RENESAS Datasheet

AT25SL0321C / AT25QL0321C
32-Mbit, 1.65 V — 1.95 V SPI Serial Flash Memory with Dual I/O, Quad 1/O, and QPI Support

Features
= Single 1.65V - 1.95 V supply

= Serial Peripheral Interface (SPI) and Quad Peripheral Interface (QPI) compatible support
» Supports SPI Modes 0 and 3
» Supports SPI dual output operations (1-1-2)
» Supports Quad output operations (1-1-4)
» Supports Quad I/O / XiP operations (1-4-4, 0-4-4)
« Supports QPI I/O operations (4-4-4)
= Read Operations
» Fast Read up to 133 MHz with 30 pF load
+ Clock-to-Output (ty4/tcLqv) of 6 ns
* Up to 266 Mb/s continuous data transfer rate (Dual 1/0O)
» Up to 532 Mb/s continuous data transfer rate (Quad I/0 and QPI)
+ XiP (eXecute in Place) operation: continuous read with 8/16/32/64-byte wrap
= Full Chip Erase
= Flexible Erase Architecture and Time
» 20 ms Typical 4-kB Block Erase Time (Typical)
+ 85 ms Typical 32-kB Block Erase Time (Typical)
* 160 ms Typical 64-kB Block Erase Time (Typical)
= Flexible Programming and Time
» Byte/Page Program (1 to 256 Bytes)
» Dual or Quad Input Byte/Page Program (1 to 256 Bytes)
= Erase/Program Suspend and Resume
= JEDEC Standard Manufacturer and Device ID
= Memory Protection Support
» User-Definable Protected Area at Start or End of Memory Array
« Enable/Disable Protection with WP Pin
= 3 x 1024-Byte One-Time Programmable (OTP) Security Registers
= Serial Flash Discoverable Parameters (SFDP) Register
= Low Power Dissipation
* 0.3 uA Deep Power-Down Current (Typical)
« 7.5 pA Standby current (Typical)
* 2 mA Active Read Current (80 MHz Typical)
= Endurance: 100,000 program/erase cycles (4-kB, 32-kB, or 64-kB blocks)
= Data Retention: 20 Years
= Temperature Range: -40 °C to +85 °C (Industrial)
= Industry Standard Green (Pb/Halide-free/RoHS Compliant) Package Options
* 8-pad 2 x 3 x 0.6 mm DFN
* 8-pad, 3 x4 x 0.6 mm DFN
* 8-pad, 6 x 5x 0.6 mm DFN
+ 8-lead, 208-mil Wide and 150-mil Narrow SOIC
+ 8-ball, WLCSP
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1. Product Overview

The AT25SL0321C / AT25QL0321C is a 32-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 copied from Flash memory into embedded or external RAM
during system boot; it also can be used for directly executing program code from 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.

» Continuous read mode (0-4-4 command format), which removes the need to send a command opcode.

* QPI Mode (4-4-4 format).

» 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 AT25SL0321C and the AT25QL0321C support quad-SPI operations. The AT25QL0321C has quad-SPI

enabled by default. The AT25SL0321C 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).

DS-AT25SL/QL0321C-217 Rev. E RENESAS Page 7
Nov 19, 2025 © 2025 Renesas Electronics



AT25SL0321C / AT25QL0321C Datasheet

2. Pinouts and Pin Descriptions

The following figures show the pinout of each available package type.

cs | 1] | 8] Veo
so (o)) | 2 | | 7 | HOLDIRESET (10y)
WP (10) | 3 | | 6 | sck

GND | 4 | | 5 | si (o)

Figure 1. 8-DFN (Top View)

CS[]1 8[vce
SO (101) ]2 7 1 HOLD/RESET (I0s)
WP (102) 3 6 [1SCK
GND |4 5[1SI (100)

Figure 2. 8-WSOIC (Top View)

CS 1 8[—vece
SO (10 ]2 7 [ HOLD/RESET (10)
WP (102) 13 6 [ scK
GND 4 5[7'SI (100)

Figure 3. 8-SOIC (Top View)
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Figure 4. 8-WLCSP (Bottom, Ball Side View)

During all operations, Ve must be held stable and within the specified valid range: V¢ (min) to Ve (max).

All of the input and output signals must be held high or low (according to voltages of V|, Vou, VL or Vo).
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Table 1. Pin Descriptions

Pin Name Type Description
CHIP SELECT
When this input signal is high, the device is deselected and serial data output pins are at high
impedance. Unless an internal program, erase, or write status register cycle is in progress, the
Cs Input device is in the standby ppwer mgde ‘(this is not .the deep power-down mode). Driving thp Select
(CS) low enables the device, placing it in the active power mode. After power-up, a falling edge on
Chip Select (CS) is required before the start of any command.
To ensure correct power-up sequencing, it is recommended to add a 10k Ohm pull-up resistor from
CS to V. This ensures CS ramps together with V¢ during power-up.
SERIAL CLOCK
SCK Input This ir.1put sigr.1al provides the timing for t.he serial interfgce. Commands, addresses, .or data present
at serial data input are latched on the rising edge of Serial Clock (SCK). Data are shifted out on the
falling edge of the Serial Clock (SCK).
SERIAL INPUT
The Sl pin is used to shift data into the device. The Sl pin is used for all data input including
command and address sequences. Data on the Sl pin is always latched in on the rising edge of SCK.
With the Dual-Output and Quad-Output Read commands, the Sl Pin becomes an output pin (I/Og) in
SI (1/0y) Input/Output conjunction with other pins to allow two or four bits of data on (I/O3_) to be clocked in on every falling
edge of SCK
To maintain consistency with the SPI nomenclature, the SI (1/Og) pin is referenced as the S| pin
unless specifically addressing the Dual-1/0O and Quad-1/O modes in which case it is referenced as
1/0q.
Data present on the Sl pin is ignored whenever the device is deselected (@ is deasserted).
SERIAL OUTPUT
The SO pin is used to shift data out from the device. Data on the SO pin is always clocked out on the
falling edge of SCK.
SO (1/0;) Input/Output With thg Dual-Output Rgad commands, the SO Pin remains.an output pin (I/Oo) in conjunction with
other pins to allow two bits of data on (1/O4_g) to be clocked in on every falling edge of SCK.
To maintain consistency with the SPI nomenclature, the SO (1/04) pin is referenced as the SO pin
unless specifically addressing the Dual-I/O modes in which case it is referenced as 1/04_The SO pin
is in a high-impedance state whenever the device is deselected (CS is deasserted).
WRITE PROTECT
This pin is used either for write-protection, in which case it is referred to as WD, or as one of the
quad-SPI I/O pins, in which case it is referred to as 10,.
When the Quad Enable (QE) bit of Status Register 2 is 0 (default for the AT25SL0321C), and the
wp (1/0y) SRP1 and SRPp bits are 0 and 1, respectively, the.z pin can be usgdl for. write-protection. It then can
Input/Output | be asserted (driven low) to protect the Status Registers from modification.
When the QE bit of Status Register 2 is 1 (default for the AT25QL0321C), quad-SPI communication
is enabled, and the pin is used as I/O pin 10, in any command that makes use of quad-SPI. In this
setting, do not use the pin for write-protection.
The WP pin does not have an internal pull-up; thus, it must either be driven or, if not used, pulled up
with an external resistor to V.
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Table 1. Pin Descriptions (Continued)

Pin Name Type Description
HOLD / RESET / 103
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 (default for the AT25SL0321C), 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
M RESET pin. When the QE bit of Status Register 2 is 1 (default for the AT25QL0321C), quad-SPI

_HOLD/ Input/Output | communication is enabled, and the pin is used as the |03 pin in any command that makes use of

RESET(I05) 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 Power . . ] ) . )
V¢ is the single voltage used for all device functions. See Section 6.1.1 for details.
GROUND
GND Power

The ground reference for the V¢ supply voltage.
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3. Block Diagram

Figure 5 shows a block diagram of the AT25SL0321C / AT25QL0321C serial Flash.

< U

CS—> > CONTROL AND _ /OBUFFERS
< PROTECTION LOGIC g AND LATCHES
SCK—> @
SRAM
SI (1/O0) <«—> DATA BUFFER
SO (/01)<—>|  INTERFACE
CONTROL v v @
AND _
VOECODER > voTi
N I >
WP(1/02) «—> O —
3 . FLASH
> » :] ),
@ X-DECODER| . MEMORY
o o : ARRAY
HOLD/RESET (l/O3) <«—> a
< >
Note: 1/0s3.0 pin naming convention is used for Dual-1/O and Quad-I/O commands.
Figure 5. AT25SL0321C / AT25QL0321C Block Diagram
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4. Memory Array

To provide the greatest flexibility, the memory array of the AT25SL0321C / AT25QL0321C can be erased in four
levels of granularity including a full chip erase. The size of the erase blocks is optimized for both code and data
storage applications, allowing both code and data segments to reside in their own erase regions. The Memory
Architecture Diagram shows of each erase level.

64 kB Block Erase (D8h) 32 kB Block Erase (52h) 4 kB Block Erase (20h) Block Address Range
4 kB (Block1023) 3FF000h - 3FFFFFh
4 kB (B1022) 3FEOO0Oh - 3FEFFFh
4 kB (B1021) 3FDO000Oh - 3FDFFFh
32 kB 4 kB (B1020) 3FC000h - 3FCFFFh
(block 127) 4 kB (B1019) 3FBO00Oh - 3FBFFFh
4 kB (B1018) 3FAOQ00h - 3FAFFFh
4 kB (B1017) 3F9000h - 3F9FFFh
64 kB 4 kB (B1016) 3F8000h - 3F8FFFh
(block 63) 4 kB (B1015) 3F7000h - 3F7FFFh
4 kB (B1014) 3F6000h - 3F6FFFh
4 kB (B1013) 3F5000h - 3F5FFFh
32 kB 4 kB (B1012) 3F4000h - 3F4FFFh
(block 126) 4 kB (B1011) 3F3000h - 3F3FFFh
4 kB (B1010) 3F2000h - 3F2FFFh
4 kB (B1009) 3F1000h - 3F1FFFh
4 kB (B1008) 3F0000h - 3FOFFFh
64 kB (block 62) 32 kB (block 125) 4 kB (B1007) 3EF000h - 3EFFFFh
to to to to
64 kB (block 1) 32 kB (block 2) 4 kB (B16) 010000h - 010FFFh
4 kB (B15) 00FO000h - O0FFFFh
4 kB (B14) 00EO0O0Oh - OOEFFFh
4 kB (B13) 00DO000h - 00DFFFh
32 kB 4 kB (B12) 00CO000h - 00CFFFh
(block 1) 4 kB (B11) 00B00Oh - 00BFFFh
4 kB (B10) 00A000h - 0O0AFFFh

4 kB (B9) 009000h - 009FFFh

64 kB 4 kB (B8) 008000h - 008FFFh
(block 0) 4 kB (B7) 007000h - 007FFFh
4 kB (B6) 006000h - 006FFFh

4 kB (B5) 005000h - 005FFFh

32 kB 4 kB (B4) 004000h - 004FFFh

(block 0) 4 kB (B3) 003000h - 003FFFh

4 kB (B2) 002000h - 002FFFh

4kB (B1) 001000h - 001FFFh

4 kB (BO) 000000h - 000FFFh

Figure 6. Memory Architecture Diagram
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5. Device Operation

Standard/Dual/Quad SPI mode, and QPI mode are exclusive; only one of these two modes can be active at any
given time.

5.1 Standard SPI Operation

The AT25SL0321C / AT25QL0321C features a serial peripheral interface on four signals: Serial Clock (SCK), Chip
Select (@), Serial Data Input (SI) and Serial Data Output (SO). Standard SPI commands use the Sl input pin to
serially write commands, addresses or data to the device on the rising edge of SCK. The SO output pin is used to
read data or status from the device on the falling edge of SCK.

SPI bus operation Modes 0 and 3 are supported. The primary difference between Mode 0 and Mode 3 concerns
the normal state of the SCK signal when the SPI bus master is in standby and data is not being transferred to the
Serial Flash. For Mode 0 the SCK signal is normally low on the falling and rising edges of CS. For Mode 3 the
SCK signal is normally high on the falling and rising edges of CS.

5.2 Dual SPI Operation

The AT25SL0321C / AT25QL0321C supports Dual SPI operation. This command allows data to be transferred to
or from the device at two times the rate of the standard SPI. The Dual Read command is ideal for quickly
downloading code to RAM upon power-up (code-shadowing) or for executing non-speed- critical code directly
from the SPI bus (XiP). When using Dual SPI commands the Sl and SO pins become bidirectional I/0 pins; IO
and 104.

5.3 Quad SPI Operation

The AT25SL0321C / AT25QL0321C supports Quad SPI operation. Quad SPI is disabled by default on the
AT25SL0321C, and enabled by default on the AT25QL0321C. This command allows data to be transferred to or
from the device at four times the rate of the standard SPI. The Quad Read command offers a significant
improvement in continuous and random access transfer rates allowing fast code- shadowing to RAM or execution
directly from the SPI bus (XiP). When using Quad SPI command the Sl and SO pins become bidirectional 10
and 104, and the WP and HOLD pins become 10, and 105 respectively. Quad SPI commands require the non-
volatile Quad Enable bit (QE) in Status Register-2 to be set.

5.4 QPI Operation (4-4-4)

The AT25SL0321C / AT25QL0321C supports Quad Peripheral Interface (QPI) operation when the device is
switched from Standard/Dual/Quad SPI mode to QPI mode using the Enable QPI (38h) command. Before QPI
mode can be enabled, the Quad Enable bit (QE) in Status Register-2 must be set. When using QPI commands,
the Sl and SO pins become bidirectional 10, and 104, and the WP and HOLD pins become 105 and 103,
respectively.

The typical SPI protocol requires the byte-long command code to be shifted into the device only through the Sl pin
in eight serial clocks. The QPI mode uses all four I/O pins to input the command code; thus, only two serial clocks
are required to send it. This can significantly reduce the SPI command overhead and improve system
performance in an XiP environment. Address and data, if present in a command, are also sent over all four I/O
pins; hence, QPI mode is also known as “4-4-4.”

Standard/Dual/Quad SPI mode and QPI mode are exclusive. Only one of the two modes can be active at any
given time. The enable QPI (38h) and Disable QPI (FFh) commands are used to switch between these two
modes. On power-up, or after a software or hardware reset, the default state of the device is Standard/Dual/Quad
SPI mode.
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5.5 Switching Between SPI and QPI Operations

Figure 7 illustrates the process for switching between SPI and QPI operations.

(o)
¢

Device Initialization and

Status Register Refresh -
Hardware
Reset
Standard/Dual/Quad SPI 66h+9Sh
Operations
(SP1) Software
Reset
38h FFh
(SP1) (Qp1)
h+99h
QPI Operations 66h+99
(Qp1)
Figure 7. Switching Between SPI and QPI Operations
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6. Operation Features

6.1  Supply Voltage

6.1.1 Operating Supply Voltage

A valid and stable V¢ voltage within the specified [Vcc(min), Vcc(max)] range must be applied before selecting
the memory and issuing commands to it. To secure a stable DC supply voltage, decouple the V¢ line with a 0.1
MF to 1 uF low ESR/ESL capacitor placed close to the V-c/GND package pins.

