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H7/ASEM2

Device Features

e 256Mbit Serial Flash
32,768K-bytes
256 bytes per programmable page

Standard, Dual, Quad SPI, DTR
- Standard SPI: SCLK, CS#, SI, SO, WP#, HOLD#,RESET#-
- Dual SPI: SCLK, CS#, 100, 101, WP#, HOLD#,RESET#

- Quad SPI: SCLK, CS#, 100, 101, 102, 103, RESET#

- QPI: SCLK, CS#, 100, 101, 102, 103, RESET#

- SPI/QPI DTR (Double Transfer Rate) Read

Flexible Architecture
- Sector of 4K-byte
- Block of 32/64k-byte

Advance Security Features
- 2*1024-Bytes Security Registers With OTP Lock

Support 128 bits Unique ID :
Software/Hardware Write Protection

- Write protect all/portion of memory via software
- Enable/Disable protection with WP# Pin
- Top or Bottom, Sector or Block selection

- Advanced Sector Protection -

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

Package Options
SOP16: 300mil , WSONS8: 8x6mm
All Pb-free packages are compliant RoHS, Halogen-Free
and REACH.
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256M-BIT 3.3V
Serial NOR FLASH MEMORY

Temperature Range & Moisture Sensitivity Level
Industrial. (-40°C to +857C), MSL3

Power Consumption
6mA typical read current under 80MHz
0.5uA typical Deep Power-Down current

Single Power Supply Voltage
2.7~3.6V

Erase/Program Suspend/Resume

Endurance and Data Retention
Minimum 100,000 Program/Erase Cycle
20-year Data Retention typical

High Speed Clock Frequency

120MHz for fast read with 30pF load

Dual I/0O Data transfer up to 208Mbit/s
Quad I/0O Data transfer up to 416Mbit/s

QPI Mode Data transfer up to 320Mbit/s
DTR Quad I/O Data transfer up to 400Mbit/s

Program/Erase Speed
Page Program time: 0.25ms typical
Sector Erase time: 40ms typical
Block Erase time: 0.15/0.22s typical
Chip Erase time: 70s typical

3 or 4-Byte Addressing Mode
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Ordering Information
Part No Density Package Grade
H7ASEM2AG7IX 256Mb SOP16 300mil Industrial
H7ASEM25G4IX 256Mb WSONS8 8x6mm Industrial
Pad Configuration
HOLD# O
SCLK
/103 I 161
vee ]2 15[__] si/100
RESET# | 3 14 ] nC
ne[_]4 13 __J N
Top View
ne | 5 12 _Jnc
ne[]s 1u[__Jnc
st 17 10[__J vss
so/101 8 9 ] we#/102
16-PIN SOP
O
cs#|L_] 8] vee
so(ion)[2_] [T ]HoLD#/RESET#(103)
Top View
wr#(102)[3__] [Celscik
vss|a_] =1si100)
8-PIN WSON
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Pin Description (Simplified)

SOP16L
Pin No. Pin Name I/O Description
1 HOLD# /103 1/0 HOLD Input / Data Input Output3
2 VCC Power Supply
3 RESET# | Reset Input
4 NC No Connection
5 NC No Connection
6 NC No Connection
7 CS# | Chip Select Input
8 SO /101 I/O Data Output / Data Input Outputl
9 WP# /102 I/O Write Protect Input / Data Input Output2
10 VSS Ground
11 NC No Connection
12 NC No Connection
13 NC No Connection
14 NC No Connection
15 S /100 I/O Data Input / Data Input OQutput0
16 SCLK | Serial Clock Input
WSONS8
Pin No. Pin Name 1/0 Description
1 CS# | Chip Select Input
2 SO (101) 1/0 Data Output (Data Input Output 1)
3 WP# (102) 1/O Write Protect Input (Data Input Output 2)
4 VSS Ground
5 SI(100) 1/0 Data Input (Data Input Output 0)
6 SCLK | Serial Clock Input
HOLD Input / RESET Input /
7 HOLD# / RESET# / 103 I/O Data Input Output3
8 VCC Power Supply
Notes:

1. 100 and 101 are used for Standard and Dual SPI instructions.
2.100 - 103 are used for Quad SPI instructions, WP# & HOLD# (or Reset#) functions are only available for Standard/Dual SPI.

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

i —
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Block Diagram

Write
WP#(102) Control
Logic
Y
Status
Register .ED 9
28
RESET#/q_, High Voltage o a Flash
HOLD#(103) " Generators e g Memory
SPI ':"; o«
SCLK ——>» Command & 22
Control .| Page Address =<
sk Logic Latch/Counter JI
SI(100) < > Column Decode And
A 256-Byte Page Buffer
FY
SO(I01) «—>
Byte Address
Latch/Counter
MEMORY Description
Uniform Block / Sector Architecture
Block(64K-byte) Block(32K-byte) Sector{4K-byte) Address Range
8191 1FFFO00H 1FFFFFFH
1023 T o
511 8184 1FF8000H 1FF&FFFH
8183 1FF7000H 1FF7FFFH
1022 T o
8176 1FFODOOH 1FFOFFFH
8175 1FEFO00H 1FEFFFFH
w2z e
510 8168 1FES000H 1FESFFFH
8167 1FE7000H 1FE7FFFH
1020 T o
8160 1FEQDOOH 1FEQFFFH
31 01FO00H 01FFFFH
o .
1 24 018000H 018FFFH
23 017000H 017FFFH
2 e —
16 010000H 010FFFH
15 DOFO00H O0FFFFH
e
0 008000H Q08FFFH
7 007000H 007FFFH
o e e
0 000000H Q00FFFH
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DEVICE OPERATION
Standard SPI

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

Note: “WP#” & “HOLD#” pins require external pull-up.

Dual SPI

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

Note: “WP#” & “HOLD#” pins require external pull-up.

Quad SPI

The device supports Quad SPI operation when using the “Quad Output Fast Read”, “Quad 1/0 Fast Read”, “Quad
I/0 Word Fast Read” and “DTR Fast Read Quad I/O” (6BH, 6CH, EBH, ECH, E7H, EDH, EEH) commands. These
commands allow data to be transferred to or from the device at four times the rate of the standard SPI. When
using the Quad SPI command the Sl and SO pins become bidirectional I/O pins: 100 and 101, and WP# and HOLD#
pins become 102 and 103. Quad SPI commands require the non-volatile Quad Enable bit (QE) in Status Register to
be set.

QPI Mode

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

DTR Read

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

_—— - —
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Hold Function

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

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

Both Sl and SCLK don’t care during the HOLD operation, if CS# drives high during the HOLD operation, it will reset

the internal logic of the device. To re-start communication with chip, the HOLD# must be at high and then CS#
must be at low.

Cs# k!
SCLK | | | |

HOLD#

|

|

|

[

|
- HOLD ™ f HOLD
RESET Function

The RESET# pin allows the device to be reset by the control. The pin7 can be configured as a RESET# pin
depending on the status register setting, which need QE=0 and HOLD/RST=1. For 16-pin package, pin3 is the
RESET# pin and HOLD/RST bit is reserved.

The RESET# pin goes low for a period of tRLRH or longer will reset the flash. After reset cycle, the flash is at the
following states:

- Standby mode.

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

Reset Timing

I I
CS# J

N/

|
[
|
| |
[€—— tRE —
|
|
|
|

|
RESET# :
|
€ tRLRH -hIﬂRHSL’T
Symbol Parameter Min. Typ. Max. Unit
tRLRH Reset Pulse Width 1 ls
tRHSL Reset High Time Before Read 200 us
Reset Recovery Time (Standby) 1 ms
{RB Reset Recovery Time (Read) 1 ms
Reset Recovery Time (Program) 1 ms
Reset Recovery Time (Erase) 25 ms

_—— - —
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The Reset The Reset Signaling Protocol (JEDEC 252)

The protocol consists of two phases: reset request, and completion (a device internal reset).

Reset Request

1. CS# is driven active low to select the SPI slave Note 1.

2. Clock (SCK) remains stable in either a high or low state Note 2.

3.S1 /100 is driven low by the bus master, simultaneously with CS# going active low Note 3.

4. CS# is driven inactive Note 4.

Repeat the steps 1-4 each time alternating the state of SI Note 5.

Note:

NOTE 1 This powers up the device.

NOTE 2 This prevents any confusion with a command, as no command bits are transferred (clocked).

NOTE 3 No SPI bus slave drives Sl during CS# low before a transition of SCLK, i.e., slave streaming output active is
not allowed until after the first edge of SCLK.

NOTE 4 The slave captures the state of Sl on the rising edge of CS#.

NOTE 5 Sl is low on the first CS#, high on the second, low on the third, high on the fourth (This provides a 5h
pattern, to differentiate it from random noise).

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

Timing Diagram and Timing Parameters

Reset Signaling Protocol

?—tCSL—é— tcsu—i ! E i H

cs# \ N —\_/—\_/ I
Made 3 ”’
SCLK o0 ,«{/

s _///\ / \/iii

/]
!

—— 200us —

High Z

SO

Internal Reset
Device is
/) ! Ready

i —
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STATUS REGISTER

57 56 55 54 53 52 51 S0
SRP T/B BP3 BP2 BP1 BPO WEL WIP
Status 5 )
Register To p}’Botto_m Block F!rotet:t Block I?rotect Block ?rotect Block Ffrotet:t Write Enable | Erase/Write
Protection Bit Protect Bit Bit Bit Bit Bit Latch In Progress
Mon-volatile | Non-volatile | Non-volatile | Non-volatile | Non-volatile | Non-volatile Volatile, Volatile,

Read Only Read Only

515 514 513 512 511 510 59 58
SUS1 WPS Reserved LB2 LB1 SuUs2 QE ADS
Erase Suspend| P \:rr:te' Reserved |R S?iurltlv k|R Sf“—iur't':“ k Program CQuad Enable Current
p rote _|on egis gr oc egis e.r oc Suspend nddress Mode
Selection Bit Bit
MNon-volatile | Non-volatile
Volatile, ) . : Volatile, i Volatile,
Rez:fll):l Non-volatile Reserved Writable Writable Rezc:i{;ﬁl Non-volatile RE:;{;:I
¥ (OTP) (OTP) Y Y
523 522 521 520 519 518 517 516
HOLD/RST DRV1 DRVO ADP EE PE LC Reserved
HOLD# or
Resetit Output Driver|Output Driver| Power Up Erase Error bit Program Error Latency Reserved
Ese. Strength Strength  |Address Mode bit Code
Function
Volatile Volatile Non-volatile
Non-volatile | Non-volatile | Non-volatile | Non-volatile ’ ! Reserved
Read Only Read Only Writable
EAT EAG EAS EA4 EA3 EAZ EA1 EAD
Reserved Reserved Reserved Reserved DLP Reserved Reserved A24
Data Learning
Reserved Reserved Reserved Reserved Pattern Reserved Reserved Address Bit
Enable Bit
Volatile Volatile
R d R d R d R d R d R d
eserve eserve esarve eserve Writable eserve eserve Writable

WIP bit.

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

WEL bit.

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

e —
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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 soft-ware
protected against Program and Erase commands. These bits are written with the Write Status Register (WRSR)
command. When the Block Protect (BP3, BP2, BP1, BPO) bits are set to 1, the relevant memory area (as defined in
Table 1) becomes protected against Page Program (PP), Sector Erase (SE) and Block Erase (BE) commands. The
Block Protect (BP3, BP2, BP1, BPO) bits can be written provided that the Hardware Protected mode has not been
set.

T/B bit.

The Top/Bottom (TB) bit is a non-volatile bit. The Top/Bottom (TB) bit is used to configure the Block Protect area
by BP bit (BP3, BP2, BP1, BP0), starting from TOP or Bottom of the memory array. The TB bit is de-faulted as “0”,
which means Top area protect. When it is set as “1”, the protect area will change to Bottom area of the memory
device. To write the TB bits requires the Write Status Register (WRSR) instruction to be executed.

SRP bit.

The Status Register Protect (SRP) bits are non-volatile Read/Write bits in the status register. The SRP bits con-trol
the method of write protection: software protection and hardware protection.

SRP WP# Status Register Description

The Status Register can be written to after a Write Enable

o X soft Protected
oftware Protecte command, WEL=1. (Default)

1 0 Hardware Protected WP#=0, the Status Register locked and cannot be written.
WP#=1, the Status Register is unlocked and can be written to
1 1 Hardware Unprotected e €
after a Write Enable command, WEL=1.
ADS bit.

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

QE bit.

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

SUS1, SUS2 Bits.

The SUS1 and SUS2 bits are read only bit in the status register (515 and S10) that are set to 1 after executing a
Program/Erase Suspend (75H) command (The Erase Suspend will set the SUS1 to 1, and the Program Suspend will
set the SUS2 to 1). The SUS1 and SUS2 bits are cleared to 0 by Program/Erase Resume (7AH) command, software

i —
HWA LING TECHNOLOGY 9/77 HWA LING TECHNOLOGY



/@xeme H7ASEM2

reset (66H+99H) command as well as a power-down, power-up cycle.

LB1, LB2 bits.

