BYTe/QA-DT-039

N BYTe

Semiconductor Rev. 4.2

DATASHEET
FOR

1G BIT SPI NOR FLASH

BY25QM1G1FS

BYTe Semiconductor 1/103



BYTe/QA-DT-039
BYTe B Y T e

Semiconductor Rev. 4.2

Features

e Serial Peripheral Interface

- 4 X 256M-bit Serial MCP Flash memory
- Extended SPI: SCLK, /CS, SI, SO, /WP, /[HOLD
- Dual I/0: SCLK, /CS, 100, 101 /WP, /[HOLD
- Quad I/0 SCLK, /CS, 100, 101, 102, 103
- DTR (Double Transfer Rate) Read
- 3-Byte or 4-Byte Addressing Mode
e Read

- Normal Read (Serial): 108MHz (MAX) clock rate supported for all protocols
- Double transfer rate Read (DTR): 54MHz (MAX) clock rate supported for all protocols
- Dual/Quad /O data transfer up to 216/432 Mbits/S
- Allows XIP (execute in place) Operation: Continuous Read with16/32/64-byte Wrap
- Software Reset
e Program

- Serial-input Page Program up to 256 bytes
- Program Suspend and Resume
e Erase

- Subsector Erase (4 KB)
- Sector Erase (64 KB)
- Die Erase (265 MB)
- Erase Suspend and Resume
e Program/Erase Speed
- Page Program time: 0.5ms typical
- Subsector Erase time: 250ms typical
- Sector Erase time: 0.7s typical
- Die Erase time: 240s typical
e Flexible Architecture
- Subsector of 4K-byte
- Sector of 64K-byte
e Low Power Consumption
- 20mA maximum active current
- 200uA maximum Standby current
e Software/Hardware Write Protection
-Top/Bottom, Complement array protection, protected area size defined by five
nonvolatile bits (BP0, BP1, BP2, BP3, and BP4)
- Software write protection applicable to every 64KB sector via volatile lock bit
- Enable/Disable protection with /WP Pin
e Single Supply Voltage
- Full voltage range: 2.7~3.6V
e Temperature Range
- Commercial (-40C to +857C)
- Industrial (-40°C to +85°C)
e Cycling Endurance/Data Retention
- Typical 100k Program-Erase cycles on any sector
- Typical 20-year data retention

e Packages — JEDEC-standard, all RoHS-compliant
- TFBGA-24b05/6mm x 8mm (also known as TFBGA24)

BYTe Semiconductor 2/103



BYTe/QA-DT-039

BYTe B Y T e

Semiconductor Rev. 4.2

Contents
| I 7= o3 5 o) () o ISP 5
2. Signal DeSCrIPLiON ........ooviiiiiiir e 7
2.1 Device ConfIGUIADILILY ....ccccviiieieiiieieii ettt ettt ae et ste et ebesteebesteesaesseessesessaensens 7
2.2 INPUE/OULPUL SUIMIMATY ...vevieieitieie ettt ettt sttt st eete st est e te s bt enaesbeeneentesneensesseenes 8
3. Sector/Subsector ADAreSSES ..........uuvieeiiiiieeeeeeieeeeeecceeeeeee e 10
4. SPl OPEration ... 12
4.1 Serial Peripheral Interface MOdes ..........cocueriiieiieniieiestcee e 12
4.2 SPT PIOtOCO] ...ttt ettt et et e b e eateeateebeesaeeeabeeaneeseeeaeeenee 13
5. 0peration Features ..o 14
5.1 SUPPLY VOIAZE ...ttt ettt ettt ettt ettt e sttt et e s st e s e nneenean 14
5.1.1 Operating Supply VOIAge ......coceeieeiie et 14
5.1.2 POWEr-up COoNAItiONS ....ceeiiiiiiiiiicc e a e 14
5.1.3 DeVICE RESEL ... 14
5.1.4 POWE-UOWN ...ttt ettt e e e e et e e e e e s neae e e e e e enseneeeeeaanneeeeeeann 14
5.2 Active Power and Standby POWer MoOdes ..........ccuivieieriieieniicieiecieeiesieeeese e 14
5.3 Power LoSS RECOVETY SEQUENCE .......ccuvieiieiiieiiieiieieestie ettt et et ee et e saee e ens 15
5.4 HOIA CONAITION ....uviiieiieiieiiesieeiieie sttt sttt sttt et e st e bt e e sbeestestesseasesaeensesaeennans 15
5.5 ProteCtion FEATUIES .....ccvevvireiiiiieiieiieiieteeit ettt ettt ettt et et e s e e s ebesseessesseessenseessensenseensas 16
5.6 Nonvolatile and Volatile REGISTETS .........ccirierierieieiieieieeeeieeie et 19
5.5.1 Status REGISTEN ... .eeiiee e 20
5.6.2 Nonvolatile and Volatile Configuration Registers..........ccccccceeviiineriiiiiciennnn. 21
5.6.3 Extended Address RegiSter...........coiiiiiiiiiie i 24
5.6.4 Enhanced Volatile Configuration Register..........cccooviveiiiiiieiee e 25
5.6.5 Flag Status REGISTEr ........cueeii i 26
5.6.6 LOCK REGISIEN ....eeiiiiiiiiie ettt e e e e raeee s 27
5.7 3-Byte/4-Byte AAdress MOAES .......ccuevuieiiriieieniieieieeeeie sttt ettt ettt ne e 27
5.8 XIP IMOME ...ttt ettt ettt e e st e e st a s et s s e st et s e s e ene 28
6. Device ldentification ... 30
7. Instructions DescCription ..........cooooviviiiiiiii e 31
7.1 Configuration and Status INSHUCIONS ........evuirieriirieieriieierieeee e 36
7.1.1 Write ENable (0BH) .....cooiiieie et 36
7.1.2 Write Disable (04H) .......oo et 36
7.1.3 Read Status Register (05H) .......ooiiiiieiee e 37
7.1.4 Write Status Register (0TH) .......coooiiiiiiiei e 38
7.1.5 Read Flag Status Register (TOH) ........ocoiiie i 39
7.1.6 Read Nonvolatile Configuration Register (B5H).........ccccooiiiiiiiiiiiieeeie 40
7.1.7 Write Nonvolatile Configuration Register (B1H) ......cocccoiiiiiiiiieiieeee, 41
7.1.8 Read Volatile or Enhanced Volatile Configuration Register (85/65H)........... 42
7.1.9 Write Volatile or Enhanced Volatile Configuration Register (81/61H)........... 42
7.1.10 Read Extended Address Register (C8H) ......covviiiriiiiiiiei e 43
7.1.11 Write Extended Address Register (C5H) .........ccoceeiviiiiiiiiceee e 44
7.1.12 Read Lock Register (E8H) ........cccoiiiiiieiee e 45
7.1.13 Write Lock Register (ES5H) ........oouiiiiieee e 46
7.1.14 Clear Flag Status Register (50H) ........ccviiii i 47
7.1.15 Enter 4-Byte Address Mode (B7H) .......ccceveiiiiiiiee e 48
7.1.16 Exit 4-Byte Address Mode (E9H) .......ccveviiiiiiiie e 49
7.1.17 Reset Enable (66H) and Reset Memory (99H) .......cccccveeviiiiiiee e 49
7.2 Read MemoOry INSIIUCHIONS .....veevveiieiietiitietesteeit ettt eteetteteste et esseeseesesseessesseessensesssensenseensas 51
7.2.1 Read Data (O3H) .......coouieiiiecie et s sree e neas 51
7.2.2 Fast REAA (OBH) ....oo ittt e 51
7.2.3 Dual Output Fast Read (3BH) .......coooiiiieiiiee e 53
7.2.4 Dual Input/Output Fast Read (BBH) .......c.ccooviiieiiiiieiie e 54
7.2.5 Quad Output Fast Read (BBH) .......ccoociiriiiiee e 55
7.2.6 Quad Input/Output Fast Read (EBH) ..........coooiiiiiiiiiiiiie e, 56
7.2.7 4-Byte Read (13H) .oeoiiiiiiii ettt a e e e e 57

BYTe Semiconductor 3/103



BYTe/QA-DT-039

BYTe B Y T e
Semiconductor Rev. 4.2
7.2.8 4-Byte Fast Read (OCH) ......oooiiieiee e 57
7.2.9 4-Byte Dual Output Fast Read (B3CH) ......ooovoiiiieeee e 59
7.2.10 4-Byte Dual Input/Output Fast Read (BCH) ........c..cccccvieiiiiiiiieee e 60
7.2.11 4-Byte Quad Output Fast Read (BCH) .........ccceviiiriiiiiiieeeee e 61
7.2.12 4-Byte Quad Input/Output Fast Read (ECH) .......coooiveiriiieie e 63
7.2.13 Fast Read-DTR (ODH) .....couiiiiieiiieie e 64
7.2.14 Dual Output Fast Read-DTR Sequence Diagram (3DH)........cccccccevvivnennn. 65
7.2.15 Dual Input/Output Fast Read-DTR (BDH) ........cccoveiiiiriiiieeceeeciee e 66
7.2.16 Quad Output Fast Read-DTR (6DH) .......ccccoeiiiiiiiiiiiiiieee e 67
7.2.17 Quad Input/Output Fast Read-DTR (EDH) .......ccoocoiiiiiiiiieeeee, 67
7.3 Read Identification INSIIUCHONS .......ovvieieriiriieiesiieie sttt s 68
7.3.1 Read ID (9E/9FH)and Multiple I/O Read ID (AFH) ....cooiiiiiiiieeeeeee 68
7.3.2 Read Serial Flash Discovery Parameter (5AH) ........cooooviriiiiiieieeee e 70
7.4 Program and Erase INSIUCHIONS ........cveriirieriiiiieiesiieiesieeeeete e etesteeaesaeeeesseeseessesseensesseensenns 71
7.4.1 Page Program (02H) .......cocooioiiiie ettt e e 71
7.4.2 Dual Input Fast Program (A2H) .......coociriiee e 73
7.4.3 Extended Dual Input Fast Program (D2H) .........cccoeiiiiiiiiiiee e, 74
7.4.4 Quad Input Fast Program (32H) ........coooiiiiiii e 75
7.4.5 Extended Quad Input Fast Program (12H) ......ccccooioiiiiiiiiiee e, 76
7.4.6 SUbSECIOr Erase (20H) ......eoii it 77
7.4.7 Sector Erase (D8BH) ......coiiiiiii ettt 78
7.4.8Di€ Erase (CAH) ...ttt e e 79
7.4.9 Program/Erase SusSpend (75H) ......c.oiiiiieieie e 80
7.4.10 Program/Erase Resume (TAH) .........cooo et 83
7.5 OTP OPETALIONS .....euveeeieiiitieiestteterteettestesttetesteentesteestetesbeestesteentessesseensesseensesseensessesseensesseens 84
7.5.1 Read OTP Array (4BH) .....ccoeiee et 84
7.5.2 Program OTP Array (A2H) .....ooeoeieee ettt eee e e 85
8. Electrical CharacteristiCs ...........uuuiiiiieeeieeiieccceeee e 88
8.1 Absolute Maximum RatiNgS .......c.ccuerieriirieriiiieiesieiest ettt 88
8.2 OPEratiNg RANZES ....cueeviivieiiiieieciietettet ettt ettt ettt et e e sb e beesaebesseensessaessansesssensas 88
8.3 AC ReSEt SPECITICALIONS ....vievieiiciieeieitieiete et ete ettt ste et ste e et este e e teeseesbeeteessesbeesaesseesnensenns 89
8.4 Latch UpP CharacCteriSTCS ....e.ueruiruiertirtieieriieterteeitesteettetesteesesseessessesseesesseensesseensesseensensesneenes 90
8.5 POWET-UD TIMING ..ottt ettt sttt ettt ettt st ent et eaeensesaeensesaeennans 90
8.6 DC Electrical CharaCteriSTICS .......evueruirieriirierrertiesiesieeeesseesessesssesesseessessesssessesssessesseessessennes 92
8.7 AC Measurement CONAIIONS .......cueruireeruirieienieeienieeteieeteteseeetesseeseesseentesbesneensesseeneesseenes 93
8.8 AC Electrical CharaCteriStiCS ........eouerrierierieeieriieieniieiteiesttetesteetesieetestesseentesseensesseensensesneenes 93
9. Package Information .................eiiiiiiiiiiiii, 97
9.1 Package TFBGASX6mm-24BALL (5X5 ball array) .......cccevvevvieienierieenieieseeieseee e 97
10. Order INformation ...........eevviiiiiiiirie e 98
10.1 Valid part Numbers and Top Side Marking ...........cceeeveevieriieieninienienieiesieeiesie e seennes 99
10.2 Minimum Packing Quantity (MPQ) .......cccoeeiiriiieieeteie sttt 99
11. Document Change HisStory ..o 100
| Y o] 011 g [0 [ PSSR 101
12.1 Serial Flash Discovery Parameter Data Structure............ccooveievinienenienenieieseseeieeiene 101
12.2 Parameter ID ......coouiiiiiiiie ettt et 101
12.3 Part Number INformation .........c..cceecveriieienieieiieieiesie ettt ss e eeeesvesaeessesseenaas 103

BYTe Semiconductor 4/103



BYTe/QA-DT-039

N BYTe

Semiconductor Rev. 4.2

1. Description

BY25QM1G1FS is a high-performance multiple input/output serial Flash memory device
manufactured on 50nm NOR technology. It features execute-in-place (XIP) functionality,
advanced write protection mechanisms, and a high-speed SPIl-compatible bus interface.
Innovative, high-performance, dual and quad input/output instructions enable double or quadruple
the transfer bandwidth for Read and Program operations.

The 1Gb BY25QM1G1FS is a stacked device that contains four 256Mb die. From a user
standpoint this stacked device behaves as a monolithic device, except with regard to Read
Memory and Erase operations and status polling. The device contains a single chip select (/CS).

The memory is organized as 2048 (64KB) main sectors that are further divided into 16 subsectors
each (32,768 subsectors in total). The memory can be erased one 4KB subsector at a time, 64KB
sectors at a time, or single die (256Mb) at a time.

The memory can be write protected by software through volatile and nonvolatile protection
features, depending on the application needs. The protection granularity is of 64KB (sector
granularity) for volatile protections.

The device has 64 one-time Programmable (OTP) bytes that can be Read and Programmed with
the Read OTP and Program OTP instructions. These 64 bytes can also be permanently locked
with a Program OTP instruction.

The device also has the ability to pause and resume Program and Erase cycles by using
dedicated Program /Erase Suspend and Resume instructions.

The memory can be operated with five different protocols:

* Extended SPI (standard SPI protocol upgraded with dual and quad operations)
* Dual I/O SPI

* Quad I/O SPI

The standard SPI protocol is extended and enhanced by dual and quad operations. In addition,
the dual SPI and quad I/O SPI protocols improve the data access time and throughput of a single
I/O device by transmitting instructions, addresses, and data across two or four data lines.

Each protocol contains unique instructions to perform Read operations in DTR mode. This
enables high data throughput while running at lower clock frequencies.
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2. Signal Description

2.1 Device Configurability

The BY25QM1G1FS offer additional features that are configured through the nonvolatile
configuration register for default and/or nonvolatile settings. Volatile settings can be configured
through the volatile and volatile-enhanced configuration registers. These configurable features
include the following:

* Number of dummy cycles for the fast Read instructions
* Output buffer impedance

* SPI protocol types (extended SPI, DIO-SPI, or QIO-SPI)
* Required XIP mode

* Enabling/disabling HOLD (Reset function)

Enabling/disabling wrap mode

BYTe Semiconductor 7/103
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2.2  Input/Output Summary

Table 1. Signal Descriptions

Pin Name

Type

Description

SCLK

Input

Serial Clock: This input signal provides the synchronization reference for
the SPI interface. Instructions, addresses, or data input are latched on
the rising edge of the SCLK signal. Data output changes after the falling
edge of SCLK.

ICS

Input

Chip Select: When /CS is High, the device is deselected and SO is at
High-Z. When in extended SPI mode, with the device deselected, SO is
tri-stated. Unless an internal Program, Erase, or Write Status Register
cycle is in progress, the device enters standby power mode (not deep
power-down mode). Driving /CS Low enables the device, placing it in the
active power mode. After power-up, a falling edge on /CS is required
prior to the start of any instruction.

SI

Input
and I/O

Serial Data: Transfers data serially into the device. It receives instruction
codes, addresses, and the data to be Programmed. Values are latched
on the rising edge of the clock. IQO is used for input/output during the
following operations: Dual Output Fast Read, Quad Output Fast Read,
Dual Input/Output Fast Read, and Quad Input/Output Fast Read. When
used for output, data is shifted out on the falling edge of the clock.

In DIO-SPI, IQ0 always acts as an input/output.

In QIO-SPI, 1Q0 always acts as an input/output, with the exception of the
PROGRAM or ERASE cycle performed with VPP. The device temporarily
enters the extended SPI protocol and then returns to QIO-SPI as soon as
VPP goes low.

SO

output
and I/O

Serial data: Transfers data serially out of the device. Data is shifted out
on the falling edge of the clock. SO is used for input/output during the
following operations: Dual Input Fast Program, Quad Input Fast Program,
Dual Input Extended Fast Program, and Quad Input Extended Fast
Program. When used for input, data is latched on the rising edge of the
clock.

In DIO-SPI, SO always acts as an input/output.

In QIO-SPI, SO always acts as an input/output, with the exception of the
Program or Erase cycle performed with the enhanced Program supply
voltage (VPP). In this case the device temporarily enters the extended
SPI protocol and then returns to QIO-SPI as soon as VPP goes LOW.

102

Input
and I/O

102: When in QIO-SPI mode or in extended SPI mode using Quad Fast
Read instructions, the signal functions as , providing input/output.

All data input drivers are always enabled except when used as an output.
BY Technology recommends customers drive the data signals normally
(to avoid unnecessary switching current) and float the signals before the
memory device drives data on them.

103

Input
and I/O

103: When in quad SPI mode or in extended SPI mode using quad Fast
Read instructions, the signal functions as , providing input/output. /HOLD
is disabled and /RESET is disabled if the device is selected.

/HOLD

Control
Input

HOLD: Pauses any serial communications with the device without
deselecting the device. SO (output) is High-Z. Sl (input) and the clock are
"Don't Care." To enable HOLD, the device must be selected with /CS
driven low.

/HOLD is used for input/output during the following operations: Quad
Output Fast Read, Quad Input/Output Fast Read, Quad Input Fast
Program, and Quad Input Extended Fast Program.

In QIO-SPI, /HOLD acts as an I/O (IO3 functionality), and the /HOLD
functionality is disabled when the device is selected. When the device is
deselected (/CS is HIGH) in parts with /RESET functionality, it is possible

BYTe Semiconductor 8/103
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Pin Name

Type

Description

to reset the device unless this functionality is not disabled by means of
dedicated registers bits.

The /HOLD functionality can be disabled using bit 4 of the NVCR or bit 4
of the VECR.

On devices that include DTR mode capability, the /HOLD functionality is
disabled as soon as a DTR operation is recognized.

Control
Input

Write protect: /WP can be used as a protection control input or in
QIO-SPI operations. When in extended SPI with single or dual
instructions, the Write Program function is selectable by the voltage
range applied to the signal. If voltage range is low (0V to VCC), the signal
acts as a write protection control input. The memory size protected
against Program or Eease operations is locked as specified in the status
register block protect bits 3:0.

/WP is used as an input/output (functionality) during Quad Input Fast
Read and Quad Input/Output Fast Read operations and in QIO-SPI.

VPP

Power

Supply voltage: If VPP is in the voltage range of VPPH, the signal acts
as an additional power supply, as defined in the AC Measurement
Conditions table. During QIFP, QIEFP, and QIO-SPI Program/Erase
operations, it is possible to use the additional VPP power supply to speed
up internal operations. However, to enable this functionality, it is
necessary to set bit 3 of the VECR to 0.

In this case, VPP is used as an |/O until the end of the operation. After
the last input data is shifted in, the application should apply VPP voltage
to VPP within 200ms to speed up the internal operations. If the VPP
voltage is not applied within 200ms, the Program/Erase operations start
at standard speed.

The default value of VECR bit 3 is 1, and the VPP functionality for quad
1/O modify operations is disabled.

VCC

Power

Device core power supply: Source voltage.

VSS

Ground

Ground: Reference for the VCC supply voltage

DNU

Do not use.

NC

No connect

BYTe Semiconductor 9/103
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3. Sector/Subsector Addresses

The memory is a stacked device comprised of four 256Mb chips. Each chip is internally partitioned
into two 128Mb segments. Each page of memory can be individually programmed. Bits are from
programmed one through zero. The device is subsector, sector, or single 256Mb chip erasable, but
not page-erasable. Bits are erased from zero through one. The memory is configured as
134,217,728 bytes (8 bits each); 2048 sectors (64KB each); 32,768 subsectors (4KB each); and
524,288 pages (256 bytes each); and 64 OTP bytes are located outside the main memory array.

Figure 3. Block Diagram
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Table 2. The Chip Sector /Subsector Addresses of BY25QM1G1FS

Memory Sector SRy
D . Subsector No. Size Address range
ensity (64k byte) (KB)
Subsector 0 4 0000 0000h-0000 OFFFh
Sector 0 : : :
Subsector 15 4 0000 FOOOh-0000 FFFFh
Subsector 1008 4 003F 0000h-003F OFFFh
Sector 63 : : :
Subsector 1023 4 003F FOOOh-003F FFFFh
Subsector 2032 4 007F 0000h-007F OFFFh
Sector 127 : : :
Subsector 2047 4 007F FOOOh-007F FFFFh
Subsector 4080 4 OOFF 0000h-00FF OFFFh
1Gbit Sector 255 : : :
Subsector 4095 4 0OFF FOOOh-00FF FFFFh
Subsector 8176 4 01FF 0000h-01FF OFFFh
Sector 511 : : :
Subsector 8191 4 01FF FOO0Oh-01FF FFFFh
Subsector 16368 4 03FF 0000h-03FF OFFFh
Sector 1023 : : :
Subsector 16383 4 03FF FOO0Oh-03FF FFFFh
Subsector 32750 4 07FF 0000h-07FF OFFFh
Sector 2047 : : :
Subsector 32767 4 07FF FOOOh-07FF FFFFh
Note:

1. Subsector = Uniform subsector, and the size is 4K bytes.

2. Sector = Uniform Sector, and the size is 64K bytes.
3. Big Block = 8 Sectors, e.g. Big Block 0 = Sector 0 - 7, and so on.

BYTe Semiconductor
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4. SPI Operation

4.1 Serial Peripheral Interface Modes

The device can be driven by a microcontroller while its serial peripheral interface is in either of the
two modes shown here. The difference between the two modes is the clock polarity when the bus
master is in standby mode and not transferring data. Input data is latched in on the rising edge of
the clock, and output data is available from the falling edge of the clock.

