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Preface

About This Guide

Contents

The LogiCORE IP SPI-4.2 User Guide describes the function and operation of the Xilinx
LogiCORE SPI-4.2 (PL4) core, and provides information about designing, customizing and
implémenting the core.

This:guide contains the following chapters:

Preface, About this Guide describes the organization and purpose of the user guide,
and the conventions used in this document.

Chapter 1, Introduction introduces the SPI-4.2 core and provides related information,
including recommended design experience, additional resources, technical support,
and submitting feedbackte Xilinx.

Chapter 2, Licensing thé Core provides information about installing and licensing the
core.

Chapter 3, Core Overview déscribes the SPI-4.2 core architecture and interface signals.

Chapter 4, Customizing and Generating the Core describes how to generate the SPI-
4.2 core using the Xilinx Vivado™ DesignSuite.

Chapter 5, Designing with the Core.describesshow to use the Xilinx SPI-4.2 core in a
user application.

Chapter 6, Constraining the Core describes how tesconstrain the core.

Chapter 7, Special Design Considerations desctibes other considerations when
designing with the core, including multi-core instantiations and clocking schemes.

Chapter 8, Example Design describes the files and directories created by the Vivado
Design Suite. It also contains detailed information about the demonstration test bench
and directions for customizing it for use in a user application:

Appendix A, Messages and Warnings describes common warnings and errors.

Appendix B, VHDL Details provides details about the VHDL demonstration test
bench and how to customize it.

Appendix C, Verilog Details provides details about the Verilog demonstration test
bench and how to customize it.

Appendix D, SPI-4.2 File Descriptions describes the files generated by the Vivado
Design Suite.

Appendix E, SPI-4.2 Control Word defines the SPI-4.2 control word format.

Appendix F, SPI-4.2 Calendar Programming lists examples that describe how to
program calendars for the Source FIFO status and Sink FIFO status of the SPI-4.2 core.

Appendix G, Debugging contains details about debugging the core.
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e Appendix H, SPI-4.2 Core Verification describes the software verification of the SPI-
4.2 core.

e Appendix I, SPI-4.2 Source Interface Timing Budget contains timing examples.

¢ Appendix ], Migrating to SPI-4.2 v11.2 and Later provides details for migrating to the
most recent version of the SPI-4.2 core.

Additional Resources

To find additional documentation, see the Xilinx website at:

www.xilinx.com /support/documentation/index.htm.

To search the Answer Database of silicon, software, and IP questions and answers, or to
create a technical support WebCase, see the Xilinx website at:

www.xilinx.com /support/ mysupport.htm.

Conventions

This document uses the following conventions. An example illustrates each convention.

Typographical
The following typogtaphical conventions are used in this document:
Convention Meaning or Use Example
Messages;prompts, and
Courier font program files that the system speed grade: - 100
displays
Courier bol d Literal commands thatyouenter | 4y i1 4 desion_name
in a syntactical statément
Commands that you select from File - Open
Helvetica bold amenu
Keyboard shortcuts Ctrl+C
Variables in a syntax statement
for which you must supply ngdbui'l d_design_name
values
Italic font See the User'Guide for more
References to other manuals . .
information.
If a wire is drawn so that it
Emphasis in text overlaps the pin of a symbol, the
two nets are not connected.
Dark Shading ltems that are not supported or This feature is not supported
reserved
An optional entry or parameter.
However, in bus specifications, | ngdbui I d [ opti on_nang]
Square brackets [ ] such as bus[ 7: 0] , they are desi gn_nane
required.
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Conventions

choices

Convention Meaning or Use Example

A list of items from which you _
Braces { ) must choose one or more lowpwr ={on] of f}
Vertical bar | Separates items in a list of | owpwr ={on] of f }

Angle brackets < >

User-defined variable or in code
samples

<directory name>

Vertical ellipsis

Repetitive material that has
been omitted

I OB #1: Name =
1 OB #2: Nane

:

CLKI N

Horizontal ellipsis ...

Repetitive material that has
been omitted

al | ow bl ock block_name locl
loc2 ... locn;

Notations

The prefix ‘0x” or the suffix 'h’
indicate hexadecimal notation

A read of address 0x00112975
returned 45524943h.

An’_n’ means the signal is
active low

usr _t eof _n is active low.

Online Document

The following conventions afe used in this document:

Convention Meaning or Use Example
See the section “Additional
Cross-referencelink to alocation | Resources” for details.
Blue text

in the current document

Refer to “Title Formats” in
Chapter 1 for details.

Blue, underlined text

Hyperlink to a website (URL)

Go to www.xilinx.com for the
lateést speed files.
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Chapter 1

Introduction

The Xilinx LogiCORE ™ IP SPI-4.2 (PL4) core implements the OIF-SPI-4-02.1 System Packet
Interface Phase 2 specification and supports both VHDL and Verilog design environments.

This chapter introduces the SPI-4.2 core and provides related information, including
recommended design experience, additional resources, technical support, and submitting
teedback to Xilinx.

System Requirements

For operating'system requirements, see the Xilinx Design Tools: Release Notes Guide.

About the Core

The SPI-4.2 core is incltdedn the latest IP Update on the Xilinx IP center. For detailed
information about this core, seet

www.xilinx.com /products /ipcenter / DO-DI-POSL4AMC.htm

For information about licensing options,see Chapter 2, Licensing the Core.

Recommended Design Experience

Although the SPI-4.2 core is a fully verified solution, the,challenge associated with
implementing a complete design varies, dependingon the configuration and functionality
required. For best results, previous experience with building high-performance, pipelined
FPGA designs using Xilinx implementation software and the user constraints files (XDC) is
recommended.

Contact your local Xilinx representative for a closer review and estimate of the effort
required to meet your specific design requirements.

Additional Core Resources

For detailed information and updates about the SPI-4.2 core, see the following documents,
located on the SPI-4.2 product page at:

www.xilinx.com /products/ipcenter /DO-DI-POSL4AMC.htm

e SPI-4.2 Data Sheet
e SPI-4.2 Release Notes

SPI1-4.2v12.2
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Technical Support

To obtain technical support specific to the SPI-4.2 core, visit support.xilinx.com/.
Questions are routed to a team of engineers with expertise specific to using the SP1-4.2
core.

Xilinx will provide technical support for use of this product as described in this SPI-4.2
User Guide. Xilinx cannot guarantee timing, functionality, or support of this product for
designs that deviate from the guidelines provided in these documents.

Feedback

Xilinx welcomes comments and suggestions about the SPI-4.2 core and the documentation
provided with the core.

SPI-4.2 Core

For comments or suggestions about the SPI-4.2 core, please submit a webcase from
support.xilinx.com/. Be sure to include the following information:

Document

Product name
Core version number

Explanation of yout'comments

For comments or suggestions about:ithis document, please submit a WebCase from
support.xilinx.com/. Be sure'to include the following information:

Document title
Document number
Page number(s) to which your comments refex

Explanation of your comments

22
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Licensing the Core

This Xilinx LogiCORE IP module is provided under the terms of the Xilinx Core License
Agreement. The module is shipped as part of the Vivado Design Suite. For full access to all
core functions in simulation and in hardware, you must purchase a license for the core.
Contact your local Xilinx sales representative for information about pricing and
availability.

For more information, visit the SPI-4.2 product page.

Information about other Xilinx LogiCORE IP modules is available at the Xilinx Intellectual

Property page. For information on pricing and availability of other Xilinx LogiCORE IP
modules and/tools, contact your local Xilinx sales representative.
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Chapter 3

Core QOverview

This chapter describes the SPI-4.2 core architecture and interface signals.

System Overview

The SPI-4.2 core is comprised of two separate cores that enable the transmission (Source
core) and reception (Sink core) of data.

* Sink core: Receives data from the SPI-4.2 interface. It takes the 16-bit interface and
maps it to a.64-bit or 128-bit interface enabling the internal logic to run at a quarter of
the line rate.

* Source core: Transmits data on the SPI-4.2 interface. Payload data written into the
core as 64-bit ord28-bit words (four or eight 16-bit SPI-4.2 words, respectively) is
mapped onto the 16-bit SPI-4.2 interface.

Figure 3-1 illustrates the interfaces of the SPI-4.2 core and shows it in a typical link-layer
application.

In the link-layer example, the SPI-4.2 interface connects an external physical-layer device
to a link-layer implemented in a Virtex®-7, Kintex®-7, or Virtex-7 device. The user logic
reads data from the Sink core and writés data.into the Source core. An AXI4-Stream FIFO
interface is provided for this data access and the FIFO interface facilitates integration
within a system. An AXI4-Lite control interface is used to configure the Sink and Source
cores in circuit and monitor a suite of status registers.
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SPI-4.2 7 Series Device
Interface User
\ Interface
: SPI-4.2 Sink Core :
| |
| |
Rx Pata Path - -

| SPI-4.2 User |
: Sink Sink :
< Rx Status Path Interface Interface - '
SPI-4.2 PHY | |

Layer Device | | User’s Logic
| |

. . | | .

(7 Series Device | SPI-4.2 Source Core | (Link Layer

or | | Processor)
ASSP) | |
Tx Data Path |
- T < |
| SPI-4.2 User |
| Source Source ]
Tx Status Path Interface Interface |

T - >

| |
| |
| 1

Figure 3-1: SPI-4.2 Core in a Typical Link Layer Application

Sink Core

The Sink core receives data fromrthe SPI-4.2 interface. It takes the 16-bit interface and maps
it to a 64-bit or 128-bit intefface enabling the internal logic to run at a quarter (for 64-bit) or
an eighth (for 128-bit) of the line ratexThe user data and the corresponding control signals
are accessed with an AXI4-stream FIFQ interface. The FIFO read and write operations are
performed in independent clock domains:

The Sink core implements the following features:

* Supports 64-bit or 128-bit user data width

* Embedded dynamic alignment support in Virtex-7 and Kintex-7 FPGAs I/O
(embedded SERDES, delay chain, and bitslip'medule) that runs at data rates
exceeding 1 Gbps.

* Provides an AXI4-Stream FIFO reset signal for clearing contents'of the data pipe
during operation.

* Provides support for forcing the insertion of DIP-2 errozs for system testing.

* Regional clocking option (saves global clocking resources):

For more information about core features, see Chapter 5, Designing with the Core.

Source Core

The Source core transmits data on the SPI-4.2 interface. Payload data written into the core
as 64- or 128-bit words (four or eight 16-bit SPI-4.2 words, respectively) are mapped onto
the 16-bit SPI-4.2 interface. Although packet data written into the core may not be 64- or
128-bit aligned, the core optimally maps the data to 16-bit words such that no filler idle
cycles are inserted. The data along with the control signals are written into the core
through an AXI4-Stream FIFO interface, and the FIFO read and write operations are
performed in independent clock domains.
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Sink Core Interfaces

The Source core implements the following features:

Supports 64-bit or 128-bit user data width
Optionally transmits only complete data bursts
External clocking module to facilitate multiple core implementations

Enables two modes to access SPI-4.2 flow control data: addressable via AXI4-Lite
Control Interface and transparent via AXI4-Stream Status Interface

Provides an AXI4-Stream FIFO reset signal for clearing contents of the data pipe
during operation

Provides support for forcing the insertion of DIP-4 errors for system testing

For more information on core features, see Chapter 5, Designing with the Core.

Sink Core.nterfaces

The'Sink core contains four functional modules:

Sink Data FIFO

Sink Data Receive

Sink,AXI4-Lite;Memory Space

Sink Status Transmit

The Sink core has thefollowing interfaces:

Sink SPI-4.2 Interface

Sink User Interface

e Sink Control and Status Interface
e Sink AXI4-Stream FIFOQ Interface
e Sink AXI4-Lite Control Intérfacé

e Sink User Clocking Interface

The functional modules and signals which comprise the different interfaces are shown in
Figure 3-2 and defined in tables in the following sections.
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Figure 3-2: Sink Core Block Diagram
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Sink Core Interfaces

Sink SPI-4.2 Interface

The Sink SPI-4.2 Interface uses LVDS 1/O buffers paired with embedded SERDES to
receive 16-bit data words. The SPI-4.2 Sink core runs at the following frequencies:

e Up to 500 MHz LVDS DDR I/0O (1 Gbps) in Kintex-7 FPGAs
e Above 500 MHz LVDS DDR I/0O (1+ Gbps) in Virtex-7 FPGAs

The 16-bit data words received on the SPI-4.2 Interface are combined into 64-bit or 128-bit
data words by the SPI-4.2 core. This allows the user interface to run at a quarter (64-bit
interface) or an eighth (128-bit interface) of the data rate. For example, with an 800 Mbps
SPI-4.2 data rate and a 64-bit interface, you can read data from the Sink core at 200 MHz. If
128-bit interface is used, you can read data from the Sink core at 100 MHz and maintain the
same data rate.

The resulting data words are written into an asynchronous FIFO. The received 16-bit
control words are stored out of band in the FIFO, along with the corresponding data

words: The received control words that are not idle or training words can contain the
information listed below.

¢, Start.of'continuation of the following packet

e Link address of the following packet

¢ End of‘the preceding packet

¢ Number of valid bytes in the last word of the preceding packet

¢ Error conditions’in the preceding packet

In addition to receivingd6-bitdata words, the SPI-4.2 interface also sends flow control data
at 1/4 rate (or 1/8 rate) of its data interface. The 32-bit (only 8-bits are used, 2-bit status for
4 channels )status from theuser interface is processed and formatted by the SPI-4.2 core to
be transmitted on RSt at . The signals of the Sink SPI-4.2 interface are defined in Table 3-1.

Table 3-1: Sink SPI-4.2 Interface Signals

Name Direction CIOCK Description
Domain
RDCIk_P Input n/a SPI-4.2 Receive Data Clock (LVDS). Source-synchronous clock received
RDCIk N with RDat and RCtl. The risingrand falling,edges of this clock (DDR) are
a used to clock RDat and RCtl.
RDat_P[15:0] Input RDClk | SPI-4.2 Receive Data Bus (LVDS). The 16-bit data bus used to receive SPI-
RDat_N[15:0] 4.2 data and control information.
RCtl_P Input RDClk | SPI-4.2 Receive Control (LVDS). SPI-4.2 Intefface signal that indicates
RCH N whether data or control information is present on the RDatbus. When RCtl
N is deasserted, data is present on RDat. When RCtl is asserted, control
information is present on RDat.
RSClk_P Output n/a SPI-4.2 Receive Status Clock (LVDS/LVTTL). Source-synchronous clock
RSClk N transmitted with RStat at 1/4 or 1/8 rate of the RDClk. The rate of the status
B clock is controlled by the static configuration parameter RSCIkDiv.
RStat_P[1:0] Output RSClk | SPI-4.2 Receive FIFO Status (LVDS/LVTTL). FIFO Status Channel flow
RStat_N[1:0] control interface.
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Sink User Interface

The Sink User Interface includes all signals other than those on the SPI-4.2 Interface. With
a 64-bit data interface, the user interface can operate up to:

e 312.5 MHz in Virtex-7 FPGAs
e 250 MHz in Kintex-7 FPGAs

The high performance logic on the Sink back-end enables the user interface to run at higher
frequencies than the SPI-4.2 Interface. This is sometimes required if a large percentage of
the traffic consists of small packets.

The User Interface is subdivided into four smaller interfaces. Each of the four interfaces are
described in this section, and are listed below.

¢ Control and Status Interface. The signals of this interface apply to the operation of
the Sink core.

o AXI4-Stream FIFO Interface. The signals of this interface allow access to data
received on the SPI-4.2 Interface.

¢ AXI4-Lite Control Interface. The signals of this interface configure the calendar
sequence, static configuration parameters, and send flow control information on the
SPI-4.2 Interface.

¢ User Clocking Interface. These input signals drive the clocks in the core.

Sink Control and Status Interface

The Sink core control and status signals either control the operation of the entire Sink core,
or provide status information that'is not associated with a particular channel (port) or
packet. The signals of thisiinterface/@re defined in Table 3-2.

Table 3-2: Sink Control and Status Interface Signals

Name

Direction | Clock Domain Description

Reset_n

Reset. Active low.signal that asynchronously initializes internal
flip-flops, registers, and counters. When Reset_n is asserted, the
Sink core will go out of frame and the entire data path is cleared
(including the FIFO).:The Sink core will also assert SnkOof, and
deassert SnkBusErr and SnkTrainValid. However, the reset signal
does not affect the Sink or'Source AXI4-Lite Control Interface (the
logic and memory space). When Reset_n is asserted, the Sink core
will transmit framing “11” on RStat and contifiue to drive RSClk.

Input n/a

Following the deassertion of Reset_n, the Sink calendar should be
programmed if the calendar is initialized in-circuit.

Sink Enable. Active high signal that enables the Sink core. When
SnkEn is deasserted, the Sink core will go out of frame and will not
store any additional data in the FIFO. The current contents of the

SnkEn Input | RDCIkDiv_User | FIFO remain intact.
The Sink core will also assert SnkOof, and deassert SnkBusErr and
SnkTrainValid. When SnkEn is deasserted, the Sink core will
transmit framing "11" on RStat and continue to drive RSCIk.
30 www.xilinx.com SPI-4.2 v12.2
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Table 3-2: Sink Control and Status Interface Signals (Cont'd)

Name

Direction

Clock Domain

Description

SnkldelayCtlIRdy

Input

RDClkDiv_User

IDELAYCTRL Ready. Active high signal that indicates when the
IDELAY modules are calibrated. The IDELAYCTRLs must be
instantiated in the wrapper by the user to calibrate the IDELAYs
connected to RDat[15:0], RCtl, RDCIk. Additionally, all the ready
signals from these IDELAYCTRLs must be ANDed together to
provide the signal that connects the SnkldelayCtIRdy signal.

SnkOof

Qutput

RDClkDiv_User

Sink Out-of-Frame. Active high signal indicating that the SPI-4.2
Sink block is not in frame. This signal is asserted when SnkEn is
deasserted or the Sink block loses synchronization with the data
received on the SPI-4.2 Interface. This signal is deasserted once the
Sink block reacquires synchronization with the received SP1-4.2
data.

SnkBusErr

Output

RDClkDiv_User

Sink Bus Error. Active high signal that indicates SPI-4.2 protocol
violations or bus errors that are not associated with a particular
packet. Information on the specific error condition that caused the
SnkBusErr assertion is provided on SnkBusErrStat.

SnkBusErrStat[7:0]

Output

RDClkDiv_User

Sink Bus Error Status. Each bit of this bus corresponds to a specific

Sink Bus Error condition and is asserted concurrently with

SnkBusErr. The error conditions detected are reported as follows:

e SnkBusErrStat [0]: Minimum SOP spacing violation.

e SnkBusErrStat [1]: Control word with EOP not preceded by a
data word.

¢ SnkBusErrStat [2]: Payload control word not followed by a data
word.

¢ SnkBusErrStat [3]: DIP4 error received during training or on
idles.

¢ SnkBusErrStat [4]::Reserved control words received.

¢ SnkBusErrStat [5]: Non-zero address bits on control words
received (exeept on payload and training control words).

¢ SnkBusErrStat [6:7]: Reserved bits (tied low).

When dynamic phase aligniment configuration is used,

SnkBusErrStat can be used to monitor the alignment status. See the

SPI-4.2 User Guide for more information.

SnkTrainValid

Output

RDClkDiv_User

Sink Training Valid. Active high signal that indicates that a valid
training pattern has been received. This sighal is asserted for the
duration of the training pattern (20 SPI-4.2 bus cycles or 5
RDCIkDiv_User clock cycles), if the training pattern received is
successfully decoded.

SnkDIP2ErrRequest

Input

RDClkDiv_User

Sink DIP2 Error Request. This is an active high signal that
requests an incorrect DIP-2 to be sent out of the RStat bus. When
this signal is asserted, the Sink Status FIFO responds by inverting
the next DIP2 value that it transmits.
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Sink AXI14-Stream FIFO Interface

The Sink AXI4-Stream FIFO Interface signals allow access to the data (received on the SPI-
4.2 Interface) that is stored in the FIFO. Table 3-3 describes the signals on this interface.

Table 3-3: Sink AXI4-Stream FIFO Interface Signals

Name

Direction

Description

M_AXIS_SNKFF_ACLK

Input

Sink FIFO Clock. All Sink FIFO Interface signals are synchronous to the
rising edge of this clock.

M_AXIS_SNKFF_.ARESETN

Input

Sink FIFO Reset. Active low signal that enables the user to reset the
Sink FIFO and the associated data path logic. This enables the FIFO to
be cleared while remaining in-frame.The reset signal can be asserted
asynchronously, but deassertion must be synchronous after the rising
edge of ACLK. See the AMBA® AXI4-Stream Protocol specification for
more information.

M_AXIS_SNKFF_TREADY

Input

Sink FIFO User Ready Handshake. Indicates the user is ready to accept
streaming data. When both TREADY and TVALID are asserted on the
rising edge of M_AXIS_SNKFF_ACLK, one data beat is transferred.

M_AXIS_SNKFF_TVALID

Output

Sink FIFO Data Valid Handshake. Indicates the core is presenting valid
streaming data. When both TREADY and TVALID are asserted on the
rising edge of M_AXIS_SNKFF_ACLK, one data beat is transferred.
When asserted (active high), this signal indicates that the information on
M_AXIS_SNKFF_TDATA, M_AXIS_SNKFE_TID,

M_AXIS. SNKFF_SOP, M_AXIS_SNKFF_TLAST,
M{AXIS_SNKEFF_BURSTERR, M_AXIS_SNKFF_TKEEP,
M_AXIS_SNKFF_ERR, M_AXIS_SNKFF_DIP4ERR,
M_AXIS{SNKFE_PAYLOADERR, and
M_AXIS_SNKFF_PAYLOADDIP4 are valid.

M_AXIS_SNKFF_TID[7:0]

Output

Sink FIFO Channel Address. Channel number associated with the data
on M_AXIS_SNKFF_TDATA.

M_AXIS_SNKFF_TDATA[63:0]
or
M_AXIS_SNKFF_TDATA[127:0]

Output

Sink FIFO Data Out.The Sink FIFO data bus. Bit 0 is the LSB.

The core can be configured to have a 64-bit or 128-bit Interface. The 128-
bit interface enables the user to runsat half the clock rate required for a
64-bit interface.

M_AXIS_SNKFF_TKEEP[7:0]
or
M_AXIS_SNKFF_TKEEP[15:0]

Output

Sink FIFO Data Strobe. This signaldndicates which bytes on the
M_AXIS_SNKFF_TDATA bus arevalid when.the
M_AXIS_SNKFF_TLAST signal is asserted(i.e. byte enable).

M_AXIS_SNKFF_TKEEP[7:0] is used with a 64-bit interface.
M_AXIS_SNKFF_TKEEP[15:0] is used with‘a 128-bitinterface.

M_AXIS_SNKFF_SOP

Output

Sink FIFO Start of Packet. When asserted (active high), this signal
indicates the start of a packet is being read out of the Sink FIFO.

M_AXIS_SNKFF_TLAST

Output

Sink FIFO End of Packet (EOP). When asserted (active high), this signal
indicates that the end of a packet is being read out of the Sink FIFO.

M_AXIS_SNKFF_ERR

Output

Sink FIFO Error. When asserted (active high), this signal indicates that
the current packet is terminated with an EOP abort condition. This
signal is only asserted when M_AXIS_SNKFF_TLAST is asserted.
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Table 3-3: Sink AXI4-Stream FIFO Interface Signals (Cont’d)

Name

Direction

Description

M_AXIS_SNKFF_DIP4ERR

Output

Sink FIFO DIP-4 Error. When asserted (active high), this signal
indicates that a DIP-4 parity error was detected with the SPI-4.2 control
word ending a packet or burst of data. This signal is asserted at the end
of that packet or burst of data.

M_AXIS_SNKFF_PAYLOADDIP4

Output

Sink FIFO Payload DIP4 Error. When asserted (active high), this signal
indicates that a DIP-4 parity error was detected with the SPI-4.2 control
word starting a packet or burst of data. This signal is asserted at the end
of that packet or burst of data.

M_AXIS_SNKFE_BURSTERR

Output

Sink FIFO Burst Error. When asserted (active high), this signal indicates
that the Sink core has received data that was terminated on a non-credit
boundary without an EOP. M_AXIS_SNKFF_BURSTERR may be used
by the user’s logic to indicate missing EOPs, or incorrectly terminated
bursts. In this case the Sink core does not assert
M_AXIS_SNKFF_TLAST or M_AXIS_SNKFF_ERR.

M_AXIS_SNKFF_PAYLOADERR

Outprit

Sink FIFO Payload Error. When asserted (active high), this signal
indicates that the received data was not preceded by a valid payload
control word. Since it is not clear what the packet Address and SOP
should be, it is flagged as an error. This is asserted with each data word
coming out of the FIFO, and will remain asserted until a valid payload
control word is followed by data.

SNKFF_ALMOSTFULL_N

Output

Sink FIEO‘Almost Full. When asserted (active low), this signal
indicates that the Sink core is approaching full (as defined by the
parameter SnkAFThresAssert), and that immediate action should be
takenito prevent overflow.

SNKFF_OVERFLOW_N

Output

Sink FIFQ Overflow. When asserted (active low), this signal indicates
that the Sink cofe has'overflowed and is in an error condition. Data will
be lost if SNKFF_OVERFLOW_N is asserted, since no data is written
into the FIFO when theoverflow signal is asserted.
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31

Sink AXl4-Lite Control Interface (Calendar, Configuration and Status)

The Sink AXI4-Lite Control interface is used to program the calendar memory, status
memory, and static configuration memory. This memory space is defined in Figure 3-3.

23

15

0x000 Calendar 3 Calendar 2 Calendar 1 Calendar 0
0x004 Calendar 7 Calendar 6 Calendar 5 Calendar 4
Ox1F8 Calendar 507 Calendar 506 Calendar 505 Calendar 504
0x1FC Calendar 511 Calendar 510 Calendar 509 Calendar 508

31 23 15 7 0
0x200 R " ch3 R ch2 R chl R cho
0x204 R Ch7, R Ché R Chs R Ch4
O0x2F8 R Iieh2sd R Ch250 R Ch249 R Ch254
0x2FC] R Ch255 R Ch254 R Ch253 R Ch252

31 | 23 15 | 7 0
0x300 R NumTrainSequences[3:0] R NumDip4Errors[3:0]
0x304 R SnkCalendarLen[8:0] R | SnkCalendarM[7:0]
0x308 R SnkAFThresAssert[8:0] R SnkAFThresNegate[8:0]
0x30C] R | R

FifoAFMode[1:0] RSCIkDiv
RSCIkPhase

Figure 3-3: Sink AXI4-Lite Memory:Space

The calendar determines the status channel order and frequéncy. Through this interface,
the user can program the calendar buffer to determine the/order and frequency with which
the channel status is sent on the SPI-4.2 interface. The/Status memoty enables the user to
send flow control data to the transmitting device. Flow control may be'automatically or
manually implemented. The static configuration memory enables castomization of the
core based on individual system requirements. These settings are statically driven inside
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the core by writing registers through the Control interface. Table 3-4 describes the Control
interface signals, and Table 3-5 defines the static configuration parameters.

Table 3-4: Sink AXI4-Lite Control Interface Signals

Name

Direction

Clock Domain

Description

AXI_SNK_ACLK

Input

N/A

AXI4-Lite Clock. All Sink AXI4-Lite signals are
synchronous to the rising edge of this clock

AXI_SNK_ARESETN

Input

AXI_SNK_ACLK

AXI4-Lite Reset. Active-low signal that enables the user to
reset the AXI4-Lite interface and all associated logic and
memories to chosen GUI settings. The reset signal can be
asserted asynchronously, but deassertion must be
synchronous after the rising edge of ACLK. See the AMBA
AXI4 Protocol specification for more information.

Read Address Channel

AXI_SNK_ARREADY

Qutput

AXI_SNK_ACLK

AXI4-Lite Read Address Core Handshake. Indicates the
core is ready to accept a read address. When both
ARREADY and ARVALID are asserted on a clock cycle, a
one-word read request occurs for the address provided on
ARADDR and the core fetches the contents of that address.

AXI_SNK_ARVALID

Input

AXI_ SNK=ACLK

AXI4-Lite Read Address User Handshake. Indicates the
user is presenting a valid read address. When both
ARREADY and ARVALID are asserted on a clock cycle, a
one-word read request occurs for the address provided on
ARADDR and the core fetches the contents of that address

AXI_SNK_ARADDR[9:0]

Input

AXI_SNK_ACLK

AXI4-Lite Read Address. Address to be read by the user
application.

Read Data Channel

AXI_SNK_RREADY

Input

AXI_SNK_ACLK

AXI4-Lite Read Data User Handshake. Indicates the user
is ready to accept read data. When both RREADY and
RVALIDare asserted on a clock cycle, one data beat is read

out of the core. This handshake completes the transaction
begun by the ARREADY /ARVALID handshake.

AXI_SNK_RVALID

Output

AXI_SNK_ACLK

AXI4-Lite Read Data Core Handshake. Indicates the core
is presenting valid readddata. When.both RREADY and
RVALID are asserted on a clock cycle, one data beat is read

out of the core. This handshake'completes the transaction
begun by the ARREADY /ARVALID handshake.

AXI_SNK_RDATA[31:0]

Output

AXI_SNK_ACLK

AXI4-Lite Read Data. Data read from address location
provided on ARADDR is presented here. Bit 0 is the LSB.

Write Address Channel

AXI_SNK_AWREADY

Output

AXI_SNK_ACLK

AXI4-Lite Write Address Core Handshake. Indicates the
core is ready to accept a write address. When both
AWREADY and AWVALID are asserted on a clock cycle,
one write address beat is accepted by the core. Once both
the WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete.
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Table 3-4: Sink AXI4-Lite Control Interface Signals (Cont’d)

Name

Direction

Clock Domain

Description

AXI_SNK_AWVALID

Input

AXI_SNK_ACLK

AXI4-Lite Write Address User Handshake. Indicates the
user is presenting a valid write address. When both
AWREADY and AWVALID are asserted on a clock cycle,
one write address beat is accepted by the core. Once both
the WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete

AXI_SNK_AWADDRI[9:0]

Input

AXI_SNK_ACLK

AXI4-Lite Write Address. Address to be written by the
user application.

Write Dat

a Channel

AXI_SNK_WREADY

Output

AXI_SNK_ACLK

AXI4-Lite Write Data Core Handshake. Indicates the core
is ready to accept write data and strobe. When both
WREADY and WVALID are asserted on a clock cycle, one
write address beat is accepted by the core. Once both the
WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete.

AXI_SNK_WVALID

Input

AXILSNK_ACLK

AXI4-Lite Write Data User Handshake. Indicates the user
is presenting valid write data and strobe. When both
WREADY and WVALID are asserted on a clock cycle, one
write address beat is accepted by the core. Once both the
WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete.

AXI_SNK_WDATA[31:0]

Input

AXI_SNK_ACLK

AXI4-Lite Write Data. Data written into the core. Bit 0 is
the L.SB:

AXI_SNK_WSTRBI[3:0]

Input

AXI_SNK_ACLK

AXI4-Lite Write Strobe. Byte enable associated with
AXI_SNK_WDATA. Bit 0 enables WDATA[7:0], bit 1
enables WDATA[15:8], bit 2 enables WDATA[23:16], and
bit 3 enables WDATA[32:24].

Write Respo

nse Channel

AXI_SNK_BREADY

Input

AXI_SNK_ACLK

AXI4-Lite Write Response User Handshake. Indicates the
user is ready to accept a write response. When both
BREADY and BVALID are assérted on a rising edge of
AXI_SNK_ACLK, one writé response transaction is read
out of the core.

AXI_SNK_BVALID

Output

AXI_SNK_ACLK

AXI4-Lite Write Response Core Handshake. Indicates the
core is presenting a valid write response. When both
BREADY and BVALID are asserted on a rising edge of
AXI_SNK_ACLK, one write response transaction is read
out of the core. Each write transaction will generate a write
response, regardless of whether the write succeeded. The
Error Bus (below) provides further signaling in regards to
errors that occur during write operations.
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Table 3-4: Sink AXI4-Lite Control Interface Signals (Cont’d)

Name

Direction| Clock Domain

Description

Sideband

Error Bus

SNK_BRESP_ERR[Z0]

Output | AXI_SNK_ACLK

AXI4-Lite Error Bus. Each bit of this bus corresponds to a
specific AXI4-Lite Error condition. The error conditions
detected are reported as follows:

SNK_BRESP_ERR [0]: Write Response counter is full. No
further writes or reads will be processed until at least one
Write Response is read from the core using
BREADY/BVALID.

SNK_BRESP_ERR[1]: Write transaction to the
Configuration space failed.

SNK_BRESP_ERR [2]: Write transaction to the Calendar
space has failed.

SNK_BRESP_ERR[3]:Read /Write has missed a valid
address

SNK_BRESP_ERR [4:7]: Reserved bits (tied low).

Sink Static Configuration Parameters

Sink Static Configuration Parameters are memory registers in the core that are written to
through the AXI4<Lite/Control Interface. The default values of these memory registers are
determined through the GUI. The user can customize these registers using the GUI.

If these parameters need to bé changed in-circuit, they should be changed when the core is
not in operation (disabled/and inreset state).

The following steps are recommended when changing static configuration parameters:

1. Disable the sink core (SnkEn signal).
2. Assert core reset (Reset _n =0).

3. Change the desired static configuration parameters by using the AXI4-Lite Control
interface. See Sink Static Configuration Parameters in Chapter 5.

Deassert reset (Reset _n=1).

5. Wait at least 10 clock cycles of RDCl kDi v_User for the sink static configuration
parameters to settle and propagate to the Sink core's logic.

6. Enable the core and wait for the core to achieve synchronization. Then continue

normal operation.

The Sink Static Configuration Parameters are defined in Table 3-5.

Table 3-5: Sink Static Configuration Parameter Definition

Name Range Description
Number of DIP-4 Errors. The Sink interface goes out-of-frame (assert
NumDip4Errors[3:0] 1-15 SnkOof) and stops accepting data from the SPI-4.2 bus after receiving

NumDip4Errors consecutive DIP-4 errors.

Number of Complete Training Sequences. A complete training
pattern consists of 10 training control words and 10 training data
NumTrainSequences[3:0] 1-15 words. The Sink interface requires NumTrainSequences consecutive
training patterns before going in frame (deasserting SnkOof) and
accepting data from the SPI-4.2 bus.
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Table 3-5: Sink Static Configuration Parameter Definition (Cont’d)

Name

Range

Description

SnkCalendar_M][7:0]

0-255

(effective range
1-256)

Sink Calendar Period. The SnkCalendar_M parameter sets the number
of repetitions of the calendar sequence before the DIP-2 parity and
framing words are inserted.

The core implements this parameter as a static register programmed by
the AXI4-Lite interface, and it can be updated in circuit by first
deasserting SnkEn.

Note that the Sink Calendar Period equals SnkCalendar_M + 1. For

example, if SnkCalendar_M=22, the Sink Calendar Period will be equal
to 23.

SnkCalendar_Len[8:0]

0-511

(effective range
1-512)

Sink Calendar Length. The SnkCalendar_Len parameter sets the
length of the calendar sequence.

The core implements this parameter as a static register programmed by
the AXI4-Lite interface, and it can be updated in circuit by first
deasserting SnkEn.

Note that the Sink Calendar Length equals SnkCalendar_Len + 1. For
example, if SnkCalendar_Len=15, the Sink Calendar Length will be
equal to 16.

SnkAFThresNegate[8:0]

SnkAFThresAssert
to 508

Sink Almost Full Threshold Negate.

Defines the minimum number of empty FIFO locations that exist when
SNKFF_ALMOSTFULL_N is deasserted. Note that the negate
threshold must be greater or equal to the assert threshold
(SnkAFThresAssert).

When SNKFE_ ALMOSTFULL_N is deasserted, the core stops sending
flow control (deasserts SNKFF_ALMOSTFULL_N) and resumes
transmission ofwvalid FIFO status levels. This indicates to the
transmitting device that additional data can be sent.

SnkAFThresAssert[8:0]

1-508

Sink Almost Full Threshold Assert. Defines the minimum number of
empty FIFO locations that'exist when SNKFF_ALMOSTFULL_N is
asserted. The assert thfeshold must be less than or equal to the negate
threshold (SnkAFThresNegate).

When SNKFF_ALMOSTFULL, N is asserted, the core initiates the flow
control mechanism selected by the parameter FifoAFMode. The
FifoAFMode defines when the interface stops‘sending valid FIFO
status levels and begins sending flow controlinforfhation on RStat. This
indicates to the transmitting device thatthe coreis almost full and
additional data cannot be sent.

RSCIkDiv

n/a

Sink Status Clock Divide. Used to determine if the RSClk is 1/4 of the
data rate, which is compliant with the OIF specification, or 1/8 of the
data rate, which is required by some PHY ASSPs:

0: RSCIkDiv = 1/4 rate (default value)
1: RSCIkDiv = 1/8 rate
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Table 3-5: Sink Static Configuration Parameter Definition (Cont’d)

Name

Range

Description

RSClkPhase

n/a

Sink Status Clock Phase. Determines whether the FIFO Status Channel
data (RStat[1:0]) changes on the rising edge of RSClk or the falling edge
of RSClIk:

0: RSClkPhase = rising edge of RSClk (default value)
1: RSClkPhase = falling edge of RSClk

FifoAFMode[1:0]

n/a

Sink Almost Full Mode. Selects the mode of operation for the Sink
interface when the Sink core reaches the Almost Full threshold
(SnkAFThresAssert).

If FifoAFMode is set to “00,” the Sink interface goes out-of-frame when
the core is almost full, and the Sink Status logic sends the framing
sequence “11” until Sink core is not almost full.

If FifoAFMode is set to “01,” the Sink interface remains in frame
(SnkOof deasserted), and the Sink Status logic sends satisfied “10” on
all channels until SNKFF_ALMOSTFULL_N is deasserted.

If FifoAFMode is set to “10” or “11,” the Sink interface will remain in
frame (SnkOof deasserted), and the Sink Status logic continues to drive
out the user’s status information (i.e., continues in normal operation).
In this case, the user should take immediate action to prevent overflow
and loss of data.
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Sink User Clocking Interface

For the SPI-4.2 AXI core (version 11.1 and onwards), the Sink core's clocking module is not
embedded in the core. The clock interface to the core consists of input clock ports required
by the internal logic. A list of the Sink clock ports and descriptions is given in Table 3-6.

Table 3-6: Sink User Clock Signals
Minimum Frequency
. . - i Maximum
Dynamic :
Name Direction Description ghase S;aIFIC Phaste Frequency
Alignment 'gnmen
RDCIk0_User Input RDCIkO User: This clock is the full Rate 220 MHz MMCM or 500+ MHz
(User Receive Data Clock. BUFR
Interface) Minimum
RDCIkDiv_User Input RDCIkDiv User: This clock is half rate 110 MHz MMCM or 250+ MHz
(User: of the RDClk. Itis used for clocking the BUFR
Intetface), | ‘internal logic of the core. This clock Minimum
runs‘at half the frequency of
RDCIk0_User frequency with zero
degree phase offset. This clock is also
used/to generate RSCIk.
SnkClksRdy_User Input Sink Clocks Reéady User: This signal NA NA NA
(User indicates tothe sink core that the clocks
Interface) | are stable and ready to tise.

Source Core Interfaces

The Source core has five functional modules:

e  Source Data FIFO

e Source Data Transmit

® Source Status Logic

e Source AXI-4 Lite Memory Space

e Source Status Receive

The Source core has the following interfaces:

e Source SPI-4.2 Interface

e Source User Interface

Source Control and Status Interface
Source AXI4-Stream FIFO Interface
Source AXI4-Lite Control Interface
Source AXI4-Stream Status Interface

Source User Clocking Interface

The functional modules and signals which comprise the different interfaces are shown in
Figure 3-4 and defined in tables in the following sections.
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Figure 3-4: Source Core Block Diagram and I/O Interface Signals
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Source SPI-4.2 Interface

The SPI-4.2 interface uses LVDS I/O bulffers paired with embedded SERDES to transmit
16-bit data words. The SPI-4.2 Source core runs at frequencies up to:

e 500 MHz LVDS DDR I/0O (1 Gbps) in Kintex-7 FPGAs
* Above 500 MHz LVDS DDR I/O (1+ Gbps) in Virtex-7 FPGAs

The data words received on the user interface and the out-of-band control words are
multiplexed onto the SPI-4.2 16-bit databus. The Source core supports a 64-bit or 128-bit
user FIFO interface. This allows the user interface to run at a quarter (64-bit interface) or an
eighth (128-bit interface) of the data rate. For example, an 800 Mbps SP1-4.2 data rate and a
64-bit interface can write data into the Source core at 200 MHz. If a 128-bit interface is used
data is written into the Source core at 100 MHz and maintain the same data rate.

In addition to transmitting 16-bit data words, the SPI-4.2 interface also receives flow
control data at 1/4 rate of its data interface. The 2-bit status received can be presented in
two interfaces: AXI4-Stream status interface (transparent mode) or AXI4-Lite Control
interface\(addressable mode).

The signals'on the SPI-4.2 Source Interface are defined in Table 3-7.

Table 3-7: Source SPI-4.2 Interface‘Signals

Clock

Name Direction . Description
Domain
TDClk P SPI-4.2 Transmit Data Clock (LVDS). Source synchronous clock transmitted
TDClk_N Output n/a with TDat. The rising and falling edges of this clock (DDR) are used to clock

TDatand TCtl.

TDat_P[15:0]
TDat_N[15:0]

Output TDClk

SPI-4.2 Transmit Data Bus (LVDS). The 16-bit data bus is used to transmit
SPI-4.2 data'andscontroliinformation.

SPI-4.2 Transmit Control (LVDS). SPI-4.2 Interface signal that defines

TCtl_P Output TDClk whether data or contrel information is present on the TDat bus. When TCtl
TCtLN uipu is Low, data is presention TDat. When TCtl is High, control information is
present on TDat.
TSClk P SPI-4.2 Transmit Status Clock (LVDS /LVITL). Source synchronous clock
B n/a that is received by the Source core with TStat@at 1/4 rate (or 1/8 rate) of
TSCIk_N TDCIk.

TStat_P[1:0]
TStat_N[1:0]

SPI-4.2 Transmit FIFO Status (LVDS/LVTTL). FIF@-Status-Channel flow

TSClk control interface.

Source User Interface

The Source User Interface includes all signals other than those on the SPI-4.2 Interface. The
user interface can operate up to:

e 312.5 MHz in Virtex-7 FPGAs
* 250 MHz in Kintex-7 FPGAs
The high performance logic on the Source back-end enables the user interface to run at

higher frequencies than the SPI-4.2 Interface. This is sometimes required if a large
percentage of the traffic consists of small packets.

The user interface is subdivided into 5 smaller interfaces. Each of these signal types are
presented in detail below.

42

SPI-4.2v12.2
UG784 July 25, 2012

www.xilinx.com


http://www.xilinx.com

8 X||_|NX Source Core Interfaces

¢ Control and Status Interface. The signals of this interface apply to the operation of
the Sink core.

e AXI4-Stream FIFO Interface. The signals of this interface determine the data to be
sent on the SPI-4.2 Interface.

¢ AXI4-Lite Control Interface. The signals of this interface configure the calendar
sequence, static configuration parameters, and receive flow control information on the
SPI-4.2 Interface.

* AXI4-Stream Status Interface. The signals of this interface present the latest flow
control information received on the SPI-4.2 Interface.

e User Clocking Interface. These input signals drive the clocks in the core.

Source Control and Status Interface

The Source Control and Status signals either control the operation of the entire Source core
or'provide status information that is not associated with a particular channel (port) or
packet.Table 3-8 defines the signals of this interface.

Table 3-8: Source Control and Status Signals

Name Direction Clock Domain Description

Reset_n. This active low, asynchronous control signal
enables the user to restart the entire Source core, and causes
the core to go out-of-frame. While Reset_n is asserted, the
Source core transmits idles cycles on TDat. However, the
Reset signal does not affect the sink or source AXI4-Lite
Control Interface (logic and memory space). Coming out of
Reset_n, the Source core transmits training patterns.

Reset_n Input n/a

Following the release of Reset_n, the Source Calendar
should be programmed if the calendar is to be initialized in-
circtit.

Source Enable. Active high signal that enables the Source
core. When SrcEnvis deasserted, the Source core will not
store or verify received status information. The Source core
SrcEn Input SysClkDiv_User will also assert SrcQof, and deassert SrcDIP2Err,
SrcPatternErr and SrcStatErameErr. When SrcEn is
deasserted, the Source core will transmit training patterns
on TDat.

Source Out-of-Frame. When this signal is,asserted (active
high), it indicates that the SPI#4.2 Setirce block is not in
frame. This signal is asserted whefi the Source block has lost
synchronization on the transmit FIFO status interface. This
is caused by the receipt of consecutive DIP-2 parity errors
(determined by the parameter NumDip2Errors), invalid
SrcOof Output SysClkDiv_User received status frame sequence (of four consecutive frame
words "11"), or when SrcEn is deasserted

This signal is deasserted once the Source block reacquires
synchronization with the SPI-4.2 transmit Status Channel.
Synchronization occurs when consecutive valid DIP2 words
(determined by the Static Configuration parameter
NumDip2Matches) are received and SrcEn is asserted.
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Table 3-8: Source Control and Status Signals (Cont'd)

Name Direction Clock Domain Description

Source DIP-2 Parity Error. When this signal is asserted
(active high), it indicates that a DIP-2 parity error was
detected on TStat. This signal is asserted for one clock cycle
each time a parity error is detected.

SrcDIP2Err Output | M_AXIS_SRCSTAT_ACLK

Source Status Frame Error: When this signal is asserted
(active high), it indicates that a non "11" frame word was
received after DIP-2 on TStat. This signal is asserted for one
clock cycle each time a frame word error is detected.

SrcStatFrameErr | Output | M_AXIS_SRCSTAT_ACLK

Source Data Pattern Error. When asserted (active high),
indicates that the data pattern written into the Source FIFO
is illegal. Illegal patterns include the following:

¢ Burst of data terminating on a non-credit boundary (not

SrcPatternErr Outpat S_AXIS_SRCFF_ACLK a multiple of 16 bytes) with no EOP.

e AllS_AXIS_SRCFF_TKEEP not set to one when
S_AXIS_SRCFF_TLAST is deasserted.

This signal is asserted for one clock cycle each time an illegal
data pattern is written into the Source FIFO.

