-A16 A15-A8 A7-A0 | M7-MO(15) | Dummy | D7-DO
4-Byte Address
Read Serial Flash 5Ah A23-A16 A15-A8 A7-AO Dummy D7-D0
Discoverable Parameter
Page Program with4-Byte) -, A31-A24 A23-A16 A15-A8 AT7-A0 D7-D0 | D7-DO®)
Address
Block Erase (4 kB)with |, A31-A24 A23-A16 | A15-A8 A7-A0
4-Byte Address
Block Erase(32kB) with | = 5, A31-A24 A23-A16 A15-A8 AT7-A0
4-Byte Address
Block Erase(64 kB) with | 1y, A31-A24 A23-A16 | A15-A8 A7-A0
4-Byte Address
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Table 19. Command Set Table:

QPI Commands, 3-Byte Address Mode (14)

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number 0-1 2-3 4-5 6-7 8-9 10-11 12-13
Page Program 02h A23-A16 A15-A8 A7-A0 D7-D0(®) D7-D0®)
Block Erase (4-kB) 20h A23-A16 A15-A8 A7-A0
Block Erase (32-kB) 52h A23-A16 A15-A8 A7-A0
Block Erase (64-kB) D8h A23-A16 A15-A8 AT7-A0
Fast Read 0Bh A23-A16 A15-A8 A7-AO Dummy(15) D7-DO
Burst Read with W rap(16) 0Ch A23-A16 A15-A8 A7-AO Dummy(15) D7-DO
Fast Read Quad I/O EBh A23-A16 A15-A8 A7-A0 M7-M0(15) Dummy D7-D0O
Read Unique ID Number 4Bh Dummy Dummy Dummy Dummys* ID127-1D0
Read Security Registers(®) 48h A23-A16(8) A15-A8(8) A7-A0®) Dummy D7-DO
Erase Security Registers(®) 44h A23-A16(8) A15-A8(8) A7-A0®)
Program Security Registers(®)|  42h A23-A16(8) A15-A8(8) A7-A0®) D7-DO Next Byte
Read Block Lock 3Dh A23-A16 A15-A8 A7-A0 D7-D0O
Individual Block Lock 36h A23-A16 A15-A8 A7-A0
Individual Block Unlock 3%h A23-A16 A15-A8 A7-A0
Enter 4-Byte Address Mode B7h
Reaq Extended Addr. csh EA7-EAO()
Register
ertg Extended Addr. C5h EA7-EAQ
Register
Table 20. Command Set Table: QPI Commands, 4-Byte Address Mode (14)
Data Input Output Byte 1 2 3 4 5 6 7 8

Clock Number 0-1 2-3 4-5 6-7 8-9 10-11 12-13 13-14
Page Program 02h A31-A24 A23-A16 A15-A8 A7-A0 D7-D0®) D7-D0®)
Block Erase (4-kB) 20h A31-A24 A23-A16 A15-A8 A7-A0
Block Erase (32-kB) 52h A31-A24 A23-A16 A15-A8 A7-A0
Block Erase (64-kB) D8h A31-A24 A23-A16 A15-A8 A7-A0
Fast Read 0Bh A31-A24 A23-A16 A15-A8 A7-A0 Dummy(15) D7-DO
Burst Read with OCh | A31-A24 | A23-A16 A15-A8 A7-A0 | Dummy(15) D7-DO
Wrap(16)
Fast Read Quad I/0 EBh A31-A24 A23-A16 A15-A8 A7-A0 M7-M0(15) Dummy D7-D0
Read Unique ID .
Number 4Bh Dummy Dummy Dummy Dummy Dummys ID127-1D0
Read Security 48h | A31-A24 | A23-A16®) | A15-A8®) | A7-A0®) | Dummy D7-DO
Registers(®)
Erase Security 44h | A31-A24 | A23-A16®) | A15-A88) | A7-AQ®)
Registers(®)
Program Security 42h | A31-A24 | A23-A16®) | A15-A8®) | A7-A0®) | D7-DO Next Byte
Registers(®)
Read Block Lock 3Dh A31-A24 A23-A16 A15-A8 A7-A0 D7-DO
Individual Block Lock | 36h | A31-A24 | A23-A16 A15-A8 A7-AO
Individual Block 3%h | A31-A24 | A23-A16 A15-A8 AT7-A0
Unlock
Exit 4-Byte Address
Mode ESh
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Table 21. Command Set Table-DTR with SPI Commands, 3-Byte & 4-Byte Address Mode (14)

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(1-1-1) 8 4 4 4 6 4 4
DTR Quad /O Fast Read with EEh A31-A24 | A23-A16 | A15-A8 AT7-A0 M7-MO D7-DO
4- Byte Address
Table 22. Command Set Table-DTR with QPI Commands, 3-Byte & 4-Byte Address Mode (14)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(1-1-1) 8 4 4 4 6 4 4
DTR Quad l/O Fast Read with EEh A31-A24 | A23-A16 | A15-A8 A7-AO M7-MO D7-DO
4- Byte Address
Table 23. Command Set Table-DTR with SPI Commands, 3-Byte Address Mode (14)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(1-4-4) 8 1 1 1 1 7 1
DTR Fast Read Quad I/O EDh A23-A16 A15-A8 A7-A0 M7-MO Dummy D7-DO
Table 24. Command Set Table-DTR with SPI Commands, 4-Byte Address Mode (14)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(1-4-4) 8 1 1 1 1 7 1
DTR Fast Read Quad I/O EDh A31-A16 A15-A0 M7-MO Dummy D7-DO
Table 25. Command Set Table-DTR with QPI Commands, 3-Byte Address Mode (14)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(4-4-4) 2 1 1 1 8 1 1
DTR Read with Wrap(13) OEh A23-A16 A15-A8 A7-AO Dummy D7-DO
Clock Number(4-4-4) 2 1 1 1 1 7 1
DTR Fast Read Quad I/0 EDh A23-A16 A15-A8 A7-A0 M7-MO Dummy D7-D0O
Table 26. Command Set Table-DTR with QPI Commands, 4-Byte Address Mode (14)
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number(4-4-4) 2 1 1 1 61 8 1 1
DTR Read with Wrap(13) OEh A31-A24 | A23-A16 | AI15-A8 A7-AO Dummy | D7-DO
Clock Number(4-4-4) 2 1 1 1 1 1 7 1
DTR Fast Read Quad I/O EDh A31-A24 A23-A16 A15-A8 A7-A0 M7-MO Dummy D7-D0O

Notes:

1. Data bytes are shifted, with the most significant bit first.
2. The Status Register contents and Device ID repeat continuously until CS terminates the command.

3. Atleast one byte of data input is required for Page Program, Quad Page Program, and Program Security Registers, up to
256 bytes of data input. If more than 256 bytes of data are sent to the device, the addressing wraps to the beginning of the
page and overwrites previously sent data.

4. When the Write Status Register command 01h is followed by one byte of data, the data are written to Status Register 1.
When the Write Status Register command 01h is followed by two bytes of data, the first byte data is written to Status Reg-

ister 1, and the second byte data is written to Status Register 2; see Write Status Register (01h or 31h or 11h).

5. Security Register Address:
Security Register 1: A23-16=00h; A15-12=0001; A11-9=000; A8-0=byte address
Security Register 2: A23-16=00h; A15-12=0010; A11-9=000; A8-0=byte address
Security Register 3: A23-16=00h; A15-12=0011; A11-9=000; A8-0=byte address

6. Dual SPI address input format:
109 = A22, A20, A18, A16, A14, A12, A10, A8, A6, A4, A2, A0, M6, M4, M2, MO
104 =A23, A21, A19, A17,A15, A13, A11, A9, A7, A5, A3, A1, M7, M5, M3, M1
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7.

10.

11.

12.
13.
14.

15.

16.

Dual SPI data output format:
10y = (D6, D4, D2, DO) 104 = (D7, D5, D3, D1)

Quad SPI address input format: Set Burst with Wrap input format:

109 = A20, A16, A12, A8, A4, A0, M4, MO, 10g = x, X, X, X, X, X, W4, x
104 =A21,A17,A13,A9, A5,A1, M5, M1,104 =X, X, X, X, X, X, W5, x
10, =A22, A18, A14, A10, A6, A2, M6, M2, IO, = X, X, X, X, X, X, W6, x
105 = A23, A19, A15, A11, A7, A3, M7, M3, |03 = X, X, X, X, X, X, X, X

Quad SPI data input/output format:
10g = (D4, DO, ..... )
10, = (D5, D1, ..... )
10, = (D6, D2, ..... )
105 =(D7,D3, ..... )

Fast Read Quad I/O data output format:
10 = (X, X, X, X, D4, DO, D4, DO)
104 = (%, X, X, X, D5, D1, D5, D1)
10, = (x, X, x, X, D6, D2, D6, D2)
103 = (x, X, X, x, D7, D3, D7, D3)

Word Read Quad I/O data output format:
10 = (x, X, D4, DO, D4, DO, D4, DO)
104 = (x, x, D5, D1, D5, D1, D5, D1)
10, = (x, x, D6, D2, D6, D2, D6, D2)
105 = (x, x, D7, D3, D7, D3, D7, D3)

For Word Read Quad I/O, the lowest address bit must be 0 (A0 = 0).
The lowest four address bits must be 0 (A3, A2, A1, A0 =0).

QPI Command, Address, Data input/output format:

SCK#0, 1 2, 3 4, 5 6, 7 8, 9 10, 11
I0g=C4,C0, A20,A16 A12,A8 A4,A0 D4,DO0 D4, DO
10,=C5,C1, A21,A17 A13,A9 A5,A1 D5, D1 D5, D1
10,=C6,C2, A22,A18 A14,A10 A6,A2 D6,D2 D6, D2
I03=C7,C3, A23,A19 A15A11 A7,A3 D7,D3 D7, D3

The number of dummy cycles for QPI Fast Read, QPI Fast Read Quad I/O & QPI Burst Read with Wrap is controlled by

read parameter P7 — P4.

The wrap around length for QPI Burst Read with Wrap is controlled by read parameter P3 — PO.
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Table 27. Commands that must send Write Enable / Write Enable for Volatile Status Register Command

Mode Command Opcode Write

Write Status Register 01h, 31h, 11h 06h, 50h

Write Extended Address Register C5h 06h

SPIQPI Erase Security Registers 44h 06h

Program Security 42h 06h

Page Program 02h 06h

Page Program with 4-Byte Address 12h 06h

SPI Quad Page Program 32h 06h

Quad Input Page Program with 4-Byte Address 34h 06h

4-kB Block Erase 20h 06h

4-kB Block Erase with 4-Byte Address 21h 06h

32-kB Block Erase 52h 06h

32-kB Block Erase with 4-Byte Address 5Ch 06h

64-kB Block Address D8h 06h

SPI/QPI 64-kB Block Address with 4-Byte Address DCh 06h

Chip Erase 60h/C7h 06h

Individual Block Lock 36h 06h

Individual Block Unlock 3%9h 06h

Global Block Lock 7Eh 06h

Global Block Unlock 98h 06h
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7.1 Configuration and Status Commands

711 Write Enable (06h)

The Write Enable command is for setting the Write Enable Latch (WEL) bit. The WEL bit must be set prior to every
Page Program, Block Erase, Chip Erase, Write Status Register, and Erase/Program Security Registers command.
The Write Enable command sequence is: CS goes low sending the Write Enable command CS goes high.

Note that this command is not accepted when the Write Enable for Volatile Status Register command is valid. If
the Write Enable command is to be sent, but it is not known if the Write Enable for Volatile Status Register
command is valid, send the Write Disable command first.

SCK

\ Command \
| ‘ Commarﬂ

(06h)

SI X (08h) X 100 X XN\ XXX
HIGH-IMPEDANCE 104 M

SO
02 OO/ XXXX
103 % R>\ A i i i
Figure 7. Write Enable Sequence Diagram (SPI left, QPI right)
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7.1.2  Write Enable for Volatile Status Register (50h)

The non-volatile Status Register bits can also be written to as volatile bits (HOLD/RES, DRV1, DRVO, CMP, QE,
SRP1, SRPO, BP4, BP3, BP2, BP1, BPO0). This gives more flexibility to change the system configuration and
memory protection schemes quickly without waiting for the typical non-volatile bit write cycles or affecting the
endurance of the Status Register non-volatile bits. The Write Enable for Volatile Status Register command does
not set the Write Enable Latch bit, it is only valid for the Write Status Registers command to change the volatile
Status Register bit values. (After the software/hardware reset or re-powered, the volatile Status Register bit values
are restored to the default value or the value input by the Write Enable command).

Note that if the Write Enable command is valid when the Write Enable for Volatile Status Register command is
sent, the latter is not accepted. Thus, when sending the Write Enable for Volatile Status Register command, first
ensure that the Write Enable command is not valid.

CS~— \ Vamm SCK ~wodeo |‘|_|‘|
sk S ARAARA QA M 00 7777 \_/777
st 777X won X777 01 I\ /777
S0 0, 7777 \_/777

0; ///\ /777

Figure 8. Write Enable for Volatile Status Register (SPI left, QPI right)

7.1.3  Write Disable (04h)

The Write Disable command is for resetting the Write Enable Latch bit. The Write Disable command sequence:
CS goes low — sending the Write Disable command — CS goes high. The WEL bit is reset by following condition:
Power-up and on completion of the Write Status Register, Page Program, Block Erase, Chip Erase,
Erase/Program Security Registers, and Reset commands.

SCK

| Command \  Command

\ \ (04h)

i G—T— G ¢ Q) 00
so HIGH-IMPEDANCE 01 XX\ /XXX

Figure 9. Write Disable Sequence Diagram
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71.4 Read Status Register (05h or 35h or 15h)

The three Read Status Register commands are used for reading Status Register 1, 2 and 3. Each Status Register
can be read at any time, even while a Program, Erase or Write Status Register cycle is in progress. When one of
these cycles is in progress, it is recommended to check the RDY/BSY bit before sending a new command to the
device. It is also possible to read the Status Register continuously. For command code 05h, the SO pin outputs
bits 7-0 from Status Register 1. For command code 35h, the SO pin outputs bits 7-0 from Status Register 2. For
command code 15h, the SO pin outputs bits 7-0 from Status Register 3.

Figure 10 shows a Read Status Register operation for Status Register 1 (05h). The Read Status Register 2 and 3
operations are similar, but with a different opcode in the first eight clocks.

s\ CS \
Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3, CHhAAAER

SCK Mode 0 ! : : : SCK = ICommand SR1/23 | SR1/213 o

! ! ! O5nashien O 3 ot 3 o

j«——— Command 47 : ! |O0 ’A oooo o

SI /77X onassnois X/ /7777777771 77777777777~ JE

| : ! 101 //\ 6090 5 ...
: Register 1/2/3 : Register 1/2/3 ‘ : :

HIGH-IMPEDANCE ; ) ; o m- L

s0 000000000000 0000 SLPIAVE 000N

MSB MSB

105 Z2\__ O

Figure 10. Read Status Register Sequence Diagram (SPI left, QPI right)
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7.1.5  Write Status Register (01h or 31h or 11h)

The Write Status Register command allows the Status Registers to be written. Status Register 1 can be written by
the Write Status Register 01h command. Status Register 2 can be written by the Write Status Register 01h or 31h
command. Status Register 3 can be written by the Write Status Register 11h command. When the Write Status
Register command 01h is followed by one byte data, it is written to Status Register 1. When the Write Status
Register command 01h is followed by two bytes of data, the first byte data is written to Status Register 1; the
second byte data is written to Status Register 2. The Write Status Register command 31h or 11h can only follow
one byte data, which is written to Status Register 2 or Status Register 3, respectively. The writable Status Register
bits include: SRPO, BP[4:0] in Status Register 1; CMP, LB[3:1], QE, SRP1 in Status Register 2; ADS, ADP, DRV1,
DRVO, Hold/RES in Status Register 3. All other Status Register bit locations are read-only and are not affected by
the Write Status Register command. LB[3:1] are non-volatile OTP bits; once one of them is set to 1, it cannot be
cleared to 0.

The Write Status Register command allows new values to be written to the Status Register. Before it can be
accepted, a Write Enable or Write Enable For Volatile SR command must have been executed. After the Write
Enable command has been decoded and executed, the device sets the Write Enable Latch (WEL).

The Write Status Register command has no effect on SR2 bit 7 (SUS1), SR2 bit 2 (SUS2), SR1 bit 1 (WEL), and
SR1 bit 0 (RDY/BSY) of the Status Register. CS must be driven high after the 8 or 16 bits data have been latched
in. If not, the Write Status Register (WRSR) command is not executed. As soon as CS is driven high, the self-
timed Write Status Register cycle (whose duration is ty) is initiated. While the Write Status Register cycle is in
progress, the Status Register can be read to check the value of the RDY/BSY bit. The RDY/BSY bit is 1 during the
self-timed Write Status Register cycle; it is 0 when completed. When the cycle is completed, the Write Enable
Latch (WEL) is reset.

The Write Status Register command allows the user to change the values of the Block Protect (BP4, BP3, BP2,
BP1, and BPO) bits, to define the size of the area that is to be treated as read-only, as defined in Table 11 and
Table 12. The Write Status Register (WRSR) command also allows the user to set or reset the Status Register
Protect (SRP1 and SRPO0) bits in accordance with the Write Protect (WP) signal. The Status Register Protect
(SRP1 and SRPO) bits and Write Protect (WP) signal allow the device to be put in the Hardware Protected Mode.
The Write Status Register command is not executed once the Hardware Protected Mode is entered.

The sequence of issuing WRSR command is: cs goes low — sending WRSR command code — Status Register
data on S| — CS goes high.

The CS must go high exactly at the 8-bit or 16-bit data boundary; otherwise, the command is rejected and not
executed. The self-timed Write Status Register cycle time () is initiated as soon as CS goes high. The RDY/BSY
bit can be checked during the Write Status Register cycle is in progress. RDY/BSY is set 1 during the ty timing; it
is set 0 when Write Status Register Cycle is completed, and the Write Enable Latch (WEL) bit is reset.

Cs — \ /[

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mode3

SCK ModeO'IlIlIlIlIlIlIlIlI|||||||||||||||||||||||||||||||Mode0

|«——— Command ———}«—— Status Register-1 in ———s»-e——— Status Register-2 in ——

Sl [/L/X oth 9.0.0.0.6.6.0.0 000 00009.09V

MSB MSB

HIGH-IMPEDANCE

SO

Figure 11. Write Status Register Sequence Diagram 01h Two-Byte (SPI Mode)
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CS \ /
Mode 3 _ 0O 1 2 3 4 5 Mode3_ _
SCK ModeO'IlI IlIlIlIlModeO
Command

SR 1 : SR2 :

10
0,
o,
0

Figure 12. Write Status Register Sequence Diagram 01h Two-Byte (QPI Mode)

Cs '\ /[

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

SCK ModeO'IlIlIlIlIlIlIlI|||||||||||||||||Modeo

|[«——— Command ——»}«— Status Register 1, 2, 3 in —

SI///X ot 200606600V

MSB

HIGH-IMPEDANCE

SO

Figure 13. Write Status Register Sequence Diagram 01h, 31h, 11h One-Byte (SPI Mode)

CS \ /
Mode 3 _ 0 1 2 3 Mode3_ _
SCK  Modeo Mode 0

Command 123,
01h/31h/11h in !

10,
01 72\ KXXTZ—
0,
05 72\ OTL-

Figure 14. Write Status Register Sequence Diagram 01h, 31h, 11h One-Byte (QPI Mode)

DS-AT25SF/QF2561C-199 Reuv. | RENES NS Page 37
2026-01-08 © 2026 Renesas Electronics



AT25SF2561C / AT25QF2561C Datasheet

7.1.6 Read Extended Address Register (C8h)

When the device is in the three-byte Address Mode, the Extended Address Register is used as the fourth address
byte A[31:24] to access memory regions beyond 128 Mb. The Read Extended Address Register command is
entered by driving CS low and shifting the opcode C8h into the SI pin on the rising edge of SCK. The Extended
Address Register bits are then shifted out on the DO pin at the falling edge of SCK, with the most significant bit
(MSB) first.

When the device is in four-byte Address Mode, the Extended Address Register is not used.

Cs \ o ¢cs O\

Mode3s O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mode3 0 1 2 3 4 5
SCK -M-o;e-O' ::: SCK MOdEOICommand -

‘ T o

j«—— Command ——», l | IOO ’A o@@@ 4.

Sl ///X can X/ /7777777771 77777777777

: : ! 101 77\ AoXoXeoXXe .-
. Extended Addr Reg Out : Extended Addr Reg Out : :

wonureomes 1 — 10, T\ OEO0E

50 00000000 00000000 G //W0.00.00

MSB MSB

105 777 OO0

Figure 15. Read Extended Address Register (SPI left, QPI right)

7.1.7  Write Extended Address Register (C5h)

The Extended Address Register is a volatile register that stores the fourth byte address (A31-A24) when the
device is operating in the three-byte Address Mode (ADS=0). To write the Extended Address Register bits, a Write
Enable (06h) command must previously have been executed for the device to accept the Write Extended Address
Register command (Status Register bit WEL must equal 1). Once write enabled, the command is entered by
driving CS low, sending the opcode C5h, then writing the Extended Address Register data byte as shown in
Figure 16.

