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|/O Planning Tutorial

Introduction

This tutorial introduces the Xilinx® PlanAhead™ software capabilities for performing I/O port
assignment for FPGA devices. It describes the procedure for creating I/O ports and assigning
them to physical package pins. The I/O Planning view environment enables you to create,
import, and configure the initial list of I/O ports. You can group the related ports into Interfaces
and then assign them to package pins.

The objective of this tutorial is to familiarize you with the I/O pin planning process using the I/O
Planning functionality in the PlanAhead tool. There are two parts to this tutorial that can be
performed independently. The first part briefly describes I/O planning capabilities prior to
having a synthesized netlist or RTL Sources with I/O ports defined. The second part describes
I/O planning functionality after synthesis. Most of the PlanAhead 1/O planning features are
described in Part2. However, many of them are available prior to running synthesis as well.

The capabilities include semi-automated modes for controlled I/O port assignment. Fully
automatic pin placement is also available for some device architectures. The I/O Planning view
environment shows the relationship of the physical package pins and I/O banks with their
corresponding die pads.

You can perform I/O pin assignment at various stages of the design cycle. 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) format file for I/O planning, or export
it for use in PCB schematic symbol or Hardware Description Language (HDL) header generation.

The PlanAhead tool also enables you to I/O pin plan in the elaborated Register Transfer Level
(RTL) design or in the synthesized netlist design. The PlanAhead tool performs more
comprehensive I/O and clocking DRCs when using a netlist design.

Not all commands or command options are covered in this tutorial. This tutorial uses the
features contained in the PlanAhead tool, which is bundled as a part of ISE® Design Suite
version 14.5.
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Tutorial Design Description

The design targets an xc7k70t device The small sample design used in this tutorial includes:
e ARISC processor CPU core

e A pseudo FFT

e Four gigabit transceivers (GTs)

e Two USB interfaces

Software Requirements
The PlanAhead tool is installed with ISE Design Suite software. Before starting the tutorial, be
sure that the PlanAhead tool is operational, and that the tutorial design data is installed.

For installation instructions and information, see the ISE Design Suite 14: Release Notes,
Installation, and Licensing (UG631).

Hardware Requirements
Xilinx recommends a minimum of 2 GB of RAM when using the PlanAhead tool on larger
devices.

For this tutorial, a smaller xc7k70t design is used, and the number of designs open at one time is
limited. Although 1 GB is sufficient, it can impact performance.

Preparing the Tutorial Design Files

Copy the files from the ISE software installation area:
<ISE_install_area>/ISE_DS/PlanAhead/examples/PlanAhead_Tutorial.zip

Extract the zip file contents into any write-accessible location which will be referred to in this
tutorial as the extraction directory, or <Extract dir>.

RECOMMENDED: The tutorial sample design data is modified while performing this
tutorial. A new copy of the original P1anAhead Tutorial data should be extracted
each time you run this tutorial.

I[/O Planning Tutorial www.xilinx.com 6
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Lab 1: Using I/O Planning Projects

The PlanAhead tool provides an I/O Planning view layout that displays views more applicable to
placing I/O Ports and clock logic. You can open the I/O planning layout without a design to
analyze device resources.

These first few I/O Pin Planning steps involve pre-synthesis techniques to begin I/O Planning
early prior to a synthesized netlist. Most of the features are also available for an Elaborated RTL,
Synthesized or Implemented Design. I/O Planning can be performed at any stage of the design
process. Post-synthesis I/O Planning enables a much more robust set of DRCs and clock
placement capabilities.

Step 1: Creating a New Project

1. On Windows, double-click the Xilinx PlanAhead 14.5 Desktop icon, or select:

Start > All Programs > Xilinx Design Tools > ISE Design Suite 14.5 > PlanAhead >
PlanAhead’

2. OnLinux, go to <Extract Dir>/PlanAhead Tutorial/Tutorial Created Data
directory and type planAhead.

In the Getting Started page, select Create New Project.
Click Next to confirm the project creation and to display the Project Name dialog box.

Type the project name, project_pinout.

S

Enter an appropriate project location.

! Your ISE installation may be named something other than Xilinx Design Tools.
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E Mew Project @

Project Name
Enter a name for your project and spedfy a directory where the project data files will be stored ((ﬂ

Project name: | project_pinout
Project location: | C:/Data/PlanAhead_Tutorial/Tutorial_Created_Data E]
Create project subdirectory

Project will be created at: C:/Data/PlanAhead_TutorialTutorial_Created_Data/project_pinout

Figure 1: New Project Name and Location Dialog Box

7.

8.

9. Click Next to open the Project Type dialog box.
10. Select I/0O Planning Project.

E MNew Project @
Project Type
Spedfy the type of project to create. ((ﬂ

= RTL Project
‘You will be able to add sources, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

Do not spedify sources at this time
= Post-synthesis Project
‘fou will be able to add sources, view device resources, run design analysis, planning and implementation.

Do not spedify sources at this time

Enable Partial Reconfiguration

5 I/O Planning Project

= Import ISE Place & Route results
‘ou will be able to do postimplementation analysis of your design.

= Imported Project
Create a PlanAhead project from a Synplify, XST or ISE Project File.

Finish Cancel

Figure 2: Specifying an 1/0 Pin Planning Project

11. Click Next to open the Import Ports dialog box.
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12. Select Do not import 1/0 ports at this time.

E Mew Project IEI
Import Ports (optional)
‘fou may specify a CSV or UCF file to define and configure your ports. If you skip this step now, you can import ports later and/or @

create ports manually.

) Import CSV:

() Import UCF:

Figure 3: Import Ports from Existing UCF or CSV Files

13. Click Next to open the Default Part selector dialog box.

14. In the Filter section, click the Family pull down menu and select Kintex-7. Notice the list is
filtered to show those devices.

15. In the Search field, type 70T. Notice the 70T devices.

E MNew Project @
Default Part
Choose a default ¥ilinx part or board for your project. This can be changed later. @

Spedfy Filter

5 Parts Product category | Al - Package | All Remaining -
& Boards Family | Kintex-7 ~ | Speed grade | All Remaining -
Sub-Family | All Remaining ~ | Temp grade | All Remaining -

Reset All Filters

Search: Fot (10 matches)
10 Pin Available LUT " Block Gb GTXE2
il Count 10Bs Elements FlipFlops RAMs BERE Transceivers  Transceiy
@ xcTk70tfhgd84-3 434 285 41000 82000 135 240 4 4
i wcTkT0tbg44-2 484 285 41000 82000 135 240 4 4
@ xcTk70tfbg484-2L 454 285 41000 82000 135 240 4 4
i xcTkT0tbg484-1 484 285 41000 82000 135 240 4 4
300 41000 82000 135 240 g g
e oo e Jeoo s o s |
i xcTkT0thge75-2L 675 300 41000 82000 135 240 g g
i xcTkT0tbg676-1 675 300 41000 82000 135 240 8 8
% xcTk70ifbg484-2L 484 285 41000 82000 135 240 4 4
% xcTkT0tfbgs76-2L 675 300 41000 82000 135 240 8 8
< I ] k @

Figure 4: Selecting a Family and Default Part
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Step 1: Creating a New Project

16. Select the xc7k70tfbg676-2 device and click Next.
17. Click Finish to create the project.

The new I/O pin planning project is opened within the PlanAhead tool, with the I/O Planning
view layout environment as shown in Figure 5.

E—] project_pinout - [C:/Data/PlanAhead_Tutorial/Tuterial_Created_Data/project_pinout/project_pinout.ppr] - PlanAhead E@
File Edit Flow Tools Window Layout View Help
B wo Rl X4 QK E G [BLHoPamg RN ®
Flow Navigator <« | | 1/O Design - xck70thas76-2 X
Q= Netlist — O x | [[fPackage x| Device x o x
=
Project Manager

4l (empty)
4 1/0 Design
[&® Migrate to RTL
"Q Import IfO Ports
@ Report DRC
[ Report Noise
Q’ Export If0 Ports

£ Sources', (5] Netlist

Properties

« =&

.} Properties Clock Regions

Package Pins _ O x
O | Mame Prohibit Port I/OStd Dir Voco  Bank  BankType  Type Diff Pajir Clock  Voltage
= |- Alpins (576) -
=] Dedicated
— Dedicated
D§ High Range
High Range L
High Range £
s 1f0 Bank: g High Range
s 1j0 Bank: 32 (Dedi Dedicated
[#-m» IfO Bank: 33 High Perfor...
[ 1/0 Bank: 34 (High Perform High Perfor... b
[ Bankless Pins {322) S
4 m (=]

5 Td Console | ( Messages-, > Package Pins | [Or I/O Ports

Figure 5: 1/0 Pin Planning Environment

18. Explore the various views in the I/O Planning layout. Many are empty because I/O Ports are
not yet defined.

19. Right-click on either the Device or Package view tabs to select New Vertical Group.

Notice that the Device and Package views are now both displayed. Being able to visualize
the I/0O 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 1/0O Resources

The PlanAhead tool I/0 pin planning environment lets you explore various device resources.

The different views graphically display and cross-select the location of I/O, clock, and logic
objects to help you make design decisions. The Package Pins view and I/O Bank Properties view
provide I/O related information typically found in the device data sheets.

