WINSODURCE

ELECTRONICS

THE DATASHEET OF
W25M161AVEIT

www.win-source.net @/@> 0086-755-83957316




W25M161AV
Y/ / winbond [/ 4

spifiash

Featuring

smislack

SERIAL MCP FLASH MEMORY

With Multi I/0O SPI & Concurrent Operations

3V 16M-bit Serial NOR Flash Memory
&
3V 1G-bit Serial NAND Flash Memory

Publication Release Date: August 24, 2016
Preliminary — Revision A



W25M161AV

-/ / winbond /] 4

10.

Table of Contents

GENERAL DESCRIPTIONS. ...ttt ittt ettt ettt e st e e s e nre e e s s nre e e s annee 2
FEATURES ...ttt e st e e et e e st e e e e e e e e e e e e e e e e nnes 3
PACKAGE TYPES AND PIN CONFIGURATIONS ...ttt 4
3.1 Pad Configuration WSON 8X6-IMIM .......cuiiiieiiiiiiiiieeeeesisiiieeeree e e s ssstnaeeee e e e s s snntraneeeeeesesnsenns 4
3.2 Pad Description WSON 8XG-IMIM ........uuiiiiiiiiiiiiiiiie et e et e e e e e e snbeae e e e e e e s snneeees 4
DEVICE CONFIGURATION & PIN DESCRIPTIONS.......cooiiiieiiiiie e e 5
4.1 Serial MCP (SpiStack®) Device ConfigUuration .........ccccceocuereeiiieeesiiieeeesiiee e sieee e sieee s 5
4.2 (O a1 IS (=T o! (O3 ) PR UPPPPPRTT 5
4.3 Serial Input & Output (DI, DO and 100, 101, 102, I03) .....coiiiiiiiieiieee et 5
4.4 S T=T o= L O (ool [ (@ I I PR TP 6
CONCURRENT OPERATION DESCRIPTIONS......oiiiiiiiiiitiie ettt 6
SOFTWARE DIE SELECT (C2H) INSTRUCTION ..ottt 7
SOFTWARE RESET ...tttk e e et e e s as et e e s sk b et e e s ek be e e e s anneeeeaanreeeeans 8

7.1.1 Enable Reset (66h) and Reset Device (99N) .......ooiiaiiiiiiiiia it 9

T7.1.2 DeVICE RESEE (FFN) ..ottt e e e e e st e e e e e e sntbaaeeaeeeaas 9
PACKAGE SPECIFICATIONS ...ttt 10
8.1 8-Pad WSON 8Xx6-mm (Package COUE E) .....ccuuiiiiiiiiiiiieiiee it 10
ORDERING INFORMATION ..ottt ittt e e s e e es 11
9.1 Valid Part Numbers and Top Side Marking ...........ccoooiiuiiiiiiaiiiiieeeee e 12
REVISION HISTORY ...ttt ettt e et e e e e e e e e e e e s e nne e e e nnnes 13



W25M161AV
-/ winbond /] 4

1. GENERAL DESCRIPTIONS

The W25M161AV (16M-bit Serial NOR + 1G-bit Serial NAND) Serial MCP (Multi Chip Package) Flash
memory is based on the popular W25Q/W25N SpiFlash® series by stacking W25Q16JV and W25N01GV
into a standard 8-pin package. It offers flexible memory density and reliability combination for the low pin-
count package, as well as Concurrent Operations in Serial Flash memory for the first time. The W25M
SpiStack® series is ideal for small form factor system designs, and applications that demand high
Program/Erase data throughput.

The SpiStack® product series introduces a new “Software Die Select (C2h)” instruction, and a factory
assigned “Die ID#" for each stacked die. Each W25Q16JV and W25N01GV die can be accessed
independently even though the interface is shared. The SpiStack® feature only allows a single die to be
Active and have control of the SPI interface at any given time to avoid bus contention.