On power-up or the execution of a software reset, the Extended Address Register bit values are cleared to 0.

The Extended Address Register is only effective when the device is in the three-byte Address Mode. When the
device operates in the four-byte Address Mode (ADS=1), any command with address input of A31-A24 replaces
the Extended Address Register values. If necessary, check and update the Extended Address Register when the
device is switched from four-byte to three-byte Address Mode.

CS ™\ /[ s T\ /
Mode3 O 1 2 3 Mode3

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3 SCK ModeO'IlI Mode 0

SCK Modeo'llllllllllllllllll|||||||||||||| Mode 0 Command extaw

csh_ "
|«——— Command ——»j«———— ExtAdd Regin ——] IOO ’A QQ"
s1 777X 000060000 101 7\ XKZL

MSB

o HIGH-IMPEDANCE 1O, /// XX/

105 ZZ\AXZL

Figure 16. Write Extended Address Register (SPI left, QPI right)
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7.1.8  Enter Four-Byte Address Mode (B7h)

This command allows a 32-bit address (A31-A0) to be used to access the memory array beyond 128 Mb. The
command is entered by driving CS low, shifting the command code B7h into the SI pin, then driving CS high.

~a T\ aumm Mode 3 Mode 3
Cs SCK Mode 0 ! | | I | Mode 0
Command
B7h
Mode 3 0 1 2 3 4 5 6 7 _ Modes _
Modeo'IlIlIlIlIlIlIlIlModeo IOO [ [ [/ \/ [/ /
Command
| | 0. 1L \LLL

SI [/ /X B7h XL/

0, ///\_/ \///

HIGH-IMPEDANCE
SO

o //// \_L///

Figure 17. Enter Four-Byte Address Mode Command (SPI left, QPI right)

719 Exit Four-Byte Address Mode (E9h)

To be backward compatible, the Exit Four-Byte Address Mode command only allows a 24-bit address (A23-A0) to
be used to access the memory array up to 128 Mb. The Extended Address Register must be used to access the
memory array beyond 128 Mb. The Exit Four-Byte Address Mode command is entered by driving CS low, shifting

the command code E9h into the SI pin, then driving CS high.

Command
E%h

HANAMTES: o 28Tz

I Command | o //// \/L///
St 777X Eoh X //

0, /L) \_L/L//

HIGH-IMPEDANCE
SO

10 L1/ \LLL

Figure 18. Exit Four-Byte Address Mode (SPI left, QPI right)
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7.1.10 Enter QPI Mode (38h)

The AT25SF2561C / AT25QF2561C supports both Standard/Dual/Quad Serial Peripheral Interface (SPI) and
Quad Peripheral Interface (QPI). SPI mode and QPI mode cannot be used at the same time. The Enter QPI (38h)
command is the only way to switch the device from SPI mode to QPI mode.

On power-up, the default state of the device is Standard/Dual/Quad SPI mode for the AT25SF2561C; it is Quad
I/O for the AT25QF2561C. To switch the AT25SF2561C device to QPI mode, first set the Quad Enable (QE) bit in
Status Register 2 to 1; then, issue an Enter QPI (38h) command. If the Quad Enable (QE) bit is 0, the Enter QPI
(38h) command is ignored, and the device stays in SPI mode.

When the device is switched from SPI mode to QPI mode, the existing Write Enable and Program/Erase Suspend
status, and the Wrap Length setting remain unchanged.

Mode 3 0 1 2 3 4 5 6 7 Mode3

~— Command (38h) ——
s XN/ /XXX

HIGH-IMPEDANCE

SO

Figure 19. Enter QPI Mode (from SPI Mode)

7.1.11 Exit QPI Mode (FFh)
To exit the QPI mode and return to the Standard/Dual/Quad SPI mode, issue the Exit QPI (FFh) command.

When the device is switched from QPI mode to SPI mode, the existing Write Enable Latch (WEL), the
Program/Erase Suspend status, and the Wrap Length setting remain unchanged.

Mode 3 0 1 Mode 3
______ A _ _Modes _
SCK  Mode 0 ! Mode 0
Command
(FFh)

(o)

(o]

)4
)

0: X / AXXX
)

Figure 20. Exit QPI Mode
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7112 Enable Reset (66h) and Reset Device (99h)

The AT25SF2561C / AT25QF2561C provides a software Reset command instead of a dedicated RESET pin.
Once the software Reset command is accepted, any on-going internal operations are terminated and the device
returns to its default power-on state and loses all of the current volatile settings, such as Volatile Status Register
bits, Write Enable Latch (WEL) status, Program/Erase Suspend status, Continuous Read Mode bit setting (M7-
MO0) and Wrap Bit setting (W6-W4).

To avoid accidental reset, issue both Enable Reset (66h) and Reset (99h) commands in sequence. Any other
commands other than Reset (99h) after the Enable Reset (66h) command disables the Reset Enable state. A new
sequence of Enable Reset (66h) and Reset (99h) is needed to reset the device. Once the Reset command is
accepted by the device, the device takes a period of approximately tggt to reset. During this period, no commands
are accepted.

The Enable Reset (66h) and Reset (99h) command sequence is shown in Figure 21.

Data corruption may happen if there is an on-going or suspended internal Erase or Program operation when the
Reset command sequence is accepted by the device. It is recommended to check the BUSY bit and the SUS bit in
Status Register before issuing the Reset command sequence.

Mode 3 0 1 2 3 4 5 6 7 Mode 3 0 1 2 3 4 5 6 7 Mode 3
SCKModeo'||||||||||||||||Modeo: . ||||||||||||||||Mcde0 o
|«——— Command ——| |«——— Command ——|
Sl ///X 66h X[/ .. [/ X 9%h X/ //

Figure 21. Enable Reset (66h) and Reset (99h) Command Sequence (SPI)

SCK  wewor [T "7 R I BV

100 777\ [T77 7777 \VIVAN
0, 7777 \ZZ/_ " 777\ (777
10, 7777 \ZZ7_ " 777\ (777
05 777\ [[]] T[T \VIVAN

Figure 22. Enable Reset (66h) and Reset (99h) Command Sequence (QPI)
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7.2 Read Commands

7.21 Read Data (03h)

The Read Data command is followed by a three-byte/four-byte address (A23/A31 - A0), each bit being latched-in
during the rising edge of SCK. Then the memory content, at that address, is shifted out on SO, each bit being
shifted out, at a Max frequency fg, during the falling edge of SCK. The address automatically increments to the
next higher address after each byte of data is shifted out allowing for a continuous stream of data. This means that
the entire memory can be accessed with a single command as long as the clock continues. The command is
completed by driving cS high. The whole memory can be read with a single Read Data Bytes command. Any
Read Data command attempting to execute while an Erase, Program or Write cycle is in progress, is rejected
without having any effects on the cycle that is in progress.

CS ~ '\ /

Mode3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39
SCK Modeo'||||||||||||||||||||||

|«——— Command ———»}«———— 24-Bit Address ———»|

S [/L/X 03h X2y - - - - - - - XXX LT T

HIGH-IMPEDANCE Data Byte 1 HIGH-IMP.

SO 20000000

Figure 23. Read Data Bytes Sequence Diagram (SPI Mode, Three-Byte Address Mode)

Mode 3 o 1 2 3 4 5 6 7 8 9 10 36 37 38 39 40 41 42 43 44 45 46 47

|«——— Command ———»}e«——— 32-Bit Address ———»|

St [//X 03h XX - - - - - - - XXX LT

HIGH-IMPEDANCE

SO

Figure 24. Read Data Bytes Sequence Diagram (SPI Mode, Four-Byte Address Mode)
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7.2.2 Read Data with Four-Byte Address (13h)

The Read Data with Four-Byte Address command is similar to the Read Data (03h) command. Instead of a 24- bit
address, a 32-bit address is needed following the command code 13h. It does not matter if the device is operating
in three-byte Address Mode or four-byte Address Mode, the Read Data with 4-Byte Address command always
requires a 32-bit address to access the entire 256 Mb memory.

The Read Data with 4-Byte Address command sequence is shown in Figure 25. If this command is issued while
an Erase, Program, or Write cycle is in process (RDY/BSY=1), the command is ignored and does not have any
effects on the current cycle. The Read Data with 4-Byte Address command allows clock rates from D.C. to a
maximum of fg (see Section 8.7).

This command is supported only in Standard SPI mode.

S— =

|+———— Command (13h) ————~}+—————32-Bit Address ——————
" TR

HIGH-IMPEDANCE -
SO
MSB cToe
Figure 25. Read Data with Four-Byte Address Sequence Diagram (SPI Mode)
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7.23  Fast Read (0Bh)

7.2.31 Fast Read (0Bh) in SPI Mode

The Read Data at Higher Speed (Fast Read) command is for quickly reading data out. It is followed by a three-
byte/four-byte address (A23/A31 - AO) and a dummy cycle, each bit being latched-in during the rising edge of
SCK. Then, the memory content at that address, is shifted out on SO, each bit being shifted out, at a Max
frequency f¢ during the falling edge of SCK. The first byte addressed can be at any location. The address
automatically increments to the next higher address after each byte of data is shifted out.

Mode 3 o 1 2 3 4 5 6 7 8 9 10 28 29 30 31

SCK ooy [TTLMTUUTLLT. . M.

|«——— Command ———»}«—+—— 24-Bit Address ——»|

st 777X oo XX -+ ---- 00 00N
HIGH-IMPEDANCE
SO S
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
SCK __. .
|«———— Dummy Clocks —|
] Tt

Data Out

HIGH-IMPEDANCE < _—_———
SO ---- 200060600

Figure 26. Fast Read Sequence Diagram (SPI Mode, Three-Byte Address Mode)

o5 —

Mode 3 o 1 2 3 4 5 6 7 8 9 10 36 37 38 39

SCK sewoor [T ..o ...

|«——— Command ———»}«————— 32-Bit Address ——»|

Sl [/ /X 0Bh (31X(30X(20) = = = - - - - 000

MsB

HIGH-IMPEDANCE
SO _—

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

SCK

|«—— Dummy Clocks —|
]

Data Out

HIGH-IMPEDANCE <
SO ---- 20006600

MSB

Figure 27. Fast Read Sequence Diagram (SPI Mode, Four-Byte Address Mode)
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7.2.3.2 Fast Read (0Bh) in QPI Mode

The Fast Read command is also supported in QPl mode. When QPI mode is enabled, the number of dummy
cycles is configured by the Set Read Parameters (COh) command to accommodate a wide range of applications
with different needs for either maximum Fast Read frequency or minimum data access latency. Depending on the
Read Parameter Bits P[6:4] setting, the number of dummy cycles can be configured from 4 to 18. The default
number of dummy cycles on power-up or after a Reset command is 4.

Mode 3 o 1 2 3 4 5 6 7

8 9 10 11 12 13 14

Command *
0Bh A23-16 : A15-8 : A7-0 1 Dummy 'DataOuH:DataOutZ:DataOut3

SCK' woseo

100 N\ /" YEXEXEEXXDY
107 N\ /" EXXEOED
PN\ &0 D000,
105 SN/ EEEEOCH

1 MSB

0000C
eoeo 5
0000¢C
OCEXDEX

1 MsB 1 MSB 1 MSB

* = Set Read Parameters command (COh) can set the number of dummy clocks

Figure 28. Fast Read Sequence Diagram (QPI Mode, Three-Byte Address Mode)

Mode 3 0o 1 2 3 4 5 6 7

SCK  Modeo!

% A31-24 | A23-16 | A158 |
100 XN\ /XXX
10, XN\ /&YX OXEXD
10, XN\ AoXEX@X XX oo X
104

MSB

8 9 10 11 12 13 14

) _——

_ Dummy* 10s switch from
AT i -, Input to Output
00<C
1 1
1 1
CXXS
1 |
1 1
CX2KE
1 1

N\WA9S OO C0 0000 G

| MSB
Byte 1

| MSB
Byte 2

* = Set Read Parameters Command (COh) can set the number of dummy clocks

Figure 29. Fast Read Sequence Diagram (QPI Mode, Four-Byte Address Mode)
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7.24  Fast Read with Four-Byte Address (0Ch)

The Fast Read with 4-Byte Address (0Ch) command is similar to the Fast Read command, except that it requires
a 32-bit address instead of a 24-bit address. No matter what address mode the device is operating in, the Read
Data with 4-Byte Address command always requires a 32-bit address to access the entire 256 Mb memory.

This command is supported only in Standard SPI mode. In QPI mode, the command code OCh is used for the
Burst Read with Wrap command.

Mode 3 1 2 3 4 5 6 7 8 9 10 36 37 38 39

}7 Command (0Ch) ——}732-% Address 4{
st XX\ —X2XiXe

MSB

HIGH-IMPEDANCE

SO
cS -
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
SCK -
Dummy Clocks %
S| HIGH-IMPEDANCE
<F7 DataOut1 ———=<~——— DataOut2
HIGH-IMPEDANCE ‘ : -
80 D.0,6,0.000000060.60600 N
MSB ‘MSB '
Figure 30. Fast Read with Four-Byte Address
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7.2.5 Dual Output Fast Read (3Bh)

The Dual Output Fast Read command is followed by three-byte or four-byte address (A23/A31 - AO) and a dummy
cycle, each bit being latched on the rising edge of SCK; then, the memory contents are shifted out two bits per
clock cycle from Sl and SO. The first byte addressed can be at any location. The address automatically
increments to the next higher address after each byte of data is shifted out.

100 777X EXRE) -+ 000 0%

|O1 HIGH-IMPEDANCE

CS /T

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

SCK __
10 ---- HIGH-IMPEDANCE
10, ---- HIGH-IMPEDANCE

SCK Mode 0 !

100 777X 5 G -+ 000 O

HIGH-IMPEDANCE

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

SCK ___.
Dummy Clocks DataOut1 , DataOut2
10g ---- D000 000 NN
1

1
HIGH-IMPEDANCE < N\ m
104 ==~ 2.0.6.0.0.0.6 CRE_.

Figure 32. Dual Output Fast Read Sequence Diagram (SPI Mode, Four-Byte Address Mode)
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7.2.6 Fast Read Dual Output with Four-Byte Address (3Ch)

The Fast Read Dual Output with Four-Byte Address command is similar to the Fast Read Dual Output command,
except that it requires a 32-bit address instead of a 24-bit address. No matter what the address mode the device is
operating in, this command always requires a 32-bit address to access the entire 256 Mb memory.

This command is only supported in Standard SPI mode.

Cs '\

Mode 3 o 1 2 3 4 5 6 7 8 9 10

36 37 38 39

SCK e [T ..o Mt

|«— Command ———»}«———— 32-Bit Address ——»

100 777X aon G - 0000

HIGH-IMPEDANCE
104

CS
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
SCK ___.

|«—— Dummy Clocks — :

HIGH-IMPEDANCE !

10g ---- :

1

1

Data Out 1

Data Out 2

HIGH-IMPEDANCE | pom =
Oq ---- 909000606000 00NN

Figure 33. Fast Read Dual Output with Four-Byte Address

DS-AT25SF/QF2561C-199 Reuw. | KEN ESNS

2026-01-08

Page 48
© 2026 Renesas Electronics



AT25SF2561C / AT25QF2561C Datasheet

7.2.7 Quad Output Fast Read (6Bh)

The Quad Output Fast Read command is followed by a three-byte or four-byte address (A23/A31 - AO) and a
dummy cycle, each bit being latched on the rising edge of SCK; then, the memory contents are shifted out four-bit

per clock cycle from 103, 105, 104, and 10g. The first byte addressed can be at any location. The address

automatically increments to the next higher address after each byte of data is shifted out. The Quad Enable bit

(QE) must be set to enable.

SCK

100

104

102

10s

SCK

100

104

102

10

Figure 34. Quad Output Fast Read Sequence Diagram (SPI Mode, Three-Byte Address)

Mode 3 01 2 3 4 5 6 7 8 9 10 28 29 30 31
Mode 0 !

[+———— Command (6Bh) ———~——————24-Bit Address ——————

VANV O & D80 0.0 0N

HIGH-IMPEDANCE

HIGH-IMPEDANCE

HIGH-IMPEDANCE

03132 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

i 10, switches from

,,,,,,,,,,,,,,,,,,
(a7 i Inputto;Output
Data Out 1} Data Out 2! Data Out 3! Data Out 4

}47 Dummy Clocks 4—‘

HIGH-IMPEDANCE /

HIGH-IMPEDANCE

HIGH-IMPEDANCE
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Cs T\

Mode 3 o 1 2 3 4 5 6 7 8 9 37 38 39

100 ///X 6Bh XK XX

MSB

1
1
HIGH-IMPEDANCE -
104 we---
10, HIGH-IMPEDANCE Lo
1
104 HIGH-IMPEDANCE oo
1
CsS -

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

SCK

Data Out 1 Data Out 2 Data Out 3 Data Out 4
1 1 1

|¢———Dummy Cycles ——# _ _ ' _ _ ' _ ' -
10, 0.0.00000C
1 1 1 | e m_—————
1 1 1 1
1

HIGH-IMPEDANCE / ! ! o\ ==
05 50.0.0.0.0.0 G

1 1 1
HIGH-IMPEDANCE ! ! —_ ===
I02 \‘l 6 969696 2 .
HIGH-IMPEDANCE I | | D e m
103 9.6 96000

" MSB " MSB " MSB " MSB

Figure 35. Quad Output Fast Read Sequence Diagram (SPI Mode, Four-Byte Address)
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7.2.8 Fast Read Quad Output with Four-Byte Address (6Ch)

The Fast Read Quad Output with Four-Byte Address command is similar to the Fast Read Quad Output
command, except that it requires a 32-bit address instead of a 24-bit address. No matter what address mode the
device is operating in, this command always requires a 32-bit address to access the entire 256 Mb memory.

This command is supported only in Standard SPI mode.

cs T\

Mode 3 O 1 2 3 4 5 6 7 8 9 37 38 39

SCK wewest [T ... [T

100 /77X 6ch  XanXsoy------- XXo)

MSB

HIGH-IMPEDANCE

1
1
1
104 .
1
1
HIGH-IMPEDANCE
10, :
1
1
1
HIGH-IMPEDANCE
103 T
1
CS S
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
SCK

Data Out 1 Data Out 2 Data Out 3 Data Out 4
|<«———— Dummy Cycles ! ! e —m e
10, 0000000
1 1 1 | Emm—_—————
1 1 1
HIGH-IMPEDANCE / ! ! e f—mmmm-
104 50,000 00¢

HIGH-IMPEDANCE
10,

HIGH-IMPEDANCE
103

Figure 36. Fast Read Quad Output with Four-Byte Address
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7.2.9 Dual I/O Fast Read (BBh)

The Dual I/O Fast Read command is similar to the Dual Output Fast Read command but with the capability to
input a three-byte or four-byte address (A23/A31 - 0) and a Continuous Read Mode byte two bits per clock by Sl
and SO, each bit being latched on the rising edge of SCK; then, the memory contents are shifted out two bits per
clock cycle on the Sl and SO pins. The first byte addressed can be at any location. The address automatically
increments to the next higher address after each byte of data is shifted out.

7.2.91 Dual I/0 Fast Read with Continuous Read Mode

The Dual I/O Fast Read command can further reduce command overhead through setting the Continuous Read
Mode bits (M7 - 4) after the inputs three-byte address A23 - A0).

If the Continuous Read Mode bits (M5:M4) do not equal (1,0), the next command requires the first BBh command
code, thus returning to normal operation. A Continuous Read Mode Reset command can be used to reset
(M5:M4) before issuing normal command. The command sequence is shown in the following Figure 38.

If the Continuous Read Mode bits (M5:M4) = (1, 0), then the next Dual I/O fast Read command (after@ is raised
and then lowered) does not require the BBh command code. The command sequence is shown in the following
Figure 40.

