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S25FL116K/S25FL132K/S25FL164K
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

1 SPI Clock polarity and phase modes 0 and 3
1 Command subset and footprint compatible with S25FL-K
H Read

o Normal Read (Serial):

* 50 MHz clock rate (—40 °C to +85 °C/105 °C)
0 Fast Read (Serial):

* 108 MHz clock rate (—40 °C to +85 °C/105 °C)
o Dual Read:

* 108 MHz clock rate (—40 °C to +85 °C/105 °C)
0 Quad Read:

* 108 MHz clock rate (—40 °C to +85 °C/105 °C)

a 54 MB/s maximum continuous data transfer rate
(-40 °C to +85 °C/105 °C)
o Efficient Execute-In-Place (XIP)
a Continuous and wrapped read modes
a Serial Flash Discoverable Parameters (SFDP)
B Program

a Serial-input Page Program (up to 256 bytes)
o Program Suspend and Resume

B Erase @

o Uniform sector erase (4 kB) @

o Uniform block erase (64 kB)
o Chip erase O
0 Erase Suspend and Resume @

® Cycling Endurance Q‘
a 100K Program-Erase cycles, m@um

B Data Retention
0 20-year data retention, minintum

W Security
a Three 256-byte Security Registers with OTP protection
o Low supply voltage protection of the entire memory

a1 Pointer-based security protection feature (825FL132K and
S25FL164K)

a Top / Bottom relative Block Protection Range, 4 kB to all of
memory

1 8-Byte Unique ID for each device

Cypress Semiconductor Corporation
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@ a0 S25FL116K
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198 Champion Court .

o Nonvolatile Status Register bits control protection modes
» Software command protection
» Hardware input signal protection
» Lock-Down until power cycle protection
» OTP protection of security registers

B 90 nm Floating Gate Tec& ay

B Single Supply Voltage”

027Vt03.6V(In
perature ran

0 2.6 V to 3.6 V (Extended temperature range)

B Temperatu anges
7 Indust(i§P{-40 °C to +85 °C)
o Ind | Plus (—40 °C to +105 °C)
a A tomotive, AEC-Q100 Grade 3 (—40°C to +85°C)
% tomotive, AEC-Q100 Grade 2 (—40°C to +105°C)

ckage Options

I, Industrial Plus, and Extended tem-

* 8-lead SOIC (150 mil) - SOA008
* 8-lead SOIC (208 mil) — SOC008
» 8-contact WSON 5 mm x 6 mm — WNDOO8
» 24-ball BGA 6 mm x 8 mm — FAB024 and FAC024
« KGD / KGW
7 S25FL132K
* 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
1 S25FL164K
* 8-lead SOIC (208 mil) — SOC008
* 16-lead SOIC (300 mil) — SO3016
* 8-contact WSON 5 mm x 6 mm — WNDOO8
» 24-ball BGA 6 mm x 8 mm — FAB024 and FAC024

San Jose, CA 95134-1709 +  408-943-2600
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Logic Block Diagram
CS#

—

SCK

—

SI/100

20/IO1
WE#/IOZ

HOLD#/I03

Control

110 Logic

Performance Summary
Maximum Read Rates (V¢c = 2.7 V to 3.6 V, 85 °C/105 °C)

Memory

X Decoders

Y Decoders

Data Latch

Command ko\ Clock Rate (MHz) Mbytes/s
Read N 50 6.25
Fast Read %} 108 135
Dual Read o 108 27
Quad Read O\ 108 54
N\
&
Typical Program and Erase Rates (V¢ = 2(7’®lo 3.6V, 85°C/105 °C)
/ﬁ‘éﬁon kbytes/s
Page Programming (256-byte page Igtn?&)‘ 365
4-kbyte Sector Erase O" 81
64-kbyte Sector Erase % 131
Typical Current Consumption (V¢c =2.7 V to 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
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1. General Description

The S25FL1-K of nonvolatile 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 1/0 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:
B Chip Select (CS#)
W Serial Clock (SCK)

100 (SI)

a101 (SO)

0102 (WP#)

1103 (HOLD#)
W Serial Data

The SIO protocol uses Serial Input (SI) and Serial Output (SO) for data transfer. The DIO pro’k@ use 100 and 101 to input or
output two bits of data in each clock cycle.

The Write Protect (WP#) input signal option allows hardware control over data protec@oﬁware controlled commands can also
manage data protection.

The HOLD# input signal option allows commands to be suspended and resu e@ﬁany clock cycle.

The QIO protocols use all of the data signals (100 to 103) to transfer 4 bits in clock cycle. When the QIO protocols are enabled
the WP# and HOLD# inputs and features are disabled.

Clock frequency of up to 108 MHz is supported, allowing data tran%’@s up to:
B Single bit data path = 13.5 Mbytes/s

W Dual bit data path = 27 Mbytes/s Qb

B Quad bit data path = 54 Mbytes/s @

Executing code directly from flash memory is often ed Execute-in-Place or XIP. By using S25FL1-K devices at the higher clock
rates supported, with QIO commands, the comm ad transfer rate can match or exceed traditional x8 or x16 parallel interface,
asynchronous, NOR flash memories, while red signal count dramatically. The Continuous Read Mode allows for random
memory access with as few as 8 clocks of g &bead for each access, providing efficient XIP operation. The Wrapped Read mode
provides efficient instruction or data ca | via a fast read of the critical byte that causes a cache miss, followed by reading all

other bytes in the same cache line insa\' gle read command.
The S25FL1-K: O
B Support JEDEC standard mam\iacturer 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 2.6 V/2.7 V to 3.6 V 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. *I Page 4 of 90
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1.1 Migration Notes

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

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 x1, x2, x4
Supply Voltage 26V/27V-36V 27V-36V X r\Q‘ 27V-36V
Normal Read Speed 6 MB/s (50 MHz) 6 MB/s (50 MHZ)O\\\D 5 MB/s (40 MHz)
Fast Read Speed 13.5 MB/s (108 MHz) 13 MB/s (104-M&2)~ 13 MB/s (104 MHz)
Dual Read Speed 27 MB/s (108 MHz) 26 MB/s (1\0)Wsz) 20 MB/s (80 MHz)
Quad Read Speed 54 MB/s (108 MHz at 85°C/105°C) 52 MB};‘&M MHz) 40 MB/s (80 MHz)
Program Buffer Size 2568 «<\256B 2568
(Ft’;g_e) Programming Time 700 ps (2568B) k0\730 us (256B) 1500 ps (256B)
Program Suspend / Resume Yes h N Yes No
Erase Sector Size 4 kB /64 kB AN ) 4kB/32kB/64kB 64 kB / 256 kB
Parameter Sector Size N/A AOV N/A 4 kB
Sector Erase Time (typ.) 50 ms (4 kB), 500 mz@«vB) 30 ms (4 kB), 150 ms (64 kB) 500 ms (64 kB)
Erase Suspend / Resume A\ Yes No
OTP Size 768B (h‘S%B) 768B (3 x 256B) 506B
Operating Temperature -40°C tb‘%BYC /+105°C -40°C to +85°C -40°C to +85°C / +105°C
Notes: ~

in groups of 32 kB or 64 kB.
ors in groups of 64 kB.
iform sectors depending on an ordering option.

1. S25FL-K family devices can erase 4-kB se,
2. S25FL1-K family devices can erase 4-kl
3. S25FL-P has either 64-kB or 256-kB

4. Refer to individual data sheets for further details.

1.1.2 Known Feature Differences from Prior Generations

1.1.2.1 Secure Silicon Region (OTP)
The size and format (address map) of the OTP area is the same for the S25FL1-K and the S25FL-K but different for the S25FL-P.

Document Number: 002-00497 Rev. *I Page 5 of 90
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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 I/O (94h)

Read Unique ID (4Bh)

1.1.2.3 New Features
The S25FL1-K introduces new features to low density SPI category memories: Q
B Variable read latency (number of dummy cycles) for faster initial access time or higher clcé read commands

B [ndustrial Plus and Extended temperature range : @

1.2 Glossary $

B Command. All information transferred between the host system and mel%during one period while CS# is low. This includes
the instruction (sometimes called an operation code or opcode) and any t&quired address, mode bits, latency cycles, or data.

W Volatile configuration option in addition to legacy nonvolatile configuration

B Flash. The name for a type of Electrical Erase Programmable R y Memory (EEPROM) that erases large blocks of memory
bits in parallel, making the erase operation much faster than earlé ROM.

B High. A signal voltage level = V| or a logic level representi inary one (1).

B Instruction. The 8-bit code indicating the function to b
opcode). The instruction is always the first 8 bits transf

ormed by a command (sometimes called an operation code or
from host system to the memory in any command.

B Low. A signal voltage level <V, or a logic leve

B LSB. Least Significant Bit. Generally the ri%
register or data value.

senting a binary zero (0).

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

B MSB. Most Significant Bit. Generall t most bit, with the highest order of magnitude value, within a group of bits of a register
or data value. \

B nonvolatile. No power is ne@ maintain data stored in the memory.

B OPN. Ordering Part Number. The alphanumeric string specifying the memory device type, density, package, factory nonvolatile
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 nonvolatile registers bits or nonvolatile flash memory. When changing
nonvolatile data, an erase and reprogramming of any unchanged nonvolatile data is done, as part of the operation, such that the
nonvolatile data is modified by the write operation, in the same way that volatile data is modified — as a single operation. The
nonvolatile 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.
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1.3 Other Resources

1.3.1 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

2. Hardware Interface
2.1 Serial Peripheral Interface with Multiple Input / Output (SPI-MIO)

Many memory devices connect to their host system with separate parallel control, address, and signals that require a large
number of signal connections and larger package size. The large number of connections incr’e\ ower 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 seg nsferring 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 featué

The S25FL1-K uses the industry standard single bit SPI and also supports ds for 2-bit (Dual) and 4-bit (Quad) wide serial
transfers. This multiple width interface is called SPI Multi-I/O or SPI-MIO. \

)
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3. Signal Descriptions

3.1 Input/ Output Summary

Table 1. Signal List

Signal Name Type Description
SCK Input Serial Clock.
CS# Input Chip Select.
SlI (100) /0 Serial Input for single bit data commands. 100 for Dual or Quad commands.
SO (I101) /0 Serial Output for single bit data commands. 101 for Dual or Quad commands.
WP# (102) e Write Protect in single bit or Dual data commands. 102 in Quad mode. The signal has an internal
pull-up resistor and may be left unconnected in the host system if not used for Quad commands.
Hold (pause) serial transfer in single bit or Dual data commandsNO3 in Quad-1/O mode. The
HOLD# (103) /0 signal has an internal pull-up resistor and may be left unc d in the host system if not used
for Quad commands.
Vee Supply Core and I/0O Power Supply. ('\(0-
Vss Supply Ground. \V
Not Connected. No device internal signal is hected to the package connector nor is there
NC Unused any future plan to use the connector for a.s . The connection may safely be used for routing
space for a signal on a Printed Circuit Bo CB). However, any signal connected to an NC

must not have voltage levels highegtpg\ﬁvcc.

Reserved for Future Use. No d thernal signal is currently connected to the package
connector but there is potential f%re use of the connector for a signal. It is recommended to not

RFU Reserved use RFU connectors for P @ ng channels so that the PCB may take advantage of future
enhanced features in compatiple footprint devices.
N . . .
DNU Reserved Do Not Use. I;)o not u se connectlons for PCB signal routing channels. Do not connect any
host system signal connection.

\‘
Note
1. Asignal name ending with the # symbol is active wher@

3.2 Address and Data Configur%)
Traditional SPI single bit wide comm Single or SI0) send information from the host to the memory only on the SI signal. Data
may be sent back to the host seri I@ the Serial Output (SO) signal.

Dual or Quad Output comman d 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.

3.3 Serial Clock (SCK)

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

The chip select signal indicates when a command for the device is in process and the other signals are relevant for the memory
device. When the CS# signal is at the logic high state, the device is not selected and all input signals are ignored and all output
signals are high impedance. Unless an internal Program, Erase or Write Status Registers embedded operation is in progress, the
device will be in the Standby Power mode. Driving the CS# input to logic low state enables the device, placing it in the Active Power
mode. After Power-Up, a falling edge on CS# is required prior to the start of any command.

3.5 Serial Input (SI) /100

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

Sl becomes 100 - an input and output during Dual and Quad commands for receiving instructions, addresses, and data to be
programmed (values latched on rising edge of serial SCK clock signal) as well as shifting out data (on the falling edge of SCK).
3.6 Serial Output (SO) /101

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

SO becomes |01, an input and output during Dual and Quad commands for receiving tions, addresses, and data to be
programmed (values latched on rising edge of serial SCK clock signal) as well as shif out data (on the falling edge of SCK).

3.7 Write Protect (WP#) / 102

When WP# is driven Low (V) ), while the Status Register Protect bits (SRP1$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 pro‘s/ by the Block Protect, TB, SEC, and CMP bits in the
status registers, are also hardware protected against data modificafign while WP# remains Low.

The WP# function is not available when the Quad mode is enabl E) in Status Register-2 (SR2[1]=1). The WP# function is
replaced by 102 for input and output during Quad mode for r ing addresses, and data to be programmed (values are latched on
rising edge of the SCK signal) as well as shifting out c@ e falling edge of SCK).

WP# has an internal pull-up resistance; when unconn

used for Quad mode. @

3.8 HOLD#/103
The HOLD# signal is used to pause an@l@communications with the device without deselecting the device or stopping the serial

, WP# is at V| and may be left unconnected in the host system if not

clock.

keep the CS# input low state d entire duration of the Hold condition. This is to ensure that the state of the interface logic

To enter the Hold condition, the ée\q’&must be selected by driving the CS# input to the logic low state. It is required that the user
i e
remains unchanged from the morment 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 state, the Hold condition ends
whenever the SCK signal reaches the logic low state.
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Figure 3.1 Hold Condition

cs# T\ 8
Yo QU WY A W Y A O I VY Y Y A (Y e VY B Y A W

HOLD# ) | I
Hold Condition Hold Condition
Standard Use Non-standard Use
Sl_or_lO_(during_input) I Mvalid Input Daon't Care Valid Input | [ Don't Care [ [Valid Input
SO_or_IO_(internal) ____ N JC A Y[R T D CTTTYES

SO_or_IO_(external) —— A Jj—— 8B I ¢ F—{ [ D TE_

3.9 Core and /O Signal Voltage Supply (Vcc)

V¢ is the voltage source for all device internal logic and input / output signals. It is the single volt{qa used for all device functions

including read, program, and erase. . g
. N
3.10 Supply and Signal Ground (Vgg) %

Vgs is the common voltage drain and ground reference for the device core, input sigr@ceivers, and output drivers.

3.11 Not Connected (NC) $

No device internal signal is connected to the package connector nor is ther%ﬁture plan to use the connector for a signal. The
connection may safely be used for routing space for a signal on a Printed €ircuit Board (PCB).

3.12 Reserved for Future Use (RFU) 5\0

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

3.13 Do Not Use (DNU)

A device internal signal may be connected to the @age connector. The connection may be used by Cypress for test or other
purposes and is not intended for connection to Q ost system signal. Any DNU signal related function will be inactive when the
signal is at V.. The signal has an internal pul n resistor and may be left unconnected in the host system or may be tied to Vgg.
Do not use these connections for PCB @@outing channels. Do not connect any host system signal to these connections.

3.14 Block Diagrams \
Figure 1®0Master and Memory Devices on the SPI Bus — Single Bit Data Path
HOLD#
HOLD# >
Whs WP# -
Sl < sI
so SO =
scK SCK -
Cso# cs2#
cet1y—CS1# ¢
YY| vy Yvivy
SPI SPI SPI
Bus Master Flash Flash

Figure 2. Bus Master and Memory Devices on the SPI Bus — Dual Bit Data Path
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HOLD# HOLD# -
WP# WP# >
101 |2 '81 .
100
100 |~ .
scK SCK -
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4. Signal Protocols
4.1 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 4. SPI Modes Supported . Q
O

CPOL=0_CPHA=0_SCK I \ ] [ ] \ I
CPOL=1_CPHA=1_SCK \ I \ ] [ \ ] \ I
cst™ |\ §
‘—@,,

SI I MSB I ) ) I

SO ‘,\%—( MSB |

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 diag 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 # 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. @c)

4.2 Command Protocol
All communication between the ho tem and S25FL1-K memory devices is in the form of units called commands.

All commands begin with an in@on 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 Sl signal. Data will be returned to the host as a
sequence of bit pairs on 100 and 101 or four bit (nibble) groups on 100, 101, 102, and 103.

Dual or Quad Input / Output (I/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:

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

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

B Each command begins with an 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.

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

B The width of all transfers following the instruction are determined by the instruction sent. Following transfers may continue to be
single bit serial on only the Sl or Serial Output (SO) signals, they may be done in 2-bit groups per (dual) transfer on the 100 and 101
signals, or they may be done in 4-bit groups per (quad) transfer on the 100-103 signals. Within the.dual or quad groups the least
significant bit is on 100. More significant bits are placed in significance order on each higher Qu@ed 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 comma us does not provide an instruction byte,
only a new address and mode bits. This reduces the time needed to send each cor@n when the same command type is repeated
in a sequence of commands. The mode bit transfers occur on SCK rising edge.

B Some instructions send an instruction modifier called mode bits, following the addr@@mdicate that the next command will be

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

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

B SCK continues to toggle during any read access latency perio ée latency may be zero to several SCK cycles (also referred to
as dummy cycles). At the end of the read latency cycles, the fi d data bits are driven from the outputs on SCK falling edge at
the end of the last read latency cycle. The first read data bit onsidered transferred to the host on the following SCK rising edge.

Each following transfer occurs on the next SCK rising ed@

W |f the command returns read data to the host, the d € continues sending data transfers until the host takes the CS# signal high.
The CS# signal can be driven high after any transfek ih the read data sequence. This will terminate the command.

ta, the host drives the CS# input high. The CS# signal must go high after the
st write data byte that is transferred. That is, the CS# signal must be driven high
nal was driven low is an exact multiple of eight cycles. If the CS# signal does not go
ry of the instruction or write data, the command is rejected and not executed.

B At the end of a command that does not ret
eighth bit, of a stand alone instruction or, of,
when the number of clock cycles after
high exactly at the eight SCK cycle bgun

B All instruction, address, and m its are shifted into the device with the most significant bits (MSB) first. The data bits are
shifted in and out of the device 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.

