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XTR
Serial NOR Flash Memory

1.8V Multi 1/0 with 4KB, 32KB & 64KB Sector/Block Erase

1.8V QUAD IO Serial Flash XT25Q512F

B 512M-bit Serial Flash Erase/Program Suspend/Resume
Allows XIP (eXecute In Place) operation
*  64M-byte i .
*  High speed Read reduce overall XIP instruc-
e 256 bytes per programmable page . .
tion fetch time
Support SFDP table . .
Continuous Read With 16/32/64-byte Wrap
Standard, Dual, Quad SPI, DTR . L
Temperature Range & Moisture Sensitivity
e Standard SPI: SCLK, CS#, Sl, SO, WP#, L evel
eve
HOLD#, RESET# .
e Industrial Level Temperature. (-40<C to
e Dual SPI: SCLK, CS#, 100, 101, WP#,
+85<C), MSL3
HOLD#, RESET# .
e Industrial Plus Level Temperature. (-40<C to
e  Quad SPI: SCLK, CS#, 100, 101, 102, 103
+105<C), MSL3
¢ QPIL: SCLK, CS#, 100, 101, 102, 103 .
Power Consumption
*  SPI/QPI DTR (Double Transfer Rate) Read
. . . 4uA typ. Deep Power-Down current
B Flexible Architecture
Single Power Supply Voltage
e Sector of 4K-byte g PRl 9
e 1.7-2.0V
*  Block of 32/64K-byte
. Endurance and Data Retention
B Advanced security Features o
. . . e Minimum 100,000 Program/Erase Cycle
e 3 x1024 Bytes Security Registers With OTP
e 20-year Data Retention typical
Lock
. . High Speed Clock Frequency
Support 128 bits Unique 1D ]
. . . 104MHz for fast read with 30 pF load
Software/Hardware Write Protection ]
. . . e Dual I/O Data transfer up to 266Mbit/s
e Write protect all/portion of memory via soft-
are e Quad I/O Data transfer up to 416Mbit/s
w
. . . . e QPI Mode Data transfer up to 416Mbit/s
e Enable/Disable protection with WP# Pin
. e DTR Quad I/O Data transfer up to 640Mbit/s
e Top or Bottom Block Protection
. . Program/Erase Speed
B Data integrity Check ] )
. . . . Page Program time: 0.4ms typical
*  On-chip ECC (1-bit Correction every 8-byte)
. e Sector Erase time: 45ms typical
*  CRC detects accidental changes to raw data
] e Block Erase time: 0.15s/0.3s typical
B Package Options

Rev 1.2

e See 1.1 Available Ordering OPN
e All Pb-free packages are compliant RoHS,
Halogen-Free and REACH.

e Chip Erase time: 240s typical
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1. GENERAL DESCRIPTION

The XT25Q512F (512M-bit) Serial flash supports the standard Serial Peripheral Interface (SPI), and supports the
Dual/Quad SPI: Serial Clock, Chip Select, Serial Data 1/00 (SI), 1/01 (SO), 1/02 (WP#), and 1/03 (HOLD# / RESET#).

1.1. Available Ordering Part Numbers (OPN)

OPN Package Type Package Carrier
XT25Q512FSFIGA SOP16 300mil Tray
XT25Q512FSFHGA SOP16 300mil Tray
XT25Q512FBGIGA BGA 24 Tray
XT25Q512FBGHGA BGA 24 Tray
XT25Q512FWSIGA WSONS8 8x6mm Tray

XT25Q512FWSHGA WSONS8 8x6mm Tray

1.2. Connection Diagram

HOLD# O
SCLK
/103 1 6] ]
vee | 2 15[ s1/100

ReseT#[_] 3 1] NC
Ne 14 13[_] NC

Top View

ne s 12[_] NC

cst |7 10[__] Vss
sono1l__] s 9 L] wp#no2

16-pin SOP

Rev 1.2 Jul 25, 2024 Page 6



X5

1.8V QUAD 10O Serial Flash

XT25Q512F

CS#

SO(101)

WP#(102)

VSS

CS#

SO(101)

WP#(102)

VSS

(98]

0o O Oe

O
1] 2]
2] 2
Top View
5] [
2] =]
8-pin WSON
Top View

WHH

8-pin WSON (Default)

VCC

HOLD#(103)

SCLK

SI(100)

VCC

RESET#(103)

SCLK

SI1(100)

Bottom View

Top View

{D2}

{es}y {E4} {E5}
NC VCC  VSS VS

RESET#

fca}

(A5}
ECS#

m
O
%,
¥

=z
(@)

®
®
®
®

zZ
O

|w)
a
=z
OLIO)

®
®
®
®

w

Py
5 0
o q

H*+

g
o
&
O
N}

<
@
O

z
® 3@

z
® 5

<
%
»
1%
O
.
X

=z
O
O
(%)
3

I
O
—
w)
#*
O
@
@
9]
S
1%}
Q
9]
=

=z
O
zZ
O

y

®®

<
S b
o) »

z
O

BGA 24 ball (5x5)

Rev 1.2

Jul 25, 2024

Page 7



X
1.8V QUAD IO Serial Flash XT25Q512F

1.3. Pin Description

SOP16 300mil
Pin No. Pin Name 1/0 Description
1 HOLD#/103 110 Hold Input / Data Input Output3
2 VCC Power Supply
3 RESET# | Reset Input
4 NC No Connection
5 NC No Connection
6 NC No Connection
7 CS# | Chip Select Input
8 SO/101 110 Data Output/Data Input Outputl
9 WP#/102 110 Write Protect Input/Data Input Output2
10 VSS Ground
11 NC No Connection
12 NC No Connection
13 NC No Connection
14 NC No Connection
15 SI/100 110 Data Input/Data Input OutputO
16 SCLK | Serial Clock Input
WSONS8 8x6mm
Pin No. Pin Name 1/0 Description
1 CS# | Chip Select Input
2 SO (101) 110 Data Output (Data Input Output 1)
3 WP# (102) 110 Write Protect Input (Data Input Output 2)
4 VSS Ground
5 Sl (100) 110 Data Input (Data Input Output 0)
6 SCLK | Serial Clock Input
HOLD#(103) Hold Input (Data Input Output 3, Please contact with XTX)
7 or /0 or
RESET#(103) Reset Input (Data Input Output 3, Default)
8 VCC Power Supply

Rev 1.2 Jul 25, 2024 Page 8
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BGA24
Pin No. Pin Name 1/0 Description
A2 NC No Connection
A3 NC No Connection
A4 RESET# | Reset Input
A5 ECS# O ECC Correction Signal (Open Drain)
Bl NC No Connection
B2 SCLK | Serial Clock Input
B3 VSS Ground
B4 VCC Power Supply
B5 NC No Connection
C1 VSS Ground
C2 CS# | Chip Select Input
C3 NC No Connection
C4 WP#/102 110 Write Protect Input/Data Input Output2
C5 NC No Connection
D1 VCC Power Supply
D2 SO/101 110 Data Output/Data Input Outputl
D3 SI/100 110 Data Input/Data Input OutputO
D4 HOLD#/103 110 Hold Input / Data Input Output3
D5 NC No Connection
El NC No Connection
E2 NC No Connection
E3 NC No Connection
E4 VCC Power Supply
E5 VSS Ground
Notes:

1. 100 and I01 are used for Standard and Dual SPI instructions.

2. 100 - 103 are used for Quad SPI instructions, WP# & HOLD# (or Reset#) functions are only available for Standard/Dual SPI.

3. Hardware RESET# pin is available on SOP16 Package, If the hardware reset function is not used, this pin can be left floating or connected to VCC in
the system.
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1.4. Block Diagram

WPH(102) < Write antrol
Logic
Y
P = Status .
> A " Register "
.2 D
SRS
5§
HOLD# ] | High Voltage 80 Flash
RESET#(103) > Generators i g 2 Memory
SPI & %
SCLK ————»f 5
Command & =<
Control Logic > Page Address
Latch/Counter
CS# —> @
SI(100) «——>] B | Column Decode And
- d 256-Byte Page Buffer
A
SO(101) «—>
= Byte Address
ECS# <«—— g Latch/Counter
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2. MEMORY ORGANIZATION
Uniform Block Sector Architecture
Block(64K-Byte) Block(32K-Byte) Sector(4K-Byte) Address Range
16383 03FFFO00H 03FFFFFFH
2047 | e
16376 03FF8000H 03FF8FFFH
1023
16375 03FF7000H 03FF7FFFH
2046 | e L
16368 03FFO0000H 03FFOFFFH
16367 03FEF000H 03FEFFFFH
2045 | e
16360 03FE8000H 03FE8FFFH
1022
16359 03FE7000H 03FE7FFFH
2044 | e L
16352 03FEO00COH 03FEOFFFH
31 0001F000H 0001FFFFH
3
24 00018000H 00018FFFH
' 23 00017000H 00017FFFH
2
16 00010000H 00010FFFH
15 0000F000H 0000FFFFH
5 O
8 00008000H 00008FFFH
° 7 00007000H 00007FFFH
o
0 00000000H 00000FFFH
Revi2 2,202  pagell
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3. DEVICE OPERATION
3.1. SPI Mode

Standard SPI

The device features a serial peripheral interface on 4 signals bus: Serial Clock (SCLK), Chip Select (CS#), Serial Data
Input (SI) and Serial Data Output (SO). Both SPI bus mode 0 and 3 are supported. Input data is latched on the rising edge of
SCLK and data shifts out on the falling edge of SCLK.

Dual SPI

The device supports Dual SPI operation when using the “Dual Output Fast Read” and “Dual I/O Fast Read” (3BH/3CH
and BBH/BCH) commands. These commands allow data to be transferred to or from the device at two times the rate of the
standard SPI. When using the Dual SPI command the Sl and SO pins become bidirectional 1/0O pins: 100 and 101.

Quad SPI

The device supports Quad SPI operation when using the “Quad Output Fast Read” (6BH/6CH), “Quad 1/O Fast Read”
(EBH/ECH), “DTR Fast Read Quad I/0” (EDH/EEH) commands. These commands allow data to be transferred to or from
the device at four times the rate of the standard SPI. When using the Quad SPI command the Sl and SO pins become bidirec-
tional 1/0 pins: 100 and 101, and WP# and HOLD# pins become 102 and 103. Quad SPI commands require the non-volatile
Quad Enable bit (QE) in Status Register to be set.

3.2. QPI Mode

The device supports Quad Peripheral Interface (QPI) operations only when the device is switched from Stand-
ard/Dual/Quad SPI mode to QPI mode using the “Enable the QPI (38H)” command. The QPI mode utilizes all four 1O pins to
input the command code. Standard/Dual/Quad SPI mode and QPI mode are exclusive. Only one mode can be active at any
given times. “Enable the QPI (38H)” and “Disable the QPI (FFH)” commands are used to switch between these two modes.
Upon power-up and after software reset using “Enable Chip Reset (66H)” and “Reset (99H)” command, the default state of
the device is Standard/Dual/Quad SPI mode. The QPI mode requires the non-volatile Quad Enable bit (QE) in Status Register
to be set.

3.3. DTR Read

To effectively improve the read operation throughput without increasing the serial clock frequency, the device
introduces multiple DTR (Double Transfer Rate) Read instructions that support Standard/Dual/Quad SP1 and QPI modes.
The byte-long instruction code is still latched into the device on the rising edge of the serial clock similar to all other
SPI/QPI instructions. Once a DTR instruction code is accepted by the device, the address input and data output will be
latched on both rising and falling edges of SCLK.

3.4. ECC Function

The ECC Correction Signal (ECS#) pin is provided to the system hardware designers to determine the ECC status
during any Read operation. The ECS# pin will be pulled low during any 8-Byte Read data output period in which an
ECC event has occurred. ECS# pin can be used to represent SEC (Single Error Correction) event. ECC Correction Signal
Output pin is an Open-Drain connection.
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3.5. Hold Function

The HOLD# signal goes low to stop any serial communications with the device, but doesn’t stop the operation of writing

status register, programming, or erasing in progress.

The operation of HOLD needs CS# keeping low, and starts on the falling edge of the HOLD# signal, with SCLK signal
being low (if SCLK is not being low, HOLD operation will not start until SCLK is being low). The HOLD condition ends on
the rising edge of HOLD# signal with SCLK being low (If SCLK is not being low, HOLD operation will not end until SCLK

is being low).

The SO is high impedance, and both SI and SCLK don’t care during the HOLD operation, if CS# drives high during the
HOLD operation, it will reset the internal logic of the device. To re-start the communication with the device, the HOLD# must

be at high and then the CS# must be at low.

CS# \

Hold Condition

3.6. RESET Function

The RESET# pin allows the device to be reset by the control. The RESET# pin goes low for a period of tRLRH or longer

will reset the device. After the reset cycle, the device is at the following states:
- Standby mode.
- All the volatile bits will return to the default status as power on.

Reset Timing

CS# J

|
<— tRB —P
|

\_/

RESET#
| RHSL»
I€tRLRH -h'« |
Symbol Parameter Min. Typ. Max. Unit
tRLRH Reset Pulse Width 1 8
tRHSL Reset High Time Before CS# Low 40 18
Reset Recovery Time (Standby) 50 18
Reset Recovery Time (Read) 50 83
tRB
Reset Recovery Time (Erase) 25 ms
Reset Recovery Time (Program) 50 s
Rev 1.2 Jul 25, 2024 Page 13
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3.7. The Reset Signaling Protocol (JEDEC 252)

The protocol consists of two phases: reset request, and completion (a device internal reset).
Reset Request
1. CS# is driven active low to select the device No®!
2. Clock (SCLK) remains stable in either a high or low state No®©2
3. SI/100 is driven low by the bus master, simultaneously with CS# going active low Noe3
4. CS# is driven inactive No4
Repeat the steps 1-4 each time alternating the state of S| No©5
Note:
1. This powers up the device.
2. This prevents any confusion with a command, as no command bits are transferred (clocked).
3. No SPI bus slave drives Sl during CS# low before a transition of SCLK, i.e., slave streaming output active is not
allowed until after the first edge of SCLK.
4. The slave captures the state of SI on the rising edge of CS#.
5. Sl is low on the first CS#, high on the second, low on the third, high on the fourth (This provides a 5h pattern, to
differentiate it from random noise).

Reset Completion
After the fourth CS# pulse, the slave triggers its internal reset.

Timing Diagram and Timing Parameters

Reset Signaling Protocol

I = § § § /L
Cs# —\_/—\_/—\_/—\_/ I
Mode 3 % % % % //
SCLK pote 0 1 1 1 /i
1 1 1 R
I//\N, \ / NI
SO High-Z 3 ///
—— 200us —|
Internal Reset : ! ——
evice 1S
\ﬁ/L / Ready
Symbol Parameter Min. Typ. Max. Unit
tCSL CS# Low Time 500 ns
tCSH CS# High Time 500 ns
Setup Time 5 ns
Hold Time 5 ns
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4. DATAPROTECTION

The device provides the following data protection methods:

B Write Enable (WREN) command: The WREN command sets the Write Enable Latch (WEL) bit. The WEL bit will
return to reset by the following situation:
*Power-Up / Software Reset (66H+99H)
*Write Disable (WRDI)
*Write Status Register (WRSR) / Write Extended Address Register (WEAR) / Write Configuration Register (WCR)
*Page Program (PP) / Quad Page Program / Extended Quad Input Fast Program
*Sector Erase (SE) / Block Erase (BE) / Chip Erase (CE)
*Erase Security Register / Program Security Register

B Software Protection Mode: The Block Protect (BP4, BP3, BP2, BP1, BPO0) bits, WPS bit define the section of the
memory array that can be read but cannot be changed.

B Hardware Protection Mode: WP# goes low to WP# goes low to protect the BPO~BP4 bits, WPS, SRP0 and SRP1
bit.

B Deep Power-Down Mode: In Deep Power-Down Mode, all commands are ignored except the Release from Deep
Power-Down Mode command (ABH) and software reset (66H+99H).