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCK Mode 0"
1 1 1
j«——— Command ——| A23-16 ! A15-8 ! A7-0 ! M7-0

100 777X B 0000000000000000NS

HIGH-IMPEDANCE

1 1 1
104 2000000000000000
MSB IMSB IMSB IMSB
cs S
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 Mode3
SCK

1/Os switch from

Input to Output |

1 1 1
HIGH-IMPEDANCE
106 EX XXX EX XXX XXX XXX XD

Byte 1 1 Byte 2 1 Byte 3 1 Byte 4 1

y y . ' HIGH-IMPEDANCE
0060060060 000000600

MsB | MsB | MsB | MsB

Figure 37. Dual I/O Fast Read Sequence Diagram (SPI Mode, Three-Byte Address Mode;
Initial command or previous (M5:4) = (1,0))
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CS \ L

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

SCK Mode 0"
1 1 1
[«——— Command ——] A31-24 ! A23-16 ! A15-8 ! A7-0

100 ZZZX BN 00000060000000000E
High | d : E E
10 e 2000000060000000 I

MSB | MSB | MSB | MSB

SCK

DataOut2 | Data Out 3

Figure 38. Dual I/0O Fast Read Sequence Diagram (SPI Mode, Four-Byte Address Mode;
Initial command or previous (M5:4) = (1,0))

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

_ . _Mode3__ 0o 1 2 38
SCK Mode 0 ! N -
A23-16 3 A15-8 3 A7-0 3 M7-0 3 Byte 1 3 Byte 2 3 Byte 3 3 Byte 4
HIGH-IMPEDANCE, ' ! . | \ . [
100 (e XXz XoXe XXz XoXeXaX2XoXeXe X2 Xo Ko Xe Xz XoXe XXz XoXeXe Xz XoXeXeXzXe. . .
1 1 1 1 1 1

HIGH-IMPEDANCE, ; ‘ ‘ ‘ . ! ! [
10/ 20600000000 000000006000000000000.0
|

Figure 39. Dual I/0O Fast Read Sequence Diagram (SPI Mode, Three-Byte Address Mode;
Initial command or previous (M5:4) = (1,0))

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

SCK Mode 0 ' N L

!
A31-24 ! A23-16 ! A15-8 ! A7-0 ! M7-0 ! Data Out 1 ! DataOut2 1+ DataOut3

HIGH-IMPEDANCE \ l l | | l | ---

10 (e X X2 X0 X8 X X2 X0 X8 X4 X2 X0 X6 X4 X2 X0 X e X 24X 2X 0K 6 X4 X2 X0 X X X2 Xo Xe X4 X2 Xo _
I I I I I I I

HIGH-IMPEDANCE ! ! ! ‘ ‘ ‘ ‘ -

o, 00000060000600000060600000000600a000am

MSB | MsB | MsB , MsB | MsB ! MSB | MsB | MsB

Figure 40. Dual I/O Fast Read Sequence Diagram (SPI Mode, Four-Byte Address Mode;
Previous command set (M5:4) = (1,0))
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7.210 Fast Read Dual I/O with 4-Byte Address (BCh)

The Fast Read Dual I/O with a Four-Byte Address command is similar to the Fast Read Dual I/O command,
except that it requires a 32-bit address instead of a 24-bit address. No matter what address mode the device is
operating in, this command always requires a 32-bit address to access the entire 256 Mb memory.

This command is supported only in Standard SPI mode.

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

SCK Mode 0"
1 1 1
j«—— Command ——| A31-24 I A23-16 I A15-8 ! A7-0

100 777X BCh 0000006060606 0600IE
High-Imped ! | E
0, — 2000060060000 66006OTEE

MSB

Data Out 2 Data Out 3

104 (XXX XX XX XXX XXX

MsB ! msB | MsB | MsB

Figure 41. Fast Read Dual I/O with 4-Byte Address (SPI Mode only;
Initial command or previous M5-4 = 1,0)

CS \ .
__ _Mode3 _ _ 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SCK Mode 0 ! N .
1 1 1 1 I | 1/Os switch from I !
A31-24 1 A23-16 1 A15-8 1 A7-0 ! M7-0 ' Input to Output ! !
High Impedance | | | | | y ) ---
10 000000600000000000000.00060006000
! ! ! ! ! Data Out 1 ! Data Out 2 ! Data Out 3
High Impedance . . 5 . . . -
10, 0000000060000 0060000000060000000 0
MSB f f f f MSB : MSB f MSB f MSB
Figure 42. Fast Read Dual I/0 with Four-Byte Address (SPI Mode only;
Initial command or previous M5-4 = 1,0)
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7.211 Quad I/O Fast Read (EBh)

The Quad I/O Fast Read command is similar to the Dual I/O Fast Read command but with the capability to input
the three-byte or four-byte address (A23/A31-0) and a Continuous Read Mode byte and four dummy cycles, each
bit being latched on the rising edge of SCK; then, the memory contents are shifted out four bits per clock cycle
from 10y, 104, 105, 103. The first byte addressed can be at any location. The address automatically increments to
the next higher address after each byte of data is shifted out. The Quad Enable bit (QE) of Status Register must
be set to enable for the Quad 1/0O Fast read command.

7.211.1 Quad I/O Fast Read with Continuous Read Mode

The Quad I/O Fast Read command can further reduce command overhead through setting the Continuous Read
Mode bits (M7-0) after the input Address bits (A23-0).

If the Continuous Read Mode bits M5-4 do not equal to (1,0), the next command requires the first EBh command
code, thus returning to normal operation. A Continuous Read Mode Reset command can also be used to reset
(M5-4) before issuing normal command. The command sequence is shown in the followed Figure 43.

If the Continuous Read Mode bits (M5-4) = (1,0), then the next Fast Read Quad 1/O command (after CS is raised
and then lowered) does not require the EBh command code. The command sequence is shown in the following
Figure 45.

SCK .MOEE_3_| o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Mode 0!

Command | A23-16 | A158 | A70 |, M7-0
1

100 777X Eon 00000000

HIGH-IMPEDANCE ' - | -
10 290900009
1

HIGH-IMPEDANCE
102 DO000000
HIGH-IMPEDANCE ! ! 1
103 EXEXDEXYE)
1 1

|
I MsB I MsB !

SCK

10,
104
10,
104

HIGH-IMP

HIGH-IMP

HIGH-IMP

1 MSB I'MsB I'MsB I'MsB

Figure 43. Quad I/O Fast Read Sequence Diagram (SPl Mode, Three-Byte Address Mode;
Initial command or previous (M5-4) = (1,0))
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.Mode3_| o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Command | A31-24 | A23-16 |, A158 | A70 |, M7-0

100 777X EBn 0000000000

HIGH-IMPEDANCE
o 20090000000

1 1 1
1 1 1 1
HIGH-IMPEDANCE
10, 2600606006006
1 1 1 1

HIGH-IMPEDANCE
103 260960000000

MSB ! I MsB

Clocks

10,
104

' MsB I'MsB I'MsB I'MsB

Figure 44. Quad I/O Fast Read Sequence Diagram (SPI Mode, Four-Byte Address Mode;
Initial command or previous (M5-4) = (1,0))

cs — \ /[

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

SCK "==n
Mode 0!
- A23-16 | A15-8 | A7-0 |, M0 5 ) Byte1 , Byte2 |
ummy
[Ee'6'0'0 0000 0000
1 1 1 1 1 1 1
10, 00000000 CAXEX 2
1 1 1 1 1 1 1
10 0606006006, (XXX
1 1 1 1 1 1
103 20909000, 9096,

Figure 45. Quad I/O Fast Read Sequence Diagram (SPI Mode, Three-Byte Address Mode;
Previous command set (M5-4) = (1,0))

cs T\

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

SCK -
Mode 0* DI [ I N N N I O N I RO
A31-24 | A23-16 | A158 | A7-0 |, M7-0 Data Out 1,Data Out 2,Data Out 3,Data Out 4,
§ | Dummy Cycles . § |
100 0000000000 00000000 s
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
10,4 9.0 00000000 0.0 0.0 000050
1 1 1 1 1 1 1 1 1 1
10 0000000000, 0.0.00.00 00,
2
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 " 1 1 1 1
103 20060009000 200600000
MsB : : : " msB : msB " msB " msB " msB :

Figure 46. Quad I/O Fast Read Sequence Diagram (SPI Mode, Four-Byte Address Mode;
Initial command or previous (M5-4) = (1,0))
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7.211.2 Quad /O Fast Read with 8/16/32/64-Byte Wrap Around

The Quad I/O Fast Read command can also be used to access a specific portion within a page by issuing a Set
Burst with Wrap (77h) command prior to EBh. This command can either enable or disable the Wrap Around
feature for the following EBh commands.

When Wrap Around is enabled, the data being accessed can be limited to either an 8, 16, 32, or 64-byte section of
a 256-byte page. The output data starts at the initial address specified in the command, once it reaches the ending
boundary of the 8/16/32/64-byte section, the output wraps around to the beginning boundary automatically until
CSis pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the
cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands.

The Set Burst with Wrap command allows three Wrap Bits, W6-4, to be set. The W4 bit is used to enable or
disable the Wrap Around operation while W6-5 are used to specify the length of the wrap around section within a

page.

7.211.3 Fast Read Quad I/0 (EBh) in QPI Mode

The Fast Read Quad 1/0 command is also supported in QPI mode, as shown in Figure 47 to Figure 50. When QPI
mode is enabled, the number of dummy cycles is configured by the Set Read Parameters (COh) command to
accommodate a wide range of applications with different needs for either maximum Fast Read frequency or
minimum data access latency. Depending on the Read Parameter Bits P[6:4] setting, the number of dummy
cycles can be configured from 4 to 18. The default number of dummy cycles on power-up or after a Reset
command is 4. In QPI mode, the Continuous Read Mode bits M7-0 are also considered as dummy cycles. In the
default setting, the data output follow the Continuous Read Mode bits immediately.

The Continuous Read Mode feature is also available in QPI mode for Fast Read Quad I/0 command. See the
description on previous pages.

The Wrap Around feature is not available in QPI mode for Fast Read Quad 1/0 command. To perform a read
operation with fixed data length wrap around in QPl mode, use a dedicated Burst Read with Wrap (OCh)
command.

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SCK  Modeo!

10
104
10,

104

" MSB N N " MSB 1 MSB 1 MSB 1 MSB 1 MSB

* = Set Read Parameters command (COh) can set the number of dummy clocks

Figure 47. Quad I/O Fast Read Sequence Diagram (QPI Mode, Three-Byte Address Mode; Initial command or previous
(M5-4#(1,0))
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Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SCK  wmodeo!

Command
EBh 1

W IAWA DO 0.0 0000000000000

I/ 00 .00.0000000000000 0N

102 777 \_KXX XXX XXX XXX XX XXX

A S/00 00 0000000000000

" MsB " MSB : " MSB 1 MSB 1 MSB I MsB 1 MsB

A31-24 A23-16 A15-8 A7-0 M7-0*  Data Out 1 Data Out 2 Data Out 3 Data Out 4
1 1 1 1 1 1 1 l

* = Set Read Parameters command (COh) can set the number of dummy clocks

Figure 48. Quad I/O Fast Read Sequence Diagram (QPI Mode, Four-Byte Address Mode; Initial command or previous
(M5-4%(1,0))

cs T\ /[

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

SCK
A23-16 | A15-8 | AT-0

10,
10,
10, EX2XEX2XEX2XEX2)
103

Figure 49. Quad I/O Fast Read Sequence Diagram (QPI Mode, Three-Byte Address Mode; Initial command or previous
(M5-4=(1,0))

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

A31-24 | A23-16 | A158 |, A7-0 , M7-0 \Data Out 1,Data Out 2,Data Out 3,Data Out 4,
Dummy Cycles
10 A
0

10 06000006006
2
1 1 1 1 1
1 1 1 1 1 \ 1 1 1 1
103 2909090600000 99999000 s
MsSB ° ° ° " MSB ° MSB " MSB " MSB " MsB °

Figure 50. Quad I/O Fast Read Sequence Diagram (QPI Mode, Four-Byte Address Mode; Initial command or previous
(M5-4=(1,0))
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7.212 DTR Fast Read Quad 1/O (EDh)

The DTR Fast Read Quad I/O (EDh) command is similar to the Fast Read Dual I/O (BBh) command, except that
address and data bits are input and output through four pins: 10, 104, 105, and 103; also, four Dummy clocks are
required in SPI mode before the data output, as shown in Figure 51 to Figure 58. The Quad Enable bit (QE) of
Status Register must be set to enable.

7.212.1 DTR Fast Read Quad I/O with Continuous Read Mode

The Fast Read Quad I/O command can further reduce command overhead through setting the Continuous Read
Mode bits (M7-0) after the input Address bits (A23/A31-0). The upper nibble of the (M7-4) controls the length of
the next Fast Read Quad I/O command through the inclusion or exclusion of the first byte command code. The
lower nibble bits of the (M3-0) are don’t care (x); however, the IO pins must be high-impedance before the falling
edge of the first data out clock.

If the Continuous Read Mode bits M5-4 = (1,0), the next Fast Read Quad /0O command (after CSis raised and
then lowered) does not require the EDh opcode. This reduces the command sequence by eight clocks and allows
the Read address to be immediately entered after CS is asserted low. If the Continuous Read Mode bits M5-4 do
not equal to (1,0), the next command (after CS is raised and then lowered) requires the first byte command code,
thus returning to normal operation.

CS \ o
SCK _E:i:_z_: 0 1 2 3 4 5 6 7 8 9 10 11 18 19 20 21
, Command | A23-16 ' A15-8 | A7-0 ' M7-0 7 pummy |Data Out 1!Data Out 2' Data Out 3
| | I I I I Cyclesy I I : : : :
J V
100 777X con 9CC00000~"00000CS
HIGH-IMPEDANCE ! ! ! ! ! ! ' R
104 2XTXIXE XXX X ) XXX ..
1 1 1 1 1 1 1
HIGH-IMPEDANCE ===
10, 22X18X19X10X 6 X2 X6 X2 (XX EX2XEX?

HIGH-IMPEDANCE y y y . y y ----
104 0000000, 9.0.0.0.0.CN
MSB MSB

MSB I MsB I MsB

Figure 51. DTR Fast Read Quad I/O (SPI Mode, Three-Byte Address Mode; Initial command or previous (M5-4#(1,0))

cs \ .
SCK - 0 1 2 3 4 5 6 7 _8 9 10 11 12 19 20 21 22
Mode 0 !

: Command | As124 TA2316 | A158 | A70 | M7-0 | 7Dummy DataOutiDataOu2DataOuts
) — = o
|O1 HIGH-IMPEDANCE : : : :

HIGH-IMPEDANCE R
102 000000000 00 00600€

1 1 1 1 1 1
HIGH-IMPEDANCE . ! ! ! ! ! ———-
103 31 XXX XX KT X3 K7 X3) 990000
! ! I MSB 1

MSB I msB I MsB I MsB I MsB

Figure 52. DTR Fast Read Quad I/O (SPI Mode, Four-Byte Address Mode; Initial command or previous (M5-4#(1,0))

DS-AT25SF/QF2561C-199 Rew. | REN ESNS Page 59
2026-01-08 © 2026 Renesas Electronics



AT25SF2561C / AT25QF2561C Datasheet

A23-16 |, A158 |, AT-0 |, M7-0 |7 Dummy|

Cycles

0, —HIGHIMPEDANCE @@@QQQQQ GQGGG s T

! MSB ! MSB ! MSB

Figure 53. DTR Fast Read Quad I/0 (SPI Mode, 3-Byte Address Mode; Initial command or previous (M5-4=(1,0)))

CS \
0 1 2 3 4 112 13 14

..... Moded - - - o
SCK '

Mode 0 !
A31-24 | A23-16 | A158 | A70 |, M7-0 |, 7pummy |DataOut1 DataOut2 DataOut3

10, —HIGH-IMPEDANCE @@@@@6@9@9 Cycles QQQ@Q 0

|0, —HIGH-IMPEDANCE @@@@@QQGQG QGQQQ 1

|0, _HIGH-IMPEDANGE @@@@@@69@9 @QQQ@ .

R COEE C00000 MRG0 00 o ol
N\ B ves iwss 1 1w

! MSB ! MSB

Figure 54. DTR Fast Read Quad I/0 (SPI Mode, Four-Byte Address Mode; Initial command or previous (M5-4=(1,0)))

7.212.2 DTR Fast Read Quad I/O with 8/16/32/64-Byte Wrap Around in Standard SPI mode

The Fast Read Quad I/O command can also be used to access a specific portion within a page by issuing a Set
Burst with Wrap (77h) command before EDh. This command can either enable or disable the Wrap Around
feature for the following EDh commands. When Wrap Around is enabled, the data being accessed can be limited
to either an 8, 16, 32, or 64-byte section of a 256-byte page. The output data starts at the initial address specified
in the command. Once it reaches the ending boundary of the 8/16/32/64-byte section, the output wraps around to
the beginning boundary automatically until CSis pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the
cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands.

The Set Burst with Wrap command allows three Wrap Bits, W6-4, to be set. The W4 bit is used to enable or
disable the Wrap Around operation, while W6-5 are used to specify the length of the wrap around section
within a page.

7.212.3 DTR Fast Read Quad I/O (EDh) in QPI Mode

The DTR Fast Read Quad I/O command is also supported in QPI mode, as shown in Figure 55 to Figure 58. In
QPI mode, the Continuous Read Mode can further reduce command overhead by setting the Continuous Read
Mode bits (M7-0) after the input Address bits (A23/31-0).See the description on previous pages.If the Continuous
Read Mode bits (M5-4)= (1,0), the next Fast Read Quad I/0O command (after@ is raised and then lowered) does
not require the EDh opcode. If the Continuous Read Mode bits M5-4 do not equal (1,0), the next command
requires the first EDh opcode, thus returning to normal operation. A Continuous Read Mode Reset command can
also be used to reset (M5-4) before issuing normal command.

When QPI mode is enabled, the number of dummy cycles is configured by the Set Read Parameters (COh)
command to accommodate a wide range of applications with different needs for either maximum Fast Read
frequency or minimum data access latency. Depending on the Read Parameter Bits P[6:4] setting, the number of
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dummy cycles can be configured from 6 to 20. The default number of dummy cycles on power-up or after a Reset
command is 6. Note that the number of dummy includes M7-0.

CS ~ \
SCK 0t
A23-16 | A158 | AT-0
IOO Cycles
104
10,
03 /// @@@Q@Qﬂ@ GQ@ > .

Figure 55. DTR Fast Read Quad I/O (QPI Mode, Three-Byte Address Mode; Initial command or previous (M5-4%(1,0))

SCK oo

| A23-16

A23-16

10¢ oo
104 -
10, -
05 777 @@@@dwaoao ,, L
Figure 56. DTR Fast Read Quad I/O (QPI Mode, Four-Byte Address Mode; Initial command or previous (M5-4#(1,0))
cs \ o
SCK _____ '\/1029_3_____' 0 1 2 3 10 11 12 13

A23-16 | A158 | AT-0

10,

A [

HIGH-IMPEDANCE ===

103 @@@@96@6 EQGQG S
|Msg |MSB 'MSB

Figure 57. DTR Fast Read Quad I/O (QPI Mode, Three-Byte Address Mode; Initial command or previous (M5-4=(1,0))

Moged. ..., O 1 2 3 4 11 12 13 14

Mode 0 ! |

A31-24 | A23-16 , A158 , A70 , M7-0 |, 7pummy [DataOut1DataOut2, Data Out 3 _

10, ~HIGHIMPEDANCE 0000000000, — Q@QQQ 0
0, HIGH-IMPEDANCE @@@@@@6“6“ Qaeae 1
|0, ~HISH-IMPEDANCE @@@@@@6@6@ 696@6 2

|0 HICHIMPEDANCE @Q@@@QGQGQ GQ@QG s T

MSB ! MSB ! I MsB I MsB I MsB

Figure 58. DTR Fast Read Quad I/0 (QPI Mode, Four-Byte Address Mode; Initial command or previous (M5-4=(1,0))
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7.213 Fast Read Quad I/0 with Four-Byte Address (ECh)

The Fast Read Quad I/O with Four-Byte Address command is similar to the Quad 1/0 Fast Read command,
except that it requires a 32-bit address instead of a 24-bit address. No matter what address mode the device is
operating in, the Fast Read Quad /O with 4-Byte Address command require a 32-bit address to access the entire
256 Mb memory. The Quad Enable bit (QE) of Status Register must be set to enable.

cs 1\

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

SCK "-=*n

Mode 0!

Command | A3124 | A23-16 |, A158 |, A7-0 , M7-0 |
1

100 777X ECh 0000000000
|O1 HIGH-IMPEDANCE 5 aeaeaoaaa

1 1 1
1 1 1 1
HIGH-IMPEDANCE
10, 0600060006
1 1 1 1

HIGH-IMPEDANCE
103 20969000000

MSB ! 1 s 1

CS
SCK

18 19 20 21 22 23 24 25 26 27 28 29

1Oy ——

10, ————EXOEXOEXOE
10, ———EXEEXDEXE -
10, 960060606

I MsB I MsB I MsB I MsB

Figure 59. Fast Read Quad I/O with Four-Byte Address (SPI Mode; Initial command or previous (M5-4#(1,0))

cs -
SCK .l\ﬂoge_S_' o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Mode 0! | [ T I I I I O
A31-24 | A23-16 | A15-8 | A7-0 | M7-0 | Durnmy Cycles Data Out 1 Data Out 2 Data Out 3 Data Out 4:

105 ——EXTXEXEXEXEXEXXEX 00000000
1 1 1 1 1 1 1 1 1 1

104 99090000000, 0.0 000000 .
1 1 1 1 1 1 1 1 1 1

102 CEXXEX2XEX2XEX2Xe X2 06006060005

R 00.00000000 000000008

MsB " msB " mMsB " msB " msB " msB

Figure 60. Fast Read Quad I/O with Four-Byte Address (SPI Mode, Initial command or previous M5-4=10)

7.213.1 Fast Read Quad I/0 with Four-Byte Address with 8/16/32/64-Byte Wrap Around (SPI Mode)

The Fast Read Quad I/O with 4-Byte Address command can also be used to access a specific portion within a
page by issuing a Set Burst with Wrap (77h) command before ECh. This command can either enable or disable
the Wrap Around feature for the following ECh commands. When Wrap Around is enabled, the data being
accessed can be limited to either an 8,16, 32, or 64-byte section of a 256-byte page. The output data starts at the
initial address specified in the command. Once it reaches the ending boundary of the 8/16/32/64-byte section, the
output wraps around to the beginning boundary automatically until CSis pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the
cache within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands.
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The Set Burst with Wrap command allows three Wrap Bits, W6-4 to be set. The W4 bit is used to enable or
disable the Wrap Around operation, while W6-5 are used to specify the length of the wrap around section
within a page.

