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1. GENERAL DESCRIPTIONS

The W25N512GW (512M-bit) Serial SLC NAND Flash Memory provides a storage solution for systems with
limited space, pins and power. The W25N SpiFlash family incorporates the popular SPI interface and the
traditional large NAND non-volatile memory space. They are ideal for code shadowing to RAM, executing
code directly from Dual/Quad SPI (XIP) and storing voice, text and data. The device operates on a single
1.75V to 1.95V power supply with current consumption as low as 25mA active, 10uA for standby and 1pA
for deep power down. All W25N SpiFlash family devices are offered in space-saving packages which were
impossible to use in the past for the typical NAND flash memory.

The W25N512GW 512M-bit memory array is organized into 32,768 programmable pages of 2,112-bytes
each. Each page consists of 2,048-bytes for the main data storage area and 64-bytes for the spare data
area. The entire page can be programmed at one time using the data from the 2,112-Byte internal buffer.
Pages can be erased in groups of 64 (128KB block erase). The W25N512GW has 512 erasable blocks.

The W25N512GW supports the standard Serial Peripheral Interface (SPI), Dual/Quad 1/0 SPI: Serial Clock,
Chip Select, Serial Data 1/00 (D), /01 (DO), /02 (/WP), and 1/03 (/HOLD). SPI clock frequencies of up to
104MHz are supported allowing equivalent clock rates of 208MHz (104MHz x 2) for Dual I/O and 416MHz
(104MHz x 4) for Quad I/O when using the Fast Read Dual/Quad I/O instructions.

The W25N512GW provides a new Sequential Read Mode that allows for efficient access to the entire
memory array with a single Read command. This feature is ideal for code shadowing applications.

A Hold pin, Write Protect pin and programmable write protection, provide further control flexibility.
Additionally, the device supports JEDEC standard manufacturer and device ID, Unique ID page, Parameter
page and ten 2,048-Byte OTP pages. To provide better NAND flash memory manageability, bad block
management are also available in W25N512GW.

2. FEATURES

¢ New W25N Family of SpiFlash Memories ¢ Flexible Architecture with 128KB blocks
—W25N512GW: 512M-bit / 64M-Byte — Uniform 128K-Byte Block Erase
— Standard SPI: CLK, /CS, DI, DO, /WP, /Hold — Flexible page data load methods
— Dual SPI: CLK, /CS, IOo, 101, /WP, /Hold e Advanced Features
—Quad SPI: CLK, /CS, 100, 101, 10z, 103 — bad block management and LUT® access
— Compatible SPI serial flash commands — Software and Hardware Write-Protect

¢ Highest Performance Serial NAND Flash — Power Supply Lock-Down and OTP protection
— 104MHz Standard/Dual/Quad SPI clocks — Unique ID and Parameter pages(®
— 208/416MHz equivalent Dual/Quad SPI — Ten 2KB OTP pages®
— 52MB/S sequential data transfer rate « Space Efficient Packaging
— Fast Program/Erase performance — 8-pad WSON 6x5-mm
—100,000 erase/program cycles® _ 8-pad WSON 8x6-mm
— 10-year data retention _ 24-ball TEFBGA 8x6-mm

e Efficient “Sequential Read Mode”®? — Contact Winbond for other package options
— Alternative method to the Buffer Read Mode Notes:

. M " otes:
— No need to issue “Page Data Read 1. Endurance specification is based on 1bit/528byte ECC
between Read commands (Error Correcting Code).

— Allows direct read access to the entire array 2. Only the Read command structures are different between
; ; the “Sequential Read Mode (BUF=0)" and the “Buffer
mcludlng spare area Read Mode (BUF=1)", all other commands are identical.

e Low Power, Wide Temperature Range W25N512GWxxU: Default BUF=0 after power up

— Single 1.75 to 1.95V supply DPD stands for Deep Power Down.
— 25mA active, 10pA standby, 1pA DPD® LUT stands for Look-Up Table.

o o ) OTP pages can only be programmed.
—-40°C to +85/105°C operating range Please refer to Section 8.2.26 and 8.2.27 for more detail

o gk w
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3. PACKAGE TYPES AND PIN CONFIGURATIONS

W25N512GW is offered in an 8-pad WSON 6x5-mm (package code P), 8x6-mm (package code E), and
two 24-ball 8x6-mm TFBGA (package code B) packages as shown in Figure 1a-b respectively. Package

diagrams and dimensions are illustrated at the end of this datasheet.
3.1 Pad Configuration WSON 6x5-mm / 8x6-mm

Top View
Q. -
ICS |- 1 8 - VCC
DO (10, [ 2 7 7| /HOLD (10,)
/WP (10,) [ 3 6 | CLK
GND [ 4 5 T DI(O,)

Figure 1la. W25N512GW Pad Assignments, 8-pad WSON 6x5-mm / 8x6-mm (Package Code P, E)

3.2 Pad Description WSON 6x5-mm / 8x6-mm

PAD NO. PAD NAME /10 FUNCTION
1 ICS | Chip Select Input
2 DO (I01) I/0 Data Output (Data Input Output 1)
3 /WP (102) I/0 Write Protect Input ( Data Input Output 2)@
4 GND Ground
5 DI (100) I/0 Data Input (Data Input Output 0)®
6 CLK I Serial Clock Input
7 /HOLD (103) I/0 Hold Input (Data Input Output 3)@
8 VCC Power Supply

Notes:

1. 100 and 101 are used for Standard and Dual SPI instructions

2.100 - 103 are used for Quad SPI instructions, /WP & /HOLD functions are only available for Standard/Dual SPI.
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3.3 Ball Configuration TFBGA 8x6-mm (5x5 Ball Array)

Top View

O

NC NC MNC NC

& €& & & &8

NC CLK GND WiCC NC

NG fiadc] NG MP(I0s) NG

g 6 6% 65 6y
HOLD{ID3)

N_C I:ID[- qy Ol IO.]J RES ET* hl-D

NC NG NC MNC NC
Package Code B

Figure 1b. W25N512GW Ball Assignments, 24-ball TFBGA 8x6-mm (Package Code B)

3.4 Ball Description TFBGA 8x6-mm

BALL NO. PIN NAME I/O FUNCTION
B2 CLK | Serial Clock Input
B3 GND Ground
B4 VCC Power Supply
Cc2 ICS | Chip Select Input
C4 /WP (102) 110 Write Protect Input (Data Input Output 2)®@
D2 DO (101) I/0 Data Output (Data Input Output 1)@
D3 DI (100) I/0 Data Input (Data Input Output 0)®
D4 /HOLD (103) I/0 Hold Input (Data Input Output 3)@

Multiple NC No Connect
Notes:

1. 100 and 101 are used for Standard and Dual SPI instructions

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

Publication Release Date: June 01, 2021
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4. PIN DESCRIPTIONS
4.1 Chip Select (/CS)

The SPI Chip Select (/CS) pin enables and disables device operation. When /CS is high the device is
deselected and the Serial Data Output (DO, or 100, 101, 102, 103) pins are at high impedance. When
deselected, the devices power consumption will be at standby levels unless an internal erase, program or
write status register cycle is in progress. When /CS is brought low the device will be selected, power
consumption will increase to active levels and instructions can be written to and data read from the device.
After power-up, /CS must transition from high to low before a new instruction will be accepted. The /CS
input must track the VCC supply level at power-up and power-down (see “Write Protection” and Figure
33b). If needed, a pull-up resistor on the /CS pin can be used to accomplish this.

4.2 Serial Data Input, Output and I0s (DI, DO and 100, 101, 102, 103)

The W25N512GW supports standard SPI, Dual SPI and Quad SPI operation. Standard SPI instructions
use the unidirectional DI (input) pin to serially write instructions, addresses or data to the device on the
rising edge of the Serial Clock (CLK) input pin. Standard SPI also uses the unidirectional DO (output) to
read data or status from the device on the falling edge of CLK.

Dual and Quad SPI instructions use the bidirectional 10 pins to serially write instructions, addresses or data
to the device on the rising edge of CLK and read data or status from the device on the falling edge of CLK.

4.3 Write Protect (/WP)

The Write Protect (/WP) pin can be used to prevent the Status Register from being written. Used in
conjunction with the Status Register's Block Protect bits BP[3:0] and Status Register Protect SRP bits
SRP[1:0], a portion as small as one 128KB Block or up to the entire memory array can be hardware
protected. The WP-E bit in the Protection Register (SR-1) controls the functions of the /WP pin.

When WP-E=0, the device is in the Software Protection mode that only SR-1 can be protected. The /WP
pin functions as a data I/O pin for the Quad SPI operations, as well as an active low input pin for the Write
Protection function for SR-1. Refer to section 7.1.3 for detail information.

When WP-E=1, the device is in the Hardware Protection mode that /WP becomes a dedicated active low
input pin for the Write Protection of the entire device. If /WP is tied to GND, all “Write/Program/Erase”
functions are disabled. The entire device (including all registers, memory array, OTP pages) will become
read-only. Quad SPI read operations are also disabled when WP-E is set to 1.

4.4 HOLD (/HOLD)

During Standard and Dual SPI operations, the /HOLD pin allows the device to be paused while it is actively
selected. When /HOLD is brought low, while /CS is low, the DO pin will be at high impedance and signals
on the DI and CLK pins will be ignored (don’t care). When /HOLD is brought high, device operation can
resume. The /HOLD function can be useful when multiple devices are sharing the same SPI signals. The
/HOLD pin is active low.

When a Quad SPI Read/Buffer Load command is issued, /HOLD pin will become a data I/O pin for the
Quad operations and no HOLD function is available until the current Quad operation finishes. /[HOLD (103)
must be driven high by the host, or an external pull-up resistor must be placed on the PCB, in order to avoid
allowing the /HOLD input to float.

4.5 Serial Clock (CLK)

The SPI Serial Clock Input (CLK) pin provides the timing for serial input and output operations. ("See SPI
Operations")
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Figure 2. W25N512GW Flash Memory Architecture and Addressing
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6. FUNCTIONAL DESCRIPTIONS

6.1 Device Operation Flow

Power Up
(default BUF=0)

Initialization &
Default Page Load (00) ~500us

Read page 007

Load Page xx
tRD ~60us

” |

Y

Start “Sequential Read” with column 0
(Page 00 or Page xx)

¥
Set BUF=1 ]

v
[ Load Page yy ]

Y

—

tRD ~60us

!

[ Start “Buffer Read” from column address ]

(Page yy)

W25N512GW xxU

Figure 3. W25N512GW Flash Memory Operation Diagram

6.1.1 Standard SPI Instructions

The W25N512GW is accessed through an SPI compatible bus consisting of four signals: Serial Clock
(CLK), Chip Select (/CS), Serial Data Input (DI) and Serial Data Output (DO). Standard SPI instructions use
the DI input pin to serially write instructions, addresses or data to the device on the rising edge of CLK. The
DO output pin is used to read data or status from the device on the falling edge of CLK.

SPI bus operation Mode 0 (0,0) and 3 (1,1) are supported. The primary difference between Mode 0 and
Mode 3 concerns the normal state of the CLK signal when the SPI bus master is in standby and data is not
being transferred to the Serial Flash. For Mode 0, the CLK signal is normally low on the falling and rising
edges of /CS. For Mode 3, the CLK signal is normally high on the falling and rising edges of /CS.

6.1.2 Dual SPI Instructions

The W25N512GW supports Dual SPI operation when using instructions such as “Fast Read Dual Output
(3Bh)” and “Fast Read Dual I/O (BBh)”. These instructions allow data to be transferred to or from the device
at two to three times the rate of ordinary Serial Flash devices. The Dual SPI Read instructions are ideal for
quickly downloading code to RAM upon power-up (code-shadowing) or for executing non-speed-critical
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code directly from the SPI bus (XIP). When using Dual SPI instructions, the DI and DO pins become
bidirectional I/O pins: 100 and 101.

6.1.3 Quad SPI Instructions

The W25N512GW supports Quad SPI operation when using instructions such as “Fast Read Quad Output
(6Bh/6Ch)”, “Fast Read Quad I/O (EBh/ECh)” and “Quad Program Data Load (32h/34h)”. These instructions
allow data to be transferred to or from the device four to six times the rate of ordinary Serial Flash. The
Quad Read instructions offer a significant improvement in sequential and random access transfer rates
allowing fast code-shadowing to RAM or execution directly from the SPI bus (XIP). When using Quad SPI
instructions the DI and DO pins become bidirectional I00 and 101, and the /WP and /HOLD pins become
102 and 103 respectively.

6.1.4 Hold Function

For Standard SPI and Dual SPI operations, the /HOLD signal allows the W25N512GW operation to be
paused while it is actively selected (when /CS is low). The /HOLD function may be useful in cases where
the SPI data and clock signals are shared with other devices. For example, consider if the page buffer was
only partially written when a priority interrupt requires use of the SPI bus. In this case the /HOLD function
can save the state of the instruction and the data in the buffer so programming can resume where it left off
once the bus is available again. The /HOLD function is only available for standard SPI and Dual SPI
operation, not during Quad SPI. When a Quad SPI command is issued, /HOLD pin will act as a dedicated
IO pin (103).

