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I/0 Planning Tutorial

i} IMPORTANT: This tutorial requires the use of the Kintex®-7 family of devices. You will

need to update your Vivado tools installation if you do not have this device family installed.
Refer to the Vivado Design Suite User Guide: Release Notes, Installation, and
Licensing (UG973) for more information on Adding Design Tools or Devices.

Overview

This tutorial introduces the 1/0 planning capabilities of the Xilinx® Vivado® Design Suite for FPGA
devices. The objective of this tutorial is to familiarize you with the I/O planning process using the
graphical user interface (GUI) known as the Vivado Integrated Design Environment (IDE). In the Vivado
IDE, you can begin I/O planning by creating, importing, and configuring the initial list of I/O ports. You
can also use various I/O planning capabilities, such as creating and configuring I/O ports, grouping
related ports into interfaces, and assigning ports to physical package pins.

VIDEO: You can also learn more about the 1/0O planning capabilities of the Vivado Design
Suite by viewing the quick take video at Vivado I/O Planning Overview.

VIDEO: You can also learn more about the Memory IP specific I/O planning capabilities of
the Vivado Design Suite by viewing the quick take video at
Using UltraScale Memory Controller IP.

TRAINING: Xilinx provides training course that can help you learn more about the concepts
presented in this document. Use these links to explore related courses:

e Essentials of FPGA Design Training Course

e Vivado Static Timing Analysis Design Constraints Training Course

e Vivado Advanced Tools and Technigues Training Course

You can perform I/O planning at any stage in the design flow. For example, you can begin the I/O
assignment process from a top-level ports list, a register-transfer level (RTL) design, or a synthesized
netlist. Various types of projects facilitate the flexible entry points for I/O pin planning.

Certain types of IP, such as Memory controllers, Gigabit transceivers, and PCle Ethernet interfaces have
I/O ports associated with them. These IP should be properly configured using the IP capabilities in
Vivado prior to beginning the pin planning process. These are usually the most timing critical interfaces,
so they should be the starting point when considering the device pin assignments. An RTL or
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Synthesized design should be used when using these IP. Refer to the Vivado Design Suite User
Guide: I/0 and Clock Planning (UG899) and the Using UltraScale Memory Controller IP video.

For the most comprehensive set of features and design rule checks (DRCs), you should perform 1/0
planning after synthesis by opening the synthesized design.

This tutorial includes two labs that you can perform independently:

e Lab 1: This lab briefly describes the I/O planning process prior to synthesis, before you have a
synthesized netlist or RTL sources with defined I/O ports. For example, you can perform I[/O
exploration and assignment with an I/O Planning project even before the design source files are
available. You can import a comma separated value (CSV) file for I/O planning or export one for
use in printed circuit board (PCB) design, schematic symbol generation, or hardware description
language (HDL) module definition. Most of the I/O port placement and validation features are
covered in Lab 2.

e Lab 2: This lab describes I/O planning capabilities after synthesis. For example, you can use the
automatic placement command or the semi-automatic interactive modes to control I/O port
assignment. You can also use the I/O Planning layout view to see the relationship of the physical
package pins and banks with corresponding I/O die pads. This enables you to make informed
decisions to optimize the connectivity between the PCB and the FPGA device.

Note: Most of the I/O planning features are described in Lab 2. However, many of the features are
available prior to running synthesis as well. Not all commands or command options are covered in
this tutorial.

Tutorial Design Description

The sample design used throughout this tutorial consists of a small design targeting an xc7k70t device.
A small design is used to allow the tutorial to be run with minimal hardware requirements, to enable
timely completion of the tutorial, and to minimize the data size.

Hardware and Software Requirements

This tutorial requires that the 2015.1 Vivado Design Suite software release or later is installed.

For Operating Systems support, see the Vivado Design Suite User Guide: Release Notes,
Installation, and Licensing (UG973) for a complete list and description of the system and software
requirements.
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Preparing the Tutorial Design Files

You can find the files for this tutorial in the examples directory of the Vivado Design Suite software
installation, at the following location:

<Vivado install area>/Vivado/<version>/examples/Vivado Tutorial.zip
Extract the ZIP file contents from the software installation into any write-accessible location.

The location of the extracted Vivado Tutorial directory is referred to as the <Extract Dir>in
this Tutorial.

You can also extract the provided zip file, at any time to restore the files to their starting condition.

Note: You will modify the tutorial design data while working through this tutorial. You should use a
new copy of the original Vivado Tutorial directory each time you start this tutorial.
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Lab 1: Pre-Synthesis I/O Planning

Introduction

This lab covers techniques for pre-synthesis I/O planning before an RTL or synthesized netlist is
available. Most of the features discussed here are also available for use in an elaborated RTL,
synthesized, or implemented design.

TIP: You can open a new I/0O Planning project, without a design source, to analyze the
available device resources on the target part.

This lab also discusses features of the I/O Planning view layout in the Vivado IDE, which displays
windows applicable to placing I/0O ports and clock logic.

Step 1: Creating a Project

Open the Vivado IDE:

e On Linu,

Change to the directory where the lab materials are stored:
cd <Extract Dir>/Vivado Tutorial

Launch the Vivado IDE: vivado
e On Windows,
Launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2015.1 > Vivado 2015.1

Note: Your Vivado Design Suite installation may be called something different than Xilinx Design
Tools on the Start menu.

As an alternative, click the Vivado 2015.1 Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page contains links to open or create projects and to view
documentation.
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Figure 1: Vivado IDE Getting Started Page

1. In the Getting Started page, select Create New Project.

2. In the New Project Wizard, click Next to confirm the project creation.

3. Inthe Project Name page, set the following options, and click Next:
e Type the project name: project_pinout

e Enter the project location: <Extract Dir>/Vivado Tutorial/Tutorial Created Data
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4 New Project @

Project Name
Enter a name for your project and specify a directory where the project data files will be stored. '

Project name: | project_pinout
Project location: | C:/Demo/Vivado_Tutorial/Tutorial_Created_Data D
Create project subdirectory

Project will be created at: C:/Demo/Vivado_Tutorial/Tutorial_Created_Data/project_pinout

Finish Cancel

Figure 2: New Project Wizard—Project Name Page

4. In the Project Type page, select I/O Planning Project, and click Next.

4. New Project @

Project Type
Specify the type of project to create. '

~, RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation,
design planning and analysis.

Do not specify sources at this time
) Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and implementation.

Do not specify sources at this time

@ /O Planning Project :
~ Do not specify design sources. You will be able to view part/package resources:

(7 Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

- Example Project
Create a new Vivado project from a predefined template.

Finish Cancel

Figure 3: New Project Wizard—Project Type Page
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Lab 1: Pre-Synthesis I/0O Planning

5. Inthe Import Ports page, select Do not import I/O ports at this time, and click Next.

6. Inthe Default Part page, set the following options, and click Next.

e In the Filter section, click the Family pull down menu and select Kintex-7.

e In the Search field, type 70T.

e Select the xc7k70tfbg676-2 device.