7.2.13.2 Fast Read Quad I/O with 4-Byte Address (ECh) in QPI Mode

The Fast Read Quad I/O with Four-Byte Address command is also supported in QPI mode, as shown in Figure 61
and Figure 62. When QPI mode is enabled, the number of dummy cycles is configured by the Set Read
Parameters (COh) command to accommodate a wide range of applications with different needs for either
maximum Fast Read frequency or minimum data access latency. Depending on the Read Parameter bits P[6:4]
setting, the number of dummy cycles can be configured from 4 to 18. The default number of dummy cycles on
power-up or after a Reset command is 4. In QPI mode, the Continuous Read Mode bits M7-0 are also considered
as dummy cycles. In the default setting, the data output immediately follows the Continuous Read Mode bits.

The Continuous Read Mode feature is also available in QPI mode for Fast Read Quad I/O with Four-Byte Address
command. See the description on previous pages.

The Wrap Around feature is not available in QPI mode for Fast Read Quad I/O with Four-Byte Address command.
To perform a read operation with fixed data length wrap around in QPI mode, use a dedicated Burst Read with
Wrap (0Ch) command.

cs e
Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

S C K Mode 0-: VU U U
Lommand A31-24 | A23-16 | A158 |, A70 |, M7-0 , Dummy Cyclest 022 O 1,Data Out 2,Data Out 3,Data Out 4,

L y/N0'000 000000 00000000
1 1 1 1 1 1 1 1 1 1

101 £L/ N AKX XX KEXREXXREX D 90000000 0
1 1 1 1 1 1 1 1 1 1

102 /7 XXX XX XXX 0.0.0.00.0 00580
1 1 1 1 1 1 1 1 1

[ RVI7EAG O O 0900000, 99009000

MSB MSB MSB  'MSB  MSB  MSB

* “Set Read Parameters” Instruction (COH) can set the number of dummy clocks

Figure 61. Fast Read Quad I/O with Four-Byte Address (QPI Mode; Initial command or previous M5-4#10)

CS -
SCK ===+ Mode3 ~ o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Mode 0! J
= A31-24 | A23-16 | A15-8 | A70 | M70 | Data Out 1'Data Out 2'Data Out 3'Data Out4'
1 1 1 1 1 1 1 1 1
S R0 00000000 00000000
|Q, _HIGH-IMPEDANCE : : : : : : : : : :
1 09000000000 00000000
1 1 1 1 1 1 1 1 1 1
S a0 0,00 000000 0000000 I

1 1 1 1 1 1 1 1
10 3 HIGH-IMPEDANCEV 606969 .....

MSB MSB

Figure 62. Fast Read Quad I/0 with Four-Byte Address (QPI Mode; Initial command or previous M5-4=10)
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7.214 DTR Quad I-O Fast Read with Four-Byte Address (EEh)

The DTR Quad I/O Fast Read with Four-Byte Address (EEh) command is similar to the Fast Read Dual I/O (BBh)
command except that address and data bits are input and output through four pins I1OQg, 104, 10,, and 103, as well
as four Dummy clocks, are required in SPI mode before the data output, as shown in Figure 63 to Figure 66.The
Quad Enable bit (QE) of Status Register must be set to enable.

7.214.1 DTR Fast Read Quad I/O with Continuous Read Mode

The DTR Quad I/O Fast Read with Four-Byte Address command can further reduce command overhead through
setting the Continuous Read Mode bits (M7-0) after the input Address bits (A31-0). The upper nibble of the (M7-4)
controls the length of the next Fast Read Quad 1/0 command through the inclusion or exclusion of the first byte
opcode. The lower nibble bits of the (M3-0) are don’t care (x); however, the 10 pins must be high-impedance
before the falling edge of the first data out clock.

If the Continuous Read Mode bits M5-4 = (1,0), the next DTR Quad I/O Fast Read with the Four-Byte Address
command (after CSis raised and then lowered) does not require the EEh command code, as shown in Figure 64.
This reduces the command sequence by eight clocks and allows the Read address to be immediately entered
after CS is asserted low. If the Continuous Read Mode bits M5-4 do not equal to (1,0), the next command (after
CS is raised and then lowered) requires the first byte command code, thus returning to normal operation.

When QPI mode is enabled, the number of dummy cycles is configured by the Set Read Parameters (COh)
command to accommodate a wide range of applications with different needs for either maximum Fast Read
frequency or minimum data access latency. Depending on the Read Parameter Bits P[6:4] setting, the number of
dummy cycles can be configured from 6 to 20. The default number of dummy cycles on power-up or after a Reset
command is 6. Note that the number of dummy includes M7-0.

cs — \ /

20 21

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12
SCK aeo 1L LT L LT LT
Mode 0!

Command | A3124 | A2316 |, A158 | A70 | M7-0 |
1

1.
10y 777X EEh 0000000000
1 1 1 1 1
HIGH-IMPEDANCE y y y y Y )
104 360600600000
1 1 1 1 1
10, HIGH: IMPEDANCE D000 000000
1 1 1 1 1
103 LG I PELRhEE 00060000600 IEEEE

MSB 1 1 1

Figure 63. DTR Quad I/O Fast Read with Four-Byte Address (SPI Mode, Initial command or previous M5-4#10)

cs — \ /[
Mode 3 0 1 2 3 4 12 13
SCK weeo [ [ LT LT LI 1

A31-24 | A23-16 | A158 | A7-0 | M7-0

10 0 G QG @G aa @a : 7 Dummy Cycles I I I
104 — XXX, - 0000

X 0.0.0.0.0.0.00 0.0 itk EXEXXD—
0 —QOO00B0000

Figure 64. DTR Quad /O Fast Read with Four-Byte Address (SPI Mode, Initial command or previous M5-4=10)
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7.214.2 DTR Quad I/O Fast Read with Four-Byte Address with 8/16/32/64-Byte Wrap Around in Standard
SPI Mode

The DTR Quad I/O Fast Read with Four-Byte Address command can also be used to access a specific portion
within a page by issuing a Set Burst with Wrap (77h) command before EEh. This command can either enable or
disable the Wrap Around feature for the following EEh commands. When Wrap Around is enabled, the data being
accessed can be limited to either an 8, 16, 32, or 64-byte section of a 256-byte page. The output data starts at the
initial address specified in the command. Once it reaches the ending boundary of the 8/16/32/64-byte section, the
output wraps around to the beginning boundary automatically until CSis pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the
cache within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands.

The Set Burst with Wrap command allows three Wrap Bits, W6-4, to be set. The W4 bit is used to enable or
disable the Wrap Around operation, while W6-5 are used to specify the length of the wrap around section
within a page.

7.2.14.3 DTR Quad /O Fast Read with 4- Byte Address (EEh) in QPI Mode

The Continuous Read Mode feature is also available in QPl mode for DTR Quad I/O Fast Read with Four-Byte

Address command.

The Wrap Around feature is not available in QPI mode for Fast Read Quad I/O command. To perform a read
operation with fixed data length wrap around in QPl mode, a dedicated Burst Read with Wrap (0Ch) command
must be used.

SCK Modeo!

Command
1

Eoh | A3124 | A2316 | A158 | AT-0 Data Out 1)Data Out 2,

/N0 0 000000880000
101 777 OO -+ --f EOED

0: 7277 00000 -+
(IVs/a 000000 oS

I MsB I MsB

Figure 65. DTR Quad I/O Fast Read with Four-Byte Address (QPI Mode; Initial command or previous M5-4£10)

cs — \ /[

Mode 3 0 1 2 3 4 12 13

SCK weweor [ [ LT LT LI 1

A31-24 | A2316 | A15-8 | A7T-0 | M70 |

100 ’.D.“m.m.y oS
SRmO0,0000010010 S8 '
S 0.000.0.0.06 00 e, 0000

103 —— XX -+

Figure 66. DTR Quad I/O Fast Read with Four-Byte Address (QPI Mode; Initial command or previous M5-4=10)

Byte1 | Byte2 |
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7.215 Set Burst with Wrap (77h)

The Set Burst with Wrap command is used in conjunction with the EBh, EDh, ECh, EEh, and E7 commands to
access a fixed length of 8/16/32/64-byte section within a 256-byte page, in standard SPI mode. The Set Burst with
Wrap command sequence is as follows: cS goes low — Send Set Burst with Wrap command — Send 24 Dummy
bits — Send 8 Wrap bits — CS goes high.

If W6-4 is set by a Set Burst with Wrap command, all the following EBh, EDh, ECh, and EEh commands use the
W6-4 setting to access the 8/16/32/64-byte section within any page (see Table 28). To exit the Wrap Around
function and return to normal read operation, issue another Set Burst with Wrap command to set W4 = 1. The
default value of W4 on power on is 1.

Table 28. W6 - W4 Settings

W4 =0 W4 =1
We. W5 Wrap Around Wrap Length Wrap Around Wrap Length
00 Yes 8-byte No n/a
01 Yes 16-byte No n/a
10 Yes 32-byte No n/a
11 Yes 64-byte No n/a
csS ~— \ /T
l\_/lo_de_3_| 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | Mode3_ _ __._.
SCK Mode 0! Mode 0
| Command || Bveet | Byte2 | Byte3 | Byted |
10, 777X = ““““““@ " , HIGH-IMPEDANCE
10, HIGH-IMPEDANCE / " “““““@ <\ HIGH-IMPEDANCE
10, HIGH-IMPEDANCE X °°°°“@ —\__ HIGH-IMPEDANCE
105 HIGH-IMPEDANCE " °°°°“° <\ HIGH-IMPEDANCE
Figure 67. Set Burst with Wrap Sequence Diagram (SPI Mode only, Three-Byte Address Mode)
csS \ /
Mo.de;?i. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 | Mode3_ _ ___._
SCK Mode 0t Mode 0
I Command | Byte 1 : Byte 2 : Byte 3 : Byte 4 : Byte 5
100 ZZZX 77 Q0000000 D OEEEETE =
104 HIGH-IMPEDANCE / " °°“°“°°@ \_HIGH-IMPEDANCE
10, HIGH-IMPEDANCE / " “““““““@ ~\__HIGH-IMPEDANCE
104 HIGH-IMPEDANCE " °°““°°°“ 7\ HIGH-IMPEDANCE
Figure 68. Set Burst with Wrap Sequence Diagram (SPI Mode only, Four-Byte Address Mode)
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7.216 Set Read Parameters (COh)

In QPI mode, to accommodate a wide range of applications with different needs for either maximum read
frequency or minimum data access latency, the Set Read Parameters (COh) command can be used to configure
the number of dummy cycles for 0Bh, EBh, ECh, 0Ch, EDh, EEh, OEh, 4Bh, 48h, and 5Ah commands, as shown
in Table 29, and to configure the number of bytes of Wrap Length for the 0Ch and OEh commands.

Table 29. Commands that Configure Number of Dummy Cycles in QPl Mode

Command Opcode
Fast Read 0Bh
Fast Read Quad 1/O EBh
Fast Read Quad I/O with Four-Byte Address ECh
Burst Read with Wrap 0Ch
DTR Fast Read Quad I/O EDh
DTR Quad I/O Fast Read with 4-Byte Address EEh
DTR Burst Read with Wrap OEh
Read Unique ID Number 4Bh
Read Security Registers 48h
Read Serial Flash Discoverable Parameter 5Ah

In Standard SPI mode, this command is not accepted. The dummy cycles for various Fast Read commands in
Standard/Dual/Quad SPI mode are fixed (see Table 15 to Table 26 for details). The Wrap Length is set by the W5-
4 bits in the Set Burst with Wrap (77h) command. This setting remains unchanged when the device is switched
from Standard SPI to QPI. The default Wrap Length after a power-up or a Reset command is eight bytes; the
default number of dummy cycles is four. The number of dummy cycles is only programmable for 0Bh, EBh, ECh,
0Ch, 4Bh, 48h, and 5Ah commands in QPI mode. Whenever the device is switched from SPI mode to QPI mode,
the number of dummy cycles must be set again before any 0Bh, EBh, ECh, 0Ch, 4Bh, 48h, and 5Ah commands.

Table 30 shows the configuration of dummy numbers for non-DTR commands (0Bh, EBh, ECh, 0Ch, 48h, and
5Ah).

Table 30. Configuration of the Number of Dummies for Non-DTR Commands

P6 - P4 Dummy Clocks Max Read Freq. A[1:0]=0,0 P1-PO Wrap Length

000 4 70 MHz
001 6 108 MHz 00 8-byte
010 8 133 MHz
011 10 166 MHz 01 16-byte
100 12 166 MHz
101 12 166 MHz 10 32-byte
110 16 166 MHz

11 64-byte
111 18 166 MHz

Table 31 shows the configuration of dummy numbers for DTR commands (EDh, EEh, and OEh).
Table 31. Configuration of the Number of Dummies for DTR Commands

P6 - P4 Dummy Clocks Max Read Freq. A[1:0]=0,0 P1-P0O Wrap Length
000 6 54 MH
001 8 54 MHi 00 8-byte
010 10 66 MH
011 12 66 MHi 0 16-byte
100 14 66 MH
101 16 66 MHi 10 32-byte
110 18 66 MH
111 20 66 MHE t 64-byte
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SCK e 1T 3&32
T

100 /7N Aei)eoX

10, 77\

10, 77\ XX ZZ

105 77/ \ADEXLZZ

' MSB

Figure 69. Burst Read with Wrap (QPI Mode Only)

7.217 Burst Read with Wrap (0Ch)

This command provides an alternative way to perform the read operation with Wrap Around in QPI mode. The
command is similar to the Fast Read (OBh) command in QPI mode, except the addressing of the read operation
wraps around to the beginning boundary of the Wrap Length once the ending boundary is reached. The Wrap
Length and the number of dummy cycles can be configured by the Set Read Parameters (COh) command.

cs T\

Mode3 O 1 2 3 4 5 6 7 8

SCK

P 10s switch from
input to output
1 1

A23-16
1 1

A15-8

10,
10,
10,

(o

*MSB MsB * MsB . 1 MSB 1 MSB
! Byte1 ' Byte2 ' Byte3
* = Set Read Parameters command (COh) can set the number of dummy clocks ! ! !

Figure 70. Burst Read with Wrap (QPI Mode Only, Three-Byte Address Mode)

CS -
Mode3. O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
SCK' Modeo' NEERERE RN
{zommang A31-24 A23-16 A15-8 A7-0 :r?:uf‘:gf:tgztm

YN : : : | Dummy ' -

100 //\ / XaXoXeXoX4XoX2X0) 0.0.0.0
1 1 1 1 1 1 1

1 1 1 1 1 1 1 L

RVIAWE O 0000000, 0.0.0.0 .
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 | om oo

102 /// \_AeXeXe X2 Xe X2 XeX2) 0.0 0.6 (R
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1

1 1 1 1 1 1 lym = = - - - -

105 /L /N\ / XXX XXX 9.0 0.0

" MSB " MSB " MSB " MSB N 1 MSB 1 MSB 1 MSB

! Byte1 ' Byte2 ' Byte3
* = Set Read Parameters command (COh) can set the number of dummy clocks ! ! !

Figure 71. Burst Read with Wrap (QPI Mode Only, Four-Byte Address Mode)
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7.218 DTR Burst Read with Wrap (OEh)

This command provides an alternative way to perform the read operation with Wrap Around in QPI mode. The
command is similar to the Fast Read (0Bh) command in QPI mode, except the addressing of the read operation
wraps around to the beginning boundary of the Wrap Length once the ending boundary is reached.

The Wrap Length can be configured by the Set Read Parameters (COh) command.

The number of dummy cycles is configured by the Set Read Parameters (COh) command to accommodate a wide
range of applications with different needs for either maximum Fast Read frequency or minimum data access
latency. Depending on the Read Parameter Bits P[6:4] setting, the number of dummy cycles can be configured
from 6 to 20.

cs _\
_M_ocie_S_ 2 3 4
SCK' Modeo" I | I | I |
Command - °°°" 10s switch from

A23-16 | A58 | AT-0 * input o output

102 77\ cwamw -----
105 77\ aoaaoa -------

1 MSB 1 MSB 1 MSB 1 MSB 1 MSB 1 MSB

! ! ! ' ' Byte1 ' Byte2 ' Byte3
1 1 1 1 lyelyelye

* The Set Read Parameters command (COh) sets the number of dummy clocks.

Figure 72. DTR Burst Read with Wrap (QPI Mode Only, Three-Byte Address Mode)

CS \ -
_M_o«ie_fi_ 2 3 4 5
SCK' Modeo" I | I | I | I | _____
Command 10s switch from
1

A31-24 A2316' A158 | A70 ! , input to output

10, 77\ aeeaeaea -----
105 77\ eaoeoaa ------- 000008

| MsB | MsB | MsSB | MSB 1 MSB 1 MSB

! ! ! ' ! Byte1 ' Byte2 ' Byte3
1 1 1 1 1 1 1

* The Set Read Parameters command (COh) sets the number of dummy clocks.

Figure 73. DTR Burst Read with Wrap (QPI Mode Only, Four-Byte Address Mode)
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7.3 Security Commands

7.31 Read Security Registers (48h)

The Read Security Registers command is similar to Fast Read command. The command is followed by a three- or
four-byte address (A23/A31 - AO) and a dummy cycle. The number of dummy cycles can be configured by the
COh command. Each bit is latched in during the rising edge of SCK. The memory content at that address then is
shifted out on SO, each bit being shifted out at a Max frequency f, during the falling edge of SCK. The first byte
addressed can be at any location. The address automatically increments to the next higher address after each
byte of data is shifted out. Once the A8 - A0 address reaches the last byte of the register (byte FFh), it resets to
000h. The command is completed by driving S high.

Table 32. Read Security Registers

Address A23/A31-A16 A15-A12 A11-A9 A8-A0
Security Registers 1 00h/0000h 0001 000 Byte Address
Security Registers 2 00h/0000h 0010 000 Byte Address
Security Registers 3 00h/0000h 0011 000 Byte Address

55— N
Mode3 O 1 2 3 4 5 6 7 8 9 10 28 29 30 31

SCK weest [T oL ...

|«—— Command ——»{«————— 24-Bit Address ——»|

Sl [/ /X 48h @@ """" 0.0 O%LE
SO HIGH-IMPEDANCE L
CS Vo

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode3

SCK ||||||||||||||||||||||||||||||||Mode0

|«——8 Dummy Cycles —]

SEN0.0.0.0.0.000 IIIIIsIIIIIii

Data Byte 1
HIGH-IMPEDANCE
SO ---- 7X6X5XaX3X2X1 X0y ==~

Figure 74. Read Security Registers Command Sequence Diagram (SPI Mode, Three-Byte Address Mode)
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C_S \ - -

Mode 3 o 1 2 3 4 5 6 7 8 9 10 36 37 38 39

SCK sewooy [T Lo ...

|«——— Command ———»}«———— 32-Bit Address ———»|

S| 77X XY -+ - 0000

MSB

HIGH-IMPEDANCE
SO _—

CS /T

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 Mode3

SCK ||||||||||||||||||||||||||||||||Mode0

|<«———8 Dummy Cycles——]

S 9.0.0.0.6 6000 VIS

MSB

Data Byte 1
HIGH-IMPEDANCE
SO ---- 7X6X5X4X3X2X1Xo

MSB

Figure 75. Read Security Registers Command Sequence Diagram (SPI Mode, Four-Byte Address Mode)

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SCK Mode 0 ! I | I )

Command
A23-16 A15-8 AT7-0 Data Out 1 Data Out 2 Data Out 3 Data Out 4
48h 1 1 ! Dummy* 1 1 1

SN 0000000000000 N

I 00 000022 0000000¢

T I/AV OO 0000 0000000
FYIANVA 00 00.00=00 00000 N

* = Set Read Parameters command (COh) can set the number of dummy clocks

Figure 76. Read Security Registers Command Sequence Diagram (QPI Mode, Three-Byte Address Mode)
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CS -
Mode 3 _ o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
SCK ' Modeo! Y [ 1 O I I
Command
"W.: A31-24 . A23-16 . A15-8 , AT7-0 ! Dummy* Data Out 1IData Out 2|Data Out 3IData Out:t o
YN 0000 000000000000
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 -
/NN O © 0000000000000
| | | | | 1 | | |
1 1 1 | 1 1 1 1 1 [—
10, /// \_KeXzeXeX2Xe X2 Xe X2 KeX2Ke X2 Xe X2 Ke X2
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1

* = Set Read Parameters command (COh) can set the number of dummy clocks

Figure 77. Read Security Registers Command Sequence Diagram (QPI Mode, Four-Byte Address Mode)

7.3.2  Erase Security Registers (44h)

The AT25SF2561C / AT25QF2561C provides three 1024-byte Security Registers which can be erased and
programmed individually. These registers can be used by the system manufacturers to store security and other
important information separately from the main memory array.