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

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

Figure 5. Stand Alone Instruction Command

s ] —
SCK 0 0 = I 7 -1 [/ [
sHN 7 [ 6 [ 5 [ & [ 5 [ 2 [+ T o [N
SO
Phase Instruction

Figure 6. Single Bit Wide Input Command

cs# | O\
N5
SCK Eﬁ!
6 3 | 2

Phase Instruction D_‘V Input Data
\4

Figure 7. Single Bit Wideg@) t Command

cs# | X [

SCK

s 7 [elslalsl2]1]0

SO

'@Q‘s|5|4|3|2|1|0|7|6|5|4|3|2|1|0|

Phase Instruction 0
QU

Fig@-@. Single Bit Wide I/O Command without Latency

cs# | N N \\ [

N
SCK E Sq
sill7 [6 [sTa a2 1 oz T4 o s

SO ) {7l6lslalalo]1]ol7]e[5]a]3[2[1]0]

Data1 ; Data2

Phase | Instruction \\ Address | Data1 Data2

Figure 9. Single Bit Wide I/O Command with Latency

cs# | \\ i\ [
s 1MWy
siBl7 6 l5]alsl2l1 ol2al |1|0|-_

SO \' .7|6|5|4|3|2|1|0|

Phase | Instruction \\ Address | \\ Dummy Cycles Data1
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Figure 10. Dual Output Command

cst | i\ )
sck 1 T U e s L sS w L e

100—{7 6151413121110 [23[22[21\\0 | W——6lal2lolelalzlo
01 \ W—{7 1513117151311
Phase | Instruction | Address\\ Dummy )\ | Datat | Data2

Figure 11. Quad Output Command without Latency

cs# | 1\ A

se | L LML L ;

I00—|7|6|5|4|3|2|1|0|23|\\|1|0|4|0|4|Qh."(o|4|0|4|o| 4

o1 ) I5|1|5|\)l5|1|5|1|5|1|5

102 ‘»‘a '62 2lel2]6l2l6l216

103 ) |7i~N"7|3|7|3|7|3|7|3|7

Phase Instruction | \Address J.éetm | Data2 | Data3 | Data4 | Data5 | ..
F|gure 12. g@% Command

cs# | O

oo 7]elslalsfal1]oapdi}]2 0] T6lal2]olelale]o0]

101 (@31 {715 (3l1]7z1513]1]

Phase | Instruction %@v ,,,,,,,,,,, ) Address | Dummy . Datat . Data2 ‘

éo Figure 13. Quad I/O Command

cs# | \\

SCK SK
oo—7[6|5]af3]2[1]ofeo[W[alo[a T F————4lof4a]ofafolalo]

01 21 W s 1] ———s[1]s[1]5[1]5]1]
102 122[W[elol6 [—6lofe]ol6]o[6]2]
103 23[W[7]3]7] I—|7I3|7|3|7|3I7|3|
Phase Instruction \\ Address | Mode | Dummy | D1 | D2 | D3 | D4

Additional sequence diagrams, specific to each command, are provided in Section 10. Commands on page 63.
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4.3 Interface States

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

Table 2. Interface States Summary

HOLD#/ | WP#/ SO/

Interface State Vee SCK CS# 103 102 101 S1/100
Low Power
Hardware Data Protection <Vwi X X X X z X
Power-On (Cold) Reset = Ve (min) X HH X X Z X
Interface Standby 2 Ve (min) X X X X 4 X
Instruction Cycle = Ve (min) HT HL HH HV Z HV
Hold Cycle 2 Ve (min) HV or HT HL HL X X X
Single Input Cycle . N
Host to Memory Transfer 2 Ve (min) HT HL B\ X z Hv
Single Latency (Dummy) Cycle > Ve (min) HT HL | oA+ X z X
Single Output Cycle . -
Memory to Host Transfer 2 Ve (min) HT '&& HH X MV X
Dual Input Cycle > Vg (min) HT  N\@HL HH X HV HV

Host to Memory Transfer

A
Dual Latency (Dummy) Cycle 2 Ve (min) H’T\\ *lHL HH X X X

Dual Output Cycle
Memory to Host Transfer

2 Ve (min) Wt HL HH X MV MV
O

Quad Input Cycle
Host to Memory Transfer

> Ve (min) é? HT HL HV HV HV HV
QO

Quad Latency (Dummy) Cycle 2 Ve (min)\@ HT HL X X X X
N

Quad Output Cycle
Memory to Host Transfer

2 VC%@ HT HL MV MV MV MV

Legend: O\
Z = no driver - floating signal 0

HL = Host driving V; 74)

HH = Host driving V| Q~

HV = either HL or HH

X=HLorHHorZ

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

MH = Memory driving V|y

MV = either ML or MH

4.3.1 Low Power Hardware Data Protection
When V¢ is less than Vy, the memory device will ignore commands to ensure that program and erase operations can not start
when the core supply voltage is out of the operating range.

4.3.2 Power-On (Cold) Reset

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

to 2 Vy, the device will begin its Power-On-Reset (POR) process. POR continues until the end of tpyy. During tpy the device does
not react to write commands. Following the end of tp;y the device transitions to the Interface Standby state and can accept write
commands. For additional information on POR see Section 5.7 Power-On (Cold) Reset on page 25.
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4.3.3 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.

4.3.4 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.

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

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

4.3.5 Hold
When Quad mode is not enabled (SR2[1]=0) the HOLD# / |03 signal is used as OLD# input. The host keeps HOLD# low, SCK
may be at a valid level or continue toggling, and CS# is low. When HOLD# i command is paused, as though SCK were held

low. SI /100 and SO / 101 ignore the input level when acting as inputs and are high impedance when acting as outputs during hold
state. Whether these signals are input or output depends on the com a@ nd the point in the command sequence when HOLD# is
asserted low. rg\

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

4.3.6 Single Input Cycle — Host to Memory Transfe
Several commands transfer information after the instructi
dual output, and quad output commands send addre
host keeps CS# low, HOLD# high, and drives Sl

signal. O

The expected next interface state dependsq“cﬂe instruction. Some instructions continue sending address or data to the memory
using additional Single Input Cycles. O ay transition to Single Latency, or directly to Single, Dual, or Quad Output.

n the single serial input (SI) signal from host to the memory device. The
he memory using only S| but return read data using the 1/O signals. The
ded for the command. The memory does not drive the Serial Output (SO)

4.3.7 Single Latency (Dum le

Read commands may have ze%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 / 1/O0 or other 1/O signals during the latency cycles. In dual or
quad read commands, the host must stop driving the 1/0 signals on the falling edge at the end of the last latency cycle. It is
recommended that the host stop driving I/O signals during latency cycles so that there is sufficient time for the host drivers to turn off
before the memory begins to drive at the end of the latency cycles. This prevents driver conflict between host and memory when the
signal direction changes. The memory does not drive the Serial Output (SO) or I/O signals during the latency cycles.

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

4.3.8 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 (SI) signal. The memory drives SO
with data.

The next interface state continues to be Single Output Cycle until the host returns CS# to high ending the command.
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4.3.9 Dual Input Cycle — Host to Memory Transfer
The Read Dual I/0 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.

4.3.10 Dual Latency (Dummy) Cycle
Read commands may have zero to several latency cycles during which read data is read from the main flash memory array before
transfer to the host. The number of latency cycles are determined by the 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 SI /100 and SO / 101 signals during these
cycles or the host may leave
S1/100 and SO /101 floating. The memory does not use any data driven on Sl /100 and SO / 101 during the latency cycles. The
host must stop driving SI /100 and SO / 101 on the falling edge at the end of the last latency cycle. It is recommended that the host
stop driving them during all latency cycles so that there is sufficient time for the host drivers to turn off before the memory begins to
drive at the end of the latency cycles. This prevents driver conflict between host and memory whel@ signal direction changes. The
memory does not drive the SI /100 and SO / 101 signals during the latency cycles. ‘\

)

4.3.11 Dual Output Cycle — Memory to Host Transfer Q

The Read Dual Output and Read Dual I/O return data to the host two bits in each g@e The host keeps CS# low, and HOLD# high.
The Write Protect (WP#) signal is ignored. The memory drives data on the SIéI@ and SO /101 signals during the dual output
cycles.

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

The next interface state continues to be Dual Output Cycle until the hgs\(j&urns CS# to high ending the command.

4.3.12 Quad Input Cycle — Host to Memory Transfer b
The Read Quad I/0O command transfers four address, mode, o@é bits to the memory in each cycle. The host keeps CS# low, and
drives the I/O signals.

For Read Quad /0O the next interface state following th @Nery of address and mode bits is a Quad Latency Cycle if there are
latency cycles needed or Quad Output Cycle if no Iat@is required.

4.3.13 Quad Latency (Dummy) Cycle O

Read commands may have zero to several Gpcy cycles during which read data is read from the main flash memory array before
transfer to the host. The number of late é&les are determined by the Latency Control in the Status Register-3 (SR3[3:0]). During
the latency cycles, the host keeps C #%The host may drive the 10 signals during these cycles or the host may leave the 10
floating. The memory does not use ata driven on I/O during the latency cycles. The host must stop driving the 10 signals on the
falling edge at the end of the la cy cycle. It is recommended that the host stop driving them during all latency cycles so that
there is sufficient time for the hostdrivers to turn off before the memory begins to drive at the end of the latency cycles. This prevents
driver conflict between host and memory when the signal direction changes. The memory does not drive the 10 signals during the
latency cycles.

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

4.3.14 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 100-103 signals during the Quad output cycles.

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

4.4 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/0O commands.
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4.5 Data Protection

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

4.5.1 Low Power
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.

4.5.2 Power-Up
Program and erase operations continue to be prevented during the Power-Up to Write delay (tpyyy) because no write command is
accepted until after tpyy-

4.5.3 Deep Power-Down (DPD)
In DPD mode the device responds only to the Resume from DPD command (RES ABh). All other commands are ignored during
DPD mode, thereby protecting the memory from program and erase operations. é

&9

4.5.4 Clock Pulse Count

The device verifies that all program, erase, and Write Status Registers commands co @a clock pulse count that is a multiple of
eight before executing them. A command not having a multiple of 8 clock pulse cou&ti nored and no error status is set for the

command.
é@
o
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5. Electrical Characteristics

5.1 Absolute Maximum Ratings

Table 3. Absolute Maximum Ratings

Parameters 2 Symbol Conditions Range Unit
Supply Voltage Vee —-0.6 to +4.0 V
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 -2.01t06.0 \
Storage Temperature TsTta —65 to +150 °C
Lead Temperature TLEAD Bl °C
Electrostatic Discharge Voltage Vesp Human Body Model 2000 to +2000 v

Notes ‘\g

2. This device has been designed and tested for the specified operation ranges. Proper operation outside of these Ie is’'not guaranteed. Exposure to absolute maximum
ratings may affect device reliability. Exposure beyond absolute maximum ratings may cause permanent da F! agd

3. Compliant with JEDEC Standard J-STD-20C for small body Sn-Pb or Pb-free (Green) assembly and the E
(RoHS) 2002/95/EU.

4. JEDEC Std JESD22-A114A (C1=100 pF, R1=1500 ohms, R2=500 ohms). $

5.1.1 Input Signal Overshoot %Q
n

During DC conditions, input or I/O signals should remain equal to or betwe s and Vc. During voltage transitions, inputs or 1/0Os
may overshoot Vgg to negative V|t or overshoot to positive V|qT, for @ s up to 20 ns.

pan directive on restrictions on hazardous substances

Figure 14. Maximum Nega@ Overshoot Waveform

<20ns GQ <20 ns
Vior - — — f)®_

éOFigure 15. Maximum Positive Overshoot Waveform

<20 ns

Vior - — — 7 — —

ViH

<20 ns <20 ns
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5.1.2 Latchup Characteristics

Table 4. Latchup Specification

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

Note
5. Excludes power supply V. Test conditions: V¢ = 3.0V, one connection at a time tested, connections not being tested are at Vgg.

5.2 Thermal Resistance

Table 5. Thermal Resistance ‘\
~
Parameter Description SOA008 S0OC008 FAB024 ’\QF&OM WSON Unit
Thermal resistance \ - °
Theta JA (junction to ambient) 75 75 \) 39 18 C/W

39 \A
N3

5.3 Operating Ranges @s\O\
e de

Operating ranges define those limits between which functionality o vice is guaranteed.

Table 6. Operating Ranges ,\66
N\ Spec
Parameter Symbol 7 conditions Min Max Unit
_ QY Industrial -40 +85
Ambient Temperature Ta (‘ N - °C
C) D Industrial Plus -40 +105

Supply Voltage \/;9 @v Industrial and Industrial Plus Temp 2.7 3.6 \%
Note \'

6. V¢ voltage during read can operate@e 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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5.4 DC Electrical Characteristics

DC Electrical Characteristics

Max
Parameter Symbol Conditions Min Typ -40 to 85°C -40 to 105°C Unit
Input Leakage I 12 MA
I/O Leakage Lo 12 MA
Standby Current lcc 82%2\!{3/2’(;\/”“ - 15 25 25 WA
Deep Power-Down Current CS#=V¢ee, ViN=
(S25FL116K) lcc2 |GND or Ve 2 5 ° bA
Deep Power-Down Current CS#=V¢e, ViN=
(S25FL132K | S25FL164K) lec2 |GND or V 2 8 10 WA
cc R
_ . SCK = 0.1 Ve / Oy
Current: Read Single / Dual / lecs 0.9 Ve 4/5/6 @ /9 6/7.5/9 mA
Quad 1 MHz SO = Open _\@
_ . SCK = 0.1 V¢ / NV
Current: Read Single / Dual / lccs 0.9 Vee 6/7 9/105/12 | 9/105/12 | mA
Quad 33 MHz SO = Open @
- N\
} . SCK=0.1 VCC /
umer Read e/ Dual/ locs |09 Vee 04\ 778/9 | 10/12/135 | 10/12/135 | mA
SO = Open 5\
. SCK=0.1V¢c/ N
Current: Read Single / Dual / cc b 12714/
Quad 108 MHz 541 lccs gg \i%;pen @ 16 18/22/25 18/22/25 mA
V_ N
Current: Write Status Registers lcca  |CS#=Vcc 0‘\\ 8 12 12 mA
Current Page Program lccs  |CS# = V@Qv 20 25 25 mA
Current Sector / Block Erase lcce |CS# ‘C 20 25 25 mA
Current Chip Erase locr  |§SEF Vee 20 25 25 mA
Input Low Voltage (S25FL116K)| Vi (1)~ 0.5 Ve x 0.2 Ve x 0.2 %
Input Low Voltage < )
(S25FL132K | S25FL164K) A 0.5 Vec x 0.3 Ve x 0.3 v
Input High Voltage oV Veex0.7 Ve + 0.4 Ve + 0.4 v
loL = 100 pA Vv 0.2 0.2 V
Output Low Voltage VoL oL a SS
|o|_ =1.6 mA VSS 04 0.4
Output ngh Voltage VOH lOH =-100 UA VCC_O'2 VCC VCC V

Note

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

5.4.1 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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5.5 AC Measurement Conditions

Figure 16. Test Setup

Device

Under __l
Test ]-_ CL

Table 7. AC Measurement Conditions

Symbol Parameter Min Max Unit
CL Load Capacitance 30 pF
TR.TF Input |3r|;se and Fall 24 C§ o
imes P
Input Pulse Voltage 0.2Xx Voo to 0.8 Veeo @
Input Timing Ref Voltage 0.5 Ve )
Output Timing Ref 05V -
Voltage '\ 1
Notes K :
8. Output High-Z is defined as the point where data is no longer driven. O
9. Input slew rate: 1.5 V/ns.

10. AC characteristics tables assume clock and data signals have the same slew rat@pe).

Figure 17. Input, Outpu@ Timing Reference Levels

Input Levels Q Output Levels
VCC + 0.4V @ VCC
0.7 x VCC / VCC -0.2V
05xVes - — — — > _Timing Reference Level ~_~ \/ ~_ _
0.3 x Ve 0~ 0.2V to 0.4V
-0.5V A\" _ 7 X Ves
5.5.1 Capacitance Characte%ics
Table 8. Capacitance
Parameter Test Conditions Min Max Unit
Cin Input Capacitance (applies to SCK, CS#) 1 MHz - 8 pF
Cout Output Capacitance (applies to All 1/O) 1 MHz - 8 pF

Notes

11. Sampled, not 100% tested.
12. Test conditions TA = 25°C, f = 1.0 MHz.

Document Number: 002-00497 Rev. *I
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5.6 Power-Up Timing

Table 9. 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 tpuw 10 - ms
Write Inhibit Threshold Voltage Vi 24 - V
Power-Down Time tpp 10.0 - us
Ve Power-Down Reset Threshold Voltage Ve Low 1.0 - V
Note:
1. These parameters are characterized only. Q
2
Figure 18. Power-Up Timing and Voltage L @
Vee A é
VCC (max)  =f===mmmmmmmmmmmmmm e e e e e e e e @ ---------------
Program, Erase, and Write instructions are @(@
D CS# must track Vcc
Vee (min) b ittt ettt oty o et ittt
<«
Read instructions Device is fully
Reset allowed accessible
State
Vwi e e e e e e e e e R A e e e e e e —————
@3 truw
fc‘\@ >
O\ Time

Vce
(Min) ~

Vee | . _ _ _ _N_ __ _ _ _

(Low)

Device Read
Allowed
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5.7 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 18 on page 24, Figure 19 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, .

5.8 AC Electrical Characteristics

Table 10. AC Electrical Characteristics: —40°C to +85°C/105°C at 2.7V to 3.6V

Spec

Description Symbol Alt Min Typ Max Unit
Clock frequency for all SPI commands except for
(F:{(;ar?]iinlajr?éa(gg?)mand (03h) and Fast Read Fr fo DC. ~ 108 MHz
2.7V -3.6V Ve O
Clock frequency for Read Data command (03h) fr D.C. = Q‘ 50 MHz
grz%cll\(/lll‘roequency for all Fast Read commands SIO frr D%\Cb ~ 108 MHz
Clock Period Psck 9esY - - ns
Clock High, Low Time for feg torms terl ™ | tens tei |2, 3.3 - - ns
Clock High, Low Time for Fg torr tor ™ | ton, SO 43 - - ns
Clock High, Low Time for fg terLms tere J@‘H&CL 6 - - ns
Clock Rise Time toren ™ o] Ncrr 0.1 - - Vins
Clock Fall Time tenet Mo terr 0.1 - - Vins
CS# Active Setup Time relative to SCK tsjﬁp" tcss 5 - - ns
CS# Not Active Hold Time relative to SCK ‘@\.5[ tcsH 5 - - ns
Data In Setup Time \(\\DVCH tsu 2 - - ns
Data In Hold Time 3 NS tcHDX tup 5 - - ns
CS# Active Hold Time relative to SCK ('}) tcHsH tcss 5 - - ns
CS# Not Active Setup Time relative to ?@' tsHeH tcsH 5 - - ns
CS# High Time S tcs 10 - - ns
CS# Deselect Time (for Array Ri\c@‘Krray Read) tsHsL1 test 7 - - ns
CS# Deselgct Time (for Erase o\ﬁogram -> Read 40 _ _
Status Registers) tspsio teso ns
Volatile Status Register Write Time 40 - -
gffpgﬁgﬂce)rcﬁggg)(for Erase or Program -> tsHsLs tess 130 _ _ ns
Output Disable Time tshaz ™ tois - _ 7 ns
Clock Low to Output Valid, 30 pF, 2.7V - 3.6V tcLavi tv1 - - 7 ns
Clock Low to Output Valid, 15 pF, 2.7V - 3.6V tcLavi ty1 - - 6 ns
Clock Low to Output Valid (for Read ID commands) t t ~ ~ 85 ns
2.7V - 3.6V cLav2 V2 '
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 10. AC Electrical Characteristics: —40°C to +85°C/105°C at 2.7V to 3.6V (Continued)

Spec

Description Symbol Alt Min Typ Max Unit
HOLD# Not Active Hold Time relative to SCK tCHHL - 5 - - ns
HOLD# to Output Low-Z thhax [ t - - 7 ns
HOLD# to Output High-Z thiaz ™ thz - - 12 ns
Write Protect Setup Time Before CS# Low tywnsy 1 twes 20 - - ns
Write Protect Hold Time After CS# High tgpw twen 100 - - ns
CS# High to Power-down Mode top [ - - - 3 us
CS# High to Standby Mode without Electronic tres [14] ~ ~ ~ 3 us
Signature Read
gzﬁal_t':]grg tF({)ez?ndby Mode with Electronic tresy [14] ~ ~ .\O‘Q 18 us
CS# High to next Command after Suspend tsys [ - - A > 20 us
Write Status Registers Time tyy - 0 =2 30 "8 ms
Byte Program Time (First Byte) [16117] tep1 - & v 15 50 us
ﬁg[ﬁii?t]ional Byte Program Time (After First Byte) tgps _ \;@" 25 12 us
Page Program Time (105°C) ['”] tpp i r\& N - 0.7 3 ms
Sector Erase Time (4 kB) ['7] tse \\J— - 50 450 ms
Block Erase Time (64 kB) ['"] tBE2 o8 - - 500 2000 ms
Chip Erase Time 16 Mb / 32 Mb / 64 Mb ['] t 0"" - - 11.2/32/64 |64/128/256 s
End of Reset Instruction to CE# High t@ 1 -~ 40 - -~ ns
CE# High to next Instruction after Reset (QR‘;T (4l - 1.5 - - us

14. Value guaranteed by design and / or characterizati 100% tested in production.

15. Only applicable as a constraint for a Write Sta iSters command when Status Register Protect 0 (SRPO) bit is set to 1. Or WPSEL bit = 1.

