S7T9FS01GS iﬁ’f—irneon

1 Gbit, 1.8 V Dual-Quad Serial Peripheral
Interface with Multi-1/0O Flash

Features

+ Density
- 1Gb (128 MB)

« SPI with multi-I/O
- SPI clock polarity and phase modes 0 and 3
- DDR option
- Extended addressing - 24 or 32-bit address options

+ Read
- Commands: Normal, Fast Quad I/0, DDR Quad I/O
- Modes: Burst Wrap, Continuous (XIP), QPI
- Serial flash discoverable parameters (SFDP) and common flash interface (CFl), for configuration information

¢ Program
- 256 or 512 bytes page programming buffer per die
- Program suspend and resume
- Automatic error correction code (ECC) - internal hardware ECC with single bit error correction

+ Erase
- Hybrid sector option

+ Physical set of eight 8 KB sectors and one 448 KB sector at the top or bottom of address space with all
remaining sectors of 512 KB per die

- Uniform sector option

« Uniform 512-KB blocks
- Erase suspend and resume
- Erase status evaluation

+ Cycling endurance
- 100,000 program-erase cycles, minimum

» Data retention
- 20 year data retention, minimum

+ Security features

- OTP array of 2048 bytes

- Block protection:
« Status Register bits to control protection against program or erase of a contiguous range of sectors.
« Hardware and software control options

- Advanced sector protection (ASP)
« Individual sector protection controlled by boot code or password
« Option for password control of read access

+ Technology

- 65-nm MIRRORBIT™ technology with Eclipse architecture
+ Supply voltage

-17Vto2.0V
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Logic block diagram

» Temperature range / grade
- Automotive, AEC-Q100 Grade 2 (—40°C to +105°C)

« Packages (all Pb-free)
- BGA-246x 8 mm
« 5x 5 ball (ZSA024) footprint

Logic block diagram
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Performance summary

Performance summary

Maximum read rates

Command Clock rate (MHz) MBps
Read 50 12.5
Fast read 133 33
Quad read 133 133
DDR quad /O read 102 204

Typical program and erase rates

Operation KBps
Page programming (512 bytes page buffer) 1424
Page programming (1024 bytes page buffer) 2160
8 KB physical sector erase (hybrid sector) 56
512 KB sector erase (uniform logical sector) 500

Typical current consumption

Operation Current (mA)
Serial read 50 MHz 20
Serial read 133 MHz 50
Quad read 133 MHz 120
Quad DDRread 102 MHz 140
Program 120
Erase 120
Standby 0.050
Deep power down (DPD) 0.016
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Overview
1 Overview
1.1 General description

This document contains information for the ST9FS01GS flash memory device constructed from two S25FS512S
devices. Specifications contained in this datasheet supersede those in the S25FS512S datasheet. The maximum
DDR clock rate was increased from 80 MHz to 102 MHz.

The ST9FS01GS Dual-Quad SPI device uses the industry standard single bit SPI using two Quad SPI devicesin each
package (Quad SPI-1 and Quad SPI-2). This interface is called Dual-Quad and enables support of byte wide (8 bit)
serial transfers.
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SPI with multiple input / output (SPI-MIO)

2 SPI with multiple input / output (SPI-MIO)

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

The S7T9FS01GS uses the industry standard single bit SPI and also supports optional extension commands for
two-bit (Dual) and four-bit (Quad) wide serial transfers. This multiple width interface is called SPI multi-I/O or
SPI-MIO.
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Signal description

3 Signal description
3.1 Input/Output summary
Table1 Dual-Quad SPI input/output description
Signal name Type Description
SCK1 Input Serial Clock for Quad SPI-1
SCK2 Input Serial Clock for Quad SPI-2
CSi# Input Chip Select for Quad SPI-1
CS2# Input Chip Select for Quad SPI-2
100 1/0 1/0 0 for Quad SPI-1
101 I/0 1/0 1 for Quad SPI-1
WP1# /102 1/0 1/0 2 for Quad SPI-1 [ Write Protect for Quad SPI-1
RESET1#/103 I/0 1/0 3 for Quad SPI-1 /| RESET# for Quad SPI-1
104 I/0 1/0 0 for Quad SPI-2
105 1/0 1/0 1 for Quad SPI-2
WP2# /106 1/0 1/0 2 for Quad SPI-2 [ Write Protect for Quad SPI-2
RESET2# /107 1/O 1/0 3 for Quad SPI-2 / RESET# for Quad SPI-2
Vee Supply Core Power Supply
Vss Supply Ground

Not Connected. No device internal signal is connected to the package connector
nor is there any future plan to use the connector for a signal. The connection may
NC Unused safely be used for routing space for a signal on a PCB. However, any signal
connected to a NC pin must not have voltage levels higher than the V. absolute
maximum on page 1 (Supply Voltage).

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

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

3.2 Multiple Input / Output (Dual-Quad)

Quad Input/Output (1/0) commands send instructions to the memory only on the |00 (Quad SPI-1) and 104 (Quad
SPI-2) signals. Address is sent from the host to the memory as four bit (nibble) on 100, 101, 102, 103 (Quad
SPI-1)and repeated on 104, 105, 106, 107 (Quad SPI-2). Data is sent and returned to the host as bytes on 100-107.

3.3 Serial Clock (SCK1, SCK2)

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

3.4 Chip Select (CS1#, CS2#)

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

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

Driving the CS# input to the logic LOW state enables the device, placing it in the Active Power mode. After
Power-up, a falling edge on CS# is required prior to the start of any command.

3.5 Serial Input (100, 104)

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.

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

3.6 Serial Output (101, 105)

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

Input and output during Quad commands for receiving addresses, and data to be programmed (values latched
onrising edge of serial SCK clock signal) as well as shifting out data (on the falling edge of SCK, in SDR commands,
and on every edge of SCK, in DDR commands).

3.7 Write Protect (WP1#, WP2#) [ (102, 106)

When WP# is driven LOW (V| ), during a WRR or WRAR command and while the Status Register Write Disable
(SRWD_NV) bit of Status Register 1 (SRINV[T]) is set to ‘1’ it is not possible to write to Status Register 1 or
Configuration Register 1 related registers. In this situation, a WRR command is ignored, a WRAR command
selecting SRINV, SR1V, CR1INV, or CR1V is ignored, and no error is set.

This prevents any alteration of the Block Protection settings. As a consequence, all the data bytes in the memory
area that are protected by the Block Protection feature are also hardware protected against data modification if
WP# is LOW during a WRR or WRAR command with SRWD_NV set to ‘1.

The WP# function is not available when the Quad mode is enabled (CR1V[1] = 1). The WP# function is replaced by
102 for input and output during Quad mode for receiving addresses, and data to be programmed (values are
latched onrising edge of the SCK signal) as well as shifting out data (on the falling edge of SCK, in SDR commands,
and on every edge of SCK, in DDR commands).

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

3.8 103,107 [ RESET1#, RESET2#

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

The (103,107 / RESET1#, RESET2#) signal may also be used to initiate the hardware reset function when the reset
feature is enabled by writing Configuration Register 2 non-volatile bit 5 (CR2V[5] = 1). The input is only treated as
RESET# when the device is not in Quad-I/O mode, CR1V[1] = 0, or when CS# is HIGH. When Quad I/0O mode is in
use, CR1V[1] = 1, and the device is selected with CS# LOW, the (103,107 / RESET1#, RESET2#) is used only as (103,
107) for information transfer. When CS# is HIGH, the (103, 107 / RESET1#, RESET2#) is not in use for information
transfer and is used as the RESET# input. By conditioning the reset operation on CS# HIGH during Quad mode,
the reset function remains available during Quad mode.

When the system enters a reset condition, the CS# signal must be driven HIGH as part of the reset process and
the (103,107 / RESET1#, RESET2#) signal is driven LOW. When CS# goes HIGH the (103, 107 / RESET1#, RESET2#)
input transitions from being (103, 107) to being the RESET# input. The reset condition is then detected when CS#
remains HIGH and the (103, 107 / RESET1#, RESET2#) signal remains LOW for tgp. If a reset is not intended, the
system is required to actively drive |03 / Reset# to HIGH along with CS# being driven HIGH at the end of a transfer
of data to the memory. Following transfers of data to the host system, the memory will drive (103,107) high during
tcs. Thiswill ensure that 103 / Reset is not left floating or being pulled slowly to HIGH by the internal or an external
passive pull-up. Thus, an unintended reset is not triggered by the (103, 107 / RESET1#, RESET2#) not being
recognized as HIGH before the end of tgp.

The (103,107 / RESET1#, RESET2#) signal is unused when the reset feature is disabled (CR2V[5] = 0).

The (103,107 / RESET1#, RESET2#) signal has an internal pull-up resistor and may be left unconnected in the host
system if not used for Quad mode or the reset function. The internal pull-up will hold (103, 107 / RESET1#,
RESET2#) HIGH after the host system has actively driven the signal HIGH and then stops driving the signal.

Note that (103, 107 / RESET1#, RESET2#) cannot be shared by more than one SPI-MIO memory if any of them are
operatingin Quad 1/0 mode as (103, 107) being driven to or from one selected memory may look like a reset signal
to a second non-selected memory sharing the same (103, 107 / RESET1#, RESET2#) signal.

3.9 Voltage Supply (V¢c)

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

3.10 Supply and Signal Ground (V)

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

3.11 Not Connected (NC)

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

3.12 Reserved for Future Use (RFU)

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

3.13 Do Not Use (DNU)

A device internal signal may be connected to the package connector. The connection may be used by Infineon
for test or other purposes and is not intended for connection to any host system signal. Any DNU signal related
function will be inactive when the signal is at V. The signal has an internal pull-down resistor and may be left
unconnected in the host system or may be tied to Vgs. Do not use these connections for PCB signal routing
channels. Do not connect any host system signal to these connections.
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3.14 Block diagrams
é SPIHOST ) é Dual-Quad SPI Device )
100 |- 100
01 1 WP1£1|02
WP1# 1102 RESET1#/103 Quad SPI-1
RESET1# /103 [<— SCKA 03
SCK1 >
csi# CS1# >
104 | 04
105 < wpz;tolr:os >
WP2# /106 | >
Quad SPI-2
RESET2# / 107 | RESET2# /107, | Ha
SCK2 SCcK2 |
csa# CS2#__,,
\ J \_
Figure 1 SPI host and Dual-Quad SPI device example 1
é SPIHOST ) é Dual-Quad SPI Device
100 | 100,
101 1 WP1;¢0/1|02 >
WP1#/102 1< RESET1#/103| Quad SPI-1
RESET1# /103 | >
SCK1
CS1# >
SCK -
cs#
sck2 |
-
104 < 105 > Quad SPI-2
105 |- -
WP2#/ 106 | WP2#/106__,,
RESET2# /107 | RESET2#/107,, |
\ J \_
Figure 2 SPI host and Dual-Quad SPI device example 2
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4 Signal protocols
4.1 SPI clock modes
4.1.1 Single data rate (SDR)

The S79FS01GS can be driven by an embedded microcontroller (bus master) in either of the two following
clocking modes.

« Mode 0 with Clock Polarity (CPOL) = 0 and, Clock Phase (CPHA) =0

+ Mode 3 with CPOL=1and, CPHA=1

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

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

+ SCK will stay at logic LOW state with CPOL=0, CPHA=0
+ SCK will stay at logic HIGH state with CPOL=1,CPHA=1

CPOL=0_CPHA=0_SCLK I \ / LA T \ / \ / \ J
CPOL=1_CPHA=1_SCLK \ [ \ [ [\ ] \ [ \ [
cs#t )\ )
IOCOEN MSB__| | ) }
101 (\ [ MSB ]
104 I MSB__ ] A\ }
105 " [ MSB ]
Figure 3 SPI SDR Modes supported

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

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

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

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

croL-o_cerr-o_soc___[\ /LW W
croL-1_cpma-t_so |\ L\ WL\
o | @
Transfer_Phase ' Instructipp \ Address\\ X ModeD\ Dumryy / DLP
N Eha
o1 |
02 |
03 §
I (N e s
05 |
o0 §
\{
))

07 0 50 419 09 4 (),
Figure 4 SPI DDR Modes supported
4.2 Command protocol

All communication between the host system and ST9FS01GS devices is in the form of units called commands.

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

Quad Input / Output (I/0) commands provide an address sent from the host as four bit (nibble) groups on 100,
101,102,103 and repeated on 104, 105, 106, 107, then followed by dummy cycles. Data is returned to the host as
byte on 100-107. This is referenced as 2-8-8 for Quad /0 command protocols.

QPI commands transfers all instructions and address from the host to the memory as four bit (nibble) groups on
100,101,102, 103 and repeated on 104, 105, 106, |07. Data is sent and returned to the host as bytes on 100-107.
This is referenced as a 8-8-8 command protocol.

Commands are structured as follows:

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

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

« Each command begins with an 8-bit (byte) instruction. The instruction is always presented only as a single bit
serial sequence on the Serial Input (100 and 104) signal with one bit transferred to the memory device on each
SCKrising edge. The instruction selects the type of information transfer or device operation to be performed.

Datasheet 13 002-25385 Rev. *D
2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash ( in fi neon

Signal protocols

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

+ In QPI mode, the width of all transfers is a 8-bit wide (byte) transfer on the 100-107 signals.

+ Quad I/0 read instructions send an instruction modifier called Continuous Read mode bits, following the
address, to indicate whether the next command will be of the same type with animplied, rather than an explicit,
instruction. These mode bits initiate or end the continuous read mode. In Continuous Read mode, the next
command thus does not provide an instruction byte, only a new address and mode bits. This reduces the time
needed to send each command when the same command type is repeated in a sequence of commands. The
mode bit transfers occur on SCK rising edge, in SDR commands, or on every SCK edge, in DDR commands.

+ 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 100 and 104 or Serial Output (I01 and I05) signals, they may be
done in 4-bit groups per (quad) transfer on the 100-103 signals. Within the quad groups the least significant bit
is on 100. More significant bits are placed in significance order on each higher numbered 10 signal. Single bits
or parallel bit groups are transferred in most to least significant bit order.

« Some instructions send an instruction modifier called mode bits, following the address, to indicate that the
next command will be of the same type with an implied, rather than an explicit, instruction. The next command
thus does not provide an instruction byte, only a new address and mode bits. This reduces the time needed to
send each command when the same command type is repeated in a sequence of commands. The mode bit
transfers occur on SCKrising edge, in SDR commands, or on every SCK edge, in DDR commands.

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

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

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

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

+ At the end of a command that does not return data, the host drives the CS# input HIGH. The CS# signal must go
HIGH after the eighth bit, of a standalone instruction or, of the last write data byte that is transferred. That is,
the CS# signal must be driven HIGH when the number of clock cycles after CS# signal was driven LOW is an exact
multiple of eight cycles. If the CS# signal does not go HIGH exactly at the eight SCK cycle boundary of the
instruction or write data, the command is rejected and not executed.

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

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

+ Depending on the command, the time for execution varies. Acommand 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

Cs#
scK o B = = = I 1 L

o [ - T 5 1+ [ 3 [ 7 T + [ o

101-103

o QNN 7 [ e [ s [ a4 [ 3 [ 2 [ 1 T o

105-107

Phase ‘L Instruction

[

Figure 5 Dual-Quad Standalone Instruction command!!!

| i | |
Phase L Instructon L InputData L

Figure 6 Dual-Quad Single Bit Wide Input command!!!

cs# | [

SCLK
co M 7 [6 [5[«[3]2[7]o [

101 {3l2]1]of[3[2]1]o]
o«I 7 {6 [s[«[a[2]+]o [
105 7] e6[s5[a]7]e6[5]4]
Phase T Instructon o Data1 '  Daa2 |
,,,,, L — s
Figure 7 Dual-Quad Single Bit Wide /0 command without latency!!]

Note
1. Instruction needs to be the same for both 100 (Quad SPI-1) and 104 (Quad SPI-2).
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cs# | ) ) [

sew MUy U =
oo M7 Te 15 T4 s T2 1 o Tar){ T o I

101 i\ 3]2[1]0]3]2]1]0]

({
1)
102-103 |

| x
Y) )

o4+ M7 e s Ta s 2o s\ T To [
(\
Y)
i\

105 i\ [716[5]4]7]6]5]4]
106-107 i\
Phase’Tjjjjj]as}@gt@ajjjjjj’3{}@@@s;{jS\jjj@uﬁyjcjy@g{jjj[jj@g@j:[jj:}g@g:[:
Figure 8 Dual-Quad Single Bit Wide I/0 command with latency[z]
cs# | §\
o0——7[6[s5[4[3[2][1]ofAa[W[1]o0] {oJofofofo]
o1 ) NN ENENEN
102 ) [2[2]2]2]2]
103 i\ 3{3]3][3][3]
04— 7654 [3[2]1]ofa[W[1]o0] {4]4af4a4]
105 \t 5 [5]5][5]5]
106 \! [6[6]6]6]6]
107 i\ 717717 ]7]
Phase |~ instucon | Aldress | Dummy ___ |D1.D2|D3[D4 D5
Figure 9 Dual-Quad, Quad Output Read command®!

Notes
2. Instruction needs to be the same for both 100 (Quad SPI-1) and 104 (Quad SPI-2).
3. A=MSB of address = 23 for 3-byte address, or 31 for 4-byte address.
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cst ] \ )

seek | MMM LS L L LS L e
100—{7 {6 [543 21 10]2sl\\ [ 404 oHy\——Jo0olololo]
101 2o\ 15 [+ {5 -\ [ 11 1]
102 30\ T6l2]c MaH\\—J2[2]2]2]
103 B\ 7137 BH {333 5]
04—{7 (6 [543 21 10]2sl\\ [4 o4 olH\——Jalalala]
105 20\ T5 [+ {5 H\\——T5 [515 [5]
106 [0\ T6 26 Mo\ {61666 ]
107 BN T7 (a7 BH\N—7 77 7]

Phase | Instruction "\ Address | Mode ' \\ Dummy D1 D2 D3/D4’

e e r__J)y T L7

Figure 10 Dual-Quad, Quad I/0 command(* 5]

cs# | \\ \\
anipiniplpinlinipinisinininininininl
00— 4 | o

01— 5 [ 1

02— 6 [ 2

03— 7 [ 3

osa—— 4| o

05— 5 [ 1

06— 6 | 2

o7—— 7 [ 3
Phase | lnstruct |

Figure 11 Dual-Quad SPI, Quad 1/O Read command in QPI Mode!* °!

Notes

4. Instruction, Address, and Mode bits needs to be the same for both 100-103 (Quad SPI-1) and 104-107 (Quad
SPI-2).

5. The gray bits are optional, the host does not have to drive bits during that cycle.
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= i\
oo—7]e|s5[4]3]2]17]0 |28|24|20|16|12|8|4|0|4|.—“—|7|6|5|4|3|2|1|o|o|0|0|0|
101 oded21 1719 o[ 515 [HN\——7[6]s[4] 32 Jo [ [1[1]1]
02 [sdzded 4o 2 [ B\ e[l s 2] [o2[2[2[2]
103 I31|27|23|19|15|11|7|3|7|.—“—|7|6|5|4|3|2|1|0|3|3|3|3|
o4s—7]e|s5[a]3]2]1]0 |28|24|20|16|12|8|4|0|4|.—“—|7|6|5|4|3|2|1|o|4|4|4|4|
105 |29|25|21|17|13|9|5|1|5|.—“—|7|6|5|4|3|2|1|o|5|5|5|5|
106 I3q26|22|18|14|2|6|2|6|.—“—|7|6|5|4|3|2|1|O|6|6|6|6|
107 I31|27|23|19|15|3|7|3|7|.—“—|7|6|5|4|3|2|1|0|7|7|7|7|

| : | | |
Phase | mstucion | Addess  [Mode\) Dummy |~ DP D1D2D34.

Figure 12 Dual-Quad DDR Quad I/O Read command(® 7]

cor ] \
oo—] 4 J o |28|24|20|16|12|8|4|0|4|.—\\—|7|6|5|4|3|2|1|0|0|0|o|o|
01— 5 | 1 [2o[2s]21]17[13[ 0[5 [ 1 |5 FN———T 7654 3] 2] 1[0 1] 1]1]1]
02— "6 | 2 [30]26]22[18[14[10] 6 [2] 6 B N\——T7[6]5]4]3] 2] 1]0]2]2]2]2]
o3— 7 [ 3 |31|27|23|19|15|11|7|3|7|.—“—|7|6|5|4|3|2|1|0|3|3|3|3|
04— 4 J o |28|24|20|16|12|8|4|0|4|.—\\—|7|6|5|4|3|2|1|0|4|4|4|4|
10s —{ 5 | 1 [29[2s]21]17[13[ o[ 5[5 HFN——T7[6]5]4]3]2]1]0]5]5]5]5]
06— 6 [ 2 |30|26|22|18|14|2|6|2|6|.—“—|7|6|5|4|3|2|1|0|6|6|6|6|
o7—] 7 [ 3 |31|27|23|19|15|3|7|3|7|.—“—|7|6|5|4|3|2|1|0|7|7|7|7|
Phase | nstuol | Address | Mode \\ Dummy [ DLP _  [D1D2[D3D4] _

Figure 13 Dual-Quad SPI DDR Quad 1/0 Read command QPI Mode!®: 7]

Additional sequence diagrams, specific to each command, are provided in “Commands” on page 80.

Notes

6. Instruction, Address, and Mode bits needs to be the same for both 100-103 (Quad SPI-1) and 104-107 (Quad
SPI-2).

7. The gray bits are optional, the host does not have to drive bits during that cycle.
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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
SCK1 | CSi# RESET1# /103 WP# [ 102

Interface state Ve SCK2 | csa# RESET2# | 107 WP2# | 106 101,105 | 100,104
Power-Off <Vcc(low) X X X X z X
LowPowerHardwareData | oy (cutoff) | X | X X X z X
Power-On (Cold) Reset 2Vcc(min) X HH X X z X
Hard W Reset .
Ng;_‘é"ﬂ;%(M jcrjr:) ese >V (min) X X HL X Z X
o e NarmIReset | svee(min) | X | HH HL X z X
Interface Standby 2Vcc(min) X HH X X z X
'S”PSIt)rUCt'O” Cycle(legacy |y (min) | HT | HL HH HV z HV
Single | t Cycle Host t .
M'Qr%gr;%‘an s’;gf OStIO 1 2vc(min) HT HL HH X Z HV
glync%ée Latency (Dummy) | oy (min) | HT | HL HH X z X
Single Output Cycle .
Memory to Host Transfer 2Vc(min) HT HL HH X MV X
oo Yo oS0 | avee(ming | HT | HL HH X HV HV
B;CalleLatenCy (Dummy) 2Vcc(min) HT HL HH X X X
Dual Output Cycle .
Memory to Host Transfer 2Vcc(min) HT HL HH X MV MV
%Le‘?;‘rf'o'&p;‘rgﬁé’%f Hostto | oy (min) | HT | HL HV HV HV HV
8;32 Latency (Dummy) >V (min) HT HL X X X X
Quad Output Cycle .
Memory to Host Transfer 2Vec(min) HT HL MV MV MV MV
DDR Quad Input Cycle .
Host to Memory Transfer 2Vec(min) HT HL HV HV HV HV
E}?ge‘-atency (DBummy) 2Vec(min) | HT | HL MV or Z MVorz | MVorz | Mvorz
DDR Quad Output Cycle .
Memory to Host Transfer 2Vcc(min) HT HL MV MV MV MV
Legend
Z=No driver - floating signal
HL = Host driving V|,
HH = Host driving V|
HV = Either HL or HH
X=HLorHHorZ
HT = Toggling between HL and HH
ML = Memory driving V,,
MH = Memory driving V|4
MV = Either ML or MH
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4.3.1 Power-off

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

4.3.2 Low power hardware data protection

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

4.3.3 Power-on (cold) reset

When the core voltage supply remains at or below the V¢ (o) VOltage for > tpp time, then rises to 2 Vee (minimum)
the device will begin its power-on reset (POR) process. POR continues until the end of tp . During tp, the device
does not react to external input signals nor drive any outputs. Following the end of tp, the device transitions to
the Interface Standby state and can accept commands. For additionalinformation on POR, see “Power-on (cold)
reset” on page 32.

4.3.4 Hardware (warm) reset

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

4.3.5 Interface Standby

When CS# is HIGH, the SPl interface is in Standby state. Inputs other than RESET# are ignored. The interface waits
for the beginning of a new command. The next interface state is Instruction Cycle when CS# goes LOW to begin a
new command.

While in interface Standby state the memory device draws standby current (Igg) if no embedded algorithmisin
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.

ADPD mode is supported by the ST9FS01GS devices. If the device has been placed in DPD mode by the DPD (B9h)
command, the interface standby current is (Ippp). The DPD command is accepted only while the device is not
performing an embedded algorithm asindicated by the Status Register-1 volatile Write In Progress (WIP) bit being
cleared to ‘0’ (SR1V[0] = 0). While in DPD mode the device ignores all commands except the Release from DPD
(RES ABh) command, that will return the device to the Interface Standby state after a delay of tggs.

4.3.6 Instruction cycle (legacy SPI mode)

When the host drives the MSb of an instruction and CS# goes LOW, on the next rising edge of SCK the device
captures the MSb of the instruction that begins the new command. On each following rising edge of SCK the
device captures the next lower significance bit of the 8-bit instruction. The host keeps CS# LOW, and drives the
Write Protect (WP#) and I03/RESET signals as needed for the instruction. However, WP# is only relevant during
instruction cycles of a WRR or WRAR command and is otherwise ignored. |03 / RESET# is driven HIGH when the
device is not in Quad Mode (CR1V[1] = 0) or QPI Mode (CR2V[6] = 0) and hardware reset is not required.

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

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

Datasheet 20 002-25385 Rev. *D
2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash ( in fi neon

Signal protocols

4.3.7 Instruction cycle (QPI mode)

In QPI mode, when CR2V[6] = 1, instructions are transferred 4 bits per cycle. In this mode instruction cycles are
the same as a Quad Input Cycle (See “Quad input cycle — Host to Memory transfer” on page 21).

4.3.8 Single input cycle — Host to Memory transfer

Several commands transfer information after the instruction on the single serial input (100 and 105) signal from
host to the memory device. The host keeps RESET# HIGH, CS# LOW, and drives 100 and 104 as needed for the
command. The memory does not drive the Serial Output (101 and I05) signal.

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

4.3.9 Single latency (dummy) cycle

Read commands may have zero to several latency cycles during which read data is read from the main flash
memory array before transfer to the host. The number of latency cycles are determined by the latency code in
the Configuration Register (CR2V[3:0]). During the latency cycles, the host keeps RESET# HIGH, CS# LOW. The
Write Protect (WP#) signal is ignored. The host may drive the |00 and 104 signal during these cycles or the host
may leave 100 and 104 floating. The memory does not use any data driven on 100 and 104 or other 1/0 signals
during the latency cycles. The memory does not drive the Serial Output (I01 and 105) or I/O signals during the
latency cycles.

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

4.3.10 Single output cycle — Memory to Host transfer

Several commands transfer information back to the host on the single Serial Output (101 and 105) signal. The host
keeps RESET# HIGH, CS# LOW. The Write Protect (WP#) signal is ignored. The memory ignores the Serial Input
(100 and 104) signal. The memory drives 101 and 105 with data.

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

4.3.11 Quad input cycle — Host to Memory transfer

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

For Quad I/O Read the next interface state following the delivery of address and mode bitsis a Quad Latency Cycle
if there are latency cycles needed or Quad Output Cycle if no latency is required. For QP mode Page Program,
the host returns CS# HIGH following the delivery of data to be programmed and the interface returns to standby
state.

4.3.12 Quad latency (dummy) cycle

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

The next interface state following the last latency cycle is a Quad Output Cycle.
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4.3.13 Quad output cycle — Memory to Host transfer

The Quad I/0 Read returns data to the host four bits in each cycle. The host keeps CS# LOW. The memory drives
data on 100-103 signals during the Quad output cycles.

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

4.3.14 DDR Quad input cycle — Host to Memory transfer

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

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

4.3.15 DDR latency cycle

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

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

4.3.16 DDR Quad output cycle — Memory to Host transfer

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

The next interface state continues to be DDR Quad Output Cycle until the host returns CS# to HIGH ending the
command.
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4.4 Configuration Register effects on the interface

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

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

4.5 Data protection

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

4.5.1 Power-up

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

4.5.2 Low power

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

4.5.3 Clock pulse count

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

4.5.4 DPD

In DPD mode, the device responds only to the Release from DPD command (RES ABh). All other commands are
ignored during DPD mode, thereby protecting the memory from program and erase operations.
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5 Electrical specifications

5.1 Absolute maximum ratings

Table 3 Absolute maximum ratings

Storage temperature plastic packages -65°C to +150°C

Ambient temperature with power applied -65°C to +150°C

Vee -0.5Vto+2.5V

Input voltage with respect to ground (VSS)[B] -0.5VtoVec+0.5V

Output short circuit cu rrentl®] 100 mA

5.2 Thermal resistance
Table 4 Thermal resistance

Parameter Description Test conditions ZSA024 Unit
Thermal resistance o
Theta JA (Junction to ambient) Test conditions follow standard test 33 C/w
- methods and procedures for
Theta JB Lhuer:gg%lﬁglitg;ﬁje) measuring thermal impedance in 12.3 °C/W
accordance with EIA/JESD51 with still
Thermal resistance air (0 m/s). o
Theta JC (Junction to case) 115 C/W
5.3 Latchup characteristics
Table 5 Latchup specification!!]
Description Min Max Unit

Input voltage with respect to Vgg on all input only connections -1.0 Vee+1.0 |V
Input voltage with respect to Vgg on all 1/O connections -1.0 Vet 1.0 v
Ve current -100 +100 mA
Notes

8. See “Input signal overshoot” on page 25 for allowed maximums during signal transition.
9. No more than one output may be shorted to ground at a time. Duration of the short circuit should not be
greater than one second.

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

11.Excludes power supply Vc. Test conditions: V¢ = 1.8 V, one connection at a time tested, connections not
being tested are at Vss.
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5.4 Operating ranges
Operating ranges define those limits between which the functionality of the device is guaranteed.
5.4.1 Power supply voltages
Table 6 Power supply voltages
VCC 1.7Vto2.0V
5.4.2 Temperature ranges!*?
Table 7 Temperature ranges
. Spec .
Parameter Symbol Devices - Unit
Min Max
Industrial (1) -40 +85
Industrial Plus devices (V) -40 +105
Ambient temperature Th Automotive, AEC-Q100 grade 3 (A) -40 +85 °C
Automotive, AEC-Q100 grade 2 (B) -40 +105
Automotive, AEC-Q100 grade 1 (M) -40 +125
5.4.3 Input signal overshoot

During DC conditions, input or 1/O signals should remain equal to or between Vgg and Vcc. During voltage
transitions, inputs or 1/0s may overshoot Vgg to -1.0 V or overshoot to V¢ + 1.0V, for periods up to 20 ns.

VSS to VCC

v - — — — = —
¢ |
<20ns
Figure 14 Maximum negative overshoot waveform
< 20ns
gt L
Vpp +1.0V - — — — |— —
VSS to VCC
Figure 15 Maximum positive overshoot waveform

Note
12.Industrial Plus operating and performance parameters will be determined by device characterization and
may vary from standard industrial temperature range devices as currently shown in this specification.
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5.5 Power-up and power-down

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

* Vcc (min) at power-up, and then for a further delay of tp

* Vgg at power-down

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

The device ignores all instructions until a time delay of tp; has elapsed after the moment that V. rises above the
minimum V¢ threshold (see Figure 16). However, correct operation of the device is not guaranteed if V¢ returns
below V¢ (min) during tp;. No command should be sent to the device until the end of tpy.

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

During power-down or voltage drops below V¢ (cut-off), the voltage must drop below V¢ (low) for a period of tpp
for the part to initialize correctly on power-up (see Figure 17). If during a voltage drop the V¢ stays above
Vcc(cut-off) the part will stay initialized and will work correctly when V¢ is again above Vc(min). In the event
POR did not complete correctly after power up, the assertion of the RESET# signal or receiving a software reset
command (RESET) will restart the POR process.

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

Table 8 FS-S power-up / power-down voltage and timing
Symbol Parameter Min Max Unit
Ve (min) Vcc (minimum operation voltage) 1.7 - v
Ve (cut-off) | Vec (cut Off where re-initialization is needed) 15 - v
Ve (low) Ve (low voltage for initialization to occur) 0.7 - %
tpy Vcc(min) to Read operation - 300 HS
tpp Vec(low) time 10.0 - Hs
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Ve (Max)

Voc (Min) F/
|

tPU Full Device Access

- |
Time
Figure 16 Power-up
Vee (Max)
- - -
No Device Access Allowed | —
Vee (Min) |
.
tPU Device
Ve (Cut-off) Access
/ Allowe
Ve (Low) | 1
tPD
Time
Figure 17 Power-down and voltage drop
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6 DC characteristics
Table 9 DC characteristics — operating temperature range -40°C to +105°C
Symbol Parameter Test conditions Min Typ[13] Max Unit
Vi Input low voltage - -0.5 - 03xVee |V
Viy Input high voltage - 0.7%x Ve - Vec+04 |V
VoL Output low voltage lo =0.1 mA - - 0.2 v
Von Output high voltage lop=-0.1mA Vec-0.2 - - v
Ve =Vee Max, Viy =V, or Vsg, _ _
I Input leakage current CSk=V, +8 HA
VCC:VCC Max, V|N:V|H Oers, _ _
lLo Output leakage current CSk=V, +8 HA
Serial SDR @ 54 MHz 20 34
| Active power supply current Serial SDR @ 133 MHz _ 50 60 mA
ccl (READ)14! Quad SDR @ 133 MHz 120 130
Quad DDR @ 102 MHz 140 180
Active power supply current _ B
lcca (Page program) CS#=Vcc 120 200 mA
Active power supply current
lecs (WRR PR AR) PPy CS#=Vcc - 120 200 mA
leca :é\scél)ve power supply current CS#=Vec _ 120 200 mA
lecs ,(Aéél)ve power supply current | o Ve _ 120 200 mA
103 / RESET#, CS#=V(; B
lsp Standby current S, SCK = Ve Of Vs 50 600 HA
) 103 / RESETH#, CS#=V(; B
Ibpp Deep power-down current SI, SCK = Ve or Veg 16 300 HA
103 / RESET#, CS#=V(; _ ~
Ipor Power on reset current SI, SCK = Ve or Vg 160 mA
Notes

13.Typical values are at Ty, =25°C and V= 1.8 V.
14.0utputs unconnected during read data return. Output switching current is not included.
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6.1

6.2

Active Power and Standby Power modes

The deviceis 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.

Deep Power Down (DPD) mode

DPD mode is supported by the ST9FS01GS devices. If the device has been placed in DPD mode by the DPD (B9h)
command, the interface standby current is (Ippp). The DPD command is accepted only while the device is not
performing an embedded algorithm as indicated by the Status Register-1 Volatile Write In Progress (WIP) bit

being cleared to ‘0’ (SR1V[0] = 0). While in DPD mode, the device ignores all commands except the Release from
DPD (RES ABh) command, which will return the device to the Interface Standby state after a delay of tggs.