#- New Project
Default Part

Select: | @ Parts
4 Filter

Product category: | All

@ Boards

~7 Package:

4|

il

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

All Remaining

FEamily: Kintex-7 - Speed grade: | All Remaining -
Sub-Family: All Remaining - Temp grade: | All Remaining -
Si Revision: All Remaining ~7
Reset All Filters
Search: 70T (20 matches)
/O Pin Available LUT Block GTXE2

Part Count I0Bs Elements  PFI9PS  pays DSPs Transceivers Transceivi
@ xc7k70tfbvd84-2L 484 285 41000 82000 135 240 4 4 -
% xc7k70tfbv484-1 484 285 41000 82000 135 240 4 4
& xc7k70tfbve76-3 676 300 41000 82000 135 240 8 8
& xc7k70tibv676-2 676 Jaoo fato00  fs2000  Jiss a0 s Js |
B xc7k70tfbv676-2L 676 300 41000 82000 135 240 8 8
@ xc7k70tfbve76-1 676 300 41000 82000 135 240 8 8
& xc7k70tlfbges4-2L 484 285 41000 82000 135 240 4 4 =
% xc7k70tifbge76-2L 676 300 41000 82000 135 240 8 8 r
& xC7k70tfbva84-21 484 285 41000 82000 135 240 4 4
& xc7k70tfove76-2L 676 300 41000 82000 135 240 8 8

FEinish

[0 4 |

»

Cancel
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7. Click Finish to create the project.

#. project_pinout - [C:/data/Vivado_Tutorial/project_pinout/project_pinoutxpr] El@
File Edit Flow Tools Window Layout View Help

Pl 4| Q@ % | L [ S pefault Layout - £)

Flow Navigator «| | IO Design - xc7k70tfbv676-2 X
Qo= Device Constraints —_Ove X i Package X O x

A e Y
Az SES =

Project Manager
L= . ~ Internal VREF

< 1/0 Planning i 0.6V
4 1/0 Design Eg;iv
=} Import /O Ports = 0.9v
Oy Create I/O Ports =H NONE (6
~om» I/0 Bank 13
@ Report DRC o 10 Bank 14
& Report Noise i /0 Bank 15
|2 Export /O Forts Lom /0 Bank 16

- ~-#» 1/0 Bank 33
## Migrate to RTL * s 10 Bank 34

Drop I/ banks on voltages or the "NONE" folder to set/unset o
Internal VREF.

b Sources | ] Netlist., { Device Constraints

Properties —O¢ =%

G Properties Clock Regions

Package Pins —0Owe x
N Name Available Prohibit Ports I/O Std Dir Veco  Bank Ba
=

& 56 All Pins (676) -
23 (e /O Bank 0 (23) ] Dei=

G| e 10 Bank 12 a Dei

= [i=» JJO Bank 13 50 Hig

[E @ yo Bank 14 50 Hig
+s» /O Bank 15 (56) 50 Hig -

4 1] » @
= Tel Console Messages-, »> Package Pins | - /O Ports

Figure 5: 1/0 Planning View Layout

8. Explore the various windows in the I/O Planning view layout. Many windows are empty because 1/O
ports are not yet defined.

9. Right-click on either the Device or Package tab, and select New Vertical Group.

Notice that the Device and Package windows are displayed side by side as shown in Figure 5. Being
able to visualize the I/O bank locations both internally on the die and externally on the package
helps you plan for an optimal I/O port assignment.
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Step 2: Examining Device 1/O Resources

The I/0 Planning view layout lets you explore various device resources. The different windows
graphically display and cross-select the location of various I/O, clock, and logic objects to help you
make I/O and device-related design decisions. The Package Pins window and I/O Bank Properties
window provide some of the I/O related information typically found in the device data sheets.

In the I/O Planning view layout, you can select several I/O banks to show the package-to-die
relationship, view I/O bank properties, and select and expand an I/O bank to view package pin
specifications as follows:

1. In the Package Pins window, select 1/0 Bank 33.

Notice that I/O Bank 33 is selected in the Device and Package windows. To select a bank in the
Package window, double-click any pin in the I/O bank. The first click selects the pin, and the second
click selects the I/O bank.

TIP: You can also highlight an I/O bank in the Package window by clicking the Package
View Layers toolbar button °1. In the Package Options, expand the I/O Banks, right-click an
I/0 bank, and select Select Objects.

You can also use the Package Options to display specific multi-function pins (such as Vger), adjust
the look of the Package window, highlight specific bank types, or hide transceiver banks.

2. In the Package Pins window, expand the selected I/O Bank to display the package pin information
for each pin in the I/O bank. Scroll to the right to view the internal package trace min and max
delays. These are the routing delays (in picoseconds) between the pin on the package and the pad

on the die.
Package Pins — O a X
A Name Available  Prohibit Ports If0 5td Dir Veco  Bank Bank Type Byte Group Type Diff Pair  Clock Voltage
= | B All Pins (576) -
I:JJ ] I Bank 0 (23) Q Dedicated
= - 5w 1j0 Bank 12 (7) 0 Dedicated
#|  Bl'an I/0 Bank 13 (56 50 High Range
[E]| @m YoBank 14 (56 50 High Range
+-pm IfO Bank 15 (56) 50 High Range
+-sm IjO Bank 16 (57 50 High Range
- 1/0 Bank 32 (6) ] Dedicated
=I-mm IjO Bank 33 (56 50 High Performance
1 1jOBank 33 HIGH_PERFORMANCE Multi-function VRN
1 1JO Bank 33 HIGH_PERFORMAMNCE User IO L1P
1 1/0 Bank 33 HIGH_PERFORMANCE User IO LIN
1 IjOBank 33 HIGH_PERFORMANCE User IO L2P
1 1jOBank 33 HIGH_PERFORMANCE User IO L2N
1 1JO Bank 33 HIGH_PERFORMAMNCE User IO L3P
1

TiN Rank 32 HIEH PFREORMANCE llear 01 1 i

Figure 6: Package Pins Window
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3. In the I/O Bank Properties window, select the General tab.

I/O Bank Properties — O

« » P3|k

o If0 Bank 33

M
*

MName: IO Bank 33
Available user I/0 pins: 30

Used user IfO pins: 0
Prohibited user I/O pins: 0

Total user I/O pins: 50

Total I/O pins: 56

HMumber of sites: 50

Mumber of tiles: 26

Mumber of clock regions: 1

General | Properties | Port Summary | Package Pins | I/O Ports | Sites | Tiles | Resources | Clock Regions

i Properties Clock Regions

Figure 7: 1/0 Bank Properties

Review the available and used I/O count information. This is populated as I/O ports are assigned to
the I/O bank. The I/O Bank Properties window allows you to identify compatible I/O banks to place
the remaining I/0O Ports.

4. Select the various tabs in the I/O Bank Properties window.

5. In the title bar for the Package Pins window, click the Maximize button Bl

5]
6. In the Package Pins window, click the Expand All toolbar button =.

B
7. In the Package Pins window, deselect the Group by I/O Bank toolbar button = = to expand and
flatten the list.

Step 3: Prohibiting Pins from 1/0O Assignment

You can prohibit I/O package pins from having I/O ports assigned to them as follows:

1. In the Package Pins window, double-click the Voltage column header, and scroll to the top of the
list to locate the VREF values. You may have to scroll the window to the right.

2. Select the first VREF pin, and hold the Shift key while selecting the last to select all VREF Voltage
pins.
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3. Right-click and select Set Prohibit.

4. In the Package Pins window title bar, click the Restore button & .

5. In the main toolbar, click Unselect All R, .
The Package window displays prohibited pins, which are indicated by a slashed circle ©.
6. Inthe Package window, zoom in to an area to view the prohibited pins, as shown in Figure 8.

To zoom, click and drag the cursor from the upper left to the lower right of the zoom area. To zoom
fit the Package window, click and drag the cursor from the lower right to the upper left.

& Device | [ Package =

78 9 10 11 12 13 14 15 16 17 1t

G
H
il
K
L
I
M

— @ m

Figure 8: Prohibited Vger Package Pins

Step 4: Creating and Configuring 1/O Ports

To start pinout from scratch you can create I/O ports within the Vivado IDE or import them from an
XDC or CSV file format. You can create and configure a new I/O bus port called mybus as follows:

1. Inthe I/O Ports window tab, right-click and select Create I/O Ports.
2. Inthe Create I/O Ports dialog box, set the following options, and click OK.
a. Inthe Name field, type: mybus.

b. Enable Create Bus.
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3. Click OK.