16. For multiple bytes after first byte within a pageNgpN= tgp1 + tgpo * N (typical) and tgpy = tgpq + tgpo * N (max), where N = number of bytes programmed.
17. All program and erase times are tested usih\a'r dom data pattern.

18. For 10K Cycles. 85 ms at 100K cycles, O

Notes O
13. Clock high + Clock low must be less than or equal to §C’

5.8.1 Clock Timing

Figure 20. Clock Timing

Pscxk

tcL
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5.8.2 Input/ Output Timing
Figure 21. SPI Single Bit Input Timing

cs# |\ )\

seck___\ [\ W\ /

oI wsew ) ieem
) S

SO é\@
%
Figure 22. PI Single Bit Output TiminQ
o
R =
cs#_\\ i\ [

sk W\ [\ [} o
sqs:%
—'Ith tHo 6 tv —'I tois

so— MSB OUT \ @ ssour —

igure 23. SPI MIO Timing

)
- Q% L

N CTTL

s« \ WS S\

Wﬂ g M e

MSB IN EHLSB IN )—(MSB OUT' S LSB ouT
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Figure 24. Hold Timing

>—-|tHLCH tHHCH >—-|tH|_CH tHHCH
tCHHL tCHHH tCHHL tCHHH

HOLD# )

Hold Condition
Standard Use

Hold Condition
Non-standard Use

SI_or_IO_(during_input) TN}
SO_or_l0_(during_output) —\\—~__ A | B | (B c ) (b )E

cs# |\ <f~425 / —

Htwps &V H tweH
wp#_[ 7] o

Write Status Registers Instructigi

S

Figm&ﬁoftware Reset Input Timing

Q~®0 Htcsz k_(RST 4"
cs# |\ AN W W\

Input Data

trRcH
s1 7 oo X )2l o B W Xe s Xa X 2 o O T TN
( (\ (
SO ) ) )
Phase ‘ Software Reset Enable Inst. (66h) ‘ \S ‘ Software Reset Instruction (99h) ‘ S ‘ Reset t&‘yext Instn;‘:;
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6. Physical Interface
6.1 Connection Diagrams
6.1.1 SOIC 8
Figure 27. 8-Pin Plastic Small Outline Package (SO)
cs#]1e 8| ] Vec
sonot [ 2 7 [ ] HOLD#/103
wP#102 [ 3 6 []scK
Vvss [] 4 5[] sinoo {\
@tb\Q)

6.1.2 SOIC 16 — S25FL164K

Figure 28. 16-Pin Plastic Small Outline P@ge (SO)

HOLD#/103 [] 1 16%&(

vee [] 2
DNU [] 8

DNU [

DN
Cle
QOCS# 7

'\

O

66

b

14

13

12

1 s1100

[ ]DNU

[ ]DNU
1DNU
1pNu

[ Vss

[ WP#/102

Q.Q sSo/01 [] 8

o

S

6.1.3 WSON 8

Figure 29. 8-Contact WSON (5 mm x 6 mm) Package / 8-Contact USON (4 mm x 4 mm) Package

cs#|D1
DY
BX]

B!

SO/I01

WP#/102

Vss

WSON

8
7
6
5
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6.1.4 FAB024 24-Ball BGA

Figure 6.1 24-Ball BGA Package, 5x5 Ball Configuration, Top View

1 2 3 4 5

A SN R
NC NC  RFU NC

=3 A T S T S T T

'
‘. ‘. . ‘. ‘.
Seae A * Seae Sene

DNU SCK Vss vce NC

' ' .
‘. . ‘. ‘.
Seae tes teae Seae Seae

DNU Cs# RFU  WP#/102 N

S EO IO D TG B
DNU  SO/I01  SIIO0 HOLDHIO3 NC . QQ
el v 0y DY Dy O %)

+
. . .
M Seae A

NC  RFU NG QQ
6.1.5 FAC024 24-Ball BGA Package é@

\

Figure 6.2 24-Ball BGA Package, 6x @I Configuration, Top View

NC

1 2 4

Vo sl -
Al é D B
NC @ NC RFU
B [\ ¢ ¢y 0

<'\\Nu sCk vss  vic

. . .
.~ .~ .~ .~

2 @ DNU CS# RFU  WP#/102

X N IE T B B
EO DNU  SO/IOL  SIIO0 HOLD#I03
3 D R TR B
NC NC NC  RFU
A R
NC NC NC NC

Note

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

6.1.6 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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6.2 Physical Diagrams

6.2.1 SOAO008 — 8-Lead Plastic Small Outline Package (150-mils Body Width)

n(z
2x [a]0.10[c[D] e 4

AGESE

| -

(W
Y
c
SECTION A-A
DIMENSIONS
SYMBOL N, NOM. VA, NALL DIMENSIONS ARE IN MILLIMETERS.
- 17509 | DIMENSIONING AND TOLERANCING PER ASME Y14.5M - 1994
A : ’\"/A\ DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
Al 0.10 - N MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER
N END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
A2 132 - (\ INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE.
R 031 _ .51 D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H.

CoF o A\ THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS
b1 0.28 @ | D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY
S 017 0, 025 EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD

— FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF
ct 0. - 023 THE PLASTIC BODY.
b % “N4.90 BS A\ DATUMS A AND B TO BE DETERMINED AT DATUM H.
N 6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED
E J(\"Y soossc PACKAGE LENGTH.
B N 3.90 BSC /\ THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO
s N\ 127 Boc 0.25 mm FROM THE LEAD TIP.
: /A\ DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
L 040 | - | o8 PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT
1 4.04 REF MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
LOWER RADIUS OF THE LEAD FOOT.
L2 0.25BSC THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN A PIN 1
N P IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED.
" 0 550 10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE
- - - SEATING PLANE.
o 0 B &
61 5 . 15"
62 0° REF
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6.2.2 SOC008 — 8-Lead Plastic Small Outline Package (208-mils Body Width)

2X |[©]0.10]|C|D

o[0.20[¢[A-B] 2x

A\PIN 1 INDEX AREA
(0.25D x 0.75E1)

I
|

WITH PLATING _X
GAUGE PLANE L 3

3

DIMENSIONS
SYMBOL MIN. NOM. MAX.
A 1.75 - 216
A1 0.05 - 025 o
A2 1.70 - 1.90(\
b 0.36 - p@i N
b1 0.33 - '\\15
c 0.19 -C 024
¢t 0.15 | @, 0.20
D (;&.Bsc
E % Seossc
E1 (\™ 5288sC
e év 1.27 BSC
L N ost [ - ] o
L1 1.36 REF
L2 0.25 BSC
N 8
8 0° - 8°
61 5° - 15°
02 0-8° REF

Document Number: 002-00497 Rev. *I
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SECTION A-A

ENSIONS ARE IN MILLIMETERS.
NSIONING AND TOLERANCING PER ASME Y14.5M - 1994.
IMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.

@ MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER

END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE.
D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H.

THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS
D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY
EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF
THE PLASTIC BODY.

A DATUMS A AND B TO BE DETERMINED AT DATUM H.

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

A THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO
0.25 mm FROM THE LEAD TIP.

& DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT
MAXIMUM MATERIAL CONDITION. THE DAMBAR CANNOT BE LOCATED ON THE
LOWER RADIUS OF THE LEAD FOOT.

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

10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE
SEATING PLANE.
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6.2.3 S03016 — 16-Lead Plastic Wide Outline Package (300-mils Body Width)

A|A
E1
o
( . e L

AJo.10]c]p H | H H H T 1 S
” INDEX_ AREA T e |_—| |_5 [a]o]c] h— =

(0.250 x 0.75€1) b

(B} [@fo-2s @ [c[A5 o]

o o.10fC

&7
A N7

| Y SEATING PLANE . QQ
© N
WITH PLATING K}?
L 1

cl

SEATING PLANE
A
7
2:3

SECTION A-A

aﬁg'j o
o

b‘\

1. AL SIONS ARE IN MILLIMETERS.

NOTES@@

2. SIONING AND TOLERANCING PER ASME Y14.5M - 1994.

NSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
LD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15 mm PER

END. DIMENSION E1 DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 mm PER SIDE.
D AND E1 DIMENSIONS ARE DETERMINED AT DATUM H.

THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE BOTTOM. DIMENSIONS

D AND E1 ARE DETERMINED AT THE OUTMOST EXTREMES OF THE PLASTIC BODY

EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND INTERLEAD
FLASH, BUT INCLUSIVE OF ANY MISMATCH BETWEEN THE TOP AND BOTTOM OF

THE PLASTIC BODY.

A DATUMS A AND B TO BE DETERMINED AT DATUM H.
6. "N" IS THE MAXIMUM NUMBER OF TERMINAL POSITIONS FOR THE SPECIFIED

PACKAGE LENGTH.
THE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.10 TO

0.25 mm FROM THE LEAD TIP.

& DIMENSION "b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.10 mm TOTAL IN EXCESS OF THE "b" DIMENSION AT

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

THIS CHAMFER FEATURE IS OPTIONAL. IF IT IS NOT PRESENT, THEN APIN 1

IDENTIFIER MUST BE LOCATED WITHIN THE INDEX AREA INDICATED.
10. LEAD COPLANARITY SHALL BE WITHIN 0.10 mm AS MEASURED FROM THE

SEATING PLANE.

-+l
—Iu
DETAIL B
DIMENSIONS
SYMBOL MIN. NOM. MAX.
A 2.35 _ | 265
A1 0.10 - [ o030
A2 2.05 HEERN
b 0.31 - oﬂe M
b1 027 - LG
c 0.20 4 0.33
ct 020 4| 0.30
D 10,39 BSC
E N (’Qqao BSC
El  Je=\"7.50BSC
N 127BSC
040 | - | 127
L1 1.40 REF
L2 0.25 BSC
N 16
h 025 | - | 075
© 0 - 8°
91 5 - 15°
02 0° - -
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6.2.4 WNDO00O8 — 8-Contact WSON 5 mm x 6 mm

A {0}
N |
o [E
Pin 1 INDEX AREA

2X|ED]0.10|C|A ' 2
B

2x[S[010[C[E]

TOP VIEW

[/Io.10]c

SEATING PLANE
SIDE_VIEW
i
[ A3
DETAIL "B” Q)Q

&

Document Number: 002-00497 Rev. *I

PIN # 1 1.D.

BN vt

SEE DETAIL “B” ®$

DIMENSIONS QV NOTES:
SYMBOL Q.
MIN. [ NO 7 MAX.
° 1.2‘75{8.
ND AN )
L 055  TN0.60 0.65
b 0.35 7 040 0.45
D2 3.90 4.00 410 A
E2 3.30 3.40 3.50 ..
D 5.00 BSC .
E 6.00 BSC
0.70 0.75 0.80 %
Al 0.00 0.02 0.05
A3 0.20 REF
K 0.20 MIN.

(DATUM A)

x—(mmm B8)

»an
SEE DETAIL "A' Ny

TERMINAL TIP

DETAIL "A”

1.  DIMENSIONING AND TOLERANCING CONFORMS TO ASME Y14.5M-1994.
2. ALL DIMENSIONS ARE IN MILLIMETERS.
3. NIS THE TOTAL NUMBER OF TERMINALS.
A DIMENSION "b" APPLIES TO METALLIZED TERMINAL AND IS MEASURED
BETWEEN 0.15 AND 0.30mm FROM TERMINAL TIP. IF THE TERMINAL HAS
THE OPTIONAL RADIUS ON THE OTHER END OF THE TERMINAL, THE
DIMENSION "b" SHOULD NOT BE MEASURED IN THAT RADIUS AREA.
ND REFERS TO THE NUMBER OF TERMINALS ON D SIDE.
MAX. PACKAGE WARPAGE IS 0.05mm.
MAXIMUM ALLOWABLE BURR IS 0.076mm IN ALL DIRECTIONS.
PIN #1 1D ON TOP WILL BE LOCATED WITHIN THE INDICATED ZONE.
BILATERAL COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT SINK
SLUG AS WELL AS THE TERMINALS.
& A MAXIMUM 0.15mm PULL BACK (L1) MAY BE PRESENT.
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6.2.5 UNFO008 — 8-Contact USON 4 mm x 4 mm

(ND-D X IEIA A
B N {E} e —N X b
1 2, [0.10 ®@[c[A[B]
PIN 1 1.D.
CHAhﬁFERED N 0T Wi EEE‘I@
Ay
(DATUM A) —— /,——(DATUM B)
N
D2
| =
D2/2 K
Pin 1 INDEX AREA | {
|
OO0 O
2x[&x]o.10[c 1 2 ‘ N <1 [N X L
2x[x]0.10[C] l—E2/2—
A | SEE DETAIL "A"
JOP_VIEW Al
[/To.10]c]
]0.08|C ' Q DATUM B
SEATING PLANE Al SIDE_VIEW SEE DETAIL “B* /
[—Tas )
t 6 TERMINAL TIP
DETAIL "B” e @ DETAIL "A”
DIMENSIONS ,Q@%
SYMBOL VI Nov ] e 1. ALL DIMENSIONS ARE IN MILLIMETERS.
- - 2. NISTHE TOTAL NUMBER OF TERMINALS.
e 0.80 BSC. ~A\°
N 5 @) /A DIMENSION "b" APPLIES TO METALLIZED TERMINAL AND IS MEASURED
D 2 AQ BETWEEN 0.15 AND 0.30mm FROM TERMINAL TIP. IF THE TERMINAL HAS
L 035 020D 05 THE OPTIONAL RADIUS ON THE OTHER END OF THE TERMINAL, THE
N s AT DIMENSION "b" SHOULD NOT BE MEASURED IN THAT RADIUS AREA.
: %’ : ND REFERS TO THE NUMBER OF TERMINALS ON D SIDE.
D2 220 N ‘\62‘ 240 /5\ PIN#1 1D ON TOP WILL BE LOCATED WITHIN THE INDICATED ZONE.
E2 2.90 0 8.10 /B\ COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT SINK
D .00 BSC SLUG AS WELL AS THE TERMINALS.
E 4.00 BSC 7. JEDEC SPECIFICATION NO. REF: N/A
A 0.50 0.55 0.60
Al 0.00 0.035 0.05
A3 0.152 REF
K 0.20 B -
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6.2.6 FAB024 — 24-Ball Ball Grid Array (8 mm x 6 mm) Package

[Di]
Aalo.15[C @ I‘|_|'
(20) ! [
| 5 ole d) 00 -
' + 00 ¢ oo SED
| L !
_t p—-—-— - E o-o—¢p—o-o [E1]
! —= 00 I O 0
! @ ! 00 0O+
V]
INDEX MARK i E D B A \_
il 0P VIEW 0 £\ CORntk

L) (@)Y (M) L) )
SIDE VIEW
24X @b
o[ 2015 MI[C [A[B]
2 0.08 M[C |
DIMENSIONS NOTES: @t
SYMBOL
MIN. NOM. MAX. ING AND TOLERANCING METHODS PER ASME Y14.5M-1994.
A - - 1.2
0 IMENSIONS ARE IN MILLIMETERS.
A1 0.20 - -
ALL POSITION DESIGNATION PER JEP95, SECTION 3, SPP-020.
D 8.00 BSC
6.00 BSC EPRESENTS THE SOLDER BALL GRID PITCH.
D1 4.00 BSC ,\\ SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
E1 4.00 BSC C }J SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE "E" DIRECTION.
N4
MD 5 (s N IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS FOR MATRIX SIZE MD X ME.
. N DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL DIAMETER IN A PLANE
PARALLEL TO DATUM C.
Fb 03 [, (%' 045
oF MBSC A "SD" AND "SE" ARE MEASURED WITH RESPECT TO DATUMS A AND B AND DEFINE THE
eD N\, 1.00BsC POSITION OF THE CENTER SOLDER BALL IN THE OUTER ROW.
SD 0.00 BSC WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE OUTER ROW, "SD" OR "SE" = 0.
SE 0.00BSC WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE OUTER ROW, "SD" = eD/2 AND

"SE" = eE/2.
"+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED BALLS.

A1 CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK MARK,

Document Number: 002-00497 Rev. *I

METALLIZED MARK INDENTATION OR OTHER MEANS.

Page 36 of 90



e‘CYPRESS S25FL116K/S25FL132K/S25FL164K

- EMBEDDED IN TOMORROW ™

6.2.7 FAC024 — 24-Ball Ball Grid Array (8 mm x 6 mm) Package

1l
EoEE o [eD— = T
(2%) )

INDEX MARK

F E C B A
Al Tl N
TOP VIEW alo.5[c] SD

i I | | //]0.20[c Q

| @ 50 1 3 I G Wt S0
SIDE VIEW [S[o.10[c] ®$
24X @b \

|
! . ooo!ooo— N
| | e ooo!ooo—

S IO — p— ] - — oot e o 7

PIN Al
CORNER &

[ 0.15 (M[C]A[B]
[© 0.08 M[C] s\

DIMENSIONS NOTES: 6

SYMBOL
MIN. NOM. MAX. 1) %NSIONING AND TOLERANCING METHODS PER ASME Y14.5M-1994.
A - - 1.20 &LL DIMENSIONS ARE IN MILLIMETERS.
Al . B _
025 . BALL POSITION DESIGNATION PER JEP95, SECTION 3, SPP-020.
D 8.00 BSC 4
600 BSC N\ 4. [e] REPRESENTS THE SOLDER BALL GRID PITCH.
D1 5.00 BSC Pad\ 5. SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
E1 3.00 BSC Fo SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE "E" DIRECTION.
MD 6 ():/ N IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS FOR MATRIX SIZE MD X ME.
ME 4 \\ A DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL DIAMETER IN A PLANE
N PARALLEL TO DATUM C.
Db 035 [ s
e 0BG "SD" AND "SE" ARE MEASURED WITH RESPECT TO DATUMS A AND B AND DEFINE THE
0 100BSC POSITION OF THE CENTER SOLDER BALL IN THE OUTER ROW.
SD 0.50 BSC WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE OUTER ROW, "SD" OR "SE" = 0.
SE 0.50 BSC WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE OUTER ROW, "SD" = eD/2 AND

"SE" = eE/2.
8. "+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED BALLS.

