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Serial NOR Flash Memory

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

B 16M-bit Serial Flash
. 2M-byte
. 256 bytes per programmable page
B Support SFDP table
B Standard, Dual, Quad SPI, DTR
e Standard SPI: SCLK, CS#, SI, SO, WP#,
HOLD#, RESET#
*  Dual SPI: SCLK, CS#, 100, 101, WP#, HOLD#,
RESET#
e Quad SPI: SCLK, CS#, 100, 101, 102, 103
i QPI: SCLK, CS#, 100, 101, 102, 103
. SPI/QPI DTR (Double Transfer Rate) Read
B Flexible Architecture
. Sector of 4K-byte
o Block of 32/64K-byte
B Advanced security Features
. 3x1024 Bytes Security Registers With OTP
Lock
Support 128 bits Unique ID
Software/Hardware Write Protection
e Write protect all/portion of memory via
software
o Enable/Disable protection with WP# Pin
*  Top or Bottom Block Protection
B Erase/Program Suspend/Resume
B Package Options
. See 1.1 Available Ordering OPN
. All Pb-free packages are compliant RoHS,

Halogen-Free and REACH.

N

Allows XIP (eXecute In Place) operation

. High speed Read reduce overall XIP
instruction fetch time

Continuous Read With 8/16/32/64-byte Wrap

Operating Temperature Range & Moisture

Sensitivity Level

. Industrial Level Temperature. (-40°C to
+85°C), MSL3

. Industrial Plus Level Temperature. (-40°C to
+105°C), MSL3

Power Consumption

. 0.4uA typ. Deep Power-Down current

Single Power Supply Voltage

e 1.65~2.0V

Endurance and Data Retention

. Minimum 100,000 Program/Erase Cycle

o 20-year Data Retention typical

High Speed Clock Frequency

. 133MHz for fast read with 30pF load

e Duall/O Data transfer up to 266Mbit/s

o Quad I/0 Data transfer up to 532Mbit/s

o QP! Mode Data transfer up to 532Mbit/s

. DTR Quad I/0 Data transfer up to
832Mbit/s

Program/Erase Speed

° Page Program time: 0.4ms typical

o Sector Erase time: 40ms typical

J Block Erase time: 0.1s/0.15s typical

*  Chip Erase time: 4.5s typical
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1. GENERAL DESCRIPTION

The XS25Q16F (16M-bit) Serial flash supports the standard Serial Peripheral Interface (SPI), and supports the
Dual/Quad SPI: Serial Clock, Chip Select, Serial Data 1/00 (Sl), I/01 (SO), I/02 (WP#), and I/03 (HOLD# / RESETH).

1.1. Available Ordering Part Numbers (OPN)

OPN Package Type Package Carrier
XS25Q16FSOIGT SOP8 150mil Tape & Reel
XS25Q16FSOIGU SOP8 150mil Tube
XS25Q16FSSIGT SOP8 208mil Tape & Reel
XS25Q16FSSIGU SOP8 208mil Tube
XS25Q16FDTIGT DFN 2x3x0.4mm Tape & Reel
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1.2. Connection Diagram

O
cst[_]1 8| __]vce
HOLD#RESET#
SO(I01) [ 2 7 | (103)
Top View
WPH(102) 3 6 ] scLK
vss| 4 5 ] s1a00)

8-pin SOP
O
CS#1 1 I | 8 JvCC
HOLD#/RESET#
SO(01)] 2 | | 7 (103)
Top View
WP#(102)| 3 I | 6 |SCLK
vss[4_] [51s1a00)
8-pin DFN
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Pin No. Pin Name 1/0 Description
1 CS# | Chip Select Input
2 SO (101) I/O Data Output (Data Input Output 1)
3 WP# (102) /O Write Protect Input (Data Input Output 2)
4 VSS Ground
5 SI (100) I/O Data Input (Data Input Output 0)
6 SCLK I Serial Clock Input
7 REEEO'II'_:(’I#(;) I/0 Hold Input / Reset 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# (or Reset#) functions are only available for Standard/Dual SPI.
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1.4. Block Diagram

Y

WP#(102) <

Write Control

N

A4

Logic
HOLD#/RESET#
103)
SPI
SCLK > Command &
Control Logic

CS¢ —>

SII00) «——>»

SO(I01) «——»

A
Y

Y

Y

A

Y

Status N
Register "
';;)n 2
3%
High Voltage g Dg Flash
e M
Generators £ S emory
27
22
Page Address
Latch/Counter
Column Decode And
256-Byte Page Buffer
Y
Byte Address
Latch/Counter
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2. MEMORY ORGANIZATION

Uniform Block Sector Architecture
XS25Q16F

Block(64K-byte) Block(32K-byte) Sector Address Range
511 1FFOOOH 1FFFFFH
63 | e e
504 1F8000H 1F8FFFH
3 503 1F7000H 1F7FFFH
62 | e
496 1FOO00H 1FOFFFH
31 01FOO0OH O1FFFFH
3 e e
24 018000H 018FFFH
. 23 017000H 017FFFH
2 e e
16 010000H 010FFFH
15 00F000H OOFFFFH
o
8 008000H 008FFFH
0 7 007000H 007FFFH
o | e e
0 000000H O00O0FFFH
Rev 1.0 Nov 1, 2024 Page 9
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3.  DEVICE OPERATION

3.1. SPI Mode

Standard SPI

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

Dual SPI

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

Quad SPI

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

3.2. QPI Mode

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

3.3. DTR Read

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

The HOLD# signal goes low to stop any serial communications with the device, but doesn’t stop the operation of
writing status register, programming, or erasing in progress.

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

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

Hold Condition
CS# \
seeck [ UL ULUL L L L

HOLD#

[
[
L
[
[
HOLD» €HOLDM™

3.5. RESET Function

The RESET# pin allows the device to be reset by the control. The RESET# pin goes low for a period of tRLRH or
longer will reset the device. After the reset cycle, the device is at the following states:

- Standby mode.

- All the volatile bits will return to the default status as power on.

Reset Timing

CS#J

|
|
|
| |
:4_ tRB _F:
|
|
|

RESET#—\_/
|

!<-tRLRH-):
Symbol Parameter Min. Typ. Max. Unit.
tRLRH Reset Pulse Width 1 us
Reset Recovery Time (Standby) 1 ms
Reset Recovery Time (Read) 1 ms
e Reset Recovery Time (Program) 1 ms
Reset Recovery Time (Erase) 25 ms

Rev 1.0 Nov 1, 2024 Page 11



ﬂ ™
Preliminary XS25Q16F 1.8V QUAD IO Serial Flash XSeMiTrON

N

3.6. The Reset Signaling Protocol (JEDEC 252)

The protocol consists of two phases: reset request, and completion (a device internal reset).
Reset Request
1. CS# is driven active low to select the device Note!
2. Clock (SCLK) remains stable in either a high or low state Note?2
3.1 /100 is driven low by the bus master, simultaneously with CS# going active low Not3
4. CS# is driven inactive Note4
Repeat the steps 1-4 each time alternating the state of S| Note>
Note:
1. This powers up the device.
2. This prevents any confusion with a command, as no command bits are transferred (clocked).
3. No SPI bus slave drives Sl during CS# low before a transition of SCLK, i.e., slave streaming output active is not
allowed until after the first edge of SCLK.
4. The slave captures the state of Sl on the rising edge of CS#.
5. Slis low on the first CS#, high on the second, low on the third, high on the fourth (This provides a 5h pattern,

to differentiate it from random noise).

Reset Completion

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

Timing Diagram and Timing Parameters

Reset Signaling Protocol

— s 1CSH7§ //
CS# "
Vode | | | oy
SCLK s | § | Y/
‘ 1 ; ' 17
st /7N / \ / N
HighZ //
SO : //

| |
I 100ms ——
' |

Internal Reset : —
\ , Device is
Ready

Symbol Parameter Min. Typ. Max. Unit.
tCSL CS# Low Time 500 ns
tCSH CS# High Time 500 ns

Setup Time 5 ns
Hold Time 5 ns
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4. DATAPROTECTION

The device provides the following data protection methods:

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

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

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

B Deep Power-Down Mode: In Deep Power-Down Mode, all commands are ignored except the Release from

Deep Power-Down Mode command (ABH) and software reset (66H+99H).

Table 1. XS25Q16F Protected area size (CMP=0)

Status bit Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Blocks Addresses Density Portion
X X 0 0 0 NONE NONE NONE NONE
0 0 0 0 1 31st 1FO000H-1FFFFFH 64KB Upper 1/32
0 0 0 1 0 30th to 31st 1EO000H-1FFFFFH 128KB Upper 1/16
0 0 0 1 1 28th to 31st 1CO000H-1FFFFFH 256KB Upper 1/8
0 0 1 0 0 24th to 31st 180000H-1FFFFFH 512KB Upper 1/4
0 0 1 0 1 16th to 31st 100000H-1FFFFFH 1M Upper 1/2
0 1 0 0 1 Oth 000000H-00FFFFH 64KB Lower 1/32
0 1 0 1 0 Oth to 1st 000000H-01FFFFH 128KB Lower 1/16
0 1 0 1 1 Oth to 3rd 000000H-03FFFFH 256KB Lower 1/8
0 1 1 0 0 Oth to 7th 000000H-07FFFFH 512KB Lower 1/4
0 1 1 0 1 Oth to 15th 000000H-0OFFFFFH M Lower 1/2
X X 1 1 X Oth to 31st 000000H-1FFFFFH 2M ALL
1 0 0 0 1 31st 1FFOOOH-1FFFFFH 4KB Top Block
1 0 0 1 0 31st 1FEOOOH-1FFFFFH 8KB Top Block
1 0 0 1 1 31st 1FCOOOH-1FFFFFH 16KB Top Block
1 0 1 0 X 31st 1F8000H-1FFFFFH 32KB Top Block
1 1 0 0 1 Oth 000000H-000FFFH 4KB Bottom Block
1 1 0 1 0 Oth 000000H-001FFFH 8KB Bottom Block
1 1 0 1 1 Oth 000000H-003FFFH 16KB Bottom Block
1 1 1 0 X Oth 000000H-007FFFH 32KB Bottom Block
1 1 1 0 X Oth 000000H-007FFFH 32KB Bottom Block
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Table 2. XS25Q16F Protected area size (CMP=1)