To initiate a /HOLD condition, the device must be selected with /CS low. A /HOLD condition will activate on
the falling edge of the /HOLD signal if the CLK signal is already low. If the CLK is not already low the /[HOLD
condition will activate after the next falling edge of CLK. The /HOLD condition will terminate on the rising
edge of the /HOLD signal if the CLK signal is already low. If the CLK is not already low the /HOLD condition
will terminate after the next falling edge of CLK. During a /HOLD condition, the Serial Data Output (DO) is
high impedance, and Serial Data Input (DI) and Serial Clock (CLK) are ignored. The Chip Select (/CS)
signal should be kept active (low) for the full duration of the /HOLD operation to avoid resetting the internal
logic state of the device.

Publication Release Date: June 01, 2021
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6.2 Write Protection

Applications that use non-volatile memory must take into consideration the possibility of noise and other
adverse system conditions that may compromise data integrity. To address this concern, the W25N512GW
provides several means to protect the data from inadvertent writes.

Device resets when VCC is below threshold

Write enable/disable instructions and automatic write disable after erase or program
Software and Hardware (/WP pin) write protection using Protection Register (SR-1)

Lock Down write protection for Protection Register (SR-1) until the next power-up

One Time Program (OTP) write protection for memory array using Protection Register (SR-1)
Hardware write protection using /WP pin when WP-E is setto 1

Upon power-up or at power-down, the W25N512GW will maintain a reset condition while VCC is below
threshold value of Vwi, (See Power-up Timing and Voltage Levels and Figure 33a). While reset, all
operations are disabled and no instructions are recognized. During power-up and after the VCC voltage
exceeds Vwil, all program and erase related instructions are further disabled for a time delay of tPuw. This
includes the Write Enable, Program Execute, Block Erase, Chip Erase and the Write Status Register
instructions. Note that the chip select pin (/CS) must track the VCC supply level at power-up until the VCC-
min level and tvsL time delay is reached, and it must also track the VCC supply level at power-down to
prevent adverse command sequence. If needed a pull-up resister on /CS can be used to accomplish this.

After power-up the device is automatically placed in a write-disabled state with the Status Register Write
Enable Latch (WEL) set to a 0. A Write Enable instruction must be issued before a Program Execute, Block
Erase, Chip Erase or Bad Block Management instruction will be accepted. After completing a program or
erase instruction the Write Enable Latch (WEL) is automatically cleared to a write-disabled state of 0.

Software controlled write protection is facilitated using the Write Status Register instruction and setting the
Status Register Protect (SRPO, SRP1) and Block Protect (TB, BP[3:0]) bits. These settings allow a portion
or the entire memory array to be configured as read only. Used in conjunction with the Write Protect (/WP)
pin, changes to the Status Register can be enabled or disabled under hardware control. See Protection
Register section for further information.

The WP-E bit in Protection Register (SR-1) is used to enable the hardware protection. When WP-E is set

to 1, bringing /WP low in the system will block any Write/Program/Erase command to the W25N512GW,
the device will become read-only. The Quad SPI operations are also disabled when WP-E is set to 1.
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7. PROTECTION, CONFIGURATION AND STATUS REGISTERS

Three Status Registers are provided for W25N512GW: Protection Register (SR-1), Configuration Register
(SR-2) & Status Register (SR-3). Each register is accessed by Read Status Register and Write Status
Register commands combined with 1-Byte Register Address respectively.

The Read Status Register instruction (05h / OFh) can be used to provide status on the availability of the
flash memory array, whether the device is write enabled or disabled, the state of write protection, Read
modes, Protection Register/OTP area lock status, Erase/Program results. The Write Status Register
instruction can be used to configure the device write protection features, Software/Hardware write protection,
Read modes, Protection Register/OTP area lock. Write access to the Status Register is controlled by the state
of the non-volatile Status Register Protect bits (SRP0, SRP1), the Write Enable instruction, and when WP-
E is set to 1, the /WP pin.

7.1 Protection Register / Status Register-1 (Volatile Writable, OTP lockable)

S7 S6 S5 S4 S3 S2 S1 SO

SRPO BP3 BP2 BP1 BPO B WP-E | SRP1

Status Register Protect-0 ]
(Volatile Writable, OTP Lock)

Block Protect Bits
(Volatile Writable, OTP Lock)

Top/Bottom Protect Bit
(Volatile Writable, OTP Lock)

/WP Enable Bit
(Volatile Writable, OTP Lock)

Status Register Protect-1
(Volatile Writable, OTP Lock)

Figure 4a. Protection Register / Status Register-1 (Address Axh)

7.1.1 Block Protect Bits (BP3, BP2, BP1, BP0, TB) — Volatile Writable, OTP lockable

The Block Protect bits (BP3, BP2, BP1, BP0 & TB) are volatile read/write bits in the status register-1 (S6,
S5, S4, S3 & S2) that provide Write Protection control and status. Block Protect bits can be set using the
Write Status Register Instruction. All, none or a portion of the memory array can be protected from Program
and Erase instructions (see Status Register Memory Protection table). The default values for the Block
Protection bits are 1 after power up to protect the entire array. If the SR1-L bit in the Configuration Register
(SR-2) is set to 1, the default values will the values that are OTP locked.

Publication Release Date: June 01, 2021
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7.1.2 Write Protection Enable Bit (WP-E) — Volatile Writable, OTP lockable

The Write Protection Enable bit (WP-E) is a volatile read/write bits in the status register-1 (S1). The WP-E
bit, in conjunction with SRP1 & SRPO, controls the method of write protection: software protection, hardware
protection, power supply lock-down or one time programmable (OTP) protection, /WP pin functionality, and
Quad SPI operation enable/disable. When WP-E = 0 (default value), the device is in Software Protection
mode, /WP & /HOLD pins are multiplexed as 10 pins, and Quad program/read functions are enabled all the
time. When WP-E is set to 1, the device is in Hardware Protection mode, all Quad functions are disabled
and /WP & /HOLD pins become dedicated control input pins.

7.1.3 Status Register Protect Bits (SRP1, SRPO0) — Volatile Writable, OTP lockable

The Status Register Protect bits (SRP1 and SRPO0) are volatile read/write bits in the status register (S0 and
S7). The SRP bits control the method of write protection: software protection, hardware protection, power
supply lock-down or one time programmable (OTP) protection.

Software Protection (Driven by Controller, Quad Program/Read is enabled)

SRP1 | SRPO | WP-E | /WP /102 Descriptions
0 0 0 X No /WP functionality
/WP pin will always function as 102
0 1 0 0 SR-1 cannot be changed (/WP = 0 during Write Status)
/WP pin will function as 102 for Quad operations
0 1 0 1 SR-1 can be changed (/WP = 1 during Write Status)
/WP pin will function as 102 for Quad operations
1 0 0 X Power Lock Down® SR-1
/WP pin will always function as 102
1 1 0 X Enter OTP mode to protect SR-1 (allow SR1-L=1)
/WP pin will always function as 102

Hardware Protection (System Circuit / PCB layout, Quad Program/Read is disabled)

SRP1 | SRPO | WP-E | /WP only Descriptions
0 X 1 VCC SR-1 can be changed
1 0 1 VvCC Power Lock-Down® SR-1
1 1 1 VCC Enter OTP mode to protect SR-1 (allow SR1-L=1)
X X 1 GND All "Write/Program/Erase” commands are blocked
Entire device (SRs, Array, OTP area) is read-only
Notes:

1. When SRP1, SRPO = (1, 0), a power-down, power-up cycle will change SRP1, SRPO to (0, 0) state.
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7.2 Configuration Register / Status Register-2 (Volatile Writable)

S7 S6 S5 S4 S3 S2 S1 S0

otp-L lotre | sri-L ng‘ BUF |ops-1|ops-o | H-Dis

OTP Data Pages Lock ]
{OTP Lock)

Enter OTP Mode
(Volatile Writable)

Status Register-1 Lock
(OTP Lock)

Ready/Busy Output Enable
(Volatile Writable)

Buffer Mode
(Volatile Writable)

Qutput Driver Strength
(Volatile Writable)

Hold Disable
(Volatile Writable)

Figure 4b. Configuration Register / Status Register-2 (Address Bxh)

7.2.10ne Time Program Lock Bit (OTP-L) — OTP lockable

In addition to the main memory array, W25N512GW also provides an OTP area for the system to store
critical data that cannot be changed once it's locked. The OTP area consists of 10 pages of 2,112-Byte
each. The default data in the OTP area are FFh. Only Program command can be issued to the OTP area
to change the data from “1” to “0”, and data is not reversible (“0” to “1”) by the Erase command. Once the
correct data is programmed in and verified, the system developer can set OTP-L bit to 1, so that the entire
OTP area will be locked to prevent further alteration to the data.

7.2.2 Enter OTP Access Mode Bit (OTP-E) — Volatile Writable

The OTP-E bit must be set to 1 in order to use the standard Program/Read commands to access the OTP
area as well as to read the Unique ID / Parameter Page information. The default value after power up or a
RESET command is O.

7.2.3 Status Register-1 Lock Bit (SR1-L) — OTP lockable

The SR1-L lock bit is used to OTP lock the values in the Protection Register (SR-1). Depending on the
settings in the SR-1, the device can be configured to have a portion of or up to the entire array to be write-
protected, and the setting can be OTP locked by setting SR1-L bit to 1. SR1-L bit can only be set to 1
permanently when SRP1 & SRPO are set to (1,1), and OTP Access Mode must be entered (OTP-E=1) to
execute the programming. Please refer to 8.2.26 for detailed information.

7.2.4 Ready/Busy Output Enable Bit (BSY-OE) — Volatile Writable

The BSY-OE bit must be set to 1 in order to monitor R/B status of the device. R/B indicates whether an
embedded algorithm is in progress or complete. The R/B status is valid on DO pin after the falling edge of
the /CS signal for 5 clock cycles. If there are less than 5 clock cycles, this status bit will be valid until the
rising edge of /CS signal. If the output is low (Busy), the device is actively erasing/programming/reading or
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other embedded operations. When the program/erase/page-read instruction or other embedded operation
has completed, the R/B bit will be asserted high indication the device is ready for further instructions. Even
if this bit is set, it is still legal to issue all commands that are accepted while device is BUSY e.g. Read
Status Register, Read JEDEC ID, Device Reset and Enable Reset.

For the first time toggle on /CS pin (goes low), the DO pin will output the real time internal Ready/Busy
status on these conditions: When /CS is low (clock low and no clock toggle), the Ready/Busy on DO pin is
real time status and device internal status can transition from Busy to Ready during this period.

When /CS is low and with clock toggling, the real time Ready/Busy update takes place during clock low.
The Busy to Ready transition on DO pin may take place during the CLK low and CLK high levels. The
Ready/Busy window is during the first 6 clocks, while real time update takes place during the clock low
period. After the rising edge of the 6thClock, DO will go to high-z. Once /CS goes low again (and
successive /CS pin toggles), the output on DO pin is sampled (not real time) and will not change until the
next /CS pin goes low again. Please refer to 9.11 for BSY-OE Timing.

7.2.5 Buffer Read / Sequential Read Mode Bit (BUF) — Volatile Writable

W25N512GW provides two different modes for read operations, Sequential Read Mode (BUF=0) and Buffer
Read Mode (BUF=1). Prior to any Read operation, a Page Data Read command is needed to initiate the
data transfer from a specified page in the memory array to the Data Buffer. By default, after power up, the
data in page 0 will be automatically loaded into the Data Buffer and the device is ready to accept any read
commands.

The Buffer Read Mode (BUF=1) requires a Column Address to start outputting the existing data inside the
Data Buffer, and once it reaches the end of the data buffer (Byte 2,111), DO (101) pin will become high-Z
state.

The Sequential Read Mode (BUF=0) doesn’t require the starting Column Address. The device will always
start output the data from the first column (Byte 0) of the Data buffer, and once the end of the data buffer
(Byte 2,111) is reached, the data output will continue through the next memory page. With Sequential Read
Mode, it is possible to read out the entire memory array using a single read command. Please refer to
respective command descriptions for the dummy cycle requirements for each read commands under
different read modes.

For W25N512GWxxU part number, the default value of BUF bit after power up is 0. BUF bit can be written
to 1 in the Status Register-2 to perform the Buffer Read operation.

7.2.6 Output Driver Strength (ODS-1, ODS-0) — Volatile Writable

ODS-1, ODS-0 Output Driver Strength
0,0 100% (default)
0,1 75%
1,0 50%
1,1 25%

7.2.7Hold Disable (H-DIS) - Volatile Writable

When the Hold Disable (H-DIS) bit set to 1, the hold function would be disabled. If the user wants to use
the hold function, the H-DIS bit has to be set 0.
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7.3 Status Register-3 (Status Only)

S7 S6 S5 S4 S3 S2 S1 SO

R JLUT-F | (R (R) | P-FAIL | E-FAIL | WEL | BusYy

Reserved 1

BBM LUT Full
(Status Only)

Reserved

Program Failure
(Status-Only)

Erase Failure
(Status-Only)

Write Enable Latch
(Status-Only)

Operation In Progress
(Status-Only)

Figure 4c. Status Register-3 (Address Cxh)

7.3.1 Look-Up Table Full (LUT-F) — Status Only

To facilitate the NAND flash memory bad block management, the W25N512GW is equipped with an internal
Bad Block Management Look-Up-Table (BBM LUT). Up to 10 bad memory blocks may be replaced by a
good memory block respectively. The addresses of the blocks are stored in the internal Look-Up Table as
Logical Block Address (LBA, the bad block) & Physical Block Address (PBA, the good block). The LUT-F
bit indicates whether the 10 memory block links have been fully utilized or not. The default value of LUT-F
is 0, once all 10 links are used, LUT-F will become 1, and no more memory block links may be established.