The W25M161AV maintains all the SpiFlash® features and functions, with the support for standard SPI
(Serial Peripheral Interface), Dual 1/0O SPI, Quad I/O SPI through the shared SPI interface: Serial Clock,
Chip Select, Serial Data 1/Oo (DI), /01 (DO), 1/O2, and 1/Os.

The W25Q16JV array is organized into 16,384 programmable pages of 256-bytes each. Up to 256 bytes
can be programmed at a time. Pages can be erased in groups of 16 (4KB sector erase), groups of 128
(32KB block erase), groups of 256 (64KB block erase) or the entire chip (chip erase). The W25Q16JV has
512 erasable sectors and 32 erasable blocks respectively. The small 4KB sectors allow for greater flexibility
in applications that require data and parameter storage.

The W25N01GV 1G-bit memory array is organized into 65,536 programmable pages of 2,048-bytes each.
The entire page can be programmed at one time using the data from the 2,048-Byte internal buffer. Pages
can be erased in groups of 64 (128KB block erase). The W25N01GV has 1,024 erasable blocks.

W25M161AV consists of:

o W25Q16JV
— 3V 16M-bit / 2M-byte NOR Flash Memory

e W25N01GV
— 3V 1G-bit/ 128M-byte Serial SLC NAND Flash Memory

e Space Efficient Packaging
— 8-PAD WSON - Dimension 8x6x0.8-mm, pad pitch 1.27-mm
— Contact Winbond for other options

Publication Release Date: September 13, 2016
-2- Preliminary — Revision A



2. FEATURES
W25Q16JV Features

e New Family of SpiFlash Memories
—W25Q16JV: 16M-bit / 2M-byte
— Standard SPI: CLK, /CS, DI, DO
— Dual SPI: CLK, /CS, 10o, 101
— Quad SPI: CLK, /CS, 10, 101, 102, 103
— Software Reset

e Highest Performance Serial Flash
— 133MHz Single, Dual/Quad SPI clocks
— 266/532MHz equivalent Dual/Quad SPI
— 66MB/S continuous data transfer rate
— Min. 100K Program-Erase cycles per sector
— More than 20-year data retention

o Efficient “Continuous Read”
— Continuous Read with 8/16/32/64-Byte
Wrap
— As few as 8 clocks to address memory
— Allows true XIP (execute in place) operation
— Outperforms X16 Parallel Flash

e Low Power, Wide Temperature Range
— Single 2.7V to 3.6V supply
—-40°C to +85°C operating range
— <1pA Power-down (typ.)

e Flexible Architecture with 4KB sectors
— Uniform Sector/Block Erase (4K/32K/64K-
Byte)
— Program 1 to 256 byte per programmable
page
— Erase/Program Suspend & Resume
e Advanced Security Features
— Software Write-Protect
— Power Supply Lock-Down and OTP
protection
— Top/Bottom, Complement array protection
— Individual Block/Sector array protection
— 64-Bit Unique ID for each device
— Discoverable Parameters (SFDP) Register
— 3X256-Byte Security Registers with OTP
locks
— Volatile & Non-volatile Status Register Bit

winbond
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W25N01GV Features

o New W25N Family of SpiFlash Memories
—W25N01GV: 1G-bit / 128M-byte
— Standard SPI: CLK, /CS, DI, DO, /WP, /Hold
— Dual SPI: CLK, /CS, IOo, 101, /WP, /Hold
— Quad SPI: CLK, /CS, 100, 101, 102, 103
— Compatible SPI serial flash commands

e Highest Performance Serial NAND Flash
— 104MHz Standard/Dual/Quad SPI clocks
— 208/416MHz equivalent Dual/Quad SPI
— 40MB/S continuous data transfer rate
— Fast Program/Erase performance
— More than 100,000 erase/program cycles
— More than 10-year data retention

o Efficient “Continuous Read Mode”®
— Alternative method to the Buffer Read Mode
— No need to issue “Page Data Read” between
Read commands
— Allows direct read access to the entire array

e Low Power, Wide Temperature Range
— Single 2.7V to 3.6V supply
— 25mA active, 10pA standby current
—-40°C to +85°C operating range

¢ Flexible Architecture with 128KB blocks
— Uniform 128K-Byte Block Erase
— Flexible page data load methods

e Advanced Features
— On chip 1-Bit ECC for memory array
— ECC status bits indicate ECC results
bad block management and LUT®@ access
— Software and Hardware Write-Protect
— Power Supply Lock-Down and OTP protection
— 2KB Unique ID and 2KB parameter pages
— Ten 2KB OTP pages®

Notes:

1. Only the Read command structures are different
between the “Continuous Read Mode (BUF=0)" and the
“Buffer Read Mode (BUF=1)", all other commands are
identical.

