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Notice On Data Sheet Designations
Spansion Inc. issues data sheets with Advance Information or Preliminary designations to advise readers of
product information or intended specifications throughout the product life cycle, including development,
qualification, initial production, and full production. In all cases, however, readers are encouraged to verify
that they have the latest information before finalizing their design. The following descriptions of Spansion data
sheet designations are presented here to highlight their presence and definitions.

Advance Information

The Advance Information designation indicates that Spansion Inc. is developing one or more specific
products, but has not committed any design to production. Information presented in a document with this
designation is likely to change, and in some cases, development on the product may discontinue. Spansion
Inc. therefore places the following conditions upon Advance Information content:

“This document contains information on one or more products under development at Spansion Inc.
The information is intended to help you evaluate this product. Do not design in this product without
contacting the factory. Spansion Inc. reserves the right to change or discontinue work on this proposed
product without notice.”

Preliminary

The Preliminary designation indicates that the product development has progressed such that a commitment
to production has taken place. This designation covers several aspects of the product life cycle, including
product qualification, initial production, and the subsequent phases in the manufacturing process that occur
before full production is achieved. Changes to the technical specifications presented in a Preliminary
document should be expected while keeping these aspects of production under consideration. Spansion
places the following conditions upon Preliminary content:

“This document states the current technical specifications regarding the Spansion product(s)
described herein. The Preliminary status of this document indicates that product qualification has been
completed, and that initial production has begun. Due to the phases of the manufacturing process that
require maintaining efficiency and quality, this document may be revised by subsequent versions or
modifications due to changes in technical specifications.”

Combination

Some data sheets contain a combination of products with different designations (Advance Information,
Preliminary, or Full Production). This type of document distinguishes these products and their designations
wherever necessary, typically on the first page, the ordering information page, and pages with the DC
Characteristics table and the AC Erase and Program table (in the table notes). The disclaimer on the first
page refers the reader to the notice on this page.

Full Production (No Designation on Document)

When a product has been in production for a period of time such that no changes or only nominal changes
are expected, the Preliminary designation is removed from the data sheet. Nominal changes may include
those affecting the number of ordering part numbers available, such as the addition or deletion of a speed
option, temperature range, package type, or V|q range. Changes may also include those needed to clarify a
description or to correct a typographical error or incorrect specification. Spansion Inc. applies the following
conditions to documents in this category:

“This document states the current technical specifications regarding the Spansion product(s)
described herein. Spansion Inc. deems the products to have been in sufficient production volume such
that subsequent versions of this document are not expected to change. However, typographical or
specification corrections, or modifications to the valid combinations offered may occur.”

Questions regarding these document designations may be directed to your local sales office.
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S25FS-S Family

MirrorBit® Flash Non-Volatile Memory
1.8-Volt Single Supply with CMOS 1/0 N\
Serial Peripheral Interface with Multi-I/O SPANSION®
S25FS128S 128 Mbit (16 Mbyte) A
S25FS256S 256 Mbit (32 Mbyte)

Data Sheet (Preliminary)

Features
B Density B Security Features
— 128 Mbits (16 Mbytes) — One-Time Program (OTP) array of 1024 bytes
— 256 Mbits (32 Mbytes) — Block Protection:
m Serial Peripheral Interface (SPI) — Status Register bits to control protection against program or
— SPI Clock polarity and phase modes 0 and 3 erase of a contiguous range of sectors
— Double Data Rate (DDR) option — Hardware and softwa.lre control options
— Extended Addressing: 24- or 32-bit address options - Advancgcli Sector Protechon.(ASP)
— Serial Command subset and footprint compatible with S25FL-A, — Individual sector protection controlled by boot code or password
S25FL-K, S25FL-P, and S25FL-S SPI families — Option for password control of read access
— Multi /0 Command subset and footprint compatible with S25FL-P, B Technology
and S25FL-S SPI families — Spansion 65 nm MirrorBit Technology with Eclipse™ Architecture
B Read B Supply Voltage
— Commands: Normal, Fast, Dual I/O, Quad 1/O, DDR Quad I/O -1.7Vto 2.0V
— Modes: Burst Wrap, Continuous (XIP), QPI B Temperature Range
— Serial Flash Discoverable Parameters (SFDP) and Common Flash — Industrial (0°C to +85°C)
Interface (CFl), for configuration information — Automotive (~40°C to +105°C)
B Program . m Packages (All Pb-Free)
— 256- or 512-byte Page Programming buffer — 8-lead SOIC 208 mil (SOC008) - FS128S only
— Program suspend and resume — WSON 6x5 mm (WNDO008) - FS128S only
B Erase — WSON 6x8 mm (WNHO008) - FS256S only
— Hybrid sector option — 16-lead SOIC 300 mil (SO3016- FS256S only)
— Physical set of eight 4-kbyte sectors and one 32-kbyte sector at — BGA-24 6x8 mm
the top or bottom of address space with all remaining sectors of — 5x5 ball (FAB024) footprint
64 kbytes

— 4x6 ball (FAC024) footprint

= Uniform sector option — Known Good Die, and Known Tested Die

— Uniform 64-kbyte or 256-kbyte blocks for software compatibility
with higher density and future devices
— Erase suspend and resume
— Erase status evaluation
— 100,000 Program-Erase Cycles on any sector, minimum
— 20 Year Data Retention, typical

Publication Number S25FS-S_00 Revision 04 Issue Date November 6, 2013

This document states the current technical specifications regarding the Spansion product(s) described herein. The Preliminary status of this document indicates that product qual-
ification has been completed, and that initial production has begun. Due to the phases of the manufacturing process that require maintaining efficiency and quality, this document
may be revised by subsequent versions or modifications due to changes in technical specifications.
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1. Performance Summary

Table 1.1 Maximum Read Rates

Clock Rate

Command (MHz) Mbytes / s
Read 50 6.25
Fast Read 133 16.5
Dual Read 133 33
Quad Read 133 66

Table 1.2 Maximum Read Rates DDR
Clock Rate
Command (MH2) Mbytes / s
DDR Quad I/0 Read 80 80
Table 1.3 Typical Program and Erase Rates

Operation kbytes /s
Page Programming (256-bytes Page Buffer) 712
Page Programming (512-bytes Page Buffer) 1080
4-kbyte Physical Sector Erase (Hybrid Sector Option 28
64-kbyte Physical Sector Erase (Hybrid Sector Option) 450
256-kbyte Sector Erase (Uniform Logical Sector Option 450

Table 1.4 Typical Current Consumption (—40°C to +85°C)

Operation Current (mA)
Serial Read 50 MHz 10
Serial Read 133 MHz 20
Quad Read 133 MHz 60
Quad DDR Read 80 MHz 70
Program 60
Erase 60
Standby 0.07
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2. Overview

2.1 General Description

The Spansion S25FS-S family devices are flash non-volatile memory products using:
m MirrorBit technology - that stores two data bits in each memory array transistor

W Eclipse architecture - that dramatically improves program and erase performance
B 65 nm process lithography

TheS25FS-S family connects to a host system via a Serial Peripheral Interface (SPI). Traditional SPI single
bit serial input and output (Single 1/0O or SIO) is supported as well as optional 2-bit (Dual I/O or DIO) and 4-bit
wide Quad /0O (QIO) or Quad Peripheral Interface (QPI) serial commands. This multiple width interface is
called SPI Multi-I/O or MIO. In addition, there are Double Data Rate (DDR) read commands for QIO and QPI
that transfer address and read data on both edges of the clock.

The FS-S Eclipse architecture features a Page Programming Buffer that allows up to 512 bytes to be
programmed in one operation, resulting in faster effective programming and erase than prior generation SPI
program or erase algorithms.

Executing code directly from flash memory is often called Execute-In-Place or XIP. By using S25FS-S family
devices at the higher clock rates supported, with Quad or DDR Quad commands, the instruction read transfer
rate can match or exceed traditional parallel interface, asynchronous, NOR flash memories, while reducing
signal count dramatically.

The S25F S-S family products offer high densities coupled with the flexibility and fast performance required by
a variety of mobile or embedded applications. They are an excellent solution for systems with limited space,
signal connections, and power. They are ideal for code shadowing to RAM, executing code directly (XIP), and
storing reprogrammable data.
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2.2.1 Features Comparison
The S25FS-S family is command subset and footprint compatible with prior generation FL-S, FL-K, and FL-P
families. However, the power supply and interface voltages are nominal 1.8V.
Table 2.1 Spansion SPI Families Comparison
Parameter FS-S FL-S FL-K FL-P
Technology Node 65 nm 65 nm 90 nm 90 nm
Architecture MirrorBit Eclipse MirrorBit Eclipse Floating Gate MirrorBit
Density 128 Mb, 256 Mb 128 Mb, 256 Mb, 512 Mb, 1 Gb 4 Mb - 128 Mb 32 Mb - 256 Mb
Bus Width x1, x2, x4 x1, x2, x4 x1, x2, x4 x1, x2, x4
Supply Voltage 1.7V - 2.0V 2.7V-3.6V/1.65V-3.6V Vo 2.7V-3.6V 2.7V-3.6V

Normal Read Speed (SDR)

6 MB/s (50 MHz)

6 MB/s (50 MHz)

6 MB/s (50 MHz)

6 MB/s (40 MHz)

Fast Read Speed (SDR)

16.5 MB/s (133 MHz)

13 MB/s (104 MHz)

13 MB/s (104 MHz)

Dual Read Speed (SDR)

33 MB/s (133 MHz)

26 MB/s (104 MHz)

26 MB/s (104 MHz)

20 MB/s (80 MHz)

Quad Read Speed (SDR)

66 MB/s (133 MHz)

(

17 MB/s (133 MHz)
(
(

52 MB/s (104 MHz)

52 MB/s (104 MHz)

40 MB/s (80 MHz)

Quad Read Speed (DDR)

80 MB/s (80 MHz)

66 MB/s (66 MHz)

Program Buffer Size 256B/512B 256B/512B 256B 256B
Erase Sector Size 64 kB / 256 kB 64 kB / 256 kB 4 kB/32kB/64kB 64 kB / 256 kB
Parameter Sector Size 4 kB (option) 4 kB (option) 4 kB 4 kB
Sector Erase Rate (typ.) 500 kB/s 500 kB/s 4113376k§/35(g14kk‘35?) 130 kB/s
Page Programming Rate (typ.) ?g; mgg g?gg; 12 mg;: Eg?gg; 365 kB/s 170 kB/s
OoTP 1024B 1024B 768B (3x256B) 506B
Advanced Sector Protection Yes Yes No No

Auto Boot Mode No Yes No No
Erase Suspend/Resume Yes Yes Yes No
Program Suspend/Resume Yes Yes Yes No
Operating Temperature —40°C to +85°C / +105°C —40°C to +85°C / +105°C —40°C to +85°C° —40°C to +85°C / +105°C

Notes:

N O A DN =

The 256B program page option only for 128-Mb and 256-Mb density FL-S devices.
The FL-P column indicates FL129P MIO SPI device (for 128-Mb density), FL128P does not support MIO, OTR, or 4-kB sectors.
64-kB Sector Erase option only for 128-Mb/256-Mb density FL-F, FL-S and FS-S devices.
The FL-K family devices can erase 4-kB sectors in groups of 32 kB or 64 kB.

512-Mb/1-Gb FL-S devices support 256-kB sector only.
Only 128-Mb/256-Mb density FL-S devices have 4-kB parameter sector option.
Refer to individual data sheets for further details.
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2223

2224

2.2.2.5

2.2.2.6

A\

Known Differences from Prior Generations

Error Reporting

FL-K and FL-P memories either do not have error status bits or do not set them if program or erase is
attempted on a protected sector. The FS-S and FL-S families do have error reporting status bits for program
and erase operations. These can be set when there is an internal failure to program or erase, or when there is
an attempt to program or erase a protected sector. In these cases the program or erase operation did not
complete as requested by the command. The P_ERR or E_ERR bits and the WIP bit will be set to and
remain 1in SR1V. The clear Status Register command must be sent to clear the errors and return the device
to standby state.

Secure Silicon Region (OTP)

The FS-S size and format (address map) of the One-Time Program area is different from FL-K and FL-P
generations. The method for protecting each portion of the OTP area is different. For additional details see
Secure Silicon Region (OTP) on page 76.

Configuration Register Freeze Bit

The Configuration Register 1 Freeze bit CR1V[0], locks the state of the Block Protection bits (SR1NV[4:2] and
SR1V[4:2]), TBPARM_O bit (CR1NV[2]), and TBPROT_O bit (CR1NVI[5]), as in prior generations. In the
FS-S and FL-S families the Freeze bit also locks the state of the Configuration Register 1 BPNV_O bit
(CR1NV[3]), and the Secure Silicon Region (OTP) area.

Sector Erase Commands

The command for erasing a 4-kbyte sector is supported only for use on 4-kbyte parameter sectors at the top
or bottom of the FS-S device address space.

The command for erasing an 8-kbyte area (two 4-kbyte sectors) is not supported.
The command for erasing a 32-kbyte area (eight 4-kbyte sectors) is not supported.

The Sector Erase command (SE) for FS-S 64-kbyte sectors is supported when the configuration option for
uniform 64-kbyte sector is selected or, when the hybrid configuration option for 4-kbyte parameter sectors
with 64-kbyte uniform sectors is used. When the hybrid option is in use, the 64-kbyte erase command may be
used to erase the 32-kbyte of address space adjacent to the group of eight 4-kbyte sectors. The 64-kbyte
erase command in this case is erasing the 64-kbyte sector that is partially overlaid by the group of eight
4-kbyte sectors without affecting the 4-kbyte sectors. This provides erase control over the 32 kbytes of
address space without also forcing the erase of the 4-kbyte sectors. This is different behavior than
implemented in the FL-S family. In the FL-S family, the 64-kbyte Sector Erase command can be applied to a
64-kbyte block of 4-kbyte sectors to erase the entire block of parameter sectors in a single operation. In the
FS-S, the parameter sectors do not fill an entire 64-kbyte block so only the 4-kbyte Parameter Sector Erase
(20h) is used to erase parameter sectors.

The erase command for a 256-kbyte sector replaces the 64-kbyte erase command when the configuration
option for 256-kbyte uniform logical sectors is used.

Deep Power-Down
The Deep Power-Down (DPD) function is not supported in the FS-S and FL-S family devices.

WRR Single Register Write

In some legacy SPI devices, a Write Registers (WRR) command with only one data byte would update Status
Register 1 and clear some bits in Configuration Register 1, including the Quad Mode bit. This could result in
unintended exit from Quad Mode. The S25FS-S family only updates Status Register 1 when a single data
byte is provided. The Configuration Register 1 is not modified in this case.

14
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2227 Other Legacy Commands Not Supported
® Autoboot Related Commands
B Bank Address Related Commands
® Dual Output Read
B Quad Output Read
® Quad Page Program (QPP) - replaced by Page Program in QPI Mode
® DDR Fast Read
® DDR Dual I/O Read

22.2.8 New Features
The FS-S family introduces new features to Spansion SPI category memories:

B Single 1.8V power supply for core and 1/O voltage.

B Configurable initial read latency (number of dummy cycles) for faster initial access time or higher clock rate
read commands

® Quad Peripheral Interface (QPI, 4-4-4) read mode in which all transfers are 4 bits wide, including
instructions

® JEDEC JESD216 standard, Serial Flash Discoverable Parameters (SFDP) that provide device feature and
configuration information.

B Evaluate Erase Status command to determine if the last erase operation on a sector completed
successfully. This command can be used to detect incomplete erase due to power loss or other causes.
This command can be helpful to Flash File System software in file system recovery after a power loss.

B Advanced Sector Protection (ASP) Permanent Protection. A bit is added to the ASP register to provide the
option to make protection of the Persistent Protection Bits (PPB) permanent. Also, when one of the two
ASP protection modes is selected, all OTP configuration bits in all registers are protected from further
programming so that all OTP configuration settings are made permanent. The OTP address space is not
protected by the selection of an ASP protection mode. The Freeze bit (CR1V[0]) may be used to protect the
OTP Address Space.
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Glossary

BCD
(Binary Coded Decimal)

A value in which each 4-bit nibble represents a decimal numeral.

All information transferred between the host system and memory during one period while

Command CStt is low. This includes the instruction (sometimes called an operation code or opcode)
and any required address, mode bits, latency cycles, or data.

DDP Two die stacked within the same package to increase the memory capacity of a single

(Dual Die Package) package. Often also referred to as a Multi-Chip Package (MCP).

DDR

(Double Data Rate)

When input and output are latched on every edge of SCK.

The name for a type of Electrical Erase Programmable Read Only Memory (EEPROM)

Flash that erases large blocks of memory bits in parallel, making the erase operation much
faster than early EEPROM.

High A signal voltage level = V| or a logic level representing a binary one (1).
The 8-bit code indicating the function to be performed by a command (sometimes called

Instruction an operation code or opcode). The instruction is always the first 8 bits transferred from
host system to the memory in any command.

Low A signal voltage level < V|_or a logic level representing a binary zero (0).

LSB Generally the right most bit, with the lowest order of magnitude value, within a group of

(Least Significant Bit) bits of a register or data value.

MSB Generally the left most bit, with the highest order of magnitude value, within a group of bits

(Most Significant Bit) of a register or data value.

N/A A value is not relevant to situation described

(Not Applicable) ’

Non-Volatile No power is needed to maintain data stored in the memory.
Ordering Part Number. The alphanumeric string specifying the memory device type,

OPN . ) . f . .
density, package, factory non-volatile configuration, etc. used to select the desired device.

Page 512-byte or 256-byte aligned and length group of data. The size assigned for a page

9 depends on the Ordering Part Number.
PCB Printed Circuit Board.

Register Bit References

Are in the format: Register_name[bit_number] or Register_name[bit_range_MSB:
bit_range_LSB]

SDR
(Single Data Rate)

When input is latched on the rising edge and output on the falling edge of SCK.

Erase unit size; depending on device model and sector location this may be 4 kbytes,

Sector 64 kbytes or 256 kbytes.
An operation that changes data within volatile or non-volatile registers bits or non-volatile
flash memory. When changing non-volatile data, an erase and reprogramming of any
unchanged non-volatile data is done, as part of the operation, such that the non-volatile
Write data is modified by the write operation, in the same way that volatile data is modified — as

a single operation. The non-volatile data appears to the host system to be updated by the
single write command, without the need for separate commands for erase and reprogram
of adjacent, but unaffected data.

16
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2.4 Other Resources

241 Links to software
http://www.spansion.com/Support/Pages/Support.aspx

24.2 Links to application notes
http://www.spansion.com/Support/TechnicalDocuments/Pages/ApplicationNotes.aspx

243 Specification Bulletins

Specification bulletins provide information on temporary differences in feature description or parametric
variance since the publication of the last full data sheet. Contact your local sales office for details. Obtain the
latest list of company locations and contact information at:

http://www.spansion.com/About/Pages/Locations.aspx
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Hardware Interface
Serial Peripheral Interface with Multiple Input / Output (SPI-MIO)

Many memory devices connect to their host system with separate parallel control, address, and data signals
that require a large number of signal connections and larger package size. The large number of connections
increase power consumption due to so many signals switching and the larger package increases cost.

The S25FS-S family reduces the number of signals for connection to the host system by serially transferring
all control, address, and data information over 4 to 6 signals. This reduces the cost of the memory package,
reduces signal switching power, and either reduces the host connection count or frees host connectors for
use in providing other features.

The S25FS-S family uses the industry standard single bit Serial Peripheral Interface (SPI) and also supports
optional extension commands for 2-bit (Dual) and 4-bit (Quad) wide serial transfers. This multiple width
interface is called SPI Multi-1/O or SPI-MIO.

3. Signal Descriptions

3.1 Input/Output Summary
Table 3.1 Signal List

Signal Name Type Description
SCK Input Serial Clock.
CS# Input Chip Select.
S1/100 I/0 Serial Input for single bit data commands or 100 for Dual or Quad commands.
SO /101 110 Serial Output for single bit data commands. 101 for Dual or Quad commands.

Write Protect when not in Quad Mode (CR1V[1] = 0 and SR1NV[7] = 1).
102 when in Quad Mode (CR1V[1] = 1).

WP# /102 110 The signal has an internal pull-up resistor and may be left unconnected in the host
system if not used for Quad commands or write protection. If write protection is enabled
by SR1NV[7] = 1 and CR1V[1] = 0, the host system is required to drive WP# high or low
during a WRR or WRAR command.

103 in Quad-1/0O mode, when Configuration Register 1 QUAD bit, CR1V[1] =1, and CS# is
low.

103/ o) RESET# when enabled by CR2V[5]=1 and not in Quad-1/O mode, CR1V[1] = 0, or when
RESET# enabled in Quad Mode, CR1V[1] = 1 and CS# is high.

The signal has an internal pull-up resistor and may be left unconnected in the host
system if not used for Quad commands or RESET#.

Vop Supply Power Supply.

Vss Supply Ground.

Not Connected. No device internal signal is connected to the package connector nor is
there any future plan to use the connector for a signal. The connection may safely be
used for routing space for a signal on a Printed Circuit Board (PCB). However, any signal
connected to an NC must not have voltage levels higher than Vpp.

NC Unused

Reserved for Future Use. No device internal signal is currently connected to the
package connector but there is potential future use of the connector for a signal. It is
recommended to not use RFU connectors for PCB routing channels so that the PCB may
take advantage of future enhanced features in compatible footprint devices.

RFU Reserved

Do Not Use. A device internal signal may be connected to the package connector. The
connection may be used by Spansion for test or other purposes and is not intended for
connection to any host system signal. Any DNU signal related function will be inactive
when the signal is at V| . The signal has an internal pull-down resistor and may be left
unconnected in the host system or may be tied to Vgs. Do not use these connections for
PCB signal routing channels. Do not connect any host system signal to this connection.

DNU Reserved
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3.2 Multiple Input / Output (MIO)

Traditional SPI single bit wide commands (Single or SIO) send information from the host to the memory only
on the Serial Input (SI) signal. Data may be sent back to the host serially on the Serial Output (SO) signal.

Dual or Quad Input / Output (I/O) commands send instructions to the memory only on the SI/I00 signal.
Address or data is sent from the host to the memory as bit pairs on 100 and 101 or four bit (nibble) groups on
100, 101, 102, and 103. Data is returned to the host similarly as bit pairs on 100 and 101 or four bit (nibble)
groups on 100, 101, 102, and 103.

QPI Mode transfers all instructions, address, and data from the host to the memory as four bit (nibble) groups
on 100, 101, 102, and 103. Data is returned to the host similarly as four bit (nibble) groups on 100, 101, 102,
and 108.

3.3 Serial Clock (SCK)

This input signal provides the synchronization reference for the SPI interface. Instructions, addresses, or data
input are latched on the rising edge of the SCK signal. Data output changes after the falling edge of SCK, in
SDR commands, and after every edge in DDR commands.

34 Chip Select (CS#)

The Chip Select signal indicates when a command is transferring information to or from the device and the
other signals are relevant for the memory device.

When the CS# signal is at the logic high state, the device is not selected and all input signals are ignored and
all output signals are high impedance. The device will be in the Standby Power mode, unless an internal
embedded operation is in progress. An embedded operation is indicated by the Status Register 1
Write-In-Progress bit (SR1V[1]) set to 1, until the operation is completed. Some example embedded
operations are: Program, Erase, or Write Registers (WRR) operations.

Driving the CS# input to the logic low state 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 command.

3.5 Serial Input (SI) /100

This input signal is used to transfer data serially into the device. It receives instructions, addresses, and data
to be programmed. Values are latched on the rising edge of serial SCK clock signal.

Sl becomes 100 - an input and output during Dual and Quad commands for receiving instructions, addresses,
and data to be programmed (values latched on rising edge of serial SCK clock signal) as well as shifting out
data (on the falling edge of SCK, in SDR commands, and on every edge of SCK, in DDR commands).

3.6 Serial Output (SO) / 101

This output signal is used to transfer data serially out of the device. Data is shifted out on the falling edge of
the serial SCK clock signal.

SO becomes 101 - an input and output during Dual and Quad commands for receiving addresses, and data to
be programmed (values latched on rising edge of serial SCK clock signal) as well as shifting out data (on the
falling edge of SCK, in SDR commands, and on every edge of SCK, in DDR commands).

3.7 Write Protect (WP#) /102

When WP# is driven Low (V| ), during a WRR or WRAR command and while the Status Register Write

Disable (SRWD_NV) bit of Status Register 1 (SR1NV[7]) is set to a 1, it is not possible to write to Status
Register 1 or Configuration Register 1 related registers. In this situation, a WRR command is ignored, a
WRAR command selecting SR1NV, SR1V, CR1NV, or CR1V is ignored, and no error is set.

This prevents any alteration of the Block Protection settings. As a consequence, all the data bytes in the
memory area that are protected by the Block Protection feature are also hardware protected against data
modification if WP# is Low during a WRR or WRAR command with SRWD_NV set to 1.
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The WP# function is not available when the Quad Mode is enabled (CR1V[1]=1). The WP# function is
replaced by 102 for input and output during Quad Mode for receiving addresses, and data to be programmed
(values are latched on rising edge of the SCK signal) as well as shifting out data (on the falling edge of SCK,
in SDR commands, and on every edge of SCK, in DDR commands).

WP# has an internal pull-up resistance; when unconnected, WP# is at V| and may be left unconnected in the
host system if not used for Quad Mode or protection.

3.8 103 / RESET#

103 is used for input and output during Quad Mode (CR1V[1]=1) for receiving addresses, and data to be
programmed (values are latched on rising edge of the SCK signal) as well as shifting out data (on the falling
edge of SCK, in SDR commands, and on every edge of SCK, in DDR commands).

The 103 / RESET# signal may also be used to initiate the hardware reset function when the reset feature is
enabled by writing Configuration Register 2 non-volatile bit 5 (CR2V[5]=1). The input is only treated as
RESET# when the device is not in Quad-I/O mode, CR1V[1] = 0, or when CS# is high. When Quad I/0 mode
is in use, CR1V[1]=1, and the device is selected with CS# low, the 103 / RESET# is used only as 103 for
information transfer. When CS# is high, the 103 / RESET# is not in use for information transfer and is used as
the RESET# input. By conditioning the reset operation on CS# high during Quad Mode, the reset function
remains available during Quad Mode.

When the system enters a reset condition, the CS# signal must be driven high as part of the reset process
and the 103 / RESET# signal is driven low. When CS# goes high the |03 / RESET# input transitions from
being 103 to being the RESET# input. The reset condition is then detected when CS# remains high and the
103 / RESET# signal remains low for tgp. If a reset is not intended, the system is required to actively drive
103 / Reset# to high along with CS# being driven high at the end of a transfer of data to the memory.
Following transfers of data to the host system, the memory will drive 103 high during tcg. This will ensure that
103 / Reset is not left floating or being pulled slowly to high by the internal or an external passive pull-up.
Thus, an unintended reset is not triggered by the |03 / RESET# not being recognized as high before the end
of tRP'

The 103 / RESET# signal is unused when the reset feature is disabled (CR2V[5]=0).

The 103 / RESET# signal has an internal pull-up resistor and may be left unconnected in the host system if
not used for Quad Mode or the reset function. The internal pull-up will hold 103 / RESET high after the host
system has actively driven the signal high and then stops driving the signal.

Note that IO3 / RESET# cannot be shared by more than one SPI-MIO memory if any of them are operating in
Quad I/0 mode as 103 being driven to or from one selected memory may look like a reset signal to a second
non-selected memory sharing the same 103 / RESET# signal.

3.9 Voltage Supply (Vpp)

Vpp is the voltage source for all device internal logic. It is the single voltage used for all device internal
functions including read, program, and erase.

3.10 Supply and Signal Ground (Vgg)

Vgg is the common voltage drain and ground reference for the device core, input signal receivers, and output
drivers.

3.11  Not Connected (NC)

No device internal signal is connected to the package connector nor is there any future plan to use the
connector for a signal. The connection may safely be used for routing space for a signal on a Printed Circuit
Board (PCB).
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3.12 Reserved for Future Use (RFU)

No device internal signal is currently connected to the package connector but there is potential future use of
the connector. It is recommended to not use RFU connectors for PCB routing channels so that the PCB may
take advantage of future enhanced features in compatible footprint devices.

3.13 Do Not Use (DNU)

A device internal signal may be connected to the package connector. The connection may be used by
Spansion for test or other purposes and is not intended for connection to any host system signal. Any DNU
signal related function will be inactive when the signal is at V| . The signal has an internal pull-down resistor
and may be left unconnected in the host system or may be tied to Vgg. Do not use these connections for PCB
signal routing channels. Do not connect any host system signal to these connections.

3.14 Block Diagrams

Figure 3.1 Bus Master and Memory Devices on the SPI Bus - Single Bit Data Path
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Figure 3.2 Bus Master and Memory Devices on the SPI Bus - Dual Bit Data Path

RESET#
WP#

101

100

SCK

CS2#
CS1#

SPI
Bus Master

yvyvy

RESET#

WP#

101

100

SCK R

CS2#

Csi# ¢
YyYyvvy Yvvy

FS-S FS-S
Flash Flash

Figure 3.3 Bus Master and Memory Devices on the SPI Bus - Quad Bit Data Path
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4. Signal Protocols

4.1 SPI Clock Modes

41.1 Single Data Rate (SDR)

The S25FS-S family can be driven by an embedded microcontroller (bus master) in either of the two following
clocking modes.

B Mode 0 with Clock Polarity (CPOL) = 0 and, Clock Phase (CPHA) =0
® Mode 3 with CPOL =1 and, CPHA =1

For these two modes, input data into the device is always latched in on the rising edge of the SCK signal and
the output data is always available from the falling edge of the SCK clock signal.

The difference between the two modes is the clock polarity when the bus master is in standby mode and not
transferring any data.

® SCK will stay at logic low state with CPOL =0, CPHA =0
m SCK will stay at logic high state with CPOL = 1, CPHA =1

Figure 4.1 SPI SDR Modes Supported

CPOL=0_CPHA=0_SCLK [ \ [ [ \ [ \ [ | A
CPOL=1_CPHA=1_SCLK \ [ \ [ L8y ] \ [ \ [ | A
cst™ |\ 8
Sl I MSB I ) ) }
SO \ T wmsB

Timing diagrams throughout the remainder of the document are generally shown as both Mode 0 and 3 by
showing SCK as both high and low at the fall of CS#. In some cases a timing diagram may show only Mode 0
with SCK low at the fall of CS#. In such a case, Mode 0 timing simply means the clock is high at the fall of
CS# so no SCK rising edge set up or hold time to the falling edge of CS# is needed for Mode 0.

SCK cycles are measured (counted) from one falling edge of SCK to the next falling edge of SCK. In Mode 0
the beginning of the first SCK cycle in a command is measured from the falling edge of CS# to the first falling
edge of SCK because SCK is already low at the beginning of a command.

4.1.2 Double Data Rate (DDR)

Mode 0 and Mode 3 are also supported for DDR commands. In DDR commands, the instruction bits are
always latched on the rising edge of clock, the same as in SDR commands. However, the address and input
data that follow the instruction are latched on both the rising and falling edges of SCK. The first address bit is
latched on the first rising edge of SCK following the falling edge at the end of the last instruction bit. The first
bit of output data is driven on the falling edge at the end of the last access latency (dummy) cycle.

SCK cycles are measured (counted) in the same way as in SDR commands, from one falling edge of SCK to
the next falling edge of SCK. In Mode 0 the beginning of the first SCK cycle in a command is measured from
the falling edge of CS# to the first falling edge of SCK because SCK is already low at the beginning of a
command.

Figure 4.2 SPI DDR Modes Supported

CPOL=0_CPHA=0_SCLK FANT W WY L
cpot=1_cpra=tscek” \ [\ WL /WL W W
cs# ) ) \ )
TransferiPhase:X Instruction\\ X Address \\ X Mode \\ X Dummy /\\DLPX
s/ I nst. 7 Y30 Yinst. 0 Jastfaso(} fao)mzXme )1 Yo} )
S0 ) ) ) e Y eerd(D0 )bt
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4.2 Command Protocol

All communication between the host system and S25FS-S family memory devices is in the form of units
called commands.

All commands begin with an 8-bit instruction that selects the type of information transfer or device operation
to be performed. Commands may also have an address, instruction modifier, latency period, data transfer to
the memory, or data transfer from the memory. All instruction, address, and data information is transferred
sequentially between the host system and memory device.

Command protocols are also classified by a numerical nomenclature using three numbers to reference the
transfer width of three command phases:

B instruction;
B address and instruction modifier (Continuous Read mode bits);
W data.

Single bit wide commands start with an instruction and may provide an address or data, all sent only on the SI
signal. Data may be sent back to the host serially on the SO signal. This is referenced as a 1-1-1 command
protocol for single bit width instruction, single bit width address and modifier, single bit data.

Dual or Quad Input / Output (I/O) commands provide an address sent from the host as bit pairs on 100 and
101 or, four bit (nibble) groups on 100, 101, 102, and 103. Data is returned to the host similarly as bit pairs on
100 and 101 or, four bit (nibble) groups on 100, 101, 102, and I03. This is referenced as 1-2-2 for Dual I/O
and 1-4-4 for Quad I/0O command protocols.

The S25FS-S family also supports a QPI Mode in which all information is transferred in 4-bit width, including
the instruction, address, modifier, and data. This is referenced as a 4-4-4 command protocol.

Commands are structured as follows:

B Each command begins with CS# going low and ends with CS# returning high. The memory device is
selected by the host driving the Chip Select (CS#) signal low throughout a command.

m The Serial Clock (SCK) marks the transfer of each bit or group of bits between the host and memory.

B Each command begins with an 8-bit (byte) instruction. The instruction selects the type of information
transfer or device operation to be performed. The instruction transfers occur on SCK rising edges.
However, some read commands are modified by a prior read command, such that the instruction is implied
from the earlier command. This is called Continuous Read mode. When the device is in Continuous Read
mode, the instruction bits are not transmitted at the beginning of the command because the instruction is
the same as the read command that initiated the Continuous Read mode. In Continuous Read mode the
command will begin with the read address. Thus, Continuous Read mode removes eight instruction bits
from each read command in a series of same type read commands.

B The instruction may be stand alone or may be followed by address bits to select a location within one of
several address spaces in the device. The instruction determines the address space used. The address
may be either a 24-bit or a 32-bit, byte boundary, address. The address transfers occur on SCK rising
edge, in SDR commands, or on every SCK edge, in DDR commands.

m In legacy SPI mode, the width of all transfers following the instruction are determined by the instruction
sent. Following transfers may continue to be single bit serial on only the S| or Serial Output (SO) signals,
they may be done in two bit groups per (dual) transfer on the 100 and 101 signals, or they may be done in
4-bit groups per (quad) transfer on the 100-103 signals. Within the dual or quad groups the least significant
bit is on 100. More significant bits are placed in significance order on each higher numbered IO signal.
Single bits or parallel bit groups are transferred in most to least significant bit order.

® In QPI Mode, the width of all transfers is a 4-bit wide (Quad) transfer on the 100-103 signals.

B Dual and Quad I/O read instructions send an instruction modifier called Continuous Read mode bits,
following the address, to indicate whether the next command will be of the same type with an implied,
rather than an explicit, instruction. These mode bits initiate or end the Continuous Read mode. In
Continuous Read mode, the next command thus does not provide an instruction byte, only a new address
and mode bits. This reduces the time needed to send each command when the same command type is
repeated in a sequence of commands. The mode bit transfers occur on SCK rising edge, in SDR
commands, or on every SCK edge, in DDR commands.
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B The address or mode bits may be followed by write data to be stored in the memory device or by a read
latency period before read data is returned to the host.

m Write data bit transfers occur on SCK rising edge, in SDR commands, or on every SCK edge, in DDR
commands.

B SCK continues to toggle during any read access latency period. The latency may be zero to several SCK
cycles (also referred to as dummy cycles). At the end of the read latency cycles, the first read data bits are
driven from the outputs on SCK falling edge at the end of the last read latency cycle. The first read data
bits are considered transferred to the host on the following SCK rising edge. Each following transfer occurs
on the next SCK rising edge, in SDR commands, or on every SCK edge, in DDR commands.

m [f the command returns read data to the host, the device continues sending data transfers until the host
takes the CS# signal high. The CS# signal can be driven high after any transfer in the read data sequence.
This will terminate the command.

B At the end of a command that does not return data, the host drives the CS# input high. The CS# signal
must go high after the eighth bit, of a stand alone instruction or, of the last write data byte that is
transferred. That is, the CS# signal must be driven high when the number of bits after the CS# signal was
driven low is an exact multiple of eight bits. If the CS# signal does not go high exactly at the eight bit
boundary of the instruction or write data, the command is rejected and not executed.

m All instruction, address, and mode bits are shifted into the device with the Most Significant Bits (MSB) first.
The data bits are shifted in and out of the device MSB first. All data is transferred in byte units with the
lowest address byte sent first. The following bytes of data are sent in lowest to highest byte address order
i.e. the byte address increments.

W All attempts to read the flash memory array during a program, erase, or a write cycle (embedded
operations) are ignored. The embedded operation will continue to execute without any affect. A very
limited set of commands are accepted during an embedded operation. These are discussed in the
individual command descriptions.

B Depending on the command, the time for execution varies. A command to read status information from an
executing command is available to determine when the command completes execution and whether the
command was successful.

4.2.1 Command Sequence Examples

Figure 4.3 Stand Alone Instruction Command

cs# ] -
sk L T LT LT LT LT LT LTI 1LI—
Sl | 7 1T & [ 5 1T 4« T 3 1T 2 1T 4 [ o ]
SO
Phase | Instruction

Figure 4.4 Single Bit Wide Input Command

cs# | [
sl | 7 | 6 [ 5 |4 ]s]2[+]of7]e]s[a]sfa]s]ol]
so

Phase Instruction Input Data
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Figure 4.5 Single Bit Wide Output Command

cs# |
SCLK
st T 7 e [ [ s [2 [ [ o [

so {7165 a2t ]o]7]e6[s5[als]l2]1]0]

Phase Instruction Data1 Data2

Figure 4.6 Single Bit Wide I/0O Command without Latency

cst | i\ [
sew UMWy
st Bl 716 [5]a]3]21]olst\ [1 [o

SO ) {7l6ls5]alaf[2[1]of7]6]5]als]2[1]0]

Phase | Instruction \\ Address | Data1 Data2

Figure 4.7 Single Bit Wide /0O Command with Latency

cs# | )\ ) [
sew MUy L=
siBl7 e [slalal2l1 olsrl |1|0|._

so \' [716 5 [a]3]2]1]0]

Phase | Instruction \\ Address | \\ Dummy Cycles Data1

Figure 4.8 Dual /O Command

cst | )\

sek [ U L
00— 7|e6[s5[af3]2]1]ofs0[W2fofef[a[2]oF—6]a]2]0]6]a]2]0]
101 i W17z st —7z1s[al1]7]5]31]

Phase Instruction \\Address§ Mode i Dum_| Data1 Data2

Figure 4.9 Quad I/O Command

cs# | \ i\

sew [y yyris Uy
00— 76 slalal2 1 olzs[\\Talols Mol —alolalolalolalo]
101 (2o TWTs (1 s BH———As [« {5115 1s]1]
102 oM Tel2 e —Tf6l2]6l2]6]2]6]2]
103 ':B\—|7|3I7|3|7|3|7I3|

Phase Instruction \\ Address | Mode \\ Dummy | D1 i D2 | D3 | D4
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Figure 4.10 Quad I/0O Read Command in QPI Mode

cs# | \ i\
sek [T LML IW LI L L IS L L e r e r e
00—z [0 l28[VW1l4lolas MoM———T 3

[o]alofafolafo]
01— 5 [ 1 [20 [\W 15 [ 1[5 HY——5 11151151 ]5]1]
02— 6 [ 2 [0\ 1626 MBHY——d6121612]6]216]2]
03— 7 [ 5 [31 [W 7[5 [7 @HNN———7 5757 5][75s]
Phase | Instruct. | W Address | Mode | \\  Dummy . D1 | D2 | D3 | D4

Figure 4.11 DDR Quad I/0O Read

cst | )\

o— 76 [s5]a]a]2]1]o |28|24|20|16|12|8|4|0|4|0|—“—|7|6|5|4|3|2|1|0|4|0|4|0|
101 I29|25|21|17|13|9|5|1|5|1|—“—|7|6|5|4|3|2|1|0|5|1|5|1|
102 I30|26|22|18|14|10|6|2|6|2|—“—|7|6|5|4|3|2|1|O|6|2|6|2|
108 I31|27|23|19|15|11|7|3|7|3|—“—|7|6|5|4|3|2|1|0|7|3|7|3|

Phase | Instruction Address iMode! \\ Dummy | DLP D1 D2 |

Figure 4.12 DDR Quad I/O Read in QPI Mode

cs# | i\
10— 4 | o [28]24]20]16]12]8 4]0 o7 6]5]al3]2]1]0]4]ol4]0]
ot —{ 5 | 1 Je9]zs]21[17[13]9 s 1 s |1 FN\——J7 651432 1 o]s]1]5]1]
|
|

o2 — 6 2 |30|26|22|18|14|10|6|2|6|2|—“—|7|6|5|4|3|2|1|0|6|2|6|2|
s —{ 7 3 |31|27|23|19|15|11|7|3|7|3|—\\—|7|6|5|4|3|2|1|o|7|3|7|3|
Phase | Instruct. | Address | Mode | \\  Dummy ; DLP D1 | D2

Additional sequence diagrams, specific to each command, are provided in Commands on page 85
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4.3 Interface States

This section describes the input and output signal levels as related to the SPI interface behavior.