In this step you will:
e Select several I/O banks to show the package-to-die relationship
e View I/O bank properties

e Select and expand the I/0O Bank 14 to view package pin specifications

Examining 1/O Banks

1. In the Package Pins view, select an I/O Bank such as 1/0 Bank 33.
Notice that I/O Bank 33 is also selected in the Device and Package views.

2. To select an I/O bank in the Package view, double-click any pin in the Package view. The
first click selects the pin, and the second click selects the I/O bank that the pin is part of.

An alternate method is to click the Package View Layers button *l located in the Package
View toolbar. Expand the I/O Banks, select any I/O Bank, right click it and choose Select
Objects.

3. The Layer Control can also be used to display specific Multi-Function Pins, such as Vref,
adjust the look of the Package view, highlight specific bank types, or hide transceiver
banks.

4. The selected I/O bank location is highlighted in the Package view.

I/O Planning Tutorial www.xilinx.com 11
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Step 2: Examining Device I/O Resources

[€] project_pinout - [C/Data/PlanAhead Tutorial/Tuterial_Created Data/project_pinout/project_pinout.ppr] - PlanAhead

File Edit Flow Tools

CEL) 3

Flow Navigator
aTE
Project Manager

< 1/0 Design
[€ Migrate to RTL
'E] Import 1/O Ports
@ Report DRC
[ Report Noise:
g Export 1/O Ports

<

Window Layout View Help
& @ K| L 3 55 1/0rlanning ok

K| ®

I/0 Design - xc7k70tfhgs76-2

Netlist

el
e | [

il (empty)

£ Sources~., 3 Netlist

1/C Bank Properties
Balk

m» IjO Bank: 33 (High Performance)

d MName Prohibit
1vi2
2us
3We
4 AE11
5wil

k- ok ok 2R 7]
OEEEE

Port 1fOStd  Dir

8

General | Attributes | Port Summary | Package Pins | 1/01 4 » B

% Properties Clock Regions

[ Package x

07| LR R

&} | £

ae

3
E!

il

33

Package Pins. (T4
= 1
A | Mame Prohibit Port I/0Std  Dir Vecco  Bank  BankType  Type Diff Pair  Clock  Voltage
| = AlPins (575 a
| O Bank: 0 (0 Dedicated L
E;'_ -5 1/0 Bank: Dedicated r
Z| - I/OBank: 13 High Range
E +-am 10 Bank: 14 High Range
-5 1/0 Bank: 15 High Range
-5 1/0 Bank: 16 High Range
Dedicated
53 Ug =] 33 HIGH_PER... Multi-function VRN
5 V12 =] 33 HIGH_PER... Multi-function VRP
D AR1L 33 HIGH_PER... VCCO
LB ABS 33 HIGH PER... ¥CCO SZ
4 i =
5 Td Console | (> Messages, 4 Package Pins | [+ 1/0 Ports

Figure 6: Cross Highlighting 1/Os and 1/0 Banks

5. Expand the selected I/O Bank in the Package Pins view to display the information for each
pin in the I/O Bank.

The internal package trace min and max delays are shown also (scroll the Package Pins view
to the right to see them). These are the routing delays between the pin on the package and
the pad on the die.

6. Scroll down the list and select any I/O Bank.
7. Select the General tab in the I/O Bank Properties view.
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1/0 Bank Properties S I
+ %5
sm 10 Bank: 33 (High Performance)
Mame: 10 Bank: 33 (High Performance)
Available user IfO pins: 50
Used user 1jO pins: 1]
Prohibited user IO pins: 0
Total user 1jO pins: 50
Total pins: 56
Number of sites: 50
Number of tiles: 26

Mumber of dock regions: 1

General | Attributes | Port Summary | Package Pins | IfO Ports | Resources | Clock Regions

Figure 7: 1/0 Bank Properties

8. Select the various tabs at the bottom of the I/O Bank Properties view, as seen in Figure 7.

Review the I/O count and voltages. This information is populated as I/O Ports are assigned
to the I/O bank. This allows you to search for compatible I/O banks to place the remaining
I/O Ports.

9. Click the Maximize button = in the Package Pins view banner.

The Package Pins view is maximized.

10. Select the Expand All button = in the Package Pins view to see all of the I/O banks
expanded to show the pins in each bank.

11. Scroll to the right and view the different kinds of pin information in the table.

Bk . . .
12. Unselect the Group by I/O Bank button = in the Package Pins view to expand and
flatten the list.

The pins in the Package Pins view can be grouped by I/O bank, or left ungrouped to be
sorted by any of the columns in the Package Pins view.

13. Click once in the column header of the Type column.

All pins are sorted by type in an ascending manner.
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Step 3: Prohibiting Pins from 1/0O Assignment

You can prohibit I/O package pins from having I/O Ports assigned to them. In the following
sequence, you will sort the Package Pins view by Voltage to select all VREF I/O pins, then use the
Set Prohibits popup command to prohibit port placement on those pins.

1. Click the Voltage column header twice.

Clicking once sorts the pins in an ascending manner, while clicking twice in the column
header sorts the pins in a descending manner. The sort order is displayed in the column

header.
2. Scroll to the top of the list to view the pins with VREF values.
3. Select all VREF Voltage pins by holding down the Shift key as you select the pins.
4. Right-click in the Package Pins view to open the popup menu, and select Set Prohibit.
5. In the Package Pins view header, click the Restore button. &

The Package Pins view is restored to its former size and position

6. In the main toolbar, click Unselect All. LY

7. Zoom in to an area of the Package view to view the Prohibited pins marked with red ®s,
as shown in Figure 8.

Figure 8: Prohibited Package Pins

TIP: To zoom, click and drag a rectangle in the Package view starting with a click at the upper
O left of the zoom area and drag to the lower right zoom area.
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Step 4: Creating and Configuring 1/O Ports
In this step you will define some of the I/O ports to populate the I/O pin planning project. You
will begin by creating and configuring new bus ports.
1. Click the 1/0 Ports view at the bottom of the PlanAhead tool.
The view can also be accessed from the Window > I/O Ports menu command.
2. Right-click to open the popup menu in the I/O Ports view and select Create I/O Ports.

The Create I/O Ports dialog box opens as shown below.

m Create [/O Ports @
MName: myBus|
Direction: |Input ~
Diff pair:

V| Create bus:  From 0| To 31
I/0 standard: | LVCMOS18 -
Drive strength: | 12 -
Slew type: sLow -
Pull type: NONE -

In Term type:

Figure 9: Create 1/0O Ports

The Configure I/O Ports command opens a similar dialog box that enables you to configure
existing I/0 ports. If there are no currently defined I/O ports, the Configure I/O Ports
command is not available.

3. In the Name field, type myBus.
4. Click the checkbox for Create Bus.

This lets you define a bus of a specific width. Buses can have ascending or descending

numbering schemes, and also support negative index values. In this case create a bus with
indices from 0 to 31.

5. Select the default I/O Standard LVCMOS18 from the drop down menu.
6. Review the other options and click OK.
The new I/O Ports display in the I/O Ports view.

I/O Planning Tutorial www.xilinx.com 15

UG674 (v 14.5) April 10, 2013 I Send Feedback I



http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=ug674&Title=I%2FO%20Planning%20Tutorial%3A%20PlanAhead%20Design%20Tool%20PlanAhead%20Design%20Tool&releaseVersion=14.5&docPage=15

& XILINX.

Step 5: Importing an 1/O Port List

IO Ports. — O =
- =
| Name 1 Direction  Meg Diff Pair Site Fixed Bank If0 std Voo vref Drive Strength  Slew Type  Pull Type Off-Chip Termi...
= |= & Allports (32) A
s =125 myBus (32) Input LVCMOS18 1.800 NOME NONE
s pmpusl ot ] [ [ m [ fvowosis [ isool | [ Jvore foone [
£ -~ [r myBus[1] Input [&] LVCMOS18 1.800 NOME NONE E
O O myBus[2] Input = LVYCMOS 18 1,800 NONE NONE
o O myBus[3] Input = LYCMOS 18 1,800 NONE NONE
= - myBus[4] Input = LYCMOS 15 1,800 NOME MNONE
- [Or myBus[5] Input = LYCMOS 18 1,800 NOME NONE
[0 myBus[6] Input = LYCMOS 18 1,800 MNOME MOME
O myBus[7] Input = LVYCMOS 18 1.800 NOME MNONE
- [Or myBus[8] Input ] LVCMOS18 1.800 NOME NONE
[0 myBus[9] Input (] LVCMOS18 1.800 NOME NONE
O myBus[10] Input ] LVCMOS 18 1.800 NOME NONE il
S e e PN S 3 . T =1 1L MERASE D - S e ¥ — S e
] il =]

3 Td Console | (© Messages | i Package Pins - [C» I/0 Ports

Figure 10: Displaying New 1/0 Ports

You can select individual bits of a bus, or click the bus name to select the entire bus.
7. Select the individual bits of myBus.

8. Examine the port properties and various commands from the I/O Ports view popup
menu that are available to configure and manage ports.

In the popup menu you will notice that the Delete command is not available when a single
bit of the bus is selected. You must select the entire bus to delete it.