A1 CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK MARK,
METALLIZED MARK INDENTATION OR OTHER MEANS.
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7. Software Interface

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

8. Address Space Maps

8.1 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.

8.2 Flash Memory Array

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

S25FL116K Main Memory Address Map

Addres;
Sector Size (kbyte) Sector Count Sector Range (Byt?ﬁress) Notes

SA0 -OOOFFFh Sector Starting Address

4 512 : \Q : —

SA511 E /TFF000h-1FFFFFh | Sector Ending Address

S25FL132K Main Memory Address Map

!
As\o

% Address Range
Sector Size (kbyte) Sector Count Seé ange (Byte Address) Notes
N
0‘\ SAQ 000000h-000FFFh Sector Starting Address
4 1024 Q7 : —
& SA1023 3FF000h-3FFFFFh | Sector Ending Address
o*

)

S25FL164K Main Memory Address

& Address Range
Sector Size (kbyte) ‘Qr Count Sector Range (Byte Address) Notes
N SAD 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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8.3 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 8.4.

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 11. Security Register Addresses

Security Register Address

0 (SFDP) 000000h - 0000FF

1 OOlQ@h - 0010FF

2 g‘&eborn - 0020FF

3 A@J63000h - 0030FF

8.4 Security Register 0 — Serial Flash Discoverable Parameters (SF, \—)JEDEC JESD216B)

This document defines the Serial Flash Discoverable Parameters (SFDP) revisi data structure for S25FL1-K family.
These data structure values are an update to the earlier revision SFDP da{&ructure in the S25FL1-K family devices.
The Read SFDP (RSFDP) command (5Ah) reads information from a e flash memory address space for device identification,
feature, and configuration information, in accord with the JEDEC JESD216B standard for Serial Flash Discoverable Parameters.
The SFDP data structure consists of a header table that identifj revision of the JESD216 header format that is supported and
provides a revision number and pointer for each of the SFDP_gajameter tables that are provided. The parameter tables follow the

SFDP header. However, the parameter tables may be pla any physical location and order within the SFDP address space.
The tables are not necessarily adjacent nor in the sam r as their header table entries.

The SFDP header points to the following paramet@ s:

B Basic Flash O

A This is the original SFDP table. It has a@ odified fields and new additional field added at the end of the table.
B Sector Map
A This is the original SFDP table.@as a few modified fields and new additional field added at the end of the table.
SF

The physical order of the tables DP 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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8.4.1 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 12. SFDP Overview Map — Security Register 0

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
00F8h to 00FFh |Unique ID : Cg‘\
8.4.2 SFDP Header Field Definitions 6\
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Table 13. SFDP Header

SFDP Byte | SFDP Dword
Address Name Data Description
This is the entry point for Read SFDP (5Ah) command i.e. location zero within
00h 53h SFDP space
SFDP Header ASCII™S
01h 1st DWORD 46h ASCII “F”
02h 44h ASCII “D”
03h 50h ASCII “P”
SFDP Minor Revision (06h = JEDEC JESD216 Revision B)
— This revision is backward compatible with all prior minor revisions. Minor
revisions are changes that define previously re d fields, add fields to the end,
or that clarify definitions of existing fields. | nts of the minor revision value
indicate that previously reserved parameteéi may have been assigned a new
definition or entire Dwords may have @added to the parameter table.
04h 06h However, the definition of previousl ting fields is unchanged and therefore
remain backward compatible with.&arlier SFDP parameter table revisions.
Software can safely ignore inc| nts of the minor revision number, as long as
SFDP Header only those parameters th re was designed to support are used i.e.
2nd DWORD previously reserved fleld addltlonal Dwords must be masked or ignored. Do
not do a simple co @ n the minor revision number, looking only for a match
with the revision rﬁ\ that the software is designed to handle. There is no
problem with usn% higher number minor revision.
SFDP Major ision
05h 01h —Thisist inal major revision. This major revision is compatible with all
SFDP e g and parsing software.
06h 03h Nun@(\)f Parameter Headers (zero based, 03h = 4 parameters)
07h FFh  |ufused
08h 00h (~}Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)
| Parameter Minor Revision (00h = JESD216)
Q‘ — This older revision parameter header is provided for any legacy SFDP reading
09h h and parsing software that requires seeing a minor revision 0 parameter header.
Parameter :O SFDP software designed to handle later minor revisions should continue reading
Header parameter headers looking for a higher numbered minor revision that contains
0 additional parameters for that software revision.
1st DWORD
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
och 80h Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
Parameter JEDEC Basic SPI Flash parameter byte offset = 80h
0Dh Heaader 00h Parameter Table Pointer Byte 1
OEh 2nd DWORD 00h Parameter Table Pointer Byte 2
OFh FFh Parameter ID MSB (FFh = JEDEC defined legacy Parameter ID)
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Table 13. SFDP Header (Continued)

SFDP Byte | SFDP Dword
Address Name Data Description
10h EFh Parameter ID LSB (EFh = Winbond Legacy SPI Flash Parameter)
Parameter Minor Revision (00h = JESD216)
— This older revision parameter header is provided for any legacy SFDP reading
11h 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 later minor revision that contains additional
1 parameters.
1st DWORD - — — - —
Parameter Major Revision (01h = The original major revision — all SFDP software
12h 01h . . . . . .
is compatible with this major revision.
Parameter Table Length (in double words = Dwords = 4-byte units) 04h = 4
13h 04h
Dwords A
14h 80h Parameter Table Pointer Byte 0 (Dword = | ligned)
Parameter JEDEC Basic SPI Flash parameter byte t = 0080h address
15h Heider 00h Parameter Table Pointer Byte 1 Qv
16h 2nd DWORD 00h Parameter Table Pointer Byte 2 $
17h FFh Parameter ID MSB (FFh = JEDEC defined Parameter)
18h 00h Parameter ID LSB (00h iJEEEC SFDP Basic SPI Flash Parameter)
19h Parameter 06h Parameter Minor Req@}(OGh = JESD216 Revision B)
1Ah Header 01h Parameter Major vision (01h = The original major revision - all SFDP software
2 is compatibleg@ is major revision.
1st DWORD X :
1Bh 10h Parametew Length (in double words = Dwords = 4-byte units) 10h = 16
DwordsQ,’
1Ch 80h Par: r Table Pointer Byte 0 (Dword = 4-byte aligned)
Parameter J Basic SPI Flash parameter byte offset = 0080h address
Header ;
1Dh > 00h f(B}rameter Table Pointer Byte 1
1Eh 2nd DWORD Ogb v,\) Parameter Table Pointer Byte 2
1Fh FRfr~  |Parameter ID MSB (FFh = JEDEC defined Parameter)
20h §1h Parameter ID LSB (Cypress Vendor Specific ID parameter)
Legacy Manufacturer ID 01h = AMD / Cypress
21h sza“;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
27h 2nd DWORD 01h Parameter ID MSB (01h = JEDEC JEP106 Bank Number 1)

8.4.3 JEDEC SFDP Basic SPI Flash Parameter
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Table 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B

SFDP Parameter
Relative Byte

Address SFDP Dword Name Data Description
Start of SFDP JEDEC parameter
Bits 7:5 = unused = 111b
Bit 4:3 = 05h is volatile status register write instruction and status register
00h E5h h L
is default non-volatile= 00b
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
JEDEC Basic Flash Bit 22 = Supports QOR Read (1 -1-4),
Parameter Dword-1 Bit 21 = Supports QIO Read (1-4-4),
Bit 20 = Supports DIO Read (1 -2- 2)\ = 1b
Bit19 = Supports DDR, No=0 b
02h Fih  [Bit 18:17 = Number of Addr, @ytes 3 only = 00b
Bit 16 = Supports SIO and@Yes =1b
Binary Field: 1-1-1-1-
Nibble Format: 111 1
Hex Format: F1
03h FFh Bits 31:24 T ed = FFh
04h FFh b\
05h FFh bits, zero based,
06h JEDEC Basic Flash FFh 1 = 00FFFFFFh
Parameter Dword-2 b = 01FFFFFFh
00h 16Mb_ 484 Mb = 03FFFFFFh
07h 01h 32
03h
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 Plash EBh Fast Read QIO (1-4-4)instruction code
Parameter 3 Bits 23:21 = number of Quad Out (1-1-4) Mode cycles = 000b
0Ah 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 Dummy cycles = 01000b for default
latency code
0Dh JEDEC Basic Flash 3Bh Dual Out (1-1-2) instruction code
Parameter Dword-4 Bits 23:21 = number of Dual /0O Mode cycles = 100b
OEh 80h Bits 20:16 = number of Dual /0O Dummy cycles = 00000b for default
latency code
OFh BBh Dual I/O instruction code
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Table 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address SFDP Dword Name Data Description
Bits 7:5 RFU = 111b
10h EEh Bit 4 = QPI (4-4-4) fast read commands not supported = Ob
Bits 3:1 RFU = 111b
JEDEC Basic Flash Bit 0 = Dual All not supported = Ob
11h Parameter Dword-5 FFh Bits 15:8 = RFU = FFh
12h FFh Bits 23:16 = RFU = FFh
13h FFh Bits 31:24 = RFU = FFh
14h FFh Bits 7:0 = RFU = FFh
15h ) FFh Bits 15:8 = RFU = FFh o
JEDEC Basic Flash -
16h Parameter Dword-6 FFh Bits 23:21 = number of Dual All Med les = 111b
Bits 20:16 = number of Dual All cycles = 11111b
17h FFh  |Dual All instruction code  ~(0~
18h FFh  [Bits7:0=RFU=FFh WV
19h FFh Bits 15:8 = RFU = FFBQ‘
JEDEC Basic Flash Bits 23:21 = num@’QPl Mode cycles = 111b not supported
1Ah Parameter Dword-7 FFh Bits 20:16 = anb of QPI Dummy cycles = 11111b for default latency
code
1Bh FFh QP! instruction code “Not supported FF”
1Ch 0Ch Secto@ype 1 size 2" Bytes = 4 kB = 0Ch (for Uniform 4 kB)
1Dh JEDEC Basic Flash 20h Wtype 1 instruction
1Eh Parameter Dword-8 10h A@ctor type 2 size 2N Bytes = 64 kB = OFh (for Uniform 64 kB)
1Fh Dsp\Q Sector type 2 instruction
20h ,@‘ Sector type 3 size 2N Bytes = not supported = 00h
21h JEDEC Basic Flash 0\#h Sector type 3 instruction = not supported = FFh
22h Parameter DWO“Q_. 00h Sector type 4 size 2N Bytes = not supported = 00h
23h FFh Sector type 4 instruction = not supported = FFh

S
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Table 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address

SFDP Dword Name

Data

Description

24h

JEDEC Basic Flash
Parameter Dword-10

42h

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: 1s) =16 ms = 01b

Bits 15:11 = Sector Type 2 Erase, Typical time count = 11110b (typ erase
time = (count +1) * units) = 31*16 ms <496 ms

Bits 10:9 = Sector Type 1 Erase, Ty, ime units (00b: 1 ms, 01b: 16
ms, 10b: 128 ms, 11b: 1 s) = 16

Bits 8:4 = Sector Type 1 Erase n‘%cal time count = 00100b (typ erase
time = (count +1) * units) %&\S =80 ms

Bits 3:0 = Count = (Max Erase’time / (2 * Typical Erase time))- 1 = 0010b
Multiplier from typical eé time to maximum erase time = 6x multiplier

Max Erase time = é*(@u t +1)*Typ Erase time
-1T"™1

Binary Fields: 1-11-11111-01-11110-01-00100-0010
Nibble For 11_1111_1111_1101_1111_0010_0100_0010
Hex Forlq NEF_FD _F2 42

25h

O _

26h

5 Dl
\4

27h

N -
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Table 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte

Address SFDP Dword Name Data Description
28h 81h Bits 23 = Byte Program Typical time, additional byte units (Ob:1 us, 1b:8
20h 6An  |HS)S1ks=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 us

Bits 18 = Byte Program Typical time, first byte units (Ob:1 us, 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 us = 16 us
Bits 13 = Page Program Typical time units (0Ob:8 ps, 1b:64 us) = 64 us =
1b

Bits 12:8 = Page Program Typical tlmeQunt (count+1)*units, count =
01010b, (typ Program time = (count units) = 11*64 ps = 704 us
Bits 7:4 = N = 1000b, Page size= N=256B page

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

Multiplier from typical P@

2Ah 14h

gram time to maximum Page Program
time = 4x multiplier
Max Page Progra t@ = 2*(Count +1)*Typ Page Program time

_ Binary Fields: 0-1-0001-1-01010-1000-0001
JEDEC Basic Flash Nibble For 01 ~0100_0110_1010_1000_0001
Parameter Dword-11 Hex Forlq ) 6A 81

16 Mb,={300_0010b = C2h

Bit served = 1b
B;@:ZQ = Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms,
% 4s,11b: 64 s)=4s=10b

ts 28:24 = Chip Erase, Typical time count, (count+1)*units, count =
@ 00010b, (typ Program time = (count +1) * units) = 3*4s = 128

@ 32 Mb = 1100_0111b = C7h
16Mb |Bit 31 Reserved = 1b
Bits 30:29 = Chip Erase, Typical time units (00b: 16 ms, 01b: 256 ms,
2Bh Q-euh 32Mb 1101 4’5, 11b: 64 5) = 4s = 10b
\' CFh 64Mb | gitg 28:24 = Chip Erase, Typical time count, (count+1)*units, count =
5 O 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 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address SFDP Dword Name Data Description

2Ch CCh Bit 31 = Suspend and Resume supported = 0b

2Dh 63h Bits 30:29 = Suspend in-progress erase max latency units (00b: 128ns,
01b: 1us, 10b: 8 us, 11b: 64 us) = 1 uys=01b

2Eh 16h Bits 28:24 = Suspend in-progress erase max latency count = 10011b,
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 uys =2 * 64 pus = 128 ys

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 suspen@erval count =0001b, interval =
(count +1) * 64 uys =2 * 64 ys = 128

Bit8 = RFU = 1b
Bits 7:4 = Prohibited operation@ng erase suspend
JEDEC Basic Flash = xxx0b: May not initiate a ase anywhere (erase nesting not
Parameter Dword-12 permitted)

g; rl

+ xx0xb: May not initia age program anywhere

2Fh 33h + x1xxb: May not i 'ti@ ead in the erase suspended sector size
+ 1xxxb: The era% 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
(a xxxb: The erase and program restrictions in bits 1:0 are sufficient
=1100b

(Q Binary Fields: 0-01-10011-0001-01-10011-0001-1-1100-1100
@) Nibble Format: 0011_0011_0001_0110_0110_0011_1100_1100

O Hex Format: 33_16. 63 CC

30h Q—. 7Ah , _

Bits 31:24 = Erase Suspend Instruction = 75h
31h JEDEC Basic&eh 75h Bits 23:16 = Erase Resume Instruction = 7Ah
32h Paramete -13 7Ah Bits 15:8 = Program Suspend Instruction = 75h

Bits 7:0 = Program Resume Instruction = 7Ah
33h 75h
34h F7h Bit 31 = Deep Power-Down Supported = 0
35h A2h 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 s, 10b: 8 ys, 11b: 64 ps) =1 ys = 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 instruction and checking WIP bit[0]

(O=ready; 1=busy).
Bits 1:0 = RFU = 11b

Binary Fields: 0-10111001-10101011-01-00010-1111-01-11
Nibble Format: 0101_1100_1101_0101_1010_0010_1111_0111
Hex Format: 5C_D5_A2_F7
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Table 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address

SFDP Dword Name

Data

Description

38h

39h

3Ah

3Bh

JEDEC Basic Flash
Parameter Dword-15

00h

Bits 31:24 = RFU = FFh

Féh

Bit 23 = Hold and WP Disable = not supported = Ob

59h

Bits 22:20 = Quad Enable Requirements
=101b: QE is bit 1 of the status register 2. Status register 1 is read using

FFh

Read Status instruction 05h. Status register 2 is read using instruction
35h. QE is set via Write Status instruction 01h with two data bytes where
bit 1 of the second byte is one. It is cleared via Write Status with two data
bytes 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 Q

+ 1xxxb: RFU .

=1001b N\

Bits 15:10 0-4-4 Mode Exit Me

= xx_xxx1b: Mode Bits[7:0 will terminate this mode at the end of

the current read operatio
+ xx_1xxxb: Input Fh (m$ bit reset) on DQO-DQ3 for 8 clocks. This will

terminate the mod o the next read operation.
+11_x1xx: RFU
= 111101

Bit 9 = 0-4-, m&e supported = 1

Bits 8:4 = 4%4’mode enable sequences = 0_0000b: not supported
Bits 3:0 £4-4-4 mode disable sequences = 0000b: not supported
Bin lelds: 11111111-0-101-1001-111101-1-00000-0000

Format: FF_59 F6_00

Z&b 2 Format: 1111_1111_0101_1001_1111_0110_0000_0000
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Table 14. Basic SPI Flash Parameter, JEDEC SFDP Rev B (Continued)

SFDP Parameter
Relative Byte
Address

SFDP Dword Name

Data

Description

3Ch

3Dh

3Eh

3Fh

E8h

10h

COh

JEDEC Basic Flash
Parameter Dword-16

80h

Bits 31:24 = Enter 4-Byte Addressing

= xxxx_xxx1b:issue instruction B7 (preceding write enable not required
+ xx1x_xxxxb: Supports dedicated 4-byte address instruction set.
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 E9h to exit 4-byte address mode
(Write enable instruction 06h is not required)

+ XX_Xx1x_xxxxb: Hardware reset

+ Xx_x1xx_xxxxb: Software reset (seeQe 13:8 in this DWORD)

+ xx_1xxx_xxxxb: Power cycle -«

+ x1_xxxx_xxxxb: Reserved %

+ 1x_xxxx_xxxxb: Reserved

=11_0000_0000b not sup;@

Bits 13:8 = Soft Reset an cue Sequence Support

= x1_xxxxb: issue rese&ble instruction 66h, then issue reset
instruction 99h. Th enable, reset sequence may be issued on 1,2,
or 4 wires depen&?the device operating mode

= 01_0000b K

Bit 7 = RF
Bits 6:0 £ e or nonvolatile Register and Write Enable Instruction for

Status jster 1
=X b: nonvolatile/Volatile status register 1 powers-up to last
Wri en alue in the nonvolatile status register, use instruction 06h to

eflable write to nonvolatile status register. Volatile status register may be
ivated after power-up to override the nonvolatile status register, use
instruction 50h to enable write and activate the volatile status register.

+ x1x_xxxxb: Reserved

+ 1xx_xxxxb: Reserved

=1101000b

Binary Fields: 10000000-1100000000-010000-1-1101000
Nibble Format: 1000_0000_1100_0000_0001_0000_1110_1000
Hex Format: 80_C0_10_E8
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8.5 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 nonvolatile 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 nonvolatile Status Register bits is controlled by the state of the nonvolatile 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 nonvolatile version of the
Status Register bits. The Write Enable for Volatile Status Register (50h) command can be used ite these volatile bits when the
command is followed by a Write Status Registers (01h) command. This gives more flexibility t ge the system configuration and
memory protection schemes quickly without waiting for the typical nonvolatile bit write cycle ecting the endurance of the Status
Register nonvolatile bits. é

Write access to the volatile SR1 and SR2 Status Register bits is controlled by the state dfthe nonvolatile Status Register Protect bits
SR1[7] and SR2[0] (SRPO, SRP1), the Write Enable for Volatile Status Register c and (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 vaﬁbﬁ read latency, and Quad |0 wrapped read features.

nable for Volatile Status Register command (50h)
tect SR3.