7.3.2 Program Failure (P-FAIL) — Status Only

The Program Failure Bit is used to indicate whether the internally-controlled Program operation was
executed successfully (P-FAIL = 0) or timed out (P-FAIL = 1). The P-FAIL bit is also set when the Program
command is issued to a locked or protected memory array or OTP area. This bit is cleared at the beginning
of the Program Execute instruction on an unprotected memory array or OTP area. Device Reset instruction
can also clear the P-FAIL bit.

7.3.3 Erase Failure (E-FAIL) — Status Only

The Erase Failure Bit is used to indicate whether the internally-controlled Erase operation was executed
successfully (E-FAIL = 0) or timed out (E-FAIL = 1). The E-FAIL bit is also set when the Erase command is
issued to a locked or protected memory array. This bit is cleared at the beginning of the Block/Chip Erase
instruction on an unprotected memory array. Device Reset instruction can also clear the E-FAIL bit.

Publication Release Date: June 01, 2021
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7.3.4Write Enable Latch (WEL) — Status Only

Write Enable Latch (WEL) is a read only bit in the status register (S1) that is set to 1 after executing a Write
Enable Instruction. The WEL status bit is cleared to 0 when the device is write disabled. A write disable
state occurs upon power-up or after any of the following instructions: Write Disable, Program Execute,
Block/Chip Erase, Page Data Read, Program Execute and Bad Block Management for OTP pages.

7.3.5Erase/Program In Progress (BUSY) — Status Only

BUSY is a read only bit in the status register (S0) that is set to a 1 state when the device is powering up or
executing a Page Data Read, Bad Block Management, Program Execute, Block/Chip Erase, Program
Execute for OTP area, OTP Locking or after a Sequential Read instruction. During this time the device will
ignore further instructions except for the Read Status Register and Read JEDEC ID instructions. When the
program, erase or write status register instruction has completed, the BUSY bit will be cleared to a O state
indicating the device is ready for further instructions.

7.3.6 Reserved Bits — Non Functional

There are a few reserved Status Register bits that may be read out as a “0” or “1”. It is recommended to
ignore the values of those bits. During a “Write Status Register” instruction, the Reserved Bits can be written
as “0”, but there will not be any effects.
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7.4 W25N512GW Status Register Memory Protection

W25N512GWxxU

winbond

STATUS REGISTER®

W25N512GW (512M-BIT / 64M-BYTE) MEMORY PROTECTION®

7o | ss | sz | oei | oo | PECIECIER | pactasomess | PROTECER | PROTECTED
[15:0]
X 0 0 0 0 NONE NONE NONE NONE
0 0 0 1 511 7FCOh - 7FFFh 128KB Upper 1/512
0 0 0 1 0 510 & 511 7F80h - 7FFFh 256KB Upper 1/256
0 0 0 1 1 508 thru 511 7FO0h - 7FFFh 512KB Upper 1/128
0 0 1 0 0 504 thru 511 7EO0Oh - 7FFFh 1MB Upper 1/64
0 0 1 0 1 496 thru 511 7C00h - 7FFFh 2MB Upper 1/32
0 0 1 1 0 480 thru 511 7800h - 7FFFh 4MB Upper 1/16
0 0 1 1 1 448 thru 511 7000h - 7FFFh 8MB Upper 1/8
0 1 0 0 0 384 thru 511 6000h - 7FFFh 16MB Upper 1/4
0 1 0 0 1 256 thru 511 4000h - 7FFFh 32MB Upper 1/2
1 0 0 0 1 0 0000h - 003Fh 128KB Lower 1/512
1 0 0 1 0 0&1 0000h - 007Fh 256KB Lower 1/256
1 0 0 1 1 0 thru 3 0000h - 00FFh 512KB Lower 1/128
1 0 1 0 0 0 thru 7 0000h - 01FFh 1MB Lower 1/64
1 0 1 0 1 0 thru 15 0000h - 03FFh 2MB Lower 1/32
1 0 1 1 0 0 thru 31 0000h - 07FFh 4MB Lower 1/16
1 0 1 1 1 0 thru 63 0000h - OFFFh 8MB Lower 1/8
1 1 0 0 0 0 thru 127 0000h - 1FFFh 16MB Lower 1/4
1 1 0 0 1 0 thru 255 0000h - 3FFFh 32MB Lower 1/2
X 1 0 1 X 0 thru 511 0000h - 7FFFh 64MB ALL
X 1 1 X X 0 thru 511 0000h - 7FFFh 64MB ALL
Notes:

1. X=don't care
2. Ifany Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored.
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8. INSTRUCTIONS

The Standard/Dual/Quad SPI instruction set of the W25N512GW consists of 31 basic instructions that are
fully controlled through the SPI bus (see Instruction Set Tablel, 2). Instructions are initiated with the falling
edge of Chip Select (/CS). The first byte of data clocked into the DI input provides the instruction code.
Data on the DI input is sampled on the rising edge of clock with most significant bit (MSB) first.

Instructions vary in length from a single byte to several bytes and may be followed by address bytes, data
bytes, dummy bytes (don’t care), and in some cases, a combination. Instructions are completed with the
rising edge of edge /CS. Clock relative timing diagrams for each instruction are included in Figures 5 through
33. All read instructions can be completed after any clocked bit. However, all instructions that Write,
Program or Erase must complete on a byte boundary (/CS driven high after a full 8-bits have been clocked)
otherwise the instruction will be ignored. This feature further protects the device from inadvertent writes.
Additionally, while the device is performing Program or Erase operation, BBM management, Page Data
Read or OTP locking operations, BUSY bit will be high, and all instructions except for Read Status Register
or Read JEDEC ID will be ignored until the current operation cycle has completed.

8.1 Device ID and Instruction Set Tables

8.1.1 Manufacturer and Device Identification

MANUFACTURER ID (MF7 - MFO)
Winbond Serial Flash EFh

Device ID (ID15 - IDO)
W25N512GW BA20h
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8.1.2 Instruction Set Table 1 (Sequential Read, BUF = 0, xxU Default Power Up Mode)®!)

Commands OpCode | Byte2 | Byte3 | Byted | Bytes | Bytes | Byte7 | Bytes | Byteo
Device RESET FFh
JEDEC ID 9Fh Dummy EFh BAh 20h
Read Status Register OFh / 05h SR Addr S7-0 S7-0 S7-0 S7-0 ‘ S7-0 ’ S7-0 ‘ S7-0
Write Status Register 1Fh /01h SR Addr S7-0
Write Enable 06h
Write Disable 04h
BB Management Alh LBA LBA PBA PBA
(Swap Blocks)
Read BBM LUT A5h Dummy LBAO LBAO PBAO PBAO LBA1 LBA1 PBA1l
Block Erase D8h Dummy PA15-8 PA7-0
Program Data Load 02h CA15-8 CAT7-0 Data-0 Data-1 Data-2 Data-3 Data-4 Data-5
(Reset Buffer)
Random Program 84h CA15-8 CAT7-0 Data-0 Data-1 Data-2 Data-3 Data-4 Data-5
Data Load
Quad Program 32h CA15-8 CA7-0 | Data-0/4 | Data-1/4 | Data2/4 | Data-3/4 | Data-4/4 | Data5/4
Data Load (Reset Buffer)
Random Quad Program 34h CA15-8 CA7-0 | Data-0/4 | Data-1/4 | Data2/4 | Data-3/4 | Data-4/4 | Data-5/4
Data Load
Program Execute 10h Dummy PA15-8 PA7-0
Page Data Read 13h Dummy PA15-8 PA7-0
Read 03h Dummy Dummy Dummy D7-0 D7-0 D7-0 D7-0 D7-0
Fast Read 0Bh Dummy Dummy Dummy Dummy D7-0 D7-0 D7-0 D7-0
Fast Read
with 4-Byte Address 0Ch Dummy Dummy Dummy Dummy Dummy D7-0 D7-0 D7-0
Fast Read Dual Output 3Bh Dummy Dummy Dummy Dummy D7-0/2 D7-0/2 D7-0/2 D7-0/2
Fast Read Dual Output
with 4-Byte Address 3Ch Dummy Dummy Dummy Dummy Dummy D7-0/2 D7-0/2 D7-0/2
Fast Read Quad Output 6Bh Dummy Dummy Dummy Dummy D7-0/4 D7-0/4 D7-0/4 D7-0/4
Fast Read Quad Output
with 4-Byte Address 6Ch Dummy Dummy Dummy Dummy Dummy D7-0/4 D7-0/4 D7-0/4
Fast Read Dual I/O BBh Dummy/2 | Dummy/2 | Dummy/2 | Dummy/2 D7-0/2 D7-0/2 D7-0/2 D7-0/2
Fast Read Dual /O
with 4-Byte Address BCh Dummy/2 | Dummy/2 | Dummy/2 | Dummy/2 | Dummy/2 D7-0/2 D7-0/2 D7-0/2
Fast Read Quad I/0 EBh Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 D7-0/4 D7-0/4
Fast Read Quad I/O
with 4-Byte Address ECh Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 D7-0/4
Deep Power-Down B9h
Release Power-Down ABh
Chip Erase C7h/60h
Enable Reset 66h
Reset Device 99h
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8.1.3Instruction Set Table 2 (Buffer Read, BUF = 1)(12

Commands OpCode | Byte2 | Byte3 | Bytea | Bytes | Bytes | Byter | Bytes | Byteo
Device RESET FFh
JEDEC ID 9Fh Dummy EFh BAh 20h
Read Status Register OFh / 05h SR Addr S7-0 S7-0 S7-0 S7-0 ‘ S7-0 S7-0 S7-0
Write Status Register 1Fh /01h SR Addr S7-0
Write Enable 06h
Write Disable 04h
BB Management
(Swap Blocks) Alh LBA LBA PBA PBA
Read BBM LUT A5h Dummy LBAO LBAO PBAO PBAO LBA1 LBA1 PBA1l
Block Erase D8h Dummy PA15-8 PA7-0
Program Data Load 02h CA15-8 CA7-0 Data-0 Data-1 Data-2 Data-3 Data-4 Data-5
(Reset Buffer)
Random Program 84h CA15-8 CA7-0 Data-0 Data-1 Data-2 Data-3 Data-4 Data-5
Data Load
Quad Program 32h CA15-8 CA7-0 | Data0/4 | Data-1/4 | Data2/4 | Data-3/4 | Data-4/4 | Data5/4
Data Load (Reset Buffer)
Random Quad Program 34h CA15-8 CA7-0 | Data-0/4 | Data-1/4 | Data-2/4 | Data-3/4 | Data-4/4 | Data-5/4
Data Load
Program Execute 10h Dummy PA15-8 PA7-0
Page Data Read 13h Dummy PA15-8 PA7-0
Read 03h CA15-8 CA7-0 Dummy D7-0 D7-0 D7-0 D7-0 D7-0
Fast Read 0Bh CA15-8 CA7-0 Dummy D7-0 D7-0 D7-0 D7-0 D7-0
Fast Read
with 4-Byte Address 0Ch CA15-8 CA7-0 Dummy Dummy Dummy D7-0 D7-0 D7-0
Fast Read Dual Output 3Bh CA15-8 CA7-0 Dummy D7-0/2 D7-0/2 D7-0/2 D7-0/2 D7-0/2
Fast Read Dual Output
with 4-Byte Address 3Ch CA15-8 CA7-0 Dummy Dummy Dummy D7-0/2 D7-0/2 D7-0/2
Fast Read Quad Output 6Bh CA15-8 CA7-0 Dummy D7-0/4 D7-0/4 D7-0/4 D7-0/4 D7-0/4
Fast Read Quad Output
with 4-Byte Address 6Ch CA15-8 CA7-0 Dummy Dummy Dummy D7-0/4 D7-0/4 D7-0/4
Fast Read Dual /0 BBh CA15-8/2 | CA7-0/2 Dummy /2 D7-0/2 D7-0/2 D7-0/2 D7-0/2 D7-0/2
Fast Read Dual /O
with 4-Byte Address BCh CA15-8/2 CA7-0/2 Dummy/2 | Dummy/2 | Dummy/2 D7-0/2 D7-0/2 D7-0/2
Fast Read Quad I/0 EBh CA15-8/4 CA7-0/4 Dummy /4 | Dummy/4 D7-0/4 D7-0/4 D7-0/4 D7-0/4
Fast Read Quad I/O
with 4-Byte Address ECh CA15-8/4 CA7-0/4 Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 | Dummy/4 D7-0/4
Deep Power-Down B9h
Release Power-Down ABh
Chip Erase C7h/60h
Enable Reset 66h
Reset Device 99h
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Notes:

10.

11.

12.

Output designates data output from the device.
Column Address (CA) only requires CA[11:0], CA[15:12] are considered as dummy bits.

