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Overview

Chapter 1

KC724 IBERT Getting Started Guide

Overview

This document describes setting up the KC724 Kintex®-7 FPGA GTX Transceiver
Characterization Board to run the Integrated Bit Error Ratio Test (IBERT) demonstration
using the Vivado® Design Suite. The designs that are required to run the IBERT
demonstration are stored in a Secure Digital (SD) memory card that is provided with the
KC724 board. The demonstration shows the capabilities of the Kintex-7 XC7K325T FPGA
GTX transceiver.

The KC724 board is described in detail in the KC724 Kintex-7 FPGA GTX Transceiver
Characterization Board User Guide (UG932) [Ref 1].

The IBERT demonstrations operate one GTX Quad at a time. The procedure consists of:

® N G

Requirements

Setting Up the KC724 Board.

Extracting the Project Files.

Connecting the GTX Transceivers and Reference Clocks.
Configuring the FPGA.

Setting Up the Vivado Design Suite Software.

Starting the SuperClock-2 Module

Viewing GTX Transceiver Operation.

Closing the IBERT Demonstration.

The hardware and software required to run the GTX IBERT demonstrations are:

e KC724 Kintex-7 FPGA GTX Transceiver Characterization Board, including:

One SD card containing the IBERT demonstration designs
One Samtec BullsEye cable

Eight SMA female-to-female (F-F) adapters

Six 50€2 SMA terminators

GTX transceiver power supply module (installed on board)
SuperClock-2 module, Rev 1.0 (installed on board)

Active BGA Heatsink (installed on FPGA)

12V DC power adapter

USB cable, standard-A plug to micro-B plug
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¢ Host PC with:
® SD card reader
¢ USB ports
¢ Xilinx® Vivado Design Suite version 2013.3

The hardware and software required to rebuild the IBERT demonstration designs are:

¢ Xilinx Vivado Design Suite version 2013.3

e PC with a version of the Windows operating system supported by Xilinx Vivado
Design Suite

Setting Up the KC724 Board

This section describes how to set up the KC724 board.

Caution! The KC724 board can be damaged by electrostatic discharge (ESD). Follow standard
ESD prevention measures when handling the board.

When the KC724 board ships from the factory, it is configured for the GTX IBERT
demonstrations described in this document. If the board has been re-configured it must be
returned to the default set-up before running the IBERT demonstrations.

1. Move all jumpers and switches to their default positions. The default jumper and
switch positions are listed in the KC724 Kintex-7 FPGA GTX Transceiver Characterization
Board User Guide (UG932) [Ref 1].

Install the GTX transceiver power module by plugging it into connectors J66 and J97.
Install the SuperClock-2 module:

a. Align the three metal standoffs on the bottom side of the module with the three
mounting holes in the SUPERCLOCK-2 MODULE interface of the KC724 board.

b. Using three 4-40 x 0.25 inch screws, firmly screw down the module from the
bottom of the KC724 board.

¢.  On the SuperClock-2 module, place a jumper across pins 2-3 (2V5) of the
CONTROL VOLTAGE header, J18, and place another jumper across 51570 INH
header J11.

d. Screw down a 50Q2 SMA terminator onto each of the six unused Si5368 clock
output SMA connectors: J7, J8, J12, J15, J16 and J17.
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Extracting the Project Files

The Vivado Design Suite project files required to run the IBERT demonstrations are located
inrdf0184-kc724-ibert-2013-3. zip on the SD card provided with the KC724
board. They are also available online at:

Kintex-7 FPGA KC724 Characterization Kit website

The zip file contains these files:
e Bit Files
e kc724_ibert_gll5_125.bit
e kc724_ibert_qgll6_125.bit
e kc724_ibert_qgll7_125.bit
e kc724_ibert_gll8_125.bit
e Probe Files
e kc724_ibert_115_debug_nets.ltx
® kc724_ibert_116_debug_nets.ltx
e kc724_ibert_117_debug_nets.ltx
e kc724_ibert_118_debug_nets.ltx
e Tcl Scripts
e add_scm2.tcl
® setup_scm2_125_00.tcl

The Tcl scripts are used to help merge the IBERT and SuperClock-2 source code (described
in Creating the GTX IBERT Core) and to set up the SuperClock-2 module to run at
125.00 MHz (described in the Setting Up the Vivado Design Suite Software).

To copy the files from the Secure Digital memory card:

1. Connect the Secure Digital memory card to the host computer.

2. Locate the file rd£0184-kc724-ibert-2013-3 . zip on the Secure Digital memory
card.

3. Unzip the files to a working directory on the host computer.
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Running the GTX IBERT Demonstration

The GTX IBERT demonstration operates one GTX Quad at a time. This section describes
how to test GTX Quad 115. The remaining GTX Quads are tested following a similar series
of steps.

Connecting the GTX Transceivers and Reference Clocks

Figure 1-1 shows the locations for GTX transceiver Quads 115, 116, 117, and 118 on the
KC724 board.

Note: Figure 1-1 is for reference only and might not reflect the current revision of the board.

111
. B MOET 3
@

o (& o

QUAD115 QUAD116 QUAD117 QUAD118

UG931_c1_01_060313

Figure 1-1: GTX Quad Locations
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All GTX transceiver pins and reference clock pins are routed from the FPGA to a connector
pad which interfaces with Samtec BullsEye connectors. Figure 1-2 A shows the connector
pad. Figure 1-2 B shows the connector pinout.

GTX Connector Pad GTX Connector Pinout
UG931_c1_02_080812

Figure 1-2: A — GTX Connector Pad. B — GTX Connector Pinout

The SuperClock-2 module provides LVDS clock outputs for the GTX transceiver reference
clocks in the IBERT demonstrations. Figure 1-3 shows the locations of the differential clock
SMA connectors on the clock module which can be connected to the reference clock cables.

Note: Figure 1-3 is for reference only and might not reflect the current revision of the board.

SI570_CLK_P

K
@
5 p WP

Javs gl.llllmlll

HW-CLK-101

UG931_c1_03_080812

Figure 1-3: SuperClock-2 Module Output Clock SMA Locations

The four SMA pairs labeled CLKOUT provide LVDS clock outputs from the Si5368 clock
multiplier /jitter attenuator device on the clock module. The SMA pair labeled Si570_CLK
provides LVDS clock output from the Si570 programmable oscillator on the clock module.

Note: The Si570 oscillator does not support LVDS output on the Rev B and earlier revisions of the
SuperClock-2 module.

For the GTX IBERT demonstration, the output clock frequencies are preset to 125.000 MHz.
For more information on the SuperClock-2 module, see the HW-CLK-101-SCLK?2
SuperClock-2 Module User Guide (UG770) [Ref 2].
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Attach the GTX Quad Connector

Before connecting the BullsEye cable assembly to the board, firmly secure the blue
elastomer seal provided with the cable assembly to the bottom of the connector housing if
it is not already inserted (see Figure 1-4).

Note: Figure 1-4 is for reference only and might not reflect the current version of the connector.

UG931_c1_04_071812
Figure 1-4: BullsEye Connector with Elastomer Seal

Attach the Samtec BullsEye connector to GTX Quad 115 (Figure 1-5), aligning the two
indexing pins on the bottom of the connector with the guide holes on the board. Hold the
connector flush with the board and fasten it by tightening the two captive screws.

Figure 1-5: BullsEye Connector Attached to Quad 115
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GTX Transceiver Clock Connections

Refer to Figure 1-2, page 9 to identify the P and N coax cables that are connected to the
CLKO reference clock inputs. Connect these cables to the SuperClock-2 Module as follows:

e CLKO_P coax cable - SMA connector J7 (CLKOUT1_P) on the SuperClock-2 Module

¢ CLKO_N coax cable - SMA connector J8§ (CLKOUT1_N) on the SuperClock-2
Module

Note: Any one of the five differential outputs from the SuperClock-2 Module can be used to source
the GTX reference clock. CLKOUT1_P and CLKOUT1_N are used here as an example.

