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S25FL116K/S25FL132K/S25FL 164K

16-Mbit (2 Mbyte)/32-Mbit (4 Mbyte)/

64-Mbit (8 Mbyte), 3.0 V, SPI Flash Memory

This product family has been retired and is not recommended for designs. For new and current designs, S25FL064L supersede the
S25FL1-K family. These are the factory-recommended migration paths. Please refer to the S25FL-L Family datasheets for

specifications and ordering information.

Features

W Serial Peripheral Interface (SPI) with Multi-I/O
— SPI Clock polarity and phase modes 0 and 3
— Command subset and footprint compatible with S25FL-K
B Read
— Normal Read (Serial):
— 50 MHz clock rate (—40 °C to +85 °C/105 °C)
— Fast Read (Serial):
— 108 MHz clock rate (—40 °C to +85 °C/105 °C)
— Dual Read:
— 108 MHz clock rate (—40 °C to +85 °C/105 °C)
— Quad Read:
— 108 MHz clock rate (—40 °C to +85 °C/105 °C)
— 54 MB/s maximum continuous data transfer rate
(-40 °C to +85 °C/105 °C)
— Efficient Execute-In-Place (XIP)
— Continuous and wrapped read modes
— Serial Flash Discoverable Parameters (SFDP)
W Program
— Serial-input Page Program (up to 256 bytes) @
— Program Suspend and Resume
W Erase @
— Uniform sector erase (4 kB) O
— Uniform block erase (64 kB) C)

— Chip erase Q@
— Erase Suspend and Resume

B Cycling Endurance 6\'
— 100K Program-Erase cyclé%nimum
B Data Retention
— 20-year data retention, minimum
B Security
— Three 256-byte Security Registers with OTP protection
— Low supply voltage protection of the entire memory
— Pointer-based security protection feature (S25FL132K and
S25FL164K)
— Top / Bottom relative Block Protection Range, 4 kB to all of
memory

Cypress Semiconductor Corporation
Document Number: 002-00497 Rev. *H

® 90 nm Floating Gate
® Single Supply Volt

%)
S

198 Champion Court

— 8-Byte Unique ID for each device
— Non-volatile Status Register bits control protection modes
— Software command protection
— Hardware input signal protection
— Lock-Down until power cycle protection
— OTP protection of s ity registers

logy

—-27Vto 3.6 strial, Industrial Plus, and Extended
temperature rarge)
-26Vt (Extended temperature range)

Ranges
rial (—40 °C to +85 °C)

—Indu
&ustrial Plus (40 °C to +105 °C)
5& utomotive, AEC-Q100 Grade 3 (—40°C to +85°C)

— Automotive, AEC-Q100 Grade 2 (—40°C to +105°C))

B Package Options

— S25FL116K
— 8-lead SOIC (150 mil) — SOA008
— 8-lead SOIC (208 mil) — SOC008
— 8-contact WSON 5 mm x 6 mm — WNDO0O08
— 24-ball BGA 6 mm x 8 mm — FAB024 and FAC024
- KGD / KGW
— S25FL 132K
— 8-lead SOIC (150 mil) — SOA008
— 8-lead SOIC (208 mil) — SOC008
—8-contact USON 4 mm x 4 mm — UNF008
— 8-contact WSON 5 mm x 6 mm — WNDO0O08
—24-ball BGA 6 mm x 8 mm — FAB024 and FAC024
- KGD / KGW
— S25FL164K
— 8-lead SOIC (208 mil) - SOC008
— 16-lead SOIC (300 mil) — SO3016
— 8-contact WSON 5 mm x 6 mm — WNDO0O08
- 24-ball BGA 6 mm x 8 mm — FAB024 and FAC024

. San Jose, CA 95134-1709 . 408-943-2600
Revised May 19, 2017
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Logic Block Diagram
CS#

—

SCK

—

SI/100

20/IO1 Control { Y Decoders
110 Logic
WE#/IOZ Data Latch

HOLD#/I03

Memory

X Decoders

Performance Summary
Maximum Read Rates (Vqc =2.7 Vto 3.6 V, 85 °C/105 °C)

Command ko\ Clock Rate (MHz) Mbytes/s
Read A 50 6.25
Fast Read %} 108 13.5
Dual Read AQV 108 27
Quad Read ’(\‘0' 108 54
\\

Typical Program and Erase Rates (V¢ = Z(J@to 3.6V, 85 °C/105 °C)

/@ration kbytes/s

Page Programming (256-byte page QR&)‘ 365
N3

4-kbyte Sector Erase O 81
64-kbyte Sector Erase % 131
Typical Current Consumption (Vcc = 2.7 Vto 3.6 V, 85 °C/105 °C)

Operation Current (mA)
Serial Read 50 MHz 7
Serial Read 108 MHz 12
Dual Read 108 MHz 14
Quad Read 108 MHz 16
Program 20
Erase 20
Standby 0.015
Deep-Power Down 0.002

Document Number: 002-00497 Rev. *H Page 2 of 90
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1. General Description

The S25FL1-K of non-volatile flash memory devices connect 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 I/0 or DIO) and four bit (Quad I/O
or QIO) serial protocols. This multiple width interface is called SPI Multi-I/O or MIO.

The SPI-MIO protocols use only 4 to 6 signals:
m  Chip Select (CS#)
m  Serial Clock (SCK)
— 100 (SI)
101 (SO)
102 (WP#)
103 (HOLD#)

B Serial Data %Q

The SIO protocol uses Serial Input (SI) and Serial Output (SO) for data transfer. The DIO pr@c
output two bits of data in each clock cycle.

use 100 and 101 to input or

The Write Protect (WP#) input signal option allows hardware control over data prote Software controlled commands can also
manage data protection. é

The HOLD# input signal option allows commands to be suspended and res% n any clock cycle.
ne

The QIO protocols use all of the data signals (100 to 103) to transfer 4 bit
the WP# and HOLD# inputs and features are disabled.

Clock frequency of up to 108 MHz is supported, allowing data tran@ rates up to:
B Single bit data path = 13.5 Mbytes/s 6@
B Dual bit data path = 27 Mbytes/s @Q

B Quad bit data path = 54 Mbytes/s

d execute-In-Place or XIP. By using S25FL1-K devices at the higher clock
rates supported, with QIO commands, the com read transfer rate can match or exceed traditional x8 or x16 parallel interface,
asynchronous, NOR flash memories, while redu¢ing signal count dramatically. The Continuous Read Mode allows for random
memory access with as few as 8-clocks @r ead for each access, providing efficient XIP operation. The Wrapped Read mode
provides efficient instruction or data ca fill via a fast read of the critical byte that causes a cache miss, followed by reading all
other bytes in the same cache line in%\s',ingle read command.

The S25FL1-K:

ch clock cycle. When the QIO protocols are enabled

Executing code directly from flash memory is ofte

m  Support JEDEC standard manufacturer and device type identification.

B Program pages of 256 bytes each. One to 256 bytes can be programmed in each Page Program operation. Pages can be
erased in groups of 16 (4-kB aligned sector erase), groups of 256 (64-kB aligned block erase), or the entire chip (chip erase).

B The S25FL1-K devices operate on a single 2.6V/2.7V to 3.6V power supply and all devices are offered in space-saving
packages.

B Provides an ideal storage solution for systems with limited space, signal connections, and power. These memories offer
flexibility and performance well beyond ordinary serial flash devices. They are ideal for code shadowing to RAM, executing
code directly (XIP), and storing reprogrammable data.

Document Number: 002-00497 Rev. *H Page 4 of 90
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Migration Notes

Features Comparison
The S25FL1-K is command set and footprint compatible with prior generation FL-K and FL-P families.

Table 1. FL Generations Comparison

Parameter S25FL1-K S25FL-K S25FL-P
Technology Node 90 nm 90 nm 90 nm
Architecture Floating Gate Floating Gate MirrorBit®

Release Date

In Production

In Production

In Production

Density 16 Mbit - 64 Mbit 4 Mbit - 128 Mbit 32 Mbit - 256 Mbit
Bus Width x1, x2, x4 x1, x2, x4 AQ x1, x2, x4
Supply Voltage 2.6V /2.7V-3.6V 2.7V - 3.6V a.\\b 2.7V - 3.6V
Normal Read Speed 6 MB/s (50 MHz) 6 MB/s (50 MHg);~ 5 MB/s (40 MHz)
Fast Read Speed 13.5 MB/s (108 MHz) 13 MB/s (10MMHz) 13 MB/s (104 MHz)
Dual Read Speed 27 MB/s (108 MHz) 26 MBW MHz) 20 MB/s (80 MHz)
Quad Read Speed 54 MB/s (108 MHz at 85°C/105°C) 5 (104 MHz) 40 MB/s (80 MHz)
Program Buffer Size 256B £ N 256B 256B

(Ft’;gj Programming Time 700 ps (256B) %O 700 s (2568) 1500 ps (256B)
Program Suspend / Resume Yes )\Q Yes No

Erase Sector Size 4 kB /64 kB (\U 4kB/32kB /64 kB 64 kB / 256 kB
Parameter Sector Size N/A AN X N/A 4 kB
Sector Erase Time (typ.) 50 ms (4 kB), 509{®64 kB) 30 ms (4 kB), 150 ms (64 kB) 500 ms (64 kB)
Erase Suspend / Resume %\ Yes No

OTP Size 76%‘)‘(’2568) 768B (3 x 256B) 506B

Operating Temperature

-40°C to +85°C

-40°C to +85°C / +105°C

Notes:

-4070148485°C / +105°C
N
L

1. S25FL-K family devices can erase 4

. rs in groups of 32 kB or 64 kB.
. S25FL1-K family devices can erase 4-kB sectors in groups of 64 kB.

2
3. S25FL-P has either 64-kB or 256-kB uniform sectors depending on an ordering option.
4. Refer to individual data sheets for further details.

1.1.2

1121

Secure Silicon Region (OTP)

Known Feature Differences from Prior Generations

The size and format (address map) of the One Time Program area is the same for the S25FL1-K and the S25FL-K but different for

the S25FL-P.

Document Number: 002-00497 Rev. *H
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1.1.2.2 Commands Not Supported
The following S25FL-K and S25FL-P commands are not supported:

Quad Page PGM (32h)
Half-Block Erase 32K (52h)
Word read Quad I/O (E7)

Octal Word Read Quad I/0 (E3h)
MFID dual I/O (92h)

MFID quad 1/O (94h)

Read Unique ID (4Bh)

1.1.2.3 New Features
The S25FL1-K introduces new features to low density SPI category memories:

B Variable read latency (number of dummy cycles) for faster initial access time or higher @%te read commands
B Industrial Plus and Extended temperature range QQ

B \Volatile configuration option in addition to legacy non-volatile configuration $

<
1.2 Glossary %

B Command. All information transferred between the host system @mory during one period while CS# is low. This includes
the instruction (sometimes called an operation code or opcode) a ny required address, mode bits, latency cycles, or data.

B Flash. The name for a type of Electrical Erase Programm ad Only Memory (EEPROM) that erases large blocks of
memory bits in parallel, making the erase operation mucl er than early EEPROM.

High. A signal voltage level = V|, or a logic level rep@%ing a binary one (1).

Instruction. The 8-bit code indicating the functio e performed by a command (sometimes called an operation code or
opcode). The instruction is always the first 8 bi nsferred from host system to the memory in any command.

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

LSB. Least Significant Bit. Generally_t
register or data value.

B MSB. Most Significant Bit. Ger@ﬂy the left most bit, with the highest order of magnitude value, within a group of bits of a
register or data value.

Non-Volatile. No power is ngeded to maintain data stored in the memory.

t most bit, with the lowest order of magnitude value, within a group of bits of a

B OPN. Ordering Part Number. The alphanumeric string specifying the memory device type, density, package, factory non-volatile
configuration, etc. used to select the desired device.

B Page. 256-byte aligned and length group of data.

B PCB. Printed Circuit Board.

B Register Bit References. Are in the format: Register_name[bit_number] or Register_name[bit_range_MSB: bit_range LSB].

B Sector. Erase unit size; all sectors are physically 4-kbytes aligned and length. Depending on the erase command used, groups

of physical sectors may be erased as a larger logical sector of 64 kbytes.

B Write. 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 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.

Document Number: 002-00497 Rev. *H Page 6 of 90
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1.3 Other Resources

131 Cypress Flash Memory Roadmap

www.cypress.com/product-roadmaps/cypress-flash-memory-roadmap

1.3.2 Links to Software

www.cypress.com/software-and-drivers-cypress-flash-memory

1.3.3 Links to Application Notes

WWW.Cypress.com/cypressappnotes

Document Number: 002-00497 Rev. *H
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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 S25FL1-K 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 S25FL1-K uses the industry standard single bit Serial Peripheral Interface (SPI) and also supports 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.

2. Signal Descriptions

2.1  Input/Output Summary Q@
Table 2. Signal List
Signal Name Type A@i})tion
SCK Input Serial Clock. < N
CS# Input Chip Select. xo\
Sl (100) /0 Serial Input for single bit data cﬁn%nds. 100 for Dual or Quad commands.
SO (101) /0 Serial Output for single bit#@)&)mmands 101 for Dual or Quad commands.
WP# (102) /0 Write Protect in single blgétfual data commands. 102 in Quad mode. The signal has an internal
pull-up resistor and me@ left unconnected in the host system if not used for Quad commands.
Hold (pause) serlaqshsfer in single bit or Dual data commands. 103 in Quad-I/O mode. The
HOLD# (103) /0 signal has an i pull-up resistor and may be left unconnected in the host system if not used
for Quad co
Vee Supply Core an%ﬁ)Power Supply.
Vss Supply Grm@-}l
N onnected. No device internal signal is connected to the package connector nor is there
NG Unused future plan to use the connector for a signal. The connection may safely be used for routing
ace for a signal on a Printed Circuit Board (PCB). However, any signal connected to an NC
must not have voltage levels higher than V.
Reserved for Future Use. No device internal signal is currently connected to the package
RFU Reserved 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.
Do Not Use. Do not use these connections for PCB signal routing channels. Do not connect any
DNU Reserved host system signal to this connection.
Note:

1. Asignal name ending with the # symbol is active when low.

Document Number: 002-00497 Rev. *H Page 8 of 90
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2.2 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/O) 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 103. Data is returned to the host similarly as bit pairs on 100 and |01 or four bit (nibble) groups
on 100, 101, 102, and 103.

2.3 Serial Clock (SCK)

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

2.4 Chip Select (CS#) \Q’

The chip select signal indicates when a command for the device is in process and the &lgnals are relevant for the memory
device. When the CS# signal is at the logic high state, the device is not selected and ﬁput signals are ignored and all output
signals are high impedance. Unless an internal Program, Erase or Write Status R ters embedded operation is in progress, the
device will be in the Standby Power mode. Driving the CS# input to logic low ; ables the device, placing it in the Active Power

mode. After Power-Up, a falling edge on CS# is required prior to the start o ommand.

25  Serial Input (SI) / 100 «O

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

Sl becomes 100 - an input and output during Dual and Q mmands for receiving instructions, addresses, and data to be
programmed (values latched on rising edge of serial S ck signal) as well as shifting out data (on the falling edge of SCK).

2.6 Serial Output (SO) / IOlQ(Q

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

SO becomes |01, an input and outr&@unng Dual and Quad commands for receiving instructions, addresses, and data to be
programmed (values latched or@ edge of serial SCK clock signal) as well as shifting out data (on the falling edge of SCK).

2.7 Write Protect (WP#) /102

When WP# is driven Low (V) ), while the Status Register Protect bits (SRP1 and SRPO) of the Status Registers (SR2[0] and SR1[7])
are set to 0 and 1 respectively, it is not possible to write to the Status Registers. This prevents any alteration of the Status Registers.
As a consequence, all the data bytes in the memory area that are protected by the Block Protect, TB, SEC, and CMP bits in the
status registers, are also hardware protected against data modification while WP# remains Low.

The WP# function is not available when the Quad mode is enabled (QE) in Status Register-2 (SR2[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).

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

Document Number: 002-00497 Rev. *H Page 9 of 90



& CYPRESS S25FL116K/S25FL 132K/S25FL 164K

- EMBEDDED IN TOMORROW

2.8 HOLD# / 103

The 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 required 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.

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 Sl 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 stateathe Hold condition ends
whenever the SCK signal reaches the logic low state. . q
N

Figure 1. Hold Condition QQ%

cs# 1\ 1\ o\
Sl N T NS B I i s
HOLD# ) T
Hold Conditic;KC)\ Hold Condition
Standard Use Non-standard Use
SI_or_|O_(during_input) EE Vvalid Input | ’ Valid Input [ | Don’t Care I [Vvalid Input
SO_or_10_(internal) —— — — N\ AT T[T ONTB. [ CfTe Tttt TTTTTYES
SO _or |O_(external) —\\—(IXEWIXI)—HH

2.9 Core and I/O Signal VoIta@ upply (Vce)

V¢ is the voltage source for all device internt) ¢ and input / output signals. It is the single voltage used for all device functions
including read, program, and erase. @

2.10 Supply and Si r@\'Ground (Vss)

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

2.11 Not Connected (NC)

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

2.12 Reserved for Future Use (RFU)

No device internal signal is currently connected to the package connector but is there potential future use for 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.

Document Number: 002-00497 Rev. *H Page 10 of 90
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Do Not Use (DNU)

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

Block Diagrams

Figure 2. Bus Master and Memory Devices on the SPI Bus — Single Bit Data Path

HOLD#
HOLD# WPE >
WP# -
Sl |l SI
SO SO Q
SCK SCK ?Q
cs2# CS2# 6%
cst#—CSH )
\ABRA) LAABR
SPI SPI @I
Bus Master Flash : @ ash

)

Figure 3. Bus Master and Memory Devioé.on the SPI Bus — Dual Bit Data Path

Figure 4. Bus Master and Memory Devices on the SPI Bus — Quad Bit Data Path

QQ
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3. Signal Protocols

3.1 SPI Clock Modes

The S25FL1-K 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 5. SPI Modes Supported %\q

Q@

CPOL=0_CPHA=0_SCK ] \ ] () \ g\ ] \ I \ ]
CPOL=1_CPHA=1_SCK \ ] \ I L8y (=2 \ ] \ ]
cs#T ) W e
Sl [ msB | 3 I\ ")
SO W T wmse 1
Timing diagrams throughout the remainder of the document a erally 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 dia ay 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 fal@ S# 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 falli ge 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@ alling edge of CS# to the first falling edge of SCK because SCK is already low

at the beginning of a command. @

3.2 Command Prot I
All communication between th ystem and S25FL1-K memory devices is in the form of units called commands.

All commands begin with an instruction that selects the type of information transfer or device operation to be performed. Commands
may also have an address, instruction modifier (mode), 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 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/O) commands provide an address sent from the host as bit pairs on 100 and 101 or, four bit (nibble)
groups on 100, 101, 102, and 103. Data is returned to the host similarly as bit pairs on |00 and 101 or, four bit (nibble) groups on 100,
101,102, and 103.
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Commands are structured as follows:

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.

The serial clock (SCK) marks the transfer of each bit or group of bits between the host and memory.

Each command begins with an eight 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 SCK rising edge. The instruction
selects the type of information transfer or device operation to be performed.

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 is a 24-bit, byte boundary, address. The
address transfers occur on SCK rising edge.

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 eapf@ther numbered 10 signal. Single
bits or parallel bit groups are transferred in most to least significant bit order. N

of the same type with an implied, rather than an explicit, instruction. The next co nd thus does not provide an instruction

Some instructions send an instruction modifier called mode bits, following the addr: @ indicate that the next command will be
byte, only a new address and mode bits. This reduces the time needed to %gacz command when the same command type

is repeated in a sequence of commands. The mode bit transfers occur on Ising edge.

The address or mode bits may be followed by write data to be stored i emory device or by a read latency period before
read data is returned to the host. K

Write data bit transfers occur on SCK rising edge. 5\0

SCK continues to toggle during any read access latency perj he latency may be zero to several SCK cycles (also referred

edge at the end of the last read latency cycle. The firs data bits are considered transferred to the host on the following
SCK rising edge. Each following transfer occurs on t@ xt SCK rising edge.

If the command returns read data to the host, the@lce continues sending data transfers until the host takes the CS# signal
high. The CS# signal can be driven high afte ransfer in the read data sequence. This will terminate the command.

to as dummy cycles). At the end of the read latency cy@ first read data bits are driven from the outputs on SCK falling

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

All instruction, address, and @ 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.

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.

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.

Document Number: 002-00497 Rev. *H Page 13 of 90



4 CYPRESS S25FL116K/S25FL132K/S25FL164K

INT

O

3.21 Command Sequence Examples

Figure 6. Stand Alone Instruction Command

st | [
sck [ e e e T T e e e N e
sH 7 [ 6 [ s [ & [ 5 [ 2 [+ T o [N
SO
Phase Instruction

Figure 7. Single Bit Wide Input Command

cs# | \0\

l_
N
SCK 6.2

ST 7 [ o 15 +lsl2] 1ol 71els9) 5]z o mm
so -~

)
Phase Instruction A‘J Input Data

Figure 8. Single Bit Wingqut Command

cst ] %) —

SCK

s 7 {65 4]3]2]1]o0
so ({.\?|6|5|4|3|2|1|0|7|6|5|4|3|2|1|0|
+ V_ N
Phase Instruction U Data1 i Data2 i
@)

*{' 9. Single Bit Wide I/O Command without Latency
cst | \AO i\ [
SCK “
sill7 e [sTaTs 21 ol 1 [o I,

o) ‘,‘, {7le6]s5]als]o]1lol7]6ls]alsl2]1]0]

Phase Instruction \\ Address Data1 Data2

Figure 10. Single Bit Wide I/0 Command with Latency

cs# | \\ ) [
se UL Wy
S|]7|e|5|4|3|2|1|o|23|\\ |1|0|-_

so |7|6|5|4|3|2|1|0|

Phase | Instruction \\ Address | “ Dummy Cycles Data1
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Figure 11. Dual Output Command

cs# | §\ )
seK 1 ML s L m sS U m r LrLLerLr

00— 7 16151al31211]0]23[22[2%0 | W——6lal2lols6lalz2]o
101 ) N—T71513[1171513]1
Phase Instruction | Address)\ Dummy )\ . Datat Data2

Figure 12. Quad Output Command without Latency

cst | \! O
sek | LU UL

I00—|7|6|5|4|3|2|1Io|23|\\|1|0|4|o|4|AZﬂo|4|oI4|oI

101 ) Sl lsdMs s i1l
102 ) (6 [obo 216 2]6]2]6]2]
03 \ A ~a EA NN SR EREA A SRR
Phase | Instruction | \\ Addres% ;@&! tal |Data2 |Data3 |Data4 |Data5 |

Figure 13. %@% Command

cs# | W _C
se 1M UM UL

10017 1615123211 o0lzz0]2 0]
101 (@31

! (™ t ! !
Phase | Instruction A‘O \\ Address | Dummy i Data1 i Data2

6lal2loflelalalo]

7 s]3l1]7]5[3]1]

E 6\ Figure 14. Quad I/O Command

cs# | )

sck _ M Myyuyyysyyyyryyyyyyyye
00— 76 5[4ala]2]1]ol20MIalolal——4]ol4]ol4lol4a]0]
101 AW\ Is 1 s ——s[1[s5[1]5]1]5]1]
102 22\ Tel2 e —d6l2]6]2]6]2]6]2]
103 s W7 s[7—71sl7]sl7]a]7]3]

Phase Instruction \\ Address Mode Dummy D1 D2 D3 D4

Additional sequence diagrams, specific to each command, are provided in Commands on page 62.
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3.3 Interface States
This section describes the input and output signal levels as related to the SPI interface behavior.