Table 10 Valid Enter DPD mode and Release from DPD mode sequence
Current
mode CS# SCK Command Next mode Comments
Active LOW to HIGH N/A N/A Standby -
. Boh DPD entered after CS# goes HIGH and after the
Standby | HIGH to LOW | Toggling Enter DPD DPD tppp duration (see Table 14).
Not
Toggling NiA If SCK is toggling and Command is not ABh,
DPD HIGH to LOW i Command DPD device remains in DPD.
Toggling not ABh
Release from DPD after CS# goes HIGH and
ABh after the tggg duration (see Table 14).
DPD HIGH to LOW | Toggling | Release from Standby | After CS# goes HIGH to start the release from
DPD DPD, it is an invalid sequence to have a CS#
transition when the SCK is not toggling.
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7 Timing specifications

7.1 Key to switching waveforms

Input Valid at logic high or low High Impedance Any change permitted Logic High}.".Logic Low

Output Valid at logic high or low High Impedance E{Changing, state unknown}: Logic High}.:Logic Low:
Figure 18 Waveform element meanings
7.2 AC test conditions
Device
Under
Test
CL

Figure 19 Test setup

Table 11 AC measurement conditions!!% 16!
Symbol Parameter Min Max Unit
Load capacitance - 30 pF
Input pulse voltage 0.2x Ve 0.8%xV¢c v
c Input slew rate 0.23 1.25 V/ns
L Input rise and fall times 0.9 5 ns
Input timing ref voltage 0.5xV¢c \
Output timing ref voltage 0.5xVee \
Notes

15.Input slew rate measured from input pulse min to max at V¢ max.
Example: (1.9Vx0.8) - (1.9Vx0.2) =1.14V; 1.14 V/1.25V/ns = 0.9 ns rise or fall time.

16.AC characteristics tables assume clock and data signals have the same slew rate (slope).
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Input Levels Output Levels
VCC + 0.4V
0.7 x Vg Vee - 0.2V
05xVee . _ _ _ \/ _ TmngRefeencelevel  \/
0.3 x VCC 0.2V
-0.5V
Figure 20 Input, output, and timing reference levels
7.2.1 Capacitance characteristics
Table 12 FS512S capacitancel!”]
Symbol Parameter Test conditions Min Max Unit
| t it lies to SCK, CS#, 103
i I{]EpSuETC#SpaCI ance (applies to , / 1 MHz _ 16 oF
Cout Output capacitance (applies to All I/0) 1 MHz - 16 pF

Note
17.Parameter values are not 100% tested. For more details, please refer to the IBIS models.
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7.3 Reset

7.3.1 Power-on (cold) reset

The device executes a POR process until a time delay of tp; has elapsed after the moment that V. rises above
the minimum V¢ threshold. See Figure 16 and Table 8. The device must not be selected (CS# to go HIGH with
Vcc) during power-up (tpy), i.e. no commands may be sent to the device until the end of tp;.

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

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

VvCC

RESET#

1))
\\ |  fRESET#islowattPUend [

L
cs# R CS# must be high at tPU end \

Figure 21 Reset LOW at the end of POR

vee | )}
>—tPU—>|
RESET# \\ [ If RESET# is high at tPU end
>—tPu—-|
cs# ] )} \ CS# may stay high or go low at tPU end

Figure 22 Reset HIGH at the end of POR

Yole) / \\

tPU

RESET# \\

tPU

v ] _4}_
g
4

cst ] )}
Figure 23 POR followed by hardware reset
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7.3.2 103,107 | RESET1#, RESET2# input initiated hardware (warm) reset

The 103,107 / RESET1#, RESET2# signal functions as the RESET# input when CS# is HIGH for more than tcg time
or when Quad Mode is not enabled CR1V[1] =0. The 103, 107 / RESET1#, RESET2# input has an internal pull-up to
Vcc and may be left unconnected if Quad mode is not used. The tcg delay after CS# goes HIGH gives the memory
or host system time to drive 103 high after its use as a Quad mode I/O signal while CS# was LOW. The internal
pull-up to V¢ will then hold 103, 107 / RESET1#, RESET2# HIGH until the host system begins driving 103,107 /
RESET1#, RESET2#.Thel03,107 /RESET1#, RESET2# inputisignored while CS# remains HIGH during tcs, to avoid
an unintended Reset operation. If CS# is driven LOW to start a new command, 103,104 / RESET1#, RESET2# is
used as 103, 107.

When the device is not in Quad mode or, when CS# is HIGH, and 103,107 / RESET1#, RESET2# transitions from V|
to V| for>tgp, following tcs, the device will reset register states in the same manner as POR but, does not go
through the full reset process that is performed during POR. The hardware reset process requires a period of tgpy
to complete. If the POR process did not complete correctly for any reason during power-up (tp ), RESET# going
LOW will initiate the full POR process instead of the hardware reset process and will require tp, to complete the
POR process.

The RESET command is independent of the state of |03, 107 / RESET1#, RESET2#. If 103,107 / RESET1#, RESET2#
is HIGH or unconnected, and the RESET instruction is issued, the device will perform software reset.

Additional 103, 107 /| RESET1#, RESET2# Notes:

+ 103,107 / RESET1#, RESET2# must be HIGH for tgg following tp or trpy, before going LOW again to initiate a
hardware reset.

« When 103, 107 / RESET1#, RESET2# is driven LOW for at least a minimum period of time (tgp), following tcs, the
device terminates any operation in progress, makes all outputs high impedance, and ignores all read/write
commands for the duration of tgpy. The device resets the interface to standby state.

+ If Quad mode and the 103, 107 / RESET1#, RESET2# feature are enabled, the host system should not drive 103
LOW during tcs to avoid driver contention on 103, 104. Immediately followmg commands that transfer data to
the host in Quad mode, e.g. Quad /0 Read, the memory drives |03 / Reset HIGH during t¢g to avoid an
unintended Reset operation. Immedlatelyfollowmg commands that transfer datato the memoryin Quad mode,
e.g. Page Program, the host system should drive 103 / Reset HIGH during tcs to avoid an unintended Reset
operation.

« If Quad mode is not enabled, and if CS# is LOW at the time 103, 107 / RESET1#, RESET2# is asserted LOW, CS#
must return HIGH during tgpy before it can be asserted LOW again after tgy.

Table 13 Hardware reset parameters!18: 19 20]

Parameter Description Limit Time Unit
trs Reset setup - prior reset end and RESET# HIGH before RESET# LOW Min 50 ns
treH Reset pulse hold - RESET# LOW to CS# LOW Min 35 us
trp RESET# pulse width Min 200 ns
trH Reset hold - RESET# HIGH before CS# LOW Min 50 ns
Notes

18.103,107 / RESET1#, RESET2# LOW is ignored during power-up (tp). If Reset# is asserted during the end of
tpy, the device will remain in the Reset state and tgy will determine when CS# may go LOW.

19.If Quad mode is enabled, 103 / RESET# LOW is ignored during tcs.

20.Sum of tgp and tgy must be equal to or greater than tgpy.
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,—tRP—-|
103, 107 - RESET1#, RESET2# | Any prior reset
|—tRH~u| | L tRH— ]
tRPH P—RS— tRPH
cs#___ [y [ S I

Figure 24 Hardware reset when quad mode is not enabled and 103, 107 /| RESET1#, RESET2# is enabled

103, 107 - RESET1#, RESET2# | |

CS# "\ Prior access using 103, 107 for data

Figure 25 Hardware reset when quad mode and 103,107 /| RESET1, RESET2# are enabled
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7.4 SDR AC characteristics
Table 14 AC characteristics
Symbol Parameter Min Typ Max Unit
Fsck, R SCK clock frequency for READ and 4READ instructions DC - 50 MHz
SCK clock frequency for the following Dual and Quad
Fsck,c commands: QOR, 4QOR, DIOR, 4DIOR, QIOR, 4QIOR bc - 133 MHz
Psck SCK clock period 1/ Fsck - o0
tWH’ tCH Clock HIGH time 50% PSCK -5% - 50% PSCK +5% ns
tWL’ tCL Clock LOW time 50% PSCK -5% - 50% PSCK +5% ns
terTs telcn Clock Rise time (slew rate) 0.1 - - V/ns
teems tehel Clock Fall time (slew rate) 0.1 - - V/ns
CS# HIGH time (read instructions) 10
t CS# HIGH time (read instructions when Reset feature 20125] _ _ ns
cs and Quad mode are both enabled) 50
CS# HIGH time (program / erase Instructions)
tess CS# active setup time (relative to SCK) 2 - - ns
tesH CS# active hold time (relative to SCK) 3 - - ns
tsu Data in setup time 2 - - ns
thp Data in hold time 3 - - ns
. 8[22]
ty Clock LOW to output valid - 623] ns
tho Output hold time 1 - - ns
Output disable timel24l 8
tois Output disable time (when Reset feature and Quad - - 20125] ns
mode are both enabled)
twps WP# setup timel21] 20 - - ns
typH WP# hold timel21] 100 - - ns
torp CS# HIGH to Power-down mode - - 3 us
CS# HIGH to Standby mode without electronic
tRes signature read N N 30 HS
Notes

21.0nly applicable as a constraint for WRR or WRAR instruction when SRWD is set to ‘1.

22.Full Ve range and CL =30 pF.
23.Full V¢ range and CL =15 pF.
24.0utput Hi-Z is defined as the point where data is no longer driven.

25.tcgand tp,g require additional time when the Reset feature and Quad mode are enabled (CR2V[5] =1 and
CR1V[1]=1).
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7.4.1 Clock timing
< Psck >
tCH tCL
- - >
VIH mn _ __ __ _ __ . < _ _ _ . _ _ _
Veerz - — — — - X4 — — — — — AN -
Viimax — — — — A — |- — — — — — - N — — — — — 7/_ -
* -t
tCRT tCFT
Figure 26 Clock timing
7.4.2 Input / output timing

ScK A [ U I VY U WY A |

(00, 10+ IR s W) ) tsen I
\
)

101, 105

Figure 27 SPI single bit input timing
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Figure 28 SPI single bit output timing
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Figure 29 Dual-Quad SPI timing
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7.5 DDR AC characteristics
Table 15 DDR 102 MHz AC characteristics operation(2®!

Symbol Parameter Min Typ Max Unit
Fsck, R SCK clock frequency for DDR READ instruction DC - 102 MHz
Psck, r SCK clock period for DDR READ instruction 1/Fgck - o0 ns
twh» tcH Clock HIGH time 50% Pgck - 5% - | 50%Pgc+5% | ns
tw teL Clock LOW time 50% Pgck - 5% - | 50% Pgck +5% ns

CS# HIGH time (read_instruc’gions) . 10
tes CS# HIGH time (read instructions when Reset feature is 20 - - ns
enabled)
tess CS# active setup time (relative to SCK) 2 - - ns
tesy CS# active hold time (relative to SCK) 3 - - ns
tsu 10 in setup time 1.5 - - ns
tup [0 in hold time 15 - - ns
ty Clock LOW to output valid 1.5 - 6.012°] ns
tho Output Hold time 1 - ns
o Output disable time _ B _ 8 ns
Output disable time (when Reset feature is enabled) 20
tio_skew First 10 to last 10 data valid time - - 400 ps
torp CS# HIGH to Power-down mode - - 3 us
toes gisgiaHtISrI; I’Egasatand by mode without electronic B _ 30 us
Note
26.CL=15pF.
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7.5.1 DDR input timing
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Figure 31 SPIDDR input timing

7.5.2 DDR output timing
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Figure 32 SPI DDR output timing
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7.5.3 DDR data valid timing using DLP
Pscx
scK \ [

b
teL T teH
/

r tio skew ’_tvﬂ

tO'IT
{ Slow D1 Y& Slow D2 B
]

0 Fast { Fast D1 X Fast D2 X

P—1,_min
tho
o

o PR

10 Slow

10_valid

Figure 33 SPI DDR data valid window

The minimum data valid window (tpy) and t, minimum can be calculated as follows:

27] [28] [29]

tpy = minimum half clock cycle time (tc )t

torr ™ —tio_skew

ty_min =tyo +tio_skew * torT

Example:

102 MHz clock frequency = 9.8 ns clock period, DDR operations and duty cycle of 45% or higher
tcLy =0.45x PSCK=0.45%x9.8 ns=4.41ns

Bus impedance of 30 ohm and capacitance of 15 plE, with timing reference of 0.75 x V¢ the rise time from 0 to 1
or fall time 1 to 0 is 14531 x RC time constant (Tau)32 = 1.4 x 0.45 ns = 0.63 ns

torr = rise time or fall time = 0.63 ns.

Data Valid Window

tov = tern — tio_skew — torT =4.41 ns - 400 ps - 0.63 ns = 3.947 ns
ty Minimum

ty _min =ty +t,0 skew * torr=1.0 ns +400 ps +0.63 ns =2.03 ns

Notes

27.tc y is the shorter duration of tc| or tcy.

28.to77 is the maximum output transition time from one valid data value to the next valid data value on each 10.
tort is dependent on system level considerations including:
a.Memory device output impedance (drive strength).
b.System level parasitics on the I0s (primarily bus capacitance).
c.Host memory controller input V;y and V,_levels at which ‘0’ to ‘1’ and ‘1’ to ‘0’ transitions are recognized.
d.toyt is not a specification tested by Infineon, it is system dependent and must be derived by the system

designer based on the above considerations.

29.t0 skew is the maximum difference (delta) between the minimum and maximum ty (output valid) across all
[Osignals.

30.tpy is the data valid window.

31.Multiplier of Tau time for voltage to rise to 75% of V.

32.Tau =R (Output Impedance) x C (Load capacitance).
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8 Package diagrams
8.1 BGA 24-ball, 5 x 5 ball footprint (ZSA024)
8.1.1 BGA connection diagram
1 2 3 4 5 N
Al 77N /-\‘ /"\‘ /—\\
G o o
NC CS2# RFU NC
B (’_\\ (’-\\ (’-\\ ('_\\ ('_\\
\_/I \_/' \_;' N_o \_,’
SCK2 SCK1 Vss Vee NC
c (,_\\ "-\\ (’-\\ ('_‘\ ('_\\
\_,’ N_~ \_,’ \_,’ \_,’
Vs Csi# RFU WP1/102 NC
r"\‘ r"\‘ /"\‘ ,"\\ ,-\\
D (\_,' (\_’ (\_’, (\_’, (\-’,
DNU 101 100 I03/RESET1# 104
N ™ TN S TN
E (\_’I ( J (\_’I (\_’I (\_’I
| I07/RESET2#  WP2#/106 105 Vee Vss
Figure 34 24-ball BGA, 5 x 5 ball footprint (ZSA024), top view!33: 34
8.1.2 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.

Notes

33.Signal connections are in the same relative positions as FAC024 BGA, allowing a single PCB footprint to use
either package.
34.The RESET# input has an internal pull-up and may be left unconnected in the system if Quad Mode and
hardware reset are not in use.
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. .
8.1.3 BGA physical diagram
D1
D p—{4] [eD— |
Aalo.1s[C D] eD] [~
(2x) [
5 OO P OO
4 OO O OO N\
] t, o—o—6—6——o | [E1]
——O O ¢ O O
GE] OO0 ¢ 0o +
4
INDEX MARK E D B A \_
L b A\ CoRNER
TOP VIEW alo.15 [SD}——
(2%)
BOTTOM VIEW
//]0.20[ C DETAIL A
L >—| ——— &
A |
Al /& : O U O[O O '
24X @b f
[2 0.15 @[C [A[B]
20.08 M[C] SIDE VIEW
DETAIL A
DIMENSIONS NOTES:
SYMBOL MIN. NOM. MAX. 1. ALL DIMENSIONS ARE IN MILLIMETERS.
A - - 1.20 2. DIMENSIONING AND TOLERANCING METHODS PER ASME Y14.5M-1994.
Al 0.20 - - 3. BALL POSITION DESIGNATION PER JEP95, SECTION 3, SPP-020.
8.00 BSC
4. [¢]REPRESENTS THE SOLDER BALL GRID PITCH.
E 6.00 BSC
D1 100 BSC 5. SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
= 4,00 BSC SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE "E" DIRECTION.
MD 5 n IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS FOR MATRIX SIZE
ME 5 MD X ME.
n 24 ADIMENSION "b" 1S MEASURED AT THE MAXIMUM BALL DIAMETER IN A PLANE
b 0.35 0.40 045 PARALLEL TO DATUM C.
eD 1.00 BSC
- 10050 "SD" AND "SE" ARE MEASURED WITH RESPECT TO DATUMS A AND B AND DEFINE
= '0 0 THE POSITION OF THE CENTER SOLDER BALL IN THE OUTER ROW.
SE 0.00 WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE OUTER ROW,
"SD" OR "SE" = 0.
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.
002-15078 **
Figure 35 24-ball FBGA (8.0 x 6.0 x 1.2 mm) package outline, 002-15078
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9 Address space maps
9.1 Overview
9.1.1 Extended address

The ST9FS01GS supports 32-bit (4-byte) addresses to enable higher density devices than allowed by previous
generation (legacy) SPI devices that supported only 24-bit (3-byte) addresses. A 24-bit, byte resolution, address
can access only 16 MB (128 Mb) maximum density. A 32-bit, byte resolution, address allows direct addressing of
up to a 4 GBytes (32 Gb) address space.

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

+ Extended Address mode — a volatile configuration register bit that changes all legacy commands to expect
32 bits of address supplied from the host system.

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

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

9.1.2 Multiple address spaces

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

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

The FS-S family physical sectors may be configured as a hybrid combination of eight 8 KB parameter sectors at
the top or bottom of the address space with all but one of the remaining sectors being uniform size. Because the
group of eight 8 KB parameter sectors is in total smaller than a uniform sector, the group of 8 KB physical sectors
respectively overlay (replace) the top or bottom 64 KB of the highest or lowest address uniform sector.

The parameter sector erase commands (20h or 21h) must be used to erase the 8 KB sectors individually. The
sector (uniform block) erase commands (D8h or DCh) must be used to erase any of the remaining sectors,
including the portion of highest or lowest address sector that is not overlaid by the parameter sectors. The
uniform block erase command has no effect on parameter sectors.

Configuration Register 1 non-volatile bit 2 (CRINV[2]) equal to 0 overlays the parameter sectors at the bottom of
the lowest address uniform sector. CRINV[2] = 1 overlays the parameter sectors at the top of the highest address
uniform sector.

See “Registers” on page 47 for more information.

There is also a configuration option to remove the 8 KB parameter sectors from the address map so that all
sectors are uniform size. Configuration Register 3 volatile bit 3 (CR3V[3]) equal to ‘0’ selects the hybrid sector
architecture with 8 KB parameter sectors. CR3V[3] = 1 selects the uniform sector architecture without parameter
sectors. Uniform physical sectors are:

+ 512 KB in ST9FS01GS
The sector erase (SE) commands erase the physical 512 KB sectors of the 1 Gb device.
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Table 16 S79FS01GS sector address map, bottom 8 KB sectors
. Address range
Sector size (KB) Sector count Sector range (byte address) Notes
Sector starting
SA00 00000000h-00000FFFh address
8 8
SA7 00007000h-00007FFFh
448 1 SA8 00008000h-0003FFFFh —
SA9 00040000h-0007FFFFh
512 255
Sector ending
SA263 03FC0000h-03FFFFFFh address
Table 17 S79FS01GS sector address map, top 8 KB sectors
. Address range
Sector size (KB) Sector count Sector range (byte address) Notes
SA00 0000000h-003FFFFh Sector starting address
512 255 : :
SA254 03F80000h-03FBFFFFh
448 1 SA255 03FC0000h-03FF7FFFh —
SA256 03FF8000h-03FF8FFFh
8 8 : :
SA263 03FFF000h-03FFFFFFh | Sector ending address
Table 18 S7T9FS01GS sector address map (uniform sectors)
. Address range
Sector size (KB) Sector count Sector range (byte address) Notes
Sector starting
SA00 00000000h-0003FFFFh address
512 256 —
SA255 03FC0000h-03FFFFFFh 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 8 KB sectors have the pattern XXXX000h-XXXXFFFh. All 512 KB sectors have the pattern
XX00000h-XX3FFFFh, XX40000h-XX7FFFFh, XX80000h-XXCFFFFh, or XXDO0O0Oh-XXFFFFFh.
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9.3 ID-CFI address space

The RDID command (9Fh) reads information from a separate flash memory address space for device
identification (ID) and common flash interface (CFI) information. See “Device ID and common flash interface
(ID-CFI) address map” on page 144 for the tables defining the contents of the ID-CFl address space. The ID-CFI
address space is programmed by Infineon and read-only for the host system.

9.4 JEDEC JESD216 serial flash discoverable parameters (SFDP) space

The RSFDP command (5Ah) reads information from a separate flash memory address space for device
identification, feature, and configuration information, in accord with the JEDEC JESD216 standard for Serial
Flash Discoverable Parameters. The ID-CFl address space is incorporated as one of the SFDP parameters. See
“Serial flash discoverable parameters (SFDP) address map” on page 141 for the tables defining the contents
of the SFDP address space. The SFDP address space is programmed by Infineon and read-only for the host
system. For the Dual-Quad device only read SFDP on Quad SPI-1.

9.5 OTP address space

Each S7T9FS01GS memory device has a 2048-byte OTP address space that is separate from the main flash array.
The OTP area is divided into 64, individually lockable, 32-byte aligned and length regions.

In the 64-byte region starting at address zero:

+ The 16 lowest address bytes are programmed by Infineon with a 128-bit random number. Only Infineon is able
to program these bytes.

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

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

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

Figure 36 shows a pictorial representation of the OTP memory space.

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

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

During the programming of each OTP region, bits 0-3 are programmed on Quad SPI-1 via 100-103, and bits 4-7
are programmed on Quad SPI-2 via 104-107.
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Quad SPI-1

32-byte OTP Region 31

Quad SPI-2

32-byte OTP Region 30

32-byte OTP Region 31

32-byte OTP Region 29

32-byte OTP Region 30

32-byte OTP Region 29

When programmed to
‘0" each lock bit
protects its related 32
byte region from any
further programming

When programmed to
‘0" each lock bit
protects its related 32
byte region from any
further programming

32-byte OTP Region 3

32-byte OTP Region 2

32-byte OTP Region 3

32-byte OTP Region 1

32-byte OTP Region 2

32-byte OTP Region 0

32-byte OTP Region 1

32-byte OTP Region 0

< A A A A

Lock Bits 31 to 0 Lock Bits 31 to 0

¥
Contents of Region 0 { |

Reserved l Lock Bytes l 16-byte Random Number | | Reserved l Lock Bytes l 16-byte Random Number | } Contents of Region 0

g 7 T

Byte 1F Byte 10 Byte 0 Byte 1F Byte 10 Byte 0
Figure 36 OTP address space — Quad SPI-1 and Quad SPI-2
Table 19 OTP address map for Quad SPI-1 and Quad SPI-2
Region |Byte addressrange (Hex) Contents Initial d(el_::;l)sry state
000 Least Significant Byte of Infineon programmed
random number
Infineon programmed
random number
00F Most Significant Byte of Infineon programmed
random number
Region 0 Region Locking Bits
Byte 10 [bit 0] locks region 0 from programming
010t0 013 when =0 All Bytes = FF
Byte 13 [bit 7] locks region 31 from programming
when=0
014 to O1F Reserved for Future Use (RFU) All Bytes = FF
Region 1 020 to 03F Available for user programming All Bytes = FF
Region 2 040 to 05F Available for user programming All Bytes = FF
Available for user programming All Bytes = FF
Region 31 3E0 to 3FF Available for user programming All Bytes = FF
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9.6 Registers

Registers are small groups of memory cells used to configure how the S7T9FS01GS memory device operates or to
report the status of device operations. The registers are accessed by specific commands. The commands (and
hexadecimal instruction codes) used for each register are noted in each register description.

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

The STI9FS01GS uses separate non-volatile or volatile memory cell groups (areas) to implement the different
register bit types. However, the legacy registers and commands continue to appear and behave as they always
have for legacy software compatibility. There is a non-volatile and a volatile version of each legacy register when
that legacy register has volatile bits or when the command to read the legacy register has zero read latency. When
such a register is read the volatile version of the register is delivered. During POR, hardware reset, or software
reset, the non-volatile version of a register is copied to the volatile version to provide the default state of the
volatile register. When non-volatile register bits are written the non-volatile version of the register is erased and
programmed with the new bit values and the volatile version of the register is updated with the new contents of
the non-volatile version. When OTP bits are programmed the non-volatile version of the register is programmed
and the appropriate bits are updated in the volatile version of the register. When volatile register bits are written,
only the volatile version of the register has the appropriate bits updated.

The ST9FL01GS Dual-Quad SPI device has a register of each type, one for each individual die. Each register must
be accessed by a command given in parallel to 100-103 (Quad SPI-1) and for 104-107 (Quad SPI-2). Reading and
writing to each of these registers must also be done in parallel for I00-103 (Quad SPI-1) and for I04-107 (Quad
SPI-2).

The type for each bit is noted in each register description. The default state shown for each bit refers to the state
after POR, hardware reset, or software reset if the bit is volatile. If the bit is non-volatile or OTP, the default state
is the value of the bit when the device is shipped from Infineon. Non-volatile bits have the same cycling (erase
and program) endurance as the main flash array.

Table 20 Register description
Register Abbreviation Type Bit location
Status Register 1 SR1INV[7:0] Non-volatile 7:0
Status Register 1 SR1V[7:0] Volatile 7:0
Status Register 2 SR2V[7:0] Volatile 7:0
Configuration Register 1 CRINVI[7:0] Non-volatile 7:0
Configuration Register 1 CR1V[7:0] Volatile 7:0
Configuration Register 2 CR2NV[T:0] Non-volatile 7:0
Configuration Register 2 CR2V[7:0] Volatile 7:0
Configuration Register 3 CR3NV[T:0] Non-volatile 7:0
Configuration Register 3 CR3V[7:0] Volatile 7:0
Configuration Register 4 CR4ANV[T:0] Non-volatile 7:0
Configuration Register 4 CR4V[T:0] Volatile 7:0
ECC Status Register ECCSR [7:0] Volatile 7:0
ASP Register ASPR[15:1] OTP 15:1
ASP Register ASPR[0] RFU 0
Password Register PASS[63:0] Non-volatile OTP 63:0
PPB Lock Register PPBL[7:1] Volatile 7:1
PPB Lock Register PPBL[0] R\égéaglrfly 0
PPB Access Register PPBAR][7:0] Non-volatile 7:0
DYB Access Register DYBARJ[7:0] Volatile 7:0
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Table 20 Register description (Continued)

Register Abbreviation Type Bit location
SPI DDR Data Learning Registers NVDLR([7:0] Non-volatile 7:0
SPI DDR Data Learning Registers VDLR[T7:0] Volatile 7:0

9.6.1
9.6.1.1

Status Register 1

Status Register 1 Non-volatile (SR1NV)

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

Table 21 Status Register 1 Non-volatile (SR1NV)
Bits |Fieldname Function Type Default Description
state
1=Locks state of SRWD, BP, and Configuration
. . Register-1 bits when WP# is LOW by not
7 SRWD_NV gtii;lés[eRgglfsatElrterte Non-volatile 0 executing WRR or WRAR commands that
would affect SRINV, SR1V, CRINV, or CR1V.
0 =No protection, even when WP# is LOW.
. . Provides the default state for the
6 P_ERR_D Eg’%{ﬁ?mmg Error Ns;gé%?]tl'le 0 Programming Error Status. Not user
y programmable.
Non-volatile Provides the default state for the Erase Error
5 E_ERR_D |Erase Error Default Read Only 0 Status. Not user programmable.
BP_NV2 Protects the selected range of sectors (Block)
BP NVL from Program or Erase when the BP bits are
- Block Protection configured as non-volatile (CRINV[3] = 0).
non-volatile Non-volatile 000b Programmed to 111b when BP bits are
) BP NVO configured to volatile (CRINV[3] = 1) after
- which these bits are no longer user
programmable.
Non-volatile Provides the default state for the WEL Status.
1 WEL_D | WEL Default Read Only 0 Not user programmable.
Non-volatile Provides the default state for the WIP Status.
0 WIP_D | WIP Default Read Only 0 Not user programmable.
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Status Register Write Non-volatile (SRWD_NV) SR1INV[7]: Places the device in the Hardware Protected mode
when this bit is set to ‘1’ and the WP# input is driven LOW. In this mode, the Write Registers (WRR) and Write Any
Register (WRAR) commands (that select Status Register 1 or Configuration Register 1) are ignored and not
accepted for execution, effectively locking the state of the Status Register 1 and Configuration Register 1 (SRINV,
SR1V, CR1NV, or CR1V) bits, by making the registers read-only. If WP# is HIGH, Status Register 1 and Configuration
Register 1 may be changed by the WRR or WRAR commands. If SRWD_NV is ‘0’, WP# has no effect and Status
Register 1 and Configuration Register 1 may be changed by the WRR or WRAR commands. WP# has no effect on
the writing of any other registers. The SRWD_NV bit has the same non-volatile endurance as the main flash array.
The SRWD (SR1V[7]) bit serves only as a copy of the SRWD_NV bit to provide zero read latency.

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

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

Block Protection (BP_NV2, BP_NV1, BP_NV0) SR1NV[4:2]: These bits define the main flash array area to be
software-protected against program and erase commands. The BP bits are selected as either volatile or
non-volatile, depending on the state of the BP non-volatile bit (BPNV_O) in the configuration register CRINV[3].
When CR1NV[3] =0 the non-volatile version of the BP bits (SR1INV[4:2]) are used to control Block Protection and
the WRR command writes SRINV[4:2] and updates SR1V[4:2] to the same value. When CR1INV[3] = 1 the volatile
version of the BP bits (SR1V[4:2]) are used to control Block Protection and the WRR command writes SR1V[4:2]
and does not affect SRINV[4:2]. When one or more of the BP bits is set to ‘1’, the relevant memory area is
protected against program and erase. The Bulk Erase (BE) command can be executed only when the BP bits are
cleared to 0’s. See “Block Protection” on page 72 for a description of how the BP bit values select the memory
array area protected. The non-volatile version of the BP bits have the same non-volatile endurance as the main
flash array.

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

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

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

Table 22 Status Register 1 Volatile (SR1V)
Bits |Fieldname Function Type D:tfaattlt Description
Status Register Write Volatile .

7 SRWD Disable Read Only Volatile copy of SRINV[7]

6 P ERR Programming Error Volatile 1=Error occurred
- Occurred Read Only 0=No error

Volatile 1=Error occurred

5 E_ERR Erase Error Occurred Read Only 0= No error
BP2 Protects selected range of sectors (Block)
BP1 from Program or Erase when the BP bits are

Block Protection Volatile configured as volatile (CRINV[3] = 1). Volatile
Volatile copy of SRINV[4:2] when BP bits are

2 BPO configured as non-volatile. User writable
SRINV | when BP bits are configured as volatile.

1 = Device accepts Write Registers (WRR and
WRAR), program, or erase commands.

0 = Device ignores Write Registers (WRR and
WRAR), program, or erase commands.

This bit is not affected by WRR or WRAR, only
WREN and WRDI commands affect this bit.

1=Device Busy, an embedded operation is in
progress such as program or erase.

Volatile 0 =Ready Device is in standby mode and can
Read Only accept commands.
This bitis not affected by WRR or WRAR, it only
provides WIP status.

1 WEL Write Enable Latch Volatile

0 WIP Write in Progress

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

Program Error (P_ERR) SR1V[6]: The Program Error Bit is used as a program operation success or failure
indication. When the Program Error bit is set to ‘1’, it indicates that there was an error in the last program
operation. This bit will also be set when the user attempts to program within a protected main memory sector,
or program within a locked OTP region. When the Program Error bit is set to ‘1, this bit can be cleared to ‘0’ with
the Clear Status Register (CLSR) command. This is a read-only bit and is not affected by the WRR or WRAR
commands.
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Erase Error (E_ERR) SR1V[5]: The Erase Error Bit is used as an Erase operation success or failure indication.
When the Erase Error bit is set to ‘1’ it indicates that there was an error in the last erase operation. This bit will
also be set when the user attempts to erase an individual protected main memory sector. The Bulk Erase
command will not set E_ERR if a protected sector is found during the command execution. When the Erase Error
bitis set to ‘1’, this bit can be cleared to ‘0’ with the Clear Status Register (CLSR) command. This is a read-only bit
and is not affected by the WRR or WRAR commands.

Block Protection (BP2, BP1, BP0) SR1V[4:2]: These bits define the main flash array area to be
software-protected against program and erase commands. The BP bits are selected as either volatile or
non-volatile, depending on the state of the BP non-volatile bit (BPNV_O) in the configuration register CRINV[3].
When CR1NV[3] =0 the non-volatile version of the BP bits (SR1INV[4:2]) are used to control Block Protection and
the WRR command writes SRINV[4:2] and updates SR1V[4:2] to the same value. When CRINV[3] = 1 the volatile
version of the BP bits (SR1V[4:2]) are used to control Block Protection and the WRR command writes SR1V[4:2]
and does not affect SRINV[4:2]. When one or more of the BP bits is set to ‘1’, the relevant memory area is
protected against program and erase. The Bulk Erase (BE) command can be executed only when the BP bits are
cleared to 0’s. See “Block Protection” on page 72 for a description of how the BP bit values select the memory
array area protected.

Write Enable Latch (WEL) SR1V[1]: The WEL bit must be set to ‘1’ to enable program, write, or erase operations
as a means to provide protection against inadvertent changes to memory or register values. The Write Enable
(WREN) command execution sets the Write Enable Latch to ‘1’ to allow any program, erase, or write commands
to execute afterwards. The Write Disable (WRDI) command can be used to set the Write Enable Latch to ‘0’ to
prevent all program, erase, and write commands from execution. The WEL bit is cleared to ‘0’ at the end of any
successful program, write, or erase operation. Following a failed operation the WEL bit may remain set and
should be cleared with a WRDI command following a CLSR command. After a power down / power up sequence,
hardware reset, or software reset, the Write Enable Latch is set to ‘0’. The WRR or WRAR command does not affect
this bit.

Write In Progress (WIP) SR1V[0]: Indicates whether the device is performing a program, write, erase operation,
or any other operation, during which a new operation command will be ignored. When the bit is set to ‘1’, the
device is busy performing an operation. While WIP is ‘1’, only Read Status (RDSR1 or RDSR2), Read Any Register
(RDAR), Erase Suspend (ERSP), Program Suspend (PGSP), Clear Status Register (CLSR), and Software Reset
(RESET) commands are accepted. ERSP and PGSP will only be accepted if memory array erase or program
operations are in progress. The status register E_ERR and P_ERR bits are updated while WIP = 1. When P_ERR or
E_ERR bits are set to ‘1’, the WIP bit will remain set to one indicating the device remains busy and unable to
receive new operation commands. A Clear Status Register (CLSR) command must be received to return the device
to standby mode. When the WIP bit is cleared to ‘0, no operation is in progress. This is a read-only bit.
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9.6.2 Status Register 2 Volatile (SR2V)

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

Table 23 Status Register 2 Volatile (SR2V)
Bits | Fieldname Function Type D:tfaattlt Description
7 RFU Reserved - 0 Reserved for Future Use.
6 RFU Reserved - 0 Reserved for Future Use.
5 RFU Reserved - 0 Reserved for Future Use.
4 RFU Reserved - 0 Reserved for Future Use.
3 RFU Reserved - 0 Reserved for Future Use.