GTX TX/RX Loopback Connections

Refer to Figure 1-2, page 9 to identify the P and N coax cables that are connected to the four
receivers (RX0, RX1, RX2 and RX3) and the four transmitters (TX0, TX1, TX2 and TX3). Use
eight SMA female-to-female (F-F) adapters (Figure 1-6), to connect the transmit and
receive cables as shown in Figure 1-7:

e TX0_P— SMA F-F Adapter —» RX0_P
e TXO0_N — SMA F-F Adapter - RX0_N
e TX1_P— SMA F-F Adapter —» RX1_P
e TX1_N — SMA F-F Adapter » RX1_N
e TX2 P — SMA F-F Adapter - RX2_P
e TX2_N — SMA F-F Adapter » RX2_N
e TX3_P — SMA F-F Adapter - RX3_P
e TX3_N — SMA F-F Adapter - RX3_N

UG931_c1_06_080812

Figure 1-6: SMA F-F Adapter

TX Coax
SMA F-F Adapter
//—RX Coax :
. ” Are
we
‘ TN
RN ) .

X

UG931_c1_07_080812

Figure 1-7: TX-To-RX Loopback Connection Example
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Figure 1-8 shows the KC724 board with the cable connections required for the Quad 115
GTX IBERT demonstration.

(TX/RX Loopback Connections)

UG931_c1_08_080912

Figure 1-8: Cable Connections for Quad 115 GTX IBERT Demonstration

Configuring the FPGA

This section describes how to configure the FPGA using the SD card included with the
board. The FPGA can also be configured through ChipScope™ Pro or the Vivado Design
Suite using the . bit files available on the SD card and online (as collection
rdf0184-kc724-ibert-2013-3.zip) at:

Kintex-7 FPGA KC724 Characterization Kit website

To configure from the SD card:

1. Insert the SD card provided with the KC724 board into the SD card reader slot located
on the bottom-side (upper-right corner) of the KC724 board.

Plug the 12V output from the power adapter into connector ]2 on the KC724 board.

Connect the host computer to the KC724 board using a standard-A plug to micro-B
plug USB cable. The standard-A plug connects to a USB port on the host computer and
the micro-B plug connects to U8, the Digilent USB JTAG configuration port on the
KC724 board.

12 www.xilinx.com KC724 IBERT Getting Started Guide
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4. Select the GTX IBERT demonstration with the System ACE™ SD controller SASD CFG

switch, SW8. The setting on this 4-bit DIP switch (Figure 1-9) selects the file used to

configure the FPGA. A switch is in the ON position if set to the far right and in the OFF
position if set to the far left. For the Quad 115 GTX IBERT demonstration, set
ADR2 = ON, ADR1 = ON, and ADRO = ON. The MODE bit (switch position 4) is not
used and can be set either ON or OFF.

SASD CFG

SW8

ADRO
ADRH1
ADR2
MODE (Not Used)

UG931_c1_09_072412

Figure 1-9: Configuration Address DIP Switch (SW8)

There is one IBERT demonstration design for each GTX Quad on the KC724 board, for a

total of four IBERT designs. Four other demonstration designs are included that show

other board features (the use of these designs are described in the README file within the
SD card). All eight designs are organized and stored on the SD card as shown in Table 1-1.

Table 1-1: SD Card Contents and Configuration Addresses

Demg:;g:m" ADR2 | ADR1 ADRO
GTX Quad 115 ON ON ON
GTX Quad 116 ON ON OFF
GTX Quad 117 ON OFF ON
GTX Quad 118 ON OFF OFF
LED Scroll OFF ON ON
DIP Switches OFF ON OFF
Push Buttons OFF OFF ON
USB/UART OFF OFF OFF

5. Place the main power switch SW1 to the ON position.
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Setting Up the Vivado Design Suite Software

1. Start the Vivado Design Suite on the host computer and click Flow — Open Hardware
Manager (highlighted in Figure 1-10).

4 Vivado 20133 (=N TR )|

File | Flow | Tools Window Help

¥ Open Hardware Manager

VIVADO*™ XLINX

Getting Started Documentation
Create New Project === Documentation and Tutorials
New Project Wizard will guide you through the process ‘W Invaluable for first time users or to try new features.
of selecting design sources and a target device for L_ﬁ
a new project.
Open Project oy User Guide
Open one of the most recently used projects or More detailed info on Vivado commands, dialogs,
any previously created project. \ and buttons.
Open Example Project o Quick Take Videos
W
. An View a series of short videos on various topics from
Eoemelo e ahEE e % design flows overview to recommended methodology.
Manage 1P - Release Notes Guide

Open the IP Catalog and view available IP.
Create and customize IP to be used in a new project
or open previously customized IP to make changes.

Information about installation and new IDS features
in this release.

E Td Console

Open the hardware program and debug manager

UG931_c1_10_100413

Figure 1-10: Vivado Design Suite, Open Hardware Manager
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2. Inthe Hardware Manager window (Figure 1-11), click Open a new hardware target.

\ = EoR =
File Edit Flow Tools Window Layout Wiew Help |Q_v Search commands |
AP0 o Rk X KB Eempme < L8 KD
Hardware Manager - unconnected x|

@ Mo hardware target s open. Openrecent target [Open anew hardware target]

Hardware = mTES T
s x=Hrn»n

Name Status

< m | =
Properties P I .2 i
« [

—Owex
Name ™ RX Status Bits Err... BER BER... TXPattern RX Pattern TX Pre-Cursor  TX Post-Cur... TX Diff Swing DF... InjectError TXReset RXReset RXPLL Status
=+ Ungrouped Links (1)
it m + O
Tl Consale LD Messages-, % Links Scans

UG931_c1_11_100413

Figure 1-11: Open New Hardware Manager

3. An Open Hardware Target wizard opens. Click Next in the first window.

In the Vivado Design Suite CSE Server Name window, make sure localhost:60001
is entered for the server name. Click Next to open the server and connect to the Xilinx
TCF JTAG cable.
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5. In the Select Hardware Target window, the xilinx_tcf cable appears under Hardware
Targets, and the JTAG chain contents of the selected cable appear under Hardware

Devices (Figure 1-12). Select xilinx_tcf and click Next.

é.i Open New Hardware Target
Select Hardware Target

Select a hardware target from the list of available targets on the Vivado CSE Server (vcse_server).

Hardware Targets

(sl

Type Port ESN

i tcfl Ipigilent/2102033671174

Hardware Devices

Mame ID Code IR Length
& System_ACE_CF_D 0AD01093 8
@ ¥CTK325T_1 43651093 6

Server: localhost:60001, Version: 20

I < Back ]| Mext> |  Finish

Figure 1-12: Select Hardware Target

Cancel

UG931_c1_12_100413

6. In the Set Hardware Target Properties window, keep the defaults (15000000) and click
Next. In the Open Hardware Target Summary window, click Finish. The wizard closes

and the Vivado Design Suite opens the hardware target.
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Starting the SuperClock-2 Module

The IBERT demonstration designs use an integrated VIO core to control the clocks on the
SuperClock-2 module. The SuperClock-2 module features two clock-source components:

1) An always-on Si570 crystal oscillator and, 2) an Si5368 jitter-attenuating clock multiplier.

Outputs from either device can be used to drive the transceiver reference clocks. To start

the SuperClock-2 Module:

1. The Vivado Design Suite Hardware window shows the System ACE™ and the
XC7K325T device. The XC7K325T device will be reported as programmed when an SD

card is used to program the FPGA during power reset (Figure 1-13). If the SD card is

not available to program the XC7K235T device, select the device, and in the Hardware
Device Properties window, enter the file path to the programming and the probes files

associated with the Q115 IBERT design. The files are in the extracted IBERT files:

../example_ibert_kc724_115_125.bit

../ibert_kc724_115_125_debug_nets.ltx

4L Vivado 2013.3

File Edit Flow Tools Window Layout View Help
ii}' | @ o D‘;ﬁ b4 % |‘:} 99 serial 1/0 Analyzer ~|
| Hardware Manager - localhost/xilinx_tcf/Digilent/21020336 71174
(i) There are no serial Ij0 links, Create links Auto-detect links
Hardware —Owe =

Q= ([ERS vy E

Mame

= B localhost (1)
E-Be swline_tcf/Diglent /2102033671174 (2)

Status
Connected

Cpen

Mot programmed

< |

1 =

Hardware Device Properties — 0O v

L d 10

i XCTKI25T_1

ID code:
IR length:

Is programmable

43651093
6

IProgramming file:

m

e

IProbes file:

.. fexample_ibert_kc724_115_125_debug_nets.|tx I oy LS

User chain count:

1

4 =
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Chapter 1: KC724 IBERT Getting Started Guide

& XILINX.