Table 4.1 Interface States Summary

Memory to Host Transfer

103/

Interface State Vbp SCK CSs# RESET# WP#/102 | SO/I101 Si/100
Power-Off <Vpp (low) X X X z X
Low-Power Hardware Data Protection <Vpp (cut-off) X X X z X
Power-On (Cold) Reset 2Vpp (min) X HH X X 4 X
Hardware (Warm) Reset Non-Quad Mode 2Vpp (min) X X HL X 4 X
Hardware (Warm) Reset Quad Mode 2Vpp (min) X HH HL X 4 X
Interface Standby 2Vpp (min) X HH X X z X
Instruction Cycle (Legacy SPI) 2Vpp (min) HT HL HH HV z HV
Single Input Cycle S
Host to Memory Transfer 2Vpp (min) HT HL HH X z Hv
Single Latency (Dummy) Cycle 2Vpp (min) HT HL HH X z X
Single Output Cycle S
Memory to Host Transfer 2Vpp (min) HT HL HH X Mv X
Dual Input Cycle > .
Host to Memory Transfer =Vpp (min) HT HL HH X Hv Hv
Dual Latency (Dummy) Cycle 2Vpp (min) HT HL HH X X X
Dual Output Cycle - .
Memory to Host Transfer =Vpp (min) HT HL HH X MV MV
Quad Input Cycle > )
Host to Memory Transfer 2Vpp (min) HT HL HV HY Hv Hv
Quad Latency (Dummy) Cycle 2Vpp (min) HT HL X X X X
Quad Output Cycle S ’
Memory to Host Transfer =Vop (min) HT HL MV MV Mv MV
DDR Quad Input Cycle > .
Host to Memory Transfer 2Vpp (min) HT HL HV HV Hv v
DDR Latency (Dummy) Cycle 2Vpp (min) HT HL MV or Z MV or Z MV or Z MV or Z
DDR Quad Output Cycle 2Vpp (min) HT HL MV MV MV MV

Legend

V4 = No driver - floating signal

HL = Host driving V.

HH = Host driving Viy

HV = Either HL or HH

X =HLorHHorZ

HT = Toggling between HL and HH
ML = Memory driving V),

MH = Memory driving V|4

MV = Either ML or MH

4.3.1 Power-Off

When the core supply voltage is at or below the Vpp ( ow) Voltage, the device is considered to be powered off.
The device does not react to external signals, and is prevented from performing any program or erase

operation.

4.3.2 Low-Power Hardware Data Protection
When Vpp is less than Vpp (cut.ofyy the memory device will ignore commands to ensure that program and

erase operations can not start when the core supply voltage is out of the operating range.
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Power-On (Cold) Reset

When the core voltage supply remains at or below the Vpp (L ow) Voltage for 2 tpp time, then rises to 2 Vpp
Minimum) the device will begin its Power-On Reset (POR) process. POR continues until the end of tpy. During
tpy the device does not react to external input signals nor drive any outputs. Following the end of tp the
device transitions to the Interface Standby state and can accept commands. For additional information on
POR see Power-On (Cold) Reset on page 38

Hardware (Warm) Reset

A configuration option is provided to allow 103 to be used as a hardware reset input when the device is not in
Quad Mode or when it is in Quad Mode and CS# is high. When |03 / RESET# is driven low for tgp time the
device starts the hardware reset process. The process continues for tgpy time. Following the end of both tgpy
and the reset hold time following the rise of RESET# (tgy) the device transitions to the Interface Standby state
and can accept commands. For additional information on hardware reset see Reset on page 38

Interface Standby

When CS# is high the SPI interface is in standby state. Inputs other than RESET# are ignored. The interface
waits for the beginning of a new command. The next interface state is Instruction Cycle when CS# goes low
to begin a new command.

While in interface standby state the memory device draws standby current (lgg) if no embedded algorithm is
in progress. If an embedded algorithm is in progress, the related current is drawn until the end of the
algorithm when the entire device returns to standby current draw.

Instruction Cycle (Legacy SPI Mode)

When the host drives the MSB of an instruction and CS# goes low, on the next rising edge of SCK the device
captures the MSB of the instruction that begins the new command. On each following rising edge of SCK the
device captures the next lower significance bit of the 8-bit instruction. The host keeps CS# low, and drives the
Write Protect (WP#) and IO3/RESET signals as needed for the instruction. However, WP# is only relevant
during instruction cycles of a WRR or WRAR command and is otherwise ignored. IO3/RESET# is driven high
when the device is not in Quad Mode (CR1V[1]=0) or QPI Mode (CR2V[6]=0) and hardware reset is not
required.

Each instruction selects the address space that is operated on and the transfer format used during the
remainder of the command. The transfer format may be Single, Dual I/0, Quad I/O, or DDR Quad I/O. The
expected next interface state depends on the instruction received.

Some commands are stand alone, needing no address or data transfer to or from the memory. The host
returns CS# high after the rising edge of SCK for the eighth bit of the instruction in such commands. The next
interface state in this case is Interface Standby.

Instruction Cycle (QPI Mode)

In QPI Mode, when CR2V[6]=1, instructions are transferred 4 bits per cycle. In this mode, instruction cycles
are the same as a Quad Input Cycle. See Quad Input Cycle - Host to Memory Transfer on page 30.

Single Input Cycle - Host to Memory Transfer

Several commands transfer information after the instruction on the single Serial Input (SI) signal from host to
the memory device. The host keeps RESET# high, CS# low, and drives Sl as needed for the command. The
memory does not drive the Serial Output (SO) signal.

The expected next interface state depends on the instruction. Some instructions continue sending address or
data to the memory using additional Single Input Cycles. Others may transition to Single Latency, or directly
to Single, Dual, or Quad Output Cycle states.
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4.3.9 Single Latency (Dummy) Cycle

Read commands may have zero to several latency cycles during which read data is read from the main flash
memory array before transfer to the host. The number of latency cycles are determined by the Latency Code
in the Configuration Register (CR2V[3:0]). During the latency cycles, the host keeps RESET# high, CS# low.
The Write Protect (WP#) signal is ignored. The host may drive the Sl signal during these cycles or the host
may leave Sl floating. The memory does not use any data driven on Sl / 1/00 or other 1/O signals during the
latency cycles. The memory does not drive the Serial Output (SO) or I/O signals during the latency cycles.

The next interface state depends on the command structure i.e. the number of latency cycles, and whether
the read is single, dual, or quad width.

4.3.10 Single Output Cycle - Memory to Host Transfer

Several commands transfer information back to the host on the single Serial Output (SO) signal. The host
keeps RESET# high, CS# low. The Write Protect (WP#) signal is ignored. The memory ignores the Serial
Input (SI) signal. The memory drives SO with data.

The next interface state continues to be Single Output Cycle until the host returns CS# to high ending the
command.

4.3.11 Dual Input Cycle - Host to Memory Transfer

The Read Dual I/0O command transfers two address or mode bits to the memory in each cycle. The host
keeps RESET# high, CS# low. The Write Protect (WP#) signal is ignored. The host drives address on Sl /100
and SO/ 101.

The next interface state following the delivery of address and mode bits is a Dual Latency Cycle if there are
latency cycles needed or Dual Output Cycle if no latency is required.

4.3.12 Dual Latency (Dummy) Cycle

Read commands may have zero to several latency cycles during which read data is read from the main flash
memory array before transfer to the host. The number of latency cycles are determined by the Latency Code
in the Configuration Register (CR2V[3:0]). During the latency cycles, the host keeps RESET# high, CS# low.
The Write Protect (WP#) signal is ignored. The host may drive the SI /100 and SO / 101 signals during these
cycles or the host may leave Sl /100 and SO /101 floating. The memory does not use any data driven on
SI/100 and SO / 101 during the latency cycles. The host must stop driving SI /100 and SO /101 on the
falling edge at the end of the last latency cycle. It is recommended that the host stop driving them during all
latency cycles so that there is sufficient time for the host drivers to turn off before the memory begins to drive
at the end of the latency cycles. This prevents driver conflict between host and memory when the signal
direction changes. The memory does not drive the Sl /100 and SO / 101 signals during the latency cycles.

The next interface state following the last latency cycle is a Dual Output Cycle.

4.3.13  Dual Output Cycle - Memory to Host Transfer

The Read Dual Output and Read Dual 1/O return data to the host two bits in each cycle. The host keeps
RESET# high, CS# low. The Write Protect (WP#) signal is ignored. The memory drives data on the SI /100
and SO / 101 signals during the Dual Output Cycles.

The next interface state continues to be Dual Output Cycle until the host returns CS# to high ending the
command.

4.3.14 Quad Input Cycle - Host to Memory Transfer

The Quad I/O Read command transfers four address or mode bits to the memory in each cycle. In QPI Mode
the Quad I/0O Read and Page Program commands transfer four data bits to the memory in each cycle,
including the instruction cycles. The host keeps CS# low, and drives the 10 signals.

For Quad I/0 Read the next interface state following the delivery of address and mode bits is a Quad Latency
Cycle if there are latency cycles needed or Quad Output Cycle if no latency is required. For QPI Mode Page
Program, the host returns CS# high following the delivery of data to be programmed and the interface returns
to standby state.
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4.3.15 Quad Latency (Dummy) Cycle

Read commands may have zero to several latency cycles during which read data is read from the main flash
memory array before transfer to the host. The number of latency cycles are determined by the Latency Code
in the Configuration Register (CR2V[3:0]). During the latency cycles, the host keeps CS# low. The host may
drive the 10 signals during these cycles or the host may leave the 10 floating. The memory does not use any
data driven on IO during the latency cycles. The host must stop driving the 10 signals on the falling edge at
the end of the last latency cycle. It is recommended that the host stop driving them during all latency cycles so
that there is sufficient time for the host drivers to turn off before the memory begins to drive at the end of the
latency cycles. This prevents driver conflict between host and memory when the signal direction changes.
The memory does not drive the 10 signals during the latency cycles.

The next interface state following the last latency cycle is a Quad Output Cycle.

4.3.16 Quad Output Cycle - Memory to Host Transfer

The Quad 1/0O Read returns data to the host four bits in each cycle. The host keeps CS# low. The memory
drives data on 100-103 signals during the Quad Output Cycles.

The next interface state continues to be Quad Output Cycle until the host returns CS# to high ending the
command.

4.3.17 DDR Quad Input Cycle - Host to Memory Transfer

The DDR Quad I/0 Read command sends address, and mode bits to the memory on all the 10 signals. Four
bits are transferred on the rising edge of SCK and four bits on the falling edge in each cycle. The host keeps
CS# low.

The next interface state following the delivery of address and mode bits is a DDR Latency Cycle.

4.3.18 DDR Latency Cycle

DDR Read commands may have one to several latency cycles during which read data is read from the main
flash memory array before transfer to the host. The number of latency cycles are determined by the Latency
Code in the Configuration Register (CR2V[3:0]). During the latency cycles, the host keeps CS# low. The host
may not drive the 10 signals during these cycles. So that there is sufficient time for the host drivers to turn off
before the memory begins to drive. This prevents driver conflict between host and memory when the signal
direction changes. The memory has an option to drive all the IO signals with a Data Learning Pattern (DLP)
during the last 4 latency cycles. The DLP option should not be enabled when there are fewer than five latency
cycles so that there is at least one cycle of high impedance for turn around of the 1O signals before the
memory begins driving the DLP. When there are more than 4 cycles of latency the memory does not drive the
10 signals until the last four cycles of latency.

The next interface state following the last latency cycle is a DDR Single, or Quad Output Cycle, depending on
the instruction.

4.3.19 DDR Quad Output Cycle - Memory to Host Transfer

The DDR Quad I/0 Read command returns bits to the host on all the 10 signals. Four bits are transferred on
the rising edge of SCK and four bits on the falling edge in each cycle. The host keeps CS# low.

The next interface state continues to be DDR Quad Output Cycle until the host returns CS# to high ending the
command.

4.4 Configuration Register Effects on the Interface

The Configuration Register 2 volatile bits 3 to 0 (CR2V[3:0]) select the variable latency for all array read
commands except Read and Read SDFP (RSFDP). Read always has zero latency cycles. RSFDP always
has 8 latency cycles. The variable latency is also used in the OTPR, and RDAR commands.

The Configuration Register bit 1 (CR1V[1]) selects whether Quad Mode is enabled to switch WP# to 102
function, RESET# to 103 function, and thus allow Quad I/0O Read and QPI Mode commands. Quad Mode
must also be selected to allow DDR Quad I/O Read commands.
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4.5 Data Protection

Some basic protection against unintended changes to stored data are provided and controlled purely by the
hardware design. These are described below. Other software managed protection methods are discussed in
the software section of this document.

451 Power-Up

When the core supply voltage is at or below the Vpp ( ow) Voltage, the device is considered to be powered off.
The device does not react to external signals, and is prevented from performing any program or erase
operation. Program and erase operations continue to be prevented during the Power-On Reset (POR)
because no command is accepted until the exit from POR to the Interface Standby state.

452 Low Power

When Vpp is less than Vpp (cut-offy the memory device will ignore commands to ensure that program and
erase operations can not start when the core supply voltage is out of the operating range.

4.5.3 Clock Pulse Count

The device verifies that all non-volatile memory and register data modifying commands consist of a clock
pulse count that is a multiple of eight bit transfers (byte boundary) before executing them. A command not
ending on an 8-bit (byte) boundary is ignored and no error status is set for the command.
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5. Electrical Specifications

5.1 Absolute Maximum Ratings

Table 5.1 Absolute Maximum Ratings

Storage Temperature Plastic Packages —65°C to +150°C

Ambient Temperature with Power Applied —65°C to +125°C

Voo -0.5Vto +2.5V

Input voltage with respect to Ground (Vgg) (Note 1) -0.5 Vto Vpp + 0.5V

Output Short Circuit Current (Note 2) 100 mA
Notes:

1. See Section 5.3.3, Input Signal Overshoot on page 33 for allowed maximums during signal transition.
2. No more than one output may be shorted to ground at a time. Duration of the short circuit should not be greater than one second.

3. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only;
functional operation of the device at these or any other conditions above those indicated in the operational sections of this data sheet is
not implied. Exposure of the device to absolute maximum rating conditions for extended periods may affect device reliability.

5.2 Latch-Up Characteristics
Table 5.2 Latch-Up Specification

Description Min Max Unit
Input voltage with respect to Vgg on all input only connections -1.0 Vpp + 1.0 \'
Input voltage with respect to Vgg on all I/O connections -1.0 Vpp + 1.0 \
Vpp Current -100 +100 mA

Note:
1. Excludes power supply Vpp. Test conditions: Vpp = 1.8 V, one connection at a time tested, connections not being tested are at Vgg.

5.3 Operating Ranges

Operating ranges define those limits between which the functionality of the device is guaranteed.

5.3.1 Power Supply Voltages

VDD« veeenneeaneeaee e et e anee ettt 1.7V to 2.0V
5.3.2 Temperature Ranges

Industrial (I) Devices

Ambient Temperature (Tp).....cccooeereerriienriieieeieee —40°C to +85°C

Automotive (A) Infotainment Devices

Ambient Temperature (Ta).....cccouvvereerieerireeieenennen —40°C to +105°C

Automotive operating and performance parameters will be determined by device characterization and may
vary from standard industrial temperature range devices as currently shown in this specification.

5.3.3 Input Signal Overshoot

During DC conditions, input or I/O signals should remain equal to or between Vgg and Vpp. During voltage
transitions, inputs or I/Os may overshoot Vgg to -1.0V or overshoot to Vpp +1.0V, for periods up to 20 ns.
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Figure 5.1 Maximum Negative Overshoot Waveform

Vst Voo TR a—

-1V - — — — — —
-
<20ns
Figure 5.2 Maximum Positive Overshoot Waveform
<20 ns
-t |
VDD+1.0V - — — — [ —

VSS to VDD

5.4 Power-Up and Power-Down

The device must not be selected at power-up or power-down (that is, CS# must follow the voltage applied on
Vpp) until Vpp reaches the correct value as follows:

B Vpp (min) at power-up, and then for a further delay of tp
B Vgg at power-down

A simple pull-up resistor on Chip Select (CS#) can usually be used to insure safe and proper power-up and
power-down.

The device ignores all instructions until a time delay of tpy has elapsed after the moment that Vpp rises above
the minimum Vpp threshold (see Figure 5.3). However, correct operation of the device is not guaranteed if
Vpp returns below Vpp (min) during tpy. No command should be sent to the device until the end of tp.

The device draws Ipgg during tpy. After power-up (tpy), the device is in Standby mode, draws CMOS standby
current (Igg), and the WEL bit is reset.

During power-down or voltage drops below Vpp(cut-off), the voltage must drop below Vpp(low) for a period of
tpp for the part to initialize correctly on power-up. See Figure 5.4. If during a voltage drop the Vpp stays
above Vpp(cut-off) the part will stay initialized and will work correctly when Vpp is again above Vpp(min). In
the event Power-On Reset (POR) did not complete correctly after power-up, the assertion of the RESET#
signal or receiving a software reset command (RESET) will restart the POR process.

Normal precautions must be taken for supply rail decoupling to stabilize the Vpp supply at the device. Each
device in a system should have the Vpp rail decoupled by a suitable capacitor close to the package supply
connection (this capacitor is generally of the order of 0.1 pf).

Table 5.3 FS-S Power-Up / Power-Down Voltage and Timing

Symbol Parameter Min Max Unit
Vpp (min) Vpp (minimum operation voltage) 1.7 \Y
Vpp (cut-off) Vpp (Cut Off where re-initialization is needed) 1.5 Vv
Vpp (low) Vpp (low voltage for initialization to occur) 0.7 \
tpu Vpp(min) to Read operation 300 ps
tpp Vpp(low) time 10.0 us
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Figure 5.3 Power-Up

Vpbp (Max)
[
Vpp (Min) |
e -
tPU Full Device Access
-
Time
Figure 5.4 Power-Down and Voltage Drop
Vpp (Max)
- -
No Device Access Allowed |
Vpp (Min) |
 —
Device
tPU Access Allowed

Vpp (Cut-off)

Vpp (Low) | ‘/
tPD

Time
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5.5 DC Characteristics

Applicable within operating ranges.

Table 5.4 FS-S DC Characteristics

Symbol Parameter Test Conditions Min Typ (1) Max Unit
Vi Input Low Voltage -0.5 0.3xVpp \
ViH Input High Voltage 0.7xVpp Vpp+0.4 Vv
VoL Output Low Voltage lo,=0.1mA 0.2 \
Vou Output High Voltage loy=-0.1mA Vpp-0.2 \

I Input Leakage Current Vpp = Vpp Max, V=V or Vgg, CS# =V +2 uA
ILO OUtpUt Leakage Current VDD = VDD Max, V|N = V|H or Vss, CS# = V|H +2 A
Serial SDR@50 MHz 10 18
| Active Power Supply Current Serial SDR@ 133 MHz 20 30 mA
CC1 (READ) (2) Quad SDR@ 133 MHz 60 65
Quad DDR@80 MHz 70 90
Active Power Supply Current _
|002 (Page Program) CS# = VDD 60 100 mA
Active Power Supply Current _
|ch (WRR or WRAR) CS# = VDD 60 100 mA
lcca Active Power Supply Current (SE) | CS# = Vpp 60 100 mA
lces Active Power Supply Current (BE) | CS# = Vpp 60 100 mA
ISB |03/RESET#, CS# = VDD; Sl, SCK = VDD or
(Industrial) Standby Current Vgs, Industrial Temp 70 100 KA
lSB |IO3/RESET#, CS# = VDD; Sl, SCK = VDD or
(Automotive) Standby Current Vgs, Automotive Temp 70 300 WA
) IO3/RESET#, CS# = Vpp; S|,
IpoR Power-On Reset Current SCK = Vpp of Vs 80 mA
Notes:

1. Typical values are at Ty; = 25°C and Vpp = 1.8V.

2. Outputs unconnected during read data return. Output switching current is not included.

5.5.1

Active Power and Standby Power Modes

The device is enabled and in the Active Power mode when Chip Select (CS#) is Low. When CS# is high, the
device is disabled, but may still be in an Active Power mode until all program, erase, and write operations
have completed. The device then goes into the Standby Power mode, and power consumption drops to Igg.
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6. Timing Specifications

6.1 Key to Switching Waveforms

Figure 6.1 Waveform Element Meanings

High Impedance Any change permitted ;’i:Logic high;’i:Logic low
Symbol > ( / \ /

Output  Valid at logic high o low | High Impedance | Changing, state unknown | Logic high | Logic low{

Input  Valid at logic high or low

6.2 AC Test Conditions

Figure 6.2 Test Setup

Device

Under
Test
T°

Table 6.1 AC Measurement Conditions

Symbol Parameter Min Max Unit
Load Capacitance 30 pF

Input Pulse Voltage 0.2xVpp 0.8 Vpp \
Input Slew Rate 0.23 1.25 V/ns

CL Input Rise and Fall Times 0.9 5 ns
Input Timing Ref Voltage 0.5 Vpp \

Outpl{}(;ll'tlrar;r;g Ref 0.5 Vpp Y

Notes:
1. Input slew rate measured from input pulse min to max at Vpp max. Example: (1.9V x 0.8) - (1.9V x 0.2) = 1.14V; 1.14V/1.25V/ns = 0.9 ns
rise or fall time.

2. AC characteristics tables assume clock and data signals have the same slew rate (slope).

Figure 6.3 Input, Output, and Timing Reference Levels

Input Levels Output Levels

VDD +0.4V
0.7 x Vpp

Vpp - 0.2V

05xVpp — — — — _Y_ _ ImingReferenceLevel

0.3 x Vpp

-0.5V \— 0-2v
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6.2.1 Capacitance Characteristics
Table 6.2 Capacitance
Parameter Test Conditions Min Max Unit
Cin Input Capacitance (applies to SCK, CS#, IO3/RESET#) 1 MHz 8 pF
Cout Output Capacitance (applies to All I/O) 1 MHz 8 pF

Note:
1. Parameter values are not 100% tested. For more details, please refer to the IBIS models.

6.3 Reset

6.3.1 Power-On (Cold) Reset

The device executes a Power-On Reset (POR) process until a time delay of tp, has elapsed after the
moment that Vpp rises above the minimum Vpp threshold. See Figure 5.3 on page 35, Table 5.3 on page 34.
The device must not be selected (CS# to go high with Vpp) during power-up (tpy), i.e. no commands may be
sent to the device until the end of tp .

The 103 / RESET# signal functions as the RESET# input when CS# is high for more than tcg time or when
Quad Mode is not enabled CR1V[1]=0.

RESET# is ignored during POR. If RESET# is low during POR and remains low through and beyond the end
of tpy, CS# must remain high until tg after RESET# returns high. RESET# must return high for greater than
trg before returning low to initiate a hardware reset.

Figure 6.4 Reset Low at the End of POR

vce \}
F—tPU—-|
RESET# \\ | IfRESET#islowattPUend |
L
Cst [\ CS# must be high at tPU end \
Figure 6.5 Reset High at the End of POR
vee [N
»—tPu—-|
RESET# \\ [ If RESET# is high at tPU end
>—tPU—>|
cs# [ W \ CS# may stay high or go low at tPU end
Figure 6.6 POR Followed by hardware reset
vce / )}
tPU + tRs—-|
RESET# \Y [ |
PU =||
cst ] )} \
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6.3.2 103 / RESET# Input Initiated Hardware (Warm) Reset

The 103 / RESET# signal functions as the RESET# input when CS# is high for more than tcg time or when
Quad Mode is not enabled CR1V[1]=0. The 103 / RESET# input has an internal pull-up to Vpp and may be
left unconnected if Quad Mode is not used. The tcg delay after CS# goes high gives the memory or host
system time to drive 103 high after its use as a Quad Mode I/O signal while CS# was low. The internal pull-up
to Vpp will then hold 103 / RESET# high until the host system begins driving |03 / RESET#. The

103 / RESET# input is ignored while CS# remains high during tcg, to avoid an unintended Reset operation. If
CS# is driven low to start a new command, 103 / RESET# is used as 103.

When the device is not in Quad Mode or, when CS# is high, and |03 / RESET# transitions from V, to V,_
for > tgp, following tcg, the device will reset register states in the same manner as Power-On Reset but, does
not go through the full reset process that is performed during POR. The hardware reset process requires a
period of tgpy to complete. If the POR process did not complete correctly for any reason during power-up
(tpy), RESET# going low will initiate the full POR process instead of the hardware reset process and will
require tpy to complete the POR process.

The RESET command is independent of the state of |IO3 / RESETH#. If IO3 / RESET# is high or unconnected,
and the RESET instruction is issued, the device will perform software reset.

Additional 103 RESET# Notes:
® |03/ RESET# must be high for tgg following tpy or tgpn, before going low again to initiate a hardware
reset.

B When 103 / RESET# is driven low for at least a minimum period of time (tgp), following tcg, the device
terminates any operation in progress, makes all outputs high impedance, and ignores all read/write
commands for the duration of tgpy. The device resets the interface to standby state.

m |f Quad Mode and the 103 / RESET# feature are enabled, the host system should not drive 103 low during
tcs, to avoid driver contention on 103. Immediately following commands that transfer data to the host in
Quad Mode, e.g. Quad I/O Read, the memory drives |03 / Reset high during tcg to avoid an unintended
Reset operation. Immediately following commands that transfer data to the memory in Quad Mode, e.g.
Page Program, the host system should drive 103 / Reset high during tcg to avoid an unintended Reset
operation.

m |f Quad Mode is not enabled, and if CS# is low at the time 103 / RESET# is asserted low, CS# must return
high during tgpy before it can be asserted low again after tgy.

Table 6.3 Hardware Reset Parameters

Parameter Description Limit Time Unit
trs Reset Setup - Prior Reset end and RESET# high before RESET# low Min 50 ns
trRpH Reset Pulse Hold - RESET# low to CS# low Min 35 us
trp RESET# Pulse Width Min 200 ns
tRH Reset Hold - RESET# high before CS# low Min 50 ns
Notes:

1. 103/ RESET# Low is ignored during power-up (tpy). If Reset# is asserted during the end of tpy, the device will remain in the reset state
and tpy will determine when CS# may go Low.

2. If Quad Mode is enabled, 103 / RESET# Low is ignored during tcs.
3. Sum of tgp and tpy must be equal to or greater than tgpy.

Figure 6.7 Hardware Reset when Quad Mode is Not Enabled and 103 / Reset# is Enabled

P
I03_RESET# | Any prior reset [ \ [
I—tRH‘i J L trRH—
tRPH P—tRS— tRPH
cs# I | | ] ] |
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Figure 6.8 Hardware Reset when Quad Mode and 103 / Reset# are Enabled

—tDIS—P| l—tRF’—P|
/ \ Reset Pulse Ii

——tCS—¥ I—tRH—D

103_RESET# VU 1 X

tRPH

CS# \ Prior access using 103 for data / \_

6.4 SDR AC Characteristics

Table 6.4 AC Characteristics

Symbol Parameter Min Typ Max Unit
SCK Clock Frequency for READ and 4READ
Fsck. R | instructions ey b 50 MHz
SCK Clock Frequency for FAST_READ,
4FAST_READ, and the following Dual and Quad
Fsck.C | commands: QOR, 4QOR, DIOR, 4DIOR, QIOR, e 133 MHz
4QIOR
SCK Clock Frequency for the following DDR
Fsck.p commands: QIOR, 4QIOR pe 80 MHz
PSCK SCK Clock Period 1/ FSCK oo
twhs ton Clock High Time 50% PSCK -5% 50% PSCK +5% ns
tWL’ tCL Clock Low Time 50% PSCK -5% 50% PSCK +5% ns
tcrT toLcH | Clock Rise Time (slew rate) 0.1 V/ns
torm teHeL | Clock Fall Time (slew rate) 0.1 V/ns
CS# High Time (Read Instructions) 10
t CS# High Time (Read Instructions when Reset 20 (5) ns
cs feature and Quad Mode are both enabled) 50
CS# High Time (Program/Erase instructions)
tcss CS# Active Setup Time (relative to SCK) 2 ns
tosH CS# Active Hold Time (relative to SCK) 3 ns
tsu Data in Setup Time 2 ns
thp Data in Hold Time 3 ns
. 8 (2)
ty Clock Low to Output Valid 6(3) ns
tho Output Hold Time 1 ns
Output Disable Time (4) 8
tois Output Disable Time (when Reset feature and Quad 20 (5) ns
Mode are both enabled)
twps WP# Setup Time (1) 20 ns
twpH WP# Hold Time (1) 100 ns
Notes:

1. Only applicable as a constraint for WRR or WRAR instruction when SRWD is setto a 1.

Full Vpp range and CL=30 pF.

Full Vpp range and CL=15 pF.

Output High-Z is defined as the point where data is no longer driven.

tcs and tpg require additional time when the Reset feature and Quad Mode are enabled (CR2V[5]=1 and CR1V[1]=1).

o A LD
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6.4.1 Clock Timing

Figure 6.9 Clock Timing

Psck

tCH tCL

6.4.2 Input / Output Timing

Figure 6.10 SPI Single Bit Input Timing

s %s—w B Lse our

Figure 6.12 SPI SDR MIO Timing

P—tcs—
cor T\ xs

T e U
LtCSS—-| ’HCSI | EthSH
sk LA U A R A U A W A AR A

L‘HD—'| L{ L{tHo L{ —ois
o I e v oo O oo
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Figure 6.13 WP# Input Timing

Phase { WRR or WRAR Instruction 1 Input Data

6.5 DDR AC Characteristics
Table 6.5 AC Characteristics 80 MHz Operation

Symbol Parameter Min Typ Max Unit
Fsck, R SCK Clock Frequency for DDR READ instruction DC 80 MHz
Psck, R SCK Clock Period for DDR READ instruction 12.5 oo ns
tert Clock Rise Time (slew rate) 1.5 V/ns
teft Clock Fall Time (slew rate) 1.5 V/ns
twh, toH Clock High Time 50% Pgck -5% 50% Pgck +5% ns
twis toL Clock Low Time 50% Pgck -5% 50% Pgck +5% ns
CS# H?gh T?me (Read Instruct?ons) 10
tcs CS# ngh Time (Read Instructions when Reset 20 ns
feature is enabled)
tcss CS# Active Setup Time (relative to SCK) 2 ns
tosH CS# Active Hold Time (relative to SCK) 3 ns
tsu 10 in Setup Time 1.5 ns
thp 10 in Hold Time 1.5 ns
ty Clock Low to Output Valid 1.5 6(1) ns
tho Output Hold Time 1.5 ns
Output D!sable T?me . 8
tois Output Disable Time (when Reset feature is 20 ns
enabled)
tuTU Time uncertainty due to variation in Vy 130 ps
tiTu Time uncertainty due to variation in V,_ 130 ps
to_skew First 10 to last IO data valid time 400 ps
tiorT Output Rise Time given 1.8V swing and 2.0v/ns slew 1.5 ns
tioFT Output Fall Time given 1.8V swing and 2.0v/ns slew 1.5 ns
ATy Clock to data valid jitter 80 ps
Notes:
1. CL=15pF.

2. Output slew rate is measured between 20% and 80% of Vpp.
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6.5.1 DDR Input Timing

Figure 6.14 SPI DDR Input Timing

o § e
L—‘CSS . “ FCSH b;:tCSH
sck \ W [

[——ﬁg\:{'qﬁtHD
tSuU

sior 1o I mse in | S X s (N

so \¢

6.5.2 DDR Output Timing

Figure 6.15 SPI DDR Output Timing
P—tcs—
csi Y\ ) [\
sck W\ [ W\ [\ |]

SIBDFH
tHO tv v+ tDIS

so_or_10 4¢—mse 0N 0 Wi l@——

Figure 6.16 SPI DDR Data Valid Window

tHTU tLTU
———tCL—— p———tCH——— p———tCcL——]
sck A L] J\ L]
| tv '
tv
tv
p—t10_SKEW
tv tORT_or_tIOFT
100 { sowp1 | X slowbD2 X
101 { X 5
102 { & &
103 { T Fastbr Fast D2 0
>—tDV—-|
10_valid {_ oo X o2 X

1. Data Valid calculation at 80 MHz:
tpv = ten(min) — tiort — tio_skew — tiHTu - Aty
tpy =5.62 ns — 1.5 ns — 400 ps — 130 ps — 80 ps

tpy = 3.51 ns (56% of the total half clock in the worst case scenario)
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7. Physical Interface

71 SOIC 16-Lead Package

7.1.1 SOIC 16 Connection Diagram

Figure 7.1 16-Lead SOIC Package (SO3016), Top View

IO3/RESET# [] 1 16 [ ] SCK
vDD [] 2 15 []s1100
RFU[] 3 14 [JRFU

NC [] 4 13 "] DNU
NC[] 5 12 [T]pNu
RFU| 6 11 [_JoNu
cs#[] 7 10 [Jvss
sonot | s 9 [Jwp#no2

Note:
1. The RESET# input has an internal pull-up and may be left unconnected in the system if Quad Mode and hardware reset are not in use.
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7.1.2 SOIC 16 Physical Diagram

Figure 7.2 SOIC 16-Lead, 300-mil Body Width (SO3016)

A A
D)
—— - D_(_4 WITH PLATING
A A DJ SEE -
16 el DETAIL B [ .
1 / \ . X
1ARARAA A I i
| I/ r«(b)J
H BASE METAL
AlA i . P
E1 — i SECTION A—A
E1/2 '
[~[o.10[c [D) 7 H H -
2X
J GAUGE PLANE
INDEX AREA
(0. 25D x 0.75E1) A
y | SEATING PLANE
,,B,J I
T,
ER o
— L
L A’z [ \ F(QVHOWJ DETAIL B
}Mjﬁ SEATING PLANE
La [C]
NOTES:
1. ALL DIMENSIONS ARE IN BOTH INCHES AND MILLMETERS.
PACKAGE | SO3 016 (inches) S03 016 (mm) 2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994.
JEDEC MS-013(E)AA MS-013(E)AA A DIMENSION D DOES NOT INCLUDE MOLD FLASH,
SYMBOL | MIN | MAX MIN MAX PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm
A 0.093 | 0.104 2.35 2.65 PER END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD
A1 0004 | 0012 010 0.30 FLASH OR PROTRUSION INTERLEAD FLASH OR PROTRUSION
SHALL NOT EXCEED 0.25 mm PER SIDE. D AND E1
A2 0.081 | 0.104 2.05 2.55 DIMENSIONS ARE DETERMINED AT DATUM H.
b 0.012_| 0.020 0.31 0.51 THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE
b1 0011 | 0.019 027 048 BOTTOM. DIMENSIONS D AND E1 ARE DETERMINED AT THE
OUTMOST EXTREMES OF THE PLASTIC BODY EXCLUSIVE OF
c 0.008 | 0.013 0.20 0.33 MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
1 0008 | 0.012 0.20 0.30 FLASH. BUT INCLUDING ANY MISMATCH BETWEEN THE TOP
AND BOTTOM OF THE PLASTIC BODY.
0.406 BSC 10.30 BSC
/5\ DATUMS A AND B TO BE DETERMINED AT DATUM H.
E 0.406 BSC 10.30 BSC
6. "N"IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR
E1 0.295BSC 7.50 BSC THE SPECIFIED PACKAGE LENGTH.
e 0.050 BSC 1.27 BSC ﬁ THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD
L 0.016 ‘ 0.050 0.40 1.27 BETWEEN 0.10 TO 0.25 mm FROM THE LEAD TIP.
L1 0.055 REF 1.40 REF DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.10 mm TOTAL
L2 0.010 BSC 0.25 BSC IN EXCESS OF THE "b" DIMENSION AT MAXIMUM MATERIAL
N 16 16 CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
LOWER RADIUS OF THE LEAD FOOT.
010 | 0.30 0.25 0.75
- - - - THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT,
i 0 8 0 8 THEN A PIN 1 IDENTIFIER MUST BE LOCATED WITHIN THE INDEX
01 5° 15° 5° 15° AREA INDICATED.
02 o o 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED

FROM THE SEATING PLANE.

91011121 16-038.314.1.11

A\
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7.2 8-Connector Packages

7.2.1 8-Connector Diagrams

Figure 7.3 8-Pin Plastic Small Outline Package (SOIC8)

cs# [] 10 8 []vpbD
so/101 ] 2 7 [103/RESET#
SOIC
wp# /102 [] 3 6 |[]sck
vss [ 4 5 [Jsi/100

Figure 7.4 8-Connector Package (WSON 6x5), Top View

cs#| 1 8 (] voDp
sono1| )2 7 (] 103/RESET#
wr#102 [ D3 WSON 6 (] sck
vss| D4 5 (] smoo

Note:
1. The RESET# input has an internal pull-up and may be left unconnected in the system if Quad Mode and hardware reset are not in use.
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7.2.2 8-Connector Physical Diagrams

Figure 7.5 SOIC 8-Lead, 208 mil Body Width (SOC008)

VNN

H— WITH PLATING

‘._A SEE —p1—
DETALL B— " ¢
| \J % ‘
A A /«(b)»
E] ——-— BASE METAL
£1/2 SECTION A-A
——
—
H
A GAUGE PLANE
F i
0.10[C _
A Af E . / SEATING PLANE
LTM SEATING PLANE ﬁ 91\._/ - TA Z
Al H] Al L - Lg
N I S
DETAIL B
NOTES:
1. ALL DIMENSIONS ARE IN BOTH INCHES AND MILLMETERS.
PACKAGE | SOC 008 (inches) SOC 008 (mm) 2. DIMENSIONING AND TOLERANGING PER ASME Y14.5M - 1994,
JEDEC /3\ DIMENSION D DOES NOT INGLUDE MOLD FLASH,
SYMBOL | MIN | MAX MIN MAX PROTRUSIONS OR GATE BURRS. MOLD FLASH,
A o065 | ooss 1755 T 2159 PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm

PER END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD
Al 0.002 | 0.0098 0.051 0.249 FLASH OR PROTRUSION INTERLEAD FLASH OR PROTRUSION
SHALL NOT EXCEED 0.25 mm PER SIDE. D AND E1

A2 0.067 | 0075 1.70 1.9 DIMENSIONS ARE DETERMINED AT DATUM H.

b 0014 | 0019 || 0356 | 0483 THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE
b1 0013 | 0018 || 0330 | 0457 BOTTOM. DIMENSIONS D AND E1 ARE DETERMINED AT THE
. 5007 00058 T o1er ozt OUTMOST EXTREMES OF THE PLASTIC BODY EXCLUSIVE OF

MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
cl 0.006 0.008 0.152 0.203 FLASH. BUT INCLUDING ANY MISMATCH BETWEEN THE TOP
0.208 BSC 5083 BSC AND BOTTOM OF THE PLASTIC BODY.

E 0.315 BSC 8.001 BSC DATUMS A AND B TO BE DETERMINED AT DATUM H.

*N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR
E1 0.208 BSC 5.283 BSC THE SPECIFIED PACKAGE LENGTH.

6
e -050 BSC 1.27 BSC /2 THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD

L 0.020 0.030 0.508 0.762 BETWEEN 0.10 TO 0.25 mm FROM THE LEAD TIP.

L1 1049 REF 1.25 REF DIMENSION "b* DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.10 mm TOTAL
L2 SUlEEY 0.25 BSC IN EXCESS OF THE "b" DIMENSION AT MAXIMUM MATERIAL
N 8 8 CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
P p P p LOWER RADIUS OF THE LEAD FOOT.

: ; ; ; THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT,
o1 5 15 5 15 THEN A PIN 1 IDENTIFIER MUST BE LOCATED WITHIN THE INDEX
02 o o AREA INDICATED.

10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED
FROM THE SEATING PLANE.
3602\ 16-038.0319.1.6
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Figure 7.6 WSON 8-Contact 6x5 mm Leadless (WND0O08)

S

0.20 urvp

2x[]o.70[c[A

[ZTo30][¢

I . | - - 1
A‘J
SEATING PLANE
SIDE_VIEW
L
e/2
PACKAGE WND008 )
SYMBOL | MIN NOM | MAX | NOTES :
(e 1.27 BSC. 2
N 8 3 N
ND 4 5 A
L 0.55 0.60 0.65
b 0.35 0.40 0.45 A
D2 3.90 4.00 410
E2 330 340 3.50 AN
D 5.00 BSC 6
E 6.00 BSC ;
0.70 0.75 0.80 /o
Al 0.00 0.02 0.05 B
K 0.20 MIN.

PIN

(DATUM A)
DZ/

[~ D2/2—]
1 2

11D
CHAMFERED\

g UlU {

SEE DETAL "A"—|

¥‘»(DATuM 8)
[«
lnx b/

MCIMD>
N
ama
(ND-1) X B [0.05@[c]
A
BOTTOM VIEW
/ DATUM A
€]
TERMINAL TIP
DETAIL "A”

NOTES:

DIMENSIONING AND TOLERANCING CONFORMS TO

ASME Y14.5M - 1994.

ALL DIMENSIONS ARE IN MILLMETERS.
N IS THE TOTAL NUMBER OF TERMINALS.

DIMENSION “b” APPLIES TO METALLIZED TERMINAL AND IS
MEASURED BETWEEN 0.15 AND 0.30mm FROM TERMINAL
TIP. IF THE TERMINAL HAS THE OPTIONAL RADIUS ON THE
OTHER END OF THE TERMINAL, THE DIMENSION “b”
SHOULD NOT BE MEASURED IN THAT RADIUS AREA.

ND REFERS TO THE NUMBER OF TERMINALS ON D SIDE.
MAX. PACKAGE WARPAGE IS 0.05mm.

MAXIMUM ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS.
PIN #1 1D ON TOP WILL BE LASER MARKED.

BILATERAL COPLANARITY ZONE APPLIES TO THE EXPOSED
HEAT SINK SLUG AS WELL AS THE TERMINALS.