1 = Sector Erase Status command result =

) ESTAT Erase Status Volatile 0 Erase completed.

Read Only 0 = Sector Erase Status command result =
Erase not completed.
Volatile 1=1In erase suspend mode.
1 ES Erase Suspend Read Only 0 0=Not in erase suspend mode.
Volatile 1=1In program suspend mode.
0 PS Program Suspend Read Only 0 0= Not in program suspend mode.

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

Erase Suspend (ES) SR2V[1]: The Erase Suspend bit is used to determine when the device is in Erase Suspend
mode. This is a status bit that cannot be written by the user. When Erase Suspend bit is set to ‘1’, the deviceisin
erase suspend mode. When Erase Suspend bit is cleared to ‘0’, the device is not in erase suspend mode. Refer to
“Erase or Program Suspend (EPS 85h, 75h, BOh)” on page 121 for details about the Erase Suspend / Resume
commands.

Program Suspend (PS) SR2V[0]: The Program Suspend bit is used to determine when the device is in Program
Suspend mode. This is a status bit that cannot be written by the user. When Program Suspend bit is set to ‘1, the
device isin program suspend mode. When the Program Suspend bit is cleared to ‘0’, the device is not in program
suspend mode. Refer to “Erase or Program Suspend (EPS 85h, 75h, BOh)” on page 121 for details.
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9.6.3 Configuration Register 1

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

9.6.3.1

Configuration Register 1 Non-volatile (CR1NV)
Related Commands: Write Registers (WRR 01h), Read Any Register (RDAR 65h), Write Any Register (WRAR 71h).

Table 24 Configuration Register 1 non-volatile (CR1NV)
Bits Field name Function Type Default Description
state
7 RFU 0
Reserved for Future Non-volatile Reserved
RFU Use 0
Configures Start of 1 =BP starts at bottom (Low address)
> TBPROT_O Block Protection otP 0 0 = BP starts at top (High address)
4 RFU Reserved for Future RFU 0 [Reserved
Configures BP2-0 in 1=Volatile
3 BPNV_O Status Register OoTP 0 0 =Non-volatile
Configures 1=8KB physical sectors at top, (High address)
2 TBPARM_O |Parameter Sectors OoTP 0 0 = 8 KB physical sectors at top, (Low address)
location RFU in uniform sector configuration.
1 QUAD_NV | Quad Non-volatile Non-volatile 0 Provides the default state for the QUAD bit.
Non-volatile Provides the default state for the Freeze bit.
0 FREEZE D | FREEZE Default Read Only 0 Not user programmable.

Top or Bottom Protection (TBPROT_O) CR1NV[5]: This bit defines the operation of the Block Protection bits

BP2, BP1, and BP0 in the Status Register. As described in the status register section, the BP2-0 bits allow the user
to optionally protect a portion of the array, ranging from 1/64, V4, 2, and so on, up to the entire array. When
TBPROT_Ois set to ‘0’, the Block Protection is defined to start from the top (maximum address) of the array. When
TBPROT_O is set to ‘1’, the Block Protection is defined to start from the bottom (zero address) of the array. The
TBPROT_O bit is OTP and set to ‘0’, when shipped from Infineon. If TBPROT_O is programmed to ‘1’, writing the
bit with a ‘0’ does not change the value or set the Program Error bit (P_ERR in SR1V[6]).

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

CR1NV[4]: Reserved for Future Use.
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Block Protection Non-volatile (BPNV_0O) CR1INV[3]: The BPNV_O bit defines whether the BP_NV 2-0 bits or the
BP 2-0 bits in the Status Register are selected to control the Block Protection feature. The BPNV_O bitis OTP and
cleared to ‘0’ with the BP_NV bits cleared to ‘000’ when shipped from Infineon. When BPNV_Q is set to ‘0’, the
BP_NV 2-0 bits in the Status Register are selected to control the block protection and are written by the WRR
command. The time required to write the BP_NV bits is t,,. When BPNV is set to ‘1’, the BP2-0 bits in the Status
Register are selected to control the block protection and the BP_NV 2-0 bits will be programmed to binary ‘111",
This will cause the BP 2-0 bits to be set to binary 111 after POR, hardware reset, or command reset. When BPNV
is setto ‘1’, the WRR command writes only the volatile version of the BP bits (SR1V[4:2]). The non-volatile version
of the BP bits (SR1INV[4:2]) are no longer affected by the WRR command. This allows the BP bits to be written an
unlimited number of times because they are volatile and the time to write the volatile BP bits is the much faster
tcs volatile register write time. If BPNV_O is programmed to ‘1’, writing the bit with a ‘0’ does not change the value
or set the Program Error bit (P_ERR in SR1V[6]).

TBPARM_O CR1NV[2]: TBPARM_O defines the logical location of the parameter block. The parameter block
consists of eight 8 KB parameter sectors, which replace a 64 KB portion of the highest or lowest address sector.
When TBPARM_O is set to ‘1’, the parameter block is in the top of the memory array address space. When
TBPARM_O is set to ‘0’, the parameter block is at the Bottom of the array. TBPARM_O is OTP and set to ‘0’, when
it ships from Infineon. If TBPARM_O is programmed to ‘1’, writing the bit with ‘0’ does not change the value or set
the Program Error bit (P_ERR in SR1V[6]).

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

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

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

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

Freeze Protection Default (FREEZE) CR1NV[0]: Provides the default state for the FREEZE bit in CR1V[0]. This bit
is not user programmable.
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9.6.3.2 Configuration Register 1 Volatile (CR1V)

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

Table 25 Configuration Register 1 Volatile (CR1V)
Bits |Fieldname Function Type D:tfaattlt Description
RFU
Reserved for Future Volatile Reserved
RFU  |Use
Volatile copy of Volatile .
5 TBPROT TBPROT_O Read Only Not user writable. See CRINV[5] TBPROT_O.
4 RFU LRJeserved for Future RFU Reserved
se
Volatile copy of Volatile .
3 BPNV BPNV_O Read Only Not user writable. See CRINV[3] BPNV_O.
Volatile copy of Volatile CRINV .
2 TBPARM TBPARM_O Read Only Not user writable. See CRINV[2] TBPARM_O.
1=Quad
0 = Serial
1 QUAD Quad I/0 Mode Volatile The WRR command writes the Non-Volatile
Quad bit (CR1INV[1]). See full description
below.
Lock current state of Block Protection control
0 FREEZE :;OCk'D(.)Wﬂ Block . bits, and OTP regions.
rotection until next volatile 1=Block Protection and OTP locked
power cycle 0 =Block Protection and OTP unlocked

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

Quad Data Width (QUAD) CR1V[1]: When set to ‘1’, this bit switches the data width of the device to 4-bit Quad
mode. That is, WP# becomes 102 and |03 / RESET# becomes an active I/O signal when CS# is LOW or the RESET#
input when CS# is HIGH. The WP# input is not monitored for its normal function and is internally set to HIGH
(inactive). The commands for Serial, and Dual I/0O Read still function normally but, there is no need to drive the
WP# input for those commands when switching between commands using different data path widths. Similarly,
there is no requirement to drive the 103 / RESET# during those commands (while CS# is LOW).

The QUAD bit must be set to one when using the Quad I/O Read, DDR Quad I/0 Read, QPI mode (CR2V[6] =1), and
Read Quad ID commands. While QPI mode is selected by CR2V[6] = 1, the Quad bit cannot be cleared to ‘0’. The
WRR command writes the non-volatile version of the Quad bit (CRINV[1]), which also causes an update to the
volatile version CR1V[1]. The WRR command can not write the volatile version CR1V[1] without first affecting the
non-volatile version CRINV[1]. The WRAR command must be used when it is desired to write the volatile Quad
bit CR1V[1] without affecting the non-volatile version CRINV[1].
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Freeze Protection (FREEZE) CR1V[0]: The Freeze Bit, when set to ‘1’, locks the current state of the Block
Protection control bits and OTP area:

+ BPNV_2-0 bits in the non-volatile Status Register 1 (SRINV[4:2])
« BP 2-0 bits in the volatile Status Register 1 (SR1V[4:2])
TBPROT_O, TBPARM_O, and BPNV_O bits in the non-volatile Configuration Register (CRINV[5,3, 2])

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

the entire OTP memory space

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

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

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

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

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

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

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

The FREEZE bit does not prevent the WRR or WRAR commands from changing the SRWD_NV (SRINV[7]), Quad_NV
(CRINV[1]), or QUAD (CR1VI[1]) bits.
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9.6.4 Configuration Register 2

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

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

Table 26 Configuration Register 2 Non-volatile (CR2NV)
Bits |Field name Function Type Default state Description
7 AL_NV Address Length 0 1=4-byte address

0 =3-byte address

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

1=Enabled - 103, 107 is used as RESET# input
when CS# is HIGH or Quad Mode is disabled
5 IO3R_NV 103, 107 Reset 0 CR1V[1]=1

oTpP 0 =Disabled - 103, 107 has no alternate
function, hardware reset is disabled

4 RFU Reserved 0 Reserved For Future Use.
3 1 0to 15 latency (dummy) cycles following read
2 0 address or continuous mode bits.
RL_NV Read Latency Note that bit 3 has a default value of ‘1’ and
1 0 may be programmed one time to ‘0’ but
0 0 cannot be returned to ‘1’

Address Length Non-volatile CR2NV[7]: This bit controls the POR, hardware reset, or software reset state of the
expected address length for all commands that require address and are not fixed 3-byte only or 4-byte (32 bit)
only address. Most commands that need an address are legacy SPI commands that traditionally used 3-byte
(24 bit) address. For device densities greater than 128 Mbit, a 4-byte address is required to access the entire
memory array. The address length configuration bit is used to change most 3-byte address commands to expect
4-byte address. See Table 47 for command address length. This non-volatile Address Length configuration bit
enables the device to start immediately (boot) in 4-byte address mode rather than the legacy 3-byte address
mode.

QPI Non-volatile CR2NV[6]: This bit controls the POR, hardware reset, or software reset state of the expected
instruction width for all commands. Legacy SPI commands always send the instruction one bit wide (serial I/0)
on the 100 and 104 signal. The ST9FS01GS also supports the QPI mode in which all transfers between the host
system and memory are 4 bits wide on 100 to 103, including all instructions. This non-volatile QPI configuration
bit enables the device to start immediately (boot) in QQPIPI mode rather than the legacy serial instruction mode.
When this bit is programmed to QPI mode, the QUAD_NV bit is also programmed to Quad mode (CRINV[1] = 1).
The recommended procedure for moving to QPI mode is to first use the WRAR command to set CR2V[6] = 1, QPI
mode. The volatile register write for QPI mode has a short and well defined time (t¢g) to switch the device
interface into QPI mode. Following commands can then be immediately sent in QPI protocol. The WRAR
command can be used to program CR2NV[6] = 1, followed by polling of SR1V[0] to know when the programming
operation is completed. Similarly, to exit QP mode, the WRAR command is used to clear CR2V[6] = 0. CR2NV[6]
cannot be erased to ‘0’ because it is OTP.
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103 Reset Non-volatile CR2NV[5]: This bit controls the POR, hardware reset, or software reset state of the 103,
107 signal behavior. Most legacy SPI devices do not have a hardware reset input signal due to the limited signal
count and connections available in traditional SPI device packages. The STOFS01GS provides the option to use
the 103, 107 signal as a hardware reset input when the 103, 107 signal is not in use for transferring information
between the host system and the memory. This non-volatile |03 Reset configuration bit enables the device to
start immediately (boot) with 103,107 enabled for use as a RESET# signal.

Read Latency Non-volatile CR2NV[3:0]: This bit controls the POR, hardware reset, or software reset state of the
read latency (dummy cycle) delay in all variable latency read commands. The following read commands have a
variable latency period between the end of address or mode and the beginning of read data returning to the host:

+ Fast Read

Dual I/O Read
Quad I/O Read
DDR Quad I/O Read
« OTPR

« RDAR

This non-volatile read latency configuration bit sets the number of read latency (dummy cycles) in use so the
device can start immediately (boot) with an appropriate read latency for the host system.
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Table 27 Latency Code (Cycles) versus Frequency
Read Command Maximum Frequency (MHz)
Fast Read (1-1-1)
TR (11 quavolay | poraudioney,
RDAR (4-4-4)
Mode Cycles=0 Mode Cycles =2 Mode Cycles=1
0 50 40 N/A
1 66 53 22
2 80 66 34
3 92 80 45
4 104 92 57
5 116 104 68
6 129 116 80
7 133 129 97
8 133 133 102
9 133 133 102
10 133 133 102
11 133 133 102
12 133 133 102
13 133 133 102
14 133 133 102
15 133 133 102

Notes

35.5CK frequency > 133 MHz SDR, or 102 MHz DDR is not supported by this family of devices.

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

37.0ther read commands have fixed latency, e.g. Read always has zero read latency. RSFDP always has eight
cycles of latency.

38.DDR QP is only supported for Latency Cycles 1 through 7 and for clock frequency of up to 92 MHz.
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9.6.4.2 Configuration Register 2 Volatile (CR2V)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h), 4BAM.

Table 28 Configuration Register 2 Volatile (CR2V)
Bits |Field name Function Type Default state Description
1=4-byte address
7 AL Address Length 0 = 3-byte address

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

1=Enabled - 103 is used as RESET# input
when CS# is HIGH or Quad Mode is disabled

5 I03R_S 103 Reset . CR1V[1]=1
Volatile CR2NV 0 = Disabled - 103 has no alternate function,
hardware reset is disabled
4 RFU Reserved Reserved for Future Use
3
2 0to 15 latency (dummy) cycles following read
1 RL Read Latency address or continuous mode bits.
0

Address Length CR2V[7]: This bit controls the expected address length for all commands that require address
and are not fixed 3-byte only or 4-byte (32 bit) only address. See Table 47 for command address length. This
volatile Address Length configuration bit enables the address length to be changed during normal operation. The
4-byte address mode (4BAM) command directly sets this bit into 4-byte address mode.

QPI CR2VI[6]: This bit controls the expected instruction width for all commands. This volatile QPI configuration
bit enables the device to enter and exit QPI mode during normal operation. When this bit is set to QPI mode, the
QUAD bit is also set to Quad mode (CR1V[1] = 1). When this bit is cleared to legacy SPI mode, the QUAD bit is not
affected.

103 Reset CR2V[5]: This bit controls the |03,107 / RESET1#, RESET2# signal behavior. This volatile |03, |07 Reset
configuration bit enables the use of 103, 107as a RESET# input during normal operation.

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

Configuration Register 3 controls certain command behaviors. The register bits can be read and changed using

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

allows the configuration to be changed during system operation or testing.

9.6.5.1

Configuration Register 3 Non-volatile (CR3NV)

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

Table 29 Configuration Register 3 Non-volatile (CR3NV)
Bits |Field name Function Type Default state Description
7 RFU Reserved 0 Reserved for Future Use
6 RFU Reserved 0 Reserved for Future Use
1=Blank Check during erase enabled
5 BC_NV | Blank Check 0 0 = Blank Check disabled
1=Wrap at 1024bytes
4 02h_NV | Page Buffer Wrap 0 0=Wrap at 512 bytes
1 =8 KB Erase disabled (Uniform Sector Archi-
3 20h_NV |8 KB Erase oTP 0 tecture) : :
- 0 =38 KB Erase enabled (Hybrid Sector Archi-
tecture)
2 30h NV Clear Status / 0 1=30h s Erase or Program Resume command
- Resume Select 0=30h is clear status command
1 RFU Reserved 1 Reserved for Future Use
0 Foh NV Legacy Software 0 1=FO0h Software Reset is enabled
- Reset Enable 0 = FOh Software Reset is disabled (ignored)

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

02h Non-volatile CR3NV[4]: This bit controls the POR, hardware reset, or software reset state of the page
programming buffer address wrap point.

20h Non-volatile CR3NV[3]: This bit controls the POR, hardware reset, or software reset state of the availability
of 8 KB parameter sectors in the main flash array address map.

30h Non-volatile CR3NV[2]: This bit controls the POR, hardware reset, or software reset state of the 30h
instruction code is used.

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

Table 30 Configuration Register 3 Volatile (CR3V)
. . . Default _—
Bits Field name Function Type state Description
RFU Reserved Reserved for Future Use
6 RFU Reserved Reserved for Future Use
Volatile 1=Blank Check during erase enabled
> BC.V | Blank Check 0= Blank Check disabled
1=Wrap at 512 bytes
4 02h_V Page Buffer Wrap 0=Wrap at 256 bytes
CR3NV 1 =8 KB Erase disabled (Uniform Sector
Volatile, Architecture)
3 20h_V 8 KB Erase Read Only 0 =8 KB Erase enabled (Hybrid Sector
Architecture)
2 30h V Clear Status / 1=30his Erase or Program Resume command
- Resume Select 0 =30h is clear status command
1 RFU Reserved Volatile Reserved for Future Use
0 Foh V Legacy Software 1=FOh Software Reset is enabled
- Reset Enable 0 = FOh Software Reset is disabled (ignored)

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

02h Volatile CR3V[4]: This bit controls the page programming buffer address wrap point. Legacy SPI devices
generally have used a 256-byte page programming buffer and defined that if data is loaded into the buffer beyond
the 255-byte location, the address at which additional bytes are loaded would be wrapped to address zero of the
buffer. The ST9FS01GS provides a 512-byte page programming buffer that can increase programming
performance. For legacy software compatibility, this configuration bit provides the option to continue the
wrapping behavior at the 256-byte boundary or to enable full use of the available 512-byte buffer by not wrapping
the load address at the 256-byte boundary.

20h Volatile CR3V[3]: This bit controls the availability of 8 KB parameter sectors in the main flash array address
map. The parameter sectors can overlay the highest or lowest 64 KB address range of the device or they can be
removed from the address map so that all sectors are uniform size. This bit shall not be written to a value different
than the value of CR3NV[3]. The value of CR3V[3] may only be changed by writing CR3NV[3].

30h Volatile CR3V[2]: This bit controls how the 30h instruction code is used. The instruction may be used as a
clear status command or as an alternate program / erase resume command. This allows software compatibility
with either Infineon legacy SPI devices or alternate vendor devices.

FOh Volatile CR3V[0]: This bit controls the availability of the Infineon FL-S family software reset instruction. The
ST9FS01GS supports the industry common 66h + 99h instruction sequence for software reset. This configuration
bit allows the option to continue use of the legacy FOh single command for software reset.
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9.6.6 Configuration Register 4

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

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

Table 31 Configuration Register 4 Non-volatile (CR4NV)
Bits | Fieldname Function Type Default state Description
7 0
6 01_0 Output Impedance 0 See Table 32.
5 0
4 WE_O Wrap Enable 1 g z WEB E?saaljt)lfe%
RFU Reserved oTP 0 Reserved for Future Use
RFU Reserved 0 Reserved for Future Use
00 = 16-byte wrap
0 WL_O Wrap Length 0 gé z 2;21%:? x:gg
11 =128-byte wrap

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

Table 32 Output impedance control
CR4NV[T:5] Typical impedance to Vgg Typical impedance to V¢ Notes
Impedance selection (Ohms) (Ohms)

000 47 45 Factory default

001 124 105 -

010 71 64 -

011 47 45 -

100 34 35 -

101 26 28 -

110 22 24 -

111 18 21 -
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Wrap Enable Non-volatile CR4NV[4]: This bit controls the POR, hardware reset, or software reset state of the
wrap enable. The commands affected by Wrap Enable are: Quad I/O Read, and DDR Quad I/0 Read. This
configuration bit enables the device to start immediately (boot) in wrapped burst read mode rather than the
legacy sequential read mode.

Wrap Length Non-volatile CR4NV[1:0]: These bits controls the POR, hardware reset, or software reset state of
the wrapped read length and alignment. These non-volatile configuration bits enable the device to start
immediately (boot) in wrapped burst read mode rather than the legacy sequential read mode.

9.6.6.2 Configuration Register 4 Volatile (CR4V)
Related Commands: Read Any Register (RDAR 65h), Write Any Register (WRAR 71h), Set Burst Length (SBL COh).

Table 33 Configuration Register 4 Volatile (CR4V)
Bits | Fieldname Function Type Default state Description
7
6 ol Output impedance See Table 32
5
4 WE Wrap Enable 0=Wrap Enabled

1=Wrap Disabled
Reserved for Future Use

RFU Reserved Volatile CR4NV

RFU Reserved Reserved for Future Use
00 = 16-byte wrap

01 =32-byte wrap
0 WL Wrap Length 10 = 64-byte wrap
11=128-byte wrap

Output Impedance CR2V[7:5]: These bits control the 10 signal output impedance (drive strength). This volatile
output impedance configuration bit enables the user to adjust the drive strength during normal operation.

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

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

Related Commands: ECC Read (ECCRD 18h or 19h). ECCSR does not have user programmable non-volatile bits,
all defined bits are volatile read only status. The default state of these bits are set by hardware.

The status of ECC in each ECC unit is provided by the 8-bit ECC Status Register (ECCSR). The ECC Register Read
command is written followed by an ECC unit address. The contents of the status register then indicates, for the
selected ECC unit, whether there is an error in the ECC, the ECC unit data, or that ECC is disabled for that ECC unit.

Table 34 ECC Status Register (ECCSR)
Bits | Fieldname Function Type Default Description
state
7to3 RFU Reserved 0 Reserved for Future Use
. 1=Single Bit Error found in the ECC unit error
2 EECC Errorin ECC VOlat(')lﬁl’ Read 0 correction code
y 0=No error
. . Volatile, Read 1=Single Bit Error corrected in ECC unit data
1 EECCD | Errorin ECCunitdata only 0 0= No error
. Volatile, Read 1=ECCisdisabled in the selected ECC unit
0 ECCDI ECC Disabled only 0 0=ECCisenabled in the selected ECC unit

ECCSR[2] =1 indicates an error was corrected in the ECC. ECCSR[1] =1 indicates an error was corrected in the ECC
unit data. ECCSR[0] = 1 indicates the ECC is disabled. The default state of ‘0’ for all these bits indicates no failures
and ECC is enabled.

The ECCSR[7:3] are reserved. These have undefined high or low values that can change from one ECC status read
to another. These bits should be treated as “don’t care” and ignored by any software reading status.
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9.6.8 ASP Register (ASPR)

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

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

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

Table 35 ASP Register (ASPR)
Bits | Fieldname Function Type Default state Description
15to9 RFU Reserved oTP 1 Reserved for Future Use
8 RFU Reserved oTP 1 Reserved for Future Use
7 RFU Reserved OoTP 1 Reserved for Future Use
6 RFU Reserved oTP 1 Reserved for Future Use
5 RFU Reserved oTP 1 Reserved for Future Use
4 RFU Reserved oTP 1 Reserved for Future Use
3 RFU Reserved oTP 1 Reserved for Future Use
) 0 = Password Protection Mode permanently
2 PWDMLB IF\)/IE:)SC?ZV Ic_)(glekplgci)’;c ection oTp 1 (lenzalijeiig;vord Protection Mode not
permanently enabled.
' ) 0 = Persistent Protection Mode permanently
1 PSTMLB II\D/gS I:T_%nctkpéﬁtecnon oTP 1 ?lalgelfgi'stent Protection Mode not
permanently enabled.
0 RFU Reserved RFU 1 Reserved for Future Use

Password Protection Mode Lock Bit (PWDMLB) ASPR[2]: When programmed to ‘0’, the Password Protection
Mode is permanently selected.

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

PWDMLB (ASPR[2]) and PSTMLB (ASPR[1]) are mutually exclusive, only one may be programmed to zero.

ASPR bits may only be programmed while ASPR[2:1] = 11b. Attempting to program ASPR bits when ASPR[2:1] is
not = 11b will result in a programming error with P_ERR (SR1V[6]) set to ‘1’ After the ASP protection mode is
selected by programming ASPR[2:1] = 10b or 01b, the state of all ASPR bits are locked and permanently protected
from further programming. Attempting to program ASPR[2:1] = 00b will result in a programming error with P_ERR
(SR1V[6]) set to ‘1’.

Similarly, OTP configuration bits listed in the ASP Register description (see “ASP Register” on page 75), may only
be programmed while ASPR[2:1] = 11b. The OTP configuration must be selected before selecting the ASP
protection mode. The OTP configuration bits are permanently protected from further change when the ASP
protection mode is selected. Attempting to program these OTP configuration bits when ASPR[2:1] is not =11b
will result in a programming error with P_ERR (SR1V[6]) set to ‘1.

The ASP protection mode should be selected during system configuration to ensure that a malicious program
does not select an undesired protection mode at a later time. By locking all the protection configuration via the
ASP mode selection, later alteration of the protection methods by malicious programs is prevented.
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9.6.9 Password Register (PASS)

Related Commands: Password Read (PASSRD E7h) and Password Program (PASSP E8h), Read Any Register (RDAR
65h), Write Any Register (WRAR 71h). The PASS register is a 64-bit OTP memory location used to permanently
define a password for the Advanced Sector Protection (ASP) feature. PASS does not have user programmable
volatile bits, all defined bits are OTP. A volatile copy of PASS is used to satisfy read latency requirements but the
volatile register is not user writable or further described.

Table 36 Password Register (PASS)

Bits | Fieldname Function Type Default state Description

Non-volatile OTP storage of 64-bit password.
. FFFFFFFF- | The password is no longer readable after the

63t00 PWD Hidden Password otp FFFFFFFFh | password protection mode is selected by

programming ASP register bit 2 to ‘0’.

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

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

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

Table 37 PPB Lock Register (PPBL)

Bits | Fieldname Function Type Default state Description

Ttol RFU Reserved Volatile 00h Reserved for Future Use
ASPR[Z:l] =1xb =

Volatile Perswﬁg;tjePr:oiectlon 0=PPB array protected

0 PPBLOCK | Protect PPB Array Read Only ASPR[2:1] = 01b = 1=PPB array may be
Password Protection programmed or erased.

Mode =0

9.6.11 PPB Access Register (PPBAR)

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

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

Table 38 PPB Access Register (PPBAR)

Default

Bits |Fieldname Function Type state

Description

00h = PPB for the sector addressed by the
PPBRD or PPBP command is programmed to

- Read or Program per 0’, protecting that sector from program or

7t00 Non-volatile FFh erase operations.
sector PPB FFh = PPB for the sector addressed by the
PPBRD command is ‘1’, not protecting that
sector from program or erase operations.
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9.6.12 DYB Access Register (DYBAR)
Related Commands: DYB Read (DYBRD FAh or 4DYBRD EOh) and DYB Write (DYBWR FBh or 4DYBWR E1h).

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

Table 39 DYB Access Register (DYBAR)
Bits |Fieldname Function Type Default state Description
00h = DYB for the sector addressed by the
DYBRD or DYBWR command is cleared to ‘0’,
protecting that sector from program or erase
Read or Write per . operations.

7to0 bYB sector DYB Volatile FFh FFh = DYB for the sector addressed by the
DYBRD or DYBWR command is set to ‘1’, not
protecting that sector from program or erase
operations.
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9.6.13 SPI DDR Data Learning Registers

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

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

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

Table 40 Non-volatile Data Learning Register (NVDLR)
Bits |Fieldname Function Type Default state Description

OTP value that may be transferred to the host
during DDR read command latency (dummy)
cyclesto provide a training pattern to help the
host more accurately center the data capture
point in the received data bits.

Non-volatile Data oTP 0oh

7100 NVDLP Learning Pattern

Table 41 Volatile Data Learning Register (VDLR)
Bits |Fieldname Function Type Default state Description
Takes the Volatile copy of the NVDLP used to enable and
Volatile Data . value of deliver the Data Learning Pattern (DLP) to the
7100 VDLP Learning Pattern Volatile NVDLR during | outputs. The VDLP may be changed by the
POR or Reset | host during system operation.
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10 Data protection

10.1 Secure silicon region (OTP)

The device has a 2048-byte OTP address space that is separate from the main flash array. The OTP area is divided
into 32, individually lockable, 64-byte aligned and length regions.

The OTP memory space isintended for increased system security. OTP values can “mate” a flash component with
the system CPU/ASIC to prevent device substitution. See “OTP address space” on page 45, “OTP Program
(OTPP 42h)” on page 125, and “OTP Read (OTPR 4Bh)” on page 125.

10.1.1 Reading OTP memory space

The OTP Read command uses the same protocol as Fast Read. OTP Read operations outside the valid 2 KB OTP
address range will yield indeterminate data.

10.1.2 Programming OTP memory space

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

Automatic ECC is programmed on the first programming operation to each 16 byte region. Programming within
a 16 byte region more than once disables the ECC. It is recommended to program each 16 byte portion of each
32 byte region once so that ECC remains enabled to provide the best data integrity.

The valid address range for OTP Program is depicted in Figure 36. OTP Program operations outside the valid OTP
address range will be ignored, without P_ERR in SR1V set to ‘1. OTP Program operations within the valid OTP
address range, while FREEZE = 1, will fail with P_ERR in SR1V set to ‘1’. The OTP address space is not protected
by the selection of an ASP protection mode. The Freeze bit (CR1V[0]) may be used to protect the OTP Address
Space.

10.1.3 Infineon programmed random number

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

10.1.4 Lock bytes

The LSb of each Lock byte protects the lowest address region related to the byte, the MSb protects the highest
address region related to the byte. The next higher address byte similarly protects the next higher eight regions.
The LSb bit of the lowest address Lock Byte protects the higher address 16 bytes of the lowest address region. In
other words, the LSb of location 0x10 protects all the Lock Bytes and RFU bytes in the lowest address region from
further programming. See “OTP address space” on page 45.
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10.2 Write Enable command

The Write Enable (WREN) command must be written prior to any command that modifies non-volatile data. The
WREN command sets the Write Enable Latch (WEL) bit.

The WEL bit is cleared to ‘0’ (disables writes) during power-up, hardware reset, or after the device completes the
following commands:

* Reset

+ Page Program (PP or 4PP)

« Parameter 8 KB Erase (P4E or 4P4E)

« Sector Erase (SE or 4SE)

« Bulk Erase (BE)

« Write Disable (WRDI)

+ Write Registers (WRR)

+ Write Any Register (WRAR)

+ OTP Byte Programming (OTPP)

+ Advanced Sector Protection Register Program (ASPP)
« Persistent Protection Bit Program (PPBP)

« Persistent Protection Bit Erase (PPBE)

+ Password Program (PASSP)

+ Program Non-volatile Data Learning Register (PNVDLR)
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10.3 Block Protection

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

Table 42 Upper array start of protection (TBPROT_O =0)
Status register content ) Protected memory
Protected fraction of (KB)

BP2 BP1 BPO memory array R
0 0 0 None 0
0 0 1 Upper 64th 2048
0 1 0 Upper 32nd 4096
0 1 1 Upper 16th 8192
1 0 0 Upper 8th 16384
1 0 1 Upper 4th 32768
1 1 0 Upper Half 65536
1 1 1 All Sectors 131072

Table 43 Lower array start of protection (TBPROT_0=1)
Status register content . Protected memory
Protected fraction of (KB)
memory arra

BP2 BP1 BPO yaray FIo125
0 0 0 None 0
0 0 1 Lower 64th 2048
0 1 0 Lower 32nd 4096
0 1 1 Lower 16th 8192
1 0 0 Lower 8th 16384
1 0 1 Lower 4th 32768
1 1 0 Lower Half 65536
1 1 1 All Sectors 131072

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

10.3.1 Freeze bit

Bit 0 of Configuration Register 1 (CR1V[0]) is the FREEZE bit. The Freeze Bit, when set to ‘1’, locks the current state
of the Block Protection control bits and OTP area until the next power off-on cycle (additional details in
“Configuration Register 1 Volatile (CR1V)” on page 55).

10.3.2 Write Protect signal

The Write Protect (WP#) input in combination with the Status Register Write Disable (SRWD) bit (SRINV[7])
provide hardware input signal controlled protection. When WP# is LOW and SRWD is set to ‘1’, Status Register-1
(SRINV and SR1V) and Configuration Register 1 (CRINV and CR1V) are protected from alteration. This prevents
disabling or changing the protection defined by the Block Protect bits. See Table 22.
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10.4 Advanced sector protection

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

Every main flash array sector has a non-volatile Persistent Protection Bit (PPB) and a volatile Dynamic Protection
Bit (DYB) associated with it. When either bit is ‘0’, the sector is protected from program and erase operations. The
PPB bits are protected from program and erase when the volatile PPB Lock bit is ‘0. There are two methods for
managing the state of the PPB Lock bit: Password Protection, and Persistent Protection. An overview of these
methods is shown in Figure 38.

Block Protection and ASP protection settings for each sector are logically ORed to define the protection for each
sectori.e. if either mechanism is protecting a sector the sector cannot be programmed or erased. Refer to “Block
Protection” on page 72 for full details of the BP2-0 bits.

Persistent Dynamic Flash
Protection Protection Memory
Bits Array Bits Array Array
(PPB) (DYB)
Sector0 [—® ?3: L | Sector 0
Sector 0 . .8
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Figure 37 Sector protection control
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The Persistent Protection method sets the PPB Lock bit to ‘1’ during POR, or Hardware Reset so that the PPB bits
are unprotected by a device reset. There is a command to clear the PPB Lock bit to ‘0’ to protect the PPB. There
is no command in the Persistent Protection method to set the PPB Lock bit to ‘1’ therefore the PPB Lock bit will
remain at ‘0’ until the next power-off or hardware reset. The Persistent Protection method allows boot code the
option of changing sector protection by programming or erasing the PPB, then protecting the PPB from further
change for the remainder of normal system operation by clearing the PPB Lock bit to ‘0’. This is sometimes called
Boot-code controlled sector protection.

The Password method clears the PPB Lock bit to ‘0’ during POR, or Hardware Reset to protect the PPB. A 64-bit

password may be permanently programmed and hidden for the password method. A command can be used to

provide a password for comparison with the hidden password. If the password matches, the PPB Lock bit is set

to ‘1’ to unprotect the PPB. Acommand can be used to clear the PPB Lock bit to ‘0’. This method requires use of
a password to control PPB protection.

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

10.4.1 ASP Register

The ASP register is used to permanently configure the behavior of Advanced Sector Protection (ASP) features (see
Table 35).

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

« ASPR[2:1]=‘11"=No ASP mode selected, Persistent Protection Mode is the default.
« ASPR[2:1] =‘10’ = Persistent Protection Mode permanently selected.
« ASPR[2:1] =‘01’ = Password Protection Mode permanently selected.

« ASPR[2:1]=‘00’isan Illegal condition, attempting to program more than one bit to zero resultsin a programming
failure.