The Erase Security Registers command is similar to Block Erase command. A Write Enable command must have
been executed before to set the Write Enable Latch bit.

The Erase Security Registers command sequence is: [ S goes low, the host sends the Erase Security Registers
command, then CS goes high. No address is required for this command. CS must be driven high after the eighth
bit of the command code has been latched in; otherwise, the Erase Security Registers command is not executed.
As soon as CS is driven high, the self-timed Erase Security Registers cycle (whose duration is tse) is initiated.
While the Erase Security Registers cycle is in progress, the Status Register can be read to check the value of the
RDY/BSY bit. This bit is 1 during the self-timed Erase Security Registers cycle, and is 0 when it the operation
completes. At some unspecified time before the cycle is completed, the Write Enable Latch bit is reset. The
Security Registers Lock Bit (LB) in the Status Register can be used to OTP protect the security registers. Once the
LB bit is set to 1, the Security Registers are permanently locked; the Erase Security Registers command is
ignored.

Table 33. Erase Security Registers

Address A23/A31-A16 A15-A12 A11-A9 A0-A0
Security Registers 1 00h/0000h 0001 000 Byte Address
Security Registers 2 00h/0000h 0010 000 Byte Address
Security Registers 3 00h/0000h 0011 000 Byte Address

CS -
Mode3 O 1 2 3 4 5 6 10 28 29 30 31

|«——— Command ———»}«——— 24-Bit Address ——»|

SULLIR 4 XeXeXe)------- 9.9.0.0 I

HIGH-IMPEDANCE

44h

SO

Figure 78. Erase Security Registers Command Sequence Diagram (SPI Mode, Three-Byte Address Mode)
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(:_S \ - -

Mde3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39 Mode3
SCK Modeo'Illlllllllllllllllllll ||||||||Mode0

|«——— Command ———»}«——— 32-Bit Address ——»|

Sl [/ /X 44n Q1K) - === - - - CRXXNXL LS
MSB
Figure 79. Erase Security Registers Command Sequence Diagram (SPI Mode, Four-Byte Address Mode)
cs — \ /T
Mode3 O 1 2 3 4 5 6 7 Mode 3

SCK  wmodeo |||||||||||| Mode 0

{zommand A23-16 A15-8 A7-0
44h S A T

104
o,
;
0,

" MSB

Figure 80. Erase Security Registers Command Sequence Diagram (QPI Mode, Three-Byte Address Mode)

CS \ /
Mode3 _ Mode 3_
SCK  wmodeo Mode 0

Command
T A31-24 A23-16 A15-8 A7-0
1 1 1 1

10,
0
0;

Figure 81. Erase Security Registers Command Sequence Diagram (QPI Mode, Four-Byte Address Mode)
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7.3.3  Program Security Registers (42h)

The Program Security Registers command is similar to the Page Program command. It allows from 1 to 1024
bytes of Security Registers data to be programmed by two times (one-time program 256 bytes). A Write Enable
command must previously have been executed to set the Write Enable Latch (WEL) bit before sending the
Program Security Registers command.

The Program Security Registers command is entered by driving CS low, followed by the command code (42h), a
three- or four-byte address and at least one data byte on the Sl pin. As soon as CSis driven high, the self-timed
Program Security Registers cycle (whose duration is tpp) is initiated. While the Program Security Registers cycle
is in progress, the Status Register can be read to check the value of the RDY/BSY bit. The RDY/BSY bit is 1
during the self-timed Program Security Registers cycle, and is 0 when it is completed. At some unspecified time
before the cycle is completed, the WEL bit is reset.

If the Security Registers Lock bit (LB3/LB2/LB1) bits are set to 1, the Security Registers are permanently locked.
The Program Security Registers command is ignored.

Table 34. Program Security Registers

Address A23/A31-A16 A15-A12 A11-A9 A0-A0
Security Registers 1 00h/0000h 0001 000 Byte Address
Security Registers 2 00h/0000h 0010 000 Byte Address
Security Registers 3 00h/0000h 0011 000 Byte Address

CS \
Mode3 0 1 2 3 4 5 6 7 8 9 29 30 31 32 33 34 35 36 37 38 39

SCK wewes: [T uuuuyuyt. ...

|«— Command ———»}«——— 24-Bit Address ———»}«——— DataByte 1 —»|

Sl [/L/X i Rttt 9900000000045

Cs .

]

2072
2073
2074
2075
2076
2077
2078
2079

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 Mode 3
SCK 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 0
|«—— DataByte2 ——»}«—— DataByte3 | | Data Byte 256 ———|

800606600000 0000038000.006000IV

Figure 82. Program Security Registers Command Sequence Diagram (SPl Mode, Three-Byte Address Mode)
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Cs T\

Mode 3 37 38 39 40 41 42 43 44 45 46 47

sok s [TLIUTUUUUULN. ... MuuyUuyuywt. ...

|«—— Command ———»}«—+— 32-Bit Address ———»}«——— DataByte 1 —»]

S [/ /X s R 9900000600004

Cs . /

2080
2081
2082
2083
2084
2085
2086
2087

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

sek JTUUUUUUULUTUULULL. . TUULLLU L e

|«——— DataByte2 ——»}«——— DataByte 3 | | Data Byte 256 ——»|
SI XXX XXX XXX X EX XXX X0 - - - LT X XXX e XX XX/ /-
MSB MSB MSB

Figure 83. Program Security Registers Command Sequence Diagram (SPl Mode, Four-Byte Address Mode)

cs T\ /

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 518 519 Mode 3
SCK  Modeo'! Mode 0
Comman
k—» A23-16 ' A158 ' A7-0 ' Byte1 ' Byte2 ! :ByteZ56:

42h

SVZANS 0000, 0,0 0,0 0.0 stk XLLL
S /A\VE 0000000000 COLZLL
N r/aVe e 60600000 s 00 o,
103 /N KXXXXXX XXXk - - - - XX L

' MsB ' MsB ' MsB ' MsB

Figure 84. Program Security Registers Command Sequence Diagram (QPI Mode, Three-Byte Address Mode)

cs — O\ /a

Mode 3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 520 521 _ Mode 3_
SCK ModeO'IlIlI||||||||||l|||l|||l|||l Illl Mode 0
C°;"2':]‘a"d: A31-24 ' A23-16 | A158 ' A7-0 ! Byte1 ' Byte2 ! ! Byte 256 !

10g
/A 00 000000000000 WA
10, 777 aaaeaaeaaaaa ----- XTI 77
105 77\ aeaaaaaaaeae ----- XX

' MsB ' MsB ' MsB ' MsB ' MsB ' MsB ' MsB

Figure 85. Program Security Registers Command Sequence Diagram (QPI Mode, Four-Byte Address Mode)
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7.3.4 Read Serial Flash Discoverable Parameter (5Ah)

The Serial Flash Discoverable Parameter (SFDP) standard provides a consistent method of describing the
functional and feature capabilities of serial Flash devices in a standard set of internal parameter tables. These
parameter tables can be interrogated by host system software to enable adjustments needed to accommodate
divergent features from multiple vendors. The concept is similar to the one found in the Introduction of JEDEC
Standard, JESD68on CFIl. SFDP is a standard of JEDEC Standard No.216.

The Read SFDP command is initiated by driving the cs pin low and shifting the command code 5Ah, followed by
a 24-bit address (A23-A0) into the Sl pin, regardless of the three- or 4-byte Address Mode. Eight dummy cycles
are also required in SPI mode. In QPI mode, the number of dummy cycles can be configured by the Set Read
Parameters (COh) command.

S

Mode 3 o 1 2 3 4 5 6 7 8 9 10 28 29 30 31

|«——— Command ———»}«————— 24-Bit Address ———»|

S0 S— ) -+~ O -
SO HIGH-IMPEDANCE L

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode3

SCK |'LI'LI'LI'LI'LI'LI'LI'5J'LI'LI'LI'LI'LI'LI'LL
|«—— Dummy Cycles ——] | a4——10s switch from Input to Output
S 9.0.0,0,0.0.0.0 VIIIsIsssssssi
HIGH-IMPEDANCE Data Byte 1
SO ----

2000606004
MSB

Figure 86. Read Serial Flash Discoverable Parameter Command Sequence Diagram (SPI Mode)

CS \ L
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SCK  wmodeo' ) .
Cogj:;anc A23-16 A15-8 AT7-0 Data Out 1 Data Out 2 Data Out 3 Data Out 4
| | | | Dummy” | | N
/e 060000 —et00 0000
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 -
Ny V0000000000000
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 -—
102 /// \ AeX2Xe X2 Xe X2)—TKe XaXe X2 Xe X2 XeX2 .
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
104

* = Set Read Parameters command (COh) can set the number of dummy clocks

Figure 87. Read Serial Flash Discoverable Parameter Command Sequence Diagram (QPI Mode)
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7.4 ID Commands

The AT25SF2561C / AT25QF2561C supports commands to access device identification that indicates the
manufacturer, device type, and memory density. For the AT25SF2561C, the returned data bytes provide the
information shown in Table 35. For the AT25QF2561C, the returned data bytes provide the information shown in

Table 36.

Table 35. Manufacturer and Device ID Information for the AT25SF2561C

Command Opcode Manufacturer ID First g;:;lce D Sec:a;cé;)tzwce
Read Manufacturer and Device ID 9Fh 1Fh 8Ah 01h
Read ID (Legacy Command) 90h 1Fh 18h
Read ID (Dual I/0O) 92h 1Fh 18h
Read ID (Quad 1/O) 94h 1Fh 18h
Resume from Deep Power-Down and Read Device ID ABh 18h

Table 36. Manufacturer and Device ID Information for the AT25QF2561C

Command Opcode Manufacturer ID First g;:::ce b Sec::gcé)l{)t(:wce
Read Manufacturer and Device ID 9Fh 1Fh 8Ah 81h
Read ID (Legacy Command) 90h 1Fh 18h
Read ID (Dual 1/O) 92h 1Fh 18h
Read ID (Quad I/O) 94h 1Fh 18h
Resume from Deep Power-Down and Read Device ID ABh 18h
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7.41 Read Manufacturer ID/ Device ID (90h)

The Read Manufacturer/Device ID command is an alternative to the Release from Power-Down/Device ID
command that provides both the JEDEC-assigned Manufacturer ID and the specific Device ID.

The command is initiated by driving the CS pin low and shifting the command code 90h, followed by a 24-bit
address (A23-A0) of 000000h, regardless of the 3-byte/4-byte address mode. If the 24-bit address is initially set to
000001h, the Device ID is read first.

_S \ - -

Mode 3 o 1 2 3 4 5 6 7 8 9 10 28 29 30 31

SCK sewooy [T L ...

|«——— Command ———»}«———— 24-Bit Address ———»|

St // /X 90N (23X22K21)- == === - - 00 0.0

HIGH-IMPEDANCE

SO
ScK B 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 ;n:Z_j:_z_
S| N LLLLLLSLSLS LY
|«—— Manufacturer ID «——  Device ID —
SR 0000060900 000060000

Figure 88. Read Manufacturer ID/ Device ID Sequence Diagram (SPI Mode)

CS

SCK

Command __—— 10s switch from
f————— A23-16 A15-8 - input to output
1 1 1 1 1

100

104

10,

05 777\ LOEOOOEOOOEKTZ

" MSB " MSB " MSB 1 MSB 1 MSB 1
: MFR ID : Device ID :

Figure 89. Read Manufacturer ID/ Device ID Sequence Diagram (QPI Mode)
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7.4.2 Dual I/O Read Manufacturer ID/ Device ID (92h)

The Dual I/O Read Manufacturer/Device ID command is an alternative to the Release from Power-Down/Device
ID command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID by Dual I/O.

The command is initiated by driving the CS pin low and shifting the command code 92h followed by a 24- or 32-bit
address (A23/A31 - AO) of 000000h/00000000h. If the 24/32-bit address is initially set to 000001h/00000001h, the
Device ID is read first.

C_S \ - -

Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

SCK Mode 0"

1 1 1
[«——— Command —— A23-16 ! A15-8 ! A7-0 ! Dummy
1 1 1

100 777X o2n 0,0,0,0,0,0.0,000.00 0000238
0, en e oeaaaaeaeaeaeaouu

MSB I MSB MSB

24 25 26 27 28 29 30 31 40 41 42 43 44 45 46 47 Mode 3

QQQ@@QQ . HIGH-IMPEDANCE
. HIGH-IMPEDANCE
104 GQQOGGQG -------------- GBQGGQQ D,
1

| M | MsB | MsB
MFR ID Dewce ID MFR ID Device ID
(Repeat) (Repeat)

Figure 90. Dual I/0 Read Manufacturer ID/Device ID Sequence Diagram (SPI Mode, Three-Byte Address Mode)

CS \ L

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCK ModeO'|||||||||||||||||||||||||||||||l|||||||l||||||||
1 1 1
j«——— Command ——| A31-24 I A23-16 I A15-8 I A7-0
1 1 1

100 777X oz 0,0,0,0,0,0,0,00.00000.00L
[oF P A aeoaeaeaeaaaeaeuu

MSE! I MsB MSB

24 25 26 27 28 29 30 31 32 33 34 35 40 41 42 43 44 45 46 47 Mode 3

sck UM

. . ! ! . HIGH-IMPEDANCE
TG 00000000000 ——— 9@9@666%

MFR and Device ID

Repeat HIGH-IMPEDANCE
104 GQQGG@QQQQQQ """"""" G@QQ@Q@ 1
I MSB I MSB MSB I MSB I MSB
MFR ID Device ID MFR ID Device ID

(Repeat) (Repeat)

Figure 91. Dual I/O Read Manufacturer ID/Device ID Sequence Diagram (SPl Mode, Four-Byte Address Mode)
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7.4.3 Quad I/O Read Manufacturer ID/ Device ID (94h)

The Quad I/O Read Manufacturer/Device ID command is an alternative to the Release from Power-Down/Device
ID command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID by quad I/O. The
Quad Enable bit (QE) of the Status Register must be set to enable. The command is initiated by driving the cS pin
low and shifting the command code 94h, followed by a 24/32-bit address (A23/A31 - A0) of 000000h/00000000h

and six dummy cycles. If the 24/32-bit address is initially set to 000001h/00000001h, the Device ID is read out

first.

Mode 3 o 1 2 3 4 5 6 7 8

Command | A23-16 | A158 | AT7-0

1 MSB
MFR ID

1
I | i
100 777X oan XXX /
HIGH-IMPEDANCE y y !
104 O 0000
1 1 1 1
10, HIGH-IMPEDANCE 5 QGQG 2: |
HIGH-IMPEDANCE y y .
|O3 7 Qaaa 3 {
MSB !MSB !MSB |
cS /
23 24 25 26 27 28 29 30 31 _ _ _ ________
SCK
:Data Out1:Data Out2:Data OutS:Daia Out 4 HIGH-IMPEDANGE
TN 00000000 "
y V v v HIGH-IMPEDANCE
101 CXIEXEX XD
1 1 1 1
HIGH-IMPEDANCE
102 (EX2XEX2XEX2XEX)
\ y y y HIGH-IMPEDANCE
00000000

' MSB I'MSB I'MsB I'MsSB

"MFRID ' DevID ' MFRID " DevID

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1 MsB !
Dev ID

Figure 92. Quad I/O Read Manufacturer ID/Device ID Sequence Diagram (SPl Mode, Three-Byte Address Mode)

cs T\

Mode o 1 2 3 4 5 6 7 8 9

SCK "-=*n

Mode 0!

Dummy

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

/—J—: 1= 10s switch from

Input to Output
8 000

} Command | A3124 | A23-16 | A158 |, A7-0
100 /77X 94h 900.0000C
HIGH-IMPEDANCE ! ! '
10 XOEEDEC
1 1 1

| CXOXEXD

HIGH-IMPEDANCE
10, DO 00 000¢
HIGH-IMPEDANCE . . .
103 2600000 0E
MSB I MSB 1 MsB I MSB 1
CS /
256 26 27 28 29 30 31 32 33 _ _ ___o_o_____
SCK
IData Out 1|Data Out 2|Data Out 3|Data Out4 G c
HIGH-IMPEDANCE
[N 00000000
! y y y HIGH-IMPEDANCE
101 CXIXEXXEXIXEXD
1 1 1 1
HIGH-IMPEDANCE
10, (EXEXEX2XEX2XEX2)
¥ . y ¥ HIGH-IMPEDANCE
103 (XXX

I'mMsB I'vsB I'MsB I'mMsB

"MFRID ~ DeviD ' MFRID ~ DevID

\

I MsB I MsB

"MFRID  DeviD

Figure 93. Quad I/0 Read Manufacturer ID/Device ID Sequence Diagram (SPI Mode, Four-Byte Address Mode)
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7.44 Read JEDEC ID (9Fh)

The JEDEC ID command allows the 8-bit manufacturer identification to be read, followed by two bytes of device
identification. The device identification indicates the memory type in the first byte, and the memory capacity of the
device in the second byte. During an Erase or Program cycle is in progress, the JEDEC ID command is not
decoded and has no effect on the cycle that is in progress. Do not issue the JEDEC ID command while the device
is in Deep Power-Down Mode.

The device is first selected by driving CS to low. Then, the eight-bit command code for the command is shifted in.
This is followed by the 24-bit device identification (eight-bit manufacturer ID ID[23:16] — eight-bit memory type
ID[15:8] — eight-bit memory capacity ID[7:0]). This value is shifted out on serial data output, each bit being shifted
out during the falling edge of SCK. The JEDEC ID command is terminated by driving CSto high at any time during
data output. When CS is driven high, the device is put in the standby mode. Once in the standby mode, the device
waits to be selected, so that it can receive, decode, and execute commands.

Cs — '\ -

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

SCK '

|«——— Command ———»

st 777X oFh X/ /77777777 "

|«——— Manufacturer ID —|

HIGH-IMPEDANCE
SO 200066005

MSB

CS /

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 _

SCK

S| - LLLLLSLSLSSS LSS
|<— Memory Type ID15-ID8 —»<—— Capacity ID7-ID0 —|

SR 000060600 00000000

MSB MSB

Figure 94. JEDEC ID Sequence Diagram (SPI Mode)

CS

SCK

10,
10,4

10,

105

MFR ID MTID Capacity ID

Figure 95. JEDEC ID Sequence Diagram (QPI Mode)
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7.4.5 Read Unique ID Number (4Bh)

The Read Unique ID Number command accesses a factory-set read-only 128-bit number that is unique to each
AT25SF2561C / AT25QF2561C device. The ID number can be used in conjunction with user software methods to
help prevent copying or cloning of a system. The Read Unique ID command is initiated by driving the S pin low
and shifting the command code 4Bh, followed by a four or five bytes of dummy cycles in SPI Mode. In QPI Mode,
it contains three or four bytes dummy cycles and some dummy cycles that can be configured by the Set Read
Parameters (COh) command. After this, the 128-bit ID is shifted out on the falling edge of SCK.

Cs \ L
Mode 3_ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCK Mode 0"
|«——— Command ———»}<«—— Dummy Byte 1 ———}«—— Dummy Byte 2 ——|
\
Sl [/ /X 4Bh Y
SO HIGH-IMPEDANCE
CS /

Mode3 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 164 165 166 167 Mode 3

SCK &o-de-o' I | I | I | I l Mode 0
|<«——Dummy Byte 3 ———}«——Dummy Byte 4 ———

SI

- HIGH-IMPEDANCE ) @ _______ eoa

128-bit Unique
! Serial Number

Figure 96. Read Unique ID Sequence Diagram (SPI Mode, Three-Byte Address Mode)

CS \ L
Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCK Mode 0"
[«——— Command ———}<«——— Dummy Byte 1 ———t<——— Dummy Byte 2 ——|
\
Sl ///X 4Bh )
SO HIGH-IMPEDANCE

CS /

Mode3 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 172 173 174 175 Mode 3

SCK &o-de-o' I | I | I | I l Mode 0
|——Dummy Byte 3———{<———Dummy Byte 4 ———{<——— Dummy Byte 5 ——

s e Iz

SO HIGHIMPEDANCE ~ XA—~\—~\ aao _______

128-bit Unique
! Serial Number

Figure 97. Read Unique ID Sequence Diagram (SPI Mode, Four-Byte Address Mode)
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CS \ /

Mode3. O 1 2 3 4 5 6 7 8 9 10 11 86 87 88 89  Mode3

SCK meeot | LU UMY, Mode 0
Byt | Byed | Byea , Dummy oo .

