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JEDEC Standard No. 251C

Foreword

This standard is intended for use by SoC, ASIC, ASSP, and FPGA developers or vendors interested in
incorporating a controller interface having a low signal count and high data transfer bandwidth with
access to multiple sources of target devices compliant with the interface. It is also, intended for use by
peripheral developers or vendors interested in providing target devices compliant with the standard,
including non-volatile memories, volatile memories, graphics peripherals, networking peripherals,
FPGAs, sensors, etc.

This document was prepared by the JC-42.4_3 Serial Flash task group authorized by the JC-42.4 Non-
Volatile Memory subcommittee.

Introduction

This standard defines a low signal count controller-target interface for high speed byte or word serial
communication with peripheral devices.

The standard defines commands for general purpose read and write of any type of peripheral device and
specific commands for non-volatile memory device functions. The standard includes limited hardware
and software backward compatibility with Serial Peripheral Interface (SPI) controllers widely used in the
electronics industry.

Electrical DC and AC characteristics are defined for operation witha 3V, 1.8 V, or 1.2 V power supply.

Signaling protocols are defined for command and data transfers widths of 1, or 8 bits using either Single
Data Rate (SDR) or Double Data Rate (DDR) transfers at up to 200 MHz with up to 400 MT/s.

Also, defined is a Fine-pitch Ball Grid Array (FBGA) footprint with package outline options compliant
with JEDEC Publication No. 95 (JEP95), MO-234.

The purpose of this standard is to define a minimum set of requirements for JEDEC standard compliance.
There are a number of existing devices that may contain legacy and/or unique manufacturer's functions in
addition to the minimum JEDEC requirements. Some of these functions are defined in this document as
optional operations.
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EXPANDED SERIAL PERIPHERAL INTERFACE (XSPI) FOR NON VOLATILE
MEMORY DEVICES

From JEDEC Board Ballot JCB-21-68, formulated under the cognizance of the JC-42.4 Subcommittee on Non-
Volatile Memory Devices, item 1775.74.

1 Scope

This standard specifies the eXpanded Serial Peripheral Interface (xSPI) for Non Volatile Memory
Devices, which provides high data throughput, low signal count, and limited backward compatibility with
legacy Serial Peripheral Interface (SPI) devices. It is primarily for use in computing, automotive, Internet
Of Things (I0T), embedded systems and mobile systems, between host processing and peripheral
devices. The xSPI electrical interface can deliver up to 400 MBytes per second raw data throughput.

2 Normative Reference

The following normative documents contain provisions that through reference in this text, constitutes
provisions of this standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated. For
undated references, the latest edition of the normative document referred to applies.

JEDEC Manual, JIM7.01, Style Manual for Standards and Other Publications of JEDEC.

JEDEC Standard, JESD88E, Dictionary of Terms for Solid-State Technology.

JEDEC Standard, JESD99C, Terms, Definitions, and Letter Symbols for Microelectronic Devices.

JEDEC Standard, JESD100B.01, Terms, Definitions, and Letter Symbols For Microcomputers,
Microprocessors, and Memory Integrated Circuits.

JEDEC Publication No. 95, MO-234, Low Profile Rectangular Ball Grid Array Family, 6.00 x 8.00 x 1.20
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3 Terms and Definitions

The current version of JESD88, Dictionary of Terms for Solid-State Technology, is the governing
document for terms used in this standard. The following terms and definitions are provided for ease of
reference:

byte (B): (1) A binary character string operated upon as a unit and usually shorter than a computer word.
(Ref. ANSI X3.172.)

NOTE A byte is usually eight bits. Within this standard, it is an 8-bit data value with the most significant bit as bit
7 and the least significant bit as bit 0.

Controller: An xSPI device that drives chip select signals to enable one other xSPI device to receive or
transmit data on the interface at a given time.

Data Strobe (DS): Target to controller strobe signal to capture read data sent by the target. Target to
controller signal to indicate additional initial access latency needed by the target. Controller to target
signal to indicate masking of individual bytes within write data words. DS initial latency indication and
write data mask behavior is used by a limited subset of xXSPI commands.

Double Data Rate (DDR): Information (e.g., command, modifier, address, or data) is transferred on each
edge of a related clock.

double word: A character string or binary element string that, in a given system, has twice the length of a
word.

NOTE For the purpose of this document “Dword” is a 32-bit data value with most significant bit labeled as bit 31
and least significant bit as bit 0.

Single Data Rate (SDR): Information (e.g., command, modifier, address, or data) is transferred on one
edge of a related clock.

flash EEPROM (FEEPROM): An EEPROM in which clearing can be performed only on blocks or on
the entire array.

NOTE For the purpose of this document “Flash” is a type of block erased, multiple time programmable,
nonvolatile memory.

gigabyte (GB): commonly used as a prefix to units of semiconductor storage capacity and meaning 230
[1 073 741 824] bytes

host: The computer system, test system, or other device that writes data to, and reads data from, a
memory device. Within this standard, it is an xSPI controller: An entity or a device with the
characteristics of a primary computing device that includes one or more xSPI controllers. The xSPI
controller drives out all chip select (CS) signals to xSPI target devices to select one target device at a time
to interact with the controller. The controller provides transfer type and address information to target
devices.

HS400: High Speed DDR interface timing mode of eMMC (JESD84), with up to 400 MT/s at 200 MHz

LOW, HIGH: Binary interface states with defined assignment to a voltage level. LOW is < Vi or Vo,
HIGH is > Vi or Vou.
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3 Terms and Definitions (cont’d)
Kilobyte (Kbyte, KB): 1024 or 210 bytes.

mega (M) (as a prefix to units of semiconductor storage capacity): A multiplier equal to 1 048 576 (220
or K2, where K = 1024).

Megabyte (MB): 1,048,576 or 220 bytes.

open-drain output: An open-circuit output whose internal connection is to the drain of a field effect
transistor.

NOTE Within this standard, it is an output operation mode where an external resistor or current source is used to
pull the output level to HIGH, and an internal transistor pulls the output level to LOW. Multiple outputs of this type
from different devices may be tied together to create a wire-NOR signal.

peripheral equipment: In a data processing system, any equipment, distinct from the central processing
unit, that may provide the system with outside communication or additional facilities. (Ref. ANSI
X3.172.)

NOTE For the purpose of this document “peripheral” refers to an xSPI target, see definition.

Power On Reset (POR): A hardware reset process that leaves the device in a defined state, triggered by
the rise of power supply voltage levels from near ground to the operating range level.

push-pull output: Two open-circuit outputs operating in complementary fashion so that as the resistance
of one increases, the resistance of the other decreases. Within this standard, an output operation mode
where a complementary pair of transistors is used to alternately push the interface level to HIGH or pull it
to LOW.

guad word: A character string or binary element string that, in a given system, has four times the length
of a word. Within this standard: a 64-bit data value with most significant bit labeled as bit 63 and least
significant bit as 0.

Target: An xSPI device that receives a chip select signal to enable receive or transmit of data on the
interface at a given time.

word: A character string or a binary element string that it is convenient to consider as an entity. (Adapted
from ANSI X3.172.)

NOTE For memories, it is common practice to use the term “word” generically for any number of bits that occupy
a single address location. Within this standard: a 16-bit data value with most significant bit labeled as bit 15 and
least significant bit as bit 0.

XSPI target: An entity or a device with the characteristics of peripheral equipment that is selected by an
XSPI controller.

NOTE The xSPI target is made active by its chip select (CS#) input to interact with the controller. The target
receives transfer type and address information in order to identify which data to receive from or transmit to the xSPI
controller.
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3.1  Acronyms

DDR Double Data Rate. Data is transferred on each edge of a related clock.

GB Gigabyte: 1,073,741,824 or 250 bytes.

I/0or 10 Input or Output — A signal port that may receive or drive voltage levels to communicate
with other devices.

KB Kilobyte: 1024 or 210 bytes.

MB Megabyte: 1,048,576 or 220 bytes

MB/s Megabytes per second

MSh, LSb | Most Significant Bit or Least Significant Bit

MT/s Mega Transfers per second

NVM Non-Volatile Memory

ul Unit Interval; It is one bit nominal time. For example, UI=5 ns at 200 MHz SDR, Ul =
2.5 ns for 200 MHz DDR.

XSPI eXtended Serial Peripheral Interface

3.2 Conventions
This standard follows some conventions used in other JEDEC documents.

A binary number is represented in this standard by any sequence of digits consisting of only the Western-
Arabic numerals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Spaces may be included
in binary number representations to increase readability or delineate field boundaries (e.g., 0 0101 1010b).

A hexadecimal number is represented in this standard by any sequence of digits consisting of only the
Western-Arabic numerals 0 through 9 and/or the upper-case English letters A through F
immediately followed by a lower-case h (e.g., FA23h). Spaces may be included in hexadecimal number
representations to increase readability or delineate field boundaries (e.g., B FD8C FA23h).

A decimal number is represented in this standard by any sequence of digits consisting of only
the Western-Arabic numerals 0 through 9 not immediately followed by a lower-case b or lower-case h
(e.g., 25).

A range of numeric values is represented in this standard in the form "a to z", where a is the first value
included in the range, all values between a and z are included in the range, and z is the last value included
in the range (e.g., the representation "0h to 3h™ includes the values Oh, 1h, 2h, and 3h).

Other conventions used in this document:

Signals that are considered active when LOW have signal names that end with the hash / pound special
character (i.e., have a suffix of #).
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3.3 Keywords

Several keywords are used to differentiate levels of requirements and options, as follow:

Can - A keyword used for statements of possibility and capability, whether material, physical, or causal
(can equals is able to).

Expected - A keyword used to describe the behavior of the hardware or software in the design models
assumed by this standard. Other hardware and software design models may also be implemented.

Ignored - A keyword that describes bits, bytes, or fields whose values are not checked by the recipient.
Mandatory - A keyword that indicates items required to be implemented as defined by this standard.

May - A keyword that indicates a course of action permissible within the limits of the standard
(may equals is permitted).

Must - The use of the word must is deprecated and shall not be used when stating mandatory
requirements; must is used only to describe unavoidable situations.

Obsolete - A keyword indicating that an item was defined in prior standards but has been removed from
this standard.

Optional - A keyword that describes features which are not required to be implemented by this standard.
However, if any optional feature defined by the standard is implemented, it shall be implemented
as defined by the standard.

Preferred — A keyword used to identify a feature option which is the preferred option to implement for
compliance with anticipated future revisions of this standard.

Reserved - A keyword used to describe objects—bits, bytes, and fields—or the code values assigned to
these objects in cases where either the object or the code value is set aside for future
standardization.

Usage and interpretation may be specified by future extensions to this or other standards. A
reserved object shall be zeroed or, upon development of a future standard, set to a value
specified by such a standard. The recipient of a reserved object shall not check its value. The recipient
of a defined object shall check its value and reject reserved code values.

Shall - A keyword that indicates a mandatory requirement strictly to be followed in order to conform to
the standard and from which no deviation is permitted (“shall” equals “is required to”). Designers are
required to implement all such mandatory requirements to assure interoperability with other products
conforming to this standard.

Should - A keyword used to indicate that among several possibilities one is recommended as particularly
suitable, without mentioning or excluding others; or that a certain course of action is preferred but not
necessarily required; or that (in the negative form) a certain course of action is deprecated but
not prohibited (“should” equals “is recommended that”).

Will - The use of the word will is deprecated and shall not be used when stating mandatory requirements;
will is only used in statements of fact.

3.4  Abbreviations

etc.: And so forth (Latin: et cetera)

e.g.. For example (Latin: exempli gratia)
i.e.; Thatis (Latin: id est)



JEDEC Standard No. 251C
Page 6

4 Key Features

The following is a summary of the eXtended Serial Peripheral Interface (xSPI) features:
4.1 General Features

e Speed grades with data transfer rates up to
o 400 MT/s (200 MHz Clock)
o 333 MT/s (167 MHz Clock)
o 266 MT/s (133 MHz Clock)
o 200 MT/s (100 MHz Clock)

4.2 Topology

o Single controller, multiple targets, per interface port
= One chip select per target

4.3 Interface Features

e Input/Output Power Supplies Options:
o 12V,18V,or3V

o Signal Count Options:
o Eleven-signal target interface (Clock, CS#, 8-bit Data bus, Data Strobe)
o Twelve-signal target interface (Differential Clock, CS#, 8-bit Data bus, Data Strobe)
o Interface may operate in 1S-1S-1S 10 mode without data strobe at <50 MHz SDR

e 10 Protocol Modes:
o Transaction phases = Command-Modifier-Data
Transfer bit width options in each phase =W =1, or 8
Data rate options in each phase = R = S for SDR or D for DDR
1S-1S-1S (24 bit addressing) for power-up and configuration
8D-8D-8D (32 bit addressing in Profile 1.0 or 45 bit addressing in profile 2.0)

O O O O

e Target Reset Options:
o Power-on Reset (POR) -- mandatory
o In-band Reset -- preferred
o Separate Reset Signal -- optional

o Power Management Option
o Deep Power Down (DPD) enter and exit commands
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5 xSPI Overview

5.1 XxSPI Performance Enhancements

Serial interface performance can be enhanced by increasing the basic clock rate, adding source
synchronous clocking, using Double Data Rate (DDR), or by adding parallel data (10) lines. xSPI allows
all four methods.

Higher clock rates with accurate information transfer are possible by using a separate clock signal for
each direction of information transfer. This is known as source synchronous clocking; providing a timing
reference (clock / strobe) from the source of information, with minimum skew relative to the related
information (data). This enables accurate timing of information capture at the destination device as the
period of valid information decreases at higher clock rates.

DDR can be used to double performance by relating information transfers to both rising and falling edges
of the timing reference.

Up to 8 parallel data (10) lines are used in xSPI to further increase system performance by transferring
more parallel bits in each clock cycle.

5.2  xSPI Topology and Signal Descriptions
XSPI has a single controller, multiple target bus topology with source synchronous clocking.

Each target device is selected by a separate LOW active Chip Select (CS#) signal from the controller
device.

A clock (CK) signal from the controller to all target devices provides a timing reference for interface
operations. The clock is the timing reference for information transfer on the 10 signals from the
controller to the selected target. The clock is also a timing reference for interface operations within the
controller and target interface logic, such as the counting of access latency time. The clock may optionally
be provided by the controller as a differential clock using two signals (CK and CK#). The remaining text
and block diagrams in this standard may only describe one clock (CK) signal for simplicity but, where
ever CK is described or illustrated, a differential pair of CK, CK# may be used. Some xSPI compliant
target devices require a differential clock. A differential clock reduces clock duty cycle distortion and
effectively doubles the clock slew rate, providing improved timing margins for target devices using a
differential clock.

The 10 signals provide a bidirectional, variable width path, for information transfer between the controller
and selected target. Different targets on the same bus may use a different 10 width for information
transfer.