Page Address (PA) requires 15 bits. PA[14:6] is the address for 128KB blocks (total 512 blocks), PA[5:0] is
the address for 2KB pages (total 64 pages for each block).

Logical and Physical Block Address (LBA & PBA) each consists of 16 bits. LBA[9:0] & PBA[9:0] are effective
Block Addresses. LBA[15:14] is used for additional information.

Status Register Addresses:

Status Register 1 / Protection Register: Addr = Axh
Status Register 2 / Configuration Register: Addr = Bxh
Status Register 3 / Status Register: Addr = Cxh

Dual SPI Address Input (CA15-8 / 2 and CA7-0/ 2) format:
I00= x, x, CAl1l0, CA8, CA6, CA4, CA2, CA0
101= x, x, CA11, CA9, CA7, CA5, CA3, CA1l

Dual SPI Data Output (D7-0 / 2) format:
I00= D6, D4, D2, DO, ......
I01= D7, D5, D3, D1, ......

Quad SPI Address Input (CA15-8 / 4 and CA7-0 / 4) format:
I00= x, CA8, CA4, CA0

I01= x, CA9, CA5, CAl
102= x, CAl0, CA6, CA2
I03= x, CAll, CA7, CA3
Quad SPI Data Input/Output (D7-0 / 4) format:
I00= D4, DO, ......
I01= D5, D1, ......
I02= D6, D2, ...
I03= D7, D3, ...

All Quad Program/Read commands are disabled when WP-E bit is set to 1 in the Protection Register.

For all Read operations in the Sequential Read Mode, once the /CS signal is brought to high to terminate the
read operation, the device will still remain busy for tRD3 (BUSY=1), and all the data inside the Data Buffer
will be lost and un-reliable to use. A new Page Data Read instruction must be issued to reload the correct
page data into the Data Buffer.

For all Read operations in the Buffer Read Mode, as soon as /CS signal is brought to high to terminate the
read operation, the device will be ready to accept new instructions and all the data inside the Data Buffer will
remain unchanged from the previous Page Data Read instruction.
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8.2 Instruction Descriptions

8.2.1 Device Reset (FFh), Enable Reset (66h) and Reset Device (99h)

Because of the small package and the limitation on the number of pins, the W25N512GW provide a software
Reset instruction instead of a dedicated RESET pin. Once the Reset instruction is accepted, any on-going
internal operations will be terminated and the device state bits will follow the below table. Once the Reset
command is accepted by the device, the device will take approximately tRST to reset, depending on the
current operation the device is performing, tRST can be 5us~500us. 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 recommended to check the BUSY bit in Status Register
before issuing the Reset command.

Pi Instruction (FFh) 4>‘

10 N

DO High Impedance

Figure 5. Device Reset Instruction

Fi Instruction (66h) 4>‘ Fi Instruction (99h) 4>‘

oy XN/ S L X S X

DO High Impedance
(10)

Figure 6. Enable Reset and Reset Instruction Sequence
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. After Reset
. . Shipment |Power Up after| Power Up after | Power Up after |After Reset (FFh) o
Register | Address Bits Default LUTis full |OTP arealocked| SR-1locked | Command [(°ON99R) Command
or HW Reset
BP[3:0] 1111 1111 1111 xxxx (locked) No Change 1111
Protection Axh B 1 1 1 x (locked) No Change 1
Register SRP[1:0] 00 00 00 11 (locked) No Change 00
WP-E 0 0 0 x (locked) No Change 0
Clear to 0 before Clear to 0 before
oThL 0 0 ! 0 OTP set OTP set
OTP-E 0 0 0 0 0 0
) . Clear to 0 before Clear to 0 before
Co};flg_urtatlon Bxh SR1-L 0 0 0 1 OTP set OTP set
egister BSY OF 0 0 0 0 No Change 0
BUF 0 0 0 0 No Change 0
ODS[1:0] 00 00 00 00 No Change 00
H-DIS 1 1 1 1 No Change 1
LUT-F 0 1 0 0 No Change No Change
Status P-FAIL 0 0 0 0 0 0
] Cxh
Register E-FAIL 0 0 0 0 0 0
WEL 0 0 0 0 0 0
. Option page reload
Page 0 Reload Page O reload | Page O reload Page 0 reload Page 0 reload Fix no reload (default no reload)

Default values of the Status Registers after power up and Device Reset
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8.2.2 Read JEDEC ID (9Fh)

The Read JEDEC ID instruction is compatible with the JEDEC standard for SPI compatible serial memories
that was adopted in 2003. The instruction is initiated by driving the /CS pin low and shifting the instruction
code “9Fh” followed by 8 dummy clocks. The JEDEC assigned Manufacturer ID byte for Winbond (EFh)
and two Device ID bytes are then shifted out on the falling edge of CLK with most significant bit (MSB) first
as shown in Figure 7. For memory type and capacity values refer to Manufacturer and Device Identification
table.

7 8 15 16 23 24 ....Mode3
_____ A — 1
F . 8 Dummy
Instruction »F Clocks ™
DI \
(100) X \ / 9Fh / ot
Mfr. ID > Device D ————»
; v
DO High Impedance ) ittt N ettt N et bt
(0 Comn X e X o —
* * *
* = MSB

Figure 7. Read JEDEC ID Instruction
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8.2.3 Read Status Register (OFh / 05h)

The Read Status Register instructions allow the 8-bit Status Registers to be read. The instruction is entered
by driving /CS low and shifting the instruction code “OFh or 05h” into the DI pin on the rising edge of CLK
followed by an 8-bit Status Register Address. The status register bits are then shifted out on the DO pin at
the falling edge of CLK with most significant bit (MSB) first as shown in Figure 8. Refer to section 7.1-3 for
Status Register descriptions.

The Read Status Register instruction may be used at any time, even while a Program or Erase cycle is in
progress. This allows the BUSY status bit to be checked to determine when the cycle is complete and if the
device can accept another instruction. The Status Register can be read continuously. The instruction is
completed by driving /CS high.

7 8 9 15 16 17 18 19 20 21 22 23 Mode 3

(09 — X\ omiosn X7Xe X
SR Value[7:0] ——»
High Impedance Y
(O T XEXE XX X2 XXX _X

Figure 8. Read Status Register Instruction
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8.2.4 Write Status Register (1Fh / 01h)

The Write Status Register instruction allows the Status Registers to be written. The writable Status Register
bits include: SRP[1:0], TB, BP[3:0] and WP-E bit in Status Register-1; OTP-L, OTP-E, SR1-L, and BUF bit
in Status Register-2. All other Status Register bit locations are read-only and will not be affected by the
Write Status Register instruction.

To write the Status Register bits, the instruction is entered by driving /CS low, sending the instruction code
“1Fh or 01h”, followed by an 8-bit Status Register Address, and then writing the status register data byte
as illustrated in Figure 9.

Refer to section 7.1-3 for Status Register descriptions. After power up, factory default for BP[3:0], TB bits
are 1, while other bits are 0.

7 8 9 15 16 17 18 19 20 21 22 23 Mode 3

‘« Instruction ﬂ<— SR Address —»%7 SR Value[7:0] 4>‘
DAV & .OND 0.0.0 0.0.0 6 6.0 6

DO High Impedance
(10y)

Figure 9. Write Status Register-1/2/3 Instruction
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8.2.5 Write Enable (06h)

The Write Enable instruction (Figure 10) sets the Write Enable Latch (WEL) bit in the Status Register to a
1. The WEL bit must be set prior to every Page Program, Quad Page Program, Block Erase, Chip Erase
and Bad Block Management instruction. The Write Enable instruction is entered by driving /CS low, shifting
the instruction code “06h” into the Data Input (DI) pin on the rising edge of CLK, and then driving /CS high.

DO High Impedance

Figure 10. Write Enable Instruction

8.2.6 Write Disable (04h)

The Write Disable instruction (Figure 11) resets the Write Enable Latch (WEL) bit in the Status Register to
a 0. The Write Disable instruction is entered by driving /CS low, shifting the instruction code “04h” into the
DI pin and then driving /CS high. Note that the WEL bit is automatically reset after Power-up and upon
completion of the Page Program, Quad Page Program, Block Erase, Chip Erase, Reset and Bad Block
Management instructions.

‘47 Instruction (04h) 4>‘

100 /\

DO High Impedance
(10y)

Figure 11. Write Disable Instruction
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8.2.7 Bad Block Management (Alh)

Due to large NAND memory density size and the technology limitation, NAND memory devices are allowed
to be shipped to the end customers with certain amount of “Bad Blocks” found in the factory testing. Up to
2% of the memory blocks can be marked as “Bad Blocks” upon shipment, which is a maximum of 10 blocks
for W25N512GW. In order to identify these bad blocks, it is recommended to scan the entire memory array
for bad block markers set in the factory. A “Bad Block Marker” is a non-FFh data byte stored at Byte 0 of
Page 0 for each bad block. An additional marker is also stored in the first two byte of the 64-Byte spare
area.

W25N512GW offers a convenient method to manage the bad blocks typically found in NAND flash memory
after extensive use. The “Bad Block Management” command is initiated by shifting the instruction code
“A1h” into the DI pin and followed by the 16-bits “Logical Block Address” and 16-bits “Physical Block
Address”. The logical block address is the address for the “bad” block that will be replaced by the “good”
block indicated by the physical block address.

A Write Enable instruction must be executed before the device will accept the Bad Block Management
instruction (Status Register bit WEL=1). The Bad Block Management instruction is initiated by driving the
/CS pin low and shifting the instruction code “A1h” followed by 16-bits LBA (Bad Block address) and the
16-bits PBA (Good Block address). After /CS is driven high to complete the instruction cycle, the self-timed
Bad Block Management instruction will commence for a time duration of tPP (See AC Characteristics).
While the Bad Block Management cycle is in progress, the Read Status Register instruction may still be
used for checking the status of the BUSY bit. The BUSY bit is a 1 during the Bad Block Management cycle
and becomes a 0 when the cycle is finished and the device is ready to accept other instructions again. After
the Bad Block Management cycle has finished, the Write Enable Latch (WEL) bit in the Status Register is
cleared to 0.

Once a Bad Block Management command is successfully executed, the specified LBA-PBA link will be
added to the internal Look Up Table (LUT). Up to 10 links can be established in the non-volatile LUT. If all
10 links have been written, the LUT-F bit in the Status Register will become a 1, and no more LBA-PBA
links can be established. Therefore, prior to issuing the Bad Block Management command, the LUT-F bit
value can be checked or a “Read BBM Look Up Table” command can be issued to confirm if spare links
are still available in the LUT.

To guarantee a continuous read operation on the first 500 blocks, the manufacturer may have used some
of the BBM LUT entrees. It is advisable for the user to scan all blocks and keep a table of all manufacturer
bad blocks prior to first erase/program operation.

Registering the same address in multiple PBAs is prohibited. It may cause unexpected behavior.

(|g|0) X\/ Alh X 58 X o) X (158 X

DO High Impedance
(109

Figure 12. Bad Block Management Instruction
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8.2.8 Read BBM Look Up Table (A5h)

The internal Look Up Table (LUT) consists of 10 Logical-Physical memory block links (from LBAO/PBAO to
LBA9/PBA9). The “Read BBM Look Up Table” command can be used to check the existing address links
stored inside the LUT.

The “Read BBM Look Up Table” command is initiated by shifting the instruction code “A5h” into the DI pin
and followed by 8-bit dummy clocks, at the falling edge of the 16t clocks, the device will start to output the
16-bit “Logical Block Address” and the 16-bit “Physical Block Address” as illustrated in Figure 13. All block
address links will be output sequentially starting from the first link (LBAO & PBAO) in the LUT. If there are
available links that are unused, the output will contain all “O0h” data.

The MSB bits LBA[15:14] of each link are used to indicate the status of the link.

LBA[15] LBA[1.4] Descriptions
(Enable) | (Invalid)
0 0 This link is available to use.
1 0 This link is enabled and it is a valid link.
1 1 This link was enabled, but it is not valid any more.
0 1 Not applicable.

7 8 15 16 23 24 31 32 39 40 47 48

..... S I 1 I I I 1 ot I

‘« Instruction +F 88%}'::3/ —»

DI
(100) X \ / ASh > o

LBAO S — PBAO >
DO High Impedance Y Y Y
(100 C ns8 X (o] X (158 X [7:00 X [15:8]
* * *
* = MSB

Figure 13. Read BBM Look Up Table Instruction
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8.2.9 128KB Block Erase (D8h)

The 128KB Block Erase instruction sets all memory within a specified block (64-Pages, 128K-Bytes) to the
erased state of all 1s (FFh). A Write Enable instruction must be executed before the device will accept the
Block Erase Instruction (Status Register bit WEL must equal 1). The instruction is initiated by driving the
/CS pin low and shifting the instruction code “D8h” followed by 8-bit dummy clocks and the 16-bit page
address. The Block Erase instruction sequence is shown in Figure 14,

The /CS pin must be driven high after the eighth bit of the last byte has been latched. If this is not done the
Block Erase instruction will not be executed. After /CS is driven high, the self-timed Block Erase instruction
will commence for a time duration of tBE (See AC Characteristics). While the Block Erase cycle is in
progress, the Read Status Register instruction may still be accessed for checking the status of the BUSY
bit. The BUSY bit is a 1 during the Block Erase cycle and becomes a 0 when the cycle is finished and the
device is ready to accept other instructions again. After the Block Erase cycle has finished the Write Enable
Latch (WEL) bit in the Status Register is cleared to 0. The Block Erase instruction will not be executed if
the addressed block is protected by the Block Protect (TB, BP3, BP2, BP1, and BPO) bits.

