FEoN.

EN35QY512A (2S)

EN35QY512A (29)
512 Megabit 3V Serial Flash Memory with 4Kbyte Uniform Sector

FEATURES

Single power supply operation
— Full voltage range: 2.7-3.6 volt

Serial Interface Architecture

Software and Hardware Write Protection
— Write Protect all or portion of memory via
software

— SPI Compatible: Mode 0 and Mode 3 — Enable/Disable protection with WP# pin

e 512 M-bit Serial Flash * High performance program/erase speed
— 512 M-bit / 65,536 KByte / 262,144 pages — Page program time: 0.5 ms typical

256 bytes per programmable page — Sector erase time.: 40 ms typical '
« Standard, Dual or Quad SPI — Half Block erase time 200 ms typical

_ Standard SPI: CLK, CS#, DI, DO, WP#, HOLD# - (B:II’]OiCkeer;iSeetitrlnm; fgg 2;2{32":' -
— Dual SPI: CLK, CS#, DQo, DQi, WP#, HOLD# P : yp

~ Quad SPI: CLK, CS#, DQo, DQ1, DQ>, DQ3 o 3byte address and 4byte address switch
o High performance ¢ Volatile Status Register Bits
- 2.7-3.6V o Lockable 3x512 byte OTP security sector
— 104 MHz clock rate for Single/Dual/Quad I/O

e Support Serial Flash Discoverable Parameters
(SFDP) signature

e Read Unique ID Number

Fast Read
— 133 MHz clock for Quad 1/0 Fast Read

e Low power consumption

14 mA typical active current e Minimum 100K endurance cycle

— 2 pAtypical power down current e Data retention time 20 years
¢ Uniform Sector Architecture e Package Options
— 16,384 sectors of 4-Kbyte — 8-pin SOP 200 mil body width
— 2,048 blocks of 32-Kbyte — 16-pin SOP 300 mil body width
— 1,024 blocks of 64-Kbyte — 8-contact VDFN / WSON (6x5 mm)

— 8-contact VDFN / WSON (8x6 mm)
— All Pb-free packages are compliant RoHS,
Halogen-Free and REACH.

¢ Industrial temperature Range

— Any sector or block can be erased individually

GENERAL DESCRIPTION

The device is a 512 Megabit (65,536K-byte) Serial Flash memory, with advanced write protection mechanisms.
The device supports the single bit and four bits serial input and output commands via standard Serial Peripheral
Interface (SPI) pins: Serial Clock, Chip Select, Serial DQo (DI) and DQ:; (DO), DQ. (WP#) and DQs;
(HOLD#/RESET#). The memory can be programmed 1 to 256 bytes at a time, using the Page Program instruction.

By providing the ability to protect and unprotect blocks, a system can unprotect blocks to modify their content while
keeping the remaining blocks of the memory array securely protected. This is useful in applications where program
code is patched or updated on a subroutine or module basis or in applications where data storage segments need
to be modified without running the risk of errant modifications to the program code segments.

The device is designed to allow either single Sector/Block at a time or full chip erase operation. The device can be
configured to protect part of the memory as the software protected mode. The device scans sustain a minimum of
100K program/erase cycles on each sector or block.
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CONNECTION DIAGRAMS (TOP VIEW)
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Pin Names
Symbol Pin Name
CLK Serial Clock Input
DI (DQo) Serial Data Input (Data Input Output 0) *
DO (DQy) Serial Data Output (Data Input Output 1) *
CS# Chip Enable
WP# (DQ>) Write Protect (Data Input Output 2) 2
HOLD# /RESET# (DQs) | HOLD#/RESET# pin (Data Input Output 3)
HOLD# (DQ3) HOLD# pin (Data Input Output 3) % (only SOP16)
RESET# RESET# pin (only SOP16)
Vee Supply Voltage (2.7-3.6 V)
Vss Ground
NC No Connect

Notes:

1. DQo and DQ; are used for Dual and Quad instructions.
2. DQo ~ DQs are used for Quad instructions.

WP# & HOLD#/RESET# functions are only available for Standard/Dual SPI.
3. RESET# only work at SOP16 package
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BLOCK DIAGRAM

I I Flash
Address X-Decoder
Buffer 1 Memory
And X
Latches ‘ ‘
Y-Decoder
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v Y
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Control Logic and
Data Latches

Serial Interface

Pt

CS# CLK DI(DQ0) DO(DQ1) WP#(DQ2) HOLD#/RESET#
(DQ3)

Notes:

1. DQp and DQ; are used for Dual instructions.
2. DQo ~ DQs are used for Quad instructions.
3. RESET# only work at SOP16 package
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SIGNAL DESCRIPTION

Serial Data Input, Output and 10s (DI, DO and DQ,, DQ;, DQ>, DQ3)

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

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

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

Chip Select (CS#)

The SPI Chip Select (CS#) pin enables and disables device operation. When CS# is high the device is deselected
and the Serial Data Output (DO, or DQo, DQ1, DQ2 and DQs3) pins are at high impedance. When deselected, the
device s power consumption will be at standby levels unless an internal erase, program or status register cycle is in
progress. When CS# is brought low the device will be selected, power consumption will increase to active levels
and instructions can be written to and data read from the device. After power-up, CS# must transition from high to
low before a new instruction will be accepted.

Write Protect (WP#)

The Write Protect (WP#) pin can be used to prevent the Status Register from being written. Used in conjunction
with the Status Register’s Block Protect (CMP, TB, BP3, BP2, BP1 and BPO0) bits and Status Register Protect (SRP)
bits, a portion or the entire memory array can be hardware protected. The WP# function is only available for
standard SPI and Dual SPI operation, when during Quad SPI, this pin is the Serial Data 10 (DQ>) for Quad 1/O
operation.

HOLD (HOLD#)

The HOLD# pin allows the device to be paused while it is actively selected. When QE=0(default) and
HRSW=0(default) the HOLD# pin is enabled. When HOLD# is brought low, while CS# is low, the DO pin will be at
high impedance and signals on the DI and CLK pins will be ignored (don’t care). The hold function can be useful
when multiple devices are sharing the same SPI signals. The HOLD# function is only available for standard SPI
and Dual SPI operation, when during Quad SPI, this pin is the Serial Data 10 (DQs3) for Quad 1/O operation.

RESET (RESET#)

The RESET# pin allows the device to be reset while it is actively selected. When QE=0(default) and
HRSW=0(default), the RESET# pin is disabled. The Hardware Reset function is only available for standard SPI and
Dual SPI operation, when during Quad SPI, this pin is the Serial Data 10 (DQs3) for Quad I/O operation or Quad
Output operation. For SOP16 package, the RESET# pin is a dedicated hardware reset pin regardless of device
settings or operation states. If the hardware reset function is not used, this pin can be left floating or connected to
Vcce in the system.

Set RESET# to low for a minimum period 1us (tirst) Will interrupt any on-going instructions to have the device to
initial state. The device can accept new instructions again in 28us (tursL) after RESET# back to high.
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Pin definition setting with QE and HRSW bits at 8 and 16 pin package

HRSW=0 HRSW=1
8pin
QE=0 | HOLD/IDQ3 RESET/DQ3
- WP/DQ2 WP/DQ2
_ DQ3 DQ3
QE=1" 1 pg2 DQ2
16 pin
PIN1 HOLD/DQ3 PIN1 RESET/DQ3
QE=0 | PIN3 RESET PIN3 RESET
PIN9 WP/DQ2 PIN9 WP/DQ2
PIN1 DQ3 PIN1 DQ3
QE=1 | PIN3 RESET PIN3 RESET
PIN9 DQ2 PIN9 DQ2
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MEMORY ORGANIZATION

The memory is organized as:

) 67,108,864 bytes

) Uniform Sector Architecture
1,024 blocks of 64-Kbyte
2,048 sectors of 32-Kbyte
16,384 sectors of 4-Kbyte
262,144 pages (256 bytes each)

Each page can be individually programmed (bits are programmed from 1 to 0). The device is Sector, Block or Chip
Erasable but not Page Erasable.

Uniform Block Sector Architecture

64KB 32KB 64KB 32KB
Block Block Sector Address range Block Block Sector Address range
2047 16383 | 3FFF000h | 3FFFFFFh 1535 | 12287 | 2FFFO00h | 2FFFFFFh
1023 767 : : :
2046 16368 | 3FF0000h | 3FFOFFFh 1534 "5572 [ 2FFo000N | 2FFOFFFR
2045 16367 | 3FEF000h | 3FEFFFFh 1533 | -12271 | 2FEFO00h | 2FEFFFFh
1022 : : : 766
2044 16352 | 3FE0000h | 3FEOFFFh 1532 15756 2FE0000N | 2FEOFFFR
2043 16351 | 3FDF000h | 3FDFFFFh 1531 |-12255 | 2FDFO0Oh | 2FDFFFFh
1021 765 : : :
2042 16336 [ 3FD0000h | 3FDOFFFh 1530 75540 | 2FD000O | 2FDOFFFA
2041 16335 | 3FCF000h | 3FCFFFFh 1509 | 12239 ] 2FCFO0Oh | 2FCFFFFh
1020 764 : : :
2040 16320 [ 3FC0000h | 3FCOFFFh 1528 75524 | 2FCO000h | 2FCOFFFh
519 12351 | 303F000h | 303FFFFh 1031 | 8255 | 203F000h | 203FFFFh
771 : : : 515 : : :
1542 12336 | 3030000h | 3030FFFh 1030 5520 [ 2030000n | 2030FFFh
1641 12335 | 302F000h | 302FFFFh 1079 | 8239 | 202F000h | 202FFFFh
770 514 : : :
1540 12320 | 3020000h | 3020FFFh 1028 78522 [ 2020000n | 2020FFFh
1539 12319 | 301F000h | 301FFFFh 1077 | 8223 | 201F000h | 201FFFFh
769 513
1538 12304 | 3010000h | 3010FFFh 1026 3508 | 2010000n | 2010FFFh
1537 12303 | 300F000h | 300FFFFh 1075 | 8207 | 200F000h | 200FFFFh
768 : : : 512 : : :
1536 12288 | 3000000h | 3000FFFh 1024 75792 | 2000000 | 2000FFFh
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64KB 32KB 64KB 32KB
Block Block Sector Address range Block Block Sector Address range
1023 8191 [ 1FFF000h | 1FFFFFFh 511 4095 | OFFFO00h | OFFFFFFh
511 : : : 255 : : :
1022 8176 [ 1FFO000h [ 1FFOFFFh 510 4080 | OFF0000h | OFFOFFFh
1021 8175 [ 1FEFO00h | 1IFEFFFFh 509 4079 | OFEF000h | OFEFFFFh
510 : : : 254 : : :
1020 8160 [ 1FEO000h | 1IFEOFFFh 508 4064 | OFE0000h | OFEOFFFh
1019 8159 [ 1FDFO000h | 1IFDFFFFh 507 4063 | OFDF000h | OFDFFFFh
509 253
1018 8144 [ 1FD000Oh | 1IFDOFFFh 506 4048 | OFD0000h | OFDOFFFh
1017 8143 [ 1FCFO000h | 1IFCFFFFh 505 4047 | OFCF000h | OFCFFFFh
508 : : : 252 : : :
1016 8128 [ 1FC0000h | 1IFCOFFFh 504 4032 | OFC0000h | OFCOFFFh
519 4159 | 103F000h | 103FFFFh 7 63 003F000h [ 003FFFFh
259 3
518 6
4144 | 1030000h | 1030FFFh 48 0030000h | 0030FFFh
517 4143 | 102F000h | 102FFFFh 5 47 002F000h [ 002FFFFh
258 : : : 2 : Z
516 4
4128 | 1020000h | 1020FFFh 32 0020000h | 0020FFFh
515 4127 | 101F000h | 101FFFFh 3 31 001F000h [ 001FFFFh
257 : 1 : :
514 2
4112 | 1010000h | 1010FFFh 16 0010000h | 0010FFFh
513 4111 | 100F000h | 100FFFFh 1 15 000F000h | O0OFFFFh
256 . . . 0 . .
512 0
4096 | 1000000h | 1000FFFh 0 0000000h | O000FFFh




FEoN.. EN35QY512A (2S)

OPERATING FEATURES

Standard SPI Modes

The device is accessed through an SPI compatible bus consisting of four signals: Serial Clock (CLK), Chip Select
(CS#), Serial Data Input (DI) and Serial Data Output (DO). Both SPI bus operation Modes 0 (0, 0) and 3 (1, 1) are
supported. The primary difference between Mode 0 and Mode 3, as shown in SPI Modes figure, concerns the
normal state of the CLK signal when the SPI bus master is in standby and data is not being transferred to the Serial
Flash. For Mode 0 the CLK signal is normally low. For Mode 3 the CLK signal is normally high. In either case data
input on the DI pin is sampled on the rising edge of the CLK. Data output on the DO pin is clocked out on the falling
edge of CLK.

cs# |
MODE 2 MODE 2

CLK Moo, (INENENRNEN RN T

DI Eiit? Bit 6)Bit 5)Bit 4)Bit 3)Bit 2)(Bit 1YBit oY )X K X N X XPooNT cAREX DO KX X X X )—

MSB
HIGH IMPEDANCE

DO

SPI Modes

Dual SPI Instruction

The device supports Dual SPI operation when using the “Dual Output Fast Read and Dual I/ O FAST_READ”
(3Bh/3Ch and BBh/BCh) instructions. These instructions allow data to be transferred to or from the Serial Flash
memory at two to three times the rate possible with the standard SPI. The Dual Read instructions are ideal for
quickly downloading code from Flash to RAM upon power-up (code-shadowing) or for application that cache code-
segments to RAM for execution. The Dual output feature simply allows the SPI input pin to also serve as an output
during this instruction. When using Dual SPI instructions the DI and DO pins become bidirectional /0O pins; DQo
and DQ;. All other operations use the standard SPI interface with single output signal.
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Quad I/0O SPI Instruction or Quad Output SPI Instruction

The device supports Quad output operation when using the Quad I/O Fast Read (EBh/ECh) or Quad Output Fast
Read (6Bh/6Ch).This instruction allows data to be transferred to or from the Serial Flash memory at four to six
times the rate possible with the standard SPI. The Quad Read instruction offer a significant improvement in
continuous and random access transfer rates allowing fast code-shadowing to RAM or for application that cache
code-segments to RAM for execution.

cs# \
Mode 3 ] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 323
Lk Mode0 _ . . ‘ . 0 ,_
~4—— Instruction (EBh} ———= i : i : : 10 Switches from
H H H H H H Input 1o Output
pao X X/ 00000000 : (e XoX X 0K4
= ) Vo g A—
DQ1 s X X5 X0 Xs X0 Xs X ) : {5 XO XX X5
N I AN R I
D@2 s X2 X6 X2 X6 X2 X6 X2} : (s X2 A 6K 2R 6
i 5 i 5 i ; ! S
D@3 7 X3 X7 X3 X7 X3 X7 X3) : 2.6 €6 ¢
A23-16| A15-8 | A7-0 |DummyDummy!Dummy}lByte 1 Byte 2

Quad I/O SPI Modes

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Full Quad SPI Modes (QPI)

The device also supports Full Quad SPI Mode (QPI) function while using the Enable Quad Peripheral Interface
mode (EQPI) (38h). When using Quad SPI instruction the DI and DO pins become bidirectional I/O pins; DQO and
DQ1, and the WP# and HOLD#/RESET# pins become DQ; and DQj3 respectively.

&% @ ¥ @ ¥ %

DaQo —<GMD4XGMDU>€\DR20>(ADR!6>- PRI - e oan - " e e
e o o o T o (o O AR o O
DQ3 —(CMDTXCMMX\DR&X&DR!% ----- ----- -----

command address Data byte 0 Data byte n ’{

CS#

CLK

:

Full Quad SPI Modes

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Page Programming

To program one data byte, two instructions are required: Write Enable (WREN), which is one byte, and a Page
Program (PP) or Quad Input Page Program (QPP) sequence, which consists of four bytes plus data. This is
followed by the internal Program cycle (of duration tpp).

To spread this overhead, the Page Program (PP) or Quad Input Page Program (QPP) instruction allows up to 256
bytes to be programmed at a time (changing bits from 1 to 0) provided that they lie in consecutive addresses on the
same page of memory.

Sector Erase, Half Block Erase, Block Erase and Chip Erase

The Page Program (PP) or Quad Input Page Program (QPP) instruction allows bits to be reset from 1 to 0. Before
this can be applied, the bytes of memory need to have been erased to all 1s (FFh). This can be achieved a sector
at a time, using the Sector Erase (SE) instruction, half a block at a time using the Half Block Erase (HBE)
instruction, a block at a time using the Block Erase (BE) instruction or throughout the entire memory, using the Chip
Erase (CE) instruction. This starts an internal Erase cycle (of duration tsg, tuse, tse Of tce). The Erase instruction
must be preceded by a Write Enable (WREN) instruction.

Polling During a Write, Program or Erase Cycle

A further improvement in the time to Write Status Register (WRSR, WRSR2, WRSR3), Program (PP, QPP) or
Erase (SE, HBE, BE or CE) can be achieved by not waiting for the worst case delay (tw, trp, tse, thee, tse OF tce).
The Write in Progress (WIP) bit is provided in the Status Register so that the application program can monitor its
value, polling it to establish when the previous Write cycle, Program cycle or Erase cycle is complete.

Active Power, Stand-by Power and Deep Power-Down Modes

When Chip Select (CS#) is Low, the device is enabled, and in the Active Power mode. When Chip Select (CS#) is
high, the device is disabled, but could remain in the Active Power mode until all internal cycles have completed
(Program, Erase, Write Status Register). The device then goes into the Stand-by Power mode. The device
consumption drops to lccs.

The Deep Power-down mode is entered when the specific instruction (the Enter Deep Power-down Mode (DP)
instruction) is executed. The device consumption drops further to Iccz. The device remains in this mode until
another specific instruction (the Release from Deep Power-down Mode and Read Device ID (RDI) instruction) is
executed.

