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Preface

About This Guide

Guide Contents

The Ten Gigabit Ethernet PCS/PMA v2.1 User Guide provides information about generating
a LogiCORE™ IP Ten Gigabit Ethernet PCS/PMA (10GBASE-R) core, customizing and
simulating the core utilizing the provided example design, and running the design files
through implementation using the Xilinx tools.

This guide contains these chapters and appendixes:

About This Guide introduces you to the organization and purpose of the design guide
and describes the conventions used in this document.

Chapter 1, Introduction, introduces the 10GBASE-R core and provides related
information, including recommended design experience, additional resources,
technical support, and submitting feedback to Xilinx.

Chapter 2, Licensing the Core, describes how to get a license for the core.

Chapter 3, Core Architecture, describes the overall architecture of the 10GBASE-R
core and also describes the major interfaces to the core.

Chapter 4, Customizing and Generating the Core, describes how to customize the
10GBASE-R core for specific applications and generate the core netlist using Xilinx®
CORE Generator™ software.

Chapter 5, Designing with the Core, contains a general description of how to use the
10GBASE-R core in your own design.

Chapter 6, Interfacing to the Core, defines the data interfaces and the configuration
and status interfaces available for dynamically setting configuration and status.

Chapter 7, Constraining the Core, describes how to constrain a design, illustrated by
the default user constraints file (UCF) included with the 10GBASE-R core.

Chapter 8, Design Considerations, describes considerations that can apply in specific
design cases.

Chapter 9, Implementing the Core, describes how to simulate and implement your
design containing the 10GBASE-R core.

Chapter 10, Detailed Example Design, describes the Example Design delivered with
the core.

Chapter 11, Quick Start Example Design, describes how to get up and running with
the Example Design.

Appendix A, Verification and Interoperability, describes the 10GBASE-R verification
methods in simulation and hardware testing environments.

Appendix B, Core Latency, describe these measurements are for the core only - they
do not include the latency through the transceiver.

LogiCORE 10GBASE-R User Guide www.xilinx.com 13
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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.

Conventions

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

Typographical

These typographical conventions are used in this document:

Convention Meaning or Use Example

Messages, prompts, and
program files that the system
displays. Signal names in text
also.

Courier font speed grade: - 100

Literal commands that you enter

Courier bold in a syntactical statement ngdbui | d design_name
Commands that you select from | _.
File — Open
Helvetica bold ament
Keyboard shortcuts Ctrl+C
Variables in a syntax statement
for which you must supply ngdbui | d design_name
values
Italic font ; ;
References to other manuals See the User Guide for details.
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 ftems 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]
such as bus[ 7: 0] , they are desi gn_name

required.

Square brackets [ ]

A list of items from which you

Braces { ] must choose one or more lowpwr ={on| of f}
. Separates items in a list of _
Vertical bar | choices | owpwr ={on] of f}
14 www.xilinx.com LogiCORE 10GBASE-R User Guide
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Conventions

Convention

Meaning or Use

Example

Angle brackets < >

User-defined variable for
directory names or in code
samples

<directory name>

Vertical ellipsis

Repetitive material that has
been omitted

| OB #1: Nane
| OB #2: Nane

CLKIN

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 _nis active low.

Online Document

These conventions are used in this document:

Convention

Meaning or Use

Example

Blue text

Cross-reference link to a location
in the current document

See the section Guide Contents
for details.

See “Title Formats” in Chapter 1
for details.

Blue, underlined text

Hyperlink to a website (URL)

Go to www.xilinx.com for the
latest speed files.

List of Acronyms

This table describes acronyms used in this manual.

Acronym Spelled Out
CLB Configurable Logic Block
CML Current Mode Logic
DDR Double Data Rate
DRP Dynamic Reconfiguration Port
FPGA Field Programmable Gate Array.
Gb/s Gigabits per second
GUI Graphical User Interface
HDL Hardware Description Language
IES Incisive Enterprise Simulator
10 Input/Output

LogiCORE 10GBASE-R User Guide
UG692 March 1, 2011
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Acronym Spelled Out

10B Input/Output Block

P Intellectual Property

ISE® Integrated Software Environment
MAC Media Access Controller

Mb/s Megabits per second

MMD MDIO Managed Device

MDIO Management Data Input/Output
MGMT Management

MGT Multi-Gigabit Transceiver

MHz Mega Hertz

MMCM Mixed-Mode Clock Manager

ms milliseconds

NCD Native Circuit Description

NGD Native Generic Database

ns nanoseconds

PAR Place and Route

PCS Physical Coding Sublayer

PHY physical-side interface

PLL Phase-Locked Loop

PMA Physical Medium Attachment

PMD Physical Medium Dependent

ps picoseconds

SDR Single Data Rate

STA Station Management Entity

TWR Timing Wizard Report

UCF User Constraints File

VCs Verilog Compiled Simulator (Synopsys)
VHDL VHSIC Hardware Description Language (VHSIC

an acronym for Very High-Speed Integrated
Circuits).

XAUI eXtended Attachment Unit Interface
XCO Xilinx CORE Generator core source file
XGMIL 10-Gigabit Media Independent Interface
XST Xilinx Synthesis Technology

16
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Chapter 1

Introduction

The 10GBASE-R LogiCORE™ IP core has been verified in IDS 13.1 software with the pre-
production Virtex®-6 HXT FPGA and Virtex-7/Kintex™-7 FPGA speed files. Pre-
production means that the speed files are still subject to change. The 10GBASE-R
LogiCORE IP core and example design are provided in Verilog and VHDL.

This chapter introduces the 10GBASE-R core and provides related information, including
recommended design experience, additional resources, technical support, and submitting
feedback to Xilinx.

System Requirements

Windows

e  Windows XP Professional 32-bit/64-bit

e Windows Vista Business 32-bit/64-bit

Linux

* Red Hat Enterprise Linux WS v4.0 32-bit/64-bit

* Red Hat Enterprise Desktop v5.0 32-bit/64-bit (with Workstation Option)
e SUSE Linux Enterprise (SLE) v10.1 32-bit/64-bit

Software
e JSE® software v13.1

About the Core

The 10GBASE-R core is a Xilinx® CORE Generator™ software IP core, included in the
latest ISE Update on the Xilinx IP Center. For detailed information about the core, see the
10GBASE-R product page. For information about licensing options, see Chapter 2,
Licensing the Core.

Recommended Design Experience

Although the 10GBASE-R core is a fully-verified solution, the challenge associated with
implementing a complete design varies depending on the configuration and functionality
of the application. For best results, previous experience building high performance,
pipelined FPGA designs using Xilinx implementation software and UCF is recommended.

Contact your local Xilinx representative for a closer review and estimation for your specific
requirements.

LogiCORE 10GBASE-R User Guide www.xilinx.com 17
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Additional Core Resources

For detailed information about 10GBASE-R technology and updates to the 10GBASE-R
core, see the following:

Documentation

From the 10GBASE-R product page:

e 10GBASE-R Release Notes
e 10GBASE-R Data Sheet

From the document directory after generating the core:

e 10GBASE-R Release Notes
e  10GBASE-R Data Sheet

10GBASE-R Technology

For information about 10GBASE-R technology basics, including features, FAQs, the
10GBASE-R chip interface, typical applications, specifications, and other important
information, see www.xilinx.com/products/ipcenter/10GBASE-R.htm.

Ethernet Specifications
The relevant 10GBASE-R standards are IEEE Std. 802.3-2008.

Other Information

The 10-Gigabit Ethernet Consortium at the University of New Hampshire Interoperability
Lab is an excellent source of information on 10-Gigabit Ethernet technology:
www.iol.unh.edu/consortiums/10gec/index.html.

Technical Support

For technical support, visit www.xilinx.com/support. Questions are routed to a team of
engineers with expertise using the 10GBASE-R core.

Xilinx provides technical support for use of this product as described in the LogiCORE IP
10GBASE-R User Guide. Xilinx cannot guarantee timing, functionality, or support of this
product for designs that do not follow these guidelines.
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Feedback

Xilinx welcomes comments and suggestions about the 10GBASE-R core and the
documentation supplied with the core.

Core
For comments or suggestions about the 10GBASE-R core, submit a webcase from
www.xilinx.com/support. Be sure to include the following information:
e Product name
e Core version number
e Explanation of your comments

Document
For comments or suggestions about this document, submit a webcase from
www.xilinx.com/support. Be sure to include the following information:
e Document title
e Document number
e Page number(s) to which your comments refer
¢ Explanation of your comments
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Chapter 2

Licensing the Core

This core is provided under the End User License Agreement and can be generated using
the Xilinx® CORE Generator™ system v13.1 or higher. The CORE Generator system is
shipped with Xilinx ISE® Design Suite Series Development software. In ISE v13.1 software
and later, a license key is not required to access the 1I0GBASE-R IP. To access the wrapper in
ISE v12.4 software and older, a no-cost full license must be obtained from Xilinx. See the
version of the user guide for the version of the core you are using for information.

Contact your local Xilinx sales representative for pricing and availability of other Xilinx
LogiCORE IP modules and software. Information on additional LogiCORE IP modules is
available at the Xilinx IP Center.
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Chapter 3

Core Architecture

This chapter describes the overall architecture of the 10GBASE-R core and also describes
the major interfaces to the core.

System Overview

10GBASE-R is a 10 Gb/s serial interface. It is intended to provide the PCS and PMA
functionality between the XGMII interface on a Ten Gigabit Ethernet MAC and a Ten
Gigabit Ethernet network PHY.

Functional Description

Figure 3-1 shows a block diagram of the implementation of the Virtex®-7/Kintex™-7
FPGA 10GBASE-R core. The major functional blocks of the core include the following:

¢ Virtex-7/Kintex-7 FPGA GTX Transceiver. Provides high-speed transceiver and
partial gearbox functionality.

e PCS Block. Provides encode/decode, scramble/descramble, block-lock, transmit and
receive state machines, test-pattern blocks and BER monitor, in the same
configuration as in Figure 3-2.

¢ Optional MDIO Interface. A two-wire low-speed serial interface used to manage the
core. An alternative vector-based interface might be provided instead.

¢ Elastic Buffer. Identical to that described in the next section. See page 24.
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Elastic
Buffer

rxn,p

SERDES

Control Management
+ Arbiter
Status

PCS/PMA
Registers

Figure 3-1: Virtex-7/Kintex-7 Implementation of the 10-Gigabit Ethernet PCS/PMA (BASE-R) Core

Figure 3-2 shows a block diagram of the implementation of the Virtex-6 FPGA 10GBASE-R
core. The major functional blocks of the core include the following;:

Virtex-6 FPGA GTH transceiver. Provides high-speed transceiver as well as 64B/66B
encode and decode, Block Lock, TX and RX state machines and BER monitor.

Management Interface. Provides a simple interface to the management registers in
the transceiver.

Optional MDIO interface. A two-wire low-speed serial interface used to manage the
core. An alternative vector-based interface might be provided instead.

Elastic Buffer in the receive datapath.
The Elastic Buffer is 32 words deep (1 word = 32 bits data + 4 control).

If the buffer empties, Local Fault codes are inserted instead of data.

This allows you to collect up to 32 clock correction (CC) sequences before the buffer
overflows (and words are dropped). The buffer normally fills up to one quarter and
only drop CC sequences when over half full, and only insert CC sequences when
under one quarter full.

So from a half-full state, you can (conservatively) accept an extra 14, 32-bit sequences
(that s, receiving at +200ppm) without dropping any and from a quarter-full state you
can cope with half that number of missing bits without inserting Local faults

(for -200ppm).
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Fabric

Elastic 64b66b
Buffer Decode

A

Descramble rxn,p

Test
Pattern

- oer o

Test
Pattern
Generate

64b66b
Encode

Scramble Gearbox txn,p

XGMII (SDR)
MDIO | Control Management PCS/PMA
— + Arbiter Registers
Status

Figure 3-2: Virtex-6 Implementation of the 10-Gigabit Ethernet PCS/PMA (BASE-R) Core

Applications

Figure 3-3 shows a typical Ethernet system architecture and the 10-Gigabit Ethernet
PCS/PMA core within it. The MAC and all the blocks to the right are defined in Ethernet

IEEE specifications.
TCP & 1P |¢> FI'/'T:O <> MAC «» pcs |e» pPva [ PMD

Figure 3-3: Typical Ethernet System Architecture

Figure 3-4 shows the 10-Gigabit Ethernet PCS/PMA core connected on one side to a 10-
Gigabit MAC and on the other to an optical module using a serial interface.

The 10-Gigabit Ethernet PCS/PMA core is designed to be easily attached to the Xilinx® IP
10-Gigabit Ethernet MAC core over XGMIIL More details are provided in Chapter 8,
Design Considerations.

LogiCORE 10GBASE-R User Guide www.xilinx.com 25
UG692 March 1, 2011


http://www.xilinx.com

Chapter 3: Core Architecture

& XILINX.
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110G PCS/PMA

Serial
l«———— Interface

Figure 3-4:

Core Using XGMII Interface

Core Interfaces and Modules

Client-Side Interface

10-Gigabit Ethernet PCS/PMA Core Connected to MAC

The signals of the client-side interface are shown in Table 3-1. See Chapter 6, Interfacing to
the Core for details on connecting to the client-side interface.

Table 3-1: Client-Side Interface Ports

Signal Name Direction Description
xgmii_txd[63:0] IN Transmit data, eight bytes wide
xgmii_txc[7:0] IN Transmit control bits, one bit per transmit data byte
xgmii_rxd[63:0] OouT Received data, eight bytes wide
xgmii_rxc[7:0] OouT Receive control bits, one bit per received data byte

26

www.xilinx.com

LogiCORE 10GBASE-R User Guide

UG692 March 1, 2011


http://www.xilinx.com

& XILINX.

Core Interfaces and Modules

Transceiver Data Interface - Virtex-7/Kintex-7 FPGA GTX Transceiver

The interface to the device-specific transceivers is not a simple one-to-one interface on
those pins that need to be connected. The signals are described in Table 3-2. See Chapter 6,
Interfacing to the Core for details on connecting the device-specific transceivers to the
10GBASE-R core. Note that gt _t xc[ 7: 2] on the core should be connected to

t xsequence[ 5: 0] on the GTX transceiver and that gt _r xc[ 2] on the core should be
connected to r xdat aval i d on the GTX transceiver.