The LB1, LB2 bits are non-volatile One Time Program (OTP) bits in Status Register (511-S12) that provide the write
protect control and status to the Security Registers. The default state of LB1-LB2 are 0, the security registers are
unlocked. The LB1-LB2 bits can be set to 1 individually using the Write Register instruction. The LB1-LB2 bits are
One Time Programmable, once being set to 1, the corresponding Security Register will become read-only
permanently.

WPS bit.

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

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

LC bit.

The Latency Code (LC) selects the mode and number of dummy cycles between the end of address and the start
of read data output for command ODH under QP mode and command EDH under SPI/QPI modes.

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

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

Latency Code and DTR Mode Frequency Table

LC Dummy clock cycles
8 (Default)
1 6

PE bit.

The Program Error (PE) bit is a read only bit that indicates a program failure. It will also be set when the user
attempts to program a protected array sector or access the locked OTP space.

Error bits can be reset by CLEAR FLAG STATUS REGISTER command (30H).

Note: The PE Error bits can only be accessed when WIP=0. The PE Error bits can also be reset at the next pro-gram
operation.

_—— - —
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The Erase Error (EE) bit is a read only bit that indicates an erase failure. It will also be set when the user attempts
to erase a protected array sector or access the locked OTP space.

Error bits can be reset by CLEAR FLAG STATUS REGISTER command (30H).

Note: The EE Error bits can only be accessed when WIP=0. The EE Error bits can also be reset at the next erase

operation.

ADP bit.

The Address Power-up (ADP) bit is a non-volatile writable bit that determines the initial address mode

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

Byte address mode directly.

Power Up

|

Device Initialization &
Status Register Refresh |

(Nan-Volatile Cells)

-
|3 ADP =0 , ADP =1 3k
oD ADP bit value I|Z
o= \ + |3
-+ E w

° = e __ L7
I I =2
I I -+
: ¥ ¥ :
|| 3-Byte Address 4-Byte Address | !
I Standard SPI Enable 4—Byte{B?H=:= I

Dual SPI - - Dual SPI
Disable 4-Byte(ESH
Quad SPI vte( ) Quad SPI

Standard SPI | I
|
|
|
|
|
|
I

DRV1, DRVO bits

The DRV1 & DRVO bits are used to determine the output driver strength for the Read operations.

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

i —
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HOLD/RST bit.

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

Note: For SOP16 package, HOLD/RST bit is reserved.

Address bit.

The Extended Address Bit A24 is used only when the device is operating in the 3-Byte Address Mode (ADS=0),
which is volatile writable by C5H command. The lower 128Mb memory array (0000 0000H — O0OFF FFFFH) is
selected when A24=0, and all instructions with 3-Byte addresses will be executed within that region. When A24=1,
the upper 128Mb memory array (0100 0000H — 01FF FFFFH) will be selected. The Extended Ad-dress Register is a
volatile register that stores the 4th byte address (A31-A24) when the device is operating in the 3-Byte Address
Mode (ADS=0). Bits A31-A25 are reserved for higher densities.

If the device powers up with ADP bit set to 1, or an “Enter 4-Byte Address Mode (B7H)” instruction is issued, the
device will require 4-Byte address input for all address related instructions, and the Extended Address Bit A24
setting will be ignored. However, any instruction with 4-Byte address input will replace the Extended Ad-dress Bit
A24 with new settings.

A24 Address Range
0 0000 0000H — O0FF FFFFH
1 0100 0000H — O1FF FFFFH

DLP bit.

The DLP bit is Data Learning Pattern Enable bit. For Quad DTR Read commands, a pre-defined “Data Learning
Pattern” can be used by the flash memory controller to determine the flash data output timing on 4 1/0 pins.
When DLP=1, during the last 4 dummy clocks just prior to the data output, the flash will output “00110100” Da-ta
Learning Pattern sequence on each of the 4 I/O pins. During this period, controller can fine tune the data latching
timing for each 1/O pins to achieve optimum system performance. DLP=0 will disable the Data Learning Pattern
output. The user defined pattern is volatile. After device power cycle, the Data Learning Pattern will re-turn to its
“00110100” default value.

_—— - —
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DATA PROTECTION

The device provide the following data protection methods:
B Write Enable (WREN) command: The WREN command sets the Write Enable Latch bit (WEL). The WEL bit will
return to reset by the following situation:

Power-Up / Software Reset (66H+99H)

Write Disable (WRDI)

Write Status Register (WRSR) / Write Extended Ad-dress Register (WEAR)
Page Program (PP) / Quad Page Program (QPP)

Sector Erase (SE) / Block Erase (BE) / Chip Erase (CE)

Erase Security Register / Program Security Register

B Software Protection Mode: The Block Protect (T/B, BP3, BP2, BP1, BPO) bits and WPS bit define the section of

the memory array that can be read but cannot be changed.

B Hardware Protection Mode: WP# goes low to prevent writing status register.

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

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

Protected Area Sizes (T/B bit = 0, WPS = 0)

Status bit Protect Level

BP3 BP2 BP1 BPO 256Mb

0 (none)

1 (1 block, protected block 511%)

2 (2 blocks, protected block 5107-511%)

3 (4 blocks, protected block 5087-511%)

4 (8 blocks, protected block 5047-511%)

HlRlo|lo|lo| o

5 (16 blocks, protected block 496"-5117)

=

6 (32 blocks, protected block 480”'—5]1“}

7 (64 blocks, protected block 448‘"—5]1“}

(=T I = T =T I = T e (= |

8 (128 blocks, protected block 384™-511%)

9 (256 blocks, protected block 256™-511%)

[y

o

10 (512 blocks, protected all)

[y

11 (512 blocks, protected all)

12 (512 blocks, protected all)

HFlRlolo|l o] o

13 (512 blocks, protected all)

=

14 (512 blocks, protected all)

Hlr| k|l r]|Rr|R|r|Rr|lo|lo|o|le|lo|lo|la|ao
=
=|lr|lolo|lr|lr|lolo|r|kr| olo|r|~|lo|la

=l ol ~=|lo

15 (512 blocks, protected all)

e —
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Protected Area Sizes (T/B bit = 1, WPS = 0)

Status bit

Protect Level

BP3 BP2 BP1 BPO

256Mb

0 (none)

1 (1 block, protected block 07)

2 (2 blocks, protected block 0"-1%)

3 (4 blocks, protected block 0"-37)

th _th

4 (8 blocks, protected block 07-7 )

5 (16 blocks, protected block 0™-15")

6 (32 blocks, protected block 0™-31%)

HlRlolo|lRr|R]|]O| oD

7 (64 blocks, protected block 0™-63")

8 (128 blocks, protected block 0™-127")

9 (256 blocks, protected block 0"-255")

=l=|l=|lOlOolo|lo|lOo|lo]|o| O

10 (512 blocks, protected all)

=

11 (512 blocks, protected all)

12 (512 blocks, protected all)

13 (512 blocks, protected all)

14 (512 blocks, protected all)

H =R |=lOololo|lO|lkR|R|IlR|R|OD|lD|O| D
Ll = = = N = Il =T B =T =N =)

Rrlr|lo|lelkr|lr|lale

15 (512 blocks, protected all)

Individual Block Protection (WPS=1)

Block Sector

Individual Block Lock

Address range .
€ Operation

8191

01FFFFOOH

01FFFFFFH The Top/Bottom block is

511

protected by sector.

8176

01FFOO00OH

01FFOOFFH

Other 510 Blocks are

protected by block

Block Lock:

36H+Address

Block Unlock:
39H+Address

Read Block Lock:
3DH+Address

15 00FD00OH

00FFFFH Global Block Lock:

7EH

0 000000H

Global Block Unlock:

00OFFFH 98H

HWA LING TECHNOLOGY
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COMMANDS DESCRIPTION

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

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

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

Address Byte
C an Command 5Pl | Dummy Data B
ommand Name Code ap Total Cyde ata Byte
ADD Bytel Byte2 Byte3 Byted
Byte

Register Access
Read Status Register_1 05H v v 0 4] 1toes
Read Status Register_2 35H v v 0 4] 1toes
Read Status Register_3 15H v v 0 ] 1toee
Wrrite Status Register_1 01H v v 0 ] 1
Wrrite Status Register 2 31H v v 0 ] 1
Wrrite Status Register 3 11H v v 0 ] 1
Read Extended Addi

Far biended Aceress caH vo| v 0 0 1toeo
Register
Wrr?e Extended Address £SH ¥ v 0 0 1
Register
Manufacturer/Device 1D S0H v v 3 ADD1 ADD2 ADD3 1] 1toee
Manufacturer/Device 1D 52H v 3 ADD1 | ADD2 ADD3 qroees 1tooo
by Dual IO
Manufacturer/Device 1D 84H v 3 ADD1 | ADD2 ADD3 ot 1tooo
by Quad I/0
Read Serial Flash Di -

Fag serial ash Hiscov SAH vo| v 3 | apb1 | app2 | ADD3 N e
erable Parameters
Read Unigue ID 4BH v v 314) | AbD1 ADD2 ADD3 | (ADD4) | 8wem 1;;zit
Read Identification 9FH v v ] 4] 1toes
Array access
Read Data 03H v 3(4) ADD1 ADD2 ADD3 {ADD4) 0 1tgee

_—— - —
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Fast Read 0BH v | v | 3% | aopi | apDD2 | ADD3 | (ADD4) | 8w | 1toee
Dual Output Fast Read 3BH v 34) | ADD1 | ADD2 | ADD3 | (ADD4) 8 1toee
Dual 1/O Fast Read BBH v 34) | ADD1 | ADD2 | ADD3 | (ADD4) | 4™m= | 1toes
Quad Output Fast Read 6BH v 34) | ADD1 | ADD2 | ADD3 | (ADD4) 8 1toes
Quad 1/O Fast Read EBH v | v | 34 | abp1 | aDD2 | ADD3 | (ADD4) | EMe=vs | 1toes
Quad 1/0 Word Fast Read E7H v 34) | ADD1 | ADD2 | ADD3 | (ADD4) | amees | 1toes
4-Byte Read 134 v 4 | apD1 | aDD2 | ADD3 | ADD4 0 11000
4-Byte Fast Read OcH vo| v a | apD1 | aADD2 | ADD3 | ADD4 | &M= | 1toee
:;B;:E Dual Qutput Fast 3cH v 4 | ADD1 | ADD2 | ADD3 | ADD4 8 1t0ee
4-Byte Dual |/O FastRead |  BCH v 4 | aoD1 | ADD2 | ADD3 | ADD4 | ames | 1t0ee
:;Ba*:"' Quad Output Fast 6CH v 4 | apD1 | aDD2 | ADD3 | ADD4 8 11000
:;B;;e Quad |/O Fast ECH v | v 4 | ADD1 | ADD2 | ADD3 | ADD4 | 6%=3 | 110w
:;Ba‘:"' DTR Quad I/0 Fast EEH vo| v 4 | apD1 | ADD2 | ADD3 | ADD4 | swmws | 1toee
DTR Fast Read oDH v | v |34 | acpr | app2 | ADD3 | (ADD4) | &%= | 1toee
DTR Fast Read Dual |/O BDH v 314 | ADD1 | ADD2 | ADD3 | (ADD4) | 6%w= | 1toes
DTR Fast Read Quad /0 EDH v | v |34 | acpr | aDD2 | ADD3 | (ADD4) | Bmews | 1tgee
Page Program 02H v | v |34 | apt | appz | ADD3 | (ADD4) 0 1to 256
Quad Page Program 32H v 34y | AapD1 | ADD2 | ADD3 | (ADD4) 0 1to 256
E:‘o';'r':fnd Quad Input Fast C2h v 3(4) | ADD1 ADD2 ADD3 | (ADD4) 0 110 256
4-Byte Page Program 12H vo| v a | apD1 | ADD2z | ADD3 | ADD4 0 110756
:I'_E;:rg”ad Input Fast 344 v a | app1 | ADD2 | ADD3 | ADD4 0 1t 256
:’;ﬁ:‘:ﬂ?;:f;?{?;::’ 3En v 4 | app1 | aDD2 | ADD3 | ADD4 0 110256
4KB Sector Erase 20H v | v | 34 | aop1 | appz | aADD3 | (ADDY) 0 0
32KB Block Erase 52H v | v |34 | aopt | aDD2 | ADD3 | (ADD4) 0 0
64KB Block Erase DEH v | v | 34 | Aaopt | aDD2 | ADD3 | (ADD4) 0 0
Chip Erase C7/60H v v 0 0 1]
4-Byte 4KB Sector Erase 21H v ov a4 | apD1 | aDD2 | ADD3 | ADD4 0 0
4-Byte 32KB Block Erase SCH v ov 4 | apD1 | ADD2 | ADD3 | ADD4 0 0

i —
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4-Byte 64KB Block Erase DCH v v 4 ADD1 ADD2 ADD3 ADD4 0 4]

Device Operations

Enable Reset 66H v v ] 1] 0
Reset 89H v v ] i} 0
Write Enable 0&H v v ] 1] 0
Write Enable for Volatile

Status Register S0 v v 0 0 o
Write Disable 04H v v ] i} 0
Program Erase Suspend 75H v v 4] o 4]
Program Erase Resume 7AH v v 4] o 0
Enable OFI 38H v o i} 0
Disable QPI FFH v ] i} 0
Set Burst with Wrap 77TH v 1] ] ]
Set Read Parameters CoH v ] i} 0
Enter 4-Byte Address B7H - v o o 0
Mode

Exit 4-Byte Address Mode E9H v v ] i} 0
Clear Flag Status Register I0H - v o o 0
Command

Continuous Read Reset FFHMNot=2 v v

Deep Power-Down BAH v v [i] li] li]
Release From Deep Pow- ABH - v o 24 0

er-Down/Read Device ID

One-Time Programmable (OTP) Operations

Read Security Register 48H v v | 34 | abp1 ADD2 ADD3 | (ADD4) 8 1toes
Program Security Register 47H v v | 314 | abp1 ADD2 ADD3 | (ADD4) 0 11to 256
Erase Security Register 44H v v | 314y | Abp1 ADD2 ADD3 | (ADD4) 0 0

Advanced Sector Protection Operations

Global Block Lock 7EH v v o 0 4]

Global Block Unlock 98H v v o 1] 4]

Individual Block Lock 36H v v 3(4) ADD1 ADD2 ADD3 (ADD4) 0 o]

Individual Block Unlock 35H v v 3(4) ADD1 ADD2 ADD3 (ADD4E) 1] 4]

Read Block Lock 30H v v 3(4) ADD1 ADD2 ADD3 (ADD4) 0 1
NOTE:

1. The number of dummy clocks for 0BH/OCH/EBH/ECH/5AH/4BH under QPI mode will be configured as either
8/4/6 (default = 8) by the “Set Read Parameters (COH)” command.
The number of dummy clocks for ODH_QPI/EDH/EEH/EDH_QPI/EEH_QPI will be configured as either 8/6
(default = 8) by LC bit in status register.