Idle Request.Active high signal that requests idle control
words be sent out of the Source SPI-4.2 interface. The Source
core responds by sending out idle control words at the next
burst boundary. This signal overrides normal SPI-4.2 data
transfer requests, but does not override training sequence
requests (TrainingRequest).

IdleRequest Input SysClkDiv_User

Activating the request for idle cycles does not affect the
Source FIFO contents or the user side operation.

Training Pattern Request. Active high signal that requests
trainihg patterns be sent out of the Source SPI-4.2 interface.
The Souzce coreresponds by sending out training patterns
TrainingRequest | Input SysClkDiv_User at the next burstboundary. This signal overrides idle
requests (IdleRequest) and normal SPI-4.2 data transfers.

Activating the request for training cycles does not affect the
Source FIFO contents or the user side operation.

SrcTriStateEn. Activehigh controlsignal that enables the
user to tri-state the IOB drivers for the following Source core
outputs: TDClk, TDat[15:0], and TCtL

SrcTriStateEn Input SysClkDiv_User When SrcTriStateEn=0, the outpiits are notdri-stated.
When SrcTriStateEn=1, the outputs are tri-stated.
Default setting for this signal is disabled (SrcTriStateEn=0.)
Source Out-of-Frame Override. When this signal is

. . asserted, the Source core behaves as if in-frame, and sends

SreQofOverride | Input SysCIkDiv_User data on TDat regardless of the status received on TStat. This

signal is used for system testing and debugging.
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Source AXI4-Stream FIFO Interface

The Source AXI4-Stream FIFO Interface signals write data into the FIFO to be transmitted
on the SPI-4.2 Interface. Table 3-9 defines the signals of this interface.

Table 3-9: Sink AXI4-Stream FIFO Interface Signals

Name

Direction

Clock Domain

Description

S_AXIS_SRCFF_ACLK

Input

n/a

Source FIFO Clock. All Source FIFO Interface
signals are synchronous to the rising edge of this
clock.

S_AXIS_SRCFF.ARESETN

Input

S_AXIS_SRCFF_ACLK

Source FIFO Reset. Active low signal that
enables the user to reset the Source FIFO and the
associated data path logic. This enables the FIFO
to be cleared while remaining in-frame. The reset
signal can be asserted asynchronously, but
deassertion must be synchronous after the rising
edge of ACLK. See the AMBA AXI4-Stream
Protocol specification for more information.

S_AXIS_SRCFF_TREADY

Output

S AXIS_SRCFF_ACLK

Source FIFO Core Handshake. Indicates the core
is ready to accept streaming data. When both
TREADY and TVALID are asserted on the rising
edge of S_AXIS_SRCFF_ACLK, one data beat is
transferred into the core. De-assertion of
TREADY indicates the Source core has reached
the AlmostFull threshold set by the parameter
SrcAFThresAssert.

S_AXIS_SRCFF_TVALID

Input

S_AXIS_SRCFF_ACLK

Source FIFO User Handshake. Indicates the user
is presenting valid streaming data. When both
TREADY and TVALID are asserted on the rising
edge of S_AXIS_SRCFF_ACLK, one data beat is
transferred into the core. When asserted (active
high);this signal indicates that the information
on SCAXIS_SRCFF_TDATA,
SLAXISySRCFF_TID, S_AXIS_SRCFF_SOP,
S_AXIS_SRCFF.TEAST,

S_AXIS_ [SRCFE_TKEEP, and
S_AXIS_SREFF_ERR are valid.

S_AXIS_SRCFF_TID|[7:0]

Input

S_AXIS_SRCFF_ACLK

Source FIFO Channel Address. Channel
number associatedwith the dataon
S_AXIS_SRCFF_TDATA.

S_AXIS_SRCFF_TDATA[63:0]
or
S_AXIS_SRCFF_TDATA[127:0]

Input

S_AXIS_SRCFF_ACLK

Source FIFO Data. The Source FIFO data bus. Bit
0is the LSB. The core can be configured to have a
64-bit or a 128-bit interface. The 128-bit interface
enables the user to run at half the clock rate
required for a 64-bit interface.
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Table 3-9: Sink AXI4-Stream FIFO Interface Signals (Cont’d)

Name

Direction

Clock Domain

Description

S_AXIS_SRCFF_TKEEP[15:0]
or

S_AXIS_SRCFF_TKEEP[7:0]

Input

S_AXIS_SRCFF_ACLK

Source FIFO Strobe. This signal indicates which
bytes on the S_AXIS_SRCFF_TDATA bus are
valid when the S_AXIS_SRCFF_TLAST signal is
asserted (i.e. byte enable). When
S_AXIS_SRCFF_TLAST is deasserted,
S_AXIS_SRCFF_TKEEP should always be set to
all ones.

S_AXIS_SRCFF_TKEEP[7:0] is used with a 64-bit
interface.

S_AXIS_SRCFF_TKEEP[15:0] is used with a 128-
bit interface.

S_AXIS_SRCFF_SOP

Input

S_AXIS_SRCFF_ACLK

Source FIFO Start of Packet. When asserted
(active high), indicates that the start of a packet is
being written into the Source FIFO.

S_AXIS_SRCFF_TLAST

Input

S_AXIS_SRCFF_ACLK

Source FIFO End of Packet. When asserted
(active high), indicates that the end of a packet is
being written into the Source FIFO. May be
concurrent with S_AXIS_SRCFF_SOP.

S_AXIS_SRCFF_ERR

Input

S_AXIS_SRCFF_ACLK

Source FIFO Error. When asserted (active high)
simultaneously with the S_AXIS_SRCFF_TLAST
flag, the current packet written into the FIFO
contains an error. This causes an EOP abort to be
sent on the SPI-4.2 Interface.

S_AXIS_SRCFF_ERR can be used in combination
with S_AXIS_SRCFF_TLAST to insert erroneous
DIP-4 values for testing purposes. When
S_AXIS_SRCFF_ERR is asserted and
SAAXIS_SRCFF_TLAST is not asserted, the core
insefts an EOP (1 or 2 bytes depending on the
SLAXIS_SRCFF_TKEEP value) with an
erroneous DIP-4 value. The erroneous DIP4
value is an inversion of the correctly calculated
value.

46

www.xilinx.com

SPI-4.2v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX.

Source Core Interfaces

31

Source AXI4-Lite Control Interface (Calendar, Configuration and Status)

The Source AXI4-Lite Control interface is used to program the calendar memory, read
status memory, and program static configuration memory. This memory space is defined
in Figure 3-5.
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R SrcAFThresAssert[8:0] R SrcAFThresNegate[8:0]
R AlphaData[7:0] DataMaxT[15:0]
R R SrcBurstLen[9:0]
SrcBurstMode'

Figure 3-5: Source AXIl4-Lite Memory Space

The calendar determines the status channel ordet.and frequency. Through this interface,
the user can program the calendar buffer to determinethe order and frequency with which
channel status is received on the SPI-4.2 interface.

Flow control data from the SPI-4.2 Status interface canvbe received by the user in one of two
ways:

Addressable Mode (AXI4-Lite Control Interface): In thisimode, the Status information
is stored in the AXI4-Lite Control memory space and can bé retrieved at the user’s

convenience.

Transparent Mode (AXI4-Stream Status Interface): In this mode, the Status
information is provided real-time as it is received on TStat and is not stored within the
core. In this mode, the status memory space as defined in Figure 3-5 is not usable
(“Reserved”) and reads to it will return all zeroes.

The static configuration memory enables customization of the core based on individual
system requirements. These settings are statically driven inside the core by writing
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registers through the Control interface. Table 3-10 defines the Control interface signals, and
Table 3-11 defines the static configuration parameters.

Table 3-10: Source AXI4-Lite Control interface Signals

Name

Direction

Clock Domain

Description

AXI_SRC_ACLK

Input

N/A

AXI4-Lite Interface Clock. All Sink AXI4-Lite signals are
synchronous to the rising edge of this clock.

AXI_SRC_ARESETN

Input

AXI_SRC_ACLK

AXI4-Lite Interface Reset. Active-low signal that enables
the user to reset the AXI4-Lite interface and all associated
logic and memories to chosen Vivado settings. The reset
signal can be asserted asynchronously, but deassertion
must be synchronous after the rising edge of ACLK. See the
AMBA AXI4 Protocol specification for more information.

Read Addre

ss Channel

AXI_SRC_ARREADY

Output

AXI_SRC_ACLK

AXI4-Lite Read Address Core Handshake. Indicates the
core is ready to accept a read address. When both
ARREADY and ARVALID are asserted on a clock cycle, a
one-word read request occurs for the address provided on
ARADDR and the core fetches the contents of that address.

AXI_SRC_ARVALID

Input

AXI_SRC-ACLK

AXI4-Lite Read Address User Handshake. Indicates the
user is presenting a valid read address. When both
ARREADY and ARVALID are asserted on a clock cycle, a
one-word read request occurs for the address provided on
ARADDR and the core fetches the contents of that address.

AXI_SRC_ARADDR[9:0]

Input

AXI_SRC_ACLK

AXI4-Lite Read Address. Address to be read by the user
application.

Read Data Channel

AXI_SRC_RREADY

Input

AXI_SRC_ACLK

AXI4-Lite Read Data User Handshake. Indicates the user
is ready to accept read data. When both RREADY and
RVALID:are asserted on a clock cycle, one data beat is read

out of the core. This handshake completes the transaction
begun by the ARREADY/ARVALID handshake.

AXI_SRC_RVALID

Output

AXI_SRC_ACLK

AXI4-Lite Read Data Core' Handshake. Indicates the core
is presenting valid readdata. When both RREADY and
RVALID are asserted on a clock cycle, one data beat is read

out of the core. This handshakecompletes the transaction
begun by the ARREADY /ARVALID handshake.

AXI_SRC_RDATA[31:0]

Output

AXI_SRC_ACLK

AXI4-Lite Read Data. Data read from address location
provided on ARADDR is presented here. Bit 0 is the LSB.

Write Address Channel

AXI_SRC_AWREADY

Output

AXI_SRC_ACLK

AXI4-Lite Write Address Core Handshake. Indicates the
core is ready to accept a write address. When both
AWREADY and AWVALID are asserted on a clock cycle,
one write address beat is accepted by the core. Once both
the WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete.
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Table 3-10: Source AXI4-Lite Control interface Signals (Cont'd)

Name

Direction

Clock Domain

Description

AXI_SRC_AWVALID

Input

AXI_SRC_ACLK

AXI4-Lite Write Address User Handshake. Indicates the
user is presenting a valid write address. When both
AWREADY and AWVALID are asserted on a clock cycle,
one write address beat is accepted by the core. Once both
the WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete.

AXI_SRC_AWADDR[9:0]

Input

AXI_SRC_ACLK

AXI4-Lite Write Address. Address to be written by the user
application.

Write Data Channel

AXI_SRC_WREADY

Output

AXI_SRC_ACLK

AXI4-Lite Write Data Core Handshake. Indicates the core
is ready to accept write data and strobe. When both
WREADY and WVALID are asserted on a clock cycle, one
write address beat is accepted by the core. Once both the
WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete

AXI_SRC_WVALID

Input

AXILSRC_ACLK

AXI4-Lite Write Data User Handshake. Indicates the user
is presenting valid write data and strobe. When both
WREADY and WVALID are asserted on a clock cycle, one
write address beat is accepted by the core. Once both the
WREADY/WVALID and AWREADY/AWVALID
handshakes occur independently, one write transaction is
complete.

AXI_SRC_WDATA[31:0]

Input

AXI_SRC_ACLK

AXI4-Lite Write Data. Data written into the core. Bit 0 is the
LSB.

AXI_SRC_WSTRBJ[3:0]

Input

AXI_SRC_ACLK

AXI4-Lite Write Strobe. Byte enable associated with
AXI_SRCIWDATA. Bit 0 enables WDATA[7:0], bit 1
enables WDATA[15:8], bit 2 enables WDATA[23:16], and bit
3 enables WDATA[32:24].

Write Response Channel

AXI_SRC_BREADY

Input

AXI_SRC_ACLK

AXI4-Lite Write Response User Handshake. Indicates the
user is ready to accept a write responses When both
BREADY and BVALID are asserted on a rising edge of
AXI_SRC_ACLK, one write response transaction is read
out of the core.

AXI_SRC_BVALID

Output

AXI_SRC_ACLK

AXI4-Lite Write Response Core Handshake. Indicates the
core is presenting a valid write response. When both
BREADY and BVALID are asserted on a rising edge of
AXI_SRC_ACLK, one write response transaction is read
out of the core. Each write transaction will generate a write
response, regardless of whether the write succeeded. The
Error Bus (below) provides further signaling in regards to
errors that occur during write operations.
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Table 3-10: Source AXI4-Lite Control interface Signals (Cont'd)

Name

Direction| Clock Domain

Description

Sideband

Error Bus

SRC_BRESP_ERR[7:0]

Output | AXI_SRC_ACLK

AXI4-Lite Error Bus. Each bit of this bus corresponds to a
specific AXI4-Lite Error condition. The error conditions
detected are reported as follows:

SRC_BRESP_ERR [0]: Write Response counter is full. No
further writes or reads will be processed until at least one
Write Response is read from the core using
BREADY/BVALID.

e SRC_BRESP_ERR[1]: Write transaction to the
Configuration space failed.

e SRC_BRESP_ERR [2]: Write transaction to the Calendar
space has failed.

e SRC_BRESP_ERR[3]: Write transaction to the Status
space has failed.

e SRC_BRESP_ERR[4]:Read /Write transaction has missed
a valid address. This includes all Status memory
accesses when using Transparent Status Mode.

¢ SRC_BRESP_ERR [5:7]: Reserved bits (tied low).

Source Static Configuration Parameters

Source Static ConfigurationParameters are memory registers in the core that are written to
through the AXI4-Lite Control Interface. The default values of these memory registers are
determined through the Vivado GUI The user can customize these registers using the GUL

If these parameters need to be changed in-circuit, they should be changed when the core is
not in operation (disabled and in reset state).

The following steps are recommended when changing static configuration parameters:

1.
2.
3.

6.

Disable the source core (St cEn signal).

Assert core reset (Reset _n =0).

Change the desired static configuration parameters by using the AXI4-Lite control
interface. See Source Static Configuration Parametets in Chapter 5.

Deassert reset (Reset _n=1).

Wait at least 10 clock cycles of SysC kDi v_User for the source static configuration
parameters to settle and propagate to the Source core's logic.

Enable the core and wait for the core to achieve synchronization. Then continue

normal operation.

The Source Static Configuration Parameters are defined in Table 3-11.
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Table 3-11:

Source Static Configuration Parameter Definition

Name

Range

Description

NumDip2Errors[3:0]

Number of DIP-2 Errors. The Source Interface will go out-
of-frame (SrcOof asserted) and stop transmitting SPI-4.2
data across the data bus after receiving NumDip2Errors
consecutive DIP-2 errors.

NumDip2Matches[3:0]

Number of DIP-2 Matches. The Source Interface requires
NumDip2Matches consecutive DIP-2 matches before going
in-frame and beginning to transfer SPI-4.2 data across the
SPI-4.2 data bus.

SrcCalendarM[7:0]

0-255
(effective range 1-256)

Source Calendar Period. Sets the number of repetitions of
the calendar sequence before the DIP-2 parity and framing
words are received.

The Source core implements this parameter as a static
register programmed by the AXI4-Lite interface, and it can
be updated in circuit by first deasserting SrcEn.

Note that the Source Calendar Period equals
SrcCalendar_M + 1. For example, if SrcCalendar_M=22, the
Source Calendar Period will be equal to 23.

SrcCalendarLen|[8:0]

0-511
(effective range 1-512)

Source Calendar Length. Sets the length of the calendar
sequence.

TheiSource core implements this parameter as a static
régister programmed by the AXI4-Lite interface, and it can
be dpdated in circuit by first deasserting SrcEn.

Note that the Source Calendar Length equals
SrcCalendar_Len + 1. For example, if SrcCalendar_Len=15,
the'Source Calendar Length will be equal to 16.

SrcAFThresNegate[8:0]

SrcAFThresAssert to 508

Source Almost Full Threshold Negate. Specifies the
minimum number of empty FIFO locations to exist in the
Source FIFO before the S_AXIS_SRCFF_TREADY is
asserted.

SrcAFThresNegate is > SrcAFThresAssert.

SrcAFThresAssert[8:0]

If SrcBurstMode = 0: 1-508.

If SrcBurstMode = 1 and
SrcBurstLen < 256, range is
SrcBurstLen-508.

If SrcBurstMode = 1 and

SrcBurstLen >=256, range is
256-508.

Source Almost Full Threshold Assert. Specifies the
minimum number of empty FIFQlocations to exist in the
Source FIFO before S_AXIS_SRCFF_TREADY is de-
asserted.

SrcAFThresNegate > SrcAFThresAssert.

DataMaxT[15:0]

0, 16-65535

Maximum Data-Training Interval. Maximum interval
between scheduling of training sequences on the SPI-4.2
data path (in SPI-4.2 bus cycles). Note that setting
DataMaxT to zero configures the core to never send periodic
training.
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Table 3-11: Source Static Configuration Parameter Definition (Cont’d)

Name

Range

Description

AlphaData[7:0]

0-255

Data Training Pattern Repetitions. Number of repetitions
of the 20-word data training pattern. Note that setting
AlphaData to zero configures the core to not periodically
send training patterns. In this case, the user can manually
send training patterns by asserting the TrainingRequest
command.

SrcBurstLen[9:0]

If SrcBurstMode = 1, 1-1023
If SrcBurstMode = 0, 1- 256

Source Burst Length. The Source core automatically
segments packets larger than this parameter into multiple
bursts, which are each SrcBurstLen in length. This
parameter is defined in credits (16 bytes).

SrcBurstMode

Oorl

Source Burst Mode. When set to zero, the Source core
transmits data in the FIFO if the data is terminated by an
EQOP or if there is a complete credit of data.

When set tol, the Source core only transmits data that is
terminated by an EOP or when there is data in the FIFO
equal to the maximum burst length defined by SrcBurstLen,
or when the channel address changes.

Source AXI4-Stream Status Interface

The Source AXI4-Stream interface provides flow control information about the SPI-4.2 link.

When the core is used in' Addressable Status mode, the interface provides the channel
number for the most recently updated SPI-4.2 channel status on M_AXI S_SRCSTAT_TI D,
qualified by the M_AXI S "SRCSTATCTVALI Dsignal. The channel status itself must be
accessed via the AXI4-Lite Control interface, with each read providing status for four

channels.

When the core is used in Transparent Status mode, the M_AXI S_SRCSTAT_TUSER] 1: 0]
bus is added. This port provides the SPI-4.2¢status as received on TStat with minimal
latency. In this mode, the M_AXI S_SRCSTAT £TI Dbus indicates the channel to which the
current status shown on M_AXI S_SRCSTAT | TUSER belongs. Both

M_AXI S_SRCSTAT_TI Dand M_AXI S_SRCSTAT. TUSERare qualified by

M AXI S_SRCSTAT_TVALI D.

Table 3-12: Source AXI4-Stream Status Interface Signals

Name Direction CIOCI.( Description
Domain

Status Clock. All status AXI4-Stream signals are
M_AXIS_SRCSTAT_ACLK Input N/A synchronous to the rising edge of this clock. This clock

should be derived from TSClk_P/N.

M_AXIS_ Status Channel. The Source Status Channel is an 8-bit bus
M_AXIS_SRCSTAT_TID[7:0] Output SRCSTAT_ | containing the channel address that is being updated on
ACLK M_AXIS_SRCSTAT_TUSER on the current clock cycle.
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Table 3-12: Source AXI4-Stream Status Interface Signals (Cont’d)

Name

Direction CIOCI_( Description
Domain

Status Valid. When asserted indicates that
M_AXIS_SRCSTAT_TUSER and M_AXIS_SRCSTAT_TID

M_AXIS_ | are valid.

M_AXIS_SRCSTAT_TVALID Output | SRCSTAT_ | When the core is processing DIP-2 or frame words,

ACLK TVALID is deasserted. A transition of TVALID from 0 to 1
indicates that the core has started a new calendar
sequence.

M_AXIS_ | Status (Only Available in Transparent Mode).

M_AXIS_SRCSTAT_TUSER[1:0] | Output | SRCSTAT_ | Represents the current status received on the SPI-4.2 TStat

ACLK bus.

Souree Clock Interface

For the SPI-4.2 AXI core (version 11.1 and onwards), the Source core's clocking module is
external torthe core. The clock interface to the Source core consists of input clock ports
required by the internal logic. A list of the Source clock ports and their description is given
in Table 3-13.

The minimum frequency for all clocks in Table 3-13 is dependent on the minimum
frequency of the MMCM.and BUFR (depending on which clocking configuration is
selected). See the Kintex-7 and Virtex-7 FPGA product specifications for more details.

It is required that the souirce core reference clock (SysCl k) has less than 50 ps of jitter
because any jitter present,on SysCl k input would appear on the TDCl k output. Similarly,
the duty cycle distortion on the SysCl k should also be minimized. For Source cores that
use MMCM to generate the intefnal clocks, it is a requirement that the SysC k duty cycle
is 45/55 or tighter. For Source cores that use a regional clocking scheme to generate the
internal clocks, it is a requirement that SysCl k duty cycle is 48/52 or tighter. To reduce the
duty cycle distortion of the output TDCl k, place the clocking and output components as
close to each other as possible. See Source Coré Required Constraints in Chapter 6.

Table 3-13: Source Clock Signals for Virtex-7 Devices

Name

Direction Description

Maximum
Frequency

SysClk0_User

Interface)

Input SysClk User : This clock is generated from SysClk_P/N. dt'has the 500+ MHz
(User same frequency as TDClk.

SysClkDiv_User

Input SysClkDiv User: This clock is generated from SysClk_P/N at halfthe | 250+ MHz

(User frequency. It is used for clocking the internal logic of the Source core.
Interface) | This clock runs at half the rate of SysClk0_User frequency with a zero
degree phase offset.
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Customizing and Generating the Core

The SPI-4.2 core is a fully configurable implementation of the OIF-SPI4-02.1 specification.
Using the Vivado IP catalog, you can configure the core and customize the delivered files
including the example wrapper and XDC files.

Note:_After the core is generated, only static configuration parameters can be modified by using the
Sink or Source AXI4-Lite Control interface. If other modifications are required, the core must be
regenerated with the new options.

Graphical User Interface

The SPI-4.2 Vivado graphical user interface (GUI) consists of seven screens:

* The main screendprovides options to generate specific hardware components (using
dedicated logic resources) that apply to both the Sink and Source cores.

¢ The next three scréens provide configuration options specific to the Sink core.

¢ The last three screens provide configuration options specific to the Source core.
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Main Screen

The main SPI-4.2 screen defines the component name, core options, and XDC File options.

fl_'L. Customize IP _ — M .

,fol Customize S5PI-4. 2 (12.2) by spedifying IP Options.

IP Options

Component Name pl4_v12_2 0

Configuration Sink Status Options | Sink Other Options-1 | Sink Other Options-2 | SourceSta 4 b B

Core Ophions 3
| | Mumber of Channels 16 Range: 1 to 256
User Interface Data Width |64 -
’ | Configuration Static Alignment -
A

A—

| ! XDC File Options

»

Options only affect the example ¥DC generated by CORE Generator
Example Target Device : 7V585T-FFG1761

| Sink Options
= L . 4
Performance Options

speedGrade |14l
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Figure 4-1: SPI-4.2 Sink and Source Main Customization:Screen

Component Name

The Component Name is the base name of the output files generated for the core. The

name must begin with a letter and be composed of the following characters: a to z, 0 to 9,
an d /l_/!.

Core Options

Number of Channels

The SPI-4.2 core supports between 1 and 256 channels.
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User Data Interface

The SPI-4.2 core supports either 64-bit or 128-bit user data interface.

Configuration

Either static or dynamic phase alignment configurations can be used to capture data on the
SPI-4.2 Sink interface. See Sink Data Capture Implementation in Chapter 5.

XDC File Options

Selections in the XDC file section of the GUI affect generation of the example XDC file. The
XDC file can be edited to change options, or to regenerate the core with the Vivado system
to create a new example XDC file. See Chapter 6, Constraining the Core for more
information on the constraints file.

Perfermance Options
The speed grade selected determines the data rates available in the drop-down menu. The
datarrate'determines the relevant timing constraints in the example XDC file.

Sink and Source Options

The I/O placement selection configures the pin-location constraints in the example XDC
file. For 7 series devices, alhSPI-4.2 interface pins, except LVITL Status pins, are
constrained to High Performance I/Os. These are editable, as described in Chapter 6,
Constraining the Corex

XDC Information

This section displays a summary of the coftents of the example XDC file that will be
generated.

Sink Status Options Screen

This screen contains options for the static configuration parameters of the Sink core. The
static configuration parameters listed below determine the behavior of the status interface.

Calendar

The options listed below affect the behavior of the calendar and status interfaces of the
Sink core.

Iterations of Calendar Sequence Before DIP2

This is the value of the static configuration parameter SnkCalendar_M,; it is the number of
times the Sink core will repeat the calendar sequence before sending a DIP2 value and
frame word on RSt at . The valid range is 1 to 256.

Length of Calendar Sequence

This is the value of the static configuration parameter SnkCalendar_Len; it is the number
of entries in the calendar sequence. The valid range is 1 to 512.
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Load Init File

If this option is selected, the Sink core calendar block RAM will be initialized at startup
with a sequence loaded from a COE file. The sequence can be overwritten at runtime via
the Sink AXI4-Lite Control interface.

Load Coefficients

For this option, select the name of the COE file with the calendar programming
information. For more information, see Calendar COE File Format.

Show Coefficients
This shows the contents of the loaded COE file.

Flow:Coantrol

This option selects the value of static configuration parameter Fi f 0AFMbde; it determines
the behavior of the Sink core status interface when the internal FIFO is almost full. See
FIF@ Almost Full Mode and Sink Almost Full, page 90.

Send Satisfied on All. Channels

This option causesithe Sink core to send the satisfied (“10”) status on RSt at for each
channel.

Send Framing

This option causes the Sink core tosend framing (“11”) on RSt at and go out-of-frame.

Send Current Status
This causes the Sink core to continue sending the stored status value on RSt at for each

channel.

Status Interface

This option selects the default static configuration parameters for Sink core status channel
clocking and I/O type.

Rate

This is the value of static configuration parameter RSCl kDi v; it selects the frequency of
RSCl k with respect to RDClk.

Alignment

This is the value of static configuration parameter RSCl kPhaseAl i gn; it determines
whether RSt at transitions on the rising or falling edge of RSCl k.

Status 1/0

This controls whether RSt at and RSO k I/0 in the generated wrapper file use LVDS or
LVTTL I/O. LVTTL Status I/O is only supported in High Range I/O banks.
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Sink Other Options (1) Screen

This configuration screen contains options that affect the FIFO flags, clocking
implementation, status channel behavior, and I/0O type.

Synchronization

Number of Training Sequences

This is the value of static configuration parameter Nunilr ai nSequences; it is the number
of training sequences the Sink core must receive on RDat before going in-frame and
transiting from framing to status on RSt at . The valid range is 1 to 15.

Number of DIP4 Errors

This is the value of static configuration parameter NunDl PAEr r or s; it is the number of
consecutive control words with invalid DIP4 values the Sink core must receive on RDat
before going out-of-frame and sending framing on RSt at . The valid range is 1 to 15.

FIFO Threshold

This option selects the default static configuration parameters for Sink core FIFO
Threshold behaviot-

Almost Full Assert

This is the value of static ¢onfiguration parameter SnkAFThr esAsser t ; it is the internal
FIFO level at which the Sink core willassert SnkFFAI npst Ful | _n and take the specified
flow control action. The valid range is 1 to 508 and is measured from the full level. For
example, if the value chosen is 10, SakFFAl nost Ful | _n will be asserted when there are
10 FIFO locations empty.

Almost Full Negate

This is the value of static configuration parameter SnkAEThr esNegat e; it is the internal
FIFO level at which the Sink core will deassert ShkFFAl mbst Ful | _n and return RSt at
behavior to normal. The valid range is the Almost Full Assert value to 508 and is also
measured from the full level.

Read Mode

Full Burst

Enabling this option causes the Sink core to receive a complete burst of data before

processing and passing it to the user read interface (FIFO interface). This behavior ensures
that the user always reads full burst of data on the user interface. Using this feature limits
the size of unsegmented burst received by the sink core to the size of the FIFO (510 words).

Partial Burst

Low latency mode for reading available data. This feature enables the user to read data
from the user interface as soon as it is available. If the read data rate is faster than the write
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data rate, the user will read partial bursts from the user interface.This feature also enables
the user to receive a data burst larger than the sink core FIFO (510 words).
Clocking

The Sink core only supports user clocking mode. In user clocking mode, the clocking logic
is defined external to the core. An example of the external clocking module is provided as
part of the provided example design. For more information, see Sink Clocking Options in
Chapter 7.

RDCIk Distribution

The RDClk clock can be distributed using a global buffer (which includes using an MMCM
to generate the full and half rate internal RDCIk) or a regional buffer. Depending on the
option selected, the RDClk internal clocking implementation uses either global clock
buffers or regional clock buffers.

Sink Other Options (2) Screen

This configuration screen contain options relating to the SPI-4.2 sink data bus and dynamic
phase alignment.

DPA Options

The following options cenfigtite the dynamic phase alignment logic. For information
about how to configure these options, see Dynamic Phase Alignment, page 92.

Master-Slave IDELAY Offset

This option determines the offset between the initial tap settings for the master and
reference (slave) IDELAY controller.

Alignment Test Interval

This option determines the number samples taken at.€ach potential alignment point
during alignment.

Enable Auto-retry

Enabling this option causes the automatic reinitiation of dynamic phase alignment (when
it fails) until alignment is achieved.

Enable Continuous Alignment

Enabling this option causes the alignment logic to continuously monitor alignment during
operation, adapting to the data sample point to system timing changes.

Generate Continuous Alignment Halt Pin

Enabling this option allows you to use a dedicated input pin to halt the continuous
alignment process during operation.
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Source Status Options Screen

Enable DPA Clock Adjustment

Enabling this option allows the alignment logic to adjust the incoming RDCl k to reduce
jitter introduced in the IDELAY module. This feature is only available when the RDClk
clock distribution is set to regional buffer.
Specify Initial Tap Setting
Found under Enable DPA Clock Adjustment. This option allows you to pick the initial tap
setting for the inserted IDELAY. The default value is 16. This value should be changed only
after consulting Xilinx.

DPA Wait for Training Control
Enabling this option allows the DPA logic to wait for the presence of a training control
word on the SPI-4.2 bus before starting the alignment process.

Enable DPA Status Monitoring
This option.is related to DPA diagnostic signals and enables the user to monitor the
dynamic phase alignment logic using the SnkBusEr r St at signal.

Report IDELAY.0n SPI-4.2 Bus Index

This option istelated t6 DPA diagnostic signals. With DPA status monitoring and Report
IDELAY enabled, the SnkBusErr St at signal will track the IDELAY setting during
alignment for the chosenSPI-4.2 bus index. Valid index is 0 to 16 where 16 is the control bit.

Generate Advance DPA Diagnostic Ports

This option is related to DPA diagnostic signals. Enabling it allows you to use Advance
DPA Diagnostic Ports to measure and capture the data valid window for each channel

during operation.

SPI-4.2 Sink Bus Options

These options configure the SP1-4.2 sink bus.

Invert SPI-4.2 input

This option determines whether the SPI-4.2 data and control bits need toibe inverted. The
XOR mask which consist of a binary string of 17 bits determines which SPI-4.2 bus signals
will be inverted. From the left the first bit determines the inversion of theontrol bit
(RCt 1), followed by 15th data bit (RDat [ 15] ), etc. The rightmost bit determines the
inversion of the 0 data bit (RDat [ 0] ). Use this option when the P and N pins for the SPI-

4.2 bus is swapped.

Note: The demonstration test bench provided with the core does not support generating stimulus
that is compatible to this feature.

Source Status Options Screen

This configuration screen contains options for static configuration parameters of the
Source core. The following static configuration parameters determine the behavior of the

status interface.
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Calendar

This describes the status pattern that the Source core expects on its status interface.

Iterations of Calendar Sequence Before DIP2

This is the value of static configuration parameter Sr cCal endar _M it is the number of
times the Source core will expect the calendar sequence to repeat before seeing a DIP2
value and framing on TSt at . The valid range is 1 to 256.

Length of Calendar Sequence

This is the value of static configuration parameter Sr cCal endar _Len; it is the number of
entries in the calendar sequence. The valid range is 1 to 512.

Load Init File

When this option is selected, the Source core calendar block RAM is initalized at startup
with a sequence loaded from a COE file.

Load Coefficients

This option lets you select the name of the COE file with calendar programming
information. For more information, see Calendar COE File Format.

Show Coefficients

This option lets you view the contents of the loaded COE file.

Status Interface

Status FIFO Interface

This option determines whether the Source core netlist is generated with an addressable or
a transparent mode. For more information, see the Source Flow Control, page 114.

Status I/O

This option controls whether the Source core status 1/O'in the generated wrapper file uses
LVDS or LVITL I/O. LVTTL Status 1/0O is only supported in High Range I1/O banks.

Synchronization

This option defines the synchronization parameters of the core.

Number of DIP2 Matches

This is the value of static configuration parameter NunDl P2Mat ches; it is the number of
consecutive valid DIP2 words the Source core must observe on TSt at before it goes in-
frame, deasserts Sr cOof , and begins to transmit data on TDat . The valid range is 1 to 15.
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Number of DIP2 Errors

This is the value of static configuration parameter NunDi p2Er r or s; it is the number of
consecutive invalid DIP2 words the Source core must observe on TSt at before going out-
of-frame. The valid range is 1 to 15.

Source Other Options (1) Screen

This screen contains options that affect data burst behavior, FIFO flag behavior, and
clocking implementation.

Bursting

This selects the static configuration parameters that determine Source core transmit
behavior.

Number of Data Cycles Before Training

This is the'value of static configuration parameter Dat aMaxT; it is the approximate
numbet of cycles of data the Source core will transmit on TDat between periodic training
sequences. Thewalid range is from 0, 16 to 65535. A value of 0 indicates that the core will
not send periodic training.

Number of Training Patterns During Training

This is the value of stati¢ configuration parameter Al phaDat a; it is the number of training
patterns the Source core will transmit on TDat each time periodic training is sent. The
valid range is from 0 to 255. A‘value of 0 indicates that the core will not send periodic
training.

Burst Size in Credits

This is the value of static configuration parameter'Sr cBur st Len; it is the maximum burst
length (unsegmented packets) in credits. The valid range is from 1 to 1023.

Burst Mode

This is the value of static configuration parameter SrieBur st Modeslt specifies how the
Source core transmits data. Complete Bursts Only causes the core to send only data bursts
that are of Burst Size (as defined above) or terminated by an EOP, or'when the channel
address changes. Segmentation of Bursts at Credit Boundary causes the core to send data
bursts that terminate at any credit boundary or with an EOP. See Source:Burst Mode,
page 125.

FIFO Threshold

This option lets you select the default static configuration parameters for Source core FIFO
Threshold behavior, as described below.

Almost Full Assert

This is the value of static configuration parameter Sr CAFThr esAssert ; it is the internal
FIFO level at which the Source core will assert Sr cFFAl nost Ful | _n. The Almost Full
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Assert value is measured from the full level. For example, if the value chosen is 40, then

Sr cFFAl nost Ful | _n is asserted when there are 40 FIFO locations empty.

Almost Full Negate

This is the value of static configuration parameter Sr cAFThr esNegat e; it is the internal
FIFO level at which the Source core will deassert Sr cFFAI nbst Ful | _n. The valid range
is the Almost Full Assert value to 508 and is also measured from the full level.

Source Other Options (2) Screen

Clocking

This configuration screen enables you to choose the clocking implementation that is most
suitable for your system.

The source core only supports user clocking mode. In user clocking mode, the clocking
logicis defined external to the core. An example of the external clocking module is
providedias part of the provided example design. For more information, see Source
Clocking Options in Chapter 7.

SysClk Clock Distribution

The SysClk clock can'be distributed using a global buffer or a regional buffer. For source
core interfacing with a sink ceré configured with static alignment, only regional buffer is
supported.

TSCIk Clock Distribution

The TSCIk clock can be distributed using aglobal buffer or a regional buffer.

SPI-4.2 Source Bus Options

These options configure the SPI-4.2 source bus.

Invert SPI-4.2 Output

This option determines whether the SPI-4.2 data and control bits néed to be inverted. The
XOR mask which consist of a binary string of 17 bits determines‘which SPI-4.2 bus signals
will be inverted. From the left the first bit determines the inyérsion‘of the eontrol bit

(RCt 1), followed by 15th data bit (RDat [ 15] ), etc. The rightmost bit determines the
inversion of the 0 data bit (RDat [ 0] ). Use this option when the P and N pins for the SPI-
4.2 bus is swapped.

Note: The demonstration test bench provided with the core does not support generating stimulus
that is compatible to this feature.

Calendar COE File Format

The initial contents of the calendar can be assigned by placing the information into a
separate text file called a coe file. To select and load a coe file, first create the desired coe file,
select Load Coefficients on the parameterization screen, and choose the desired file from the
file dialog box. An example coe file for a 12-channel SPI-4.2 core with a round-robin
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Calendar COE File Format

calendar and a calendar length of 12 (SnkCal endar _Len ="11"or Sr cCal endar _Len =
"11") is shown below:

MVEMORY_|I NI TI ALI ZATI ON_RADI X=16;
MEMORY_|I NI TI ALI ZATI ON_VECTOR=00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B;

When specifying the initial contents for the calendar in a coe file, the keywords

MEMORY_I NI TI ALI ZATI ON_RADI X and MEMORY_I NI TI ALI ZATI ON_VECTOR are used.
The MEMORY_I NI TI ALI ZATI ON_VECTOR takes the form of a sequence of comma-
separated values, one value per calendar entry, terminated by a semicolon.

These values are listed in ascending order, where the first entry in the

MEMORY_I NI TI ALI ZATI ON_VECTCRis the first entry in the calendar. Any amount of
white space, including new lines, can be included in the vector to enhance readability. The
format of an individual value in the vector depends on the

MEMORY _| NI TI ALl ZATI ON_RADI X value, which can be 2, 10, or 16 (the default value is
10). The vector must be consistent with the MEMORY _| NI TI ALI ZATI ON_RADI Xvalue and
each value must fall within the range of 0 to 255 (base 10).

The number of entries in the coe file need not be the same as the calendar length specified
in.the GUL.If the calendar length is smaller than the number of entries, the calendar
sequence used in the core will be a subset of the calendar sequence specified in the coe file.
This subset will contain calendar entries 0 to Calendar Length-1 from the coe file. If the
calendar length is larger than the number of entries, the calendar sequence specified in the
coe file will be padded with zeros to match the calendar length.
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Designing with the Core

This chapter contains general design guidelines, detailed descriptions about the behavior
of each interface, example waveforms, and implementation considerations. Use the
guidelines provided in this chapter to design an application using the SPI-4.2 core.

General Design Guidelines

Thissection describes the steps required to implement each feature of the SPI-4.2 core into
a fully“functioning design that is integrated with user application logic. While Xilinx
recommends that you follow the guidelines listed below for optimum results, not all
designs will tequire that you perform all steps listed in this chapter.

Know the Degree of Difficulty

A fully compliant SPI“4.2 core is challenging to implement in any technology. That degree
of difficulty is significantly inflienced by the following:

¢ Maximum system clock frequency
¢ Targeted device architecture

® Specific user application

All implementations require careful attentiono system performance requirements.
Pipelining, placement constraints, and logic duplication are all methods that can be used to
improve system performance.

Understand Signal Pipelining

Due to the nature of packet protocols, it is important to understand that the SPI-4.2 Sink
and Source cores have been pipelined to maximize performance. The 64-bit data written
into the Source core user interface takes several clock cycles before appeating on the SPI-
4.2 interface. This is due to the pipelining required to format the packet, create control
words, and calculate DIP4.

Similarly, SPI-4.2 packets that are received by the Sink core take several clock cycles before
appearing on the user interface. This is due to the pipelining required to convert the
streaming input bus to an aligned output with packet information, error signals, etc. The
exact latency of the Sink and Source cores varies based on the configuration of the core. It
can be best determined through simulation.

Keep it Registered

The best method to simplify timing and increase system performance in an FPGA design is
to keep everything registered. That is, all inputs and outputs from your application should
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come from, or connect to, a flip-flop. While registering signals may not be possible for all
paths, it simplifies timing analysis and helps achieve timing closure.

Recognize Timing Critical Signals

Watch the timing and loading on the signals listed below. Some of these signals are part of
the critical timing path. The following signals are timing-critical and may require special
attention when used in the user application.

M_AXI S_SNKFF_TREADY
S_AXI' S_SRCFF_TVALI D

UseSupported Design Flows

The SPI-4.2 core has been tested with a variety of design flows. While other design tools
can be used to simulate and synthesize the user design with the core, they have not been
testéd and functionality cannot be guaranteed. See Chapter 8, Simulating and
Implementing the Core for information about supported design tools.

Make Only Allowed ‘Modifications

All modifications to the SPI-4.2 core must be made using the Xilinx Vivado IP catalog.
Modifications\made not'using the Vivado IP catalog may have adverse effects on system
timing and SPI-4.2 protocol,compliance.

Initializing the SPI-4.2 Core

The SPI-4.2 Sink and Source‘cores require initialization before receiving and transmitting
data. The initialization steps are:

1.

Assert core reset and AXI4-Lite resét.

To reset the core and I/0O logic, Reset.n must:be asserted. To reset the AXI4-Lite
interface (logic and associated memory),AXl_ SNK_ARESETN (Sink core) and

AXI _SRC_ARESETN (Source core) must be asserted. The FIFO resets,

M_AXI S_SNKFF_ARESETNand S_AXI S_SRCFE_ARESETN, may also be asserted but
are not required. The reset signals for each portion of/the core must remain asserted
until the clocks are ready for use.

® Required Resets: Reset _n, AXI _SNK_ARESETN, AXI .SRC_ARESETN

e Optional Resets: M AXI S_SNKFF_ARESETN, S_AXI‘S_SRCFF_ARESETN
Disable the cores (SrcEn = 0, SnkEn = 0).

Assert and release the MMCM resets.

This step is only applicable if RDCl kO_User, RDCl kDi v_User, AXI _SNK_ACLK,

M AXI S_SNKFF_ACLK, Sysd kDi v_User, Sysd kO_User, AXI _SRC_ACLK, or
S_AXI'S_SRCFF_ACLK are distributed with global clocking using an MMCM. If
regional clocking is selected for all clocks, this step can be skipped. If one or more
MMCMs are used, reset each MMCM in the core while the core is in reset. Reset the
MMCM by asserting the MMCM reset signal (Rst ). Once the MMCM reset is pulsed,
wait for the assertion of the MMCM locked signal (Locked). When the locked signal is
asserted, the clock is ready for use.

See Chapter 7, Special Design Considerations for more information on the regional
and global clocking options.
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Sink Core

If the core uses IDELAYs (Dynamic Alignment core, or Static Alignment with Regional
Clocking), reset the IDELAYCTRL blocks associated with the Sink core. The example
design provided with the core uses the Snkl del ayCt | Rst input at the
<core_name>_top.v(vhd) level to perform this reset.

The reset to the IDELAYCTRL should be pulsed after FPGA configuration and once
the reference clock input of the IDELAYCTRL has stabilized, to ensure proper IDELAY
operation.

Wait until all clocks are ready for use.

De-assert AXI4-Lite resets (AXI _SRC_ARESETNand AXlI _SNK_ARESETN). De-assert
AXI4-Stream resets (S_AXI S_SRCFF_ARESETNand M AXI S_SNKFF_ARESETN) if
they were asserted.

Use the AXI4-Lite interface to overwrite the static configuration values provided by
Vivado, if desired.

Note: No AXI4-Lite write operations should occur before the fourth clock edge after the
SrcEn/SnkEn or Reset_n signal toggles. Any write operations attempted prior to this clock edge will
cause an error on the sideband error bus (SRC_BRESP_ERR[2:1] or SNK_BRESP_ERR][2:1]).

8.
9.

10.

Deassert.core reset (Reset _n).
Initialize the Status Calendar.

Aftenthe core exits the reset mode, the Sink and Source calendars must be initialized or
programmed. There are two ways to do this:

a. Initialize calendarwith a default value.

Using the Vivado'IP catalog, load an initialization file with the calendar contents.
This negates the need to use the AXI4-Lite interface to initialize the calendar. See
Chapter 4, Customizing and Generating the Core for more information.

b. Programming calendar after reset.

Use the AXI4-Lite interface t0 program the calendar contents. Note that any
operations on the AXI4-Lite interface must wait until the fourth clock edge after
any changes on SnkEn/Sr cEn or Réset _n for proper operation. See Sink
Calendar Memory Initialization,page’83 and Source Calendar Memory
Initialization, page 118 sections for more‘information.

Enable the cores (Sr cEn = 1, SnkEn ="1).

Basic Operation

The Sink core receives data across the SPI-4.2 interface and converts the 16-bit data into 64-
bit or 128-bit data words which can be accessed on the user interface. It also transmits flow
control information on the SPI-4.2 interface by converting a 8-bit status bus to a 2-bit status
word.

The following sections explain how the Sink core interfaces operate. See Sink Core
Interfaces, page 27 for the signal list of each interface.

SPI-4.2 Interface

The SPI-4.2 data path combines 16-bit data words received on the SPI-4.2 Interface into 64-
or 128-bit data words on the AXI4-Stream FIFO user interface. This allows the user
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interface to run at a quarter (64-bit interface) or an eighth (128-bit interface) of the data rate.
For example, with a 700 Mbps SPI-4.2 data rate and a 64-bit user interface, you can read
data from the Sink core at 175 MHz. With a 128-bit user interface, you can read data from
the Sink core at 87.5 MHz and maintain the same data rate.

Once the data path combines the 16-bit data words received on the SPI-4.2 interface, the
data words are written into an asynchronous FIFO. The received 16-bit control words are
stored out of band in the FIFO, along with the corresponding data word. The received
control words that are not idle (training words) can contain the information listed below.

e Start or continuation of the following packet

e Link address of the following packet

® End of the preceding packet

® Number of valid bytes in the last word of the preceding packet

e _FError conditions in the preceding packet

For details on assignment of each bit in the control word, as defined by the OIF SPI-4.2
specification, see Appendix E, SPI-4.2 Control Word.