Status bit Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Blocks Addresses Density Portion
X X 0 0 0 Oth to 31st 000000H-1FFFFFH 2M ALL
0 0 0 0 1 Oth to 30th 00OOOOH-1EFFFFH 1984KB Lower 31/32
0 0 0 1 0 Oth to 29th 000000H-1DFFFFH 1920KB Lower 15/16
0 0 0 1 1 Oth to 27th 000000H-1BFFFFH 1792KB Lower 7/8
0 0 1 0 0 Oth to 23rd 000000H-17FFFFH 1536KB Lower 3/4
0 0 1 0 1 Oth to 15th 00000QOH-OFFFFFH M Lower 1/2
0 1 0 0 1 1st to 31st 010000H-1FFFFFH 1984KB Upper 31/32
0 1 0 1 0 2nd to 31st 020000H-1FFFFFH 1920KB Upper 15/16
0 1 0 1 1 4th to 31st 040000H-1FFFFFH 1792KB Upper 7/8
0 1 1 0 0 8th to 31st 080000H-1FFFFFH 1536KB Upper 3/4
0 1 1 0 1 16th to 31st 100000H-1FFFFFH 1M Upper 1/2
X X 1 1 X NONE NONE NONE NONE
1 0 0 0 1 Oth to 31st 000000H-1FEFFFH 2044KB Lower 511/512
1 0 0 1 0 Oth to 31st 000OOOH-1FDFFFH 2040KB Lower 255/256
1 0 0 1 1 Oth to 31st 000000H-1FBFFFH 2032KB Lower 127/128
1 0 1 0 X Oth to 31st 000000H-1F7FFFH 2016KB Lower 63/64
1 1 0 0 1 Oth to 31st 001000H-1FFFFFH 2044KB Upper 511/512
1 1 0 1 0 Oth to 31st 002000H-1FFFFFH 2040KB Upper 255/256
1 1 0 1 1 Oth to 31st 004000H-1FFFFFH 2032KB Upper 127/128
1 1 1 0 X Oth to 31st 008000H-1FFFFFH 2016KB Upper 63/64
X X 0 0 0 Oth to 31st 00000OQH-1FFFFFH 2M ALL
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S.  STATUS REGISTER

Status Register-1

S7 S6 S5 S4 S3 S2 S1 SO
SRPO BP4 BP3 BP2 BP1 BPO WEL WIP
Status Register | Block Protect | Block Protect | Block Protect | Block Protect | Block Protect | Write Enable | Erase/Write In

Protection bit bit bit bit bit bit Latch Progress
Non-volatile Non-volatile Non-volatile Non-volatile Non-volatile Non-volatile Volatile Volatile
Read Only Read Only
0 = Disable 0 = No busy
0 0 0 0 0 0 1= Enable 1= Busy
Status Register-2
S15 S14 S13 S12 S11 S10 S9 S8
SUS1 CcMmpP LB3 LB2 LB1 SUS2 QE SRP1
Security Security Security .
Erase Suspend Complemgnt Register Lock | Register Lock | Register Lock Program Quad Enable Status R.egISt?r
Protect bit . . . Suspend Protection bit
bit bit bit
Volatile Non-volatile Non-volatile Non-volatile Non-volatile Volatile Non-volatile Non-volatile
Read Only (OTP) (OTP) (OTP) Read Only
0 = Non-suspend 0 = Non-suspend
1 =Suspend 0 0 0 0 1 =Suspend 0 0
Status Register-3
S23 S22 S21 S20 S19 S18 S17 S16
HOLD/RST DRV1 DRVO Reserved Reserved Reserved DC1 DCO
HOLD# or Output Driver | Output Driver Dummy Dummy
. P P Reserved Reserved Reserved Configuration | Configuration
RESET# function Strength Strength B .
Bit 1 Bit 0
Non-volatile Non-volatile Non-volatile Reserved Reserved Reserved Non-volatile Non-volatile
0 1 0 0 0 0 0 0

Note: For the initial delivery state, all Status Register bits except S22 bits is 0, S22 bit is 1.

WIP bit.

The Write In Progress (WIP) bit indicates whether the memory is busy in program/erase/write status register
progress. In order to check the WIP status, XS25Q16F need to resend the 05H commend every time when WIP is
checked. When WIP bit sets to 1, means the device is busy in program/erase/write status register progress, when WIP

bit sets 0, means the device is not in program/erase/write status register progress.

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

or Erase command is accepted.
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BP4, BP3, BP2, BP1, BPO bits.

The Block Protect (BP4, BP3, BP2, BP1, BPO) bits are non-volatile. They define the size of the area to be
software protected against Program and Erase commands. These bits are written with the Write Status Register
(WRSR) command. When the Block Protect (BP4, BP3, BP2, BP1, BPO) bits are set to 1, the relevant memory area
(as defined in Tablel) becomes protected against Page Program (PP), Sector Erase (SE) and Block Erase (BE)
commands. The Block Protect (BP4, BP3, BP2, BP1, BPO) bits can be written provided that the Hardware Protected

mode has not been set.

SRPO, SRP1 bits.
The Status Register Protect (SRP) bits are non-volatile Read/Write bits in the status register. The SRP bits
control the method of write protection: software protection, hardware protection.
Status Register Protect (SRP) bits

SRP1 SRPO WP# Status Register Description

Th Regi i fi Write E |

0 0 X Software Protected e Status Register can be written to after a Write Enable command,
WEL=1. (Default)

0 1 0 Hardware Protected WP#=0, the Status Register locked and cannot be written to.
WP#=1, the Status Register is unlocked and can be written to after a

0 ! ! Hardware Unprotected Write Enable command, WEL=1.
Status Register is protected and cannot be written to again until the

! 0 X Power Supply Lock-Down next Power-Down, Power-Up cycle. Note!

1 1 X One-Time Program Note?2 Status Register is protected and cannot be written to.

NOTE:

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

QE bit.

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

SUS1, SUS2 bits.

The SUS1 and SUS2 bits are read only bit in the status register (S15 and S10) that are set to 1 after executing
an Program/Erase Suspend (75H) command (The Erase Suspend will set the SUS1 to 1, and the Program Suspend
will set the SUS2 to 1). The SUS1 and SUS2 bits are cleared to 0 by Program/Erase Resume (7AH) command,

software reset (66H+99H) command as well as a power-down, power-up cycle.
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LB1, LB2, LB3 bits.

The LB1-LB3 bits are non-volatile One Time Program (OTP) bits in Status Register (S11-S13) that provide the
write protect control and status to the Security Registers. The default state of LB1-LB3 bits are 0, the security
registers are unlocked. The LB1-LB3 bits can be set to 1 individually using the Write Register instruction. The LB1-
LB3 bits are One Time Programmable, once being set to 1, the corresponding Security Register will become read-

only permanently.

Ccwvmp

The CMP bit is a non-volatile Read/Write bit in the Status Register (514). It is used in conjunction the BP4-BPO
bits to provide more flexibility for the array protection. Please see the Status register Memory Protection table for
details. The default setting is CMP=0.

DC1, DCO

The Dummy Configuration Bits (DC1, DCO) select the number of Dummy cycles between the end of address
and the start of read data output for command EBH under SPI mode, EDH under SPI/QPI mode and ODH, OEH
under QPI mode.

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

SCLK frequency is increased. The following dummy cycle tables provide different dummy cycle settings that are

configured.
Quad I/0 and DTR Mode Frequency Table
uad 1/0 Fast Read
DCO Q /
EBH (SPI)
0 (default) 6 Dummy
1 10 Dummy
bCl DTR Fast Read Quad 1/0 DTR Fast Read DTR Read with Wrap
EDH (SPI, QPI) ODH (QPI) OEH (QPI)
0 (default) 8 Dummy 8 Dummy 8 Dummy
1 10 Dummy 10 Dummy 10 Dummy
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DRV1, DRVO bits.

The Output Driver Strength (DRV1 & DRVO0) bits are used to determine the output driver strength for the Read
operations.

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

HOLD/RST

The HOLD/RST bit is used to determine whether HOLD# or RESET# function should be implemented on the
hardware pin for 8-pin packages. When HOLD/RST=0, the pin acts as HOLD#, When the HOLD/RST=1, the pin acts
as RESET#. However, the HOLD# or RESET# function are only available when QE=0, If QE=1, The HOLD# and
RESET# functions are disabled, the pin acts as dedicated data I/0O pin.
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6. COMMANDS DESCRIPTION

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

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

For the command of Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register, Write Enable,
Write Disable or Deep Power-Down command, CS# must be driven high exactly at a byte boundary, otherwise the
command is rejected, and is not executed. That is CS# must be driven high when the number of clock pulses after CS#
being driven low is an exact multiple of eight. For Page Program, if at any time the input byte is not a full byte, nothing

will happen and WEL will not be reset.

Table 3. Commands

Command Address Byte Dummy
Command Name SPI Pl Total ADD Data Byte
Code Q Bytel | Byte2 | Byte3 | Byted Cycle v
Byte

Read Status Register_1 05H v v 0 0 1to e
Read Status Register_2 35H v v 0 0 1tooe
Read Status Register_3 15H v v 0 0 1tooe
Write Status Register_1 01H v v 0 0 lor2
Write Status Register_2 31H v v 0 0 1
Write Status Register_3 11H v v 0 0 1
Read Manufacture / 90H v v 3 ADD1 | ADD2 | ADD3 0 ltooeo
Device ID
Read Serial Flash Discoverable SAH y y 3 ADD1 ADD2 ADD3 g Notel 1to oo
Parameters
Read Unique ID 4BH \ v 3 ADD1 ADD2 ADD3 g Notel 1 to 128bit
Read Identification 9FH ) v 0 0 1tooo
Read Data 03H v 3 ADD1 ADD2 ADD3 0 1to e
Fast Read 0BH v v 3 ADD1 ADD2 ADD3 g Notel 1to e
Dual Output Fast Read 3BH v 3 ADD1 ADD2 ADD3 8 1to oo
Dual I/O Fast Read BBH \ 3 ADD1 ADD2 ADD3 4 Note2 1toee
Quad Output Fast Read 6BH v 3 ADD1 ADD2 ADD3 8 1tooo
Quad I/O Fast Read EBH v v 3 ADD1 ADD2 ADD3 6/10 Notel/2/3 1to e
Burst Read With Wrap OCH v 3 ADD1 ADD2 ADD3 8/4/6 Notel 1to e
DTR Fast Read ODH \ v 3 ADD1 ADD2 ADD3 g Note3 1toee
DTR Fast Read Dual I/0 BDH \ 3 ADD1 ADD2 ADD3 ghote2 1toee
DTR Fast Read Quad I/O EDH v v 3 ADD1 ADD2 ADD3 8/10 Note2/3 1to e

Rev 1.0 Nov 1, 2024 Page 19




2 ) .
XSeMIiTrRON

N
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DTR Read with Wrap OEH v 3 ADD1 ADD2 ADD3 8/10 Note3 1to e
Page Program 02H v 3 ADD1 ADD2 ADD3 0 1to 256
Quad Page Program 32H 3 ADD1 ADD2 ADD3 0 1to 256
4KB Sector Erase 20H \ 3 ADD1 ADD2 ADD3 0 0
32KB Block Erase 52H v 3 ADD1 ADD2 ADD3 0 0
64KB Block Erase D8H v 3 ADD1 ADD2 ADD3 0 0
Chip Erase C7/60H v 0 0 0
Enable Reset 66H \ 0 0 0
Reset 99H \ 0 0 0
Write Enable 06H v 0 0 0
I o | o
Write Disable 04H v 0 0 0
Program Erase Suspend 75H v 0 0 0
Program Erase Resume 7AH v 0 0 0
Enable QPI 38H 0 0 0
Disable QP! FFH \ 0 0 0
Set Burst with Wrap 77H 4 Dummy [ Dummy | Dummy | W7-WO0 0 0
Set Read Parameters COH \ 1 P7-PO 0 0
Deep Power-Down B9H v 0 0 0
gzl\:e;se From Deep Power- ABH y 0 0 0
gf)ﬁj;;%";g;is |F|;°Wer' ABH v 3 bummy | Dummy | Dummy | 1D7-ID0 QNoted 1tooe
Erase Security Register 44H v 3 ADD1 ADD2 ADD3 0 0
Program Security Register 42H v 3 ADD1 ADD2 ADD3 0 1to 256
Read Security Register 48H v 3 ADD1 ADD2 ADD3 ghotel 1to e

Note:

1. In QPI mode, the number of dummy clocks is configured by the “Set Read Parameters (COH)” command. Depending on the Read Parameter bits

P[5:4] setting, the number of dummy clocks can be configured as either 8/4/6(default = 8).

