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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,g 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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512 Mbit (64 Mbyte) MirrorBit® Flash Non-Volatile Memory /\
CMOS 3.0 Volt Core with Versatile 1/0O SPANSION®
Serial Peripheral Interface with Multi-1/O A
Data Sheet
Features
B Density B Security features
— 512 Mbits (64 Mbytes) — One Time Program (OTP) array of 1024 bytes
B Serial Peripheral Interface (SPI) — Block Protection:
— SPI Clock polarity and phase modes 0 and 3 — Status Register bits to control protection against program or
— Double Data Rate (DDR) option erase of a contiguous range of sectors.
— Extended Addressing: 32-bit address — Hardware and software control options
— Serial Command set and footprint compatible with S25FL-A, — Advanced Sector Protection (ASP)
S25FL-K, and S25FL-P SPI families — Individual sector protection controlled by boot code or password
— Multi /O Command set and footprint compatible with m Spansion® 65 nm MirrorBit Technology with Eclipse™
S25FL-P SPI family Architecture
B READ Commands B Core Supply Voltage: 2.7V to 3.6V
— Normal, Fast, Dual, Quad, Fast DDR, Dual DDR, Quad DDR ® |/O Supply Voltage: 1.65V to 3.6V
— AutoBoot - power up or reset and execute a Normal or Quad read — S016 and FBGA packages

command automatically at a preselected address

) L . B Temperature Range:
— Common Flash Interface (CFl) data for configuration information.

— Industrial (-40°C to +85°C)

B Programming (1.5 Mbytels/s) — Automotive In-Cabin (-40°C to +105°C)
— 512-byte Page Programmlng buffer B Packages (all Pb-free)
— Quad-Input Page Programming (QPP) for slow clock systems — 16-lead SOIC (300 mil)

B Erase (0.5 to 0.65 Mbytes/s) — BGA-24 6 X 8 mm
— Uniform 256-kbyte sectors — 5x 5 ball (FAB024) and 4 x 6 ball (FAC024) footprint options
B Cycling Endurance — Known Good Die and Known Tested Die

— 100,000 Program-Erase Cycles on any sector typical
Data Retention
— 20 Year Data Retention typical
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1. Performance Summary

Table 1.1 Maximum Read Rates with the Same Core and I/O Voltage (V|g = V¢ = 2.7V to 3.6V)

Command CI(E;\:AkHs)ate Mbytes/s
Read 50 6.25
Fast Read 133 16.6
Dual Read 104 26
Quad Read 104 52

Table 1.2 Maximum Read Rates with Lower 1/O Voltage (V|g = 1.65V to 2.7V, V¢ = 2.7V t0 3.6V)

Clock Rate
Command (MHz) Mbytes/s
Read 50 6.25
Fast Read 66 8.25
Dual Read 66 16.5
Quad Read 66 33
Table 1.3 Maximum Read Rates DDR (V|g = V¢ = 3V to 3.6V)
Clock Rate
Command (MHz) Mbytes/s
Fast Read DDR 80 20
Dual Read DDR 80 40
Quad Read DDR 80 80
Table 1.4 Typical Program and Erase Rates
Operation kbytes/s
Page Programming (512-byte page buffer - Uniform Sector Option) 1500
256-kbyte Logical Sector Erase (Uniform Sector Option) 500

Table 1.5 Current Consumption

Operation Current (mA)
Serial Read 50 MHz 16 (max)
Serial Read 133 MHz 33 (max)
Quad Read 104 MHz 61 (max)
Program 100 (max)
Erase 100 (max)
Standby 0.07 (typ)
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2. Overview

2.1

General Description

The Spansion S25FL512S device is a flash non-volatile memory product using:

® 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

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

The Eclipse architecture features a Page Programming Buffer that allows up to 256 words (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 FL-S devices at
the higher clock rates supported, with QIO or DDR-QIO commands, the instruction read transfer rate can
match or exceed traditional parallel interface, asynchronous, NOR flash memories while reducing signal
count dramatically.

The S25FL512S product offers high densities coupled with the flexibility and fast performance required by a
variety of embedded applications. It is ideal for code shadowing, XIP, and data storage.

12
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222

2221

2222

Features Comparison

A\

The S25FL512S device is command set and footprint compatible with prior generation FL-K and FL-P

families.

Table 2.1 FL Generations Comparison

Parameter FL-K FL-P FL-S
Technology Node 90 nm 90 nm 65 nm
Architecture Floating Gate MirrorBit MirrorBit Eclipse

Release Date

In Production

In Production

In Production

Density 4 Mb - 128 Mb 32 Mb - 256 Mb 512 Mb
Bus Width x1, X2, x4 x1, X2, x4 x1, X2, x4
Supply Voltage 2.7V - 3.6V 2.7V - 3.6V 2.7V -3.6V/1.65V-3.6V Vg

Normal Read Speed (SDR)

6 MB/s (50 MHz)

5 MB/s (40 MHz)

6 MB/s (50 MHz)

Fast Read Speed (SDR)

13 MB/s (104 MHz)

13 MB/s (104 MHz)

17 MB/s (133 MHz)

Dual Read Speed (SDR)

26 MB/s (104 MHz)

20 MB/s (80 MHz)

26 MB/s (104 MHz)

Quad Read Speed (SDR)

52 MB/s (104 MHz)

40 MB/s (80 MHz)

52 MB/s (104 MHz)

Fast Read Speed (DDR)

20 MB/s (80 MHz)

Dual Read Speed (DDR)

40 MB/s (80 MHz)

Quad Read Speed (DDR)

80 MB/s (80 MHz)

Program Buffer Size 256B 256B 512B
Erase Sector Size 4 kB /32 kB /64 kB 64 kB / 256 kB 256 kB
Parameter Sector Size 4kB 4kB —

Sector Erase Time (typ.)

30 ms (4 kB), 150 ms (64 kB)

500 ms (64 kB)

520 ms (256 kB)

Page Programming Time (typ.)

700 pis (256B)

1500 pis (256B)

340 ys (512B)

OTP 768B (3 x 256B) 506B 1024B
Advanced Sector Protection No No Yes
Auto Boot Mode No No Yes
Erase Suspend/Resume Yes No Yes
Program Suspend/Resume Yes No Yes

Operating Temperature

—40°C to +85°C

—40°C to +85°C / +105°C

—40°C to +85°C / +105°C

Notes:

1. 256B program page option only for 128-Mb and 256-Mb density FL-S devices.

A

Error Reporting

FL-P column indicates FL129P MIO SPI device (for 128-Mb density).

64 kB sector erase option only for 128-Mb/256-Mb density FL-P and FL-S devices.
FL-K family devices can erase 4-kB sectors in groups of 32 kB or 64 kB.

Refer to individual data sheets for further details.

Known Differences from Prior Generations

Prior generation FL memories either do not have error status bits or do not set them if program or erase is
attempted on a protected sector. The FL-S family does 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 either case the program or erase operation did not complete as

requested by the command.

Secure Silicon Region (OTP)

The size and format (address map) of the One Time Program area is different from prior generations. The
method for protecting each portion of the OTP area is different. For additional details see Secure Silicon

Region (OTP) on page 65.
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2.2.2.3
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2.2.25

2.2.2.6

Data Sheet

Configuration Register Freeze Bit

The configuration register Freeze bit CR1[0], locks the state of the Block Protection bits as in prior
generations. In the FL-S family it also locks the state of the configuration register TBPARM bit CR1[2],
TBPROT bit CR1[5], and the Secure Silicon Region (OTP) area.

Sector Erase Commands
The command for erasing an 8-kbyte area (two 4-kbyte sectors) is not supported.
The command for erasing a 4-kbyte sector is not supported in the 512-Mbit density FL-S device.

The erase command for 64-kbyte sectors is not supported in the 512-Mbit density FL-S device.

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

The legacy DPD (B9h) command code is instead used to enable legacy SPI memory controllers, that can
issue the former DPD command, to access a new bank address register. The bank address register allows
SPI memory controllers that do not support more than 24 bits of address, the ability to provide higher order
address bits for commands, as needed to access the larger address space of the 256-Mbit density FL-S
device. For additional information see Extended Address on page 54.

New Features
The FL-S family introduces several new features to SPI category memories:

B Extended address for access to higher memory density.
W AutoBoot for simpler access to boot code following power up.

B Enhanced High Performance read commands using mode bits to eliminate the overhead of SIO
instructions when repeating the same type of read command.

W Multiple options for initial read latency (number of dummy cycles) for faster initial access time or higher
clock rate read commands.

B DDR read commands for SIO, DIO, and QIO.

B Advanced Sector Protection for individually controlling the protection of each sector. This is very similar to
the Advanced Sector Protection feature found in several other Spansion parallel interface NOR memory
families.

14
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2.3 Glossary
All information transferred between the host system and memory during one period while
Command CSt 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) that
Flash 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 an
Instruction 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 bits of
(Least Significant Bit) a register or data value.
MSB Generally the left most bit, with the highest order of magnitude value, within a group of bits of
(Most Significant Bit) a register or data value.
Non-Volatile No power is needed to maintain data stored in the memory.
OPN The alphanumeric string specifying the memory device type, density, package, factory non-
(Ordering Part Number) | volatile configuration, etc. used to select the desired device.
Page 512 bytes aligned and length group of data.
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 When input is latched on the rising edge and output on the falling edge of SCK
(Single Data Rate) P 9 edg p 9 €dg ’
Sector Erase unit size 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 data
Write 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.
2.4 Other Resources
24.1 Links to Software
http://www.spansion.com/Support/Pages/Support.aspx
2.4.2 Links to Application Notes
http://www.spansion.com/Support/TechnicalDocuments/Pages/ApplicationNotes.aspx
2.4.3 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 S25FL512S device 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 S25FL512S device uses the industry standard single bit Serial Peripheral Interface (SPI) and also
supports optional extension commands for two bit (Dual) and four bit (Quad) wide serial transfers. This
multiple width interface is called SPI Multi-I/O or SPI-MIO.

3. Signal Descriptions

3.1 Input/Output Summary

Table 3.1 Signal List

Signal Name Type Description
Hardware Reset: Low = device resets and returns to standby state, ready to receive a
RESET# Input command. The signal has an internal pull-up resistor and may be left unconnected in the
host system if not used.
SCK Input Serial Clock.
CS# Input Chip Select.
SI/100 I/0 Serial Input for single bit data commands or |00 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. 102 in Quad mode. The signal has an internal
WP# /102 110 pull-up resistor and may be left unconnected in the host system if not used for Quad
commands.

Hold (pause) serial transfer in single bit or Dual data commands. 103 in Quad-1/O mode.
HOLD# /103 110 The signal has an internal pull-up resistor and may be left unconnected in the host
system if not used for Quad commands.

Vee Supply Core Power Supply.
Vio Supply Versatile I/O Power Supply.
Vsg 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 V.

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 Vgg. 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 Address and Data Configuration

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

Dual or Quad Output commands send information from the host to the memory only on the SI signal. Data will
be returned to the host as a sequence of bit pairs on 100 and 101 or four bit (nibble) groups on 100, 101, 102,
and 103.

Dual or Quad Input/Output (I/0) commands send information from the host to the memory as bit pairs on 100
and 101 or four bit (nibble) groups on 100, 101, 102, and I103. 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.

3.3 RESET#

The RESET# input provides a hardware method of resetting the device to standby state, ready for receiving a
command. When RESET# is driven to logic low (V,,) for at least a period of tgp, the device:

B terminates any operation in progress,

W tristates all outputs,

W resets the volatile bits in the Configuration Register,
resets the volatile bits in the Status Registers,
resets the Bank Address Register to zero,

loads the Program Buffer with all ones,

reloads all internal configuration information necessary to bring the device to standby mode,

and resets the internal Control Unit to standby state.
RESET# causes the same initialization process as is performed when power comes up and requires tpy time.

RESET# may be asserted low at any time. To ensure data integrity any operation that was interrupted by a
hardware reset should be reinitiated once the device is ready to accept a command sequence.

When RESET# is first asserted Low, the device draws Icc1 (50 MHz value) during tpyy. If RESET# continues
to be held at Vgg the device draws CMOS standby current (Igg).

RESET# has an internal pull-up resistor and may be left unconnected in the host system if not used.

The RESET# input is not available on all packages options. When not available the RESET# input of the
device is tied to the inactive state, inside the package.

3.4 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.

3.5 Chip Select (CS#)

The chip select signal indicates when a command for the device is in process 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. Unless an internal Program, Erase or
Write Registers (WRR) embedded operation is in progress, the device will be in the Standby Power mode.
Driving the CS# input to 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.
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3.6 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).

3.7 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 |01 - 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).

3.8 Write Protect (WP#) /102

When WP# is driven Low (V. ), during a WRR command and while the Status Register Write Disable (SRWD)
bit of the Status Register is set to a 1, it is not possible to write to the Status and Configuration Registers. This
prevents any alteration of the Block Protect (BP2, BP1, BP0O) and TBPROT bits of the Status Register. As a
consequence, all the data bytes in the memory area that are protected by the Block Protect and TBPROT
bits, are also hardware protected against data modification if WP# is Low during a WRR command.

The WP# function is not available when the Quad mode is enabled (CR[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 resistor; when unconnected, WP# is at V| and may be left unconnected in the
host system if not used for Quad mode.

3.9 Hold (HOLD#) /103

The Hold (HOLD#) signal is used to pause any serial communications with the device without deselecting the
device or stopping the serial clock.

To enter the Hold condition, the device must be selected by driving the CS# input to the logic low state. It is
recommended that the user keep the CS# input low state during the entire duration of the Hold condition. This
is to ensure that the state of the interface logic remains unchanged from the moment of entering the Hold
condition. If the CS# input is driven to the logic high state while the device is in the Hold condition, the
interface logic of the device will be reset. To restart communication with the device, it is necessary to drive
HOLD# to the logic high state while driving the CS# signal into the logic low state. This prevents the device
from going back into the Hold condition.

The Hold condition starts on the falling edge of the Hold (HOLD#) signal, provided that this coincides with
SCK being at the logic low state. If the falling edge does not coincide with the SCK signal being at the logic
low state, the Hold condition starts whenever the SCK signal reaches the logic low state. Taking the HOLD#
signal to the logic low state does not terminate any Write, Program or Erase operation that is currently in
progress.

During the Hold condition, SO is in high impedance and both the SI and SCK input are Don't Care.

The Hold condition ends on the rising edge of the Hold (HOLD#) signal, provided that this coincides with the
SCK signal being at the logic low state. If the rising edge does not coincide with the SCK signal being at the
logic low state, the Hold condition ends whenever the SCK signal reaches the logic low state.

The HOLD# function is not available when the Quad mode is enabled (CR1[1] =1). The Hold function is
replaced by 103 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).
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The HOLD# signal has an internal pull-up resistor and may be left unconnected in the host system if not used
for Quad mode.

Figure 3.1 HOLD Mode Operation

cs#\ i\
sck AN ] _J | A W (Y B VY B S | W
HOLD# ) R U
Hold Condition Hold Condition
Standard Use Non-standard Use
Sl_or_lO_(during_input) -:M;L Don't Care Valid Input_J | Don't Care _J__Valid Input
SO_or_IO_(internal) L) NI N X B ¢ D e

SO_or_IO_(external) —“—(IX.E)—(IXZ)——( = N =

3.10 Core Voltage Supply (Vce)

V¢ 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. The voltage may vary from 2.7V to 3.6V.

3.11 Versatile /0O Power Supply (Vo)

The Versatile 1/0 (Vo) supply is the voltage source for all device input receivers and output drivers and allows
the host system to set the voltage levels that the device tolerates on all inputs and drives on outputs (address,
control, and 10 signals). The V,g range is 1.65V to V. Vg cannot be greater than Vec.

For example, a V|g of 1.65V - 3.6V allows for I/O at the 1.8V, 2.5V or 3V levels, driving and receiving signals
to and from other 1.8V, 2.5V or 3V devices on the same data bus. V|g may be tied to V¢ so that interface
signals operate at the same voltage as the core of the device. Vg is not available in all package options,
when not available the Vg supply is tied to Vc internal to the package.

During the rise of power supplies the V,g supply voltage must remain less than or equal to the V¢ supply
voltage. However, the Vg supply voltage must also be above V¢ -200 mV until the Vg supply voltage is

> 1.65V, i.e. the V|g supply voltage must not lag behind the V¢ supply voltage by more than 200 mV during
power up, until the V,g supply voltage reaches its minimum operating level.

This supply is not available in all package options. For a backward compatible SO16 footprint, the V,g supply
is tied to V¢ inside the package; thus, the 1O will function at V¢ level.

3.12 Supply and Signal Ground (Vgs)

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

3.13 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). However, any signal connected to an NC must not have voltage levels higher than V.

3.14 Reserved for Future Use (RFU)

No device internal signal is currently connected to the package connector but is there 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.
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3.15 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.

3.16 Block Diagrams
Figure 3.2 Bus Master and Memory Devices on the SPI Bus — Single Bit Data Path
HOLD# HOLD# -~
WP# WP# -
= 5
SO >
ScK SCK -
S — CS2#
CS1#
h! YIVY IYY VY
SPI FL-S FL-S
Bus Master Flash Flash
Figure 3.3 Bus Master and Memory Devices on the SPI Bus — Dual Bit Data Path
HOLD# HOLD# -
WP WP# -
101 | 101 -
100 |- 100 >
SCK SCK -
O CS2#
CS1#
}VHHH / AAAAA
SPI FL-S FL-S
Bus Master Flash Flash
Figure 3.4 Bus Master and Memory Devices on the SPI Bus — Quad Bit Data Path
103
103 |- >
102 |<a 102 -
101 |- |Ig; >
100 |- >
SCK SCK -
O — CS2#
CS1#
h! YVVY YYVYVYVYY
SPI FL-S FL-S
Bus Master Flash Flash
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4. Signal Protocols

4.1

41.1

41.2

SPI Clock Modes

Single Data Rate (SDR)

The S25FL512S device 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
B 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.

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

Figure 4.1 SPI SDR Modes Supported

CPOL=0_CPHA=0_SCK Y A Y B WO
CPOL=1 CPHA=1.SCK — [ L [ WU\ L /[ L [ L |
cs# | \!
S| |_MSB | ) }
SO \ (MSB ]

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 3 timing simply means 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 3.

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.

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.
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Figure 4.2 SPI DDR Modes Supported
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4.2 Command Protocol

All communication between the host system and S25FL512S memory device 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
serially between the host system and memory device.

All instructions are transferred from host to memory as a single bit serial sequence on the Sl signal.

Single bit wide commands may provide an address or data sent only on the Sl signal. Data may be sent back
to the host serially on the SO signal.

Dual or Quad Output commands provide an address sent to the memory only on the Sl signal. Data will be
returned to the host as a sequence of hit pairs on 100 and 101 or four bit (nibble) groups on 100, 101, 102,
and 103.

Dual or Quad Input/Output (I/0) 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 103.

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.

B 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 is always presented only as a single
bit serial sequence on the Serial Input (SI) signal with one bit transferred to the memory device on each
SCKrising edge. The instruction selects the type of information transfer or device operation to be
performed.

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.

® 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 2-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.
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B Some 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. The mode bit transfers occur on SCK rising edge, in SDR commands, or on every SCK edge,
in DDR 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.

W 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.

B |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.

W 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 clock cycles after CS# signal
was driven low is an exact multiple of eight cycles. If the CS# signal does not go high exactly at the eight
SCK cycle 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. 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.
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42.1 Command Sequence Examples
Figure 4.3 Stand Alone Instruction Command
CS#
SCK | B = L I LI L1 ©[L
s 7 [ 6 [ 5 [ 4 T a3 1 > T 3 T o [
SO
Phase Instruction
Figure 4.4 Single Bit Wide Input Command
cs# | [

SCK _||_||_||_||_||_||_||_||_|:

s 7 T6 [ 5 [alalol1lol7lalslalalsl o

0

Phase

Instruction Input Data

Figure 4.5 Single Bit Wide Output Command

cs# | [

SCK NRERNRNRNRNRNR AR AR
st Il 7161514 31211 o I
so (71615 als12 1 lol7T6 5 alaT2Tal0

Datal Data?

Phase | Instruction

Figure 4.6 Single Bit Wide 1/0 Command without Latency

st Mz Te 5 aTal2 [1 oz M [ o

‘)‘) {7]lelslalalof1laolzlelslalazlolilal
VWAaddress] Data 1 Data 2

SO
Phase

Instruction

Figure 4.7 Single Bit Wide 1/0 Command with Latency
cs# | \\ “ [
SCK B‘UUUNUUUUUUUUUUUUUUU:
si llzlelslalalol1]0m |\\|1 Io__
{7z]lelslalalof1]10]

Instruction \ AWress \ \\Dummy Cycles \ Data 1

SO
Phase
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Figure 4.8 Dual Output Command

cs# ] \
SOamiinnpnnnnnniphnanpnnnnigg

100 —{716]5[4]3[2]1 00288 F——"—614l2]06]4[2]0
oL faalooloA F——715[3[117[51311

Phase | Instruction Addredd | 6Dummy | Datal | Data?2

Figure 4.9 Quad Output Command without Latency

cs# ] )\

SCK \! L
o0 7l6[5lal3/21loBa\\1lolalolalolalolalolalola

101 \) (5[1l511(5[11511l511]5
102 W—el2l6l2l6l2l6l2161216
108 W——-A7131713[713[713[713[7
Phase | Instruction | Vaddress | pata 1]pata 2 [pata s [patas |patas|..

Figure 4.10 Dual I/O Command

cs# | \\

sek 1L S L e e e
oo-1zlelslalalof1lolmnlW2l0] {e6lalololelalolol
101 2 WI= 171 FAREIEEFAREEEN
Phase _| Instruction | '\I:\Address\ Dummy | Datal | Data2 |

Figure 4.11 Quad I/O Command

00—z 65 alalo1lolaMlalola ——alolalolalolalol

lo1 mm-—|5lll5l1l5lllslll
102 o\ elola M—A6l2lal2lal21612]
103 W7 (a7 — {7 (3 l71aly[alylal
Phase \ Instruction \ “Address\Mode\ Dummy | O | @ [ B [ D |
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Figure 4.12 DDR Fast Read with EHPLC = 00b

cs# | \\
si—{7 16 15 1151717 o bibobolrlelslalalzlalo
so ()‘) {zlelslalalolafolzlels alzlo]1]o

Phase | Instruction | Adds*s | Mode [Dummy ] Data 1 | Data 2 |

Figure 4.13 DDR Dual I/O Read with EHPLC = 01b and DLP

cst | \\
scK BY
oo—] 7 [6 [ 5 Tal 32131 [ o [s0l28l\ofelalofol——76 [54]3[2]10 T c[al2]0Ts

101 |5129>517531|_|76 54 [3]2[10 |7]15131117
Phase | Instruction | AddregN | Mode  [Dum | DLP | Datal |

Figure 4.14 DDR Quad I/O Read

cs# |

see MU UIUvUuyyyue
00— 7]6[s]4fsf2]1]o0ppaddds|sloljol———rlelsls[s[2l1]oja]ofslo]
01 bsppihrpdo|s 1 o] [———7lels a[s[2]1]o]s a sl |
02 kb2 2]efo————{7le[s a[s[2]1]oe o[e[2]
103 eaprshapl7 |3[7]s————{7lels a[alz[u[o[7ls[7[3]

Phase Instruction Address :Mods; Dummy DLP D1D2

Additional sequence diagrams, specific to each command, are provided in Section 10., Commands
on page 71.
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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

HOLD#/ | WP#/ | SO/ Si/
Interface State Vee Vio RESET# SCK Cs# 103 102 101 100
Power-Off < Vcc (low) < Vee X X X X X z X
Low Power
Hardware Data < Vcc (cut-off) < Vee X X X X X z X
Protection
> -
Power-On (Cold) Reset 2 Ve (min) = \;'C\’/(C’Z'”) X X X X x | z X
d - ) 2 V| (min)
Hardware (Warm) Reset 2 Ve (min) <Vee HL X X X X z X
> -
Interface Standby 2 Vee (min) = \;'C\’/(C'Z'”) HH X HH X X z X
. = i
Instruction Cycle 2 Ve (min) \;'?/(C”;'”) HH HT HL HH HY | z | hv
> -
Hold Cycle 2 Ve (min) = \é'f\’/(cnc“”) HH | HVorHT | HL HL X X X
Single Input Cycle . 2 V| (min)
=
Host to Memory Transfer Vec (min) < Vce HH HT HL HH X z v
Single Latency (Dummy) S ’ 2 Vg (min)
Cycle 2 Ve (min) <Vee HH HT HL HH X z X
Single Output Cycle S : 2 Vg (min)
Memory to Host Transfer = Vec (min) <Vee HH HT HL HH X MV X
Dual Input Cycle S . 2 V| (min)
Host to Memory Transfer 2 Vec (min) <Vce HH HT HL HH X Hv v
Dual Latency (Dummy) > . 2 V| (min)
Cycle 2 Ve (min) <V HH HT HL HH X X X
Dual Output Cycle S : 2 Vg (min)
Memory to Host Transfer = Vec (min) <Vee HH HT HL HH X MV MY
QPP Address Input Cycle S . 2 Vg (min)
Host to Memory Transfer 2 Vec (min) <Vce HH HT HL X X X v
Quad Input Cycle S . 2 V| (min)
Host to Memory Transfer 2 Vec (min) < Vce HH HT HL v v hv v
Quad Latency (Dummy) S ) 2 Vg (min)
Cycle 2 Ve (min) <Vee HH HT HL X X X X
Quad Output Cycle S : 2 Vg (min)
Memory to Host Transfer = Vec (min) <Vee HH HT HL MV MV MV MY
DDR Single Input Cycle S . 2 V| (min)
Host to Memory Transfer 2 Vec (min) <Vce HH HT HL X X X v
DDR Dual Input Cycle S . 2 V| (min)
Host to Memory Transfer 2 Ve (min) < Vee HH HT HL X X v v
DDR Quad Input Cycle S ) 2 Vg (min)
Host to Memory Transfer 2 Ve (min) <Vce HH HT HL Hv hv v Hv
DDR Latency (Dummy) > . 2 Vg (min) MVor | MVor | MV or
Cycle 2 Ve (min) <Vee HH HT HL | MVorZz 7 7 z
DDR Single Output Cycle S . 2 V| (min)
2V, HH HT HL z z MV X
Memory to Host Transfer cc (min) < Vee
DDR Dual Output Cycle S ’ 2 Vg (min)
2V, HH HT HL z z MV MV
Memory to Host Transfer cc (min) < Vee
DDR Quad Output Cycle S : 2 Vg (min)
2V, HH HT HL MV MV MV MV
Memory to Host Transfer cc (min) <Vee
Legend:
z = no driver - floating signal

HL = Hostdriving V,_
HH = Host driving V|4
HV = either HL or HH
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4.3.3

4.3.4

4.3.5

4.3.6
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X =HLorHHorZ

HT =toggling between HL and HH
ML = Memory driving V,_

MH = Memory driving V|y

MV = either ML or MH

Power-Off

When the core supply voltage is at or below the V¢ (low) 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.