Table 3. Interface States Summary

Interface State Vee SCK CS# HOI(L)g#/ VYOPZH ?81/ SI1/100
Low Power
Hardware Data Protection <V X X X X z X
Power-On (Cold) Reset 2 Ve (min) X HH X X z X
Interface Standby 2 Ve (min) X X X X 4 X
Instruction Cycle 2 Ve (min) HT HL HH HV z HV
Hold Cycle 2 Ve (min) HV or HT HL HL X X X
Single Input Cycle S . \\
Host to Memory Transfer = Ve (min) HT HL :@ X z HV
Single Latency (Dummy) Cycle 2 Ve (min) HT HL ﬁ_@rl'ﬁ-l X z X
Single Output Cycle > Ve (min) HT N HH X MV X
Memory to Host Transfer
Dual Input Cycle \ 0
S .
Host to Memory Transfer 2 Vec (min) HT v* L HH X HvV Hv
Dual Latency (Dummy) Cycle 2 Ve (min) ‘I-P'\\ HL HH X X X
N
Dual Output Cycle .
Memory to Host Transfer = Ve (min) b}r HL HH X MV MV
Quad Input Cycle > Ve (min) é* HT HL HV HV HV HV
Host to Memory Transfer ,\0
Quad Latency (Dummy) Cycle 2 Vee (mim'\z) HT HL X X X X
Y
Quad Output Cycle >V \) HT HL MV MV MV MV
Memory to Host Transfer A\
Legend: OV

Z  =no driver - floating signal @
HL = Host driving V,_ Q~
HH = Host driving V| \'

HV = either HL or HH O

X =HLorHHorz %

HT =toggling between HL and HH

ML = Memory driving V,_

MH = Memory driving V|4

MV = either ML or MH

3.3.1 Low Power Hardware Data Protection

When V¢ is less than Vyy 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.

3.3.2 Power-On (Cold) Reset

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

to 2 Vyy, the device will begin its Power-On-Reset (POR) process. POR continues until the end of tpy. During tpy\y the device does
not react to write commands. Following the end of tpj,y the device transitions to the Interface Standby state and can accept write
commands. For additional information on POR see Power-On (Cold) Reset on page 25.
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3.3.3 Interface Standby

When CS# is high the SPI interface is in standby state. Inputs 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.

3.34 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 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 Write Status Registers command and is otherwise ignored.

The transfer format may be Single, Dual output, Quad output, Dual I/0, or Quad I/O. The expe next interface state depends on

Each instruction selects the address space that is operated on and the transfer format used durin?he remainder of the command.
the instruction received.

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

may be at a valid level or continue toggling, and CS# is low. When H low a command is paused, as though SCK were held
low. SI /100 and SO / 101 ignore the input level when acting as input are high impedance when acting as outputs during hold
state. Whether these signals are input or output depends on the copézand and the point in the command sequence when HOLD# is
asserted low.

3.35 Hold E
When Quad mode is not enabled (SR2[1]=0) the HOLD# / 103 signal is us§d he HOLD# input. The host keeps HOLD# low, SCK

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

3.3.6 Single Input Cycle — Ho
Several commands transfer information after thes
dual output, and quad output commands sen
host keeps CS# low, HOLD# high, and
signal.

Memory Transfer

ruction on the single serial input (SI) signal from host to the memory device. The
ress to the memory using only SI but return read data using the 1/O signals. The
as needed for the command. The memory does not drive the Serial Output (SO)

The expected next interface state d@ads on the instruction. Some instructions continue sending address or data to the memory
using additional Single Input C thers may transition to Single Latency, or directly to Single, Dual, or Quad Output.

3.3.7 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 instruction. During the latency cycles, the host keeps 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 Sl / /00 or other I/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.
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3.3.8 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 CS# low, and
HOLD# high. The Write Protect (WP#) signal is ignored. The memory ignores the Serial Input (Sl) 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.

3.3.9 Dual Input Cycle — Host to Memory Transfer

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

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

3.3.10 Dual Latency (Dummy) Cycle ;Q

Read commands may have zero to several latency cycles during which read data is read fron ain flash memory array before
transfer to the host. The number of latency cycles are determined by the instruction. During
low, and HOLD# high. The Write Protect (WP#) signal is ignored. The host may drive Q
cycles or the host may leave
S1/100 and SO /101 floating. The memory does not use any data driven on Sl / K@and SO /101 during the latency cycles. The
host must stop driving Sl /100 and SO / 101 on the falling edge at the end of%@st latency cycle. It is recommended that the host

e latency cycles, the host keeps CS#
100 and SO / 101 signals during these

stop driving them during all latency cycles so that there is sufficient time for ost 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 | cycles.

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

<
3.3.11 Dual Output Cycle — Memor QQOS'[ Transfer

The Read Dual Output and Read Dual I/O return data host two bits in each cycle. The host keeps CS# low, and HOLD# high.
The Write Protect (WP#) signal is ignored. The me rives data on the SI /100 and SO /101 signals during the dual output
cycles.

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

3.3.12 Quad Input qu' Host to Memory Transfer

The Read Quad I/0 command tr @s four address, mode, or data bits to the memory in each cycle. The host keeps CS# low, and
drives the IO signals.

For Read Quad /O 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.

3.3.13 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 Control in the Status Register-3 (SR3[3:0]). During
the latency cycles, the host keeps CS# low. The host may drive the 1O 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 IO signals during the
latency cycles.

The next interface state following the last latency cycle is a Quad Output Cycle.
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3.3.14 Quad Output Cycle — Memory to Host Transfer

The Read Quad Output and Read Quad I/O return data to the host four bits in each cycle. The host keeps CS# low. The memory
drives data on I00-103 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.

3.4 Status Register Effects on the Interface

The Status Register-2, bit 1 (SR2[1]), selects whether Quad mode is enabled to ignore HOLD# and WP# and allow Read Quad
Output, and Read Quad I/0 commands.

35 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 tion of this document.

O
3.5.1 Low Power %
When V¢ is less than V\y, the memory device will ignore commands to ensure that and erase operations can not start
when the core supply voltage is out of the operating range. $

3.5.2 Power-Up Z

Program and erase operations continue to be prevented during the Powsup to Write delay (tpyyy) because no write command is
accepted until after tp .

3.5.3 Deep Power-Down (DPD) )

In DPD mode the device responds only to the Resume fro command (RES ABh). All other commands are ignored during
DPD mode, thereby protecting the memory from progr: erase operations.

354 Clock Pulse Count QQ

The device verifies that all program, erase, a ite Status Registers commands consist of a clock pulse count that is a multiple of

eight before executing them. A commaQﬂ~ aving a multiple of 8 clock pulse count is ignored and no error status is set for the

command. \'
o)

X
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4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Table 4. Absolute Maximum Ratings

Parameters (1) Symbol Conditions Range Unit
Supply Voltage Vee —0.6 to +4.0 \
Voltage Applied to any Pin Vio Relative to Ground -0.6 to +4.0 \%
Transient Voltage on any Pin Vior | <20 ns Transient Relative to Ground -2.0t06.0 Vv
Storage Temperature Tsta —65 to +150 °C
Lead Temperature TLEAD (2) °C
Electrostatic Discharge Voltage Vesp Human Body Model (3) {%@00 to +2000 \Y
L 3
N\
Notes: %
1. This device has been designed and tested for the specified operation ranges. Proper operation outside of {| Is is not guaranteed. Exposure to absolute
maximum ratings may affect device reliability. Exposure beyond absolute maximum ratings may cause per! nt damage.
2. Compliant with JEDEC Standard J-STD-20C for small body Sn-Pb or Pb-free (Green) assembly and thg European directive on restrictions on hazardous substances
(ROHS) 2002/95/EU.
3. JEDEC Std JESD22-A114A (C1=100 pF, R1=1500 ohms, R2=500 ohms). ?@
41.1 Input Signal Overshoot

During DC conditions, input or I/O signals should remain equal to tween Vg and V. During voltage transitions, inputs or 1/0s
may overshoot Vgg to negative V|qt or overshoot to posmve periods up to 20 ns.

Figure 15. Maxim@egatlve Overshoot Waveform

< <20 ns

<20 ns

S T T

Figure 16. Maximum Positive Overshoot Waveform

<20 ns

Vior

ViH

<20 ns <20ns
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4.1.2 Latchup Characteristics
Table 5. Latchup Specification
Description Min Max Unit
Input voltage with respect to Vgg on all input only connections -1.0 Vee +1.0 \
Input voltage with respect to Vgg on all I/O connections -1.0 Vee +1.0 V
V¢ Current -100 +100 mA
Note:
1. Excludes power supply Vcc. Test conditions: Vc = 3.0V, one connection at a time tested, connections not being tested are at Vgg.
4.2 Thermal Resistance Q
Table 6. Thermal Resistance C;
VN ')
Parameter Description SOA008 SOC008 FAB024 \ FACO024 WSON Unit
Thermal resistance o
Theta JA (junction to ambient) 75 75 \3@@ 39 18 C/W
4.3 Operating Ranges @b
Operating ranges define those limits between which function @of the device is guaranteed.
Table 7. Operating Ranges 106
\) » Spec i
Parameter Symbol Conditions - Unit
r<> Min Max
) ) Industrial -40 +85
Ambient Temperature - °C
Industrial Plus -40 +105
Supply Voltage N c Industrial and Industrial Plus Temp 2.7 3.6 \%
Note: ;

1. Vcc voltage during read can operate across the min and max range but should not exceed + 10% of the voltage used during programming or erase of the data being

read.
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4.4 DC Electrical Characteristics
Table 8. DC Electrical Characteristics
o ) Max .
Parameter Symbol Conditions Min Typ i GEe k0 05T Unit
-40 to 85° -40 to ®
Input Leakage I 12 MA
I/O Leakage Lo 12 MA
CS# = Vcc, V|N =
Standby Current lcct GND or Veo 15 25 25 pA
Deep Power-Down Current CS#=V¢ee, ViN=
(S25FL116K) lcc2 |GND or Ve 2 5 5 WA
Deep Power-Down Current CS#=V¢e, ViN=
(S25FL132K / S25FL 164K) lcc2 | GND or Vige 2 8, 10 WA
. SCK=0.1Vcc/ R,
Current: Read Single / Dual / cc
Quad 1 MHz (4.4.9) lecs 0.9 Vee 4/5/6 ®@ /19 6/75/9 mA
SO = Open ~N
_ . SCK=0.1V¢c/ N
Current: Read Single / Dual / lccs 0.9 Voo 6/7 9/105/12 | 9/105/12 | mA
Quad 33 MHz (4.4.1) v
SO = Open \®
. SCK=0.1Vce/
Current: Read Single / Dual / ce
lces 0.9 Ve 4 7/8/9 10/12/13.5 10/12/13.5 mA
Quad 50 MHz (4.4.1) S0 = Spen 5\0\
. SCK=0.1V¢c/ N
Current: Read Single / Dual / cc b 12/14/
Quad 108 MHz (4.4.1) lecs {09 Vee %) 16 18/22125 18122125 mA
SO = Open L
Current: Write Status Registers | Iccs  [CS#=Vee on 8 12 12 mA
Current Page Program lccs  |CS# = VéQv 20 25 25 mA
Current Sector / Block Erase lcce |CS# ‘C 20 25 25 mA
Current Chip Erase locr  |GSEF Ve 20 25 25 mA
Input Low Voltage (S25FL116K) VU’\ o -0.5 Vee x 0.2 Vee x 0.2 \
Input Low Voltage < )
(S25FL132K / S25FL 164K) A 0.5 Vec x 0.3 Ve x 0.3 v
Input High Voltage oV Veex0.7 Ve + 0.4 Ve + 0.4 Vv
loL = 100 pA \Y 0.2 0.2 \Y
Output Low Voltage VoL oL a SS
|o|_ =1.6 mA VSS 0.4 0.4
Output ngh Voltage VOH lOH =-100 |JA VCC_O'2 VCC VCC V
Notes:

1. Tested on sample basis and specified through design and characterization data. T = 25°C, V¢ = 3V.

44.1

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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4.5 AC Measurement Conditions

Figure 17. Test Setup

Device
Under |
Test I C.

Table 9. AC Measurement Conditions

Symbol Parameter Min Max Unit
CL Load Capacitance 30 A(\ pF
TR.TF Input Iﬁ_l'se and Fall 2@3 o
imes P
Input Pulse Voltage 0.2x Vce to 0.8 o~ Vv
Input Timing Ref Voltage 0.5Veod v
Output Timing Ref > v
Voltage :
K hJ
Notes:
1. Output High-Z is defined as the point where data is no longer driven. s\o

2. Input slew rate: 1.5 V/ns.
3. AC characteristics tables assume clock and data signals have the same slevae&lope).

Figure 18. Input, O@Qt, and Timing Reference Levels

Input Levels @ Output Levels

VCC + 0.4V VCC
0.7 x VCC / VCC -0.2v
05xVe - — &= _\_ _ Timing Reference Level —_~ \/ _ _
0.3xV, 0.2V to 0.4V
-0.5 / \ Vss
45.1 Capacitance Characteristics
Table 10. Capacitance
Parameter Test Conditions Min Max Unit
CiN Input Capacitance (applies to SCK, CS#) 1 MHz 8 pF
Court Output Capacitance (applies to All I/0O) 1 MHz 8 pF

Notes:
1. Sampled, not 100% tested.

2. Test conditions TA = 25°C, f = 1.0 MHz.
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4.6 Power-Up Timing

Table 11. Power-Up Timing and Voltage Levels

Spec )
Parameter Symbol - Unit
Min Max
Ve (min) to CS# Low tysL 10 ps
Power-Up to Write — Time Delay Before Write Command truw 10 ms
Write Inhibit Threshold Voltage Vi 24 Vv
Power-Down Time tpp 10.0 us
Ve Power-Down Reset Threshold Voltage Ve Low 1.0 \Y

Note:
1. These parameters are characterized only.

Figure 19. Power-Up Timing and Voltage @g’
vVee A

VcC (max) Bl e P
Program, Erase, and Write instructions are b@
Ve (min)
Read instructions Device is fully
allowed accessible
VWl = e e e e e e e R e e e e e e e e e e e —————
»
Time

Device Read
Allowed
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4.7 Power-On (Cold) Reset

The device executes a Power-On Reset (POR) process until a time delay of tpy has elapsed after the moment that V¢ rises
above the Vy, threshold. See Figure 19 on page 24, Figure 20 on page 24, and Table on page 24. The device must not be selected

(CS# to go high with V¢¢) until after (tyg, ), i.e. no commands may be sent to the device until the end of tyg .

4.8 AC Electrical Characteristics
Table 12. AC Electrical Characteristics: —40°C to +85°C/105°C at 2.7V to 3.6V
. Spec .
Description Symbol Alt : Unit
Min Typ Max
Clock frequency for all SPI commands except for
Read Data command (03h) and Fast Read
command (0Bh) Fr fc D.C. Q 108 MHz
2.7V-3.6V Ve O
Clock frequency for Read Data command (03h) fr D.C. A >~ 50 MHz
Clock frequency for all Fast Read commands SIO Q
and MIO fer D\. 108 MHz
Clock Period Psck \‘&)5 ns
Clock High, Low Time for fgg teLns teee (1) | tens lql; 3.3 ns
Clock High, Low Time for Fg toLms to (1) | t tCL‘ 4.3 ns
Clock High, Low Time for fg tcrLns tere (1 W teL 6 ns
Clock Rise Time tcLcH (Zb terT 0.1 Vins
. N

Clock Fall Time tcroy @) terT 0.1 Vins
CS# Active Setup Time relative to SCK &gﬁ tcss 5 ns
CS# Not Active Hold Time relative to SCK (@(;HSL tcsH 5 ns
Data In Setup Time N N toveH tsu 2 ns
Data In Hold Time (.‘O‘ tcHDX thp 5 ns
CS# Active Hold Time relative to SCK A @V tcHsH tcss 5 ns
CS# Not Active Setup Time relative to §<R' tsHcH tcsH 5 ns
CS# High Time O tcs 10 ns
CS# Deselect Time (for Array F@» Array Read) tsHsL1 test 7 ns
CS# Deselect Time (for Erase or Program -> Read 40
Status Registers) tspsio teso ns
Volatile Status Register Write Time 40
CS# Deselect Time (for Erase or Program ->
Suspend command) IshsLs tess 130 ns
Output Disable Time tSHQZ (2) tDlS ns
Clock Low to Output Valid, 30 pF, 2.7V - 3.6V tcLavi tv1 ns
Clock Low to Output Valid, 15 pF, 2.7V - 3.6V tCLQV1 tv1 ns
Clock Low to Output Valid (for Read ID commands) t t 8.5
2.7V -3.6V cLavz v2 ' ns
Output Hold Time tcLax tho 2 ns
HOLD# Active Setup Time relative to SCK tHLCH 5 ns
HOLD# Active Hold Time relative to SCK tCHHH 5 ns
HOLD# Not Active Setup Time relative to SCK tHHCH 5 ns
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Table 12. AC Electrical Characteristics: —40°C to +85°C/105°C at 2.7V to 3.6V (Continued)

L Spec .
Description Symbol Alt - Unit
Min Typ Max
HOLD# Not Active Hold Time relative to SCK tCHHL 5 ns
HOLD# to Output Low-Z tunax (2) tz ns
HOLD# to Output High-Z tHLQZ (2) tHZ 12 ns
Write Protect Setup Time Before CS# Low twhsL (3) twes 20 ns
Write Protect Hold Time After CS# High tspwe (3) tweH 100 ns
CS# High to Power-down Mode top (2) 3 us
CS# High to Standby Mode without Electronic t @) 3 S
Signature Read RES1 H
CS# High to Standby Mode with Electronic
Signature Read tres2 (2) .\O‘Q 18 Hs
CS# High to next Command after Suspend tsus (2) > > < 20 us
Write Status Registers Time tw - 30 (6) ms
Byte Program Time (First Byte) (4)(5) tep1 ‘A v 15 50 hs
Additional Byte Program Time (After First Byte) tapo \® 25 12 us
(4)(5) <
Page Program Time (105°C) (5) top K 0.7 3 ms
Sector Erase Time (4 kB) (5) tsg b\ 50 450 ms
Block Erase Time (64 kB) (5) tge2 O 500 2000 ms
Chip Erase Time 16 Mb / 32 Mb / 64 Mb (5) t 0"’ 11.2/32/64 |64/128 /256 s
End of Reset Instruction to CE# High tp§(§) 40 ns
CE# High to next Instruction after Reset ‘;T (2) 1.5 us
)

Notes:
1. Clock high + Clock low must be less than or equal to 1/,
2. Value guaranteed by design and / or characterizatio 00% tested in production.
3. Only applicable as a constraint for a Write Stat ters command when Status Register Protect 0 (SRPO) bit is set to 1. Or WPSEL bit = 1.
4. For multiple bytes after first byte within a pagiéB =tgpy + tgpo * N (typical) and tgpy = tgpy + tgpo * N (Max), where N = number of bytes programmed.
5. All program and erase times are teste s@a andom data pattern.
6. For 10K Cycles. 85 ms at 100K cycless

4.8.1 Clock Timing

Figure 21. Clock Timing

PSCK
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4.8.2 Input / Output Timing

Figure 22. SPI Single Bit Input Timing

cst \ \! [

tcsH tesH
tcss —'| fcss

sck [\ [\ [ \ [

tsu
T .LtHD_'|
ST VST WX isBi *(:
S0 \' -\

9~
Figure 23. SPI Single Bit Output Tg@

<&
&

0 Figure 24. SPI MIO Timing

%
& |

N

CS#MS \ */—t\_
N =1

s« \ MW NS

s L L L

tHo
10 MSB IN D.(Lss n —{msB OUT>.< S LSB OUT
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Figure 25. Hold Timing

>—'|tHLCH tHHCH >—'|tHLCH tHHCH
tCHHL tCHHH tCHHL tCHHH

HOLD# !

Hold Condition
Standard Use

Hold Condition
Non-standard Use

SI_or_lO_(during_input) 'js
$0_or_10_(during_output) ——~{" A ) B ] (X _c ) (o Xe

Input Data

Phase Write Status Registers Insj,[L@@}n

F@Qe 27. Software Reset Input Timing

N e
csr T X Yan'mm
SR VAYAYAVAVAYAVAVAV YAVAVAVAVAVAVAVAVATAAVAVAYAVAV

tRCH
SO ))
Phase ‘Soﬂware Reset Enable Inst. (66h) £ ‘ \S ,“ Software Reset Instruction (99h) £ ‘ S ‘Reset tgxext Instn;‘i
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5. Physical Interface
5.1 Connection Diagrams
51.1 SOIC 8
Figure 28. 8-Pin Plastic Small Outline Package (SO)
cs#[|1e 8| ] Vecc
sono1 [] 2 7 ] HOLD#/103
wP#102 ] 3 6| 1SCK . Q)<\
vss [ 4 5[] soo Q%\
51.2 SOIC 16 — S25FL164K ®$
Figure 29. 16-Pin Plastic Small ine Package (SO)
HOLD#/103 ] scK
15 [_]sIn00
14 [_]DNU
13 []DNU
QODNU s 12 " DNU
Q_Q DNU[]| 6 11 [JpoNu
O\' cs# [] 7 10 [Jvss
i > so/not1 [ s 9 [JwP#/102
5.1.3 WSON 8

Figure 30. 8-Contact WSON (5 mm x 6 mm) Package / 8-Contact USON (4 mm x 4 mm) Package

CS# Dl 8 C vce
sonoi|H2 7 (] HoLp#nos
WSON
wr#102[ )3 6 (] sck
vss [ D4 5 sinoo
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514 FABO024 24-Ball BGA
Figure 31. 24-Ball BGA Package, 5x5 Ball Configuration, Top View
1 2 3 4 5
A D D R R
NC NC  RFU NC
B |
DNU SCK Vss Vcc NC
SISEO RO RORS
DNU  CS#  RFU WPHIO2 NC
Sl ED O R R Q
DNU  SO/OL  SHIOO HOLD#I03 NC .\g
N A B I B e,%
NC NC  NC  RFU NC Q
5.15 FAC024 24-Ball BGA Package \s
Figure 32. 24-Ball BGA Package, %s%‘all Configuration, Top View
1 3 4
\'Q‘ DNU  CS#  RFU  WPHIO2
O oy O
DNU  SO/IOL  SIiO0 HOLD#I03
3 D D B
NC NC NC  RFU
F :l’-‘\: :l‘ ‘\: :l'—~‘: :l'—~‘:
NG NG NG NG
Note:

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

5.1.6 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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5.2 Physical Diagrams

5.2.1 SOAQ008 — 8-Lead Plastic Small Outline Package (150-mils Body Width)

n(z
2x[afo10[c[o] N1

ARERSE
e
(B

{7]0.10[¢]
b olo.10[c
SEATING PLANE
La c

SECTION A-A
DETALL B @Q
NOTES:
\:

DIMENSIONS a\

SYMBOL

MIN. NOM. AR, | 1+ ALL DIMENSIONS ARE IN MILLIMETERS.
&3 2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994.
A - A\ DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
Al 0.10 - ()02 MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER
ro END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
A2 132 4N @ - INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE.
b 031 051 D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H.

A\ THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS
b1 0% - 048 D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY
S N m" B 0.25 EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD

e FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF
1 17 - 0.23 THE PLASTIC BODY.
D 4.90 BSC A\ DATUMS A AND B TO BE DETERMINED AT DATUM H.

6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED

E 6.00BSC PACKAGE LENGTH.

E1 3.90 BSC /\ THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO
0.25 mm FROM THE LEAD TIP.

e 1.27 BSC

A\ DIMENSION "b* DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR

L 040 | - | os9 PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT

I 108 REF MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
LOWER RADIUS OF THE LEAD FOOT.

L2 0.25 BSC

& THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN APIN 1
N 8 IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED.

h 0.25 0.50 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE
. ' SEATING PLANE.