Write access to the volatile SR3 Status Register bits is controlled by
preceding a Write Status Register command. The SRP bits do not

Kok

Table 15. Status Register-1 (SR1)

Field @‘\‘
Bits Name Function Type J.(\ Default State Description
Q\ 0 = WP# input has no effect or Power Supply Lock
Status O Down mode
7 SRPO Register 0 0 1 = WP# input can protect the Status Register or OTP
Protect 0 Lock Down

See Table on page 58.

X E 0 = BP2-BP0 protect 64-kB blocks

1 = BP2-BPO protect 4-kB sectors
Prot

B

Top / Bottom

Nonvolatile and
Volatile versions

N
6 SEC Sector / BP@ 0

See Table 20 on page 54 and Table 21 on page 55 for
protection ranges.

0 = BP2-BPO protect from the Top down
1 = BP2-BPO protect from the Bottom up

Protect See Table 20 on page 54 and Table 21 on page 55 for
protection ranges.
BP2 Block Protect 000b = No protection
BP1 Bits See Table 20 on page 54 and Table 21 on page 55 for
BPO protection ranges.
Write Enabl 0 = Not Write Enabled, no embedded operation can
1 WEL n fat C”ha € | Volatile, Read only start
1 = Write Enabled, embedded operation can start
Embedded - R
0 BUSY Operation Volatile, Read only 0 = Not Busy, no embedded. opgratlon in progress
Status 1 = Busy, embedded operation in progress
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Table 16. Status Register-2 (SR2)

Bits Field Name | Function Type Default State Description
Suspend . 0 = Erase / Program not suspended
7 SUS Status Volatile, Read Only 0 1 = Erase / Program suspended
0 = Normal Protection Map
6 CMP Complement nonvolatile and 0 1 = Inverted Protection Map
Protect Volatile versions See Table 20 on page 54 and Table 21 on page 55
for protection ranges.
5 LB3 0 OTP Lock Bits 3:0 for Security Registers 3:0
4 LB2 Security 0 0 = Security Register not protected
3 LB1 Register oOTP 0 1= Se.)curity.Register pro_tected '
Lock Bits Security register 0 contains the Serial Flash
5 LBO 1 Discoverable Par: ters and is always
programmed agm ked by Cypress.
0 0 = Quad Mdde N5t Enabled, the WP# pin and
Eor all model HOLD# abled
( %ru?nb”;% € 11 = Qiad Mode Enabled, the 102 and 103 pins are
~4n |enabled, and WP# and HOLD# functions are
1 QE Quad Enable except ‘QT) |y |
]
"4
. 1 = Quad Mode Enabled and can not be changed,
\?(ggri%a\}g?siac?r?s (For mo S the 102 and 103 pins are enabled, and WP# and
number (Q)f°) HOLD# functions are disabled
b N 0 = SRP1 selects whether WP# input has effect on
Status @ protection of the status register
0 SRP1 Register 0 1 = SRP1 selects Power Supply Lock Down or OTP
Protect 1 Q\ Lock Down mode
A\@ See Table on page 58.
Note Q

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

Table 17. Status Register-3 (SR3)

O

o~ 0)
Bits Field Name Functiqn%: Type Default State Description
7 RFU Resg@ 0 Reserved for Future Use
6 W6 e 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
4 W4 Burst Wrap 1 0 = Wrap Enabled
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 IO 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.

Document Number: 002-00497 Rev. *I

Page 51 of 90




w5 CYPRESS S25FL116K/S25FL132K/S25FL164K

- EMBEDDED IN TOMORROW

8.5.1 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
tw. tpp, tsg, tge, @nd te in Section 5.8 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.

8.5.2 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.

The Block Protect Bits (BP2, BP1, BP0) are nonvolatile read / write bits in the Status Regist, [4:2]) that provide Write
Protection control and status. Block Protect bits can be set using the Write Status Regist mand (see ty in Section 5.8 AC
Electrical Characteristics on page 25). All, none or a portion of the memory array can’ tected from Program and Erase
commands (see Section 8.5.7 Block Protection Maps on page 53). The factory defa ing for the Block Protection Bits is 0 (none
of the array is protected.) $

8.5.3 Block Protect Bits (BP2, BP1, BP0) g}g?
m

<
8.5.4 Top / Bottom Block Protect (TB) %
The nonvolatile Top / Bottom bit (TB SR1[5]) controls if the Block Prot its (BP2, BP1, BPO) protect from the Top (TB=0) or the
Bottom (TB=1) of the array as shown in Section 8.5.7 Block Protection s on page 53. The factory default setting is TB=0. The TB
bit can be set with the Write Status Registers Command dependin@ the state of the SRP0O, SRP1 and WEL bits.

8.5.5 Sector / Block Protect (SEC) 6
The nonvolatile Sector / Block Protect bit (SEC SR1[6]) ¢ if the Block Protect Bits (BP2, BP1, BP0) protect either 4-kB Sectors
(SEC=1) or 64-kB Blocks (SEC=0) in the Top (TB=0) ottom (TB=1) of the array as shown in Section 8.5.7 Block Protection

Maps on page 53. The default setting is SEC=0. @

8.5.6 Complement Protect (CMP)

The Complement Protect bit (CMP SR2[6])4 onvolatile read / write bit in the Status Register (SR2[6]). It is used in conjunction
with SEC, TB, BP2, BP1 and BPO bits de more flexibility for the array protection. Once CMP is set to 1, previous array
protection set by SEC, TB, BP2, BPkgr;M BPO will be reversed. For instance, when CMP=0, a top 4-kB sector can be protected
while the rest of the array is not; wh P=1, the top 4-kB sector will become unprotected while the rest of the array become read-
only. Refer to Section 8.5.7 Bloéotection Maps on page 53 for details. The default setting is CMP=0.
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8.5.7 Block Protection Maps

Table 18. FL116K Block Protection (CMP = 0)

Status Register [2] S25FL1-K (16 Mbit) Block Protection (CMP=0) [22]
Protected
SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses Density 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 AB4KB Lower 1/32
0 1 0 1 0 0 and 1 000000 - 01FFFFh | (\428 kB Lower 1/16
0 1 0 1 1 0thru 3 000000h — 03FFFFh _ Chy™ ~/256 kB Lower 1/8
0 1 1 0 0 0thru 7 000000h — 07FFBPR\C 512 kB Lower 1/4
0 1 1 0 1 0 thru 15 000000h — OFFEFRY 1MB Lower 1/2
X X 1 1 X 0 thru 31 000000h — AFRFFFh 2MB Al
1 0 0 0 1 31 1FFOQ@RNFFFFFh 4 kB Upper 1/512
1 0 0 1 0 31 1FEQOOR — 1FFFFFh 8 kB Upper 1/256
1 0 0 1 1 31 i 5\@6% — 1FFFFFh 16 kB Upper 1/128
1 0 1 0 X 31 (). 1F8000h — 1FFFFFh 32 kB Upper 1/64
1 1 0 0 1 0 2O 000000n - 000FFFh 4 kB Lower 1/512
1 1 0 1 0 0 (\7| 000000 - 001FFFh 8 kB Lower 1/256
1 1 0 1 1 R 000000h — 003FFFh 16 kB Lower 1/128
1 1 1 0 X A“Q 000000h — 007FFFh 32 kB Lower 1/64
Notes OQ

21.X =don't care.

22.If any Erase or Program command specifies a

Table 19. FL116K Block Protectic;\

O

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

CMP = 1)

Status Register 2%\~ S25FL1-K (16 Mbit) Block Protection (CMP=1) 124

SEC B BP2 BP1\ BPO Protected Block(s) Protected Addresses ngtr‘jgit@d Protected Portion
X X 0 0 0 0 thru 31 000000h — 1FFFFFh All Al
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
1 0 0 0 1 0 thru 31 000000h — 1FEFFFh 2,044 kB Lower 511/512
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Table 19. FL116K Block Protection (CMP = 1) (Continued)

Status Register 2l S25FL1-K (16 Mbit) Block Protection (CMP=1) [24]
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

23. X =don’t care.
24.1f any Erase or Program command specifies a memory region that contains protected data portion, this command will be&red.

Table 20. FL132K Block Protection (CMP = 0)

Status Register 2% S25FL132K (32-Mbit) Block&@;‘cti'on (CMP=0) [26]
Qv Protected
SEC TB BP2 BP1 BPO Protected Block(s) Protected Addrss Density Protected Portion
X X 0 0 0 None No@ None None
0 0 0 0 1 63 3F00%‘F’FFFFh 64 kB Upper 1/64
0 0 0 1 0 62 and 63 3Eo,goch- 3FFFFFh 128 kB Upper 1/32
0 0 0 1 1 60 thru 63 (3€0p0oh — 3FFFFFh 256 kB Upper 1/16
0 0 1 0 0 56 thru 63 ?\:%oooor] — 3FFFFFh 512 kB Upper 1/8
0 0 1 0 1 48thru63 j" 300000h — 3FFFFFh 1 MB Upper 1/4
0 0 1 1 0 32 thru 63(\\) 200000h — 3FFFFFh 2MB Upper 1/2
0 1 0 0 1 0./ N 000000h — 00FFFFh 64 kB Lower 1/64
0 1 0 1 0 034 @? 000000h — 01FFFFh 128 kB Lower 1/32
0 1 0 1 1 JROE 000000h — 03FFFFh 256 kB Lower 1/16
0 1 1 0 0 (-‘\) 0thru7 000000h — 07FFFFh 512 kB Lower 1/8
0 1 1 0 o )~ othru1s 000000h — OFFFFFh 1 MB Lower 1/4
0 1 1 1 . B(‘ 0 thru 31 000000h — 1FFFFFh 2MB Lower 1/2
X X 1 1T \\Y 0 thru 63 000000h — 3FFFFFh 4 MB Al
1 0 0 ovl' 1 63 3FF000h — 3FFFFFh 4 kB Upper 1/1024
1 0 0 1 0 63 3FEQ00h — 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

25.X =don’t care.
26. 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 21. FL132K Block Protection (CMP = 1)

Status Register [?7] S25FL132K (32-Mbit) Block Protection (CMP=1) [28]
Protected
SEC TB BP2 BP1 BPO Protected Block(s) Protected Addresses Density 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{*,%32 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 — SFQFFX 3 MB Upper 3/4
0 1 1 1 0 32 thru 63 ZOOOOOI\—@‘F\:FFh 2 MB Upper 1/2
X X 1 1 1 None e None None
1 0 0 0 1 0 thru 63 '090§Q0h — 3FEFFFh 4,092 kB Lower 1023/1024
1 0 0 1 0 0 thru 63 &&\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
27.X =don't care.

O
8-

28. If any Erase or Program command speciﬁe&

ory region that contains protected data portion, this command will be ignored.

Table 22. FL164K Block Prot (CMP = 0)
Status Register 2% * S25FL164K (64-Mbit) Block Protection (CMP=0) [*%
Protected
SEC TB BP2 BP1 BP0 | Protected Block(s) | Protected Addresses Density 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 O0and1 000000h — 01FFFFh 128 kB Lower 1/64
0 1 0 1 0 0 thru 3 000000h — 03FFFFh 256 kB Lower 1/32
0 1 0 1 1 0 thru7 000000h — 07FFFFh 512 kB Lower 1/16
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Table 22. FL164K Block Protection (CMP = 0) (Continued)

Status Register [2°] S25FL164K (64-Mbit) Block Protection (CMP=0) [3°I
Protected
SEC B BP2 BP1 BP0 | Protected Block(s) | Protected Addresses Density Protected Portion

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 7FF000h — 7FFFFFh 4 kB Upper 1/2048
1 0 0 1 0 127 7FE000h — 7FFFFFh 8 kB Upper 1/1024
1 0 0 1 1 127 7FCO000h — 7FFFFFh 16 kB Upper 1/512
1 0 1 0 X 127 7F8000h — 7FFFFFh R kB Upper 1/256
1 1 0 0 1 0 000000h — 000FFFh ,’,\ )4 kB Lower1/2048
1 1 0 1 0 0 000000h — 001 FEE@ 8 kB Lower 1/1024
1 1 0 1 1 0 000000h — 003‘@ 16 kB Lower 1/512
1 1 1 0 X 0 000000h — B@FFh 32 kB Lower 1/256

Y

Notes é

29.X = don’t care. \
30. If any Erase or Program command specifies a memory region that contains protecte*{@) rtion, this command will be ignored.

S
%)
S
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Table 23. FL164K Block Protection (CMP = 1)

Status Register 1]

S25FL164K (64-Mbit) Block Protection (CMP=1) 121

Protected

SEC TB BP2 BP1 BP0 | Protected Block(s) | Protected Addresses Density Protected Portion
X X 0 0 0 0 thru 127 000000h — 7FFFFFh 8 MB ALL
0 0 0 0 1 0 thru 125 000000h — 7DFFFFh 8,064 kB Lower 63/64
0 0 0 1 0 0 thru 123 000000h — 7BFFFFh 7,936 kB Lower 31/32
0 0 0 1 1 0 thru 119 000000h — 77FFFFh 7,680 kB Lower 15/16
0 0 1 0 0 0 thru 111 000000h — 6FFFFFh 7 MB Lower 7/8
0 0 1 0 1 0 thru 95 000000h — 5FFFFFh 5 MB Lower 3/4
0 0 1 1 0 0 thru 63 000000h — 3FFFFFh L4 MB Lower 1/2
0 1 0 0 1 2 thru 127 020000h — 7FFFFFh ,‘&0‘64 kB Upper 63/64
0 1 0 1 0 4 thru 127 040000h — 7FFFFFh_Ch" 7,936 kB Upper 31/32
0 1 0 1 1 8 thru 127 080000h — 7FFF(F§0 7,680 kB Upper 15/16
0 1 1 0 0 16 thru 127 100000h — 7FRFFFh 7 MB Upper 7/8
0 1 1 0 1 32 thru 127 200000@-@’@#% 5MB Upper 3/4
0 1 1 1 0 64 thru 127 400008@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 0thru 127 Q,\-Booooorm — 7FDFFFh 8,184 kB Lower 1023/1024
1 0 0 1 1 0thru 127, (O] 000000h - 7FBFFFh 8,176 kB Lower 511/512
1 0 1 0 X 0 thru ‘1@\' 000000h — 7F7FFFh 8,160 kB Lower 255/256
1 1 0 0 1 0 thithy27 001000h — 7FFFFFh 8,188 kB Lower 2047/2048
1 1 0 1 0 ,\Q‘“N 127 002000h — 7FFFFFh 8,184 kB Lower 1023/1024
1 1 0 1 1| 0thru 127 004000h — 7FFFFFh 8,176 kB Lower 511/512
1 1 1 0 0 thru 127 008000h — 7FFFFFh 8,160 kB Lower 255/256

Notes

31.X =don’t care.
32.If any Erase or Program command

\\

%O
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8.5.8 Status Register Protect (SRP1, SRPO)

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

Status Register Protection Bits

SRP1 SRPO WP# Status Register Description
. WP# pin has no control. SR1 and SR2 can be written to after a Write
0 0 X Software Protection Enable command, WEL=1. [Factory Default]
0 1 0 Hardware Protected When WP# pin is low the SR1 and SR2 are locked and can not be
written.
When WP# pin is high SR1 and SR2 are unlocked and can be written
0 1 1 Hardware Unprotected to after a Write Enable command, WEL=1.
1 0 X Power Supply Lock- SR1 and SR2 are protected and can not be written to again until the
Down next power-down, power-up cycle. }3\
1 1 X One Time Program 4 |SR1 and SR2 are permanently@@ﬂed and can not be written.

o

Notes
33.When SRP1, SRPO = (1, 0), a power-down, power-up, or Software Reset cycle will change SRP1, SRPQ to ; 0) state.
34. The One-Time Program feature is available upon special order. Contact Cypress for details. §
35. Busy, WEL, and SUS (SR1[1:0] and SR2[7]) are volatile read only status bits that are never aff ct@ he Write Status Registers command.
36. The nonvolatile version of CMP, QE, SRP1, SRPO0, SEC, TB, and BP2-BP0 (SR2[6,1,0] and % bits and the OTP LB3-LBO bits are not writable when protected

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

precedes the Write Status Registers (01h) command.

37. The volatile version of CMP, QE, SRP1, SRPO, SEC, TB, and BP2-BP0 (SR2[6,1,0] @62]) 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 wrii en the Write Enable for volatile Status Register (50h) command precedes
the Write Status Registers (01h) command. There is no volatile version of the LB3-LB0 bits and these bits are not affected by a volatile Write Status Registers command.

38. zbr;eh\)/olatile SF\;3 bits are not protected by the SRP bits and may be written at any@ by volatile (50h) Write Enable command preceding the Write Status Registers

command.

8.5.9 Erase / Program Suspend Status (SUS) 6

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

8.5.10 Security Register Lock Bits (LB3, LI@ B1, LBO)

The Security Register Lock Bits (LB3, LB2, ﬂ) BO) are nonvolatile One Time Program (OTP) bits in Status Register (SR2[5:2])
that provide the write protect control an é&s 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 indiyidually using the Write Status Registers command. LB[3:1] are One Time Programmable
(OTP), once it’s set to 1, the corres ing 256-byte Security Register will become read-only permanently.

Security Register 0 is programn@mth the SFDP parameters and LBO is programmed to 1 by Cypress.
8.5.11 Quad Enable (QE)
The Quad Enable (QE) bit is a nonvolatile 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.
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8.5.12 Latency Control (LC)

Status Register-3 provides bits (SR3[3:0]) to select the number of read latency cycles used in each Fast Read command. The Read
Data command is not affected by the latency code. The binary value of this field selects from 1 to 15 latency cycles. The zero value
selects the legacy number of latency cycles used in prior generation FL-K family devices. The default is O cycles to provide
backward compatibility to legacy devices. The Latency Control bits may be set to select a number of read cycles optimized for the
frequency in use. If the number of latency cycles is not sufficient for the operating frequency, invalid data will be read.

Table 24. Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V

Read Command Maximum Frequency (MHz)
Latency Control
Fast Read Dual Output Dual I/O Quad Output Quad I/0
0 108 108 88 108 78
(legacy read latency) (8 dummy) (8 dummy) (4 mode, 0 dummy) (8 dummy) (2 mode, 4 dummy)
1 50 50 94 43 49
2 95 85 105 ‘EQ 59
3 105 95 108 - OO0 69
4 108 105 108 0" 83 78
5 108 108 108 )v 94 86
6 108 108 108 o | 105 95
7 108 108 108Q) 108 105
8 108 108 lm‘ 108 108
9 108 108 QO\OS 108 108
10 108 108 A\ 108 108 108
11 108 108 \ 108 108 108
12 108 108 (\\) 108 108 108
13 108 19@\ 108 108 108
14 108 A@s‘ 108 108 108
15 108 AQ108 108 108 108

Notes

39. SCK frequency > 108 MHz SIO, 108 MHz DI(Q'FUB MHz QIO is not supported by this family of devices.

40. The Dual I/0 and Quad I/0 command protdgols ihclude 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. Ex : the legacy Dual /0O command has four Continuous Read Mode bits following the address and no additional dummy
cycles. Therefore, the legacy Dual I/0 nd 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 r ncy the frequency of the Dual /O command can be increased to allow operation up to the maximum supported 108 MHz
DIO frequency.