Low Power Hardware Data Protection

When Vc is less than V¢ (cut-off) 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.

Power-On (Cold) Reset

When the core voltage supply remains at or below the V¢ (low) voltage for > tpp time, then rises

t0 2 Ve (vinimum) 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
tpy 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

Some of the device package options provide a RESET# input. When 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 POR followed by Hardware
Reset on page 39.

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 (Igg) 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

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 RESET# high, CS# low,
HOLD# high, and drives Write Protect (WP#) signal as needed for the instruction. However, WP# is only
relevant during instruction cycles of a WRR command and is otherwise ignored.

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 output, Quad output, Dual I/O, Quad /0,
DDR Single I/0O, DDR Dual I/0, or DDR Quad I/0. 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.
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4.3.7 Hold

When Quad mode is not enabled (CR[1]=0) the HOLD# / 103 signal is used as the HOLD# input. The host
keeps RESET# high, HOLD# low, SCK may be at a valid level or continue toggling, and CS# is low. When
HOLD# is low a command is paused, as though SCK were held low. SI /100 and SO / 101 ignore the input
level when acting as inputs and are high impedance when acting as outputs during hold state. Whether these
signals are input or output depends on the command and the point in the command sequence when HOLD#
is asserted low.

When HOLD# returns high the next state is the same state the interface was in just before HOLD# was
asserted low.

When Quad mode is enabled the HOLD# / 103 signal is used as 103.
During DDR commands the HOLD# and WP# inputs are ignored.

4.3.8 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 dual output, and quad output commands send address to the memory using only SI
but return read data using the I/O signals. The host keeps RESET# high, CS# low, HOLD# high, 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.

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 (CR[7:6]). During the latency cycles, the host keeps RESET# high, CS# low, and
HOLD# high. 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 SlI/ 1/O0 or other 1/O signals
during the latency cycles. In dual or quad read commands, the host must stop driving the I/O signals on the
falling edge at the end of the last latency cycle. It is recommended that the host stop driving I/O signals during
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 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, and HOLD# high. 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/O command transfers two address or mode bits to the memory in each cycle. The host
keeps RESET# high, CS# low, HOLD# high. The Write Protect (WP#) signal is ignored. The host drives
address on S| /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.
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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 (CR[7:6]). During the latency cycles, the host keeps RESET# high, CS# low, and
HOLD# high. 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 Sl /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 SI /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 I/O return data to the host two bits in each cycle. The host keeps
RESET# high, CS# low, and HOLD# high. 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 QPP or QOR Address Input Cycle

The Quad Page Program and Quad Output Read commands send address to the memory only on 100. The
other 10 signals are ignored because the device must be in Quad mode for these commands thus the Hold
and Write Protect features are not active. The host keeps RESET# high, CS# low, and drives 100.

For QPP the next interface state following the delivery of address is the Quad Input Cycle.

For QOR the next interface state following address is a Quad Latency Cycle if there are latency cycles
needed or Quad Output Cycle if no latency is required.

4.3.15 Quad Input Cycle - Host to Memory Transfer

The Quad I/0 Read command transfers four address or mode bits to the memory in each cycle. The Quad
Page Program command transfers four data bits to the memory in each cycle. The host keeps RESET# high,
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 Quad Page
Program the host returns CS# high following the delivery of data to be programmed and the interface returns
to standby state.

4.3.16 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 (CR[7:6]). During the latency cycles, the host keeps RESET# high, 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 10 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.
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4.3.17

4.3.18

4.3.19

4.3.20

4.3.21

4.3.22

4.3.23
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Quad Output Cycle - Memory to Host Transfer

The Quad Output Read and Quad I/O Read return data to the host four bits in each cycle. The host keeps
RESET# high, and 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.

DDR Single Input Cycle - Host to Memory Transfer

The DDR Fast Read command sends address, and mode bits to the memory only on the 100 signal. One bit
is transferred on the rising edge of SCK and one bit on the falling edge in each cycle. The host keeps
RESET# high, and CS# low. The other IO signals are ignored by the memory.

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

DDR Dual Input Cycle - Host to Memory Transfer

The DDR Dual I/0 Read command sends address, and mode bits to the memory only on the 100 and 101
signals. Two bits are transferred on the rising edge of SCK and two bits on the falling edge in each cycle. The
host keeps RESET# high, and CS# low. The 102 and 103 signals are ignored by the memory.

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

DDR Quad Input Cycle - Host to Memory Transfer

The DDR Quad I/O 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
RESET# high, and CS# low.

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

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 (CR[7:6]). During the latency cycles, the host keeps RESET# high and 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 10 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 IO signals until the last four cycles of latency.

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

DDR Single Output Cycle - Memory to Host Transfer

The DDR Fast Read command returns bits to the host only on the SO /101 signal. One bit is transferred on
the rising edge of SCK and one bit on the falling edge in each cycle. The host keeps RESET# high, and CS#
low. The other 10 signals are not driven by the memory.

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

DDR Dual Output Cycle - Memory to Host Transfer

The DDR Dual I/0 Read command returns bits to the host only on the 100 and 101 signals. Two bits are
transferred on the rising edge of SCK and two bits on the falling edge in each cycle. The host keeps RESET#
high, and CS# low. The 102 and 103 signals are not driven by the memory.

The next interface state continues to be DDR Dual Output Cycle until the host returns CS# to high ending the
command.
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4.3.24  DDR Quad Output Cycle - Memory to Host Transfer

The DDR Quad I/O 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 RESET# high, and 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 bits 7 and 6 (CR1[7:6]) select the latency code for all read commands. The latency
code selects the number of mode bit and latency cycles for each type of instruction.

The configuration register bit 1 (CR1[1]) selects whether Quad mode is enabled to ignore HOLD# and WP#
and allow Quad Page Program, Quad Output Read, and Quad I/0 Read commands. Quad mode must also
be selected to allow Read DDR Quad I/0O commands.

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 (page 54) of this document.

451  Power-Up

When the core supply voltage is at or below the V¢ (low) 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 Vcis less than V¢ (cut-off) 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.

453 Clock Pulse Count

The device verifies that all program, erase, and Write Registers (WRR) commands consist of a clock pulse
count that is a multiple of eight before executing them. A command not having a multiple of 8 clock pulse
count is ignored and no error status is set for the command.
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Electrical Specifications

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
Vee —0.5V to +4.0V

V|0 (Note 1) —0.5V to +4.0V
Input Voltage with Respect to Ground (Vsg) (Note 2) —0.5V to +(V|g + 0.5V)
Output Short Circuit Current (Note 3) 100 mA
Notes:
1. V,o must always be less than or equal V¢ + 200 mV.
2. See Input Signal Overshoot on page 34 for allowed maximums during signal transition.
3. 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.
4. 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.

Operating Ranges

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

5.2.1 Temperature Ranges
Industrial (I) Devices
Ambient Temperature (Ta) ..cocoveveeriiriin e —40°C to +85°C
Automotive (A) In-Cabin
Ambient Temperature (Ta) «ooovvereerveniieireeieenee —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.
5.2.2 Power Supply Voltages

Some package options provide access to a separate input and output buffer power supply called V|q.
Packages which do not provide the separate Vg connection, internally connect the device Vg to V¢. For
these packages the references to V|g are then also references to V.

VEG covrieenen 2.7V 10 3.6V
VIO corereeeerine. 1.65V to Vg + 200 mV
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5.2.3 Input Signal Overshoot

During DC conditions, input or I/O signals should remain equal to or between Vgg and V|q. During voltage
transitions, inputs or I/Os may overshoot Vgg to —2.0V or overshoot to V,g +2.0V, for periods up to 20 ns.

Figure 5.1 Maximum Negative Overshoot Waveform

20 ns 20 ns
—P - P

220V - — — 4 — —

P
20 ns

Figure 5.2 Maximum Positive Overshoot Waveform
20 ns

]
K S astenst
e e ]

5.3 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
V) until Ve reaches the correct value as follows:

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

A simple pull-up resistor (generally of the order of 100 kQ) 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 tp, has elapsed after the moment that Vo rises above
the minimum V¢ threshold. See Figure 5.3. However, correct operation of the device is not guaranteed if
Vc returns below V¢ (min) during tpy. No command should be sent to the device until the end of tp,.

After power-up (tp), the device is in Standby mode (not Deep Power Down mode), draws CMOS standby
current (Isg), and the WEL bit is reset.

During power-down or voltage drops below V¢ (cut-off), the voltage must drop below V¢ (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 V¢ stays
above V¢ (cut-off) the part will stay initialized and will work correctly when V¢ is again above V¢ (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 V¢ supply at the device. Each
device in a system should have the V¢ rail decoupled by a suitable capacitor close to the package supply
connection (this capacitor is generally of the order of 0.1 pf).
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Table 5.2 Power-Up / Power-Down Voltage and Timing
Symbol Parameter Min Max Unit
Ve (min) Ve (minimum operation voltage) 2.7 \Y
Vcc (cut-off) Vcc (Cut Off where re-initialization is needed) 24 Vv
Vee (Iow) Vcc (low voltage for initialization to occur) 1.0 v
cc Ve (Low voltage for initialization to occur at embedded) 23
tpu Ve (min) to Read operation 300 us
tpp Ve (low) time 1.0 us
Figure 5.3 Power-Up
Vee
A
Vee(max)
Vemin)
tpy Full Device Access
Time
Figure 5.4 Power-Down and Voltage Drop
Vee
A
V(max)
No Device Access Allcy/—
Vemin)
) tpu Device Accerss
Veut-off) Allowed
V(low)
o
Time
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54 DC Characteristics

Applicable within operating ranges.

Table 5.3 DC Characteristics

Symbol Parameter Test Conditions Min Typ (1) Max Unit
Vi Input Low Voltage -0.5 0.2x Vo \Y
Vi Input High Voltage 0.7x Vo V|0+0.4 \Y
VoL Output Low Voltage loL = 1.6 mA, Vee = Ve min 0.15x Vo \
Vou Output High Voltage lon =-0.1 mA 0.85x V|o Vv

I Input Leakage Current | Ve = Ve Max, Viy = Viy or V. +2 HA
Output Leakage
lLlo Cur?ent 9 Vee = Vee Max, Viy = Vi or Vi +2 HA
Serial SDR@50 MHz 16
Serial SDR@133 MHz 33/35 (3)
Quad SDR @ 80 MHz 50
| Active Power Supply Quad SDR @104 MHz 61 mA
cc1 Current (READ) Quad DDR @ 66 MHz 75
Quad DDR @80 MHz 90
Outputs unconnected during read data
return(2)
Active Power Supply
lcca Current (Page CS#=V|o 100 mA
Program)
Active Power Supply _
lecs Current (WRR) CS#=Vio 100 mA
Active Power Supply _
lcca Current (SE) CS#=V|g 100 mA
Active Power Supply _
lccs Current (BE) CS#=V|g 100 mA

RESET#, CS# = V,q; SI, SCK =V, or Vs,

Isg (Industrial) Standby Current Industrial Temp

70 100 A

RESET#, CS# = V,q; SI, SCK = Vg or Vgg,

Isg (Automotive) | Standby Current Automotive Temp

70 300 pA

Notes:
1. Typical values are at Ty = 25°C and Ve = Vg = 3V.

2. Output switching current is not included.
3. Industrial temperature range / Automotive In-Cabin temperature range.

54.1 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

Input Valid at logic high or low High Impedance Any change permitted ;‘;Logic High ;‘;Logic Low

Output  Valid at logic high or low High Impedance ;}{(;hanging, state unknown Logic High;){;Logic Low

Figure 6.2 Input, Output, and Timing Reference Levels

Input Levels Output Levels
Vo + 0.4V 0.85 x V
0.7 x V|o ’ 10
05XV - — _ _ _Y_ _ _TimingReferencelevel —_~ \/
0.2xV,
10 0.15 X V|o

- 0.5V

6.2 AC Test Conditions

Figure 6.3 Test Setup

Device
Under
Test
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Table 6.1 AC Measurement Conditions
Symbol Parameter Min | Max Unit
c Load Capacit %0 F
L oad Capacitance 15 (3) p
Input Rise and Fall Times | 2.4 ns
Input Pulse Voltage 0.2xV|pt00.8 Vo
Input Timing Ref Voltage 0.5V
Output Timing Ref
Voltage 05Vio v
Notes:
1. Output High-Z is defined as the point where data is no longer driven.
2. Input slew rate: 1.5 V/ns.
3. AC characteristics tables assume clock and data signals have the same slew rate (slope).
4. DDR Operation.
6.2.1 Capacitance Characteristics
Table 6.2 Capacitance
Parameter Test Conditions Min Max Unit
Cin Input Capacitance (applies to SCK, CS#, RESET#) 1 MHz 8 pF
Cout Output Capacitance (applies to All I/O) 1 MHz 8 pF
Note:
1. For more information on capacitance, please consult 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 V¢ rises above the minimum V¢ threshold. See Figure 5.3 on page 35, Table 5.2 on page 35,
and Table 6.3 on page 40. The device must not be selected (CS# to go high with V,g) during power-up (tpy),
i.e. no commands may be sent to the device until the end of tp,;. 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 tgg before returning low to initiate a
hardware reset.
Figure 6.4 Reset Low at the End of POR
vce | )
vio__| | )
tPU .
reseT I (NI 1f RESET# s low at tPU end /
L—rH —
cs+ I \\ CS# must be high at tPU end |
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Figure 6.5 Reset High at the End of POR

vce | )
vio___ | ] )
tPU .
RESET# \ Y If RESET# is high at tPU end
pU——
cs# ) \ CS# may stay high or go low at tPU end
Figure 6.6 POR followed by Hardware Reset
vCC / )
vio_____ | )

tPU —RS —
RESET# _— | I

r B tPU =||
cs+ I N |

6.3.2 Hardware (Warm) Reset

When the RESET# input transitions from V, to V_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 tp, to complete the POR process.

The RESET# input provides a hardware method of resetting the flash memory device to standby state.
B RESET# must be high for tgg following tpy or trpy, before going low again to initiate a hardware reset.

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

B |f CS# is low at the time RESET# is asserted, CS# must return high during tgpy before it can be asserted
low again after tg.

B Hardware Reset is only offered in 16-lead SOIC and BGA packages.
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Figure 6.7 Hardware Reset

—RP —|

RESET# \ Any prior reset [ \

Table 6.3 Hardware Reset Parameters

Parameter Description Limit Time Unit
Reset Setup - .
tRs Prior Reset end and RESET# high before RESET# low Min 50 ns
tRPH 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. RESET# Low is optional and ignored during Power-up (tpy). If Reset# is asserted during the end of tp,, the device will remain in the reset
state and tgy will determine when CS# may go Low.

2. Sum of tgp and tgy must be equal to or greater than tgpy
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6.4 SDR AC Characteristics
Table 6.4 AC Characteristics (Single Die Package, Vg = V¢ 2.7V to 3.6V)

A\

Symbol Parameter Min Typ Max Unit
Fsck R igtlju(é:%ﬂ(:requency for READ and 4READ e 50 (7) MHz
FSCK.C | chown n Table 102 on page 78.8) | be 133 (7 MHz
SCK Clock Frequency for the following dual and
Fsck, ¢ guad commands: DOR, 4DOR, QOR, 4QOR, DIOR, DC 104 (7) MHz
4DIOR, QIOR, 4QIOR
Fsck, gpp | SCK Clock Frequency for the QPP, 4QPP commands DC 80 (7) MHz
Psck SCK Clock Period 1/ Fgck oo
twhs tcH Clock High Time (5) 45% Pgck ns
tws tel Clock Low Time (5) 45% Pgck ns
tcrT tcLen | Clock Rise Time (slew rate) 0.1 V/ns
tcem teHer | Clock Fall Time (slew rate) 0.1 Vins
fes Cs# H!gh T@me (Read Instructions) 10 ns
CS# High Time (Program/Erase) 50
tcss CS# Active Setup Time (relative to SCK) 3 ns
tesH CS# Active Hold Time (relative to SCK) 3 3000 (6) ns
tsy Data in Setup Time 3 ns
thp Data in Hold Time 2 ns
8.0 (2)
ty Clock Low to Output Valid 0 7.65 (3) ns
6.5 (4)
tho Output Hold Time 2 ns
tois Output Disable Time 0 8 ns
twps WP# Setup Time 20 (1) ns
twpH WP# Hold Time 100 (1) ns
tHLCH HOLD# Active Setup Time (relative to SCK) 3 ns
tCHHH HOLD# Active Hold Time (relative to SCK) 3 ns
tHHCH HOLD# Non Active Setup Time (relative to SCK) 3 ns
teHHL HOLD# Non Active Hold Time (relative to SCK) 3 ns
thz HOLD# enable to Output Invalid ns
tz HOLD# disable to Output Valid 8 ns
Notes:
1. Only applicable as a constraint for WRR instruction when SRWD is set to a 1.
2. Full V¢crange (2.7 - 3.6V) and CL = 30 pF.
3. Regulated V¢ range (3.0 - 3.6V) and CL = 30 pF.
4. Regulated V¢ range (3.0 - 3.6V) and CL = 15 pF.
5. +10% duty cycle is supported for frequencies <50 MHz.
6. Maximum value only applies during Program/Erase Suspend/Resume commands.
7. For Automotive In-Cabin temperature range (-40°C to +105°C), all SCK frequencies are 5% slower than the max values shown.
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Table 6.5 AC Characteristics (Single Die Package, V|g 1.65V to 2.7V, V¢ 2.7V to 3.6V)

Symbol Parameter Min Typ Max Unit
Fsck, r SCK Clock Frequency for READ, 4READ instructions DC 50 (6) MHz
Fsck, ¢ SCK Clock Frequency for all others (3) DC 66 (6) MHz
Psck SCK Clock Period 1/ Fsck oo
twhs tcH Clock High Time (4) 45% Pge ns
twi tel Clock Low Time (4) 45% Pgck ns
tcrT tcLen | Clock Rise Time (slew rate) 0.1 V/ns
tcrt tchel | Clock Fall Time (slew rate) 0.1 Vins
tes CS# H!gh T?me (Read Instructions) 10 ns
CS# High Time (Program/Erase) 50
tcss CS# Active Setup Time (relative to SCK) 10 ns
tcsh CS# Active Hold Time (relative to SCK) 3 3000 (5) ns
tsu Data in Setup Time 5 ns
thp Data in Hold Time 4 ns
ty Clock Low to Output Valid 0 gg g; ns
tho Output Hold Time 2 ns
tois Output Disable Time 0 14 ns
twps WP# Setup Time 20 (1) ns
tweH WP# Hold Time 100 (1) ns
tHLcH HOLD# Active Setup Time (relative to SCK) 5 ns
tCHHH HOLD# Active Hold Time (relative to SCK) 5 ns
tHHCH HOLD# Non Active Setup Time (relative to SCK) 5 ns
teHHL HOLD# Non Active Hold Time (relative to SCK) 5 ns
thz HOLD# enable to Output Invalid 14 ns
tz HOLD# disable to Output Valid 14 ns
Notes:
Only applicable as a constraint for WRR instruction when SRWD is set to a 1.
CL =30 pF
CL =15 pF.

+10% duty cycle is supported for frequencies < 50 MHz.
Maximum value only applies during Program/Erase Suspend/Resume commands.
For Automotive In-Cabin temperature range (-40°C to +105°C), all SCK frequencies are 5% slower than the max values shown.

o0 s LN e

6.4.1 Clock Timing

Figure 6.8 Clock Timing

Psck

tCH

tCL
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6.4.2 Input / Output Timing

Figure 6.9 SPI Single Bit Input Timing

cs#  \ \ [

sek____\ [ W [

™y

s I msain W cen RN
|
)

SO

Figure 6.10 SPI Single Bit Output Timing

csit )\ ) / \
sck W\ L WL

tLZ tHO

soy—@(vse our B seour ——

tV

Figure 6.11 SPI SDR MIO Timing

e\ | ) [\

T Lol b

10 MSB IN . ‘ M MSB OUT - ‘ LSB OUT

A

January 8, 2014 S25FL512S_00_07 S25FL512S 43



N

SPANSION® Data Sheet

A\

Figure 6.12 Hold Timing

csi |

tHLCH tHHC < tCHHH
tCHHL < tCHHL

woos Yy [\ [

Hold Condition
Standard Use

Hold Condition
Non-standard Use

s1_or_10_(during_input) F Y | S ST —

tHZ —» |<—tLZ >'|tHZ >'I'[LZ

SO_or_I0_(during_outpu) —{_ A B (8 c ) (o JE

Figure 6.13 WP# Input Timing

Phase >< WRR Instruction >< Input Data ><
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6.5 DDR AC Characteristics
Table 6.6 AC Characteristics DDR Operation
66 MHz 80 MHz
Symbol Parameter Unit
Min Typ Max Min Typ Max
SCK Clock Frequency for DDR
Fsck.R | READ instruction pec 66 (3) bC 80(3) MHz
SCK Clock Period for DDR READ
Psck.R | instruction 15 < 125 < ns
twh tcn | Clock High Time 45% Pgck 45% Pgcy ns
twe, teL | Clock Low Time 45% Pgck 45% Pgci ns
CS# High Time (Read
tes Instructions) 10 10 ns
CS# Active Setup Time (relative to
tcss SCK) P ( 3 3 ns
CS# Active Hold Time (relative to
tcsh SCK) 3 3 ns
tsy 10 in Setup Time 2 3000 (2) 1.5 3000 (2) ns
thp 10 in Hold Time 2 15 ns
ty Clock Low to Output Valid 0 6.5(1) 1.5 6.5(1) ns
tho Output Hold Time 0 15 ns
tois Output Disable Time 8 8 ns
tz Clock to Output Low Impedance 0 8 0 8 ns
First Output to last Output data
to_SKEW | yaiid time 600 600 ps
Notes:

1. Regulated V¢ range (3.0 - 3.6V) and CL =15 pF.

2. Maximum value only applies during Program/Erase Suspend/Resume commands.

3. For Automotive In-Cabin temperature range (-40°C to +105°C), all SCK frequencies are 5% slower than the max values shown.
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6.5.1 DDR Input Timing

Figure 6.14 SPI DDR Input Timing

cs# \ [

tCSI—P—'|tCSH
tCSS— tCSS

SCK \ W

tHD

L

6.5.2 DDR Output Timing

Figure 6.15 SPI DDR Output Timing

) ) F—es —
cst § /.

S| SCFW
—’ItLZ tHO By V"I V—’I tDIS

so_or_10 ———@ mss_ o ) X B se @—
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101

102

103

10_valid

Notes:

PSCK
tCL > tCH
tv
tv
tO_SKEW tOTT
/ Slow Slow
\ D1 D2
( X
\ A
{ X
\ A
/ Fast Fast
\ D1 D2
D1 D2
Valid Valid
e——tDV—> e——tDV—

1. tcpp is the shorter duration of tc or tey.

A WN

. torT is dependent on system level considerations including:

a. Memory device output impedance (drive strength).

b. System level parasitics on the IOs (primarily bus capacitance).

c. Host memory controller input V,,; and V|,_levels at which 0 to 1 and 1 to 0 transitions are recognized.

d. As an example, assuming that the above considerations result a memory output slew rate of 2V/ns and a 3V transition (from 1 to 0 or
0to 1) is required by the host, the tort would be:

tort = 3V/(2VIns) = 1.5 ns

- to_skew is the maximum difference (delta) between the minimum and maximum ty, (output valid) across all IO signals.
. torT is the maximum Output Transition Time from one valid data value to the next valid data value on each IO.

A\

e. toris not a specification tested by Spansion, it is system dependent and must be derived by the system designer based on the above

considerations.

5. The minimum data valid window (tp,) can be calculated as follows:

a. As an example, assuming:

i. 80 MHz clock frequency = 12.5 ns clock period
ii. DDR operations are specified to have a duty cycle of 45% or higher
iii. to g = 0.45*PSCK = 0.45x12.5 ns = 5.625 ns

iv. to_skew = 600 ps
V.torr=1.5ns

b. tpy =tcLH - to_skew - toTT

C. tpy=5.625ns-600ps-1.5ns=3.525ns
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7. Physical Interface

Table 7.1 Model Specific Connections

VIO / RFU

Versatile /0 or RFU - Some device models bond this connector to the device 1/0O power supply, other
models bond the device 1/0 supply to Vcc within the package leaving this package connector unconnected.

RESET#/ RFU

RESET# or RFU - Some device models bond this connector to the device RESET# signal, other models
bond the RESET# signal to Vcc within the package leaving this package connector unconnected.

Note:

Refer to Table 3.1, Signal List on page 16 for signal descriptions.