1.8V QUAD IO Serial Flash XT25Q512F

Table 1. XT25Q512F Protected area size (WPS=0)

Status bit Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Blocks Addresses Density Portion
X 0 0 0 0 NONE NONE NONE NONE
0 0 0 0 1 1023rd 03FF0000h-03FFFFFFh 64KB Upper 1/1024
0 0 0 1 0 1022nd~1023rd 03FE0000h-03FFFFFFh 128KB Upper 1/512
0 0 0 1 1 1020th~1023rd 03FC0000h-03FFFFFFh 256KB Upper 1/256
0 0 1 0 0 1016th~1023rd 03F80000h-03FFFFFFh 512KB Upper 1/128
0 0 1 0 1 1008th~1023rd 03F00000h-03FFFFFFh 1MB Upper 1/64
0 0 1 1 0 992nd~1023rd 03E00000h-03FFFFFFh 2MB Upper 1/32
0 0 1 1 1 960th~1023rd 03C00000h-03FFFFFFh 4MB Upper 1/16
0 1 0 0 0 896th~1023rd 03800000h-03FFFFFFh 8MB Upper 1/8
0 1 0 0 1 768th~1023rd 03000000h-03FFFFFFh 16MB Upper 1/4
0 1 0 1 0 512th~1023rd 02000000h-03FFFFFFh 32MB Upper 1/2
1 0 0 0 1 Oth 00000000h-0000FFFFh 64KB Lower 1/1024
1 0 0 1 0 Oth~1st 00000000h-0001FFFFh 128KB Lower 1/512
1 0 0 1 1 Oth~3rd 00000000h-0003FFFFh 256KB Lower 1/256
1 0 1 0 0 Oth~7th 00000000h-0007FFFFh 512KB Lower 1/128
1 0 1 0 1 Oth~15th 00000000h-000FFFFFh 1MB Lower 1/64
1 0 1 1 0 Oth~31st 00000000h-001FFFFFh 2MB Lower 1/32
1 0 1 1 1 0th~63rd 00000000h-003FFFFFh 4MB Lower 1/16
1 1 0 0 0 0th~127th 00000000h-007FFFFFh 8MB Lower 1/8
1 1 0 0 1 0th~255th 00000000h-00FFFFFFh 16MB Lower 1/4
1 1 0 1 0 Oth~511th 00000000h-01FFFFFFh 32MB Lower 1/2
X 1 1 X X ALL 00000000h-03FFFFFFh 64MB ALL
X 1 0 1 1 ALL 00000000h-03FFFFFFh 64MB ALL
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1.8V QUAD 10O Serial Flash

XT25Q512F

Table 2. XT25Q512F Individual Block Protection (WPS=1)

Block

Sector

Address range

Individual Block Lock
Operation

16383

03FFFO00H

03FFFFFFH

1023

03FFO000H

03FFOFFFH

0000F000H

0000FFFFH

00000000H

00000FFFH

The Top/Bottom block
is protected by sector

Other 1022 Blocks are
protected by block

Block Lock:
36H+Address

Block Unlock: 39H+Ad-
dress

Read Block Lock:
3DH+Address

Global Block Lock:
7EH

Global Block Unlock:
98H

Page 16
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5. STATUSREGISTER

Status Register-1
S7 S6 S5 S4 S3 S2 S1 SO
SRPO BP4 BP3 BP2 BP1 BPO WEL WIP

Status Register | Block Protect | Block Protect | Block Protect | Block Protect | Block Protect | Write Enable | Erase/Write In
Protection bit bit bit bit bit bit Latch Progress

Volatile Volatile
Read Only Read Only

0 = Disable 0 = No busy

Non-volatile Non-volatile Non-volatile Non-volatile Non-volatile Non-volatile

0 0 0 0 0 0 1= Enable 1 = Busy
Status Register-2
S15 S14 S13 S12 S11 S10 S9 S8
SUS1 WPS LB3 LB2 LB1 SUS2 QE ADS
Write Security Security Security
Erase Suspend |  protection Register Lock | Register Lock | Register Lock Program Quad Enable Current
. . - . Suspend Address Mode
selection bit bit bit
Volatile . Non-volatile | Non-volatile | Non-volatile Volatile . Volatile
Read Only | 'Non-volatile | qrpy (OTP) (OTP) Read Only | Nom-volatile | peod only
0 = Non-suspend 0 0 0 0 0 = Non-suspend 0 0 = 3-Byte Add
1 = Suspend 1 = Suspend 1 = 4-Byte Add
Status Register-3
523 S22 S21 S20 S19 S18 S17 S16
LC1 DRV1 DRVO ADP EE PE LCO SRP1
Latency Output Driver | Output Driver Power Up Erase Error bit Program Error Latency Status Register
Code Strength Strength Address Mode bit Code Protection bit
Non-volatile : : : Volatile Volatile Non-volatile -
Writable Non-volatile | Non-volatile | Non-volatile Read Only Read Only Writable Non-volatile
0 = Successful | 0 = Successful
0 ! 0 0 1 = Erase Error |1 =Program Error| 0 0
Extended Address Register
EA7 EA6 EA5 EA4 EA3 EA2 EA1 EAO
SEC Reserved Reserved DLP Reserved Reserved A25 A24
Data Learning
Single Error Bit|  Reserved Reserved Pattern Reserved Reserved Address Bit Address Bit
enable Bit
Volatile Volatile Volatile Volatile
Read Only Reserved Reserved Writable Reserved Reserved Writable Writable
0 =No ECC events 0 0 0 0 0 0 0

1= ECC events
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Configuration Register

CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
CRC1 CRCO Reserved Reserved Reserved Reserved Reserved ECC
Cyclic Redun- | Cyclic Redun-
dancy Check | dancy Check Reserved Reserved Reserved Reserved Reserved ECC Enabled
bit bit
Non-volatile | Non-volatile Reserved Reserved Reserved Reserved Reserved Read Only
1 1 0 0 0 0 0 Fixed to 1

Note: For the initial delivery state, all Status Register bits except S22/CR0/CR6/CR7 bits are 0, S22/CR0/CR6/CRY7 bits are 1.

WIP bit.

The Write In Progress (WIP) bit indicates whether the memory is busy in program/erase/write status register progress.
When WIP bit sets to 1, means the device is busy in program/erase/write status register progress, when WIP bit sets 0, means
the device is not in program/erase/write status register progress.

WEL bit.

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

BP4, BP3, BP2, BP1, BPO bits.

The Block Protect (BP4, BP3, BP2, BP1, BPO0) 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 (WRSR) com-
mand. When the Block Protect (BP4, BP3, BP2, BP1, BPO) bits are set to 1, the relevant memory area (as defined in
Tablel) becomes protected against Page Program (PP), Sector Erase (SE) and Block Erase (BE) commands. The Block
Protect (BP4, BP3, BP2, BP1, BP0) bits can be written provided that the Hardware Protected mode has not been set.
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SRPO, SRP1 bits.
The Status Register Protect (SRP) bits are non-volatile Read/Write bits in the status register. The SRP bits control
the method of write protection: software protection, hardware protection.
Status Register Protect (SRP) bits

SRP1 | SRPO | WPH# Status Register Description

The Status Register can be written to after a Write Enable command,
0 0 X Software Protected WEL=1. (Default)
0 1 0 Hardware Protected WP#=0, the Status Register locked and cannot be written to.

WP#=1, the Status Register is unlocked and can be written to after a
0 1 1 Hardware Unprotected Write Enable command, WEL=1.

: Status Register is protected and cannot be written to again until the

1 0 X Power Supply Lock-Down next Power-Down, Power-Up cycle. Nete 1
1 1 X One-Time Program Note2 Status Register is protected and cannot be written to.

Status Register Protect (SRP) bits (QE=1 fixed)

SRP1 | SRPO Status Register Description

The Status Register can be written to after a Write Enable command,

0 0 Software Protected WEL=1. (Default)

1 0 Power Sunplv Lock-Down Status Register is protected and cannot be written to again until the
PRy next Power-Down, Power-Up cycle, Nete 1

1 1 One-Time Program Note2 Status Register is protected and cannot be written to.

NOTE:
1.When SRP1, SRPO= (1, 0), a Power-Down, Power-Up cycle will change SRP1, SRPO to (0, 0) state.
2.This feature is available on special order. Please contact XTX for details.

ADS bit.
The Address Status (ADS) bit is a read only bit that indicates the current address mode the device is operating in.
The device is in 3-Byte address mode when ADS=0 (default), and in 4-Byte address mode when ADS=1.

QE bit.

The Quad Enable (QE) bit is a non-volatile Read/Write bit in the Status Register that allows Quad operation. When the
QE bit is set to 0 (Default) the WP# pin and HOLD# (or RESET#) pin are enable. When the QE pin is set to 1, the Quad 102
and 103 pins are enabled. (The QE bit should never be set to 1 during standard SPI or Dual SPI operation if the WP# or
HOLD# (or RESET#) pins are tied directly to the power supply or ground).

SUSL1, SUS2 bits.

The SUS1 and SUS2 bits are read only bit in the status register (S15 and S10) that are set to 1 after executing an
Program/Erase Suspend (75H) command (The Erase Suspend will set the SUS1 to 1, and the Program Suspend will set
the SUS2 to 1). The SUS1 and SUS2 bits are cleared to 0 by Program/Erase Resume (7AH) command, software reset
(66H+99H) command as well as a power-down, power-up cycle.

LB1, LB2, LB3 bits.

The LB1-LB3 bits are non-volatile One Time Program (OTP) bits in Status Register (§11-S13) that provide the
write protect control and status to the Security Registers. The default state of LB1-LB3 bits are 0, the security registers
are unlocked. The LB1-LB3 bits can be set to 1 individually using the Write Register instruction. The LB1-LB3 bits are
One Time Programmable, once being set to 1, the corresponding Security Register will become read-only permanently.
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WPS bit.

The WPS Bit is used to select which Write Protect scheme should be used. When WPS=0, the device will use the
combination of T/B, BP (3:0) bits to protect a specific area of the memory array. When WPS=1, the device will utilize
the Individual Block Locks to protect any individual sector or blocks. The default value for all Individual Block Lock
bits is 1 upon device power on or after reset.

Note: When WPS=1, Global Block Unlock (98H) command is heeded before executing chip erase operation.

LCO, LC1 bits.

The Latency Code (LC) selects the mode and number of dummy cycles between the end of address and the start of
read data output for BBH/BCH_SPI, EBH/ECH_SPI, ODH_QPI, BDH_SPI, EDH/EEH_SPI and EDH/EEH_QPI.

Some read commands send mode bits following the address to indicate that the next command will be of the same
type with an implied, rather than an explicit instruction. The next command thus does not provide an instruction Byte,
only a new address and mode bits. This reduces the time needed to send each command when the same command type
is repeated in a sequence of commands.

Dummy cycles provide additional latency that is needed to complete the initial read access of the flash array before
data can be returned to the host system. Some read commands require additional latency cycles as the SCLK frequency
is increased.

Latency Code and DTR Mode Frequency Table

LC1 LCO Dummy clock cycles
0 0 8 (Default)
0 1 6
1 0 12
1 1 16

Note: This value is Non-Volatile, so it will not change after power-on and reset, unless the user modifies it by writing
the status register instruction.

PE bit.

The Program Error (PE) bit is a read only bit that indicates a program failure. It will also be set when the user attempts
to program a protected array sector or access the locked OTP space. If the program operation times out, the write enable
latch bit is reset and the program error bit is set to 1. Error bits can be reset by CLEAR FLAG STATUS REGISTER
command (30H).

Note: The PE bit can only be accessed when WIP=0. The PE bit can also be reset at the next program operation.

EE bit.

The Erase Error (EE) bit is a read only bit that indicates an erase failure. It will also be set when the user attempts to
erase a protected array sector or access the locked OTP space. If the erase operation times out, the write enable latch bit
is reset and the Erase error bit is set to 1. Error bits can be reset by CLEAR FLAG STATUS REGISTER command
(30H).

Note: The EE bit can only be accessed when WIP=0. The EE bit can also be reset at the next erase operation.
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ADP bit.

The Address Power-up (ADP) bit is a non-volatile writable bit that determines the initial address mode when the
device is powered on or reset. This bit is only used during the power on or device reset initialization period. When
ADP=0(factory default), the device will power up into 3-Byte address mode, the Extended Address Register must be
used to access memory regions beyond 128Mb. When ADP=1, the device will power up into 4-Byte address mode
directly.

Power Up

A

Device Initialization &
»| Status Register Refresh |«
(Non-Volatile Cells)

w

T ADP =1 EE
3] R [¢2]

Fla ADP bit value Ig

w

S |3
:—rg ©

o ©o| 0

el el et ittt I3

VQ

3-Byte Address 4-Byte Address
L Standard SPI »| Standard SPI —_—
Dual SPI H’ Dual SPI

I I
I I
: Quad SPI Quad SPI !
| I
: I

DRV1, DRVO bits.
The Output Driver Strength (DRV1 & DRVO) bits are used to determine the output driver strength for the Read operations.

DRV1 DRVO Driver Strength
0 0 25%
0 1 50%
1 0 75% (Default)
1 1 100%
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Address bits.

The Extended Address Bits A25, A24 are used only when the device is operating in the 3-Byte Address Mode
(ADS=0), which are volatile writable by Write Extended Address Register command (C5H). The Extended Address
Register is a volatile register that stores the 4th byte address (A31-A24) when the device is operating in the 3-Byte
Address Mode (ADS=0).

If the device powers up with ADP bit set to 1, or an “Enter 4-Byte Address Mode (B7H)” instruction is issued, the
device will require 4-Byte address input for all address related instructions, and the Extended Address Bits setting will
be ignored. However, any instruction with 4-Byte address input will replace the Extended Address Bits with new settings.

A25, A24 Address Range
00 0000 0000H — 00FF FFFFH
01 0100 0000H — 01FF FFFFH
10 0200 0000H — 02FF FFFFH
11 0300 0000H — 03FF FFFFH

DLP bit.

The DLP bit is Data Learning Pattern Enable bit. For DTR Fast Read Quad I/0O command (EDH/EEH), a pre-
defined “Data Learning Pattern” can be used by the flash memory controller to determine the flash data output timing
on 4 1/0 pins. When DLP=1, during the last 4 dummy clocks just prior to the data output, the flash will output “00110100”
Data Learning Pattern sequence on each of the 4 1/O pins. During this period, controller can fine tune the data latching
timing for each 1/0 pins to achieve optimum system performance. DLP=0 will disable the Data Learning Pattern output.

DLP Sequence Diagram

CS# \
00123 456 7 8 9 10 1112 13 14 15 1§ 17 18 19 2 21

seek  TITUTHUTTLT TUUUL L L

|€— Data Learning Pattern —Jp

100 //////// EDH/EEH @@4 0x4Xo oXoX1X1XoXtXoXo Z)@

101 sX1YsX1Ys X1 001101009@
102 6X2)X6X2Y6X2 001101009@)

103 7X3X7X3Y7X3 oYoX1X1XoX1XoXoX7¥3

A23-16| A15-8 | A7-0 |€——————— Dummy* Bytel | Byte2 | Byte3

* The number of dummy clocks can be set by LC bit
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DLP Sequence Diagram (QPI)

CS# \

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SCLK——||—||~ —||—||—||—|_||—||_||_|\ u _____
EDH
| .
EEH | |€— Data Learning Pattern —Jp»f
<>

100 MW“ oY4XoYaXo oXoX1X1XoX1YoXoX]sXoX4 0 —————
|

101 ZZZZZZ>1 oMHsX1X5X1X5X1 oXoX1X1XoX1XoXoXsX1X5 1@@ —————

102 Ml 1\HeX2X6X2X6X2 oXoX1X1XoX1XoXoX|eX2Xe z@@ —————

103 IIIII’ 1 lLI 7X3fX7X3X7X3 oXoX1X1X0X1X0X0X7X3X7X3 @@ _____

" |A23-16]| A15-8 | AT-0 [€————— Dummy* Bytel | Byte2 | Byte3

* The number of dummy clocks can be set by LC bit

SEC bit.
SEC (Single Error Correction) Status Bit are used to show the ECC results for the last Read operation. SEC bit will
be cleared to 0 once the device accepts a new Read command

SEC Definitions
0 No ECC Events in all aligned 8-Byte granularities
1 SEC events in single or multiple 8-Byte granularities, and the data is ok to use.
(Unless it contains more than one odd bit errors in8-Byte granularity)

ECC bit.

ECC (Error Correction Codes) Status Bit is used to configuration the ECC function for prevent the data storage
errors. ECC Status Bit is set to 1 by default in the factory, which is fixed and cannot be reset to O, therefore the ECC
function is always on.

CRCO0, CRCL1 bits.
CRCO0 and CRC1 (Cyclic Redundancy Check bit) Status bits are used to configure the CRC chunk size for prevent
the data transmission errors.

Function CRC1 CRCO Definitions
1 1 CRC Disabled
(Default)
o 1 0 16-Byte CRC
CRC configuration
0 1 32-Byte CRC
0 0 64-Byte CRC
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6. DATAINTEGRITY CHECK

The data storage and transmission errors will cause unexpected Flash device variation that makes a harmful impact
on overall system functions. To prevent these errors, the device provides advanced Data Integrity Check function. For
the data storage and data transmission in the flash device, Data Integrity Check can check errors and correct them,
allowing self-checking and preventing errors in advance.

The Data Integrity Check function includes two methods:

- ECC (Error Correction Codes): to prevent the data storage errors.

- CRC (Cyclic Redundancy Check): to prevent the data transmission errors.

The register data and software signals can also be used to associate the Data Integrity Check function to fully record
the results of checking, and can also immediately feedback.

6.1. ECC (Error Correction Codes)

Error Correction Codes (ECC) is a commonly used technique in non-volatile memory to reduce the device Bit Error
Rate (BER) during the device operation life and improve device reliability. To achieve error detection and correction,
redundancy data must be added to store the ECC calculation results for a given length of data. In XT25Q512F every
aligned 8-Byte data stored in the memory array will be checked by the internal ECC engine using SEC (Single Error
Correction) Hsiao Codes algorithm. With 8-Byte ECC data granularity, ECC calculation latency time can be minimized
and higher level of data integrity can be preserved.

The default value of all memory data is FFH (Erased) when the device is shipped from the factory. A “Page Program
(02H/12H)” or “Quad Page Program (32H/34H)” or “Extended Quad Page Program (C2H/3EH)” command can be used
to program the user data into the memory array. ECC calculation will be performed during the internal programming
operation and the results are stored in the redundancy or spare area of the memory array. It is necessary to program every
page in aligned 8-Byte granularity so that ECC engine can store the correct ECC information. It is also required that
every aligned 8-Byte data granularity can only be programmed once to avoid additional ECC calculation in the same
granularity resulting incorrect ECC results. A technique previously known as “Incremental Byte/Bit Programming to the
same Byte location” cannot be used for the device when ECC is enabled. During data read operations, the internal ECC
engine will check the ECC results stored in the spare area and apply necessary error correction or error detection to the
main array data being read out. It is necessary to check the ECC Status Bits (SEC) in the Status Register after every
Read operation to see if the data read out contains one bit error or not. A Read operation can start from any Byte address
and continue through the entire memory array, so it is not necessary to align the 8-Byte granularity boundary address to
start a Read command.

Additional hardware monitoring of the ECC status can also be used to observe the ECC status in real time during
any data output. When configured, the ECS# (ECC Correction Signal) pin will be pulled low during any aligned 8-Byte
data output if it contains SEC event.