Table 3-2: Transceiver Interface Ports - Virtex-7/Kintex-7 FPGA GTX Transceiver

Signal Name Direction Description
gt_txd[63:0] Out 64-bit transmit data word
gt_txc[1:0] Out 2-bit transmit sync header
gt_txc[7:2] Out 6-bit TXSEQUENCE count (0..32)
gt_rxd[63:0] In 64-bit receive data word
gt_rxc[1:0] In 2-bit receive sync header
gt_rxc[2] In RXDATAVALID (high for 32 in 33 rxusrclk2 cycles)
gt_rxc[7:3] In Not Used
gt_slip Out RXGEARBOXSLIP

Transceiver Data Interface - Virtex-6 FPGA GTH Transceiver

The interface to the device-specific transceivers is a simple pin-to-pin interface on those
pins that need to be connected. The signals are described in Table 3-3. See Chapter 6,
Interfacing to the Core for details on connecting the device-specific transceivers to the
10GBASE-R core.

Table 3-3: Transceiver Interface Ports - Virtex-6 FPGA GTH Transceiver

Signal Name Direction Description
gt_txd[63:0] ouT Transceiver transmit data
gt_txc[7:0] ouT Transceiver transmit control flag
gt_rxd[63:0] IN Transceiver receive data
gt_rxc[7:0] IN Transceiver receive control signals
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Optical Module Interface

The status and control interface to an attached optical module is a simple pin-to-pin
interface on those pins that need to be connected. The signals are described in Table 3-3.
See Chapter 6, Interfacing to the Core for details on connecting an optical module to the

10GBASE-R core.

Table 3-4: Optical Module Interface Ports

Signal Name Direction Description
signal_detect IN Status signal from attached optical module?
tx_fault IN Status signal from attached optical module2P
tx_disable OouT Control signal to attached optical module

a. These signals are not connected inside this version of the core. It is left to users to handle these inputs

and reset their design as they see fit.

b. Connect to SFP+ tx_f aul t signal, or XFP MOD_NRsignal, depending on which is present.

MDIO Interface

The MDIO Interface signals are shown in Table 3-5. More information on using this
interface can be found in Chapter 6, Interfacing to the Core.

Table 3-5: MDIO Management Interface Ports

Signal Name Direction Description

mdc IN Management clock

mdio_in IN MDIO input

mdio_out ouT MDIO output

mdio_tri ouT MDIO 3-state; ‘1" disconnects the output driver from the
MDIO bus.

prtad[4:0] IN MDIO port address; this should be set by you to provide a
unique ID on the MDIO bus.

Configuration and Status Signals

The Configuration and Status Signals are shown in Table 3-6. See Configuration and Status
Vectors, page 72 for details on these signals, including a breakdown of the configuration

and status vectors.

Table 3-6: Configuration and Status Ports

Signal Name Direction Description
configuration_ vector[535:0] IN Configuration information for the core.
status_vector[447:0] OouT Status information from the core.
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Clocking and Reset Signals - Virtex-7/Kintex-7 FPGAs

Included in the example design top-level sources are circuits for clock and reset
management. These can include clock generators, reset synchronizers, or other useful
utility circuits that can be useful in your particular application.

Table 3-7 shows the ports on the netlist that are associated with system clocks and resets.

Table 3-7: Clock and Reset Ports- Virtex-7/Kintex-7

Signal Name Direction Description
clk156 IN System clock for core
rxclk156 IN Receiver clock to transceiver side of elastic buffer
rxusrclk2 IN Receive path clock, derived from recovered clock on the

GTX transceiver

txusrclk2 IN Transmit path clock, derived from TXCLKOUT on the GTX
transceiver

dclk IN Management/DRP clock, at half the rate of clk156

reset IN Synchronous reset in clk156 domain

rxreset IN Synchronous reset in rxclk156 domain

rxreset161 IN Synchronous reset in rxusrclk2 domain

txreset161 IN Synchronous reset in txusrclk2 domain

dclk_reset IN Synchronous reset in dclk domain

Clocking and Reset Signals - Virtex-6 FPGAs

Included in the example design top-level sources are circuits for clock and reset
management. These can include clock generators, reset synchronizers, or other useful
utility circuits that can be useful in your particular application.

Table 3-8 shows the ports on the netlist that are associated with system clocks and resets.

Table 3-8: Clock and Reset Ports - Virtex-6 FPGAs

Signal Name Direction Description
clk156 IN System clock for core.
rxclk156 IN Receiver clock to transceiver side of elastic buffer.
dclk IN Management clock used to access transceiver registers.
reset IN Reset port synchronous to clk156.
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Transceiver Management Interface

As shown in the example design block-level sources, the core communicates with the
transceiver via a fixed management interface.

Table 3-9 shows the ports on the netlist that are associated with the transceiver

management interface.

Table 3-9: Transceiver Management Interface Ports - Virtex-6 FPGAs

Signal Name Direction Description
mgmt_req OouT Request access to management interface arbiter
mgmt_gnt IN Access granted to management interface arbiter
mgmt_rd_out ouT Read pulse to management interface
mgmt_wr_out ouT Write pulse to management interface
mgmt_addr_out [20:0] OouT Address for management interface, with the 5-bit
DEVAD (Device Address) at bits 20..16.
mgmt_rdack_in IN Read Acknowledge/Data Valid signal from the
transceiver management interface
mgmt_rddata_in [15:0] IN Read data from management interface
mgmt_wrdata_out [15:0] ouT Write data to management interface

Miscellaneous Signals - Virtex-7/Kintex-7 FPGAs

Table 3-10: Miscellaneous Signals

Signal Name

Direction

Description

core_status[7:0]

OUT

Bit 0 = PCS Block Lock, Bits [7:1] are reserved
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Chapter 4

Customizing and Generating the Core

The 10GBASE-R core is generated using the Xilinx® CORE Generator™ system. This
chapter describes how to customize the 10GBASE-R core to your requirements and then
generate the core netlist.

GUI Interface

Figure 4-1 displays the main screen for customizing the 10GBASE-R core.

[+ Ten Gigabit Ethernet PCS/PMA (10GBASE-R/KR) =|[E][%]
View Documents

IP Symbal 5]

' = Ten Gigabit Ethernet

mgjc::_i:ﬁ.{
PCS/PMA (10GBASE-R/KR) .,

BHEE Component Name |ten_g ig_eth_pcs_pma_vZ_1 |

rxresetlsl
delk_rasat Optional Interface

pma_resstout

+| MDIO Management
rKRvs R

pos_resstout

@ BASER
) BASE-KR

BasekR License Status: Unavailable
For 10GBASE-KR interest, please contact your local Xilinx sales representative

wgmii_bed [83:0] || AN Support
i S FEC Support
xgmii_rxd[53:0]
xgmii_rxc[7:0]
d rp_d rpdo[ LE:0]
tx_prisal_en L=l | Datasheet | Generate || Cancel || Help

Figure 4-1: 10GBASE-R Main Screen

For general help with starting and using the CORE Generator software on your
development system, see the documentation supplied with the ISE® software.
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Component Name

The component name is used as the base name of the output files generated for the core.
Names must begin with a letter and must be composed from the following characters: a
through z, 0 through 9 and “_" (underscore).

MDIO Management

Select this option to implement the MDIO interface for managing the core. Deselect the
option to remove the MDIO interface and expose a simple bit vector to manage the core.

The default is to implement the MDIO interface.

Parameter Values in the XCO File

XCO files contain parameterization information for an instance of a core; an XCO file is
created when a core is generated and can be used to recreate a core. The text in an XCO file
is case-insensitive.

Table 4-1 shows the XCO file parameters and values, and summarizes the GUI defaults.
The following is an example extract from an XCO file:

SELECT Ten_G gabit _Et her net _PCS/ PMA (10GBASE- R/ KR) family Xilinx, _Inc.
2.1

CSET component _nane = the_core

CSET ndi o_nmnagenent = true

GENERATE

Table 4-1: XCO File Values and Defaults

Parameter XCO File Values Defaults

component_name ASCII text starting with a letter | ten_gig eth_pcs_pma_v2_1
and based upon the following
character set: a...z, 0...9

and _

mdio_management True, false True

Output Generation

The output files generated from the CORE Generator software are placed in the project
directory. The list of output files includes:

* The netlist files for the core

e XCOfiles

® Release notes and documentation

¢ An HDL example design

e Scripts to synthesize, implement and simulate the example design.

See Chapter 10, Detailed Example Design, for a complete description of the CORE
Generator software output files and for details of the HDL example design.
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Chapter 5

Designing with the Core

This chapter provides a general description of how to use the 10GBASE-R core in your
designs and should be used in conjunction with Chapter 6, Interfacing to the Core, which
describes specific core interfaces.

General Design Guidelines

This section describes the steps required to turn a 1I0GBASE-R core into a fully-functioning
design with user-application logic. It is important to realize that not all implementations
require all of the design steps listed in this chapter. Follow the logic design guidelines in
this manual carefully.

Use the Example Design as a Starting Point

Each instance of the 10GBASE-R core created by the CORE Generator™ software is
delivered with an example design that can be implemented in an FPGA and simulated.
This design can be used as a starting point for your own design or can be used to sanity-
check your application in the event of difficulty.

See the Chapter 10, Detailed Example Design, for information about using and
customizing the example designs for the 10GBASE-R core.

Know the Degree of Difficulty

10GBASE-R designs are challenging to implement in any technology, and the degree of
difficulty is further influenced by:

e  Maximum system clock frequency
¢ Targeted device architecture

* Nature of your application

All 10GBASE-R implementations need careful attention to system performance
requirements. Pipelining, logic mapping, placement constraints, and logic duplication are
all methods that help boost system performance.

Keep It Registered

To simplify timing and increase system performance in an FPGA design, keep all inputs
and outputs registered between your application and the core. This means that all inputs
and outputs from your application should come from, or connect to a flip-flop. While
registering signals cannot be possible for all paths, it simplifies timing analysis and makes
it easier for the Xilinx tools to place and route the design.
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Recognize Timing Critical Signals

The UCF provided with the example design for the core identifies the critical signals and
the timing constraints that should be applied. See Chapter 7, Constraining the Core for
further information.

Use Supported Design Flows

The core is synthesized in the CORE Generator software and is delivered to you as an NGC
netlist. The example implementation scripts provided currently use XST as the synthesis
tool for the HDL example design that is delivered with the core. Other synthesis tools can
be used for your application logic; the core is always unknown to the synthesis tool and
appears as a black box.

Post synthesis, only Xilinx® ISE® v13.1 software tools are supported.

Make Only Allowed Modifications

The 10GBASE-R core is not user-modifiable. Do not make modifications as they can have
adverse effects on system timing and protocol compliance. Supported user configurations
of the 10GBASE-R core can only be made by selecting the options from within the CORE
Generator software when the core is generated. See Chapter 4, Customizing and
Generating the Core.
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Chapter 6

Interfacing to the Core

This chapter describes how to connect to the data interfaces of the core and configuration
and status interfaces of the 10GBASE-R core.

Data Interface: Internal Interfaces

Internal 64-bit SDR Client-side Interface

The 64-bit single-data rate (SDR) client-side interface is based upon the 32-bit XGMII
interface. The bus is demultiplexed from 32-bits wide to 64-bits wide on a single rising
clock edge. This demultiplexing is done by extending the bus upwards so that there are
now eight lanes of data numbered 0-7; the lanes are organized such that data appearing on
lanes 4-7 is transmitted or received later in time than that in lanes 0-3.

The mapping of lanes to data bits is shown in Table 6-1. The lane number is also the index
of the control bit for that particular lane; for example, xgmi i _t xc[ 2] and
Xxgmi i _t xd[ 23: 16] are the control and data bits respectively for lane 2.

Table 6-1: XGMII_TXD, XGMII_RXD Lanes for Internal 64-bit Client-Side Interface
Lane XGMII_TXD, XGMII_RXD Bits
7:0

15:8

23:16
31:24
39:32

47:40

55:48

N | G| &= WO N| — ]| O

63:56
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Definitions of Control Characters

Reference is regularly made to certain XGMII control characters signifying Start,
Terminate, Error, etc. These control characters all have in common that the control line for
that lane is ‘1’ for the character and a certain data byte value. The relevant characters are
defined in the IEEE Std. 802.3-2008 and are reproduced in Table 6-2 for reference.

Table 6-2: Partial list of XGMII Characters

Data (Hex) Control Name, Abbreviation
00 to FF 0 Data (D)
07 1 Idle (I)
FB 1 Start (S)
FD gy Terminate (T)
FE gy Error (E)
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Interfacing to the Transmit Client Interface

Internal 64-bit Client-Side Interface

The timing of a data frame transmission via the internal 64-bit client-side interface is

shown in Figure 6-1. The beginning of the data frame is shown by the presence of the Start
character (the /S/ codegroup in lane 4 of Figure 6-1) followed by data characters in lanes
5,6, and 7. Alternatively the start of the data frame can be marked by the occurrence of a
Start character in lane 0, with the data characters in lanes 1 to 7.