Table 3. Protected Area Sizes — Lower Area

Note 1 applies to the entire table

SPI Modes Clock polarity
CPOL =0,CPHA=0 C remains at 0 for (CPOL = 0, CPHA = 0)
CPOL=1,CPHA =1 C remains at 1 for (CPOL = 1, CPHA = 1)

Note:
1. The listed SPI modes are supported in extended, dual, and quad SPI protocols.

Figure 4. SPI Modes
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Table 4. Extended, Dual, and Quad SPI Protocols

Protocol

Name

Comm-
and
input

Address
Input

Data
Input/

Output

Description

Extended

SI

Multiple
IOn
lines,de-
pending
on the
instruction

Multiple IOn
lines,de-
pending

on the
instruction

Device default protocol from the factory.
Additional instructions extend the standard
SPI protocol and enable address or data
transmission on multiple 10n lines.

Dual

10[1:0]

10[1:0]

10[1:0]

Volatile selectable: When the enhanced
volatile configuration register bit 6 is set to 0
and bit 7 is set to 1, the device enters the dual
SPI protocol immediately after the Write
Enhanced Volatile Configuration Register
instruction. The device returns to the default
protocol after the next power-on. In addition,
the device can return to default protocol using
the rescue sequence or through new Write
Enhanced Volatile Configuration Register
instruction, without power-off or power-on.
Nonvolatile selectable: When nonvolatile
configuration register bit 2 is set, the device
enters the dual SPI protocol after the next
power-on. Once this register bit is set, the
device defaults to the dual SPI protocol after
all subsequent power-on sequences until the
nonvolatile configuration register bit is reset to
1.

Quad'

10[3:0]

10[3:0]

10[3:0]

Volatile selectable: When the enhanced
volatile configuration register bit 7 is set to 0,
the device enters the quad SPI protocol
immediately after the Write Enhanced Volatile
Configuration Register instruction. The device
returns to the default protocol after the next
power-on. In addition, the device can return to
default protocol using the rescue sequence or
through new Write Enhanced Volatile
Configuration Register instruction, without
power-off or power-on.

Nonvolatile selectable: When nonvolatile
configuration register bit 3 is set to 0, the
device enters the quad SPI protocol after the
next power-on. Once this register bit is set,
the device defaults to the quad SPI protocol
after all subsequent power-on sequences until
the nonvolatile configuration register bit is
reset to 1.

Note:

1. In quad SPI protocol, all instruction/address input and data 1/0 are transmitted on four
lines except during a Program and Erase cycle performed with VPP. In this case, the
device enters the extended SPI protocol to temporarily allow the application to perform a
Program / Erase Suspend operation or to check the write-in-progress bit in the status
register or the Program/erase controller bit in the flag status register. Then, when VPP
goes Low, the device returns to the quad SPI protocol.

BYTe Semiconductor
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5. Operation Features

5.1 Supply Voltage

5.1.1 Operating Supply Voltage

Prior to selecting the memory and issuing instructions to it, a valid and stable VCC voltage within
the specified [VCC(min), VCC(max)] range must be applied (see Electrical Characteristics). In
order to secure a stable DC supply voltage, it is recommended to decouple the VCC line with a
suitable capacitor (typically 100nF) close to the VCC/VSS package pins. This voltage must remain
stable and valid until the end of the transmission of the instruction and, for a Write instruction, until
the completion of the internal write cycle (tW).

5.1.2 Power-up Conditions

When the power supply is turned on, VCC rises continuously from VSS to VCC. During this time,
the Chip Select (/CS) line is not allowed to float but should follow the VCC voltage, it is therefore
recommended to connect the /CS line to VCC via a suitable pull-up resistor.

In addition, the Chip Select (/CS) input offers a built-in safety feature, as the /CS input is edge
sensitive as well as level sensitive: after power-up, the device does not become selected until a
falling edge has first been detected on Chip Select (/CS). This ensures that Chip Select (/CS) must
have been high, prior to going low to start the first operation. During a standard power-up phase,
the device ignores all instructions except Read Status Register and Read Flag Status Register.
These operations can be used to check the memory internal state.

5.1.3 Device Reset

In order to prevent data corruption inadvertent Write operations during power-up (continuous rise
of VCC), a power on reset (POR) circuit is included. At Power-up, the device does not respond to
an instruction until VCC has reached the power on reset threshold voltage (this threshold is lower
than the minimum VCC operating voltage defined in Power-up Timing).

5.1.4 Power-down

At Power-down (continuous decrease in VCC), as soon as VCC drops from the normal operating
voltage to below the power on reset threshold voltage, the device stops responding to any
instruction sent to it. During Power-down, the device must be deselected (Chip Select (/CS) should
be allowed to follow the voltage applied on VCC) and in Standby Power mode (that is there should
be no internal Write cycle in progress).

5.2 Active Power and Standby Power Modes

When Chip Select (/CS) is Low, the device is selected, and in the Active Power mode. The device
consumes ICC.

When Chip Select (/CS) is High, the device is deselected. If a Write cycle is not currently in
progress, the device then goes in to the Standby Power mode, and the device consumption drops
to ICC1.

BYTe Semiconductor 14 /103



BYTe/QA-DT-039
BYTe B Y T e

Semiconductor Rev. 4.2

5.3 Power Loss Recovery Sequence

If a power loss occurs during a WRITE NONVOLATILE CONFIGURATION REGISTER instruction,
after the next power-on, the device might begin in an undetermined state (XIP mode or an
unnecessary protocol). If this occurs, until the next power-up, a recovery sequence must reset the
device to a fixed state (extended SPI protocol without XIP). After the recovery sequence, the issue
should be resolved definitively by running the WRITE NONVOLATILE CONFIGURATION
REGISTER instruction again. The recovery sequence is composed of two parts that must be run in
the correct order. During the entire sequence, tSHSL2 must be at least 50ns. The first part of the
sequence is 100 (Sl) and 103 (HOLD) equal to 1 for the situations listed below:

* 7 clock cycles within /CS LOW (/CS becomes HIGH before 8th clock cycle)

* + 9 clock cycles within /CS LOW (/CS becomes HIGH before 10th clock cycle)
* + 13 clock cycles within /CS LOW (/CS becomes HIGH before 14th clock cycle)
* + 17 clock cycles within /CS LOW (/CS becomes HIGH before 18th clock cycle)
* + 25 clock cycles within /CS LOW (/CS becomes HIGH before 26th clock cycle)
* + 33 clock cycles within /CS LOW (/CS becomes HIGH before 34th clock cycle)

The second part of the sequence is exiting from dual or quad SPI protocol by using the following
FFh sequence: 100 and 103 equal to 1 for 8 clock cycles within /CS LOW; /CS becomes HIGH
before 9th clock cycle.

After this two-part sequence the extended SPI protocol is active.
5.4 Hold Condition

The Hold (/HOLD) signal is used to pause any serial communications with the device without
resetting the clocking sequence. During the Hold condition, the SO is high impedance, and Sl and
Serial Clock (SCLK) are Don’t Care. To enter the Hold condition, the device must be selected, with
Chip Select (/CS) low. Normally, the device is kept selected, for the whole duration of the Hold
condition. Deselecting the device while it is in the Hold condition, has the effect of resetting the
state of the device, and this mechanism can be used if it is required to reset any processes that
had been in progress.

On devices that include the DTR mode function, once the DTR operation is recognized, the /HOLD
function will be disabled.

The Hold condition starts when the Hold (/HOLD) signal is driven Low at the same time as Serial
Clock (SCLK) already being Low (as shown in Figure 5). The Hold condition ends when the Hold
(HOLD) signal is driven high at the same time as Serial Clock (SCLK) already being Low. Figure 5
also shows what happens if the rising and falling edges are not timed to coincide with Serial Clock
(SCLK) being low.

Figure 5. Hold condition activation

/CS

|
/HOLD ‘
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Protection Features

Software Protection (Memory array):

- The Block Protect (BP4, BP3, BP2, BP1, BPO0) bits define the section of the memory array
that can be read but not change (see the Table 6 and Table 7)

- The device can configure the sector lock register through Write Lock Register Instruction to
lock the specified sector. Sector Lock Register bits 1:0 are written to by the Write Lock
Register instruction. The instruction will not execute unless the sector lock down bit is cleared
(see the Memory Sector Protection Truth Table). After power-up, the devices is in standby
power mode; the write enable latch bit is reset; the write in progress bit is reset; and the lock
registers are configured as: (write lock bit, lock down bit) = (0,0).

Hardware Protection (Status register): /WP can be used as a protection control input. When in
extended SPI with single or dual instructions, the Write Protect function is selectable by the
voltage range applied to the signal. If voltage range is low (0V), the signal acts as a write
protection control input. Used with the /WP signal to enable or disable writing to the status
register. When the enable/disable bit is set to 1, and the /W/VPP signal is driven Low, the
status register nonvolatile bits become Read-only and the Write Status Register operation will
not execute. The only way to exit this hardware-protected mode is to drive /WP/VPP High.

Device resets when VCC is below threshold: Upon power-up or at power-down, the
BY25QM1G1FS will maintain a reset condition while VCC is below the threshold value of VWI.
While reset, all operations are disabled and no instructions are recognized.

Time delay write disable after Power-up: During power-up and after the VCC voltage exceeds
VCC (min), all Program and erase related instructions are further disabled for a time delay of
tVSL. This includes the Write Enable, Page Program, Subsector Erase, Sector Erase, Die
Erase and the Write Status Register instructions.

Write Enable: The Write Enable instruction is set the Write Enable Latch bit. Ensures that
instructions modifying device data must be preceded by a Write Enable instruction, which sets
the write enable latch bit in the status register. The Write Enable Latch bit will return to reset
by following situation:

-Power —up

-Write Disable

-Write Status Register (Whether the SR is protected, WEL will return to reset)

-Program Operations/ (Whether the program area is protected, WEL will return to reset)

-Program OTP Array (When the operation is times out)

-Subsector Erase/Sector Erase/Die Erase (Whether the erase area is protected, WEL will
return to reset)

-Clear Flag Status Register (In case of a protection error)

-Software Reset

-Hardware Reset

Power-on reset and internal timer: Protects the device against inadvertent data changes while
the power supply is outside the operating specification.
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Table 5. Memory Sector Protection Truth Table

Note 1 applies to the entire table

BYTe/QA-DT-039
Rev. 4.2

Sector Lock Register

Memory Sector Protection Status

Sector Lock | Sector Write
Down Bit Lock Bit

0 0 Sector unprotected from Program and Erase operations.
Protection status reversible

0 1 Sector protected from Program and Erase operations.
Protection status reversible

1 0 Sector unprotected from Program and Erase operations.
Protection status not reversible except by power cycle or reset.

1 1 Sector protected from Program and Erase operations.
Protection status not reversible except by power cycle or reset.

Note:

1. Sector lock register bits are written to when the Write to Lock Register instruction is
executed. The instruction will not execute unless the sector lock down bit is cleared (see

the Lock Register).

Table 6.Protected Area Sizes — Upper Area

Note 1 applies to the entire table

Status Register Content

Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Protected Area Unprotected Area
0 0 0 0 0 None All sectors
0 0 0 0 1 Sector 2047 Sectors (0 to 2046)
0 0 0 1 0 Sectors (2046 to 2047) Sectors (0 to 2045)
0 0 0 1 1 Sectors (2044 to 2047) Sectors (0 to 2043)
0 0 1 0 0 Sectors (2040 to 2047) Sectors (0 to 2039)
0 0 1 0 1 Sectors (2032 to 2047) Sectors (0 to 2031)
0 0 1 1 0 Sectors (2016 to 2047) Sectors (0 to 2015)
0 0 1 1 1 Sectors (1984 to 2047) Sectors (0 to 1983)
0 1 0 0 0 Sectors (1920 to 2047) Sectors (0 to 1919)
0 1 0 0 1 Sectors (1792 to 2047) Sectors (0 to 1791)
0 1 0 1 0 Sectors (1536 to 2047) Sectors (0 to 1535)
0 1 0 1 1 Sectors (1024 to 2047) Sectors (0 to 1023)
0 1 1 0 0 All sectors None
0 1 1 0 1 All sectors None
0 1 1 1 0 All sectors None
0 1 1 1 1 All sectors None
Note
1. See the Status Register for details on the BP 4 bit and the BP 3:0 bits.
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Table 7.Protected Area Sizes — Lower Area

Note 1 applies to the entire table
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Status Register Content

Memory Content

BP4 | BP3 | BP2 | BP1 | BPO Protected Area Unprotected Area
1 0 0 0 0 None All sectors
1 0 0 0 1 Sector 0 Sectors (1 to 2047)
1 0 0 1 0 Sectors (0 to 1) Sectors (2 to 2047)
1 0 0 1 1 Sectors (0 to 3) Sectors (4 to 2047)
1 0 1 0 0 Sectors (0 to 7) Sectors (8 to 2047)
1 0 1 0 1 Sectors (0 to 15) Sectors (16 to 2047)
1 0 1 1 0 Sectors (0 to 31) Sectors (32 to 2047)
1 0 1 1 1 Sectors (0 to 63) Sectors (64 to 2047)
1 1 0 0 0 Sectors (0 to 127) Sectors (128 to 2047)
1 1 0 0 1 Sectors (0 to 255) Sectors (256 to 2047)
1 1 0 1 0 Sectors (0 to 511) Sectors (512 to 2047)
1 1 0 1 1 Sectors (0 to 1023) Sectors (1024 to 2047)
1 1 1 0 0 All sectors None
1 1 1 0 1 All sectors None
1 1 1 1 0 All sectors None
1 1 1 1 1 All sectors None
Note:
1. See the Status Register for details on the BP 4 bit and the BP 3:0 bits.
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5.6 Nonvolatile and Volatile Registers

The device features the following volatile and nonvolatile registers that users can access to store
device parameters and operating configurations:

 Status register

* Nonvolatile and volatile configuration registers
* Extended address register

* Enhanced volatile configuration register

* Flag status register

* Lock register

The working condition of memory is set by an internal configuration register that is not directly
accessible to users (see the Figure 6). As shown below, parameters in the internal configuration
register are loaded from the nonvolatile configuration register during each device boot phase or
power-on reset. In this sense, then, the nonvolatile configuration register contains the default
settings of memory.

Also, during the life of an application, each time a Write Volatile or Enhanced Volatile Configuration
Register instruction executes to set configuration parameters in these respective registers, these
new settings are copied to the internal configuration register. Therefore, memory settings can be
changed in real time. However, at the next power-on reset, the memory boots according to the
memory settings defined in the nonvolatile configuration register parameters.

The device behavior of the memory is ultimately determined by the Internal Configuration Register.
The Internal Configuration Register can choose to download instruction data from Nonvolatile
configuration register or Volatile configuration register and enhanced volatile configuration register
according to different situations.

Nonvolatile configuration register download is executed only during the power-on phase or after a
reset, overwriting configuration register. Volatile configuration register and enhanced volatile
configuration register download is executed after a write Volatle or Enhanced volatile
configuration register instruction, overwrite configuration register setting on internal configuration
register.

Figure 6. Internal Configuration Register

Volatile Configuration Register
and Enhanced Volatile
Configuration Register

Nonvolatile
Configuration Register

Internal Configuration
Register

{

Device behavior
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5.5.1 Status Register

Table 8. Status Register Bit Definitions

Bit Name Settings Description Note
Status Register 0 = Enabled Nonvolatile bit: Used with the

7 Write 1 = disabled /WP signal to enable or disable 3
Enable/Disable writing to the status register.

Nonvolatile bit: Determines
whether the protected memory
area defined by the block protect 4
bits starts from the top or bottom
of the memory array.

0=Top

5 Block Protect 4 1 = Bottom

Nonvolatile bit: Defines
memory to be software
protected against Program or
Erase operations. When one or
more block protect bits is set to
1, a designated memory area is
protected from Program and
Erase operations.

See Protected Area
Sizes — Upper Area
6,4:2 Block Protect 3-0 and Lower Area
tables in Device
Protection

Volatile bit: The device always
powers up with this bit cleared to
prevent inadvertent Write Status
0 = Cleared Register, Program, or Erase

1 = Set operations. To enable these
operations, the Write Enable
operation must be executed first
to set this bit.

1 Write Enable Latch 2,5

Volatile bit: Indicates if one of
the following instruction cycles is
0 = Ready (Default) in progress:

1 = Busy Write Status Register, Write
Nonvolatile Configuration
Register, Program, Erase.

0 Write in Progress 2,6

1. Bits can be Read from or written to using Read Status Register or Write Status Register
instructions, respectively.

2. Volatile bits are cleared to 0 by a power cycle or reset.

3. The status register write enable/disable bit, combined with the /WP/VPP signal as
described in the Signal Descriptions, provides hardware data protection for the device as
follows: When the enable/disable bit is set to 1, and the /WP/VPP signal is driven low, the
status register nonvolatile bits become Read-only and the Write Status Register operation
will not execute. The only way to exit this hardware-protected mode is to drive /WP/VPP
high.

4. See Protected Area Sizes Table 6 and Table 7. The Die Erase instruction is executed
only if all bits are 0.

5. In case of protection error this volatile bit is set and can be reset only by means of a Clear
Flag Status Register instruction.

6. Program or erase controller bit = NOT (write in progress bit).
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5.6.2 Nonvolatile and Volatile Configuration Registers
Table 9. Nonvolatile Configuration Register Bit Definitions
Note 1 applies to the entire table
Bit Name Settings Description Note
0000 (identical to 1111, default) Sets the number of
0001 dummy clock cycles
NI e 0010 subseguent tg all Fast
. Read instructions.
15:12 | Dummy clock The default setting t t 2,3
cycles : e default setting targets
1101 the maximum allowed
1110 frequency and guarantees
1111 backward compatibility.
000 = XIP: Fast Read
001 = XIP: Dual Output Fast Read
XIP Mode at 010 = XIP: Dual I/O Fast Read Enables.the device to
11:9 | Power-on 011 = XIP: Quad Output Fast Read | operate in .the se[ected
R 100 = XIP: Quad I/O Fast Read XIP mode immediately
eset _
101 = Reserved after power-on reset.
110 = Reserved
111 = Disabled (Default)
000 = Reserved
001 = 90 Ohms
010 = 60 Ohms
86 Output Driver | 011 = 45 Ohms Optimizes impedance at
: Strength 100 = Reserved VCC/2 output voltage.
101 = 20 Ohms
110 = 15 Ohms
111 = 30 (Default)
5 Reserved X "Don't Care."
Enables or disables hold
0 = Disabled or reset.
4 | Resethold | 4. Enapled (Default) (Available on dedicated
part numbers.)
3 Quad I/O 1 = Disabled (Default, Extended Enables or disables quad 4
Protocol SPI protocol) I/0O protocol.
5 [P)ual 110 ? ; E?szt:::lzccjj (Default, Extended Enables or disables dual 4
rotocol SP I/O protocol.
protocol)
Selects a 128Mb segment
128Mb _ as default for 3Byte
1 Segment ? ; Il_‘lgvs:rr 1132:\\/1'8 sseegm:r?’:(Default) address operations. See
Select also the extended
address register.
0 Address 0 = Enable 4B address aD(T;I:eZZtSiQ;:‘EEear o
Bytes 1 = Enable 3B address (Default) . > DY
instruction.
Note:

1. Settings determine device memory configuration after power-on. The device ships from
the factory with all bits erased to 1 (FFFFh). The register is Read from or written to by
Read Nonvolatile Configuration Register or Write Nonvolatile Configuration instructions,
respectively.

2. The 0000 and 1111 settings are identical in that they both define the default state, which is
the maximum frequency of fc = 108MHz. This ensures backward compatibility.

3. If the number of dummy clock cycles is insufficient for the operating frequency, the
memory reads wrong data. The number of cycles must be set according to and sufficient
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for the clock frequency, which varies by the type of Fast Read instruction, as shown in the
Supported Clock Frequencies table.

If bits 2 and 3 are both set to 0, the device operates in quad I/0. When bits 2 or 3 are reset
to 0, the device operates in dual I/0 or quad I/O respectively, after the next power-on.

Table 10. Volatile Configuration Register Bit Definitions

Note 1 applies to the entire table

Bit Name Settings Description Note
888(1) (identical to 1111, default) Sets the number of dummy
0010 clock cycles subsequent to
Number of all Fast Read instructions.
74 Dummy Clock |- The default setting targets 2,3
Cycles '1101 maximum allowed frequency
1110 and gugrgptees backward
1111 compatibility.
Enables (XIP bit=0) or
disables XIP (XIP bit=1).
For device part numbers with
3 XIP 0 feature digit equal to 2 or 4,
1 this bit is always "Don’t
Care," so the device
operates in XIP mode
without setting this bit.
2 Reserved x = Default 1b = Fixed value.
16-byte wrap: Output data
wraps within an aligned
_ . 16-byte boundary starting
00 = 16-byte boundary aligned from the address (3-byte or
4-byte) issued after the
instruction code.
32-byte wrap: Output data
wraps within an aligned 32-
_ . byte boundary starting from
01 = 32-byte boundary aligned the address (3-byte or 4-
1:0 Wrap byte) issued after the 4
instruction code.
64-byte wrap: Output data
wraps within an aligned 64-
_ . byte boundary starting from
10 = 64-byte boundary aligned the address (3-byte or 4-
byte) issued after the
instruction code.
Continuous Reading
11 = sequential (default) (default): All bytes are Read
sequentially.
Note:

1. Settings determine the device memory configuration upon a change of those settings by
the Write Volatile Configuration Register instruction. The register is Read from or written
to by Read Volatile Configuration Register or Write Volatile Configuration Register
instructions respectively.

2. The 0000 and 1111 settings are identical in that they both define the default state which is
the maximum frequency of fc = 108MHz. This ensures backward compatibility.

3. If the number of dummy clock cycles is insufficient for the operating frequency, the
memory Read wrong data. The number of cycles must be set according to and be
sufficient for the clock frequency, which varies by the type of Fast Read instruction, as
shown in the Supported Clock Frequencies Table 12.

4. See the Sequence of Bytes During Wrap table (as show in Table 11).
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Table 11. Sequence of Bytes During Wrap
22;:;2 16-Byte Wrap 32-Byte Wrap 64-Byte Wrap
0 0-1-2-...-15-0-1- ... 0-1-2-...-31-0-1-... 0-1-2-...-63-0-1-...
1 1-2-...-15-0-1-2-... 1-2-...-31-0-1-2-... 1-2-...-63-0-1-2-...
15 15-0-1-2-3-...-15-0-1-... 15-16-17-...-31-0-1-... 15-16-17-...-63-0-1-...
31 31-16-17-...-31-16-17- ... 31-0-1-2-3-...-31-0-1-... 31-32-33-...-63-0-1-...
63 63-48-49-...-63-48-49-. .. 63-32-33-...-63-32-33-.... 63-0-1-...-63-0-1-...
Table 12. Supported Clock Frequencies — STR
Note 1 applies to entire table
Dunmy | asTRes | CALSUTRUT | BUALIS, | outeur | Ausele,
Clock Cycles FAST READ
1 90 80 50 43 30
2 100 90 70 60 40
3 108 100 80 75 50
4 108 105 90 90 60
5 108 108 100 100 70
6 108 108 105 105 80
7 108 108 108 108 86
8 108 108 108 108 95
9 108 108 108 108 105
10 108 108 108 108 108
Note:

1. Values are guaranteed by characterization and not 100% tested in production.

Table 13. Supported Clock Frequencies — DTR

Note 1 applies to entire table

“Dummy | FasTReAD | DUALOUTPUT | BUALLS | outeur | UAD IO

Clock Cycles FAST READ
1 45 40 25 30 15
2 50 45 35 38 20
3 54 50 40 45 25
4 54 53 45 47 30
5 54 54 50 50 35
6 54 54 54 53 40
7 54 54 54 54 43
8 54 54 54 54 48
9 54 54 54 54 53
10 54 54 54 54 54

Note:

1. Values are guaranteed by characterization and not 100% tested in production.
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5.6.3 Extended Address Register

In the case of 3-byte addressability mode, the device includes an extended address register that
provides a fourth address byte A[31:24], enabling access to memory beyond 128Mb. The
extended address register bits [2:0] are used to select one of the eight 128Mb segments of the
memory array.