ASP register programming rules:

« If the password mode is chosen, the password must be programmed prior to setting the Protection Mode Lock
Bits.

+ Once the Protection Mode is selected, the following OTP configuration register bits are permanently protected
from programming and no further changes to the OTP register bits is allowed:
- CRINVI[5:2]
- CR2NV
- CR3NV
- CR4NV
- ASPR
- PASS
- NVDLR
- If an attempt to change any of the registers above, after the ASP mode is selected, the operation will fail and
P_ERR (SR1V[6]) will be set to ‘1’.

The programming time of the ASP Register is the same as the typical page programming time. The system can
determine the status of the ASP register programming operation by reading the WIP bit in the Status Register.
See “Status Register 1 Non-volatile (SR1INV)” on page 48 for information on WIP. See “Sector protection
states summary” on page 77.
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10.4.2 Persistent protection bits

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

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

Notes
« Each PPBis individually programmed to ‘0’ and all are erased to ‘1’ in parallel.

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

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

10.4.3 Dynamic protection bits

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

10.4.4 PPB Lock Bit (PPBL[0])

The PPB Lock Bit is a volatile bit for protecting all PPB bits. When cleared to ‘0’, it locks all PPBs, when set to ‘1,
it allows the PPBs to be changed. See “PPB Lock Register (PPBL)” on page 67 for more information.

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

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

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

+ Unlocked: The sectoris unprotected and protection can be changed by a simple command. The protection state
defaults to unprotected when the device is shipped from Infineon.

« Dynamically Locked: Asector is protected and protection can be changed by a simple command. The protection
state is not saved across a power cycle or reset.

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

Table 44 Sector protection states
Protection bit values
PPB lock PPB DYB Sector state
1 1 1 Unprotected - PPB and DYB are changeable
1 1 0 Protected - PPB and DYB are changeable
1 0 1 Protected - PPB and DYB are changeable
1 0 0 Protected - PPB and DYB are changeable
0 1 1 Unprotected - PPB not changeable, DYB is changeable
0 1 0 Protected - PPB not changeable, DYB is changeable
0 0 1 Protected - PPB not changeable, DYB is changeable
0 0 0 Protected - PPB not changeable, DYB is changeable
10.4.6 Persistent Protection mode

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

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

Password protection notes:

+ Oncethe Password is programmed and verified, the Password Mode (ASPR[2] =0) must be setin order to prevent
reading the password.

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

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

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

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

+ The Protection Mode Lock Bits are not erasable.

+ The exact password must be entered in order for the unlocking function to occur. If the password unlock
command provided password does not match the hidden internal password, the unlock operation fails in the
same manner as a programmingoperation on a protected sector. The P_ERR bitis set to one, the WIP Bitremains
set, and the PPB Lock bit remains cleared to ‘0’.

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

« If the password is lost after selecting the Password mode, there is no way to set the PPB Lock bit.
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10.5 Recommended protection process
During system manufacture, the flash device configuration should be defined by:

+ Programming the OTP configuration bits in CRINV[5, 3:2], CR2NV, CR3NV, and CR4NV as desired.
+ Program the secure silicon region (OTP area) as desired.

+ Program the PPB bits as desired via the PPBP command.

+ Program the NVDLR if it will be used in DDR read commands.

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

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

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

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

« The dynamic (DYB) sector protection bits can be written as desired via the DYBAR.
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11 Commands

All communication between the host system and S7T9FS01GS memory devices is in the form of units called
commands.

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

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

« instruction
« address and instruction modifier (mode)

- data

Single bit wide commands start with an instruction and may provide an address or data, all sent only on the 100
and 104 signal. Data may be sent back to the host serially on the 101 and 105 signal. This is referenced as a 1-1-1
command protocol for single bit width instruction, single bit width address and modifier, single bit data.

Quad Input / Output (I/0) commands provide an address sent from the host as bit pairs on 100 and 104 or, Data
is returned to the host similarly as bit pairs on 100 and 104 or, four-bit (nibble) groups on 100-103 and 104-107.
This is referenced as 1-4-4 for Quad I/0 command protocols.

The STI9FS01GS also supports a QPI mode in which all information is transferred in 4-bit width, including the
instruction, address, modifier, and data. This is referenced as a 4-4-4 command protocol for each Quad SPI die.

11.1 Command set summary

11.1.1 Extended addressing

To accommodate addressing above 128 Mb, there are two options:
1. Instructions that always require a 4-byte address, used to access up to 32 Gb of memory.

Table 45 Instructions and corresponding details
Command name Function Instruction (Hex)
4READ Read 13
4FAST_READ Read Fast ocC
4QIOR Quad I/O Read EC
4DDRQIOR DDR Quad I/0 Read EE
4PP Page Program 12
4P4E Parameter 8 KB Erase 21
4SE Erase 512 KB DC
4ECCRD ECC Status Read 18
4DYBRD DYB Read EO
4DYBWR DYBWR El
4PPBRD PPB Read E2
4PPBP PPB Program E3
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2. A 4-byte address mode for backward compatibility to the 3-byte address instructions. The standard 3-byte
instructions can be used in conjunction with a 4-byte address mode controlled by the Address Length
configuration bit (CR2V[7]). The default value of CR2V[7] is loaded from CR2NV[7] (following power up,
hardware reset, or software reset), to enable default 3-byte (24-bit) or 4-byte (32 bit) addressing. When the
address length (CR2V[7]) set to ‘1’, the legacy commands are changed to require 4 bytes (32-bits) for the
address field. The following instructions can be used in conjunction with the 4-byte address mode
configuration to switch from 3 bytes to 4 bytes of address field.

Table 46 Instructions and corresponding details

Command name Function Instruction (Hex)

READ Read 03

FAST_READ Read Fast 0B

QIOR Quad 1/0 Read EB

DDRQIOR DDR Quad I/O Read) ED

PP Page Program 02

P4E Parameter 8 KB Erase 20

SE Erase 512 KB D8

RDAR Read Any Register 65

WRAR Write Any Register 71

EES Evaluate Erase Status DO

OTPP OTP Program 42

OTPR OTP Read 4B

ECCRD ECC Status Read 19

DYBRD DYB Read FA

DYBWR DYBWR FB

PPBRD PPB Read FC

PPBP PPB Program FD

11.1.2 Dual-Quad SPI devices

The Dual-Quad SPI device contains two Quad SPI devices (Quad SPI-1 and Quad SPI-2)) stacked in a Dual Die
Package (DDP). Both devices are selected to decode each command instruction and address when the CS# signal,
shared by both devices, goes low. Quad SPI-1 device responds to commands, address, data in and data out on
100-103. Quad SPI-2 device responds to commands, address, data in and data out on [04-107. All commands are
executed by both devices in parallel.

Both Quad SPI devices must be configured, by writing to the various status and configuration registers in parallel,
to define the same overall sector map and behavior of both devices.
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11.1.3 Command summary sorted by function
Table 47 ST9FS01GS command set (sorted by function)!3°!
Function Co:;maend Command description Ins‘tln:;:tewn x:::.ln;rl:::‘;l ﬁ::;:fls QPI
(Hex) (MHz) (Bytes)
RDID ?ES%&DC(FJII)EDEC Manufacturer ID and 9F 133 0 Yes
gi'?/?ce D | RSFDP gg?adn#gtDeEsc Serial Flash Discoverable 5A 50 3 Yes
RDQID Read Quad ID AF 133 0 Yes
RDSR1 Read Status Register 1 05 133 0 Yes
RDSR2 Read Status Register 2 07 133 0 No
RDCR Read Configuration Register 1 35 133 0 No
RDAR Read Any Register 65 133 3or4 Yes
WRR \l/\grite Register (Status 1, Configuration 01 133 0 Yes
WRDI Write Disable 04 133 0 Yes
WREN Write Enable 06 133 0 Yes
WRAR Write Any Register 71 133 3or4 Yes
Clear Status Register 1 — Erase /
Program Fail Reset
This command may be disabled and
. CLSR theinstructionvalueinstead used fora 30 133 0 Yes
Register program / erase resume command -
Access see “Configuration Register 3” on
page 61.
Clear Status Register 1 (Alternate
CLSR instruction) — 82 133 0 Yes
Erase / Program Fail Reset
4BAM Enter 4-byte Address Mode B7 133 0 No
SBL Set Burst Length co 133 0 No
EES Evaluate Erase Status DO 133 3or4 Yes
ECCRD ECC Read 19 133 3or4 Yes
4ECCRD ECC Read 18 133 4 Yes
DLPRD Data Learning Pattern Read 41 133 0 No
PNVDLR Program NV Data Learning Register 43 133 0 No
WVDLR Write Volatile Data Learning Register 4A 133 0 No
READ Read 03 50 3or4 No
4READ Read 13 50 4 No
FAST_READ | Fast Read 0B 133 3or4 No
Read Flash |5 > —E" | Fast Read oc 133 4 No
Array
QIOR Quad I/O Read EB 133 3or4 Yes
4QIOR Quad I/O Read EC 133 4 Yes
DDRQIOR DDR Quad I/0 Read ED 80 3or4 Yes
4DDRQIOR |DDR Quad I/O Read EE 80 4 Yes
Note

39.Commands not supported In QPI mode, have undefined behavior if sent when the device is in QPI mode.
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Table 47 S79FS01GS command set (sorted by function)!3®! (Continued)
Instruction Maximum Address
Function Co:;maend Command description value frequency length QPI
(Hex) (MHz) (Bytes)
Program PP Page Program 02 133 3or4 Yes
Flash Array |4pp Page Program 12 133 4 Yes
P4E Parameter 8 KB-sector Erase 20 133 3or4 Yes
4P4E Parameter 8KB-sector Erase 21 133 4 Yes
Erase Flash |SE Erase 512 KB D8 133 3or4 Yes
Array 4SE Erase 512 KB DC 133 4 Yes
BE Bulk Erase 60 133 0 Yes
BE Bulk Erase (alternate instruction) C7 133 0 Yes
EPS Erase / Program Suspend 75 133 0 Yes
Erase / Program Suspend (alternate
EPS instruction) 85 133 0 Yes
Erase / Program Suspend (alternate
EPS instruction BO 133 0 Yes
Erase EPR Erase / Program Resume TA 133 0 Yes
/Program c I R @l
rase / Program Resume (alternate
suspend EPR instruction) 8A 133 0 Yes
/Resume Erase / Program Resume (alternate
instruction
This command may be disabled and
EPR theinstructionvalueinstead used fora 30 133 0 Yes
clear status command — see
“Configuration Register 3” on
page 61.
OTPP OTP Program 42 133 3oré4 No
OTP Array
OTPR OTP Read 4B 133 3or4 No
DYBRD DYB Read FA 133 3or4 Yes
4DYBRD DYB Read EO 133 4 Yes
DYBWR DYB Write FB 133 3or4 Yes
4DYBWR DYB Write El 133 4 Yes
PPBRD PPB Read FC 133 3or4 No
4PPBRD PPB Read E2 133 4 No
PPBP PPB Program FD 133 3or4 No
Advanced | 4ppBP PPB Program E3 133 4 No
Sector
Protection PPBE PPB Erase E4 133 0 No
ASPRD ASP Read 2B 133 0 No
ASPP ASP Program 2F 133 0 No
PLBRD PPB Lock Bit Read AT 133 0 No
PLBWR PPB Lock Bit Write A6 133 0 No
PASSRD Password Read E7 133 0 No
PASSP Password Program E8 133 0 No
PASSU Password Unlock E9 133 0 No
Note

39.Commands not supported In QPI mode, have undefined behavior if sent when the device is in QPI mode.
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Table 47 S79FS01GS command set (sorted by function)!3®! (Continued)
Function Co:;maend Command description Ins‘t’;L;:tewn x:::.ln;rl:::‘;l ﬁ::;:fls QPI
(Hex) (MHz) (Bytes)

RSTEN Software Reset Enable 66 133 0 Yes

Reset RST Software Reset 99 133 0 Yes
RESET Legacy Software Reset FO 133 0 No
MBR Mode Bit Reset FF 133 0 Yes

DPD DPD Enter Deep Power-Down Mode B9 133 0 Yes
RES Release from Deep Power-Down Mode AB 133 0 Yes

Note

39.Commands not supported In QPI mode, have undefined behavior if sent when the device is in QP mode.
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11.1.4 Read Device Identification

There are multiple commands to read information about the device manufacturer, device type, and device
features. SPI memories from different vendors have used different commands and formats for reading
information about the memories. The ST9FS01GS supports the three device information commands.

11.1.5 Register read or write

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

11.1.5.1 Monitoring operation status

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

11.1.5.2 Configuration

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

11.1.6 Read flash array

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

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

+ The Read command provides a single address bit per SCK rising edge on the 100 and 104 signal with read data
returning a single bit per SCK falling edge on the 101 and 105 signal. This command has zero latency between
the address and the returning data but is limited to a maximum SCK rate of 50 MHz.

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

+ The Fast Read command provides a single address bit per SCKrising edge on the 100 and 104 signal with read
data returning a single bit per SCK falling edge on the 101 and 105 signal.

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

+ Quad Double Data Rate read commands provide address four bits per every SCK edge with read data returning
four bits of data per every SCK edge on the I00-103 signals.
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11.1.7 Program flash array

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

11.1.8 Erase flash array

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

11.1.9 OTP, block protection, and advanced sector protection

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

11.1.10 Reset

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

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

11.1.11 DPD

A Deep Power-Down (DPD) mode is supported by the ST9FS01GS devices. If the device has been placed in DPD
mode by the DPD (B9h) command, the interface standby current is (Ippp). The DPD command is accepted only
while the device is not performing an embedded algorithm as indicated by the Status Register-1 volatile Write In
Progress (WIP) bit being cleared to zero (SR1V[0] = 0). While in DPD mode the device ignores all commands except
the Release from DPD (RES ABh) command, that will return the device to the Interface Standby state after a delay
of tRES'

11.1.12 Reserved

Some instructions are reserved for future use. In this generation of the ST9FS01GS some of these command
instructions may be unused and not affect device operation, some may have undefined results.

Some commands are reserved to ensure that a legacy or alternate source device command is allowed without
effect. This allows legacy software to issue some commands that are not relevant for the current generation
ST9FS01GS with the assurance these commands do not cause some unexpected action.

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

11.2.1 Read Identification (RDID 9Fh)

The Read Identification (RDID) command provides read access to manufacturer identification, device
identification, and common flash interface (CFl) information. The manufacturer identification is assigned by
JEDEC. The CFl structure is defined by JEDEC standard. The device identification and CFl values are assigned by
Infineon.

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

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

The RDID instruction is shifted on 100 and 104. After the last bit of the RDID instruction is shifted into the device,
a byte of manufacturer identification, two bytes of device identification, extended device identification, and CFI
information will be shifted sequentially out on 101 and 105. As a whole this information is referred to as ID-CFI.
See “Device ID and common flash interface (ID-CFI) address map” on page 144 for the detail description of
the ID-CFI contents.

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

The maximum clock frequency for the RDID command is 133 MHz.

For the Dual-Quad SPI device the Read Identification (RDID) instruction and data read is only done on Quad SPI-1
using 100 and 101 and 100-103 when QPI mode is enabled.

cst | )\ [
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100 I 7 [6 (514 3 21 0 )
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Phase | instrucon | Datal _ \\  DataN [ _
Figure 39 Read Identification (RDID) command sequence

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

CS# |
sok ] LML LML L
00— 4 [ 0o | 4] o] 4] o] 4 o] 4]0 4/]o0]
o1—— 5] 1 5 1[5 115 11511 15]1]
02— 6] 2 | 6 | 2 | 6] 2161 21612168612 ]
03— 7 [ 3 [ 7 | 31 71317 1317131 713]
Phase | Instruction] _ D1 _ | D2 [ D3 | D4 | DataN |
Figure 40 Read Identification (RDID) QPI Mode command
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11.2.2 Read Quad Identification (RDQID AFh)

The Read Quad Identification (RDQID) command provides read access to manufacturer identification, device
identification, and common flash interface (CFl) information. This command is an alternate way of reading the
sameinformation provided by the RDID command whilein QPI mode. In all other respects the command behaves
the same as the RDID command.

The command is recognized only when the device is In QPI mode, (CR2V[6] = 1). The instruction is shifted in on
100-103. After the last bit of the instruction is shifted into the device, a byte of manufacturer identification, two
bytes of device identification, extended device identification, and CFl information will be shifted sequentially out
on 100-103. As a whole this information is referred to as ID-CFI. See “Device ID and common flash interface
(ID-CFI) address map” on page 144 for the detail description of the ID-CFI contents.

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

The maximum clock frequency for the command is 133 MHz.

For the Dual-Quad SPI device the Read Quad Identification (RDQID) instruction and data read is only done on
Quad SPI-1 using 100 and 101 and 100-103 when QPI mode is enabled.

cs# |
S /R I I e e s I Y o
00— 4 ] 0 | 4] o] 4] o] 4 o] 4]o]l] 4]0
o1—— 5 1 5 1[5 115 11511 15]1]
o2— 6] 2 | 6 | 2 | 6] 2161 216121612
o3—— 7 3 | 7 | 3 7137 3] 7131 7]13]
Phase | Instrucon] _ D1___ | _ D2 | D3 | D4 | DataN | ___
Figure 41 Read Quad Identification (RDQID) command sequence
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11.2.3 Read Serial Flash Discoverable Parameters (RSFDP 5Ah)

The command is initiated by shifting on 100 the instruction code ‘5Ah’, followed by a 24-bit address of 000000h,
followed by 8 dummy cycles. The SFDP bytes are then shifted out on 101 starting at the falling edge of SCK after
the dummy cycles. The SFDP bytes are always shifted out with the MSb first. If the 24-bit address is set to any
other value, the selected location in the SFDP space is the starting point of the data read. This enables random
access to any parameter in the SFDP space. The RSFDP command is supported up to 50 MHz.

For the Dual-Quad SPI device the Read Serial Flash Discoverable Parameters (RSFDP) instruction and data read
is only done on Quad SPI-1 using 100 and 101 and 100-103 when QPI mode is enabled.

cs# | )\ ) [
sk T U o=
oo W7 Te s T4 5 2] o nedi{ T o [

101 ) \ [7lel5]ala2]1]0]
Phase | instrucon | |\ Address \\  DummyCydes | Daa1_____ | _
Figure 42 RSFDP command sequence

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

cs# | )| )|

|00—|4|o|20|\\|4|0|—\‘, {4 JoJaloJalolaTlo]
|o1—|5|1|21|\\|5|1|—‘,‘, {is 1[5 [1]s5 [1]5 1]
|02—|6|2|22|\\|6|2|—‘,‘, {626 216 2]6 2]
|03—|7|3|23|\\|7|3|—‘,‘, {73737 3]713]
Phase ~ [instruct. | (\Address | V" " Dummy [ "Di_| D2 | D3 | D4 | _

Figure 43 RSFDP QPl Mode command sequence
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11.3 Register Access commands

11.3.1 Read Status Register 1 (RDSR1 05h)

The Read Status Register-1 (RDSR1) command allows the Status Register-1 contents of Quad SPI-1 to be read
from 101 and Quad SPI-2 to be read from 105. In QPI mode, the Status Register-1 contents of Quad SPI-1 to be
read from 100-103 and Quad SPI-2 to be read from 104-107.

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

cst ] )\ [
seck | My ryryruLe
10O 7 6 [543 2110 N (e

101 {7]els[af3f2]1]o[W[6[s[4]3][2]1]0]
102-103 \!

o4 7 [6 [543 21 0 ) .

105 {7]els[af3]2]1]ofW[6[s[4]3][2]1]0]
106-107 \!
Phase [ """ instruction ____ | ______ Status______ [\\____Updated Status __ | __

Figure 44 Read Status Register 1 (RDSR1) command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on I00-103 for Quad SPI-1
and 104-107 for Quad SPI-2. The returning data is shifted out on 100-103 for Quad SPI-1 and 103-107 for Quad
SPI-2.

cs#™ |
SRS I I A s I I Y I
oo——— 4 | o | 4 | o [ 4 [ o [ 4 [ o |
o1t—— 5 | 1 | 5 [ 1 [ 5 [ 1 [ 5 [ 1 ]
o2——— 6 | 2 | 6 | 2 | 6 | 2 | 6 | 2 |
o3——— 7 | 3 | 7 | 3 [ 7 | 3 [ 7 1 3 1]
o4— 4 [ o0 | 4 | o | 4 | o | 4 | o |
os—— 5 | 1 | 5 | 1 | 5 | 1 | 5 | 1 ]
o6——— 6 | 2 | 6 | 2 | 6 | 2 | 6 | 2 |
or——— 7 | 3 | 7 | 3 | 7 | 3 [ 7 | 3 1]
Phase | _ nstruct. | __Status . Updated Status _Updated Status
Figure 45 Read Status Register 1 (RDSR1) QPI Mode command
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11.3.2 Read Status Register 2 (RDSR2 07h)

The Read Status Register-2 (RDSR2) command allows the Status Register-2 contents of Quad SPI-1 to be read
from 101 and Quad SPI-2 to be read from 105.

The Status Register 2 contents may be read at any time, even while a program, erase, or write operation is in

progress. Itis possible to read the Status Register 2 continuously by providing multiples of eight clock cycles. The
status is updated for each eight cycle read. The maximum clock frequency for the RDSR2 command is 133 MHz.

Ccs# | \\ [
seck _ 1My yUyyyyyyyynfUUuuyULs
loo I 7165143 211 0 ) s
101 {7]6]5[4[3[2[1]o[V[6]5]4]3[2]1][0]
02-103 i
104 I 7615432 1]0 [ P
105 {7]6]5[4[3][2[1]0[W[6][5[4][3[2]1][0]
06-107 ‘\\)
Phase | Instrucion | Status  |}\  Updated Status | _

Figure 46 Read Status Register 2 (RDSR2) command

In QPI mode, Status Register 2 may be read via the Read Any Register command, see “Read Any Register (RDAR
65h)” on page 99.

11.3.3 Read Configuration Register (RDCR 35h)

The Read Configuration Register (RDCR) commands allows the volatile Configuration Registers (CR1V) contents
of Quad SPI-1 to be read from 101 and Quad SPI-2 to be read from 105.

Itis possible to read CR1V continuously by providing multiples of eight clock cycles. The Configuration Register
contents may be read at any time, even while a program, erase, or write operation is in progress.

cs# | ) M
seck _ Uyt Uy U ULE
o 7 [6 5 4 3210 )
101 {7]6]5[4]3[2[1o[W[6[5[4[3]2]1]0]
102-103 S
o4 7 [6 [543 2110 e S
105 {7]6]5[4]3[2[1o[W[6[5[4[3]2]1]0]
106-107 \
Phase | nstruction | RegisterRead |} RepeatRegisterRead | _
Figure 47 Read Configuration Register (RDCR) command sequence

In QPI mode, Configuration Register 1 may be read via the Read Any Register command, see “Read Any Register
(RDAR 65h)” on page 99.
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11.3.4 Write Registers (WRR 01h)

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

The Write Registers (WRR) command is entered by shifting the instruction and the data bytes for Quad SPI-1 on
100 and for Quad SPI-2 on 104. The Status Register is one data byte in length.

The WRR operation first erases the register then programs the new value as a single operation. The Write Registers
(WRR) command will set the P_ERR or E_ERR bits if there is a failure in the WRR operation. See

“Status Register 1 Volatile (SR1V)” on page 50 for a description of the error bits. Any status or configuration
register bit reserved for the future must be written as ‘0’.

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

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

cs# | [

SCK
ool 7 {65 4]3]2]1]o]7]6l5]a]al2]1]o0]7]6]5]4]3] 2110 N

SO_I01-103
o4 7 [6 54 3]2]1]o]7]6]5 a]al2]1]o]7]6]5]4]3] 2110 N
105
Phase | nstucon | InputStatusRegiste-1 | InputConf Register1 |- --
Figure 48 Write Registers (WRR) command sequence

This command is also supported in QPI mode. In QPI mode, the instruction and data is shifted in on 100-103 for
Quad SPI-1 and 104-107 for Quad SPI-2.

cs# |
SCLK ] J | J | J | J | J | J | [
o —— 4 | 0 | 4 [ 0 [ 4 [ 0 "
101 ——— 5 [ 1 [ 5 [ 1 | 5 I 1 f—
R — 6 | 2 ] 6 | 2 | 6 | 2 P—
103 ———8 7 | 3 | 7 | 3 | 7 | 3 |
104 —— 4 [ 0 [ 4 [ 0 [ 4 [ 0 "
105 ————————] 5 [ 1 [ 5 [ 1 | 5 I 1 f—
106 —————————— ] 6 | 2 ] 6 | 2 | 6 | 2 P—
107 ——— 7 | 3 | 7 | 3 | 7 | 3 ——m
Phase ~ """ T T instuct_ _ ___ __{ ____ JnputStatusi _ _ _ _ _[ __ __ InputConfigl _ __ _ _f---——--

Figure 49 Write Registers (WRR) command sequence QPI Mode

The Write Register (WRR) command writes the non-volatile version of the Quad bit (CR1INV[1]), which also causes
an update to the volatile version CR1V[1]. The WRR command can not write the volatile version CR1V[1] without
first affecting the non-volatile version CRINV[1]. The WRAR command must be used when it is desired to write
the volatile Quad bit CR1V[1] without affecting the non-volatile version CRINV[1].
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The Write Registers (WRR) command allows the user to change the values of the Block Protect (BP2, BP1, and
BPO) bits in either the non-volatile Status Register 1 or in the volatile Status Register 1, to define the size of the
area that is to be treated as read-only. The BPNV_O bit (CR1NV[3]) controls whether WRR writes the non-volatile
orvolatile version of Status Register 1. When CR1INV[3] = 0 WRR writes SR1INV[4:2]. When CR1NV[3] =1 WRR writes
SR1V[4:2].

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

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

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

« If Write Protect (WP#) signalisdriven to the logic HIGH state, itis possible to write to the Status and Configuration
Registers provided that the Write Enable Latch (WEL) bit has previously been set to ‘1’ by initiating a Write Enable
(WREN) command.

« If Write Protect (WP#) signal is driven to the logic LOW state, it is not possible to write to the Status and
Configuration Registers even if the Write Enable Latch (WEL) bit has previously been set to ‘1’ by a Write Enable
(WREN) command. Attempts to write to the Status and Configuration Registers are rejected, not accepted for
execution, and no errorindication is provided. As a consequence, all the data bytes in the memory area that are
protected by the Block Protect (BP2, BP1, BP0) bits of the Status Register, are also hardware protected by WP#.

The WP# hardware protection can be provided:

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

« or by driving Write Protect (WP#) signal to the logic LOW state after setting the Status Register Write Disable
(SRWD) bit to ‘1’.

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

Table 48 Block Protection modes!*0 41
. . . . Memory content
WP# | SRWD bit Mode Write protection of registers
Protected area Unprotected area
1 1 Status and Configuration Registers are .
1 0 Software Writable (if WREN command has set E;ogegtrgd ?agr?]mst Ready to accept Page
Protected the WEL bit). The values in the SRWD, Segtor Er%se énd Program, and Sector
0 0 BP2,BP1,and BP0 bits and those in the Bulk Erase Erase commands
Configuration Register can be changed
Status and Configuration Registers are .
Hardware Hardware Write Protected. The values E;O';egtrgd raagnzimst Ready to accept Page
0 1 Protected in the SRWD, BP2, BP1, and BPO bits Sefc;tor Er%se énd Program or Erase
and those in the Configuration Bulk Erase commands
Register cannot be changed
Notes

40.The Status Register originally shows 00h when the device is first shipped from Infineon to the customer.
41.Hardware protection is disabled when Quad Mode is enabled (CR1V[1] = 1). WP# becomes 102; therefore, it
cannot be utilized.
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11.3.5 Write Enable (WREN 06h)

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

CS# must be driven into the logic HIGH state after the eighth bit of the instruction byte has been latched in on 100
for Quad SPI-1 and 104 for Quad SPI-2. Without CS# being driven to the logic HIGH state after the eighth bit of the
instruction byte has been latched in on 100 for Quad SPI-1 and 104 for Quad SPI-2, the write enable operation will
not be executed.

cst | [
T e T e T e T e W e T e N o T
co N 7 [ 6 | 5 [ 4 [ 3 [ =2 1 1 1 o
101403

oD 7 [ ¢ [ 5 [ =+ [ s [ 2 [ + [ o [
105-107

Phase [ msweln 0

Figure 50 Write Enable (WREN) command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on I00-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

CS#
SCLK

100

]

101

102

104

105

106

|
L
|
L
{
103 I
|
L
|
L
|
L
|
L

~| Jof |of [&] N o] [of |

107

,,,,,,,,,,,,,,,,, -
Phase . ____________lInstuction ____________ L

Figure 51 Write Enable (WREN) command sequence QPI mode
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11.3.6 Write Disable (WRDI 04h)
The Write Disable (WRDI) command clears the Write Enable Latch (WEL) bit of the Status Register 1 (SR1V[1]) to ‘0.

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

CS# must be driven into the logic HIGH state after the eighth bit of the instruction byte has been latched in on 100
for Quad SPI-1 and 104 for Quad SPI-2. Without CS# being driven to the logic HIGH state after the eighth bit of the
instruction byte has been latched in on 100 for Quad SPI-1 and 104 for Quad SPI-2, the write disable operation will
not be executed.

cst | [
sck S Y Yy I S S S I O
oo 7 [ e [ s [ 4 T s T 2 T 1 T o e
101-103
o DN 7 [ 6 [ s [ a T s e T o [
105-107
Phase . _______.Wmsmeion . _____
Figure 52 Write Disable (WRDI) command sequence

This command is also supported in QPI mode.In QPI mode, the instruction is shifted in on 100-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cs#— | —
SCLK N R I
100 1 4 | 0 |
101 I 5 [ 1 f
102 I 6 [ 2 I
103 { 7 [ 3 I
104 { 4 [ 0 I
105 : 5 | ] |
106 { 6 [ 2 I
107 1 7 | 3 |
=
Figure 53 Write Disable (WRDI) command sequence QPI mode
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11.3.7 Clear Status Register (CLSR 30h or 82h)

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

The legacy Clear Status Register (CLSR 30h) instruction may be disabled and the 30h instruction value instead
used for a program / erase resume command, see “Configuration Register 3” on page 61. The Clear Status
Register alternate instruction (CLSR 82h) is always available to clear the status register.

cst
ScK o B = b L b I [
co M 7 [ e [ s [ 4 [ 3 [ 2 [t [ o [N

101-103

o DN 7 [ e [ s [ 4 [ s [ 2 [ 1 T o

105-107

Phase ‘L Instruction

- -

Figure 54 Clear Status Register (CLSR) command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on 100-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cs#— | —
SCLK e [
100 { 4 [ 0 f
101 { 5 | 1 }
102 { 6 [ 2 I
103 I 7 [ 3 I
104 : 3 | 0 |
105 { 5 [ 1 |
106 { 6 [ 2 I
107 | 7 | 3 |
Phase | _______mstruction _ _________ ] ____________
Figure 55 Clear Status Register (CLSR) command sequence QPI mode
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11.3.8 ECC Status Register Read (ECCRD 19h or 4EECRD 18h)

To read the ECC Status Register, the command is followed by the ECC unit address, the four least significant bits
(LSb) of address must be set to ‘0’. This is followed by the number of dummy cycles selected by the read latency
value in CR2V[3:0]. Then the 8-bit contents of the ECC Register, for the ECC unit selected, are shifted out on 101
and 105 16 times, once for each byte in the ECC Unit. If CS# remains LOW the next ECC unit status is sent through
01 and 105 16 times, once for each byte in the ECC Unit. The maximum operating clock frequency for the ECC
READ command is 133 MHz.

cst | ) ) W\
CEnnnnnnnnnnnpnuynnnnnnnnnpnnnnnny
ool 7T [543 ]2 1 oAl |1|0|I_|
101 \ [7]6[5]4[3[2[1]o] \\
102-103 ! “ i\
o4l 7654321 oAl |1|0|I_|
l0s ) ) [7Telslalal2[1To [

106-107 \ \ \
Phase | instrucon | ) Addres |\ _ DummyCydes | _____ Data ____ \\

Figure 56 ECC Status Register Read command sequencel*% 4]

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2. The returning data is shifted out on 100-103 for Quad SPI-1 and
103-107 for Quad SPI-2.

cs# | i\ i\
sl il sl iaiaipipiaa iy ipinil
|00—|4|0|A-3|\\|4|o|—\‘, 4]lofafofafo]4a]0]
01— 5 [ 1 [A2[ W[5 1
02— 6 [ 2 [A1W[6 ]2
10s— 73 [al W73
04— 4 [ o [as[ T4 o)
10s — 5 | 1 [A2[ W[5 ] 1)
06— 6 2 [A1] W] 6] 2 M)
'07—|7|3|A|\\|7|3|—\\ 7l3f[7z]3]7[3]7[3]

sl1]s]1]s]1]s[1]

6l2]e6f2[6]2]6[2]

7lsf[7[3]7z[3[7]3]

4foJaJofafofaf0]

sl1]s]1]s]1]s[1]

6l2[6[2]6[2[6]2]

Figure 57 ECCRD (19h), QPI Mode, CR2[7] = 0 command sequencel*% %3]

Notes
42.A=MSb of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command 19h.
43.A=MSb of address =31 with command 18h.
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11.3.9 Program NVDLR (PNVDLR 43h)

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

The PNVDLR command is entered by shifting the instruction and the data byte on 100 for Quad SPI-1 and 104 for
Quad SPI-2.

CS# must be driven to the logic HIGH state after the eighth (8th) bit of data has been latched. If not, the PNVDLR
command is not executed. As soon as CS# is driven to the logic HIGH state, the self-timed PNVDLR operation is
initiated. While the PNVDLR operation is in progress, the Status Register may be read to check the value of the
Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed PNVDLR cycle, and is ‘0’
when it is completed. The PNVDLR operation can report a program error in the P_ERR bit of the status register.
When the PNVDLR operation is completed, the Write Enable Latch (WEL) is set to ‘0’. The maximum clock
frequency for the PNVDLR command is 133 MHz.

cs# | [

Ssnipipipinipipinininipipinininininlis
soo B 7 [ 6 [ 5] 43 ]2]1]o]7]6]5]4]3]z2]1]0 N

SO_I01-103
o« 7 [ 6 [ 5] 4 3] 2] 1]o] 7 6] 5] 4321110 [l
105-107
prase [T hwwaen T mpabaw

Figure 58 Program NVDLR (PNVDLR) command sequence

11.3.10 Write VDLR (WVDLR 4Ah)

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

The WVDLR command is entered by shifting the instruction and the data byte on 100 for Quad SPI-1 and 104 for
Quad SPI-2.