When the frame is complete, it is completed by a Terminate character (the T in lane 1 of

Figure 6-1). The Terminate character can occur in any lane; the remaining lanes are padded
by XGMII idle characters.

clk156

xgmii_txd[7:0]
xgmii_txd[15:8]
xgmii_txd[23:16]
xgmii_txd[31:24]
xgmii_txd[39:32]
xgmii_txd[47:40]
xgmii_txd[55:48]

xgmii_txd[63:56]

xgmii_txc[7:0]

Figure 6-1:

m
m

1F

00

m
m

X Xe Xo X X e Ko X
X Xe Ko X X e Xt X
X Xe Xo X, X e X
XX X X, Ko X
X Xe Xo X X o X
X Xo Xo X X o X
X Xo Xo X X o X
X e X2 X X, Ko X
X X X Koo X

>

Normal Frame Transmission Across the Internal 64-bit Client-Side I/F
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Figure 6-2 depicts a similar frame to that in Figure 6-1, with the exception that this frame is
propagating an error. The error code is denoted by the letter E, with the relevant control

bits set.

clk156

xgmii_txd[7:0]

xgmii_txd[15:8]

xgmii_txd[23:16]

xgmii_txd[31:24]

xgmii_txd[39:32]

xgmii_txd[47:40]

xgmii_txd[55:48]

xgmii_txd[63:56]

xgmii_txd[7:0]

w)

m

PGP P P G P G G
PGP P P G P G G

> O] ] S S ] S S
PGP P P G P G G

D

D

> O] ] S S ] S S

FFX

1F X 00

X X

OFXEO

FF

Figure 6-2: Frame Transmission with Error Across Internal 64-bit Client-Side I/F
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Interfacing to the Receive Client Interface

Internal 64-bit Client-Side Interface

The timing of a normal inbound frame transfer is shown in Figure 6-3. As in the transmit
case, the frame is delimited by a Start character (S) and by a Terminate character (T). The
Start character in this implementation can occur in either lane 0 or in lane 4. The Terminate

character, T, can occur in any lane.

clk156 —l

L

xgmii_rxd[7:0]

xgmii_rxd[15:8] |

Xgmii_rxd[23:16] |

xgmii_rxd[31:24] |

xgmii_rxd[39:32] |

xgmii_rxd[47:40] |

xgmii_rxd[55:48] |

xgmii_rxd[63:56]

xgmii_rxc[7:0]

X s Ko Xo X, Ko Xo X
Ko KXo Xo X Ko Xo X
Xo KXo XoX KXo Xo X
Xo X o Xo X, Xo Xo X
Xo KXo XoX KXo Xo X
Xo KXo Xo X X Xm X
Ko X o Xo X, Xo X |
Ko Ko Xo X, Ko X |
e Ko X0 X, Koo Xeo X+

Figure 6-3: Frame Reception Across the Internal 64-bit Client Interface
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clk156 —l

xgmii_rxd[7:0]

Xxgmii_rxd[15:8]

xgmii_rxd[23:16]

xgmii_rxd[31:24]

xgmii_rxd[39:32]

xgmii_rxd[47:40]

xgmii_rxd[55:48]

xgmii_rxd[63:56]

Xxgmii_rxc[7:0]

Figure 6-4 shows an inbound frame of data propagating an error. In this instance, the error
is propagated in lanes 4 to 7, shown by the letter E.
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Figure 6-4: Frame Reception with Error Across the Internal 64-bit Client Interface
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Interfacing to the Transceivers

Virtex-7/Kintex-7 FPGASs

Table 6-3: Transceiver Interface Ports for Virtex-7/Kintex-7 FPGA GTX Transceivers

Signal Name Direction Description
gt_txd[63:0] Out 64-bit transmit data word
gt_txc[1:0] Out 2-bit transmit sync header
gt_txc[7:2] Out 6-bit TXSEQUENCE count (0..32)
gt_rxd[63:0] In 64-bit receive data word
gt_rxc[1:0] In 2-bit receive sync header
gt_rxc[2] In RXDATAVALID (high for 32 in 33 rxusrclk2 cycles)
gt_rxc[7:3] In Not Used
gt_slip In RXGEARBOXSLIP on GTX transceiver

The remainder of the device-specific transceiver ports are not connected to the netlist, but
are connected in the core source code (block-level and transceiver wrapper files) or are
wired to static values.

No timing diagrams are presented here for the device-specific transceiver signals. You
should treat this interface as a black box. If customization of this interface is required, see
the 7 Series GTX Transceiver User Guide (LIG476) for detailed descriptions of the transceiver
ports.

Virtex-6 HXT FPGAs

Table 6-4: Transceiver Interface Ports for Virtex-6 FPGA GTH Transceivers

Signal Name Direction Description
gt_txd[63:0] OouT Transceiver transmit data
gt_txc[7:0] ouT Transceiver transmit control signals
gt_rxd[63:0] IN Transceiver receive data
gt_rxc[7:0] IN Transceiver receive control signals

The remainder of the device-specific transceiver ports are not connected to the netlist, but
are connected in the core source code (block-level and transceiver wrapper files) or are
wired to static values.

No timing diagrams are presented here for the device-specific transceiver signals. You
should treat this interface as a black box. If customization of this interface is required, see
the Virtex-6 FPGA GTH Transceivers User Guide for detailed descriptions of the transceiver
ports.

The following sections describe the interfaces available for dynamically setting the
configuration and obtaining the status of the 10GBASE-R core. There are two interfaces for
configuration; depending on the core customization, only one is available in a particular
core instance.
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Configuration and Status Interfaces

This section describes the interfaces available for dynamically setting the configuration
and obtaining the status of the I0GBASE-R core. There are two interfaces for configuration;
depending on the core customization, only one is available in a particular core instance.
The interfaces are:

¢ MDIO Interface, page 42

e Configuration and Status Vectors, page 72

MDIO Interface

The Management Data Input/Output (MDIO) interface is a simple, low-speed 2-wire
interface for management of the 10GBASE-R core consisting of a clock signal and a
bidirectional data signal. It is defined in clause 45 of IEEE Standard 802.3-2008.

An MDIO bus in a system consists of a single Station Management (STA) master
management entity and a number of MDIO Managed Device (MMD) slave entities.
Figure 6-5 illustrates a typical system. All transactions are initiated by the STA entity. The
10GBASE-R core implements an MMD.

mdio
STA e
T MwmD ~“T_-| MMD
| |
" wmwvp “T .| wmmD
| |
| mmD . mmD

Figure 6-5: A Typical MDIO-Managed System
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MDIO Ports

The core ports associated with MDIO are shown in Table 6-5.

Table 6-5: MDIO Management Interface Port Description

Signal Name Direction Description
mdc IN Management clock
mdio_in IN MDIO input
mdio_out ouT MDIO output
mdio_tri ouT MDIO 3-state. ‘1" disconnects the output driver from the
MDIO bus.
prtad[4:0] IN MDIO port address

If implemented, the MDIO interface is implemented as four unidirectional signals. These
can be used to drive a 3-state buffer either in the FPGA SelectlO™ interface buffer or in a
separate device.

The pr t ad[ 4: 0] port sets the port address of the core instance. Multiple instances of the
same core can be supported on the same MDIO bus by setting the prt ad[ 4: 0] toa
unique value for each instance; the 10GBASE-R core ignores transactions with the PRTAD
field set to a value other than that on its pr t ad[ 4: 0] port.

MDIO Transactions

The MDIO interface should be driven from a STA master according to the protocol defined
in IEEE Std. 802.3-2008. An outline of each transaction type is described in the following
sections. In these sections, these abbreviations apply:

e PRE: preamble

e ST:start

* OP: operation code

e PRTAD: port address

* DEVAD: device address

e TA: turnaround

DEVAD

The device address in this case will be either “00001” for the PMA device or “00011” for the
PCS device, both of which are implemented in the GTH Transceiver. MDIO transactions
with a DEVAD other than those two values are ignored.

Set Address Transaction

Figure 6-6 shows an Address transaction defined by OP="00.” Set Address is used to set the
internal 16-bit address register which is particular to the given DEVAD, for subsequent
data transactions (called the “current address” in the following sections). The core contains
two such address registers, one for PCS and one for PMA.
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STA drives MDIO

[ A O B O [ [ S A R I Y I O
|0 A S N N I O | I S S N A |
mdio == 1771 |I [ II [ R T A R II II II | Y O Y O I A R |-¢—0—|
T S e o s P Y PR UL S P A L3 bl oo o7 o5 ba oo 11
Z Z | 111 | 00 | 00 |P4 P3P2P1 P0|V4 V3V2V1l VO| 1 O P15 D1 D11 D7 D5 D3 D1 | Z Z
| | | | | | | D14 D12 DlO D8 D6 D4 D2 DO|
IDLE : 32 bits : ST : oP : PRTAD : DEVAD : TA : 16-bit ADDRESS : IDLE
PRE

Figure 6-6: MDIO Set Address Transaction

Write Transaction

Figure 6-7 shows a Write transaction defined by OP="01." The 10GBASE-R core takes the
16-bit word in the data field and writes it to the register at the current address.

STA drives MDIO

[ I N I O | [ [ S A R I Y I O

T S Y N A | N I ) N O e A |
mdio =1 ”||||||||||||||||||||||||||||||||||||||||4—o—|
N T R e o et Y O AU S R A A L3 bl oo o7 o5 b3 oo 11
Z le 1 1|0 0|0 1|P4P3P2P1P0|V4V3V2V1VO|1 OP15 D1 D11 D7 D5 D3 D1 |Z Z

| | | | | | | D14 D12 D10 D8 D6 D4 D2 D0|
IDLE | 32 bits : ST : oP : PRTAD : DEVAD : TA : 16-bit WRITE DATA :IDLE
PRE

Figure 6-7: MDIO Write Transaction

Read Transaction

Figure 6-8 shows a Read transaction defined by OP="11." The 10GBASE-R core returns the 16-bit
word from the register at the current address.

STA drives MDIO MMD drives MDIO

| | |
| | |
L | H
| T |
Z le 11,0 O|1 l|P4P3P2P1PO|V4V3V2V1VO|
| | | |
: : PRTAD : DEVAD :

16-bit READ DATA l'IDLE
I

Figure 6-8: MDIO Read Transaction
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Post-Read-increment-address Transaction

Figure 6-9 shows a Post-read-increment-address transaction, defined by OP="10." The
10GBASE-R core returns the 16-bit word from the register at the current address for the
given DEVAD then increments that current address. This allows sequential reading or
writing by a STA master of a block of contiguous register addresses.

STA drives MDIO MMD drives MDIO

|

|

mdio —— |
| |

|
|
th

| | [
| | I
| | I | [T 11 | I
(| T | T I | [T ] rl_l_l
zZ Z | 111 | 00 | 10 |P4 P3P2P1 PO|V4V3 V2V1 VO| Z 0 P15 Dlé Dll D7 D5 D3 D1 | zZ Z
| | | | | | | D14 D12 DlO D8 D6 D4 D2 DOI
DLE | 32hits | sT o |  pPRTAD | DEVAD | TA | 16-bit READ DATA l'IDLE
PRE | I I I I I I
Figure 6-9: MDIO Read-and-increment Transaction
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10GBASE-R PCS/PMA Register Map

Because the core is configured as a 10GBASE-R PCS/PMA, it occupies MDIO Device
Addresses 1 and 3 in the MDIO register address map, as shown in Table 6-6.

Table 6-6: 10GBASE-R PCS/PMA MDIO Registers

Register Address Register Name

1.0 PMA /PMD Control 1

1.1 PMA /PMD Status 1

14 PMA /PMD Speed Ability

15,1.6 PMA /PMD Devices in Package

1.7 10G PMA /PMD Control 2

1.8 10G PMA /PMD Status 2

1.9 10G PMD Transmit Disable

1.10 10G PMD Receive Signal OK

1.11 to 1.32787 Reserved

1.32788 PMA Vendor Specific Loopback (Virtex-6 FPGAs only)

1.32789 to 1.65534 Reserved

1.65535 Core Version Info (Virtex-7/Kintex-7 FPGAs only)

3.0 PCS Control 1

3.1 PCS Status 1

3.4 PCS Speed Ability (Virtex-7/Kintex-7 FPGAs only)

3.5,3.6 PCS Devices in Package

3.7 10G PCS Control 2

3.8 10G PCS Status 2

3.9 t0 3.31 Reserved

3.32 10GBASE-R PCS Status 1

3.33 10GBASE-R PCS Status 2

3.34-37 10GBASE-R Test Pattern Seed A

3.38-41 10GBASE-R Test Pattern Seed B

342 10GBASE-R Test Pattern Control

343 10GBASE-R Test Pattern Error Counter

3.44 to 3.32767 Reserved

3.32768 PCS Vendor Specific Loopback (Virtex-6 FPGAs only)

3.32769 to 3.65534 Reserved

3.65535 PCS 125 ps timer control (Virtex-7/Kintex-7 FPGAs only)
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MDIO Register 1.0: PMA/PMD Control 1
Figure 6-10 shows the MDIO Register 1.0: PMA /PMD Control 1.

15 14 13 12 11 10 7 6 5 2 1 0
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Figure 6-10: PMA/PMD Control 1 Register
Table 6-7 shows the PMA Control 1 register bit definitions.
Table 6-7: PMA/PMD Control 1 Register Bit Definitions
Bit(s) Name Description Attributes Default
Value
1.0.15 Reset 1 = Block reset R/W 0
0 = Normal operation Self-
The 10GBASE-R block is reset when this bit | clearing
is set to “1.” It returns to ‘0’ when the reset is
complete.
1.0.14 Reserved | The block always returns ‘0’ for this bit and R/O 0
ignores writes.
1.0.13 Speed The block always returns ‘1’ for this bit and R/O 1
Selection | ignores writes.
1.0.12 Reserved | The block always returns ‘0’ for this bit and R/O 0
ignores writes.
1.0.11 Power This bit has no effect. R/W 0
down
1.0.10:7 | Reserved | The block always returns ‘0 for these bits R/O All 0s
and ignores writes.
1.0.6 Speed The block always returns ‘1’ for this bit and R/O 1
Selection | ignores writes.
1.0.5:2 Speed The block always returns ‘Os’ for these bits R/O All 0s
Selection | and ignores writes.
1.0.1 Reserved | The block always returns ‘0’ for this bit and R/0O All 0s
ignores writes.
1.0.0 Loopback | 1 = Enable PMA loopback mode R/W 0
0 = Disable PMA loopback mode
Virtex-6 FPGAs: The 10GBASE-R block will
loop the transmit signal inside the GTH
transceiver back into the receiver.
Note: The vendor-specific register bits
1.32788.1:0 take precedence over this bit.
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MDIO Register 1.1: PMA/PMD Status 1
Figure 6-11 shows the MDIO Register 1.1: PMA/PMD Status 1.