6.1.2 Power-up Conditions

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

Also, the CS input offers a built-in safety feature: the CcS input is edge-sensitive and level-sensitive. After power-
up, the device does not become selected until a falling edge has first been detected on CS. This ensures that CS
must have been high before 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 in the power-up timing).

When V¢ is lower than Vy,, 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 (Vyy), the device stops responding to any command sent to it. During power-
down, the device must be deselected (@ must be allowed to follow the voltage applied on V) and in Standby
Power mode (no internal Write cycle is in progress).

6.1.5 Active Power and Standby Power Modes
When CS is low, the device is selected and in the Active Power mode. The device consumes lce-

When CS is high, the device is deselected. If a write cycle is not currently in progress, the device goes into
Standby Power mode, and the device consumption drops to Igc1.

6.1.6 Hold Condition

When QE=0 (default for the AT25SL0321C) 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 CS Low. Normally, the device is kept 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. 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 SCK is already low (see
Figure 8).The Hold condition ends when the HOLD signal is driven high at the same time as SCK is already low.
Figure 8 also shows what happens if the rising and falling edges are not timed to coincide with SCK being low.
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cCsS  \ an

SCK

HOLD

i«—HOLD —»i i«— HOLD —=

Figure 8. Hold Condition Activation

6.2 Software Reset

The AT25SL0321C / AT25QL0321C can be reset to the initial power-on state by a software reset sequence. This
sequence must include two consecutive commands: Enable Reset (66h) and Reset (99h). If the command
sequence is successfully accepted, the device takes approximately tggT to reset. No command is accepted during
the reset period.

6.3 Hardware Reset (HOLD Pin)

The AT25SL0321C / AT25QL0321C can also be configured to use the hardware RESET pin. The HOLD/RST bit
in Status Register 3 is the configuration bit for the HOLD pin function or the RESET pin function. When
HOLD/RST=0 (factory default), the pin acts as a HOLD pin, as described above; when HOLD/RST=1, the pin acts
as a RESET pin. Driving the RESET pin low for a minimum period of ~1 ps (tgesgT) resets the device to its initial
power-on state. Any on-going Program/Erase operation is interrupted, and data corruption can happen. While
RESET is low, the device does not accept any command input.

If QE bit is set to 1 (default for the AT25QL0321C), the HOLD or RESET function are disabled, and the pin
becomes one of the four data I/O pins.

The hardware RESET pin has the highest priority among all the input signals. Driving RESET low for a minimum
period of ~1 us (treseT) interrupts any on-going external/internal operations, regardless the status of other SPI
signals (@, SCK, 10s, WP, and HOLD). Note that while a faster RESET pulse (as short as a few hundred
nanoseconds) often resets the device, a 1 ys minimum pulse is recommended to ensure reliable operation.

6.4 Write Protection

To protect inadvertent writes by the possible noise, several means of protection are applied to the Flash memory.
Write protection features include:

= During power-on reset, all operations are disabled, and no command is recognized.

= An internal time delay of tpyy can protect the data against inadvertent changes while the power supply
is outside the operating specification. This includes the Write Enable, Page program, Block Erase, Chip
Erase, Write Security Register. and Write Status Register commands.

= For data changes, Write Enable command must be issued to set the Write Enable Latch (WEL) bit to 0.
Power-up, Completion of Write Disable, Write Status Register, Page program, Block Erase, and Chip Erase
are subject to this condition.

= Using the Status Register protect (SRP) and Block protect (SEC, TB, BP4 — BPO) bits, a portion of
memory can be configured as read only (this is called software protection).

= Write Protect (W) pin can control to change the Status Register under hardware control.

= The Deep Power-Down mode provides extra protection from unexpected data changes as all commands
are ignored under this status except for Release Deep Power-Down command.
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= Device resets when V¢ is below threshold: At power-up or power-down, the AT25SL0321C /
AT25QL0321C maintains a reset condition while V¢ is below the threshold value of V. While reset, all
operations are disabled, and no commands are recognized.
= Write Enable: The Write Enable command is set with the Write Enable Latch bit. The WEL bit returns to reset
in the following situations:
- Power—up
- Write Disable
- Write Status Register (Whether the SR is protected, WEL returns to reset)
- Page Program (Whether the program area is protected, WEL returns to reset)
- Block Erase/Chip Erase (Whether the erase area is protected, WEL returns to reset)
- Software Reset
- Hardware Reset
= One Time Program (OTP) write protection for array and Security Registers using the Status Register.
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7. Status Registers

Table 2. Status Register 1 Format

Bit #

Acronym

Name

Type

Default !

Volatile/
Non-Volatile

Description

SRPO

Status
Register
Protect 0

R/W

Non-Volatile

The Status Register Protect 0 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
Table 5.

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, BPO0) bits
are set to 1, the relevant memory area (see Table 8 and
Table 9) is protected against Page Program, and Block Erase
commands. The Block Protect bits can be written if the
Hardware Protected mode has not been set. The Chip Erase
command is executed if the Block Protect (BP2, BP1, BPO0) bits
are 0 and CMP=0, or the Block Protect (BP2, BP1, BP0) bits are
1 and CMP=1.

The factory default setting for the Block Protection Bits is 0;
none of the array is protected.

WEL

Write
Enable

Volatile

Write Enable Latch (WEL) is a read only bit in the status register
that is set to a 1 after executing a Write Enable command. The
WEL status bit is cleared to a 0 when device is write disabled. A
write disable state occurs upon power-up or after any of the
following commands: Write Disable, Page Program, Erase and
Write Status Register.

RDY/BSY

Ready/Busy

Volatile

RDY/BSY is a read only bit in the status register that is setto a 1
state when the device is executing a Page Program, Erase,
Write Status Register or Write Security Register command.
During this time, the device ignores further commands except
for the Read Status Register and Erase / Program Suspend
command (see tw, tpp, tBE' tBE1’ tBEZ and tCE in AC
Characteristics). When the Program, Erase, Write Status
Register or Write Security Register command has completed,
the RDY/BSY bit is cleared to a 0 state indicating the device is
ready for further commands.

1. For non-volatile bits, the default value is set by the factory. It can later be modified by the user.

Table 3. Status Register 2 Format

Volatile/
. 1 . -
Bit #| Acronym Name Type | Default Non-Volatile Description
The Suspend Status bit 1 is a read only bit in the Status Register
Suspend that is set to 1 after executing a Suspend (75h) command during
7 SUS1 P R 0 Volatile |an erase operation. This bit is cleared to 0 after resuming an
Status . ;
erase operation using the Resume (7Ah) command, as well as
after power-up.
The Complement Protect bit (CMP) is a non-volatile read/write
6 CMP Complement RIW 0 Non-Volatile b!t in the stgtus register. .It .|§ used in conjunction W.Ith BP4 — BPO
Protect bits to provide more flexibility for the array protection. See
Table 8 and Table 9 for details. The default setting is CMP = 0.
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Table 3. Status Register 2 Format

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 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

R/W

Non-Volatile

The Quad Enable (QE) bit is a non-volatile read/write bit in
the status register that allows Quad SPI operations (including
QPI). When the QE bit is set to 0 (factory default on the
AT25SL0321C), the WP pin and HOLD are enabled. When the
QE pin is set to 1 (factory default on the AT25QL0321C), the
Quad 10, and 103 pins are enabled instead and Quad SPI
commands are available.

WARNING: Do not enable Quad SP!I if the WP or HOLD pins are
tied directly to the power supply or ground.

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 5.

1. For non-volatile bits, the default value is set by the factory. It can later be modified by the user.

Table 4. Status Register 3 Format

. Volatile/ _
Bit #| Acronym Name Type |Default Non-Volatile Description
The HOLD or RESET Pin Function bit (HOLD/RST) is used to
determine if a HOLD or RESET function is to be implemented on
the hardware pin. When HOLD/RST=0 (factory default), the pin
HOLD/RESET . |acts as HOLD; when HOLD/RST=1, the pin acts as RESET. The
7 |HOLD/RST pin function RIW 0 Non-Volatile HOLD or RESET functions are only available when QE=0
(default for the AT25SL0321C). If QE is set to 1 (default for the
AT25QL0321C), the HOLD and RESET functions are disabled,
and the pin acts as a dedicated data pin (103).
6 DRV1 O;If:r:g?:\qer R/W 1 Non-Volatile | The Output Driver Strength (DRV1/DRV0) bits determine the
- drive strength of output signals used by any Read command
5 | DRvo | OutputDriver fony o | Non-Volatie |(see Table 7).
Strength 0
4:2 | Reserved R n/a n/a Reserved.
Dummy .| The Dummy Configuration (DC) bits are non-volatile bits which
! DCA Configuration 1 RIW 0 Non-Volatile select the number of dummy cycles between the end of address
and the start of read data output. Dummy cycles provide
additional latency that is needed to complete the initial read
access of the Flash array before data can be transmitted to the
Dummy _ |host system. Some read commands require additional dummy
0 DCo Configuration 0 RIW 0 [Non-Volatile | cycles as the SPI clock frequency (SCK) increases.
Table 6 provides the decoding of the DC0O/DC1 bits, and the
number of required dummy cycles for different SPI clock
frequencies.

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 5. Status Register Protection

Status

SRP1 SRPO WP Description
Register
wP pin no control. The register can be written to after a Write Enable
0 0 X Software Protected command, WEL = 1 (factory default).
0 1 0 Hardware Protected | When WP pin is low the Status Register locked and can not be written to.
0 ] ] Hardware When WP pin is high the Status register is unlocked and can be
Unprotected written to after a Write Enable command, WEL = 1.
1 0 X Power Supply Status Register is protected and cannot be written to again until the next
Lock-Down power-down, power-up cycle. !
1 1 X One Time Program 2| Status Register is permanently protected and cannot be written to.

1. When SRP1, SRPO = (1,0), a power-down, power-up cycle changes SRP1, SRPO to the (0,0) state.

2. OTP is available upon special order. Contact Renesas Electronics for details.

Table 6. Dummy Configuration Matrix

Command DC bits No. of Dummy Cycles Frequency (MHz)
00 (default) 4 108
01 8 133
BBh
10 4 108
11 8 133
00 (default) 6 108
01 8 120
EBh
10 10 133
11 14 150
Table 7. Status Register Protection
DRV1, DRVO Driver Strength
00 100%
01 75%
10 (default) 50%
11 25%
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8. Array Memory Protection
Table 8 and Table 9 detail the protection scheme for the Status Register Memory.

Table 8. Status Register Memory Protection (CMP = 0)

Status Register Bits Memory Protection

BP4 BP3 BP2 BP1 BPO Addresses Density Portion
X X 0 0 0 NONE NONE NONE
0 0 0 0 1 3F0000h - 3FFFFFh 64 kB Upper 1/64
0 0 0 1 0 3E0000h - 3FFFFFh 128 kB Upper 1/32
0 0 0 1 1 3C0000h - 3FFFFFh 256 kB Upper 1/16
0 0 1 0 0 380000h - 3FFFFFh 512 kB Upper 1/8
0 0 1 0 1 300000h - 3FFFFFh 1MB Upper 1/4
0 0 1 1 0 200000h - 3FFFFFh 2 MB Upper 1/2
0 1 0 0 1 000000h - O0FFFFh 64 kB Lower 1/64
0 1 0 1 0 000000h - 01FFFFh 128 kB Lower 1/32
0 1 0 1 1 000000h - 03FFFFh 256 kB Lower 1/16
0 1 1 0 0 000000h - 07FFFFh 512 kB Lower 1/8
0 1 1 0 1 000000h - OFFFFFh 1 MB Lower 1/4
0 1 1 1 0 000000h - 1FFFFFh 2MB Lower 1/2
X X 1 1 1 000000h - 3FFFFFh 4 MB ALL
1 0 0 0 1 3FFO00h - 3FFFFFh 4 kB Upper 1/1024
1 0 0 1 0 3FEOQ00h - 3FFFFFh 8 kB Upper 1/512
1 0 0 1 1 3FC000h - 3FFFFFh 16 kB Upper 1/256
1 0 1 0 X 3F8000h - 3FFFFFh 32 kB Upper 1/128
1 0 1 1 0 3F8000h - 3FFFFFh 32 kB Upper 1/128
1 1 0 0 1 000000h - 000FFFh 4 kB Lower 1/1024
1 1 0 1 0 000000h - 001FFFh 8 kB Lower 1/512
1 1 0 1 1 000000h - 003FFFh 16 kB Lower 1/256
1 1 1 0 X 000000h - 007FFFh 32 kB Lower 1/128
1 1 1 1 0 000000h - 007FFFh 32 kB Lower 1/128

1. X=Don't care.
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Table 9. Status Register Memory Protection (CMP = 1)

Status Register Bits

Memory Protection

SEC TB BP2 BP1 BPO Addresses Density Portion
X X 0 0 0 000000h - 3FFFFFh 4 MB ALL
0 0 0 0 1 000000h — 3EFFFFh 4,032 kB Lower 63/64
0 0 0 1 0 000000h — 3DFFFFh 3,968 kB Lower 31/32
0 0 0 1 1 000000h — 3BFFFFh 3,840 kB Lower 15/16
0 0 1 0 0 000000h — 37FFFFh 3,584 kB Lower 7/8
0 0 1 0 1 000000h — 2FFFFFh 3 MB Lower 3/4
0 0 1 1 0 000000h — 1FFFFFh 2 MB Lower 1/2
0 1 0 0 1 010000h - 3FFFFFh 4,032 kB Upper 63/64
0 1 0 1 0 020000h - 3FFFFFh 3,968 kB Upper 31/32
0 1 0 1 1 040000h - 3FFFFFh 3,840 kB Upper 15/16
0 1 1 0 0 080000h - 3FFFFFh 3,584 kB Upper 7/8
0 1 1 0 1 100000h - 3FFFFFh 3MB Upper 3/4
0 1 1 1 0 200000h - 3FFFFFh 2 MB Upper 1/2
X X 1 1 1 NONE NONE NONE
1 0 0 0 1 000000h - 3FEFFFh 4,092 kB Lower 1023/1024
1 0 0 1 0 000000h - 3FDFFFh 4,088 kB Lower 511/512
1 0 0 1 1 000000h - 3FBFFFh 4,080 kB Lower 255/256
1 0 1 0 X 000000h - 3F7FFFh 4,064 kB Lower 127/128
1 0 1 1 0 000000h -3F7FFFh 4,064 kB Lower 127/128
1 1 0 0 1 001000h - 3FFFFFh 4,092 kB Upper 1023/1024
1 1 0 1 0 002000h - 3FFFFFh 4,088 kB Upper 511/512
1 1 0 1 1 004000h - 3FFFFFh 4,080 kB Upper 255/256
1 1 1 0 X 008000h - 3FFFFFh 4,064 kB Upper 127/128
1 1 1 1 008000h - 3FFFFFh 4,064 kB Upper 127/128

1. X=don’t care.
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9. Device Identification

Three legacy commands are supported to access device identification; these indicate the manufacturer, device
type, and capacity (density). For the AT25SL0321C, the returned data bytes provide the information shown in
Table 10. For the AT25QL0321C, the returned data bytes provide the information shown in Table 11.