7.1 SOIC 16-Lead Package

7.1.1 SOIC 16 Connection Diagram

Figure 7.1 16-Lead SOIC Package, Top View

HoLD#n103 [ 1 16 [] scK
vee [ 2 15 []smoo
RESET#RFU [] 3 14 [Jvio/RFU
DNU [] 4 13 [7InC
DNU [] 5 12 MpNu
RFU[] 6 11 [Ionu
cs# [ 7 10 [Jvss
sono1 [ s 9 [Jwp#no2
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7.1.2 SOIC 16 Physical Diagram

S03016 — 16-Lead Wide Plastic Small Outline Package (300-mil Body Width)

A

A

D

‘-—&

=
HHHHHHHH

\m\

w
1

T
il

\
-

[ odofc [D
2X

INDEX AREA
(. 25D x 0.75E1)

JHHH

1 TRy Al
E&ka esle e =
@[c[A-8[D] I o] N

=
WITH PLATING
[H—
- -~
DETAIL B ~ - N SossT

i

REARREREES

GAUGE PLANE

SEATING PLANE

A\

T L2
// 7T0.10][c] A - Ze (2]
—1 L1
i /32 / \ F{Q[o.wo[c\ DETAIL B
}‘LLH u u u u u u Q = SEATING PLANE
A Lc]
NOTES:
1. ALL DIMENSIONS ARE IN BOTH INCHES AND MILLMETERS.
PACKAGE | SO3 016 (inches) SO3 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
A 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 | 0019 027 0.48 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
) 0.008 | 0.012 0.20 0.30 FLASH. BUT INCLUDING ANY MISMATCH BETWEEN THE TOP
5 0406 BSC PP AND BOTTOM OF THE PLASTIC BODY.
c 0'406 BsC 10'30 P /5\ DATUMS A AND B TO BE DETERMINED AT DATUM H.
- : 6. "N"IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR
E1 0.295 BSC 7.50BSC THE SPECIFIED PACKAGE LENGTH.
e 0.050 BSC 1.27 BSC A THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD
L 0.016 | 0.050 0.40 127 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
N 010 | om0 02 Py LOWER RADIUS OF THE LEAD FOOT.
— — - -~ THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT,
9 0 8 8 THEN A PIN 1 IDENTIFIER MUST BE LOCATED WITHIN THE INDEX
61 5° 15° 15° AREA INDICATED.
02 o o 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED
FROM THE SEATING PLANE.
012 16030311
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7.2

7.2.1

Data Sheet

Note:

FABO024 24-Ball BGA Package

Connection Diagram

Figure 7.2 24-Ball BGA, 5 x 5 Ball Footprint (FAB024), Top View

1 2 3 4 5

A |~_’| |‘~_’) |‘~_’) |‘~_’)
NC NC RESET#/ NC

. .- .- RFU -

. Al . Al . - . A 3 -~

B ' 1 ' 1 . 1 . 1 ' 1
‘~_' ‘~_' ‘h-' ‘h-' h-'
DNU SCK VSS VCC NC
i‘-\ l‘-\ l—-‘ l—-\ l—-\
C ' | - | - | | 1
‘~_' ‘~_' ‘h-' ‘h-' h-'
DNU CS# RFU  WP#/102 NC

D . 1 . 1 . 1 . 1 . 1
DNU SO/I01  SI/I00 HOLD#/I03 NC

l—.ﬂ o—.\ o—.\ o—.\ o—.\
E . 1 . 1 . 1 . 1 . 1
NC NC NC VIO/RFU NC

Signal connections are in the same relative positions as FAC024 BGA, allowing a single PCB footprint to use either package.
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71.2.2

FABO024 Physical Diagram

FAB024 — 24-Ball BGA (8 x 6 mm) Package

A\

> m1l
D1
X (D1
alo.15] ¢ @ [eD}— [
(%) i I
| 5 [e}Ke) (P [o}Ke)
i 4 O 0 0 0
—_— e ———+ [E J—&—e—e—i—e—e—— [E1]
! —)——o0 o0 doo
| @ : 00 Qo
| V]
INDEX MARK [ ” E&D B A \_
PIN A1 [B] PIN Al
CORNER TOP VIEW . S| CORNER
(2%)
BOTTOM VIEW
)
A A2 [ ] | ‘//o‘zoc
‘ () CrICII O
|

A SIDE VIEW
24X @b
Eﬂ’] [B]
[20.08 W[C]
PACKAGE FABO24
JEDEC N/A
B.Wmngfé?&vagu NOM
syMBoL | MIN.| NoMm.| MAx. NOTE
A - - |1.20 OVERALL THICKNESS
A1 020 - |- BALL HEIGHT
A2 070 - |o0.90 BODY THICKNESS
D 8.00 BSC. BODY SIZE
E 6.00 BSC. BODY SIZE
4.00 BSC. BALL FOOTPRINT
E1 4.00 BSC. BALL FOOTPRINT
MD 5 ROW MATRIX SIZE D DIRECTION|
ME 5 ROW MATRIX SIZE E DIRECTION
N 24 TOTAL BALL COUNT
#b [ 0.35]0.40 [ 0.45 BALL DIAMETER
[e] 1.00 BSC. BALL PITCH
SD/SE 0.00 SOLDER BALL PLACEMENT
Al DEPOPULATED SOLDER BALLS
[ PACKAGE OUTLINE TYPE

0.10

NOTES:

o 0on e

B> >

e

. DIMENSIONING AND TOLERANCING METHODS PER ASME Y14.5M-1994.

ALL DIMENSIONS ARE IN MILLIMETERS.

BALL POSITION DESIGNATION PER JEP95, SECTION 4.3, SPP-010.
[¢]REPRESENTS THE SOLDER BALL GRID PITCH.

SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
SYMBOL “ME" IS THE BALL MATRIX SIZE IN THE "E” DIRECTION.

n IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS
FOR MATRIX SIZE MD X ME.

DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL
DIAMETER IN A PLANE PARALLEL TO DATUM C.

SD AND SE ARE MEASURED WITH RESPECT TO DATUMS A

AND B AND DEFINE THE POSITION OF THE CENTER SOLDER
BALL IN THE OUTER ROW.

WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS
IN THE OUTER ROW SD OR SE = 0.000.

WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS
INTl-lEOUTERROW,SDORSE:W

"+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED BALLS.
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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7.3 FACO024 24-Ball BGA Package

7.3.1 Connection Diagram

Data Sheet

Note:

1 2 3 4
A .\~_¢’ .\~_¢’ .\~_¢’ .\~_¢’
NC NC NC  RESET#
RFU
l_-* l_-* l_-* l_-*
B ' 1 1 | 1
oL oL oL oL
DNU SCK VSS VCC
l—-‘ l—-‘ l—-‘ l—-‘
c |- L L L 1
oL o oL oL
DNU Cs# RFU  WP#/102
l’.\ l—.ﬂ l—.ﬂ )--\
DN N s Y
DNU  SO/IO1  SI/I00 HOLD#/103
l—.ﬂ O—.\ O—.\ )—.\
v ' ' '
E ~-" ‘~-" ~-" ‘~-'.
NC NC NC  VIO/RFU
F .' ‘) .' ~| .' ~| .' ~|
oL oL oL oL
NC NC NC NC

Figure 7.3 24-Ball BGA, 4 x 6 Ball Footprint (FAC024), Top View

1. Signal connections are in the same relative positions as FAB024 BGA, allowing a single PCB footprint to use either package.
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7.3.2 FACO024 Physical Diagram

FACO024 — 24-Ball BGA (6 x 8 mm) Package

»

A\

7.3.3

D] Pl [eD}—| o
alo.15] ¢ T [
T
(2%) | \ !
| s ooolooo —
SE | /A
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3 o O 0O'0O O O —|5HY
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‘ T—2——0 O O]|O O O
|
‘ 1 c O 00 O O —
‘ B “
INDEX MARK FE c B A \
Sl b A ok
TOP_VIEW AaJoas[c] SD —
(2x)
BOTTOM VIEW
A | | [~/To.20[ ]
U (}U-&}AAAAA—:
/ SIDE VIEW el 1o[c]
24X @b
® 0.15 IIEI
@ |2 0.08 )] lm
PACKAGE FACD24 NOTES
JEDEC NA 1. DIMENSIONING AND TOLERANCING METHODSPER
ASMEY14.5M-1994,
DxE 8.00 mm x 6.00 mm NOM
PACKAGE 2. ALLDIMENSONSAREIN MILLIMETERS
SYMBOL MIN NOM MAX NOTE 3. BALL POSTION DESIGNATION PER JEP95, SECTION
43, SPPO10.
A 120 | PROFLE
4. [e |REPRESENTSTHE SOLDERBALL GRD PITCH.
AL 025 — | BALLHBGHT
— 5. SYMBOL "MD" ISTHEBALL MATRX SIZEIN THE'D"
2 070 090 | BODY THICKNESS DIRECTION.
) 800BC BODY S7E SYMBOL "ME' ISTHEBALL MATRIX SZEIN THE
LE] 6.00 BC. BODY SZE "E’ DIRECTION.
b1 5.00 BSC. MATRIX FOOTPRINT n ISTHENUMBER OF POPULATED SOLDERBALL POSITIONS
— FORMATRX SZEMD XME
El| 3.00 BC. MATRIX FOOTPRINT
— A DIMENSION "b" ISMEASURED AT THE MAXIMUM BALL
MD 6 MATRIX SZED DIRECTION DIAMETERIN A PLANE PARALLEL TO DATUM C.
ME 4 MATRX SZEEDIRECTION DATUM CISTHE SEATING PLANEAND IS DEFINED BY THE
N 2 BALL COUNT CROWNSOF THE SOLDERBALLS.
2 035 040 045 | BALL DIAVETER SD AND SEAREMEASURED WITH RESPECT TO DATUMSA
AND BAND DEFINETHEPOSITION OF THE CENTER SOLDER
[e] 1.00BSC. BALL PITCHL BALL IN THE OUTERROW.
D/ E 05/05 SOLDERBALL PLACEMENT WHEN THEREIS AN ODD NUMBEROF SOLDERBALLSIN THE
DEPOPULATED SOLDERBALLS OUTERROW SD ORSE= 0.000.
WHEN THEREISAN EVEN NUMBER OF SOLDERBALLSIN THE
J PACKAGE OUTLINETYPE OUTERROW, SD ORSE= /2
8. "+" INDICATESTHE THEORETICAL CENTEROF DEPOPULATED
BALLS
A A1 CORNERTO BEIDENTIFIED BY CHAMFER LASERORINK
MARK, METALLIZED MARK INDENTATION OROTHERMEANS
10 OUTLINEAND DIMENSIONS PER CUSTOMER REQUIRBVIENT.

3642 F16-0389) 09.1009

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

Data Sheet

Interface

This section discusses the features and behaviors most relevant to host system software that interacts with
the S25FL512S memory device.

8. Address Space Maps

8.1

8.1.1

8.1.2

8.2

8.3

Overview

Extended Address

The S25FL512S device supports 32-bit addresses to enable higher density devices than allowed by previous
generation (legacy) SPI devices that supported only 24-bit addresses. A 24-bit byte resolution address can
access only 16 Mbytes (128 Mbits) of maximum density. A 32-bit byte resolution address allows direct
addressing of up to a 4 Ghytes (32 Gbits) of address space.

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

B Bank address register — a software (command) loadable internal register that supplies the high order bits
of address when legacy 24-bit addresses are in use.

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

B New commands — that perform both legacy and new functions, which expect 32-bit address.

The default condition at power-up and after reset, is the Bank address register loaded with zeros and the
extended address mode set for 24-bit addresses. This enables legacy software compatible access to the first
128 Mbits of a device.

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 32-bit address but may only
define a small portion of the available address space.

Flash Memory Array

The main flash array is divided into erase units called sectors. The sectors are organized as uniform
256-kbyte sectors.

Table 8.1 S25FL512S Sector and Memory Address Map, Uniform 256-kbyte Sectors

Sector Size (kbyte) Sector Count Sector Range Address Range (8-bit) Notes

SA00 00000000h-0003FFFFh

Sector Starting Address

256 256

Sector Ending Address

SA255 03FC0000h-03FFFFFFh

Note: This is a condensed table that uses a sector as a reference. There are address ranges that are not
explicitly listed. All 256-kB sectors have the pattern XXXX0000h-XXXXFFFFh.

ID-CFI Address Space

The RDIDJ command (9Fh) reads information from a separate flash memory address space for device
identification (ID) and Common Flash Interface (CFI) information. See Device ID and Common Flash
Interface (ID-CFI) Address Map on page 122 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.
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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 11.2, Serial Flash Discoverable Parameters (SFDP) Address Map on page 120 for the table
defining the contents of the SFDP address space. The SFDP address space is programmed by Spansion and
is read-only for the host system

8.5 OTP Address Space

Each S25FL512S 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 these bytes.

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 56 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 (CR1[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.

January 8, 2014 S25FL512S_00_07 S25FL512S 55



N

Data Sheet

SPANSION®
A N
Figure 8.1 OTP Address Space
32 Byte OTP Region 31
32 Byte OTP Region 30
32 Byte OTP Region 29
When programmed to
“0” each lock bit
protects its related 32
byte region from any
further programming
32 Byte OTP Region 3
32 Byte OTP Region 2
32 Byte OTP Region 1
32 Byte OTP Region 0O
Lock Bits 31to 0
-
Contents of Region 0 { I Reserved I Lock Byte/s'l 16 Byte Random Number/' I
Byte 1F Byte 10 Byte O
Table 8.2 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
O00F Spansion Programmed Random
Region 0 Number
Region Locking Bits
Byte 10 [bit O] locks region O
010 to 013 from programming when = 0 All bytes = FF
Byte 13 [bit 7] locks region 31
from 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
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Registers

Registers are small groups of memory cells used to configure how the S25FL512-S 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.
The individual register bits may be volatile, non-volatile, or One Time Programmable (OTP). 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.

Status Register 1 (SR1)

Related Commands: Read Status Register (RDSR1 05h), Write Registers (WRR 01h), Write Enable (WREN
06h), Write Disable (WRDI 04h), Clear Status Register (CLSR 30h).

Table 8.3 Status Register-1 (SR1)

Bits Field Function Type Default State Description
Name
Status Regist 1 = Locks state of SRWD, BP, and configuration register
7 SRWD atus Register Non-Volatile 0 bits when WP# is low by ignoring WRR command
Write Disable . .
0 = No protection, even when WP# is low
Programming . 1 = Error occurred.
6 P_ERR Error Occurred Volatile, Read only 0 0 = No Error
Erase Error ) 1 = Error occurred
5 E_ERR Occurred Volatile, Read only 0 0 = No Error
4 BP2 Volatile If CRL[3=1 1if CR1[3]=1,
olatile i =1,
3 BP1 Bloclf Non-Volatile if .O when Protects selected range of sectors (Block) from Program
Protection _ shipped from | or Erase
CR1[3]=0 )

2 BPO Spansion
1 = Device accepts Write Registers (WRR), program or
erase commands

1 WEL Write Enable Volatile 0 0 = Device ignores Write Registers (WRR), program or

Latch erase commands
This bit is not affected by WRR, only WREN and WRDI
commands affect this bit
1 = Device Busy, a Write Registers (WRR), program,
Write in . erase or other operation is in progress
0 WIP Volatile, Read onl 0 L
Progress Y 0 = Ready Device is in standby mode and can accept

commands

The Status Register contains both status and control bits:

Status Register Write Disable (SRWD) SR1[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 SRWD, BP2, BP1, and BPO bits of the

Status Register become read-only bits and the Write Registers (WRR) command is no longer accepted for

execution. If WP# is high the SRWD bit and BP bits may be changed by the WRR command. If SRWD is 0,
WP# has no effect and the SRWD bit and BP bits may be changed by the WRR command. The SRWD bit

has the same non-volatile endurance as the main flash array.

Program Error (P_ERR) SR1[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 locked OTP region. When the Program Error bit is set to a 1 this bit can be reset to 0 with the Clear Status
Register (CLSR) command. This is a read-only bit and is not affected by the WRR command.

Erase Error (E_ERR) SR1[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 reset to 0 with the Clear Status Register (CLSR) command. This
is a read-only bit and is not affected by the WRR command.
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Block Protection (BP2, BP1, BP0O) SR1[4:2]: These bits define the main flash array area to be software-
protected against program and erase commands. The BP bits are either volatile or non-volatile, depending on
the state of the BP non-volatile bit (BPNV) in the configuration register. 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 Block Protection on page 66 for a description of
how the BP bit values select the memory array area protected. The BP bits have the same non-volatile
endurance as the main flash array.

Write Enable Latch (WEL) SR1[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 0 to prevent all program, erase, and write commands from execution. The WEL bit is
cleared to O 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 command does not affect this bit.

Write In Progress (WIP) SR1[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),
Erase Suspend (ERSP), Program Suspend (PGSP), Clear Status Register (CLSR), and Software Reset
(RESET) commands may be 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 one, the WIP bit will remain set to one 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.

Configuration Register 1 (CR1)

Related Commands: Read Configuration Register (RDCR 35h), Write Registers (WRR 01h). The
Configuration Register bits can be changed using the WRR command with sixteen input cycles.

The configuration register controls certain interface and data protection functions.

Table 8.4 Configuration Register (CR1)

) ) ) Default .
Bits Field Name Function Type State Description
7 LC1 0 initi
Latency Code Non-Volatile Selects number of initial read latency cycles

6 LCO 0 See Latency Code Tables

Configures Start of 1 = BP starts at bottom (Low address)
5 TBPROT . oTP 0 .

Block Protection 0 = BP starts at top (High address)

4 RFU RFU RFU 0 Reserved for Future Use

Configures BP2-0 in 1 = Volatile
3 BPNV Status Register orp 0 0 = Non-Volatile
2 RFU RFU RFU 0 Reserved for Future Use

Puts the device into . 1 = Quad
1 QUAD Quad I/0 operation Non-Volatile 0 0 = Dual or Serial

Lock current state of

BP2-0 bits in Status

Register, TBPROT in ) 1 = Block Protection and OTP locked
0 FREEZE Configuration Volatile 0 0 = Block Protection and OTP un-locked

Register, and OTP

regions
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Latency Code (LC) CR1[7:6]: The Latency Code selects the number of mode and dummy cycles between
the end of address and the start of read data output for all read commands.

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

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

The following latency code tables provide different latency settings that are configured by Spansion. The High
Performance versus the Enhanced High Performance settings are selected by the ordering part number.

Where mode or latency (dummy) cycles are shown in the tables as a dash, that read command is not
supported at the frequency shown. Read is supported only up to 50 MHz but the same latency value is
assigned in each latency code and the command may be used when the device is operated at < 50 MHz with
any latency code setting. Similarly, only the Fast Read command is supported up to 133 MHz but the same
10b latency code is used for Fast Read up to 133 MHz and for the other dual and quad read commands up to
104 MHz. It is not necessary to change the latency code from a higher to a lower frequency when operating at
lower frequencies where a particular command is supported. The latency code values for a higher frequency
can be used for accesses at lower frequencies.

The High Performance settings provide latency options that are the same or faster than alternate source SPI
memories. These settings provide mode bits only for the Quad 1/0O Read command.

The Enhanced High Performance settings similarly provide latency options the same or faster than additional
alternate source SPI memories and adds mode bits for the Dual I/O Read, DDR Fast Read, and DDR
Dual I/0 Read commands.

Read DDR Data Learning Pattern (DLP) bits may be placed within the dummy cycles immediately before the
start of read data, if there are 5 or more dummy cycles. See Read Memory Array Commands on page 89 for
more information on the DLP.

Table 8.5 Latency Codes for SDR High Performance

Read Fast Read Read Dual Out Read Quad Out Dual I/0O Read Quad I/O Read
(';/rlﬁg) LC (03h, 13h) (0Bh, 0Ch) (3Bh, 3Ch) (6Bh, 6Ch) (BBh, BCh) (EBh, ECh)
Mode Dummy Mode Dummy Mode Dummy Mode Dummy Mode Dummy Mode Dummy
<50 11 0 0 0 0 0 0 0 0 0 4 2 1
<80 | 00 - 0 8 0 8 0 8 0 4 2 4
<90 | 01 - 0 8 0 8 0 8 0 5 2 4
<104 | 10 - 0 8 0 8 0 8 0 6 2 5
<133 | 10 - 0 8 - -
Table 8.6 Latency Codes for DDR High Performance
DDR Fast Read DDR Dual I/0 Read Read DDR Quad I/0
Freq.
(MH2) LC (0Dh, OEh) (BDh, BEh) (EDh, EEh)
Mode Dummy Mode Dummy Mode Dummy
<50 11 0 4 0 4 1 3
<66 00 0 5 0 6 1 6
<66 01 0 6 0 7 1 7
<66 10 0 7 0 8 1 8
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Table 8.7 Latency Codes for SDR Enhanced High Performance

Read Fast Read Read Dual Out Read Quad Out Dual I/0 Read Quad I/0 Read

(F,\;quz) LC (03h, 13h) (0Bh, 0Ch) (3Bh, 3Ch) (6Bh, 6Ch) (BBh, BCh) (EBh, ECh)
Mode Dummy Mode Dummy Mode Dummy Mode Dummy Mode Dummy Mode Dummy

<50 11 0 0 0 0 0 0 0 0 4 0 2 1
<80 00 - - 0 8 0 8 0 8 4 0 2 4
<90 01 - - 0 8 0 8 0 8 4 1 2 4
<104 | 10 - - 0 8 0 8 0 8 4 2 2 5
<133 | 10 - - 0 8 -

Table 8.8 Latency Codes for DDR Enhanced High Performance

DDR Fast Read DDR Dual I/O Read Read DDR Quad I/O
(F,\;ﬁﬁz) LC (0Dh, OEh) (BDh, BEh) (EDh, EEh)
Mode Dummy Mode Dummy Mode Dummy
<50 11 4 1 2 2 1 3
<66 00 4 2 2 4 1 6
<66 01 4 4 2 5 1 7
<66 10 4 5 2 6 1 8

Top or Bottom Protection (TBPROT) CR1[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, 1/4, 1/2, etc., up to the entire array.
When TBPROT is set to a 0 the Block Protection is defined to start from the top (maximum address) of the
array. When TBPROT is set to a 1 the Block Protection is defined to start from the bottom (zero address) of
the array. The TBPROT bit is OTP and set to a 0 when shipped from Spansion. If TBPROT is programmed to
1, an attempt to change it back to 0 will fail and set the Program Error bit (P_ERR in SR1[6]).

The desired state of TBPROT 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 must not be
programmed after programming or erasing is done in the main flash array.

CR1[4]: Reserved for Future Use

Block Protection Non-Volatile (BPNV) CR1[3]: The BPNV bit defines whether or not the BP2-0 bits in the
Status Register are volatile or non-volatile. The BPNV bit is OTP and cleared to a0 with the BP bits cleared to
000 when shipped from Spansion. When BPNV is set to a 0 the BP2-0 bits in the Status Register are non-
volatile. When BPNV is set to a 1 the BP2-0 bits in the Status Register are volatile and will be reset to binary
111 after POR, hardware reset, or command reset. If BPNV is programmed to 1, an attempt to change it back
to O will fail and set the Program Error bit (P_ERR in SR1[6]).

CR1[2]: Reserved for Future Use.

Quad Data Width (QUAD) CR1[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 HOLD# becomes 103. The WP# and HOLD# inputs are not
monitored for their normal functions and are internally set to high (inactive). The commands for Serial, Dual
Output, and Dual I/0 Read still function normally but, there is no need to drive WP# and Hold# inputs for
those commands when switching between commands using different data path widths. The QUAD bit must
be set to one when using Read Quad Out, Quad I/O Read, Read DDR Quad I/0, and Quad Page Program
commands. The QUAD bit is non-volatile.

Freeze Protection (FREEZE) CR1[0]: The Freeze Bit, when set to 1, locks the current state of the BP2-0 bits
in Status Register, the TBPROT and TBPARM bits in the Configuration Register, and the OTP address
space. This prevents writing, programming, or erasing these areas. As long as the FREEZE bit remains
cleared to logic 0 the other bits of the Configuration Register, including 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 FREEZE bit is volatile and the default state of FREEZE after power-on is 0. The FREEZE bit
can be set in parallel with updating other values in CR1 by a single WRR command.
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8.6.3 Status Register 2 (SR2)
Related Commands: Read Status Register 2 (RDSR2 07h).
Table 8.9 Status Register-2 (SR2)
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
2 RFU Reserved 0 Reserved for Future Use
. 1 = In erase suspend mode
1 ES Erase Suspend | Volatile, Read only 0 0 = Not in erase suspend mode
Program . 1 = In program suspend mode
0 PS Suspend Volatile, Read only 0 0 = Not in program suspend mode

Erase Suspend (ES) SR2[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. 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 Erase Suspend and Resume Commands (75h) (7Ah) for details about the Erase Suspend/Resume

commands.

Program Suspend (PS) SR2[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. 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 Program Suspend (PGSP 85h) and Resume (PGRS 8Ah) on page 106 for

details.

8.6.4 AutoBoot Register
Related Commands: AutoBoot Read (ABRD 14h) and AutoBoot Write (ABWR 15h).

The AutoBoot Register provides a means to automatically read boot code as part of the power on reset,
hardware reset, or software reset process.
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Table 8.10 AutoBoot Register

Bits Field Name Function Type Default State Description
31109 ABSA AutoBoot Start Non-Volatile 000000h 512 byte boundary address for the start of
Address boot code access
Number of initial delay cycles between CS#
8tol ABSD AutoBoot StartDelay | Non-Volatile 00h going low and the first bit of boot code being
transferred
. 1 = AutoBoot is enabled
ABE AutoBoot Enable Non-Volatile 0 0 = AutoBoot is not enabled

Bank Address Register

Related Commands: Bank Register Access (BRAC B9h), Write Register (WRR 01h), Bank Register Read
(BRRD 16h) and Bank Register Write (BRWR 17h).

The Bank Address register supplies additional high order bits of the main flash array byte boundary address
for legacy commands that supply only the low order 24 bits of address. The Bank Address is used as the high
bits of address (above A23) for all 3-byte address commands when EXTADD=0. The Bank Address is not
used when EXTADD = 1 and traditional 3-byte address commands are instead required to provide all four
bytes of address.