15 8 7 6 3 2 1 0

Reg 1.1 [ ]
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Figure 6-11: PMA/PMD Status 1 Register

Table 6-8 shows the PMA /PMD Status 1 register bit definitions.
Table 6-8: PMA/PMD Status 1 Register Bit Definitions

Bit(s) Name Description Attributes Default
Value

1.1.15:8 | Reserved The block always returns ‘0’ for this bit. R/O 0

1.1.7 Local Fault The block always returns '0' for this bit. R/O 0

1.1.6:3 Reserved The block always returns ‘0’ for this bit. R/O 0

1.1.2 Receive Link | The block always returns '1' for this bit R/O 1
Status

111 Power Down | The block always returns “1” for this bit. R/O 1
Ability

1.1.0 Reserved The block always returns ‘0’ for this bit. R/O 0
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MDIO Register 1.4: PMA/PMD Speed Ability
Figure 6-12 shows the MDIO Register 1.4: PMA /PMD Speed Ability.
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Figure 6-12: PMA/PMD Speed Ability Register
Table 6-9 shows the PMA /PMD Speed Ability register bit definitions.
Table 6-9: PMA/PMD Speed Ability Register Bit Definitions
Bit(s) Name Description Attribute Default
Value
1.4.15:1 | Reserved The block always returns ‘0" for R/O All Os
these bits and ignores writes.
1.4.0 10G Capable | The block always returns ‘1 for this R/O 1
bit and ignores writes.

MDIO Registers 1.5 and 1.6: PMA/PMD Devices in Package
Figure 6-13 shows the MDIO Registers 1.5 and 1.6: PMA /PMD Devices in Package.
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Figure 6-13: PMA/PMD Devices in Package Registers
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Table 6-10 shows the PMA /PMD Device in Package registers bit definitions.

Table 6-10: PMA/PMD Devices in Package Registers Bit Definitions

Bit(s) Name Description Attributes Default
Value
1.6.15 Vendor- specific | The block always returns ‘0" for R/0O 0
Device 2 Present | this bit.
1.6.14 Vendor-specific | The block always returns ‘0" for R/0O 0
Device 1 Present | this bit.
1.6.13 Clause 22 The block always returns '1' for R/O 1
Extension this bit.
Present
1.6.12:0 Reserved The block always returns ‘0" for R/O All Os
these bits.
1.5.15:8 Reserved The block always returns ‘0" for R/O All Os
these bits.
15.7 Autonegotiation | The block always returns '1' for R/0O 1
present this bit.
1.5.6 TC Present The block always returns '0' for R/O 0
this bit
1.5.5 DTE XS Present | The block always returns ‘0" for R/O 0
this bit.
154 PHY XS Present | The block always returns ‘0" for R/0O 0
this bit.
1.5.3 PCS Present The block always returns ‘1" for R/O 1
this bit.
15.2 WIS Present The block always returns ‘0" for R/0O 0
this bit.
151 PMA/PMD The block always returns ‘1’ for R/0O 1
Present this bit.
1.5.0 Clause 22 The block always returns ‘0" for R/O 0

Device Present

this bit.

50

www.xilinx.com

LogiCORE 10GBASE-R User Guide

UG692 March 1, 2011


http://www.xilinx.com

& XILINX.

MDIO Interface

MDIO Register 1.7: 10G PMA/PMD Control 2
Figure 6-14 shows the MDIO Register 1.7: 10G PMA /PMD Control 2.
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Figure 6-14:
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10G PMA/PMD Control 2 Register

Table 6-11 shows the PMA /PMD Control 2 register bit definitions.

Table 6-11: 10G PMA/PMD Control 2 Register Bit Definitions
Bit(s) Name Description Attributes Default Value
1.7.15:4 | Reserved The block always returns ‘0 for these R/O All 0s
bits and ignores writes.
1.7.3:0 PMA /PMD Virtex-7/Kintex-7 FPGAs: R/W Virtex-7/Kintex-7 FPGAs:
Type Selection | This returns the value '0xyz', where Set from pma_pmd_type port.

'xyz'is set from the top level core port
pma_pmd_type vector.

Virtex-6 FPGAs: The block returns a
code for the 10GBASE-*R

PMA /PMD and ignores written
values which do not correspond to
the PCS_ABILITY register settings
(1.8.7:1). ‘0111’ denotes 10GBASE-SR,
‘0110’ denotes -LR and ‘0101’ denotes
-ER.

Virtex-6 FPGAs:
Set from GTH transceiver attribute.
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MDIO Register 1.8: 10G PMA/PMD Status 2
Figure 6-15 shows the MDIO Register 1.8: 10G PMA /PMD Status 2.
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ALIIGY 4S-3SVEO0T
ALITIEY d71-3SVA9O0T
ALY 43-3SVd9O0T
ALITIGY ¥XT1-3SVEO0T
ALY MS-3SVEOO0T

ALITIEY MT-3SVEO0T
ALITIEY M3-3SVYEO0T
ALITIGY Yovadoo1vind| | o

10G PMA/PMD Status 2 Register

Table 6-12 shows the PMA /PMD Status 2 register bit definitions.

Table 6-12: 10G PMA/PMD Status 2 Register Bit Definitions
Bit(s) Name Description Attributes |Default Value
1.8.15:14 | Device Present The block always returns ‘10" for these R/O 10
bits.
1.8.13 Transmit Local The block always returns '0' for this bit. R/O 0
Fault Ability
1.8.12 Receive Local Fault | The block always returns '0' for this bit R/O 0
Ability
1.8.11 Transmit Fault The block always returns '0' for this bit. R/O 0
1.8.10 Receive Fault The block always returns '0' for this bit. R/O 0
1.8.9 Extended abilities | The block always returns '1' for this bit. R/O 1
1.8.8 PMD Transmit The block always returns '1' for this bit. R/O 1
Disable Ability
1.8.7 10GBASE-SR Virtex-7/Kintex-7 FPGAs: Returns a '1'if | R/O Virtex-7/Kintex-7 FPGAs:
Ability pma_pmd_type port is set to '111' Depends on
Virtex-6 FPGAs: pma_pmd_type port
The block always returns ‘1’ for this bit. Virtex-6 FPGAs: 1
1.8.6 10GBASE-LR Virtex-7/Kintex-7 FPGAs: Returns a '1'if | R/O Virtex-7/Kintex-7 FPGAs:
Ability pma_pld_type port is set to '110' Returns a '1"if
Virtex-6 FPGAs: The block always '})ma}_pld_type portis set to
returns ‘1’ for this bit. 110
Virtex-6 FPGAs: 1
1.8.5 10GBASE-ER Virtex-7/Kintex-7 FPGAs: Returns a '1'if | R/O Virtex-7/Kintex-7 FPGAs:
Ability the pma_pmd_type port is set to '101' Depends on
Virtex-6 FPGAs: The block always pma_pmd_type port
returns ‘1’ for this bit. Virtex-6 FPGAs: 1
1.8.4 10GBASE-LX4 The block always returns ‘0’ for this bit. | R/O 0
Ability
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Table 6-12: 10G PMA/PMD Status 2 Register Bit Definitions (Cont'd)

Bit(s) Name Description Attributes |Default Value
1.8.3 10GBASE-SW The block always returns ‘0’ for this bit. | R/O 0
Ability
1.8.2 10GBASE-LW The block always returns ‘0’ for this bit. | R/O 0
Ability
1.8.1 10GBASE-EW The block always returns ‘0’ for this bit. | R/O 0
Ability
1.8.0 PMA Loopback The block always returns ‘1’ for this bit. | R/O 1
Ability

MDIO Register 1.9: 10G PMD Transmit Disable
Figure 6-16 shows the MDIO 1.9 Register: 10G PMD Transmit Disable.
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Figure 6-16: 10G PMD Transmit Disable Register

Table 6-13: 10G PMD Transmit Disable Register Bit Definitions

Bit(s) Name Description Attributes Default
Value
1.9.15:1 | Reserved The block always returns ‘0" for R/O All 0s
these bits and ignores writes.
1.9.0 Global PMD 1 = Disable Transmit path (also sets R/W Set from
Transmit transmit_disable pin) GTH
Disable 0 = Enable Transmit path attribute.
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MDIO Register 1.10: 10G PMD Signal Receive OK
Figure 6-17 shows the MDIO 1.10 Register: 10G PMD Signal Receive OK.
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Figure 6-17: 10G PMD Signal Receive OK Register

Table 6-12 shows the PMD Signal Receive OK register bit definitions.
Table 6-14: 10G PMD Signal Receive OK Register Bit Definitions

Bit(s) Name Description Attributes Default
Value
1.10.15:1 Reserved The block always returns ‘0" for R/O 0Os
these bits.
1.10.0 Global PMD 1 = Signal detected on receive R/O n/a
receive signal | o — Signal not detected on
detect receive

MDIO Register 1.32788: Vendor-Specific PMA Loopback Control (Virtex-6
FPGAs Only)

Figure 6-18 shows the MDIO 1.32788 Register: Vendor-Specific PMA Loopback Control.
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Figure 6-18: Vendor-Specific PMA Loopback Control Register
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Table 6-15:

Vendor-Specific PMA Loopback Control

Bit(s)

Name

Description

Attributes

Default
Value

1.32788.15:6

Reserved

The block always returns '0'
for these bits and writes are
ignored

R/O

All'0

1.32788.5:4

Loopback
Mode Monitor

Bits reflect the current state of
loopback control. If
1.32788.1:0 is set to '00" and
register 1.0.0 is set to '1', then
these bits are equal to
1.32788.3:2, otherwise these
bits are equal to 1.32788.1:0.

Consult the Virtex-6 FPGA
GTH Transceivers User Guide
for details.

R/O

|00v

1.32788.3:2

IEEE 10G
Loopback
Mode

Configure the course of
loopback to RX.

These values are applicable
only when 1.0.0 is asserted
and the vendor config lane
loopback mode is disabled.

Encodings:

'00": IEEE PMA loopback
disabled

'01': TX output
'10": TX predriver
'11": Reserved

R/W

|01v

1.32788.1:0

Vendor Specific

Loopback
Mode

Configure source of on-chip
loopback connection to RX.

Encodings:

'00": Vendor loopback disabled
'01': TX output

'10": TX predriver

'11": Reserved

R/W

|00v
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MDIO Register 1.65535: Core Version Info - Virtex-7/Kintex-7 FPGAs Only
Figure 6-19 shows the MDIO 1.65535 Register: Core Version Info
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Figure 6-19: Core Version Info Register
Table 6-16: Core Version Info
Bit(s) Name Description Attributes | Default Value
1.65535.15:8 | Core Version | Bits 15..12 give the major core | R/O x'21' for
version and bits 11..8 give the version 2.1 of
minor core version core
1.65535.7:4 | Reserved The block always returns '0' R/O '0000'
for these bits and writes are
ignored.
1.65535.3:1 | Core Patch Bits 3..1 give the patch R/O '000'
Version number, if any, for the core.
1.65535.0 Reserved The block always returns '0' R/O '0'
for this bits and writes are
ignored.
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MDIO Register 3.0: PCS Control 1

Figure 6-20 shows the MDIO Register 3.0: PCS Control 1.
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Figure 6-20: PCS Control 1 Register
Table 6-17 shows the PCS Control 1 register bit definitions.
Table 6-17: PCS Control 1 Register Bit Definitions
Bit(s) Name Description Attributes Default
Value
3.0.15 Reset 1 = Block reset R/W 0
0 = Normal operation Self-clearing
The 10GBASE-R block is reset when
this bit is set to “1.” It returns to ‘0
when the reset is complete.
3.0.14 10GBASE-R | 1 = Use PCS Loopback R/W 0
Loopback 0 = Do not use PCS Loopback
3.0.13 Speed The block always returns '1' for this R/O 1
Selection bit.
1 (and bit 6 = 1) = bits 5:2 select the
speed
3.0.12 Reserved The block always returns ‘0’ for this bit R/O 0
and ignores writes.
3.0.11 Power down | This bit has no effect. R/W 0
3.0.10:7 | Reserved The block always returns ‘0" for these R/O All 0s
bits and ignores writes.
3.0.6 Speed The block always returns '1' for this R/O 1
Selection bit.
3.0.5:2 Speed The block always returns “0000” = R/O All 0s
Selection 10Gb/s
3.0.1:0 Reserved The block always returns ‘0’ for this bit R/O All 0s
and ignores writes.
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MDIO Register 3.1: PCS Status 1
Figure 6-21 shows the MDIO Register 3.1: PCS Status 1.
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Figure 6-21: PCS Status 1 Register

Table 6-18 show the PCS 1 register bit definitions.

Table 6-18: PCS Status 1 Register Bit Definition
Bit(s) Name Description Attributes Default
Value
3.1.15:8 | Reserved The block always returns ‘Os’ for these R/O All 0s
bits and ignores writes.
3.1.7 Local Fault | The block always returns '0' for this bit. R/O 0
3.1.6:3 Reserved The block always returns ‘0s” for these R/O All Os
bits and ignores writes.
3.12 PCS 1 = The PCS receive link is up R/O -
Receive 0 = The PCS receive link is down Self-setting
Link Status This is a latching Low version of bit
3.32.12.
3.1.1 Power The block always returns ‘1’ for this bit. R/O 1
Down
Ability
3.1.0 Reserved The block always returns’0’ for this bit R/0O 0
and ignores writes.
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MDIO Registers 3.5 and 3.6: PCS Devices in Package
Figure 6-22 shows the MDIO Registers 3.5 and 3.6: PCS Devices in Package.