All other instructions are ignored while the device is in the Deep Power-down mode. This can be used as an extra
software protection mechanism, when the device is not in active use, to protect the device from inadvertent Write,
Program or Erase instructions.




FEoN.. EN35QY512A (2S)

Write Protection

Applications that use non-volatile memory must take into consideration the possibility of noise and other adverse
system conditions that may compromise data integrity. To address this concern, the device provides the following
data protection mechanisms:

Power-On Reset and an internal timer can provide protection against inadvertent changes while the power
supply is outside the operating specification.

Program, Erase and Write Status Register instructions are checked that they consist of a number of clock
pulses that is a multiple of eight, before they are accepted for execution.

All instructions that modify data must be preceded by a Write Enable (WREN) instruction to set the Write

Enable Latch (WEL) bit. This bit is returned to its reset state by the following events:

— Power-up

— Write Disable (WRDI) instruction completion or Write Status Register (WRSR) instruction completion or
Write Status Register 2/3 (WRSR2/WRSR3) instruction completion or Page Program (PP) or Quad Input
Page Program (QPP) instruction completion or Sector Erase (SE) instruction completion or Half Block
Erase (HBE) / Block Erase (BE) instruction completion or Chip Erase (CE) instruction completion.

The Block Protect (CMP, TB, BP3, BP2, BP1, BPO0) bits allow part of the memory to be configured as read
only. This is the Software Protected Mode (SPM).

The Write Protect (WP#) signal allows CMP, TB, BP3, BP2, BP1, BPO bits and Status Register Protect (SRP)
bit to be protected. This is the Hardware Protected Mode (HPM).

In addition to the low power consumption feature, the Deep Power-down mode offers extra software

protection from inadvertent Write, Program and Erase instructions, as all instructions are ignored except one
particular instruction (the Release from Deep Power-down instruction).
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Protected Area Sizes Sector Organization

Status Register Content ~

1

Memory Content 2

CMP | TB | BP3 | BP2 | BP1 | BPO | Protect Areas Addresses Density Portion
0 0 0 0 0 0 None None None None
0 0 0 0 0 1 Block 1023 3FF0000h-3FFFFFFh 64KB Upper 1/1024
0 0 0 0 1 0 Block 1022 to 1023 | 3FE0000h-3FFFFFFh 128KB Upper 1/512
0 0 0 0 1 1 Block 1020 to 1023 | 3FC0000h-3FFFFFFh 256KB Upper 1/256
0 0 0 1 0 0 Block 1016 to 1023 | 3F80000h-3FFFFFFh 512KB Upper 1/128
0 0 0 1 0 1 Block 1008 to 1023 | 3F00000h-3FFFFFFh 1MB Upper 1/64
0 0 0 1 1 0 Block 992 to 1023 3E00000h-3FFFFFFh 2MB Upper 1/32
0 0 0 1 1 1 Block 960 to 1023 3C00000h-3FFFFFFh 4MB Upper 1/16
0 0 1 0 0 0 Block 896 to 1023 3800000h-3FFFFFFH 8MB Upper 1/8
0 0 1 0 0 1 Block 768 to 1023 3000000h-3FFFFFFh 16MB Upper 1/4
0 0 1 0 1 0 Block 512 to 1023 2000000h-3FFFFFFh 32MB Upper 1/2
0 0 1 0 1 1 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 0 1 1 0 0 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 0 1 1 0 1 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 0 1 1 1 0 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 0 1 1 1 1 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 1 0 0 0 0 None None None None
0 1 0 0 0 1 Block 0 0000000h-000FFFFh 64KB Lower 1/1024
0 1 0 0 1 0 Block 0 to 1 0000000h-001FFFFh 128KB Lower 1/512
0 1 0 0 1 1 Block O to 3 0000000h-003FFFFh 256KB Lower 1/256
0 1 0 1 0 0 Block 0 to 7 0000000h-007FFFFh 512KB Lower 1/128
0 1 0 1 0 1 Block 0 to 15 0000000h-00FFFFFh 1MB Lower 1/64
0 1 0 1 1 0 Block 0 to 31 0000000h-01FFFFFh 2MB Lower 1/32
0 1 0 1 1 1 Block 0 to 63 0000000h-03FFFFFh 4MB Lower 1/16
0 1 1 0 0 0 Block 0 to 127 0000000h-07FFFFFh 8MB Lower 1/8
0 1 1 0 0 1 Block 0 to 255 0000000h-0FFFFFFh 16MB Lower 1/4
0 1 1 0 1 0 Block 0 to 511 0000000h-1FFFFFFh 32MB Lower 1/2
0 1 1 0 1 1 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 1 1 1 0 0 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 1 1 1 0 1 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 1 1 1 1 0 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
0 1 1 1 1 1 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
1 0 0 0 0 0 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
1 0 0 0 0 1 Block 0 to 1022 0000000h-3FEFFFFh 65472KB | Lower 1023/1024
1 0 0 0 1 0 Block 0 to 1021 0000000h-3FDFFFFh 65408KB | Lower 511/512
1 0 0 0 1 1 Block 0 to 1019 0000000h-3FBFFFFh 65208KB | Lower 255/256
1 0 0 1 0 0 Block 0 to 1015 0000000h-3F7FFFFh 65024KB | Lower 127/128
1 0 0 1 0 1 Block 0 to 1007 0000000h-3EFFFFFh 63MB Lower 63/64
1 0 0 1 1 0 Block 0 to 991 0000000h-3DFFFFFh 62MB Lower 31/32
1 0 0 1 1 1 Block 0 to 959 0000000h-3BFFFFFh 60MB Lower 15/16
1 0 1 0 0 0 Block 0 to 895 0000000h-37FFFFFh 56MB Lower 7/8
1 0 1 0 0 1 Block 0 to 767 0000000h-2FFFFFFh 48MB Lower 3/4
1 0 1 0 1 0 Block 0 to 511 0000000h-1FFFFFFh 32MB Lower 1/2
1 0 1 0 1 1 None None None None
1 0 1 1 0 0 None None None None
1 0 1 1 0 1 None None None None
1 0 1 1 1 0 None None None None
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1. X=don’t care

1 0 1 1 1 1 None None None None
1 1 0 0 0 0 Block 0 to 1023 0000000h-3FFFFFFh 64MB All
1 1 0 0 0 1 Block 1 to 1023 0010000h-3FFFFFFh 65472KB | Upper 1023/1024
1 1 0 0 1 0 Block 2 to 1023 0020000h-3FFFFFFh 65408KB | Upper 511/512
1 1 0 0 1 1 Block 4 to 1023 0040000h-3FFFFFFh 65280KB | Upper 255/256
1 1 0 1 0 0 Block 8 to 1023 0080000h-3FFFFFFh 65024KB | Upper 127/128
1 1 0 1 0 1 Block 16 to 1023 0100000h-3FFFFFFh 63MB Upper 63/64
1 1 0 1 1 0 Block 32 to 1023 0200000h-3FFFFFFh 62MB Upper 31/32
1 1 0 1 1 1 Block 64 to 1023 0400000h-3FFFFFFh 60MB Upper 15/16
1 1 1 0 0 0 Block 128 to 1023 0800000h-3FFFFFFh 56MB Upper 7/8
1 1 1 0 0 1 Block 256 to 1023 1000000h-3FFFFFFh 48MB Upper 3/4
1 1 1 0 1 0 Block 512 to 1023 2000000h-3FFFFFFh 32MB Upper 1/2
1 1 1 0 1 1 None None None None
1 1 1 1 0 0 None None None None
1 1 1 1 0 1 None None None None
1 1 1 1 1 0 None None None None
1 1 1 1 1 1 None None None None
Notes:

2. If any Erase or Program command specifies a memory region that contains protected data portion, this

command will be ignored.
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INSTRUCTIONS

All instructions, addresses and data are shifted in and out of the device, most significant bit first. Serial Data Input
(DI) is sampled on the first rising edge of Serial Clock (CLK) after Chip Select (CS#) is driven Low. Then, the one-
byte instruction code must be shifted in to the device, most significant bit first, on Serial Data Input (DI), each bit
being latched on the rising edges of Serial Clock (CLK).

The instruction set is listed in Instruction Set table. Every instruction sequence starts with a one-byte instruction
code. Depending on the instruction, it might be followed by address bytes, or data bytes, or both or none. Chip
Select (CS#) must be driven high after the last bit of the instruction sequence has been shifted in. In the case of a
Read Data Bytes (READ), Read Data Bytes at Higher Speed (Fast_Read), Dual Output Fast Read, Dual I/O Fast
Read, Quad Output Fast Read, Quad Input/Output FAST_READ, Read Status Register (RDSR), Read Status
Register 2 (RDSR2), Read Status Register 3 (RDSR3), Read Extended Register or Release from Deep Power-
down, and Read Device ID (RDI) instruction, the shifted-in instruction sequence is followed by a data-out sequence.
Chip Select (CS#) can be driven high after any bit of the data-out sequence is being shifted out.

In the case of a write instruction, Chip Select (CS#) must be driven high exactly at a byte boundary, otherwise the
instruction is rejected, and is not executed. That is, Chip Select (CS#) must driven high when the number of clock
pulses after Chip Select (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.

In the case of multi-byte commands of Page Program (PP), Quad Input Page Program (QPP) and Release
from Deep Power Down (RES) minimum number of bytes specified has to be given, without which, the
command will be ignored.

In the case of Page Program, if the number of byte after the command is less than 4 (at least 1 data byte), it
will be ignored too. In the case of SE and HBE/BE, exact 24-bit (or 32-bit, depends on mode state) address
is a must, any less or more will cause the command to be ignored.

All attempts to access the memory array during a Write Status Register cycle, Program cycle or Erase cycle are
ignored, and the internal Write Status Register cycle, Program cycle or Erase cycle continues unaffected.
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Instruction Set

Byte 1

mode

Instruction Name Code Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 n-Bytes
RSTEN 66h
rsT 9%h
EQPI 38h
@
RSTQIO FFh
Write Resume 30h/7Ah
Write Suspend BOh/75h
Write Enable (WREN) 06h
Volatile Status Register
Write Enable @ 50h
Write Disable (WRDI) 04h
Read Status Register (SR7- i ®)
05h @
(RDSR) SRO) continuous
Read Status Register 2 (SR2.7- i ®)
09h/35h @
(RDSR2) SR2.0) continuous
Read Status Register 3 (SR3.7- ®
95h/15h @ i
(RDSR3) SR3.0) continuous
Write Status Register : (SR2.7- (SR3.7-
(WRSR) Oth SR7-SRO SR2.0) SR3.0)
Write Status Register 2 SR2.7-
(WRSR2) 31h/01h SR2.0
Write Status Register 3 | COh/11h/ SR3.7-
(WRSR3) 01h SR3.0
Deep Power-down B9h
Release from Deep
Power-down, and read dummy dummy dummy | (ID7-1DO0) ®
Device ID (RES) ABh
Release from Deep
Power-down (RDP)
00h (M7-M0) | (ID7-1DO0)
ll\D/Ian_ufacltslrer/ 90h dummy dummy i
evice 01h (ID7-IDO) | (M7-MO)
00h (M7-M0) | (ID7-1DO0)
Man_ufacturer/ 92h dummy dummy @
Device ID by Dual I/O 01h (|D7-|DO) (M?-MO)
00h (M7-M0) | (ID7-1DO)
II\D/Ian_ufacturer/ 94h dummy dummy @
evice ID by Quad 110 01h (|D7-|DO) (M?'MO)
Read ldentification ®)
(RDID) 9Fh (M7-M0) | (ID15-ID8) | (ID7-IDO)
Read SFDP mode and 5Ah | A23-A16 | AI5A8 | A7-A0 | dummy | (©7-Do) | (NextByte)
Unigue ID Number continuous
Read Extended (SR7-
address Mode C8h SR0) @
Write Extendgd Csh SR7-SRO
address Register
Enter 4byte address B7h
mode
Exit 4byte address Eoh
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Notes:

1. RST command only executed if RSTEN command is executed first. Any intervening command will disable
Reset.

2. Release Full Quad SPI or Fast Read Enhanced mode. Device accepts eight-clocks command in Standard SPI
mode, or two-clocks command in Full Quad SPI mode.

3. Volatile Status Register Write Enable command must precede WRSR command without any intervening
commands to write data to Volatile Status Register.

4. Data bytes are shifted with Most Significant Bit first. Byte fields with data in parenthesis “( )” indicate data being
read from the device on the DO pin.

5. The Status Register contents will repeat continuously until CS# terminates the instruction.

6. The Device ID will repeat continuously until CS# terminates the instruction.

7. The Manufacturer ID and Device ID bytes will repeat continuously until CS# terminates the instruction.
00h on Byte 4 starts with MID and alternate with DID, 01h on Byte 4 starts with DID and alternate with MID.

8. (M7-MO0): Manufacturer, (ID15-1D8): Memory Type, (ID7-ID0): Memory Capacity.

9. WRSR(01h) support 8 or 16 or 24 bit register value input for status register, status register 2 and status

register 3
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Instruction Set (Read Instruction)

Address

Dummy bits /

Instruction Name OP Code bits Clocks (Default) Data Out Remark
Read Data ! 03h 24/32 bits 0 (7-D0, ...y | (NextByte)
continuous
Fast Read * 0Bh 24/32bits | 8bits/8clocks | (D7-DO,..) | (NextByte)
continuous
X (one byte
Dual Output Fast Read * 3Bh 24/32 hits 8 bits / 8 clocks (D7-DO, ...) Per 4 clocks,
continuous)
i (one byte
Dual I/O Fast Read * BBh 24/32 bits 8 bits / 4 clocks (D7-DO, ...) Per 4 clocks,
continuous)
X (one byte
Quad Output Fast Read ! 6Bh 24/32 bits 8 bits / 8 clocks (D7-DO, ...) per 2 clocks,
continuous)
. (one byte
Quad I/O Fast Read ™* EBh 24/32 bits 24 bits / 6 clocks (D7-DO, ...) per 2 clocks,
continuous)
Wrap read ! 1Bh 24/32bits | 8bits/8clocks | (D7-DO,..) | (NExtByte)
continuous
Wrap Read with 4byte address 1Ch 32 bits 8 bits / 8 clocks (D7-DO, ...) (Nex.t Byte)
continuous
Read Data with 4 bytes address 13h 32 bits 0 (D7-DO, ...) (Nex_t Byte)
continuous
Fast Read with 4 bytes address 0Ch 32 bits 8 bits / 8 clocks (D7-DO, ...) (Nex_t Byte)
continuous
(one byte
D_ual Output Fast Read 3Ch 32 bits 8 bits / 8 clocks (b7-Do, ...) Per 4 clocks,
with 4 bytes address -
continuous)
(one byte
Dual I/O Fast Read BCh 32 bits 8bits /4 clocks | (D7-DO,..) | Per4 clocks,
with 4 bytes address -
continuous)
(one byte
Quad Output Fast Read 6Ch 32 bits 8bits /8 clocks | (D7-DO,...) | per 2 clocks,
with 4 bytes address ;
continuous)
(one byte
Quad I/O Fast Read ECh 32 bits 24 bits /6 clocks | (D7-DO,...) | per 2 clocks,
with 4 bytes address -
continuous)
i (8 bits per
DDR Fast Read ™ 0Dh 24 /32 bhits 8 bits / 4 clocks (D7-DO, ...) 4 clocks,
continuous)
. (8 bits per
DDR Dual I/O Fast Read BDh 24 /32 bits 8 bits / 2 clocks (D7-DO, ...) 2 clock,
continuous)
. (8 bits per
DDR Quad I/O Fast Read ! EDh 24 /32 bhits 24 bits / 3 clocks (D7-DO, ...) 1 clock,
continuous)
. (8 bits per
DDR Read Burst with Wrap ! 1Dh 24 /32 bits 8 bits / 4 clocks (D7-DO, ...) 4 clock,
continuous)
Read OTP array ™! 48h 24/32bits | 8bits/8clocks | (D7-DO,..) | (NextByte)
continuous

Note:

1. The address cycles default is 3-byte address mode. If using 4byte address, please issue enter 4byte address

mode first.
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Instruction Set (Program Instruction)

. Address Dummy bits /
Instruction Name OP Code bits Clocks (Default) Data Out Remark
Page Program (PP) "t 02h 24/32 bits 0 ©7-D0, ..) | (NextByte)
continuous
(one byte
%‘;‘g)'ﬂpm Page Program 32h 24/32 bits 0 (D7-DO, ...) | per 2 clocks,
continuous
)
Page Program (PP) . i (Next Byte)
with 4 bytes address 12h 32 bits 0 (D7-DO, ...) continuous
(one byte
Quad Input Page Program . i
(QPP) with 4 bytes address 34h 32 hits 0 (D7-DO, ...) per 2 clocks,
continuous)
X (8 bits per
DDR Mode Page Program ! D2h 24 /32 bits 0 (D7-DO, ...) 1 clock,
continuous)
Program OTP array ™ 42h 24 /32 bits 0 (D7-DO, ...) (Next Byte)
continuous

Note:

1. The address cycles default is 3-byte address mode. If using 4byte address, please issue enter 4byte address

mode first.

Instruction Set (Erase Instruction)

Instruction Name OP Code Adg}liigss Remark
Sector Erase (SE) * 20h 24/32 bits

32K Half Block Erase (HBE) ™ 52h 24/32 bits

64K Block Erase (BE) * D8h 24/32 bits

Chip Erase (CE) C7h/ 60h 0

with 4 bytes adess 2th 32 bits

o o 00| son |z

CoK Bk Emee 65 oon | sz

Erase OTP array 44h 24/32 bits

Note:

1. The address cycles default is 3-byte address mode. If using 4byte address, please issue enter 4byte address

mode first.

Manufacturer and Device ldentification

OP Code (M7-MO0) (ID15-1D0) (ID7-ID0)
ABh 19h
90h/92h/94h 1Ch 19h
9Fh 1Ch 7320h
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Reset-Enable (RSTEN) (66h) and Reset (RST) (99h)

The Reset operation is used as a system (software) reset that puts the device in normal operating Ready mode.
This operation consists of two commands: Reset-Enable (RSTEN) and Reset (RST).