The Data Strobe (DS) signal provides a timing reference for information transfer on the 10 signals from
the target to the controller. DS is an output signal from the xSPI target device that is aligned with the
edges of output data and is used by the controller interface to optimize high frequency read data capture.
DS may optionally be used as a signal from the target to the controller, to indicate the duration of initial
access latency or, as a signal from the controller to the target, to indicate write data masking.
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5.2 xSPI Topology and Signal Descriptions (cont’d)

Controller and target devices may have separate power supplies and ground references for internal (core)
logic functions versus the xSPI interface receiver inputs and output drivers. The ability to separate the
core and 10 power supplies may help to reduce 10 noise injection into the core power supply. However,
devices are not required to separate their core and 10 power supplies. These power supplies may be tied
together in parallel at the device terminals. The core power supply is labeled Vpp and the interface power
supply is labeled VppQ. The core ground reference is labeled Vss and the interface ground reference is
labeled VssQ.

Controller Target 0
VDD J VDD —T
VopQ J VDDQ‘j
CSo# p| CS#
CSi#
CK ® » CK
10[7:0] <« ® » 10[7:0]
DS < ® —»| DS
Vss VSS
VSSQ —l ’ VssQ_l l
Target 1
VDD J
VDDQJ
p| CSH#
»| CK
» 10[7:0]
» DS

Vss
VssQ _l
Figure 1 — xSPI System Topology

5.3 XSPI Protocol Modes

No information provided at time of publication.
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5.4 xSPI Signal Protocols

During the time that CS# is active (LOW) the clock signal (CK) is toggled while command information is
first transferred on the data (10) signals from the controller to the target. The clock continues to toggle
during any period required for information access in the target. The clock continues to toggle during the
transfer of read data from the target to the controller or write data from the controller to the target. When
the controller has transferred the desired amount of data, the controller drives the CS# inactive (HIGH).
The period during which CS# is active is called a transaction on the bus.

While CS# is inactive, the CK is not required to toggle. CK may stop toggling when LOW as a means of
lowering power consumption or inserting delay within a transaction for flow control by the controller. CK
must always complete at least one rising edge and one falling edge before stopping at LOW. This
requirement for a minimum of one rising and falling edge in turn requires that DDR transfers always
occur in two transfer increments, e.g., two bytes (word) for 8-bit wide transfers. SDR transfers must occur
in one byte increments. Some target devices may have limitations on the maximum time that CK may
stop (remain LOW) or, on the maximum time CK may be HIGH (i.e., a minimum clock frequency during
a transaction); these are target device specific system design consideration.

There are up to four phases of activity within each transaction:

Command transfer from controller to target

Command Modifier transfer from controller to target

Initial Access Latency (also used for 10 signal direction turn around in a read transaction)

Data transfer (target to controller in a read transaction or controller to target in a write transaction)

The command transfer occurs at the beginning of every transaction. The command modifier, initial access
latency, and data transfer phases are optional and their presence depends on the protocol mode or
command transferred.

The number of parallel 10 signals used during the command modifier and data phases depends on the
current protocol mode or command transferred. The initial access latency phase does not use the 10
signals for information transfer. The protocol mode options are described by the data rate and the 10
width (number of 10 signals) used during the command, command modifier, and data phases in the
following format:

WR-WR-WR where;

e The first WR is the command bit width and rate
e The second WR is the command modifier bit width and rate
e The third WR is the data bit width and rate

The bit width value may be 1, or 8. R has a value of S for SDR, or D for DDR. SDR has the same
transfer value during the rising and falling edge of a clock cycle. DDR may have different transfer values
during the rising and falling edges of each clock.

Examples:

e 1S-1S-1S means that the command is 1-bit wide SDR, the command modifier is 1-bit wide SDR, and
the data is one bit wide SDR.

e 8D-8D-8D means that the command, command modifier, and data transfers are always 8 bits wide
DDR.



JEDEC Standard No. 251C
Page 10

5.4 xSPI Signal Protocols (cont’d)

Protocol Modes defined for the xSPI interface:

e 1S-1S-1S
o One IO signal used during command transfer, command modifier transfer, and data transfer. All
phases are SDR.
e 8D-8D-8D

o Eight 10 signals used during command transfer, command modifier transfer, and data transfer.
All phases are DDR.

A target device must implement both of the above protocol modes.

The 1S-1S-1S mode is the preferred default protocol following Power-On-Reset (POR) but, target devices
may be configured to reset into the Octal mode. Target devices may implement other modes of operation.
The supported modes are indicated in the SFDP.

For example, 8D-8D-8D mode can be made the default mode if so desired. The controller must determine
the default protocol mode of each target after POR. This may be done through prior knowledge of the
system design. The controller may later reconfigure a target to use other target supported modes. In some
devices switching between maodes is done through issuing a command or a series of commands while in
other devices that change is done through a modification of bits in control registers. The modes supported
by a target and the method for switching between modes are indicated in the SFDP.

A protocol mode phase using single bit transfer uses 10[0] to transfer information from controller to
target and 10[1] to transfer information from target to controller. On each 10, information is placed on the
10 line in Most Significant bit (MSb) to Least Significant bit (LSb) order within each byte. Sequential
command modifier bytes are transferred in highest order to lowest order sequence. Sequential data bytes
are transferred in lowest address to highest address order.

Table 1 — 1S-1S-1S Bit Positions for 4 (and 3) Byte Addressing

10 | Command Bits Cogigigddmggs')f Ier Latency Data Byte 0 Data Byte 1

0 17,6543,21,0] 31(23),30(22),...1,0 | X... X... X...

1 X... X... X.. 7,6,54,3,2,1,0] 7,6,5,4,3,2,1,0
2 X.. X.. X.. X... X

3 X.. X.. X.. X... X

4 X.. X.. X.. X... X

5 X.. X.. X.. X... X

6 X.. X.. X.. X... X

7 X.. X... X.. X... X

See 6.9.5, Transaction Formats by Protocol Mode for waveform examples.
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5.4 xSPI Signal Protocols (cont’d)

A protocol mode phase using eight 10 signals uses 10[7:0]. The LSb of each byte is placed on 10[0] with
each higher order bit on the successively higher numbered 10 signals. Sequential command modifier
bytes are transferred in highest order to lowest order sequence. Sequential data bytes in SDR are
transferred in lowest address to highest address order. Sequential data bytes in DDR are transferred only
in byte pairs (words) where the byte order depends on the order in which the bytes are written or
programmed in that protocol mode. Sequential data bytes are transferred in lowest address to highest
address order.

Table 2 — 8D-8D-8D Bit Positions

Command Command Modifier Bits
10 Bits (Command Ext. and Address) Latency | Data Word 0 Data Word 1
0 0 0 24 16 0 X... 0 0 0 0
1 1 1 25 17 1 X.. 1 1 1 1
2 2 2 26 18 2 X.. 2 2 2 2
3 3 3 27 19 3 X.. 3 3 3 3
4 4 4 28 20 4 X .. 4 4 4 4
5 5 5 29 21 5 X.. 5 5 5 5
6 6 6 30 22 6 X .. 6 6 6 6
7 7 7 31 23 7 X .. 7 7 7 7

10 signals not in use in a particular phase are undefined may or may not be driven by the controller or
target device; i.e., these signals may be in a high impedance state (floating and indicated by X in the bit
position tables). In single bit transfers the 10[7:2] signals may be high impedance.

During the period of data transfer in a read transaction, the Data Strobe (DS) signal is driven by the target
and transitions edge aligned with the 10 signal data transitions. DS is used as an additional output signal
with the same timing characteristics as other data outputs but with the guarantee of transitioning with
every data bit transferred. The DS signal transitions can be received and internally phase shifted by the
controller to be used as an internal read data clock to capture each data bit transferred.

DS transitions may have deterministic or variable timing with reference to CK. Some target devices may
be deterministic and delay the toggling of DS for a fixed number of cycles during the initial access
latency period then always follow CK transitions during the remainder of a transaction. Some target
devices may have variable DS timing by delaying the toggling of DS for a variable number of cycles
during the initial access latency phase and then may delay toggling during some following data transfer
phase CK cycles — as a means of flow control on target to controller information transfers. However, like
CK, DS must always delay (stop) when LOW and always have one rising and falling edge before

stopping.

The deterministic or variable DS behavior is target device specific. The controller may treat a delay of DS
toggling for more than a number of CK cycles as a transaction error and end the transaction by taking
CS# HIGH. The variable or deterministic DS behavior and the number of cycles indicating an error are
indicated in the SFDP.

Some commands define other functions for DS during the command and command modifier phase or
during write data transfers. These additional functions are described in the command descriptions.
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5.5 Legacy SPI Compatibility

XSPI target devices support the 1S-1S-1S protocol for limited backward compatibility with the legacy
single 10 Serial Peripheral Interface (SPI1) protocol. The 1S-1S-1S mode supports a limited subset of SPI
protocol commands, to enable basic target device identification in the same protocol used by legacy SPI
target devices. This backward compatibility can simplify the POR and configuration process for systems
that may use legacy SPI targets on the xSPI interface signals. Once each target device is identified, it is
expected that the protocol will be switched to 8D-8D-8D.

6 XxSPI Transaction Descriptions

6.1 Target Selection

Each transaction starts with CS# for a particular target device going from HIGH to LOW. Each
transaction ends when that CS# returns from LOW to HIGH. While the CS# is HIGH, the target ignores
all other xSP1 signals. While CS# is LOW, the CK signal edges cause the transfer of information on the
10 signals. CS# must transition from HIGH to LOW or LOW to HIGH while CK is LOW. Thus, CK is
LOW when idle or stopped, and is equivalent to the legacy SPI Mode 0 with Clock Polarity (CPOL) =0
and, Clock Phase (CPHA) = 0. This is the only legacy SPI clock mode supported in XSPI.

6.2 Clock, DS, and Information Transfer

The clock may be a free running (always toggling) signal but is recommended to only toggle while CS# is
LOW to minimize power consumption. CK signal edges cause the transfer of information on the 10
signals. If the differential clock option is used, the crossing point of CK and CK# causes the transfer of
information on the 10 signals.

NOTE A free running clock will meet the timing in this standard only at relatively low frequencies. For high
frequency operation, clock should be gated.

During information transfer from controller to target, the 10 signals are driven to a valid HIGH or LOW
state for at least a set-up time (tisu) before a CK edge and are held valid for at least a hold time (tin) after
the CK edge — the CK edge is within the valid 10 (data) window. This occurs during the command,
command modifier, and write data phases of a transaction.

During an initial access latency phase no information is transferred but CK toggles to act as a timing
reference to target device interface logic so that it progresses through the initial access process for data.
Legacy SPI protocols sometimes referred to this phase as Dummy cycles.

During information transfer from target to controller; i.e., a read data transfer phase, CK continues to
toggle so that the target interface progresses through the read data transfer process. However, CK is not
the timing reference for when read data is valid. During a read data phase, DS toggles edge aligned with
the 10 signals to serve as the read data timing reference. However, for backward compatibility with
legacy SPI targets, in the 1S-1S-1S mode, the controller may use CK as the timing reference for read data.
This legacy SPI compatible method of clocking read data may be restricted to lower frequency operation
depending on the controller and target output driver characteristics. The frequency expectation for
commands operating without DS is indicated in the SFDP.

Some commands use DS during the command and command modifier phases to indicate an extension of
the initial latency phase. Some commands use DS during a write data phase as a data mask to control byte
writes.
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6.3 Command Phase

An eight bit command is always the first information transferred in a transaction. The first transfer of
command bits happens on the first rising edge of CK after CS# is LOW. In an SDR protocol, any
additional command bit transfers occur on the following rising CK edges until the command is
completely transferred. In 1S-1S-1S protocol mode this requires 8 rising CK edges. In 8D-8D-8D
protocol mode the command is transferred by the first rising edge of CK.

The command transferred determines the format of any remaining transfers during the transaction.

The xSPI protocol uses a subset of the same 8-bit command codes as in the de-facto legacy SPI protocol.
To simplify the design of both the controller and target device interfaces, the commands supported vary
depending on the protocol mode in use. The xSPI protocol also adds some hew command codes not found
in legacy SPI protocols.

NOTE Some xSPI devices have a mode in which the command phase is not required. While in this
mode, commonly called XiP Mode, the controller skips sending the command and the target device
implicitly performs the command that was executed in the previous transaction. While in a current
transaction, the controller may indicate that the next transaction will also be in XiP Mode by sending a
pre-defined data value during the initial latency phase.

6.4 Command Modifier Phase

Some commands have no following information transfer. These are single byte commands that need no
additional information. The transaction ends with CS# returning HIGH after such a command is
transferred.

Some commands are followed by an additional byte that serves to further define or confirm the command
behavior. In the command summary tables, the Command Extension column indicates:

e NA — Not Applicable, for commands that do not have a command extension byte. In this standard,
NA is only used in 1S-1S-1S mode.

e RI —Repeat or Invert, for commands that either transfer the command again or transfer a bitwise
inverted copy of the command as the command extension. It is target specific as to whether a repeated
or inverted command is expected. The expectation is indicated in the SFDP. In this standard, RI is
only used in profile 1.0 of 8D-8D-8D mode. Note that in this mode the host device must send either a
repeated or inverted command while the target device is not required to read both.

e Hex value - for commands that use the command extension byte to further define the command
function, the specific hexadecimal value of the command extension byte is shown. In this standard,
Hex is only used in profile 2.0 of 8D-8D-8D mode.

Some commands or a command extension byte are followed by multiple bytes of additional command
modifier that is generally used as an address within a memory array. The number of additional modifier
bytes may be defined by the command or depend on a modifier (address) length configuration. The
number of additional modifier bytes is shown in the additional modifier column of the command
summary tables. A zero indicates that no additional modifier bytes are provided.
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6.5 Initial Access Latency Phase

Some commands have no following information transfer. These commands need no additional
information transfer after the command modifier phase and therefore no latency phase. The transaction
ends with CS# returning HIGH after such a command or command modifier is transferred.

Some commands do not need a latency period before transferring data. Some read commands require data
transfer on the cycle following the command modifier phase. Generally, target devices will restrict the use
of these commands to lower operating frequencies. Some write commands requires data transfer on the
cycle following the command modifier phase.

In the command summary tables a zero (0) in the Initial Access Latency column indicates the command is
deterministic and has no initial access latency phase. A non-zero value indicates a deterministic initial
access latency. A value of zero or a number plus (0+, 1+, ...) indicates the command has a minimum
initial latency that may vary based on a configuration setting or other conditions present during the
transaction. Whether the command has deterministic, configurable, or variable latency that requires
monitoring when DS transitions is indicated in the SFDP.

6.6 Data Phase

Some commands have no following information transfer. These commands need no additional
information transfer after the command modifier phase and therefore have no data phase. The transaction
ends with CS# returning HIGH after such a command or command modifier is transferred.

In the command summary tables this is indicated by a zero (0) in the data bytes column.

Other commands may transfer one data byte and repeat the data byte if the transaction is continued. This
is indicated as a one (1) in the data bytes column.

Other commands may transfer one or more sequential data bytes and is indicated as a one plus (1+) in the
data bytes column. Other commands may always transfer an even number of sequential data bytes
(always transferring two byte words) and is indicated as a two plus (2+) in the data bytes column.