Figure 7. Upper and Lower Memory Array Segments

pA[26:24] =111

» A[26:24] =110

OSFFFFFH

0600000H

L »A[26:24] = 101

04FFFFFH
0500000H L) A[26:24] = 100

O03FFFFFH
0400000H » A[26:24] =011

02FFFFFH
0300000H > A[26:24] =010

O1FFFFFH
0200000H > A[26:24] =001

OOFFFFFH

0100000H

Ly A[26:24] =000

0000000H

The Program and Erase operations act upon the 128Mb segment selected in the extended
address regqister.

The Read operation begins Reading in the selected 128Mb segment. It is bound by the 256Mb
(die segment) to which the 128Mb segment belongs. In a continuous Read, when the last byte of
the die segment selected is Read, the next byte output is the first byte of the same die segment;
therefore, a download of the whole array is not possible with one Read operation. The value of the
extended address register does not change when a Read operation crosses the selected 128Mb
boundary.

Table 14. Extended Address Register Bit Definitions

Note 1 applies to entire table

Bit | Name Settings Description

7

6

5 | A[31:27] 0 = Reserved

4

3

2 111 = Upper 128Mb segment

1 110 = Seventh 128Mb segment Enable selecting 128Mb segmentation.
101 = Sixth 128Mb segment For A[26:24], the default setting is

A[26:24] 100 = Fifth 128Mb segment determined by bit 1 of the nonvolatile
’ 011 = Fourth 128Mb segment configuration register. However, this

0 010 = Third 128Mb segment setting can be changed using the Write
001 = Second 128Mb segment Extended Address Register instruction.
000 = Lower 128Mb segment (default)

Note:
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The extended address register is for an application that supports only 3-byte addressing.
It extends the device's first three address bytes A[23:0] to a fourth address byte A [31:24]
to enable memory access beyond 128Mb. The extended address register bits [2:0] are
used to select one of the eight 128Mb segments of the memory array. If 4-byte addressing
is enabled, extended address register settings are ignored.

5.6.4 Enhanced Volatile Configuration Register

Table 15. Enhanced Volatile Configuration Register Bit Definitions

Note 1 applies to entire table

Bit Name Settings Description Note
0 = Enabled .
7 | Quad /0 Protocol | 1 = Disabled (Defautt, Ega;’r'gtsoggl dliezn s gl
extended SPI protocol) )
0 = Enabled .
6 Dual /0 Protocol | 1 = Disabled (Default, praples of disables dual
extended SPI protocol) P )
5 Reserved x = Default 1b = Fixed value.
Enables or disables hold
0 = Disabled or reset.
4 Resethold | 4 = Enabled (Default) (Available on dedicated
part numbers.)
Enables or disables VPP
acceleration for Quad
Input Fast Program , Quad
Input Extended Fast
Program Operations in
Extended and Quad SPI
0 = Enabled P_rotocols; Enables or
3 VPP Accelerator A disables VPP acceleration
1 = Disabled (Default) f
or Page Program, Dual
Input Fast  Program,
Extended Dual Input Fast
Program, Subsector
Erase, Sector Erase, Die
Erase Operations in Quad
SPI| Protocols.
000 = Reserved
001 =90 Ohms
010 = 60 Ohms
2:0 Output Driver 011 = 45 Ohms Optimizes impedance at
’ Strength 100 = Reserved VCC/2 output voltage.
101 = 20 Ohms
110 = 15 Ohms
111 = 30 (Default)
Note:

1. Settings determine the device memory configuration upon a change of those settings by
the Write Enhanced Volatile Configuration Register instruction. The register is Read from
or written to in all protocols by Read Enhanced Volatile Configuration Register or Write
Enhanced Volatile Configuration Register instructions, respectively.

2. If bits 6 and 7 are both set to 0, the device operates in quad I/O. When either bit 6 or 7 is

reset to 0, the device operates in dual I/0 or quad I/O respectively following the next Write
Enhanced Volatile Configuration Register instruction.
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5.6.5 Flag Status Register

Table 16. Flag Status Register Bit Definitions

Note 1 applies to entire table

Bit Name Settings Description Note
Status bit: Indicates whether one of the
Program or 0 = Bus following instruction cycles is in progress:
7 Erase 1 = Ready ( difault) Write Status Register, Write Nonvolatile | 2, 5
Controller y Configuration Register, Program, or
Erase.
Erase 0 = Not in effect Status bit: Indicates whether an Erase
6 (default) operation has been or is going to be 2
suspend v
1 = In effect suspended.
U= C_Iear. (el Error bit: Indicates whether an Erase
5 Erase 1 = Failure or . . 3,4
: operation has succeeded or failed.
protection error
U= C_)Iear. (default) Error bit: Indicates whether a PROGRAM
4 Program 1 = Failure or . . 3,4
) operation has succeeded or failed.
protection error
3 VPP 0 = Enabled (Default) | Error bit: Indicates an invalid voltage on 3 4
1 = Disabled VPP during a Program or Erase operation. ’
Proaram 0 = Not in effect Status bit: Indicates whether a Program
2 9 (default) operation has been or is going to be 2
Suspend v
1 = In effect suspended.
Error bit: Indicates whether an Erase or
0 = Clear (default) Program operation has attempted to
1 Protection 1 = Failure or modify the protected array sector, or| 3,4
protection error whether a Program operation has attempt
ted to access the locked OTP space.
0 = 3 bytes addressing " . i
0 Addressing (default) Status bit: Indlcates'whether 3-byte or >
_ . 4-byte address mode is enabled.
1 = 4 bytes addressing

Note:
1. Register bits are Read by Read Flag Status Register instruction. All bits are volatile.
2. Status bits are reset automatically.
3. Error bits must be cleared through the Clear Flag Status Register instruction.
4. These error flags are "sticky." They must be cleared through the Clear Status Register
instruction.
5. Program or erase controller bit = NOT (write in progress bit).
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5.6.6 Lock Register

Table 17. Lock Register Bit Definitions

Note 1 applies to entire table

Bit Name Settings Description

72 Reserved 0 Bit values are 0.

Volatile bit: the device always powers-up with
this bit cleared, which means sector lock down

Wiite Lock 0= Cleared (Default) and sector write lock bits can be set.

Down 1= Set When this bit set, neither of the lock register bits
can be written to until the next power cycle.
Volatile bit: the device always powers-up with
this bit cleared, which means that Program and
0 Sector Write | 0 = Cleared (Default) | Erase operations in this sector can be executed
Lock 1 = Set and sector content modified.

When this bit is set, Program and Erase
operations in this sector will not be executed.

Note:
1. Sector lock register bits 1:0 are written to by the Write Lock Register instruction. The
instruction will not execute unless the sector lock down bit is cleared.

5.7 3-Byte/4-Byte Address Modes

The device features 3-byte or 4-byte address modes to access memory beyond 128Mb.

When 4-byte address mode is enabled, all instructions requiring an address must be Entered and
Exited with a 4-byte address mode instruction: Enter 4-Byte Address Mode instruction and Exit
4-Byte Address Mode instruction. The 4-byte address mode can also be enabled through the
non-volatile configuration register.

Reading and writing to an AIMAX:MIN] of A[31:0] (4-byte address) is also supported. Selection of
the 3-byte or 4-byte address range can be enabled in two ways: through the nonvolatile
configuration register or through the Enable 4-Byte Address Mode/Exit 4-Byte Address Mode
instructions. Further details for these settings and instructions are in the respective register and
instruction sections of the data sheet.
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5.8 XIP Mode

XIP mode requires only an address (no instruction) to output data, improving random access time
and eliminating the need to shadow code onto RAM for fast execution. All protocols support XIP
operation. For flexibility, multiple XIP entry and exit methods are available. For applications that
must enter XIP mode immediately after power-up, nonvolatile configuration register bit settings
can enable XIP as the default mode.

Execute-in-place (XIP) mode allows the memory to be Read by sending an address to the device
and then receiving the data on one, two, or four pins in parallel, depending on the customer
requirements. XIP mode offers maximum flexibility to the application, saves instruction overhead,
and reduces random access time.

Activate or Terminate XIP Using Volatile Configuration Register:

Applications that boot in SPI and must switch to XIP use the volatile configuration register. XIP
provides faster memory Read operations by requiring only an address to execute, rather than a
instruction code and an address.

To activate XIP requires two steps. First, enable XIP by setting volatile configuration register bit 3
to 0. Next, drive the XIP confirmation bit to 0 during the next Fast Read operation. XIP is then
active. Once in XIP, any instruction that occurs after /CS is toggled requires only address bits to
execute; a instruction code is not necessary, and device operations use the SPI protocol that is
enabled. XIP is terminated by driving the XIP confirmation bit to 1. The device automatically resets
volatile configuration register bit 3 to 1.

Note: For devices with basic XIP, indicated by a part number feature set digit of 2 or 4, it is not
necessary to set the volatile configuration register bit 3 to 0 to enable XIP. Instead, it is enabled by
setting the XIP confirmation bit to 0 during the first dummy clock cycle after any FAST READ
command.

Activate or Terminate XIP Using Nonvolatile Configuration Register:

Applications that must boot directly in XIP use the nonvolatile configuration register. To enable a
device to power-up in XIP using the nonvolatile configuration register, set nonvolatile configuration
register bits [11:9]. Settings vary according to protocol, as explained in the Nonvolatile
Configuration Register section. Because the device boots directly in XIP, after the power cycle, no
instruction code is necessary. XIP is terminated by driving the XIP confirmation bit to 1.

Figure 8. XIP Mode Directly After Power-On

s -———== — —.
tVSI(<100K)
vee f NVCRchack |
XIP enabled
s 27777 ] FI_I_L__J"I_|_|_|"L _ UL
|¢— 3-Byte/4-Byte —pg— Y—} DataOut DaLaOut

Clock

aon 'OOA-M -
o <><> <X
00 OO __
gty X _ ~

Note:
1. Xb is the XIP confirmation bit and should be set as follows: 0 to keep XIP state; 1 to exit
XIP mode and return to standard Read mode.
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Confirmation Bit Settings Required to Activate or Terminate XIP: The XIP confirmation bit
setting activates or terminates XIP after it has been enabled or disabled. This bit is the value on Sl
during the first dummy clock cycle in the Fast Read operation. In dual /O XIP mode, the value of
101 during the first dummy clock cycle after the addresses is always "Don't Care". In quad I/O XIP
mode, the values of 103, 102 and 101 during the first dummy clock cycle after the addresses are
always "Don't Care".

Table 18: XIP Confirmation Bit

Bit Value Description

0 Activates XIP: While this bit is 0, XIP remains activated.

Terminates XIP: When this bit is set to 1, XIP is terminated and

1 the device returns to SPI.

Table 19: Effects of Running XIP in Different Protocols

Protocol Effect

In a device with a dedicated part number where RST# is enabled,
a LOW pulse on that pin resets XIP and the device to the state it
was in previous to the last power-up, as defined by the
nonvolatile configuration register.

Extended I/O and Dual I/O

Dual 110 Values of SO during the first dummy clock cycle are "Don't Care".

Values of 10[3:1] during the first dummy clock cycle are "Don't
Quad /0’ Care". In a device with a dedicated part number, it is only
possible to reset memory when the device is deselected.

Note:
1. In a device with a dedicated part number where RST# is enabled, a LOW pulse on that
pin resets XIP and the device to the state it was in previous to the last power-up, as
defined by the nonvolatile configuration register only when the device is deselected.

Terminating XIP After a Controller and Memory Reset:

The system controller and the device can become out of synchronization if, during the life of the
application, the system controller is reset without the device being reset. In such a case, the
controller can reset the memory to power-on reset if the memory has reset functionality. 100 (SI)
and 103 (HOLD) equal to 1 for the situations listed below:

* 7 clock cycles within /CS Low (/CS becomes High before 8th clock cycle)

* + 9 clock cycles within /CS Low (/CS becomes High before 10th clock cycle)
* + 13 clock cycles within /CS Low (/CS becomes High before 14th clock cycle)
* + 17 clock cycles within /CS Low (/CS becomes High before 18th clock cycle)
» + 25 clock cycles within /CS Low (/CS becomes High before 26th clock cycle)
* + 33 clock cycles within /CS Low (/CS becomes High before 34th clock cycle)

These sequences cause the controller to set the XIP confirmation bit to 1, thereby terminating XIP.
However, it does not reset the device or interrupt Program/Erase operations that may be in
progress. After terminating XIP, the controller must execute Reset Enable and Reset Memory to
implement a software reset and reset the device.
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6. Device Identification

The device can use the Read ID and Multiple I/O Read ID instruction to access the device
identification, these identification include Manufacturer ID, Device ID and Unique ID, among which
Unique ID can only be accessed by the Read ID instruction. The returned data bytes provide the
information as shown in the below table.

Table 20. Read ID Data Out

Size (Bytes) Name Content Value Assigned by
1 Manufacturer ID JEDEC
Device ID
2 Memory Type Manufacturer
Memory Capacity 21H (1Gb)
Unique ID
1 Byte: Length of data to follow 10H
ID and information such
17 2 Bytes: Extended device ID and as uniform architecture, Factory
device configuration information and HOLD or RESET
functionality
14 Bytes: Customized factory data Optional
Note:

1. The 17 bytes of information in the unique ID is Read by the READ ID instruction, but
cannot be Read by the Multiple I/0O Read ID instruction.

Table 21: Extended Device ID, First Byte

Bit 7 Bit 6 Bit 5 Bit 4! Bit 3 Bit 2 Bit 1 Bit 0
Volatile

0= agierbt | MHOLDor
Reser- | Reser- | Standard Settin ) /RESET: Addressing: Architecture:
ved ved BP _ g 0=HOLD | 0 = by byte 00 = Uniform

scheme 0=BY 1 = RESET

Technology XIP -
1 = Basic XIP
Note:

1. For more information, contact the factory.
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7. Instructions Description

All instructions, 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 instruction
code must be shifted in to the device, each bit being latched on the rising edges of SCLK.

See Table 22, every instruction sequence starts with a one-byte instruction code. Depending on
the instruction, 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 instruction sequence has been shifted in. For the
instruction of Read, Fast Read, Read Status Register, and Read Device ID, the shifted-in
instruction 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 instruction of Page Program, Subsector Erase, Sector Erase, Die Erase, Write Status
Register, Write Enable, Write Disable instruction, etc. /CS must be driven high exactly at a byte
boundary, otherwise the instruction is rejected, and is not executed. That is /CS must drive high
when the number of clock pulses after /CS being driven low is an exact multiple of eight. For Page
Program, if at any time the input byte is not a full byte, nothing will happen and WEL will not be
reset.

Table 22. Instruction Set Table

Note 1 applies to entire table

Instruction Code Extended D"uoa : Qltljgd BDyatteas Note
Register Operations
Write Enable 06H Yes Yes Yes 0 2
Write Disable 04H Yes Yes Yes 0 2
Read Status Register 05H Yes Yes Yes 1to = 2
Write Status Register O01H Yes Yes Yes 1 2,13,15
Read Lock Register E8H Yes Yes Yes 1to 4
Write Lock Register ESH Yes Yes Yes 1to 4,13
Read Flag Status Register 70H Yes Yes Yes 1to 2
Clear Flag Status Register 50H Yes Yes Yes 0 2
Read Nonvolatil_e Configuration B5H Yes Yes Yes 5 >
Register
Write NonvoIatiI'e Configuration B1H Yes Yes Yes > 213,15
Register

Register Operations
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. Dual | Quad Data
Instruction Code Extended o) e Bytes Note
Read Volatile _Configuration 85H Yes Yes Yes 1 to >
Register
Write Volatile 'Configuration 81H Yes Yes Yes 1 213
Register
REEY SlliETees) Velehls 65H Yes Yes | Yes | 1tow 2
Configuration Register
Uilnis EfEeee vokile 61H Yes Yes | Yes 1 2,13
Configuration Register
Read Extenc_ied Address C8H Yes Yes Yes 0 >
Register
Write Extenc_ied Address C5H Yes Yes Yes 0 213
Register
Enter 4-BYTE Address Mode B7H Yes Yes Yes 0 2,13
EXIT 4-BYTE Address Mode E9H Yes Yes Yes 0 2,13
Reset Enable 66H Yes Yes Yes 0 2
Reset Memory 99H Yes Yes Yes 0 2
Read Operations
Read 03H Yes No No 1to = 4
Fast Read 0BH Yes Yes Yes 1to = 5
Dual Output Fast Read 3BH Yes Yes No 1to = 5
Dual Input/Output Fast Read BBH Yes Yes No 1to = 5,11
Quad Output Fast Read 6BH Yes No Yes 1to 5
Quad Input/Output Fast Read EBH Yes No Yes 1to = 5,12
Fast Read-DTR ODH Yes Yes Yes 1to = 6
Dual Output Fast Read-DTR 3DH Yes Yes No 1to 6
Dual Input/Output Fast -
Read-DTR BDH Yes Yes No 1to 6
Quad Output Fast Read-DTR 6DH Yes No Yes 1to 6
Quad Input/Output Fast -
Read-DTR EDH Yes No Yes 1to 7
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. Dual | Quad Data
Instruction Code Extended o) e Bytes Note
4-Byte Read 13H Yes No No 1to 8
4-Byte Fast Read OCH Yes Yes Yes 110 = 9
4-Byte Dual Output Fast Read 3CH Yes Yes No 110 = 9
4-Byte Dual Input/ Output Fast BCH Yes Yes No 1 to 9, 11
Read
4-Byte Quad Output Fast Read 6CH Yes No Yes 1to 9
4 Byte Quad Input/ Output Fast ECH Yes No Yes 110 « 10,12
Read
Identification Operations
Read ID 9E/9FH Yes No No 1t0 20 2
Multiple I/O Read ID AFH No Yes Yes 1t03 2
Read Serial Flash Discovery 5AH Yes Yes Yes 110 « 3
Parameter
Program and Erase Operations
Page Program 02H Yes Yes Yes 1t0256 | 4,13,14
Dual Input Fast Program A2H Yes Yes No 1t0256 | 4,13,14
Extended Dual Input Fast D2H Yes Yes No 110 256 411,131
Program 4
Quad Input Fast Program 32H Yes No Yes 1t0256 | 4,13,14
Extended Quad Input Fast 12H Yes No Yes 110 256 412,131
Program 4
Subsector Erase 20H Yes Yes Yes 0 4,13,14
Sector Erase D8H Yes Yes Yes 0 4,13, 14
Die Erase C4H Yes Yes Yes 0 4,13, 14
Program/Erase Resume 7AH Yes Yes Yes 0 2,13,14
Program/Erase Suspend 75H Yes Yes Yes 0 2,13,14
OTP Operations
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Dual | Quad Data

o | wo | Bytes | Note

Instruction Code Extended

Read OTP Array 4BH Yes Yes Yes 1to 64 5

Program OTP Array 42H Yes Yes Yes 1to 64 413,14

Note:
1.

2.
3.
4.

© ®

10.

11.

12.

13.
14.

15.

Yes in the protocol columns indicates that the instruction is supported and has the same
functionality and instruction sequence as other instructions marked Yes.

Address bytes = 0. Dummy clock cycles = 0.

Address bytes = 3. Dummy clock cycles default = 8.

Address bytes default = 3; address bytes = 4 (extended address). Dummy clock cycles =
0.

Address bytes default = 3; address bytes = 4 (extended address). Dummy clock cycles
default = 8. Dummy clock cycles default = 10 (when quad SPI protocol is enabled).
Dummy clock cycles are configurable by the user.

Address bytes default = 3; address bytes = 4 (extended address). Dummy clock cycles
default = 6. Dummy clock cycles default = 8 when quad SPI protocol is enabled. Dummy
clock cycles are configurable by the user.

Address bytes default = 3; address bytes = 4 (extended address). Dummy clock cycles
default = 8. Dummy clock cycles are configurable by the user.

Address bytes = 4. Dummy clock cycles = 0.

Address bytes = 4. Dummy clock cycles default = 8. Dummy clock cycles default = 10
(when quad SPI protocol is enabled). Dummy clock cycles are configurable by the user.
Address bytes = 4. Dummy clock cycles default = 10. Dummy clock cycles is configurable
by the user.

When the device is in dual SPI protocol, the instruction can be entered with any of these
three codes. The different codes enable compatibility between dual SPI and extended SPI
protocols.

When the device is in quad SPI protocol, the instruction can be entered with any of these
three codes. The different codes enable compatibility between quad SPI and extended
SPI protocols.

The Write Enable instruction must be issued first before this instruction can be executed.
Requires the Read Flag Status Register instruction being issued with at least one byte
output. (After code, at least 8 clock pulses in extended SPI, 4 clock pulses in dual I/0 SPI,
and 2 clock pulses in quad I/0O SPI.) The cycle is not complete until bit 7 of the flag status
register outputs 1.

The end of operation can be detected by means of a Read Flag Status Register
instruction being issued four times, /CS toggled between each instruction execution, and
bit 7 of the flag status register outputs 1 for all four Read operations.
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Table 23. Instructions that need to send the Write Enable/Write Enable for Status Register
instruction

Mode Instruction Write
Write Status Register 01H 06H

Write Nonvolatile Configuration Register B1H 06H

Write Volatile Configuration Register 81H 06H

Write Enhanced Vqlatile Configuration 61H 06H

Register

Write Extended Address Register C5H 06H

Extended Write Lock Register ESH O6H
SF’&%‘_%-PSIP'/ Enter 4-Byte Address Mode B7H 06H
Exit 4-Byte Address Mode E9H 06H

Page Program 02H 06H

Subsector Erase 20H 06H

Sector Erase D8H 06H

Die Erase C4H 06H

Program OTP Array 42H 06H

Extended Dual Input Fast Program A2H 06H
SPI/DIO-SPI Extended Dual Input Fast Program D2H 06H
SEmal Quad Input Fast Program 32H 06H
SPI/QIO-SPI Extended Quad Input Fast Program 12H 06H
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7.1 Configuration and Status Instructions
7.1.1 Write Enable (06H)

See Figure 9 -Figure 10, the Write Enable instruction is for setting the Write Enable Latch bit. The
Write Enable Latch bit must be set before every Program, Erase, Write, Enter 4-Byte Address
Mode, and Exit 4-Byte Address Mode instruction. The Write Enable instruction sequence: /CS
goes low sending the Write Enable instruction /CS goes high.