Sink Data Path: Example 1

Figure 5-lyprovidesian example of the data received on the SPI-4.2 Interface and read on
the user intetface. In this illustration, the first received control word (C1) is a payload
resume (withne SOP)for.channel 1 followed by two 16-bit words (channel 1, packet A and
packet B). The second control word (C2) is an EOP for channel 1 and a payload resume for
channel 2 (with no SOP)followed by two 16-bit words. The third control word (C3) is an
EQP for channel 2 and‘an SOP for,channel 1 followed by three 16-bit words. The last
control word (C4) is an EOP for channel 1.

The data that is received on the SPI-4.2 Interface is processed and stored in the Sink FIFO.
Figure 5-1 also shows the data being#ead©ut of the FIFO and indicates, with forward
slashes, that there is latency in processing and storing the SPI-4.2 data. The first 64-bit word
on the AXI4-Stream FIFO interface containsthe two 16-bit words received for channel 1
with an EOP. The second 64-bit word containsthe two words received for channel 2 with
an EOP. The last 64-bit word on the FIFO interface contains the three words written for
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channel 1. When the last word is read out of the FIFO, both M_AXI S_SNKFF_SOP and
M _AXI S_SNKFF_TLAST for channel 1 are asserted.

RDClk_P
- | | | | | | | | | | | |
R ) @ o 6 e 6 () 6 6@ 69 C) e a—
T e U o U o U o U EY R R
| |

M_AXIS_SNKFFACLK \_ /" \_ /" /" \/ /S

| | | | |
M_AXIS_SNKFF_TREADY ! ! ! ! ! ,/,/ ! ‘ A
M_AXIS_SNKFF_TVALID ! 1 1 1 1 /L 1 Im ; ; L
M_AXIS_SNKFF_TID : : : : : // —y o X
M_AXIS_SNKFF_TDATA ‘ ‘ ‘ ‘ ‘ L ‘ X — X-»-»ZBZL\)(»-1C1B1‘AX:
M_AXIS_SNKFF_TKEEP : : : : : // : X : Ox0F : X OXOF: X om: X
MpAXIS_SNKFF_SOP ‘ ‘ ‘ ‘ ‘ /L ‘ ‘ ‘ Lo
MLAXIS_SNKFF_TLAST ! ! ! ! /B ‘ ‘ AW

| | | | | |

Figure 5-1: SPI-4.2 Interface to User Interface

Sink Data Path: Example 2

The Sink core optimally handles any size packet including short packets (less than eight
cycles apart), which haveultiple SOPs or payload control words.

There are two scenarios inwhichshort packets can be received:

* Received SOPs that are less thaneight cycles apart. The data is passed through the
core as received, and a SnkBusEr r will be flagged indicating a protocol violation.

* Received Payload Control words that are less than eight cycles apart. Though the
SPI-4.2 specification requires that successive SOPs must occur not less than eight
cycles apart, there is no restriction on payload.control words which are not SOPs. The
Sink core can process single payload‘control words followed by single data words
(CTL-DATA-CTL-DATA-CTL, etc.). Since thisiis not a protocol violation, no
SnkBusErr is asserted.

Figure 5-2 shows the transfer of short packets from the SPI-4.2 Interface through the Sink
FIFO to the user interface. Because each of these packets containsdess than 14 bytes, or
seven clock cycles of data, idle control word insertion is necessary tosmeet the start-of-
packet spacing requirement of eight cycles. The transfer on the SPI#4.2 Interface begins
with a payload control word (C1), indicating a start of packet (SOP) on channel 1. Next,
two clock cycles, two bytes each, are used to transfer the data associated with channel 1.
The transfer concludes with an end-of-packet control word (C2). The transfer being less
than 14 bytes, four idle cycles are required to meet the SOP spacing requirement. After the
four idle cycles, the transfer begins with a start-of-packet control word (C3) for channel 2.
Next, three clock cycles (of two bytes each) are used to transfer the data associated with
channel 2. The transfer concludes with an end-of-packet control word (C4).

Figure 5-2 also shows the data being read out of the FIFO and indicates with forward
slashes that there is latency in processing and storing the SPI-4.2 data. The first 64-bit word
on the FIFO interface contains the four bytes of valid data received for channel 1. The
control signals M AXI S_SNKFF_SOP and M_AXI S_SNKFF_TLAST are active, indicating
that this is the start and end of the packet for channel 1. The second 64-bit word contains
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the six bytes of valid data for channel 2, and the control signals M_AXI S_SNKFF_SCP and
M _AXI S_SNKFF_TLAST are both asserted.

RDClk—P | | | | | | | | | | | | | | | | |
ORI () (0 @ () @ € 6 @ () € 65 €9 () & 6B &
\ \ \ \ L Il /L
RetP XL o |/
| | | | | | | | | | |

M_AXIS_SNKFF_TREADY ! ! ! ! L A W
Il Il Il
M_AXIS_SNKFF_TVALID 1 1 1 1 1 /. | | | \_l_
| | | | | N | | | |
M_AXIS_SNKFF_TID ] CH X_crz_X

M_AXIS_SNKFF_TDATA —- 1B 1A X=2C 2B 2AX
| | | |

X
M_AXIS_SNKFF_TKEEP /:X Ox0F
1 T

X _ox3F X
T T T T T T T T
| | | | | | f f f |
M.AXIS_SNKFF_SOP ; ; ; ; ; /L'_/ ‘ ‘ !
| | | | | | : : : |
M. AXIS_SNKFF_TLAST ! ! ! ! ! /[ [ ‘ ‘ A\
| | | | | |

Figure 5-2: Sink Data Path - Short Packet Transfers with Minimum SOP
Spacing Enforced

Table 5-1 shows how thedata and control received on the SPI-4.2 Interface is formatted and
presented on the 64-bit Sink AXI4-Stream FIFO Interface. (Note that control words are
shown in binary and payloadstransfers are shown as hexadecimal.) After an SOP is
received, the following16-bit word transfer is right justified and swizzled when written
into the FIFO: RDAT([15:8]4ds presented on M_AXIS_SNKFF_TDATA[7:0] and RDAT[7:0] is
presented on M_AXIS_SNKEEF_TDATA[15:8]. The table shows the receipt of an SOP for
channel 2, then a series of paylead word transfers. The DIP-4 parity depends on this
control word and any proceeding transfer; and it is shown in the table as “pppp.”

Following this example, there are twomore tables that show the mapping between SPI-4.2
Control Words and packet status signalsifef a 64=bit user interface (Table 5-2) and for a 128-
bit user interface (Table 5-3).

Table 5-1: Formatting SPI-4.2 Interface Data (RDat) for a 64-bit Useriinterface
AXl4-Stream FIFO Interface
SPI-4.2 Sink Data (from Sink FIFO)
M_AXIS_SNKFF_*
Data Received on the SPI-4.2 Interface RDCIk . ) *ACLK Control Bits
(RDat [15:0]) RCtl cycle TDATA[63:0]) cycle Read
sOP b:[1001.0000.0010.pppp] 1 1 N/A n N/A
Word 0 0xF1E2 0 2
(PO)
Word 1 0xD3C4 0 3
(P1)
Word 2 0xB5A6 0 4
(P2)
72 www.xilinx.com SPI-4.2 v12.2

UG784 July 25, 2012


http://www.xilinx.com

& XILINX. Sink Core
Table 5-1: Formatting SPI-4.2 Interface Data (RDat) for a 64-bit User Interface (Cont’d)
AXI4-Stream FIFO Interface
SPI-4.2 Sink Data (from Sink FIFO)
M_AXIS_SNKFF_*
Data Received on the SPI-4.2 Interface RDClk . . *ACLK Control Bits
(RDat [15:0]) RCtl cycle TDATA[63:0]) cycle Read
Word 3 0xF9E8 0 5 P3.P2.P1.P0O = n+1 *SOP =1
(P3) E8F9.A6B5.C4D3.E2F1 *TLAST =0
Word4 | Ox1F2E 0 |6 *IKEEP= OxFF
*TID = 00000010
Word 5 0x3D4C 0 7
(P5)
Word 6 0x5B6A 0 8
(P6)
Word 7 0x9F8E 0 9 P7.P6.P5.P4 = n+2 *SOP= 0
(P7) 8E9F.6A5B.4C3D.2E1F *TLAST =0
Word8 | OXABCD 0, |10 *TKEEP= OxFF
*TID = 00000010
Word 9 0x1200 0 11
(P9)
EOP/ b:[0110.aaaa.aaaa.pppp] 1 12
Valid P9.P8 = n+3 *SOP=0
bytes
0000.0000.0012.CDAB *TLAST =1
*TKEEP = 0x07
*ERR =0
*TID = 00000010

Table 5-2: SPI-4.2 Control Word Mapping to 64-bit User Interface

Control Word

Associated SPI-4.2 Control
Word bits on RDat
(Qualified by RCtl=1)

AssociatedsSink FIFO Signals

Start of Packet (SOP)

RDat[15] = 1, RDat[12] = 1

M_AXIS_SNKFFE SOP,
M_AXIS_SNKFF_TID[7:0] <== RDat[11:4]

New Burst (address change)

RDat[15] = 1, RDat[12] =0

M_AXIS_SNKFF_TID[7:0] <== RDat[11:4]
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Table 5-2: SPI-4.2 Control Word Mapping to 64-bit User Interface
Associated SPI-4.2 Control

Control Word Word bits on RDat Associated Sink FIFO Signals
(Qualified by RCtl=1)
End of Packet (EOP, 2 bytes valid) | RDat[14:13] = 10 M_AXIS_SNKFF_TLAST,

M_AXIS_SNKFF_TKEEP[7:0]

When RDat[14:13] = 10:

TKEEP = 0xFF if data bits 63-0 have valid
data

TKEEP = 0x3F if data bits 47-0 have valid
data

TKEEP = 0xO0F if data bits 31-0 have valid
data

TKEEP = 0x03 if data bits 15-0 have valid
data

End of Packet (EOF, 1 bytés valid) | RDat[14:13] = 11 M_AXIS_SNKFF_TLAST,
M_AXIS_SNKFF_TKEEP[7:0]

When RDat[14:13] = 11:

TKEEP = 0x7F if data bits 55-0 have valid
data
TKEEP = 0x1F if data bits 39-0 have valid
data

TKEEP = 0x07 if data bits 23-0 have valid
data

TKEEP = 0x01if data bits 7-0 have valid data

End of Packet RDat[14:13] =01 M_AXIS_SNKFF_ERR &
(EOP Abort, error condition) M_AXIS_SNKFE_TLAST

Table 5-3: SPI-4.2 Control Word Mapping to 128-bit User Interface

Associated SPI-4.2 Control
Control Word Word bits on RDat Assaociated Sink FIFO Signals
(Qualified by RCtl=1)

Start of Packet (SOP) RDat[15] =1, RDat[12] =1 M_AXIS_SNKFF_SOP,
M_AXIS_SNKFELTID[7:0] <==
RDat[11:4]

New Burst RDat[15] =1, RDat[12] =0 M_AXIS_SNKFF_TID[7:0] <==

(address change) RDat[11:4]

74 www.xilinx.com SPI-4.2 v12.2

UG784 July 25, 2012


http://www.xilinx.com

& XILINX.

Sink Core

Table 5-3: SPI-4.2 Control Word Mapping to 128-bit User Interface (Cont'd)

Control Word

Associated SPI-4.2 Control
Word bits on RDat
(Qualified by RCtl=1)

Associated Sink FIFO Signals

End of Packet
(EOP, 2 bytes valid)

RDat[14:13] = 10

M_AXIS_SNKFF_TLAST,
M_AXIS_SNKFF_TKEEP[7:0]

When RDat[14:13] = 10:

TKEEP = OxFFFF if data bits 127-0
have valid data

TKEEP = 0x3FFF if data bits 111-0
have valid data

TKEEP =0x0FFF if data bits 95-0 have
valid data

TKEEP = 0x03FF if data bits 79-0 have
valid data

TKEEP =0x00FF if data bits 63-0 have
valid data

TKEEP = 0x003F if data bits 47-0 have
valid data

TKEEP = 0x000F if data bits 31-0 have
valid data

TKEEP = 0x0003 if data bits 15-0 have
valid data

End of Packet
(EOP, 1 byte valid)

RDat[14:13].£ 11

M_AXIS_SNKFF_TLAST,
M_AXIS_SNKFF_TKEEP[7:0]

When RDat[14:13] = 11:

TKEEP = 0x7FFF if data bits 119-0
have valid data

TKEEP = 0x1FFF if data bits 103-0
have valid data

TKEEP = 0x07FF if data bits 87-0 have
valid data

TKEEP = 0x01FF if data bits 71-0 have
valid data

TKEEP = 0x007F if data bits 55-0 have
valid data

TKEEP = 0x001F if data bits 39-0 have
valid data

TKEEP = 0x0007 if data bits 23-0 have
valid data

TKEEP =0x0001 if data bits 7-0 have
valid data

End of Packet
(EOP Abort, error condition)

RDat[14:13] = 01

M_AXIS_SNKFF_ERR &
M_AXIS_SNKFF_TLAST
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Sink User Interface

The Sink user interface includes all the signals to the core other than those on the SP1-4.2
Interface (See SPI-4.2 Interface, page 69). With a 64-bit and 128-bit data interface, this user
interface can operate up to:

e 312.5 MHz in Virtex®-7 FPGAs
e 250 MHz in Kintex-7 FPGAs

The high performance Sink back-end enables the user interface to run at higher frequencies
than the SPI-4.2 Interface. This is sometimes required if a large percentage of the traffic
consists of small packets.

The Sink user interface has three major signal groups:
¢ Control and Status Signals. Apply to the operation of the entire Sink core.
¢ . AXI4-Stream FIFO Signals. Allow access to data received on the SPI-4.2 Interface.

e AXI4-Lite Control Signals. Used to configure the calendar sequence, static
configuration parameters, and send flow control information on the SPI-4.2 Interface.

Sink Control and Status Signals

The Sink'cote control and status signals either control the operation of the entire Sink core
or provide status information that is not associated with a particular channel (port) or
packet. These signals ate.defined in Table 3-2, page 30.

There are six global status'signals:

* Sink Out-of-Frame (SnkCof ). Asserted active high whenever the core loses
synchronization with{the SPI-4.2 interface.

e Sink Bus Error Status (ShkBusErr St at [ 7: 0] ). Asserted when a SPI-4.2 protocol
violation or an error that is not associated to one particular data packet occurs. These
signals do not align with M_AXI'S_SNKFF_TDATA. These signals are triggered
concurrently with the SnkBusEr r signal. Each bit of the SnkBusEr r St at bus
corresponds to one of the following'detected conditions:

e SnkBusErrStat[0]: Minimum SOP spacing was violated.
* SnkBusErr St at [ 1] : EOP control word net immediately preceded by data.
(Example: EOP followed immediately by another EOP)

* SnkBusErr St at [ 2] : Payload control word not immediately followed by data.
(Example: A payload control word is followed immediately by another payload
control word.)

* SnkBusErr St at [ 3] : DIP4 error received during idles'or training patterns.
e SnkBusErr St at [ 4] : Reserved control words received.

* SnkBusErr Stat[ 5] : Control word with payload bit not set and non-zero
address (excluding Training Control word).

e SnkBusErrStat[ 7: 6] : Tied to zero. (reserved)

If the core receives two (or more) back-to-back payload control words, the last one
received is used and the others are discarded. If the core receives two (or more) EOPs
back-to-back, the first one is used and the others are discarded. For more information
see Error Handling, page 101.

¢ Sink Bus Error (SnkBusEr r). Asserted active high when any error condition triggers
the Sink Bus Error Status bus. SnkBusEr r is triggered concurrently with
SnkBusErr St at .
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For each SPI-4.2 protocol violation or error that triggers SnkBusEr r or
SnkBur Err St at , these signals will be asserted for at least one RDCl kDi v_User clock
cycle.

* Sink Training is Valid (SnkTr ai nVal i d). Asserted when valid training data is
received. Figure 5-3 shows this signal in the timing diagram. As is shown, the
SnkTr ai nVal i d signal is driven high for the duration of a complete training pattern
after it has successfully been received.

| Multiple Training |

Ldie! Traini [ . . I
‘Idle‘ Training Control‘ Training Data | Patterns | Training Data |

N A VAV AV AV AV AV aVaVaVaVaVysaVaVaVaVaVaVaVaVal, JaVaVaVs
O O O O S T O O B B

RDat * g * OFFF FO00 OFFF FO00
@ | | } } } } ‘x | | | | ‘XZZX | | | ‘x | | | | x'{/ | | | \)

| | | | |
M_AXIS_SNKFF_ACLK M—HW—HWVVWM
| | | | |,
SnkTrainvalid || Y A Y
] ] ] ] ] ] ] ] ] ]

| |
T T A
| |

Figure 5-3: Sink Training Valid Status

e Reset_n. Use to restart the entire Sink core with the exclusion of the Sink AXI4-Lite
Control Interface, logic and memory space. It causes the interface to go out-of-frame.
When'Reset _nis deasserted, the Sink core initiates the synchronization startup
sequence.

Sink AXI4-Stream EIFO Interface Signals

The Sink FIFO Interface signals allow access to data (received on the SPI-4.2 Interface)
stored in the FIFO. These(signals are,defined in Table 3-3, page 32. Waveforms illustrating
the handshaking and FIFO statussignals are shown in Figure 5-4. The Sink FIFO Interface
signals are synchronous to M_AXI S_SNKFF_ACLK, and the FIFO is 510 words deep. For a
64-bit interface, a FIFO word is 1 credit wide and for 128-bit interface, a FIFO word is 2
credits wide.

Sink FIFO Data Valid Handshake

Figure 5-4 shows the Data Valid handshake (M_AXI'S.SNKFF. TVALI D) signal. As shown
in the waveform, the valid flag is asserted when theére is a data available to be read out
from the FIFO. The FIFO logic pushes out the valid data.as soon as its available to be read
from the FIFO regardless of whether the corresponding user logicds ready to read it.
Although a valid word is pushed out on the interface whenever'it’s available, to read out
this word, the User Ready Handshake (M_AXI S_SNKFF_TREADY)signal needs to be
asserted for one cycle to complete the handshake.

The Sink FIFO Data Valid is not an actual indicator of the status of the Sink FIFO. This flag
only indicates whether data is available to be read out from the read pipeline of the FIFO
interface. Hence, it is possible that a number of data have been written into the FIFO, but

SPI1-4.2v12.2

UG784 July 25, 2012

www.xilinx.com 77


http://www.xilinx.com

Chapter 5: Designing with the Core & XILINX.

the Sink FIFO Data Valid flag is de-asserted. Data written into the FIFO may not be ready
to be read out until a number of cycles later.

M_AXIS_SNKFF_TREADY ' ' [

M_AXIS_SNKFF_TVALID |/ ,

\ /R W
2 XX D3 XX e X
|

/

|
M_AXIS_SNKFF_TDATA b( D1 X X
| | | | | |

Figure 5-4: Sink FIFO TVALID/TREADY Handshake

Sink Almost Full

The behavior of the Sink Almost Full flag (SNKFF_ALMOSTFULL_N) is dependent on the
static configuration parameters SnkAFThr esAssert and SnkAFThr esNegat e. When
the SNKFF_ALMOSTFULL _Nflag is asserted, SnkAFThr esAsser t specifies the number of
empty FIE@docations available. For a 64-bit user interface, each FIFO location can contain
up to one credit (16 bytes) worth of data from a single packet. For a 128-bit user interface,
each FIFO locatien can contain up to two credits (32 bytes) worth of data from a single
packet. SNKAFThr esNegat e specifies when the SNKFF_ALMOSTFULL_N flag is
deasserted.

The number of bytes that can be written into the SPI-4.2 Sink interface after the Sink
Almost Full flag is‘asserted depends on the received packet sizes, data patterns, and the
operations occurring oft theSink user interface. Configure the SnkAFThr esAsser t value
based on your system requirements:

See FIFO Almost Full Mode andSink Almost Full, page 90 for a description of the behavior
of Sink FIFO interface when the Sink@Almest Full flag is asserted.

Sink Overflow

The assertion of Sink Overflow flag (SNKFF_OVERFLOW N) indicates that there is a write
operation attempted on the FIFO when there are ho empty FIFO locations available. This
results in data loss, since no more data will be written into, the FIFO until it is no longer in
a full state. When the overflow condition occurs, reset the FIFO, because data corruption
has occurred. To avoid the overflow condition, use the Sink AlmostFull flag to gauge the
readiness of the Sink core to receive data. See FIFO Almost Full Mode and Sink Almost
Full, page 90.

There is a special case of overflow that occurs when the SOP spa¢ing of the SPI-4.2 data is
violated. This special case can be differentiated from the normal overflow condition by the
absence of an asserted Almost Full Flag. See Error Handling, page 101.

FIFO Flag Consideration

The SNKFF_ALMOSTFULL_Noutput is an indicator of the amount of data in the Sink FIFO,
or more correctly it indicates if the number of unused FIFO storage locations is below the
programmed threshold. In systems requiring implementation of flow control this output

should be used for user flow control algorithms.

In contrast, the M AXI S_SNKFF_TVALI| D output is not actually an indicator of an absence
of any data in the Sink FIFO. Rather, this signal indicates that the Sink (user) FIFO interface
does, or does not have a valid data to be read out. Consequently it is possible for the data
valid handshake to be deasserted when there is actual data in the Sink FIFO. Under certain
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conditions, these flags may appear to contradict each other, even though they are both
active and correct.

There are two related conditions that can occur in Full Burst Read mode:
1. Sink FIFO under run.

In any system where the absolute bandwidth of the read interface exceeds (or even
matches) the bandwidth of the SPI-4.2 interface, it is possible for the interface to Sink FIFO
to empty the FIFO faster than new data can be written. This can potentially cause the read
pipeline in the Sink core to become empty or starved for data, which in turn will cause the
deassertions of the valid flag, indicating that new data is not (will not be) available. Due to
internal logic in the core that prevents data starvation from occurring in the middle of a
SPI-4.2 burst, this condition can occur at the end of a data burst, even if a new data burst
has already commenced on the SPI-4.2 bus interface. In fact, the second burst will not
become available (at the Sink FIFO read interface) until sometime after its terminating
control word is received and processed by the SPI-4.2 Sink core.

2. Sink'FIFO under run with SNKFF_ALMOSTFULL _N asserted.

This condition will only occur if the Almost Full Threshold is very large (activates even
withifminimal data storage). If the Almost Full Threshold is set to a level below the
maximum burst size on the SPI-4.2 bus, then large (long) SPI-4.2 bursts will cause the Sink
FIFO to fillupto a point where SNKFF_ALMOSTFULL _Nmay be asserted even though the
Valid flag is indicating data not ready on the read interface. This occurs because new bursts
are not indicated to theead logic until the burst is terminated by a SPI-4.2 control word. If
this behavior is deemed undesirable, it can be avoided by setting the Almost Full threshold
so it not asserted if the FIFO contains less than the largest system burst size plus 24 (for
internal pipeline delays).

Following is an example:
Largest Burst of data received: 16 credits = 256 bytes = 16 FIFO words (64-bit interface)
FIFO depth = 510 words
Max Threshold = 510 - (16 + 24) =470

As already stated, the flags are always correct initheir context even if they appear
contradictory. Read interfaces with significantly highembandwidth than the SPI-4.2
interface will periodically become starved for data causingdM AXI S_SNKFF_TVALI Dto
deassert regardless of the presence or absence of additional (incomplete) data bursts in the
Sink FIFO. The SNKFF_ALMOSTFULL_ Nis the correctindicator of the absolute state of the
Sink FIFO (within small clock cycle processing latency) and conséquently is the correct flag
for automated or user-implemented flow control.

Sink AXl4-Stream FIFO Reset

The assertion of the reset signal clears the FIFO (and the associated data path logic) while
remaining in-frame. When M_AXI S_SNKFF_ARESETN is deasserted, the Sink data path
will not write data into the FIFO until a packet with a valid SOP is received. The AXI4-
Stream FIFO Reset signal needs to be asserted at the minimum for 3

M_AXI S_SNKFF_ACLK cycles.

Sink AXl4-Lite Control Interface

The Sink AXI4-Lite Control interface allows the user to program the calendar memory,
status memory and static configuration memory as defined in Figure 3-3, page 34. A
summary of the Sink AXI4-Lite Control interface and definition is provided in Table 3-4,
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page 35.

Writing and updating the static configuration memory will define the characteristics and
behavior of the core. Writing to the status memory updates the flow control data to be sent
on the SPI-4.2 Interface. The channel order and frequency that status is sent is determined
by the content of the calendar memory. A two-bit register is provided for each location in
the calendar to store the channel status information (hungry=01, starving=00,
satisfied=10). Figure 5-8 illustrates how calendar information determines the order and
frequency that FIFO channel status information is transmitted on RSt at .

The Sink AXI-4 Lite Control interface is broken into several groups: Read Address
Channel, Read Data Channel, Write Address Channel, Write Data Channel, Write
Response Channel and Sideband Error bus. With the exception of the Sideband error bus,
all other signal groups require a handshake between their respective ready and valid
signals to complete before an operation is performed. A read operation will first require
the read address handshake to complete before the data is available on AXI _SNK_RDATA
and AXI _SNK_RVALI D. To read out the data, AXI _SNK_RREADY needs to be asserted to
complete the read data handshake. For a write operation to occur, both the address and
data handshake need to be completed. This will then generate a response on

AXI _SNKBVALI D that must be read out by asserting AXI _SNK_BREADY. The write
response is generated regardless of whether the write operation is successful. Note that
this interface will,only allow six outstanding write responses before the write response
counter is full. Once the write response counter is full, no operations can be performed
(write or read) on the AXI4-Lite Control Interface, and SNK_BRESP_ERR[ 0] will assert.
No read or write'operations can occur until at least one write response is drained from the
core by asserting AXI _SNK' BREADY. Figure 5-5 shows the behavior of the write data,
address and response channel.

!
posw swscors [N Y Y - = (- oK)~

/
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| |
| |
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I I
| |
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Figure 5-5: Write Response Behavior of the Sink AXIl4-Lite Control Interface

If an error has occurred when executing the write or read operation, a bit on
SNK_BRESP_ERR] 7: 0] will assert. If you access any address that is beyond the valid Sink
AXI4-Lite Memory Space, for example address space 0x310 to 0x3FC,

SNK_BRESP_ERR[ 3] will assert. Reads of the reserved bits/bytes within the valid address
space will return all zeros. Writes to the reserved bits /bytes within the valid address space
will generate a write response but will not have any affect.
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Note: No AXI4-Lite write operations should occur before the fourth clock edge after the SnkEn or
Reset_n signal toggles. Any write operations attempted prior to this clock edge will cause an error on
the sideband error bus (SNK_BRESP_ERR[2:1]).

Although the read and write operations require separate channels, the two operations
cannot be performed simultaneously. However, if a read and write request occur
simultaneously, the write operation will have precedence over the read in the Sink AXI4-
Lite Control Interface. This precedence enables continuous write operations to status
memory to update flow control information.

As long as there are no outstanding write operations, read operations may be performed.
Figure 5-6 gives an example of read operations.

AXI_SNK_ACGLK | 0 1 2 3 4 5 6 7

(e
©
N
o
-
[
N
N

13 14 15 16

AXI_SNK_WVALID

I

T ]
I
|

| |
|

AXI_SNK_WREADY.

’

AXI_SNK_AWVALID

AXI_SNK_AWREADY

|

|

|

|

[}

|

|

|

|

|

|

| |

AXI_SNK_ARVALID }w

| |
| |
|

|

|

|

|

|

AXI_SNK_ARREADY

AXI_SNK_ARADDR[9:0]

AXI_SNK_RVALID

T

|
|
AXI_SNK_RREADY ! |

I
I

Figure 5-6: Read Operation on theSinkfAXl4-Lite Control Interface

The Sink AXI4-Lite Control interface alsoshas areset signal AXI _SNK_ARESETN. This
signal effects all the logic, data path and memory,space associated with the interface. This
signal requires a minimal pulse of two AXI _SNK_ACL Keycles. Both the calendar and static
configuration memory space will revert to their default value when reset. These default
values are chosen through loading a COE file (calendar memory space) and selecting
values (static configuration parameters) in the VivadoIP catalog. See Chapter 4,
Customizing and Generating the Core. The default value for all$tatusichannels is 10 or
satisfied.
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Figure 5-7 demonstrates the behavior of the AXI-4 Lite Control interface signals when reset
occurs.

AXI_SNK_ACLK ' 0 1 2 3 4 5 6 7 8 9 10 11
t t t | | | | | | t
AX]_SNK_ARESETN i i | \ | | | | | | / |
| | | I I I I I I |
I I I I I I I I I I

|
AXI_SNK_RVALID

AXI_SNK_ARREADY

|
|
|
|
|
1
AXI_SNK_RDATA 0x01234567 X 0x00000000
|
|
|
|
|

AXI_CSNK_WREADY

B
[

|
!
AXI_SNK_AWREADY |
l
l
|
|

AXI_SNK_BVALID

Figure 5-7: Sink,AXI Lite Control Interface Reset Behavior

A detailed description en how to access and program the different memory spaces using
the AXI4-Lite Control interface is described in this section. Although it is possible to read
the memory spaces when.the interface is not in reset state, there may be restrictions on
when writing is permitted to‘each memory space.
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Figure 5-8: Calendar Memory and Status Memory Block Diagram

Sink Calendar Memory Initialization

There are two ways to initialize the Sink Calendar, One way is to load a COE file in the
Vivado IP catalog, which puts the contents of the COE file into'the XDC file (see Chapter 4,
Customizing and Generating the Core) The other way is toinitialize the Calendar in-circuit
at startup, described in the next section.

Initializing the Calendar In-Circuit

At startup, the Sink Calendar buffer can be programmed by first'deasserting Sink Enable
(SnkEn), then using the Sink AXI4-Lite Control interface to write the calendar sequence to
memory. AXI _SNK_AWADDR s used to indicate the location in the calendar buffer,

AXI _SNK_WDATA is used to indicate the channel number that should be written into that
location , and AXI _SNK_WSTRB is used to indicate which of the possible four calendar
entries should be written. When outputting RSt at , the status for the channels written to
AXI _SNK_AWADDR=0x000 are output first, followed by AXI _SNK_AWADDR=0x004, etc.,
until the end of the Calendar is reached, as defined by SnkCal endar _Len.

Based on Figure 3-3, page 34 of the Sink AXI4-Lite Memory Space, the valid address range
for the calendar memory is from 0x000 to 0x1FC. Note that the calendar memory cannot be
written to when the core is enabled (SnkEn=1). If this rule is violated and the write
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operation to the calendar space has failed, SNK_BRESP_ERR[ 2] will assert. See Figure 5-9
for an example.

SnkEn | | | | | | | | |
| |

I
AXI_SNK_ACLKIO| |1| |z| |3| |4| |5| |s| |7| |8|
|

AXI_SNK_WVALID | |

AXl_SNK_WREADY : ! :

!

!
|
AXI_SNK_WSTRBJ[3:0] :
T

AXI_ SNK_AWREADY : ! :

!
| |

AXI_SNK_BVALID ,

AXI_SNK_BREADY ,

| |
| |
! | |
SNK_BRESP_ERR][2] | | | , | | \ , | \
I | | |

Figure 5-9: Unsuccessful €alendar Initialization

|

The waveform in Figure 5-10 illustrates the programming of the Sink Calendar. In this
example, SnkCal endar _Len is setto eight and SnkCal endar _Mis set to zero (indicating
that the calendar length is nine, and should be'repeated once). This means that the Sink
Calendar will be expected to drive the FIFQ Status Channel data (onto the SPI-4.2 bus) in
the following sequence:

Status for channel 3
Status for channel 0
Status for channel 1
Status for channel 2
Status for channel 1
Status for channel 2
Status for channel 3

Status for channel 0

O ® N U N

Status for channel 0

To verify what has been programmed into the calendar buffer, read the contents using the
AXI4-Lite Read Data/Address Channels (AXI _SNK_R* and AXI _SNK_AR*).

See Appendix F, SPI-4.2 Calendar Programming for more examples of programming the
SPI-4.2 Calendar.

84 www.xilinx.com SPI-4.2 v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX. Sink Core

Note: For a 1-channel system, it is not necessary to program the Calendar. By default, all locations
are set to zero.

I I I I I I
SnkEn | I I I I I
|

Ll
AXI_SNK_ACLK | 0 | 1 | 2 | 3 | 4 | 5 |

| I I I T
AXI_SNK_WVALID | / ! | :\ !
. L L L 1
AXl_SNK_WREADY : : : : : :
|

AXI_SNK_WDATA[31:0] '-OXO2010003X0x00030201X0x00000000_
- ) - - e

1 T T T
AXI_SNK_AWVALID | | [ | | :\ |
. L L L 1
AXl_SNK_AWREADY : : : : : :

AXI_SNK_AWADDR[9:0] - 0x000 X 0x004 X 0x008 _

!
|
AXI_SNK_WSTRBJ[3:0] :
T

AXI_SNK_BVALID

!
|
|
T
|
|
)
AXI{SNK_BREADY |
I

Figure 5-10: Sink Calendar Initialization

Sink Flow Control

Typically, there are two ways to implement the SPI-4.2 Sink flow control:

¢ Automatic. The SPI-4.2 Sink coré cande configured to perform flow control
automatically for a single channeLsystem or for a system that does not require flow
control on a per-channel basis. See FIFQ'Almost Full Mode and Sink Almost Full,
page 90.

* Manual. The Sink core provides an interface that can be fully-customized if
per-channel flow control is required. A typical implementation is shown in
Figure 5-11. In this implementation, external FIFOs are used to provide additional
per-channel storage and to facilitate per-channel'flow control. Ayprogrammable full
indication on a user’s individual FIFOs can be used to drive the status interface of the
Sink core. This provides flexibility in implementing optimal flow control for your
system requirements.

When implementing large channel solutions, individual FIFOs may be shared by sets
of channels or alternative approaches may be implemented to minimize external logic
requirements.

The AXI4-Lite Control interface has a 32-bit data bus for all channel configurations; for
example, whether the core is configured for 4, 128, or 256 channels. This interface allows
you to write the FIFO Status Channel data for 4 channels at a time (each channel uses 2 bits
of each byte). There are 10 address lines (AXI_SNK_AWADDR([9:0]) for selecting which 4
channels you are accessing. Based on Figure Figure 3-3, page 34 of the Sink AXI4-Lite
Memory Space, the valid address range for the flow control status memory is from 0x200 to
0x2FC. The status memory can be written to regardless of the core’s state.
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The latency between the user interface and SPI-4.2 Interface for the Sink Addressable
Status Path is one AXI _SNK_ACLK cycle for the AXI4-Lite interface operation to occur,
plus six RSO k cycles.

Configure the Sink core to write status for four channels per clock cycle. Use the
AXI _SNK_AWADDR bus to select the four channels. The core supports configurations of 1-
256 channels.

The four channels of Channel Status are addressed as follows:

Bank 0: AXI _SNK_AWADDR[ 9: 0] =0x200 for channels 3 to 0
Bank 1: AXI _SNK_AWADDR[ 9: 0] =0x204 for channels 7 to 4
Bank 2: AXl _SNK_AWADDR[ 9: 0] =0x208 for channels 11 to 8
Bank 3: AXI _SNK_AWADDR[ 9: 0] =0x20C for channels 15 to 12

Bank 62: AXI _SNK_AWADDR[ 9: 0] =0x2F8 for channels 251 to 248

Bank 63: AXI _SNK_AWADDR] 9: 0] =0x2FC for channels 255 to 252
The status is mapped to the 32-bit bus as follows:

For Bank0:"AXl,, SNK_AWADDR[ 9: 0] =0x200

AXl _SNK. WDATA[ 1: 0] => Channel 0, where AXI _SNK_WDATA[ 1] is the MSB of the
2-bit status

AXI _SNK_WDATA[ 8:7] 5 Channel 1
AXI _SNK_WDATA[ 16:15] 2> Channel 2
AXI _SNK_WDATA[ 24: 28] =5 Channel 3

Note: The status values default to “Satisfied” when the AXI4-Lite interface is reset.

User
Interface
e —— FIFO
SPI-4.2 Sink Core Channel 0
T
T
- | FIFO
= | Channel 1
AXI4-Stream FIFO Interfface f—————p» C )
x L
 EE— I FIFO
: | "Channel 2
il
|
\4H | FIFO
|
T
|
I
|

[

47 77777777
< —-—-—-——-- Programmable
AXl4-Lite Control Interface Full
( 7777777777777
Status:
e  Starving
. Hungry
. Satisfied

Figure 5-11: Typical Flow Control Implementation for 4-Channel System
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Sink AXI4-Lite Control Interface: Status Example 1

Figure 5-12 illustrates writing to the Sink AXI4-Lite Control interface for a 4-channel SPI-
4.2 Sink core. In this example, the strobe (AXI _SNK_WSTRB) functionality is utilized to
only update the channel statuses that have changed. Since only the first four channels
require status information, AXI _SNK_AWADDR is always driven to 0x200.

Each of the Sink AXI4-Lite Write Address and Write Data Channel’s handshake signals
(AXI _SNK_AWV/AL| D/ AVIREADY and AXI _SNK_W/ALI| D/WREADY) must be asserted
simultaneously for one clock cycle for the status address and data to be updated in status
memory. The status written in this example is shown in Table 5-4. The status data on

AXI _SNK_WDATA[ 31: 0] is represented in hexadecimal.

Table 5-4: Status Example 1: Status Written via AXI4-Lite Interface

Clock Cycle Starving Status Satisfied Status
4 CH0-3 none
5 CH1-3 CHO
6 CH1,2 CHO0,3
7 none CHO0,1,2,3
8 CHO CH1,2,3

| | + + + + + + + +
SnkEn I4:j | | ! | | | | |
I | | | | | | | |

AXI_SNK_ACLK | 0 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |
T T T T T T T T T
| | | / | | | | |\ |
| | | I I I I I |
L L L L It L L L L
I I I I I I I I I
I I I I ! ! ! I I

_hOOOOOOOO hOOOOOOOZXhOZOOOOOZXh02020202 h02020200_

] L

AXI_SNK_WVALID

AXI_SNK_WREADY

AXI_SNK_WDATA[31:0]

AXI_SNK_WSTRB[3:0]

AXI_SNK_AWVALID

AXI_SNK_AWREADY

AXI_SNK_AWADDR[9:0] 0x200

:

I
!
AXI_SNK_BVALID :
|
AXI_SNK_BREADY :
I

Figure 5-12: Sink Status FIFO Write Example 1: 4-Channel Configuration

Sink AXI4-Lite Control Interface: Status Example 2

Figure 5-13 illustrates writing to the Status FIFO Interface for a 64-channel SPI-4.2 Sink
core. Address the following sixteen banks, depending on the status of the channel that is
being updated, to write status for 64 channels:

e Bank 0: AXI _SNK_WRADDR] 9: 0] = 0x200, for channels 3 to 0
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e Bank 1: AXI_SNK_AWADDR[ 9: 0] = 0x204, for channels 7 to 4
e Bank 2: AXl _SNK_AWADDR] 9: 0] = 0x208, for channels 15 to 8
e Bank 3: AXI _SNK_AWADDR] 9: 0] = 0x20C, for channels 19 to 16

e Bank 14: AXI _SNK_AWADDR[ 9: 0] = 0x2F8, for channels 59 to 56
e Bank 15: AX _SNK_AWADDR[ 9: 0] = 0x2FC, for channels 63 to 60

The mask (AXI _SNK_WSTRB[ 3: 0] ) is used to update only the channels for which FIFO
status has changed. The status written is shown in Table 5-5.

Table 5-5: Status Example 2: Status Written via AXI4-Lite Interface

Clock Cycle ASdtg:gss Status Mask Sg:;\t/lijr;g Satisfied Status
4 Bank 0 1111 CH0-3 none
5 Bank 0 0001 CH1-3 CHO
6 Bank 1 1000 none CH 4-7
7 Bank 2 1111 CH 8-11 none
8 Bank 3 1111 CH 12-15 none
9 Bank 0 1000 CH1,2 CHO, 3

I I + <
SnkEn } ! ’ }

I
AXI_SNK_ACLK | 0 | | 1 |
T
|
|
1
|
|

T
AXI_SNK_WVALID |

D

!7| |s| |9| [10]

T
S
|
1
|
|
‘ N Y 4R N
AXI_SNK_WDATA[31:0] }_hOOOOOOOOXhOOOOOOOZXhOZOOOOOOX h00000000 XhOZOOOOOO_
|
wesvwsreerso) [T v | oo | v [0 s | oo (O
|

AXI_SNK_WREADY }

T T T T I I I — I I I T

AXI_SNK_AWVALID | | | | / | | | ! | | \ !

| T T T ! ! ! — ! ! T

AXI_SNK_AWREADY ! | | | | ! ! : | | |
| " " " " < Lo

|
T
AXI_SNK_BVALID |
|
AXI_SNK_BREADY |

|

T T T T T T T
| | | | ! | |
| | | | | | |
T Il Il Il Il il Il
| | | | | | |
| | | | | | |
| | | | | | |

Figure 5-13: Sink Status FIFO Write Example 2: 64-Channel Configuration

Sink AXI4-Lite Control Interface: Status Example 3

This example illustrates status received on the user interface and written to the SPI-4.2 bus.
Figure 5-14 shows a RSt at waveform for a calendar length of four

(SnkCal endar _Len=3) and calendar repetition value of one (SnkCal endar _M=0). FIFO
status information is periodic, repeating the sequence of a framing pattern (11), a repeated
set of FIFO status words (SnkCal endar _M+ 1 times) in accordance with the programmed
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calendar order, and a DIP-2 value. The programmed calendar sequence is channel 0, 1, 2, 3,
and the following RSt at [ 1: 0] sequence is as follows.

® Sequence #: CHO, CH1, CH2, CH3
® Sequence 1: 00, 00, 00, 00
* Sequence 2: 10, 00, 00, 00
® Sequence 3: 10, 00, 00, 10
* Sequence 4: 10, 10, 10, 10

[
AXI_SNK_ACLK } 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

AXI_SNK_WVALID |

AXI_SNK_WREADY |

|
AXI_SNK_WDATA[31:0] | h00000000 h00000002 02000002 102020202

!
AXI_SNK_WSTRB[3:0]

AXI_SNK_AWVALID |

AXI_SNK_AWREADY |

AXI_SNK_AWADDR[9:0] |

I
|
|
r |
RSCIk} | S !
[
I
¥

RStat[1:0] - mx 00 X DIP X 11 X 10 X 00 X DIP X 1 X 10 X 00 X 10 X DIPX 1 X 10 X DIPX

Figure 5-14:  Sink Status Path - User Interface to SPI-4.2 Interface

Insertion of DIP2 Errors

Use the Sink core to force the insertion of DIP2 errors for use during system testing and
debugging. This is supported by utilizing the SnkDlI P2Er r Request signal. When the
SnkDI P2Er r Request signalis asserted, the next DIP2 value sent on RSt at will error.
The erroneous DIP2 value isfan inversion of the correctly calculated DIP2.

Sink Static Configuration Parameters

There are two ways to initialize the Sink Static configuration parameters. First is by setting
the GUI parameters in the Vivado IP catalog,whichiinitializes the registers that make up
the static configuration parameter memory space.For more information, see Chapter 4,
Customizing and Generating the Core. The other'method is t0 initialize the static
configuration parameters in-circuit at start-up.

For a full list of Sink static configuration parameters, see Table 3-5/page 37.

Initializing the Static Configuration Parameters In-Circuit

The Sink static configuration parameters are statically driven inside the core by writing
registers through the AXI4-Lite Control interface. All Sink Static configuration parameters
can be changed in-circuit when the core is not in operation (disabled and in reset state).

The following steps are recommended when changing static configuration parameters:
1. Disable the sink core (SnkEn signal).
2. Assert core reset (Reset _n =0).

3. Change the desired static configuration parameters by using the AXI4-Lite Control
interface to write to the appropriate address space.

4. Deassert reset (Reset _n=1).

5. Wait at least 10 clock cycles of RDCl kDi v_User for the sink static configuration
parameters to settle and propagate to the Sink core's logic.
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6. Enable the core and wait for the core to achieve synchronization. Then continue
normal operation.

Note that the static configuration parameters can only be written to when the core is
disabled and in reset state. If this is not the case, the write transaction will fail and the
signal SNK_BRESP_ERR[ 1] will assert. See Figure 5-15 for an example of a failed write
operation on static configuration memory.

AXI_SNK_AWVALID | | |

AXI_SNK_AWREADY : ! :

!
T 1 1
AXI_SNK_BVALID | | | ’ | | \
| | |
| |
| |
L L

AXI_SNK_BREADY ,
|
SNK_BRESP_ERRJ[1] | | ’ | | \ , | \
| | | |

Figure 5-15: Failed Write Operation on Static Configuration Memory

FIFO Almost Full Mode and Sink Almost Full

You can select the behavior of the Sink core whenitis almost'full by setting the static
configuration parameter Sink FIFO in Almost Full Mode (Fi f oAFMbde[ 1: 0] ).

Figure 5-16 through Figure 5-18 are timing diagramsillistrating the behavior of the core
for each of the three modes.

FIFO Almost Full Mode “00”

When the FIFO Almost Full Mode (Fi f oAFMbde) is set to “00”‘and the:Sink core becomes
Almost Full, the Sink interface will go out-of-frame, and the Sink Status logic will send the
framing sequence “11” until SNKFF_ALMOSTFULL_Nis deasserted and the Sink core
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transitions back to in-frame. This is illustrated in Figure 5-16.

RDat P _)o)o)ofo)ofo)oYofo)oYofo)o]pYpfo)o)o)o) i (°Yofo)o)

M_AXIS_SNKFF_ACLK ! ‘ ‘

SNKFF_ALMOSTFULL_N | | | \
SnkOof [

A_SNKACK T\ S\ M\

| | | |
* AXI_SNK_WDATA :)( 5000 X o000 X 0000 Xj/' Y 00 X 0000 )(7/' Y 0w X 0w XZ
! ! ! ! ! ! ! ! ! !

[ e N
RSClk | |

Rstat X XXX X CXe0koofoq pofoofooka g X X XXy )X foojoofoofoojoofoofoo)

* Not all required AXI4-Lite
interface signals are shown

Figure 5-16: FIFO Almost Full Mode “00

FIFO Almost FullMode “01”

When the FIFO Almost Full Mode (Fi f oAFMbde) is set to “01” and the Sink core becomes
Almost Full, the Sink interface will#emain in-frame (SnkQof deasserted), and the Sink
Status logic will send satisfied (“40”) on all channels until SNKFF_ALMOSTFULL_Nis
deasserted. This is illustrated.in Figtire 5-17.