8 Dummy %7 Page Address[15:0] 4%
Clocks

DI
(100)

DO High Impedance
(10,

Figure 14. 128KB Block Erase Instruction
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8.2.10 Load Program Data (02h) / Random Load Program Data (84h)

The Program operation allows from one byte to 2,112 bytes (a page) of data to be programmed at previously
erased (FFh) memory locations. A Program operation involves two steps: 1. Load the program data into
the Data Buffer. 2. Issue “Program Execute” command to transfer the data from Data Buffer to the specified
memory page.

A Write Enable instruction must be executed before the device will accept the Load Program Data
Instructions (Status Register bit WEL= 1). The “Load Program Data” or “Random Load Program Data”
instruction is initiated by driving the /CS pin low then shifting the instruction code “02h” or “84h” followed by
a 16-bit column address (only CA[11:0] is effective) and at least one byte of data into the DI pin. The /CS
pin must be held low for the entire length of the instruction while data is being sent to the device. If the
number of data bytes sent to the device exceeds the number of data bytes in the Data Buffer, the extra
data will be ignored by the device. The Load Program Data instruction sequence is shown in Figure 15.

Both “Load Program Data” and “Random Load Program Data” instructions share the same command
sequence. The difference is that “Load Program Data” instruction will reset the unused the data bytes in
the Data Buffer to FFh value, while “Random Load Program Data” instruction will only update the data bytes
that are specified by the command input sequence, the rest of the Data Buffer will remain unchanged.

DI U\ /o o VD \/ s —
(o9 X\ /oniean Xas)aaxXsa XX
DO High Impedance

(101)

Dl =———tl——\—\ T\ N\

RN GHEY. O & CIED © G XX X y———
DO N High Impedance

(101)

Figure 15. Load / Random Load Program Data Instruction
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8.2.11 Quad Load Program Data (32h) / Quad Random Load Program Data (34h)

The “Quad Load Program Data” and “Quad Random Load Program Data” instructions are identical to the
“Load Program Data” and “Random Load Program Data” in terms of operation sequence and functionality.
The only difference is that “Quad Load” instructions will input the data bytes from all four IO pins instead of
the single DI pin. This method will significantly shorten the data input time when a large amount of data
needs to be loaded into the Data Buffer. The instruction sequence is illustrated in Figure 16.

Both “Quad Load Program Data” and “Quad Random Load Program Data” instructions share the same
command sequence. The difference is that “Quad Load Program Data” instruction will reset the unused the
data bytes in the Data Buffer to FFh value, while “Quad Random Load Program Data” instruction will only
update the data bytes that are specified by the command input sequence, the rest of the Data Buffer will
remain unchanged.

When WP-E bit in the Status Register is set to a 1, all Quad SPI instructions are disabled.

‘+ Instruction »P— Aggllfl[Jln;?O] .
R Va1 D © © 00 G

DO High Impedance
(101)

High Impedance

10, 6 2 6 2 6
High
/Hold \
7 3 7 3 7
(103)
Data Data
0 1

Figure 16. Quad Load / Quad Random Load Program Data Instruction
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8.2.12 Program Execute (10h)

The Program Execute instruction is the second step of the Program operation. After the program data are
loaded into the 2,112-Byte Data Buffer, the Program Execute instruction will program the Data Buffer
content into the physical memory page that is specified in the instruction. The instruction is initiated by
driving the /CS pin low then shifting the instruction code “10h” followed by 8-bit dummy clocks and the 16-
bit Page Address into the DI pin as shown in Figure 17.

After /CS is driven high to complete the instruction cycle, the self-timed Program Execute instruction will
commence for a time duration of tpp (See AC Characteristics). While the Program Execute cycle is in
progress, the Read Status Register instruction may still be used for checking the status of the BUSY bit.
The BUSY bit is a 1 during the Program Execute cycle and becomes a 0 when the cycle is finished and the
device is ready to accept other instructions again. After the Program Execute cycle has finished, the Write
Enable Latch (WEL) bit in the Status Register is cleared to 0. The Program Execute instruction will not be
executed if the addressed page is protected by the Block Protect (TB, BP3, BP2, BP1, and BPO) bits. Only
4 partial page program times are allowed on every single page.

The pages within the block have to be programmed sequentially from the lower order page address to the
higher order page address within the block. Programming pages out of sequence is prohibited.

Mode 0
. o et e SO e stz o
og — XN/ 10 e XX
DO High Impedance

(10y)

Figure 17. Program Execute Instruction
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8.2.13 Page Data Read (13h)

The Page Data Read instruction will transfer the data of the specified memory page into the 2,112-Byte
Data Buffer. The instruction is initiated by driving the /CS pin low then shifting the instruction code “13h”
followed by 8-bit dummy clocks and the 16-bit Page Address into the DI pin as shown in Figure 18.

After /CS is driven high to complete the instruction cycle, the self-timed Read Page Data instruction will
commence for a time duration of tRD (See AC Characteristics). While the Read Page Data cycle is in
progress, the Read Status Register instruction may still be used for checking the status of the BUSY bit.
The BUSY bit is a 1 during the Read Page Data cycle and becomes a 0 when the cycle is finished and the
device is ready to accept other instructions again.

After the 2,112 bytes of page data are loaded into the Data Buffer, several Read instructions can be issued
to access the Data Buffer and read out the data. Depending on the BUF bit setting in the Status Register,
either “Buffer Read Mode” or “Sequential Read Mode” may be used to accomplish the read operations.

Mode 0
i 8 Dumm .
. o rnion e QG T Pwemasasg o
oy — XN/ B3h e DD CH
DO High Impedance
(101)

Figure 18. Page Data Read Instruction
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8.2.14 Read Data (03h)

The Read Data instruction allows one or more data bytes to be sequentially read from the Data Buffer after
executing the Read Page Data instruction. The Read Data instruction is initiated by driving the /CS pin low
and then shifting the instruction code “03h” followed by the 16-bit Column Address and 8-bit dummy clocks
or a 24-bit dummy clocks into the DI pin. After the address is received, the data byte of the addressed Data
Buffer location will be shifted out on the DO pin at the falling edge of CLK with most significant bit (MSB)
first. The address is automatically incremented to the next higher address after each byte of data is shifted
out allowing for a continuous stream of data. The instruction is completed by driving /CS high.

The Read Data instruction sequence is shown in Figure 19a & 19b. When BUF=1, the device is in the Buffer
Read Mode. The data output sequence will start from the Data Buffer location specified by the 16-bit Column
Address and continue to the end of the Data Buffer. Once the last byte of data is output, the output pin will
become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data output sequence
will start from the first byte of the Data Buffer and increment to the next higher address. When the end of
the Data Buffer is reached, the data of the first byte of next memory page will be following and continues
through the entire memory array. This allows using a single Read instruction to read out the entire memory
array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

| e
32 38 39 40 46 47
0 [ OO 1 1 I VOO I I O I I 1 ) T _
& Instruction *— Column Address[15:0] —»}« ngcmkr:yj
D AV © O CHlD © O Gl —
Data Out 1 +ke Data Out 2

; Y
DO High Impedance —_
w0 X XXX XX —
* * *

* =MSB

Figure 19a. Read Data Instruction (Buffer Read Mode, BUF=1)

(Iglo) X\ / 03h (232221 2X1¥Xo %

Data Out 1 »ke Data Out 2 »\l

. A

DO High Impedance —_

100 X XXX XX
* * *

* =MSB

Figure 19b. Read Data Instruction (Sequential Read Mode, BUF=0)
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8.2.15 Fast Read (0Bh)

The Fast Read instruction allows one or more data bytes to be sequentially read from the Data Buffer after
executing the Read Page Data instruction. The Fast Read instruction is initiated by driving the /CS pin low
and then shifting the instruction code “OBh” followed by the 16-bit Column Address and 8-bit dummy clocks
or a 32-bit dummy clocks into the DI pin. After the address is received, the data byte of the addressed Data
Buffer location will be shifted out on the DO pin at the falling edge of CLK with most significant bit (MSB)
first. The address is automatically incremented to the next higher address after each byte of data is shifted
out allowing for a continuous stream of data. The instruction is completed by driving /CS high.

The Fast Read instruction sequence is shown in Figure 20a & 20b. When BUF=1, the device is in the Buffer
Read Mode. The data output sequence will start from the Data Buffer location specified by the 16-bit Column
Address and continue to the end of the Data Buffer. Once the last byte of data is output, the output pin will
become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data output sequence
will start from the first byte of the Data Buffer and increment to the next higher address. When the end of
the Data Buffer is reached, the data of the first byte of next memory page will be following and continues
through the entire memory array. This allows using a single Read instruction to read out the entire memory
array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

| e
32 38 39 40 46 47
0 [ OO 1 1 I VOO I I O I I 1 ) T _
& Instruction *— Column Address[15:0] —»}« ngcmkr:yj
D AV © O D © O Gl —
Data Out 1 +ke Data Out 2

; Y
DO High Impedance —_
w0 X XXX XX —
* * *

* =MSB

Figure 20a. Fast Read Instruction (Buffer Read Mode, BUF=1)

21 22 23 39 40 46 47 48 54 55

(Iglo) X\ / 0Bh (XX 18 X17 X16 ) 0 it { e

Data Out 1 +ke Data Out 2

. Y
DO High Impedance —_
(o) (X XXX XX

*

* =MSB

Figure 20b. Fast Read Instruction (Sequential Read Mode, BUF=0)
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8.2.16 Fast Read with 4-Byte Address (0Ch)

The Fast Read instruction allows one or more data bytes to be sequentially read from the Data Buffer after
executing the Read Page Data instruction. The Fast Read instruction is initiated by driving the /CS pin low
and then shifting the instruction code “0Ch” followed by the 16-bit Column Address and 24-bit dummy clocks
(when BUF=1) or a 40-bit dummy clocks (when BUF=0) into the DI pin. After the address is received, the
data byte of the addressed Data Buffer location will be shifted out on the DO pin at the falling edge of CLK
with most significant bit (MSB) first. The address is automatically incremented to the next higher address
after each byte of data is shifted out allowing for a continuous stream of data. The instruction is completed
by driving /CS high.

The Fast Read instruction sequence is shown in Figure 21a & 21b. When BUF=1, the device is in the Buffer
Read Mode. The data output sequence will start from the Data Buffer location specified by the 16-bit Column
Address and continue to the end of the Data Buffer. Once the last byte of data is output, the output pin will
become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data output sequence
will start from the first byte of the Data Buffer and increment to the next higher address. When the end of
the Data Buffer is reached, the data of the first byte of next memory page will be following and continues
through the entire memory array. This allows using a single Read instruction to read out the entire memory
array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

—_
7 8 9 48 54 55 56 62 63
N I IR B N B SN B SRURUIIn B S B S B SN B [ R S I U [J L ----- _
}« Instruction ﬂ<— Column Address[15:0] —»F 240?&?2“'1
DI =\ / i~ VA /oL N\ N\ e )
jo) XN/ och  XisXuxi 2 XAXOX —_
Data Out 1 »ke Data Out 2

- J
DO High Impedance p—
(00 X XXX, XX,
* * *

* =MSB

Figure 21a. Fast Read with 4-Byte Address Instruction (Buffer Read Mode, BUF=1)

(II(?)IO) X\ / och (39X 38 X37 X5 X4 X_ 0 % t f —

w— Data Out 2
J

DO High Impedance —_
(0 X XXX XX
* * *

* =MSB

Figure 21b. Fast Read with 4-Byte Address Instruction (Sequential Read Mode, BUF=0)
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8.2.17 Fast Read Dual Output (3Bh)

The Fast Read Dual Output (3Bh) instruction is similar to the standard Fast Read (0Bh) instruction except
that data is output on two pins; 100 and 101. This allows data to be transferred at twice the rate of standard
SPI devices.

The Fast Read Dual Output instruction sequence is shown in Figure 22a & 22b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

‘+ Instruction ﬂ<— Column Address[15:0] —% SCDIL;::T:y

(Iglo) X\ / 3Bh (1514 X13 XXX

0 High Impedance —_
() XXX XXX
*

* *
* = MSB

Figure 22a. Fast Read Dual Output Instruction (Buffer Read Mode, BUF=1)

(BIO) XN\/ 38h GoXaoXze 18X(17 16 )

Data Out1 —» Data Out 2 —»|

le) High Impedance _
) XXX XXX
*

* *
* =MSB

Figure 22b. Fast Read Dual Output Instruction (Sequential Read Mode, BUF=0)
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8.2.18 Fast Read Dual Output with 4-Byte Address (3Ch)

The Fast Read Dual Output (3Ch) instruction is similar to the standard Fast Read (OBh) instruction except
that data is output on two pins; 100 and 101. This allows data to be transferred at twice the rate of standard
SPI devices.