If /CS is not driven high after the instruction code has been latched in, the instruction is not
executed, flag status register error bits are not set, and the write enable latch remains cleared to
its default setting of 0.

Figure 9. Write Enable Sequence Diagram (Extended SPI Mode)

/CS j /—

Mode3 o 1 2 3 4 5 6 7  Mode3

SCLK Mode 0 Mode 0
Instruction —)
SI

L[/ X o6t XL

Figure 10. Write Enable Sequence Diagram (Dual/Quad I/O Mode)

/CS ;/

Mode 3 Mode 3

/cs \ / SCLK  Mode 0! | | | | | Mode 0

Mode3 1 2 3 Mode 3

scik waaedl [ 1 [T Dovoseo ey
fe—wtn | <100> //’oo’lll
(100) /)6000'/[/ i LI XXX

don I)OOOVIII ey LIXXXKLLL]
mow /77 XXX

MSB !

7.1.2 Write Disable (04H)

See Figure 11-Figure 12, the Write Disable instruction is for resetting the Write Enable Latch bit or
invalidate the Write Enable for Volatile Status Register instruction. The Write Disable instruction
sequence: /CS goes low -> sending the Write Disable instruction -> /CS goes high. The Write
Enable Latch bit is reset by following condition: Power-up and upon completion of Program, Erase,
Enter 4-Byte Address Mode , Exit 4-Byte Address Mode instruction, Program OTP Array and Reset
Memory instructions.

If /CS is not driven High after the instruction code has been latched in, the instruction is not
executed, flag status register error bits are not set, and the write enable latch remains set to 1.

Note: In case of a protection error, write disable will not clear the write enable latch. In this
situation, a Clear Flag Status Register instruction must be issued to clear both flags.
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Figure 11. Write Disable Sequence Diagram (Extended SPI Mode)

/CS j /—

Mode3 o 1 2 3 4 5 6 7  Mode3

SCLK Mode 0 Mode 0
Instruction —)
SI

LXK o4 XL

High Z

SO

Figure 12. Write Disable Sequence Diagram (Dual/Quad I/O Mode)

/CS ‘—/

Mode 3 Mode 3

/cs \ / SCLK  Mode 0l | | | | | Mode 0

I_\/Ige3 0 1 2 3 Mode 3

sctk Modeol ][] []] ’ | Mode 0 ”w
kM; <100>
(100) 77 XXX AKLL /D OO, /A
%) ZDRRKKIL.
L //8.0.0 V/i/a

MSB !

7.1.3 Read Status Register (05H)

See Figure 13-Figure 14, the Read Status Register instruction is for Reading the Status Register.
The Status Register may be Read at any time, even while a Program, Erase or Write Status
Register cycle is in progress. The operation is terminated by driving /CS High at any time during
data output. The status register can be Read continuously and at any time, including during a
Program, Erase, or Write operation.

If one of these operations is in progress, checking the write in progress bit or Program or erase
controller bit is recommended before executing the instruction.

Figure 13. Read Status Register Sequence Diagram (Extended SPI Mode)

/CS N\ —
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode | Mode 0
Instruction ¢ Data Out ———
s [/ o5t LT
MSB
High Z l -
SO 7 X6 X5 X4 X3 K2 XK1 X0
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Figure 14. Read Status Register Sequence Diagram (Dual/Quad I/O Mode)

/CS N\ —-
Mode3d 0 1 2 3 Mode3
/CS \ -- SCLK Mode—OI | Mode 0

M@e_zl 0 1 2 3 4 5 6 7 _Mode3 nscion o Ou

SCLK Mode Mode 0
|| Instruction '! DataOut (IOO) "0000

| )
o haoaooo i, IO

o lmooooooo e INNMM
o ST ol hoooo

MSB MSB

7.1.4 Write Status Register (01H)

To issue a Write Status Register instruction (see the Figure 15-Figure 16), the Write Enable
instruction must be executed to set the Write Enable Latch bit to 1. The Write Status Register
instruction is used to write new values to status register bits 7:2, enabling software data
protection.The status register can also be combined with the /W/VPP signal to provide hardware
data protection. The Write Status Register instruction has no effect on status register bits 1:0.

The sequence of issuing Write Status Register instruction is: /CS goes low— sending Write Status
Register instruction code— Status Register data on Sl (For Dual SPI protocol data on
I00-101,Quad SPI protocol data on 100-I03)—/CS goes high. When /CS is driven high, the
operation, which is self-timed, is initiated; its duration is tW.

When the operation is in progress, the Program or Erase controller bit of the Flag Status Register
is set to 0. To obtain the operation status, the Flag Status Register must be polled four times, with
/CS toggled twice in between instructions. When the operation completes, the Program or Erase
controller bit is cleared to 1. The end of operation can be detected when the Flag Status Register
outputs the Program or Erase controller bit to 1 each of the four times. When the maximum time is
achieved (see AC Electrical Characteristics), polling the flag status register four times is not
required.

Figure 15. Write Status Register Sequence Diagram (Extended SPI Mode)

s\ /S
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode Mode 0
4——  [Instruction | Dataln —————
s // 01K KIXXXXXXXXKL L,/
MSB MSB
High Z
SO —
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Figure 16. Write Status Register Sequence Diagram (Dual/Quad I/O Mode)

s N\ /
Mode3 0 1 2 3 Mode
s\ / SCLK Mode 0 Mode 0
M@e_zl 0 1 2 3 4 5 6 7 M3 Y Detaln
";‘Md !!!PUUUP—MMCO m
e Instruction (IOO) " oooo"”
Dataln

10000060007111 (o) I}OOOOVIII

102 m
RN 00 C0 © 000 (/AN [IXRRLLL
W 00 T

MSB MSB

7.1.5 Read Flag Status Register (70H)

See Figure 17-Figure 18, the Read Flag Status Register instruction is for Reading the Flag Status
Register. The flag status register must be Read any time a Program, Erase, or Suspend/Resume
instruction is issued, or after a Reset instruction while device is busy. The cycle is not complete
until bit 7 of the flag status register outputs 1. Refer to Instruction Definitions for more information.
The operation is terminated by driving /CS High at any time during data output. The status register
can be Read continuously and at any time, including during a Program, Erase, or Write operation.

If Read Flag Status Register operations is in progress, checking the Write in Progress bit or
Program or Erase controller bit is recommended before executing the instruction.

Note: The end of an operation (such as a power-up, Write Status Register, or Write Nonvolatile
Configuration Register) is determined by issuing the Read Flag Status Register instruction once
for each die in the device, with /CS toggled between instructions until each die is Ready. Bit 7 of
the flag status register outputs a value of 1 each time.

Figure 17. Read Flag Status Register Sequence Diagram (Extended SPI Mode)

/CS N\ -
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode | " Mode 0
[nstruction ) Data Out ————)
s // 7o LT T
MSB
High Z | -
SO 7 X6 X5 X4 X3 X2 X1 K0
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Figure 18. Read Flag Status Register Sequence Diagram (Dual/Quad I/O Mode)

/CS \ -

—_ Mode3 0 1 2 3 Mode3

/CS - - SCLK Mode 0 Mode 0
M@egl 0 1 2 3 4 5 6 7 _Mode3 Instucion Outl

SCLKMOdeOUUU!! |||||’|M0d60

Instruction Data Out (100) " 000@

|
lmwooo % IO

ol lmooooooo 1o INMMM
e Ve How hoooo

MSB MSB

7.1.6 Read Nonvolatile Configuration Register (B5H)

To execute a Read Nonvolatile Configuration Register instruction (see the Figure 19-Figure 20),
/CS is driven Low. For extended SPI protocol, the instruction code is input on Sl, and output on SO.
For dual SPI protocol, the instruction code is input on 100-I01, and output on I00-101. For quad
SPI protocol, the instruction code is input on I00-103, and is output on 100-I03. The operation is
terminated by driving /CS High at any time during data output. The operation will output data
starting from the least significant byte.

The nonvolatile configuration register can be Read continuously. After all 16 bits of the register
have been Read, a 0 is output. All reserved fields output a value of 1.

Figure 19. Read Nonvolatile Configuration Register Sequence Diagram (SPI Mode)

cs ——
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mode3

Data Out 1 Data Out 2

////////////////////////////////////
50 = %MMW@MW@MNWWML_

Figure 20. Read Nonvolatile Configuration Register (Dual/Quad I/O Mode)

/CS \ —_
Mode3 0 1 2 3 4 5 Mode3

s N\ —- SCLKI/[;jejOI||l||||||||_|M ode 0
Mode3 0 1 2 3 4 5 6 71 Mode 3 Instuction Data | Data
SCLK Mode 01 I Bsi’, Outl | Out2 | )
DataOut L Data Out2 IOO "oooooo
aoo> l)@@@@@@@@@@@@llll 10) 1}909000

o hoooooooo@@@ollll e »oooooo
" W HOID hoooooo

MSB MSB ~ MSB

Instructl on
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7.1.7 Write Nonvolatile Configuration Register (B1H)

To execute the Write Nonvolatile Configuration Register instruction (see the Figure 21-Figure 22),
the Write Enable instruction must be executed to set the Write Enable Latch bit to 1. /CS is driven
low and held low until the 16th bit of the last data byte has been latched in, after which it must be
driven high. For extended SPI protocol, the instruction code is input on Sl, followed by two data
bytes. For dual SPI protocol, the instruction code is input on 100-101, followed by the data bytes.
For quad SPI protocol, the instruction code is input on I00-103, followed by the data bytes. When
/CS is driven high, the operation, which is self-timed, is initiated; its duration is tWWNVCR.

When the operation is in progress, the Program or Erase controller bit of the flag status register is
set to 0. To obtain the operation status, the Flag Status Register must be polled four times, with
/CS toggled twice in between instructions. When the operation completes, the Program or Erase
controller bit is cleared to 1. The end of operation can be detected when the Flag Status Register
outputs the Program or Erase controller bit to 1 each of the four times. When the maximum time is
achieved (see AC Electrical Characteristics), polling the flag status register four times is not
required. The operation requires data being sent starting from least significant byte. For this
instruction, the data in consists of two bytes.

Figure 21. Write Nonvolatile Configuration Register (Extended SPI Mode)

ICS
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Mode?

SCLK MOdeal ModeO
¢——  Instrction ——p¢——— Dataln| "‘ DataIn2 ———,

st // BIH 06900000 XXX XX/ //
MSB MSB MSB

High Z
SO

Figure 22. Write Nonvolatile Configuration Register (Dual/Quad I/0O Mode)

/ICS N\ /S

Moded 0 1 2 3 5 Mode3
/cS N\ /™ SCIK Moded) Mode 0
Mode 3 Mode 3 Insrucion  Data | Data |
SCLK Mode 0! Mvode 0 Bi’y _Inl | _Oui2
lnstruc'u on IOO "0000@9"”

Dataln 1 Data In2

(100) 1000000000‘9@@0([[[ 101 I}OOOOQOCIII

101 hoooooooo@@ool[ll 100 INMNMNMWIII
e o hoooocwllll

MSB MSB ~ MSB
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7.1.8 Read Volatile or Enhanced Volatile Configuration Register (85/65H)

See Figure 23-Figure 24, the Read Volatile Configuration Register instruction or a Read
Enhanced Volatile Configuration Register instruction is for Reading Volatile or Enhanced Volatile
Configuration Register. When the register is Read continuously, the same byte is output
repeatedly.

The sequence of issuing Read Volatile or Enhanced Volatile Configuration Register instruction is:
/CS goes low— sending Read Volatile or Enhanced Volatile Configuration Register instruction
code— Status Register data on SI(For Dual SPI protocol data on 100-101, Quad SPI protocol data
on 100-103)—/CS goes high. The operation is terminated by driving /CS High at any time during
data output.

Figure 23. Read Volatile or Enhanced Volatile Configuration Register (Extended SPI Mode)

/CS N\ —
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode Mode 0
Instruction ) Data Out ————
s [/ ss/6sH [T T
MSB
. |
50 High 2 XXX XXX X0 B

MSB

Figure 24. Read Volatile or Enhanced Volatile Configuration Register (Dual/Quad 1/0 Mode)

/CS \ —_-
— Mode3 0 1 2 3 Mode3
cs - SCLK Mode Mode 0
Mode3 0 1 2 3 4 5 6 7 Mode3 Tastruciio
4_}?‘1 Dataln,
DAY pwaou | 100) ’}0000

85/63H
100, ’}00000000 (o0 1}9090

o1 hoooooooo o3 hoooo
o e HoLD hoooo

MSB MSB

7.1.9 Write Volatile or Enhanced Volatile Configuration Register (81/61H)

To execute a Write Volatile Configuration Register instruction or a Write Enhanced Volatile
Configuration Register instruction (see the Figure 25-Figure 26), the Write Enable instruction
must be executed to set the write enable latch bit to 1. /CS is driven low and held low until the
eighth bit of the last data byte has been latched in, after which it must be driven high. For extended
SPI protocol, the instruction code is input on SI, followed by the data bytes. For dual SPI protocol,
the instruction code is input on 100-101, followed by the data bytes. For quad SPI protocol, the
instruction code is input on 100-103, followed by the data bytes.

Because register bits are volatile, change to the bits is immediate. After the data is latched in, /CS
must be driven high. Reserved bits are not affected by this instruction.
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Figure 25. Write Nonvolatile Configuration Register (Extended SPI Mode)
/CS \ /
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLKMode—OIH|||||||||||||||||||||||||||I_ModeO
4——  Instruction | Dataln
s _// SU6IH KIXXXIXXXXKL L/
MSB MSB
50 High Z
Figure 26. Write Nonvolatile Configuration Register (Dual/Quad 1/0 Mode)
/CS \ /
Mode3 0 1 2 3 Mode3
s \ / SCLK Mode 0 | Mode 0
Mode3 0 1 2 3 4 5 6 7 Mode3 J%’r'l Daaln,
SCLK Mode—()I Mode 0

81/61H Dataln

SO

|
|
|
MSB | VsB
1

MSB MSB

Instruction (%10) "ooo'lll
S IDOBBPOONTL & LD

1o TDXXXXXILIL
5 IDOOTOONIIL fon [IXORXINLLLL
' a0y LXK, L/

7.1.10 Read Extended Address Register (C8H)

When the device is in the 3-Byte Address Mode, the Extended Address Register is used as the 4th
address byte A[31:24] to access memory regions beyond 128Mb. See Figure 27-Figure 28, to
initiate a Read Extended Address Register instruction, /CS is driven low. For extended SPI
protocol, the instruction code is input on SlI, and output on SO. For dual SPI protocol, the
instruction code is input on 100-101, and output on 100-101. For quad SPI protocaol, the instruction
code is input on 100-103, and is output on IO0-I03. The operation is terminated by driving /CS
High at any time during data output. When the register is Read continuously, the same byte is

output repeatedly.
Figure 27. Read Extended Address Register (Extended SPI Mode)

/CS N\ -
Mode3 0 1 2 3 4 35 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode | " Mode 0
Instruction hi¢ Data Out —————
s [/ s [T
MSB
High Z | -
SO 7KE XS5 K4 X3 K2 X1 X0
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Figure 28. Read Extended Address Register (Dual/Quad 1/0 Mode)

/CS N\ --
— Mode3 0 1 2 3 Mode3
/CS —-- SCLK Mode—Ol | Mode 0

Mode él 0 1 2 3 4 5 6 7 _Mode3 hstcruglo Dataoml
SCLK Mode 0 Mode 0 gl —_
|| Instruction |! Data Out ’ (100) " 000 -

(100 1}00000 _ (10D 1}9090 —
Lil7)0-0.00 6000 G o IDOXOA
e wee oD TIXXXGK —

MSB MSB

7.1.11 Write Extended Address Register (C5H)

See Figure 29-Figure 30, to initiate a Write Extended Address Register instruction, the Write
Enable instruction must be executed to set the write enable latch bit to 1. /CS is driven low and
held low until the eighth bit of the last data byte has been latched in, after which it must be driven
high. For Extended SPI protocol, the instruction code is input on SI, followed by the data bytes. For
dual SPI protocol, the instruction code is input on I00-101, followed by the data bytes. For quad
SPI protocol, the instruction code is input on 100-103, followed by the data bytes.

Because register bits are volatile, change to the bits is immediate. After the data is latched in, /CS
must be driven high. Reserved bits are not affected by this instruction.

Figure 29. Write Extended Address Register (Extended SPI Mode)

/CS N\ /
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode Mode 0
4—— Instruction Dataln ————F
s 77 o XKLL
MSB MSB
High Z
SO

Figure 30. Write Extended Address Register (Dual I/O Mode)

/CS \ /
Mode3 0 1 2 3 Mode3
/CS \ / SCLK Mode—O| Mode 0
Ingtructio
Moded 0 1 2 3 4 5 6 7 Mode3d Dataln

CSH
B IDOOOTOOONZZ o LD

oy TDXXXXTLL]
0660 €000 I/ i LDOKOSII
e 0 TDOXOCKILT

MSB MSB

y ode |
arsa UUULTTUL et ) 72 SR00@7z
Dataln |
SO
I
I
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7.1.12 Read Lock Register (E8H)

See Figure 31-Figure 33, to execute the Read Lock Register instruction, /CS is driven low. For
extended SPI protocol, the instruction code is input on Sl, followed by address bytes that point to a
location in the sector, and data is shifted out on SO at a maximum frequency fC during the falling
edge of the clock. For dual SPI protocol, the instruction code is input on 100-101, followed by
address bytes that point to a location in the sector. Each address bit is latched in during the rising
edge of the clock, and data is shifted out on I00-101. For quad SPI protocol, the instruction code is
input on SI-103, followed by address bytes that point to a location in the sector. Each address bit is
latched in during the rising edge of the clock, and data is shifted out on I00-103. The operation is
terminated by driving /CS high at any time during data output.

When the register is Read continuously, the same byte is output repeatedly. Any Read Lock
Register instruction that is executed while an Erase, Program, or Write cycle is in progress is
rejected with no effect on the cycle in progress.

Figure 31. Read Lock Register Sequence Diagram (Extended SPI Mode)

/CS \ -
Mode3 0 Mode 3

SCLK ModeBI IK/Iode 0
Instruction 3- BK?M Byte, DataOut

s ///> @@x [TTTTTTTTTTT7] ///

MSB

Figure 32. Read Lock Register Sequence Diagram (Dual I/O Mode)

/CS \ —_-
Mode3 0 1 2 3 4 35 Mode 3

SCLKIA&le—OI _||||||||||’modeo
Insglﬁﬂon 3Bytd4 Byte_n DaaOu | .

100) heooooo oooooo

00 1}099000 900990

I MSB - MSB

Figure 33. Read Lock Register Sequence Diagram (Quad I/O Mode)

/CS \ Mode -

Mode3 o 1 2 3 Mode 3

SCLK  Mode 0! — - K/[Ode 2
structio 3-Byte/4- Byte Dd,td, Out I

zz>@<><><>::
Gob) XK~ <K~
R zzz>®<§><><>"

MSB

Note:
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1. Read Lock Register instruction support 3-byte address and 4-byte address mode.
7.1.13 Write Lock Register (E5H)

The Write Lock Register instruction is used to set bit 1 and bit 0 of the Lock Register, as defined in
Table 17. See Figure 34-Figure 36, to initiate the Write Lock Register instruction, the Write
Enable instruction must be executed to set the write enable latch bit to 1. /CS is driven low and
held low until the eighth bit of the last data byte has been latched in, after which it must be driven
high. For extended SPI protocol, the instruction code is input on SI, followed by address bytes that
point to a location in the sector, and then one data byte that contains the desired settings for lock
register bits 0 and 1. For dual SPI protocol, the instruction code is input on 100-101, followed by
address bytes that point to a location in the sector, and then one data byte that contains the
desired settings for lock register bits 0 and 1. For quad SPI protocol, the instruction code is input
on 100-103, followed by the data bytes, followed by address bytes that point to a location in the
sector, and then one data byte that contains the desired settings for lock register bits 0 and 1.

When execution is complete, the write enable latch bit is cleared within tSHSL2 and no error bits
are set. Because lock register bits are volatile, change to the bits is immediate. Write Lock
Register can be executed when an Erase Suspend operation is in effect. After the data is latched
in, /CS must be driven high.

Figure 34. Write lock Register Sequence Diagram (Extended SPI Mode)

/CS \
Mode3 0 MO@}
SCLK MocleBI Mode 0
Instruction 3- Bgéeélif‘le | Dataln ’
st ///\ 0@900000"’
MSB
High Z
SO

Figure 35. Write lock Register Sequence Diagram (Dual I/O Mode)

/CS N /
Mode3 0 1 2 3 4 5 Mode 3

scik oded | LT LT LU L ||||||||||||W[Je5
¢ IIISI]uCthIl l|l 3Byte/4 Byte_} Dataln
(100) 1}600000 006000([[[

on 1}000000 000900([[[

l MSB * MSB
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Figure 36. Write lock Register Sequence Diagram (Quad I/O Mode)

/CS N\ /
Mode 3 0 1 2 3 Mode 3
SCLK Mode;I o I | I | I | | | 'I/Iode 0
|gsteto 3-Byte/4-Byte Dataln I

3 ”)000000'/[
S E@@O@ XK
8 ZIDXKOK O < XK

%?ﬂXK@@*O@OOﬂV

MSB

Note:
1. Write Lock Register instruction support 3-byte address and 4-byte address mode.

7.1.14 Clear Flag Status Register (50H)

See Figure 37-Figure 38, to execute the Clear Flag Status Register instruction and clear the error
bits (Erase, Program, and Protection), /CS is driven low. For extended SPI protocol, the instruction
code is input on Sl. For dual SPI protocol, the instruction code is input on I00-101. For quad SPI
protocol, the instruction code is input on 100-103. The operation is terminated by driving /CS high
at any time.

Figure 37. Clear Flag Status Register (Extended SPI Mode)

/CS j /_

Mode 3 0 1 2 3 4 5 6 7 Mode 3

SCLK ModeaI II/[ode 0
Instruction
ST

[/ X sort XL

Figure 38. Clear Flag Status Register (Dual/Quad I/O Mode)

/CS N—

Mode3 ¢ 1 Mode 3
cs \ / sctk Mode O[] [7] [ Modeo
Mode3 o 1 2 3 Mode3 I instructlgﬂ

SCLK ModeEI Mode 0

k—mmm—b 1o0) II)@O’III
umlﬂ@@@@ﬂﬂ' R/ OO, VA
% DKL ZIRKXKIIT

MSB
(103)

MSB

BYTe Semiconductor 47/103



BYTe/QA-DT-039

N BYTe

Semiconductor Rev. 4.2

7.1.15 Enter 4-Byte Address Mode (B7H)

The Enter 4-Byte Address Mode instruction (see the Figure 39-Figure 40) will allow 32-bit
address (A31-A0) to be used to access the memory array beyond 128Mb. To enter or exit the
4-byte address mode, the Write Enable instruction must be executed to set the write enable latch
bit to 1. The Enter 4-Byte Address Mode instruction is entered by driving /CS low. The effect of the
instruction is immediate; after the instruction has been executed, the Write Enable Latch bit is
cleared to 0.