CS# must be driven to the logic HIGH state after the eighth (8th) bit of data has been latched. If not, the WVDLR
command is not executed. As soon as CS# is driven to the logic HIGH state, the WVDLR operation is initiated with
no delays. The maximum clock frequency for the PNVDLR command is 133 MHz.

cst | [

s iaisininininisisinininininisininls
siioo B 7 [ 6 [543 ]2]1]o]7]6]5]4]3]2]1]0

SO_lO1-103
o+BN 7 [6 [ s [a]s2]r]o]7 654 s]2]1]o NN

105-107
Phase | mstwton | IpuData |

Figure 59 Write VDLR (WVDLR) command sequence
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11.3.11 Data Learning Pattern Read (DLPRD 41h)

The instruction is shifted on 100 and 104, then the 8-bit DLP is shifted out on 101 and |05. It is possible to read the
DLP continuously by providing multiples of eight clock cycles. The maximum operating clock frequency for the
DLPRD command is 133 MHz.

cs# |
sek 1 LU e eI
sioo Ml 7 T[54 Ta 2 [+ o [

SO_Io1 {7]els5[al3]2]1Jof7]6ls5]al3[2]1]0]
102-103
o4 7 [6 54 [3[2 [ 1] o0 N
105 {765 Jals]2]1]ol7]e]s5a]l3]2]1]0]
106-107
-r - - - - - -5 -~ LT T T T T T L TS T T T T T I |
Phase | _ Instrucion = _ L_____RegistrRead = ___ | L _ _ _ RepeatRegisterRead _ __ _ Lo

Figure 60 DLP Read (DLPRD) command sequence

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

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

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

cst | [
SCK | | [ ] [ ] | L | [ 1 [ 1 | |

100 7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 | 0 I
101-103

|04_ 7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 | 0 _
105-107

Phese | ________________wstwfon _______________________|______

Figure 61 Enter 4-Byte Address Mode (4BAM B7h) command sequence

11.3.13 Read Any Register (RDAR 65h)

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

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

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

The RDAR command will read invalid data from the PASS register locations if the ASP Password protection mode
is selected by programming ASPR[2] to ‘0.
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Table 49 Register address map
Byte address (Hex) Register name Description
00000000 SRINV
00000001 N/A
00000002 CRINV
Non-volatile Status and Configuration Registers
00000003 CR2NV
00000004 CR3NV
00000005 CR4NV
N/A
00000010 NVDLR Non-volatile Data Learning Register
N/A
00000020 PASS[7:0]
00000021 PASS[15:8]
00000022 PASS[23:16]
00000023 PASS[31:24] ) .
Non-volatile Password Register
00000024 PASS[39:32]
00000025 PASS[47:40]
00000026 PASS[55:48]
00000027 PASS[63:56]
N/A
00000030 ASPR[7:0] Non-volatile
00000031 ASPR[15:8]
N/A
00800000 SR1V
00800001 SR2v
00800002 CR1V . _ _ .
Volatile Status and Configuration Registers
00800003 CR2v
00800004 CR3V
00800005 CR4V
N/A
00800010 VDLR Volatile Data Learning Register
N/A
00800040 PPBL Volatile PPB Lock Register
N/A
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cst | \! \! |8
Ennnnnnnpninnnynnnnnppnnpnnpnnnnny
ool 765 4 3 21 To AN T o
101 i i [716l5]alal2]1]0]
102-103 “ \ -
IO4.7|6|5|4|3|2|1|0|A|\ |1|0|-_|
105 i\ \! (716l 4 3][2]1]0o] \\
106-107 “ \! \
Phase7T::::@S}Qé@ﬁ::::77“:Aiiér:e{{:S\::b@@i&@i@e:s::[::::b:at:a::::ﬁ
Figure 62 Read Any Register Read command sequence!*]

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2. The returning data is shifted out on 100-103 for Quad SPI-1 and
103-107 for Quad SPI-2.

cs# | ) \\

SCLK SS “
00— 2 [ o [as[ W[4 o 4fofaJofafJofa]o]

01— 5 [ 1 [Aa2[ W[5 [ 1 ) s 1[s5]1]s5]1[5]1]
|02—|6|2|A-1|\\|6|2|—\‘, 6l 2]6]2]6]2]6]2]
03— 7 [ 3 [AalW[7 3 7 sf[7]3]7]3[7]3]
04— 2 [ o [a3[ T2 o) 4JolaJofaloafo]

05 —{"5 [ 1 [a2[ W] 5 [ 1 sl1lsf[a]lsf[1]s]1]
06 —"6 [ 2 [A1[ W62

07— 7 [ 3 AL W73

6]2]6f2]6f[2]6]2]

7]sl7fs]7][3]7]3]

Phase | Instruct.| S Address | “ Dummy | Data | Data , Data |, Data |

RN S L =22 L _=Z==_ Lr_Z==_ 1 == [

Figure 63 Read Any Register, QPI Mode command sequence[44]

Note
44 A = MSb of address = 23 for Address length CR2V[7] = 0, or 31 for CR2V[7] =
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11.3.14 Write Any Register (WRAR 71h)

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

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

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

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

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

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

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

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

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

The command sequence and behavior is the same as the PP or 4PP command with only a single byte of data
provided. See “Page Program (PP 02h or 4PP 12h)” on page 113.

The address map of the registers is the same as shown for “Read Any Register (RDAR 65h)” on page 99.

11.3.15 Set Burst Length (SBL COh)

The Set Burst Length (SBL) command is used to configure the Burst Wrap feature. Burst Wrap is used in
conjunction with Quad 1/0 Read and DDR Quad 1/0 Read, in legacy SPI or QPI mode, to access a fixed length and
alignment of data. Certain applications can benefit from this feature by improving the overall system code
execution performance. The Burst Wrap feature allows applications that use cache, to start filling a cache line
with instruction or data from a critical address first, then fill the remainder of the cache line afterwards within a
fixed length (8/16/32/64 bytes) of data, without issuing multiple read commands.

The Set Burst Length (SBL) command writes the CR4V register bits 4, 1, and 0 to enable or disable the wrapped
read feature and set the wrap boundary. Other bits of the CR4V register are not affected by the SBL command.
When enabled the wrapped read feature changes the related read commands from sequentially reading until the
command ends, to reading sequentially wrapped within a group of bytes.

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

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

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

The starting address of the read command selects the group of bytes and the first data returned is the addressed
byte. Bytes are then read sequentially until the end of the group boundary is reached. If the read continues the
address wraps to the beginning of the group and continues to read sequentially. This wrapped read sequence
continues until the command is ended by CS# returning HIGH.
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Table 50 Example burst wrap sequences
CR4V[4,1:0] Wrap
value boundary Starz::g)t(:l)ress Address sequence (Hex)
(Hex) (Bytes)

I sequential | X003 gg,04,05,06,07,08,09,0A,OB,0C,0D,0E,0F,10,11,12,13,14,15,16,17,

00 16 XXXXXX00 | 00,01, 02, 03, 04,05, 06, 07, 00, 01, 02, ...

00 16 XXXXXX07 |07, 00, 01,02, 03, 04, 05, 06, 07, 00, 01, ..

01 2 XXXXXX02 | 02,03, 04,05, 06, 07, 08, 09, 0A, 0B, 0C, 0D, OE, OF, 00, 01, 02, 03, ...

01 32 XXXXXXOC | 0C, 0D, OE, OF, 00, 01, 02, 03, 02, 03, 04, 05, 06,07, 08,09, 0A, 0B, 0C, OD, O, ...
0A, 0B, 0C, 0D, OE, OF, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 1A, 1B, 1C, 1D, 1E,

02 64 XXXXXX0A | 1F"00. 01, 02, 03, 04,05, 06, 07, 08, 09, OA. OB, 0C, 0D, O, OF, ...
1E, 1F, 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, OA, 0B, 0C, 0D, OE, OF, 10, 11, 12,

02 64 XXXXXXIE 113’14 15, 16,17, 18,19, 1A, 1B, 1C, 1D, 1E, 1F, 00, ...
03, 04, 05, 06, 07, 08, 09, 0A, OB, 0C, 0D, OF, OF, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 1A 1B, 1C, 1D, 1E, 1F, 20, 21, 22, 23, 24, 25,26, 27,28, 29, 2A, 2B, 2C.

03 128 XXXXXX03 |50 2E, 2F, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 3A, 3B, 3C, 3D, 3E, 3F, 00, 01,
02
2E, 2F, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 3A, 3B, 3C, 3D, 3E, 3F, 00, 01, 02,
03. 04,05, 06,07, 08, 09, OA, OB, 0C, 0D, OE, OF, 10, 11, 12, 13, 14, 15, 16, 17,

03 128 XXXXXX2E | 18”19, 1A 1B, 1C, 1D, 1E, 1F, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 2A, 2B. 2C.
2D, 2, 2F. ...

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

cs# | [
scK
sioo I 7 [ 6 [ 5] 4 3] 2]1]o]7]6]5]4]3]z2]1]0 [l

SO_l01-103
o+ 7 [ 6 [ 5] 4 3] 2]1]o]7]6]5]4]3]z2]1]o0 N
105-107
Phase | dnswen | InpwDaw |
Figure 64 Set Burst Length command sequence
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11.4 Read Memory Array commands

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

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

Some SDR commands transfer address one bit per rising edge of SCK and return data 2 bit of data per rising
edge of SCK. These are called Single Width commands.

Some SDR commands transfer both address and data 2 or 4 bits per rising edge of SCK. These are called Quad
I/0, and QPI for 8 bit. QPI also transfers instructions 4 bits per rising edge.

+ Some commands transfer address and data on both the rising edge and falling edge of SCK. These are called
DDR commands.

There are DDR commands for 4 bits of address per each die or 8 bits data per SCK edge. These are called Quad
I/O DDR and QPI DDR for 8 bit per edge transfer.

All of these commands, except QPI Read, begin with an instruction code that is transferred one bit per SCK rising
edge. QPI Read transfers the instruction 4 bits per SCK rising edge per die.The instruction is followed by either a
3- or 4-byte address transferred at SDR or DDR. Commands transferring address or data 4 bits per die and clock
edge are called Multiple 1/0 (MIO) commands. For STO9FS01GS devices, the traditional SPI 3-byte addresses are
unable to directly address all locations in the memory array. Separate 4-byte address read commands are
provided for access to the entire address space. These devices may be configured to take a 4-byte address from
the host system with the traditional 3-byte address commands. The 4-byte address mode for traditional
commands is activated by setting the Address Length bit in Configuration Register 2 to ‘0’

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

Some commands require delay cycles following the address or mode bits to allow time to access the memory
array - read latency. The delay or read latency cycles are traditionally called dummy cycles. The dummy cycles
are ignored by the memory thus any data provided by the host during these cycles is ‘don’t care’ and the host
may also leave the 100 and 104 signal at high impedance during the dummy cycles. When MIO commands are
used the host must stop driving the 10 signals (outputs are high impedance) before the end of last dummy cycle.
When DDR commands are used the host must not drive the 1/0 signals during any dummy cycle. The number of
dummy cycles varies with the SCK frequency or performance option selected via the Configuration Register 2
(CR2V[3:0]) Latency Code. Dummy cycles are measured from SCK falling edge to next SCK falling edge. SPI
outputs are traditionally driven to a new value on the falling edge of each SCK. Zero dummy cycles means the
returning data is driven by the memory on the same falling edge of SCK that the host stops driving address or
mode bits.

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

When using SDR I/0 commands at higher SCK frequencies (>50 MHz), an LC that provides one or more dummy
cycles should be selected to allow additional time for the host to stop driving before the memory starts driving
data, to minimize I/O driver conflict. When using DDR I/O commands with the DLP enabled, an LC that provides
five or more dummy cycles should be selected to allow one cycle of additional time for the host to stop driving
before the memory starts driving the four-cycle DLP.

Each read command ends when CS# is returned HIGH at any point during data return. CS# must not be returned
HIGH during the mode or dummy cycles before data returns as this may cause mode bits to be captured
incorrectly; making it indeterminate as to whether the device remains in continuous read mode.
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11.4.1 Read (Read 03h or 4READ 13h)

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

« 13his followed by a 4-byte address (A31-A0)

Then the memory contents, at the address given, are shifted out on 101 and 105. The maximum operating clock
frequency for the READ command is 50 MHz.

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

cs# | i\ i\ [
S NNnpnnnnnnnnnpnnEnnEl -
ool 7 e[ [aa]21 oAl T o [ S
101 i {7]el5[4]3]2]1]o[W[e[5[4[3]2][1]0]
102-103 \! \!
o4 W7 T6 5 [a a2 To [a T o [
105 ) {7]e6[s]4[3]2]1]ofW]e[s]4]3]2]1[0]
106-107 \! \!
Phase | nstucton | ) Address a1 [\ paan |~
Figure 65 Read command sequence*!

Note
45.A =MSb of address =23 for CR2V[7] =0, or 31 for CR2V[7] =1 or command 13h.
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11.4.2 Fast Read (FAST_READ 0Bh or 4FAST_READ 0Ch)

The instruction
« 0Bh (CR2V[7] = 0) is followed by a 3-byte address (A23-A0) or
« 0Bh (CR2V[7] =1) is followed by a 4-byte address (A31-A0) or

+ 0Chis followed by a 4-byte address (A31-A0)

The address is followed by dummy cycles depending on the latency code set in the Configuration Register
CR2V[3:0]. The dummy cycles allow the device internal circuits additional time for accessing the initial address
location. During the dummy cycles the data valueon 101 and |05 is ‘don’t care’ and may be high impedance. Then
the memory contents, at the address given, are shifted out on 101 and 105.

The maximum operating clock frequency for FAST READ command is 133 MHz.

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

cs# | \ \\

oo 71654 3210 A\ |1|0ﬂ_
101 {3[2]1]of3][2]1]0]
102-103 “

o4 7]6]5]4]3]2]1]0]A]

105 i\ [716]5]4a]7]6]5]4]
106-107 (’\)
Phasef:::]is}@é@i:::::17SY:A:dérés:{:S\::D:UEnEn:y:C:yélés:::I:@étéi:[:@étéé:[:

Figure 66 Fast Read (FAST_READ) command sequence!*®]

Note
46.A = MSb of address =23 for CR2V[7] =0, or 31 for CR2V[7] =1 or command 0Ch.
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11.4.3 Quad I/O Read (QIOR EBh or 4QIOR ECh)

The instruction
« EBh (CR2V[7] =0) is followed by a 3-byte address (A23-A0) or
« EBh (CR2V[7] =1) is followed by a 4-byte address (A31-A0) or

« EChis followed by a 4-byte address (A31-A0)

The QUAD bit of the Configuration Register must be set (CR1V[1] = 1) to enable the Quad capability of ST9FS01GS
devices.

The maximum operating clock frequency for Quad 1/0 Read is 133 MHz.

For the Quad I/0 Read command, there is a latency required after the mode bits (described below) before data
begins shifting out of 100-107. This latency period (i.e., dummy cycles) allows the device’s internal circuitry
enough time to access data at the initial address. During latency cycles, the data value on 100-107 are ‘don’t care’
and may be high impedance. The number of dummy cycles is determined by the frequency of SCK. The latency
is configured in CR2V[3:0].

Following the latency period, the memory contents at the address given, is shifted out eight bits at a time through
I00-107. Each byte is shifted out at the SCK frequency by the falling edge of the SCK signal.

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

Address jumps can be done without the need for additional Quad I/O Read instructions. This is controlled through
the setting of the Mode bits (after the address sequence, as shown in Figure 67). This added feature removes the
need for the instruction sequence and greatly improves code execution (XIP). The upper nibble (bits 7-4) of the

Mode bits control the length of the next Quad I/0 instruction through the inclusion or exclusion of the first byte
instruction code. The lower nibble (bits 3-0) of the Mode bits are ‘don’t care’ (x). If the Mode bits equal Axh, then
the device remains in Quad I/0 High Performance Read Mode and the next address can be entered (after CS# is

raised HIGH and then asserted LOW) without requiring the EBh or ECh instruction, as shown in Figure 69; thus,

eliminating eight cycles for the command sequence.

The following sequences will release the device from Quad 1/0 High Performance Read mode; after which, the
device can accept standard SPI commands:

1. During the Quad I/0O Read Command Sequence, if the Mode bits are any value other than Axh, then the next
time CS# is raised HIGH the device will be released from Quad 1/0 High Performance Read mode.

2.Send the Mode Reset command.

Note that the two mode bit clock cycles and additional wait states (i.e., dummy cycles) allow the device’s internal
circuitry latency time to access the initial address after the last address cycle that is clocked into 100-103.

Itis important that the I00-107 signals be set to high-impedance at or before the falling edge of the first data out
clock. At higher clock speeds the time available to turn off the host outputs before the memory device begins to
drive (bus turn around) is diminished. It is allowed and may be helpful in preventing 100-107 signal contention,
forthe host system to turn off the 100-107 signal outputs (make them high impedance) during the last ‘don’t care’
mode cycle or during any dummy cycles.

CS# should not be driven HIGH during mode or dummy bits as this may make the mode bits indeterminate. In QPI
mode, (CR2V[6] = 1) the Quad I/O instructions are sent 4 bits per SCK rising edge. The remainder of the command
protocol is identical to the Quad I/0 commands.
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cs# | §\ §
sek | LML LW LSy e e
00— 7 6 [5]4]3]2]1]0]as[\\ 4o« momH\———T 00 o0]o]
o1 A2\ 15 [ 7[5 m-——-"1 1 [1]71]
102 (AW 1626 B \\——A212]2]2]
103 (AN T7 s 7 - ——{5]3]5]5]
04— 7165 432 1 o0 a3\ T[40l MomMIHNy——"24127]4]34]
105 A2\ 15 [ 7[5 mH-——A515]5]5]
106 (A1l 161216 mamH—T 5616 16]6]
107 (AW 7 s [ 7 e \\—A 7 7 [ 7171
Phase | instucon |\ Addess | Mode | }\ Dummy D1 D2 D3 [D4] _
Figure 67 Quad 1/0 Read command sequence (EBh or ECh)[*7- 48!
cs# | § §
ST N Y e e Y s s o I O R O N
00— 2 [ o [A3 [W [ 4 [ o [ + |ommH 0 [ o0 | o] o |
o1t— 5 [ 1 a2 [\W [ 5 [+ [ 5 (s I I N
02— 6 [ 2 [a1 1V [ 6 [ 2 [ ¢ (ol [2 T2 [ 2 [ 2]
os— 7 [ 3 [ A TV [ 7 [ 5 [ 7 [Wemy (3 [ 3 [ 33 ]
oa— 2 [ 0 [As [W [ 2 [ o [ + [omHS 4 T4 [ 4 [a]
05— 5 [ 1 A2 [W [ 5 [ 1 [ 5 [0y s | 5 | 5 | 5 |
oo— 6 [ 2 [A1 [\ [ 6 [ 2 | ¢ (WS 6 16 [ 6 [ 6|
o7— 7 [ 3 T ATV [ 7 1 5 [ 7 [emy (7 T 7 17171
Phase | nstuct | V) Addess | Mode | §\  Dummy | DI | D2 | D3 | D4 __

Figure 68 Quad 1/0 Read command sequence (EBh or ECh), QPI Mode!*" 48]

cst# 8 )\

sk | LI LI LI LIS L e re rererereri
0040 [0 ——Aa3[ W2 [0 4 Mo ————-_0 00 o]
ot 1 [ 1 F——{A2 [ W[5 [ 1[5 am—y————-" 1 [+ [ 1 [ 1]
022 | 2 | At W Te [ 216 aH—T{212121]2]
033 [ 3 ——AaT\WT7 37 o—\NN———-3713 ]33]
o4 4 [ 4 ——{A3 [ \W[a [0 [ 4 oWl N———-32 [ 44 ]a]
05— 5 | 5 | A2 [ W15 [ 1 5 [—\\———-1{5 [5 [5 [ 5]
16— 6 [ 6 A1 [ W 6 [ 26 MaN—— 61666 |
o777 | AlWT7 317 e \N————-_7 171771
Phase [DN-J DN | . \Addess | Mode | \\ Dummy [ Dt [D2 | D3 | D4 | _

Figure 69 Continuous Quad I/0 Read command sequence (EBh or ECh)[47- 48]

Notes
47.A=MSb of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command EBh.
48.A = MSb of address = 31 with command ECh.
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11.4.4 DDR Quad 1/0 Read (EDh, EEh)

The DDR Quad 1/0 Read command improves throughput with four I/O signals: I00-103. It is similar to the Quad
I/0 Read command but allows input of the address four bits on every edge of the clock. In some applications, the
reduced instruction overhead might allow for code execution (XIP) directly from S7T9FS01GS devices. The QUAD
bit of the Configuration Register must be set (CR1V[1] = 1) to enable the Quad capability.

The instruction
« EDh (CR2V[7] =0) is followed by a 3-byte address (A23-A0) or
« EDh (CR2V[T7] =1) is followed by a 4-byte address (A31-A0) or

« EEhis followed by a 4-byte address (A31-A0)

The address is followed by mode bits. Then the memory contents, at the address given, is shifted out, in a DDR
fashion, with four bits at a time on each clock edge through 100-107.

The maximum operating clock frequency for DDR Quad 1/O Read command is 102 MHz.

For DDR Quad I/O Read, there is a latency required after the last address and mode bits are shifted into the
I00-107 signals before data begins shifting out of I00-107. This latency period (dummy cycles) allows the device’s
internal circuitry enough time to access the initial address. During these latency cycles, the data value on
I00-103 are ‘don’t care’ and may be high impedance. When the Data Learning Pattern (DLP) is enabled the host
system must not drive the 10 signals during the dummy cycles. The |0 signals must be left high impedance by the
host so that the memory device can drive the DLP during the dummy cycles.

The number of dummy cycles is determined by the frequency of SCK. The latency is configured in CR2V[3:0].

Mode bits allow a series of Quad I/O DDR commands to eliminate the 8-bit instruction after the first command
sends a complementary mode bit pattern, as shown in Figure 70. This feature removes the need for the eight bit
SDRinstruction sequence and dramatically reduces initial access times (improves XIP performance). The Mode
bits control the length of the next DDR Quad I/O Read operation through the inclusion or exclusion of the first
byte instruction code. If the upper nibble (I0[7:4]) and lower nibble (I0[3:0]) of the Mode bits are complementary
(i.e. 5h and Ah) the device transitions to Continuous DDR Quad I/O Read Mode and the next address can be
entered (after CS# is raised HIGH and then asserted LOW) without requiring the EDh or EEh instruction, as shown
in Figure 71, thus eliminating eight cycles from the command sequence. The following sequences will release
the device from Continuous DDR Quad I/0 Read mode; after which, the device can accept standard SPI
commands:

1. During the DDR Quad I/O Read command sequence, if the Mode bits are not complementary the next time CS#
is raised HIGH and then asserted LOW the device will be released from DDR Quad I/0 Read mode.

2.Send the Mode Reset command.

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

CS# should not be driven HIGH during mode or dummy bits as this may make the mode bits indeterminate. Note
that the memory devices may drive the 10s with a preamble prior to the first data value. The preamble is a Data
Learning Pattern (DLP) that is used by the host controller to optimize data capture at higher frequencies. The
preamble drives the 10 bus for the four clock cycles immediately before data is output. The host must be sure to
stop driving the |0 bus prior to the time that the memory starts outputting the preamble.

The preamble is intended to give the host controller an indication about the round trip time from when the host
drives a clock edge to when the corresponding data value returns from the memory device. The host controller
will skew the data capture point during the preamble period to optimize timing margins and then use the same
skew time to capture the data during the rest of the read operation. The optimized capture point will be
determined during the preamble period of every read operation. This optimization strategy is intended to
compensate for both the PVT (process, voltage, temperature) of both the memory device and the host controller
as well as any system level delays caused by flight time on the PCB.
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Although the data learning pattern (DLP) is programmable, the following example shows example of the DLP of
34h. The DLP 34h (or 00110100) will be driven on each of the active outputs (i.e. all 10s). This pattern was chosen
to cover both ‘DC’ and ‘AC’ data transition scenarios. The two DC transition scenarios include data low for a long
period of time (two half clocks) followed by a high going transition (001) and the complementary low going
transition (110). The two AC transition scenarios include data low for a short period of time (one half clock)
followed by a high going transition (101) and the complementary low going transition (010). The DC transitions
will typically occur with a starting point closer to the supply rail than the AC transitions that may not have fully
settled to their steady state (DC) levels. In many cases the DC transitions will bound the beginning of the data
valid period and the AC transitions will bound the ending of the data valid period. These transitions will allow the
host controller to identify the beginning and ending of the valid data eye. Once the data eye has been
characterized the optimal data capture point can be chosen. See “SPI DDR Data Learning Registers” on page 69
for more details.

In QPI mode, (CR2V[6] = 1) the DDR Quad I/O instructions are sent 4 bits per die at the SCK rising edge. The
remainder of the command protocol is identical to the DDR Quad I/O commands.

cs# | ) \
oo— 76 5 a]s]2]1]opd\elelofslo}\——{7e5]4]3[2[*]0]o[0]
o1 Ao s [ Ts[ T H\——7Te s[4 2[1[o[1]1]
102 Ao e T2 6Tz A y—7 e [s[4[3]2[ o[ 2[2]
103 (AN el s -\ ——7 oI5 432[ [o[3]3]
04— 765 a]s]2]1]opd\elelofalo}\— 765432 ]0]4]e]
05 Ao s [ Ts[TH-\——7Tels[4[3[2[1[o[5]5]
106 Ao e T2 6Tz A \——7Te [s[4[3[2[o[e[e]
o7 AN el s - ——7Tel5 432[ [o[7]7]
Phase | nswucion | \pddess [Modd \jDummy | " olP  DipZ

Figure 70 DDR Quad I/0 Read Initial Access (EDh or EEh)[4%: 50!

Notes
49.A = MSb of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command EDh.
50.A =MSb of address = 31 with command EEh.
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cst | ) i\

00— & [ o Jaa[\{Te]a o alo}—§ [Flelslels 2] o 0]0]
o1—{"5 [ 1 [aWJo s 1 s[1 ) {7le|sl4]3]2]1]of1]1]
02— "6 | 2 [af\{Jio[e]2 6]z} {7le]s]4]3]2]1]o]2]2]
os— 7 [ 5 [alW[rl7 s 7]s {7]e[s[a[3]2]1]0f3[3]
o4 —{ 4 T o [ag\{Te4 o 4 o\ {7l6|s]4]3]2]1]ofa]4]
os—{ 5 | 1 [a2\W\[o s 1]5[1 ) {7le|s]4]3]2]1]o]s5]5]
o6— 6 | 2 [Af\{Ji0o[e]2]6]2}—\ {7le|s]4]3]2]1]ofe]6]
or— 7 [ 5 [al\W[rl7 s 7]s {7]e[s[afs]2]1]of7[7]
Phase | mstruct | \\Address | Mode | ) Dummy |~ "owp  jptjp2)

Figure 71 DDR Quad I/0 Read Initial Access (EDh or EEh), QPI mode!®!: 52

cst 1\ ) \
S¢S 1\ e Y Y e Y Y Yy O A
100 —fAs[\{T& [4 o4 o} (7[e[s[«]s[2[1Tofo olf
01 —f a2\ 5 [1]5 [ 1 (7le[s[ala[2[1Tolr]r}
02 —{ AT\ Tr0 6 [2 6 [ 2 |—) [7le[s5[als[2 1 o[22}
103 —{ AW 7 [ [7 [ s (7[e[s[a]s[2[1]o[s[s]f
104 —fAs[\{Te [4 o] 4o} (7[e[s[«]s[2[1ofa4}f
105 —fa2[ W[ [ 5 [1]5[ 1 (7[e[s[«]s[2[1To[s]s]f
106 —{ AT\ 706 [2]%6 [ 2 |—) [7le[s5[als[2 1 o066l
07 — AW [ 7 [ [7 [ s (7le[s[afs[2[1To]7 7}
Phase "~ |~ |\ adgress [ “Mose | \) oummy """ T Tole T orioel)

Figure 72 Continuous DDR Quad 1/0 Read Subsequent Access (EDh or EEh)[°%:52]

Notes
51.A=MSb of address =23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command EDh.
52.A=MSb of address = 31 with command EEh.
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11.5 Program Flash Array commands
11.5.1 Program granularity
11.5.1.1 Automatic ECC

Each 16 byte aligned and 16 byte length Programming Block has an automatic error correction code (ECC) value.
The data block plus ECC form an ECC unit. In combination with error detection and correction (EDC) logic the ECC
is used to detect and correct any single bit error found during a read access. When data is first programmed within
an ECC unit the ECC value is set for the entire ECC unit. If the same ECC unit is programmed more than once the
ECC value is changed to disable the EDC function. A sector erase is needed to again enable Automatic ECC on that
Programming Block. The 16 byte Program Block is the smallest program granularity on which Automatic ECC is
enabled.

These are automatic operations transparent to the user. The transparency of the Automatic ECC feature
enhances data accuracy for typical programming operations which write data once to each ECC unit but,
facilitates software compatibility to previous generations of FL family of products by still allowing for single byte
programming and bit walking in which the same ECC unit is programmed more than once. When an ECC unit has
Automatic ECC disabled, EDC is not done on data read from the ECC unit location.

An ECC status register is provided for determining if ECC is enabled on an ECC unit and whether any errors have
been detected and corrected in the ECC unit data or the ECC. The ECC Status Register Read (ECCRD) command
is used to read the ECC status on any ECC unit.

EDC is applied to all parts of the Flash address spaces other than registers. An ECC is calculated for each group of
bytes protected and the ECC is stored in a hidden area related to the group of bytes. The group of protected bytes
and the related ECC are together called an ECC unit.

+ ECCis calculated for each 16 byte aligned and length ECC unit

+ Single Bit EDC is supported with 8 ECC bits per ECC unit, plus 1 bit for an ECC disable Flag

+ Sector erase resets all ECC disable flags in a sector to the default state (enabled)

« ECCis programmed as part of the standard Program commands operation

+ ECCis disabled automatically if multiple programming operations are done on the same ECC unit.

+ Single byte programming or bit walking is allowed but disables ECC on the second program to the same 16 byte
ECC unit.

+ The ECC disable flag is programmed when ECC is disabled
« To re-enable ECC for an ECC unit that has been disabled, the Sector that includes the ECC unit must be erased

+ To ensure the best data integrity provided by EDC, each ECC unit should be programmed only once so that ECC
is stored for that unit and not disabled.

+ The calculation, programming, and disabling of ECC is done automatically as part of programming operations.
The detection and correction if needed is done automatically as part of read operations. The host system sees
only corrected data from a read operation.

+ ECC protects the OTP region — however a second program operation on the same ECC unit will disable ECC
permanently on that ECC unit (OTP is one time programmable, hence an erase operation to re-enable the ECC
enable/indicator bit is prohibited).
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11.5.1.2 Page programming

Page programming is done by loading a Page Buffer with data to be programmed and issuing a programming
command to move data from the buffer to the memory array. This sets an upper limit on the amount of data that
can be programmed with a single programming command. Page programming allows up to a page size (either
512 or 1024 bytes) to be programmed in one operation. The page size is determined by the configuration register
bit CR3V[4]. The page is aligned on the page size address boundary. It is possible to program from one bit up to
a page size in each Page programming operation. Itis recommended that a multiple of 16-byte length and aligned
Program Blocks be written. This insures that Automatic ECC is not disabled. For the very best performance,
programming should be done in full pages of 1024 bytes aligned on 2014 byte boundaries with each Page being
programmed only once.

11.5.1.3  Single byte programming

Single byte programming allows full backward compatibility to the legacy standard SPI page programming (PP)
command by allowing a single byte to be programmed anywhere in the memory array. While single byte
programming is supported, this will disable Automatic ECC on the 16 byte ECC unit where the byte is located.

11.5.2 Page Program (PP 02h or 4PP 12h)

The Page Program (PP) command allows bytes to be programmed in the memory (changing bits from ‘1’ to ‘0’).
Before the Page Program (PP) commands can be accepted by the device, a Write Enable (WREN) command must
be issued and decoded by the device. After the Write Enable (WREN) command has been decoded successfully,

the device sets the Write Enable Latch (WEL) in the Status Register to enable any write operations.

The instruction
« 02h (CR2V[7] = 0) is followed by a 3-byte address (A23-A0), or
« 02h (CR2V[7] = 1) is followed by a 4-byte address (A31-A0), or

+ 12his followed by a 4-byte address (A31-A0)

and at least one data byte on 100 and 104. Depending on CR3V[4], the page size can either be 256 or 512 bytes.
Up to a page can be provided on 100 and 104 after the 3-byte address with instruction 02h or 4-byte address with
instruction 12h has been provided.

If more data is sent to the device than the space between the starting address and the page aligned end boundary,
the data loading sequence will wrap from the last byte in the page to the zero byte location of the same page and
begin overwriting any data previously loaded in the page. The last page worth of data is programmed in the page.
This is a result of the device being equipped with a page program buffer that is only page size in length. If less
than a page of data is sent to the device, these data bytes will be programmed in sequence, starting at the
provided address within the page, without having any affect on the other bytes of the same page.

Using the Page Program (PP) command to load an entire page, within the page boundary, will save overall
programming time versus loading less than a page into the program buffer.

The programming process is managed by the flash memory device internal control logic. After a programming
command is issued, the programming operation status can be checked using the Read Status Register 1
command. The WIP bit (SR1V[0]) will indicate when the programming operation is completed. The P_ERR bit
(SR1V[6]) will indicate if an error occurs in the programming operation that prevents successful completion of
programming. This includes attempted programming of a protected area.

Datasheet 113 002-25385 Rev. *D
2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash in fi neon

Commands

cs# ] §\ 1\

SCK SS SY
ool 7 [e[s[afsf2]1Jo[al\W[s [alala]r]olsl2]1]o al2]1]0o]l\}

101-103 (‘K’ (‘\_
o+ 7 6 [s5[4a]s 21 ]o[al[\[s[afal2]r]o]7 65 4 7654l

105-107 \" §

Phase """ mswuoton | \\""" "Addess " T inputDatat | InputDaaz__ | |

Figure 73 Page Program (PP 02h or 4PP 12h) command sequencel®!

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on 100-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cs# | 8
S S I D SN S \ S U B Y Y Y Y Yy
00— 4 [ o T A3 T W [ 4 T o T o T o T o T o 1
O1——— 5 [ 1 T A2 T W T 5 1T 1 T 14 T 1 T 1 1T 1 1
o2——/ 6 [ 2 [T At [ W [ 6 | 2 T 2 T 2 T 2 T 2 1]
o3——— 7 [ 3 [ A [ W [ 7 [ s | 3 [ 3 [ 3 [ 3 ]
04— 4 [ o T A3 T W [ 4 T o T 4 T 4 1T 4 T 4 1
05— 5 [ 1 T A2 T W T 5 1T 1 1T 5 [ 5 T 5 1T 5 1
oe———/ 6 [ 2 | A1t [ W [ 6 T 2 T 6 [ 6 | & [ 6 ]
o7——— 7 [ 3 [ A [ W [ 7 [ 3 [ 7 [ 7 [ 7 [ 7 1]
Phase """ " Tinstuct_ | _______ A\ ‘Address_____ [ InputD1| InputD2 inputD3] InputD4| _
Figure 74 Page Program (PP 02h or 4PP 12h) QPI mode command sequence[53]
Note
53.A =MSb of address = A23 for PP 02h, or A31 for 4PP 12h.
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11.6 Erase Flash Array commands

11.6.1 Parameter 8 KB Sector Erase (P4E 20h or 4P4E 21h)

The main flash array address map may be configured to overlay 8 KB parameter sectors over the lowest address
portion of the lowest address uniform sector (bottom parameter sectors) or over the highest address portion of
the highest address uniform sector (top parameter sectors). The main flash array address map may also be
configured to have only uniform size sectors. The parameter sector configuration is controlled by the
configuration bit CR3V[3]. The P4E and 4P4E commands are ignored when the device is configured for uniform
sectors only (CR3V[3] =1).