_—— - —
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2. Under SPI mode and Continuous Read Mode, Command FFH will exit the Continuous Read mode.
Under QPI mode and Continuous Read Mode, the first time sending command FFH will exit the Continuous Read
mode, and the second time sending FFH will exit QPI mode.
3. M7-0 is counted for dummy clocks.

Table of ID Definitions:

Operation Code MID7-MIDO ID15-1D8 1D7-1D0
9FH oB 40 13
30H oB 13
ABH 18

Read Status Register (O5H or 35H or 15H)

The Read Status Register (RDSR) command is for reading the Status Register. The Status Register can be

read at any time, even while a Program, Erase or Write Status Register cycle is in progress. When one of these
cycles is in progress, it is recommended to check the Write In Progress (WIP) bit before sending a new command
to the device. It is also possible to read the Status Register continuously. For command code “0O5H”, the

SO will output Status Register bits S7~S0. For the command code “35H”, the SO will output Status Register bits
$15~S8. For the command code “15H”, the SO will output Status Register bits S23~S16.

Read Status Register Sequence Diagram
cs Y
0123 456 7 8 910111213 1415

—>

JUUUUUUUPT

| —

€— Command

ST RECEEEC (T (T
Register 1/2/3 v  Register1/2/3
50 e épa«aeooégeeeeeoﬂ::

Read Status Register Sequence Diagram (QPI)

C5# \ .

SCLK

siioo) /77////)
souonm
wex(02) /////]/)
Howo#(o3) /////7/)

Status
Register
1213

1/2f3
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Write Status Register (O1H or 31H or 11H)

The Write Status Register (WRSR) command allows new values to be written to the Status Register. Before

it can be accepted, a Write Enable (WREN) command must previously have been executed. After the Write Enable
(WREN) command has been decoded and executed, the device sets the Write Enable Latch (WEL).

The Write Status Register (WRSR) command has no effect on the volatile bits of the Status Register. CS#

must be driven high after the eighth bit of the data byte has been latched in. If not, the Write Status Register
(WRSR) command is not executed. As soon as CS# is driven high, the self-timed Write Status Register cycle
(whose duration is tW) is initiated. While the Write Status Register cycle is in progress, the Status Register may
still be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the
self-timed Write Status Register cycle, and is 0 when it is completed. When the cycle is completed, the Write
Enable Latch (WEL) is reset.

The Write Status Register (WRSR) command allows the user to change the values of the Block Protect (T/B,
BP3, BP2, BP1, BPO) bits, to define the size of the area that is to be treated as read-only, as defined in the
Protected

Area Sizes table. The Write Status Register (WRSR) command also allows the user to set or reset the Status
Register Protect (SRP) bit in accordance with the Write Protect (WP#) signal. The Status Register Protect

(SRP) bit and Write Protect (WP#) signal allow the device to be put in the Hardware Protected Mode. The Write
Status Register (WRSR) command is not executed once the Hardware Protected Mode is entered. For command
code “01H”, the SI will input Status Register bits S7~S0. For the command code “31H”, the SI will input Status
Register bits S15~S8. For the command code “11H”, the SI will input Status Register bits S23~S16

Write Status Register Sequence Diagram

T\ /"
01 2 3 4 5 6 7 8B 51011 1213 1415

sak_ [[IUTUUULT

— Command —M Status Register in
3

sl 01H/31H/11H

.

50

Write Status Register Sequence Diagram (QPI)

Cs# U

SCLK

=k

01H
f31H
f11H

F 3

o
-

siwoo) [// 11/
sowo1) J///77))
wes(02) [/ /7]
Howo#(03) ///// //)

§

%%%% =
@

:

Status
Register in

i —
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Read Extended Address Register (C8H)

Extended Address Register contains Address Bits A31-A24. The Read Extended Address Register instruction

is entered by driving CS# low and shifting the instruction code “C8H” into the Sl pin on the rising edge of SCLK.
The Extended Address Register bits are then shifted out on the SO pin at the falling edge of SCLK with most
significant bit (MSB) first.

When the device is in the 4-Byte Address Mode, the value of A31-A24 bits is ignored.

Figure 3. Read Extended Address Register Diagram

C5# \
SCLK

012 3 4 5 6 7 8 910111213 1415

yUUUUUUU P

%— Command

Si can Y11
50 A 06900@

M5B M5B
Figure 3a. Read Extended Address Register Diagram (QPI)

Cs# % - .

Howo#(103) //////])

i —
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Write Extended Address Register (C5H)

The Extended Address Register is a volatile register that stores the 4th byte address (A25, A24) when the
device is operating in the 3-Byte Address Mode (ADS=0). To write the Extended Address Register bits, a Write
Enable (06H) instruction must previously have been executed for the device to accept the Write Extended Address
Register instruction. Once write enabled, the instruction is entered by driving CS# low, sending the instruction
code “C5H”, and then writing the Extended Address Register data byte.

Upon power up or the execution of a Software/Hardware Reset, the Extended Address Register bit values

will be cleared to 0.

The Extended Address Register is only effective when the device is in the 3-Byte Address Mode. When the
device operates in the 4-Byte Address Mode (ADS=1), any command with address input of A31-A24 will replace
the Extended Address Register values. It is recommended to check and update the Extended Address Register if
necessary when the device is switched from 4-Byte to 3-Byte Address Mode.

Figure 4. Write Extended Address Register Diagram

cs % /
01 2 3 456 7 8B 910111213 1415

SCLK UL

— Command —M

s /1111111 = ]

S50

Figure 4a. Write Extended Address Register Diagram (QPI)

CS# '\

SCLK

siwoo) /77 /1//)
so(io1) [/7/////)
we#(02) /////{/)
nowo#(103).// /1 1/}

i —
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Read Manufacture ID/ Device ID (90H)

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

Figure 5. Read Manufacture ID/ Device ID Sequence Diagram

Cs# \
SCLK

012 3 456 7 8 91W11 24 25 26 27 28 29 30 31

M— Command

sw [f1111T] 04

High-Z
50 £ —-

cs# /

32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

sew_ L TITUTHUUTL] )FLFLFLFLWLHI -

S T T i i,

‘f_ Manufacturer ID ‘F Device ID ar Manufacturer D —
50 ~ 909990 90960@ 96590 g —- -

Figure 5a. Read Manufacture 1D/ Device ID Sequence Diagram (QPI)

st \ /

01 2 3 4 5 & 7 B 95 1011

SCLK
sioo) ///////)
souo1) /77777])

we(102) ///7//])
nowo#03) ////1/])

24-bit address(a23:a0)

i —
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Read Manufacture ID/ Device ID Dual 1/0 (92H)

The Read Manufacturer/Device ID Dual I/O command is an alternative to the Release from Power-Down /Device
ID command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID by dual 1/0.

The command is initiated by driving the CS# pin low and shifting the command code “92H” followed by a

24-bit address (A23-A0) of 000000H and M7-MO. After which, the Manufacturer ID and the Device ID are shifted
out on the falling edge of SCLK with most significant bit (MSB) first as shown in the figure below. If the 24-bit
address is initially set to 000001H, the Device ID will be read first.

cs

—\

012 3 456 758 9101112 1314 1516 1718 1920 21 22 23

PO U -

— Command

soo J717TIN == 0000000000008
so(101) IO EE R -

A23-18 Al5-E A7-0 M7-0

Gs——

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 3040 41 42 43 44 45 46 47

s _ [HUTHTHPUUT OO iU

si(100) - — 00

GO ©0,0006,06 0000 000600000006
MFRID Device ID MFR ID Device ID MFR ID Device ID
(Repeat) (Repeat) (Repeat) (Repeat)

o

Read Manufacture ID/ Device ID Quad 1/0O (94H)

The Read Manufacturer/Device ID Quad I/O command is an alternative to the Release from Deep Power Down
and Read Device ID command that provides both the JEDEC assigned Manufacturer ID and the specific Device ID
by quad I/0. The command is initiated by driving the CS# pin low and shifting the command code “94H” followed
by a 24-bit address (A23-A0) of 000000H and 6 dummy clocks (M7-MO included). After which, the Manufacturer
ID and the Device ID are shifted out on the falling edge of SCLK with most significant bit (MSB) first is shown in the
figure below. If the 24-bit address is initially set to 000001H, the Device ID will be read first.

cs \ /o
01 2 3 456 7 8 51011121314 1516 1718 1920 2122 23 24 2526 27 28 2930 31
sak____ ] MMMM{UMMMMMJ:
4€— Command
sitioo) /7/7/177/X 4 0000006 2000000000008
soto 010,00 00 o S o 06 06,0000 00 @
= 0100000 00 M 000 0000 0000 8
hd
vouono3 000000 00 S 5790606 0 300 0 @
A23-16 | A15-8| A7-0 | M7-0 Dummy MID | DID | MID| DID | MID | DID

i —
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Read SFDP(5AH)

The Serial Flash Discoverable Parameter (SFDP) standard provides a consistent method of describing the
functional and feature capabilities of serial flash devices in a standard set of internal parameter tables. These
parameter tables can be interrogated by host system software to enable adjustments needed to accommodate
divergent features from multiple vendors. The concept is similar to the one found in the Introduction of JEDEC
Standard, JESD68 on CFI. SFDP is a standard of JEDEC Standard No.216.

Cs#

A\
SCLK

012 3 45687 89%1011 24 2526 27 28 29 30 31

[€— Command

s\ [T, s

High-Z
S0 £ —-

24-bit address|{A23:A0)

Cs#t — —

32 3334 3536 37 38 3940 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

N T

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

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

CS#t Y

0 1 2 3 4 5 & 7 8 9 10 11 1 13 14 15 16 17 18 13 W0 21

TUUHHTT U U U -

24-hit address|A33:A0)

=

SCLK
SIS
souon) ///117))
wea(02) //171/])
wowo#03) ///////)

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

SAH

A
v

ayoxsfofako afofaXofafol———-

SXIAS AL NS KL SALAS LIS Rl ——— —-

EX2AE A2 A ENRD ErzReER2ZLGRZ— — — — -

v
MSE WS [mMsB |msE

TAIATAIATAD TRIRTRILTRI b — — —

525 &

AZI-ALE| ALS-AE [ AT-O Drmmany* Bytel | Byted | Byted
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Read Unique ID(4BH)

The Read Unique ID command accesses a factory-set read-only 128bit number that is unique to each device. The
Unique ID can be used in conjunction with user software methods to help prevent copying or cloning of a system.
The Read Unique ID command sequence: CS# goes low 2 sending Read Unique ID command - Sending 24-bit
Address (A23:A0) (Don’ t care) +1 dummy byte = 128bit Unique ID Out = CS# goes high.

The command sequence is shown below.