T T e O O 1 A T e e e O A B B

rock P\ LA LU N T U

RS D 000000000 E/20 000 G [ E— 2000

vvvvvvvvvvvvvv

L T e e O e e L e e e e e e e e e e

| | | | | | | | | |

M_AXIS_SNKFF_ACLK W[—w_fw
SNKFF_ALMOSTFULL N | ‘ ~\ // f f f f
SnkOof | ! ! /l

| | |

| | |

| !
1 1
| |
I I
| |
[ [
* AXI_SNK_WDATA D( 0000 X 0000 X 0000 Xj/' 0o 00 30, )(’
| | | | | | | | | |

e e e e e e O N A
RSClk | |

Rstat OO Xedfoofoq pofooyo)atofiogofrofro)a o fiofrofofrofecfocfoofoafoofofoq)

* Not all required AXI4-Lite
interface signals are shown

Figure 5-17: FIFO Almost Full Mode “01”

FIFO Almost Full Mode “10” or “11”

When the FIFO Almost Full Mode (Fi f oAFMbde) is set to 10 or 11 and the Sink core
reaches the almost-full state, the Sink Status logic will continue in normal operation
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(Figure 5-18). In this case, take immediate action to prevent FIFO overflow and loss of data.

RDClk_P ‘ ‘

M_AXIS_SNKFF_ACLK "™ \_ /" \_ /" \_/ I/ o
SNKFF_ALMOSTFULL_N \ ’ ’ ’ ’

|

| | +

SnkOof 1 l l
| | |

| | |

|
* AXI_SNK_WDATA D( 0000 Y o000 X 1010 Xj,l'o 0 X 7010 X 7010 X o0od Xj/')o o0 Y 00 00 XZ
| | | | | | | | | |

e e O s O Y I Y I O B A
RSClk | \

\
Rstat Y 1 OO OO Hofoofoq pofookrofiofiofiofiofiofiofiofiofrokrofiokiofqfofiofodfoofoofoood

* Not all required AXI4-Lite
interface signals are shown

Figure 5-18: FIFO Almost Full Mode “10” or “11”

Sink Data Capture Implementation

The SPI-4.2 Sink supports staticialignment and two variations of dynamic phase
(automatic) alignment of the ingfess RDCl k to RDat [ 15: 0] and RCt | signals using the
training patterns defined in the SPI<4.2 standard. Selection of the alignment scheme only
modifies the Sink core. The Source core does not change, regardless of the alignment
method selected. The Source core does support configuration of appropriate training
intervals for a corresponding receiver alignment. Static alighment should not be used in
systems where RDC k will exceed 350 MHz and either of the two Dynamic Phase
Alignment (DPA) schemes is recommended forall\Virtex-7 and Kintex-7 FPGA designs.

The IDELAY feature in Virtex-7 and Kintex-7 FPGAS allows you to define the SPI-4.21/0O
pinouts without concern for the chosen alignment scheme, The ChipSync™ technology
coupled with an enhanced DPA design result in an'automatic alighment implementation
that uses significantly fewer FPGA resources and power than DPA implementations seen
in prior Virtex FPGA architectures. Performing alignment with oné of the two DPA options
is recommended for all SPI-4.2 designs above the nominal 311Mhz RDCl'k frequency.

Dynamic Phase Alignment

The Sink core can be configured to support dynamic phase alignment (DPA) on the
incoming source synchronous SPI-4.2 data stream (RCt | and RDat [ 15: 0] with respect to
the RDCI k) for all supported RDCl k frequencies greater than, or equal to 311 MHz. From a
system timing standpoint, each bit of the SPI-4.2 bus is aligned to the RDCl k independent
of any other bit of the bus. This increases the system timing margin by completely
removing bit-to-bit data skew as a detractor from I/O timing calculations. After the
optimal sampling point (to within one IDELAY tap) of each SPI-4.2 bus bit is determined,
the proper bus timing is reconstructed using the SPI-4.2 training pattern as an expected
reference. Provided each bus bit has a sufficient data eye, the DPA solution can recover and
reconstruct the SPI-4.2 bus even in the presence of bit-to-bit skew on the bus of over +/- 1
Unit Interval (UI).
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From a black-box perspective, there is no difference in the Sink core interface definition for
static and dynamic alignment options (aside from the DPA ports). The use of dynamic
alignment does not relax the PCB design requirements for high-speed differential signals.
Each bit-pair of the bus requires the same PCB routing (matched length and controlled
impedance traces), given the high speed of the SPI-4.2 LVDS pairs.

For more information about DPA operation and guidelines, see the SPI-4.2 Dynamic Phase
Alignment White Paper, available on the SPI-4.2 Product Page.

Dynamic Alignment Implementation Considerations

The Sink user interface contains one input and five output signals that are used for
dynamic alignment, and are summarized in Table 5-6. The dynamic alignment algorithm
uses a training sequence on the SPI-4.2 bus to complete the alignment.

If the “DPA Wait For Training Control” feature is enabled, DPA will check for the presence
of a training control word (RDat [ 15: 0] =0fff and Rct| = 1) on the SPI-4.2 bus before
starting the alignment process. Undefined data “X” or HiZ should not be sent on RDat or
RCtl even if option “DPA Wait For Training” is selected. If the training control word is not
detected within a time interval (Alignment Test Interval * 32) after

SnkDPAPhaseAl i gnRequest is pulsed SnkDPAFai | ed is asserted. If “DPA Wait for
Training Control” feature is not enabled, the DPA logic will start the alignment process
right after SnkDPAPhaseAl i gnRequest is pulsed.

If SnkDPAPhaseAl i gnRequest is activated when the Sink logic is not receiving a SPI-4.2
training sequence or continuous training patterns (but the SPI-4.2 interface signals are
toggling), the logieimay fail to achieve the correct alignment. There is a remote possibility
that SnkDPAPhaseAl i gnConpl et could be asserted without being properly aligned.

If SnkDPAPhaseAl i gnRequest is activated when the Sink logic is only sending idles and
none of the SPI-4.2 inputs aretoggling'(for example, the transmitting PHY is not powered),
the DPA logic will not assert SakDPAPhaseAl i gnConpl et e and SnkDPAFailed signal
will assert.

If alignment is not achieved upon the/completion of the alignment sequence, the
SnkDPAFai | ed signal will assert. Coressconfigtired with auto-retry will immediately
initiate a new alignment sequence at this point and continue to attempt alignment unless
SnkDPAPhaseAl i gnRequest is held high. The “auto-retry” features is only applicable
after SnkDPAPhaseAl i gnRequest has been initiated andSnkDPAFai | ed has been
asserted. Enabling this option does not automatically initiate the DPA alignment when the
core becomes out of frame. In this event, you need to perform the startup sequence, and
initiate SnkDPAPhaseAl i gnRequest .

For cores not configured with auto-retry, SnkDPAFai | ed is@sserted at the end of each
unsuccessful alignment attempt and will de-assert the next time

SnkDPAPhaseAl i gnRequest is asserted. Note all DPA logic operates on RDCl k input
and if RDA K is not toggling, SnkDPAPhaseAl i gnRequest transitions will not initiate
alignment.

Every time SnkDPAPhaseAl i gnRequest is asserted (transitions from low-to-high), the
core is forced to go out of frame (SnkQof is asserted) and aborts the current alignment.
This state causes the core to send framing patterns (all 11s) on its FIFO status channels. The
SPI-4.2 specification requires that the corresponding PHY transmit device respond to this
condition by sending continuos training sequences. Alignment is initiated only on high-to-
low transition of SnkDPAPhaseAl i gnRequest . This behavior of

SnkDPAPhaseAl i gnRequest enables the user to force to go out of frame (asserting
SnkDPAPhaseAl i gnRequest ), wait for the corresponding Transmit device to respond
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Table 5-6:

with training patterns (hold SnkDPAPhaseAl i gnRequest high) and restart alignment
when training patterns are received (deassert SnkDPAPhaseAl i gnRequest ).

Dynamic Phase Alignment Signals

Signal Name

Direction

Clock Domain

Description

SnkDPAPhaseAlignComplete

Output

RDCIkDiv_User

Phase Alignment Complete. Active high signal that
indicates phase alignment is complete.

SnkDPAPhaseAlignRequest

Input

RDClkDiv_User

Phase Alignment Request. Initial DPA commences by
asserting and deasserting PhaseAlignRequest. DPA
starts on a high-to-low transition. When
PhaseAlignRequest transitions from low-to-high SnkOof
will be driven high (core goes out of frame).

SnkDPAFailed

Output

RDClkDiv_User

Phase Alignment Failed. Active high signal that
indicates phase alignment has failed at the end of the
alignment sequence.

SnkDPARamAddr [5:0]

Output

RDCIkDiv_User

Phase Alignment RAM Address. Bus indicating the
ISERDES tap value that corresponds to the data on
SnkDPARamData.

SnkDPARamData [16:0]

Output

RDClkDiv_User

Phase Alignment RAM Data. Initial data collected
during alignment. Used to find the valid data window
for each bit of the SPI-4.2 bus. An active high on the bus
indicates that sampling on the ISERDES tap
corresponding to SnkDPARamAddr will result in
sampling within a valid data window. Each index
corresponds to a bit on the SPI-4.2 bus; RDat(0) is index
0, RDat(1) is index 1, ..., RCtl is index 16.

SnkDPARamValid

Output

RDClkDiv_User

Phase Alignment RAM Valid. Active high signal
indicating the information on SnkDPARamData and
SnkDPARamAddr is valid.

SnkCDPAHalt
(optional)

Input

RDCIkDiv_User

Phase Alignment DPA Halt. Active high signal that
enables the user to halt the pointer adjustment of
continuous DPA /operation.

SnkDPADiagWin
(optional)

Input

RDClkDiv_User

Phase Alignment DPA Diagnostics. Active high signal
that enables the user to'find the valid data window
during operation for'each bit of the SPI-4.2 bus. After the
SnkDPADiagWin is pulsed, the valididata window
information is presented on'SnkDPARamAddr [5:0] and
SnkDPARamData [16:0] when SnkDPARamValid is
asserted.

SnkDPA AddrRst
(optional)

Input

RDClkDiv_User

Phase Alignment DPA Address Reset. Active high
signal that clears the SnkDPARamAddr counter.

SnkDPAAddrEn
(optional)

Input

RDClkDiv_User

Phase Alignment DPA Address Enable. Active high
signal that enables the SnkDPARamAddr counter.

SnkDPACIkDIlyRst

(optional)

Output

RDClkDiv_User

Phase Alignment IDELAY Reset. Active high signal
used to reset the IDELAY inserted in the RDClk path of
the external sink clocking module. This option is only
available when the “DPA Clock Adjustment” feature is
enabled.

94

www.xilinx.com

SPI-4.2v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX.

Sink Core

Table 5-6: Dynamic Phase Alignment Signals (Cont'd)

Signal Name

Direction | Clock Domain Description

SnkDPACIkDlyCe
(optional)

Phase Alignment IDELAY Clock Enable. Active high
signal used to enable the increment of the IDELAY
Output | RDCIkDiv_User | inserted in the RDClk path of the external sink clocking
module.This option is only available when the “DPA
Clock Adjustment” feature is enabled.

SnkDPACIkDlyInc
(optional)

Phase Alignment IDELAY Increment. Active high
signal used to increment the delay value of the IDELAY
Output | RDCIkDiv_User | inserted in the RDClk path of the external sink clocking
module.This option is only available when the “DPA
Clock Adjustment” feature is enabled.

All bits of the SPI-4.2 bus are aligned in parallel (rather than sequentially). This
significantly reduces the alignment time both in simulation and in the actual hardware.
Alignment time is only dependent on the RDCl k frequency and the chosen alignment test
interval'and is approximately:

Time ~= RDCl k period * 128 * (Alignment Test Interval + 7)

Lower test intervals may be selected through the GUIL. However, test intervals below 128
are not recommended for hardware implementations. Smaller values are allowed in the
Vivado IP catalog to support faster simulation of DPA alignment. It is also recommended
that the product of the Alignment test interval and the Master-Slave IDELAY offset always
exceed 240. The Master-Slave offset relates inversely to the expected data eye (in IDELAY
taps) and therefore should not be sét to large values in fast or noisy systems. For example,
choosing an offset of 10 may result in alignment failures unless the data eye of all the
inputs is at least 825 ps (10 X IDELAY taps). Best initial alignments will be achieved with
small Master-Slave IDELAY offsets and larger alignment test intervals.

Users are strongly encouraged to use the‘alignment test interval of 128 and master-slave
IDELAY offset of 2. These settings have been tested to work in hardware for systems up to
1 Gbps. These values should be changed only after consulting Xilinx.

The DPA logic has the following standard debugports: Snk DPARamAddr,
SnkDPARanDat a and SnkDPARanmVal i d. These portsipresent the user with the data
collected by the logic while finding the data valid window for each of the SPI-4.2 data and
control bits (between assertion of ShkDPAPhaseAl'l gnRequest to

SnkDPAPhaseAl i gnConpl et e). See Table 5-6 for more information. Additional
debugging information is also available when invoking the DPA(status'menitoring feature.
See DPA Status Monitoring, page 96.

The DPA also has the following advanced diagnostic ports: SnkDPADI“agW n,
SnkDPAAddr Rst , and SnkDPAAddr En. These input ports enable you to measure and
examine the valid data window for each channel during normal operation. See the section
Advance DPA Diagnostic Ports for more information.

DPA Clock Adjustment

Selection of this feature will cause the DPA alignment to perform a clock alignment phase
prior to the alignment of the individual data bits” sampling points. This feature should
only be invoked if there is an aggregate data window; for example, a sampling point (clock
delay) that is valid for all bits of the bus. DPA adjustment of the clock delay prior to per-bit
alignment will produce lower final IDELAY tap settings for the data bits. This minimizes
the effects of IDELAY tap pattern jitter on system timing. If there is no clock delay that
provides valid data for the entire bus, the clock adjustment phase will fail and assert
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SnkDPAFai | ed. The DPA logic may choose to adjust the clock up or down, depending on
the initial data test. Consequently, the initial clock delay should be in the middle of the
IDELAY range (default is 16) or at least as many IDELAY taps as correspond to 1 UL

Continuous Alignment Considerations

This option is an enhancement that may be useful in a system where the SPI-4.2 bus timing
is changing over time due to voltage, temperature, or other variations. This is not typical,
as most SPI-4.2 sources have a data/clock phase relationship that is fixed by design.

The default DPA implementation performs alignment only in response to
SnkDPAPhaseAl i gnRequest after it has achieved alignment as indicated by the
assertion of SnkDPAPhaseAl i gnConpl et e and SnkTr ai nVal i d. No further alignment
is performed even when additional training patterns are received. Continuous alignment
addresses this by performing a constant non-disruptive monitoring of the ingress data
samples by using a second sample offset in time. The reference sample is skewed early and
late'relative to the data sample and differences are stored. If the reference matches the data
at one'test offset but not the other, the data timing will be bumped by one IDELAY tap to
adjust the data sampling point. This process occurs continuously (and independently) on
each bit of the bus, and does not depend on the presence of SPI-4.2 training patterns. Any
data pattern with transitions will exercise the tracking feature.

The adjustment’opportunity (for any, or all bits) occurs periodically at a rate of:
DPA update rate ~= UI * (Alignment Test Interval * 8 + 136)

Xilinx recommends that you configure the transmitting PHY device to send periodic
training patterns to the Xilinx(SPI-4.2 sink core once every DPA update interval to
guarantee that data patterns'with transitions are received to exercise the tracking feature.
This is particularly relevafit in systems where the transmitting SPI-4.2 device have long
idle cycles.

The continuous alignment process can be halted by asserting the input port
SnkCDPAHal t . When this port is deasserted, continuous alignment will continue.

The initial alignment requirements and sequences are identical to the default DPA
configuration, and the additional logic overhead is extremely low (60 slices) when this
feature is enabled.

DPA Status Monitoring

If invoked, this option will output DPA alignment information on SnkBusEr r St at while
the DPA logic is attempting initial alignment and before SnkDPAPhas@Al i gnConpl et e
is asserted. SnkBusEr r St at reverts back to its normal function as$oon as
SnkDPAPhaseAl i gnConpl et e is asserted. The function is intended:to support diagnosis
of alignment failures with Chipscope or similar logic probes. The bus index allows the
probing to be targeted to a particular bit of the SPI-4.2 bus 0-15, or 16 for the RDCt | bit.

For more information about DPA operation and guidelines, see the SPI-4.2 Dynamic Phase
Alignment White Paper, available in the SPI-4.2 Product Page.

Advance DPA Diagnostic Ports

Selection of this feature allows you to use Advance DPA Diagnostic Ports to measure and
capture the data valid window for each channel during operation. After Snk DPADI agW n
is pulsed, the DPA logic traverses the 32-tap IDELAY to determine if the sampling for an
IDELAY tap is within a valid window. The sampling information for each channel is
captured and presented on the SnkDPARamAddr and SnkDPARanDat a bus when
SnkDPAVal i d is asserted.
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The signal SnkDPADI agW n should be used for diagnostics only, as the normal continuous
alignment process is halted when SnkDPADi agW n is asserted, and will not function
correctly after that. The ports SnkDPAAddr Rst and SnkDPAAddr En can be used to clear
the SnkDAPRamAddr counter, and enable the address counter to present captured data
valid window information on the SnkDPARamAddr and SnkDPARanDat a ports.

Static Alignment

The Sink core performs static alignment by shifting the clock relative to the 16-bit data so
that the incoming clock edge is centered to the data eye of RDat /RCt | . For Kintex-7 and
Virtex-7 designs using global clocking distribution, the alignment can be performed by
using a MMCM. For designs using regional clocking distribution, the IDELAY function is
used to shift the clock in relation to the data bits.

The SnkDPAPhaseAl i gnRequest and SnkDPAPhaseAl i gnConpl et e signals are
present but not used for the Static Alignment core. SnkDPAPhaseAl i gnRequest should
be tied to a constant zero, and SnkDPAPhaseAl i gnConpl et e should be ignored.

Alignment Implementation Considerations for Global Clocking Configuration

The'core supports legacy static alignment, which uses the MMCM to phase shift RDCl k.
The ability of the MMCM to shift the internal clock in small increments enables RDCl k to
be shiftedwrelative to,the sampled data. For statically-aligned systems, the MMCM output
clock phase offset is a critical part of the system. The static alignment solution, using the
MMCM, assumesithatthe PCB is designed with precise delay and impedance matching for
all LVDS differential pairs of the data bus. This assumption is critical as the MMCM does
not compensate for deviations in delay between bits.

The optimal MMCM setting (CLKOUTO_ PHASE) needs to be determined to ensure that the
target system will have the' maximtimysystem margin and performance across voltage,
temperature, and process (chip t0 chip) variations. Testing the system to determine the best
MMCM CLKQOUTO_PHASE setting has theadded advantage of providing a benchmark of
the system margin based on the UI'(unit interval or bit time).

System Margin (ps) = Ul(ps) * (working phase shift range /128)

Xilinx makes no recommendation for a single MMCM CLKOUTO_ PHASE value that will be
effective across all hardware platforms. Xilinxialso deesmot recommend that you attempt
to determine the CLKOUTO_PHASE setting empirically. In addition to the clock-to-data
phase relationship, other factors such as package flight time (package skew) and clock
routing delays (internal to the device) affect the clock data relationship at the sample point
(in the IOB) and are difficult to characterize.

The optimal CLKOUTO_PHASE setting should be investigated during hardware integration
and debugging. The phase shift setting provided with the SPI-4.2 core in'the constraints file
is only a place-holder, and has been determined to work on the Xilinx SPI-4.2 hardware
platform. For information about finding the ideal phase shift value for your system, see the
Xilinx SPI-4.2 Answer Record 16112.

Note: This alignment method should only be used with global clock distribution.

Alignment Considerations for Regional Clocking Configuration

Static alignment can be performed using the IDELAY function when regional clock
distribution is used. The ability of the IDELAY function to delay its input by small
increments (78 ps) enables the internal RDCl k to be shifted relative to the sample data.

For statically aligned systems, the delay chain length is a critical path of the system. The
static alignment solution assumes that the PCB is designed with precise delay and
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impedance matching for all LVDS differential pairs of the data bus. In this case, the
primary alignment mechanism is time, shifting the internal RDCl k relative to the data bits
using the IDELAY function.

The optimal delay in the IDELAY function (IODELAY primitive) needs to be determined to
ensure that the target system will have the maximum system margin and performance
across voltage, temperature, and process (chip to chip) variations. Xilinx cannot
recommend a single delay value that will be effective across all hardware platforms. Xilinx
also does not recommend that you attempt to determine the delay setting empirically. In
addition to the clock-to-data phase relationship, other factors such as package flight time
(package skew) and clock routing delays (internal to the device) affect the clock-data
relationship at the sample point (in the IOB) and are difficult to characterize. The optimal
delay setting should be investigated during hardware integration and debugging. The
delay setting provided with the SPI-4.2 core in the pl 4_snk_cl k. v[ hd] file is only a
place-holder.

Note: This alignment method should be used only with regional clock distribution.

Alignment Guidelines

There aré sevetal parameters to consider when choosing the best alignment option for your
system:

* clock frequency
* available resources

® board layout

The Dynamic Phase Alignment feature operates on systems ranging from 311MHz to 500+
MHz RDA k frequency. The Static Alignment feature operates on systems ranging from the
minimum MMCM frequency for the architecture to 350 MHz.

In terms of resources, the Dynamic Phase Alignment logic and its features add
approximately 300 slices to the design when compared to the Static Alignment.

The Dynamic Phase Alignment solution increases the system timing margin by completely
removing bit-to-bit data skew as a detractor ffom data eye calculations and can recover
and reconstruct the SPI-4.2 bus in the presence ofia/bit-to-bit skew on the bus over + 1 UL
Additionally the Continuous Alignment featurerenables the DPA logic to continuously
track the data eye in systems where the SPI-4.2 bus timing is changing over time due to
voltage and temperature or other variations.

In general, for systems operating above the nominal 350 MHz RDCl K frequency, it is
recommended that Dynamic Phase Alignment with Continuous Alignment is used. The
DPA Clock Adjustment feature should only be used if the tracesfor the data and control
bits are closely matched.

Synchronization and Startup

Once the Sink core has been initialized (Initializing the SPI-4.2 Core, page 68), the Sink core
must be synchronized before data and status can be received and transmitted. Figure 5-19
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shows a state machine diagram illustrating a Sink core startup sequence and error
condition processing.

Consecutive DIP4
Errors Received;
Almost Full and

FifoAFMode = "00"

10 Locked;
Reset De-asserted;
Sink Enabled

10 Loses Lock;
Reset Asserted;
Sink Disabled

Valid SOP to Data
Transition Detected,;
FIFO Reset De-asserted

Consecutive Valid
Training Sequences
Received

Figure 5-19:/ Sink Startup Sequence State Machine

Reset

The Sink core remains in the Reset state until the following conditions are true.

e Al input clocks(RDO k@ User, RDC kDi v_User,
M _AXI S_SRCSTAT_ACLK, and others) aré stable and RDCl ksRdy_User =1

e Reset nisdeasserted.
* SnkEn is asserted.
® Clock-Data Alignment is complete.
* Static Alignment: Alignment is assumed to be correct.

* Dynamic Alignment: Per bit deskew is performed, the eye of RDat [ 15: 0] is
aligned to the RDA k.

- Assert SnkDPAPhaseAl i gnRequest for two user clockcycles.
- Wait for SnkDPAPhaseAl i gnConpl et e to assert.

In Reset state, the Sink core transmits framing patterns (11) on RSt at [ 1: 0] . The core is
out-of-frame in this state.

Hunt

The Sink core remains in the hunt state until a set number of consecutive training patterns
are received, as defined by the static configuration parameter Nunmirr ai nSequences. In
this state, the Sink core transmits framing patterns (11) on RSt at [ 1: 0] . The core is out-of-
frame in this state.
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Sync Wait

In the Sync Wait state, the Sink core has completed the startup sequence and is waiting to
receive the first valid SOP to data transition on RDat .

The Sink core will remain in this state until the following conditions are true.
e M AXI S_SNKFF_ARESETNis deasserted.
e The first valid SOP-to-data transition is received on RDat .

In this state, the Sink core continuously checks DIP-4 parity and sends FIFO Channel status
on RSt at . The core is in-frame in this state. After the core is in frame, RSt at will send
satisfied status “10” until the user has written in the FIFO Channel Status.

Sync Data

In the Sync Data state, normal core operation is enabled.

In this'state, the Sink core continuously checks DIP-4 parity, stores data received on
RDat [ 15: 0] into the Sink FIFO, and sends FIFO Channel status on RSt at . The core is in-
frame in this state.

Sync Train

The Sink core enters the Sync Train state when a training pattern is detected on
RDat [ 15: 0] .‘The Sink core stops storing data to the Sink FIFO while in this state. The core
will remain in this state until the first valid Payload-to-Data transition is received on RDat .

In this state, the Sink core continuously checks DIP-4 parity, and sends FIFO Channel
status on RSt at . The corefis in-frame in this state.

In-Frame and Out-of-Frame Behavior

There are a number of conditions that must be met before the Sink core deasserts Snk Cof
and starts accepting data. Data will be written to the FIFO when the following conditions
are met.

¢ Clock alignment is complete (SnkDPAPhaseAl/i gnConpl et e asserted).

e Reset nisdeasserted.

e M AXI S_SNKFF_ARESETNIis deasserted.

e SnkEn is asserted.

® SnkOof is deasserted (Nunir ai nSequences consecutive training patterns received).

e  First valid SOP-to-data transition detected (after SnkQof or
M _AXI S_SNKFF_ARESETN asserted).

¢ First valid Payload-to-data transition detected (after training pattern).

There are five conditions that will cause the Sink core to lose synchronization and assert
Snk Oof .

e SnkDPAPhaseAl i gnConpl et e is deasserted.

e If the I/O loses lock (SnkDPAPhaseAl i gnConpl et e = 0) the data written to the
FIFO is corrupt and is immediately terminated.

* SnkDPAPhaseAl i gnRequest is asserted (specifically, low-to-high transition).
This forces the core to go out of frame.

* SnkEn is deasserted.
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e The core will continue to write data to the FIFO and will terminate with the next
control word detected.
e SNKFF_ALMOSTFULL_Nasserted and SnkFi f oAFMbde = Send Framing Patterns
(/lOO/I)
e The core will continue to write data to the FIFO and will terminate with the next
control word detected.

e NunDi p4Err or s consecutive DIP4 errors are detected

e The core will terminate writing to the FIFO with the last control word that causes
SnkOof .

¢ When the Sink core is out-of-frame, the FIFO will still contain the old data that were
not read out by the user application prior to the core entering the out-of-frame state. It
is recommended that the user reset the FIFO using M_AXI S_SNKFF_ARESETN before
the Sink core transits back into frame.

Error Handling

This section,describes how the Sink core handles the receipt of non-compliant SPI-4.2 data
and subsequent error handling in a number of common scenarios. This section also
provides information on the Sink core error status signals.

Short Packet Support (Less-Than-16-byte Packet Support)

Though the SPI-4.2 specification requires that successive start-of-packets must occur not
less than eight cycles apart, and that there is no restriction on payload control words that
are not SOPs, the Sink‘coreautomatically handles any size packets, including multiple
SOPs that are less than eight cycles apart. If SOPs are less than eight cycles apart, the data
passes through the core correctlyy/but the status output SnkBusEr r is flagged to indicate
that there has been a protocol violation.

Long streams of data that violate SOP spacing can cause the Sink core to overflow quickly.
This special case of overflowing as a result of repeated SOP spacing violations is indicated
by SNKFF_OVERFLOW N asserting when:SNKFF_ALMOSTFULL_Nhas not asserted. Any
time that SNKFF_OVERFLOW Nis asserted, the integrity of the data in the FIFO is
compromised and the FIFO must be reset.

Figure 5-20 illustrates back-to-back short packets. In this example there are four channels
that are each sending 17-byte packets with a maximum/burst of 16 bytes.

1 byte w/ EOP
16 bytes /

CHO

I CH1 I I

| CH 2 [ |

| CH3 [ ]

Cho Ch1 Ch2 Ch3 Cho ChO EOP
16 bytes 16 bytes 16 bytes 16 bytes 1 byte 1 byte
CTL CTL CTL CTL CTL Chl CTL

Figure 5-20: Short Packet Support
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Sink FIFO Burst Error

When data is received on RDat that is terminated on a non-credit boundary without an
EOP, the Sink core will flag this error at the end of the burst by asserting

M_AXI S_SNKFF_BURSTERR. M _AXI S_SNKFF_BURSTERRmay be used by the user’s logic
to indicate missing EOPs, or incorrectly terminated bursts. In this case the Sink core does
not assert M AXI S_SNKFF_TLAST or M AXI S_SNKFF_ERR.

EOP Abort Handling

When an EOP abort is received, the Sink core asserts the output flags
M AXI S_SNKFF_TLAST and M_AXlI S_SNKFF_ERRwhen the packet is terminated. In this
case, the Sink core does not assert M AXI S_SNKFF_BURSTERR

Sink . SP1-4.2 Bus Error and Sink Bus Error Status

The Sink SPI-4.2 Bus Error and Bus Error Status indicate different information, depending
on Sink core status and configuration.

Core In-frame or Configured with Static Alignment

With these conditions and configuration, a Sink SPI-4.2 Bus Error (SnkBusEr r ) is an
indication'of SPI-4.2 protocol violations or bus errors that are not associated with a
particular data packet. Sink Bus Error Status (SnkBusErr St at [ 7: 0] ) triggers
simultaneouslyawith SnkBusEr r and clarifies which protocol violations have occurred.
These signals do not align with M. AXI S_SNKFF_TDATA. Each bit of the SnkBusEr r St at
bus corresponds to one of the following detected conditions:

® SnkBusErr St at [ 0]4 Minimum SOP spacing was violated.
* SnkBusErr St at [ 1] : EOP controlword not immediately preceded by data.
(Example: EOP followed immediately:by another EOP).

* SnkBusErr St at [ 2] : Payload control word not immediately followed by data.

(Example: A payload control word isfollowed,immediately by another payload
control word.)

* SnkBusErr St at [ 3] : DIP4 error receivediduringidle ortraining patterns.
e SnkBusErr St at [ 4] : Reserved control words received.

e SnkBusErr St at [ 5] : Control word with payload bit not set aihd non-zero address
(excluding Training Control word).

e SnkBusErrStat[7: 6]: Unused and tied to zero (resetved):

If the core receives two (or more) back-to-back payload control words, thelast one received
is used and the others are discarded. If the core receives two (or more) back-to-back EOP
control words, the first one is used and the others are discarded.

Any of the error conditions that flag the Sink Bus Error Status bus also flag SnkBusEr r.
The latency from the time the error is received on the SPI-4.2 Interface to the time that the
SnkBusErr and SnkBusEr r St at signals are asserted is 33 RDCl k clock cycles.

Core is Out-of-Frame and Configured with Dynamic Phase Alignment

With these conditions and configuration, the SnkBusEr r St at signal can be used to
output the DPA alignment information while the DPA logic is attempting initial alignment
(SnkOof asserted). See DPA Status Monitoring, page 96. This feature is available if the
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Enable DPA Status Monitoring, page 61 is selected. The SnkBusEr r St at displays the
DPA alignment information only during the alignment process. At this time the
SnkBusErr signal will not be asserted.

Once the alignment is achieved and the core is in frame, the behavior of SnkBusEr r St at
and SnkBusEr r will operate as described in the previous section.

Sequential Payload Control Words

If back-to-back payload control words are sent, the Sink core only uses the payload control
word that precedes a data word. All other payload control words are dropped by the Sink
core. Each time a payload control word is dropped, it is flagged on SnkBusEr r. This
behavior is illustrated in Figure 5-21.

Sequential End-of-Burst Control Words

The Sink core only stores the end-of-burst control word that was preceded by data. It drops
any/other end-of-burst control words that are not preceded by data and flags SnkBusEr r.
Higure 5-21 illustrates this behavior.

I— SPI-4.2 Interface J

Ch1 X Ch2 X Ch3 XDATA XDATA XDATA XDATA X Ch3 X Ch2 X Ch1 X Cho
SOP SOP SOPR. EOP EOP EOP SOP

le >|
| Good Packet

Dropped: Dropped:
SnkBusErr SnkBusErr

(flagged (flagged < O
two times) N two times) -
Bit Bit
Bucket Bucket

(s —

User Interface:

Addr3 | Addr3 | Addr3 Addr3 | AddrO
SOP - - EOP SOP
Data Data Data Data Data

Figure 5-21: Sequential Payload Control Word Example

Sink DIP-4 Error Handling

When a DIP-4 error occurs at the end of a burst (for the previous packet), the Sink core
storesa M_AXlI S_SNKFF_DI P4ERRflag. Figure 5-22 illustrates a DIP-4 error that occurred
on an end-of-packet control word.

When a DIP-4 error occurs on a payload control word (start of next data burst packet), the
Sink core stores a M_AXI S_SNKFF_PAYLOADDI P4 flag. If the payload control word was
also the end-of-burst control word for the previous packet, then
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M _AXI S_SNKFF_DI PAERR would also be asserted for the previous packet. Since the OIF
SPI-4.2 specification does not distinguish between these two DIP-4 errors, the Sink core
will tag each packet that was terminated with a DIP-4 error on M_AXI S_SNKFF_DI PAERR,
and each packet that was started with a DIP-4 error on M_AXI S_SNKFF_PAYLOADDI P4.
This is illustrated in Figure 5-23 where packet 1 is flagged with a

M_AXI S_SNKFF_DI PAERRand packet 2 is flagged with M_AXI S_SNKFF_PAYLOADDI P4.
Both DIP-4 errors are asserted at the end of the burst or packet.

| SIP-4.2 Interface: | |

L e e ] |
Ch4 Ch4
( IDLE X SOP X DATA X DATA X DATA X EOP X IDLE )
|
|
DIP-4 Error Calculated
r——ee——————————— al
| User Interface: |
L e e ]

Addr4

Addr4 | Addr4 EOP

SOP - Data

Data Data M_AXIS_SNKF
F_DIP4ERR

Figure 5-22: Example of Error Flag M_AXIS_SNKFF_DIP4ERR

—— e e ——

\
cho

)( ChO0 )( O Ch1
( IDLE SOP DATA X DATA X DATA ﬂ DATA k DATA X DATA X DATA X EOP X IDLE )
Packet 1 SOP Packet.2
M_AXIS_SNKFF_ « > M_AXIS_SNKFF_
DIP4ERR PAYLOADDIP 4
DIP-4 Error

Addro | Addro [ AddrO Addrt | AddAl | Adged [, Addr

SOP | - EOP SOP | - | = EOP

Data | Data LA S Data | Data | Data QP> _SNKEF_PA
F_DIP4ERR YCOADDIP4

Figure 5-23: Example of Error Flag M_AXIS_SNKFF_DIP4ERR and
M_AXIS_SNKFF_PAYLOADDIP4

Reserved Control Words

As defined by the OIF SPI-4.2 specification, a reserved control word contains an SOP, but
the payload control bit (RDat [ 15] ) is not set to a one. If this occurs and then is followed by
data, the Sink core will assert M_AXI S_SNKFF_ PAYLOADERR for the duration of the burst,
indicating that the burst did not have a correct payload control word. This indicates that
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the SOP and address configuration will not be valid. This error will also be flagged on
SnkBusEr r. This behavior is illustrated in Figure 5-24.

If this behavior occurs and is not followed by data, then the Sink core drops the control
word and asserts the output SnkBusErr.

( IDLE X S(:DP X DATA X DATA X DATA X EOP X IDLE )

I
Reserved Ctl word dedected:
RDat[15]=0
RDat[12]=1

Addr=prev Addr Addr Addr

SOP=0 - EOP

Data Data Data
M_AXIS_SNKFF_ M_AXIS_SNKFF_ M_AXIS_SNKFF_
PAYLOADERR PAYLOADERR PAYLOADERR

Figure 5-24: “Example©f Error Flag M_AXIS_SNKFF_PAYLOADERR

Source Core

Basic Operation

The Source core receives 64- or 128-bit data on the user interface and converts this to 16-bit
data which is transferred across the SPI-4.2 interface. It-also receives flow control
information for the SPI-4.2 interface and processes it into 8-bit (4 channel) or 2-bit (1
channel) status words, depending on the enabled status FIFO interface (accessed on the
user interface).

The following sections explain how the Source core operates. See Sotrce Core Interfaces,
page 40 for the signal list of the interfaces.

SPI-4.2 Interface

The SPI-4.2 user interface combines data words and out-of-band control signals and
multiplexes them to the SPI-4.2 16-bit data bus. This allows the user interface to run at a
quarter (64-bit interface) or an eighth (128-bit interface) of the data rate. For example a
800 Mbps SPI-4.2 data rate and a 64-bit user interface can write data into the Source core at
200 MHz. If a 128-bit user interface is used, data can be written into the Source core at
100 MHz and maintain the same data rate.
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Source Data Path: Example 1

An example of the data received on the user interface and subsequently transmitted on the
SPI-4.2 Interface is shown in Figure 5-25. In this illustration, a 14-byte packet of data is
written into channel 1, followed by an 8-byte packet into channel 2. On the SPI-4.2 bus, the
transfer begins with a payload control word (C1) indicating the start of packet (SOP), and
address of the data to follow. Next, seven SPI-4.2 bus cycles of data, two bytes each, are
used to transfer the data associated with channel 1. The transfer on channel 1 is concluded
with an end of packet control word (C2). Since the next FIFO location contains the start of
a new packet on channel 2, the SOP and address of that packet are combined with the end
of packet information from channel 1 to form one control word (C2). The second packet is
terminated with an EOP (C3).

| | | | | | | | |
S_AXIS_SRCFFACLK \_/ \_/ \/ [/ /S

\ \ \ \ \ \ \ \ \
S.AXIS_SRCFF_TVALID [ | \ L/ | | | | | |
\ \ \ 1 1 1 1 1 1
S_AXIS.SRCFF_TREADY T T T // T f f f f ‘
| | | " | | | | | |

S_AXIS_SRCFF_TID X CH1 X_ciz X //
T T T ”w T T T T T T

S_AXIS_SRCFF.TDATA i CECRED G /i

1 1 1 JL
S_AXIS_SRCFF_TKEEP X _oxrf_X_oaF_X_oxF X/

S_AXISLSRCFEISOPN [ |\ ‘ [ \ //

S_AXIS_SRCFF_TLAST

; ﬁ\ I | \ | \ \ \ \ ,—* [ s T L e O
TCHP 04 e // I I N B B | [ |
(N A |

Figure 5-25: Source Data'Path: User Interface to SPI-4.2 Interface

Source Data Path: Example 2

Figure 5-26 shows the transfer of short packets from the Source FIFO to the SPI-4.2 bus
interface. Since each of the packets contain fewer thand4.bytes, or seven SPI-4.2 bus cycles
of data, idle word insertion is necessary to meet the/start-of-packet spacing requirement of
eight cycles.

The transfer begins with a 4-byte packet of data for channel 1 written into the Source FIFO.
Next, a 6-byte packet of data is written into the FIFO for channel 2. Einally, a 4-byte packet
for channel 3 is written into the FIFO. The transfer on the SPI-4.2 buis begins\with a control
word (C1) indicating a start-of-packet for channel 1. Next, the four bytesof data for
channel 1 are transferred. While the FIFO contains the start of packet information for
channel 2, that information cannot be combined with the end-of-packet information from
channel 1 because of the 8-cycle start-of-packet spacing requirement.

For this reason, five additional idle control words (I) are sent across the SPI-4.2 bus with the
tirst idle control word containing the end-of-packet information for channel 1. The next
SPI-4.2 cycle contains the start-of-packet and address information for channel 2 (C2). This
payload control word is followed by the six bytes of data for channel 2.

Again, because of the start-of-packet spacing requirement, another four cycles of idle
control words (I) must be sent across the interface with the first idle control word
containing the end-of-packet information for channel 2. Finally, the start-of-packet and
address information for channel 3 are sent in the payload control word (C3).
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If the payload control words did not contain SOP indications (payload resumes), the
Source core would not be required to enforce minimum SOP spacing. The Source core will
then pack the EOP and Payload Control word into a single cycle and will not insert idle
cycles. This behavior is illustrated in Figure 5-27.

S_AXIS_SRCFF_ACLK _\_)_\_/‘_\_/‘_\KL‘/_\_/_\_)_\_)_\_/‘_\_/‘_\_‘/_
|

| | | |

S_AXIS_SRCFF_TVALID [~ i L/ 1
| | | T |
T T

Y A
X o Xene X om X

:X,”fWB‘1AX——2C2E‘32AX~J3B‘3AX /i ‘

X oxoF X oaF X G0F X /7 ‘
\ \ .

I\

S_AXIS_SRCFF_TREADY

S_AXIS_SRCFF_TID

S_AXIS_SRCFF_TDATA

S_AXIS_SRCFF_TKEEP

S_AXIS_SRCFF_SOP [

| |
| |
S _AXIS_SRCFF_TLAST [ \ \
| |

ToCk P NSNS NSNS N

-0~~~ MM e~~~ ™~ ™~ o~~~ M

Tat P T e m O Y e @ )

IR e e U e
[ | |

Figure 5-26: Source Data Path - Minimum SOP Spacing Enforced

| | | | | | |
S_AXIS_SRCFF ACLK S\ L\ / \_/ ./ A/ A/ [

I | | | | |
S_AXIS_SRCFF_TVALID | | I\ // | | |
| | | " I I
S_AXIS_SRCFF_TREADY I I T // T T T
[ [ [ | [ [

S_AXIS_SRCFF_TID :X CHI A X cH2 X cH3 X /f
I I w I I I

S_AXIS_SRCFF_TDATA

|

|

|

|

|

1

1

! X N Py L . |
X=—B A} 2c 28 2AK——3B A X_// :
|

|

]

|

|

|

1 1 1 JL

S_AXIS_SRCFF_TKEEP :X 0x0F X" w0x3F X “ox0F X //
| | | T | |
S_AXIS_SRCFF_SOP . | L | |
| | I T I I
S_AXIS_SRCFF_TLAST | [ [ T\ I !
| | | [ [ [

TDCIk_P

TDat_P , /i 2) @ 6 &) e & € (B
[ T T N | | I
TCtI_P | | | | | | | | | // ﬁ | H | | H
A
Figure 5-27: Source Data Path - Short Packet Transfers

The Source core formats the data to be written onto the SPI-4.2 bus (TDat ). Table 5-7 shows
an example of the formatting that this block does with the data read out of the Source FIFO
(note that control words are shown in binary and payload transfers are shown as
hexadecimal). When an SOP is read out of the FIFO, the following 16-bit-word transfer sent
on the SPI-4.2 data bus is an SOP control word. This example shows the receipt of an SOP
for channel 2 and two 64-bit words from the Source FIFO are transmitted on the SPI-4.2
data bus. The DIP-4 parity depends on this control word and any preceding transfer and
therefore it is left as “pppp” (shown in the 13th TDO k clock cycle).
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The following two tables show the mapping between the packet status signals on the user
interface and SPI-4.2 control words for a 128-bit user interface (Table 5-8) and for a 64-bit
user interface (Table 5-9).