M7-0 is counted for dummy clocks.

3. The number of dummy clocks for EBH_SPI will be set by DCO bit in status register, the number of dummy clocks can be configured as either 6/10
(default = 6). The number of dummy clocks for ODH_QPI/EDH/EDH_QPI/OEH_QPI will be set by DC1 bit in status register, the number of dummy

clocks can be configured as either 8/10 (default = 8).
4. In QPI mode, the dummy clock of ABH_QPI is 6.
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6.1. Clock Frequencies
Number of Dumm
Number of Dummy 03H SPI v BBH SPI
Clocks Clocks
0 80 4 133
Number of Dummy OBH SPI 3BH SPI 6BH SPI
Clocks
8 133 133 133
Number of Dummy
ODH SPI EBH SPI BDH SPI
Clocks
6 104 104 104
10 / 133 /
Number of Dummy
0BH QPI EBH QPI
Clocks
4 80 80
6 108 108
8 (Default) 108 108
10 133 133
Number of Dummy
ODH QpPI OEH QPI EDH SPI EDH QPI
Clocks
8 (Default) 104 104 104 104
10 104 104 104 104
Note:
1. Values are guaranteed by characterization and not 100% tested in production.
6.2. Table of Device ID Definitions
XS25Q16F
Operation Code MID7-MIDO ID15-ID8 ID7-1D0
9FH 0B 60 15
90H 0B 14
ABH 14
Rev 1.0 Nov 1, 2024 Page 21
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6.3. Data Sequence Wraps by Density

Starting Address 8-Byte Wrap 16-Byte Wrap 32-Byte Wrap 64-Byte Wrap
0 0-1-2...-7-0-1-... 0-1-2...-15-0-1-... 0-1-2...-31-0-1-... 0-1-2...-63-0-1-...
1 1-2-..-7-0-1-... 1-2..-15-0-1-... 1-2...-31-0-1-... 1-2...-63-0-1-...
7 7-0-1...-7-0-1-... 7-0-1...-15-0-1-... 7-0-1...-31-0-1-... 7-0-1...-63-0-1-...
15 - 15-0-1...-15-0-1-... 15-0-1...-31-0-1-... 15-0-1...-63-0-1-...
31 - - 31-0-1...-31-0-1-... 31-0-1...-63-0-1-...
63 - - - 63-0-1...-63-0-1-...
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6.4. Register Access

6.4.1. Read Status Register (05H or 35H or 15H)
The Read Status Register (RDSR) command is for reading the Status Register. The Status Register can be read at

any time, even while a Program, Erase or Write Status Register cycle is in progress. When one of these cycles is in
progress, it is recommended to check the Write In Progress (WIP) bit before sending a new command to the device. It is
also possible to read the Status Register continuously. For command code “05H”, the SO will output Status Register bits
S$7~S0. For the command code “35H”, the SO will output Status Register bits S15~S8. For the command code “15H”, the
SO will output Status Register bits S23~S16.

Figure 1. Read Status Register Sequence Diagram

CS# \
0123456 7 8 910111213 1415 1617 18 1920 21 22 23 24

seek_ IUTHTUUUUNUTTUUUU Ut

<€— Command —

SUJTHHIN ossorssiensn Q777777TTTTTTTTTTTTTTTTTTTTTTTTTT

SO High-Z >7 oXsXa X3 X2 X1 YoX7 (6X5X4 X3 X2 X1 X0) 7§

MSB MSB

Figure 2. Read Status Register Sequence Diagram (QPI)

CS# \ . CS# \ i CS# \

SCLK

SCLK

=
S
=

100 /771171
01 777777\
102 ////1//)
103

100 ///11//)
101 ///7///)
102 [7/777/)
103

Ll
L 5L

Status Status
Register |Registe

Rev 1.0 Nov 1, 2024 Page 23



ﬂ ™
Preliminary XS25Q16F 1.8V QUAD IO Serial Flash XSeMiTrON

N

6.4.2. Write Status Register (01H or 31H or 11H)

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

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

The Write Status Register (WRSR) command allows the user to change the values of the Block Protect (BP4, BP3,
BP2, BP1, BPO) bits, to define the size of the area that is to be treated as read-only, as defined in Table 1 & 2. The Write
Status Register (WRSR) command also allows the user to set or reset the Status Register Protect (SRP) bit in accordance
with the Write Protect (WP#) signal. The Status Register Protect (SRP) bit and Write Protect (WP#) signal allow the
device to be put in the Hardware Protected Mode. The Write Status Register (WRSR) command is not executed once
the Hardware Protected Mode is entered. For command code “01H”, the SI will input Status Register bits S7~SO0,
$15~S8. For the command code “31H”, the SI will input Status Register bits S15~S8. For the command code “11H”, the
SI will input Status Register bits $23~S16.

Figure 3. Write Status Register Sequence Diagram

CS# \ /
012345678 9101112131415
sck__ ||

'€— Command

SI //////// OIH/31H/11H

Status Register in |

SO

csé \ yan
SCLK |

012345678 910111213 14151617 18 192021 2223

sv /111111

SO
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Figure 4. Write Status Register Sequence Diagram (QP!)

CS# U CS# —\—/—

SCLK

100 ///7///)
1 ////77])
102 /////7])
103 ///117))

Status
Register
12 In
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6.4.3. Read Manufacture ID/Device ID (90H)

The command is initiated by driving the CS# pin low and shifting the command code “90H” followed by a 24-bit
address (A23-A0) of 000000H. After which, the Manufacturer ID and the Device ID are shifted out on the falling edge of

SCLK with most significant bit (MSB) first is shown in the figure below. If the 24-bit address is initially set to 000001H,
the Device ID will be read first.

Figure 5. Read Manufacture ID/ Device ID Sequence Diagram

CS# \
SCLK

0123456738 91011 24 2526 27 28 29 30 31

<€— Command

Sy o0H

High-7.
SO £ -

cs# /

32 33 34 3536 37 38 3940 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

see_ LTHTUUUUTHUUUUUUUN U

S it e

$— Manufacturer ID — 3 Device ID > 3 Manufacturer ID —
0066006000 0066000800 06600000 s
IMSB IMSB MSB

Figure 6. Read Manufacture ID/ Device ID Sequence Diagram (QPI)

CS# \ /
0O 1 2 3 4 5 6 7 8 9 10 11
SCLK ﬂ_|_
100 /71777 \f
IOIMO ofs
102 [///]//\o o
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6.4.4. Read SFDP (5AH)

The Serial Flash Discoverable Parameter (SFDP) standard provides a consistent method of describing the functional
and feature capabilities of serial flash devices in a standard set of internal parameter tables. These parameter tables
can be interrogated by host system software to enable adjustments needed to accommodate divergent features from
multiple vendors. The concept is similar to the one found in the Introduction of JEDEC Standard, JESD68 on CFIl. SFDP is

a standard of JEDEC Standard No.216.
Note: For SFDP Table, please contact XSEMITRON.

Figure 7. Read Serial Flash Discoverable Parameter command Sequence Diagram

012345678 91011 24 2526 27 28 29 30 31

24-bit address(A23:A0)

Sy sAH

MSB
SO High-7 [
CS# — —
32 33 34 3536 37 38 3940 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
SCLK _ [uvivvyivvriuu
Dummy Byte
SI— (T i s
v Data Outl % Data Out2 Data Out3
SO — — 7X6X5X4 X3 X2 X1 X0X7X6X5 X4 X3 X2 X1 X0 7§
MSB MSB

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

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

Figure 8. Read Serial Flash Discoverable Parameter command Sequence Diagram (QPI)

CS# \

SCLK

00 /1]
101 /7///]])
102 []]/]]))
103 //111//)

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

JUUUUUULT 11N —

%

SAH | 24-bit address(A23:A0)

A
A4

MSB MSB |MSB |MSB

oS
S

7X3YX7X3X7X3 7373@@ _____

A23-A1q A15-A8| A7-0 Dummy* Bytel | Byte2 | Byte3

*Set Read Parameters Command (COH) can set the number of dummy clocks
Note:
1. A23-A8 = 0, A7-AQ is the starting byte address for 256-byte SFDP Register.
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6.4.5. Read Unique ID (4BH)

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

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

The command sequence is shown below.

Figure 9. Read Unique ID (RUID) Sequence

CS# \
012345678 910Ill 32 33 34 3536 37 38 39
SCLK

24-bit address(A23:A0)

(€~ Command + 1 Dummy Byte
S 4BH SO0 COERO0000000 Bk
MSB
0 High-Z o
CS# — — /—
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 160 161 162 163 164 165 166 167
SCLK _ |

SI - i QZ
so- HREREEEE- -~ - OO

MSB

Read Unique ID (4BH) in QPI mode

The Read Unique ID command is also supported in QPl mode. See the figure below, In QPI mode, the number of
dummy clocks is configured by the “Set Read Parameters (COH)” command to accommodate a wide range application
with different needs for either maximum Fast Read frequency or minimum data access latency. Depending on the Read

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

Figure 10. Read Unique ID (RUID) Sequence (QPI)

CS# _\ /_

001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 42 43 44 45 46 47
SCLK
4BH | 24-bit address(A23: AO)
»i A -
Ll
Ioomq\yx KAXAXAXAX 24012001 16X1 120108K104)— — — —
IOIM\E/T\X xXxXxfxXx 2sX121{117X1 13X 109K105— — — —
IOZZZZZZZYT\E/X XAXXX Y XXX 26X1220118X1 1481 10K106f— — — —
v
MSB MSB |MSB  [MsB
103 llllll’ b9 S99 $9.9:¢ 1271238119115k 111107 — — —
IA23-A1 A15-A8| A7-0 Dummy* Bytel | Byte2 | Byte3 Bytel | Byte2 | Byte3

*Set Read Parameters Command (COH) can set the number of dummy clocks
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6.4.6. Read Identification (9FH)

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

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

device waits to be selected, so that it can receive, decode and execute commands.

Figure 11. Read Identification ID Sequence Diagram

CS# \ /
0123 456 7 8 9101112 13141516 1718 1920 21 22 2324 2526 27 28 29 30 31

€— Command —

ST, or T T T T

Memory Type ~apaci
< Manufacturer ID P AL Capacity

High-7 JDID15-JDIDS DD ] High
SO 7X6 X5 X4 X3 X2 XXX 7 X6 )5 Xa X3 )2 X1 oY 7X 6 X5 X Y3 X X1 Yo y————

MSB

Figure 12. Read Identification ID Sequence Diagram (QPI)

CS# —\ /

SCLK

255 8=
§

MID [D15-ID§ID7-ID0|
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Preliminary XS25Q16F 1.8V QUAD IO Serial Flash

6.5. Array Access

6.5.1. Normal Read (03H)

The Read Data Bytes (READ) command is followed by a 3-byte address (A23-A0), each bit being latched-in during
the rising edge of SCLK. Then the memory content, at that address, is shifted out on SO, each bit being shifted out, at a
Max frequency fR, during the falling edge of SCLK. The first byte addressed can be at any location. The address is
automatically incremented to the next address after each byte of data is shifted out. The whole memory can, therefore,
be read with a single Read Data Bytes (READ) command. Any Read Data Bytes (READ) command, while an Erase,

Program or Write cycle is in progress, is rejected without having any effects on the cycle that is in progress.