Table 10. Manufacturer and Device ID Information for the AT25SL0321C

Command Opcode Manufacturer ID First [B);;/elce b Sec:)[r)'ldB)I;)tzwce
Read Manufacturer and Device ID 9Fh 1Fh 67h 01h
Read ID (Legacy Command) 90h 1Fh 67h
Read ID (Quad 1/O) 94h 1Fh 67h
Resume from Deep Power-Down and Read Device ID ABh 67h

Table 11. Manufacturer and Device ID Information for the AT25QL0321C

Command Opcode Manufacturer ID First g;;gce 1D Secrgg;zwce
Read Manufacturer and Device ID 9Fh 1Fh 67h 81h
Read ID (Legacy Command) 90h 1Fh 67h
Read ID (Quad I/O) 94h 1Fh 67h
Resume from Deep Power-Down and Read Device ID ABh 67h
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10. Commands

All commands, addresses, and data are shifted in and out of the device 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 the rising edges of SCK.

Every command sequence starts with a one-byte command code. Depending on the command, this can be
followed by address bytes, data bytes, or 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 being 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 not
executed. That is, CS must drive high when the number of clock pulses after cs being 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.
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10.1 Command Set Tables
Table 12. Command Set Table 1 (Standard/Dual/Quad SPI Commands) ?

Command Byte 1 Byte 2 Byte3 Byte4 Byte 5 Byte 6
Write Enable 06h
Volatile SR Write Enable 50h
Write Disable 04h
Read Status Register 1 05h (SR1 Bit 7-0) 2
Write Status Register 1 01h (SR1 Bit 7-0) 4
Read Status Register 2 35h (SR2 Bit 7-0) 2
Write Status Register 2 31h (SR2 Bit 7-0)
Read Status Register 3 15h (SR3 Bit 7-0) 2
Write Status Register 3 11h (SR3 Bit 7-0)
Chip Erase C7h /60h
Erase/Program Suspend 75h
Erase/Program Resume 7Ah
Power-Down B9h
Release Power-Down / ID ABh Dummy Dummy Dummy (ID7-1D0) 2
Manufacturer / Device ID 90h Dummy Dummy 00h (MF7-MFO) (ID7-1D0) 2
JEDEC ID 9Fh (MF7-MFO0) (ID15-1D8) (ID7-1D0) 2
Enter QPI Mode 38h
Enable Reset 66h
Reset Device 99h
E::‘admi‘igf' Flash Discoverable 5Ah A23-A16 | A15-A8 | A7-A0 | Dummy | (D7-DO) | Nextbytes

Command Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 — Byte 21
Read Unique ID 4Ah Dummy Dummy Dummy Dummy (UID127-UIDO0)
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Table 13. Command Set Table 2 (Standard/Dual/Quad SPI Commands) !

Command Byte 1| Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8 Byte 9
Page Program 02h | A23-A16 | A15-A8 | A7-A0 | D7-D03 Next bytes
Quad Page Program 32h | A23-A16 | A15-A8 | A7-A0 |D7-D03° Next bytes
Block Erase (4kB) 20h | A23-A16 | A15-A8 | A7-A0
Block Erase (32kB) 52h | A23-A16 | A15-A8 | A7-A0
Block Erase (64kB) D8h | A23-A16 | A15-A8 | A7-A0
Read Data 03h | A23-A16 | A15-A8 | A7-A0 | (D7-D0) | (D7-D0) Next bytes
Fast Read 0Bh | A23-A16 | A15-A8 | A7-A0 | Dummy | (D7-DO0) Next bytes
Fast Read Dual Output 3Bh | A23-A16 | A15-A8 | A7-A0 | Dummy | (D7-D0)” Next bytes
Fast Read Quad Output 6Bh | A23-A16 | A15-A8 | A7-A0 | Dummy | (D7-D0)® Next bytes
Erase Security Register 3 44h | A23-A16 | A15-A8 | A7-A0
Program Security Register 3 42h | A23-A16 | A15-A8 | A7-A0 | D7-D03 Next bytes
Read Security Register 3 48h | A23-A16 | A15-A8 | A7-A0 | Dummy | (D7-D0) Next bytes
Fast Read Dual I/0 BBh |A23-A166| A15-A86 | A7-A06 | M7-M0 ¢ | (D7-D0)”
Mftr./Device ID Dual I/O 92h |A23-A166| A15-A8% | A7-A06 | M7-M0 ¢ | (M7-M0) | (D7-D0)”
Set Burst With Wrap 77h Dummy Dummy | Dummy | W8-WO0
Fast Read Quad I/O 10 EBh |A23-A168| A15-A83 | A7-A08 | M7-M08 | Dummy | Dummy | (D7-D0)° ‘ Next byte
Word Read Quad 1/0 1. 12 E7h |A23-A168| A15-A83 | A7-A08 | M7-MO08 | Dummy |(D7-D0)° Next bytes
Octal Word Read Quad /0 13 | E3h |A23-A168| A15-A83 | A7-A08 | M7-M0 8 | (D7-D0)® Next bytes
Mftr./Device ID Quad I/O 94h |A23-A168| A15-A83 | A7-A08 | M7-M08 | Dummy | Dummy |(M7-M0)° | (ID7-1D0)®
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Table 14. Command Set Table 3 (QPI Commands)

Command Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Write Enable 06h
Volatile SR Write Enable 50h
Write Disable 04h
Read Status Register 1 05h (SR1 Bit 7-0) 2
Write Status Register 14 01h (SR1 Bit 7-0)2
Read Status Register 2 35h (SR2 Bit 7-0) 2
Write Status Register 2 31h (SR2 Bit 7-0) 2
Read Status Register 3 15h (SR3 Bit 7-0) 2
Write Status Register 3 11h (SR3 Bit 7-0) 2
Chip Erase C7h /60h
Erase/Program Suspend 75h
Erase/Program Resume 7Ah
Power-Down BY9h
Set Read Parameters COh P7-P0O
Release Power-Down / ID ABh Dummy Dummy Dummy (ID7-1D0) 2
Manufacturer / Device ID 90h Dummy Dummy 00h (MF7-MF0)2 | (MF7-MFO0)?2
JEDEC ID 9Fh (MF7-MF0)2 | (ID15-ID8)2 (ID7-1D0) 2
Exit QPI Mode FFh
Enable Reset 66h
Reset Device 99h
Page Program 02h A23-A16 A15-A8 A7-A0 D7-D0 3 Next bytes
Block Erase (4kB) 20h A23-A16 A15-A8 A7-A0
Block Erase (32kB) 52h A23-A16 A15-A8 A7-A0
Block Erase (64kB) D8h A23-A16 A15-A8 A7-A0
Fast Read 0Bh A23-A16 A15-A8 A7-A0 Dummy 15 (D7-D0)
Burst Read With Wrap 16 0Ch A23-A16 A15-A8 A7-A0 Dummy 15 (D7-D0)
Fast Read Quad I/O EBh A23-A16 A15-A8 A7-A0 M7-MO 15 (D7-D0)
E:fadmi‘isf' Flash Discoverable 5Ah A23-A16 A15-A8 A7-AO Dummy (D7-DO)
Read Security Registers 5 48h A23-A168 A15-A88 A7-AQ 8 Dummy D7-DO
Erase Security Registers 44h A31-A24 A23-A168 A15-A8 8 A7-A0 8
Program Security Registers 42h A23-A168 A15-A8 8 A7-A08 D7-D0 Next byte

1. Data bytes are shifted with Most Significant Bit first. Byte fields with data in parenthesis “()” indicate data output from the device on 1,
2, 0r 4 10 pins.

2. The Status Register contents and Device ID repeats continuously until CS terminates the command.

3. At least one byte of data input is required for Page Program, Quad Page Program, and Program Security Register, 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. Write Status Register 1 (01h) also can be used to program Status Registers 1 and 2; see the previous tables.
5. Security Register address:

Security Register 1 A23-16 = 00h A15-8 = 10h A7-0 = byte address
Security Register 2 A23-16 = 00h A15-8 = 20h A7-0 = byte address
Security Register 3  A23-16 = 00h A15-8 = 30h A7-0 = byte address

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

DS-AT25SL/QL0321C-217 Rev. E
Nov 19, 2025

Page 27
© 2025 Renesas Electronics

RENESAS



AT25SL0321C / AT25QL0321C Datasheet

7. Dual SPI data output format:
10q = (D6, D4, D2, D0)
104 = (D7, D5, D3, D1)
8. Quad SPI address input format:
10y =A20, A16, A12, A8, A4, A0, M4, MO
101 =A21, A17, A13, A9, A5, A1, M5, M1
10, = A22, A18, A14, A10, A6, A2, M6, M2
103 =A23, A19, A15, A11, A7, A3, M7, M3
9. Quad SPI data input/output:
10y = (D4, DO...)
10, = (D5, D1...)
10, = (D6, D2...)
105 = (D7, D3...)
10. Fast Read Quad I/O data output format:
109 = (X, X, X, x, D4, DO, D4, DO)
101 =(x, X, X, x, D5, D1, D5, D1)
10,5 = (x, x, X, X, D6, D2, D6, D2)
103 = (x, x, X, X, D7, D3, D7, D3)
11. Word Read Quad I/O data output format:
10q = (x, x, D4, DO, D4, DO, D4, D0)
104 = (x, x, D5, D1, D5, D1, D5, D1)
10, = (x, x, D6, D2, D6, D2, D6, D2)
105 = (x, x, D7, D3, D3, D7, D3)
12. For Word Read Quad I/O, the lowest address bit must be 0. (A0 = 0)
13. For Octal Word Read Quad /0, the lowest four address bits must be 0. (A3, A2, A1, A0 = 0)
14. QPI command, address, data input/output format:
CLK# 0,1 2,3 4,5 6,7 8,9 10,11
I0g= C4,C0 A20,A16 A12,A8 A4,A0 D4,D0O D4,DO
I0,= C5,C1 A21,A17 A13,A9 A5,A1 D5,D1  D5,D1
I0,= C6,C2 A22,A18 A14A10 A6,A2 D6,D2 D6,D2
I0;= C7,C3 A23,A19 A15A11 A7,A3 D7,03 D7,D3

15. The number of dummy clocks for QPI Fast Read, QPI Fast Read Quad I/O, and QPI Burst Read with Wrap is controlled by the read
parameter P7-P4.

11. The wrap around length for QPI Burst Read with Wrap is controlled by read parameter P3-P0.

Table 15. Commands that must send Write Enable/Write Enable for the Volatile Status Register Command

Command Write
Write Status Register 01h/31h/11h 06h / 50h
Erase Security Register 44h 06h
Program Security Register 42h 06h
Page Program 02h 06h
Quad Page Program 32h 06h
4 kB Block Erase 20h 06h
32 kB Block Erase 52h 06h
64 kB Block Erase D8h 06h
Chip Erase 60h / C7h 06h
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10.2 Write Enable (06h)

Write Enable command is for setting the Write Enable Latch (WEL) bit in the Status Register. The WEL bit must
be set before every Program, Erase and Write Status Register command. To enter the Write Enable command,
CS goes low before the command (06h) being driven onto the SI pin on the rising edge of SCK, and then driving
CS high.

Note that the Write Enable command sent is not accepted when the Write Enable for Volatile Status Register
command is valid. Thus, if it is not known if the Write Enable for Volatile Status Register command is valid, send
the Write Disable command before sending the Write Enable command.

Mode 3 0 1 2 3 4 5 6 7 Mode3 Mode 3 0 1 Mode 3

\ Command \ FM%
\ \ 06h

e X e XL XXX
High-Impedance

SO
Figure 9. Write Enable Command for SPI Mode (left) and QPI Mode (right)
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10.3 Write Enable for Volatile Status Register (50h)

The non-volatile Status Register bits can also be written to as volatile bits (DC, HOLD/RST, DRV1, DRV0, CMP,
QE, SRP1, SRPO, BP4, BP3, BP2, BP1, BP0). 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 power-down/up, the volatile Status Register bit
values are restored to the default value or the value input by the Write Enable command.)

Note that the Write Enable command sent is not accepted when the Write Enable for Volatile Status Register
command is valid. Thus, if it is not known if the Write Enable for Volatile Status Register command is valid, send
the Write Disable command before sending the Write Enable command.

\ / SCK Mode0 ! Mode
CS = Command =
I\7A07de731 0 1 2 3 4 5 6 7 _ Mode3 5
SCK  Modeo! Mode 0 |OO //// \ ////
si ///X 50n X[/ 0, ///\ [/ [/
High-Impedance
SO

0, 7777 \_/777

o, ///\ [//7

Figure 10. Write Enable for Volatile Status Register Command for SPI Mode (left) and QPI Mode (right)
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10.4 Write Disable (04h)

The Write Disable command resets the Write Enable Latch (WEL) bit in the Status Register or invalidate the Write
Enable for Volatile Status Register command. To enter the Write Disable command, CS goes low before the
command 04h being driven onto the Sl pin on the rising edge of SCK, and then driving CS high. The WEL bit is
reset by the following condition: power-up and upon completion of the Write Status Register, Page Program, Block
Erase and Chip Erase, Program/Erase Security Registers, and Reset commands.

Mode 3 0 1 2 3 4 5 6 7 Mode3 Mode 3 0 1 Mode 3
! A

] -— Command (04h) — . Lo,
X\ /O /RXX T

SO High-Impedance

Figure 11. Write Disable Command for SPI Mode (left) and QPI Mode (right)
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10.5 Read Status Register (05h or 35h or 15h)

The Read Status Register commands 05h, 35h, 15h are used to read Status Registers 1, 2, and 3, respectively.
The Read Status Register can be read at any time (even in program/erase/write Status Register and Write
Security Register condition). It is recommended to check the RDY/BSY bit before sending a new command. Also,
it is possible to read the Status Register continuously. For 05h, the SO outputs bits of Status Register 1; for 35h,
the SO outputs Status Register 2; for 15h, the SO outputs Status Register 3.

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
hl

SI

~— Status Reg|ster 1or2 out—><7 Status Reglster 1or2 out—>
High-Impedace

SO - ! @9@990@“@@@990@

Figure 12. Read Status Register Command (SPI Mode)

!
oo
!
0 XXX CaXO X4 XOX4

o KRR\ AeXXEXTXG i
0. YXXX aoae 6
0 I\ AXEXTXEXT :

SR-1/2 SR-1/2 1
out out !