Table 5-7: Example of Formatting Source FIFO Data for a 64-bit User Interface

Source AXI4-Stream Interface
(to Source FIFO) SPI-4.2 Source Data
S_AXIS_SRCFF_*
Data Written to the Source *ACLK FIFO Control Bit Data Transmitted on the SPI-4.2 TDCIK
FIFO cvele Interface TCtl cvele
(*TDATA[63:0]) y (TDat [15:0]) y
[BE9F.A6B5.C4D3.E2F1] 1 *SOP =1 N/A N/A N/A n
“TLAST =0 SOP b:[1001.0000.0010.pppp] | 1 n+1
TTKEEP = OxEE Word 0 | OXF1E2 0 2
*TID = 0000.0010 Pgr X e
*ERR =0 (PO)
Word 1 0xD3C4 0 n+3
(P1)
[E8F9.6A5B.4C3D.2E1F] 2 *SOP= 0 Word 2 0xB5A6 0 n+4
*TLAST =0 (P2)
“TKEEP =0xIF Word 3 | Ox9FSE 0 n+5
*TID = 00000010 (P3)
*ERR =0
Word 4 | Ox1F2E 0 n+6
(P4)
Word 5 | 0x3D4C 0 n+7
(P5)
[0000.0000.0012.CDAB] 3 *SOP=0 Word 6 0x5B6A 0 n+8
*TLAST=1 (P6)
*TKEEP = 0x03 Word 7 WOXFOES 0 n+9
*TID = 0000.0010 (P7)
“ERR =0 Word 8 | OXABCD 0 n+10
(P8)
Word 9 | 0x1200 0 n+11
P9)
4 TLAST/ | b:[0110.0000.0010.pppp] | 1 n+12
TKEEP
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Table 5-8: SPI-4.2 Control Word Mapping to 128-bit Interface

. . Associated SPI-4.2 Control Word
Control Word Associated Source FIFO Signal(s) bits on TDat (Qualified by TCtI=1)
Start of Packet (SOP) S_AXIS_SRCFF_SOP, S_AXIS_SRCFF_TIDI[7:0] TDat[15] =1, TDat[12]=1,
TDat[11:4] <==
S_AXIS_SRCFF_TIDI[7:0]
New Burst S_AXIS_SRCFF_TID[7:0] TDat[15] = 1, TDat[12] = 0,
(address change TDat[11:4] <==
without SOP) S_AXIS_SRCFF_TIDJ[7:0]
End of Packet S_AXIS_SRCFF_TLAST, S_AXIS_SRCFF_TKEEP[15:0] | TDat[14:13] = 10
(EOP, evenbytesvalid) | When TDat[14:13] = 10:
TKEEP = 0xFFFF if data bits 127-0 have valid data
TKEEP = 0x3FFF if data bits 111-0 have valid data
TKEEP = OxOFFF if data bits 95-0 have valid data
TKEEP = 0x03FF if data bits 79-0 have valid data
TKEEP = 0x00FF if data bits 63-0 have valid data
TKEEP. = 0x003F if data bits 47-0 have valid data
TKEEP = 0x000F if data bits 31-0 have valid data
TKEEP = 0x0003 if data bits 15-0 have valid data
End of Packet S_AXIS_SRCFF_TLAST & $_AXIS_SRCFF_TID[15:0] | TDat[14:13] = 11
(EOP, odd bytes valid) | When TDat[14:13] = 11:
TKEEP = Ox7FFF if data bits 119-0’have valid data
TKEEP = 0x1FFF if data bits 103-0 havewalid data
TKEEP = 0x07FF if data bits 87-@ have valid data
TKEEP = 0x01FF if data bits 71-0 haye valid data
TKEEP = ox007F if data bits 55-0 have valid data
TKEEP = 0x001F if data bits 39-0 have valid data
TKEEP = 0x0007 if data bits 23-0 have valid data
TKEEP = 0x0001 if data bits 7-0 have valid data
End of Packet S_AXIS_SRCFF_ERR, S_AXIS_SRCFF_TLAST, TDat[14:13] = 01
(EOP, abort, error S_AXIS_SRCFF_TKEEP[15:0]
condition)
Table 5-9: SPI-4.2 Control Word Mapping to 64-bit User Interface
. . Associated SPI-4.2 Control Word
Control Word Associated Source FIFO Signal(s) bits on TDat (Qualified by TCtl=1)
Start of Packet (SOP) S_AXIS_SRCFF_SOP, S_AXIS_SRCFF_TID[7:0] | TDat[15] =1, TDat[12]=1,
TDat[11:4] <==
S_AXIS_SRCFF_TID][7:0]
New Burst (address change S_AXIS_SRCFF_TIDI[7:0] TDat[15] =1, TDat[12] =0,
without SOP) TDat[11:4] <==
S_AXIS_SRCFF_TIDJ[7:0]
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Table 5-9: SPI-4.2 Control Word Mapping to 64-bit User Interface (Cont’d)

Control Word

Associated SPI-4.2 Control Word

Associated Source FIFO Signal(s) bits on TDat (Qualified by TCtl=1)

End of Packet
(EOP, even bytes valid)

S_AXIS_SRCFF_TLAST, TDat[14:13] = 10
S_AXIS_SRCFF_TKEEP[7:0]

When TDat[14:13] = 10:

TKEEP = OxFF if data bits 63-0 have valid data
TKEEP = 0x3F if data bits 47-0 have valid data
TKEEP = 0xO0F if data bits 31-0 have valid data
TKEEP = 0x03 if data bits 15-0 have valid data

End of Packet
(EOP, odd bytes valid)

S_AXIS_SRCFF_TLAST & TDat[14:13] = 11
S_AXIS_SRCFF_TKEEP[7:0]

When TDat[14:13] = 11:

TKEEP = 0x7F if data bits 55-0 have valid data
TKEEP,= 0x1F if data bits 39-0 have valid data
TKEEP = 0x07 if data bits 23-0 have valid data
TKEEP= 0x01if data bits 7-0 have valid data

End of Packet

(EOP, abort, error condition) S_AXIS_SRCFF_TKEEP|7:0]

S_AXIS._SRCFF_ERR, S_AXIS_SRCFF_TLAST, | TDat[14:13] =01

Transmitting Training Patterns

Training patterns are transmitted.at startup (after reset) until the core acquires
synchronization on the FIFO Status Channel. Subsequently, if the parameter Dat aMax T or
Al phaDat a are not zero, the core will transmit Al phaDat a training patterns at least every
Dat aMaxT cycles.

The core continuously monitors the number of datacycles since the transmission of the last
training pattern. Once a Dat aMaxT interval of SPI-4.2 bus cycles has completed, the
current transfer will be terminated on the next burst boundary, and training patterns will
be transmitted on the SPI-4.2 bus (Al phaDat a number of times). Once the training
patterns have completed, the SPI-4.2 core will resume transmission of data on the data bus.

The control signal Tr ai ni ngRequest (see Table 3-8, page 43) isprovided to request that
training patterns be sent out of the SPI-4.2 Source interface. When the Trai_ ni ngRequest
signal is asserted, the transmission of data is halted on the next burst boundary and
training patterns are transmitted on the SPI-4.2 Interface.

If the static configuration parameter Al phaDat a[ 7: 0] (see Table 3-11, page 51) is set to
zero, and the Tr ai ni ngRequest signal is asserted, the Source core will transmit a
complete training pattern sequence. The core will continue to transmit training patterns
until Tr ai ni ngRequest is deasserted. When it is deasserted, the core will halt
transmission of training patterns after the current sequence is complete.

If the static configuration parameter Al phaDat a[ 5: 0] is set to a non zero value, the
Source core will send the number of training patterns defined by Al phaDat a every time it
detects a rising edge on the Tr ai ni ngRequest signal.
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Transmitting Idle Cycles

Idle cycles are sent on the SPI-4.2 Interface only when there is no data in the FIFO. The core
will also insert idle cycles when the control signal | dl eRequest (see Table 3-8, page 43) is
asserted. When this signal is asserted, the transmission of data is halted on the next burst
boundary and idle cycles are forced onto the SPI-4.2 Interface. The insertion of training
patterns always takes precedence over the transmission of idle cycles.

Inserting DIP4 Errors

For system diagnostics, you can force DIP4 errors to be inserted with a specific packet. This
is supported by using the S_AXI S_SRCFF_ERRsignal. When S_AXI S_SRCFF_ERRis
asserted and S_AXI S_SRCFF_TLAST is deasserted, it signals the core to terminate the
current packet with an EOP and to force the insertion of an erroneous DIP4 value, see
Figure 5-29 for more details.

SPI-4.2 Source User Interface

The Source user interface includes all the signals to the core other than those on the SPI-4.2
Interface (See SPI-4.2 Interface). With a 64-bit or 128-bit data interface, the user interface
can operate up to:

e 250 MHZ in Kintex-7 FPGAs

e 312.5 MHzin/Virtex-7Z FPGAs
The Source user interface has four major signal groups:

¢ Control and Status Signals. Apply to the operation of the entire Source core.

¢ AXI4-Stream FIFO Signals. Writes data to the FIFO to be transmitted on the SPI1-4.2
Interface.

* AXI4-Stream Status Interface. Provides flow control information about the SP1-4.2
link, and (in Transparent Status mode) provides status received on the SPI-4.2
Interface.

¢ AXI4-Lite Control Signals. Used to configure the calendar sequence, static
configuration parameters, and (in Addressable'Status mode) receive flow control
information from the SPI-4.2 Interface.

Source Control and Status Signals

The Source core control and status signals either control the opération of the entire Source
core or provide status information that is not associated with'a particular channel (port) or
packet. The description of these signals is summarized in Table3-8, page43.

The Source core is reset asynchronously by the signal Reset _n, and there are three global
status signals:

¢ Source Out-of-Frame (Sr cOof ) is asserted whenever the core has lost
synchronization with the SPI-4.2 status bus (TSt at )

e Source DIP2 Error (Sr cDl P2Er r) is asserted when a DIP2 error is detected on the
SPI-4.2 status bus

* Source Pattern Error (Sr cPat t er nErr), is asserted when an illegal data pattern is
written into the Source FIFO. There are two conditions that will trigger this error
signal:
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¢ (Case 1 The address was changed on a non-credit boundary, without an EOP: In
this case, the remainder of that packet will be terminated with an EOP Abort, and
sent out the SPI-4.2 bus.

e Case2The S_AXI S_SRCFF_TKEEP signal contains a zero without an EOP: In this
case an EOP abort will not be asserted. When this occurs, the Source core will
ignore the S_AXI S_SRCFF_TKEEP value and send the data word with TKEEP set
to all ones.

The source core does not handle per-channel error handling. Handling errors on a per-
channel basis must be implemented by the user logic.

* Source Status Frame Error (Sr ¢St at Fr aneEr r) is asserted when a non-"11" frame
word is received on the SPI-4.2 status bus.

The control signal Tr ai ni ngRequest is used to request that training patterns be sent out
of the SPI-4.2 Source interface. When this signal is asserted, the transmission of data is
halted on the next burst boundary and training patterns are transmitted on the SPI-4.2
Interface. For more information on the behavior of Tr ai ni ngRequest , see Transmitting
Training Patterns.

The control'signal | dl eRequest requests that idle control words be sent on the SPI-4.2
bus. This request overrides payload data transfers, but not training sequence requests.
When this signalis asserted, the transmission of data is halted on the next burst boundary
and idle cyclés are transmitted on the SPI-4.2 Interface. Idle cycles continue to be
transmitted until thie signal is deasserted. For more information on the behavior of

| dl eRequest, see Transmitting Idle Cycles.

The control signal Sr cTri St at eEn allows you to set the IOB drivers to high impedance
for the Source core output signals,TDCl k, TDat [ 15: 0] ,and TCt | . The Source core is
provided such that the défaultsetting for this signal is that the outputs are not tri-stated
(SrcTri St at eEn=0).

The control signal Sr cOof Over r i de removes the requirement that the Source core must
receive consecutive valid DIP2 valties on TSt at . This signal forces the Source core to go in-
frame and begin transmitting data on'the SPI-4.2 interface. This signal is intended for
system testing and debugging.

The control signal Reset _n provides a core-wide réset capability with the exclusion of the
Source AXI4-Lite Control Interface, logic and memoty spacei Reset _n is used to restart
the entire Source core, clear the data FIFO, and cause the interface to go out-of-frame.
When Reset _n is deasserted, the Source core will initiate the synchronization startup
sequence.

Source AXI4-Stream FIFO Interface Signals

The Source AXI4-Stream FIFO Interface signals allow data to be written to the FIFO to be
transmitted on the SPI-4.2 Interface. The description of each signal is summarized in
Table 3-9, page 45.

The Source FIFO Interface signals are synchronous to S_AXI S_SRCFF_ACLK, and the
effective FIFO depth is 510 words deep. Each FIFO location can contain up to 16 bytes (one
credit) worth of data from a single packet.

S_AXI S_SRCFF_ARESETNIs used to clear the FIFO (and the associated data path logic)
while remaining in-frame. When S_AXI S_SRCFF_ARESETNis deasserted, the Source core
will send idle cycles until the user writes data into the FIFO. S_AXI S_SRCFF_ARESETN
should only be asserted when there is no FIFO write operation taking place. The core will
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continue to write data, but it will be an incomplete packet and may not be transmitted to
the SPI-4.2 bus.

The SPI-4.2 Source core offers 64-bit and 128-bit FIFO Interface options for writing data
into the FIFO. Waveforms illustrating the handshaking and FIFO status signals are shown
in Figure 5-28 and Figure 5-29. The Source core also supports the insertion of DIP-4 errors
on a per-packet basis, for use in system diagnostics. For more information on the insertion
of DIP-4 errors, see Insertion of DIP-4 Errors, page 114.

Source FIFO Almost Full

Figure 5-28 shows the Almost Full response of the Source FIFO. The behavior of the Source
FIFO Ready signal (S_AXI S_SRCFF_TREADY) is dependent on the static configuration
parameters St CAFThr esAssert and Sr cAFThr esNegat e. When

S AXI S_SRCFF_TREADY is de-asserted, St cCAFThr esAsser t specifies the number of
empty FIFO locations available. Each FIFO location can contain up to one credit (16 bytes)
worth of data from a single packet. Sr cAFThr esNegat e specifies when

S AXIKS SRCFF_TREADY is re-asserted. Note that since S AXI S SRCFF_TREADY de-
asserts when the FIFO is at the almost full threshold, thus not allowing further data to be
wiritten in,t,is not possible to overflow the FIFO.

S_AXIS SRCFF/ACLK j"_\_)"_\_)"_\_/_\_/_\_/_\_/_\_/_],’(_)"_\_/_\_/_\_/_\_/_\

| | | | | | | | |

S_AXIS_SRCFF_TVALD/ L\ | [ | ! ! ! ! I ! ! ! 1
S_AXIS_SRCFF_TREADY f: ; ; \ l l l l // l l / ; ; ; [
S AXIS SRCFF.TID - X : — : ,{7 : : Y—om l)(:
S_AXIS_SRCFF_TDATA ‘ ‘3( Db( 57 X ‘ ‘ —3 y/k ‘ ‘ ‘ X 52 X 55 X
S_AXIS_SRCFF_TKEEP l :)L : l l l OxFlF l y/k l l lx leFF l)(:
swssoresor g\ L L L L JL L\ E

S_AXIS_SRCFF_TLAST 7\ | l o F ‘ ‘ /e ‘ . ]
S_AXIS_SRCFF_ERR 10\ | l & l l l / l l l l =

Figure 5-28: Source FIFO Almost-full Condition
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Writing to the Source FIFO

The user may pause a transfer on a credit (16 bytes) boundary, as illustrated Figure 5-29. In
the example shown, two packets for unique channels are transferred into the FIFO. The
user writes 32 bytes of data for channel 1, followed by 32 bytes of data for channel 2. Next,
the final eight bytes of data and associated EOP for channel 1 is written to the FIFO. Finally,
the remaining 16 bytes of data and associated EOP is written into the FIFO for channel 2.
The data will be transferred across the SPI-4.2 bus in the same order it is written into the
FIFO.

S_AXIS_SRCFF_ACLK } ‘

| | | | | | | | | | |
S_AXIS_SRCFF_TVALID T ! ! ! ! ! ! ! ! ! 1
S AXIS_SRCFF_TREADY 7| ! ! ! ! ! ! ! ! ! ! ! !
S_AXIS_SRCFF_TID : : X : l<:H1 : : X : l<:H2 : : X CH11 X l<:H2 : X
S_AXIS_SRCFF_TDATA ‘ ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X ‘ X
S_AXIS_SRCFF_TKEEP 1 1 X 1 leFF 1 1 X 1 leFF 1 1 X 1 XOxFlFX 1 X
shsRorsor ™\ | | /L L L L 1 T
S_AXIS_SRCFF.TLAST 7\ | l l l l l l l i U A
SAXSSRGFFERRCD | | o444

Figure 5-29: Writing to the Source FIFO

Insertion of DIP-4 Erfors

The Source core lets you forcethe insertion of DIP4 error for use during system testing and
debugging. This is supported using the S_AXlI S_SRCFF_ERRsignal. When a
S_AXI'S_SRCFF_TLAST flag is asserted, Sy AXI S_SRCFF_ERRis used to indicate that the
current packet contains an error and causes the core to transmit an EOP abort with the
packet. When S_AXI S_SRCFF_TLAST is notasserted, the assertion of

S_AXl S_SRCFF_ERR causes the core to'force the insertion of an EOP (1 byte or 2 bytes
depending on S_AXI S_SRCFF_TKEEP) with anerroneous DIP4 value when this data is
transmitted on the TDat bus. The erroneous DIP4 valuesis an inversion of the correctly
calculated DIP4 value. Note that the DIP-4 error insertions.are independent of

S _AXI' S_SRCFF_SOP.

Source AXI4-Stream FIFO Reset

The assertion of the reset signal clears the FIFO (and the associated data path logic) while
remaining in-frame. The source core will insert an EOP abort ifit was in.the middle of
processing a burst of data and start sending idles. When M_AXI S_SRCFF_ARESETN is
deasserted, the Source data path will start sending data once it received a first complete
burst of data. The AXI4-Stream FIFO Reset signal needs to be asserted at the minimum for
three S_AXI S_SRCFF_ACLK cycles.

Source Flow Control

The source core receives flow control information for the SPI-4.2 interfaces (TSt at _P/N,
TS k) and it can presented to the user in one of two ways:

e Addressable Mode (Source AXI4-Lite Control interface): In this mode, the Status
information is stored in the AXI4-Lite Control memory space and can be retrieved at
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the user’s convenience. In this mode, users can retrieve an 8-bit (4 channel) status
words in each read.

e Transparent Mode (Sink AXI4-Stream Status interface): In this mode, the Status
information is provided real-time (with minimum latency) as it is received on TStat
and is not stored within the core. This means the status memory space as defined in
Figure 3-5, page 47 is not usable (“Reserved”) in this mode and reads to it will return
all zeroes.

For both these modes, the Source AXI4-Stream Status interface provides information on
the channel number for the most recently updated SPI-4.2 channel status. The following
sections will describe the different interfaces available in each of these modes.

Souree AXI4-Stream Status Interface

The Source AXI4-Stream Status Interface provides flow control (status) information using
thessignal set described in Table 3-12, page 52.

When the core is used in Addressable Status mode, the interface provides the channel
number for the most recently updated SPI-4.2 channel status on M_AXI S_SRCSTAT_TI D,
qualified bysthe M_AXI S_SRCSTAT_TVALI Dsignal. The channel status itself must be
accessed via the AXI4-Lite Control interface, with each read providing status for four
channels.

When the cote is used in Transparent Status mode, the M_AXI S_SRCSTAT_TUSER] 1: 0]
bus is added. This‘port provides the SPI-4.2 status as received on TStat with minimal
latency. In this mode, the M. AXI S_SRCSTAT_TI Dbus indicates the channel to which the
current status shown ond AXI'S_SRCSTAT_TUSER belongs. Both

M AXI S_SRCSTAT_TIDand M AXI'S_SRCSTAT_TUSER are qualified by

M _AXI S _SRCSTAT_TVALI D.

Behavior of the AXI4-Stream Status interface when the Source core is in-frame is shown
below in Figure 5-30. The figure shows a 16-channel Source core programmed with a
round-robin calendar sequence, whereSrcCalendarLen = 15 and SrcCalendarM = 0.

I
M_AXIS_SRCSTAT_ACLK } 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

M_AXIS_SRCSTAT_TVALID

M_AXIS_SRCSTAT_TID[7:0]

T NVl

| | | | | |
0x00 X 0x01 X 0x02 X 0x03 X 0x04 X 0x05 X 0x06 X 0x07 X 0x08 X 0x09 X O0x0A X 0x0B X 0x0C X 0x0D X Ox0E X Ox0F X 0x00

M_AXIS_SRCSTAT TUSER[L.0] | 11 X 00 X o1 X 00 X 10 X 00 X o1 X 10 X 00 X 01 X 00 XDIPZX 1 XE

Figure 5-30: Source AXI4-Stream Status Interface In-frame Behavior

Source AXIl4-Lite Control Interface

The Source AXI4-Lite Control interface allows the user to program the calendar memory,
read status memory (in addressable mode), and program static configuration memory.
This memory space is defined in Figure 3-5, page 47. A summary of the AXI4-Lite Control
interface and definition is provided in Table 3-4, page 35.

Writing and updating the static configuration memory will define characteristics and
behavior of the core. When the Source core is in Addressable Status mode, reading from
the status memory provides access to the flow control data received on the SPI-4.2
Interface. A two-bit register is provided for each location in the calendar to store the
channel status information (hungry=01, starving=00, satisfied=10).The channel order and
frequency that status is received and updated is determined by the content of the calendar
memory.
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AXI_SRC_ACLK

The Source AXI-4 Lite Control interface is divided into several groups: Read Address
Channel, Read Data Channel, Write Address Channel, Write Data Channel, Write
Response Channel and Sideband Error bus. With the exception of the Sideband error bus,
all other signal groups require a handshake between their respective ready and valid
signals to complete before an operation is performed. A read operation will first require
the read address handshake (AXI _SRC_ARVALI Dand AXI _SRC_ARREADY) to complete
before the data is available on AXI _SRC RDATA and AXI _SRC _RVALI D. To read out the
data, AXI _SRC_RREADY needs to be asserted to complete the read data handshake. For a
write operation to occur, both the address and data handshake must be completed. This
will then generate a response on AXI _SRC_BVALI D that must be read out by asserting
AXl _SRC_BREADY. The write response is generated regardless of whether the write
operation is successful. Note that this interface will only allow 6 outstanding write
responses before the write response counter is full. Once the write response counter is full,
no operations can be performed (write or read) on the AXI4-Lite Control Interface, and
SRC<BRESP_ERR[ 0] will assert. No read or write operations can occur until at least one
wiite response is drained from the core by asserting AXI _SRC_BREADY. See Figure 5-31 for
the behavior of the write data, address and response channel.

AXI_SRC_ARVALID

AXI_SRC_ARREADY

AXI_SRC_WVALID

AXI_SRC_WREADY

AXI_SRC_WDATA[31:0]

AXI_SRC_WSTRBJ[3:0]

AX|_SRC_AWVALID

AXI_SRC_AWREADY

AXI_SRC_AWADDR[9:0]

—

R4
——
>

5
——
=
=
>
o
——
>
&
——
>
&
—
>
&

AXI_SRC_BVALID

AXI_SRC_BREADY

——

SRC_BRESP_ERR[0]

]

Figure 5-31: Write Response Behavior of the Sink AXI Lite Control Interface

If an error has occurred when executing the write or read operation, a bit on
SRC_BRESP_ERR[ 7: 0] will assert. If any address is accessed that is beyond the valid
Source AXI4-Lite Memory Space, for example address space 0x314 to 0x3FC,
SRC_BRESP_ERR[ 3] will assert. Reads to the reserved bits/bytes within the valid address
space will return all zeroes. Writes to the reserved bits/bytes within the valid address
space will generate a write response but will not have any affect.

Note: No AXI4-Lite write operations should occur before the fourth clock edge after the SrcEn or
Reset_n signal toggles. Any write operations attempted prior to this clock edge will cause an error on
the sideband error bus (SRC_BRESP_ERR[2:1]).
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AXI_SRC_ACLK

0

Although the read and write operations use separate channels, the two operations cannot
be performed simultaneously. However, if a single read and write request occur
simultaneously, the read operation will have precedence over the write in the Source AXI4-
Lite Control Interface. However, continuous read or write operations take precedence over
a single write or read request. Hence, if a read request occurs when the interface is already
performing a write operation and another write operation is also requested, the write
operation will take precedence. The read operation will only be executed once there are no
outstanding write operations requested.

Figure 5-32 gives an example of consecutive read operations. Note that a read operation on
a status or configuration memory takes one clock cycle while a read operation on a
calendar memory takes two clock cycles before valid data is available. A continuous read
to the status memory will provide valid data every other clock cycle.

-
N
w
S
5
o
~
©
©
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|
|
|
:
AXI_SRC_ARVALID |

|

AXI_SRC_ARREADY |

!

AXI_SRC_ARADDR[9:0] |

| |
L
L L

i
AXI_SRC_RVALID |

[\ [ )

I

AXI_SRC_RREADY |
|

AXI_SRC_RDATA |

| I | | | |
| | | | | |
1 | 1 1 | 1 | 1 |
| | | | | | | | |
| | | | | | | | |

Il Il Il

11

|

|
T T T T

Figure 5-32: Read Operation on thesSource AXI4-Lite Control Interface

The Source AXI4-Lite Control interface also has a reset signal AXI _SRC_ARESETN. This
signal effects all the logic, datagpath and memory space associated with the interface. This
signal requires a minimal pulse of two AXI’_ SRC_ACLK cycles. Both the calendar and static
configuration memory space will revert to their default value when reset. These default
values are chosen via loading a COE file (calendar memory space) and selecting values
(static configuration parameters) in the Vivado IP catalog. See Chapter 4, Customizing
and Generating the Core. The default value for all'status channels is “10” or satisfied when
in addressable mode.
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Figure 5-33 demonstrates the behavior of the AXI-4 Lite Control interface signals when
reset occurs.

|
AXI_SRC_ACLK:O| |1| |2| |3| |4| |5| |e| |7| |8| |9| |1o| |11|

t t t | | | | | | t

AXl_SRC_ARESETN | | | |\ | | | | | | / |
| | | | ! ! ! ! ! ! |

I I I I I I I I

AXI_SRC_RDATA | 0x01234567 X 0x00000000
| | | | | | | | | | | |

| | | | | | | | | | | |
AXI_SRC_RVALID | ! | | | | | | | | | |

\

i
AXI_SRC_ARREADY |

AXIL.SRC_WREADY

AXI_SRC_AWREADY

|
|
|
I
|
|
|
!
AXI_SRC_BVALID :

\

Figure 5-33: . Source AXI4-Lite Control Interface Reset Behavior

A detailed description en how to access and program the different memory spaces using
the AXI4-Lite Control interface will be illustrated in each subsection that follows. Note
that although reading of the meiory space is possible when the interface is not in reset
state, there may be restrictions on when writing is permitted to each memory space.

Source Calendar Memory'lnitialization

There are two ways to initialize the Sourceicalendar. First is by loading the COE file in the
Vivado IP catalog, which loads the/Calendar contents into the XDC file. For more
information, see Chapter 4, Customizing and'Generating the Core. The other method is to
initialize the calendar in-circuit at startup:

Initializing the Calendar In-Circuit

At startup, the Source Calendar buffer can be programmed by first deasserting Source
Enable (Sr cEn), then using the Source AXI4-Lite interface to write the calendar sequence
to memory. AXI _SRC_AWADDR is used to indicate thélocation in‘the calendar buffer,

AXl _SRC WDATA is used to indicate the channel number that.should be written into that
location, and AXI _SRC_WSTRB is used to indicate which of the possible four calendar
entries should be written. This programming defines the sequence in‘which the status for
each channel will be received. It is programmed identically to the device to which the
Source core transmits data.

Based on Figure 3-5, page 47, the valid address range for the calendar memory is from
0x000 to Ox1FC. Note that the calendar memory cannot be written to when the core is
enabled (Sr cEn=1). If this rule is violated and the write operation to the calendar space has
failed, SRC_BRESP_ERR[ 2] will assert.

The waveform in Figure 5-34 illustrates the programming of the Source Calendar. In this
example, Sr cCal endar _Len is set to eight and Sr cCal endar _Mis set to zero (indicating
that the calendar length is nine, and should be repeated once). In this example,

TStat[1: 0] will receive status for each channel in the following sequence:

e Status for channel 3
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e Status for channel 0
e Status for channel 1
e Status for channel 2
e Status for channel 1
e Status for channel 2
e Status for channel 3
e Status for channel 0

e Status for channel 0

To verify what has been programmed into the calendar buffer, read the contents using the
AXI4-Lite Read Data/Address Channels (AXI _SRC_R* and AXl _SRC _AR*).

See Appendix F, SPI-4.2 Calendar Programming for more examples of programming the
SP1-4.2 Calendar.

Note:wFor a one channel system, it is not necessary to program the calendar since by default all
locations are set to zero.

SrcEn ! | | | | | |
|

l
AXI_SRC_AGLK | 0 | 1| 2 | 3 | a | 5 |

S R

I
AXI_SRCWVALID'|

° |
|
|/ |
0x02010003 XOX00030201XOX00000000_
)

)

AXI_SRC_WREADY !

AXI_SRC_WDATA[31:0]

AXI_SRC_WSTRBI[3:0]

AXI_SRC_AWVALID

AXI_SRC_AWREADY

AXI_SRC_AWADDR[9:0]

AXI_SRC_BVALID

AXl_SRC_BREADY

1 LT

Figure 5-34: Source Calendar Initialization

Source Flow Control: Addressable Status Mode

The AXI4-Lite Control interface has a 32-bit bus for all channel configurations; for
example, whether the core is configured for 4, 128, or 256 channels. This interface allows
you to read the FIFO Status data for 4 channels at a time (uses two bits of each byte for each
channel). There are 10 address lines (AXI _SRC_ARADDR][ 9: 0] ) for selecting which 4
channels you are accessing. Based on Figure 3-5, page 47, the valid address range for the
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flow control status memory is from 0x200 to 0x2FC. A block diagram of how the
Addressable Status memory processes the received SPI-4.2 Status is shown in Figure 5-35.

CalendarData

StaticConfigData

=z
[
x
_AXI_SRC_RDATA[31:0] Q D 4 RData  WDatalg . TStat_Delayed[1:0]
Y
S
FifowrAddress'
- ARADDRIT:0] RAddr ~ WAddri¢——#
g WENl< Write_En
AXl_SRC_ACLK = g WEN |«
» g M_AXIS_SRCSTAT_ACLK
AXI_SRC_ARADDR[9:0] > FIFO Status Cyclic Buffer
(Dual Port LUT RAM)
Write_En

_M_AXIS_SRCSTAT TVALID
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}
retrieved from the Calendar. }
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Figure 5-35:¢ ‘Addressable Status Memory

The minimum latency between the SPI-4.2)Status Interface and the AXI4-Lite Control
interface for the Addressable Status§ Mode is nine M AXI S_SRCSTAT_ACLK (derived from
TSC k_P/ N) cycles and one AXI _SRC_ACLK cycle for the AXI4-Lite read operation.

The four channels of Channel Status are addressed as follows:
Bank 0: AXl _SRC_ARADDR[ 9: 0] =0x200 for channels 3 to 0
Bank 1: AXl _SRC_ARADDR[ 9: 0] =0x204 for channels 7 to 4
Bank 2: AXl _SRC_ARADDR 9: 0] =0x208 for channels 11 to8
Bank 3: AXl _SRC_ARADDR 9: 0] =0x20C for channels45 to 12

Bank 62: AXI_SRC_ARADDR[ 9: 0] =0x2F8 for channels 251 to 248
Bank 63: AXI _SRC_ARADDR] 9: 0] =0x2FC for channels 255 to 252
The status is mapped to the 32-bit bus as follows:

For Bank0: AXI _SRC_ARADDR[ 9: 0] =0x200

AXI _SRC_RDATA[ 1: 0] => Channel 0, where AXI _SNK_RDATA[ 1] is the MSB of the
2-bit status

AXI _SRC RDATA[ 8: 7] => Channel 1
AXI _SRC RDATA[ 16: 15] => Channel 2
AXI _SRC RDATA[ 24: 23] => Channel 3
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Note: For the Source core using Addressable Status mode, the status memory is read-only--writes
to the status memory will have no effect and will result in an error indicated on SRC_BRESP_ERR([3].

A typical user flow-control design is shown in Figure 5-36. This is an illustration of a two
channel system. The diagram shows an arbiter that is used to poll the FIFO Status for each
channel and then uses this information to determine the data that is written into the Source
core FIFO.

User
Interface
Source Core
Data ‘ FIFO
< Channel 0
_>
AXI4-Stream FIFO Interface Data >§<
Data FIFO
< Channel 1
—P

POLLING

AXIl4-Lite Control Interface

Arbiter
Status

Figure 5¢36: Typical User Design Example

The operation of the AXI4-Lite interface for reading Addressable Status is explained using
two examples described below and illustrated in, Figures 5-37 and 5-38

Addressable Status Mode: Example 1

Example 1 illustrates reading the Status Memory fot a 4-channel SPI-4.2 Source core as
shown in Figure 5-37. As there are only 4 channels, the Source AXI4-Lite Read Address bus
(AXI _SRC_ARADDR] 9: 0] ) will always be a value of 0x200 when reading status
information. The completion of the Read Address Channel handshake

(AXI _SRC_ARREADY/ARVALI D) causes the core to fetch the contents of the memory at the
address provided on AXI _SRC_ARADDR[ 9: 0] . The interface will respond by placing the
requested data on AXI _SRC_RDATA and asserting AXI _SRC_RVALI Don the next clock
edge. The user logic accepts the data by asserting the AXI _SRC_RREADY signal to
complete the Read Data Channel handshake. This way, the status information for 4
channels can be read every other clock cycle.

The following status is read for the 4-channel system. In this example, the calendar length
is set to six and programmed to round-robin this sequence: Ch0, Ch1, Ch2, Ch3, Ch0, Ch1.

Table 5-10: Status Example 1: Status Read via AXl4-Lite Interface

Clock Cycle Starving Status Satisfied Status
2-3 CHO0-3 none
4-5 CHO0-3 none
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Table 5-10: Status Example 1: Status Read via AXIl4-Lite Interface

Clock Cycle Starving Status Satisfied Status
6-7 CH 1-3 CHO
8-9 CH 2-3 CH 0-1
10-11 CH3 CH 0-2
AXLSRC,ACLKE 0 2 3 4 5 6 7 9 10 11

AXI_SRC_ARVALID i ; , i i i i i i i i i \ ;
| | | | | | | | | | | |
AXI_SRC_ARREADY 1 1 1\ 1/ 1\ 1/ ‘\ 1/ 1\ 1/ 1\ 1

AXI_SRC_ARADDRI9:0] }

|
AXI_SRC_RVALID |

AXIzSRC_RREADY }

|
AXI_SRG_RDATA }
I

!
h00000000; h00000000, hOODOODOZ”

h00000202,

Il Il
T T

Figure 5-37: Addressable Status FIFO Read: 4-Channel Configuration

Addressable Status Mode: Example 2

Example 2 illustrates reading the Status Memory for a 256-channel SPI-4.2 Source core and
is shown in Figure 5-42. Toread the status for 256 channels, you must address all 64 banks
depending on which channel status is being read.

Bank 0: AXI _SRC<{ARABDR[ 9: 0] = 0x200, for channels 3 to 0
Bank 1: AXI _SRC_ARADDR] 9:.0] = 0x204, for channels 7 to 4
Bank 2: AXI _SRC_ARADDR[(9: 0] = 0x208, for channels 11 to 8
Bank 3: AXI _SRC_ARADDR[ 9: 0] = 0x20C, for channels 15 to 12

Bank 63: AXI _SRC_ARADDR[ 9: 0] =.0x2EC, for.channels 255 to 252

The status read in the example shown in Figure 5-38 is summarized in the table below.

Table 5-11: Status Example 2: Status Read via/AXl4-Lite Interface
Clock Cycle Status Address Starving Status Satisfied Status
2-3 Bank 63 CH 252-255 None
4-5 Bank 0 CH0-3 None
6-7 Bank 63 CH 253-255 CH 252
8-9 Bank 0 CH 0-1 CH 2-3
10-11 Bank 63 CH 252 CH 253-255

122

www.xilinx.com

SPI-4.2v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX.

Source Core
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Figure 5-38: Addressable Status FIFO Read: 256-Channel Configuration

The Source AXI4-Stream Status Interface signal M AXI S_SRCSTAT_TI D[ 7: 0] indicates
which channel status was last updated on the SPI-4.2 Interface and is qualified by the
AXI4-Stream Status Interface Valid signal (M_AXI S_SRCSTAT_TVALI D=1). The

M AXI S_SRCSTAT_TVALI Dsignal enables M AXI S_SRCSTAT_TI D[ 7: 0] to be encoded,
and the valid signal is disabled when the core processes a received DIP-2 or framing word.

While the MLAXI S_SRCSTAT_TI Dbus can be used as an indicator for which channel’s
status was most recently updated, the recommended and simplest method of reading
status from the AXI4-Lite Control interface is a round-robin approach that reads the status
for each bankéf channels at least once per Calendar sequence. This is the method used in
this example.

Source Flow Contral: Transparent Status Mode

When using the Transparent Status mode the status is not read via the AXI4-Lite Control
interface, but rather is provided via.an additional 2-bit signal (M_AXI S_SRCSTAT_TUSER)
in the Source AXI4-Stream Statusinterface. For this mode, you are presented with the
current status received on the SP1-4.2 Interface. The 2-bit status provided on

M_AXI S_SRCSTAT_TUSER] 1: 0] is presented alongside a corresponding channel address
(M_AXI S_SRCSTAT_TI DO 7: 0] ) and is qualified with the valid signal

M_AXI S_SRCSTAT_TVALI D. Unlike the Addressable Mode, the Transparent mode does
not store the received status in memory. Thismeans it is not possible to access the status of
a specific channel, but the status will come in real-time as it is received by the Source core.

Note: For the Source core in Transparent Status mode, the Status memory portion of the AXl4-Lite
memory space does not exist. Reads will return all zeroes and.dndicate an error on
SRC_BRESP_ERRJ4], and writes will have no effect and result in an erroriindicated on
SRC_BRESP_ERR[4].

Figure 5-39 is a block diagram of how the Transparent Mode core processes, the received
SPI-4.2 FIFO Status. The minimum latency between the SPI-4.2Status Interface and the
AXI4-Stream Status interface for the Transparent Status Mode is five

M_AXI S_SRCSTAT_ACLK cycles.

Figure 5-40 illustrates the output of the Transparent Mode AXI4-Stream Status Interface for
a 256-channel configuration. On each clock cycle, the status

(M_AXI S_SRCSTAT_TUSER][ 1: 0]) and its corresponding channel

(M_AXI S_SRCSTAT_TI DO 7: 0] ) is presented. The Source Status and channel address are
only valid when M_AXI S_SRCSTAT_TVALI Dis asserted (equal to one). When the

M_AXI S_SRCSTAT_TVALI Dsignal is deasserted (equal to zero), the interface is receiving
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DIP-2 or framing and the data on M_AXI S_SRCSTAT_TUSER] 1: 0] is not valid. All Source
AXI4-Stream Status Interface signals are synchronous to M_AXI S_SRCSTAT_ACLK.

M _AXIS_SRCSTAT TUSER[1:D] P , TStat_Delayed[1:0]
Y Q D [« 75
a
M _AXIS_SRCSTAT TVALID o bl Write_En
<t—nn
(M _AXIS_SRCSTAT TID[7:0] o bl FifoWrAddress'
<t—n
M_AXIS_SRESTATLACLK (from TSCIk_P/N) -

"FifowrAddress is the channel address retrieved
from the Calendar.

Figure 5-39: Transparent/AXI-4 Stream Status Interface Block Diagram

The following status is shown for the256-channel Source Calendar Initialization system.
Table 5-12: Transparent mode: Status Read via AXI4-Stream Status Interface

Read Cycle Channel Status
0 0 Hungry
1 2 Satisfied
2 128 Starving
3 129 Hungry
4 9 Hungry
5 1 Satisfied
6 Invalid Invalid (DIP-2)
7 Invalid Invalid (Frame word)
8 10 Starving
9 79 Hungry
10 16 Satisfied
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Read Q,Read 1,Read 2, Read 3 Read 4, Read 5 Read 6, Read 7 Read 8 Read 9 Rd 10

! ! ! ! ! ! ! ! ! ! ! !

SrcEn | | | | | | | | | | | |

M_AXIS_SROSTAT_ACLK  \_/\_J/ M\ M\
) | |
\w

| | | | |

| t t t t t

M_AXIS_SRCSTAT _TVALID ’ | | | | |
M_AXIS_SRCSTAT _TID[7:0] DEC X 0 X 2 X 128 X 129 X 9 X 1

| | |
M_AXIS_SRCSTAT _TUSER[1:0] T BIN_X 01 X 10 X 00 X 01 X 01 X 10 X 01 X ™
| | | | | | | |

Figure 5-40: Transparent Mode: 256-channel Configuration

Source Static Configuration Parameters

There are two ways to initialize the Source Static configuration parameters. First is by
setting the GUI parameters in the Vivado IP catalog, which initializes the registers that
make up the static configuration parameter memory space. For more information, see
Chapter 4, Customizing and Generating the Core. The other method is to initialize the
static configuration parameters in-circuit at start-up.

For,a'fulldistiof Source static configuration parameters, see Table 3-11, page 51.

Initializing the Static Configuration Parameters In-Circuit

The Source static configuration parameters are statically driven inside the core by writing
registers throughd«the AXI4-Lite Control interface. All Source Static configuration
parameters can be changed in-circuit when the core is not in operation (disabled and in
reset state).

The following steps are recommended when changing static configuration parameters:

1. Disable the source core (Sr cEn signal).
2. Assert core reset (Reset _n=0).

3. Change the desired static configuration parameters by using the AXI4-Lite Control
interface to write to the appropriate address space.

Deassert reset (Reset _n=1).

5. Wait at least 10 clock cycles of SysC kDi'v_User_for the source static configuration
parameters to settle and propagate to the Source core'sdogic.

6. Enable the core and wait for the core to achieve synchronization. Then continue
normal operation.

Note that the static configuration parameters can only be written to‘'whenithe core is
disabled and in reset state. If this is not the case, the write transaction will fail and the
signal SRC_BRESP_ERR[ 1] will assert.

Source Burst Mode

Source Burst Mode (Sr cBur st Mbde) is a static configuration parameter that allows you to
define how data is transmitted by the Source core. If this signal is set to zero, the Source
core will transmit data in the FIFO whenever there is a burst of data larger than 1 credit,
followed by a no write (the burst of data must be multiples of credits), or when there is an
end-of-packet flag (S_AXI S_SRCFF_TLAST.)

When SrcBurstMode = 0, and a partial credit is written in, such as 12.5 credits, then
SrcBurstLen will have an effect on whether or not the data is transmitted. If more credits
are written than SrcBurstLen, then that data will be written out in bursts the size of
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SrcBurstLen, but only after S_AXI S_SRCFF_VALI Dhas been de-asserted. No data is sent
out until you have written more credits then the setting in SrcBurstLen.

For example:

e If SrcBurstLen = 1 and 12.5 credits are written, then 12 credits will be sent outin 1
credit increments with a control word in between.

e If SrcBurstLen = 8 and 12.5 credits are written, then the core will only write out an 8
credit burst and will wait until another 8 credits are in the FIFO.

e If SrcBurstLen = 12 and 12.5 credits are written, then 12 credits will be written out in a
12 credit burst without control words in between.

e If SrcBurstLen = 12 and 10.5 credits are written, then no data will be written out until
at least 12 credits have been written.

This is compliant with the transmit operation as defined by the SPI-4.2 OIF specification. If
a partial credit is written into the FIFO and then paused, the data in the FIFO will be
ttansmitted up to the last credit boundary.

When Sr cBur st Mbde issettoa 1, and Sr cBur st Len is less than 256, the Source core will
only transmit data that is terminated by an EOP or when there is data in the FIFO equal to
the maximum burst length defined by the static configuration parameter Sr cBur st Len,
or when the channel address changes. If an incomplete burst is written into the FIFO and
paused, thendata in'the FIFO will be transmitted up to the last burst boundary.

When Sr cBurst Mbdeds set to 1 and Sr cBur st Len is greater than or equal to 256, the
Source core will transmit data that is terminated by an EOP, or when the channel address
changes, or when the Soutce FIFO is approximately one-half full. The write data-rate must
be faster or equal to thé read data-rate to ensure the size of the unsegmented burst.

Source Burst Mode Example

Sr cBur st Len equals two credits and 1.5 credits are written into the FIFO followed by a
0.5 credit. The Source only transmits the'packet after 2 credits of data are written into the
FIFO.

Figure 5-41 illustrates the behavior of the'Soutce core when Sr cBur st Mode=1.

S_AXIS_SRCFF_ACLK w_r\_r\_r\_r\_r\m

S_AXIS_SRCFF_TVALID [ ‘ N ' A /S ‘ ‘
S_AXIS_SRCFF_TREADY ; ; ; ; ; ; i l ; ;
S_AXIS_SRCFF_TID :X : CH‘1 : X : : : X CH!1 XAZF : :
S_AXIS_SRCFF_TDATA :)(03 02 0‘1 00%07 06 0‘5 04Y(13 12 1‘1 10X ‘ ‘ ‘ Xi17 16 1‘5 14)(7E ‘ :
S_AXIS_SRCFF_TKEEP X 0xF1F X 0xF1F X 0xF1F X 1 ‘ ‘ X OxF:F X //: ‘ ‘
S_AXIS_SRCFF_SOP j_:_\ | | // !

T T
| | | |
S_AXIS_SRCFF_TLAST ! ! ! ! ! ! !
| | | | | | |

TDClk_P
- 1~ | | | | | | (. | | | 1~ | | | (. | | |
TDat_P E— () €O 6 €3 € € €3 €D (2 €0 € 6B €5 € € € 610 ()
Tct P [ | | | \// H | [ | | | [ | | | [ | | h
- L
Figure 5-41: Example Of Source Burst Mode =1
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Synchronization and Startup

Once the Source core has been initialized (Initializing the SPI-4.2 Core, page 68), the Source
core must be synchronized before data and status can be received and transmitted.
Figure 5-42 is a state-machine diagram illustrating the Source core startup and error
condition processing.

RESET

The Source core remains in the reset state until all input clocks are stable

(SysC kbDi v_User, SysC kO_User, etc) and the Reset _n signal is deasserted.
When in the reset state, the Source core transmits idle patterns on TDat [ 15: 0] and the
Status FIFO is driven to be satisfied (“10”) for all channels.

HUNT

When Reset _n is deasserted, the state machine goes to the hunt state and sends
continuous training patterns on the SPI-4.2 Interface. Once the Source core is enabled

(Sr cEn=1), the Source Status Interface attempts to acquire synchronization on the FIFO
Status Channel. When the Source Status Interface has found the “11” framing pattern, the
Source/core and monitors for the programmed number of consecutive DIP-2 correct
matches(NunDifp2Mat ches). When in the hunt state, the Status FIFO is driven to be
satisfied (“10”) for all channels.

SYNC

If the number of correct DIP-2 matches are received (NunDi p2Mat ches), the Source core
goes into the sync state. Inthis state, the core transmits the flow control data received on
the status path (TSt at [ 1:°0]¢) onto the user interface. It also transmits the data that has
been written into the FIFO on the SPI-4.2 data bus (TDat [ 15: 0] ). If an incorrect framing
pattern (of four consecutive "11") is réceived, a set number of consecutive DIP-2 errors
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(defined by NunDi p2Er r or s) are received, or if Sr cEn is deasserted, the state machine
returns to the hunt state.

Reset Asserted

Reset Asserted

The Source core remains in the reset state
until the following condition is true:
Reset_n is deasserted

The souree core transmits idle patterns
on'TDat[15;0] while in the reset state.

<NumDip2Errors> Consecutive
Incorrect DIP-2 Calculations Deleted
or Source Disabled

The Source core remains in the hunt state

until the following conditions are:

-- The PHY device is no longer sending
framing (TSTAT /="11")

-- Once framing is not being received, a
consecutive number of DIP2 matches
(defined by the parameter
<NumbDip2Matches> is received.

-- Source is enabled

Each "11" to non "11" transition is
translated as a start of a status sequence

The source core transmits training patterns
on TDat[15:0] while in the hunt state.

In the sync state, the Source core has
completed the start-up sequence and
normal core operation is enabled.

In normal operation, the Source core
transmits data bursts that have been
written into the Source FIFO. It also
sends periodic training patterns on TDat
and continuously checks DIP-2 parity
on TStat.

Figure 5-42: Source Startup Sequence State Machine

Error Handling

This section describes how the Source core handles the receipt of non-compliant SPI-4.2
data and subsequent error handling in'a number of common scenarios. This section also
provides additional information on'the Source core error status signals.