C5# \
012345678 9101 32 3334 3536 37 38 39
SCLK

24-bit address[A23:A0)

[E— Command + 1 Dummy Byte

si 48H 200000000
MSB
High-Z
S0 - —
Cs# — —
a) 41 42 43 44 4% 46 4T 48 49 5O B1 52 &3 G4 &% 161 162 163 1564 168 166 167
SCLK

sl—— QZ
R 00 e e n S RN 0'0'0'0) 00 0.0 (/i

M5

Read Unique ID (4BH) in QPI mode

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

4/6/8.
cs# \

01 2 3 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18 19 20 2

UL oy - -

24-hit address(A23:A0)

=

SCLK

siioo) /77717))
souos) //7177))
wea(02) //77/7))
Howo#(03) ////77])

*Set Read Parameters Command (COH) can set the number of dummy clocks
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

g
A4

i~

xXx Ex N g xKx aXola oJa o mm——-=

S

LRSS S8 e By B SA1ILS AL JS Q] J=———~

S

EAR RERAK LR BRZAERAZAE RN f————"~

M5B MSB | MSB MsB

KA R H AX L XN TRIATRAILTRIf-———~

S &

n23-A16] AL5-AB| A7-0 Dummy* Bytel | Byte2 | Byted
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Read Identification (9FH)

The Read Identification (RDID) command allows the 8-bit manufacturer identification to be read, followed

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

The device is first selected by driving CS# to low. Then, the 8-bit command code for the command is shifted

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

Figure 10. Read Identification ID Sequence Diagram
CS# \ /

01 2 3 45 6 7 8 9101112 13141516 17 18 1920 21 22 2324 2526 27 28 29 30 31

sax _ [[IIUT0IIUumrrp U Ui

[€— Command —»

s [[11111] o LT T T T T

a2 — Manufacturer ID —ee— %ﬁgfsr}j;r[?; - Cp?c > High-2
S0 2000858000600000860000080080

MSB

Figure 10a. Read Identification ID Sequence Diagram (QPI)

et \ /

0o 1 2 3 4 5 & 7

SCLK

=

S

GFH

siioo) ///1///)+ +
S0(101) m\y?
wee(02) ////]//he/+)
nowos(03) ///////Y+ )

MID |ID15-ID& 107-100
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Normal Read (03H/13H)

The Read Data Bytes (READ) command is followed by a 3-byte address (A23-A0) or a 4-byte address (A31-A0), and
each bit is latched-in on the rising edge of SCLK. Then the memory content, at that address, is shifted out on SO,
and each bit is shifted out, at a Max frequency fR, on the falling edge of SCLK. The first byte ad-dressed 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 (READ) command. Any Read
Data Bytes (READ) command, while an Erase, Program or Write cycle is in progress, is rejected without having any

effects on the cycle that is in progress.

CS#

A\
sk

012 3 4567 38 91011 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40

[

24-bit address(A23:A0)

S TN ORI

i&h-
SO Hen? MSB (7 699999 0 (:

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

Fast Read (OBH/OCH)

The Read Data Bytes at Higher Speed (Fast Read) command is for quickly reading data out. It is followed by

a 3-byte address (A23-A0) or a 4-byte address (A31-A0) and a dummy byte, and each bit is latched-in on the rising
edge of SCLK. Then the memory content, at that address, is shifted out on SO, and each bit is shifted out, at

a Max frequency fC, on the falling edge of SCLK. 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.

CS# \
012 3 456 7 & 51011 24 2526 27 28 29 30 31
S5CLK

l€— Command 24-bit address(A23:A0)

Sy 08K 3tk yedis- - -

SO - =

CS# — —

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

MFUUW SRR AR Ay —
[T T

v Data Qutl v Data Out2 Data Qut3
<o — — 7XE)5 Ka N3 2 1Yo 7Xe )5 Xa)a K2 )1 )o
MsB MSE —

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

i —
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Fast Read (OBH) in QPI mode

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

CSH _\ .

01 2 3 4 5 & 7 B 95 10 11 12 13 14 15 16 17 123 19 0 21

—— S N S

08H | 24-bit address{A23:A0)

S\ 000006 70 0000 T

SO{IDL]M&1515L51 sY1fsf1isi1p———-
WPM(IOZ}ouszszez G266 26 )2 -

v

MsB Mg mse  |mse
HOLD#(103) Illll' 'WER &5 €3 &5 £F %2 € T3 alifip———-
n23-a16] A15-a8] a7-0 Dumrmy® Bytel | Byte2 | Byte3d

*Set Read Parameters Command (COH) can set the number of dummy clocks
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Dual Output Fast Read (3BH/3CH)

The Dual Output Fast Read command is followed by 3-byte address (A23-A0) or a 4-byte address (A31-A0) and a
dummy byte, each bit being latched in during the rising edge of SCLK, then the memory contents are shifted out
2-bit per clock cycle from Sl and SO. The command sequence is shown in the figure below. The first byte
addressed can be at any location. The address is automatically incremented to the next address after each byte of
data is shifted out.

CS# \ .

012 3 456 7 8 91011 24 2526 27 28 29 30 31

s ([UTUTHHHUUTL - -

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

s [111111] i Joedkiaded- -

MSB

High-2
SO L ——

cS# — —
32 3334 3536 3738 3940 4142 43 44 45 46 47 48 4950 5152 53 54 55

se [T NRR AR —

Dummy Byte —

Sl — 642064206—

v Data Outl | Data Out2 | Data Out3 | Data Outd

MSB MSB MSB MSB

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

The Dual I/O Fast Read command is similar to the Dual Output Fast Read command but with the capability to
input a 3-byte address (A23-0) or a 4-byte address (A31-A0) and the “Continuous Read Mode” bits (M7-M0) 2-bit
per clock by Sl and SO, each bit being latched in during the rising edge of SCLK, then the memory contents are
shifted out 2-bit per clock cycle from Sl and SO. The command sequence is shown in the figure below. The first
byte addressed can be at any location. The address is automatically incremented to the next address after each
byte of data is shifted out.

Cs# )
SCLK

012 3 456 78 91011121314 1516 1718 1920 2122 23

TP T UTUL

— Command

swoo) 77711TT_—o 800000000000

A23-16 Al5-8 AT-0 M7-0

Cs# — —

23 24 25 26 27 28 2930 31 32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47

stk ] UL RRRNRRARARR A —

sii00) — —{Ya}2)o
S 0000 0006 260009006

Bytel Byte2 ByteS Byte
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

0000060006

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

The Dual I/O Fast Read command can further reduce command overhead through setting the “Continuous Read
Mode” bits (M7-0) after the input 3-byte address (A23-A0) or a 4-byte address (A31-A0). If the “Continuous Read
Mode” bits (M5-4) =(1, 0), then the next Dual I/O Fast Read command (after CS# is raised and then lowered) does
not require the BBH command code. The command sequence is shown in the figure below. If the “Continuous
Read Mode” bits (M5-4) do not equal (1, 0), the next command requires the first BBH command code, thus
returning to normal operation. A “Continuous Read Mode” Reset command can be used to reset (M5-4) before
issuing normal command.
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Dual I/0 Fast Read Sequence Diagram (M5-4=(1,0))

CSH# \

SCLK

SI(100)

SO(101)

012 3 456 78 9101112 1314 15

— (&0

A15-8

0.0.0,00.000 9000
290600059000 sl

TUUHPUUUPHTy - -

CS# — —

1516 17 18 19 20 21 22 2324 2526 27 28 29 30 31

sck ]

SI{l00) — —

SO(101) — ——

300
0000

Bytel

[
9,00 Gl

Byted

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

Quad Output Fast Read (6BH/6CH)

The Quad Output Fast Read command is followed by a 3-byte address (A23-A0) or a 4-byte address (A31-A0) and a
dummy byte, each bit being latched in during the rising edge of SCLK, then the memory contents are shifted out
4-bit per clock cycle from 103, 102, 101 and 100. The command sequence is shown in the figure be-low. The first
byte addressed can be at any location. The address is automatically incremented to the next ad-dress after each

byte of data is shifted out.
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C5# N
SCLK

012 3 456 7 8 51011 24 2526 27 28 29 30 31

— Command

siwoo) ////1]]/ 6BH

24-bit address(A23:A0)

MSB
High-Z
$SO(101) £ __
WP#(102) High-2 _
High-Z
HOLD#(103) = —-
st — —

32 3334 3536 37 38 3540 41 42 43 44 45 46 47 48 45 50 51 52 53 54 55

SCLK _
Dummy Byte  —
SI{100) —
so(lo1) — —
WP#(102) — —
HOLD#(IO3) — —
Bytel|Bytel| Byte3| Byted|ByteS | Bytet | Byte7 | Byt

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
Quad 1/0 Fast Read(EBH/ECH)

The Quad I/0 Fast Read command is similar to the Dual /O Fast Read command but with the capability to input a
3-byte address (A23-0) or a 4-byte address (A31-A0) and a “Continuous Read Mode” byte (M7-0) and 4 dummy
clocks 4-bit per clock by 100, 101, 103, 104, each bit being latched in during the rising edge of SCLK, then the
memory contents are shifted out 4-bit per clock cycle from 100, 101, 102, 103. The command sequence is shown in
the figure below. The first byte addressed can be at any location. The address is automatically incremented to the
next address after each byte of data is shifted out. The Quad Enable bit (QE) of Status Register (S9) must be set to
enable for the Quad I/O Fast read command.
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cst o\

01 2 3 45 6 7 8 9101112 1314 1516 17 18 19 20 21 22 23

SCLK
4€— Command
SI(100) EBH % oYa¥oY 4
SO(101) s5¥1 115X1¥ 5
WP#(102) @@ 2Ye X2 e
HOLD#{103) @@ AEYYEY 7
A23-16 | A15-B| A7-D | m7-01 Durmrmy Bytel| Byte2

* The number of dummy clocks can be set by DCO bit
Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.

Quad 1/0 Fast Read (EBH/ECH) with “Continuous Read Mode”

The Quad I/O Fast Read command can further reduce command overhead through setting the “Continuous Read
Mode” bits (M7-0) after the input 3-byte address (A23-A0) or a 4-byte address (A31-A0). If the “Continuous Read
Mode” bits (M5-4) =(1, 0), then the next Quad I/O Fast Read command (after CS# is raised and then lowered) does
not require the EBH command code. The command sequence is shown in the figure below. If the  “Continuous
Read Mode” (M5-4) do not equal (1, 0), the next command requires the first EBH command code, thus returning
to normal operation. A “Continuous Read Mode” Reset command can be used to reset (M5-4) before issuing
normal command.

C5# —\

012 3 45 6 7 8 9101112 1314 15

si(100) ayoyayoYaxotaxo oXaxoX 4

SO(101) sX1fsX1¥s k10501 15418 5

WPH(102) GrzlefzyelzRelz 2¥6X2Y 6

HOLD#(103) TRIRTRIZTHIRTAS FAIATRIN 7
A23-16 | A15-8| A7-0 | M7-0] Dummy | Bytel|Byte2

* The number of dummv clocks can be set bv DCO bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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Quad 1/0 Fast Read (EBH/ECH) with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Quad I/0O Fast Read command can be used to access a specific portion within a page by issuing “Set Burst with
Wrap” (77H) commands prior to EBH. The “Set Burst with Wrap” (77H) command can either enable or disable the
“Wrap Around” feature for the following EBH commands. When “Wrap Around” is enabled, the data being
accessed can be limited to either an 8/16/32/64-byte section of a 256-byte page. The output data starts at the
initial address specified in the command, once it reaches the ending boundary of the 8/16/32/64-byte section, the
output will wrap around the beginning boundary automatically until CS# is pulled high to terminate the command.
The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and then fill the
cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read commands. The
“Set Burst with Wrap” command allows three “Wrap Bits” W6-W4 to be set. The W4 bit is used to enable or
disable the “Wrap Around” operation while W6-WS5 is used to specify the length of the wrap around section within
a page.

Quad 1/0 Fast Read (EBH/ECH) in QPI mode

The Quad I/O Fast Read command is also supported in QPI mode. See the figure below. In QPI mode, the number
of dummy clocks (8 dummy by default) is configured by the “Set Read Parameters (COH)” command to
accommodate a wide range application with different needs for either maximum Fast Read frequency or minimum
data access latency. Depending on the Read Parameter Bits P[5:4] setting, the number of dummy clocks can be
configured as either 4/6/8. In QP mode, the “Continuous Read Mode” bits M7-MO are also considered as dummy
clocks. “Continuous Read Mode” feature is available in QP mode for Quad 1/O Fast Read command.

The “Wrap Around” feature is also available in QPI mode for Quad I/O Fast Read command. The “Wrap Length”
and the number of dummy clocks can be configured by the “Set Read Parameters (COH)” command. Also EDH

and EEH are alternative ways to perform “Wrap Around” under QPI mode.

CS#_\

01 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 13 20 21

JUUUIUHLPU]

SCLK

SO{IOl}Mﬁ51515151 8360 3 88 T
WP#{IOZ]’l-\E/t':ZéEéZé? s 236216 2 F———-

24-bit address(A23:AD)

MSB MSEB  |MSB MSB
wows03) /11111 XXk Xk e ko e 000 00 s
A23-A16] ALS-AE| AT-0 M7-0 Bytel | Byte2 | Byte3

Dummy®{Incloud M7-0)
*Set Read Parameters Command {COH) can set the number of dummy clocks

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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Quad 1I/0 Word Fast Read(E7H)

The Quad I/O Word Fast Read command is similar to the Quad I/O Fast Read command input a 3-byte address
(A23-0) or a 4-byte address (A31-A0) and the “Continuous Read Mode” bits (M7-0) and 2 dummy clocks 4-bit per
clock by 100, 101, 103, 104, except that the lowest address bit (A0) must equal 0. The command sequence is shown
in the figure below. The first byte addressed can be at any location. The address is automatically incremented to
the next address after each byte of data is shifted out. The Quad Enable bit (QE) of Status Register (S9) must be set
to enable for the Quad I/O Word Fast read command.