To reset the device the host drives CS# low, sends the Reset-Enable command (66h), and drives CS# high. Next,
the host drives CS# low again, sends the Reset command (99h), and drives CS# high.

The Reset operation requires the Reset-Enable command followed by the Reset command. Any command other
than the Reset command after the Reset-Enable command will disable the Reset-Enable.

A successful command execution will reset the status register, see Reset-Enable and Reset Sequence Diagram
figure for SPI Mode and Reset-Enable and Reset Sequence Diagram under QPI Mode figure for Quad Mode. A
device reset during an active Program or Erase operation aborts the operation, which can cause the data of the
targeted address range to be corrupted or lost. Depending on the prior operation, the reset timing may vary.
Recovery from a Write operation requires more software latency time (tsg) than recovery from other operations.

[ 2 3 4 5 6 7 Mode3
'IIIIlllIllllllIlMﬂdeO

|-l— Instruction (G6Gh) —I-—‘ |-!— Instruction (99h) —I-—|

DI X X X AN / \ / NS A XX XXX S N / N S CAA

DO A X X A X X X X X A X A X X X X % X X XX X X % X X X X X A X A X A A XA

Reset-Enable and Reset Sequence Diagram

tCHSH
cs# \ /
- MODEZ oo MODES3 . o mmmmood MODES _
CLK 1 1 : | | | | |
MODE 0 MODE 0 MODE 0

Note: C[1:0] = 66H; C[3:2] = 99H

Reset-Enable and Reset Sequence Diagram under QPI Mode
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Software Reset Flow

Initial <
Command No
=66h ?
Reset enable
Command No

=9%h ?

Reset start

Embedded
Reset Cycle

Reset done

Notes:

1. Reset-Enable (RSTEN) (66h) and Reset (RST) (99h) commands need to match standard SPI or QPI (quad)
mode.

2. Continue (Enhance) EB mode need to use quad Reset-Enable (RSTEN) (66h) and quad Reset (RST) (99h)
commands.

3. Ifuseris not sure itis in SPI or Quad mode, we suggest to execute sequence as follows:
Quad Reset-Enable (RSTEN) (66h) -> Quad Reset (RST) (99h) -> SPI Reset-Enable (RSTEN) (66h) -> SPI
Reset (RST) (99h) to reset.

4. The reset command could be executed during embedded program and erase process, QPI mode, Continue
EB mode to back to SPI mode.

5. This flow can not release the device from Deep power down mode.

6. The Status Register Bits and Status Register 2/3 Bits will reset to default value after reset done.

7. If user reset device during erase, the embedded reset cycle software reset latency will take about 28us in
worst case.

8. User can't do software reset command while doing 4K/32K erase operation.
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Enable Quad Peripheral Interface mode (EQPI) (38h)

The Enable Quad Peripheral Interface mode (EQPI) instruction will enable the flash device for Quad SPI bus
operation. Upon completion of the instruction, all instructions thereafter will be 4-bit multiplexed input/output until a
power cycle or “Reset Quad /O instruction” instruction, as shown in Enable Quad Peripheral Interface mode
Sequence Diagram figure. The device did not support the Read Data Bytes (READ) (03h/13h), Dual Output Fast
Read (3Bh/3Ch), Dual Input/Output FAST_READ (BBh/BCh), Quad Output Fast Read (6Bh/6Ch) and Quad Input
Page Program (32h/34h) modes while the Enable Quad Peripheral Interface mode (EQPI) (38h) turns on.

— Vo

Mode 3 0 1 2 3 4 5 6 7 Mode3

|-l— Instruction (38h) —lr|

pad0 X X X X \ / \ /A X X X XX

DAl X X X X X X X X X X XX XXX X XXXX XX

Enable Quad Peripheral Interface mode Sequence Diagram

Reset Quad I/0 (RSTQIO) or Release Quad 1/0O Fast Read Enhancement Mode (FFh)

The Reset Quad I/O instruction resets the device to 1-bit Standard SPI operation. To execute a Reset Quad 1/0
operation, the host drives CS# low, sends the Reset Quad 1/0 command cycle (FFh) then, drives CS# high. This
command can’t be used in Standard SPI mode.

User also can use the FFh command to release the Quad I/O Fast Read Enhancement Mode. The detail
description, please see the Quad I/0 Fast Read Enhancement Mode section.

Note:

If the system is in the Quad I/O Fast Read Enhance Mode in QPI Mode, it is necessary to execute FFh command
by two times. The first FFh command is to release Quad I/0O Fast Read Enhance Mode, and the second FFh
command is to release EQPI Mode.
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Write Enable (WREN) (06h)

The Write Enable (WREN) instruction (Write Enable Instruction Sequence Diagram figure) sets the Write Enable
Latch (WEL) bit. The Write Enable Latch (WEL) bit must be set prior to every Page Program (PP), Quad Input
Page Program (QPP), Sector Erase (SE), Block Erase (HBE/BE), Chip Erase (CE) and Write Status Register
(WRSR/ WRSR2/WRSR3) instruction.

The Write Enable (WREN) instruction is entered by driving Chip Select (CS#) Low, sending the instruction code,
and then driving Chip Select (CS#) high.

The instruction sequence is shown in Write Enable/Disable Instruction Sequence under QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

N Vo

Mode 3 0 1 2 3 4 5 6 7 Mode3

|-l— Instruction (06h) _"|

DI X X X X\ / N/ XX XX X X

High Impedance

DO

Write Enable Instruction Sequence Diagram

Volatile Status Register Write Enable (50h)

This feature enable user to change 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 Volatile Status Register
Write Enable (50h) command won'’t set the Write Enable Latch (WEL) bit, it is only valid for ‘Write Status Register’
(01h) command to change the Volatile Status Register bit values.

To write to Volatile Status Register, issue the Volatile Status Register Write Enable (50h) command prior issuing
WRSR (01h). The Status Register bits will be refresh to Volatile Status Register (SR[7:2]) within tsusi2 (50ns). Upon
power off or the execution of a Software/Hardware Reset, the volatile Status Register bit values will be lost, and the
non-volatile Status Register bit values will be restored. The instruction sequence is shown in Volatile Status
Register Write Enable Instruction Sequence Diagram figure.

The instruction sequence is shown in Write Enable/Disable Instruction Sequence under QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

|-l— Instruction (50h) —"|

o XXXXN /" \_/\ [X XX XXX

High Impedance

DO

Volatile Status Register Write Enable Instruction Sequence Diagram
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Write Disable (WRDI) (04h)

The Write Disable instruction (Write Disable Instruction Sequence Diagram figure) resets the Write Enable Latch
(WEL) bit in the Status Register to a 0. The Write Disable instruction is entered by driving Chip Select (CS#) low,
shifting the instruction code “04h” into the DI pin and then driving Chip Select (CS#) high. Note that the WEL bit is
automatically reset after Power-up and upon completion of the Write Status Register, Page Program, Sector Erase,
Block Erase (HBE/BE) and Chip Erase instructions.

The instruction sequence is shown in Write Enable/Disable Instruction Sequence under QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs# \ /
CLK Modeo LML L L L L oo™

|4— Instruction (04h) 4P|

DI XXX\ /\ L X XXX XX

High Impedance

DO

Write Disable Instruction Sequence Diagram

Cs#

CLK

DQ1 CMD5} CMD1
DQ2 CMDg | CMD2

DQ3 CMD7}CMD3
command ‘

Write Enable/Disable Instruction Sequence under QPIl Mode

2
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Read Status Register (RDSR) (05h)

The Read Status Register (RDSR) instruction allows the Status Register to be read. The Status Register may 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 instruction
to the device. It is also possible to read the Status Register continuously, as shown in Read Status Register
Instruction Sequence Diagram figure.

The instruction sequence is shown in Read Status Register Instruction Sequence under QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cst |\

P
Mcde3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
—
I- - Ingtruction {05h) -—I
| —
Dl 0N WAV EV I AXAXAKXXXK (XA
—4— Status Reglater Qut ——-—— Status Aegister Cul ——

- Y
High Impedance —_
Do B3O8 6600660006 60600
w W

* = MEB

Read Status Register Instruction Sequence Diagram

Cs#

CLK - 8 B & & & F 4 8 B B & B F 4 8 B &

]
]

¥ 8 & F O & ¥ F B N OF R R Y YR DAQO

ool )
oo o e o)
)

S = ,{
Read Status Register Instruction Sequence under QPI Mode
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Status Register Bit Locations

SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
SRP bit TB bit BP3 bit BP2 bit BP1 bit BPO bit WEL bit WIP bit
(Status Register | (Top / Bottom (Block (Block (Block (Block (Write Enable (Write in
Protect) Protect) Protected) Protected) Protected) Protected) Latch) Progress)
1 = status register 1 = Bottom 1 = write enable (;L :r\g{ii(t)i
= status reg 0=Top (Note) (Note) (Note) (Note) 0 = not write _ pere )
write disable 0 = not in write
(default 0) enable .
operation
Volatile bit / Volatile bit / Volatile bit / Volatile bit / Volatile bit / Volatile bit / . .
Non-volatile bit | Non-volatile bit | Non-volatile bit | Non-volatile bit | Non-volatile bit | Non-volatile bit Read only bit | Read only bit

Note: See the “Protected Area Sizes Sector Organization” table.

The status and control bits of the Status Register are as follows:

WIP bit. The Write in Progress (WIP) bit indicates whether the memory is busy with a Write Status Register,
Program or Erase cycle. When set to 1, such a cycle is in progress, when reset to 0 no such cycle is in 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 O the internal Write Enable Latch is reset and no Write Status
Register, Program or Erase instruction is accepted.

BP3, BP2, BP1, BPO bits. The Block Protect (BP3, BP2, BP1, BPO) bits are non-volatile. They define the size of
the area to be software protected against Program and Erase instructions. These bits are written with the Write
Status Register (WRSR) instruction. When one or both of the Block Protect (BP3, BP2, BP1, BPO) bits is set to 1,
the relevant memory area (as defined in Protected Area Sizes Sector Organization table.) becomes protected
against Page Program (PP/PP4B), Quad Input Page Program (QPP/QPP4B), Sector Erase (SE/SE4B) and Block
Erase (HBE/HBE4B//BE/BE4B) instructions. The Block Protect (BP3, BP2, BP1, BPO0) hits can be written and
provided that the Hardware Protected mode has not been set. The Chip Erase (CE) instruction is executed if all
memory regions aren’t protected by the Block Protect (CMP, TB, BP3, BP2, BP1, BPO) bits.

TB bit. The Top/Bottom Protect Bit (TB) controls if the Block Protect Bits (BP3, BP2, BP1, BPO0) protect from the
Top (TB = 0) or the Bottom (TB = 1) of the array as shown in the Protected Area Sizes Sector Organization table.

SRP bit. The Status Register Protect (SRP) bit is operated in conjunction with the Write Protect (WP#) signal. The
Status Register Write Protect (SRP) bit and Write Protect (WP#) signal allow the device to be put in the Hardware
Protected mode (when the Status Register Protect (SRP) bit is set to 1, and Write Protect (WP#) is driven Low). In
this mode, the bits of the Status Register (TB, BP3, BP2, BP1, BP0 and CMP) become read-only bits and the Write
Status Register (WRSR) instruction is no longer accepted for execution.
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Read Status Register 2 (RDSR2) (09h/35h)

The Read Status Register 2 (RDSR2) instruction allows the Status Register 2 to be read. The Status Register 2
may be read at any time, even while a program/erase 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 instruction to the device. It is also
possible to read the Status Register 2 continuously, as shown in Read Status Register 2 Instruction Sequence
Diagram figure.

The instruction sequence is shown in Read Status Register 2 Instruction Sequence under QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Ccs# \ -

Mode 3 o1 2 3 4 5 6 T & 8 10 11 12 13 14 15 16 117 18 18 20 21 22 23

CLK Modeo &

I-I-Instruc.'tiu:-n {ngh,f35h]--|

—_

D TN ANV ANEN VSO0 ARARXAKRARA A,

-4— Status Register 2 Out —s—r=— Status Register 2 Out —s

High Impedance —
Do 2660660060006 66008
* L
* = M5B
Read Status Register 2 Instruction Sequence Diagram
cs# —‘ ’7

CLK 4 8 2 & & B B 4 8 B A & B F 4 8 B A

Read Status Register 2 Instruction Sequence under QPI Mode
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Status Register 2 Bit Locations

SR2.7 SR2.6 SR2.5 SR2.4 SR2.3 SR2.2 SR2.1 SR2.0
WSE bit
(Write WSP bit
Suspend CMP bit SPLO bit SPL1 bit SPL2 bit (Write Suspend QE bit
Erase status Program bhits)
bit)
1 =WP# and
1 = Erase 1 = Program HOLD#/RESET#| Reserved
suspended 1=0TP1 1=0TP2 1=0TP3 suspended disable bit
O=Eraseis| (Note2) sector is sector is sector is 0 = Proaram is 0 = WP# and
not protected protected protected . 9 HOLD#/RESET#
not suspended
suspended enable
(default 0)
Indicator bit | Nor-volatle | yrp i | TP bit OTP bit Indicator bit | 'Non-volatile/
/ Volatile bit Volatile bit
Notes:

1. The default of each volatile bit is “0” at Power-up or after reset.
2. See the “Protected Area Sizes Sector Organization” table.

The status and control bits of the Suspend Status Register 2 are as follows:

WSE bit. The Write Suspend Erase Status (WSE) bit indicates when an Erase operation has been suspended. The
WSE bit is “1” after the host issues a suspend command during an Erase operation. Once the suspended Erase
resumes, the WSE bit is reset to “0”.

CMP bit. The Complement Protect bit (CMP) is a non-volatile bit in Status Register 2. It is used in conjunction with
TB, BP3, BP2, BP1, BPO bits to provide mode flexibility for the array protection. The default setting is CMP=0.

SPLO bit. The SPLO bit is non-volatile One Time Program (OTP) bit in status register that provide the write protect
control and status to the security sector 0. User can read/program/erase security sector 0 as normal sector while
SPLO value is equal O, after SPLO is programmed with 1 by WRSR2 command, the security sector 0 is protected
from program and erase operation. The SPLO bit can only be programmed once.

SPL1 bit. The SPL1 bit is non-volatile One Time Program (OTP) bit in status register that provide the write protect
control and status to the security sector 1. User can read/program/erase security sector 1 as normal sector while
SPL1 value is equal 0, after SPL1 is programmed with 1 by WRSR2 command, the security sector 1 is protected
from program and erase operation. The SPL1 bit can only be programmed once.

SPL2 bit. The SPL2 bit is non-volatile One Time Program (OTP) bit in status register that provide the write protect
control and status to the security sector 2. User can read/program/erase security sector 2 as normal sector while
SPL2 value is equal O, after SPL2 is programmed with 1 by WRSR2 command, the security sector 2 is protected
from program and erase operation. The SPL2 bit can only be programmed once.

WSP bit. The Write Suspend Program Status (WSP) bit indicates when a Program operation has been suspended.
The WSP is “1” after the host issues a suspend command during the Program operation. Once the suspended
Program resumes, the WSP bit is reset to “0".

QE bit. The Quad Enable (QE) bit is a non-volatile Read/Write bit in the Status Register 2 to disable WP# and
Hold#/RESET# before Quad operation. When it is “0” (factory default), the WP# and HOLD#/RESET# are enabled.
On the other hand, while QE bit is “1”, the WP# and HOLD#/RESET# are disabled.

No matter QE is “0” or “1”, the system can executes Quad Input/Output FAST_READ (EBh) or EQPI (38h)

command directly. User can use Flash Programmer to set QE bit as “1” and then the host system can let WP# and
HOLD# keep floating in SPI mode.

Reserved bit. Status Register 2 bit locations SR2.0 is reserved for future use. Current devices will read 0 for these
bit locations. It is recommended to mask out the reserved bit when testing the Suspend Status Register. Doing this
will ensure compatibility with future devices.




FEoN.. EN35QY512A (2S)

Read Status Register 3 (RDSR3) (95h/15h)

The Read Status Register 3 (RDSR3) instruction allows the Status Register 3 to be read. The Status Register 3
may be read at any time, even while a program/erase cycle is in progress. When one of these bytes is in progress,
it is recommended to check the Write in Progress (WIP) bit before sending a new instruction to the device. It is also
possible to read the Read Status Register 3 continuously, as shown in Read Status Register 3 Instruction
Sequence Diagram figure.

The instruction sequence is shown in Read Status Register 3 Instruction Sequence in QPI Mode figure while using
the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Cs# N\

Mode 3 01 2 2 4 & 6 T B 8 10 11 12 3 14 15 16 17 {8 18 20 21 22 23

d

[-l-instructiﬂnIBEhﬂEh]--l
DI XXX N/ XXX 1600004101010 )4

1',--— Starus Reglster 3 Our -s=am— Status Register 3 0ut —=

High Impedance —
Do ) 6.6 .06 6060460006060 .00 8

* L

* = MSB

Read Status Register 3 Instruction Sequence Diagram

Ccs#

CLK 4 e 2 & F B B 4 % B A & B F 4 8 B3 @

I
o]

Read Status Register 3 Instruction Sequence in QPI Mode
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Status Register 3 Bit Locations

SR3.7 SR3.6 SR3.5 SR3.4 SR3.3 SR3.2 SR3.1 SR3.0
. . 4BYTE bit
HRSW bit . . 4byteP bit
(HOLD#/RESET# Qutput Drive Burst Length bit DC bit (Address (Byte of
. Strength bit (dummy clock) Address
switch) mode select) flag)
L RESETH enapje| 0= 67% (default) | 00 = 8 Bytes (defaull eaoyte | 1=4byte
0 = HOLD¥ enable 01 = 100% 01 = 16 Bytes Refer below DC table 0= 3byte address
(default 0) 10 = 83% (5/6) Drive 10 = 32 Bytes (default 0) address mode 0 = 3 byte
11 =50% (1/2) Drive 11 = 64 Bytes address
(default 0)
Non-volatile . S . Do Non-volatile/ —_— . .
/ volatile bit Non-volatile/volatile bit | Non-volatile/volatile bit volatile bit Non-volatile bit| Indicator bit

The status and control bits of the Status Register 3 are as follows:

HRSW bit. The HOLD#RESET# switch bit (HRSW bit), Non-Volatile / Volatile bit, the HRSW bit is used to
determine whether HOLD# or RESET# function should be implemented on the hardware pin. When it is “0” (factory
default), the pin acts as HOLD#; when it is “1”, the pin acts as RESET#. However, HOLD# or RESET# functions are
only available when QE bit is “0”. If QE bit is set to “1”, the HOLD# and RESET# functions are disabled, the pin acts
as a dedicated data I/O pin.