Figure 39. Enter 4-Byte Address Mode instruction (Extended SPI Mode)

/CS j /—

Mode3 0 1 2 3 4 5 6 7  Mode3

SCLK ModegI II/lode 0
Instructi on
ST

L[/ X B! XL

Figure 40. Enter 4-Byte Address Mode instruction (Dual I/O Mode)

/CS ;/

Mode 3 Mode 3

/Cs \ / SCLK  Mode 0l | | | | | Mode 0

l_\/[o_de 3 0 1 2 3 Mﬂie i

SCLK Modea|||||||||ModeO Hmd
e—lnution 100) //’oo’lll
umjb@@@@ﬂﬂ' i LI XXX
i IDOKLLL. 13, TR
mow /77 XXX L

MSB !

BYTe Semiconductor 48 /103



BYTe/QA-DT-039
Rev. 4.2

N BYTe

Semiconductor

7.1.16 Exit 4-Byte Address Mode (E9H)

In order to be backward compatible, the Exit 4-Byte Address Mode instruction (Figure 41-Figure
42) will only allow 24-bit address (A23-A0) to be used to access the memory array up to 128Mb.
The Extended Address Register must be used to access the memory array beyond 128Mb. The
Exit 4-Byte Address Mode instruction is entered by driving /CS low. The effect of the instruction is
immediate; after the instruction has been executed, the Write Enable Latch bit is cleared to 0.

Figure 41. Exit 4-Byte Address Mode (SPI Mode)

/CS j /—

Mode3 o 1 2 3 4 5 6 7  Mode3

SCLK Mode 0 Mode 0
Instruction —)
SI

L1/ X ESH XL

Figure 42. Exit 4-Byte Address Mode (Dual I/O Mode)

/CS ;/

Mode 3 Mode 3

cs \ / SCLK  Mode 0l | | | | | Mode 0

Mode3 ¢ 1 2 3 Mode 3

sctk Modeol [] [] [ ] | | Mode 0 ”w
e—lotudion 100) II)@O’III
umlb@@@@ﬂﬂ' R/ OO, VA
0 DKL o ZIXRKKILL
/8.0 V///8

7.1.17 Reset Enable (66H) and Reset Memory (99H)

Because of the small package and the limitation on the number of pins, the memory provides a
software Reset instruction instead of a dedicated Reset pin. Once the software Reset instruction is
accepted, any on-going internal operations will be terminated and the device will return to its
default power-on state and all volatile lock bits, the volatile configuration register, the enhanced
volatile configuration register, and the extended address register are reset to the power-on reset
default condition. The power-on reset condition depends on settings in the nonvolatile
configuration register.

If a reset is initiated while a Write, Program, or Erase operation is in progress or suspended, the
operation is aborted and data may be corrupted.

To avoid accidental reset, both “Enable Reset (66h)” and “Reset (99h)” instructions must be issued
in sequence. Any other instructions other than “Reset (99h)” after the “Enable Reset (66h)”
instruction will disable the “Reset Enable” state.

To execute each instruction, /CS is driven low. The instruction code is input on SI. A minimum
de-selection time of tSHSL2 must come between the Reset Enable and Reset Memory
instructions or a reset is not guaranteed. When these two instructions are executed and /CS is
driven high, the device enters a power-on reset condition. A time of tSHSL3 is required before the
device can be re-selected by driving /CS low.

The Enable Reset (66h) and Reset (99h) instruction sequence is shown in Figure 43-Figure 45.
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Reset is effective once bit 7 of the flag status register outputs 1 with at least one byte output. A

Reset Enable instruction is not accepted in the cases of Write Status Register and Write
Nonvolatile Configuration Register operations.

Figure 43. Reset Enable (66h) and Reset Memory (99h) Instruction (Extended SPI Mode)

s N\ — I sEst2 N - Jststad—

L 2 34 s 6T H 001 o2 34 5 6 7 L L
I‘_ Instruction —’I | | k— Instruction —}I | |

st LK 66H XIIV _ 77TV X 99h XLV
© MSB High 7 | ! MSB ! !

Figure 44. Reset Enable (66h) and Reset Memory (99h) Instruction (Dual /0O Mode)

€S\ /7 T\ /T T N
Mode3 o 1 2 3 — 1 2 _Mode3 _ _ _
seik modeo! [ | LT LT 1LL [ L LT L] [ Modeo
| ¢ Instruction | | ¢ Instruction )

/00 000, WU/ O O S/
38 ZIXXXKL XXX LIIITT

MSB MSB

Figure 45. Reset Enable (66h) and Reset (99h) Memory Instruction (Quad I/O Mode)

/CS u_ u_ K

Mode3 0 1 0 1 Mode 3

SCLK Mode?! | | | | |_ | | | | | | Mode 0
Instruction Instructi on’
| 99 I

|
aony LT XXX LT XXX L/
//

I XX 777
tiosp LU RKIXXKLLLLL XKLL

MsB | MSB

Note:
1. The number of lines and rate for transmission varies with extended, dual, or quad SPI.
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7.2 Read Memory Instructions
7.2.1 Read Data (03H)

See Figure 46, the Read Data instruction is followed by a 3-byte/4-byte address (A23/31-A0),
each bit being latched-in during the rising edge of SCLK. Then the memory content, at that
address, is shifted out on SO, each bit being shifted out, during the falling edge of SCLK. The
address is automatically incremented to the next higher address after each byte of data is shifted
out allowing for a continuous stream of data. This means that the entire memory can be accessed
with a single instruction as long as the clock continues. The instruction is completed by driving /CS
high. The whole memory can be Read with a single Read Data instruction. Any Read Data
instruction, while an Erase, Program or Write cycle is in progress, is rejected without having any
effects on the cycle that is in progress. The instruction only Support Extended SPI protocol.

After Read Data instruction is executed, the device will output data from the selected address in
the die. After a die boundary is reached, the device will start Reading again from the beginning of
the same 256Mb die. A complete device Reading is completed by executing Read four times.

Figure 46. Read Instruction Sequence Diagram (Extended SPI Mode)

/CS N\
Mode3d 0 1 2 3 4 5 6 7 8 9
SCLK  Mode 0 | I | | | | | | | | I | I | | PR
k— Instruction —*— 3Byte/4Byte Address
s 777X o XOXO— = = XXX/
|

MSB MSB
High_7

SO

/CS -

e ___TJTJWJIIIIIILFLrL

——DataOut 1 ———

s /////////////////////
0 KIXXEX XK~

MSB

7.2.2 Fast Read (0BH)

See Figure 47-Figure 49, the Read Data Bytes at Higher Speed (Fast Read) instruction is for
quickly Reading data out. It is followed by a 3-byte/4-byte address (A23/31-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 (for dual I/O protocol is I00-101, quad I/O protocol is I00-103), 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 higher
address after each byte of data is shifted out.

After Read instruction is executed, the device will output data from the selected address in the die.
After a die boundary is reached, the device will start Reading again from the beginning of the
same 256Mb die. A complete device Reading is completed by executing Read four times.
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Figure 47. Fast Read Instruction Sequence Diagram (Extended SPI Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 9

SCLK  Mode 0| I | | | I | I I | I L
k— Instruction —*— 3-Byte/d-Byte —N
Address

X w00 X—

MSB MSB
High Z S

SO

/CS —

SCLK
|1— Dummy Cloclxs Data Out | ————)

s \//////////////////
) e 2. 0,0.0.0.0,0.¢C :_:

' MSB

Figure 48. Fast Read Instruction Sequence Diagram (Dual /0O Mode)

/CS N\

Mode3 0O 1 2

Mod 3 4 S
SCLK Mode3||||||||||| |||
Instruct1on 3 Byte/4 -Byte

(00 b@@@@.'-’.r
E/0 0000 SO RO 0 o

MSB MSB
/CS - =

(1%)10)
S XXX

MSB MSB

Figure 49. Fast Read Instruction Sequence Diagram (Quad 1/0 Mode)

/ICS __
Mode 3 0

SCLK  Mode O o L

Instruction|

| e 3-Byte/4-Byte N Dummy
Address Clocks _N

Ualﬂ%000-00
B, IDOAO -
&85 LIDXKH A=~
B IO DKo

' MSB MSB MSB MS

Data Out 1| Data Out 2I

Note:
1. Fast Read instruction support 3-byte address and 4-byte address mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.3 Dual Output Fast Read (3BH)

See Figure 50-Figure 51, the Dual Output Fast Read instruction is followed by 3/4-byte address
(A23/31-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 100 and 101. The first byte addressed
can be at any location. The address is automatically incremented to the next higher address after
each byte of data is shifted out. The instruction support Extended SPI and Dual I/O SPI protocol.

After Read instruction is executed, the device will output data from the selected address in the die.
After a die boundary is reached, the device will start Reading again from the beginning of the
same 256Mb die. A complete device Reading is completed by executing Read four times.

Figure 50. Dual Output Fast Read Sequence Diagram (Extended SPI Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9
SCLK ModeOl | | | | I | I I | | ____I |_| |—| |—
k— TInstruction —*—3']31::/14']3}16 —
ress
SI — —
(100) ///X 3BH ><><>_ O O O

MSB MSB
High Z

SO
Ion
/cS ——

SCLK

I' Duﬁy Clocks'

(]%IO) | | —_—
o) 0990009 1'

Figure 51. Dual Output Fast Read Sequence Diagram (Dual /0 Mode)

/CS
Mode 3 0

SCLK Mode0|||||||||| |||
Instruction ; ¢ 3 Byte/4

& neoooooms
8 IO @@—

MSB MSB

/CS

(1%)10)
S SO C OO O ann

MSB MSB

Note:
1. Dual Output Fast Read instruction support 3-byte address and 4-byte address mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.4 Dual Input/Output Fast Read (BBH)

See Figure 52-Figure 53, the Dual Input/Output Fast Read instruction is similar to the Dual
Output Fast Read instruction except that it requires address transfer in |00 and 101 for Extended
SPI protocol. The Dual Input/Output Fast Read instruction is followed by 3/4-byte address
(A23/31-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 |00 and 101. The first byte addressed
can be at any location. The address is automatically incremented to the next higher address after
each byte of data is shifted out. The instruction support Extended SPI and Dual I/O SPI protocol.

After Read instruction is executed, the device will output data from the selected address in the die.
After a die boundary is reached, the device will start Reading again from the beginning of the
same 256Mb die. A complete device Reading is completed by executing Read four times.

Figure 52. Dual Input/Output Fast Read (Extended SPI Mode)

/CS

Mode3 0

SCLKModeUl |||| ||| |||_||_—||—Il—

Instruction —}[‘_ 3-Byte/4- BVte

Add
awo [/ /X BB KX~

MSB

(IS(S)I) High_Z < >< > <:>< :>

/CS

s — L1 -
|Q— Dummy Clocks | DataOut 1

SI

(100) A\ o _

) | - =

(101 U Y _
' MSB !

Figure 53. Dual Input/Output Fast Read (Dual I/O Mode)

/CS

Mode 3 0

SCLK Mode 0 J_l_l_l_
Instrucu on 3-Byt e/4 Byte

Address

100 II)@@O@QQ —00—
/00000 OO0 =

MSB MSB

/CS

SCLK

|' Duﬁy Clocks )
SI

o (PXEX

) XXX~

MSB MSB

DataOut 2

DataQut 1

Note:
1. The Dual Input/Output Fast Read instruction support 3-byte address and 4-byte address

mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.5 Quad Output Fast Read (6BH)

See Figure 54-Figure 55, the Quad Output Fast Read instruction is followed by 3/4-byte address
(A23/31-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 100, 101, 102 and I03. The first byte
addressed can be at any location. The address is automatically incremented to the next higher
address after each byte of data is shifted out. The instruction support Extended SPI and Quad 1/O
SPI protocol.

After Read instruction is executed, the device will output data from the selected address in the die.
After a die boundary is reached, the device will start Reading again from the beginning of the
same 256Mb die. A complete device Reading is completed by executing Read four times.

Figure 54. Quad Output Fast Read (Extended SPI Mode)

/CS \
- — 2 - :
serx vl [T UL THHTL
. k_ Instruction 4"‘—3_b}:§ét]:z te —H
100) ///X 0BH >< >< > - 000
MSB

High 7 MSB

SO
ol
/WP H igh_Z
102)

/HOLD i
103)

/CS
SCLK

SI
100)

SO
aon

/WP
I02)

/HOLD
(103)

IMSB IMSB IMSB IMSB |

Figure 55. Quad Output Fast Read (Quad I/O Mode)

/CS

Mode3 0 1 2 3
SCLK  Modeo! [ | | | ML T _
H]M‘ﬁ— 3-byte/dT Bwte—} Dummy

o nooo&mb

I \
MSB  MSB MSB ' MSB ' MSB

1. The Quad Output Fast Read instruction support 3-byte address and 4-byte address
mode.

2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.6 Quad Input/Output Fast Read (EBH)

See Figure 56-Figure 57, the Quad Input/Output Fast Read instruction is similar to the Quad
Output Fast Read instruction except that it requires address transfer in 100, 101, 102 and 103 for
Extended SPI protocol. The Quad Input/Output Fast Read instruction is followed by 3/4-byte
address (A23/31-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 100, 101, 102 and 103. The
first byte addressed can be at any location. The address is automatically incremented to the next
higher address after each byte of data is shifted out. The instruction support Extended SPI and
Quad I/0O SPI protocol.

After Read instruction is executed, the device will output data from the selected address in the die.
After a die boundary is reached, the device will start Reading again from the beginning of the
same 256Mb die. A complete device Reading is completed by executing Read four times.

Figure 56. Quad Input/Output Fast Read (Extended SPI Mode)

/CS

Mode3 ¢ 1

e sl FULATIATUALATL L ]
Ingtrucu on —’l‘_ 34 byte/4 Byte ’ Dumm) ¥ . '
SI 9 Clouks | | -
(100) / / /X EBH >I<><>_ — { I
MSB High 2 -
(ion <><>— - :

(102) High 7 <><>_ _
Kiess - <><>— 09 00090 ;

MSB MSB I MSB M@B

Figure 57. Quad Input/Output Fast Read (Quad I/O Mode)

/CS \ —_—
Mode3 0 1 2 3
SCLK  Mode 0! _||||||_ _
| structio 3-byte/4-Byte ——), Dummy
Address ClOCk

i IO w--- 0.0
e ZD@@OO—% __
LSEN//0 00 O O OO EEEEY -
o W@@.——— __

MSB MSB

Note:
1. The Quad Input/Output Fast Read instruction support 3-byte address and 4-byte address
mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.7 4-Byte Read (13H)

The 4-Byte Read instruction is similar to the Read Data (03H) instruction. Instead of 24-bit address,
32-bit address is needed following the instruction code 03/13H. No matter the device is operating
in 3-Byte Address Mode or 4-byte Address Mode, the Read Data with 4-Byte Address instruction
will always require 32-bit address to access the entire 1Gb memory.

The 4-Byte Read instruction sequence is shown in Figure 58. The 4-Byte Read instruction allows
clock rates from D.C. to a maximum of fR (see AC Electrical Characteristics).

The Read Data with 4-Byte Read (13H) instruction is only supported in Extended SPI mode.
Figure 58. 4-Byte Read Sequence Diagram (Extended SPI Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 9 37 38 39 40 41 42 43 44 45 46 47
SCLK  Mode 0| | | | | | | | I | | | | | | _ .
k— Instruction —’k— 4-Byte Address DataOut 1 —’I

s [//X Lo M——“«/////////////////

MSB

5 e ROO0 SO0

IVIS B

7.2.8 4-Byte Fast Read (0CH)

See Figure 59-Figure 61, the 4-Byte Fast Read (OCH) instruction is similar to the Fast Read
instruction except that it requires 32-bit address instead of 24-bit address. No matter the device is
operating in 3-Byte Address Mode or 4-byte Address Mode, the Read Data with 4-Byte Address
instruction will always require 32-bit address to access the entire 1Gb memory.

The 4-Byte Fast Read (OCH) instruction is supported in Extended SPI, Dual I/O and Quad I/O SPI
mode.

Figure 59. 4-Byte Fast Read Sequence Diagram (Extended SPI Mode)

/CS \.

Mode3 0 1 2 3 4 5 6 7 8 9 37 38 39

SCLK ModeOl||||||||||||||||||||___
— Instruction ~————p¢——— 32-Bit Address ——

(18010) / / /XMSB OCH - %@—

MSB

High Z

SO

(I01)

/CS -
40 41

sk 1 LIL _ﬂ_ﬂrﬂ_ﬂ_ﬂ_ﬂ_ﬂ_w_
|(— Dummy Clocks Data Out | ———p

SI

& w//// /7777777
S SEXXEEG I‘ :

' MSB
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Figure 60. 4-Byte Fast Read Sequence Diagram (Dual I/O Mode)

/CS \
Mode3 0 1 2 3 4 5 18 19
SCLK Mode3'||||||||||||_|||'
| ¢ lnstructlon WV

it 4-Byte Address —}

(1?)10) ”’6600@@ w
(101 ”)600@ -

/CS - -
20

SCLK

|' Duﬁy Clocks )
SI - -

(100)

(i01) : 7 090000 1'

MSB MSB

Figure 61. 4-Byte Fast Read Sequence Diagram (Quad I/O Mode)

/CS

Mode3 0

SCLK w_ﬂm_

Instruction

‘ N 4-Byte ’1 Dummy __j, |
Address Clocks |

— 0,
-<X
i -
g

MSB ' MSB MSB MSB

Note:
1. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.9 4-Byte Dual Output Fast Read (3CH)

See Figure 62-Figure 63, the 4-Byte Dual Output instruction is similar to the Dual Output Fast
Read instruction except that it requires 32-bit address instead of 24-bit address. No matter the
device is operating in 3-Byte Address Mode or 4-byte Address Mode, the 4-Byte Dual Output Fast
Read instruction will always require 32-bit address to access the entire 1Gb memory.

The 4-Byte Dual Output (3CH) instruction is supported in Extended SPI and Dual I/O SPI mode.
Figure 62. 4-Byte Dual Output Fast Read Sequence Diagram (Extended SPI Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 o 37 38 39
SCLKMode(Jl |||| ||| ||| |||

k— Instruction —*— 4-Byte Address ———|

o0y [/ /XMS 3CH -~ @®®_

5 MSB
SO High Z
101)
/CS -
40
SCLK — - -
o I' Dummy Clocks N DataOut 1 DataOut 2 ___
(100)
[ I -
S0 '...MI X~
aon ooooo o
1

MSB MSB

Figure 63. 4-Byte Dual Output Fast Read Sequence Diagram (Dual /O Mode)

/CS \.
Mode3 0 1 2 3 4 5 18 19
SCLK Mode3'|||||||||||| ||||
Instruction -

!4 #ﬁ 4-Byte Address—p,

EN//600 00 S OO =
EN//0 0 © OO0 OE OO~

MSB MSB

/CS —_—
20

SCLK

I‘ Dummy Clocks'
ST

> DX

%€
e T COC OO Oam

MSB MSB

DataQut 1

Note:
1. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.10 4-Byte Dual Input/Output Fast Read (BCH)

See Figure 64-Figure 65, the 4-Byte Dual Input/Output instruction is similar to the 4-Byte Dual
Output Fast Read instruction except that it requires 32-bit address transfer in 100 and 101 for
Extended SPI protocol. No matter the device is operating in 3-Byte Address Mode or 4-byte
Address Mode, the Fast Read Dual Output with 4-Byte Address instruction will always require
32-bit address to access the entire 256Mb memory.

The 4-Byte Dual Input/Output (BCH) instruction is supported in Extended SPI and Dual 1/0O SPI
mode.

Figure 64. 4-Byte Dual Input/Output Fast Read (Extended SPI Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 9

SCLK  Mode 0
k— Tnstruction —}IQ— 4-Byte Addr&ss—}l

an  [//X e KX~ -@@-

MSB

SO i
# e 0@ -0
s 20 21
ceiw L __
|Q— Dummy Clocks DataOut 1
S | -
(100) N o _
| -
SO
o 7 90 i
' MSB !

Figure 65. 4-Byte Dual Input/Output Fast Read (Dual I/O Mode)

/CS

Mode3 0 1 2 3 4 5 18 19

SCLK  Modeo! [ '] |||||||| 1 |

Instruct
k&"‘_ 4-Byte Address —}

100 II)@@O@@@ —00—
/00000 OO0

MSB MSB

/CS
20

SCLK
Dummy Clocks -
SI |' > — =
(100) | _
I
il T CO OO Can

MSB MSB

Note:
1. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile

Configuration Registers (See the Table 9 and Table 10).
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7.2.11 4-Byte Quad Output Fast Read (6CH)

See Figure 66-Figure 67, The 4-Byte Quad Output instruction is similar to the Quad Output Fast
Read instruction except that it requires 32-bit address instead of 24-bit address. No matter the
device is operating in 3-Byte Address Mode or 4-byte Address Mode, the 4-Byte Quad Output Fast
Read instruction will always require 32-bit address to access the entire 1Gb memory.

The 4-Byte Quad Output (6CH) instruction is supported in Extended SPI and Quad I/O SPI mode.
Figure 66. 4-Byte Quad Output Fast Read (Extended SPI Mode)

/CS \

Mode3 0 1 2 3 4 5 6 7 8 9 37 38 39

sctk modeo) [ | [T LT LT LT LT LT LT - T
k— Instruction 4"{— 32—BitAddIess—H

(I%lm ///X oCH - 000

High 7 MSB

SO
101)
/WP H igh_Z
102)

/HOLD i
103)

/CS -
SCLK

SI
100)

SO
aon

/WP
I02)

/HOLD
(103)

IMSB IMSB IMSB IMSB
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Figure 67. 4-Byte Quad Output Fast Read (Quad I/O Mode)

A31-24 AZ? 16 | Al5-8 A7-0

a%1ﬂ@0®®®®®000

ENN//50°0 0000 S0 00
N//0 0 © OO SO OO OO
W DX DCKIXKXEKEXIKX

MSB

SCLK

(100)

SO
(Ion

/WP
(102)

o 0006 O an

IMSB IMSB I MSB IMSB

Note:
1. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.12 4-Byte Quad Input/Output Fast Read (ECH)

The 4-Byte Quad Input/Output instruction is similar to the 4-Byte Quad Output Fast Read
instruction except that it requires 32-bit address transfer in 100, 101, 102 and 103 for Extended SPI
protocol. No matter the device is operating in 3-Byte Address Mode or 4-byte Address Mode, the
4-Byte Quad Input/Output Fast Read instruction will always require 32-bit address to access the
entire 256Mb memory.