¢.. Create /O Ports [l
Create a port ‘
Name: mybus
Direction: | Input "
[ Diff pair:
From 05 To 315
I/0 standard: | LVCMOS18 -
Drive strength: | 12 ~
Slew type: SLOwW -
Bull type: NONE -
In Term type:
Location: Fixed

’ OK ] ’ Cancel ]

Figure 9: Create I/O Ports Dialog Box

TIP: The Configure 1I/0 Ports command opens a similar dialog box that lets you configure existing
/0 Ports.

The new I/O ports display in the I/O Ports window.

IjO Ports
A, | Name Direction  Meg Diff Pair Site Fixed Bank IfOStd Vooco Vref  Drive
,LE == All ports (32)
{% B2 mybus (32) Input = LVCMOS18 *  1.800
= - Cr mybus[0] Input = O LVCMOS 18 ~  1.800
i - Or mybus[1] Input = [ LVCMOS 18 -~ 1,800
I:q!, O mybus[2] Input = ] LVCMOS 18 +  1.800
! - Or mybus[3] Input = [ LVCMOS 18 -~ 1,800
= O mybus[4] Input - ] LVCMOS 18 + 1800
O mybus[5] Input - D LVCMOS 18 - 1,800
O mybus[6] Input = ] LVCMOS 18 +  1.800
O mybus[7] Input - D LVCMOS 18 - 1,800
O mybus[8] Input = = LVCMOS 18 ~  1.800
= [ e Ry 'y S, S Y — = (R Y PRy — 4
] 1
&) Td Consale | (" Messages | 40 Package Pins- - 1O Ports

Figure 10: I/0O Ports Window

4. Select Edit > Undo to remove the recently added mybus I/O ports.
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Step 5: Importing an 1/0 Port List

Using the Vivado IDE, you can import several file formats to begin the I/O planning process. You can
import CSV, Xilinx Design Constraints (XDC), or RTL format files and perform I/O pin exploration and
assignments. This is an alternative to creating I/O ports interactively, which was covered in the previous
step.

IMPORTANT: Use care with early input methods of I/0 pin planning. Without a synthesized netlist,
the I/O ports placement and DRC routines do not consider clocks, clock relationships, memory IP, or
gigabit transceiver (GT) logic in their calculations. When possible, perform 1/0O pin assignment after
importing a synthesized netlist and configuring the appropriate IP. Legal /O pinouts are guaranteed
only after the design has run through the implementation, a bitstream has been generated, and after
DRCs for I/O and clock placement are run without error.

1. From the computer file system, open the following I/O ports CSV file:
<Extract Dir>/Vivado Tutorial/Sources/IO Ports import.csv
Examine the I/O ports spreadsheet format and content, and exit without saving.
2. In the Vivado IDE Flow Navigator, select Import I/O Ports.
3. In the Import I/O Ports dialog box, select CSV File, browse to select the following file, and click OK:
<Extract Dir>/Vivado Tutorial/Sources/IO Ports import.csv
The Device and Package views display the assigned ports, and the I/O Ports window is now
populated with the imported I/O ports, as shown in Figure 11. The buses are grouped together and
are expandable.
CAUTION! Existing port definitions are overwritten when you import a CSV file, so import the file
before defining new ports with the Create I/0 Ports command.
/O Ports I TS
2 Name Direction Meg Diff Pair Site Fixed Bank I/O Std Veco Vref Drive Strength  Slew Type  Pull Type  Off-Chip Termination IN_TERM
Z 5@ Al ports (135)
B B2 g;ta?n;padjj @) M - LVCMOS18 - 1.800 WONE  ~ NOME -
b +2 DataIn_pad_1_i (6) ] - LVCMOS18 ~ 1.800 NONE = NOME -
= [+3 DataOut_pad_0_o (8) - LVCMOS18 - 1.800 12 ~ SLOW  ~ NONE ~ FP_VTT_50 -
Ly @ Dataout_pad_1_o (8) - LVCMOS18 ~ 1.800 12 ~ SLOW v NONE ~ FP_VTT_S0 -
I ++B LineState_pad_0_i (2) e LVCMO518 * 1.800 NONE = NOME =
++ LineState_pad_1_i (2) - LVCMOS18 ~ 1.800 NONE = NOME h
Bl & @ OpMode_pad_o_o (2) - LVCMOS18 ~ 1.800 12 ~ SLOW  ~ NONE ~ FP_VTT_50 ~
v 3 OpMode_pad_1_o (2) - LVCMOS18 ~ 1.800 12 ~ SLOW v NONE ~ FP_VTT_S0 -
43 or1200_pm_out (4) ouT - LVCMO518 ¥ 1.800 12 * SLOW v NONE ~ FP_VTT_50 =
B RXP_IN (16) m * RXN_IN DIFF_HSTL II 18 ~ NONE  ~ NOME ~ NONE ~
3 TXP_OUT (16) OUT  ~ TXN_OUT DIFF_HSTL_IL 18 ~ 1.800 SLOW  ~ NONE ~ NP_VTT_S0_FP VTT_50 ~
=+ VControl_pad_0_o (¢) OUT =~ LVCMOS18 - 1.800 12 - SLOW  ~ NONE = FP_VTT_50 -
=4 VControl_pad_1_o (4) OUT = LVCMOS18 ~ 1.800 12 v SLOW v NONE ~ FP_VTT_50 -

2 VStatus_pad_0_|
% VStatus_pad_1_
= Scalar ports (35)

| L)
i(8) M

5 Td Console |  Messages | 5 Package Fins. - I/ O Ports
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Step 6: Exporting the Device and 1/O Pin Assignments

You can export the I/O port assignments to XDC, CSV, VHDL, or Verilog format files. This is useful for
creating HDL headers and PCB schematic symbols. The CSV format output file contains package
information for all pins, which you can use to begin I/O port assignments.

1. Select File > Export > Export I/O Ports.
2. In the Export I/O Ports dialog box, select CSV, XDC, Verilog, and VHDL.

#.. Export IfO Ports @
/

Export /O port constraints.

Specify Types to Generate
V| CsV C:/data/Vivado_Tutorial/project_pinout/fio_1.csv
V| XDC C:/data/Vivado_Tutorial/project_pinout/io_1.xdc

v | Verilog | C:/data/Vivado_Tutorial/project_pinout/project_pinout.v

DDO0

V| VHDL | C:/data/Vivado_Tutorial/project_pinout/project_pinout.vhd

I 0K H Cancel |

Figure 12: Export I/O Ports Dialog Box

3. Click OK to accept the default file names and locations.

4. In an Explorer window, browse to and open the exported files located in:
<Extract Dir>/Vivado Tutorial/Tutorial Created Data/project pinout
If defined, the interface group names are included in the CSV spreadsheet. PCB designers can use

this spreadsheet to create interface-specific schematic symbols. See Lab #2 for information on
creating I/0 port interfaces, placing 1/O ports, and running DRCs.

Step 7: Migrating the 1/0O Planning Project to an RTL Project

You can migrate the I/O port assignments made in I/O planning projects to an RTL project. This enables
you to add sources and to run the design flow through implementation. The I/O port assignments and
names are translated into an RTL header and XDC source files in an RTL project.

i} IMPORTANT: After migration, the RTL project cannot be converted back into an I/O planning
project.

Before migrating the I/O Planning project to an RTL project, you should save the current design
constraints.

1. From the main menu, select the File > Save Constraints command.
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4. Save Constraints

with the new constraints.