Output Drive Strength bit. The Output Drive Strength (SR3.6 and SR3.5) bits indicate the status of output Drive
Strength in I/O pins.

Burst Length bit. The Burst Length (SR3.4 and SR3.3) bits indicate the status of wrap burst read length.

DC bit. The DC (dummy clock) setting bit can setting the dummy clock counter number while using higher
speed at some read commands.

Dummy Clock and Frequency Table (MHz)

DC[1:0] DC=0 (default) DC=1
Frequency Number of Max clk speed Number of Max clk
dummy clock (MHz) dummy clock | speed (MHz)
(QPI) OBh 6 104 10 133
(SPI) EBh 6 104 10 133
(QPI) EBh 6 104 10 133
(QPI) 1Bh 6 104 10 133
(QPI) OCh 6 104 10 133
(SPI) ECh 6 104 10 133
(QPI) ECh 6 104 10 133
(QPI) 1Ch 6 104 10 133
(QPI1) ODh 3 52 5 66
(SPI) EDh 3 52 5 66
(QPI) EDh 3 52 5 66
(QPI) 1Dh 3 52 5 66

4byteP bit. The 4byteP bit is a non-volatile bit that determines the initial address mode when the device is powered
on or reset. This bit is only used during the power on or device reset initialization period, and it is only writable by
the non-volatile Write Status sequence (06h + COh/11h/01h). When 4byteP=0 (factory default), the device will
power up into 3-Byte Address Mode, the Extended Address Register must be used to access memory regions
beyond 128Mb. When 4byteP=1, the device will power up into 4-Byte Address Mode directly.

4BYTE bit. The 4byte flag bit indicates bit is a read only bit in the Status Register 3 that indicates which address
mode the device is currently operating in. When 4byte=0, the device is in the 3-Byte Address Mode, when 4byte=1,
the device is in the 4-Byte Address Mode.

Write Status Register (WRSR) (01h)
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The Write Status Register (WRSR) instruction allows new values to be written to the Status Register. Before it can
be accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write Enable
(WREN) instruction has been decoded and executed, the device sets the Write Enable Latch (WEL).

The Write Status Register (WRSR) instruction is entered by driving Chip Select (CS#) Low, followed by the
instruction code and the data byte on Serial Data Input (DI).

The instruction sequence is shown in Write Status Register Instruction Sequence Diagram figure and Write Status
Register Instruction Sequence Diagram (multi byte) figure. The Write Status Register (WRSR) instruction has no
effect on S1 and SO of the Status Register. Chip Select (CS#) must be driven high after the eighth bit or 16" or 24th
of the data byte has been latched in. If not, the Write Status Register (WRSR) instruction is not executed. As soon
as Chip Select (CS#) is driven high, the self-timed Write Status Register cycle (whose duration is ty) 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) instruction allows the user to change the values of the SRP bit, TB bit and Block
Protect (BP3, BP2, BP1, BPO) bits, to define the size of the area that is to be treated as read-only, as defined in
Protected Area Sizes Sector Organization table. The Write Status Register (WRSR) instruction 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 (HPM). The Write Status Register (WRSR) instruction is not executed once the Hardware Protected Mode
(HPM) is entered.

WRSR instruction also support multi byte for setting status register, status register 2 and status register 3.

The instruction sequence is shown in Write Status Register Instruction Sequence in QPI Mode figure and Write
Status Register Instruction Sequence in QPlI Mode (multi byte) figure while using the Enable Quad Peripheral
Interface mode (EQPI) (38h) command.

cs#  \ /

Moda 2 001 2 2 4 5 6 7 8B 0 10 11 12 13 14 15

-——— |natruction (01h) —l-|-l— Status Register In —II-‘

IEOTAN .0 6.0 .6 .6 0.0 848

*

High Impadanca

Do
* = MSB
Write Status Register Instruction Sequence Diagram
cs# N\ /
Woda 3 01 23 456 7 8 91011121314 1516171819 20 21 2223 24 25 26 27 28 29 30 31

CLK Moded i

-4— Instruction (01h) —-—‘«-—Smms Register In—-—|4— Statns Register 2 1\14-|4— Status Register 3 In 4--|

IOOAN 2060606006006 06060060000060060060080868
* * *
0o High Impedanca High Impedance High Impadance
* =MSB

Write Status Register Instruction Sequence Diagram (multi byte)
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o !
pa0 —{oworfcuon) oae | o |
o 4<cmns><cmm>< o X o >
g0

=

Da2 —(CMDE)(CMEQ DAG | DA2

DQ3 —{CMD?XCMDBX DAT | DA3
command Status[7:0]

Write Status Register Instruction Sequence in QPI Mode

Cs# _‘
DAQ >
DA1 >

DAZ

-

DQo CMIIMXCMDDX DA4 | DAC | DA4 | DAQ | DA4

oo o
oo o o
oo o)

CMDE){CMDEX DAE | DAZ | DAE | DAZ | DAg

—{CMD?XCMDSX DA7 X DA3 X DA? X DA3 X DA?
command Stams[7:0] | Stams2[7:0] Starus3[7:0]

Write Status Register Instruction Sequence in QPI Mode (multi byte)

Da1

DQ2

A R

Da

)

T—— T T e

DA3 >
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Write Status Register 2 (31h/01h)

The Write Status Register 2(31h) command can be used to set SPLO/SPL1/SPL2 OTP bits, QE bit and CMP bit. To
set these hits to the host driver CS# low, sends the Write Status Register 2 (31h) and one data byte, then drivers
CS# high, in QPI mode, a cycle is two nibbles, or two clocks, long, most significant nibble first.

01h (WRSR) command also can set status register 2.

The instruction sequence is shown in Write Status Register 2 Instruction Sequence Diagram in QPI mode figure
while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

N [

o 1 2 3 4 5 & ¥ 8 & 110 11 12 13 14 15

Command T 1 data byte

oI —— 31 DOO000 D0 BINIIY.

*

Do High Impedance

* = MSB

Write Status Register 2 Instruction Sequence Diagram

CS# —‘ ’7
DQO —(CMMXCMDDX DA4 X DAQ >

DQ1 —{CMDSXCMWX X )
DQ2 4<CMDEXCME!2X DAB X DA2 >
DQ3 %CMD?XCMDSX DA? X DA3 )
Fm’haﬁ

Note: MSN = Most Significant Nibble,
LSN = Least Significant Nibble

DAS | DA1

Write Status Register 2 Instruction Sequence Diagram in QPI mode
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Write Status Register 3 (COh/11h/01h)

The Write Status Register 3 (COh/11h) command can be used to set output drive strength in /O pins,
HOLD/RESET# selection, burst read length setting and 4byteP. To set these bits to the host driver CS# low, sends
the Write Status Register 3 (COh or 11h) and one data byte, then drivers CS# high, in QPI mode, a cycle is two
nibbles, or two clocks, long, most significant nibble first.

01h (WRSR) command also can set status register 3.

The instruction sequence is shown in Write Status Register 3 Instruction Sequence Diagram in QPI mode figure
while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

CS#—\ /7

L] 1 2 31 4 5 6 ¥y 8 9 10 11 12 13 14 15

Command T 1 data byte

oI —— Cow11h (o Ko Koo Ko X Koz e Koo X XXX K

*

Do High Impedance

* = MSB

Write Status Register 3 Instruction Sequence Diagram

CS# _‘ ’7
CLK ‘ | ‘ | ‘ ’ ‘ ’

DQ0 —(CMD‘%XCMDDX DA4 X DAQ >

DQ1 —(CMDSXCMD‘IX X )
DQ2 4<CMDEXCMD2X DAB X DA2 )
DQ3 %CMD?XCMDSX DA? X DA3 )
}‘m’h@’ﬁ%

Note: MSN = Most Significant Nibble,
LSN = Least Significant Nibble

DAS | DA1

Write Status Register 3 Instruction Sequence Diagram in QPI mode
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Read Data Bytes (READ) (03h)

The device is first selected by driving Chip Select (CS#) Low. The instruction code for the Read Data Bytes (READ)
instruction is followed by a 3-byte address (A23-A0) or 4-byte address (A31-A0) (depending on mode state), each
bit being latched-in during the rising edge of Serial Clock (CLK). Then the memory contents, at that address, is
shifted out on Serial Data Output (DO), each bit being shifted out, at a maximum frequency fr, during the falling
edge of Serial Clock (CLK).

The instruction sequence is shown in Read Data Instruction Sequence Diagram figure. The first byte addressed can
be at any location. To access higher address (larger than 128Mb) in 3 byte address mode, user can issue Write
Extended Register (C5h) operation before Read Data Bytes (03h). The address is automatically incremented to the
next higher address after each byte of data is shifted out. The whole memory can, therefore, be read with a single
Read Data Bytes (READ) instruction. When the highest address is reached, the address counter rolls over to
000000h, allowing the read sequence to be continued indefinitely.

The Read Data Bytes (READ) instruction is terminated by driving Chip Select (CS#) high. Chip Select (CS#) can be
driven high at any time during data output. Any Read Data Bytes (READ) instruction, while an Erase, Program or
Write cycle is in progress, is rejected without having any effects on the cycle that is in progress.

Cs# A : —

Mode 3 01 2 3 4 5 868 7 8 89 10 26 29 30 31 32 33 34 35 36 37 3@ W

- RN RERE NN R E N —
|47 Instruction (UBhJ—h—Lﬂ— 24-Bit Address —-|
DI XXM D600 (B.9.0.0.50.0.0.0.0.G4 0N

* ‘F-I—DataDuH—h--DaiaDLnE

High Impeadanca —_—
DO ! 2.0.60.0.6.608.04 -

*

* = MSB

Read Data Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode. For 4-byte address mode, the address cycles
will be increased.
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Read Data Bytes with 4byte address (READ4A) (13h)

The device is first selected by driving Chip Select (CS#) Low. The instruction code for the Read Data Bytes with
4bytes address (READ4A) instruction is followed by a 4-byte address (A31-A0), each bit being latched-in during the
rising edge of Serial Clock (CLK). Then the memory contents, at that address, is shifted out on Serial Data Output
(DO), each bhit being shifted out, at a maximum frequency fr, during the falling edge of Serial Clock (CLK).

The instruction sequence is shown in Read Data with 4byte address Instruction Sequence Diagram figure. The first
byte addressed can be at any location. The address is automatically incremented to the next higher address after
each byte of data is shifted out. The whole memory can, therefore, be read with a single Read Data Bytes with
4byte address (READA4A) instruction. When the highest address is reached, the address counter rolls over to
000000h, allowing the read sequence to be continued indefinitely.

The Read Data Bytes with 4 byte address (READA4A) instruction is terminated by driving Chip Select (CS#) high.
Chip Select (CS#) can be driven high at any time during data output. Any Read Data Bytes with 4byte address
(READA4A) instruction, while an Erase, Program or Write cycle is in progress, is rejected without having any effects
on the cycle that is in progress.

C5# %, : —

36 37 38 39 40 41 42 43 44 45 46 47

- SRR YN NN RN ) E—
|4—In5tru:tiun [13h) —l"|-1— 32-Bit Address —-—|

bl XXX /\ 5.6 .0 (B9909050 00 WDs e

t——— [Data Out | ———=|-4-Data Qut 2

Y

High Impeadanca —_—
DO ' 2.0.6 066804 -

*

* = MSB

Read Data with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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Read Data Bytes at Higher Speed (FAST_READ) (0Bh)

The device is first selected by driving Chip Select (CS#) Low. The instruction code for the Read Data Bytes at
Higher Speed (FAST_READ) instruction is followed by a 3-byte address (A23-A0) or 4-byte address (A31-A0)
(depending on address mode state) and a dummy byte, each bit being latched-in during the rising edge of Serial
Clock (CLK). Then the memory contents, at that address, is shifted out on Serial Data Output (DO), each bit being
shifted out, at a maximum frequency Fg, during the falling edge of Serial Clock (CLK).

The instruction sequence is shown in Fast Read Instruction Sequence Diagram figure. The first byte addressed can
be at any location. To access higher address (larger than 128Mb) in 3 byte address mode, user can issue Write
Extended Register (C5h) operation before Read Data Bytes at Higher Speed (0Bh). The address is automatically
incremented to the next higher address after each byte of data is shifted out. The whole memory can, therefore, be
read with a single Read Data Bytes at Higher Speed (FAST_READ) instruction. When the highest address is
reached, the address counter rolls over to 000000h, allowing the read sequence to be continued indefinitely.

The Read Data Bytes at Higher Speed (FAST_READ) instruction is terminated by driving Chip Select (CS#) high.
Chip Select (CS#) can be driven high at any time during data output. Any Read Data Bytes at Higher Speed
(FAST_READ) instruction, while an Erase, Program or Write cycle is in progress, is rejected without having any ef-
fects on the cycle that is in progress.

The instruction sequence is shown in Fast Read Instruction Sequence in QPI Mode figure while using the Enable
Quad Peripheral Interface mode (EQPI) (38h) command.

Cad# A

Maoda 3 o1 2 3 4 & 6 7 8 9 10 28 29 30 A
CLK MndeoIllllllllllllllllllllll |||||I||'_
|-l— Ingtruction [UEhj—»—|—— 24-Bit Address —i—|

DI XX N\ /N XXX o —

DO | {—

Cs# — T

92 93 94 35 96 97 90 20 40 41 42 43 44 45 46 47

ClK _,
Dummy Byt —— = E

P R.00068600.0 IS EAX XX KA AKX K,X}_L

rt—— Data Qut! ———-j-4——— Data Qut2 ———

]

' ' _
Do — 2600066008000 00 (G
*

* *

« = MSB

Fast Read Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode. For 4-byte address mode, the address
cycles will be increased.
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...... e b
command address dummy cycles data byte 0 data byle n ‘

Fast Read Instruction Sequence in QPI Mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Read Data Bytes at Higher Speed with 4byte address (FAST_READA4A) (0Ch)

The device is first selected by driving Chip Select (CS#) Low. The instruction code for the Read Data Bytes at
Higher Speed with 4byte address (FAST_READA4A) instruction is followed by a 4-byte address (A31-A0) and a
dummy byte, each bit being latched-in during the rising edge of Serial Clock (CLK). Then the memory contents, at
that address, is shifted out on Serial Data Output (DO), each bit being shifted out, at a maximum frequency Fr,
during the falling edge of Serial Clock (CLK).

The instruction sequence is shown in Fast Read with 4byte address Instruction Sequence Diagram figure. The first
byte addressed can be at any location. The address is automatically incremented to the next higher address after
each byte of data is shifted out. The whole memory can, therefore, be read with a single Read Data Bytes at Higher
Speed with 4byte address (FAST_READA4A) instruction. When the highest address is reached, the address counter
rolls over to 000000h, allowing the read sequence to be continued indefinitely.

The Read Data Bytes at Higher Speed with 4byte address (FAST_READA4A) instruction is terminated by driving
Chip Select (CS#) high. Chip Select (CS#) can be driven high at any time during data output. Any Read Data Bytes
at Higher Speed with 4byte address (FAST_READA4A) instruction, while an Erase, Program or Write cycle is in
progress, is rejected without having any effects on the cycle that is in progress.

The instruction sequence is shown in Fast Read with 4byte address Instruction Sequence in QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Ca# \Y " f—

Moda 3 01 2 3 4 &5 6 T 8 9§ 10 38 37 38 3%
CLK MndeoIIl”llIlIIIIIlIIIllIIl Illlllll'_
|‘4— Instruction (GCh f|—+— 32-Bit Address —h—‘

DI XX ) GIR3A2H B2 X X0 )——

Do | { —

Cs# —

40 41 42 43 44 45 46 47 48 4% 50 51 52 53 54 55

o ULy,

Dummy Byta ————| !

b 2.0.6.0.60 .6 0.0 (IR IEI T XAXXAXKANAX pea

r+—— Data Qut1 ——='-4——— Data Qut2 ———=

Y

. ! _
DO — 26 6066 006000606606 00
* *

*

Fast Read with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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Fast Read with 4byte address Instruction Sequence in QPl Mode

Note: This instruction is workable while in 4byte address mode.
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Dual Output Fast Read (3Bh)

The Dual Output Fast Read (3Bh) is similar to the standard Fast Read (0Bh) instruction except that data is output
on two pins, DQg and DQ4, instead of just DQ;. This allows data to be transferred from the device at twice the rate
of standard SPI device s. The Dual Output Fast Read instruction is ideal for quickly downloading code from to RAM
upon power-up or for applications that cache code-segments to RAM for execution.

Similar to the Fast Read instruction, the Dual Output Fast Read instructions can operation at the highest possible
frequency of Fr (see AC Electrical Characteristics). This is accomplished by adding eight “dummy clocks after the
24-bit address or 32-bit address (depends on address mode state) as shown in Dual Output Fast Read Instruction
Sequence Diagram figure. The dummy clocks allow the device’s internal circuits additional time for setting up the
initial address. The input data during the dummy clock is “don’t care”. However, the DI pin should be high-
impedance prior to the falling edge of the first data out clock.