Figure 13. Read Data Bytes Sequence Diagram

CS# \
012345678 91011
seee_ [TJUUUUUUPUUUL -

—>€———  24-bit address(A23:A0)

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

[

[ €— Command

su1], I &2 Oees 00000000 (Wi

MSB 000090.0C <ZZ

SO

6.5.2. Fast Read (0OBH)

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

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

Figure 14. Read Data By test Higher Speed Sequence Diagram

CS# \

01 234567891011

SCLK

24 2526 2728 29 30 31

o\ ZIIIN BE0O0- - HOCROO0G -
SCLK. nnnnnonnnannannnnanonnn 55_|:
st - {EEOR ORI
0-- 00/00060,6/000 0,0 e—
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Fast Read (OBH) in QPI mode

N

The Fast Read command is also supported in QPI mode. In QPI mode, the number of dummy clocks is configured

by the “Set Read Parameters (COH)” command to accommodate a wide range application with different needs for

either maximum Fast Read frequency or minimum data access latency.

Depending on the Read Parameter bits P5-P4 setting, the number of dummy clocks can be configured as either

8/4/6.

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

SCLK

Figure 15. Read Data Bytes at Higher Speed Sequence Diagram (QPI)

CS# \

S

OBH

2 3 4 5 6

100 ////77])
101 77777/}
102 [////7])
103 /[]]]]/)

S5 25 d

MSB
7X3X7X3X7TA3

A23-A1q A15-A8| AT7-0

7

8§ 9 10 11 12 13 14 15

TUUUUUUU

16 17 18 19 20 21

6 X2

4

Dummy*

SB
7X3
Bytel

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

6.5.3. Dual Output Fast Read (3BH)

MSB
7X3
Byte2

MSB

Byte3

The Dual Output Fast Read command is followed by 3-byte address (A23-A0) and a dummy byte, each bit being

latched in during the rising edge of SCLK, then the memory contents are shifted out 2-bit per clock cycle from Sl and SO.

The command sequence is shown in the following figure. The first byte addressed can be at any location. The address is

automatically incremented to the next address after each byte of data is shifted out.

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

Figure 16. Dual Output Fast Read Sequence Diagram
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0123 45672891011 24 2526 27 28 2930 31

'€— Command

S 3B

High-Z
SO £ --

CS# — —

32 3334 3536 3738 3940 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

see_ [UTTUTTUTHU UL U

Dummy Byte —|

¢

v Data Outl Data Out4
SO — — YsX3X1 (7X5X3X 1) 7
MSB MSB
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The Dual I/0 Fast Read command is similar to the Dual Output Fast Read command but with the capability to input
the 3-byte address (A23-0) and a “Continuous Read Mode” byte 2-bit per clock by SI and SO, each bit being latched in
during the rising edge of SCLK, then the memory contents are shifted out 2-bit per clock cycle from Sl and SO. The

command sequence is shown in the following figure. The first byte addressed can be at any location. The address is

automatically incremented to the next address after each byte of data is shifted out.
The number of Dummy clocks for “Dual I/O Fast Read” (BBH) is 4 (Include M7-0).

CS#

10

(=)

101

CS#

SCLK

100

101

A\
SCLK

Figure 17. Dual I/O Fast Read Sequence Diagram (M5-4%(1,0))

0123 456

<€— Command

[

BBH

MS

B
0906000

A23-16 Al5-8

7 8 9101112 1314 1516 17 18 1920 2122 23

MSB

23 24 2526 27 28 29 30 31 32 33 34 3536 37 38 3940 41 42 43 44 45 46 47

__ ]

9080
90

-

Bytel

Byte4

9909090

ARRQA I —
9000 Gl

Byte6

A7-0 M7-0
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The Dual I/O Fast Read command can further reduce command overhead through setting the “Continuous Read
Mode” bits (M7-0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits (M5-4) = (1, 0), then the

next Dual I/O Fast Read command (after CS# is raised and then lowered) does not require the BBH command code. The

command sequence is shown in the figure below. If the “Continuous Read Mode” bits (M5-4) do not equal (1, 0), the

next command requires the first BBH command code, thus returning to normal operation. A “Continuous Read Mode”

Reset command can be used to reset (M5-4) before issuing normal command.

The number of Dummy clocks for “Dual I/O Fast Read” (BBH) under continuous read mode is 4 (Include M7-0).

CS# \

SCLK

100

101

CS#

SCLK

100

101

Figure 18. Dual I/0O Fast Read Sequence Diagram (M5-4=(1,0))

0123 45 6 78 9101112131415

UL

S

MSB

JUUTHUUU

A23-16

A15-8

o]

9

9990

|

MSB

A7-0

M7-0

1516 17 18 19 20 21 22 23 24 2526 27 28 29 30 31

]

2000 0,000

99000600

Bytel Byte2

UL

U]

96900

Byte3

UL

(=)}

9000 CHEN.
99,00 G

Byte4
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The Quad Output Fast Read command is followed by 3-byte address (A23-A0) and a dummy byte, each bit being
latched in during the rising edge of SCLK, then the memory contents are shifted out 4-bit per clock cycle from 103, 102,

101 and 100. The command sequence is shown in the figure below. The first byte addressed can be at any location. The

address is automatically incremented to the next address after each byte of data is shifted out. The Quad Enable bit (QE)

of Status Register (59) must be set to 1 to enable for the Quad I/O Fast read command.
The number of Dummy clocks for “Quad Output Fast Read” (6BH) is 8.

CS# \
SCLK

Figure 19. Quad Output Fast Read Sequence Diagram

0123456 73891011 24 2526 27 28 29 30 31

[€— Command 24-bit address(A23:A0)
100/////1// 6BH e 0.0000000
'MSB
High-Z
101 - =
High-Z
102 £ -
High-Z
103 - =
CS# — —
32 3334 3536 3738 3940 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
SCLK
Dummy Byte —]
100 — AX0R4 X0 X4 X0OX4X0OX4X0OX4 X0 4 0 R4 X0K 4
101 — — SKIASXLASXLIASXLASKXLIASKIASXLIASX1IK S
102 — — X2 X6 X2 K6 X2 X6 X2X6X2K6 X2 X6 X2 X6 X2K 6
\d
103 — — TRIRTAIATAIATAIATRIRTAIATASIATAIA 7

Bytel|Byte2| Byte3| Byte4|Byte5 | Byte6 | Byte7 | Byte8
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6.5.6. Quad 1/0 Fast Read (EBH)

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

The number of Dummy clocks for “Quad 1/O Fast Read” (EBH) can be set by the Dummy Configuration Bit 0 (DCO)
in status register. When the DCO bit is set to 0, which is default, the number of Dummy clock cycles is 6 (Include M7-0).
When the DCO bit is set to 1, the Dummy clock cycles is 10 (Include M7-0).

Figure 20. Quad 1/0 Fast Read Sequence Diagram (M5-4%(1,0))

8]
9%

0123 456 78 91011121314 1516 1718 1920 21 22

seex 1MUY 1L

['€— Command —

10 /////]]/ EBH aXoY4XoY4XoXaXo

=

S
==

S

101 SAIASATASATASAL

102 6R2R6X2KX6 X2 X6 X2 :6>@ 6
\4

103 TRIATAIRTAIATA3 TAIXTA3K 7

A23-16|A15-8] A7-0| M7-0 Dummy* |Bytel

os]
-

@

3]

* The number of Dummy clocks can be set by DCO bit
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Quad 1/0 Fast Read with “Continuous Read Mode”

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

The number of Dummy clocks for “Quad 1/O Fast Read” (EBH) can be set by the Dummy Configuration Bit 0 (DCO)
in status register. When the DCO bit is set to 0, which is default, the number of Dummy clock cycles is 6 (Include M7-0).
When the DCO bit is set to 1, the Dummy clock cycles is 10 (Include M7-0).

Figure 21. Quad 1/0 Fast Read Sequence Diagram (M5-4=(1,0))

CS# \

0123456 7 8 9101112131415

SCLK
100 4X0X4X0X4X0K4X0 4X0 X4 X0X 4
101 SX1XSXTX5X1X5X1 SXIXSX1X 5
102 6X2X6X2X6X2X6X2 X2 X6 X2X 6
v
103 TX3XTX3XTX3X7X3 TX3XTX3X 7
A23-16[A15-8] A7-0| M7-0| Dummy* |Bytel | Byte2

* The number of Dummy clocks can be set by DCO bit

Quad 1/0 Fast Read with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Quad 1/0O Fast Read command can be used to access a specific portion within a page by issuing “Set Burst with
Wrap” (77H) commands prior to EBH. The “Set Burst with Wrap” (77H) command can either enable or disable the
“Wrap Around” feature for the following EBH commands. When “Wrap Around” is enabled, the data being accessed
can be limited to either an 8/16/32/64-byte section of a 256-byte page. The output data starts at the initial address
specified in the command, once it reaches the ending boundary of the 8/16/32/64-byte section, the output will wrap
around the beginning boundary automatically until CS# is pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the
cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands.
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Quad I/0 Fast Read (EBH) in QPI mode

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

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

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

The “Wrap Around” feature is not available in QPI mode for Quad I/O Fast Read instruction.

Figure 22. Quad 1/0O Fast Read Sequence Diagram (M5-4= (1, 0) QPI)

CS# \

SCLK

103 ///1/11)

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

Dummy*(Incloud M7-0)

*Set Read Parameters Command (COH) can set the number of Dummy clocks
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6.5.8. Burst Read With Wrap (OCH)

The “Burst Read with Wrap (OCH)” command provides an alternative way to perform the read operation with
“Wrap Around” in QPI mode. This command is similar to the “Fast Read (0BH)” command in QPl mode, except the
addressing of the read operation will “Wrap Around” to the beginning boundary of the “Wrap Around” once the ending
boundary is reached. The “Wrap Length” and the number of dummy clocks can be configured by the “Set Read
Parameters (COH)” command.

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

Figure 23. Burst Read with Wrap command Sequence Diagram (QPI)

CS# \

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
SCLK | I
N I I Iy 6 O I O
OCH | 24-bit address(A23:A0)
d A -
ol >
S¥///1/) 0¥ 010 00 08 /000,00 =
/71111, 90,0 80 0 300000 S
S11/1/) QN 0.0 00 0.¢ 2(6,0.0.0/0 =
\4
< SB [MSB  [MSB
103\3/1_\ 7X3 7X3X7 X373 }F———-
IA23-A1q A15-A8| A7-0 Dummy* Bytel | Byte2 | Byte3

*Set Read Parameters Command (COH) can set the number of Dummy clocks
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6.5.9. DTR Fast Read (ODH)

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

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

Figure 24. DTR Fast Read Instruction

CS# \
SCLK

o 1 2 3 4 5 6 7 8 9

— Command

st /11111,

SO e o
CS#H — —

s T

S e 00.0.0.0010/00/00/0/0/0/0/0 e

DTR Fast Read (ODH) in QPI Mode

The DTR Fast Read instruction is also supported in QPl mode.
The number of dummy clocks for “DTR Fast Read” (ODH) and “DTR Burst Read With Wrap”(OEH) under QPI mode
and “DTR Fast Read Quad I0” (EDH) can be set by the Dummy Configuration Bit1 (DC1) in status register. When the DC1

bit is set to 0, which is default, the number of dummy clock cycles is 8. When the DC1 bit is set to 1, the dummy clock
cycles is 10.