The Parameter 8 KB Sector Erase commands set all the bits of a 8-KB parameter sector to ‘1’ (all bytes are FFh).
Before the P4E or 4P4E command can be accepted by the device, a Write Enable (WREN) command must be issued
and decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register to enable any write
operations.

The instruction
« 20h [CR2V[7] = 0] is followed by a 3-byte address (A23-A0), or
« 20h [CR2V[7] = 1] is followed by a 4-byte address (A31-A0), or

« 21his followed by a 4-byte address (A31-A0)

CS# must be driven into the logic HIGH state after the twenty-fourth or thirty-second bit of the address has been
latched in on 100 and 104. This will initiate the beginning of internal erase cycle, which involves the
pre-programming and erase of the chosen sector of the flash memory array. If CS# is not driven HIGH after the
last bit of address, the sector erase operation will not be executed.

As soon as CS# is driven HIGH, the internal erase cycle will be initiated. With the internal erase cycle in progress,
the user can read the value of the Write-In Progress (WIP) bit to determine when the operation has been
completed. The WIP bit will indicate ‘1, when the erase cycle is in progress and ‘0’, when the erase cycle has been
completed.

A P4E or 4P4E command applied to a sector that has been write protected through the Block Protection bits or
ASP, will not be executed and will set the E_ERR status. A PAE command applied to a sector that is larger than
8 KB will not be executed and will not set the E_ERR status.
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cst | § [

SCK S\
ool 7 [ 6 [ 5 [ 4 [ s [ 2 [ 1+ 1 o [ A W T 41 1 o }—

101-103 \!

o+ 7 [ 6 [ 5 | & [ 3 [ 2 [ 1 [ o [ A W [ 1+ [ o }—

105-107 \‘I’

Phase | T T T Timstuelon T T AT T Address -
Figure 75 Parameter Sector Erase (P4E 20h or 4P4E 21h) command sequence[54]

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2.

cs# ] ) [
SCLK % L1 1 |
100 ————— 4 I 0 [ A3 ] 3 I 4 I 0 —
101 ——— 5 I 1 [ A2 I )} I 5 I 1 —
102 ——] 6 I 2 I A1 I ) I 6 I 2 —
103 ———— 7 I 3 I A I )} I 7 I 3 —
104 ——8 4 [ 0 [ A3 [ \\ [ 4 [ 0 —
105 ——8 5 [ 1 [ A2 [ W\ [ 5 [ 1 ——
106 ——— 6 [ 2 [ A-1 [ \\ [ 6 [ 2 —
07— 7 [ 3 | A | ) | 7 | 3 —
Phase T " Tinstwetion N\ addess T

Figure 76 Parameter Sector Erase (P4E 20h or 4P4E 21h) QPI mode command sequence[54]

Note
54.A = MSb of address = A23 for PAE 20h with CR2V[7] =0, or A31 for PAE 20h with CR2V[7] = 1 or 4P4E 21h.
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11.6.2 Sector Erase (SE D8h or 4SE DCh)

The Sector Erase (SE) command sets all bits in the addressed sector to ‘1’ (all bytes are FFh). Before the Sector
Erase (SE) command can be accepted by the device, a Write Enable (WREN) command must be issued and
decoded by the device, which sets the Write Enable Latch (WEL) in the Status Register to enable any write
operations.

The instruction
« D8h [CR2V[7] = 0] is followed by a 3-byte address (A23-A0), or
« D8h [CR2V[T7] = 1] is followed by a 4-byte address (A31-A0), or

« DChis followed by a 4-byte address (A31-A0)

CS# must be driven into the logic HIGH state after the twenty-fourth or thirty-second bit of address has been
latched in on 100 and 104. This will initiate the erase cycle, which involves the pre-programming and erase of the
chosen sector. If CS# is not driven HIGH after the last bit of address, the sector erase operation will not be
executed.

As soon as CS# is driven into the logic HIGH state, the internal erase cycle will be initiated. With the internal erase
cyclein progress, the user can read the value of the Write-In Progress (WIP) bit to check if the operation has been
completed. The WIP bit will indicate ‘1, when the erase cycle is in progress and ‘0’, when the erase cycle has been
completed.

A Sector Erase (SE) command applied to a sector that has been Write Protected through the Block Protection bits
or ASP, will not be executed and will set the E_ERR status.

A device configuration option (CR3V[3]) determines whether 8 KB parameter sectors are in use. When

CR3V[3] =0, 8 KB parameter sectors overlay a portion of the highest or lowest address 64 KB of the device address
space. If a sector erase command is applied to a 512 KB range that is overlaid by 8 KB sectors, the overlaid 8 KB
sectors are not affected by the erase. When CR3V[3] = 1, there are no 8 KB parameter sectors in the device address
space and the Sector Erase command always operates on fully visible 512 KB sectors. ASP has a PPB and a DYB
protection bit for each physical sector, including any 8 KB sectors.

Datasheet 117 002-25385 Rev. *D
2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash ( in fi neon

Commands

cst ] §\ [

SCK \!
ool 7 | 6 | 5 [ 4 | 3 | 2 | 1 [ o | A~ W 1 1 1 o

101-103 \
sl 7 [ 6 [ 5 [ 4 [ s [ 2 [ 1+ T o [ a W T 1 1 o }—
105-107 \
Phase | " imstudton 0\ Addess

Figure 77 Sector Erase (SE D8h or 4SE DCh) command sequence[ss]

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2.

cs# | ) Ii
SCLK | I I I I I I )] I I I I
100 ————— 4 I 0 [ A3 ] ) I 4 I 0 ————
101 ——] 5 I 1 I A2 I )} I 5 I 1 —
102 ——] 6 I 2 I A1 I )} I 6 I 2 —
103 ———— 7 I 3 I A I ) I 7 I 3 —
104 ——— 4 I 0 [ a3 ] 1)) I 4 I 0 —
105 ——8M88 5 [ 1 [ A2 [ \\ [ 5 [ 1 F—
106 ——— 6 [ 2 [ A1 [ \\ [ 6 [ 2 b
107 ———— 7 I 3 I A I ) I 7 I 3 ————
Phase [ nstuetion | N\ addess [

Figure 78 Sector Erase (SE D8h or 4SE DCh) QPI mode command sequence[55]

Note
55.A =MSb of address = A23 for SE D8h with CR2V[7] =0, or A31 for SE D8h with CR2V[7] =1 or 4P4E DCh.
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11.6.3 Bulk Erase (BE 60h or C7h)

The Bulk Erase (BE) command sets all bits to ‘1’ (all bytes are FFh) inside the entire flash memory array. Before
the BE command can be accepted by the device, a Write Enable (WREN) command must be issued and decoded
by the device, which sets the Write Enable Latch (WEL) in the Status Register to enable any write operations.

CS# must be driven into the logic HIGH state after the eighth bit of the instruction byte has been latched in on 100
and 107. This will initiate the erase cycle, which involves the pre-programming and erase of the entire flash
memory array. If CS# is not driven HIGH after the last bit of instruction, the BE operation will not be executed.

As soon as CS#is driven into the logic HIGH state, the erase cycle will be initiated. With the erase cycle in progress,
the user can read the value of the Write-In Progress (WIP) bit to determine when the operation has been
completed. The WIP bit will indicate ‘1, when the erase cycle is in progress and ‘0’, when the erase cycle has been
completed.

A BE command can be executed only when the Block Protection (BP2, BP1, BPO0) bits are set to Os. If the BP bits
are not ‘0’, the BE command is not executed and E_ERR is not set. The BE command will skip any sectors
protected by the DYB or PPB and the E_ERR status will not be set.

CS#

scK o7 = =7 4 I [/ °L—]I [
o [ [ s [ & [ 5 [ > [ [ - [
101-103

oI 7 [ s [ s [ & 1 5 T 2 1 71T o
105-107

Phase | mteon

Figure 79 Bulk Erase command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on I00-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cst— | -
SCLK e T E—  —
100 { 4 I 0 I
101 { 5 [ 1 I
102 { 6 I 2 I
103 | 7 | 3 |
104 1 4 ] 0 |
105 { 5 [ 1 I
106 { 6 [ 2 I
107 { 7 | 3 I
Phase 4 listucton _ _____ [T T
Figure 80 Bulk Erase command sequence QPI mode
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11.6.4 Evaluate Erase Status (EES DOh)

The Evaluate Erase Status (EES) command verifies that the last erase operation on the addressed sector was
completed successfully. If the selected sector was successfully erased, the erase status bit (SR2V[2]) is set to ‘1’.
If the selected sector was not completely erased, SR2V[2] is ‘0’.

The EES command can be used to detect erase operations failed due to loss of power, reset, or failure during the
erase operation.

The EES instruction is followed by a 3- or 4-byte address, depending on the address length configuration
(CR2V[T]). The EES command requires tEES to complete and update the erase status in SR2V. The WIP bit
(SR1V[0]) may be read using the RDSR1 (05h) command, to determine when the EES command is finished. Then
the RDSR2 (07h) or the RDAR (65h) command can be used to read SR2V[2]. If a sector is found not erased with
SR2V[2] =0, the sector must be erased again to ensure reliable storage of data in the sector.

The Write Enable command (to set the WEL bit) is not required before the EES command. However, the WEL bit
is set by the device itself and cleared at the end of the operation, as visible in SR1V[1] when reading status.

cs# | ) [
LSS I I Y I Y Y s Y W s Y Y I SO
ool 7 | 6 [ 5 [ 4 [ 3 [ 2 [ 1 [ o [ A W [ 1 [ o }—

101-103 \"

o« 7 [ 6 [ 5 [ 4 [ 3 [ 2 [ 1+ [ o [ A [V T + 1 o }—

105-107 \

Phase | 7T Tistweton 07N Address
Figure 81 EES command sequencel®

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2.

cs# A\
SCLK I I I I I I I N1 I I I I I
100 ————— 4 I 0 [ a3 ] M\ I 4 I 0 —
101 ———— 5 I 1 [ A2 | W 5 I 1 —
102 ———— 6 I 2 [ At I M\ I 6 I 2 —
103 ————— 7 I 3 I A I W 7 I 3 —
04— 4 | 0 | A3 | \\ | 4 | 0 —
1056 ————— 5 I 1 [ a2 | W 5 I 1 —
106 ——— 6 I 2 I A1 I ) I 6 I 2 —
07— 1 7 | 3 | A [ ) | 7 | 3 —
Phase [ """ imstuwotion A\ CAddess [T ¢
Figure 82 EES QP mode command sequencel®!
Note
56.A =MSb of address = A23 for CR2V[7] =0, or A31 for CR2V[7] = 1.
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11.6.5 Erase or Program Suspend (EPS 85h, 75h, BOh)

There are three instruction codes for Program or Erase Suspend (EPS) to enable legacy and alternate source
software compatibility.

The EPS command allows the system to interrupt a programming or erase operation and then read from any
other non-erase-suspended sector or non-program-suspended-page. Program or Erase Suspend is valid only
during a programming or sector erase operation. A Bulk Erase operation cannot be suspended.

The Write in Progress (WIP) bit in Status Register 1 (SR1V[0]) must be checked to know when the programming or
erase operation has stopped. The Program Suspend Status bit in the Status Register 2 (SR2[0]) can be used to
determineif a programming operation has been suspended or was completed at the time WIP changes to ‘0’. The
Erase Suspend Status bit in the Status Register 2 (SR2[1]) can be used to determine if an erase operation has been
suspended or was completed at the time WIP changes to ‘0’. The time required for the suspend operation to
complete is tg|, see Table 53.

An Erase can be suspended to allow a program operation or a read operation. During an erase suspend, the DYB
array may be read to examine sector protection and written to remove or restore protection on a sector to be
programmed.

A program operation may be suspended to allow a read operation.

Anew erase operation is not allowed with an already suspended erase or program operation. An erase command
isignored in this situation.

Table 51 Commands allowed during Program or Erase Suspend
Allowed Allowed
Instruction | Instruction during during
name code (Hex) Erase Program Comment

Suspend Suspend

Required for array program during erase suspend. Only allowed
if there is no other program suspended program operation
(SR2V[0] = 0). A program command will be ignored while there

PP 02 X N is a suspended program. If a program command is sent for a
location within an erase suspended sector the program
operation will fail with the P_ERR bit set.

READ 03 X All array reads allowed in suspend.

RDSR1 05 X Needed to read WIP to determine end of suspend process.

RDAR 65 X X Alternate way to read WIP to determine end of suspend process.

WREN 06 X Required for program command within erase suspend.
Needed to read suspend status to determine whether the

RDSR2 07 X X operation is suspended or complete.
Required forarray program during erase suspend. Only allowed
if there is no other program suspended program operation

4pp 12 X B (SR2V[0] = 0). A program command will be ignored while there
is a suspended program. If a program command is sent for a
location within an erase suspended sector the program
operation will fail with the P_ERR bit set.

4READ 13 X X All array reads allowed in suspend.

Clear status may be used if a program operation fails during
CLSR 30 X - erase suspend. Note the instruction is only valid if enabled for
clear status by CR4NV[2 = 1].

Clear status may be used if a program operation fails during

CLSR 82 X - erase suspend.
Required to resume from erase or program suspend. Note the
EPR 30 X X command must be enabled for use as a resume command by
CR3NV[2] = 1.
EPR TA X X Required to resume from erase or program suspend.
EPR 8A X X Required to resume from erase or program suspend.
Datasheet 121 002-25385 Rev. *D
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Table 51 Commands allowed during Program or Erase Suspend (Continued)
Allowed Allowed
Instruction | Instruction during during
name code (Hex) Erase Program Comment
Suspend Suspend
RSTEN 66 X X Reset allowed anytime.
RST 99 X X Reset allowed anytime.
FAST_READ 0B X X All array reads allowed in suspend.
4FAST_READ 0C X X All array reads allowed in suspend.
EPR TA X - Required to resume from erase suspend.
EPR 8A X - Required to resume from erase suspend.
DIOR BB X All array reads allowed in suspend.
4DIOR BC X All array reads allowed in suspend.
It may be necessary to remove and restore dynamic protection
DYBRD FA X - during erase suspend to allow programming during erase
suspend.
It may be necessary to remove and restore dynamic protection
DYBWR FB X - during erase suspend to allow programming during erase
suspend.
PPBRD FC N _ Allowed for checking persistent protection before attempting a
program command during erase suspend.
It may be necessary to remove and restore dynamic protection
4DYBRD EO X - during erase suspend to allow programming during erase
suspend.
It may be necessary to remove and restore dynamic protection
4DYBWR El X - during erase suspend to allow programming during erase
suspend.
4PPBRD E2 X B Allowed for checking persistent protection before attempting a
program command during erase suspend.
QIOR EB X X All array reads allowed in suspend.
4QIOR EC X X All array reads allowed in suspend.
DDRQIOR ED X X All array reads allowed in suspend.
4DDRQIOR EE X X All array reads allowed in suspend.
RESET FO X X Reset allowed anytime.
MBR FF X X May need to reset a read operation during suspend.
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Reading at any address within an erase-suspended sector or program-suspended page produces undetermined
data.

The WRR, WRAR, or PPB Erase commands are not allowed during Erase or Program Suspend, it is therefore not
possible to alter the Block Protection or PPB bits during Erase Suspend. If there are sectors that may need
programming during Erase suspend, these sectors should be protected only by DYB bits that can be turned off
during Erase Suspend.

After an erase-suspended program operation is complete, the device returns to the erase-suspend mode. The
system can determine the status of the program operation by reading the WIP bit in the Status Register, just as
in the standard program operation.

CS#

sCK | 7 7 7 7 7’ 7 °-7 [1_1
co M 7 [ e [ s ] e T s T e T o [
101-103

(S2] I R R SRR B R B
105-107

Phase | ____________ewefon _____________________________

Figure 83 Erase or Program Suspend command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on 100-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

CS#
SCLK
100 { 4 I 0 )
101 { 5 [ 1 I
102 { 6 [ 2 )
103 I 7 [ 3 I
104 { 4 | 0 I
105 { 5 [ 1 }
106 { 6 [ 2 )
107 { 7 [ 3 )
L o 7 S S
Figure 84 Erase or Program Suspend command sequence QPI mode
b A J
g tSL !
cst ] \Y [ [
SSwnpnnpnpp\npnnpnnnnnnpnnnnnpn Y pnnnnnnpnns
loo—{7lelsl4l3l2[1 oW 7 6l6l4l3]2]1]0} W—{7Telslalal2l1]0}
101 4\ [rTels 4] 21 oy
102-103 \ \!
047 ]6]5]al3]2]1 oMz 6l5]4]3]2]1]0} \—7Telslalal2l1l0
105 4 [7Te s alal2 1 [0}
106-107 \" S
Phase |  Suspendinstruction )\ Read Status Instruction | Status | )\ | _lInstr. During Suspend |
Phass " \\T """ RepeatStatus Read Unii Suspended | § """
Figure 85 Program or Erase Suspend command with continuing instruction commands sequence
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11.6.6 Erase or Program Resume (EPR 7Ah, 8Ah, 30h)

An Erase or Program Resume command must be written to resume a suspended operation. There are three
instruction codes for Erase or Program Resume (EPR) to enable legacy and alternate source software
compatibility.

After program or read operations are completed during a program or erase suspend the Erase or Program
Resume command is sent to continue the suspended operation.

After an Erase or Program Resume command is issued, the WIP bit in the Status Register 1 will be set to ‘1’ and
the programming operation will resume if one is suspended. If no program operation is suspended the
suspended erase operation will resume. If there is no suspended program or erase operation the resume
command is ignored.

Program or erase operations may be interrupted as often as necessary, e.g. a program suspend command could
immediately follow a program resume command but, in order for a program or erase operation to progress to
completion there must be some periods of time between resume and the next suspend command greater than
or equal to tgs. See Table 53.

CS#
sck l 7 -7 7 7 7 7 °7 [_1
coMN 7 [ e [ s T e T s T e T o [
101-103
LS23 N I R R R R T R R B
105-107
Phese | ____nswefon
Figure 86 Erase or Program Resume command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on 100-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cs# ] -
SCLK 1 —
100 | 4 ] 0 |
101 { 5 [ 1 )
102 { 6 [ 2 )
103 { 7 | 3 I
104 { 4 | 0 I
105 | 5 | 1 |
106 { 6 [ 2 )
107 { 7 [ 3 I
Phase _ _ T T Tinstucon ______________[__________"____
Figure 87 Erase or Program Resume command sequence QPI mode
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11.7 OTP Array commands
11.7.1 OTP Program (OTPP 42h)

The OTP Program command programs data in the OTP region, which is in a different address space from the main
array data. The OTP region is 2048 bytes so, the address bits from A31 to A10 must be ‘0’ for this command. Refer
to “OTP address space” on page 45 for details on the OTP region.

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

To program the OTP array in bit granularity, the rest of the bits within a data byte can be set to ‘1’.

Each region in the OTP memory space can be programmed one or more times, provided that the region is not
locked. Attempting to program zeros in a region that is locked will fail with the P_ERR bit in SR1V set to ‘1.
Programming ones, even in a protected area does not cause an error and does not set P_ERR. Subsequent OTP
programming can be performed only on the un-programmed bits (that is, one data). Programming more than
once within an ECC unit will disable ECC on that unit.

The protocol of the OTP Program command is the same as the Page Program command. See “Page Program (PP
02h or 4PP 12h)” on page 113 for the command sequence.

11.7.2 OTP Read (OTPR 4Bh)

The OTP Read command reads data from the OTP region. The OTP region is 1024 bytes so, the address bits from
A31to A10 must be ‘0’ for this command. Refer to “OTP address space” on page 45 for details on the OTP region.
The protocol of the OTP Read command is similar to the Fast Read command except that it will not wrap to the
starting address after the OTP address is at its maximum; instead, the data beyond the maximum OTP address
will be undefined. The OTP Read command read latency is set by the latency value in CR2V[3:0].

See “Fast Read (FAST_READ 0Bh or 4FAST_READ 0Ch)” on page 106 for the command sequence.

Datasheet 125 002-25385 Rev. *D
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11.8 Advanced Sector Protection commands

11.8.1 ASP Read (ASPRD 2Bh)

The ASP Read instruction 2Bh is shifted into 100 and 104 by the rising edge of the SCK signal. Then the 16-bit ASP
register contents are shifted out on the serial output 101 and 105, least significant byte first. Each bit is shifted
out at the SCK frequency by the falling edge of the SCK signal. It is possible to read the ASP register continuously
by providing multiples of 16 clock cycles. The maximum operating clock frequency for the ASP Read (ASPRD)
command is 133 MHz.

CS#

sck_ 1y s
oo 7 [6 [543 [2 10 .

101 {7]e6[5]af[3]2[1Jof7]6]5]4[3[2[1]0]
102-103

o4 7 [6 5 [43 2 1] 0 N

105 {71654 ]3]2]1]ofJ7]6]5[4[3[2]1]0]
106-107

Phase | Instucon | OutputASPRLowByte | _ OutputASPRHighByte | _

Figure 88 ASPRD command

11.8.2 ASP Program (ASPP 2Fh)

Before the ASP Program (ASPP) command can be accepted by the device, a Write Enable (WREN) command must
be issued. After the Write Enable (WREN) command has been decoded, the device will set the Write Enable Latch
(WEL) in the Status Register to enable any write operations.

The ASPP command is entered by driving CS# to the logic LOW state, followed by the instruction and two data
bytes on 100 and 104, least significant byte first. The ASP Register is two data bytes in length.

The ASPP command affects the P_ERR and WIP bits of the status and configuration registers in the same manner
as any other programming operation.

CS# input must be driven to the logic HIGH state after the sixteenth bit of data has been latched in. If not, the
ASPP command is not executed. As soon as CS# is driven to the logic HIGH state, the self-timed ASPP operation
is initiated. While the ASPP operation is in progress, the status register may be read to check the value of the
Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed ASPP operation, and is ‘0’
when it is completed. When the ASPP operation is completed, the Write Enable Latch (WEL) is set to ‘0’.

cst | [—

IOO-7|6|5|4|3|2|1|0|A| [s[alsJa]1Jo[7e6e]5]a3]2]1]0o]
101-103

o«E 7 [e[s]4fs]o]1Jo]7 e [s]afa]a]1Jo]7 66 a]a]2]1]0]
105-107

Phase 1 ______mstuefon [ ___ putASPRLowByle _____| ___ InputASPRHghBye | _

Figure 89 ASPP command
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11.8.3 DYB Read (DYBRD FAh or 4DYBRD EOh)

Theinstruction is latched into 100 and 104 by the rising edge of the SCK signal. The instruction is followed by the
24- or 32-bit address, depending on the address length configuration CR2V[7], selecting location zero within the
desired sector. Note, the high order address bits not used by a particular density device must be ‘0. Then the 8-bit
DYB access register contents are shifted out on the serial output 101 and I05. Each bit is shifted out at the SCK
frequency by the falling edge of the SCK signal. It is possible to read the same DYB access register continuously
by providing multiples of eight clock cycles. The address of the DYB register does not increment so this is not a
means to read the entire DYB array. Each location must be read with a separate DYB Read command. The
maximum operating clock frequency for READ command is 133 MHz.

csit | §\
g gy igigiginigigigigupigigipigigigigigigigipigipipiipe
oo I 7 Te ['5 [4 521 [0 [ AN\ T [ o
101 4y [7lelslalalolrlol7 6 s alsl2]1]0]
102-103 ‘,‘,
o4 7 [6 [543 21 [oAaN T o N
105 4\ {7le]5[4afs[2f1]of7[6[5[afa[2]1]0]
106-107 (,()
Phase | instucon | \Addess | Regiter | RepeatRegister | _
Figure 90 DYBRD command sequencel®” 58!

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2. The returning data is shifted out on 100-103 for Quad SPI-1 and
103-107 for Quad SPI-2.

cst | i\ [
SCLK [ I I \ N [ 1 LI [/ L
100 ——— 4 [ 0 [ A3 ] WO 4 [ 0 [ 4 [ 0 [
ol——— 5 [ 1 [ a2 [ W [ s [ 1+ [ 5 [ 1 ]
102 ————] 6 [ 2 [ a1 ] WO 6 [ 2 [ 6 [ 2 [
03— 7 [ 3 | a [ W [ 7z 1T 3 1T 7 T 3 |
04— 4 [ 0 [ a3 ] WO 4 [ 0 [ 4 [ 0 [
05— 5 [ 1 [ A2 [ W [ s [ 1+ [ 5 [ 1 ]
106 ————— 6 [ 2 [ A1 [ WO 6 [ 2 [ 6 [ 2 [
o7——m— 7 [ s [ A [ W [ 7 [ 3 [ 7 [ 3 ]
Phase [ _mstwet_ A\ " Addess " oupuDYBAR | ___

Figure 91 DYBRD QPI mode command sequencel®’> >8]

Notes
57.A=MSb of address =23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command FAh.
58.A = MSb of address = 31 with command EOh.
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11.8.4 DYB Write (DYBWR FBh or 4DYBWR E1h)

Before the DYB Write (DYBWR) command can be accepted by the device, a Write Enable (WREN) command must
be issued. After the Write Enable (WREN) command has been decoded, the device will set the Write Enable Latch
(WEL) in the status register to enable any write operations.

The DYBWR command is entered by driving CS# to the logic LOW state, followed by the instruction, followed by
the 24- or 32-bit address, depending on the address length configuration CR2V[7], selecting location zero within
the desired sector (note, the high order address bits not used by a particular density device must be ‘0’), then the
data byte on 100 and 104. The DYB Access Register is one data byte in length. The data value must be 00h to
protect or FFh to unprotect the selected sector.

The DYBWR command affects the P_ERR and WIP bits of the Status and Configuration Registers in the same
manner as any other programming operation. CS# must be driven to the logic HIGH state after the eighth bit of
data has been latched in. As soon as CS# is driven to the logic HIGH state, the self-timed DYBWR operation is
initiated. While the DYBWR operation is in progress, the Status Register may be read to check the value of the
Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed DYBWR operation, and is ‘0’
when it is completed. When the DYBWR operation is completed, the Write Enable Latch (WEL) is set to ‘0.

o ] i\ ~

101-103 (’\’
o+ 7 [6 [543 2 1o lalWTs[a s 2 1]0]7]6]5]a]
105-107 \!
Phase [ """ Tistueon A\ addess T T inputDYBAR |
Figure 92 DYBWR command sequence!>® 6l

This command is also supported in QPI mode. In QPI mode, the instruction and address is shifted in on 100-103
for Quad SPI-1 and 104-107 for Quad SPI-2. The returning data is shifted out on 100-103 for Quad SPI-1 and
103-107 for Quad SPI-2.

cst | \ [
SCLK s e
00— 4 [ o [ a3 [ W [ 4 [ o [ 4 [ o ]
101 ——— 5 [ 1 [ a2 ] WO 5 [ 1 [ 5 [ 1 [
102 ——— 6 [ 2 [ A1 [ WO 6 [ 2 [ 6 [ 2 [
03— 7 [ 3 | a [ W [ 7z 1T 3 1T 7 1T 3 |
104 —— 4 [ 0 [ a3 ] WO 4 [ 0 [ 4 [ 0 [
105 ——— 5 [ 1 [ A2 ] WO 5 [ 1 [ 5 [ 1 [
106 ———— 6 [ 2 [ At [ WO 6 [ 2 [ 6 [ 2 [
o7——— 7 [ 3 [ A [ W [ 7 [ s [ 7 [ 3 |
Phase [ mstuet_ A\ " Addess ________ | inpwDYBAR | ___

Figure 93 DYBWR QPI mode command sequence!®®: 6%

Notes
59.A = MSb of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command FBh.
60.A = MSb of address = 31 with command E1h.
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11.8.5 PPB Read (PPBRD FCh or 4PPBRD E2h)

The instruction E2h is shifted into 100 and 104 by the rising edges of the SCK signal, followed by the 24- or 32-bit
address, depending on the address length configuration CR2V[7], selecting location zero within the desired
sector (note, the high order address bits not used by a particular density device must be ‘0’). Then the 8-bit PPB
access register contents are shifted out on 101 and 105.

Itis possible to read the same PPB access register continuously by providing multiples of eight clock cycles. The
address of the PPB register does not increment so this is not a means to read the entire PPB array. Each location
must be read with a separate PPB Read command. The maximum operating clock frequency for the PPB Read
command is 133 MHz.

cs# | )
ool 76 [ Ta 3 21 [oal\\ T o e
101 4y {7lels[4afa]of1[of7]6]s[4af[3]2[1]0]
102-103 (’(’
o4 M7 6 [5 (4321 [oal\\ 1[0 [N s
105 3\ {7le]5[4fs[2[1]of7[6[5[a3[2]1]0]
106-107 \"
Phase | instucon | \Address | Regiter | RepeatRegister | _
Figure 94 PPBRD command sequence!®®: 62]

Notes
61.A=MSb of address = 23 for Address length (CR2V[7] =0, or 31 for CR2V[7] = 1 with command FCh.
62.A = MSb of address = 31 with command E2h.
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11.8.6 PPB Program (PPBP FDh or 4PPBP E3h)

Before the PPB Program (PPBP) command can be accepted by the device, a Write Enable (WREN) command must
be issued. After the Write Enable (WREN) command has been decoded, the device will set the Write Enable Latch
(WEL) in the Status Register to enable any write operations.

The PPBP command is entered by driving CS# to the logic LOW state, followed by the instruction, followed by the
24 or 32-bit address, depending on the address length configuration CR2V[7], selecting location zero within the
desired sector (note, the high order address bits not used by a particular density device must be ‘0’).

The PPBP command affects the P_ERR and WIP bits of the status and configuration registers in the same manner
as any other programming operation.

CS# must be driven to the logic HIGH state after the last bit of address has been latched in. If not, the PPBP
command is not executed. As soon as CS# is driven to the logic HIGH state, the self-timed PPBP operation is
initiated. While the PPBP operation is in progress, the Status Register may be read to check the value of the
Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed PPBP operation, and is ‘0’
when it is completed. When the PPBP operation is completed, the Write Enable Latch (WEL) is set to ‘0’.

cst | f\
ScK \
ol 7 [ 6 [ 5 [ 4 [ 3 | 2 | 1 1 o [ A W [ 1 [ o }—
101-103 \!
o4l 7 | 6 | 5 | a4 | 3 1 2 [ 1 1 o | A T\ [+ T 0o +—
105-107 S
Phase | " Tmstweon ____________ T T Address
Fi [63, 64]
gure 95 PPBP command sequence

Notes
63.A=MSb of address = 23 for Address length (CR2V[7] = 0, or 31 for CR2V[7] = 1 with command FDh.
64.A = MSb of address = 31 with command E3h.
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11.8.7 PPB Erase (PPBE E4h)

The PPB Erase (PPBE) command sets all PPB bits to ‘1’. Before the PPB Erase command can be accepted by the
device, a Write Enable (WREN) command must be issued and decoded by the device, which sets the Write Enable
Latch (WEL) in the Status Register to enable any write operations.

The instruction E4h is shifted into 100 and 104 by the rising edges of the SCK signal.

CS# must be driven into the logic HIGH state after the eighth bit of the instruction byte has been latched in on 100
and 104. This will initiate the beginning of internal erase cycle, which involves the pre-programming and erase of
the entire PPB memory array. Without CS# being driven to the logic HIGH state after the eighth bit of the
instruction, the PPB erase operation will not be executed.

With the internal erase cycle in progress, the user can read the value of the Write-In Progress (WIP) bit to check if
the operation has been completed. The WIP bit will indicate ‘1’, when the erase cycle is in progress and ‘0’, when
the erase cycle has been completed. Erase suspend is not allowed during PPB Erase.

CS#

scK o7 = =7 4 I [/ °L—-]I [
oD [ e [ s [« [ s [z T v T o s
101-103

oI 7 [ s [ s [ & [ 5 T 2 1 71 o
105-107

Phase [ msween

Figure 96 PPB Erase command sequence

11.8.8 PPB Lock Bit Read (PLBRD A7h)

The PPB Lock Bit Read (PLBRD) command allows the PPB lock register contents to be read out of I01 and 105. It
is possible to read the PPB lock register continuously by providing multiples of eight clock cycles. The PPB Lock
Register contents may only be read when the device is in standby state with no other operation in progress. It is
recommended to check the Write-In Progress (WIP) bit of the status register before issuing a new command to
the device.

CS#
Sosumiipipigigigigigigigigigigigigigigigigipigigigigigin
oo I 7 [6 5 4 3 2 10 .
101 {716[5[4]3[2]1[0]7]6[5]4[3[2]1[0]
102-103
104 I 7 [6 [543 2] 1] 0
105 {716[5[413[2]1]0o]7]6[5]4[3[2]1]0]
106-107
Phase | nstrucion | ResisterRead ____| __RepeatRegister Read | _
Figure 97 PPB Lock Register Read command sequence
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11.8.9 PPB Lock Bit Write (PLBWR A6h)

The PPB Lock Bit Write (PLBWR) command clears the PPB Lock Register to zero. Before the PLBWR command can
be accepted by the device, a Write Enable (WREN) command must be issued and decoded by the device, which
sets the Write Enable Latch (WEL) in the Status Register to enable any write operations.

The PLBWR command is entered by driving CS# to the logic LOW state, followed by the instruction.

CS# must be driven to the logic HIGH state after the eighth bit of instruction has been latched in. If not, the PLBWR
command is not executed. As soon as CS# is driven to the logic HIGH state, the self-timed PLBWR operation is
initiated. While the PLBWR operation is in progress, the status register may still be read to check the value of the
Write-In Progress (WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed PLBWR operation, and is ‘0’
when it is completed. When the PLBWR operation is completed, the Write Enable Latch (WEL) is set to ‘0’. The
maximum clock frequency for the PLBWR command is 133 MHz.

CS#
sck 7 7 = 7 7 7 7 [
o [ v [ s [ & [ 5 [ 5 [ o [
101-103
o [ [ s [ & [ s [ s [ o [
105-107
e
Figure 98 PPB Lock Bit Write command sequence

11.8.10 Password Read (PASSRD E7h)

The correct password value may be read only after it is programmed and before the Password Mode has been
selected by programming the Password Protection Mode bit to ‘0’ in the ASP Register (ASP[2]). After the Password
Protection Mode is selected the password is no longer readable, the PASSRD command will output undefined
data.