15 14 13 0
reg 36 [ ] |
< < O Pyl
m m &)
z z 2 <
g g C o)
Qe RN
0 D
Nl—‘B
U T
T 0
oo 3
223
55 3
m
4}
m
z
|
15 8 76 5 4 3 2 1 0
[TTTTTT1T1]
Py > 4 03T T s 3T O
0 Z o3 IT =2
< g Mm=<0®ge
o T XX X 1vlIJF gz
mm®n D =z nQ
U)m-u-umm>
mmopg g 0 @ N
ZZ|-|-||-|-|ITIm'U
= 94 p pn 2 & X DT
mm- = M3D
z z e n
4 3 Z m
3 =z
|

Figure 6-22: PCS Devices in Package Registers

Table 6-19 shows the PCS Devices in Package registers bit definitions.
Table 6-19: PCS Devices in Package Registers Bit Definitions

Bit(s) Name Description Attributes Default
Value
3.6.15 Vendor-specific | The block always returns ‘0" for R/O 0
Device 2 Present | this bit.
3.6.14 Vendor- specific | The block always returns ‘0" for R/O 0
Device 1 Present | this bit.
3.6.12:0 | Reserved The block always returns ‘0’ for R/O All 0s
these bits.
3.6.13 Clause 22 The block always returns '1' for R/O 1
extension this bit.
present
3.5.15:8 | Reserved The block always returns "0 for R/O All Os
these bits.
3.5.7 Auto The block always returns’l” for R/O 1
Negotiation this bit.
Present
3.5.6 TC present The block always returns’0’ for R/O 0
this bit.
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Table 6-19: PCS Devices in Package Registers Bit Definitions (Cont’d)
Bit(s) Name Description Attributes Default
Value
355 PHY XS Present | The block always returns ‘0" for R/O 0
this bit.
354 PHY XS Present | The block always returns ‘0" for R/O 0
this bit.
353 PCS Present The block always returns "1’ for R/O 1
this bit.
3.5.2 WIS Present The block always returns 0" for R/O 0
this bit.
351 PMA /PMD The block always returns "1’ for R/O 1
Present this bit.
3.5.0 Clause 22 device | The block always returns ‘0" for R/O 0
present this bit.
MDIO Register 3.7: 10G PCS Control 2
Figure 6-23 shows the MDIO Register 3.7: 10G PCS Control 2.
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Figure 6-23: 10G PCS Control 2 Register
Table 6-20 shows the 10 G PCS Control 2 register bit definitions.
Table 6-20: 10G PCS Control 2 Register Bit Definitions
Bit(s) Name Description Attributes Default
Value
3.7.152 | Reserved | Theblock always returns ‘0’ for these bits R/O All 0s
and ignores writes.
3.7.1:0 PCS Type | “00” = Select 10GBASE-R PCS type. Any R/W 00
Selection | other value written to this register are
ignored.
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MDIO Register 3.8: 10G PCS Status 2
Figure 6-24 shows the MDIO Register 3.8: 10G PCS Status 2.
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Figure 6-24: 10G PCS Status 2 Register

Table 6-21 shows the 10G PCS Status 2 register bit definitions.
Table 6-21: 10G PCS Status 2 Register Bit Definitions

Bit(s) Name Description Attributes Default
Value
3.8.15:14 | Device The block always returns “10.” R/O “10”
present
3.8.13:12 | Reserved The block always returns ‘0’ for these R/O All Os
bits.
3.8.11 Transmit The block always returns '0' for this bit. R/O 0
local fault
3.8.10 Receive local | The block always returns '0' for this bit. R/O 0
fault
3.8.9:3 Reserved The block always returns ‘0" for these R/0O All 0s
bits.
3.8.2 10GBASE-W | The block always returns '0' for this bit. R/0O 0
Capable
3.8.1 10GBASE-X | The block always returns '0' for this bit. R/0O 0
Capable
3.8.0 10GBASE-R The block always returns '1' for this bit. R/O 1
Capable
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MDIO Register 3.32: 10GBASE-R Status 1

Figure 6-25 shows the MDIO Register 3.32: 10GBase-R Status 1
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Figure 6-25: 10GBASE-R Status Register 1

Table 6-22 shows the 10GBASE-R Status register bit definitions.

Table 6-22: 10GBASE-R Status Register 1 Bit Definitions
. _ . Default
Bit(s) Name Description Attributes Value
3.32.15:13 Reserved The block always returns 0 for R/O All 0s
these bits.
3.32.12 10GBASE-R | 1 = 10GBASE-R receive is aligned; RO 0
Link Status | g = 10GBASE-R receive is not
aligned.
3.32.11:3 Reserved The block always returns '0' for R/O 0s
these bits.
3322 PRBS31 The block always returns '1' for this R/O 1
Pattern bit.
Testing
Ability
3.32.1 Hi BER 1 = RX showing hi-ber R/O 0
0 = RX not showing hi ber
3.32.0 Block Lock 1 = RXis synchronized; R/O 0
0 = RX is not synchronized.
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MDIO Register 3.33: 10GBASE-R Status 2
Figure 6-26 shows the MDIO Register 3.33: 10GBase-R Status 2
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Figure 6-26: 10GBASE-R Status Register 2

Table 6-23 shows the 10GBASE-R Status register bit definition. All bits are cleared when

read.
Table 6-23: 10GBASE-R Status Register 2 Bit Definitions

Bit(s) Name Description Attributes Default
Value

3.33.15 Latched Latch-Low version of block lock R/O 0
Block Lock

3.33.14 Latched Latch-High version of Hi BER R/O 1
HiBER

3.33.13:8 BER BER Counter R/O 0Os

3.33.7:0 Errored Counter for Errored Blocks R/O Os
Blocks
Count
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MDIO Register 3.34-37: 10GBASE-R Test Pattern Seed A0-3
Figure 6-27 shows the MDIO Register 3.34-37 10GBASE-R Test Pattern Seed A.
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Figure 6-27: 10GBASE-R Test Pattern Seed A0-3 Registers

Table 6-24 shows the 10GBASE-R Test Pattern Seed A(-2 register bit definitions.
Table 6-24: 10GBASE-R Test Pattern Seed A0-2 Register Bit Definitions

Bit(s) Name Description Attributes Default Value
3.34-36.15:0 | Seed A bits 15:0, Seed for PRBS R/W 3.34.0=1,all
3.37.9:0 31:16,47:32, 57:48 testing other bits =0

resp
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MMDIO Register 3.38-41: 10GBASE-R Test Pattern Seed B0-3
Figure 6-28 shows the MDIO Register 3.38-41: 10GBASE-R Test Pattern Seed B.
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Figure 6-28: 10GBASE-R Test Pattern Seed B0-3 Registers

Table 6-25 shows the 10GBASE-R Test Pattern Seed B0-3 register bit definitions.
Table 6-25: 10GBASE-R Test Pattern Seed B0-3 Register Bit Definitions

Bit(s) Name Description Attributes Default Value
3.38-40.15:0 | Seed B bits 15:0, Seed for PRBS R/W 3.38.0=1,
3.41.9:0 31:16, 47:32, 57:48 testing all other bits =0

resp
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MDIO Register 3.42: 10GBASE-R Test Pattern Control
Figure 6-29 shows the MDIO Register 3.42: 10GBASE-R Test Pattern Control
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10GBASE-R Test Pattern Control Register

Table 6-26 shows the 10GBASE-R Test Pattern Control register bit definitions.

Table 6-26: 10GBASE-R Test Pattern Control Register Bit Definitions
Bit(s) Name Description Attributes Default Value
3.42.15:6 Reserved The block always R/O All Os
returns '0's for these
bits.
3.42.5 PRBS31 RX test 1 = Enable PRBS RX R/W 0
pattern enable tests
0=Disable PRBSRX
tests
3424 PRBS31 TX test 1 = Enable PRBS TX R/W 0
pattern enable tests
0=Disable PRBS TX
tests
3.42.3 TX test pattern Enables the TX Test R/W 0
enable Pattern which has
been selected with
bits [1:0].
3.42.2 RX test pattern Enables the RX Test R/W 0
enable Pattern Checking
which has been
selected with bits
[1:0]
3421 Test pattern select 1 = Square wave R/W 0
0 = Pseudo-Random
3.42.0 Data pattern select | 1 = Zeros pattern R/W 0
0 = LF Data pattern
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MDIO Register 3.43: 10GBASE-R Test Pattern Error Counter

Figure 6-30 shows the MDIO Register 3.43: 10GBASE-R Test Pattern Error Counter.
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Figure 6-30: 10GBASE-R Test Pattern Error Counter Register

Table 6-27 shows the 10GBASE-R Test Pattern Error Counter register bit definitions. This
register is cleared when read.

Table 6-27: 10GBASE-R Test Pattern Error Counter Register Bit Definitions
Bit(s) Name Description Attributes Default Value
3.43.15:0 Test pattern error Count of errors R/O All 0s
counter
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MDIO Register 3.32768: Vendor-Specific PCS Loopback Control - Virtex-6

FPGAs Only

Figure 6-31 shows the MDIO 3.32768 Register: Vendor-Specific PCS Loopback Control.
Consult the Virtex-6 FPGA GTH Transceivers User Guide (LIG371) for details.
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Figure 6-31: Vendor-Specific PCS Loopback Control Register

Table 6-28: Vendor-Specific PCS Loopback Control

111: Reserved

Bit(s) Name Description Attributes Default Value
3.32768.15 PCS Line Loopback | 1 = Loopback R/W 0
SerDes RX to SerDes
X
3.32768.14 Vendor PCS 1 = Loopback PCS R/W 0
Loopback TX to PCS RX
3.32768.13:11 | PRBS Gen Mode 000: None R/W '000'
001: PRBS7 Values other
010: PRBS9 than '000' and
'101" have no
011: PRBS11
effect.
100: PRBS23
101: PRBS31
110: PPAT
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Table 6-28: Vendor-Specific PCS Loopback Control

Bit(s) Name Description Attributes Default Value
1.32768.10:8 | PRBS Check Mode | 000: None R/W ‘000
001: PRBS7
010: PRBS9 Values other
011: PRBS11 than ‘000" and
'101" have no
100: PRBS23
effect.
101: PRBS31
110: PPAT
111: Reserved
3.32768.7:4 PCS RX Mode 0000: Zero R/W Set from GTH
0001: 64/66b transceiver
PCS_MODE
0010: XAUT Attribute =
0011: Reserved '0001"
0100: PCIE® Do not write
0101: PCIE-500 any other
(fixed PCLK values to these
500MHz) bits.

0110: 8B/10B 8-bit
0111: 8B/10B 16-bit
1000: 8-bit raw data

1001: 10-bit raw
data

1010: 16-bit raw
data

1011: 20-bitraw data
1100: PRBS

1101: Reserved
1110: 1000 Base-KX
1111: 802.3ap
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Table 6-28: Vendor-Specific PCS Loopback Control

Bit(s) Name Description Attributes Default Value
3.32768.3:0 PCS TX Mode 0000: Zero R/W Set from GTH
0001: 64/66b lgcs_é\/[ODE
ttribute =

0010: XAUI 0001
0011: Reserved Do not write
0100: PCIE any other
0101: PCIE-500 values to these
(fixed PCLK bits.
500MHz)

0110: 8B/10B8-bit
0111: 8B/10B8 16-bit
1000: 8-bit raw data

1001: 10-bit raw
data

1010: 16-bit raw
data

1011: 20-bitraw data
1100: PRBS

1101: Reserved
1110: 1000 Base-KX
1111: 802.3ap
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MDIO Register 3.65535: 125 us Timer Control - Virtex-7/Kintex-7 FPGAs
Only

Figure 6-32 shows the MDIO 3.65535 Register: 125 s timer control.
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Figure 6-32: 25 us Timer Control Register

Table 6-29: 125 us Timer Control

Bit(s) Name Description Attributes Default Value
3.65535.15:0 125 us timer Bits 15..0 set the R/W x'4C4B'
control number of clock
cycles at
156.25MHz to be

used to measure
the 125us timer in
the BER monitor
state machine.
Useful for debug
purposes
(simulation
speedup).
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Configuration and Status Vectors

If the 10GBASE-R core is generated without an MDIO interface, the key configuration and
status information is carried on simple bit vectors, which are:

e configuration_vector[535:0]
e status_vector[447:0]

These vectors have changed since v1.2 of the core. Legacy-core shims are provided to
ensure backward-compatibility.

BASE-R

Table 7 shows the breakdown of the 10GBASE-R-specific configuration vector and Table 8
shows the breakdown of the status vector.

Table 7: Configuration Vector - BASE-R

Bit IEEE Register Description

0 1.0.0 PMA Loopback Enable

15 1.0.15 PMA Reset @

16 1.9.0 Global PMD Tx Disable

83:80 1.32788.3.0 PMA Vendor Specific Loopback Mode (HXT only)

110 3.0.14 PCS Loopback Enable

111 3.0.15 PCS/PMA Reset 2

169:112 3.37-3.34 10G PCS Test Pattern Seed A

233:176 3.41-3.38 10G PCS Test Pattern Seed B

240 3.42.0 Data Pattern Select

241 3421 Test Pattern Select

242 3.42.2 Rx Test Pattern Checking Enable

243 3.42.3 TX Test Pattern Enable

244 3.42.4 PRBS31 Tx Test Pattern Enable

245 3.425 PRBS31 RX Test Pattern Checking Enable

271:270 3.32768.15:14 PCS Loopback Type (Virtex-6 HXT FPGA only)

399:384 3.65535 125 ps timer control (Virtex-7/Kintex-7 FPGAs only)

512 (1.1.2)b Set PMA Link Status

513 (1.8.11:10) Clear PMA/PMD Link Faults (Virtex-7/Kintex-7
FPGAs only)

516 (3.1.2) Set PCS Link Status

517 (3.8.11:10) Clear PCS Link Faults (K7/V7 only)

518 (3.33) Clear PCS Status 2

519 (3.43) Clear Test Pattern Error Count

a. These reset signals should be asserted for a single clock tick only.
b. Reset controls for the given registers
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Table 8: Status Vector - BASE-R

Bit IEEE Register | Description

15 1.0.15 PMA Reset

18 1.1.2 PMA/PMD Rx Link Status (Latching Low)
23 1.1.7 PMA/PMD Fault2

42 1.8.10 PMA/PMD Rx Fault (Latching High) @)
43 1.8.11 PMA/PMD Tx Fault (Latching High) @

48 1.10.0 Global PMD RX Signal Detect

207:192 1.65535 Core Info (Virtex-7/Kintex-7 FPGASs only)
223 3.0.15 PCS Reset (Virtex-7/Kintex-7 FPGAs only)
226 3.1.2 PCS Rx Link Status

231 3.17 PCS Fault®

250 3.8.10 PCS Rx Fault (Latching High) @

251 3.8.11 PCS Tx Fault (Latching High) @

256 3.32.0 10GBASE-R PCS Rx Locked

257 3.32.1 10GBASE-R PCS High BER

268 3.32.12 10GBASE-R PCS Rx Link Status
279:272 3.33.7:0 10GBASE-R PCS Errored Blocks Counter
285:280 3.33.13:8 10GBASE-R PCS BER Counter

286 3.33.14 Latched High Rx High BER

287 3.33.15 Latched Low Rx Block Lock

303:228 3.43.15:0 10GBASE-R Test Pattern Error Counter

a. Thisistied to '0’ for Virtex-6 FPGA BASE-R core

Bit 286 of the Status Vector is latching-high and is cleared low by bit 518 of the
configuration_vector port. Figure 6-33 shows how the status bit is cleared.

configuration_vector[518]

status_vector[286] /

Figure 6-33: Clearing the Latching-High Bits
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Bits 18, 226 and 287 of the status_vector port are latching-low and set high by bits 512, 516
and 518 of the configuration vector. Figure 6-34 shows how the status bits are set.

status_vector[18]

or status_vector[226] \ ,

or status_vector[287]
configuration_vector[512]
or configuration_vector[516]
or configuration_vector[518], respectively.