9. Select the top line of myBus and this selects all of the bits of the bus.

10. From the popup menu, select the Delete command to remove myBus from the project.

Step 5: Importing an 1/0O Port List

The PlanAhead tool can import a variety of file formats to begin the I/O pin planning process.
You can import CSV, UCF, or RTL format files and perform I/O port exploration and pin
assignments. You can also create I/O Ports interactively, which you did in the last step.

Use care with early input methods for I/O pin planning. Without a synthesized netlist, the I/O
Ports placement and DRC routines do not take clocks, clock relationships, or GT logic into
account in their calculations. When possible, perform I/O pin assignment after importing a
synthesized netlist. Legal I/O pinouts are confirmed only after the design has run through the
ISE implementation tools, and after DRCs for I/O and clock placement are run without error.

Importing and Examining the CSV Format 1/O Port List

1. Locate and open the following I/O Ports CSV file in a spreadsheet editor:

<Extract Dir>/PlanAhead Tutorial/Sources/IO Ports import.csv

2. Examine the I/O ports spreadsheet format and content, and close the file without saving.
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The 1/O ports CSV format is defined in the PlanAhead User Guide (UG632), found at
www.xilinx.com/support/documentation/sw_manuals/xilinx14 4/PlanAhead UserGuide.pdf.

3. Inthe PlanAhead tool environment, select Import I/O Ports from the Flow Navigator,
located on the left side.

@ Import /O Ports @
,0, Import IO port constraints from these file types: CSV, UCF
k4
Import From
() UCF File:
© CSV File: (-]

Figure 11: Import I/O Ports

4. Select CSV File and as the file type to import, and browse to select the file:
<Extract Dir>/PlanAhead Tutorial/Sources/IO Ports import.csv
5. Click OK.

The I/O Ports view is populated with the imported data, as shown below. Notice the
buses imported from the CSV file are grouped together and are expandable.

1/0 Ports I T
O\ Name Direction  Meg Diff Pair  Site Fixed Bank I/O std Veco Vref  Drive Strength  Slew Type  Pul Type Off-Chip Termi... I
| =& Allperts (135) o
| =B Dataln_pad 0.1 () Input LVCMOS18 1.800 NONE NONE B
= ~[» Dataln_pad_0_[7]  Input [} LVCMOS18 1.800 NONE NONE
B ~-[» Dataln_pad_0_i[]  Input 0 LVCMOS18 1.800 NONE NONE =
[»'3 [ Dataln_pad_0_i[5] Input =1 LVCMOS18 1.800 NOME NONE
_ [ Dataln_pad_0_i[4]  Input 0 LVCMOS18 1.800 NONE NONE
+[r Dataln_pad_0_i[3] Input =] LVCMOS18 1,800 NOMNE NOMNE b
3 [ Dataln_pad_0_i[2]  Input B LVCMOS18 1.800 NONE NONE
[ Dataln_pad_0_i[1] Input ] LYCMOS18 1,800 NOME NONE
. ®oosmnpad o fopee | [ @[] fuawoss [ el [ |  Jioe Jowe [
-5 Dataln_pad_1_i (3) Input LVCMOS18 1.800 NONE NONE
H-43 DataOut_pad_0_o (3)  Output LVCMOS18 1.800 12 5LOW NONE FP_\VTT_S0
H-44 DataOut pad 1 0(3)  Outout LVCMOS18 1.800 12 5LOW NONE FP VT 50 S
o T ] =}
/=) Td Console | () Messages | s Package Pins -, - IfO Ports
Figure 12: Imported I/O Ports
RECOMMENDED: Import a CSV file before defining custom ports with the Create I/O Ports
@ command because any ports of the same name will be overwritten by the imported file.
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Step 6: Exporting the Device and 1/O Pin Assignments

You can also export the I/O Port assignments to UCF, CSV, VHDL or Verilog format files. This is
useful for creating HDL headers and PCB schematic symbols. The CSV format output file includes
any package information for assigned pins, which can be used to facilitate high-speed PCB
design.

1. From the main menu, select File > Export > Export I/O Ports .

2. Select CSV, UCF, Verilog, and VHDL in the Export I/O Ports dialog box.

E Export V'O Ports @

Specify Types to Generate
V| csv ad_TutorialTutorial_Created_Data project_pinoutfio_1.csv

| UcF ‘ad_Tutorial/Tutorial_Created_Data/project_pinoutfio_1.ucf

| verilog | rial{Tuterial_Created_Data/project_pinout/fproject_pinout.v

D000

J|VHDL | |fTutorial_Created_Datajproject_pinout/project_pinout.vhd

==

|

Figure 13: Export 1/O Ports

3. Click OK to accept the default file names and locations.
4. Browse to, and open the exported files.

If defined, the Interface group names are included in the spreadsheet. Printed circuit board
designers can use this spreadsheet to create interface-specific schematic symbols. Creating
I/O Port Interfaces is covered in Lab #2 of this tutorial.

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 the work performed in an I/O planning project to be moved forward through the RTL
design flow; adding design Sources, synthesizing, and implementing the design. The I/O Port
assignments and names will be translated into an RTL header and UCF source files in the created
RTL project.

IMPORTANT: After you migrate an 1/O Planning project to an RTL project, it can no longer be
i} used as an I/O Planning project. Save a copy of the original project if you think it will be needed.

1. Select Migrate to RTL in the Flow Navigator .
The Migrate to RTL dialog box appears.
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[@] Migrate To RTL

Metlist format Verilog +

Write diff buffers

Top RTL file C:/Data/PlanAhead_Tutorial/Tutorial_Created_Data/project_pinoutfio_1.v

==

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

&

Cancel

Figure 14: Migrate to RTL

2. Click OK to accept the default file name and locations.

The 1/O ports in the planning project are written into a top-level Verilog module, or VHDL
entity, and saved into the project sources directory. The project type is changed from an I/O
Planning project to an RTL project, and the RTL project is opened in the PlanAhead tool.

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

[@] project_pinout - [C:/Data/PlanAhead_Tutorial/Tutorial_Created_Data/project_pinout/project_pinout.ppr] - PlanAhead
File Edit Flow Tools Window Layout View Help

FEREnoBRE X DD B NOSE XK T G Docutlaout b & 2N Ready)
Flow Navigator « Elaborated Design - xc7k70ttbg676-2 (active) X
o= Sources —Oue x L Project Summary X | 7] RTL Schematic X [m Rt
QI = e 4| 20Instsnces 135UOPorts  143Mets
4 Project Manager .
-
4#3 Project Settings =3
-
(5% Add Sources B
[ Q| £
L 1P catelog =5 Constraints (1) | =2
@ Run Behavioral Simulation | i constrs_1 «@$< ]
LB e ios.ucf (targ ’l{ §
4 RTL Analysis =) Simulation-Only Sources (1) %
Ff sim_1 [ E
a Elaborated Design _ e
(]
Report DRC -
2 %
#7] schematic
[# .
4 Synthesis E s .
@ Synthesis Settings N _E 1—'9'";""
9 Run Synthesis Hierarchy | Libraries | Compile Order ‘3_7 g g
pe —E
» @ Open Synthesized Design &b Sources | [ RTL Netist _;"’ e s
Properties T D—‘
4 Implementation @D e
) —E
@ Implementation Settings b s R) @? i
[» Run Implementation AE
> ¥ Open Implemented Design ‘"'"D“""
4 Program and Debug .,.? =T
5 Bitstream Settings e
?ﬂ Generate Bitstream E—‘ -
&% Launch ChipScope Analyzer J b
B LaunchiMPACT 1/O Ports oo
A, | Name Direction  Neg Diff Pair Site Fixed Bank  1/0Std Veco Vref  Drive Strength Slew Type  Pull Type  Off-Chip Termi.
e SRR ports (135) -
g (135)
=] (=B Dataln_pad_0_i (3) Input LVCMOS18 1.800 NONE NONE
- i[O Dataln_pad 0 i[7] Input ] LVCMOS18 1.300 NONE NONE L
B3 ~ [ Dataln_pad_0_i[6] Input = LVCMOS 18 1.800 NONE NONE
B - D> Dataln_pad_0.i[5] Tnput = LVCMOS 18 1,800 NONE NONE
o] - [ Dataln_pad_0_i[4] Input = LVCMOS 18 1,800 NONE NONE
=T -+ [ Dataln_pad_D_i[3] Input ] LVCMOS 18 1.800 NONE NONE
~ [ Dataln_pad_0_i[2] Input ] LVCMOS18 1.800 NONE NONE
[ Dataln_pad_0 i[1] Input ] LVCMOS 18 1.800 NONE NONE
- [ Dataln_pad_0_i[0] Input = LVCMOS 18 1.800 NONE NONE
[P Dataln pad 1 i (&) Inout LVCMOS18 1.800 NONE NONE Sl
] n =]

3 Td Console | (O Messages | ] Log | 2 Reports | (% Design Runs [- 1/0 Ports

Instance: RXP_IN_IBUFDS_O (IBUFDS) Cell: IBUFDS Type: IO

Figure 15: RTL Project
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3. Select Open Elaborated Design from the Flow Navigator.
4. Use the Window > I/0 Ports command from the main menu to open the I/O Ports view.

When you open the Elaborated design in the new RTL project you can see the I/O Ports view
displays the same ports that were imported into your I/O Planning project, as shown in
Figure 15: RTL Project.

Closing the RTL Project

1. Select File > Close Project.
2. Click OK in the Confirm Close Project dialog box.

You are now ready to proceed with Lab #2 of this tutorial.