Figure 13. Read Status Register Command (QPI Mode)
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10.6 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 of data, the data 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,
and the second byte data is written to Status Register-2. Write Status Register command 31h or 11h can only be
followed by one byte of data; the data 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; DRV1, DRVO, HLD/RST, DC 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 set to 1, they
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 previously have been executed. After
the Write Enable command has been decoded and executed, the device sets the Write Enable Latch (WEL) bit.

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

The Write Status Register command lets the user change the values of the Block Protect (BP4, BP3, BP2, BP1,
and BPO0) bits, to define the size of the area. The Write Status Register command also lets the user set or reset the
Status Register Protect (SRP1 and SRPO) bits in accordance with the WP signal. The Status Register Protect
(SRP1 and SRPO0) bits and 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 a Write Status Register command is: cs goes low— send Write Status Register
command code— Status Register data on SI—-CS goes high.

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

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

Fi Command } Status Register-1 in } Status Register-2 ingﬁ

S| X orn 200000000000 D0 OV

MSB

High-Impedance

SO
Figure 14. Write Status Register Command (SPI Mode)
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Corgqr;]and Si}:1 i\
100 XXKX\ CaX 0 X12X 8 XXXXX

o XX\ KSXXEX XN

o YO\ AeX2X80X XXX
0 XX\ ATXEXsXXXXX

Figure 15. Write Status Register Sequence Diagram - 01h 2-byte (QPI Mode)

Mode 3 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
hl

~——— Command } Status Register-1 in—————»|
sl X oth @69@90@&&&&

High-Impedance

SO

Figure 16. Write Status Register Diagram - 01h/31h/11h 1-byte (SPI Mode)

Command _| SR1/2/3 !
01h/31h/11h in !

00 TXXR\ /XX OXXR
o TR DO
o YO\ XXX
0 T\ ATXEXKIXX

Figure 17. Write Status Register Diagram - 01h/31h/11h 1-byte (QPI Mode)
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10.7 Enable QPI (38h)

The AT25SL0321C / AT25QL0321C supports both the Standard/Dual/Quad Serial Peripheral interface (SPI) and
Quad Peripheral Interface (QPI). However, SPI mode and QPI mode cannot be used at the same time. The
Enable QPI command is used 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 AT25SL0321C; it is Quad
I/O for the AT25QL0321C.

To switch the device to QPI mode, the Quad Enable (QE) bit in Status Register 2 must be set, followed by an
Enable QPI command. If the Quad Enable (QE) bit is 0 (default for the AT25SL0321C), the Enable QPI command
is ignored and the device remains in SPI mode.

After power-up, the default state of the device is SPI mode. See Table 12 and Table 13 for all the commands
supported in SPI mode; see the Table 14 for all the commands supported in QPI 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 remains unchanged.

Mode3_I 0 1 2 3 4 5 6 7 Modes

\<— Command (38h) —{

XA / \__ /XXX

SO High-Impedance

Figure 18. Enable QPI Command (SPI Mode only)

10.8 Disable QPI (FFh)

By issuing a Disable QPI (FFh) command, the device is reset to SPI mode. When the device is switched from QPI
mode to SPI mode, the existing Write Enable Latch (WEL) and Program/Erase Suspend status, and the Wrap
Length settings remains unchanged.
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SCK

Figure 19. Disable QPI Command for QPI Mode
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10.9 Enable Reset (66h) and Reset (99h)

For eight-pin packages, the AT25SL0321C / AT25QL0321C provide a software Reset command (99h) instead of a
dedicated RESET pin.

Once the Reset command is accepted, any on-going internal operations are terminated and the device returns to
its default power-on state and loses all current volatile settings, such as Volatile Status Register bits, Write Enable
Latch (WEL) status, Program/Erase Suspend status, Continuous Read Mode bit setting, Read parameter setting
and Wrap bit setting.

The Enable Reset (66h) and Reset (99h) commands can be issued in either SPI mode or QPI mode. To avoid
accidental reset, both commands must be issued in sequence. The execution of any command other than Reset
(99h) after the Reset Enable (66h) command is executed disables the reset enable state. A new sequence of
Enable Reset (66h) and Reset (99h) would then be required to reset the device. Once the Reset command is
accepted by the device, it takes approximately tgrgt to reset. During this period, no command is accepted.

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

~— Command (66h) —— ~—— Command (99h) ——
XA/ K\ XXX

SO High-Impedance

Figure 20. Enable Reset and Reset Command (SPI Mode)

_Mode 3 R I 0 1 ___Mode3d _ _
SCK Mode 0! . ' Mode 0
Command Command
~e6h " ~gon™
o, 777\ [T77 7777 \VIVA
0, 7777 77— 777\ [T77
o, 7777 I/~ 777\ [T77 "
10, 777\ [/ T[T \Z// .
Figure 21. Enable Reset and Reset Command (QPI Mode)
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10.10 Read Data (03h)

The Read Data command is used to read data out from the device. The command is initiated by driving the csS
pin low and then sending the command code 03h, followed by a 24-bit address (A23- A0), onto the Sl pin. After
the address is received, the data byte of the addressed memory location is shifted out on the SO pin at the falling
edge of SCK with the most significant bit (MSB) first. The address is automatically incremented to the next higher
address and the next 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 Read Data command sequence is shown in Figure 22. If a
Read Data command is issued while an Erase, Program, or Write Status Register cycle is in process (RDY/BSY =
1) the command is ignored and does not effect the current cycle. The Read Data command allows clock rates
from D.C to a maximum of fg (see Section 11.7, AC Electrical Characteristics).

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

[e——— instruction  ———}+—————24-Bit Address ————]
S| X o) m 990@ XOOOOOKKKX .

Data Out 1 4—‘

so High Impedace 7 eeaeao@ 7

Figure 22. Read Data Command
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10.11 Fast Read (0Bh)

The Fast Read command is a high speed reading mode that can operate at the highest possible frequency of Fg.
The address is latched on the rising edge of the SCK. After the 24-bit address, eight dummy clocks are shifted in

(Figure 23). The dummy clocks allow the internal circuits the time required to set up the initial address. During the
dummy clocks, the data value on the SO pin is a “don’t care”. Data of each bit shifts out on the falling edge of SCK.

C_S \ -

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

SCK ey [ITUUTUULULLL. ..o MUt. ...

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

St ///X 08N X ey ===~ 000 OLEss

High-Impedance

SO

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

SCK .

|«———— Dummy Clocks —|

Sl ----
Data Out

High-Impedance [

SO ---- 666960 o ..

Figure 23. Fast Read Command (SPI Mode)

10.11.1 Fast Read in QPI Mode

When QPI mode is enabled, the number of dummy clock is configured by the Set Read Parameters (COh)
command to accommodate a wide range applications with different needs for either maximum Fast Read
frequency or minimum data access latency. The number of dummy clock cycles can be configured as either 4, 6
or 8 by setting bits P[5:4] in the 8-bit parameter of the Set Read Parameters (COh) command, as shown in
Table 18. The default number of dummy clocks upon power-up or after a Reset command is 4. See Figure 24.

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

______

SCK  Mogeo! . o
[T A2s-t6 1 At58 1 AT-0 1 DummyClocks' b 64 4'Data Out 2! Data Out 3
100 AN\ @@@660 6@6@ 4
0 TN\ /BCEOEO ;;;s
102 A\\\ @@@@66 6669 5 .
0: SR\ / EEEHOE 00,00 M;
* = “Set Read Parameters” command (C0Oh) can set the number of dummy clocks
Figure 24. Fast Read Command (QPI Mode)
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10.12 Fast Read Dual Output (3Bh)

By using two pins (IO and 104, instead of just 10y), the Fast Read Dual Output command allows data to be
transferred from the AT25SL0321C / AT25QL0321C at twice the rate of standard SPI devices. The Fast Read
Dual Output command is ideal for quickly downloading code from Flash to RAM upon power-up or for application
that cache code-segments to RAM for execution.

The Fast Read Dual Output command can operate at the highest possible frequency of Fy (see Section 11.7, AC
Electrical Characteristics). After the 24-bit address, eight dummy clocks are driven on the SI pin, as shown in
Figure 25. The dummy clocks allow the internal circuits the time required for setting up the initial address. During
the dummy clocks, the data value on the SO pin is a “don’t care”. However, ensure the 10q pin is high-
impedance before the falling edge of the first data out clock.

10, [/ /X 3Bh 23222y - - = - - - - GYXEX X0 ) ----

10 High-Impedance

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

Figure 25. Fast Read Dual Output command (SPI Mode)
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10.13 Fast Read Quad Output (6Bh)

By using four pins (I0q, 104, 10,5, and 103), the Fast Read Quad Output command allows data to be transferred
from the AT25SL0321C /AT25QL0321C at four times the rate of standard SPI devices. Before executing the 6Bh
command, the Quad Enable (QE) bit of Status Register 2 must be set.

The Fast Read Quad Output command can operate at the highest possible frequency of Fr(see Section 11.7,
AC Electrical Characteristics). This is done by adding eight dummy clocks after the 24- bit address, as shown in
Figure 26. The dummy clocks allow the internal circuits the time required to set up the initial address. During the
dummy clocks, the data value on the SO pin is a “don’t care”. However, ensure the IO, pin is high-impedance
before the falling edge of the first data out clock.

Mode 3 0O 1 2 3 4 5 6 7 8 9 10 28 29 30 31
- -

|+———— Command (6Bh) ———=|+—————— 24-Bit Address ——————|
o XXX\ /S \S XX Xe

High-Impedance

104
High-Impedance
102 g P
10s High-Impedance
cs
3132 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
SCK
Dummy Clocks IOoswit;':hesfromi
0 0) 1 1 ‘ 1
104 High-Impedance
105 High-Impedance
108 High-Impedance
Byte 1! Byte2 | Byte3 | Byte4 |
Figure 26. Fast Read Quad Output Command (SPI Mode)
DS-AT25SL/QL0321C-217 Rev. E RENESAS Page 41

Nov 19, 2025 © 2025 Renesas Electronics



AT25SL0321C / AT25QL0321C Datasheet

10.14 Fast Read Dual 1/0 (BBh)

The Fast Read Dual I/O command reduces cycle overhead by using two |0 pins: 10 and 104 to transfer data.

10.14.1 Continuous Read Mode

The Fast Read Dual I/O command supports a continuous read mode using the Mode bits (M7-0), which are shifted
into the device after address bits (A23-0). Bits M5-4 of the Mode bits control whether an opcode is required in a
subsequent command. If M5-4 are 1,0 then subsequent Fast Read Dual I/O command does not require an
opcode, as shown in Figure 28. In this case the device enters continuous read mode and opcode BBh is implicitly
used for the command. This reduces the command sequence by eight clocks and allows the address to be
immediately entered after CS is asserted low.

If bits M5-4 of the Mode bits have any value other 1,0, the subsequent command requires an opcode as shown in
Figure 27. In case the device is in continuous read mode, it will exit this mode and resume normal operation. At
this point any command can be sent to the device.

Note: All Mode bits other than M5-4 are don’t care (“X”). However, ensure the 1/O pins are high-impedance before
the falling edge of the first data out clock.

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Command BBh) ——|  A23-16 |  Al58 i A70 P M7

S /AR 0 C.2 B0 0.0 0.0 00000
© H80WEE00006000000

MSB

.23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

SCK

10s switch from
i Inputto Output

MSB MSB MSB MSB
Byte 1 ; Byte 2 ; Byte 3 ; Byte 4

Figure 27. Fast Read Dual /0 Command (first time or after previous command has Mode bits M5-4 not equal to 1,0)
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8 9 10 11 12 13 14 15

Mode3 0 1 2 3 4 5 6 7

A23-16 § A15-8 § A7-0 M7-0

o @@@@@@@eeae@aoeo
. CEUCE0000000000

10
cs

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SCK NEERERERREEEEEE R RER R RN

| 10s switch from
i Input to Output

0, GQGGGGGQGQOGGQG@ 6 ..
0, @6@0@690@6@&@690 7.

MSB ' MSB ' MSB 1 MSB

Byte 1 i Byte 2 i Byte 3 Byte 4

Figure 28. Fast Read Dual I/O Sequence Diagram (previous M5-4 = 1,0) SPI Mode Only
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10.15 Fast Read Quad 1/O (EBh)

The Quad I/O Fast Read command has the capability to input the 3-byte address (A23-0) and output the data
through the 10, 104, 10,, and 103 signals, at four bits per clock cycle. The Quad Enable bit (QE) of the Status
Register must be set to enable the Quad I/O Fast read command.

10.15.1 Continuous Read Mode

The Fast Read Quad I/O command supports a continuous read mode using the Mode bits (M7-0), which are
shifted into the device after address bits (A23-0). Bits M5-4 of the Mode bits control whether an opcode is required
in a subsequent command. If M5-4 are 1,0 then subsequent Fast Read Quad I/O command does not require an
opcode, as shown in Figure 30. In this case the device enters continuous read mode and opcode EBh is implicitly
used for the command. This reduces the command sequence by eight clocks and allows the address to be
immediately entered after CS is asserted low.

If bits M5-4 of the Mode bits have any value other 1,0, the subsequent command requires an opcode as shown in
Figure 29. In case the device is in continuous read mode, it will exit this mode and resume normal operation. At
this point any command can be sent to the device.

Note: All Mode bits other than M5-4 are don’t care (“X”). However, ensure the 1/O pins are high-impedance before
the falling edge of the first data out clock.

' ! ! | ‘ | Output | Output |
' ! | Mode |Dummy Dummy, Data | Data |
' Opcode (EBh) \Address Bits A23-, AO\ Byle | Byte | Byte ! Byte 1! Byte2 !

\ | | A |

110, aooooooa@@@@@@@@ 1 @@@@me
o, Hghvimpedance ¢ @@@@@@@ @@@wo'ow

/0, Highmpedance L\ @@@@@@ | @@@@mw

1104 High-mpedance @M»Mb@ CXENONENHXKXKX

MSB

MSB MSB

Figure 29. Fast Read Quad I/O0 Command (first time or after previous command has mode bits M5-4 not equal to 1,0;
SPI Mode)

s\ /

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

B - -

Mode 0'

SCK

A23-16 | A158 |, A70 | M70 | | Bytel | Byte2 |

Figure 30. Fast Read Quad I/O Command (initial command or previous M5-4 = 1,0; SPI mode)
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10.15.2 Quad I/O Fast Read with 8/16/32/64-Byte Wrap Around

The Quad I/0O Fast Read command also can be used to access a specific portion within a page by issuing a Set
Burst with Wrap (77h) command before EBh. The Set Burst with Wrap (77h) command can either enable or
disable the Wrap Around feature for the following EBh commands. When Wrap Around is enabled, the data
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. (See
Section 10.17, Set Burst with Wrap (77h).)

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.