Figure 6-34: Setting the Latching-Low Bits

Similarly for Virtex®-7 /Kintex™-7 FPGA designs, Latching High Status Vector bits 42 and
43 can be reset with Configuration Vector bit 513, and bits 250 and 251 can be reset with
Configuration Vector bit 517.
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Constraining the Core

This chapter describes how to constrain a design containing the 10GBASE-R core. This is
illustrated by the UCF delivered with the core at generation time. See Chapter 10, Detailed
Example Design, for a complete description of the CORE Generator™ software output files
and for details of the HDL example design.

Caution! Not all constraints are relevant to specific implementations of the core; consult the
UCF created with the core instance to see exactly which constraints are relevant.

Device, Package, and Speed Grade Selection

This line selects the part to be used in the implementation run. Change this line so that it
matches the part intended for the final application.

# Select the part to be used in the inplenentation run
CONFI G PART = xc6vhx255t-ff1155-2;

Virtex-7/Kintex-7 FPGAS

The 10GBASE-R core can be implemented in many Virtex®-7/Kintex™-7 FPGA packages,
as long as the package itself is a flip-chip package, and the GTX transceiver supports the
10.3125 Gb/s line-rate.

Virtex-6 FPGAS

The 10GBASE-R core can be implemented in most Virtex-6 HXT devices with any speed
grade. Only the FF1154 packages are not supported (no bonded-out GTHs)

Clock Frequencies, Clock Management, and Placement

Virtex-7/Kintex-7 FPGASs

The 10GBASE-R core has one user clock domain:

¢ clk156 - 156.25 MHz derived from the txoutclk output of the Virtex-7/Kintex-7 FPGA
GTX transceiver.

This section specifies the main clock frequencies for the design.

e rxclkl156 - 156.25 MHz derived from the rxoutclk output of the Virtex-7/Kintex-7

FPGA GTX transceiver.
e txusrclk? - 161.13 MHz derived from the txoutclk output of the Virtex-7/Kintex-7
FPGA GTX transceiver.
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e rxusrclk2 - 161.13 MHz derived from the rxoutclk output of the Virtex-7/Kintex-7
FPGA GTX transceiver.

General Clocking

e dclk - 78.125 MHz derived from the clk156 clock.

Virtex-6 FPGAS

The 10GBASE-R core has one user clock domain:

¢ Thecl k156 domain derived from the r ef ¢l k input of the Virtex-6 FPGA GTH
transceiver.

This section specifies the main clock frequencies for the design.

R e R e e e e e e LT T T LT T T (T (A TR R TR AT T A eI A
# C ock frequencies and cl ock nanagenment #
T
NET "*txusercl ki n" TNM_NET="cl k156" ;

TI MESPEC "TS_cl k156" = PERI OD "cl k156" 6400 ps;

NET "*rxusercl ki n" TNM_NET="rxcl k156";
TI MESPEC " TS rxcl k156" = PERI OD "rxcl k156" 6400 ps;

The clock frequency by default is set for 10-Gigabit Ethernet.General Clocking

NET "dcl k" TNM_NET="dcl k";
TI MESPEC TS dcl k = PERI OD "dcl k" 50 MHz;

This constraint defines the frequency of DCLK that is supplied to the Virtex-6 FPGA
transceivers. The example design uses a nominal 50 MHz clock.

Other Constraints

Among other constraints you might find in the UCF, the following are required to control
the routing between FFs on different clock domains.

# Elastic Buffer-related constraints #
BRI R R R i R
NET "*el astic_buffer_i/asynch_fifo_i/rd_truegray<?>" MAXDELAY = 6.0 ns;
NET "*el astic_buffer _i/can_insert_wa" TIG

NET "*el astic_buffer_i/asynch_fifo_i/w _gray<?>" MAXDELAY = 6.0 ns;
NET "*el astic_buffer_i/asynch_fifo_i/rd_| astgray<?>" MAXDELAY = 6.0 ns;

Transceiver Placement

Virtex-7/Kintex-7 FPGAs

No placement constraints have been introduced for the example design. Consult the
7 Series GTH Transceivers User Guide (UG476) for details.

Virtex-6 HXT FPGAS

No placement constraints have been introduced for the example design. Consult the
Virtex-6 FPGA GTH Transceivers User Guide (LIG371) for details.
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MDIO

MDIO

BHAHHBHBHBHH BB R R R R R R R H
# MDIOrelated constraints #
HUBHH TR R R R R R R R R R R

I NST

"ten_gig_eth_pcs_pma_bl ock/ten_gig_eth_pcs_pma_core/ BU2/ U0/ * managenent
_inst/ndc_regl" | OB=TRUE;

I NST

"ten_gi g_eth_pcs_pma_bl ock/ten_gi g_eth_pcs_pma_cor e/ BU2/ U0/ * managenent
_inst/ndio_in_regl" | OB=TRUE;

I NST

"ten_gig_eth_pcs_pma_bl ock/ten_gig_eth_pcs_pma_core/ BU2/ U0/ * managenent
_inst/ndio_interface_1/ndio_out" | OB=TRUE;

I NST

"ten_gi g_eth_pcs_pma_bl ock/ten_gi g_et h_pcs_pma_cor e/ BU2/ U0/ * managenent
_inst/ndio_interface_1/ndio_tri" |1 OB=TRUE;

These constraints set the correct attributes for the registers at the edge of the MDIO block.
The TIMESPEC constrains the MDIO interface to 2.5 MHz. If you wish to overclock the
MDIO interface, you must alter this constraint.
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Chapter 8

Design Considerations

This chapter describes considerations that can apply in particular design cases.

Virtex-7/Kintex-7 FPGAS

Clocking

The clocking schemes in this section are illustrative only and can require customization for
a specific application.

Reference Clock

For Virtex®-7/Kintex™-7 FPGA GTX transceivers, the reference clock must be running at
161.1328125 MHz. (This number is abbreviated to 161.13 MHz henceforth).

Transceiver Placement

A single IBUFDS_GTE2 block is used to feed the reference clocks for all
GTXE2_CHANNEL transceivers, via a GTXE2_COMMON block.

For details about Virtex-7 /Kintex-7 FPGA transceiver clock distribution, see the section on
Clocking in the 7 Series GTH Transceivers User Guide (UG476).

Internal Client-Side Interface

The clocking scheme for the internal client interface is shown in Figure 8-1.

The GTXE2_CHANNEL primitives require a 161.13 MHz reference clock, as well as 161.13
MHz and 322.16 MHz TX and RX user clocks. The latter must be created from the 322.26
MHz TXOUTCLK and RXOUTCLK outputs from that block.

The 156.25 MHz user-logic clock rxclk156 must be created from the 161.13 MHz
RXUSRCLK?2 GTXE2 clock, in order to track small variations in receive data rates.

The 156.25 MHz user-logic clock clk156 must be created from the 161.13 MHz TXUSRCLK2
GTXE2 clock in order to keep the user logic and GTXE2 synchronous.

A dedicated management/configuration clock, dclk, is used by the user logic and the
GTXE2 and must be created from the clk156, at half the rate; that is: 78.125 MHz.
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Figure 8-1 shows a possible clocking architecture with a single GTXE2_CHANNEL block.

example design level

block level of core

13 MHz refclk_n/p

IBUFDS_GTE2
txclk161 [~ txusrclk2 S~ refelk gtrefclk0 161MHz
reusrolke L H-{ gplllockdetclkin 161MHz
rxclk161|=—== = qgplllockout
el
core k156 . clki56 T GTXE2_COMMON
=3
rxclk156| - rxclk156 %_g %
52
o9
delk |- dclk resets for MMCMs §=%
GT_USRCLK_SOURCE

CLOCK_MODULI
(CLOCK_MODULE
MMCM | L A1 txoutclkout 322MH:
] txusrclk2 <H z
MMCM xusrel D> txusrclk 322MHz
weaes|—| > —{———=clk156 DIV2|—=> txusrclk2 161MHz
MD" dclk ﬁ GTXE2_CHANNE
MMCM <]»7” rxoutclkout 300MHz
MMCM H rxusrelk2 > rxusrelk 322MHz
DIv2 4[> rxusrclk2 161MHz
xoares | >—f——rxclk156 CLOCK_MODULE
GT_WIZARD_10GBASER_GT
CLOCK_MODULE

GT_WIZARD_10GBASER

Figure 8-1: Clocking Scheme for Internal Client-Side Interface:
Virtex-7/Kintex-7 FPGAs

There are other possibilities for clock generation, including the use of a 156 MHz reference
clock which can save the MMCM used for clk156/dclk in Figure 8-1. This requires a
change to the QPLL_FBDIV_TOP parameter in the gtwizard_10gbaser file, to make that
'66’.

Virtex-6 FPGAs

Clocking

The clocking schemes in this section are illustrative only and can require customization for
a specific application.
Reference Clock

The Virtex-6 FPGA GTH transceivers typically use a reference clock of 156.25 MHz to
operate at a line rate of 10.3125 Gb/s.

Transceiver Placement

Common to all schemes shown is that a single IBUFDS_GTHE1 block is used to feed the
reference clocks for all GTH transceivers.

For details about Virtex-6 FPGA transceiver clock distribution, see the section on Clocking
in the Virtex-6 FPGA GTH Transceivers User Guide (UG371).
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Virtex-6 FPGAs

Internal Client-Side Interface

The clocking scheme for the internal client interface is shown in Figure 8-2.

The GTH transceiver primitives require a 156.25 MHz clock. The 156.25 MHz clock sourced
by the GTH transceiver is used as the clock for the netlist part of the 1I0GBASE-R core and
is typically also used for your logic.

A dedicated management/configuration clock is used by the GTH transceiver tiles. The
example design uses a 50 MHz clock. Choosing a different frequency is possible. See the
Virtex-6 FPGA GTH Transceivers User Guide (LIG371) for details about this clock.

Virtex-6

refclk p |BUFDS_GTHEL GTH
I\ refck 156.25 MHz
P REFCLK_IN
refclk_n
TXUSERCLKOUT
BUFG
10GBASER Core Netlist |I> TXUSERCLKIN
clk156
RXUSERCLKOUT
BUFG
[:> RXUSERCLKIN
rxclk156 DCLK
delk
BUFG
50MHz N\

Figure 8-2: Clock Scheme for Internal Client-Side Interface:
Virtex-6 HXT FPGAs
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Connecting Multiple Core Instances in Virtex-6 HXT FPGAs

To instantiate multiple cores, instantiate those in the 10GBASE-R block-level component,
multiple times. The clk156 clocking resources in the block level can be shared between
multiple cores, while the rxclk156 resources must appear once for each core.

Replace the vogth_wrapper by one with the same name but with up to 4 transceiver ports
exposed and then connect these to the I0GBASE-R cores and a single management arbiter

block.

Also shown in the diagram are a number of Ten Gigabit Ethernet MAC cores, to illustrate
the simplicity of connecting those to the 10GBASE-R cores, to the clock resources and to the
MDIO bus. The MDIO 3-state controls are not required for on-chip MDIO connections —
simply connect mdio_in on the I0GEMACs to mdio_out on the associated 10GBASE-R
cores, and vice versa. The 10GEMAC cores supply the MDC clock to the associated
10GBASE-R cores.

10GEMAC
Core

10GEMAC
Core

10GEMAC
Core

10GEMAC
Core

10GBASE-R
Core

10GBASE-R
Core

10GBASE-R
Core

10GBASE-R
Core

oupjjo1asnxl
0INOX|0IaSNXI
£ ounalesnxy
0mnoX|oIasnx]

Management
Arbiter

Figure 8-3: Attaching Multiple Cores to a GTH_QUAD Tile

See the Virtex-6 FPGA GTH Transceivers User Guide (LIG371) for details on sharing the
reference clock and any limitations.
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Using the DRP in Virtex-6 HXT FPGAs

The core, combined with the management arbiter block, accesses the GTH transceiver
internal registers through the MGMT interface to the GTH transceiver. To do this, the DRP
interface to the GTH transceiver must be disabled. This happens automatically when the
core wishes to access those registers.

Access to the DRP is still available to the user, by setting the drp_req pin on the
management arbiter, and waiting for the drp_gnt signal to be asserted before starting any
DRP access. This allows any MGMT interface accesses to complete before switching over
to the DRP interface and disabling the MGMT interface. The DRP interface is used
exclusively until drp_req is set low again.

Reset Circuits

All register resets within the 1I0GBASE-R core netlist are synchronized to the relevant clock
port.