6.7 Required versus Optional Commands

Some commands that are required, if a protocol mode and command type subset is supported, are listed in
the command summary Table 3 Commands used in 1S-1S-1S protocol mode (required commands) and
Table 4 Profile 1.0 commands used in 8D-8D-8D protocol mode (required commands) Optional
commands are listed in command summary Table 5 Profile 1.0 commands used in 8D-8D-8D protocol
mode (optional commands).

Many commands are optional. The commands that are supported by a target device must be indicated in
the SFDP.

However, in 8D-8D-8D protocol mode there are two command profiles that although optional as a profile,
some commands from one, the other or, both of the command profiles must be supported. These
command profiles are:

e Profile1.0
e Profile 2.0
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6.7 Required versus Optional Commands (cont’d)

Profile 1.0 commands directly affect information in memory target devices. The commands may read
from a memory array, write to registers, program non-volatile memory, erase non-volatile memory, etc.

Transport commands are not specific to memory devices. These commands move data into (write) or out
of (read) a target XSPI device in a general purpose way. The commands read or write to either a memory
address space or a register address space. The commands also specify whether the read or write transfers
data in a linear or wrapped sequence. The meaning of the data transferred is target device specific. The
target device accessed by these commands may be a volatile or non-volatile memory or some type of
peripheral such as a graphics display, or network adapter, or some other function implemented in a Field
Programmable Gate Array (FPGA).

If a command is required when Profile 1.0 is supported, it is indicated with 1 in the Req. column. If a
command is required when Profile 2.0 is supported, it is indicated with 1 in the Req. column.

It is compliant with the xSPI standard to implement the required commands from either the required
Profile 1.0 commands, or the required Profile 2.0 commands or, the required commands from both of
these profiles.

6.8 Maximum Frequency

Some commands, if supported, are only required to operate at or below a maximum frequency. If a
maximum frequency is defined for a command it is shown in the maximum frequency column of the
command summary tables.

6.9 Command Summary Tables

The main characteristics of commands for each protocol mode are summarized in the following tables.
Details of each command implementation are in the Command Description clauses.

6.9.1 1S-1S-1S Mode

Table 3 shows the required commands in the 1S-1S-1S protocol mode. It is expected that this mode will
be used only for identification and configuration of the target device. As soon as the device is identified
and configured, it is expected that the target device will be switched to a higher data rate protocol mode.
See 6.10.2.21 Enter Another Protocol Mode for more information. Note that each command uses one of
the Transaction Formats described in 6.9.5 Transaction Formats by Protocol Mode.

Table 3— Commands Used in 1S-1S-1S Protocol Mode (Required Commands)

Command|Command |Additional| Initial .
(?:Oumncnt]ii)?ld Code | Extension | Modifier | Latency BD atzas Reg. Trégiziz:ton Riﬂ/'”'_i;(;q'
(Hex) (Hex) Bytes |(CK Cycles) y
Read SFDP 5A NA 3 8 1+ 1 0.E 50+
Read Zero Latency 03 NA 3 0 1+ 1 0.C 50+
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6.9.2

8D-8D-8D Profile 1.0

Commands are grouped into two Categories:

6.1 Category 1: Non-WREN Enabled Commands require a single CS# cycle

6.2 Category 2: WREN Enabled Commands must be prefixed by one additional CS# cycle for a write
enable (WREN) command

Category 1 Cs#
Data Bus
Category 2 Cs#
Data Bus

Figure 2 — Command Categories

—

o 6-Bytesﬂ
— Non-WREN Command Code —
Opcode[0:1] | ADDR[0:3] Data[0:n]
’ 8'Bytes \
— WREN — WREN Enabled Command Code
06h /Rl —— Opcode[0:1] | ADDRJ[0:3] Data[0:n]

Table 4 — Profile 1.0 Commands Used in 8D-8D-8D Protocol Mode (Required Commands)

. Command Code Commgnd Addit_io_nal Initial Data | Transaction Reg. Max.

Command Function (Hex) Category | Extension | Modifier Latency Bytes| Format Freq.

(Hex) Bytes (CK Cycles) (MHz)
Read Fast 0B/ EE / SFDP 1 RI 4 1+ 2+ 1.B
\Write Enable (WREN) 06 1 RI 0 0 0 1A
\Write Disable 04 1 RI 0 0 0 1A
Program 02 /12 / SFDP 2 RI 4 0 2+ 1.D
Erase 64+Kbytes D8 /DC /SFDP 2 RI 4 0 0 1.C
Program / Erase Suspend | BO/75/SFDP 1 RI 0 0 0 1A
Program / Erase Resume [30/7A /D0 /SFDP 1 RI 0 0 0 1A
Read Status Register 05 1 RI 0/4/SFDP|4/8/SFDP| 1 1.B
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Table 5 — Profile 1.0 Commands Used in 8D-8D-8D Protocol Mode (Optional Commands)

mode

_ Command Commgnd Additjqnal Initial Data | Transaction Req. Max.
Command Function Code (Hex) Category | Extension Modifier Latency Bytes Format Freq.
(Hex) Bytes (CK cycles) (MH2)

Read SFDP 8D-8D-8D 5A 1 RI 3/4 8/20 2+ 1.B 50+
Read Fast Wrapped 0C / SFDP 1 RI 4 1+ 2+ 1.B
Setup Read Wrap Co 1 RI 4 0 2+ 1.D
Erase 4Kbytes 20/21/SFDP 2 RI 4 0 0 1.C
Erase 32Kbytes 52 /53 / SFDP 2 RI 4 0 0 1.C
Erase Chip C7 2 RI 0 0 0 LA
Read Configuration 15 1 RI 4 4 1 1.B
Register
Read Flag Status Register 70 1 RI 0 8 1 1A
Read Register 65 1 RI 1/ 4/ SFDP 1+ 1+ 1.B
Read Volatile Register 85/71 SFDP 1 RI 4 4/8/SFDP| 1 1.B
Read NV Register B5/15/65/ 1 RI 4 4/8/SFDP| 1 1B

SFDP
\Write Status- 01 2 RI 0/4/SFDP 0 1+ 1.D
Configuration Register
Clear Flag Status Register 50 1 RI 0 0 0 1A
\Write Register 71/ SFDP 2 RI 1/ 4/ SFDP 0 1/2 1.D
\Write Volatile Register 81/72/71/ 2 RI 4 0 1 1D

SFDP
\Write NV Register B1/01/71/ 2 RI 4 0 1 1D

SFDP
Enter Deep Power Down B9 1 RI 0 0 0 1A
Exit Deep Power Down AB 1 RI 0 0 0 1A
Soft Reset FO 1 RI 1 0 0 1B
Reset Enable 66 1 RI 0 0 0 1A
Soft Reset and Enter 99 1 RI 0 0 0 1A
default protocol mode
Enter default protocol FF 1 RI 0 0 0 1A

NOTE 1

NOTE 2

NOTE 3
NOTE 4

NOTE 5

SFDP.

New device designs should assign Command Codes from the above tables for commands that are specified in the
table rather than pick other codes

It is recommended that new device designs should only pick Command Codes that are not mentioned in the above
tables for new commands.

The size of block erased by the Erase 64+Kbytes and Erase 64+Kbytes4 command is indicated in the SFDP.

Some commands have multiple recommended code value options that are device specific. New device designs
should pick one of the recommended code values. The device supported command codes are indicated in the
SFDP. This is indicated in the table by listing SFDP as one of the command code options.

Some commands have multiple recommended command modifier length options that are device or device
configuration specific. New device designs should pick one of the recommended command modifier lengths. The
target device supported command modifier length options and any configuration methods are indicated in the
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6.9.3 8D-8D-8D Profile 2.0

Instructions are categorized into four sets described as follows:

1. Instruction opcodes under Non-WREN (1 and 2) Enabled Command Code are single CS# cycle -
Category 3.
2. Instruction opcodes under WREN (1 and 2) Enabled Command Code require two additional CS#
cycles for write enables (1 and 2) — Category 4.
3. Instruction opcodes under Command Extension Code are additional CS# cycles to instruction cycles
in category 2 — Category 5.
4. Instruction opcodes under Status Register Enabled Command Code require one additional CS# cycles
for Status Register enable — Category 6.
ﬁG-Bylesﬂ
Category 3 cs# 1 Non-WREN Command Code —
Data Bus ‘ Opcode ‘ ADDR[0:4] Data[0:n]
» 24-Byts Y
Category 4 cs# | WREN 1 1 WREN 2 i WREN Enabled Command Code  —
Data Bus ‘ 3Fh ‘ 00555h AAh H 3Fh ‘ 002AA 55 H Opcode ‘ ADDR[0:4] Data[0:1]
» 32-Byt «
Category 5 cs# 1 WREN 1 | WREN 2 ] WREN Enabled Command Code il Command Extension Code —
Data Bus ‘ 3Fh ‘ 00555h AAh H 3Fh ‘ 002AA 55 H Opcode ‘ ADDR[0:4] Data[0:1] H Opcode ‘ ADDR[0:4] Data[0:1]
‘ 16-Bytes \
Category 6 cse 1 Status Register Enable — SR Enabled Command Code —
Data Bus ‘ 3Fh ‘ 002AA ‘ 55 H BFh ‘ ADDR[0:4] ‘ Data[0:1] ‘

Figure 3 — Instruction Categories
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6.9.3 8D-8D-8D Profile 2.0 (cont’d)
Table 6 — Profile 2.0 Commands Used in 8D-8D-8D Protocol Mode
Additional Initial
. Command Command Latency Data Commz_ind Transaction Reg. Max.
Command Function Code Category Modifi CK Byt Extension F t Freq.
(Hex) odimer ( yies Required orma (MHz)
Bytes Cycles)

Read Register Wrapped DF 3 5 1+ 2+ 0 2.A

Read Register Linear FF 3 5 1+ 2+ 0 2.A

Read Memory Wrapped 9F 3 5 1+ 2+ 0 2.A

Read Memory Linear BF 3 5 1+ 2+ 0 2.A

Write Register Wrapped 5F 3 5 0+ 2+ 0 2.B

Write Register Linear 7F 3 5 0+ 2+ 0 2.B

Write Memory Wrapped 1F 3 5 0+ 2+ 0 2.B

Write Memory Linear 3F 3 5 0+ 2+ 0 2.B

Write Enable 1 (WRENL1) 3F 3 5 0+ 2 0 2.B
“00555h” “00AARh”

Write Enable 2 (WREN2) 3F 3 5 0+ 2 0 2.B
“002AAR” “0055h”

Status Register Enable 3F 3 5 1+ 2 0 2.B
“00555h” “0070h”

Status Register Read BF 6 5 1+ 2 0 2.A

Status Register Clear 3F 3 5 0 2 0 2.B
“00555h” “0071h”

Enter Deep Power Down 3F 4 5 0 2 0 2.B

Mode “00B9h”

Configuration Register 3F 4 5 0 2 1 2.B

Load (Volatile) “00555h” “0038h”

Configuration register 3F 5 5 0 2 0 2.B

Load (Volatile) -

Extension

Configuration Register 3F 4 5 0 2 1 2.B

Read (Volatile) “00555h” “00C7h”

Configuration Register BF 5 5 0 2 0 2.A

Read (Volatile) —

Extension

Configuration Register 3F 4 5 0 2 1 2.B

Program (Non-Volatile) “00555h” “0039h”

Configuration Register 3F 5 5 0 2 0 2.B

Program (Non-Volatile) -

Extension

Configuration Register 3F 4 5 0 2 0 2.B

Erase (Non-Volatile) “00555h” “00C8h”

Configuration Register 3F 4 5 0 2 1 2.B

Read (Non-Volatile) “00555h” “00C6h”

Configuration Register BF 5 5 0 2 0 2.A

Read (Non-Volatile) —

Extension

Word Program 3F 4 5 0 2 1 2.B
“00555h” “00A0h”

Word Program — 3F 5 5 0 2 0 2.B

Extension

Write to Buffer — 256B 3F 4 5 0 2 1 2.B

“SAY “0025h”

Write to Buffer — 256B — 3F 5 5 0 2 1 2.B

Extension 1 “we2

Write to Buffer — 256B — 3F 5 5 0 2 1+ 2.B

Extension 2
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Table 6 — Profile 2.0 Commands Used in 8D-8D-8D Protocol Mode (cont’d)

Command Additional Initial Command _ Req.
. Command Latency Data - Transaction Max.
Command Function Code Category Modifi CK Bvt Extension F t F
(Hex) odifier ( ytes Required orma reg.
Bytes Cycles) (MHz)
Program Write to Buffer 3F 3 5 0+ 2 0 2.B
(Confirm) “SAY “0029”
Sector Erase 3F 4 5 0 2 1 2.B
“00555h” “0080h”
Sector Erase — Extension 3F 5 5 0 2 1 2.B
1 “00AAh”
Sector Erase — Extension 3F 5 5 0 2 1 2.B
2 “0055h”
Sector Erase — Extension 3F 5 5 0 2 0 2.B
3 “SAY “0030h”
Chip Erase 3F 4 5 0 2 0 2.B
“00555h” “0080h”
Chip Erase — Extension 1 3F 5 5 0 2 1 2.B
“00AAh”
Chip Erase — Extension 2 3F 5 5 0 2 1 2.B
“0055h”
Chip Erase — Extension 3 3F 5 5 0 2 0 2.B
“00555h” “0010h”
Erase Suspend 3F 3 5 0+ 2 0 2.B
“00B0”
Erase Resume 3F 3 5 0+ 2 0 2B
“0030”
Program Suspend 3F 3 5 0 2 0 2.B
“0051h”
Program Resume 3F 3 5 0 2 0 2.B
“0050h”
Read SFDP 3F 4 5 0 2 1 2.B
“00555h” “0090h”
Read SFDP — Extension BF 5 5 0 2+ 0 2.A
Enter Default Protocol 3F 4 5 0 2 0 2.B
Mode “00555h” “00F5h”

6.9.4 Command Summary Notes

- The SFDP indicates which of the optional commands are implemented.

- SFDP read commands must be 4-byte aligned (Profile 1.0).

- The Read and Write Register commands can be used to Read/Write any selected register(s).

- Commands with 2+ data bytes will operate only on an even number of bytes (these commands always
transfer 16-bit words of data).
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6.9.5 Transaction Formats by Protocol Mode

Several commands use either a 3 or 4-byte address depending on a configuration setting of the target
device. Several commands have a variable initial access latency that depends on a configuration setting of
the target device. The length of data transfer depends on the command or operating conditions. The
controller must be aware of these configuration settings and command behaviors in order to select the
correct command format.

6.9.51 1S-1S-1S

The following transaction formats may be used in the 1S-1S-1S protocol mode:

e Format 0.A: Command only

e Format 0.B: Command and Read Data

e Format 0.C: Command, 3-byte Address, and Read Data

e Format 0.D: Command, 4-byte Address, and Read Data

e Format 0.E: Command, 3-byte Address, Initial Access Latency (Dummy Cycles), and Read Data
e Format 0.F: Command, 4-byte Address, Initial Access Latency (Dummy Cycles), and Read Data
e Format 0.G: Command and Write Data

e Format 0.H: Command and 3-byte Address

e Format 0.I: Command and 4-byte Address

e Format 0.J: Command, 3-byte Address, and Write Data

e Format 0.K: Command, 4-byte Address, and Write Data

NOTE This standard requires only a subset of the above mentioned formats. The other formats are
described to ensure that if other commands are implemented in the 1S-1S-1S mode, they will follow a
pre-defined format.

