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1 Introduction

This document describes an IBERT design implemented and tested on the Avnet Zynq
Mini-ITX development board.

2 Reference Design Requirements
This reference design will require the following software and hardware setups.

2.1 Software
The software requirements for this reference design are:

Xilinx Vivado 2013.4

2.2 Hardware
The hardware setup for this reference design is:

Computer with 4 GB RAM and 1 GB virtual memory (recommended)

Avnet Zyng Mini-ITX Development Board

Power supply Module

ATX power supply

SFP module supporting up to 6.0Gbps data rate and optical cables or SFP
loopback adapter

USB A-mini-B cable



3 Using the Xilinx Coregen Integrated Bit Error Ratio Tester (IBERT)

This reference design is developed to assist the users in using the Xilinx Vivado Coregen
IBERT to test the Zyng-7000 GTX transceivers. The Coregen IBERT outputs a reference
design that can be used to verify the operation of the GTX connected to the SFP module
and the SMA connectors on the Avnet Zyng Mini-1TX development board.

1. Start Vivado 2013.4 via Start > All Programs > Xilinx Design Tools > Vivado
2013.4 > Tools > Vivado 2013.4.

2. Click on the Create New Project as shown in the following figure.

/ Create New Project
| ‘ I|

= I". Mew Project Wizard will guide you through the process
\ r \'\ of selecting design sources and a target device for
\ % a new project.

3. Inthe following figure, click Next to continue.

gl*:!_:. New Project ‘_‘ — . [ﬂ

Create a New Vivado Project
This wizard will guide you through the creation of a new project
To create a Vivado project you will need to provide a name and a location for your project files, Next, you

will specify the type of flow you'll be working with. Finally, you will specfy your project sources and choose a
default part.

To continue, didk Next.
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4. Specify zyng_mini_itx_ibert_design as project name and make sure the Create
project subdirectory box is checked as shown in the following figure. Click Next to
continue

Note: Project can be stored on any hard drive such as the D drive in this example, but
keep your path as short as possible.

[ |
4L Mew Project ~ . - ﬁ
Project Name -
Enter a name for your project and specify a directory where the project data files will be stored ‘il,l,

Project name: z\;nq_mini_itx_ibert_design|
Project location: |D:f E]
Create project subdirectory

Project will be created at: D:/zyng_mini_itx_ibert_design
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5. Specify the project type as shown in the following figure and click Next to continue.

i New Project — ——
ot . —

B

Project Type
Specify the type of project to create.

@ BTL Project
~ You wil be able to add sources, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

[7] Do not specify sources at this time
=, Post-synthesis Project
You will be able to add sources, view device resources, run desian analysis, planning and implementation,
Do not specify sources at this time

= LfO Planning Project
Do not spedify design sources. You will be able to view part/package resources.

= Imported Project
Create a Vivado project from a Symplify, ¥ST or ISE Project File.

Im
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Cancel

6. Click Next in the next 3 dialog boxes to continue.



7. If you are using the Zyng Mini-ITX board XC72045 version, please set the device
information as shown in the following figure, click on the xc7z045ffg900-2 device to
highlight it, and click Next to continue.

rﬁ_—, New Project

Default Part

Choose a default ¥ilinx part or board for your project. This can be changed later.

Specify Filter
Product category | Al - Package | ffg900 -
E Boards Eamily | Zyng-7000 ¥ | Speed grade | -2 -
Sub-Family | Zyng-7000 v | Temp grade | C -
Reset All Filters
Search: | O
10 Pin Available LuT ) Block Gh GTPE2 |
| Part Count 10Bs Elements SR RAMs Ber Transceivers  Transceiv
§wcradsfigao-2  Jooo [z lowseoo [aao s foo s o
% xcTz100ffga00-2 00 362 277400 554300 755 2020 15 i
I [ ]
4 [Tl |
< Back ” Mext > Einish
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8. If you are using the Zyng Mini-ITX board XC7Z100 version, please set the device
information as shown in the following figure, click on the xc7z100ffg900-2 device to

highlight it, and click Next to continue.