I/O Planning Tutorial www.xilinx.com 20

UG674 (v 14.5) April 10, 2013 I Send Feedback I



http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=ug674&Title=I%2FO%20Planning%20Tutorial%3A%20PlanAhead%20Design%20Tool%20PlanAhead%20Design%20Tool&releaseVersion=14.5&docPage=20

v
i¢ X"—le Step 1: Opening the Netlist-Based Project

Lab 2:1/0 Planning in a Synthesized Design

Many of the features presented in this tutorial are available in several places during the design
flow. As Lab #1 describes, an I/O Planning project can begin the I/O assignment process well
before any RTL or synthesized netlist is available. In RTL projects, I/O Planning can also be
performed pre-synthesis by opening the elaborated RTL design. The most comprehensive set of
features and DRCs are available after synthesis by opening the synthesized design.

The I/O Planning features provide several ways to analyze, group and place the I/O ports onto
package pins, or assign them to I/O banks on the device.

For control over I/O port placement, you can interactively drag selected I/O Ports into the
Package or Device views using one of the following semi-automatic placement modes:

e Place I/O Ports in an I/O Bank

e Place1/O Ports into an Area

e Place I/O Ports Sequentially

In addition, you can toggle DRCs on and off during I/O placement.

Step 1: Opening the Netlist-Based Project

1. Click the Open Project link in the Getting Started view, or select File > Open Project.

2. Browse to select the following project file:

<Extract Dir>/PlanAhead Tutorial/Projects/project cpu netlist/project cpu
netlist.ppr

Alternately, select Open Example Project > CPU (Synthesized) from the Getting Started
page. If needed, use File > Save Project As... to save a local writeable copy of the project at
<Extract_Dir>/PlanAhead Tutorial/Tutorial Created Data

3. Inthe Sources view, expand the Constraints constr_1 folder and double-click on the
top.ucf file.

The UCF file only contains timing constraints at this time, and does not contain I/O ports
definitions or assignments.

4. Close the top.ucf file.
5. Select the constr_1 folder and right-click to select Make Active from the popup menu.
6. Select Open Synthesized Design in the Flow Navigator.

You can also select Flow > Open Synthesized Design from the main menu.

7. From the View Layout pull-down located in the main toolbar, select /O Planning.
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Step 2: Examining the I/O Ports in the Design

The I/0 Planning view layout displays as shown in Figure 16.

E project_cpu_netlist(2) - [C:/Data/PlanAhead_Tutorial/Tutorial_Created_Data/project_cpu_netlist/project_cpu_netlist.ppr] - PlanAhead

File Edit Flow Tools
C=g |
Flow Navigator

g
Q==

N

4 Project Manager
@ Project Settings
(% Add Sources

4 MNetiist Analysis
4 Synthesized Design

&4, Edit Timing Constraints
@ Report Timing
&1 Report Clock Interaction
(@ ReportDRC
[ Report Noise
Report Utiization
1] schematic

4 Implementation
5 Implementation Settings
[» Run Implementation

> ¥ Open Implemented Design

4 Program and Debug
4 Bitstream Settings
m Generate Bitstream
o .
& Launch ChipScope Analyzer

% Launch iMPACT

&«

Window Layout View Help

Bl X > BUHIS X L G [Buopamng

Synthesized Design - constrs_1 | xc7k70tfbg676-2 (active)

Netlist

& Sources' [} Netlist

& 2N T
X
— O X [il] Package x @ Device x | %] Schematc X 02 x

Properties - 0O =
« =+ |F3)
G Properties Clock Regions
1/O Ports — O x
A, | Name Direction  Neg Diff Pair Site Fixed Bank I/OStd Veco Vref  DriveStrength Slew Type  Pull Type  Off-Chip Termi..
L |E-& Allports (135) -
- > Dataln_pad_0. Input default (LVCMOS 18) 1.800 NONE NOME
== D Dataln_pad_1 Input default (LVCMOS 18) 1.800 NONE NOME
“=| - Dataut_pad_0_o Output default (LVCMOS 18) 1.800 12 sLow NONE FP_VTT_50 £
3| - Datadut pad_1 o Output default (LVCMOS 18) 1.800 12 sLOW NONE FP_VTT_50
= -5 LineState_pad_0_i Input default (LVCMOS 18) 1.800 NONE NONE
—| BB LineState_pad Input default (LVCMOS 18) 1.800 NONE NONE
<3 OpMode_pad_0_o (2) Output default (LVCMOS 18) 1.800 12 sLow NONE FP_VTT_50
<3 OpMode_pad_1_o () Output default (LVCMOS 18) 1.800 12 sLOW NONE FP_VTT_50
(43 or1200_pm_out (<) Output default (LVCMOS 18) 1.800 12 sLow NONE FP_VTT_50
(-5 RXP IN (18} Inout RXN IN default (DIFF HST... NONE NONE é
« . G

|5 Td Console

 Messages | b Log

) Reports | (% Design Runs | 5 Package Pins~, O 1/0 Ports

Figure 16: 1/0 Planning View Layout of Synthesized Design

Step 2: Examining the 1/0 Ports in the Design

1. Inthe I/O Ports view banner, click the Maximize View button &

2. Click Expand All = in the I/O Ports view.

3. In the I/O Ports view, click to unselect Group by Interface and Bus E%

4. Scroll down the list of buses and signals.

The I/O Ports now display as a flat list, as shown in Figure 17, rather than being grouped

by bus.

Notice the Neg Diff Pair column is populated for some of the ports indicating that they
are differential pair ports. The differential pair is listed using the port on the positive side.
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I/ Ports — OO %
0\ Id  MName Direction  Interface  Meg Diff Pair  Site  Fixed  Bank  IfO Std Wcoco wWref Drive Strength  Slew Type  Pull Type  OFF-Chip Termination
= [+ 43 orl200_pic_ints Input default (LYCMOS18) 1.5 12 3LOw MOME MOMNE o~
i [ 44 0r1200_pm_out[0] Qutput default (LYCMOS18) 1.8 12 SLOWw MOMNE FP_NTT_S0
I <0 45 or1z00_pm_out[1] Qutput default (LYyCMOS18) 1.6 12 5L MOMNE FP_NTT_S0
Bl 46 or1200_pm_ouz] Qutput default (LYCMOSIEY 1.8 12 SLOW NONE FP_YTT_S0
[g|<d 47 or1200_pm_ouf3] Qutput default (LYCMOSIEY 1.8 12 SLOW WONE FP_YTT_S0
<0 4@ phy_rst_pad_0_o Qutput default (LYCMOSIEY 1.8 12 SLOW WONE FP_YTT_S0
| <0 49 phy_rst_pad_1_o Cutput default (LYCMOSIEY 1.8 12 SLOW NONE FP_YTT_S0
E||D- 50 reset Tnput default (LYCMOSIEY 1.8 12 SLOW NONE HOMNE H
O 51 Rhckive_pad_0_ Tnput default (LYCMOSIEY 1.8 12 SLOW NONE HOME
O+ 52 Ruchckive_pad_1_ Tnput default (LYCMOSIEY 1.8 12 SLOW MONE HOMNE
O+ 53 RxErrar_pad_0_ Tnput default (LYCMOSIE) 1.8 12 SLOW MONE HOME
O+ 54 RxErrar_pad_1_i Tnput default (LYCMOSIE) 1.8 12 SLOW MONE NOMNE
[ 55 REP_IN[O] Input REN_IN[O]
[ 56 REP_IN[1] Input R#N_IN[1]
Cr 57 REP_IN[Z] Input R#N_IN[2]
Cr 58 RxP_IN[3] Input RN_IN[3]
Cr 59 RxP_IN[4] Input RN_IN[4] -
N 1 =]
Tel Console LD Messages LEQ Compilation @ Reports L@ Diesign Runs LD Package PinRD 1/0 Ports ]

Figure 17: Examining 1/O Ports

Step 3: Configuring 1/0 Ports

PlanAhead can be used to interactively configure I/O Ports, to assign the proper I/O standard,
drive strength, slew type, pull type and input termination constraints.

IMPORTANT: For 7-Series devices, all /O Ports must have explicit values for the IOSTANDARD

constraint in order to generate a bitstream file. This is because 7-Series devices have low and
ﬁ high voltage I/O Banks and extra care must be applied when assigning 1/0 standards. In the I/0

Std column, "default” is displayed in red to indicate that these values must be manually applied.

1. Click on 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.

3. Scroll to the bottom of the I/O Ports view, and shift-select the last port in the list that is
not a differential pair port, as shown in Figure 18.

I/ Ports — OO %

1
Id  Mame Direction Interface  MegDiff Pair  Site  Fixed |Bank | I/O Std Wooo o Mref Drive Strength Slew Type  Pull Type  OFF-Chip Termination
—

[l

Input

[0] ] npu FM_IN[O]

o ]
O 97 RRP_IN[L] Input Rh_IN[1]
M. a2 ovo TRl Teru ik DuRL TR =1 T
A i b @
Tel Consale LD Messages Llﬂ Compilation @ Reports L@, Design Runs LD Package P\nk,\D- 1/0 Ports I
Figure 18: Select Multiple Ports
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4. Right-click and select Configure I/O Ports.