VA 00000000 0c IR 2000 I
1 1
1 1

101 72\ BOR0O0O0BE - 0000 s,
1 1
1 1

10, /// \_KeX2Xs X2 Xe X2 X6 X2 X242k - - - - - CaXioXe Xe X/ / /
1

* = Set Read Parameters command (COh) can set the number of dummy clocks I

AOEZZ

! 128-bit Unique
Serial Number

[

Figure 98. Read Unique ID Sequence Diagram (QPI Mode, Three-Byte Address Mode)

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13

_____ 88 89 90 91 _Mode 3_
SCK ' Modeo'’ L L. Mode 0
Command Dummy  Dummy Dummy  Dummy Dummy* 10s switch from
4Bh | Byte1 | Byte2 |, Byte3 |, Byte4 | | input to output | |
100 /N /" XaXoXaXoXaXo X2 Xo X4 XoK2Kizgh - - - - - XX XX/ /
RVIAWEA O 0000000000 Sttty Kk Ks X XL L/
102 777 \_AXXXX XXX XX - - - - XXX XX L7
105 77\ /XOXEXXXDXEXXX XXX - - - - - SXX XX 7

" MSB " MSB " MSB " MSB " MSB 1 MSB

* = Set Read Parameters command (COh) can set the number of dummy clocks I

128-bit Unique
Serial Number

[E—

Figure 99. Read Unique ID Sequence Diagram (QPI Mode, Four-Byte Address Mode)
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7.5 Power-Down Commands

7.51 Deep Power-Down (B9h)

Although the standby current during normal operation is relatively low, standby current can be further reduced with
the Deep Power-down command. The lower power consumption makes the Deep Power-down (DPD) command
especially useful for battery powered applications (see Icc1 and Igcz). The command is initiated by driving the cs
pin low and shifting the command code B9h, as shown in Figure 100 and Figure 101.

The CS pin must be driven high after the eighth bit has been latched. If this is not done the Deep Power-Down
command is not executed. After CS is driven high, the power-down state is entered within the time duration of top.
While in the power-down state only the Release from Deep Power-down / Device ID command, software reset
sequence, or hardware reset sequence, which restores the device to normal operation, is recognized. All other
commands are ignored. This includes the Read Status Register command, which is always available during
normal operation. Ignoring all but one command also makes the Power-Down state a useful condition for securing
maximum write protection. The device always powers-up in the normal operation with the standby current of ¢ .

CS \
tor
l\_/Icldgi_i_ 0O 1 2 3 4 5 6 7 o do____JMode3 _______
SCK Mogeo ! Mode 0

|«— Command ——»

St /L /X Boh LS

Stand-by mode Power-down mode

Figure 100. Deep Power-Down Sequence Diagram (SPI Mode)

SCK  Modeo' | | I | Mode 0

Command
B9h

100 /L) \LLLAL/S
10y /L) \LLLLLSS
0, LI\ /L ///////

103 /// \LLLAL//

Stand-by mode Power-down mode

Figure 101. Deep Power-Down Sequence Diagram (QPI Mode)
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7.5.2 Release from Deep Power-Down/Read Device ID (ABh)

The Release from Power-Down or Device ID command is a multi-purpose command. It can be used to release the
device from the Power-Down state or obtain the devices electronic identification (ID) number.

To release the device from the Power-Down state, the command is issued by driving the CS pin low, shifting the
command code ABh and driving CS high. Release from Power-Down takes of tresq time (see Section 8.7, AC
Electrical Characteristics) before the device resumes normal operation and other command are accepted. The cS
pin must remain high during the trgg¢ time.

When used only to obtain the Device ID while not in the Power-Down state, the command is initiated by driving the
cs pin low and shifting the command code ABh, followed by three dummy cycles. The Device ID bits are then
shifted out on the falling edge of SCK, with the most significant bit (MSB) first, as shown in Figure 104 and
Figure 105. The Device ID value for is listed in Manufacturer and Device Identification table. The Device ID can be
read continuously. The command is completed by driving CS high.

When used to release the device from the Power-Down state and obtain the Device ID, the command is the same
as previously described, and shown in Figure 104 and Figure 105, except that after CS is driven high it must
remain high for a time duration of tgggo (see Section 8.7, AC Electrical Characteristics). After this time, the device
resumes normal operation, and other commands are accepted. If the Release from Power-Down/Device ID
command is issued while an Erase, Program or Write cycle is in process (when RDY/BSY equal 1), the command
is ignored and does not effect the current cycle.

Cs \
tres1
Mode3 o 1 2 3 4 5 6 7 | || Mode3 _____
SCK' Mode 0! Mode 0

|«——— Command ——|

Sl [/L/X ABN XL

Power-down mode Stand-by mode

Figure 102. Release Power-Down Sequence Diagram (SPI Mode)

E _\— trES

Mode3_ 0 1 | Mode 3

Command
A8h

G0 //N\/ \LLLLLLS
10 /// ///
0, //\_ [777/[777

/A

103 ///

Power-down mode| Stand-by mode

Figure 103. Release Power-Down Sequence Diagram (QPI Mode)
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Cs T\ /A

o 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39

S [/L/X ABh v

|«——— Device ID ———»

SO 0000060000 WINII

Stand-by mode

HIGH-IMPEDANCE

Deep Power-down mode

Figure 104. Release Power-Down/Read Device ID Sequence Diagram (SPI Mode)

tres:
Mode3 O 1 2 383 4 5 6 7 8 9 Mode 3
SCK  Modeo! Mode 0
Commanc |0s Switch Fi
3 Di Byt 1 s Switch From
ABh I ATy E7E8 /_— Input to Output

00 LI/ XKXKKXXKXKKXXLLLL LTI T
104 ///// /77
10, ///// /77
105 ///// /77

' Device ID

Power-down current| Stand-by current

Figure 105. Release Power-Down/Read Device ID Sequence Diagram (QPI Mode)
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7.6 Program and Erase Commands

7.6.1 Page Program (02h)

The Page Program command is for programming the memory. A Write Enable command must previously have
been executed to set the Write Enable Latch bit before sending the Page Program command.

The Page Program command is entered by driving CS Low, followed by the command code, three-byte address
and at least one data byte on Sl. If the eight least significant address bits (A7 - A0) are not all zero, all transmitted
data that goes beyond the end of the current page are programmed from the start address of the same page (from
the address whose eight least significant bits (A7 - A0) are all zero). CS must be driven low for the entire duration
of the sequence. The Page Program command sequence: cs goes low — sending Page Program command —
three-byte address on S| — at least 1 byte of data on SI — cS goes high.

If more than 256 bytes are sent to the device, previously latched data are discarded, and the last 256 data bytes
are guaranteed to be programmed correctly within the same page. If less than 256 data bytes are sent to the
device, they are correctly programmed at the requested addresses without having any effects on the other bytes
of the same page. CS must be driven high after the eighth bit of the last data byte has been latched in; otherwise,
the Page Program command is not executed.

As soon as CS is driven high, the self-timed Page Program cycle (whose duration is tpp) is initiated. While the
Page Program cycle is in progress, the Status Register can be read to check the value of the RDY/BSY bit. The
RDY/BSY bit is 1 during the self-timed Page Program cycle; it is 0 when it is completed. At some unspecified time
before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

When a Page Program command is applied to a page protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0)
bits, the Individual Block Lock bits are not executed.

Moded 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39

Fi Command 4>‘<7 24-Bit Address | Data Byte 1 4>‘

st XXX o) 2D ©.0000.00006.00H

MSB MSB

N O < N ©O© M~ 0 O
N~ N~ N~ N~ D i g N~

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 8 & 8 & &8 & & & Modes,

SCK Mode 0
Fi Data Byte 2 4%<7 Data Byte 3 } } Data Byte 256 4»‘

D000 0000000006000sE 00006600
Figure 106. Page Program Sequence Diagram (SPI Mode, Three-Byte Address Mode)
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cs T\

Mode 3 o 1 2 3 4 5 6 7 8 9 37 38 39 40 41 42 43 44 45 46 47

SCK seweor [T . MUuUuUyuyy....

|«——— Command ———»}«——— 32-Bit Address ———»}«——— DataByte 1 —»]

Sl [//X 02h KUKy 9900000600048

MsB MSB
O - N ® ¥ v © N~
® ©® ® ©® © O © ©
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 QS & & & & & & & Modes

sck JTUUUUUUUUTUUUUULT. . TUUTL UL vesee

|«—— DataByte2 ——»|«——— DataByte 3 | | Data Byte 256 ———|
SI XXX XX XX XXX EX XX XX - = = KX XX XXX XX /-
MSB MSB MSB

Figure 107. Page Program Sequence Diagram (SPI Mode, Four-Byte Address Mode)

cs T\ /

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 516 517 518 519 Mode 3
SCK  Modeo'! I | I l I | I | Mode 0
Comman
"W’ A23-16 ' A158 ' A7-0 ' Byte1 ' Byte2 ' Byte3 ! :Byt9255:By(e256:

10,

S/ VA 000000000000
7l 06 000006 00 005
103 //\ KXEXX XXX XXX Ko - - - --

' MsB ' MsB ' MsB ' MsB ' MsB ' MsB ' MsB ' MsB

Figure 108. Page Program Sequence Diagram (QPI Mode, Three-Byte Address Mode)

Mode3 O 1 2 3 4 5 6 7 8 9 10 11 12 13 516 517 518 519 Mode 3
SCK  Modeo' I | I l I | I l Mode 0
Comman
k—> A31-24 ' A23-16 ' A158 ' A7-0 ! Byte1 ' Byte2 ! :Byte255:Byte256:

02h

S/, Va0 0000000000 0IE
0: 72\ 00000000000
IOs -----

' MsB ' MsB ' MsB ' MsB ' MsB ' MsB ' MsB ' MSB

Figure 109. Page Program Sequence Diagram (QPI Mode, Four-Byte Address Mode)
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7.6.2 Page Program with Four-Byte Address (12h)

The Page Program with Four-Byte Address command is similar to the Page Program command except that it
requires a 32-bit address instead of a 24-bit address. No matter what address mode the device is operating in, the
Page Program with Four-Byte Address command always requires a 32- bit address to access the entire 256 Mb
memory.

Cs T\

Mode 3 37 38 39 40 41 42 43 44 45 46 47
SCK ModeU'||||||||||||||||||||

|«—— Command ———»}«——— 32-Bit Address ———|«——— DataByte1 —|

St ///X 2h  RIR s 9900000000048

MSB MSB

CS . /

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

|«——— DataByte2 ——»|«——— DataByte3 | | Data Byte 256 ——|

8000006000006 000004400000000V

MSB MSB MSB

Figure 110. Page Program with Four-Byte Address (SPl Mode)

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 518 519 _ Mode3_
SCK ModeO'I||||||||||||||||||||||| |||| Mode 0
Command
A31-24 A23-16 A15-8 A7-0  Data Byte 1 Data Byte 256
1 1 1 1 1

100 /77 \_AeetkeaXeXaXeX XXXy - - - - L XXLLL
o @cxm
0

MSB : MSB

N

Figure 111. Page Program with Four-Byte Address (QPI Mode)
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7.6.3 Quad Page Program (32h)

The Quad Page Program command is for programming the memory using for pins: IQg, 104, 105, and 103. To use
this command, the Quad enable in status register bit 9 must be set (QE=1). A Write Enable command must have
been executed to set the Write Enable Latch bit before sending the Page Program command.This command is
entered by driving CS low, followed by the command code 32h, three address bytes, and at least one data byte on
the 1/0O pins.The Quad Enable bit (QE) of Status Register must be set to enable.

The command sequence is shown in Figure 112 and Figure 113. If more than 256 bytes are sent to the device,
previously latched data are discarded, and the last 256 data bytes are guaranteed to be programmed correctly
within the same page. If fewer than 256 data bytes are sent to device, they are correctly programmed at the
requested addresses without having any effects on the other bytes of the same page. CS must be driven high
after the eighth bit of the last data byte has been latched in; otherwise, the Quad Page Program command is not
executed.

As soon as CS is driven high, the self-timed Quad Page Program cycle (whose duration is tpp) is initiated. While
the Quad Page Program cycle is in progress, the Status Register can be read to check the value of the RDY/BSY
bit. The RDY/BSY bit is 1 during the self-timed Quad Page Program cycle, and is 0 when it is completed. At some
unspecified time before the cycle is completed, the Write Enable Latch bit is reset.A Quad Page Program
command applied to a page that is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO) bits is not
executed.

Mode 3 o 1 2 3 4 5 6 7 8 9 29 30 31 32 33 34 35 36 37 38 39

SCK oo [T .o MUy UHLrt. ...

j«——— Command ———s{<«——— 24-Bit Address ———» ! ! !
1 Byte 1 1 Byte2 1 Byte3 1 Byte4 1

00 772X Xy~

MSB MSB MSB

CS /
40 41 42 43 44 45 46 47 536 537 538 539 540 541 542 543 Mode 3

SCK|||||||||||||||| |||||||||||||||| Mode 0
Byte5 |, Byte6 , Byte7 | Byte 8 , ,Byte 253, Byte 254 Byte 255 Byte 256,

0 . \ | | \ . § HIGH-IMPEDANCE
1%0'000 00 00 SIS, 0000000¢

X | i ' ! ! i ' HIGH-IMPEDANCE
101 XXX === ===+ 0000000%¢

1
1 1 1 1 1 1 1 1 1
| | | | - | | | ' HIGH-IMPEDANCE
102 (X2 XXX XeXe X2 --mmmmmmmmmee 060060000
1 1 1 1 1 1 1 E
1

105 XXX === === ===+ +- =

MSB " MSB " MSB " MSB N " MSB " MSB " MSB " MSB

Figure 112. Quad Page Program Sequence Diagram (SPI Mode only, Three-Byte Address Mode)
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|«——— Command ———»}<«——— 32-Bit Address

6 7 8 9 37 38 39 40 41 42 43 44 45 46 47

100 777X an

—_—
I 1

' Byte 1 !

1 1
Byte2 ' Byte3 ! Byte4 !

-------

102
s
CS

48 49 50 51 52 53 54 55

SCK

Byte5 |, Byte6 |, Byte7 |, Byte 8 ,

0: EOSOEOE0
©:
(e olbeaclo
05

MSB " MSB " MSB " MSB

541 542 543 547 548 549 550 551 Mode 3

|Byte 253,Byte 254 ,Byte 255,Byte 256,

""""""" 009000000,
1 1 1

I ! ! !
.............. (XXX KX KX

1

1 1 1 1 1

1 1 1 1 1

-------------- 00000000
1 1 1 1

1 1 1 1

1 1 1 1

-------------- 00000000

" MSB " MSB

" MSB

" MSB

HIGH-IMPEDANCE

HIGH-IMPEDANCE

HIGH-IMPEDANCE

HIGH-IMPEDANCE

Figure 113. Quad Page Program Sequence Diagram (SPI Mode only, Four-Byte Address Mode)
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7.6.4 Quad Input Page Program with Four-Byte Address (34h)

The Quad Input Page Program with Four-Byte Address command is similar to the Quad Input Page Program
command, except that it requires a 32-bit address instead of a 24-bit address. No matter what address mode the
device is operating in, the Quad Input Page Program with Four-Byte Address command always requires a 32-bit
address to access the entire 256 Mb memory.The Quad Enable bit (QE) of Status Register must be set to enable.

Cs T\

Mode 3 o 1 2 3 4 5 6 7 8 9 37 38 39 40 41 42 43 44 45 46 47

SCK seweor [T .o MUy UL, ..

j«——— Command ———}<«——— 32-Bit Address ——— H H H H
! Byte1 ' Byte2 ' Byte3 ' Byte4 !

00 777X s XeXay--o-

st MSB MSB MSB
48 49 50 51 52 53 54 55 544 545 546 547 548 549 550 551 Mode 3

Byte5 |, Byte6 |, Byte7 |, Byte 8 |Byte 253,Byte 254 ,Byte 255,Byte 256,

! ! ’ | | | | ! . High Impedance
100 (XXX XXX - - mmmmme 00000000

! ! ! ! ! ! ! ! High Impedance
101 XXX D ------------- 00000600¢

1
1 1 1 1 1 1 1 1 1
! ! ! ! ! ! ! ! ' High Impedance
102 (XX XX e X2 XeXop- === === === -~ (e X2 Xe X2 Xe X2 X X2
1 1 1 1 1 1 1 E
|

700,060,000 O TIITEITIEE 00000000 rEEs

MSB " MSB " MSB " MSB N " MSB " MSB " MSB " MSB

Figure 114. Quad Page Program with Four-Byte Address Sequence Diagram (SPI Mode only)
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7.6.5 4 kB Block Erase (20h)

The 4 kB Block Erase command is for erasing the all data of the chosen block. A Write Enable command must
previously have been executed to set the Write Enable Latch bit. The 4 kB Block Erase command is entered by
driving CS low, followed by the command code, and three-byte address on the Sl pin. Any address inside the
block is a valid address for the 4 kB Block Erase command. CS must be driven low for the entire duration of the
sequence.

The 4 kB Block Erase command sequence: [ S goes low — sending 4 kB Block Erase command — three-/four-
byte address on S| — [ S goes high. CS must be driven high after the eighth bit of the last address byte has been
latched in; otherwise, the 4 kB Block Erase command is not executed. As soon as CS is driven high, the self-timed
4 kB Block Erase cycle (whose duration is tgg) is initiated. While the 4 kB Block Erase cycle is in progress, the
Status Register can be read to check the value of the RDY/BSY bit. The RDY/BSY bit is 1 during the self-timed 4
kB Block Erase cycle; it is 0 when completed. At some unspecified time before the cycle is completed, the Write
Enable Latch (WEL) bit is reset. A 4 kB Block Erase command applied to a block that is protected by the Block
Protect (BP4, BP3, BP2, BP1, BPO) bits is not executed.

cs T\ /

Mode 3 o 1 2 3 4 5 6 7 8 9 29 30 31 Mode 3
SCKModeo'|||||||||||||||||||| ||||||ModeO
: :
24-Bit Address ——»

|«—— Command

st 777X 20n Xz - === XXX L

1 MSB 1

Figure 115. 4 kB Block Erase Sequence Diagram (SPI Mode, Three-Byte Address Mode)

cs T\ /a

Mode 3 0 1 2 3 4 5 6 7 8 9 37 38 39 Mode3
SCKModeO'|||||||||||||||||||| ||||||Mode0
o o TEEsEEEs I----

1 1

32-Bit Address ———

|«——— Command !

S| 777X RS O ST XL,

1 MSB

Figure 116. 4 kB Block Erase Sequence Diagram (SPI Mode, Four-Byte Address Mode)

CS \ /
SCK woseo [ LU LU LT e

l—— A23-16 A15-8 A7-0
1 1

100 L/N\_ KoXieXieXeXeXo X/ / /
101 777\ _KeXXeX XX XKLL/

102 77\ KetXoXeXXeXeXZ L7
[IVIANI &0 D0 0.0 VI

MSB

Figure 117. 4 kB Block Erase Sequence Diagram (QPI Mode, Three-Byte Address Mode)
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SCK ModeO'IlI|||||||||||||||| Mode 0
f—— A31-24 A23-16 A15-8 A7-0
1 1 1

100 //N\  KesXesXaoXieXizX e Xa Xo X/ / /
101 777\ _KeXesXeXiXisXeXe XX/ /

102 /N KeoXesXeXieXusXioXe X2 X/ L/ /
105 //N\ R XeXisXsXik XX/ L/

" MSB

Figure 118. 4 kB Block Erase Sequence Diagram (QPI Mode, Four-Byte Address Mode)

7.6.6 4 kB Block Erase with Four-Byte Address (21h)

The 4 kB Block Erase with Four-Byte Address command is similar to the 4 kB Block Erase command, except that
it requires a 32-bit address instead of a 24-bit address. No matter what address mode the device is operating in,
the 4 kB Block Erase with Four-Byte Address command always requires a 32-bit address to access the entire 256-
Mb memory.

CS \ /
Mode 3 0 1 2 3 4 5 6 7 8 9 37 38 39 Mode 3
SCKModeo'|||||||||||||||||||| ||||||Mode0

|«—— Command 32-Bit Address ——»

s 777X TR 0 0 000 Y74

1 MSB

Figure 119. 4 kB Block Erase with Four-Byte Address (SPI Mode)

——1 A31-24 A23-16 A15-8 A7-0
1 1 1

100 L/\ /' XeeXeXeoXieXizXe Xe XoX/ /L /

101 777\ XX XXX XXX L

102 77\ KeXesXeaXiXXeoXeXeXZ /7
105 77\ KXeXeXX XX XX L L

" MSB

Figure 120. 4 kB Block Erase with Four-Byte Address (QPI Mode)
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7.6.7  32-kB Block Erase (52h)

The 32-kB Block Erase command is for erasing all data of a chosen block. A Write Enable command must have
been previously executed to set the WEL bit. The 32-kB Block Erase command is entered by driving CS low,
followed by the command code, and three- or four-byte address on Sl. Any address inside the block is a valid
address for the 32-kB Block Erase command. CS must be driven low for the entire duration of the sequence.

The 32-kB Block Erase command sequence is: cs goes low — sending 32-kB Block Erase command — three-
[four-byte address on S| — CcS goes high. CS must be driven high after the eighth bit of the last address byte has
been latched in; otherwise, the 32-kB Block Erase command is not executed. As soon as CS is driven high, the
self-timed Block Erase cycle (duration is tgg) is initiated. While the Block Erase cycle is in progress, the Status
Register can be read to check the value of the RDY/BSY bit. The RDY/BSY bit is 1 during the self-timed Block
Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle is completed, the Write
Enable Latch (WEL) bit is reset. A 32-kB Block Erase command applied to a block which is protected by the Block
Protect (BP4, BP3, BP2, BP1, BPO) bits is not executed.