2. In the Hardware window, right-click XC7K325T_1 and select Refresh Device
(Figure 1-14).

Note: If the FPGA was not programmed using the SD card, provide both the programming and
the probes files, and then select Program Device.

File Edit Flow Tools Window Layout View Help

AR E R X K G Eedomz= [ X% %|©

| Q- Search commands |

Hardware Manager - localhost/xiinx_tcf/Diglent/2102033571174

Refresh device

@ There are no debug oo(as.l Program device

< | n

Hardware O x
= s [

QT =Ep N

Name Status

=- B localhost (1) Connected

B Ee xiinx_tcf/Diglent/210203367117A (2) Open

 System_ACE_CF_0 (0) Not programmed
{Not programmed

< I =

Hardware Device Properties _Ow x|

« = [5[5]
 XCK325T_1

TR length: 3 -

[J]1= programmable

Programming file: | ..fexample_ibert_kc724_115_125.bit |[E H

Probes file: |..Jexample_ibert_kc724_115_125debug_nets. b |[-] i

User chain count: 4 =

General | Properties |
Links — 0w x
A || name ™ RX Status Bits Err... BER BER... TXPattern  RXPattern  TXPre-Cursor TXPost-Cur... TXDiffSwing  DF...

Inje

=]

Td Console LD Messages- Yy Links Scans

Figure 1-14: Program Device
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& XILINX.

Running the GTX IBERT Demonstration

3. Vivado Design Suite reports that the XC7K325T is programmed and displays the
SuperClock-2 VIO core and the IBERT core. To configure the SuperClock-2 module,

click Tools — Run Tcl Script (Figure 1-15). In the Run Script window, navigate to the
setup_scm2_125_00. tcl script in the extracted files and click OK.

#L Vivadn 21133
File  Edit  Flow Taolle’lndow Layout View Help

A2 o e b ' R @
:|.I-Ia|.1.iu.uaneMana | % Create and PackagelP...
@ There zre o 5 Run Tel Script...
[ @ P Edit Cirl+]
Hardware @ = soperty totor oLzl kA Debug Probes — O 2
a = %l@m B Cper Mew Target... = |
=t . =
S Cper Recent.Target tlﬂ —— =
- Program Device » | e L_sem2fu_vie_sde@_controlfizc_ade W
= B localrost (1) . i P Wiz d
E B xiinx_td e = L_scm2ju_vic_sd<2_controlfizc_done
= - g ‘& L_som2fi_vic_sck2_controlfizc_rd_data[7:0]
E @ﬁ L_scm2/fu_vic_sch2_controlfpzal_ctrl[5:0]
g f g U_scmZfL_wic_sd<_controljpcal_ctri[s:u]
- e T e u_som2fu_vie_sde@_tontrolfadl_in[3:0]
: islomee Lommancs . fiaes @ L_sem2fu_vic_sck2_controlfzdk_out[5:0]
Cptions... Y & u_som2fu_vio_sdk2_control(si5368_done
‘& L_som2fL_vic_sck2_control/si5368_freq[19:0] -
e U_SCNZfL_vic_scle_controlfsb /0_done 3
A Ll + O & L_scm2ji_vie_scld_contrel si570_freq[10:0]
- —trerees Y| E-iE L_som2fu_vic_sc2_controlfizc_dev_addr 7:0)
HadwaiEtllElPereWEs — D@ = @ L_stm2fu_vic_sc<2_controlfizc_noreg
&= -b|b| [% : [#-25 L_sam2fu_vic_sdk2_controliZc_reg_addr[7:0]
= @ L_SCMfu_vio_scl<_controlfizc_start
WS [0 =F v_sem2ju_vic_schk2_controlfiZc_wr_data[7:0]
Q, 58 L_som2fu_vie_sd«2_controlfpcal_ctrl_1[5:0]
= NAVIE 1 A [#-5§ L_scon2fu_vic_sd<?_controlfpral_ctrl_1[5:0] 3
f’ PART = g u_scm2fu_vie_sck2_controlfsdk2_reset
= INDEX 1 = I+-58 L_samdju_wic_scl<_controlfsdk_out_1[5:0]
iag IDCODE 43651003 m ﬂ L_:zmZJL_v?c_:szl_conhol,.’:z?S368_ndf:|r[6:0]
g, £ REGISTER [+h-28 L_scm2/fu_vic_sd«2_control/si5 368 _clkin[1:0]
: __J _____ — | @ u_stm2fu_vic_sc2_control/si5368_dkwr e
General | Properties | [#-25 L_scm2fu_vic_sd<2_control/si5368_dsbl[4:0] ]
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Figure 1-15: Run Tcl Script
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

4. To view the SuperClock-2 Module VIO core, drag the VIO probes from the Debug
Probes window to the VIO-hw_vio_1 window (Figure 1-16).

Note: The ROM address values for the Si5368 and Si570 devices (i.e., Si5368 ROM Addr and
Si570 ROM Addr) are preset to 19 to produce an output frequency of 125.000 MHz. Entering a
different ROM address changes the reference clock(s) frequency. The complete list of
pre-programmed SuperClock-2 frequencies and their associated ROM addresses is provided in
Table 1-2, page 24.

[
£
£
£
E

£} ’@ u_scm2fu_vio_sdk2, controlfsdk out[5 D]

At lu =cm2fu vio Qde control/si570 start

Debug Probes N o T Jﬁawo-hw_vinJ x| [
= = Z,| | VIO Praobes 2 0Ox
t-6g u_scm2fu_vio_sclk2_controlfpca_ctrl[5:0] - % Q, | Name value Activity Diraction VIO
t-t5 u_scm2fu_vio_sdk?_controlfpcal_ctri[5:0] = -

H-5 u_scm2fu_vio_sck2_controlfzsclk_in[8:0] E

u_scmZfu_vio_sdk2_control/si570_addr[5:0]
= u_scm2fu_vio_sdk?_controlfsi5368_start
E . \ u_scm2fu_vio_sdk2_controlfsi570_start
o . ‘HK
~a u_scm2/u_vio_sck?_controli2c_noreg - The Frequency for both clocks is set to 125 MHz
[-%g u_scm2fu_vio_sdk?2_controlfi2c_reg_addr[7:0]
g u_scm2fu_vio_sdk2_controlfi2c_start
%5 u_scm2fu_vio_sdk?_controlfi2c_wr_data[7:0]
(-5 u_scm2ju_vio_sclk?_controlfpcal_ctrl_1[5:0]
F-tg u_scm2fu_vio_sdk2_controlfpeal_cirl_1[5:0] =
-l U_scm2fu_» vio _=zclk2_controlfsck2_reset
E3 e "’dd’[" el —— - The ROM address value for the Si5368 and Si570
g u:smzfu:\ﬂo:sdkz_conh'oh’m5368_dkwr 7 is set to 19(125 MHZ)
-5 u_scm2fu_vio_sclk2_control/si5368_dsbl[4:0] /
i i Y
/ - Si5368 and Si570 start button (clock starts on rising edge)
i/ ---------

R Y

UG931_c1_16_101813

Figure 1-16: SuperClock-2 Module VIO
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& XILINX. Running the GTX IBERT Demonstration

5. To view the GTX transceiver operation, click Layout — Serial I/O Analyzer. From the
top of the Hardware Manager window, select Auto-Detect Links to display all
available links automatically. Links can also be created manually in the Links window
by right-clicking and selecting Create Links, or by clicking the Create Links button
(Figure 1-17).