10.15.3 Fast Read Quad I/0 in QPI Mode

When QPI mode in enabled, the number of dummy clocks is configured by the Set Read Parameters (COh)
command to accommodate a wide range applications with different needs for either maximum fast read frequency
or minimum data access latency. The number of dummy clock cycles can be configured as either 4, 6, or 8 by
setting bits P[5:4] in the 8-bit parameter of the Set Read Parameters (COh) command, as shown in Table 18. The
default number of dummy clocks upon power-up or after a Reset (99h) command is four.

The Continuous Read Mode feature is also available in QPI mode for Fast Read Quad I/O command. Note that in
QPI mode, the Mode bits M7-M0 are included in the dummy clock cycle count.

The Wrap Around feature is not available in QPl mode for Fast Read Quad 1/0 command. To perform a read
operation with fixed data length wrap around in QPI mode, a Burst Read with Wrap (0Ch) command must be
used. See Section 10.19, Burst Read with Wrap (0Ch).

s T\

—
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19
SCK  Mode 0 \
L - L —
Co(rggﬂ:)nd A23-16 A15-8 A7-0 M7-0* 10s switch from

Input to Output

0,000 NS
0 XXX @@@eeoeo ooeos -
@]myju@@@@GGQQ 69696
o XX/ B C0,0000 00 00 G

" Dummy
Byte1 Byte2 Byte3

100

I

I

I

Figure 31. Fast Read Quad I/O0 Command (first time or after previous command has mode bits M5-4 not equal to 1,0;
QPI mode)
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Mode3s O 1 2 3 4 5 6 7 8 9 10 11 12 13 14

SCK
A23-16 | A158 | A7-0 ! M7-0 ! Dummy Clocks !
I I I ~ -7 I
| | | |
100 (2oX18X12X 8 X4 X O X4 X0
| | | |

01 ——EXTXEEEEDE
0: —@EBHEEEEE) 0000
0: ——EEEDOEDC EOE—

MSB

Figure 32. Fast Read Quad I/O Command (Initial command or previous M5-4 = 1,0; QPlI mode
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10.16 Word Read Quad 1/0 (E7h)

The Quad I/O significantly reduces command overhead, allowing faster random access for code execution (XiP)
directly from the Quad SPI. The Quad Enable bit (QE) of Status Register-2 must be set to enable the Word Read
Quad I/0 command. The lowest Address bit (AQ) must equal 0 and only two dummy clocks are required before the
data output.

10.16.1 Continuous Read Mode

The Word Read Quad I/0 command can further reduce command overhead through setting the Continuous Read
Mode bits (M7-0) after the input Address bits (A23-0), as shown in Figure 33. If the “Continuous Read Mode” bits
M[7-4] = Ah, then the next Fast Read Quad I/O command (after CS is raised and then lowered) does not require
the E7h command code, as shown in Figure 34. This reduces the command sequence by eight clocks and allows
the Read address to be immediately entered after CSis asserted low. If the Continuous Read Mode bits M[5:4] do
not equal to (1,0), the next command (after CS is raised and then lowered) requires the first E7h command code;
thus, returning to normal operation.

Mode3d 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

............

SCK  Mode 0 N
: 10s switch from
}-7 Command (E7h) —% A2316 A15-8 | A7-0 | M7-0 | Dummyj« L Inputto Output

o XX¥ @@@@0@9@?3@0904*
o 9000610003 0006
10- 22 @@@ 69@9 6

105

—_

I

I

I

I

B . g —
Byte 1 Byte2 Byte3

Figure 33. Word Read Quad 1/0 Command (Initial command or previous set M5-4 # 1,0; SPI Mode)

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13

............

SCK  Mode 0 \

[E—

; 10s switch from
A2316 A15-8 : AT7-0 1 M7-0 Dummyw——é InputtoOutput

o, @@@9@09@9@9@4
. E00000 eooos*
o @@@@eeeeee@ee*

103

Byte 1 Byte2 Byte 3

Figure 34. Word Read Quad I/0 Command (Previous command set M5-4 = 1,0; SPI Mode)
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10.16.2 8/16/32/64-Byte Wrap Around in SPI mode

The Word Read Quad /O command can also be used to access a specific portion within a page by issuing a
Set Burst with Wrap (77h) command before E7h. The Set Burst with Wrap command can either enable or disable
the Wrap Around feature for the following E7h commands. When Wrap Around is enabled, 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 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 is used to specify the length of the wrap around section within a

page.
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10.17 Set Burst with Wrap (77h)

The Set Burst with Wrap command is used in conjunction with the EBh, E7h commands to access a fixed

8/16/32/64-byte section within a 256-byte page, in standard SPI mode.

The Set Burst with Wrap command sequence is: [ 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, E7H commands use the W6-4 setting to
access the 8/16/32/64-byte section within any page. To exit the Wrap Around function and return to normal read
operation, another Set Burst with Wrap command must be issued to set W4=1. The default value of W4 at power

onis 1.
Table 16. Encoding of W6 - W4 Wrap Bits
W4=0 W4 = 1(Default)
W6, 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
CS \ /
Mode 3 o 1 2 3 4 5 6 7 8 9 10 12 13 14 15 Mode 3
L
SCK Mode 0! Mode 0
> Command > Byte 1 : Byte 2 : Byte 3 : Byte 4 :
/- N\ | | | . High-Impedance
00 /77 GO
High-Impedance ' ' ' ! High-Impedance
10 QO XWX
| | | |
High-Impedance ! ! ! 1 High-Impedance
0 DO OO0 T
05 himpedance LORIOAR KXY Hmpeciance

MSB

] ] ] ]
99@9@@ S,

Figure 35. Set Burst with Wrap Command Sequence, SPI Only
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10.18 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 clocks for the Fast Read (0Bh), Fast Read Quad I/0 (EBh), and Burst Read
with Wrap (0Ch) commands, and to configure the number of bytes of wrap length for the Burst Read with Wrap
(OCh) command.

Table 17. Commands that Configure Number of Dummy Clocks

Mode Command
Fast Read 0Bh
Fast Read Quad 1/O EBh
QPI Burst Read with Wrap 0Ch
Read Security Registers 48h
Read Serial Flash Discoverable Parameter 5Ah

In Standard SPI mode, the Set Read Parameters (COh) command is not accepted. The dummy clocks for various
Fast Read commands in Standard/Dual/Quad SPI mode are fixed. The wrap length is set by the W5-W4 bits in
the Set Burst with Wrap (77h) command. This setting remains unchanged when the device is switched from
Standard SPI mode to QPI mode.

The default wrap length after a power-up or a Reset command is 8 bytes, and the default number of dummy
clocks is 4. The number of dummy clocks is only programmable for 0BH, EBH, 0CH, 48H, and 5AH commands in
the QPI mode. Whenever the device is switched from SPI mode to QPI mode, the number of dummy clocks must
be set again, prior to any OBH, EBH, OCH, 48H, and 5AH commands.

Table 18. Encoding of the P[5:4] Bits

P5, P4 Dummy Clocks Maximum Read Frequency
00 4 80 MHz
01 6 108 MHz
10 8 120 MHz
11 10 133 MHz

Table 19. Encoding of the P[1:0] Bits

P1, PO Wrap Length
00 8-byte
01 16-byte
10 32-byte
11 64-byte
DS-AT25SL/QL0321C-217 Rev. E KEN ESNS Page 50

Nov 19, 2025 © 2025 Renesas Electronics



AT25SL0321C / AT25QL0321C Datasheet

Mode 3 0 1 2 3 Mode3s
A

SCK

Corggnhand ‘ParFa{rena;ers
10, OO0 (PaxEa XXX
XXX\

EDENTRX
0, XXX/ EOXERXXXNX
0, XXX/ EYEXNX

Figure 36. Set Read Parameters Command (QPI Mode)

10.19 Burst Read with Wrap (0Ch)

The Burst Read with Wrap (0Ch) 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 and number of dummy clocks can be configured by the Set Read Parameters (COh) command.

—
______ |\_/| Qde_3 0 1 2 3 4 5 6 7 n+t1 n+2 n+3 n+4
SCK Mode 0 | \
Command | : f i N | 1/0s switch from
e A23-16 | A158 | A7-0 {Dummy" ~ Input to Output

o TR EREOE0—OO0E
S 30 B0 6.0 ==t 0/0, 00 i
VA0 0C o000 i

—
XXX BN XD—DEXENT,
10, A‘A’A‘ : : ! ! ! : A
i Byte1 | Byte2 ! Byte3
* “Set Read Parameters” command (COh) can set the number of dummy clocks

Figure 37. Burst Read with Wrap Command (QPI Mode)
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10.20 Read Manufacturer / Device ID (90h)

The Read Manufacturer/ Device ID command provides both the JEDEC assigned manufacturer ID and the
specific device ID. It is an alternative to the Release from Power-Down/Device ID command. This command can
be issued in both SPI mode and QPI mode.

The command is started by driving the [ pin low and shifting the opcode 90h, followed by a 24-bit address (A23-
AQ) of 000000h. If the 24-bit address is initially set to 000001h, the Device ID is read first.

Figure 38 shows the 90h command as executed in SPI mode. In this mode the command and address are driven
on the Sl pin.

Figure 39 shows the 90h command as executed in QPl mode. In this mode the command and address are driven
on all four 1/O pins.

Mde3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31

Command (90h) ———|
st XX/ @22k —(3X2X1Xo

Address (000000h)

High-Impedance

SO

cs /-

031 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode 3

............

SI

KRR XXX
\/ 90000000

SO

| MSB

Manufacturer ID

Device ID

Figure 38. Read Manufacturer/ Device ID Command (SPI Mode)
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SCK  Modeo! N

Command 10s switch from
90h A23-16 A15-8 A7-0 |nput to output
1 1

%/ // 6@6666@@607’
0/ /\ 606060»6060 [/
02/ /\ 69696@6969 [/
0./ // 69@9096999 [/

" MSB " MSB " MSB MSB I MSB
, MFRID DewceID'

Figure 39. Read Manufacturer/ Device ID Command (QPI Mode)
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10.21 Read Manufacturer / Device ID Dual 1/O (92h)

The Read Manufacturer/ Device ID Dual I/0O command provides both the JEDEC assigned manufacturer ID and
the specific device ID. It 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 1/O.

The command is initiated by driving the CS pin low and shifting the command code 92h followed by a 24-bit
address (A23-A0) of 000000h. The Manufacturer ID for Renesas Electronics (1Fh) and the Device ID(17h) are
shifted out on the falling edge of SCK with most significant bit (MSB) first, as shown in Figure 40. If the 24-bit
address is initially set to 000001h, the Device ID is read first and then followed by the Manufacturer ID. The
Manufacturer and Device ID can be read continuously, alternating from one to the other. The command is
completed by driving CS high.

| Command (92h) e A23-16  A15-8 e A7-0 (00h —sbe— M7-0 —
: : : or01h) ! 3

High-Impedance

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 Mode 3

SCK
10s switch from
Input to Output
10,
10, ‘ ; ) )
3 MSB 3 MSB | MSB i MSB
; : ) MFR ID : Device ID
~— MFRID d Device ID (Repeat) — (Repeat)gﬂ
Figure 40. Read Dual Manufacturer/ Device ID Dual /0 Command (SPI Mode)
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10.22 Read Manufacturer / Device ID Quad 1/O (94h)

The Read Manufacturer/ Device ID Quad I/O command provides both the JEDEC assigned manufacturer ID and
the specific device ID. It 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 1/0. The Quad Enable bit (QE) of the

Status Register must be set to enabled.

The command is initiated by driving the CcS pin low and shifting the command code 94h followed by a 24-bit
address (A23-A0) of 000000h and six dummy clocks. If the 24-bit address is initially set to 000001h, the Device
ID is read first, followed by the Manufacturer ID. The Manufacturer and Device ID can be read continuously,
alternating from one to the other. The command is completed by driving cs high.

CS

SCK

10

104

10,

103

cs

SCK

10

104

10,

105

Modes O 1 2 3 4

|
Mode 01

[€«— Command ——p|

5 6

M 94h

High-Impedance

7

8 9 10 11

High-Impedance

High-Impedance

23 24 25 26 27 28 29 30 31

00
60
00

MFR IDI DID ID|MFR ID
(repeat) (repeat)(repeat)

N

0

1
OB

3

EEEE
EEEE
SRR

A23-16 A15-8

(X

DID ID
(repeat)

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

XXXy

7

A7-0  M7-0
(00h or 01h)

(X))

SRR

(2
00

dummy MFR ID Device ID

Figure 41. Read Quad Manufacturer/ Device ID Quad /0 Command (SPI Mode)
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10.23 JEDEC ID (9Fh)

The JEDEC ID command allows the 8-bit manufacturer ID to be read, followed by two bytes of device ID. The

device ID indicates the memory type in the first byte, and the memory capacity of the device in the second byte.
The JEDEC ID command is not decoded while an Erase or Program cycle is in progress; it 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.

As shown in Figure 42 and Figure 43, the device is first selected by driving CS low. Then, the 8-bit command
code for the command is shifted in. This is followed by the 24-bit device ID, stored in the memory, being 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 cs high at any time during data output. When CSis driven high, the device is putin
Standby Mode. Once in the Standby Mode, the device waits to be selected, so that it can receive, decode, and
execute commands.

CS

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SCK weol [T U U U UUUUUULTL. ..
|«——— Command ——»

S| X 9Fh X

|«——— Manufacturer ID —»

High-Impedance
SO 2000000

MSB

CS ----

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

sk - U
Sl --<

|<— Memory Type ID7-ID0 —»{<«—— Capacity ID7-ID0 —

SO ---(1X8Xe X X3 X2 X1 XK XeX s XaX3 XX Xop——

MSB MSsB

Figure 42. Read JEDEC ID Command (SPI Mode)

Command 10s switch from Input to Output
9Fh | 1

0, 777 XXX XoXoXeX7 77

10, LLN\ / XX XK K KRLLL

10, 77\ /NOXOEXXXXIZZ
WI/4 00 0000 Il

MFR ID MTID Capacity ID

Figure 43. Read JEDEC ID Command (QPI Mode)
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10.24 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
AT25SL0321C / AT25QL0321C 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 started by driving the cs pin low
and shifting the command code 4Bh, followed by four bytes of dummy clocks in SPI mode.

o8 T\

Mode 3 0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 __

|<7 Command 4>|R Dummy Byte 1 4>|<— Dummy Byte 2 —>|
SV 277X 48h ) -

SO High Impedence

CS /
______ 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 """ 464 165 166 167 ...

SCK

|<¢——— Dummy Byte 3 ———p»|<¢———— Dummy Byte 4 I

SO ---- High Impedence :Az; ...

e Serinumeer  —*1
Figure 44. Read Unique ID Sequence (SPI Mode only)
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10.25 Deep Power-Down (B9h)

Executing the Deep Power-Down command is the best way to put the device in the lowest power consumption.
The Deep Power-Down command reduces the standby current (from Iccq to Icco as specified in Section 11.7).
The command is entered by driving the CS pin low following execution of the BOh command. (See Figure 45 and
Figure 46.)