W25N01GVxxIT: Default BUF=0 after power up

2. LUT stands for Look-Up Table.
3. OTP pages can only be programmed.
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3. PACKAGE TYPES AND PIN CONFIGURATIONS

W25M161AV is offered in an 8-pad WSON 8x6-mm (package code E) package as shown in Figure 1.
Package diagrams and dimensions are illustrated at the end of this datasheet.

3.1 Pad Configuration WSON 8x6-mm

W25M161AV
I/ 4

Top View
Q. . . ]
ICS [ 1 8 ] VCC
DO (10,) [ 2 7 (] 103
10, [ 3 6 ] CLK
GND [ 4 5 7| DI(I0p)

Figure 1. W25M161AV Pad Assignments, 8-pad WSON 8x6-mm (Package Code E)

3.2 Pad Description WSON 8x6-mm

PAD NO. PAD NAME I/O FUNCTION
1 /ICS | Chip Select Input
2 DO (I01) I/O Data Output (Data Input Output 1)@
3 102 I/0 Data Input Output 223
4 GND Ground
5 DI (100) I/0 Data Input (Data Input Output 0)®
6 CLK | Serial Clock Input
7 103 I/0 Data Input Output 33
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.
3. For W25N01GV device in SPI / Dual SPI mode:
- 102 is a /WP pin.
- 103 is a /HOLD pin.
See appended W25N01GV data sheet for details.

Publication Release Date: September 13, 2016
Preliminary — Revision A
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4. DEVICE CONFIGURATION & PIN DESCRIPTIONS
4.1 Serial MCP (SpiStack®) Device Configuration

-

W25N01GV
W25Q160V ? [O)
IcS L : 10,
CLK ] ' 10,
' 104
Die#0 |
W25M161AV (SpiStack®)

L

Figure 2. W25M161AV Device Configuration

All signal pins are shared by the stacked dice within the package. Each die is assigned a “Die ID#” in the
factory. With the W25M161AV SpiStack® product, W25Q16JV die is factory assigned Die ID# 00h, while
W25N01GV die is factory assigned Die ID# 01h. Only a single die is active at any given time, and have the
control of the SPI bus to communicate with the external SPI controller. However, all the dice will accept
“Software Die Select (C2h)” instruction and different software reset instruction regardless of their Active or
Idle status. This universal “Software Die Select (C2h)” instruction is used to set any single die to be active
according to the 8-bit Die ID following the instruction. Additionally, the two dice can also each accept
different software reset instructions to reset each die to their power up state: 1) W25Q16JV can accept
"Software Reset (66h + 99h)” instruction sequence. 2) W25N01GV can accept “Device Reset (FFh)
instruction.

4.2 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. If needed, a pull-up resistor on the
/CS pin can be used to accomplish this.

4.3 Serial Input & Output (DI, DO and 100, 101, 102, 103)

The W25M161AV supports Standard SPI, Dual SPI and Quad SPI operation in each individual stacked die.
All 8-bit instructions are shifted into the device through DI (100) pin, address and data are shifted in and out
of the device through either DI & DO pins for Standard SPI instructions, 100 & 101 pins for Dual SPI
instructions, or 100-103 pins for Quad SPI instructions.