-3 0 . &

01 5° - 15°

02 0° REF

? CYPRESS
Company Confidential
TME PACKAGE OUTLINE, 8 LEAD SOIC
THIS DRAWING CONTAINS INFORMATION WHICH IS THE PROPRIETARY PROPERTY OF CYPRESS oRmeY [y - N:-9°X3-9OX1 .75 MM SOA008 _
SEMICONDUCTOR CORPORATION. THIS DRAWING IS RECEIVED IN CONFIDENCE AND ITS CONTENTS PACKAGE | 53008 — 002-18754 i
MAY NOT BE DISCLOSED WITHOUT WRITTEN CONSENT OF CYPRESS SEMICONDUCTOR CORPORATION. CODE(S) APPROVED BY DATE
LU [ o | [oec 102
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5.2.2 SOC008 — 8-Lead Plastic Small Outline Package (208-mils Body Width)

A A
A
8 | 5
AlA T
g _ |
mrz i 4 /2
2x [alo.10[¢[D L
PIN 1 INDEX AREA H ﬂ
A(o.zﬁn x 0.75E1) o] 1= aJ0.33[c] 2x
B 025 @I c[A-B[D]

Q
L O

- WITH PLATING
— 0.07 R MIN.
i %
— GAUGE PLANE {J
A c
ﬁ SEATING PLANE K
61\/ A
C T [ L2 ]
—=l L o E METAL
— U 6 SECTION A-A
DETALL B t@ -
DIMENSIONS S:
SYMBOL MIN. NOM. MAX. JQ ALL DIMENSIONS ARE IN MILLIMETERS.
21 N 2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994.
A 175 . ADN A\ DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
A1 0.05 - ‘&\ MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER
v END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
A2 1.70 - f'u)o INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE.
b 0.36 AN 048 D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H.
U ATHE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS
b1 0.33 11 046 D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY
c 0.19 - 0.24 EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF
cl 0 - 0.20 THE PLASTIC BODY.
\J s5288sC A\ DATUMS A AND B TO BE DETERMINED AT DATUM H.
8.00 BSC 6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED
\ . PACKAGE LENGTH.
E1 5.28 BSC A THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO
o 1 27BSC 0.25 mm FROM THE LEAD TIP.
. & DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
L 0.51 | - | 0.76 PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT
L1 1.36 REF MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
LOWER RADIUS OF THE LEAD FOOT.
L2 0.25BSC /A\ THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN A PIN 1
N 8 IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED.
5 N N 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE
0 - 8 SEATING PLANE.
81 5° - 15°
02 0-8° REF
ﬁ CYPRESS ———————
Company Confidential
ME PACKAGE OUTLINE, 8 LEAD SOIC
DRAWN BY. DATE 5.28X5.28X2.16 MM SOC008
THIS DRAWING CONTAINS INFORMATION WHICH IS THE PROPRIETARY PROPERTY OF CYPRESS o A —
SEMICONDUCTOR CORPORATION. THIS DRAWING IS RECEIVED IN CONFIDENCE AND ITS CONTENTS PACKAGE | 54008 X 002-15548 *%
MAY NOT BE DISCLOSED WITHOUT WRITTEN CONSENT OF CYPRESS SEMICONDUCTOR CORPORATION. | CODE(S) ""’"EV:SDV“V :’;‘UHS - I [ o2
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5.2.3 S03016 — 16-Lead Plastic Wide Outline Package (300-mils Body Width)

LY.
s | B T
1ARARAA 72N
ala N2
 EEp Ol
Ah N

] 0.10|C | D H
2X
O ) e—'
A P @IclAs o]

W °°;°° &

EATING PLANE

=3
2

2

i
% J 0.07 R MIN.
j GAUGE PLANE
- SEATING PLANE
T S

_>|_

DETAIL B @ SECTION A-A
DIMENSIONS Q
SYMBOL @
MIN. NOM. MAX. LL DIMENSIONS ARE IN MILLIMETERS.
A 235 _ 2.65 "\, 2. DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994.
- N A DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
A1l 0.10 - 0: MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER
A3 END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
A2 2.05 - A @5 INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE.
b 0.31 \) 0.51 D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H.
- o . ATHE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS
b1 0.27 w 0.48 D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY
EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
c 0. N - 0.33 FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF
1 0.30 THE PLASTIC BODY.
A DATUMS A AND B TO BE DETERMINED AT DATUM H.
D QN 10.30 BSC 6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED
E AN PACKAGE LENGTH.
10.30 BSC THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO
E1 7.50 BSC 0.25 mm FROM THE LEAD TIP.
& DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
€ 1.27 BSC PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT
0.40 | _ | 1.27 MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
- . LOWER RADIUS OF THE LEAD FOOT.
L1 1.40 REF A\ THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN A PIN 1
L2 IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED.
0.25BSC 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE
N 16 SEATING PLANE.
h 0.25 - 0.75
o 0° - 8°
o1 5° - 15°
€2 0° - -
? CYPRESS ————
Company Confidential
TTE PACKAGE OUTLINE, 16 LEAD SOIC
DRAWN Y oaE 10.30X7.50X2.65 MM S03016/SL3016/SS3016
THIS DRAWING CONTAINS INFORMATION WHICH IS THE PROPRIETARY PROPERTY OF CYPRESS KOTA 24.0cT-16 | SPECNO. REV
SEMICONDUCTOR CORPORATION. THIS DRAWING IS RECEIVED IN CONFIDENCE AND ITS CONTENTS PACKAGE 1503016 |SL3016 |SS3016 002-15547 *A
MAY NOT BE DISCLOSED WITHOUT WRITTEN CONSENT OF CYPRESS SEMICONDUCTOR CORPORATION. | CODE(S) APPR(;;E;EV ::SCT N T T o
-0CT- TorT sweeT 1 oF
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5.24

WNDO08 — 8-Contact WSON 5 mm x 6 mm

(DATUM A)

D2
|— D2/2—]

Pin 1 INDEX AREA A\

[nx L

52(2
E2
x—(DATUM B)

PIN # 1 1.D.
CHAMFERED
1 2
_\ J UlU

SEE DETAIL "A"\

2X[3]0.10[C]A] P
2x[ax]o.10[c]g]
TOP VIEW
[ZTo:30]c]

M| NAMT
B N ‘l_% |—Nxb
Moo

. @ DATUM A
SEATING PLANE SIDE VIEW SEE DETAIL B’ /
\O '
IS SR ey i
e /2]
[ A3 N /2 .
— %) —Te}—
* @ TERMINAL TIP
” ”
DETAIL B @ DETAIL "A”
—
DIMENSIO NOTES:
SYMBOL \ 1. DIMENSIONING AND TOLERANCING CONFORMS TO ASME Y14.5M-1994.
MIN. [  NeMM |  MAX. 2. ALL DIMENSIONS ARE IN MILLIMETERS.
d %— BEC. 3. NIS THE TOTAL NUMBER OF TERMINALS.
N’:) " /A DIMENSION "b" APPLIES TO METALLIZED TERMINAL AND IS MEASURED
i e 560 e BETWEEN 0.15 AND 0.30mm FROM TERMINAL TIP. IF THE TERMINAL HAS
- - - THE OPTIONAL RADIUS ON THE OTHER END OF THE TERMINAL, THE
b 035 0.40 045 DIMENSION "b" SHOULD NOT BE MEASURED IN THAT RADIUS AREA.
D2 3.90 4.00 4.10 /A\ ND REFERS TO THE NUMBER OF TERMINALS ON D SIDE.
E2 3.30 3.40 3.50 6. MAX. PACKAGE WARPAGE IS 0.05mm.
D 5.00 BSC 7. MAXIMUM ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS.
E 6.00 BSC PIN #1 ID ON TOP WILL BE LOCATED WITHIN THE INDICATED ZONE.
A 0.70 0.75 0.80 BILATERAL COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT SINK
Al 0.00 0.02 0.05 SLUG AS WELL AS THE TERMINALS.
A3 0.20 REF /D AMAXIMUM 0.15mm PULL BACK (L1) MAY BE PRESENT.
K 0.20 MIN.

CYPRESS

ﬁ Company Confidential

TiEe PACKAGE OUTLINE, 8 LEAD DFN
5.0X6.0X0.8 MM WNDO0O8 4.0X3.4 MM EPAD (SAWN)

THIS DRAWING CONTAINS INFORMATION WHICH IS THE PROPRIETARY PROPERTY OF CYPRESS
SEMICONDUCTOR CORPORATION. THIS DRAWING IS RECEIVED IN CONFIDENCE AND ITS CONTENTS
MAY NOT BE DISCLOSED WITHOUT WRITTEN CONSENT OF CYPRESS SEMICONDUCTOR CORPORATION.
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5.25 UNF008 — 8-Contact USON 4 mm x 4 mm
(ND-D X IEIA A
B N €] e —I ~—N X b
1 2, 0.10_@[C]A[8]
PIN #1 1D.
halrtres 0T Wi EEE‘EX]
AY
(DATUM A) ———— /,——(DATUM B)
N
D2
I T
D2/2
K
Pin 1 INDEX AREA | [
i
I
2X[XD]0.10(C) l N X L
SEE DETAIL "A"
[/To.10]c]
&Q 0.08|C ' DATUM B
SEATING PLANE Al SIDE_VIEW SEE DETAIL “B* /
S .
«O |
R 6 f @J._. !
A3 6@ |._@_.|
f Q TERMINAL TIP
DETAIL B~ %2 DETAIL "A"
DIMENSIONS A N\~ NOTES:
SYMBOL T T I 1. ALL DIMENSIONS ARE IN MILLIMETERS.
S 50 BS'C O - 2. NIS THE TOTAL NUMBER OF TERMINALS.
N 5 ) /A DIMENSION "b" APPLIES TO METALLIZED TERMINAL AND IS MEASURED
ND 2 S BETWEEN 0.15 AND 0.30mm FROM TERMINAL TIP. IF THE TERMINAL HAS
035 0 @‘\\, 045 THE OPTIONAL RADIUS ON THE OTHER END OF THE TERMINAL, THE
028 ‘a o y DIMENSION "b" SHOULD NOT BE MEASURED IN THAT RADIUS AREA.
' NS . ND REFERS TO THE NUMBER OF TERMINALS ON D SIDE.
D2 220 30 240 /a\ PIN #1 1D ON TOP WILL BE LOCATED WITHIN THE INDICATED ZONE.
E2 2.90 3.00 3.10 /B\ COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT SINK
D 4.00BSC SLUG AS WELL AS THE TERMINALS.
E 4.00 BSC 7. JEDEC SPECIFICATION NO. REF: N/A
A 0.50 0.55 0.60
A1 0.00 0.035 0.05
A3 0.152 REF
K 0.20 - -
? CYPRESS
Company Confidential
TITLE PACKAGE OUTLINE, 8 LEAD DFN
DRAWN BY DATE 4.0X4.0X0.6 MM UNF008, 2.3X3.0 MM EPAD (SAWN)
THIS DRAWING CONTAINS INFORMATION WHICH IS THE PROPRIETARY PROPERTY OF CYPRESS Py o
SEMICONDUCTOR CORPORATION. THIS DRAWING IS RECEIVED IN CONFIDENCE AND ITS CONTENTS PACKAGE [ JNF008 KoTA 2NovIe 002-16243 A
MAY NOT BE DISCLOSED WITHOUT WRITTEN CONSENT OF CYPRESS SEMICONDUCTOR CORPORATION. CODE(S) APPRC;;ESDVEV ;AVLZVV‘S e I I e

Document Number: 002-00497 Rev. *H

Page 35 of 90



w CYPRESS S25FL 116K/S25FL 132K/S25FL 164K

- EMBEDDED IN TOMORROW ™

5.2.6 FAB024 — 24-Ball Ball Grid Array (8 mm x 6 mm) Package
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5.2.7 FAC024 — 24-Ball Ball Grid Array (8 mm x 6 mm) Package
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Software Interface

This section discusses the features and behaviors most relevant to host system software that interacts with S25FL1-K memory

devices.

6. Address Space Maps

6.1

Overview

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

space.

6.2

Flash Memory Array

The main flash array is divided into erase units called sectors. The sectors are uniform 4 kb %size.

Table 13. S25FL116K Main Memory Address Map

o9

diress Range

Sector Size (kbyte) Sector Count Sector Range yte Address) Notes
SAO v\s 000000h-000FFFh | Sector Starting Address
4 512 : g : —
A .
SA5\11\U 1EFO00h-1FFEFFh | Sector Ending Address
Table 14. S25FL132K Main Memory Address Map QG
&
. Address Range
Sector Size (kbyte) Sector Count _(\@ Sector Range (Byte Address) Notes
OQ SA0 000000h-000FFFh | Sector Starting Address
4 1024 : : -
09 SA1023 3FF000h-3FFFFFh | Sector Ending Address
X
Table 15. S25FL164K Main M y Address Map
. Address Range
Sector Size (kbyte) Sector Count Sector Range (Byte Address) Notes
SA0 000000h-000FFFh | Sector Starting Address
4 2048 : : —
SA2047 7FF000h-7FFFFFh | Sector Ending Address

Note: These are condensed tables that use a couple of sectors as references. There are address ranges that are not explicitly listed.
All 4-kB sectors have the pattern XXX000h-XXXFFFh.
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6.3 Security Registers

The S25FL1-K provides four 256-byte Security Registers. Each register can be used to store information that can be permanently
protected by programming One Time Programmable (OTP) lock bits in Status Register-2.

Register 0 is used by Cypress to store and protect the Serial Flash Discoverable Parameters (SFDP) information that is also
accessed by the Read SFDP command. See Section 6.4.

The three additional Security Registers can be erased, programmed, and protected individually. These registers may be used by
system manufacturers to store and permanently protect security or other important information separate from the main memory
array.

Table 16. Security Register Addresses

Security Register Address
0 (SFDP) 000000h - 0000FF
1 001 - 0010FF
2 g‘&eborn - 0020FF
3 Q@dsoom - 0030FF
6.4 Security Register 0 — Serial Flash Discover%@ Parameters
(SFDP — JEDEC JESD216B) %
This document defines the Serial Flash Discoverable Parameters (SFDP Kevi ion B data structure for S25FL1-K family.
These data structure values are an update to the earlier revision SED a structure in the S25FL1-K family devices.
The Read SFDP (RSFDP) command (5Ah) reads information fro éeparate flash memory address space for device identification,
feature, and configuration information, in accord with the JED SD216B standard for Serial Flash Discoverable Parameters.
The SFDP data structure consists of a header table that identifies the revision of the JESD216 header format that is supported and
provides a revision number and pointer for each of the parameter tables that are provided. The parameter tables follow the
SFDP header. However, the parameter tables may b ed in any physical location and order within the SFDP address space.
The tables are not necessarily adjacent nor in the order as their header table entries.
The SFDP header points to the following para@@r tables:
B Basic Flash @
— This is the original SFDP tabley It has a few modified fields and new additional field added at the end of the table.
m  Sector Map O

— This is the original SFDP table. It has a few modified fields and new additional field added at the end of the table.

The physical order of the tables in the SFDP address space is: SFDP Header, Cypress Vendor Specific, Basic Flash, and Sector
Map.

The SFDP address space is programmed by Cypress and read-only for the host system.
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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 Basic Flash parameter is mandated by the JEDEC JESD216B standard.

Table 17. SFDP Overview Map — Security Register 0

6.4.2

SFDP Header Field Definitions

Table 18. SFDP Header

Byte Address Description
0000h Location zero within JEDEC JESD216B SFDP space — start of SFDP header
Remainder of SFDP header followed by undefined space
0080h Start of SFDP parameter
Remainder of SFDP JEDEC parameter followed by undefined space
00BFh End of SFDP space
00COh to O0F7h |Reserved space r\Q
00F8h to 00FFh |Unique Id N\
=4

Q@
e®$

SFDP Byte | SFDP Dword L .
Address Name Data . s\o Description
This is the entry t for Read SFDP (5Ah) command i.e. location zero within
00h 53h SFDP space
SFDP Header ASCI'S” A
01h 1st DWORD 46h ASCII *RP,"
02h 44h ASGIID”
03h 50h ’_@TI “p”
G-éFDP Minor Revision (06h = JEDEC JESD216 Revision B)
@ — This revision is backward compatible with all prior minor revisions. Minor
Q~ revisions are changes that define previously reserved fields, add fields to the end,
\ or that clarify definitions of existing fields. Increments of the minor revision value
: O indicate that previously reserved parameter fields may have been assigned a new
definition or entire Dwords may have been added to the parameter table.
04h 06h However, the definition of previously existing fields is unchanged and therefore
remain backward compatible with earlier SFDP parameter table revisions.
Software can safely ignore increments of the minor revision number, as long as
SFDP Header only those parameters the software was designed to support are used i.e.
2nd DWORD previously reserved fields and additional Dwords must be masked or ignored. Do
not do a simple compare on the minor revision number, looking only for a match
with the revision number that the software is designed to handle. There is no
problem with using a higher number minor revision.
SFDP Major Revision
05h 01h — This is the original major revision. This major revision is compatible with all
SFDP reading and parsing software.
06h 03h Number of Parameter Headers (zero based, 03h = 4 parameters)
07h FFh Unused
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Table 18. SFDP Header (Continued)

SFDP Byte | SFDP Dword L
Address Name Data Description
08h 00h Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)
Parameter Minor Revision (00h = JESD216)
— This older revision parameter header is provided for any legacy SFDP reading
09h 00h and parsing software that requires seeing a minor revision 0 parameter header.
Parameter SFDP software designed to handle later minor revisions should continue reading
Header parameter headers looking for a higher numbered minor revision that contains
st D\?VORD additional parameters for that software revision.
s
Parameter Major Revision (01h = The original major revision - all SFDP software
0Ah 01h . . . . . .
is compatible with this major revision.
Parameter Table Length (in double words = Dwords = 4-byte units) 09h = 9
0Bh 09h
Dwords A
och 80h Parameter Table Pointer Byte 0 (Dword = | ligned)
Parameter JEDEC Basic SPI Flash parameter b&e t = 80h
0Dh Hegder 00h Parameter Table Pointer Byte 1 Qv
OEh 2nd DWORD 00h Parameter Table Pointer Byte 2 @
OFh FFh Parameter ID MSB (FFh =LS£C defined legacy Parameter ID)
10h EFh Parameter ID LSB (EFhf Winbond Legacy SPI Flash Parameter)
Parameter Minor Re;'g \(OOh = JESD216)
— This older revision parameter header is provided for any legacy SFDP reading
11h 00h and parsing so that requires seeing a minor revision 0 parameter header.
Parameter SFDP softw signed to handle later minor revisions should continue reading
Header parameter, ers looking for a later minor revision that contains additional
1 param’%@.
1st DWORD N - — — — - —
Par: ter Major Revision (01h = The original major revision — all SFDP software
12h 01h . . . . . .
i patible with this major revision.
arameter Table Length (in double words = Dwords = 4-byte units) 04h = 4
13h 04h 0
o) Dwords
14h 8 -~ |Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
Parameter )\\ JEDEC Basic SPI Flash parameter byte offset = 0080h address
15h Hee1zder V;\-)OOh Parameter Table Pointer Byte 1
16h 2nd DWORD N 00h Parameter Table Pointer Byte 2
17h FFh Parameter ID MSB (FFh = JEDEC defined Parameter)
18h 00h Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)
19h Parameter 06h Parameter Minor Revision (06h = JESD216 Revision B)
Header Parameter Major Revision (01h = The original major revision - all SFDP software
1Ah 2 01h . . . . . .
is compatible with this major revision.
1st DWORD Parameter Table Length (in double words = Dwords = 4-byte units) 10h = 16
1Bh 10h
Dwords
1Ch 80h Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
Parameter JEDEC Basic SPI Flash parameter byte offset = 0080h address
1Dh He;der 00h Parameter Table Pointer Byte 1
1Eh 2nd DWORD 00h Parameter Table Pointer Byte 2
1Fh FFh Parameter ID MSB (FFh = JEDEC defined Parameter)
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Table 18. SFDP Header (Continued)

SFDP Byte | SFDP Dword L
Address Name Data Description
20h 01h Parameter ID LSB (Cypress Vendor Specific ID parameter)
Legacy Manufacturer ID 01h = AMD / Cypress
21h PaHra";eter 01h Parameter Minor Revision (01h = ID updated with SFDP Rev B table)
eader
3 Parameter Major Revision (01h = The original major revision - all SFDP software
22h 01h . . , . ) . ) . .
1st DWORD that recognizes this parameter’s ID is compatible with this major revision.
Parameter Table Length (in double words = Dwords = 4-byte units) 00h not
23h 00h .
implemented
24h 00h Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
Parameter
25h Header 00h Parameter Table Pointer Byte 1
26h 3 00h Parameter Table Pointer Byte 2 r\Q
2nd DWORD pe
27h 01h Parameter ID MSB (01h = JEDEC JEP10 umber 1)
4
6.4.3 JEDEC SFDP Basic SPI Flash Parameter E@
Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B é
SFDP Parameter 6 »
Relative Byte SFDP Dword Name Data Description
Address e@
@Qm'of SFDP JEDEC parameter
ts 7:5 = unused = 111b
@ Bit 4:3 = 05h is volatile status register write instruction and status register
00h E5 . L
is default non-volatile= 00b
O Bit 2 = Program Buffer > 64 bytes = 1
Bits 1:0 = Uniform 4-kB erase is supported through out the device = 01b
01h 20h Bits 15:8 = Uniform 4-kB erase instruction = 20h
\ Bit 23 = Unused = 1b
. Bit 22 = Supports QOR Read (1-1-4), Yes = 1b
;ngnceti%ﬂ Bit 21 = Supports QIO Read (1-4-4) Yes =1b
Bit 20 = Supports DIO Read (1-2-2), Yes = 1b
Bit19 = Supports DDR, No=0 b
02h F1h Bit 18:17 = Number of Address Bytes 3 only = 00b
Bit 16 = Supports SIO and DIO Yes = 1b
Binary Field: 1-1-1-1-0-00-1
Nibble Format: 1111_0001
Hex Format: F1
03h FFh Bits 31:24 = Unused = FFh
04h FFh
05h FFh Density in bits, zero based,
06h JEDEC Basic Flash FFh 16 Mb = OOFFFFFFh
Parameter Dword-2 00h 16Mb gi mg i 8;EEEEEEE
07h 01h 32Mb B
03h 64Mb