The CS pin must go high exactly at the byte boundary (the latest eighth bit of command code been latched-
in); otherwise, the Deep Power-Down command is not executed. After CS goes high, it requires a delay of tpp and
the Deep Power-Down mode is entered. While in the Deep Power-Down mode, the Release Deep Power-Down
/ Device ID command is used to restore the device to normal operation. All other commands are ignored,
including the Read Status Register command, which is always available during normal operation. The device
always powers-up in the normal operation with the standby current of lcc.

Mode 3 01 2 3 4 5 6 7 Mode 3

Stand-By Current Power-Down Current

Figure 45. Deep Power-Down Command (SPI Mode)

Command
B9h

Ll \LLLAN LS

L N\ LLLLNS

0, //\ _[777/777
s L4/ \LLLLLLL

Stand-By mode Power-Down mode

Figure 46. Deep Power-Down Command (QPI Mode)
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10.26 Release Deep Power-Down / Device ID (ABh)

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

The command is issued by driving the CS pin low and driving a value of ABh onto the bus, then driving CS high,
as shown in Figure 47 and Figure 48. The Release from Deep Power-Down command requires the time duration
of tres1 (see Section 11.7, AC Electrical Characteristics) before accepting other commands. The cS pin must
keep high during the trggq time.

The Device ID can be read during SPI mode only. In other words, the Device ID feature is not available in QPI
mode for the Release Deep Power-Down/Device ID command. To obtain the Device ID in SPI mode, the
command is initiated by driving the cs pin low and sending the command code ABh followed by 3-dummy bytes.
The Device ID bits are then shifted on the falling edge of SCK with most significant bit (MSB) first, as shown
in Figure 49. After CS is driven high it must keep high for a time duration of tgeg, (see Section 11.7, AC Electrical
Characteristics). The Device ID can be read continuously. The command is completed by driving cs high.

If the Release from Deep Power-Down /Device ID command is issued while an Erase, Program, or Write cycle is
in process (when RDY/BSY equals 1), the command is ignored and does not have any effect on the current cycle.

Mode 3 0 1 2 3 4 5 6 7 Mode 3

}— Command (ABh) —{
st XXX/ N/ N\ XXXXXXXXX

Power-Down Current Stand-By Current

Figure 47. Release Power-Down Command (SPI Mode)

seck weeo ! |11 T Mods0
Co(rxg'f)nd

(o2 8 E / g X X X XX >_<
o X/ NXXXARKKKKRRXXRRAK
o X\ / XXXXXXXKKKXKKXXXX

o X/ NXRKXKXIKKAXX XA

Power-Down Current = Stand-ByCurrent

Figure 48. Release Power-Down Command (QPI Mode)
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0 1 2 3 4 5 29 30 31 32 33 34 35 36 37 38

}—7 Command (ABh)4+7 3 Dummy Bytes j

Si

(o XXOOKIKXKK

MSB -

Device ID

High-Impedance
SO 9 p

Power-Down Current

Figure 49. Release Power-Down / Device ID Command (SPI Mode)
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3 Device ID
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Figure 50. Release Power-Down / Device ID Command (QPI Mode)
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10.27 Read Security Register (48h)

This command is followed by a 3-byte address (A23-A0) and a dummy byte. In QPI mode, the number of dummy
cycles can be configured by the COh command. Each bit is 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 fr, during the
falling edge of SCK. The first byte addressed can be at any location. The address is automatically incremented to
the next higher address after each byte of data is shifted out. Once the A9-A0 address reaches the last byte of the
register (byte 3FFH), it resets to 000H. The command is completed by driving cs high.

Table 20. Security Register Structure

Address A23-A16 A15-A12 A11-A10 A9-A0
Security Register 1 00h 0001 00 Byte Address
Security Register 2 00h 0010 00 Byte Address
Security Register 3 00h 0011 00 Byte Address

CS

28 29 30 31

HCommand —>\<— 24-Bit Address —>

I SR I 0 SR0 000 =

High Impedance
SO g p

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode 3

«— Dummy Byte = —»

XXX XKLL

MSB Data Byte 1

SO 7T X6 X5 X4X3X2XTXO

MSB

Figure 51. Read Security Register, SPI Mode

o 1.2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16
SCK \

Co:\gf:]and A2316  A158 | AT Dummy” | /bata Out 1 ¢ Data Out2} DataOut3 ! Data Out 4

/AN OO OO0 0000 0/0.00 OCHNN

o 7\ BOECEO—E00000C

0,
0,
*=“Set Read Parameters” Command(COh)
Figure 52. Read Security Register, QPl Mode
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10.28 Erase Security Register (44h)

The AT25SL0321C / AT25QL0321C provides three 1024-byte Security Registers that 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 the Block Erase command. A Write Enable command must
previously have been executed to set the Write Enable Latch bit.

The Erase Security Registers command sequence is: cs goes low, sending Erase Security Registers command;
then, CS goes high. 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 (with a duration of tgg) is initiated. While the Erase Security Registers cycle is in
progress, the Status Register can be read to check the value of the Ready/Busy (RDY/BSY) bit. The Ready/Busy
(RDY/BSY) bit is 1 during the self-timed Erase Security Registers cycle; it is 0 when it is completed. 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 21. Security Register Structure

Address A23-A16 A15-A12 A11-A10 A9-A0
Security Register 1 00h 0001 00 Byte Address
Security Register 2 00h 0010 00 Byte Address
Security Register 3 00h 0011 00 Byte Address
CS \ /

Mode3d 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31

XY N/ \

}'7 Command (44h) |

MSB

Figure 53. Erase Security Register SPI| Mode
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Command
T A23-16 A15-8 A7-0
1 1

/a0 000 0.0V

SNl 00 00 00 VA

0 77\ KeXeXXXXeX L
NI/ 0.0,00 00V

' MSB " MSB " MSB

Figure 54. Erase Security Register QPI Mode
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10.29 Program Security Register (42h)

The Program Security Registers command is similar to the Page Program command. It allows from one byte to
1024 bytes of Security Register data to be programmed by four times (one time program 256 bytes). A Write
Enable command must previously have been executed to set the Write Enable Latch 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 3-byte address, and at least one data byte on Sl. As soon as CS is driven
high, the self-timed Program Security Registers cycle (with a duration of tpp) is started. While the Program
Security Registers cycle is in progress, the Status Register can be read to check the value of the Ready/Busy
(RDY/BSY) bit. The Ready/Busy (RDY/BSY) bit is 1 during the self-timed Program Security Registers cycle; itis 0
when it is completed. At some unspecified time before the cycle is completed, the Write Enable Latch bit is reset.

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

Table 22. Security Register Structure

Address A23-A16 A15-A12 A11-A10 A9-A0
Security Register 1 00h 0001 00 Byte Address
Security Register 2 00h 0010 00 Byte Address
Security Register 3 00h 0011 00 Byte Address

Cs —\

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

SCK Mode 0:

|«—— Command ——»{<——— 24-BitAddress ——»{<——— DataByte 1 ——]
/X 42h @K1y 3X 2 X1 XOXT X8 X5 X4 X3X2 X1 X0y

MSB MSB
CS /

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 2072 2073 2074 2075 2076 2077 2078 2079 Mode 3

SCK Mode 0

|«—— Data Byte 2 ———»|<«——— DataByte 3 |<«———Data Byte 256 ———~

066699000@66990@ 0666990@’/[

MSB

Figure 55. Program Security Register SPI Mode

CS
Mte3 O 1 2 3 4 5 6 7 8 9 10 N1 518 519  Mode 3
SCK
Command : ' H H H
42h A23-16 A15-8 A7-0 Data Byte 1 Data Byte 25 Data Byte 256
|OO ’ ’ ’ ’ '
10,
10,
10,
Figure 56. Program Security Register QPl Mode
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10.30 Read Serial Flash Discovery 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 JESDG68 on CFI. 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. Eight dummy clocks are also required in SPI mode. In QPI mode, the
number of dummy clocks can be configured by the Set Read Parameters (COh) command.

cs
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31

______ - .

SCK Mode 0 !
F——— Command (5ah) ———~}+————24.Bit Address —————]
st OO0\ (XX @@@C
MSB
High-Impedance

SO
cs

___'31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
SCK

—
i oeeoeeomnmomnmmmnnnw

Data Out 1 Data Out 2

so e e 7 66999000@99990@ 7

'MSB

‘<7 Dummy Byte

s

Figure 57. Read SFDP Register Command SPI Mode

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

SCK Mode 0 | NEEREREE RN
CO?A:and A23-16 i A15-8 i A7-0 ‘% Data Out 1 E Data Out2 Data Out3 Data Out 4

VA0 G0 000000000 NN

o L/ @Q@QQO eaeaeoa 1

10,
10,
MSB : ; MSB | MSB : MSB : MSB
*= “Set Read Parameters” Command(CO0h)
can set the number of dummy clocks
Figure 58. Read Serial Flash Discoverable Parameter QPI Mode
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10.31 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, 3-byte address, and
at least one data byte on Sl. If the 8 least significant address bits (A7-AQ) 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 8 least significant bits (A7-A0) are all zero). CS must be driven low for the duration of the

sequence. The Page Program command sequence is: CS goes low — send Page Program command — 3-byte
address on S| — at least 1 byte data on S| — 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 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 Ready/Busy
(RDY/BSY) bit. The Ready/Busy (RDY/BSY) bit is 1 during the self-timed 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 Page Program command applied to a page which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0)
bits are not executed.

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  Mode 0

‘<7 Command (02h) 4>‘<7 24-Bit Address 4>‘<7 Data Byte 1 4»‘

s X 0/00.0.0.0.6.0.0.00.a

2072
2073
2074
2075
2076
2077
2078
2079

39 40 41 42 43 44 45 46 47 48 4950 51 52 5354 55 @& & N N & & N N Mode3
SCK Mode 0

‘<7 Data Byte 2 4>‘<7 Data Byte 3 ‘

Data Byte 256 4»‘

S.00.6.0.660.0006.060.002a006060.000

MSB

Figure 59. Page Program Command (SPI Mode)

DS-AT25SL/QL0321C-217 Rev. E RENESAS Page 66
Nov 19, 2025 © 2025 Renesas Electronics



AT25SL0321C / AT25QL0321C Datasheet

© M~ 0 O
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 © b © b Mode3
SCK ' Mode 0
}“Q}%’{Am-m A15-8 AT7-0 Byte 1 Byte 2 Byte 3 iByte 255§Byte 2563
00000000000 000080
D 0HO0000006 000 06000
200000000000 000 BN
10, @3X9XIXEXTXXTEXTXD——DXEXTXXKK
Figure 60. Page Program Command (QPI Mode)
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10.32 Quad Page Program (32h)

The Quad Page Program command is for programming the memory using four pins: 10g, 104, 105, and 103. To use
Quad Page Program, the Quad enable in Status Register QE bit must be 1 (default for the AT25QL0321C). A
Write Enable command must previously have been executed to set the Write Enable Latch bit before sending the
Page Program command. The Quad Page Program command is entered by driving CS Low, followed by the
command code (32h), three address bytes, and at least one data byte on the I/O pins. The QE bit must be set to
enable.

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 Quad Page Program command is not executed.

As soon as CS is driven high, the self-timed Quad Page Program cycle (with a duration of tpp) is initiated. While
the Quad Page Program cycle is in progress, the Status Register can be read to check the value of the
Ready/Busy (RDY/BSY) bit. The Ready/Busy (RDY/BSY) bit is 1 during the self-timed Quad Page Program cycle;
it 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 which is protected by the Block Protect (BP4, BP3,
BP2, BP1, BPO) bits is not executed.

Mogde0O O 1 2 3 4 5 6 7 8 30 31 32 33 34 35 36 37 38 39

| «——— Command ——p}<«——  24-bit address

10, :X 23 X23X 22 o

MSB

High Impedance

10,

0, High Impedance
10, High Impedance

iMSB  iMsB iMsB ivsB !
Byte1 Byte2 Byte3 Byte4
CS
40 41 42 43 44 45 46 47 48 . 535536 537 538 539 540 541 542 543 Mode 0
SCK A

! High Impedance

10,
10,
10,
Byte 5 Byte6 Byte7 Byte8 Byte 253 Byte 254 Byte 255 Byte 256
Figure 61. Quad Page Program Command (SPI mode)
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10.33 4-kB Block Erase (20h)

The 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 Block Erase command is entered by driving
CS low, followed by the command code and 3-address bytes on Sl. Any address inside the block is a valid
address for the Block Erase command. CS must be driven low for the duration of the sequence.

The Block Erase command sequence is: [ goes low — sending Block Erase instruction — 3-byte address on Sl
—CS goes high. CS must be driven high after the eighth bit of the last address byte has been latched in;
otherwise, the Block Erase command is not executed. As soon as CS is driven high, the self-timed Block Erase
cycle (with a duration of tgg) is initiated. While the Block Erase cycle is in progress, the Status Register can be
read to check the value of the Ready/Busy (RDY/BSY) bit. The Ready/Busy (RDY/BSY) bit is 1 during the self-
timed Block Erase cycle; it is 0 when it is completed. At some unspecified time before the cycle is completed, the
Write Enable Latch bit is reset. A Block Erase command applied to a Block that is protected by the Block Protect
(BP4, BP3, BP2, BP1, BPO) bits is not executed.

cs 1\ /

Mde3 O 1 2 3 4 5 6 7 8 9 29 30 31 Mode3
SCK Mode 0' Mode 0
. ST TTT-T-=- rT T
1 1
|«——— Command —:~ 24-Bit Address—»:
]

sI 777X T © S 000 vV

| MSB

Figure 62. 4-kB Block Erase Command (SPI Mode)
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Figure 63. 4-kB Block Erase Command (QPI Mode)
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10.34 32-kB Block Erase (52h)

The 32 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 32 kB Block Erase command is entered by
driving CS low, followed by the command code and a 3-byte address on SI. Any address inside the block is a valid
address for the 32 kB Block Erase command. CS must be driven low for the duration of the sequence.

The 32 kB Block Erase command sequence is: [ S goes low — sending 32 kB Block Erase instruction — 3-byte
address on S| — CS 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 (with a duration of tgg) is initiated. While the Block Erase cycle is in progress, the Status
Register can be read to check the value of the Ready/Busy (RDY/BSY) bit. The Ready/Busy (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 bit is reset. A 32 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 Mode3

SCKI:/IO-de-O-'|||||||||||||||||||| ||||||Mode0
1 1
1 1
24-Bit Address ——»!

j«—— Command

s 777X TR © O I 000 V4

1 MSB

High-Impedance
SO

Figure 64. 32-kB Block Erase Command (SPI Mode)
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Figure 65. 32-kB Block Erase Command (QPI Mode)
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10.35 64-kB Block Erase (D8h)

The 64kB 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 64 kB Block Erase command is entered by
driving CS low, followed by the command code and a 3-byte address on SI. Any address inside the block is a valid
address for the 64kB Block Erase command. CS must be driven low for the entire duration of the sequence.