Receiver Termination: Virtex-7/Kintex-7 FPGAS

The receiver termination must be set correctly. See the 7 Series FPGA GTH Transceivers User
Guide.

Receiver Termination: Virtex-6 FPGAS

The receiver termination must be set correctly. See the Virtex-6 FPGA GTH Transceivers User
Guide (UG371).
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Chapter 9

Implementing the Core

This chapter describes how to simulate and implement your design containing the
10GBASE-R core.

Pre-implementation Simulation

A unit delay gate-level model of the I0GBASE-R core netlist is provided as a CORE
Generator™ software output file. This can be used for simulation of the block in the design
phase of a project.

Using the Simulation Model

For information about setting up your simulator to use the pre-implemented model,
consult the Xilinx® Synthesis and Verification Design Guide, included in your Xilinx software
installation.

The unit delay gate-level model of the 1I0GBASE-R core can be found in the CORE
Generator software project directory. Details of the CORE Generator software outputs can
be found in Chapter 10, Detailed Example Design.

VHDL

conponent _narne. vhd

Verilog

conponent _nane. v
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Synthesis

XST: VHDL

In the CORE Generator software project directory, there is a conponent _nane. vho file
that is a component and instantiation template for the core. Use this to help instantiate the
10GBASE-R core into your VHDL source.

After your entire design is complete, create:

* AnXST project filet op_| evel _nodul e_nane. prj listing all your source code files

* An XST script filet op_| evel _nodul e_nane. scr containing your required
synthesis options

To synthesize the design, run:
$ xst -ifn top_l evel _nodul e_nane. scr

See the XST User Guide for details on creating project and synthesis script files and running
the xst program.

XST: Verilog

In the CORE Generator software project directory, there is a module declaration for the
10GBASE-R core at:

<proj ect _di rect ory>/ <conponent _nane>/ i npl enent/ conponent _nanme_nod. v
Use this module to help instance the 10GBASE-R core into your Verilog source.
After your entire design is complete, create:

e AnXST projectfilet op_| evel _npdul e_nane. prj listing all your source code files.
Make sure you include:

91 LI NX% veril og/ src/i SE/ uni si m conmp. v
and

<proj ect _di rect ory>/ <conponent _nane>/ i npl enent/ conponent _nanme_nod. v
as the first two files in the project list.

e An XST script filet op_| evel _nodul e_namne. scr containing your required
synthesis options.

To synthesize the design, run:
$ xst -ifn top_l evel _nodul e_nane. scr

See the XST User Guide for details about creating project and synthesis script files, and
running the xst program.
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Implementation

Generating the Xilinx Netlist

To generate the Xilinx netlist, the ngdbuild tool is used to translate and merge the
individual design netlists into a single design database, the NGD file. Also merged at this
stage is the User Constraints File (UCF) for the design. An example of the ngdbui | d
command is:

$ ngdbuil d top_l evel _nodul e_name_exanpl e_desi gn

Mapping the Design

To map the logic gates of your design netlist into the CLBs and IOBs of the FPGA, run the
map command. The map command writes out a physical design to an NCD file. An
example of the map command is:

$ nmap -o mapped. ncd top_| evel _nodul e_nanme_exanpl e_desi gn

Placing and Routing the Design

To place and route your design logic components (mapped physical logic cells) contained
within an NCD file in accordance with the layout and timing requirements specified in the
PCF file, the par command must be executed. The par command outputs the placed and
routed physical design to an NCD file. An example of the par command is:

$ par mapped. ncd rout ed mapped. pcf

Static Timing Analysis

To evaluate timing closure on a design and create a Timing Report file (TWR) derived from
static timing analysis of the Physical Design file (NCD), the t r ce command must be
executed. The analysis is typically based on constraints included in the optional PCF file.
An example of the t r ce command is:

$ trce -e 10 routed -0 routed mapped. pcf

Generating a Bitstream

To create the configuration bitstream (BIT) file based on the contents of a physical
implementation file (NCD), the bi t gen command must be executed. The BIT file defines
the behavior of the programmed FPGA. An example of the bi t gen command is:

$ bitgen routed.ncd routed. bit mapped. pcf
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Post-Implementation Simulation

The purpose of post-implementation simulation is to verify that the design as
implemented in the FPGA works as expected.

Generating a Simulation Model

To generate a chip-level simulation netlist for your design, the netgen command must be
run.

VHDL

$ netgen -sim-ofnt vhdl \
-pcf mapped. pcf \
-sim-dir .
-tmtop_l evel _nodul e_nane_exanpl e_desi gn \
rout ed. ncd rout ed. vhd

Verilog

$ netgen -sim-ofnt verilog \
- pcf mapped. pcf \
-sim-dir .\
-tmtop_| evel _nodul e_nanme_exanpl e_desi gn \
-sdf _anno fal se routed. ncd routed.v

Using the Model

For information on setting up your simulator to use the pre-implemented model, consult
the Xilinx Synthesis and Verification Design Guide, included in your Xilinx software
installation.

Other Implementation Information

For details about using the Xilinx implementation tool flow including command line
switches and options, consult the software manuals that came with your Xilinx ISE®
software.
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Chapter 10

Detailed Example Design

This chapter provides detailed information about the example design, including a
description of the files and the directory structure generated by the Xilinx® CORE
Generator™ software, the purpose and contents of the provided scripts, the contents of the
example HDL wrappers, and the operation of the demonstration test bench.

] <project directory>
Top-level project directory; name is user-defined.

[ <project directory>/<component name>
Core release notes file

] <component_name>/doc
Product documentation

] <component_name>/example_design
Verilog and VHDL design files

) <component_name>/implement
Implementation script files

) implement/results
Results directory, created after implementation scripts are run, and
contains implement script results
] <component_name>/simulation
Simulation scripts

1 simulation/functional
Functional simulation files
) simulation/timing
Timing simulation files
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Directory and File Contents

The core directories and their associated files are defined in the following sections.

<project directory>

The project directory contains all the CORE Generator software project files.

Table 10-1: Project Directory

Name

Description

<project_dir>

<Comp0nent_name> nge

A binary Xilinx implementation netlist.
Describes how the core is to be implemented.
Used as an input to the Xilinx
implementation tools.

<component_name>.v[hd]

VHDL or Verilog structural simulation
model. File used to support functional
simulation of a core.

<component_name>.Xco

As an output file, the XCO file is a log file
which records the settings used to generate a
particular core. An XCO file is generated by
the CORE Generator software for each core
that it creates in the current project directory.
An XCO file can also be used as an input to
the CORE Generator software.

<component_name>_flist.txt

List of files delivered with the core

<component_name>.{veo | vho}

A VHDL or Verilog template for the core.
This can be copied into your design.

Back to Top

<project directory>/<component name>

The <component name> directory contains the release notes file provided with the core,
which can include last-minute changes and updates.

Table 10-2: Component Name Directory

Name

Description

<project_dir>/<component_name>

ten_gig_eth_pcs_pma_readme.txt

Core release notes file

Back to Top
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<component_name>/doc

The doc directory contains the PDF documentation provided with the core.

Table 10-3: Doc Directory

Name

Description

<project_dir>/<component_name>/doc

ten_gig_eth_pcs_pma_ds739.pdf 10GBASE-R Data Sheet
ten_gig_eth_pcs_pma_ug692.pdf 10GBASE-R User Guide
Back to Top

<component_name>/example_design

The example design directory contains the example design files provided with the core.

Table 10-4: Example Design Directory

Name

Description

<project_dir>/<component_name>/example_design

<component_name>_block.v[hd]

Block entity containing the 10GBASE-
R core and transceiver wrappers

<component_name>_example_design.v[hd]

Top-level entity for the example
design containing the block level
design and clocking circuitry

<component_name>_example_design.ucf

User constraints file for the core and
example design

<component_name>_mod.v

Wrapper file for the 10GBASE-R core

management_arbiter.v[hd] (Virtex-6 FPGAs only)

Arbiter for multiple cores accessing
GTH_QUAD

legacy_config_shim.v[hd] (Virtex-6 FPGAs only)

Used to reproduce the original core
configuration vector bit numbering

legacy_status_shim.v[hd] (Virtex-6 FPGAs only)

Used to reproduce the original core
status vector bit numbering

Back to Top
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Virtex-7/Kintex-7 FPGAs

<component_name>/example_design/gtx

The gtx directory contains the example GTX transceiver wrappers which are provided
with the core.

Table 10-5: GTX Directory

Name Description

<project_dir>/<component_name>/example_design/gth

clock_module.v[hd] Wrappers and support files for the
gt_usrclk_source.v[hd] transceivers.
gtwizard_10gbaser.v[hd] These can be regenerated from the
gtwizard_10gbaser_gt.v[hd] latest GT_Wizard in the CORE

Generator tool, using the 10GBASE-R
Protocol and the component name
'GTWIZARD_10GBASER'

Back to Top

Virtex-6 FPGAS

<component_name>/example_design/gth

The gth directory contains the example GTH transceiver wrappers which are provided with
the core.

Table 10-6: GTH Directory

Name Description

<project_dir>/<component_name>/example_design/gth

vogth_wrapper.v[hd] Wrappers and support files for the
végth_wrapper_quad.v[hd] transceivers

vbgth_wrapper_gth_init.v[hd] These can be (re-)generated at any
végth_wrapper_gth_reset.v[hd] time from the latest Virtex-6 FPGA

GTH Wizard, using 'végth_wrapper'
as the component name. You can use
the xco file provided to regenerate the
latest version of the GTH transceiver
wrappers.

vogth_wrapper_gth_rx_pcs_cdr_reset.v[hd]
vogth_wrapper_gth_tx_pcs_reset.v[hd]
vogth_wrapper.xco

Back to Top
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<component_name>/implement

This directory contains the support files necessary for implementation of the example

design with the Xilinx tools. Execution of an implement script creates a results directory
and an XSt project directory.

Table 10-7: Implement Directory

Name Description

<project_dir>/<component_name>/implement

implement.bat Windows batch file that process the example

design through the Xilinx tool flow

implement.sh Linux shell script that processes the example

design through the Xilinx tool flow

xst.scr XST script file for the example design
xst.p1j XST project file for the example design
Back to Top

implement/results

This directory is created by the implement scripts and is used to run the example design
files and the <conponent _name>. ngc file through the Xilinx implementation tools. On
completion of an implement script, this directory contains the following files for timing
simulation. Output files from the Xilinx implementation tools can also be found in this
directory.

Table 10-8: Results Directory

Name Description
<project_dir>/<component_name>/implement/results
routed.v[hd] The back-annotated SimPrim-based VHDL
or Verilog design. Used for timing
simulation.
routed.sdf Timing information for simulation
Back to Top

<component_name>/simulation

The simulation directory and the subdirectories below it contain the files necessary to test
a VHDL or Verilog implementation of the example design.

Table 10-9: Simulation Directory

Name Description

<project_dir>/<component_name>/simulation

demo_tb.v[hd] The VHDL or Verilog demonstration test

bench for the 10GBASE-R core

Back to Top
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simulation/functional

The functional directory contains functional simulation scripts provided with the core.
Table 10-10: Functional Directory

Name

Description

<project_dir>/<component_name>/simulation/functional

simulate_mti.do

ModelSim macro file that compiles the
example design sources, the structural
simulation model and the demonstration test
bench then runs the functional simulation to
completion.

simulate_ncsim.sh

Linux shell script that compiles the example
design sources and the structural simulation
model then runs the functional simulation to
completion using the Cadence IES simulator.

simulate_vcs.sh (verilog only)

Linux shell script that compiles the example
design sources and the structural simulation
model then runs the functional simulation to
completion using VCS.

ucli_commands.key
(verilog only)

VCS command file. This file is called by the
simulate_vcs.sh script.

ves_session.tcl (verilog only)

VCS DVE tcl script that opens wave
windows and adds interesting signals to it.
This macro is used by the simulate_vcs.sh
script.

wave_mti.do

ModelSim macro file that opens a wave
window and adds interesting signals to it.
This macro is called by the simulate_mti.do
macro file.

wave_ncsim.sv

The Cadence IES simulator macro file that
opens a wave windows and adds interesting
signals to it. This macro is called by the
simulate_ncsim.sh script.

Back to Top
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simulation/timing

The timing directory contains timing simulation scripts provided with the core.
Table 10-11: Timing Directory

Name Description

<project_dir>/<component_name>/simulation/timing

simulate_mti.do ModelSim macro file that compiles the
timing simulation model and the
demonstration test bench then runs the
timing simulation to completion.

simulate_ncsim.sh Linux shell script that compiles the test bench
and the timing model then runs the timing
simulation to completion using the Cadence
IES simulator.

simulate_vcs.sh (verilog only) Linux shell script that compiles the example
design sources and the timing simulation
model then runs the timing simulation to
completion using VCS.

ucli_commands.key VCS command file. This file is called by the
(verilog only) simulate_vcs.sh script.
ves_session.tcl (verilog only) VCS DVE tcl script that opens wave

windows and adds interesting signals to it.
This macro is called by the simulate_vcs.sh
script.

wave_mti.do ModelSim macro file that opens a wave
window and adds interesting signals to it.
This macro is called by the simulate_mti.do
macro file.

wave_ncsim.sv The Cadence IES simulator macro file that
opens a wave windows and adds interesting
signals to it. This macro is called by the
simulate_ncsim.sh script.

Back to Top
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Implementation and Test Scripts

Implementation Script

The implementation script is either a shell script or batch file that processes the example
design through the Xilinx tool flow. The script is located at:

Linux

<proj ect _di r >/ <conponent _nane>/i npl enent/i npl enent . sh

Windows

<proj ect _di r >/ <conponent _nane>/i npl enent /i npl enent . bat
The implement script performs these steps:

¢ The example HDL wrapper is synthesized using XST.

¢ ngdbuild is run to consolidate the core netlist and the wrapper netlist into the NGD
file containing the entire design.

* The design is mapped to the target technology.

* The design is place-and-routed on the target device.

e Static timing analysis is performed on the routed design using trce.
* A bitstream is generated.

¢ netgen runs on the routed design to generate VHDL and Verilog netlists and timing
information in the form of SDF files.