The Fast Read Dual Output instruction sequence is shown in Figure 23a & 23b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

21 22 23

*— Column Address[15:0] —ﬁ« 24(:?(;'51];“3/

XX .60,

DI
(100)

Data Out1 —»- Data Out 2 —»|

] High Impedance
) XXX XXX
*

* *
* =MSB

Figure 23a. Fast Read Dual Output with 4-Byte Address Instruction (Buffer Read Mode, BUF=1)

(BIO) XN\/ 3ch GoXaeXz 18X(17 16 )

Data Out1 —» Data Out 2 —»|

le) High Impedance —_
) XXX XXX
*

* *
* =MSB

Figure 23b. Fast Read Dual Output with 4-Byte Address Instruction (Sequential Read Mode, BUF=0)
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8.2.19 Fast Read Quad Output (6Bh)

The Fast Read Quad Output (6Bh) instruction is similar to the Fast Read Dual Output (3Bh) instruction
except that data is output on four pins, 100, 101, 102, and 103. The Fast Read Quad Output Instruction allows
data to be transferred at four times the rate of standard SPI devices.

The Fast Read Quad Output instruction sequence is shown in Figure 24a & 24b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

When WP-E bit in the Status Register is set to a 1, this instruction is disabled.

‘« Instruction »F— Column Address[15:0] —— = 8332::)/ ™

(|I(3)|0) X\ / 6Bh (1514 X(13 2 X1 X0) :>

DO High Impedance
(10y)

High Impedance

102
High
/Hold
(105)
* =MSB
Figure 24a. Fast Read Quad Output Instruction (Buffer Read Mode, BUF=1)
Ics \
.. Mode3 . 7 8 9 21 22 23
ot _woreo | [ ] N — N

(I?)lo) X \ / 6Bh @@ 2 18 @@

DO High Impedance
(101)

High Impedance
10, 9 p!

High

/Hold
(103)

* = MSB

Figure 24b. Fast Read Quad Output Instruction (Sequential Read Mode, BUF=0)
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8.2.20 Fast Read Quad Output with 4-Byte Address (6Ch)

The Fast Read Quad Output (6Ch) instruction is similar to the Fast Read Dual Output (3Bh) instruction
except that data is output on four pins, 100, 101, 102, and 103. The Fast Read Quad Output Instruction allows
data to be transferred at four times the rate of standard SPI devices.

The Fast Read Quad Output instruction sequence is shown in Figure 25a & 25b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

When WP-E bit in the Status Register is set to a 1, this instruction is disabled.

[

F Instruction ﬂ<— Column Address[15:0] —ﬁ« 24CE|’;‘CT2W —»

DI\ /o VoV Vo S VoV L
tog — XN/ ech XXXt 2 XXX _
DO High Impedance —_—
(10y) —
High Impedance p—
10,
—
High
/Hold L
(IOS) —
_ Data
* = MSB outs
Figure 25a. Fast Read Quad Output with 4-Byte Address Instruction (Buffer Read Mode, BUF=1)
J[o] \

8 TN/ OO OO

DO High Impedance

High Impedance

High

/Hold
(103)

* =MSB

Figure 25b. Fast Read Quad Output with 4-Byte Address Instruction (Sequential Read Mode, BUF=0)
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8.2.21 Fast Read Dual I/O (BBh)

The Fast Read Dual I/O (BBh) instruction allows for improved random access while maintaining two 10
pins, 100 and 10:. It is similar to the Fast Read Dual Output (3Bh) instruction but with the capability to input
the Column Address or the dummy clocks two bits per clock. This reduced instruction overhead may allow
for code execution (XIP) directly from the Dual SPI in some applications.

The Fast Read Quad Output instruction sequence is shown in Figure 26a & 26b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

F Instruction »%— Column Address[15:0] —ﬁ* 4(33:::)/ >

(BIO) X\ / BBh OO XXX T

DO High Impedance =\ /—\ /=" =o—\ /—\ /—\ /—""---=--- —_—
(109 DO ND ©.O Gl 000000006
* * *

* =MSB

Figure 26a. Fast Read Dual I/O Instruction (Buffer Read Mode, BUF=1)

(BIO) X\ / 8eh (GoXasXzs 16 14 X12)

Data Out1 —» Data Out 2 —»

le) High Impedance ~ ,—\ /—\/—" """ c—\/—\ S\ /—"c------" —_—
) D0 .CH XXX .9.0.0.60.0.0.0 .0
* * *

* =MSB

Figure 26b. Fast Read Dual I/O Instruction (Sequential Read Mode, BUF=0)
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8.2.22 Fast Read Dual I/0O with 4-Byte Address (BCh)

The Fast Read Dual I/O (BCh) instruction allows for improved random access while maintaining two 10
pins, 100 and 10:. It is similar to the Fast Read Dual Output (3Bh) instruction but with the capability to input
the Column Address or the dummy clocks two bits per clock. This reduced instruction overhead may allow
for code execution (XIP) directly from the Dual SPI in some applications.

The Fast Read Quad Output instruction sequence is shown in Figure 27a & 27b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

F Instruction »%— Column Address[15:0] —ﬁ* 120?;CT?y -

D AVAREED O O« .00,

DO High Impedance =\ /—\ /=" =o—\ /—\ /—\ /—""---=--- —_—
(109 DO ND ©.O Gl 000000006
* * *

* =MSB

Figure 27a. Fast Read Dual I/O with 4-Byte Address Instruction (Buffer Read Mode, BUF=1)

(Iglo) X\/ 8ch (38 X36 X 34 16 14 X12)

DO High Impedance /= /—\/—""""""-
T GXaXe

* = MSB

Figure 27b. Fast Read Dual I/O with 4-Byte Address Instruction (Sequential Read Mode, BUF=0)
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8.2.23 Fast Read Quad I/O (EBh)

The Fast Read Quad I/O (EBh) instruction is similar to the Fast Read Dual /O (BBh) instruction except that
address and data bits are input and output through four pins 100, 101, 102 and 103 prior to the data output.
The Quad I/0O dramatically reduces instruction overhead allowing faster random access for code execution
(XIP) directly from the Quad SPI.

The Fast Read Quad Output instruction sequence is shown in Figure 28a & 28b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

When WP-E bit in the Status Register is set to a 1, this instruction is disabled.

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22‘;_
_____ |
< msnoton wie gty G -
D AV 600 00006000000
High Impedance |~ —
o XX EX XXX XXX XXX
0, — TR (i @aaaoao@ aaaea —
/Hold

e 0000000000000 0aE

*Data *Data *Data *Data

* =MSB Outl | Out2 | Out3 | Out4

Figure 28a. Fast Read Quad I/O Instruction (Buffer Read Mode, BUF=1)
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DI
(100)

DO
(101)

|02

/Hold
(103)

SMode3
Mode 0 .
‘« Instruction +}<7 12 Dummy Clocks ————————»
X\ / EBh

High Impedance

High Impedance

High

Figure 28b. Fast Read Quad /O Instruction (Sequential Read Mode, BUF=0)

Publication Release Date: June 01, 2021
-48 - Revision D




W25N512GWxxU
Y/ winbond [/ 4

8.2.24 Fast Read Quad I/O with 4-Byte Address (ECh)

The Fast Read Quad I/0 (ECh) instruction is similar to the Fast Read Dual I/0 (BBh) instruction except that
address and data bits are input and output through four pins 100, 101, 102 and 103 prior to the data output.
The Quad I/0O dramatically reduces instruction overhead allowing faster random access for code execution
(XIP) directly from the Quad SPI.

The Fast Read Quad Output instruction sequence is shown in Figure 29a & 29b. When BUF=1, the device
is in the Buffer Read Mode. The data output sequence will start from the Data Buffer location specified by
the 16-bit Column Address and continue to the end of the Data Buffer. Once the last byte of data is output,
the output pin will become Hi-Z state. When BUF=0, the device is in the Sequential Read Mode, the data
output sequence will start from the first byte of the Data Buffer and increment to the next higher address.
When the end of the Data Buffer is reached, the data of the first byte of next memory page will be following
and continues through the entire memory array. This allows using a single Read instruction to read out the
entire memory array and is also compatible to Winbond’s SpiFlash NOR flash memory command sequence.

When WP-E bit in the Status Register is set to a 1, this instruction is disabled.

T

i Column 10 Dummy
& Instruction +F Address[15:0] ’W

[EE
D AV €O O O € =
DO High Impedance
10 D000 O —
0 High Impedance m
: 0000 —
High
/Hold
(0 XXXy *—
x2S outa

Figure 29a. Fast Read Quad 1/0O with 4-Byte Address Instruction (Buffer Read Mode, BUF=1)
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(10,)

|02

/Hold
(103)

..Mode3 _
ModeO + | | ...
F Instruction »Fi 14 Dummy Clocks
X\ / ECh

High Impedance

High Impedance

High

Figure 29b. Fast Read Quad 1/0O with 4-Byte Address Instruction (Sequential Read Mode, BUF=0)
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8.2.25 Accessing Unique ID / Parameter / OTP Pages (OTP-E=1)

In addition to the main memory array, the W25N512GW is also equipped with one Unique ID Page, one
Parameter Page, and ten OTP Pages.

Page Address Page Name Descriptions Data Length
00h Unigue ID Page Factory programmed, Read Only 32-Byte X 16

01h Parameter Page Factory programmed, Read Only 256-Byte x 3

02h OTP Page [0] Program Only, OTP lockable 2,112-Byte

OTP Pages [1:8] Program Only, OTP lockable 2,112-Byte

0Bh OTP Page [9] Program Only, OTP lockable 2,112-Byte

To access these additional data pages, the OTP-E bit in Status Register-2 must be set to “1” first. Then,
Read operations can be performed on Unique ID and Parameter Pages, Read and Program operations can
be performed on the OTP pages if it's not already locked. To return to the main memory array operation,
OTP-E bit needs to be to set to 0.

Read Operations

A “Page Data Read” command must be issued followed by a specific page address shown in the table
above to load the page data into the main Data Buffer. After the device finishes the data loading (BUSY=0),
all Read commands may be used to read the Data Buffer starting from any specified Column Address.
Please note all Read commands must now follow the “Buffer Read Mode” command structure (CA[15:0],
number of dummy clocks) regardless the previous BUF bit setting.

Program and OTP Lock Operations

OTP pages provide the additional space (2K-Byte x 10) to store important data or security information that
can be locked to prevent further modification in the field. These OTP pages are in an erased state set in
the factory, and can only be programmed (change data from “1” to “0”) until being locked by OTP-L bit in
the Configuration/Status Register-2. OTP-E must be first set to “1” to enable the access to these OTP
pages, then the program data must be loaded into the main Data Buffer using any “Program Data Load”
commands. The “Program Execute” command followed by a specific OTP Page Address is used to initiate
the data transfer from the Data Buffer to the OTP page.

Once the OTP pages are correctly programmed, OTP-L bit can be used to permanently lock these pages
so that no further modification is possible. While still in the “OTP Access Mode” (OTP-E=1), user needs to
set OTP-L bit in the Configuration/Status Register-2 to “1”, and issue a “Program Execute” command(Page
address is “don’t care”). After the device finishes the OTP lock setting (BUSY=0), the user can set OTP-E
to “0” to return to the main memory array operation.

SR1-L OTP Lock Operation

The Protection/Status Register-1 contains protection bits that can be set to protect either a portion or the
entire memory array from being Programmed/Erased or set the device to either Software Write Protection
(WP-E=0) or Hardware Write Protection (WP-E=1). Once the BP[3:0], TB, WP-E bits are set correctly,
SRP1 and SRPO should also be set to “1”s as well to allow SR1-L bit being set to “1” to permanently lock
the protection settings in the Status Register-1 (SR1). Similar to the OTP-L setting procedure above, in
order to set SR1-L lock bit, the device must enter the “OTP Access Mode” (OTP-E=1) first, and SR1-L bit
should be set to “1” prior to the “Program Execute” command(Page address is “don’t care”). Once SR1-L
is set to “1” (BUSY=0), the user can set OTP-E to “0” to return to the main memory array operation.
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8.2.26 Parameter Page Data Definitions

The Parameter Page contains 3 identical copies of the 256-Byte Parameter Data. The table below lists all
the key data byte locations. All other unspecified byte locations have 00h data as default.