The 64 kB Block Erase command sequence is: [ S goes low, sending 64 kB Block Erase command and a 3-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 64kB Block Erase command is not executed. As soon as CS is driven high, the self-timed Block
Erase cycle (whose 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 Ready/Busy (RDY/BSY) bit. The Ready/Busy (RDY/BSY) bit is 1 during the self-
timed Block Erase cycle; it is 0 when it is completed. At some unspecified time before the cycle is completed, the
Write Enable Latch bit is reset. A 64 kB Block Erase command applied to a block that is protected by the Block
Protect (BP4, BP3, BP2, BP1, BPO) bits (see Table 6-Table 7) is not executed.

SN e

_Mode3 0 1 2 3 4 5 6 7 8 9 20 30 31 Mode3

SCK Mode 0 ! || |||| ||| |||| ||| ||| ||| | Mode 0
[~——— Command (D8h) ————~}+—— 24-BitAddress ——

st QXX S (2 XX o XXXXX

MSB
High-Impedance
SO
Figure 66. 64-kB Block Erase Command (SPI Mode)
cs 0\ /
Mode 3 _ 0o 1 2 3 4 5 6 7 _ _Mode 3_
SCK Mww'lllllllllllHlll Mode 0
Cogg;am? A23-16 | A15-8 | A7-0 |
100 777 \_KeXeoXeX XXX 7
0 77\ JeXoXaX XXX/ 77
10 /// \_KeeXieXuXioXe X2 X/ / /
0= ///  XXoXsXX X3 XL L/
" MSB ° . .
Figure 67. 64-kB Block Erase Command (QPI Mode)
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10.36 Chip Erase (C7h / 60h)

The Chip Erase command clears all bits in the device to FFh (all 1s). Before the Chip Erase Command, a Write
Enable command must be issued. The command is initiated by driving the CS pin low and shifting the command
code C7h or 60h. See Figure 68.

The CS pin must go high after the eighth bit of the last byte has been latched in; otherwise, the Chip Erase
command is not executed. After CS is driven high, the self-timed Chip Erase command commences for a duration
of tce. See Section 11.7, AC Electrical Characteristics.

While the Chip Erase cycle is in progress, the Read Status Register command can 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 Write Enable Latch (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; it is ignored if one or more blocks are protected.

=\ ST TN

Mode 3 0 1 2 3 4 5 6 7 Mode3 Mode 3 0 1 Mode 3

-1

- 1
SCK Mode 0 ' Mode 0 SCK  Modeo Mode 0

1

~——Command (C7h/60h)— Commend

st X0/ \ / NOXX 100 X\ / NXXX
High Impedace o1 X\, /XXX

SO
2 X7 K
o X/ /XXX
Figure 68. Chip Erase Command for SPI Mode (left) and QPI Mode (right)
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10.37 Erase / Program Suspend (75h)

The Program/Erase Suspend command instructs the system to interrupt a Page Program or a Block Erase
operation. (The time between the Program/Erase command and the Program/Erase Suspend command is
tps/tes)- After the program operation has entered the suspended state, the memory array can be read except for
the page being programmed. After the erase operation has entered the suspended state, the memory array can
be read or programed, except for the 4kB/32kB/64kB block being erased. A Write Status Register operation
cannot be suspended.

Table 23. Readable Area of Memory While a Program Operation is Suspended

Suspended Operation Readable Region of Memory Array
Page Program All but the Page being programmed
Quad Page Program All but the Page being programmed

Table 24. Readable or Programmable Area of Memory While an Erase Operation is Suspended

Suspended Operation Readable or Programmable Region of Memory Array
Erase (4 kB) All but the Block being erased
32 kB Block Erase All but the 32 kB Block being erased
64 kB Block Erase All but the 64 kB Block being erased

When the AT25SL0321C / AT25QL0321C 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 sets to 1; after which, the device is
ready to accept one of the commands listed in Table 25. See Section 11.7 for tpg, and tgg timings. Table 25 lists
the commands for which the tpg and tgg| latencies do not apply. For example, “05h”, “66h” and “99h” can be
issued at any time after the Suspend command.

Status Register bit 15 (SUS2) and bit 10 (SUS1) can be read to check the suspend status. The SUS2 (Program
Suspend Bit) sets to 1 when a program command is suspended. The SUS1 (Erase Suspend Bit) sets to 1 when
an erase operation is suspended. The SUS2 or SUS1 clears to 0 when the program or erase command is
resumed.

Table 25. Acceptable Commands During Program Erase Suspend after tPSL/AESL

Suspend Type
Command Name Command Code
Program Erase
Write Enable 06h * *
Write Disable 04h * *
Read Data 03h * *
Fast Read 0Bh * *
Dual Output Fast Read 3Bh * *
Quad Output Fast Read 6Bh * *
Dual I/O Fast Read BBh * *
Quad /O Fast Read EBh * *
Quad I/0 Word Fast Read E7h * *
Set Burst with Wrap 77h * *
Read Mftr/Device ID 90h * *
Dual I/O Read Mftr/Device ID 92h * *
Quad I/0 Read Mftr/Device ID 94h * *
Read JEDEC ID 9Fh * *
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Table 25. Acceptable Commands During Program Erase Suspend after tPSL/tESL (Continued)

Read Unique ID Number 4Bh * *
Release Power-Down/Device 1D ABh * *
Read Security Registers 48h * *
Read SFDP 5Ah * *
Page Program 02h *
Quad Page Program 32h *
Program/Erase Resume 7Ah * *

Table 26. Acceptable Commands During Suspend (tPSL/tESL not required)

Suspend Type
Command Name Command Code
Program Erase
Read Status Register 1 05h * *
Read Status Register 2 35h * *
Read Status Register 3 15h * *
Enable Reset 66h * *
Reset Device 9%h * *
— —_—
S \ / |\
tF’SL tESL >
Mode 3 _ o 1 2 3 4 5 6 7 I e e oo — A Mode3 _ ____._
SCK' wodeo" Mode 0
je— Command ——»

St ///X 7sh XL LS

High-Impedance

SO
—
Accept commands
Figure 69. Erase Suspend Command (SPI Mode)
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SCK  Modeo'! Mode 0

Command
75h

o, L1/ \LLLLLII///]

o, /L \LLLSSSYV//S

. Ll \LLLLLV LS

o, //\_ [/ /7777

_>
Accept commands

Figure 70. Erase Suspend Command (QPI Mode)

10.38 Erase / Program Resume (7Ah)

The Erase/Program Resume command 7Ah is used to restart the Block Erase operation or the Page Program
operation after an Erase/Program Suspend (75h). The Resume command 7Ah is accepted by the device only if
the SUS bit in the Status Register is set and the RDY/BSY bit is cleared.

After the 7Ah command is issued, hardware clears the SUS bit immediately and sets the RDY/BSY bit within 200
ns. The block completes the erase operation or the page completes the program operation. If either the SUS bit is
cleared or the RDY/BSY bit is set, the Resume command 7Ah is ignored by the device.

The Resume command cannot be accepted if the previous Erase/Program Suspend operation was interrupted by
unexpected power-off. It is also required that a subsequent Erase/Program Suspend command not be issued
before a minimum time of tgrg or tprg (for Erase or Program respectively) has elapsed since the previous Resume
command (See Figure 71). In other words, if a Erase/Program operation is suspended multiple times, the host is
required to resume for a period of at least tgrg or tprg before issuing a subsequent suspend request.

SCK Modeo'|||||||||||||||| ' Mode 0

I
je—— Command ——» !
I

sl 77X 7Ah X/ /

1 Resume previously
. suspended program
High-Impedance P Prog

or erase
SO

Figure 71. Erase / Program Resume Command (SPI Mode)
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11. Electrical Characteristics

1.1 Absolute Maximum Ratings
Table 27. Absolute Maximum Ratings '

Parameter Symbol Conditions Range Unit
Supply Voltage Vee -0.6 to V¢ +0.6 \
Voltage Applied to Any Pin Vio Relative to Ground -0.6 to V¢ +0.6 \Y
Transient Voltage on any Pin Vior <20ns 'It'(l;agii)eun:dRelative -1.0Vto Vg +1.0V \
Storage Temperature Tste -65 to +150
Lead Temperature TLEAD See Note 2
Electrostatic Discharge Voltage Vesp Human Body Model 3 -2000 to +2000 \Y

1. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. The “Absolute Maximum
Ratings” are stress ratings only and functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability. Voltage extremes referenced in the “Absolute Maximum Ratings” are intended to accommodate short duration
undershoot/overshoot conditions and does not imply or guarantee functional device operation at these levels for any extended period of

time.

2. Compliant with JEDEC Standard J-STD-20C for small body Sn-Pb or Pb-free (Green) assembly and the European directive on restrictions

on hazardous substances (RoHS) 2002/95/EU.
3. JEDEC Std JESD22-A114A (C1=100 pF, R1=1500 ohms, R2=500 ohms).

11.2 Operating Ranges

Table 28. Device Operating Rate

Parameter Symbol Conditions Min Max Unit
Supply Voltage Vee Fr = 133 MHz (Single/Dual/Quad SPI) 165 195 y
fr = 100 MHz (Read Data 03h)

Ambient Operating Temperature Ta Industrial -40 +85 °'C

11.3 Latch-up Characteristics
Table 29. Latch-up Characteristics
Parameter Min Max Unit

Input Voltage with respect to GND on I/O Pins -1.0 Ve + 1.0 \Y,

Ve Current -100 +100 mA
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11.4 Power-Up Timing and Write Inhibit Threshold

Table 30. Power-up Timing and Write Inhibit Threshold Parameters

Parameter Symbol Min Typ Max Unit
Ve (min) to Full Operation Permitted tysL 1 ms
Write Inhibit Threshold Voltage Vwi 1 1.4 \
Ve Rise Time (from 0 V to V¢ min) tvr 1 6000 ps/V
Ve minimum time duration below Vpypuax to
guarantee reset tPwp 300 HS
V¢ level below which a reset is guarantee VpwDMAX 0.2 \%
VCC
A
Vg MaX [ R
tr | §
Veemin | o
tVSL Full Operation Permitted
Time
Figure 72. Power-up Timing and Voltage Levels
VCC
A
Ve max
V¢ min
) tVSL V‘Full Operation Permitted
VPWDMAX
towo e
Time !
Figure 73. Power-up Timing After Brown-Out
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11.5 DC Electrical Characteristics
Table 31. DC Electrical Characteristics for -40 °C to +85 °'C

Parameter Symbol Condition Min Typ! Max Unit
Input Leakage I +2 MA
I/0 Leakage Lo 12 pA
Standby Current lect Vie SSGT\I\D/CO?VCC 75 30 uA
Deep Power-Down Current lceo Vi Sz;g %Cr,VCC 0.3 5 pA
Current Read Data/ C=0.1Vee /0.9 Ve 2 4 mA
Dual/Quad 80 MHz 10 = Open (*1, *2, *4 10)
Current Read Data/ loo3 C=0.1Vee /0.9 Ve 3 5 mA
Dual/Quad 133 MHz 10 = Open (*1, *2, *4 10)
Current Page Program lcca CS=Vce 25 6 mA
Current Write Status Register lccs CS= Vee 3 9 mA
Current Block Erase (4 kB) lcce CS =Vee 3 75 mA
Current Block Erase (32/64 kB) lccr CS =Vee 3 75 mA
Current Chip Erase lccs CS= Vee 3 75 mA
Input Low Voltage VL -0.5 Vee x0.2 \Y
Input High Voltage V4 Vee x0.8 Ve + 0.4 \Y
Output Low Voltage VoL loL = 100 pA 0.4 \Y
Output High Voltage VoH lon =-100 pA Vee-0.2 \Y

1. Typical values measured at 1.8 V at 25 °C.
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11.6 AC Measurement Conditions

Table 32. AC Measurement Conditions

Parameter Symbol Min Max Unit
Load Capacitance CL 30 pF
Input Rise and Fall Times TR, TF 5 ns
Input Pulse Voltages VIN 0.1 Ve
Input Timing Reference Voltages IN 0.5 Ve
Output Timing Reference Voltages ouT 0.5 Ve

1. Output Hi-Z is defined as the point where data out is no longer driven

Input Timing Output Timing
Reference Levels Reference Levels

0.9V,
--=-X---05V_ --=-X---05V,
0.1V,

cc

Figure 74. AC Measurement I/O Waveform
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11.7 AC Electrical Characteristics
Table 33. AC Electrical Characteristics for -40 °C to +85 'C

Parameter Symbol Min Typ! Max Unit
Clock frequency for all commands, except Read Data command (03h) Fr D.C. 133 MHz
Clock freq. Read Data command in SPI mode (03h) fr D.C. 100 MHz
Clock High, Low Time teLns tol (‘11'/5;{:) ns
Clock Rise Time peak to peak toLcn® 0.2 Vins
Clock Fall Time peak to peak tcheL® 0.2 Vins
CS Active Setup Time relative to Clock tsLcH 5 ns
CS Active Hold Time relative to Clock tcHsH 5 ns
CS Not Active Setup Time tsSHCH 5 ns
CS Not Active Hold Time teHsL 5 ns
CS High Time (read/write) tspsL 20 ns
Output Disable Time tsHaz® 8 ns
Output Hold Time tcLax 2 ns
Data In Setup Time toveH 2 ns
Data In Hold Time tcHDX 2 ns
HOLD Active Setup Time relative to Clock tuLon® 5 ns
HOLD Not Active Setup Time relative to Clock tuncr 5 ns
HOLD Not Active Hold Time relative to Clock topnL S 5 ns
HOLD Active Hold Time relative to Clock tenne® 5 ns
HOLD Low to High-Z thLaz® 6 ns
HOLD Low to Low-Z thHax® 6 ns
Clock Low to Output Valid tcLav 7 ns
Write Protect Setup Time Before CS Low twHsL 20 ns
Write Protect Setup Time After CS High tsHwL 100 ns
CS High to Power-Down Mode top 3 s
cs High to Standby Mode without tees: 20 us
Electronic Signature Read
CS High to Standby Mode with ) 20 s
Electronic Signature Read RES2 H
Erase Suspend Latency tesL 45 us
Program Suspend Latency tpsL 25 us
Latency between Program Resume and next Suspend® tprs 45 us
Latency between Erase Resume and next Suspend® ters 16000 us
cs High to next Command after Reset in standby/read 1 us
CS High to next Command after Reset in program/erase/write SR trRsT 50
cs High to next Command after Reset in Deep Power-Down 30
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Table 33. AC Electrical Characteristics for -40 °C to +85 'C (Continued)

Parameter Symbol Min Typ! Max Unit
Write Status Register Cycle Time tw 4 25 ms
Byte Program Time (first byte) 2 tep1 50 500 us
Byte Program Time (after first byte) 24 tepo 1.18 3.9 us
Page Program Time (256 bytes) 2 tpp 0.350 1.5 ms
Block Erase Time (4 kB) 2 tae 20 250 ms
Block Erase Time (32 kB) 2 teE" 85 350 ms
Block Erase Time (64 kB) 2 tge2 160 550 ms
Chip Erase Time tce 10.5 20 s

1. Typical value is measured at 1.8 V, 25 °C.

2. Unless specified otherwise, maximum is worst case after 100 K cycles.

3. Value guaranteed by design and/or characterization, not 100% tested in production.

4. The time to program N bytes can be calculated as follows: tgp4 + (N-1) * tgpo.

5. For tprg, there must be minimum timing before issuing the next program suspend command.
6. For tgrg, there must be minimum timing before issuing the next erase suspend command.