@ Create a new file

File type: 04 XDC
File name: iu:usl
File location: | & <Local to Project=

Select an existing file

<select a target file>

Select a target file to write new unsaved constraints to. Choosing an existing file will update that file

=55

oK

] | Cancel

Figure 13: Save Constraints prior to RTL Migration

Specify Create a new file, with the following settings:
o File type: XDC
o File name: ios
o File location: Local to Project

Click OK to close the form.

The design constraints from the prior steps, including the pin prohibits and the I/O port definitions
are saved to the specified ios.xdc constraints file, and added to the constraints set in the current

project.

In the Flow Navigator, select Migrate to RTL.

¢-. Migrate to RTL

Migrate the current Pin Planning Project into an RTL Project. The conversion cannot be
undone.

Top RTL file C:,-’data,-’\/ivado_Tutorial,-’project_pinout,-’io_l.v{

Netlist format Verilog ~

Write diff buffers |

[ ok

] | Cancel

Figure 14: Migrate to RTL Dialog Box

In the Migrate to RTL dialog box, click OK to accept the default file names and locations.

Notice the RTL Project is now displayed.

www.xilinx.com
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[
6. Click the Expand All toolbar button " in the Sources window to see the newly created source
files.

T
s

Sources - a
o T & m ¥ I
[=H= Design Sources (1)

. E-EVerilog (1)

(=il xil_defaultlib (1)

. Lo 1w

[+ Constraints (1)
. B constrs_1 (1)
L8 ios.xdc (target)
[=H= Simulation-Only Sources

“Esim_1

Hierarchy | Libraries | Compile Order

£h Sources | ' Templates

Figure 15: RTL Project Sources

7. Double-click io_1.v and ios.xdc to open the files in the Vivado IDE Text Editor.
8. Select File > Close Project.

9. In the Confirm Close Project dialog box, click OK.
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Conclusion

In this lab, you have
e Created an I/O Planning project
e Examined various aspects of the tools available within the Vivado IDE

e Examined the Package Pins and I/O Ports windows, as well as the Package windowCreated bus
ports

e Imported port definitions from a CSV file

e Converted your I/O Planning project into an RTL project to let you move from port placement to
RTL design, preserving IO Standards and other information about the IO Ports.

This concludes Lab #1. You can proceed at this time to Lab #2, or exit Vivado Design Suite by clicking
File > Exit.
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Introduction

This lab covers I/O planning with a synthesized design, including the different ways to analyze, group,
and place the I/O ports onto package pins or the I/O die pads. For example, it covers how to control I/O
port placement using the semi-automatic placement modes. This lab also covers how to run
simultaneous switching noise (SSN) analysis and DRCs.

Step 1: Open the Synthesized Netlist

If you exited the Vivado IDE at the end of Lab #1, you will need to begin by opening the Vivado IDE.
Otherwise, you can skip ahead to Opening the Project.

Open the Vivado IDE

e On Linux:

Change to the directory where the lab materials are stored:

cd <Extract Dir>/Vivado Tutorial
Launch the Vivado IDE: vivado
e On Windows:
Launch the Vivado Design Suite IDE:
Start > All Programs > Xilinx Design Tools > Vivado 2015.1 > Vivado 2015.1

Note: Your Vivado Design Suite installation may be called something different than Xilinx Design
Tools on the Start menu

As an alternative, click the Vivado Desktop icon to start the Vivado IDE.

The Vivado IDE Getting Started page opens.

Opening the Project

You can open the post-synthesis project as follows:

1. Select File > Open Example Project.

2. In the Open Example Project dialog box, click Next to select the design.
3. Select CPU (Syntheisized) and click Next.
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4. Open Example Project @

Project Name
Enter @ name for your project and specify a directory where the project data files will be stored ‘

Project name: | project_ioplan
Project location: | C:f/Demo,/Vivado_Tutorial/Tutorial_Created_Data |:|
v'| Create project subdirectory

Project will be created at: C:/Demao/Vivado_Tutorial/Tutorial_Created_Data/project_ioplan

< Back ” Mext = Einish Cancel

© o N o U

11.

12.

13

Figure 16: Creating CPU Example Design

Enter the Project name: project_ioplan and Project location:
<Extract Dir>/Vivado Tutorial/Tutorial Created Data and click Next.

Click Next to accept the default xc70tfbg676-2 part.

Click Finish to create the project.

In the Sources window, right-click the constr 1 folder and select Make Active.
Expand the Constraints constr 1 folder, and double-click the top.xdc file.

Notice this XDC file only contains timing constraints. There are no I/O constraints yet.

. Close the top.xdc file.
In the Flow Navigator, select Open Synthesized Design to open the
. . il=] -
synthesized design. n:):;?t"::z:’:t
In the Layout Selector located next to the main toolbar, select the 1/0 = 1/0 Planning

15 Clock Planning
12 Floorplanning
2= Debug

22 Timing Analysis

Planning view layout.

The I/O Planning view layout shows windows related to I/O planning, such

as the Device and Package windows. 1% Sim_Debug
. . . 0% Save As New Layout...
. Examine the I/O ports in the I/O Ports window. Reset Layout F5
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14. In the I/O Ports window title bar, click the Maximize button 5.

15. In the I/O Ports window, click the Expand All toolbar button "'3’1.

16. Click the Group by Interface and Bus toolbar button "% to disable this feature.
The I/O ports now display as a flat list rather than grouped by bus.

10 Ports — 0O e =
A | ame Direction Interface Meg Diff Pair Site Fixed Bank IfOStd Vecco  Vref  Drive Strength  Slew Type  Pull Type  Off-Chip Termination
[r Dataln_pad_0_i[0] IN - default (LVCMOS18) = 1,800 NOME = NONE -
[r Dataln_pad_0_[1] IN - default (LVCMOS18) = 1.800 NOME ~ ~ NONE L
[r Dataln_pad_0_i[2] IN - default (LVCMOS18) = 1,800 NOME = NONE r
“%|[r Dataln_pad_0_[3] IN - default LVCMOS18) = 1.800 NOME ~ ~ NONE
[ Dataln pad 00[4  IN - default (LVCMOS18) = 1,800 NOME = NONE
s> Dataln_pad_0_[s] N - default LVCMOS18) = 1.800 NOME ~ ~ NONE
U Dataln_pad_0_i[s] IN - default (LVCMOS18) = 1,800 NOME = NONE
[E| | Dataln_pad_0_i[71 N - default LVCMOS18) = 1.800 NOME ~ ~ NONE
| Dataln pad_1i[0] - default (LVCMOS18) = 1,800 NOME = NONE
[r Dataln_pad_1.[1] IN - default LVCMOS18) = 1.800 NOME ~ ~ NONE
[r Dataln_pad_1.i[2] IN - default (LVCMOS18) = 1.800 NOME ~ ~ NONE
[r Dataln_pad_1.[3] IN - default (LVCMOS18) = 1.800 NOME  ~ NOME
[r Dataln_pad_1_i[4 IN - default (LVCMOS18) = 1.800 NOME ~ ~ NONE
[r Dataln_pad_1.i[5] IN - default (LVCMOS18) = 1.800 NOME  ~ NOME
[r Dataln_pad_1_i[5] IN - default (LVCMOS18) = 1.800 NOME ~ ~ NONE
[r Dataln_pad_1.i[7] IN - default (LVCMOS18) = 1.800 NOME  ~ NOME e
4 n 3

Figure 17: 1/0 Ports Window

Step 2: Configuring 1/0s and Setting 1/O Standards

You can use the Vivado IDE interactively to sort and select I/O ports to assign the proper I/O standard,
drive strength, slew type, pull type, and input termination constraints.

i} IMPORTANT: Because 7 series and UltraScale devices have low and high voltage I/0 banks, all I/0
ports must have explicit values specified for the IOSTANDARD and PACKAGE_PIN properties in order
to generate a bitstream file for the design. The word default is displayed in red to indicate that these
values must be assigned.