Notice the various drop-down menus to set I/O Configuration constraints. The I/O standard
field displays the default value.

E Configure Ports @
IjO standard: | LVCMOS18 -
Drive strength:

Slew type:
Pull type: MNONE -
In Term type:

Figure 19: Configure 1/0O Ports

5. Click in the I/0 Standard drop-down menu to select LVCMOS18 standard and click OK.

Notice the I/O Std column entries are now set to LVCMOS18, and the red “default” text is no
longer displayed, indicating the IOSTANDARD constraints have been properly defined.

The differential pair ports are associated with GT pins, so an I/O standard is not applicable.
After these Ports are placed on GT pins, the IO Std column will be empty.

Step 4: Creating 1/O Port Interfaces

It can be beneficial to group I/O Ports associated with various I/O interfaces. The I/O Planning
layout lets you define groups of pins, buses or other interfaces together as an “Interface.” This
feature helps with I/O Port management and with generating interface-specific PCB schematic
symbols. It also encourages the Automatic Placement command to place the I/O Ports of a
defined interface together on the device if possible.

The design used in this tutorial has two USB modules, USB0 and USB1, each containing many
I/O ports. The I/O port names are differentiated by 0 and 1 . You will use the Search
command to locate the associated ports, and create Interfaces for both modules.

Click the Show Search button by in the I/O Ports view.

1
2. Type _0_in the Search field.
3. Select one of the ports in the filtered list.
4. Press Ctrl+A to select all ports in the filtered list.
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10 Ports

Search: |Qv _o_ | (43 matches)

= =1
Id  Name Direction Interface  Meg Diff Pair

= oot
% put
0_i[2 nput
@ 3 nput
D_FD ad_| nput
put
rput
put
pata0ut pad 0 ol _[output
) Cutput
Cutput
Cutput
Output

[w]

Figure 20: Ports from USBO

5.
6.
7. Right-click to open the popup menu, and select the Create 1/0 Port Interface command.

The Create I/O Port Interface dialog box opens.

Create YO Port Interface @

Create a new IO Portinterface for project ‘project_cpu_netlist...
Name: |USBO| |

Assign 6 selected I/O port buses to the new interface.

Assign 11 selected IO ports to the new interface.

:

Figure 21: Create 1/O Port Interface

8. Type USBO in the Name field.
9. Click OK.

10. In the Search field, change _0_to _1_and repeat the preceding steps to create an Interface
for USB1.

11. Click the Show Search button Q to hide the Search filter.

12. Click the Group by Interface and Bus EE, and the Collapse All 6 buttons.
The I/O Ports view is regrouped first by interface, then by bus, and the list is collapsed.

13. Expand the Scalar ports folder in the I/O Ports view to see the ports not associated with a
bus or interface.

14. Click the Restore button = in the view banner.

The 1/O Ports view is restored to its original size and location.
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Step 5: Viewing Multi-function Pins

Some Xilinx devices have a set of package pins that can be used for a variety of purposes
depending on the design configuration. These are referred to as multi-function pins. The
configuration mode of the device, or the use of memory controllers or a PCl interface, can
require the use of some of these pins. The Package Pins view can be examined to ensure that no
conflicts exist in the assignment of multi-function pins. In this step you will view the package
pins data and multifunctional pins.

1
2.

5.

Click the Package Pins view tab.
In the Package Pins view banner, click the Maximize View button B

Click Expand All = in the Package Pins view

Scroll down and scroll to the right to examine the pins information displayed in the
Package Pins view.

The Bank Type, Clock, Voltage, Config, and Site Type information is dynamically updated as
[/O Ports are placed onto the device or package.

Bk

In the Package Pins view, click to unselect Group by I/0 Bank = =.

The Package Pins now display as a flat list rather than being grouped by I/O Bank.

6. Click the Type column header to sort based on the Type field.

7. Scroll to view the multi-function pins

Package Pins —F 2 X
Q, Id Name  Prohibit Port I/0Std Dir Veco  Bank  Bank Type Type’ : DiffPair  Clock Voltage Config XADC  Gig
£ 1879 GND -
£ 188719 GND
- 5 189 P25 13 HIGH_RANGE Multi-function L&N VREF
=| & 190p23 13 HIGH_RANGE Multi-function L11P SRCC
g 5> 191 N23 13 HIGH_RANGE Multi-function L11N SRCC
B 192N21 13 HIGH_RANGE Multi-function L12P MRCC
2 193N22 13 HIGH_RANGE Multi-function L12M MRCC
5 194R21 13 HIGH_RAMNGE Multi-function L13P MRCC
S 195p21 13 HIGH_RANGE Multi-function L13M MRCC
£ 196R22 13 HIGH_RANGE Multi-function L14P SRCC
£ 197R23 13 HIGH_RANGE Multi-function L14M SRCC
5 198719 13 HIGH_RANGE Multi-function L15M VREF
5 199824 14  HIGH_RANGE Multi-function L 1P
£ 200 A25 14  HIGH_RANGE Multi-function L1N
5 201822 14 HIGH_RANGE Multi-function L27 E
2 02422 14  HIGH_RANGE Multi-function L20
£ 203825 14 HIGH_RANGE Multi-function L3P PUDC_B
3 204B26 14  HIGH_RAMNGE Multi-function L3N
5 205 A23 14  HIGH_RANGE Multi-function L4p

Figure 22: Multi-function Pins

8. Examine the following columns:

e Device Configuration pins (Config)
e XADC
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e Gigabit1l/O

These logic objects can impact I/O assignment because many of them rely on multi-function
pins, and have fixed I/O requirements.

Bk
9. In the Package Pins view, click the Group by 1/0 Bank button =.

==

10. Click Collapse All == to return the tree table display to the default display structure.

TIP: The PlanAhead tool has several tree table style views. There are search and filtering
O capabilities available in these views. See “Using Tree Table Style Views" in the Using the
Viewing Environment chapter of the PlanAhead User Guide (UG632 )for more information.

Step 6: Setting Device Configuration Modes

In the PlanAhead tool you can set one or more device configuration options. Some
configuration modes can have an impact on multi-function I/O pins also. The related pins
display this information in the Config column of the Package Pins view.

1. Select Tools > I/0 Planning > Set Configuration Modes.

[@] set Configuration Modes ===
[T Master SPLx1 JTAG/Boundary Scan
[I7] Master SPLx2
[7] Master SPI x4 The JTAG configuration mode allows the device to be configured through the TTAG port. This is often used
7] Master Serial with board testers, for debug, and for indirectly programming SPI flash or parallel NOR flash connected to

the FPGA configuration port. The Xilinx download cables and the ChipScope Pro tool use the JTTAG
configuration mode. Supporting this mode for debug is recommended even if another mode will be used by
the production design.

] Slave Serial

[] Master BPI-Up x8
[7] Master BPI-Up x16
[] Slave SelectMap x3 For more detail on this configuration mode, see the Kintex-7 Configuration User Guide.
[] Slave SelectMap x 16
[7] Slave SelectMap x32
ITAG/Boundary Scan
[ Master SelectMap x3
[] Master SelectMap x16

JTAG Header
7 Series FPGA
TDO TDO

TDI TDI
™S T™S
TCK TCK
Device
UG, 63 12 061710

Figure 23: Set Configuration Modes
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The Set Configuration Modes dialog box opens, as seen in Figure 23.

2. In the Set Configuration Modes dialog box, select one or two of the other modes to view
the descriptions, schematics, and related data sheets.

3. Leave the configuration mode set to JTAG/Boundary Scan and click Cancel.
Setting a Configuration Mode results in the pins associated with that mode to be
displayed in the Package Pins view allowing you to examine potential multi-function pin
conflicts.

4,

5.

Step 7: Defining Alternate Compatible Devices

During the FPGA design process, you can change the target device when a design decision calls
for a larger or different type Xilinx FPGA. The PlanAhead tool lets you select alternate
compatible devices at the start of port assignment, so you can make I/O assignments that will
work across the selected set of target devices.

Note: This feature is typically limited to target devices using a common package.
1. Select Tools > I/O Planning > Set Part Compatibility.
The Set Part Compatibility dialog box opens.

f] set Part Compatibility (=)

,'0‘, Add and/or remove PROHIBIT constraints to package pins
"' cuch that the device is compatible with all selected parts.
Compatible Parts
7@ xcTk160tfhae7e

@ xcTk160tTgs7s

& xc7k325tfhgs7s

@ xc7k325tffg676

& xcTk410tfhgs7s

@ xc7kH0tffgs76

oK.

Figure 24: Set Part Compatibility

2. Select the top xc7k160tfbg676 device, and click OK.

Prohibit constraints are assigned to pins that are not available across the various selected
parts. In this tutorial you are targeting the smallest device for the selected package, so no
prohibits are necessary to exclude unconnected pins.
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3. In the confirmation dialog box, click OK to indicate that no Prohibits were placed.

Step 8: Placing 1/0 Ports

The PlanAhead tool provides several ways to place the I/O Ports onto either package pins or /O
die pads. The Automatic Placement command attempts to place all, or a selected group of I/O
ports, adhering to I/O bank rules while grouping buses and interfaces together. By default, the
PlanAhead tool uses design rule checks (DRCs) during I/O placement.