In figures 4 through 10, where a command modifier is used for an address, 4-Byte address is shown, but
3-Byte address may be a target device specific option enabled by default, a configuration register setting,
or a command. The SFDP will indicate the availability and configuration method for 3 or 4-byte address
use when SFDP is supported by the target device.

cst -\ /[
S AVAVAVAVAVAVAVA S

| Command R ——

tolo] KXXXAusoR_ X X X X X Atso XXX

Hi-Z

Figure 4 — 1S-1S-1S Format 0.A Command
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6.9.5.1 1S-1S-1S (cont’d)

CS# _\ ll ll “\ /_

oK (\VAVAVAVAVAVAVAVAVAN AVAV AVANES

«— 8-bit !
Command

tofo] X Xwist) ll (X XXXKXRXHXHXNXIXNXNRXKXRXHXKN

¢—————  Byte0 ———————> Byte-n >

ot weereeee -—EOCO0COEbEnE--

Figure 5 — 1S-1S-1S Format 0.B Command and Read Data

e | ll [ —

8-bit ) 32-bit
Command Address

otoy XA XS X R KK R e

[« Byte-0 Byte-n >

e DB

Figure 6 — 1S-1S-1S Format 0.D Command, 4-byte Address, and Read Data
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6.9.5.1 1S-1S-1S (cont’d)

s | !l !l [ —

o !lmllwymllwllmll\f\—
o TN Y| Y 0 e R

< Byte-0 >

< Byte-n >

i e DX

Figure 7 — 1S-1S-1S Format 0.F Command, 4-Byte Address, ‘x’ Latency Cycles, and Read Data

s | !l (-

oK (AVAVAV AVAVAN aVANE

8-bit >l
- > -
Command Byte-0 i< Byte-1 >l

ot FRRR ey XceXmanX ] XXy X~
SIS S -

Figure 8 — 1S-1S-1S Format 0.G Command and Write Data
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6.9.5.1 1S-1S-1S (cont’d)

es | ([ —a

VAV AVAVAV AVANS

4_ 8 bit 32-bit
mand Adnress

Figure 9 — 1S-1S-1S Format 0.1 Command and 4-Byte Address

N I B

VAV AVAVAV AVAVAV AVAV VAV VAW

8-bit ‘ 32-bit
" Command \ Address ‘ Byte-0 _’{ }‘— Byte-n —>{

o ROEX DEXEX ] DED = DEDDEDE-
o =-m-oeoe roreeeeeee Jooreoeenen A S

Figure 10 — 1S-1S-1S Format 0.K Command, 4-Byte Address, and Write Data
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6.9.5.2 8D-8D-8D Profile 1.0
The following transaction formats are used in Profile 1.0 mode 8D-8D-8D:

e Format 1.A: Command and Command Extension

e Format 1.B: Command, Command Extension, 4-byte Address, ‘n’ Latency Cycles, and Read Data
e Format 1.C: Command, Command Extension, and 4-byte Address

e Format 1.D: Command, Command Extension, 4-byte Address, and Write Data

CS# \ /

x| M\

Command &
Extension

tor7:0 XU XCmAEX X XXX

[<¢— Target may drive DS
as early as CS#

DS -—n r—-

Figure 11 — Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension

SR [— !! /™

l< 2.5Cycles » Not a differential clock--intent is to show that the spec

does not require any phase relationship between CK and DS

A AR a—
ll_\—/ ll \S— \.__Jll‘ “— -
Command & .
[+ Extension™ 32-bit Address = le—— Data Out —p

201G . D ) G S S XXX

< Target may drive DS~ Target must drive DS__
as early as CS# by here

8 e D e S W W e

Target drives 10[7:0] and DS

r=—=—A

==\

CK

l«—>l¢ 10[7:0] & DS edges are aligned

NOTE 1 In most commands the modifier is a 4-byte address field as shown in the diagram. Some commands use
3-byte address. In that case the address will be sent over the first three byte of the address field indicated in the
diagram starting with the most significant byte and the dummy cycle count will start with the rising edge of the
clock following the third address byte. Other commands use a single byte address. In that case the address will be
sent over the first byte of the address field indicated in the diagram and the dummy cycle count will start with the
rising edge of the clock following that single modifier byte. Some commands have no address bytes. In that case the
initial latency will start right after the command modifier. Refer to SFDP for the number of address bytes for each
command.

NOTE 2 If the system supports the optional XiP Mode, the controller device may skip the command and extension
and may follow the last address byte with a predefined sequence that will indicate to the target device to stay in the
XiP mode for another transaction.

Figure 12 — Profile 1.0 8D-8D-8D Format 1.B: Command and Command Extension, Address, ‘x’
Latency Cycles, and Read Data
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6.9.52 8D-8D-8DP

rofile 1.0 (cont’d)

cst o\ [/

CK

Command & .
< ExtensionP1¢—32-bit Address —]

o7 TRROEmNE Yoz XXX o XX

[ Target may drive DS as early as CS#

DS =-9\ [

Figure 13 — Profile 1.0 8D-8D-8D Format 1.C: Command and Command Extension, Address

et T\ | I

CK

|0[7:0]XXZ

(AR

Command & .
<€ Extension’}‘— 32-bit Address ¢«——— Data

Qe E oY 7o Ko X o X ] X e X XX

Controller drives 10[7:0] and
Target drives DS

<+ Target may drive DS as early as CS#

DS ---

\ [ r--

NOTE In most commands the modifier field is a 4-byte address field as shown in the diagram. Some
commands have no address bytes. In that case the data bytes will be sent immediately after the command
and the command extension bytes. Other commands use a single byte address. In that case the address
will be sent over the first byte of the address field indicated in the diagram and the data bytes will be sent

immediately after the a

ddress byte. Refer to SFDP for the number of address bytes for each command.

Figure 14 — Profile 1.0 8D-8D-8D Format 1.D: Command and Command Extension, Address, and

Write Data
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6.9.5.3 8D-8D-8D Profile 2.0
The following transaction formats are used in Profile 2.0 mode 8D-8D-8D:

e Format 2.A: Command, 5-byte Address, and Initial Access Latency
e Format 2.B: Command, 5-byte Address, and Initial Access Latency

L — [ ——

| S | S——
S0 ’4— ‘x’ Latency Cycles ———»
CK

DS and 10[7:0] are
Edge Aligned

DS DS Low During Command & Modifier Phase = 1x Latency Cycles

10[7:0] ’4— Command & Modifier —>‘ | Data |

Controller Drives 10[7:0] and Target Drives DS Target Drives 10[7:0] and DS

NOTE CK# is optionally used in Profile 2.0 commands for target devices that require differential clock.

Figure 15 — Profile 2.0 8D-8D-8D Format 2.A: Command, 5-byte Address Modifier, ‘x* Latency
Cycles, and Read Data

==\ r=-=A /"l

le————— 2x Latency Cycles 4{
o N W
ps — \ \

DS High During Command & Modifier Phase = 2x Latency Cycles DS and 10[7:0] are

Edge Aligned
R () e, (2 D) (D G S - (o X(oe XX e -
«— Command & Modifier —f I: Data :l
Controller Drives 10[7:0] and Target Drives DS Target Drives 10[7:0] and DS

Figure 16 — Profile 2.0 8D-8D-8D Format 2.A: Command, 5-byte Address Modifier, ‘2x’ Latency
Cycles, and Read Data
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6.9.5.3 8D-8D-8D Profile 2.0 (cont’d)

| Sp— | Sp——
}47 1x Latency Cycles————»

DS LOW During Command & Modifier Phase = 1x Latency Cycles

DS VAR AR l l""\_/__\_/_\_/'"

CKto DS

CK is center aligned to 10[7:0]

L VD ) () S0 () () e [ Y () € ST S

Command & Modifier | Data

Controller Drives 10[7:0] and Target Drives DS Controller Drives 10[7:0] and DS

Figure 17 — Profile 2.0 8D-8D-8D Format 2.B: Command, 5-byte Address, Initial Access
Latency, and Write Data

«————— 2x Latency Cycles————»|

DS High During Command and Modifier Phase = 2x Latency Cycles CKto DS

R o -

CK is center aligned to 10[7:0]

1O cmmeen ) 0, (2 ) D G we F----- O 2 € EC
[<— Command & Modifier |‘ Data ~|
Controller Drives 10[7:0] and Target Drives DS Controller Drives 10[7:0] and DS

Figure 18 — Profile 2.0 8D-8D-8D Format 2.B: Command, 5-byte Address, 2x Initial Access Latency,
and Write Data
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6.9.5.3 8D-8D-8D Profile 2.0 (cont’d)

cs# _/_\ /[

-~ -TTTA
% T

10[7:0]--=-=-—-—-- @M@@mn“ o

Command Modifier —>+«— Data —

Controller Drives 10[7:0] and Target Drives DS

Figure 19 — Profile 2.0 8D-8D-8D Format 2.B: Command, 5-byte Address, Zero Latency, and
Write Data
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6.10 Command Descriptions
6.10.1 Identification Commands

6.10.1.1 Read SFDP

The Read Serial Flash Discoverable Parameters (SFDP) command reads from a database of standard
parameters stored within the xSPI target device. The format of this database and the parameters is defined
in the JESD216 standard. Supporting the Read SFDP command is Preferred.

In the 1S-1S-1S protocol mode, there is no command extension, but there is a 3-byte address followed by
8 cycles of initial access latency, before data bytes are read. See Figure 7 — 1S-1S-1S Format 0.F
Command, 4-Byte Address, ‘x” Latency Cycles, and Read Data.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 3 or 4 bytes of address. There is an 8 or 20 cycle initial access latency. Then the target
transfers 1 or more words of SFDP information to the controller. The beginning of the SFDP data stream
is identified by the 4 ASCII characters for SFDP. See Figure 12 — Profile 1.0 8D-8D-8D Format 1.B:
Command and Command Extension, Address, ‘x” Latency Cycles, and Read Data.

The address selects the starting point for reading a sequence of bytes or words from the SFDP database.

6.10.2 Profile 1.0 Commands

The set of Profile 1.0 commands are intended to manage a non-volatile memory device. Most of these
commands are software backward compatible with legacy SPI memory commands. In some protocol
modes the commands are also signal protocol backward compatible with legacy SPI. In other protocol
modes, the memory controller design must be updated to be compatible with some or all of the xSPI
protocol modes while legacy SPI memory driver software may be used with little or no change in all
protocol modes.

Commands that program or erase in the memory array have command modifier bytes that are used to
convey a starting address within the array where the command operation is to begin. The address format
is a byte address that is either 3 or 4-bytes (24-bits or 32-bits) in length. The provision of 3-byte or 4-byte
address is determined by either address length mode commands or a target device specific configuration.
The bytes and bits are sent in most significant to least significant order (left to right in the figures below).
For DDR protocol modes in which an even number of data bytes are always transferred, the least
significant bit (0) of the address is always zero.

Address Bytes and Bits

2 1 0

N
N
N
N
=
[ERN

1) 11 1) 11| 1|1
3] 2111019 8] 7| 6] 5] 4] 3] 2] 1/0]9|8]7]6]5]4]3]2]1]0

Figure 20 — 3-byte Address Format

Address Bytes and Bits

3 2 1 0

313(2122(2|2|2|2|2|2|2|1|1|1|1|1|1|1|1|1
110]19|/8]/7/6|5]4]3[2[1](0]9|8|7|6]5]4]3]2]1]0]9/8]7[6/5/4/3]2[1]0

[E=Y

Figure 21 — 4-byte Address Format
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6.10.2  Profile 1.0 Commands (cont’d)

In some commands, the address is followed by a number of clock cycles in which no data is transferred.
These cycles are used to provide time for initial access latency of the memory array and allow for the
controller to stop driving 10 signals and the target to start driving 10 signals (bus turnaround) for read
transactions. Legacy SPI protocols often described these as Dummy cycles. The number of these initial
access latency cycles is configurable for most commands.

The factory default number of address bytes and latency cycles configured following POR is indicated in
the SFDP. The host system must remain aware of any volatile or non-volatile reconfiguration of the
number of address bytes or initial latency cycles in order to remain in protocol synchronization with the
target devices. A hardware or software reset may be used to return to the POR default protocol and
number of address bytes, to regain protocol mode synchronization with the target device.

Some commands convey only the command with no command modifier, latency, or data transfer. These
commands cause a change in target device behavior such as enabling or disabling the program and erase
commands, suspending and resuming program and erase commands, entering and exiting a low power
mode, resetting the target device, or change to a different protocol mode.

Some commands read or write status or configuration registers. Some commands select the target register
implicitly; other commands provide an address to select the register affected. Register formats and
addressing are target device specific.

6.10.2.1 Memory Granularity

The memory array of a Flash memory xSPI target is divided into two levels of granularity comprised of
sectors, and pages. A sector is the minimum size and alignment (granularity) of an area that can be erased
in the data array of a Flash memory device. A Page is the maximal size and alignment (granularity) of an
area that can be programmed with a single command. Sectors range in size from 4 Kbytes to 256 Kbytes
and pages are 256 bytes or 512 bytes, in existing flash memories. The sizes of sectors and pages in a
specific device are indicated in the SFDP.

Figure 22 shows the memory map of a Flash xSPI device:

Sector N Page N
Sector 1 Page 1
Sector 0 Page 0

Figure 22 — xSPI Flash Memory Map



JEDEC Standard No. 251C
Page 32

6.10.2.2 Read Zero Latency

The Read with Zero Latency command provides an SP1 backward compatible command for reading data.
This command is generally used for reading initial boot code from an SPI non-volatile memory before the
device is identified. This initial boot code may perform the device identification process and then select a
different supported read command or protocol mode for higher performance. Because this command in
legacy devices provides very little time for accessing a memory array, the required clock speed support
for the command is limited to a maximum of 50 MHz. This means a target device that supports this
command must be able to support the command only up to 50 MHz. Target devices may support higher
clock rates for this command but that is not a requirement.

In the 1S-1S-1S protocol mode, there is no command extension, but there is a 3-byte address followed by
no initial access latency, before data bytes are read. See Figure 6 — 1S-1S-1S Format 0.D Command, 4-
byte Address, and Read Data.

The Read with Zero Latency command is not supported in the 8D-8D-8D protocol mode.

6.10.2.3 Read Fast

The Read Fast commands provide SPI backward compatible commands for reading data at higher clock
frequencies.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address, followed by a configurable number of initial access latency cycles.
Then the target transfers 1 or more words of data to the controller. See Figure 12 — Profile 1.0 8D-8D-
8D Format 1.B: Command and Command Extension, Address, ‘x” Latency Cycles, and Read Data.

6.10.2.4 Read Wrapped Setup

The Read Wrapped Setup command provides an SPI backward compatible command for configuring the
data transfer order of read commands. This command writes a data byte / word into a volatile
configuration register to select linear or wrapped data transfer order and for wrapped order, also set the
wrapping group alignment and length.