Figure 25. DTR Fast Read Instruction (QPI)

CS# \

SCLK

100 ////]])
11 /77777])
102 [/77]7])
03 //1]1//)

:

O0DH 24-bit address(A23:A0)

Sk

4X0X4XoX4Xo

6X2K6X2 X6 X2

oo b

A23-16| Al5-8 | A7-0 Dummy* | Bytel | Byte2 | Byte3

* The number of Dummy clocks can be set by DC1 bit
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6.5.10.DTR Fast Read Dual I/O(BDH)

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

The number of Dummy clocks for “DTR Fast Read Dual I/O” (BDH) is 6.

DTR Fast Read Dual 1I/0 with “Continuous Read Mode”

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

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

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

on 100 for the next instruction (16/20 clocks), to ensure M4 = 1 and return the device to normal operation.

Figure 26. DTR Fast Read Dual 1/O(Initial instruction or previous M5-4210, SPI Mode only)

14 15 1617 1819 20 21 22 23

J_I_I_LILHMW M

' €«— Command

ipipl
/74, TR 1 €.210.0. 00,00 0,000 0.0.00 e+ 00/0/0.0/0,0/0 S

MSB MSB \ 4

o 5150l6,0/0.0/0.0,6/0.0 0.0,0.0 S '6/0'00/0/0/0 N

A23-16 Al5-8 AT7-0 M7-0 Bytel Byte2

Figure 27. DTR Fast Read Dual 1/0 (Previous instruction set M5-4=10, SPI Mode only)

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

SCLK_| JUUUE L] I

100 ——22X20X18X16 Y14 X12X10X 8 Y6 X4 X2 X0 X6 X4 X2 0<_Dummy_» —————

MSB MSB \4

101 ——1{23X21Y1oYarYis X Y X o Y 7Y s X3 X1 Y7 X5 X3 Y1 7531 —————

A23-16 Al15-8 A7-0 M7-0 Bytel Byte2
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6.5.11. DTR Fast Read Quad 1/0O (EDH)

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

The number of dummy clocks for “DTR Fast Read” (ODH) and “DTR Burst Read With Wrap”(0EH) under QPl mode
and “DTR Fast Read Quad I0” (EDH) can be set by the Dummy Configuration Bit1 (DC1) in status register. When the DC1
bit is set to 0, which is default, the number of dummy clock cycles is 8 (Include M7-0). When the DC1 bit is set to 1, the
dummy clock cycles is 10 (Include M7-0).

DTR Fast Read Quad 1/0 with “Continuous Read Mode”

The DTR Fast Read Quad 1/0 instruction can further reduce instruction overhead through setting the “Continuous
Read Mode” bits (M7-0) after the input 3-byte address bits (A23-0), as shown in “EDH” command description. The
upper nibble of the (M7-4) controls the length of the next DTR Fast Read Quad I/O instruction through the inclusion or
exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are “don’t care (“x”)”. However, the 10
pins should be high impedance prior to the falling edge of the first data out clock. The number of Dummy clocks for
“DTR Fast Read Quad I/0” (EDH) under continuous read mode is 8.

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

instruction (8/10 clocks), to ensure M4 = 1 and return the device to normal operation.

Figure 28. DTR Fast Read Quad /0O (Initial instruction or previous M5-4£10, SPl Mode)

CS# _\
S — AN 1] Sy

l€— Command —p

N /A/4/4/) T 00 0.0 0.0 0'C

101 sX1YsX1YsXtYs Xt

102 6X2X6X2 X6 X2X6

103 7X3Y7X3X7X3)X7X3

A23-16| A15-8 | A7-0 | M7-0* | Dummy* | Bytel | Byte2 | Byte3

SIS
S
S

* The number of Dummy clocks can be set by DC1 bit
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Figure 29. DTR Fast Read Quad 1/0 (Previous instruction set M5-4=10, SPI Mode)

CS# \ —— .

s ] 111
100 4Yo
101 s X
102 6X2
103 7X 3
A23-16" A158 1 A7.0 I m7.0% | Dummy* Byte2 | Bytes

* The number of Dummy clocks can be set by DC1 bit

DTR Fast Read Quad I/0 with “8/16/32/64-Byte Wrap Around” in Standard SPl mode

The DTR Fast Read Quad I/O instruction can also be used to access a specific portion within a page by issuing a “Set
Burst with Wrap” (77H) command prior to EDH. The “Set Burst with Wrap” (77H) command can either enable or disable
the “Wrap Around” feature for the following EDH commands. When “Wrap Around” is enabled, the data being
accessed can be limited to either an 8, 16, 32 or 64-byte section of a 256-byte page. The output data starts at the initial
address specified in the instruction, once it reaches the ending boundary of the 8/16/32/64-byte section, the output
will wrap around to the beginning boundary automatically until CS# is pulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the

cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands.
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DTR Fast Read Quad I/0 (EDH) in QPI Mode

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

“Continuous Read Mode” feature is also available in QP mode for DTR Fast Read Quad I/0O instruction. Please refer
to the description on previous pages.

The “Wrap Around” feature is not available in QPI mode for DTR Fast Read Quad 1/O instruction.

The number of dummy clocks for “DTR Fast Read” (ODH) and “DTR Burst Read With Wrap”(0EH) under QPI mode
and “DTR Fast Read Quad |0” (EDH) can be set by the Dummy Configuration Bit1 (DC1) in status register. When the DC1
bit is set to 0, which is default, the number of dummy clock cycles is 8 (Include M7-0). When the DC1 bit is set to 1, the
dummy clock cycles is 10 (Include M7-0).

Figure 30. DTR Fast Read Quad 1/0 (Initial instruction or previous M5-4210, QPI Mode)

CS# \ .

11 12 13 14 15

SCLK

00 ///117])

03 ////11])

Dummy* Bytel | Byte2 | Byte3

* The number of Dummy clocks can be set by DC1 bit
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6.5.12.DTR Burst Read With Wrap (OEH)

The “DTR Burst Read with Wrap (OEH)” instruction provides an alternative way to perform the read operation with
“Wrap Around” in QPI mode. The instruction is similar to the “Fast Read (0BH)” instruction in QPl mode, except the
addressing of the read operation will “Wrap Around” to the beginning boundary of the “Wrap Length” once the ending
boundary is reached.

The number of dummy clocks for “DTR Fast Read” (ODH) and “DTR Burst Read With Wrap”(OEH) under QPI mode
and “DTR Fast Read Quad |0” (EDH) can be set by the Dummy Configuration Bit1 (DC1) in status register. When the DC1
bit is set to 0, which is default, the number of dummy clock cycles is 8. When the DC1 bit is set to 1, the dummy clock
cycles is 10.

The “Wrap Length” can be configured by the “Set Read Parameters (COH)” instruction.

Figure 31. DTR Burst Read With Wrap command Sequence Diagram (QPI)

CS# \

SCLK

00 ////]]])
101 /77777
102 //777//)
103 //]]]7))

Dummy*

* The number of Dummy clocks can be set by DC1 bit
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6.5.13.Page Program (02H)

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

The Page Program (PP) command is entered by driving CS# Low, followed by the command code, three address
bytes and at least one data byte on SI. If the 8 least significant address bits (A7-AQ) are not all zero, all transmitted data
that goes beyond the end of the current page are programmed from the start address of the same page (from the
address whose 8 least significant bits (A7-AQ) are all zero). CS# must be driven low for the entire duration of the
sequence. The Page Program command sequence: CS# goes low = Sending Page Program command—> 3-byte address
on S| = at least 1 byte data on SI = CS# goes high. The command sequence is shown in the figure below. If more than
256 bytes are sent to the device, previously latched data are discarded and the last 256 data bytes are guaranteed to be
programmed correctly within the same page. If less than 256 data bytes are sent to device, they are correctly
programmed at the requested addresses without having any effects on the other bytes of the same page. CS# must be
driven high after the eighth bit of the last data byte has been latched in; otherwise the Page Program (PP) command is
not executed.

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

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

Figure 32. Page Program Sequence Diagram

CS# \
01234567 891011 24 2526 2728 29 30 31 32 33 34 3536 3738 39

seek_ IITUTUUUPIUUUL - -

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

sv /1111 EI &S00 0Ebi 00600600 00000900

MSB MSB

CS# — /_

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

SCLK _

Figure 33. Page Program Sequence Diagram (QPI)
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Cs# \
0O 1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15
SCLK 1]
24-bit address(A23:A0)
100 //7/77\ o fX)
o1 Z77II7I\ /K

103 J//1177\ £ X

23-A1q A15-A8| A7-A0 'yl
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6.5.14. Quad Page Program (32H)

The Quad Page Program command is for programming the memory using four pins: 100, 101, 102, and 103. To use
Quad Page Program, the Quad Enable bit in status register bit 9 must be set (QE=1). A Write Enable (WREN) command
must previously have been executed to set the Write Enable Latch (WEL) bit before sending the Quad Page Program
command. The Quad Page Program command is entered by driving CS# Low, followed by the command code (32H),
three address bytes and at least one data byte on |0 pins.

The command sequence is shown in the figure below. If the 8 least significant address bits (A7-A0) are not all zero,
all transmitted data that goes beyond the end of the current page are programmed from the start address of the same
page (from the address whose 8 least significant bits (A7-AQ) are all zero). If more than 256 bytes are sent to the device,
previously latched data are discarded and the last 256 data bytes are guaranteed to be programmed correctly within
the same page. If less than 256 data bytes are sent to device, they are correctly programmed at the requested
addresses without having any effects on the other bytes of the same page. CS# must be driven high after the eighth bit
of the last data byte has been latched in; otherwise the Quad Page Program command will not be executed.

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

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

Figure 34. Quad Page Program Sequence Diagram

CS# \
SCLK

0123456 7891011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

____[quuuuuL

24-bit address(A23:A0) ———p

S0 Ois 00000000 00 00

[€— Command

100 /7111111 i

MSB
101 SX1X5X1
102 6X2)X6X2
103 7X3X7 X3

Bytel | Byte2

CS# —

SCLK _

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

Byte253|Byte254|Byte255[Byte256
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6.5.15. Sector Erase (20H)

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

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

Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 35. Sector Erase Sequence Diagram

CS# —\ /

01 23456 78 91011 24 2526 27 28 29 30 31
SCLK | ||

24-bit address(A23:A0) ——

ER0.09009.0.0 /I

'€— Command

Y 201

Figure 36. Sector Erase Sequence Diagram (QPI)

CS# \

SCLK

100 ///////)
o1 //]]7]])
102 [///]]])
103 //////])

S

8]

Z
°Vv

<

§

§

IA23-A1q A15-A8| A7-A0
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6.5.16. 32KB Block Erase (52H)

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

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

Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 37. 32KB Block Erase Sequence Diagram

cs# \ Y

01 23 456 78 91011 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) ——

SEI D Ot 00.6.0000.0 Wi/

MSB

'€— Command

Sy 2

Figure 38. 32KB Block Erase Sequence Diagram (QPI)

CS# \

SCLK

100 ///]]//)
o1 ////7]/)
102 []//]]/)
103 /11117

IA23-A1 A15-A8| A7-A0
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6.5.17. 64KB Block Erase (D8H)

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

The 64KB Block Erase command sequence: CS# goes low = Sending 64KB Block Erase command—> 3-byte address
on SI-> CS# goes high. The command sequence is shown in the figure below. CS# must be driven high after the eighth
bit of the last address byte has been latched in; otherwise the 64KB Block Erase (BE) command will not be executed. As
soon as CS# is driven high, the self-timed Block Erase cycle (whose duration is tBE2) is initiated. While the Block Erase
cycle is in progress, the Status Register can be read to check the value of the Write In Progress (WIP) bit. The Write In
Progress (WIP) bit is 1 during the self-timed Block Erase cycle, and is 0 when it is completed. At some unspecified time
before the cycle is completed, the Write Enable Latch (WEL) bit is reset. A 64KB Block Erase (BE) command applied to a
block which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO) bits will not be executed.

Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 39. 64KB Block Erase Sequence Diagram

CS#—\ /

0123456 73891011 24 2526 27 28 29 30 31
SCLK

24-bit address (A23:A0) ——»

DOt 00600900 Wi

' €— Command

SV s

MSB

Figure 40. 64KB Block Erase Sequence Diagram (QPI)

CS# \

SCLK

100 ////]]])
101 /77777
102 [//////)
103 ///////)

IA23-A1 A15-A8| A7-A0
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6.5.18. Chip Erase (60H or C7H)

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

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

Note: Power disruption during the erase operation will cause incomplete erase, thus it is recommended to perform a re-erase once power resume.

Figure 41. Chip Erase Sequence Diagram

CS# \ /
01 2345¢67

sk TIUTUUUIUT

' €— Command —

SULITITTING  sonercm }/71T1T71T

Figure 42. Chip Erase Sequence Diagram (QPI)

CS# \ / CS# \ /

0 1 0 1

SCLK |'|_| SCLK H.l

60H C7H
»

100 //777[I\ < KlITTTTT 100 ////11IN/ N
v JITTTII AT o1 /[N U]
102 7777TT N\ AITTTT]T 02 ////III N
103 /I1IT7IN _AILTTTT 103 ///ITTIN\ALLITTTT

A

>

S
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6.6. Device Operations

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

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

The “Reset (99H)” command sequence as follow: CS# goes low = Sending Enable Reset command - CS# goes
high = CS# goes low 2 Sending Reset command - CS# goes high. Once the Reset command is accepted by the device,
the device will take approximately tRST_R to reset. During this period, no command will be accepted. Data corruption
may happen if there is an on-going internal Erase or Program operation when Reset command sequence is accepted by
the device. It is recommended to check the BUSY bit and the SUS bit in Status Register before issuing the Reset
command sequence.

The Enable Reset (66H) command must be issued prior to a Reset(99H) command and any other commands can't

be inserted between them. Otherwise, Enable Reset (66H) command will be cleared.

Figure 43. Enable Reset and Reset command Sequence Diagram

CS# \ / \ /
01 234567 01234567

S S LR RA AU —

S /4 4 RCTRS /////4// TR A/l

High-Z

SO

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

Figure 44. Enable Reset and Reset command Sequence Diagram (QPI)

oo Z777TT0Ne NI NTIITTT
o Z7771 NI TITHTIT
TN AT
I NI

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

<

o)
Y

o)
(95
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6.6.2. Write Enable (06H)

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

Figure 45. Write Enable Sequence Diagram

—\ /7
01234567
SCLK |

' €— Command —P

S 06H V/I11111]

CS#

High-Z
SO £

Figure 46. Write Enable Sequence Diagram (QPI)

CS# \ /

0 1

SCLK M

100 /////1])
or /NS VI
102 //HITTIN SN
103 ///111I\_AI11TT]

1111]

e
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6.6.3. Write Enable for Volatile Status Register (50H)

The non-volatile Status Register bits can also be written to as volatile bits. This gives more flexibility to change the
system configuration and memory protection schemes quickly without waiting for the typical non-volatile bit write
cycles or affecting the endurance of the Status Register non-volatile bits. The Write Enable for Volatile Status Register
command must be issued prior to a Write Status Register command and any other commands can't be inserted
between them. Otherwise, Write Enable for Volatile Status Register will be cleared. The Write Enable for Volatile Status
Register command will not set the Write Enable Latch bit, it is only valid for the Write Status Register command to

change the volatile Status Register bit values.

Figure 47. Write Enable for Volatile Status Register Sequence Diagram

_\ /7
01234567
SCLK | |

' €— Command —|

S Sor /11111111

High-Z

CS#

SO

Figure 48. Write Enable for Volatile Status Register Sequence Diagram (QPI)

CS# \ /
SCLK H.l

100 [/IIIIYN\ALITTTT]
o1 /11N NI

102 J//TIIN N\ KII1TTT]
103 ///111I\ AT
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6.6.4. Write Disable (04H)

The Write Disable (WRDI) command is for resetting the Write Enable Latch (WEL) bit. The Write Disable command
sequence: CS# goes low = Sending the Write Disable command = CS# goes high. The WEL bit is reset by following
condition: Write Disable command; Power-up; upon completion of the Write Status Register, Page Program, Sector

Erase, Block Erase and Chip Erase commands.

Figure 49. Write Disable Sequence Diagram

CS# \ /
01234567

' €— Command —»

Sy os VL1

High-Z

SO

Figure 50. Write Disable Sequence Diagram (QP!)

SCLK M
100 ////11IN 2 K[/11]]]
ot f/111/I\ K111/
102 ///7T7IN/ X/
103 ////[/\ A1/
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6.6.5. Program/Erase Suspend (75H)

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

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

figure below.

Figure 51. Program/Erase Suspend Sequence Diagram

[€— tSUS

CS# \
01 234567
SCLK |

€— Command —

Sy st T

High-Z

SO

A .
Accept Read Command

Figure 52. Program/Erase Suspend Sequence Diagram(QPI)

cst o\ RN
SCLK ]
100 ////1/1Y
o1 //7777])
102 ///1]/])
103 /////1/)

A
A

LTI T
S
S
T

———
Accept Read
Command

2

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

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

Figure 53. Program/Erase Resume Sequence Diagram

CS# \
01234567
SCLK | |

'€— Command —

S wn NI

SO

\

Resume Program/Erase

Figure 54. Program/Erase Resume Sequence Diagram (QPI)

st N
ScL ]
o TN
o1 777771}
02 7777771}
03 7777171}

\ s

A

LTI
LT
T
T

Resume Program/Erase

=

Sl
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6.6.7. Enable QPI (38H)

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

setting will remain unchanged.

Figure 55. Enable QPI mode command Sequence Diagram

CS# \ /
01 234567

' €— Command —»

Sy 38 /1111111

High-Z

SO

6.6.8. Disable QPI (FFH)

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

QPI mode at the same time.

Figure 56. Disable QPI mode command Sequence Diagram (QPI)

CS# \ /

0 1

SCLK |'|_|

FFH
<4<—>

oo 777777 NTIIITTI]
o1 777777 NI
2 Z777770 NI
s 7777 NI
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6.6.9. Set Burst With Wrap (77H)

The Set Burst with Wrap command is used in conjunction with “Quad 1/O Fast Read (EBH)” and “Quad Read under
DTR (EDH)” commands to access a fixed length of 8/16/32/64-byte section within a 256-byte page in standard SPI mode.
The Set Burst with Wrap command sequence: CS# goes low > Send Set Burst with Wrap command - Send 24 dummy
bits = Send 8 bits “Wrap bits” > CS# goes high.

W4=0 W4=1(default)
W6,W5
Wrap Around Wrap Length Wrap Around Wrap Length
0,0 Yes 8-byte No N/A
0,1 Yes 16-byte No N/A
1,0 Yes 32-byte No N/A
1,1 Yes 64-byte No N/A

If the W6-W4 bits are set by the Set Burst with Wrap command, all the following “Quad I/O Fast Read (EBH)” and
“Quad Read under DTR (EDH)” command will use the W6-W4 setting to access the 8/16/32/64-byte section within any
page. To exit the “Wrap Around” function and return to normal read operation, another Set Burst with Wrap command
should be issued to set W4=1.

In QPI mode, the “Burst Read with Wrap (OCH)” command should be used to perform the Read Operation with
“Wrap Around” feature. The Wrap Length set by W5-W6 in Standard SPI mode is still valid in QPI mode and can also be

re-configured by “Set Read Parameters (COH) command, and vice versa.

Figure 57. Set Burst with Wrap Sequence Diagram

CS# \

-

0123456 78 9101112131415

SCLK | I | | | I | |
<€— Command —
100 /////1/1 77H
101
102
103
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6.6.10. Set Read Parameters (COH)

In QPlI mode, to accommodate a wide range of applications with different needs for either maximum read
frequency or minimum data access latency, “Set Read Parameters (COH)” instruction can be used to configure the
number of dummy clocks for “Fast Read (OBH)”, “Fast Read Quad 1/O (EBH)” , “Burst Read with Wrap (OCH)” , “Read
SFDP (5AH)”, “Read Unique ID (4BH)” , and “Read Security Register (48H)” instructions, and to configure the number of
bytes of “Wrap Length” for “DTR Burst Read with Wrap (OEH)” and “Burst Read with Wrap (OCH)” instruction. In
Standard SPI mode, the “Set Read Parameters (COH)” instruction is not accepted.

The dummy clocks for various Fast Read instructions in Standard/Dual/Quad SPI mode are fixed and will remain
unchanged when the device is switched from Standard SPI mode to QPI mode and requires to be set again, prior to any
0BH or EBH instructions. When the device is switched from QPl mode to SPI mode, the number of dummy clocks goes
back to default.

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

P5-P4 Dummy Clocks MaF): i:::::ﬂ'::ad P1-PO Wrap Length
00 4 80MHz 00 (Default) 8-byte
01 4 80MHz 01 16-byte
10 6 108MHz 10 32-byte
11 (Default) 8 133MHz 11 64-byte

Figure 58. Set Read Parameters command Sequence Diagram (QPI)

s« ./
0 1
SCLK 1T
&
100 [//]1]/\ o feXeXl//11]]
103 /////]/) s
Read

Parameter

S}
w

=

o

Sl

5
=
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6.6.11. Deep Power-Down (B9H)

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

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

The Deep Power-Down command sequence: CS# goes low = Sending Deep Power-Down command > CS# goes
high. The command sequence is shown in the figure below. CS# must be driven high after the eighth bit of the
command code has been latched in; otherwise the Deep Power-Down (DPD) command will not be executed. As soon as
CS# is driven high, it requires a time duration of tDP before the supply current is reduced to ICC2 and the Deep Power-
Down Mode is entered. Any input of Deep Power-Down (DPD) command, while an Erase, Program or Write cycle is in

progress, is rejected without having any effects on the cycle that is in progress.