The SEC bit can be reset through anyone of the following situations:

- Sending a new Read Command

- Issuing Software Reset Command

- Hardware Reset

- Power-up cycle
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6.2. ECS# (Error corrected Signal) Pin

The ECS# pin is a real time hardware signal to feedback the ECC correction status. The ECS# pin is designed as
an open drain structure and a pull-up resistor is required. In normal situation, the ECS# is kept on High-Z state. Once
error correction begins, the ECS# pin will pull low during the whole ECC chunk unit after a duration of tECSV delay
timing.

The ECS# (ECC Correction Signal) pin will be pulled low during any aligned 8-Byte data output if it contains SEC
(Single Error Correction) event.

Figure 1. ECS# Timing

cst \
sck ____MMUM____MWM___M

10[3:0] //////// Command & Address & Dummys m— - —OOO:K:)OO— - _OOOOOC
- plt————————p|

| ECC Chunk (8 b I
High-Z | CC Chunk (8 bytes) ECC Chunk (8 bytes) ! Mighz

|
! I
ECS# T Ir\ \i I/~ 7
-
ECC chunk with |
ECC error detected

6.3. Parity Check (CRC)

The parity check function can only be operated in DTR Fast Read Quad I/0O mode. The Extended REGISTER (bit5-
bit4) can set the parity check function.

For read operation after the Parity check function is enabled, the data CRC bit should be output by each CRC chunk
unit. Otherwise, read CRC code might be error.

The CRC Chunk size can be configured as 16-Byte, 32-Byte, or 64-Byte by the ECC Register setting. However,
when the device enters the “Read with Wrap” mode, while the CRC function is also enabled, and the CRC Chunk size
will be set to be identical with the Wrap Length (16-Byte, 32-Byte, or 64-Byte) by internal circuitry. Only when the
device is not in the “Read with Wrap” mode, the original CRC Chunk size setting will be restored.

The data CRC Bytes are calculated by exclusive-OR on each 1/0 bus in the CRC chunk.

Figure 2. CRC Timing

10[3:0] //////// Command & Address & Dummys >:<:>OOO— —-———= .@.'.' —-———- .@..’II
et >

-l
| |

| Multiple of CRC chunks Multiple of CRC chunks | |
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7.  COMMANDS DESCRIPTION

All commands, addresses and data are shifted in and out of the device, beginning with the most significant bit on the first
rising edge of SCLK after CS# is driven low. Then, the one-byte command code must be shifted in to the device, most signif-
icant bit first on Sl, each bit being latched on the rising edges of SCLK.

See the table below, every command sequence starts with a one-byte command code. Depending on the command, this
might be followed by address bytes, or by data bytes, or by both or none. CS# must be driven high after the last bit of the
command sequence has been shifted in. For the command of Read, Fast Read, Read Status Register or Release from Deep
Power-Down, and Read Device ID, 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 command of Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register, Write Enable, Write
Disable or Deep Power-Down command, CS# must be driven high exactly at a byte boundary, otherwise the command is
rejected, and is not executed. That is CS# must be driven 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 will happen and WEL will
not be reset.

Table 3. Commands

Address Byte
com- Dumm Data
Command Name mand SPI | QPI TOI’ Clocky Byte
ta
Code Bytel | Byte2 | Byte3 | Byte4
ADD y Yy y y
Byte
Register Access
Read Status Register_1 05H y v 0 0 1toowo
Read Status Register 2 35H S v 0 0 1tooo
Read Status Register_3 15H \ v 0 0 1toowo
Write Status Register_1 01H S v 0 0 lor2
Write Status Register_2 31H \ v 0 0 1
Write Status Register_3 11H \ v 0 0 1
Read Extended Address
) C8H \ v 0 0 1 to oo
Register
Write Extended Address
) C5H \ v 0 0 1
Register
Read Configuration
. g B5H N v 0 0 1 to o
Register
Write Confi tion Reg-
\ rite Configuration Reg BIH J J 0 0 1
ister
Read Manufacturer/De-
) 90H VoW 3 | ADD1 | ADD2 | ADD3 0 1tooo
vice ID
Read Serial Flash
) 5AH VoW 3 | ADD1 | ADD2 | ADD3 g Noret 1tooo
Discoverable Parameters
. 1to
Read Unique ID 4BH V| ¥ | 34) | ADD1 | ADD2 | ADD3 | (ADD4) g toet 128bit
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Read Identification 9EH/9FH v 0 0 1 to o0
Array access
Read Data 03H 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0 ltoo
Fast Read 0BH v 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) g Notel ltoo
Dual Output Fast Read 3BH 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 8 ltooo
Dual I/0 Fast Read BBH 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) | 8/6/12/16Ntw23 ltoo
Quad Output Fast Read 6BH 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 8 ltooo
Quad I/0 Fast Read EBH v 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) | 8/6/12/16N®12% | 1 to oo
4-Byte Read 13H 4 ADD1 | ADD2 | ADD3 | ADD4 0 ltooo
4-Byte Fast Read O0CH N 4 ADD1 | ADD2 | ADD3 | ADD4 8 Notel ltooo
4-Byte Dual Output Fast
Rea}(;t ua urput Fas 3CH 4 ADD1 | ADD2 | ADD3 | ADD4 8 ltooo
4-Byte Dual 1/0 Fast
Rea}(;t BCH 4 ADD1 | ADD2 | ADD3 | ADD4 8/6/12/16N23 ltooo
4-Byte Quad Output Fast
Rea}(;t Qu Hiput Fas 6CH 4 ADD1 | ADD2 | ADD3 | ADD4 8 ltooo
4-Byte Quad 1/O Fast
Reaﬁt Qu s ECH v | 4 | ADD1 | ADD2 | ADD3 | ADD4 | 8/6/12/16™=2% | 1toco
4-Byte DTR Quad /O
s Q EEH v 4 ADD1 | ADD2 | ADD3 | ADD4 8/6/12/16MN0 ltoo
Fast Read
DTR Fast Read ODH v 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) | 8/6/12/16 "Nt ltooo
DTR Fast Read Dual I/0 BDH 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) | 8/6/12/16Ntw23 ltoo
DTR Fast Read Quad 1/0 EDH v 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) | 8/6/12/16N ltooo
1to
Page Program 02H v 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0 256
1to
Quad Page Program 32H 3(4) | ADD1 ADD2 ADD3 | (ADD4) 0 256
Extended Quad Input Fast 1to
C2H 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0
Program 256
1to
4-Byte Page Program 12H v 4 ADD1 ADD2 ADD3 ADD4 0 256
4-Byte Quad Input Fast 1to
34H 4 ADD1 | ADD2 | ADD3 | ADD4 0
Program 256
4-Byte Quad Input 1to
yte Quad Inpu 3EH 4 ADD1 | ADD2 | ADD3 | ADD4 0
Extended Fast Program 256
4KB Sector Erase 20H \/ 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0 0
32KB Block Erase 52H \ 3(4) ADD1 ADD?2 ADD3 | (ADD4) 0 0
64KB Block Erase D8H \/ 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0 0
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Chip Erase C7/60H | v 0 0 0
4-Byte 4KB Sector Erase 21H \ V 4 ADD1 | ADD2 | ADD3 | ADD4 0 0
4-Byte 32KB Block Erase | 5CH N 4 ADD1 | ADD2 | ADD3 | ADD4 0 0
4-Byte 64KB Block Erase | DCH \ V 4 ADD1 | ADD2 | ADD3 | ADD4 0 0

Device Operations

Enable Reset 66H Y v 0 0 0
Reset 99H Y \ 0 0 0
Write Enable 06H Y v 0 0 0
Write Enable for Volatile
. 50H \ N 0 0 0
Status Register
Write Disable 04H Y N 0 0 0
Program Erase Suspend 75H y v 0 0 0
Program Erase Resume 7AH \ v 0 0 0
Enable QPI 38H v 0 0 0
Disable QPI FFH v 0 0 0
Set Burst with Wrap 77H \ 4 | Dummy | Dummy | Dummy | W7-W0 0 0
Set Read Parameters COH v 1 P7-PO 0 0
Enter 4-Byte Address
y B7H \ v 0 0 0
Mode
Exit 4-Byte Address
v E9H \ v 0 0 0
Mode
Clear Flag Status
" 30H \ v 0 0 0
Register Command
Deep Power-Down B9H \ v 0 0 0
Release From Dege
P ABH \ v 0 0 0
Power-Down
Release From Deep D7
Power-Down/Read ABH \ v 3 | Dummy | Dummy | Dummy DO Q Notes 1to
Device ID

One-Time Programmable (OTP) Operations

Read Security Register 48H Y v 3(4) | ADD1 ADD2 ADD3 | (ADD4) g Notel ltow

Program Security Regis- 1to
g yReg 42H Y N | 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0

ter 256

Erase Security Register 44H \ v | 3(4) | ADD1 | ADD2 | ADD3 | (ADD4) 0 0

Advanced Sector Protection Operations
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Global Block Lock 7EH \ v 0 0 0

Global Block Unlock 98H S S 0 0 0

Individual Block Lock 36H v | ¥ | 34) | ADD1 | ADD2 | ADD3 | (ADD4) 0 0

Individual Block Unlock 39H S v | 34) | ADD1 | ADD2 | ADD3 | (ADD4) 0 0

Read Block Lock 3DH v | ¥ | 34) | ADD1 | ADD2 | ADD3 | (ADD4) g Noted 1
Note:

1. In QPI mode, the number of dummy clocks is configured by the “Set Read Parameters (COH)” command. Depending on the Read Parameter bits P[5:4]
setting, the number of dummy clocks can be configured as either 8/6/12/16 (default = 8).

2. M7-0is counted for dummy clocks.

3. The number of dummy clocks for BBH/BCH/EBH/ECH/BDH/EDH/EEH at SPI mode and ODH/EDH/EEH at QPI mode will be set by LC bit in status
register, the number of dummy clocks can be configured as either 8/6/12/16 (default = 8).

4. In QPI mode, the number of dummy clocks of ABH_QPI is 6, and 3DH_QPI is 8.
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1.8V QUAD IO Serial Flash

XT25Q512F

7.1. Clock Frequencies

Number of Dummy

Dual 1/0O Fast Read

Quad I/0 Fast Read

Fast Read At QPI

Quad I/0 Fast

S At SPI At SPI B0 Read At QPI
0cks (BBH/BCH) (EBH/ECH) ( ) (EBH/ECH)
104 MHz @ 85<C
8(Default) 96 MHz @ 105C 96 MHz 96 MHz 96 MHz
6 84 MHz 72 MHz @ 85<C 72 MHz @ 85<C 72 MHz @ 85<C
64 MHz @ 105<C 64 MHz @ 105<C 64 MHz @ 105<C
12 133 MHz 104 MHz 104 MHz 104 MHz
16 133 MHz 104 MHz 104 MHz 104 MHz

Number of Dummy

DTR Fast Read At

DTR Fast Read Dual

DTR Quad I/O Fast

DTR Quad I/O Fast

Read At SPI Read At QPI
Clocks QPI (0DH) /0 At SPI (BDH) Q
(EDH/EEH) (EDH/EEH)
8(Default) 60 60 60 60
6 50 50 50 50
12 80 80 80 80
16 80 80 80 80
Note:
1. Values are guaranteed by characterization and not 100% tested in production.
7.2. Table of Device ID Definitions
Operation Code MID7-MIDO ID15-1D8 ID7-1D0
9FH 0B 60 1A
90H 0B 19
ABH 19
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7.3. Register Access

7.3.1. Read Status Register (05H or 35H or 15H)

The Read Status Register (RDSR) command is for reading the Status Register. The Status Register can be read at any
time, even while a Program, Erase or Write Status Register cycle is in progress. When one of these cycles is in progress, it is
recommended to check the Write In Progress (WIP) bit before sending a new command to the device. It is also possible to
read the Status Register continuously. For command code “05H”, the SO will output Status Register bits S7~S0. For the
command code “35H”, the SO will output Status Register bits S15~S8. For the command code “15H”, the SO will output
Status Register bits S23~S16.

Figure 3. Read Status Register Sequence Diagram

CS# \
0123456 7 8 910111213 14151617 18 1920 2122 23
seek_ [IUTTUUUNUUTUUTUNUUUU T

'€— Command —|

LITHIN osnorssuornss 7777777177117 TTTTTTTTTTTTNTTTT

Status Register 1/2/3 y Status Register 1/2/3

so LA O 'e'n'0'0'00.0.0,0.00.0.0.0.00

MSB MSB

Figure 4. Read Status Register Sequence Diagram (QPI)

CS# \ _———

SCLK

Register! Register
1/2/3 1/2/3
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7.3.2. Write Status Register (01H or 31H or 11H)

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

The Write Status Register (WRSR) command has no effect on the volatile bits of the Status Register. CS# must be driven
high after the eighth or sixteenth bit of the data byte has been latched in. If not, the Write Status Register (WRSR) command
is not executed. As soon as CS# is driven high, the self-timed Write Status Register cycle (whose duration is tW) is initiated.
While the Write Status Register cycle is in progress, the Status Register may still be read to check the value of the Write In
Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Write Status Register cycle, and is 0 when it is
completed. When the cycle is completed, the Write Enable Latch (WEL) is reset.

The Write Status Register (WRSR) command allows the user to change the values of the Block Protect (BP4, BP3, BP2,
BP1, BPO) bits, to define the size of the area that is to be treated as read-only, as defined in the section of DATA PROTECTION
The Write Status Register (WRSR) command also allows the user to set or reset the Status Register Protect (SRP) bit in
accordance with the Write Protect (WP#) signal. The Status Register Protect (SRP) bit and Write Protect (WP#) signal allow
the device to be put in the Hardware Protected Mode. The Write Status Register (WRSR) command is not executed once the
Hardware Protected Mode is entered. For command code “01H”, the SI will input Status Register bits S7~S0, S15~S8. For the
command code “31H”, the SI will input Status Register bits S15~S8. For the command code “11H”, the SI will input Status
Register bits S23~S16.

Figure 5. Write Status Register Sequence Diagram

cs#\ yan
SCLK

012 3 456 7 8 910111213 141516

'«— Command

st////]]]/ OLH/31H/11H

Status Register in

SO

'€— Command

S 01+

SO
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Figure 6. Write Status Register Sequence Diagram (QPI)

cs¢« ./

0o 1 2 3

SCLK

01H

1]
00
00

|O3ZZZZZZZ>0 0

CS# \

SCLK

Status
Register In
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7.3.3. Read Extended Address Register (C8H)
The Read Extended Address Register instruction is entered by driving CS# low and shifting the instruction code
“C8H” into the SI pin on the rising edge of SCLK. The Extended Address Register bits are then shifted out on the SO

pin at the falling edge of SCLK with most significant bit (MSB) first.
When the device is in the 4-Byte Address Mode, the value of Address bits in Extended Address Register <EA1-

EAO> is ignored.

Figure 7. Read Extended Address Register Diagram

CS# \
0123 456 7 8 910111213 141516 171819 202122 23

seek ___ UUUUTUUNUUTTUUIUY T pT

'€«— Command —

S ceH LTI

v EAR Out v EAR Out

S0 S ER.0.0.00,00604000000600M

MSB MSB

Figure 8. Read Extended Address Register Diagram (QPI)

CS# \ .

SCLK

Ear Out’ Ear Out' Ear Out
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7.3.4. Write Extended Address Register (C5H)

The Extended Address Register is a volatile register that stores the 4th byte address (A31-A24) when the device is oper-
ating in the 3-Byte Address Mode (ADS=0) with register bits <EA1-EA0>. To write the Extended Address Register, a Write
Enable (06H) instruction must previously have been executed for the device to accept the Write Extended Address Register
instruction (WEAR). Once write enabled, the instruction is entered by driving CS# low, sending the instruction code “C5H”,
and then writing the Extended Address Register data byte.

Upon power up or the execution of a Software/Hardware Reset, the Extended Address Register bit values will be cleared
to 0.

The Extended Address bits <EA1-EA0> is only effective when the device is in the 3-Byte Address Mode. If the device
powers up with ADP bit set to 1, or an “Enter 4-Byte Address Mode (B7H)” instruction is issued, the device will require 4-
Byte address input for all address related instructions, and the Extended Address Bits setting will be ignored. It is recommended
to check and update the Extended Address Register if necessary when the device is switched from 4-Byte to 3-Byte Address
Mode.

Figure 9. Write Extended Address Register Diagram

Cs#—\ /_
SCLK

0123456 7 8 9101112131415

€— Command

SV csH

SO

Figure 10. Write Extended Address Register Diagram (QPI)

CS# U

SCLK
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7.3.5. Read Configuration Register (B5H)

The Read Configuration Register instruction is entered by driving CS# low and shifting the instruction code “B5H”
into the Sl pin on the rising edge of SCLK. The Configuration Register bits are then shifted out on the SO pin at the
falling edge of SCLK with most significant bit (MSB) first. Read Configuration Register command, while an Erase, Pro-
gram or Write Register cycle is in progress, is rejected without having any effects on the cycle that is in progress.

Figure 11. Read Configuration Register Diagram

CS# \
012 3 456 7 8 910111213 141516 171819 202122 23
seek ___ UUUUTUUNUUTUU U Uy

S B LTI

CR Out V CR Out

so LE A o 06 6.0.0.0 0,00 000N

MSB MSB

Figure 12. Read Configuration Register Diagram (QPI)

CS# \ —-— .

SCLK

oo ////17/)
o1 ///777])
02 /7/777])
03 ////1/])

CR Out' CR Out

Page 36
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7.3.6. Write Configuration Register (B1H)

The Write Configuration Register (WCR) command allows new values to be written to the Configuration Register. Before
it can be accepted, a Write Enable (WREN) command must previously have been executed. After the Write Enable (WREN)
command has been decoded and executed, the device sets the Write Enable Latch (WEL). Once write enabled, the instruction
is entered by driving CS# low, sending the instruction code “B1H”, and then writing the Configuration Register data byte.