When W25N01GV die is selected and accessed in SPI or Dual SPI modes, the 102 and 103 pins will have
/WP and /HOLD pins functionality, respectively. If the /HOLD pin functionality on |03 is not used, 103 should
be driven high, so the W25N01GV device can respond to valid SPI and Dual SPI commands. If /HOLD
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pin is driven low (and /CS is low), the W25N01GV device is placed on a hold condition where the CLK, 100
and 101 signals will be gated off (active hold). If the /WP functionality is also not used, it is recommended
that 103 should also be driven high. /WP pin functionality on the W25N01GV device is used to protect
against inadvertent writes to the Status Register. For details on /WP and /HOLD functionality, refer to the
appended W25N01GV data sheet.

4.4 Serial Clock (CLK)
The SPI Serial Clock Input (CLK) pin provides the timing for serial input and output operations.

5. CONCURRENT OPERATION DESCRIPTIONS

Once the device is power on, Die #0 will be active and have control of the SPI bus. “Software Die Select
(C2h)” instruction followed by the 8-bit Die ID can be used to select the active die. The active die is available
to accept any instruction issued by the controller and perform specific operations. The inactive/idle die does
not accept any other instructions except the “Software Die Select (C2h)” instruction. However, the
inactive/idle die can still perform internal Program/Erase operation which was initiated when the die was
active. Therefore, “Read (on Active die) while Program/Erase (on Idle die)” and “Multi-die Program/Erase
(both Active & Idle dice)” concurrent operations are feasible in the SpiStack® series. “Software Die Select
(C2h)” instruction will only change the active/idle status of the stacked dice, and it will not interrupt any on-
going Program/Erase operations.

OPERATIONS DIE #0 (W25Q16JV) DIE #1 (W25N01GV)
Die #0 Active Read/Program/Erase Idle
Die #1 Active Idle Read/Program/Erase
Read Program/Erase
Read while (Active, uses SPI bus) (Internal timing, no bus transaction)
Program/Erase Program/Erase Read
(Internal timing, no bus transaction) (Active, uses SPI bus)
Multi-Die Program/Erase Program/Erase
Program/Erase (Internal timing, no bus transaction) (Internal timing, no bus transaction)

Serial NOR and serial NAND comparison:

DIE #0 (W25Q16JV) DIE #1 (W25N01GV)
Density 16M-bit 1G-bit
Technology NOR SLC NAND
Endurance 100K cycles 100K cycles (with 1-bit ECC)
Max. Frequency 104MHz 104MHz
Read Throughput 52MB/s (Continuous) Séhfglﬁﬁé?so?gﬂggfiﬂgﬂgg)e)
Prog. Throughput 0.6MB/s 6.9MB/s
Erase Throughput 0.4MB/s (Block Erase) 64MB/s (Block Erase)

Publication Release Date: September 13, 2016
-6- Preliminary — Revision A
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6. SOFTWARE DIE SELECT (C2h) INSTRUCTION

Each stacked die has a pre-assigned “Die ID#" by the factory, in the sequence of 0x00, 0x01, etc. At any
given time, there can only be one Active Die within the W25M package, to communicate with the external
SPI controller. After power-up, Die #0 is always the Active Die. Software Die Select (C2h) instruction is
used to select a specific die to be active, according to the 8-bit Die ID following the C2h instruction as
illustrated in Figure 3.

“Concurrent Operations” can be realized by assigning the current Active Die to perform an Erase/Program
operation which requires some amount of time to finish. While the internal Program/Erase operation is on-
going, the controller can issue a “Software Die Select (C2h)” instruction to select another die to be active.
Depending on the system requirement, a Read, Program or Erase operation can be performed on the newly
selected Active Die. “Read while Program/Erase” or “Multi-Die Program/Erase” can be performed in such
fashion, to improve system Program/Erase throughput and to avoid constant Program/Erase Suspend and
Resume activities in certain applications.

During the device Power-up and Reset time period, it is recommended not to issue “Software Die Select
(C2h)” command to avoid the possible unknown state of the devices. Minimum tVSL (refer to individual
datasheet) and maximum tRST (refer to individual datasheet) values can be applied to “Software Die Select
(C2h)” command respectively.