Linear transfer order starts with the address selected location and transfers incrementally higher address
locations until the transaction is ended by driving CS# HIGH.

Wrapped transfer order starts with the address selected location and transfers incrementally higher
address locations until the end of an aligned and length group of words is encountered. The transfer then
continues starting at the lowest address of the same group and continues with higher address words until
the transaction is ended. Thus, the transfer sequence wraps around within the aligned and length group of
words. The alignment and length of the group is set by a target device configuration. Wrapped
transactions are generally used for cache line refill by accessing the addressed location (critical word) first
then wrapping around until the entire cache line is read.
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6.10.2.4 Read Wrapped Setup (cont’d)

Table 7 — Read Wrapped Setup Configuration Data Value Options

Transfer Order Wrap Group Alignment Byte Data Value Word Data Value
and Length
Reserved Reserved 00h xx00h
Wrap around 16 bytes 01h xx01h
Wrap around 32 bytes 02h xx02h
Wrap around 64 bytes 03h xX03h
Linear none 1xh xx1xh

Following POR, wrap-around mode is disabled as the default state of the target device.

In the 8D-8D-8D protocol mode, for the Setup Read Wrapped command, the controller transfers the one
byte command followed by a command extension byte and 4 bytes of address followed by one data byte
or word that is used to configure the transfer order for the read fast or read wrapped command. Some
target devices use the Read Wrapped configuration to control the transfer order of the Fast Read
command. Some target devices support separate Read Fast (linear) and Read Fast Wrapped commands to
enable reading in either order without changing the wrap configuration. These devices may configure the
wrap through a bit-filed in a configuration register. In this case the device may perform a regular wrap or
a Hybrid wrap. The SFDP will indicate the availability and configuration method for Read Wrapped
Setup. See Figure 14 — Profile 1.0 8D-8D-8D Format 1.D: Command and Command Extension,
Address, and Write Data.

6.10.2.5 Write Enable

The Write Enable command provides an SPI backward compatible command for enabling commands that
change memory locations in the target device. Following POR, commands that change memory data are
prevented from executing. The Write Enable command must precede commands to write, program or
erase memory locations. The Write Enable command serves to make any memory changes a two or more
command sequence to minimize the chance of an unintended change to memory data.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.

6.10.2.6 Worite Disable

The Write Disable command provides an SPI backward compatible command for disabling commands
that change memory locations in the target device. Following POR, commands that change memory data
are prevented from executing. The Write Enable command must precede commands to write, program or
erase memory locations. The Write Disable command may be used following the end of memory
changing commands to return to a state in which these commands are again prevented from executing.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.
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6.10.2.7 Program

The Program commands provide SP1 backward compatible commands for programming data into a non-
volatile memory array. The program commands provide an address and writes data bytes into a
programming buffer within the target device. The minimum number of bytes transferred is one byte. The
maximum number of bytes transferred is one page of bytes. The page size is device specific. The page
size is indicated in the SFDP. The page is aligned on a page size boundary. The address selects the
starting point within the page for the data transferred. Transferring more bytes than fit in a page (going
beyond the end of a page) has undefined results. Byte locations within a page that are not transferred
(written) are not modified by the program command.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. The command is followed by 4 bytes of address followed by a variable number of data
words written to a programming buffer in the target device. See Figure 14 — Profile 1.0 8D-8D-8D
Format 1.D: Command and Command Extension, Address, and Write Data.

6.10.2.8 Erase 4 Kbytes

The Erase 4 Kbytes command provides an SPI backward compatible command for erasing data in a non-
volatile memory array. A 4 Kbyte aligned group of bytes is erased by the command. The 4 Kbyte group is
selected by the command address pointing anywhere within the group.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address. There are no latency or data transfer phases. See Figure 14 —
Profile 1.0 8D-8D-8D Format 1.D: Command and Command Extension, Address, and Write Data.

6.10.2.9 Erase 32 Khytes

The Erase 32 Kbytes command provides an SPI backward compatible command for erasing data in a non-
volatile memory array. A 32 Kbyte aligned group of bytes is erased by the command. The 32 Kbyte group
is selected by the command address pointing anywhere within the group.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address. There are no latency or data transfer phases. See Figure 14 —
Profile 1.0 8D-8D-8D Format 1.D: Command and Command Extension, Address, and Write Data

6.10.2.10 Erase 64+ Kbytes

The Erase 64+Kbytes command provides an SPI backward compatible command for erasing data in a
non-volatile memory array. An erase size aligned group of bytes is erased by the command. The group is
selected by the command address pointing anywhere within the group. The size of the erase group is 64
Kbytes or more. The size of the erase group is device specific. The group size is indicated in the SFDP.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address. There are no latency or data transfer phases. See Figure 13 —
Profile 1.0 8D-8D-8D Format 1.C: Command and Command Extension, Address.
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6.10.2.11 Erase Chip

The Erase Chip command provides an SPI backward compatible command for erasing data in a non-
volatile memory array. The entire memory array of the target device is erased by the command. The
device (chip) memory array size is indicated in the SFDP.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.

6.10.2.12 Program / Erase Suspend

The Program / Erase Suspend command provides an SPI backward compatible command for suspending
the progress of commands that change memory locations in the target device. Program and erase
operations are relatively long time frame activities. The suspend command allows temporarily stopping
the operation in order to perform a read of memory or do a program of data during a long background
erase operation in another sector.

The time to complete the suspend operation is device specific but the target device status register may be
read repeatedly (polled) to determine when the device is no longer busy with the program or erase
command. After the program or erase operation is suspended, the following commands may be executed
if they are supported by the device for use during a suspend condition.

Profile 1.0 Commands that can execute during suspend:

Read Zero Latency, Read Fast, Read Wrapped, Read Wrapped Setup, Program, Erase 4Kbytes, Erase
32Kbytes, Erase 64+Kbytes, Program / Erase Resume, Read Status Register, Read Register, Write Status
Register, Write Register, Enter Deep Power Down, Exit Deep Power Down, Soft Reset, Reset Enable,
Soft Reset and Enter default protocol mode, and Enter default protocol mode.

Whether a:

program command may be executed during an erase suspend;
an erase command may be executed during a program suspend;
program command may be executed during a program suspend,;
or an erase command may be executed during an erase suspend;
is device specific.

The supported suspend options are indicated in the SFDP.

It is recommended to not reset the target device during a suspended program or erase as this may leave a
portion of the memory array in an unknown state that will require the area of memory to be erased to
return it to a known state.

The allowed command options during suspend are indicated in the SFDP.
In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command

extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.
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6.10.2.13 Program / Erase Resume

The Program / Erase Resume command provides an SPI backward compatible command for resuming the
progress of a command that has been suspended. In the case of nested suspended operations, e.g., a
suspended program operation during a suspended erase operation, the most recently suspended operation
iS resumed.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.

6.10.2.14 Read Status Register

The Read status register command provides an SP1 backward compatible command for reading target
device status. This command implicitly selects the status register for read. A single byte register is read
out. If the transaction continues to read more bytes the same status register is repeatedly read out. The
format of the status information is device specific. The status register format is indicated in the SFDP.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address. There is a configurable initial access latency. Then the target
transfers 1 or more words of data to the controller. The status register content is repeated in both bytes of
the data word. See Figure 12 — Profile 1.0 8D-8D-8D Format 1.B: Command and Command Extension,
Address, ‘x’ Latency Cycles, and Read Data.

6.10.2.15 Read Register

The Read Register command provides for reading an address selected register. The register address map
and register formats are target device specific. The supported map and formats are indicated in the SFDP.
Only a single byte register is read. If the transaction reads more than one byte / word the same register is
repeated.

In the 8D-8D-8D protocol modes, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address followed by a configurable number of initial access latency cycles.
Then the target transfers 1 or more words of register data to the controller. The status register content is
repeated in both bytes of the data word. See Figure 12 — Profile 1.0 8D-8D-8D Format 1.B: Command
and Command Extension, Address, ‘x” Latency Cycles, and Read Data.

6.10.2.16 Write Status and Configuration Registers

The Write Status-Cfg Register command provides an SPI backward compatible command for writing the
status and configuration register(s). This command either implicitly selects the status and configuration
registers for write or uses an address field for this selection. The format of the status and configuration
information is device specific. The register formats are indicated in the SFDP. The Write Enable
command must precede the Write Status and Configuration Registers command so that writing of
registers is enabled.
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6.10.2.16 Write Status and Configuration Registers (cont’d)

In the 8D-8D-8D protocol modes, the controller transfers the one byte command followed by a command
extension byte and optionally 4 bytes of address followed by one or more data word that is used to write
either the status register or the configuration register. If there is no address, the data byte writes the status
register. If the address is zero, the status register is written. If the address is one, the configuration register
is written. The first received byte of the data word is used to write the selected register. The address
length is indicated in the SFDP. See Figure 14 — Profile 1.0 8D-8D-8D Format 1.D: Command and
Command Extension, Address, and Write Data.

6.10.2.17 Write Register

The Write Register command provides for writing an address selected register. The register address map
and register formats are target device specific. Only a single byte register is written. If the transaction
writes more than one byte / word only the first byte received is used to write the register. The Write
Enable command must precede the Write Register command so that writing of registers is enabled.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and one or 4 bytes of address followed by one data word written to the selected register.
See Figure 14 — Profile 1.0 8D-8D-8D Format 1.D: Command and Command Extension, Address, and
Write Data.

6.10.2.18 Enter Deep Power Down

The Enter Deep Power Down command provides an SPI backward compatible command for entering a
low power mode. The time to enter the low power mode and therefore the time required before an Exit
Deep Power Down command can be accepted is target device specific. The time required to enter deep
power down is indicated in the SFDP.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension

6.10.2.19 Exit Deep Power Down

The Exit Deep Power Down command provides an SPI backward compatible command for exiting a low
power mode. The time to exit the low power mode and therefore the time required before another
command can be accepted is target device specific. The time required to exit deep power down is
indicated in the SFDP.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.
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6.10.2.20 Soft Reset and Enter Default Protocol Mode

The Soft Reset commands provide alternate SP1 backward compatible commands for resetting a target
device to a state similar to the state following POR. The only difference between a software reset and a
hardware reset initiated by external signals is that a software reset does not disable any data protection
features that are locked-down until a loss of power. A hardware reset returns all device state to the
conditions following POR. Following the execution of a Soft Reset command, the target device is
operating in its currently configured default protocol mode. Some devices allow the default protocol
mode to be non-volatile configured to a mode different from the one configured when the device is first
shipped from its manufacturer’s factory. The factory default protocol mode is indicated in the SFDP. Host
systems must remain aware of any changes to the POR default protocol mode. The time to return to the
default protocol mode is indicated in the SFDP.

When the Soft Reset FOh is available, the command performs only a soft reset without entering the default
protocol mode. A two command sequence option may be available: 66h followed by 99h. That sequence
performs both a soft reset and enters the default protocol mode.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.

6.10.2.21 Enter Another Protocol Mode

The Enter Another Protocol Mode commands provide alternate SP1 backward compatible commands for
switching to a different protocol mode. Command options may be available for entering 8D-8D-8D. The
1S-1S-1S mode is recommended as the default POR mode so that a software or hardware reset will return
to the 1S-1S-1S mode. The time to enter another protocol mode is device dependent and is indicated in
the SFDP.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There are no additional command modifier bytes, latency or data phases. See Figure 11 —
Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.

Some devices transfer protocol modes by writing to a register. The method to change protocol modes is
indicated in SFDP.

6.10.2.22 Read Flag Status Register

The Read flag status register command provides command for reading target device operation flag status.
This command implicitly selects the flag status register for read. A single byte register is read out. If the
transaction continues to read more bytes, the same status register is repeatedly read out.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. There is an initial access latency. Then the target transfers 1 or more words of data to the
controller. The flag status register content is repeated in both bytes of the data word.
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6.10.2.23 Clear Flag Status Register
The Clear flag status register command provides command for clearing target device operation flag status.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte. See Figure 11 — Profile 1.0 8D-8D-8D Format 1.A: Command and Command Extension.

6.10.2.24 Read Volatile / NV Register

The Read Volatile/NV Register commands provide for reading an address selected Volatile or NV
register. The register address map and register formats are target device specific. The supported map and
formats are indicated in the SFDP. Only a single byte register is read. If the transaction reads more than
one byte / word the same register is repeated.

In the 8D-8D-8D protocol modes, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address followed by an initial access latency cycles indicated by SFDP.
Then the target transfers 1 or more words of register data to the controller. The status register content is
repeated in both bytes of the data word. See Figure 12 — Profile 1.0 8D-8D-8D Format 1.B: Command
and Command Extension, Address, ‘x’ Latency Cycles, and Read Data.

6.10.2.25 Write Volatile / NV Register

The Write Volatile/NV Register commands provide for writing an address selected Volatile or NV
register. The register address map and register formats are target device specific. Only a single byte
register is written. If the transaction writes more than one byte / word only the first byte received is used
to write the register. The Write Enable command must precede the Write Register command so that
writing of registers is enabled.

In the 8D-8D-8D protocol mode, the controller transfers the one byte command followed by a command
extension byte and 4 bytes of address followed by one data word written to the selected register. See
Figure 14 — Profile 1.0 8D-8D-8D Format 1.D: Command and Command Extension, Address, and Write
Data.
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6.10.3 Profile 2.0 Commands

The set of Profile 2.0 commands provide a means to read or write data with any type of target device. The
meaning of the data is device specific. Target devices using Profile 2.0 commands may for example
support:

non-volatile memory arrays such as NOR Flash, NAND Flash, FRAM, or nvSRAM,;
volatile memory arrays such as SRAM, PSRAM, or DRAM,;

register mapped Input/Output functions such as graphics or network adapters, sensors, etc.;
or programmable function devices such as Field Programmable Gate Arrays (FPGA).

The Profile 2.0 commands are available only in 8D-8D-8D protocol mode.

The Profile 2.0 commands provide options for:

e Command selected read or write;
¢ Command selected access to two separate address spaces referred to as memory or register space;
e Command selected data transfer order in two options referred to as linear or wrapped.

Each transaction begins with CS# going LOW. The Profile 2.0 command then identifies the transaction as
a read or a write; to the memory or register address space; in linear or wrapped transfer order. The
command is followed by a 5-byte command modifier that is used as a 40-bit word address into either the
memory or register address space. The command modifier is followed by a configurable initial access
latency phase, then the data transfer phase that continues until the transaction is ended by CS# returning
to HIGH.

Linear transfer order starts with the address selected location and transfers incrementally higher address
word locations until the transaction is ended by driving CS# HIGH.

Wrapped transfer order starts with the address selected location and transfers incrementally higher word
address locations until the end of an aligned and length group of words is encountered. The transfer then
continues starting at the lowest address of the same group and continues with higher address words until
the transaction is ended. Thus, the transfer sequence wraps around within the aligned and length group of
words. The alignment and length of the group is set by a device configuration. Wrapped transactions are
generally used for cache line refill by accessing the addressed location (critical word) first then wrapping
around until the entire cache line is read.