Figure 59. Deep Power-Down Sequence Diagram

CS#

[€— tDP
0123 4567

—\

Standby
‘€— Command P  Mode

st SR Y7/ VA T

Deep Power-Down Mode

Figure 60. Deep Power-Down Sequence Diagram (QPI)

CS# \ tDP
SCLK |'|_|

wo /7/III0 NHTTTTTITTTT
ot /7T N\ (LT ITTTTTITTTTTT

w02 J//111INe - XITTTTTTTTTITTTTTTT
w3 /LTI UL T

Deep Power-Down
Mode

A
\ 4

A

)

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

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

To release the device from Deep Power-Down Mode, the command is issued by driving the CS# pin low, shifting
the instruction code (ABH) and driving CS# high as shown in Figure 62. Release from Deep Power-Down Mode will take
the time duration of tRES1 (See AC Characteristics) before the device resume to normal state and other command are
accepted. The CS# pin must remain high during the tRES1 time duration.

When the command is used only to obtain the Device ID while the flash memory is not in Deep Power-Down Mode,
the command is initiated by driving the CS# pin low and shifting the instruction code (ABH) followed by 3 dummy bytes.
The Device ID bits are then shifted out on the falling edge of SCLK with most significant bit (MSB) first as shown in
Figure 64. The Device ID value is listed in Manufacturer and Device Identification table. The Device ID can be read
continuously. The command is completed by driving CS# high.

When the command is used to release the device from Deep Power-Down Mode and obtain the Device ID, the
command is the same as previously described, and shown in Figure 64, except that after CS# is driven high it must
remain high for a time duration of tRES2 (See AC Characteristics). After this time duration the device will resume to
normal mode and other command will be accepted. If the Release from Deep Power-Down and Read Device ID
command is issued while an Erase, Program or Write cycle is in process (when WIP equals to 1) the command will be

ignored and will not affect the current cycle.

Figure 61. Release Power-Down Sequence Diagram

CS

[ €—tRES1—P>|
0123 4567

—\

[€— Command —P

st /111111, s NN T

Deep Power-Down Mode g Standby Mode

Figure 62. Release Power-Down Sequence Diagram (QPI)

CS# \ (RESI

SCLK

100 ///]]])
QNN
102 [/7]]//\e
103 ////]//}

A
A

EIO

A
@
v=

TN
LTI
LTI
T

Deep Power-Down Mode | Standby Mode

15

S
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Figure 63. Release From Deep Power-Down/Read Device ID Sequence Diagram

SCLK |

012 3 45 6 78 91011

€— Command

svI]

ABH

SO

High-Z

24 2526 2728 29 30 31 32 33 34 3536 37 38 39 40

3 Dummy By

tes

|€— (RES2 — P

LTI

MS

Y
/—76543210
B

Device ID

» »

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

Deep Power-Down Mode S:andby I\/E)de

The Release From Deep Power-Down/Read Device ID command is also supported in QPI mode. See the figure

below.

In QPI mode, the number of dummy clocks is 6.

Figure 64. Release Power-Down/Read Device ID Sequence Diagram (QPI)

CS# \

tRES2

o 1 2 3 4 5 6 7 8 9

TTUUUUN

SCLK

]

ABH
3

100 /////7])
101 m 11
102 m 0 0

A
A

o
=)

1111111

DO Wi

XX/

[11111]

)

0. i

/111111

o8 T\
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6.7. One-Time Programmable (OTP) Operations

6.7.1. Erase Security Register (44H)

The device provides 3x1024-byte Security Registers which can be erased per 1024-byte at a time. These registers
may be used by the system manufacturers to store security and other important information separately from the main
memory array.

The Erase Security Registers command is similar to Sector/Block Erase command. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit.

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

Address A23-A16 A15-A12 Al11-A10 A9-A0
Security Registers #1 00000000b 0001b 00b Don’t Care
Security Registers #2 00000000b 0010b 00b Don’t Care
Security Registers #3 00000000b 0011b 00b Don’t Care

Figure 65. Erase Security Registers command Sequence Diagram

CS# \
SCLK

24 2526 27 28 29 30 31

24-bit address(A23:A0) ——»

sk 0.0.0.000.0.0 (/I

0123456 78 91011

'€— Command

S a4t

CS# \

SCLK

102 //////])
103 ///////)
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6.7.2. Program Security Register (42H)

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

If the Security Registers Lock bit (LB1, LB2, LB3) is set to 1, the corresponding Security Registers (#1, #2, #3) will be

permanently locked. Program Security Registers command will be ignored.

Address A23-A16 A15-A12 Al11-A10 A9-A0
Security Registers #1 00000000b 0001b 00b Byte Address
Security Registers #2 00000000b 0010b 00b Byte Address
Security Registers #3 00000000b 0011b 00b Byte Address

Figure 67. Program Security Registers command Sequence Diagram

CS# \

0123 45

SCLK

' €— Command

6 7 8 91011

24-bit address(A23:A0)

S

42H

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

deaes)- - - @6996@@@@690@@00

—

MSB M
CS# -
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 5556 57 58 59 60 61 62 63
SCLK
Data Byte2 Data Byte3
ST —

Figure 68. Program Security Registers command Sequence Diagram (QPI)

CS# \

SCLK

o ////]/]
11 /77777
102 [///]]])
03 ///11//)
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The Read Security Registers command is similar to Fast Read command. The command is followed by a 3-byte
address (A23-A0) and a dummy byte, each bit being latched-in during the rising edge of SCLK. Then the memory content,
at that address, is shifted out on SO, each bit being shifted out, at a Max frequency fC, during the falling edge of SCLK.

The first byte addressed can be at any location. The address is automatically incremented to the next address after each
byte of data is shifted out. Once the A9-A0 address reaches the last byte of the register (Byte 3FFH), it will reset to 000H,

the command is completed by driving CS# high.

Address A23-Al6 A15-A12 A11-A10 A9-A0
Security Registers #1 00000000b 0001b 00b Byte Address
Security Registers #2 00000000b 0010b 00b Byte Address
Security Registers #3 00000000b 0011b 00b Byte Address

Figure 69. Read Security Registers command Sequence Diagram

CS# \

0

SCLK

1 2 3 4

56 7 8 91011

24-bit address(A23:A0)

24 2526 2728 29 30 31

TUULUULULT

-

/11111

/11111111

Data Out2

Y

Data Out3
7

“€— Command
st //11111/ 431
MSB
SO High-Z
CS# — —
32 3334 3536 3738 3940 4142 43 44 45 46 47 48 49 50 51 52 53 54 55

SCLK _ | | I I | | |

S1 - /1111111111171

v Data Outl
SO — — TRXOXS5SX4X3X2X1 X0

MSB

00,6.09000

MSB
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The Read Security Register command is also supported in QPI mode. See the figure below, in QPI mode, the

number of dummy clocks is configured by the “Set Read Parameters (COH)” command to accommodate a wide range

application with different needs for either maximum read frequency or minimum data access latency. Depending on

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

SCLK

Figure 70. Read Security Registers command Sequence Diagram (QPI)

CS# \

S

2 3 4 5 6

100 //1/77])
101 77777/}
102 [//7/7])
103 /[]]]))

A
S "I

= —_ =)
— o <

o

S

o

©

=N

©

MSB
7X3X7X3X7TA3

A23-A1q A15-A8| AT7-0

7

8§ 9 10 11 12 13 14 15

TUUUUUUU

16 17 18 19 20 21

6X2K6 X2

4

Dummy*

SB  |MSB
TX3ATA3

Bytel | Byte2

*Set Read Parameters Command (COH) can set the number of dummy clocks
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7.  ELECTRICAL CHARACTERISTICS

7.1. Power-Down & Power-On Timing

Figure 71. Power-On Timing Sequence Diagram

N

A
Vee(max) — | — — — — — — — — — — .
| —
vee(miny | . - . __N_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ e L ___.
D E——
Device 1s fully
accessible
VWI - ¢ - =
VPWD(max)—f—=————————— = Mg ————— e e e e e e e e e - =
0 tPWD Time
Power-Down & Power-Up Timing and Write Inhibit Threshold
Symbol Parameter Min. Max. Unit
tvsL VCC (min) To CS# Low 200 us
VWI Write Inhibit Voltage 1 1.6 \
VPWD VCC voltage needed to below VPWD for initialization - - Vv
tPWD The minimum duration for initialization 300 - us

7.2. |Initial Delivery State

The device is delivered with the memory array erased: all bits are set to
Register bits except S22 bits are 0, S22 bits is 1.

7.3. Absolute Maximum Ratings

1(each byte

contains FFH). All Status

Parameter Value Unit
Ambient Operating Temperature .foottoo18055 °C
Storage Temperature -65 to 150 °C
Output Short Circuit Current 200 mA
Applied Input/ Output Voltage -0.5t0 2.5 Vv
vCC -0.5t02.5 Vv
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Figure 72. Input Test Waveform and Measurement Level

Maximum Negative Overshoot Waveform
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20ns 20ns
< > < >
VSS
VSS-2.0V
< g
20ns
Maximum Positive Overshoot Waveform
20ns |
vcc+2ov.__.__ b ~
"~ 20ns | "~ 20ns
7.4. Capacitance Measurement Condition
Symbol Parameter Min. Typ. Max. Unit Conditions
CIN Input Capacitance 6 pF VIN=0V
couTt Output Capacitance 8 pF VOUT=0V
CL Load Capacitance 30 pF
Input Rise And Fall time 5 ns
Input Pulse Voltage 0.1VCCto 0.8VCC Vv
Input Timing Reference Voltage 0.3VCCto 0.7VCC \
0.5vCC v

Output Timing Reference Voltage

0.8VCC

0.1VCC

Figure 73. Absolute Maximum Ratings Diagram

Input timing reference level

Output timing reference level

>< 0.7vCC
0.3VCC

AC Measurement Level

Note: Input pulse rise and fall time are <5ns

0.5VCC
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7.5. DC Characteristics

XS$25Q16F
(TA=-40°C~85°C, VCC=1.65~2.0V)
Symbol Parameter Test Condition Min. | Typ.® Max. | Unit
ILI Input Leakage Current +2 pA
ILO Output Leakage Current +2 pA
CS#=VCC
6
ICC1 Standby Current VIN=VCC or VSS 25 pA
CS#=VCC
ICC2 Deep Power-Down Current VIN=VCC or VSS 0.25 8 pA
CLK=0.1VCC/0.9VCC at
133MHz, Q=0pen (*1,*2,*4 1/0) > d mA
CLK=0.1VCC/0.9VCC at
104MHz, Q=Open (*1,*2,*4 1/0) 4.5 75 mA
ICC3 Operating Current (Read)
CLK=0.1VCC/0.9VCC at
80MHz, Q=Open (*1,*2,*4 1/0) 35 6 mA
CLK=0.1VCC/0.9VCC at
100MHz, DTR, 7 12 mA
Q=0Open (*41/0)
ICC4 Operating Current (PP) CS#=VCC 10 15 mA
ICC5 Operating Current (WRSR) CS#=VCC 10 15 mA
ICC6 Operating Current (SE) CS#=VCC 10 15 mA
ICC7 Operating Current (BE) CS#=VvCC 10 15 mA
ICC8 Operating Current (CE) CS#=VCC 10 15 mA
VIL Input Low Voltage -0.5 0.2vCC \%
VIH Input High Voltage 0.7vCC VCC+0.4 \
VOL Output Low Voltage 10L=100uA 0.2 \%
VOH Output High Voltage IOH=-100uA VCC-0.2 Vv
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XS$25Q16F
(TA=-40°C~105°C, VCC=1.65~2.0V)
Symbol Parameter Test Condition Min. | Typ.® Max Unit
ILI Input Leakage Current 12 HA
ILO Output Leakage Current +2 pA
CS#=VCC
6
ICC1 Standby Current VIN=VCC or VSS 100 pA
CS#=VCC
ICC2 Deep Power-Down Current VIN=VCC or VSS 0.25 35 HA
CLK=0.1VCC/0.9VCC at
133MHz, Q=0pen (*1,*2,*4 1/0) > 1 mA
CLK=0.1VCC/0.9VCC at
104MHz, Q=Open (*1,*2,*4 1/0) 45 9 mA
ICC3 Operating Current (Read)
CLK=0.1VCC/0.9VCC at
80MHz, Q=Open (*1,*2,*4 1/0) 35 6 mA
CLK=0.1VCC/0.9VCC at
100MHz, DTR, 7 13 mA
Q=0Open (*41/0)
ICC4 Operating Current (PP) CS#=VvCC 10 18 mA
ICC5 Operating Current (WRSR) CS#=VCC 10 18 mA
ICC6 Operating Current (SE) CS#=VCC 10 18 mA
ICC7 Operating Current (BE) CS#=VvCC 10 18 mA
ICC8 Operating Current (CE) CS#=VCC 10 18 mA
VIL Input Low Voltage -0.5 0.2vCC \%
VIH Input High Voltage 0.7vCC VCC+0.4 \
VOL Output Low Voltage 10L=100uA 0.2 \%
VOH Output High Voltage IOH=-100uA VCC-0.2 Vv
Note:
1. Typical values given for TA=25°C, VCC=1.8V.
2. Value guaranteed by design and/or characterization, not 100% tested in production.
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7.6. AC Characteristics

