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delay the proper product for use by those other than JEDEC members, whether the standard is to
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may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting

the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization there are procedures whereby a JEDEC standard or
publication may be further processed and ultimately become an ANSI standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.
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JEDEC Standard No. 251A

EXPANDED SERIAL PERIPHERAL INTERFACE (xSPI) FOR NON VOLATILE
MEMORY DEVICES

Contents
0] =Y o ST SSSPRON i
o0 U o1 o] o PSS i
1 1S 100 o ORI 1
2 NOIMALIVE RETEIEICE ... .ottt et seeete e e seeene e e e 1
3 Terms and DefiNITIONS ........cociiiiiiieee ettt sttt et re e e sbeeneesaesaeeneeneeas 2
3.1 F o (0] 1)/ 0 1 T TSRO P O PP RT PP 4
3.2 (@00 017101 o] oSSR SPRSN 4
3.3 =AY (o LRSS 5
3.4 F AN o] o] (=AY T [0 SR 5
4 KBY FBATUTES ...ttt ettt et r e r e e nre e e ne e 6
4.1 GENEIAL FRALUIES ...ttt ettt sttt bt s e st e st e e s e sbeene e e saeeneenaeaneenaesreeneeneeas 6
4.2 LI 10 (o0 YRR 6
4.3 INEEITACE FRALUIES ......eieeii ettt sttt e e e beenaeseeeteestesbeeneenbesneenaenes 6
5 bS] IO AV T T PSS 7
5.1 XSPI Performance ENNANCEMENTS ...........oiiiiiiiieiiiiise st 7
5.2 XSPI Topology and Signal DESCIIPIONS .......cveveiiiiiiiieieie e 7
53 XSPI PrOtOCOI MOUES ...ttt ettt bbbttt e enea 8
5.4 XSPI SIgNal PrOTOCOIS ...ttt 9
5.4 XSPI Signal Protocols (COME A)......uiiiiiiiiiieiie ettt bbb e 10
5.4 XSPI Signal Protocols (CONE d)......c.oiiuiiiiiiieiieieeiece e 11
5.5 Legacy SPI ComMPatibility ........c.cooiieiicii et 12
6 XSP1 Transaction DESCHIPLIONS ......ccciiiiiiiie sttt re e s re e re e 12
6.1 ] VLI 1= =Tt o o USSR 12
6.2 Clock, DS, and INformMation TraNS el ... ...uveeeieeee ittt et e e e e et r e e e e s see e e e e e e e s reerereees 12
6.3 (000 g0 aF TaTo o o T T USSR 13
6.4 Command MOITIEr PRASE ......ociiiiiieecie ettt ettt sttt saeste e naeenee e e 13
6.5 INitial ACCESS LAtENCY PRASE ......ocuviiiiiieic ittt sttt s be b sreene e re e 14
6.6 L 1 ] 1T T SRRSO 14
6.7 Required versus Optional COMMANGS..........ccciveiiiiiiiie et be e sreanas 14
6.8 MAXIMUM FTEOUEICY ...ttt bbbttt e 15
6.9 Command SUMMANY TaADIES........cuiiiiieie et re e e s reere e e e 15
TR B R T S O S 1V T o [ SRR 15
6.9.2  8D-8D-8D PrOfile 1.0 ...ecuiiiiiiiiieiieiieieie et e 16
6.9.3  8D-8D-8D PrOfile 2.0 ....ocueiiiieiiieieiiieee bbb 18
Documents
-i- Document Sharing Hub

Full document details: JEDEC JESD251A-2020


http://www.avadocuments.com/doc/jedec-jesd251a-2020
http://www.avadocuments.com/doc/jedec-jesd251a-2020