Document Number: 002-00497 Rev. *H

Page 42 of 90




A

w2 CYPRESS

_

EMBEDDED IN TOMORROW

S25FL116K/S25FL132K/S25FL164K

Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte SFDP Dword Name Data Description
Address
Bits 7:5 = number of QIO (1-4-4)Mode cycles = 010b
08h 44h Bits 4:0 = number of Fast Read QIO Dummy cycles = 00100b for default
latency code
09h JEDEC Basic Flash EBh Fast Read QIO (1-4-4)instruction code
Parameter Dword-3 Bits 23:21 = number of Quad Out (1-1-4) Mode cycles = 000b
OAh 08h Bits 20:16 = number of Quad Out Dummy cycles = 01000b for default
latency code
0Bh 6Bh Quad Out (1-1-4)instruction code
Bits 7:5 = number of Dual Out (1-1-2)Mode cycles = 000b
0Ch 08h Bits 4:0 = number of Dual Out Dumm les = 01000b for default
latency code é‘
0Dh JEDEC Basic Flash 38h  |Dual Out (1-1-2) instruction code©)" ~
Parameter Dword-4 Bits 23:21 = number of DuWode cycles = 100b
OEh 80h Bits 20:16 = number of Dya Dummy cycles = 00000b for default
latency code $
OFh BBh  |Dual I/O instruction;_q%é
Bits 7:5 RFU
Bit4 = QPI ) fast read commands not supported = Ob
10h EEN  |Bits 51 RESGA I
JEDEC Basic Flash Bit O AII not supported = Ob
11h Parameter Dword-5 EFh = RFU = FFh
12h FFh B@‘ZJ, 16 = RFU = FFh
13h FFh ,(\‘@ts 31:24 = RFU = FFh
14h F‘F{\ Bits 7:0 = RFU = FFh
15h _ (Pfh  [Bits 15:8 = RFU = FFh
JEDEC Basic Flash 0 -
16h Parameter Dword- @ FFh Bits 23521 = number of Dual All Mode cycles = 1_11 b
S Bits 20:16 = number of Dual All Dummy cycles = 11111b
17h X FFh Dual All instruction code
18h SU FFh Bits 7:0 = RFU = FFh
19h FFh Bits 15:8 = RFU = FFh
JEDEC Basic Flash Bits 23:21 = number of QP Mode cycles = 111b not supported
1Ah Parameter Dword-7 FFh Bits 20:16 = number of QPI Dummy cycles = 11111b for default latency
code
1Bh FFh QPI instruction code “Not supported FF”
1Ch 0Ch Sector type 1 size 2" Bytes = 4 kB = 0Ch (for Uniform 4 kB)
1Dh JEDEC Basic Flash 20h Sector type 1 instruction
1Eh Parameter Dword-8 10h Sector type 2 size 2N Bytes = 64 kB = OFh (for Uniform 64 kB)
1Fh D8h Sector type 2 instruction
20h 00h Sector type 3 size 2N Bytes = not supported = 00h
21h JEDEC Basic Flash FFh Sector type 3 instruction = not supported = FFh
22h Parameter Dword-9 00h Sector type 4 size 2N Bytes = not supported = 00h
23h FFh Sector type 4 instruction = not supported = FFh
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte SFDP Dword Name Data Description
Address
Bits 31:30 = Sector Type 4 Erase, Typical time units (00b: 1 ms, 01b: 16
ms, 10b: 128 ms, 11b: 1 s) = RFU = 11b
Bits 29:25 = Sector Type 4 Erase, Typical time count = RFU = 11111b (typ
erase time = (count +1) * units) = RFU =11111
Bits 24:23 = Sector Type 3 Erase, Typical time units (00b: 1 ms, 01b: 16
ms, 10b: 128 ms, 11b: 1 s) = RFU = 11b
Bits 22:18 = Sector Type 3 Erase, Typical time count = 00100b (typ erase
time = (count +1) * units) = RFU =11111
Bits 17:16 = Sector Type 2 Erase, Typical time units (00b: 1 ms, 01b: 16
ms, 10b: 128 ms, 11b: 1 s) =16 ms = 01b
) Bits 15:11 = Sector Type 2 Erase, Typical time count = 11110b (typ erase
24h JEDEC Basic Flash 49h time = (count +1) * units) = 31*16 ms <96 ms
Parameter Dword-10 Bits 10:9 = Sector Type 1 Erase, Ty, time units (00b: 1 ms, 01b: 16
ms, 10b: 128 ms, 11b: 1s) = 16
Bits 8:4 = Sector Type 1 Erase rT%cal time count = 00100b (typ erase
time = (count +1) * units) %&xs =80 ms
Bits 3:0 = Count = (Max Erase’time / (2 * Typical Erase time))- 1 = 0010b
Multiplier from typical time to maximum erase time = 6x multiplier
Max Erase time = $*(®Jnt +1)*Typ Erase time
Binary Fields: 1-%1 111-11-11111-01-11110-01-00100-0010
Nibble For 11_1111_1111_1101_1111_0010_0100_0010
Hex ForN: F FD _F2 42
25h F2h Q"
26h FDh o
27h FFh @
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address

SFDP Dword Name

Data

Description

28h

20h

2Ah

2Bh

JEDEC Basic Flash
Parameter Dword-11

81h

6Ah

14h

Bits 23 = Byte Program Typical time, additional byte units (Ob:1 us, 1b:8
ps)=1ps =0b

Bits 22:19 = Byte Program Typical time, additional byte count,
(count+1)*units, count = 0010b, (typ Program time = (count +1) * units) =
3*1 us =3 ps

Bits 18 = Byte Program Typical time, first byte units (Ob:1 ps, 1b:8 us) =8
s =1b

Bits 17:14 = Byte Program Typical time, first byte count, (count+1)*units,
count = 0001b, (typ Program time = (count +1) * units) = 2*8 ys = 16 ys
Bits 13 = Page Program Typical time units (0b:8 s, 1b:64 us) = 64 us =
1b

Bits 12:8 = Page Program Typical tim nt, (count+1)*units, count =
01010b, (typ Program time = (coun units) = 11*64 s = 704 us
Bits 7:4 = N = 1000b, Page size= 56B page

Bits 3:0 = Count = 0001b = &ge Program time / (2 * Typ Page
Program time))- 1 é

Multiplier from typical P ogram time to maximum Page Program

time = 4x multiplier
Max Page Progra Qé = 2*(Count +1)*Typ Page Program time

Binary Fields;.d%010-1-0001-1-01010-1000-0001
Nibble For 001_0100_0110_1010_1000_0001

Hex ForN 4_BA_81

@)
(Zc2h 16Mb

” C7h 32Mb
CFh 64Mb

16 1100_0010b = C2h

eserved = 1b

0:29 = Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms,
b:4s,11b: 64 s)=4s=10b

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count =
00010b, (typ Program time = (count +1) * units) = 3*4s = 12S

32 Mb =1100_0111b = C7h

Bit 31 Reserved = 1b

Bits 30:29 = Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms,
10b: 4 s, 11b: 64 s) =4s =10b

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count =
00111b, (typ Program time = (count +1) * units) = 8*4s = 32s

64 Mb = 1100_1111b = CFh

Bit 31 Reserved = 1b

Bits 30:29 = Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms,
10b: 4 s, 11b: 64 s) =4s =10b

Bits 28:24 = Chip Erase, Typical time count, (count+1)*units, count =
01111b, (typ Program time = (count +1) * units) = 16*4S = 64S
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address

SFDP Dword Name

Data

Description

2Ch

2Dh

2Eh

2Fh

JEDEC Basic Flash
Parameter Dword-12

Vo

CCh

Bit 31 = Suspend and Resume supported = Ob

63h

Bits 30:29 = Suspend in-progress erase max latency units (00b: 128ns,

16h

01b: 1us, 10b: 8 us, 11b: 64 us) =1 us=01b
Bits 28:24 = Suspend in-progress erase max latency count = 10011b,

33h

max erase suspend latency = (count +1) * units = 20*1 ys = 20 ps

Bits 23:20 = Erase resume to suspend interval count = 0001b, interval =
(count +1) * 64 us =2 * 64 ps = 128 ps

Bits 19:18 = Suspend in-progress program max latency units (00b:
128ns, 01b: 1us, 10b: 8 ps, 11b: 64 ps) =1 us=01b

Bits 17:13 = Suspend in-progress program max latency count = 10011b,
max erase suspend latency = (count +1) * units = 20*1 ys = 20 ps

Bits 12:9 = Program resume to suspenQ\IervaI count =0001b, interval =
(count +1) * 64 uys =2 * 64 ys = 128

Bit 8 = RFU = 1b
Bits 7:4 = Prohibited operation@ng erase suspend
= xxx0b: May not initiate a ase anywhere (erase nesting not

permitted)

+ xx0xb: May not initia@vage program anywhere

+ x1xxb: May not i 'ti@ read in the erase suspended sector size
+ 1xxxb: The eraé program restrictions in bits 5:4 are sufficient
=1100b

Bits 3:0 = P. ﬁ&{ed Operations During Program Suspend

= xxx0b: M t initiate a new erase anywhere (erase nesting not

permitte%

+ X »,May not initiate a new page program anywhere (program
ne ot permitted)

4§\xxb: May not initiate a read in the program suspended page size
& xxxb: The erase and program restrictions in bits 1:0 are sufficient
=1100b

Binary Fields: 0-01-10011-0001-01-10011-0001-1-1100-1100
Nibble Format: 0011_0011_0001_0110_0110_0011_1100_1100
Hex Format: 33_16_63_CC

30h

31h

32h

33h

Paramete!

JEDEC Ba 'o&h
I%)rd-w

7Ah

75h

Bits 31:24 = Erase Suspend Instruction = 75h
Bits 23:16 = Erase Resume Instruction = 7Ah

7Ah

Bits 15:8 = Program Suspend Instruction = 75h

75h

Bits 7:0 = Program Resume Instruction = 7Ah
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter

&

Relative Byte SFDP Dword Name Data Description
Address
34h F7h Bit 31 = Deep Power-Down Supported = 0
35h A%h Bits 30:23 = Enter Deep Power-Down Instruction = B9h
Bits 22:15 = Exit Deep Power-Down Instruction = ABh
36h D5h Bits 14:13 = Exit Deep Power-Down to next operation delay units = (00b:
128 ns, 01b: 1 ys, 10b: 8 ys, 11b: 64 ps) =1 us = 01b
Bits 12:8 = Exit Deep Power-Down to next operation delay count =
00010b, Exit Deep Power-Down to next operation delay =
(count+1)*units = 3*1 us=3 us
JEDEC Basic Flash Bits 7:4 = RFU = 1111b
Parameter Dword-14 Bit 3:2 = Status Register Polling Device Busy
= 01b: Legacy status polling supported = Use legacy polling by reading
37h 5Ch the Status Register with 05h instructior@od checking WIP bit[0]
(O=ready; 1=busy). .
Bits 1:0 = RFU = 11b %\
Binary Fields: 0—101110014@ 011-01-00010-1111-01-11
Nibble Format: 0101_110 01_0101_1010_0010_1111_0111
Hex Format: 5C_D5
38h 00h Bits 31:24 = RF
39h Feh Bit 23 = Hold a P Disable = not supported = Ob
Bits 22:20 = Enable Requirements
3Ah 59h =101b: t 1 of the status register 2. Status register 1 is read using
Read Statys instruction 05h. Status register 2 is read using instruction
35 set via Write Status instruction 01h with two data bytes where
bit e second byte is one. It is cleared via Write Status with two data
where bit 1 of the second byte is zero.
(Bits 19:16 0-4-4 Mode Entry Method
@ = xxx1b: Mode Bits[7:0] = A5h Note: QE must be set prior to using this
mode
@ + x0Oxxb: Mode Bits[7:0] = Axh
(@) + 1xxxb: RFU
JEDEC Basic Flash O =1001b
Parameter Dword Bits 15:10 0-4-4 Mode Exit Method
= xx_xxx1b: Mode Bits[7:0] = 00h will terminate this mode at the end of
3Bh FFh the current read operation

+ xx_1xxxb: Input Fh (mode bit reset) on DQO0-DQ3 for 8 clocks. This will
terminate the mode prior to the next read operation.

+ 11_x1xx: RFU

=111101

Bit 9 = 0-4-4 mode supported = 1

Bits 8:4 = 4-4-4 mode enable sequences = 0_0000b: not supported

Bits 3:0 = 4-4-4 mode disable sequences = 0000b: not supported

Binary Fields: 11111111-0-101-1001-111101-1-00000-0000
Nibble Format: 1111_1111_0101_1001_1111_0110_0000_0000
Hex Format: FF_59 F6_00
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Table 19. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter

Relative Byte SFDP Dword Name Data Description
Address

3Ch E8h Bits 31:24 = Enter 4-Byte Addressing

3Dh 10h = xxxx_xxx1b:issue instruction B7 (preceding write enable not required
+ xx1x_xxxxb: Supports dedicated 4-byte address instruction set.

3Eh COh Consult vendor data sheet for the instruction set definition or look for 4-
byte Address Parameter Table.
+ 1xxx_xxxxb: Reserved
=10000000b not supported
Bits 23:14 = Exit 4-byte Addressing
= xx_xxxx_xxx1b:issue instruction ESh to exit 4-byte address mode
(Write enable instruction 06h is not required)
+ xx_xx1x_xxxxb: Hardware reset
+ xx_x1xx_xxxxb: Software reset (se Q& 13:8 in this DWORD)
+ xx_1xxx_xxxxb: Power cycle ‘\
+ x1_xxxx_xxxxb: Reserved
+ 1x_xxxx_xxxxb: Reserve @
=11_0000_0000b not supparted
Bits 13:8 = Soft Reset apd\Rescue Sequence Support

JEDEC Basic Flash = x1_xxxxb: issue re able instruction 66h, then issue reset
Parameter Dword-16 instruction 99h. T t enable, reset sequence may be issued on 1,2,
3Fh 80h or 4 wires depen on the device operating mode

for St

egister 1

xxb: Non-Volatile/Volatile status register 1 powers-up to last
value in the non-volatile status register, use instruction 06h to
ble write to non-volatile status register. Volatile status register may be
ctivated after power-up to override the non-volatile status register, use
instruction 50h to enable write and activate the volatile status register.
+ x1x_xxxxb: Reserved
+ 1xx_xxxxb: Reserved
=1101000b

= 01_0000b
Bit 7 = RFG@
Bits 6%&0 tile or Non-Volatile Register and Write Enable Instruction

Binary Fields: 10000000-1100000000-010000-1-1101000
Nibble Format: 1000_0000_1100_0000_0001_0000_1110_1000
Hex Format: 80_CO0_10_E8
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6.5 Status Registers

Status Register-1 (SR1) and Status Register-2 (SR2) can be used to provide status on the availability of the flash memory array, if
the device is write enabled or disabled, the state of write protection, Quad SPI setting, Security Register lock status, and Erase /
Program Suspend status.

SR1 and SR2 contain non-volatile bits in locations SR1[7:2] and SR2[6:0] that control sector protection, OTP Register Protection,
Status Register Protection, and Quad mode. Bit locations SR2[7], SR1[1], and SR1[0] are read only volatile bits for suspend, write
enable, and busy status; these are updated by the memory control logic. The SR1[1] write enable bit is set only by the Write Enable
(06h) command and cleared by the memory control logic when an embedded operation is completed.

Write access to the non-volatile Status Register bits is controlled by the state of the non-volatile Status Register Protect bits SR1[7]
and SR2[0] (SRPO, SRP1), the Write Enable command (06h) preceding a Write Status Registers command, and while Quad mode
is not enabled, the WP# pin.

A volatile version of bits SR2[6], SR2[1], and SR1[7:2] that control sector protection and Quad Mode are used to control the behavior
of these features after power up. During power up or software reset, these volatile bits are loaded from the non-volatile version of the
Status Register bits. The Write Enable for Volatile Status Register (50h) command can be used Qrite these volatile bits when the
command is followed by a Write Status Registers (01h) command. This gives more flexibility to\ ge the system configuration and
memory protection schemes quickly without waiting for the typical non-volatile bit write cyc @ affecting the endurance of the
Status Register non-volatile bits. é
e st teQ

Write access to the volatile SR1 and SR2 Status Register bits is controlled by th the non-volatile Status Register Protect
bits SR1[7] and SR2[0] (SRPO, SRP1), the Write Enable for Volatile Status Regisle%ommand (50h) preceding a Write Status

Registers command, and while Quad mode is not enabled, the WP# pin.
Status Register-3 (SR3) is used to configure and provide status on the vaﬁb& read latency, and Quad IO wrapped read features.

Write access to the volatile SR3 Status Register bits is controlled by nable for Volatile Status Register command (50h)
preceding a Write Status Register command. The SRP bits do not protett SR3.

Table 20. Status Register-1 (SR1) ,\66
- \ O
. Field . N .
Bits Name Function Type f(\@ Default State Description
Q\‘ 0 = WP# input has no effect or Power Supply Lock
Status O Down mode
7 SRPO Register CJ 0 1 = WP# input can protect the Status Register or OTP
Protect 0 @ Lock Down
Q~ See Table 29 on page 56.
x» 0 = BP2-BPO protect 64-kB blocks
6 sgc | Sector /% 0 1 = BP2-BPO protect 4-kB sectors
Prote See Table 25 on page 53 and Table 26 on page 54

Non-volatile and

h . for protection ranges.
Volatile versions P 9

0 = BP2-BPO protect from the Top down

5 T Top / Bottom 0 1 = BP2-BPO protect from the Bottom up
Protect See Table 25 on page 53 and Table 26 on page 54
for protection ranges.

BP2 Block Protect 000b = No protection
BP1 Bits See Table 25 on page 53 and Table 26 on page 54
BPO 0 for protection ranges.
Write Enabl 0 = Not Write Enabled, no embedded operation can
1 WEL " fatcnha € | Volatile, Read only 0 start
1 = Write Enabled, embedded operation can start
Embedded 0 = Not Busy, no embedded operation in progress
0 BUSY | Operation | Volatile, Read only 0 usy, operation In prog
Status 1 = Busy, embedded operation in progress
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Table 21. Status Register-2 (SR2)

Bits Field Name | Function Type Default State Description
0=E /P t ded
7 SUS Suspend | /ol Read Only 0 rase f rrogram not suspende
Status 1 = Erase / Program suspended
0 = Normal Protection Map
6 CMP Complement Non-yolatile _and 0 1 = Inverted Protection Map
Protect Volatile versions See Table 25 on page 53 and Table 26 on page 54
for protection ranges.
5 LB3 OTP Lock Bits 3:0 for Security Registers 3:0
4 LB2 Security 0= Secur!ty Reg!ster not protected
3 LB1 Register OTP 1 = Security Register protected
Lock Bits Security register 0 contains the Serial Flash
2 LBO 1 Discoverable P ers and is always
programmed ,é.& ked by Cypress.
0 0 = Quad Mpde Not Enabled, the WP# pin and
HOLD “nabled
(F‘:Lfn”br;‘fsde' 1 = QuatMode Enabled, the 102 and 103 pins are
~an €N , and WP# and HOLD# functions are
1 QE Quad Enable except Q1) | digabled
. 1 1 = Quad Mode Enabled and can not be changed,
\'\/loolr;'tﬁgleglri;:g (For the 102 and 103 pins are enabled, and WP# and
nur&bg\ 1’) |HOLD# functions are disabled
0 0 = SRP1 selects whether WP# input has effect on
Status 6@ protection of the status register
0 SRP1 Register Q\ 0 1 = SRP1 selects Power Supply Lock Down or OTP
Protect 1 @ Lock Down mode
{0 See Table 29 on page 56.
O
Note:

1. LBO value should be considered don't care for read. This @ etto 1.

Table 22. Status Register-3 (SR3) Q @

Bits Field Name FunctioQ\ Type Default State Description
7 RFU Res - 0 Reserved for Future Use
6 W6 1 00 = 8-byte wrap. Data read starts at the initial address
and wraps within an aligned 8-byte boundary.
01 = 16-byte wrap. Data read starts at the initial address
Burst Wrap and wraps within an aligned 16-byte boundary.
5 W5 Length 1 10 = 32-byte wrap. Data read starts at the initial address
and wraps within an aligned 32-byte boundary.
11 = 64-byte wrap. Data read starts at the initial address
. and wraps within an aligned 64-byte boundary.
Volatile 0 = Wrap Enabled
Burst Wrap = Wrap Enable
4 W4 1
Enable 1 = Wrap Disabled
3 0 . .
Defines the number of read latency cycles in Fast Read,
2 Latency Variable Read 0 Dual Out, Quad Out, Dual 10, and Quad 10 commands.
1 Control (LC) | Latency Control 0 Binary values for 1 to 15 latency cycles. A value of zero
0 0 disables the variable latency mode.
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6.5.1 BUSY

BUSY is a read only bit in the Status Register (SR1[0]) that is set to a 1 state when the device is executing a Page Program, Sector
Erase, Block Erase, Chip Erase, Write Status Registers or Erase / Program Security Register command. During this time the device
will ignore further commands except for the Software Reset, Read Status Register and Erase / Program Suspend commands (see
tws tpp, tsE, tge, @nd teg in Section 4.8, AC Electrical Characteristics on page 25). When the program, erase or write status / security
register command has completed, the BUSY bit will be cleared to a 0 state indicating the device is ready for further commands.

6.5.2 Write Enable Latch (WEL)

Write Enable Latch (WEL) is a read only bit in the Status Register (SR1[1]) that is set to 1 after executing a Write Enable Command.
The WEL status bit is cleared to 0 when the device is write disabled. A write disable state occurs upon power-up or after any of the
following commands: Write Disable, Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Registers, Erase Security
Register and Program Security Register. The WEL status bit is cleared to 0 even when a program or erase operation is prevented by
the block protection bits. The WEL status bit is also cleared to 0 when a program or erase operation is suspended. The WEL status
bit is set to 1 when a program or erase operation is resumed. Q

O

6.5.3 Block Protect Bits (BP2, BP1, BPO) )

The Block Protect Bits (BP2, BP1, BP0) are non-volatile read / write bits in the Statu3| er (SR1[4:2]) that provide Write
Protection control and status. Block Protect bits can be set using the Write Status Registers Command (see tyy in Section 4.8, AC
Electrical Characteristics on page 25). All, none or a portion of the memory arra e protected from Program and Erase
commands (see Section 6.5.7, Block Protection Maps on page 52). The facto ault setting for the Block Protection Bits is 0

(none of the array is protected.) \

6.5.4 Top / Bottom Block Protect (TB)
The non-volatile Top / Bottom bit (TB SR1[5]) controls if the Bl tect Bits (BP2, BP1, BPO) protect from the Top (TB=0) or the
Bottom (TB=1) of the array as shown in Section 6.5.7, Block tion Maps on page 52. The factory default setting is TB=0. The

TB bit can be set with the Write Status Registers Command@pending on the state of the SRPO, SRP1 and WEL bits.

6.5.5 Sector / Block Protect (

The non-volatile Sector / Block Protect bit (SEC 6]) controls if the Block Protect Bits (BP2, BP1, BPO) protect either 4-kB
Sectors (SEC=1) or 64-kB Blocks (SEC=0) in op (TB=0) or the Bottom (TB=1) of the array as shown in Section 6.5.7, Block
Protection Maps on page 52. The defau@@mg is SEC=0.

6.5.6 Compleme é%tect (CMP)

The Complement Protect bit (C R2[6]) is a non-volatile read / write bit in the Status Register (SR2[6]). It is used in conjunction
with SEC, TB, BP2, BP1 and BPO bits to provide more flexibility for the array protection. Once CMP is set to 1, previous array
protection set by SEC, TB, BP2, BP1 and BP0 will be reversed. For instance, when CMP=0, a top 4-kB sector can be protected
while the rest of the array is not; when CMP=1, the top 4-kB sector will become unprotected while the rest of the array become read-
only. Refer to Section 6.5.7, Block Protection Maps on page 52 for details. The default setting is CMP=0.

Document Number: 002-00497 Rev. *H Page 51 of 90



e
[

_

6.5.7

CYPRESS

EMBEDDED IN TOMORROW

S25FL116K/S25FL132K/S25FL164K

Block Protection Maps

Table 23. FL116K Block Protection (CMP = 0)

Status Register (1) S25FL1-K (16 Mbit) Block Protection (CMP=0) (2)
SEC B BP2 BP1 BPO Protected Block(s) Protected Addresses Plgcétf;tt()ald Protected Portion
X X 0 0 0 None None None None
0 0 0 0 1 31 1F0000h — 1FFFFFh 64 kB Upper 1/32
0 0 0 1 0 30 and 31 1E0000h — 1FFFFFh 128 kB Upper 1/16
0 0 0 1 1 28 thru 31 1C0000h — 1FFFFFh 256 kB Upper 1/8
0 0 1 0 0 24 thru 31 180000h — 1FFFFFh 512 kB Upper 1/4
0 0 1 0 1 16 thru 31 100000h — 1FFFFFh 1MB Upper 1/2
0 1 0 0 1 0 000000h — 00FFFFh (64 KkB Lower 1/32
0 1 0 1 0 0 and 1 000000h - 01FFFFh 4, (Oy128 kB Lower 1/16
0 1 0 1 1 0thru 3 000000h - 03FFFFh D" 256 kB Lower 1/8
0 1 1 0 0 0thru 7 000000h — 07FFEFRY~’ 512 kB Lower 1/4
0 1 1 0 1 0 thru 15 000000h — OFERFFR 1MB Lower 1/2
X X 1 1 X 0 thru 31 OOOOOOR—ﬁFFh 2MB Al
1 0 0 0 1 31 1FFodq§1'FFFFFh 4 kB Upper 1/512
1 0 0 1 0 31 _1FEBQON - 1FFFFFh 8 kB Upper 1/256
1 0 0 1 1 31 «_'Neb00h — 1FFFFFh 16 kB Upper 1/128
1 0 1 0 X 31 AL 1F8000n — 1FFFFFh 32 kB Upper 1/64
1 1 0 0 1 0 Y 000000h - 000FFFh 4KkB Lower 1/512
1 1 0 1 0 o O 000000h — 001FFFh 8 kB Lower 1/256
1 1 0 1 1 o 000000h — 003FFFh 16 kB Lower 1/128
1 1 1 0 X 00 000000h — 007FFFh 32 kB Lower 1/64
-
Notes: O\

1. X =don't care.

2. If any Erase or Program command specifies a

Table 24. FL116K Block Protect\i@eMP =1)

@gegion that contains protected data portion, this command will be ignored.