Ccs# \

Mode 3 o 1 2 3 4 5 & 7 & 9 10 28 29 30 3N
mEmmmm -
ak medeo [T U LU UL

‘-I—Instrur_tion {3Bh) —h-—}-n— 24-Bit Address —l-r|

ban XXX/ O\ @@&--C00——

Do N —

CS# —}

32 33 34 35 36 37 3B 39 40 41 42 43 44 43 46 47 48 49 50 51 52 53 54 55
K

. b ! L |
: H H !
r—— Dummy Clocks ———®= ’,—DQD Switches from Input to Qutput i 1
D0 — : = = i —
k 6 R4 X2R0 : BXARIAD0 : 6 R4 K2 U: ax 4R 2 ‘J: &
DAt — ?531'?531:7531:7531:?
i ! | [ —
* H P W i H
Data Out 1 == Data Qut 2 #='-%-Data Out 3 -»-- Data Qut 4 -
. ' i '
* = M5B

Dual Output Fast Read Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Dual Output Fast Read with 4byte address (3Ch)

The Dual Output Fast Read with 4byte address (3Ch) is similar to the standard Fast Read with 4byte address (OCh)
instruction except that data is output on two pins, DQo and DQs, instead of just DQ;. This allows data to be
transferred from the device at twice the rate of standard SPI device’s. The Dual Output Fast Read with 4byte
address instruction is ideal for quickly downloading code from to RAM upon power-up or for applications that cache

code-segments to RAM for execution.

Similar to the Fast Read with 4byte address instruction, the Dual Output Fast Read with 4byte address instruction
can operation at the highest possible frequency of Fr (see AC Electrical Characteristics). This is accomplished by
adding eight dummy clocks after the 32-bit address as shown in Dual Output Fast Read with 4byte address
Instruction Sequence Diagram figure. The dummy clocks allow the device’s internal circuits additional time for
setting up the initial address. The input data during the dummy clock is “don’t care”. However, the DI pin should be

high-impedance prior to the falling edge of the first data out clock.

CS#

CLK

Dao

ey

Cs#

CLK

Do

D

T\

Mode 3

Mode 0

|"l— Instruction (3Chj —IP}“— 32-Bit Address —l""

o0 1 2 3 4 5 &

7

g 9 10 36 37 33 35

L —

EROE——

40 41 42 43 44 45 4f 47 48 4% 50 51 52 53 54 55 58 57

[t—— Dummy Clocks ————=

% = M5B

i

r D0 Switches from Input to Oul

o

® |~

Data Out 1 == Data Out 2 =

tput

58 59 60 61

* H '
i-il—Data Qut3 'I"i-l- Data Qut 4 -Ir—:
' i

62 62
;
i
2X 0}
D&

-~

Dual Output Fast Read with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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Dual Input / Output FAST_READ (BBh)

The Dual I/O Fast Read (BBh) instruction allows for improved random access while maintaining two 1O pins, DQo
and DQ;. It is similar to the Dual Output Fast Read (3Bh) instruction but with the capability to input the Address bits
(A23-0 or A31-0, depends on address mode state) two bits per clock. This reduced instruction overhead may allow
for code execution (XIP) directly from the Dual SPI in some applications.

The Dual I/O Fast Read instruction enable double throughput of Serial Flash in read mode. The address is latched
on rising edge of CLK, and data of every two bits (interleave 2 1/O pins) shift out on the falling edge of CLK at a
maximum frequency. The first address can be at any location. The address is automatically increased to the next
higher address after each byte data is shifted out, so the whole memory can be read out at a single Dual I/O Fast
Read instruction. To access higher address (larger than 128Mb) in 3 byte address mode, user can issue Write
Extended Register (C5h) operation before Dual Input / Output FAST_READ (BBh). The address counter rolls over
to 0 when the highest address has been reached. Once writing Dual I/O Fast Read instruction, the following
address/dummy/data out will perform as 2-bit instead of previous 1-bit, as shown in Dual Input / Output Fast Read
Instruction Sequence Diagram figure.

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

cLiMode0 | UUUUUUUUUUUUUUUUUUUUU”U

|-— Instruction (BBh) —-r| : :

Ih s WaER 60’0600 0060 0060 0060

A23-16 Al5-8 H A7-0 : dummy

CS#

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

CLK

| I—

Dao
I ——
—_—
—_—

Da1

Dual Input / Output Fast Read Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Dual Input / Output FAST_READ with 4byte address (BCh)

The Dual I/0 Fast Read with 4byte address (BCh) instruction allows for improved random access while maintaining
two 10 pins, DQp and DQ;s. It is similar to the Dual Output Fast Read with 4byte address(3Ch) instruction but with
the capability to input the Address bits (A31-0) two bits per clock. This reduced instruction overhead may allow for
code execution (XIP) directly from the Dual SPI in some applications.

The Dual I/0 Fast Read with 4byte address instruction enable double throughput of Serial Flash in read mode. The
address is latched on rising edge of CLK, and data of every two bits (interleave 2 I/O pins) shift out on the falling
edge of CLK at a maximum frequency. The first address can be at any location. The address is automatically
increased to the next higher address after each byte data is shifted out, so the whole memory can be read out at a
single Dual I/O Fast Read with 4byte address instruction. The address counter rolls over to 0 when the highest
address has been reached. Once writing Dual I/O Fast Read with 4byte address instruction, the following
address/dummy/data out will perform as 2-bit instead of previous 1-bit, as shown in Dual Input / Output Fast Read
with 4byte address Instruction Sequence Diagram figure.

Mode 3 o1 2 3 4 5 6 7 8 9 10N 19 20 21 22 23 24 25 16 %7

o0 X7 \_/
oo D@@@—

A31-24 E : A7-0 : dummy

C5#

27y 28 28 30 31 32 33 34 35 36 37 38 39 40 41 42 43

CLK

| I—
Dao
I —
—_—
—

Da1

Dual Input / Output Fast Read with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.




FEoN.. EN35QY512A (2S)

Quad Output Fast Read (6Bh)

The Quad Output Fast Read (6Bh) instruction is similar to the Dual Output Fast Read (3Bh) instruction except that
data is output through four pins, DQO, DQ1, DQ2 and DQ3 and eight dummy clocks are required prior to the data
output. The Quad Output dramatically reduces instruction overhead allowing faster random access for code
execution (XIP) directly from the Quad SPI.

The Quad Output Fast Read (6Bh) address is latching on rising edge of CLK, and data of every four bits (interleave
on 4 1/O pins) shift out on the falling edge of CLK at a maximum frequency Fgr. The first address can be any
location. To access higher address (larger than 128Mb) in 3 byte address mode, user can issue Write Extended
Register (C5h) operation before Quad Output FAST_READ (6Bh). The address is automatically increased to the
next higher address after each byte data is shifted out, so the whole memory can be read out at a single Quad
Output Fast Read instruction. The address counter rolls over to 0 when the highest address has been reached.

The sequence of issuing Quad Output Fast Read (6Bh) instruction is: CS# goes low -> sending Quad Output Fast
Read (6Bh) instruction -> 24-bit/32-bit address on DQO (depends on address mode state) -> 8 dummy clocks ->
data out interleave on DQ3, DQ2, DQ1 and DQO -> to end Quad Output Fast Read (6Bh) operation can use CS# to
high at any time during data out, as shown in Quad Output Fast Read Instruction Sequence Diagram figure. The
WP# (DQ2) and HOLD#/RESET# (DQ3) need to drive high before address input if WP#, HOLD# or RESET# is
enable.

CsS# —\

0 1 2 3 4 5 6 T 8 9 10 28 29 30 N
|
Command | 3 Address bytes
124 clocks)
*
High Im nce
DQ1 oh Impeds eesree
High Impedance
DQ2 -
High Impedance
DQa TR

* =MSB

31 32 33 34 35 36 37T 38 390 40 41 42 43 44 45 46 47 48 49
Dummy Byte | | D@D switches from | | |

| | Input to Output | | |
4 |

High Impedance e
— 20000000 00¢
I —
| Data | |

| Data | Data | Data Data
Byte1 , Byte2 , Byte3 , Byted , Byte5 ,

|

ol S

- e OEEEEORGREE
DQ3 |
|

Quad Output Fast Read Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Quad Output Fast Read with 4byte address (6Ch)

The Quad Output Fast Read with 4byte address (6Ch) instruction is similar to the Dual Output Fast Read with
4byte address (3Ch) instruction except that data is output through four pins, DQO, DQ1, DQ2 and DQ3 and eight
dummy clocks are required prior to the data output. The Quad Output dramatically reduces instruction overhead
allowing faster random access for code execution (XIP) directly from the Quad SPI.

The Quad Output Fast Read with 4byte address (6Ch) address is latching on rising edge of CLK, and data of every
four bits (interleave on 4 I/O pins) shift out on the falling edge of CLK at a maximum frequency Fgr. The first address
can be any location. The address is automatically increased to the next higher address after each byte data is
shifted out, so the whole memory can be read out at a single Quad Output Fast Read with 4byte address
instruction. The address counter rolls over to 0 when the highest address has been reached.

The sequence of issuing Quad Output Fast Read with 4byte address (6Ch) instruction is: CS# goes low -> sending
Quad Output Fast Read with 4byte address (6Ch) instruction -> 32-bit address on DQO -> 8 dummy clocks -> data
out interleave on DQ3, DQ2, DQ1 and DQO -> to end Quad Output Fast Read with 4byte address (6Ch) operation
can use CS# to high at any time during data out, as shown in Quad Output Fast Read with 4byte address
Instruction Sequence Diagram figure. The WP# (DQ2) and HOLD#/RESET# (DQ3) need to drive high before
address input if WP#, HOLD# or RESET# is enable.

CS# —\

o1 2 3 4 5 6 T 8 9 10 36 37 38 39
CLK o.oooo|||||||
l |
Command | 4 Address bytes (32 clocks)
b0 ——(__oo EEE - - EEEE
High Impedal * -
[ m mce
DQ1 s ¢ se =
High Impedance
DQz L N A
High Impedance
DQa -8 7 A B
* =MSB

cs#

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
* & B A
Dummy Byte | | DGO switches from | | |

| | Input to Output | | |
[ |

| Data | Data | Data | Data | Data |
+ Bytel , Byte2 , Byte3d , Byted , Byte5 ,

|
|

- it impedance | | | | o 0 0

boo ) 0000000000 CHN

e 0000000000 I

| o edance | | | | | [

DQ2 ! = = @@@@@@@@@ s

DQ3 | — @0 00000000 G
|

Quad Output Fast Read with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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Quad Input / Output FAST_READ (EBh)

The Quad Input/Output FAST_READ (EBh) instruction is similar to the Dual I/0 Fast Read (BBh) instruction except
that address and data bits are input and output through four pins, DQo, DQ1, DQ2 and DQ3; and six dummy clocks
are required prior to the data output. The Quad I/0O dramatically reduces instruction overhead allowing faster
random access for code execution (XIP) directly from the Quad SPI.

The Quad Input/Output FAST_READ (EBh) instruction enable quad throughput of Serial Flash in read mode. The
address is latching on rising edge of CLK, and data of every four bits (interleave on 4 I/O pins) shift out on the
falling edge of CLK at a maximum frequency Fgr. The first address can be any location. To access higher address
(larger than 128Mb) in 3 byte address mode, user can issue Write Extended Register (C5h) operation before Quad
Input/Output FAST_READ (EBh).The address is automatically increased to the next higher address after each byte
data is shifted out, so the whole memory can be read out at a single Quad Input/Output FAST_READ instruction.
The address counter rolls over to 0 when the highest address has been reached. Once writing Quad Input/Output
FAST_READ instruction, the following address/dummy/data out will perform as 4-bit instead of previous 1-bit.

The sequence of issuing Quad Input/Output FAST_READ (EBh) instruction is: CS# goes low -> sending Quad
Input/Output FAST_READ (EBh) instruction -> 24-bit( or 32-bit, depends on address mode state) address
interleave on DQs, DQ2, DQ; and DQo -> 6 dummy clocks -> data out interleave on DQ3, DQ2, DQ: and DQo -> to
end Quad Input/Output FAST_READ (EBh) operation can use CS# to high at any time during data out, as shown in
Quad Input / Output Fast Read Instruction Sequence Diagram figure.

The instruction sequence is shown in Quad Input / Output Fast Read Instruction Sequence in QPIl Mode figure
while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs# \
Mode 3 ] 1 2 3 4 5 6 7 8 9 10 11 12 132 14 15 16 17 18 19 20 21 22 23
CLK Mode0 . . | ‘ . ,
~——— |nstruction (EBh) ————| : : : : I 10 Switches from
H H H H H H Input (o] Ol.ltput
pao X X/ CaXo X4 X0X4X0X4X0) : {4 X oXa X 0X4
| o g ya—
DQ1 s Xa Xs X Xs X Xs X ) : s XX s X0 Xs
ba2 é ! : P e ——
6 X2 X6 X2 X6 X2 X6X2) : s X2 X 6A 246
R S S S S f R S A
DQ3 7 X3 XTI X3 XIX3IX7X3) : 2.6 00O €
A23-16 | A158 | A7.0 iDummy! Dummy!Dummy!]Byte 1 Byte 2

Quad Input / Output Fast Read Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Mode 3 o 1 2 3 4 5 6 7 & 9 10 11 12 12 14 15 16 17

axMedeo t [ A MMM,
| E i 10 Switches from
: : ! : : : i Inputto Output
L] L] 1 L] L] : ] )
b0 XXAX XXX O O— (&
i L v —
DQ1 00006060000 : 0.0 (s
= = ! = 5 - i —
Da2 X2 X6 X2 X6 X2 X6 X2X6X2) : 5.6 0.6 C
DQ3 H H i H . ’ : 0 [
Q —m: BBBEBG 3,'5: s :\?X:X: :X:XE o
‘-—-—5 A23-16 ¢ A15-8 | A7-0 EDummyEDummyEDummyE‘,B]ﬂe1i Bmezg
command l
(EBh)

Quad Input / Output Fast Read Instruction Sequence in QPI Mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.

Another sequence of issuing Quad Input/Output FAST_READ (EBh) instruction especially useful in random access
is 1 CS# goes low -> sending Quad Input/Output FAST_READ (EBh) instruction -> 24-bit(or 32-bit, depends on
address mode state) address interleave on DQ3, DQ2, DQ1 and DQo -> performance enhance toggling bit P[7:0] -> 4
dummy clocks -> data out interleave on DQs, DQ2, DQ; and DQo till CS# goes high -> CS# goes low (reduce Quad
Input/Output FAST_READ (EBh) instruction) -> 24-bit (or 32-bit, depends on address mode state) random access
address, as shown in Quad Input/Output Fast Read Enhance Performance Mode Sequence Diagram figure.

In the performance — enhancing mode, P[7:4] must be toggling with P[3:0] ; likewise P[7:0] = A5h, 5Ah, FOh or OFh
can make this mode continue and reduce the next Quad Input/Output FAST_READ (EBh) instruction. Once P[7:4]
is no longer toggling with P[3:0] ; likewise P[7:0] = FFh, 00h, AAh or 55h. These commands will reset the
performance enhance mode. And afterwards CS# is raised or issuing FFh command (CS# goes high -> CS# goes
low -> sending FFh -> CS# goes high) instead of no toggling, the system then will escape from performance
enhance mode and return to normal operation.

While Program/ Erase/ Write Status Register is in progress, Quad Input/Output FAST_READ (EBh) instruction is
rejected without impact on the Program/ Erase/ Write Status Register current cycle.

The instruction sequence is shown in Quad Input/Output Fast Read Enhance Performance Mode Sequence in QPI
Mode figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.
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cs# \ /
Mode 3 o 1 2 3 4 5 8 7 B 9 W0 11 12 13 14 15 16 17 18 19 20 21 22 123 n
cLgModeo : , | , _ \ U
~a——— Instruction (EBh) ——— : : : i : E 10 Switches from
Input o Output
b0 XX7 00000000 mann T
GLY SXOEXDEOCX D 45090 N
D@2 XXX XXX —— moea 6 r—
Das DO OO maaa T

ﬂ23-16§ A15-8 ' A7-0 ' P70 iDummyiDummy. Byte 3 ; Bwe41

Performance

enhance indicator
(Note)

n+1 N+ n+9 .. n¥I3 0 L
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CLK Mode 0 P |

: : : : ' . . _

_ : : : ' ’/— IOSmtchesfrumlnputtoOutput
DQo BGBGGGGQ : 49@60 4.,

: : i r—

bat GDBBBDBG ; ‘IDBG 5.,

: : —
D@2 GQQQGEGQ : iBQGQ 6.,

s i i Z ! é N—
ba3 BB‘BEGQBE : 'IEGB 7,

A23-16 | A158 | A7-0

P70 Dummy' Dummy Byte 1 Byte2 '

Performance

enhance indicator
(Note)

Note: Performance enhance mode, if P7 # P3 & P6 # P2 & P5 # P1 & P4 # PO (Toggling), ex: A5, 5A, OF
Reset the performance enhance mode, if P7 = P3 or P6 = P2 or P5 = P1 or P4 = P0, ex: AA, 00, FF

Quad Input/ Output Fast Read Enhance Performance Mode Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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cs# \ /
Mode 3 D 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 n
cLgMode? , , ! , ! < ) LT
i ; i i i ; 10 Switches from

Input to Qutput

LI ee00 00000000 D000 DT
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EOEEE_—
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command
(EBh) Performance

D@2 (e X2 X6 X2 X6 X2 X6 X2 X6 X2)

enhance indicator
{Note)

N+l s n+7...... n+9 n+13
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I

v v v v
v v ' v
i W i i
P ¥ 1 ¥
v v 1 ¥
"

Dao 90000000, :

v "
' "
' "

Das 9060 00004«¢

v
"
"
¥
]
v
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P
i
¥
]
"
¥

[ ]
¥ '
v q
" '
W i
W i
0 0
0 f}

baz (e X2 X6 X2 X6 X2 X6 X2 ;

smmee

Das 2606060666006, ;

=

r—
fr—
r—
p——
f—
—
]
—

-

A23-16! A158 : A7-0 : P70 ! Dummy:Dummy:|Bytel ! Byte2 :

===

Performance
enhance indicator

{Note)

Note: Performance enhance mode, if P7 # P3 & P6 # P2 & P5 # P1 & P4 # PO (Toggling), ex: AB, 5A, OF
Reset the performance enhance mode, if PT = P3 or P6 = P2 or P5 = P1 or P4 =P0, ex: AA, 00, FF

Quad Input/ Output Fast Read Enhance Performance Mode Sequence in QPI Mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Quad Input / Output FAST_READ with 4byte address (ECh)

The Quad Input/Output FAST_READ with 4byte address (ECh) instruction is similar to the Dual /0 Fast Read with
4byte address (BCh) instruction except that address and data bits are input and output through four pins, DQo, DQs,
DQ. and DQs and six dummy clocks are required prior to the data output. The Quad /O dramatically reduces
instruction overhead allowing faster random access for code execution (XIP) directly from the Quad SPI.