JEDEC Standard No. 251A

6.9.4  Command SUMMANY NOTES ........ccueiiiiiiiieiiiiiiite ettt ettt enes 20
6.9.5 Transaction Formats by ProtoCol MOGE. ..........coiiiiiiiiieee st 21
6.10  COMMANG DESCIIPIONS. ....cvieeieiteeiieeeeie et ee ettt sttt e tesae et e sbeeseesaeeteeseeseeeseeneesreeneense e 30
6.10.1 1dentification COMMEANUS......c.oiiiieiiie ettt saeste e s e stesreenbesreaneene e 30
6.10.2 Profile 1.0 COMIMANGS ......ccveieieiieieie ettt te e ste st et e sbeeneesbesteeseesteereeneesreeneene e 30
6.10.3 Profile 2.0 COMIMANGS .......ceeiiieiieie ittt sttt e et eseesteeneeseeereeneesreeneeee e 40
6.10.4 Profile 2.0 Commands with Extended Command MOdifier.............ccocevviirnininiiiiee e 46
7 bS]l AV =Tt g T U o | SR 50
7.1 L goTo [0o! o] o HO OSSOSO 50
7.2 SIGNAL DESCIIPIIONS ...ttt bbbttt bt n e 50
7.3 Fine-pitch Ball Grid Array (FBGA) 24-ball FOOIPrint ..........ccovevviiiiieiececc e 52
7.3.1  Signal Assignments for 24-ball FBGA FOOLPIINt .........cceoiiiiiie i 53
7.3.2  Package Physical DIAQIamMS .........ccvoiviiiiiiii ittt st st ettt reeneene e 53
7.4 0.5 mm-Pitch WLCSP (Wafer Level Chip Scale Package) ........cccocvevveviiieviieiie e 54
7.4.1 Ball locations for a minimally Sized di€..........ccovviiiiiiii i 54
7.4.2 Ball 10cations fOr @ large Qi€ ........ccvoiviiiiiiiiiiecc e e 55
7.4.3  Example for small die with “core” 4x5 ball MALFIX ......covvveiiiiiiiieie s 56
8 XSPI EIECEIICAL.....ccveeie ettt sttt eneas 56
8.1 L1 o 114 T o TSR 56
8.2 DT IS 1o LSS 57
8.3 POWET SUPPIY .ttt bbbttt b bbbt ens 58
8.4 Bus Capacitance and Programmable Output Driver Strength..........ccccveviiiiiiie i, 58
8.4.1  DEVICE CAPACITANCE. .....cueitetititeit etttk bbbt e et b b e 58
8.4.2  XSPI RETEIENCE LOAU .....c.eiieeeiie ittt sttt e et e e re e e sreene e e e 59
8.4.3  Driver Types DefiNITION ........cc.iiiiici et re e 60
8.5 XSPI Input and Output VOItagEe LEVEIS .......ocvveiiiice et 62
8.6 LEAKAGE CUITEINT. ...ttt ettt bbbttt ettt ene s 62
8.6.1 Leakage Currentat 1.2 V and 1.8 V .....ociiiiiiiiiieie et 62
8.6.2  Leakage CUITENT AL 3V ...uiiiiiiieiieiiei ettt bbb 62
8.7 AC TimiNG SPECITICALIONS. .....ccueiiiiiitiititeieie ettt eneas 63
8.7.1  Master Output to SIave INPUL TIMING ....oviiiiiiieieeeee s 63
8.7.2  Slave Output to Master INPUL TIMING ....c.ooiiiiiiiieieeeee s 64
8.7.3 XSPI CK and DS to CS# Signal TIMING .....cccvevieiiiiiiiiiie e s see e teesteesre et e e sne e 66
8.7.3 xSPI CK and DS to CS# Signal Timing (CONt’d).......cccvrueruiririeniirieieiesie e 67
Annex A (informative) Differences between JESD251A and JESD251 ........ccccccvvivvveeveeveevee s, 68
Documents
-1- Document Sharing Hub

Full document details: JEDEC JESD251A-2020


http://www.avadocuments.com/doc/jedec-jesd251a-2020
http://www.avadocuments.com/doc/jedec-jesd251a-2020

JEDEC Standard No. 251A

Foreword

This standard is intended for use by SoC, ASIC, ASSP, and FPGA developers or vendors interested in
incorporating a master interface having a low signal count and high data transfer bandwidth with access to
multiple sources of slave devices compliant with the interface. It is also, intended for use by peripheral
developers or vendors interested in providing slave 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 master-slave 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) master 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 specification 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-17-29 and JCB-20-02, formulated under the cognizance of the JC-42.4
Subcommittee on Non-Volatile Memory Devices.)

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, JM7.01, 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
or 1.00 mm, 24 ball package.

JEDEC Standard, JESD8-26, 1.2 V High-Speed LVCMQOS (HS_LVCMOS) Interface.

JEDEC Standard, JESD8-31, 1.8 V High-Speed LVCMOS (HS_LVCMOQOS) Interface.

JEDEC Standard, JESD8-xx, 3 V High-Speed LVCMOS (HS_LVCMOS) Interface. (In progress)
JEDEC Standard, JESD216, Serial Flash Discoverable Parameters (SFDP).