Status Register (1)v S25FL1-K (16 Mbit) Block Protection (CMP=1) (2)

SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses ngtr?gt?,d Protected Portion
X X 0 0 0 0 thru 31 000000h — 1FFFFFh All All
0 0 0 0 1 0 thru 30 000000h — 1EFFFFh 1,984 kB Lower 31/32
0 0 0 1 0 0 thru 29 000000h — 1DFFFFh 1,920 kB Lower 15/16
0 0 0 1 1 0 thru 27 000000h — 1BFFFFh 1,792 kB Lower 7/8
0 0 1 0 0 0 thru 23 000000h — 17FFFFh 1,536 kB Lower 3/4
0 0 1 0 1 0 thru 15 000000h — OFFFFFh 1 MB Lower 1/2
0 1 0 0 1 1 thru 31 010000h — 1FFFFFh 1,984 kB Upper 31/32
0 1 0 1 0 2 and 31 020000h — 1FFFFFh 1,920 kB Upper 15/16
0 1 0 1 1 4 thru 31 040000h — 1FFFFFh 1,792 kB Upper 7/8
0 1 1 0 0 8 thru 31 080000h — 1FFFFFh 1,536 kB Upper 3/4
0 1 1 0 1 16 thru 31 100000h — 1FFFFFh 1 MB Upper 1/2
X X 1 1 X None None None None
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Table 24. FL116K Block Protection (CMP = 1) (Continued)

Status Register (1)

S25FL1-K (16 Mbit) Block Protection (CMP=1) (2)

1 0 0 0 1 0 thru 31 000000h — 1FEFFFh 2,044 kB Lower 511/512
1 0 0 1 0 0 thru 31 000000h — 1FDFFFh 2,040 kB Lower 255/256
1 0 0 1 1 0 thru 31 000000h — 1FBFFFh 2,032 kB Lower 127/128
1 0 1 0 X 0 thru 31 000000h — 1F7FFFh 2,016 kB Lower 63/64

1 1 0 0 1 0 thru 31 001000h — 1FFFFFh 2,044 kB Upper 511/512
1 1 0 1 0 0 thru 31 002000h — 1FFFFFh 2,040 kB Upper 255/256
1 1 0 1 1 0 thru 31 004000h — 1FFFFFh 2,032 kB Upper 127/128
1 1 1 0 X 0 thru 31 008000h — 1FFFFFh 2,016 kB Upper 63/64

Notes:

1. X =don't care. Q
2. If any Erase or Program command specifies a memory region that contains protected data portion, this command wjll t@ red.

S

Table 25. FL132K Block Protection (CMP = 0) 0)
N
Status Register (1) S25FL132K (32-Mbit) w Protection (CMP=0) ()
SEC TB BP2 BP1 BPO Protected Block(s) Protected A ses Plgtétf;ttsd Protected Portion
X X 0 0 0 None N ‘é) None None
0 0 0 0 1 63 3FA 00h — 3FFFFFh 64 kB Upper 1/64
0 0 0 1 0 62 and 63 N s¢0600h — 3FFFFFh 128 kB Upper 1/32
0 0 0 1 1 60 thru 63 ’50300000h — 3FFFFFh 256 kB Upper 1/16
0 0 1 0 0 56 thru 63 NJ 380000h — 3FFFFFh 512 kB Upper 1/8
0 0 1 0 1 48 thru 6 N 300000h — 3FFFFFh 1 MB Upper 1/4
0 0 1 1 0 32 ﬂjpga\’o 200000h — 3FFFFFh 2 MB Upper 1/2
0 1 0 0 1 ‘(QQ\ 000000h — O0FFFFh 64 kB Lower 1/64
0 1 0 1 0 (\V\and 1 000000h — 01FFFFh 128 kB Lower 1/32
0 1 0 1 1 _’OV 0thru3 000000h — 03FFFFh 256 kB Lower 1/16
0 1 1 0 O_‘O 0 thru7 000000h — O7FFFFh 512 kB Lower 1/8
0 1 1 0 \1\ 0 thru 15 000000h — OFFFFFh 1 MB Lower 1/4
0 1 1 1 \JO0 0 thru 31 000000h — 1FFFFFh 2MB Lower 1/2
X X 1 1\ 1 0 thru 63 000000h — 3FFFFFh 4 MB All
1 0 0 0 1 63 3FFO000h — 3FFFFFh 4 kB Upper 1/1024
1 0 0 1 0 63 3FEO000h — 3FFFFFh 8 kB Upper 1/512
1 0 0 1 1 63 3FC000h — 3FFFFFh 16 kB Upper 1/256
1 0 1 0 X 63 3F8000h — 3FFFFFh 32 kB Upper 1/128
1 1 0 0 1 0 000000h — 000FFFh 4 kB Lower 1/1024
1 1 0 1 0 0 000000h — 001FFFh 8 kB Lower 1/512
1 1 0 1 1 0 000000h — 003FFFh 16 kB Lower 1/256
1 1 1 0 X 0 000000h — 007FFFh 32 kB Lower 1/128

Notes:

1. X =don't care.
2. If any Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored.
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Table 26. FL132K Block Protection (CMP = 1)

Status Register (1)

S25FL 132K (32-Mbit) Block Protection (CMP=1) (2)

SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses Plgcéfgitt(;d Protected Portion
X X 0 0 0 0 thru 63 000000h — 3FFFFFh 4 MB All
0 0 0 0 1 0 thru 62 000000h — 3EFFFFh 4,032 kB Lower 63/64
0 0 0 1 0 0 and 61 000000h — 3DFFFFh 3,968 kB Lower 31/32
0 0 0 1 1 0 thru 59 000000h — 3BFFFFh 3,840 kB Lower 15/16
0 0 1 0 0 0 thru 55 000000h — 37FFFFh 3,584 kB Lower 7/8
0 0 1 0 1 0 thru 47 000000h — 2FFFFFh 3 MB Lower 3/4
0 0 1 1 0 0 thru 31 000000h — 1FFFFFh 2 MB Lower 1/2
0 1 0 0 1 1 thru 63 010000h — 3FFFFFh A{N32 kB Upper 63/64
0 1 0 1 0 2 and 63 020000h — 3FFFFFh ‘\®968 kB Upper 31/32
0 1 0 1 1 4 thru 63 040000h — 3FFFFFh O‘:D‘ 3,840 kB Upper 15/16
0 1 1 0 0 8 thru 63 080000h — 3FFFEFRY — 3,584 kB Upper 7/8
0 1 1 0 1 16 thru 63 100000h — 3F§FF¥ 3 MB Upper 3/4
0 1 1 1 0 32 thru 63 ZOOOOOK@ﬁFFh 2 MB Upper 1/2
X X 1 1 1 None e None None
1 0 0 0 1 0 thru 63 'OQOQQOh — 3FEFFFh 4,092 kB Lower 1023/1024
1 0 0 1 0 0 thru 63 X’BQ\O'GOOh — 3FDFFFh 4,088 kB Lower 511/512
1 0 0 1 1 0 thru 63 . pOOOOOOh — 3FBFFFh 4,080 kB Lower 255/256
1 0 1 0 X 0 thru 63 ‘GJ 000000h — 3F7FFFh 4,064 kB Lower 127/128
1 1 0 0 1 0 thru 6;)‘\\ 001000h — 3FFFFFh 4,092 kB Upper 1023/1024
1 1 0 1 0 0t 002000h — 3FFFFFh 4,088 kB Upper 511/512
1 1 0 1 1 63 004000h — 3FFFFFh 4,080 kB Upper 255/256
1 1 1 0 X _O\ thru 63 008000h — 3FFFFFh 4,064 kB Upper 127/128

Notes:
1. X =don't care.

Table 27. FL164K Block Protection (CMP = 0)

2. If any Erase or Program command specifies\n:etory region that contains protected data portion, this command will be ignored.

Status Register (1) S25FL 164K (64-Mbit) Block Protection (CMP=0) (2)
SEC | TB | BP2 | BPL | BPO |Protected Block(s)| Protected Addresses Plgcétne;ttsd Protected Portion

X X 0 0 0 None None None None

0 0 0 0 1 126 and 127 7E0000h — 7FFFFFh 128 kB Upper 1/64
0 0 0 1 0 124 thru 127 7C0000h — 7FFFFFh 256 kB Upper 1/32
0 0 0 1 1 120 thru 127 780000h — 7FFFFFh 512 kB Upper 1/16
0 0 1 0 0 112 thru 127 700000h — 7FFFFFh 1MB Upper 1/8
0 0 1 0 1 96 thru 127 600000h — 7FFFFFh 2 MB Upper 1/4
0 0 1 1 0 64 thru 127 400000h — 7FFFFFh 4 MB Upper 1/2
0 1 0 0 1 Oand1 000000h — 01FFFFh 128 kB Lower 1/64
0 1 0 1 0 0 thru 3 000000h — 03FFFFh 256 kB Lower 1/32
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Table 27. FL164K Block Protection (CMP = 0) (Continued)

Status Register (1)

S25FL 164K (64-Mbit) Block Protection (CMP=0) (2)

SEC B BP2 BP1 BPO | Protected Block(s) | Protected Addresses Pé%tne;ts,d Protected Portion
0 1 0 1 1 0 thru 7 000000h — 07FFFFh 512 kB Lower 1/16
0 1 1 0 0 0 thru 15 000000h — OFFFFFh 1 MB Lower 1/8
0 1 1 0 1 0 thru 31 000000h — 1FFFFFh 2 MB Lower 1/4
0 1 1 1 0 0 thru 63 000000h — 3FFFFFh 4 MB Lower 1/2
X X 1 1 1 0 thru 127 000000h — 7FFFFFh 8 MB ALL
1 0 0 0 1 127 7FFO00h — 7FFFFFh 4 kB Upper 1/2048
1 0 0 1 0 127 7FE00Oh — 7FFFFFh 8 kB Upper 1/1024
1 0 0 1 1 127 7FCO000h — 7FFFFFh A(w kB Upper 1/512
1 0 1 0 X 127 7F8000h — 7FFFFFh ;@32 kB Upper 1/256
1 1 0 0 1 0 000000h — OOOFEEer 4 kB Lower1/2048
1 1 0 1 0 0 000000h — 001‘@ 8 kB Lower 1/1024
1 1 0 1 1 0 000000h —B@FFh 16 kB Lower 1/512
1 1 1 0 X 0 OOOOOMNFFFh 32 kB Lower 1/256

N
Notes:

1. X =don't care.

2. If any Erase or Program command specifies a memory region that contains protec

e

Table 28. FL164K Block Protection (CMP = 1)

o

6?1}3 portion, this command will be ignored.

Status Register (1) (> S25FL 164K (64-Mbit) Block Protection (CMP=1) (2)
SEC B BP2 BP1 BPO Prote’cct\e®‘c;:k(s) Protected Addresses Pé%tnegittsd Protected Portion
X X 0 0 0 thru 127 000000h — 7FFFFFh 8 MB ALL
0 0 0 0 1 SO0t 125 000000h — 7DFFFFh 8,064 kB Lower 63/64
0 0 0 1 Q. 0 thru 123 000000h — 7BFFFFh 7,936 kB Lower 31/32
0 0 0 112 N 0 thru 119 000000h — 77FFFFh 7,680 kB Lower 15/16
0 0 1 o@}’ 0 0 thru 111 000000h — 6FFFFFh 7 MB Lower 7/8
0 0 1 o | 1 0 thru 95 000000h — 5FFFFFh 5MB Lower 3/4
0 0 1 1 0 0 thru 63 000000h — 3FFFFFh 4 MB Lower 1/2
0 1 0 0 1 2 thru 127 020000h — 7FFFFFh 8,064 kB Upper 63/64
0 1 0 1 0 4 thru 127 040000h — 7FFFFFh 7,936 kB Upper 31/32
0 1 0 1 1 8 thru 127 080000h — 7FFFFFh 7,680 kB Upper 15/16
0 1 1 0 0 16 thru 127 100000h — 7FFFFFh 7 MB Upper 7/8
0 1 1 0 1 32 thru 127 200000h — 7FFFFFh 5MB Upper 3/4
0 1 1 1 0 64 thru 127 400000h — 7FFFFFh 4 MB Upper 1/2
X X 1 1 1 None None None None
1 0 0 0 1 0 thru 127 000000h — 7FEFFFh 8,188 kB Lower 2047/2048
1 0 0 1 0 0 thru 127 000000h — 7FDFFFh 8,184 kB Lower 1023/1024
1 0 0 1 1 0 thru 127 000000h — 7FBFFFh 8,176 kB Lower 511/512
1 0 1 0 X 0 thru 127 000000h — 7F7FFFh 8,160 kB Lower 255/256
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Table 28. FL164K Block Protection (CMP = 1) (Continued)

Status Register (1) S25FL164K (64-Mbit) Block Protection (CMP=1) (2)
SEC B BP2 BP1 BPO | Protected Block(s) | Protected Addresses ngfgits,d Protected Portion
1 1 0 0 1 0 thru 127 001000h — 7FFFFFh 8,188 kB Lower 2047/2048
1 1 0 1 0 0 thru 127 002000h — 7FFFFFh 8,184 kB Lower 1023/1024
1 1 0 1 1 0 thru 127 004000h — 7FFFFFh 8,176 kB Lower 511/512
1 1 1 0 X 0 thru 127 008000h — 7FFFFFh 8,160 kB Lower 255/256
Notes:

1. X =don't care.
2. If any Erase or Program command specifies a memory region that contains protected data portion, this command will be ignored.

6.5.8 Status Register Protect (SRP1, SRPO) §

The Status Register Protect bits (SRP1 and SRPO0) are non-volatile read / write bits in the% egister (SR2[0] and SR1[7]). The
SRP bits control the method of write protection: software protection, hardware protectj er supply lock-down, or one time
programmable (OTP) protection.

Table 29. Status Register Protection Bits $

Py

SRP1 SRPO WP# Status Register év Description
WP# pin has fio control. SR1 and SR2 can be written to after a Write

0 0 X |Software Protection | Enapie capimiand, WEL=1. [Factory Default
I
0 1 0 Hardware Protected &Vhten # pin is low the SR1 and SR2 are locked and can not be
(L)
0 1 1 Hardware Unprotected 4 WP# pin is high SR1 and SR2 are unlocked and can be written

oL fter a Write Enable command, WEL=1.

Power Supply Lock-, ~-[SR1 and SR2 are protected and can not be written to again until the
Down next power-down, power-up cycle. (1)

1 1 X One Time Pro ’m‘(2) SR1 and SR2 are permanently protected and can not be written.

Notes: @O

1. When SRP1, SRPO = (1, 0), a power-down, pon, or Software Reset cycle will change SRP1, SRPO to (0, 0) state.

2. The One-Time Program feature is available Mn special order. Contact Cypress for details.
3. Busy, WEL, and SUS (SR1[1:0] and S re volatile read only status bits that are never affected by the Write Status Registers command.
4. The non-volatile version of CMP, QE, , SRPO, SEC, TB, and BP2-BP0 (SR2[6,1,0] and SR1[6:2]) bits and the OTP LB3-LBO bits are not writable when protected

by the SRP bits and WP# as shown in the table. The non-volatile version of these Status Register bits are selected for writing when the Write Enable (06h) command
precedes the Write Status Registers (01h) command.

5. The volatile version of CMP, QE, SRP1, SRPO, SEC, TB, and BP2-BP0 (SR2[6,1,0] and SR1[6:2]) bits are not writable when protected by the SRP bits and WP# as
shown in the table. The volatile version of these Status Register bits are selected for writing when the Write Enable for volatile Status Register (50h) command
precedes the Write Status Registers (01h) command. There is no volatile version of the LB3-LBO bits and these bits are not affected by a volatile Write Status
Registers command.

6. The volatile SR3 bits are not protected by the SRP bits and may be written at any time by volatile (50h) Write Enable command preceding the Write Status Registers
(01h) command.

6.5.9 Erase / Program Suspend Status (SUS)

The Suspend Status bit is a read only bit in the status register (SR2[7]) that is set to 1 after executing an Erase / Program Suspend
(75h) command. The SUS status bit is cleared to 0 by Erase / Program Resume (7Ah) command as well as a power-down, power-up
cycle.
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6.5.10 Security Register Lock Bits (LB3, LB2, LB1, LB0)

The Security Register Lock Bits (LB3, LB2, LB1, LB0) are non-volatile One Time Program (OTP) bits in Status Register (SR2[5:2])
that provide the write protect control and status to the Security Registers. The default state of LB[3:1] is 0, Security Registers 1 to 3
are unlocked. LB[3:1] can be set to 1 individually using the Write Status Registers command. LB[3:1] are One Time Programmable
(OTP), once it's set to 1, the corresponding 256-byte Security Register will become read-only permanently.

Security Register 0 is programmed with the SFDP parameters and LBO is programmed to 1 by Cypress.

6.5.11 Quad Enable (QE)

The Quad Enable (QE) bit is a non-volatile read / write bit in the Status Register (SR2[1]) that allows Quad SPI operation. When the
QE bit is set to a 0 state (factory default), the WP# pin and HOLD# are enabled. When the QE bit is set to a 1, the Quad 102 and 103
pins are enabled, and WP# and HOLD# functions are disabled.

Note: If the WP# or HOLD# pins are tied directly to the power supply or ground during standard SPI or Dual SPI operation, the QE
bit should never be setto a 1.

6.5.12 Latency Control (LC) Q

Status Register-3 provides bits (SR3[3:0]) to select the number of read latency cycles used |@ Fast Read command. The Read
Data command is not affected by the latency code. The binary value of this field select to 15 latency cycles. The zero value
selects the legacy number of latency cycles used in prior generation FL-K family devi@The default is 0 cycles to provide
backward compatibility to legacy devices. The Latency Control bits may be set to sglect a number of read cycles optimized for the
frequency in use. If the number of latency cycles is not sufficient for the operati quency, invalid data will be read.

Table 30. Latency Cycles Versus Frequency for -40°C to 85°C/105°C a to 3.6V

Read Comman imum Frequency (MHz)
Latency Control
Fast Read Dual Output N ual 1/10 Quad Output Quad 1/0
0 108 108 Q’\) 88 108 78
(legacy read latency) (8 dummy) (8 dummy) h )(4 mode, 0 dummy) (8 dummy) (2 mode, 4 dummy)
1 50 50 S0V 94 43 49
2 95 AN 105 56 59
3 105 Q05 108 70 69
4 108 O‘ 105 108 83 78
5 108 @ 108 108 94 86
6 108 . 108 108 105 95
7 108~V 108 108 108 105
8 o8 108 108 108 108
9 108 108 108 108 108
10 108 108 108 108 108
11 108 108 108 108 108
12 108 108 108 108 108
13 108 108 108 108 108
14 108 108 108 108 108
15 108 108 108 108 108

Notes:

1. SCK frequency > 108 MHz SIO, 108 MHz DIO, or 108 MHz QIO is not supported by this family of devices.

2. The Dual I/0 and Quad I/0 command protocols include Continuous Read Mode bits following the address. The clock cycles for these bits are not counted as part of the
latency cycles shown in the table. Example: the legacy Dual I/O command has four Continuous Read Mode bits following the address and no additional dummy cycles.
Therefore, the legacy Dual /0 command without additional read latency is supported only up to the frequency shown in the table for a read latency of zero cycles. By
increasing the variable read latency the frequency of the Dual /O command can be increased to allow operation up to the maximum supported 108 MHz DIO
frequency.
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6.5.13 Burst Wrap Enable (W4)

Status Register-3 provides a bit (SR3[4]) to enable a read with wrap option for the Quad I/O Read command. When SR3[4]=1, the
wrap mode is not enabled and unlimited length sequential read is performed. When SR3[4]=0, the wrap mode is enabled and a fixed
length and aligned group of 8, 16, 32, or 64 bytes will be read starting at the byte address provided by the Quad I/0 Read command
and wrapping around at the group alignment boundary.

6.5.14 Burst Wrap Length (W6, W5)

Status Register-3 provides bits (SR3[1:0]) to select the alignment boundary at which reading will wrap to perform a cache line fill.
Reading begins at the initial byte address of a Fast Read Quad 10 command, then sequential bytes are read until the selected
boundary is reached. Reading then wraps to the beginning of the selected boundary. This enables critical word first cache line refills.
The wrap point can be aligned on 8-, 16-, 32-, or 64-byte boundaries.
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6.6 Device Identification

6.6.1 Legacy Device ldentification Commands

Three legacy commands are supported to access device identification that can indicate the manufacturer, device type, and capacity

(density). The returned data bytes provide the information as shown in Table 31.

Table 31. Device ldentification

Device OPN Instruction Data 1 Data 2 Data 3
ABh(1) Device ID = 14h — —
S25FL116K 90h(2) Manufacturer ID = 01h  |Device ID = 14h —
9Fh(3) Manufacturer ID = 01h Device Type = 40h Capacity = 15h
ABh(1) Device ID = 15h — QO —
S25FL132K 90h(2) Manufacturer ID = 01h Device ID =l§@ —
9Fh(3) Manufacturer ID = 01h | Device Typg/240h Capacity = 16h
ABh(1) Device ID = 16h ) — —
S25FL164K 90h(2) Manufacturer ID = 01h De\&e ID = 16h —
9Fh(3) Manufacturer ID = 01hA®ﬁce Type = 40h Capacity = 17h

Note:

Release from Deep-Power-Down / Device ID (ABh) on page 77.
2. The 90h instruction is followed by three address bytes with (Address = 0) followed
(ID, Security Commands) on page 64. and Read Manufacturer / Device ID ( @n page 78.
3. The 9Fh instruction is followed by the output of the Manufacturer ID byte@
on page 64 and Read JEDEC ID (9Fh) on page 78. @

arameters (SFDP)

6.6.2 Serial Flash Discoverab

A Read SFDP (5Ah) command to read a JEDE
information is stored in Security Register 0 an

JEDEC JESD216B) on page 39. 2

&
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1. The ABh instruction is followed by three dummy address bytes then the output of Deve. See Command Set (ID, Security Commands) on page 64 and
e output of Manufacturer ID byte then the Device ID byte See Command Set

vice ID byte then the Capacity byte. See Command Set (ID, Security Commands)

ndard (JESD216) defined device information structure is supported. The
scribed in Security Register 0 — Serial Flash Discoverable Parameters (SFDP —
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7. Functional Description

7.1 SPI Operations

7.1.1 Standard SPI Commands

The S25FL1-K is accessed through an SPI compatible bus consisting of four signals: Serial Clock (SCK), Chip Select (CS#), Serial
Data Input (SI) and Serial Data Output (SO). Standard SPI commands use the Sl input pin to serially write instructions, addresses or
data to the device on the rising edge of SCK. The SO output pin is used to read data or status from the device on the falling edge
SCK.