Source Behavior Before Synchronization

To go into frame, the Source core must receiveithe number of complete status

Each received status sequence must contain the correct number of entries (defined by
SrcCal endar _Len* SrcCal endar _M followed by the DIP-2 calculation and a

When the core is out of sync, it will re-sync itself to the first 11 to.non-11 transition.
Once it receives this transition, it will go in-frame once it receives the‘expected

If there is a calendar mismatch with the receiving device, the core may not go into
frame. If the mismatch causes DIP-2 errors, then Sr cDI P2Er r is asserted. If a non-

When the core is out-of-frame, every 11 to non-11 transition is considered as a start of

[ )
sequences defined by NunDi p2Mat ches.
frame word "11".
[ ]
number of correct consecutive DIP-2 words.
[ ]
”11” frame word is received, then Sr ¢St at Fr aneEr r is asserted.
[ )
status sequence.
Source Behavior After Synchronization
L]

If the core receives an incorrect DIP-2 word, Sr cDI P2Er r flag will be asserted.
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¢ If the core receives an incorrect frame word on TSt at , the Sr cSt at Fr aneEr r flag
will be asserted.

e After a specified number of consecutive DIP-2 Errors (defined by NunDi p2Err or s),
the Source core will go out-of-frame.

e If the Source core receives four consecutive frame words ("11"), it will go out-of-frame.

*  Once in-frame, the core doesn’t realign to the beginning of a status sequence. The
assertion of DIP-2 errors would indicate a possible mismatch with the calendar of the
receive device.

e A mismatch with the calendar of the receive device can be detected by polling that
you have received a 11 as status on the user status interface.

EOP Abort Insertion

An EOP Abort will be inserted when a burst termination on a non-credit boundary without
an EOP is followed by an SOP or an address change.

If a'burst is paused on a non-credit boundary and then resumed with data (without an
SOP) from the same channel, an EOP abort will not be inserted.

Source Out-of-Frame

Source Out-of-Frame (Sr c Oof ) is asserted when the Source core is out-of-frame. The
following cases can cause the Source core to go out-of-frame:

¢ Case 1: Resetting the core by.asserting Reset _n.

* Action: The Sotirce core'will transmit idle cycles when Reset _n is asserted.
When Reset _n is deasserted, the core will initiate the synchronization startup
sequence.

* (Case 2: If the core receives@ number of consecutive DIP-2 errors as defined by
NunDi p2Errors.

e Action: The Source core terminates the current packet at the next burst boundary,
and begins transmitting trainingspatternsion TDat [ 15: 0] .

® (Case 3: If the core receives four framing sequences 11 in a row on TSt at .

¢ Action: The Source core terminates the'current packet’at the next burst boundary,
and begins transmitting training patterns on TDat [ 15: 0] .

After the Source core is in-frame, it will resume transmitting the remaining data stored in
the FIFO.

Note: If S_AXI S_SRCFF_ARESETN is asserted, the Source core williremain in-frame (Sr c Cof
will be deasserted).

Source DIP-2 Error Handling

The Source core asserts the DIP-2 error flag (Sr ¢DI P2Er r ) when a DIP-2 error is received
onTSt at .

Source Status Frame Error Handling

The Source core asserts the frame error flag (Sr cSt at Fr ameEr r ) when a non-"11" frame
word is received on TSt at .
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Source Pattern Error Handling

Source Pattern Error (Sr cPat t er nEr r ) is asserted when an illegal data pattern is written
into the Source FIFO. The two conditions that will trigger this error signal are described
below.

* The address was changed on a non-credit boundary, without an EOP. In this case,
the remainder of that packet will be terminated with an EOP Abort, and sent out the
SPI-4.2 bus.

e The S_AXIS_SRCFF_TKEEP signal contains a zero without an EOP. In this case, an
EOP abort will not be inserted. When this occurs, the Source core will ignore the
S _AXI S_SRCFF_TKEEP value and send the data word with TKEEP set to all ones.

The source core does not handle per-channel error handling. Handling errors on per-
channel basis must be handle by the user logic.

Incorrect Burst Termination

When a burst (that has an odd number of bytes), terminated with an EOP, is not padded
with zeroes, the Source core sets unused bytes to zero (as required by the SPI-4.2
specification). The Source core will also assert Sr cPat t er nEr r, but the core will not
assert an EOPabort.
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Chapter 6

Constraining the Core

Overview

This chapter describes the timing and placement constraints required by the SPI-4.2 core to
meet performance requirements, including a set of optional constraints. These constraints
are ptovided in an example user constraints file (XDC).

In this chapter, <cor e_i nst ance_namne> indicates the instance name used to instantiate
the core in HDL respectively. Depending upon where in the user design hierarchy the cores
are instantiated, <*i nst ance_name> changes to include the design hierarchy. To
illustrate; in the example XDC the cores are instantiated in a top-level wrapper file as
<conponent {nanme>_cor e. In this context, <conponent _name> is the name given by
the userin.theVivado Design Suite SPI-4.2 GUL

The Kintex™-7 and Victex ®-7 FPGAs with ChipSync™ I/0O technology offer increased
flexibility when designingiwith the SPI-4.2 core, as compared to the SPI-4.2 solution
targeting older FPGAs. The following FPGA features allow for designing with minimum
core constraints:

®  Chip-Sync I/O technology eliminates fixed-pin assignments for SPI-4.2 core
* Increased number of global clocks mitigates the need to perform clock management

¢ Dedicated regional clock resources further'extend the clock capabilities

With these features, core location, choice of /O banks, and specific pin assignment may be
user-specified and driven by external requirementssuch as PCB routing. In some cases,
where the core is using regional clocking, the addition of iser-constraints helps guide the
implementation tools to a solution.

The large number of possible core implementations makes it impossiblefor the core to
include constraints that cover all implementations. Even if such constraints were
generated, they would tend to be less than optimal for any particular FPGA design. The
flexibility provided by the core allows constraints to be driven by user-specific design
requirements. In many cases, only the timing constraints are required to ensure correct
implementation of the core. Any configuration that achieves static-timing closure (for
example, meets the timing constraints of the operating clock frequency) is valid and will
operate correctly.

The following sections describe how each set of constraints provided in the example XDC
interacts with the implementation tool flow. In many cases, the placement constraints are
not required; however, when used they must be appropriately modified for the chosen
device and consistent with other constraints. For example, I/O bank locations and Sink
and Source clock region constraints must be compatible when used together. For more
information about the definition and use of a XDC or specific constraints, see the Xilinx
Libraries Guide and /or Development System Reference Guide.
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SPI-4.2 Core Constraints

Sink Core Required Constraints

Timing Constraints

Timing constraints are crucial to proper operation. The following constraints are provided
with the SPI-4.2 core, and you can modify these constraints to meet your system
requirements. In the examples below, the target performance is 700 Mbps. Before
modifying these constraints, be sure that the modification does not create unconstrained
paths.

Timespecs for Clocks

These constraints specify the frequency and duty-cycle of the clock signals. Clock jitter is
specified for high frequency clocks. These values can be modified.

The following Sink core clock constraints are always required. Note that the generated SPI-
4.2 core may.have different timing constraints than the examples provided.

create_clock -period 2.857 -nane RDA k_P -add [get_ports RDO k_P]

set_multicycle path -from[get_cells -of _objects [get_nets

<core_i nstance_nane>/ U0/ pl 4_snk_top/ *pl 4_snk_t op/ axl i te/al menm EnRSCl k_
int]] -to“[getdcellhs -of _objects [get_nets

<core_i nst ance_nane>/ U0/pl 4_snk_t op/ *pl 4_snk_t op/ axl i te/al mem EnRSCl k_
int]] 2

The following Sink core user-interface clock constraints are required when the example
design is used, and the user interfacessignals are looped back to the Source core interface.

create_clock -period 11. 4254 nane AxilLiteC k -add [get_ports
Axi Li ted k]

create_clock -period 5.714 -nane’ LoopbackC k -add [get_ports
Loopbackd K]

The following Sink core user-interface clock constraints,are required only when the
respective clocks are used.

create_cl ock -add -nanme AXI _SNK ACLK -period 11.425 [get_ports
AXI _SNK_ACLK]

create_cl ock -add -nane M AXIS SNKFF_ACLK -period 5{714 [get_ports
M AXI S_SNKFF_ACLK]

Maxdelay for Reset

The following Sink core reset-signal constraints are always required. The generated SPI-4.2
core may have different timing constraints than the examples provided below.

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_instance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ *cor e0/ queueO/ Fi f oRes
et_snkcl k]] -to [get_cells -hierarchical * -filter {LIB _CELL == FDPE

| | LIB_CELL == FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets
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<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ *cor e0/ queueO/ Fi f oRes

et_snkffclk]] -to [get_cells -hierarchical * -filter {LIB CELL == FDPE
| | LI B_CELL == FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ *cor e0/ pr e0/ Fi f oReset

_snkclk]] -to [get_cells -hierarchical * -filter {LIB CELL == FDPE
| | LI B_CELL == FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ cl kdomai n0/ snk_cl k_rs

t]] -to [get_cells -hierarchical * -filter {LIB CELL == FDPE || LI B_CELL
== FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[.get _nets

<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ cl kdomai nO/ snk_ff _cl k

“rst]] -to [get_cells -hierarchical * -filter {LIB CELL == FDPE
|{LI.BCELL == FDCE }] 5.00

set_max_delbay -from[all _fanin -startpoints_only -flat -only_cells
[ get “net's

<core_i nstance_nane>/ W0/ pl 4_snk_t op/ *pl 4_snk_t op/ cl kdomai n0O/ snk_al ite_

clk_alitemst] ]J¢ -t [get_cells -hierarchical * -filter {LIB_CELL ==
FDPE | | LI B_CELL == FDCE,}] 5.00

set_max_delay -from[allofanin -startpoints_only -flat -only_cells
[get _nets

<core_i nstance_nane>/ U0/ pl4 snk_t op/ *pl 4_snk_t op/ i 00/ Reset _snkcl k] ]
to [get_cells -hierarchical * -filter {LIB CELL == FDPE ||LIB_CELL ==
FDCE }] 5.00

These MAXDELAY values may differ depending:en target speed grade and core
performance.

MMCM and Static Alignment Constraints

The MMCM constraint aligns incoming data (RDat'and®RCtl) to its.clock (RDCIk) in the
static alignment configuration. The frequency of the MMCM clock input is specified for
complete timing analysis. The following constraints are provided with the SPI-4.2 core,
and can be modified.

Input Clock Period for MMCM

The following Sink core MMCM constraint is in the XDC file. It is dependent on the input

frequency:
set_property CLKINL_PERIOD 2.85 [get_cells pl4_snk_cl kO/ D]

This constraint specifies the period of the MMCM input clock in nanoseconds.

Phase Shift for MMCM

The following constraints are used to align the incoming data (RDat and RCtl) to its clock

(RDClk) when global clocking is used. This constraint can be modified to change the
alignment of the RDClk relative to the RDat and RCtl inputs.
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set_property CLKOUTO_PHASE 90 [get_cells pl4_snk_cl kO/ mtnD]

Regional Clocks and Static Alignment Constraints

In regional clocking mode, an IODELAY is inserted in the RDClk path. The
IDELAY_VALUE constraint on this IODELAY element align incoming data (RDat and
RCtl) to its clock (RDCIKk) in the static alignment configuration. The following constraints
are provided with the SPI-4.2 core, and can be modified.

set_property | DELAY VALUE 10 [get_cells pl4_snk_clkO/rdcl k_idel]

Placement Constraints

Although the SPI-4.2 core does not require fixed pinouts, there are several placement
constraints that are critical to meet performance requirements and process through the
Xilinxtools. The constraints generated in the Vivado IP catalog are only an example and
should be modified. The constraints can be modified to:

e [Move the core placement to a different area

e Target a different device (other than the example XC7V585T-FFG1761 or XC7K70T-
FBG676)

See Constraintsdligration Guide for information on how to migrate the core to a different
area or device-package.

MMCM and BUFGplacement

The MMCM and BUFG(s) it drives need to be placed in the same top or bottom half of the
chip. Although there are no‘constraints in the example XDC that dictate this, this is a
requirement for the Xilinx SP1-4.2 solution.

I/0 Placement

In the SPI-4.2 core, place the SPI-4:21/@s according to need. There are no restrictions for
placing the I/Os in the bank options provided in the GUL For 7 series devices, the SPI-4.2
interface pins (except LVTTL status I/O)are placed by default in High Performance 1/O
banks. To change this placement to High Range 1/Q banks, see the Sink Core Optional
Constraints, page 136. The placement of the I//Os canbeidefined using 1/0 pin lock
constraints.

An example of how to define I/O pin lock constraints;is provided in the example design
XDC file:

set_property LOC AJ36 [get_ports {RDat _P[0]}]
set _property LOC AJ37 [get_ports {RDat _N 0]}]
set _property LOC AP36 [get_ports {RDat_P[1]}]
set_property LOC AP37 [get_ports {RDat _N 1]}]
set_property LOC AK37 [get_ports {RDat _P[2]}]
set_property LOC AL37 [get_ports {RDat _N 2]}]

All the SPI-4.21/0s do not need to be in a single bank as given in the example XDC. Ensure
that there are enough I/Os in the targeted bank (or banks) when using these constraints.
For sink cores configured as static alignment, all SPI-4.2 I/Os need to be placed in a single
bank to reduce package and clock skew within the data bus.
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If you are using an area group to define the placement of the Sink core, place the SPI-4.2
pins (RCt | and RDat ) in the same clock regions as the defined area group. This is
especially needed if regional clocking is used.

You can also place RDCl k using the above constraints type. However, there are some
general guidelines when using different clocking options. If regional clocking is chosen,
RDCI k must be placed on a clock capable I/O pin.

For instance, in the example XDC:

set_property LOC AK34 [get_ports RDO k_P]
set _property LOC AL34 [get_ports RDA k_N|

If global clocking is chosen, RDCl k must be placed on a pin that is connected to a global
clock buffer. For instance, in the example XDC:

set _property LOC AK34 [get_ports RDd k_P]
set_property LOC AL34 [get_ports RDA k_N|

IDELAYCTRL Module Placement

The user must instantiate the IDELAYCTRLSs in the user design to calibrate the IDELAY
elements'connected to the SPI-4.2 interface signals: RDat [ 15: 0] , RCt | , and RDC k. All
the ready signals from the IDELAYCTRLs must be ANDed together to provide the signal
that connects t0 SnkldelayCtIRdy input of the Sink Core. See Instantiating IDELAYCTRL
Modules, page 163 for the HDL examples. The following XDC segment illustrates how to
associate the IDELKAYCTRL and its IODELAYelements using constraints:

set _property’ | ODELAY _GROUP sink_idelay [get_cells sictl]

set _property | ODELAY_GRQUP sink_idelay [get_cells
<core_instance_nane>/ W0/ pld_snk_t op/ *pl 4_snk_t op/ i 00/ *dpa/ dpa_t opO/ * DA
TAPAI R*/ * MASTER _DELAY]

set _property | ODELAY_GROUP sink_idelay [get_cells
<core_i nstance_nane>/ W0/ pl' 4 snk_t op/ *pl 4_snk_t op/ i 00/ *dpa/ dpa_t opO/ * DA
TAPAI R*/ * SLAVE_DELAY]

set _property | ODELAY_GROUP sink_i/delay /[get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl'4«snk_t op/ i 00/ *dpa/ dpa_t op0/ *CT
LPAI R*/ * SLAVE_DELAY]

set _property | ODELAY _GROUP sink_idelay [get_cells
<cor e_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/d 00/ *dpa/ dpa_t opO/ *CT
LPAI R*/ * MASTER_DELAY]

If using Static Alignment configuration, or Dynamic Alignmenticonfiguration with the
“DPA Clock Adjustment” feature, the following constraint is also required:

set _property | ODELAY_GROUP sink_idelay [get_cells
pl 4_snk_cl kO/ rdcl k_i del ]

IOB Register Packing

The following constraints are mandatory for the Sink core. It ensures that the output
registers of the RStat and RSCl k signals are packed in the IOB. This guarantees that the
timing between the output pad and the register is met.

set_property 10B TRUE [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_top/*pl 4_snk_top/axlite/al memrstatl_f
f]
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set_property 10B TRUE [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_top/*pl 4_snk_top/axlite/al mem rstatO_f

f]

set_property 10B TRUE [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_top/*pl 4_snk_top/axlite/al mem rscl k_ff

]

Sink Core Optional Constraints

This section contains information about the constraints that can be used in addition to the
required constraints. Use of these types of constraints depends on individual user design.

I/0 Standards Constraints

To change the I/O standards of the SPI-4.2 data bus, control bit, and clock inputs to LVDS
25 with internal device termination or DCI, uncomment the following constraints in the

design:
set _property | OSTANDARD LVDS 25 DCl [get_cells RDat_P(*)]
set/property | OSTANDARD LVDS 25 DCl [get_cells RDat_N(*)]
set_property | OSTANDARD LVDS 25 DCl [get_cells RCI _P]
set property | OSTANDARD LVDS 25 DCl [get_cells RCI_N|
set _property | OSTANDARD LVDS 25 DClI [get_cells RDC k_P]
set _property | OSTANDARD LVDS 25 _DClI [get_cells RDO k_N|

To change the I/Ostandards of the SPI-4.2 data bus, control bit, and clock inputs to LVDS
25 with internal differential termination, uncomment the following constraints in the
design for Static Alignment configurations:

set _property D FF_TERM TRUEu[get cells pl4_snk_cl kO/rdcl k_i buf 0]

set_property DI FF_TERM TRUE [get> cells
<core_instance_nane>/ U0/ pl'4_snk_top/*pl 4_snk_top/i o0/ StaticAlign.buffe
r_dat a/ * BUFI N*]

For dynamic alignment configuration, uncomment the following:

set _property DI FF_TERM TRUE [get_cel | s pl4xsnk_cl kO/ rdcl k_i buf 0]

set_property DI FF_TERM TRUE [get _cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4=snk_t op/i 00/ *dpa/ dpa_t op0/ * DA
TAPAI R*/ * BUFI N*. | NBUF* ]

set_property DI FF_TERM TRUE [get _cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/i 00/ *dpal dpa_t op0/ *CT
LPAI R*/ * BUFI N*. | NBUF*]

To use the 7-Series FPGAs High Range (HR) I/O for RDCl k, RDat , and RCt | pins, update
any applicable IOSTANDARD generics on I/O buffer instantiations in the user/example
design from LVDS to LVDS_25 (see DS823, LogiCORE IP SPI-4.2 Data Sheet for supported
HR1/0 performance). For the example design, these are located in pl 4_snk_cl k. v[ hd]
and <cor e_nane>_top. v[ hd] . The pl 4_snk_cl k. v[ hd] file contains the IBUFGDS
instantiation for RDO k, and the <cor e_nane>_t op. v[ hd] file contains the OBUFTDS
instantiations for RSCl k and RSt at [ 1: 0] . In addition to targeting High Range I/O pins
using LOC constraints, add the following constraints to the XDC file to change the I/O
standard for the 16 RDat pins and the RCt | pin. For the dynamic alignment Sink core:
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set_property | OSTANDARD LVDS 25 [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ i 00/ *dpa/ dpa_t op0/ * DA
TAPAI R*/ * BUFI N*. | NBUF*]

set _property | OSTANDARD LVDS 25 [get _cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ i 00/ *dpa/ dpa_t opO/ *CT
LPAI R*/ * BUFI N*. | NBUF*]

For the static alignment Sink Core:

#set _property | OSTANDARD LVDS 25 [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_top/i o0/ StaticAlign.buffe
r_dat a/ * BUFI N*]

Area Group Constraints

Areadgroup constraints define a specific placement of the Sink core. These constraints are
recommended for cores using regional clocking, but are not required for Sink cores using
global'clocking.

For 7 series devices, the following constraints are used to place the Sink core in a single
cloeckregion, but do not constrain the Status and AXI4-Lite Control logic. This eases timing
closure when LVTTL status I/0O is selected:

create_pbl ock \AG pl 4_snk

add_cel I'spt0 pbl ock AG pl 4_snk [get _cells
<core_instance _nane>/ U/ pl 4_snk_top/ *pl 4_snk_t op/ *cor e0/ *]

resi ze_pbl ock [@get _pbl ocks AG pl 4_snk] -add
{ CLOCKREG ON_X0Y3CLOCKREG, ON_X0Y3}

Timing Ignores Constraints

Since the Sink core internal static configiration signals are driven statically from a register,
apply false path attributes to the static configuiration signals to create proper timing ignore
paths.

To apply the false path attribute to these paths, include the following constraints in the
design:

set _false_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_snk_t op/ *pl 4<snk_top/axlite/al mem Cf gRam N
unmDi p4Errors_i*]

set _fal se_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t oplaxlitelal nem Cf gRam’ N
umlr ai nSequences_i *]

set _false_path -through [get_nets
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ axl i te/ al mem Cf gRanf S
nkCal endar M i *]

set _false_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_snk_top/ *pl 4_snk_top/axlite/al mem Cf gRanmf S
nkCal endar Len_i *]

set _fal se_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_snk_top/ *pl 4_snk_top/axlitel/al mem Cf gRanmf S
nkAFThr esAssert _i *]
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set _fal se_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_snk_top/ *pl 4_snk_top/axlitel/al mem Cf gRanf S
nkAFThr esNegat e_i *]

set _fal se_path -through [get_nets
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ axl i te/al mem Cf gRanmf F
i f oAFMbde_i *]

set _false_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_snk_top/ *pl 4_snk_top/axlitel/al mem Cf gRam R
SC kPhase*]

set _fal se_path -through [get_nets
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/ axl i t e/ al mem Cf gRam R
SC kDi v_i *]

Modifying:HIGH_PERFORMANCE_MODE attribute for IODELAYE1/
IODELAYEZ to Improve Power Consumption

The'SPI4.2 core netlist generated by the Vivado IP catalog sets the
HIGH_PERFORMANCE_MODE attribute on the IODELAYE?2 elements to “TRUE”. If
targeting'aperformance of less than 700 Mbps, this attribute can be changed to “FALSE” in
the XDC file! This will allow the IODELAY to consume less power.

The following constraints are used to change the HIGH_PERFORMANCE_MODE
attribute:

set _property H‘GH PERFORVMANCE MODE FALSE [get_cells
pl 4_snk_cl kO/ rdcl k_i del']

set _property H GH_PERFORVANCE MODE FALSE [get_cells
<cor e_i nstance_nane>/ U0/ pl4 snk_t op/ *pl 4_snk_t op/ i 00/ *dpa/ dpa_t op0/ * DA
TAPAI R*/ * MASTER_DELAY]

set _property H GH PERFORMANCE MODE<FALSE [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_tiop/*pl/4_snk_t op/i o0/ *dpa/ dpa_t op0/ * DA
TAPAI R*/ * SLAVE_DELAY]

set _property H GH PERFORMANCE _MODE FALSE [get_cells
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4usnk_t op/ i 00/ *dpa/ dpa_t op0/ *CT
LPAI R*/ * SLAVE_DELAY]

set _property H GH_PERFORMANCE_MODE FALSE [ get <cel |.s
<core_i nstance_nane>/ U0/ pl 4_snk_t op/ *pl 4_snk_t op/i 00/ *dpal dpa_t op0/ *CT
LPAI R*/ * MASTER_DELAY]

Initializing the Sink Calendar Sequence Using Constraints

The Sink core Calendar memory can be initialized through the Sink AXI4-Lite Control
interface Sink Calendar Memory Initialization in Chapter 5, or optionally via XDC
constraints. The following is an example of two XDC constraints that initialize the first 64
calendar locations to a round-robin sequence for channels 0-15:

set _property INIT_OO
OFOEODOCOB0A090807060504030201000FOE0DOCOB0A09080706050403020100

[get _cells

<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al mem Cal Ran cr
am ranb_bl . ranb36_dp_bl . ranB86_bl ]
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set_property INT_01
OFOEODOCOB0A090807060504030201000FOEODOCOB0A09080706050403020100

[get _cells

<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al menl Cal Rani cr
am ranb_bl . ranb36_dp_bl . ranB86_bl ]

Source Core Required Constraints

Timing Constraints

Timing constraints are critical for proper operation. The following constraints are provided
with the SPI-4.2 core, and the user can modify these constraints to meet their system
requirements. In the examples below, the target performance is 700 Mbps. However, the
user is responsible for ensuring that any modification to these constraints does not result in
paths which are unconstrained.

Timespecs for Clocks

The following,Source core clock constraints are always required. Note the generated SPI-
4.2 coré may have different timing constraints than the examples provided.

creat'e_cl ock -~add -nane SysC k_P -period 2.857 [get_ports Sysd k_P]
set _i nputijd'tter -SysC k_P 0.200

create_cl ock -add¢-nane TSC k_P -period 11. 425 [get_ports TSO k_P]

The following Source corediser-interface clock constraints are required only when the
respective clocks are used.

create_cl ock -add -nane AXI _SRC ACLK -period 11.425 [get_ports
AXI _SRC_ACLK]

create_clock -add -nane S_AXIS SRCFF_ACLK -period 5.714 [get_ports
S AXI S_SRCFF_ACLK]

set_input_jitter M AXI S _SRCFF_ACLK 0. 300

create_clock -add -nane M AXI S SRCSTAT_ACLK/-period 11.425 [get_ports
M AXI S_SRCSTAT _ACLK]

These constraints specify the frequency and duty cycle of the clock signal. For high
frequency clocks, clock jitter is also specified. These values can be modified based on target
performance.

Maxdelay for Reset

The following Source core reset signal constraints are always required. The generated SPI-
4.2 core may have different timing constraints than the examples provided in this section.

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_instance_nane>/ U/ pl 4_src_top/*pl 4_src_top/i o0/ SrcReset*]] -to
[get _cells -hierarchical * -filter {LIB _CELL == FDPE || LI B_CELL == FDCE
}1 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets
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<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/rst0/ Srcd k_Reset *]]
-to [get_cells -hierarchical * -filter {LIB CELL == FDPE || LIB_CELL ==
FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/rst0/ SrcFFC k_Reset *]
] -to[get_cells -hierarchical * -filter {LIB CELL == FDPE || LI B_CELL ==
FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/rst0/ TSC k_Reset*]] -
to [get_cells -hierarchical * -filter {LIB_CELL == FDPE ||LIB_CELL ==
FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[.get _nets

<core_i nstance_name>/ U0/ pl 4_src_top/ *pl 4_src_top/rst 0/ SrcCLK_Fi f oReset
“sync ]] -to [get_cells -hierarchical * -filter {LIB CELL == FDPE
|{LI.BCELL == FDCE }] 5.00

set_max_delbay -from[all _fanin -startpoints_only -flat -only_cells

[ get “net's

<core_instance_nane>/ U0/ pl 4_src_top/*pl 4_src_top/rst0/ SrcFFCLK Fi f oRes
et_sync |Jw=tos[get_cells -hierarchical * -filter {LIB _CELL == FDPE

|| LIB_CELL == FDCE }] 5.00

set_max_delay -from[allofanin -startpoints_only -flat -only_cells
[get _nets

<core_instance_nane>/ U0/ pl4 src_top/*pl4_src_top/ SrcC k_data_Reset]] -
to [get_cells -hierarchical * -filter {LIB CELL == FDPE ||LIB_CELL ==
FDCE }] 5.00

set_max_delay -from[all _fanin -startpoints_only -flat -only_cells
[get _nets

<core_instance_nane>/ U0/ pl 4_src_top/*pll4d_src_top/ SrcC k_ul _Reset]] -to
[get _cells -hierarchical * -filter {LI B CELL == FDPE || LI B_CELL == FDCE
}] 5.00

The MAXDELAY values differ based on target speed grade and core performance.

Placement Constraints

Although the SPI-4.2 core does not require fixed pinouts, there are several placement
constraints that are critical to meet performance requirements and for processing through
the Xilinx tools. The constraints generated by the Vivado IP catalog are provided as an
example and should be modified. Placement constraints can be modified to:

* Move the core placement to a different area.
e Target a different device (other than the example XC7V585T-FFG1761 or XC7K70T-
FBG676).

See Constraints Migration for information about migrating the core to a different area or
device package.
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MMCM and BUFG placement

The MMCM and BUFG(s) it drives need to be placed in the same top or bottom half of the
chip. This is a requirement for the Xilinx SPI-4.2 solution, and the following constraints
from the example XDC show this placement:

set_property LOC MMCME2_ADV_XO0Y2 [get_cells pl4_src_cl kO/ nmcnD]
set _property LOC BUFGCTRL_X0Y3 [get _cells pl4_src_cl kO/syscl kO_buf g0]

BUFR and BUFIO placement

To reduce duty cycle distortion with a core using Regional clocking, the BUFR and BUFIO
for SysClk should be placed as close as possible to the elements driven by these clock
buffers (i.e. the SPI-4.2 TDClk, TDat, and TCtl pins). The following constraints from the
example XDC show this placement:

set _property LOC BUFI O X0Y17 [get_cells pl4_src_cl k0O/tdcl kO_bufi o]
set _property LOC BUFR _X0Y17 [get_cells pl4_src_cl k0O/srccl kO_bufro0]

I/O.Placement

The SPI-4.2 core provides the flexibility in placing the SPI-4.21/Os. You are not restricted to
placing the'IT/Os in the bank options provided in the GUI. For 7 series devices, the SPI-4.2
interface pins (except LVTTL status I/O) are placed by default in High Performance I/O
banks. To change'thisplacement to High Range I/O banks, see the Source Core Optional
Constraints, page 142. The placement of the I/Os can be defined using 1/0 pin lock
constraints.

An example of how to define L/O pin lock constraints is provided in the example design
XDC file:

set _property LOC AWA1 [get _ports {TDat_P[0]}]
set _property LOC AMA2 [get _ports {TDat_N 0] }]
set_property LOC AR38 [get_ports {TDat P[1]}]
set _property LOC AR39 [get_ports {TDat N 1]}]
set _property LOC ANAO [get_ports {TDat _P[ 2]}]

set_property LOC ANA1l [get_ports {TDat _N 2]}]

All the SPI-4.2 I/Os do not need to be located in a single bank as shown in the example.
Ensure that there are enough 1/Os in the targeted bank (or banks) when using these
constraints. For a source core that is interfacing with a sink core configured with static
alignment, it is recommended that all SPI-4.2 I/Os are placed in a single bank to reduce
package and clock skew within the data bus. See Appendix I, SPI-4.2 Source Interface
Timing Budget. This appendix illustrates how package and clock skew will affect the
source interface timing budget.

When using an area group to define placement of the Source core, Xilinx recommends that
the SPI-4.2 pins (TCtl and TDat) are placed in the same clock regions as the defined area
group. This is especially important when using regional clocking.

Note: To reduce the duty cycle distortion of the TDCIk output in a global clocking design, place the
TDCIk in the bank closest to the BUFG or BUFR that drives it. This means that the chosen bank
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needs to be at minimum in the same top or bottom half of the chip as the placement of its clocking
components. The XDCs generated by the Vivado IP catalog provide examples of this.

You can also place SysClk and TSClk using the two constraints above. There are some
general guidelines for using different clocking options.

If regional clocking is chosen, SysClk must be placed on a clock capable I/O pin that is in
the same clock region as the Source core logic. For instance, in the example XDC, a pin-lock
constraint is used to specify I/O placement:

set _property LOC AV40 [get_ports SysC k_P]

set _property LOC AWMIO [get_ports SysC k_N]

If global clocking is chosen, SysClk must be placed on a pin that is connected to a global
clock buffer. In the example XDC, a pin-lock constraint is used to specify I/O placement:

set _property LOC AV40 [get_ports SysC k_P]
set, property LOC AWMIO [get_ports SysC k_N]

IOB Reqgister Packing

The following constraints are mandatory for the Source core to ensure that the input
registers,of the Stat and TSCl k signals are packed in the IOB. This guarantees that the
timing between the input pad and the register is met.

set _property | OB=TRUE [get _cells
<core_instance_nane>/ U0/ pl4_src_top/*pl4_src_top/alite/almemtstatl ff

]

set_property 1 0B TRUE Jiget.cells
<core_instance_nane>/(U0/ pl 4usrc_top/*pl 4_src_top/alite/almemtstatO_ff

]

Source Core Optional Constraints

You can add the following optional constraints, based on your specific design
requirements.

TSCIk MMCM Constraints

The SPI-4.2 specification states that TSt at should be sampled at the rising of edge TSCl k
and should meet (t S) setup time and (t H) hold time. If the TSt@at changes at the rising
edge of the TSA k, the setup time and hold time may not meet. This behavior can be
modified by skewing the TSCl k by 180 degrees. This constraintfis only applicable when
the TSO k clocking example design is generated with an MMCM.

The following constraints skew the TSCl k by 180 degree. These constraints are
commented out in the XDC. Uncomment them to include them in your design.

set _property CLKOUTO_PHASE 180 [get_cells pl4_src_cl kO/ mtml]

I/0 Standards Constraints

You can define different I/O standards for several input and output pins. To change the
1/0 standards of the Source core input reference clock (SysC k) to LVDS 25 with internal
device termination or DCI, uncomment the following constraints:

set_property | OSTANDARD LVDS 25 DClI [get_cells Sysd k_P]
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set_property | OSTANDARD LVDS 25 DClI [get_cells Sysdk_N]

To change the I/O standards of the Source core input reference clock (SysCl k) to LVDS 25
with internal differential termination, uncomment the following constraints:

set_property DI FF_TERM TRUE [get _cells pl4_src_cl kO/syscl k_i buf g0]

To use the 7-Series FPGAs High Range (HR) I/O for SysC k, TDCl k, TDat , and TCt |
pins, update any applicable IOSTANDARD generics on I/O bulffer instantiations in the
user/example design from LVDS to LVDS_25 (see DS823, LogiCORE IP SPI-4.2 Data Sheet
for supported HR I/O performance). For the example design, these are located in

pl 4 _src_cl k. v[hd] and <core_nane>_t op. v[ hd] . The pl 4_src_cl k. v[ hd] file
contains the IBUFGDS instantiations for SysC k and TSO k, and the

<cor e_nane>_t op. v[ hd] file contains the IBUFDS instantiations for TSt at [ 1: 0] . In
addition to targeting High Range I/O pins using LOC constraints, add the following
constraints to the XDC file to change the I/O standard for the 16 TDat pins and the TCt |

pin:

set. property | OSTANDARD LVDS 25 [get_cells
<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/io0/src_ddr*/*ddr*_bu

f]

set_property | OSTANDARD LVDS 25 [get_cells
<core_instiance_nane>/ U0/ pl 4_src_top/*pl4_src_top/io0/src_ctl*/*ddr*_bu
f]

Area Group Constraints

Area group constraints.¢an be usedo define a specific placement of the Source core. These
constraints are not required for Source cores that use global clocking distribution but are
recommended for Source cores that use regional clocking distribution.

The following constraints are used to place the Source core in a single clock region, but do
not constrain the Status and AXI4-Lite Control logic. This eases timing closure when
LVTTL status I/O is selected:

create_pbl ock AG pl4_src

add_cells_to_pblock AG pl4_src [get cells
<core_instance_nane>/ U0/ pl 4_src_top/*pld src. top/ corel/ *]

resi ze_pbl ock [get _pbl ocks AG pl 4_src] -add
{ CLOCKREG ON_X0Y4: CLOCKREG ON_X0Y4}

Timing Ignore Constraints

Since the Source core internal static configuration signals are driven statically from a
register, apply false path attributes to the static configuration signals to create proper
timing ignore paths.

To apply the false path attributes to these paths, include the following constraints in the
design:

set _false_path -through [get_nets
<core_instance_nane>/ U0/ pl4_src_top/*pl4_src_top/alite/al men Cf gRam Nu
nDi p2Mat ches_i *]

set _false_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al mem Cf gRan Sr
cCal endarM.i *]
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set _fal se_path -through [get_nets
<core_instance_nane>/ U0/ pl4_src_top/*pl4_src_top/alite/al men Cf gRan Sr
cCal endar Len_i *]

set _fal se_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al mem Cf gRam Sr
CAFThresAssert _i*]

set _false_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al menm Cf gRan Sr
CAFThresNegat e_i *]

set _fal se_path -through [get_nets
<core_instance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al mem Cf gRam Al
phaDat a_i *]

set false_path -through [get_nets
<core_i nstance_name>/ U0/ pl 4_src_top/ *pl 4_src_top/alitel/al mem Cf gRan Da
taMaxT_i *]

set/_false path -through [get_nets
<core_i nstance_nane>/ U0/ pl 4_src_top/*pl4_src_top/alite/al men Cf gRanm Sr
cBur st Made_i *]

set _fal seupat ha-t'hrough [get _nets
<core_i nstance_nane>/ UW/Lpl 4 _src_top/*pl4_src_top/alite/al mem Cf gRan Sr
cBurstLen_i*]

Initializing the Source Calendar Sequence Using Constraints

The Source core Calendar memory can/be initialized through the Source AXI4-Lite Control
interface Source Calendar Memory dnitialization in Chapter 5, or optionally via XDC
constraints. The following is an example of twio XDC constraints that initialize the first 64
calendar locations to a round-robin sequence for channels 0-15:

set _property INIT_OO
OFOEODOCOB0A090807060504030201000FOEODOCOBOA09080706050403020100

[get _cells

<core_instance_nane>/ U0/ pl4_src_top/*pl4_src top/alite/al men cram cram
/ranb_bl . ranmb36_dp_bl . ranB6_bl ]

set_property INT_01
OFOEODOCOB0A090807060504030201000FOE0DOCOB0A09080706050403020100

[get _cells

<core_instance_nane>/ U0/ pl4_src_top/*pl4_src_top/alite/almen cram cram
/ranb_bl . ranmb36_dp_bl . ranB6_bl ]

User Constraints

In certain cases, additional constraints may need to be added to cover other logic
implemented in the design. While the XDC provided is designed to completely constrain
the Xilinx SPI-4.2 core, it may not adequately constrain user-implemented logic that is
interfaced to the core.
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Constraints Migration

The example XDC must be modified to migrate the core to a different area or target device.
The examples in this section illustrate the changes necessary to migrate the Sink and
Source cores to a user-defined location on a XC7V585T Virtex-7 FPGA part. This is
achieved by modifying the example XDC. The static alignment example shows the
migration of the Sink and Source cores to the west region of the part (banks 14 and 15,
respectively). The dynamic phase alignment example shows the migration of the Sink and
Source cores to the west region of the part (banks 14 and 15, respectively).

New Target Region or Device Package

When selecting a new target region or device package, first verify that the new region has
adequate resources for the generated core. Specifically, the following resources should be
takeninto consideration:

¢ Block RAMs

*» T/OPins (in targeted I/O banks)

o Logiccells

¢ (locking resources: MMCM, regional and global buffers

Some typicaliregion selections within a device are:

* Source Core:One clogk region on the same side of the device, east or west.
e Sink Core (static): One clockregion on the same side of the device.

¢ Sink Core (dynamic): One clock region on the same side of the device.

The east side is the side of thedeviee with numbered I/O banks: 36 and 37. The west side
is the side of the device with numbered\I/O banks: 14 and 15.

When choosing a target region, be awarethat placing the core in a region that contains a
Power PC or other hard-embedded TP may inerease the difficulty of the tools to place the
core and meet the timing constraints of the core.

A target region or device without adequate resources assigned to it will result in tool
errors; not due to portability issues, but to resource issues.

Modifying the User Constraints File

Once the target region is selected, the XDC must be modified. While modifying the
constraints, ensure that changes are within the specificationsidescribed by the Sink and
Source core required constraints. The XDC modifications are provided in this section.

Note: Using optional constraints is at user discretion.

Sink Core

Specify pin placements for the SPI-4.2 interface I/Os (RCt | * and RDat *). If you are using
regional clocking, the I/Os must be constrained to pins that coincide with the clock regions
of the Sink core.

In the following example, Bank 14 must contain at least 17 LVDS I/O pairs (not all pin
constraints shown):

set_property LOC AJ36 [get_ports {RDat _P[0]}]

set _property LOC AJ37 [get_ports {RDat _N 0]}]
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set _property LOC AP36 [get_ports {RDat_P[1]}]
set_property LOC AP37 [get_ports {RDat _N 1]}]
set_property LOC AK37 [get_ports {RDat_P[2]}]

set _property LOC AL37 [get_ports {RDat _N 2]}]

Specify pin placement for RDCl k I/O. See Placement Constraints, page 134 for more
information about placement constraints. For example:

set _property LOC AK34 [get_ports RDd k_P]

set _property LOC AL34 [get_ports RDA k_N|

Specify an area group constraint if necessary. In the XDC, area group AG_pl 4_snk is the
clock region on the same side of the device. For example:

create.pbl ock AG pl 4_snk

add_cell's_to _pblock AG pl4_snk [get_cells
<coreginstance_nane>/ U/ pl 4_snk_t op/ *pl 4_snk_t op/ *cor e0/ *]

resi ze_pbl ock [get_pbl ocks AG pl 4_snk] -add
{ CLOCKREG ON_X0Y3: CLOCKREG ON_X0Y3}

Source Core

Specify pin placement for SysCl kd/©. See Placement Constraints, page 140 for detailed
information. For example:

set _property LOC AV40 [getl ports SysCd k_P]

set_property LOC AWMIO [get _ports<SysC k_N]

The Source core clock element placement constraints must also be moved accordingly. For
SysClk Global Clocking:

set _property LOC MMCME2_ADV_X0Y2 [get _cel | s ;pl4_src_cl kO/ rmtn0]

set_property LOC BUFGCTRL_X0Y3 [get _cells pl4_src_clkO/syscl kO_buf g0]
Or, for SysClk Regional Clocking:
set_property LOC BUFI O X0Y17 [get_cells pl4_src_cl kOftdcl kO_bufi o]

set _property LOC BUFR _X0Y17 [get_cells pl4_src_cl k0/srccl kO_bufrO0]

Specify pin placements for the SPI-4.2 interface I/Os (TDC k*, TDat * and TCt | *). If you
are using regional clocking, the I/Os must be constraint to pins that coincide with the clock
regions of the Source core. In the following example, Bank 15 contains at least 18 LVDS1/O
pairs:
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set_property LOC AMA1l [get_ports {TDat _P[0]}]
set_property LOC AMA2 [get _ports {TDat _N 0] }]
set_property LOC AR38 [get_ports {TDat _P[1]}]
set_property LOC AR39 [get_ports {TDat _N 1]}]
set_property LOC ANAO [get_ports {TDat _P[2]}]

set_property LOC ANA1l [get _ports {TDat _N 2]}]

Specify pin placement for “TSClk” I/O. See Placement Constraints, page 140. For example
(regional clocking, LVDS):

set _property LOC AU39 [get_ports TSA k_P]

set _property LOC AV39 [get_ports TSOA k_N|

Specify an area group constraint if necessary. In the XDC, area group “AG_pl4_src” is the
clock region on the same side of the device.

create_pbl ock AG pl4_src

add_cell s to pbl ock AG pl4_src [get_cells
<core_i nstance_nane>/ U0/ pl 4_src_top/ *pl 4_src_top/ core0/ *]

resi ze_pbl ock{[ get _pbl ocks AG pl 4_src] -add
{ CLOCKREQ ON X0Y4:CL@CKREG ON_X0Y4}

Special Consideration for Dynamicfhase Alignment

The I/0 constraints for the Sink core need to be locked to the I/O bank within the clock
regions of the Sink core. This is recommended for regional clocking. For example, in the
modified XDC, the I/O placement could be defined as:

set_property LOC AJ36 [get_ports { RDaty,P[ 0] }]
set _property LOC AJ37 [get_ports {RDat_N 0]}]
set _property LOC AP36 [get_ports {RDat_P[1]}]
set _property LOC AP37 [get_ports {RDat_N1]}]
set _property LOC AK37 [get_ports {RDat _P[2]}]

set_property LOC AL37 [get_ports {RDat _N 2]}]

These pin-locks are all within Bank 14, which is in clock region X0Y3.

The I/0O constraints for the Source core need to be locked to the I/O bank within the clock
regions on the Source core. This is recommended for regional clocking. For example, in the
modified XDC, the I/O placements could be defined as:

set_property LOC AMA1l [get_ports {TDat _P[ 0] }]
set_property LOC AMA2 [get _ports {TDat _N 0] }]

set_property LOC AR38 [get_ports {TDat _P[1]}]

SPI-4.2 v12.2 www.xilinx.com 147
UG784 July 25, 2012


http://www.xilinx.com

Chapter 6: Constraining the Core & XILINX.

set_property LOC AR39 [get_ports {TDat _N 1]}]
set _property LOC ANAO [get _ports {TDat _P[2]}]

set_property LOC ANA1l [get_ports {TDat _N 2]}]

These pin-locks are all within Bank15, which is in clock region X0Y4.
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Special Design Considerations

This chapter describes the special design considerations to be made when designing with
the Xilinx SPI-4.2 core, including:

¢ . Sink Clocking Options

®  Source Clocking Options

¢ Clocking Guidelines

¢ lnstantiating IDELAYCTRL Modules

Sink Clocking Options

The SPI-4.2 solutionsdeliver the clocking circuitry external to the Sink core. This is called
user clocking modé. This modeallows a customized clocking solution to be created based
on individual system requirements:

An example file is provided (pli4_snk_cl k. [ v| vhd] ) to demonstrate the
implementation of a clocking modulefor the Sink core.

There are two examples of clocking te'choese from: global clocking and regional clocking.
Depending on the chosen clockingfoption, different clock resources are used. Table 7-1
provides the clocking resource count for each clocking option.

Use the LogiCORE Clocking Wizard to generate the optimum MMCM instantiation for
their specific data rate. See the main SPI-4.2 Answer Record for guidance on how to
generate an MMCM instantiation for the SPI-4.27core using the Clocking Wizard IP.

The Clocking Wizard also provides jitter estimates'in its summary page. This data can be
used to calculate the timing budget of the SPI-4.2 Source Interface.See Appendix I, SPI-4.2
Source Interface Timing Budget for more information.

Table 7-1: Sink Core Clocking Option for Virtex-7 and Kintex<7 FPGAs

Clocking Option BUFR BUFG? MMCM
Regional clocking 1 0/1 0
Global clocking 0 4/5 1

a. The Sink Core requires SnkidelayRefClk to be driven by a global clock buffer. This reference clock provides a time
reference to IDELAYCTRL modules to calibrate all the individual delay elements (IDELAY) in the region. Multiple
cores need only one global clock buffer to distribute the SnkidelayRefClk.
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An illustration of the Sink user clock inputs and the sink clock configurations are shown in

Figure 7-1. The inputs are defined in Table 3-6, page 40.

RDCIk_P ————»1
RDCIK_N ————p1

User
Clocking
Example

Module

SPI-4.2 Sink Core

RDCIkO_User

RDCIKDiv_User

\ A |

!