The PASSRD command is shifted into |00 and 104. Then the 64-bit password is shifted out on the serial output
101 and 105, least significant byte first, most significant bit of each byte first. Each bit is shifted out at the SCK
frequency by the falling edge of the SCK signal. It is possible to read the password continuously by providing
multiples of 64 clock cycles. The maximum operating clock frequency for the PASSRD command is 133 MHz.

cs# | ) [
S aipipinipigipiipipipipipipis il g ipiaipipipininin
siioo 7 6 [5 [4 5 2 [ 1] o | S
SO_lo1 {76542 [1Jo[\WW[e[s5[4]3[2]1]0]
102103 \'
o+ I 7 T6 5[4 [3 [ 21 ] o S
105 {765 [ala[2[1Jo[\W[e[5[4]3[2]1]0]
106-107 \
Phase | _nstucton _______ oY ______pamt ________ N paas ______ [ _
Figure 99 Password Read command sequence
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11.8.11 Password Program (PASSP E8h)

Before the Password Program (PASSP) command can be accepted by the device, a Write Enable (WREN)
command must be issued and decoded by the device. After the Write Enable (WREN) command has been
decoded, the device sets the Write Enable Latch (WEL) to enable the PASSP operation.

The password can only be programmed before the Password Mode is selected by programming the Password
Protection Mode bit to ‘0’ in the ASP Register (ASP[2]). After the Password Protection Mode is selected the PASSP
command is ignored.

The PASSP command is entered by driving CS# to the logic LOW state, followed by the instruction and the
password data bytes on 100 and 104, least significant byte first, most significant bit of each byte first. The
password is 64 bits in length.

CS# must be driven to the logic HIGH state after the 64" bit of data has been latched. If not, the PASSP command
is not executed. As soon as CS# is driven to the logic HIGH state, the self-timed PASSP operation is initiated. While
the PASSP operation is in progress, the Status Register may be read to check the value of the Write-In Progress
(WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed PASSP cycle, and is ‘0’ when it is completed.
The PASSP command can report a program error in the P_ERR bit of the status register. When the PASSP
operation is completed, the Write Enable Latch (WEL) is set to ‘0. The maximum clock frequency for the PASSP
command is 133 MHz.

ot ] i\ —

SCK “
oo 7 (65 afs]2]rJoJ7]e s]alsla]r]o 7Y\ s]a]s]2]1 0NN

101-103 \!
IO4-7|6|5|4|3|2|1|0|7|6|5|4|3|2|1|0|7“6|5|4|3|2|1|0|.

105-107 \!

Phase [ _nstweion | PasswodByel _____ | V| _ PasswouByes |

Figure 100  Password Program command sequence

Datasheet 133 002-25385 Rev. *D
2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash in fi neon

Commands

11.8.12 Password Unlock (PASSU E9h)

The PASSU command is entered by driving CS# to the logic LOW state, followed by the instruction and the
password data bytes on 100 and 104, least significant byte first, most significant bit of each byte first. The
password is 64 bits in length.

CS# must be driven to the logic HIGH state after the 641 bit of data has been latched. If not, the PASSU command
is not executed. As soon as CS# is driven to the logic HIGH state, the self-timed PASSU operation is initiated. While
the PASSU operation is in progress, the status register may be read to check the value of the Write-In Progress

(WIP) bit. The Write-In Progress (WIP) bit is ‘1’ during the self-timed PASSU cycle, and is ‘0’ when it is completed.

If the PASSU command supplied password does not match the hidden password in the Password Register, an
error is reported by setting the P_ERR bit to ‘1’ The WIP bit of the Status Register also remains set to ‘1’. It is
necessary to use the CLSR command to clear the Status Register, the RESET command to software reset the
device, or drive the RESET# input LOW to initiate a hardware reset, in order to return the P_ERR and WIP bits to
‘0’. This returns the device to standby state, ready for new commands such as a retry of the PASSU command.

If the password does match, the PPB Lock bit is set to ‘1’. The maximum clock frequency for the PASSU command
is 133 MHz.

cs ] \ —

ScK 1\
IOO-7|6|5|4|3|2|1|0|7|6|5|4|3|2|1|0|7“6|5|4|3|2|1|O|.

101-103 \

o+Q 7 [6[s5[4]a 2 1Jof7]e]s5]4a]s 2 r1]o]7)\e6e][s5]4a]3]2]1]o]NN
105107 \

Phase [ _nstucon [ PasswordBylei ______| \\ _ PasswodBytes | _

Figure 101 Password Unlock command sequence
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11.9 Reset commands

Software controlled Reset commands restore the device to its initial power up state, by reloading volatile
registers from non-volatile default values. However, the volatile FREEZE bit in the Configuration Register CR1V[0]
and the volatile PPB Lock bit in the PPB Lock Register are not changed by a software reset. The software reset
cannot be used to circumvent the FREEZE or PPB Lock bit protection mechanisms for the other security
configuration bits.

The Freeze bit and the PPB Lock bit will remain set at their last value prior to the software reset. To clear the
FREEZE bit and set the PPB Lock bit to its protection mode selected power on state, a full POR sequence or
hardware reset must be done.

The non-volatile bits in the Configuration Register (CR1NV), TBPROT_O, TBPARM, and BPNV_O, retain their
previous state after a Software Reset.

The Block Protection bits BP2, BP1, and BP0, in the status register (SR1V) will only be reset to their default value
if FREEZE = 0.

Areset command (RST or RESET) is executed when CS# is brought HIGH at the end of the instruction and requires
trpy time to execute.

In the case of a previous Power-up Reset (POR) failure to complete, a reset command triggers a full power-up
sequence requiring tp, to complete.

cst | [

ScK [ L L1 1 [ 1 1 L[ 1 [ 1 |

co I 7 | 6 | 5 | 4 [ 3 1 =2 1 11 o e
101-103

104 7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 | 0 [
105-107

Phase | ___________mweon _______________________,______

Figure 102 Software Reset command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on I00-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

[ R — —
SoLK L ——
100 { 4 [ 0 I

101 | 5 | 1 |

102 { 6 [ 2 )

103 { 7 [ 3 I

104 { 4 | 0 I

105 { 5 [ 1 )

106 { 6 [ 2 I

107 { 7 [ 3 )
Phase _ _ _ _ _ 4 _____________Cnstucon_______________[_______________

Figure 103 Software Reset command sequence QPl mode
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11.9.1 Software Reset Enable (RSTEN 66h)

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

11.9.2 Software Reset (RST 99h)

The Reset (RST) command immediately following a RSTEN command, initiates the software reset process.

11.9.3 Legacy Software Reset (RESET FOh)

The Legacy Software Reset (RESET) is a single command that initiates the software reset process. This command
is disabled by default but can be enabled by programming CR3V[0] = 1, for software compatibility with Infineon
legacy FL-S devices.

11.9.4 Mode Bit Reset (MBR FFh)

The Mode Bit Reset (MBR) command is used to return the device from continuous high performance read mode
back to normal standby awaiting any new command. Because some device packages lack a hardware RESET#
input and a device that is in a continuous high performance read mode may not recognize any normal SPI
command, a system hardware reset or software reset command may not be recognized by the device. It is
recommended to use the MBR command after a system reset when the RESET# signal is not available or, before
sending a software reset, to ensure the device is released from continuous high performance read mode.

The MBR command sends Ones on SI/I00 100 and 104 for 8 SCK cycles. 101-103 and 105-107 are “don’t care”
during these cycles.

The MBR command sends Ones on 100 and 104 for 8 SCK cycles. |01-103 and 105-107 are “don’t care” during
these cycles.

cst | [

SCK | [ 1 LI 1 [ 1] [ 1 [ 1 L L

co D 7 [ e [ 5 | 4 1 3 [ =2 1 11 o e
101-103

104 I 7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 | 0 [
105-107

Phase [ ________________twcon _____________________________

Figure 104 Mode Bit Reset command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on 100-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cs# ] -
SCLK e —
100 { 4 I 0 )
101 { 5 [ 1 I
102 { 6 I 2 )
103 1 7 [ 3 }
104 { 4 I 0 )
105 { 5 [ 1 I
106 { 6 I 2 )
107 { 7 [ 3 I
Phase _ _ _ _ " " T T " Tmstucon ______________[____________"__"
Figure 105 Mode Bit Reset command sequence QPI mode
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11.10 DPD commands
11.10.1 Enter Deep Power-Down (DPD 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 Ippp in “DC characteristics” on page 28).

The DPD command is accepted only while the device is not performing an embedded algorithm as indicated by
the Status Register 1 volatile Write In Progress (WIP) bit being cleared to ‘0’ (SR1V[0] = 0).

The command is initiated by driving the CS# pin LOW and shifting the instruction code ‘B9h’ as shown in
Figure 106. 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 be entered
within the time duration of tppp (refer to “Timing specifications” on page 30).

While in the power-down state only the Release from Deep Power-Down 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 useful for write protection. The device always powers-up in the interface standby state with
the standby current of I;.

cst | [

SCK [ L L1 1 [ 1 1 L[ 1 [ 1 |

co N 7 | e [ 5 | 4« | s [ =2 1 11 o e
101-103

104 I 7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 | 0 [
105-107

Phase [ ____________mwefon _______________________.______

Figure 106 Deep Power-Down command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on I00-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

(o — —
soLk L ——
100 { 4 [ 0 I

101 | 5 | 1 |

102 { 6 [ 2 I

103 { 7 [ 3 I

104 { 4 | 0 I

105 { 5 [ 1 )

106 { 6 [ 2 I

107 { 7 [ 3 )
Phase _ _ _ _ _ __ _________________________Cinstucon_______________[_______________

Figure 107 DPD command sequence QPI mode
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11.10.2 Release from Deep Power-Down (RES ABh)

The Release from Deep Power-Down command is used to release the device from the deep power-down state. In
some legacy SPI devices the RES command could also be used to obtain the device electronic identification (ID)
number. However, the device ID function is not supported by the RES command.

To release the device from the deep power-down state, the command is issued by driving the CS# pin LOW,
shifting the instruction code ‘ABh’ and driving CS# HIGH as shown in Figure 108. Release from deep power-down
will take the time duration of tggs (“Timing specifications” on page 30) before the device will resume normal
operation and other commands are accepted. The CS# pin must remain HIGH during the tggg time duration.

Hardware Reset will also release the device from the DPD state as part of the hardware reset process.

cs# | [
ScK . 7 -7 =7 7 7 »-@ §15J] 11

100 I 7 | 6 | 5 [ 4 [ 3 [ 2 [ 1 | 0 [
101103

o« D 7 [ s [ s [ 4 [ s [ = | 1 [ o e
105-107

Phase | ________________Wmwefon _______________________.______

Figure 108 Release from Deep Power-Down command sequence

This command is also supported in QPI mode. In QPI mode, the instruction is shifted in on I00-103 for Quad SPI-1
and 104-107 for Quad SPI-2.

cs#— ] -
sok N N R ——
100 { 4 I 0 )

101 { 5 [ 1 I

102 { 6 [ 2 )

103 | 7 | 3 }

104 { 4 | 0 I

105 | 5 ] 1 }

106 { 6 [ 2 )

107 { 7 [ 3 I
Phase ~ _ _ _ " T T Tinstucon ______________[____________"_"__

Figure 109 RES command sequence QPI mode
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12 Embedded Algorithm Performance tables
Table 52 Program and erase performance
Symbol Parameter Min Typl6®! Max | Unit
tw Non-volatile Register Write Time - 240 750 ms
top Eage Programming (1024bytes) _ 475 2000 us
age Programming (512 bytes) 360 2000
e Sector Erase Time (512 KB physical sectors) - 930 2900 s
Sector Erase Time (8 KB sectors) - 240 725
tgg 0l Bulk Erase Time (S25FS01GS) - 220 720 sec
{EES Evaluate Erase Status Time (8 KB physical sectors) - 20 25 us
Evaluate Erase Status Time (512 KB physical or logical sectors) - 80 100
Table 53 Program or erase suspend AC parameters
Parameter Typical Max Unit Comments
Suspend Latency (tg; ) - 50 us | The time from Suspend command until the WIP bit is ‘0’.
sesmetoneprogam | gy || g |l et SIS
Erase to progress to completion.

Notes

65.Not 100% tested.

66.Typical program and erase times assume the following conditions: 25°C, V¢ = 1.8 V; random data pattern.

67.The programming time for any OTP programming command is the same as tpp. This includes OTPP 42h,
PNVDLR 43h, ASPP 2Fh, and PASSP E8h.

68.The programming time for the PPBP E3h command is the same as tpp. The erase time for PPBE E4h command
is the same as tq.

69.Data retention of 20 years is based on 1k erase cycles or less.
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13 Data integrity
13.1 Erase endurance
Table 54 Erase endurance
Parameter Minimum Unit
Program/erase cycles per main Flash array sectors
Program/erase cycles per PPB array or Non-volatile register array
13.2 Data retention
Table 55 Data retention
Parameter Test conditions Minimum time Unit
. 10K program/erase cycles 20 Years
Data retention time
100K program/erase cycles 2 Years

Note
70.Each write command to a non-volatile register causes a P/E cycle on the entire non-volatile register array.
OTP bits and registers internally reside in a separate array that is not P/E cycled.
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13.3 Serial flash discoverable parameters (SFDP) address map

The SFDP tables are programmed for the S25FS512S individual Die, not referenced to the Dual-Quad S79FS01GS
device.

The SFDP address space has a header starting at address zero that identifies the SFDP data structure and provides
a pointer to each parameter. One parameter is mandated by the JEDEC JESD216 standard. Infineon provides an
additional parameter by pointing to the ID-CFl address space, i.e. the ID-CFl address spaceis a sub-set of the SFDP
address space. The JEDEC parameter is located within the ID-CFl address space and is thus both a CFl parameter
and an SFDP parameter. In this way both SFDP and ID-CFl information can be accessed by either the RSFDP or
RDID commands.

Table 56 SFDP overview map

Byte address Description
0000h Location zero within JEDEC JESD216B SFDP space - start of SFDP header
»» Remainder of SFDP header followed by undefined space

1000h Location zero within ID-CFI space - start of ID-CFI parameter tables

ID-CFI parameters

1090h Start of SFDP parameter tables which are also grouped as one of the CFl parameter tables (the CFI
parameter itself starts at 108Eh, the SFDP parameter table data is double word aligned starting at 1090h)

Remainder of SFDP parameter tables followed by either more CFl parameters or undefined space

13.3.1 Field definitions

Table 57 SFDP header
SFDP
S: 3 :rzgze Dword Data Description
name

This is the entry point for Read SFDP (5Ah) command i.e. location zero within SFDP
00h 53h space

SFDP ASCII “S”
0lh Header 46h  |ASCII “F”
— —  11stDWORD
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 reserved fields, add fields to the end, or that
clarify definitions of existing fields. Increments of the minor revision value indicate
that previously reserved parameter fields may have been assigned a new definition
or entire Dwords may have been added to the parameter table. However, the
definition of previously existing fields is unchanged and therefore remain

04h 06h backward compatible with earlier SFDP parameter table revisions. Software can
SEDP safely ignore increments of the minor revision number, as long as only those
Header parameters the software was designed to support are used i.e. previously reserved
2nd fields and additional Dwords must be masked or ignored. Do not do a simple
DWORD compare on the minor revision number, looking only for a match with the revision

number that the software is designed to handle. There is no problem with using a
higher number minor revision.

SFDP Major Revision
05h 01lh This is the original major revision. This major revision is compatible with all SFDP
reading and parsing software.

06h 05h Number of Parameter Headers (zero based, 05h = 6 parameters)
07h FFh Unused
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Table 57 SFDP header (Continued)
SFDP
S:clil):rlg:e Dword Data Description
name
08h 00h Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)

Parameter Minor Revision (00h = JESD216)
- This older revision parameter header is provided for any legacy SFDP reading and
parsing software that requires seeing a minor revision 0 parameter header. SFDP

09h Parameter 0oh software designed to handle later minor revisions should continue reading
Header 0 parameter headers looking for a higher numbered minor revision that contains

1st DWORD additional parameters for that software revision.

0Ah 01h Parameter Major Revision (01h = The original major revision - all SFDP software is

compatible with this major revision.

0Bh 09h Parameter Table Length (in double words = Dwords = 4 byte units) 09h =9 Dwords

och 90h Parameter Table Pointer Byte 0 (Dword = 4-byte aligned)
Parameter JEDEC Basic SPI Flash parameter byte offset = 1090h

0Dh Hegdgr 0 10h | Parameter Table Pointer Byte 1

EEE———— n

OEh DWORD 00h Parameter Table Pointer Byte 2

OFh FFh Parameter ID MSB (FFh = JEDEC defined legacy Parameter ID)

10h 00h Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)

Parameter Minor Revision (05h = JESD216 Revision A)
- This older revision parameter header is provided for any legacy SFDP reading and
parsing software that requires seeing a minor revision 5 parameter header. SFDP

11h Parameter 05h software designed to handle later minor revisions should continue reading
Header1 parameter headers looking for a later minor revision that contains additional
1st DWORD parameters.

Parameter Major Revision (01h = The original major revision - all SFDP software is

12h 01h compatible with this major revision.)
13h 10h Parameter Table Length (in double words = Dwords = 4 byte units) 10h = 16 Dwords
14h 90h Parameter Table Pointer Byte 0 (Dword =4 byte aligned)
Parameter JEDEC Basic SPI Flash parameter byte offset = 1090h address
15h Header 1 10h | Parameter Table Pointer Byte 1
16h DV%/r(;dRD 00h Parameter Table Pointer Byte 2
17h FFh Parameter ID MSB (FFh = JEDEC defined Parameter)
18h 00h Parameter ID LSB (00h = JEDEC SFDP Basic SPI Flash Parameter)
19h Parameter 06h | Parameter Minor Revision (06h = JESD216 Revision B)
1Ah 1?telg\(/jVeOrF§D 01h |Parameter Major Revision (01h =The original major revision - all SFDP software is
compatible with this major revision.
1Bh 10h Parameter Table Length (in double words = Dwords = 4 byte units) 10h = 16 Dwords
1Ch 90h Parameter Table Pointer Byte 0 (Dword =4 byte aligned)
Parameter JEDEC Basic SPI Flash parameter byte offset = 1090h address
1Dh Header 2 10h | Parameter Table Pointer Byte 1
1Eh DV%IngD 00h Parameter Table Pointer Byte 2
1Fh FFh Parameter ID MSB (FFh = JEDEC defined Parameter)
20h 81h Parameter ID LSB (81h = SFDP Sector Map Parameter)
21h Parameter 00h Parameter Minor Revision (00h = Initial version as defined in JESD216 Revision B)
22h Header 3 01h Parameter Major Revision (01h =The original major revision - all SFDP software that
1st DWORD recognizes this parameter’s ID is compatible with this major revision.
23h 10h Parameter Table Length (in double words = Dwords = 4 byte units) OPN Dependent

(512 Mb) | 16 = 10h (512 Mb)
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Table 57 SFDP header (Continued)
S:clil):rlg:e stl\:lgrd Data Description
name

24h Dsh Parameter Table Pointer Byte 0 (Dword = 4 byte aligned)

Parameter JEDEC parameter byte offset = 10D8h
25h He§g§r3 10h | Parameter Table Pointer Byte 1
26h DWORD 00h Parameter Table Pointer Byte 2
27h FFh Parameter ID MSB (FFh = JEDEC defined Parameter)
28h 84h Parameter ID LSB (00h = SFDP 4 Byte Address Instructions Parameter)
2%9h Parameter 00h | Parameter Minor Revision (00h = Initial version as defined in JESD216 Revision B)
2AR lsHteS\(/jVeorsD 01h Parameter Major Revision (,Olh =The original major revision - all SFDP software that

recognizes this parameter’s ID is compatible with this major revision.

2Bh 02h Parameter Table Length (in double words = Dwords = 4 byte units) (2h =2 Dwords)
2ch Doh Parameter Table Pointer Byte 0 (Dword = 4 byte aligned)

Parameter JEDEC parameter byte offset = 10D0h
2Dh Heggder4 10h | Parameter Table Pointer Byte 1
2Eh DWORD 00h Parameter Table Pointer Byte 2
2Fh FFh Parameter ID MSB (FFh = JEDEC defined Parameter)

Parameter ID LSB (Infineon Vendor Specific ID-CFI parameter)

30h 01h Legacy Manufacturer ID 01h = AMD / Infineon

31h Parameter 01h | Parameter Minor Revision (01h =D-CFl updated with SFDP Rev B table)

32h Header 5 01h Parameter Major Revision (01h=The original majorrevision - all SFDP software that
1st DWORD recognizes this parameter’s ID is compatible with this major revision.

47h Parameter Table Length (in double words = Dwords =4 byte units) Parameter Table

33h (512 Mb) |Length (in double words = Dwords = 4 byte units)
Parameter Table Pointer Byte 0 (Dword = 4 byte aligned)
34h 00h Entry point for ID-CFI parameter is byte offset = 1000h relative to SFDP location
Parameter zero.
———— Header5 -
35h 2nd 10h | Parameter Table Pointer Byte 1
36h DWORD 00h Parameter Table Pointer Byte 2
37h 01h Parameter ID MSB (01h = JEDEC JEP106 Bank Number 1)
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134 Device ID and common flash interface (ID-CFl) address map

13.4.1 Field definitions

Table 58 Manufacturer and Device ID
Byte address Data Description
00h 01h Manufacturer ID for Infineon
01h 02h Device ID Most Significant Byte — Memory Interface Type
20h
02h (512 Mbin x8 Device ID Least Significant Byte — Density

Dual-Quad SPI)

ID-CFI Length - number bytes following. Adding this value to the current
location of 03h gives the address of the last valid location in the ID-CFI
legacy address map. The legacy CFl address map ends with the Primary
03h 4Dh Vendor-Specific Extended Query. The original legacy length is maintained
for backward software compatibility. However, the CFl Query Identification
String also includes a pointer to the Alternate Vendor-Specific Extended
Query that contains additional information related to the FS-S family.

00h (Uniform 512 KB Physical Sector Architecture

04h physical sectors) ;QgifiZ)iFtsc?%f?esunr:ﬁ%Prﬁ ggs{égrg'red with or without parameter sectors in
05h 81h (FS-S Family) Family ID
06h xxh ASCII characters for Model.
Refer to “Ordering part number” on page 166 for the model number
07h xxh definitions.
08h xxh Reserved
09h xxh Reserved
0Ah xxh Reserved
0Bh xxh Reserved
0Ch xxh Reserved
0Dh xxh Reserved
OEh xxh Reserved
OFh xxh Reserved
Datasheet 144 002-25385 Rev. *D

2023-04-22



1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash

Data integrity

Infineon

Table 59 CFl query identification string
Byte address Data Description

10h 51h
11h 52h Query Unique ASCII string “QRY”
12h 59h
13h 02h Primary OEM Command Set
14h 00h FL-P backward compatible command set ID
igﬂ 382 Address for Primary Extended Table
17h 53h Alternate OEM Command Set
18h 46h ASCII characters “FS” for SPI (F) interface, S Technology
izr] (5)(1)2 Address for Alternate OEM Extended Table

Table 60 CFI system interface string

Byte address Data Description

1Bh 17h Ve Min. (erase / program): 100 mV BCD)
1Ch 19h Vcc Max. (erase / program): 100 mV BCD)
1Dh 00h Vpp Min. voltage (00h = no Vpp present)
1Eh 00h Vpp Max. voltage (00h = no Vpp present)
1Fh 09h Typical timeout per single byte program 2N s
20h 09h Typical timeout for Min. size Page program 2N us (00h = not supported)
21h 0Ah (256 KB) | Typical timeout per individual sector erase 2N ms
22h 11h (512 Mb) | Typical timeout for full chip erase 2N ms (00h = not supported)
23h 02h Max. timeout for byte program 2N times typical
24h 02h Max. timeout for page program 2N times typical
25h 03h Max. timeout per individual sector erase 2N times typical
26h 03h Max. timeout for full chip erase 2N times typical (00h = not supported)
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Table 61 Device geometry definition for bottom boot initial delivery statel’!]
Byte address Data Description
27h 1Ah (512 Mb) | Device Size = 2N bytes
28h 02h Flash Device Interface Description:

0000h = x8 only
0001h=x16 only
0002h = x8/x16 capable

0003h =x32 only
29h 01h 0004h = Single 1/0 SPI, 3-byte address
0005h = Multi I/O SPI, 3-byte address
0102h = Multi I/0 SPI, 3- or 4-byte address

2Ah 08h Max. number of bytes in multi-byte write = 2N
0000h = not supported
2Bh 00h 0008h = 256B page

0009h =512B page
Number of Erase Block Regions within device

2Ch 03h 1 = Uniform Device, >1 = Boot Device

2Dh 07h

SEh 0oh Erase Block Region 1 Information (refer to JEDEC JEP137)
8 sectors =8-1=0007h

2Fh 10h 4 KB sectors = 256 bytes x 0010h

30h 00h

31h 00h

32h 00h Erase Block Region 2 Information (refer to JEDEC JEP137)

33h 80h 512 Mb:

1 sectors = 1-1=0000h
00h (128 Mb) | 224 KB sector = 256 bytes x 0380h

34h 00h (256 Mb)
03h (512 Mb)

35h FEh
00h (128 Mb)

01h (256 Mb)

00h (512 Mb) | Erase Block Region 3 Information
01h (1Gb 512 Mb:
37h 00h 255 sectors = 255-1 = 00FEh
256 KB sectors = 0400h x 256 bytes
01h (128 Mb)

01h (256 Mb)
04h (512 Mb)
04h (1 Gb)

39h thru 3Fh FFh RFU

Note

71.FS512S die are user configurable to have either a hybrid sector architecture (with eight 4 KB sectors / one 224 KB
sector and all remaining sectors are uniform 256 KB) or a uniform sector architecture with all sectors uniform 256
KB. FS-S devices are also user configurable to have the 4 KB parameter sectors at the top of memory address space.
The CFl geometry information of the above table is relevant only to the initial delivery state. All devices are initially
shipped from Infineon with the hybrid sector architecture with the 4 KB sectors located at the bottom of the array
address map. However, the device configuration TBPARM bit CRINV[2] may be programed to invert the sector map
to place the 4 KB sectors at the top of the array address map. The 20h_NV bit (CR3NV[3} may be programmed to
remove the 4 KB sectors from the address map. The flash device driver software must examine the TBPARM and
20h_NV bits to determine if the sector map was inverted or hybrid sectors removed at a later time.

36h

38h

Datasheet 146 002-25385 Rev. *D
2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash in fi neon

Data integrity

Table 62 CFI primary vendor-specific extended query
Byte address Data Description
40h 50h
41h 52h Query-unique ASCII string “PRI”
42h 49h
43h 31h Major version number =1, ASCII
44h 33h Minor version number =3, ASCII

Address Sensitive Unlock (Bits 1-0)
00b = Required, 01b = Not Required
Process Technology (Bits 5-2)
0000b =0.23 um Floating Gate
0001b =0.17 pm Floating Gate
0010b =0.23 um MIRRORBIT™
0011b=0.11 pm Floating Gate
0100b=0.11 um MIRRORBIT™
0101b =0.09 um MIRRORBIT™
1000b =0.065 um MIRRORBIT™

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

45h 21h

46h 02h

Sector Protect

47h 01lh 00 = Not Supported, X = Number of sectors in group

Temporary Sector Unprotect
48h 00h 00 = Not Supported, 01 = Supported

Sector Protect/Unprotect Scheme

04 =High Voltage Method

05 = Software Command Locking Method
08 = Advanced Sector Protection Method

Simultaneous Operation
4Ah 00h 00 = Not supported, X = Number of sectors

49h 08h

Burst Mode (Synchronous sequential read) support

4Bh 01h 00 = Not supported, 01 = Supported

Page Mode Type, initial delivery configuration, user configurable for 512B page
4Ch 03h 00=Not Supported, 01 =4 Word Read Page, 02 =8 Read Word Page, 03 =256 Byte Program
Page, 04 = 512 Byte Program Page

ACC (Acceleration) Supply Minimum

4Dh 00h 00 = Not supported, 100 mV
ACC (Acceleration) Supply Maximum

4Eh 00h 00 = Not supported, 100 mV
WP# Protection
01 =Whole Chip

4Fh 07h 04 = Uniform Device with Bottom WP Protect
05 = Uniform Device with Top WP Protect
07 = Uniform Device with Top or Bottom Write Protect (user configurable)
Program Suspend

50h 01h 00 = Not supported, 01 = Supported
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The alternate vendor-specific extended query provides information related to the expanded command set
provided by the FS-S family. The alternate query parameters use a format in which each parameter begins with
an identifier byte and a parameter length byte. Driver software can check each parameter ID and can use the
length value to skip to the next parameter if the parameter is not needed or not recognized by the software.

Table 63 CFI alternate vendor-specific extended query header
Byte address Data Description
51h 41h
52h 4Ch Query-unique ASCII string “ALT”
53h 54h
54h 32h Major version number =2, ASCII
55h 30h Minor version number =0, ASCII
Table 64 CFI alternate vendor-specific extended query parameter 0
Parameter relative A
byte address offset Data Description
00h 00h Parameter ID (ordering part number)
01h 10h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
02h 53h ASCII “S” for manufacturer (Infineon)
03h 32h . _
ASCII “25” for Product Characters (Single Die SPI)
04h 35h
05h 46h
ASCII “FS” for Interface Characters (SPI 1.8Volt)
06h 53h
07h 35h (512 Mb)
08h 31h (512 Mb) | ASCII characters for density
09h 32h (512 Mb)
0Ah 53h ASCII “S” for Technology (65-nm MIRRORBIT™)
0Bh FFh
Reserved for Future Use
0Ch FFh
0Dh FFh
Reserved for Future Use
OEh FFh
OFh FFh Reserved for Future Use
10h xxh ASClII characters for Model.
Refer to “Ordering part number” on page 166 for the model number defini-
11h xxh tions.
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Table 65 CFIl alternate vendor-specific extended query parameter 80h address options
Parameter relative -
byte address offset Data Description
00h 80h Parameter ID (ordering part number)
01h o1h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
Bits 7:5 - Reserved = 111b
Bit 4 - Address Length Bit in CR2V[7] - Yes= 0b
02h EBh Bit 3 - AutoBoot support - No=1b
Bit 2 - 4 byte address instructions supported - Yes= 0b
Bit 1 - Bank address + 3 byte address instructions supported -No = 1b
Bit 0 - 3 byte address instructions supported - No=1b
Table 66 CFIl alternate vendor-specific extended query parameter 84h Suspend commands
Parameter relative _—
byte address offset Data Description
00h 84h Parameter ID (Suspend Commands
01h 08h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
02h 75h Program suspend instruction code
03h 32h Program suspend latency maximum (us)
04h 7Ah Program resume instruction code
05h 64h Program resume to next suspend typical (us)
06h 75h Erase suspend instruction code
07h 32h Erase suspend latency maximum (us)
08h 7Ah Erase resume instruction code
09h 64h Erase resume to next suspend typical (us)
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Table 67 CFl alternate vendor-specific extended query parameter 88h Data Protection
byte address offset | D212 Description
00h 88h Parameter ID (Data Protection)
01h 04h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
02h 0Ah OTP size 2N bytes, FFh = not supported
03h 01h OTP address map format, 01h = FL-S and FS-S format, FFh = not supported
Block Protect Type, model dependent
04h xxh 00h = FL-P, FL-S, FS-S
FFh = not supported
05h xxh Advanced Sector Protection type, model dependent
01h = FL-S and FS-S ASP
Table 68 CFl alternate vendor-specific extended query parameter 8Ch Reset Timing
00h 8Ch Parameter ID (Reset Timing)
01h 06h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
02h 96h POR maximum value
03h 01h POR maximum exponent 2N pis
04h 23h Hardware Reset maximum value, FFh = not supported (the initial delivery state has
hardware reset disabled but it may be enabled by the user at a later time)
05h 00h Hardware Reset maximum exponent 2N ps
06h 23h Software Reset maximum value, FFh = not supported
07h 00h Software Reset maximum exponent 2N pis
Table 69 CFI alternate vendor-specific extended query parameter 94h ECC
00h 94h Parameter ID (ECC)
01h o1h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
02h 10h ECC unit size byte, FFh = ECC disabled
Table 70 CFIl alternate vendor-specific extended query parameter FOh RFU
00h FOh Parameter ID (RFU)
01h 09h Parameter Length (The number of following bytes in this parameter. Adding this
value to the current location value + 1 = the first byte of the next parameter)
02h FFh RFU
FFh RFU
0Ah FFh RFU
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This parameter type (Parameter ID FOh) may appear multiple times and have a different length each time. The
parameter is used to reserve space in the ID-CFI map or to force space (pad) to align a following parameter to a
required boundary.

13.4.1.1 JEDEC SFDP Rev B Parameter tables

The SFDP Table are programmed for the S25FS512S individual Die, not referenced to the Dual-Quad S79FS01GS
device.

From the view point of the CFl data structure, all of the SFDP parameter tables are combined into a single CFI
Parameter as a contiguous byte sequence.

From the viewpoint of the SFDP data structure, there are three independent parameter tables. Two of the tables
have a fixed length and one table has a variable structure and length depending on the device density Ordering
Part Number (OPN). The Basic Flash Parameter table and the 4-byte Address Instructions Parameter table have

a fixed length and are presented below as a single table. This table is Section 1 of the overall CFl parameter.

The JEDEC Sector Map Parameter table structure and length depends on the density OPN and is presented as a

set of tables, one for each device density. The appropriate table for the OPN is Section 2 of the overall CFI
parameter and is appended to Section 1.