910711 16-038.30\ 02.22.12
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Figure 7.7 WSON 8-Contact 6x8 mm Leadless (WNH008)

(0] (DATUM A)—— D2
N POR ALY D2/2
CHAMFERED
1 2
NEL, x U RX L
A— Y ]
E2
a~{, |
©
2x[0.10[C 271N
[
S0k 0P VIEW Gl U6
\/I/L’I
[ZTe0re] @
A ND-1) X
— ~ SEE DETAIL "A (ND-1) E’AT
SEATING PLANE
' L—a1 SIDE VIEW BOTTOM VIEW
/— DATUM A
L il |
I T T
Le] TERMINAL TIP
. VN
DETAIL "A
NOTES:
PACKAGE WNH008
1. DIMENSIONING AND TOLERANCING CONFORMS TO
SYMBOL MIN NOM MAX NOTE ASME Y14.5M - 1994.
el 1.27 BSC. 2. ALL DIMENSIONS ARE IN MILLMETERS.
N 8 3. NIS THE TOTAL NUMBER OF TERMINALS.

ND 4 A DIMENSION “b” APPLIES TO METALLIZED TERMINAL AND IS
L 0.45 0.50 0.55 MEASURED BETWEEN 0.15 AND 0.30mm FROM TERMINAL
b 035 0.40 045 A TIP. IF THE TERMINAL HAS THE OPTIONAL RADIUS ON THE

. : . OTHER END OF THE TERMINAL, THE DIMENSION “b”

D2 3.90 4.00 4.10 SHOULD NOT BE MEASURED IN THAT RADIUS AREA.

E2 3.30 3.40 3.50 A ND REFERS TO THE NUMBER OF TERMINALS ON D SIDE.
b 6.00BSC 6. MAX. PACKAGE WARPAGE IS 0.05mm.

E 8.00BSC 7. MAXIMUM ALLOWABLE BURRS IS 0.076mm IN ALL DIRECTIONS.
A 0.70 078 080 PIN #1 ID ON TOP WILL BE LASER MARKED.
A1 0.00 0.05
9\ BILATERAL COPLANARITY ZONE APPLIES TO THE EXPOSED
K 0.20 MIN. HEAT SINK SLUG AS WELL AS THE TERMINALS.

91021\ 16-038.30\ 10.28.11
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7.3 FAB024 24-Ball BGA Package

7.3.1 Connection Diagrams
Figure 7.8 24-Ball BGA, 5x5 Ball Footprint (FAB024), Top View
1 2 3 4 5
A :‘ l: :‘ l: :‘ I" kY l:
NC NC RFU  NC
I D S T A A i
DNU SCK VSS VDD  NC
C .‘ I: ., I: ., I: :‘ I: - I:
DNU  CS# RFU WP#102 NC
D .5 ’: .s ’: .s ’: :5 : - ’:
DNU SO/O1 SWO0 103/ NG
e el RESET# .,
E :, I: :‘ I" :‘ I" :‘ l: - I"
NC NC NC  RFU  NC
Notes:
1. Signal connections are in the same relative positions as FAC024 BGA, allowing a single PCB footprint to use either package.
2. The RESET# input has an internal pull-up and may be left unconnected in the system if Quad Mode and hardware reset are not in use.
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7.3.2 Physical Diagram

Figure 7.9 Ball Grid Array 24-Ball 6x8 mm (FAB024)

(2%)

B0 L .
i o
|
T
|
I

o
E D CI) B A \—
L B ,]‘ 3

4
doRNER
N
2]0.15) SD
(2x)
BOTTOM VIEW
P |
A A2 | | | | 7/[0.20[C
L OO oUloTooD 1 |
' ' L A 1
4 / SDEVEW S0l
24X 2b
[20.15 (IC [ATB]
[ 0.08 Mc]
NOTES:
1. DIMENSIONING AND TOLERANCING METHODS PER ASME Y14.5M-1994.
PACKAGE FABO24 2. ALL DIMENSIONS ARE IN MILLIMETERS.
JEDEC N/A 3. BALL POSITION DESIGNATION PER JEP95, SECTION 4.3, SPP—010.
G.Wmn‘gkml NOM
sisor T o T NoTE 4. [¢]REPRESENTS THE SOLDER BALL CRID PITCH.
ry - ~ T1.20 OVERALL 5. SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
A |oz20] - |- BALL HEIGHT SYMBOL "ME” IS THE BALL MATRIX SIZE IN THE "E” DIRECTION.
A2 [o070] - o0 BODY n IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS
D 8.00 BSC. BODY SizE FOR MATRIX SIZE MD X ME.
L .00 BSC. BODY SIZE DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL
4.00 BSC BALL FOOTPRINT DIAMETER IN A PLANE PARALLEL TO DATUM C.
Ei 400 BSC. BALL FOOTPRINT /2\ SD AND SE ARE MEASURED WITH RESPECT TO DATUMS A
MD S ROW MATRIX SIZE D DIRECTION| AND B AND DEFINE THE POSITION OF THE CENTER SOLDER
ME 5 ROW MATRIX SIZE E DIRECTION BALL IN THE OUTER ROW.
N 24 TOTAL BALL COUNT WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS
ob | 0.35]0.40 [ 0.45 BALL DIAMETER IN THE OUTER ROW SD OR SE = 0.000.
O] 1.00 Bsc. BALL PricH WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS
So/sE 0:00 SOLDER BALL PLACEMENT IN THE OUTER ROW, SD OR SE =[e/2
A1 DEPOPULATED SOLDER BALLS .
8. "+ INDICATES THE THEORETICAL CENTER OF DEPOPULATED BALLS.
| PACKAGE OUTLINE TYPE Al CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK MARK,
METALLIZED MARK INDENTATION OR OTHER MEANS.
4002/F16-038 Rev.A /6.04.09
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7.4 FAC024 24-Ball BGA Package

7.4.1 Connection Diagram

Figure 7.10 24-Ball BGA, 4x6 Ball Footprint (FAC024), Top View

1 2 3 4
. e=n e=n o= e=n
. . . . . . ’ .
A ' H ' H ' H ' H
\.-¢' x~.—' \~.—' Seae
NC NC NC RFU
e=n PR e=n e=s
. . . . ’ . . .
' ' ' ' 1 ' '
B ' / . " ' / ' !

~- ~ev

DNU SCK  VSS VDD

- - ~av

DNU CS# RFU  WP#/102

SR IO R N R
DNU SO0t S0 103/
.-., RESET#

SOReRORS
NC NG NG RFU

F
NC NG NG NG

Notes:
1. Signal connections are in the same relative positions as FAB024 BGA, allowing a single PCB footprint to use either package.
2. The RESET# input has an internal pull-up and may be left unconnected in the system if Quad Mode and hardware reset are not in use.
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7.4.2 Physical Diagram

Figure 7.11 Ball Grid Array 24-Ball 6 x 8 mm (FAC024)

> w1l
A <D D1
afo.1s[ ¢ |
T
(2x) | { !
| ¢ ©oo0o0looo —
‘ SE | A\
L J 3 O O O'o O O 74_{
— 1@ e
=20 O 0|0 O O
|
I
‘ 1 o O OO0 O O —
| . V'l
.
INDEX MARK I ; FE C B A \
PIN A1 A [B] A C%‘ g Né;?
CORNER
TOP VIEW afo.15[c] SD
(2X)
BOTTOM VIEW
A A2 [ ] [//]0.20[ C]
U G-CHGE ——t
At ESEE
A SIDE VIEW
24X @b
& 20.15 M[c[A]B]
20.08 M
PACKAGE FAC024 NOTES:
JEDEC N/A 1. DIMENSIONING AND TOLERANCING METHODS PER
ASME Y14.5M-1994.
DxE 8.00 mm x 6.00 mm NOM
PACKAGE 2. ALL DIMENSIONS ARE IN MILLIMETERS.
SYMBOL MIN NOM MAX NOTE 3. BALL POSITION DESIGNATION PER JEP95, SECTION
43,5PP-010.
A 120 | PROFILE
4. [ e JREPRESENTS THE SOLDER BALL GRID PITCH.
Al 025 — | BALLHEIGHT
5. SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D"
A2 0.70 090 | BODY THICKNESS DIRECTION.
2] 8.0085C. BODY SIZE SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE
LE] 6.00 BSC. BODY SIZE "E" DIRECTION.
o1l 5.00 BSC. MATRIX FOOTPRINT n IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS
=i FOR MATRIX SIZE MD X ME.
E1l 3.00 BSC. MATRIX FOOTPRINT
— A DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL
MD 6 MATRIX SIZE D DIRECTION DIAMETER IN A PLANE PARALLEL TO DATUM C.
ME 4 MATRIX SIZE E DIRECTION DATUM C IS THE SEATING PLANE AND IS DEFINED BY THE
N 24 BALL COUNT CROWNS OF THE SOLDER BALLS.
b 035 0.40 045 | BALL DIAMETER ﬁ SD AND SE ARE MEASURED WITH RESPECT TO DATUMS A
AND B AND DEFINE THE POSITION OF THE CENTER SOLDER
[e] 1.00BSC. BALL PITCHL BALL IN THE OUTER ROW.
SD/SE 0.5/0.5 SOLDER BALL PLACEMENT WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE
DEPOPULATED SOLDER BALLS OUTER ROW SD OR SE = 0.000.
WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE
J PACKAGE OUTLINE TYPE OUTER ROW, SD OR SE = e/2
8. "+"INDICATES THE THEORETICAL CENTER OF DEPOPULATED
BALLS.
A AT CORNERTO BE IDENTIFIED BY CHAMFER, LASER OR INK
MARK, METALLIZED MARK INDENTATION OR OTHER MEANS.
10  OUTLINE AND DIMENSIONS PER CUSTOMER REQUIREMENT.

3642 F16-038.9109.10.09

7.4.3 Special Handling Instructions for FBGA Packages

Flash memory devices in BGA packages may be damaged if exposed to ultrasonic cleaning methods. The
package and/or data integrity may be compromised if the package body is exposed to temperatures above
150°C for prolonged periods of time.
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Software Interface

This section discusses the features and behaviors most relevant to host system software that interacts with
S25FS-S family memory devices.

8. Address Space Maps

8.1 Overview

8.1.1 Extended Address

The S25FS-S family supports 32-bit (4-byte) addresses to enable higher density devices than allowed by
previous generation (legacy) SPI devices that supported only 24-bit (3-byte) addresses. A 24-bit, byte
resolution, address can access only 16-Mbytes (128-Mbits) maximum density. A 32-bit, byte resolution,
address allows direct addressing of up to a 4-Gbytes (32-Gbits) address space.

Legacy commands continue to support 24-bit addresses for backward software compatibility. Extended 32-bit
addresses are enabled in two ways:

B Extended address mode — a volatile Configuration Register bit that changes all legacy commands to
expect 32 bits of address supplied from the host system.

W 4-byte address commands — that perform both legacy and new functions, which always expect 32-bit
address.

The default condition for extended address mode, after power-up or reset, is controlled by a non-volatile
configuration bit. The default extended address mode may be set for 24- or 32-bit addresses. This enables
legacy software compatible access to the first 128 Mbits of a device or for the device to start directly in 32-bit
address mode.

The 128-Mbit density member of the S25FS-S family supports the extended address features in the same
way but in essence ignores bits 31 to 24 of any address because the main flash array only needs 24 bits of
address. This enables simple migration from the 128-Mb density to higher density devices without changing
the address handling aspects of software.

8.1.2 Multiple Address Spaces

Many commands operate on the main flash memory array. Some commands operate on address spaces
separate from the main flash array. Each separate address space uses the full 24- or 32-bit address but may
only define a small portion of the available address space.

8.2 Flash Memory Array

The main flash array is divided into erase units called physical sectors.

The FS-S family physical sectors may be configured as a hybrid combination of eight 4-kB parameter sectors
at the top or bottom of the address space with all but one of the remaining sectors being uniform size.
Because the group of eight 4-kB parameter sectors is in total smaller than a uniform sector, the group of 4-kB
physical sectors respectively overlay (replace) the top or bottom 32 kB of the highest or lowest address
uniform sector.

The Parameter Sector Erase commands (20h or 21h) must be used to erase the 4-kB sectors individually.
The Sector (uniform block) Erase commands (D8h or DCh) must be used to erase any of the remaining
sectors, including the portion of highest or lowest address sector that is not overlaid by the parameter sectors.
The uniform block erase command has no effect on parameter sectors.

Configuration Register 1 non-volatile bit 2 (CR1NV[2]) equal to 0 overlays the parameter sectors at the
bottom of the lowest address uniform sector. CR1NV[2] = 1 overlays the parameter sectors at the top of the
highest address uniform sector. See Section 8.6, Registers on page 59 for more information.

There is also a configuration option to remove the 4-kB parameter sectors from the address map so that all
sectors are uniform size. Configuration Register 3 volatile bit 3 (CR3V[3]) equal to 0 selects the hybrid sector
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architecture with 4-kB parameter sectors. CR3V[3]=1 selects the uniform sector architecture without
parameter sectors. Uniform physical sectors are 64 kB in FS128S and FS256S.

Both devices also may be configured to use the Sector (uniform block) Erase commands to erase 256-kB
logical blocks rather than individual 64-kB physical sectors. This configuration option (CR3V[1]=1) allows
lower density devices to emulate the same Sector Erase behavior as higher density members of the family
that use 256-kB physical sectors. This can simplify software migration to the higher density members of the

family.

Table 8.1 S25FS256S Sector Address Map, Bottom 4-kB Sectors, 64-kB Physical Uniform Sectors

Address Range

Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes

SA00 00000000h-00000FFFh
4 8

SA07 00007000h-00007FFFh | Sector Starting Address
32 1 SA08 00008000h-0000FFFFh —_

SA09 00010000h-0001FFFFh | Sector Ending Address
64 511

SA519 01FF0000h-01FFFFFFh

Table 8.2 S25FS256S Sector Address Map, Top 4-kB Sectors, 64-kB Physical Uniform Sectors

Address Range

Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes

SA00 0000000h-000FFFFh
64 511

SA510 01FE0000h-01FEFFFFh Sector Starting Address
32 1 SA511 01FF0000h-01FF7FFFh —

SA512 01FF8000h-01FFaFFFn | Sector Ending Address
4 8

SA519 01FFF000h-01FFFFFFh

Table 8.3 S25FS256S Sect

or Address Map, Uniform 64-kB Physical Sectors

Sector Size (kbyte) Sector Count Sector Range Address Range (8-bit) Notes
SA00 0000000h-000FFFFh Sector Starting Address
64 512 -
SA511 1FF0000h-1FFFFFFh | Sector Ending Address

Table 8.4 S25FS256S Sector Address Map, Bottom 4-kB Sectors, 256-kB Logical Uniform Sectors

Sector Size (kbyte) Sector Count Sector Range ?:;':stg;nsgs Notes
SA00 00000000h-00000FFFh
4 8

SA07 00007000h-00007FFFh | Sector Starting Address

224 1 SA08 00008000h-0003FFFFh —
SA09 00040000h-0007FFFFh | Sector Ending Address

256 127
SA135 01FC0000h-01FFFFFFh
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Table 8.5 S25FS256S Sector Address Map, Top 4-kB Sectors, 256-kB Logical Uniform Sectors
. Address Range
Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 0000000h-003FFFFh
256 127
SA126 01F80000h-01FBFFFFh | o Starting Address
224 1 SA127 01FC0000h-01FC7FFFh —
SA128 01FF8000h-01FF8FFFn | Sector Ending Address
4 8
SA135 01FFF000h-01FFFFFFh
Table 8.6 S25FS256S Sector Address Map, Uniform 256-kB Logical Sectors
Sector Size (kbyte) Sector Count Sector Range Address Range (8-bit) Notes
SA00 00000000h-0003FFFFh Sector Starting Address
256 128 —
SA127 01FC0000h-01FFFFFFh | Sector Ending Address
Table 8.7 S25FS128S Sector and Memory Address Map, Bottom 4-kB Sectors
i Address Range
Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 00000000h-00000FFFh
4 8
SA07 00007000h-00007FFFh | Sector Starting Address
32 1 SA08 00008000h-0000FFFFh —
SA09 00010000h-0001FFFFh | Sector Ending Address
64 255
SA263 00FF0000h-00FFFFFFh
Table 8.8 S25FS128S Sector and Memory Address Map, Top 4-kB Sectors
. Address Range
Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 0000000h-000FFFFh
64 255
SA254 OOFE0000h-00FEFFFFh | Sector Starting Address
32 1 SA255 00FF0000h - 00FF7FFFh —
SA256 OOFF8000h - 00FF8FFFh | Sector Ending Address
4 8
SA263 00FFF000h-00FFFFFFh
Table 8.9 S25FS128S Sector and Memory Address Map, Uniform 64-kB Blocks
. Address Range
Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 0000000h-0000FFFFh, | Sector Starting Address
64 256 —
SA255 O0FF0000h-OFFFFFFh | Sector Ending Address
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Table 8.10 S25FS128S Sector Address Map, Bottom 4-kB Sectors, 256-kB Logical Uniform Sectors

Address Range

Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 00000000h-00000FFFh
4 8 :
SA07 00007000h-00007FFFh | Sector Starting Address
224 1 SA08 00008000h-0003FFFFh —_
SA09 00040000h-0007FFFFh | Sector Ending Address
256 63 : :
SA71 00FC0000h-00FFFFFFh

Table 8.11 S25FS128S Sector Address Map, Top 4-kB Sectors, 256-kB Logical Uniform Sectors

Address Range

Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 00000000h-0003FFFFh
256 63 : :
SA62 00F80000h-00FBFFFFh Sector Starting Address
224 1 SA63 00FC0000h-00FF7FFFh —
SA64 0OFFB000N-00FF8FFFn | Sector Ending Address
4 8 : :
SA71 00FFF000h-00FFFFFFh

Table 8.12 S25FS128S Sector and Memory Address Map, Uniform 256-kB Blocks

Address Range

Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA00 00000000h-0003FFFFh | Sector Starting Address
256 64 : : —
SA63 00FC0000h-00FFFFFFh | Sector Ending Address

Note: These are condensed tables that use a couple of sectors as references. There are address ranges that
are not explicitly listed. All 4-kB sectors have the pattern XXXX000h-XXXXFFFh. All 64-kB sectors have the
pattern XXX0000h-XXXFFFFh. All 256-kB sectors have the pattern XX00000h-XX3FFFFh, XX40000h-
XX7FFFFh, XX80000h-XXCFFFFh, or XXD0000h-XXFFFFFh.

8.3 ID-CFI Address Space

The RDID command (9Fh) reads information from a separate flash memory address space for device
identification (ID) and Common Flash Interface (CFI) information. See Section 12.4, Device ID and Common
Flash Interface (ID-CFl) Address Map on page 143 for the tables defining the contents of the ID-CFI address
space. The ID-CFI address space is programmed by Spansion and read-only for the host system.

8.4 JEDEC JESD216 Serial Flash Discoverable Parameters (SFDP) Space.

The RSFDP command (5Ah) reads information from a separate flash memory address space for device
identification, feature, and configuration information, in accord with the JEDEC JESD216 standard for Serial
Flash Discoverable Parameters. The ID-CFI address space is incorporated as one of the SFDP parameters.
See Section 12.3, Serial Flash Discoverable Parameters (SFDP) Address Map on page 142 for the tables
defining the contents of the SFDP address space. The SFDP address space is programmed by Spansion and
read-only for the host system.
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8.5 OTP Address Space

Each FS-S family memory device has a 1024-byte One-Time Program (OTP) address space that is separate
from the main flash array. The OTP area is divided into 32, individually lockable, 32-byte aligned and length
regions.

In the 32-byte region starting at address zero:

B The 16 lowest address bytes are programmed by Spansion with a 128-bit random number. Only Spansion
is able to program zeros in these bytes. Programming ones in these byte locations is ignored and does not
affect the value programmed by Spansion. Attempting to program any zero in these byte locations will fail
and set P_ERR.

B The next 4 higher address bytes (OTP Lock Bytes) are used to provide one bit per OTP region to
permanently protect each region from programming. The bytes are erased when shipped from Spansion.
After an OTP region is programmed, it can be locked to prevent further programming, by programming the
related protection bit in the OTP Lock Bytes.

B The next higher 12 bytes of the lowest address region are Reserved for Future Use (RFU). The bits in
these RFU bytes may be programmed by the host system but it must be understood that a future device
may use those bits for protection of a larger OTP space. The bytes are erased when shipped from
Spansion.

The remaining regions are erased when shipped from Spansion, and are available for programming of
additional permanent data.

Refer to Figure 8.1, OTP Address Space on page 58 for a pictorial representation of the OTP memory space.

The OTP memory space is intended for increased system security. OTP values, such as the random number
programmed by Spansion, can be used to “mate” a flash component with the system CPU/ASIC to prevent
device substitution.

The Configuration Register FREEZE (CR1V[0]) bit protects the entire OTP memory space from programming
when set to 1. This allows trusted boot code to control programming of OTP regions then set the FREEZE bit
to prevent further OTP memory space programming during the remainder of normal power-on system
operation.

Figure 8.1 OTP Address Space

32-byte OTP Region 31
32-byte OTP Region 30
32-byte OTP Region 29

vy

When programmed to 0, each
lock bit protects its related
32-byte OTP region from any
further programming

p| 32-byte OTP Region 3
— | 32-byte OTP Region 2

— g 32-byte OTP Region 1
—»| 32-byte OTP Region 0
//
L~
Region 0 Expanded View
//

| Reserved Lock Bits 31 to 0 | 16-byte Random Number |
Byte 1Fh Byte 10h Byte Oh
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Table 8.13 OTP Address Map

Region Byte Address Range (Hex) Contents Initial Delivery State (Hex)
Least Significant Byte of
000 Spansion Programmed Random
Number Spansion Programmed Random
Number
Most Significant Byte of
00F Spansion Programmed Random
Region 0 Number
Region Locking Bits
Byte 10 [bit 0] locks region 0
0100 013 from programming when =0 All Bytes = FF
Byte 13 [bit 7] locks region
31from programming when = 0
014 to O1F Reserved for Future Use (RFU) All Bytes = FF
Region 1 020 to O3F Available for User Programming All Bytes = FF
Region 2 040 to O5F Available for User Programming All Bytes = FF
Available for User Programming All Bytes = FF
Region 31 3EO0 to 3FF Available for User Programming All Bytes = FF

Registers

Registers are small groups of memory cells used to configure how the S25FS-S family memory device
operates or to report the status of device operations. The registers are accessed by specific commands. The
commands (and hexadecimal instruction codes) used for each register are noted in each register description.

In legacy SPI memory devices the individual register bits could be a mixture of volatile, non-volatile, or One-
Time Programmable (OTP) bits within the same register. In some configuration options the type of a register
bit could change e.g. from non-volatile to volatile.

The S25FS-S family uses separate non-volatile or volatile memory cell groups (areas) to implement the
different register bit types. However, the legacy registers and commands continue to appear and behave as
they always have for legacy software compatibility. There is a non-volatile and a volatile version of each
legacy register when that legacy register has volatile bits or when the command to read the legacy register
has zero read latency. When such a register is read the volatile version of the register is delivered. During
Power-On Reset (POR), hardware reset, or software reset, the non-volatile version of a register is copied to
the volatile version to provide the default state of the volatile register. When non-volatile register bits are
written the non-volatile version of the register is erased and programmed with the new bit values and the
volatile version of the register is updated with the new contents of the non-volatile version. When OTP bits are
programmed the non-volatile version of the register is programmed and the appropriate bits are updated in
the volatile version of the register. When volatile register bits are written, only the volatile version of the
register has the appropriate bits updated.

The type for each bit is noted in each register description. The default state shown for each bit refers to the
state after Power-On Reset, hardware reset, or software reset if the bit is volatile. If the bit is non-volatile or
OTP, the default state is the value of the bit when the device is shipped from Spansion. Non-Volatile bits have
the same cycling (erase and program) endurance as the main flash array.
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8.6.1 Status Register 1
8.6.1.1 Status Register 1 Non-Volatile (SR1NV)
Related Commands: Write Registers (WRR 01h), Read Any Register (RDAR 65h), Write Any Register
(WRAR 71h)
Table 8.14 Status Register 1 Non-Volatile (SR1NV)
Bits | Field Name Function Type Default State Description
1 = Locks state of SRWD, BP, and Configuration
Status Register Register 1 bits when WP# is low by not executing WRR
7 SRWD_NV | Write Disable Non-Volatile 0 or WRAR commands that would affect SR1NV, SR1V,
Default CR1NV, or CR1V.
0 = No protection, even when WP# is low.
6 P ERR D Programming Non-Volatile 0 Provides the default state for the Programming Error
- - Error Default Read Only Status. Not user programmable.
Erase Error Non-Volatile Provides the default state for the Erase Error Status. Not
5 E_ERR_D 0
Default Read Only user programmable.

4 BP_NV2 Protects the selected range of sectors (Block) from
3 BP NV Block Program or Erase when the BP bits are configured as

- Protection Non-Volatile 000b non-volatile (CR1NV[3]=0). Programmed to 111b when
2 BP NVO Non-Volatile BP bits are configured to volatile (CR1NV[3]=1).- after

- which these bits are no longer user programmable.
1 WEL_D WEL Default Non-Volatile 0 Provides the default state for the WEL Status. Not user

Read Only programmable.
0 WIP_D WIP Default Non-Volatile 0 Provides the default state for the WIP Status. Not user
Read Only programmable.

Status Register Write Non-Volatile (SRWD_NV) SR1NV[7]: Places the device in the Hardware Protected
mode when this bit is set to 1 and the WP# input is driven low. In this mode, the Write Registers (WRR) and
Write Any Register (WRAR) commands (that select Status Register 1 or Configuration Register 1) are
ignored and not accepted for execution, effectively locking the state of the Status Register 1 and
Configuration Register 1 (SR1NV, SR1V, CR1NV, or CR1V) bits, by making the registers read-only. If WP# is
high, Status Register 1 and Configuration Register 1 may be changed by the WRR or WRAR commands. If
SRWD_NV is 0, WP# has no effect and Status Register 1 and Configuration Register 1 may be changed by
the WRR or WRAR commands. WP# has no effect on the writing of any other registers. The SRWD_NV bit
has the same non-volatile endurance as the main flash array. The SRWD (SR1V[7]) bit serves only as a copy
of the SRWD_NV bit to provide zero read latency.

Program Error Default (P_ERR_D) SR1NV[6]: Provides the default state for the Programming Error Status
in SR1V[6]. This bit is not user programmable.

Erase Error (E_ERR) SR1V[5]: Provides the default state for the Erase Error Status in SR1V[5]. This bit is
not user programmable.

Block Protection (BP_NV2, BP_NV1, BP_NVO0) SR1NV[4:2]: These bits define the main flash array area to
be software-protected against Program and Erase commands. The BP bits are selected as either volatile or
non-volatile, depending on the state of the BP non-volatile bit (BPNV_O) in the Configuration Register
CR1NV[3]. When CR1NV[3]=0 the non-volatile version of the BP bits (SR1NV[4:2]) are used to control Block
Protection and the WRR command writes SR1NV[4:2] and updates SR1V[4:2] to the same value. When
CR1NV[3]=1 the volatile version of the BP bits (SR1V[4:2]) are used to control Block Protection and the WRR
command writes SR1V[4:2] and does not affect SR1NV[4:2]. When one or more of the BP bits is set to 1, the
relevant memory area is protected against Program and Erase. The Bulk Erase (BE) command can be
executed only when the BP bits are cleared to 0’s. See Section 9.3, Block Protection on page 77 for a
description of how the BP bit values select the memory array area protected. The non-volatile version of the
BP bits have the same non-volatile endurance as the main flash array.

Write Enable Latch Default (WEL_D) SR1NV[1]: Provides the default state for the WEL Status in SR1V[1].
This bit is programmed by Spansion and is not user programmable.

Write-In-Progress Default (WIP_D) SR1NV[0]: Provides the default state for the WIP Status in SR1V[0].
This bit is programmed by Spansion and is not user programmable.
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Status Register 1 Volatile (SR1V)

Related Commands: Read Status Register (RDSR1 05h), Write Registers (WRR 01h), Write Enable (WREN
06h), Write Disable (WRDI 04h), Clear Status Register (CLSR 30h or 82h), Read Any Register (RDAR 65h),
Write Any Register (WRAR 71h). This is the register displayed by the RDSR1 command.

Table 8.15 Status Register 1 Volatile (SR1V)

Bits Field Function Type Default State Description
Name
Status Register Volatile .
7 SRWD Write Disable Read Only Volatile copy of SR1NV[7].
6 P ERR Programming Volatile 1 = Error occurred.
- Error Occurred Read Only 0 = No Error.
Erase Error Volatile 1= Error occurred.
5 E_ERR Occurred Read Only 0 = No Error.
4 BP2 Protects selected range of sectors (Block) from Program
3 BP1 Block or Erase when the BP bits are configured as volatile
Protection Volatile (CR1NV[3]=1). Volatile copy of SR1NV[4:2] when BP
Volatile bits are configured as non-volatile. User writable when
2 BPO . ) )
BP bits are configured as volatile.
SR1NV - - -
1 = Device accepts Write Registers (WRR and WRAR),
Program, or Erase commands.
1 WEL Write Enable Volatile 0 = Device ignores Write Registers (WRR and WRAR),
Latch Program, or Erase commands.
This bit is not affected by WRR or WRAR, only WREN
and WRDI commands affect this bit.
1= Device Busy, an embedded operation is in progress
such as Program or Erase.
Write-In- Volatile 0 = Ready Device is in Standby mode and can accept
0 WIP
Progress Read Only commands.
This bit is not affected by WRR or WRAR, it only
provides WIP status.

Status Register Write (SRWD) SR1V[7]: SRWD is a volatile copy of SR1NV[7]. This bit tracks any changes
to the non-volatile version of this bit.

Program Error (P_ERR) SR1V[6]: The Program Error bit is used as a program operation success or failure
indication. When the Program Error bit is set to a 1 it indicates that there was an error in the last program
operation. This bit will also be set when the user attempts to program within a protected main memory sector,
or program within a locked OTP region. When the Program Error bit is set to a 1 this bit can be cleared to 0
with the Clear Status Register (CLSR) command. This is a read-only bit and is not affected by the WRR or
WRAR commands.

Erase Error (E_ERR) SR1V[5]: The Erase Error bit is used as an Erase operation success or failure
indication. When the Erase Error bit is set to a 1 it indicates that there was an error in the last erase operation.
This bit will also be set when the user attempts to erase an individual protected main memory sector. The
Bulk Erase command will not set E_ERR if a protected sector is found during the command execution. When
the Erase Error bit is set to a 1 this bit can be cleared to 0 with the Clear Status Register (CLSR) command.
This is a read-only bit and is not affected by the WRR or WRAR commands.

Block Protection (BP2, BP1, BP0) SR1V[4:2]: These bits define the main flash array area to be software
protected against program and Erase commands. The BP bits are selected as either volatile or non-volatile,
depending on the state of the BP non-volatile bit (BPNV_QO) in the Configuration Register CR1NV[3]. When
CR1NV[3]=0 the non-volatile version of the BP bits (SR1NV[4:2]) are used to control Block Protection and the
WRR command writes SR1NV[4:2] and updates SR1V[4:2] to the same value. When CR1NV[3]=1 the volatile
version of the BP bits (SR1V[4:2]) are used to control Block Protection and the WRR command writes
SR1V[4:2] and does not affect SR1NV[4:2]. When one or more of the BP bits is set to 1, the relevant memory
area is protected against program and erase. The Bulk Erase (BE) command can be executed only when the
BP bits are cleared to 0’s. See Section 9.3, Block Protection on page 77 for a description of how the BP bit
values select the memory array area protected.
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Write Enable Latch (WEL) SR1V[1]: The WEL bit must be set to 1 to enable program, write, or erase
operations as a means to provide protection against inadvertent changes to memory or register values. The
Write Enable (WREN) command execution sets the Write Enable Latch to a 1 to allow any program, erase, or
write commands to execute afterwards. The Write Disable (WRDI) command can be used to set the Write
Enable Latch to a 1 to prevent all program, erase, and write commands from execution. The WEL bit is
cleared to 0 at the end of any successful program, write, or erase operation. Following a failed operation the
WEL bit may remain set and should be cleared with a WRDI command following a CLSR command. After a
power-down / power-up sequence, hardware reset, or software reset, the Write Enable Latch is setto a 0 The
WRR or WRAR command does not affect this bit.

Write-In-Progress (WIP) SR1V[0]: Indicates whether the device is performing a program, write, erase
operation, or any other operation, during which a new operation command will be ignored. When the bit is set
to a 1 the device is busy performing an operation. While WIP is 1, only Read Status (RDSR1 or RDSR2),
Read Any Register (RDAR), Erase Suspend (ERSP), Program Suspend (PGSP), Clear Status Register
(CLSR), and software reset (RESET) commands are accepted. ERSP and PGSP will only be accepted if
memory array erase or program operations are in progress. The Status Register E_ERR and P_ERR bits are
updated while WIP =1. When P_ERR or E_ERR bits are set to 1, the WIP bit will remain set to 1 indicating the
device remains busy and unable to receive new operation commands. A Clear Status Register (CLSR)
command must be received to return the device to standby mode. When the WIP bit is cleared to 0 no
operation is in progress. This is a read-only bit.

Status Register 2 Volatile (SR2V)

Related Commands: Read Status Register 2 (RDSR2 07h), Read Any Register (RDAR 65h).
Status Register 2 does not have user programmable non-volatile bits, all defined bits are volatile read only
status. The default state of these bits are set by hardware.

Table 8.16 Status Register 2 Volatile (SR2V)

Bits Field Name Function Type Default State Description

7 RFU Reserved 0 Reserved for Future Use.

6 RFU Reserved 0 Reserved for Future Use.

5 RFU Reserved 0 Reserved for Future Use.

4 RFU Reserved 0 Reserved for Future Use.

3 RFU Reserved 0 Reserved for Future Use.
1 = Sector Erase Status command result =

2 ESTAT Erase Status F{thljagily 0 5 r:ls:egzr:]gr?se: étatus command result =
Erase Not Completed.

1 ES Erase Suspend Rggliagily 0 (1) z EoltzirssEer:sues gir:;gzd:{ode.

0 PS Program Volatile 0 1 = In Program Suspend mode.

Suspend Read Only 0 = Not in Program Suspend mode.

Erase Status (ESTAT) SR2V[2]: The Erase Status bit indicates whether the sector, selected by an
immediately preceding Erase Status command, completed the last Erase command on that sector. The Erase
Status command must be issued immediately before reading SR2V to get valid Erase Status. Reading SR2V
during a program or erase suspend does not provide valid Erase Status. The Erase Status bit can be used by
system software to detect any sector that failed its last erase operation. This can be used to detect erase
operations failed due to loss of power during the erase operation.

Erase Suspend (ES) SR2V[1]: The Erase Suspend bit is used to determine when the device is in Erase
Suspend mode. This is a status bit that cannot be written by the user. When Erase Suspend bit is set to 1, the
device is in Erase Suspend mode. When Erase Suspend bit is cleared to 0, the device is not in erase
suspend mode. Refer to Section 10.6.5, Program or Erase Suspend (PES 85h, 75h, BOh) on page 120 for
details about the Erase Suspend/Resume commands.

Program Suspend (PS) SR2V[0]: The Program Suspend bit is used to determine when the device is in
Program Suspend mode. This is a status bit that cannot be written by the user. When Program Suspend bit is
set to 1, the device is in Program Suspend mode. When the Program Suspend bit is cleared to 0, the device
is not in Program Suspend mode. Refer to Section 10.6.5, Program or Erase Suspend (PES 85h, 75h, BOh)
on page 120 for details.
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Configuration Register 1

Configuration Register 1 controls certain interface and data protection functions. The register bits can be
changed using the WRR command with sixteen input cycles or with the WRAR command.

Configuration Register 1 Non-Volatile (CR1NV)

Related Commands: Write Registers (WRR 01h), Read Any Register (RDAR 65h), Write Any Register
(WRAR 71h).

Table 8.17 Configuration Register 1 Non-Volatile (CR1NV)

. . . Default e
Bits Field Name Function Type State Description

7 RFU 0

Reserved for Future Non-Volatile Reserved.
6 RFU Use 0

Configures Start of

. 1 = BP starts at bottom (Low address).
5 TBPROT_O Block Protection oTP 0 0 = BP starts at top (High address).
4 RFU Reserved for Future RFU 0 |Reserved.
Use

Configures BP2-0 in 1 = Volatile.

3 BPNV_O Status Register orp 0 0 = Non-Volatile.
Configures 1 = 4-kB physical sectors at top, (high address).
2 TBPARM_O Parameter Sectors OTP 0 0 = 4-kB physical sectors at bottom (Low address).
location RFU in uniform sector configuration.
1 QUAD_NV Quad Non-Volatile Non-Volatile 0 Provides the default state for the QUAD bit.
0 FREEZE_D FREEZE Default Non-Volatile 0 Provides the default state for the Freeze bit. Not user
Read Only programmable.

Top or Bottom Protection (TBPROT_O) CR1NV[5]: This bit defines the operation of the Block Protection
bits BP2, BP1, and BPO in the Status Register. As described in the Status Register section, the BP2-0 bits
allow the user to optionally protect a portion of the array, ranging from 1/64, %4, V%, etc., up to the entire array.
When TBPROT_O is set to a 0 the Block Protection is defined to start from the top (maximum address) of the
array. When TBPROT_O is set to a 1 the Block Protection is defined to start from the bottom (zero address)
of the array. The TBPROT_O bit is OTP and set to a 0 when shipped from Spansion. If TBPROT_O is
programmed to 1, writing the bit with a 0 does not change the value or set the Program Error bit (P_ERR in
SR1V[6]).

The desired state of TBPROT_O must be selected during the initial configuration of the device during system
manufacture; before the first program or erase operation on the main flash array. TBPROT_O must not be
programmed after programming or erasing is done in the main flash array.

CR1NV[4]: Reserved for Future Use.

Block Protection Non-Volatile (BPNV_0O) CR1NV[3]: The BPNV_O bit defines whether the BP_NV 2-0 bits
or the BP 2-0 bits in the Status Register are selected to control the Block Protection feature. The BPNV_O bit
is OTP and cleared to a 0 with the BP_NV bits cleared to “000” when shipped from Spansion. When BPNV_O
is set to a 0 the BP_NV 2-0 bits in the Status Register are selected to control the block protection and are
written by the WRR command. The time required to write the BP_NV bits is tyy,. When BPNV is set to a 1 the
BP2-0 bits in the Status Register are selected to control the block protection and the BP_NV 2-0 bits will be
programmed to binary “111”. This will cause the BP 2-0 bits to be set to binary 111 after POR, hardware
reset, or command reset. When BPNV is set to a 1, the WRR command writes only the volatile version of the
BP bits (SR1V[4:2]). The non-volatile version of the BP bits (SR1NV[4:2]) are no longer affected by the WRR
command. This allows the BP bits to be written an unlimited number of times because they are volatile and
the time to write the volatile BP bits is the much faster tcg volatile register write time. If BPNV_O is
programmed to 1, writing the bit with a 0 does not change the value or set the Program Error bit (P_ERR in
SR1V[6]).

TBPARM_O CR1NV[2]: TBPARM_O defines the logical location of the parameter block. The parameter

block consists of eight 4-kB parameter sectors, which replace a 32 kB portion of the highest or lowest address
sector. When TBPARM_O is set to a 1 the parameter block is in the top of the memory array address space.
When TBPARM_O is set to a 0 the parameter block is at the Bottom of the array. TBPARM_O is OTP and set
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to a 0 when it ships from Spansion. If TBPARM_O is programmed to 1, writing the bit with a 0 does not
change the value or set the Program Error bit (P_ERR in SR1V[6]).

The desired state of TBPARM_O must be selected during the initial configuration of the device during system
manufacture; before the first program or erase operation on the main flash array. TBPARM_O must not be
programmed after programming or erasing is done in the main flash array.

TBPROT_O can be set or cleared independent of the TBPARM_O bit. Therefore, the user can elect to store
parameter information from the bottom of the array and protect boot code starting at the top of the array, or
vice versa. Or, the user can elect to store and protect the parameter information starting from the top or
bottom together.

When the memory array is configured as uniform sectors, the TBPARM_O bit is Reserved for Future Use
(RFU) and has no effect because all sectors are uniform size.

Quad Data Width Non-Volatile (QUAD_NV) CR1NV[1]: Provides the default state for the Quad bit in
CR1V[1]. The WRR or WRAR command affects this bit. Non-Volatile selection of QPI Mode, by programming
CR2NV[6] =1, will also program QUAD_NV =1 to change the non-volatile default to Quad data width mode.
While QPI Mode is selected by CR2V[6]=1, the Quad_NV bit cannot be cleared to 0.

Freeze Protection Default (FREEZE) CR1NV[0]: Provides the default state for the FREEZE bit in CR1V[0].
This bit is not user programmable.

Configuration Register 1 Volatile (CR1V)

Related Commands: Read Configuration Register (RDCR 35h), Write Registers (WRR 01h), Read Any
Register (RDAR 65h), Write Any Register (WRAR 71h). This is the register displayed by the RDCR
command.

Table 8.18 Configuration Register 1 Volatile (CR1V)

Bits Field Name Function Type D;tf:tl;“ Description
7 RFU
Reserved for Future Volatile Reserved.
6 RFU Use
Volatile copy of Volatile Not user writable.
5 TBPROT TBPROT_O Read Only See CR1NV[5] TBPROT_O.
4 RFU Reserved for Future RFU Reserved.
Use
3 BPNV Volatile copy of Volatile Not user writable.
BPNV_O Read Only CRiNv | See CRINV[3] BPNV_O.
Volatile copy of Volatile Not user writable.
2 TBPARM TBPARM_O Read Only See CR1NV[2] TBPARM_O.
1 QUAD Quad /0 Mode Volatile 3) = gﬂgldt')r Serial
Lock current state of Block Protection control bits, and
Lock-Down Block OTP regions
0 FREEZE Protection until next Volatile 1= Blogk Pr(;tection and OTP locked
power cycle 0 = Block Protection and OTP unlocked.