Cs# A\
SCLK

012 3 456 7 8 91011121314 1516 1718 1920 21

T

m
[
[
iy

ﬁ

l€— Command

swoo) 77771711

so(101) 5
WP#(102) 5A2 )@
W
HOLD#(103) 7Y3 73 7

il
00
SO—HOR0
00
00

g 88

M7-0[0ummy| Bytel| Byte2
Note: The device default is in 24-bit address mode. For 4-bvte mode, the address length becomes 32-bit.

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

The Quad I/O Word Fast Read command can further reduce command overhead through setting the “Continuous
Read Mode” bits (M7-0) after the input 3-byte address (A23-A0). If the “Continuous Read Mode” bits (M5-4) = (1,
0), then the next Quad I/O Word Fast Read command (after CS# is raised and then lowered) does not require the
E7H command code. The command sequence is shown in the figure below. If the “Continuous Read Mode” bits
(M5-4) do not equal (1, 0), the next command requires the first E7H command code, thus returning to normal
operation. A “Continuous Read Mode” Reset command can be used to reset (M7-0) before issuing normal
command.

CS# \
01234567 8 9101112131415
SCLK

=
=

44044 X0 0

s1(100)
s0(l01) 4@@
WPH(102)
HOLD#(103) ———(7)(3)

A23-16 | A15-8| A7-0 | M7-0|oummy| Bytel| Bytel|Byte2
Note: The device default is in 24-bit address mode. For 4-bvte mode. the address lensth becomes 32-bit.

SALES A1 1

6246 %2 2

TA3IATR3 TA3

7

RN
R

265 8 &

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

The Quad I/0 Word Fast Read command can be used to access a specific portion within a page by issuing “Set
Burst with Wrap” (77H) commands prior to E7H. The “Set Burst with Wrap” (77H) command can either enable or
disable the “Wrap Around” feature for the following E7H commands. When “Wrap Around” is enabled, the data
being accessed can be limited to either an 8/16/32/64-byte section of a 256-byte page. The output da-ta starts at
the initial address specified in the command, once it reaches the ending boundary of the 8/16/32/64-byte section,
the output will wrap around the beginning boundary automatically until CS# is pulled high to terminate the
command. The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and
then fill the cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read
commands. The “Set Burst with Wrap” command allows three “Wrap Bits” W6-W4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-WS5 is used to specify the length of the wrap around
section within a page.

DTR Fast Read(ODH)

The DTR Fast Read instruction is similar to the Fast Read instruction except that the 24-bit or 32-byte address
input and the data output require DTR (Double Transfer Rate) operation. This is accomplished by adding six
dummy clocks after a 3-byte address (A23-A0) or a 4-byte address (A31-A0) as shown in the figure below.

The dummy clocks allow the devices internal circuits additional time for setting up the initial address. During the
dummy clocks the data value on the 10 pin is a “don’t care”.

DTR Fast Read Instruction(SPI Mode)

CS#

\

r— Command

s 1111111 o

HighZ

SO - =

CS# — —

20 21 22 23 24 25 26 27 28 29 30 31 32 33

erFLFLTJ_LTLTLTI::::

[T T

v Data Outl Data Out2 Data Out3

S s ©.0.0.00.0.00 0,00.00000 S

M5B MSB

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

The DTR Fast Read instruction is also supported in QPI mode. The number of dummy clocks for “DTR Fast Read”
(ODH) under QPI mode and “DTR Fast Read Quad |0” (EDH) can be set by the Latency Code (LC) in status register.
When the LC bit is set to 0, which is default, the number of dummy clock cycles is 8. When the LC bit is set to 1,
the dummy clock cycles is 6.

CS# Y

ra
w
=

é

SCLK
siioo) ////1//)
S0(l01) M
we(102) ////]//}
HoLos(03) // /71 //)

24-bit address(A23:A0)

4y0Fk4 040

SA135 31851

EA2ZRENZLENZ

TAIRTAIET A3

Sop L Sk

AZ3-16| AlS-82 | AT Dummy* Bytel | Byte? | Byte3
* The number of dummy clocks can be set by LC bit

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

DTR Fast Read Dual I/0O (BDH)

The DTR Fast Read Dual I/O (BDH) instruction allows for improved random access while maintaining two IO pins,
100 and I01. It is similar to the Fast Read Dual Output (3BH) instruction but with the capability to input a 3-byte
address (A23-A0) or a 4-byte address (A31-A0) two bits per clock. This reduced instruction overhead may allow for
code execution (XIP) directly from the Dual SPI in some applications.

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

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

If the “Continuous Read Mode” bits M5-4 = (1, 0), then the next DTR Fast Read Dual I/O instruction (after CS# is
raised and then lowered) does not require the BDH instruction code, as shown in the figure below. This reduces
the instruction sequence by eight clocks and allows the Read address to be immediately entered after CS# is
asserted low. If the “Continuous Read Mode” bits M5-4 do not equal to (1,0), the next instruction (after CS# is
raised and then lowered) requires the first byte instruction code, thus returning to normal operation. It is
recommended to input FFFFH/FFFFFH on 100 for the next instruction (16/20 clocks), to ensure M4=1 and return
the device to normal operation.
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DTR Fast Read Dual I/O(Initial instruction or previous M5-4210 , SPI Mode only)

CS# \
SCLK

0123 45¢67 8 9 14 15 1617 1819 20 21 22 23

J_U_ULWLHJ_LVM _____

MrL
siwoo) //////// BOH

0000 (70000000 bie

Msa ¥

7Y5 Y3 X1 7531 —————

M7-0 Bytel Byte2

s0(101)

A23-16

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

DTR Fast Read Dual I/O (Previous instruction set M5-4=10, SPI Mode only)

s\
sclk |

4 5 B 7 8 9 1011 12 13 14 15

T LT LI L

E
1N

Sl . e O D0 0.0.0.0.0.00.00000 =k iy'neYD '0) 6 () =

MSE M5B

SO OO 0080 0008006€ 00000000 ==

A23-16 A15-8 A7-0 M7-0 Bytel Byte2

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

DTR Fast Read Quad I/O (EDH/EEH)

The DTR Fast Read Quad I/O (EDH) instruction is similar to the Quad I/O Fast Read (EBH) instruction except that
address and data bits are input and output through four pins 100, 101, 102 and |03 and several Dummy
clocks(including M7-MO) are required in SPI mode prior to the data output. The Quad I/O dramatically reduces
instruction overhead allowing faster random access for code execution (XIP) directly from the Quad SPI. The Quad
Enable bit (QE) of Status Register must be set to enable the DTR Fast Read Quad I/O Instruction.

The number of dummy clocks for “DTR Fast Read” (0DH) under QPI mode and “DTR Fast Read Quad I/0” (EDH)
under SPI and QPI mode can be set by the Latency Code (LC) in status register. When the LC bit is set to 0, which is
default, the number of dummy clock cycles is 8. When the LC bit is set to 1, the dummy clock cycles is 6.
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HWA LING TECHNOLOGY 37/77 HWA LING TECHNOLOGY



6xeme H7ASEM2

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

The DTR Fast Read Quad 1/0 instruction can further reduce instruction overhead through setting the “Continuous
Read Mode” bits (M7-0) after inputting the 3-byte address (A23-0) or a 4-byte address (A31-A0), as shown in “6BH”
or “6CH” command description. The upper nibble of the (M7-4) controls the length of the next DTR Fast Read
Quad I/0 instruction through the inclusion or exclusion of the first byte instruction code. The lower nibble bits of
the (M3-0) are don’t care (“x”). However, the |10 pins should be high-impedance prior to the falling edge of the
first data out clock.
If the “Continuous Read Mode” bits M5-4 = (1,0), then the next DTR Fast Read Quad I/O instruction (after CS# is
raised and then lowered) does not require the EBH instruction code. This reduces the instruction sequence by
eight clocks and allows the Read address to be immediately entered after CS# is asserted low. If the

“Continuous Read Mode” bits M5-4 do not equal to (1,0), the next instruction (after CS# is raised and then
lowered) requires the first byte instruction code, thus returning to normal operation. It is recommended to input
FFH/3FFH on 100 for the next instruction (8/10 clocks), to ensure M4 = 1 and return the device to normal
operation.

DTR Fast Read Quad 1/0 (Initial instruction or previous M5-4210 , SPI Mode)

CS# ‘\
s MUV L

|
l— Command —p|

:|m
:
=

SI(100) //////// EDH %;(EXE)‘ oYaYo
SO(101) 5 16}(3)5 1)s5)X1
WP#(102) 6 25 RA'S
HOLD#(103) 7 3®®? R'O'S

A23-16 | A15-8 | A7-0 | M7-0* | Dummy+ | Bytel | Byte2 | Byted
* The number of dummy docks can be set by DC1 bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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DTR Fast Read Quad 1/0 (Previous instruction set M5-4=10 , SPI Mode)

CS# \
SCLK

0 1 2 3 g 10 11 12 13

SI{(lI00)—— aXoYaXo aXop ———-

SO(101) sX1¥s Yo s W} ———-

WPH(102) —— X2 ¥eY2) 62} ———-
v

HOLD#(I03) sXaYr XX ———-

A23-16 © ALS-E  AT-0 ' M7-0* Dummy* Bytel | Byte2 | Byte3
* The number of dummv clocks can be set by DC1 bit

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
DTR Fast Read Quad 1/0 with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

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

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

The “Set Burst with Wrap” command allows three “Wrap Bits” W6-W4 to be set. The W4 bit is used to enable
or disable the “Wrap Around” operation while W6-W5 is used to specify the length of the wrap around section
within a page.

i —
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DTR Fast Read Quad I/O (EDH/EEH) in QPI Mode

The DTR Fast Read Quad 1I/0O instruction is also supported in QPI mode, as shown in the figure below. In QPI mode,
the “Continuous Read Mode” bits M7-0 are also considered as dummy clocks. In the default setting, the data
output will follow the Continuous Read Mode bits immediately.
The “Wrap Around” feature is also available in QPI mode for DTR Fast Read Quad I/O command. The “Wrap
Length” can be configured by the “Set Read Parameters (COH)” command. However, the number of dummy clocks
is set by LC bit in status register and cannot be configured by the “Set Read Parameters (COH)” command for DTR
Fast Read Quad I/0 instruction. Also EBH and ECH are alternative ways to perform “Wrap Around” under QP!I
mode.

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

DTR Fast Read Quad I/O (Initial instruction or previous M5-47 10, QPI Mode)

st \

SCLK m
EDH:
>
smoo}meﬂ‘{( 000 00000 Eums
|
|
G\E)F s 1)1 EXE)
|
1 1:'—
|
1 1:'—

00
000,010 M /06 0/6, .
00

=
=]

soton 777777])
wes02) ////7//)
HoLp#(103) ///////)

4
7

3

SIS

TAIRETAS

© | A23-15| AlLS-E | AT-D | mM70 Dummy* Bytel
* The number of dummy clocks can be set by LC bit

Byted

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

Page Program (02H/12H)

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

The Page Program (PP) command is entered by driving CS# Low, followed by the command code, three address
bytes and at least one data byte on SI. If the 8 least significant address bits (A7-AQ) are not all zero, all transmitted
data that goes beyond the end of the current page are programmed from the start address of the same page
(from the address whose 8 least significant bits (A7-AQ0) are all zero). CS# must be driven low for the entire
duration of the sequence. The Page Program command sequence: CS# goes low—>Sending Page Program
command->3-byte address or 4-byte address on SI-> At least 1 byte data on SI->CS# goes high. The command
sequence is shown in the figure below. If more than 256 bytes are sent to the device, previously latched data are
discarded and the last 256 data bytes are guaranteed to be programmed correctly within the same page. If less
than 256 data bytes are sent to device, they are correctly programmed at the requested addresses without having
any effects on the other bytes of the same page. CS# must be driven high after the eighth bit of the last data byte
has been latched in; otherwise the Page Program (PP) command is not executed.
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As soon as CS# is driven high, the self-timed Page Program cycle (whose duration is tPP) is initiated. While the
Page Program cycle is in progress, the Status Register may be read to check the value of the Write In Progress
(WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Page Program cycle, and is 0 when it is
completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

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

CS# \
SCLK

0123 4546 7 8 951011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 35

'€— Command 24-bit address{A23:A0)

Sl

cs# —

SCLK

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

Page Program Sequence Diagram (QPI)

Cs# _\

SCLK
siwoo) /////7])
S0(101) ZZZZZZZ)
wee(02) //77]//)
wowo#(i03) ////1//)

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

0 1 2 3 4 5 6 7 B % 10 11 12 13 14 15
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Quad Page Program (32H/34H)

The Quad Page Program command is for programming the memory using four pins: 100, 101, 102, and 103.

To use Quad Page Program, the Quad Enable bit in status register Bit9 must be set (QE=1). A Write Enable
(WREN) command must previously have been executed to set the Write Enable Latch (WEL) bit before sending
the Quad Page Program command. The Quad Page Program command is entered by driving CS# Low, followed
by the command code (32H/34H), three address bytes and at least one data byte on IO pins.

The command sequence is shown in the figure below. If the 8 least significant address bits (A7-A0) are not

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

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

A Quad Page Program command applied to a page which is protected by the Block Protect (T/B, BP3, BP2,

BP1, BPO) will not be executed.