CS# must be driven high after the data Byte has been latched in. If not, the Write Configuration Register (WCR) command
is not executed. As soon as CS# is driven high, the self-timed Write Configuration Register cycle (whose duration is tW for
B1H) is initiated. The Write In Progress (WIP) bit is 1 during the self-timed Write Configuration Register cycle, and is 0 when
it is completed. When the cycle is completed, the Write Enable Latch (WEL) is reset.

Figure 13. Write Configuration Register Diagram

65T\ S

0123 456 7 8 9101112131415

€— Command

st [/1111]] 1

SO

Figure 14. Write Configuration Register Diagram (QPI)

CS# U

0o 1 2 3

SCLK M

100 “““f)
or T\

s
T

SlcESECH=

CRIn
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7.3.7. Read Manufacture ID/Device ID (90H)

The command is initiated by driving the CS# pin low and shifting the command code “90H” followed by a 24-bit address
(A23-A0) of 000000H. After which, the Manufacturer ID and the Device ID are shifted out on the falling edge of SCLK with
most significant bit (MSB) first is shown in the figure below. If the 24-bit address is initially set to 000001H, the Device ID
will be read first.

1.8V QUAD IO Serial Flash XT25Q512F

Figure 15. Read Manufacture 1D/ Device 1D Sequence Diagram

CS# \
SCLK

0123 45¢6 78 91011 24 2526 27 28 29 30 31

'€— Command — 24-bit address(A23:A0)
17411/ T & & SN0 0000000 Sl
e High-Z o
cs# /
seue_ TUVUIVUITIUUUTU I ——
st — AT T
s0 - eaeeeeaeaaeaeee D I

Figure 16. Read Manufacture 1D/ Device 1D Sequence Diagram (QPI)

CS# \

SCLK

TUUUUL]

24-bit address(A23:A0)

02 ///////)
03 ////1/])

Rev 1.2

Jul 25, 2024

|A23-A1 A15-A8| AT7-0




X
1.8V QUAD 10O Serial Flash XT25Q512F

7.3.8. Read SFDP (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 interro-
gated 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, JESD68 on CFI. SFDP is a standard of JEDEC

Standard No.216.
Note: For SFDP Table, please contact XTX.

Figure 17. Read Serial Flash Discoverable Parameter command Sequence Diagram

CS# \
01 234567891011 24 2526 27 28 2930 31
SCLK

S TN > - CREORG - -
<0 High-Z L
CS# - - 32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
oLk _ U UL
s - ORI
so-- 0600000600000 I

Note:
1. A23-A8 = 0, A7-A0 is the starting byte address for 256-byte SFDP Register.
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Read Serial Flash Discoverable Parameter (5AH) in QPI mode

The Read Serial Flash Discoverable Parameter command is also supported in QPI mode. See the following figure. In QPI
mode, the number of dummy clocks is configured by the “Set Read Parameters (COH)” command to accommodate a wide
range application with different needs for either maximum Fast Read frequency or minimum data access latency. Depending
on the Read Parameter bits P[5:4] setting, the number of dummy clocks can be configured as either 8/6/12/16.

Figure 18. Read Serial Flash Discoverable Parameter command Sequence Diagram (QPI)

CS# \

SCLK

o
-
[N)
w
N
o

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

TUUTUUU

%

5AH [ 24-bit address(A23:A0)

A
Y

\4
MSB MSB  [MSB  |MSB

o ] [ =
S5 25 ¢
3}
-
3
-
o
-
a1
-
o
-
&)
-
I
|
|
|
'

7X3X7X3Y7X3 7X3Y7Xs X7 s p———-
IA23-A16 A15-A8| AT7-0 Dummy* Bytel | Byte2 | Byte3

*Set Read Parameters Command (COH) can set the number of dummy clocks
Note:

1. A23-A8 = 0, A7-A0 is the starting byte address for 256-byte SFDP Register.
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7.3.9. Read Unique ID (4BH)

The Read Unique ID command accesses a factory-set read-only 128bit number that is unique to each device. The Unique
ID can be used in conjunction with user software methods to help prevent copying or cloning of a system.

The Read Unique ID command sequence: CS# goes low - Sending Read Unique ID command - 24-bit address (A23:A0)
(Don’t care) + 1 dummy Byte - 128bit Unique ID Out = CS# goes high.

The command sequence is shown below.

Figure 19. Read Unique ID (RUID) Sequence

0123456789101 32 3334 3536 3738 39

24-bit address(A23:A0)
+ 1 Dummy Byte

<€— Command

S/ 48H

MSB
High-Z
SO - =
CS# — — /
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 161 162 163 164 165 166 167
SCLK

SI— — {//_

MSB
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
Read Unique ID (4BH) in QPI mode

The Read Unique ID command is also supported in QP1 mode. See the figure below, In QPI mode, the number of dummy
clocks is configured by the “Set Read Parameters (COH)” command to accommodate a wide range application with different
needs for either maximum Fast Read frequency or minimum data access latency. Depending on the Read Parameter bits P[5:4]
setting, the number of dummy clocks can be configured as either 8/6/12/16.

Figure 20. Read Unique ID (RUID) Sequence (QPI)

CS# \
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 4
SCLK "
24-bit address(A23:A0)
00 /777171

>
o~
b

=
3 =

A
~JyT

XXX KX XX KX XX Yooy — X aYo )y — ——

S

S

XXX EX XX EXAX 25Y 121 = — —

=
)
&

XXX AX XX XXX o iy — Fe Y2 b —— —

&

<

S &

MSB B MSEB
103 IIII” X XX XX XX XXX X w7 123——_<7X3>____
IA23-A1q A15-A8| AT-0 Dummy*

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

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.3.10.Read Identification (9EH/9FH)

The Read Identification (RDID) command allows the 8-bit manufacturer identification to be read, followed by two bytes
of device identification. The device identification indicates the memory type in the first byte, and the memory capacity of the
device in the second byte. Any Read Identification (RDID) command while an Erase or Program cycle is in progress will not
be decoded, and has no effect on the cycle that is in progress. The Read Identification (RDID) command should not be issued
while the device is in Deep Power-Down Mode.

The device is first selected by driving CS# to low. Then, the 8-bit command code for the command is shifted in. This is
followed by the 24-bit manufacture identification and device identification, stored in the memory, being shifted out on Serial
Data Output, each bit being shifted out during the falling edge of Serial Clock. The command sequence is shown in the figure
below. The Read Identification (RDID) command is terminated by driving CS# to high at any time during data output. When
CS# is driven high, the device is put in the Standby Mode. Once in the Standby Mode, the device waits to be selected, so that
it can receive, decode and execute commands.

Figure 21. Read ldentification ID Sequence Diagram

CS# \ /
0123456 7 8 9101112 13141516 1718 1920 2122 2324 2526 2728 29 30 31

N

€— Command —P

sUITTITIIN. semsen WD LT T

0 LIEa oe'e'n'n'n'n0 61616/010161010 0.6.6.0.0.0.0,0 MLLES

Figure 22. Read ldentification ID Sequence Diagram (QPI)

CS# _\ /

001 2 3 45 6 7
MU
oeR [ i i —
FHy

o0 2777770+
w03 [///TT7+

S

) o
N

7TA3

=

MID [ID15-1D4ID7-1DO)
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7.4. Array Access

7.4.1. Normal Read (03H/13H)

The Read Data Bytes (READ, 03H) command is followed by a 3-byte address (A23-A0), each bit being latched-in during
the rising edge of SCLK. 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 SCLK. The first byte address can be at any location. The address is automatically
incremented to the next address after each byte of data is shifted out. The whole memory can, therefore, be read with a single
Read Data Bytes (READ) command. Any Read Data Bytes (READ) command, while an Erase, Program or Write cycle is in
progress, is rejected without having any effects on the cycle that is in progress.

The “13H” instruction is similar to “03H” instruction except the address length becomes 32-bit.

Figure 23. Read Data Bytes Sequence Diagram

CS# \
SCLK

0123456 78 91011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39 40

24-bit address(A23:A0)

e 0.0.0 0098 Wi

v Data Outl Data Out2
High-Z

MSB 000600960V

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

[€— Command

s\ //1111]] 03H

SO
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7.4.2. Fast Read (OBH/OCH)

The Read Data Bytes at Higher Speed (Fast Read, 0BH) command is for quickly reading data out. It is followed by a 3-
byte address (A23-A0) and a dummy byte, each bit being latched-in during the rising edge of SCLK. Then the memory content,
at that address, is shifted out on SO, each bit being shifted out, at a Max frequency fC, during the falling edge of SCLK. The
first byte address can be at any location. The address is automatically incremented to the next address after each byte of data
is shifted out.

The number of Dummy clocks for “Fast Read (0BH)” is 8.

The “OCH” instruction is similar to “OBH” instruction except the address length becomes 32-bit.

Figure 24. Read Data By test Higher Speed Sequence Diagram

0123456789101 24 2526 2728 29 30 31

'€«— Command 24-bit address(A23:A0)

S 0BH EE O Ui 00000060 5t

SO High-Z o
CS#— —
ek 32 33 34 3536 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
S [T
SO - - ,‘\ESBG sY4 Y321 QQ@Q@ o

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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Fast Read (OBH/OCH) in QPI mode

The Fast Read (0BH) command is also supported in QPI mode. In QP mode, the number of dummy clocks is configured
by the “Set Read Parameters (COH)” command to accommodate a wide range application with different needs for either max-
imum Fast Read frequency or minimum data access latency.

Depending on the Read Parameter bits P5-P4 setting, the number of dummy clocks can be configured as either 8/6/12/16.

The “Wrap Around” feature is not available in QP1 mode for Fast Read instruction.

Figure 25. Read Data Bytes at Higher Speed Sequence Diagram (QPI)

CS# \
01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21

seew _ NTIPJUUUUTHTUTUUULUL] [
|OOZZZZZ>\E/:\40404O sXoYaYXoYaXop———

|OlZZZZZZ>e/I\515151 sX1YsX1Xs Y1 ———
102 ;;;;;;;‘00626262 6X2YsY2Ye X2 r———

\4
MSB SB |MSB  [MSB
IA23-A1§ A15-A8| AT7-0 Dummy* Bytel | Byte2 | Byte3

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

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.3. Dual Output Fast Read (3BH/3CH)

The Dual Output Fast Read (3BH) command is followed by 3-byte address (A23-A0) and a dummy byte, each bit being
latched in during the rising edge of SCLK, then the memory contents are shifted out 2-bit per clock cycle from Sl and SO. The
command sequence is shown in the following figure. The first byte addressed can be at any location. The address is automat-
ically incremented to the next address after each byte of data is shifted out.

The number of Dummy clocks for “Dual Output Fast Read (3BH)” is 8.

The “3CH” instruction is similar to “3BH” instruction except the address length becomes 32-hit.

Figure 26. Dual Output Fast Read Sequence Diagram

0123456 78 91011 24 2526 27 28 29 30 31

€— Command 24-bit address(A23:A0)

S 38H ST U 0.0,000900

High-Z
SO 9 - -

CS# — -
32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

seee _[UUHUUU] JUUUIE

Dummy Byte —

Sl — 4Y2Xo (6 (4 X2)X0X 6
Data Outl Data Out4
MSB MSB

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.4. Dual I/O Fast Read (BBH/BCH)

The Dual /0O Fast Read (BBH) command is similar to the Dual Output Fast Read command but with the capability to
input the 3-byte address (A23-0) and a “Continuous Read Mode” byte 2-bit per clock by SI and SO, each bit being latched in
during the rising edge of SCLK, then the memory contents are shifted out 2-bit per clock cycle from Sl and SO. The command
sequence is shown in the following figure. The first byte address can be at any location. The address is automatically incre-
mented to the next address after each byte of data is shifted out.

The number of dummy clocks for “Dual 1/O Fast Read” (BBH) can be set by the Latency Code (LC) in status register.
When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8(Include M7-0). When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6(Include M7-0). When the LC (LC1, LCO) bits are set to
(1,0), the dummy clock cycles is 12(Include M7-0). When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is
16(Include M7-0).

The “BCH” instruction is similar to “BBH” instruction except the address length becomes 32-bit.

Figure 27. Dual 1/O Fast Read Sequence Diagram (M5-4#(1,0))

0123456 78 91011121314 1516 1718 1920 2122 23

seew TP TUUUHUUUL - -

[ €— Command —

S BEH

MSB MSB

A23-16 A15-8 AT7-0 M7-0

§
(5]
(o)

G
B
(S

CS# — —

2324 2526 27 28 29 30 31 32 33 34 3536 37 38 3940 41 42 43 44 45 46 47

scek — - JHUUL] JUUUpUUuL

0000 0.000¢
so - 7X5X3X 1 7X5X3X1 006060006

Dummy* Bytel Byte2 Byte3 Byte4 Byte5

SI — 4X2X0X6X4X2X0

* The number of dummy clocks can be set by LC bit
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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Dual I/0 Fast Read with “Continuous Read Mode”

The Dual 1/0O Fast Read (BBH) command can further reduce command overhead through setting the “Continuous Read
Mode” bits (M7-0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits (M5-4) = (1, 0), then the next
Dual 1/0 Fast Read command (after CS# is raised and then lowered) does not require the BBH command code. The command
sequence is shown in the figure below. If the “Continuous Read Mode” bits (M5-4) do not equal (1, 0), the next command
requires the first BBH command code, thus returning to normal operation. A “Continuous Read Mode” Reset command can
be used to reset (M5-4) before issuing normal command.

The number of dummy clocks for “Dual I/O Fast Read” (BBH) can be set by the Latency Code (LC) in status register.
When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8(Include M7-0). When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6(Include M7-0). When the LC (LC1, LCO) bits are set to
(1,0), the dummy clock cycles is 12(Include M7-0). When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is
16(Include M7-0).

Figure 28. Dual 1/0O Fast Read Sequence Diagram (M5-4=(1,0))

CS# \ - —
01234586 78 9101112131415

|

SCLK

:

=

900 0,000 e

@
S

(ks

MSB MSB

S0 2000 020000600000 ==
A23-16 A15-8 A7-0 M7-0

cs# — —

1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

scLk _ _ ] JUUUE

B

0.000¢
SO - 7X5X3X1 @@@@7

Dummy* Bytel Byte2 Byte3

* The number of dummy clocks can be set by LC bit
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.5. Quad Output Fast Read (6BH/6CH)

The Quad Output Fast Read (6BH) command is followed by 3-byte address (A23-A0) and a dummy byte, each bit being
latched in during the rising edge of SCLK, then the memory contents are shifted out 4-bit per clock cycle from 103, 102, 101
and 100. The command sequence is shown in the figure below. The first byte address can be at any location. The address is
automatically incremented to the next address after each byte of data is shifted out. The Quad Enable bit (QE) of Status Register
(S9) must be set to enable for the Quad 1/0 Fast read command.

The number of Dummy clocks for “Quad Output Fast Read (6BH)” is 8.

The “6CH” instruction is similar to “6BH” instruction except the address length becomes 32-bit.

Figure 29. Quad Output Fast Read Sequence Diagram

Cst \ .
012 3 456 7 8 91011 24 2526 27 28 29 30 31
SCLK

' €«— Command 24-bit address(A23:A0)

100 /7777777 6BH 29— — {7 eX5X)

MSB
iah-
101 High-zZ _
102 High-Z o
High-Z
103 - —
CS# — —

@
(&
A
(42}
(31

32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5152 5

SCLK _

Dummy Byte —»

]
100 — OO0
01— — S5 X1)
102 — — eX2X6X2)

2000

103 — —

=

BN

i
00
(5XY
00
(X

Bytel| Byte2 Byte4|Byte5 |Byte6| Byte7 | Byte8
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.6. Quad I/O Fast Read (EBH/ECH)

The Quad I/O Fast Read (EBH) command is similar to the Dual I/O Fast Read command but with the capability to input
the 3-byte address (A23-0) and a “Continuous Read Mode” byte and 4 dummy clock 4-bit per clock by 100, 101, 103, 104,
each bit being latched in during the rising edge of SCLK, then the memory contents are shifted out 4-bit per clock cycle from
100, 101, 102, 103. The command sequence is shown in the figure below. The first byte addressed can be at any location. The
address is automatically incremented to the next address after each byte of data is shifted out. The Quad Enable bit (QE) of
Status Register (S9) must be set to enable for the Quad 1/0 Fast read command.

The number of dummy clocks for “Quad /O Fast Read” (EBH) can be set by the Latency Code (LC) in status register.
When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8(Include M7-0). When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6(Include M7-0). When the LC (LC1, LCO) bits are set to
(1,0), the dummy clock cycles is 12(Include M7-0). When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is
16(Include M7-0).

The “ECH” instruction is similar to “EBH” instruction except the address length becomes 32-bit.

Figure 30. Quad /O Fast Read Sequence Diagram (M5-4#(1,0))

0123 456 7 8 9101112 1314 1516 1718 19 20 2122 2324 2526 2

~

|

€— Command —

oo //////// EBH 4YoYaXoY4XoY4Yo M% 4

101 5X1Y5X1Y5Y1 Y5 X1 @@@@5

102 6X2Y6X2Y6Y2Y6Y2 E)@@@e
N

103 TX3X7X3X7X3X7X3 73@@7

A23-16|A15-8| A7-0| M7-0 Dummy* Bytell Byte2

* The number of dummy clocks can be set by LC bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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Quad I/O Fast Read with “Continuous Read Mode”

The Quad 1/0 Fast Read command (EBH) can further reduce command overhead through setting the “Continuous Read
Mode” bits (M7-0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits (M5-4) = (1, 0), then the next
Quad 1/0 Fast Read command (after CS# is raised and then lowered) does not require the EBH command code. The command
sequence is shown in the figure below. If the “Continuous Read Mode” (M5-4) do not equal (1, 0), the next command requires
the first EBH command code, thus returning to normal operation. A “Continuous Read Mode” Reset command can be used to
reset (M5-4) before issuing normal command.