In case of a wrong Die ID is sent to the device, both of the stacked dice may become idle. In such case, a
new “Software Die Select (C2h)” command should be issued followed by a correct Die ID (00h or 01h) to
re-select the Active Die.

«——— Instruction (C2h) ——»{«————  DielD ——»

oy XN/ CXXEX XXX X X
*

DO High Impedance

* = MSB

Figure 4. Software Die Select Instruction
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7. SOFTWARE RESET

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

v

Power Up 1

(default BUF=0, ECC-E=1) 1
:

1

1

1

Initialization &
Default Page Load (00) ~500us |
U

__________________________________

< Power Up ) i i

Device Initialization JEEAN
& Status Register Refresh
(Non-Volatile Cells)

F N

Device Reset !
FFh

4 N ; i Start “Continuous Read” from column 0
P (Page 00 or Page xx)

1 H ’ Y
Standard SPI L 1 Miscellaneous operations h
SPI Reset . y

S Y — Dual SPI (ID / Config. / Status / BBM / EAR / OTP)

Quad SPI

Program / Erase operations

[ Page Load (page xx) ]

Page xx data in Buffer

- /

W25Q16JVxxIQ (Die ID# 00h)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 5. W25M161AV Software Reset Operation Flow

The W25M161AV device supports two different software Reset instruction for each die instead of a
dedicated RESET pin due to the limitation of its 8-pin count small packages. Although only a single die is
active and have the control of the SPI bus to communicate with the external SPI controller at any given
time, the dice will be able to accept the valid software reset instruction despite their Active or Idle status.

The W25Q16JV die accepts Enable Reset (66h) and Reset (99h) instruction sequence while the
W25N01GV die accepts Reset Device (FFh) instruction. When the device acknowledges the Reset
instruction, any on-going internal operations will be terminated and the devices will return to its default
power-on state and lose all the current volatile settings.

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

Do not issue “Software Die Select (C2h)” during the tRST maximum time of either of the W25Q16JV die,
which is 30us, or W25N01GV die, which is 500us, to prevent a possible die selection failure. For more
details on software Reset functionality, refer to the appended W25Q16JV and W25N01GV data sheets.

Publication Release Date: September 13, 2016
-8- Preliminary — Revision A
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7.1.1Enable Reset (66h) and Reset Device (99h)

“Enable Reset (66h)” and “Reset (99h)” instructions can be issued in SPI mode to reset the W25Q16JV die
to its default power on state. To avoid accidental reset, both instructions must be issued in sequence. Any
other commands other than “Reset (99h)” after the “Enable Reset (66h)” command will disable the “Reset
Enable” state. A new sequence of “Enable Reset (66h)” and “Reset (99h)” is needed to reset the device.
Once the Reset command is accepted by the device, the device will take approximately tRST=30us to reset.
During this period, no command will be accepted.

‘47 Instruction (66h) 4>‘ ‘47 Instruction (99h) 4>‘
wXN_/ N/ L X/ S X
(10,)

DO High Impedance

(10,)

Figure 6. Enable Reset and Reset Instruction Sequence

7.1.2 Device Reset (FFh)

The Device Reset instruction (Figure 7) resets the W25N01GV die to its default power on state. The Device
Reset instruction is entered by driving /CS low, shifting the instruction code “FFh” into the Data Input (DI)
pin on the rising edge of CLK, and then driving /CS high. Once the Reset command is accepted, the
W25N01GV die will take approximately tRST to reset. The reset period depends on the current operation
being performed and tRST can be from 5us to 500us. During this period, no command will be accepted.