For more control over I/O port placement, you can drag the selected I/O Ports into the Package
or Device views using one of the following placement modes:

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

e Placing I/O Ports in an Area

e Placing I/O Ports Sequentially

Placing I/O Ports in an 1/0 Bank

1. In the I/O Ports view, select the USBO Interface.

You can expand the interface to see that all ports assigned to the interface are selected at
the same time.

2. In the Package view, click to expand the Place Ports button.
This opens the Place Ports Modes submenu, to let you select j  Poeeferstedes X1 the
mode for assigning I/O ports to package pins. Ploce HO Portsin an 10 Bark
Place IO Ports in Area
3. Select Place I/O Ports in an I/0O Bank. T
4. Drag the USBO interface pins from the I/O Ports view onto - " the

package pins view to place the selected ports.

As you drag the cursor over the Package view, a tooltip displays the number of pins to be
placed.

The Information bar at the bottom-right of the PlanAhead tool displays information about
the objects being placed, including I/O Banks and Package Pins.

I/O Planning Tutorial www.xilinx.com 29

UG674 (v 14.5) April 10, 2013 I Send Feedback I



http://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=ug674&Title=I%2FO%20Planning%20Tutorial%3A%20PlanAhead%20Design%20Tool%20PlanAhead%20Design%20Tool&releaseVersion=14.5&docPage=29

& XILINX.

Step 8: Placing I/O Ports

| Synthesized Design * - canstrs_1 | xc7k70tbgs76 2 (active)

Netlist

T xE

4 top

-5 Nets (1024)
= Primitives (155)
{T] dikgen (d
[#-{T] cpuEngine 0_top)
- ffEngine (FtTop)
{] mgtEngine (mafTop)

[ usbEngine0 (usbf fop)

[-{T] usbEngine1 {usbf_top_usbEngine 1)
-3 wbArbEngine (wb_conmax_top)

& Sources, [} Netlist I

1/0 Port Interface Properties

+ » B[k

S 4|

i3 UsBo

Name: usBo
Number of ports: 43

General | /O Ports |

JEPackage x | @ Device X |i# Schematic X

+i
=

& 9 10 11 12

Stap oy AR JF

B
F

*._[il Properties | m Clock Regions

13 14 15 16 17

18

—_Ow =

Control_pad_0_o (4)
tatus_pad_0_i (8)

Direction  Neg Diff Pair

Site Fixed Bank 1/0 Std Veco

LVCMOS18
LYCMOS18
LVCMOS18
LVCMOS18
LVCMOS 18
LVCMOS18
LYCMOS18

(Multiple) | (Multiple)

vref  Drive Strength Slew Type  Pull Type  Off-Chip Termi..

Figure 25: Placing 1/0 Ports into Package View

5. Drag the I/O ports onto I/O Bank 14 on the top-right side of the Package view to place
the I/O Ports as shown in Figure 25.

Pin assignments start from the initial pin selected, and placement proceeds through the
I/O bank or area as defined by the placement mode. The I/O Ports are assigned in the
order in which they appear in the I/O Ports view.

Placing I/O Ports in an Area

1. In the Graphical Workspace, switch from the Package view to the Device view.

2. In the Device view, zoom in to the upper half of the device by clicking and drawing a
rectangle from the upper-left corner to the lower-right corner of the zoom area.

3. In the I/O Ports view, select the USB1 Interface.

4. In the Device view, click to expand the Place Ports button |

5. Select Place I/O Ports in Area.

The cursor displays a cross indicating that you can draw a rectangle to place the selected

USB1 ports.
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i. XIL'NX Step 8: Placing I/O Ports

6. Draw a rectangle around the I/O banks in Clock Region X0Y2.

The Automatic Placement feature places the ports into the defined area. The direction in
which you draw the rectangle determines how the device resources are used. I/O ports are
assigned from the pin inside the rectangle, that is nearest to the first rectangle coordinate
selected.

Ports are placed in the order that they appear in the I/O Ports view. You can adjust the
assignment order by applying sorting techniques in the I/O Ports view prior to placing ports.

Place 43 of 43 ports|

&

<&

Figure 26: Place I/0O Ports by Area

Placing 1/0O Ports Sequentially

You have placed ports on the Package view by placing onto I/O banks, and assigned ports in the
Device view by placing into an area. Now you will place differential port pairs in the Package
view by stepping through multiple selected ports in sequence.

1. In the Graphical Workspace, switch from the Device view to the Package view.

2. Select the RXP_IN bus in the I/O Ports view.

3. In the Package view, click to expand the Place Ports button #|
4. Select Place I/O Ports Sequentially.

5. Drag and click onto a pin in one of the GT I/O banks to place the first differential pair
port. The PlanAhead tool will place both the positive and negative sides of the diff pair at
the same time.

O TIP: The GT banks are in the upper left of the Package view.
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[ Package x | Device X |?2Schematic X

2 3 o 5 6 7 8 9 1011 12 15 14 15 16 17 15 19 20 2

£

7|

> g | O O

Figure 27: Place 1/0O Ports Sequentially

Both the receiver (RXP_IN) and transmitter (TXP_OUT) differential pairs associated with the

GTs will be placed simultaneously. If you hover over an invalid pin site, you will see a tool tip

indicating that the selected site is not legal and stating why it is not legal.

After placing the first set of GT diff pair pins, PlanAhead queues up the next group of pins to

place.

You can also manually enter a pin location in the Site column in the I/O Port Properties view.

6. Finish placing all 8 GT Port groups in the two GT Banks in the upper-left of the Package

view. The Tooltips that appears when you hover the cursor over a pin will guide you to
legal pin selections when placing the ports.

Note: GT logic objects are automatically grouped by PlanAhead to ensure proper behavior

when 1I/O Ports are placed or moved. Both sets of Diff Pair I/O Ports as well as the GT itself

are placed and moved as a group.

Step 9: Placing Clock Logic

After a synthesized netlist is imported, clocks and clock relationships can be explored and used
to lock down critical clock or I/O related logic objects onto specific device sites. The PlanAhead
tool automatically groups some logic, such as GTs and their associated 1/O pin pairs. This makes
selection and placement of GTs and other related logic less prone to errors.

1. Click the Find button & or select Edit > Find.

The Find dialog box opens.
2. Adjust the selection filters to match the following figure (Type is Clock).
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@] Find =)
Find | Instances -
Criteria
Type - ||is ¥ | |Clock -
[] Match Case
Open in a new tab

Figure 28: Using Find to Search for Clock Logic

3. Click OK.

The Find Results view opens as shown in Figure 29: Viewing the Clock Objects Found.
4. Scroll down the list of objects, and observe the following types of cells:

e BUFG

e MMCMEZ2 ADV

Step 10: Using the Schematic to Trace Clock Logic

The Schematic view can be used to expand and explore any logic in the design. Placement
constraints can be applied from the Schematic view.

1. In the Find Result view, select the MMCME2_ADV cell.

Find Results — 0O «a =
-~ Id  Name Cell Instance Pin Count
?.J [l 1 magtEngine/gt_usrdk_source/bufg_inst BUFG 2
& [i1 2 dkgenfdkf_buf BUFG 2

il 3 ckgenfdkout1_buf BUFG 2

il 4 ckgenfdkout2_buf BUFG 2

[l 5 dkgenfdkout3_buf BUFG 2

il &6 dkgenfdkout4_buf BUFG 2

@ 7 ckgenfdkout5_buf BUFG 2

Lill 8 2

il 10 mgtEngine/gt_usrdk_source/troutdk_bufg0_i BUFG 2

[l 11 mgtEngine/gt_usrdk_source/ftoutdk_bufgl_i BUFG 2

il 12 mgtEngine/gt_usrdk_source/txoutdk_bufg2_i BUFG 2

il 13 mgtEngine/gt_usrdk_source/teoutdk_bufg3_i BUFG 2

Instances - Typeis 'Clock’ (13) x

Figure 29: Viewing the Clock Objects Found
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=1

2. In the Find Results view, click the Schematic button —*.

The schematic symbol for the selected cell is opened as shown in Figure 30.

[ Package x |@ Device X | %] Schematic X 0w =
-)D 2 Instances 1Net
i
clkgen
= e rarmcrm adv inst
=3 CLKFEQUT |-
ag CLKFBOUTE =
) —HCLKFEIN  CLKFESTOPREDf=
=CLKIMSEL  CLKINSTOPRED f=
R —HCLKIM CLKOUTOf=
Wh - CLKOUTOE f=
') . A DDR]E D] CLKOUT! f=
——CLK CLKOUT1E f=
i — CLKOUT2f=
= +—wi[15:0] CLKOUT2E f=
@ L INE CLKOUTSf=
LK CLKOUT3E f=
L —EN CLKOUT4f=
X INCDEC CLKOUTS f=
) L RN CLKOUTE =
& e DO[15:0] fm
DRDY =
LOCKED =
PSOONE =
i MMCMEZ_ADY

clock_generator

Figure 30: MCM Schematic

You can easily expand and explore logic in the Schematic view. You can select or highlight
logic in the Schematic view to cross-select or highlight it in other views. You can also drag
logic directly from the Schematic for placement into the Device, Package or Clock Resources
view.

3. In the Schematic view, double-click the outside of the CLKIN1 input port on the upper left
of MCM module to expand the schematic outward from the selected pin.

4. Double-click to expand the CLKFBIN input pin on the MCM module.
5. Double-click on the 5 MCM output pins CLKOUT1-5 to expand the BUFGs.