The number of dummy clocks for “Quad I/O Fast Read” (EBH) can be set by the Latency Code (LC) in status register.
When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8(Include M7-0). When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6(Include M7-0). When the LC (LC1, LCO) bits are set to
(1,0), the dummy clock cycles is 12(Include M7-0). When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is
16(Include M7-0).

Figure 31. Quad /O Fast Read Sequence Diagram (M5-4=(1,0))

CS# \

0123456 7 8 910111213141516 1718 19

SCLK
IOO 4X0 MXoxXaxox 4
|014@@ 5X1 EX1X5X 1) 5
|024@@ 6X2 6X2X6X2X 6
\4
|O34@@ 73 RNOOCOE
A23-16 M7-0 Dummy* Bytell Byte2

* The number of dummy clocks can be set by LC bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Quad I/0 Fast Read with “16/32/64-Byte Wrap Around” in Standard SPI mode

The Quad /0O Fast Read command (EBH) can be used to access a specific portion within a page by issuing “Set Burst
With Wrap” (77H) Command” prior to 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 being accessed can be
limited to either an 16/32/64-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 16/32/64-byte section, the output will wrap around the beginning bound-
ary automatically until CS# is 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 (16/32/64-byte) of data without issuing multiple read commands.
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Quad 1/0 Fast Read (EBH) in QPI mode

The Quad I/0O Fast Read command (EBH) is also supported in QPl mode. See the figure below. In QP1 mode, the “Wrap
Length” and the number of dummy clocks is configured by the “Set Read Parameters (COH)” command to accommodate a
wide range application with different needs for either maximum Fast Read frequency or minimum data access latency.

Depending on the Read Parameter bits P[5:4] setting, the number of dummy clocks can be configured as either 8/6/12/16.

In QPI mode, the “Continuous Read Mode” bits M7-MO are also considered as dummy clocks. “Continuous Read Mode”
feature is also available in QPI mode for Quad 1/0O Fast Read command.

Figure 32. Quad /O Fast Read Sequence Diagram (M5-4= (1, 0) QPI)

CS# \

SCLK

00 //77777)

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

TUUUU] |

or-———

=

EBH | 24-bit address(A23:A0)

A
A

B

-

A
~
o
N
o
~
o
~
o
~
o
~
o
o

-
5
o
-
3
-
3]
-
3]
-
2]
-
&
-
o

1y———

[
o
[=2]
N
(<2}
N
[=2]
N
[=2]
N
o
N
(2]
N
[=2]
N

v
MSB SB |MSB |MmSB
103 ““{“)1173737373 7X3X7X3)Y7 X3} ———
IA23-A16 A15-A8| AT7-0 [ M7-0 Bytel | Byte2 | Byte3

Dummy*(Incloud M7-0) —
*Set Read Parameters Command (COH) can set the number of Dummy clocks
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7.4.7. DTR Fast Read (ODH)

The DTR Fast Read command (ODH) is similar to the Fast Read instruction except that the 24-bit address input and the
data output require DTR (Double Transfer Rate) operation. This is accomplished by adding six dummy clocks after a 3-byte
address (A23-A0) or a 4-byte address (A31-A0) as shown in the figure below. The dummy clocks allow the devices internal
circuits additional time for setting up the initial address. During the dummy clocks the data value on the SO pin is a “don’t

care”.
The number of Dummy clocks for “DTR Fast Read” (ODH) is 6.

Figure 33. DTR Fast Read Instruction

CS# \
SCLK

0 1 2 3 4 5 6 7 8 9

[€—  Command

s\ TN --
50 High-Z L
CS# — —

oLk ) 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Dummy —

i - (T

e 0.0,0000.00/00/00/0,0.0 Sm——

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
DTR Fast Read (ODH) in QPI Mode

The DTR Fast Read instruction is also supported in QPI mode. The number of dummy clocks for “DTR Fast Read” (0DH)
under QPI mode and “DTR Fast Read Quad 10” (EDH/EEH) can be set by the Latency Code (LC) in status register. When
the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8. When the LC (LC1, LCO)
bits are set to (0,1), the dummy clock cycles is 6. When the LC (LC1, LCO) bits are set to (1,0), the dummy clock cycles is 12.
When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is 16.

Figure 34. DTR Fast Read Instruction (QPI)

CS# _\ _____
e MU U

ODH

24-bit address(A23:A0)

St

=
B
~
o
%

103 ///////}

4X0K410K4X0

5X1A5X1 X541 5151@@ —————
6R2X6 X246 K2 6262% —————

v

TX3X7X3 X7 X3 7373@@ _____

A23-16 | A15-8 | AT7-0 Dummy* Bytel | Byte2 | Byte3

oo b

* The number of dummy clocks can be set by LC bit
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.8. DTR Fast Read Dual 1/0(BDH)

The DTR Fast Read Dual 1/0 (BDH) instruction allows for improved random access while maintaining two 10 pins, 100
and 101. It is similar to the Dual 1/O Fast Read (BBH) instruction but with the capability to input a 3-byte address (A23-A0)
or a 4-byte address (A31-A0) four bits per clock. This reduced instruction overhead may allow for code execu-tion (XIP)
directly from the Dual SPI in some applications.

The number of dummy clocks for “DTR Fast Read Dual I0” (BDH) can be set by the Latency Code (LC) in status register.
When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8(Include M7-0). When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6(Include M7-0). When the LC (LC1, LCO) bits are set to
(1,0), the dummy clock cycles is 12(Include M7-0) (Include M7-0). When the LC (LC1, LCO) bits are set to (1,1), the dummy
clock cycles is 16(Include M7-0).

DTR Fast Read Dual I/O with “Continuous Read Mode”

The DTR Fast Read Dual I/O instruction can further reduce instruction overhead through setting the “Continuous Read
Mode” bits (M7-0) after a 3-byte address (A23-A0) or a 4-byte address (A31-A0), as shown in “BDH” command description.
The upper nibble of the (M7-4) controls the length of the next DTR Fast Read Dual 1/O instruction through the inclusion or
exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are “don’t care” (“x”). However, the 10 pins
should be high-impedance for 4 dummy clocks prior to the falling edge of the first data out clock.

The number of Dummy clocks for “DTR Fast Read Dual 1/0” (BDH) under continuous read mode is 6 (Include M7-0).

If the “Continuous Read Mode” bits (M5-4) = (1, 0), then the next DTR Fast Read Dual /O instruction (after CS# is
raised and then lowered) does not require the BDH instruction code, as shown in the figure below. This reduces the instruction
sequence by eight clocks and allows the Read address to be immediately entered after CS# is asserted low. If the “Continuous
Read Mode” bits M5-4 do not equal to (1,0), the next instruction (after CS# is raised and then lowered) requires the first byte
instruction code, thus returning to normal operation. It is recommended to input FFFFH/FFFFFH on 100 for the next instruc-
tion (16/20 clocks), to ensure M4 = 1 and return the device to normal operation.

The number of dummy clocks for “DTR Fast Read Dual IO” (BDH) can be set by the Latency Code (LC) in status register.
When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8(Include M7-0). When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6(Include M7-0). When the LC (LC1, LCO) bits are set to
(1,0), the dummy clock cycles is 12(Include M7-0) (Include M7-0). When the LC (LC1, LCO) bits are set to (1,1), the dummy
clock cycles is 16(Include M7-0).

Figure 35. DTR Fast Read Dual I/O(Initial instruction or previous M5-4#10, SP1 Mode only)

01234567 8 9 10 11 12 13 14 15 16 23 24 25 26 27

U UL

20,00 0,000 sebe

[€— Command

S BDH

SO

Bytel Byte2

* The number of dummy clocks can be set by LC bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Rev 1.2 Jul 25, 2024 Page 54



X
1.8V QUAD 10O Serial Flash XT25Q512F

Figure 36. DTR Fast Read Dual 1/O (Previous instruction set M5-4=10, SP1 Mode only)

15 16 17 18 19

. U

——————

Dummy* Bytel Byte2

* The number of dummy clocks can be set by LC bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.49. DTR Fast Read Quad I/0 (EDH/EEH)

The DTR Fast Read Quad I/0O (EDH) instruction is similar to the Quad 1/0 Fast Read (EBH) instruction except that
address and data bits are input and output twice for each clock through four pins 100, 101, 102 and 103 and several Dummy
clocks are required in SPI mode prior to the data output. The Quad I/O dramatically reduces instruction overhead allowing
faster random access for code execution (XIP) directly from the Quad SPI. The Quad Enable bit (QE) of Status Register must
be set to enable the DTR Fast Read Quad 1/O Instruction.

The number of dummy clocks for “DTR Fast Read Quad 10” (EDH) can be set by the Latency Code (LC) in status
register. When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8. When the LC
(LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6. When the LC (LC1, LCO) bits are set to (1,0), the dummy clock
cycles is 12. When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is 16.

The “EEH” instruction is similar to “EDH” instruction except the address length becomes 32-bit.

DTR Fast Read Quad I/O with “Continuous Read Mode”

The DTR Fast Read Quad I/O instruction can further reduce instruction overhead through setting the “Continuous Read
Mode” bits (M7-0) after the input 3-byte address bits (A23-0), as shown in “EDH” command description. The upper nibble of
the (M7-4) controls the length of the next DTR Fast Read Quad 1/O instruction through the inclusion or exclusion of the first
byte instruction code. The lower nibble bits of the (M3-0) are “don’t care (“x)”. However, the 10 pins should be high-imped-
ance prior to the falling edge of the first data out clock.

The number of dummy clocks for “DTR Fast Read Quad I0” (EDH) can be set by the Latency Code (LC) in status
register. When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8. When the LC
(LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6. When the LC (LC1, LCO) bits are set to (1,0), the dummy clock
cycles is 12. When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is 16.

If the “Continuous Read Mode” bits (M5-4) = (1,0), then the next DTR Fast Read Quad 1/O instruction (after CS# is
raised and then lowered) does not require the EDH instruction code. This reduces the instruction sequence by eight clocks and
allows the Read address to be immediately entered after CS# is asserted low. If the “Continuous Read Mode” bits M5-4 do
not equal to (1,0), the next instruction (after CS# is raised and then lowered) requires the first byte instruction code, thus
returning to normal operation. It is recommended to input FFH/3FFH on 100 for the next instruction (8/10 clocks), to ensure
M4 = 1 and return the device to normal operation.

Figure 37. DTR Fast Read Quad 1/O (Initial instruction or previous M5-4#10, SP1 Mode)

CS# —\
seu —___I[ULULUULL I

€— Command

00 /1111111

101

102

103

Dummy*

* The number of dummy clocks can be set by LC bit
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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Figure 38. DTR Fast Read Quad 1/O (Previous instruction set M5-4=10, SPI Mode)

CS# \

0 1 2 3
SCLK
100 ———{aXoYaXoYaXoYaXo
101 ————{sY1YsX1Xs5X1¥X5)X1
102 ———(6X2X6X2X6X2X6X2
103 ————7X3f7 X3 7X3X7X3
A23-16' A15-8 ' A7-0 ! m7-0* | Dummy* | Bytel | Byte2 | Byte3

* The number of dummy clocks can be set by LC bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

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

The DTR Fast Read Quad I/O instruction can also be used to access a specific portion within a page by issuing a “Set
Burst With Wrap” (77H) Command prior to EDH. The “Set Burst With Wrap” (77H) Command can either enable or disable
the “Wrap Around” feature for the following EDH commands. When “Wrap Around” is enabled, the data being accessed can
be limited to either an 16/32/64-byte section of a 256-byte page. The output data starts at the initial address specified in the
instruction, once it reaches the ending boundary of the 16/32/64-byte section, the output will wrap around to the beginning
boundary automatically until CS# is 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 (16/32/64-byte) of data without issuing multiple read commands.
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DTR Fast Read Quad 1/0 (EDH) in QPI Mode

The DTR Fast Read Quad 1/O instruction is also supported in QPI mode, as shown in the figure below. In QPI mode, the
“Continuous Read Mode” bits M7-0 are also considered as dummy clocks.

The “Wrap Around” feature is also available in QPT mode for DTR Fast Read Quad I/O command. The “Wrap
Length” can be configured by the “Set Read Parameters (COH)” command. However, the number of dummy clocks is
set by LC bit in status register and cannot be configured by the “Set Read Parameters (COH)” command for DTR Fast
Read Quad 1/O instruction. Also EBH and ECH are alternative ways to perform “Wrap Around” under QPI mode.

“Continuous Read Mode” feature is also available in QPI mode for DTR Fast Read Quad I/O instruction. Please refer to
the description on previous pages.

The number of dummy clocks for “DTR Fast Read Quad 10” (EDH) under QPI can be set by the Latency Code (LC) in
status register. When the LC (LC1, LCO) bits are set to (0,0), which is default, the number of dummy clock cycles is 8. When
the LC (LC1, LCO) bits are set to (0,1), the dummy clock cycles is 6. When the LC (LC1, LCO) bits are set to (1,0), the dummy
clock cycles is 12. When the LC (LC1, LCO) bits are set to (1,1), the dummy clock cycles is 16.

Figure 39. DTR Fast Read Quad 1/O (Initial instruction or previous M5-4#10, QPI Mode)

CS# \

0 1 2 3 4 5 9 10 11 12 13
SCLK m — M \ _| _____
EDH I
<«

02 //////))
o3 ///111])

£ 3

300,000 ==

1\ 4

200,000 -

Dummy* Bytel | Byte2 | Byte3

__L

Bl

* The number of dummy clocks can be set by LC bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.10.Page Program (02H/12H)

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

The Page Program (PP) command is entered by driving CS# Low, followed by the command code, three address bytes
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 entire duration of the sequence. The Page Program
command sequence: CS# goes low = Sending Page Program command-> 3-byte address on SI - at least 1 byte data on Sl
- CS# goes high. The command sequence is shown in the figure below. If more than 256 bytes are sent to the device, previ-
ously 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 (PP) 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 may be read to check the value of the Write In Progress (WIP) bit. The Write
In Progress (WIP) 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 (WEL) bit is reset.

A Page Program (PP) command applied to a page which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO) is
not executed.

The “12H” instruction is similar to “02H” instruction except the address length becomes 32-bit.

Figure 40. Page Program Sequence Diagram

CS# \
SCLK

0123456789101 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

'€— Command 24-bit address(A23:A0) €— Data Bytel

S 02 SO T 000.00060 000009004
CS# — /_

2073
2074
2075
2076
2077
2078
2079

N
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 §

SCLK _

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Rev 1.2 Jul 25, 2024 Page 59



X
1.8V QUAD 10O Serial Flash XT25Q512F

Figure 41. Page Program Sequence Diagram (QPI)

CS# \

SCLK

00 ///////)
01 777777))
02 777777))
03 777777

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

IA23-A16 A15-A8| A7-AO | Bytel | Byte2 | Byte3 | Byte4
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7.4.11. Quad Page Program (32H/34H)

The Quad Page Program command is for programming the memory using four pins: 100, 101, 102, and 103. To use Quad
Page Program, the Quad Enable bit in status register Bit9 must be set (QE=1). A Write Enable (WREN) command must
previously have been executed to set the Write Enable Latch (WEL) bit before sending the Quad 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 10 pins.

The command sequence is shown in the figure below. If the 8 least significant address bits (A7-A0) are not all zero, all
transmitted data that goes beyond the end of the current page are programmed from the start address of the same page (from
the address whose 8 least significant bits (A7-A0) are all zero). 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 Quad Page Program command will not be executed.

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

A Quad Page Program command applied to a page which is protected by the Block Protect (BP4, BP3, BP2, BP1, BP0)
will not be executed.

The “34H” instruction is similar to “32H” instruction except the address length becomes 32-bit.

Figure 42. Quad Page Program Sequence Diagram

CS# \
SCLK

012345¢6 7891011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

____[yuuuuu |

24-bit address(A23:A0) ——p

——{7X6X5 X4 X3X2 X1 XoX4X0X4Xo Y4 Yo Xa X0} —

[€— Command

00 J7777IIIIN.

MSB
101 5X1X5X1 X5 X1 X5 X1} —
102 6X2X6X2X6X2X6 X2 —
103 TX3X7X3 X7 X3 X7 X3 —

Bytel | Byte2 | Byte3 | Byte4

CS# — /_

SCLK _

Byte5 | Byte6 | Byte7 | Byte8 | Byte9 | BytelO | Bytell | Bytel2 | Bytel3 | Bytel4 | Bytel5 | Bytel6

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.12.Extend Quad Page Program (C2H/3EH)

The Extend Quad Page Program command is for programming the memory using four pins: 100, 101, 102, and 103. A
Write Enable (WREN) command must previously have been executed to set the Write Enable Latch (WEL) bit before sending
the Page Program command. The extend quad Page Program command is entered by driving CS# Low, followed by the com-
mand code (C2H), three or four address bytes and at least one data byte on 10 pins.

If more than 256 bytes are sent to the device, previously latched data are discarded and the last 256 data bytes are guar-
anteed 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 Extend Quad Page Program (EPP) command is
not executed.

As soon as CS# is driven high, the self-timed Extend Quad Page Program cycle (whose duration is tPP) is initiated. While
the Extend Quad Page Program cycle is in progress, the Status Register may be read to check the value of the Write In Progress
(WIP) bit. The Write in Progress (WIP) bit is 1 during the self-timed Extend Quad Page Program cycle, and is O when it is
completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

An Extend Quad Page Program command applied to a page which is protected by the Block Protect (T/B, BP3, BP2,
BP1, and BPO) is not executed.