1. Inthe I/O Ports window, click the Neg Diff Pair column header to sort by diff pair port type.
2. Scroll to the top of the list, and select the first port.
Note: At the top of the list, there are no Neg Diff Pair ports.

3. Select the first I/O port, hold the Shift key, and scroll down to select the last I/O port that is NOT a
Neg Diff Pair port.
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1j0 Ports _ O =
Id MName Direction Interface MNeg DnGFIIDair Site Fixed Bank  IjOStd Veco Vref  Drive Strength  Slew Type Pul Type  Off-Chip Term
=] j [ T ® [ | ooow | ONE ot
o [ [ ®m [ |  wowos |
O [ [ ®m [ | wowosw |
O [ [ ®m [ |  wowsm |
=] BN [ [ m [ |  wowosm |
=] [ [ m | | ooose |
[&] sefevsectpad 1o | [ [ @ | | woowm [
O 96 RXP_IN[O] =] default (DIFF_HSTL ... «~
Cr 97 RXP_IN[1] (=] default (DIFF_HSTL_... =
O 98 RYP_IN[Z] Input RXN_IN[2] B default (DIFF_HSTL_... ~ NOME ~ ~ NONE |
O 99 RYP_IN[3] Input RXN_IN[3] B default (DIFF_HSTL ... ~ NOME  ~ NONE =
[ 100 RXP_IN[4] Input RXN_IN[4] E default (DIFF_HSTL_... ~ NOME ~ ~ NONE
O 101 RXP_IN[S] Input RXMN_IN[S] [} default (DIFF_HSTL_... + NOME v NONE
D 102 RYP_IN[E] Input RXN_IN[&] [l default (DIFF_HSTL ... + NOME v NONE 2
< I ] b @

/= Td Console LD Messages LE{[ Log @ Reports L@ Design Runs LD Package Pins [+ If0 Ports I

Figure 18: Single Ended Ports Selected

4. Right-click and select Configure 1/0 Ports.

5. Inthe Configure Ports dialog box, ensure that the I/0 standard option is set to the default of
LVCMOS18, and click OK.

Note: The options in this dialog box enable you to set I/O configuration constraints. For this lab,
the options are left at their default settings.

Notice the I/O Std column entries are now set to ZvCM0OS18. The Neg Diff Pair signals are
associated with GT pins, so an I/O standard is not applicable. After these ports are placed on GT
pins, the I/O Std column will be empty for those ports.

6. Click the Unselect All button LY in the toolbar menu.

Step 3: Creating 1/O Port Interfaces

It can be beneficial to group I/O ports associated with various I/O interfaces. The I/O Planning view
layout lets you define groups of pins, buses, or other interfaces together as an interface. You can use
interfaces to help with I/O port management and with generating interface-specific PCB schematic
symbols. Using interfaces also forces the various Place I/O Ports commands to group the entire
interface together on the device where possible.

The design used in this tutorial has two universal serial bus (USB) interfaces, each containing many I/O
ports. The I/O port names are differentiated by 0 and 1 .You can create interfaces for all signals in
USBO and USB1 as follows:

1. In the I/O Ports window, click the Show Search toolbar button D‘|.
2. Inthe Search field, type 0 .
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Ports

Search: | Q- 0 | (43 matches)

1jo

—
=8

MName
ataln_pad_0_i[0] nput
ataln_pad_0_i[1] Input
ataln_pad_0_i[2] Input
ataln_pad_0_i[3] nput

1
Interface Meg Diff Pair Site Fixed Bank IO

1

e
[=]

=

Direction

® [ 1] nput |
= [ 2 fnput |
2 E nput |
[ 4 nput |
» | Slpetohped 001 ot
5| elpstinped o5 ot
> | Tlpetiped 0l ot
» [ slpetoinpod 0207 ot
@] slpstout pedo_oBT Joupst
o] iojpete0ut ped 0ol oot
& | iilbets0ut-ped 002l oot
|- Out_pad_0_o[3]
o | t5jpete0ut ped 0ol oot
| @ 14|patacut_pad_o_o[5] Output

| @] 15[Datzout_pad_o_ofs] Output

| o]

ataCut_pad_0_o[7] Output

Figure 19: USB_0_ Related Ports

3. Select the first port in the list, and press Ctrl+A to select all ports in the filtered list.

4. Right-click and select Create 1/0 Port Interface.

5. In the Create I/O Port Interface dialog box, type USBO in the Name field, and click OK.
E Create /0 Port Interface E
Create a new IO Port interface for project
‘project_cpu_netlist_kintex 7, ‘
Name: | USB0| |
Assign 6 selected /0 port buses to the new interface,
Assign 11 selected IjO ports to the new interface,
oK ] [ Cancel
Figure 20: Create 1/0 Port Interface dialog box
6. Click the Unselect All button LY in the toolbar menu.
7. 1Inthe Search field, change _0_to 1 and follow the same steps to create a USB1 interface.
8. Click the Unselect All button LY in the toolbar menu.
9. Click the Show Search toolbar button N to remove the Search filter.
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)

Bk
Click to enable the Group by Interface and Bus = button.

Click Collapse All. ==
The I/O Ports list is condensed with all of the USB related-ports in interface groups.

Expand the Scalar ports folder to view the clocks resets and other ports.

In the I/O Ports window title bar, click the Restore button =

Paorts — O =
Search:

MName Direction ~ MegDiff Pair  Site  Fixed Bank  IfOStd Veco  Vref  Drive Strength Slew Type  Pull Type  Off-Chip
=I-[= All ports (135) -
- [ USBO (43] (Multiple) LVCMOS18 -  1.800 (Multiple) (Multipl) MNOME = (Multiple]
+- 5L USB1 (43)  (Multiple) LVCMOS518 ~  1.800 (Multiple) (Multiple) MOME = (Multiple)

-4 or1200_pm_out (4) Output LVCMOS 18 ~  1.800 12 ~ SLOW v~ NONE =~ FP_VTT_|=

+B RXP_IN (18] Input RXN_IN default (DIFF_HST... = 0.000 MNOMNE - MNOME
-G TXP_OUT (18} Cutput  TXN_OUT default (DIFF_HST... ~  1.800 SLOW  ~ NONE = NP_VTT_
=1 [ Scalar ports (13)
D GTPRESET_IN Input LVCMOS5 18 - 1.800 MONE - NOMNE
D or1200_dmode Input LVCMOS513 hd 1.800 NONE - NOME
D or1200_pic_ints Input LVCMOS 18 - 1.800 MONE - MONE -
4 Tl 1 @

5 Td Console | 0 Messages | Ed Log | (2 Reports | (% Design Runs | SO Package Pins - [Cr I/O Ports

Figure 21: I/O Port Interface Groups and Scalar Ports

Step 4: Viewing Multi-Function Package Pins

Some Xilinx devices have a set of package pins that you can use for multiple purposes depending on
the design configuration. These are referred to as multi-function pins. For example, you might use multi-
function pins for the mode in which you intend to configure the device or to use memory controllers or
a peripheral component interface (PCI). You can examine the Package Pins window to ensure that no
conflicts exist. View the package pins data and multi-functional pins as follows:

1.

2.

In the Package Pins window title bar, click the Maximize button 0,

Click the Expand All toolbar button = .