SnkDPACIKDIlyCe *

>

RDCIkO_User
RDCIkDiv_User
RDClksRdyUser

SnkDPACIKDlyInc *

SnkDPACIKDIyRst *

* Only used when DPA Clock Adjustment feature is enabled

Figure 7-1: Sink Core User Clocking Example

Global Clocking

This option uses the MMCM and global clock routing to generate and distribute a full-rate
clock (RDCIk0_User) and a half-rate.clock (RDCIkDiv_User). The global clock lines are

150

www.xilinx.com

SPI-4.2v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX. Sink Clocking Options

implemented differentially. This configuration is illustrated in Figure 7-2. This
implementation is the same for both static and dynamic alignment configurations.

MMCM RDClk_P

BUF BUFG IBUFG[iI_» I0B
CLKOUTO CLKIN
RDCIK_N
L 10B

.<RDCIk0_User

_ BUF
.<RDCIkD|v_User CLKOUT1

DcmReset_RDCIlk

.<RDCIksty_User LOCKED RST 0B
CLKFBOUT CLKFBIN
BUFG
‘ocked RDCIK |
|' - - /i
ISERDES
= | |
Sink Internal
SnkData[63:0] and | | RDat[15:0] & RCtl
| Data & Control Q D SAKCU3:0] | Q D 10B
| Bus |
|
< RDCIkRiv User | < \RDCIKO_User
I
| |RDCIkDiv_User
LR
|
|_ - T 7
Internal Bus 1 o RStat[1:0] & RSCIk
RStat[1:0] & RSCIk | D Q 108
L
RDCIkDiv_User
> EN

Enable at ¥ (or 1/8) SPI-4.2 Rx data rate

[l Denotes 1/0 on User Interface
Figure 7-2: RDCIk Global Clocking

Regional Clocking

Regional clocking uses the regional clock buffer resources BUFIO and BUFR to generate
the full-rate clock (RDCIk0_User) and half-rate clock (RDClkDiv_User). This
configuration is illustrated in Figure 7-3. This implementation is the same for both static
and dynamic alignment configurations. For 7 series designs, this clocking method adds
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restrictions on the placement of the Sink core. See Regional Clocking Considerations,
page 159 for more information.

.< RDCIkO_User I

BUFIO RDCIk_P
10B
RDCIkDiv_User |
= = IODELAY
I RDCIk_N
IDELAY_TYPE=FIXED 10B
BUFR ( - ) IBUFGDS
(BUFR_DIVIDE=2)
F————— 1
_______ | ISERDES |
| ] | |
| Sink Internal | | |
| SnkData[63:0] and | X RDat[15:0] & RCtl
Data & Control *——-1Q D - — Q D 1 0B
| SnkCtl[3:0] |
Bus | |
I ¢ | ' [
< RDCIkDiv_User | < |RDCIKO_User
I |
| | )
RDCIkDiv_User
I <
| |
|
Fr———————— 1
I Internal Bus | RStaf[1.0] & RSClk__[7
: RStat[1:0] & RSClk | DENQ
_________ |
RDCIkDiv_User
E

Enable at ¥ (or 1/8) SPI-4.2 Rx data rate

. Denotes 1/O on User Interface

Figure 7-3: RDCIk Regional Clocking

IDELAY on RDCIk for DPA Clock Adjustment

The user also has the option to insert an IDELAY in the RDCIk path to adjust the incoming
RDClk. This is useful to reduce jitter introduced in the IDELAY'modulesiised to capture
the incoming RDat databus. Figure 7-4 illustrates how to insert an IDELAY in the RDClk
path and connect the DPA clock delay output signals (SnkDPACI kDl yRst,

SnkDPAC kDl yI nc, SnkDPACI kDl yCe) to the IDELAY.
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This feature is only available for regional clocking with dynamic phase alignment and
when dynamic phase alignment clock adjustment feature enabled.

SnkDPACIKDlyInc SnkDPACIKDIyCE

.< RDCIkO_User |
I SnkDPACIKDIyRst RDCIkDiv_User
BUFIO # RDCIk_P
10B
Rst Inc CE C
RDCIkDiv_User |
= IODELAY
I RDCIk_N
BUFR 10B
(BUFR_DIVIDE=2) (IDELAY_TYPE=VARIABLE) IBUFGDS
m—— === 1
_______ | ISERDES |
ol | !
| DSItnk &mctemtall | SnkData[63:0] and | ' RDaf15:0]& RCt [7
| Data & Contrel | [ Q D SnkCH[3:0] —1Q DI
Bus | | |
L I ' I
< RDCIKDiv_User | | RDCIKO User
[ [
| | .
RDCIkDiv_User
I <+
| I
L |
_________ 1
Internal Bus | b RStat[1:0] & RSClk OB
| RSt@iL:0]&RSC | Q

RDCIkDiv_User >

Enable at % (or 1/8) SPI-4.2 Rx data rate

[ Denotes 1/0 on User Interface

Figure 7-4: IDELAY on RDCIk for DPA Clock Adjustment

Source Clocking Options

The SPI-4.2 solutions deliver clocking circuitry external to the Source core. This is called
user clocking mode. This mode allows a customized clocking solution to be created based
on individual system requirements or to share the full-rate system clock with multiple
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source cores. An example showing sharing of clock resources between sources using a
custom clocking module is illustrated in Figure 7-5.

SPI-4.2 Source Core

Custom
Clocking
Module

SPI-4.2 Source Core

Figurey7-5: Source Core User Clocking Example

An example file is provided (pl 4_sr c_cl k. [ v| vhd] ) to demonstrate the
implementation of a clocking module for the Source core. There are two examples of
clocking to choose from: global clocking and regional clock. Only regional clocking is
supported for a Source corednterfacing with a Sink core configured with static alignment.
See Appendix I, SPI-4.2 Source'Interface Timing Budget for an example of a Static
Alignment timing budget. Depending on the chosen clocking option, different clock
resources are used. Table 7-2 and Table 7-3 provide the clocking resource count for each
clocking option.

Users should utilize the LogiCORE IP Clocking Wizard to generate the optimum MMCM
instantiation for their specific data rate. See the.mainSPI=4.2 Answer Record for guidance
on how to generate an MMCM instantiation for the SPI-4.2 core using the Clocking Wizard
IP. The Clocking Wizard also provides jitter estimates indts summary page. This data can

be used to calculate the timing budget of the SPI-4.2 Source Interface. See Appendix I, SPI-
4.2 Source Interface Timing Budget for more information.

Note: Use regional clocking to generate SysClk for a better timing budget. See Appendix I, SPI-4.2
Source Interface Timing Budget for more details.

Table 7-2: Source Core SysClk Clocking for Virtex-7 and Kintex-7 FPGAs?2

Clocking Option BUFR BUFG MMCM
Regional clocking 1 0 0
Global clockingP 0 4 1

a. When Sink core is configured with static alignment, only regional clocking is supported for Source core.

b. Global clocking is only supported for source cores that send data to Sink cores that are configured with
Dynamic Phase Alignment.
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Table 7-3: Source Core TSCIlk Clocking for Virtex-7 and Kintex-7 FPGAs

Clocking Option BUFR BUFG MMCM
Regional clocking 1 0 0
Global clocking 0 3 1

An illustration of the source user clock inputs and the source clock configurations are

shown in Figure 7-6. The inputs are defined in Table 3-11, page 51.

TDCIk_P ——

TDClk_N ——
TSClkaPr——
TSCK N —

User
Clocking
Example

Module

SPI-4.2 Source Core

SysCIkO_bufg

SysCIkDiv_bufg

SysCIk0_User

TSCIlk_bufg

\
| SysClkDiv_User
\

M_AXIS_SRCSTAT_ACLK

Figure 7-6: Source Core User Clocking Ports

Global Clocking

This option uses the MMCM and«global clock routing to generate and distribute a full-rate

clock (SysClk0_User) and a half-ratéclock (SysClkDiv_User). The global clock lines are
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implemented differentially (LVDS) using the IBUFGDS primitive. This configuration is
illustrated in Figure 7-7 and Figure 7-8 showing data and status clocking.

MMCM SysClk_P
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SysCIk0_User /
= CLKOUTO CLKIN1
\ SysClk_N
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= LOCKED
CLKFBOUT CLKFBIN
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Locked_SysClk
- p—
r-———=— |
| OSERDES |
I source momal | ' '
| EZL:;CE g;:;?;l | SrcData[63:0] and I ! TDat[15:0] & TCtl Pad
I i » D Q SreCt[3:0] — D Q[ a
Bus | |
L —————— I I I
SysCIkDiv_User SysCIKDIV_User 4 |
> paky
SysCIkO0_User |
> |
| |
L L __ |
. Denotes 1/O on User Interface
Figure 7-7: SysClk Global Clocking
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Source Clocking Options
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SPI1-4.2v12.2
UG784 July 25, 2012

www.xilinx.com

157


http://www.xilinx.com

Chapter 7: Special Design Considerations

& XILINX.

Regional Clocking

Regional clocking uses the regional clock buffer resources BUFIO and BUFR to generate

the full-rate clock (SysClk0_User) and half-rate clock (SysClkDiv_User). This

configuration is illustrated in Figure 7-9 and Figure 7-10 showing data and status clocking.
For 7 series designs, this clocking method adds restrictions on the placement of the Sink
core. See Regional Clocking Considerations, page 159 for more information

.< SysCIkO_User

BUFIO

.< SysCIkDiv_User

SrcClksRdy_SysClk
] o o

|-

BUFR |
(BUFR_DIVIDE=2)
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|'___|
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Figure 7-9: SysClk Regional Clocking
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Clocking Guidelines
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———————— M_AXIS_SRCSTAT ACLK
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Figure 7-10: TSCIlk Regional Clocking

Clocking Guidelines

There are two parameters to consider when choosing the best clocking option for your
system:

¢ Clock frequency

e Available clock resources

Regional clocking can operate beyond/speeds of 1 Gbps, while global clocking with
MMCM can operate up to 1 Gbps. Regional clocking requires fewer clock resources than
global clocking with MMCM; howevet; it places an area restriction on the logic that uses
the regional clock.

For the maximum and minimum frequencies fordifferent clock resources (for example,
MMCM, BUFR), see the appropriate Virtex-7 or Kintex=7Z,FPGA Data Sheet.

Regional Clocking Considerations

The BUFR in 7 series devices can only be used to drive logic in a single clock region. The
SPI-4.2 core example design continues the use of the BUFR with 7 series devices. Usually,
the placement of the SPI-4.2 interface clock synthesis logic (as shown imSink Clocking
Options and Source Clocking Options) and the clock distribution selected for these clocks
drive the placement requirements for logic and I/O associated with the various user
interface clocks. Figure 7-11 and Figure 7-12 show all of the clocks associated with each
core, and which blocks of the SPI-4.2 core fall under each clock domain. Use these figures
as a guide to determine which portions of user logic and core logic will have placement
restrictions based on clocking distribution used for the core. For example, if Regional
Clocking is selected for the Sink SPI-4.2 Receive Data clock (RDCl kO_User and

RDCI kDi v_User ) and regional clocking is also desired for the Sink AXI4-Stream FIFO
interface clock (M_AXI S_SNKFF_ACLK), the user logic associated with

M_AXI S_SNKFF_ACLK and the Sink Data FIFO block must be placed in the same clock
region as the Sink Data Receive block and Sink Status Transmit block (clocked by

RDCl kO_User and RDA kDi v_User ). In the example design, all user clocks
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(M_AXI S_SNKFF_ACLK, AXI _SNK_ACLK, S_AXI S_SRCFF_ACLK, and AXI _SRC_ACLK)
are distributed using Global Clocking resources and so they are not required to be placed
in the same clock region as the Sink or Source cores.

AXI SPI-4.2 Source Core
71— — — — — — /7 1
= ©
82 |  sysClkDv User _ |
o 7IE >
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239|
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Figure 7-11: Source Care Clocking
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Figure 712: Sink Core Clocking

Typically, a single SPI-4.2'Sink<ore.or a single SPI-4.2 Source core will use at most one-
third of the logic available in'a 7 series clock region, leaving the other two-thirds available
for user logic. However, there may be some cases where the user wishes to place additional
related logic in the two adjacent clock regions when using Regional Clocking. One
possibility is if the user logic associated with.the Sink or Source core requires more logic
than is available in the same clock region.in which.the core is placed.

The new BUFMRCE primitive provided in the 7 series family provides a solution. Though
the SPI-4.2 core example design does not use the BUEMRCE, the multi-region clock buffer
can be used to drive separate BUFRs in each clock region. For further information
regarding the use of the BUFMRCE with BUFRs in'7 series, see UG472, 7 Series FPGAs
Clocking Resources User Guide, Appendix A. One example of a BUEMRCE clocking scheme
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with the SPI-4.2 Source core is shown in Figure 7-13.
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BUFMRCE Clocking Scheme

7 Series LVTTL Status I/0O Considerations

When targeting 7 series devices, the SPI-4.2 Sink and Source cores offer the option to use
either LVTTL or LVDS 1/0O for the status pins (RSCl k /RSt at and TSCl'k,/TSt at ). The
following points must be considered when using LVTTL Status 1/O with 7 Series devices:

¢ LVTTL is supported in High Range I/O banks only. LVDS (required for the SPI1-4.2
RDat /RCt | and TDat /TCt | pins and associated clocks) is supported in High
Performance banks, or in High Range banks as LVDS_25. Note that LVDS_251/0
pins cannot be placed in the same bank as LVITTL pins since their source voltages

(Vcco) differ.

¢ For Kintex-7 devices, High Range banks are always on the left side of the device (for
example, Banks 13 and 14), and High Performance banks are always on the right side

(for example, Banks 33 and 34).

¢ For Virtex-7 devices, High Range banks are always located at the lower left of the die
(for example, Banks 12 and 13). High Performance banks are located on both sides of
the die (for example, Bank 14 or 35). There are currently two Virtex-7 devices that
offer High Range I/O banks: XC7V585T-FF1761 and XC7VX330T-FF1761.
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Instantiating IDELAYCTRL Modules

* Regional Clocking cannot cross from one half of the device to the other, regardless of
use of BUFR and BUFMRCE buffers.

* Regional Clocking using standard BUFRs can drive logic in one clock region (that is,
one I/O bank) in 7 series, as described in Regional Clocking Considerations. If using
the BUFMRCE, Regional Clocking can clock the two adjacent regions/banks as well
(for a total of three clock regions).

Taking these points into account for 7 series devices, LVTTL status I/O cannot be used
when the Sink core uses Regional Clocking because the Sink status logic is driven by the
same clock (RDCl kDi v_User ) as the rest of the Sink core.

For the Source core, LVTTL status I/O cannot be used when either SysClk distribution or
TSClk distribution are Regional Clocking, because some signals used by the Source status
logic are created in the SysClk clock domain (Reset _n and Sr cEn).

Noteghat timing closure of the design is more challenging when using LVITL status I/O
because some paths may need to cross from one half of the device to the other. The
Example Design generated with the core provides an example of how timing closure can
be achieved in these cases using Area Group constraints. See Chapter 6, Constraining the
Core for details.

Instantiating IDELAYCTRL Modules

For Virtex-7 and Kintex7 FPGA SPI-4.2 designs, the IDELAYCTRLs must be instantiated
in the top-level corefile to calibrate the IODDELAY elements connected to the Sink SPI-4.2
interface signals: RDat [ 157 04 RCt | , and RDCl k.

The IDELAYCTRL modules existin every I/O column in every clock region. The numbers
of IDELAYCTRL modules needed ift the design depends on the number of banks where
RDat [ 15: 0] , RCt | , and RDCI kesignals are placed. For example, if RDat [ 15: 0] ,RCt I,
and RDC k are placed in two banks, then two IDELAYCTRL modules are needed. It is
necessary to only instantiate one IDELAYCTRL module--the duplication and placement of
the IDELAYCTRL is done automatically by the Vivado Design Suite. For this flow to work,
the IODELAY elements and the IDELAYCTRL forthese elements need to be grouped via
an IODELAY_GROUP constraint.

For more details about IDELAYCTRL usage andidesign guidelines, see the appropriate
Virtex-7 or Kintex-7 FPGA User Guide.

The following VHDL code segment illustrates how the IDELAYCTRL modules are
instantiated and connected in the design:

sictl : | DELAYCTRL
port map (
RST => Snkl del ayCt | Rst,
REFCLK => Snkl del ayRef O k_buf g,
RDY => Readyl
)

--- Ready signals are registered in RDO kD v_User clock donain.
--- The RDO kDiv_User is the output fromthe Sink Core
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--- SnkldelayCtl Rdy is connected to the i nput SnkldelayCtl Rdy of sink
core

rrdyl : FDR
port map (
D => Readyl,
Q => Readyl_int,
C => RDO kD v_User i,
R => SnkldelayCl| Rst
)

register_rdy : process (SnkldelayClRst, RDC kDi v_User_i)

begin

if (SnkldelayCQtlRst = "1') then
Ready_i nt <= '0' after TFF;
Snkl del ayCt | Rdy <= '0' after TFF;

el sif (RDC kDi v_User _i'event and RDC kDiv_User i = "'1") then
Ready_i nt <= Readyl_int after TFF;
Snkl del ayCt | Rdy <= Ready_int after TFF;

end if

end process register_rdy ;

pl 4_snk_t op0: pl4_snk_top
port map(

RDC kDi v_User => RDA kDi v_User _i,
Snkl del ayCt | Rdy =>, Snkl del ayCt | Rdy,
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Example Design

This section provides detailed information about the example design, including a
description of the file groups, the contents of the example HDL wrappers, and the
operation of the demonstration test bench.

Example Design‘Configuration

Inthe example design, a Loopback Module is connected to the user interface of the SP1-4.2
core. Typically, the user interface would be connected directly to the design. The SPI-4.2
Interface,which is the interface defined by the OIF-SPI4-02.1 specification, typically
connects to a'SPI-4.2 PHY layer device or network processor. Figure 8-1 shows the example
design modules’ atchitécture and interfaces to the SPI-4.2 core.
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Loopback Module SPI-4.2 Core
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S_AXIS_SRCFF_TKEEP FIFO Interface
S_AXIS_SRCFF_SOP
S_AXIS_SRCFF_TLAST
S_AXIS_SRCFF_ERR

4

Register:
Banks

YYVYYVYY

Figure 8-1: ExampleDesign Configuration

Loopback Module

The Loopback Module connects to the user interface'of the SPI-4.2 Sink and Source cores.
There is a Read Module that accesses packet data from the Sink AXI4-Stream FIFO
interface and a Write Module that transfers data into the Source AXI4-Stream FIFO. The
Write Module checks S_AXI S_SRCFF_TREADY to determine whéther it can transfer data
into the Source FIFO. The Read Module also accesses Source core statusinformation using
either the AXI4-Lite Control interface or the AXI4-Stream Status interface (depending on
Status mode selected) and then passes this information to the Write Module to be written
into the Sink AXI-4 Lite Control interface to update the Sink status.

Basic Loopback Operation

When the Source FIFO is not Almost Full (S_AXI S_SRCFF_TREADY is asserted), the Write
Module passes a registered version of S_AXI S_SRCFF_TREADY to the Read Module. This
Ready is used in the Read Module to complete the AXI4-Stream TREADY/TVALI D
handshake on the Sink FIFO interface. The data is then registered twice in the Write
Module and written into the AXI4-Stream interface of the Source FIFO. The transfer of data
continues until the Source FIFO becomes almost full or the Sink FIFO becomes empty. If
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the Source FIFO becomes almost full (TREADY de-asserts), the transfer of data between the
FIFQOs is stalled immediately. One additional data beat is read from the Sink FIFO and held

in the registers until the Source FIFO re-asserts TREADY.

Demonstration Test Bench

The demonstration test bench emulates a PHY device by generating and receiving packet
data across the SPI-4.2 interface. The interface between the demonstration test bench and

the SPI-4.2 core is illustrated in Figure 8-2.

SPI-4.2 Core Demonstration
Testbench

Data
Monitor

Sink Core
Sink Static Config Signals
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A A A A A AL
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Source Core Source Statie.Config Signals
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Stimulus
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TDat N

TCH_P

User SPI-4.2 TCtl'N I
Source Source u

Interface Interface TSCIk ¥
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1
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Status
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A 4
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Figure 8-2: Demonstration Test Bench Connections

SPI-4.2 v12.2 www.xilinx.com
UG784 July 25, 2012

167


http://www.xilinx.com

Chapter 8: Example Design

& XILINX.

The modules for sending data and status are described in Customizing the Demonstration
Test Bench later in this section. As described below and shown in Figure 8-3, the

demonstration test bench consists of the following modules:

¢ Clock Generator
e Startup

e Stimulus

e Data Monitor

e Status Monitor

e Testcase

Clock
Generator

!

Demonstration Testbench

v

Data h 4
Monitor SrcinFrame
< Static Config. Signals
Testcase
< liCDat Package
L TCCHl
FFWriteEn
<
SopErr
< p
TCStat
<
. L TCChan
Stimulus Testcase
Module » TCldleRequest Module
» TCTrainingRequest
» TCSinkDip2ErrRequest
» TCDIP2Request
CtlFull
GetStatusChan
GetStatus
Procedures
FullVec
Status SnkinFrame
Monitor

Figure 8-3: Test Bench Modules
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Clock Generator

The Clock Generator creates all of the clocks that are used in the Design Example,
including Sysd k, RDA k2x, User O k, TSCl k, and Snkl del ayRef O k. These clocks are
described in more detail in Table 8-1.

Startup Module

The Startup Module contains three functions: MMCM setup, calendar loading, and
Dynamic Phase Alignment (DPA) Initialization. These functions are described in detail in
the following sections.

MMCM Startup

The MMCM Startup is a state machine that ensures that the MMCMs are reset in the
appropriate order. If they are not reset appropriately, the MMCMs will not lock. The
Startup Module first asserts DCVMReset _TDCl k. Once Locked_TDC Kk is asserted, it resets
DCMReset _RDC k. Then it waits for Locked_RDC k before asserting DCMReset _TSCl k.
After Locked TSC Kk is asserted, the state machine waits until the SnkCl ksRdy and

Sr cCl ksRdy signals are asserted. The Reset _n, AXl _SNK_ARESETN,

AXI _SRC _ARESETN, M AXI S _SNKFF_ARESETN, and S_AXl S_SRCFF_ARESETN
signals are’deasserted only after this occurs. All operations are performed in the SysCl k
domain.
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Figure 8-4: Startup State Diagram

Figure 8-4 illustrates the nine states for this machine.

e IDLE Initial state after system reset (GSR); DCMReset _TDC K is asserted.
e TDCLK_RST Holds DCVReset _TDCl k for 8 cycles then releases it.
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e TDCLK_LCK Waits for the Locked_TDdO k signal.

e RDCLK_RST Holds DCVReset _RDd k for 8 cycles then releases it
e RDCLK_LCK Waits for the Locked_RDCl k signal.

e TSCLK_RST Holds DCVMReset _TSCl k for 11 cycles then releases it.
e TSCLK_LCK Waits for the Locked_TSCl k signal.

¢ CLKS_RDY Waits for SnkCl ksRdy and Sr cCl ksRdy signals.

e RELEASE_RST Releases Reset _n, AXI _SNK_ARESETN, AXI _SRC_ARESETN,
M AXI S_SNKFF_ARESETN, and S_AXI S_SRCFF_ARESETN.

The MMCM reset duration in this sequence is used for general simulation only. In
hardware, the user must follow the MMCM reset duration as specified in the appropriate
data sheet:

e itp:/ /xilinx.com/support/documentation/7_series.htm

Calendar koader

The second. function of the Startup module is the logic to load the calendars. The
demonstration test bench reads the Sink calendar sequence and the Source calendar
sequence from two different files and loads this information into the calendars of the Sink
and Source cotes, using the AXI4-Lite Control interfaces, and into the Stimulus module. It
also loads the calendar into the Status Monitor so that it can identify which channel is
receiving statussThe calendar sequences can be modified [see Calendar Sequence Files
(Sink and Source), page 177].

DPA Initialization

The third function of the Staftupmodule is to initialize the Dynamic Phase Alignment
section of the Sink core. It is présent in the module only if Dynamic Alignment is selected
in the Vivado IP catalog system. It simply‘asserts the PhaseAlignRequest signal to the Sink
core for two cycles of User O k once the coreds out of reset.

Once PhaseAl i gnRequest is asserted, the dynamic alignment algorithm needs some
time before completing its alignment and asserting PhaseAl i gnConpl et e. This value is
dependent on the frequency of RDO k and when PhaseAl i gnRequest is asserted.

Stimulus Module

While the testcase and procedures modules are used to generate data’and status, the
stimulus module is used to actually send this data to the SPI-4.2 core. The stimulus module
either transmits data and status generated by the testcase module, orit directly transmits
training or idle data and framing status. In addition to sending status and data, the
stimulus module drives the static configuration signals defined in the testcase module. The
behavior of the stimulus module can be modified with the constants defined in the testcase
package.

The Stimulus module also performs the following operations:
* Sends training or framing if the core is out of frame

¢ Inserts periodic training on RDat

¢ Ensures minimum SOP spacing is met

* Calculates DIP2 and DIP4 values

* Drives Source core request signals
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* Merges SOP and EOP control words

The Stimulus module has two status inputs: Snkl nFr ane and Sr ¢l nFr ane. If

Snkl nFr ane is deasserted, the stimulus module sends training patterns over RDat until
Snkl nFr anme is asserted. If Sr cl nFr ane is deasserted, the stimulus module sends
framing over TSt at until Sr ¢l nFr ane is asserted.

Procedures Module

The procedures module is a package of functions instantiated in the testcase module to
simplify sending data and status to the stimulus module. Using these functions, you can
create any desired sequence of data or status. The method by which functions are called
varies among languages, and is described in the appendices.

The following functions are supported in the procedures module:

¢ ssend_packet Used to transmit an entire packet of data. This procedure will always
send an SOP control word before the burst of data and an EOP control word following
the data burst.

¢ send_user data Used to transmit a burst of data. The presence of an SOP control
word (before the burst of data) and an EOP control word (following the data burst)
can be specified. The EOP can optionally specify an abort (ERR).

e send_idles Used to send idle cycles.
¢ send_training Used-to send training patterns.

* sop_spacing Used to send erred data by sending two SOP words in less than eight
cycles. This function limits the aumber of cycles between the two SOPs to less than
seven. This ensures that an SOP spacing error occurs.

¢ reset Used to reset the interface torthe stimulus module. Should be called at the
beginning of any testcase.

¢ send_status Used to change the'status (on TSt at ) for a particular channel.

e get_status Used to check the status of a specific channel.

Data Monitor

The data monitor is responsible for verifying that data sentfrom the demonstration test
bench is the same as the data received from the core. This is accomplished by monitoring
the RDat and RCt | signals that are input into the Sink<core, and comparing them to the
TCt1 and TDat signals output from the Source core. This is a simple comparison as long as
the data being sent does not violate the OIF-SPI4-02.1 specification: If the specification is
violated, the SPI-4.2 core modifies the data to enforce compliance, and the data monitor
accounts for the modification before comparing TDat to RDat . In addition to the data, the
monitor also verifies DIP4, SOP spacing, IDLE request, Training request, DATA_NMAX_T,
and ALPHA_DATA compliance. Changes in the testcase can create situations that cause the
data monitor to output warning messages. For more information on output warning
messages, see Appendix A, Messages and Warnings.

Status Monitor

The status monitor inspects the RSt at bus. In addition to verifying correct values for
channel status, it compiles the current status for each channel into the vector Ful | Vec.
Ful | Vec is used by the testcase module when the CHECK_RSTAT constant is set to stall
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data on RDat when the targeted channel is full. See Table 8-2 for more information about
the Ful | Vec vector.

The status monitor also calculates the DIP2 value for RSt at and compares it with what is
actually received. If there is an error, it looks at the signal SnkDI P2Er r Request to see if it
was asserted and the error is expected.

Lastly, the signal Snkl nFr ame is created in the status monitor by inverting SnkQof . This
signal is used by the stimulus module to send training. See Appendix A, Messages and
Warnings.

Customizing the Demonstration Test Bench

Testcase

The demonstration test bench can be used with default settings or customized to observe
the behavior of the SPI-4.2 core for different configurations.

The demonstration test bench can be programmed to transmit a range of stimuli by
modifying TSCLK_LCK

o Testcase Package: contains constants used by the testcase module
* . Testcase Module: generates data and status
e Sink Calendar Sequence: contains the channel order for the Sink core status

* Source Calendar Sequence: contains the channel order for the Source core status

The following sections'describe each module, including customization methods and
resulting behavior. Ihe module descriptions are applicable to both VHDL and Verilog
designs. Language-specific details for VHDL are provided in Appendix B, VHDL Details
Language-specific details and source code showing how to further randomize input to the
SPI-4.2 core for Verilog are providedyin Appendix C, Verilog Details.

Package

The testcase package contains a list of/constants that define the ways that the cores and
demonstration test bench operate. Some:of these'are user-defined and can be modified,
while others are defined when the core is generated. Table 8-1 provides test bench
constants that can be modified. These constants are modified by regenerating the core in
the Vivado IP catalog.

Table 8-1: Testcase Package User-Defined Constants

Name Constant Default Value Descfiptioft
Type (Range) P

SNK_CAL_DATA String snk_calendar.dat Contains the name of thefile with the Sink calendar

<filename> sequence to be programmed.

SRC_CAL_DATA String src_calendar.dat Contains the name of the file with the Source

<filename> calendar sequence to be programmed.

SNK_ALPHA_DATA Integer 3 <0 - 255> Sets the number of repetitions of the 20-word
training pattern sent to the Sink core (0 means don’t
send periodic training).

SNK_DATA_MAX_T Integer | 4000 <0-65535> Sets the number of cycles between training patterns
sent to the Sink core (0 means don’t send periodic
training).
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Table 8-1: Testcase Package User-Defined Constants (Cont'd)

Name

Constant
Type

Default Value
(Range)

Description

MERGE_PAYLOAD

Integer

0<0or1>

Before data is sent on RDat, the demonstration test
bench can either merge an EOP and SOP control
word into one payload control word, or it can leave
them as two separate control words.

1: Merge EOP and SOP is enabled.
0: Merge EOP and SOP is disabled.

CHECK_RSTAT

Integer

0<0or1>

The demonstration test bench can operate in two
modes with respect to the incoming status signal
RStat. It either ignores the value on RStat or checks
the value on RStat.

0: Ignore the value on RStat. The test bench
continues to send data on RDat regardless of the
status of the current channel.

1: Check the value on RStat. The test bench checks
the status of the current channel before sending
data to it. If the channel is satisfied (RStat = “10"),
then the test bench does not send the packet of
data and instead tries to send the next packet. The
test bench sends the packet if the channel is
starving or hungry (RStat = ‘01" or ‘00").

DATA_TYPE

Integer

1 <041, 2>

Three types of data can be generated on RDat. The
first type simply increments the data on each
channel (e.g. sends 0, 1, 2 to channel 0, sends 0, 1, 2
to channel 1, then sends 3, 4, 5 to channel 0). The
second sends randomized data on RDat. The last
type sends data read from the file
<TEST_DATA_FILE>.

0: Sénd incremental data
1:'Send random data

2: Send data read from file

TEST_DATA_FILE

String

data_file.dat
<filename>

Contains the name of the file to be read if
DATA_TYPE =2

RANDOM_SEED

Integer
(Verilog)

5431 <any 32-bit
integer value>

std_logic_
vector(31
downto 0)
(VHDL)

x”1537” <any 32-bit
vector>

Initial seed for the random nimber generator. To get
different results between two runs of a random test
bench, the seed must be changed.If the seed is not
changed between runs, then every random number
is the same as the previous run.

DATA_NUM_TRAIN_SEQ

Integer

3 <0-255>

Sets the number of complete training patterns that
the demonstration test bench has to receive on TDat
(upon startup) before it stops sending framing
sequences on TStat. Once this happens, the
demonstration test bench begins sending valid
status.
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Table 8-1: Testcase Package User-Defined Constants (Cont'd)

Name Constant Default Value Description
Type (Range) P
TDCLK_PERIOD Time 2.86 ns Sets the period of the SysClk signal, which is used by
<time> the Source core to generate TDClk. Value must be
greater than or equal to 2.00 ns (< 500 MHz).
RDCLK_PERIOD Time 2.86 ns Sets the period of the RDClk signal and the half-
<time> period of the RDClk2x signal. Value must be greater
than or equal to 2.00 ns (< 500 MHz).
USERCLK_PERIOD Time 571 ns Sets the period of the UserClk, used for the loopback
<time> interface to the cores and programming of the
calendars. Value must be greater than or equal to
4.00 ns (< 250 MHz).
TFF Time 500 ps Clock-to-out time used by logic in the
<time> demonstration test bench
Testcase Module
The testcase module generates data and sends it to the stimulus module, which in turn
transmits data to the Sink core and status to the Source core. The following data is created
in the testcase module:
e SPI-4.2 and demonstrationtest bench requests
* Source core status‘and.Sink core data
Figure 8-2 shows the interface between the testcase and stimulus modules.
The static configuration parameters are set when the SPI-4.2 core is generated; these
signals can also be modified in circuit. The description of these parameters can be found in
Chapter 5, Designing with the Core.
The status and data generation is simplified by instantiating the procedures module and
calling the functions contained in the module. This allows the testcase module to be
completely asynchronous, as all of the clocking is done’in the procedures module.
Table 8-2 contains a list of common useful test case signals and descriptions.
Table 8-2: Useful Testcase Signals
Name Description
FullVec An array of bits indicating the last statis received on RStat for
each channel. For each channel, the corresponding bit is set (1) if
the status received was ‘10’ - satisfied, and cleared (0) if the status
was ‘01" - hungry or ‘00" - starving.
NumlLinks The number of channels for which the core was configured.
Reset_n Reset signal to the Sink and Source core (active low).
SnkEn Enable signal to the Sink core.
SnkInFrame Asserted when the Sink core is in frame (as interpreted by the
status monitor).
SnkOof Out-of-Frame signal from the Sink core.
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Table 8-2: Useful Testcase Signals

SrcEn Enable signal to the Source core.

SrcInFrame Asserted when the Source core is in frame (as interpreted by the
data monitor).

SrcOof Out-of-Frame signal from the Source core.

There are five request signals that can be asserted in the testcase module. The first four
signals interface to the stimulus module (see Figure 8-2, page 167). The fifth is
encapsulated with the generated data sent to the stimulus module. Table 8-3 details
request signals.

Table 8-3: Testcase Module Request Signals

Name Function

TClIdleRequest Drives the IdleRequest input to the Source core, which results in
idles begin transmitted on TDat.

TCTrainingRequest Drives the TrainingRequest input to the Source core, which
causes training to be sent on TDat.

TCSnkDip2ErrRequest | Drives the SnkDip2ErrRequest input to the Sink core, which
results in DIP2 errors on RStat.

TCDIP2Request When asserted (active high), causes DIP2 errors to be transmitted
on TStat.

TCDIP4Request When asserted (active high), causes DIP4 errors to be transmitted
on RDat.

In addition to the request signals described above, the test case module has control over
the Sink and Source cores with the SnkEnsand Sr cEn. Descriptions of these signals can
be found in Chapter 3, Core Overview.

The Source core status is also generated.inthe test case module using functions contained
in the procedures module. Using the function send_st at us, you can specify a channel
and the status for that channel. This sends the status and the channel to the stimulus
module for transmission to the core. The stimulus module ensures that the status is sent in
the correct location of the calendar sequence.
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Calendar Sequence Files (Sink and Source)

The snk_cal endar . dat and src_cal endar . dat files are used to define the order that
status is sent on the SPI-4.2 Interface. The number of lines in a file is equal to the length of
the calendar sequence (SnkCal endar _Len + 1 and Sr cCal endar _Len +1). Each line of
the file represents an 8-bit calendar entry in hexadecimal format. For example, a calendar
with a length of five and a sequence of <channel 0, channel 1, channel 0, channel 2, channel
3> can be generated by the following format:

00
01
00
02
03

File names are defined in the test case package, and can be changed if desired.
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Messages and Warnings

Data and Status Monitor Warnings

The Data and Status monitors continuously check data sent to and received from the
demonstration test bench. There are several common warnings that occur when the
Testcase module is modified. The warnings are listed and described below.

TDat Warning: Source is segmenting packets <simulation time>

This warning means that the Source core is sending payload resumes in the middle of
sending a burst.-This is acceptable operation if Sr ¢Bur st Mbde =0.If Sr cBur st Mode =1,
this should only occur if the maximum burst length is reached (as defined by

Sr cBur st Len).

RStat Info: Sink is ottt of frame. Expect TDat mismatches <simulation time>

This indicates that the Sink core went out of frame during operation. Unless training or
idles are being sent on RDat” when this occurs, there will be data errors on TDat. This is
because what is being sentiin.on RPat is no longer being transferred to TDat.

RStat Info: Expected DIP2 mismatch received: SnkDi p2Er r ReqFl ag = 1 <simulation
time>

This indicates that a DI P2 error was detected on RSt at . It is only a note and not an error
because SnkDi p2Er r Req was asserted, 'whichimeans that a DI P2 error is expected.

RDat Warning: Protocol Violation #4. Idle follows,data on a non-credit boundary
<simulation time>

This indicates that the SPI-4.2 protocol was violated when data was sent from the
demonstration test bench. The most likely cause is that send_usefr _dat a was used to
send data without an EOPS, which ended on a non-credit boundary, then an idle was sent
using send_i dl es.

RDat Warning: Protocol Violation

Any RDat protocol violation occurred because of incorrectly formatted data transmitted
from the Testcase Module (that is, they are user-created).

TDat/TCtl Error: Data mismatch
** TCtl Error: Control Mismatch : Expected : '1', Received '0'.
** TDat Error: Data Mismatch #4. Expected x0040, Received x0041.

These error messages might occur when the test bench continues sending data when the
Sink core asserts the Almost Full flag, causing the Sink FIFO to overflow.

Test Bench: Test bench may hang up
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** The test bench may hang up with the following message: 'Source core sent its first data.
9105500 ps...'

This issue may occur when the last packet sent by the test bench is not terminated by an
EOP (even when it should). This causes this packet to be stuck in the source core.
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Procedures Module

The procedures module is a package of functions instantiated in the testcase module to
simplify the sending of data and status to the Stimulus module. By using these functions,
the user can create any desired sequence of data or status. All functions are called from the
Testcase module using the following format:

For pat . <f uncti on name>( <l OBus>, <inputs>)
Exanpl e: . send_packet (ProBusR, 0, 40): A 40-byte |ong packet is sent on
channel 0«

The procedures module handles all clocking for the Testcase module. For an example of
how these proceduiresare,used, see the default file (pl 4_t est case. vhd) provided with
the core.

All functions in the VHDL procedures module use a passed-in record to inspect and
modify the state of the interfacewith the Stimulus module. There are two such record
types defined in the procedures module: Pr ocedur esRDCl kBus Type (PBr) and
Procedur esTSCl kBusType (PBt). For a usage example, see the provided testcase file
(pl 4_t estcase. vhd).

The tables in this section describe supported fanctions included in the procedures module.

reset (PBr ) and reset (PBt ) procedures are used to initialize the PBr and PBt records. They
must be called at the beginning of every testcase.

The send_packet procedure is used to transmit an entire packet of data. This procedure
always sends a SOP control word before the burst of data'and an EOP control word
following the data burst. The EOPs (bits 14:13 of the eontrol word following the burst) are
automatically calculated from the number of bytes sent.

Table B-1: send_packet (PBr, addr, bytes) Inputs

Name Range Description
ADDR 0 to 255 Channel on which the packet should be sent.
BYTES 1to 255 Number of bytes to send on the selected channel.

The send_user_data procedure is used to transmit a burst of data. The presence of a SOP
control word (before the burst of data) and an EOP control word (following the data burst),
can be specified. The EOPs (bits 14:13 of the control word following the burst) are
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automatically calculated from the number of bytes sent. ERR has a higher priority than
EOP; if EOP and ERR are both “1’, the EOPs for the burst is an EOP abort = ‘01’.

Table B-2: send_user_data (PBr, SOP, EOP, Err, Addr, bytes) Inputs
Name Range Description

SOP Oorl Defines if the packet should begin with a SOP.

EOP Oorl Defines if the packet should be terminated with an
EOP.

ERR Oorl Defines if the packet should be terminated with an
EOP abort.

ADDR 0 to 255 Channel on which the packet should be sent.

BYTES 1 to 255 Number of bytes to send on the selected channel.

The send_idles procedure is used to send idle control words.

Table B-3: send_idles (PBr, cycles) Inputs
Name Range Description
CYCLES 0to 511 Number of idle control words to send on RDat.

The send_training procedure is used to send training patterns.

Table B-4: send_training (PBr, patterns) Inputs
Name Range Description
PATTERNS 0 to 255 Number of training patterns to send.

The sop_spacing procedure is used to send errored data by sending two SOPs in less than
eight cycles. This function limits the number of cycles between the two SOPs to less than
seven. This ensures that a SOP spacing error‘occurs.

Table B-5: sop_spacing (PBr, Bytes1Errd, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs
Name Range Description

BYTES1 0to10 The number of bytes to send.in the first burst. This
is limited to 10'bytes to ensure SOP spacing is
violated.

ERR1 Oorl Defines if the first packet should be terminated with
an EOP abort. If set to 0 the EOPs'will be calculated
from BYTESI.

ADDRI1 0 to 255 Channel on which the first packet should be sent.

EOP2 Oorl Defines if the second packet should be terminated
with an EOP.

ERR2 Oorl Defines if the second packet should be terminated
with an EOP abort. If set to 0 the EOPs will be
calculated from Bytesl.

ADDR2 0 to 255 Channel on which the second packet should be sent.
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Table B-5: sop_spacing (PBr, Bytes1, Errl, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs (Cont'd)

Name Range Description
BYTES2 1to 255 The number of bytes to send in the second burst.
NUM_CYCLES | Oto[5-roundup | The number of idle cycles between the first and
(BYTES1/2)] second burst.

The send_status procedure is used to change the status for a particular channel.
Table B-6: send_status (PBt, channel, value) Inputs

Name Range Description
CHANNEL 0 to 255 Defines the channel for which status is updated.
VALUE 00,01,10,11 Defines the new status value to assign to the
selected channel.

The get_status procedure is called to check status of a specific channel. It will cause the
status value of that channel to be returned to the testcase.

Table B-7: _getgzstatus (PBt, channel) Inputs

Name Range Description
CHANNEL 0to 255 Defines the channel for which status is read.
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Procedures Module

The procedures module is a package of functions instantiated in the Testcase module to
simplify sending data and status to the Stimulus module. Use these functions to create any
desifed;sequence of data or status. All functions are called from the Testcase module using
the following format:

For pat: tasks. <functi on name>(<i nputs>)
Exanpl e: [ t asks. send_packet (0, 40): A 40-byte |ong packet is sent on
channel 0«

The procedures module handles all clocking for the Testcase module. For an example of
how these proceduiresareused, see the default file (pl 4_t est case. v) provided with the
core.

The tables in this sectioh describe the supported functions included in the procedures
module.

The reset procedure is used to reset theiinterface to the Stimulus Module. This procedure
should be called at the beginning of any testcase.

The send_packet procedure is used totransmit an entire packet of data. This procedure
will always send a SOP control word beforeithe burst of data and an EOP control word
following the data burst. The EOPS (bits 14:13/%f the control word following the burst) are
automatically calculated from the number of bytes sent.

Table C-1: send_packet (Addr, bytes) Inputs

Name Range Description
ADDR 0 to 255 Channel on which the packetshould be sent.
BYTES 1to 255 Number of bytes to send ‘on the'selected channel.
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The send_user _dat a procedure is used to transmit a burst of data. The presence of a
SOP control word (before the burst of data) and an EOP control word (following the data
burst), can be specified. The EOPS (bits 14:13 of the control word following the burst) are
automatically calculated from the number of bytes sent. ERR has a higher priority than
EOP; if EOP and ERR are both “1’, the EOPs for the burst is an EOP abort = ‘01.”

Table C-2: send_user_data (SOP, EOP, Err, Addr, bytes) Inputs

Name Range Description

SOP Oorl Defines if the packet should begin with an SOP.

EOP Oorl Defines if the packet should be terminated with an
EOP.

ERR Oor1l Defines if the packet should be terminated with an
EOP abort.

ADDR 0 to 255 Channel on which the packet should be sent.

BYTES 1 to 255 Number of bytes to send on the selected channel.

The'send_i dl\es procedure is used to send idle control words.

Table C-3: sendgidles (cycles) Inputs

Name

Range

Description

CYCLES

0to 511

Number of idle control words to send on RDat.

The send_t r ai ni ng¢procedure is used to send training patterns.

Table C-4: send_training (patterns) Inputs

Name

Range

Description

PATTERNS

0 to 255

Number of training patterns to send.

The sop_spaci ng procedure is used to'send.erredidata by sending two SOPs in less than
eight cycles. This function limits the number of cycles between the two SOPs to less than
seven. This ensures that a SOP spacing error occurs.

Table C-5: sop_spacing (Bytesl, Errl, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs

Name Range Description

BYTES1 0to 10 The number of bytes tosend i the first burst. This is
limited to 10 bytes to ensure SOP spacing is violated.

ERR1 Oorl Defines if the first packet should be terminated with an
EOP abort. If set to 0 the EOPs will be calculated from
BYTESI.

ADDRI1 0 to 255 Channel on which the first packet should be sent.

EOP2 Oorl Defines if the second packet should be terminated
with an EOP.

ERR2 Oorl Defines if the second packet should be terminated
with an EOP abort. If set to 0 the EOPs will be
calculated from Bytes].
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Table C-5: sop_spacing (Bytesl, Errl, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs (Cont'd)

Name Range Description
ADDR2 0 to 255 Channel on which the second packet should be sent.
BYTES2 1to 255 The number of bytes to send in the second burst.
NUM_CYCLES |0to The number of idle cycles between the first and second
[5 - roundup burst.
(BYTES1/2)]

The send_st at us procedure is used to change the status for a particular channel.
Table C-6: send_status (channel, value) Inputs

Name Range Description
CHANNEL 0 to 255 Defines the channel whose status will be updated.
VALUE 00,01,10,11 Defines the new status value to assign to the
selected channel.

The get st atusprocedure is called to check status of a specific channel. It will cause the
status value of that channel to be returned to the Testcase.

Table C-7: get.status(channel) Inputs

Input Range Description

CHANNEL 0to 255 Defines the channel whose status will be read.