Cs# \
SCLK

012 3 4567 8 91011 24 2526 27 28 29 30 31 32 33 34 3536 37 38 39

__ [Huunut

€— Command 24-bit address(A23:A0) ——W

1]
siio0) /////1// 324 S 00000060 (Xo}- -
s0(101) G -

WP#(102) G2t -
HOLD#(103) (73t -
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S

Cs# —

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 ﬁﬁgggg_
se _ [ U UL
s1(100) — —{4X0) 8060 00006l
so(io1) ~ XY (sXfeX) (EXEN
wekl02) ~ {BYa) 0000 00006
Houo#(103) ~{7YG) 0000 0000 e

Byte5 Byteld | Bytell Byteld | BytelS Byte253| Byte2 54| Byte255| Byte 256)

Extend Quad Page Program (C2H/3EH)

The Extend Quad Page Program command is for programming the memory using four pins: 100, 101, 102, and 103.
A Write Enable (WREN) command must previously have been executed to set the Write Enable Latch (WEL) bit
before sending the Page Program command. The extend quad Page Program command is entered by driving CS#
Low, followed by the command code (C2H/3EH), three or four address bytes and at least one data byte on 10 pins.
If more than 256 bytes are sent to the device, previously latched data are discarded and the last 256 data bytes
are guaranteed to be programmed correctly within the same page. If less than 256 data bytes are sent to device,
they are correctly programmed at the requested addresses without having any effects on the other bytes of the
same page. CS# must be driven high after the eighth bit of the last data byte has been latched in; otherwise the
Extend Quad Page Program (EPP) command is not executed.

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

An Extend Quad Page Program command applied to a page which is protected by the Block Protect (T/B,

BP3, BP2, BP1, and BPO0) is not executed.

Extend Quad Page Program Sequence Diagram (SPI)

Cs# OO __

o0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21

sak  UUHTTUUUHTTDUUL

€ Command —Jp| 24-bit address(A23:A0)

SI(100) //////// C2H aYo)Xa)YoXaXo

1]
6)
Q000 EES
ae

SO(101) sY1)Ys f1XsXt
WP#(102) AAAAAAGHAHAHHH
HOLD#(103) IR EN EAED B3 € 7 x 3 }(EXQ ______

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

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

The Sector Erase (SE) command is for erasing all the data of the chosen sector. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit before sending the Sector
Erase command. The Sector Erase (SE) command is entered by driving CS# low, followed by the command code,
and 3-address byte or 4-byte address on Sl. Any address inside the sector is a valid address for the Sector Erase
(SE) command.

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

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

Sector Erase Sequence Diagram

Cs# ‘\ /

0123 45¢67 8 91011 24 2526 27 28 29 30 31
SCLK

24-bit address(A23:A0) ————M™

S O 00.00.00.00 I

M5B

€— Command

s\//1111/], 204

Sector Erase Sequence Diagram

st \ [

s JMMALT——
sinoo) /7777/))
so(01) J77TTTN\¢,
we(102) J777]/}e o
nowo#(103) /711 ke e,

A23-a16] AL5-AB| AT-AD

Note: The device default is in 24-bit address mode. For 4-byte mode, the address length becomes 32-bit.
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32KB Block Erase (52H/5CH)

The 32KB Block Erase (BE) command is for erasing all the data of the chosen block. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit before sending the 32KB
Block Erase command. The 32KB Block Erase (BE) command is entered by driving CS# low, followed by the
command code, and three address bytes or 4-byte address on Sl, driving CS# high. Any address inside the block is
a valid address for the 32KB Block Erase (BE) command.

The 32KB Block Erase command sequence: CS# goes low—>Sending 32KB Block Erase command—>3-byte address
or 4-byte address on SI->CS# goes high. The command sequence is shown in Figure below. CS# must be driven
high after the eighth bit of the last address byte has been latched in; otherwise the 32KB Block Erase (BE)
command will not be executed. As soon as CS# is driven high, the self-timed Block Erase cycle (whose duration is
tBE1) is initiated. While the Block Erase cycle is in progress, the Status Register can be read to check the value of
the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Block Erase cycle, and is
0 when it is completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit
is reset. A 32KB Block Erase (BE) command applied to a block which is protected by the Block Protect (T/B, BP3,
BP2, BP1, BPO) bits will not be executed.

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

32KB Block Erase Sequence Diagram

s\ /S

012 3 4567 8 %5101 24 2526 27 28 29 30 31

= Command

si//1] s2H

24-bit address(A23:A0)

——
00000000 I

MSE

32KB Block Erase Sequence Diagram (QPI)

CS# \ /
012 3 4 5 6 7

s T JAAARAAIT——
swoo) ZZ7II00N) 24 sckeslh 2240
soton) 777777 /7

wex102) 777777\

HOLD#{|03]M .

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

A23-AlB| Al5-AB| AT-AD
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64KB Block Erase (D8H/DCH)

The 64KB Block Erase (BE) command is for erasing all the data of the chosen block. A Write Enable (WREN)
command must previously have been executed to set the Write Enable Latch (WEL) bit, before sending the 64KB
Block Erase command. The 64KB Block Erase (BE) command is entered by driving CS# low, followed by the
command code, and three address bytes or 4-byte address on Sl, driving CS# high. Any address inside the block is
a valid address for the 64KB Block Erase (BE) command.

The 64KB Block Erase command sequence: CS# goes low—>Sending 64KB Block Erase command—>3-byte
address or 4-byte address on SI->CS# goes high. The command sequence is shown in Figure 20. CS# must be
driven high after the eighth bit of the last address byte has been latched in; otherwise the 64KB Block Erase (BE)
command will not be executed. As soon as CS# is driven high, the self-timed Block Erase cycle (whose duration is
tBE2) is initiated. While the Block Erase cycle is in progress, the Status Register can be read to check the value of
the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Block Erase cycle, and is
0 when it is completed. At some unspecified time before the cycle is completed, the Write Enable Latch (WEL) bit
is reset. A 64KB Block Erase (BE) command applied to a block which is protected by the Block Protect (T/B, BP3,
BP2, BP1, BPO) bits will not be executed.

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

64KB Block Erase Sequence Diagram

Cs

—/\

012 3 4567 8 91011 24 2526 27 28 29 30 31

24-bit address(A23:A0) —>

s 0.0.0.00000 Wi

44— Command

s\ (/111111 D3

st \

SCLK
siioo) ///11/))
s0(101) ZZZZZZZ\
we#(102) /// /7))
Hoo#03)////7 /1)

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

A23.a16| A15-AB| AT-AD
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Chip Erase(60H/C7H)

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

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

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

Chip Erase Sequence Diagram

CS# \ /
0123 45¢67

SCLK | |

€— Command

SUITITIIR soweram NTITTTTTT

Chip Erase Sequence Diagram (QPI)

CS# \ / CS# \ /

0o 1

o 1
SCLK m SCLK
BOH

[
H C7H
sioo) /1771 \e X///]]]/ SIUDDFM$M
souonm (ZZZZZZZ so(o1) ///////\e/ N
wes102) ////TIIN\AZTTTT]] wewwo2) [777T/N s N[T/TT/T
nowox(103) ///////\e e noLox(03) / /71111 \eA///]]]]

:
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Enable Reset (66H) and Reset (99H)

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

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

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

Enable Reset and Reset command Sequence Diagram

C5# Y / \ /
012 3 45686 7 012 3 456867

sew  HTHHUHET] NIRERENAR un)

'4— Command —J» High-Z — Command —

S s /1111, o9 ]

Enable Reset and Reset command Sequence Diagram (QPI)

st N\ / \_/

o0 1 o 1
SCLK [11 [IJ
BEH GaH

—> <>

sii00) /77771 AT XL
sowov) 7777777 XL TTTTIIN fTT7777T
wes(02) /777771 XTI TTTTT N ALT7TTTT

wowo#(i03) [/ /71T _ALLIIITTITTIN: N

_—— - —
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Write Enable(06H)

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

Write Enable Sequence Diagram

CS# \ /

012 3 45486 7

SCLK

4— Command —p

s\ /1111111 on NI

High-Z

SO

Write Enable Sequence Diagram (QPI)

CS# \ /
SCLK ']

weio2 7777777\e/ XITTITTL
Howo#(03) /// /[ e oA//]/]]/
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Write Enable for Volatile Status Register (50H)

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

Enable for Volatile Status Register Sequence Diagram

CSH \ /
012 3 45686 7

SCLK | |

€— Command —Mm

s\ /111111 Sor

High-Z

.

V11111111

~10]

Write Enable for Volatile Status Register Sequence Diagram (QPI)

CS# —\_;’
0 1
SCLK ']

50H

SIHDDJZZZZZZD’?T(ZZZZZZZ
SCH]Dl]_?;Ga????§Hu 0342?3ﬁ2277r
””P#“DZ}JZZZZEZE)GNML<ZZZEEEEE
Howo#(103) ////1 [\ K////]]]
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Write Disable(04H)

The Write Disable command is for resetting the Write Enable Latch (WEL) bit. The Write Disable command
sequence: CS# goes low 2 Sending the Write Disable command = CS# goes high. The WEL bit is reset by
following condition: Write Disable command (WRDI); Power-up; upon completion of the Write Status Register
(WRSR), Write Extended Ad-dress Register (WEAR), Page Program (PP), Quad Page Program (QPP), Sector Erase
(SE), Block Erase (BE), Chip Erase (CE), Erase/Program Security Registers and Reset commands.

Write Disable Sequence Diagram

CS# \ /
012 3 45686 7

SCLK | | |

— Command  —m

S\ /1111111 o NI

High-Z
SO ®

Write Disable Sequence Diagram (QPI)

weuio2) 77777705/ NIITIITT
HoLo#(103) // /1] [/\e <A///]]]/
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Program Erase Suspend(75H)

The Program/Erase Suspend command (75H), allows the system to interrupt a page program or sector/block erase
operation and then read data from any other sector or block. The Write Status Register command (01H, 31H, 11H)
and Erase/Program Security Registers command (44H, 42H) and Erase commands (20H,52H, D8H, C7H, 60H) and
Page Program command (02H, 32H) are not allowed during Program suspend. The Write Status Register command
(01H, 31H, 11H) and Erase Security Registers command (44H) and Erase commands (20H, 52H, D8H, C7H, 60H) are
not allowed during Erase suspend. Program/Erase Suspend is valid only during the page program or sector/block

erase operation. A maximum of time of “tSUS” (See AC Characteristics) is required to suspend the program/erase

operation.

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

The command sequence is shown in figure below.

CS# \

SCLK |

Program/Erase Suspend Sequence Diagram

012 3 45

44— Command

uuuuuuy

6 7

e tsus —P

—>

s\[/11/1]]

75H

11111T1TT

LT

SO

Program/Erase Suspend Sequence Diagram(QPI)

CSH su
SCLK |E|_|l
oo ZZZIIIN XTTITTTTTTTIT T

/1111

/111

02 //////]}

s

111

03 /////1])

/111111111]

//1/]

HWA LING TECHNOLOGY
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Program Erase Resume (7AH)

The Program/Erase Resume command must be written to resume the program or sector/block erase operation
after a Program/Erase Suspend command. The Program/Erase command will be accepted by the device only if the
SUS bit equal to 1 and the WIP bit equal to 0. After issued the SUS bit in the status register will be cleared from 1
to 0 immediately, the WIP bit will be set from 0 to 1 within 200ns and the Sector or Block will complete the erase
operation or the page will complete the program operation. The Program/Erase Resume command will be ignored
unless a Program/Erase Suspend is active. The command sequence is shown in the figure below.

Program/Erase Resume Sequence Diagram

Cs# \
012 3 45686 7
SCLK

€— Command —»

s\//111111 wi NI

50

Resume Erasemegram}

Program/Erase Resume Sequence Diagram (QPI)

L
O
—
-~
—°

TAH

LT
LT
LT
LT

Resume Earse/Program

we(02) ///////)
nowo#(103) //////))

S 2 gl

i —
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Enable QPI (38H)

The device support both Standard/Dual/Quad SPI and QPI mode. The “Enable QPI (38H)” command can switch the
device from SPI mode to QPI mode. See the command Table 2 for all support QPI commands. In order to switch
the device to QPI mode, the Quad Enable (QE) bit in Status Register must be set to 1 first, and “Enable QPI (38H)”
command must be issued. If the QE bit is 0, the “Enable QPI (38H)” command will be ignored and the device will
remain in SPI mode. When the device is switched from SPI mode to QPI mode, the existing Write Enable Latch and
the Wrap Length setting will remain unchanged.

CS \ /
012 3 456 7

SCLK |

d— Command —

s\ /1111111, i NI

SO High-Z

Continuous Read Mode Reset / Disable QPI (FFH)

The Dual/Quad I/O Fast Read operations, “Continuous Read Mode” bits (M7-0) are implemented to further
reduce command overhead. By setting the (M7-0) to AXH, the next Dual/Quad I/O Fast Read operations do not
require the BBH/BCH/EBH/ECH/E7H/BDH/EDH/EEH command code. If Continuous Read Mode bits are set to
“AXH”, the device will not recognize any standard SPI commands. So Continuous Read Mode Reset command
will release the Continuous Read Mode from the “AXH” state and allow standard SPI command to be recognized.
The command sequence is shown in the figure below.