The Quad Input/Output FAST_READ with 4byte address (ECh) instruction enable quad throughput of Serial Flash
in read mode. The address is latching on rising edge of CLK, and data of every four bits (interleave on 4 1/O pins)
shift out on the falling edge of CLK at a maximum frequency Fgr. The first address can be any location. The address
is automatically increased to the next higher address after each byte data is shifted out, so the whole memory can
be read out at a single Quad Input/Output FAST_READ with 4byte address instruction. The address counter rolls
over to 0 when the highest address has been reached. Once writing Quad Input / Output FAST_READ with 4byte
address instruction, the following address/dummy/data out will perform as 4-bit instead of previous 1-bit.

The sequence of issuing Quad Input/Output FAST_READ with 4byte address (ECh) instruction is: CS# goes low ->
sending Quad Input/Output FAST_READ (EBh) instruction -> 32-bit address interleave on DQz, DQ2, DQ; and DQo -
> 6 dummy clocks -> data out interleave on DQs, DQ, DQ; and DQq -> to end Quad Input/Output FAST_READ with
4byte address (ECh) operation can use CS# to high at any time during data out, as shown in Quad Input / Output
Fast Read with 4byte address Instruction Sequence Diagram figure.

The instruction sequence is shown in Quad Input / Output Fast Read with 4byte address Instruction Sequence in
QPI Mode figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

CS# N\ n

Mode 3 01 2 3 4 5 6 7 8 9 13 14 15 16 17 18 19 20 21 22 23 24 25

|

10 Switches from

‘4— Instruction (ECh) _D“
Input to Qutput

pao XX/ \_/ K4)

DQ1

DQ3

T

DQ2 @@‘1

Quad Input / Output Fast Read with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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Mode 3 0o 1 2 3 7 8 9 10 11 12 13 14 15 1e 17 18 19

Mode 0 |
ik d_I'I_I'LI'I_I'IﬂHI'I_I'IJ'I_I'LI'I_I'LI'I_FLFtﬂJ'LI'I_I'I_._
: : i : 5 : i 10 Switches from
i Inputto Dutput
] '—
bao  XXA4) GGG .i'
) - —
oar aoan M —OOE
= N B S S
paz 6669 (O,
Q GGBB : 37 : \ZA3) \
‘H:A31-24: : A7-0 -Dummy'Dur‘nmy Dummy"By'teﬁ Byte?i
command
|:EC|"I)

Quad Input / Output Fast Read with 4byte address Instruction Sequence in QPI Mode

Note: This instruction is workable while in 4byte address mode.

Another sequence of issuing Quad Input/Output FAST_READ with 4byte address(ECh) instruction especially useful
in random access is : CS# goes low -> sending Quad Input/Output FAST_READ with 4byte address (ECh)
instruction -> 32-bit address interleave on DQs, DQ2, DQ; and DQo -> performance enhance toggling bit P[7:0] -> 4
dummy clocks -> data out interleave on DQs, DQ2, DQ; and DQqtill CS# goes high -> CS# goes low (reduce Quad
Input/ Output FAST_READ with 4byte address(ECh) instruction) -> 32-bit random access address, as shown in
Quad Input/Output Fast Read Enhance Performance Mode with 4byte address Sequence Diagram figure.

In the performance — enhancing mode, P[7:4] must be toggling with P[3:0] ; likewise P[7:0] = A5h, 5Ah, FOh or OFh
can make this mode continue and reduce the next Quad Input/ Output FAST_READ with 4byte address (ECh)
instruction. Once P[7:4] is no longer toggling with P[3:0] ; likewise P[7:0] = FFh, 00h, AAh or 55h. These commands
will reset the performance enhance mode. And afterwards CS# is raised or issuing FFh command (CS# goes high -
> CS# goes low -> sending FFh -> CS# goes high) instead of no toggling, the system then will escape from
performance enhance mode and return to normal operation.

While Program/ Erase/ Write Status Register is in progress, Quad Input/Output FAST_READ with 4byte address
(ECh) instruction is rejected without impact on the Program/ Erase/ Write Status Register current cycle.

The instruction sequence is shown in Quad Input/Output Fast Read Enhance Performance Mode Sequence with
4byte address in QPI Mode figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.
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Mode 3 ¢ 1 2 3 4 5 6 7 8 9 13 14 15 16 17 18 19 20 21 22 23 24 25 n

10 Switches from

‘-ﬂ— Instruction (ECh) —Il—‘
Input to Output

pao XX/ \_/ ‘Qo

DQ1 @@—‘ o

DQ2 @@—< :_

DQ3 @@—‘ o —
,‘961724E

Performance
enhance indicator
{Note)

n+1 N+7 oo N9 n+13
Mode 3 0o 1 5 6 7 8 9 10 11 12 13 14 15 16 17

CLK Mode 0 :l | | | I
; H

| ’,— IO SW|tche5 from Input to Output

L —
Gﬂﬂﬂ 49966 4

459@9 6

DQO .

: : : p—
ba1 6090 : <l ﬂﬂﬂ 5

; ! E : E —_—

DQ3

_ze)_¢
baz (OCEXXD
— O

A31-24

Performance
enhance indicator

(Note)

Note: Performance enhance mode, if P7 # P3 & P6 # P2 & P5 # P1 & P4 # PO (Toggling), ex: A5, 5A, OF
Reset the performance enhance mode, if P7 = P3 or P6 = P2 or P5 = P1 or P4 = PO, ex: AA, 00, FF

Quad Input/ Output Fast Read Enhance Performance Mode with 4byte address Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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Mode 3 0 1 2 3 7 8 9 10 11 12 13 14 15 16 17 18 19 n

10 Switches from
Input to Qutput

pao XX X4X0X4X0)
ley 9006

ba2 (6 X2 X6 A2)
D@3 IX3XTX3)

i A7-0 - P70 EDummyiDummy

‘H§A31—24§ ; Byted !
command
(ECh) Performance
enhance indicator
(Note)
CS# \ o
L
n+1 e N7 .. N9 n+13..
Mode 3 0 1 5 6 7 8 9 10 11 12 13 14 15 16 17

[——

: 10 Switc:hes from Input to Qutput

Performance

enhance indicator
(Note)

Note: Performance enhance mode, if P7 # P3 & P6 # P2 & P5 # P1 & P4 # PO (Toggling), ex: A5, 5A, OF
Reset the performance enhance mode, if P7 = P3 or P6 = P2 or P5 = P1 or P4 =P0, ex: AA, 00, FF

Quad Input/ Output Fast Read Enhance Performance Mode Sequence with 4byte address in QPI Mode

Note: This instruction is workable while in 4byte address mode.
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Read Burst (1Bh)

This device supports Read Burst with wrap in both SPI and QPI mode. To execute a Read Burst with wrap
operation the host drivers CS# low, and sends the Read Burst with wrap (1Bh) command cycle, followed by three
address bytes (or four address bytes depends on address mode state) and one dummy byte (8 clocks) in SPI mode
(Read Burst Instruction Sequence Diagram figure) or three dummy bytes (6 clocks) in QPl mode (Read Burst
Instruction Sequence Diagram in QPI mode figure).

After the dummy byte, the device outputs data on the falling edge of the CLK signal starting from the specific
address location. The data output stream is continuous through all addresses until terminated by a low-to high
transition of CS# signal.

During Read Burst, the internal address point automatically increments until the last byte of the burst reached, then
jumps to first byte of the burst. All bursts are aligned to addresses within the burst length, see Burst Address Range
table. For example, if the burst length is 8 bytes, and the start address is 06h, the burst sequence should be: 06h,
07h, 00h, 01h, 02h, 03h, 04h, 05, 06, etc. The pattern would repeat until the command was terminated by pulling
CS# as high status.

The instruction sequence is shown in Read Burst Instruction Sequence Diagram in QPI mode figure while using the
Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Burst Address Range

Burst length Burst wrap (A[7:AQ]) address range
8 Bytes (default) 00-07H, 08-0OFH, 10-17H, 18-1FH...
16 Bytes 00-OFH, 10-1FH, 20-2FH, 30-3FH...
32 Bytes 00-1FH, 20-3FH, 40-5FH, 60-7FH...
64 Bytes 00-3FH, 40-7FH, 80-BFH, CO-FFH




FEoN.. EN35QY512A (2S)
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Read Burst Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.

Dan

oo

Daz

DQ3

CS#—\

Command

01 2 345 6 7 8 9 10111213 1415 1617 ===

[180) ¥ Addriss byles 3 Dy bytes

o4 foa LA Radn pais g AR Al f AD

o5 ot faz arryaizy ao Y as Y

(= (=0 £ CR) CRBY Chls) 0l o+

ot Yoo QA fainpais aii ) AT Y A

Read Burst Instruction Sequence Diagram in QPI mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Read Burst with 4byte address (1Ch)

This device supports Read Burst with 4byte address in both SPI and QPI mode. This command is most likely Read
Burst with wrap except the address byte count increase to four.

During Read Burst, the internal address point automatically increments until the last byte of the burst reached, then
jumps to first byte of the burst. All bursts are aligned to addresses within the burst length, see Burst Address Range
table. For example, if the burst length is 8 bytes, and the start address is 06h, the burst sequence should be: 06h,
07h, 00h, 01h, 02h, 03h, 04h, 05, 06, etc. The pattern would repeat until the command was terminated by pulling
CS# as high status.

The instruction sequence is shown in Read Burst Instruction Sequence Diagram in QPI mode figure while using the
Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Cs# _\
36 37 ZE IR 40 41 42 43 44 45 48 47

CLK
4 add b
Command ?Szrjisck;’;tes Dummy by‘tes—)l

ol - EEEEEEEEEE .

Do
* = M5B
Cad
48 4% 30 51 32 53 3 35 36 57 62 63 I I
eod LTI+ UL+ UL
H Cirta Byha 1 + Ouis Byin —)l ke Cut Byt b !

o iiiMmmmmmmmmama&uumm
s —{EEHEEEEEEEE - - @ - OEEEEEEE

[
caa —

ki Dt Byt 1 + e By 2 HJ Dais Byto n

W_Wfﬂ@ﬂ@ﬂﬂ@?@““ (o) - 000000006

[=]

Read Burst Instruction Sequence Diagram
Note: This instruction is workable while in 4byte address mode.

cs:—\

CLK

012 345 6 7 8910111213141516171818%

Command

{1Ch) 4 bryte addre=s 2 Durmemy brptes Byt | it

DQEI' ZAMIORAL €31 2 1) 04 o0 You Yoo ) < oen e
vy — (EFBEEEEE
DQZ'—"111 & (a2 mmm......
pos — (R IREEEEEOE YN

i
2
B
2
5

Read Burst Instruction Sequence Diagram in QPI mode
Note: This instruction is workable while in 4byte address mode.
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DDR Read Data Bytes at Higher Speed (DDR FAST_READ) (0Dh)

The DDR FAST_READ instruction (DDR Fast Read Instruction Sequence Diagram figure) is for doubling reading
data out, signals are triggered on both rising and falling edge of clock. The address is latched on both rising and
falling edge of CLK, and data of each bit shifts out on both rising and falling edge of CLK at a maximum frequency
Fr. The 2-bit address can be latched-in at one clock, and 2-bit data can be read out at one clock, which means one
bit at rising edge of clock, the other bit at falling edge of clock. The first address byte can be at any location.

The address is automatically increased to the next higher address after each byte data is shifted out, so the whole
memory can be read out at a single DDR FAST_READ instruction. The address counter rolls over to 0 when the
highest address has been reached.

The sequence of issuing DDR FAST_READ instruction is: CS# goes low -> sending DDR FAST_READ instruction
code (1 bit per clock) -> 3-byte address (or 4-byte address, depends on address mode state) on DI (2-bit per clock)
-> 1 dummy byte (default) on DI -> data out on DO (2-bit per clock) -> to end DDR FAST_READ operation can use
CS# to high at any time during data out.

While Program/ Erase/ Write Status Register cycle is in progress, DDR FAST_READ instruction is rejected without
any impact on the Program/ Erase/ Write Status Register current cycle.

The instruction sequence is shown in DDR Fast Read Instruction Sequence Diagram in QPl Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

CS# _\
cL | 1.

Command

[

Data Out 1 Data Out 2
(4 clocks)

1 Dummy byte
(4 clocks)

3 Address bytes
(12 clocks)

DI (DQO)

DO (DQ1)

D7 A D6 D5 X D4 X D3 X D2 X D1 X DO ‘ D7

DDR Fast Read Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.

CS# _\

CLK

| Dat: Data Data Data
3 Address bytes 3 Dummy bytes Byte: ytes| ytes| Byte:
1 2 3 4

DQO @@@@@ A0 D4 X D0 X D4 X Do X D4 X Do X D4 X Do X D4
DQ1 @@@@@ Al D5 X D1 X ps X D1 X D5 X D1 X D5 X D1 X D5
DQ2 @@@@@ A2 p6 X D2 X' b6 X 02 X 06 X b2 X b6 X b2 X D6
DQ3 @@@@a A3 p7 X 03 X' o7 X 03 X 07 X 03 X 07 X 03 X D7

(0Dh)

DDR Fast Read Instruction Sequence Diagram in QPIl Mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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DDR Dual Input / Output FAST_READ (BDh)

The DDR Dual Input / Output FAST_READ (BDh) instruction enables Double Data Rate throughput on dual 1/O of
Serial Flash in read mode. The address (interleave on dual I/O pins) is latched on both rising and falling edge of
CLK, and data (interleave on dual 1/O pins) shift out on both rising and falling edge on CLK at a maximum
frequency Fr. The 4-bit address can be latched-in at one clock, and 4-bit data can be read out at one clock, which
means two bits at rising edge of clock, the other two bits at falling edge of clock. The first address byte can be at
any location.

The address is automatically increased to the next higher address after each byte data is shifted out, so the whole
memory can be read out at a single DDR Dual Input / Output FAST_READ (BDh) instruction. The address counter
rolls over O when the highest address has been reached. Once writing DDR Dual Input / Output FAST_READ (BDh)
instruction, the following address/dummy/data out will perform as 4-bit instead of previous 1-bit.

The sequence of issuing DDR Dual Input / Output FAST_READ (BDh) instruction is : CS# goes low -> sending
DDR Dual Input / Output FAST_READ (BDh) instruction (1-bit per clock) -> 24-bit bit address(or 32-bit address,
depends on address mode state) interleave on DQ3, DQ2, DQ1 and DQO (4-bit per clock) -> 1 dummy byte (2
clocks) -> data out interleave on DQ3, DQ2, DQ1 and DQO (4-bit per clock) -> to end DDR Dual Input / Output
FAST_READ (BDh) operation can use CS# to high at any time during data out, as shown in DDR Dual Input /
Output FAST_READ Instruction Sequence Diagram figure.

cs# —\
0 7 8 13 14 15

Command 3 Address bytes 1 Dummy bytes

DDR Dual Input / Output FAST_READ Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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DDR Quad Input / Output FAST_READ (EDh)

The DDR Quad Input / Output FAST_READ (EDh) instruction enable Double Data Rate throughput on quad 1/O of
Serial Flash in read mode. The address (interleave on 4 1/O pins) is latched on both rising and falling edge of CLK,
and data (interleave on 4 I/O pins) shift out on both rising and falling edge on CLK at a maximum frequency Fg.
The 8-bit address can be latched-in at one clock, and 8-bit data can be read out at one clock, which means four
bits at rising edge of clock, the other four bits at falling edge of clock. The first address byte can be at any location.

The address is automatically increased to the next higher address after each byte data is shifted out, so the whole
memory can be read out at a single DDR Quad Input / Output FAST_READ (EDh) instruction. The address counter
rolls over 0 when the highest address has been reached. Once writing DDR Quad Input / Output FAST_READ
(EDNh) instruction, the following address/dummy/data out will perform as 8-bit instead of previous 1-bit.

The sequence of issuing DDR Quad Input / Output FAST_READ (EDh) instruction is : CS# goes low -> sending
DDR Quad Input / Output FAST_READ (EDh) instruction (1-bit per clock) -> 24-bit address (or 32 bit address
depends on address mode state) interleave on DQ3, DQ2, DQ1 and DQO (8-bit per clock) -> 3 dummy byte (3
clocks) -> data out interleave on DQ3, DQ2, DQ1 and DQO (8-bit per clock) -> to end DDR Quad Input / Output
FAST_READ (EDh) operation can use CS# to high at any time during data out, as shown in DDR Quad Input /
Output FAST_READ Instruction Sequence Diagram figure.

cs# —\
0 7 11 13
CLK | | |

Command 3 Address bytes 3 Dummy bytes
0o
DQ2
DQ3

DDR Quad Input / Output FAST_READ Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Another sequence of issuing enhanced mode of DDR Quad Input / Output FAST_READ (EDh) instruction
especially useful in random access is : CS# goes low -> sending DDR Quad Input / Output FAST_READ (EDh)
instruction (1-bit per clock) -> 3-byte address ( or 4byte address depends on address mode state) interleave on
DQ3, DQ2, DQ1 and DQO (8-bit per clock) -> performance enhance toggling bit P[7:0} -> 3 dummy byte (3 clocks) -
> data out (8-bit per clock) still CS# goes high -> CS# goes low (eliminate Quad Input / Output FAST_READ) -> 24-
bit random access address, as shown in DDR Quad Input/Output Fast Read Enhance Performance Mode
Sequence Diagram figure.