The schematic is created as each pin is expanded, so the placement of cells and connections
in the schematic is dependent on the order that you add logic. When all elements have been
added to the schematic, you can regenerate the schematic to create a cleaner more orderly
schematic to examine.

6. Clean up the connections by clicking the Regenerate Schematic button in the Schematic
o
view ¥
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[l Package X | Device X | % Schematic X | m T
-)D 9 Instances 9 MNets
A
* clkgen
= 9 mmcm_adv_inst
@ CLKFBOUT]—
[+ clkf_buf CLKFEOUTE
W ! O CLKFEIN ~ CLKFESTOPPED|— clkout?_huf
= clkin1_buf BUFG —CLMINSEL  CLKINSTOPPED |— .0
R 0 sysClk LKINA CLKOUTD BUFG
——JCLKIN2 CLKOUTOE
2 IBUF clkaut3_buf
) +— =il ADDR]E:0] CLKOUT1 | o~
- t——DCLK CLKOUT1B|—
+ . IDEN CLKOUTZ BUFG
= y—=[15:0] CLKOUT2E — clkoutd_buf
= e CLKOLITS I~.0
N ——PSCLK CLKOUT3B — BUFG
J ——PSEN CLKOLIT4
X +——IPSINCDEC CLKOUTS | Clkng—bUf
@ L {PaRDi CLKOUTE
e —RST DOME0] BUFG
~ DRDY — clkoutb_huf
LOCKED | ! et
PSDONE |- BUFG
MMCMEZ_ADY
clock_generator
4 2

Figure 31: Exploring Clock Logic

7. Close the Schematic view tab.

Step 11: Exploring the Clock Resources View

1. Inthe Workspace, select the Clock Resources view tab.
2. If no view tab exists, select Window > Clock Resources to display the view.

3. Click the Maximize Workspace button U in the view banner to display the view full
screen.

4. Scroll around and examine the Clock Resources view.
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Step 11: Exploring the Clock Resources View

[ Package x | @ Device X |%#Schematic x |23 Clock Resources X

Q| =B xcA7othgs7s-2

Z [ Top Half

= Bottom Half

k3
B @@ Clock Region X0Y1

Site

[E] BUFR_X0Y7

BUFR_XOY&

[E] BUFR_XOY5

BUFR_X0Y4

[E] BUFIO_XOY7
[z] BUFIO_X0Y6
BUFIO_X0Y5
[E] BUFIO_X0Y4

[E] BUFMRCE_X0Y2
BUFMRCE_X0Y3

D23:5RCC
[E] D24:SRCC
F22:IMRCC
[ E23:MRCC
[l GzaiMRCC
F23:MRCC
[E G24:sRCC
F24:5RCC

IDELAYCTRL_XOY1

[E] PLLE2_ADV_XOY1
[E] MMCME2_ADV_X0¥1

E sm» L0 Bank: 14 (High Range)

Instance

= Global Buffers @ Y=1

Site
BUFGCTRL_XOY15
[] BUFGCTRL_X0Y 14
[E] BUFGCTRL_%0Y13
BUFGCTRL_XOY12
[E] BUFGCTRL_X0Y11
BUFGCTRL_XOY10
[E] BUFGCTRL_X0Y9
BUFGCTRL_XOYB
[5] BUFGCTRL_X0Y7
[&] BUFGCTRL_X0YS
BUFGCTRL_XOYS
[E] BUFGCTRL_XOY4
BUFGCTRL_XOY3
[5] BUFGCTRL_X0Y2
[E] BUFGCTRL_X0Y1
BUFGCTRL_XOYD

= @@ Clock Region X1Y1

Instance = GTBank 114 (Unbonded)

E s L0 Bank: 34 (High Performance’

Site

[E] BUFR_X1Y7
BUFR_X1Y6

[E] BUFR_X1¥5
BUFR_X1Y4

[E] BUFIO_X1Y7

[] BUFIO_X1¥6
BUFIO_X1Y5

[E] BUFIO_X1Y4
IDELAYCTRL X1Y1
[E] BUFMRCE_X1Y2
BUFMRCE_X1Y3
[E] PLLE2_ADV_X1Y1

[E] MMCMEZ_ADV_X1¥1

AB2:SRCC
[E] aC2:SRCC
AAZIMRCC
[ AAZMRCC
[] AAMRCC
AB4:MRCC
[E] AC#:SRCC
AC3:SRCC

Instance

=] Clock Reqion X0¥0

Site
BUFR_X0Y3
[E] BUFR_xDY2
BUFR_X0Y1
[5] BUFR_X0YD
[z] BUFTO_X0Y3
BUFIO_X0Y2
[E] BUFIO_X0Y1
BUFIO_X0Y0

BUFMRCE_XOY0
[5] BUFMRCE_XOY1

=

[E] IDELAYCTRL_XOYO

[E] PLLE2_ADV_XOYD

E s 1O Bank: 13 (High Range)

Instance

[= Global Buffers @ ¥=0

= Clock Reqgion X1Y0

= GT Bank 113 (Unbonded)

E s [fO Bank: 33 (High Performance

Site

BUFR_X1Y3

[E] BUFR_X1Y2
BUFR_X1Y1

[E] BUFR_X1YD

[&] BUFIO X 1¥3
BUFIO_X1Y2

[E] BUFIO_X1Y1
BUFIO_X1Y0

[E] [DELAYCTRL_X1Y0
BUFMRCE_X1Y0
[5] BUFMRCE_X1Y1
[E] PLLE2_ADV_X1YD

=

Instance

Figure 32: Viewing Clock Resources

Clock Regions, I/O and GT Banks, MMCMs, and BUFGs display in the Clock Resources
view arranged in positions relative to their location on the actual device. Device
resources are listed under the Site column. Design logic that is assigned to device

resources is listed under the Instance column. You can place clock logic and related 1/0O

logic into the Clock Resources view by selecting it and dragging it from another view.

You can expand or collapse sections of the Clock Resources view to hide or display the

resources as needed. In Figure 32 you will notice that the Top Half of the device is

collapsed, and can be expanded by clicking on the '+ sign.
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Step 12: Placing the MCM Instance

Step 12: Placing the MCM Instance

1. Click the Find Results view tab on the bottom of the screen to display the view

2. Select the MMCME2 ADV instance and drag it into the Clock Resources view on the
Instance column next to one of the MMCME2 ADV Sites.

Q

TIP: If the instance does not drag out of the Find Results view, expand the Netlist view tab and
drag the MMCM from that view as shown in Figure 33.

| Synthesized Design * - constrs_1 | xc7k70tfbg676-2 (active) X
Netlist — O x [ Package X |4 Device X | ¥#]Schematic X | Clock Resources X [T
= | =

g | & Al A [ & xcamotibosze-2 E
;g_ el i:I VStatus_pad_0_i_7 IBUF :IEUFE - Z = TopHalf
o il VStatus_pad_1_j_0_IBUF (IELF) . —
“—1 il vStatus_pad_1_i_1_IBUF (IBUF) =1 M=) Clock Region X0Y3 El Global Buffers @Y=3 =
e = === H _ —
VStatus_pad_1_i_2_IBUF (TBLF) ||| © m» /o Bank: 16 (High Range) =]
Status_pad_1_i_3_IBUF {IBUF) ] ]
i VStatus_pad_1_i_4_IBUF (IEUF) Site Instance il
il vStatus_pad_1_i_5_IBUF (TBUF) BUFR_X0Y15 E]
“fill VStatus_pad_1_i_6_IBUF (IBLF) BUFR_XO0Y 14 B
il VStatus_pad_1_j_7_IBUF (IEUF) FR_X0Y13
b -;I ¥cvSelect_pad_0_o_OBUF :OELIFE- BUFR_X0Y12
>--I-::v1 XcvSe\ect‘J:adTl_o_DBUF (OBUF) & BUFIO_XDY15 2
-kl XST—GNP[’ ‘G”D;I ) BUFIO_X0Y 14 2
esnerEen 5] BUFIC_X0Y13
= Primi eé (10) BUFIO_xOY12 |
7 ckf_buf (UFG) [E] IDELAYCTRL_XOY3 £
ckout1_buf (ELUFG) BUFMRCE_X0Y6
ckout2_buf (BLUFG) BUFMRCE_X0Y7
dkout3_buf (BUFG) [E] PLLEZ_ADV_X0Y3 2
dkout4_buf (EUFS) MMCME2_ADV_X0Y3 FL mmem_adv_i...MCME2_ADY) E
dkout5_buf (BUFS) [5] G1L:8RCC
ckouts_buf (ELFE) F10:5RCC 5]
adv_inst (MMCME2_ADV) [E] E10:MRCC &
i D10:MRCC
i) XST_! C12MRCC
q:uEngine (or 120, _top) | & C11MRCC 2
-{@] ﬁiﬁ;ﬁln.e fﬁTi: . 3 E11:5RCC g
gtEngine (matTop) D1L:SRCC -
sbEngine0 (usbf_top) | 5 &
sbEngine1 (usbf_top_usbEngine 1) &2 ]
whArbEngine (wb_conmzsx_top) = 18
& Sources™, 3] Netlist < i, =]
Find Results —Owe x
e d  Name Cell Instance Pin Count
S @1 motEngine/at usrdk sourcebufa inst  BUFG 2 o
& [l 2  ckoenjdkf_buf BUFG 2 F
@ 3 dkgen/dkout_buf BUFG 2
[ 4 dkgen/dkout2_buf BUFG 2 L
[ 5  dkgen/dkout3_buf BUFG 2 r
@ s ckgen/dkouts_buf BUFG 2
@7 dkgen/dkout5_buf BUFG 2 | 4
[FiE:! kgt BUFG 2
I R 1 I
[il 10 mgtEngine/gt_usrdk_source /txoutck_bufgd_i BUFG 2 =]

Instances - Type is 'Clock’ (13) x

Figure 33: Placing MMCM into the Clock Resources view

3. Close the Find Results view.

4. In the Clock Resources view, click the Restore Workspace button @ in the view banner to
return the view layout.

5. Click the Device view tab in the Workspace.
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Step 13: Running Design Rule Checks

Step 13: Running Design Rule Checks

The PlanAhead tool has an extensive set of I/O related design rule checks (DRCs) to ensure that
I/O Ports are assigned appropriately. You can interactively explore and resolve any reported

design rule violations.