TBPROT, BPNV, and TBPARM CR1V[5,3,2]: These bits are volatile copies of the related non-volatile bits of
CR1NV. These bits track any changes to the related non-volatile version of these bits.

Quad Data Width (QUAD) CR1V[1]: When set to 1, this bit switches the data width of the device to 4-bit
Quad Mode. That is, WP# becomes 102 and |03 / RESET# becomes an active I/O signal when CS# is low or
the RESET# input when CS# is high. The WP# input is not monitored for its normal function and is internally
set to high (inactive). The commands for Serial, and Dual I/O Read still function normally but, there is no need
to drive the WP# input for those commands when switching between commands using different data path
widths. Similarly, there is no requirement to drive the |03 / RESET# during those commands (while CS# is
low). The QUAD bit must be set to 1 when using the Quad I/O Read, DDR Quad I/O Read, QPI Mode
(CR2V[6] = 1), and Read Quad ID commands. While QPI Mode is selected by CR2V[6]=1, the Quad bit
cannot be cleared to 0. The WRR command writes the non-volatile version of the Quad bit (CR1NV[1]), which
also causes an update to the volatile version CR1V[1]. The WRR command can not write the volatile version
CR1V[1] without first affecting the non-volatile version CR1NV[1]. The WRAR command must be used when
it is desired to write the volatile Quad bit CR1V[1] without affecting the non-volatile version CR1NV[1].
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Freeze Protection (FREEZE) CR1V[0]: The Freeze bit, when set to 1, locks the current state of the Block
Protection control bits and OTP area:

B BPNV_2-0 bits in the non-volatile Status Register 1 (SR1NV[4:2])
® BP 2-0 bits in the volatile Status Register 1 (SR1V[4:2])
® TBPROT_O, TBPARM_O, and BPNV_O bits in the non-volatile Configuration Register (CR1NV[53, 2])

® TBPROT, TBPARM, and BPNV bits in the volatile Configuration Register (CR1V[5, 3, 2]) are indirectly
protected in that they are shadows of the related CR1NV OTP bits and are read only

B the entire OTP memory space

Any attempt to change the above listed bits while FREEZE = 1 is prevented:

B The WRR command does not affect the listed bits and no error status is set.

B The WRAR command does not affect the listed bits and no error status is set.

B The OTPP command, with an address within the OTP area, fails and the P-ERR status is set.

As long as the FREEZE bit remains cleared to logic 0 the Block Protection control bits and FREEZE are
writable, and the OTP address space is programmable.

Once the FREEZE bit has been written to a logic 1 it can only be cleared to a logic 0 by a power-off to power-
on cycle or a hardware reset. Software reset will not affect the state of the FREEZE bit.

The CR1V[0] FREEZE bit is volatile and the default state of FREEZE after power-on comes from FREEZE_D
in CR1NV[0]. The FREEZE bit can be set in parallel with updating other values in CR1V by a single WRR or
WRAR command.

The FREEZE bit does not prevent the WRR or WRAR commands from changing the SRWD_NV (SR1NV([7]),
Quad_NV (CR1NV[1]), or QUAD (CR1V[1]) bits.
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8.6.4 Configuration Register 2

8.6.4.1

Configuration Register 2 controls certain interface functions. The register bits can be read and changed using
the Read Any Register and Write Any Register commands. The non-volatile version of the register provides
the ability to set the POR, hardware reset, or software reset state of the controls. These configuration bits are
OTP and may only have their default state changed to the opposite value one time during system
configuration. The volatile version of the register controls the feature behavior during normal operation.

Configuration Register 2 Non-Volatile (CR2NV)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h).

Table 8.19 Configuration Register 2 Non-Volatile (CR2NV)

Bits Field Name Function Type D;tf:tl;“ Description
7 AL_NV Address Length o |!=#byteaddress.

0 = 3-byte address.

1 = Enabled - QPI (4-4-4) protocol in use.
6 QA_NV QPI 0 0 = Disabled - Legacy SPI protocols in use, instruction is
always serial on SI.

1 =Enabled - 103 is used as RESET# input when CS# is
high or Quad Mode is disabled CR1V[1]=1.

5 I03R_NV 103 Reset OTP 0 0 = Disabled - 103 has no alternate function, hardware

reset is disabled.

RFU Reserved 0 Reserved For Future Use.

0 to 15 latency (dummy) cycles following read address
or continuous mode bits.

Note that bit 3 has a default value of 1 and may be
programmed one time to 0 but cannot be returned to 1.

4
3 1
2

RL_NV Read Latency
1

0

o|lo| o

Address Length Non-Volatile CR2NV[7]: This bit controls the POR, hardware reset, or software reset state
of the expected address length for all commands that require address and are not fixed 3-byte only or 4-byte
(32-bit) only address. Most commands that need an address are legacy SPI commands that traditionally used
3-byte (24-bit) address. For device densities greater than 128 Mbit a 4-byte address is required to access the
entire memory array. The address length configuration bit is used to change most 3-byte address commands
to expect 4-byte address. See Table 10.1, S25FS-S Family Command Set (sorted by function) on page 88 for
command address length. The use of 4-byte address length also applies to the 128-Mbit member of the
S25FS-S family so that the same 4-byte address hardware and software interface may be used for all family
members to simplify migration between densities. The 128-Mbit member of the S25FS-S family simply
ignores the content of the fourth, high order, address byte. This non-volatile address length configuration bit
enables the device to start immediately (boot) in 4-byte address mode rather than the legacy 3-byte address
mode.

QPI Non-Volatile CR2NV[6]: This bit controls the POR, hardware reset, or software reset state of the
expected instruction width for all commands. Legacy SPI commands always send the instruction one bit wide
(serial I/0) on the Sl (I00) signal. The S25FS-S family also supports the QPI Mode in which all transfers
between the host system and memory are 4-bits wide on 100 to 103, including all instructions. This non-
volatile QPI configuration bit enables the device to start immediately (boot) in QPI Mode rather than the
legacy serial instruction mode. When this bit is programmed to QPI Mode, the QUAD_NV bit is also
programmed to Quad Mode (CR1NV[1]=1). The recommended procedure for moving to QPI Mode is to first
use the WRAR command to set CR2V[6]=1, QPI Mode. The volatile register write for QPl Mode has a short
and well defined time (tcg) to switch the device interface into QPI Mode. Following commands can then be
immediately sent in QPI protocol. The WRAR command can be used to program CR2NV[6]=1, followed by
polling of SR1V[0] to know when the programming operation is completed. Similarly, to exit QPI Mode, the
WRAR command is used to clear CR2V[6]=0. CR2NV[6] cannot be erased to 0 because it is OTP.

103 Reset Non-Volatile CR2NV[5]: This bit controls the POR, hardware reset, or software reset state of the
108 signal behavior. Most legacy SPI devices do not have a hardware reset input signal due to the limited
signal count and connections available in traditional SPI device packages. The S25FS-S family provides the
option to use the 103 signal as a hardware reset input when the 103 signal is not in use for transferring
information between the host system and the memory. This non-volatile I03 Reset configuration bit enables
the device to start immediately (boot) with 103 enabled for use as a RESET# signal.
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Read Latency Non-Volatile CR2NV[3:0]: This bit controls the POR, hardware reset, or software reset state
of the Read Latency (dummy cycle) delay in all variable latency read commands. The following read
commands have a variable latency period between the end of address or mode and the beginning of read
data returning to the host:

B Fast Read

® Dual I/O Read

B Quad I/O Read

® DDR Quad I/O Read
[

[ ]

OTPR
RDAR

This Non-Volatile Read Latency configuration bit sets the number of read latency (dummy cycles) in use so
the device can start immediately (boot) with an appropriate read latency for the host system.

Table 8.20 Latency Code (Cycles) Versus Frequency

Read Command Maximum Frequency (MHz)
Fast Read (1-1-1)
Latency OTPR (1-1-1) Dual 0 (1-2-2) Quad 1/O (1-4-4) DDR Quad /O (1-4-4)
Cycles RDAR (1-1-1) QPI (4-4-4) DDR QPI (4-4-4) (Note 4)
RDAR (4-4-4)
Mode Cycles =0 Mode Cycles = 4 Mode Cycles = 2 Mode Cycles =1
0 50 80 40 N/A
1 66 92 53 22
2 80 104 66 34
3 92 116 80 45
4 104 129 92 57
5 116 133 104 68
6 129 133 116 80
7 133 133 129 80
8 133 133 133 80
9 133 133 133 80
10 133 133 133 80
11 133 133 133 80
12 133 133 133 80
13 133 133 133 80
14 133 133 133 80
15 133 133 133 80
Notes:

1. SCK frequency > 133 MHz SDR, or 80 MHz DDR is not supported by this family of devices.
2. The Dual I/O, Quad I/O, QPI, DDR Quad I/O, and DDR QPI, command protocols include Continuous Read mode bits following the
address. The clock cycles for these bits are not counted as part of the latency cycles shown in the table. Example: the legacy
Quad I/0O command has 2 Continuous Read mode cycles following the address. Therefore, the legacy Quad I/O command without
additional read latency is supported only up to the frequency shown in the table for a read latency of 0 cycles. By increasing the variable
read latency the frequency of the Quad I/O command can be increased to allow operation up to the maximum supported 133 MHz

frequency.

3. Other read commands have fixed latency, e.g. Read always has zero read latency. RSFDP always has eight cycles of latency.
4. DDR QPI is only supported for Latency Cycles 1 through 5 and for clock frequency of up to 68 MHz.
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8.6.4.2 Configuration Register 2 Volatile (CR2V)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h), 4BAM.

Table 8.21 Configuration Register 2 Volatile (CR2V)

Default

Bits Field Name Function Type State

Description

1 = 4 byte address.

7 AL Address Length 0 = 3 byte address.

1 = Enabled - QPI (4-4-4) protocol in use.
6 QA QPI 0 = Disabled - Legacy SPI protocols in use, instruction is
always serial on SI.

1 =Enabled - 103 is used as RESET# input when CS# is
high or Quad Mode is disabled CR1V[1]=1.

S I03R_S 103 Reset Volatile CR2NV | 0 = Disabled - 103 has no alternate function, hardware
reset is disabled.

4 RFU Reserved Reserved for Future Use.

3

2 0 to 15 latency (dummy) cycles following read address
RL Read Latency or continuous mode bits.

1

0

Address Length CR2V[7]: This bit controls the expected address length for all commands that require
address and are not fixed 3-byte only or 4-byte (32-bit) only address. See Table 10.1, S25FS-S Family
Command Set (sorted by function) on page 88 for command address length. This volatile Address Length
configuration bit enables the address length to be changed during normal operation. The 4-byte address
mode (4BAM) command directly sets this bit into 4-byte address mode.

QPI CR2V[6]: This bit controls the expected instruction width for all commands. This volatile QPI
configuration bit enables the device to enter and exit QPI Mode during normal operation. When this bit is set
to QPI Mode, the Quad bit is also set to Quad Mode (CR1V[1]=1). When this bit is cleared to legacy SPI
mode, the Quad bit is not affected.

103 Reset CR2V[5]: This bit controls the |03 / RESET# signal behavior. This volatile I03 Reset configuration
bit enables the use of 103 as a RESET# input during normal operation.

Read Latency CR2V[3:0]: This bit controls the read latency (dummy cycle) delay in variable latency read
commands These volatile configuration bits enable the user to adjust the read latency during normal
operation to optimize the latency for different commands or, at different operating frequencies, as needed.
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8.6.5

Configuration Register 3

A\

Configuration Register 3 controls certain command behaviors. The register bits can be read and changed
using the Read Any Register and Write Any Register commands. The non-volatile register provides the POR,
hardware reset, or software reset state of the controls. These configuration bits are OTP and may be
programmed to their opposite state one time during system configuration if needed. The volatile version of
Configuration Register 3 allows the configuration to be changed during system operation or testing.

8.6.5.1

Configuration Register 3 Non-Volatile (CR3NV)

Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h).

Table 8.22 Configuration Register 3 Non-Volatile (CR3NV)

. . . Default I
Bits Field Name Function Type State Description
7 RFU Reserved 0 Reserved for Future Use.
6 RFU Reserved 0 Reserved for Future Use.
1 = Blank Check during erase enabled.
s BC_NV Blank Check O | 0 = Blank Check disabled.
1 =Wrap at 512 bytes.
4 02h_NV Page Buffer Wrap 0 0 = Wrap at 256 bytes.
1 = 4-kB Erase disabled (Uniform Sector Architecture).
o OTP
3 20n_NV 4-kB Erase 0 0 = 4-kB Erase enabled (Hybrid Sector Architecture).
2 30h NV Clear Status / 0 1 =30h is Erase or Program Resume command.
- Resume Select 0 = 30h is clear status command.
) 1 = 256-kB Erase.
1 D8h_NV Block Erase Size 0 0 = 64-kB Erase.
0 Foh NV Legacy Software 0 1 = FOh software reset is enabled.
- Reset Enable 0 = FOh software reset is disabled (ignored).

Blank Check Non-Volatile CR3NV[5]: This bit controls the POR, hardware reset, or software reset state of
the blank check during erase feature.

02h Non-Volatile CR3NV[4]: This bit controls the POR, hardware reset, or software reset state of the Page

Programming Buffer address wrap point.

20h Non-Volatile CR3NV[3]: This bit controls the POR, hardware reset, or software reset state of the
availability of 4-kB parameter sectors in the main flash array address map.

30h Non-Volatile CR3NV[2]: This bit controls the POR, hardware reset, or software reset state of the 30h

instruction code is used.

D8h Non-Volatile CR3NV[1]: This bit controls the POR, hardware reset, or software reset state of the
configuration for the size of the area erased by the D8h or DCh instructions.

FOh Non-Volatile CR3NV[0]: This bit controls the POR, hardware reset, or software reset state of the
availability of the Spansion legacy FL-S family software reset instruction.
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Configuration Register 3 Volatile (CR3V)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h).

Table 8.23 Configuration Register 3 Volatile (CR3V)

Bits Field Name Function Type D;tf:t":t Description
7 RFU Reserved Reserved for Future Use.
6 RFU Reserved Reserved for Future Use.
! 1 = Blank Check during erase enabled.
Volatile
5 BC.V Blank Check 0 = Blank Check disabled.
1= Wrap at 512 bytes.
4 02h_V Page Buffer Wrap 0 = Wrap at 256 bytes.
I Volatile, CR3Ny | 1=4-kB Erase disabled (Uniform Sector Architecture).
8 20n_v 4-kB Erase Read Only 0 = 4-kB Erase enabled (Hybrid Sector Architecture).
2 30h V Clear Status / 1 =30h is Erase or Program Resume command.
- Resume Select 0 = 30h is Clear Status command.
. . 1 =256-kB Erase.
1 D8h_V Block Erase Size Volatile 0 = 64-kB Erase.
0 Foh V Legacy Software 1 = FOh software reset is enabled.
- Reset Enable 0 = FOh software reset is disabled (ignored).

Blank Check Volatile CR3V[5]: This bit controls the blank check during erase feature. When this feature is
enabled an erase command first evaluates the Erase Status of the sector. If the sector is found to have not
completed its last erase successfully, the sector is unconditionally erased. If the last erase was successful,
the sector is read to determine if the sector is still erased (blank). The erase operation is started immediately
after finding any programmed zero. If the sector is already blank (no programmed zero bit found) the
remainder of the erase operation is skipped. This can dramatically reduce erase time when sectors being
erased do not need the erase operation. When enabled the blank check feature is used within the parameter
erase, Sector Erase, and Bulk Erase commands. When blank check is disabled an Erase command
unconditionally starts the Erase operation.

02h Volatile CR3V[4]: This bit controls the Page Programming Buffer address wrap point. Legacy SPI
devices generally have used a 256-byte Page Programming Buffer and defined that if data is loaded into the
buffer beyond the 255-byte location, the address at which additional bytes are loaded would be wrapped to
address zero of the buffer. The S25FS-S family provides a 512-byte Page Programming Buffer that can
increase programming performance. For legacy software compatibility, this configuration bit provides the
option to continue the wrapping behavior at the 256-byte boundary or to enable full use of the available
512-byte buffer by not wrapping the load address at the 256-byte boundary.

20h Volatile CR3V[3]: This bit controls the availability of 4-kB parameter sectors in the main flash array
address map. The parameter sectors can overlay the highest or lowest 32-kB address range of the device or
they can be removed from the address map so that all sectors are uniform size. This bit shall not be written to
a value different than the value of CR3NV[3]. The value of CR3V[3] may only be changed by writing
CR3NV[3].

30h Volatile CR3V[2]: This bit controls how the 30h instruction code is used. The instruction may be used as
a Clear Status command or as an alternate Program / Erase Resume command. This allows software
compatibility with either Spansion legacy SPI devices or alternate vendor devices.

D8h Volatile CR3V[1]: This bit controls the area erased by the D8h or DCh instructions. The instruction can
be used to erase 64-kB physical sectors or 256-kB size and aligned blocks. The option to erase 256-kB
blocks in the lower density family members allows for consistent software behavior across all densities that
can ease migration between different densities.

FOh Volatile CR3V[0]: This bit controls the availability of the Spansion legacy FL-S family software reset
instruction. The S25FS-S family supports the industry common 66h + 99h instruction sequence for software
reset. This configuration bit allows the option to continue use of the legacy FOh single command for software
reset.
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Configuration Register 4

Configuration Register 4 controls the main Flash Array Read commands burst wrap behavior. The burst wrap
configuration does not affect commands reading from areas other than the main flash array e.g. read
commands for registers or OTP array. The non-volatile version of the register provides the ability to set the
start up (boot) state of the controls as the contents are copied to the volatile version of the register during the
POR, hardware reset, or software reset. The volatile version of the register controls the feature behavior
during normal operation. The register bits can be read and changed using the Read Any Register and Write
Any Register commands. The volatile version of the register can also be written by the Set Burst Length
(COh) command.

Configuration Register 4 Non-Volatile (CR4NV)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h).

Table 8.24 Configuration Register 4 Non-Volatile (CR4NV)

Bits Field Name Function Type Dgtf:tilt Description
7 0
(e]le} Output Impedance 0 See Table 8.25, Output Impedance Control on page 71.
5 0
4 WE_O Wrap Enable 1 ? z ng E?;ﬁ%_
3 RFU Reserved otp 0 Reserved for Future Use.
2 RFU Reserved 0 Reserved for Future Use.
1 0 00 = 8-byte wrap.
| wo | weiew A Db
11 = 64-byte wrap.

Output Impedance Non-Volatile CR4NV[7:5]: These bits control the POR, hardware reset, or software
reset state of the 10 signal output impedance (drive strength). Multiple drive strength are available to help
match the output impedance with the system printed circuit board environment to minimize overshoot and
ringing. These non-volatile output impedance configuration bits enable the device to start immediately (boot)
with the appropriate drive strength.

Table 8.25 Output Impedance Control

CRA4NVI[7:5] Typical Impedance to Vgg Typical Impedance to Vpp Notes
Impedance Selection (Ohms) (Ohms)

000 47 45 Factory Default
001 124 105

010 71 64

011 47 45

100 34 35

101 26 28

110 22 24

111 18 21

Wrap Enable Non-Volatile CR4NV[4]: This bit controls the POR, hardware reset, or software reset state of
the Wrap Enable. The commands affected by Wrap Enable are: Quad I/O Read, and DDR Quad I/O Read.
This configuration bit enables the device to start immediately (boot) in wrapped burst read mode rather than
the legacy sequential read mode.

Wrap Length Non-Volatile CR4NV[1:0]: These bits controls the POR, hardware reset, or software reset
state of the wrapped read length and alignment. These non-volatile configuration bits enable the device to
start immediately (boot) in wrapped burst read mode rather than the legacy sequential read mode.
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8.6.6.2 Configuration Register 4 Volatile (CR4V)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h), Set Burst Length

(SBL COh).
Table 8.26 Configuration Register 4 Volatile (CR4V)
. . . Default _—
Bits Field Name Function Type State Description
7
6 Ol Output Impedance See Table 8.25, Output Impedance Control on page 71.
5
0 = Wrap Enabled.
4 WE Wrap Enable 1 = Wrap Disabled.
3 RFU Reserved Volatile CRANV Reserved for Future Use.
2 RFU Reserved Reserved for Future Use.
1 00 = 8-byte wrap.
01 = 16-byte wrap.
0 WL Wrap Length 10 = 32-byte wrap.
11 = 64-byte wrap.

Output Impedance CR2V[7:5]: These bits control the IO signal output impedance (drive strength). This
volatile output impedance configuration bit enables the user to adjust the drive strength during normal

operation.

Wrap Enable CR4V[4]: This bit controls the burst wrap feature. This volatile configuration bit enables the
device to enter and exit burst wrapped read mode during normal operation.

Wrap Length CR4V[1:0]: These bits controls the wrapped read length and alignment during normal
operation. These volatile configuration bits enable the user to adjust the burst wrapped read length during
normal operation.
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8.6.7 ASP Register (ASPR)

Related Commands: ASP Read (ASPRD 2Bh) and ASP Program (ASPP 2Fh), Read Any Register (RDAR
65h), Write Any Register (WRAR 71h).

The ASP register is a 16-bit OTP memory location used to permanently configure the behavior of Advanced
Sector Protection (ASP) features. ASPR does not have user programmable volatile bits, all defined bits are

OTP.

The default state of the ASPR bits are programmed by Spansion.

Table 8.27 ASP Register (ASPR)

A\

Bits Field Name Function Type Default Description
State
15t09 RFU Reserved OTP 1 Reserved for Future Use.
8 RFU Reserved otP 1 Reserved for Future Use.
7 RFU Reserved OTP 1 Reserved for Future Use.
6 RFU Reserved OTP 1 Reserved for Future Use.
5 RFU Reserved OoTP 1 Reserved for Future Use.
4 RFU Reserved RFU 1 Reserved for Future Use.
3 RFU Reserved RFU 1 Reserved for Future Use.
Password .
2 PWDMLB Protection Mode oTP 1 0 = Password Protect!on mode permanently enabled.
) 1 = Password Protection mode not permanently enabled.
Lock Bit
Persistent . .
1 PSTMLB Protection Mode oTP 1 0= Pers!stent Protect!on mode permanently enabled.
) 1 = Persistent Protection mode not permanently enabled.
Lock Bit
0 RFU Reserved RFU 1 Reserved for Future Use.

Password Protection Mode Lock Bit (PWDMLB) ASPR[2]: When programmed to O, the Password
Protection mode is permanently selected.

Persistent Protection Mode Lock Bit (PSTMLB) ASPR[1]: When programmed to 0, the Persistent
Protection mode is permanently selected.

PWDMLB (ASPRI[2]) and PSTMLB (ASPR[1]) are mutually exclusive, only one may be programmed to 0.
ASPR bits may only be programmed while ASPR[2:1] = 11b. Attempting to program ASPR bits when

ASPRJ[2:1] is not = 11b will result in a programming error with P_ERR (SR1V[6]) set to 1. After the ASP

protection mode is selected by programming ASPR[2:1] = 10b or 01b, the state of all ASPR bits are locked
and permanently protected from further programming. Attempting to program ASPR[2:1] = 00b will result in a
programming error with P_ERR (SR1V[6]) set to 1.

Similarly, OTP configuration bits listed in the ASP Register description (ASP Register on page 81), may only
be programmed while ASPR[2:1] = 11b. The OTP configuration must be selected before selecting the ASP
protection mode. The OTP configuration bits are permanently protected from further change when the ASP
protection mode is selected. Attempting to program these OTP configuration bits when ASPR[2:1] is not =
11b will result in a programming error with P_ERR (SR1V[6]) set to 1.

The ASP protection mode should be selected during system configuration to ensure that a malicious program
does not select an undesired protection mode at a later time. By locking all the protection configuration via the
ASP mode selection, later alteration of the protection methods by malicious programs is prevented.
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8.6.8 Password Register (PASS)
Related Commands: Password Read (PASSRD E7h) and Password Program (PASSP E8h), Read Any
Register (RDAR 65h), Write Any Register (WRAR 71h). The PASS register is a 64-bit OTP memory location
used to permanently define a password for the Advanced Sector Protection (ASP) feature. PASS does not
have user programmable volatile bits, all defined bits are OTP. A volatile copy of PASS is used to satisfy read
latency requirements but the volatile register is not user writable or further described.

Table 8.28 Password Register (PASS)

Field Function Type Default State Description

Bits Name

Non-Volatile OTP storage of 64-bit password. The password is
no longer readable after the password protection mode is
selected by programming ASP register bit 2 to 0.

Hidden otp FFFFFFFF-

63100 | PWD Password FFFFFFFFh

8.6.9 PPB Lock Register (PPBL)
Related Commands: PPB Lock Read (PLBRD A7h, PLBWR A6h), Read Any Register (RDAR 65h).

PPBL does not have separate user programmable non-volatile bits, all defined bits are volatile read only
status. The default state of the RFU bits is set by hardware. The default state of the PPBLOCK bit is defined
by the ASP protection mode bits in ASPR[2:1]. There is no non-volatile version of the PPBL register.

The PPBLOCK bit is used to protect the PPB bits. When PPBL[0] = 0, the PPB bits can not be programmed.

Table 8.29 PPB Lock Register (PPBL)

Bits Field Name Function Type Default State Description
7t01 RFU Reserved Volatile 00h Reserved for Future Use
Volatile Aspggt:;]ct:b:}x&: dl:ers;stent 0 = PPB array protected.
i =
0 PPBLOCK | Protect PPB Array I?;T;i ASPR[2:1] = 01b = Password 1 =PPB array may be programmed or erased.

Protection Mode = 0

8.6.10 PPB Access Register (PPBAR)
Related Commands: PPB Read (PPBRD FCh or 4PPBRD E2h), PPB Program (PPBP FDh or 4PPBP E3h),
PPB Erase (PPBE E4h).

PPBAR does not have user writable volatile bits, all PPB array bits are non-volatile. The default state of the
PPB array is erased to FFh by Spansion. There is no volatile version of the PPBAR register.

Table 8.30 PPB Access Register (PPBAR)

Bits Field Name Function Type Default State Description

00h = PPB for the sector addressed by the PPBRD or
PPBP command is programmed to 0, protecting that
Read or Program ) sector from program or erase operations.

710 PPB per sector PPB | \on-Volatile FFh FFh = PPB for the sector addressed by the PPBRD
command is 1, not protecting that sector from program

or erase operations.
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DYB Access Register (DYBAR)
Related Commands: DYB Read (DYBRD FAh or 4DYBRD EOh) and DYB Write (DYBWR FBh or ADYBWR
E1h).

DYBAR does not have user programmable non-volatile bits, all bits are a representation of the volatile bits in
the DYB array. The default state of the DYB array bits is set by hardware. There is no non-volatile version of
the DYBAR register.

Table 8.31 DYB Access Register (DYBAR)

Bits Field Name Function Type Default State Description
00h = DYB for the sector addressed by the DYBRD or DYBWR
command is cleared to 0, protecting that sector from program or
Read or Write . erase operations.
7100 DYB | persectorpyp | Volatile FFh FFh = DYB for the sector addressed by the DYBRD or DYBWR
command is set to 1, not protecting that sector from program or
erase operations.

8.6.12

SPI DDR Data Learning Registers

Related Commands: Program NVDLR (PNVDLR 43h), Write VDLR (WVDLR 4Ah), Data Learning Pattern
Read (DLPRD 41h), Read Any Register (RDAR 65h), Write Any Register (WRAR 71h).

The Data Learning Pattern (DLP) resides in an 8-bit Non-Volatile Data Learning Register (NVDLR) as well as
an 8-bit Volatile Data Learning Register (VDLR). When shipped from Spansion, the NVDLR value is 00h.
Once programmed, the NVDLR cannot be reprogrammed or erased; a copy of the data pattern in the NVDLR
will also be written to the VDLR. The VDLR can be written to at any time, but on reset or power cycles the
data pattern will revert back to what is in the NVDLR. During the learning phase described in the SPI DDR
modes, the DLP will come from the VDLR. Each 10 will output the same DLP value for every clock edge. For
example, if the DLP is 34h (or binary 00110100) then during the first clock edge all 10’s will output 0;
subsequently, the 2nd clock edge all I/O’s will output 0, the 3rd will output 1, etc.

When the VDLR value is 00h, no preamble data pattern is presented during the dummy phase in the DDR

commands.
Table 8.32 Non-Volatile Data Learning Register (NVDLR)
Bits Field Name Function Type Default State Description
) OTP value that may be transferred to the host during DDR read
Non-Volatile command latency (dummy) cycles to provide a training pattern to
7t00 | NVDLP | Datalearning | OTP 00h Y y) Cy P g patte
help the host more accurately center the data capture point in the
Pattern . .
received data bits.
Table 8.33 Volatile Data Learning Register (VDLR)
Bits Field Name Function Type Default State Description
Takes the
Volatile Data value of Volatile copy of the NVDLP used to enable and deliver the Data
7t00 VDLP Learning Volatile NVDLR Learning Pattern (DLP) to the outputs. The VDLP may be changed
Pattern during POR | by the host during system operation.
or Reset
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9. Data Protection

9.1 Secure Silicon Region (OTP)

The device has a 1024 byte One-Time Program (OTP) address space that is separate from the main flash
array. The OTP area is divided into 32, individually lockable, 32-byte aligned and length regions.

The OTP memory space is intended for increased system security. OTP values can “mate” a flash
component with the system CPU/ASIC to prevent device substitution. See OTP Address Space on page 58,
OTP Program (OTPP 42h) on page 123, and OTP Read (OTPR 4Bh) on page 123.

9.1.1 Reading OTP Memory Space

The OTP Read command uses the same protocol as Fast Read. OTP Read operations outside the valid 1-kB
OTP address range will yield indeterminate data.

9.1.2 Programming OTP Memory Space

The protocol of the OTP programming command is the same as Page Program. The OTP Program command
can be issued multiple times to any given OTP address, but this address space can never be erased.

The valid address range for OTP Program is depicted in Figure 8.1, OTP Address Space on page 58. OTP
Program operations outside the valid OTP address range will be ignored, without P_ERR in SR1V set to 1.
OTP Program operations within the valid OTP address range, while FREEZE = 1, will fail with P_ERR in
SR1V set to 1. The OTP address space is not protected by the selection of an ASP Protection mode. The
Freeze bit (CR1V[0]) may be used to protect the OTP Address Space.

9.1.3 Spansion Programmed Random Number

Spansion standard practice is to program the low order 16 bytes of the OTP memory space (locations 0x0 to
0xF) with a 128-bit random number using the Linear Congruential Random Number Method. The seed value
for the algorithm is a random number concatenated with the day and time of tester insertion.

9.1.4 Lock Bytes

The LSB of each Lock byte protects the lowest address region related to the byte, the MSB protects the
highest address region related to the byte. The next higher address byte similarly protects the next higher 8
regions. The LSB bit of the lowest address Lock Byte protects the higher address 16 bytes of the lowest
address region. In other words, the LSB of location 0x10 protects all the Lock Bytes and RFU bytes in the
lowest address region from further programming. See OTP Address Space on page 58.
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9.3

Reset

Page Program (PP or 4PP)

Write Enable Command

The Write Enable (WREN) command must be written prior to any command that modifies non-volatile data.
The WREN command sets the Write Enable Latch (WEL) bit. The WEL bit is cleared to 0 (disables writes)
during power-up, hardware reset, or after the device completes the following commands:

Parameter 4-kB Erase (P4E or 4P4E)
Sector Erase (SE or 4SE)

Bulk Erase (BE)

Write Disable (WRDI)
Write Registers (WRR)

Write Any Register (WRAR)

OTP Byte Programming (OTPP)
Advanced Sector Protection Register Program (ASPP)
Persistent Protection Bit Program (PPBP)
Persistent Protection Bit Erase (PPBE)

Password Program (PASSP)

Program Non-Volatile Data Learning Register (PNVDLR)

Block Protection

The Block Protect bits (Status Register bits BP2, BP1, BP0) in combination with the Configuration Register
TBPROT_O bit can be used to protect an address range of the main flash array from program and erase
operations. The size of the range is determined by the value of the BP bits and the upper or lower starting
point of the range is selected by the TBPROT_O bit of the Configuration Register (CR1NV[5]).

Table 9.1 Upper Array Start of Protection (TBPROT_O = 0)

N

SPANSION-®
A\

Status Register Content

Protected Fraction

Protected Memory (kbytes)

BP2 BP1 BPO of Memory Array ':2;2';'33 ';ggiﬁs

0 0 0 None 0 0

0 0 1 Upper 64th 256 512

0 1 0 Upper 32nd 512 1024
0 1 1 Upper 16th 1024 2048

1 0 0 Upper 8th 2048 4096

1 0 1 Upper 4th 4096 8192

1 1 0 Upper Half 8192 16384
1 1 1 All Sectors 16384 32768
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Table 9.2 Lower Array Start of Protection (TBPROT_O = 1)

Status Register Content Protected Memory (kbytes)
Protected Fraction
BP2 BP1 BPO of Memory Array ':2;233 ;2:535

0 0 0 None 0 0
0 0 1 Lower 64th 256 512
0 1 0 Lower 32nd 512 1024
0 1 1 Lower 16th 1024 2048
1 0 0 Lower 8th 2048 4096
1 0 1 Lower 4th 4096 8192
1 1 0 Lower Half 8192 16384
1 1 1 All Sectors 16384 32768

When Block Protection is enabled (i.e., any BP2-0 are set to 1), Advanced Sector Protection (ASP) can still
be used to protect sectors not protected by the Block Protection scheme. In the case that both ASP and Block
Protection are used on the same sector the logical OR of ASP and Block Protection related to the sector is
used.

9.3.1 Freeze Bit

Bit 0 of Configuration Register 1 (CR1V[0]) is the FREEZE bit. The Freeze bit, when set to 1, locks the current
state of the Block Protection control bits and OTP area until the next power off-on cycle. Additional details in
Configuration Register 1 Volatile (CR1V) on page 64.

9.3.2 Write Protect Signal

The Write Protect (WP#) input in combination with the Status Register Write Disable (SRWD) bit (SR1NV[7])
provide hardware input signal controlled protection. When WP# is Low and SRWD is set to 1

Status Register 1 (SR1NV and SR1V) and Configuration Register 1 (CR1NV and CR1V) are protected from
alteration. This prevents disabling or changing the protection defined by the Block Protect bits. See Status
Register 1 on page 60.

9.4 Advanced Sector Protection

Advanced Sector Protection (ASP) is the name used for a set of independent hardware and software
methods used to disable or enable programming or erase operations, individually, in any or all sectors.

Every main flash array sector has a non-volatile Persistent Protection Bit (PPB) and a volatile Dynamic
Protection Bit (DYB) associated with it. When either bit is 0, the sector is protected from program and erase
operations. The PPB bits are protected from program and erase when the volatile PPB Lock bit is 0. There
are two methods for managing the state of the PPB Lock bit: Password Protection and Persistent Protection.
An overview of these methods is shown in Figure 9.2, Advanced Sector Protection Overview on page 80.

Block Protection and ASP protection settings for each sector are logically ORed to define the protection for
each sector i.e. if either mechanism is protecting a sector the sector cannot be programmed or erased. Refer
to Block Protection on page 77 for full details of the BP2-0 bits.
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Figure 9.1 Sector Protection Control
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Figure 9.2 Advanced Sector Protection Overview
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The Persistent Protection method sets the PPB Lock bit to 1 during POR, or hardware reset so that the PPB
bits are unprotected by a device reset. There is a command to clear the PPB Lock bit to 0 to protect the PPB.
There is no command in the Persistent Protection method to set the PPB Lock bit to 1, therefore the PPB
Lock bit will remain at O until the next power-off or hardware reset. The Persistent Protection method allows
boot code the option of changing sector protection by programming or erasing the PPB, then protecting the
PPB from further change for the remainder of normal system operation by clearing the PPB Lock bit to 0. This
is sometimes called Boot-code controlled sector protection.
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The Password method clears the PPB Lock bit to 0 during POR, or hardware reset to protect the PPB. A 64-
bit password may be permanently programmed and hidden for the password method. A command can be
used to provide a password for comparison with the hidden password. If the password matches, the PPB
Lock bit is set to 1 to unprotect the PPB. A command can be used to clear the PPB Lock bit to 0. This method
requires use of a password to control PPB protection.

The selection of the PPB Lock bit management method is made by programming OTP bits in the ASP
Register so as to permanently select the method used.

9.4.1 ASP Register

The ASP register is used to permanently configure the behavior of Advanced Sector Protection (ASP)
features. See Table 8.27, ASP Register (ASPR) on page 73.

As shipped from the factory, all devices default ASP to the Persistent Protection mode, with all sectors
unprotected, when power is applied. The device programmer or host system must then choose which sector
protection method to use. Programming either of the, one-time programmable, Protection Mode Lock bits,
locks the part permanently in the selected mode:

B ASPR[2:1] = “11” = No ASP mode selected, Persistent Protection mode is the default.
B ASPR[2:1] = “10” = Persistent Protection mode permanently selected.
B ASPR[2:1] = “01” = Password Protection mode permanently selected.

B ASPRI[2:1] = “00” is an lllegal condition, attempting to program more than one bit to zero results in a
programming failure.

ASP register programming rules:

m [f the password mode is chosen, the password must be programmed prior to setting the Protection Mode
Lock bits.

B Once the Protection mode is selected, the following OTP Configuration Register bits are permanently
protected from programming and no further changes to the OTP register bits is allowed:

— CRINV[5:2]
- CR2NV

— CR3NV

— CR4NV

- ASPR

— PASS

— NVDLR

— If an attempt to change any of the registers above, after the ASP mode is selected, the operation will
fail and P_ERR (SR1V[6]) will be set to 1.

The programming time of the ASP register is the same as the typical page programming time. The system
can determine the status of the ASP register programming operation by reading the WIP bit in the Status
Register. See Status Register 1 on page 60 for information on WIP.

See Sector Protection States Summary on page 83.
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9.4.2 Persistent Protection Bits

9.4.3

9.4.4

The Persistent Protection Bits (PPB) are located in a separate non-volatile flash array. One of the PPB bits is
related to each sector. When a PPB is 0, its related sector is protected from program and erase operations.
The PPB are programmed individually but must be erased as a group, similar to the way individual words may
be programmed in the main array but an entire sector must be erased at the same time. The PPB have the
same program and erase endurance as the main flash memory array. Preprogramming and verification prior
to erasure are handled by the device.

Programming a PPB bit requires the typical page programming time. Erasing all the PPBs requires typical
Sector Erase time. During PPB bit programming and PPB bit erasing, status is available by reading the Status
Register. Reading of a PPB bit requires the initial access time of the device.

Notes:
1. Each PPB is individually programmed to O and all are erased to 1 in parallel.

2. If the PPB Lock bit is 0, the PPB Program or PPB Erase command does not execute and fails
without programming or erasing the PPB.

3. The state of the PPB for a given sector can be verified by using the PPB Read command.

Dynamic Protection Bits

Dynamic Protection Bits are volatile and unique for each sector and can be individually modified. DYB only
control the protection for sectors that have their PPB set to 1. By issuing the DYB Write command, a DYB is
cleared to 0 or set to 1, thus placing each sector in the protected or unprotected state respectively. This
feature allows software to easily protect sectors against inadvertent changes, yet does not prevent the easy
removal of protection when changes are needed. The DYBs can be set or cleared as often as needed as they
are volatile bits.

PPB Lock Bit (PPBL[0])
The PPB Lock Bit is a volatile bit for protecting all PPB bits. When cleared to 0, it locks all PPBs, when set to
1, it allows the PPBs to be changed. See Section 8.6.9, PPB Lock Register (PPBL) on page 74 for more
information.

The PLBWR command is used to clear the PPB Lock bit to 0. The PPB Lock Bit must be cleared to 0 only
after all the PPBs are configured to the desired settings.

In Persistent Protection mode, the PPB Lock is set to 1 during POR or a hardware reset. When cleared to 0,
no software command sequence can set the PPB Lock bit to 1, only another hardware reset or power-up can
set the PPB Lock bit.

In the Password Protection mode, the PPB Lock bit is cleared to 0 during POR or a hardware reset. The PPB
Lock bit can only be set to 1 by the Password Unlock command.
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9.4.5 Sector Protection States Summary
Each sector can be in one of the following protection states:

® Unlocked — The sector is unprotected and protection can be changed by a simple command. The
protection state defaults to unprotected when the device is shipped from Spansion.

B Dynamically Locked — A sector is protected and protection can be changed by a simple command. The
protection state is not saved across a power cycle or reset.

W Persistently Locked — A sector is protected and protection can only be changed if the PPB Lock bit is set
to 1. The protection state is non-volatile and saved across a power cycle or reset. Changing the protection
state requires programming and or erase of the PPB bits.

Table 9.3 Sector Protection States

Protection Bit Values
PPB Lock PPB DYB

Sector State

1 1

-

Unprotected — PPB and DYB are changeable.

Protected — PPB and DYB are changeable.

—_

1 0
0 1 Protected — PPB and DYB are changeable.
0 0 Protected — PPB and DYB are changeable.

0 1 1 Unprotected — PPB not changeable, DYB is changeable.

0 1 0 Protected — PPB not changeable, DYB is changeable.

0 0 1 Protected — PPB not changeable, DYB is changeable.

0 0 0 Protected — PPB not changeable, DYB is changeable.
9.4.6 Persistent Protection Mode

The Persistent Protection method sets the PPB Lock bit to 1 during POR or hardware reset so that the PPB
bits are unprotected by a device hardware reset. Software reset does not affect the PPB Lock bit. The
PLBWR command can clear the PPB Lock bit to 0 to protect the PPB. There is no command to set the PPB
Lock bit therefore the PPB Lock bit will remain at 0 until the next power-off or hardware reset.