Mode Bit Reset for Quad/
Dual I/O
Ccs# wallf

012 3 456 7

sk [T/
siwoo) ////1/1//X FFH N1
soto1) /////IT]IX__vovewe  X[/////7]

we(102) /7777/TIX_ ooweare _ X[7/TTTT77
How#(103) ///////[/K__ vonteare  X///////]]
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Disable QPI (FFH)

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

CSH \ /

o 1

SCLK ]

muoo]gggzzggfi ﬂ@@@@?VV/
sotoy) J77TTTIX: XI//1TT//
we#(102) /// /1[I WL
HOLD#uos}gggggggVI 1*/7////A/

Set Burst With Wrap(77H)

The Set Burst with Wrap command is used in conjunction with “Quad I/O Fast Read”, “Quad I/O Word Fast
Read” and “Quad Read Under DTR” command to access a fixed length of 8/16/32/64-byte section within a 256-
byte page, in standard SPI mode. The Set Burst with Wrap command sequence: CS# goes low = Send Set Burst
with Wrap command—>Send 24 dummy bits 2 Send 8 bits> “Wrap bits” = CS# goes high.

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

If the W6-W4 bits are set by the Set Burst with Wrap command, all the following “Quad I/O Fast Read (EBH/ECH)”,
“Quad I/O Word Fast Read (E7H)” and “Quad Read Under DTR (EDH/EEH)” command will use the W6-W4 setting
to access the 8/16/32/64-byte section within any page. To exit the “Wrap Around” function and return to normal
read operation, another Set Burst with Wrap command should be issued to set W4=1. The Wrap Length set by
W5-W6 in Standard SPI mode is still valid in QPI mode and can also be re-configured by “Set Read Parameters
(COH) command.

e —
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Cs# \ /
01234567 8 910111213141516
SCLK |

[€— Command —

SI{(100) ///////f 77H XXX EX

SO(101) XXX

WPH#(102) XXX EX

HOLD#(103) XXX EX

Set Read Parameters (COH)

In QPI mode, to accommodate a wide range of applications with different needs for either maximum read
frequency or minimum data access latency, “Set Read Parameters (COH)” instruction can be used to configure the
number of dummy clocks for “Fast Read (OBH/OCH)”, “Fast Read Quad I/O (EBH/ECH)”, “Read Serial Flash
Discoverable Parameters (5AH)” and “Read Unique ID (4BH)” instructions. In Standard SPI mode, the “Set Read
Parameters (COH)” instruction is not accepted.

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

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

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

Maximum Read
P5-P4 Dummy Clocks P2 P1-PO Wrap Length
Frequency
00 4 64MHz Enable Wrap=0 0 0 (Default) 8-byte
Disable Wrap=1
01 4 64MHz (Default) 01 16-byte
10 6 80MHz 10 32-byte
11 (Default) 8 80MHz 11 64-byte

_—— - —
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st ./

o 1 2 3

SCLK
sipoo) /////]/)
so(01) /////]])
wex(02) ///////)
How#(103) ///////)

Y
i Al

(=1

=1
=}

2 ¢ [
Sllclol=
S8R

Read
Parameter

Enable 4-byte Mode (B7H)

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

Once the 4-byte address mode is enabled, the address length becomes 32-bit instead of the default 24 bit. The
Disable 4-byte mode or Reset or Power-off will disable 4-byte mode.

Enable 4-byte Mode Sequence Diagram (SPI)

CS# W, /
01234567
SCLK

'€— Command —J|

s\ 111111/ B7H 11111]]

High-Z

SO

Enable 4-byte Mode Sequence Diagram (QPI)

Cs# \ /
SCLK ]

o
B7H
)

siwoo) 7777777X+ XI1/71]
sot0x) ///77/+ NX/I1//1]
wei102) 7777777/ NII1T1T]
wowo#103) /////1/\ \eNL L1111/

1
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Disable 4-byte Mode (E9H)

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

Disable 4-byte Mode Sequence Diagram (SPI)

CS# \ /

012 3 456 7

SCLK | |

€— Command —Jm

s [ ek N1

High-Z

S0

Disable 4-byte Mode Sequence Diagram (QPI)

CS# \ /

SCLK

Ea

ESH

/1111
1111
VITTTTT

/111111

L
o
@]
L=

I
O
—
o
=
O
—
S
T

i —
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Clear SR Flags (30H)

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

Clear Status Register Flags Sequence Diagram (SPI)

CS# \ /

012 3 45686 7

— Command —J»

s\ [111111/ 30H V//X/////

High-Z

SO

Clear Status Register Flags Sequence Diagram (QPI)

we#(102) //71]]/\e oA///]]]/
HoLo#(03) ////]]/\e A////]]/

i —
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Deep Power Down(B9H)

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

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

Standby Mode. The Deep Power-Down (DP) command is entered by driving CS# low, followed by the command
code on SI, driving CS# high.

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

Deep Power-Down Sequence Diagram

CSH

g tor =P
012 3 456 7

N
sc UL

€— Command =¥ Stajdby mode | Deep Power-Down mode

s [T BoH TN

»~

Deep Power-Down Sequence Diagram (QPI)

CS# \ 4 top
SCLK ']

sioo) /7777717 NXIITIITTTTTATTTITIT]
sowon) 7771711\ NLLTTNIITITNTTTTT
wer02) 7777770\ < KITITITTTTTNTITITT]
wouwsio3) 777770+ NI

Deep Power-Down
Mode

=
=

Standby Mode

_—— - —
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Release From Deep Power Down(ABH)

The Release from Deep Power-Down and Read Device ID command is a multi-purpose command. It can be used
to release the device from Deep Power-Down Mode or obtain the devices electronic identification (ID) number.
To release the device from Deep Power-Down Mode, the command is issued by driving the CS# pin low, shifting
the instruction code “ABH” and driving CS# high as shown in Figure below. Release from Deep Power-Down Mode
will take the time duration of tRES1 (See AC Characteristics) before the device resume to normal state and other
command are accepted. The CS# pin must remain high during the tRES1 time duration.

When the command is used only to obtain the Device ID while the flash memory is not in Deep Power-Down
Mode, the command is initiated by driving the CS# pin low and shifting the instruction code “ABH” followed by 3
dummy bytes. The Device ID bits are then shifted out on the falling edge of SCLK with most significant bit (MSB)
first as shown in Figure 42b. The Device ID value for the device is listed in Manufacturer and Device Identification
table. The Device ID can be read continuously. The command is completed by driving CS# high.

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

Release Power-Down Sequence Diagram

/
[ tRES1—I™

cs

012 3 45686 7

SCLK
€— Command —

S| /1111111 A I

Deep Power-Down mode Standby mode

_—— - —
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e N :

siwoo) 2777715 NI
sowon 777777~ LTI
wewton) 777717 Ne_-NTTTTTITTITINTIITIT]
wowmosi 7T NI
e Power-Down/Rexd e 0 Seqvence s

i

//////////////;/t;;/_b //

st \ « =

s UL

sioo) 7777777/ XX
souon) /777777y + KNI
wea(102) ///////)e XN LT
R IR e SR
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Read Security Register(48H)

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

ADDRESS A23-Al4 Al13-Al12 All1-A10 A9-AD
Security Register 1 don't care 01b 00b Byte Address
Security Register 2 don't care 10b 00b Byte Address

Read Security Registers command Sequence Diagram

CS#

N\
sck

012 3456 7 8 %1011 24 2526 27 28 29 30 31

l€— Command 24-bit address(A23:A0)

SN s SO e 00000000 B

High-Z
) £ -

cs# — —

32 33 34 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

JTUUUUy Uiy e——

(AN (i i

18 Data Outl 18 Data Out2 Data Out3
so —— ?6543210"?0‘
MSB MSB

Read Security Registers command Sequence Diagram (QPI)

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

SCLK
48H | 24.bit address(A23:A0)
siioo) ///////)

o
SO“O].:'MD ofs¥X1X¥sX1¥sXe
/111120 0000 0¢
ISPty 111111} 93, 0/0.0.0.0'

AZ3-A16] A15-AB| AT-D [Dummy| Bytel

o A

4 A0 K4 0 F &R0

SlicEcESE=
%3%82

i

Byted

_—— - —
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Program Security Register(42H)

The Program Security Registers command is similar to the Page Program command. It allows from 1 to 256 bytes
Security Registers data to be programmed. A Write Enable (WREN) command must previously have been
executed to set the Write Enable Latch (WEL) bit before sending the Program Security Registers command. The
Program Security Registers command is entered by driving CS# Low, followed by the command code (42H),three
address bytes and at least one data byte on SI. As soon as CS# is driven high, the self-timed Program Security
Registers cycle (whose duration is tPP) is initiated. While the Program Security Registers cycle is in progress, the
Status Register may be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit
is 1 during the self-timed Program Security Registers cycle, and is 0 when it is completed. At some unspecified
time before the cycle is completed, the Write Enable Latch (WEL) bit is reset.

If the Security Registers Lock Bit (LB1) is set to 1, the Security Registers 1 will be permanently locked. If the
Security Registers Lock Bit (LB2) is set to 1, the Security Registers 2 will be permanently locked. Program Security
Registers command will be ignored.

ADDRESS A23-Al14 Al13-A12 Al1-Al10 A9-AD
Security Register 1 don’t care 01b 00b Byte Address
Security Register 2 don't care 10b 00b Byte Address

Program Security Registers command Sequence Diagram

CS# \
012345678 9%101 24 2526 27 28 29 30 31 32 33 34 3536 3738 39

s I[ITUULUIUHIUYL - -

l€— Command ——J€——— 24-bit address(A23:A0)

s\ ({11111 a2 S0 Taaen 00000000 000000005
CS# — /_

SCLK

Program Security Registers command Sequence Diagram (QPI)

Cs# N

0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15
24-bit address{A23:A0)
Gxa ______

0/0000000 S

A23-A16( A15-A8| AT7-0 | Bytel | Bytel | Byted | Byted

SCLK
sinoo) ////]//}
S0(101) m
wei(02) ////]/))
noto(103) ///////}

-

=
SHCECECEE

v

o A

2 5 [

o

00
e
00

SHCHSES
SRS

00
00
00
00

B
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Erase Security Register(44H)

The device provides two 1024-byte Security Registers which only erased each 1024-byte at once. These registers
may be used by the system manufacturers to store security and other important information separately from the
main memory array.

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

The Erase Security Registers command sequence: CS# goes low = Sending Erase Security Registers Command—>
3-byte address or 4-byte address = CS# goes high. The command sequence is shown in Figure below. CS# must be
driven high after the eighth bit of the command code has been latched in, otherwise the Erase Security Registers
command is not executed. As soon as CS# is driven high, the self-timed Erase Security Registers cycle (whose
duration is tSE) is initiated. While the Erase Security Registers cycle is in progress, the Status Register may be read
to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed
Erase Security Registers cycle, and is 0 when it is completed. At some unspecified time before the cycle is
completed, the Write Enable Latch (WEL) bit is reset. The Security Registers Lock Bit (LB1, LB2) in the Status
Register can be used to OTP protect the security registers. If the Security Registers Lock Bit (LB1) is set to 1, the
Security Registers 1 will be permanently locked; If the Security Registers Lock Bit (LB2) is set to 1, the Security
Registers 2 will be permanently locked, the Erase Security Registers command will be ignored.

ADDRESS A23-Al4 Al13-Al12 Al11-A10 A9-AD
Security Registerl don’t care 01b 00b don’t care
Security Register2 don't care 10b 00b don’t care

Erase Security Registers command Sequence Diagram

Cs# \ /
012345678 91011 24 25 26 27 28 29 30 31

S N N R Ny ) o

[€— Command —€——— 24-bit address(A23:40) ——M]

st (/111111 a2 S TR 00000000 W/

MSB
Erase Security Registers command Sequence Diagram

cs# \

SCLK
siioo) /77117
sO(101) ZZZZZZZ)
WP#uoz}m
noLo#(03) ////]/])

A23-16] AlS-B AT-0

e —
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Global Block/Sector Lock (7EH) or Unlock (98H)

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

The Global Block/Sector Lock command (7EH) sequence: CS# goes low =2 SI: Sending Global Block/Sector Lock
command > CS# goes high. The command sequence is shown in Figure below.

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

The Global Block/Sector Lock Sequence Diagram

Cs# N /

01 2 3 45686 7

— Command —»

s\ /1111111, 7EH S

High-Z

SO

The Global Block/Sector Lock Sequence Diagram (QPI)

CS# \ /

o 1

SCLK M1

TEH

swoo) ZZ7ZTN \KTZZZIIT
50[|01)M1 IHM
WP#uDz]M’l 1‘W
nowo#(103) /771 [Ié X111

_—— - —
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The Global Block/Sector Unlock Sequence Diagram

Cs# \ /

012 3 456 7

i €— Command —»

st /117111 98H S

High-Z

50

The Global Block/Sector Unlock Sequence Diagram (QPI)

wex02) 7777777 e K77T]]]]
Howo#(103) // /111X N[ LL/

Individual Block/Sector Lock (36H)/Unlock (39H)/Read (3DH)

The individual block/sector lock provides an alternative way to protect the memory array from adverse
Erase/Program. In order to use the Individual Block/Sector Locks, the WPS bit in Status Register must be set to 1.
If WPS=0, the write protection will be determined by the combination of CMP, T/B, BP (3:0) bits in the Status
Register. The Individual Block/Sector Lock bits are volatile bits, the default values of which after device power

up or after a Reset are 1.