The 4-Byte Quad Output (6CH) instruction is supported in Extended SPI and Quad I/O SPI mode.
Figure 68. 4-Byte Quad Input/Output Fast Read (Extended SPI Mode)

s\
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SCLK  Mode 0

g —— Instruction  ———M 23124 | A23-16 | Als8_ | A7
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MSB :
(Isgl) 2 2 @@@@000
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i - M@@@@@O@
MSB

/cs -

SCLK
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(100)

SO

o

/WP

1o2)

|
MAD 7@000003

MSB MSB MSB

BYTe Semiconductor 63/103



BYTe

BYTe

Semiconductor

BYTe/QA-DT-039

Figure 69. 4-Byte Quad Input/Output Fast Read (Quad I/0O Mode)
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/CS

SCLK

SI

RN

Mode3 0 1 2 3 4 5 6 7 8 9

Mode 0
| structio

A31- 24 A23-16 IAlS -8 A7-0

am‘ﬂ@@@@@@@@@@

ENN//50°0 0000 S0 00
N//0 0 © OO SO OO OO

/HOLD

1B ZXOHKEXIKEXEXTKOECY

MSB MSB

/CS -
10

SCLK | |

Dummy
SI I ¢ Clocks

— DataOut 1 DataOut2 DataOut 2, DataOut4 __

(100) - —
SO - -
101 o
/WP -
102) _

I | | [ __

103y 09,90, 0,0, 0.

IMSB IMSB I MSB IMSB

Note:

Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).

7.2.13 Fast Read-DTR (0DH)

The DTR Fast Read instruction is similar to the Fast Read instruction except that the 24/32-bit
address input and the data output requires DTR (Double Transfer Rate) operation. This is
accomplished by adding “dummy” clocks after the 24/32-bit address as shown in Figure
70-Figure 70. The dummy clocks allow the devices internal circuits additional time for setting up
the initial address. After the dummy clocks the data value on the Sl pin is a "Don’t Care".

The Fast Read-DTR (0DH) instruction is supported in Extended SPI, Dual I/O SPI and Quad 1/O

SPI mode.
Figure 70. Fast Read-DTR Sequence Diagram (Extended SPI Mode)

/CS \

Mode 3 8
SCLKModeHll || ||||| ||| | |_

3-Byte/4-Byte Dummy
[¢——— Instruction —}l K:ldp:ssw — Clocks _’ DataOut 1

(100) / / /X ODH

XX%’O———%%OVAV/O7

MSB

SO

High Z

MSB

(101)

7660960'

MSB
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Figure 71. Fast Read-DTR Sequence Diagram (Dual I/O Mode)

/CS \

Mode 3 4
scekmoded [ 1L 1L |
¢ Instruction 'l 3-Byte/4-Byte K—Dummy —}I

ODH ——  Addross Clocks

(100) 1)669@.' | .
I .
B IO <5><> 90,00 000N

MSB

DataOut1 | DataOut2 |

Figure 72. Fast Read-DTR Sequence Diagram (Quad I/O Mode)

/CS \
Mode3 0 1 2
SCLK Mode

Instructior] -0 — Dul_nII; -
= — 3-Byte/d- Byte Clocks

(I%IO) _Adiless C O
(IOZ) I)@ .. - _®Q
1 IDOCHO0---00

MSB | MSB IMSB Ivss™ |
1]

Data Data
Outl | Out2 |

Note:
1. The Fast Read-DTR instruction support 3-byte address and 4-byte address mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).

7.2.14 Dual Output Fast Read-DTR Sequence Diagram (3DH)

The Dual Output Fast Read-DTR (3DH) instruction (see the Figure 73-Figure 74) allows for
improved random access while maintaining two 10 pins, 100 and 101. It is similar to the dual
output fast Read (3BH) instruction, but has the ability to input address bits (A23/A31-0) and output
data, two bits of data per clock.

The Dual Output Fast Read-DTR (3DH) instruction is supported in Extended SPI and Dual 1/0 SPI
mode.

Figure 73. Dual Output Fast Read-DTR Sequence Diagram (Extended SPI Mode)

/CS \

Mode3 o0 1 2 3 4 5 6 7 _8
SCLK Mods:_()| _ I | _

j—— Instruction —P| 3-Byte/d-Byte ¢ Dummy !

Address Clocks
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MSB

SO High Z
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Figure 74. Dual Output Fast Read-DTR Sequence Diagram (Dual I/O Mode)

/CS \
Mode3 ¢ 2 4
SCLK Mode_Ol | I | | I | | o .

¢ Instruction '| 3-Byte/d-Byte k—ﬁm?ny_ >
Address _’l Clocks

& IO = -GX— |
|
(101) 1'0990.’ ‘@0 7 690099

MSB *MSB

DataOut 2

DataOut1 |

Note:
1. The Dual Output Fast Read-DTR instruction support 3-byte address and 4-byte address
mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).

7.2.15 Dual Input/Output Fast Read-DTR (BDH)

The Dual Input/Output Fast Read-DTR (BDH) instruction (see the Figure 75-Figure 76) is similar
to the Dual Output Fast Read-DTR (3DH) instruction but transfer the Address bits (A23/A31-0) is
in 100 and 101 for Extended SPI protocol.

The Dual Output Fast Read-DTR (3DH) instruction is supported in Extended SPI and Dual 1/0 SPI
mode.

Figure 75. Dual Input/Output Fast Read-DTR (Extended SPI Mode)

/CS \ _

Mode 3 4 5 6 1 8 10
SCLK ModeE| —_ — __I_‘_,_U_I__ —
. 3-Byte/4-Byte | ¢ Dummy
[¢——— Instruction Address Clocks

(o0 // /X BDH X><>_ - @@
aon) _— OO =<X»
MSB

Figure 76. Dual Input/Output Fast Read-DTR (Dual I/O Mode)

s T\
Mode 3 4 -
SCLK Mode_()| I I | | I | | | o
Instruutlon 3-Byte/4- Byte l——— Dummy

Addross Clocks

(100) 1)660000 - _@O
aony /XXX X XD C@

MSB MSB

Note:
1. The Dual Input/Output Fast Read-DTR instruction support 3-byte address and 4-byte
address mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).
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7.2.16 Quad Output Fast Read-DTR (6DH)

The Quad Output Fast Read-DTR (6DH) instruction (see the Figure 77Figure 78) is similar to the
Quad Output Fast Read (6BH) instruction except that has the ability to input address bits (A23/A31-0)
and output data, two bits of data per clock.

The Quad Output Fast Read-DTR (6DH) instruction is supported in Extended SPI and Quad I/O
SPI mode.

Figure 77. Quad Output Fast Read-DTR (Extended SPI Mode)

CS \

Mode 3 LEaaAe
SCLK ModeEI —_ — umimy : —
- 3-Byte/4-Byte Dummy »
——— Instruction Address | Clocks | o o o -

(I(S)IO) ///XMSB 6DH X><>_ - @@I
SO High 7

(101)

MSB

/WP High Z
(Ion

/HOLD ot
(101)

Figure 78. Quad Output Fast Read-DTR (Quad I/0O Mode)

/CS \
Mode3 0 1 2
SCLK Modeﬂ o

_| |_| I__ -
Instrucﬂot] 3 Byteld- Bytc “_ iy Ol.lt.l | gﬂi; I
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o ZZ)@CD% @Q
&8 DX~ %

oy’ IIXKAX X @O

MSB

Note:
1. The Quad Output Fast Read-DTR instruction support 3-byte address and 4-byte address
mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).

7.2.17 Quad Input/Output Fast Read-DTR (EDH)

The Quad Input/Output Fast Read-DTR (EDH) instruction (see the Figure 79-Figure 80) is similar
to the Quad Output Fast Read-DTR (6DH) instruction but transfer the Address bits (A23/A31-0) is
in 100, 101, 102 and 103 for Extended SPI protocol.

The Dual Input/Output Fast Read-DTR (EDH) instruction is supported in Extended SPI and Quad
I/O SPI mode.
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Figure 79. Quad Input/Output Fast Read-DTR (Extended SPI Mode)

/CS
Mode 3
3-Byte/d-B
|4_ Instruction deﬁssyte
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S0 High 7 < >< > < :>< ﬂ
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/HOLD T
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Figure 80. Quad Input/Output Fast Read-DTR (Quad I/O Mode)

/CS \
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SCLK Mode - —_— - —_——
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o e—— StedBile Clocks ) outl | Out?2 |
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Note:
1. The Quad Input/Output Fast Read-DTR instruction support 3-byte address and 4-byte
address mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).

7.3 Read ldentification Instructions
7.3.1 Read ID (9E/9FH)and Multiple 1/0 Read ID (AFH)

See Figure 81, the Read ID instruction provides users with the manufacturer ID, device ID and
Unique ID assigned by JEDEC. /CS is driven low and the instruction code is input on SI. The
device outputs the information seeing the Table 20. When /CS is driven high, the device goes to
standby. The operation is terminated by driving /CS HIGH at any time during data output.

See Figure 82-Figure 83, Multiple 1/O Read ID instruction provides users with the manufacturer
ID and device ID assigned by JEDEC, but does not include the Unique ID. /CS is driven low and
the instruction code is input on 10n (for dual I/O protocol is SI-SO, quad I/O protocol is 10-103).
The device outputs the information seeing the Table 20. When /CS is driven high, the device goes
to standby. The operation is terminated by driving /CS high at any time during data output.

At the same time, after outputting UID (Extended SPI Mode) or Device ID (Dual/Quad I/O Mode), if
continue to send SCLK, the output data is “don’t care”.

If an Erase or Program cycle is in progress when the instruction is executed, the instruction is not
decoded and the instruction cycle in progress is not affected.
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Figure 81. Figure Read ID instruction (Extended SPI Mode)

s T\
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCLK Mode 0
Instruction N
s /7K OB/9FH lIIIIIIIIIIIIllIIIIIIIIIllllIIIIIIIIIIIII
M . k Manufacturer ID ;L Device ID u
50 e 7 ooooooooooooooo
SE MSB
s MSB —
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 160 161 162 163 164 165 166 167 Mode3
SCLK _ Mode 0
L Device ID J‘ UID >|I |‘ UID |
50 090900006900000 6900000’[[[

Figure 82. Multiple I/O Read ID instruction (Dual /0O Mode)
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SCLK  Mode 0

Ne Device ID >

| ¢ lnsx:lcll[mn 'LManuIacturur D o Device ID
(Igm /7 X< 6060 6 0000007[[
st 926,0.0.9.0.0.0, 0,900 9.0.0,0,.97

MSB MSB MSB MSB

Figure 83. Multiple /O Read ID (Quad I/O Mode)
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Note:
1. The Read ID instruction is represented by the extended SPI protocol timing shown first.

2. The Multiple /0 Read ID instruction is represented by the dual and quad SPI protocols
are shown below extended SPI protocol.
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7.3.2 Read Serial Flash Discovery Parameter (5AH)

To execute Read Serial Flash Discovery Parameter instruction (See Figure 84-Figure 86),/CS is
driven low. The instruction code is input on SI, followed by three address bytes and eight dummy
clock cycles (address is always 3 bytes, even if the device is configured to work in 4-byte address
mode). The device outputs the information starting from the specified address. When the
2048-byte boundary is reached, the data output wraps to address 0 of the serial Flash discovery
parameter table, seeing the Appendix. The operation is terminated by driving /CS high at any time
during data output.

The operation always executes in continuous mode so the Read burst wrap setting in the volatile
configuration register does not apply.

Figure 84. Read Serial Flash Discovery Parameter instruction (Extended SPI Mode)

/CS
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k— Instruction 3- B\te Addrass
SI
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o JUT UL -
|Q—8 Dummy Clocks Data Out | ————)

& k//////////////////
k) o 2 7oooooo'i
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Figure 85. Read Serial Flash Discovery Parameter instruction (Dual 1/O Mode)
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Figure 86. Read Serial Flash Discovery Parameter (Quad 1/0 Mode)
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7.4 Program and Erase Instructions
7.4.1 Page Program (02H)

The Page Program instruction is for programming the memory. A Write Enable instruction must
previously have been executed to set the Write Enable Latch bit to 1 before sending the Page
Program instruction. See Figure 87-Figure 89, the Page Program instruction is entered by driving
/CS low, followed by the instruction code, 3-byte or 4-byte address and at least one data byte on
Sl (for dual I/O protocol is 100-101, quad I/O protocol is 10-103). Each address bit is latched in
during the rising edge of the clock. When /CS is driven high, the operation, which is self-timed, is
initiated; its duration is tPP.

If the bits of the least significant address, which is the starting address, are not all zero, all data
transmitted beyond the end of the current page is Programmed from the starting address of the
same page. If the number of bytes sent to the device exceed the maximum page size, previously
latched data is discarded and only the last maximum page size number of data bytes are
guaranteed to be Programmed correctly within the same page. If the number of bytes sent to the
device is less than the maximum page size, they are correctly programmed at the specified
addresses without any effect on the other bytes of the same page.

/CS must be driven low for the entire duration of the sequence. The Page Program instruction
sequence: /CS goes low-> sending Page Program instruction ->3-byte or 4-byte address on Sl (for
dual I/O protocol is I00-101, quad I/O protocol is I0-103) ->at least 1 byte data on SI (for dual I/O
protocol is 100-101, quad I/O protocol is 10-I03) -> /CS goes high.

When the operation is in progress, the Program or erase controller bit of the flag status register is
set to 0. The write enable latch bit is cleared to 0, whether the operation is successful or not. The
status register and flag status register can be polled for the operation status. The operation is
considered complete after bit 7 of the flag status register outputs 1 with at least one byte output.
When the operation completes, the Program or erase controller bit is cleared to 1.

If the operation times out, the write enable latch bit is reset and the Program fail bit is set to 1. If
/CS is not driven high the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. When a instruction is applied to a protected sector, the
instruction is not executed, the write enable latch bit remains set to 1, and flag status register bits 1
and 4 are set.
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Note:
1. The flag status register must be polled even if operation times out.

Figure 87. Page Program Sequence Diagram (Extended SPI Mode)

s T\
Mode3 o 1 2 3 4 5 6 7 8 9 10
SCLK Mode 0 _
|, Instructi on N 3-Byte/4-Byte Address J ¢ Data Byte 1 ;l
st /7K 02H XXX~ = 900000900000
MSB MSB MSB
/CS /S
Mode 3
s JUUUUUUUUUUUUUUTUL _TUUU UL T Mogeo
k Data Byte 2 ;!4 Data Byte 3 ’I !# Data Byte 256 >|I
S0 .0,6,.0.60,6.0,0,0,.0,6,0.6,6.0,.080,.0,6,0,.6,.0.0.0,.9/
MSB MSB MSB

Figure 88. Page Program Sequence Diagram (Dual /0O Mode)

/CS N\
Mode3 ¢ 1 2 3 4 5 6
SCLK Mode—I | | I | I | | | | | | | I | | | I |
Instruction
I: . ;4 3- Byte/4 BytH

aoo> ”)6000000 “—
B XXX OO~

MSB MSB

/CS

Mode 3

s LT k[|_|_|_|_|_|_|_|M

<— Databyte 1 _’I Databyte 256 =P
SI

(100) 0000 6000'[/
9 KO <KX

MSB MSB
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Figure 89. Page Program Sequence Diagram (Quad 1/O Mode)

/CS N\
Mode3 0
SCLK Mode?lllll'll _Il_ll—‘—
Ins1ruct101: 3- Byte/4 Byte ata Data
ByteZS6

S DX M

i E@@OO 0090 XX
H//00°C 0 0000 XX/

oD ZZZ>®®<><> oooo @@GZZ

| MSB

Note:
1. The Page Program instruction support 3-byte address and 4-byte address mode.

7.4.2 Dual Input Fast Program (A2H)

The Dual Input Fast Program instruction are initiated by first executing the Write Enable instruction
to set the Write Enable Latch bit to 1. The Dual Input Fast Program instruction (see Figure
90-Figure 91) is for programming the memory using for pins: |00 and I01. This instruction
supports Extended SPI protocol and dual SPI protocol. The Dual Input Fast Program instruction is
entered by driving /CS low, followed by the instruction code (A2H), 3-byte or 4-byte bytes address
and at least one data byte on IO pins.

When the operation is in progress, the program or erase controller bit of the flag status register is
set to 0. The write enable latch bit is cleared to 0, whether the operation is successful or not. The
status register and flag status register can be polled for the operation status. The operation is
considered complete after bit 7 of the flag status register outputs 1 with at least one byte output.
When the operation completes, the program or erase controller bit is cleared to 1.

If the operation times out, the write enable latch bit is reset and the Program fail bit is set to 1. If
/CS is not driven high the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. When a instruction is applied to a protected sector, the
instruction is not executed, the write enable latch bit remains set to 1, and flag status register bits 1
and 4 are set.

Figure 90. Dual Input Fast Program Sequence Diagram (Extended SPI Mode)

/CS \

Mode3 0 1 2 3 4 5 6 7

Mod 8 9
| ¢ Imtructl on 3- BVte/4 Byte_’ Databyte 1

aom IIAO@O@OOOOO — XXX
ao — i

MSB B
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Figure 91. Dual Input Fast Program Sequence Diagram (Dual /0O Mode)

/CS \
Mode3 0 1 2 3 4 3 Mode 3
SCLK ModeEI | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | Mode 0
I{%}{— 3-Byte/d- the Databyte 1 Databyte 2 |

Address

a(salm /I)OOOOQO 006000600 0l _
061 ”)060000 000000060

MSB

Note:
1. The Dual Input Fast Program instruction support 3-byte address and 4-byte address mode.

7.4.3 Extended Dual Input Fast Program (D2H)

The Extended Dual Input Fast Program instruction is similar to the Dual Input Fast Program
instruction except that it requires address transfer in 100 and 101. The Extended Dual Input Fast
Program instruction are initiated by first executing the Write Enable instruction to set the Write
Enable Latch bit to 1. The Extended Dual Input Fast Program instruction (see Figure 92-Figure
93) is for programming the memory using for pins: 100 and IO1. This instruction supports
Extended SPI protocol and dual SPI protocol. The Extended Dual Input Fast Program instruction is
entered by driving /CS Low, followed by the instruction code (D2H), 3-byte or 4-byte bytes address
and at least one data byte on IO pins.

When the operation is in progress, the program or erase controller bit of the flag status register is
set to 0. The write enable latch bit is cleared to 0, whether the operation is successful or not. The
status register and flag status register can be polled for the operation status. The operation is
considered complete after bit 7 of the flag status register outputs 1 with at least one byte output.
When the operation completes, the program or erase controller bit is cleared to 1.

If the operation times out, the Write Enable Latch bit is reset and the Program fail bit is set to 1. If
/CS is not driven high the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. When a instruction is applied to a protected sector, the
instruction is not executed, the write enable latch bit remains set to 1, and flag status register bits 1
and 4 are set.

Figure 92. Extended Dual Input Fast Program (Extended SPI Mode)

.Mo_de 3

LK Medeo J_|_|—|_|_|_|_|_|_|_|_I_|_L
InsTIuctlon 3- Byte/4 Byte_’ Databyte 1

<100> //’06009900.’ @00000 6
doh N @ 000660

MS MSB B
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Figure 93. Extended Dual Input Fast Program (Dual /0O Mode/3-Byte Mode)

/CS \ —_
Mode3 o 1 2 3 4 35 Mode3
SCLK  Mode U U U L UL | bseseo
Instructi
I' nSDlzl(IJ{IOH ’ ¢ 3- Byte/4 Byte .’| Databyte 1 | Data byte 2

qfalm II)O@OOOO 006000609 0 l

Qo ”)060000 000900060

MSB MSB

Note:
1. The Extended Dual Input Fast Program instruction support 3-byte address and 4-byte
address mode.

7.4.4 Quad Input Fast Program (32H)

The Quad Input Fast Program instruction are initiated by first executing the Write Enable
instruction to set the Write Enable Latch bit to 1. The Dual Input Fast Program instruction (see
Figure 94-Figure 95) is for programming the memory using for pins: 100, 101, 102 and I03. This
instruction supports Extended SPI protocol and quad SPI protocol. The Quad Input Fast Program
instruction is entered by driving /CS low, followed by the instruction code (32H), 3-byte or 4-byte
address bytes and at least one data byte on 10 pins.

When the operation is in progress, the program or erase controller bit of the flag status register is
set to 0. The write enable latch bit is cleared to 0, whether the operation is successful or not. The
status register and flag status register can be polled for the operation status. The operation is
considered complete after bit 7 of the flag status register outputs 1 with at least one byte output.
When the operation completes, the program or erase controller bit is cleared to 1.

If the operation times out, the Write Enable Latch bit is reset and the Program fail bit is set to 1. If
/CS is not driven high the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. When a instruction is applied to a protected sector, the
instruction is not executed, the write enable latch bit remains set to 1, and flag status register bits 1
and 4 are set.

Figure 94. Quad Input Fast Program (Extended SPI Mode)

/CS N\

Mode 3
SCLK Modc?

0 1 2 4 S5 6

-
)

‘ 3Byte/4Byte | Data| Data

Instruction

o //)oooooo GO 00 O

(101) 5 I 1
/WP High—Z -
102) | 6 oo 2

/HOID High-7Z - =
it 9,0,0,.ClN
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Figure 95. Quad Input Fast Program (Quad I/O Mode)

/CS \ -

Mode3 0 1

Mod 2 3
SCLKModem |||||||||||||||‘||||
nstructi Data Data Data Data
3-B; 4B
M’%ZH — \Te/ te—}

2

- //)oooooooo 0
N/ 00 S & 0.0 00 00 80 O an
(Ioz)m 000000000 2
ao3>ﬂ>®<§><><> 060009000 3

MSB | MSB IMSB | MSB IMSB | MSB

Note:
1. The Quad Input Fast Program instruction support 3-byte address and 4-byte address
mode.

7.4.5 Extended Quad Input Fast Program (12H)

The Extended Quad Input Fast Program instruction is similar to the Dual Input Fast Program
instruction except that it requires address transfer in 100, 101, 102 and 103. The Quad Input Fast
Program instruction are initiated by first executing the Write Enable instruction to set the Write
Enable Latch bit to 1. The Dual Input Fast Program instruction (see Figure 96-Figure 97) is for
programming the memory using for pins: 100, 101, 102 and I03. This instruction supports
Extended SPI protocol and quad SPI protocol. The Quad Input Fast Program instruction is entered
by driving /CS Low, followed by the instruction code (12H), 3-byte or 4-byte address bytes and at
least one data byte on 10 pins.

When the operation is in progress, the program or erase controller bit of the flag status register is
set to 0. The write enable latch bit is cleared to 0, whether the operation is successful or not. The
status register and flag status register can be polled for the operation status. The operation is
considered complete after bit 7 of the flag status register outputs 1 with at least one byte output.
When the operation completes, the program or erase controller bit is cleared to 1.