An optional configuration may be available to combine one complete wrapped transfer of a group
immediately followed by linear transfer starting at the lowest address of the next higher address group.
This is referred to as a Hybrid Wrapped transaction. Hybrid wrapped transactions can combine an initial
wrapped access for a cache line with the linear pre-fetch of the next sequential cache line, without the
need to send two separate commands.

Each Profile 2.0 command transaction independently selects the transfer order, so wrapped and linear
order accesses for code cache line refill or linear data block transfers can be interleaved as needed without
a need to reconfigure the transfer order in between each command as is required in the 1S-1S-1S protocol
Profile 1.0 command set.
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6.10.3.1 Command Modifier Format

The 5 bytes of command modifier are used to provide up to a 40-bit address to select the initial 16-bit
word location in the command selected address space. The first (high order) 3 bytes of address provide
enough address resolution to initiate an access within the target device.

The last two bytes of the command modifier select the first data word location to be transferred. These
two bytes of command modifier may also provide control bits for the transaction that further modify the
command behavior but are not needed to initiate the access within the target device.

The format of (meaning the bits within) the command modifier is device specific and is indicated in the
SFDP. The standard defined formats are:

Table 8 — Profile 2.0 Command Modifier Formats
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6.10.3.1 Command Modifier Format (cont’d)

Table 9 — Command and Modifier Bit Description

Bit Bit Name Bit Function
47 R/W# Identifies the transaction as a read or write.
R/W#=1 indicates a Read transaction
R/W#=0 indicates a Write transaction
46 Address Indicates whether the read or write transaction accesses the memory or register
Space space.
(AS) AS=1 indicates the register space
AS=0 indicates memory space
The register space is used to access target ID and Configuration registers.
45 Burst Indicates whether the burst will be linear or wrapped.
Type Burst Type=1 indicates linear burst
Burst Type=0 indicates wrapped burst
44-40 | Command | Command extension —11111b
Extension | These reserved bits must be set to 1 by the controller interface
39-16 | Rowand | Row and Upper Column component of the target address: System word address
Upper bits A31-A3
Column Any upper Row address bits not used by a particular device density should be set
Address to 0 by the controller interface. The size of Rows and therefore the address bit
boundary between Row and Column address is target device dependent.
15-3 Reserved | Reserved for future column address expansion.
Reserved bits are don’t care in current devices but should be set to 0 by the
controller interface for future compatibility.
2-0 Lower Lower Column component of the target address: System word address bits A2-0
Column selecting the starting word.
Address

6.10.3.2 Read Commands

All Profile 2.0 Read commands follow the same signaling protocol. (Figure 15 and Figure 16)

6.10.3.2.1 Read Register Wrapped

The Read Register Wrapped command reads data from the register address space in wrapped order.

6.10.3.2.2 Read Register Linear

The Read Register Linear command reads data from the register address space in linear order.

6.10.3.2.3 Read Memory Wrapped

The Read Register Wrapped command reads data from the memory address space in wrapped order.

6.10.3.2.4 Read Memory Linear

The Read Memory Linear command reads data from the memory address space in linear order.
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6.10.3.3 Write Commands

All Profile 2.0 write commands follow one of two transaction formats; either write with initial latency or
write with zero initial latency. The transaction format used may be target device specific or address space
specific. A target device may always use the same transaction format or may use one format for memory
address space and the other for register address space. The write transaction format supported for memory
and register space is indicated in the SFDP.

In write transactions with initial latency, the target drives DS during the command and command modifier
phases to indicate whether one or two latency cycle counts are needed by the target before the controller
begins data transfers. During the initial latency the target stops driving DS and the controller begins
driving DS as a write mask indication. The initial latency count is used a turnaround time for the DS
signal between target and controller drive of the DS signal.

Writes with zero initial latency, do not have a turnaround period for DS. The target device will always
drive DS during the command and command modifier period to indicate whether extended latency is
required for that transaction. However, the DS is driven before the target device has received the first byte
of command, that is, before the target knows whether the transaction is a read or write, to memory space
or register space. In the case of a write with zero latency, the DS state during the command and command
modifier period does not affect the initial latency of zero. Since controiler write data immediately follows
the command and command modifier phases in this case, the target may continue to drive DS LOW or
may take DS to High-Z during write data transfer. The controller must not drive DS during Writes with
zero latency. Writes with zero latency do not use DS as a data mask function. All bytes of write data are
written (full word writes).

Figure 17 and Figure 18 for write with initial latency. Figure 19 for write with zero initial latency.
6.10.3.3.1 Write Register Wrapped

The Write Register Wrapped command writes data to the register address space in wrapped order.
6.10.3.3.2 Write Register Linear

The Write Register Linear command writes data from to the register address space in linear order.
6.10.3.3.3 Write Memory Wrapped

The Write Memory Wrapped command writes data to the memory address space in wrapped order.
6.10.3.3.4 Write Memory Linear

The Write Memory Linear command writes data to the memory address space in linear order.
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6.10.3.4 Enter Default Protocol Mode (1S-1S-1S)

The Enter Default Protocol Mode command is a sequence of three Write Register Linear commands that
write to register space are required. The first Write Register Linear command has a 00555h command
modifier value, and one word of 00AAh data. The second Write Register Linear command has a 002AAh
command modifier value, and one word of 0055h data. The third Write Register Linear command has a
00555h command modifier value, and one word of 00F5h data. This transaction sequence causes a return
to the default protocol mode. The time to return to the default protocol mode is device dependent and is
indicated in the SFDP.

6.10.3.5 Data Strobe Options

6.10.3.5.1 Deterministic Latency

Target devices may provide deterministic latency behavior in which the clock cycle count of any latency
is well defined for both the controller and the target.

e The device design may provide fixed latencies that are always consistent.

e Or, the latencies may be configurable by device control registers to count clock cycles.

e Or, the Data Strobe (DS) may indicate whether a fixed or configured latency is extended by defined
increments in certain cases.

o Or, additional latency may be inserted after the start of data transfer at known address boundaries
with the amount of latency determined based on the starting address of the transaction or on the
location of the address boundary

The initial access latency fixed by the design or by the device manufacturer factory configuration is
indicated in the SFDP. The host system must remain aware of any later reconfiguration of the initial
access latency.

DS may be driven by the target during the command and command modifier phases to indicate whether
the target needs an additional latency period equal to the fixed or configured initial access latency.
Normally DS is LOW during the command and command modifier phases to indicate that only the fixed
or configured initial access latency is needed before the start of data transfer. However, in some cases the
target may drive DS HIGH during the command and command modifier phases to indicate that an
additional count of the initial access latency will be required before the start of data transfer. Following
the command and command modifier phases during a read transaction the DS may be driven LOW or not
driven to return to a High-impedance (Hi-Z) state. If the target device uses the DS as a write mask input
during write transactions, following the command and command modifier phases, during a write
transaction, the DS must not be driven and return to a High-Impedance (Hi-Z) state, in order to allow for
the DS signal to turn around from the target driving to controller driving. Whether DS is used by the
target for indicating the need for additional initial access latency or as a write data mask is indicated in the
SFDP.

Additional latency may be inserted after the start of data transfer at certain address boundaries. The
amount of latency may be based on the starting address and the configured initial access latency count or
on the boundary location. Boundary related latency insertion behavior is indicated in the SFDP.
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6.10.3.5.2 Variable Latency

During read transactions the controller may choose to use the DS signal as the sole way to recognize the
target insertion of initial access latency or additional latency after the beginning of data transfer. While
DS is LOW, data is not transferred. Data is only transferred relative to the next rising and falling edge of
DS. CK and therefore DS are required to rise and fall during each CK cycle that data is transferred such
that full words are always minimum transfer size. If the target maintains DS LOW throughout a clock
(CK) cycle, the target is inserting additional latency in the data transfer. A controller using DS as the sole
indicator of read latency is relieved of the need to track and count deterministic latency periods. The
controller simply captures data relative to DS transitions and the target inserts latency as needed by the
target.

During write transactions DS may or may not be driven by the target and does not provide a CK cycle by
cycle indication of data transfer acceptance. As described in the Profile 2.0 commands Deterministic
Latency clause, if DS is driven by the target during the command and command modifier phases, DS is
used as an indication of requirement for an additional initial access latency count before the start of data
transfer. This serves as a limited form of variable initial access latency for a write transaction. Use of DS
for variable initial latency is indicated in the SFDP.

After the start of write data transfer, DS may be used as a write data mask signal from the controller and
is not available for latency (flow) control by the target. The controller must be aware of any limitations on
the length of write data transfers to the target. Write length limitations are indicated in the SFDP.

6.10.3.5.3 Write Data Mask

The target may use DS during the data transfer phase as a byte write data mask input. All Profile 2.0
commands use the 8D-8D-8D protocol mode and therefore always transfer full words of data in read and
write transactions. However, some systems need byte resolution control over write operations in a
memory. This is often used in volatile memory types. If DS is used as a byte write data mask: when DS is
LOW during a byte transfer, the byte is written to memory, when DS is HIGH during a byte transfer the
byte is not written to memory (masked).

The use or not of DS as a write data mask is indicated in the SFDP.
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6.10.4 Profile 2.0 Commands with Extended Command Modifier

An xSPI compliant device, that supports only the Profile 2.0 command set in the 8D-8D-8D protocol
mode, has the option to implement a modified Profile 2.0 command set that reduces the command related
bits and extends the command modifier bits into the command byte. This increases the number of
command byte values that are used by the Profile 2.0 command set. All other aspects of the Profile 2.0
command related signal protocol and command descriptions remain the same. Only the command and
command modifier format changes.

The command is reduced to the 3 high order bits of the first (command) byte. The lower 5 bits of that byte
become additional upper bits of command modifier, making the command modifier 45 bits in length.

The command bits indicate Read or Write, to Register or Memory space, in Linear or Wrapped order.

The command modifier may be used to provide up to a 45-bit address to select the initial 16-bit word
location in the command selected address space. The first (high order) 29-bits of address provide enough
address resolution to initiate an access within the target device.

The last two bytes of the command modifier select the first data word location to be transferred. These
two bytes of command modifier may also provide control bits for the transaction that further modify the
command behavior but are not needed to initiate the access within the target device.

The format of (meaning of the bits within) the command modifier is target device specific and is indicated
in the SFDP. The standard defined formats are:

Table 10 — Profile 2.0 Command with Extended Modifier Format

Command and Upper
Modifier Byte and Bits
5

4 |4 |4 |4
7 (6 |5 |43
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Address Bits
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1/01(9|8 |7
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4 14
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=

~

(nd
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w
w
w
w
N
N
N
N
N
N
N
N
N
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[E
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-
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6.10.4 Profile 2.0 Commands with Extended Command Modifier (cont’d)

Table 11 — Command and Modifier Bit Descriptions — HB1 Format

Bit Bit Bit Function
Name
47 R/W# Identifies the transaction as a read or write.
R/W#=1 indicates a Read transaction
R/W#=0 indicates a Write transaction
46 Address | Indicates whether the read or write transaction accesses the memory or register
Space space.
(AS) AS=1 indicates the register space
AS=0 indicates memory space
The register space is used to access target 1D and Configuration registers.
45 Burst Indicates whether the burst will be linear or wrapped.
Type Burst Type=1 indicates linear burst
Burst Type=0 indicates wrapped burst
44-16 | Rowand | Row and Upper Column component of the target address: System word address
Upper bits A31-A3
Column | Any upper Row address bits not used by a particular device density should be set
Address | to 0 by the controller interface. The size of Rows and therefore the address bit
boundary between Row and Column address is target device dependent.
15-3 Reserved | Reserved for future column address expansion.
Reserved bits are do not care in current devices but should be set to 0 by the
controller interface for future compatibility.
2-0 Lower Lower Column component of the target address: System word address bits A2-0
Column | selecting the starting word.
Address
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6.10.4 Profile 2.0 Commands with Extended Command Modifier (cont’d)

Table 12 — Commands with Extended Command Modifier Used in 8D-8D-8D Protocol Profile 2.0

Mode
Additional Initial Command Req.
. Command Data - Max.
Command Function |Command| Category - Latency Extension
Modifier (CK Cycles) Bytes Required Freq.
Bytes y 9 (MH2)
Read Register Wrapped COto DF 3 5 1+ 2+ 0
Read Register Linear EO - FF 3 5 1+ 2+ 0
Read Memory Wrapped 80 - 9F 3 5 1+ 2+ 0
Read Memory Linear A0 - BF 3 5 1+ 2+ 0
Write Register Wrapped 40 - 5F 3 5 0+ 2+ 0
Write Register Linear 60 - 7F 3 5 0+ 2+ 0
Write Memory Wrapped 00-1F 3 5 0+ 2+ 0
Write Memory Linear 20 -3F 3 5 0+ 2+ 0
. 5 2
Write Enable 1 (WRENL1) 20-3F 3 “00555h” 0+ “00AAL” 0
. 5 2
Write Enable 2 (WREN2) 20 - 3F 3 “002AARL” 0+ “0055h” 0
. 5 2
Status Register Enable 20 - 3F 3 “00555h” 1+ «0070h” 0
Status Register Read A0 - BF 6 5 1+ 2 0
. 5 2
Status Register Clear 20 - 3F 3 “00555h” 0 «0071h” 0
Enter Deep Power Down 2
Mode 20-3F 4 > 0 “00B9h” 0
Configuration Register 5 2
Load (Volatile) 20-3F 4 “00555h” 0 “0038h” !
Configuration register
Load (Volatile) - 20 - 3F 5 5 0 2 0
Extension
Configuration Register 5 2
Read (Volatile) 20- 3F 4 “00555h” 0 “00C7h” 1
Configuration Register
Read (Volatile) — AO - BF 5 5 0 2 0
Extension
Configuration Register \ 5 2
Program (Non-Volatile) 2R 4 “00555h” 0 “0039h” 1
Configuration Register
Program (Non-Volatile) - 20 - 3F 5 5 0 2 0
Extension
Configuration Register ) 5 2
Erase (Non-Volatile) 20 - 3F 4 “00555h” 0 “00C8h” 0
Configuration Register . 5 2
Read (Non-Volatile) 20-3F 4 “00555h” 0 “00C6h” 1
Configuration Register
Read (Non-Volatile) — AO - BF 5 5 0 2 0
Extension
5 2
Word Program 20 - 3F 4 “00555h” 0 “00AOh” 1
Word Program —
Extension 20-3F 5 5 0 2 0
. 5 2
Write to Buffer — 256B 20 - 3F 4 «g AL 0 «0025h” 1
Write to Buffer — 256B — 20-3F 5 5 0 2 1

Extension 1

“WC2»




JEDEC Standard No. 251C

Page 49

Table 12 — Commands with Extended Command Modifier Used in 8D-8D-8D Protocol Profile 2.0

(cont’d)

_ égﬂggﬁ Initial Commgnd I\R/Igi

Command Function |Command | Category Modifier Latency |Data Bytes Exten_smn Freq,

Bytes (CK Cycles) Required (MH2)
Wi e e | waF | s s o e | w
PrograrPC\g\;r;'itf nt1()) Buffer 20 - 3F 3 “Si » 0+ “00229” 0
Sector Erase 20 - 3F 4 «“00 555 s> 0 “002%,, 1
Sector Erase — Extension 1 20 - 3F 5 5 0 “OoﬁAh” 1
Sector Erase — Extension 2 20-3F 5 5 0 “0055]1,, 1
Sector Erase — Extension 3 20 - 3F 5 “Sil” 0 “0050]1,, 0
Chip Erase 20 - 3F 4 “00 555 - 0 “ooéoy’ 0
Chip Erase — Extension 1 20 - 3F 5 5 0 “OoiAh” 1
Chip Erase — Extension 2 20-3F 5 5 0 “00§5h” 1
Chip Erase — Extension 3 | 20- 3F 5 co0sasi 0 “00ron 0
Erase Suspend 20 - 3F 3 5 0+ “00?30,, 0
Erase Resume 20 - 3F 3 5 0+ “00230,, 0
Program Suspend 20-3F 3 5 0 “Ooglh” 0
Program Resume 20 - 3F 3 5 0 “00§0h” 0
Read SFDP 20 - 3F 4 “00555511,, 0 “OOSOh” 1
Read SFDP — Extension AO - BE 5 5 0 24 0
Enter Default Protocol Mode| 20 - 3F 4 “00 555 sp> 0 “00% sp> 0
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7 xSPI Mechanical
7.1 Introduction

This chapter provides signal assignments to package terminal (package footprint) and package physical
dimensions’ options for xSPI target devices. Controller device footprints and physical dimensions are
beyond the scope of the standard.