Table 8.11 Bank Address Register (BAR)

Bits Field Name Function Type Default State Description
1 = 4-byte (32-bits) addressing required from command.
7 EXTADD Extended Address Volatile Ob 0 = 3-byte (24-bits) addressing from command + Bank
Enable
Address
6t02 RFU Reserved Volatile 00000b Reserved for Future Use
1 BA25 Bank Address Volatile 0 A25 for 512 Mb device
0 RFU Bank Address Volatile 0 RFU for lower density device

Extended Address (EXTADD) BAR][7]:

EXTADD controls the address field size for legacy SPI commands. By

default (power up reset, hardware reset, and software reset), it is cleared to 0 for 3 bytes (24 bits) of address.
When set to 1, the legacy commands will require 4 bytes (32 bits) for the address field. This is a volatile bit.
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8.6.6 ASP Register (ASPR)
Related Commands: ASP Read (ASPRD 2Bh) and ASP Program (ASPP 2Fh).
The ASP register is a 16-bit OTP memory location used to permanently configure the behavior of Advanced
Sector Protection (ASP) features.
Table 8.12 ASP Register (ASPR)
. ’ ) Default -
Bits Field Name Function Type State Description
15t0 9 RFU Reserved OoTP 1 Reserved for Future Use
8 RFU Reserved OoTP (Note 1) | Reserved for Future Use
7 RFU Reserved OoTP (Note 1) | Reserved for Future Use
6 RFU Reserved OTP 1 Reserved for Future Use
5 RFU Reserved OoTP (Note 1) | Reserved for Future Use
4 RFU Reserved oTP (Note 1) | Reserved for Future Use
3 RFU Reserved OoTP (Note 1) | Reserved for Future Use
Password _ .
2 PWDMLE Protection Mode oTP 1 0 = Password Protect!on Mode permanently enabled.
Lock Bit 1 = Password Protection Mode not permanently enabled.
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 OTP 1 Reserved for Future Use
Note:
1. Default value depends on ordering part number, see Initial Delivery State on page 136.
Reserved for Future Use (RFU) ASPR[15:3, O].
Password Protection Mode Lock Bit (PWDMLB) ASPR[2]: When programmed to 0, 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 and PSTMLB are mutually exclusive, only one may be
programmed to zero.
8.6.7 Password Register (PASS)
Related Commands: Password Read (PASSRD E7h) and Password Program (PASSP E8h).
Table 8.13 Password Register (PASS)
Bits Field Function Type Default State Description
Name yp P
. . Non-volatile OTP storage of 64-bit password. The password is
63t00 PWD Hidden oTP FFFFFFFR no longer readable after the password protection mode is
Password FFFFFFFFh : ] .
selected by programming ASP register bit 2 to zero.
8.6.8 PPB Lock Register (PPBL)

Related Commands: PPB Lock Read (PLBRD A7h, PLBWR A6h)

Table 8.14 PPB Lock Register (PPBL)

Bits Field Name Function Type Default State Description
7t0l RFU Reserved Volatile 00h Reserved for Future Use
. . _ 0 = PPB array protected until next power cycle
0 PPBLOCK | Protect PPB Array | Volatile Persistent Protect!on Mode - 1 or hardware reset
Password Protection Mode = 0 _
1= PPB array may be programmed or erased.
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8.6.9 PPB Access Register (PPBAR)

Related Commands: PPB Read (PPBRD E2h)

Table 8.15 PPB Access Register (PPBAR)

Default

Function State

Bits Field Name Type Description

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

FFh = PPB for the sector addressed by the PPBRD or
PPBP command is erased to 1, not protecting that
sector from program or erase operations.

Read or Program per

7100 sector PPB

PPB Non-volatile FFh

8.6.10 DYB Access Register (DYBAR)
Related Commands: DYB Read (DYBRD EOh) and DYB Program (DYBP E1h).
Table 8.16 DYB Access Register (DYBAR)
Bits Field Name Function Type Default State Description
00h = DYB for the sector addressed by the DYBRD or DYBP
command is cleared to 0, protecting that sector from program or
Read or Write . erase operations.

710 DYB per sector DYB Volatile FFh FFh = DYB for the sector addressed by the DYBRD or DYBP
command is set to 1, not protecting that sector from program or
erase operations.

8.6.11  SPIDDR Data Learning Registers
Related Commands: Program NVDLR (PNVDLR 43h), Write VDLR (WVDLR 4Ah), Data Learning Pattern
Read (DLPRD 41h).
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 IO 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 IO’s will output 0;
subsequently, the 2nd clock edge all 1/0’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 8.17 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
7100 NVDLP DN?HLV()la“.Ie oTP 0oh command latency (dummy) cycles to provide a training pattern to
0 ala; earning help the host more accurately center the data capture point in the
attern . .
received data bits.
Table 8.18 Volatile Data Learning Register (NVDLR)
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

9.1.1

9.1.2

9.1.3

9.14

9.2

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 55,
One Time Program Array Commands on page 111, and OTP Read (OTPR 4Bh): on page 111.

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.

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 56. OTP
Program operations outside the valid OTP address range will be ignored and the WEL in SR1 will remain high
(setto 1). OTP Program operations while FREEZE = 1 will fail with P_ERR in SR1 set to 1.

Spansion Programmed Random Number

Spansion standard practice is to program the low order 16 bytes of the OTP memory space (locations 0x0 to
O0xF) 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.

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 Section 8.5, OTP Address Space on page 55.

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 O (disables writes)
during power-up, hardware reset, or after the device completes the following commands:

— Reset

— Page Program (PP)

— Sector Erase (SE)

— Bulk Erase (BE)

— Write Disable (WRDI)

— Write Registers (WRR)

— Quad-input Page Programming (QPP)
— OTP Byte Programming (OTPP)

January 8, 2014 S25FL512S_00_07 S25FL512S 65



N

SPANSION® Data Sheet

A\

9.3 Block Protection

The Block Protect bits (Status Register bits BP2, BP1, BP0) in combination with the Configuration Register
TBPROT 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 bit of the configuration register.

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

Status Register Content Protected Memory (kbytes)

Bp2 Bp1 BP0 Protected Fraction of Memory Array lgligll\is

0 0 0 None 0

0 0 1 Upper 64th 1024

0 1 0 Upper 32nd 2048

0 1 1 Upper 16th 4096

1 0 0 Upper 8th 8192

1 0 1 Upper 4th 16384

1 1 0 Upper Half 32768

1 1 1 All Sectors 65536

Table 9.2 Lower Array Start of Protection (TBPROT = 1)

Status Register Content Protected Memory (kbytes)
Protected Fraction of Memory Array FL512S
BP2 BP1 BPO 512 Mb
0 0 0 None 0
0 0 1 Lower 64th 1024
0 1 0 Lower 32nd 2048
0 1 1 Lower 16th 4096
1 0 0 Lower 8th 8192
1 0 1 Lower 4th 16384
1 1 0 Lower Half 32768
1 1 1 All Sectors 65536

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. Recommendation: ASP and Block Protection should not be used concurrently. Use one or the other,
but not both.

9.3.1 Freeze bit

Bit0 of the Configuration Register is the FREEZE bit. The FREEZE bit locks the BP2-0 bits in Status Register
1 and the TBPROT bit in the Configuration Register to their value at the time the FREEZE bit is set to 1. Once
the FREEZE bit has been written to a logic 1 it cannot be cleared to a logic 0 until a power-on-reset is
executed. As long as the FREEZE bit is cleared to logic 0 the status register BP bits and the TBPROT bit of
the Configuration Register are writable. The FREEZE bit also protects the entire OTP memory space from
programming when set to 1. Any attempt to change the BP bits with the WRR command while FREEZE =1 is
ignored and no error status is set.

9.3.2 Write Protect Signal

The Write Protect (WP#) input in combination with the Status Register Write Disable (SRWD) bit provide
hardware input signal controlled protection. When WP# is Low and SRWD is set to 1 the Status and
Configuration register is protected from alteration. This prevents disabling or changing the protection defined
by the Block Protect bits.
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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. An
overview of these methods is shown in Figure 9.1, Advanced Sector Protection Overview on page 67.

9.4

Block Protection and ASP protection settings for each sector are logically OR’d 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 66 for full details of the BP2-0 bits.

Figure 9.1 Advanced Sector Protection Overview

ASP Register
One Time Programmable

Password Method | Persistent Method
(ASPR[2]=0) (ASPR[1]=0)

7.) Persistent Method only allows
PPB Lock to be cleared to “0” to
prevent program or erase of PPB

6.) Password Method requires a
password to set PPB Lock to “1”

to enable program or erase of 64-bit Password

(One Time Protect)

PPB bits bits. Power off or hardware reset
required to set PPB Lock to “1”
; 4.) PPB Lock bit is volatile and
defaults to “1” (persistent
PBB Lock Bit mode).or “0” (password mode)
upon reset
“0” = PPBs locked “1"=PPBs unlocked 5.) PPB Lock = “0” locks all PPBs
to their current state
Persistent Dynamic
Protection Bits Protection Bits
Memory Array (PPB) (DYB)
— <
Sector 0 PPB 0 DYBO
< <
Sector 1 PPB 1 DYB 1
— <
Sectar 2 PPB 2 DYB 2
-
G <
Sector N-2 PPB N-2 DYB N-2
— G
Sector N-1 PPB N-1 DYB N-1
] <
Sector N PPB N DYB N

1.) N = Highest Address Sector, 3.) DYB are volatile bits

a sector is protected if its PPB ="0"
orits DYB = “0"

2.) PPB are programmed individually
but erased as a group

Every main flash array sector has a non-volatile (PPB) and a volatile (DYB) protection bit 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 PPB Lock bit is 0. There are two methods for
managing the state of the PPB Lock bit, Persistent Protection and Password Protection.

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 O 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 0 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.

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.
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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 8.12, ASP Register (ASPR) on page 63.

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 ASPR[2:1] = 00 = lllegal condition, attempting to program both bits 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 Protection Mode Lock Bits are permanently protected from
programming and no further changes to the ASP register is allowed.

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 (SR1) on page 57 for information on WIP.

After selecting a sector protection method, each sector can operate in each of the following states:
® Dynamically Locked — A sector is protected and can be changed by a simple command.
B Persistently Locked — A sector is protected and cannot be changed if its PPB Bit is 0.

B Unlocked — The sector is unprotected and can be changed by a simple command.

9.4.2 Persistent Protection Bits

The Persistent Protection Bits (PPB) are located in a separate nonvolatile 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.

9.4.3 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.
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9.4.4  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 and when set
to 1, it allows the PPBs to be changed.

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 O,
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 O during POR or a hardware reset. The PPB
Lock bit can only be set to 1 by the Password Unlock command.

9.4.5 Sector Protection States Summary
Each sector can be in one of the following protection states:

B Unlocked — The sector is unprotected and protection can be changed by a simple command. The
protection state defaults to unprotected after a power cycle, software reset, or hardware reset.

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 1 Unprotected — PPB and DYB are changeable
1 1 0 Protected — PPB and DYB are changeable
1 0 1 Protected — PPB and DYB are changeable
1 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 O to protect the PPB. There is no command to set the PPB
Lock bit therefore the PPB Lock bit will remain at O until the next power-off or hardware reset.

947 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 clears the
PPB Lock bit, 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 ‘0’s. Programming a 1 after a cell is
programmed as a O results in the cell left as a O with no programming error set.
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The password is all 1's when shipped from Spansion. It is located in its own memory space and is
accessible through the use of the Password Program and Password Read 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. 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.

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 one and the
WIP Bit remains set. In this case it is a failure to change the state of the PPB Lock bit because it is still
protected by the lack of a valid password.

The Password Unlock command cannot be accepted any faster than once every 100 us £ 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 us delay before returning the WIP bit to zero.

If the password is lost after selecting the Password Mode, there is no way to set the PPB Lock bit.

70

S25FL512S S25FL512S_00_07 January 8, 2014



N

Data Sheet SPANSION"®
A N

10. Commands

All communication between the host system and the S25FL512S memory device 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
serially between the host system and memory device.

All instructions are transferred from host to memory as a single bit serial sequence on the Sl signal.

Single bit wide commands may provide an address or data sent only on the Sl signal. Data may be sent back
to the host serially on SO signal.

Dual or Quad Output commands provide an address sent to the memory only on the Sl signal. Data will be
returned to the host as a sequence of bit pairs on 100 and 101 or four bit (nibble) groups on 100, 101, 102,
and 103.

Dual or Quad Input/Output (I/0) commands provide an address sent from the host as bit pairs on |00 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.

Commands are structured as follows:
B Each command begins with an eight bit (byte) instruction.

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.

W 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 (10 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 two bit (dual) or parallel four bit (quad) transfers.

W The width of all transfers following the instruction are determined by the instruction sent.
W All sIngle bits or parallel bit groups are transferred in most to least significant bit order.

B Some instructions send instruction modifier (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.

B Read latency may be zero to several SCK cycles (also referred to as dummy cycles).

B 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.

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. 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.

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.

B 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
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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 22.

— 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.

10.1 Command Set Summary
10.1.1 Extended Addressing

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

1. New instructions are provided with 4-byte address, used to access up to 32 Gb of memory.

Instruction Name Description Code (Hex)
AFAST_READ Read Fast (4-byte Address) oc
4AREAD Read (4-byte Address) 13
4DOR Read Dual Out (4-byte Address) 3C
4QO0R Read Quad Out (4-byte Address) 6C
4DIOR Dual I/0 Read (4-byte Address) BC
4QIOR Quad I/0 Read (4-byte Address) EC
4ADDRFR Read DDR Fast (4-byte Address) OE
4DDRDIOR DDR Dual I/O Read (4-byte Address) BE
4DDRQIOR DDR Quad I/0 Read (4-byte Address) EE
4PP Page Program (4-byte Address) 12
4QPP Quad Page Program (4-byte Address) 34
4SE Erase 256 kB (4-byte Address) DC
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2. For backward compatibility to the 3-byte address instructions, the standard instructions can be

used in conjunction with the EXTADD Bit in the Bank Address Register (BAR[7]). By default BAR[7]
is cleared to O (following power up and hardware reset), to enable 3-byte (24-bit) addressing. When
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 EXTADD bit to switch from 3 bytes to 4 bytes

of address field.

A\

Instruction Name Description Code (Hex)
READ Read (3-byte Address) 03
FAST_READ Read Fast (3-byte Address) 0B
DOR Read Dual Out (3-byte Address) 3B
QOR Read Quad Out (3-byte Address) 6B
DIOR Dual I/0O Read (3-byte Address) BB
QIOR Quad /0 Read (3-byte Address) EB
DDRFR Read DDR Fast (3-byte Address) oD
DDRDIOR DDR Dual I/0 Read (3-byte Address) BD
DDRQIOR DDR Quad I/0O Read (3-byte Address) ED
PP Page Program (3-byte Address) 02
QPP Quad Page Program (3-byte Address) 32
SE Erase 256 kB (3-byte Address) D8

3. For backward compatibility to the 3-byte addressing, the standard instructions can be used in
conjunction with the Bank Address Register:

a. The Bank Address Register is used to switch between 128-Mbit (16-Mbyte) banks of memory,
The standard 3-byte address selects an address within the bank selected by the Bank Address

Register.

i. The host system writes the Bank Address Register to access beyond the first 128 Mbits of

memory.

ii. This applies to read, erase, and program commands.

b. The Bank Register provides the high order (4th) byte of address, which is used to address the

available memory at addresses greater than 16 Mbytes.

c. Bank Register bits are volatile.

i. On power up, the default is BankO (the lowest address 16 Mbytes).

d. For Read, the device will continuously transfer out data until the end of the array.

i. There is no bank to bank delay.

ii. The Bank Address Register is not updated.

iii. The Bank Address Register value is used only for the initial address of an access.

Table 10.1 Bank Address Map

Bank Address Register Bits
Bank Memory Array Address Range (Hex)
Bit 1 Bit 0
0 0 0 00000000 O00FFFFFF
0 1 1 01000000 01FFFFFF
1 0 2 02000000 02FFFFFF
1 1 3 03000000 03FFFFFF
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Table 10.2 S25FL512S Command Set (sorted by function) (Sheet 1 of 2)
; Command _— Instruction Maximum
Function Name Command Description Value (Hex) Frequency
(MHz)(1)
iﬁéll?/lé;) Read Electronic Manufacturer Signature 90 133
Read Device RDID Read ID (JEDEC Manufacturer ID and JEDEC CFI) oF 133
Identification
RES Read Electronic Signature AB 50
RSFDP Read Serial Flash Discoverable Parameters 5A 133
RDSR1 Read Status Register-1 05 133
RDSR2 Read Status Register-2 07 133
RDCR Read Configuration Register-1 35 133
WRR Write Register (Status-1, Configuration-1) 01 133
WRDI Write Disable 04 133
WREN Write Enable 06 133
CLSR Clear Status Register-1 - Erase/Prog. Fail Reset 30 133
133
Register Access ABRD AutoBoot Register Read 14 (QUS)ZZO)
(QUAD=1)
ABWR AutoBoot Register Write 15 133
BRRD Bank Register Read 16 133
BRWR Bank Register Write 17 133
BRAC :_Zr;kac?; ?:I(s)triini(r:\(;efsosrmerly used for Deep Power Down) B9 133
DLPRD Data Learning Pattern Read 41 133
PNVDLR Program NV Data Learning Register 43 133
WVDLR Write Volatile Data Learning Register 4A 133
READ Read (3- or 4-byte address) 03 50
4READ Read (4-byte address) 13 50
FAST_READ | Fast Read (3- or 4-byte address) 0B 133
AFAST_READ | Fast Read (4-byte address) oC 133
DDRFR DDR Fast Read (3- or 4-byte address) 0D 66
ADDRFR DDR Fast Read (4-byte address) OE 66
DOR Read Dual Out (3- or 4-byte address) 3B 104
4DOR Read Dual Out (4-byte address) 3C 104
QOR Read Quad Out (3- or 4-byte address) 6B 104
Read Flash Array
4QO0R Read Quad Out (4-byte address) 6C 104
DIOR Dual I/0O Read (3- or 4-byte address) BB 104
4DIOR Dual I/0O Read (4-byte address) BC 104
DDRDIOR DDR Dual I/0 Read (3- or 4-byte address) BD 66
4ADDRDIOR DDR Dual I/0 Read (4-byte address) BE 66
QIOR Quad I/0 Read (3- or 4-byte address) EB 104
4QIOR Quad I/0 Read (4-byte address) EC 104
DDRQIOR DDR Quad I/0O Read (3- or 4-byte address) ED 66
4DDRQIOR DDR Quad I/O Read (4-byte address) EE 66
PP Page Program (3- or 4-byte address) 02 133
4PP Page Program (4-byte address) 12 133
QPP Quad Page Program (3- or 4-byte address) 32 80
ProgrAarr:;;Iash QPP Quad Page Program - Alternate instruction (3- or 4-byte address) 38 80
4QPP Quad Page Program (4-byte address) 34 80
PGSP Program Suspend 85 133
PGRS Program Resume 8A 133
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Table 10.2 S25FL512S Command Set (sorted by function) (Sheet 2 of 2)
. Command . Instruction Maximum
Function Name Command Description Value (Hex) Frequency
(MHz)(1)
BE Bulk Erase 60 133
BE Bulk Erase (alternate command) C7 133
Erase Flash SE Erase 256 kB (3- or 4-byte address) D8 133
Array 4SE Erase 256 kB (4-byte address) DC 133
ERSP Erase Suspend 75 133
ERRS Erase Resume 7A 133
One Time OTPP OTP Program 42 133
Program Array OTPR OTP Read 4B 133
DYBRD DYB Read EO 133
DYBWR DYB Write El 133
PPBRD PPB Read E2 133
PPBP PPB Program E3 133
PPBE PPB Erase E4 133
Advanced Sector ASPRD ASP Read 2B 133
Protection ASPP ASP Program 2F 133
PLBRD PPB Lock Bit Read A7 133
PLBWR PPB Lock Bit Write A6 133
PASSRD Password Read E7 133
PASSP Password Program E8 133
PASSU Password Unlock E9 133
RESET Software Reset FO 133
Reset
MBR Mode Bit Reset FF 133
Reserved for MPM Reserved for Multi-/O-High Perf Mode (MPM) A3 133
Future Use
RFU Reserved-18 | Reserved 18
RFU Reserved-E5 | Reserved E5
RFU Reserved-E6 | Reserved E6
Note:

1. For Automotive In-Cabin temperature range (-40°C to +105°C), all Maximum frequency values are 5% slower than the Max values shown.

10.1.2 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 S25FL512S device supports the three most common device information
commands.

10.1.3  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.

10.1.3.1 Monitoring Operation Status

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 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 one, the WIP bit will remain set to one indicating the
device remains busy. Under this condition, only the CLSR, WRDI, RDSR1, RDSR2, and software RESET
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10.1.3.2

10.1.4

10.1.5

10.1.6

10.1.7

commands are valid commands. A Clear Status Register (CLSR) followed by a Write Disable (WRDI)
command must be sent to return the device to standby state. CLSR clears the WIP, P_ERR, and E_ERR bits.
WRDI clears the WEL bit. Alternatively, Hardware Reset, or Software Reset (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 50 MHz.

W Other read commands have a latency period between the address and returning data but can operate at
higher SCK frequencies. The latency depends on the configuration register latency code.

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 and may operate up to 133 MHz.

B Dual or Quad Output read commands provide address a single bit per SCK rising edge on the SI /100
signal with read data returning two bits, or four bits of data per SCK falling edge on the 100-103 signals.

B Dual or Quad I/O 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.

W Fast (Single), Dual, or Quad Double Data Rate read commands provide address one bit, two bits or four
bits per every SCK edge with read data returning one bit, two bits, or four bits of data per every SCK edge
on the 100-103 signals. Double Data Rate (DDR) operation is only supported for core and 1/O voltages of
3to 3.6V.

Program Flash Array

Programming data requires two commands: Write Enable (WREN), and Page Program (PP or QPP). The
Page Program command accepts from 1 byte up to 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 Sector Erase (SE) and Bulk Erase (BE) 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 (SE) or array-wide (BE)
level.

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.
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10.1.8 Reset

There is a command to reset to the default conditions present after power on to the device. There is a
command to reset (exit from) the Enhanced Performance Read Modes.

10.1.9 Reserved

Some instructions are reserved for future use. In this generation of the S25FL512S 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 affect. This allows legacy software to issue some commands that are not relevant for the current
generation S25FL512S device with the assurance these commands do not cause some unexpected action.

Some commands are reserved for use in special versions of the FL-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 ldentification - REMS (Read_ID or REMS 90h)

The READ_ID command identifies the Device Manufacturer ID and the Device ID. The command is also
referred to as Read Electronic Manufacturer and device Signature (REMS). READ-ID (REMS) is only
supported for backward compatibility and should not be used for new software designs. New software
designs should instead make use of the RDID command.

The command is initiated by shifting on SI the instruction code “90h” followed by a 24-bit address of 00000h.
Following this, the Manufacturer ID and the Device ID are shifted out on SO starting at the falling edge of SCK
after address. The Manufacturer ID and the Device ID are always shifted out with the MSB first. If the 24-bit
address is set to 000001h, then the Device ID is read out first followed by the Manufacturer ID. The
Manufacturer ID and Device ID output data toggles between address 000000H and 000001H until terminated
by a low to high transition on CS# input. The maximum clock frequency for the READ_ID command is

133 MHz.

Figure 10.1 READ_ID (90h) Command Sequence

cs# | 8 —
SCKMWMW
stz a5 TalaT2 1 To B\ 1 [o
SO 3 {zlelslalalolalolzlelslalalolslal

Phase | Instruction (90h) \ AWress | Manufacturer ID \ Device ID |

Table 10.3 Read_ID Values

Device Manufacturer ID (hex) Device ID (hex)
S25FL512S 01 19
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10.2.2  Read Identification (RDID 9Fh):

The Read Identification (RDID) command provides read access to manufacturer identification, device
identification, and Common Flash Interface (CFI) 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 CFl values to configure a family driver from the CFlI
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 ID-
CFI Address Space on page 54 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.

Figure 10.2 Read Identification (RDID 9Fh) Command Sequence

s B 7 Te (5 [alal> 1 [o [N (.

o {zlelslalalol1lolWlelslalalolalol

Phase ‘ Instruction ‘ Data 1 ‘ \\ Data N ‘

10.2.3  Read Electronic Signature (RES) (ABh):

The RES command is used to read a single byte Electronic Signature from SO. RES is only supported for
backward compatibility and should not be used for new software designs. New software designs should
instead make use of the RDID command.

The RES instruction is shifted in followed by three dummy bytes onto Sl. After the last bit of the three dummy
bytes are shifted into the device, a byte of Electronic Signature will be shifted out of SO. Each bit is shifted out
by the falling edge of SCK. The maximum clock frequency for the RES command is 50 MHz.

The Electronic Signature can be read repeatedly by applying multiples of eight clock cycles.

The RES command sequence is terminated by driving CS# to the logic high state anytime during data output.
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Figure 10.3 Read Electronic Signature (RES ABh) Command Sequence

Cs# | )\ [
sek MU WU oo

sifl7zlelsl4a[3[2]10f23) [1]0]

SO \ (71e[s[4l32]1]0]
Phase | _Instruction (ABh) . Y\pummy | Device ID |

Table 10.4 RES Values

Device Device ID (hex)

S25FL512S 19

10.2.4  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 eight dummy cycles. The SFDP bytes are then shifted out on SO starting at the falling edge of
SCK after the eight 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 maximum clock frequency for
the RSFDP command is 133 MHz.