While Program/ Erase/ Write Status Register cycle is in progress, DDR Quad Input / Output FAST_READ (EDh)
instruction is rejected without any impact on the Program/ Erase/ Write Status Register current cycle.

CS# —\
0 7 11 13
CLK

Command 3 Address bytes P[larrEXrtv:‘nnP ? l;;nmesmy

o0
oQr
bQ2
Q3

]

1 byte 2 Dummy
3Addressbytes 1oL one ] bur

DDR Quad Input/Output Fast Read Enhance Performance Mode Sequence Diagram
Notes:
1. Performance enhance mode, if P7#P3 & P6#P2 & P5#P1 & P4#P0 (Toggling).
2. The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles will
be increased.
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DDR Read Burst with Wrap (DQRB) (1Dh)

The DDR Read Burst with Wrap (1Dh) instruction (DDR Read Burst with Wrap with Wrap Instruction Sequence
Diagram figure) enable Double Data Rate throughput on quad 1/0O of Serial Flash in read mode. The address
(interleave on 4 1/O pins) is latched on both rising and falling edge of CLK, and data (interleave on 4 1/O pins) shift
out on both rising and falling edge on CLK at a maximum frequency Fgr. The 8-bit address can be latched-in at one
clock, and 8-bit data can be read out at one clock, which means four bits at rising edge of clock, the other four bits
at falling edge of clock. Once writing DDR Read Burst with Wrap (1Dh) instruction, the following
address/dummy/data out will perform as 8-bit instead of previous 1-bit.

The sequence of issuing DDR Read Burst with Wrap (1Dh) instruction is : CS# goes low -> sending DDR Read
Burst with Wrap (1Dh) instruction (1-bit per clock) -> 24-bit address (or 32-bit depends on address mode state)
interleave on DQ3, DQ2, DQ1 and DQO (8-bit per clock) -> 1 dummy bytes (4 clocks) -> data out interleave on DQ3,
DQ2, DQ1 and DQO (8-bit per clock) -> to end DDR Read Burst with Wrap (1Dh) operation can use CS# to high at
any time during data out.

During DDR Read Burst with Wrap, the first address byte can be at any location. The internal address point
automatically increments until the last byte of the burst reached, then jumps to first byte of the burst. All bursts are
aligned to addresses within the burst length, see Burst Address Range table. For example, if the burst length is 8
bytes, and the start address is 06h, the burst sequence should be: 06h, 07h, 00h, 01h, 02h, 03h, 04h, 05, 06, etc.
The pattern would repeat until the command was terminated by pulling CS# as high status.

The instruction sequence is shown in DDR Read Burst with Wrap Instruction Sequence Diagram in QPl mode
figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs# —\
3 Address bw:’%w

(12 clocks)
@ >... COP0V0000000

DO

*=MsB

Ccs#

23 24 25 26 27 28 ki n n+1

_J_|_|_|_|_|_|_|_|_L | | | [ ] ’ |
Data Byte 1 Data Byte 2 > T ¢ DataByten —

o XL
VOO0 000C 0O NCC AR OO O CON

Ccs#

_J_LI_I_I_LI_I_I_I_ Lr | ‘ LI
Data Byte 1 Data Byte 2 Data Byten

m}&77779?999999999999999999&
00000000 ORC O & e Vo0

DDR Read Burst with Wrap with Wrap Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address
cycles will be increased.
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G 06

DDR Read Burst with Wrap Instruction Sequence Diagram in QPI mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Page Program (PP) (02h)

The Page Program (PP) instruction allows bytes to be programmed in the memory. Before it can be accepted, a
Write Enable (WREN) instruction must previously have been executed. After the Write Enable (WREN) instruction
has been decoded, the device sets the Write Enable Latch (WEL).

The Page Program (PP) instruction is entered by driving Chip Select (CS#) Low, followed by the instruction code,
three (or four, depends on address mode state) address bytes and at least one data byte on Serial Data Input (DI).
If the 8 least significant address bits (A7-A0) are not all zero, all transmitted data that goes beyond the end of the
current page are programmed from the start address of the same page (from the address whose 8 least significant
bits (A7-A0) are all zero). Chip Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in Page Program Instruction Sequence Diagram figure. 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 pro-
grammed at the requested addresses without having any effects on the other bytes of the same page.

To access higher address (larger than 128Mb) in 3 byte address mode, user can issue Write Extended Register
(C5h) operation before Page Program (02h).

Chip Select (CS#) must be driven high after the eighth bit of the last data byte has been latched in, otherwise the
Page Program (PP) instruction is not executed.

As soon as Chip Select (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) instruction applied to a page which is protected by the Block Protect (CMP, TB, BP3, BP2,
BP1, BPO) bits (see Protected Area Sizes Sector Organization table) is not executed.

The instruction sequence is shown in Program Instruction Sequence in QPI Mode figure while using the Enable
Quad Peripheral Interface mode (EQPI) (38h) command.

cs# N\ _

Moda 3 o0 1 2 3 4 &5 & 7 8 89 10 28 20 30 31 32 33 M4 35 36 37 38 24

CLK Mode 0

|4l— Instruction (02h) —I-|<— 24-Bit Addrass —-—}—17 Data Byta 1 4-‘

Dl XXX VAW .5 L 6.6 0000006600

*

—

CS#t —

ERERRE
& 88

2074
2075

R
-1(]4142*’-1(:'144-’-151164'.1"-1\‘.7!49!505152535455Wa

|4l— Data Byta 2 —-‘--— Data Byta 3 —ln-| |-l— Data Byta 256 —--|

a2 66 0 66 0.0 600006 6005006060600 84
* *

*

* =M3B

Page Program Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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o] -

)

Q2 —(CMDEXCMDZXQDR?ZXQDRw) ----- (ADRZX DAG
DQ3 —{CMD?}(CMDB}%&DW:’%DRW}- e e (ADR3>< DAT | DA3
}‘W‘ — e R

Program Instruction Sequence in QPI Mode

X
oo e - - - e[

X

X

A
y

h

y

Y
y
3

v

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Page Program with 4byte address (12h)

The Page Program with 4byte address instruction allows bytes to be programmed in the memory. Before it can be
accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write Enable (WREN)
instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Page Program with 4byte address instruction is entered by driving Chip Select (CS#) Low, followed by the in-
struction code, four address bytes and at least one data byte on Serial Data Input (DI). If the 8 least significant
address bits (A7-A0) are not all zero, all transmitted data that goes beyond the end of the current page are
programmed from the start address of the same page (from the address whose 8 least significant bits (A7-A0) are
all zero). Chip Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in Page Program with 4byte address Instruction Sequence Diagram figure. 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.

Chip Select (CS#) must be driven high after the eighth bit of the last data byte has been latched in, otherwise the
Page Program with 4byte address instruction is not executed.

As soon as Chip Select (CS#) is driven high, the self-timed Page Program with 4byte address cycle (whose
duration is tpp) is initiated. While the Page Program with 4byte address 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 with 4byte address 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 with 4byte address instruction applied to a page which is protected by the Block Protect (CMP, TB,
BP3, BP2, BP1, BPO) bits (see Protected Area Sizes Sector Organization table) is not executed.

The instruction sequence is shown in Program with 4byte address Instruction Sequence in QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Ca# “,

Mode 3 0 1 2 3 4 5 & 7 8 8 10 36 37 38 39 40 41 42 43 44 45 46 47

Moda 0

CLK -
‘*I—In struction (12h) _...}‘7 32-Bit Address —l"l‘i Data Byts 1 4"’|

B +:++ VANV o ¢ &S0 0 9.0 0.0 0.0 00 GO

—

cs# —i

2080
2081

(%]
(=]
[==]
(]

2083
2085
2086
2087

&
48 49 50 51 52 53 54 55 56 57 58 59 &0 61 62 63 =

ok _, LUy oy

|47 Data Byt 2 —-‘q— Data Byta 3 —-‘ I-n— Data Byta 256 —-‘

Vi) 0.6 0.6 60060060006 6005600606600 68

*

* = MSB

Page Program with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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o] -

F Y
A A

}4—5; » |4 =| .......................... ’{
command address DataQ | Data1 F

Program with 4byte address Instruction Sequence in QPI Mode

Note: This instruction is workable while in 4byte address mode.
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Quad Input Page Program (QPP) (32h)

The Quad Page Program (QPP) instruction allows up to 256 bytes of data to be programmed at previously erased
(FFh) memory locations using four pins: DQO, DQ1, DQ2 and DQ3. The Quad Page Program can improve
performance for PROM Programmer and applications that have slow clock speeds < 5 MHz. Systems with faster
clock speed will not realize much benefit for the Quad Page Program instruction since the inherent page program
time is much greater than the time it take to clock- in the data. To access higher address (larger than 128Mb) in 3
byte address mode, user can issue Write Extended Register (C5h) operation before Quad Input Page Program
(32h).

To use Quad Page Program (QPP) the WP#, HOLD#, RESET# Disable (QE) bits in Status Register 2 must be set
to 1. A Write Enable instruction must be executed before the device will accept the Quad Page Program (QPP)
instruction (SR.1, WEL=1). The instruction is initiated by driving the CS# pin low then shifting the instruction code
“32h” followed by a 24-bit address (A23-A0) (or 32-bit address (A31-0), depends on address mode state) and at
least one data byte, into the 10 pins. The CS# pin must be held low for the entire length of the instruction while data
is being sent to the device. All other functions of Quad Page Program (QPP) are identical to standard Page
Program. The Quad Page Program (QPP) instruction sequence is shown in Quad Input Page Program Instruction
Sequence Diagram (SPI Mode only) figure.

CS# _\

] 1 2 3 4 5 ] T 8 5 10 28 2¥™ 30 I
-
Command |\ 3 .ﬂ;::r:rf;:;taa "
paos —— 32h SR 00N
Da1 - e
DQ2 R
DaQ3 SRR
* = MSB
CS# /—
M 32 33 334 I 3w AT 534 535 536 537 538 539 540 541 542 543
| Data Data Data | Data | Data | Data | Data | Data |
I e S e | G | 2
- | | | I | | | | |
00 " HAEREEE - - CEREEEEEEETIT
OO0 00000000 TN

ooz (X - - (DX
s EEEEEE - CEEEEEEEEEIIL

| * | * | *
: .

Quad Input Page Program Instruction Sequence Diagram (SPI Mode only)

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address
cycles will be increased.
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Quad Input Page Program with 4byte address (34h)

The Quad Input Page Program with 4byte address instruction allows up to 256 bytes of data to be programmed at
previously erased (FFh) memory locations using four pins: DQO, DQ1, DQ2 and DQ3. The Quad Input Page
Program with 4byte address can improve performance for PROM Programmer and applications that have slow
clock speeds < 5 MHz. Systems with faster clock speed will not realize much benefit for the Quad Input Page
Program with 4byte address instruction since the inherent page program time is much greater than the time it take
to clock- in the data.

To use Quad Input Page Program with 4byte address the WP#, HOLD# and RESET# Disable QE in status register
2 must be set to 1. A Write Enable instruction must be executed before the device will accept the Quad Input Page
Program with 4byte address instruction (SR.1, WEL=1). The instruction is initiated by driving the CS# pin low then
shifting the instruction code “34h” followed by a 32-bit address (A31-A0) and at least one data byte, into the 10 pins.
The CS# pin must be held low for the entire length of the instruction while data is being sent to the device. All other
functions of Quad Input Page Program with 4byte address are identical to standard Page Program with 4byte
address. The Quad Input Page Program with 4byte address instruction sequence is shown in Quad Input Page
Program with 4byte address Instruction Sequence Diagram (SPI Mode only) figure.

CS# _\

0 1 2 3 4 5 3 T i 3 10 36 37 538 39
Command I\ 4 Address bytes (32 clocks)
R G OEE - OREE
&
D1
DQ2
Da3
* = MSB
CS# /_
39 40 41 42 43 44 45 542 543 544 545 546 547 548 549 550 551
| Dats Data Dats | | Data Data Data Data Data |

Byte Byte Byte Byte Byte Byte & Byl Byte
I I a5z | =m0 2 I I
| |

pa0 " SYEEEEEE) - - EEEEEEEEEE
oot EEEENEE - - - EEE N
ooz (XEEEEE) - o - T

e EEEEEE - CEEEEEEEEENII

Quad Input Page Program with 4byte address Instruction Sequence Diagram (SPI Mode only)

Note: This instruction is workable while in 4byte address mode.
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DDR Page Program (DPP) (D2h)

The DDR Page Program (DPP) instruction enable Double Data Rate throughput on quad I/O of Serial Flash in
Program mode. The address (interleave on 4 1/O pins) is latched on both rising and falling edge of CLK, and data
(interleave on 4 1/O pins) shift out on both rising and falling edge on CLK at a maximum frequency Fgr. The 8-bit
address can be latched-in at one clock, and 8-bit data can be read out at one clock, which means four bits at rising
edge of clock, the other four bits at falling edge of clock. Once writing DDR Page Program (DPP) instruction, the
following address /data in will perform as 8-bit instead of previous 1-bit.

DDR Page Program (DPP) instruction allows bytes to be programmed in the memory. Before it can be accepted, a
Write Enable (WREN) instruction must previously have been executed. After the Write Enable (WREN) instruction
has been decoded, the device sets the Write Enable Latch (WEL).

The sequence of issuing DDR Page Program (D2h) instruction is : CS# goes low -> sending DDR Page Program
(D2h) instruction (1-bit per clock) -> 24-bit address(or 32-bit, depends on address mode state) interleave on DQ3,
DQ2, DQ1 and DQO (2-bit per clock) -> data in interleave on DQ3, DQ2, DQ1 and DQO (2-bit per clock) -> to end
DDR Page Program (D2h) operation can use CS# to high at any time during data out.

If the 8 least significant address bits (A7-A0) are not all zero, all transmitted data that goes beyond the end of the
current page are programmed from the start address of the same page (from the address whose 8 least significant
bits (A7-A0) are all zero). Chip Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in DDR Page Program Instruction Sequence Diagram figure. 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.

Chip Select (CS#) must be driven high after the eighth bit of the last data byte has been latched in, otherwise the
DDR Page Program (DPP) instruction is not executed.

As soon as Chip Select (CS#) is driven high, the self-timed DDR Page Program cycle (whose duration is tppp) is

initiated. While the DDR 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 DDR 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 DDR Page Program (PP) instruction applied to a page which is protected by the Block Protect bits (see Protected
Area Sizes Sector Organization table) is not executed.

The instruction sequence is shown in DDR Page Program Instruction Sequence Diagram in QPI Mode figure while
using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

CS# —\
7 8 9

0 1 18 19 20 21 22 23
CLK I | I | e eee
K——— Command 3 Address bytes Data Byte 1 HI
(24 clocks) |

bl — D2h ' RO 000060060086 DO
* *

* =MSB
cst Va
23 24 25 26 27 28 31 1039 1040 1041 1042 1043
| | | | |
H Data Byte 2 + Data Byte 3 ﬁ e o oo oen h Data Byte 256 ﬁ
D .0000000000 RS0 OREIER0 0000000
B - " i

DDR Page Program Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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CS#

=

CLK
Data Data Data
Command 3 Address bytes | Byte Byte Byte
( D2h ) (3 clocks) 1 2 3
DQO EHEISSS0000OOO00

DQ1

CSHENOOSO00000000
CEHEIOTTO0000000
DQ3 EHENOOSL000H0H000

DQ2

Data
Byte
256

Data
Byte
255

oooaul
oaooul

00Ul
O0aaul

DDR Page Program Instruction Sequence Diagram in QPI Mode

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles

will be increased.
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Write Suspend (BOh/75h)

Write Suspend allows the interruption of Sector Erase, Block Erase or Page Program operations in order to erase,
program, or read data in another portion of memory. The original operation can be continued with Write Resume
command. The instruction sequence is shown in Write Suspend Instruction Sequence Diagram figure.

Only one write operation can be suspended at a time; if an operation is already suspended, the device will ignore
the Write Suspend command. Write Suspend during Chip Erase is ignored; Chip Erase is not a valid command
while a write is suspended.

Suspend to suspend ready timing: 28 us.
Resume to another suspend timing: min 0.3 us. typ 200 us

Note:
User can use resume to another suspend minimum timing for issue next suspend after resume, but the device
needs equal or longer typical time to make other progress after resume command.

st T\ Vs

Mode 3 o 1 2 3 4 5 6 7 Mode3
CLK Mode0 '||||||II||||I|||ModeO

|-l— Instruction (BOh) —--|

DI X XXX/ \_/ \ LA XA XXX

High Impedance

DO

Write Suspend Instruction Sequence Diagram
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Write Suspend During Sector Erase or Block Erase

Issuing a Write Suspend instruction during Sector Erase or Block Erase allows the host to program or read any
block that was not being erased. The device will ignore any programming commands pointing to the suspended
sector(s). Any attempt to read from the suspended sector(s) will output unknown data because the Sector or Block
Erase will be incomplete.

To execute a Write Suspend operation, the host drives CS# low, sends the Write Suspend command cycle (BOh),
then drives CS# high. A cycle is two nibbles long, most significant nibble first. The Suspend Status register
indicates that the erase has been suspended by changing the WSE bit from “0” to “1”, but the device will not accept
another command until it is ready. To determine when the device will accept a new command, poll the WIP bit in
the Suspend Status register or after issue program suspend command, latency time 28 us is needed before issue
another command. For “Suspend to Read”, “Resume to Read”, “Resume to Suspend” timing specification please

note Suspend to Read Latency, Resume to Read Latency and Resume to Suspend Latency figure.

Write Suspend During Page Programming

Issuing a Write Suspend instruction during Page Programming allows the host to erase any sector or read any
page that is not being programmed. Erase commands pointing to the suspended sector(s) will be ignored. Any
attempt to read from the suspended page will output unknown data because the program will be incomplete.