XS25Q16F
(TA=-40°C~85°C, VCC=1.65~2.0V)

Symbol Parameter Min. Typ.¥ Max. Unit
fCl Serial Clock Frequency For: all commands except Read (03H) 133 MHz
fCc2 Serial Clock Frequency For DTR 104 MHz

Serial Clock Frequency For: Dual I/O Fast Read (BBH), Quad I/O Fast|

(tSHSL > 500ns)

Serial Clock Frequency For: Dual I/O Fast Read (BBH), Quad I/O Fast|
o0 |

(20ns < tSHSL < 500ns)
fR Serial Clock Frequency For: Read (03H) 80 MHz
tCLH®@ Serial Clock High Time 45% PC ns
tCLL? Serial Clock Low Time 45% PC ns
tCLCH Serial Clock Rise Time (Slew Rate) 0.2 V/ns
tCHCL Serial Clock Fall Time (Slew Rate) 0.2 V/ns
tSLCH CS# Active Setup Time 5 ns
tCHSH CS# Active Hold Time 5 ns
tSHCH CS# Not Active Setup Time 5 ns
tCHSL CS# Not Active Hold Time 5 ns

CS# High Time (From Read to next Read) 20 ns
tSHSL CS# High Time (From Write/Erase/Program to Read Status| 20 ns

Register)
tSHQZ Output Disable Time 6 ns
tCLOX Output Hold Time 1.2 ns
tcLQv Clock Low To Output Valid 6 ns
tDVCH Data In Setup Time 2 ns
tCHDX Data In Hold Time 2 ns
tHLCH Hold# Low Setup Time (relative to Clock) 5 ns
tHHCH Hold# High Setup Time (relative to Clock) 5 ns
tCHHL Hold# High Hold Time (relative to Clock) 5 ns
tCHHH Hold# Low Hold Time (relative to Clock) 5 ns
tHLQZ Hold# Low To High-Z Output 6 ns
tHHQX Hold# High To Low-Z Output 6 ns
tWHSL Write Protect Setup Time Before CS# Low 20 ns
tSHWL Write Protect Hold Time After CS# High 100 ns
tDP CS# High To Deep Power-Down Mode 3 us
tRES1 CS# High To Standby Mode Without Electronic Signature Read 30 Us
tRES2 CS# High To Standby Mode With Electronic Signature Read 30 us
tRST_R CS# High To Next Command After Reset (from read) 20 ns
tRST_P CS# High To Next Command After Reset (from program) 30 Us
tRST_E CS# High To Next Command After Reset (from erase) 25 ms
tSUS1 CS# High To Next Command After Erase Suspend 25 us
tSUS2 CS# High To Next Command After Program Suspend 20 Us
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tRS Latency Between Resume And Next Suspend 150 us
twW Write Status Register Cycle Time 1 15 ms
tBP Byte Program Time (First Byte) 50 60 Us
tBP Additional Byte Program Time (After First Byte) 2.5 5 us
tPP Page Program Time 0.4 2 ms
tSE Sector Erase Time 40 400 ms
tBE1 Block Erase Time (32K Bytes) 0.1 1.0 s
tBE2 Block Erase Time (64K Bytes) 0.15 1.5 s
tCE Chip Erase Time 4.5 18 s
XS25Q16F
(TA=-40°C~105°C, VCC=1.65~2.0V)

Symbol Parameter Min. Typ.V Max. Unit
fCl Serial Clock Frequency For: all commands except Read (03H) 133 MHz
fCc2 Serial Clock Frequency For DTR 104 MHz

Serial Clock Frequency For: Dual I/O Fast Read (BBH), Quad I/O Fast|

(tSHSL > 500ns)

Serial Clock Frequency For: Dual I/O Fast Read (BBH), Quad I/O Fast|
o0 |

(20ns < tSHSL < 500ns)
fR Serial Clock Frequency For: Read (03H) 80 MHz
tCLH®@ Serial Clock High Time 45% PC ns
tCLL? Serial Clock Low Time 45% PC ns
tCLCH Serial Clock Rise Time (Slew Rate) 0.2 V/ns
tCHCL Serial Clock Fall Time (Slew Rate) 0.2 V/ns
tSLCH CS# Active Setup Time 5 ns
tCHSH CS# Active Hold Time 5 ns
tSHCH CS# Not Active Setup Time 5 ns
tCHSL CS# Not Active Hold Time 5 ns

CS# High Time (From Read to next Read) 20 ns
tSHSL CS# High Time (From Write/Erase/Program to Read Status| 20 ns

Register)
tSHQZ Output Disable Time 6 ns
tCLOX Output Hold Time 1.2 ns
tcLQv Clock Low To Output Valid 6 ns
tDVCH Data In Setup Time 2 ns
tCHDX Data In Hold Time 2 ns
tHLCH Hold# Low Setup Time (relative to Clock) 5 ns
tHHCH Hold# High Setup Time (relative to Clock) 5 ns
tCHHL Hold# High Hold Time (relative to Clock) 5 ns
tCHHH Hold# Low Hold Time (relative to Clock) 5 ns
tHLQZ Hold# Low To High-Z Output 6 ns
tHHQX Hold# High To Low-Z Output 6 ns
tWHSL Write Protect Setup Time Before CS# Low 20 ns
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tSHWL Write Protect Hold Time After CS# High 100 ns
tDP CS# High To Deep Power-Down Mode 3 us
tRES1 CS# High To Standby Mode Without Electronic Signature Read 30 Us
tRES2 CS# High To Standby Mode With Electronic Signature Read 30 us
tRST_R CS# High To Next Command After Reset (from read) 20 ns
tRST_P CS# High To Next Command After Reset (from program) 30 Us
tRST_E CS# High To Next Command After Reset (from erase) 25 ms
tSUS1 CS# High To Next Command After Erase Suspend 25 us
tSUS2 CS# High To Next Command After Program Suspend 20 Us
tRS Latency Between Resume And Next Suspend 150 us
twW Write Status Register Cycle Time 1 15 ms
tBP Byte Program Time (First Byte) 50 60 Us
tBP Additional Byte Program Time (After First Byte) 2.5 5 us
tPP Page Program Time 0.4 2 ms
tSE Sector Erase Time 40 700 ms
tBE1 Block Erase Time (32K Bytes) 0.1 1.0 s
tBE2 Block Erase Time (64K Bytes) 0.15 1.5 s
tCE Chip Erase Time 4.5 18 s
Note:

1. Typical values given for TA=25°C, VCC = 1.8V.
2. Clock high or Clock low must be more than or equal to 45%PC. PC=1/fC(MAX).
3. Value guaranteed by design and/or characterization, not 100% tested in production.
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N

Serial Input Timing

CS#

tCHSL
SCLK
tDVCH N
SI MSB

SO
Output Timing
e j
tCLH «tSHQZ
SCLK / /NS %QL_/_LC
tCLQV tCLQV 1L

SOtCLQX F »| [€|tCLOX XX :::::X X — |
I X - T T TTTTTX

Least significant address bit (LSB) in

Hold Timing

CSH# ~

tCHHL, tHLCH

tHHCH

SCLK /N O\ /l < ;I _\\—,—/ N A
oy CHIH —3 o
. X X ________ _sJ_Xi
HOLD# . )

SI do not care during HOLD operation

Resume to Suspend Timing Diagram

Resume |[€— RS —3  Syspend

CS# \  Command Command /
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8. ORDERING INFORMATION

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

XS 25Q 16F SO | G A

Company Prefix
XS = XSEMITRON

Product Family

25Q = 1.65~2.0V Serial Flash Memory with 4KB
Uniform-Sector

Product Density
16F = 16M bit

Product Package

SO = SOP8 150mil
DT = DFN8 2x3x0.4mm

Operating Temperature & Moisture Sensitivity Level

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

Green Code

G = Green/Reach Package

Product Carrier
U =Tube; T =Tape & Reel; A = Tray
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9. PACKAGE INFORMATION
9.1. Package SOP8 150mil
8 > 5 ]
I A
|
Inimin
‘With Plating Base Metal
Detail “B”
Ell E
O \
L / \
\ Y / \\
I
i T ==y
— h 4 | _\
1 b 1 4 \ jk /'
V“B” \\ 2 AN /
\ \ <L> //
AN JLL
— Detail “A”
_— _K«A»
A2l Al
A J h I / ~ Gl
— S L Y _\
> a L
MILLIMETER
SYMBOL MIN NOM MAX
A — — 1.75
Al 0.10 — 0.25
A2 1.30 1.40 1.50
b 0.39 — 0.47
bl 0.38 041 0.44
c 0.20 — 0.24
cl 0.19 0.20 0.21
D 4.80 4.90 5.00
E1l 3.80 3.90 4.00
e 1.27BSC
E 5.80 6.00 6.20
h 0.25 — 0.50
L 0.50 — 0.80
L1 1.05REF
0 0° — &°
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9.2. Package DFN8 2x3x0.4mm

- D >
e b,
L1 e
8 | 8
A *—— |
| L
[
o2
T 11y
- — E -y E2 -+ T V4N
t LR
EXPOSED | T h
THERMAL
PAD ZONE
PIN1 D
r Laser Mark
Y | | |
1 2 pllllg 2 1
Nd
TOP VIEW SIDE VIEW BOTTOM VIEW
4
I ‘ A
1 1 1 1 y
A
C Al
SIDE VIEW
MILLIMETER
SYMBOL
MIN NOM MAX
A 0.35 — 0.40
Al 0 0.02 0.05
b 0.20 0.25 0.30
bl 0.18REF
C 0.127RETF
1.90 2.00 2.10
D2 1.50 1.60 1.70
e 0.50BSC
Nd 1.50BSC
E 2.90 3.00 3.10
E2 0.10 0.20 0.30
L 0.40 0.45 0.50
11 0.05 0.10 0.15
h 0.10 0.15 0.20
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