SPI bus operation Mode 0 (0,0) and 3 (1,1) are supported. The primary difference between Mode 0 and Mode 3 concerns the normal
state of the SCK signal when the SPI bus master is in standby and data is not being transferred to the serial flash. For Mode 0, the
SCK signal is normally low on the falling and rising edges of CS#. For Mode 3, the SCK signal is normally high on the falling and

rising edges of CS#. Q
X

7.1.2 Dual SPI Commands %)

The S25FL1-K supports Dual SPI operation when using the “Fast Read Dual Output ( ” and “Fast Read Dual I/0O (BBh)”
commands. These commands allow data to be transferred to or from the device at to three times the rate of ordinary serial flash
devices. The Dual SPI Read commands are ideal for quickly downloading code M upon power-up (code-shadowing) or for
executing non-speed-critical code directly from the SPI bus (XIP). When usi al SPI commands, the Sl and SO pins become

bidirectional I/O pins: |00 and 101. K
«O
7.1.3 Quad SPI Commands

The S25FL1-K supports Quad SPI operation when using the “@@Qead Quad Output (6Bh)”, and “Fast Read Quad I/O (EBh)”
commands. These commands allow data to be transferred t om the device four to six times the rate of ordinary serial flash. The
Quad Read commands offer a significant improvement in inuous and random access transfer rates allowing fast code-
shadowing to RAM or execution directly from the SPI IP). When using Quad SPI commands the Sl and SO pins become
bidirectional 100 and 101, and the WP# and HOLD: s become 102 and 103 respectively. Quad SPI commands require the non-
volatile or volatile Quad Enable bit (QE) in Statub ister-2 to be set.

_ @)
7.1.4 Hold Function %Q

For Standard SPI and Dual SPI operq% , the HOLD# (103) signal allows the device interface operation to be paused while it is
actively selected (when CS# is lo )01 Hold function may be useful in cases where the SPI data and clock signals are shared with
other devices. For example, if tége buffer is only partially written when a priority interrupt requires use of the SPI bus, the Hold
function can save the state of the'interface and the data in the buffer so programming command can resume where it left off once
the bus is available again. The Hold function is only available for standard SPI and Dual SPI operation, not during Quad SPI.

To initiate a Hold condition, the device must be selected with CS# low. A Hold condition will activate on the falling edge of the
HOLD# signal if the SCK signal is already low. If the SCK is not already low the Hold condition will activate after the next falling edge
of SCK. The Hold condition will terminate on the rising edge of the HOLD# signal if the SCK signal is already low. If the SCK is not
already low the Hold condition will terminate after the next falling edge of SCK. During a Hold condition, the Serial Data Output, (SO)
or 100 and 101, are high impedance and Serial Data Input, (SI) or |00 and 101, and Serial Clock (SCK) are ignored. The Chip Select
(CS#) signal should be kept active (low) for the full duration of the Hold operation to avoid resetting the internal logic state of the
device.
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7.2 Write Protection

Applications that use non-volatile memory must take into consideration the possibility of noise and other adverse system conditions
that may compromise data integrity. To address this concern, the S25FL1-K provides several means to protect the data from
inadvertent program or erase.

7.2.1 Write Protect Features
Device resets when V¢ is below threshold

B Time delay write disable after Power-Up
B Write enable / disable commands and automatic write disable after erase or program
®  Command length protection
— All commands that Write, Program or Erase must complete on a byte boundary (CS# driven high after a full 8 bits have been
clocked) otherwise the command will be ignored Q
B Software and Hardware write protection using Status Register control ‘\g
— WP# input protection @g
— Lock Down write protection until next power-up or Software Reset Q
— One-Time Program (OTP) write protection $
m  Write Protection using the Deep Power-Down command %Q

Upon power-up or at power-down, the S25FL1-K will maintain a reset con@o while V¢ is below the threshold value of VWI, (see
Figure 19, Power-Up Timing and Voltage Levels on page 24). While g‘@ Il operations are disabled and no commands are
recognized. During power-up and after the V¢ voltage exceeds VW, al program and erase related commands are further disabled
for a time delay of tpyyy. This includes the Write Enable, Page Pr , Sector Erase, Block Erase, Chip Erase and the Write Status
Registers commands. Note that the chip select pin (CS#) mus the V¢ supply level at power-up until the Vge-min level and
tys time delay is reached. If needed a pull-up resistor on C n be used to accomplish this.

After power-up the device is automatically placed in a '@Hisabled state with the Status Register Write Enable Latch (WEL) set to
a 0. A Write Enable command must be issued before ge Program, Sector Erase, Block Erase, Chip Erase or Write Status
Registers command will be accepted. After compl a program, erase or write command the Write Enable Latch (WEL) is
automatically cleared to a write-disabled state o@

Software controlled main flash array write tion is facilitated using the Write Status Registers command to write the Status
Register Protect (SRP0, SRP1) and Bl tect (CMP, SEC,TB, BP2, BP1 and BPO0) bits.

The BP method allows a portion as Il as 4-kB sector or the entire memory array to be configured as read only. Used in
conjunction with the Write Protec #) pin, changes to the Status Register can be enabled or disabled under hardware control.
See Status Registers on page r further information.

Additionally, the Deep Power-Down (DPD) command offers an alternative means of data protection as all commands are ignored
during the DPD state, except for the Release from Deep-Power-Down (RES ABh) command. Thus, preventing any program or erase
during the DPD state.

7.3 Status Registers

The Read and Write Status Registers commands can be used to provide status and control of the flash memory device.
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8. Commands

The command set of the S25FL1-K is fully controlled through the SPI bus (see Table 32 to Table 35 on page 64). Commands are
initiated with the falling edge of Chip Select (CS#). The first byte of data clocked into the Sl input provides the instruction code. Data
on the Sl input is sampled on the rising edge of clock with most significant bit (MSB) first.

Commands vary in length from a single byte to several bytes. Each command begins with an instruction code and may be followed
by address bytes, a mode byte, read latency (dummy / don’t care) cycles, or data bytes. Commands are completed with the rising
edge of edge CS#. Clock relative sequence diagrams for each command are included in the command descriptions. All read
commands can be completed after any data bit. However, all commands that Write, Program or Erase must complete on a byte
boundary (CS# driven high after a full 8 bits have been clocked) otherwise the command will be ignored. This feature further protects
the device from inadvertent writes. Additionally, while the memory is being programmed or erased, all commands except for Read
Status Register and Suspend commands will be ignored until the program or erase cycle has completed. When the Status Register
is being written, all commands except for Read Status Register will be ignored until the Status Register write operation has
completed.

Table 32. Command Set (Configuration, Status, Erase, Program Commands (1)) . Q
Command Name EVIIE .1 BYTE 2 BYTE 3 BY; BYTE 5 BYTE 6
(Instruction) A\
Read Status Register-1 05h SR1[74:0] &) Q\}
) A
Read Status Register-2 35h SRZ[(Z{)O] ) ée’
Read Status Register-3 33h SR3[7:0] (2) ¢ \
Write Enable 06h X\V
i i O
ertg Enable for Volatile Status 50h Q’J
Register h
Write Disable 04h A
Write Status Registers 01h SRWT0] SR2[7:0] SR3[7:0]
Set Burst with Wrap 77h ‘-Q\xxh xxh xxh SR3[7:0] (3)
Set Block / Pointer Protection >
(S25FL132K / S25FL164K) 39h,,CJc> A23-A16 A15-A10, X, x xxh
Page Program @5" A23-A16 A15-A8 A7-A0 D7-D0O
Sector Erase (4 kB) ,}\\20\1 A23-A16 A15-A8 A7-A0
Block Erase (64 kB) &) D8h A23-A16 A15-A8 A7-A0
Chip Erase C7h /60h
Erase / Program Suspend 75h
Erase / Program Resume 7Ah
Notes:

1. Data bytes are shifted with Most Significant Bit First. Byte fields with data in brackets ‘[]' indicate data being read from the device on the SO pin.
2. Status Register contents will repeat continuously until CS# terminates the command.
3. Set Burst with Wrap Input format to load SR3. See Table 22 on page 50.
100 = x, X, X, X, X, X, W4, X]
101 =x, X, X, X, X, X, W5, X]
102 = X, X, X, X, X, X, W6 X]
103 =X, X, X, X, X, X, X,X
4. When changing the value of any single bit, read all other bits and rewrite the same value to them.
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Table 33. Command Set (Read Commands)

BYTE 1
Command Name (Instruction) BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
Read Data 03h A23-A16 A15-A8 A7-A0 (D7-D0, ...)
Fast Read 0Bh A23-A16 A15-A8 A7-A0 dummy (D7-DO, ...)
Fast Read Dual Output 3Bh A23-A16 A15-A8 A7-A0 dummy (D7-Do0, ...) (1)
Fast Read Quad Output 6Bh A23-A16 A15-A8 A7-AO dummy (D7-DO, ...) (3)
Fast Read Dual /O BBh A23-A8 (2) A7KAA0°22'\§'7‘ (D7-DO, ...) (1)
A23-A0, (XX, %X,
Fast Read Quad I/O EBh M7-MO (4) |D7-DO. ...) (5) (D7-D0, ...) (3)
Continuous Read Mode
Reset (6) FFh FFh ) ('Q
N

Notes: 6%
1. Dual Output data

100 = (D6, D4, D2, DO)

|01 = (D7, DS, D3, D1) $
2. Dual Input Address @

100 = A22, A20, A18, A16, Al4, A12, A10, A8 A6, A4, A2, AD, M6, M4, M2, MO

101 = A23, A21, A19, A17, A15, A13, All, A9 A7, A5, A3, AL, M7, M5, M3, M1
3. Quad Output Data

100 = (D4, DO, .....) K
101 = (D5, D1, ....) s\o
102 = (D6, D2, .....) b

103 = (D7, D3, ....) 6@

Quad Input Address

100 = A20, A16, A12, A8, A4, AO, M4, MO Q
101 = A21, A17, A13, A9, A5, Al, M5, M1 @
102 = A22, A18, Al4, A10, A6, A2, M6, M2 @

103 = A23, A19, A15, All, A7, A3, M7, M3

Fast Read Quad I/0 Data @

100 = (x, X, X, X, D4, DO, ..... ) O

101 = (x, X, X, X, D5, D1, .....)
102 = (x, X, X, X, D6, D2, .....) @
103 = (x, X, X, X, D7, D3, ....) q.

This command is recommended when usin?\e'D al or Quad “Continuous Read Mode” feature. See Section 8.4.3 and Section 8.4.3 on page 75 for more information.

Table 34. Command Set (ResehCommands)

Command Name (Ins%?ﬁitilon) Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Software Reset Enable 66h
Software Reset 99h
Continuous Read Mode Reset (1) FFh FFh
Notes:
1. This command is recommended when using the Dual or Quad “Continuous Read Mode” feature. See Section 8.4.3 and Section 8.4.3 on page 75 for more information.
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Table 35. Command Set (ID, Security Commands)

Notes:

1. The Device ID will repeat continuously until CS# terminates the command.

2. See Section 6.6.1, Legacy Device Identification Commands on page 59 for Device ID information.
Manufacturer ID as the first returned data as shown in the table. Address = 1 selects Device |

3. Security Register Address:

Security Register 0: A23-16 = 00h; A15-8 = 00h; A7-0 = byte address
Security Register 1: A23-16 = 00h; A15-8 = 10h; A7-0 = byte address
Security Register 2: A23-16 = 00h; A15-8 = 20h; A7-0 = byte address
Security Register 3: A23-16 = 00h; A15-8 = 30h; A7-0 = byte address

Security Register 0 is used to store the SFDP parameters and is always pro

Q
QQs ands

8.1

8.1.1

Read Status Registe

The Read Status Register commands al
shifting the instruction code “05h” for S
the rising edge of SCK. The Status R

(MSB) first as shown in Figure

@@

Configuration and Status C

Q

\
O
b‘\

5h), (35h), (33h)

Q

e

&ed and locked by Cypress.

BYTE 1
Command Name (Instruction) BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
Deep Power-down B9h
Release Power down/ Device ABh dummy dummy dummy Device ID (1)
Manufacturer / Device ID (2) 90h A23-A16 A15-A8 A7-A0 Manufacturer Device ID
JEDEC ID 9Fh Manufacturer | Memory Type Capacity
Read SFDP Register /
Read Unique ID Number 5Ah 00h 00h A7-A0 dummy (D7-DO, ...)
Read Security Registers (3) 48h A23-A16 A15-A8 A7-A0 dummy (D7-D0, ...)
Erase Security Registers (3) 44h A23-A16 A15-A8 A7-A0 O\
- - N e\
Program Security Registers 42h A23-A16 A15-A8 A7-AOND|  D7-DO, ...
(3) K
\ Y

instruction is followed by an address. Address = 0 selects
rst returned data followed by Manufacturer ID.

8-bit Status Registers to be read. The command is entered by driving CS# low and

egister-1, “35h” for Status Register-2, or 33h for Status Register-3, into the Sl pin on

ister bits are then shifted out on the SO pin at the falling edge of SCK with most significant bit
tatus Register bits are shown in Section 6.5, Status Registers on page 49.

The Read Status Register-1 (05h%command may be used at any time, even while a Program, Erase, or Write Status Registers cycle
is in progress. This allows the BUSY status bit to be checked to determine when the operation is complete and if the device can

accept another command. The Read Status Register-2 (35h), and Read Status Registers (33h) may be used only when the device
is in standby, not busy with an embedded operation.

Status Registers can be read continuously as each repeated data output delivers the updated current value of each status register.
Example: using the instruction code “05h” for Read Status Register-1, the first output of eight bits may show the device is busy,

SR1[0]=1. By continuing to hold CS# low, the updated value of SR1 will be shown in the next byte output. This repeated reading of
SR1can continue until the system detects the Busy bit has changed back to ready status in one of the status bytes being read out.
The Read Status Register commands are completed by driving CS# high.

Document Number: 002-00497 Rev. *H

Page 64 of 90



w2 CYPRESS S25FL116K/S25FL 132K/S25FL 164K

- EMBEDDED IN TOMORROW ™

Figure 33. Read Status Register Command Sequence Diagram for 05h and 35h

cs# |
SCK
s 7 [ 5[4 [s [z o .

80 {7]elsfafsfafrJof7]ef[s]afafafr]o]

Phase Instruction Status Updated Status

Figure 34. Read Status Register-3 Command Sequence Diagram for 33h — S25FL 132K / S25FL 164K
cor ] o -
SCK SS

st I 7 [e s [a[sT2Tn IOW
so {7 654 [3]2]1]o]23]22]2 N1[10]9 |8 ]
) ]

Phase Instruction Status A@”Einter Address

The Write Enable command (Figure 35) sets the Write Enable Latch (WEL) bitsitaihe Status Register to a 1. The WEL bit must be set
prior to every Page Program, Sector Erase, Block Erase, Chip Erase, rlés Status Registers and Erase / Program Security

8.1.2 Write Enable (06h) §$

Registers command. The Write Enable command is entered by drivin low, shifting the instruction code “06h” into the Data
Input (SI) pin on the rising edge of SCK, and then driving CS# hlgh

Figure 35. Write Enable (&V 06h) Command Sequence

cs# ‘0’,0
SCK [ I - 3 o I L1 L]
oI 7 [ o J8s [ o [ 5 [ =2 [+ [ o [

V ad
SO O
Phase ( !U Instruction
8.1.3 Write Enabl s@r Volatile Status Register (50h)
The non-volatile Status Register hits described in Section 6.5, Status Registers on page 49 can also be written to as volatile bits.

During power up reset, the non-volatile Status Register bits are copied to a volatile version of the Status Register that is used during
device operation. This gives more flexibility to change the system configuration and memory protection schemes quickly without
waiting for the typical non-volatile bit write cycles or affecting the endurance of the Status Register non-volatile bits. To write the
volatile version of the Status Register bits, the Write Enable for Volatile Status Register (50h) command must be issued and
immediately followed by the Write Status Registers (01h) command. Write Enable for Volatile Status Register command (Figure 36)
will not set the Write Enable Latch (WEL) bit, it is only valid for the next following Write Status Registers command, to change the
volatile Status Register bit values.

Figure 36. Write Enable for Volatile Status Register Command Sequence

S#

ScK o = I I 7 I °LI ©L_1
SHN 7 [ 6 [ 5 [ 4 T 5 [ = [ 1 T o [N
SO

Phase Instruction
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8.1.4 Write Disable (04h)

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

Figure 37. Write Disable (WRDI 04h) Command Sequence

CS#
scK o = L 7 1 LI L

sl | » [ e [ s | 4 [ s [ 2 [ 1+ [ o ]

SO

Phase Instruction

&
8.1.5 Write Status Registers (01h) %\

The Write Status Registers command allows the Status Registers to be written. Only @atile Status Register bits SRPO, SEC,
TB, BP2, BP1, BP0 (SR1[7:2]) CMP, LB3, LB2, LB1, QE, SRP1 (SR2[6:0]), and the v e bits SR3[6:0] can be written. All other
Status Register bit locations are read-only and will not be affected by the Write Stafds Registers command. LB3-0 are non-volatile
OTP bits; once each is set to 1, it can not be cleared to 0. The Status Registe % e shown in Section 6.5, Status Registers

on page 49. Any reserved bits should only be written to their default value.

To write non-volatile Status Register bits, a standard Write Enable (06h) c@mmand must previously have been executed for the
device to accept the Write Status Registers Command (Status Registé\ EL must equal 1). Once write enabled, the command is
entered by driving CS# low, sending the instruction code “01h”, andidthen writing the Status Register data bytes as illustrated in
Figure 38.

To write volatile Status Register bits, a Write Enable for Vol 'étatus Register (50h) command must have been executed prior to
the Write Status Registers command (Status Register bit remains 0). However, SRP1 and LB3, LB2, LB1, LBO can not be
changed because of the OTP protection for these bits. power-off, the volatile Status Register bit values will be lost, and the

non-volatile Status Register bit values will be restor en power on again.
To complete the Write Status Registers comma e CS# pin must be driven high after the eighth bit of a data value is clocked in
(CS# must be driven high on an 8-bit boundany)..¥fthis is not done the Write Status Registers command will not be executed. If CS#

is 1. If CS# is driven high after the eigh ixteenth clock, the SR3 bits will not be affected.

During non-volatile Status Register@h operation (06h combined with 01h), after CS# is driven high at the end of the Write Status
Registers command, the self-ti ite Status Registers operation will commence for a time duration of ty (see Section 4.8, AC
Electrical Characteristics on pagé&25). While the Write Status Registers operation is in progress, the Read Status Register
command may still be accessed to check the status of the BUSY bit. The BUSY bit is a 1 during the Write Status Registers operation
and a 0 when the operation is finished and ready to accept other commands again. After the Write Status Registers operation has
finished, the Write Enable Latch (WEL) bit in the Status Register will be cleared to 0.

is driven high after the eighth clock the CﬁF@] QE bits will be cleared to 0 if the SRP1 bit is 0. The SR2 bits are unaffected if SRP1

During volatile Status Register write operation (50h combined with 01h), after CS# is driven high at the end of the Write Status
Registers command, the Status Register bits will be updated to the new values within the time period of tgyg » (see Section 4.8, AC
Electrical Characteristics on page 25). BUSY bit will remain 0 during the Status Register bit refresh period. Refer to Section 6.5,
Status Registers on page 49 for detailed Status Register bit descriptions.

Figure 38. Write Status Registers Command Sequence Diagram

cst | [
SCK
st l7lels[als[2]1Tol7l6l5]alsl21]o[7l6l5]ala]2[1]0l7[65]ala32]1]0]
so
Phase Instruction Input Status Register-1 Input Status Register-2 Input Status Register-3
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8.2 Program and Erase Commands

8.2.1 Page Program (02h)

The Page Program command allows from one byte to 256 bytes (a page) of data to be programmed at previously erased (FFh)
memory locations. A Write Enable command must be executed before the device will accept the Page Program Command (Status
Register bit WEL= 1). The command is initiated by driving the CS# pin low then shifting the instruction code “02h” followed by a 24-
bit address (A23-A0) and at least one data byte, into the Sl pin. The CS# pin must be held low for the entire length of the command
while data is being sent to the device. The Page Program command sequence is shown in Figure 39, Page Program Command
Sequence on page 67.

If an entire 256-byte page is to be programmed, the last address byte (the 8 least significant address bits) should be set to 0. If the
last address byte is not zero, and the number of clocks exceed the remaining page length, the addressing will wrap to the beginning
of the page. In some cases, less than 256 bytes (a partial page) can be programmed without having any effect on other bytes within
the same page. One condition to perform a partial page program is that the number of clocks can not exceed the remaining page

length. If more than 256 bytes are sent to the device the addressing will wrap to the beginning c&@;page and overwrite previously

sent data. .
As with the write and erase commands, the CS# pin must be driven high after the eighth bi he last byte has been latched. If this
is not done the Page Program command will not be executed. After CS# is driven hig elf-timed Page Program command will

commence for a time duration of tpp (Section 4.8, AC Electrical Characteristics on page\25). While the Page Program cycle is in
progress, the Read Status Register command may still be accessed for checking tatus of the BUSY bit. The BUSY bitis a 1
during the Page Program cycle and becomes a 0 when the cycle is finished a (@e device is ready to accept other commands
again. After the Page Program cycle has finished the Write Enable Latch (W%bit in the Status Register is cleared to 0. The Page
Program command will not be executed if the addressed page is protecter he Block Protect (CMP, SEC, TB, BP2, BP1, and
BPO) bits.

Figure 39. Page Prograr@ommand Sequence

e \ NZ) i\

SCK \}

sl 7 e ls a2 1 olos[\WIslw§e o1 [0l 7 65 als]2r ol76]5]alal2l1 o\

o (ol (-

S\ '
Phase Instruction (\‘v Address Input Data1 Input Data2 \\
OV
8.2.2 Sector Erase (2 @

The Sector Erase command sets all memory within a specified sector (4 kbytes) to the erased state of all 1's (FFh). A Write Enable
command must be executed bef device will accept the Sector Erase command (Status Register bit WEL must equal 1). The

command is initiated by driving S# pin low and shifting the instruction code “20h” followed a 24-bit sector address (A23-A0)
See Supply and Signal Ground (Vgg) on page 10. The Sector Erase command sequence is shown in Figure 40 on page 67.

The CS# pin must be driven high after the eighth bit of the last byte has been latched. If this is not done the Sector Erase command
will not be executed. After CS# is driven high, the self-timed Sector Erase command will commence for a time duration of tgg.
Section 4.8, AC Electrical Characteristics on page 25 While the Sector Erase cycle is in progress, the Read Status Register
command may still be accessed for checking the status of the BUSY bit. The BUSY bit is a 1 during the Sector Erase cycle and
becomes a 0 when the cycle is finished and the device is ready to accept other commands again. After the Sector Erase cycle has
finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Sector Erase command will not be executed if
the addressed sector is protected by the Block Protect (CMP, SEC, TB, BP2, BP1, and BPO0) bits (Table 25, FL132K Block
Protection (CMP = 0) on page 53).

Figure 40. Sector Erase Command Sequence

cst | §\ [
1" Y e s e Y Y Y Y
sl 7 T e [ 5 [ a4 [ 3 | 2 [ 1+ ] o [ 23 W [ 1] 0o F—
so {)

Phase Instruction W Address
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8.2.3 64-kB Block Erase (D8h)

The Block Erase command sets all memory within a specified block (64 kbytes) to the erased state of all 1s (FFh). A Write Enable
command must be executed before the device will accept the Block Erase command (Status Register bit WEL must equal 1). The
command is initiated by driving the CS# pin low and shifting the instruction code “D8h” followed a 24-bit block address (A23-A0)
See Supply and Signal Ground (Vgg) on page 10. The Block Erase command sequence is shown in Figure 41.

The CS# pin must be driven high after the eighth bit of the last byte has been latched. If this is not done the Block Erase command
will not be executed. After CS# is driven high, the self-timed Block Erase command will commence for a time duration of tgg (see
Section 4.8, AC Electrical Characteristics on page 25). While the Block Erase cycle is in progress, the Read Status Register
command may still be accessed for checking the status of the BUSY bit. The BUSY bit is a 1 during the Block Erase cycle and
becomes a 0 when the cycle is finished and the device is ready to accept other commands again. After the Block Erase cycle has
finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Block Erase command will not be executed if the
addressed sector is protected by the Block Protect (CMP, SEC, TB, BP2, BP1, and BPO0) bits (see Section 6.5, Status Registers

on page 49).