JEDEC Standard, JESD252, Serial Flash Reset Signaling Protocol.

JEDEC Standard, JESD84-B51, eMMC HS400 mode.
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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.

Data Strobe (DS): Slave to master strobe signal to capture read data sent by the slave. Slave to master
signal to indicate additional initial access latency needed by the slave. Master to slave 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 xSPI 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 xXSPI master: An entity or a device with the characteristics
of a primary computing device that includes one or more xSPI master controllers. The xSPI master
controller drives out all chip select (CS) signals to xSPI slave devices to select one slave device at a time
to interact with the master controller. The master controller provides transfer type and address
information to slave 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 <V, or Vg,
HIGH is > V |y 0r Vop.

. 1
Kilobyte (Kbyte, KB): 1024 or 2 0 bytes.
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3 Terms and Definitions (cont’d)

Master: 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.

. . . . - 20
mega (M) (as a prefix to units of semiconductor storage capacity): A multiplier equal to 1 048 576 (2

or Kz, where K = 1024).

20
Megabyte (MB): 1,048,576 or 2 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 slave, 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.

Slave: 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.

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

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

DDR Double Data Rate. Data is transferred on each edge of a related clock.
. 30
GB Gigabyte: 1,073,741,824 or 2°° bytes.
I/OorlIO Input or Output — A signal port that may receive or drive voltage levels to communicate
with other devices.
. 10
KB Kilobyte: 1024 or 2" bytes.
20
MB Megabyte: 1,048,576 or 2 bytes
MB/s Megabytes per second
MShb, 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 200MHz 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 "0Oh 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—hbits, 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)
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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 400MT/s (200MHz Clock)
o 333MT/s (167MHz Clock)
o 266MT/s (133MHz Clock)
o 200MT/s (L00OMHz Clock)

4.2  Topology

o Single master, multiple slaves, per interface port
= One chip select per slave

4.3 Interface Features

e Input/Output Power Supplies Options:
o 1l2V,18V,or3Vv

e Signal Count Options:
o Eleven-signal slave interface (Clock, CS#, 8-bit Data bus, Data Strobe)
o Twelve-signal slave 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
o Transfer bit width options in each phase =W =1, or 8
o Data rate options in each phase = R = S for SDR or D for DDR
o 1S-1S-1S (24 bit addressing) for power-up and configuration
o 8D-8D-8D (32 bit addressing in Profile 1.0 or 45 bit addressing in profile 2.0)

e Slave Reset Options:
o Power-on Reset (POR) -- mandatory
o In-band Reset -- preferred
o Separate Reset Signal -- optional
e Power management option
o Deep Power Down (DPD) enter and exit commands
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5 xSPI Overview

5.1 xSPI 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. xSP1 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 master, multiple slave bus topology with source synchronous clocking.
Each slave device is selected by a separate LOW active Chip Select (CS#) signal from the master device.

A clock (CK) signal from the master to all slave devices provides a timing reference for interface
operations. The clock is the timing reference for information transfer on the 10 signals from the master to
the selected slave. The clock is also a timing reference for interface operations within the master and slave
interface logic, such as the counting of access latency time. The clock may optionally be provided by the
master as a differential clock using two signals (CK and CK#). The remaining text and block diagrams in
this specification 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 slave 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 slave devices using a differential clock.

The 10 signals provide a bidirectional, variable width path, for information transfer between the master
and selected slave. Different slaves 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 slave to the master. DS is an output signal from the xSPI slave device that is aligned with the edges of
output data and is used by the master interface to optimize high frequency read data capture. DS may
optionally be used as a signal from the slave to the master, to indicate the duration of initial access latency
or, as a signal from the master to the slave, to indicate write data masking.
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5.2 xSPI Topology and Signal Descriptions (cont’d)

Master and slave 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.
Master Slave 0
VDD J ’ VDD J
VopQ VopQ
CSo# »| CS#
CS1#
CK ® »| CK
10[7:0]] < —@ » 10[7:0]
DS < ® » DS
ng VSS
VSSQ _l ’ VssQ _l l
Slave 1
VopQ J
»| CS#
» CK
» 10[7:0]
»| DS
xssQ —l
ss _l

5.3  xSPI Protocol Modes

No information provided at time of publication.
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54 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 master to the slave. The clock continues to toggle during
any period required for information access in the slave. The clock continues to toggle during the transfer
of read data from the slave to the master or write data from the master to the slave. When the master has
transferred the desired amount of data, the master 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 master. 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 slave 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 slave device specific system design consideration.