The “3EH” instruction is similar to “C2H” instruction except the address length becomes 32-bit.

Figure 43. Quad Page Program Sequence Diagram

CS# - nnnnnnnnnnnnnnnnnnnnnnn_____

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

SCLK uuuvvpruivpgupugugul oo

— Command —Jp| 24-bit address(A23:A0)

IOO//////// C2H sXoYaXoYaXoYaXoYaXoYaXoXaXor————-

101 sY1 s X1 XX sX1YsX1Ys Xt Ys 1 )f————-
102 6X2YeY2Y6X2X6X2Y6X2)Ye YoYs X2 ————-—
103 7Y3Y7X3Y7X3Y7X3Y7Y 3 7 a7 sy —————

A23-A16 A15-A8| A7-A0| Bytel | Byte2 | Byte3 | Byted

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.4.13.Sector Erase (20H/21H)

The Sector Erase (SE) command is for erasing all the data of the chosen sector. A Write Enable (WREN) command must
previously have been executed to set the Write Enable Latch (WEL) bit before sending the Sector Erase command. The Sector
Erase (SE) command is entered by driving CS# low, followed by the command code, and 3-address byte on SI. Any address
inside the sector is a valid address for the Sector Erase (SE) command.

The Sector Erase command sequence: CS# goes low = Sending Sector Erase command > 3-byte address on SI - CS#
goes high. The command sequence is shown in the figure below. CS# must be driven high after the eighth bit of the last address
byte has been latched in; otherwise the Sector Erase (SE) command will not be executed. As soon as CS# is driven high, the
self-timed Sector Erase cycle (whose duration is tSE) is initiated. While the Sector Erase cycle is in progress, the Status
Register can be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the
self-timed Sector Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle is completed, the Write
Enable Latch (WEL) bit is reset. A Sector Erase (SE) command applied to a sector which is protected by the Block Protect
(BP4, BP3, BP2, BP1, BPO) bit will not be executed.

The “21H” instruction is similar to “20H” instruction except the address length becomes 32-bit.
Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 44. Sector Erase Sequence Diagram

CS# —\ /

0123 45¢6 78 91011 24 2526 27 28 29 30 31
sclk__ | I | LR R AR A I

24-bit address(A23:A0)

edeaeedad- - - 66699@ T

MSB
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

' €— Command

Sy 201

Figure 45. Sector Erase Sequence Diagram (QPI)

CS# \

SCLK

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

IA23-A1q A15-A8| A7-A0
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7.4.14. 32KB Block Erase (52H/5CH)

The 32KB Block Erase (BE) command is for erasing all the data of the chosen block. A Write Enable (WREN) command
must previously have been executed to set the Write Enable Latch (WEL) bit before sending the 32KB Block Erase command.
The 32KB Block Erase (BE) command is entered by driving CS# low, followed by the command code, and three address bytes
on Sl, driving CS# high. Any address inside the block is a valid address for the 32KB Block Erase (BE) command.

The 32KB Block Erase command sequence: CS# goes low = Sending 32KB Block Erase command - 3-byte address
on SI > CS# goes high. The command sequence is shown in the figure below. CS# must be driven high after the eighth bit of
the last address byte has been latched in; otherwise the 32KB Block Erase (BE) command will not be executed. As soon as
CS# is driven high, the self-timed Block Erase cycle (whose duration is tBE1) is initiated. While the Block Erase cycle is in
progress, the Status Register can be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP)
bit is 1 during the self-timed Block Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle is
completed, the Write Enable Latch (WEL) bit is reset. A 32KB Block Erase (BE) command applied to a block which is
protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0) bits will not be executed.

The “5CH” instruction is similar to “52H” instruction except the address length becomes 32-bit.
Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 46. 32KB Block Erase Sequence Diagram

cst \ Yo

012345678 91011 24 2526 27 28 29 30 31
sek ] ____ gty

24-bit address(A23:A0) ——»

DOt 00000080 Wi

'€— Command

SV 52H

MSB

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
Figure 47. 32KB Block Erase Sequence Diagram (QPI)

cst \
SCLK

100 ///////)

o1 /77777

102 //7///))

03 ///////)

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

IA23-A16 A15-A8| A7-A0
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7.4.15. 64KB Block Erase (D8H/DCH)

The 64KB Block Erase (BE) command is for erasing all the data of the chosen block. A Write Enable (WREN) command
must previously have been executed to set the Write Enable Latch (WEL) bit, before sending the 64KB Block Erase command.
The 64KB Block Erase (BE) command is entered by driving CS# low, followed by the command code, and three address bytes
on Sl, driving CS# high. Any address inside the block is a valid address for the 64KB Block Erase (BE) command.

The 64KB Block Erase command sequence: CS# goes low = Sending 64KB Block Erase command - 3-byte address
on SI > CS# goes high. The command sequence is shown in the figure below. CS# must be driven high after the eighth bit of
the last address byte has been latched in; otherwise the 64KB Block Erase (BE) command will not be executed. As soon as
CS# is driven high, the self-timed Block Erase cycle (whose duration is tBE?2) is initiated. While the Block Erase cycle is in
progress, the Status Register can be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP)
bit is 1 during the self-timed Block Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle is
completed, the Write Enable Latch (WEL) bit is reset. A 64KB Block Erase (BE) command applied to a block which is
protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0) bits will not be executed.

The “DCH” instruction is similar to “D8H” instruction except the address length becomes 32-bit.
Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 48. 64KB Block Erase Sequence Diagram

CS#—\ /

012345678 91011 24 2526 27 28 29 30 31
sk ] i

24-bit address (A23:A0) ———»

R 0.00,0000.0 Wi

'€— Command

Sy g

MSB

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
Figure 49. 64KB Block Erase Sequence Diagram (QPI)

cst \
SCLK

100 ///////)

o1 ///777])

102 /////7])

03 ///////)

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

IA23-A16 A15-A8| A7-A0
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7.4.16. Chip Erase (60H or C7H)

The Chip Erase (CE) command is for erasing all the data of the chip. A Write Enable (WREN) command must previously
have been executed to set the Write Enable Latch (WEL) bit, before sending the Chip Erase command .The Chip Erase (CE)
command is entered by driving CS# Low, followed by the command code on SI.

The Chip Erase command sequence: CS# goes low = Sending Chip Erase command - CS# goes high. The command
sequence is shown in the figure below. CS# must be driven high after the eighth bit of the command code has been latch in,
otherwise the Chip Erase command will not be executed. As soon as CS# is driven high, the self-timed Chip Erase cycle
(whose duration is tCE) is initiated. While the Chip Erase cycle is in progress, the Status Register can be read to check the
value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Chip Erase cycle, and is
0 when it is completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

The Chip Erase (CE) command is ignored if one or more sectors are protected.
Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 50. Chip Erase Sequence Diagram

/7
012345867

N\
seew U

'€— Command —

SUUITITTIN.  enoem NTTTTTTTT

CS#

Figure 51. Chip Erase Sequence Diagram (QPI)

CS# \ / CS# \ /

0 1 0 1
SCLK ] SCLK 1]
60H C7l

o A
°v

00 ///1/1])
S,
102 //////])
103 ////11/)

/11111 o ///117IN/ \TTITT
1111 o1 J7/1TTIN/NUTT]
/111111 02 f//11IIY N
/111111 103 ////[IIY\AI111]]

< ¢

o
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7.5. Device Operations

7.5.1. Enable Reset (66H) and Reset (99H)

If the Reset command is accepted, any on-going internal operation will be terminated and the device will return to its
default power-on state and lose all the current volatile settings, such as Volatile Status Register bits, Write Enable Latch status
(WEL), Read Parameter setting (P7-P0) and Wrap bit Setting (W6-W4).

The “Reset (99H)” command sequence as follow: CS# goes low = Sending Enable Reset command - CS# goes high
- CS# goes low = Sending Reset command - CS# goes high. Once the Reset command is accepted by the device, the device
will take approximately tRST_R to reset. During this period, no command will be accepted. Data corruption may happen if
there is an on-going internal Erase or Program operation when Reset command sequence is accepted by the device. It is rec-
ommended to check the BUSY bit and the SUS bit in Status Register before issuing the Reset command sequence.

The Enable Reset (66H) command must be issued prior to a Reset(99H) command and any other commands can't be
inserted between them. Otherwise, Enable Reset (66H) command will be cleared.

Figure 52. Enable Reset and Reset command Sequence Diagram (SPI)

CS# / \ /
012345867 012345867

N\
e [[UHHTUTUL QALY ARR YA U] —

SN0 RS v/ /41 SR A/

High-Z

SO

Note: Enable Reset (66H) and Reset (99H) commands can exit SPI-BBH/SPI-EBH Continuous Read Mode.

Figure 53. Enable Reset and Reset command Sequence Diagram (QPI)

0 1 0 1
SCLK |_|_|
66H 99H

100 /7//[7\e ML)
o1 77777 LTI DN KT
w02 777771+ NI LT
03 /{111 [T N

Note: Enable Reset (66H) and Reset (99H) commands can exit QPI-EBH Continuous Read Mode, and the only way to exit DTR Continuous Read Mode is
to set the “Continuous Read Mode” bits (M5-4) not equal to (1,0).

o
o

o
-
5N
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7.5.2. Write Enable (06H)

The Write Enable (WREN) command is for setting the Write Enable Latch (WEL) bit. The Write Enable Latch (WEL)
bit must be set prior to every Page Program (PP), Sector Erase (SE), Block Erase (BE), Chip Erase (CE), Write Status Register
(WRSR), Write Extended Address Register (WEAR), Write Configuration Register (WCR) and Erase/Program Security Reg-
isters command. The Write Enable (WREN) command sequence: CS# goes low = Sending the Write Enable command >
CS# goes high.

Figure 54. Write Enable Sequence Diagram

01234567
SCLK

' €— Command —»

S 0H /1111111

CS#

High-Z
SO g

Figure 55. Write Enable Sequence Diagram (QPI)

CS# \ /

0 1

SCLK M
100 ///////)
101 ///1///)
102 ///////)
103 ///////)

o A
S N

/11T
/11T
\/111]]
i

5 5

o
o
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7.5.3. Write Enable for Volatile Status Register (50H)

The non-volatile Status Register bits can also be written to as volatile bits. 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 must be issued
prior to a Write Status Register command (01H/31H/11H) or Write Configuration Register command (B1H), and any other
commands can't be inserted between them. Otherwise, Write Enable for Volatile Status Register will be cleared. The Write
Enable for Volatile Status Register command will not set the Write Enable Latch bit, it is only valid for the Write Status
Register command to change the volatile Status Register bit values.

Figure 56. Write Enable for Volatile Status Register Sequence Diagram

01234567
SCLK

[ €— Command —J»

S 50H /1111111

High-Z

CS#

SO

Figure 57. Write Enable for Volatile Status Register Sequence Diagram (QPI)

st N\ /
SCLK [
00 ZZITIN\NTTTTIT]
on Z7777TNe_NTITITT
o2 ZITITI\ATIITIT]
03 T7TTT0Ne ATITTIT]
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7.5.4. Write Disable (04H)

The Write Disable (WRDI) command is for resetting the Write Enable Latch (WEL) bit. The Write Disable command
sequence: CS# goes low - Sending the Write Disable command - CS# goes high. The WEL bit is reset by following condi-
tion: Write Disable command (WRDI); Power-up; upon completion of the Write Status Register (WRSR), Write Extended
Address Register (WEAR), Write Configuration Register (WCR), Page Program (PP), Quad Page Program, Extended Quad
Input Fast Program, Sector Erase (SE), Block Erase (BE), Chip Erase (CE), Erase/Program Security Registers and Reset com-
mands.

Figure 58. Write Disable Sequence Diagram

CS# \ /

012345867

' €— Command —»

S 04H /111111

High-Z
o) 9

Figure 59. Write Disable Sequence Diagram (QPI)

CS# T
0
SCLK |'|_|

00 ///111IN {11111/
oL J/TIINe NI

02 J7777IIN/ I/ 111]]
03 [///]11\ Al111]]
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7.5.5. Program/Erase Suspend (75H)

The Program/Erase Suspend command (75H), allows the system to interrupt a Page Program or Sector/Block Erase op-
eration and then read data from any other sector or block. The Write Status Register command (01H, 31H, 11H) and Erase/Pro-
gram Security Registers command (44H, 42H) and Erase commands (20H, 21H, 52H, 5CH, D8H, DCH, C7H, 60H) and Page
Program command (02H, 12H, 32H, 34H, C2H, 3EH) are not allowed during Program Suspend. The Write Status Register
command (01H, 31H, 11H) and Program/Erase Security Registers command (44H, 42H) and Erase commands (20H, 21H,
52H, 5CH, D8H, DCH, C7H, 60H) are not allowed during Erase Suspend. Program/Erase Suspend is valid only during the
Page Program or Sector/Block Erase operation. A maximum of time of “tSUS” (See AC Characteristics) is required to suspend
the Program/Erase operation.

The Program/Erase Suspend command will be accepted by the device only if the SUS bit in the Status Register equals to
0 and WIP bit equals to 1 while a Page Program or a Sector or Block Erase operation is on-going. If the SUS bit equals to 1 or
WIP bit equals to 0, the Suspend command will be ignored by the device. The WIP bit will be cleared from 1 to 0 within
“tSUS” and the SUS bit will be set from 0 to 1 immediately after Program/Erase Suspend. A power-off during the suspend
period will reset the device and release the suspend state. The command sequence is shown in the figure below.

Figure 60. Program/Erase Suspend Sequence Diagram

CS# \ /'
tSUS —p
012345867

st 1[N

€— Command —

s\ //1111]] 75H LT

High-Z

SO

»
>»

Accept Read Command

Figure 61. Program/Erase Suspend Sequence Diagram(QPI)

tsus
CS# ¢ R

SCLK |'|_|

oo ZZI7IT0Y- NCLITIITTTITITTT
ou Z7TITNN\ NI
02 Z77 TN NI
03 777770 ATTTITITIITITIITT

Accept Read
Command

-
[iN

o
o
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7.5.6. Program/Erase Resume (7AH)

The Program/Erase Resume command must be written to resume the Page Program or Sector/Block Erase operation after
a Program/Erase Suspend command. The Program/Erase Resume command will be accepted by the device only if the SUS bit
equals to 1 and the WIP bit equals to 0. The SUS bit in the status register will be cleared from 1 to 0 immediately after the
Program/Erase Resume command is sent, the WIP bit will be set from 0 to 1 within 200ns and the Sector/Block Erase operation
or the Page Program operation will continue. The Program/Erase Resume command will be ignored unless a Program/Erase
Suspend is active. The command sequence is shown in the figure below.

Figure 62. Program/Erase Resume Sequence Diagram

CS# \
012345867
SCLK

€— Command —|

S wi NI

SO

\4

Resume Program/Erase

Figure 63. Program/Erase Resume Sequence Diagram (QPI)

st N
ek i
o0 TN
ox 777177])
02 777777
0s 777717

A
vt

LT
LT
VT
LT

Resume Program/Erase

=

-
5N
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7.5.7. Enable QPI (38H)

The device supports both Standard/Dual/Quad SPI and QPI mode. The “Enable QPI (38H)” command can switch the
device from SPI mode to QPI mode. See the command Table for all supported QPI commands. In order to switch the device
to QPI mode, the Quad Enable (QE) bit in Status Register must be set to 1 first, and “Enable QPI (38H)” command must be
issued. If the QE bit is 0, the “Enable QPI (38H)” command will be ignored and the device will remain in SPI mode. When
the device is switched from SPI mode to QPI mode, the existing Write Enable Latch and the Wrap Length setting will remain
unchanged.

Figure 64. Enable QP1 mode command Sequence Diagram

0123 45¢67
SCLK

'€— Command —»

Sy 38 /1111111

High-Z

CS#

SO

7.5.8. Disable QPI (FFH)

To exit the QPI mode and return to Standard/Dual/Quad SPI mode, the “Disable QPI (FFH)” command must be issued.
When the device is switched from QPI mode to SPI mode, the existing Write Enable Latch and the Wrap Length setting will
remain unchanged.

Figure 65. Disable QPI mode command Sequence Diagram (QPI)

CS# \ /
SCLK rU

oo Z777710 NIITTTIT]
o1 777777 NI
02 77771 NI
0z ZZ7I1TIN NI
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7.5.9. Set Burst With Wrap (77H)

The Set Burst with Wrap command is used in conjunction with “Quad I/O Fast Read (EBH)” and “DTR Fast Read Quad
I/0 (EDH)” commands to access a fixed length of 16/32/64-byte section within a 256-byte page in standard SPI mode. The
Set Burst with Wrap command sequence: CS# goes low ->Send Set Burst with Wrap command - Send 24 dummy bits - Send
8 bits “Wrap bits”->CS# goes high.

W4=0 W4=1 (default)
W6, W5
Wrap Around Wrap Length Wrap Around Wrap Length
0,0 (Default) Yes 16-byte No N/A
0,1 Yes 16-byte No N/A
1,0 Yes 32-byte No N/A
1,1 Yes 64-byte No N/A

If the W6-W4 bits are set by the Set Burst with Wrap command, all the following “Quad I/O Fast Read (EBH)” and “DTR
Fast Read Quad I/0 (EDH)” command will use the W6-W4 setting to access the 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 should be issued

to set W4=1.
The Wrap Length set by W5-W6 in Standard SPI mode is still valid in QPI mode and can also be re-configured by “Set

Read Parameters (COH) command, and vice versa.