Scroll down and to the right to examine the pins information such as Bank Type, Clock, Voltage,
Config, and Site Type. The information displayed in the Package Pins window is dynamically
updated as I/O ports are placed in the design.

In the Package Pins window, click to unselect the Group by I/0 Bank toolbar button E?E.
The package pins now display as a flat list rather than in I/O bank groups.
Click the Type column header to sort based on the Type field.

Scroll to view and select the multi-function pins.
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Package Pins

Q |name

ST
5 D3
ISgW]
®=l0 cs
2 B3
ED V12
5 T19
2 B20
R F22
& AB10
2 us
£ 617
2 Hi6
2 B17
5 K23
o G1g
0 118
o ws
£ AB9
£ D10
2 P21

4

Available  Prohibit Ports
a

L S S = I = = =

404 4 4 4 4 44 444444

1jostd

Dir

1

Veco  Bank

10 Bank 33
IO Bank 13
If0 Bank 14
10 Bank 14
10 Bank 33
10 Bank 34
If0 Bank 15
10 Bank 15
10 Bank 15
IO Bank 14
IO Bank 15
10 Bank 15
10 Bank 33
10 Bank 33
1/0 Bank 16
10 Bank 13

Bank Type

HIGH_PERFORMANCE
HIGH_RANGE
HIGH_RANGE
HIGH_RANGE
HIGH_PERFORMANCE
HIGH_PERFORMANCE
HIGH_RANGE
HIGH_RANGE
HIGH_RANGE
HIGH_RANGE
HIGH_RANGE
HIGH_RANGE
HIGH_PERFORMANCE
HIGH_PERFORMANCE
HIGH_RANGE
HIGH_RANGE
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1
Byte Group Type
Gigabit Power
Gigabit Power
Gigabit Power
Gigabit Power
Gigabit Power
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function
Multi-function

Diff Pair  Clock
L1sM

L3P

L12p MRCC
L14M SRCC
L11P SRCC
L7P

L3P

L24P

L1sP

L20P

L&M

L11N SRCC
L12M MRCC
L13M MRCC

Voltage Config

VRP
VREF

VRN

VREF

— 0O 4

XADC

AD12P
AD10P
AD1P

*

7. Examine the Config (device configuration pins), XADC, and Gigabit I/O columns.

Figure 22: Multi-Function Pins

These elements can impact I/O assignment because many of them rely on multi-function pins and
have fixed I/O requirements. If the design used in this tutorial contained these logic objects, this
table would be filled out accordingly, allowing you to examine multi-function pins.

8. In the Package Pins window, click the Group by I/O Bank toolbar button

:.,J—
=

9. Click the Collapse All toolbar button =4 to return the tree table display to the default display
structure.

10. In the Package Pins window title bar, click the Restore button & .

Note: The Vivado IDE has several configurable table format windows which let you search and
sort data by columns. See the “Using Data Table Windows” section in the Vivado Design Suite User
Guide: Using the Vivado IDE (UG893).

Step 5: Setting Device Configuration Modes

In the Vivado IDE, you can set one or more device configuration options. In addition, some
configuration modes might have an impact on multi-function I/O pins. The related pins display this
information in the Config column of the Package Pins window.

1. Select Tools > Edit Device Properties > Configuration Modes.
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2. Adialog box opens, as seen in Figure 23. Select one or two of the modes to view the descriptions,
schematics, and related data sheets.

gl*':_:. Edit Device Properties @
Use this dialog to edit the programming and configuration properties for your current design; default values are set automatically. ‘
Configuration Modes
General
c Select up to two device configuration modes. JTAG is always selected. Selecting a check box assigns a mode and dicking an
onfiguration ; . :
image displays details.
onfigura
Startup
Encryption Prohibit usage of the configuration pins as user IO and persist after configuration
Readback P
JTAG Hesader
7 Series FPGA
TDO 00
ol O
TMS ™S
L= TCK
Davice
V| JTAG/Boundary Scan
M[2:0] i
RS[1:0]
D[31:00]
INIT_B
PLIDC R Ans n =]
Help Cancel

Figure 23: Edit Device Properties - Configuration Modes

3. Leave the mode set to JTAG/Boundary Scan and click OK.

4. If prompted, click OK to set prohibits on the configuration pins and to sort the Package Pins
window by Config pins.

Step 6: Defining Alternate Compatible Parts

During the FPGA design process, you can change the target device when a design decision calls for a
larger or different type. The Vivado IDE lets you define alternate compatible devices up-front so 1I/0
assignments can work across the selected set of devices. This capability is typically limited to devices
that use a common package. This ensures that the 1/O pinouts work across the selected set of devices.

1. Select Tools > I/0 Planning > Set Part Compatibility.
2. In the Set Part Compatibility dialog box, select the xc7k160t£fbg676 device.
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3. Click OK.

4. Set Part Compatibility [l

Add and/or remove PROHIBIT constraints to package pins
such that the device is compatible with all selected parts.

Compatible Parts

@ xc7k70tfbv676 -
v | @ xc7k160tfbg676
@ xc7k160tfhve76
@ xc7k160tfg676
i@ xc7k160tfv676
@ xc7k325tfbg676
@ xc7k325tfbve 76
@ xc7k325tfg676
@ xc7k325tfVG76

@ xc7kd10tfbg676 =
i aer Tled 1 NF s aE TE @

1

Figure 24: Set Part Compatibility Dialog Box

4. In the confirmation dialog box, click OK to indicate that no prohibit constraints were placed.

Prohibits are assigned to pins based on the most restrictive parts. In this example you are currently
targeting the smallest device for this package, so no prohibited pins are added or removed.

Step 7: Placing 1/0 Ports

The Vivado IDE provides several ways to place the I/O ports onto either package pins in the Package
window, or I/O die pads in the Device window. The automatic placement command attempts to place
the entire selected group of I/O ports, adhering to I/O bank rules while grouping buses and interfaces
together. For more control over I/O port placement, you can drag the selected I/O ports into the
Package or Device windows using one of the semi-automatic placement modes. This step covers the
following methods:

e Placing I/O Ports in an I/O Bank
e Placing I/O Ports in an Area

e Placing I/O Ports Sequentially

e Placing I/O Ports Automatically

1/0 and Clock Planning www.xilinx.com Send Feedback 30
UG935 (v2015.1) April 1, 2015 [—\/_]



http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG935&Title=Vivado%20Design%20Suite%20Tutorial%3A%20I%2FO%20and%20Clock%20Planning&releaseVersion=2015.1&docPage=30

& XILINX

ALL PROGRAMMABLE. Lab 2: Post-Synthesis I/0O Planning

O TIP: By default, the Vivado IDE uses interactive DRCs during I/O placement. The Report
DRC or report drc Tcl command should still be used to validate interactively placed
1/0 Ports.

Placing 1/0 Ports in an I/0 Bank B [ ee |+ [T

1. In the I/O Ports window, select the USBO interface. = Place Ports Modes e

i Aﬂ @) Place I/ Ports in an IO Bank
2. In the Package window, click the Place Ports toolbar button *#4 and

select Place I/O Ports in an I/0 Bank.

Place IfO Ports in Area

Place IO Ports Sequentially

As you drag the cursor over the package pins in the Package view, a
tooltip shows the number of pins to be placed. The status bar at the bottom of the Vivado IDE GUI
also displays information about the objects, including I/O banks and package pins.

3. On the top right side of the package, click I/0 Bank 14 to drop the I/O ports.
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The I/O ports are assigned in the order they appear in the I/O Ports window. Assignment locations
are vectored out from the initial pin selected.

| Synthesized Design * - constrs_1 | xc7k70tfhgs76-2 (active) x |

Device Constraints — 0O X [] Package = G Device X Oowe =

aQ X 2E@ X b 1 345 6 7 8 9 101112
 Internal VREF =
5 0.6V .
; + B ,
Placing 43 ports
oY

m om K

[}

= — = o T

Drop IO banks on voltages or the "™OME™ folder to setfunset
Internal VREF.