If the operation times out, the Write Enable Latch bit is reset and the Program fail bit is set to 1. If
/CS is not driven high the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. When a instruction is applied to a protected sector, the
instruction is not executed, the write enable latch bit remains set to 1, and flag status register bits 1
and 4 are set.

Figure 96. Extended Quad Input Fast Program (Extended SPI Mode)

/CS \. —_

Mode3 0 1 2 3 4 5 6
PR the/4‘B|;l_r|_|_|_|—|_|—u—[ M -

SCLK  Mode ol
byte 1 | byte 2

¢
awdb@@é@@@O@‘NPQQOOQ
(101) MSB High-7. |<><>_ 9060
1o e X 60606 2
105 — OO

| MSB IMSB | MSB

Instructl on ‘
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Figure 97. Extended Quad Input Fast Program (Quad I/O Mode)

/CS \

Mode3 0 1

Mod 2 3
SCLK  pade ol __mww_
nstructi Data Data Data Data
3-B te/4 B
T2H ‘ Y

yte —)

MSB | MSB IMSB I MSB IMSB | MSB

Note:
1. The Extended Quad Input Fast Program instruction support 3-byte address and 4-byte
address mode.

7.4.6 Subsector Erase (20H)

The Subsector Erase instruction is for erasing the all data of the chosen Subsector. A Write Enable
instruction must previously have been executed to set the Write Enable Latch bit. The Subsector
Erase instruction (see Figure 98-Figure 100) is entered by driving /CS low, followed by the
instruction code, and address byte on IO pin. Any address inside the subsector is a valid address
for the Subsector Erase instruction. /CS must be driven low for the entire duration of the sequence.
Each address bit is latched in during the rising edge of the clock. When /CS is driven HIGH, the
operation, which is self-timed, is initiated; its duration is tSSE. The operation can be suspended
and resumed by the Program/Erase Suspend and Program/Erase Resume instructions,
respectively.

If the Write Enable Latch bit is not set, the device ignores the Subsector Erase instruction and no
error bits are set to indicate operation failure.

When the operation is in progress, the Program or erase controller bit is set to 0. The Write Enable
Latch bit is cleared to 0, whether the operation is successful or not. The status register and flag
status register can be polled for the operation status. The operation is considered complete once
bit 7 of the flag status register outputs 1 with at least one byte output. When the operation
completes, the Program or erase controller bit is cleared to 1.

If the operation times out, the write enable latch bit is reset and the erase error bit is set to 1. If /CS
is not driven HIGH, the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. When a instruction is applied to a protected subsector, the
instruction is not executed. Instead, the write enable latch bit remains set to 1, and flag status
register bits 1 and 5 are set.

Note: that the flag status register must be polled even if operation times out.

Figure 98. Subsector Erase Sequence Diagram (Extended SPI Mode)

/CS N\ ya
Mode3 o 1 2 3 4 5 6 7 8 9 10 Made 3
SCLK Mode Ol | | | | | | I | I | | | | | | | | | I | I | _ I | | | | | | Mode 0
L, Instruction Ay 3-Byte/4-Byte Address
N 7IN
SEN//) 4 20H XXX = = XX XX/
MSB MSB
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Figure 99. Subsector Erase Sequence Diagram (Dual /0O Mode)

/cs \ a
Mode3 0 1 2 3 4 5 6 Mode 3
SCLK Mode?l | | | | | | | | | | | | | | | | | | | Mode 0
Il IIJSLEHS.‘I.‘I on__y ' 3- Byte/4 Byte )

(100) /0000 OO C 00 Wi
EN//8°0.0C0 © S OSE OO /A

Figure 100. Subsector Erase Sequence Diagram (Quad I/O Mode)

/CS \ e
Mode3 0 1 2 3 Mode 3
SCLK Modegl _ | | | l Mode 0
nstructi 3- Byte/4 Byte

i //)00

Note:
1. The Subsector Erase instruction support 3-byte address and 4-byte address mode.

7.4.7 Sector Erase (D8H)

The Sector Erase instruction is for erasing the all data of the chosen Sector. A Write Enable
instruction must previously have been executed to set the Write Enable Latch bit. The Sector
Erase instruction (see Figure 101-Figure 103) is entered by driving /CS low, followed by the
instruction code, and address byte on 10 pin. Any address inside the sector is a valid address for
the Sector Erase instruction. /CS must be driven low for the entire duration of the sequence. Each
address bit is latched in during the rising edge of the clock. When /CS is driven HIGH, the
operation, which is self-timed, is initiated; its duration is tSE. The operation can be suspended and
resumed by the Program/Erase Suspend and Program/Erase Resume instructions, respectively.

If the write enable latch bit is not set, the device ignores the Sector Erase instruction and no error
bits are set to indicate operation failure.

When the operation is in progress, the program or erase controller bit is set to 0. The write enable
latch bit is cleared to 0, whether the operation is successful or not. The status register and flag
status register can be polled for the operation status. The operation is considered complete once
bit 7 of the flag status register outputs 1 with at least one byte output. When the operation
completes, the program or erase controller bit is cleared to 1.

If the operation times out, the write enable latch bit is reset and erase error bit is set to 1. If /CS is
not driven HIGH, the instruction is not executed, flag status register error bits are not set, and the
write enable latch remains set to 1. When a instruction is applied to a protected sector, the
instruction is not executed. Instead, the write enable latch bit remains set to 1, and flag status
register bits 1 and 5 are set.

Note: that the flag status register must be polled even if operation times out.
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Figure 101. Sector Erase Sequence Diagram (Extended SPI Mode)

s T\ /
Mode3 ¢ 1 2 3 4 5 6 7 8 9 10 Mode 3
scLKModeOll|||||||||||||||||||||_|||||||I_Mode()

Instruction J‘ 3-Byte/4-Byte

SO XXX

S

SI

MSB

Figure 102. Sector Erase Sequence Diagram (Dual /O Mode)

S \ /S

Mode3 0 1 2 3 4 5 6 I\/I[Ode3

SCLKMode3||||||||||||||| [ 1] [Modeo
|' Imm,mgn |l 3-Byte/d-Byte 'I

(100) /800000 C 00 W/
EN//8°0.0C0 © S OSE OO /A

Figure 103. Sector Erase Sequence Diagram (Quad 1/0 SPI Mode)

/CS \ e
Mode3 0 1 2 3 Mode 3
SCLK Modegl _ | | | l Mode 0
nstructl 3- Byte/4 Byte

&

Note:
1. The Subsector Erase instruction support 3-byte address and 4-byte address mode.

7.4.8 Die Erase (C4H)

The Die Erase instruction is for erasing the all data of the chosen Sector. A Write Enable
instruction must previously have been executed to set the Write Enable Latch bit. The Sector
Erase instruction (see Figure 104-Figure 106) is entered by driving /CS low, followed by the
instruction code, and address byte on 10 pin. Any address inside the single 256Mb die is a valid
address for the Die Erase instruction. /CS must be driven low for the entire duration of the
sequence. Each address bit is latched in during the rising edge of the clock. When /CS is driven
HIGH, the operation, which is self-timed, is initiated; its duration is tDSE.

If the write enable latch bit is not set, the device ignores the DIE ERASE instruction and no error
bits are set to indicate operation failure.

When the operation is in progress, the program or erase controller bit is set to 0. The write enable
latch bit is cleared to 0, whether the operation is successful or not. The status register and flag
status register can be polled for the operation status. The operation is considered complete once
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bit 7 of the flag status register outputs 1 with at least one byte output. When the operation
completes, the program or erase controller bit is cleared to 1.

The instruction is not executed if any sector is locked. Instead, the write enable latch bit remains
set to 1, and flag status register bits 1 and 5 are set.

Figure 104. Die Erase Sequence Diagram (Extended SPI Mode)

SI

/cS \ /
Mode3 o 1 2 3 4 5 6 7 8 9 10 Mode 3
SCLK M.I‘LI‘LI‘LI‘LI‘LI‘LI‘LI‘LI‘LI‘LI‘I_ ST L T oge o
l, Instruction 3-Byte/4-Byte N|
ZDE Address

Can >OOO— 6,00 I/

MSB

Figure 105. Die Erase Sequence Diagram (Dual I/O Mode)

/CS \ yan

Mode3 0 1 2 3 4 5 6 Mode3

SCLKMode3||||||||||||||| [ 1] [Modeo
k_lnmm"_ 3 Byte/4 Byte_’

(100) /000 0, OO0 /4
k) //)ooooooo RO /4

Figure 106. Die Erase Sequence Diagram (Quad I/O Mode)

/cs N\ /-
Mode3 o0 1 2 3 AMode 3
SCLK  Mode 0} __ T imeten
nstructl ‘_ 3- Byte/4 Byte_’

&
fﬁ%%?m @@@z

Note:
1. The Subsector Erase instruction support 3-byte address and 4-byte address mode.

7.4.9 Program/Erase Suspend (75H)

The Program/Erase Suspend instruction allows the system to interrupt a Subsector or Sector
Erase operation, then Read from or program data to any other sector. The Program/Erase
Suspend instruction also allows the system to interrupt a Page Program operation and then Read
from any other page or erase any other sector or block. To initiate the Program/Erase Suspend
instruction, /CS is driven low. The instruction code is input on SI (for dual I/O protocol is I00-101,
quad I/O protocol is 10-103). The operation is terminated by the Program/Erase Resume
instruction. The Program/Erase Suspend instruction sequence is shown in Figure 107-Figure
108.
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If a Suspend instruction is issued during a Program operation, then the flag status register bit 2 is
set to 1. After Program/Erase latency time, the flag status register bit 7 is also set to 1, but the
device is considered in suspended state once bit 7 of the flag status register outputs 1 with at least
one byte output. In the suspended state, the device is waiting for any operation (See the Table
25).

If a Suspend instruction is issued during an Erase operation, then the flag status register bit 6 is
set to 1. After erase/Program latency time, the flag status register bit 7 is also set to 1, but the
device is considered in suspended state once bit 7 of the flag status register outputs 1 with at least
one byte output. In the suspended state, the device is waiting for any operation (See the Table
25).

If the time remaining to complete the operation is less than the suspend latency, the device
completes the operation and clears the flag status register bits 2 or 6, as applicable. Because the
suspend state is volatile, if there is a power cycle, the Suspend state information is lost and the
flag status register powers up as 80h.

During an Erase Suspend operation, a Program or Read operation is possible in any sector except
the one in a suspended state. Reading from a sector that is in a suspended state will output
indeterminate data. The device ignores a PROGRAM instruction to a sector that is in an erase
suspend state; it also sets the flag status register bit 4 to 1, Program failure/protection error, and
leaves the write enable latch bit unchanged. The instructions allowed during an erase suspend
state are shown in the Table 25. When the Erase resumes, it does not check the new lock status
of the Write Lock Register instruction.

During a Program Suspend operation, a Read operation is possible in any page except the one in
a suspended state. Reading from a page that is in a suspended state will output indeterminate
data. The instructions allowed during a Program suspend state include the Write Volatile
Configuration Register instruction and the Write Enhanced Volatile Configuration Register
instruction.

It is possible to nest a Program/Erase Suspend operation inside a Program/Erase Suspend
operation just once. Issue an Erase instruction and suspend it. Then issue a Program instruction
and suspend it also. With the two operations suspended, the next Program/Erase Resume
instruction resumes the latter operation, and a second Program/Erase Resume instruction
resumes the former (or first) operation.

Figure 107. Program/Erase Suspend (Extended SPI Mode)

/CS j /—

Mode 3 0 1 2 3 4 5 6 7 Mode 3

SCLK Mode 0 Mode 0
Instruction —)

N LTX 75t XL
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Figure 108. Program/Erase Suspend (Dual/Quad I/0 Mode)

/CS N—

Mode3 ¢ 1 Mode 3

/CS \ / SCLK  Mode 0l | Mode 0
Mode3 1 2 3 Mode 3 !
=7 ——— |IEStl‘uctlﬁ

SCLK  Mode 0 | | I | | | | | | Mode 0

SI

eIy oo ZIXXXIIIT
S ZDXXXXII] 8 XK
8 IDOOKKIIL. 33 XKLL

MSB
/500, Y/
103)

MSB !

Table 24. Suspend Parameters

Parameter Condition Typ Max | Units | Note
Erase to Sector erase or erase resume to erase
700 us 1
suspend suspend
Program to
suspend Program resume to Program suspend 5 us 1
Subsector erase Subsector erase or subsector erase
50 us 1
to suspend resume to erase suspend
Suspend latency Program 7 V& 2
Suspend latency Subsector erase 15 us 2
Suspend latency Erase 15 us 3
Note:

1. Timing is not internally controlled.
2. Any Read instruction accepted.
3

Any instruction except the following are accepted: Sector, Subsector, or Die Erase Write

Status Register; Write Nonvolatile Configuration Register; and Program OTP.

Table 25. Operations Allowed/Disallowed During Device States
Note 1 applies to entire table

Subsector
Operation Stsatr;(ti:y E::sgerasnt‘a(t); Program Suspend State Erassss%LIrE‘Lase Note
State
Read Yes No Yes Yes 2
Program Yes No No Yes/No 3
Erase Yes No No No 4
Write Yes No No No 5
Write Yes No Yes Yes 6
Read Yes Yes Yes Yes 7
Suspend No Yes No No 8
Note:

1.

The device can be in only one state at a time. Depending on the state of the device, some
operations are allowed (Yes) and others are not (No). For example, when the device is in
the standby state, all operations except Suspend are allowed in any sector. For all device
states except the erase suspend state, if an operation is allowed or disallowed in one

BYTe Semiconductor 82/103



BYTe/QA-DT-039

N BYTe

Semiconductor Rev. 4.2

sector, it is allowed or disallowed in all other sectors. In the erase suspend state, a
Program operation is allowed in any sector except the one in which an Erase operation
has been suspended.

2. All Read operations except Read Status Register and Read Flag Register. When issued
to a sector or subsector that is simultaneously in an erase suspend state, the Read
operation is accepted, but the data output is not guaranteed until the erase has
completed.

3. All Program operations except Program OTP. In the erase suspend state, a Program

operation is allowed in any Big Block (Yes) except the Big Block (No) in which an Erase

operation has been suspended.

Applies to the Sector Erase or Subsector Erase operation.

Applies to the following operations: Write Status Register, Write Nonvolatile Configuration

Register, Program OTP, and Die Erase.

6. Applies to the Write Volatile Configuration Register, Write Enhanced Volatile Configuration
Register, Write Enable, Write Disable, Clear Flag Status Register, Write Extended
Address Register, Enter 4-Byte Extended Address Register, Exit 4-Byte Extended
Address Register, or Write Lock Register operation.

7. Applies to the Read Status Register or Read Flag Status Register operation.

8. Applies to the Program Suspend or Erase Suspend operation.

o~

7.4.10 Program/Erase Resume (7AH)

The Program/Erase Resume instruction (7AH) must be written to resume the Subsector or Sector
Erase operation or the Program operation after an Erase/Program Suspend. To initiate the
Program/Erase Resume instruction, /CS is driven low. The instruction code is input on Sl (for dual
I/O protocol is 100-101, quad I/O protocol is 10-103). The operation is terminated by driving /CS
high, seeing Figure 109-Figure 110.

When this instruction is executed, the status register write in progress bit is set to 1, and the flag
status register Program erase controller bit is set to 0. This instruction is ignored if the device is not
in a suspended state.

When the operation is in progress, the Program or erase controller bit of the flag status register is
set to 0. The flag status register must be polled for the operation status. When the operation
completes, that bit is cleared to 1. Note that the flag status register must be polled even if
operation times out.

Figure 109. Program/Erase Resume (Extended SPI Mode)

/CS j /—

Mode3 0 1 2 3 4 5 6 71 Mode3

SCLK MOdeEI II/[Ode 0
Instruction

/0 T XIITT]
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Figure 110. Program/Erase Resume (Dual/Quad I/0O Mode)

/CS N—

Mode3 ¢ 1 Mode 3

fcs \ / sctk Mode ol [] [T] [ Modeo

Mode3 1 2 3 ,_Mﬁiei s

le—Losudion | (100) II)@O(III

sy ZDXXKX KL 0 XKL

% LDKKKLLLZ . ZIDXHXXTIT
mow 77 XKL
103)

MSB !

7.5 OTP Operations

7.5.1 Read OTP Array (4BH)

See Figure 111-Figure 113, to initiate a Read OTP Array instruction, /CS is driven low. The
instruction code is input on 100/104 (for dual 1/0O protocol is 100-101/104-105, quad I/O protocol is
I00-103/104-107), followed by address bytes and dummy clock cycles. Each address bit is latched
in during the rising edge of clock. Data is shifted out on 101/I05 (for dual 1/O protocol is
I00-101/104-105, quad I/0O protocol is 100-103/104-107), beginning from the specified address and
at a maximum frequency of fC (MAX) on the falling edge of the clock. The address increments
automatically to the next address after each byte of data is shifted out. There is no rollover
mechanism; therefore, if Read continuously, after location 0x40, the device continues to output
data at location 0x40. The operation is terminated by driving /CS high at any time during data
output.

Figure 111. Read OTP Array Sequence Diagram (Extended SPI Mode)

k— Instruction —*— 3-Byte/4-Byte Address —

(I%IO) / / /XMS 4BH ><><>_ - @®®_

(fool) B High Z. MSB

o JUL_ PR
SI |4— Dummy Clocks I Data Out | ————

100 LTI

B OO

BYTe Semiconductor 84/103



BYTe/QA-DT-039
Rev. 4.2

N BYTe

Semiconductor

Figure 112. Read OTP Array Sequence Diagram (Dual I/O Mode)

/CS

Mode 3 0

MKW&ﬂﬂﬂﬂﬂﬂ_ﬂﬂ_
Instructi on ;‘ 3-Byte/4- Byte

I)eooooo
/50 © 00 OO @Q—

MSB MSB

/CS

SCLK

|' Dummy Clocks )
ST

(100) | >° o |

(S I 7 090060 ! |

MSB MSB

Data Out 2

DataQut 1

Figure 113. Read OTP Array Sequence Diagram (Quad 1/0 Mode)

/CS
Mode3 0 1 2 3

SCLK Modezl _| I—l I—

nstruct 3 byte/4 Byte
Address

<I(S)IO) “‘”_
) E@@O@ - XX
(10%) II)@OQ “—

- O—

05 0009000

IMSB IMSB IMSB IMSB

Note:
1. The Read OTP Array instruction support 3-byte address and 4-byte address mode.
2. Dummy clock cycles can be set by the user through the Nonvolatile and Volatile
Configuration Registers (See the Table 9 and Table 10).

7.5.2 Program OTP Array (42H)

See Figure 114-Figure 116, to initiate the Program OTP Array instruction, the Write Enable
instruction must be issued to set the write enable latch bit to 1; otherwise, the Program OTP Array
instruction is ignored and flag status register bits are not set. /CS is driven low and held low until
the eighth bit of the last data byte has been latched in, after which it must be driven high. The
instruction code is input on 100/104 (for dual 1/0O protocol is 100-101/104-105, quad I/O protocol is
I00-103/104-107), followed by address bytes and at least one data byte. Each address bit is
latched in during the rising edge of the clock. When /CS is driven high, the operation, which is
self-timed, is initiated; its duration is tPP. There is no rollover mechanism; therefore, after a
maximum of 65 bytes are latched in the subsequent bytes are discarded.
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Program OTP Array Programs, at most, 64 bytes to the OTP memory area and one OTP control
byte. When the operation is in progress, the write in progress bit is set to 1. The Write Enable
Latch bit is cleared to 0, whether the operation is successful or not, and the status register and flag
status register can be polled for the operation status. When the operation completes, the write in
progress bit is cleared to 0.

If the operation times out, the Write Enable Latch bit is reset and the Program fail bit is set to 1. If
/CS is not driven high, the instruction is not executed, flag status register error bits are not set, and
the write enable latch remains set to 1. The operation is considered complete once bit 7 of the flag
status register outputs 1 with at least one byte output.

The OTP control byte (byte 64) is used to permanently lock the OTP memory array, see Table 26.

Table 26: OTP Control Byte (Byte 64)

Bit Name Settings Description

Used to permanently lock the 64-byte OTP
array. When bit 0 = 1, the 64-byte OTP array
can be Programmed. When bit 0 = 0, the
64-byte OTP array is Read only.

OTP control 0 = Locked
byte 1 = Unlocked(Default) | Once bit 0 has been Programmed to 0, it can
no longer be

changed to 1. Program OTP array is ignored,
the write enable latch bit remains set, and flag
status register bits 1 and 4 are set.

Figure 114. Program OTP Array Sequence Diagram (Extended SPI Mode)

s T\
Mode 3 1 2 3 4 5 6 7 8 9 10
sewesedl U LT U UYL UL UUULL
le Instruction e 3-Byte/4-Byte Address J‘ Data Byte 1 |
1€ e
SE//)4 421 XXX = 900006909000 -
MSB MSB MSB

/CS —_

|‘ Data Byte 2 ‘|‘ Data Byte 3 " Data Byte 4 ;l

L]

s0 069000000090900006900000

MSB MSB

Figure 115. Program OTP Array Sequence Diagram (Dual I/O Mode)

/CS _—
Mode3 ¢ 1 2 3 4 S

K 6
SCLK  Mode 0 I I | | | I_l I_I |_| l—l I—l I—l I—l I—
Instruction 3-Byte/4-Byte L\ddr ess > 4 Databyte 1 Data bvte 2

42H

a%lo) ”)6600000 0060600000
E//8.0 OO0 &S OO0 0000 C OO0

MSB MSB MSB MSB
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Figure 116.Program OTP Array Sequence Diagram (Quad I/O Mode)

/CS -
Mode3 0 1 2

3
SCLK Mode ! II_I_L__J_I_I_I_I_I_I_|_I_II|_I_I_I_|_I_I_I_L_
| Anstructi 3-Bytc/4-Byte Address ; Data Data Data Data
N

| dwyte

(I(S)Io) 000000000 o __
T/ 0.0, O O _
aon LXK -
o 777 XK O

MSB | MSB 'MSB I MSB  IMSB I MSB

Note:
1. The Program OTP Array instruction support 3-byte address and 4-byte address mode.
2.
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8. Electrical Characteristics
8.1 Absolute Maximum Ratings
Parameter Symbol Conditions Range Unit. Note
Supply Voltage VCC -0.6t04 V
Voltage Applied to Any Pin VIO Relative to Ground | -0.6 to VCC + 0.6 V 3,4
Storage Temperature TSTG —65 to + 150 °C
Electrostatic Discharge | \/eqp | Hyman Body Model | —2000t0+2000 | v | 2
Voltage
Fast program/erase voltage VPP -0.2to 10 V
Lead temperaf[ure during TLEAD Sem rale | °c
soldering

Note:

1. Compliant with JEDEC Standard J-STD-020C (for small-body, Sn-Pb or Pb assembly),
RoHS, and the European directive on Restrictions on Hazardous Substances (RoHS)

2002/95/EU.

wnN

10ns.