F ™
gt New Project - T, —— [z
Default Part .
Choose a default ¥ilinx part or board for your project. This can be changed later. ':1}

Specify Filter

Product category | Al - Package | ffg900 -
-

E Boards Eamily | Zyng-7000 ¥ | Speed grade | -2
Sub-Family | Zyng-7000 | Temp grade | All Remaining -
Reset All Filters
Search: | O
10 Pin Available LuT ) Block Gh GTPE2
| Part Count 10Bs Elements SR RAMs Ber Transceivers  Transceiv

@ xc7z045ffg900-2 300 218600 437200 545 500

362 16 o]
S craibofigoo2  Jo0 [ie2  [a7an Jsswoo w5 oo ls |

=

< Back H MNext > ] Einish
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9. Inthe following figure, click Finish to continue.

g= New Project - — — [ﬂ

New Project Summary

@ A new RTL project named 'zyng_mini_itx_ibert_design' will be created.

& Mo source files or directories will be added. Use Add Sources to add them later,
& Mo Configurable IP files will be added. Use Add Sources to add them later,

& Mo constraints flles will be added. Use Add Sources to add them later,

@ The default part and product family for the new project:
Default Part: xc7z045ffg200-2
Product: Zyng-7000
Family: Zyng-7000
Package: ffg200
Speed Grade: -2

VIVADO'™

To create the project, dick Finish

Mext > [ Finish |[ Cancel ]

10. Click on the IP Catalog in the Vivado GUI as shown in the following figure. The IP
Catalog will open.

File Edit Flow Tooels Window Layout VYiew Help
"‘J',]:" 2y o0 B X $- » Qﬂ ﬁ. %{ E |55 | 22 Default Layout -
Flow Mavigator < Project Manager - zyng_mmp_pcde_design

™ (==
L Sources a

4 Project Manager

. . i Design Sources
ﬁ Project Settings | Constraints
.;j%j Add Sources EI--1.-—_.' Simulation Sources
----- w1 sim_1
1 F 1P Catalog




11. In the IP Catalog view, double-click on the IBERT 7 Series GTX as shown in the
following figure.

T Project Summary X | 1F IP Catalog X

_}D Search:

» 1

Marne AXI4 Status License
E-[= Automotive & Industrial
[ AXI Infrastructure

[-[= BaselP
--|.-—.' Basic Elements
--|.-—.' Communication & Networking

== Debug & Verification

1 eroducionincuded

Production Included

“-{F ILA (Integrated Logic Analyzer)

----- iF JTAG to AXI Master AXI4 Production Included

: tefF VIO (Wirtual Input/Qutput) Production Included
--|.-—.' Digital Signal Processing

&8 e A P G i

12. Under the Protocol Definition tab, set the parameters as shown in the following
figure.

Component Mame | ibert_7series_agtx_0
Protocol Definition | Protocol Selection | Clock Settings | Summary

Silicon Version

Silicon Version | General E5/Production

The maximum number of quads available for this device is 4

Number of Protocols 1 -
Protocol LineRate(Gbps) DataWwidth Refdk(MHz) Quad Count Quad PLL
Custom 1 w | 5.00 40 w | 300,000 w |1 v

13. Under the Protocol Selection tab, set the parameters as shown in the following
figure.

Component Name | ibert_7series_agte_0
Protocol Definition Protocol Selection | Clock Settings | Summary

Please select Protocol-Quad combination
GTX Location Protocol Selected Refdk Selection TXUSRCLK Source
QUAD_109 MNone | None | Channel 0
QUAD_110 MNaone - | None w | Channel 0
QUAD_111 Custom 1 /6,00 Gbps * | MGTREFCLKD 111 + | Channel 0 -
QUAD_112 MNaone - | None w | Channel 0
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14. Under the Clock Settings tab, set the parameters as shown in the following figure.

Component Name |ibert_Tseries_abi_0

Protocol Definition | Protocol Selection Clock Settings | Summary

RXOUTCLE Probe

[] Add RXOUTCLEK Probes

Clock Type Source 1/0 Standard P Package Pin M Package Fin Frequency(MHz)

[System Clock [ External - [LvDs M EE [c 200.00

System Clock Termination Settings

[] Enable DIFF Term

15. Click on the Summary to see the project settings as shown in the following figure
and click OK to continue.

Component Mame | ibert_Tseries_gtx_0

Protocol Definition | Protocol Selection | Clock Settings” Summary

IBERT Design Summary
Mumber of Protocols 1
System Clock Source External (P Pin : H3)
System Clock Source External (M Pin : G3)
QUAD Count 1
MMCM Count 1
RefClk Sources 1

16. When the following dialog box appears, click Generate to continue.

-

-
g'“_ Generate Cutput Products @

":, The following output products will be generated.