‘47 Instruction (FFh) 4>‘

DI
(100) | SH—
DO High Impedance
(101)

Figure 7. Device Reset Instruction
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8. PACKAGE SPECIFICATIONS
8.1 8-Pad WSON 8x6-mm (Package Code E)

_C
PIN 1 INDENT 2&41 D,
fb’
]
DPD ]
= LS ]
—a ]
D (@
o Jas n o
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
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

Publication Release Date: September 13, 2016
-10- Preliminary — Revision A



9. ORDERING INFORMATION
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W25M161AV
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Company Prefix

Wo 25M 161A V. x| X

W = Winbond

Product Family

25M = Serial MCP SpiFlash Memory with SpiStack

Product Number / Density

161A = 16M-bit W25Q16JVxxIQ + 1G-bit W25NO1GVxXxIT

Supply Voltage

V = 2.7Vto3.6V

Package Type

E = 8-pad WSON 8x6mm

Temperature Range

I = Industrial (-40°C to +85°C)

Special Options®

T = Green Package (Lead-free, RoHS Compliant, Halogen-free (TBBA), Antimony-Oxide-free Sh,03)
and BUF=0 (Continuous Read Mode) is the default value after power up in W25N01GV

Notes:

1. The “W” prefix is not included on the part marking.

2. Standard bulk shipments are in tray for WSON and package. For other packing options, please specify when

placing orders.

-11 -
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9.1 Valid Part Numbers and Top Side Marking

W25M161AV
I/ 4

The following table provides the valid part numbers for the W25M161AV 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 n

Industrial Temperature:

umber.

PACKAGE TYPE

DENSITY

PRODUCT NUMBER

TOP SIDE MARKING

ZE
WSON-8 8x6mm

16M-bit + 1G-bit

W25M161AVEIT

25M161AVEIT

Note:

On W25N01GV die, BUF=0 (Continuous Read Mode) is the default value after power up. BUF bit can be written to 1.

Publication Release Date: September 13, 2016
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10. REVISION HISTORY

VERSION DATE PAGE DESCRIPTION
A 09/13/2016 New Create Preliminary
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.

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

-13 -
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1. GENERAL DESCRIPTIONS

The W25Q16JV (16M-bit) Serial Flash memory provides a storage solution for systems with limited space,
pins and power. The 25Q series offers flexibility and performance well beyond ordinary Serial Flash devices.
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 2.7V to 3.6V power supply with current consumption
as low as 1pA for power-down.

The W25Q16JV array is organized into 8,192 programmable pages of 256-bytes each. Up to 256 bytes can
be programmed at a time. Pages can be erased in groups of 16 (4KB sector erase), groups of 128 (32KB
block erase), groups of 256 (64KB block erase) or the entire chip (chip erase). The W25Q16JV has 512
erasable sectors and 32 erasable blocks respectively. The small 4KB sectors allow for greater flexibility in
applications that require data and parameter storage. (See figure 1.)

The W25Q16JV supports the standard Serial Peripheral Interface (SPI), and a high performance Dual/Quad
output as well as Dual/Quad 1/0 SPI: Serial Clock, Chip Select, Serial Data 1/00 (Dl), /01 (DO), 1/02, and
I/03. SPI clock frequencies of up to 133MHz are supported allowing equivalent clock rates of 266MHz
(133MHz x 2) for Dual I/0 and 532MHz (133MHz x 4) for Quad I/O when using the Fast Read Dual/Quad
I/O instructions. These transfer rates can outperform standard Asynchronous 8 and 16-bit Parallel Flash
memories.

Additionally, the device supports JEDEC standard manufacturer and device ID and SFDP Register, a 64-
bit Unique Serial Number and three 256-bytes Security Registers.

2. FEATURES

e New Family of SpiFlash Memories e Flexible Architecture with 4KB sectors
—W25Q16JV: 16M-bit / 2M-byte (2,097,152) — Uniform Sector/Block Erase (4K/32K/64K-Byte)
— Standard SPI: CLK, /CS, DI, DO — Program 1 to 256 byte per programmable page
— Dual SPI: CLK, /CS, 0o, 101 — Erase/Program Suspend & Resume
— Quad SPI: CLK, /CS, 100, 101, 102, 103 o Advanced Security Features

e Highest Performance Serial Flash — Software Write-Protect
— 133MHz Single, Dual/Quad SPI clocks — Power Supply Lock-Down and
— 266/532MHz equivalent Dual/Quad SPI Special OTP protection
— 66MB/S continuous data transfer rate — Top/Bottom, Complement array protection
— Min. 100K Program-Erase cycles per sector — Individual Block/Sector array protection
— More than 20-year data retention — 64-Bit Unique ID for each device

e Efficient “Continuous Read” — Discoverable Parameters (SFDP) Register
— Continuous Read with 8/16/32/64-Byte Wrap — 3X256-Bytes Security Registers with OTP locks