11.8 Input Timing

tSHSL
CS _ /( _
tCHSL tSLCH _ tCHSH ‘ ‘tSHCH
SCK 1 U _\_ x_
tDVCH l tcp—mx tCLCH tCHCL
S| MSB >< LSB >< X
SO High-Impedance

11.9 Output Timing

C_S _____ tSHQZ
SCK oo i, ot VA
toiav toiav
tCLQX tCLQX _____ 1 tQLQH -
SO _® N LSB
e tQHQL ~

s X
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11.10 Hold Timing

A aVaata s
o TTTTTTX X YO N
HOLD L )

11.11 WP Timing

Cs ’ N\
fhst tshwL

W LI \
ok [ A S UL
10 { }
input >< f >< ><
Write Status Register is not allowed
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12. Ordering Information

AT25SL 0321 C -

Designator

Product Family

25SL = Quad SPI not enabled by default (QE = 0)
25QL = Quad SPI enabled by default (QE = 1)

Device Density
0321 = 32-Megabit

U

L oy B

L
r

E-T
Shipping Carrier Option
B = Bulk (tubes)
T = Tape and reel
Operating Voltage

E =165Vt01.95V

Device Grade
U = Green, Matte Sn or Sn alloy

Generation Package Option
M = 8-pad, 5 x 6 x 0.8 mm DFN
MA = 8-pad, 2 x 3 x 0.6 mm DFN
MB = 8-pad, 3 x4 x 0.6 mm DFN
S = 8-lead, 208-mil Wide SOIC
SS = 8-lead, 150-mil Narrow SOIC
UD = 8-ball, WLCSP
. Lead Operating Max. Operation
[1]
Ordering Code Package Finish Voltage Freq. Range
AT25SL0321C-MUE-T
8-pad, 5 x 6 x 0.8 mm, DFN
AT25QL0321C-MUE-T
AT25SL0321C-MAUE-T
8-pad, 2 x 3 x 0.6 mm DFN
AT25QL0321C-MAUE-T
AT25SL0321C-MBUE-T . .
8-pad, 3 x 4 x 0.6 mm DFN Sn alloy 40 'Cto85°C
AT25QL0321C-MBUE-T (Industrial
1.65V-1.95V | 133 MHz
AT25SL0321C-SUE-T . Temperature
8-lead, 208-mil Wide SOIC R
AT25QL0321C-SUE-T ange)
AT25SL0321C-SSUE-T .
8-lead, 150 mil Narrow SOIC
AT25QL0321C-SSUE-T
AT25SL0321C-UDUE-TI2]
8-ball, WLCSP SnAgCu
AT25QL0321C-UDUE-T[
1. The shipping carrier option code is not marked on the devices.
2. Three lot package qualification in progress.
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13. Packaging Information

13.1 8-Pad, 2 x 3 x 0.6 mm DFN

D

PIN 1#

/ Laser Mark I:I

EXPOSED THERMAL

TOP VIEW PAD ZONE

Ol ot

Al

SIDE VIEW

Notes: 1. The exposed thermal pad is not electrically connected.
2. It is recommended that the exposed thermal pad be tied to system ground to minimize
the possibility of EMI related issues. It is also recommended for mechanical stability.

LENESAS

E2

BOTTOM VIEW

MILLIMETER
SYMBOL
MIN NOM MAX
A 0.50 | 0.55 | 0.60
Al 0 0.02 | 0.05
b 0.20 | 025 | 0.30
bl 0. 18REF
c 0. 152REF
D 1.90 | 2.00 | 2.10
D2 1.30 | 1.40 | 1.50
e 0. 50BSC
Nd 1. 50BSC
E 2.90 | 3.00 | 3.10
E2 1.20 | 1.30 | 1.40
L 0.40 | 045 | 0.50
R 0. 25REF
K 0. 40REF
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13.2 8-Pad, 3 x4 x 0.6 mm DFN

° e
K ; | 1 e
\ ! ‘
| U gidu
| i S
| 0 o
| b w
B R — i T e S, = S s e e S
e ! h
|
| |
|
| J) 000 (
| I
1 2 o 2 1
[ i
Nd
TOP VIEW BOTTOM VIEW
MILLIMETER
SYMBOL
| MIN | NOM | MAX
! A 0.50 055 | 0.60
} A1 0 [ 002] 005
L | < b 0.25 | 030 | 0.35
— ] 1 1 ] l b1 0.20REF
T | c 0.10 0.15 | 0.20
o ‘ Z D 390 | 4.00 | 4.10
D2 0.70 | 0.80 0.90
SIDE VIEW . 0.808SC
el 0.80BSC
Nd 2.40BSC
E 2.90 3.00 3.10
E2 0.10 0.20 0.30
L 0.55 060 | 0.65
Notes: 1. The exposed thermal pad is not electrically connected. L1 0-05REF
&) E N ESAS 2. Itis recommended that the exposed thermal pad be tied to system ground to minimize L2 0.10REF
the possibility of EMI related issues. It is also recommended for mechanical stability. h 0.10 | 0.15 | 0.20
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13.3 8-Pad, 5 x 6 x 0.8 mm DFN

D
Nd
i |
| - J U U
| D2
‘ 0
|
|
7,7,7,7,T,7,7,7,7m = S
| h
|
PIN 1 =
'/méwm 0
|
‘ //\
|
1 2 ‘ EXPOSED THERMAL
PAD ZONE b e bl
TOP VIEW BOTTOM VIEW
MILLIMETER
© SYMBOL
2 << MIN | NOM | MAX
UJ UJ Ul ' A 0.70 | 0.75 | 0.80
* Al 0 0.02 | 0.05
SIDE VIEW b 0.35 | 0.40 | 045
bl 0. 25REF
c 0.18 | 0.203 | 0.25
D 4.90 | 5.00 | 5.10
Notes: 1. The exposed thermal pad is not electrically connected.
2. It is recommended that the exposed thermal pad be tied to system ground to minimize Nd 3.81 BSC
the possibility of EMI related issues. It is also recommended for mechanical stability.
e 1.27 BSC
E 590 | 6.00 | 6.10
D2 3.90 | 4.00 | 4.10
E2 3.30 | 3.40 | 3.50
LENESAS L | 055|060 065
h 0.30 | 0.35 | 0.40
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13.4 8-Lead, 208-mil Wide SOIC

D
1 i !
1 A3 ; \
1 Jf A2 A ‘
T < g\
o A1 ) V' | -t
Side View Cross Section : Lh—]
) R
10,00 L
| BASE METAL Ry
. WITH PLATING
! SECTION B-B
|
! MILLIMETER
1 R S M Y SYMEOL U Trow | wax
i A - | - |21
i A1 005 | - | 025
O I A2 | 170 | 1.80 | 1.90
i A3 | 075|080 | 0.85
H o b 041 | - | o050
i:ii’ b1 0.40 | 0.43 [ 0.46
b— — . 8 B c |o2| - |o2s
Top View ¢t | o019 | 020 | 021
D 513 | 5.23 | 5.33
Et |518|528] 538
E 7.80 | 7.90 | 8.00
e 1.27 BSC
L 0.50 | 0.65 | 0.80
L1 1.31 REF.
RENESAS o |o] - |+
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13.5 8-Lead, 150-mil Narrow SOIC

| D N |
bt h
/ \ﬁ; A2 A \_r 0.25
1 C L
N ﬁ 0 __J L |e—o
SIDE VIEW L1
EDGE VIEW
o b
/ cl ¢
BASE METAL 1
E1 E WITH PLATING
O SECTION B-B
MILLIMETER
— SYMBOL
E' H H ] MIN | NOM | MAX
\_ L— A _ _ | 175
o [ L. ]
o e B B A1 010 | _ | 0.225
A2 1.30 | 1.40 | 1.50
TOP VIEW
A3 0.60 | 0.65 | 0.70
b 039 | _ | 047
b1 0.38 | 0.41 | 0.44
c 020 | _ | o024
c1 0.19 | 0.20 | 0.21
D 480 [4.90 |5.00
E 5.80 |6.00 |6.20
E1 3.80 | 3.90 | 4.00
e 1.27BSC
h 025| _ | os0
L 050| _ | o080
L1
RENESAS —— -
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13.6 8-Ball, WLCSP

d1 d

A1

n*e

|
J
®§

D

A1 INDEX AREA

e

Ll
SCK
(0]
®
110, —
q) r
BOTTOM VIEW TOP VIEW NOTCH DIRECTION
(BALL SIDE) (MARK SIDE)
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
SYMBOL ITEM MIN NOM MAX
A PACKAGE HEIGHT 0.525 0.562 0.599
2 A1 BALL HEIGHT 0.198 0.218 0.238
7(} (}7 A2 WAFER THICKNESS 0.305 0.319 0.333
BACKSIDE FILM

< A3 THICKNESS 0.022 0.025 0.028
N (0] BALL DIAMETER 0.238 0.258 0.278
‘ < D PACKAGE SIZE X 1.226 1.241 1.256
E PACKAGE SIZE Y 1.546 1.561 1.576

2 d MIN BALL PITCH X 0.400

SIDE VIEW 1 MIN BALL CENTER TO 0.420

PACKAGE SIZE X AXIS .
e MIN BALL PITCHY 0.400
MIN BALL CENTER TO
el PACKAGE SIZE Y AXIS 0180
n BALL COUNT 8
RENESAS
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14. Revision History

Revision Level

Date

Change History

A

7/2024

Initial release.

9/2024

Changed ‘Write in Progress (WIP)' to ‘Ready/Busy (RDY/BSY).’

In Table 2 Status Register-1, changed “Erase or Write in Progress” to “Erase or Program in Progress.”
Updated Figure 71 ‘Power-Up timing and Voltage Levels.’

Corrected Figure 2 ‘8-WLCSP (Bottom, Ball-Side View).’

Corrected Typical Block Erase times in Features section.

Corrected Typical Active Read Current in Features section.

Added “default” to 50% value in Driver Strength column of Table 7 ‘Status Register Protection.’
Updated Table 8 ‘Status Register Memory Protection (CMP=0).’

Updated Table 9 ‘Status Register Memory Protection (CMP=1).’

Updated Table 11 ‘Command Set Table 1 (Standard/Dual/Quad SPI Commands).’

Updated Table 13 ‘Command Set Table 3 (QPI Commands).’

Updated section 10.38 ‘Erase / Program Resume (7Ah).’

Removed Section 11.3 ‘Endurance and Data Retention.’

Added Figure 72 ‘Power-up Timing After Brown-out.’

Added parameters to Table 29 ‘Power-up Timing and Write Inhibit Threshold Parameters.’
Updated footnotes for Table 30 ‘DC Electrical Characteristics for -40 °C to +85 "C.’

Made corrections to notes and data in Table 32 ‘AC Electrical Characteristics for -40 °C to +85 "C.’
Changed ‘UDFN’ to ‘DFN.’

Added notes regarding the exposed thermal pad to the ‘8-Pad 2 x 3 x 0.6 mm DFN,’ ‘8-Pad, 3 x4 x 0.6
mm DFN,” and ‘8-Pad 5 x 6 x 0.8 mm DFN’ PODs.

02/2025

Changed instances of “Vgg” to “GND.”

Added note to “Contact Renesas Electronics for Availability” regarding the WLCSP package.

Added Figure 3 ‘8-SOIC Top View’ to Section 2 ‘Pinouts and Pin Descriptions.’

Removed Figure 2 ‘8-WLCSP (Bottom, Ball-Side View) from Section 2 ‘Pinouts and Pin Descriptions.’
Updated Section 6.1.1 ‘Operating Supply Voltage.’

Updated Section 7 ‘Status Registers.’

Corrected Write Status Register 2 opcode and clarified status register bit designations in Table 11
‘Command Set Table 1 (Standard/Dual/Quad SPI Commands)’ and Table 13 ‘Command Set Table 3
(QPI Commands).’

Updated Section 10.14.1 ‘Continuous Read Mode.’

Updated title and corrected Figure 26 ‘Fast Read Dual /O Command (first time or after previous
command has Mode bits M5-4 not equal to 1,0).’

Corrected Figure 27 ‘Fast Read Dual I/O Sequence Diagram (previous M5-4 = 1,0) SPI Mode Only.’
Updated Section 10.15 ‘Fast Read Quad I/O (EBh).’
Updated Section 10.15.1 ‘Continuous Read Mode.’

Updated title of Figure 28 ‘Fast Read Quad I/O Command (first time or after previous command has
mode bits M5-4 not equal to 1,0; SPI Mode).’

Updated title of Figure 30 ‘Fast Read Quad I/O Command (first time or after previous command has
mode bits M5-4 not equal to 1,0; QPI mode).’

Updated Figure 71 ‘Power-Up Timing and Voltage Levels.’
Updated footnotes for Table 30 ‘DC Electrical Characteristics for -40 °C to +85 °C.’

Updated the ‘AT25SL0321C / AT25QL0321C-UBUE-T’ ordering code to ‘AT25SL0321C /
AT25QL0321C-UDUE-T”

Removed Section 13.6 WLCSP POD.
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Revision Level Date Change History

Added AT25QL0321C data to document.

Removed ‘Advance’ from document status.

Updated device voltage range from 1.65-2.00 V to 1.65t0 1.95 V.
Updated Section 1 ‘Product Overview.’

Updated Table 1 ‘Pin Descriptions.’

Added a footnote to Table 2, 3, and 4 in Section 7 ‘Status Registers.’

Updated Table 6 ‘Dummy Configuration Matrix.’
Updated Section 9 ‘Device Identification.’

D 09/2025 i i
Updated Table 10 ‘Manufacturer and Device ID Information for the AT25SL0321C.’
Added Table 11 ‘Manufacturer and Device ID Information for the AT25QL0321C.’
Updated Table 18 ‘Encoding of the P[5:4] Bits.’
Corrected Table 28 ‘Device Operating Rate.’
Updated Table 31 ‘DC Electrical Characteristics for -40 °C to +85 °C.’
Updated Table 33 ‘AC Electrical Characteristics for -40 °C to +85 °C.’
Added footnote 2 to the Ordering Codes table in Section 12 ‘Ordering Information.’
Added WLCSP POD to Section 13.6.
Corrected Deep Power Down and Active Read Current (Typical) values on the front page.
Updated Section 5.1 ‘Standard SPI Operation.’

E 11/2025 . .
Updated Section 6.1.1 ‘Operating Supply Voltage.’
Corrected decoder ring in Section 12. ‘Ordering Information.’
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