8.5.13 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/0O Read command
and wrapping around at the group alignment boundary.

8.5.14 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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8.6 Device Identification

8.6.1 Legacy Device Identification 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 25.

Table 25. Device Identification

Notes

Device OPN Instruction Data 1 Data 2 Data 3
ABh“] Device ID = 14h — —

S25FL116K 90h!#2 Manufacturer ID = 01h  |Device ID = 14h —
9Fhi43] Manufacturer ID = 01h  |Device Type = 40h Capacity = 15h
ABh*!] Device ID = 15h — —

S25FL132K 90h#2 Manufacturer ID = 01h  |Device ID = 15h —
9Fh“43l Manufacturer ID = 01h  |Device Type = N\ Capacity = 16h
ABhH1 Device ID = 16h N —

S25FL164K 90h!#2 Manufacturer ID = 01h | DeviceI&/6h —
9Fhi43] Manufacturer ID = 01h DexiQMpe =40h Capacity = 17h

\ ¥

41. The ABh instruction is followed by three dummy address bytes then the output of Device ID b@e Section 29 Command Set (ID, Security Commands) on page 65
and Section 10.5.2 Release from Deep-Power-Down / Device ID (ABh) on page 78.

42. The 90h instruction is followed by three address bytes with (Address = 0) followed by, ut of Manufacturer ID byte then the Device ID byte See Section 29
Command Set (ID, Security Commands) on page 65. and Section 10.5.3 Read Mam% r / Device ID (90h) on page 79.

43. The 9Fh instruction is followed by the output of the Manufacturer ID byte then Devige ID*byte then the Capacity byte. See Section 29 Command Set (ID, Security
Commands) on page 65 and Section 10.5.4 Read JEDEC ID (9Fh) on page 79.

8.6.2 Serial Flash Discoverable Parameters (SFDP) b

A Read SFDP (5Ah) command to read a JEDEC standar
information is stored in Security Register 0 and describ

Parameters (SFDP — JEDEC JESD216B) on pag&

C)O

Q@
‘.
O

S
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9. Functional Description
9.1 SPI Operations

9.1.1 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#.

9.1.2 Dual SPI Commands
The S25FL1-K supports Dual SPI operation when using the “Fast Read Dual Output (3Bh)” a‘n&st Read Dual I/0 (BBh)”
t

commands. These commands allow data to be transferred to or from the device at two to t mes the rate of ordinary serial flash
devices. The Dual SPI Read commands are ideal for quickly downloading code to R power-up (code-shadowing) or for
executing non-speed-critical code directly from the SPI bus (XIP). When using Dual S mmands, the Sl and SO pins become

bidirectional I/O pins: 100 and 101.

9.1.3 Quad SPI Commands ?Q

The S25FL1-K supports Quad SPI operation when using the “Fast Read (Qa Output (6Bh)”, and “Fast Read Quad I/O (EBh)”
commands. These commands allow data to be transferred to or from t vice four to six times the rate of ordinary serial flash. The
and random access transfer rates allowing fast code-

using Quad SPI commands the Sl and SO pins become

2 and 103 respectively. Quad SPI commands require the

Quad Read commands offer a significant improvement in continuo
shadowing to RAM or execution directly from the SPI bus (XIP).
bidirectional IO0 and 101, and the WP# and HOLD# pins bec
nonvolatile or volatile Quad Enable bit (QE) in Status Regi

9.1.4 Hold Function

For Standard SPI and Dual SPI operations, the H (103) signal allows the device interface operation to be paused while it is
actively selected (when CS# is low). The Hold fumetion may be useful in cases where the SPI data and clock signals are shared with
other devices. For example, if the page buffer(isohly partially written when a priority interrupt requires use of the SPI bus, the Hold
function can save the state of the interfa@ the data in the buffer so programming command can resume where it left off once

the bus is available again. The Hold fu is only available for standard SPI and Dual SPI operation, not during Quad SPI.

HOLD# signal if the SCK signal ady low. If the SCK is not already low the Hold condition will activate after the next falling edge
of SCK. The Hold condition will tésminate 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 |00 and 101, are high impedance and Serial Data Input, (SI) or 100 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.

To initiate a Hold condition, the@é\vnust be selected with CS# low. A Hold condition will activate on the falling edge of the
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9.2 Write Protection

Applications that use nonvolatile 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.

9.2.1 Write Protect Features
B 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
B Command length protection

o 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

B Software and Hardware write protection using Status Register control

o WP# input protection ’\g

o Lock Down write protection until next power-up or Software Reset @g
a1 One-Time Program (OTP) write protection Q
B Write Protection using the Deep Power-Down command

Upon power-up or at power-down, the S25FL1-K will maintain a reset conditi @Ie V¢ is below the threshold value of VWI, (see
Figure 18. Power-Up Timing and Voltage Levels on page 24). While reset, a rations are disabled and no commands are
recognized. During power-up and after the V¢ voltage exceeds VWI, al[&gram and erase related commands are further disabled
for a time delay of tpyy. This includes the Write Enable, Page Progra tor Erase, Block Erase, Chip Erase and the Write Status
Registers commands. Note that the chip select pin (CS#) must trackithe'V ¢ supply level at power-up until the Vc-min level and
tys, time delay is reached. If needed a pull-up resistor on CS# c® used to accomplish this.

ed state with the Status Register Write Enable Latch (WEL) set to
rogram, Sector Erase, Block Erase, Chip Erase or Write Status
gram, erase or write command the Write Enable Latch (WEL) is

After power-up the device is automatically placed in a write-di
a 0. A Write Enable command must be issued before a P
Registers command will be accepted. After completin
automatically cleared to a write-disabled state of 0.

Software controlled main flash array write protegtign is facilitated using the Write Status Registers command to write the Status
Register Protect (SRP0O, SRP1) and Block Pr: (CMP, SEC,TB, BP2, BP1 and BPO0) bits.

The BP method allows a portion as sm Q’—kB sector or the entire memory array to be configured as read only. Used in
conjunction with the Write Protect (WP#)\pin, changes to the Status Register can be enabled or disabled under hardware control.
SeeStatus Registers on page 50. f her information.

Additionally, the Deep Power-[@(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.

9.3 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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10. Commands

The command set of the S25FL1-K is fully controlled through the SPI bus (see Table 26 to Table 29 on page 65). 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 26. Command Set (Configuration, Status, Erase, Program Commands “4)

BYTE 1 ‘\Q
Command Name (Instruction) BYTE 2 BYTE 3 BYL@ BYTE 5 BYTE 6
Read Status Register-1 05h SR1[7:0] 1491 47] 0‘0
Read Status Register-2 35h SR2[7:0] 191 471 \ v
Read Status Register-3 33h SR3[7:0] 3 N ‘,QV
Write Enable 06h .
Write Enable for Volatile Status \Y
Register 50h N 5\0
Write Disable 04h A0
Write Status Registers 01h SRI[7:0ICNY  SR2[7:0] SR3[7:0]
Set Burst with Wrap 77h xﬁ‘\\ xxh xxh SR3[7:0] 18]
. . \"4
e | wn | e |wsaona|
Page Program 02h N\ A23-A16 A15-A8 A7-AO D7-D0
Sector Erase (4 kB) 20h m()" A23-A16 A15-A8 A7-A0
Block Erase (64 kB) gghs’ A23-A16 A15-A8 A7-AO
Chip Erase ,le /60h
Erase / Program Suspend ~ 75h
Erase / Program Resume 7Ah
Notes

44. 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.
45. Status Register contents will repeat continuously until CS# terminates the command.
46. Set Burst with Wrap Input format to load SR3. See Table 17 on page 51.
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 Xx]
103 =x, X, X, X, X, X, X,X
47.When changing the value of any single bit, read all other bits and rewrite the same value to them.
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Table 27. 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-DO, ...)
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-Do, ...) 18
Fast Read Quad Output 6Bh A23-A16 A15-A8 A7-A0 dummy (D7-DO, ...) B0
Fast Read Dual /O BBh n2z-aglesl | ATROET | (D7-Do, ...)
Fast Read Quad 1/O EBh AL D7_(’86‘:X_'_’f’) 521 |(D7-DO, ...) B0
Continuous Read Mode
Bonot 159 FFh FFh ) CQ
N
Notes %

100 = (D6, D4, D2, D0)
101 = (D7, D5, D3, D1)
49. Dual Input Address
100 = A22, A20, A18, A16, A14, A12, A10, A8 A6, A4, A2, A0, M6, M4, M2, MO E @

48. Dual Output data Q

101 = A23, A21, A19, A17, A15, A13, A11, A9 A7, A5, A3, A1, M7, M5, M3, M1
50. Quad Output Data
100 = (D4, DO, ..... )

101 = (D5, D1, .....) K
102 = (D6, D2, .....) 5\0
103 =(D7, D3, .....)
51. Quad Input Address b
100 = A20, A16, A12, A8, A4, AO, M4, MO @
101 =A21, A17,A13, A9, A5, A1, M5, M1
102 = A22, A18, A14, A10, A6, A2, M6, M2
103 = A23, A19, A15, A11, A7, A3, M7, M3 Q
52. Fast Read Quad /O Data @

100 = (x, X, X, x, D4, DO, ..... )
101 =(x, x, X, x, D5, D1, .....) @
102 = (x, x, X, x, D6, D2, ..... )
103 = (x, x, X, X, D7, D3, ..... ) @
53. This command is recommended when using the Dual or Q@ ontinuous Read Mode” feature. See Section 10.4.3 and Section 10.4.3 on page 76 for more information.

Table 28. Command Set (Reset Com&@)

Command Name N ‘étgl:it:on) Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Software Reset Enable V‘v 66h
Software Reset 99h
Continuous Read Mode Reset 54 FFh FFh

Note

54. This command is recommended when using the Dual or Quad “Continuous Read Mode” feature. See Section 10.4.3 and Section 10.4.3 on page 76 for more information.
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Table 29. Command Set (ID, Security Commands)

BYTE 1
Command Name (Instruction) BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
Deep Power-down B9h
nelease Power down / Device ABh dummy dummy dummy Device ID 1581
Manufacturer / Device 1D 129 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 [*7] 48h A23-A16 A15-A8 A7-A0 dummy (D7-DO, ...)
Erase Security Registers %] 44h A23-A16 A15-A8 AT-A0 N
- - N e\
Frogram Security Registers 42h A23-A16 A15-A8 AT-HOND) D700, .
P
\4}

Notes

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

56. See Section 8.6.1 Legacy Device Identification Commands on page 60 for Device ID information. instruction is followed by an address. Address = 0 selects
Manufacturer ID as the first returned data as shown in the table. Address = 1 selects Device ID first returned data followed by Manufacturer ID.

57. 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

9

Security Register 0 is used to store the SFDP parameters and is always program@and locked by Cypress.

O

10.1.1 Read Status Registers (05h), (35h), (33h) @Q

The Read Status Register commands allow the 8-bit @s Registers to be read. The command is entered by driving CS# low and
shifting the instruction code “05h” for Status Regisier-4, “35h” for Status Register-2, or 33h for Status Register-3, into the Sl pin on

the rising edge of SCK. The Status Register bits hen shifted out on the SO pin at the falling edge of SCK with most significant bit
(MSB) first as shown in Figure 30. The Statu ister bits are shown in Section 8.5 Status Registers on page 50.

The Read Status Register-1 (05h) com@g‘ay be used at any time, even while a Program, Erase, or Write Status Registers cycle
is in progress. This allows the BUSY gtats bit to be checked to determine when the operation is complete and if the device can
accept another command. The R aé?atus Register-2 (35h), and Read Status Registers (33h) may be used only when the device
is in standby, not busy with an ded operation.

10.1 Configuration and Status Commands

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.

Figure 30. Read Status Register Command Sequence Diagram for 05h and 35h

cs# | [
SCK

sl 7]e]slafafal1]o]

s0 1 7lelsfafasfafifofre]s]afaf2]1]o0]
Phase Instruction Status Updated Status
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Figure 31. Read Status Register-3 Command Sequence Diagram for 33h — S25FL132K / S25FL164K
cor ] ! -

sCcK SS
ss 7 {65 4]3]2]1]0

so {7 165 a3 ]2]1]o23]22]21]20\\y1]10]9 [8 ]

Phase Instruction Status Pointer Address

10.1.2 Write Enable (06h)

The Write Enable command (Figure 32) sets the Write Enable Latch (WEL) bit in the Status Register to a 1. The WEL bit must be set
prior to every Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Registers and Erase / Program Security
Registers command. The Write Enable command is entered by driving CS# low, shifting the instruction code “06h” into the Data
Input (SI) pin on the rising edge of SCK, and then driving CS# high.

Figure 32. Write Enable (WREN 06h) Command Seq-@g

cs# /\@
sox T T e T e T e T e T e I e
oHN v [ e T 5 [ a4 [ 5 e [ 5 1 o [N

le]
H " \
Phase | Instrgct'p?\\
\J

10.1.3 Write Enable for Volatile Status Register (50h) 6

The nonvolatile Status Register bits described in Section 8.5 s Registers on page 50 can also be written to as volatile bits.
During power up reset, the nonvolatile Status Register bit @copied to a volatile version of the Status Register that is used during
device operation. This gives more flexibility to change t stem configuration and memory protection schemes quickly without
waiting for the typical nonvolatile bit write cycles or a ing the endurance of the Status Register nonvolatile bits. To write the
volatile version of the Status Register bits, the Wri able for Volatile Status Register (50h) command must be issued and
immediately followed by the Write Status Regist@ 01h) command. Write Enable for Volatile Status Register command (Figure 33)
will not set the Write Enable Latch (WEL) bit @ only valid for the next following Write Status Registers command, to change the
volatile Status Register bit values.

Figure 33?\V'Vr te Enable for Volatile Status Register Command Sequence

cs# | éo —
ScK I N S (s S s B S S R
s 7 | 6 | 5 1 4 1 s 1 =2 1 1 1 o ol
so
Phase Instruction
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10.1.4 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 SI 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 34. Write Disable (WRDI 04h) Command Sequence
Cs#
scK o = =1 4 I [/ L7 [

sl [ 7 T 6 | 5 | 4« [ s 1 2 1 + 1T o |

SO

Phase Instruction

10.1.5 Write Status Registers (01h) . %Q
The Write Status Registers command allows the Status Registers to be written. Only nonvo atus Register bits SRP0, SEC,
TB, BP2, BP1, BP0 (SR1[7:2]) CMP, LB3, LB2, LB1, QE, SRP1 (SR2[6:0]), and the volatilg*pits SR3[6:0] can be written. All other
Status Register bit locations are read-only and will not be affected by the Write Statu@wters command. LB3-0 are nonvolatile
OTP bits; once each is set to 1, it can not be cleared to 0. The Status Register bits ate sShown in Section 8.5 Status Registers on
page 50. Any reserved bits should only be written to their default value. $

To write nonvolatile Status Register bits, a standard Write Enable (06h) con? must previously have been executed for the
device to accept the Write Status Registers Command (Status Register bi must equal 1). Once write enabled, the command is
entered by driving CS# low, sending the instruction code “01h”, and tr@ iting the Status Register data bytes as illustrated in
Figure 35.

To write volatile Status Register bits, a Write Enable for Volati s Register (50h) command must have been executed prior to
the Write Status Registers command (Status Register bit WE ains 0). However, SRP1 and LB3, LB2, LB1, LBO can not be
changed because of the OTP protection for these bits. Upo wer-off, the volatile Status Register bit values will be lost, and the
nonvolatile Status Register bit values will be restored w, ower on again.

To complete the Write Status Registers command,
(CS# must be driven high on an 8-bit boundary). |

# pin must be driven high after the eighth bit of a data value is clocked in
is is not done the Write Status Registers command will not be executed. If CS#
is driven high after the eighth clock the CMP a bits will be cleared to 0 if the SRP1 bit is 0. The SR2 bits are unaffected if SRP1
is 1. If CS# is driven high after the eighth or enth clock, the SR3 bits will not be affected.

During nonvolatile Status Register writ%aation (06h combined with 01h), after CS# is driven high at the end of the Write Status
Registers command, the self-timed Wﬁ‘tg tatus Registers operation will commence for a time duration of t, (see Section 5.8 AC
Electrical Characteristics on pa hile the Write Status Registers operation is in progress, the Read Status Register command
may still be accessed to check atus 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.

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 5.8 AC
Electrical Characteristics on page 25). BUSY bit will remain 0 during the Status Register bit refresh period. Refer to Section 8.5
Status Registers on page 50 for detailed Status Register bit descriptions.

Figure 35. Write Status Registers Command Sequence Diagram

cs# | [
SCK
sifl7le[slalslof1]o]7le[s]alalofr]ol7]e[s[alalofr]ol7]6[sala]2]1]0]
SO
Phase Instruction Input Status Register-1 Input Status Register-2 Input Status Register-3
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10.2 Program and Erase Commands

10.2.1 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 36. Page Program Command
Sequence on page 68.

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 of the page and overwrite previously
sent data.

As with the write and erase commands, the CS# pin must be driven high after the eighth bit o‘f\@ast byte has been latched. If this
is not done the Page Program command will not be executed. After CS# is driven high, th -timed Page Program command will
commence for a time duration of tpp (Section 5.8 AC Electrical Characteristics on pa hile the Page Program cycle is in
progress, the Read Status Register command may still be accessed for checking th s of the BUSY bit. The BUSY bitis a 1
during the Page Program cycle and becomes a 0 when the cycle is finished and thvice is ready to accept other commands
again. After the Page Program cycle has finished the Write Enable Latch (W @ in the Status Register is cleared to 0. The Page

Program command will not be executed if the addressed page is protected Block Protect (CMP, SEC, TB, BP2, BP1, and
BPO) bits. K
Figure 36. Page Prograra mand Sequence
cs# | A\ O £\
sek | [ X
sl I7I6I5I4I3I2I1I0I23I\\I5I4I3(I\X 1Jof7]e]s]ala]2[1]o]7 65 ala]2 1o\
%0 N -
Phase Instruction \k\\i\\dress Input Data Input Data2 “

N
10.2.2 Sector Erase (20h) 0

The Sector Erase command sets all m@g&/ithin a specified sector (4 kbytes) to the erased state of all 1’s (FFh). A Write Enable
command must be executed before ﬂg vice will accept the Sector Erase command (Status Register bit WEL must equal 1). The
command is initiated by driving @ pin low and shifting the instruction code “20h” followed a 24-bit sector address (A23-A0)
SeeSupply and Signal Ground on page 10. The Sector Erase command sequence is shown in Figure 37 on page 69.

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 5.8 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 BPO) bits (Table 20, FL132K Block
Protection (CMP = 0) on page 54).
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Figure 37. Sector Erase Command Sequence

cs# | A\
SCK M
si [ 7 T 6 T 5 T 4 [ 3 [ 2 1 14 T o [T 23 JW T 1+ [ o F—
so \
Phase Instruction \\ Address

10.2.3 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)
SeeSupply and Signal Ground (Vgg) on page 10. The Block Erase command sequence is shown in Figure 38.