Figure 66. Set Burst with Wrap Sequence Diagram

cst \ /-

0123 456 7 8 910111213141516

st~ 1[NNI =

€— Command —»

100 //////// 77H XX Y Yx Xx Y 4 X x——

101 XAXEX XX XX XX Y5 X X p——

102 XYXYXXXYX XXX 6 X X }—

103 XXX XY X ——
W6-W4
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7.5.10. Set Read Parameters (COH)
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In QPI mode, to accommodate a wide range of applications with different needs for either maximum read frequency or
minimum data access latency, “Set Read Parameters (COH)” instruction can be used to configure the number of dummy clocks
for “Fast Read (0BH)”, “Fast Read Quad I/O (EBH)”, “Read SFDP (5AH)”, “Read Unique ID (4BH)”, “Read Security Register
(48H)” instructions, and to configure the number of bytes of “Wrap Length” for “Quad /O Fast Read (EBH)” and “DTR Fast
Read Quad 1/0 (EDH)” instruction. In Standard SPI mode, the “Set Read Parameters (COH)” instruction is not accepted.

The number of dummy clocks in QPI mode is determined by the setting of COH. The dummy clock clocks in SPI mode
is set to the default value or determined by the LC bit setting.

The default “Wrap Length” after a power up or a Reset instruction is 16 bytes, the default number of dummy clocks is 8.
The “Wrap Length” is set by W6-4 bit in the “Set Burst with Wrap (77H)” instruction in Standard SPI mode and by P1-P0O in
the “Set Read Parameters (COH)” in the QP1 mode. The Wrap Length set by P1-P0 in QPI mode is still valid in SPI mode and
can also be re-configured by “Set Burst with Wrap (77H)”, and vice versa.

“COH” adds an extra bit P2 for Disable/Enable Wrap function. Execute COH and then follows EBH/ECH or EDH/EEH,
performs the read operation with “Wrap Around” in QPI mode. This function is similar to the “Fast Read (0BH)” command
in QPI mode, except the addressing of the read operation will “Wrap Around” to the beginning boundary of the “Wrap Around”
once the ending boundary is reached. The “Wrap Length” and the number of dummy clocks can be configured by the “Set
Read Parameters (COH)” command.

P5-P4 Dummy Clocks P2 P1-PO Wrap Length
0 0 (Default) 8 Enable Wrap=0 0 0 (Default) 16-byte
Disable Wrap=1
01 6 (Default) 01 16-byte
10 12 10 32-byte
11 16 11 64-byte

Figure 67. Set Read Parameters command Sequence Diagram (QPI)

CS# U

SCLK

100 ////177\
101 ;;;;;;;M 0

03 [//1]17Y\¢f
Read

Parameter

N
w

=
=

i

5

é
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7.5.11.Enable 4-byte Mode (B7H)

The Enable 4-byte Mode command enables accessing the address length of 32-bit for the memory area of the higher
density (larger than 128Mb). The device default is in 24-bit address mode. After sending the Enable 4-byte Mode command,
the ADS bit will be set to 1 to indicate the 4-byte address mode has been enabled. Once the 4-byte address mode is enabled,
the address length becomes 32-bit instead of the default 24 bit. The Disable 4-byte mode or Reset or Power-off will disable 4-

byte mode.

Figure 68. Enable 4-byte Mode Sequence Diagram (SPI)

012345867
SCLK

' €— Command —)

S B7H 1111

CS#

High-Z

SO

Figure 69. Enable 4-byte Mode Sequence Diagram (QPI)

cst \ /

SCLK
oo 777777 XL
o1 /777
03 [/1TTT/\e/
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7.5.12.Disable 4-byte Mode (E9H)

The Disable 4-byte Mode command is executed to exit the 4-byte address mode and return to the default 3-byte address
mode. After sending the Disable 4-byte Mode command, the ADS bit will be clear to be 0 to indicate the 4-byte address mode
has been disabled, and then the address length will return to 24-bit.

Figure 70. Disable 4-byte Mode Sequence Diagram (SPI)

CS# \ /
01234567

[€— Command —

Sy EoH 1111111

High-Z
e g

Figure 71. Disable 4-byte Mode Sequence Diagram (QPI)

CS# \ /

SCLK

[N

Eo

'I

A

§
:

< <
-
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7.5.13.Clear SR Flags (30H)

The Clear Status Register Flags command resets S18 (Program Error bit) and S19 (Erase Error bit) from status register.
It is not necessary to set the WEL bit before the Clear Status Register command is executed. The Clear SR command will be
not accepted when the device remains busy with WIP set to 1, as the device does remain busy when either error bit is set. The
WEL bit will be unchanged after this command is executed.

Figure 72. Clear Status Register Flags Sequence Diagram (SPI)

CS# \ /
01234567

' €— Command —

S 30H 1]

High-Z

SO

Figure 73. Clear Status Register Flags Sequence Diagram (QPI)

cst N\ /

SCLK EU
SICOWIIINL O YA
sovon Z77TTI\ATIIIIT
we#(102) 777777\ o K[//TT]]
HoLo#103) /////11\e K I1111]
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7.5.14. Deep Power-Down (B9H)

Executing the Deep Power-Down (DPD) command is the only way to put the device in the lowest power consumption
mode (the Deep Power-Down Mode). It can also be used as an extra software protection mechanism, since in this mode, the
device ignores all Write, Program and Erase commands. Driving CS# high deselects the device, and puts the device in the
Standby Mode (if there is no internal cycle currently in progress). But the Standby Mode is different from the Deep Power-
Down Mode. The Deep Power-Down Mode can only be entered by executing the Deep Power-Down (DPD) command. Once
the flash memory has entered the Deep Power-Down Mode, all commands are ignored except the Release from Deep Power-
Down and Read Device ID command (ABH) and Software Reset command (66H+99H). This command releases the device
from the Deep Power-Down Mode.

The Deep Power-Down Mode automatically stops at Power-Off, and the device always Power-Up in the Standby Mode.

The Deep Power-Down command sequence: CS# goes low = Sending Deep Power-Down command - CS# goes high.
The command sequence is shown in the figure below. CS# must be driven high after the eighth bit of the command code has
been latched in; otherwise the Deep Power-Down (DPD) command will not be executed. As soon as CS# is driven high, it
requires a time duration of tDP before the supply current is reduced to ICC2 and the Deep Power-Down Mode is entered. Any
input of Deep Power-Down (DPD) command, while an Erase, Program or Write cycle is in progress, is rejected without having
any effects on the cycle that is in progress.

Figure 74. Deep Power-Down Sequence Diagram

[€— tDP —

CS# \
012345867
SCLK
Standby

€— Command P _ Mode |

st /1111111, SR /) /A7 T

Deep Power-Down Mode

Figure 75. Deep Power-Down Sequence Diagram (QPI)

CS# \ tDP

SCLK

oo /I/1TIIY NLTTTTTTTTTTTT
L JJ/ITIIN N\ IITTTITTTTTTT
02 J//[11IN IIINTTTTTINTTTTTTT
03 [I[ITII+ NN T

Deep Power-Down
Mode

A
\ 4

[N

Eo

\ A

A

i

a

Standby Mode
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7.5.15. Release From Deep Power-Down (ABH)

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

To release the device from Deep Power-Down Mode, the command is issued by driving the CS# pin low, shifting the
instruction code (ABH) and driving CS# high as shown in the Figure below. Release from Deep Power-Down Mode will take
the time duration of tRES1 (See AC Characteristics) before the device resume to normal state and other command are accepted.
The CS# pin must remain high during the tRES1 time duration.

When the command is used only to obtain the Device ID while the flash memory is not in Deep Power-Down Mode, the
command is initiated by driving the CS# pin low and shifting the instruction code (ABH) followed by 3 dummy bytes. The
Device ID bits are then shifted out on the falling edge of SCLK with most significant bit (MSB) first as shown in the Figure
below. The Device ID value is listed in Manufacturer and Device Identification table. The Device ID can be read continuously.
The command is completed by driving CS# high.

When the command is used to release the device from Deep Power-Down Mode and obtain the Device 1D, the command
is the same as previously described, and shown in the Figure below, except that after CS# is driven high it must remain high
for a time duration of tRES2 (See AC Characteristics). After this time duration the device will resume to normal mode and
other command will be accepted. If the Release from Deep Power-Down and Read Device ID command is issued while an
Erase, Program or Write cycle is in process (when WIP equals to 1) the command will be ignored and will not affect the current
cycle.

Figure 76. Release Power-Down Sequence Diagram

CS# \
01234567

S S

€— Command -

s /1111111 e NN

Deep Power-Down Mode Standby Mode

[ €—tREST—

Figure 77. Release Power-Down Sequence Diagram (QPI)

CS# \ tRES1

SCLK

0o ///111T%e XTI ITTTNTTTTTTT
o1 /77117 NTTITTTTTT
02 [7/771INe_KIITITTTTTTTTTTTTTT
03 11T NN T

Deep Power-Down Mode | Standby Mode

A
A 4

-

Eo

A
w
vt

15

5N

o

-
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Figure 78. Release from Deep Power-Down/Read Device ID Sequence Diagram

cs#t \ /

0123 45¢6 78 91011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39 40

sk ] —
S T NN R 0.0 (AL A
SO High-Z - MSB/‘; 6 SDZViC:IZ 1Xo

Release from Deep Power-Down/Read Device ID (ABH) in QPI mode

The Release from Deep Power-Down/Read Device ID command is also supported in QPl mode. See the figure below.
The number of Dummy clocks for “Release from Deep Power-Down/Read Device ID (ABH)” is 6.

Figure 79. Release Power-Down/Read Device 1D Sequence Diagram (QPI)

CS# \ | RES

0 1 2 3 45 6 7 8 9

seew  IPUUTUUN

00 7777715/ XX LTI
oL J/TITI XKLL

A
A

o A
=~
o

a1

02 77T e T
os ZITTTTI o TV
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7.6. One-Time Programmable (OTP) Operations

7.6.1. Erase Security Register (44H)

The device provides 3x1024-byte Security Registers which can be erased per 1024-byte at a time. These registers may 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 Sector/Block Erase command. A Write Enable (WREN) command
must previously have been executed to set the Write Enable Latch (WEL) bit.

The Erase Security Registers command sequence: CS# goes low = Sending Erase Security Registers Command - Send-
ing 24-bit Address > CS# goes high. The command sequence is shown in the figure below. CS# must be driven high after the
eighth bit of the command code has been latched in, otherwise the Erase Security Registers command is not executed. As soon
as CS# is driven high, the self-timed Erase Security Registers cycle (whose duration is tSE) is initiated. While the Erase
Security Registers cycle is in progress, the Status Register may be read to check the value of the Write In Progress (WIP) bit.
The Write In Progress (WIP) bit is 1 during the self-timed Erase Security Registers cycle, and is 0 when it is completed. At
some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset. The Security Registers Lock
bit (LB1, LB2, LB3) in the Status Register can be used to OTP protect the security registers. Once the lock bit is set to 1, the
corresponding Security Registers (#1, #2, #3) will be permanently locked; the Erase Security Registers command will be
ignored.

Address A23-A16 Al15-A12 Al1-Al10 A9-A0
Security Registers #1 00000000b 0001b 00b Don’t Care
Security Registers #2 00000000b 0010b 00b Don’t Care
Security Registers #3 00000000b 0011b 00b Don’t Care

Figure 80. Erase Security Registers command Sequence Diagram

CSt# —\ /

01234586 7891011 24 2526 27 28 29 30 31
SCLK ____J UUUUU—

24-bit address(A23:A0) ——»

R 0.0.0.0.0.0.00 Wi

'€— Command

S 4an

MSB

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Figure 81. Erase Security Registers command Sequence Diagram (QPI)

CS# \ /
0 1 2 3 4 5 6 7
seew  [IIPUUHUHT._———
4H 24-bit address(A23:A0)
00 ////17])

03 /{1171

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

A23-16 | A15-8
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7.6.2. Program Security Register (42H)
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The Program Security Registers command is similar to the Page Program command. It allows from 1 to 1024 bytes
Security Registers data to be programmed. A Write Enable (WREN) command must previously have been executed to set the
Write Enable Latch (WEL) bit before sending the Program Security Registers command. The Program Security Registers
command is entered by driving CS# Low, followed by the command code (42H), three address bytes and at least one data byte
on Sl. As soon as CS# is driven high, the self-timed Program Security Registers cycle (whose duration is tPP) is initiated.
While the Program Security Registers cycle is in progress, the Status Register may be read to check the value of the Write In
Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Program Security Registers cycle, and is 0 when
it is completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

If the Security Registers Lock bit (LB1, LB2, LB3) is set to 1, the corresponding Security Registers (#1, #2, #3) will be
permanently locked. Program Security Registers command will be ignored.

Address A23-Al6 Al15-A12 Al1-Al10 A9-A0
Security Registers #1 00000000b 0001b 00b Byte Address
Security Registers #2 00000000b 0010b 00b Byte Address
Security Registers #3 00000000b 0011b 00b Byte Address

Figure 82. Program Security Registers command Sequence Diagram

CS# \
0123456789101
SCLK Uuuuuurpuuut -

[€— Command —P»l€—— 24-bit address(A23:A0)

S 421 ldedenedug- - -

24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

€— Data Bytel

0.00.0900.0 9006,

MSB
CS# —
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
SCLK
Data Byte2 Data Byte3 <€—  Data Byte4
Sl -

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Figure 83. Program Security Registers command Sequence Diagram (QPI)

CS# \

SCLK

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

S

8
vt

e 5 [

o

B

Rev 1.2 Jul 25, 2024 Page 83



X
1.8V QUAD IO Serial Flash XT25Q512F

7.6.3. Read Security Register (48H)

The Read Security Registers command is similar to Fast Read command. The command is followed by a 3-byte address
(A23-A0) and a dummy byte, each bit being latched-in during the rising edge of SCLK. Then the memory content, at that
address, is shifted out on SO, each bit being shifted out, at a Max frequency fC, during the falling edge of SCLK. The first
byte addressed can be at any location. The address is automatically incremented to the next address after each byte of data is
shifted out. Once the A9-AQ address reaches the last byte of the register (Byte 3FFH), it will reset to 000H, the command is
completed by driving CS# high.

Address A23-Al16 Al5-A12 Al11-A10 A9-A0
Security Registers #1 00000000b 0001b 00b Byte Address
Security Registers #2 00000000b 0010b 00b Byte Address
Security Registers #3 00000000b 0011b 00b Byte Address

Figure 84. Read Security Registers command Sequence Diagram

012345¢6 7891011 24 2526 27 28 29 30 31

<€— Command 24-bit address(A23:A0)

Sy 48H S e 00000000 =k

High-Z
SO 9 -

CS# — —
32 3334 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

- TRk —
S - RONERRN I
s - - eaea ; eaea D R

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
Note: The Byte Address A2-A0 must be 000.

Rev 1.2 Jul 25, 2024 Page 84



X
1.8V QUAD 10O Serial Flash XT25Q512F

Read Security Register in QPl Mode”

The Read Security Register command is also supported in QPI mode. See the following figure. In QPI mode, the number
of dummy clocks is configured by the “Set Read Parameters (COH)” command to accommodate a wide range application with
different needs for either maximum Fast Read frequency or minimum data access latency. Depending on the Read Parameter
bits P[5:4] setting, the number of dummy clocks can be configured as either 8/6/12/16.

Figure 85. Read Security Registers command Sequence Diagram (QPI)

CS# \

SCLK

o
i
N
w
IS
3]

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

NRARA R A RN A R —

%

5
vt

A

v
MSB MSB  |[MSB  |MSB
7X3X7X3X7X3 7X3f7X3f7 X3 p———-
IA23-A16 A15-A8| AT7-0 Dummy* Bytel | Byte2 | Byte3

o [ o o
[ o o o

4]

i

(4]

=

4]

=

o1

-

(3]

-

3]

fin

*Set Read Parameters Command (COH) can set the number of Dummy clocks

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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7.7. Advanced Sector Protection Operations

7.7.1. Global Block/Sector Lock (7EH) or Unlock (98H)

All Block/Sector Lock bits can be set to 1 by the Global Block/Sector Lock command, or can set to 0 by the Global
Block/Sector Unlock command.

The Global Block/Sector Lock command (7EH) sequence: CS# goes low = Sl: Sending Global Block/Sector Lock com-
mand > CS# goes high. The command sequence is shown in the Figure below.

The Global Block/Sector Unlock command (98H) sequence: CS# goes low - Sl Sending Global Block/Sector Unlock
command - CS# goes high. The command sequence is shown in the Figure below.

Figure 86. The Global Block/Sector Lock Sequence Diagram

CS# \ /
012345867

[ €— Command —

S TEn 111]11]]

High-Z

SO

Figure 87. The Global Block/Sector Lock Sequence Diagram (QPI)

¢\ /
scLK il
00 JITITITYNAIITTITT
o1 I NI
02 JITITIN XTTTTT
03 [N/ N

Figure 88. The Global Block/Sector Unlock Sequence Diagram

012345867
SCLK

'€— Command —

S o8 /1]

High-Z

CS#

SO
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Figure 89. The Global Block/Sector Unlock Sequence Diagram (QPI)

CS#

SCLK

100

101

102

103

qu

A
8
-

1111117

&

111

I\ i

2

1111117

o
o

L]

J

i, o i
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7.7.2. Individual Block/Sector Lock (36H)/Unlock (39H)/Read (3DH)

The individual block/sector lock provides an alternative way to protect the memory array from adverse Erase/Program.
In order to use the Individual Block/Sector Locks, the WPS bit in Status Register must be set to 1. If WPS=0, the write
protection will be determined by BP (4:0) bits in the Status Register. The Individual Block/Sector Lock bits are volatile bits,
the default values of which after device power up or after a Reset are 1.

The individual Block/Sector Lock command (36H) sequence: CS# goes low = Sl: Sending individual Block/Sector Lock
command = Sl: Sending 24bits individual Block/Sector Lock Address = CS# goes high. The command sequence is shown
in the Figure below.