Figure 41. 64-kB Block Erase Command Sequence Q
O
cs# | o‘.‘i? [

SCK g,‘ “
A
si | 7 [ 6 [ 5 [ 4 [ 3 [ 2 | 1 | 0\$23 N [+ [ o +—

SO - \

)
O(\ A \\! Address
b‘\

8.2.4 Chip Erase (C7h / 60h) )

The Chip Erase command sets all memory within the devi @the erased state of all 1’s (FFh). A Write Enable command must be
executed before the device will accept the Chip Erase éand (Status Register bit WEL must equal 1). The command is initiated
by driving the CS# pin low and shifting the instruction& “C7h” or “60h”. The Chip Erase command sequence is shown in

Figure 42.

Phase Instruction

The CS# pin must be driven high after the eig Qit has been latched. If this is not done the Chip Erase command will not be
executed. After CS# is driven high, the self-ti Chip Erase command will commence for a time duration of tcg (Section 4.8, AC
Electrical Characteristics on page 25). e Chip Erase cycle is in progress, the Read Status Register command may still be
accessed to check the status of the B{i bit. The BUSY bit is a 1 during the Chip Erase cycle and becomes a 0 when finished and
the device is ready to accept oth ands again. After the Chip Erase cycle has finished the Write Enable Latch (WEL) bit in the
Status Register is cleared to O.@Jip Erase command will not be executed if any page is protected by the Block Protect (CMP,
SEC, TB, BP2, BP1, and BPO) bits (see Section 6.5, Status Registers on page 49).

Figure 42. Chip Erase Command Sequence

CS#
SCK - I I b I 4 LI °L_

sl | » [ e [ s [ 4 | s [ 2 | + [ o

SO

Phase Instruction
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8.2.5 Erase / Program Suspend (75h)

The Erase / Program Suspend command allows the system to interrupt a Sector or Block Erase operation, then read from or
program data to any other sector. The Erase / Program Suspend command also allows the system to interrupt a Page Program
operation and then read from any other page or erase any other sector or block. The Erase / Program Suspend command sequence
is shown in Figure 43, Erase / Program Suspend Command Sequence on page 70.

The Write Status Registers command (01h), Program Security Registers (42h), and Erase commands (20h, D8h, C7h, 60h, 44h) are
not allowed during Erase Suspend. Erase Suspend is valid only during the Sector or Block erase operation. If written during the Chip
Erase operation, the Erase Suspend command is ignored. The Write Status Registers command (01h), Erase Security Registers
(44h), and Program commands (02h, 32h, 42h) are not allowed during Program Suspend. Program Suspend is valid only during the
Page Program operation.

Table 36. Commands Accepted During Suspend

Operation Suspended Command Allowed Instruction
Program or Erase Read Data A 03h
Program or Erase Fast Read .\O}‘ 0Bh
Program or Erase Fast Read Dual Output n%\ < 3Bh
Program or Erase Fast Read Quad Output OU 6Bh
Program or Erase Fast Read Dual I/O v BBh
Program or Erase Fast Read Quad I/Q@“V EBh
Program or Erase Continuous Read Mog@et FFh
Program or Erase Read Status ﬁqgé(eM 05h
Program or Erase Read Statlﬁ\F%?;'i'ster-Z 35h
Program or Erase \@r'@ﬂable 06h

Erase J@vProgram 02h
Program AQ\Sector Erase 20h
Program AQ\ Block Erase D8h

Program or Erase OQ\Erase / Program Resume 7Ah

and the BUSY bit equals to 1 while a S or Block Erase or a Page Program operation is on-going. If the SUS bit equals to 1 or
the BUSY bit equals to 0, the Suspen\' mand will be ignored by the device. Program or Erase command for the sector that is

being suspended will be ignored. O
A maximum of time of tgg (Secgn 4.8, AC Electrical Characteristics on page 25) is required to suspend the erase or program
operation. The BUSY bit in the Status Register will be cleared from 1 to 0 within tgyg and the SUS bit in the Status Register will be
set from 0 to 1 immediately after Erase / Program Suspend. For a previously resumed Erase / Program operation, it is also required
that the Suspend command 75h is not issued earlier than a minimum of time of tg g following the preceding Resume command 7Ah.

The Erase / Program Suspend comman%7@gvfll be accepted by the device only if the SUS bit in the Status Register equals to 0
!

Unexpected power off during the Erase / Program suspend state will reset the device and release the suspend state. SUS bit in the
Status Register will also reset to 0. The data within the page, sector or block that was being suspended may become corrupted. It is
recommended for the user to implement system design techniques to prevent accidental power interruption, provide non-volatile
tracking of in process program or erase commands, and preserve data integrity by evaluating the non-volatile program or erase
tracking information during each system power up in order to identify and repair (re-erase and re-program) any improperly
terminated program or erase operations.
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Figure 43. Erase/Program Suspend Command Sequence
%

r ;
cst | \Y W1 [
sex U U SU U is U
si7]els]al3]21 o M7 el5]4al3]2]1]0] N—"{7Telsals2[1]o}
s0 \ {rTesTa s ol To )
Phase | _Suspend Instruction )\ | Read Status Instruction | Status L W 7 instr. During Suspend
Phase Y Repeat Status Read Until Suspended A\
8.2.6 Erase / Program Resume (7Ah)

The Erase / Program Resume command “7Ah” must be written to resume the Sector or Block Erase operation or the Page Program
operation after an Erase / Program Suspend. The Resume command “7Ah” will be accepted by the device only if the SUS bit in the
Status Register equals to 1 and the BUSY bit equals to 0. After the Resume command is issued the SUS bit will be cleared from 1 to
0 immediately, the BUSY bit will be set from 0 to 1 within 200 ns and the Sector or Block will co e the erase operation or the
page will complete the program operation. If the SUS bit equals to 0 or the BUSY bit equals to‘& Resume command “7Ah” will be
ignored by the device. The Erase / Program Resume command sequence is shown in Fig .

It is required that a subsequent Erase / Program Suspend command not to be issued Iffa minimum of time of “tg,g” following a
Resume command.

Figure 44. Erase / Program Resume Co§®nd Sequence

cs# K¢
SCK I T S I N 3&0 [ A N
si [ 7 [ & [ 5 T 4@ s [ 2 [ 1+ [ o 1]
SO 6@
Phase ,)Q‘ Instruction
&
8.3 Read Commands (Q
8.3.1 Read Data (03h) O

The Read Data command allows one o@e&e data bytes to be sequentially read from the memory. The command is initiated by
driving the CS# pin low and then shiﬁ‘qg e instruction code “03h” followed by a 24-bit address (A23-A0) into the Sl pin. The code
and address bits are latched on t @ng edge of the SCK pin. After the address is received, the data byte of the addressed memory
location will be shifted out on th% pin at the falling edge of SCK with most significant bit (MSB) first. The address is automatically
incremented to the next higher address after each byte of data is shifted out allowing for a continuous stream of data. This means
that the entire memory can be accessed with a single command as long as the clock continues. The command is completed by
driving CS# high.

The Read Data command sequence is shown in Figure 45. If a Read Data command is issued while an Erase, Program or Write
cycle is in process (BUSY=1) the command is ignored and will not have any effects on the current cycle. The Read Data command
allows clock rates from DC to a maximum of fg (see Section 4.8, AC Electrical Characteristics on page 25).

Figure 45. Read Data Command Sequence

csit | i\ [
sck Uy UyyuUyUUUyUUyUU Uy UL

siff7le[s5]alal2]1]o0f23)\ [1]0]

SO ) {7lels5al3[2]1]ol7]els5]al3[2]1]0]

Phase | Instruction \\ Address | Data1 Data2
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8.3.2 Fast Read (0OBh)

The Fast Read command is similar to the Read Data command except that it can operate at higher frequency than the traditional
Read Data command. This is accomplished by adding eight “dummy” clocks after the 24-bit address as shown in Figure 46. The
dummy clocks allow the devices internal circuits additional time for setting up the initial address. During the dummy clocks the data
value on the Sl pin is a “don’t care.”

When variable read latency is enabled, the number of dummy cycles is set by the Latency Control value in SR3 to optimize the
latency for the frequency in use. See. Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V
on page 57.

Figure 46. Fast Read Command Sequence

cst | i\ i\ [
siff7lelslaflaf2]1]0]23l\} [1[o[)Y ~
N8
Ye) ‘,‘, ‘,‘, {7 es:gﬂslzhlol
-~
Phase | Instruction \\ Address | \\ Dummy Cycles A‘O Data1

Q°
8.3.3 Fast Read Dual Output (3Bh)

The Fast Read Dual Output (3Bh) command is similar to the standard Fast R @ﬁl) command except that data is output on two
pins; 100 and 101. This allows data to be transferred from the S25FL1-K at% the rate of standard SPI devices. The Fast Read
Dual Output command is ideal for quickly downloading code from flash toQA upon power-up or for applications that cache code-
segments to RAM for execution.

Similar to the Fast Read command, the Fast Read Dual Output cor@and can operate at higher frequency than the traditional Read
Data command. This is accomplished by adding eight “dummy s after the 24-bit address as shown in Figure 47. The dummy
clocks allow the device's internal circuits additional time for s %g up the initial address. The input data during the dummy clocks is
“don’t care.” However, the 100 pin should be high-impedaﬁrior to the falling edge of the first data out clock.

When variable read latency is enabled, the number of my cycles is set by the Latency Control value in SR3 to optimize the
latency for the frequency in use. See. Table 30, La Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V

on page 57.
O

Fig@@. Fast Read Dual Output Command Sequence

cs# | X \ §\
SCK wwmwmm

l6elal2lofelaf2]o0
{71513 l1]7[5]3]1
Phase | Instruction | Address))__| Dummy )\ . Datal i Data2

100—{7 615 al3 21110 23[22[21\0 ]
101 )

({
)
({
)y

Document Number: 002-00497 Rev. *H Page 71 of 90



& CYPRESS S25FL116K/S25FL 132K/S25FL 164K

- EMBEDDED IN TOMORROW

8.34 Fast Read Quad Output (6Bh)

The Fast Read Quad Output (6Bh) command is similar to the Fast Read Dual Output (3Bh) command except that data is output on
four pins, 100, 101, 102, and 103. A Quad enable of Status Register-2 must be executed before the device will accept the Fast Read
Quad Output Command (Status Register bit QE must equal 1). The Fast Read Quad Output Command allows data to be transferred
from the S25FL1-K at four times the rate of standard SPI devices.

The Fast Read Quad Output command can operate at higher frequency than the traditional Read Data command. This is
accomplished by adding eight “dummy” clocks after the 24-bit address as shown in Figure 48. The dummy clocks allow the device's
internal circuits additional time for setting up the initial address. The input data during the dummy clocks is “don’t care.” However, the
10 pins should be high-impedance prior to the falling edge of the first data out clock.

When variable read latency is enabled, the number of dummy cycles is set by the Latency Control value in SR3 to optimize the
latency for the frequency in use. See. Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V
on page 57.

Figure 48. Fast Read Quad Output Command Sequence Q

cs# | \ PAN

s« ML

lo0o——7]6[5]af3]2[1]of2ap\[1]0}l \IMI4|0|4|0|4|0|4|0|4
101 ) S s als s 1 ls 1115
102 \' Z [6]2]6]2]6]2]6]2]6]2]6
103 ) K (7 [s[7sl7[s[7[s]7[s]7
Phase Instruction W Address | N %N‘ﬁ’ny . D1 | D2 | D3 | D4 | D5

8.3.5 Fast Read Dual I/O (BBh) 66

The Fast Read Dual I/O (BBh) command allows for impro ndom access while maintaining two 10 pins, |00 and 101. It is similar
to the Fast Read Dual Output (3Bh) command but with apability to input the Address bits (A23-0) two bits per clock. This
reduced command overhead may allow for code ex n (XIP) directly from the Dual SPI in some applications.

Fast Read Dual I/O with “Continuous R ode”

The Fast Read Dual I/O command can furt%éduce instruction overhead through setting the “Continuous Read Mode” bits (M7-0)
after the input Address bits (A23-0), as in Figure 49. The upper nibble of the (M7-4) controls the length of the next Fast Read
Dual I/0 command through the inclu io%r exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are don’t
care (“x”). However, the 10 pins shtgme high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode”%&# = (1,0), then the next Fast Read Dual I/O command (after CS# is raised and then lowered)
does not require the BBh instruction code, as shown in Figure 50. This reduces the command sequence by eight clocks and allows
the Read address to be immediately entered after CS# is asserted low. If the “Continuous Read Mode” bits M5-4 do not equal to
(1,0), the next command (after CS# is raised and then lowered) requires the first byte instruction code, thus returning to normal
operation. A “Continuous Read Mode” Reset command can also be used to reset (M7-0) before issuing normal commands (see
See Continuous Read Mode Reset (FFh or FFFFh) on page 75.).

When variable read latency is enabled, the number of latency (Mode + Dummy) cycles is set by the Latency Control value in SR3 to
optimize the latency for the frequency in use. See Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to
3.6V on page 57. Note that the legacy Read Dual I/O command has four Mode cycles and no Dummy cycles for a total of four
latency cycles, Enabling the variable read latency allows for the addition of more read latency to enable higher frequency operation
of the Dual I/O command.
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Figure 49. Fast Read Dual I/O Command Sequence (Initial command or previous M5-4 # 10)

cs# | i\

see UL L
oo——(7|e[s5]afaf2]1]of22[W[2]olelafl2]oF—6]af[2]0]6]a2]0]
101 s Tslrl7 s alr—T7lslali1l7slal1]

Phase Instruction \\ Address | Mode iDummyi Data1 Data2

Note:
1. Least significant 4 bits of Mode are don’t care and it is optional for the host to drive these bits. The host may turn off drive during these cycles to increase bus turn
around time between Mode bits from host and returning data from the memory.

Figure 50. Fast Read Dual I/O Command Sequence (Previous command set M5-4 = 10)

es# [ 1\ ‘(\Q
sec LML T
'0022|\\|2|0|6|4|2|0|—|(\1>4"’f2|0|6|4|2|0|
'0123|\\|3|1|7|5|3|1|—$715|3|1|7|5|3|1|

Phase | DataN W Address | Mode . Dufefy | Data1 Data2 |

8.3.6 Fast Read Quad /0 (EBh) G\OK

The Fast Read Quad I/0O (EBh) command is similar to the Fast Rea@ual I/0 (BBh) command except that address and data bits are
input and output through four pins 100, 101, 102 and 103 and L@ummy clock are required prior to the data output. The Quad I/O
dramatically reduces instruction overhead allowing faster ra access for code execution (XIP) directly from the Quad SPI. The
Quad Enable bit (QE) of Status Register-2 must be set to e the Fast Read Quad I/O Command.

Fast Read Quad I/O with “Continuous Read e”

The Fast Read Quad I/O command can further re nstruction overhead through setting the “Continuous Read Mode” bits (M7-0)
after the input Address bits (A23-0), as shown i ure 51, Fast Read Quad I/0 Command Sequence (Initial command or previous
M5-4 #10) on page 74. The upper nibble o M7-4) controls the length of the next Fast Read Quad I/0 command through the
inclusion or exclusion of the first byte ir% ion code. The lower nibble bits of the (M3-0) are don’t care (“x”). However, the 10 pins
should be high-impedance prior to the\fa ing edge of the first data out clock.

If the “Continuous Read Mode” bi = (1,0), then the next Fast Read Quad I/O command (after CS# is raised and then lowered)
does not require the EBh instru code, as shown in Figure 52, Fast Read Quad I/O Command Sequence (Previous command
set M5-4 = 10) on page 74. This reduces the command sequence by eight clocks and allows the Read address to be immediately
entered after CS# is asserted low. If the “Continuous Read Mode” bits M5-4 do not equal to (1,0), the next command (after CS# is
raised and then lowered) requires the first byte instruction code, thus returning to normal operation. A “Continuous Read Mode”
Reset command can also be used to reset (M7-0) before issuing normal commands (see Section 8.4.3, Continuous Read Mode
Reset (FFh or FFFFh) on page 75).

When variable read latency is enabled, the number of latency (Mode + Dummy) cycles is set by the Latency Control value in SR3 to
optimize the latency for the frequency in use. See. Table 30, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to
3.6V on page 57. Note that the legacy Read Quad I/O command has two Mode cycles plus four Dummy cycles for a total of six
latency cycles, Enabling the variable read latency allows for the addition of more read latency to enable higher frequency operation
of the Quad I/O command.
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Figure 51. Fast Read Quad I/O Command Sequence (Initial command or previous M5-4 #10)

cs# | i\
SCK S
00— 7]e[s5[4a]3[2]1[0f20[W[a]ofsaflofF——4alofafolafolafo]

101 {21\ s+ s ——5[1[5[1[5[1]5][1]
102 [22Wl6[2 6 B——6[2]6l2]6]2]6]2]
103 (23W[7[s]7 8 F——7[s]7[s]7[3]7[3]
Phase Instruction . WAddress { Mode | Dummy | D1 | D2 | D3 | D4 |

Note:
1. Least significant 4 bits of Mode are don't care and it is optional for the host to drive these bits. The host may turn off drive during these cycles to increase bus turn
around time between Mode bits from host and returning data from the memory.

Figure 52. Fast Read Quad I/O Command Sequence (Previous commar&l M5-4 = 10)

*
cs# ) N

o
se LML
10044 Jofao] 20[W[afola loF———wulM [4]ofelala]o]
o145 [1]5]1] 21|\\|5|1|5|1|—®\—5|1|5|1|7|5|3|1|
02462 6]2] 22|\\|6|2|6|2I—%—16|2|6|1|7|5|3|1|
03473 [7]s] 23|\\|7|3|7|3I—$‘c§~—17|3|7|1|7|5|3|1|

Phase | DN-1 | DN __| W Address | Mode & SDummy ' D1 | D2 | D3 | D4

Fast Read Quad I/O with “16 / 32 / 64-Byte Wrap Aro@)

The Fast Read Quad I/O command can also be used to ac specific portion within a page by issuing a “Set Burst with Wrap”
command prior to EBh. The “Set Burst with Wrap” comm an either enable or disable the “Wrap Around” feature for the following
EBh commands. When “Wrap Around” is enabled, the, eing accessed can be limited to either a 16 / 32 / 64-byte section of
data. The output data starts at the initial address s ied in the command, once it reaches the ending boundary of the 16 / 32 / 64-
byte section, the output will wrap around to the bgginhing boundary automatically until CS# is pulled high to terminate the command.

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

The “Set Burst with Wrap” commandaallows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to enable or disable the “Wrap
Around” operation while W6-5 ar Lé’lo specify the length of the wrap around section within a page. See Section 8.3.7, Set Burst
with Wrap (77h) on page 74. é

8.3.7 Set Burst with Wrap (77h)

The Set Burst with Wrap (77h) command is used in conjunction with “Fast Read Quad 1/0” commands to access a fixed length and
alignment of 8 / 16 / 32 / 64-bytes of data. Certain applications can benefit from this feature and improve the overall system code
execution performance. This command loads the SR3 bits.

Similar to a Quad I/0 command, the Set Burst with Wrap command is initiated by driving the CS# pin low and then shifting the
instruction code “77h” followed by 24-dummy bits and 8 “Wrap Bits”, W7-0. The command sequence is shown in Figure 53, Set
Burst with Wrap Command Sequence on page 75. Wrap bit W7 and the lower nibble W3-0 are not used. See Status Register-3
(SR3[6:4]) for the encoding of W6-W4 in Section 6.5, Status Registers on page 49.

Once W6-4 is set by a Set Burst with Wrap command, all the following “Fast Read Quad I/0O” commands will use the W6-4 setting to
access the 8 / 16 / 32 / 64-byte section of data. Note, Status Register-2 QE bit (SR2[1]) must be set to 1 in order to use the Fast
Read Quad I/O and Set Burst with Wrap commands. To exit the “Wrap Around” function and return to normal read operation,
another Set Burst with Wrap command should be issued to set W4 = 1. The default value of W4 upon power on is 1. In the case of a
system Reset while W4 = 0, it is recommended that the controller issues a Software Reset command or a Set Burst with Wrap
command to reset W4 = 1 prior to any normal Read commands since S25FL1-K does not have a hardware Reset Pin.
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Figure 53. Set Burst with Wrap Command Sequence

cst | [
SCK

oo—— 7 [ 6 [ 5 | 4 [ 3] 2 1] o0l xT xT xT xT xT x]Twa] x F——
101 L x I x I x T x T xT xTw [ x F——
102 [ x I x I xT x T x 1T xTw | x ——
103 [ x I x I x I x I xT xT x [ xF——
Phase i Instruction i Don’t Care i Wrap

8.4 Reset Commands

Software controlled Reset commands restore the device to its initial power up state, by reloading volatile registers from non-volatile
default values. If a software reset is initiated during a Erase, Program or writing of a Register oper@on the data in that Sector, Page

or Register is not stable, the operation that was interrupted needs to be initiated again. N
When the device is in Deep Power-Down mode it is protected from a software reset, the re reset commands are ignored and
have no effect. To reset the device send the Release Power down command (ABh) a time duration of tgeg4 the device will

resume normal operation and the Software reset commands will be accepted.

A software reset is initiated by the Software Reset Enable command (66h) follo y Software Reset command (99h) and then
executed when CS# is brought high after trcy time at the end of the Soﬁwaﬁ et instruction and requires tggT time before
executing the next Instruction after the Software Reset. See Figure 27, Software Reset Input Timing on page 28

Note: The tgcy is a Cypress specific parameter and CS# must be brq@ igh after tgcy time, if not the Software Reset will not be

executed. b

Figure 54. Software@set Command Sequence

e ] o —

8.4.1 Software Rég Enable (66h)

The Reset Enable (66h) command is required immediately before a software reset command (99h) such that a software reset is a
sequence of the two commands. Any command other than Reset (99h) following the Reset Enable (66h) command, will clear the
reset enable condition and prevent a later RST command from being recognized.

8.4.2 Software Reset (99h)

The Reset (99h) command immediately following a Reset Enable (66h) command, initiates the software reset process. Any
command other than Reset (99h) following the Reset Enable (66h) command, will clear the reset enable condition and prevent a
later Reset (99h) command from being recognized.

8.4.3 Continuous Read Mode Reset (FFh or FFFFh)

The “Continuous Read Mode” bits are used in conjunction with “Fast Read Dual 1/0” and “Fast Read

Quad I/0” commands to provide the highest random Flash memory access rate with minimum SPI instruction overhead, thus
allowing more efficient XIP (execute in place) with this device family. A device that is in a continuous high performance read mode
may not recognize any normal SPI command or the software reset command may not be recognized by the device. It is
recommended to use the Continuous Read Mode Reset command after a system Power on Reset or, before sending a software
reset, to ensure the device is released from continuous high performance read mode.
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The “Continuous Read Mode” bits M7-0 are set by the Dual/Quad 1/0O Read commands. M5-4 are used to control whether the 8-bit
SPI instruction code (BBh or EBh) is needed or not for the next command. When M5-4 = (1,0), the next command will be treated the
same as the current Dual/Quad 1/0O Read command without needing the 8-bit instruction code; when M5-4 do not equal to (1,0), the
device returns to normal SPI command mode, in which all commands can be accepted. M7-6 and M3-0 are reserved bits for future
use, either 0 or 1 values can be used.

The Continuous Read Mode Reset command (FFh or FFFFh) can be used to set M4 = 1, thus the device will release the Continuous
Read Mode and return to normal SPI operation, as shown in Figure 55.

Figure 55. Continuous Read Mode Reset for Fast Read Dual or Quad I/0
cs# | [

SCK

100 I FFFFh ==

101

102
103

DIO_Phase Optional FFh (% 2

re 3
QIO_Phase Mode Bit Reset for Quad 1/0 OptigffahF&h
Notes: 6
1. To reset “Continuous Read Mode” during Quad /O operation, only eight clocks are needed. The inw is “FFh".