JEDEC Standard JESD22-A114A (C1 = 100pF, R1 = 1500Q, R2 = 500Q).
During signal transitions, minimum voltage may undershoot to —1V for periods less than

4. During signal transitions, maximum voltage may overshoot to VCC + 1V for periods less

than 10ns.

8.2 Operating Ranges

Spec
Parameter Symbol Conditions Unit.
Min Max
Supply Voltage VCC 2.7 3.6 \
Supply voltage on 85 95 vV
VPP VPPH
Commercial -40 +85
Temperature TA °C
Operating Industrial -40 +85
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8.3 AC Reset Specifications
Note 1 applies to entire table
Parameter Symbol | Conditions | Min | Typ | Max | Unit | Note
Reset pulse {RLRH2 50 ns
width
Device
deselected
Reset recovery time tRHSL (/CS high) 40 ns 3
and is in XIP
mode
Device deselected (/CS high) and 40
o ns
is in standby mode
Instructions are being decoded,
any Read operations are in 40
. . ns
progress or any Write operation to
volatile registers are in progress
Any device array
Program/Erase/Suspend/Resume,
Program OTP, Nonvolatile Sector 30 us
Lock, and Erase Nonvolatile Sector
Lock Array operations are in
progress
While a Write Status Register
L tw ms
operation is in progress
While a Write Nonvolatile
Configuration Register operation is tWNVCR ms
in progress
On completion or suspension of a {SSE s
Subsector Erase operation
Device
deselected
Software reset recovery time tSHSL3 e l-.”(.BH) 40 ns
and is in
standby
mode
Any Flash array Program / Erase /
Suspend / Resume, Program OTP,
Nonvolatile Sector Lock, and Erase 30 us
Nonvolatile Sector Lock Array
operations are in progress
While Write Status Register
. tw ms
operation is in progress
While a Write Nonvolatile
Configuration Register operation is tWNVCR ms
in progress
On completion or suspension of a {SSE
X s
Subsector Erase operation
Deselect to
reset valid in
/CS deselect to reset valid tSHRV | quad output | 2 ns
orin
QIO-SPI
Note:
1. Values are guaranteed by characterization; not 100% tested.
2. The device reset is possible but not guaranteed if tRLRH < 50ns.
89/103
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3. In order to prevent the device from entering an unknown state, please do not send any
instructions to the device during this period of time (tRHSL).

Figure 117. Reset AC Timing During PROGRAM or ERASE Cycle

tSHRH tRHSL*
/CS

. tRLRH o
N 4
/reset V4

|

Don’ tCare
Note:

1. In order to prevent the device from entering an unknown state, please do not send any
instructions to the device during this period of time (tRHSL).

Figure 118. Reset Enable

01234567 qq,0 1234567
CLK | | SHSL3

Reset enable = Reset memory I |
CS \ /I \
1) VAR A

;

8.4 Latch Up Characteristics

Parameter Min Max
Input Voltage Respect To VSS On I/O Pins -1.0V VCC+1.0V
VCC Current -100mA 100mA
8.5 Power-up Timing
Symbol Parameter Min | Max | Unit
tVSL VCC(min) To /CS Low 150 us
Vwi Write Inhibit Threshold Voltage Vwi 1.5 2.5 V
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Figure 119. Power-up Timing and Voltage Levels

A

VeC(MaX)  F === === T T T oo oo oo oo
P Chip selection is not allowed ///_‘
Vee(min) | T

¢ Device is fully >

Reset accessible
Vi State

Time

>
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8.6 DC Electrical Characteristics

(T=-40°C~85°C, VCC=2.7~3.6V)
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Symbol

Parameter

Test Condition

Min.

Typ.

Unit

ILI

Input Leakage
Current

MA

ILO

Output
Leakage
Current

MA

ICC1

Standby
Current

/CS=VCC,
VIN=VCC or VSS

200

MA

ICC3

Operating
current
(fast-Read
extended 1/O)

C =0.1VCC/0.9VCC at
108 MHz, DQ1 = open

15

mA

C =0.1VCC/0.9VCC at
54 MHz, DQ1 = open

mA

Operating
current
(fast-Read dual
1/O)

C =0.1VCC/0.9VCC at

108 MHz

18

mA

Operating
current
(fast-Read
quad 1/0)

C =0.1VCC/0.9VCC at

108 MHz

20

mA

ICC4

Operating
Current(Page
Program)

/ICS=VCC

20

mA

ICC5

Operating
Current(write
status register)

/CS=VCC

20

mA

ICC6

Operating
Current(Subsec
tor Erase)

/CS=VCC

20

mA

ICC7

Operating
Current(Sector
Erase)

/ICS=VCC

20

mA

ICC8

Operating
Current (Die
Erase)

/ICS=VCC

20

mA

VIL

Input Low
Voltage

0.3vCC

VIH

Input High
Voltage

0.7vCC

VCC+0.4

VOL

Output Low
Voltage

IOL =1.6mA

0.4

VOH

Output High
Voltage

IOH =-100pA

VCC-0.2
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8.7 AC Measurement Conditions
Symbol Parameter Min | Tpy. | Max Unit. Note
CL Load Capacitance 30 30 pF 1
TR, TF Input Rise And Fall time 5 ns
VIN Input Pause Voltage 0.2VCC to 0.8VCC Y 2
IN Input Timing Reference Voltage | 0.3VCC to 0.7VCC \Y,
ouT Output Ti\?z)ilc[lggIZeference 0.5VCC v
Figure 120. AC Measurement I/O Waveform
Input Timing Output Timing
S Input Levels Reference Levels Reference Levels
0.5vCC 0.5vCC
0.2vCcC
8.8 AC Electrical Characteristics
Symbol Parameter Min. Typ. Max. | Unit. | Note
Clock frequgncy for all instructions, except
ro | Rosd e marcton 03 ResaDain | o
DTR instructions
Clock freq. for Read Data instruction (03H),
fR Read Data instruction with 4-Byte Address DC. 55 MHz
(13H)
Fr Clock freq. for DTR instructions DC. 54 MHz
tCLH Serial Clock High Time 4 ns
tCLL Serial Clock Low Time 4 ns 1
tCLCH | Serial Clock Rise Time (Slew Rate) 0.1 Vins | 2.3
tCHCL | Serial Clock Fall Time (Slew Rate) 0.1 Vins | 2.3
tSLCH /CS Active Setup Time 4 ns
tCHSH | /CS Active Hold Time 4 ns
tSHCH /CS Not Active Setup Time 4 ns
tCHSL | /CS Not Active Hold Time 4 ns
tSHQZ | Output Disable Time 8 ns
tCLQX | Output Hold Time 1 ns
tDVCH Data In Setup Time 2 ns
tCHDX | Data In Hold Time 3 ns
tHLCH | /Hold Low Setup Time (relative to Clock) 4 ns
tHHCH | /Hold High Setup Time (relative to Clock) 4 ns
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Symbol Parameter Min. Typ. Max. | Unit. | Note
tCHHL | /Hold High Hold Time (relative to Clock) 4 ns
tCHHH | /Hold Low Hold Time (relative to Clock) 4 ns
tHLQZ | /Hold Low To High-Z Output 8 ns
tHHQX | /Hold Low To Low-Z Output 8 ns
Clock Low To Output Valid STR 8 ns
under 30pF DTR 9 ns
tcLQv
Q Clock Low To Output Valid STR 6 ns
under 10pF DTR 7 ns
tWHSL | Write Protect Setup Time Before /CS Low 20 ns
tSHWL | Write Protect Hold Time After /CS High 100 ns
tESL Erase Suspend Latency 30 uS
tPSL Program Suspend Latency 30 uS
tPS ;atency between Program and next 20 us
uspend
tES Latency between Erase and next Suspend 20 V&
tPRS Latency between Program Resume and 20 us
next Suspend
{ERS éatency between Erase Resume and next 20 us
uspend
tw Write Status Register Cycle Time 5 30 ms
tWNVC V\_/nte Nonvolatile Configuration Register 5 30 ms
R Time
Page Programming Time (256 byte) 0.5 5 ms 5
int(n/8
Page Programming Time (n byte) ) x 5 ms 5
tPP 0.015°
Page Programming Time, VPP = VPPH
(256 byte) 04 5 ms 5
Program OTP Time (64 bytes) 0.2 ms 5
tSSE Subsector Erase Time 0.25 0.8 s
{SE Sector Erase Time(64K Bytes) 0.7 3 S
Sector ERASE Time (with VPP = VPPH) 0.6 3 S
{DSE Die Erase Tim 240 480 S
Die Erase Time (with VPP = VPPH) 200 480 S
tCFSR | Clear Flag Status Register Time 40 ns
tWVCR | Write Volatile Configuration Register Time 40 ns
tWRVE | Write Volatile Enhanced Configuration 40
CR Register Time
tWEEA Write Extended Address Register Time 40
tVPPHS | Enhanced VPPH high to /CS low for 200 ns 7
L extended and dual I/O page program
tSHSL1 | /CS deselect time after a Read command 20 ns
{SHSL?2 /CS deselect time after a nonRead 50 ns
command
Note:
1. Typical values given for TA= 25 °C.
BYTe Semiconductor 94 /103




BYTe/QA-DT-039
BYTe B Y T e

Semiconductor Rev. 4.2

Tested with clock frequency lower than 50 MHz.

Expressed as a slew-rate.

Only applicable as a constraint for a Write Status REGISTER instruction when Status

Register Write is set to 1.

5. When using the PAGE PROGRAM instruction to program consecutive bytes, optimized
timings are obtained with one sequence including all the bytes versus several sequences
of only a few bytes (1 < n < 256).

6. int(A) corresponds to the upper integer part of A. For example int(12/8) = 2, int(32/8) = 4
int(15.3) =16.

7. VPPH should be kept at a valid level until the PROGRAM or ERASE operation has

completed and its result (success or failure) is known.

PN

Figure 121. Serial input Timing

tSHSL

/cs N

tCHSL )

tSLCH

N y N .
SCLK QP—\# K// \__/ x SN .
47

tDVCH
< tCHDX
\ N/ _\/ _TTTTTTmTmmmTTT —\ /
SI Y MSB ) % LSB

SO High 7

Figure 122. Output Timing

SCLK - ’ P
N tcL
tcLQv 7 tcLQv M~ D
tcLax ’4 €] tCLQX » g tQLQH

LSB

SI

Figure 123. Hold Timing

/CS N\
tCHHL tHLCH tHHCH

w7 AN

tCHHH —

o 777777 XX W77

/HOID

N — — —
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Figure 124. /WP Timing
/CS ‘# ;‘/ N\
tWHSL—f=a—>| l—— tSHWL

/WP / AN

ek AN I I I I I s iJERERERERE

10
input X Iy X X

Write Status Register is allowed Write Status Register is not allowed

Figure 125. VPPH Timing

/CS

SCLK

aammm VAWV [ WaWAWAWA

End of instruction

(identified by WIPN

/ }
|
!

SI

X

VPPH

tVPPHSL

VPP ___ >
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9. Package Information

9.1 Package TFBGA8X6mm-24BALL (5X5 ball array)

1 2 3 4 5 2] 4 ] 2 1
I 1 I
O I : ﬂ
! !
| |
A _i J & O © O A
I I
B _l b:iI) O O O O B
| |
Gl-——=—= d—em— ==+ |D DI|-[- O3 -0-O- - -|C
| |
| _
D . ;$w3Qcao D
|
E i “’OOCb%j}E
| |
I I €
I I
| v |
E E1
A 1 A2
! S O N O i © S
Al
Dimensions
Symbol A A1 A2 b E E1 D D1 e
Unit
Min ; 020 | 080 | 035 | 590 7.90
mm | Nom ; 025 | 085 | 040 | 600 | 4.00 8.00 | 4.00 1.00
Max | 120 | 030 | 090 | 045 | 6.10 8.10
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10.0Order Information

BY 25Q M1G1 F &

Z1G(T)

—Packing Type

T:Tube

R:Tape&Reel

Y:Tray
——— Green Code
G:Pb Free & Halogen Free Green Package
P:Pb Free & Halogen Free Green Package
+ Power Meter Application
Temperature Range
C:Commercial(-40°C to +85°C)
I:Industrial(-40°C to +85°C)

L Package Type
Z:TFBGA8*6mm-24BALL(5*5 ball array)

- Voltage

S:3V
L:1.8V

Generation

A/B/C: 65/55nm Version
F: 50nm Version

Density
M1G1:1Gbit

Product Family

25Q:SPI Interface Flash
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10.1 Valid part Numbers

The following table provides the valid part numbers for BY25QM1G1FS SPI Flash Memory. Pls
contact BY Technology for specific availability by density and package type.

For consumer and industry application:

Package Type Density Product Number

Z
TFBGA8X6mm-24BALL | 1G-bit BY25QM1G1FSZIG
(5XS5 ball array)

For Power Meter application:

Package Type Density Product Number
Z
TFBGA8X6mm-24BALL | 1G-bit BY25QM1G1FSZIP
(5X5 ball array)

10.2 Minimum Packing Quantity (MPQ)

Packing Qty for 1 Vacuum bag/
Package Type Type Tube or Reel Inner Box MPQ
TFBGA8X6mm-24BALL 10+1 Trays/Bag
(5X5 ball array) Tray 384ealTray 1Bag/InnerBox 3,840
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REVISION DATE | ORIGINATOR DESCRIPTION
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1.0 2020-09-10 Based on BY25Q256FS_v1.8:
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12. Appendix

12.1 Serial Flash Discovery Parameter Data Structure

Compliant with JEDEC standard JC-42.4 1775.03

Description Ll Addl_'ess Data
(Byte Mode) (Bit)
00H 7:0 53H
. . . 01H 15:8 46H
Serial Flash discoverable parameters signature 02H 5316 7aH
03H 31:24 50H
Serial Flash discoverable Maijor revision 04H 7:0 00H
parameters Minor revision 05H 15:8 01H
Number of parameter headers 06H 7:0 00H
Reserved 07H 15:8 FFH
Parameter ID (0) JEDEC-defined parameter table 08H 7:0 00H
Parameter Maijor revision 09H 15:8 00H
Minor revision 0AH 23:16 01H
Parameter length (DW) 0BH 31:24 09H
0CH 7:0 30H
Parameter table pointer O0DH 15:8 00H
OEH 23:16 00H
Reserved OFH 31:24 FFH
12.2 Parameter ID
o Byte . 512Mb
Description Ad dyress Bits Data
Minimum block/sector erase sizes 1:0 01b
Write granularity 2 1
Write Enable instruction required for writing to volatile
status registers 30H £ g
Write Enable instruction selected for writing to volatile 4 0
status registers
Reserved 7:5 111b
4KB Erase instruction 31H 7:0 20H
Supports Dual Output Fast Read operation (single 0 1
input address, dual output)
Number of address bytes used (3-byte or 4-byte) for -1 01b
array Read, Write, and Erase instructions )
Supports double transfer rate clocking 3 1
Supports Dual Input/Output Fast Read operation 32H 4 1
(dual input address, dual output)
Supports Quad Input/Output Fast Read operation 5 1
(quad input address, quad output)
Supports Quad Output Fast Read operation (single 6 1
input address, quad output)
Reserved 7 1
Reserved 33H 7:0 FFH
. . 34H 7:0 FFH
Flash size (bits) 350 70 =
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o Byte . 512Mb
Description Ad dyress Bits Data
36H 7:0 FFH
37H 7:0 3FH
Number of dummy clock cycles required before valid 40 01001b
output from Quad Input/Output Fast Read operation )
= = = 38H
Number of XIP conﬂrmat_lon bits for Quad 7.5 001b
Input/Output Fast Read operation )
Instrugtlon code for Quad Input/Output Fast Read 39H 7:0 EBH
operation
Number of dummy clock cycles required before valid 40 00111b
output from Quad Output Fast Read operation 3AH )
Number of XIP confirmation bits for Quad Output Fast . 001b
Read operation e
Instruction code for Quad Output Fast Rad operation 3BH 7:0 6BH
Number of dummy clock cycles required before valid 40 00111b
output from Dual Output Fast Read operation 3CH )
Number of XIP confirmation bits for Dual Output Fast 7.5 001b
Read operation )
Instruction code for Dual Output Fast Read operation 3DH 7:0 3BH
Number of dummy clock cycles required beforg valid 40 00111b
output from Dual Input/Output Fast Read operation 3EH )
Number of XIP confirmation bits for Dual Input/Output 7.5 001b
Fast Read )
Instruc_tlon code for Dual Input/Output Fast Read 3FH 7:0 BBH
operation
Supports Fast Read operation in dual SPI protocol 0 1
Reserved 40H 3:1 111b
Supports Fast Read operation in quad SPI protocol 4 1
Reserved 7:5 111b
Reserved 43:41H FF'T_lFFF FFFHFFF
Reserved 45:44H FFFFH FFFFH
Number of dummy clock cyclgs r_equired before valid 40 00111b
output from Fast Read operation in dual SPI protocol )
Number of XIP confirmation bits for Fast Read 46H
operation in dual SPI 75 001b
protocol
Instruction code for Fast Read operation in dual SPI 47H 7.0 BBH
protocol
Reserved 49:48h FFFFH FFFFH
Number of dummy clock cycles required before valid 40 01001b
output from Fast Read operation in quad SPI protocol 4AH |
Number of XIP confirmation bits for Fast Read .
. 75 001b
operation in quad SPI protocol
Instruction code for Fast Read operation in quad SPI 4BH 7:0 EBH
protocol
Sector type 1 size (4k) 4CH 7:0 0CH
Sector type 1 instruction code (4k) 4DH 7:0 20H
Sector type 2 size (64KB) 4EH 7:0 10H
Sector type 2 instruction code 64KB) 4FH 7:0 D8H
Sector type 3 size (not present) 50H 7:0 00H
Sector type 3 size (not present) 51H 7:0 00H
Sector type 4 size (not present) 52H 7:0 00H
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Ay Byte . 512Mb

Description Address Bits Data

Sector type 4 size (not present) 53H 7:0 00H

12.3 Part Number Information

Part Number Category Category Details Note

1 = Byte addressability; HOLD pin; BY Technology XIP 1

2 = Byte addressability; HOLD pin; Basic XIP 1

Feature set 3 = Byte addressability; RST# pin; BY Technology XIP 1

4 = Byte addressability; RST# pin; Basic XIP 1

5= Byte addressability; HOLD pin; BY Technology XIP 2

Note:

1. Enter 4-byte address mode and exit 4-byte address mode supported.
2. 4-byte addressing mode is the default at power-up. Enter and exit 4-byte
addressing mode are not supported.

BYTe Semiconductor

103 /103




	1.Description
	2.Signal Description
	2.1Device Configurability
	2.2Input/Output Summary

	3.Sector/Subsector Addresses
	4.SPI Operation
	4.1Serial Peripheral Interface Modes
	4.2SPI Protocol

	5.Operation Features
	5.1Supply Voltage 
	5.1.1Operating Supply Voltage
	5.1.2Power-up Conditions
	5.1.3Device Reset
	5.1.4Power-down

	5.2Active Power and Standby Power Modes
	5.3Power Loss Recovery Sequence
	5.4Hold Condition
	5.5Protection Features
	5.6Nonvolatile and Volatile Registers
	5.5.1 Status Register
	5.6.2Nonvolatile and Volatile Configuration Registers
	5.6.3Extended Address Register
	5.6.4Enhanced Volatile Configuration Register
	5.6.5Flag Status Register
	5.6.6Lock Register

	5.73-Byte/4-Byte Address Modes
	5.8XIP Mode

	6.Device Identification
	7.Instructions Description
	7.1Configuration and Status Instructions
	7.1.1Write Enable (06H)
	7.1.2Write Disable (04H)
	7.1.3Read Status Register (05H)
	7.1.4Write Status Register (01H)
	7.1.5Read Flag Status Register (70H)
	7.1.6Read Nonvolatile Configuration Register (B5H)
	7.1.7Write Nonvolatile Configuration Register (B1H)
	7.1.8Read Volatile or Enhanced Volatile Configuration R
	7.1.9Write Volatile or Enhanced Volatile Configuration 
	7.1.10Read Extended Address Register (C8H)
	7.1.11Write Extended Address Register (C5H)
	7.1.12Read Lock Register (E8H)
	7.1.13Write Lock Register (E5H)
	7.1.14Clear Flag Status Register (50H)
	7.1.15Enter 4-Byte Address Mode (B7H)
	7.1.16Exit 4-Byte Address Mode (E9H)
	7.1.17Reset Enable (66H) and Reset Memory (99H)

	7.2Read Memory Instructions
	7.2.1Read Data (03H)
	7.2.2Fast Read (0BH)
	7.2.3Dual Output Fast Read (3BH)
	7.2.4Dual Input/Output Fast Read (BBH)
	7.2.5Quad Output Fast Read (6BH)
	7.2.6Quad Input/Output Fast Read (EBH)
	7.2.74-Byte Read (13H)
	7.2.84-Byte Fast Read (0CH)
	7.2.94-Byte Dual Output Fast Read (3CH)
	7.2.104-Byte Dual Input/Output Fast Read (BCH) 
	7.2.114-Byte Quad Output Fast Read (6CH)
	7.2.124-Byte Quad Input/Output Fast Read (ECH)
	7.2.13Fast Read-DTR (0DH)
	7.2.14Dual Output Fast Read-DTR Sequence Diagram (3DH)
	7.2.15Dual Input/Output Fast Read-DTR (BDH)
	7.2.16Quad Output Fast Read-DTR (6DH)
	7.2.17Quad Input/Output Fast Read-DTR (EDH)

	7.3Read Identification Instructions
	7.3.1Read ID (9E/9FH)and Multiple I/O Read ID（AFH）
	7.3.2Read Serial Flash Discovery Parameter (5AH)

	7.4Program and Erase Instructions
	7.4.1Page Program (02H)
	7.4.2Dual Input Fast Program (A2H)
	7.4.3Extended Dual Input Fast Program (D2H)
	7.4.4Quad Input Fast Program (32H)
	7.4.5Extended Quad Input Fast Program (12H)
	7.4.6Subsector Erase (20H)
	7.4.7Sector Erase (D8H)
	7.4.8Die Erase (C4H)
	7.4.9Program/Erase Suspend (75H)
	7.4.10Program/Erase Resume (7AH)

	7.5OTP Operations
	7.5.1Read OTP Array (4BH)
	7.5.2Program OTP Array (42H)


	8.Electrical Characteristics
	8.1Absolute Maximum Ratings
	8.2Operating Ranges
	8.3AC Reset Specifications
	8.4Latch Up Characteristics
	8.5Power-up Timing
	8.6DC Electrical Characteristics 
	8.7AC Measurement Conditions
	8.8AC Electrical Characteristics

	9.Package Information
	9.1Package TFBGA8X6mm-24BALL (5X5 ball array)

	10.Order Information 
	10.1Valid part Numbers 
	10.2Minimum Packing Quantity (MPQ) 

	11. Document Change History
	12.Appendix
	12.1Serial Flash Discovery Parameter Data Structure
	12.2Parameter ID
	12.3Part Number Information