9.4.7 Password Protection Mode

Password Protection mode allows an even higher level of security than the Persistent Sector Protection
mode, by requiring a 64-bit password for unlocking the PPB Lock bit. In addition to this password
requirement, after power-up and hardware reset, the PPB Lock bit is cleared to 0 to ensure protection at
power-up. Successful execution of the Password Unlock command by entering the entire password sets the
PPB Lock bit to 1, allowing for sector PPB modifications.

Password Protection Notes:

B Once the Password is programmed and verified, the Password mode (ASPR[2]=0) must be set in order to
prevent reading the password.

B The Password Program Command is only capable of programming 0s. Programming a 1 after a cell is
programmed as a 0 results in the cell left as a 0 with no programming error set.

B The password is all 1s when shipped from Spansion. It is located in its own memory space and is
accessible through the use of the Password Program, Password Read, RDAR, and WRAR commands.

W All 64-bit password combinations are valid as a password.

B The Password mode, once programmed, prevents reading the 64-bit password and further password
programming. All further program and read commands to the password region are disabled and these
commands are ignored or return undefined data. There is no means to verify what the password is after the
Password Mode Lock bit is selected. Password verification is only allowed before selecting the Password
Protection mode.

B The Protection Mode Lock bits are not erasable.
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B The exact password must be entered in order for the unlocking function to occur. If the password unlock
command provided password does not match the hidden internal password, the unlock operation fails in
the same manner as a programming operation on a protected sector. The P_ERR bit is set to 1, the WIP bit
remains set, and the PPB Lock bit remains cleared to 0.

B The Password Unlock command cannot be accepted any faster than once every 100 ps + 20 ps. This
makes it take an unreasonably long time (58 million years) for a hacker to run through all the 64-bit
combinations in an attempt to correctly match a password. The Read Status Register 1 command may be
used to read the WIP bit to determine when the device has completed the password unlock command or is
ready to accept a new password command. When a valid password is provided the password unlock
command does not insert the 100 ps delay before returning the WIP bit to 0.

B |f the password is lost after selecting the Password mode, there is no way to set the PPB Lock bit.

9.5 Recommended Protection Process
During system manufacture, the flash device configuration should be defined by:

1. Programming the OTP configuration bits in CR1NV[5, 3:2], CR2NV, CR3NV, and CR4NV as
desired.

2. Program the Secure Silicon Region (OTP area) as desired.
3. Program the PPB bits as desired via the PPBP command.

4. Program the Non-Volatile Data Learning Pattern (NVDLR) if it will be used in DDR read
commands.

5. Program the Password register (PASS) if password protection will be used.

6. Program the ASP Register as desired, including the selection of the persistent or password ASP
protection mode in ASPR[2:1]. It is very important to explicitly select a protection mode so that later
accidental or malicious programming of the ASP register and OTP configuration is prevented. This
is to ensure that only the intended OTP protection and configuration features are enabled.

During system power-up and boot code execution:

1. Trusted boot code can determine whether there is any need to program additional SSR (OTP area)
information. If no SSR changes are needed the FREEZE bit (CR1V[0]) can be set to 1 to protect
the SSR from changes during the remainder of normal system operation while power remains on.

2. If the Persistent Protection mode is in use, trusted boot code can determine whether there is any
need to modify the persistent (PPB) sector protection via the PPBP or PPBE commands. If no PPB
changes are needed the PPBLOCK bit can be cleared to 0 via the PPBL to protect the PPB bits
from changes during the remainder of normal system operation while power remains on.

3. The Dynamic (DYB) Sector Protection bits can be written as desired via the DYBAR.
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10. Commands

All communication between the host system and S25FS-S family memory devices is in the form of units
called commands.

All commands begin with an instruction that selects the type of information transfer or device operation to be
performed. Commands may also have an address, instruction modifier, latency period, data transfer to the
memory, or data transfer from the memory. All instruction, address, and data information is transferred
sequentially between the host system and memory device.

Command protocols are also classified by a numerical nomenclature using three numbers to reference the
transfer width of three command phases:

W instruction;
B address and instruction modifier (mode);
H data.

Single bit wide commands start with an instruction and may provide an address or data, all sent only on the Sl
signal. Data may be sent back to the host serially on the SO signal. This is referenced as a 1-1-1 command
protocol for single bit width instruction, single bit width address and modifier, single bit data.

Dual or Quad Input / Output (I/O) commands provide an address sent from the host as bit pairs on 100 and
101 or, four bit (nibble) groups on 100, 101, 102, and 103. Data is returned to the host similarly as bit pairs on
100 and 101 or, four bit (nibble) groups on 100, 101, 102, and I03. This is referenced as 1-2-2 for Dual I/O
and 1-4-4 for Quad I/O command protocols.

The S25FS-S family also supports a QPI Mode in which all information is transferred in 4-bit width, including
the instruction, address, modifier, and data. This is referenced as a 4-4-4 command protocol.

Commands are structured as follows:

B Each command begins with an eight bit (byte) instruction. However, some read commands are modified by
a prior read command, such that the instruction is implied from the earlier command. This is called
Continuous Read mode. When the device is in Continuous Read mode, the instruction bits are not
transmitted at the beginning of the command because the instruction is the same as the read command
that initiated the Continuous Read mode. In Continuous Read mode the command will begin with the read
address. Thus, Continuous Read mode removes eight instruction bits from each read command in a series
of same type read commands.

B The instruction may be stand alone or may be followed by address bits to select a location within one of
several address spaces in the device. The address may be either a 24-bit or 32-bit, byte boundary,
address.

B The Serial Peripheral Interface with Multiple 10 provides the option for each transfer of address and data
information to be done one, two, or four bits in parallel. This enables a trade off between the number of
signal connections (IO bus width) and the speed of information transfer. If the host system can support a
two or four bit wide 10 bus the memory performance can be increased by using the instructions that
provide parallel 2-bit (dual) or parallel 4-bit (quad) transfers.

® In legacy SPI Multiple IO mode, the width of all transfers following the instruction are determined by the
instruction sent. Following transfers may continue to be single bit serial on only the Sl or Serial Output (SO)
signals, they may be done in two bit groups per (dual) transfer on the 100 and 101 signals, or they may be
done in 4-bit groups per (quad) transfer on the 100-103 signals. Within the dual or quad groups the least
significant bit is on 100. More significant bits are placed in significance order on each higher numbered IO
signal. Single bits or parallel bit groups are transferred in most to least significant bit order.

® In QPI Mode, the width of all transfers, including instructions, is a 4-bit wide (quad) transfer on the 100-103
signals.

® Dual I/O and Quad I/O read instructions send an instruction modifier called mode bits, following the
address, to indicate that the next command will be of the same type with an implied, rather than an explicit,
instruction. The next command thus does not provide an instruction byte, only a new address and mode
bits. This reduces the time needed to send each command when the same command type is repeated in a
sequence of commands.

B The address or mode bits may be followed by write data to be stored in the memory device or by a read
latency period before read data is returned to the host.
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B Read latency may be zero to several SCK cycles (also referred to as dummy cycles).

W All instruction, address, mode, and data information is transferred in byte granularity. Addresses are shifted

into the device with the most significant byte first. All data is transferred with the lowest address byte sent
first. Following bytes of data are sent in lowest to highest byte address order i.e. the byte address
increments.

All attempts to read the flash memory array during a program, erase, or a write cycle (embedded
operations) are ignored. The embedded operation will continue to execute without any affect. A very
limited set of commands are accepted during an embedded operation. These are discussed in the
individual command descriptions. While a program, erase, or write operation is in progress, it is
recommended to check that the Write-In Progress (WIP) bit is O before issuing most commands to the
device, to ensure the new command can be accepted.

Depending on the command, the time for execution varies. A command to read status information from an
executing command is available to determine when the command completes execution and whether the
command was successful.

Although host software in some cases is used to directly control the SPI interface signals, the hardware
interfaces of the host system and the memory device generally handle the details of signal relationships
and timing. For this reason, signal relationships and timing are not covered in detail within this software
interface focused section of the document. Instead, the focus is on the logical sequence of bits transferred
in each command rather than the signal timing and relationships. Following are some general signal
relationship descriptions to keep in mind. For additional information on the bit level format and signal timing
relationships of commands, see Command Protocol on page 24.

— The host always controls the Chip Select (CS#), Serial Clock (SCK), and Serial Input (SI) - Sl for single
bit wide transfers. The memory drives Serial Output (SO) for single bit read transfers. The host and
memory alternately drive the 100-103 signals during Dual and Quad transfers.

— All commands begin with the host selecting the memory by driving CS# low before the first rising edge
of SCK. CS# is kept low throughout a command and when CS# is returned high the command ends.
Generally, CS# remains low for eight bit transfer multiples to transfer byte granularity information.
Some commands will not be accepted if CS# is returned high not at an 8-bit boundary.
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Command Set Summary

Extended Addressing

To accommodate addressing above 128 Mb, there are two options:

A\

1. Instructions that always require a 4-byte address, used to access up to 32 Gb of memory:

Command Name Function Instruction (Hex)
4READ Read 13
4FAST_READ Read Fast oC
4DIOR Dual I/0 Read BC
4QIOR Quad I/0 Read EC
4DDRQIOR DDR Quad /0O Read EE
4PP Page Program 12
4P4E Parameter 4-kB Erase 21
4SE Erase 64/256 kB DC
4DYBRD DYB Read EO
4DYBWR DYBWR E1
4PPBRD PPB Read E2
4PPBP PPB Program E3

2. A 4-byte address mode for backward compatibility to the 3-byte address instructions. The standard
3-byte instructions can be used in conjunction with a 4-byte address mode controlled by the
Address Length configuration bit (CR2V[7]). The default value of CR2V[7] is loaded from
CR2NV([7] (following power-up, hardware reset, or software reset), to enable default 3-byte (24-bit)
or 4-byte (32-bit) addressing. When the address length (CR2V[7]) set to 1, the legacy commands
are changed to require 4-bytes (32-bits) for the address field. The following instructions can be
used in conjunction with the 4-byte address mode configuration to switch from 3 bytes to 4 bytes of

address field.

Command Name Function Instruction (Hex)
READ Read 03
FAST_READ Read Fast 0B
DIOR Dual I/0 Read BB
QIOR Quad I/0 Read EB
DDRQIOR DDR Quad I/0 Read) ED
PP Page Program 02
P4E Parameter 4-kB Erase 20
SE Erase 64 / 256 kB D8
RDAR Read Any Register 65
WRAR Write Any Register 71
EES Evaluate Erase Status DO
OTPP OTP Program 42
OTPR OTP Read 4B
DYBRD DYB Read FA
DYBWR DYBWR FB
PPBRD PPB Read FC
PPBP PPB Program FD
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10.1.2 Command Summary by Function
Table 10.1 S25FS-S Family Command Set (sorted by function) (Sheet 1 of 2)

] Command o Instruction | Maximum | Address
Function Name Command Description Value Frequency | Length QPI
(Hex) (MHz) (Bytes)
RDID Read ID (JEDEC Manufacturer ID and JEDEC CFl) 9F 133 0 Yes
Del?/(ietcaedID RSFDP Read JEDEC Serial Flash Discoverable Parameters 5A 50 3 Yes
RDQID Read Quad ID AF 133 0 Yes
RDSR1 Read Status Register 1 05 133 0 Yes
RDSR2 Read Status Register 2 07 133 0 No
RDCR Read Configuration Register 1 35 133 0 No
RDAR Read Any Register 65 133 3or4 Yes
WRR Write Register (Status 1, Configuration 1) 01 133 0 Yes
WRDI Write Disable 04 133 0 Yes
WREN Write Enable 06 133 0 Yes
WRAR Write Any Register 71 133 3or4 Yes
Clear Status Register 1 - Erase/Prog. Fail Reset
g | OISR |mmcommandmy bedeieamravenencton ke | a0 | v | o | e
Access Configuration Register 3 on page 69
CLSR CE)IrZZl;/SF:f;;.s;ﬁg;‘sgzgs (alternate instruction) - 82 133 0 Yes
4BAM Enter 4-byte Address Mode B7 133 0 No
SBL Set Burst Length co 133 0 No
EES Evaluate Erase Status DO 133 3or4 Yes
DLPRD Data Learning Pattern Read 41 133 0 No
PNVDLR Program NV Data Learning Register 43 133 0 No
WVDLR Write Volatile Data Learning Register 4A 133 0 No
READ Read 03 50 3or4 No
4READ Read 13 50 4 No
FAST_READ | Fast Read 0B 133 3or4 No
4FAST_READ | Fast Read 0C 133 4 No
'F:*lzasg DIOR Dual I/O Read BB 66 3or4 No
Array 4DIOR Dual I/0 Read BC 66 4 No
QIOR Quad I/0 Read EB 133 3or4 Yes
4QIOR Quad I/0 Read EC 133 4 Yes
DDRQIOR DDR Quad I/0O Read ED 80 3or4 Yes
4DDRQIOR DDR Quad I/0O Read EE 80 4 Yes
Program PP Page Program 02 133 3or4 Yes
ilf::; 4PP Page Program 12 133 4 Yes
P4E Parameter 4-kB Sector Erase 20 133 3or4 Yes
4P4E Parameter 4-kB Sector Erase 21 133 4 Yes
'Elr;i:ﬁ SE Erase 64 kB or 256 kB D8 133 3or4 Yes
Array 4SE Erase 64 kB or 256 kB DC 133 4 Yes
BE Bulk Erase 60 133 0 Yes
BE Bulk Erase (alternate instruction) Cc7 133 0 Yes
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Table 10.1 S25FS-S Family Command Set (sorted by function) (Sheet 2 of 2)

Command Instruction | Maximum | Address
Function Name Command Description Value Frequency | Length QPI
(Hex) (MHz) (Bytes)
EPS Erase / Program Suspend 75 133 0 Yes
EPS Erase / Program Suspend (alternate instruction) 85 133 0 Yes
Erase EPS Erase / Program Suspend (alternate instruction) BO 133 0 Yes
/Program EPR Erase / Program Resume 7A 133 0 Yes
Suspend EPR Erase / Program Resume (alternate instruction) 8A 133 0 Yes
/Resume Erase / Program Resume (alternate instruction)
EPR Th|s command may be disabled and the instruction value 30 133 0 Yes
instead used for a clear status command - see
Configuration Register 3 on page 69
One-Time OTPP OTP Program 42 133 3oré4 No
Program
Array OTPR OTP Read 4B 133 3or4 No
DYBRD DYB Read FA 133 3oré4 Yes
4DYBRD DYB Read EO 133 4 Yes
DYBWR DYB Write FB 133 3or4 Yes
4DYBWR DYB Write E1 133 4 Yes
PPBRD PPB Read FC 133 3oré4 No
4PPBRD PPB Read E2 133 4 No
PPBP PPB Program FD 133 3or4 No
Advanced 4PPBP PPB Program E3 133 4 No
Sector
Protection PPBE PPB Erase E4 133 0 No
ASPRD ASP Read 2B 133 0 No
ASPP ASP Program 2F 133 0 No
PLBRD PPB Lock Bit Read A7 133 0 No
PLBWR PPB Lock Bit Write A6 133 0 No
PASSRD Password Read E7 133 0 No
PASSP Password Program E8 133 0 No
PASSU Password Unlock E9 133 0 No
RSTEN Software Reset Enable 66 133 0 Yes
RST Software Reset 99 133 0 Yes
Reset
RESET Legacy Software Reset FO 133 0 No
MBR Mode Bit Reset FF 133 0 Yes
Note:

1. Commands not supported in QPI Mode have undefined behavior if sent when the device is in QPI Mode.

10.1.3

Read Device Identification

There are multiple commands to read information about the device manufacturer, device type, and device
features. SPI memories from different vendors have used different commands and formats for reading
information about the memories. The S25FS-S family supports the three device information commands.

10.1.4

Register Read or Write

There are multiple registers for reporting embedded operation status or controlling device configuration
options. There are commands for reading or writing these registers. Registers contain both volatile and non-
volatile bits. Non-Volatile bits in registers are automatically erased and programmed as a single (write)

operation.
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10.1.4.1 Monitoring Operation Status

10.1.4.2

10.1.5

10.1.6

10.1.7

The host system can determine when a write, program, erase, suspend or other embedded operation is
complete by monitoring the Write-In-Progress (WIP) bit in the Status Register. The Read from

Status Register 1 command or Read Any Register command provides the state of the WIP bit. The program
error (P_ERR) and erase error (E_ERR) bits in the Status Register indicate whether the most recent program
or erase command has not completed successfully. When P_ERR or E_ERR bits are set to 1, the WIP bit will
remain set to one indicating the device remains busy and unable to receive most new operation commands.
Only Status Read (RDSR1 05h), Read Any Register (RDAR 65h), Status Clear (CLSR 30h or 82h), and
Software Reset (RSTEN 66h, RST 99h or RESET FOh) are valid commands when P_ERR or E_ERR is set to
1. A Clear Status Register (CLSR) followed by a Write Disable (WRDI) command must be sent to return the
device to standby state. Clear Status Register clears the WIP, P_ERR, and E_ERR bits. WRDI clears the
WEL bit. Alternatively, hardware reset, or software reset (RST or RESET) may be used to return the device to
standby state.

Configuration

There are commands to read, write, and protect registers that control interface path width, interface timing,
interface address length, and some aspects of data protection.

Read Flash Array

Data may be read from the memory starting at any byte boundary. Data bytes are sequentially read from
incrementally higher byte addresses until the host ends the data transfer by driving CS# input High. If the byte
address reaches the maximum address of the memory array, the read will continue at address zero of the
array.

There are several different read commands to specify different access latency and data path widths. Double
Data Rate (DDR) commands also define the address and data bit relationship to both SCK edges:

B The Read command provides a single address bit per SCK rising edge on the Sl signal with read data
returning a single bit per SCK falling edge on the SO signal. This command has zero latency between the
address and the returning data but is limited to a maximum SCK rate of 50MHz.

m Other read commands have a latency period between the address and returning data but can operate at
higher SCK frequencies. The latency depends on a Configuration Register read latency value.

B The Fast Read command provides a single address bit per SCK rising edge on the Sl signal with read data
returning a single bit per SCK falling edge on the SO signal.

® Dual or Quad I/0O Read commands provide address two bits or four bits per SCK rising edge with read data
returning two bits, or four bits of data per SCK falling edge on the 100-103 signals.

® Quad Double Data Rate read commands provide address four bits per every SCK edge with read data
returning four bits of data per every SCK edge on the 100-103 signals.

Program Flash Array

Programming data requires two commands: Write Enable (WREN), and Page Program (PP). The Page
Program command accepts from 1 byte up to 256 or 512 consecutive bytes of data (page) to be programmed
in one operation. Programming means that bits can either be left at 1, or programmed from 1 to 0. Changing
bits from 0 to 1 requires an erase operation.

Erase Flash Array

The Parameter Sector Erase, Sector Erase, or Bulk Erase commands set all the bits in a sector or the entire
memory array to 1. A bit needs to be first erased to 1 before programming can change it to a 0. While bits can
be individually programmed from a 1 to 0, erasing bits from 0 to 1 must be done on a sector-wide or array-
wide (bulk) level. The Write Enable (WREN) command must precede an erase command.
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10.1.8 OTP, Block Protection, and Advanced Sector Protection

There are commands to read and program a separate One-Time Programmable (OTP) array for permanent
data such as a serial number. There are commands to control a contiguous group (block) of flash memory
array sectors that are protected from program and erase operations. There are commands to control which
individual flash memory array sectors are protected from program and erase operations.

10.1.9 Reset

There are commands to reset to the default conditions present after power-on to the device. However, the
software reset commands do not affect the current state of the FREEZE or PPB Lock bits. In all other
respects a software reset is the same as a hardware reset.

There is a command to reset (exit from) the Continuous Read mode.

10.1.10 Reserved

Some instructions are reserved for future use. In this generation of the S25FS-S family some of these
command instructions may be unused and not affect device operation, some may have undefined results.

Some commands are reserved to ensure that a legacy or alternate source device command is allowed
without effect. This allows legacy software to issue some commands that are not relevant for the current
generation S25FS-S family with the assurance these commands do not cause some unexpected action.

Some commands are reserved for use in special versions of the FS-S not addressed by this document or for
a future generation. This allows new host memory controller designs to plan the flexibility to issue these
command instructions. The command format is defined if known at the time this document revision is
published.

10.2 Identification Commands

10.2.1 Read Identification (RDID 9Fh)

The Read Identification (RDID) command provides read access to manufacturer identification, device
identification, and Common Flash Interface (CFl) information. The manufacturer identification is assigned by
JEDEC. The CFl structure is defined by JEDEC standard. The device identification and CFI values are
assigned by Spansion.

The JEDEC Common Flash Interface (CFl) specification defines a device information structure, which allows
a vendor-specified software flash management program (driver) to be used for entire families of flash devices.
Software support can then be device-independent, JEDEC manufacturer ID independent, forward and
backward-compatible for the specified flash device families. System vendors can standardize their flash
drivers for long-term software compatibility by using the CFI values to configure a family driver from the CFI
information of the device in use.

Any RDID command issued while a program, erase, or write cycle is in progress is ignored and has no effect
on execution of the program, erase, or write cycle that is in progress.

The RDID instruction is shifted on Sl. After the last bit of the RDID instruction is shifted into the device, a byte
of manufacturer identification, two bytes of device identification, extended device identification, and CFlI
information will be shifted sequentially out on SO. As a whole this information is referred to as ID-CFI. See
Device ID and Common Flash Interface (ID-CFl) Address Map on page 143 for the detail description of the
ID-CFI contents.

Continued shifting of output beyond the end of the defined ID-CFI address space will provide undefined data.
The RDID command sequence is terminated by driving CS# to the logic high state anytime during data
output.

The maximum clock frequency for the RDID command is 133 MHz.
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Figure 10.1 Read Identification (RDID) Command Sequence

cs# | \ [
sck_ MMy yiSsy gy UryLE
st 7]lelslal3]2]1]0] )|
SO {zlels5[al3[ol1][o[WNlels5al3[2]1]0]
Phase Instruction Data1 A DataN

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-I03 and the
returning data is shifted out on 100-1083.

Figure 10.2 Read Identification (RDID) QPI Mode Command

cst |
sk _ 1 M1 rirrrrrr.orrrrrrrrr_
100 —|
101 —
102 —
103 —

Phase i Instruction i D1 i D2 | D3 ; D4 | D5

0 0 0 0

1 1 1 1

MESIEEGINES
N (o] o] [»

N o] [0 B

[ 4|
[ 5 |
[ 6 |
[ 7 |

N o] [0 B

3 3 3 3

[ [ [ [
[ [ [ [
2 | 2 | 2| 2 |
[ [ [ [

10.2.2 Read Quad Identification (RDQID AFh)

The Read Quad Identification (RDQID) command provides read access to manufacturer identification, device
identification, and Common Flash Interface (CFl) information. This command is an alternate way of reading
the same information provided by the RDID command while in QPI Mode. In all other respects the command
behaves the same as the RDID command.

The command is recognized only when the device is in QPI Mode (CR2V[6]=1). The instruction is shifted in
on 100-103. After the last bit of the instruction is shifted into the device, a byte of manufacturer identification,
two bytes of device identification, extended device identification, and CFI information will be shifted
sequentially out on I00-103. As a whole this information is referred to as ID-CFI. See Device ID and Common
Flash Interface (ID-CFl) Address Map on page 143 for the detail description of the ID-CFI contents.

Continued shifting of output beyond the end of the defined ID-CFI address space will provide undefined data.
The command sequence is terminated by driving CS# to the logic high state anytime during data output.

The maximum clock frequency for the command is 133 MHz.

Figure 10.3 Read Quad Identification (RDQID) Command Sequence

cs# |

sk _ 1 L rrrrverrerererere’r’ererrerir
oo—— 4 [ o [ a4 [ o [ 4 T o [ a4 [ o [ 4 [ o [ a4 [ o 1
ot—_ 5 | 1 [ 5 | 1+ [ 5 [ 1+ T 5 T 1 T 5 [ 1 [ 5 [ 1 ]
e—— 6 | 2 | 6 [ 2 | 6 [ 2 | 6 [ 2 | 6 [ 2 T 6 [ 2 ]
o—— 7 [ 3 [ 7 [ 3 [ 7 [ 3 [ 7z [ 3 [ 7z [ 3 [ 7 [ 3 1

Phase i ___Instruction D1 D2 D3 D4 D5
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10.2.3 Read Serial Flash Discoverable Parameters (RSFDP 5Ah)

The command is initiated by shifting on Sl the instruction code “5Ah”, followed by a 24-bit address of
000000h, followed by 8 dummy cycles. The SFDP bytes are then shifted out on SO starting at the falling edge
of SCK after the dummy cycles. The SFDP bytes are always shifted out with the MSB first. If the 24-bit
address is set to any other value, the selected location in the SFDP space is the starting point of the data
read. This enables random access to any parameter in the SFDP space. The RSFDP command is supported
up to 50 MHz.

Figure 10.4 RSFDP Command Sequence

cs# | )\ i\ [
see 1MWy UL

siffzle[s5]alal2]1]0f23\) [1[o[W

so ) ) [7lelslals[2]110]

Phase | Instruction \\ Address | \\ Dummy Cycles Data1

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103 and the
returning data is shifted out on 100-103.

Figure 10.5 RSFDP QPI Mode Command Sequence

cst | i\ i\

se | MM ML L AL L e
00— 4 [ 0 J20 [ W14 [ o Y {alolalolalolafol]
o1 — 5 [ 1 [21 [W[s [ 1 ) s [

s 1 s ]1[5]1]

02— 6 [ 2 [22 [\ 16 2
03— 7 [ 3 [23 [ W17 [ 3

Phase i Instruct. | \\ Address | \\ Dummy D1 D2 D3 D4

6 |26 ]l216]216]2]

[3 737 ]3]

~
w
~
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10.3 Register Access Commands

10.3.1 Read Status Register 1 (RDSR1 05h)

The Read Status Register 1 (RDSR1) command allows the Status Register 1 contents to be read from SO.
The volatile version of Status Register 1 (SR1V) contents may be read at any time, even while a program,
erase, or write operation is in progress. It is possible to read Status Register 1 continuously by providing
multiples of eight clock cycles. The status is updated for each eight cycle read. The maximum clock frequency
for the RDSR1 (05h) command is 133 MHz.

Figure 10.6 Read Status Register 1 (RDSR1) Command Sequence

cs# | |\ [
seck_ Uy uLILe
s |7 lelslalaf2f1]0] )\
SO {76543 [2[1]o[WN[6[5]al3[2[1]0]
Phase Instruction Status A Updated Status

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103 and the
returning data is shifted out on 100-103, two clock cycles per byte.

Figure 10.7 Read Status Register 1 (RDSR1) QPI Mode Command

4] | |
o1 — 5 | [ [

6 | [ [
03— 7 | [ [

Phase i Instruct, i D1 i D2 i D3 i D4 | D5

3 3

[ [
[ [
2 | 2 |
[ [

10.3.2 Read Status Register 2 (RDSR2 07h)

The Read Status Register 2 (RDSR2) command allows the Status Register 2 contents to be read from SO.
The Status Register 2 contents may be read at any time, even while a program, erase, or write operation is in
progress. It is possible to read the Status Register 2 continuously by providing multiples of eight clock cycles.
The status is updated for each eight cycle read. The maximum clock frequency for the RDSR2 command is

133 MHz.
Figure 10.8 Read Status Register 2 (RDSR2) Command
cs# | i\
SCK S; _| |_| |_| |_| |_| |_|:
sl |716l5]al3]2]1]0] )\
SO {7]lels5lal3]2]1]0lWNl6[5[af3]2]1]0]
Phase Instruction Status \\ Updated_Status

In QPI Mode, Status Register 2 may be read via the Read Any Register command, see Read Any Register
(RDAR 65h) on page 101
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10.3.3 Read Configuration Register (RDCR 35h)

The Read Configuration Register (RDCR) command allows the volatile Configuration Register (CR1V)
contents to be read from SO. It is possible to read CR1V continuously by providing multiples of eight clock
cycles. The Configuration Register contents may be read at any time, even while a program, erase, or write
operation is in progress.

Figure 10.9 Read Configuration Register (RDCR) Command Sequence

cs# | [
sck_ Uy L U e
silPlzlels[alalol1]0]
SO {7lels5lalalo[1]ol7z[6[5[al3[2]1]0]
Phase Instruction Register Read | ___Repeat Register Read |

In QPI Mode, Configuration Register 1 may be read via the Read Any Register command, see
Section 10.3.12, Read Any Register (RDAR 65h) on page 101

10.3.4  Write Registers (WRR 01h)

The Write Registers (WRR) command allows new values to be written to both the Status Register 1 and
Configuration Register 1. Before the Write Registers (WRR) command can be accepted by the device, a
Write Enable (WREN) command must be received. After the Write Enable (WREN) command has been
decoded successfully, the device will set the Write Enable Latch (WEL) in the Status Register to enable any
write operations.

The Write Registers (WRR) command is entered by shifting the instruction and the data bytes on SI. The
Status Register is one data byte in length.

The WRR operation first erases the register then programs the new value as a single operation. The Write
Registers (WRR) command will set the P_ERR or E_ERR bits if there is a failure in the WRR operation. See
Status Register 1 Volatile (SR1V) on page 61 for a description of the error bits. Any Status or Configuration
Register bit reserved for the future must be written as a 0.

CS# must be driven to the logic high state after the eighth or sixteenth bit of data has been latched. If not, the
Write Registers (WRR) command is not executed. If CS# is driven high after the eighth cycle then only the
Status Register 1 is written; otherwise, after the sixteenth cycle both the Status and Configuration Registers
are written.

As soon as CSt# is driven to the logic high state, the self-timed Write Registers (WRR) operation is initiated.
While the Write Registers (WRR) operation is in progress, the Status Register may still be read to check the
value of the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed Write
Registers (WRR) operation, and is a 0 when it is completed. When the Write Registers (WRR) operation is
completed, the Write Enable Latch (WEL) is set to a 0. The maximum clock frequency for the WRR command
is 133 MHz.

This command is also supported in QPI Mode. In QPI Mode the instruction and data is shifted in on 100-103,
two clock cycles per byte.

Figure 10.10 Write Registers (WRR) Command Sequence — 8-Data Bits

cs# | [
sl | 7 [ 6 [ 5 [a]sfof+[of]7z]e]s[a]s]oa]]ol]
SO

Phase Instruction Input Status Register 1
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Figure 10.11 Write Registers (WRR) Command Sequence — 16-Data Bits

cs# | [
ssfl7]efsafsfafe]of7]e[s[afasfafr[of7]e][s[afafa]1]o]
SO
Phase Instruction Input Status Register 1 Input Configuration Register 1

Figure 10.12 Write Registers (WRR) Command Sequence — 16-Data Bits QPI Mode

cst |
SCLK | [ | [ | [ | [ | [ | [ | —

100 ——— 4 [ 0 [ 4 [ 0 [ 4 [ 0 ———

0] ————————— 5 [ 1 [ 5 [ 1 [ 5 [ 1 ———

102 ——— 6 [ 2 [ 6 [ 2 [ 6 [ 2 ————

103 ——— 7 [ 3 [ 7 [ 3 [ 7 [ 3 ———
Phase | Instruct ! Input Status i Input Config i

The Write Registers (WRR) command allows the user to change the values of the Block Protect (BP2, BP1,
and BPO) bits in either the non-volatile Status Register 1 or in the volatile Status Register 1, to define the size
of the area that is to be treated as read-only. The BPNV_O bit (CR1NV[3]) controls whether WRR writes the
non-volatile or volatile version of Status Register 1. When CR1NV[3]=0 WRR writes SR1NV[4:2]. When
CR1NV[3]=1 WRR writes SR1V[4:2].

The Write Registers (WRR) command also allows the user to set the Status Register Write Disable (SRWD)
bitto a 1 or a 0. The Status Register Write Disable (SRWD) bit and Write Protect (WP#) signal allow the BP
bits to be hardware protected.

When the Status Register Write Disable (SRWD) bit of the Status Register is a 0 (its initial delivery state), it is
possible to write to the Status Register provided that the Write Enable Latch (WEL) bit has previously been
set by a Write Enable (WREN) command, regardless of the whether Write Protect (WP#) signal is driven to
the logic high or logic low state.

When the Status Register Write Disable (SRWD) bit of the Status Register is set to a 1, two cases need to be
considered, depending on the state of Write Protect (WP#):

W If Write Protect (WP#) signal is driven to the logic high state, it is possible to write to the Status and
Configuration Registers provided that the Write Enable Latch (WEL) bit has previously been set to a 1 by
initiating a Write Enable (WREN) command.

m |f Write Protect (WP#) signal is driven to the logic low state, it is not possible to write to the Status and
Configuration Registers even if the Write Enable Latch (WEL) bit has previously been set to a 1 by a Write
Enable (WREN) command. Attempts to write to the Status and Configuration Registers are rejected, not
accepted for execution, and no error indication is provided. As a consequence, all the data bytes in the
memory area that are protected by the Block Protect (BP2, BP1, BPO) bits of the Status Register, are also
hardware protected by WP#.

The WP# hardware protection can be provided:

W by setting the Status Register Write Disable (SRWD) bit after driving Write Protect (WP#) signal to the logic
low state;

B or by driving Write Protect (WP#) signal to the logic low state after setting the Status Register Write Disable
(SRWD) bitto a 1.

The only way to release the hardware protection is to pull the Write Protect (WP#) signal to the logic high
state. If WP# is permanently tied high, hardware protection of the BP bits can never be activated.
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Table 10.2 Block Protection Modes

SRWD Memory Content
WP# X Mode Write Protection of Registers
Bit Protected Area Unprotected Area
1 1 Status and Configuration Registers are Writable (if | Protected against Ready to accept
1 0 Software WREN command has set the WEL bit). The values | Page Program, Page Program, and
Protected inthe SRWD, BP2, BP1, and BPO bits and those in | Sector Erase, and Sector Erase
0 0 the Configuration Register can be changed. Bulk Erase. commands.

Status and Configuration Registers are Hardware | Protected against
Hardware Write Protected. The values in the SRWD, BP2, Page Program,
Protected BP1, and BPO bits and those in the Configuration | Sector Erase, and
Register cannot be changed. Bulk Erase.

Ready to accept
Page Program or
Erase commands.

Notes:
1. The Status Register originally shows 00h when the device is first shipped from Spansion to the customer.

2. Hardware protection is disabled when Quad Mode is enabled (CR1V[1] = 1). WP# becomes 102; therefore, it cannot be utilized.

10.3.5 Write Enable (WREN 06h)

The Write Enable (WREN) command sets the Write Enable Latch (WEL) bit of the Status Register 1
(SR1V[1]) to a 0. The Write Enable Latch (WEL) bit must be set to a 1 by issuing the Write Enable (WREN)
command to enable write, program and erase commands.

CS# must be driven into the logic high state after the eighth bit of the instruction byte has been latched in on
SI. Without CS# being driven to the logic high state after the eighth bit of the instruction byte has been latched
in on Sl, the write enable operation will not be executed.

Figure 10.13 Write Enable (WREN) Command Sequence

Cs#
SCK - o7 0 I = 7 [ I [_1

sl | 7 [ e | s [ 4 | s [ 2 [ 1 | o

SO

Phase Instruction

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.14 Write Enable (WREN) Command Sequence QPI Mode

CS# —| I—
SCLK e T — —

100

101

102

~N| @] o] >

[
|
[ 2
[

103

Phase | Instrugtion
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10.3.6  Write Disable (WRDI 04h)
The Write Disable (WRDI) command clears the Write Enable Latch (WEL) bit of the Status Register 1
(SR1V[1))toa 1.

The Write Enable Latch (WEL) bit may be cleared to a 0 by issuing the Write Disable (WRDI) command to
disable Page Program (PP), Sector Erase (SE), Bulk Erase (BE), Write Registers (WRR or WRAR), OTP
Program (OTPP), and other commands, that require WEL be set to 1 for execution. The WRDI command can
be used by the user to protect memory areas against inadvertent writes that can possibly corrupt the contents
of the memory. The WRDI command is ignored during an embedded operation while WIP bit =1.

CS# must be driven into the logic high state after the eighth bit of the instruction byte has been latched in on
Sl. Without CS# being driven to the logic high state after the eighth bit of the instruction byte has been latched
in on SlI, the write disable operation will not be executed.

Figure 10.15 Write Disable (WRDI) Command Sequence

CS#
SCK 0 1 1 L I [/ LI LI

sl | 7 | e [ s | 4 | s [ 2 [ 1+ [ o |

SO

Phase Instruction

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.16 Write Disable (WRDI) Command Sequence QPI Mode

cs# ] —
SCLK I—l—l—l '—

100

101

102

103

Phase i Instruction
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10.3.7 Clear Status Register (CLSR 30h or 82h)

The Clear Status Register command resets bit SR1V[5] (Erase Fail Flag) and bit SR1V[6] (Program Fail
Flag). It is not necessary to set the WEL bit before a Clear Status Register command is executed. The Clear
Status Register command will be accepted even when the device remains busy with WIP set to 1, as the
device does remain busy when either error bit is set. The WEL bit will be unchanged after this command is
executed.

The legacy Clear Status Register (CLSR 30h) instruction may be disabled and the 30h instruction value
instead used for a program / erase resume command - see Configuration Register 3 on page 69. The Clear
Status Register alternate instruction (CLSR 82h) is always available to clear the Status Register.

Figure 10.17 Clear Status Register (CLSR) Command Sequence

CS#
SCK - 1 0 L 7 [/ LI L

sl | 7 [ e | s [ 4 | s [ 2 [ 1 | o

SO

Phase Instruction

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.18 Clear Status Register (CLSR) Command Sequence QPI Mode

cs# ] —
SCLK I—l—l—l '—

100

101

102

[
[ 1
[
|

~] o] o] [»

103

Phase i Instruction

10.3.8 Program NVDLR (PNVDLR 43h)

Before the Program NVDLR (PNVDLR) command can be accepted by the device, a Write Enable (WREN)
command must be issued and decoded by the device. After the Write Enable (WREN) command has been
decoded successfully, the device will set the Write Enable Latch (WEL) to enable the PNVDLR operation.

The PNVDLR command is entered by shifting the instruction and the data byte on SI.

CS# must be driven to the logic high state after the eighth bit of data has been latched. If not, the PNVDLR
command is not executed. As soon as CS# is driven to the logic high state, the self-timed PNVDLR operation
is initiated. While the PNVDLR operation is in progress, the Status Register may be read to check the value of
the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed PNVDLR cycle,
and is a 0. when it is completed. The PNVDLR operation can report a program error in the P_ERR bit of the
Status Register. When the PNVDLR operation is completed, the Write Enable Latch (WEL) is set to a 0. The
maximum clock frequency for the PNVDLR command is 133 MHz.

Figure 10.19 Program NVDLR (PNVDLR) Command Sequence

cs# | [
si [ 7 16 [ s T als 2] 1lol7zlel sl als]l2a]1]o0]

SO

Phase Instruction Input Data
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10.3.9  Write VDLR (WVDLR 4Ah)

Before the Write VDLR (WVDLR) command can be accepted by the device, a Write Enable (WREN)
command must be issued and decoded by the device. After the Write Enable (WREN) command has been
decoded successfully, the device will set the Write Enable Latch (WEL) to enable WVDLR operation.

The WVDLR command is entered by shifting the instruction and the data byte on SI.

CS# must be driven to the logic high state after the eighth bit of data has been latched. If not, the WVDLR
command is not executed. As soon as CS# is driven to the logic high state, the WVDLR operation is initiated
with no delays. The maximum clock frequency for the PNVDLR command is 133 MHz.

Figure 10.20 Write VDLR (WVDLR) Command Sequence

cs# | [
sl | 7 e |5 [ afs]2[1]of]7]e]s[a]sfa]1]ol]
SO

Phase Instruction Input Data

10.3.10 Data Learning Pattern Read (DLPRD 41h)

The instruction is shifted on SI, then the 8-bit DLP is shifted out on SO. It is possible to read the DLP
continuously by providing multiples of eight clock cycles. The maximum operating clock frequency for the
DLPRD command is 133 MHz.

Figure 10.21 DLP Read (DLPRD) Command Sequence

cs# | [
sck_ MUy U=
sifPlzlels[alalol1]0]
SO {7lels5lalalo[1]ol7z[6[5[4af3[2]1]0]
Phase Instruction Register Read | ___Repeat Register Read

10.3.11 Enter 4-Byte Address Mode (4BAM B7h)

The enter 4-byte Address Mode (4BAM) command sets the volatile Address Length bit (CR2V[7]) to 1 to
change most 3-byte address commands to require 4 bytes of address. The Read SFDP (RSFDP) command
is the only 3-byte command that is not affected by the Address Length bit. RSFDP is required by the JEDEC
JESD216 standard to always have only 3 bytes of address.

A hardware or software reset is required to exit the 4-byte address mode.

Figure 10.22 Enter 4-Byte Address Mode (4BAM B7h) Command Sequence

CS#
scK - o 5 - = 7 L LI [_1

sl | - | e | 5 [ 4 [ s [ 2 [ 1+ [ o ]

SO

Phase Instruction
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10.3.12 Read Any Register (RDAR 65h)

The Read Any Register (RDAR) command provides a way to read all device registers - non-volatile and
volatile. The instruction is followed by a 3- or 4-byte address (depending on the address length configuration
CR2V[7], followed by a number of latency (dummy) cycles set by CR2V[3:0]. Then the selected register
contents are returned. If the read access is continued the same addressed register contents are returned until
the command is terminated - only one register is read by each RDAR command.

Reading undefined locations provides undefined data.
The RDAR command may be used during embedded operations to read Status Register 1 (SR1V).

The RDAR command is not used for reading registers that act as a window into a larger array: PPBAR, and
DYBAR. There are separate commands required to select and read the location in the array accessed.

The RDAR command will read invalid data from the PASS register locations if the ASP Password protection
mode is selected by programming ASPR[2] to 0.