CS \ /
Mode3 0 1 2 3 4 5 6 7 8 9 20 30 31 Modes

SCK ooy [T .o LI T wesee

24-Bit Address ———

|«——— Command

s 777X 0 - XKLL,

HIGH-IMPEDANCE
SO

Figure 121. 32-kB Block Erase Sequence Diagram (SPI Mode, Three-Byte Address Mode)

Cs T\ /a

Mode3 0 1 2 3 4 5 6 7 8 9 37 38 39ylo_de_3_
SCKModeO'|||||||||||||||||||| ||||||Mode0
: :
32-Bit Address ——»

|«—— Command !

sI 777X 52 XeEo------- 000V

1 MSB 1

HIGH-IMPEDANCE
SO

Figure 122. 32-kB Block Erase Sequence Diagram (SPI Mode, Four-Byte Address Mode)

CS \ /
Mode 3 o 1 2 3 4 5 6 7 _ Mode 3_
SCK  modeo! Mode 0

l———=1 A23-16 A15-8 A7-0
52h 1 1 1

100 L1/ \_AoXieXieXe XXX/ / /

101 77\ / XXX XXXXLZLZ

102 /L) \_AK2XieXuXioXe XX/ L/

105 L/N\__ XK XXXKL L/

" MsB " MsB " MsB

Figure 123. 32-kB Block Erase Sequence Diagram (QPI Mode, Three-Byte Address Mode)
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SCK ModeO'IlI |||||||||||||||| Mode 0
Command

l—— A31-24 A23-16 A15-8 A7-0
52h 1 1 1

100 L1/ \_AesXeXeoXieXieXs Xe Xo X/ L/
101 //\ /" XeXeXeXiXieX e Xs X1 X/ //

102 777\ _AeXeXedXaXeXeXeXeX /7
105 72\ KXeXeXeXXXXeXL L7

" MSB

Figure 124. 32-kB Block Erase Sequence Diagram (QPI Mode, Four-Byte Address Mode)

7.6.8 32-kB Block Erase with Four-Byte Address (5Ch)

The 32-kB Block Erase with Four-Byte Address command is similar to the 32-kB Block Erase command, except
that it requires a 32-bit address instead of a 24-bit address. No matter what address mode the device is operating
in, the 32-kB Block Erase with Four-Byte Address command always requires a 32-bit address to access the entire
256-Mb memory.

cs T\ /

Mode 3 o 1 2 3 4 5 6 7 8 9 37 38 39 Mode 3
SCKModeO'|||||||||||||||||||| ||||||Mode0
: :
32-Bit Address ——»

|«—— Command !
1

sl 777X 50 GiXao)-------- 000N

Figure 125. 32-kB Block Erase with Four-Byte Address (SPI Mode)

CS \ /
Mode 3 _ 0 1 2 3 4 5 6 7 8 9 _ _Mode 3_
SCK  Modeo'! Mode 0

Command
——— A31-24 A23-16 A15-8 A7-0
5Ch 1 1 1 1

100 /// \_ReeXetkeokieXiXe Ka Ko X/ L/
101 77\ KeXesXeXiXisXeXe XX/ /

102 777 XeXeXedXeXeaXXeXeXZ /7
105 72\ / XXX LZ

" MSB

Figure 126. 32-kB Block Erase with Four-Byte Address (QPI Mode)
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7.6.9 64-kB Block Erase (D8h)

The 64-kB Block Erase command is for erasing the all data of the chosen block. A Write Enable command must
previously have been executed to set the WEL bit. The 64-kB Block Erase command is entered by driving CS low,
followed by the command code, and three-/four-byte address on Sl. Any address inside the block is a valid
address for the 64-kB Block Erase command. CS must be driven low for the entire duration of the sequence.

The 64-kB Block Erase command sequence is: cs goes low, sending 64-kB Block Erase command 3-byte/4-byte
address on SI, CS goes high. CS must be driven high after the eighth bit of the last address byte has been latched
in; otherwise, the 64-kB Block Erase command is not executed. As soon as CS is driven high, the self-timed Block
Erase cycle (duration is tgg) is initiated. While the Block Erase cycle is in progress, the Status Register can be
read to check the value of the RDY/BSY bit. The RDY/BSY bit is 1 during the self-timed Block Erase cycle; it is 0
when completed. At some unspecified time before the cycle is completed, the WEL bit is reset. A 64-kB Block
Erase command applied to a block which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO) bits is not
executed.

Cs T\ /[

Mode 3 o 1 2 3 4 5 6 7 8 9 29 30 31 Mode3

SCK ooy [T oL [T Toeee

|«—— Command

st 777X Dh Ny ------- 000 IV

1 MSB 1

Figure 127. 64-kB Block Erase Sequence Diagram (SPI Mode, Three-Byte Address Mode)

Cs T\ /[

Mode 3 o 1 2 3 4 5 6 7 8 9 37 38 39 Mode3

SCK ooy [T oL [T Toeee

|«—— Command

32-Bit Address E——

sl 777X Deh Yoy - === - - - EXXXL /.

1 MSB 1

Figure 128. 64-kB Block Erase Sequence Diagram (SPI Mode, Four-Byte Address Mode)

CS \ /
Mode 3 _ 0 1 2 3 4 5 6 7 _ Mode3_
SCK  wodeo! Mode 0

Command
———+ A23-16 A15-8 A7-0
D8h 1 1

100 £// \_A2XieXiXe X Xo X/ L/
101 //\_ KeXiXisXoXs XX/ //

102 777 \_KeXXXXeXeXZ /7
105 777 XeXXeXXXeX/ /7

" MSB " MSB " MSB

Figure 129. 64-kB Block Erase Sequence Diagram (QPI Mode, Three-Byte Address Mode)
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Mode3 0 1 2 3 4 5 6 7 8 9  Mode3_

SCK ' Modeo* |||||||||||||||| Mode 0
ommand A31-24  A23-16  A158 AT7-0

D8h ) 1 s 1 - )

10,
o
0,
05

" MSB " MsB " MsB " MSB

Figure 130. 64-kB Block Erase Sequence Diagram (QPI Mode, Four-Byte Address Mode)

7.6.10 64-kB Block Erase with Four-Byte Address (DCh)

The 64-kB Block Erase with Four-Byte Address command is similar to the 64-kB Block Erase command, except
that it requires a 32-bit address instead of a 24-bit address. No matter what address mode the device is operating
in, the 64-kB Block Erase with Four-Byte Address command always requires a 32-bit address to access the entire
256 Mb memory.

CS \ /
Mde3 O 1 2 3 4 5 6 7 8 9 37 38 39 Mode3
SCKModeO'|||||||||||||||||||| ||||||Mode0

1 1
1 1
32-Bit Address ——»!

|«—— Command

S0, G O O 000V

1 MSB 1

Figure 131. 64-kB Block Erase with Four-Byte Address (SPI Mode)

zommang A31-24 A23-16 A15-8 A7-0
DCh 1 1 1 1

04
o
0;

Figure 132. 64-kB Block Erase with Four-Byte Address (QPI Mode)
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7.6.11 Chip Erase (60/C7h)

The Chip Erase command sets all memory within the device to the erased state of all 1s (FFh). A Write Enable
command must be executed before the device accepts the Chip Erase command (Status Register bit WEL must
equal 1). The command is initiated by driving the cs pin low and shifting the command code C7h or 60h. The Chip
Erase command sequence is shown in Figure 133.

The CS pin must be driven high after the eighth bit has been latched. If this is not done the Chip Erase command
is not executed. After CS is driven high, the self-timed Chip Erase command commences for a time duration of
tce. While the Chip Erase cycle is in progress, the Read Status Register command can still be accessed to check
the status of the RDY/BSY bit.

The RDY/BSY bit is a 1 during the Chip Erase cycle and becomes a 0 when finished and the device is ready to
accept other commands again. After the Chip Erase cycle has finished the WEL bit in the Status Register is
cleared to 0. The Chip Erase command is executed only if all Block Protect (BP2, BP1, and BPO) bits are 0. The
Chip Erase command is ignored if one or more blocks are protected.

Cs &U

Mode 3 0 1 2 3 4 5 6 7 Modes Mode 3 0 1  Mode3
_ Mode3 __Modes _ Mode3
SCK  Modeo ! Mode 0 SCK  Modeo ! Mode 0
Command
+——Command (C7h/60h) — [<Command|

XY\ WX e XN /N
HIGH-IMPEDANCE 104 w

10, X_/ N\ XXX

105 X_/ /XXX

Figure 133. Chip Erase Sequence Diagram (SPI Mode left, QP Mode right)

SO
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7.6.12 Erase / Program Suspend (75h)

The Erase/Program Suspend command allows the system to interrupt a block erase operation or a program
operation.

After a program operation has entered the suspended state, the memory array can be read except for the page
being programmed. After an erase operation has entered the suspended state, the memory array can be read or
programmed except for the block being erased. During a suspend state of any type, erase operations are not
allowed. Write status register operation cannot be suspended.

The Erase/Program Suspend command sequence is shown in Figure 134 and Figure 135.

Table 37. Readable or Erasable Area of Memory While a Program Operation is Suspended

Suspended Operation Readable Region of Memory Array
Page Program All but the Page being programmed
Page Program with Four-Byte Address All but the Page being programmed
Quad Page Program All but the Page being programmed
Quad Page Program with Four-Byte Address All but the Page being programmed

Table 38. Readable or Programmable Area of Memory While an Erase Operation is Suspended

Suspended Operation Readable or Programmable Region of Memory Array
Block Erase (4-kB) All but the Block being erased
Block Erase with Four-Byte Address (4-kB) All but the Block being erased
Block Erase (32-kB) All but the 32-kB Block being erased
Block Erase with Four-Byte Address (32-kB) All but the 32-kB Block being erased
Block Erase (64-kB) All but the 64-kB Block being erased
Block Erase with Four-Byte Address (64-kB) All but the 64-kB Block being erased

When the Serial NOR Flash receives the Suspend command, there is a latency of tpg or tgg, before the Write
Enable Latch (WEL) bit clears to 0 and the SUS2 or SUS1 bits are set to 1. After this, the device is ready to accept
one of the commands listed in Table 39. See Section 8.7, AC Electrical Characteristics, for tpg /teg timings.
Table 40 lists the commands for which the tpg; and tgg| latencies do no apply. For example: 05h, 66h, and 99h
can be issued at any time after the Suspend command.

Status Register 2 bit 7 (SUS2) and bit 2 (SUS1) can be read to check the suspend status. The SUS2 (Program
Suspend Bit) sets to 1 when a program operation is suspended. The SUS1 (Erase Suspend Bit) sets to 1 when a
program or an erase operation is suspended. The SUS2 or SUS1 clears to 0 when the program or erase
command is resumed.
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Table 39. Acceptable Commands During Program/Erase Suspend after tpg /tgs|

Command Name Opcode Program Suspend Erase Suspend
Write Enable 06h * *
Write Disable 04h * *
Enter 4-Byte Address Mode B7h * *
Exit 4-Byte Address Mode E9h * *
Enter QPI Mode 38h * *
Exit QPI Mode FFh * *
Read Extended Address Register C8h * *
Read Data 03h * *
Read Data with 4-Byte Address 13h * *
Fast Read 0Bh * *
Fast Read with 4-Byte Address 0Ch * *
Dual Output Fast Read 3Bh * *
Fast Read Dual Output with 4-Byte Address 3Ch * *
Quad Output Fast Read 6Bh * *
Fast Read Quad Output with 4-Byte Address 6Ch * *
Dual I/O Fast Read BBh * *
Fast Read Dual I/O with 4-Byte Address BCh * *
Quad I/O Fast Read EBh * *
DTR Fast Read Quad I/O EDh * *
Fast Read Quad 1/O with 4-Byte Address ECh * *
DTR Quad I/O Fast Read with 4-Byte Address EEh * *
Set Burst with Wrap 77h * *
Set Read Parameters COh * *
Read Mftr./Device ID 90h * *
Dual 10 Read Mftr./Device ID 92h * *
Quad 10 Read Mftr./Device ID 94h * *
Read JEDEC ID 9Fh * *
Read Unique ID Number 4Bh * *
Release Power-down/Device ID ABh * *
Read Security Registers 48h * *
Read SFDP 5Ah * *
Page Program 02h *
Page Program with 4-Byte Address 12h *
Quad Page Program 32h *
Quad Input Page Program with 4-Byte Address 34h *
Program/Erase Resume 7Ah * *
Read Block Lock 3Dh * *
Table 40. Acceptable Commands During Suspend (tpg, /tgs, not required)
Command Name Opcode Program Suspend Erase Suspend
Read Status Register 1 05h * *
Read Status Register 2 35h * *
Read Status Register 3 15h * *
Enable Reset 66h * *
Reset Device 9%h * *
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cs '\

Mode 3 0

SCK' Modeo"

|«— Command ——»

test/test

1 2 3 4 5 6 7 Mode 3

Sl [//X

7sh XLLLLLS LS

SO

HIGH-IMPEDANCE

>
Accept Commands

Figure 134. Erase/Program Suspend Command Sequence (SPI Mode)

_\— test/test

Mode3 O 1 | _______lL___. Mode 3_

Mode 0 ! Mode 0
Command

75h

[l \LLLLLV ]

[ \LLLLLL S

[/ LS

[N [/

>

Accept Commands

Figure 135. Erase/Program Suspend Command Sequence (QPI Mode)
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7.6.13 Erase/ Program Resume (7Ah)

The Erase/Program Resume command 7Ah must be written to resume the Block Erase operation or the Page
Program operation after an Erase/Program Suspend. The Resume command 7Ah is accepted by the device only
if the SUS bit in the Status Register equals to 1 and the RDY/BSY bit equals to 0.

After the Resume command is issued the SUS bit is cleared from 1 to 0 immediately, the RDY/BSY bit is set from
0 to 1 within 200 ns and the Block completes the erase operation or the page completes the program operation. If

the SUS bit equals to 0 or the RDY/BSY bit equals to 1, the Resume command 7Ah is ignored by the device.

st 777X 7A X ///

! Resume previously
! suspended Program

1
HIGH-IMPEDANCE or Erase

SO

Figure 136. Erase/Program Resume Command Sequence (SPI Mode)

CS \
Moge3 0 1 1 _______. Mode 3_
SCK  Modeo' | | I | Mode 0
Command
peabiy

7Ah

1O L L/ \LYLL /L]

0w /7 L/
0, LL) \ LY L/ /]

03 LN/ \YLLLL /]

—l
Resume previously
suspended Program or Erase

Figure 137. Erase/Program Resume Command Sequence (QPI Mode)
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7.7 Individual Block Memory Protection Commands

7.71 Read Block Lock (3Dh)

The Read Block Lock (3Dh) command reads the status of the Individual Block Lock bit of a block. The Read Block
Lock Status command returns 00h if the Individual Block Lock bit is 0, indicating write-protection is disabled. The
Read Block Lock command returns FFh if the Individual Block Lock bit is 1, indicating write-protection is enabled.

The Individual Block Lock bits are volatile bits for quickly and easily enabling, or disabling, write-protection to
blocks. A Individual Block Lock bit is assigned to each 4-kB Block in the bottom and top 64 kB of memory and to
each 64-kB block in the rest of the memory. When an Individual Block Lock bit is 1, the associated block is write-
protected, preventing any program or erase operation on the block. All Individual Block Lock bits default to 1 after
power-on or reset.

To read out the Individual Block Lock bit value of a specific block, issue the Read Block Lock (3Dh) command by
driving CS low, shifting the command code 3Dh into the Data Input (SI or |04-103) pin on the rising edge of SCK,
followed by a 24/32-bit address. The Individual Block Lock bit value is shifted out on the SO or 10,-105 pin at the
falling edge of SCK, with the most significant bit (MSB) first, then driving CS high. Note that if CS is not driven
high, the Individual Block Lock bit value is repeatedly output.

Mode 3 o 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39 Mode3

St ///X 3Dh @Xe ey ===~

HIGH-IMPEDANCE

SO
Figure 138. Read Block Lock (SPI Mode, Three-Byte Address Mode)
CS \
Mode 3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39 40 41 42 43 44 45 46 47_5/|o_d§3_
SCK weseot [T ...

|«—— Command ———»{«————— 32-Bit Address ———»|

S /L /X 3Dh QKK - = === -

HIGH-IMPEDANCE

SO

Figure 139. Read Block Lock (SPI Mode, Four-Byte Address Mode)
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CS \ /
Modes 0 1 2 3 4 5 6 7 8 9  Mode3_
SCK ' Modeo'!

10,
10,4

10,

10,

Command
3Dh

A23-16 A15-8
1 1

V Data Out V

Figure 140. Read Block Lock (QPI Mode, Three-Byte Address Mode)

csS — \ /T
SCK ﬂ;‘ZC:J UL 9 T e
/g 00000 00w
Cllr7aV oo 0 600000 MWs.
0: 72\ /NOEE0000A0IZZ
SPs.Va 0 @006 00000

Figure 141. Read Block Lock (QPI Mode, Four-Byte Address Mode)
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7.7.2 Individual Block Lock (36h)

The Individual Block Lock (36h) command can individually set Individual Block Lock bits to 1. When an Individual
Block Lock bit is 1, the associated block is write-protected, preventing any program or erase operation on the
block. All Individual Block Lock bits default to 1 after power-on or reset.

A Write Enable (06h) command must be executed to set the WEL bit before sending the Individual Block Lock
command.

To set an Individual Block Lock bit to 1, issue the Individual Block Lock (36h) command by driving CS low, shifting
the command code 36h into the Data Input (Sl or 104-103) pin on the rising edge of SCK, followed by a 24/32-bit
address, then driving CS high.

Cs T\ /[

Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31_Emid§3_
SCKModeo'Illlllllllllllllllllll ||||||||Mode0
|«——— Command ———»f«——— 24-Bit Address ——»|

St ///X 36h X )= - 9.9.0.0 Vi

MSB

HIGH-IMPEDANCE
SO

Figure 142. Individual Block Lock (SPI Mode, Three-Byte Address Mode)

cs T\ /

Mode 3 0 1 2 83 4 5 6 7 8 9 10 36 37 38 39-'.\/"1"53.
SCKModeo'Illlllllllllllllllllll ||||||||ModeO
|«—— Command ———»}«—+——— 32-Bit Address ——»|

S [/ /X 3oh CIXeX2)- - - - - - - - CXeXIXX L/

MSB

HIGH-IMPEDANCE
SO

Figure 143. Individual Block Lock (SPI Mode, Four-Byte Address Mode)

Command
l——+ A23-16 A15-8 AT7-0
36h 1 1 1

10
o,
.
105

" MSB

Figure 144. Individual Block Lock (QPI Mode, Three-Byte Address Mode)
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CS \ /
Mode 3 o 1 2 3 4 5 6 7 8 9 _ Mode 3_
SCK  Modeo* Mode 0

Command
I—SGT'I A31-24 A23-16 A15-8 A7-0
1 1 1 1

106
o
0,
05

" MSB

Figure 145. Individual Block Lock (QPI Mode, Four-Byte Address Mode)

7.7.3 Individual Block Unlock (39h)
The Individual Block Unlock (39h) command can individually set Individual Block Lock bits to 0.

A Write Enable (06h) command must be executed to set the WEL bit before sending the Individual Protection
Block Unlock command.

To set the Individual Block Lock bit to 0, issue the Individual Block Unlock (39h) command by driving CS low,
shifting the command code 39h into the Data Input (SI or 104-103) pin on the rising edge of SCK, followed by
a 24/32-bit address, then driving CS high.

CS \ /
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 _ Mode 3
SCKModeo'Illlllllllllllllllllll ||||||||Mode0

|[«—— Command ——»{«———— 24-Bit Address ——»|

Sl [/L/X 3%h @aR22f2 ) - - === - 9.9.9.0.W

MSB

HIGH-IMPEDANCE

SO

Figure 146. Individual Block Unlock (SPI Mode, Three-Byte Address Mode)

CS \ /
Mode 3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39_5/@123_
SCKMcdeO'|||||||||||||||||||||| ________ ||||||||Mode0

|«——— Command ———»}«——— 32-Bit Address ——»|
Sl ///X 3% CRoXZ)----- - -~ ©.0.0.0V

MSB
HIGH-IMPEDANCE
SO

Figure 147. Individual Block Unlock (SPI Mode, Four-Byte Address Mode)
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SCK ModeO'IlI |||||||||||| Mode 0

———1 A23-16 A15-8 A7-0
1 1

109 L/ XeXeXieXe X4 XX/ / /

101 /// \ R XrXisKe Xs XaX/ /L /

10, 72\ KeXXuXeXeXeX/ 7L
105 77\ / XeXXeXX XX

! !
1 1
1 1
1 1
1 1
I I
I I
( (
1 1
| |
| |
1 1
" MSB N

Figure 148. Individual Block Unlock (QPI Mode, Three-Byte Address Mode)

Mode3 O 1 2 3 4 5 6 7 8 9 Mode 3

SCK  oseo’ [TU LU L L L T ot

Command

A31-24 A23-16 A15-8 A7-0
3%h 1 1 1 1

106
o
05
05

" MSB

Figure 149. Individual Block Unlock (QPI Mode, Four-Byte Address Mode)

DS-AT25SF/QF2561C-199 Rew. | REN ESNS Page 108
2026-01-08 © 2026 Renesas Electronics



AT25SF2561C / AT25QF2561C Datasheet

7.7.4  Global Block Lock (7Eh)

The Global Block Lock(7Eh) command can set all Individual Block Lock bits to 1.