To execute a Write Suspend operation, the host drives CS# low, sends the Write Suspend command cycle (BOh),
then drives CS# high. A cycle is two nibbles long, most significant nibble first. The Suspend Status register
indicates that the programming has been suspended by changing the WSP bit from “0” to “1”, but the device will
not accept another command until it is ready. To determine when the device will accept a new command, poll the
WIP bit in the Suspend Status register or after issue program suspend command, latency time 28 us is needed
before issue another command. For “Suspend to Read”, “Resume to Read”, “Resume to Suspend”’ timing
specification please note Suspend to Read Latency, Resume to Read Latency and Resume to Suspend Latency
figure.

Program latency: 28us
Suspend Command]"_ Erase latency: 28us —'l Read Command

CS# —_— [BOh] 1 h_/i

Suspend to Read Latency

Resume
Command #— [SE/TBE/TPP ——= Read Command
CS# [30h]
Resume to Read Latency
Resume Suspend
Command — 200us ——+ Command
cs# [30h] [BOh]

Resume to Suspend Latency

The instruction sequence is shown in Write Suspend/Resume Instruction Sequence in QPI Mode figure while using
the Enable Quad Peripheral Interface mode (EQPI) (38h) command.
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Write Resume (30h/7Ah)

Write Resume restarts a Write command that was suspended, and changes the suspend status bit in the Status
register 2(WSE or WSP) back to “0".

The instruction sequence is shown in Write Resume Instruction Sequence Diagram figure. To execute a Write
Resume operation, the host drives CS# low, sends the Write Resume command cycle (30h), then drives CS# high.
A cycle is two nibbles long, most significant nibble first. To determine if the internal, self-timed Write operation
completed, poll the WIP bit in the Suspend Status register, or wait the specified time tsg, tuse, tse Or tpp for Sector
Erase, Block Erase, or Page Programming, respectively. The total write time before suspend and after resume will
not exceed the uninterrupted write times tsg, thse, tse O tep. RESUME to another suspend operation requires latency
time of 200us.

The instruction sequence is shown in Write Suspend/Resume Instruction Sequence in QPI Mode figure while using
the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

st T\ Vo

Mode 3 0 1 2 3 4 5 6 7 Mode3

|-l— Instruction (30h) —lr|

DI X XXX\ / \ L XXX X X X

High Impedance

DO

Write Resume Instruction Sequence Diagram

Cs#

CLK

Da1 CMD5 | CMD1
DaQz2 CMD& | CMD2

DQ3 CMD7 | CMD3
command ‘

Write Suspend/Resume Instruction Sequence in QPI Mode

=L
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- Initial

Meed to suspend? Wait for write cycle | —

‘BO" Suspend
command

Yes

WWait far suspend latency

Internal state machine
finished, no suspand

Program or Erase
Suspended

Suspend done =

Yeas

30" Resume
command

Write Suspend/Resume Flow

Notes:

1. The ‘WIP’ can be either checked by command ‘05’ polling.

2. ‘Wait for write cycle’ can be referring to maximum write cycle time or polling the WIP.

3. ‘Wait for suspend latency’, after issue program suspend command, latency time 28 us is needed before issue
another command or polling the WIP.

4. The ‘WSP’ and ‘WSE’ can be checked by command ‘09’ polling.

5. ‘Suspend done’ means the chip can do further operations allowed by suspend spec.
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Sector Erase (SE) (20h)

The Sector Erase (SE) instruction sets to 1 (FFh) all bits inside the chosen sector. Before it can be accepted, a
Write Enable (WREN) instruction must previously have been executed. After the Write Enable (WREN) instruction
has been decoded, the device sets the Write Enable Latch (WEL).

The Sector Erase (SE) instruction is entered by driving Chip Select (CS#) Low, followed by the instruction code,
and three(or four, depends on address modes state) address bytes on Serial Data Input (DI). Any address inside
the Sector (see Uniform Block Sector Architecture table) is a valid address for the Sector Erase (SE) instruction.
Chip Select (CS#) must be driven Low for the entire duration of the sequence. To access higher address (larger
than 128Mb) in 3 byte address mode, user can issue Write Extended Register (C5h) operation before Sector Erase
(20h).

The instruction sequence is shown in Sector Erase Instruction Sequence Diagram figure. Chip Select (CS#) must
be driven high after the eighth bit of the last address byte has been latched in, otherwise the Sector Erase (SE)
instruction is not executed. As soon as Chip Select (CS#) is driven high, the self-timed Sector Erase cycle (whose
duration is tsg) is initiated. While the Sector Erase 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 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) instruction applied to a sector which is protected by the Block Protect (CMP, TB, BP3, BP2,
BP1, BPO) bits (see Protected Area Sizes Sector Organization table) will be ignored.

The instruction sequence is shown in Block/Sector Erase Instruction Sequence in QPI Mode figure while using the
Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs# T\ . S

Moda 3 01 2 3 4 565 86 7 84 9 20 30 M
CLK ModeEJ:I Il ||||||| Il I

|-— Instruction (2 &h) —>—|-— 24-Bit Address —I-r|

DI XX N /\ (2 X KO XK X KA
. High Impedance -
* = MSB

Sector Erase Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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32KB Half Block Erase (HBE) (52h)

The Half Block Erase (HBE) instruction sets to 1 (FFh) all bits inside the chosen block. Before it can be accepted, a
Write Enable (WREN) instruction must previously have been executed. After the Write Enable (WREN) instruction
has been decoded, the device sets the Write Enable Latch (WEL).

The Half Block Erase (HBE) instruction is entered by driving Chip Select (CS#) Low, followed by the instruction
code, and three (or four, depends on address mode state) address bytes on Serial Data Input (DI). Any address
inside the Block (see Uniform Block Sector Architecture table) is a valid address for the Half Block Erase (HBE)
instruction. Chip Select (CS#) must be driven Low for the entire duration of the sequence. To access higher
address (larger than 128Mb) in 3 byte address mode, user can issue Write Extended Register (C5h) operation
before 32KB Half Block Erase (52h).

The instruction sequence is shown in 32KB Half Block Erase Instruction Sequence Diagram figure. Chip Select
(CS#) must be driven high after the eighth bit of the last address byte has been latched in, otherwise the Half Block
Erase (HBE) instruction is not executed. As soon as Chip Select (CS#) is driven high, the self-timed Block Erase
cycle (whose duration is tyge) is initiated. While the Half Block Erase 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 Half 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 Half Block Erase (HBE) instruction applied to a block which is protected by the Block Protect (CMP, TB, BP3,
BP2, BP1, BPO) bits (see Protected Area Sizes Sector Organization table) will be ignored.

The instruction sequence is shown in Block/Sector Erase Instruction Sequence in QPI Mode figure while using the
Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs# |\ | /

Mode 3 0 1 2 3 4 5 6 7 B 9 29 30 31 Mode3

CLK Modeo“II“IIII“II”IIII IIIIIIMndeG

‘-I— Instruction (52h) —I—F—M-Bimddress —--‘
b OO0 (23X22) (2 X0 X o XXX XX
*

High Impedance
DO

* = M5B

32KB Half Block Erase Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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64KB Block Erase (BE) (D8h)

The Block Erase (BE) instruction sets to 1 (FFh) all bits inside the chosen block. Before it can be accepted, a Write
Enable (WREN) instruction must previously have been executed. After the Write Enable (WREN) instruction has
been decoded, the device sets the Write Enable Latch (WEL).

The Block Erase (BE) instruction is entered by driving Chip Select (CS#) Low, followed by the instruction code, and
three (or four, depends on address mode state) address bytes on Serial Data Input (DI). Any address inside the
Block (see Uniform Block Sector Architecture table) is a valid address for the Block Erase (BE) instruction. Chip
Select (CS#) must be driven Low for the entire duration of the sequence. To access higher address (larger than
128Mb) in 3 byte address mode, user can issue Write Extended Register (C5h) operation before 64KB Block Erase
(D8h).

The instruction sequence is shown in 64KB Block Erase Instruction Sequence Diagram figure. Chip Select (CS#)
must be driven high after the eighth bit of the last address byte has been latched in, otherwise the Block Erase (BE)
instruction is not executed. As soon as Chip Select (CS#) is driven high, the self-timed Block Erase cycle (whose
duration is tge) is initiated. While the Block Erase 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 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 Block Erase (BE) instruction applied to a block which is protected by the Block Protect (CMP, TB, BP3, BP2, BP1,
BPO0) bhits (see Protected Area Sizes Sector Organization table) is not executed.

The instruction sequence is shown in Block/Sector Erase Instruction Sequence in QPI Mode figure while using the
Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs# T\ . /T

Moda 3 01 2 3 4 586 7 8 9§ 20 30 A
CLK Modeﬂ'||||||||||||||I||||I ||||||
‘-II— Instruction (D8h) 4!-—{-1— 24-Bit Address —I-—‘

Dl XY \_/ XXX EER

High Impedanca

Do

* =M3SB

64KB Block Erase Instruction Sequence Diagram

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Cs#

_‘
CLK “ e
DGO —<CMD4XCMDU><ADREG><ADR1E} ~ « » » [ADRD
D1 —(CMEEXCMN){ADRH)%\DW
DQ2 —(CMDEXCMDE}%DREZ}%
D@3 %CMD?XCMDE}%DREEX&DRH) = = = = (ADR3
}‘ command + address

Block/Sector Erase Instruction Sequence in QPI Mode

ADR1

ADRZ

=
Al
e
-_.__g_,__-
| ]
]
.
"

4-§-Fﬁ

Note: The above address cycles are base on 3-byte address mode, for 4-byte address mode, the address cycles
will be increased.
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Sector Erase with 4byte address (SE4B) (21h)

The Sector Erase with 4byte address (SE4B) instruction sets to 1 (FFh) all bits inside the chosen sector. Before it
can be accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write Enable
(WREN) instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Sector Erase with 4byte address (SE4B) instruction is entered by driving Chip Select (CS#) Low, followed by
the instruction code, and four address bytes on Serial Data Input (DI). Any address inside the Sector (see Uniform
Block Sector Architecture table) is a valid address for the Sector Erase with 4byte address (SE4B) instruction. Chip
Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in Sector Erase with 4byte address Instruction Sequence Diagram figure. Chip
Select (CS#) must be driven high after the eighth bit of the last address byte has been latched in, otherwise the
Sector Erase with 4byte address (SE4B) instruction is not executed. As soon as Chip Select (CS#) is driven high,
the self-timed Sector Erase cycle (whose duration is tsg) is initiated. While the Sector Erase 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 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 with 4byte address (SE4B) instruction applied to a sector which is protected by the Block Protect
(CMP, TB, BP3, BP2, BP1, BPO0) bits (see Protected Area Sizes Sector Organization table) will be ignored.

The instruction sequence is shown in Block/Sector Erase with 4byte address Instruction Sequence in QPI Mode
figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

Ce# TN Vs

Made 3 o1 2 3 4 5 6 7 8 89 37 38 39

‘-—Instruc:tion {21.h)—>|-ll—32-Bit Address—llr|
ol XN /\ /" EOEOEEXE
*

High Impadance

Do

* =MSB

Sector Erase with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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32KB Half Block Erase with 4byte address (HBE4B) (5Ch)

The Half Block Erase with 4byte address (HBE4B) instruction sets to 1 (FFh) all bits inside the chosen block.
Before it can be accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write
Enable (WREN) instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Half Block Erase with 4byte address (HBE4B) instruction is entered by driving Chip Select (CS#) Low, followed
by the instruction code, and four address bytes on Serial Data Input (DI). Any address inside the Block (see
Uniform Block Sector Architecture table) is a valid address for the Half Block Erase with 4byte address (HBE4B)
instruction. Chip Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in 32KB Half Block Erase with 4byte address Instruction Sequence Diagram
figure. Chip Select (CS#) must be driven high after the eighth bit of the last address byte has been latched in,
otherwise the Half Block Erase with 4byte address (HBE4B) instruction is not executed. As soon as Chip Select
(CS#) is driven high, the self-timed Block Erase cycle (whose duration is tuge) is initiated. While the Half Block
Erase 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 Half 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 Half Block Erase with 4byte address (HBE4B) instruction applied to a block which is protected by the Block
Protect (CMP, TB, BP3, BP2, BP1, BPO) bits (see Protected Area Sizes Sector Organization table) will be ignored.

The instruction sequence is shown in Block/Sector Erase with 4byte address Instruction Sequence in QPI Mode
figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs#  \ | /

Mode 3 g1 2 3 4 5 6 7 8 8 37 38 39 Mode3

|4I—In5tru-:.'ti|:|n I:SCh]—I-LI—SE-E&it Address —I-‘

DI XX/ € 6 2 A X e XX XXX

High Impedance

Do

#* = MSE

32KB Half Block Erase with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.
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64KB Block Erase with 4byte address (BE4B) (DCh)

The Block Erase with 4byte address (BE4B) instruction sets to 1 (FFh) all bits inside the chosen block. Before it
can be accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write Enable
(WREN) instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Block Erase with 4byte address (BE4B) instruction is entered by driving Chip Select (CS#) Low, followed by
the instruction code, and four address bytes on Serial Data Input (DI). Any address inside the Block (see Uniform
Block Sector Architecture table) is a valid address for the Block Erase with 4byte address (BE4B) instruction. Chip
Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in 64KB Block Erase with 4byte address Instruction Sequence Diagram figure.
Chip Select (CS#) must be driven high after the eighth bit of the last address byte has been latched in, otherwise
the Block Erase with 4byte address (BE4B) instruction is not executed. As soon as Chip Select (CS#) is driven high,
the self-timed Block Erase cycle (whose duration is tgg) is initiated. While the Block Erase cycle is in progress, the
Status Register 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 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 Block Erase with 4byte address (BE4B) instruction applied to a block which is protected by the Block Protect
(CMP, TB, BP3, BP2, BP1, BPO) bits (see Protected Area Sizes Sector Organization table) is not executed.

The instruction sequence is shown in Block/Sector Erase with 4byte address Instruction Sequence in QPI Mode
figure while using the Enable Quad Peripheral Interface mode (EQPI) (38h) command.

cs#  \ " /

Mode 3 01 2 3 4 5 &6 7 8 9 37 38 39
CLK Modaﬂ:Illlllllllllllllllll IIIlII
|-I—In5truc:ti|:|n (DChJ—I—|-|—32—Bit Address —l-—|

D XX \_/ OO

High Impedanca

DO

* = MS3B

64KB Block Erase with 4byte address Instruction Sequence Diagram

Note: This instruction is workable while in 4byte address mode.




FEoN.. EN35QY512A (2S)

CS#

T
cmm...

CMD4><CMDD>%&DR28XADR24> .

DGO ADRO

L-#-;ﬁ

D ADR1

CMDSXCMDI}%DRZQXADR25 -
CMD&XCMDZ%DRBD%DRE&}- = = a« & (ADRZ
CMD?}{CMD3>€QDR31><ADR2?>- = = = = |ADR3
-

| command address

Block/Sector Erase with 4byte address Instruction Sequence in QPI Mode

Da2

DQ3

I S W

Note: This instruction is workable while in 4byte address mode.
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Chip Erase (CE) (C7h/60h)

The Chip Erase (CE) instruction sets all bits to 1 (FFh). Before it can be accepted, a Write Enable (WREN)
instruction must previously have been executed. After the Write Enable (WREN) instruction has been decoded, the
device sets the Write Enable Latch (WEL).

The Chip Erase (CE) instruction is entered by driving Chip Select (CS#) Low, followed by the instruction code on
Serial Data Input (DI). Chip Select (CS#) must be driven Low for the entire duration of the sequence.

The instruction sequence is shown in Chip Erase Instruction Sequence Diagram figure. Chip Select (CS#) must be
driven high after the eighth bit of the instruction code has been latched in, otherwise the Chip Erase instruction is
not executed. As soon as Chip Select (CS#) is driven high, the self-timed Chip Erase cycle (whose duration is tcg)
is initiated. While the Chip Erase 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 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) instruction is ignored if one or more blocks are protected.

The instruction sequence is shown in Chip Erase Sequence under EQPI Mode figure while using the Enable Quad
Peripheral Interface mode (EQPI) (38h) command.

csg .\ yan

Mode 3 o 1 2 3 4 5 6 7 Mode3

CLK
|-l— Instruction (C7h/60h) ——

o XXX\ XXXX

High Impedance
DO

Chip Erase Instruction Sequence Diagram

Cs#

CLK

Da1 CMD5 | CMD1
DQ2 CMDg|CMD2

DQ3 CMD7 |CMD3
command

Chip Erase Sequence under EQPI Mode

=
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Enter 4-Byte Address Modes (B7h)

The enter 4byte address mode instruction enables accessing the address length of 32-bit for the memory area of
higher density (larger than 128Mb). The device default is in 24-bit address mode; after sending out the enter 4byte
address mode instruction, the 4byte bit of Status Register 3 will be automatically set to "1" to indicate the 4-byte
address mode has been enabled. Once the 4-byte address mode is enabled, the address length becomes 32-bit
instead of the default 24-bit. There is a method to exit the 4-byte mode: writing exit 4-byte mode instruction. All
instructions are accepted normally, and just the address bit is changed from 24-bit to 32-bit.

The sequence of issuing enter 4byte address mode instruction is: CS# goes low — sending enter 4byte address
mode instruction to enter 4-byte mode( automatically set 4byte bit as "1") — CS# goes high. (Enter 4byte address
mode Instruction Sequence Diagram figure for SPI mode, and Enter 4byte address mode Sequence under EQPI
Mode figure for EQPI mode)

cstg  \ /

CLK Mode0

-4——  |nstruction (B7h) —®

DI XX XY /" \/ XXX

High Impedance
DO

Enter 4byte address mode Instruction Sequence Diagram

Cs#

CLK

DQa1 CMD5 | CMDA
DQ2 CMD6 | CMD2

DQ3 CMD7 {CMD3
command

Enter 4byte address mode Sequence under EQPI Mode

2
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Exit 4-Byt