The individual Block/Sector Lock command (36H) sequence: CS# goes low = SI: Sending individual Block/Sector
Lock command > SI: Sending 3-byte address or 4-byte address individual Block/Sector Lock Address - CS# goes
high. The command sequence is shown in Figure below.

The individual Block/Sector Unlock command (39H) sequence: CS# goes low = Sl: Sending individual Block/Sector
Unlock command = SI: Sending 3-byte address or 4-byte address individual Block/Sector Lock Address = CS# goes
high. The command sequence is shown in Figure below.

The Read individual Block/Sector lock command (3DH) sequence: CS# goes low = SI: Sending Read individual
Block/Sector Lock command = SI: Sending 3-byte address or 4-byte address individual Block/Sector Lock Address

_—— - —
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-S0: The Block/Sector Lock Bit will out = CS# goes high. If the least significant bit(LSB) is1, the corresponding
block/sector is locked, if the LSB is 0, the corresponding block/sector is unlocked, Erase/Program operation can be

performed. The command sequence is shown in Figure below.

Individual Block/Sector Lock command Sequence Diagram

cs# _\ /

012 3 456738 91011 24 2526 27 28 29 30 31

24-bit address(A23:A0)

--ZZZZZZZZZ

l€— Command

si[[/111]] 3k

MSB

Individual Block/Sector Lock command Sequence Diagram (QPI)

e\

SCLK

siio0) ///////)

HOLD#(103) ;,; ,; ;,; ,_"; )

A23-16 | A15-8

Individual Block/Sector Unlock command Sequence Diagram

Cs# _\ /

012 3 456 7 8 91011 24 25 26 27 28 29 30 31

24-bit address(A23:A0)

--ZZZZZZZZZ

[€— Command

SV 39H

M5B

e —
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Individual Block/Sector Unlock command Sequence Diagram (QPI)

CS#-___ﬂ\ /

0 1 2 3 4 5 6 7

SCLK

nowo#(103) [/ /// 1)

Read Individual Block/Sector lock command Sequence Diagram

Ccs# N\
D12345¢67 891011 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
j€— Comman d =P 24.bit address{A23:A0) _,1

s [T S 20 Oati 00600000 VIIIIIIIIITI I

MSB

¥ Lock Value Out

High Z
50 - 00800000 m—

MSB

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

CS# \ /
1]} 1 2 3 4 5 B 7
I —
DH 24-bit address(A23:A0)
swoo) J777171Y - -
sovon Z777777\ef
wewion J777]77%e/

HoLo#(103) ///////\e/

SCLK

=

A
) 4

A23-16| Al5-8

e —
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ELECTRICAL CHARACTERISTICS

Power-on Timing

y 3
Vece(max)
P —
Vee(min)
L R I R s
Device is fully
accessible
Vvw —-pP———>>r"~———H—m———-,VW --—-e—-_————-
Time
>
Power-Up Timing and Write Inhibit Threshold
Symbol Parameter Min. Max. Unit
tVSL VCC (min) To CS# Low 1 - ms
VWI Write Inhibit Voltage 1 1.5 V
VCC Ramp Rate 2 - V/ms

Note: VCC ramp rate must exceed 2V/ms otherwise a Hardware reset would be required.

Initial Delivery State

The device is delivered with the memory array erased: all bits are set to 1(each byte contains FFH). All Status
Register bits except S22 bits are 0, S22 bit is 1.

Data Retention and Endurance

Parameter Typ. Unit
Data Retention Time 20 Years
Erase/Program Endurance 100K Cycles
Latch up Characteristics
Parameter Min. Max.
Input Voltage Respect To VSS On I/O Pins -1.0v VCC+1.0V
VCC Current -200mA 200mA
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Absolute Maximum Ratings

Parameter Value Unit
Ambient Operating Temperature -40to 85 °C
Storage Temperature -65to 150 °C
Output Short Circuit Current 200 mA
Applied Input/Output Voltage -0.5t0 4.0
VCC -0.5t04.0 \
Input Test Waveform and Measurement Level
Maximum Negative Overshoot Waveform
20ns 20ns
VSS
VSS-2.0V ---rmrmmemmmmmem o e
20ns
Maximum Positive Overshoot Waveform
20ns
|
VCC+2.0V _ - N
VCC
20ns 20ns
Capacitance Measurement Condition
Symbol Parameter Min Typ Max Unit Conditions
CIN Input Capacitance 6 pF VIN=0V
cout Output Capacitance 8 pF VOouT=0V
CL Load Capacitance 30 pF
Input Rise And Fall time ‘ ‘ 5 ns
Input Pulse Voltage 0.1VCCto 0.8VCC
Input Timing Reference Voltage 0.2VCCto 0.7VCC
Output Timing Reference Voltage ‘ 0.5VCC ‘
Absolute Maximum Ratings Diagram
Input timing reference level QOutput timing reference level
0.8VCC 5IVET —
AC Measurement Level % 0.5vcc
0.1VCC 0.2VCC ~___
Note: Input pulse rise and fall time are <5ns

HWA LING TECHNOLOGY

71/77

HWA LING TECHNOLOGY



6xeme H7ASEM2

DC Characteristics
(TA=-40°C ~85°C,VCC=2.7~3.6V)

Symbaol Parameter Test Condition Min. Typ.M Max. Unit
ILI Input Leakage Current 2 LA
ILO Output Leakage Current 12 WA
ICC1 Standby Current 5?::3:::2 or VSS 15 90 LA
ICC2 Deep Power-Down Current Cs#=vCe 0.5 10 WA

VIN=VCC or V55

CLK=0.1¥CC/0.9VCC at 108MHz,

10 30 mA
Q=0pen (*1,*2,*4 1/0)

CLK=0.1VCC/0.9VCC at
Icca "t o ting C t (Read 8 22 A
perating Current (Read) | oo 1 a—0pen (*1,%2,%4 1/0) m

CLK=0.1VCC/0.9VCC at 48MHz,

Q=0pen (*1,*2,*4 1/0) 6 v mA
ICC4 Operating Current (PP) CS#=VCC 40 mA
ICC5 Operating Current (WRSR) CS#=VCC 10 mA
ICCe Operating Current (SE) CS#=VCC 40 mA
ICC7 Operating Current (BE) CS#=VCC 40 mA
VIL Input Low Voltage -0.5 0.2VCC v
VIH Input High Voltage 0.7vCC VCC+0.4 v
VOL Output Low Voltage I0OL=1.6mA 0.4 v
VOH Output High Voltage |OH=-100pA VCC-0.2 '

Note:
1. Typical values given for TA=25°C, VCC=3.3V.

2. Value guaranteed by design and/or characterization, not 100% tested in production.
3. Typical values of ICC3 given for Pattern 00 FF.

i —
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AC Characteristics (TA=-40°C ~85°C,VCC=2.7~3.6V » CL=30pF)

symbol Parameter Min. Typ.® Manx. Unit
Serial Clock Frequency For: All command except for 03H,
fc1l¥ 3BH, BBH, 6BH, EBH, E7H, 94H under 5P| Mode, QPI and D.C. 120 MHz
DTR instructions
fcalE Serial Clock Frequency For 3BH, 6BH D.C. 108 MHz
fc3l? Serial Clock Frequency For BBH, EBH, E7H, 94H D.C. 104 MHz
fcal? Clock frequency QPI instructions D.C. 80 MHz
fCsl3 Clock frequency DTR instructions D.C. 50 MHz
fR Serial Clock Frequency For: Read Data(03H) D.C. 80 MHz
tCLH Serial Clock High Time 45%PC ns
tcLL Serial Clock Low Time 45%PC ns
tCLCH Serial Clock Rise Time (Slew Rate) 0.1 V/ins
tCHCL Serial Clock Fall Time (Slew Rate) 0.1 V/ins
tSLCH CS# Active Setup Time 5 ns
tCHSH CS# Active Hold Time 3 ns
tSHCH CS5# Not Active Setup Time 3 ns
tCHSL CS# Not Active Hold Time 3 ns
tSHSL CS# High Time (read/write) 20 ns
tSHOZ Output Disable Time 9 ns
tCLOX Output Hold Time 2 ns
tcLav Clock Low To Output Valid 8 ns
tDVCH Data In Setup Time 2 ns
tCHDX Data In Hold Time 2 ns
tHLCH Hold# Low Setup Time (relative to Clock) 5 ns
tHHCH Hold# High Setup Time (relative to Clock) 5 ns
tCHHL Hold# High Hold Time (relative to Clock) 5 ns
tCHHH Hold# Low Hold Time (relative to Clock) 5 ns
tHLQZ Hold# Low To High-Z Output 8 ns
tHHOX Hold# High To Low-Z Output 8 ns
tWHSL Write Protect Setup Time Before CS# Low 20 ns
tSHWL Write Protect Hold Time After CS# High 100 ns
tDP CS# High To Deep Power-Down Mode 7 s
{RES1 Ei:dHigh To Standby Mode Without Electronic Signature - s
{RES2 CS# High To Standby Mode With Electronic Signature - us
Read
tRST_R C5# High To Next Command After Reset (from read) 20 us
tRST_P CS5# High To Next Command After Reset (from program) 20 Us
tRST_E CS# High To Next Command After Reset (from erase) 20 Hs
tsus C5# High To Next Command After Suspend 50 us
tRS Latency Between Resume And Next Suspend 400 s
tw Write Status Register Cycle Time 1 20 ms
tPP Page Programming Time 0.25 1.25 ms
tBP Byte Programming Time (First Byte) 30 100 us
t5E Sector Erase Time 40 1500 ms
tBE1 Block Erase Time (32K Bytes) 0.15 4 s
tBEZ Block Erase Time (64K Bytes) 0.22 5 s
tCE Chip Erase Time 70 300 s
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Note:

1. Clock high or Clock low must be more than or equal to 45%PC. PC=1/fC(MAX).

2. Typical values given for TA=25°C, VCC=3.3V. Value guaranteed by design and/or characterization, not 100%
tested in pro-duction.

3. Maximum Serial Clock Frequencies are measured results picked at the falling edge.

Serial Input Timing

tSHSL

S TR !
{CHSL > |<> tSLCH tCHSH tSHCH

sak [\ [/ \/ /" _/

| tDVCH wHOX tCLCH l€ tCHCL
S MSB ) S X8 X7/X

50 High-z
Output Timing
cs#
B tCLH «tSHQZ
S s N O Vi
tcLQVv tcLQV tCLL
tCLQX »| || tCLQX e
S0 *F’ I X X 1B Y

s __ X/ - LT TTTTTTTTIX

Least significant address bit (LSB) in

Hold Timing

s e

CHH tHLCH tHHCH
sak /[ N\ \__ \l : ! O\ ‘j —
. tCHHH ¥ ax
S0 b X K F----- J(‘ A
HOLD# ) /

Sl do not care during HOLD operation

Resume to Suspend Timing Diagram

Resume |« RS Suspend

CS# \ Command Command

—

-
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Package Description

Package SOP16 300mil

D

: ' 2 S S— —
B ]~
I RARREER 7 :

-« b0 5

vl

ol T

O ith Plating ~ Base Metal
Nl w il ‘,
J

SYMBOL MILLIMETER
MIN NOM MAX
A — —_ 2.65
Al 0.10 —_ 0.30
A2 2.25 2.30 2.35
A3 0.97 1.02 1.07
b 0.35 — 0.43
bl 0.34 0.37 0.40
c 0.25 — 0.29
cl 0.24 0.25 0.26
D 10.20 10.30 10.40
E 10.10 10.30 10.50
El 7.40 7.50 7.60
1.27 BSC
L 0.55 — 0.85
L1 1.40 REF
0 0° — 8°

e —
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Package WSON8 8x6mm
A 1
L I
! L AL H !
1| © | ; 0 0 .~
| |
! |
2 |: b J 1 h 2
! E2 J C
——_— -|— ——————— — —— - ————r- Nd
| 0 5 | -
| e | bl
| S = | —=—
| o
D " | EXPOSED THERMAL
PAD ZONE
TOP VIEW SIDE VIEW BOTTOM VIEW
|
s
SIDEl\.'IEW
MILLIMETER
SYMBOL
MIN NOM MAX
A 0.70 0.75 0.20
Al 0.00 0.02 0.05
b 0.35 0.40 0.45
bl 0.25REF
c 0.18 0.20 0.25
D 7.890 8.00 8.10
Md 3.81B5C
e 1.2785C
E 5.80 6.00 6.10
D2 3.30 3.40 3.50
E2 4.20 4.30 4.40
L 0.45 0.50 0.55
h 0.30 0.35 0.40
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H7/ASEM2

Revision History

Revision No. History Draft Date Editor Remark
0.1 Initial Release. Dec. 2021 Rico Yang N/A
1.0 First SPEC. Release. | Dec. 2021 Rico Yang N/A
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