Figure 10.4 RSFDP Command Sequence

cs# | 8 8 [
SereuipinipipipigipipipSgigign\\\gigigigigipigigigipigigipipipiin.
s.7|6|5|4|?|2|1|0|22|\\ I1Io[-_
e} {zlelslalalol1lal
Phase _ | Instruction \ A,Miress SSDummy Cycles _ pata1 |

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 Status Register-1 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-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.
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Figure 10.5 Read Status Register-1 (RDSR1 05h) Command Sequence

cs# | \! [
sck _[UUTUUUU U usSUu UL
s Il 71652321 o I
SO HARARARNNARARANN
Phase Instruction Status )| Updated Status

10.3.2 Read Status Register-2 (RDSR2 07h):

The Read Status Register (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 10.6 Read Status Register-2 (RDSR2 07h) Command Sequence

cs# | W [
Seaminnnnnnnnnnnnnnnnnnnpns
sill7]el5(4]3[2]1 o I\
SO {7l6l51al3[2[1]loMl6l5]a[3[2]1]0]
Phase Instruction Status \\ Updated Status

10.3.3 Read Configuration Register (RDCR 35h):

The Read Configuration Register (RDCR) command allows the Configuration Register contents to be read
from SO. It is possible to read the Configuration Register 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 10.7 Read Configuration Register (RDCR 35h) Command Sequence

s I 7 T 15 Ta [ T2 [0 To I,

0 {z71lelslalglol1lolzlelslalalolqlal

Phase ‘ Instruction ‘ Register Read ‘ Repeat Register Read ‘

10.3.4  Bank Register Read (BRRD 16h)

The Read the Bank Register (BRRD) command allows the Bank address Register contents to be read from
SO. The instruction is first shifted in from SI. Then the 8-bit Bank Register is shifted out on SO. It is possible

to read the Bank Register continuously by providing multiples of eight clock cycles. The maximum operating
clock frequency for the BRRD command is 133 MHz.
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Figure 10.8 Read Bank Register (BRRD 16h) Command

s I 7 Te (s alal>[n (o

o) {z1lelslalaflolalolzlelslalalofl1lol]
Phase \ Instruction \ Register Read | Repeat Register Read \

10.3.5 Bank Register Write (BRWR 17h)

The Bank Register Write (BRWR) command is used to write address bits above A23, into the Bank Address
Register (BAR). The command is also used to write the Extended address control bit (EXTADD) that is also in
BAR[7]. BAR provides the high order addresses needed by devices having more than 128 Mbits (16 Mbytes),
when using 3-byte address commands without extended addressing enabled (BAR[7] EXTADD = 0).
Because this command is part of the addressing method and is not changing data in the flash memory, this
command does not require the WREN command to precede it.

The BRWR instruction is entered, followed by the data byte on SlI. The Bank Register is one data byte in
length.

The BRWR command has no effect on the P_ERR, E_ERR or WIP bits of the Status and Configuration
Registers. Any bank address bit reserved for the future should always be written as a O.

Figure 10.9 Bank Register Write (BRWR 17h) Command

cs#
s 7 16 5 T4 131213 10171615 lTalals 1110 [N
\

O

Phase Instruction ‘ Input Data

10.3.6  Bank Register Access (BRAC B9h):

The Bank Register Read and Write commands provide full access to the Bank Address Register (BAR) but
they are both commands that are not present in legacy SPI memory devices. Host system SPI memory
controller interfaces may not be able to easily support such new commands. The Bank Register Access
(BRAC) command uses the same command code and format as the Deep Power Down (DPD) command that
is available in legacy SPI memories. The FL-S family does not support a DPD feature but assigns this legacy
command code to the BRAC command to enable write access to the Bank Address Register for legacy
systems that are able to send the legacy DPD (B9h) command.

When the BRAC command is sent, the FL-S family device will then interpret an immediately following Write
Register (WRR) command as a write to the lower address bits of the BAR. A WREN command is not used
between the BRAC and WRR commands. Only the lower two bits of the first data byte following the WRR
command code are used to load BAR[1:0]. The upper bits of that byte and the content of the optional WRR
command second data byte are ignored. Following the WRR command the access to BAR is closed and the
device interface returns to the standby state. The combined BRAC followed by WRR command sequence has
no affect on the value of the ExtAdd bit (BAR[7]).

Commands other than WRR may immediately follow BRAC and execute normally. However, any command
other than WRR, or any other sequence in which CS# goes low and returns high, following a BRAC
command, will close the access to BAR and return to the normal interpretation of a WRR command as a write
to Status Register-1 and the Configuration Register.

The BRAC + WRR sequence is allowed only when the device is in standby, program suspend, or erase
suspend states. This command sequence is illegal when the device is performing an embedded algorithm or
when the program (P_ERR) or erase (E_ERR) status bits are set to 1.
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Figure 10.10 BRAC (B9h) Command Sequence

cs# | [
SCK L r —r I I °I ’17 11
s 7 [ 6 1 5 1T 4 T 3 1T 5 1T 1 1T o s
SO
Phase ‘ Instruction ‘

Write Registers (WRR 01h):

The Write Registers (WRR) command allows new values to be written to both the Status Register-1 and
Configuration Register. 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 Sl. The
Status Register is one data byte in length.

The Write Registers (WRR) command will set the P_ERR or E_ERR bits if there is a failure in the WRR
operation. 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. When the configuration register QUAD bit CR[1] is 1, only the WRR command format with 16 data
bits may be used.

As soon as CS# 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.

Figure 10.11 Write Registers (WRR 01h) Command Sequence — 8 data bits

sif l71lels5lal3l2]1lol7lel5lal3l2]1]0]
SO
Phase Instruction | Input Status Register-1

Figure 10.12 Write Registers (WRR 01h) Command Sequence — 16 data bits

sifl7lelslal3l2]1lol7l6l5]al3]2]1]0l7]l6l5[4[3]2]1]0]
SO

Phase Instruction ! Input Status Register-1 { Input Configuration Register
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The Write Registers (WRR) command allows the user to change the values of the Block Protect (BP2, BP1,
and BPO) bits to define the size of the area that is to be treated as read-only. The Write Registers (WRR)
command also allows the user to set the Status Register Write Disable (SRWD) bit to 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 O (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#):

B |f 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, and
are not accepted for execution. 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;

W 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.

Table 10.5 Block Protection Modes

Memory Content
WP# SRI;\.ND Mode Write Protection of Registers
it Protected Area Unprotected Area
1 1 Status and Configuration Registers are Writable (if E;Of(;?g ?srimgua d Eaeag);trg ar(;(;sptoua d
1 0 Software WREN command has set the WEL bit). The values n gut Program’ In %t Program’and
Protected in the SRWD, BP2, BP1, and BPO bits and those in p 9 ! p 9
) N . Sector Erase, and Sector Erase
0 0 the Configuration Register can be changed
Bulk Erase commands
Status and Configuration Registers are Hardware | Protected against
. : Ready to accept
0 1 Hardware Write Protected. The values in the SRWD, BP2, Page Program, Page Program or
Protected BP1, and BPO bits and those in the Configuration | Sector Erase, and g 9
K Erase commands
Register cannot be changed Bulk Erase
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 (QUAD bit = 1 in Configuration Register). WP# becomes 102; therefore, it

cannot be utilized.

The WRR command has an alternate function of loading the Bank Address Register if the command
immediately follows a BRAC command. See Bank Register Access (BRAC B9h): on page 81.
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10.3.8  Write Enable (WREN 06h)

10.3.9

The Write Enable (WREN) command sets the Write Enable Latch (WEL) bit of the Status Register 1 (SR1[1])
to a 1. 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 06h) Command Sequence

5] | 7 1l 6 [ 5 [ 4 13121110 |
SO
Phase Instruction

Write Disable (WRDI 04h):

The Write Disable (WRDI) command sets the Write Enable Latch (WEL) bit of the Status Register-1 (SR1[1])
toaO.

The Write Enable Latch (WEL) bit may be set to a O by issuing the Write Disable (WRDI) command to disable
Page Program (PP), Sector Erase (SE), Bulk Erase (BE), Write Registers (WRR), 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
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 disable operation will not be executed.

Figure 10.14 Write Disable (WRDI 04h) Command Sequence

cs# | [
SCK L I I 7 °/I °T °L01 °L01" L[/
sHN 7 [ 6 [ 5 T a4 T 3 1T 5 1T 4 T o T
o)
Phase ‘ Instruction ‘
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10.3.10 Clear Status Register (CLSR 30h):

The Clear Status Register command resets bit SR1[5] (Erase Fail Flag) and bit SR1[6] (Program Fail Flag). It
is not necessary to set the WEL bit before the Clear SR command is executed. The Clear SR 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.

Figure 10.15 Clear Status Register (CLSR 30h) Command Sequence

cs# | [
SCK I N A R A A N N R S O N
s 7 [ & 1 5 1 4 1T 3 1 5 1T 3 1T o5
SO
Phase ‘ Instruction ‘

10.3.11 AutoBoot

SPI devices normally require 32 or more cycles of command and address shifting to initiate a read command.
And, in order to read boot code from an SPI device, the host memory controller or processor must supply the
read command from a hardwired state machine or from some host processor internal ROM code.

Parallel NOR devices need only an initial address, supplied in parallel in a single cycle, and initial access time
to start reading boot code.

The AutoBoot feature allows the host memory controller to take boot code from an S25FL512S device
immediately after the end of reset, without having to send a read command. This saves 32 or more cycles and
simplifies the logic needed to initiate the reading of boot code.

W As part of the power up reset, hardware reset, or command reset process the AutoBoot feature
automatically starts a read access from a pre-specified address. At the time the reset process is
completed, the device is ready to deliver code from the starting address. The host memory controller only
needs to drive CS# signal from high to low and begin toggling the SCK signal. The S25FL512S device will
delay code output for a pre-specified number of clock cycles before code streams out.

— The Auto Boot Start Delay (ABSD) field of the AutoBoot register specifies the initial delay if any is
needed by the host.

— The host cannot send commands during this time.
— If ABSD = 0, the maximum SCK frequency is 50 MHz.

— If ABSD > 0, the maximum SCK frequency is 133 MHz if the QUAD bit CR1[1] is 0 or 104 MHz if the
QUAD bit is set to 1.

B The starting address of the boot code is selected by the value programmed into the AutoBoot Start
Address (ABSA) field of the AutoBoot Register which specifies a 512 byte boundary aligned location; the
default address is 00000000h.

— Data will continuously shift out until CS# returns high.

W At any point after the first data byte is transferred, when CS# returns high, the SPI device will reset to
standard SPI mode; able to accept normal command operations.

— A minimum of one byte must be transferred.

— AutoBoot mode will not initiate again until another power cycle or a reset occurs.
B An AutoBoot Enable bit (ABE) is set to enable the AutoBoot feature.
The AutoBoot register bits are non-volatile and provide:

B The starting address (512-byte boundary), set by the AutoBoot Start Address (ABSA). The size of the
ABSA field is 23 bits for devices up to 32-Ghit.

B The number of initial delay cycles, set by the AutoBoot Start Delay (ABSD) 8-bit count value.
B The AutoBoot Enable.
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If the configuration register QUAD bit CR1[1] is set to 1, the boot code will be provided 4 bits per cycle in the
same manner as a Read Quad Out command. If the QUAD bit is 0 the code is delivered serially in the same
manner as a Read command.

Figure 10.16 AutoBoot Sequence (CR1[1]=0)

cs# | \! \ [
sck UMY U UUuyussUU U UUE
s I
SO W—7T6l5 al3l2[1lo\\[6[5]4al3]2]1]0]
Phase _ Wait States (ABSD)\ | Data 1 W DataN |

Figure 10.17 AutoBoot Sequence (CR1[1]=1)

@)
%)
3+
1
-

-
%

100 \W——-_4alol4Tolalolalol4lol 4
101 W—-o5l1l51al5]1l511]5[1]5
102 W——612l612[612[612612]6
103 W——-A713[713[713[713[713]7
Phase | Wait States (ABSD) Y [pata 1|pata 2[Data 3|pata 4 |pata 5| .

10.3.12 AutoBoot Register Read (ABRD 14h)

The AutoBoot Register Read command is shifted into SI. Then the 32-bit AutoBoot Register is shifted out on
SO, least significant byte first, most significant bit of each byte first. It is possible to read the AutoBoot
Register continuously by providing multiples of 32 clock cycles. If the QUAD bit CR1[1] is cleared to 0, the
maximum operating clock frequency for ABRD command is 133 MHz. If the QUAD bit CR1[1] is set to 1, the
maximum operating clock frequency for ABRD command is 104 MHz.
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Figure 10.18 AutoBoot Register Read (ABRD 14h) Command

cs# | M [
sck MU UU oSy e

siil7lel5]al3[2]1]0] A\
SO HARARARNNARARAAN
Phase | Instruction Datal 3\ DataN |

10.3.13 AutoBoot Register Write (ABWR 15h)

Before the ABWR command can be accepted, 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 ABWR command is entered by shifting the instruction and the data bytes on S, least significant byte first,
most significant bit of each byte first. The ABWR data is 32 bits in length.

The ABWR command has status reported in Status Register-1 as both an erase and a programming
operation. An E_ERR or a P_ERR may be set depending on whether the erase or programming phase of
updating the register fails.

CS# must be driven to the logic high state after the 32nd bit of data has been latched. If not, the ABWR
command is not executed. As soon as CS# is driven to the logic high state, the self-timed ABWR operation is
initiated. While the ABWR operation is in progress, Status Register-1 may be read to check the value of the
Write-In Progress (WIP) bit. The Write-In Progress (WIP) bitis a 1 during the self-timed ABWR operation, and
is a 0. when it is completed. When the ABWR cycle is completed, the Write Enable Latch (WEL) is setto a 0.
The maximum clock frequency for the ABWR command is 133 MHz.

Figure 10.19 AutoBoot Register Write (ABWR) Command

s 7 T6 [ 5 4131211101716 15 1 alsglsT131ql7

Phase \ Instruction \ Input Data 1 |

10.3.14 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 (8th) 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.
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Figure 10.20 Program NVDLR (PNVDLR 43h) Command Sequence

CS#
s 7 6 5 1413151711017 1615814131711 1o [N
\

O
Phase \ Instruction \ Input Data

10.3.15 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 (8th) 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 10.21 Write VDLR (WVDLR 4Ah) Command Sequence

ss7lels5lalal2l1lol7]6l5lal32]1]00

SO

Phase Instruction Input Data

10.3.16 Data Learning Pattern Read (DLPRD 41h)

The instruction is shifted on Sl, 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 10.22 DLP Read (DLPRD 41h) Command Sequence

cs# | \\ [
sek 1ML e e e sS L mr rmerLe
S-7|6|5|4|2|2|1|0[—_
0 [z1l6[slalslol1[olWlelslalalo]1]0l
Phase \ Instruction \ Data 1 \\\ Data N \
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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 1, 2, or 4 bits of
data per rising edge of SCK. These are called Read or Fast Read for 1-bit data; Dual Output Read for 2-bit
data, and Quad Output for 4-bit data.

B Some SDR commands transfer both address and data 2 or 4 bits per rising edge of SCK. These are called
Dual 1/O for 2 bit and Quad I/O for 4 bit.

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.

B There are DDR commands for 1, 2, or 4 bits of address or data per SCK edge. These are called Fast DDR
for 1-bit, Dual I/O DDR for 2-bit, and Quad I/O DDR for 4-bit per edge transfer.

All of these commands begin with an instruction code that is transferred one bit 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 FL-S devices at

256 Mbits or higher density, the traditional SPI 3-byte addresses are unable to directly address all locations in
the memory array. These device have a bank address register that is used with 3-byte address commands to
supply the high order address bits beyond the address from the host system. The default bank address is
zero. Commands are provided to load and read the bank address register. These devices may also 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 External Address (EXTADD) bit in
the bank address register to 1.

The Quad I/0 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 I/O read accesses.

A device ordering option provides an enhanced high performance option by adding a similar mode bit scheme
to the DDR Fast Read, Dual I/O, and Dual I/O DDR commands, in addition to the Quad 1/0 command.

Some commands require delay cycles following the address or mode bits to allow time to access the memory
array. The delay 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 1/O signals during any dummy cycle. The number of dummy
cycles varies with the SCK frequency or performance option selected via the Configuration Register 1 (CR1)
Latency Code (LC). 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 1/0 commands at higher SCK frequencies (>50 MHz), an LC that provides 1 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 I/O commands with the DLP enabled, an LC
that provides 5 or more dummy cycles should be selected to allow 1 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 enhanced high performance
read mode.
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10.4.1 Read (Read 03h or 4READ 13h):
The instruction
B 03h (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 03h (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W 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 10.23 Read Command Sequence (READ 03h or 13h)

cs# | \\ “ [
SCK JUBWW
s.7|6|5|4|3|2|1|0|A|\\|1|0|—_

o) “ |7|6|'3|4|?|?|1|0|\\|6|'§|4|’%|?|1|0|

Phase _| Instruction \ AE\iLess_l—DalaJ—D\—Dalaﬂ—L

10.4.2 Fast Read (FAST_READ 0Bh or 4FAST_READ 0Ch):
The instruction
B 0Bh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 0Bh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W OCh is followed by a 4-byte address (A31-A0)

The address is followed by zero or eight dummy cycles depending on the latency code set in the
Configuration Register. 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 10.24 Fast Read (FAST_READ 0Bh or 0Ch) Command Sequence with Read Latency

cs# | ) 5 1Y
SCKlﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_FBﬂ_ﬂ_ﬂj\m_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_m\T
S.7|6|5|4|’%|2|1|0|A|\\|1|0|-_‘

o) |7|6|5|4|%|2|1|0|\§

Phase _ | Instruction \ AB\iLess_‘J\_Dummy_C;Ldas—‘—Dalaj—Dg
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Figure 10.25 Fast Read Command (FAST_READ 0Bh or 0Ch) Sequence without Read Latency

cs# | ) 5 [

SCKMWW
s W7 Tels alalz 1 Tala By 1o I
Se) ) ZlelslalaloliloN\lalslalalo [1lal

Phase nstruction Abj ﬂLQSS_‘—DaLaJ—D ,l ,'5—DM—L

10.4.3  Dual Output Read (DOR 3Bh or 4DOR 3Ch):

The instruction

B 3Bh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 3Bh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W 3Ch is followed by a 4-byte address (A31-A0)

Then the memory contents, 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 by the falling edge of the SCK signal.

The maximum operating clock frequency for the Dual Output Read command is 104 MHz. For Dual Output
Read commands, there are zero or eight dummy cycles required after the last address bit is shifted into SI
before data begins shifting out of IO0 and I01. This latency period (i.e., dummy cycles) allows the device’'s
internal circuitry enough time to read from the initial address. During the dummy cycles, the data value on Sl
is a “don’t care” and may be high impedance. The number of dummy cycles is determined by the frequency of
SCK (refer to Table 8.7, Latency Codes for SDR Enhanced High Performance on page 60).

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 10.26 Dual Output Read Command Sequence (3-Byte Address, 3Bh [ExtAdd=0], LC=10b)
cs# |

sck _[UHUTTHU T U UUH U U UL

00 {716 1514132 1ol 0} Glalzlolslalz 10
101 \ [7I5[311]7[5]311

Phase | Instruction Addredd 8 Dummy Cycles | Datal | Data2
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Figure 10.27 Dual Output Read Command Sequence
(4-Byte Address, 3Ch or 3Bh [ExtAdd=1, LC=10b])

cs# | '\
SCK \
100 —{71l6[514131211[0lz10280] l6lal2]ol6lal2]0
101 \ (7151327151311
Phase Instruction Addre¥s |8 Dummy Cycles | Datal | Data2

Figure 10.28 Dual Output Read Command Sequence
(4-Byte Address, 3Ch or 3Bh [ExtAdd=1, LC=11b])

cs# ] i\
SO innnnnnunnnansg

100 —7l6[514[3[2]1]0l31fz028Y[6[42]0]6]4[2]0
101 71531751311

Phase | Instruction Addre¥s | Datal | Data2

Quad Output Read (QOR 6Bh or 4QOR 6Ch):

The instruction

B 6Bh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 6Bh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W 6Ch is followed by a 4-byte address (A31-A0)

Then 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 maximum operating clock frequency for Quad Output Read command is 104 MHz. For Quad Output
Read Mode, there may be dummy cycles required after the last address bit is shifted into Sl before data
begins shifting out of I00-103. This latency period (i.e., dummy cycles) allows the device’s internal circuitry
enough time to set up for the initial address. During the dummy cycles, the data value on 100-103 is a “don't
care” and may be high impedance. The number of dummy cycles is determined by the frequency of SCK
(refer to Table 8.7, Latency Codes for SDR Enhanced High Performance on page 60).

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.

The QUAD bit of Configuration Register must be set (CR Bit1=1) to enable the Quad mode capability.
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Figure 10.29 Quad Output Read (QOR 6Bh or 4QOR 6Ch) Command Sequence with Read Latency

cs# | \!
SCK ! UL
100 —{7[6[5[a[3]2[1[0lal\ 110 alola]olalolalola]ola

101 ! BNENENENENE
102 ! l6l2l6[2l6l2]6[2l612[6
103 ! [7[3[713[7[3[7[3[7]3 7
Phase | Instruction  AdYress. Dummy  D1.D2.D3.D4 D5

Figure 10.30 Quad Output Read (QOR 6Bh or 4QOR 6Ch) Command Sequence without Read Latency

cs# | \\
SCK mm‘u‘u‘u‘u—u—u—u—u—u‘u‘u‘m

oo—zlelslalalol1lolalWl1lolalalalolalolalolalol

4
101 ‘,‘y {s[1[s5[alslalsl1ls5f1Tl5s
102 ) (6 12l6l2l6lolelolelols
103 3 [71al7lalzlalzlalzlalzs
Phase __| Instruction [ A“ress [Data 1 [Data 2 |[Data3 [Data4 [Data5 |

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

The instruction

B BBh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B BBh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
B BCh is followed by a 4-byte address (A31-A0)

The Dual I/O Read commands improve throughput with two 1/0O signals — 100 (SI) and 101 (SO). It is similar
to the Dual Output Read command but takes input of the address two bits per SCK rising edge. In some
applications, the reduced address input time might allow for code execution in place (XIP) i.e. directly from
the memory device.

The maximum operating clock frequency for Dual /O Read is 104 MHz.

For the Dual I/0 Read command, there is a latency required after the last address bits are shifted into SI and
SO before data begins shifting out of IO0 and I01. There are different ordering part numbers that select the
latency code table used for this command, either the High Performance LC (HPLC) table or the Enhanced
High Performance LC (EHPLC) table. The HPLC table does not provide cycles for mode bits so each Dual I/
O Read command starts with the 8 bit instruction, followed by address, followed by a latency period.

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 (Table 8.7, Latency Codes
for SDR Enhanced High Performance on page 60). The number of dummy cycles is set by the LC bits in the
Configuration Register (CR1).

The EHPLC table does provide cycles for mode bits so a series of Dual /0O Read commands may eliminate
the 8-bit instruction after the first Dual /O Read command sends a mode hit 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 a
latency period. If the mode bit pattern is Axh the next command is assumed to be an additional Dual I/O Read
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command that does not provide instruction bits. That command starts with address, followed by mode bits,
followed by latency.

The Enhanced High Performance 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 Dual
1/0 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/0O Enhanced High Performance 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 10.34; thus, eliminating eight cycles for the command sequence. The following sequences will release
the device from Dual I/O Enhanced High Performance Read mode; after which, the device can accept
standard SPI commands:

1. During the Dual I/O Enhanced High Performance 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
1/0 Read Enhanced High Performance Read mode.

During any operation, if CS# toggles high to low to high for eight cycles (or less) and data input (I00 and 101)
are not set for a valid instruction sequence, then the device will be released from Dual I/O Enhanced High
Performance Read mode. 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/O 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 I/O signal contention,
for the host system to turn off the 1/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 10.31 Dual /0O Read Command Sequence (3-Byte Address, BBh [ExtAdd=0], HPLC=00b)

CcS# |

sck MU

100 —{7]6[5]413[2[1[0]22]20[180 F—614]2]0l6]4[2]0
101 balalidy ——71s[3117[513[1

Phase | Instruction iAddresA\ ' 4Dummy | Datal | Data?2
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Figure 10.32 Dual /0O Read Command Sequence (4-Byte Address, BBh [ExtAdd=1], HPLC=10b)

cs# ] \\
S e iinnhnnnnn\unnnnnpnnnnnni

100 —{7l65[al3[2]1 030l28l280 ——6[4l2]0l612l2]0
101 Bilodo A 7151311 17151311

Phase | Instruction Addred | 6Dummy | Datal | Data2

Figure 10.33 Dual /0O Read Command Sequence
(4-Byte Address, BCh or BBh [ExtAdd=1], EHPLC=10b)

cs# | 8
SCKMW
|00—|7|6|-;|4|?|7|1Iolml\\|7|0|6|4|7|0|—|6|4|9|0|6|4|7|0|
101 .21|§\|2|1|7|R|?|1|—|7|5|?|1|7|R|q|1|

Phase \ Instruction \ Ad“ess | Mode [Dum | Datal | Data?2 \

Figure 10.34 Continuous Dual I/O Read Command Sequence
(4-Byte Address, BCh or BBh [ExtAdd=1], EHPLC=10b)

(oY SEN E— I
Yo7 1 I e e A e e e s 6 6 B
o016 lal21o I—hnl\\lalnlalAI?In 6 lalololslalolol
o11zIs1311 I—|Q1I§\IQI1 [z 1513 l1 7151371775311 ]
Phase _| DataN \ \ A§Siress \ Mode [Dum [ Datal [ Data?2 \

10.4.6  Quad I/O Read (QIOR EBh or 4QIOR ECh):

The instruction

B EBh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B EBh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W ECh is followed by a 4-byte address (A31-A0)

The Quad I/0 Read command improves throughput with four 1/0O signals — I00-103. It is similar to the Quad
Output Read command but 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 the
S25FL512S device. The QUAD bit of the Configuration Register must be set (CR Bitl=1) to enable the Quad
capability of the S25FL512S device.

The maximum operating clock frequency for Quad I/O Read is 104 MHz.