7.2 Signal Descriptions

Active LOW signal names have a hash symbol (#) suffix.

Table 13 — xSPI Signals (Normative)

Signal .

Name Type Description
Controller Chip Select. Bus transactions are initiated with a HIGH to LOW transition.
CS#H/ CS1# Output / Target Bus transactions are terminated with a LOW to HIGH transition. When a
pln ut g second optional x8 10 target device exists within the same package, CS1# is

P used for device #1 and CS2# is used for device #2.

Clock. Command, Address and Data information is transferred from controller
Controller to target interface devices with respect to the rising or falling edge of the CK.
CK/CK1 Output / Target | The clock is not required to be free-running. When a second optional x8 10

Input target device exists within the same package, CK1 is used for device #1 and
CK2 is used for device #2.

Clock#. Command, Address and Data information is transferred from
controller to target interface devices with respect to the crossing of CK and
CK# (for devices requiring differential clock). The differential clock is not
required to be free-running. When a second optional x8 10 target device exists
Controller within the same package, CK1# is used for device #1 and CK2# is used for
CK#/ CK1# | Output/ Target | device #2.

Input NOTE: CK# is required in 8D-8D-8D profile 2.0 mode, but optional in
profile 1.0 mode. Target devices are not required to use CK#. However,
differential clock may be required by some devices for operation at greater than
100Mhz. The 1S-1S-1S mode operates on any xSPI target device without a
need for CK#.

) Data Input/Output. Command, Address, and Data information is transferred
10[7:0] Input / Output on these signals during Read and Write transactions.
Data Strobe. Target to controller strobe signal to capture read data sent by the
target. Target to controller signal to indicate additional initial access latency
needed by the target. Controller to target signal to indicate masking of
DS/ DS1 Input / Output | individual bytes within write data words. DS initial latency indication and write
data mask behavior is used by a limited subset of XSPI commands. When a
second optional x8 10 target device exists within the same package, DS1 is
used for device #1 and DS2 is used for device #2.
Vob Power Supply | Core Power.
VopQ Power Supply | Input/Output Power.
Vss Power Supply | Core Ground.
VssQ Power Supply | Input/Output Ground.
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7.2 Signal Descriptions (cont’d)

Table 14 — xSPI Optional Signals (Informative)

Signal

Name Type Description
i Data Input/Output. Optional Data information is transferred on these
0[15:8] Input / Output signals during Read and Write transactions.
Clock. Command, Address and Data information is transferred from
Controller . . . i
controller to optional second x8 10 target interface devices with respect
CK2 Output / - - . .
to the rising or falling edge of the CK2. The clock is not required to be
Target Input .
free-running.
Clock#. Command, Address and Data information is transferred from
controller to optional second target interface devices with respect to the
crossing of CK2 and CK2# (for devices requiring differential clock). The
Controller differential clock is not required to be free-running.
CK2# Output/ NOTE CK2# is required in an optional second x8 10 target in 8D-8D-8D
Target Input | profile 2.0 mode, but optional in profile 1.0 mode. Target devices in profile 1.0
mode are not required to use CK2#. However, differential clock may be required
by some devices for operation at greater than 100Mhz. The 1S-1S-1S mode
operates on any xXSPI target device without a need for CK#.
Cglr};[rzlselzr Chip Select 2. Optional second chip select for a second x8 10 target
P device within the same package.
Target Input
Hardware Reset. When LOW, the target device will self-initialize and
Controll return to the array read state. RWDS/DS and DQ[7:0] are placed into the
RESET# (‘))”trot‘/*r High-Z state when RESET# is LOW. The target RESET# input includes
T u fllj i a weak internal pull-up, if the target RESET# is left unconnected it will
argetinput | e pulled up to the HIGH state.
NOTE Some compliant packages require the RESET# signal.
Reset Output. RSTO# is an open-drain output used to indicate when a
Power On Reset (POR) is occurring within the target device and can be
RSTO# Target Output | used as a system level reset signal. Upon completion of the internal POR
(Open Drain) | the RSTO# signal will transition from low to high impedance after a user
defined timeout period has elapsed. Upon transition to the high
impedance state the external pull-up resistance will pull RSTO# HIGH.
Interrupt. When LOW, the target device is indicating that an internal
Target Output | event has occurred. This signal is intended to be used as a system level
INT#/ / Controller | interrupt for the device to indicate that an on-chip event has occurred.
INT1# Input INT# is an open-drain output. When a second optional x8 10 target

(Open Drain)

device exists within the same package, INT1# is used for device #1 and
INT2# is used for device #2.
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Table 14 — xSPI Optional Signals (Informative) (cont’d)
Signal .
N Type Description
Target Output Error Correction Status. If ECC is enabled, the target device will drive
ECS#/ / Controller | the ECS# pin low if an on-chip ECC error has occurred. ECS# is an
ECS1#/ Input open-drain output. When a second optional x8 10 target device exists
ECS2# . within the same package, ECS1# is used for device #1 and ECS2# is used
(Open Drain) | gor device #2.
Write Protect. The WP pin controls the hardware locking feature of the
WPH/ Controller | device. The target WP# input includes a weak internal pull-up, if the
WP1#/ Output / target WP# is left unconnected it will be pulled up to the HIGH state.
WP2# Target Input | When a second optional x8 10 target device exists within the same
package, WP1# is used for device #1 and WP2# is used for device #2.
Programming Power when at a voltage above VppQ.
Vep Power Supply | NOTE = Some target devices cannot withstand voltage above VppQ on this
signal connector.
Reserved for Future Use. The package terminal may be connected to a
circuit in the device. The function of the terminal is not currently defined
RFU Undefined | or may be used for an optional signal available on some target devices. It
is recommended to leave the terminal open and unconnected to external
circuits or connected appropriately for the optional signal function.
NC No No Connection. The package terminal has no connection to circuits in
Connection | the device.
NU Undefined No Use. The package terminal must remain open and unconnected to

external circuits.

NOTE The optional signals describe vendor-specific signal functions. Their behavior is outside the scope of
this standard but is listed so their location within a package footprint is identified.
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7.3 Fine-Pitch Ball Grid Array (FBGA) 24-Ball Footprint
This footprint has a 5 x 5 ball grid with 1 mm pitch between balls. The A1 ball position is not populated,

to serve as an indication of footprint orientation, leaving a total of 24 balls. The ball grid is centered
within the package body outline.

A2 A3 A4 A5

B1 B2 B3 B4 B5

C1l Cc2 C3 C4 C5

D1 D2 D3 D4 D5

El E2 E3 E4 ES

Figure 23 — FBGA 24-Ball Footprint
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7.3.1 Signal Assignments for 24-Ball FBGA Footprint

Table 15 — Signal Assignments for 24-Ball FBGA Footprint

LOE:tI:on xSPI Signal
Al No Ball
A2 RFU / RSTO#
A3 RFU / CS2#
A4 RESET#
A5 RFU / INT#/ ECS#
Bl RFU / CK#
B2 CK
B3 Vss
B4 Vb
B5 RFU
Cl VssQ
C2 CS#/ CS1#
C3 DS/ DS1
C4 102
C5 RFU / VPP [ WP#
D1 VopQ
D2 101
D3 100
D4 103
D5 104
El 107
E2 106
E3 105
E4 VopQ
E5 VssQ

7.3.2 Package Physical Diagrams

Refer to JEDEC JEP95, MO-234 for physical package characteristics and drawings.
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0.5 mm-Pitch WLCSP (Wafer Level Chip Scale Package)

This footprint has ball grid with 0.5 mm pitch between balls. The number of balls depends on the size of
the die. The ball grid is centered within the package body outline.

74.1

w

Cc

O

2

RESET#

3 4

107 Vss

RFU
(RsTO#)| Vssa | Vbpa | CS#

RFU
(WP#)

RFU
(CK#)

Vbbpa

RFU
(Vssa)

10g

105

DS

RFU
(Vbba)

103 101
102/
CK WP#
109 Vssa
RFU RFU

(1015) | (I1014)

5

INT#

Vbbp

Vss

104

Vpp

RFU
(1013)

Ball Locations for a Minimally Sized Die

6

RFU
(ECS#)

RFU
(108)

RFU
(109)

RFU
(1010)

RFU
(1011)

RFU
(1012)

Balls A2:E5 — “Core” set of balls for Octal xSPI

Balls that are backward compatible to QSPI (Quad-SPI)
Additional optional balls for Octal xXSP| implementations
Balls for future x16 variation

Figure 24— Ball Location Diagram (Top View — Balls Down)
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7.4.2

Ball Locations for a Large Die

|1+ ] 2 | 3 | 4 5 6 7 8 9 10
RFU RFU RFU RFU RFU

RFU RFU RFU RFU RFU
RFU RESET#| 107 | Vss | InT# | RFY RFU

(ECS#)

RFU (R§$g#) ey GHEGTTS (ng RFU
RFU | wow | 106 |05 | 101 | Vss | qog RFU

RFU (gi:) 105 cK \',sg; 104 (:33':1 ‘;) RFU
RFU | Vvppq | DS 100 | Vssa | Vep (Fo‘:l:) RFU

RFU Vsa) | Vooa) | (018) | (ore) | (Ora) | (01 | RFY
RFU RFU RFU RFU RFU
RFU RFU | RFU RFU RFU | RFU

I

Balls for future use

Figure 25 — Ball Location Diagram Large Die (Top View — Balls Down)
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7.4.3 Example for Small Die with “Core” 4x5 Ball Matrix

[ 1+ | 2 | 3 [ 4 | | a4 | 3 [ 2 | 1

A | |RESET# 107 Vss | INT#

B|| Vssa  Vopa | CS* | Vpp

c 106 103 101 Vss
105/

D|| 105 SR s/ IIES

E|| DS 100 | Vssa | Vpp

Top View (Balls Down)

Bottom View (Balls Up)

NOTE It is recommended to use the RDL (redistribution layer) metal to create an orientation mark near the Al
ball.

Figure 26 — Example for Small Die with “Core” 4x5 Ball Matrix
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75 49-Ball BGA (Ball Grid Array) Package for Dual-Octal (x16 10) xSPI

This footprint has ball grid with 1.0 mm pitch between balls. The ball matrix is a superset of the 24-ball
FBGA layout and is backward compatible.

7.5.1 Ballout Descriptions
Table 16 — 49-Ball BGA Ballout Descriptions
Count Description Required | Total
CS(n)# 1,2 | CS# (x16 chip) or CS1# (x8 chip-1) and CS2#* (x8 Yes lor2
chip-2)
CK(n) 1,2 | CK (x16 chip) or CK1(x8 chip-1) and CK2* (x8 chip- Yes lor2
2)
CK(n)# 1,2 | CK# (x16 chip) or CK1# (x8 chip-1) and CK2#* (x8 No lor2
chip-2)
10 16 10[15:0] (x16 chip) or 10[7:0] (x8 chip-1) and 10[15:8] Yes 16
(x8 chip-2)
DS(n) 1,2 | DS (I0[15:0]) or DS1 (10[7:0]) and DS2* (10[15:8]) Yes lor2
DS(n)# 1,2 | DS# (I0[15:0]) or DS1# (10[7:0]) and DS2#* No lor2
(10[15:8])
RESET# 1 Hardware Reset Yes 1
RFU/ 1,2 | RFU/ Optional ECC Status/Internal Event: ECS#/ INT# No lor2
ECS(n)#/ (x16 chip) or ECS1#/ INT1# (Chip-1) and ECS2#*/
INT(n)# INT2#* (Chip-2)
Vop 2 Power Yes 2
VopQ 6 10 Power Yes 6
Vss 2 GND Yes 2
VssQ 6 10 GND Yes 6
RFU/ RDY# 1 RFU/ Optional Busy/Ready Status No 1
RFU/ Vep/ 1,2 | RFU/ Optional Write Protect: WP# (x16 chip) or WP1# No lor2
WP(n)# (chip-1) and WP2#* (chip-2)
RFU/ RSTO# 1 RFU/ Optional Output indicating POR active No 1
Max 49
Total

* These signals are only used in dual-die configurations.
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Ball

L ocation xSPI Signal
El VopQ
E2 107
E3 106
E4 105
ES VooQ
E6 VssQ
E7 CK2*
F1 109
F2 1011
F3 VooQ
F4 DS2*
F5 108
F6 VooQ
F7 1010
Gl 1013
G2 1015
G3 VssQ
G4 DS2#*
G5 1012
G6 VssQ
G7 1014

LOE:tI:on xSPI Signal
Al RFU/ INT2#*/ ECS2#™
A2 RFU / WP2#*
A3 RFU/ RSTO#
A4 RFU/ CS2#™
A5 RESET#

A6 RFU/ INT1#/ ECS1#
A7 Vss

B1 RFU /RDY#
B2 RFU/ CK#/ CK1#
B3 CK/ CK1

B4 Vss

B5 Vop

B6 RFU/ DS#/ DS1#
B7 VssQ

C1 Vb

C2 VssQ

C3 CS#/ CS1#
C4 DS/ DS1

C5 102

C6 RFU/ Vpp/ WP1#
C7 VooQ

D1 VssQ

D2 VooQ

D3 101

D4 100

D5 103

D6 104

D7 CK2#*

* These balls are only used in dual-die configurations that do not share a common Chip Select (CS#) ball; in
configurations that do share a common CS# ball, these balls should then be RFU.
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7.5.3 49-Ball BGA Package Layout

Ball size: 0.4mm 7 eSS
Ball pitch: 1mm
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* = These balls are only used in dual-die configurations that do not share a common Chip Select (CS#) ball; in
configurations that do share a common CS# ball, these balls should then be RFU.