— As few as 8 clocks to address memory — Volatile & Non-volatile Status Register Bits

— Allows true XIP (execute in place) operation
— Outperforms X16 Parallel Flash

e Low Power, Wide Temperature Range
— Single 2.7V to 3.6V supply
—-40°C to +85°C operating range
— <1pA Power-down (typ.)
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3. PIN DESCRIPTIONS

3.1 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 41).
If needed a pull-up resister on the /CS pin can be used to accomplish this.

3.2 Serial Data Input, Output and IOs (DI, DO and 100, 101, 102, 103)

The W25Q16JV supports Standard SPI, Dual SPI and Quad SPI operation in each individual stacked die.
All 8-bit instructions are shifted into the device through DI (100) pin, address and data are shifted in and out
of the device through either DI & DO pins for Standard SPI instructions, 100 & 101 pins for Dual SPI
instructions, or 100-103 pins for Quad SPI instructions.

3.3 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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5. FUNCTIONAL DESCRIPTIONS

5.1 Standard SPI Instructions

( Power Up >

Y

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

A
Standard SPI

Dual SPI Geh o0
Quad SPI

Figure 2. W25Q16JV Serial Flash Memory Operation Diagram

The W25Q16JV 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.

5.1.1 Dual SPI Instructions

The W25Q16JV 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
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.

5.1.2Quad SPI Instructions

The W25Q16JV supports Quad SPI operation when using instructions such as “Fast Read Quad Output
(6Bh)”, and “Fast Read Quad I/O (EBh). These instructions allow data to be transferred to or from the device
four to six times the rate of ordinary Serial Flash. When using Quad SPI instructions, the DI and DO pins
become bidirectional 100 and 101, with the additional I/O pins: 102, 103.

5.1.3 Software Reset

The W25Q16JV can be reset to the initial power-on state by a software Reset sequence. This sequence
must include two consecutive instructions: Enable Reset (66h) & Reset (99h). If the instruction sequence
is successfully accepted, the device will take approximately 30uS (trsT) to reset. No instruction will be
accepted during the reset period.
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5.2 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 W25Q16JV
provides several means to protect the data from inadvertent writes.

5.2.1 Write Protect Features

Device resets when VCC is below threshold

Time delay write disable after Power-up

Write enable/disable instructions and automatic write disable after erase or program

Software write protection using Status Registers

Additional Individual Block/Sector Locks for array protection

Write Protection using Power-down instruction

Lock Down write protection for Status Register until the next power-up

One Time Program (OTP) write protection for array and Security Registers using Status Register”
* Note: This feature is available upon special order. Please contact Winbond for details.

Upon power-up or at power-down, the W25Q16JV will maintain a reset condition while VCC is below the
threshold value of Vwi, (See Power-up Timing and Voltage Levels and Figure 41). While reset, all
operations are disabled and no instructions are recognized. During power-up and after the VCC voltage
exceeds Vwi, all program and erase related instructions are further disabled for a time delay of truw. This
includes the Write Enable, Page Program, Sector Erase, 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 Page Program, Sector
Erase, Block Erase, Chip Erase or Write Status Register instruction will be accepted. After completing a
program, erase or write 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 (SRL) and Block Protect (CMP, SEC, TB, BP[2:0]) bits. These settings allow a
portion or the entire memory array to be configured as read only. Additionally, the Power-down instruction
offers an extra level of write protection as all instructions are ignored except for the Release Power-down
instruction.