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 comme r a time duration of tgg (see
Section 5.8 AC Electrical Characteristics on page 25). While the Block Erase cycle is in progr e Read Status Register
command may still be accessed for checking the status of the BUSY bit. The BUSY bit is £%Lﬁuring the Block Erase cycle and
becomes a 0 when the cycle is finished and the device is ready to accept other comrr&gain. After the Block Erase cycle has
finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Blo rase command will not be executed if the
addressed sector is protected by the Block Protect (CMP, SEC, TB, BP2, BP1, a@DO) bits (see Section 8.5 Status Registers on

page 50)
Figure 38. 64-kB Block Erase Co,Qﬁd Sequence
cs# | 5\0 \! [
SCK EQ S\
s
sl 7 [ 6 | 5 | 4 [ 3 JCe | 1+ [ o [ 28 W [ 1 ] o —

S0 R \

| ~Q ‘ ’

Phase | Instr@ | \\ Address

10.2.4 Chip Erase (C7h / 60h)
The Chip Erase command sets all mem @lhin the device to the erased state of all 1's (FFh). A Write Enable command must be
executed before the device will accept ip Erase command (Status Register bit WEL must equal 1). The command is initiated
by driving the CS# pin low and shiﬁéﬁwe instruction code “C7h” or “60h”. The Chip Erase command sequence is shown in

Figure 39 %

The CS# pin must be driven high ‘after the eighth bit has been latched. If this is not done the Chip Erase command will not be
executed. After CS# is driven high, the self-timed Chip Erase command will commence for a time duration of tcg (Section 5.8 AC
Electrical Characteristics on page 25). While the Chip Erase cycle 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 Chip Erase cycle and becomes a 0 when finished and
the device is ready to accept other commands again. After the Chip Erase cycle has finished the Write Enable Latch (WEL) bit in the
Status Register is cleared to 0. The Chip 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 8.5 Status Registers on page 50).

Figure 39. 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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10.2.5 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 40. Erase / Program Suspend Command Sequence on page 71.

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 30. Commands Accepted During Suspend

Operation Suspended Command Allowed Instruction
Program or Erase Read Data _ 03h
Program or Erase Fast Read . {\\\ 0Bh
Program or Erase Fast Read Dual Output O,\\f) 3Bh
Program or Erase Fast Read Quad Output A®' 6Bh
Program or Erase Fast Read Dual I/0 A\V BBh
Program or Erase Fast Read Quad I/Q .Q‘ EBh
Program or Erase Continuous Read Mod@s‘gt FFh
Program or Erase Read Status I‘?e,q\ﬂem 05h
Program or Erase Read StatL§ k%'iéter-Z 35h
Program or Erase Wri}s@able 06h

Erase P@'ﬁrogram 02h
Program \éector Erase 20h
Program {-Qv Block Erase D8h
Program or Erase (Qtrase / Program Resume 7Ah
\
The Erase / Program Suspend command 7 I be accepted by the device only if the SUS bit in the Status Register equals to 0
and the BUSY bit equals to 1 while a S 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 Suspe mand will be ignored by the device. Program or Erase command for the sector that is

being suspended will be ignored.

A maximum of time of tgyg (Se 5 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 tgg 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 tgg following the preceding Resume command 7Ah.

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 nonvolatile
tracking of in process program or erase commands, and preserve data integrity by evaluating the nonvolatile 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 40. Erase / Program Suspend Command Sequence
[ »

tsus

I |
cs# | \\Y W1 [
se« MU iU Ui UL
siq7el5]al3l21 o M7 l6l5]4al3]2] 110} N—{7lelslalal2[1lo}
) \' 7lels]4lal2]1 o}
Phase | Suspend Instruction “ | Read Status Instruction | Status \\ | Instr, During Suspend
Phase “ Repeat Status Read Until Suspended \\

10.2.6 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 te the erase operation or the
page will complete the program operation. If the SUS bit equals to 0 or the BUSY bit equals to,1 Resume command “7Ah” will be
ignored by the device. The Erase / Program Resume command sequence is shown in Figur;

It is required that a subsequent Erase / Program Suspend command not to be issued i minimum of time of “tgg” following a
Resume command.

Figure 41. Erase / Program Resume Com@&Sequence

cs# é

-
ser I T e T e P i e e T
s | 7 1T & [ 5 [ asSIYs3s [ 2 1T 1 1 o ]
© }\Q)U
Phase f\\Jlnstruction

»

10.3 Read Commands (Q((\

10.3.1 Read Data (03h)

The Read Data command allows one or mz@éta bytes to be sequentially read from the memory. The command is initiated by
driving the CS# pin low and then shifti instruction code “03h” followed by a 24-bit address (A23-A0) into the Sl pin. The code
and address bits are latched on the riging\edge of the SCK pin. After the address is received, the data byte of the addressed memory
location will be shifted out on the S at the falling edge of SCK with most significant bit (MSB) first. The address is automatically
incremented to the next higher s after each byte of data is shifted out allowing for a continuous stream of data. This means
that the entire memory can be aceessed 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 42. 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 5.8 AC Electrical Characteristics on page 25).

Figure 42. Read Data Command Sequence

cst | i\ [
S i nnnnnnnnnapnnnnnniS

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

SO 4\ {7lels5[alslof1(ol7l6l5]als[2]1]0]

Phase | Instruction \\ Address | Data1 Data2
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10.3.2 Fast Read (0Bh)

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 43. 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 24, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V
on page 59.

Figure 43. Fast Read Command Sequence
cst | i\ i\ [
SCK “ \

sifi7zlelslaflaf2]1]0]23l\} [1 [0 [3Y

V_ N
s0 ) ) (7 e [s3FTs T2 110
Phase | Instruction '\ Waddress | W Dummy Cycles L AN Datat

b

The Fast Read Dual Output (3Bh) command is similar to the standard Fast Rea ) command except that data is output on two
pins; 100 and 101. This allows data to be transferred from the S25FL1-K at t rate of standard SPI devices. The Fast Read

Dual Output command is ideal for quickly downloading code from flash to R%pon power-up or for applications that cache code-
segments to RAM for execution.

10.3.3 Fast Read Dual Output (3Bh) :
g

‘achan operate at higher frequency than the traditional Read
after the 24-bit address as shown in Figure 44. The dummy
p the initial address. The input data during the dummy clocks is

r to the falling edge of the first data out clock.

Similar to the Fast Read command, the Fast Read Dual Output co
Data command. This is accomplished by adding eight “dummy” c|
clocks allow the device's internal circuits additional time for setti
“don’t care.” However, the 100 pin should be high-impedan

When variable read latency is enabled, the number of d @y cycles is set by the Latency Control value in SR3 to optimize the
latency for the frequency in use. See. Table 24, Later@ycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V
on page 59.

Figure 4{9& Read Dual Output Command Sequence

cst | 0~® i \!
SCK WWWWM

\g

100 71615 4al3 21110 23[22[21\0 | lelal2lol6lal2]0
101 \ (7151311715131
Phase | Instruction | Address)) | Dummy }\ i Datal i  Data2

({
)
({
)y
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10.3.4 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 45. 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
IO 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 24, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to 3.6V
on page 59.

Figure 45. Fast Read Quad Output Command Sequence

est ] \ Q
SCK N
D _"
00o——(7[6[5]af3[2]1]0f2sh\ [1]0} [4 ola]olalo]4]o]4
101 \ E, s]1]s]1]s5]1]5]1]5
102 ) elzlelz sz ls 2161z s
(( N o2

103 W {7137z [s[7z]3]z[3]7]3]7

T T T ;‘ T T T T T T
Phase | Instruction £ W Address | Dummy N\, | D1 D2 | D3 | D4 | D5 |

10.3.5 Fast Read Dual 1/0 (BBh)
The Fast Read Dual I/O (BBh) command allows for improved ran
to the Fast Read Dual Output (3Bh) command but with the ca
reduced command overhead may allow for code execution

access while maintaining two IO pins, 100 and I01. It is similar
y to input the Address bits (A23-0) two bits per clock. This
directly from the Dual SPI in some applications.

Fast Read Dual I/0 with “Continuous Read
The Fast Read Dual I/O command can further red struction overhead through setting the “Continuous Read Mode” bits (M7-0)
after the input Address bits (A23-0), as shown i e 46. The upper nibble of the (M7-4) controls the length of the next Fast Read
Dual I/O command through the inclusion or e on of the first byte instruction code. The lower nibble bits of the (M3-0) are don't

care (“x”). However, the 10 pins should I@]-lmpedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-44 (1,0), then the next Fast Read Dual /O command (after CS# is raised and then lowered)
does not require the BBh instructio e, as shown in Figure 47. This reduces the command sequence by eight clocks and allows
the Read address to be immedi ntered 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
SeeContinuous Read Mode Reset (FFh or FFFFh) on page 76.).

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 24, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to
3.6V on page 59. 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.

Figure 46. Fast Read Dual I/O Command Sequence (Initial command or previous M5-4 # 10)

cs# | \

se« M MyuUyywyyuUUyuyyyyyyruuye
00— 7le[s5[af3[2]1]of22[\[2]ofe6faf[2]ofF—6]4al2]0]6]a]2]0]
101 s\ Ts 117 s al1—71slal1l7]salq]

Phase Instruction L W Address | Mode iDummy Data1 i Data2
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Note

58. 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 47. Fast Read Dual /0 Command Sequence (Previous command set M5-4 = 10)

ese [ 1\

se LMLy e
oo{6Jal2]of—22[Wl2]olelala]lol—e6lal2lole6]al2]o0]
01zsl\\I3I1I7I5I3I1I—|7|5I3|1|7|5|3|1I

Phase | DataN \\ Address | Mode i Dummy | Data1 Data2

10.3.6 Fast Read Quad I/O (EBh)

The Fast Read Quad I/0O (EBh) command is similar to the Fast Read Dual I/O (BBh) command e @t that address and data bits are
input and output through four pins 100, 101, 102 and 103 and four Dummy clock are required‘»@o the data output. The Quad I/O
dramatically reduces instruction overhead allowing faster random access for code execulti directly from the Quad SPI. The
Quad Enable bit (QE) of Status Register-2 must be set to enable the Fast Read Quad@ mmand.

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

The Fast Read Quad I/0O command can further reduce instruction overhead th o ettlng the “Continuous Read Mode” bits (M7-0)
after the input Address bits (A23-0), as shown in Figure 48. Fast Read Qua% ommand Sequence (Initial command or previous
M5-4 #10) on page 74. The upper nibble of the (M7-4) controls the length next Fast Read Quad I/0O command through the
inclusion or exclusion of the first byte instruction code. The lower nib @S‘of the (M3-0) are don’t care (“x”). However, the 10 pins

should be high-impedance prior to the falling edge of the first data ;

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next ad Quad I/O command (after CS# is raised and then lowered)
does not require the EBh instruction code, as shown in Figure% ast Read Quad I/O Command Sequence (Previous command
set M5-4 = 10) on page 75. This reduces the command se ce by eight clocks and allows the Read address to be immediately
entered after CS# is asserted low. If the “Continuous R ode” bits M5-4 do not equal to (1,0), the next command (after CS# is
raised and then lowered) requires the first byte instruefion’code, thus returning to normal operation. A “Continuous Read Mode”
Reset command can also be used to reset (M7-0) e issuing normal commands (see Section 10.4.3 Continuous Read Mode
Reset (FFh or FFFFh) on page 76). O

When variable read latency is enabled, the ggﬁer of latency (Mode + Dummy) cycles is set by the Latency Control value in SR3 to

optimize the latency for the frequency i ee. Table 24, Latency Cycles Versus Frequency for -40°C to 85°C/105°C at 2.7V to
3.6V on page 59. Note that the Ieg d Quad I/O command has two Mode cycles plus four Dummy cycles for a total of six
latency cycles, Enabling the vari d latency allows for the addition of more read latency to enable higher frequency operation
of the Quad I/0O command. §

Figure 48. Fast Read Quad I/0 Command Sequence (Initial command or previous M5-4 #10)

cs# | i\

SCK K
00— 7]els5[a]3[2]1[0f20[W[alolsafoF——4fofafolafolafo]

101 2t W [s[1 s 5151151 ]5][1]
102 [22Wl6[2 6 BF——-6[2]6[2]6]2]6]2]
103 .23|\\|7|3|7|3I—|7|3|7|3|7|3|7|3|
Phase Instruction . WAddress | Mode | _Dummy | D1 | D2 | D3 | D4

Note

59. 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.
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Figure 49. Fast Read Quad I/O Command Sequence (Previous command set M5-4 = 10)
esh [ LA\
sk L L L LML LS L L L L L L L L
0044 [olalol—20\W[a]o]4l——T a0 a]ol6]4al2]0]
o145 [1 (61 —"2r[W s [1]6 51517 ]6[5][1]
o2{e 262 —22[\ (626 @ll—— 62 6[1]7[5]s][1]
o378 7 s f—2s\W 7 s |7 @——7[s 7175 [5]1]

Phase | DN-1 | DN | . W Address | Mode | Dummy | D1 | D2 | D3 D4

Fast Read Quad I/0 with “16 / 32 / 64-Byte Wrap Around”

The Fast Read Quad I/O command can also be used to access a specific portion within a page by issuing a “Set Burst with Wrap”
command prior to EBh. The “Set Burst with Wrap” command can either enable or disable the “Wr. round” feature for the following
EBh commands. When “Wrap Around” is enabled, the data being accessed can be limited to.ei a 16 / 32 / 64-byte section of
data. The output data starts at the initial address specified in the command, once it reaches ding boundary of the 16 / 32 / 64-
byte section, the output will wrap around to the beginning boundary automatically unti@@ ulled high to terminate the command.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical @ddress and then fill the cache afterwards

within a fixed length (16 / 32 / 64-bytes) of data without issuing multiple read com@ds.

The “Set Burst with Wrap” command allows three “Wrap Bits”, W6-4 to be set! W4 bit is used to enable or disable the “Wrap
Around” operation while W6-5 are used to specify the length of the wrap aro ection within a page. See Section 10.3.7 Set Burst

with Wrap (77h) on page 75. 5\0

10.3.7 Set Burst with Wrap (77h) G
The Set Burst with Wrap (77h) command is used in conjunctio @n Fast Read Quad I/0” commands to access a fixed length and
alignment of 8 / 16 / 32 / 64-bytes of data. Certain applicatio n benefit from this feature and improve the overall system code
execution performance. This command loads the SR3 bit:

Similar to a Quad I/0 command, the Set Burst with W ommand is initiated by driving the CS# pin low and then shifting the
instruction code “77h” followed by 24-dummy bits “Wrap Bits”, W7-0. The command sequence is shown in Figure 50. Set
Burst with Wrap Command Sequence on page ap 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 Sectj "5 Status Registers on page 50.

Once W6-4 is set by a Set Burst with W @nmand, all the following “Fast Read Quad I/0” commands will use the W6-4 setting to
access the 8/ 16 / 32 / 64-byte section ata. 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 commands. To exit the “Wrap Around” function and return to normal read operation,
another Set Burst with Wrap co 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'sfecommended 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.

Figure 50. Set Burst with Wrap Command Sequence

cs# | [
SCK

oo—— 7 [ 6 [ 5 | 4 [ 3] 2 1] o0l xT xJT xT xT xT x]Twal x F——
101 [ x I x I x I x T xT xTw [ xF——
102 { x I x I x T x T xT xTw [ x F——
103 [ x I x I x T x T x I xT x[ x F——
Phase i Instruction i Don't Care i Wrap.
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10.4 Reset Commands

Software controlled Reset commands restore the device to its initial power up state, by reloading volatile registers from nonvolatile
default values. If a software reset is initiated during a Erase, Program or writing of a Register operation the data in that Sector, Page
or Register is not stable, the operation that was interrupted needs to be initiated again.

When the device is in Deep Power-Down mode it is protected from a software reset, the software reset commands are ignored and
have no effect. To reset the device send the Release Power down command (ABh) and after time duration of tgeg¢ 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) followed by Software Reset command (99h) and then
executed when CS# is brought high after tgc time at the end of the Software Reset instruction and requires tgrgt time before
executing the next Instruction after the Software Reset. See Figure 26. Software Reset Input Timing on page 28

Note: The tgcy is a Cypress specific parameter and CS# must be brought high after tgc time, if not the Software Reset will not be
executed.

Figure 51. Software Reset Command Sequence Q

The Reset Enable (66h) command is required immediately befor:
sequence of the two commands. Any command other than Re@
reset enable condition and prevent a later RST command er&

10.4.2 Software Reset (99h) @

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

ftware reset command (99h) such that a software reset is a
h) following the Reset Enable (66h) command, will clear the
eing recognized.

10.4.1 Software Reset Enable (66h)
2

10.4.3 Continuous Read Mode ResQ(‘FFh or FFFFh)

The “Continuous Read Mode” bits a ed in conjunction with “Fast Read Dual I/0” and “Fast Read

Quad I/0” commands to provide ghest random Flash memory access rate with minimum SPI instruction overhead, thus
allowing more efficient XIP (exe¢ute 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.

The “Continuous Read Mode” bits M7-0 are set by the Dual/Quad /0 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 I/O 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 52.
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Figure 52. Continuous Read Mode Reset for Fast Read Dual or Quad 1/O

DIO_Phase Optional FFh

QIO_Phase Mode Bit Reset for Quad 1/O Optional FFh

Notes

60. To reset “Continuous Read Mode” during Quad /O operation, only eight clocks are needed. The instruction is “FFh”.
61. To reset “Continuous Read Mode” during Dual I/O operation, sixteen clocks are needed to shift in instruction “FFFFh”.

10.4.4 Host System Reset Commands

Since S25FL1-K does not have a hardware Reset pin, if the host system memory controller res Qithout a complete power-down
and power-up sequence, while an S25FL1-K device is set to Continuous Mode Read, the 82@ device will not recognize any
initial standard SPI commands from the controller. To address this possibility, it is recode to issue a Continuous Read Mode
Reset (FFFFh) command as the first command after a system Reset. Doing so will re e device from the Continuous Read
Mode and allow Standard SPI commands to be recognized. See Section 10.4.3 Contms Read Mode Reset (FFh or FFFFh) on
page 76.

If Burst Wrap Mode is used, it is also recommended to issue a Set Burst with 77h) command that sets the W4 bit to one as the
second command after a system Reset. Doing so will release the device fro € Burst Wrap Mode and allow standard sequential
read SPI command operation. See Section 10.3.7 Set Burst with Wrag on page 75.

Issuing these commands immediately after a non-power-cycle (warm) System reset, ensures the device operation is consistent with
the power-on default device operation. The same commands ma be issued after device power-on (cold) reset so that system
reset code is the same for warm or cold reset. 6
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10.5 ID and Security Commands

10.5.1 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 5.8 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 53.

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 5.8 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 lgcy.

Figure 53. Deep Power-Down Command Sequence qo
N\

cs# | )
so I e T e T e N e i gy B e

sl | 7 [ e [ s [ 4 | s ] “(Av [+ [ o ]
o >
Phase Instruction , N,

O
10.5.2 Release from Deep-Power-Down / Device ID (ABh) b

The Release from Deep-Power-Down / Device ID command is eulti—purpose command. It can be used to release the device from
the deep-power-down state, or obtain the devices electronig@\ification (ID) number.

To release the device from the deep-power-down state, tl@: mmand is issued by driving the CS# pin low, shifting the instruction
code “ABh” and driving CS# high as shown in Figure @elease from deep-power-down will take the time duration of tgrgg4
(Section 5.8 AC Electrical Characteristics on page efore the device will resume normal operation and other commands are
accepted. The CS# pin must remain high durin% Res1 time duration.