42 Vivado 20133
File Edit Flow Tools Window Layout View Help

APl ovBRB X|g-l‘:} 09 serial I/ Analyzer P & BN

‘ Hardware Manager - localhost/xilinx_tcf/Digilentf2102033671174 X ‘
@ There are no serial I/C links. ICrEahe links IIAutn-detEct I\nksl
Hardware = B (s Debug Probes —_Oe ' VIO - hw_vio_1 X Ooe x

VIO Probes 2 0Ox

o T =[ER v |

Name Status B hw_vio_1 & Name Value Activity  Direction
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= e u_scm2fu_vio_sck2_controlfi2c_done : i
= Ble xdlinx_tcf/Digilent/210203367117A (2) Open % T 73 b +-15 u_scm2fu_vio_sck2_control/si570_freq[19:0] [U] 125000 Input
: -4 u_scm2fu_vio_sck2_contralfi2c_rd_data[7:0] i x
i System_ACE_CF_O Not programm & e G t-15 u_scm2fu_vio_sck2_control/si5368_addr[s:0] [U119 - Qutput
= XCTK3I25T_1( Programmed |= oiE u_sa'nZju_v!n_sdkz_cnnunljpca1_:11‘[5:0] H-g u_scm2fu_vio_sck2_control/si570_addr[s:0] [U] 19~ Output
E-5F IBERT i u_su'nzju_v!o_s _contralfpca £ (=01 -a u_sem2/fu_vio_sck2_control/si5368_start (o] Qutput
= ; #-1g u_scm2fu_vie_sck2_controlfsck_in[8:0] = -
B+ Quad_115 (5) g u_scm2fu_vio_sck2_control/si570_start (o] Output
) CO_MMO.N’KDYD Locked | 4 t-4g u_scm2fu_vio_sck2_control/sck_out[5:0]
= XD\‘O_ 102 RE: 1o u_sem2fu_vio_sck2_control/si5368_done
e e -4 u_sem2fu_vio_scka_control/si5368_freq[19:0] |
i = . a1l -1 u_sem2fu_vio_sck2_control/si570_done T
al 1} | [ =H o4 u_scm2fu_vio_sck2_contral/si570_freq[19:0]
""""" N 1 i-4g u_sem2ju_vio_sck2_controlfi2c_dev_addr[7:0]
S Core. P’?pemes —Hwe o u_scm2/fu_vio_sck2_control/iZc_noreg
& 5 &R -t u_scm2ju_vio_sck2_controlji2c_reg_addr[7:0]
e g u_scm2fu_vio_sck2_contrali2c_start
hw_vio_1 S 5
A i £-g u_scm2fu_vio_sck2_control/i2c_wr_data[7:0]
) F-tg u_scm2/fu_vio_sck2_control/pca0_ctrl_1[5:0]
Name: b1 715 u_scm2fu_vio_sck2_controljpcal_ctrl_1[5:0]

Refresh rate (ms): |500 -La u_sem2fu_vio_schk2_contral/sclk2_reset
£-g u_scm2/fu_vio_sck2_control/schk_out_1[5:0]
F-g u_scm2fu_vio_sck2_control/si5368_addr[6:0]
o5 u_scm2fu_vio_sck2_control/si53568_ckin[1:0]

— — - u_scn2fu_vio_sdk2_controlfsi5368_dkwr - 4 m =]
| General | Properties | o-4g u_som2fu_vio_sck2_controlfsisseB_dsblf0] = | | e
et IR b B
T RX Status Bits Err... BER BER... TX Pattern RX Pattern TX Pre-Cursor T Post-Cur... TX Diff Swing DF... InjectError TXReset RXReset
m =

“._ 3 Td Console ‘__'(3 Messages, % Links | [ 5cans |

UG931_c1_17_100413

Figure 1-17: Serial I/O Analyzer — Create Links
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

6. Iflinks are created manually, the Create Links window is displayed. The options in this
window are used to link any TX GT to any RX GT. To create links, select the TX GT and
RX GT from the two lists then click the Add (+) button. For this project, connect the
following links (Figure 1-18):

e MGT_X0Y0/TX to MGT_X0Y0/RX
e MGT_X0Y1/TX to MGT_X0Y1/RX
e MGT_X0Y2/TX to MGT_X0Y2/RX
e MGT_X0Y3/TX to MGT_X0Y3/RX

&‘_, Create Links @
|0| To create a new link select a TX and/for an RX, then press the Add (+) button,
oy
TX GTs RX GTs
Search: | O~ Search: | O~
News Links
Description TX RX
%, Link0 MGT_XOYO,/TX (Device: XCTK32 T 1) MGT_XOYO/RX (I
%y Link 1 MGT_X0Y 1/TX ) MGT_XOY 1/RX (I
g ; ; s : .
% Link 2 MGT_XO2/T% 1) MGT_X0Y2/RX (I
G, Link 3 MGT_X0Y3/T¥ (D 325T_1) MGT_XOY3/RX (Device: XCTK325T_ %

Link group description: | Link Group 0
[¥] Open Serial IfC Analyzer layout

[ OK ] [ Cancel

UG931 ci 18 100413

Figure 1-18: Create Links Window
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& XILINX.

Running the GTX IBERT Demonstration

Viewing GTX Transceiver Operation

After completing step 6 in Starting the SuperClock-2 Module, the IBERT demonstration is
configured and running. The status and test settings are displayed on the Links tab in the

Links window shown in Figure 1-19.

Note the line rate, TX differential output swing, and RX bit error count:

Figure

1-19).

Verify that there are no bit errors.

The line rate for all four GTX transceivers is 12.5 Gb/s (see MGT Link Status in

The GTX transmitter differential output swing is preset to 250 mV.