Color Legend: Blue = Mandatory signals and PCB ball landing pads
Red = Optional signals, but required PCB ball landing pads

Figure 27 — 49-Ball BGA Ball Location Diagram (Top View — Balls Down)

7.5.4 Package Physical Diagrams

Refer to JEDEC JEP95, MO-331-P8.00x8.00-10045-49D for physical package characteristics and
drawings.
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8 xSPI Electrical

8.1 Introduction

This chapter defines electrical specifications for the xSPI based on the JEDEC JESD84-B51 HS400 mode
standard. The interface can operate in one of four speed grades:

e XxSPI-200: up to 100 MHz, up to 200 MT/s

e XxSPI-266: up to 133 MHz, up to 266 MT/s

o XSPI-333: up to 166 MHz, up to 333 MT/s

o XSPI-400: up to 200 MHz, up to 400 MT/s

8.2 XSPI Signals

The xSPI has the following signals:
e CK: The clock line is an output of the controller and an input of the target device. The CK driver
operates in push-pull mode.
o CK#: The clock complement signal is optional and used when a target device requires differential
clock and is considered as part of the controller to target clock when used.

e CS#: Unidirectional output of the controller and an input of the target device, active LOW chip select
signal.

e 10[7:0]: Bidirectional data signals. Controller and Target drivers are operating in push-pull mode.

e DS: Data Strobe. This signal is an input to the controller during read data transfers and is driven by
the target. In some cases DS is bi-directional and may be driven by the controller during the
command and command modifier phases or during write data transfers.

CK and CK#

-

CS#
'

Controller 10[7:0] Target

¢ -

DS
¢ -

Figure 28 — xSPI Controller-Target Connections

For high frequency DDR operation, it is expected that the host will use a programmable delay element on
its DS input for sampling the data at the optimal point. It is highly recommended for the device to have
means to support calibration of that delay. A delay element may also be used by the host for positioning
CK optimally relative to the data. It is recommended that the device will have means to support
calibration of this delay too.
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8.3 Power Supply

In the XSPI, Vpp is used as the target device internal functions power supply. Vbng is the interface power
supply.

VDD
vDDQ

CS# —»
CK&CK# —»

Control

<
l

Interface Peripheral
Data «—» Data

DS «—»>

VSSQ
VSS

Figure 29 — xSPI Target Internal Power Diagram
8.4  Bus Capacitance and Programmable Output Driver Strength

The bus capacitance on each line of the xSPI bus is the sum of the bus controller capacitance, the bus
capacitance itself, and the capacitance of each target device. The sum of controller and bus capacitance is
fixed for one application but may vary between different applications. The total bus capacitance on each
line may vary in one application with the number of the inserted target devices.

NOTE This standard covers xSPI bus systems with up to 12 pF bus capacitance on each line. Future
updates to the standard may cover systems with higher bus capacitance.

Programmable output driver strength (type) provides flexibility to adjust the driver output impedance to
compensate for variation in bus capacitance, to meet the required AC timing characteristics of an xSPI
speed grade.

8.4.1 Device Capacitance

Each controller or target connected to the xSPI bus should not exceed the single device capacitance
maximum.

Table 18 — Device Capacitance

Parameter Symbol Min Typ Max Unit Remarks

Single Device Capacitance CDEVICE 6 pF
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8.4.2 xSPI Reference Load

The circuit below shows the reference load used to define the xSPI controller and target device output
timings, overshoot and undershoot parameters. The reference load is made up by the transmission line and
the Crererence Capacitance.

The reference load is not intended to be a precise representation of any specific system environment.
System designers should use IBIS or other simulation tools to correlate the reference load to the system
environment. Manufacturers should correlate to their production test conditions.

Delay time (Td) of the transmission line has been introduced to make the reference load independent of
the PCB technology and trace length.

DS

Measurement

el

Zo =50 Ohm
Td = 350 pS p—

Crererence = 6pF

Reference Load —
Figure 30 — xSPI Reference Load for 200 MHz DDR Operation
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8.4.3

Driver Types Definition

Driver Type-0 is defined as mandatory for the xSPI device while four additional driver types (1, 2, 3, and
4) are defined as optional to allow support for wider range of capacitive loads. The host may select the
most appropriate driver type of the device (if supported) to achieve optimal signal integrity performance.
Note that the driver strength definitions are the same for the 3V, 1.8 V, and 1.2 V VppQ.

Driver Type-0 is targeted for transmission-line based distributed systems with 50 Q nominal line
impedance. Therefore, it is defined as a 50 Q nominal driver.

For xSPI, when tested with the reference load defined in the previous clause, Driver Type-0 or Driver
Type-1 or Driver Type-4 shall meet all AC characteristics and XSPI device output timing requirements.
The four optional driver types are defined with respect to Driver Type-0. Table 19 summarizes the
nominal impedance characteristics for the five driver types.

Table 19 — 1/O Driver Strength Types

Driver

Approximated

Type Support Irl:g(rargilgr?cl:e Driving Capability Comments
Value Compared to Type-0
0 Mandatory 50 Q x1 Default driver type. Supports up to 200
MHz operation when driving the
reference load.
1 Optional 33Q x1.5
2 Optional 66 Q X0.75
3 Optional 100 Q X0.5 For low noise and low EMI systems.
Maximal operating frequency is
determined by the system design.
4 Optional 40 Q x1.2

NOTE 1 Support of Driver Type-0 is mandatory.
NOTE 2 Nominal impedance is defined by 1-V characteristics of the output driver at 0.5 x VppQ.
NOTE 3 Variance in the Nominal Impedance can be up to +/- 20%.

If the controller or target devices support the optional driver types, the host may use them to optimize the
signal integrity in the system. To do so, the host designer may simulate its specific system using device
driver models. The host can select the optimal driver type that may drive the host system load at the
desired operating frequency with minimal noise generated.
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The xSPI target device output driver strength may be configured by writing to a register as indicated in
SFDP. The controller drivers can also be configured in a similar fashion. The definition of the method for
configuring the controller bus drivers is beyond the scope of this standard.

Figures 31 and 32 show the 10 circuitry for each of the signals. Dotted lines indicate optional elements.

pads

CK&CK#iI4E*

DS pad
E:} Driver
Strength
Register
0 2
Pad
4
CS#
Pad 445
Figure 31 — Target 1/O
CK & CK#
pads
CS# F* L
pad iﬁ Strength
Register
o 2
Pad
a _45
DS | *3?* “““““““““““
Pad e
L{*%E*

Internal Clock

Internal DS In
Drive DS
Internal DS Out

Internal Data Out
Drive Data Out

Internal Data In

Internal CS#

Internal Clock

Internal CS#

Internal Data In
Drive Data In
Internal Data Out

Internal Data In
Drive DS In
Internal DS Out

Figure 32 — Controller 1/0
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8.5 xSPI Input and Output Voltage Levels
The device input and output voltages must be within one of the following 1/0 power supply (VooQ)

voltage ranges. The voltage parameters for each of the voltage ranges are defined in JESD8-26 (1.2 V)
and JESD8-31 (1.8 V).

8.6 Leakage Current
The device minimum and maximum leakage currents are specified in Table 20 and Table 21.
8.6.1 Leakage Currentatl.2Vandl1l8V

Table 20 — Leakage Currentat 1.2V and 1.8 V

Parameter Min Max Voltage
Input leakage current -5 5 pA
Output leakage current -5 5 uA

8.6.2 Leakage Currentat3V

Table 21 — Leakage Currentat 3V

Parameter Min Max Voltage

Input leakage current -10 10 pA

Output leakage current -10 10 pA
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8.7  AC Timing Specifications
8.7.1 Controller Output to Target Input Timing
Figure 33 shows the bus input timing for the xSPI target device.
< treRIOD >
Vbp —
tekoep A: k‘
Clock |nput (CK) AV p— «— tckwp — tokmp — P
i 3; texkoep j
Vs
<415y > > Ly i« - {isu < » i
o\ / \ A/ \ /
10[7:0] Input >< Valid >< >< Valid ><
Vi
/ \ / VA /i \
—> < tckpco$—— tisu tckoco—» <—
CK# Vpp--------f--------- Fe——mm-- ---a —
Clock Input Vix v 8 t A ,/I t
Differential T a\\ CKMP _7<_ CKMP T
Vix (Min) / - - \ -
CK Vs OSSO —— ! RSP
<+—1su b« >ty < > tin
<4—  {periOD >
Figure 33 — xSPI Target Data Input Timing
Table 22 — Clock Input Threshold Levels
Parameter Symbol Min Max Unit
Clock Input
Threshold (AC) Vr(ac) 0.50 * Voo 0.50 * Voo \
Input Differential
Crossing (AC) Vix(ac) 0.4+ Voo 0.60 * Voo \
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8.7.1  Controller Output to Target Input Timing (cont’d)
Table 23 — xSPI Device Input Timing
xSP1400 xSP1333 xSP1266 xSP1200 .
Parameter | Symbol - - - - Unit Comments
Min | Max | Min | Max | Min | Max | Min | Max
Input CK
Cycle Time
Data Transfer| treriop | 5 6 75 10 ns | 200 MHz (max) between the
rising edges with respect to V.
Mode
Slew Rate SR 1.125 0.94 0.75 0.56 Vins With respect to Vin/ViL.
Allowable deviation from an
Duty Cycle ideal 50% duty cycle with
Distortion texoeo 00 102510003 0.0 10375100 05 ns respect to V. Includes jitter and
phase noise.
Minimum .
Pulse Width tekmew | 2.25 2.7 3.375 45 ns With respect to V.
Input Signals (Referenced to CK)

Inp_Llj_Erigtup tisuddr 0.5 0.6 0.8 1.0 ns With respect to Vin/ViL.
Inp.ll_Jitn:OId tiHddr 0.5 0.6 0.8 1.0 ns With respect to Vin/ViL.
Slew Rate @ With respect to Vin/ViL and
12V SR 0.75 0.62 0.50 0.38 V/ns «SP| reference load.
Slew Rate @ With respect to Vin/ViL and
18V SR 1.125 0.94 0.75 0.56 Vins ¥SP reference load.
Slew Rate @ With respect to Vin/ViL and
30V SR 2.06 1.72 1.37 1.03 Vins ¥SP! reference load.

8.7.2 Target Output to Controller Input Timing
Figure 34 shows the bus output timing for the xSPI target device.
< trERIOD >
Vbp —
tbspbcp f& k—
Data Strobe Output (DS) V4 p— <— tpswpw tDsmpw  ——f e
/ i tbsbep ;
Vss
—» <4 tro —» < troH
Vbob
o\ / \ A/ \ [
10[7:0] Output > Valid Window Valid Window
VoL
e /N JARVARN /A

Figure 34 — xSPI Target Data Output Timing
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Table 24 — xSPI Device Output Timing
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xSP1400 xSP1333 XxSP1266 xSP1200 .
Parameter | Symbol - - - - Unit Comments
Min | Max | Min | Max | Min | Max | Min | Max
Data Strobe
Cycle Time 200 MHz (max) between the
Data Transfer| teerion 5 6 7.5 10 ns | rising edges with respect to
Mode V.
Allowable deviation from
the input clock duty cycle
%”i?t'ofg’g:f tosoco | 0.0 | 02 | 00 | 024 | 00 | 03 | 00 | 04 | ns | distortion (tckoco) with
respect to V. Includes jitter
and phase noise.
Minimum Pulse Width of
DS is smaller than that of
Minimum CK since the target is
Pulse Width | ©svPW | 205 246 3.075 4.1 "S | allowed to add distortion
when generating DS from
CK. With respect to V7.
Output DATA (Referenced to DS)
\With respect to Vor/VoL and
Output skew tro 0.4 0.48 0.6 0.8 ns «SP| reference load.
Output hold \With respect to Vor/VoL and
skew tRox 04 0.48 IR 0.8 | ns XSPI reference load.

NOTE Controller CK edges are the trigger for target 10 and DS edges. 10 and DS edges therefore always follow their related
(triggering) CK edges.
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8.7.3 xSPI CK and DS to CS# Signal Timing

Figure 35 and Figure 36 show the timing relationship between the CS#, CK, and DS signals.

tCKLCSHl tesHekH

&

>

tekLest | fesLegH

s T | !

K N NI/ N\

Figure 35 — CK to CS# Signal Timing
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NOTE The controller needs to count valid DS edges. After receiving the required number of data bytes, the
controller will de-assert CS#. By that time there may be one or more “dummy” edges which could cause one or

more “dummy” DS edges.
NOTE CK must be gated to meet the spec in this diagram.

Figure 36 — DS to CS# Signal Timing
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8.7.3 xSPI CK and DS to CS# Signal Timing (cont’d)
Table 25 — Relative Timing of the CS#, DS, and CK Signals
Parameter | Symbol xSP1400 xSP1333 xSP1266 xSP1200 Unit | Comments
Min Max Min Max Min Max Min Max
gISOCLIBI\_/SW to tekLesL 4 4.8 6 8 ns
CS LOW to
Clock HIGH tesLekH 4 4.8 6 8 ns
glsof_'kl Iéaw to tckLcsH 4 4.8 6 8 ns
CS HIGH to
Clock HIGH tcsHekH 4 4.8 6 8 ns
DS LOW to CS ¢ 80% of 80% of 80% of 80% of
HIGH DSLCSH trerIOD trerIOD treErIOD trerIOD
gg ?:S;;tz tcsHpsT 0 trerIOD 0 trERIOD 0 trERIOD 0 trERIOD ns
ECS)\I,_\,OW toDS tesLpsL 0 0 0 0 ns
gg Ig;f/tate to tosTesL 0 0 0 0 ns
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Annex A - (Informative) Differences Between Revisions

This annex briefly describes most of the changes made to entries that appear in this standard, JESD251C,
compared to its predecessor, JESD251B (September 2021), JESD251A (February 2020), and JESD251
(July, 2018). If the change to a concept involves any words added or deleted (excluding deletion of
accidentally repeated words), it is included. Some punctuation changes are not included.

Al

Clause

NEW

8.7.2

A2

Differences between JESD251C and JESD251B
Description of change
Updated Table of Contents to include list of Tables and Figures

Elimination of output minimum slew rates (from item 1775.74)

Differences between JESD251B and JESD251A

Updated Table of Contents

Globally changed:

Clause

NEW

A3

Clause

2

7.2
7.4
7.5
NEW

1) “Master” to “Controller”
2) “master” to “controller”
3) “Slave” to “Target”

4) “slave” to “target”

Description of change

Added new 7.5, 7.5.1, 7.5.2, 7.5.3, and 7.5.4 for 1.0 mm pitch 49-ball BGA (From item
1775.64, JC-42.4-20-243)

Renumbered tables and figures to accommodate those previously inserted in 7.4 and
newly inserted in 7.5

Differences between JESD251A and JESD251
Description of change

Added reference for JESD8-xx (3 V High-Speed LVCMOS), and JESD252.

Table 14, added signal: 10[15:8]

Renumbered to 7.3.1

Renumbered to 7.3.2

Added new 7.4,7.4.1,7.4.2, and 7.4.3 for 0.5 mm pitch WLCSP (From item 1775.59, JC-
42.4-19-402)
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