Table 10.3 Register Address Map

Byte Address (Hex) Register Name Description
00000000 SR1NV
00000001 N/A
00000002 CR1NV
0000003 CRANV Non-Volatile Status and Configuration Registers
00000004 CR3NV
00000005 CR4NV
N/A
00000010 NVDLR Non-Volatile Data Learning Register
N/A
00000020 PASS[7:0]
00000021 PASS[15:8]
00000022 PASS[23:16]
00000023 PASS[31:24]
00000024 PASS[39:32] Non-Volatile Password Register
00000025 PASS[47:40]
00000026 PASS[55:48]
00000027 PASS[63:56]
N/A
00000030 ASPR[7:0] Non-Volatile
00000031 ASPR[15:8]
N/A
00800000 SR1V
00800001 SRav
00800002 CR1V
00800003 RV Volatile Status and Configuration Registers
00800004 CR3V
00800005 CR4V
N/A
00800010 VDLR Volatile Data Learning Register
N/A
00800040 PPBL Volatile PPB Lock Register
N/A
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Figure 10.23 Read Any Register Read Command Sequence

CS#—l i\ ) W
c MUy Uy iU ULy
S|.7|6|5|4|3|2|1|0|A|\\ I1I0[-_|

s0 ) [7Telsalalalr1lol W\
Phase | Instruction \\ Address | \\ Dummy Cycles i Data1 \\
Note:

1. A =MSB of address = 23 for Address length CR2V[7] = 0, or 31 for CR2V[7]=1

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.24 Read Any Register, QPI Mode, CR2[7] = 0, Command Sequence

cs# | \ i\

00— 4 [0 [20 [T [ o {4 ]olafolalolalol]
01— 5 [ 1 21 [\WTs [ 1 {51515 [1]5]1]
02— 6 [ 2 [22 [ W16 [ 2 ) e [2[6]2]e]2[6]2]
03— 7 [ 3 |23 [\ 7 [ 3 F I |

Phase | Instruct. | \\ Address | \\ Dummy i D1 i D2 | D3 | D4

[s]l7[a3l7]3f7]s

~

Figure 10.25 Read Any Register, QPI Mode, CR2[7] = 1 Command Sequence

cs# | \ i\

sek | LIS L EMSL L L L r e e r e e
00— 4 [0 28 [\W[a o

{4 {ofaolafofa]o]
01— 5 11 J20 [\ T5 [ 1 ) {5 [1[s5]1]5[1[s5]1]
02— 6 | 2 [s0 [ WTe [ 2 lel2]lef2]6[2]6]2]
03— 7 13 Ja1 [\WI7 [ 5 {7 [s[7]3]7]3[7][3]
Phase | Instruct, | W Address |\ Dummy . D1 D2 | D3 | D4
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10.3.13 Write Any Register (WRAR 71h)

The Write Any Register (WRAR) command provides a way to write any device register - non-volatile or
volatile. The instruction is followed by a 3- or 4-byte address (depending on the address length configuration
CR2V[7], followed by one byte of data to write in the address selected register.

Before the WRAR command can be accepted by the device, a Write Enable (WREN) command must be
issued and decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register to enable
any write operations. The WIP bit in SR1V may be checked to determine when the operation is completed.
The P_ERR and E_ERR bits in SR1V may be checked to determine if any error occurred during the
operation.

Some registers have a mixture of bit types and individual rules controlling which bits may be modified. Some
bits are read only, some are OTP.

Read only bits are never modified and the related bits in the WRAR command data byte are ignored without
setting a program or erase error indication (P_ERR or E_ERR in SR1V). Hence, the value of these bits in the
WRAR data byte do not matter.

OTP bits may only be programmed to the level opposite of their default state. Writing of OTP bits back to their
default state is ignored and no error is set.

Non-Volatile bits which are changed by the WRAR data, require non-volatile register write time (tyy) to be
updated. The update process involves an erase and a program operation on the non-volatile register bits. If
either the erase or program portion of the update fails the related error bit and WIP in SR1V will be set to 1.

Volatile bits which are changed by the WRAR data, require the volatile register write time (tcg) to be updated.

Status Register 1 may be repeatedly read (polled) to monitor the Write-In-Progress (WIP) bit (SR1V[0]) and
the error bits (SR1V[6,5]) to determine when the register write is completed or failed. If there is a write failure,
the clear status command is used to clear the error status and enable the device to return to standby state.

However, the PPBL register can not be written by the WRAR command. Only the PPB Lock Bit Write
(PLBWR) command can write the PPBL register.

The command sequence and behavior is the same as the PP or 4PP command with only a single byte of data
provided. See Section 10.5.2, Page Program (PP 02h or 4PP 12h) on page 114.

The address map of the registers is the same as shown for Section 10.3.12, Read Any Register (RDAR 65h)
on page 101.

10.3.14 Set Burst Length (SBL CO0h)

The Set Burst Length (SBL) command is used to configure the Burst Wrap feature. Burst Wrap is used in
conjunction with Quad I/0 Read and DDR Quad I/O Read, in legacy SPI or QPI Mode, to access a fixed
length and alignment of data. Certain applications can benefit from this feature by improving the overall
system code execution performance. The Burst Wrap feature allows applications that use cache, to start
filling a cache line with instruction or data from a critical address first, then fill the remainder of the cache line
afterwards within a fixed length (8/16/32/64-bytes) of data, without issuing multiple read commands.

The Set Burst Length (SBL) command writes the CR4V register to enable or disable the wrapped read feature
and set the wrap boundary. When enabled the wrapped read feature changes the related read commands
from sequentially reading until the command ends, to reading sequentially wrapped within a group of bytes.

When CR4V[4]=1, the wrap mode is not enabled and unlimited length sequential read is performed.

When CR4V[4]=0, the wrap mode is enabled and a fixed length and aligned group of 8, 16, 32, or 64 bytes is
read starting at the byte address provided by the read command and wrapping around at the group alignment
boundary.

The group of bytes is of length and aligned on an 8-, 16-, 32-, or 64-byte boundary. CR4V[1:0] selects the
boundary. See Configuration Register 4 Volatile (CR4V) on page 72.

The starting address of the read command selects the group of bytes and the first data returned is the
addressed byte. Bytes are then read sequentially until the end of the group boundary is reached. If the read
continues the address wraps to the beginning of the group and continues to read sequentially. This wrapped
read sequence continues until the command is ended by CS# returning high.
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Table 10.4 Example Burst Wrap Sequences
i Wrap
?l:lt:[?lzlt)?)] Boundary Start(::;])ress Address Sequence (Hex)
(Bytes)
1X Sequential XXXXXX03 |03, 04, 05, 06, 07, 08, 09, 0A, 0B, 0C, 0D, OE, OF, 10, 11, 12, 13, 14, 15, 16, 17, 18, ...
00 8 XXXXXX00 |00, 01, 02, 03, 04, 05, 06, 07, 00, 01, 02, ...
00 8 XXXXXX07 |07, 00, 01, 02, 03, 04, 05, 06, 07, 00, 01, ...
01 16 XXXXXX02 |02, 03, 04, 05, 06, 07, 08, 09, 0A, OB, 0C, 0D, OE, OF, 00, 01, 02, 03, ...
01 16 XXXXXX0C | 0C, 0D, OE, OF, 00, 01, 02, 03, 02, 03, 04, 05, 06, 07, 08, 09, 0A, OB, 0C, 0D, OE, ...
0A, 0B, 0C, 0D, O, OF, 10, 11, 12, 13, 14,15, 16, 17, 18, 19, 1A, 1B, 1C, 1D, 1E, 1F, 00,
02 32 XXXXXXOA 01, 02, 03, 04, 05, 06, 07, 08, 09, OA, 0B, 0C, 0D, OE, OF, ...
1E, 1F, 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, OB, 0C, 0D, OE, OF, 10, 11, 12, 13, 14, 15,
02 32 XXXXXXTE 146 17, 18, 19, 1A, 1B, 1C, 1D, 1E, 1F, 00, ...
03, 04, 05, 06, 07, 08, 09, OA, 0B, 0C, 0D, OE, OF, 10, 11, 12, 13, 14, 15, 16,17, 18, 19, 1A,
03 64 XXXXXX03 | 1B, 1C, 1D, 1E, 1F, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 2A, 2B, 2C, 2D, 2E, 2F, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 3A, 3B, 3C, 3D, 3E, 3F, 00, 01, 02 ...
2E, 2F, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 3A, 3B, 3C, 3D, 3E, 3F, 00, 01, 02, 03, 04, 05,
03 64 XXXXXX2E |06, 07, 08, 09, 0A, 0B, 0C, 0D, OE, OF, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 1A, 1B, 1C,
1D, 1E, 1F, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 2A, 2B, 2C, 2D, 2E, 2F, ...

The Power-On Reset, hardware reset, or software reset default burst length can be changed by programming
CR4NV with the desired value using the WRAR command.

Figure 10.26 Set Burst Length Command Sequence

cs#t | [
sl | 7 [ 6 [ 5[4 s 2] +fof7z]ef[s[a]s]oa]1]ol]
SO

Phase Instruction Input Data

10.4 Read Memory Array Commands

Read commands for the main flash array provide many options for prior generation SPI compatibility or
enhanced performance SPI:

B Some commands transfer address or data on each rising edge of SCK. These are called Single Data Rate
commands (SDR).

B Some SDR commands transfer address one bit per rising edge of SCK and return data 1bit of data per
rising edge of SCK. These are called Single width commands.

B Some SDR commands transfer both address and data two or four bits per rising edge of SCK. These are
called Dual I/O for two bits, Quad I/O, and QPI for four bits. QPI also transfers instruction four bits per rising
edge.

B Some commands transfer address and data on both the rising edge and falling edge of SCK. These are
called Double Data Rate (DDR) commands.

W There are DDR commands for 4 bits of address or data per SCK edge. These are called Quad I/O DDR
and QPI DDR for four bit per edge transfer.

All of these commands, except QPI Read, begin with an instruction code that is transferred one bit per SCK
rising edge. QPI Read transfers the instruction four bits per SCK rising edge.The instruction is followed by
either a 3- or 4-byte address transferred at SDR or DDR. Commands transferring address or data 2 or 4 bits
per clock edge are called Multiple I/O (MIO) commands. For S25FS-S family devices at 256-Mbits or higher
density, the traditional SPI 3-byte addresses are unable to directly address all locations in the memory array.
Separate 4-byte address read commands are provided for access to the entire address space. These devices
may be configured to take a 4-byte address from the host system with the traditional 3-byte address
commands. The 4-byte address mode for traditional commands is activated by setting the Address Length bit
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in Configuration Register 2 to 0. In the FS128S, higher order address bits above A23 in the 4 byte address
commands, or commands using 4-byte address mode are not relevant and are ignored because the flash
array is only 128 Mbits in size.

The Quad I/0 and QPI commands provide a performance improvement option controlled by mode bits that
are sent following the address bits. The mode bits indicate whether the command following the end of the
current read will be another read of the same type, without an instruction at the beginning of the read. These
mode bits give the option to eliminate the instruction cycles when doing a series of Quad Read accesses.

Some commands require delay cycles following the address or mode bits to allow time to access the memory
array - read latency. The delay or read latency cycles are traditionally called dummy cycles. The dummy
cycles are ignored by the memory thus any data provided by the host during these cycles is “don’t care” and
the host may also leave the SI signal at high impedance during the dummy cycles. When MIO commands are
used the host must stop driving the 10 signals (outputs are high impedance) before the end of last dummy
cycle. When DDR commands are used the host must not drive the I/O signals during any dummy cycle. The
number of dummy cycles varies with the SCK frequency or performance option selected via the Configuration
Register 2 (CR2V[3:0]) Latency Code. Dummy cycles are measured from SCK falling edge to next SCK
falling edge. SPI outputs are traditionally driven to a new value on the falling edge of each SCK. Zero dummy
cycles means the returning data is driven by the memory on the same falling edge of SCK that the host stops
driving address or mode bits.

The DDR commands may optionally have an 8-edge Data Learning Pattern (DLP) driven by the memory, on
all data outputs, in the dummy cycles immediately before the start of data. The DLP can help the host
memory controller determine the phase shift from SCK to data edges so that the memory controller can
capture data at the center of the data eye.

When using SDR I/O commands at higher SCK frequencies (>50 MHz), an LC that provides one or more
dummy cycles should be selected to allow additional time for the host to stop driving before the memory starts
driving data, to minimize I/O driver conflict. When using DDR 1/O commands with the DLP enabled, an LC
that provides five or more dummy cycles should be selected to allow one cycle of additional time for the host
to stop driving before the memory starts driving the 4-cycle DLP.

Each read command ends when CS# is returned High at any point during data return. CS# must not be
returned High during the mode or dummy cycles before data returns as this may cause mode bits to be
captured incorrectly; making it indeterminate as to whether the device remains in Continuous Read mode.

10.4.1 Read (Read 03h or 4READ 13h)

The instruction

m 03h (CR2V[7]=0) is followed by a 3-byte address (A23-A0) or
B 03h (CR2V[7]=1) is followed by a 4-byte address (A31-A0) or
m 13h is followed by a 4-byte address (A31-A0)

Then the memory contents, at the address given, are shifted out on SO. The maximum operating clock
frequency for the Read command is 50 MHz.

The address can start at any byte location of the memory array. The address is automatically incremented to
the next higher address in sequential order after each byte of data is shifted out. The entire memory can
therefore be read out with one single read instruction and address 000000h provided. When the highest
address is reached, the address counter will wrap around and roll back to 000000h, allowing the read
sequence to be continued indefinitely.

Figure 10.27 Read Command Sequence (3-Byte Address, 03h or 13h)

cst | §\ ) [
see 1MWy uyyssy T
siff7]lelslalsf2[1]ofal [1]0] )\
SO \ {7lels]alslal1{olW[els]afsf2]1]0]
Phase | Instruction \\ Address | Data1 \\ DataN ‘
Note:

1. A =MSB of address = 23 for CR2V|[7]=0, or 31 for CR2V[7]=1 or command 13h.
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10.4.2 Fast Read (FAST_READ 0Bh or 4FAST_READ 0Ch)

The instruction

m 0Bh (CR2V[7]=0) is followed by a 3-byte address (A23-A0) or
B 0Bh (CR2V[7]=1) is followed by a 4-byte address (A31-A0) or
W 0Ch is followed by a 4-byte address (A31-A0)

The address is followed by dummy cycles depending on the latency code set in the Configuration Register
CR2V[3:0]. The dummy cycles allow the device internal circuits additional time for accessing the initial
address location. During the dummy cycles the data value on SO is “don’t care” and may be high impedance.
Then the memory contents, at the address given, are shifted out on SO.

The maximum operating clock frequency for Fast Read command is 133 MHz.

The address can start at any byte location of the memory array. The address is automatically incremented to
the next higher address in sequential order after each byte of data is shifted out. The entire memory can
therefore be read out with one single read instruction and address 000000h provided. When the highest
address is reached, the address counter will wrap around and roll back to 000000h, allowing the read
sequence to be continued indefinitely.

Figure 10.28 Fast Read (FAST_READ) Command Sequence (3-Byte Address, 0Bh [CR2V[7]=0)

cs# | i\ i\ |8
see MMM Uy U LUy

sif7lelslafafal1]olal [1]0 [ \Y

50 ) ) (716 s alslz[alol )
Phase | Instruction \\ Address | \\ Dummy Cycles Data1 “
Note:

1. A =MSB of address = 23 for CR2V[7]=0, or 31 for CR2V[7]=1 or command 0Ch.

10.4.3 Dual I/O Read (DIOR BBh or 4DIOR BCh)

The instruction
® BBh (CR2V[7]=0) is followed by a 3-byte address (A23-A0) or
m BBh (CR2V[7]=1) is followed by a 4-byte address (A31-A0) or
® BCh is followed by a 4-byte address (A31-A0)
The Dual /0O Read commands improve throughput with two 1/O signals — 100 (SI) and 101 (SO). This
command takes input of the address and returns read data two bits per SCK rising edge. In some
applications, the reduced address input and data output time might allow for code execution in place (XIP) i.e.
directly from the memory device.
The maximum operating clock frequency for Dual I/0O Read is 133 MHz.
The Dual I/0O Read command has Continuous Read mode bits that follow the address so, a series of Dual /0
Read commands may eliminate the 8-bit instruction after the first Dual I/O Read command sends a mode bit
pattern of Axh that indicates the following command will also be a Dual I/O Read command. The first Dual /O
Read command in a series starts with the 8-bit instruction, followed by address, followed by four cycles of
mode bits, followed by an optional latency period. If the mode bit pattern is Axh the next command is
assumed to be an additional Dual I/O Read command that does not provide instruction bits. That command
starts with address, followed by mode bits, followed by optional latency.
Variable latency may be added after the mode bits are shifted into SI and SO before data begins shifting out
of 100 and 101. This latency period (dummy cycles) allows the device internal circuitry enough time to access
data at the initial address. During the dummy cycles, the data value on Sl and SO are “don’t care” and may be
high impedance. The number of dummy cycles is determined by the frequency of SCK. The latency is
configured in CR2V[3:0].
The Continuous Read feature removes the need for the instruction bits in a sequence of read accesses and
greatly improves code execution (XIP) performance. The upper nibble (bits 7-4) of the Mode bits control the
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length of the next Dual /O Read command through the inclusion or exclusion of the first byte instruction code.
The lower nibble (bits 3-0) of the Mode bits are “don’t care” (“x”) and may be high impedance. If the Mode bits
equal Axh, then the device remains in Dual I/0 Continuous Read mode and the next address can be entered
(after CS# is raised high and then asserted low) without the BBh or BCh instruction, as shown in Figure 10.31
on page 108; thus, eliminating eight cycles of the command sequence. The following sequences will release
the device from Dual I/0 Continuous Read mode; after which, the device can accept standard SPI
commands:

1. During the Dual I/0O Continuous Read command sequence, if the Mode bits are any value other
than Axh, then the next time CS# is raised high the device will be released from Dual I/O con ti no
us read mode.

2. Send the Mode Reset command.

Note that the four mode bit cycles are part of the device’s internal circuitry latency time to access the initial
address after the last address cycle that is clocked into 100 (SI) and 101 (SO).

It is important that the 1/0O signals be set to high-impedance at or before the falling edge of the first data out
clock. At higher clock speeds the time available to turn off the host outputs before the memory device begins
to drive (bus turn around) is diminished. It is allowed and may be helpful in preventing 1/O signal contention,
for the host system to turn off the I/O signal outputs (make them high impedance) during the last two “don’t
care” mode cycles or during any dummy cycles.

Following the latency period the memory content, at the address given, is shifted out two bits at a time
through 100 (SI) and 101 (SO). Two bits are shifted out at the SCK frequency at the falling edge of SCK
signal.

The address can start at any byte location of the memory array. The address is automatically incremented to
the next higher address in sequential order after each byte of data is shifted out. The entire memory can
therefore be read out with one single read instruction and address 000000h provided. When the highest
address is reached, the address counter will wrap around and roll back to 000000h, allowing the read
sequence to be continued indefinitely.

CS# should not be driven high during mode or dummy bits as this may make the mode bits indeterminate.

Figure 10.29 Dual /O Read Command Sequence (3-Byte Address, BBh [CR2V[7]=0])

cs# | \! \!

S iR in R npigigip\\apinipipipigipi\ pupigipipipnpinin
00— 7615 al32 1022\ 2lolelalolotr—elalololelalolol
101 23 Ws v 17 s a1 H\7lslal1l71sla]1]

Phase Instruction \\Address Mode DumW Data1 Data2

Note:
1. Least significant 4 bits of Mode are don’t care and it is optional for the host to drive these bits. The host may turn off drive during these
cycles to increase bus turn around time between Mode bits from host and returning data from the memory.

Figure 10.30 Dual I/O Read Command Sequence (4-Byte Address, BBh [CR2V[7]=1])

cs# | \! \

S i ip R Epigigip\\apipipipipagipn\ipapigipipipnpinin
00— 71615 al3l2l1l0lz0l\2lolelalolotr—{6lalololelalolol
101 W al1l7slal1—\N7lslal1l7]sla]1]

Phase Instruction \\Address Mode Dum“ Data1 Data2
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Figure 10.31 Dual I/O Continuous Read Command Sequence (4-Byte Address [CR2V[7]=1])

cs#_ 1\ §

S e ipipipEpEpipipl\yipipipipSpEpips\SpipigipipEpEpp s
o0{6 [alolot—s0lWTlololelalolot—elalololelaloalol
o147 151311+ IWTal1 1715131716131 171513171]

Phase | DataN i i Maddress | Mode i _Dum )\ Data1 i Data2

Quad I/0 Read (QIOR EBh or 4QIOR ECh)

The instruction

B EBh (CR2V[7]=0) is followed by a 3-byte address (A23-A0) or
m EBh (CR2V[7]=1) is followed by a 4-byte address (A31-A0) or
B ECh is followed by a 4-byte address (A31-A0)

The Quad I/0 Read command improves throughput with four I/O signals — 100-103. It allows input of the
address bits four bits per serial SCK clock. In some applications, the reduced instruction overhead might
allow for code execution (XIP) directly from S25FS-S family devices. The Quad bit of the Configuration
Register must be set (CR1V[1]=1) to enable the Quad capability of S25FS-S family devices.

The maximum operating clock frequency for Quad 1/O Read is 133MHz.

For the Quad I/0O Read command, there is a latency required after the mode bits (described below) before
data begins shifting out of I00-103. This latency period (i.e., dummy cycles) allows the device’s internal
circuitry enough time to access data at the initial address. During latency cycles, the data value on 100-103
are “don’t care” and may be high impedance. The number of dummy cycles is determined by the frequency of
SCK. The latency is configured in CR2V[3:0].

Following the latency period, the memory contents at the address given, is shifted out four bits at a time
through 100-103. Each nibble (4 bits) is shifted out at the SCK frequency by the falling edge of the SCK
signal.

The address can start at any byte location of the memory array. The address is automatically incremented to
the next higher address in sequential order after each byte of data is shifted out. The entire memory can
therefore be read out with one single read instruction and address 000000h provided. When the highest
address is reached, the address counter will wrap around and roll back to 000000h, allowing the read
sequence to be continued indefinitely.

Address jumps can be done without the need for additional Quad 1/O Read instructions. This is controlled
through the setting of the Mode bits (after the address sequence, as shown in Figure 10.32 on page 109 or
Figure 10.35 on page 110). This added feature removes the need for the instruction sequence and greatly
improves code execution (XIP). The upper nibble (bits 7-4) of the Mode bits control the length of the next
Quad I/O instruction through the inclusion or exclusion of the first byte instruction code. The lower nibble (bits
3-0) of the Mode bits are “don’t care” (“x”). If the Mode bits equal Axh, then the device remains in Quad 1/O
High Performance Read mode and the next address can be entered (after CS# is raised high and then
asserted low) without requiring the EBh or ECh instruction, as shown in Figure 10.34 on page 109 or

Figure 10.36 on page 110; thus, eliminating eight cycles for the command sequence. The following
sequences will release the device from Quad I/O High Performance Read mode; after which, the device can
accept standard SPI commands:

1. During the Quad 1/0O Read Command Sequence, if the Mode bits are any value other than Axh,
then the next time CS# is raised high the device will be released from Quad I/O High Performance
Read mode.

2. Send the Mode Reset command.

Note that the two mode bit clock cycles and additional wait states (i.e., dummy cycles) allow the device’s
internal circuitry latency time to access the initial address after the last address cycle that is clocked into 100-
103.

It is important that the 100-103 signals be set to high-impedance at or before the falling edge of the first data
out clock. At higher clock speeds the time available to turn off the host outputs before the memory device
begins to drive (bus turn around) is diminished. It is allowed and may be helpful in preventing 100-103 signal
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contention, for the host system to turn off the 100-103 signal outputs (make them high impedance) during the
last “don’t care” mode cycle or during any dummy cycles.

CS# should not be driven high during mode or dummy bits as this may make the mode bits indeterminate.

In QPI Mode (CR2V[6]=1) the Quad I/O instructions are sent 4 bits per SCK rising edge. The remainder of the
command protocol is identical to the Quad 1/0O commands.

Figure 10.32 Quad I/0 Read Command Sequence (3-Byte Address, EBh [CR2V[7]=0])

cs# | i\ )\

sew [y
00— 7 6 5]alal2]1]0l20\[alolaBoFy—{2alol4lolalolalo]
01 21 W s [ s MHY— s [1 s[5 15]]
102 22\ Te [2 [e MOHY—f6l2l6l2l6l2]6]2]
103 mm\—|7|3|7|3|7|3|7|3|

Phase Instruction \\ Address | Mode \\ Dummy | D1 _{ D2 | D3 | D4

Figure 10.33 Quad I/O Read Command Sequence (3-Byte Address, EBh [CR2V[7]=0]) QPI Mode

cs# | )\ !
sk | LS LW
00— 2 [0 J20 W T4 o]l H— [o[alofaol]
01— 5 [ 1 {21 [\W {5 [ 1[5 HN———{5 15151 ]5]1]
02— 6 [2 [22[WTe 2 e WOMHN——612 6]216l2]6l2]
I03—|7|3|23|\\|7|3|7|1I—\\—|7|3| | |

Phase i Instruct. | \\ Address | Mode \\ Dummy i D1 i D2 | D3 i D4

4

IN
o

[713]7]

~
w
w

Figure 10.34 Continuous Quad I/0O Read Command Sequence (3-Byte Address)

cse_ [ 1\ )

se« LML Lo ey L

004 [olaloF——20\ TalolsMHY—d4Tolalolelal2]0]
0121|\\|5|1|5|1|—\\—|5|1|5|1|7|5|3|1|
o262 6o F—22 W [el2 e MBNY—d6l2 61175 [s]1]
—|_|_|_|_|—|§|\\ |7|3|7|3|-\\—|7|3|7|1|7|5|3|1|

Phase | DN-1 . DN | . W\ Address | Mode | \\ Dummy . D1 D2 D3 D4
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Figure 10.35 Quad I/0O Read Command Sequence (4-Byte Address, ECh or EBh [CR2V[7]=1])

csit | i\

se« M yyyryyryyryryye
00— 7[e6[5[al3]2[1]of28\\ [alolaflo——4fof4alofalofa]o]
101 [2oM 15 [1 s B—{s [ [s5[1[5[1]5]1]
102 [soM Te[2 e O—Tf6l2l6l2l6l2]6]2]
103 ':|S7|3|7I3I7|3I7|3I

Phase Instruction W Address | Mode | Dummy . D1 | D2 | D3 . D4

Figure 10.36 Continuous Quad I/0O Read Command Sequence (4-Byte Address)

ese_ [ 1\ )

see LML L L LW LS L e
002 JolaloF—2sWTalolsa MO N—A4lolalolelal2]0]
o145 [als 1 2o\ 6115 W51 16117 5]a]1]
02461262 —s0\\ [6l2]6 MBMHN——612 611715 a]1]
'0331|\\|7|3|7|3|—\\—|7|3|7|1|7|5|3|1|

Phase | DN-1 | DN | . W Address | Mode | \\ Dummy | D1 D2 D3 D4

Note:
1. The same sequence is used in QPI Mode

Figure 10.37 Quad I/O Read Command Sequence
(4-Byte Address, ECh or EBh [CR2V[7]=1]) QPI Mode

cs# | i\ i\

sek | LI LML L S L r e e

00— 4 [o 28\ T[4 ol aFN\——2T0lalolalolalol]

01— 5 [ 1 {20 W s 115 FN———5 11151151157 1]
I
I

o

02— 6 [ 2 {30 W 612 6 HFNY——6l216l216l21]6l0>
03— 7 [ 3 [a31[WW[7[3]7] I—\\—|7|3|7|3|7|3|7|3

Phase i Instruct. | \\ Address | Mode \\ Dummy i D1 i D2 | D3 i D4
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10.4.5 DDR Quad I/O Read (EDh, EEh)

The DDR Quad I/0 Read command improves throughput with four I/O signals - 100-103. It is similar to the
Quad I/0 Read command but allows input of the address four bits on every edge of the clock. In some
applications, the reduced instruction overhead might allow for code execution (XIP) directly from S25FS-S
family devices. The Quad bit of the Configuration Register must be set (CR1V[1]=1) to enable the Quad
capability.

The instruction

m EDh (CR2V[7]=0) is followed by a 3-byte address (A23-A0) or
B EDh (CR2V[7]=1) is followed by a 4-byte address (A31-A0) or
B EEh is followed by a 4-byte address (A31-A0)

The address is followed by mode bits. Then the memory contents, at the address given, is shifted out, in a
DDR fashion, with four bits at a time on each clock edge through 100-103.

The maximum operating clock frequency for DDR Quad 1/O Read command is 80 MHz.

For DDR Quad I/O Read, there is a latency required after the last address and mode bits are shifted into the
100-103 signals before data begins shifting out of I00-103. This latency period (dummy cycles) allows the
device’s internal circuitry enough time to access the initial address. During these latency cycles, the data
value on 100-103 are “don’t care” and may be high impedance. When the Data Learning Pattern (DLP) is
enabled the host system must not drive the 10 signals during the dummy cycles. The 10 signals must be left
high impedance by the host so that the memory device can drive the DLP during the dummy cycles.

The number of dummy cycles is determined by the frequency of SCK. The latency is configured in CR2V[3:0].

Mode bits allow a series of Quad /O DDR commands to eliminate the 8-bit instruction after the first command
sends a complementary mode bit pattern, as shown in Figure 10.38 and Figure 10.40. This feature removes
the need for the 8-bit SDR instruction sequence and dramatically reduces initial access times (improves XIP
performance). The Mode bits control the length of the next DDR Quad I/O Read operation through the
inclusion or exclusion of the first byte instruction code. If the upper nibble (10[7:4]) and lower nibble (10[3:0])
of the Mode bits are complementary (i.e. 5h and Ah) the device transitions to Continuous DDR Quad I/O
Read mode and the next address can be entered (after CS# is raised high and then asserted low) without
requiring the EDh or EEh instruction, as shown in Figure 10.39 on page 112 and Figure 10.42 on page 113
thus, eliminating eight cycles from the command sequence. The following sequences will release the device
from Continuous DDR Quad I/0O Read mode; after which, the device can accept standard SPI commands:

1. During the DDR Quad I/0O Read Command Sequence, if the Mode bits are not complementary the
next time CS# is raised high and then asserted low the device will be released from DDR Quad 1/O
Read mode.

2. Send the Mode Reset command.

The address can start at any byte location of the memory array. The address is automatically incremented to
the next higher address in sequential order after each byte of data is shifted out. The entire memory can
therefore be read out with one single read instruction and address 000000h provided. When the highest
address is reached, the address counter will wrap around and roll back to 000000h, allowing the read
sequence to be continued indefinitely.

CS# should not be driven high during mode or dummy bits as this may make the mode bits indeterminate.
Note that the memory devices may drive the 10s with a preamble prior to the first data value. The preamble is
a Data Learning Pattern (DLP) that is used by the host controller to optimize data capture at higher
frequencies. The preamble drives the 10 bus for the four clock cycles immediately before data is output. The
host must be sure to stop driving the 10 bus prior to the time that the memory starts outputting the preamble.

The preamble is intended to give the host controller an indication about the round trip time from when the host
drives a clock edge to when the corresponding data value returns from the memory device. The host
controller will skew the data capture point during the preamble period to optimize timing margins and then use
the same skew time to capture the data during the rest of the read operation. The optimized capture point will
be determined during the preamble period of every read operation. This optimization strategy is intended to
compensate for both the PVT (process, voltage, temperature) of both the memory device and the host
controller as well as any system level delays caused by flight time on the PCB.

Although the data learning pattern (DLP) is programmable, the following example shows example of the DLP
of 34h. The DLP 34h (or 00110100) will be driven on each of the active outputs (i.e. all four SIOs). This
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pattern was chosen to cover both “DC” and “AC” data transition scenarios. The two DC transition scenarios
include data low for a long period of time (two half clocks) followed by a high going transition (001) and the
complementary low going transition (110). The two AC transition scenarios include data low for a short period
of time (one half clock) followed by a high going transition (101) and the complementary low going transition
(010). The DC transitions will typically occur with a starting point closer to the supply rail than the AC
transitions that may not have fully settled to their steady state (DC) levels. In many cases the DC transitions
will bound the beginning of the data valid period and the AC transitions will bound the ending of the data valid
period. These transitions will allow the host controller to identify the beginning and ending of the valid data
eye. Once the data eye has been characterized the optimal data capture point can be chosen. See SP/ DDR
Data Learning Registers on page 75 for more details.

In QPI Mode (CR2V[6]=1) the DDR Quad I/O instructions are sent 4 bits per SCK rising edge. The remainder
of the command protocol is identical to the DDR Quad I/O commands.

Figure 10.38 DDR Quad I/O Read Initial Access (3-Byte Address, EDh [CR2V[7]=0)

cs# | i\

00— 7 [ 6] 54 ]3]2]1]0 lohehzs[afolaloF\\——7[6]s]4]3]2[1]0]4]0]4]0]
101 |21|17|13|9|5|1|5|1H\—|7|6|5|4|3|2|1|0|5|1|5|1|
102 foalieraf1o[ e [2 e [2\———7]6[s[4[3[2[1]o[e[2]6]2]
103 |23|19|15|11|7|3|7|3|—“—|7|6|5|4|3|2|1|0| |3|7|3|

Phase Instruction Address iMode| \\ Dummy i DLP D1 | D2 |

Figure 10.39 Continuous DDR Quad I/O Read Subsequent Access (3-Byte Address)

cs# | \! )
seck 1 LML L LWL Ly
100 —20 [16 [12 ] 8 | 4 [0 [ 4 | 0 ) [2]olalofalola]ola]oll}
101 —21 [17[13 ]9 [ 5 [1 [5 [ 1 (51151115115 [11]5][1]%
102 — 22 [18 [14 1016 | 2 [ 6 [ 2 F3Y (6216261261216 121%
103 —123 [19 [15 [11] 7 [ 3 [ 7 | 3 ) (7 1sl7 (a7 a7 al7]a]W

Phase Address [ Mode . W Dummy b1 b2 | b3 | pa | b5 W

Figure 10.40 DDR Quad I/O Read Initial Access (4-Byte Address, EEh or EDh [CR2V[7]=1])

cs# | |\ )\
seck _ 1 LML L L L L L L L
00— 7 [ 6 [ 5] 4131 2] 1[0 [eslazofie[r2[8]a]o]a[oW\——— 6 [54 |3[2]10 [a]oa]\}
101 |29|25|21|17|13|9|5|1|5|1|—“—| 6 [54 |3[2]10 I?ITI?I\Y
102 lolzefezfref14fi]6 [ 2 [e [2H\————1 6 [54 [3[2]10 [6]2]6 [\
103 Btlzrlesfidisf]7 [ [7 [sHy———— 6 [54 [3[2]10 [73]7I\

Phase | Instruction Address iMode \\ Dummy | DLP IR

Note:
1. Example DLP of 34h (or 00110100).
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Figure 10.41 DDR Quad I/O Read Initial Access
(4-Byte Address, EEh or EDh [CR2V[7]=1]) QPI Mode

cst | i\

00— 2 | o [28]24]20]16[12] 8 4]0]4]o {7 [6l5]2]a]2]1]o]4]ola]0]
01— 5 | 1 _J2o]2s]21]17]13]9 5] 1151 F\———J76]5]2]3]2]1]o]5]1]5]1]
o2—] 6 [ 2 |30|26|22|18|14|10|6|2|6|2|—“—|7|6|5|4|3|2|1|0|6|2|6|2|
os— 7 [ 3 |31|27|23|19|15|11|7|3|7|3|—“—|7|6|5|4|3|2|1|0|7|3|7|3|

Phase i Instruct. | Address i Mode | \\ Dummy 1 DLP i D1 | D2 |

Note:
1. Example DLP of 34h (or 00110100).

Figure 10.42 Continuous DDR Quad I/O Read Subsequent Access (4-Byte Address)

cst | §\ I\
S e e e e s Y I O
|OO—|28|24|20|16|12|8|4|0|4|0H\—|L|5—4|im10 ITITITITI—\E
01— 2925|2117 ]3] 95 [1 6 1 F—— 6 [54 |3[2]10 [s5[1]s]11\\
102—30]26 [22] 18 [14]0]6 [2]6 |2\ 6 [54 |3[2] 10 [6]2]6]2\[
IO3—|31|27|23|19|15|11|7|3|7|3I—“—|_|—|_|_| |_|_|_|_I_\E

Phase Address | Mode | )\ Dummy | DLP | D1 W

Note:
1. Example DLP of 34h (or 00110100).

10.5 Program Flash Array Commands

10.5.1

10.5.1.1

10.5.1.2

Program Granularity

Page Programming

Page Programming is done by loading a Page Buffer with data to be programmed and issuing a programming
command to move data from the buffer to the memory array. This sets an upper limit on the amount of data
that can be programmed with a single programming command. Page Programming allows up to a page size
(either 256 or 512 bytes) to be programmed in one operation. The page size is determined by the
Configuration Register bit CR3V[4]. The page is aligned on the page size address boundary. It is possible to
program from one bit up to a page size in each Page programming operation. It is recommended that a
multiple of 16-byte length and aligned Program Blocks be written. For the very best performance,
programming should be done in full pages of 512 bytes aligned on 512-byte boundaries with each Page being
programmed only once.

Single Byte Programming
Single Byte Programming allows full backward compatibility to the legacy standard SPI Page Programming
(PP) command by allowing a single byte to be programmed anywhere in the memory array.
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10.5.2 Page Program (PP 02h or 4PP 12h)

The Page Program (PP) command allows bytes to be programmed in the memory (changing bits from 1 to 0).
Before the Page Program (PP) commands can be accepted by the device, a Write Enable (WREN) command
must be issued and decoded by the device. After the Write Enable (WREN) command has been decoded
successfully, the device sets the Write Enable Latch (WEL) in the Status Register to enable any write
operations.

The instruction

m 02h (CR2V[7]=0) is followed by a 3-byte address (A23-A0) or
B 02h (CR2V[7]=1) is followed by a 4-byte address (A31-A0) or
W 12h is followed by a 4-byte address (A31-A0)

and at least one data byte on Sl. Depending on CR3V[4], the page size can either be 256 or 512 bytes. Up to
a page can be provided on Sl after the 3-byte address with instruction 02h or 4-byte address with instruction
12h has been provided.

If more data is sent to the device than the space between the starting address and the page aligned end
boundary, the data loading sequence will wrap from the last byte in the page to the zero byte location of the
same page and begin overwriting any data previously loaded in the page. The last page worth of data is
programmed in the page. This is a result of the device being equipped with a page program buffer that is only
page size in length. If less than a page of data is sent to the device, these data bytes will be programmed in
sequence, starting at the provided address within the page, without having any affect on the other bytes of the
same page.

Using the Page Program (PP) command to load an entire page, within the page boundary, will save overall
programming time versus loading less than a page into the program buffer.

The programming process is managed by the flash memory device internal control logic. After a programming
command is issued, the programming operation status can be checked using the Read Status Register 1
command. The WIP bit (SR1V[0]) will indicate when the programming operation is completed. The P_ERR bit
(SR1V[6]) will indicate if an error occurs in the programming operation that prevents successful completion of
programming. This includes attempted programming of a protected area.

Figure 10.43 Page Program (PP 02h or 4PP 12h) Command Sequence

cst | \ W
see 1 1IMUITLMHUUISU U Uy ie

ssE 7 e[s[4fal2l1 ola[W[s[alal2 o7 e s a2 o7 654 s 210\

o § i
Phase Instruction {\\ Address Input Data1 Input Data2 \\
Note:

1. A =MSB of address = A23 for PP 02h, or A31 for 4PP 12h.

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.44 Page Program (PP 02h or 4PP 12h) QPI Mode Command Sequence

cst | )

sew_ 1 1L rirriueNeerererererrerrrrrur.
00— 4 | o [ A3 T WT 4 [ ol a1 of a1 ol 4T o1 a1 of
o1t— 5 [ 1 T a2 [ W1 5 [ 1+ T 5 T 1+ [ 5 [ 1+ [ 5 [ 1 [ 5 [ 1 1
o2— 6 [ 2 [ a1 T WT 6 [ 21T 6 1 2 1T 6 [ 2 1 6 [ 2 1 6 [ 2 ]
03— 7 [ 3 [ A [ W1 7 [ 3 1 7z T 3 [ 7 [ 3 [ 7 [ 3 1 7 [ 3 1
Phase i _Instruct. | M. Address i _InputD1__ i _InputD2 i _InputD3__i _InputD4

Note:

1. A =MSB of address = A23 for PP 02h, or A31 for 4PP 12h.
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10.6 Erase Flash Array Commands

10.6.1 Parameter 4-kB Sector Erase (P4E 20h or 4P4E 21h)

The main flash array address map may be configured to overlay 4-kB parameter sectors over the lowest
address portion of the lowest address uniform sector (bottom parameter sectors) or over the highest address
portion of the highest address uniform sector (top parameter sectors). The main flash array address map may
also be configured to have only uniform size sectors. The parameter sector configuration is controlled by the
configuration bit CR3V[3]. The P4E and 4P4E commands are ignored when the device is configured for
uniform sectors only (CR3V[3]=1).

The parameter 4-kB Sector Erase commands set all the bits of a 4-kB parameter sector to 1 (all bytes are
FFh). Before the P4E or 4P4E command can be accepted by the device, a Write Enable (WREN) command
must be issued and decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register
to enable any write operations.

The instruction

m 20h [CR2V[7]=0] is followed by a 3-byte address (A23-A0), or
W 20h [CR2V[7]=1] is followed by a 4-byte address (A31-A0), or
m 21h is followed by a 4-byte address (A31-A0)

CS# must be driven into the logic high state after the twenty-fourth or thirty-second bit of the address has
been latched in on SI. This will initiate the beginning of internal erase cycle, which involves the pre-
programming and erase of the chosen sector of the flash memory array. If CS# is not driven high after the last
bit of address, the Sector Erase operation will not be executed.