Table 71 CFl alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter
CFl SFDP
parameter parameter
relative byte | relative byte SFDnPa%v;ord Data Description
address address
offset offset
00h - N/A A5h CFI Parameter ID (JEDEC SFDP)
CFl Parameter Length (The number of following bytes in
88h this parameter. Adding this value to the current location
01h - N/A (512 Mb) value + 1 = the first byte of the next parameter). OPN
dependent:
18Dw + 16Dw = 34Dw * 4B = 136B = 88h B (512 Mb)
Start of SFDP JEDEC parameter, located at 1090h in the
overall SFDP address space.
Bits 7:5=unused = 111b
02h 00h E7h Bit 4:3 = 06h is status register write instruction and status
register is default non-volatile = 00b
Bit 2 = Program Buffer > 64 bytes = 1
Bits 1:0 = Uniform 4 KB erase unavailable = 11b
03h 01h JEDEC Basic FFh Bits 15:8 = Uniform 4 KB erase opcode = not supported =
FFh
Flash
Parameter Bit 23 =Unused = 1b
Dword-1 Bit 22 = Supports Quad Out Read = No = 0b
B2h Bit 21 = Supports Quad I/O Read =Yes =1b
04h 02h (FSxxxSAG) |Bit 20 = Supports Dual /O Read =Yes = 1b
BAh Bit19 = Supports DDR 0= No, 1 = Yes; FS-SAG = 0b, FS-SDS
(FSxxxSDS) |=1b
Bit 18:17 = Number of Address Bytes, 3or4=01b
Bit 16 = Supports Dual Out Read = No =0b
05h 03h FFh Bits 31:24 = Unused = FFh
06h 04h FFh
JEDEC Basic
07h 05h Flash FFh it in bi based be h
0sh oeh Parameter oy Density in bits, zero based, 512 Mb = 1FFFFFFF
Dword-2
09h 07h 1Fh (512 Mb)
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Table 71 CFl alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)
CFI SFDP
parameter parameter
relative byte | relative byte SFDnPa%v:ord Data Description
address address
offset offset
Bits 7:5 = number of Quad 1/0 (1-4-4) Mode cycles = 010b
0Ah 08h 48h Bits 4:0 = number of Quad I/0 Dummy cycles = 01000b
JEDEC Basic (Initial Delivery State)
0Bh 09h Flash EBh Quad /0 instruction code
Parameter -
och 0Ah Dword-3 FFh Bits 23:21=number of Quad Out (1-1-4) Mode cycles=111b
Bits 20:16 = number of Quad Out Dummy cycles=11111b
0Dh 0Bh FFh Quad Out instruction code
OEh och FFh Bits 7:5 = number of Dual Out (1-1-2) Mode cycles=111b
Bits 4:0 = number of Dual Out Dummy cycles=11111b
OFh 0Dh JED{EIC iasic FFh Dual Out instruction code
as
Parameter Bits 23:21 = number of Dual I/O (1-2-2) Mode cycles = 100b
10h OEh Dword-4 88h Bits 20:16 = number of Dual I/O Dummy cycles =01000b
(Initial Delivery State)
11h OFh BBh Dual I/O instruction code
Bits 7:5RFU=111b
12h 10h FER E!t4=.QPI su_pported =Yes=1b
JEDEC Basic its 3:1 RFU=111b
Flash Bit 0 = Dual All not supported = 0b
13h 11h Parameter FFh Bits 15:8 = RFU = FFh
Dword-5 -
14h 12h FFh Bits 23:16 = RFU = FFh
15h 13h FFh Bits 31:24 = RFU = FFh
16h 14h FFh Bits 7:0 = RFU = FFh
17h 15h JEDFEIC I?F]asic FFh Bits 15:8 = RFU = FFh
as
18h 16h Parameter FFh Bits 23:21 = number of Dual All Mode cycles=111b
Dword-6 Bits 20:16 = number of Dual All Dummy cycles=11111b
19h 17h FFh Dual All instruction code
1Ah 18h FFh Bits 7:0 = RFU = FFh
1Bh 19h JEDFEIC I?F]asic FFh Bits 15:8 = RFU = FFh
as
1ch 1Ah Parameter 48h Bits 23:21 = number of QPI Mode cycles = 010b
Dword-7 Bits 20:16 = number of QPI Dummy cycles = 01000b
1Dh 1Bh EBh QPI mode Quad I/O (4-4-4) instruction code
Erase type 1 size 2N bytes = 4 KB = 0Ch for Hybrid (Initial
1Eh 1Ch JEDEC Basic 0ch Delivery State)
1Fh 1Dh Flash 20h Erase type 1 instruction
Parameter - N
20h 1Eh Dword-8 10h Erase type 2 size 2" bytes =64 KB = 10h
21h 1Fh D8h Erase type 2 instruction
22h 20h . 12h Erase type 3 size 2N bytes = 256 KB = 12h
JEDEC Basic - -
23h 21h Flash D8h Erase type 3 instruction
24h 22h Pgrag:gtgr 00h Erase type 4 size 2N bytes = not supported = 00h
W -
25h 23h FFh Erase type 4 instruction = not supported = FFh
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Table 71

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)

CFI
parameter
relative byte
address
offset

SFDP
parameter
relative byte
address
offset

SFDP Dword
name

Data

Description

26h

24h

27h

25h

28h

26h

29h

27h

JEDEC Basic
Flash
Parameter
Dword-10

82h

42h

11h

FFh

Bits 31:30 = Erase type 4 Erase, Typical time units (00b: 1
ms, 01b: 16 ms,

10b: 128 ms, 11b: 1s)=1S=11b (RFU)

Bits 29:25=Erase type 4 Erase, Typical time count=11111b
(RFU)

Bits 24:23 = Erase type 3 Erase, Typical time units (00b: 1
ms, 01b: 16 ms,

10b: 128 ms, 11b: 1s) =128ms=10b

Bits 22:18 =Erase type 3 Erase, Typical time count=00100b
(typ erase time = count + 1 * units =5 * 128 ms = 640 ms)
Bits 17:16 = Erase type 2 Erase, Typical time units (00b: 1
ms, 01b: 16 ms,

10b: 128 ms, 11b: 1s)=16ms=01b

Bits 15:11=Erase type 2 Erase, Typical time count=01000b
(typ erase time = count + 1 * units =9 * 16 ms = 144 ms)
Bits 10:9=Erase type 1 Erase, Typical time units (00b: 1 ms,
01b: 16 ms, 10b: 128 ms, 11b: 1s) =16 ms=01b

Bits 8:4 = Erase type 1 Erase, Typical time count =01000b
(typ erase time =

count+ 1 *units=9 * 16 ms = 144 ms)

Bits 3:0 = Multiplier from typical erase time to maximum
erase time=2* (N + 1), N =2h = 6x multiplier

Binary Fields:
11-11111-10-00100-01-01000-01-01000-0010
Nibble Format:
1111_1111_0001_0001_0100_0010_1000_0010
Hex Format: FF_11_42_82
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Table 71 CFl alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)
CFI SFDP
parameter parameter
relative byte | relative byte SFDnPa&v:ord Data Description
address address
offset offset
2Ah 28h 91h Bit 31 Reserved = 1b
Bits 30:29 = Chip Erase, Typical time units (00b: 16 ms, 01b:
2Bh 29h 26h 256 ms, 10b: 45,
2Ch 2Ah 07h 11b:64s)=512Mb=64s=11b
Bits 28:24 = Chip Erase, Typical time count, (count +
1)*units,
512Mb=00010b=2+1*64us=192s
Bits 23 = Byte Program Typical time, additional byte units
(Ob:1 ps, 1b:8 ps) =
1us=0b
Bits 22:19 = Byte Program Typical time, additional byte
count, (count + 1)*units, count =0000b, (typ Program time
=count+l*units=1*1us=1us
Bits 18 = Byte Program Typical time, first byte units (0b:1
us, 1b:8 us) =8 us=1b
Bits 17:14 = Byte Program Typical time, first byte count,
(count + 1) * units, count = 1100b, (typ Program time =
count+1 * units=13 * 8 us =104 ps)
Bits 13 = Page Program Typical time units (0b:8 ps, 1b:64
us) =64 us=1b
Bits 12:8 = Page Program Typical time count, (count + 1) *
JEDEC Basic units, count=00110b, (typ Program time =count+1 * units
Flash .
7* 64 us =448 us)
PDezlcaorrr:ﬁtlelr Bits 7:4 = Page size 2N, N = 9h, = 512B page
2Dh 2Bh E2h (512 Mb) Bits 3:0=Multiplier from typical time to maximum for Page
or Byte program =
2*(N+1),N=1h=4x multiplier
128 Mb
Binary Fields:
1-10-01000-0-0000-1-1100-1-00110-1001-0001
Nibble Format:
1100_1000_0000_0111_0010_0110_1001_0001
Hex Format: C8_07_26_91
256 Mb
Binary Fields:
1-10-10001-0-0000-1-1100-1-00110-1001-0001
Nibble Format:
1101_0001_0000_0111_0010_0110_1001_0001
Hex Format: D1_07_26_91
512 Mb
Binary Fields:
1-11-00010-0-0000-1-1100-1-00110-1001-0001
Nibble Format:
1110_0010_0000_0111_0010_0110_1001_0001
Hex Format: E2_07_26_91
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Table 71

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)

CFI
parameter
relative byte
address
offset

SFDP
parameter
relative byte
address
offset

SFDP Dword
name

Data

Description

2Eh

2Ch

2Fh

2Dh

30h

2Eh

31h

2Fh

JEDEC Basic
Flash
Parameter
Dword-12

ECh

83h

18h

44h

Bit 31 = Suspend and Resume supported = 0b

Bits 30:29 = Suspend in-progress erase max latency units
(00b: 128 ns, 01b: 1 s, 10b: 8 us, 11b: 64 ps) = 8us=10b
Bits 28:24 = Suspend in-progress erase max latency count
=00100b, max erase suspend latency = count + 1 * units =
5*8us=40pus

Bits 23:20 = Erase resume to suspend interval count =
0001b, interval =

count+1*64us=2*64 us=128 us

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

Bits 17:13 = Suspend in-progress program max latency
count =00100b, max erase suspend latency = count+1*
units =

5*8us=40pus

Bits 12:9 = Program resume to suspend interval count =
0001b, interval =

count+1*64us=2*64 us=128 us

Bit8=RFU=1b

Bits 7:4 = Prohibited operations during erase suspend
=xxx0b: May not initiate a new erase anywhere (erase
nesting not permitted)

+xx1xb: May not initiate a page program in the erase
suspended sector size

+x1xxb: May not initiate a read in the erase suspended
sector size

+ 1xxxb: The erase and program restrictions in bits 5:4 are
sufficient

=1110b

Bits 3:0 = Prohibited Operations During Program Suspend
=xxx0b: May not initiate a new erase anywhere (erase
nesting not permitted)

+xx0xb: May not initiate a new page program anywhere
(program nesting not permitted)

+x1xxb: May not initiate a read in the program suspended
page size

+ 1xxxb: The erase and program restrictions in bits 1:0 are
sufficient

=1100b

Binary Fields:
0-10-00100-0001-10-00100-0001-1-1110-1100
Nibble Format:
0100_0100_0001_1000_1000_0011_1110_1100
Hex Format: 44_18_83_EC

32h

30h

33h

31h

34h

32h

35h

33h

JEDEC Basic
Flash
Parameter
Dword-13

8Ah

85h

TAh

75h

Bits 31:24 = Erase Suspend Instruction = 75h
Bits 23:16 = Erase Resume Instruction = 7Ah
Bits 15:8 = Program Suspend Instruction = 85h
Bits 7:0 = Program Resume Instruction = 8Ah
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Table 71 CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)
CFI SFDP
parameter parameter
relative byte | relative byte SFDnPa&v;ord Data Description
address address
offset offset
36h 34h F7h Bit 31 = Deep Power Down Supported = supported =0
37h 35h BDh Bits 30:23 = Enter Deep Power Down Instruction = BOh
Bits 22:15 = Exit Deep Power Down Instruction = ABh
38h 36h D5h Bits 14:13 = Exit Deep Power Down to next operation delay
units = (00b: 128 ns,
01b: 1 ps, 10b: 8 us, 11b: 64 ps) =1 us=01b
Bits 12:8 = Exit Deep Power Down to next operation delay
count=11101b, Exit Deep Power Down to next operation
. delay = (count+1) *units=29+1* 1 us=30 us
JEDEC Basic Bits 7:4 = RFU = Fh
Parameter Bit 3:2 = Status Register Polling Device Busy
Dword-14 =01b: Legacy status polling supported =Use legacy polling
39h 37h 5Ch by reading the Status Register with 05h instruction and
checking WIP bit[0] (0 = ready; 1 = busy).
=01b
Bits 1:0=RFU =11b
Binary Fields: 0-10111001-10101011-01-11101-1111-01-11
Nibble Format:
0101_1100_1101_0101_1011_1101_1111 0111
Hex Format: 5C_D5_BD_F7
Datasheet 002-25385 Rev. *D

2023-04-22



-
1Gbit, 1.8 VDual-Quad Serial Peripheral Interface with Multi-1/O Flash in fi neon

Data integrity

Table 71

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)

CFI
parameter
relative byte
address
offset

SFDP
parameter
relative byte
address
offset

SFDP Dword
name

Data

Description

3Ah

38h

3Bh

3%h

3Ch

3Ah

3Dh

3Bh

JEDEC Basic
Flash
Parameter
Dword-15

8Ch

Féh

5Dh

FFh

Bits 31:24 = RFU = FFh

Bit 23 = Hold and WP Disable = not supported = 0b

Bits 22:20 = Quad Enable Requirements

=101b: QE is bit 1 of the Status Register 2. Status register
lisread using 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 ‘0’.

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

+ x1xxb: Mode Bit[7:0] = Axh

+ 1xxxb: RFU

=1101b

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

= xx_xxx1b: Mode Bits[7:0] = 00h will terminate this mode
at the end of the current read operation

+xx_1xxxb: Input Fh (mode bit reset) on DQ0-DQ3 for 8
clocks. This will terminate the mode prior to the next read
operation.

+ x1_xxxxb: Mode Bit[7:0] != Axh

+ 1x_x1xx: RFU

=11_1101

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

Bits 8:4 = 4-4-4 mode enable sequences

=x_1xxxb: device uses a read-modify-write sequence of
operations: read configuration using instruction 65h
followed by address 800003h, set bit 6, write configuration
using instruction 71h followed by address 800003h. This
configuration is volatile.

=01000b

Bits 3:0 = 4-4-4 mode disable sequences

=x1xxb: device uses a read-modify-write sequence of
operations: read configuration using instruction 65h
followed by address 800003h, clear bit 6, write
configuration using instruction 71h followed by address
800003h.. This configuration is volatile.

+ 1xxxb: issue the Soft Reset 66/99 sequence

=1100b

Binary Fields: 11111111-0-101-1101-111101-1-01000-1100
Nibble Format:
1111_1111_0101_1101_1111_0110_1000-1100

Hex Format: FF_5D_F6_8C
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Table 71

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)

CFI
parameter
relative byte
address
offset

SFDP
parameter
relative byte
address
offset

SFDP Dword
name

Data

Description

3Eh

3Ch

3Fh

3Dh

40h

3Eh

41h

3Fh

JEDEC Basic
Flash
Parameter
Dword-16

Foh

30h

F8h

Alh

Bits 31:24 = Enter 4-Byte Addressing

= xxxx_xxx1b: issue instruction B7h (preceding write
enable not required)

+ xx1x_xxxxb: Supports dedicated 4-Byte address
instruction set. Consult vendor data sheet for the
instruction set definition.

+ 1xxx_xxxxb: Reserved

=10100001b

Bits 23:14 = Exit 4-Byte Addressing

= xx_xx1x_xxxxb: Hardware reset

+ xx_x1xx_xxxxb: Software reset (see bits 13:8 in this
DWORD)

+ xx_1xxx_xxxxb: Power cycle

+ x1_xxxx_xxxxb: Reserved

+ 1X_XXXX_xxxxb: Reserved

=11_1110_0000b

Bits 13:8 = Soft Reset and Rescue Sequence Support
=x1_xxxxb: issue reset enable instruction 66h, then issue
reset instruction 99h. The reset enable, reset sequence
may be issued on 1, 2, or 4 wires depending on the device
operating mode.

+ 1x_xxxxb: exit 0-4-4 mode is required prior to other reset
sequences above if the device may be operating in this
mode.

=110000b

Bit7=RFU=1

Bits 6:0=Volatile or Non-volatile Register and Write Enable
Instruction for Status Register 1

=+ xx1_xxxxb: Status Register 1 contains a mix of volatile
and non-volatile bits. The 06h instruction is used to enable
writing of the register.

+ x1x_xxxxb: Reserved

+ 1xx_xxxxb: Reserved

=1110000b

Binary Fields: 10100001-1111100000-110000-1-1110000
Nibble Format:
1010_0001_1111_1000_0011_0000_1111_0000

Hex Format: A1_F8_30_FO0
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Table 71

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 1, basic flash parameter and 4-byte address instructions parameter (Continued)

CFI
parameter
relative byte
address
offset

SFDP
parameter
relative byte
address
offset

SFDP Dword
name

Data

Description

42h
non-volatile

40h

43h

41h

44h

42h

45h

43h

JEDEC 4 Byte
Address
Instructions
Parameter
Dword-1

6Bh

8Eh

FFh

FFh

Supported =1, Not Supported =0

Bits 31:20 = RFU = FFFh

Bit 19 = Support for non-volatile individual sector lock
write command, Instruction=E3h=1

Bit 18 =Support for non-volatileindividual sector lock read
command, Instruction=E2h =1

Bit 17 = Support for volatile individual sector lock Write
command, Instruction=E1h=1

Bit 16 = Support for volatile individual sector lock Read
command, Instruction =EOh =1

Bit 15 = Support for (1-4-4) DTR_Read Command,
Instruction=EEh=1

Bit 14 = Support for (1-2-2) DTR_Read Command,
Instruction =BEh =0

Bit 13 = Support for (1-1-1) DTR_Read Command,
Instruction=0Eh =0

Bit 12 = Support for Erase Command - Type 4=0

Bit 11 = Support for Erase Command - Type3=1

Bit 10 = Support for Erase Command - Type2=1

Bit 9 = Support for Erase Command - Type 1=1

Bit 8 = Support for (1-4-4) Page Program Command,
Instruction=3Eh =0

Bit 7 = Support for (1-1-4) Page Program Command,
Instruction=34h =0

Bit 6 = Support for (1-1-1) Page Program Command,
Instruction=12h=1

Bit 5 = Support for (1-4-4) FAST_READ Command,
Instruction=ECh =1

Bit 4 = Support for (1-1-4) FAST_READ Command,
Instruction=6Ch =0

Bit 3 = Support for (1-2-2) FAST_READ Command,
Instruction=BCh =1

Bit 2 = Support for (1-1-2) FAST_READ Command,
Instruction=3Ch =0

Bit 1 = Support for (1-1-1) FAST_READ Command,
Instruction=0Ch=1

Bit 0 = Support for (1-1-1) READ Command, Instruction =
13h=1

46h

44h

47h

45h

48h

46h

49h

47h

JEDEC 4 Byte
Address
Instructions
Parameter
Dword-2

21h

DCh

DCh

FFh

Bits 31:24 = FFh = Instruction for Erase Type 4: RFU
Bits 23:16 = DCh = Instruction for Erase Type 3

Bits 15:8 = DCh = Instruction for Erase Type 2

Bits 7:0 = 21h = Instruction for Erase Type 1
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Sector map parameter table notes

The sector map parameter (see Table 72) provides a means to identify how the device address map is configured
and provides a sector map for each supported configuration. This is done by defining a sequence of commands
to read out the relevant configuration register bits that affect the selection of an address map. When more than
one configuration bit must be read, all the bits are concatenated into an index value that is used to select the
current address map.

To identify the sector map configuration in FS512S the following configuration bits are read in the following MSb
to LSb order to form the configuration map index value:

« CR3NV[3] — 0 =Hybrid Architecture, 1 = Uniform Architecture

« CRINV[2] — 0 =4 KB parameter sectors at bottom, 1 =4 KB sectors at top

The value of some configuration bits may make other configuration bit values not relevant (don’t care), hence
not all possible combinations of the index value define valid address maps. Only selected configuration bit
combinations are supported by the SFDP Sector Map Parameter Table. Other combinations must not be used in
configuring the sector address map when using this SFDP parameter table to determine the sector map. The
following index value combinations are supported.

Table 72 Sector map parameter
Device CR3NVI[3] CR1NV[2] Index value Description
0 0 01h 4 KB sectors at bottom with remainder 256 KB sectors
FS512S 0 1 03h 4 KB sectors at top with remainder 256 KB sectors
1 0 05h Uniform 256 KB sectors
Table 73 CFl alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 2, sector map parameter table, 512 Mb
CFl parameter SFDP parameter
relative byte relative byte SFDP Dword name Data Description
address offset address offset
4Ah 48h FCh Bits 31:24 = Read data mask =
0000_1000b: Select bit 3 of the data
4Bh 49h 65h byte for 20h_NV value
4Ch 4Ah FFh 0 = Hybrid map with 4 KB parameter
sectors
1 =Uniform map
Bits 23:22 = Configuration detection
JEDEC Sector Map command address length = 11b:
Variable length
Parameter Dword-1 Bits 21:20 = RFU = 11b
Config. Detect-1 Its 21:20 = . . .
Bits 19:16 = Configuration detection
4Dh 4Bh 08h command latency = 1111b: variable
latency
Bits 15:8 = Configuration detection
instruction = 65h: Read any register
Bits 7:2=RFU=111111b
Bit 1 =Command Descriptor=0
Bit 0 = not the end descriptor=0
4Eh 4Ch 04h
4AFh 4Dh JEDEC Sector Map 00h Bits 31:0 = Sector map configuration
Parameter Dword-2 detection command address =
50h 4Eh Config. Detect-1 00h 00_00_00_04h: address of CR3INV
51h 4Fh 00h
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Table 73 CFl alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 2, sector map parameter table, 512 Mb (Continued)
CFl parameter SFDP parameter
relative byte relative byte SFDP Dword name Data Description
address offset address offset
52h 50h FCh Bits 31:24 = Read data mask =
0000_0100b: Select bit 2 of the data
53h 51h 65h byte for TBPARM_O value
54h 52h FFh 0 =4 KB parameter sectors at bottom
1 =4 KB parameter sectors at top
Bits 23:22 = Configuration detection
command address length = 11b:
JEDEC Sector Map Variable length
Parameter Dword-3 Bits 21:20 =RFU =11b
Config. Detect-2 Bits 19:16 = Configuration detection
55h 53h 04h command latency = 1111b: variable
latency
Bits 15:8 = Configuration detection
instruction = 65h: Read any register
Bits 7:2=RFU=111111b
Bit 1 =Command Descriptor=0
Bit 0 = not the end descriptor =0
56h 54h 02h
57h 55h JEDEC Sector Map 00h Bits 31:0 = Sector map configuration
Parameter Dword-4 detection command address =
58h 56h Config. Detect-2 00h 00_00_00_02h: address of CRINV
59h 57h 00h
5Ah 58h FDh Bits 31:24 = Read data mask =
0000_0010b: Select bit 1 of the data
5Bh 59h 65h byte for D8h_NV value
5Ch 5Ah FFh 0 =64 KB uniform sectors
1=256 KB uniform sectors
Bits 23:22 = Configuration detection
command address length =11b:
JEDEC Sector Map Variable length
Parameter Dword-5 Bits 21:20=RFU =11b
Config. Detect-3 Bits 19:16 = Configuration detection
5Dh 5Bh 02h command latency = 1111b: variable
latency
Bits 15:8 = Configuration detection
instruction = 65h: Read any register
Bits 7:2=RFU=111111b
Bit 1 =Command Descriptor=20
Bit 0 = The end descriptor=1
5Eh 5Ch 04h
5Fh 5Dh JEDEC Sector Map 00h Bits 31:0 = Sector map configuration
Parameter Dword-6 detection command address =
60h 5Eh Config. Detect-3 00h 00_00_00_04h: address of CR3INV
61h 5Fh 00h
62h 60h FEh Bits 31:24 = RFU = FFh
Bits 23:16 = Region count (Dwords-1) =
63h 61h O1h 02h: Three regions
64h 62h JEDEC Sector Map 02h Bits 15:8 = Configuration ID =
Parameter Dword-7 01h: 4 KB sectors at bottom with
Config-1 Header remainder 256 KB sectors
65h 63h FFh Bits 7:2=RFU=111111b
Bit 1 =Map Descriptor=1
Bit 0 = not the end descriptor =0
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Table 73

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,
Section 2, sector map parameter table, 512 Mb (Continued)

CFl parameter
relative byte
address offset

SFDP parameter
relative byte
address offset

SFDP Dword name

Data

Description

66h

64h

67h

65h

68h

66h

69h

67h

JEDEC Sector Map
Parameter Dword-8
Config-1 Region-0

F1lh

TFh

00h

00h

Bits 31:8 = Region size = 00007Fh:
Region size as count - 1 of 256 Byte
units = 8 x 4 KB sectors =32 KB
Count=32KB/256 =128, value =count
-1=128-1=127=7Fh

Bits 7:4=RFU =Fh

Erase Type not supported =0/
supported =1

Bit 3 = Erase Type 4 support =0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support =0b

--- Erase Type 3 is 256 KB erase and is
supported in the 4 KB sector region
Bit 1 = Erase Type 2 support =0b
---Erase Type2is64 KB erase and is not
supported in the 4 KB sector region
Bit 0 = Erase Type 1 support=1b

--- Erase Type 1is 4 KB erase and is
supported in the 4 KB sector region

6Ah

68h

6Bh

69h

6Ch

6Ah

6Dh

6Bh

JEDEC Sector Map
Parameter Dword-9
Config-1 Region-1

Fah

TFh

03h

00h

Bits 31:8 = Region size = 00037Fh:
Region size as count - 1 of 256 Byte
units = 1 x 224 KB sectors = 224 KB
Count =224 KB/256 = 896, value =
count - 1=896 - 1=2895=37Fh

Bits 7:4=RFU =Fh

Erase Type not supported =0/
supported =1

Bit 3 = Erase Type 4 support =0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support=1b

--- Erase Type 3 is 256 KB erase and is
supported in the 32 KB sector region
Bit 1 = Erase Type 2 support =0b
---Erase Type2is64 KB eraseandis not
supported in the 32 KB sector region
Bit 0 = Erase Type 1 support =0b

--- Erase Type 1is 4 KB erase and is not
supported in the 32 KB sector region

6Eh

6Ch

6Fh

6Dh

70h

6Eh

71h

6Fh

JEDEC Sector Map
Parameter Dword-10
Config-1 Region-2

F4h

FFh

FBh

03h
(512 Mb

Bits 31:8 =512 Mb device Region size =
03FBFFh:

Region size as count - 1 of 256 Byte
units = 255 x 256 KB sectors =

65280 KB

Count =65280 KB/256 = 261120, value
=count-1=261120-1=261119=
3FBFFh

Bits 7:4 =RFU =Fh

Erase Type not supported =0/
supported =1

Bit 3 = Erase Type 4 support =0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support=1b

--- Erase Type 3 is 256 KB erase and is
supported in the 64 KB sector region
Bit 1 = Erase Type 2 support =0b
---Erase Type2is64 KB erase andis not
supported in the 64 KB sector region
Bit 0 = Erase Type 1 support =0b

--- Erase Type 1is 4 KB erase and is not
supported in the 64 KB sector region
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Table 73

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,

Section 2, sector map parameter table, 512 Mb (Continued)

CFl parameter
relative byte
address offset

SFDP parameter
relative byte
address offset

SFDP Dword name

Data

Description

72h

70h

73h

71h

74h

72h

75h

73h

JEDEC Sector Map
Parameter Dword-11
Config-3 Header

FEh

03h

02h

FFh

Bits 31:24 = RFU = FFh

Bits 23:16 = Region count (Dwords - 1)
=02h: Three regions

Bits 15:8 = Configuration ID = 03h:

4 KB sectors at top with remainder 256
KB sectors

Bits 7:2=RFU=111111b

Bit 1 =Map Descriptor=1

Bit 0 = not the end descriptor=0

76h

T4h

77h

75h

78h

76h

79h

77h

JEDEC Sector Map
Parameter Dword-12
Config-3 Region-0

F4h

FFh

FBh

03h
(512 Mb

Bits 31:8 =512 Mb device Region size =
03FBFFh:

Region size as count - 1 of 256 Byte
units = 255 x 256 KB sectors =

65280 KB

Count =65280 KB/256 = 261120, value
=count-1=261120-1=261119=
3FBFFh

Bits 7:4=RFU =Fh

Erase Type not supported = 0/
supported =1

Bit 3 = Erase Type 4 support =0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support=1b

--- Erase Type 3 is 256 KB erase and is
supported in the 64 KB sector region
Bit 1 = Erase Type 2 support =0b
---Erase Type2is64 KB erase and is not
supported in the 64 KB sector region
Bit 0 = Erase Type 1 support =0b

--- Erase Type 1is 4 KB erase and is not
supported in the 64 KB sector region

TAh

78h

7Bh

79h

7Ch

TAh

7Dh

7Bh

JEDEC Sector Map
Parameter Dword-13
Config-3 Region-1

Fah

TFh

03h

00h

Bits 31:8 = Region size = 00037Fh:
Region size as count - 1 of 256 Byte
units = 1 x 224 KB sectors = 224 KB
Count =224 KB/256 = 896, value =
count-1=896-1=3895=37Fh

Bits 7:4 =RFU =Fh

Erase Type not supported =0/
supported =1

Bit 3 = Erase Type 4 support=0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support=1b

--- Erase Type 3 is 256 KB erase and is
supported in the 224 KB sector region
Bit 1 = Erase Type 2 support =0b
---Erase Type2is64 KB erase andisnot
supported in the 224 KB sector region
Bit 0 = Erase Type 1 support=0b

--- Erase Type 1is 4 KB erase and is not
supported in the 224 KB sector region
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Table 73

CFI alternate vendor-specific extended query parameter A5h, JEDEC SFDP Rev B,

Section 2, sector map parameter table, 512 Mb (Continued)

CFl parameter
relative byte
address offset

SFDP parameter
relative byte
address offset

SFDP Dword name

Data

Description

TEh

7C

TFh

7D

80h

TE

81h

7F

JEDEC Sector Map
Parameter Dword-14
Config-3 Region-2

F1lh

TFh

00h

00h

Bits 31:8 = Region size = 00007Fh:
Region size as count - 1 of 256 Byte
units = 8 x 4 KB sectors =32 KB
Count=32KB/256 =128, value=count
-1=128-1=127=7Fh

Bits 7:4=RFU =Fh

Erase Type not supported =0/
supported =1

Bit 3 = Erase Type 4 support =0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support =0b

--- Erase Type 3 is 256 KB erase and is
not supported in the 4 KB sector region
Bit 1 = Erase Type 2 support =0b
---Erase Type2is64 KB erase and is not
supported in the 4 KB sector region
Bit 0 = Erase Type 1 support=1b

--- Erase Type 1is 4 KB erase and is
supported in the 4 KB sector region

82h

80h

83h

81h

84h

82h

85h

83h

JEDEC Sector Map
Parameter Dword-15
Config-4 Header

FFh

05h

00h

FFh

Bits 31:24 = RFU = FFh

Bits 23:16 = Region count (Dwords - 1)
=00h: One region

Bits 15:8 = Configuration ID = 05h:
Uniform 256 KB sectors

Bits 7:2=RFU=111111b

Bit 1 =Map Descriptor=1

Bit 0 = The end descriptor=1

86h

84h

87h

85h

88h

86h

89h

87h

JEDEC Sector Map
Parameter Dword-16
Config-4 Region-0

F4h

FFh

FFh

03h

Bits 31:8 =512 Mb device Region size =
03FFFFh:

Region size as count - 1 of 256 Byte
units =256 x 256 KB sectors = 65536 KB
Count =65536 KB/256 = 262144, value
=count-1=262144-1=262143=
3FFFFh

Bits 7:4 =RFU =Fh

Erase Type not supported =0/
supported =1

Bit 3 = Erase Type 4 support =0b

--- Erase Type 4 is not defined

Bit 2 = Erase Type 3 support=1b

--- Erase Type 3 is 256 KB erase and is
supported in the 256 KB sector region
Bit 1 = Erase Type 2 support=0b
---Erase Type2is64 KB erase andis not
supported in the 256 KB sector region
Bit 0 = Erase Type 1 support=0b

--- Erase Type 1is 4 KB erase and is not
supported in the 256 KB sector region
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13.5 Initial delivery state
The device is shipped from Infineon with non-volatile bits set as follows:

« The entire memory array is erased: i.e., all bits are set to ‘1’ (each byte contains FFh).
+ The OTP address space has the first 16 bytes programmed to a random number. All other bytes are erased to FFh.

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

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

+ The Status Register 1 non-volatile contains 00h (all SRINV bits are cleared to 0’s).

The Configuration Register 1 non-volatile contains 00h.

The Configuration Register 2 non-volatile contains 08h.

The Configuration Register 3 non-volatile contains 00h.

The Configuration Register 4 non-volatile contains 10h.
The Password Register contains FFFFFFFF-FFFFFFFFh.
All PPB bits are ‘1.

+ The ASP Register bits are FFFFh.
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14 Ordering information

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

ST9FS 512 S AG M F 1 01 1

T Packing type
0="Tray
1=Tube
3=13"Tape and reel

Model number (additional ordering options)
21=5x5 ball BGA footprint, 512 KB Physical Sector

Temperature range | grade
B = Automotive, AEC-Q100 grade 2 (-40°C to +105°C)
[72]

Package materials'
H =Halogen-free, Lead (Pb)-free

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

Speed
FA=102 MHz DDR

Device technology
S =65-nm MIRRORBIT™ Process Technology

Density
01G =1 Gbit

Device family
STIFS
1.8 V-only, Dual-Quad Serial Peripheral Interface (SPI) Flash Memory

Note
72.Halogen free definition is in accordance with |E 61249-2-21 specification.
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14.2 Valid combinations — automotive grade / AEC-Q100

Table 74 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. Contact your local sales representative to
confirm availability of specific combinations and to check on newly released combinations.

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

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

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

Table 74 Valid combinations — automotive grade / AEC-Q100
Base ordering part Speed Package and Model Packing .
number option temperature number type Package marking
ST9FS01GS FA BHB 21 0,3 T9FS01GSFBH21
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Revision history

Document _—
version Date of release Description of changes
o 2019-01-23 | Initial release of full datasheet, created from 002-00488 specification. Replaces

Supplemental Datasheet 002-19549.

Updated Performance summary:

Updated Typical current consumption:

Replaced “Quad DDR Read 80 MHz” with “Quad DDR Read 102 MHz",
Updated DC characteristics:

Updated Table 9:

Replaced “Quad DDR Read 80 MHz” with “Quad DDR Read 102 MHZz".
Updated Timing specifications:

Updated DDR AC characteristics:

Updated Table 15:

Replaced “Quad DDR Read 80 MHz” with “Quad DDR Read 102 MHz",
Updated Address space maps:

*A 2019-05-30 Updated Reglsters

Updated Configuration Register 2:

Updated Configuration Register 2 Non-volatile (CR2NV):
Updated Note 35 referred in Table 27:

Replaced “Quad DDR Read 80 MHz” with “Quad DDR Read 102 MHz",
Updated Commands:

Updated Read Memory Array commands:

Updated DDR Quad 1/0 Reac?’(EDh EEh):

Replaced “Quad DDR Read 80 MHz” with “Quad DDR Read 102 MHz".
Updated Ordering information:

Updated Ordering part number:

Replaced “Quad DDR Read 80 MHz” with “Quad DDR Read 102 MHz",

Updated Address space maps:

Updated Reglsters

Updated Configuration Register 1:

Updated Configuration Register 1 Volatile (CR1V):
*B 2019-11-25 Updated Table 25.

Updated Commands:

Updated Register Access commands:

Updated Write Registers (WRR 01h):

Updated description.

Updated Features:

Updated description.

Updated Overview:

Removed “Glossary”.

Removed “Other resources”.

Updated SPI with multiple input / output (SPI-MIO):
Replaced “Hardware interface” with “SPI with multiple input / output (SPI-MIO)” in
heading.

Updated Electrical specifications:

Updated Thermal resistance:

Updated Table 4.

*C 2022-07-21 Removed “Software interface”.

Updated Package diagrams:

Replaced “Physical interface” with “Package diagrams” in heading.
Updated Data integrity:

Updated Data retention:

Updated description.

Updated Ordering information:

Updated Ordering part number:

Updated details under “Device family”.

Updated Valid combinations — automotive grade / AEC-Q100:

Updated Table 74.
Migrated to Infineon template.
*D 2023-04-22 Updated Table 58
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