1. Under Netlist Analysis in the Flow Navigator, click Report DRC.

2. Clear All, then select to enable Bank and IOB rules as shown in Figure 34.

[€] Report DRC

Results name: | drc_1
Qutput file:

Rule deck: all

Rules to Chede: 72 of 1334

O g EE
L —

B3

[J

=3 Al Rules (1334)

- Implementation (3)
[ Floorplan (2)

108 (32

[ Placer (39)

(1[0 RAMB (1)

[ selectal || clearal |

Openin a new tab

Figure 34: 1/0 Related DRCs

You can expand the selected rule categories to examine the specific rule types available in

each.

3. Click '+’ to expand and view Bank and IOB rules, and click OK to run the DRC report.

The DRC Violations view opens to display any violations.

DRC -drc_1 (2 violations)

— 0O a =
i =1
M| Name Severity Details
ol .
w2 || == All Viclations (2]
=] - 10B (2)
- .
=™ =+ Unspecified 1/0 Standard (1)
= & Unspedified 10 Standard (NSTD-1)
\\ (@) NSTD #1 Critical Warning 8 out of 135 logical ports use 1jO standard (IOSTANDARD) value 'DEFAULT', instead of a user assign...
[=-[7 Unconstrained Logical Port (1)
=@ Unconstrained Logical Port (UCIO-1)
L@ UCIO #1 Critical Warning 60 out of 135 logical ports have no user assigned spedific location constraint (LOC). This may cause L.

@ drc_1 (2 violations) x

Figure 35: Report DRC Violations
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Step 14: Running Simultaneous Switching Noise Analysis

The reported violations indicate that the design has several I/O Ports that are missing LOC
and IOSTANDARD constraints. This is due to the fact that you have not placed or configured
all of the ports in the tutorial design. The design will fail to create a bitstream file with these
errors. You could use the techniques described earlier in this tutorial to place and configure
the remaining I/O Ports.

4. Select one of the Violations and examine the Violation Properties view

The Violation Properties view provides a more detailed explanation of the design rule
violation as shown in Figure 36, and provides links to the specific design objects in violation
of the rule. The links in the Violations Properties view allow you to select and view the logic
objects. In this case, because the violation objects are I/O ports, you can view the objects in
the I/O Ports view.

Violation Properties — O «a =

« > Gk
(@) NSTD #1

& out of 135 logical ports use I/0 standard (IOSTANDRED) wvalue
'"DEFAULT', instead of a user assigned specific value. This may
cause I/0 contention or incompatibility with the board power or
connectivity affecting performance, signal integrity or in extreme
cases cause damage to the device or the components to which it is
connected. To correct this wiclation, specify all I/0 standards.
This design will fail to generate a bitstream unless all logical
ports have a user specified I/0 standard walue defined. To allow
bitstream creation with unspecified I/0 standard wvalues (not
recommended), use set_property SEVERITY [Warningl [get_drc checks
N5TID-1]. Problem ports: IILEQ _BEFCLE PAD N TN,

IILEQ_EEFCLE FAD P_IN,

IILE1 EEFCLE FAD N _IN,

IILEl _EEFCLE FAD P _IN,

IILEZ EEFCLE FAD N_IN,

IILEZ EEFCLE FAD P_IN,

IILES_EEFCLE FAD N _IN,

IILES_EEFCLE FAD P _TN.

General | Details

Figure 36: Violation Properties view

5. Close the DRC Violations view.

Step 14: Running Simultaneous Switching Noise Analysis

Simultaneous Switching Noise (SSN) analysis can be performed to help identify potential signal
integrity concerns in the device.

1. Under Netlist Analysis in the Flow Navigator, click Report Noise .
2. Click OK in the Run SSN Analysis dialog box.
The Noise report view opens as shown in Figure 37.
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Step 15: Saving the Constraint Files

Noise - ssn_1 —Ooax
Summary 1/0 Bank Details
Messages (3) a
| Name Port 1/0 Std Veeo Slew Drive Strength (mA) ~ Off-Chip Termination ~ Remaining Margin (%)  Notes
Links | @0 1/0 Bank: 0
=i 1/0 Bank; 1.
0 1/0 Bank: 13
- 1/0 Bank: 14 (Hig LVCMOS18 1.80 SLOW 12 FP_VTT_30
£ Azs VControl_pad_i_o[0]  LVCMOS18 1,80 SLOW 12 FP_VTT_50 95,12
S B4 VControl_pad_1i_o[1]  LVCMOS18 1,80 SLOW 12 FP_VTT_50 94,44
Bk VControl_pad_1i_o[2]  LVCMOS18 1,80 SLOW 12 FP_VTT_50 96.83
£ 10 Bank: 15 (High Ranae) (17 LVCMOS 18 1,80 SLOW 12 FP_VTT_50
D15 DatsOut_pad_1i_o[0]  LVCMOS18 1,80 SLOW 12 FP_VTT_50 83,49
Rcis DatsOut_pad_1_o[1]  LVCMOS18 1,80 SLOW 12 FP_VTT_50 77.90
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nB17 DataOut_pad_1_ol6]  LVCMOS18 1.80 SLOW 12 FP_VTT_50 78.67
£ a9 DataOut_pad_1_o[7]  LVCMOS18 1.80 SLOW 12 FP_VTT_50 78.18
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P61 OpMode_pad_1_o[1]  LVCMOS18 1.80 SLOW 12 FP_VTT_50 84.95
- D19 SuspendM_pad_1_o LVCMOS 18 1.80 SLOW 12 FP_VTT_50 73,97
- D20 Termsel_pad_1_o LVCMOS 18 1.80 SLOW 12 FP_VTT_50 75.29
- F20 Twvalid_pad_1_o LVCMOS518 1.80 SLOW 12 FP_VTT_50 87.43
S EW VControl_Load_pad_1_o LVCMOS18 1.80 SLOW 12 FP_VTT_50 82.28
I F15 VControl_pad_1_o[3]  LVCMOS18 1.80 SLOW 12 FP_VTT_50 78.97
-5 H19 XcvSelect_pad_1_o LVCMOS 18 1.80 SLOW 12 FP_VTT_50 91.88
e phy_rst_pad_1_o LVCMOS 18 1.80 SLOW 12 FP_VTT_50 83,57
- 1/0 Bank: 32 (D
- 1/0 Bank: 33 (H
- 1/0 Bank: 34 (H
[ Unplaced Ports (24
Hssn_1 X

N o oA~ W

Figure 37: Noise Report

Maximize the Noise view using the Maximize button 5 in the view.

Scroll down and expand the list of I/O Banks.

Select Summary in the upper left categories list and examine the information.

Select Messages and Links to examine the information.

Restore the Noise View to its original size and location.

Step 15: Saving the Constraint Files

Through the course of performing this Tutorial, you have made numerous modifications to the
physical constraints in the design. These changes are currently stored in memory, but will need
to be saved to the constraints file prior to closing the design. Use the Save Constraints

command to write the changes into the project constraint files.

containing all of the current constraints, while leaving the original constraint set in its original form.

O TIP: The Save Constraints As command can alternatively be used to create a new constraints set

1. Select File > Save Constraints.

2. Inthe Sources view, double-click the top.ucf file under the Constraint folder constr_1 to

open the constraints file.
Notice the new physical constraints applied.

3. Close the top.ucf file.
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i: XIL'NX Conclusion

Close the PlanAhead Tool

1. From the main menu, select File > Exit to close the PlanAhead tool.

2. Click OK.

Conclusion

In this tutorial, you:

Used the I/O pin planning environment to explore device resources and define alternate
compatible devices for the design.

Imported, created, and configured 1/O Ports.
Created Interfaces by grouping the related I/O Ports together.

Used the semi-automatic placement modes to assign critical I/O Ports to package pins.
Placement of the remaining I/O Ports was done using automatic placement.

Exported and examined the 1/O Ports list, which can be used for HDL header or PCB
schematic symbol generation.

Opened a netlist-based project and placed GTXE, MMCM_ADV, and BUFG objects using
logic connectivity as a guide for correct placement.

Ran DRCs and Noise Analysis to validate legal I/O placement.

Updated the constraint files with the interactive assignments.
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