The implement script is only generated when Full license is available for the 10GBASE-R
core.

Setting up for Simulation

The Xilinx UniSim library must be mapped into the simulator. If the library is not set up for
your environment, go to Answer Record 15338 for assistance compiling Xilinx simulation
models and for setting up the simulator environment.

All Virtex® FPGA designs require a Verilog LRM-IEEE 1364-2005 encryption-compliant
simulator. For a Verilog LRM-IEEE 1364-2005 encryption-compliant simulator, the
following simulators are supported.

* Mentor Graphics ModelSim version 6.6d
¢ Cadence Incisive Enterprise Simulator v10.2
* Synopsys VCS and VCS MX 2010.06
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Implementation and Test Scripts

Simulation Scripts

Simulation macro files are provided for ModelSim and shell scripts are provided for the
Cadence IES simulator and Synopsys VCS simulator. The scripts automate the simulation of
the test bench and can be found in the following location:

Functional

Timing

<proj ect _di r>/ <conponent _nane>/ si mul ati on/ functional /simulate_nti.do
<proj ect _di r >/ <conponent _name>/ si mul ati on/ functi onal / si mul at e_ncsi m sh
<proj ect _di r>/ <conponent _nane>/ si mul ati on/ functi onal / si mul ate_vcs. sh

<proj ect _di r >/ <conponent _nane>/ sinmul ati on/tim ng/sinulate_nti.do
<proj ect _di r>/ <conponent _nane>/ si nmul ati on/ti m ng/ si nul ate_ncsi m sh
<proj ect _di r >/ <conponent _nanme>/ si mul ati on/ti m ng/ simul ate_vcs. sh

The scripts perform these tasks:

Compiles the gate level netlist
Compiles the demonstration test bench

Starts a simulation of the test bench (with timing information if a Full-system
Evaluation license or Full license is in use)

Opens a Wave window and adds some interesting signals
(wave_nti.do/wave_ncsimsv/vcs_session.tcl)

Runs the simulation to completion

Libraries

The user must ensure that any required simulation support files are created in the
simulation/functional and/or simulation/timing directories. These can include library-
directory mappings such as those contained in the modelsim.ini file for ModelSim and
cds.lib and hdl.var files for IES.
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10GBASE-R Core

Example HDL Wrapper - Virtex-7/Kintex-7 FPGAs

In Figure 10-1, the example HDL wrapper generated contains the following;:

* The block-level instance containing the core, GT_USRCLK_SOURCE and
GTWIZARD_10GBASER blocks

* Reset synchronizer registers
e User clock generation

* DDR register on xgmii_rx_clk

example design level

GTXE2_COMMON|

GT_USRCLK_SOURCE

CLOCK_MODULE
CLOCK_MODULE

GTXE2_CHANNEL

CLOCK_MODULE CLOCK_MODULE

GT_WIZARD_10GBASER_GT

GT_WIZARD_10GBASER

Figure 10-1: Example HDL Wrapper for 10GBASE-R (Virtex-7/Kintex-7 FPGAS)
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Example HDL Wrapper (Virtex-6 FPGAS)

In Figure 10-2, the example HDL wrapper generated contains the following:

e The block-level instance containing the core, clock buffers and the transceiver
* Clock Buffer instance for DCLK
¢ Clock buffer for GTH transceiver reference clock

e DDR register on xgmii_rx_clk

Virtex-6 FPGA

component_name_example_design.vhd

component_name_block.vhd

v6gth_wrapper.vhd

v6gth_wrapper_quad.vhd

Transceiver

10GBASE-R Core

Management Arbiter

Figure 10-2: Example HDL Wrapper for 10GBASE-R (Virtex-6 FPGAS)
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Demonstration Test Bench

In Figure 10-3, the demonstration test bench is a simple VHDL or Verilog program to
exercise the example design and the core itself. This test bench consists of transactor
procedures or tasks that connect to the major ports of the example design, and a control
program that pushes frames of varying length and content through the design and checks
the values as they exit the core.

When the DUT is generated without the MDIO interface, a change from the previous
version of the core is to only connect the critical parts of the configuration and status
vectors to suitably-named 1/O signals, in the example design level. Also, for Virtex-6
FPGA designs, the numbering of bits on the configuration and status vectors has changed.
The rtl files legacy_config_shim and legacy_status_shim can be used to replicate the
original bit numbering.

Test Bench

Control and data structures

r
| |
: MDIO DUT '
I SMUIUS/ | i :
| Check |
: pr———-| ]0GBASE-R |
| XGMil-like . 1 Monitor :
I Stimulus 0
| G |
I 64-bit B I
I I/F A |
| S I
I —| XGMillke | E 10GBASE-R |— [
: Monitor Stimulus |
= |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: |

Figure 10-3: Demonstration Test Bench for 10GBASE-R
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Quick Start Example Design

Chapter 11

Introduction

This chapter provides instructions for generating a core using the default configuration,
implementing the example design, and simulating your design using Mentor Graphics
ModelSim version 6.6d, Cadence Incisive Enterprise Simulator (IES) v10.2, and Synopsys
VCS and VCS MX 2010.06.

Figure 11-1 illustrates the default configuration of the example design for Virtex-7/Kintex-

7 FPGAs.

|demo_tb

XGMII

<component_name>_example_design

\ 4

Stimulus

XGMII

10GBASER
Core

Monitor

<component_name>_block

-

Transceiver

10GBASER
Monitor

10GBASER
Stimulus

Figure 11-1: Virtex-7/Kintex-7 FPGA 10GBASE-R Example Design and Test Bench

The 10GBASE-R example design consists of the following:

e A 10GBASE-R core netlist

e Transceiver wrappers

e Anexample HDL wrapper

¢ A demonstration test bench to exercise the example design

The 10GBASE-R Design Example has been tested with Xilinx® ISE® software v13.1, Mentor
Graphics ModelSim v6.6d, Cadence Incisive Enterprise Simulator (IES) v10.2 and
Synopsys VCS and VCS MX 2010.06.
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Figure 11-2 illustrates the default configuration of the example design for Virtex-6 HXT
FPGAs.

|demo_tb

<component_name>_example_design

p 10GBASER

Monitor

10GBASER

|

|

| <component_name>_block
|

| XGMII o

| Stimulus ]

|

|

|

|

| 10GBASER Transceiver
I XGMII Core

I Monitor

| Management
[ Arbiter
| q

: MDIO

I Stimulus/

I Check

|

|

Stimulus

Generating the Core

To generate a 10GBASE-R core with default values using the CORE Generator™ software
do the following:

1.

Figure 11-2: Virtex-6 FPGA 10GBASE-R Example Design

and Test Bench with MDIO

Start the CORE Generator software.

For help starting and using the CORE Generator software, see the documentation
supplied with the ISE® software.

Choose File > New Project.

Type a directory name.

Perform these steps to set project options:

a. From the Part tab, select a silicon family, part, speed grade, and package that
supports the 10GBASE-R core, for example, Virtex®-6 FPGAs.

Note: If an unsupported silicon family is selected, the 10GBASE-R core does not appear in
the taxonomy tree. For a list of supported architectures, see the 10GBASE-R Data Sheet.

b. From the Generation tab, select VHDL or Verilog; for Vendor, select Other.

c.  On the Advanced tab, accept the default values.

After creating the project, locate the core in the taxonomy tree at the left side of the
CORE Generator software window. The 10GBASE-R core appears under these
categories:

¢ Communications & Networking/Ethernet

¢ Communications & Networking /Networking

¢ Communications & Networking /Telecommunications
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Implementing the 10GBASE-R Example Design

6. Double-click the core to open it. A message can appear warning you about the
limitations of the Simulation Only license, and then the 10GBASE-R customization
screen appears.

In the Component Name field, enter a name for the core instance.
Accept the remaining default options and click Generate to generate the core.

The core and its supporting files, including the example design, are generated in the
project directory. For a detailed description of the directory structure and files, see
Detailed Example Design in Chapter 10.

Implementing the 10GBASE-R Example Design

Linux

Windows

After the core is successfully generated, the netlist and example design HDL wrapper can
be processed through the Xilinx implementation tools. The generated outputs include
several scripts to assist in processing.

Open a command prompt or shell in your project directory and enter the following
commands:

% cd <conponent _nane>/i npl enent

% source ./inplenent.sh

> cd <conponent _name>\i npl enent
> i npl enent . bat
The implement command accomplishes the following:
e Starts a script to synthesize the example design HDL wrapper
* Builds, maps, and place-and-routes the example design (Full license only)
e Creates gate-level netlist HDL files with associated timing information (SDF files)

The created files are placed in the results directory which is created by the implement
script at run time.

Simulating the 10GBASE-R Example Design

The example design provided with the I0GBASE-R core provides a complete environment
which allows you to simulate the core and view the outputs. Scripts are provided for pre-
and post-implementation simulation. The simulation model is either in VHDL or Verilog
depending on the CORE Generator software Design Entry project option.

Setting up for Simulation

To run the gate-level simulation you must have the Xilinx Simulation Libraries compiled
for your system. See the Compiling Xilinx Simulation Libraries (COMPXLIB) in the Xilinx
ISE Synthesis and Verification Design Guide, and the Xilinx ISE Software Manuals and Help.
You can download these documents from:
www.xilinx.com/support/software_manuals.htm.
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The Xilinx simulation libraries must be mapped into the simulator. If the libraries are not
set for your environment, go to Answer Record 15338 on www.xilinx.com/support for
assistance compiling Xilinx simulation models and setting up the simulator environment.

All Virtex device designs require a Verilog LRM-IEEE 1364-2005 encryption-compliant
simulator. For a Verilog LRM-IEEE 1364-2005 encryption-compliant simulator, these
simulators are supported.

* Mentor Graphics ModelSim version 6.6d
e Cadence Incisive Enterprise Simulator v10.2
* Synopsys VCS and VCS MX 2010.06

Pre-Implementation Simulation

To run a functional simulation of the example design:
1. Open a command prompt or shell in your project directory and set the current
directory to
<conponent _nane>/si rmul ati on/ functi onal
2. Launch the simulation script:
Model SSm vsim-do simulate_nti.do
Cadence sim ./sinulate_ncsimsh
vcs: ./simulate_vcs. sh
The simulation script compiles the functional model and the demonstration test bench,
adds some relevant signals to a wave window, and then runs the simulation to completion.

You can then inspect the simulation transcript and waveform to observe the operation of
the core.

Post-Implementation Simulation

To run a timing simulation of the example design:
1. Open a command prompt or shell in your project directory, then set the current
directory to:
<conponent _nane>/si mul ation/tim ng
2. Launch the simulation script:
Model Sim vsim-do sinulate_nti.do
Cadence sim ./sinulate_ncsimsh
vcs: ./simulate_vcs. sh
The simulation script compiles the gate-level model and the demonstration test bench,
adds some relevant signals to a wave window, and then runs the simulation to completion.

You can then inspect the simulation transcript and waveform to observe the operation of
the core.

Additional Information

For details about the example design, including guidelines for modifying the design and
extending the test bench, see Chapter 10, Detailed Example Design.
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Appendix A

Verification and Interoperability

The 10GBASE-R core has been verified using simulation.

A highly parameterizable transaction-based simulation test suite has been used to verify
the core. Tests included:

* Register access over MDIO or Configuration/Status vectors
* Loss and re-gain of synchronization

¢ Loss and re-gain of alignment

¢ Frame transmission

* Frame reception

¢ Clock compensation

e Recovery from error conditions
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Core Latency

These measurements are for the core only; they do not include the latency through the
transceiver. The latency through the transceiver can be obtained from the relevant user
guide.

Virtex-7/Kintex-7 FPGAS

Transmit Path Latency

As measured from the input port xgmi i _t xd[ 63: 0] of the transmitter side XGMII (until
that data appears on gt _t xd[ 63: 0] on the transceiver interface), the latency through the
core for the internal XGMII interface configuration in the transmit direction is 9 periods of
clk156.

Receive Path Latency

Measured from the input into the core on gt _r xd[ 63: 0] until the data appears on

xgmi i _rxd[ 63: 0] of the receiver side XGMII interface, the latency through the core in
the receive direction is nominally equal to 26 cycles of rxclk156, including +/- 4 cycles in
the elastic buffer. The latency depends on sync bit alignment position and data positioning
within the transceiver 4-byte interface.

GTX Transceiver Latency

Latency through the GTX Transceiver in the transmit direction is nominally 5 cycles of
cl k156.

Latency through the GTX Transceiver in the receive direction is nominally 3 cycles of
r xcl k156 plus a number of bit-times between zero and 65, in the RX Alignment Buffer.

See the 7 Series GTX Transceivers User Guide (UG476) for information on the GTX
transceiver latency.

Virtex-6 HXT FPGAS

Transmit Path Latency

As measured from the input port xgmi i _t xd[ 63: 0] of the transmitter side XGMII (until
that data appears on gt _t xd[ 63: 0] on the transceiver interface), the latency through the
core for the internal XGMII interface configuration in the transmit direction is 2 clk periods
of the core input cl k156.
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Receive Path Latency

Measured from the input into the core on gt _r xd[ 63: 0] until the data appears on
xgmi i _rxd[ 63: 0] of the receiver side XGMII interface, the latency through the core in
the receive direction is nominally equal to 10 clock cycles of ¢l k156, +/- 4 cycles in the
elastic buffer. The latency depends on sync bit alignment position and data positioning
within the transceiver 4-byte interface.

GTH Latency

Latency through the GTH Transceiver in the transmit direction is nominally 5 cycles of
cl k156.

Latency through the GTH Transceiver in the receive direction is nominally 3 cycles of
r xcl k156 plus a number of bit-times between zero and 65, in the RX Alignment Buffer.

Total Latency

The total latency from xgmi i _t x toxgmi i _r X if the core is looped back at the serial ports
is (1320 + 0..65) Bit Times (BT). This meets the IEEE specification in clause 49.3.6.4 of a
maximum of 3586 BT.

With the Rx Elastic Buffer at its maximum fill level, the overall latency is (1584+0..65) BT.
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