- Vivado 20133 [=[&@] =
File Edit Flow Tools Window Layout View Help Q- Search commands
AR DAR R XX G [Sedomye - KN D
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£ @e xiinx_tcf/Digilent/210203367117A (2) Open Ll iy “—szf“—“f%“‘k . con! df' o :‘: . o Ei5 u_sam2fu_vio_sck2_control/sis70_frea[19:0]  [U] 125000 Input tw_vio_1
@ System_ACE ( ) Mot programmed ®1a “—5‘"’2"“—"'°—’“k2—‘°””dﬁz‘-’ < I“’_[ 0] 545 u_sem2ju_vio_schk?_control/siS358_addr[6:0] [U] 19 Output b _vio_1
X agrammed i ”-""‘2"”-"!"-’;kg-“’"gmm“‘c’l—gl[::g] B4y u_sem2/u_vio_sck2_controlfsiS?0_addr[s:0]  [U] 19 ~ Output  hw_vio_1
5 IezRT B i “fs““z“f".'u duﬁtmm{p; < [a-[u]. 1 o u_sem2fu_vio_sck2_controljsis368 start  [B]0 ~ Output b vio_1
B+ Quad_115 () L g u_sem2fl_vio_scl2_contralscie_In[S: “a u_scm2/u_vio_sck2_control fsi570_start Blo ~ Output  hw_vio_1
[ COMMON_X0Y0 Locked E (a1 u_sem2/u_vio_sclk2_controlfscik_out[5:0]
By MGT_X0Y0 12.500 Gbps e u_scma/u_vio_sck2_control/si5368_dane
Ry MGT XOY1 12,500 Gipe 18 u_scm2/u_vio_sck2_contral/si5368_frea[12:0]
b MGT xOY2 zsoocs | | o u_scm2{u_vio_sck2_control/ei570_dane
B2y MGT_XOY3 12.500 Gbps L -5 u_sem2fu_vio_sck2_contral/sis70_freq[19:0]
62 hw_vio_1 oK c 18 u_scm2/u_vio_sclk2_controljic_dev_sddr[7:0]
« S— v i e u_sem2iu_vio_sck2_contralize noreg
! 14 u_scm2ju_vio_sck2_contraljize_reg_addr[7:0] L
Hardware Device Properties _oex || -~ a u_scm2/u_vio_sck2_controlfi2e_start
ST 514 u_sem2/u_vio_sch2_contralfize_wr_data[7:0]
+ »[E[E] 18 u_scm2/u_vio_sck2_controlfpcad_ctrl_1[5:0]
@ XCK32ST_1 B4g u_sem2/u_vio_sck2_contralfpca 1_ctrl_1[5:0]
a u_scm2/u_vio_sch2_contral/scka_reset
AME -5 u_scm2{u_vio_scha_contraljsck_out_1[5:0]
= 51 u_sem2/u_vio_sch2_control/si5368_addr [6:0]
= PART g u_sem2/u_vio_sck2_controlfsis368_ckin[1:0]
| MDEX P e u_semfu_vio_sclk2_control 55368 _clkwr
B meoe 43651093 -4 u_scm2/l_vio_sch_contralci5368_dsbl[4:0]
&|@regsR | a u_scm2/u_vio_sck2_controlj<i5368 reset
R_LENGTH 6 La u_scm2/u_vio_sck2_control/si5368_start
4 =
" bR cam conr 4 (18 u_scm2/u_vio_sck2_controljéiS70_addr[6:0]
e i [ u_sema/u_vio_scka_control siS70_idcode[5:0]
= = a u_scm2/u_vie_sch2_contral/sis70_recal =l
General [Properties| L a u_scm2fu_vio_sck2_contral/si570_start =]
Links —oex
A e ™ RX stos  |sis Erors |BER BERTReset |TXPattern  RxPattern T Pre-Cursor TXPostCursor  TXDiffSwing DF... TXReset RXReset ClL... CTLE... |RxPustatus xpuL]
T4 FoundLinks (4) Reset [|PRES 7bit ~ PRES 7hit ~ 1.67¢B(00111) ~ 0.68dB(00011) ~ 250mV.. = [7] Resst  Reset
| ~% Fond 0 MGT_XQYO/TX MGT_xv0/Rx [12.500 Gbps | 1.02%1 9778513 Reset  |PRES 7hit v PRES74it v 1678 (00111) ~ 0.68dB(00011) ~ 250mV.. v [ Reset  Reset Locked Locked
|G Found 1 MGT_XOY TX MGT_xov1Rx |12.500 Gbps | 1.02%1 9776613 Reset  |PRBS 7bit ~ PRES74it v 1678 (001i1) ~ 0.68dB(00011) = 250mv.. v [ Resst  Resst Locked Locked
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| % Found 3 MGT _XOY3/TX MGT xov3Rx |12.500 Gbps | 1.024€1 40826-11]  Reset  |PRES 7bit v PRES 7hit v 16708 (00111) ~ 0.68dB(00011) * 250mV.. v [/  Resst  Reset Locked Locked
&
[
54
Pl o it =)
|55 Tel Console | (> Messages. % Links | [&] Seans

Figure 1-19: GTX IBERT Console

In Case of RX Bit Errors

If there are initial bit errors after linking, or as a result of changing the TX or RX pattern,
click the respective BERT Reset button to zero the count.

If the MGT Link Status shows No Link for one or more transceivers, click the respective
TX Reset button followed by BERT Reset (Figure 1-19).
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Chapter 1: KC724 IBERT Getting Started Guide

& XILINX.

Closing the IBERT Demonstration

To stop the IBERT demonstration:

1.

Close the Vivado Design Suite by selecting File — EXxit.

2. Place the main power switch SW1 in the off position.

Additional information on the Vivado Design Suite can be found in Vivado Design Suite
User Guide: Programming and Debugging (UG908) [Ref 3].

SuperClock-2 Frequency Table

Table 1-2 lists the addresses for the frequencies that are programmed into the SuperClock-2
read-only-memory (ROM).

Table 1-2: Si570 and Si5368 Frequency Table

Address Protocol Fr?ﬁnl:-lezr)ncy Address Protocol Fr?ﬁntlx_'ezr)!cy Address Protocol Fr?lc\]nl:-lezr;cy
0 100GE/40GE/10 1 161130 30 OBSAI 307.200 60 XAUI 156.250
1 Aurora 81.250 31 OBSAI 614.400 61 XAUI 312.500
2 Aurora 162.500 32 0OC-48 19.440 62 XAUI 625.000
3 Aurora 325.000 33 OC-48 77.760 63 Generic 66.667
4 Aurora 650.000 34 0OC-48 155.520 64 Generic 133.333
5 CE111 173.370 35 0OC-48 311.040 65 Generic 166.667
6 CPRI™ 61.440 36 0OC-48 622.080 66 Generic 266.667
7 CPRI 122.880 37 OTU-1 166.629 67 Generic 333.333
8 CPRI 153.630 38 OTU-1 333.257 68 Generic 533.333
9 CPRI 245.760 39 OTU-1 666.514 69 Generic 644.000
10 CPRI 491.520 40 OTU-1 666.750 70 Generic 666.667
11 Display Port 67.500 41 OTU-2 167.330 71 Generic 205.000
12 Display Port 81.000 42 OTU-2 669.310 72 Generic 210.000
13 Display Port 135.000 43 OTU-3 168.050 73 Generic 215.000
14 Display Port 162.000 44 OTU-4 174.690 74 Generic 220.000
15 Fibrechannel 106.250 45 PCle® 100.000 75 Generic 225.000
16 Fibrechannel 212.500 46 PCle 125.000 76 Generic 230.000
17 Fibrechannel 425.000 47 PCle 250.000 77 Generic 235.000
18 GigE 62.500 48 SATA 75.000 78 Generic 240.000
19 GigE 125.000 49 SATA 150.000 79 Generic 245.000
20 GigE 250.000 50 SATA 300.000 80 Generic 250.000
21 GigE 500.000 51 SATA 600.000 81 Generic 255.000
22 GPON 187.500 52 SDI 74.250 82 Generic 260.000
23 Interlaken 132.813 53 SDI 148.500 83 Generic 265.000
24 Interlaken 195.313 54 SDI 297.000 84 Generic 270.000
24 www.xilinx.com KC724 IBERT Getting Started Guide
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& XILINX.

SuperClock-2 Frequency Table

Table 1-2: Si570 and Si5368 Frequency Table (Contd)

Address Protocol Frtznqnlll_'ezr)lcy Address Protocol Fr((alc\]nl:'ezr)\ cy Address Protocol Frtz'?nlll_'ezr)lcy
25 Interlaken 265.625 55 SDI 594.000 85 Generic 275.000
26 Interlaken 390.625 56 SMPTE435M 167.063 86 Generic 280.000
27 Interlaken 531.250 57 SMPTE435M 334.125 87 Generic 285.000
28 OBSAI 76.800 58 SMPTE435M 668.250 88 Generic 290.000
29 OBSAI 153.600 59 XAUI 78.125 89 Generic 295.000
90 Generic 300.000 103 Generic 365.000 116 Generic 430.000
91 Generic 305.000 104 Generic 370.000 117 Generic 435.000
92 Generic 310.000 105 Generic 375.000 118 Generic 440.000
93 Generic 315.000 106 Generic 380.000 119 Generic 445.000
94 Generic 320.000 107 Generic 385.000 120 Generic 450.000
95 Generic 325.000 108 Generic 390.000 121 Generic 455.000
96 Generic 330.000 109 Generic 395.000 122 Generic 460.000
97 Generic 335.000 110 Generic 400.000 123 Generic 465.000
98 Generic 340.000 111 Generic 405.000 124 Generic 470.000
99 Generic 345.000 112 Generic 410.000 125 Generic 475.000

100 Generic 350.000 113 Generic 415.000 126 Generic 480.000
101 Generic 355.000 114 Generic 420.000 127 Generic 485.000
102 Generic 360.000 115 Generic 425.000
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

Creating the GTX IBERT Core

The Vivado Design Suite 2013.2 or higher is required to rebuild the designs shown here.

This section provides a procedure to create a single Quad GTX IBERT core with integrated
SuperClock-2 controller. The procedure assumes Quad 115 and 12.5 Gb/s line rate, but

cores for any of the GTX Quads with any supported line rate can be created following the
same series of steps.

For more details on generating IBERT cores, see Vivado Design Suite User Guide:
Programming and Debugging (UG908) [Ref 3].