W25N512GWxxU
ond /] 4

Nl?n)fntt?er Descriptions Values
0~3 Parameter page signature 4Fh, 4Eh, 46h, 49h
4~5 Revision number 00h, 00h
6~7 Feature supported 00h, 00h
8~9 Optional command supported 02h, 00h

10~31 Reserved All 00h
32~43 Device manufacturer 57h, 49h, 4Eh, 42h, 4Fh, 4Eh, 44h, 20h, 20h, 20h, 20h, 20h
4463 Device model 57h, 32h, 35h, 4Eh, 35h, 31h, 32h, 47h, 57h, 20h,
20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h
64 JEDEC manufacturer ID EFh
65~66 Date code 00h, 00h
67~79 Reserved All 00h
80~83 Number of data bytes per page 00h, 08h, 00h, 00h
84~85 Number of spare bytes per page 40h, 00h
86~91 Reserved All 00h
92~95 Number of pages per block 40h, 00h, 00h, 00h
96~99 Number of blocks per logical unit 00h, 02h, 00h, 00h
100 Number of logical units 01lh
101 Number of address bytes 00h
102 Number of bits per cell 01h

103~104 Bad blocks maximum per unit 0Ah, 00h

105~106 Block endurance 01h, 05h
107 Guaranteed valid blocks at beginning of target 01lh

108~109 Block endurance for guaranteed valid blocks 00h, 00h
110 Number of programs per page 04h
111 Reserved 00h
112 Number of ECC bits 01lh
113 Number of plane address bits 00h
114 Multi-plane operation attributes 00h

115~127 Reserved All 00h
128 1/O pin capacitance, maximum 08h

129~132 Reserved All 00h

133~134 Maximum page program time (us) BCh, 02h

135~136 Maximum block erase time (us) 10h, 27h

137~138 Maximum page read time (us) 32h, 00h

139~163 Reserved All 00h

164~165 Vendor specific revision number 00h, 00h

166~253 Vendor specific All 00h

254~255 Integrity CRC ADh, 8Eh

256~511 Value of bytes 0~255

512~767 Value of bytes 0~255

768~2111 Reserved
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8.2.27 Deep Power-Down (B9h)

Although the standby current during normal operation is relatively low, standby current can be further
reduced with the Deep Power-Down instruction. The lower power consumption makes the Power-Down
instruction especially useful for battery powered applications (See ICC1 and ICC2 in AC Characteristics).
The instruction is initiated by driving the /CS pin low and shifting the instruction code “B9h” as shown in
Figure 30.

The /CS pin must be driven high after the eighth bit has been latched. If this is not done the Power-down
instruction will not be executed. After /CS is driven high, the power-down state will entered within the time
duration of tbp (See AC Characteristics). While in the power-down state only the Release Power-down /
Device ID (ABh) instruction, which restores the device to normal operation, will be recognized. All other
instructions are ignored. This includes the Read Status Register instruction, which is always available
during normal operation. Ignoring all but one instruction makes the Power Down state a useful condition for
securing maximum write protection. The device always powers-up in the normal operation with the standby
current of ICC1.

Pi Instruction (Boh) 4>‘
o X7 /" /XX X X T XX

-

Stand-by current Power-down current

) J

Figure 30. Deep Power-Down Instruction
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8.2.28 Release Power-Down (ABh)

The Release from Power-Down instruction is used to release the device from the power-down state.

To release the device from the power-down state, the instruction is issued by driving the /CS pin low, shifting
the instruction code “ABh” and driving /CS high as shown in Figure 31. Release from power-down will take

the time duration of tRES (See AC Characteristics) before the device will resume normal operation and other
instructions are accepted. The /CS pin must remain high during the trRes time duration.

Fi Instruction (ABh) 4>‘
o X7 NN\ XXX XX

-

Power-down current Stand-by current

Figure 31. Release Power-down Instruction
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8.2.29 Chip Erase (C7h /60h)

The Chip Erase instruction sets all memory within the device to the erased state of all 1s (FFh). A Write
Enable instruction must be executed before the device will accept the Chip Erase Instruction (Status
Register bit WEL must equal 1). The instruction is initiated by driving the /CS pin low and shifting the
instruction code “C7h” or “60h”. The Chip Erase instruction sequence is shown in Figure 32.

The /CS pin must be driven high after the eighth bit has been latched. If this is not done the Chip Erase
instruction will not be executed. After /CS is driven high, the self-timed Chip Erase instruction will commence
for a time duration of tCeE (See AC Characteristics). While the Chip Erase cycle is in progress, the Read
Status Register instruction may still be accessed to check the status of the BUSY bit. The BUSY bitisa 1
during the Chip Erase cycle and becomes a 0 when finished and the device is ready to accept other
instructions again. After the Chip Erase cycle has finished the Write Enable Latch (WEL) bit in the Status
Reqgister is cleared to 0. The Chip Erase instruction will not be executed if any memory region is protected
by the Block Protect (TB, BP3, BP2, BP1, and BPO) bits.

%— Instruction (C7h/60h) —»‘

oy X/ N/ X

DO High Impedance

Figure 32. Chip Erase Instruction
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9. ELECTRICAL CHARACTERISTICS

9.1 Absolute Maximum Ratings®

PARAMETERS SYMBOL CONDITIONS RANGE UNIT
Supply Voltage VCC -0.6to +2.5 \%
Voltage Applied to Any Pin Vio Relative to Ground -0.6 to VCC+0.4 \%
. . <20nS Transient
Transient Voltage on any Pin VioT Relative to Ground —2.0to VCC+2.0 \%
Storage Temperature TSTG —65 to +150 °C
Lead Temperature TLEAD See Note @ °C
Electrostatic Discharge Voltage VESD Human Body Model® —2000 to +2000 V
Notes:

1. This device has been designed and tested for the specified operation ranges. Proper operation outside
of these levels is not guaranteed. Exposure to absolute maximum ratings may affect device reliability.
Exposure beyond absolute maximum ratings may cause permanent damage.

2. Compliant with JEDEC Standard J-STD-20C for small body Sn-Pb or Pb-free (Green) assembly and the
European directive on restrictions on hazardous substances (RoHS) 2002/95/EU.

3. JEDEC Standard JESD22-A114A (C1=100pF, R1=1500 ohms, R2=500 ohms).

9.2 Operating Ranges

SPEC
PARAMETER SYMBOL CONDITIONS UNIT
MIN MAX
Supply Voltage VCC 1.75 1.95 \%
; i +
Ambler]t Temperature, TA Indu§tr|al 40 85 oc
Operating Industrial Plus +105

Publication Release Date: June 01, 2021
-56 - Revision D



W25N512GWxxU
Y/ winbond [/ 4

9.3 Power-up Power-down Timing Requirements

SPEC
PARAMETER SYMBOL UNIT
MIN MAX
VCC (min) to /CS Low tvsL® 1 ms
Time Delay Before Write Instruction tPUwW® 5 ms
Write Inhibit Threshold Voltage Vwi® 1.0 1.4 \%
Power off duration time before Power on | tPO 30 ms

Note:
1. These parameters are characterized only.

VCCA
VCC (Max) =f========mm == m o mm oo oo o o e o e e e e e o e e e
OFh/05h/9Fh/FFh/66h+99h are
me only comma nds allowed
/CS must track VCC ///—
VCC (min) - o mmmmmmmmmmmmmoooooeo
Device is fully accessible
(Page 0 is ready in Buffer)
VWI  ofmmmmmm ffmmmmmm s m s s
-
Time
Figure 33a. Power-up Timing and Voltage Levels
/CS must track VCC
during VCC Ramp Up/Down

______ | [ |

) | | |

T |

| | |

| | |

vee | | |

| | |

| | |

|

|

| | |

| | |

ICS I ] ]

| | |

| | |

] ] ] >
______ L L ___!Time

Figure 33b. Power-up, Power-Down Requirement
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9.4 Power-Loss Timing

Power loss during internal program/erase operations is a violation of the serial NAND voltage specifications
and it should be avoided. Power loss during internal program/erase operations may cause data corruption.
The serial NAND device should be supplied with stable power and within the specified normal operating
voltage range for the full duration of the memory programming or erasing until completion.

The Power on/off sequence below shows the required power on/off sequence to prevent data corruption in
the flash memory array. Before powering off VCC, it is required that the serial NAND device should be in
the Ready state. The internal BUSY bit status should be ‘0’ (Ready) if polling SR-3(S0) BUSY bit is used
before powering off VCC. If the R/B status on DO pin is enabled, R/B status should be high (Ready) before
powering off VCC.

Voo min 1.75Y
VCC

Input
pins

Busy Internal Erase
or Program operation

nJI

BUSY* Low :
I I
Y
RIE Status* 1.?5\-':41 : ;al\s@-t (54 bil

DD N | |
I I
o ov |
[

* - Internal ReadyBusy SE-3 BUSY (S0} bit

- Ready/Busy pin on DO after SR2-4 BSY-0E (54) bilis enabled. The timing diagram on R/B Status
(D) pin shows only & parlial representation {incomplete) of the behavior of R/B Status and not the
actuality, especially in respect to the /CS and CLK pins. Please refer (o the BSY-0E descriptions and
BSY-0E Timing section for actual R/B Status functionality and timing diagram.

Figure 34. Power loss Timing and Voltage Levels

Publication Release Date: June 01, 2021
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9.5 DC Electrical Characteristics

PARAMETER SYMBOL | CONDITIONS SPEC UNIT
MIN TYP MAX
Input Capacitance cin® VIN = ov@D 6 pF
Output Capacitance Cout® Vout = ov@ 8 pF
Input Leakage ILI +2 HA
1/0 Leakage ILo 2 HA
Standby Current Iccl (ﬁﬁ z \(g%l%or VCC 10 100 HA
/CS =VCC,
Deep Power-Down lce2 VIN = GND or VCC(=85°C) . 10 WA
Current /CS = VCC
VIN = GND or VCC(S105°C) 30 KA
Read Current Icc3 85 2(1)r\)/§lc /0.9 vee 25 35 mA
Current Page Program Icc4 /CS =VCC 25 35 mA
Current Block/Chip Erase | Icc5 /CS =VCC 25 35 mA
Input Low Voltage VIL -0.5 VCC x0.3 \%
Input High Voltage VIH VCC x 0.7 VCC +0.4 \%
Output Low Voltage VoL loL =100 pA 0.2 \%
Output High Voltage VOH loH =-100 pA VCC-0.2 \%

Notes:

1. The typical (TYP) value is tested on sample basis and specified through design and characterization data. TA=25°C, VCC=1.8V.
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9.6 AC Measurement Conditions

SPEC
PARAMETER SYMBOL UNIT
MIN MAX
Load Capacitance CL 30 pF
Input Rise and Fall Times TR, TF 5 ns
Input Pulse Voltages VIN 0.1VvCCto0.9VvCC \%
Input Timing Reference Voltages IN 0.3VCCto 0.7 VCC \%
Output Timing Reference Voltages ourt 0.5VCC \%

Input Levels

Input and Output
Timing Reference Levels

0.9VvCC

0.1vCC

Figure 35. AC Measurement I/O Waveform

Publication Release Date: June 01, 2021
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9.7 AC Electrical Characteristics®

SPEC
DESCRIPTION SYMBOL ALT UNIT
MIN TYP | MAX

Clock frequency for all instructions Fr fei D.C. 104 MHz
for all maucions o 45%PC ns
Clock Rise Time peak to peak tcLcH() 0.1 V/ins
Clock Fall Time peak to peak tcHeL (@) 0.1 V/ins
/CS Active Setup Time relative to CLK tSLCH tcss 8 ns
/CS Not Active Hold Time relative to CLK {CHSL 5 ns
Data In Setup Time tDVCH tDsu 3 ns
Data In Hold Time tCHDX tDH 4 ns
/CS Active Hold Time relative to CLK tCHSH 3 ns
/CS Not Active Setup Time relative to CLK tSHCH 5 ns
/CS Deselect Time (for Array Read - Array Read) tSHsL1 tCsH 10 ns
Status Regioters » Read Siaus Registers) | S92 | tosi | 100 ns
Output Disable Time tsHoz(@) tois 20 ns
/CS Low to Output Valid for Ready/Busy tsLQv 16 ns
Clock Loyv to Output Valid for all read except teLQv tv 7 ns
Sequential Read

Clock Low to Output Valid for Sequential Read tcLQv tv 8 ns
Output Hold Time tCLQX tHO 2 ns
/HOLD Active Setup Time relative to CLK tHLCH 5 ns
/HOLD Active Hold Time relative to CLK tCHHH 5 ns

Continued — next page
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AC Electrical Characteristics (cont’d)

SPEC
DESCRIPTION SYMBOL ALT UNIT
MIN TYP MAX
/HOLD Not Active Setup Time relative to CLK tHHCH 5 ns
/HOLD Not Active Hold Time relative to CLK tCHHL 5 ns
/HOLD to Output Low-Z tHHQX(®) tLz 7 ns
/HOLD to Output High-Z tHLQZ(2) tHz 12 ns
Write Protect Setup Time Before /CS Low tWHSL 20 ns
Write Protect Hold Time After /CS High tSHWL 100 ns
Status Register Write Time tw 50 ns
/CS High to Deep Power-Down Mode top(@ 3 Us
/CS High to Standby Mode (Release DPD) tres? 5 VS
/CS High to next Instruction after Reset during
Page Data Read / Program Execute / Block Erase / trsT(?) 5/10/500 Hs
Chip Erase
Read Page Data Time tRD1 25 Hs
Sequential Read Stop to Device Ready Time tRD3 7 S
Page Program, OTP Lock, BBM Management Time tPP 250 700 us
Block Erase Time tBE 2 10 ms
Chip Erase Time tCE 1 5 s
Number of partial page programs NoP 4 times
Notes:

1. Clock high + Clock low must be less than or equal to PC. PC=1/fC (uax.

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

3. The typical (TYP) value is tested on sample basis and specified through design and characterization data. TA=25°C, VCC=1.8V.
4. AC electrical characteristics is based on default setting of ODS.