The W25Q16JV also provides another Write Protect method using the Individual Block Locks. Each 64KB
block (except the top and bottom blocks, total of 30 blocks) and each 4KB sector within the top/bottom
blocks (total of 32 sectors) are equipped with an Individual Block Lock bit. When the lock bit is 0, the
corresponding sector or block can be erased or programmed; when the lock bit is set to 1, Erase or Program
commands issued to the corresponding sector or block will be ignored. When the device is powered on, all
Individual Block Lock bits will be 1, so the entire memory array is protected from Erase/Program. An
“Individual Block Unlock (39h)” instruction must be issued to unlock any specific sector or block.

The WPS bit in Status Register-3 is used to decide which Write Protect scheme should be used. When
WPS=0 (factory default), the device will only utilize CMP, SEC, TB, BP[2:0] bits to protect specific areas of
the array; when WPS=1, the device will utilize the Individual Block Locks for write protection.
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6. STATUS AND CONFIGURATION REGISTERS

Three Status and Configuration Registers are provided for W25Q16JV. The Read Status Register-1/2/3
instructions 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, Quad SPI setting, Security Register lock
status, Erase/Program Suspend status, and output driver strength. The Write Status Register instruction
can be used to configure the device write protection features, Quad SPI setting, Security Register OTP
locks, and output driver strength. Write access to the Status Register is controlled by the state of the non-
volatile Status Register Protect bits (SRL), the Write Enable instruction, and during Standard/Dual SPI
operations.

6.1 Status Registers

S7 S6 S5 S4 S3 S2 S1 SO

(R) SEC B BP2 | BP1 | BPO | WEL | BUSY

Reserved —

Sector/Block Protect Bit
(Volatile/Non-Volatile Writable)

Top/Bottom Block Protect Bit
(Volatile/Non-Volatile Writable)

Block Protect Bits
(Volatile/Non-Volatile Writable)

Write Enable Latch
(Status-Only)

Erase/Write In Progress
(Status-Only)

Figure 3a. Status Register-1
6.1.1 Erase/Write In Progress (BUSY) — Status Only

BUSY is a read only bit in the status register (SO) that is set to a 1 state when the device is executing a
Page Program, Quad Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register or
Erase/Program Security Register instruction. During this time the device will ignore further instructions
except for the Read Status Register and Erase/Program Suspend instruction (see tw, tPP, tSE, tBE, and tCE
in AC Characteristics). When the program, erase or write status/security register instruction has completed,
the BUSY bit will be cleared to a 0 state indicating the device is ready for further instructions.

6.1.2 Write 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, Page Program, Quad
Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register, Erase Security Register and
Program Security Register.

6.1.3Block Protect Bits (BP2, BP1, BP0) — Volatile/Non-Volatile Writable

The Block Protect Bits (BP2, BP1, BPO) are non-volatile read/write bits in the status register (S4, S3, and
S2) that provide Write Protection control and status. Block Protect bits can be set using the Write Status
Register Instruction (see tw in AC characteristics). All, none or a portion of the memory array can be
protected from Program and Erase instructions (see Status Register Memory Protection table). The factory
default setting for the Block Protection Bits is 0, none of the array protected.
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6.1.4 Top/Bottom Block Protect (TB) — Volatile/Non-Volatile Writable

The non-volatile Top/Bottom bit (TB) controls if the Block Protect Bits (BP2, BP1, BPO) protect from the Top
(TB=0) or the Bottom (TB=1) of the array as shown in the Status Register Memory Protection table. The
factory default setting is TB=0. The TB bit can be set with the Write Status Register Instruction depending
on the state of the SRL and WEL bits.

6.1.5 Sector/Block Protect Bit (SEC) — Volatile/Non-Volatile Writable

The non-volatile Sector/Block Protect bit (SEC) controls if the Block Protect Bits (BP2, BP1, BPO) protect
either 4KB Sectors (SEC=1) or 64KB Blocks (SEC=0) in the Top (TB=0) or the Bottom (TB=1) of the array
as shown in the Status Register Memory Protection table. The default setting is SEC=0.

6.1.6 Complement Protect (CMP) — Volatile/Non-Volatile Writable

The Complement Protect bit (CMP) is a non-volatile read/write bit in the status register (S14). It is use