1. Start the Vivado Design Suite.

2. Inthe Vivado Design Suite window, click Manage IP (highlighted in Figure 1-20) and
select New IP Location.

Vivado 2013.3

o e

low  Tools Window Help

VIVADO \‘ XILINX

Cetting Started Documentation
Create New Project = Documentation and Tutorials

New Project Wizard will guide you through the process Invaluakle for first time users or to try new features
of selecting design sources and a target dewice for LS

a new praject

/“ ""‘
\ &
Open Project [.' 2 User Guide
L\ Open one of the most recenthy used projects or . \J More detailed info on ¥ivado commands, dialogs,
\ any previously created project. \ oY and buttons

™,

©Open Example Project W Quick Take Videos

A\
¥
Open one of the tutarial projects A i Wiew a series of short videos on various topics from
: design flows owerview to recommended methodalogy.

=
&

Manage IP Release Notes Guide
Ol e AR Infarmation about installation and new IDS features

Create and customize IP to be used in a new project in this release

or open previously customized IP to make changes.

2 Tal Consale

UGY31_c1_20_100413

Figure 1-20: Vivado Design Suite Initial Window

3. When the Create a New Customized IP Location dialog window opens (not shown),
click Next.
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& XILINX.

Creating the GTX IBERT Core

4. Inthe Manage IP Settings window, select a part by clicking the (...) button next to the
Part field. A Select Device window is displayed. Use the drop-down menu items to
narrow the choices. Select the xc7k325tffg900-3 device (Figure 1-21). Click OK.

Specify Filter

Product category|

All

hd Package |ffgaod

* | Speed grade [-2

@ Boards EarnikyfKintex-7
Sub-Family§ Al Remaining * | Temp grade [All Remaining hd
| Feset All Filters
Search: | |
10 Pin Auailable LuT ; Block Gh CTXE2
Pl Count I0Bs Elerments ‘ AIERIEDS FLAM 5 ‘ DS Transceivers | Transceivers
I EDDE S0 S0 02800 40 800 445 40 1e le
WOy R4 LOTTg900— 200 S0 234200 E0E400 95 1540 1e le
4] T | [ ]
Ok ] | Cancel
UG931_c1_21_060313
Figure 1-21: Select Device
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

5. Back on the Manage IP Catalog window, select Verilog for Target language, Vivado
Simulator for Target simulator, Mixed for Simulator language, and a directory to save
the customized IP (Figure 1-22). Click Finish.

[v| [ New IP Location : [%]
Manage IP Settings
Set options for creating and generating IP. ‘:L
Fart: [ xc7K3Z511Mg900-3 (active) | (]
Target language: |Veri|og = |

Target simulator: |Vi\rad0 Simulator

Simulator language: |M ixed

IF location: |jh0mefkc?24_iben ||:J

| < Back “ Mext > ||| Einish H| Cancel

UG931_c1_22_100413

Figure 1-22: Manage IP Setting
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& XILINX. Creating the GTX IBERT Core

6. In the IP Catalog window, open the Debug & Verification folder, open the Debug
folder, and double-click IBERT 7 Series GTX (Figure 1-23).

Eile Edit Tools Window Layout  Wiew Help
AR ok X | H X S |% Default Layout - | e %k ©
iF IP Catalog X
3l search: | |
Marre 1] A4 | status | License
= Automotive & Industrial
[ A% Infrastructure
= BaselP
= Basic Elements
(= Communication & Networking
= Debug & Yerification
&~ Dehug
|-LF IBERT 7 Series GTX | Production  Included |
HiF IL.&(Imegr;ﬁed Lagic Anakzer) Praduction  Included
p —4F |TAG to AXI Master A4 Production  Included
- L4k w10 (virtual Input/Output) Production  Included
ﬁ (= Digital Signal Processing
= Embedded Processing
= FPCA Features and Design
[= Math Functions
= Memoaries & Storage Elements
[ 5tandard Bus Interfaces
= Wideo & Image Processing

E—E—E—E—E—E

Details
Marme: IBERT 7 Series GTX
YWersion: 2.0 (Fev. 2)

Description:  The IBERT 7 Series CTX core is customizahle and designed for ewaluating and manitoring 7 £
access to ports and the dynamic reconfiguration port attributes of the STX transceivers. Com
Fun-time interaction with this care regquires the use of the Yivado serial 1f0 anak=zer feature.

UG931_c1_23_100413

Figure 1-23: IP Catalog
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Chapter 1: KC724 IBERT Getting Started Guide

& XILINX.

7. A Customize IP window opens. In the Protocol Definition tab, change
LineRate(Gb/s) to 12.5 and change Refclk (MHz) to 125.00. Keep defaults for other
fields (Figure 1-24).

Customize IP
IBERT 7 Series GTX (3.0) ':\;
@ Dacumentation [ IP Lacation £ Switch to Defaults
[V Show disabled ports Compaonent Mame |ibent_kc¥24 _gll5_125 |
El Protocol Definition  Frotocol Selection | Clock Settings  Summary
Silicon Wersian
@ General E5/Production
O Initial ES
The maximum number of quads available for this device is 4
Nurnber of Protocals
Protocal | LineRate(Ghpsy | Dartawicth | RefclkiMHz) |  Quad Count |  QuadPLL |

Custom 1 v [l  [EE ~ [125.000 > [: - @
RXMN_I[3:0]
RXP_I[3:0] TEM_O[3:0] =
CTREFCLEO_I[C:OITHP_O[3:0] f=
GTREFCLKL_I[CRMOUTCLK _Cp=
SYSCLE_|

[ [I+]
ox__|[ cancel
UG931_c1_24_100413
Figure 1-24: Customize IP - Protocol Definition
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& XILINX. Creating the GTX IBERT Core

8. In the Protocol Selection tab, use the Protocol Selected drop-down menu next to
QUAD_115 to select Custom 1/ 12.5 Gbps (Figure 1-25).

Customize IP 7 ’
IBERT 7 Series GTX (3.0) ‘:\;
@ Dacumentation [ IP Lacation £ Switch to Defaults
¥ Show disabled ports Companent Mame [iben_kc724_q115_125 |
El Protocol Definition Protocol Selection  Clock Settings = Summany
Flease select Protocol-Cuad cambination
GTX Location Frotocol Selected Refclk Selection TXUSECLK Source
QUAD_115 Custorn 1 12.5 Ghps > IIMCTREFCLKO 115 Channel 0 .
quUAD_116 lone > [IMone Channel &
QuUAD_117 Mone > ((Mone Channel 0
QuUAD 118 Mone = ((Mone Channel 0
RXMN_I[3:0]
RXP_I[3:0] TEM_O[3:0] =
CTREFCLEO_I[C:OITHP_O[3:0] f=
GTREFCLKL _[[CRACQUTCLK _C =
SYSCLE_|
Kl 163
[ ox | | Cancel

UG931_c1_25_100413

Figure 1-25: Customize IP-Protocol Selection
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Chapter 1: KC724 IBERT Getting Started Guide

& XILINX.

9. Inthe Clock Settings tab, select DIFF SSTL15 for the I/O Standard, enter C25 for the
P Package Pin, enter B25 for the N Package Pin (the FPGA pins that the system clock
connects to), and make sure the Frequency (MHz) is set to 200.00 (Figure 1-26). Click
OK. Click Generate in the next window to generate the output products.

IBERT 7 Series GTX (3.0)
@ Dacumentation [ IP Lacation £ Switch to Defaults
[ show disabled parts
[=]
RAXN_I[3:0]
RXP_I[3:0] THN_O[3:0]p=
GTREFCLKO_I[C:O]TXP_O[3:0] =
GTREFCLK 1 _I[CRAQUTCLK _Of=
STSELK |
[ [1~]

Customize IP

Component Mame |ibert_ke724_gl15_125

Protocol Definition  Protocol Selection Clock Settings = Summany

RXOUTCLE Probe

[ Add R¥OUTCLK Probes

|__P Package Pin b Package Pin Ereouencyitbz)
B2S 200,00

Clock Type | quree | 10 Standard
System Clock |External - |[DIFF 55TL1S - |[C2s

system Clock Termination Settings

[] Enabile DIFF Term

ox__|[ cancel

UG931_c1_26_100413

Figure 1-26: Customize IP — Clock Settings
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& XILINX. Creating the GTX IBERT Core

10. Back on the Manage IP Catalog window, in the Sources window, right-click the IBERT
IP and select Open IP Example Design (Figure 1-27). Specify a location to save the
design, click OK, and the design opens in a new Vivado Design Suite window.