A Write Enable (06h) command must be executed to set the WEL bit before sending the Global Block Lock

command.

To set all Individual Block Lock bits to 1, issue the Global Block Lock (7Eh) command by driving CS low, shifting
the command code 7Eh into the Data Input (Sl or 103-103) pin on the rising edge of SCK, then driving CS high.

CS \ /
Mode 3 _ 0 1 2 3 4 5 6 7 Mode 3.
SCKModeO'IlIlIlIlIlIlIlIlModeO

|«——— Command ——»|

St 777X 7En X/ /

HIGH-IMPEDANCE
SO

Figure 150. Global Block Lock (SPI Mode)

SCK  wmodeo! | | I | Mode 0

Command
7Eh

100 L/L/ \LL/
0y 777 77
0, L4/ 1L
103 L/\/ \/L/

Figure 151. Global Block Lock (QPI Mode)
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7.7.5 Global Block Unlock (98h)
The Global Block Unlock (98h)) command can set all Individual Block Lock bits to 0.

A Write Enable (06h) command must be executed to set the WEL bit before sending the Global Block Unlock

command.

To set all Individual Block Lock bits 0, issue the Global Block Unlock (98h) command by driving CS low, shifting
the command code 98h into the Data Input (Sl or 104-103) pin on the rising edge of SCK, then driving CS high.

Cs '\ /[

Mode3 O 1 2 3 4 5 6 7Mo_de_3‘_

SCK ModeO'IlIl||||||||||||Mode0

|[«— Command ——»|

St 777X 98h X/ /

HIGH-IMPEDANCE
SO

Figure 152. Global Block Unlock (SPI Mode)

SCK  Modeo'! | | I | Mode 0

Command
98h

100 ///\L//
IO177\ /77
0, //\ _[//
0 L/ /1L

Figure 153. Global Block Unlock (QPI Mode)
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8. Electrical Characteristics

8.1  Absolute Maximum Ratings

Parameter Symbol Conditions Range Units
Supply Voltage Vee -0.5t04 V
Voltage Applied to Any Pin Vio Relative to Ground -0.5t04 \Y
Transient Voltage on any Pin VioT <20 ns Transient Relative to Ground -20toVgc +2.0V \%
Storage Temperature Tste -65 to +150 °C
Electrostatic Discharge Voltage Vesp Human Body Model -2000 to +2000 \Y

1. JEDEC Std JESD22-A114 (C1 =100 pF, R1 = 1500 Q, R2 = 500 Q).

8.2 Operating Ranges

Table 41. Operating Range

PARAMETERS SYMBOL CONDITIONS MIN MAX UNIT
Supply Voltage Vee 27 3.6 \Y
Operating Temperature Ta Industrial -40 +85 o°C

8.3 Latch Up Characteristics
Table 42. Latch Up Characteristics

Parameter Min Max Units
Input Voltage with Respect to GND on I/O Pins -1.0 Ve +1.0V \%
V¢ Current -100 100 mA
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8.4 Power-up and Brown-out Timing
Table 43. Power-up and Brown-out Timing
Symbol Parameter Min Typ Max Unit
tysL Ve (min) to full operation permitted. 0.6 ms
Vi Write inhibit threshold voltage. 1.8 2.2 \%
tvr V¢ Rise time (from 0 V to V¢ min) 1 6000 us/vV
V¢ minimum time duration below Vpypmax to
tPwp guarantee reset. 300 us
VpWDMAX V¢ level below which a reset is guaranteed. 0.2 \Y
Vee
A
Voo M@X [-oommemmemmsms s —
D 1
e f
Ve Min | o oo
3 tVSL Full Operation Permitted
Time
Figure 154. Power-up Timing and Voltage Levels
VCC
A
V. max
Ve min
) tVSL ! ‘FuII Operation Permitted'
VPWDMAX \ ‘
: tPWD 3 tVR
Time
Figure 155. Power-up Timing After Brown-out
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8.5 DC Electrical Characteristics

Table 44. DC Electrical Characteristics

Symbol Parameter Test Condition Min Typ! Max Units
I Input Leakage Current 2 A
Lo Output Leakage Current 2 A

lcc1 | Standby Current CS = Ve, Vi = Ve or GND 12 50 A
lcc2 | Deep Power-Down Current cs= Vee, ViN = Ve or GND 0.5 10 HA
SCK=0.1 Voc/o.g VCC at
120 MHz, Q = Open (*1,2,*4 1/0) 13 15
lccs | Operating Current: (Read) mA
SCK =0.1Vcc/0.9 Ve at 1 13
80 MHz, Q = Open (*1,*2,*4 1/O)
lcca | Operating Current (Page Program) CS = V¢ 12 mA
lccs | Operating Current (WRSR) CcS= Vee 12 mA
lcce | Operating Current (4 kB Block Erase) CS =V¢¢ 15 mA
lcc7 | Operating Current (32/64 kB Block Erase) CS =Vc 15 mA
lccg | Operating Current (Chip Erase) CS =V 15 mA
ViL Input Low Voltage -0.5 0.2 Ve \
ViH Input High Voltage 0.8 Ve Vee +0.4 \
VoL | Output Low Voltage loL =100 pA 0.4 \Y
Von | Output High Voltage loy =-100 pA Vee-0.2 \%

1. Typical values measured at 3.0 V @ +25 °C.
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8.6 AC Measurement Conditions

Table 45. AC Measurement Conditions

Symbol Parameter Min Typ Max Unit
CL Load Capacitance 30 pF
tr, tF Input Rise and Fall time 5 ns
VN Input Pause Voltage 0.2Vect0 0.8 Ve \%
IN Input Timing Reference Voltage 0.5 Ve Vv
ouT Output Timing Reference Voltage 0.5 Ve \
Input Timing Output Timing
Input Levels Reference Levels Reference Levels
0.8V .
0.2V,
Figure 156. AC Measurement I/O Waveform
8.7 AC Electrical Characteristics
Table 46. AC Electrical Characteristics
Symbol Parameter Min Typ ! Max Units
Fc Clock frequency for Read Array commands except 03h, 13h, BBh, 133 MHz
BCh, EBh, ECh, EDh, EEh, OEh on 2.7 - 3.6 V power supply
See DC1/DCO bit for SPI
Fc Clock frequency for Read Array commands BBh, BCh, EBh, and ECh Liig?;’;j:;g%ﬁ)eéoﬁ;ind for MHz
QPI (Section 7.2.16)
See DC1/DCO bit for SPI
Fr Clock frequency for DTR commands EDh, EEH, and OEh f:’Ert;Iri:t)eizc(‘CSO?)iiidmand for MHz
QPI (Section 7.2.16)
fr Clock frequency for Read Array commands 03h and 13h DC 60 MHz
teLH Serial Clock High Time 45% (1/F¢) ns
toLL Serial Clock Low Time 45% (1/F¢) ns
toLcn® Serial Clock Rise Time (Slew Rate) 0.11 Vins
tenel® Serial Clock Fall Time (Slew Rate) 011 Vins
tsLcH CS Active Setup Time 5 ns
tcHsH CS Active Hold Time 5 ns
tsHCH CS Not Active Setup Time 5 ns
teHsL CS Not Active Hold Time 5 ns
tsHsL CS High Time (read/write) 22
tsuaz Output Disable Time 6 ns
tcLax Output Hold Time 2 ns
toveH Data In Setup Time 2 ns
tcHDX Data In Hold Time 2 ns
tucn® HOLD Low Setup Time (relative to Clock) 5 ns
tuncH® HOLD High Setup Time (relative to Clock) 5 ns
toHHH® HOLD Low Hold Time (relative to Clock) 5 ns
tonm S HOLD High Hold Time (relative to Clock) 5 ns
tHHQX® HOLD Low To Low-Z Output 6 ns
thLoZ® HOLD Low To High-Z Output 6 ns
tcLav Clock Low To Output Valid 7 ns
twHsL Write Protect Setup Time Before CS Low 20 ns
tsHwL Write Protect Hold Time After CS High 100 ns
top CS High To Deep Power-Down Mode 3 us
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Table 46. AC Electrical Characteristics (continued)

Symbol Parameter Min Typ ' Max Units
tREST CS High To Standby Mode Without Electronic Signature Read 30 us
tres2 cs High To Standby Mode With Electronic Signature Read 30 us

tesL Erase Suspend Latency 30 us
tpsL Program Suspend Latency 20 us
tPrs Latency Between Program Resume to next Suspend 140 us
ters Latency Between Erase Resume to next Suspend 60 us
CS High to Next command After Reset in standby/read 1 us

¢ CS High to Next command After Reset in program/Deep Power-Down 60 us
RST CS High to Next command After Reset in erase 10 ms
CS High to Next command After Reset in write SR Align to tyy ms

tw Write Status Register Cycle Time 5 30 ms
tep1 Byte Program Time (First Byte) 50 150 Ms
tgpo? Additional Byte Program Time (After First Byte) 14 8 us
tpp? Page Programming Time 0.4 24 ms
tge? Block Erase Time (4 kB) 45 160 ms
tae? Block Erase Time (32 kB/64 kB) 90/150 | 300/450 ms
tce Chip Erase Time 80 120 sec

1. Tested with clock frequency lower than 50 MHz.
2. Maximum is worst case measurement at cycling conditions after 100k cycles.
3. Not 100% tested (value guaranteed by design and characterization).

4. The time to program N bytes can be calculated as follows: tgp4 + (N - 1) * tgpo.

tSHSL

tCHDX

Sl MSB X

SO High Impedance

Figure 157. Serial Input Timing

CS T tCH +»| |=tsHaz

tcL ;::1\_/_\_ /s
Y

[ tQLQH
X o ——

~QHQL

Figure 158. Output Timing
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so ////// X

HOLD

777777

y

Figure 159. HOLD Timing

R
- tWHSL

E tSHWL

WP e AN
e T L L
CLK .
10 Input X X X
A Write Status Register is allowed | Write Status Register is not allowed

Figure 160. WP Timing
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9. Ordering Information

Designator

AT 253F 2561 C-S UB -

1 I | L1 LJLd

Product Family

25SF = Quad SPI not enabled by default (QE = 0)
25QF = Quad SPI enabled by default (QE = 1)

Device Density

2561 = 256 Mbit

.
T

Generation

Delivery Option

T = Tape and reel
B = Bulk (Tubes)

Voltage
B=27Vto36V

Device Grade

H = Green, NiPdAu lead finish
U = Green, matte Sn or Sn alloy

Package Type

S = 8-pin, 208-mil Wide SOIC
MW = 8-pad, 6 x 8 x 0.8 mm DFN
SX = 16-pin, 300 mil SOIC

M = 8-pad, 5 x 6 x 0.8 mm DFN

. Lead Operating . .
Ordering Code Package Type Finish Voltage Delivery Option
AT25SF2561C-SUB-T . I
AT25QF 2561C-SUB-T 8-pin, 208-mil Wide SOIC
AT25SF2561C-MWUB-T
AT25QF2561C-MwuB-T | &Pad 6x8x0.8mm DFN Matte Sn
27V-36V Tape and Reel
AT25SF2561C-MUB-T 8-pad. 5 x 6 x 0.8 mm DEN or Sn alloy
AT25QF2561C-MUB-T pac, '
AT25SF2561C-SXUB-T . .
AT25QF2561C-sxUB-T | 16PN 300-mil SOIC.
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10. Packaging Information

10.1 8-Pin, 208-mil Wide SOIC

D
1 i !
1 A3 ; \
i Jf A2 A ‘
O 4 I\ ; J
| al r ‘ T
Side View Cross Section Ly
b
e —bt—]
alialialis L0
| BASE METAL Iy
. WITH PLATING
! SECTION B-B
|
i MILLIMETER
I L E SYVEOL 70N Tnom | wax
i A - - | 215
i A1 005 | - | 025
O ' A2 1.70 | 1.80 | 1.90
i A3 0.75 | 0.80 | 0.85
H b 041 | - | 050
. b1 040 | 043 | 0.46
b— B B c 020 | - | 025
Top View ct 019 | 020 | 0.21
D 513 | 523 | 5.33
E1 518 | 528 | 5.38
E 7.80 | 7.90 | 8.00
e 1.27 BSC
L 0.5o| 0.65 | 0.80
L1 1.31 REF.
RRENESAS o | o] - |«
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10.2 16-Pin, 300-mil SOIC

D

[ \I/-\iSTT /
o ogaaoi 29 /AN e
i °r%

A1

Side View Cross Section A L1

T

clc

/
BASE METAL

H H H H H H H ~ WITH PLATING

SECTION B-B

MILLIMETER
MIN | NOM | MAX

E SYMBOL

A - - 2.65

O A1 0.10 - 0.30

A2 225 | 230 | 235

A3 0.97 | 1.02 | 1.07

TIOHE
s 5 el Al s om| - | ou

0T
O

Top View b1 0.34 | 037 | 040
c 025 | - | o029
o1 0.24 | 0.25 | 0.26

D 10.20 | 10.30 | 10.40

E 10.10 | 10.30 | 10.50

E1 7.40 | 7.50 | 7.60

e 1.27 BSC

L 0.55 - 0.85

L1 1.40REF

ENESAS
G} 0 - 8°
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10.3 8-Pad, 5 x 6 x 0.8 mm DFN

D
Nd
8 |
| 4 [0 010 O
| D2
‘ 0
|
|
-t g N
| h
|
PIN 1 i
/(LASER MARK)‘ 0
|
‘ / M
|
1 2 ‘ EXPOSED THERMAL
PAD ZONE b e bl
TOP VIEW BOTTOM VIEW
MILLIMETER
S SYMBOL
= < MIN | NOM | MAX
L] L] 0l ‘ A 0.70 | 0.75 | 0.80
* Al 0 | 0.02 ]| 005
SIDE VIEW b 035 | 040 | 045
bl 0. 25REF
c 0.18 | 0.203 | 0.25
Notes: 1. The exposed pad is not electrically connected. D 4.90 | 5.00 | 5.10
2. Itis recommended that the exposed thermal pad be tied to system Nd 3.81 BSC
ground to minimize the possibility of EMI related issues.
It is also recommended for mechanical stability. e 1.27BSC
E 5.90 | 6.00 | 6.10
D2 3.90 | 4.00 | 4.10
E2 3.30 | 3.40 | 3.50
:{E I“ E S / ss L 0.55 | 0.60 | 0.65
h 0.30 | 0.35 | 0.40

DS-AT25SF/QF2561C-199 Rew. | RENESAS Page 120
2026-01-08 © 2026 Renesas Electronics



AT25SF2561C / AT25QF2561C Datasheet

10.4 8-Pad, 6 x 8 x 0.8 mm DFN

D Nd
8 o bi .
O OO0 U
| D2
0
0
_ 4 . [23)] 777: g . 4 .
D h
=

PIN 1(Laser Mark)

L o 610 g
! Z EXPOSED THERMAL w %
PAD 7ZONE
DETAIL A

TOP VIEW BOTTOM VIEW

DETAIL A
1:1

SIDE VIEW
MILLIMETER
SYMBOL
MIN | Now MAX

A 0.70 0.75 0. 80
Al 0 0.02 | 0.05
Notes: 1. The exposed thermal pad is not electrically connected. b 0.35 | 0.40 | 0.45

2. It is recommended that the exposed thermal pad be tied to system bl 0. 25REF
ground to minimize the possibility of EMI related issues. ] 018 0 25

It is also recommended for mechanical stability. ¢ : 0203 0.

D 5.90 | 6.00 | 6.10

Nd 3. 81BSC

e 1. 27BSC
E 7.90 8.00 | 8.10
D2 4. 20 4. 30 4.40
E2 3. 30 3. 40 3.50

L 0. 45 . .
RENESAS
h 0. 30 0. 35 0.40
DS-AT25SF/QF2561C-199 Rew. | IQENESAS Page 121

2026-01-08 © 2026 Renesas Electronics



AT25SF2561C / AT25QF2561C Datasheet

11. Revision History

Revision Date Change Description
A 08/2023 Initial release.
B 09-2023 Added AT25QF2561C specifications.

Corrected cross-reference in Section 5.6.2.9.
Corrected Figure 2.
Changed all instance of WIP to RDY/BSY.

C 02-2024 ) ) )
Made Status Register section a top-level heading.
Changed text for HOLD/RESET/IO3.
Added RESET to all timing diagrams that had HOLD.
Changed document designation from Advanced to Preliminary.
Made correction to Figure2.
Made corrections to Sections 5.2.5,7.2.1,7.2.3.2,7.2.11.3,7.2.12.3,7.2.13.2,7.2.14.1, 7.3.2, and
7.3.3.
D 05-2024

Made corrections to Tables 6, 7, 8, 19, 30, 31, 37, 38, 45, and 47.

Added two bullets under SPI compatible support in the Features List, front page.

Altered text in the first two paragraphs of Section 7.6.12.

Corrected device thickness to 0.8 mm for UDFN in the Features List, as well as Sections 9 and 10.

E 06-2024 Made corrections to Table 30.

Removed ‘Preliminary’ from datasheet header.
Changed title of Section 3 to ‘Memory Architecture.’

Updated Table 2.

Updated Figure 6.

Made corrections to Tables 44, 45, and 47.
Updated Figure 154.

Added Figure 155.

Renamed UDFN to DFN.

Added notes to ‘8-Pad 5 x 6 x 0.8 mm DFN’ and ‘8-Pad 6 x 8 x 0.8 mm DFN’ regarding the exposed
thermal pad.

Changed ‘Sector’ to ‘Block.’

F 08-2024

Corrected pin symbols in various figures. Removed I/Oq_3 from SPI figures and SI/SO from Dual or
Quad operations.
Combined Packaging Information and Ordering Information sections.

Updated Section 6.1.1 ‘Operating Supply Voltage.’

Updated Figure 154 ‘Power-Up Timing and Voltage Levels.’

G 11-2024 Corrected |, maximum value in Table 45 ‘DC Electrical Characteristics.’
Added Section 10 ‘Packaging Information.’

Edited various graphics for clarity and consistency.

Corrected Section 5 ‘Status Registers.’

H 1-2025
Removed ‘S’ from status register bits and used SR1/SR2/SR3 to designate between registers.

Corrected “dummy bytes” and “dummy clocks” to “dummy cycles” where applicable.

Changed Vgg to GND.

Updated V¢ description in Section 2 ‘Pin Descriptions.’

Updated Table 11 ‘AT25SF2561C / AT25QF2561C Status Register Memory Protection (CMP = 0).’
Updated Table 12 ‘AT25SF2561C / AT25QF2561C Status Register Memory Protection (CMP = 1).’
1-2026 Updated Section 5.1 ‘Status Register Tables.’

Updated Section 6.5 ‘Write Protect Features.’

Updated Table 35 ‘Manufacturer and Device ID Information for the AT25SF2561C.’

Updated Table 36 ‘Manufacturer and Device ID Information for the AT25QF2561C.’

Changed tprg from 20 pys min to 140 ps min.

Changed tgrg from 20 pys min to 60 ps min.

DS-AT25SF/QF2561C-199 Rew. | KEN ESNS Page 122
2026-01-08 © 2026 Renesas Electronics



IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2026 Renesas Electronics Corporation. All rights reserved.


https://www.renesas.com/contact-us
https://www.renesas.com

	Features
	Figures
	Tables
	1. Product Overview
	2. Pin Descriptions
	3. Memory Architecture
	4. SPI Operation
	4.1 Standard SPI Commands
	4.2 Dual SPI Commands
	4.3 Quad SPI Commands
	4.4 QPI Commands
	4.5 DTR Commands
	4.6 Three-Byte / Four-Byte Address Modes

	5. Status Registers
	5.1 Status Register Tables

	6. Operating Features
	6.1 Supply Voltage
	6.2 Active Power and Standby Power Modes
	6.3 Hold Condition
	6.4 Software Reset and Hardware Reset
	6.5 Write Protect Features
	6.6 Array Memory Protection
	6.7 Extended Address Register

	7. Command Set
	7.1 Configuration and Status Commands
	7.2 Read Commands
	7.3 Security Commands
	7.4 ID Commands
	7.5 Power-Down Commands
	7.6 Program and Erase Commands
	7.7 Individual Block Memory Protection Commands

	8. Electrical Characteristics
	8.1 Absolute Maximum Ratings
	8.2 Operating Ranges
	8.3 Latch Up Characteristics
	8.4 Power-up and Brown-out Timing
	8.5 DC Electrical Characteristics
	8.6 AC Measurement Conditions
	8.7 AC Electrical Characteristics

	9. Ordering Information
	10. Packaging Information
	10.1 8-Pin, 208-mil Wide SOIC
	10.2 16-Pin, 300-mil SOIC
	10.3 8-Pad, 5 x 6 x 0.8 mm DFN
	10.4 8-Pad, 6 x 8 x 0.8 mm DFN

	11. Revision History