The individual Block/Sector Unlock command (39H) sequence: CS# goes low - Sl: Sending individual Block/Sector
Unlock command > SI: Sending 24bits individual Block/Sector Lock Address = CS# goes high. The command sequence is
shown in the Figure below.

The Read individual Block/Sector lock command (3DH) sequence: CS# goes low - Sl: Sending Read individual
Block/Sector Lock command - Sl: Sending 24bits individual Block/Sector Lock Address = SO: The Block/Sector Lock Bit
will out > CS# goes high. If the least significant bit (LSB) is 1, the corresponding block/sector is locked, if the LSB is 0, the
corresponding block/sector is unlocked, Erase/Program operation can be performed. The command sequence is shown in the
Figure below.

Figure 90. Individual Block/Sector Lock command Sequence Diagram

CS# _\ /

01234567 891011 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) —P

ST T 000000080 Wi

MSB

'€— Command

si//L111/], 3H

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Figure 91. Individual Block/Sector Lock command Sequence Diagram (QPI)

CS# _\ /

0 1 2 3 4 5 6 7

24-bit address(A23:A0)

SCLK

oo ////71])

=

8
I
Y

4

1
] 2

101

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

B

B
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Figure 92. Individual Block/Sector Unlock command Sequence Diagram

CS# \ /
0 1234567891011 24 2526 27 28 29 30 31

seew I pUUUL - e

€— Command —P»€——— 24-hitaddress(A23:A0) —

s\/1/111/], I ¢ 7S 00000000 Wi

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Figure 93. Individual Block/Sector Unlock command Sequence Diagram (QPI)

CS# _\ /

0 1 2 3 4 5 6 7

S S R —

9H 24-bit address(A23:A0)

o1 ///1177)

03 //////])

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

A23-16| A15-8 | A7-0
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Figure 94. Read Individual Block/Sector lock command Sequence Diagram

CS# \ /
012345617289 30 3132 3334 3536 37 3839 40 41 42 43 44 45 46 47

ek [IUTHUUTPUL. - _TUPUTUUTU

24-bit address(A23:A0)
s TN wom Y- - - - I
SO High 2 ‘; xL0>C<k \>/<a|:<e (z:tx 0

MSB
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Figure 95. Read Individual Block/Sector lock command Sequence Diagram (QPI)

CS# _\ /

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

SCLK UL
3DH [ 24-bit address(A23:A0)
i »
W »

o o -
- - o
o
N
o
)

o
N

\4
MSB MSB
108 /IIIT17N/ XX Xekoks A
IA23-A16 A15-A8| A7-0 Dummy Byte
Lock
Value Out

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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8. ELECTRICAL CHARACTERISTICS

8.1. Power-Down & Power-On Timing

Figure 96. Power-On Timing Sequence Diagram

A
Vee(max) — b — — — — — —
Chip Selection is not allowed o
B [
vee(min -} - - - _N________________ _________ Al ____
D S—
Device is fully
accessible
VWI - e e cm e e e
VPWD(max)— ~~-———-——---------—-—-—------" " - —-"—--"———————-
0 < tPWD > Tlm:e
Power-Down & Power-Up Timing and Write Inhibit Threshold
Symbol Parameter Min. Max. Unit
tVSL VCC (min) To CS# Low 200 us
VWI Write Inhibit Voltage 1 1.6 \%
VPWD VCC voltage needed to below VPWD for initialization - - \%
tPWD The minimum duration for initialization - - ms

8.2. Initial Delivery State

The device is delivered with the memory array erased: all bits are set to 1(each byte contains FFH). All Status Register
bits except S22/CR0O/CR6/CR?7 bits are 0, S22/CR0/CR6/CR?7 bits are 1.

8.3. Absolute Maximum Ratings

Parameter Value Unit
Ambient Operating Temperature _;1400;018055 <
Storage Temperature -65 to 150 <
Output Short Circuit Current 200 mA
Applied Input/Output Voltage -0.5t025 \Y
VCC -0.5t025 \%
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Figure 97. Input Test Waveform and Measurement Level

Maximum Negative Overshoot Waveform

. 20ns P 20ns R
VSS-2.0V ----mmmeemmmenc b — —
= 20ns T
Maximum Positive Overshoot Waveform
 20ns |
VCC+20V___ bl |
" 20ns " 20ns

8.4. Capacitance Measurement Condition

Symbol Parameter Min. Typ. Max. Unit Conditions
CIN Input Capacitance 6 pF VIN=0V
CouT Output Capacitance 8 pF VOUT=0V
CL Load Capacitance 30 pF

Input Rise And Fall time 5 ns
Input Pulse Voltage 0.1VCCto 0.8vCC
Input Timing Reference Voltage 0.3vCCto 0.7vVCC
Output Timing Reference Voltage 0.5vCC \%

Figure 98. Absolute Maximum Ratings Diagram

Input timing reference level Output timing reference level
>< AC Measurement Level 0.5vCC
0.3VvCC

0.1vCcC
Note: Input pulse rise and fall time are <5ns
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8.5. DC Characteristics

(TA=-40C~85<C/TA=-40C~105<T, VCC=1.7~2.0V)

Symbol | P Test Conditi Mi Ty | ME M
mbo arameter est Condition in. . o o nit
y YP- 1 (85°C) | (105°C)
ILI Input Leakage Current +0 +0 LA
ILO Output Leakage Current +0 +0 LA
CS#=VCC
ICC1 Standby Current VIN=VCC or VSS 15 150 300 HA
Cs#=VvCC
ICC2 Deep Power-Down Current VIN=VCC or VSS 4 50 100 LA
CLK=0.1VCC/0.9VCC at
133MHz, Q=Open (*2 1/0) 22 30 3% mA
CLK=0.1VCC/0.9VCC at
104MHz, Q=0pen (*1,*2,*4 1/O) 18 25 30 mA
ICC3 Operating Current (Read)
CLK=0.1VCC/0.9VCC at
80MHz, Q=0Open (*1,*2,*4 1/0) 13 16 20 mA
CLK=0.1VCC/0.9VCC at
80MHz, DTR 25 35 40 mA
Q=0pen (*4 1/0)
ICC4 Operating Current (PP) CS#=VCC 25 30 mA
ICC5 Operating Current (WRSR) CS#=VCC 10 15 mA
ICC6 Operating Current (SE) CS#=VCC 25 30 mA
ICC7 Operating Current (BE) CS#=VCC 25 30 mA
ICC8 Operating Current (CE) CS#=VCC 25 30 mA
VIL Input Low Voltage -0.5 0.3vCC | 0.3vCC \%
VIH Input High Voltage 0.7vCC VCC+0.4| VCC+04| V
VOL Output Low Voltage 10L=100uA 0.2 0.2 \Y
VOH Output High Voltage I0H=-100uA VCC-0.2 \%
Note:

1 Typical values given for TA=25<C, VCC=1.8V.
2. Value guaranteed by design and/or characterization, not 100% tested in production.
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8.6. AC Characteristics

(TA=-40C~85<, VCC=1.7~2.0V)

Symbol | Parameter Min. Typ.® Max. Unit
fC1@ Serial Clock Frequency For: all commands except Read (03H) 104 MHz
fc2@ Serial Clock Frequency For DTR 80 MHz
fR Serial Clock Frequency For: Read (03H) 60 MHz
tCLH® Serial Clock High Time 45% PC ns
tCLL® Serial Clock Low Time 45% PC ns
tCLCH Serial Clock Rise Time (Slew Rate) 0.2 Vins
tCHCL Serial Clock Fall Time (Slew Rate) 0.2 Vins
tSLCH CS# Active Setup Time 5 ns
tCHSH CS# Active Hold Time 3 ns
tSHCH CS# Not Active Setup Time 4 ns
tCHSL CS# Not Active Hold Time 3 ns
CS# High Time (From Read to next Read) 40 ns
tSHSL CS# High Time (From Write/Erase/Program to Read Status Register) 40 ns
tSHQZ Output Disable Time 12 ns
tECSV ECS# Setup Time 10 ns
tCLQX Output Hold Time 1.4 ns
tCLQV Clock Low To Output Valid 6 ns
tDVCH Data In Setup Time 2 ns
tCHDX Data In Hold Time 2 ns
tHLCH Hold# Low Setup Time (relative to Clock) 5 ns
tHHCH Hold# High Setup Time (relative to Clock) 5 ns
tCHHL Hold# High Hold Time (relative to Clock) 5 ns
tCHHH Hold# Low Hold Time (relative to Clock) 5 ns
tHLQZ Hold# Low To High-Z Output 10 ns
tHHQX Hold# High To Low-Z Output 10 ns
tWHSL Write Protect Setup Time Before CS# Low 20 ns
tSHWL Write Protect Hold Time After CS# High 100 ns
tDP CS# High To Deep Power-Down Mode 15 83
tRES1 CS# High To Standby Mode Without Electronic Signature Read 40 83
tRES2 CS# High To Standby Mode With Electronic Signature Read 40 83
tRST_R CS# High To Next Command After Reset (from read) 40 83
tRST_P CS# High To Next Command After Reset (from program) 40 8
tRST_E CS# High To Next Command After Reset (from erase) 25 ms
tSUS1 CS# High To Next Command After Erase Suspend 40 us
tSUS2 CS# High To Next Command After Program Suspend 40 us
tRS Latency Between Resume And Next Suspend 200 us
tw Write Status Register Cycle Time 1 10 ms
tBP Byte Program Time (First Byte) 58 124 us
tBP Additional Byte Program Time (After First Byte) 3 9 us
tPP Page Program Time 04 2 ms
tSE Sector Erase Time 45 2000 ms
tBE1 Block Erase Time (32K Bytes) 0.15 35 S

Rev 1.2 Jul 25, 2024 Page 94



X2
J 1.8V QUAD 10 Serial Flash
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tBE2 Block Erase Time (64K Bytes) 0.3 5 S
tCE Chip Erase Time 240 500 S
(TA=-40C~105<C, VCC=1.7~2.0V)

Symbol | Parameter Min. Typ.® Max. Unit
fC1@ Serial Clock Frequency For: all commands except Read (03H) 104 MHz
fc2@ Serial Clock Frequency For DTR 80 MHz
fR Serial Clock Frequency For: Read (03H) 60 MHz
tCLH® Serial Clock High Time 45% PC ns
tCLL® Serial Clock Low Time 45% PC ns
tCLCH Serial Clock Rise Time (Slew Rate) 0.2 Vins
tCHCL Serial Clock Fall Time (Slew Rate) 0.2 Vins
tSLCH CS# Active Setup Time 5 ns
tCHSH CS# Active Hold Time 3 ns
tSHCH CS# Not Active Setup Time 4 ns
tCHSL CS# Not Active Hold Time 3 ns
{SHSL CS# High Time (From Read to next Read) 40 ns

CS# High Time (From Write/Erase/Program to Read Status Register) 40 ns
tSHQZ Output Disable Time 12 ns
tECSV ECS# Setup Time 10 ns
tCLQX Output Hold Time 1.4 ns
tCLQV Clock Low To Output Valid 6 ns
tDVCH Data In Setup Time 2 ns
tCHDX Data In Hold Time 2 ns
tHLCH Hold# Low Setup Time (relative to Clock) 5 ns
tHHCH Hold# High Setup Time (relative to Clock) 5 ns
tCHHL Hold# High Hold Time (relative to Clock) 5 ns
tCHHH Hold# Low Hold Time (relative to Clock) 5 ns
tHLQZ Hold# Low To High-Z Output 10 ns
tHHQX Hold# High To Low-Z Output 10 ns
tWHSL Write Protect Setup Time Before CS# Low 20 ns
tSHWL Write Protect Hold Time After CS# High 100 ns
tDP CS# High To Deep Power-Down Mode 15 83
tRES1 CS# High To Standby Mode Without Electronic Signature Read 50 83
tRES2 CS# High To Standby Mode With Electronic Signature Read 50 83
tRST_R CS# High To Next Command After Reset (from read) 50 83
tRST_P CS# High To Next Command After Reset (from program) 50 83
tRST_E CS# High To Next Command After Reset (from erase) 25 ms
tSUS1 CS# High To Next Command After Erase Suspend 50 us
tSUS2 CS# High To Next Command After Program Suspend 50 us
tRS Latency Between Resume And Next Suspend 200 us
tw Write Status Register Cycle Time 1 10 ms
tBP Byte Program Time (First Byte) 58 124 us
tBP Additional Byte Program Time (After First Byte) 3 9 us
tPP Page Program Time 04 3 ms
tSE Sector Erase Time 45 2000 ms
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tBE1 Block Erase Time (32K Bytes) 0.15 35 S

tBE2 Block Erase Time (64K Bytes) 0.3 5 S

tCE Chip Erase Time 240 500 S
Note:

1. Typical values given for TA=25<C, VCC = 1.8V.

For specific speeds of different read commands, please refer to 7.1 Clock Frequencies.
Clock high or Clock low must be more than or equal to 45%PC. PC=1/fC (MAX).
Value guaranteed by design and/or characterization, not 100% tested in production.

Eal S
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Serial Input Timing

- tSHSL
i - VI =
tCHSL |<> tSLCH tCHSH J(< tSHCH
/r_' —_ .\ /_ — | |
SCLK \ \_/ / N\ }|\ \
tDVCH {CHDX tCLCH l« tCHCL
s R 17 /) S /s 2 )

e High-2

cs¢ 1’
tCLH <-/tSHQZ

SCLK / /N / \__/__\t\‘_> /o \

tCLQV tCLQV ~it

A | S | R G— G S
S| X — I 77X

Least significant address bit (LSB) in

Hold Timing

{CHHL, _ _tHLCH tHHCH
SCLK / \_/ \ \_31:7 A \j N
tHLQZ TCHAR =31 <tHHox
S¢) \ ) S — F—O—Xi
HOLD# 9 )

Sl do not care during HOLD operation

Resume to Suspend Timing Diagram

Resume |[€— RS —3  suspend

CS# \ Command Command /
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9. ORDERING INFORMATION

The ordering part number is formed by a valid combination of the following

XT 250 512F

[92]
Im
®
3>

Company Prefix
XT = XTX

Product Family

25Q = 1.7~2.0V Serial Flash Memory with 4KB
Uniform-Sector

Product Density
512F = 512M bit

Product Package
SF = SOP16 300mil
BG =BGA 24

WS = WSONS8 8x6mm

Temperature & Moisture Sensitivity Level

I = Industrial Level Temperature. (-40<C to +85<C), MSL3
H = Industrial Plus Level Temp. (-40<C to +105<C), MSL3

Green Code
G = Green/Reach Package

Product Carrier
U =Tube; T = Tape & Reel; A = Tray
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10. PACKAGE INFORMATION
10.1. Package SOP16 300mil

& D »
. v |
| a3t 1 [ | h
L - | v ox 0 | /
AT *c ! T
q [] ] F H ] A ) th
A
b
bl o
El |E cI ;{tcl
]
X Lty
With Plating  Base Metal
O
\4
EEEE RN
b >
(S
MILLIMETER
SYMBOL MIN NOM MAX
A — — 2.65
Al 0.10 — 0.30
A2 2.25 2.30 2.35
A3 0.97 1.02 1.07
b 0.35 — 0.43
bl 0.34 0.37 0.40
c 0.25 — 0.29
cl 0.24 0.25 0.26
D 10.20 10.30 10.40
E 10.10 10.30 10.50
El 7.40 7.50 7.60
e 1.27 BSC
L 055 | — | 085
L1 1.40 REF
0 o= | — | 8°
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10.2. Package WSONS8 8x6mm

A |
| = ;
1] O ! El 8 j ‘ i - —3 1
| |
I v | N
2 | C o[ [ . h (2
B I i_ ________ ] EE____JI__________ Nd
i C S | CJ
| ;[ | bl
! ﬂ“ e I i
[!) g | EXPOSED THERMAL
PAD ZONE
TOP VIEW SIDE VIEW BOTTOM VIEW
|
SIDE VIEW
SYMBOL MILLIMETER
MIN NOM MAX
A 0.70 0.75 0.80
Al 0.00 0.02 0.05
b 0.35 0.40 0.45
bl 0.25REF
c 0.18 0.20 0.25
D 7.90 8.00 8.10
Nd 3.81BSC
e 1.27BSC
E 5.90 6.00 6.10
D2 3.30 3.40 3.50
E2 4.20 4.30 4.40
L 0.45 0.50 0.55
h 0.30 0.35 0.40
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10.3. Package BGA 24 ball (5x5)
1 2 3 4 5 5 4 3 2 1
A
¢« Y
LASER MARK
A | ——& O 06—
Y
B b]O O Cl) OO |B
cC—-—-—F—-—+-[D] @}—{%e—q}e—e——
D g@ O® OO0 |
E S 0 Q@ & | E
€ >
!
\ 4
< (E} >
TOP VIEW BOTTOM VIEW
A A
Al a2
Y Y 2z \J_\IJ /7 \J ___ _
|
SIDE VIEW
Symbol Al Al | A | b E E1 | D | DL | e
Unit
Min. | - 025 | 075 | 0.35 | 5.90 7.90
mm | Nom. [ - 030 | 0.80 | 0.40 | 6.00 | 400 [ 800 | 400 | 1.00
Max. | 120 | 035 | 0.85 | 045 | 6.10 8.10
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11. REVISION HISTORY

Revision Description Date
1.0 Initial version Aug 18, 2023
1.1 Added 105°C Characteristics. Dec 22, 2023

Adjust the ECC status bit to the factory fixed value of 1
Adjust the SPEC of ICC5

Adjust the SPEC of tPP

1.2 Optimize tSE max from 2500ms to 2000ms Jul 25, 2024
Optimize tBE32K max from 4s to 3.5s
Optimize tBE64K max from 6s to 5s
Add 20K and 50K SPEC for tBE2
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