File Edit Tools Window Layout  Yiew Help

g2 0 ) o8B {';,}l% Diefault Layout - | e % | ©
Sources I S {F IP Catalog X
A= B # search: | |
Q- 1P L) el Narme 1] A4 [ status | License
@0 iber_ke724_gl15_125 (2 [ &= Automotive & Industrial
¥ Instantiation Template (1] & Source File Properties. .. Ctri+E  [Infrastructure
ynthesis (1 b
T Synthesis (1) {¥ Re-custamize IP... FIP
C Elements

Generate Qutput Products... Fnunication & Metwarking

Reset Qutput Products. .. ug & Werification

Upgrade IP... ehug
¥ Open IP Example Design... IBERT 7 eries GTX AROGIGITA {ITEIVEEE

IP Cocumentation ' 3 ;I__ri((:llntt;i)(raltemdals_tojlt Al A4 12:2333:22 :EE:EE:EE:
18 Report IP Status... F IO (virtual Input/Output) Production  Included
3 Remove IP from Project..  Delete @l Signal Processing

edded Processing

set File Type... i Features and Design
Set Used In... Functions
| (= Memaries & Starage Elements
(= Standard Bus Interfaces
IP Sources [= Wideo & Image Processing
Source File Properties —_ O @ =
« » %[k ] Details
& ibert_ke724_g115_125 xci Marne: IBERT 7 Series GTX
X - Wearsion: 3.0 (Rewv. 2
IP hame: IBERT 7 Series GTX o . ) ) ) )

o Description:  The IBEET 7 Series GTX core is customizahle and designed for evaluating and mon
‘ersion: 3.0 (Rev. 2} generators and checkers that are implernented in FPGA logic, and access to pons &
Part status:  Production transceivers. Communication logic is also included to allow the design to be run-tin
License: Included interaction with this core requires the use of the ¥Yivado serial I/ analyzer feature.
Ve Xiling, Inc. Status: Production
IP lirary: in License: Included
P state: s Change Log: “iew Change Lo
Description:  The IBERT 7 Series GTX core is customizable ar Vendor: Hilinx, Inc.

evaluating and monitaring 7 Series FPCA CT. lﬂ WL silinx. com:ipiibent_7series_gtx:3.0
4
Fepository.  fprojfxbuilds /20123 _daiky_latestfinstallsfling4 vivado 2012 3/ datajip
General Properties IP

UG931_c1_27_100413

Figure 1-27: Open Example Design
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

11. In the new window, select Tools — Run Tcl Script. In the Run Script window,
navigate to add_scm2 . tcl in the extracted files and click OK. The SuperClock-2
Module Design Sources and Constraints are automatically added to the example
design (Figure 1-28).

Project Manager - ibert_kc724 q115_125_example

Sources O x
M~ o e .

A= ek R

[ Design Sources (2)

i - example_ibert_kc724 q115_125 (example_bert ko724 q115_125.0) (1)

[H-48 top_sem2 (top_scmy) (2)
+-I= Constraints (2]

B Simulation Sources (4)

Hierarchy | IP Sources | Libraries | Compile Order

&4 Sources | % Templates

Properties I |

« =»|% k

UG931_c1_28_100413

Figure 1-28: Sources After Running Add_scm2.tcl
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& XILINX. Creating the GTX IBERT Core

12. The SuperClock-2 source code needs to be added to the example IBERT wrapper.
Double-click example_kc724_ibert_gll5_125.v in Design Sources to open the
Verilog code of the example. Add the top-level ports from top_scm2 . v to the module
declaration and instantiate the top_scm2 module in the example IBERT wrapper
(Figure 1-29). The code is also available in scm2_merge_source. txt. Click File —

Save File.
E Project Summary X @@ example_kc7 24 _ibert_ql15_125v * X O x
[:E _125 _examplefke724 ibert_gll5_125 _example.srcs/sources_1fimportsfexample_designfexample_kc724_ibert_glls_125.v
30 dinput  [CC_REFCLKS_USED-1:0] GTREFCLKOP_I, -
ER| 31 dnput [ C_REFCLKS_USED-1:0] GTREFCLKON_T,
@n| 32 dinput [CC_REFCLKS_LSED-1:0] GTREFCLKLP_T,
v | 33 dnput  [CC_REFCLES_USED-1:0] GTREFCLELIN_T,
1% 351 A/SuperClock-2 Module Top Lewel Ports
input [2:0] usrclk_p,
input [2:0] usrclk_n,
inout iZc_sda,
inout idc_scl,
output [5:0] sclk_out, ]
input [B:0] sclk_in,
| 42 output [2:0] sclk_clk_p,
| 43| outpur [2:0] sclk_clkon
| 44 3;
s LEN
? 46  /F Ibert refclk internal signals
[ I . _
48 wire [C_WUM_0UADRS-1:0] gtrefclki_i;
? 48 wire [ NUM_QUADS-1:07] gtrefclkl_i;
50 wire ["C_REFCLES_USED=-1:0] refclko_i;
i 51 wire [ C_REFCLKS_USED-1:0] refclkl_i;
52 wire SweClk_i;
53 L
54 £
55 AfsuperClock-2 Module instantiation
36 I
57 top_scm2 u_scm2
o8 i
58 Lewsclk_i(swsclk_i]),
a1l Lusrclk_plfusrclkpd,
6l Lusrclk_nfusrclkony,
62 Ji2c_sdafi2c_sda),
63 Ji2c_scl{iz2c_scly,
&4 LsClk_out{sclk_outh,
65 LsClk_in(sclk_ind,
2] Lsclk_clk_p{sclk_clk_p),
a7 LsCTk_cTk niscTk_clk_n}
68 3
i)
70/ Refclk IBUFDS instantiations
o
[4] [

UG931_c1_29_060313

Figure 1-29: SuperClock-2 in the Example IBERT Wrapper
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Chapter 1: KC724 IBERT Getting Started Guide

& XILINX.

13. In the Sources window, Design Sources should reflect that the SuperClock-2 module is
part of the example IBERT design. Right-click the u_scm2 level (top_scm?2) and select
Set As Out-of-Context Module (Figure 1-30). Click OK in the Set as Out-of-Context
Module window that appears.

Project Manager - bert_kc724_115_125_example

Sources

— 012 % || [ZProject

AT et RE R
=I-i57 Design Sources (1) '._‘3—.:.’ Proiect
@& example_ibert_kc724_115_125 (example_ibert_kc724_115_125.v) (2) e
=R ]u_scm?2 - top_scm2 (top_sam2.v) (g Rraduct
(@B u_freq_counter - freq_counter| (@ Source Node Properties... Ctrl+E
i".\,@' LJ_\"iO_SClk?_EOﬂtI’ﬂ i VjD_Sde_ = OpEI’! File Alt+0
& u_jbert_core - ibert_kc724_115_12) -
#-1 Constraints (2 Replace File...
- Simulation Sources (3) 8| ConvElel
'-\_C:. = =L
ile Ire Alt+]
A Remove File from Project... Delete
"Hierarchy | IP Sources | Libraries | Compie Ord Enable Fils Alt+Equals
éob Sou L ? Templates T Disable File Alt+Minus
Move to Simulation 5o
Source File Properties
= Hierarchy Update b
+ %k :
= @ Refresh Hierarchy
¥8 top_som2.v :
IP Hierarchy 4
Location: h:fIBERT/IBERT_2013_ g Setas Top
Type: [veriog | [=] Set Global Include
Part: xcTh325tffg500-3 Set as Out-of-Context Module, .. ]
Library: work - B Set Library... Alt+L
< i Set File Type...
:-aenera_l_ Properties Set Uzed In...
Desion Bina Edit Constraints Sets,.,
Edit Simulation Sets...
O\ Mame Par
| o e synth_1 wer| B Add Sources... Alt+A
= = impl_L xc7H Go To Source F7

UG931_c1_30_100413

Figure 1-30: Set As Out-Of-Context Module
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& XILINX.