As soon as CS# is driven high, the internal erase cycle will be initiated. With the internal erase cycle in
progress, the user can read the value of the Write-In Progress (WIP) bit to determine when the operation has
been completed. The WIP bit will indicate a 1. when the erase cycle is in progress and a 0 when the erase
cycle has been completed.

A P4E or 4P4E command applied to a sector that has been write protected through the Block Protection bits
or ASP, will not be executed and will set the E_ERR status. A P4E command applied to a sector that is larger
than 4 kbytes will not be executed and will not set the E_ERR status.

Figure 10.45 Parameter Sector Erase (P4E 20h or 4P4E 21h) Command Sequence

cs# | ) [
sek | L L LI rrere ey e
sl 7 [ e [ 5 [ a4 [ 3 [ 2 | 1+ [ o | a W [ 1 ] 0o —
w0 !
Phase Instruction \\ Address
Note:

1. A = MSB of address = A23 for P4E 20h with CR2V[7]=0, or A31 for P4E 20h with CR2V[7]=1 or 4P4E 21h.

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.
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Figure 10.46 Parameter Sector Erase (P4E 20h or 4P4E 21h) QPl Mode Command Sequence

cs# | )\ [
SCLK | | | | | | L 1 | | | | |

100 —————— 4 | 0 | a3 ] WO 4 | 0 —

ol — 5 | 1 [ a2 [ VW | 5 [+ —

02— 6§ | 2 [ a1 [\ 6 [ o —

(o P — 7 | 3 | A | W 7 | 3 —
Phase Instructtion ) Address ‘

Note:
1. A =MSB of address = A23 for P4E 20h with CR2V[7]=0, or A31 for P4E 20h with CR2V[7]=1 or 4P4E 21h.

10.6.2 Sector Erase (SE D8h or 4SE DCh)

The Sector Erase (SE) command sets all bits in the addressed sector to 1 (all bytes are FFh). Before the
Sector Erase (SE) command can be accepted by the device, a Write Enable (WREN) command must be
issued and decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register to enable
any write operations.

The instruction

m D8h [CR2V[7]=0] is followed by a 3-byte address (A23-A0), or
m D8h [CR2V[7]=1] is followed by a 4-byte address (A31-A0), or
m DCh is followed by a 4-byte address (A31-A0)

CS# must be driven into the logic high state after the twenty-fourth or thirty-second bit of address has been
latched in on SI. This will initiate the erase cycle, which involves the pre-programming and erase of the
chosen sector. If CS# is not driven high after the last bit of address, the Sector Erase operation will not be
executed.

As soon as CS# is driven into the logic high state, the internal erase cycle will be initiated. With the internal
erase cycle in progress, the user can read the value of the Write-In Progress (WIP) bit to check if the
operation has been completed. The WIP bit will indicate a 1 when the erase cycle is in progress and a 0 when
the erase cycle has been completed.

A Sector Erase (SE) command applied to a sector that has been Write Protected through the Block Protection
bits or ASP, will not be executed and will set the E_ERR status.

A device configuration option (CR3V[1]) determines whether the SE command erases 64 kbytes or
256 kbytes. The option to use this command to always erase 256 kbytes provides for software compatibility
with higher density and future S25FS family devices.

A device configuration option (CR3V[3]) determines whether 4-kB parameter sectors are in use. When
CR3V[3] = 0, 4-kB parameter sectors overlay a portion of the highest or lowest address 32 kB of the device
address space. If a Sector Erase command is applied to a 64-kB sector that is overlaid by 4-kB sectors, the
overlaid 4-kB sectors are not affected by the erase. Only the visible (non-overlaid) portion of the 64-kB sector
appears erased. Similarly if a Sector Erase command is applied to a 256-kB range that is overlaid by 4-kB
sectors, the overlaid 4-kB sectors are not affected by the erase. When CR3V[3] = 1, there are no 4-kB
parameter sectors in the device address space and the Sector Erase command always operates on fully
visible 64-kB or 256-kB sectors.

ASP has a PPB and a DYB protection bit for each physical sector, including any 4-kB sectors. If a Sector
Erase command is applied to a 256-kB range that includes a 64-kB protected physical sector, the erase will
not be executed on the 256-kB range and will set the E_ERR status.
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Figure 10.47 Sector Erase (SE D8h or 4SE DCh) Command Sequence

cst | i\ [
XS N I ) I Y Y Y\ I Y o A
sl 7 [ e [ 5 | 4 [ 3 [ 2 [ 1+ [ o | A W [ 1] o0
o |
Phase Instruction A\ Address
Note:

1. A =MSB of address = A23 for SE D8h with CR2V[7]=0, or A31 for SE D8h with CR2V[7]=1 or 4P4E DCh.

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.48 Sector Erase (SE D8h or 4SE DCh) QPI Mode Command Sequence

cst | i\ Ii
SCLK | | | | | | | W1 | | | | |
oo ——— 4| 0 [ a3 [ W [ 4 [ o —
101 ———— 5 | 1 | a2 | W 5 | 1 —
o2———| 6 | 2 [ a1 [ N [ 6 [ 2
103 ————— 7 | 3 | A | W 7 | 3 —
Phase Instructtion \\ Address i
Note:

1. A = MSB of address = A23 for P4E 20h with CR2V[7]=0, or A31 for P4E 20h with CR2V[7]=1 or 4P4E 21h.
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10.6.3 Bulk Erase (BE 60h or C7h)

The Bulk Erase (BE) command sets all bits to 1 (all bytes are FFh) inside the entire flash memory array.
Before the BE command can be accepted by the device, a Write Enable (WREN) command must be issued
and decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register to enable any
write operations.

CS# must be driven into the logic high state after the eighth bit of the instruction byte has been latched in on
SI. This will initiate the erase cycle, which involves the pre-programming and erase of the entire flash memory
array. If CS# is not driven high after the last bit of instruction, the BE operation will not be executed.

As soon as CS# is driven into the logic high state, the erase cycle will be initiated. With the erase cycle in
progress, the user can read the value of the Write-In Progress (WIP) bit to determine when the operation has
been completed. The WIP bit will indicate a 1 when the erase cycle is in progress and a 0 when the erase
cycle has been completed.

A BE command can be executed only when the Block Protection (BP2, BP1, BPO) bits are set to 0s. If the BP
bits are not 0, the BE command is not executed and E_ERR is not set. The BE command will skip any sectors
protected by the DYB or PPB and the E_ERR status will not be set.

Figure 10.49 Bulk Erase Command Sequence

CS#
SCK 5 I I L I 4 LI L

sl | » [ e [ s [ 4 | s | 2 | 1+ [ o |

SO

Phase Instruction

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.50 Bulk Erase Command Sequence QP| Mode

cs# | —
SCLK I—l—l—l '—

100

101

102

~] o] o] &

103

Phase i Instruction
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10.6.4 Evaluate Erase Status (EES DOh)

The Evaluate Erase Status (EES) command verifies that the last erase operation on the addressed sector
was completed successfully. If the selected sector was successfully erased the Erase Status bit (SR2V[2]) is
set to 1. If the selected sector was not completely erased SR2V[2] is 0.

The EES command can be used to detect erase operations failed due to loss of power, reset, or failure during
the erase operation.

The EES instruction is followed by a 3- or 4-byte address, depending on the address length configuration
(CR2V[7]). The EES command requires tggg to complete and update the Erase Status in SR2V. The WIP bit
(SR1V[0]) may be read using the RDSR1 (05h) command, to determine when the EES command is finished.
Then the RDSR2 (07h) or the RDAR (65h) command can be used to read SR2V[2]. If a sector is found not
erased with SR2V[2]=0, the sector must be erased again to ensure reliable storage of data in the sector.

The Write Enable command (to set the WEL bit) is not required before the EES command. However, the WEL
bit is set by the device itself and cleared at the end of the operation, as visible in SR1V[1] when reading

status.
Figure 10.51 EES Command Sequence
cs# | i\ [
SCK S\
sI | 7 [ 6 [ 5 [ 4 | 3 [ 2 | 1+ [ o | A W [ 1 ] o
so )
Phase Instruction \\ Address
Note:

1. A =MSB of address = A23 for CR2V[7]=0, or A31 for CR2V[7]=1.

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.52 EES QPI Mode Command Sequence

cst | i\ Ii
SCLK | | | | | | | N1 | | | L
100 ——————— 4 | 0 | a3 | W 4 | 0 —
101 ——— 5 | 1 [ a2 | W 5 | 1 —
02— 6 [ 2 [ a1t [ N | 6 [ 2
o3 — 7 | 3 | A | W 7 | 3 —
Phase Instructtion ) Address ‘
Note:

1. A =MSB of address = A23 for CR2V[7]=0, or A31 for CR2V[7]=1.
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10.6.5 Program or Erase Suspend (PES 85h, 75h, BOh)

There are three instruction codes for Program or Erase Suspend (PES) to enable legacy and alternate source
software compatibility.

The PES command allows the system to interrupt a programming or erase operation and then read from any
other non-erase-suspended sector or non-program-suspended-page. Program or Erase Suspend is valid only
during a programming or Sector Erase operation. A Bulk Erase operation cannot be suspended.

The Write-In-Progress (WIP) bit in Status Register 1 (SR1V[0]) must be checked to know when the
programming or erase operation has stopped. The Program Suspend Status bit in the Status Register 2
(SR2[0]) can be used to determine if a programming operation has been suspended or was completed at the
time WIP changes to 0. The Erase Suspend Status bit in the Status Register 2 (SR2[1]) can be used to
determine if an erase operation has been suspended or was completed at the time WIP changes to 0. The
time required for the suspend operation to complete is tg, see Table 11.2, Program or Erase Suspend AC
Parameters on page 134.

An Erase can be suspended to allow a program operation or a read operation. During an erase suspend, the
DYB array may be read to examine sector protection and written to remove or restore protection on a sector
to be programmed.

A program operation may be suspended to allow a read operation.

A new erase operation is not allowed with an already suspended erase or program operation. An erase
command is ignored in this situation.

Table 10.5 Commands Allowed During Program or Erase Suspend (Sheet 1 of 2)

Allowed Allowed

Instruction Instruction Durin Durin
Code 9 9 Comment
Name Erase Program
(Hex)

Suspend Suspend

Required for array program during erase suspend. Only allowed if there is no
other program suspended program operation (SR2V[0]=0). A program

PP 02 X command will be ignored while there is a suspended program. If a program
command is sent for a location within an erase suspended sector the program
operation will fail with the P_ERR bit set.

READ 03 X X All array reads allowed in suspend.

RDSR1 05 X X Needed to read WIP to determine end of suspend process.

RDAR 65 X X Alternate way to read WIP to determine end of suspend process.
WREN 06 X Required for program command within erase suspend.

RDSR2 07 X X Needed to read suspend status to determine whether the operation is

suspended or complete.

Required for array program during erase suspend. Only allowed if there is no
other program suspended program operation (SR2V[0]=0). A program

4PP 12 X command will be ignored while there is a suspended program. If a program
command is sent for a location within an erase suspended sector the program
operation will fail with the P_ERR bit set.

4READ 13 X X All array reads allowed in suspend.
CLSR 30 X Clear staFus may belused ifa program operation fails during erase suspend.
Note the instruction is only valid if enabled for clear status by CR4NV[2=1].
CLSR 82 X Clear status may be used if a program operation fails during erase suspend.
EPR 30 X X Required to resume from erase or program suspend. Note the command must
be enabled for use as a resume command by CR4NV[2]=0.
EPR 7A X X Required to resume from erase or program suspend.
EPR 8A X X Required to resume from erase or program suspend.
RSTEN 66 X X Reset allowed anytime.
RST 99 X X Reset allowed anytime.
FAST_READ 0B X X All array reads allowed in suspend.
4FAST_READ oC X X All array reads allowed in suspend.
EPR 7A X Required to resume from erase suspend.
EPR 8A X Required to resume from erase suspend.
DIOR BB X X All array reads allowed in suspend.
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Table 10.5 Commands Allowed During Program or Erase Suspend (Sheet 2 of 2)

. Allowed Allowed
. Instruction . .
Instruction During During
Code Comment
Name (Hex) Erase Program
Suspend | Suspend
4DIOR BC X X All array reads allowed in suspend.
It may be necessary to remove and restore dynamic protection during erase
DYBRD FA X - ’
suspend to allow programming during erase suspend.
It may be necessary to remove and restore dynamic protection during erase
DYBWR FB X - '
suspend to allow programming during erase suspend.
PPBRD FC X Allowed for chgcklng Persistent Protection before attempting a program
command during erase suspend.
4DYBRD E0 X It may be necessary to remove and_ restore dynamic protection during erase
suspend to allow programming during erase suspend.
4DYBWR Eq X It may be necessary to remove and_ restore dynamic protection during erase
suspend to allow programming during erase suspend.
4PPBRD Eo X Allowed for ch_ecklng Persistent Protection before attempting a program
command during erase suspend.
QIOR EB X X All array reads allowed in suspend.
4QIOR EC X X All array reads allowed in suspend.
DDRQIOR ED X X All array reads allowed in suspend.
4DDRQIOR EE X X All array reads allowed in suspend.
RESET FO X X Reset allowed anytime.
MBR FF X X May need to reset a read operation during suspend.

Reading at any address within an erase-suspended sector or program-suspended page produces
undetermined data.

The WRR, WRAR, or PPB Erase commands are not allowed during Erase or Program Suspend, it is
therefore not possible to alter the Block Protection or PPB bits during Erase Suspend. If there are sectors that
may need programming during Erase suspend, these sectors should be protected only by DYB bits that can
be turned off during Erase Suspend.

After an erase-suspended program operation is complete, the device returns to the erase-suspend mode.
The system can determine the status of the program operation by reading the WIP bit in the Status Register,
just as in the standard program operation.

Figure 10.53 Program or Erase Suspend Command Sequence

tSL- »]

]
cs# | \Y 1 [
sek UM AS UL U U U U UL U U UL

b "
g

sio{7lelslalsl2[1 oMz e[s]4als 2 1]0] W—_zlelslalsl2l1]o}
s0 i (76 s als 2]1 o}
Phase | Suspend Instruction \\ i Read Status Instruction | Status \\ i Instr. During Suspend
Phase \\ Repeat Status Read Until Suspended \\

Figure 10.54 Program or Erase Suspend Command Sequence

CS#
scK - o - - = I L LI °L_

sl | » [ e | 5 | 4 | s | 2 [ 1+ [ o

SO

Phase Instruction
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This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.55 Program or Erase Suspend Command Sequence QPI Mode

cs# |
SCLK r— - 1 I—

100

101

102

[
[
6 [ 2
103 [

(o
N

Phase : Instruction

10.6.6 Erase or Program Resume (EPR 7Ah, 8Ah, 30h)
There are three instruction codes for Erase or Program Resume (EPR) to enable legacy and alternate source
software compatibility.
After program or read operations are completed during a program or erase suspend the Erase or Program
Resume command is sent to continue the suspended operation.
After an Erase or Program Resume command is issued, the WIP bit in the Status Register 1 will be setto a 1
and the programming operation will resume if one is suspended. If no program operation is suspended the
suspended erase operation will resume. If there is no suspended program or erase operation the resume
command is ignored.
Program or erase operations may be interrupted as often as necessary e.g. a program suspend command
could immediately follow a program resume command but, in order for a program or erase operation to
progress to completion there must be some periods of time between resume and the next suspend command
greater than or equal to tgg. See Table 11.2, Program or Erase Suspend AC Parameters on page 134.
An Erase or Program Resume command must be written to resume a suspended operation.
Figure 10.56 Erase or Program Resume Command Sequence
cst#
SCK 0 B = L I & [ ©[_1
sl | - [ e [ s [ 4 | s [ 2 | + [ o |
so
Phase Instruction
Figure 10.57 Erase or Program Resume Command Sequence QP| Mode
cs#
SCLK
100 { 4 [ 0 ]
101 { 5 [ 1 ]
102 { 6 [ 2 j
103 { 7 [ 3 ]
Phase ! Instruction i
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10.7 One-Time Program Array Commands

10.7.1 OTP Program (OTPP 42h)

The OTP Program command programs data in the One-Time Program region, which is in a different address
space from the main array data. The OTP region is 1024 bytes so, the address bits from A31 to A10 must be
0 for this command. Refer to OTP Address Space on page 58 for details on the OTP region.

Before the OTP Program command can be accepted by the device, a Write Enable (WREN) command must
be issued and decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register to
enable any write operations. The WIP bit in SR1V may be checked to determine when the operation is
completed. The P_ERR bit in SR1V may be checked to determine if any error occurred during the operation.

To program the OTP array in bit granularity, the rest of the bits within a data byte can be set to 1.

Each region in the OTP memory space can be programmed one or more times, provided that the region is not
locked. Attempting to program Os in a region that is locked will fail with the P_ERR bit in SR1V set to 1.
Programming ones, even in a protected area does not cause an error and does not set P_ERR. Subsequent
OTP programming can be performed only on the un-programmed bits (that is, 1 data).

The protocol of the OTP Program command is the same as the Page Program command. See Page Program
(PP 02h or 4PP 12h) on page 114 for the command sequence.

10.7.2 OTP Read (OTPR 4Bh)

The OTP Read command reads data from the OTP region. The OTP region is 1024 bytes so, the address bits
from A31 to A10 must be zero for this command. Refer to OTP Address Space on page 58 for details on the
OTP region. The protocol of the OTP Read command is similar to the Fast Read command except that it will
not wrap to the starting address after the OTP address is at its maximum; instead, the data beyond the
maximum OTP address will be undefined. The OTP Read command read latency is set by the latency value
in CR2V[3:0].

See Fast Read (FAST_READ 0Bh or 4FAST_READ 0Ch) on page 106 for the command sequence.

10.8 Advanced Sector Protection Commands

10.8.1 ASP Read (ASPRD 2Bh)

The ASP Read instruction 2Bh is shifted into Sl by the rising edge of the SCK signal. Then the 16-bit ASP
register contents are shifted out on the serial output SO, least significant byte first. Each bit is shifted out at
the SCK frequency by the falling edge of the SCK signal. It is possible to read the ASP register continuously
by providing multiples of 16 clock cycles. The maximum operating clock frequency for the ASP Read
(ASPRD) command is 133 MHz.

Figure 10.58 ASPRD Command

cs# | [
ssff7]efs]afalafr]o]
s0 lrlelsfalafof1fof7]ef[s]afafafa]o]
Phase Instruction Output ASPR Low Byte Output ASPR High Byte
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ASP Program (ASPP 2Fh)

Before the ASP Program (ASPP) command can be accepted by the device, a Write Enable (WREN)
command must be issued. After the Write Enable (WREN) command has been decoded, the device will set
the Write Enable Latch (WEL) in the Status Register to enable any write operations.

The ASPP command is entered by driving CS# to the logic low state, followed by the instruction and two data
bytes on SI, least significant byte first. The ASP Register is two data bytes in length.

The ASPP command affects the P_ERR and WIP bits of the Status and Configuration Registers in the same
manner as any other programming operation.

CS# input must be driven to the logic high state after the sixteenth bit of data has been latched in. If not, the
ASPP command is not executed. As soon as CS# is driven to the logic high state, the self-timed ASPP
operation is initiated. While the ASPP operation is in progress, the Status Register may be read to check the
value of the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed ASPP
operation, and is a 0 when it is completed. When the ASPP operation is completed, the Write Enable Latch
(WEL) is setto a 0.

Figure 10.59 ASPP Command

cs# | [
sl r]efs|afsfafe]of7]e[s[afsfafr[of7]e][s[afafafs]o]
SO

Phase Instruction Input ASPR Low Byte Input ASPR High Byte
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10.8.3 DYB Read (DYBRD FAh or 4DYBRD EOh)

The instruction is latched into S| by the rising edge of the SCK signal. The instruction is followed by the 24 or
32-bit address, depending on the address length configuration CR2V[7], selecting location zero within the
desired sector. Note, the high order address bits not used by a particular density device must be zero. Then
the 8-bit DYB access register contents are shifted out on the serial output SO. Each bit is shifted out at the
SCK frequency by the falling edge of the SCK signal. It is possible to read the same DYB access register
continuously by providing multiples of eight clock cycles. The address of the DYB register does not increment
so this is not a means to read the entire DYB array. Each location must be read with a separate DYB Read
command. The maximum operating clock frequency for READ command is 133 MHz.

Figure 10.60 DYBRD Command Sequence

csit | i\ N
sk 1MW yyyUyUyuuyuyyrUyyyL

siff7lelslafaf2]1]ofal [1]0]

sO \ {7lels[alsf2]1]ol7z[e[s5[ala]2[1]0]
Phase | Instruction \\ Address | Register Repeat Register
Notes:

1. A =MSB of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7]=1 with command FAh.
2. A =MSB of address = 31 with command EOh.

This command is also supported in QPI Mode. In QPI Mode the instruction and address is shifted in on 100-
103 and returning data is shifted out on 100-103.

Figure 10.61 DYBRD QPI Mode Command Sequence

cs#t | )
SCLK | [ | [ | [ L1 I | I | I | I | [

00 —__4 | 0 [ A3 T N T 4 [ 0 [ 4 [ 0 —

o1 —_5 | 1 [ a2 T W [ 5 [ 1 [ =5 [ 1 —

02— & [ 2 [ a1 ] N 6 [ 2 [ 6 [ 2 —

03— 7 | 3 [ A T N [ =7 [ 3 [ 7 [ 3 —
Phase i Instruction i \)} Address 3 Output DYBAR i

Notes:
1. A =MSB of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7]=1 with command FAh.

2. A =MSB of address = 31 with command EOh.
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10.8.4 DYB Write (DYBWR FBh or 4DYBWR E1h)

Before the DYB Write (DYBWR) command can be accepted by the device, a Write Enable (WREN) command
must be issued. After the Write Enable (WREN) command has been decoded, the device will set the Write
Enable Latch (WEL) in the Status Register to enable any write operations.

The DYBWR command is entered by driving CS# to the logic low state, followed by the instruction, followed
by the 24- or 32-bit address, depending on the address length configuration CR2V[7], selecting location zero
within the desired sector (note, the high order address bits not used by a particular density device must be
zero), then the data byte on SI. The DYB Access Register is one data byte in length. The data value must be
00h to protect or FFh to unprotect the selected sector.

The DYBWR command affects the P_ERR and WIP bits of the Status and Configuration Registers in the
same manner as any other programming operation. CS# must be driven to the logic high state after the eighth
bit of data has been latched in. As soon as CS# is driven to the logic high state, the self-timed DYBWR
operation is initiated. While the DYBWR operation is in progress, the Status Register may be read to check
the value of the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed
DYBWR operation, and is a 0 when it is completed. When the DYBWR operation is completed, the Write
Enable Latch (WEL) is set to a 0.

Figure 10.62 DYBWR Command Sequence

cs# | i\
SCK “
sifPd7]els[afsfaf[r[ofalW[s[afas[o[r1Jof7]e[s5[alala]1]o]
0 !
Phase Instruction \\ Address Input Data
Notes:

1. A =MSB of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7]=1 with command FBh.
2. A =MSB of address = 31 with command E1h.

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.63 DYBWR QPI Mode Command Sequence

cst | )
SCLK | | | | | | L1 | | | | | | | | [

00— 4 | 0 | . \ Y [ 0 [ 4 [ 0 —

o1t ——— 5 [ 1 [ a2 1| N 5 [ 1 [ 5 [ 1 —

02 —1_6 | 2 | I . \ W [ 2 [ 6 [ 2 —

03— 7 [ 3 [ a1 N 7 [ 3 [ 7 [ 3 ——
Phase i Instruction i MW Address | Input DYBAR i

Note
1. A =MSB of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7]=1 with command FBh.

2. A =MSB of address = 31 with command E1h
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10.8.5 PPB Read (PPBRD FCh or 4PPBRD E2h)

The instruction E2h is shifted into Sl by the rising edges of the SCK signal, followed by the 24- or 32-bit
address, depending on the address length configuration CR2V[7], selecting location zero within the desired
sector (note, the high order address bits not used by a particular density device must be zero). Then the 8-bit
PPB access register contents are shifted out on SO.

It is possible to read the same PPB access register continuously by providing multiples of eight clock cycles.
The address of the PPB register does not increment so this is not a means to read the entire PPB array. Each
location must be read with a separate PPB Read command. The maximum operating clock frequency for the
PPB Read command is 133 MHz.

Figure 10.64 PPBRD Command Sequence

cs# | i\ [
S G N nnpnnnniS

siff7zle[s]alaf2l1]of[AN [1]0]

so \ {7]e[s5[afs]2]1]of7][e]s5]a]3]2]1]0]
Phase | Instruction \\ Address | Register Repeat Register
Notes:

1. A =MSB of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7]=1 with command FCh.
2. A =MSB of address = 31 with command E2h.

10.8.6 PPB Program (PPBP FDh or 4PPBP E3h)

Before the PPB Program (PPBP) command can be accepted by the device, a Write Enable (WREN)
command must be issued. After the Write Enable (WREN) command has been decoded, the device will set
the Write Enable Latch (WEL) in the Status Register to enable any write operations.

The PPBP command is entered by driving CS# to the logic low state, followed by the instruction, followed by
the 24- or 32-bit address, depending on the address length configuration CR2V[7], selecting location zero
within the desired sector (note, the high order address bits not used by a particular density device must be
Zero).

The PPBP command affects the P_ERR and WIP bits of the Status and Configuration Registers in the same
manner as any other programming operation.

CS# must be driven to the logic high state after the last bit of address has been latched in. If not, the PPBP
command is not executed. As soon as CS# is driven to the logic high state, the self-timed PPBP operation is
initiated. While the PPBP operation is in progress, the Status Register may be read to check the value of the
Write-In Progress (WIP) bit. The WIP bit is a 1 during the self-timed PPBP operation, and is a 0 when it is
completed. When the PPBP operation is completed, the Write Enable Latch (WEL) is set to a 0.

Figure 10.65 PPBP Command Sequence

cs# | ) [
sek | L L LI re ey e
sl 7 [ 6 [ 5 [ a4 [ 3 [ 2 [ 1+ [ o [ a W [ 1 | 0o —
so 4y

Phase Instruction \\ Address

Notes:

1. A =MSB of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7]=1 with command FDh.
2. A =MSB of address = 31 with command E3h.
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PPB Erase (PPBE E4h)

The PPB Erase (PPBE) command sets all PPB bits to 1. Before the PPB Erase command can be accepted by
the device, a Write Enable (WREN) command must be issued and decoded by the device, which sets the
Write Enable Latch (WEL) in the Status Register to enable any write operations.

The instruction E4h is shifted into Sl by the rising edges of the SCK signal.

CS# must be driven into the logic high state after the eighth bit of the instruction byte has been latched in on
Sl. This will initiate the beginning of internal erase cycle, which involves the pre-programming and erase of
the entire PPB memory array. Without CS# being driven to the logic high state after the eighth bit of the
instruction, the PPB erase operation will not be executed.

With the internal erase cycle in progress, the user can read the value of the Write-In Progress (WIP) bit to
check if the operation has been completed. The WIP bit will indicate a 1 when the erase cycle is in progress
and a 0 when the erase cycle has been completed. Erase suspend is not allowed during PPB Erase.

Figure 10.66 PPB Erase Command Sequence

Cs#
sck - = 1 L 7 I LI L

sl | - | e | 5 [ 4 [ s [ 2 | 1+ [ o ]

SO

Phase Instruction

PPB Lock Bit Read (PLBRD A7h)

The PPB Lock Bit Read (PLBRD) command allows the PPB Lock Register contents to be read out of SO. It is
possible to read the PPB lock register continuously by providing multiples of eight clock cycles. The PPB Lock
Register contents may only be read when the device is in standby state with no other operation in progress. It
is recommended to check the Write-In Progress (WIP) bit of the Status Register before issuing a new
command to the device.

Figure 10.67 PPB Lock Register Read Command Sequence

cs# | [

sl 7]e]sfafafaltfo]

s0 l7lelsfafsfafrJof7]ef[s]afsfafr]o]

Phase Instruction Register Read Repeat Register Read
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10.8.9 PPB Lock Bit Write (PLBWR A6h)

The PPB Lock Bit Write (PLBWR) command clears the PPB Lock Register to zero. Before the PLBWR
command can be accepted by the device, a Write Enable (WREN) command must be issued and decoded by
the device, which sets the Write Enable Latch (WEL) in the Status Register to enable any write operations.

The PLBWR command is entered by driving CS# to the logic low state, followed by the instruction.

CS# must be driven to the logic high state after the eighth bit of instruction has been latched in. If not, the
PLBWR command is not executed. As soon as CS# is driven to the logic high state, the self-timed PLBWR
operation is initiated. While the PLBWR operation is in progress, the Status Register may still be read to
check the value of the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed
PLBWR operation, and is a 0 when it is completed. When the PLBWR operation is completed, the Write
Enable Latch (WEL) is set to a 0. The maximum clock frequency for the PLBWR command is 133 MHz.

Figure 10.68 PPB Lock Bit Write Command Sequence

CS#
SCK - 1 0 L 7 [/ LI L

sl | - | e | 5 [ 4 [ s [ 2 [ 1+ [ o ]

SO

Phase Instruction

10.8.10 Password Read (PASSRD E7h)

The correct password value may be read only after it is programmed and before the Password mode has
been selected by programming the Password Protection mode bit to 0 in the ASP Register (ASP[2]). After the
Password Protection mode is selected the password is no longer readable, the PASSRD command will
output undefined data.

The PASSRD command is shifted into SI. Then the 64-bit Password is shifted out on the serial output SO,
least significant byte first, most significant bit of each byte first. Each bit is shifted out at the SCK frequency by
the falling edge of the SCK signal. It is possible to read the Password continuously by providing multiples of
64 clock cycles. The maximum operating clock frequency for the PASSRD command is 133 MHz.

Figure 10.69 Password Read Command Sequence

ost | i\

SCK S;
ssfl7[elsfafafar]o] )|

s0 {7lefsf[afalofr]ofW[e[s[afafa1]o]
Phase Instruction Data T\ DataN
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Password Program (PASSP E8h)

Before the Password Program (PASSP) command can be accepted by the device, a Write Enable (WREN)
command must be issued and decoded by the device. After the Write Enable (WREN) command has been
decoded, the device sets the Write Enable Latch (WEL) to enable the PASSP operation.

The password can only be programmed before the Password mode is selected by programming the
Password Protection mode bit to 0 in the ASP Register (ASP[2]). After the Password Protection mode is
selected the PASSP command is ignored.

The PASSP command is entered by driving CS# to the logic low state, followed by the instruction and the
password data bytes on Sl, least significant byte first, most significant bit of each byte first. The password is
sixty-four (64) bits in length.

CS# must be driven to the logic high state after the sixty-fourth (64'") bit of data has been latched. If not, the
PASSP command is not executed. As soon as CS# is driven to the logic high state, the self-timed PASSP
operation is initiated. While the PASSP operation is in progress, the Status Register may be read to check the
value of the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed PASSP
cycle, and is a 0 when it is completed. The PASSP command can report a program error in the P_ERR bit of
the Status Register. When the PASSP operation is completed, the Write Enable Latch (WEL) is set to a 0.
The maximum clock frequency for the PASSP command is 133 MHz.

Figure 10.70 Password Program Command Sequence

cs# | i\ [

sl 7e]sfalsfalsfolr[efsfafafalrsfolW[e[s5[afafar]o]

|
SO )

Phase Instruction Input Password Low Byte \\ Input Password High Byte
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10.8.12 Password Unlock (PASSU E9h)

The PASSU command is entered by driving CS# to the logic low state, followed by the instruction and the
password data bytes on Sl, least significant byte first, most significant bit of each byte first. The password is
sixty-four (64) bits in length.

CS# must be driven to the logic high state after the sixty-fourth (64'") bit of data has been latched. If not, the
PASSU command is not executed. As soon as CS# is driven to the logic high state, the self-timed PASSU
operation is initiated. While the PASSU operation is in progress, the Status Register may be read to check the
value of the Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is a 1 during the self-timed PASSU
cycle, and is a 0 when it is completed.

If the PASSU command supplied password does not match the hidden password in the Password Register,
an error is reported by setting the P_ERR bit to 1. The WIP bit of the Status Register also remains setto 1. It
is necessary to use the CLSR command to clear the Status Register, the RESET command to software reset
the device, or drive the RESET# input low to initiate a hardware reset, in order to return the P_ERR and WIP
bits to 0. This returns the device to standby state, ready for new commands such as a retry of the PASSU
command.

If the password does match, the PPB Lock bit is set to 1. The maximum clock frequency for the PASSU
command is 133 MHz.

Figure 10.71 Password Unlock Command Sequence

cs# | i\ [
seck _ MUy LU Le
sif7lelslalafof1]ol7]elslalafof1olNlels5lala3lof1]0]
S0 )
Phase Instruction ___Input Password Low Byte | }) Input Password High Byte |

November 6, 2013 S25FS-S_00_04 S25FS-S Family 131



N

SPANSION- Data Sheet (Preliminary)

A\

10.9 Reset Commands

Software controlled Reset commands restore the device to its initial power-up state, by reloading volatile
registers from non-volatile default values. However, the volatile FREEZE bit in the Configuration Register
CR1VI[0] and the volatile PPB Lock bit in the PPB Lock Register are not changed by a software reset. The
software reset cannot be used to circumvent the FREEZE or PPB Lock bit protection mechanisms for the
other security configuration bits.

The Freeze bit and the PPB Lock bit will remain set at their last value prior to the software reset. To clear the
FREEZE bit and set the PPB Lock bit to its protection mode selected power-on state, a full power-on-reset
sequence or hardware reset must be done.

The non-volatile bits in the Configuration Register (CR1NV), TBPROT_O, TBPARM, and BPNV_O, retain
their previous state after a software reset.

The Block Protection bits BP2, BP1, and BPO, in the Status Register (SR1V) will only be reset to their default
value if FREEZE = 0.

A reset command (RST or RESET) is executed when CS# is brought high at the end of the instruction and
requires tgpy time to execute.

In the case of a previous Power-Up Reset (POR) failure to complete, a reset command triggers a full power-
up sequence requiring tpy to complete.

Figure 10.72 Software Reset Command Sequence

cs# | [
si | 7 [ 6 [ 5 T 4« [ s 1 21 171 o]
o)
Phase Instruction

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.73 Software Reset Command Sequence QPI Mode

cst ] r
SCLK 1 1 I
100 { 4 [ 0 ——————
101 { 5 [ 1 —
102 I 6 | 2 —
103 { 7 [ 3 —
Phase i Instruction i

10.9.1 Software Reset Enable (RSTEN 66h)

The Reset Enable (RSTEN) command is required immediately before a Reset command (RST) such that a
software reset is a sequence of the two commands. Any command other than RST following the RSTEN
command, will clear the reset enable condition and prevent a later RST command from being recognized.

10.9.2 Software Reset (RST 99h)

The Reset (RST) command immediately following a RSTEN command, initiates the software reset process.
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10.9.3 Legacy Software Reset (RESET FOh)

The Legacy Software Reset (RESET) is a single command that initiates the software reset process. This
command is disabled by default but can be enabled by programming CR3V[0]=1, for software compatibility
with Spansion legacy FL-S devices.

10.9.4 Mode Bit Reset (MBR FFh)

The Mode Bit Reset (MBR) command is used to return the device from continuous high performance read
mode back to normal standby awaiting any new command. Because some device packages lack a hardware
RESET# input and a device that is in a continuous high performance read mode may not recognize any
normal SPI command, a system hardware reset or software reset command may not be recognized by the
device. It is recommended to use the MBR command after a system reset when the RESET# signal is not
available or, before sending a software reset, to ensure the device is released from continuous high
performance read mode.

The MBR command sends 1s on Sl or 100 for 8 SCK cycles. 101 to 103 are “don’t care” during these cycles.

Figure 10.74 Mode Bit Reset Command Sequence

CS#
scK - o 5 - = I L I [_1

sl | 7 [ e | s [ 4 | s [ 2 [ 1 | o

SO

Phase Instruction

This command is also supported in QPI Mode. In QPI Mode the instruction is shifted in on 100-103, two clock
cycles per byte.

Figure 10.75 Mode Bit Reset Command Sequence QPI Mode

cs# ] —
SCLK I—l—l—l '—

100

101

102

~N| o] |0 B

103

Phase i Instruction
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11. Embedded Algorithm Performance Tables

The Joint Electron Device Engineering Council (JEDEC) standard JESD22-A117 defines the procedural
requirements for performing valid endurance and retention tests based on a qualification specification. This
methodology is intended to determine the ability of a flash device to sustain repeated data changes without
failure (program/erase endurance) and to retain data for the expected life (data retention). Endurance and
retention qualification specifications are specified in JESD47 or may be developed using knowledge-based
methods as in JESD94.

Table 11.1 Program and Erase Performance

Symbol Parameter Min Typ (2) Max Unit
tw Non-Volatile Register Write Time 145 750 ms
top Page Programm?ng (512 bytes) 475 1080 us

Page Programming (256 bytes) 360 1080
Sector Erase Time (64-kB or 4-kB physical sectors) 145 725 ms
‘s Sector Erase Time (256-kB logical sectors = 4x64K physical sectors) 580 2900 ms
tge (1) Bulk Erase Time (S25FS128S) 36 180 sec
tge (1) Bulk Erase Time (S25FS256S) 72 360 sec
Evaluate Erase Status Time (64-kB or 4-kB physical sectors) 20 25
‘ees Evaluate Erase Status Time (256-kB physical or logical sectors) 80 100 b
Erase per sector 100,000 cycles

Notes:

1.
2.
3.

Not 100% tested.

Typical program and erase times assume the following conditions: 25°C, Vpp = 1.8V; random data pattern.
The programming time for any OTP programming command is the same as tpp This includes OTPP 42h, PNVDLR 43h, ASPP 2Fh, and

PASSP ES8h.

The programming time for the PPBP E3h command is the same as tpp The erase time for PPBE E4h command is the same as tgg.
5. Data retention of 20 years is based on 1k erase cycles or less.

Table 11.2 Program or Erase Suspend AC Parameters

Parameter Typical Max Unit Comments
Suspend Latency (tg,) 40 us t;I'ithieS t(i)r'ne from Suspend command until the WIP
Minimum is the time needed to issue the next
Aesume ot rogam Suspend () e e
completion.
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12. Software Interface Reference
12.1 Command Summary by Instruction
Table 12.1 S25FS-S Family Command Set (sorted by instruction)
Command o Instruction | Maximum | Address
Name Command Description Value Frequency | Length QPI
(Hex) (MHz) (Bytes)
WRR Write Register (Status 1, Configuration 1) 01 133 0 Yes
PP Page Program 02 133 3or4 Yes
READ Read 03 50 3or4 No
WRDI Write Disable 04 133 0 Yes
RDSR1 Read Status Register 1 05 133 0 Yes
WREN Write Enable 06 133 0 Yes
RDSR2 Read Status Register 2 07 133 0 No
4PP Page Program 12 133 4 Yes
4READ Read 13 50 4 No
P4E Parameter 4-kB Sector Erase 20 133 3or4 Yes
4P4E Parameter 4-kB Sector Erase 21 133 4 Yes
Clear Status Register 1 - Erase/Prog. Fail Reset
cusn | acamand my e dealedand e st e rsestet | | | o | s
on page 69
Erase / Program Resume (alternate instruction)
EPR This command may be disabled and the instruction value instead used 30 133 0 Yes
for a clear status command - see Configuration Register 3 on page 69
RDCR Read Configuration Register 1 35 133 0 No
DLPRD Data Learning Pattern Read 41 133 0 No
OTPP OTP Program 42 133 3or4 No
PNVDLR Program NV Data Learning Register 43 133 0 No
BE Bulk Erase 60 133 0 Yes
RDAR Read Any Register 65 133 3or4 Yes
RSTEN Software Reset Enable 66 133 0 Yes
WRAR Write Any Register 71 133 3or4 Yes
EPS Erase / Program Suspend 75 133 0 Yes
CLSR Clear Status Register 1 (alternate instruction) - Erase/Prog. Fail Reset 82 133 0 Yes
EPS Erase / Program Suspend (alternate instruction) 85 133 0 Yes
RST Software Reset 99 133 0 Yes
FAST_READ Fast Read 0B 133 3or4 No
4FAST_READ | Fast Read oC 133 4 No
ASPRD ASP Read 2B 133 0 No
ASPP ASP Program 2F 133 0 No
WVDLR Write Volatile Data Learning Register 4A 133 0 No
OTPR OTP Read 4B 133 3or4 No
RSFDP Read JEDEC Serial Flash Discoverable Parameters 5A 50 3 Yes
EPR Erase / Program Resume 7A 133 0 Yes
EPR Erase / Program Resume (alternate instruction) 8A 133 0 Yes
RDID Read ID (JEDEC Manufacturer ID and JEDEC CFI) 9F 133 0 Yes
PLBWR PPB Lock Bit Write A6 133 0 No
PLBRD PPB Lock Bit Read A7 133 0 No
RDQID Read Quad ID AF 133 0 Yes
EPS Erase / Program Suspend (alternate instruction) BO 133 0 Yes
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Table 12.1 S25FS-S Family Command Set (sorted by instruction)

Command o Instruction | Maximum | Address
Name Command Description Value Frequency | Length QPI

(Hex) (MHz) (Bytes)
4BAM Enter 4-byte Address Mode B7 133 0 No
DIOR Dual I/0O Read BB 66 3or4 No
4DIOR Dual I/0O Read BC 66 4 No
SBL Set Burst Length co 133 0 No
BE Bulk Erase (alternate instruction) Cc7 133 0 Yes
EES Evaluate Erase Status DO 133 3oré4 Yes
SE Erase 64 kB or 256 kB D8 133 3or4 Yes
4SE Erase 64 kB or 256 kB DC 133 4 Yes
4DYBRD DYB Read EO 133 4 Yes
4DYBWR DYB Write E1 133 4 Yes
4PPBRD PPB Read E2 133 4 No
4PPBP PPB Program E3 133 4 No
PPBE PPB Erase E4 133 0 No
PASSRD Password Read E7 133 0 No
PASSP Password Program E8 133 0 No
PASSU Password Unlock E9 133 0 No
QIOR Quad I/0 Read EB 133 3or4 Yes
4QIOR Quad I/0 Read EC 133 4 Yes
DDRQIOR DDR Quad I/0O Read ED 80 3oré4 Yes
4DDRQIOR | DDR Quad I/O Read EE 80 4 Yes
RESET Legacy Software Reset FO 133 0 No
DYBRD DYB Read FA 133 3or4 Yes
DYBWR DYB Write FB 133 3or4 Yes
PPBRD PPB Read FC 133 3or4 No
PPBP PPB Program FD 133 3oré4 No
MBR Mode Bit Reset FF 133 0 Yes

12.2 Registers

The register maps are copied in this section as a quick reference. See Registers on page 59 for the full
description of the register contents.