Generate Options
Generate Synthesized Chedkpoint (.dcp)

| Preview

Q, EH;F ibert_7series_gtx_0.xd

= [l Instantiation Template
pda [l RTL Sources

(=]

=

Generate ] [ Skip




17. At this time, the Sources window should look as shown in the following figure.

Project Manager - zyng_mmp_ibert_design
Sources

™ [ B

Q== et ’ﬂ

EI 1} Design Sources (1)

oo 1% ibert_7series_gbe 0 (bert_Tseries_abe 0,
| Constraints
- Simulation Sources (1)

I

O
[
><

Hierarchy | IF Sources | Libraries | Compile Qrder

& Spurces | 7 Templates

18. Right-click on the ibert_7series_gtx_0.xci and select Open IP Example Design as
shown in the following figure. This action will start a new Vivado project to

implement an IBERT example design using the IBERT core generated in the previous
Vivado project.

Sources

— O = ¥, Project Summary ¥ | 4F IP Cat
- ol
AL = adﬁ ﬂ *[| search:
EI O Design Sources (1) LZ_" | 1
P :* 3 Mibert 7series_gbe 0 (bert_7zeries_gh_0.xg) == | Name
-5 Constraints & Source Mode Properties... Ctrl+E
[+ Simulation Sources (1)

¥ Re-customizelP...
Generate Qutput Products...
Reset Output Products...

Copy IP...
B OpenIP Example Design...

IP Documentation »
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19. When the following dialog box appears, click OK to continue.

-

gl‘.:-'_; Open IP Example Design

S

"‘, Spedfy a location where the example project directory ‘ibert_7series_gtw_0_example’ will be

‘' placed.

Location
Put example project directory here: 0 fzyng_mini_ity_ibert_design

Overwrite existing example project

(]

[

Ok

][ Cancel ]

L

20. The IBERT example project will open in a new session of the Vivado tool and you
should see the following in the Sources window of the IBERT example design.

Project Manager - ibert_7series_gh:_0_example
Sources — O X
A= e R
[=-f7 Design Sources (1)
| e, example_ibert_7series_gbc 0 (example_ibert_Tseries_ghe
(- Constraints (1]
- Simulation Sources (3]
4 1 [ |
Hierarchy | IP Sources | Libraries | Compile Order

4% Sources | 7 Templates

Note 1: The IBERT example design Vivado project is saved in the
zyng_mini_itx_ibert_design\ibert_7series_gtx 0 _example folder in case you need to

reopen the project.

Note 2: If you are using a Windows PC and encounter Windows 260 character path limit
issue when trying to rebuild the hardware platform in Vivado (the hardware platform is
already built for you), please refer to the Xilinx Answer Record #52787 to resolve the

issue.
http://www.xilinx.com/support/answers/52787.htm
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21. Click on Generate Bitstream to implement the design and generate a bitstream.

4 Program and Debug
ﬁ. Bitstream Settings
F’,;, Generate Bitstream

> HE" Open Hardware Manager
B LaunchimMpacT

22. When the following dialog box appears, click Yes to continue.

© B
Mo Implementation Results Available I&

45% There are no implementation results available. QK to launch synthesis and implementation?
W' 'Generate Bitstream' will automatically start when synthesis and implementation completes.

[| Dari't show this dialog agair:

b

23. At the completion of the bitstream generation, when the following dialog box
appears, click Cancel to continue.

- R
Bitstream Generation Completed @

I Bitstream Generation successfully completed.

@ Dpen Implemented Desigre

() View Reports
() DOpen Hardware Manager

() Launch iMPACT

[ Don't show this dialog again

! Ok ] [ Cancel
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4  Setting up the Board
Please perform the following steps to setup the Zyng Mini Module Plus kit.

1.

2.
3.
4

oo

~

9.

Install a jumper on JP1 pins 1-2.

Install a jumper on JP7 pins 3-4.

Install a jumper on JP9.

If not already installed, install the power module onto the Mini-ITX board via J8,
J9, and J10 connectors.

Connect the ATX power supply to P2 connector.

Connect the USB A-min-B cable to the U3 (Digilent USB-JTAG SMT-2 module)
USB port and the USB port of the PC (JTAG connection).

Set the boot mode switch (SW7, positions 1-5) to 00000.

Plug an SFP module into the SFP socket (P4) on the baseboard and use an optical
cable to connect the SFP TX port to the SFP RX port or insert an SFP loopback
plug into the SFP socket.