For the Quad I/0 Read command, there is a latency required after the mode bits (described below) before
data begins shifting out of 100-103. 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 and the latency code table (refer to Table 8.7, Latency Codes for SDR Enhanced High Performance
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on page 60). There are different ordering part numbers that select the latency code table used for this
command, either the High Performance LC (HPLC) table or the Enhanced High Performance LC (EHPLC)
table. The number of dummy cycles is set by the LC bits in the Configuration Register (CR1). However, both
latency code tables use the same latency values for the Quad I/0O Read command.

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 I/0O Read instructions. This is controlled
through the setting of the Mode bits (after the address sequence, as shown in Figure 10.35 on page 96 or
Figure 10.37 on page 97). 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 I/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 10.36 on page 97 or

Figure 10.38 on page 97; thus, eliminating eight cycles for the command sequence. The following sequences
will release the device from Quad 1/0 High Performance Read mode; after which, the device can accept
standard SPI commands:

1. During the Quad I/O 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 1/0 High Performance
Read mode.

During any operation, if CS# toggles high to low to high for eight cycles (or less) and data input (I00-103) are
not set for a valid instruction sequence, then the device will be released from Quad 1/0 High Performance
Read mode. 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
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.

Figure 10.35 Quad I/0 Read Command Sequence (3-Byte Address, EBh [ExtAdd=0], LC=00b)

00—z 1elslalalo1loloMTalolal@——alolalolalolalol

101 'LZI__BM-—|'§|1|R|1|R|1|R|1|

102 mm—Mlzlelzlelzlﬁlzl

103 MWz ez A7 13713 [7[3[7[3]
Phase Instruction \Aéﬁl[ess Made Dummy o e I [ [
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Figure 10.36 Continuous Quad /O Read Command Sequence (3-Byte Address), LC=00b

cs#__ [ 1 \\

e aipgipipipEpipEpiyEpEpEpipEpEpEpEnEpEpSnipEpinEnEnEn
loo{aTalalo 20\ TalolsaMe—Aalolalalelalolol
|01—|_?_|I|I|I|—|71I$SIRI1 [ ———— {5 1 5 [1 715 13 171
o246 lolelo 1INl lo o MM {6 lola 1 1715 3111
|03—|I|_T_|II_T_|—|7QI$SI7I2I7 {7 13l 7 171 1715 3171

Phase [DN-1 [ DN | \ AQﬁress [Mode | Dummy [ D1 [ D2 [ D3 | D4 |

Figure 10.37 Quad I/0 Read Command Sequence
(4-Byte Address, ECh or EBh [ExtAdd=1], LC=00b)

cs# | 5
SCcK \ LML L L L L
00—z lelslalalo 1 lola\WTalola@——T{alolalolalolalo]l

01 EBEIIIIIII-—|5|1|5|1|5|1|5|1|
102 a\WTe o laBl—A6al2lalolalolalo]
103 W7 a7 —A7 (3 l7lalzlal7]a]
Phase | Instruction _AdYress  [Mode | Dummy | D1 | D2 | D3 | D4 |

Figure 10.38 Continuous Quad /0O Read Command Sequence (4-Byte Address), LC=00b

100 {alolalo—s\TaTols Be———{alolalolalalolnl
10115118511 I—|70I$SIRI1 s —fs (1 (5 [1 171513171
o2delolglot—TmINTglolegam— —{glolgla 7 Ialaly]
1031 z131713 I—|21I\SI7I2I7 B {7 3l7 171 1715 3171

Phase _IDN-1 | DN A&Sjress [Mode | Dummy D1 D2 D3 D4

10.4.7 DDR Fast Read (DDRFR 0Dh, 4DDRFR OEh)

The instruction

B 0Dh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 0Dh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W OEh is followed by a 4-byte address (A31-A0)

The DDR Fast Read command improves throughput by transferring address and data on both the falling and
rising edge of SCK. It is similar to the Fast Read command but allows transfer of address and data on every
edge of the clock.

The maximum operating clock frequency for DDR Fast Read command is 66 MHz.

For the DDR Fast Read command, there is a latency required after the last address bits are shifted into Sl
before data begins shifting out of SO. There are different ordering part numbers that select the latency code
table used for this command, either the High Performance LC (HPLC) table or the Enhanced High
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Performance LC (EHPLC) table. The HPLC table does not provide cycles for mode bits so each DDR Fast
Read command starts with the 8-bit instruction, followed by address, followed by a latency period.

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 is “don’t care” and may be high impedance.
The number of dummy cycles is determined by the frequency of SCK (Table 8.7, Latency Codes for SDR
Enhanced High Performance on page 60). The number of dummy cycles is set by the LC bits in the
Configuration Register (CR1).

Then the memory contents, at the address given, is shifted out, in DDR fashion, one bit at a time on each
clock edge through SO. Each bit is shifted out at the SCK frequency by the rising and 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.

The EHPLC table does provide cycles for mode bits so a series of DDR Fast Read commands may eliminate
the 8-bit instruction after the first DDR Fast Read command sends a mode bit pattern of complementary first
and second Nibbles, e.g. A5h, 5Ah, OFh, etc., that indicates the following command will also be a DDR Fast
Read command. The first DDR Fast Read command in a series starts with the 8-bit instruction, followed by
address, followed by four cycles of mode bits, followed by a latency period. If the mode bit pattern is
complementary the next command is assumed to be an additional DDR Fast Read command that does not
provide instruction bits. That command starts with address, followed by mode bits, followed by latency.

When the EHPLC table is used, address jumps can be done without the need for additional DDR Fast Read
instructions. This is controlled through the setting of the Mode bits (after the address sequence, as shown in
Figure 10.39 on page 99 and Figure 10.41 on page 99. This added feature removes the need for the eight bit
SDR instruction sequence to reduce initial access time (improves XIP performance). The Mode bits control
the length of the next DDR Fast 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) then the next address can be entered (after CS# is raised high and then asserted low) without requiring
the ODh or OEh instruction, as shown in Figure 10.40 and Figure 10.42, thus, eliminating eight cycles from the
command sequence. The following sequences will release the device from this continuous DDR Fast Read
mode; after which, the device can accept standard SPI commands:

1. During the DDR Fast Read Command Sequence, if the Mode bits are not complementary the next
time CS# is raised high the device will be released from the continuous DDR Fast Read mode.

2. During any operation, if CS# toggles high to low to high for eight cycles (or less) and data input (SI)
are not set for a valid instruction sequence, then the device will be released from DDR Fast Read
mode.

CS# should not be driven high during mode or dummy bits as this may make the mode bits indeterminate.
The HOLD function is not valid during any part of a Fast DDR Command.

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 IOs on a x4
device, both I0s on a x2 device and the single SO output on a x1 device). This 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 Section 8.6.11, SPI DDR Data Learning
Registers on page 64 for more details.
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Figure 10.39 DDR Fast Read Initial Access (3-Byte Address, 0Dh [ExtAdd=0, EHPLC=11b])

cs# | “
ScK BS
S|—|7|6|5|4|3|2|1|0|23|22ry,\]0_|7_|6_|5_|4_|3_|2_|1_|ﬂ_

SO (;‘) {zle[s[alalolailolz]6s]af3]2]a]o
Phase ‘ Instruction ‘Addr\\s ‘ Mode ‘Dummy ‘ Data 1 ‘ Data 2 ‘

Figure 10.40 Continuous DDR Fast Read Subsequent Access
(3-Byte Address [ExtAdd=0, EHPLC=11b])

cs# | 8 .
SCK::::]__J\§T__J__1__J__1__J__1__J__1__J__1__J__1__J__1__J__l__f__l__f__l__f__IS\I_
|oo—|7'al\\l1IoI7IsIsI4I?I?I1I0_-
101 Zlelslalalo1lolzla M

Phase Ac“[ess Mode Dum Data 1 J_IIJE

Figure 10.41 DDR Fast Read Initial Access (4-Byte Address, OEh or 0Dh [ExtAdd=1], EHPLC=01b)

cs#—l \\ “
Sanipipiinipipiginigi\ipiginiinigigigligigigigipipiph)
$—|7|6|5|4|3|2|1|0|31|\\|L|L|1|§|i|ﬂ_\

so |_6J5_4|1|_|_0_|_|_6_|_i|_|_1|_|_|_0_|_|_6_|J\
Phase ‘ Instruction %d\\(ﬁ ‘ Mode ‘ DLP ‘ Data 1 D2 \Y

Note:
1. Example DLP of 34h (or 00110100).

Figure 10.42 Continuous DDR Fast Read Subsequent Access
(4-Byte Address [ExtAdd=1], EHPLC=01b)

—Eﬁ\h [ol7lelslalalo 110 _'
D 7 8 3 10|7|6|‘3|4|’2|2|1|0|7|6|\E
PhaseJ_AdS‘mss_l—MQde—l—DLP—I_uatai—l_me

Note:
1. Example DLP of 34h (or 00110100).

January 8, 2014 S25FL512S_00_07 S25FL512S 99



N

SPANSION® Data Sheet

10.4.8

A\

Figure 10.43 DDR Fast Read Subsequent Access (4-Byte Address, HPLC=01b)

cs# | 8 £
o euipipipigipipgigipi\\ipipipEpipipininipinin N\
g—1z716lslalalols |o|3|\_1
D [Zlelslalalz[ilol7 e\
Phase __| Instruction \ AA\&K—Dummy—l_Dalaj_LDz)Y

DDR Dual I/0 Read (BDh, BEh)

The instruction

B BDh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B BDh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W BEh is followed by a 4-byte address (A31-A0)

Then the memory contents, at the address given, is shifted out, in a DDR fashion, two bits at a time on each
clock edge through 100 (SI) and 101 (SO). Two bits are shifted out at the SCK frequency by the rising and
falling edge of the SCK signal.

The DDR Dual I/0 Read command improves throughput with two 1/O signals — 100 (SI) and 101 (SO). Itis
similar to the Dual /0O Read command but transfers two address, mode, or data bits on every edge of the
clock. In some applications, the reduced instruction overhead might allow for code execution (XIP) directly
from the S25FL512S device.

The maximum operating clock frequency for DDR Dual I/O Read command is 66 MHz.

For DDR Dual /0 Read commands, there is a latency required after the last address bits are shifted into |00
and 101, before data begins shifting out of IO0 and 101. There are different ordering part numbers that select
the latency code table used for this command, either the High Performance LC (HPLC) table or the Enhanced
High Performance LC (EHPLC) table. The number of latency (dummy) clocks is determined by the frequency
of SCK (refer to Table 8.6, Latency Codes for DDR High Performance on page 59 or Table 8.8, Latency
Codes for DDR Enhanced High Performance on page 60). The number of dummy cycles is set by the LC bits
in the Configuration Register (CR1).

The HPLC table does not provide cycles for mode bits so each Dual /0O command starts with the 8 bit
instruction, followed by address, followed by a latency period. This latency period allows the device’s internal
circuitry enough time to access the initial address. During these latency cycles, the data value on SI (I100) and
SO (101) 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 IO signals must be left high
impedance by the host so that the memory device can drive the DLP during the dummy cycles.

The EHPLC table does provide cycles for mode bits so a series of Dual I/O DDR commands may eliminate
the 8 bit instruction after the first command sends a complementary mode bit pattern, as shown in

Figure 10.44 and Figure 10.46 on page 102. This added feature removes the need for the eight bit SDR
instruction sequence and dramatically reduces initial access times (improves XIP performance). The Mode
bits control the length of the next DDR Dual I/0O Read operation through the inclusion or exclusion of the first
byte instruction code. If the upper nibble (I0[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 Dual /0O Read Mode and the next
address can be entered (after CS# is raised high and then asserted low) without requiring the BDh or BEh
instruction, as shown in Figure 10.45 on page 101, and thus, eliminating eight cycles from the command
sequence. The following sequences will release the device from Continuous DDR Dual I/0O Read mode; after
which, the device can accept standard SPI commands:

1. During the DDR Dual /O 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 Dual I/O
Read mode.

2. During any operation, if CS# toggles high to low to high for eight cycles (or less) and data input
(100 and 101) are not set for a valid instruction sequence, then the device will be released from
DDR Dual I/O Read mode.

100
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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.
The HOLD function is not valid during Dual I/O DDR commands.

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 DLP 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 on a x4
device, both SIOs on a x2 device and the single SO output on a x1 device). This 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 Section 8.6.11, SPI DDR Data Learning
Registers on page 64 for more details.

Figure 10.44 DDR Dual I/O Read Initial Access
(4-Byte Address, BEh or BDh [ExtAdd=1], EHPLC= 01b)

wo—1 7 |6 [ 5 [ a4 [ 3 T2 1o [s0f28flYolefalofof——76 [541]3f2]l10elafo]ofse

101 |6129>'§17531|_|76 54 (31210 |7]|513 1117
Phase ‘ Instruction ‘ Addré\ ‘ Mode ‘Dum ‘ DLP ‘ Data 1 ‘

Figure 10.45 Continuous DDR Dual I/O Read Subsequent Access (4-Byte Address, EHPLC= 01b)

csv L\ W
sck LWL ML It rieri i rerieny
oo—1nMWI2Tolaelalolo—7 6fs 5 al2li olalalololad\y
or— DN alalzlslalat——7 afs 5 lal2li o [71slali 7%
Phase | A8Yress |  Mode  loummy | pip | pama1 |
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Figure 10.46 DDR Dual I/O Read (4-Byte Address, BEh or BDh [ExtAdd=1], HPLC=00b)

cs# | )\ )
Vo)< A I e e e e Y Y Y o I A AN
oo—LzlelslalalolilobkBlol EIZIZIEIEBS
101 SHEI (71211713}
Phase \ Instruction \Ad\\ess_‘—Dummy—LDalaj_LII“

10.4.9 DDR Quad I/O Read (EDh, EEh)

The Read DDR Quad I/0 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 the
S25FL512S device. The QUAD bit of the Configuration Register must be set (CR Bitl=1) to enable the Quad
capability.

The instruction

® EDh (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B EDh (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W 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 Read DDR Quad I/O command is 66 MHz.

For Read DDR Quad I/O, 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.

There are different ordering part numbers that select the latency code table used for this command, either the
High Performance LC (HPLC) table or the Enhanced High Performance LC (EHPLC) table. The number of
dummy cycles is determined by the frequency of SCK (refer to Table 8.6, Latency Codes for DDR High
Performance on page 59). The number of dummy cycles is set by the LC bits in the Configuration Register
(CR1).

Both latency tables provide cycles for mode bits so a series of Quad I1/0 DDR commands may eliminate the 8
bit instruction after the first command sends a complementary mode bit pattern, as shown in Figure 10.47 and
Figure 10.49. This feature removes the need for the eight bit SDR instruction sequence and dramatically
reduces initial access times (improves XIP performance). The Mode bits control the length of the next Read
DDR Quad I/O operation through the inclusion or exclusion of the first byte instruction code. If the upper
nibble (10[7:4]) and lower nibble (I0[3:0]) of the Mode bits are complementary (i.e. 5h and Ah) the device
transitions to Continuous Read DDR Quad I/O 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 10.48
on page 104 and Figure 10.50 on page 104 thus, eliminating eight cycles from the command sequence. The
following sequences will release the device from Continuous Read DDR Quad I/O mode; after which, the
device can accept standard SPI commands:

1. During the Read DDR Quad I/O 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 Read DDR
Quad I/O mode.

2. During any operation, if CS# toggles high to low to high for eight cycles (or less) and data input
(100, 101, 102, and 103) are not set for a valid instruction sequence, then the device will be
released from Read DDR Quad I/0O mode.
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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.
The HOLD function is not valid during Quad I/O DDR commands.

Note that the memory devices drive the IOs with a preamble prior to the first data value. The preamble is a
pattern 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 on a x4
device, both SIOs on a x2 device and the single SO output on a x1 device). This 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 SPI DDR Data Learning Registers

on page 64 for more details.

Figure 10.47 DDR Quad I/O Read Initial Access (3-Byte Address, EDh [ExtAdd=0], HPLC=11b)

cs# |

oo— 7 [ 6 [ 5 [ a [ 3 [ 2 [ 1 [o bolichz[s]afolafof———7]6[s]als]2]1]o]a]o]a]o]
101 pilazhslofs [a]s[1] 7le[s]alsfo]aols[a]s]a]
102 balislalols [2[6|2———{7 |6 5]alzl2]1lo]6]2]6]z2]
103 7|5|5|4|3|2|1|0|7|3|7|3|

Phase Instruction ‘ Address ‘Mode‘ Dummy ‘ DLP ‘ D1 ‘ D2 ‘
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Figure 10.48 Continuous DDR Quad I/O Read Subsequent Access (3-Byte Address,HPLC=11b)

B
cs# | \
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loo—120leliolglalalalas alolalolalolalolalald
0or— 1211z l13lols 115111 '%|1|'%|1|'§|1|'5|1|'§|1|\S
02—12ligl1aliolelolelol 6|?|6|7|6|?|6|?|6|?|\S
0o3— 13 l1olisn 71317131 7|2|7|?|7|%|7|2|7|%|$S

Phase 4‘—AMESS—LMMEJ—MM_LLLLB_LM_‘_EB_DY

Figure 10.49 DDR Quad I/O Read Initial Access
(4-Byte Address, EEh or EDh [ExtAdd=1], EHPLC=01b)

]

cs# 1 8

Y3 < A 1 A e I A I

00—z 1alslalals 1 lolllhhelalolalol———v 6k 4l2l2h olalolaliy

101 lLlleshlsi—v 6 b 4lal2h ol5AI50S

102 LLRLLOONIebe——7 66 412k olel[aBy

103 LR E—v a6 4lalzh o FIEENY

Phase ‘ Instruction ‘ Address IMod. Dummy ‘ DI P 5] ‘II“
Note:

1. Example DLP of 34h (or 00110100).

Figure 10.50 Continuous DDR Quad I/O Read Subsequent Access (4-Byte Address, EHPLC=01b)

cs# | .
sck L LI LIt rirererereror iy
100 —128loalolie 12l g [afolalol 1z 615 4 lalol1 o [aTolalo By
101 —als 1 1i7halelsT1 (5111 1z 605 4 laf2li 0 l5lal5]1 \E
102 —10le 2 f1sialio e [2 [6 [2] 7 605 2 1al211 0 [6l21al2 N}
03—z lalo sl [7 (3713} 1z 605 4 lal2li o [71al7 2}

Phase _ | Address  IMode | Dummy | bip o L %

Note:
1. Example DLP of 34h (or 00110100).

10.5 Program Flash Array Commands

10.5.1  Program Granularity

10.5.1.1 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
(512 bytes) to be programmed in one operation. 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.
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10.5.1.2 Single Byte Programming

Single Byte Programming allows full backward compatibility to the standard SPI Page Programming (PP)
command by allowing a single byte to be programmed anywhere in the memory array.

10.5.2  Page Program (PP 02h or 4PP 12h):

The Page Program (PP) commands 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

B 02h (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 02h (ExtAdd=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 SI. 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 the 9 least significant address bits (A8-A0)
are not all zero, all transmitted data that goes beyond the end of the current page are programmed from the
start address of the same page (from the address whose 9 least significant bits (A8-A0) are all zero) i.e. the
address wraps within the page aligned address boundaries. This is a result of only requiring the user to enter
one single page address to cover the entire page boundary.

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.

For optimized timings, using the Page Program (PP) command to load the entire page size program buffer
within the page boundary will save overall programming time versus loading less than a page size 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 (SR1[0]) will indicate when the programming operation is completed. The P_ERR bit
(SR1[6]) will indicate if an error occurs in the programming operation that prevents successful completion of
programming.

Figure 10.51 Page Program (PP 02h or 4PP 12h) Command Sequence

cs# | §\ §
SCK I_ILILILII):SI_ILILII_IL||_|L|L||_|L|L||-||-||-||-||—||-||—||—||—||—||—||5§
S|-7|ﬁ|%|4|'a|?|1|0|A|}§|%|4|%|9|1|o|7|6|%|4|2|9|1|0|7|6|%|4|q|?|1|0|§$
o 3 .

Phase \ Instruction \ \\ Address \ Input Data 1 \ Input Data 2 \\Y

10.5.3 Quad Page Program (QPP 32h or 38h, or 4QPP 34h)

The Quad-input Page Program (QPP) command allows bytes to be programmed in the memory (changing
bits from 1 to 0). The Quad-input Page Program (QPP) command allows up to a page size (512 bytes) of data
to be loaded into the Page Buffer using four signals: 100-103. QPP can improve performance for PROM
Programmer and applications that have slower clock speeds (< 12 MHz) by loading 4 bits of data per clock
cycle. Systems with faster clock speeds do not realize as much benefit for the QPP command since the
inherent page program time becomes greater than the time it takes to clock-in the data. The maximum
frequency for the QPP command is 80 MHz.
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To use Quad Page Program the Quad Enable Bit in the Configuration Register must be set (QUAD=1). A
Write Enable command must be executed before the device will accept the QPP command (Status Register-
1, WEL=1).

The instruction

B 32h (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 32h (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W 38h (ExtAdd=0) is followed by a 3-byte address (A23-A0) or
B 38h (ExtAdd=1) is followed by a 4-byte address (A31-A0) or
W 34h is followed by a 4-byte address (A31-A0)

and at least one data byte, into the 10 signals. Data must be programmed at previously erased (FFh) memory
locations.

QPP requires programming to be done one full page at a time. While less than a full page of data may be
loaded for programming, the entire page is considered programmed, any locations not filled with data will be
left as ones, the same page must not be programmed more than once.

All other functions of QPP are identical to Page Program. The QPP command sequence is shown in the
figure below.

Figure 10.52 Quad 512-byte Page Program Command Sequence

cs# | 6

Soeuipipipipipipipipipi\ySpipipipipipininSpipipipint
oo—zlelslalzlolilolalWlalolalolalolalolalolalola
101 ‘,‘ [ [1 (51515 l1l5111s

1
102 {elolelolelolelolelo]ls
103 “) (7131713171317 13171317
Phase [ Instruction [ Ar\![ess data ] dJata 2 |Data 3 [Data4 [Data s

10.5.4  Program Suspend (PGSP 85h) and Resume (PGRS 8Ah)

The Program Suspend command allows the system to interrupt a programming operation and then read from
any other non-erase-suspended sector or non-program-suspended-page. Program Suspend is valid only
during a programming operation.

Commands allowed after the Program Suspend command is issued:
B Read Status Register 1 (RDSR1 05h)
B Read Status Register 2 (RDSR2 07h)

The Write in Progress (WIP) bit in Status Register 1 (SR1[0]) must be checked to know when the
programming 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 time required for the suspend operation to complete is tpg , see Table 10.8, Program
Suspend AC Parameters on page 118.

See Table 10.6, Commands Allowed During Program or Erase Suspend on page 110 for the commands
allowed while programming is suspend.

The Program Resume command 8Ah must be written to resume the programming operation after a Program
Suspend. If the programming operation was completed during the suspend operation, a resume command is
not needed and has no effect if issued. Program Resume commands will be ignored unless a Program
operation is suspended.

After a Program Resume command is issued, the WIP bit in the Status Register-1 will be set to a 1 and the
programming operation will resume. Program 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
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program operation to progress to completion there must be some periods of time between resume and the
next suspend command greater than or equal to tprs. See Table 10.8, Program Suspend AC Parameters
on page 118.

Figure 10.53 Program Suspend (PGSP 85h) Command Sequence

I PSL |
cs# | Y. W1 [
S iR i g YRR ipippipipipupiynpipipigipipSyupipipipipipipiyigh
s zlelalalalolaloB¥zle[alalaloTalnl W—zTalslalaloalat
© ) ZleTslalal2TiTa )
Phase ‘ Suspend Instruction ‘\\ ‘Read Status Instruction ‘ Status ‘ \\ ‘ Instr. During Suspend ‘
Phase \\ Repeat Status Read Until Suspended S\

Figure 10.54 10.55 Program Resume (PGRS 8Ah) Command Sequence

cs# | [
sck | MLl rrerer—
Sl | 7 1l e 15 [ a3 ]2 310
SO

Phase Instruction

10.6 Erase Flash Array Commands

10.6.1  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 [ExtAdd=0] is followed by a 3-byte address (A23-A0), or
® D8h [ExtAdd=1] is followed by a 4-byte address (A31-A0), or
B 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 a0 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.

ASP has a PPB and a DYB protection bit for each sector.
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Figure 10.55 Sector Erase (SE D8h or 4SE DCh) Command Sequence

cs# | \\ [
scK £
sE 7 [ 6 [ 5 [ 4 [ 3 [ 2 T3 T o [ A IW T3 T q
(L
0 )

Phase \ Instruction \ W Address

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
Sl. 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 0's. If the BP
bits are not zero, 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 10.56 Bulk Erase Command Sequence

cs# | [
SCK 7 -7 -7 -7 7 7 §5-7 [
sHN 7 [ & [ 5 1 4 1T =3 1T 5 1T 3 1T o
SO
Phase ‘ Instruction ‘

Erase Suspend and Resume Commands (ERSP 75h or ERRS 7Ah)

The Erase Suspend command, allows the system to interrupt a sector erase operation and then read from or
program data to, any other sector. Erase Suspend is valid only during a sector erase operation. The Erase
Suspend command is ignored if written during the Bulk Erase operation.

When the Erase Suspend command is written during the sector erase operation, the device requires a
maximum of tgg, (erase suspend latency) to suspend the erase operation and update the status bits. See
Table 10.9, Erase Suspend AC Parameters on page 118.

Commands allowed after the Erase Suspend command is issued:
B Read Status Register 1 (RDSR1 05h)
B Read Status Register 2 (RDSR2 07h)

The Write in Progress (WIP) bit in Status Register 1 (SR1[0]) must be checked to know when the erase
operation has stopped. The Erase Suspend bit in 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.

If the erase operation was completed during the suspend operation, a resume command is not needed and
has no effect if issued. Erase Resume commands will be ignored unless an Erase operation is suspended.
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See Table 10.6, Commands Allowed During Program or Erase Suspend on page 110 for the commands
allowed while erase is suspend.