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

Command transfer from master to slave;

Command Modifier transfer from master to slave;

Initial Access Latency (also used for 10 signal direction turn around in a read transaction);
Data transfer (slave to master in a read transaction or master to slave 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.
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5.4 xSP1 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 slave 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, slave devices
may be configured to reset into the Octal mode. Slave 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 master must determine
the default protocol mode of each slave after POR. This may be done through prior knowledge of the
system design. The master may later reconfigure a slave to use other slave supported modes. In some
devices switching between modes 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 slave 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 master to slave
and 10[1] to transfer information from slave to master. 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

I0 | Command Bits CorgiTS a(r; %erngsl)fler Latency Data Byte 0 Data Byte 1

0 [7,6,543210] 31(23),30(22),...1,0| X... X... X...

1 X... X... X... 176543210] 76/54,3210
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 xSP1 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

10 Corgz?sand (g?gnnr;?]réde')\(ﬂt?g:f;%zz) 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 master or slave
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 slave
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
master 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 slave 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 slave
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 slave to master 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 slave device specific. The master 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 slave devices support the 1S-1S-1S protocol for limited backward compatibility with the legacy
single 10 Serial Peripheral Interface (SPI) protocol. The 1S-1S-1S mode supports a limited subset of SPI
protocol commands, to enable basic slave device identification in the same protocol used by legacy SPI
slave devices. This backward compatibility can simplify the POR and configuration process for systems
that may use legacy SPI slaves on the xSPI interface signals. Once each slave device is identified, it is
expected that the protocol will be switched to 8D-8D-8D.

6 xSPI Transaction Descriptions

6.1 Slave Selection

Each transaction starts with CS# for a particular slave device going from HIGH to LOW. Each transaction
ends when that CS# returns from LOW to HIGH. While the CS# is HIGH, the slave ignores all other xSPI
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 xXSPI.

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 specification only at relatively low frequencies. For high
frequency operation clock should be gated.

During information transfer from master to slave, the 10 signals are driven to a valid HIGH or LOW state
for at least a set-up time (t;sy) before a CK edge and are held valid for at least a hold time (t,y) 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 slave 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 slave to master i.e., a read data transfer phase, CK continues to toggle
so that the slave 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 slaves, in the 1S-1S-1S mode, the master 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 master and slave 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 master and slave 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 master skips sending the command and the slave device implicitly performs the
command that was executed in the previous transaction. While in a current transaction, the master 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:

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

o 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 slave specific as to whether a repeated
or inverted command is expected. The expectation is indicated in the SFDP. In this specification 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 slave 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
specification 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 are 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, slave 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 slave 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 Profile 1.0
e Profile 2.0

Documents

Document Sharing Hub

Full document details: JEDEC JESD251A-2020


http://www.avadocuments.com/doc/jedec-jesd251a-2020
http://www.avadocuments.com/doc/jedec-jesd251a-2020

JEDEC Standard No. 251A
Page 15

6.7 Required versus Optional Commands (cont’d)
Profile 1.0 commands directly affect information in memory slave 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 slave 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 slave device specific. The
slave 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 sections.

6.9.1 1S-1S-1S Mode

The following table 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 slave device. As soon as the device is
identified and configured, it is expected that the slave 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 | Command |Additional| Initial Data Transaction| Red. Fre
Function Code | Extension | Modifier | Latency Bvtes Req. Format (I?/.IHz)ql
(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:

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

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

X 6-Bytesﬁ
Non-WREN Command Code
Category 1 cs# | T
Data Bus Opcode[0:1] | ADDR[0:3] Data[0:n]
» 8-Bytes 4
WREN WREN Enabled Command Code
Category 2 cs# | [ [

Data Bus 06h /Rl —— Opcode[0:1] | ADDRJ[0:3] Data[0:n]

Figure 2 — Command Categories

Table 4 — Profile 1.0 commands used in 8D-8D-8D protocol mode (required commands)

Command| Additional Initial . |Req. Max.
Command Function Command Code Category | Extension | Modifier |Latency (CK Data | Transaction greq.
(Hex) (Hex) Bytes cycles) Bytes| Format (MHz2)
Read Fast 0B/ EE / SFDP 1 RI 4 1+ 2+ 1B
\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 1B
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