Set the SW11 DIP switch (positions 1-4) to OFF, ON, ON, and OFF.

10. Set the SW10 DIP switch (positions 1-2) to ON, and ON.
11. Slide the SW12 power switch to the ON position.

PJTAG Header

microSD Card
Receptacle J4

SATA Connector J12 JP7 us JP1 SFP Socket,
P4
USB-UART
Port J7

JP9
J11

Power Switch

SwW10 SW12

SW11

ATX Power
Connector P2

ZTMITY—TZ045—ASY-G
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5 Running the IBERT Design on the Mini-1TX Development Board

1. Upon successful completion of the bitstream generation, click on the Open
Hardware Manager in the Vivado GUI as shown in the following figure.

4 Program and Debug
ﬁ. Bitstream Settings
‘Iﬁ Generate Bitstream

I s Eﬁ Open Hardware Manager
[ Launch iMPACT

2. Click on the Open a new hardware target in the Vivado GUI as shown in the
following figure.

| Hardware Manager - unconnected

@ Mo hardware target is open, Cpen recent target §0pen a new hardware target

Hardware — O =
ex=H»r»nm

Marme Status

3. Click Next to continue.

,

Open Hardware Target

This wizard will guide you through connecting to a hardware target: board, JTAG cable,
etc,

To connect to a hardware target you need to provide the host name and IP port of an
instance of the Vivado CSE Server (vcse_server) that is running on a local or remote
computer,

To continue, dlick Next.

==AVNET 14
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4. Click Next to continue.

ﬂ, Open New Hardware
Vivado CSE Server Name
Enter the host name and IP port of the Vivado CSE Server (vcse_server).

Server name <host[:port] = 'oa\host:ﬁoom -
I
I
|

<Back |fHext> | Frish | [ Cancel
———

5. Click Next to continue.

==
ﬂ,{)penNewHaldwam 23 J
Select Hardware Target
Select a hardware target from the list of available targets on the Vivado CSE Server (vese_server). &
Hardware Targets

Type Port ESM
_tcf[  [Digilent/210203326933A

Hardware Devices
Name ID Code IR Length

 ARM_DAP_0 4BADD477 4
@ XC72Z045_1 23731093 6

Server: localhost: 60001, Version: 20

<Back |f lext> | Fnsh | [ Cancel
R
——
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6. Click Next to continue.

T

Set Hardware Target Properties
Set properties for the selected hardware target

DEVICE isn-JtagSmtl1-210203326933A
TYPE slinac_tef

FREQUENCY 15000000 Hz -

7. Click Finish to continue.

gEmTTEET

Open Hardware Target Summary

@ Server Settings:
Mame: localhost
Port: 60001

@ Target Settings:
Mame: xilinx_tcf/Digilent/210203326533A
DEVICE: jsn-JtagSmt1-210203326933A
TYPE: ilinx_tcf
FREQUENCY: 15000000 Hz

To connect to the hardware described above, dick Finish

<Back |[  Finish ‘[ Cancel

\IM
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8. Right-click on the XC72045_1 device and select Program Device as shown in
the following figure (you would right click on the XC7Z100_1 when using the
Zyng Mini-1TX 72100 version.

Hardware —
o = =[Er»HE
piy G [[ES
Status
ralhaost (1) Connected
& wilimy_tcf/Digilentf210203... Open
- ARM_DAP_0 (0) Mot programmed

£ WCTZ045_1 (0) (active) . =
[&  Hardware Device Properties... Ctrl+E

Assign Programming File...

|@' Program Device...
@ Refresh Device

9. When the following dialog box appears, click OK to continue.

ﬁ, Program Device

@ Select bitstream file for device XC7Z045_1,

Bitstream ﬁle:lD:,{zynq_rnini_itx_ibert_designflbert_?beriesgtx_ﬂ_example,ﬁbert_]"‘seriesgtx_ﬂ_example.runsﬂmpl_l,{example_ibert_?seriesgtx_ﬂ.bit |E]

-

==AVNET 17
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10. The Vivado GUI should look as shown in the following figure. The MGT_X0Y8
is connected to the SFP socket on the Mini-ITX board. The MGT_X0Y?9,
MGT_XO0Y10, and MGT_XO0Y11 in the GTX Quad 111 are not used in this
IBERT example design.