After the erase operation has been suspended, the sector enters the erase-suspend mode. The system can
read data from or program data to the device. Reading at any address within an erase-suspended sector
produces undetermined data.

A WREN command is required before any command that will change non-volatile data, even during erase
suspend.

The WRR and PPB Erase commands are not allowed during Erase 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. However, WRR is allowed immediately following the BRAC command; in this special case
the WRR is interpreted as a write to the Bank Address Register, not a write to SR1 or CR1.

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.

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.

The Erase Resume command 7Ah must be written to resume the erase operation if an Erase is suspend.
Erase Resume commands will be ignored unless an Erase is Suspend.

After an Erase Resume command is sent, the WIP bit in the status register will be set to a 1 and the erase
operation will continue. Further Resume commands are ignored.

Erase operations may be interrupted as often as necessary e.g. an erase suspend command could
immediately follow an erase resume command but, in order for an 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
ters. See Table 10.9, Erase Suspend AC Parameters on page 118.

Figure 10.57 Erase Suspend (ERSP 75h) Command Sequence

Phase Suspend Instruction H Read Status Instruction ‘ Status ‘ \\ ‘ Instr. During Suspend
Phase M Repeat Status Read Until Suspended )

Figure 10.58 Erase Resume (ERRS 7Ah) Command Sequence

cs# | [
scK I S A R A R A N O S O N
s 7 [ & [ 5 T 4 T 3 1T 5 T 41 T o T
0
Phase ‘ Instruction ‘
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Table 10.6 Commands Allowed During Program or Erase Suspend

. Allowed Allowed
) Instruction . ]
Instruction During During
Code Comment
Name (Hex) Erase Program
Suspend Suspend
BRAC B9 X X Bank address register may need to be changed during a suspend to reach a
sector for read or program.
BRRD 16 X X Bank address register may need to be changed during a suspend to reach a
sector for read or program.
BRWR 17 X X Bank address register may need to be changed during a suspend to reach a
sector for read or program.
CLSR 30 X Clear status may be used if a program operation fails during erase suspend.
It may be necessary to remove and restore dynamic protection during erase
DYBRD EO X X X
suspend to allow programming during erase suspend.
It may be necessary to remove and restore dynamic protection during erase
DYBWR El X X X
suspend to allow programming during erase suspend.
ERRS 7A X Required to resume from erase suspend.
DDRFR oD X X All array reads allowed in suspend.
4ADDRFR OE X X All array reads allowed in suspend.
FAST_READ 0B X X All array reads allowed in suspend.
4FAST_READ ocC X X All array reads allowed in suspend.
MBR FF X X May need to reset a read operation during suspend.
Needed to resume a program operation. A program resume may also be used
PGRS 8A X X - o
during nested program suspend within an erase suspend.
PGSP 85 X Program suspend allowed during erase suspend.
PP 02 Required for array program during erase suspend.
4PP 12 X Required for array program during erase suspend.
PPBRD E2 X Allowed for ch_ecklng persistent protection before attempting a program
command during erase suspend.
QPP 32,38 X Required for array program during erase suspend.
4QPP 34 X Required for array program during erase suspend.
4READ 13 X X All array reads allowed in suspend.
RDCR 35 X X
DIOR BB X X All array reads allowed in suspend.
4DIOR BC X X All array reads allowed in suspend.
DOR 3B X X All array reads allowed in suspend.
4DOR 3C X X All array reads allowed in suspend.
DDRDIOR BD X X All array reads allowed in suspend.
4DDRDIOR BE X X All array reads allowed in suspend.
DDRQIOR ED X X All array reads allowed in suspend.
DDRQIOR4 EE X X All array reads allowed in suspend.
QIOR EB X X All array reads allowed in suspend.
4QIOR EC X X All array reads allowed in suspend.
QOR 6B X X All array reads allowed in suspend.
4QO0R 6C X X All array reads allowed in suspend.
RDSR1 05 X X Needed to read WIP to determine end of suspend process.
RDSR2 07 X X Needed to read suspend status to determine whether the operation is
suspended or complete.
READ 03 X X All array reads allowed in suspend.
RESET FO X Reset allowed anytime.
WREN 06 Required for program command within erase suspend.
WRR o1 X X Bank register may need to be changed during a suspend to reach a sector

needed for read or program. WRR is allowed when following BRAC.
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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 A23 to A10 must be
zero for this command. Refer to Section 8.5, OTP Address Space on page 55 for details on the OTP region.
The protocol of the OTP Program command is the same as the Page Program command. 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.

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 zeros in a region that is locked will fail with the P_ERR bit in SR1 setto 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).

Figure 10.59 Page Program (OTPP 42h) Command Sequence

cs# | \\ \\_
sek LT L L L L L SSU L L L L L L L L L L L L LU Lss
s 7lel51alalo11]0 palWslalalof1lolzlelslalalolalalzlalslalzlo]s |0|\_Y
© ) 3
Phase \ Instruction \ \\ Address Input Data 1 \ Input Data 2 \\Y

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 A23 to A10 must be zero for this command. Refer to OTP Address Space on page 55 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. Also, the OTP Read command is not affected by the latency code.
The OTP read command always has one dummy byte of latency as shown below.

Figure 10.60 Read OTP (OTPR 4Bh) Command Sequence

cs# | \\ \\ [
SoeuipipininipipipipipSpinipiy\\pigipinipNpipipigupipipipipipie.
S.7|6|§|4|2|?|1|0|72'\:S|1|0__
© 3 3 [Zlalslalalolilol

)y
Phase _ | Instruction \ Ab\iLess_‘J\Dummy_C;mlﬁs—‘—Dala;L—‘;

10.8 Advanced Sector Protection Commands

10.8.1  ASP Read (ASPRD 2Bh)

The ASP Read instruction 2Bh is shifted into S| by the rising edge of the SCK signal. Then the 16-bit ASP
register contents is 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.
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Figure 10.61 ASPRD Command

s I 7 e (s [alal> 1 o [N

o {zlelslalalofl1loalzlelslalalolilal

Phase nstruction Register Read Repeat Register Read ‘

10.8.2  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 Sl, 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 10.62 ASPP (2Fh) Command

s 7 lelslalalolilolslalelalalolilolzlalalalalolq ol
SO

Phase nstruction nput ASPR | ow Byte nput ASPR High Byte

10.8.3 DYB Read (DYBRD EOh)

The instruction EOh is latched into S| by the rising edge of the SCK signal. Followed by the 32-bit address
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 10.63 DYBRD Command Sequence

cs# | \\ [
SCK B,S
s M7Tal5Talal211 ol M1 [o s

DO 4 {zlelslalalol1lolzlelslalal2o[1]al

Phase | Instruction \ AB\tLess_‘_RegLsLer—‘_RepeaiBegLsLer—L
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10.8.4 DYB Write (DYBWR 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, the 32-bit
address 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 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. If not, the DYBWR command is not executed. 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 setto a 0.

Figure 10.64 DYBWR (E1h) Command Sequence

cs# | i\

ScK S; T

SI-7|6|'5|4|’%|2|1|0|’%1|\\|'§|4|’%|2|1|0|7|6|‘%|4|’%|2|1|0|-
((

0

Phase \ Instruction ‘ \\_Addmss—‘—mpmﬁala—‘;

10.8.5 PPB Read (PPBRD E2h)

The instruction E2h is shifted into S| by the rising edges of the SCK signal, followed by the 32-bit address
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 10.65 PPBRD (E2h) Command Sequence

cs# | 6 [
Serenipinipinipipinipin\yigigipipigipigipgupipigigigipigipigine
s W7 1615 alals 1 1o m W\ 17 o I
Se) ‘f {zlelslalalolalalzlelslalalo[1]0l

Phase Instruction Ab \h‘ess | Register ‘ Repeat Register ‘

10.8.6  PPB Program (PPBP 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 32-bit address selecting location zero within the desired sector (note, the high order address bits not used
by a particular density device must be zero).
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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 Write-In Progress (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 setto a

0.
Figure 10.66 PPBP (E3h) Command Sequence
cs# | )\ I_
s 7 [ 6 [ 5 [ 4 [ 3 > T 1 T o Ta W [ 31 1 o0
S ),
Phase ‘ Instruction ‘ \\ Address

10.8.7 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 10.67 PPB Erase (PPBE E4h) Command Sequence

cs# | l—
SCK L o7 7 =7 =0 7 & [LJI 711
sHN 7 [ & [ 5 1 4 1 a3 1T 5 1T 3 1 o
Se]
Phase ‘ Instruction ‘

10.8.8  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. Itis
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.
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Figure 10.68 PPB Lock Register Read Command Sequence

cs# | [
SCK My yis
s 7 65 lalal> 1110

So) {zlelslalalof1lolzlalslalalolq]al

Phase ‘ Instruction ‘ Register Read ‘ Repeat Register Read ‘

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 10.69 PPB Lock Bit Write (PLBWR A6h) Command Sequence

cs# | [
SCK L r —r 7 °7 °_I °_I °1L_T 11
sHN 7 [ ¢ [ 5 T 4 T 3 1T 5 1T 4 T o5 T
O
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 PASSRD command is ignored.

The PASSRD command is shifted into SlI. 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 10.70 Password Read (PASSRD E7h) Command Sequence

s I 7 e s [alal> 1o )

el {zlelslalalol1[olWlelslalalol1]al

Phase nstruction Data 1 VS,\ Data N ‘

10.8.11 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.
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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 setto a 0. The
maximum clock frequency for the PASSP command is 133 MHz.

Figure 10.71 Password Program (PASSP E8h) Command Sequence

cs# | ) [

SCK WL L re

s 76 slalalol1lolzlelslalalolailo\ alslalalolalollm
(!

O )

Phase nstruction nput Password | ow Byte S\ Input Password High Byte ‘

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 10.72 Password Unlock (PASSU E9h) Command Sequence

cs# | )\ [

ScK \ LML=

s 76 lslalalolilolzlelslalalolaslolMNelslalaloqlo
[

SO b))

Phase nstruction nput Password Low Byte S\ Input Password High Byte ‘
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10.9 Reset Commands

10.9.1  Software Reset Command (RESET FOh)

The Software Reset command (RESET) restores the device to its initial power up state, except for the volatile
FREEZE bit in the Configuration register CR1[1] and the volatile PPB Lock bit in the PPB Lock Register. 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. Note that the non-volatile bits in the configuration register,
TBPROT, TBPARM, and BPNV, retain their previous state after a Software Reset. The Block Protection bits
BP2, BP1, and BP0, in the status register will only be reset if they are configured as volatile via the BPNV bit
in the Configuration Register (CR1[3]) and FREEZE is cleared to zero . The software reset cannot be used to
circumvent the FREEZE or PPB Lock bit protection mechanisms for the other security configuration bits. The
reset command is executed when CS# is brought to high state and requires tgpy time to execute.

Figure 10.73 Software Reset (RESET FOh) Command Sequence

cs# | [
SCK L 7 =7 7 =7 /7 ’°7 [/ ©[1_1
sHN 7 [ 6 [ 5 1T 4 1T =3 1T 5> 1T 3 1T o [
Se]
Phase ‘ Instruction ‘

10.9.2 Mode Bit Reset (MBR FFh)

The Mode Bit Reset (MBR) command can be 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 Ones on Sl or 100 for 8 SCK cycles. 101 to 103 are “don’t care” during these

cycles.
Figure 10.74 Mode Bit (MBR FFh) Reset Command Sequence
Ccs#
SCK o = I = 7 7 & 11
s 7 T 6 [ 5 T 4 [ 3 T 5 T35 T o [
o)
Phase ‘ Instruction ‘
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10.10 Embedded Algorithm Performance Tables

Table 10.7 Program and Erase Performance

Symbol Parameter Min Typ (1) Max (2) Unit
tw WRR Write Time 560 2000 ms
tpp Page Programming (512 bytes) 340 750/1300 (3) ps

Sector Erase Time
tse (256-kB logical sectors = 4 x 64 kB physical sectors) 520 2600 ms
tee Bulk Erase Time (S25FL512S) 103 460 sec

Notes:

1. Typical program and erase times assume the following conditions: 25°C, V¢ = 3.0V; 10,000 cycles; checkerboard data pattern.
2. Under worst case conditions of 90°C; 100,000 cycles max.

3. Industrial temperature range / Automotive In-Cabin temperature range.

Table 10.8 Program Suspend AC Parameters

Parameter Min Typical Max Unit Comments
The time from Program Suspend command until
Program Suspend Latency (tpg;) 40 us the WIP bit is 0
Program Resume to next Program Minimum is the time needed to issue the next
9 9 0.06 100 us Program Suspend command but 2 typical periods
Suspend (tprs) .
are needed for Program to progress to completion

Table 10.9 Erase Suspend AC Parameters

Parameter Min Typical Max Unit Comments

Erase Suspend Latency (tgs,) 5 us t'rl;gmllgiiftr?smoErase Suspend command until

Minimum is the time needed to issue the next

Erase Resume to next Erase Suspend Erase Suspend command but 2 typical periods
0.06 100 us
(ters) are needed for the Erase to progress to
completion
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Table 11.1 S25FL512S Instruction Set (sorted by instruction) (Sheet 1 of 2)
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Ins(t;{tg):(t)ion Command Name Command Description Maximu(r;lAEr;quency
01 WRR Write Register (Status-1, Configuration-1) 133
02 PP Page Program (3- or 4-byte address) 133
03 READ Read (3- or 4-byte address) 50
04 WRDI Write Disable 133
05 RDSR1 Read Status Register-1 133
06 WREN Write Enable 133
07 RDSR2 Read Status Register-2 133
0B FAST_READ Fast Read (3- or 4-byte address) 133
oc AFAST_READ Fast Read (4-byte address) 133
0D DDRFR DDR Fast Read (3- or 4-byte address) 66
OE ADDRFR DDR Fast Read (4-byte address) 66
12 4PP Page Program (4-byte address) 133
13 4AREAD Read (4-byte address) 50
14 ABRD AutoBoot Register Read 133
15 ABWR AutoBoot Register Write 133
16 BRRD Bank Register Read 133
17 BRWR Bank Register Write 133
18 Reserved-18 Reserved
2B ASPRD ASP Read 133
2F ASPP ASP Program 133
30 CLSR Clear Status Register - Erase/Program Fail Reset 133
32 QPP Quad Page Program (3- or 4-byte address) 80
34 4QPP Quad Page Program (4-byte address) 80
35 RDCR Read Configuration Register-1 133
38 QPP Quad Page Program (3- or 4-byte address) 80
3B DOR Read Dual Out (3- or 4-byte address) 104
3C 4DOR Read Dual Out (4-byte address) 104
41 DLPRD Data Learning Pattern Read 133
42 OTPP OTP Program 133
43 PNVDLR Program NV Data Learning Register 133
4A WVDLR Write Volatile Data Learning Register 133
4B OTPR OTP Read 133
5A RSFDP Read Serial Flash Discoverable Parameters 133
60 BE Bulk Erase 133
6B QOR Read Quad Out (3- or 4-byte address) 104
6C 4QO0R Read Quad Out (4-byte address) 104
75 ERSP Erase Suspend 133
7A ERRS Erase Resume 133
85 PGSP Program Suspend 133
8A PGRS Program Resume 133
90 READ_ID (REMS) Read Electronic Manufacturer Signature 133
9F RDID Read ID (JEDEC Manufacturer ID and JEDEC CFl) 133
A3 MPM Reserved for Multi-I/O-High Perf Mode (MPM) 133
A6 PLBWR PPB Lock Bit Write 133
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Table 11.1 S25FL512S Instruction Set (sorted by instruction) (Sheet 2 of 2)
Instruction Command Name Command Description Maximum Frequency
(Hex) (MHz)

A7 PLBRD PPB Lock Bit Read 133
AB RES Read Electronic Signature 50
B9 BRAC ?Lzr;kac'?; ?:Ics)tni:ni(r:\fjez)srmerly used for Deep Power Down) 133
BB DIOR Dual I/0 Read (3- or 4-byte address) 104
BC 4DIOR Dual I/O Read (4-byte address) 104
BD DDRDIOR DDR Dual I/0O Read (3- or 4-byte address) 66
BE 4DDRDIOR DDR Dual I/0O Read (4-byte address) 66
Cc7 BE Bulk Erase (alternate command) 133
D8 SE Erase 256 kB (3- or 4-byte address) 133
DC 4SE Erase 256 kB (4-byte address) 133
EO DYBRD DYB Read 133
E1l DYBWR DYB Write 133
E2 PPBRD PPB Read 133
E3 PPBP PPB Program 133
E4 PPBE PPB Erase 133
E5 Reserved-E5 Reserved

E6 Reserved-E6 Reserved

E7 PASSRD Password Read 133
E8 PASSP Password Program 133
E9 PASSU Password Unlock 133
EB QIOR Quad I/0 Read (3- or 4-byte address) 104
EC 4QIOR Quad I/0 Read (4-byte address) 104
ED DDRQIOR DDR Quad I/O Read (3- or 4-byte address) 66
EE 4DDRQIOR DDR Quad I/0O Read (4-byte address) 66
FO RESET Software Reset 133
FF MBR Mode Bit Reset 133

11.2 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-CFI address
space and is thus both a CFI parameter and an SFDP parameter. In this way both SFDP and ID-CFlI
information can be accessed by either the RSFDP or RDID commands.

Table 11.2 SFDP Overview Map

Relative Byte Address Offset SFDP Dword Address Description
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 248h FS);ar;tn(])éélr:DP JEDEC parameter which is also part of a CFI
Remainder of SFDP JEDEC parameter followed by either more CFlI
parameters or undefined space
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Table 11.3 SFDP Header
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Relative Byte SFDP Dword Data Description
Address Offset Address

0oh 53h This is“th”e entry point for Read SFDP (5Ah) command i.e. location zero within SFDP space
ASCII “S

01h 00h 46h ASCII “F”

02h 44h ASCII “D”

03h 50h ASCII “P”

04h 00h SFDP Minor Revision

05h 0lh SFDP Major Revision

06h oth 0lh 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 0lh Parameter Major Revision

0Bh 0%h 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 01h Manufacturer ID (Spansion)

11h 00h Parameter Minor Revision

12h oah 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-CFI 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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11.3 Device ID and Common Flash Interface (ID-CFI) Address Map
11.3.1  Field Definitions
Table 11.4 Manufacturer and Device ID
Byte Address Data Description
00h 0lh Manufacturer ID for Spansion
01h 02h (512 Mb) Device ID Most Significant Byte - Memory Interface Type
02h 20h (512 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
03h xh the ID-CFI address map. A value of 00h indicates the entire 512-byte
ID-CFI space must be read because the actual length of the ID-CFI
information is longer than can be indicated by this legacy single byte
field. The value is OPN dependent.
04h 00h (Uniform 256-kB sectors) Sector Architecture
05h 80h (FL-S Family) Family ID
06h xxh ASCII characters for Model
Refer to Ordering Information on page 137 for the model number
07h xxh definitions.
08h xxh Reserved
09h xxh Reserved
0Ah xxh Reserved
0Bh xxh Reserved
0Ch xxh Reserved
0Dh xxh Reserved
OEh xxh Reserved
OFh xxh Reserved
Table 11.5 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 0oh 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 0oh Address for Alternate OEM Extended Table
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Table 11.6 CFI System Interface String

Byte Address Data Description
1Bh 27h Vcc Min. (erase/program): 100 millivolts
1Ch 36h Vcc Max. (erase/program): 100 millivolts
1Dh 00h Vpp Min. voltage (00h = no Vpp present)
1Eh 00h Vpp Max. voltage (00h = no Vpp present)
1Fh 06h Typical timeout per single byte program 2" ps
Typical timeout for Min. size Page program 2V ps
20n 09h (5128 page) (00h = not supported)
21h 09h (256 kB) Typical timeout per individual sector erase 2N ms
22h 11h (512 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 2" times typical
25h 03h Max. timeout per individual sector erase 2V times typical
Max. timeout for full chip erase 2" times typical
26h 03h (00h = not supported)
Table 11.7 Device Geometry Definition for 512-Mbit Device
Byte Address Data Description
27h 1Ah (512 Mb) Device Size = 2N bytes;
28h 02h Flash Device Interface Description;
0000h = x8 only
0001h = x16 only
0002h = x8/x16 capable
20h 01h 0003h = x32 only
0004h = Single 1/0 SPI, 3-byte address
0005h = Multi I/0O SPI, 3-byte address
0102h = Multi I/0O SPI, 3- or 4-byte address
2Ah 09%h Max. number of bytes in multi-byte write = 2N
(0000 = not supported
2Bh 00h 0009h = 512B page)
2ch o1h Numbefr of Erasg Block Regions wlthln device
1 = Uniform Device, 2 = Boot Device
2Dh FFh
2Eh 00h Erase Block Region 1 Information (refer to JEDEC JEP137)
32 sectors = 32-1 = 001Fh
2Fh 00h 4-kB sectors = 256 bytes x 0010h
30h 04h
31h thru 3Fh FFh RFU
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Table 11.8 CFI 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 um Floating Gate
0010b = 0.23 pm MirrorBit
0011b = 0.11 um Floating Gate
0100b = 0.11 pm MirrorBit
0101b = 0.09 um MirrorBit
1000b = 0.065 pum MirrorBit

Erase Suspend
0 = Not Supported
1 = Read Only
2 = Read and Program

46h 02h

Sector Protect
47h 01lh 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
49h 08h 05 = Software Command Locking Method
08 = Advanced Sector Protection Method
09 = Secure

Simultaneous Operation
4Ah 00h 00 = Not Supported
X = Number of Sectors

Burst Mode (Synchronous sequential read) support
4Bh 01h 00 = Not Supported
01 = Supported

Page Mode Type, model dependent
00 = Not Supported
01 = 4 Word Read Page

ach xxh 02 = 8 Read Word Page
03 = 256-Byte Program Page
04 = 512-Byte Program Page
ACC (Acceleration) Supply Minimum
4Dh 00h
0 00 = Not Supported, 100 mV
4Eh 00h ACC (Acceleration) Supply Maximum

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 select)

Program Suspend
50h 01h 00 = Not Supported
01 = Supported
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The Alternate Vendor-Specific Extended Query provides information related to the expanded command set
provided by the FL-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.