When used only to obtain the Device ID whi Q;l in the deep power-down state, the command is initiated by driving the CS# pin low
and shifting the instruction code “ABh” by 3-dummy bytes. The Device ID bits are then shifted out on the falling edge of
SCK with most significant bit (MSB) first \The Device ID values for the S25FL1-K is listed in Section 8.6.1 Legacy Device
Identification Commands on page 6@ e Device ID can be read continuously. The command is completed by driving CS# high.

When used to release the devic@n the deep-power-down state and obtain the Device ID, the command is the same as previously
described, and shown in Figure 55, except that after CS# is driven high it must remain high for a time duration of treg,. 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 54. Release from Deep-Power-Down Command Sequence

CS#
sck - I I b I 4 LI °L_

si | 7 1 e I s | a1 s 2 T4 [ o ]

SO

Phase Instruction
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Figure 55. Read Electronic Signature (RES ABh) Command Sequence

cs# | f\ [

SCK Ss
sEl 716 s [4lal2T1[olzal\ 1o

S0 \ 7 lels5lalal2 10l

Phase Instruction (ABh) “ Dummy Device ID

10.5.3 Read Manufacturer / Device 1D (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-Down / Device ID command. The
command is initiated by driving the CS# pin low and shifting the instruction code “90h” followed 24-bit address (A23-A0) of
000000h. After which, the Manufacturer ID and the Device ID are shifted out on the falling ed( CK with most significant bit
(MSB) first as shown in Figure 56. The Device ID values for the S25FL1-K is listed in Secij .6.1 Legacy Device Identification
Commands on page 60. If the 24-bit address is initially set to 000001h the Device ID wi ead first and then followed by the
Manufacturer ID. The Manufacturer and Device IDs can be read continuously, alterna rom one to the other. The command is
completed by driving CS# high.

Figure 56. READ_ID (90h) Comn&quence
cs# | i\ < [
A\
SCK B

ssBl7]els]alal2l1]0l2ah\ 110

LN ('Y
Sle ) {ehe”| 5 [afsl2]1]of7[e]s5]ala]2]1]0]
AN
Phase | Instruction (90h) \\Addren\‘ Manufacturer ID Device ID 3

10.5.4 Read JEDEC ID (9Fh) §®

For compatibility reasons, the S25FL1-K provi veral commands to electronically determine the identity of the device. The Read
JEDEC ID command is compatible with the C standard for SPI compatible serial flash memories that was adopted in 2003.
The command is initiated by driving th in low and shifting the instruction code “9Fh”. The JEDEC assigned Manufacturer ID
byte and two Device ID bytes, Memo, e (ID15-1D8) and Capacity (ID7-1D0) are then shifted out on the falling edge of SCK with
most significant bit (MSB) first as s in Figure 57. For memory type and capacity values refer to Section 8.6.1 Legacy Device

Identification Commands on p

Figure 57. Read JEDEC ID Command Sequence

cs# | i\ [

SCK JEREREEREREpEpEE
s 7 (615143210 I
SO {7l6l5lal3[2]1]o[WN[efs5[al3[2]1]0]

Phase Instruction Data1 A DataN ‘
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10.5.5 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 58. For SFDP register values and descriptions, refer to
Table 8.6.2, Serial Flash Discoverable Parameters (SFDP) on page 60.

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 58. Read SFDP Register Command Sequence

cst | )\ i\ [
SCK N \
siff7zlelslalsf2]1]0]23]\\ [1 [0 [FTMY AP\
so \! \! L7 4l3f2]1]0
n"
Phase | Instruction \\ Address | \\ Dummy Cycles {\U Data1

The Erase Security Register command is similar to the Sector Erase comm Write Enable command must be executed before
the device will accept the Erase Security Register Command (Status Register bit WEL must equal 1). The command is initiated by
driving the CS# pin low and shifting the instruction code “44h” foIIoweK 24-bit address (A23-A0) to erase one of the security
registers.

10.5.6 Erase Security Registers (44h) §®

Address A23-16 ?\QJ A15-8 A7-0
Security Register-1 00h AQV 10h xxh
Security Register-2 oog_(\‘U 20h xxh
Security Register-3 J@h\‘ 30h xxh

\
Note O

62. Addresses outside the ranges in the table have @ed results.

The Erase Security Register commﬁﬁequence is shown in Figure 59. The CS# pin must be driven high after the eighth bit of the
last byte has been latched. If this done the command will not be executed. After CS# is driven high, the self-timed Erase
Security Register operation willﬁmence for a time duration of tgg (see Section 5.8 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 Section 8.5.10 Security Register Lock Bits (LB3, LB2, LB1, LB0) on page 58).

Figure 59. Erase Security Registers Command Sequence

cst | ) [
sk | L LI LI L rere e
sl 7 [ e | 5 [ 4 [ 3 [ 2 [ 1 | o [23 W [ 1 | o [—
s0 |

Phase Instruction W Address
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10.5.7 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

63. Addresses outside the ranges in the table have undefined results.

The Program Security Register command sequence is shown in Figure 60. The Security Re%@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 1, t responding security register will be
permanently locked, and a Program Security Register command to that register will bed d (see Section 8.5.10 Security Register
(o]

Lock Bits (LB3, LB2, LB1, LBO) on page 58 and Section 10.2.1 Page Program (02h) ge 68 for detail descriptions).

Figure 60. Program Security Registers C§r®§d Sequence

oot ] \ . §\

SCKMHAQWF@WY
ssEl 7 Tels[alal2]Tol2a[W[s[a[a[2]1[p7¥e s al3]2]1]o]7]e]5[ala 210\

< ( o~ (-
)) A(} )

Phase Instruction \\ Addres{\\'}v Input Data Input Data2 “

@\
Fast Read command and allows one or more data bytes to be sequentially
ommand is initiated by driving the CS# pin low and then shifting the instruction
code “48h” followed by a 24-bit address (A ) and eight “dummy” clocks into the Sl pin. The code and address bits are latched
on the rising edge of the SCK pin. Afte dress is received, and following the eight dummy cycles, the data byte of the
addressed memory location will be sl'y'qi out on the SO pin at the falling edge of SCK with most significant bit (MSB) first. Locations
with address bits A23-A16 not e q ero, have undefined data. The byte address is automatically incremented to the next byte
address after each byte of data% ed 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 61. 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 5.8 AC Electrical Characteristics on page 25).

10.5.8 Read Security Registers (48h)
The Read Security Register command is similar
read from one of the three security registers.

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

64. Addresses outside the ranges in the table have undefined results.
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Figure 61. Read Security Registers Command Sequence
cst | )\ )\ [
SCK W )\ |_||_||_||_||_||_||_||_||_||_|:

siff7zle[s]alal2]10f23)) [1[o[W
s0 \ \ [716lslalsl2]1]0]

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

10.6 Set Block / Pointer Protection (39h) — S25FL132K 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 62) and is used to determine which one of the two protection
mechanisms is enabled, and if the pointer protection mechanism is enabled, determines the poin@‘eddress. The Write Enable
command must precede the Set Block / Pointer command. ‘\q

After the Set Block / Pointer Protection command is given, the value of A10 in byte 3 sele@ou,nether the block protection or the
pointer protection mechanism will be enabled. If A10 = 1, then the block protection mo@ abled. This is the default state, and the
rest of pointer values are don'’t care. If A10=0, then the pointer protection is enabled, and'the block protection feature is disabled.
The pointer address values A9 to AO are don't care. $

If the pointer protection mechanism is enabled, a pointer address determins&oundary between the protected and the
unprotected regions in the memory. The format of the Set Pointer command fs.the 39h instruction followed by three address bytes.
For the S25FL132K, ten address bits (A21-A12) after the 39h comma dé& used to program the nonvolatile pointer address. For
the 32M, A23 — A22 are don’t care. For the S25FL 164K, eleven ad eSS\ s (A22-A12) after the 39h command are used to program
the nonvolatile pointer address. For the 64M, A23 is a don’t care. (6

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

or bottom (lowest address) of the memory array t 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 inclu hat address and all the sectors from the bottom up (zero to higher address) will
be unprotected. If TB=1 and 39h command j Gjued followed by a 24-bit address then the 4-kB sector which includes that address
and all the sectors from the Top down %@Iower address) will be unprotected.

it

The SRP1 (SR2 [0]) and SRPO (SR1sQ]d) s are used to protect the pointer address in the same way they protect SR1 and SR2.
When SRP1 and SRPO protect @1 SR2, the 39h command is ignored. This effectively prevents changes to the protection
scheme using the existing SR PO mechanism — including the OTP protection option.

Bit 5 (Top / Bottom) of SR1 is used to determine wh; the region that will be unprotected will start from the top (highest address)

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 31 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

TB A1 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 % to A<22-12> 881 laddress, 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 [} address then the 4-kB sector which includes that address and
to 000000 to A<22-12> all the sectors from the Top down (max to lower address) will
be unprotected.

W\
Amax [ to A10=0 and A1 s protect all sectors and Amax-A12

. 1=1m
X ! 0 000000 Not Applicable |- -o"don't care. Q
N

N
@&

65. Amax = 7FFFFFh for the FL164K, and 3FFFFFh for the FL132K.
66. A<21-12> for the FL132K. %

Block Erase: In general, if the pointer protect scheme is active (A10=Qg‘@&ect all sectors is not active (A11=0), and the pointer
address points to anywhere within the block, the whole block will beyprotected from Block Erase even though part of the block is
unprotected. The 2 exceptions where block erase goes through i %e pointer address points to the TOP sector of the
block(A[15:12]=1111) if TB=0, and if the pointer points to the M sector of the block (A[15:12]=0000) and TB=1.

Figure 62. @ointer Address (39h)
cs# | Fa) [

SCK

e
st 7]e]5[4]3]2]1]ef28P22[21]20]19[18] 17[16] 15[ 14] 13]12[ 11] 10 X [ x [ X [ X[ X[ x [ X[ X [ x[ X]
S0 PN 72ud Dummy Cycles
—

Phase | Instruapn\ I Address i

&
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11. Data Integrity

11.1 Erase Endurance

Erase Endurance

Parameter Min Unit
Program/Erase cycles main Flash array sector 100K PE cycle
Program/Erase cycles Security Registers nonvolatile register array ! 1K PE cycle

Note

67. Each write command to a nonvolatile register causes a PE cycle on the entire nonvolatile 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.

11.2 Data Retention

Parameter Test Conditions \0? Minimum Time Unit
N &
10K Program/Erase Cycles 20 Years
Data Retention Time 9 Y (z;%
100K Program/Erase Cycl 2 Years
v
11.3 Initial Delivery State D
The device is shipped from Cypress with nonvolatile bits / default states sel%llows:
B The entire memory array is erased: i.e. all bits are set to 1 (each byt tains FFh).

B The Unique Device ID is programmed to a random number seeded Dy the date and time of device test.

Parameters (SFDP) on page 60. Security Register address s S 1 to 3 are erased: i.e. all bits are set to 1 (each byte contains
FFh).

B Status Register-1 contains 00h. @Q

B Status Register-2 contains 04h. @
B Status Register-3 contains 70h. C)O

<
&

B The SFDP Security Register address space 0 contains the ga as defined in Section 8.6.2 Serial Flash Discoverable
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12. 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)

Temperature Range

I = Industrial (-40°C to +85°C)

V = Industrial Plus (-40°C to +105%C) . .

A = Automotive, AEC-Q100 Gr. —40 C to +85 C)
B = Automotive, AEC-Q100%\ (-40°C to +105°C)
Package Materials’®® ~

F = Halogen-free, d\Pb)-free

H = Halogen-free, Lead {Pb)-free

Package Type&

M = 8-lead /, d SO package

N = 8-co SON/USON package
B=2 x 8 mm BGA package, 1.0 mm pitch
Sp

. &éﬁOB MHz

vice Technology
K =90 nm floating gate process technology
\&

Density
\) 16 = 16 Mbits
32 = 32 Mbits
@ 64 = 64 Mbits
Device Family @
S25FL1
Cypress Mem .0Volt-Only, Serial Peripheral Interface (SPI) Flash Memory

Note
68. Halogen free definition is in accordance with I@ -2-21.

&
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Valid Combinations — Standard
Table 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.

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 Q FL116KIFQ1
NFV 01 , FL116KVFO1
- 02 0‘.0 FL116KIHO02
0 )~ FL116KIHO3
\/ 0,3
By &2 FL116KVH02
\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
QH 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 FL132KVHO03
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 FL164KIH02
BHI
03 o3 FL164KIHO3
02 ’ FL164KVH02
BHV
03 FL164KVHO03
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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.

Valid Combinations — Automotive Grade / AEC-Q100

Base Ordering Part Number | Speed Option | Package and Temperature Model Number I;(cking Type | Package Marking
01 O FL116KAFO1
MFA Q1 [2) FL116KAFQ1
u~O FL116KAF4
- PV 013 FL116KBFO1
0 FL116KBF4
< 01 FL116KAFO01
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
(:)U 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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13. Revision History
Document History Page

Document Title: S25FL116K/S25FL132K/S25FL164K, 16-Mbit (2 Mbyte)/32-Mbit (4 Mbyte)/64-Mbit (8 Mbyte), 3.0 V, SPI Flash
Memory
Document Number: 002-00497

Rev. ECN No. 8;'3'1;; Sub{)nai:sesion Description of Change
Initial release
o Combined S25FL116K_00_06 and S25FL132K_164K_00_05
- ASPA 04/14/2014 Global: Promoted data sheet from Preliminary to Full Production
Added 125°C option
Migration Notes: FL Generations Comparison table: corrected Sector Erase Time (typ.)
for S25FL1-K
AC Electrical Characteristics: AC Electrical Characteristics — -40°C to +85°C/105°C at
2.7V to 3.6V table: added tRCH and tRST
Input / Output Timing: added Software Reset | "Timing figure
Physical Interface: Corrected figure: 8-Con ON (5 mm x 6 mm) Package
*A - ASPA 10/10/2014 | Security Register 0 — Serial Flash Disc le Parameters
(SFDP — JEDEC JESD216B): Up tion based on revised JEDEC JESD216B
spec
Commands: Added Command Set{Reset Commands) table
Reset Commands: Added ser@ : Reset Commands, Software Reset Enable (66h),
Software Reset (99h)
Updated section: Continu ead Mode Reset (FFh or FFFFh)
Power-Up Timing: P -Up Timing and Voltage Levels table: corrected TPUW
B - ASPA 12/04/2014 | Valid Combination&; Malid Combinations table: corrected FL116K Model Number and
Package Markip(
*C 4891479 | BWHA | 09/18/2015 |Updated to @ypress template.
Added “U®W4 mm x 4 mm” package related information in all instances across the
documen
U This product family has been retired and is not recommended for designs. For
nd current designs, S25FL064L supersede the S25FL1-K family. These are the
Mettory-recommended migration paths. Please refer to the S25FL-L Family datasheets
O tfor specifications and ordering information.:
C) Updated Package Options.
@ Updated Physical Interface:
N Q Updated Connection Diagrams:
C\' Updated SOIC 8:
% Updated Figure 27.
Updated SOIC 16 — S25FL164K:
Updated Figure 28.
*D 5044503 BWHA 12/18/2015

Updated WSON 8:

Updated Figure 29.

Updated FAB024 24-Ball BGA:

Updated Figure 6.1.

Updated FAC024 24-Ball BGA Package:

Updated Figure 6.2.

Updated Physical Diagrams:

Added UNF008 — 8-Contact USON 4 mm x 4 mm.
Updated Ordering Information:

Added “Halogen-free” for “F” under “Package Materials”.

Added Note “GT grade is Cypress’s quality and reliability rating to indicate products that
are tested to meet <10 ppm and intended for high reliability applications such as
automotive.” and referred the same note in “A” under “Temperature Range”.
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Document Number: 002-00497

Document Title: S25FL116K/S25FL132K/S25FL164K, 16-Mbit (2 Mbyte)/32-Mbit (4 Mbyte)/64-Mbit (8 Mbyte), 3.0 V, SPI Flash

Rev.

ECN No.

Orig. of
Change

Submission
Date

Description of Change

5270099

BWHA

06/29/2016

Added Logic Block Diagram.

Updated Electrical Characteristics:

Added Thermal Resistance.

Updated Data Integrity:

Removed “Endurance”.

Added Data Retention.

Updated Ordering Information:

Updated Valid Combinations — Automotive Grad@AEC-CﬂOO:
Updated Table : . Q

Added a column “Model Number”. %\

Added a row under “FL164K” and a FB” and its corresponding details.
Updated to new template.

*F

5645494

BW%C,

) 02/28/2017

Updated Signal Descriptions: ®‘
Updated Input / Output Su :
Update Table 1: @
Updated details in “I&iption” column corresponding to “DNU".
Updated Electrica racteristics:
Updated Operé Ranges:
Updated
Remo tended Temperature range related information.
Upd&c Electrical Characteristics:

ed Table 10:
>\dded “tcs” parameter and its details.
Updated Physical Interface:
Updated Physical Diagrams:
Updated SOA008 — 8-Lead Plastic Small Outline Package (150-mils Body Width)
(Updated Package Drawing to Cypress format).
Updated SOC008 — 8-Lead Plastic Small Outline Package (208-mils Body Width)
(Updated Package Drawing to Cypress format).
Updated SO3016 — 16-Lead Plastic Wide Outline Package (300-mils Body Width)
(Updated Package Drawing to Cypress format).
Updated WNDOO8 — 8-Contact WSON 5 mm "~ 6 mm (Updated Package Drawing to
Cypress format).
Updated UNF008 — 8-Contact USON 4 mm x 4 mm (Updated Package Drawing to
Cypress format).
Updated FAB024 — 24-Ball Ball Grid Array (8 mm ~ 6 mm) Package (Updated Package
Drawing to Cypress format).
Updated FAC024 — 24-Ball Ball Grid Array (8 mm ~ 6 mm) Package (Updated Package
Drawing to Cypress format).
Updated Address Space Maps:
Updated Device Identification:
Updated Table 25:
Added Note 41 and referred the same note in “ABh” in “Instruction” column.
Added Note 42 and referred the same note in “90h” in “Instruction” column.
Added Note 43 and referred the same note in “9Fh” in “Instruction” column.
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Orig. of
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Rev.

Description of Change

*F (cont.) 5645494 BWHA 02/28/2017

Updated Commands:
Updated Table 29:

Updated details in “BYTE 2”, “BYTE 3” and “BYTE 4” columns corresponding to
“Manufacturer / Device ID” command.

Update Data Integrity:
Update Data Retention:

Removed “Data Retention Time Security Registers nonvolatile register array” parameter
and its details.

Updated Ordering Information: Q
Updated Valid Combinations — Automotive‘é@/ AEC-Q100:
Updated description.

Removed a row corresponding to * der “FL132K”.

Removed rows corresponding t$ : “MFV”, “NFI” and “NFV” under “FL164K”.
Updated to new template. < 0.

*G 5709491 GNKK 04/25/2017

Updated the Cypress IoWopyright information.

*H 5742469 NFB 05/19/2017

Added “Not Recomme@e@for New Design (NRND)” status.

*| 6228963 BWHA 07/04/2018

Updated Orderin nation section and added a note “Halogen free definition is in
accordance wnkE 61249-2-21”
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