Hardware Manager - localhostfxilinx_tcfDigilent/210251840603
@ There are no serial IO links. Create links Auto-detect links

Hardware — 0O 2 =
Gl pdq | [TE ]
Q= SERE W E
Mame Status
E- B localhost (1) Connected
= B wilink_tcf/Digilent/210251... Open
Lefip ARM_DAP_D (D) Mot programmed

= §+ XC7Z045_1 (1) (active)
[=-$E IBERT
B[ Quad_111 (5)
-~ [] COMMON_X0Y2 Locked
- By MGT_X0Y9 Mo Link
- By MGT_X0Y10 Mo Link
fo B MGT_XOY11 Mo Link

11. Click on Create Links as shown in the following figure.

Hardware Manager - localhostwilinx_tcfDigilent/210251840603

{B There are no serial If0 links. | Create links | Auto-detect links

Hardware — O =
G g |[E |
Mame Status
B locahost (1) Connected
=- @ xilinx_tcf/Digilentf210251... Open
S ARM_DAP_0 (D) Mot programmed

= XC7Z045_1 (1) (active)
=-5& IBERT

B~ Quad_111 (5)
~[] COMMON_X0Y2 Locked

By MGT_X0Y8 £.000 Gbps
By MGT_X0Y9 Mo Link
- By MGT_X0Y10 Mo Link
b B MGT_XOY11 Mo Link

==AVNET 18
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12. Click on MGT_X0Y8/TX and MGT_XO0Y8/RX to highlight them and then click

on the + sign to add the MGT_X0Y8 to the new link set as shown in the following
figure.

@ To create a new link select a TX andjfor an RX, then press the Add {+) button.

TX GTs RX GTs
Search: |Qv | Search: |Qv

MGT_XOY8,TX (Device: XC7Z045_1) MGT_XOYS8/RX (Device: XC7Z045_1)
[f> MGT_XOY9/TX (Device: XC7Z045_1) <F] MGT_XO0Y9/RX (Device: XC7Z045_1)
[f> MGT_XOY10/TX (Device: ¥C7Z045_1) <F MGT_X0Y10/RX {Device: XC7Z045_1)
[f> MGT_XOY11/TX (Device: ¥C7Z045_1) <H] MGT_XO0Y11/RX (Device: XCT7Z045_1)
Mewe Links

Description TX RX

i3 3

Create link group

Link group description: |Lir1k Group 0 |
Open Serial IO Analyzer layout

==AVNET 19
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13. The Create Links dialog box should look as shown in the following figure.

@ To create a new link select a TX andjfor an RX, then press the Add (+) button,

TX GTs

RX GTs
Search: |CLv | Search: |Q- |
MGT_X0Y9/TX (Device: XCTZ045_1) MGT_X0Y9/RX (Device: XC7Z045_1)

[ MGT_X0Y 10/TX (Device: ¥C7Z045 1) <8 MGT_X0Y10/R¥ (Device: ¥C7Z045_1)

[> MGT_XOY 11/TX (Device: ¥C72045_1) <& MGT_XO0Y11/RX (Device: XC72045_1)

Mew Links

Description T RX
%, Link 0 MGT_XOYS/T¥ (Device: XC7Z045_1) MGT_XOYB/RX (Device: ¥C7Z045 1)

Create link group

Link group description; |Lir1k Group 0 |

Open Serial Ij0 Analyzer layout

Lo ][ concd ]

14. You should see the following in the Vivado GUI. As seen, link0 and link1 are
running at 6.0Gbps without any errors using PRBS 7-bit data pattern.

Links

O\ Mame TX RX Status Bits Errors BER BERT Reset TX Pattern RX Pattern
[==5]

= | =4 Link Group 0 (1) Reset  PRES 7-bit ~ PRES 7-bit ~
£y LGy Link 0 MGT_X0Y8/TX MGT_X0YS/R¥ 6.000 Ghps 2.018.., OEQ 4.954E-13  Heset  PRBS 7-bit ~ PRBS 7-hbit ~

=
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15. Set the TX Pattern and RX Pattern to PRBS 31-bit using the drop-down box to
stress the links and then click on the BERT Reset to reset the Error counter as

shown in the following figure.

Links

O\ MName TX RX Status Bits Errors BER BERT Reset Tx Pattern RX Pattern
= Gy Link 0 MGT_X0Y8/TX MGT_XO0Y8/RX 6.000 Gbps 1.434... 0OE0 ©.972E-12 Reset PRBEE.. = PEBS3L.. ~
-
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