& Sources | ) Netlist-. & Device Constraints

IO Port Interface Properties — O 2 =
+« %5

= USBO

MName: USBD

Mumber of ports: 43

General | IfO Forts

=i Properties Clock Regions

IO Ports — O =
A, | Name Direction Meg Diff Pair Site Fixed Bank 1f0 5td Veco Vref  Drive 5t
| EFE Al ports | =
- a1 1@ | lvowosss [.c00]— ontoclll
(43) (Multiple) [l LVCMOS18 ~ 1,800 (Multiple]
E% -4 or1200_pm_out (4) out [l LVCMOS518 ~ 1.800 12
Q;- RXP_IM (18] IN RXM_IN [l default (DIFF_HSTL_II_18) ~ -

4 ] ] 3

B Tel Comsole | () Messages | (& Log | (2 Reports | 3> Design Runs | 50 Package Pins-, - IfO Ports

Figure 25: I/0 Ports Placed in an I/O Bank
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Placing I/0 Ports in an Area e
1. In the Device window, zoom in to the upper half of the device. " [Ee—r—— x

2. In the I/O Ports window, select the USB1 interface. Place 10 Ports in an 1O Bark

3. In the Device window, click the Place Ports toolbar button % and ® Place /0 Ports n Area

select Place 1/0 Ports in Area. PIELLimadELEa

The cursor displays a cross indicating that you can draw a rectangle.

4. Draw a rectangle starting at the bottom of the first I/O bank in the top half of the device, and drag it
up and to the right until all I/O ports are placed in the rectangle within the top clock region.

[ Package x | & Device X O =

1+

3

Place 43 of 43 ports

L4
39
E

LN

Figure 26: USB1 I/O Ports Placed in an Area
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Placing 1/0 Ports Sequentially

1. In the I/O Ports window,

select the RXP_IN bus.

Lab 2: Post-Synthesis I/0O Planning

2. Zoom in on the upper left corner of the Package window to show the

GT pins.

3. In the Package window, click the Place Ports toolbar button # and

select Place 1/0 Ports Sequentially.

(") Place IfO Ports in an If0 Bank

7 & [T

(") Place IfO Ports in Area

@) Place IjO Ports Seguentially

Place Ports Modes ®

4. Drag and click to place the first diff pair I/O port into one of the GT I/O banks on a designated pin.

The GT banks are located in the upper left. Both diff pairs associated with the GTs are placed on
legal sites. If you select a site that is not legal, a tooltip indicates why it is not a legal site.

Synthesized Design * - constrs_1 | xc7k70tfbge76-2 (active)

Device Constraints
QA =2[E@ X

~ Internal VREF

N N E 4 [ Package x | @ Device X

0 1

-mm 1j0 Bank 13
-mm Ij0 Bank 14
-mm 10 Bank 15
-pm IjO Bank 16
-pm IjO Bank 33
s 10 Bank 34

> 214 4+

7| L]

*

Internal VREF.

Drop IfO banks on voltages or the "NONE™ folder to setfunset ‘

& Sources | 3] Netlist

& Device Constraints

< & P[] G

Place TP_OUT[7] at D2 - 1 of &
Ml (Press ESC to guit) .

m

1/O Port Bus Properties — 0O =
a1
5 RXP_IN
Mame: RXP_IM
Number of ports: &
Bit range: From 7 To 0 E]
General | If0 Ports | Power il
i Properties Clock Regions 4 il '
— O X
Direction  Meg Diff Pair Site  Fixed Bank IfOStd Veco Vref  Drive Strength Slew Type  Pull Type
puc O LVLIMILD Lo - L.ouuy [ = TN b
Cutput 34 LVCMOS518 ~ 1800 12 - SLOW ~ NONE - F
_1 ¢ Cutput 34 LVCMOS13 - 1800 12 - SLOw + NOMNE > E
B @ VStatus_pad_10(3)  Input 34 LVCMOS 18 ~ 1300 NOME v N
; I Scalar ports (11)
- or1200_pm_out Cutput LVCMOS18 * 1800 12 * SLOW + NONE v F_
] ot oo | | orresne Jooo | |~ joe_ |
Output  TXN_OUT default (DIFF_HSTL... ~  1.800 SLOW v NONE ~ N
- Scalar ports (13) -
4 Tl 3 @

= Td Console Ed Log

(2 Messages
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Figure 27: Diff Pair I/O Bus Ports Placed Sequentially

www.xilinx.com

[ 1/0 Ports

| Send Feedback I

34


http://www.xilinx.com/
http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG935&Title=Vivado%20Design%20Suite%20Tutorial%3A%20I%2FO%20and%20Clock%20Planning&releaseVersion=2015.1&docPage=34

& XILINX

5.

0.

ALL PROGRAMMABLE. Lab 2: Post-Synthesis I/0O Planning

Place all eight RXP_IN GT port groups in the two upper left I/O banks.

Tooltips show legal pin selections to help you place the I/O banks.

TIP: GT logic objects are automatically grouped by the Vivado IDE to ensure proper
behavior when 1/O ports are placed or moved. Both transmitter and receiver diff pair ports,
as well as the GT, are all placed and moved as a group.

In the I/O Ports view, expand the Scalar ports folder, and use the Shift key to select the four GT
reference clock ports, TILEO_REFCLK_PAD_P_IN to TILE3_REFCLK_PAD_P_IN.

In the Package window, click the Place Ports toolbar button ‘5%, and select Place I/0 Ports
Sequentially.

Drag and click to place the first GT reference clock I/O port into one of the hexagon shaped pins
within the GT I/O banks, located in the upper left of the Package window.

Place all four GT reference clock ports.

10. Click the Unselect All button \F’*\ in the toolbar menu.

Placing 1/O Ports Automatically

The Vivado Design Suite can also automatically place I/O ports onto the device, while adhering to
various design rules, signal types, IOSTANDARDs, and grouping interfaces.

1.

Select Tools > I/0 Planning > Auto-Place I/O Ports.

ﬁ"‘_ Autoplace /O Ports @

Autoplace I/0 ports

This wizard will quide you through the process of
automatically placing IO ports.

The automatic placer will hanor 10 bank constraints, if
any.

/| Place unconnected ports

VIVADO/

To continue, dick Mext

Cancel

Figure 28: Autoplace I/0 Ports
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If you have any ports currently selected, you will be prompted to place the selected ports, or all
ports in the design.

Note: Your dialog box may look different if you did not click the Unselect All button \'\}\, shown in
Step 10 above, before running the Auto-Place 1/0 Ports command.

2. Asseen in Figure 28, check the Place unconnected ports checkbox, and click Next.

3. In the Placed I/O Ports dialog box, select Keep these 126 ports in their current locations, and
click Next.

Note: 126 is the number of ports placed so far. Your number may vary.
In the Summary page, click Finish to autoplace the remaining 9 ports.
Click OK to confirm that all I/O ports were placed.
Select any port in the I/O Ports window and use Ctrl+A to select all I/O Ports.

Right-click and use the Fix Ports command to lock all I/O Ports in place.

© N o ok

Click OK in the summary dialog.