Publication Release Date: June 01, 2021
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9.8 Serial Output Timing

ICS N /
- tCLH
CTN N N
<« ICLQV <>+ ICLQV e tCLL <« tSHQZ
o tCLQX 1=t tCLQX -1t N
output MSB OUT XX X LSB ouT >
9.9 Serial Input Timing
/CS /<« tSHSL —»
— tCHSH — tSHCH
CLK \
tDVCH tCHDX tCLCH - tCHCL
10 )E 1
input MSB IN )E X ; X seN X
9.10 /HOLD Timing

ICS \

l4— tCHHL —»] tHLCH > tHHCH
CLK x
tCHHH —»
/HOLD N\ /
> tHLQZ >+ tHHQX
10 - X
output -
10 1
input X ; :>< X

9.11 /WP Timing

Write Status Register is allowed

Write Status Register is not allowed

\

A

A
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9.12 BSY-OE Timing

9.12.1 CLK High

W25N512GWxxU
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es J / \ [
wHsL h— o f usWsL A
CLK X X X
Dl
S 800000000000000000000000000000001 00
] ISLOY s s tSLOV  IDIS 4— 1SLOV  IDIS
Do R/B Eit RIB Bit
(104)
Ready/Busy Sampled Ready/Busy Sampled Ready/Busy Sampled
9.12.2 CLK Low
es \ ) { \
wHsL h— f swsL A—
CLK A X
Dl
i 000000000000000000000000000000001 0
] LSLOV T[S e tsLOVw  tDIS s 15LOV  IDIS
Do f A/E Bit R/B Bit RIE Bit
(104)

* Real Time Ready/Busy

Ready/Busy Sampled

Ready/Busy Sampled

9.12.3 CLK Toggle

ISHSL

¥

01 4 |5 6 7

[

Aukdr

\
S / 1SHSL \ J
4|5 8 7

CLi UL

DI Valid Instrustion X Aodr Valid Instruction
(100) \

s
\|Loy OIS f— TELOY

DO *R/B Bit Adar Input “’()—( RB Bit

“D]) ){ Diesice Dutpul q

A

{ Walid InstrLlu:t'H:ln Iniput

ISLaY

R/B Bit

* Real Time Ready/Busy

Ready/Busy Sampled

oS
Auddr Input ar
wice Duiput

ReadyBusy Sampled
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10. INVALID BLOCK MANAGEMENT

10.1 Invalid blocks

The W25N512GW may have initial invalid blocks when it ships from factory. Also, additional invalid blocks
may develop during the use of the device. Nvb represents the minimum number of valid blocks in the total
number of available blocks (See the below table). An invalid block is defined as blocks that contain one or
more bad bits. Block 0, block address 00h is guaranteed to be a valid block at the time of shipment.

Parameter Symbol Min Max Unit

Valid block number Nvb 502 512 blocks

Valid Block Number

10.2 Initial invalid blocks

Initial invalid blocks are defined as blocks that contain one or more invalid bits when shipped from factory.

Although the device contains initial invalid blocks, a valid block of the device is of the same quality and
reliability as all valid blocks in the device with reference to AC and DC specifications. The W25N512GW
has internal circuits to isolate each block from other blocks and therefore, the invalid blocks will not affect
the performance of the entire device.

Before the device is shipped from the factory, it will be erased and invalid blocks are permanently marked.
The mark information cannot be erased. All initial invalid blocks are marked with non-FFh at the 1st byte of
main array and the 1st two bytes of spare area on the 1st page. It should be checked for invalid blocks by
reading the marked locations, and create a table of initial invalid blocks as following flow chart.

( Start )

v
[ Set Block Address =0 )
P Increment
N Block Address
Check “FFh” at 1 byte of main array of 1% page or 4

1% byte of spare area of the 1* page in the block

Update
Bad Block Table

Check “FFh”

Last Block?

O

Figure 36. Flow chart of create initial invalid block table
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10.3 Error in Operation

Additional invalid blocks may develop in the device during its life cycle. Following the procedures herein is
required to guarantee reliable data in the device.

After each program and erase operation, check the P-FAIL and E-FAIL bit to determine if the operation
failed. In case of failure, a block replacement should be done with a bad-block management algorithm.
The system has to use a minimum 1-bit ECC per 528 bytes of data to ensure data recovery.

Operation Detection and recommended procedure
Erase Status read after erase - Block Replacement
Program Status read after program -> Block Replacement
Read Verify ECC - ECC correction
Block A Block B
1st page 2)
Data - Data
{n-1)th page
nth page An error happens (1) nth page
(3)

Buffer memory of the controller
Figure 10-1 Bad Block Replacement

Notes:

1. An error happens in the nth page of block A during program or erase operation.

2. Copy the data in block A to the same location of block B which is valid block.

3. Copy the nth page data of block A in the buffer memory to the nth page of block B.

4. Creating or updating bad block table for preventing further program or erase to block A.

10.4 Addressing in Program Operation

The pages within the block have to be programmed sequentially from LSB (least significant bit) page to the
MSB (most significant bit) within the block. The LSB is defined as the start page to program, does not need
to be page 0 in the block. Random page programming is prohibited.

Publication Release Date: June 01, 2021
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11.PACKAGE SPECIFICATIONS

11.1 8-Pad WSON 6x5-mm (Package Code P)

W25N512GWxxU
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PIN 1 INDENT

/ _
af — -
()
L D A
@V
(|
Nay D) d
K E ==k
> A1 H
A D2 ]
Millimeters Inches
Symbol - -

Min Nom Max Min Nom Max
A 0.70 0.75 0.80 0.028 0.030 0.031
Al 0.00 0.02 0.05 0.000 0.001 0.002
b 0.35 0.40 0.48 0.014 0.016 0.019

C 0.20 REF 0.008 REF
D 5.90 6.00 6.10 0.232 0.236 0.240
D2 3.35 3.40 3.45 0.132 0.134 0.136
E 4.90 5.00 5.10 0.193 0.197 0.201
E2 4.25 4.30 4.35 0.167 0.169 0.171

e 1.27 BSC 0.050 BSC
L 0.55 0.60 0.65 0.022 0.024 0.026
y 0.00 0.075 0.000 0.003
Note:

The metal pad area on the bottom center of the package is not connected to any internal electrical signals. It can be
left floating or connected to the device ground (GND pin). Avoid placement of exposed PCB vias under the pad.
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11.2 8-Pad WSON 8x6-mm (Package Code E)

C
PIN 1 INDENT - C0.4
PIN 1 I.D.
&
|
jED { @&
—r -
D -
} s L 02
LA |
Millimeters Inches
Symbol - -

Min Nom Max Min Nom Max

A 0.70 0.75 0.80 0.028 0.030 0.031

Al 0.00 0.02 0.05 0.000 0.001 0.002

b 0.35 0.40 0.48 0.014 0.016 0.019

C 0.20 REF 0.008 REF

D 7.90 8.00 8.10 0.311 0.315 0.319

D2 3.35 3.40 3.45 0.132 0.134 0.136

E 5.90 6.00 6.10 0.232 0.236 0.240

E2 4.25 4.30 4.35 0.167 0.169 0.171

1.27 0.050
0.45 0.50 0.55 0.018 0.020 0.022
y 0.00 0.050 0.000 0.002
Note:

The metal pad area on the bottom center of the package is not connected to any internal electrical signals. It can be
left floating or connected to the device ground (GND pin). Avoid placement of exposed PCB vias under the pad.
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11.3 24-Ball TFBGA 8x6-mm (Package Code B, 5x5-1 Ball Array)

1

N
— 1@ O O A
—® O O O s
—® O O O o
9
] T | T T |
(24x PLACES)
e % 8| |

Dlecclc]

SEATING PLANE

Control Dimensions are in milmeters

DIMENSION DIMENSION
(mm) (inch)

SYM.

MIN. | NOM. | MAX.| MIN. | NOM.| MAX.
n | — [ = T | — [ — |ooar
a1 026 [031 036 [0.010]0.012]0014
a2 | — Joss | — [ — Joo033| —
b [035 [040 045 [0.014] 0016|0018
D [7.90 [800 |810 [0.311]0.315 0319
D1 4.00 BSC 0157 BSC
E [590 [6.00 610 |0.232[0.236]0.240
E1 4.00 BSC 0.157 BSC
St 1.00 TYP 0.039 TYP
sD 1.00 TYP 0.039 TYP
1.00 BSC 0.039 BSC
cce] - | - Joro| - [ - Jooo3e

AT INDEX
1 2 3 4
)
O
A
B
C o
D
£
-
A ]0.15 (4X)
T
>
F—BALL LAND —
L] [ 1

N

BALL OPENING

N

Note:
1. Ball land:0.45mm.

Ball opening:0.35mm.
PCB ball land suggested <=0. 35 mm
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12. ORDERING INFORMATION
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Company Prefix

Wo 25N 51ZGV_V X X X

W = Winbond

Product Family

25N = Serial SLC NAND Memory

Product Number / Density

512G = 512M-bit

Supply Voltage

W =1.75V to 1.95V

Package Type

P = WSONS8 6x5-mm
B = 24-ball TFBGA 8x6-mm (5x5 ball array)

Temperature Range

E = 8-pad WSON 8x6mm

| = Industrial (-40°C to +85°C)
J = Industrial Plus (-40°C to +105°C)

Special Options®@

U = Green Package (Lead-free, RoHS Compliant, Halogen-free (TBBA), Antimony-Oxide-free Sb,03)

and BUF=0 is the default value after power up

Notes:
The “W” prefix is not included on the part marking.
Standard bulk shipments are in tray for WSON and TFBGA packages. For other packing options, please specify

1.
2.

when placing orders.
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12.1 Valid Part Numbers and Top Side Marking
The following table provides the valid part numbers for the W25N512GW SpiFlash Memory. Please contact

Winbond for specific availability by density and package type. Winbond SpiFlash memories use a 12-digit
Product Number for ordering. However, due to limited space, the Top Side Marking on all packages uses

an abbreviated 11-digit number.

Industrial Temperature:

(5x5-1 Ball Array)

PACKAGE TYPE | DENSITY | PRODUCT NUMBER TOP SIDE MARKING
P .
WSON.8 6xemm | 512M-bit W25N512GWPIU 25N512GWPIU
E .
WSON.8 8x6mm | 512M-bit W25N512GWEIU 25N512GWEIU
B
TFBGA-24 8x6mm |  512M-bit W25N512GWBIU 25N512GWBIU

ndustrial Plus Temperature:

(5x5-1 Ball Array)

PACKAGE TYPE DENSITY PRODUCT NUMBER TOP SIDE MARKING
P :
WSON-8 6x5mm 512M-bit W25N512GWPJU 25N512GWPJU
E .
WSON-8 8x6mm 512M-bit W25N512GWEJU 25N512GWEJU
B
TFBGA-24 8x6mm 512M-bit W25N512GWBJU 25N512GWBJU

Note:

W25N512GWxxU: BUF=0 (Sequential Read Mode) is the default value after power up. BUF bit can be written to 1.
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13. REVISION HISTORY
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VERSION DATE PAGE DESCRIPTION
A 02/06/2018 New Create Preliminary
16, 26, 63 Added BSY-OE bit for Status Register-2
Al 08/24/2018 6, 56, 58, 60, 69, Updated tSHSL2 and ICC1 by adding Industrial Plus Grade Conditions and
70 Part Numbers
17 Modified BSY-OE description.
A2 09/17/2018 60. 63 Updated tSLQV from 8ns to 16ns, tSLCH from 6ns to 8ns and tSHCH from
’ 3ns to 5ns.
A3 10/29/2018 24, 61 Added tRD3 specification
24, 61 Updated tRD3 specification
Ad 11/27/2018 17, 63 Updated BSY-OE Description and Timing
58 Added Power-loss timing specs.
AS 02/07/2019 59, 61 Updated ICC2 max and tDIS specs.
A6 04/23/2019 57 Added tPO spec.
A7 09/18/2019 18 Updated P-FAIL & E-FAIL bits description.
Removed Preliminary Designator
B 06/11/2020 All Changed Continuous Read Mode to Sequential Read Mode
8,69, 70, 71 Removed 6x4-ball array TFBGA-24 package
6 Updated Features for Cycles and Data Retention.
C 07/16/2020 52 Updated Integrity CRC.
59, 61, 62 Updated CLH, CLL and Notes.
6 Updated description of Unique ID and Parameter Page
11 Updated Figure 3
31 Added command sequence explanation sentence for Bad Block Management
52 Updated Integrity CRC and Byte Number of Reserved
60 Updated Figure 35
D 06/01/2021 62 Added Note 4
65 Updated the description for the Initial Invalid Block mark
66 Added section for “Error in Operation”
66 Added section for “Addressing in Program Operation”
68 Added Note
69 Updated the 5x5 ball BGA package information
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Trademarks

Winbond and SpiFlash are trademarks of Winbond Electronics Corporation.
All other marks are the property of their respective owner.

Important Notice

Winbond products are not designed, intended, authorized or warranted for use as components in systems
or equipment intended for surgical implantation, atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, or for
other applications intended to support or sustain life. Furthermore, Winbond products are not intended for
applications wherein failure of Winbond products could result or lead to a situation wherein personal injury,
death or severe property or environmental damage could occur. Winbond customers using or selling these
products for use in such applications do so at their own risk and agree to fully indemnify Winbond for any
damages resulting from such improper use or sales.

Information in this document is provided solely in connection with Winbond products. Winbond
reserves the right to make changes, corrections, modifications or improvements to this document
and the products and services described herein at any time, without notice.

Please note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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