Table 11.9 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 11.10 CFI Alternate Vendor-Specific Extended Query Parameter O

Parameter Relative
Byte Address Data Description
Offset

00h 00h Parameter ID (Ordering Part Number)

o1h 10h 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 53h ASCII “S” for manufacturer (Spansion)

03h 32h
ASCII “25” for Product Characters (Single Die SPI)

04h 35h

05h 46h
ASCII “FL” for Interface Characters (SPI 3 Volt)

06h 4Ch

07h 35h (512 Mb)

08h 31h (512 Mb) ASCII characters for density

09h 32h (512 Mb)

0Ah 53h ASCI| “S” for Technology (65nm MirrorBit)

0Bh xxh

0Ch xxh

0Dh xxh

OEh xxh Reserved for Future Use (RFU)

OFh xxh

10h xxh

11h xxh

Table 11.11 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

01lh 01lh - "
current location value +1 = the first byte of the next parameter)
Bits 7:4 - Reserved = 1111b
Bit 3 - AutoBoot support - Ye s= 0Ob, No = 1b

02h FOh Bit 2 - 4-byte address instructions supported - Yes = Ob, No = 1b
Bit 1 - Bank address + 3-byte address instructions supported - Yes = Ob, No = 1b
Bit O - 3-byte address instructions supported - Yes = Ob, No = 1b
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Table 11.12 CFI Alternate Vendor-Specific Extended Query Parameter 84h Suspend Commands

Parameter Relative

Byte Address Data Description
Offset
00h 84h Parameter ID (Suspend Commands
o1h 0sh Parameter Lgngth (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 85h Program suspend instruction code
03h 28h Program suspend latency maximum (us)
04h 8Ah 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 (us)
08h 7Ah Erase resume instruction code
09h 64h Erase resume to next suspend typical (us)

Table 11.13 CFI Alternate Vendor-Specific Extended Query Parameter 88h Data Protection

Parameter Relative

Byte Address Data Description
Offset
00h 88h Parameter ID (Data Protection)

Parameter Length (The number of following bytes in this parameter. Adding this value to the

01h 04h current location value +1 = the first byte of the next parameter)
02h OAh OTP size 2N bytes, FFh = not supported
03h 01lh OTP address map format, 01h = FL-S format, FFh = not supported
04h wxh Block Protect Type, model dependent

00h = FL-P, FL-S, FFh = not supported
05h xxh Advanced Sector Protection type, model dependent

01h = FL-S ASP

Table 11.14 CFI Alternate Vendor-Specific Extended Query Parameter 8Ch Reset Timing

Parameter Relative
Byte Address Data Description
Offset
00h 8Ch Parameter ID (Reset Timing)
o1h 06h 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 96h POR maximum value
03h 01h POR maximum exponent 2" us
04h 23h Hardware Reset maximum value, FFh = not supported
05h 00h Hardware Reset maximum exponent 2V pus
06h 23h Software Reset maximum value, FFh = not supported
07h 00h Software Reset maximum exponent 2N us
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Table 11.15 CFI Alternate Vendor-Specific Extended Query Parameter 90h - HPLC(SDR) (Sheet 1 of 2)

Parameter Relative
Byte Address Data Description
Offset
00h 90h Parameter ID (Latency Code Table)
o1h 56h Parameter Lgngth (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 06h Number of rows
03h OEh Row length in bytes
04h 46h Start of header (row 1), ASCII “F” for frequency column header
05h 43h ASCII “C” for Code column header
06h 03h Read 3-byte address instruction
07h 13h Read 4-byte address instruction
08h 0Bh Read Fast 3-byte address instruction
09h 0Ch Read Fast 4-byte address instruction
O0Ah 3Bh Read Dual Out 3-byte address instruction
0Bh 3Ch Read Dual Out 4-byte address instruction
0Ch 6Bh Read Quad Out 3-byte address instruction
0Dh 6Ch Read Quad Out 4-byte address instruction
OEh BBh Dual /0 Read 3-byte address instruction
OFh BCh Dual I/0 Read 4-byte address instruction
10h EBh Quad I/0 Read 3-byte address instruction
11h ECh Quad I/0 Read 4-byte address instruction
12h 32h Start of row 2, SCK frequency limit for this row (50 MHz)
13h 03h Latency Code for this row (11b)
14h 00h Read mode cycles
15h 00h Read latency cycles
16h 00h Read Fast mode cycles
17h 00h Read Fast latency cycles
18h 00h Read Dual Out mode cycles
19h 00h Read Dual Out latency cycles
1Ah 00h Read Quad Out mode cycles
1Bh 00h Read Quad Out latency cycles
1Ch 00h Dual I/0 Read mode cycles
1Dh 04h Dual I/0 Read latency cycles
1Eh 02h Quad I/0 Read mode cycles
1Fh 01h Quad I/O Read latency cycles
20h 50h Start of row 3, SCK frequency limit for this row (80 MHz)
21h 00h Latency Code for this row (00b)
22h FFh Read mode cycles (FFh = command not supported at this frequency)
23h FFh Read latency cycles
24h 00h Read Fast mode cycles
25h 08h Read Fast latency cycles
26h 00h Read Dual Out mode cycles
27h 08h Read Dual Out latency cycles
28h 00h Read Quad Out mode cycles
29h 08h Read Quad Out latency cycles
2Ah 00h Dual I/0 Read mode cycles
2Bh 04h Dual I/0 Read latency cycles
2Ch 02h Quad I/0 Read mode cycles
2Dh 04h Quad I/0 Read latency cycles
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Table 11.15 CFI Alternate Vendor-Specific Extended Query Parameter 90h - HPLC(SDR) (Sheet 2 of 2)
Parameter Relative
Byte Address Data Description
Offset
2Eh 5Ah Start of row 4, SCK frequency limit for this row (90 MHz)
2Fh 01lh Latency Code for this row (01b)
30h FFh Read mode cycles (FFh = command not supported at this frequency)
31h FFh Read latency cycles
32h 00h Read Fast mode cycles
33h 08h Read Fast latency cycles
34h 00h Read Dual Out mode cycles
35h 08h Read Dual Out latency cycles
36h 00h Read Quad Out mode cycles
37h 08h Read Quad Out latency cycles
38h 00h Dual I/0 Read mode cycles
39h 05h Dual I/0O Read latency cycles
3Ah 02h Quad I/0 Read mode cycles
3Bh 04h Quad I/0 Read latency cycles
3Ch 68h Start of row 5, SCK frequency limit for this row (104 MHz)
3Dh 02h Latency Code for this row (10b)
3Eh FFh Read mode cycles (FFh = command not supported at this frequency)
3Fh FFh Read latency cycles
40h 00h Read Fast mode cycles
41h 08h Read Fast latency cycles
42h 00h Read Dual Out mode cycles
43h 08h Read Dual Out latency cycles
44h 00h Read Quad Out mode cycles
45h 08h Read Quad Out latency cycles
46h 00h Dual I/0 Read mode cycles
47h 06h Dual I/0 Read latency cycles
48h 02h Quad I/0 Read mode cycles
49h 05h Quad I/0 Read latency cycles
4Ah 85h Start of row 6, SCK frequency limit for this row (133 MHz)
4Bh 02h Latency Code for this row (10b)
4Ch FFh Read mode cycles (FFh = command not supported at this frequency)
4Dh FFh Read latency cycles
4Eh 00h Read Fast mode cycles
4Fh 08h Read Fast latency cycles
50h FFh Read Dual Out mode cycles
51h FFh Read Dual Out latency cycles
52h FFh Read Quad Out mode cycles
53h FFh Read Quad Out latency cycles
54h FFh Dual I/0 Read mode cycles
55h FFh Dual I/O Read latency cycles
56h FFh Quad I/0 Read mode cycles
57h FFh Quad I/0 Read latency cycles
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Table 11.16 CFI Alternate Vendor-Specific Extended Query Parameter 9Ah - HPLC DDR

Parameter Relative
Byte Address Data Description
Offset
00h 9Ah Parameter ID (Latency Code Table)
o1h 2AN Parameter Lgngth (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 05h Number of rows
03h 08h Row length in bytes
04h 46h Start of header (row 1), ASCII “F” for frequency column header
05h 43h ASCII “C” for Code column header
06h 0Dh Read Fast DDR 3-byte address instruction
07h OEh Read Fast DDR 4-byte address instruction
08h BDh DDR Dual I/O Read 3-byte address instruction
09h BEh DDR Dual I/O Read 4-byte address instruction
0Ah EDh Read DDR Quad I/O 3-byte address instruction
0Bh EEh Read DDR Quad I/0 4-byte address instruction
0Ch 32h Start of row 2, SCK frequency limit for this row (50 MHz)
0Dh 03h Latency Code for this row (11b)
OEh 00h Read Fast DDR mode cycles
OFh 04h Read Fast DDR latency cycles
10h 00h DDR Dual I/O Read mode cycles
11h 04h DDR Dual I/0 Read latency cycles
12h 01lh Read DDR Quad I/0O mode cycles
13h 03h Read DDR Quad /O latency cycles
14h 42h Start of row 3, SCK frequency limit for this row (66 MHz)
15h 00h Latency Code for this row (00b)
16h 00h Read Fast DDR mode cycles
17h 05h Read Fast DDR latency cycles
18h 00h DDR Dual I/O Read mode cycles
19h 06h DDR Dual I/0O Read latency cycles
1Ah 01h Read DDR Quad I/0O mode cycles
1Bh 06h Read DDR Quad /O latency cycles
1Ch 42h Start of row 4, SCK frequency limit for this row (66 MHz)
1Dh 01lh Latency Code for this row (01b)
1Eh 00h Read Fast DDR mode cycles
1Fh 06h Read Fast DDR latency cycles
20h 00h DDR Dual I/O Read mode cycles
21h 07h DDR Dual I/O Read latency cycles
22h 01lh Read DDR Quad I/0 mode cycles
23h 07h Read DDR Quad /O latency cycles
24h 42h Start of row 5, SCK frequency limit for this row (66 MHz)
25h 02h Latency Code for this row (10b)
26h 00h Read Fast DDR mode cycles
27h 07h Read Fast DDR latency cycles
28h 00h DDR Dual I/0O Read mode cycles
29h 08h DDR Dual I/O Read latency cycles
2Ah 01lh Read DDR Quad I/0 mode cycles
2Bh 08h Read DDR Quad /O latency cycles
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Table 11.17 CFI Alternate Vendor-Specific Extended Query Parameter 90h - EHPLC (SDR) (Sheet 1 of 2)

Parameter Relative
Byte Address Data Description
Offset
00h 90h Parameter ID (Latency Code Table)
o1h 56h Parameter Lgngth (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 06h Number of rows
03h OEh Row length in bytes
04h 46h Start of header (row 1), ASCII “F” for frequency column header
05h 43h ASCII “C” for Code column header
06h 03h Read 3-byte address instruction
07h 13h Read 4-byte address instruction
08h 0Bh Read Fast 3-byte address instruction
09h 0Ch Read Fast 4-byte address instruction
O0Ah 3Bh Read Dual Out 3-byte address instruction
0Bh 3Ch Read Dual Out 4-byte address instruction
0Ch 6Bh Read Quad Out 3-byte address instruction
0Dh 6Ch Read Quad Out 4-byte address instruction
OEh BBh Dual /0 Read 3-byte address instruction
OFh BCh Dual I/0 Read 4-byte address instruction
10h EBh Quad I/0 Read 3-byte address instruction
11h ECh Quad I/0 Read 4-byte address instruction
12h 32h Start of row 2, SCK frequency limit for this row (50 MHz)
13h 03h Latency Code for this row (11b)
14h 00h Read mode cycles
15h 00h Read latency cycles
16h 00h Read Fast mode cycles
17h 00h Read Fast latency cycles
18h 00h Read Dual Out mode cycles
19h 00h Read Dual Out latency cycles
1Ah 00h Read Quad Out mode cycles
1Bh 00h Read Quad Out latency cycles
1Ch 04h Dual I/0 Read mode cycles
1Dh 00h Dual I/0 Read latency cycles
1Eh 02h Quad I/0 Read mode cycles
1Fh 01h Quad I/O Read latency cycles
20h 50h Start of row 3, SCK frequency limit for this row (80 MHz)
21h 00h Latency Code for this row (00b)
22h FFh Read mode cycles (FFh = command not supported at this frequency)
23h FFh Read latency cycles
24h 00h Read Fast mode cycles
25h 08h Read Fast latency cycles
26h 00h Read Dual Out mode cycles
27h 08h Read Dual Out latency cycles
28h 00h Read Quad Out mode cycles
29h 08h Read Quad Out latency cycles
2Ah 04h Dual I/0 Read mode cycles
2Bh 00h Dual I/0 Read latency cycles
2Ch 02h Quad I/0 Read mode cycles
2Dh 04h Quad I/0 Read latency cycles
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Table 11.17 CFI Alternate Vendor-Specific Extended Query Parameter 90h - EHPLC (SDR) (Sheet 2 of 2)

Parameter Relative
Byte Address Data Description
Offset
2Eh 5Ah Start of row 4, SCK frequency limit for this row (90 MHz)
2Fh 01lh Latency Code for this row (01b)
30h FFh Read mode cycles (FFh = command not supported at this frequency)
31h FFh Read latency cycles
32h 00h Read Fast mode cycles
33h 08h Read Fast latency cycles
34h 00h Read Dual Out mode cycles
35h 08h Read Dual Out latency cycles
36h 00h Read Quad Out mode cycles
37h 08h Read Quad Out latency cycles
38h 04h Dual I/0 Read mode cycles
39h 01h Dual I/0O Read latency cycles
3Ah 02h Quad I/0 Read mode cycles
3Bh 04h Quad I/0 Read latency cycles
3Ch 68h Start of row 5, SCK frequency limit for this row (104 MHz)
3Dh 02h Latency Code for this row (10b)
3Eh FFh Read mode cycles (FFh = command not supported at this frequency)
3Fh FFh Read latency cycles
40h 00h Read Fast mode cycles
41h 08h Read Fast latency cycles
42h 00h Read Dual Out mode cycles
43h 08h Read Dual Out latency cycles
44h 00h Read Quad Out mode cycles
45h 08h Read Quad Out latency cycles
46h 04h Dual I/0 Read mode cycles
47h 02h Dual I/0 Read latency cycles
48h 02h Quad I/0 Read mode cycles
49h 05h Quad I/0 Read latency cycles
4Ah 85h Start of row 6, SCK frequency limit for this row (133 MHz)
4Bh 02h Latency Code for this row (10b)
4Ch FFh Read mode cycles (FFh = command not supported at this frequency)
4Dh FFh Read latency cycles
4Eh 00h Read Fast mode cycles
4Fh 08h Read Fast latency cycles
50h FFh Read Dual Out mode cycles
51h FFh Read Dual Out latency cycles
52h FFh Read Quad Out mode cycles
53h FFh Read Quad Out latency cycles
54h FFh Dual I/0 Read mode cycles
55h FFh Dual I/O Read latency cycles
56h FFh Quad I/0 Read mode cycles
57h FFh Quad I/0 Read latency cycles
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Table 11.18 CFI Alternate Vendor-Specific Extended Query Parameter 9Ah - EHPLC DDR

Parameter Relative
Byte Address Data Description
Offset
00h 9Ah Parameter ID (Latency Code Table)
o1h 2AN Parameter Lgngth (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 05h Number of rows
03h 08h Row length in bytes
04h 46h Start of header (row 1), ASCII “F” for frequency column header
05h 43h ASCII “C” for Code column header
06h 0Dh Read Fast DDR 3-byte address instruction
07h OEh Read Fast DDR 4-byte address instruction
08h BDh DDR Dual I/O Read 3-byte address instruction
09h BEh DDR Dual I/O Read 4-byte address instruction
0Ah EDh Read DDR Quad I/O 3-byte address instruction
0Bh EEh Read DDR Quad I/0 4-byte address instruction
0Ch 32h Start of row 2, SCK frequency limit for this row (50 MHz)
0Dh 03h Latency Code for this row (11b)
OEh 04h Read Fast DDR mode cycles
OFh 01h Read Fast DDR latency cycles
10h 02h DDR Dual I/O Read mode cycles
11h 02h DDR Dual I/0 Read latency cycles
12h 01lh Read DDR Quad I/0O mode cycles
13h 03h Read DDR Quad /O latency cycles
14h 42h Start of row 3, SCK frequency limit for this row (66 MHz)
15h 00h Latency Code for this row (00b)
16h 04h Read Fast DDR mode cycles
17h 02h Read Fast DDR latency cycles
18h 02h DDR Dual I/O Read mode cycles
19h 04h DDR Dual I/0O Read latency cycles
1Ah 01h Read DDR Quad I/0O mode cycles
1Bh 06h Read DDR Quad /O latency cycles
1Ch 42h Start of row 4, SCK frequency limit for this row (66 MHz)
1Dh 01lh Latency Code for this row (01b)
1Eh 04h Read Fast DDR mode cycles
1Fh 04h Read Fast DDR latency cycles
20h 02h DDR Dual I/O Read mode cycles
21h 05h DDR Dual I/O Read latency cycles
22h 01lh Read DDR Quad I/0 mode cycles
23h 07h Read DDR Quad /O latency cycles
24h 42h Start of row 5, SCK frequency limit for this row (66 MHz)
25h 02h Latency Code for this row (10b)
26h 04h Read Fast DDR mode cycles
27h 05h Read Fast DDR latency cycles
28h 02h DDR Dual I/0O Read mode cycles
29h 06h DDR Dual I/O Read latency cycles
2Ah 01lh Read DDR Quad I/0 mode cycles
2Bh 08h Read DDR Quad /O latency cycles
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Table 11.19 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
01lh 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.

11.4 Registers

The register maps are copied in this section as a quick reference. See Registers on page 57 for the full
description of the register contents.

Table 11.20 Status Register-1 (SR1)

Bits Field Function Type Default State Description
Name
Status Regist 1 = Locks state of SRWD, BP, and configuration register
7 SRWD alsRegister Non-Volatile 0 bits when WP# is low by ignoring WRR command
Write Disable ) )
0 = No protection, even when WP# is low
Programming . 1 = Error occurred
6 F_ERR Error Occurred Volatile, Read only 0 0 = No Error
Erase Error . 1= Error occurred
5 E_ERR Occurred Volatile, Read only 0 0 = No Error
4 BP2 Volatile if CR1[3]=1 1if CR1[3]=1,
olatile i =1,
3 BP1 Block Non-Volatile if .o when Protects selected range of sectors (Block) from Program
Protection _ shipped from or Erase
CR1[3]=0 )
2 BPO Spansion
1 = Device accepts Write Registers (WRR), program or
erase commands
1 WEL Write Enable Volatile 0 0 = Device ignores Write Registers (WRR), program or
Latch erase commands
This bit is not affected by WRR, only WREN and WRDI
commands affect this bit.
1= Device Busy, a Write Registers (WRR), program,
Write in . erase or other operation is in progress
0 WIP Volatile, Read onl 0 S
Progress Y 0 = Ready Device is in standby mode and can accept
commands
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Table 11.21 Configuration Register (CR1)
. . . Default I
Bits Field Name Function Type State Description
7 LC1 0 initi
Latency Code Non-Volatile Selects number of initial read latency cycles
6 LCO 0 See Latency Code Tables
Configures Start of 1 = BP starts at bottom (Low address)
5 TBPROT - OoTP 0 .
Block Protection 0 = BP starts at top (High address)
4 RFU RFU RFU 0 Reserved for Future Use
Configures BP2-0 in 1 = Volatile
3 BPNV Status Register oTP 0 0 = Non-Volatile
2 RFU RFU RFU 0 Reserved for Future Use
Puts the device into . 1 = Quad
1 QUAD Quad I/0 operation Non-Volatile 0 0 = Dual or Serial
Lock current state of
BP2-0 bits in Status
Register, TBPROT in . 1 = Block Protection and OTP locked
0 FREEZE Configuration Volatile 0 0 = Block Protection and OTP un-locked
Register, and OTP
regions
Table 11.22 Status Register-2 (SR2)
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
2 RFU Reserved 0 Reserved for Future Use
1 ES Erase Suspend | Volatile, Read only 0 1=In er.ase suspend mode.
0 = Not in erase suspend mode.
Program . 1 = In program suspend mode.
0 PS Suspend Volatile, Read only 0 0 = Not in program suspend mode.
Table 11.23 Bank Address Register (BAR)
Bits Field Name Function Type Default State Description
1 = 4-byte (32-bits) addressing required from command.
7 EXTADD Extended Address Volatile Ob 0 = 3-byte (24-bits) addressing from command + Bank
Enable
Address
6102 RFU Reserved Volatile 00000b Reserved for Future Use
1 BA25 Bank Address Volatile 0 A25 for 512 Mb device
0 RFU Bank Address Volatile 0 RFU for lower density device
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Table 11.24 ASP Register (ASPR)

Bits Field Name Function Type Dsetf;ilt Description

15t0 9 RFU Reserved OoTP 1 Reserved for Future Use
8 RFU Reserved OoTP (Note 1) | Reserved for Future Use
7 RFU Reserved OoTP (Note 1) | Reserved for Future Use
6 RFU Reserved OTP 1 Reserved for Future Use
5 RFU Reserved oTP (Note 1) | Reserved for Future Use
4 RFU Reserved OoTP (Note 1) | Reserved for Future Use
3 RFU Reserved OoTP (Note 1) | Reserved for Future Use
2| puowis | pacciontiode | ote |1 |92 P prteton e permanenty epalt,

Persjstent 0 = Persistent Protection Mode permanently enabled.
1 PSTMLB Protigt::inBli\:lode oTP L 1 = Persistent Protection Mode not permanently enabled.
0 RFU Reserved OTP 1 Reserved for Future Use
Note:

1. Default value depends on ordering part number, see Initial Delivery State on page 136.

Table 11.25 Password Register (PASS)

Bits Field Function Type Default State Description
Name
Hidden FEFEFEFE- Non-volatile OTP storage of 64-bit password. The passwprd is
63t00 PWD oTP no longer readable after the password protection mode is
Password FFFFFFFFh : ] .
selected by programming ASP register bit 2 to zero.
Table 11.26 PPB Lock Register (PPBL)
Bits Field Name Function Type Default State Description
7tol RFU Reserved Volatile 00h Reserved for Future Use
0 = PPB array protected until next power cycle
. Persistent Protection Mode = 1 | or hardware reset
0 PPBLOCK | Protect PPB Array | Volatile Password Protection Mode = 0 | 1= PPB array may be programmed or erased
Table 11.27 PPB Access Register (PPBAR)
. . . Default .
Bits Field Name Function Type State Description
00h = PPB for the sector addressed by the PPBRD or
PPBP command is programmed to ‘0’, protecting that
Read or Program per . sector from program or erase operations.

7100 PPB sector PPB Non-volatile FFh FFh = PPB for the sector addressed by the PPBRD or
PPBP command is erased to ‘1’, not protecting that
sector from program or erase operations.

Table 11.28 DYB Access Register (DYBAR)
Bits Field Name Function Type Default State Description
00h = DYB for the sector addressed by the DYBRD or DYBP
command is cleared to ‘0’, protecting that sector from program or
Read or Write - erase operations.
7t00 DYB Volatil FFh
0 per sector DYB olatie FFh = DYB for the sector addressed by the DYBRD or DYBP
command is set to ‘1, not protecting that sector from program or
erase operations.
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Table 11.29 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 11.30 Volatile Data Learning Register (NVDLR)
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

Initial Delivery State

The device is shipped from Spansion with non-volatile bits set as follows:

The entire memory array is erased: i.e. all bits are set to 1 (each byte contains FFh).

The OTP address space has the first 16 bytes programmed to a random number. All other bytes are erased
to FFh.

The SFDP address space contains the values as defined in the description of the SFDP address space.

The ID-CFI address space contains the values as defined in the description of the ID-CFI address space.

The Status Register 1 contains 00h (all SR1 bits are cleared to 0's).

The Configuration Register 1 contains 00h.

The Autoboot register contains 00h.
The Password Register contains FFFFFFFF-FFFFFFFFh
All PPB bits are 1.

The ASP Register contents depend on the ordering options selected:

Table 11.31 ASP Register Content

Ordering Part Number Model

ASPR Default Value

01, 21, 31, R1, A1, B1, C1, D1, FE7Fh
91,Q1,71,61,81
K1, L1. 81, T1, Y1, 71, FE4Fh

M1, N1, U1, V1, Wi, X1
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12. Ordering Information FL512S

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

S25FL 512 S AG M F | 0 0

1

Notes:
1. EHPLC = Enhanced High Performance Latency Code table.

2. HPLC = High Performance Latency Code table.

"= Packing Type

0 = Tray
1 = Tube
3 = 13" Tape and Reel

Model Number (Sector Type)
1 = Uniform 256-kB sectors

N

SPANSION-®
A\

Model Number (Latency Type, Package Details, RESET# and V,g Support)

= EHPLC, SO footprint

= EHPLC, 5 x 5 ball BGA footprint

= EHPLC, 4 x 6 ball BGA footprint

= EHPLC, SO footprint with RESET#

= EHPLC, SO footprint with RESET# and Vg

= EHPLC, 5 x 5 ball BGA footprint with RESET# and Vo
= EHPLC, 4 x 6 ball BGA footprint with RESET# and Vo
= EHPLC, 5 x 5 ball BGA footprint with RESET#

= EHPLC, 4 x 6 ball BGA footprint with RESET#

HPLC, SO footprint

= HPLC, 5 x 5 ball BGA footprint

= HPLC, 4 x 6 ball BGA footprint

= HPLC, SO footprint with RESET#

= HPLC, SO footprint with RESET# and Vg

= HPLC, 5 x5 ball BGA footprint with RESET# and Vo
= HPLC, 4 x 6 ball BGA footprint with RESET# and Vg
= HPLC, 5 x 5 ball BGA footprint with RESET#

= HPLC, 4 x 6 ball BGA footprint with RESET#

TMONQOIOMOCOOTmP>TOVEWNO
1l

Temperature Range
Industrial (—40°C to + 85°C)
Automotive In-Cabin (—40°C to + 105°C)

Vv =

Package Materials

F = Lead (Pb)-free

H = Low-Halogen, Lead (Pb)-free

Package Type

M = 16-pin SO package

B = 24-ball BGA 6 x 8 mm package, 1.00 mm pitch
Speed

AG = 133 MHz

DP = 66 MHz DDR

DS = 80MHzDDR

Device Technology

S = 0.065 um MirrorBit Process Technology
Density
512 = 512 Mbit

Device Family
S25FL

Spansion Memory 3.0 Volt-Only, Serial Peripheral Interface (SPI) Flash Memory

3. Uniform 256-kB sectors = All sectors are uniform 256-kB with a 512B programming buffer.
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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 (1)

AG MFI, MFV 01, G1, R1 FL512S + A + (Temp) + F + (Model

Number)

0,1,3

DP MFI, MFV 01, G1 FL512S + D + (Temp) + F + (Model

Number)
DS MFV, MFI o1 01,3 FL512S + S + (Temp) + F + (Model

Number)
S25FL512S AG BHI, BHV 21,31, Al, B1, C1, D1 FL512S + A + (Temp) + H + (Model

Number)

0,3

DP BHI, BHV 21,31,C1,D1 FL512S + D + (Temp) + H + (Model

Number)
MEV, MFI o1 01,3 FL512S + S + (Temp) + F + (Model

Number)

DS

BHI, BHV 21 0.3 FL512S + S + (Temp) + H + (Model

Number)

Note:

1. Example, S25FL512SAGMFI000 package marking would be FL512SAIF00.

13. 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 (December 20, 2011)

‘ Initial release

Revision 02 (March 2, 2012)

General

Changed data sheet designation from Advance Information to Preliminary

Performance Summary

Current Consumption table: corrected Serial Read 50 MHz and Serial Read 133 MHz values

DC Characteristics

DC Characteristics table: corrected Icc; values

SDR AC Characteristics

AC Characteristics (Single Die Package, Vg = V¢ 2.7V to 3.6V) table: corrected Tegy and Tgy
Max values

AC Characteristics (Single Die Package, V|g 1.65V to 2.7V, V¢ 2.7V to 3.6V) table: corrected Tegy
and Tgy Max values

Embedded Algorithm Performance
Tables

Program and Erase Performance table: corrected T, Typ and Max values

Device ID and Common Flash Interface
(ID-CFI) Address Map

Updated table: CFI Alternate Vendor-Specific Extended Query Parameter O

Revision 03 (May 2, 2012)

Global

Added 105°C updates

Ordering Information

Updated Valid Combinations table

Embedded Algorithm Performance
Tables

Updated table: Program and Erase Performance

Revision 04 (June 13, 2012)

SDR AC Characteristics

‘ Updated to value from 0 Min to 2 ns Min

Revision 05 (April 12, 2013)

Global

‘ Data Sheet designation updated from Preliminary to Full Production

Revision 06 (December 20, 2013)

Global

80 MHz DDR Read operation added

Performance Summary

Updated Maximum Read Rates DDR (V,g = V¢ = 3V to 3.6V) table
Current Consumption table: added Quad DDR Read 80 MHz

Migration Notes

FL Generations Comparison table: updated DDR values for FL-S

SDR AC Characteristics

Updated Clock Timing figure

DDR AC Characteristics

Updated AC Characteristics — DDR Operation table

DDR Output Timing

Updated SPI DDR Data Valid Window figure and Notes

Ordering Information

Added 80 MHz to Speed option
Valid Combinations table: added DS to Speed Option

Revision 07 (January 8, 2014)

DDR AC Characteristics

Removed AC Characteristics 80 MHz Operation table
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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 © 2011-2014 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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