Creating the GTX IBERT Core

14. Next, synthesize the Out-Of-Context Module only. In the Design Runs window,
right-click top_scm2_synth_1 Synthesis Run under Out-of-Context Module Runs
and select Launch Runs (Figure 1-31). In the Launch Selected Runs window, keep the
defaults and click OK.

Project Manager - ibert_kc724_115_125_example x
Design Runs

Name
=I'=> synth_1 (actve)
= impl_1 (active)

LLAGZLHBHA

4|

her T3 SHFRS00-3

Part Constraints Strategy Status

Vivado Synthesis Defaults (Vivado Synthesis 2013) Not started | 0%
Vivado Implementation Defaults (Vivado Implementation 2013) Not started 0%

otsaried J—0% | |

Progress Start

xc7k325Hfg900-3 constrs_1
xc7k325Hfg900-3 constrs_1

tn som

iuadn Sunthesis Defaults (Vivado Synthesis 2013)

Synthesis Run Properties... Ctrl+E

Delete

Change Run Settings...
Save As Strategy...

Launch Runs... I

zfe

iy ] @ B W 2 ¥

¥ 5L ¥ O

lecet Runs

Launch Mext Step: synth_design
Qpen Elaborated Design

Dpen Synt d Design

Display Run Log
Display Run Repoits
Display Run Messages
Create Runs...

Export to Spreadshest...

1 &=

3 -2 7d Console | O Messages | CdLog | [2 Reports , 5 Design Runs |

UG931_c1_31_100413

Figure 1-31: Synthesize Out-Of-Context Module
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

15. When the top_scm?2 synthesis is done, click Run Synthesis in the Project Manager
window (Figure 1-32), to synthesize the rest of the design.

4 Project Manager
ﬁ Project Settings
Oﬁ Add Sources
1F 1P Catalog

» IP Integrator
» Simulation
» RTL Analysis

4 Synthesis
ﬁ Synthesis Settings
I $- Run Synthesis I
> [ Open Synthesized Design

»  Implementation

» Program and Debug

Figure 1-32: Project Manager Window

16. When the synthesis is done a Synthesis Completed window opens. Select Open
Synthesized Design and click OK (Figure 1-33).

Synthesis Completed @

:I Synthesis successfully completed.

Mext

(71 Run Implementation

i@ Dpen Synthesized Desigre

() View Reports

[] Den't show this dialog again

I QK I [ Cancel

Figure 1-33: Synthesis Completed
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& XILINX. Creating the GTX IBERT Core

17. When the Synthesized Design opens, select dbg_hub in the Netlist window, and then
select the Debug Core Options tab in the Cell Properties window and change
C_USER_SCAN_CHAIN* to 2 (Figure 1-34). Click File — Save File Constraints.

T
b

Metlist — O

< »1[E]

5 example_ibert_kc724_115_125

H-= MNets (75)

-5 Leaf Cells (24)

&[] u_ibert_core {ibert_kc724_115_1325)

E-[E] u_sam?2 (top_scm?)

= Nets (113)

= Leaf Cells (307

T | dbg_hub {top_scm2dbg_hub_CV)|

[@ u_vio_sdk2_contral {top_scm2vio_sdk2_contral)

_'—"‘h Fek Suurcés‘*}%-ﬂ Hetlist_]

Cell Properties |

+ =+ [R5k

El dbg_hub
C_USER_SCAN_CHAIN® 2

Tu
s

Select an option above to see a description of it

General | Properties | Debug Core {)ptiu-ns| Debug Ports | Statisti 4 ¢ [

UG931_c1_34_100413

Figure 1-34: Dbg_hub Debug Core Options
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Chapter 1: KC724 IBERT Getting Started Guide & XILINX.

18. In the Program Manager window under Program and Debug, click Generate

Bitstream. A window appears asking if it is Okay to launch implementation. Click
Yes.

€} ' There are no implementation results available, Okay to launch implementation? 'Generate
. Bitstrear' will automatically stark when implementation completes,

[ ] Don't show this dialog again

Yes | Mo

UGE31_c1_35_100413

Figure 1-35: Generate Bitstream

19. When the Bitstream Generation Completed dialog window appears, click Cancel
(Figure 1-36).

Bitstrearn Generation Completed @

:I Bitstream Generation successfully completed.

Mext

i@ Open Implemented Design
() View Reports
~) Open Hardware Manager

) Launch iMPACT

[] Don't show this dialog again

I Cancel

1.36_100413

Figure 1-36: Bitstream Generation Complete Window

20. The IBERT design example is now complete. Exit the Vivado Design Suite.

21. Navigate to the . . \kc724_ibert_gll5_125\example_project
kc724_ibert_gll5_125_example\kc724_ibert_gll5_125_example.runs
\impl_1 directory to locate the resultant bitstream.
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& XILINX.

Appendix A

Warranty

THIS LIMITED WARRANTY applies solely to standard hardware development boards
and standard hardware programming cables manufactured by or on behalf of Xilinx
(“Development Systems”). Subject to the limitations herein, Xilinx warrants that
Development Systems, when delivered by Xilinx or its authorized distributor, for ninety
(90) days following the delivery date, will be free from defects in material and
workmanship and will substantially conform to Xilinx publicly available specifications for
such products in effect at the time of delivery. This limited warranty excludes:

(i) engineering samples or beta versions of Development Systems (which are provided
“AS IS” without warranty); (ii) design defects or errors known as “errata”;

(iii) Development Systems procured through unauthorized third parties; and

(iv) Development Systems that have been subject to misuse, mishandling, accident,
alteration, neglect, unauthorized repair or installation. Furthermore, this limited warranty
shall not apply to the use of covered products in an application or environment that is not
within Xilinx specifications or in the event of any act, error, neglect or default of Customer.
For any breach by Xilinx of this limited warranty, the exclusive remedy of Customer and
the sole liability of Xilinx shall be, at the option of Xilinx, to replace or repair the affected
products, or to refund to Customer the price of the affected products. The availability of
replacement products is subject to product discontinuation policies at Xilinx. Customer
may not return product without first obtaining a customer return material authorization
(RMA) number from Xilinx.

THE WARRANTIES SET FORTH HEREIN ARE EXCLUSIVE. XILINX DISCLAIMS ALL
OTHER WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING,
WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT, AND ANY WARRANTY THAT
MAY ARISE FROM COURSE OF DEALING, COURSE OF PERFORMANCE, OR USAGE
OF TRADE. (2008.10)

Do not throw Xilinx products marked with the “crossed out wheeled bin” in the trash.
Directive 2002/96/EC on waste electrical and electronic equipment (WEEE) requires the
separate collection of WEEE. Your cooperation is essential in ensuring the proper
management of WEEE and the protection of the environment and human health from
potential effects arising from the presence of hazardous substances in WEEE. Return the
marked products to Xilinx for proper disposal. Further information and instructions for
free-of-charge return available at: www.xilinx.com\ehs\weee.
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& XILINX.
Appendix B

Additional Resources

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the
Xilinx Support website.

For continual updates, add the Answer Record to your myAlerts.
For definitions and terms, see the Xilinx Glossary.

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual
property at all stages of the design cycle. Topics include design assistance, advisories, and
troubleshooting tips.

References

The most up to date information related to the VC707 board and its documentation is
available on these websites:

Kintex-7 FPGA KC724 Characterization Kit
Kintex-7 FPGA KC724 Characterization Kit documentation
Kintex-7 FPGA KC724 Characterization Kit Answer Record (AR 43390)

These documents provide supplemental material useful with this guide:

1. KC724 Kintex-7 FPGA GTX Transceiver Characterization Board User Guide (UG932)
2. HW-CLK-101-SCLK2 SuperClock-2 Module User Guide (UG770)
3. Vivado Design Suite User Guide: Programming and Debugging (UG908)
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