2. To reset “Continuous Read Mode” during Dual I/O operation, sixteen clocks are needed to shift in i ion “FFFFh”.

8.4.4 Host System Reset Commands

Since S25FL1-K does not have a hardware Reset pin, if the host syst Kemory controller resets, without a complete power-down
and power-up sequence, while an S25FL1-K device is set to Contifious Mode Read, the S25FL1-K device will not recognize any
initial standard SPI commands from the controller. To address thjsypessibility, it is recommended to issue a Continuous Read Mode
Reset (FFFFh) command as the first command after a systemgReset. Doing so will release the device from the Continuous Read
Mode and allow Standard SPI commands to be recognizeng Section 8.4.3, Continuous Read Mode Reset (FFh or FFFFh)

on page 75. %)
If Burst Wrap Mode is used, it is also recommended {gNissue a Set Burst with Wrap (77h) command that sets the W4 bit to one as the

second command after a system Reset. Doing so elease the device from the Burst Wrap Mode and allow standard sequential
read SPI command operation. See Section 8.3 0 t Burst with Wrap (77h) on page 74.

Issuing these commands immediately after -power-cycle (warm) system reset, ensures the device operation is consistent with
the power-on default device operation. ame commands may also be issued after device power-on (cold) reset so that system
reset code is the same for warm or caQr set.

éO
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8.5 ID and Security Commands

8.5.1 Deep-Power-Down (B9h)

Although the standby current during normal operation is relatively low, standby current can be further reduced with the Deep-Power-
Down command. The lower power consumption makes the Deep-Power-Down (DPD) command especially useful for battery
powered applications (see I and Igco in Section 4.8, AC Electrical Characteristics on page 25). The command is initiated by
driving the CS# pin low and shifting the instruction code “B9h” as shown in Figure 56.

The CS# pin must be driven high after the eighth bit has been latched. If this is not done the Deep-Power-Down command will not be
executed. After CS# is driven high, the power-down state will entered within the time duration of tpp (Section 4.8, AC Electrical
Characteristics on page 25). While in the power-down state only the Release from Deep-Power-Down / Device ID command, which
restores the device to normal operation, will be recognized. All other commands are ignored. This includes the Read Status Register
command, which is always available during normal operation. Ignoring all but one command also makes the Power Down state a
useful condition for securing maximum write protection. The device always powers-up in the normal operation with the standby
current of locy.

cs# | Q [

SCK | 0 I LI [ [ I
LN ]
sl | 7 [ 6 | 5 [ 4 | oseh™ 2 [ 1 | o |
S0 *f\\
<O
Phase Ir@trW
8.5.2 Release from Deep-Power-Dox@ evice ID (ABh)
The Release from Deep-Power-Down / Device ID comm multi-purpose command. It can be used to release the device from

the deep-power-down state, or obtain the devices ele@a identification (ID) number.

To release the device from the deep-power-down , the command is issued by driving the CS# pin low, shifting the instruction
code “ABh” and driving CS# high as shown in Fj 57. Release from deep-power-down will take the time duration of trgg4
(Section 4.8, AC Electrical Characteristics on e 25) before the device will resume normal operation and other commands are
accepted. The CS# pin must remain hi%@ng the tgrgs4 time duration.

ile

When used only to obtain the Dewce not in the deep power-down state, the command is initiated by driving the CS# pin low
and shifting the instruction code llowed by 3-dummy bytes. The Device ID bits are then shifted out on the falling edge of
SCK with most significant bit ( rst. The Device ID values for the S25FL1-K is listed in Section 6.6.1, Legacy Device
Identification Commands on page*59. The Device ID can be read continuously. The command is completed by driving CS# high.

When used to release the device from the deep-power-down state and obtain the Device ID, the command is the same as previously
described, and shown in Figure 58, except that after CS# is driven high it must remain high for a time duration of tggg,. After this
time duration the device will resume normal operation and other commands will be accepted. If the Release from Deep-Power-Down
/ Device ID command is issued while an Erase, Program or Write cycle is in process (when BUSY equals 1) the command is ignored
and will not have any effects on the current cycle.

Figure 57. Release from Deep-Power-Down Command Sequence

CS#
SCK - o7 - - =0 I = [T [

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

SO

Phase Instruction
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Figure 58. Read Electronic Signature (RES ABh) Command Sequence

cst | 3\ [
sek | LMLy uwrrrr e/
sl 7 {6 [5[4]sl21]0l2s[\ [1 ][0 Ny

so 4 (7 lelsalal2l1]l0]
Phase Instruction (ABh) \\ Dummy Device ID
8.5.3 Read Manufacturer / Device ID (90h)

The Read Manufacturer / Device ID command is an alternative to the Release from Deep-Power-Down / Device ID command that
provides both the JEDEC assigned manufacturer ID and the specific device ID.

The Read Manufacturer / Device ID command is very similar to the Release from Deep-Power-D@ / Device ID command. The
command is initiated by driving the CS# pin low and shifting the instruction code “90h” foIIowed%S 24-bit address (A23-A0) of
000000h. After which, the Manufacturer ID and the Device ID are shifted out on the falling e, CK with most significant bit
(MSB) first as shown in Figure 59. The Device ID values for the S25FL1-K is listed in Se .6.1, Legacy Device Identification
Commands on page 59. If the 24-bit address is initially set to 000001h the Device ID e read first and then followed by the
Manufacturer ID. The Manufacturer and Device IDs can be read continuously, alternatinig from one to the other. The command is
completed by driving CS# high. ®$

Figure 59. READ_ID (90h) Com& d Sequence

cs# | i\ [
ek 1 LML LS
ssll7]els]alsl2]1]o]sM [1]0

SO \—¢?|6|5|4|3|2|1|0|7|6|5|4|3|2|1|0|

Phase | Instruction (90h) \\Aﬂ&\s Manufacturer 1D i Device ID
8.5.4 Read JEDEC ID (9Fh).O
For compatibility reasons, the S25FL1-K s several commands to electronically determine the identity of the device. The Read
JEDEC ID command is compatible wit DEC standard for SPI compatible serial flash memories that was adopted in 2003.
The command is initiated by driving t # pin low and shifting the instruction code “9Fh”. The JEDEC assigned Manufacturer ID
byte and two Device ID bytes, M ype (ID15-1D8) and Capacity (ID7-1D0) are then shifted out on the falling edge of SCK with
most significant bit (MSB) first wn in Figure 60. For memory type and capacity values refer to Section 6.6.1, Legacy Device

Identification Commands on page 59.

Figure 60. Read JEDEC ID Command Sequence

cs# | \ [

SCK JEREREpEEpEpEEn
s 7 (616 43210 N e
SO {zlels5[al3[2o[1o[WNlel5]af[3]2][1]0]

Phase Instruction Data1 A DataN ‘
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8.5.5 Read SFDP Register / Read Unique ID Number (5Ah)

The Read SFDP command is initiated by driving the CS# pin low and shifting the instruction code “5Ah” followed by a 24-bit address
(A23-A0) into the SI pin. Eight “dummy” clocks are also required before the SFDP register contents are shifted out on the falling
edge of the 40th SCK with most significant bit (MSB) first as shown in Figure 61. For SFDP register values and descriptions, refer to
Table 6.6.2, Serial Flash Discoverable Parameters (SFDP) on page 59.

Note: A23-A8 = 0; A7-A0 are used to define the starting byte address for the 256-byte SFDP Register.

The 5Ah command can also be used to access the Read Unique ID Number. This is a factory-set read-only 8-byte number that is
unique to each S25FL1-K device. The ID number can be used in conjunction with user software methods to help prevent copying or
cloning of a system.

Figure 61. Read SFDP Register Command Sequence

cst ] i\ i\ [
SCK “ \
siff7[elslalafa]1]olsf)) [1]o [T AGJ.\'J
s0 ) ) b [sTels [2[1To]
Phase | Instruction \\ Address | \\ Dummy Cycles \ v Data1
8.5.6 Erase Security Registers (44h) %
The Erase Security Register command is similar to the Sector Erase nd. A Write Enable command must be executed before

the device will accept the Erase Security Register Command (Status ter bit WEL must equal 1). The command is initiated by
driving the CS# pin low and shifting the instruction code “44h” follo%! by a 24-bit address (A23-A0) to erase one of the security

registers.
O
Address A23-16 LV A58 AT7-0
£
Security Register-1 00h JCQU 10h xxh
Security Register-2 00h N\ 20h xxh
. . _ \‘
Security Register-3 00h (_)O 30h xxh

Note: Q @
1. Addresses outside the ranges in the table have ¥ndefined results.

The Erase Security Register coﬁnd sequence is shown in Figure 62. The CS# pin must be driven high after the eighth bit of the
last byte has been latched. If this s not done the command will not be executed. After CS# is driven high, the self-timed Erase
Security Register operation will commence for a time duration of tgg (see Section 4.8, AC Electrical Characteristics on page 25).
While the Erase Security Register cycle is in progress, the Read Status Register command may still be accessed for checking the
status of the BUSY bit. The BUSY bit is a 1 during the erase cycle and becomes a 0 when the cycle is finished and the device is
ready to accept other commands again. After the Erase Security Register cycle has finished the Write Enable Latch (WEL) bit in the
Status Register is cleared to 0. The Security Register Lock Bits (LB3:1) in the Status Register-2 can be used to OTP protect the
security registers. Once a lock bit is set to 1, the corresponding security register will be permanently locked, and an Erase Security
Register command to that register will be ignored (see Security Register Lock Bits (LB3, LB2, LB1, LBO) on page 57).

Figure 62. Erase Security Registers Command Sequence

cs# | i\ [
scK 1Y I I
sl 7 | e [ s [ 4 [ s | 2 | 1+ [ o 25 W [ 1 ] o =
so 4

Phase Instruction W\ Address
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8.5.7 Program Security Registers (42h)

The Program Security Register command is similar to the Page Program command. It allows from one byte to 256 bytes of security
register data to be programmed at previously erased (FFh) memory locations. A Write Enable command must be executed before
the device will accept the Program Security Register Command (Status Register bit WEL= 1). The command is initiated by driving
the CS# pin low then shifting the instruction code “42h” followed by a 24-bit address (A23-A0) and at least one data byte, into the Sl
pin. The CS# pin must be held low for the entire length of the command while data is being sent to the device.

Address A23-16 A15-8 A7-0
Security Register-1 00h 10h Byte Address
Security Register-2 00h 20h Byte Address
Security Register-3 00h 30h Byte Address
Note:
1. Addresses outside the ranges in the table have undefined results. Q

The Program Security Register command sequence is shown in Figure 63. The Security Reﬁ.;fe ock Bits (LB3:1) in the Status
Register-2 can be used to OTP protect the security registers. Once a lock bit is set to orresponding security register will be
permanently locked, and a Program Security Register command to that register will b ored (see Security Register Lock Bits
(LB3, LB2, LB1, LB0) on page 57 and Page Program (02h) on page 67 for detail (@riptions).

Figure 63. Program Security Registers%lmand Sequence

cs# | \ ¢ K \\_

N
SCK Sﬂ & i UL BY
siI7 e [s alalol1Toloa[\Ws [« ooy Mo 7 6 s [ala 2107 6[s[a]s 210 \\
(\ A {
so
) PR )\‘
Phase Instruction \\ Aﬂw Input Data1 Input Data2 “
N
8.5.8 Read Security Regist 48h)
The Read Security Register command is similarjto the Fast Read command and allows one or more data bytes to be sequentially
read from one of the three security regi %he command is initiated by driving the CS# pin low and then shifting the instruction
code “48h” followed by a 24-bit address -A0) and eight “dummy” clocks into the Sl pin. The code and address bits are latched
on the rising edge of the SCK pin. he address is received, and following the eight dummy cycles, the data byte of the
addressed memory location will ted out on the SO pin at the falling edge of SCK with most significant bit (MSB) first. Locations
with address bits A23-A16 not equal to zero, have undefined data. The byte address is automatically incremented to the next byte
address after each byte of data is shifted out. Once the byte address reaches the last byte of the register (byte FFh), it will reset to
00h, the first byte of the register, and continue to increment. The command is completed by driving CS# high. The Read Security
Register command sequence is shown in Figure 64. If a Read Security Register command is issued while an Erase, Program, or

Write cycle is in process (BUSY=1), the command is ignored and will not have any effects on the current cycle. The Read Security
Register command allows clock rates from DC to a maximum of Fy (see Section 4.8, AC Electrical Characteristics on page 25).

Address A23-16 A15-8 A7-0
Security Register-0 (SFDP) 00h 00h Byte Address
Security Register-1 00h 10h Byte Address
Security Register-2 00h 20h Byte Address
Security Register-3 00h 30h Byte Address

Note:
1. Addresses outside the ranges in the table have undefined results.
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Figure 64. Read Security Registers Command Sequence

cs# | \ \ [
se 1 MU LY

sif7zlelslaflaf2]1]0]23l\} [1 [0 [N
s0 ) 4 [7Telslala (211101

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

8.6 Set Block / Pointer Protection (39h) — S25FL 132K and S25FL164K

The user has a choice to enable one of two protection mechanisms: block protection or pointer protection. Only one protection
mechanism can be enabled at one time.

The Set Block / Pointer Protection (39h) is a new command (see Figure 65) and is used to determing which one of the two protection
mechanisms is enabled, and if the pointer protection mechanism is enabled, determines the po&ddres& The Write Enable

command must precede the Set Block / Pointer command.

pointer protection mechanism will be enabled. If A10 = 1, then the block protection mo enabled. This is the default state, and the
rest of pointer values are don’t care. If A10=0, then the pointer protection is enable the block protection feature is disabled.
The pointer address values A9 to AO are don’t care.

After the Set Block / Pointer Protection command is given, the value of A10 in byte 3 sg!e@%hether the block protection or the
an

If the pointer protection mechanism is enabled, a pointer address determlns% oundary between the protected and the
unprotected regions in the memory. The format of the Set Pointer commangd is'the 39h instruction followed by three address bytes.
For the S25FL132K, ten address bits (A21-A12) after the 39h commasgb used to program the non-volatile pointer address. For
the 32M, A23 — A22 are don’t care. For the S25FL164K, eleven ad its (A22-A12) after the 39h command are used to program
the non-volatile pointer address. For the 64M, A23 is a don’t care,

The A11 bit can be used to protect all sectors. If A11=1, then a tors are protected, and A23 — A12 are don’t cares. If A11=0, then
the unprotected range will be determined by A22-A12 fort and A21-A12 for the 32M. The area that is unprotected will be
inclusive of the 4-kB sector selected by the pointer addr

Bit 5 (Top / Bottom) of SR1 is used to determine wh
or bottom (lowest address) of the memory array

the region that will be unprotected will start from the top (highest address)
ocation of the pointer. If TB=0 and the 39h command is issued followed by a
24-bit address, then the 4-kB sector which inccé that address and all the sectors from the bottom up (zero to higher address) will
be unprotected. If TB=1 and 39h command ued followed by a 24-bit address then the 4-kB sector which includes that address
and all the sectors from the Top down QL lower address) will be unprotected.

t

The SRP1 (SR2 [0]) and SRPO (SR its are used to protect the pointer address in the same way they protect SR1 and SR2.
When SRP1 and SRPO protect S d SR2, the 39h command is ignored. This effectively prevents changes to the protection
scheme using the existing SRP PO mechanism — including the OTP protection option.

The 39h command is ignored during a suspend operation because the pointer address cannot be erased and re-programmed during
a suspend.
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The Read Status Register-3 command 33h (see Figure 34 for 33h timing diagram) reads the contents of SR3 followed by the
contents of the pointer. This allows the contents of the pointer to be read out for test and verification. The read back order is SR3,
A23-A16, A15-A8. If CS# remains low, the Bytes after A15-A8 are undefined.

Protect Address |Unprotect Address
B All A10 Range Range Comment
. X 1 See Block Protect | See Block Protect |A10 = 1 the block protect protection mode is enabled (this is
Method Method the default state and the rest of pointer address is don't care).
If TB=0 and the 39h command is issued followed by a 24-bit
0 0 0 Amax (1) to A<22-12>(2)  |address, then the 4-kB sector which includes that address
(A<22-12>+1) to 000000 and all the sectors from the bottom up (zero to higher
address) will be unprotected.
If TB=1 and 39h command is issued followed by a 24-bit
1 0 0 (A<22-12>-1) Amax (1) address then the 4-kB sector which includes that address and
to 000000 to A<22-12> all the sectors from the Top wn (max to lower address) will
be unprotected.
Amax (1) to . A10=0 and A11 =1 me@)&tect all sectors and Amax-A12
X 1 0 000000 Not Applicable are don't care.
Notes:

1. Amax = 7FFFFFh for the FL164K, and 3FFFFFh for the FL132K.

2. A<21-12> for the FL132K. %Q

Block Erase: In general, if the pointer protect scheme is active (A10= Q)tect all sectors is not active (A11=0), and the pointer
address points to anywhere within the block, the whole block will bg*grotected from Block Erase even though part of the block is
unprotected. The 2 exceptions where block erase goes through igifthe pointer address points to the TOP sector of the
block(A[15:12]=1111) if TB=0, and if the pointer points to the OM sector of the block (A[15:12]=0000) and TB=1.

Figure@gét Pointer Address (39h)

cs# | [
SCK
sI T 7 {615 43 [ 24140 [2322{21[20 19 18] 17 16] 15|14 13[12] 11| 10| X | X | X | X| X[ X [ X [ X [ X[ X]
so Y‘ Dummy Cycles
A~
i i Address i

Phase In? on
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9. Data Integrity

9.1 Erase Endurance

Table 37. Erase Endurance

Parameter Min Unit
Program/Erase cycles main Flash array sector 100K PE cycle
Program/Erase cycles Security Registers non-volatile register array (1) 1K PE cycle

Note:

1. Each write command to a non-volatile register causes a PE cycle on the entire non-volatile register array. Re-writing registers with the same value doesn’t cause a PE
cycle. OTP bits in registers internally reside in a separate array that is not cycled.

9.2 Data Retention

9.3 Initial Delivery State

o

The device is shipped from Cypress with non-volatile bits / default ﬁ?& set as follows:

B The entire memory array is erased: i.e. all bits are set
B The Unique Device ID is programmed to a random nu

B The SFDP Security Register address space 0 ¢
Parameters (SFDP) on page 59. Security Regis

contains FFh).

Status Register-1 contains 00h.

Status Register-2 contains 04h. 2 @

Status Register-3 contains 70h. \

éO

Document Number: 002-00497 Rev. *H

f@&@

he values as defined in Table 6.6.2, Serial Flash Discoverable
dress spaces 1 to 3 are erased: i.e. all bits are set to 1 (each byte

byte contains FFh).

eeded by the date and time of device test.

Parameter Test Conditigﬂ\@- Minimum Time Unit
. . 10K Program/Erase C cled 20 Years

Data Retention Time ™
100K Program/lértgk)ycles 2 Years
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10. Ordering Information

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

S25FL1 32 K 0X M

F | 01 1

T Packing Type
0 = Tray
1= Tube
3 =13” Tape and Reel

Model Number (Additional Ordering Options)
00 = 16-lead SO package (300 mil)
01 = 8-lead SO package (208 mil) / 8-contact WSON
02 =5 x 5 ball BGA package
03 =4 x 6 ball BGA package (208 mil)
04 = 8-lead SO package (150 mil) / 8-contact USON (4 mm x 4 mm)
Q1 = 8-lead SO package (208 mil) / 8-contact WSON
(Default quad mode enabled)

L Temperature Range %Q
)

I = Industrial (-40°C to +85°C
V = Industrial Plus (-40°C t

A = Automotive, AE!
B = Automotive, AE

Q rade 3 (—40°C to +85°C)

00 Grade 2 (—40°C to +105°C)

Package Materj
F =Lead (Ph, , Halogen-free

H= Low-| , Lead (Pb)-free
PackageJype

M =8:lead / 16-lead SO package

s@-contact WSON/USON package
t 24-ball 6 x 8 mm BGA package, 1.0 mm pitch
V_ %

Speed

Device Technology

é@ 0X = 108 MHz
Na\
>\

éO

Document Number: 002-00497 Rev. *H

@ K =90 nm floating gate process technology
N

’c\ Density
N\ 16 = 16 Mbits
O 32 = 32 Mbits

64 = 64 Mbits
Device w
S2

emory 3.0 Volt-Only, Serial Peripheral Interface (SPI) Flash Memory
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Valid Combinations — Standard
Table 38 lists standard 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.

Table 38. Valid Combinations for Standard Part Numbers

Base Ordering Part Number | Speed Option | Package and Temperature Model Number Packing Type | Package Marking
01 FL116KIFO1
MFI Q1 FL116KIFQ1
04 FL116KIF4
01 FL116KVFO1
MFV 0,1,3
04 FL116KVF4
NFI 01 FL116KIFO1
FLITOK X Q1 (\ FL116KIFQ1
NFV 01 . FL116KVFO1
- 02 0‘.0 FL116KIHO02
0 )~ FL116KIHO3
\/ 0,3
By &2 FL116KVHO02
\Q‘bs, FL116KVHO3
01 FL132KIFO1
MFI C:‘ 04 FL132KIF4
Xs\ f Q1 FL132KIFQ1
(@ 01 FL132KVFO1
MFVa, @)
6 04 FL132KVF4
A~ 0,1,3
01 FL132KIFO1
QFI 04 FL132KIF04
FL132K 0X
AN Q1 FL132KIFQ1
O\' 01 FL132KVFO1
C NFV
) 04 FL132KVF04
02 FL132KIHO02
BHI
\' 03 03 FL132KIHO3
O 02 ' FL132KVH02
BHV
03 FL132KVHO3
00 FL164KIF00
MFI 01 FL164KIFO1
Q1 FL164KIFQ1
00 FL164KVF00
MFV 0,1,3
01 FL164KVFO01
01 FL164KIFO1
FL164K 0X NFI
Q1 FL164KIFQ1
NFV 01 FL164KVFO01
02 FL164KIHO2
BHI
03 03 FL164KIHO3
02 ’ FL164KVH02
BHV
03 FL164KVHO3
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Valid Combinations — Automotive Grade / AEC-Q100

The table below lists configurations that are Automotive Grade / AEC-Q100 qualified and are planned to be available in volume. The
table will be updated as new combinations are released. Consult your local sales representative to confirm availability of specific
combinations and to check on newly released combinations.

Production Part Approval Process (PPAP) support is only provided for AEC-Q100 grade products.

Products to be used in end-use applications that require ISO/TS-16949 compliance must be AEC-Q100 grade products in
combination with PPAP. Non—-AEC-Q100 grade products are not manufactured or documented in full compliance with
ISO/TS-16949 requirements.

AEC-Q100 grade products are also offered without PPAP support for end-use applications that do not require ISO/TS-16949
compliance.

Table 39. Valid Combinations — Automotive Grade / AEC-Q100

Base Ordering Part Number | Speed Option | Package and Temperature Model Number %:king Type | Package Marking
01 O FL116KAFO1
MFA Q1 [2) FL116KAFQ1
4~ FL116KAF4
- PV 013 FL116KBFO1
0 FL116KBF4
< 01 FL116KAFO1
FL116K 0X NFA —
1} Q1 FL116KAFQ1
-
NFB «QO 01 FL116KBFO1
b N 02 FL116KAH02
BHA
\& 03 os FL116KAHO3
~ 02 ’ FL116KBH02
A éﬁ E 03 FL116KBHO03
O 01 FL132KBFO1
(Q MFB
PR 04 FL132KBF4
("JU 01 FL132KAFO1
<& NFA 04 01,3 FL132KAF04
Q Q1 FL132KAFQ1
FL132K & 01 FL132KBFO01
NFB
04 FL132KBF04
02 FL132KAHO02
BHA
03 o FL132KAHO03
02 ' FL132KBH02
BHB
03 FL132KBHO03
MFB Q1 01,3 FL164KAFQ1
02 FL164KAHO02
BHA
FL164K 0X 03 o3 FL164KAHO03
02 ' FL164KBH02
BHB
03 FL164KBHO03
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