Table 12.2 Status Register 1 Non-Volatile (SR1NV)

Bits | Field Name Function Type Default State Description
1 = Locks state of SRWD, BP, and Configuration
Status Register Register 1 bits when WP# is low by not executing WRR
7 SRWD_NV | Write Disable Non-Volatile 0 or WRAR commands that would affect SR1NV, SR1V,
Default CR1NV, or CR1V.
0 = No protection, even when WP# is low.
6 P ERR D Programming Non-Volatile 0 Provides the default state for the Programming Error
- - Error Default Read Only Status. Not user programmable.
Erase Error Non-Volatile Provides the default state for the Erase Error Status. Not
5 E_ERR_D 0
Default Read Only user programmable.
4 BP_NV2 Protects the selected range of sectors (Block) from
BP NVA Block Program or Erase when the BP bits are configured as
- Protection Non-Volatile 000b non-volatile (CR1NV[3]=0). Programmed to 111b when
Non-Volatile BP bits are configured to volatile (CR1NV[3]=1).- after
2 BP_NVO . :
which these bits are no longer user programmable.
1 WEL_D WEL Default Non-Volatile 0 Provides the default state for the WEL Status. Not user
Read Only programmable.
0 WIP_D WIP Default Non-Volatile 0 Provides the default state for the WIP Status. Not user
Read Only programmable.
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Table 12.3 Status Register 1 Volatile (SR1V)

Bits '\': feld Function Type Default State Description
ame
Status Register Volatile .
7 SRWD Write Disable Read Only Volatile copy of SR1NV[7].
6 P ERR Programming Volatile 1 = Error occurred.
- Error Occurred Read Only 0 = No Error.
Erase Error Volatile 1= Error occurred.
5 E_ERR Occurred Read Only 0 = No Error.
BP2 Protects selected range of sectors (Block) from Program
3 BP1 Block or Erase when the BP bits are configured as volatile
Protection Volatile (CR1NV[3]=1). Volatile copy of SR1NV[4:2] when BP
Volatile bits are configured as non-volatile. User writable when
2 BPO . ) )
BP bits are configured as volatile.
SR1NV - - -
1 = Device accepts Write Registers (WRR and WRAR),
Program, or Erase commands.
1 WEL Write Enable Volatile 0 = Device ignores Write Registers (WRR and WRAR),
Latch Program, or Erase commands.
This bit is not affected by WRR or WRAR, only WREN
and WRDI commands affect this bit.
1= Device Busy, an embedded operation is in progress
such as Program or Erase.
Write-In- Volatile 0 = Ready Device is in Standby mode and can accept
0 WIP
Progress Read Only commands.
This bit is not affected by WRR or WRAR, it only
provides WIP status.
Table 12.4 Status Register 2 Volatile (SR2V)
Bits Field Name Function Type Default State Description
7 RFU Reserved 0 Reserved for Future Use.
6 RFU Reserved 0 Reserved for Future Use.
5 RFU Reserved 0 Reserved for Future Use.
4 RFU Reserved 0 Reserved for Future Use.
3 RFU Reserved 0 Reserved for Future Use.
1 = Sector Erase Status command result =
Volatile Erase Completed.
2 ESTAT Erase Status Read Only 0 0 = Sector Erase Status command result =
Erase Not Completed.
Volatile 1 = In Erase Suspend mode.
1 ES Erase Suspend Read Only 0 0 = Not in Erase Suspend mode.
0 PS Program Volatile 0 1 = In Program Suspend mode.
Suspend Read Only 0 = Not in Program Suspend mode.
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Table 12.5 Configuration Register 1 Non-Volatile (CR1NV)
. . . Default _—
Bits Field Name Function Type State Description
7 RFU 0
Reserved for Future Non-Volatile Reserved.
6 RFU Use 0
Configures Start of
. 1 = BP starts at bottom (Low address).
5 TBPROT_O Block Protection oTP 0 0 = BP starts at top (High address).
4 RFU Reserved for Future RFU 0 |Reserved.
Use
Configures BP2-0 in 1 = Volatile.
3 BPNV_O Status Register orp 0 0 = Non-Volatile.
Configures 1 = 4-kB physical sectors at top, (high address).
2 TBPARM_O Parameter Sectors OTP 0 0 = 4-kB physical sectors at bottom (Low address).
location RFU in uniform sector configuration.
1 QUAD_NV Quad Non-Volatile Non-Volatile 0 Provides the default state for the QUAD bit.
0 FREEZE_D FREEZE Default Non-Volatile 0 Provides the default state for the Freeze bit. Not user
Read Only programmable.
Table 12.6 Configuration Register 1 Volatile (CR1V)
. . . Default I
Bits Field Name Function Type State Description
7 RFU
Reserved for Future Volatile Reserved.
6 RFU Use
Volatile copy of Volatile Not user writable.
5 TBPROT TBPROT_O Read Only See CR1NV[5] TBPROT_O.
4 RFU Reserved for Future RFU Reserved.
Use
3 BPNV Volatile copy of Volatile Not user writable.
BPNV_O Read Only CRiNv | See CR1NV[3] BPNV_O.
Volatile copy of Volatile Not user writable.
2 TBPARM TBPARM_O Read Only See CR1NV[2] TBPARM_O.
1 QUAD Quad 1/0 Mode Volatile 1=Quad. .
0 = Dual or Serial.
Lock current state of Block Protection control bits, and
Lock-Down Block OTP regions
0 FREEZE Protection until next Volatile ) .
power cycle 1 = Block Protection and OTP locked.
0 = Block Protection and OTP unlocked.
Table 12.7 Configuration Register 2 Non-Volatile (CR2NV)
. . . Default _—
Bits Field Name Function Type State Description
1 = 4-byte address.
7 AL_NV Address Length 0 0 = 3-byte address.
1 = Enabled - QPI (4-4-4) protocol in use.
6 QA_NV QPI 0 0 = Disabled - Legacy SPI protocols in use, instruction is
always serial on SI.
1 =Enabled - 103 is used as RESET# input when CS# is
high or Quad Mode is disabled CR1V[1]=1.
5 I03R_NV 103 Reset OTP 0 0 = Disabled - 103 has no alternate function, hardware
reset is disabled.
4 RFU Reserved 0 Reserved For Future Use.
3 1
0 to 15 latency (dummy) cycles following read address
2 0 or continuous mode bits.
1 RL_NV Read Latency 0 Note that bit 3 has a default value of 1 and may be
o 0 programmed one time to 0 but cannot be returned to 1.
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Table 12.8 Configuration Register 2 Volatile (CR2V)
. . . Default i
Bits Field Name Function Type State Description
1 = 4 byte address.
7 AL Address Length 0 = 3 byte address.
1 = Enabled - QPI (4-4-4) protocol in use.
6 QA QPI 0 = Disabled - Legacy SPI protocols in use, instruction is
always serial on SI.
1 =Enabled - 103 is used as RESET# input when CS# is
high or Quad Mode is disabled CR1V[1]=1.
5 I03R_S 103 Reset Volatile CR2NV | 0 = Disabled - 103 has no alternate function, hardware
reset is disabled.
4 RFU Reserved Reserved for Future Use.
3
2 0 to 15 latency (dummy) cycles following read address
RL Read Latency or continuous mode bits.
1
0
Table 12.9 Configuration Register 3 Non-Volatile (CR3NV)
. . . Default I
Bits Field Name Function Type State Description
7 RFU Reserved 0 Reserved for Future Use.
RFU Reserved 0 Reserved for Future Use.
1 = Blank Check during erase enabled.
s BC_NV Blank Check O | 0= Blank Check disabled.
1 =Wrap at 512 bytes.
4 02h_NV Page Buffer Wrap 0 0 = Wrap at 256 bytes.
1 = 4-kB Erase disabled (Uniform Sector Architecture).
o OTP
3 20n_NV 4-kB Erase 0 0 = 4-kB Erase enabled (Hybrid Sector Architecture).
5 30h NV Clear Status / 0 1 =30h is Erase or Program Resume command.
- Resume Select 0 = 30h is clear status command.
) 1 = 256-kB Erase.
1 D8h_NV Block Erase Size 0 0 = 64-kB Erase.
0 Foh NV Legacy Software 0 1 = FOh software reset is enabled.
- Reset Enable 0 = FOh software reset is disabled (ignored).
Table 12.10 Configuration Register 3 Volatile (CR3V)
. . . Default .
Bits Field Name Function Type State Description
RFU Reserved Reserved for Future Use.
6 RFU Reserved Reserved for Future Use.
; 1 = Blank Check during erase enabled.
Volatile
° BC_V Blank Check 0 = Blank Check disabled.
1 =Wrap at 512 bytes.
4 02h_V Page Buffer Wrap 0 = Wrap at 256 bytes.
I Volatile, CR3Ny | 1=4-kB Erase disabled (Uniform Sector Architecture).
3 20h_V 4-kB Erase Read Only 0 = 4-kB Erase enabled (Hybrid Sector Architecture).
2 30h V Clear Status / 1 =30h is Erase or Program Resume command.
- Resume Select 0 = 30h is Clear Status command.
. . 1 = 256-kB Erase.
1 D8h_V Block Erase Size Volatile 0 — 64-kB Erase.
0 Foh V Legacy Software 1 = FOh software reset is enabled.
- Reset Enable 0 = FOh software reset is disabled (ignored).
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Table 12.11 Configuration Register 4 Non-Volatile (CR4NV)

Bits Field Name Function Type D;tf:tl;“ Description
7 0
(e]le} Output Impedance 0 See Table 8.25, Output Impedance Control on page 71.
5 0
4 WE_O Wrap Enable 1 (1) Z m:g E?SZ?O'Z‘Z.
3 RFU Reserved oTP 0 Reserved for Future Use.
2 RFU Reserved 0 Reserved for Future Use.
1 0 00 = 8-byte wrap.
| mo | wesew I RN
11 = 64-byte wrap.

Table 12.12 Configuration Register 4 Volatile (CR4V)

. . . Default I
Bits Field Name Function Type State Description

7

6 Ol Output Impedance See Table 8.25, Output Impedance Control on page 71.
0 = Wrap Enabled.

4 WE Wrap Enable 1 = Wrap Disabled.

RFU Reserved Volatile CRANY Reserved for Future Use.

2 RFU Reserved Reserved for Future Use.

1 00 = 8-byte wrap.
01 = 16-byte wrap.

0 wL Wrap Length 10 = 32-byte wrap.
11 = 64-byte wrap.

Table 12.13 ASP Register (ASPR)

Bits Field Name Function Type Default Description
State
15t09 RFU Reserved OTP 1 Reserved for Future Use.
8 RFU Reserved otP 1 Reserved for Future Use.
7 RFU Reserved OTP 1 Reserved for Future Use.
6 RFU Reserved OoTP 1 Reserved for Future Use.
5 RFU Reserved OoTP 1 Reserved for Future Use.
4 RFU Reserved RFU 1 Reserved for Future Use.
3 RFU Reserved RFU 1 Reserved for Future Use.
Password .
2 PWDMLB Protection Mode oTP 1 0 = Password Protect!on mode permanently enabled.
) 1 = Password Protection mode not permanently enabled.
Lock Bit
Persistent . .
1 PSTMLB Protection Mode oTP 1 0= Pers!stent Protect!on mode permanently enabled.
) 1 = Persistent Protection mode not permanently enabled.
Lock Bit
0 RFU Reserved RFU 1 Reserved for Future Use.
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Table 12.14 Password Register (PASS)

Bits Field Function Type Default State Description
Name
. 3 Non-Volatile OTP storage of 64-bit password. The password is
63t00 PWD Hidden OoTP FFFFFFFE no longer readable after the password protection mode is
Password FFFFFFFFh : ] .
selected by programming ASP register bit 2 to 0.
Table 12.15 PPB Lock Register (PPBL)
Bits Field Name Function Type Default State Description
7to1 RFU Reserved Volatile 00h Reserved for Future Use
Volatile ASPglit:;i;olxﬁ/l;dze—rsiswm 0 = PPB array protected.
0 PPBLOCK | Protect PPB Array F((;:d ASPR[2:1] = 01b = Password 1 =PPB array may be programmed or erased.
Y Protection Mode = 0
Table 12.16 PPB Access Register (PPBAR)
Bits Field Name Function Type Default State Description
00h = PPB for the sector addressed by the PPBRD or
PPBP command is programmed to 0, protecting that
Read or Program ) sector from program or erase operations.

7100 PPB per sector PPB Non-Volatile FFh FFh = PPB for the sector addressed by the PPBRD
command is 1, not protecting that sector from program
or erase operations.

Table 12.17 DYB Access Register (DYBAR)
Bits Field Name Function Type Default State Description
00h = DYB for the sector addressed by the DYBRD or DYBWR
command is cleared to 0, protecting that sector from program or
Read or Write . erase operations.

710 DYB | persectorDyB | Vo'atile FFh FFh = DYB for the sector addressed by the DYBRD or DYBWR
command is set to 1, not protecting that sector from program or
erase operations.

Table 12.18 Non-Volatile Data Learning Register (NVDLR)
Bits Field Name Function Type Default State Description
) OTP value that may be transferred to the host during DDR read
Non-Volatile command latency (dummy) cycles to provide a training pattern to
7t00 NVDLP | Datalearning | OTP 00h 4 ¥) cy p g patte
P help the host more accurately center the data capture point in the
attern . .
received data bits.
Table 12.19 Volatile Data Learning Register (VDLR)
Bits Field Name Function Type Default State Description
Takes the
Volatile Data value of Volatile copy of the NVDLP used to enable and deliver the Data
7t00 VDLP Learning Volatile NVDLR Learning Pattern (DLP) to the outputs. The VDLP may be changed
Pattern during POR | by the host during system operation.
or Reset
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12.3 Serial Flash Discoverable Parameters (SFDP) Address Map

The SFDP address space has a header starting at address zero that identifies the SFDP data structure and
provides a pointer to each parameter. One parameter is mandated by the JEDEC JESD216 standard.
Spansion provides an additional parameter by pointing to the ID-CFI address space i.e. the ID-CFI address
space is a sub-set of the SFDP address space. The JEDEC parameter is located within the ID-CFIl address
space and is thus both a CFI parameter and an SFDP parameter. In this way both SFDP and ID-CFI
information can be accessed by either the RSFDP or RDID commands.

Table 12.20 SFDP Overview Map

Relative Byte SFDP Dword Description
Address Offset Address
0000h 00h Location zero within SFDP space - start of SFDP header.
Remainder of SFDP header followed by undefined space.
1000h 400h Location zero within ID-CFI space - start of ID-CFI.
ID-CFI parameters.
1120h 448h Start of SFDP JEDEC parameter which is also part of a CFl parameter.
Remainder of SFDP JEDEC parameter followed by either more CFl parameters or undefined
space.
12.3.1 Field Definitions
Table 12.21 SFDP Header
Relative Byte SFDP Dword Data Description
Address Offset Address
This is the entry point for Read SFDP (5Ah) command i.e. location zero within
00h 53h SFDP space
ASCII “8”
0t1h 00h 46h ASCII “F”
02h 44h ASCII “D”
03h 50h ASCII “P”
04h 00h SFDP Minor Revision
05h 0th SFDP Major Revision
06h oth 01h Number of Parameter Headers (zero based, 01h = 2 parameters)
07h FFh Unused
08h 00h Manufacturer ID (JEDEC SFDP Mandatory Parameter)
09h 00h Parameter Minor Revision
0Ah ozn 0t1h Parameter Major Revision
0Bh 09h Parameter Table Length (in double words = Dwords = 4 byte units)
och 48h Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
JEDEC parameter byte offset = 1120h = 448h Dword address
0Dh 03h 04h Parameter Table Pointer Byte 1
OEh 00h Parameter Table Pointer Byte 2
OFh FFh Unused
10h 0t1h Manufacturer ID (Spansion)
11h 00h Parameter Minor Revision
12h o4h 01h Parameter Major Revision
13h 51h Parameter Table Length (in double words = Dwords = 4-byte units)
Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
14h 00h Entry point for ID-CF| parameter is byte offset = 1000h relative to SFDP location
zero. 1000h Bytes = 400h Dwords
15h 05h 04h Parameter Table Pointer Byte 1
16h 00h Parameter Table Pointer Byte 2
17h FFh Unused
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12.4 Device ID and Common Flash Interface (ID-CFIl) Address Map

12.4.1 Field Definitions

Table 12.22 Manufacturer and Device ID

Byte Address Data Description
00h 01h Manufacturer ID for Spansion
20h (128 Mb)
01h 02h (256 Mb) Device ID Most Significant Byte - Memory Interface Type
18h (128 Mb)

02h 19h (256 Mb) Device ID Least Significant Byte - Density
ID-CFI Length - number bytes following. Adding this value to the
current location of 03h gives the address of the last valid location in
the ID-CFI legacy address map. The legacy CF| address map ends
with the Primary Vendor-Specific Extended Query. The original

03h 4Dh | . L b
legacy length is maintained for backward software compatibility.
However, the CFI Query Identification String also includes a pointer
to the Alternate Vendor-Specific Extended Query that contains
additional information related to the FS-S family.

. . Physical Sector Architecture
04h 00h (Uniform 256-kB physical sectors) | 1y, " ao6F .S tamily may be configured with or without 4-kB
01h (Uniform 64-kB physical sectors) ; . .

parameter sectors in addition to the uniform sectors.

05h 81h (S25FS-S Family) Family ID

06h xxh ASCII characters for Model
Refer to Ordering Information on page 151 for the model number

07h xxh definitions.

08h xxh Reserved

09%h xxh Reserved

0Ah xxh Reserved

0Bh xxh Reserved

0Ch xxh Reserved

0Dh xxh Reserved

OEh xxh Reserved

OFh xxh Reserved

Table 12.23 CFI Query Identification String
Byte Address Data Description

10h 51h

11h 52h Query Unique ASCII string “QRY”

12h 59h

13h 02h Primary OEM Command Set

14h 00h FL-P backward compatible command set ID

15h 40h .

16h 00h Address for Primary Extended Table

17h 53h Alternate OEM Command Set

18h 46h ASCII characters “FS” for SPI (F) interface, S Technology

19h 51h

1Ah 00h Address for Alternate OEM Extended Table

November 6, 2013 S25FS-S_00_04

S25FS-S Family

143




N

SPANSION® Data Sheet (Preliminary)

A\

Table 12.24 CFI System Interface String

Byte Address Data Description
1Bh 17h Vpp Min. (erase/program): 100 millivolts BCD
1Ch 19h Vpp Max. (erase/program): 100 millivolts BCD
1Dh 00h Vpp Min. voltage (00h = no Vpp present)
1Eh 00h Vpp Max. voltage (00h = no Vpp present)
1Fh 09h Typical timeout per single byte program 2V us
20h 09h Typical timeout for Min. size Page program 2N us

(00h = not supported)

08h (4 kB or 64 kB)

o Lo N
21h 0Ah (256 kB) Typical timeout per individual Sector Erase 2" ms

OFh (128 Mb)
22h 10h (256 Mb) Typical timeout for full chip erase 2N ms (00h = not supported)
23h 02h Max. timeout for byte program 2N times typical
24h 02h Max. timeout for page program 2N times typical
25h 03h Max. timeout per individual Sector Erase 2N times typical

: - N o -

26h 03h Max. timeout for full chip erase 2" times typical

(00h = not supported)
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Table 12.25 Device Geometry Definition for Bottom Boot Initial Delivery State

Byte Address Data Description

18h (128 Mb)

27h 19h (256 Mb)

Device Size = 2V bytes;

28h 02h Flash Device Interface Description;

0000h = x8 only

0001h = x16 only

0002h = x8/x16 capable

29h 01h 0003h = x32 only

0004h = Single 1/0 SPI, 3-byte address
0005h = Multi I/O SPI, 3-byte address
0102h = Multi I/O SPI, 3- or 4-byte address

2Ah 08h Max. number of bytes in multi-byte write = 2N
0000 = not supported
2Bh 00h 0008h = 256B page
Number of Erase Block Regions within device
2ch 03h 1 = Uniform Device, >1 = Boot Device
2Dh 07h
°Eh 00h Erase Block Region 1 Information (refer to JEDEC JEP137)
8 sectors = 8-1 = 0007h
2Fh 10h 4-kB sectors = 256 bytes x 0010h
30h 00h
sih ooh Erase Block Region 2 Information (refer to JEDEC JEP137)
32h 00h 128 Mb and 256 Mb:
33h 80h 1 sector = 1-1 = 0000h

32-kB sector = 256 bytes x 0080h
00h (128 Mb)

34h 00h (256 Mb)
35h FER Erase Block Region 3 Information
36h 00h (128 Mb) 128 Mb and 256 Mb:
01h (256 Mb) 255 sectors = 255-1 = 00FEh (128 Mb)
37h 00h 511 sectors = 511-1 = 01FEh (256 Mb)
64-kB sectors = 0100h x 256 bytes
ash 01h (128 Mb)
01h (256 Mb)
39h thru 3Fh FFh RFU

Note:

1. FS-S devices are user configurable to have either a hybrid sector architecture (with eight 4-kB sectors and all remaining sectors are
uniform 64 kB or 256 kB) or a uniform sector architecture with all sectors uniform 64 kB or 256 kB. FS-S devices are also user
configurable to have the 4-kB parameter sectors at the top of memory address space. The CFl geometry information of the above table is
relevant only to the initial delivery state. All devices are initially shipped from Spansion with the hybrid sector architecture with the 4-kB
sectors located at the bottom of the array address map. However, the device configuration TBPARM bit CR1NV[2] may be programed to
invert the sector map to place the 4-kB sectors at the top of the array address map. The 20h_NV bit (CR3NV[3} may be programmed to
remove the 4-kB sectors from the address map. The flash device driver software must examine the TBPARM and 20h_NV bits to
determine if the sector map was inverted or hybrid sectors removed at a later time.
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Table 12.26 CFl Primary Vendor-Specific Extended Query

Byte Address Data Description
40h 50h
41h 52h Query-unique ASCII string “PRI”
42h 49h
43h 31h Major version number = 1, ASCII
44h 33h Minor version number = 3, ASCII

Address Sensitive Unlock (Bits 1-0)

00b = Required, 01b = Not Required
Process Technology (Bits 5-2)

0000b = 0.23 pm Floating Gate
45h 21h 0001b = 0.17 ym FI_oating Gate
0010b = 0.23 um MirrorBit
0011b = 0.11 um Floating Gate
0100b = 0.11 ym MirrorBit
0101b = 0.09 pm MirrorBit
1000b = 0.065 um MirrorBit

Erase Suspend

0 = Not Supported
46n 02h 1 = Read Only
2 = Read and Program

Sector Protect
47h 01h 00 = Not Supported
X = Number of sectors in group

Temporary Sector Unprotect
48h 00h 00 = Not Supported
01 = Supported

Sector Protect/Unprotect Scheme
04 = High Voltage Method
05 = Software Command Locking Method
08 = Advanced Sector Protection Method

49h 08h

Simultaneous Operation
4Ah 00h 00 = Not Supported
X = Number of Sectors

Burst Mode (Synchronous sequential read) support
4Bh 0t1h 00 = Not Supported
01 = Supported

Page Mode Type, initial delivery configuration, user configurable for 512B page
00 = Not Supported
01 = 4 Word Read Page
02 = 8-Read Word Page
03 = 256-byte Program Page
04 = 512-byte Program Page

4Ch 03h

ACC (Acceleration) Supply Minimum

4Dh oon 00 = Not Supported, 100 mV

ACC (Acceleration) Supply Maximum

4Eh oon 00 = Not Supported, 100 mV

WP# Protection
01 = Whole Chip
4Fh 07h 04 = Uniform Device with Bottom WP Protect
05 = Uniform Device with Top WP Protect
07 = Uniform Device with Top or Bottom Write Protect (user configurable)

Program Suspend
50h 0t1h 00 = Not Supported
01 = Supported

The Alternate Vendor-Specific Extended Query provides information related to the expanded command set
provided by the FS-S family. The alternate query parameters use a format in which each parameter begins
with an identifier byte and a parameter length byte. Driver software can check each parameter ID and can use
the length value to skip to the next parameter if the parameter is not needed or not recognized by the
software.
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Table 12.27 CFI Alternate Vendor-Specific Extended Query Header

Byte Address Data Description
51h 41h
52h 4Ch Query-unique ASCII string “ALT”
53h 54h
54h 32h Major version number = 2, ASCII
55h 30h Minor version number = 0, ASCII

Table 12.28 CFI Alternate Vendor-Specific Extended Query Parameter 0

Parameter Relative
Byte Address Data Description
Offset
00h 00h Parameter ID (Ordering Part Number)
Parameter Length (The number of following bytes in this parameter. Adding this value to the
01h 10h ) )
current location value +1 = the first byte of the next parameter)
02h 53h ASCII “S” for manufacturer (Spansion)
03h 32h
ASCII “25” for Product Characters (Single Die SPI)
04h 35h
05h 46h
ASCII “FS” for Interface Characters (SPI 1.8 Volt)
06h 53h
31h (128 Mb)
o7h 32h (256 Mb)
32h (128 Mb) .
08h 35h (256 Mb) ASCII characters for density
38h (128 Mb)
o9n 36h (256 Mb)
0Ah 53h ASCI| “S” for Technology (65 nm MirrorBit)
0Bh FFh Reserved for Future Use
0Ch FFh
0Dh FFh Reserved for Future Use
OEh FFh
FFh
oFh Reserved for Future Use
10h xxh ASCII characters for Model
11h xxh Refer to Ordering Information on page 151 for the model number definitions.

Table 12.29 CFI Alternate Vendor-Specific Extended Query Parameter 80h Address Options

Parameter Relative
Byte Address Data Description
Offset

00h 80h Parameter ID (Ordering Part Number)
Parameter Length (The number of following bytes in this parameter. Adding this value to the

01h 01h ) )
current location value +1 = the first byte of the next parameter)
Bits 7:5 - Reserved = 111b
Bit 4 - Address Length Bit in CR2V[7] - Yes= Ob

02h EBh B!t 3 - AutoBoot supp(?rt - No‘= 1b
Bit 2 - 4 byte address instructions supported - Yes= Ob
Bit 1 - Bank address + 3-byte address instructions supported - No = 1b
Bit O - 3-byte address instructions supported - No = 1b
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Table 12.30 CFI Alternate Vendor-Specific Extended Query Parameter 84h Suspend Commands

Parameter Relative
Byte Address Data Description
Offset
00h 84h Parameter ID (Suspend Commands
Parameter Length (The number of following bytes in this parameter. Adding this value to the
01h 08h ) )
current location value +1 = the first byte of the next parameter)
02h 75h Program suspend instruction code
03h 28h Program suspend latency maximum (us)
04h 7Ah Program resume instruction code
05h 64h Program resume to next suspend typical (us)
06h 75h Erase suspend instruction code
07h 28h Erase suspend latency maximum (ps)
08h 7Ah Erase resume instruction code
09h 64h Erase resume to next suspend typical (us)

Table 12.31 CFI Alternate Vendor-Specific Extended Query Parameter 88h Data Protection

Parameter Relative

Byte Address Data Description
Offset
00h 88h Parameter ID (Data Protection)
o1h 04h Parameter Length (The number of following bytes in this parameter. Adding this value to the

current location value +1 = the first byte of the next parameter)

02h 0Ah OTP size 2N bytes, FFh = not supported

OTP address map format,
03h 01h 01h = FL-S and FS-S format
FFh = not supported

Block Protect Type, model dependent
04h xxh 00h = FL-P, FL-S, FS-S
FFh = not supported

Advanced Sector Protection type, model dependent

osh xxh 01h = FL-S and FS-S ASP.

Table 12.32 CFI Alternate Vendor-Specific Extended Query Parameter 8Ch Reset Timing

Parameter Relative
Byte Address Data Description
Offset

00h 8Ch Parameter ID (Reset Timing)
Parameter Length (The number of following bytes in this parameter. Adding this value to the

0t1h 06h ) )
current location value +1 = the first byte of the next parameter)

02h 96h POR maximum value

03h 0t1h POR maximum exponent 2N us

04h 23h Hardware Reset maximum value, FFh = not supported (the initial delivery state has
hardware reset disabled but it may be enabled by the user at a later time)

05h 00h Hardware Reset maximum exponent 2N ps

06h 23h Software Reset maximum value, FFh = not supported

07h 00h Software Reset maximum exponent 2N s
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Table 12.33 CFI Alternate Vendor-Specific Extended Query Parameter FOh RFU

Parameter Relative
Byte Address Data Description
Offset
00h FOh Parameter ID (RFU)
Parameter Length (The number of following bytes in this parameter. Adding this value to the
01h OFh ) )
current location value +1 = the first byte of the next parameter)
02h FFh RFU
FFh RFU
10h FFh RFU

This parameter type (Parameter ID FOh) may appear multiple times and have a different length each time.
The parameter is used to reserve space in the ID-CFI map or to force space (pad) to align a following
parameter to a required boundary.

Table 12.34 CFI Alternate Vendor-Specific Extended Query Parameter A5h, JEDEC SFDP (Sheet 1 of 2)

Parameter SFDP Relative
Relative Byte Dword Data Description
Address Offset | Address Offset
00h N/A A5h CFI| Parameter ID (JEDEC SFDP)
01h N/A ach Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value +1 = the first byte of the next parameter).
Start of SFDP JEDEC parameter
Bits 7:5 = unused = 111b
02h FFh Bit 4 = 06h is Status Register write instruction = 1
Bit 3 = 00h must be written to Status Register to enable program and erase = 1
Bit 2 = Program Buffer > 64 bytes = 1
Bits 1:0 = Uniform 4-kB erase unavailable = 11b
03h 00h FFh Uniform 4-kB erase opcode = not supported = FFh
JEDEC SFDP -
Parameter B!t 23 = Unused = 1b
Dword-1 B2h B!t 22 = Supports Quad Out (1-1-4) Read = No = Ob
(FSxxxSAG) |Bit21= Supports Quad I/O (1-4-4) Read = Yes = 1b
04h BAR Bit 20 = Supports Dual I/O (1-2-2) Read = Yes = 1b
Bit19 = Supports DDR 0= No, 1 = Yes
(FSxxxSDS) | Bit 18:17 = Number of Address Bytes, 3 or 4 = 01b
Bit 16 = Supports Dual Out (1-1-2) Read = No = Ob
05h FFH Bits 31:24 = Unused = FFh
06h FFh
orh JEDEO('j‘hSFDP Fen
08h Parameter EFh Density in bits, zero based
o9h Dword-2 07h (128 Mb)
OFh (256 Mb)
0Ah 48h Bits 7:5 = number of Quad I/O (1-4-4) Mode cycles = 010b
Bits 4:0 = number of Quad I/0O Dummy cycles = 01000b (Initial Delivery State)
02h
0Bh JEDEC SFDP EBh Quad I/0 instruction code
oCh Parameter FFh Bits 23:21 = number of Quad Out (1-1-4) Mode cycles = 111b
Dword-3 Bits 20:16 = number of Quad Out Dummy cycles = 11111b
0Dh FFh Quad Out instruction code
OEh FFh Bits 7:5 = number of Dual Out (1-1-2) Mode cycles = 111b
h Bits 4:0 = number of Dual Out Dummy cycles = 11111b
03
OFh JEDEC SFDP FFh Dual Out instruction code
10h Parameter s8h Bits 23:21 = number of Dual I/O (1-2-2) Mode cycles = 100b
Dword-4 Bits 20:16 = number of Dual I/O Dummy cycles = 01000b (Initial Delivery State)
11h BBh Dual I/O instruction code
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Table 12.34 CFI Alternate Vendor-Specific Extended Query Parameter A5h, JEDEC SFDP (Sheet 2 of 2)

Parameter SFDP Relative
Relative Byte Dword Data Description
Address Offset | Address Offset
Bits 7:5 RFU = 111b
Bit 4 = QPI supported = Yes = 1b
12n 04h Féh Bits 3:1 RFU =11b
JEDEC SFDP Bit 0 = Dual All not supported = Ob
13h Parameter FFh Bits 15:8 = RFU = FFh
Dword-5
14h FFh Bits 23:16 = RFU = FFh
15h FFh Bits 31:24 = RFU = FFh
16h FFh Bits 7:0 = RFU = FFh
17h 0sh FFh Bits 15:8 = RFU = FFh
JEDEC SFDP
18h Parameter FFh Bits 23:21 = number of Dual All Mode cycles = 111b
Dword-6 Bits 20:16 = number of Dual All Dummy cycles = 11111b
19h FFh Dual All instruction code
1Ah FFh Bits 7:0 = RFU = FFh
1Bh 06h FFh Bits 15:8 = RFU = FFh
JEDEC SFDP
1Ch Parameter 48h Bits 23:21 = number of QPI Mode cycles = 010b
Dword-7 Bits 20:16 = number of QPI Dummy cycles = 01000b
1Dh EBh QPI Mode (4-4-4) instruction code
1Eh 0Ch Sector type 1 size 2N Bytes = 4-kB = 0Ch for Hybrid (Initial Delivery State)
1Fh 07h 20h Sector type 1 instruction
JEDEC SFDP n MD)
Parameter 10h (128 i N - -
20h Dword-8 10h (256 Mb) Sector type 2 size 2" Bytes = 64 kB = 10h for 128 Mb and 256 Mb
21h D8 Sector type 2 instruction
22h 00h Sector type 3 size 2N Bytes = not supported = 00h
08h
23h JEDEC SFDP FFh Sector type 3 instruction = not supported = FFh
24h PSramgtger 00h Sector type 4 size 2N Bytes = not supported = 00h
word-
25h FFh Sector type 4 instruction = not supported = FFh

Initial Delivery State

The device is shipped from Spansion with non-volatile bits set as follows:

B The entire memory array is erased: i.e. all bits are set to 1 (each byte contains FFh).

B The OTP address space has the first 16 bytes programmed to a random number. All other bytes are erased

to FFh.

B The SFDP address space contains the values as defined in the description of the SFDP address space.

B The ID-CFI address space contains the values as defined in the description of the ID-CFI address space.

B The Status Register 1 Non-Volatile contains 00h (all SR1NV bits are cleared to 0’s).

B The Configuration Register 1 Non-Volatile contains 00h.
B The Configuration Register 2 Non-Volatile contains 08h.
B The Configuration Register 3 Non-Volatile contains 00h.
B The Configuration Register 4 Non-Volatile contains 10h.
B The Password Register contains FFFFFFFF-FFFFFFFFh

B All PPB bits are 1.
B The ASP Register bits are FFFFh
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13. Ordering Part Number

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

S25FS 256 S AG M F 1 00 1
T T T T T "= Packing Type

0 = Tray
1 = Tube
3 = 13" Tape and Reel
Model Number (Additional Ordering Options)
00 = SOIC16/WSON footprint, 64-kB Physical Sector
10 = SOIC8/WSON, 64-kB Physical Sector
20 =  5x5 ball BGA footprint, 64-kB Physical Sector
30 = 4x6 ball BGA footprint, 64-kB Physical Sector
1D = SOICS8, 64-kB Physical Sector, DDR

Temperature Range
[ = Industrial (-40°C to + 85°C)

\Y = Automotive In-Cabin (—40°C to + 105°C)
Package Materials

F = Lead (Pb)-free

H = Low-Halogen, Lead (Pb)-free

Package Type

M = 16-pin SOIC / 8-Lead SOIC

N = 8-contact WSON 6 x 8 mm /WSON 6 x 5 mm
B = 24-ball BGA 6 x 8 mm package, 1.00 mm pitch
Speed

AG = 133MHz

DS = 80MHzDDR

Device Technology

S = 0.065 pm MirrorBit Process Technology
Density

128 = 128 Mbit

256 = 256 Mbit

Device Family

S25FS

Spansion Memory 1.8 Volt-only, Serial Peripheral Interface (SPI) Flash
Memory
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Valid Combinations

Valid Combinations list configurations planned to be supported in volume for this device. Consult your local
sales office to confirm availability of specific valid combinations and to check on newly released

combinations.

Valid Combinations

Base Ordering Speed Package and . .
Part Number Option Temperature Model Number Packing Type Package Marking
AG MFI, MFV 10 0,1,3 FS128S + (Temp) + F + (Model Number)
AG NFI, NFV 10 0,1,3 FS128S + A + (Temp) + F + (Model Number)
AG BHI, BHV 20, 30 0,3 FS128S + A + (Temp) + H + (Model Number)
S25FS128S
DS MFI, MFV 1D 0,1,3 FS128S + (Temp) + F + (Model Number)
DS NFI, NFV 10 0,1,3 FS128S + D + (Temp) + F + (Model Number)
DS BHI, BHV 20, 30 0,3 FS128S + D + (Temp) + H + (Model Number)
AG MFI, MFV 00 0,1,3 FS256S + A + (Temp) + F + (Model Number)
AG NFI, NFV 00 0,1,3 FS256S + A + (Temp) + F + (Model Number)
AG BHI, BHV 20, 30 0,3 FS256S + A + (Temp) + H + (Model Number)
S25FS256S
DS MFI, MFV 00 0,1,3 FS256S + D + (Temp) + F + (Model Number)
DS NFI, NFV 00 0,1,3 FS256S + D + (Temp) + F + (Model Number)
DS BHI, BHV 20, 30 0,3 FS256S + D + (Temp) + H + (Model Number)

14. Contacting Spansion

Obtain the latest list of company locations and contact information at

http://www.spansion.com/About/Pages/Locations.aspx.
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Section

| Description

Revision 01 (April 5, 2013)

‘ Initial release

Revision 02 (April 8, 2013)

Initial Delivery State

‘ Corrected information on Configuration Register 2

Revision 03 (August 22, 2013)

Global

Replaced ‘Quad All’ with ‘QPI’

Performance Summary

Typical Program and Erase Rates table: corrected kbytes / s

Migration Notes

Spansion SPI Families Comparison table: corrected Page Programming Rate (typ.) for FS-S

DC Characteristics

FS-S DC Characteristics table: added Igg (Automotive)

SDR AC Characteristics

AC Characteristics table: updated Parameter for Fgck ¢

Registers

Latency Code (Cycles) Versus Frequency table:
updated table
added Note 4

Embedded Algorithm Performance
Tables

Program and Erase Performance table: corrected Typ and Max values for tpp

Ordering Information

Added 1D and 5D to Model Number
Valid Combinations table: corrected Model Number for S25FS128S

Revision 04 (November 6, 2013)

Global

Changed data sheet designation from “Advance Information” to “Preliminary”
Changed USON to WSON

Physical Interface

Added figure: 8-Pin Plastic Small Outline Package (SOIC8)
Updated figure: 8-Connector Package (WSON 6x5)
Removed figure: VSOP Thin 8-Lead, 208 mil Body Width, (SOV008)

Configuration Register 4

Updated Output Impedance Control table

Ordering Information

Updated Model Numbers and Package Type
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Colophon

The products described in this document are designed, developed and manufactured as contemplated for general use, including without
limitation, ordinary industrial use, general office use, personal use, and household use, but are not designed, developed and manufactured as
contemplated (1) for any use that includes fatal risks or dangers that, unless extremely high safety is secured, could have a serious effect to the
public, and could lead directly to death, personal injury, severe physical damage or other loss (i.e., nuclear reaction control in nuclear facility,
aircraft flight control, air traffic control, mass transport control, medical life support system, missile launch control in weapon system), or (2) for
any use where chance of failure is intolerable (i.e., submersible repeater and artificial satellite). Please note that Spansion will not be liable to
you and/or any third party for any claims or damages arising in connection with above-mentioned uses of the products. Any semiconductor
devices have an inherent chance of failure. You must protect against injury, damage or loss from such failures by incorporating safety design
measures into your facility and equipment such as redundancy, fire protection, and prevention of over-current levels and other abnormal
operating conditions. If any products described in this document represent goods or technologies subject to certain restrictions on export under
the Foreign Exchange and Foreign Trade Law of Japan, the US Export Administration Regulations or the applicable laws of any other country,
the prior authorization by the respective government entity will be required for export of those products.

Trademarks and Notice

The contents of this document are subject to change without notice. This document may contain information on a Spansion product under
development by Spansion. Spansion reserves the right to change or discontinue work on any product without notice. The information in this
document is provided as is without warranty or guarantee of any kind as to its accuracy, completeness, operability, fitness for particular purpose,
merchantability, non-infringement of third-party rights, or any other warranty, express, implied, or statutory. Spansion assumes no liability for any
damages of any kind arising out of the use of the information in this document.

Copyright © 2013 Spansion Inc. All rights reserved. Spansion®, the Spansion logo, MirrorBit®, MirrorBit® Eclipse™, ORNAND™ and
combinations thereof, are trademarks and registered trademarks of Spansion LLC in the United States and other countries. Other names used
are for informational purposes only and may be trademarks of their respective owners.
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