Step 8: Placing Clock Logic

The Vivado IDE lets you place critical clock or I/O-related logic. After a synthesized netlist is imported,
you can explore clocks and clock relationships and use this information to lock down these logic objects
onto specific device sites. The Vivado IDE automatically groups some logic, such as GTs and their
associated I/O pin pairs. This makes selection and placement of GTs and other related logic less prone
to errors.
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¢ Find (=5l

Find objects in the current design or device by filtering Td properties and objects. ’
Result name: | find_1
Find: Cells g
Properties

PRIMITIVE_TYPE - ||is - | |CLK - | =+

Regular expression Ignore case [ Search hierarchically
Of objects: El
Command: show_objects -name find_1 [get_cells -hierarchical -filter { PRIMITIVE_TYPE =~ CLK.*.*}]

/| Open in a new tab
[eona

Figure 29: Find Dialog Box to Search for Clock Logic

To search for global clock logic in the design:

1. Select Edit > Find.

Note: Alternatively, you can click the Find toolbar button '-ﬁ
2. In the Find dialog box, set the following as seen in Figure 29:
e Find: Cells
e PRIMITIVE TYPE

e is
¢ CLK
3. Click OK.

4. In the Find Results window, scroll down the list of Cells, and observe the following:
MMCMEZ_ADV
BUFG
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Find Results — O <o =
lu\ Mame Cell Cell Fin Count
— @ clkgen/clkf_buf BUFG 2
Lill clkgen/clkoutl_buf BUFG 2

1;) Lil clkgen/clkout2_buf BUFG 2

p=-{> 1l clkgen/clkouts buf {BUFG 2

+ [l clkgen/clkout4_buf BUFG 2
Lil clkgen/clkouts_buf BUFG 2
Lil clkgen/clkouta_buf BUFG 2
Lill clkgen/mmcm_adv_inst MMCMEZ_ADV a9
Lil mgtEngine/gt_usrclk_source/bufg_inst BUFG 2
Lil mgtEngine/gt_usrclk_source/twoutclk_bufgl_i BUFG 2
Lil mgtEngine/gt_usrclk_source/twoutclk_bufgl_i BUFG 2
Lil mgtEngine/gt_usrclk_source/twoutclk_bufg2_i BUFG 2
Lil mgtEngine/gt_usrclk_source/toutclk_bufg3_i BUFG 2
lil Cells - find_1 (13) x

Figure 30: Clock Objects in the Find Results Window

Step 9: Using the Schematic to Trace Clock Logic

You can use the Schematic window to expand and explore any logic in the design. You can also apply
placement constraints from the Schematic window.

1. In the Find Results window, select the MMCME2_ADYV cell.

2. Click the Schematic toolbar button f':u, or press the F4 key.

3. In the Schematic window, double-click the CLKIN1 input pin on the upper left of the mixed mode
clock manager (MMCM) module.
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Figure 31: Tracing Clock Logic in the Schematic
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4. Double-click the CLKFBIN input pin on the MMCM module.
5. Double-click the six MMCM output pins, CLKOUTO-5, to expand to the BUFGs.

6. In the Schematic window, click the Regenerate Schematic toolbar button %/ to clean up the
connections.
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Figure 32: Exploring the Clock Tree

In the Schematic window, you can:
e Expand and explore logic

e Select or highlight logic in the Schematic window to cross-select or highlight it in all other
windows

e Drag logic from the Schematic window to the Device, Package, or Clock Resources windows to
place the logic

7. Close the Schematic window.
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Step 10: Exploring the Clock Resources Window

The Clock Resources window shows the available clock resources to aid you in planning and placing
elements of global and regional clock trees.

1. To display the Clock Resources window, select Window > Clock Resources.
2. In the Clock Resources window title bar, click the Maximize button U .

Notice that the clock regions, I/O banks, and various device resources display in their relative
location as found on the device.

3. Expand or collapse sections in the Clock Resources window to hide or display the resources.

Placed clock logic is displayed under the Cell columns. Placed clock resources, such the GTXE2s and
their associated Diff Pair ports, are also displayed, as well as BUFGs and MMCMs.
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Figure 33: Clock Resources Window
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Step 11: Placing the MMCM Instance

From the Clock Resources window, you can place the MMCM cell as follows:

1. In the Clock Resources window title bar, click the Restore button. &

2. In the Find Results window, select the MMCME2_ADV cell and drag it into the Clock Resources

window in the Cell column next to one of the MMCME2 ADV Sites.

Notice how you can place clock and related I/O logic in the Clock Resources window.
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Figure 34: Placing Clock Logic

4. Close the Find Results and Clock Resources windows.
5. Click the Device window tab, and you should see the placed MMCM cell.

6. Click the Unselect All button ™ on the main toolbar menu.

Step 12: Running Design Rule Checks

The Vivado IDE has an extensive set of I/O-related DRCs to ensure that I/O ports are assigned correctly.
You can explore and resolve any violations interactively.

1. In the Flow Navigator, under the Synthesized Design section, click Report DRC.

2. In the Report DRC dialog box, click the All Rules box twice to clear all selections and then select the
Pin Planning and Clocking rule categories.
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Figure 35: Report DRC Dialog Box

3. Click OK to run Report DRC.

4. Examine any errors, warnings, or messages returned by the DRC report., or click OK to accept that
there were no problems reported.
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TIP: You may encounter a CONFIG_VOLTAGE Warning or the PLCK-23 error related to the
sub-optimal placement of the MMCM and the clock-capable 10 pin it is connected to. For
the purposes of this Tutorial, you can ignore the error, or move the MMCM into Clock

Region X1Y1 to correct the error.

Step 13: Running Simultaneous Switching Noise Analysis

You can perform SSN analysis to help id

entify potential noise or signal integrity issues, as follows:

1. In the Flow Navigator, under the Synthesized Design section, click Report Noise.

¥

ﬁ;.f_:. Report Moise

the current package

Results name:

Export to file:

Phase (optional)

Generate an analysis of simultaneous switching noise (S5M) for

| Openin a new tab

-,

==

and pinout,
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Output file format: @) CsV HTML T

] | Cancel

Figure 36: Run SSN Analysis

2. Inthe Run SSN Analysis dialog box, leave the default options selected and click OK.
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Figure 37: Noise Results Window
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In the Noise window title bar, click the Maximize button 0.
Scroll down, and expand the list of I/Os.

In the left pane, click Summary, Messages, and Links, to examine the reported information.

o vk W

In the Noise window title bar, click the Restore button @ and close the window.

Step 14: Updating the Constraint Files with Interactive
Assignments

The Vivado IDE is an interactive constraint assignment environment. During this tutorial, you made
numerous modifications to the physical constraints in the design. These changes are currently stored in
memory. To save the changes you made, you must write the constraints into the active constraint set,
and the target constraint file. For more information on working with constraints, see the Vivado Design
Suite User Guide: Using Constraints (UG903).

You can write the constraints to the target constraint file as follows:
1. Select File > Save Constraints.

Note: You can also simply click the Save Constraints button = in the main toolbar menu.

2. In the Sources window, double-click the top . xdc file under the constraint folder constr 1.
3. Notice the new physical constraints written to the XDC file.

4. Close the top.xdc file.

5. Select File > Exit.

6. Click OK to close Vivado IDE.

Conclusion

In this tutorial, you accomplished the following:

e Used the I/O Planning view layout to explore device resources and define alternate compatible
devices for the design

e Imported, created, and configured 1/O ports

e Created interfaces by grouping the related I/O ports

e Used the semi-automatic placement modes to assign critical I/O ports to package pins
e Used automatic placement to assign the remaining I/O ports

e Exported and examined the I/O ports list, which can be used for HDL header or PCB schematic
symbol generation
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e Opened a netlist-based project and placed GTXE, MMCM_ADV, and BUFG objects using logic
connectivity as a guide for correct placement

e Ran DRCs and SSN analysis to validate legal I/O placement

e Updated the constraint files with the interactive assignments
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