Random Testcase Sample Code

The following code is an example thatcan beinserted into the pl 4_t est case. v file to
send randomized data to the Sink core. It should.xeplace the default code used to send
data. In addition to sending randomized dataj it also randomly asserts each request signal.

wait (Reset_n == 1);
@ (posedge RDC k2x);

//********************************************************************

*kkkk*k

/1 Sends out randonized data, idles, or training.
/1 1t also randonmly toggles TCldl eRequest, TCTrai ni ngRequest,
/| TCDI PARequest, TCDI P2Request, and TCSnkDi p2Er+« Request

//********************************************************************

*kkkk*k

forever
begi n
RandTask = {$randon{  RANDOM SEED + $tine)} % 4;
Randl dl eRequest = {$randon(” RANDOM SEED + $randon(  RANDOM SEED +
$tine))} % 100;
RandTr ai ni ngRequest = {$randon(” RANDOM SEED + $tine)} % 100;
RandDl P4ARequest = {$randon{ RANDOM SEED + $tinme +
$random( " RANDOM SEED) )} % 100;
RandDl P2Request = {$randon( $randon{  RANDOM SEED) + $tine)} % 100;
RandSnkDi p2Er r Request = {$randon(  RANDOM SEED + $randon($tinme))} %
100;

SPI1-4.2v12.2
UG784 July 25, 2012

www.xilinx.com 187


http://www.xilinx.com

Appendix C: Verilog Details & XILINX.

/1 Randomy set TCl dl eRequest to 1
i f ((Randl dl eRequest == 0) || (TC dl eRequest == 1))

begin
if (TCl dl eRequest == 1)
begin
if (l1dl eRequestCnt > 0)
begin

I dl eRequest Cnt <= | dl eRequestCnt - 1'bl;
TCl dl eRequest <= 1' bl;
end
el se
begin
I dl eRequest Cnt <= ' bO;
TCl dl eRequest <= 1' bO0;
end
end
el se
begi n
TCl dl eRequest <= 1' bl;
I'dheRequest Cnt <= {$randon(” RANDOM SEED + $tinme)} % 9;
end
end

/ / Random y set . TCTr ai ni ngRequest to 1

i f ((RandTraimningRequest == 0) || (TCTraini ngRequest == 1))
begin
i f (TCTraini ngRequest == 1)
begi n
i f (Traini ngRequestCnt > 0)
begin

Trai ni ngRequest@nt <=/Tr ai ni ngRequestCnt - 1'bl;
TCTr ai ni ngRequest <=1' bd;
end
el se
begin
Tr ai ni ngRequest Cnt <= ' b0;
TCTr ai ni ngRequest <= 1' b0;
end
end
el se
begi n
TCTr ai ni ngRequest <= 1'bl;
Trai ni ngRequest Cnt <= {$randon( RANDOM SEED +<$tine)} % 9;
end
end

/I Random y set TCDI PARequest to 1
i f ((RandDl P4Request == 0) || (TCDI PARequest == 1))

begin
if (TCD P4ARequest == 1)
begi n
i f (DI PARequestCnt > 0)
begin

Dl PARequest Cnt <= DI P4RequestCnt - 1'bl;
TCDI PARequest <= 1'bl;

end

el se

begin
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Dl PARequest Cnt <= ' bO;
TCDI PARequest <= 1' bO0;
end
end
el se
begin
TCDI PARequest <= 1'bl;
Dl PARequest Cnt <= {$randonm(” RANDOM SEED + $tinme)} % 9;
end
end

/1 Random y set TCDI P2Request to 1

i f ((RandDI P2Request == 0) || (TCDI P2Request == 1))
begin
if (TCD P2Request == 1)
begin
i f (DI P2RequestCnt > 0)
begin

Dl P2Request Cnt <= DI P2Request Cnt - 1' bl;
TCDI P2Request <= 1' bl;
end
el se
begin
DI P2Request Cnt <= ' bO;
TCDI P2Request <= 1' bO0;
end
end
el se
begi n
TCDI P2Request <=_4"bl;
Dl P2Request Cnt &= {$randonm( " RANDOM SEED + $tinme)} % 9;
end
end

/1 Random y set TCSnkDi p2ErrRequéest to 1

i f ((RandSnkDi p2Err Request == 0) 4| (TCSnkD p2Err Request == 1))
begin
if (TCSnkDi p2Err Request == 1)
begin
i f (SnkDi p2Err RequestCnt > 0)
begin

SnkDi p2Er r Request Cnt <= SnkDi p2Er r Request Cat - 1' b1l;
TCSnkDi p2Err Request <= 1' b1,
end
el se
begi n
SnkDi p2Err Request Cnt <= ' bO;
TCSnkDi p2Er r Request <= 1' bO;
end
end
el se
begi n
TCSnkDi p2Err Request <= 1'bl,;
SnkDi p2Er r Request Cnt <= {$randon( " RANDOM SEED + $tine)} % 9;
end
end

/1 Sends a random si zed packet to a random channel
i f (RandTask == 0)
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begin
t asks. send_packet ({ $randon(”  RANDOM SEED + $tinme)} % (° NUM_CHANNELS
- 1), ($randon{ RANDOM SEED + $tinme) % 255) + 1'bl);
end
/1 Sends a random si zed packet to a random channel. Al so SOP, EOP, and
[/ Err are randomni zed
el se i f (RandTask == 1)
begin
t asks. send_user _dat a({ $randon(  RANDOM SEED + $tine)} % 2,
{$randon( " RANDOM SEED + $ti me + $randon{ RANDOM SEED))} % 2,
{$randon(” RANDOM SEED + $tinme + $randon{ RANDOM SEED + $tine))} % 2,
{$randonm(* RANDOM SEED + $tine)} % (° NUM_CHANNELS - 1),
($randon{” RANDOM SEED + $tine) % 255) + 1'bl);
end
/1 Sends a random nunber of idles to the Sink Core
el se i f (RandTask == 2)
begin
t asks. send_i dl es(({$randonm  RANDOM SEED + $tinme)} % 10) + 1);
end
[ /'Sends a random nunber of training patterns to the sink core
el se if, (RandTask == 3)
begi n
t asks.send_trai ni ng(({$randon(” RANDOM SEED + $tine)} % 10) + 1);
end
el se
begin
@ (posedge RDO k2x) ;
$di spl ay(" Qut< of Range. %0d", $tine);
end
end
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SPI-4.2 File Descriptions

This appendix lists'the files generated by the Xilinx Vivado IP catalog.

Name

Description

Example Design Files
(<proj_dir>/proj_dir.sres/sources_1l/ip/component_name/component_name/example_design)

<component_name>_top.xdc

SPI-4.2 Core Wrapper Design Example Constraints File

<component_name>_top.v[hd]

Core VHDL or Verilog Top Level Wrapper File (required
for simulation)

<component_name>_pl4_fifo_loopback.v[hd]

FIFO Loopback VHDL or Verilog Top-level File

<component_name>_pl4_fifo_loopback_read.s[hd]

FIFO Loopback VHDL or Verilog Read Module

<component_name>_pl4_fifo_loopback_write.v[hd]

FIFO Loopback VHDL or Verilog Write Module

<component_name>_pl4_snk_clk.v[hd]

Example Sink core clocking module

<component_name>_pl4_src_clk.v[hd]

Example Source core clocking module

Demonstration Test Bench Simulation Files

(<proj_dir>/proj_dir.srcs/sources_1/ip/compo

nent_name/component_name/simulation)

data_file.dat

Data'file containing the data to be sent across the SPI-4.2
Interface

pl4_clk_gen.v[hd]

Demo Test Bench.Clock Generator

pl4_data_monitor.v[hd]

Demo Test Bench Data Monitor

pl4_demo_testbench.v[hd]

Demo Test Bench Top Level Module

pl4_procedures.v[hd]

Demo Test Bench Procedures Module

pl4_startup.v[hd]

Demo Test Bench MMCM Startup and:Calendar Loader
Module

pl4_status_monitor.v[hd]

Demo Test Bench Status Monitor

pl4_stimulus.v[hd]

Demo Test Bench Data and Status Stimulus Module

pl4_testcase.v[hd]

Demo Test Bench Testcase Module

pl4_testcase_pkg.v[hd]

Demo Test Bench Package File

snk_calendar.dat

Data file containing the calendar information for the
Sink interface

src_calendar.dat

Data file containing the calendar information for the
Source interface
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Name

Description

Functional Simulation Scripts
(<proj_dir>/proj_dir.srcs/sources_1/ip/component_name/component_name/simulation/functional)

simulate_mti.do

ModelSim script for compiling the SPI-4.2 core
functional simulation netlist and demo test bench files;
this script also loads and runs the simulation.

wave_mti.do

ModelSim script for loading a pre-formatted waveform

simulate_ncsim.sh

UNIX shell script for compiling the SPI-4.2 core
functional simulation netlist and demo test bench files
for Incisive Enterprise Simulator (IES); this script also
loads and runs the simulation.

simulate_ncsim:.bat

DOS shell script for compiling the SPI-4.2 core functional
simulation netlist and demo test bench files; this script
also loads and runs the simulation.

wave_ncsim.sv

IES script for loading a preformatted waveform.

simulate_vcs.sh (Verilog only)

Shell script that compiles the functional netlist and
example design. The script also runs the functional
simulation using VCS.

ves_session.tcl (Verilog only)

VCS tcl script that opens a wave window. This macro is
called by the simulate_vcs.sh script.

ucli_commands.key (Verilog only)

VCS command file. This file is called by the
simulate_vcs.sh script.
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SPI-4.2 Control Word

Appendix E

This appendix defines the SPI-4.2 control word format as shown in Table E-1. This format

is reproduced from the OIF-SPI4-02.1 specification, Table 6.2.

Table E-1: SPI-4.2 Control Word Format

Bit
Position

Label

Description

15

Type

Control Word Type
Set to either of the following;:
1: payload control word

0: idle or training control word

14:13

EOPS

End-of-Packet Status

Set to one of the following values below according to the status
of theimmediately preceding payload transfer

00:Not.an EOP

01: EOP Abort

10: EOP Normal termination, 2 bytes valid
11: EOP Notmal termination, 1 byte valid

EOPS is valid inthe first. control word following a burst transfer.
It is ignored anhd sétto “00” otherwise.

12

SOP

Start-of-Packet

Set to “1” if the payload transfer immediately following the
control word corresponds.to the start of a packet. Set to “0”
otherwise.

Set to “0” in all idle and training control words:

11:4

ADDRESS

Port Address

8-bit port address of the payload transfer immediately following
the control word. None of the addresses are reserved (all 256 are
available for payload transfer).

Set to zeroes in all idle control words.

Set to ones in all training control words.

3:0

DIP-4

4-bit Diagonal Interleaved Parity

4-bit odd parity computed over the current control word and the
immediately preceding data words (if any) following the last
control word.
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SPI-4.2 Calendar Programming

Overview

This appendix lists examples that describe how to program the Sink and Source Calendar
Memory of the SPI-4.2 core.

In a typical application, the calendars for the Source FIFO status and Sink FIFO status will
be programmed identically. In the SPI-4.2 core, the notion of calendar replaces the
polling/packet (or cell) available functionality in previous POS-PHY and UTOPIA
specifications.dn these preceding standards, the link or ATM layer polls the channels and
the physical layer responds with a “packet available” or “cell available” status. In SPI-4.2,
the polling is replaced.by FIFO status reporting of each channel in a specific order that is
controlled by the caléndar. In this implementation, as illustrated in the examples below, the
calendar is inserted as a table'containing channel numbers that is initialized at power-up.

Example 1

In a channelized OC-192 with 192 STS41 channels, all channels have equal bandwidth and
should report their status with equal frequency. In this case, the Calendar Length is 192
(Calendar_Len=191) and the Calendar entries‘are: 0, 1, 2, ..., 191.

Example 2

In a channelized OC-192 with three STS-48 channels(0, 1, and 2) and 4 STS-12 channels (3,
4,5, and 6), the three STS-48 channels have four times the bandwidth of the 4 STS-12
channels. Therefore, the 3 high-speed channels should report theirstatus 4 times as
frequently as the low-speed channels in one Calendar cycle. In this case, the Calendar
Length is 16 (Calendar_Len=15) and the Calendar entries are:0, 1, 2/3,0,1,2,4,0,1, 2,5, 0,
1,2,6.

Once the Calendar is programmed, the user circuitry updates FIFO status in the dual-port
RAM in the Sink block and the SPI-4.2 core sends the updated status information in the
order programmed in the calendar. Likewise, in the Source block, the SPI-4.2 core receives
the FIFO status information according to the order programmed in the calendar and writes
the status in the dual-port RAM to be read by the user circuitry.

Example 3

In a OC-192c¢ application, 1 channel requires the complete SPI-4.2 bandwidth. In this case,
the calendar length can be set to 1 (Cal endar _Len=0). The calendar does not have to be
programmed on startup, as it will initialize to all zeros on power-up.
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Debugging

This appendix contains details about debugging the core.

Alignmentissues

If alignment issues occur during hardware operation (for example, DIP4 Errors or Sink is
out of frame), the DPA (Dynamic Phase Alignment) diagnostic ports can be used for
debugging purposes.

See WP249, SPI-4.2 Dynamic Phase Alignment White Paper, for details about the SPI-4.2
Dynamic Phase Alignment Sink core and how to debug hardware issues using the DPA
diagnostic ports.
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Appendix H

SPI-4.2 Core Verification

Extensive software testing with an internally developed test suite is performed for each
SPI-4.2 release. Using our in-house verification environment, the SPI-4.2 Core was tested in
RTLgpost-ngdbuild, and timing simulation. When using the in-house verification
environment, the SPI-4.2 core was tested in three stages:

e (Functional (RTL) verification

¢ Gate-level (post ngdbuild back-annotation HDL) verification

¢ Gate-level with back-annotated Timing (with SDF file) verification targeting the
following device/frequency combinations:

Virtex®-7 FPGAs -1, -2, and -3 devices up to 1.25 Gbps (depending on speed
grade),ondthe SPI-4.2 Interface and 312 MHz on the User Interface
(M_AXI S_SNKFF_ACLK and S_AXI S_SRCFF_ACLK clocks).

Kintex®-7 FPGASs -1,-2, and -3 devices up to 1Gbps (depending on speed grade)
on the SPI-4.2 Interface and 250MHz on the User Interface
(M_AXI S_SNKFF_ACLKand'S AXI S SRCFF_ACLK clocks).

For each of these stages, each feature of the SPI-4.2 core was fully verified. The following
are examples of stimulus used to verify the features:

Verification of Valid Data

SPI-4.2 bus traffic that contains shortpackets that were smaller than one credit (16
bytes)

SPI-4.2 bus traffic that contains long packets that were larger than one credit (16
bytes)

SPI-4.2 bus traffic of a constant packet size

SPI-4.2 bus traffic of a variable packet size

SPI-4.2 bus traffic that consisted of a single burst or packet

SPI-4.2 bus traffic that caused the SPI-4.2 Sink FIFO to be constantly almost full

Backend data traffic that caused the SPI-4.2 Source FIFO to be constantly almost
full

SPI-4.2 bus traffic that caused the Sink FIFO to overflow
Backend data traffic that caused the Source FIFO to overflow

Verification of Invalid Data

SPI-4.2 bus traffic that contained incorrect DIP-4 values

SPI-4.2 status traffic that contained incorrect DIP-2 values
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SPI-4.2 status traffic that indicated that the receiving end of the SPI-4.2 Source
block was out-of-frame

SPI-4.2 bus traffic that violated SOP spacing and had incorrect control word
formats

SPI-4.2 bus traffic that contained data bursts that were not preceded by payload
control words

SPI-4.2 bus traffic that terminated on non-credit boundaries with no EOP.
SPI-4.2 bus traffic that contained reserved control words
Backend data traffic that contained no EOP with non-zero TKEEPs.

The behavior of the core was fully verified for a range of core configurations.

Verification for Range of Clock Frequencies

SPI-4.2 bus clock: 300 MHz to above 500 MHz
S AXI S SRCFF_ACLK and M AXI S_SNKFF_ACLK: 150 MHz to 350 MHz
AXI _SNK_ACLK and AXI _SRC ACLK: 75MHz to 175MHz
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SPI-4.2 Source Interface Timing Budget

This appendix contains examples on how to create and analyze a SPI-4.2 source interface
timing budget. By doing this analysis, users can calculate how much system margin can be
allocated for PCB design and system noise. In addition, the analysis can help verify that the
design meets the OIF_SPI-4.02.1 specification. Analysis is provided for Sink cores
configred as Static or Dynamic as well as different clocking schemes. If trade-offs between
clocking schemes are significant, these instances are highlighted.

Theitiming budgets are based on the Xilinx SPI-4.2 IP and the OIF-SPI-4-02.1 specification
requirements.‘The requirements for the Xilinx SPI-4.2 IP is detailed in the Source Clock
InterfaceiindChapter,3.
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The following figure shows the system-level interface and reference point calculations
presented in the OIF specification. These reference points will be referred to in the timing
budget calculation.

SPI-4.2 REFERENCE REFERENCE SPI-4.2
Transmitter POINT A POINT B Receiver
1BUFG BUFe TDCLK
N ) S >
Oscillator ?.}‘r FPMCCMD// ODDR
MMCM
TDAT[15:0],
TCTL
Global Clock >
SPI-4.2 REFERENCE ~ REFERENCE SPI-4.2
Transmitter POINT A POINT B Receiver
IBUFG e TDCLK
> -
Oscillator ODDR J_§
TDAT[15:0],
Regional Clock TCTL

h J

Figure I-1: OIF Specification Reference Points
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Migrating to SPI-4.2 v11.2 and Later

Note: For details about migrating from the ISE Design Suite to the Vivado Design Suite, see UG911,
Vivado Design Suite Migration Methodology Guide.

Starting with the SPI-4.2 v11.1 core, the user interfaces to the core have undergone
significant changes. All of the user interfaces, except for the general core “Status and
Control” interfaces, have been standardized to an AXI4 type of interface. Specifically, the
FIFO data interfaces now operate as an AXI4-Stream interface, and the three separate FIFO
Status, Calendar, and Static Configuration interfaces have been combined into a single
AXI4-Lite interface. With the change to AXI4-Stream for the FIFOs also comes a different
behavior for data‘transfer: the Sink FIFO now “pushes” data to the user when it is
available, and both Sink and Source FIFOs require a “ready/valid” handshake to transfer
data. The changesdalsodaffect the initialization sequence for the cores. The following
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figures offer a general comparison between the pre-v11.1 interfaces and the new v11.1

interfaces.
SPI-4.2 v10.x and
SPI-4.2 v11.1 .
earlier
AXI SPI-4.2 Sink Core
< Status and Control < Status and Control
User Clocking User Clocking

DPA Debug/

NN NN

VONEEAN

Sink Sink
AXl14-Stream FIFO Interface FIFO Interface Data FIFO Data Receive
SPI-4.2 Interface >
I
< Calendar Control Interface Sink Calendar
Sink
Status
Transmit
AXI4-Lite Control Interface <
Sink Status
FIFO Status Interface Registers
Static Configuration Signals

Figure J-1: Sink Caore Interface Migration
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SPI-4.2 v10.x and

SPI-4.2 v11.1 | carlier
| AXI SPI-4.2 Source Core
< Status and Control > | < Status and Control
: User Clocking
| Source Source Data
< AXI4-Stream FIFO Interface > | < FIFO Interface e et
| SPI-4.2 Interface >
— |
| Source
| Calendar Control Interface Calendar
§ l Source Status
AXI4-Lite Control.Interface | Receive
5
<AXI4—Stream Status Interface. | | < FIFO Status Interface SO;;Z?S?;?QUS
| Static Configuration Signals
= |

FigureJ-2: ,Source Core Interface Migration

The following sections describe indmore detail the key changes to each interface, how the
previous cores' ports map to the new interfaces, and how the initialization sequence has
changed.

Interface Differences

The pre-v11.1 SPI-4.2 Sink core has five separate user interfaces: The Status and Control
interface, the Sink FIFO Interface, the Sink Calendar,ControlInterface, the Sink FIFO Status
Interface, and the Sink Static Configuration Interface. The pre-v11.1 SPI-4.2 Source core
has five separate user interfaces: The Status and Control interface, the Source FIFO
Interface, the Source Calendar Control Interface, the Source FIFQ Status Interface, and the
Source Static Configuration Interface. The only interfaces that¥emaif the same in v11.1 are
the Sink and Source Status and Control interfaces. The following section describes, using
pre-v11.1 interface names, how the other interfaces have been modified'for the SPI-4.2
v11.1 core.

Sink FIFO Interface

The Sink FIFO now uses an AXI4-Stream master interface to transfer data to the user
application. The signals for this interface have similar general behavior, with some key
differences:

e The SnkFFVal i d signal is now M_AXI S_SNKFF_TVALI D. Previously, the FIFO
operated in a “pull” behavior, where the user would first assert SnkFFRAEn_n and
the FIFO would respond with data and a SnkFFVal i d assertion. The new AXI4-
Stream interface requires a change to a “push” behavior. This means if data is
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available to be read from the FIFO, the core will automatically present (push) the data
to the user and assert M_AXI S_SNKFF_TVALI D, and will wait until this data beat has
been accepted via the TREADY/TVALI Dhandshake before presenting the next data
beat.

e The SnkFFRAEN_n signal is now M_AXI S_SNKFF_TREADY, and has changed from
active-low to active-high. The behavior of this signal is different with AXI as well.
Previously, asserting SnkFFRAENn_n was used to request a read from the FIFO, and
one data beat would appear at the FIFO output on the next clock cycle for each
request.

With the SPI-4.2 v11.1 core, the M_AXI S_SNKFF_TREADY signal is part of the
TREADY/TVALID handshake and is used to confirm that the user application has
received the data beat. Each simultaneous assertion of both TREADY and TVALI Don a
clock edge indicates that one data beat has been transferred. Unlike previous versions
of the core where SnkFFVal i d would assert in response to SnkFFRAEN_n, the
assertion of TVALI D does not require that TREADY is first asserted.

* (SnkFFAl nost Enpt y_n and SnkFFEpt y_n are removed. With “ push” FIFO
behavior, the de-assertion of TVALID indicates the FIFO is empty.

e uSnkEFMod[ 2: 0] (SnkFFMbd([ 3: 0] for 128-bit interface) is replaced by
M_AXI S_SNKFF_TKEEP[ 7: 0] (or [15:0]). The new signal still indicates which
bytes,of.a databeat are valid, but now provides the information in the form of a per-
lane byte enable.

e The orderingof data'on M_AXI S_SNKFF_TDATA is now little endian. This means the
bits M AXI S_SNKFF_TDATA, [ 7: 0] were the first byte received on RDat [ 15: 0] .
Note that since RDat is 16-bits wide, the OIF spec indicates that RDat [ 15: 8] is the
“first” byte received, and RDat [ 7: 0] is the “last.” This is further described in
Table 5-1, page 72.

Sink Calendar Control Interface

The Sink Calendar Control interface is now combined with the FIFO Status interface and
Static Configuration interface into a single Sink’AXI4-Lite Control Interface. Reads and
writes to the Calendar memory are performed on the Sink AXI4-Lite Control Interface as
described in Sink Calendar Memory Initialization in Chapter 5. As with previous cores,
writes to the Calendar memory can only be performed while the core is disabled
(SnkEn=0).

Sink FIFO Status Interface

The Sink FIFO Status interface is now combined with the Calendar interface and Static
Configuration interface into a single Sink AXI4-Lite Control Interface. Differing from
previous cores, the Status memory is now readable in addition to writeable. Reads and
writes to the Status memory are performed on the Sink AXI4-Lite Control Interface as
described in Sink Flow Control in Chapter 5. During typical in-frame core operation, the
Sink AXI4-Lite Control interface will be only used for Status writes, so the core gives
precedence to writes on this interface.

Sink Static Configuration Interface

The Sink Static Configuration interface is now combined with the FIFO Status interface
and Calendar Control interface into a single Sink AXI4-Lite Control Interface. Reads and
writes to the Static Configuration memory are performed on the Sink AXI4-Lite Control
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Interface as described in Sink Static Configuration Parameters in Chapter 5. Previous
cores provide access to the Static Configuration parameters via tie-offs whose value could
be changed in the core wrapper; if the user wanted to change the value of these parameters
in-circuit they would need to create registers to drive these signals. In the AXISPI-4.2 core,
all static configuration values are stored in registers within the core, accessible via the Sink
AXI4-Lite Control Interface, and the outputs of these registers are routed to the necessary
logic. Unchanged from before, modification of the Static Configuration parameters must
be done while the core is in reset (Reset _n = 0), as described in Sink Static Configuration
Parameters in Chapter 5.

Source FIFO Interface

The Source FIFO now uses an AXI4-Stream slave interface to transfer data from the user
application. The signals for this interface have similar general behavior, with some key
differences:

¢ The Sr cFFW En_n signal is now S_AXI S_SRCFF_TVALI D, and has changed from
active-low to active-high. In pre-v11.1 cores, the assertion of Sr cFFW En_n by the
user application along with valid data would cause a data beat to be written into the
FIFQ. Thenew S_AXI S_SRCFF_TVALI Dsignal is used in the same way, but is
qualified by the TVALI D/ TREADY handshake now. This means one data beat is
written‘into theSource FIFO for each simultaneous assertion of both TREADY and
TVALI Dion a clock edge.

e The Sr cFFAI'mpst Ful | _n signal is now S_AXI S_SRCFF_TREADY. This change
provides the AXI-required TVALI D/ TREADY handshake. Previously, the core would
allow data to continuie tobe written in after Sr cFFAl nost Ful | _n assertion-now the
core will not accept data if TREADY de-asserts. Note that the de-assertion of TREADY
is still controlled by the Static Configuration parameters SrcAFThresAssert and
Sr cAFThr esNegat e, just as' Sr cFFAl nost Ful | _n was controlled.

® The SrcFFOver f | ow_n signalis nodonger necessary based on the explanation of
Sr cFFAI nost Ful | _n changes, and has been removed. In the v11.1 core, the Source
FIFO cannot overflow.

* SrcFFMod[ 2: 0] (Sr cFFMbd] 3: 0] “forA28-bit interface) is replaced by
S_AXI' S_SRCFF_TKEEP[ 7: 0] (or [ 15:10] ). “The new signal still indicates which
bytes of a data beat are valid, but now providesithe information in the form of a per-
lane byte enable.

* The ordering of data on S_AXI S_SRCFF_TDATAis now little endian. This means the
bits S_AXI S_SRCFF_TDATA [ 7: 0] are the first byte sent otit ondDat [ 15: 0] . Note
that since TDat is 16-bits wide, the OIF spec indicates that TDat [ 15:8] is the “first”
byte sent, and TDat [ 7: O] is the “last.” This is further descfibediin Table 5-7,
page 108.

Source Calendar Control Interface

The Source Calendar Control interface is now combined with the FIFO Status interface
(Addressable Mode) and Static Configuration interface into a single AXI4-Lite Control
Interface. Reads and writes to the Calendar memory are performed on the AXI4-Lite
Control Interface as described in Source Calendar Memory Initialization in Chapter 5. As
with previous cores, writes to the Calendar memory can only be performed while the core
is disabled (Sr cEn=0).
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Source FIFO Status Interface

When using Addressable Status Mode, the Source FIFO Status interface is now combined
with the Calendar interface and Static Configuration interface into a single Source AXI4-
Lite Control Interface. The Status memory is read-only, as with previous cores. Reads
from the Status memory are performed on the Source AXI4-Lite Control Interface as
described in Source Flow Control: Addressable Status Mode in Chapter 5. During typical
in-frame core operation, the Source AXI4-Lite Control interface will be only used for Status
reads, so the core gives precedence to reads on this interface. Previously, reads from the
FIFO Status interface could retrieve up to 16 channels' status every clock cycle. Because of
handshaking requirements for the AXI4-Lite interface, reads now retrieve up to four
channels' status every other clock cycle.

When using Transparent Status Mode, the Source FIFO Status information is provided
solely on the Source AXI4-Stream Status Interface and is not stored within the AXI4-Lite
Control interface memory space. The signals SrcSt at Ch[ 7: 0] and SrcSt at ChVal i d
are renamed M AXI S_SRCSTAT _TI O 7: 0] and M AXI S_SRCSTAT_TVALI D,
respectively. The SrcSt at [ 1: 0] signal is now provided on

M AXLS SRCSTAT _TUSER] 1: 0] . Use of this interface is described in Source AXI4-
Stream Status)Interface in Chapter 5. The latency of this interface is the same as with the
previous cores.

Source Static Configuration Interface

The Source Static Configuration interface is now combined with the FIFO Status interface
(Addressable Mode) and.Calendar Control interface into a single Source AXI4-Lite Control
Interface. Reads and writesto the Static Configuration memory are performed on the
Source AXI4-Lite Controldnterface as described in Source Static Configuration Parameters
in Chapter 5. Previous coresgprovide access to the Static Configuration parameters via tie-
offs whose value could be changed inthe core wrapper--if the user wanted to change the
value of these parameters in-circuitthey.would need to create registers to drive these
signals. In the AXISPI-4.2 core, all static configuration values are stored in registers within
the core and are accessible via the Source AXI4-Lite Control Interface. In addition, the
outputs of these registers are routed to the necessary logic. Unchanged from before,
modification of the Static Configuration parametets must be done while the core is in reset
(Reset _n =0), as described in Source Static Configuration Parameters in Chapter 5.

Core Initialization Sequence Differences and Resets

The v11.1 core has some changes to the required initialization sequénce, as\described in
detail in Initializing the SPI-4.2 Core in Chapter 5. The primary differences to this sequence
are due to the addition of the AXI4-Lite interfaces on the Sink and Source cores.
Specifically, the AXI4-Lite interfaces each have their own reset, where before the Calendar
and Status interfaces and memories were reset by the core-wide reset (Reset _n). The
initialization sequence now also specifies when writes to the Static Configuration
parameters can occur (that is, only when Reset _n is asserted), since in the reset state the
core is not in operation and not using the static configuration parameters to define its
output. A reset of the AXI4-Lite interface will revert these values to the values set in the
Vivado IP catalog.

The following summarizes the Sink and Source core resets, and which parts of the core are
affected:

* Reset _n: Resets the entire data path and SPI-4.2 interface, including data FIFO
contents and AXI4-Stream FIFO interface, ISERDES/OSERDES, status paths (TStat
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and RStat) and DPA logic. Does NOT reset the AXI4-Lite interface and associated

memories.

M AXI S_SNKFF_ARESETN: Resets the Sink FIFO and Sink AXI4-Stream FIFO
interface while allowing the Sink core to remain in-frame (SnkOof=0). Requires
minimum reset pulse width of three cycles of M AXI S_SNKFF_ACLK.

S AXI S_SRCFF_ARESETN: Resets the Source FIFO and Source AXI4-Stream FIFO
interface while allowing the Source core to remain in-frame (SrcOof=0). Requires
minimum reset pulse width of three cycles of S_AXI S_SRCFF_ACLK

AXI _SNK_ARESETN: Resets the Sink AXI4-Lite interface logic. Resets associated
memories to default values (that is, Vivado IP catalog selected settings). These
memories are Status memory, Calendar memory, and Static Configuration memory.
Requires minimum reset pulse width of two cycles of AXI _SNK_ACLK

AXI _SRC_ARESETN: Resets the Source AXI4-Lite interface logic. Resets associated
memories to default values (that is, Vivado IP catalog selected settings). These
memories are Status memory, Calendar memory, and Static Configuration memory.
Requires minimum reset pulse width of two cycles of AXI _SRC_ACLK.

Sink Core Port Changes

Table J-1: Sink Core Port Map from v10.x to'v11ld

Table J-1'details changes to the Sink Core port naming, additional or deprecated ports, and
polarity changes from v10.x and earlier cores to v11.1. Note that none of the SPI-4.2

Interface signalsthavehanged, as their behavior is described by the OIF-SPI4-02.1 System
Packet Interface Phase 2 standard.

Version 10.x and earlier

Version 11.1

Notes

Sink Control and Status

Sink Control and Status Interface

Interface

Reset_n Reset_n NoChange

SnkEn SnkEn Changed to RDCIkDiv_User domain
SnkTrainValid SnkTrainValid Changed to RDCIkDiv_User domain
SnkldelayCtIRdy SnkldelayCtIRdy No Change

SnkDIP2ErrRequest SnkDIP2ErrRequest Changed to RDCIkDiv_User domain

SnkOof SnkOof Changed to RDCIkDiv_User'domain
SnkBusErr SnkBusErr Changed to RDClkDiv_User domain
SnkBusErrStat[7:0] SnkBusErrStat[7:0] Changed to RDCIkDiv_User domain
PhaseAlignRequest SnkDPAPhaseAlignRequest Rename, Changed to RDCIkDiv_User domain
PhaseAlignComplete SnkDPAPhaseAlignComplete Rename, Changed to RDCIkDiv_User domain
SnkDPAFailed SnkDPAFailed Changed to RDClkDiv_User domain
SnkDPARamAddr[5:0] SnkDPARamAddr[5:0] No Change

SnkDPARamData[16:0] SnkDPARamData[16:0] No Change

SnkDPARamValid SnkDPARamValid No Change

SnkCDPAHalt SnkCDPAHalt No Change
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Table J-1: Sink Core Port Map from v10.x to v11.1

Version 10.x and earlier Version 11.1 Notes
SnkDPADiagWin SnkDPADiagWin No Change
SnkDPAAddrRst SnkDPA AddrRst No Change
SnkDPAAddrEn SnkDPAAddrEn No Change
SnkDPACIkDlyRst SnkDPACIkDIlyRst No Change
SnkDPACIkDlyCe SnkDPACIkDlyCe No Change
SnkDPACIkDlyInc SnkDPACIkDlylInc No Change

Sink FIFO'interface Sink AXI4-Stream FIFO Interface
SnkFifoReset_n M_AXIS_SNKFF_ARESETN Rename
SnkFFClk M_AXIS_SNKFF_ACLK Rename

SnkFFRAEn_n

M_AXIS SNKFF_TREADY

Rename, change sense (now active high), and
requires handshake with
M_AXIS_SNKFF_TVALID. Change to “Push”
FIFO, meaning if the FIFO contains valid data, it
will not wait until M_AXIS_SNKFF_TREADY is
asserted before asserting
M_AXIS_SNKFF_TVALID

[127:0]

SnkFFValid M_AXIS_SNKFF_TVALID Rename, change to “Push” behavior where data is
automatically presented to user if available in the
FIFO

SnkFFAddr[7:0] M_AXIS_SNKFF_TID[7:0] Rename

SnkFFData[63:0],[127:0] M_AXIS_SNKFF_TDATA[63:0], Rename

SnkFFMod[2:0],[3:0]

M_AXIS_SNKFF_TKEEP[7:0], [15:0]

Rename,change to byte qualifier indicating which
are valid bytes

SnkFFSOP M_AXIS_SNKFF_SOP Rename
SnkFFEOP M_AXIS_SNKFF_TLAST Rename
SnkFFErr M_AXIS_SNKFF_ERR Rename
SnkFFDIP4Err M_AXIS_SNKFF_DIP4ERR Rename
SnkFFPayloadDIP4 M_AXIS_SNKFF_PAYLOADDIP4 Rename
SnkFFBurstErr M_AXIS_SNKFF_BURSTERR Rename
SnkFFPayloadErr M_AXIS_SNKFF_PAYLOADERR Rename
SnkFFAImostEmpty_n Removed

SnkFFEmpty_n

Removed. De-asserted M_AXIS_SNKFF_TVALID
indicates empty

SnkAlmostFull_n

SNKFF_ALMOSTFULL_N

Rename

SnkOverflow_n

SNKFF_OVERFLOW_N

Rename
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Table J-1: Sink Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

Sink Calendar Control
Write interface

Sink AXI4-Lite Control Interface

SnkCalClk

AXI_SNK_ACLK

Rename, combine with Status and Config
functions

SnkCalData[7:0]

AXI_SNK_WDATA[31:0]

SnkCalWrEn_n

AXI_SNK_WVALID

AXI_SNK_WREADY

AXI_SNK_WSTRBI[3:0]

Rename, combine with Status and Config
functions, and add AXI protocol channel
handshake . Now writes up to 4 calendar spaces at
once, instead of one at a time

SnkCalAddr[8:0]

AXI_SNK_AWADDR][9:0]

AXI SNK_AWVALID

AXI_ SNK_LAWREADY

Rename, combine with Status and Config
functions, and add AXI protocol channel
handshake . Calendar uses AWADDR][9:0] ranges
from 0x000 to Ox1FC

AXL.SNK.BVALID

AXI_SNK_BREADY

New AXI4-Lite Write Response Channel

SNK_BRESP_ERR[7:0]

New AXI4-Lite interface error signaling

Sink Calendar Control
Read interface

Sink AXI4-Lite Control Interface

AXI_SNK_ARVALID

AXI_SNK_ARREADY

SnkCalClk AXI_SNK_ACLK Rename, combine with Status and Config
functions
SnkCalDataOut[7:0] AXI_SNK_RDATA[31:0] Rename, combine with Status and Config
S functions, and add AXI handshake. Now reads up
AXI_SNK_RVALID to 4 calendar spaces at once, instead of one at a
AXI_SNK_RREADY time
SnkCalAddr[8:0] AXI_SNK_ARADDR]9:0] Rename, combine with Status and Config

functions, and'add AXI pfotocol channel
handshake. Calendar uses ARADDR[9:0] ranges
from 0x000 to Ox1FC

SNK_BRESP_ERR[7:0]

New AXI4-Lite interface error signaling

Sink FIFO Status interface

Sink AXIl4-Lite Control Interface

SnkStatClk

AXI_SNK_ACLK

Rename, combine with Calendar and Config
functions

SnkStat[31:0]

AXI_SNK_WDATA[31:0]

SnkStatWr_n

AXI_SNK_WVALID

AXI_SNK_WREADY

SnkStatMask[15:0]

AXI_SNK_WSTRB[3:0]

Rename, combine with Calendar and Config
functions, and add AXI protocol channel
handshake . Statusis now written up to 4 channels
at a time instead of 16, so WSTRB is reduced to 4
bits versus 16 bits for SnkStatMask.
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Table J-1: Sink Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

SnkStatAddr[3:0]

AXI_SNK_AWADDR][9:0]

AXI_SNK_AWVALID

SnkStatWr_n

AXI_SNK_AWREADY

Rename, combine with Calendar and Config
functions, and add AXI protocol channel
handshake. Status uses AWADDR[9:0] ranges
from 0x200 to Ox2FC

AXI_SNK_RDATA[31:0]

AXI_SNK_RVALID

AXI_SNK_RREADY

AXI_SNK_ARADDR[9:0]

AXI_SNK_ARVALID

AXI_SNK_ARREADY

Sink Status information is now readable. Pre-v11.1
cores did not have this capability. Status uses
ARADDR][9:0] ranges from 0x200 to 0x2FC. Status
is read 4 channels at a time.

AXI_.SNK_BVALID

AXI«SNK.BREADY

New AXI4-Lite Write Response Channel

SNK_BRESP.ERR[7:0]

New AXI4-Lite interface error signaling

Sink Static Configuration
Interface

Sink AXI4-Lite’Control Interface

NumDip4Errors[3:0]

NumTrainSequences[3:0]

SnkCalendarM[7:0]

SnkCalendarLen[8:0]

SnkAFThresAssert[8:0]

SnkAFThresNegate[8:0]

RSCIkDiv

RSClkPhase

FifoAFMode[1:0]

AXI_SNK*, SNK_BRESP_ERR([7:0]

Created new read/write memory space for these
parameters. Combined with Calendar and Status
funetions, and uses AXI4-Lite Control interface to
perform reads and writes. Configuration memory
uses AWADDR[9:0] and ARADDR][9:0] ranges
from 0x300 ter0x30C

Sink Clocking interface

Sink Clocking interface

RDCIk0_User RDCIk0_User No Change
RDCIkDiv_User RDCIkDiv_User No Change
SnkClksRdy_User SnkClksRdy_User No Change
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Source Core Port Changes

Table J-2: Source Core Port Map from v10.x to v11.1

Table J-2 details changes to the Source Core port naming, additional or deprecated ports,
and polarity changes from v10.x and earlier cores to v11.1. Note that none of the SPI-4.2
Interface signals have changed, as their behavior is described by the OIF-SPI4-02.1 System
Packet Interface Phase 2 standard.

Version 10.x and earlier

Version 11.1

Notes

Source Control and Status

Source Control and Status

Reset_n Reset_n No Change

SrcEn SrcEn Changed to SysClkDiv_User domain

SrcOof SrcOof Changed to SysClkDiv_User domain

SrcDIP2Err SrcDIP2Err Changed to M_AXIS_SRCSTAT_ACLK
domain

SrcStatFrameErr SrcStatFrameErr Changed to M_AXIS_SRCSTAT_ACLK
domain

SrcPatternErr StePatternErt No Change

IdleRequest IdleRequest Changed to SysClkDiv_User domain

TrainingRequest TrainingRequest Changed to SysClkDiv_User domain

SrcTriStateEn SrcTriStateEn Changed to SysClkDiv_User domain

SrcOofOverride SrcOofOverride Changed to SysClkDiv_User domain

Source FIFO Interface

Source AXI4-Stream FIFO Interface

SrcFifoReset_n

S_AXIS_SRCFF_ARESETN

Rename

SrcFFClk

S_AXIS_SRCFF_ACLK

Rename

SrcFFWrEn_n

S_AXIS_SRCFF_TVALID

Rename,'change sense (now active high),
and requires handshake with
S_AXIS.SRCFF_TREADY

SrcFFAddr([7:0] S_AXIS_SRCFF_TID[7:0] Rename

SrcFFData[63:0],[127:0] S_AXIS_SRCFF_TDATA[63:0], [127:0] Rename

SrcFFMod|[2:0],[3:0] S_AXIS_SRCFF_TKEEP[7:0], [15:0] Rename, changeto byte qualifier indicating
which are valid bytes

SrcFFSOP S_AXIS_SRCFF_SOP Rename

SrcFFEOP S_AXIS_SRCFF_TLAST Rename

SrcFFErr S_AXIS_SRCFF_ERR Rename

SrcFFAlmostFull_n

S_AXIS_SRCFF_TREADY

Rename. If FIFO is AlmostFull,
S_AXIS_SRCFF_TREADY de-asserts

SrcFFOverflow_n

Removed. FIFO cannot overflow since
S_AXIS_SRCFF_TREADY will de-assert on
Almost Full.
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Table J-2: Source Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

Source Calendar Control
Write Interface

Source AXI4-Lite Control Interface

SrcCalClk AXI_SRC_ACLK Rename, combine with Status and Config
functions
SrcCalData[7:0] AXI_SRC_WDATA[31:0] Rename, combine with Status and Config

SrcCalWrEn_n

AXI_SRC_WVALID

AXI_SRC_WREADY

AXI_SRC_WSTRBJ[3:0]

functions, and add AXI protocol channel
handshake. Now writes up to 4 calendar
spaces at once, instead of one at a time

SrcCalAddr[8:0]

AXI_SRC_AWADDR][9:0]

SrcCalWrEn_n

AXI_SRC_AWVALID

AXI_SRC_AWREADY

Rename, combine with Status and Config
functions, and add AXI handshake.
Calendar uses AWADDR[9:0] ranges from
0x000 to 0x1FC

AXI_SRCIBVALID

AXI_SRC_BREADY

New AXI4-Lite Write Response Channel

SRC_BRESP_ERR[7:0]

New AXI4-Lite interface error signaling

Source Calendar Control
Read Interface

Source AXI4-Lite Control dnterface

SrcCalClk AXI_SRC_ACLK Rename, combine with Status and Config
functions
SrcCalDataOut[7:0] AXI_SRC_RDATA[31:0] Rename, combine with Status and Config
SRC functions, and add AXI protocol channel
AXI_SRC_RVALID handshake. Now reads up to 4 calendar
AXI_SRC_RREADY spaces at'onceyinstead of one at a time
SrcCalAddr[8:0] AXI_SRC_ARADDR]9:0] Rename;combine with Status and Config

AXI_SRC_ARVALID

AXI_SRC_ARREADY

functions, and add‘AXI protocol channel
handshake. Caléndardises ARADDR[9:0]
ranges from 0x000 t6 0x1FC

SRC_BRESP_ERR[7:0]

New AXI4-Lite interface'error signaling

Source FIFO Status
Interface (Transparent)

Source AXI4-Stream Status Interface

TSClk_User

M_AXIS_SRCSTAT_ACLK

Derive from TSClk_P/N from SPI-4.2
interface

SrcStat[1:0]

M_AXIS_SRCSTAT_TUSER([1:0]

Rename only

SrcStatCh[7:0] M_AXIS_SRCSTAT_TID[7:0] Rename only
SrcStatChValid M_AXIS_SRCSTAT_TVALID Rename only
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Table J-2: Source Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

Source FIFO Status
Interface (Addressable)

Source AXI4-Lite Control Interface

SrcStatClk

AXI_SRC_ACLK

Rename, combine with Calendar and
Config functions

SrcStat[31:0]

AXI_SRC_RDATA[31:0]

AXI_SRC_RREADY

AXI_SRC_RVALID

Rename, combine with Calendar and
Config functions, and add AXI protocol
channel handshake. Status is now read 4
channels at a time instead of 16. Status
space is not writeable via the AXI4-Lite
interface.

SrcStatAddr([3:0]

AXI_SRC_ARADDR[9:0]

AXI_SRC_ARREADY

AXI_SRC_ARVALID

Rename, combine with Calendar and
Conlfig functions, and add AXI protocol
channel handshake. Status uses
ARADDR][9:0] ranges from 0x200 to 0x2FC

SRCBRESP"ERR[7:0]

New AXI4-Lite interface error signaling

Source Configuration
Interface

Source AXI4-Lite/Control Interface

SrcBurstMode

SrcBurstLen[9:0]

SrcAFThresAssert[8:0]

SrcAFThresNegate[8:0]

SrcCalendar_M][7:0]

SrcCalendar_Len[8:0]

DataMaxT[15:0]

AlphaData[7:0]

NumDip2Errors[3:0]

NumDip2Matches[3:0]

AXI_SRC*,
SRC_BRESP_ERR[7:0]

Created new read /write memory space for
these parameters. Combined with
Calendar and Status functions, and uses
AXI4-Lite Control interface to perform
reads.and writes. Configuration memory
uses AWADDR[9:0] and ARADDR[9:0]
ranges from 0x300 to 0x310

Source Clocking Interface

Source Clocking Interface

SysClk0_User

SysClk0_User

No Change

SysClkDiv_User

SysClkDiv_User

No Change

TSClk_User

M_AXIS_SRCSTAT_ACLK

Combine with M_AXIS_SRCSTAT_ACLK.
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