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PlanAhead Software Tutorial: 1/O Pin
Planning

Introduction

This tutorial introduces the Xilinx® PlanAhead™ software capabilities and benefits when
performing I/O pin assignment for FPGA devices. It describes the procedure for creating
and assigning I/O ports to physical package pins. The I/O Planner 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 capabilities include fully automatic pin placement or semi-automated interactive
modes to allow controlled I/O port assignment. The I/O Planner environment shows the
relationship of the physical package pins and banks with their corresponding I/0 die
pads. Intelligent decisions can be made to optimize the connectivity between the PCB and
the FGPA device.

You can perform I/O pin assignment at various stages of the design cycle. You can perform
1/0 exploration and assignment with a pin 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 software also enables you to I/O pin plan in the elaborated Register
Transfer Level (RTL) design or in the synthesized netlist design. The PlanAhead software
performs more comprehensive I/O and clocking DRCs when using a netlist design. This
tutorial covers both.

Not all commands or command options are covered in this tutorial. This tutorial uses the
features contained in the PlanAhead software, which is bundled as a part of ISE® Design
Suite version 13.

Tutorial Objectives

The objective of this tutorial is to familiarize you with the I/O pin planning process using
the I/O Planner functionality in the PlanAhead software.

1/0 Pin Planning
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Getting Started

Software Requirements

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

For installation instructions and information, see the ISE Design Suite: Installation and
Licensing Guide (UG798) cited in Appendix A, Additional Resources.

Hardware Requirements

Xilinx recommends a minimum of 2 GB of RAM when using the PlanAhead software on
larger devices. For this tutorial, a smaller xc6vIx75t design is used, and the number of
designs open at one time is limited. Although 1 GB is sufficient, it can impact performance.

Tutorial Design Description

The small sample design used in this tutorial includes:

e A RISC processor CPU core

e A pseudo FFT

¢ Four gigabit transceivers (GTs)

¢ Two USB interfaces

The design targets an xc6vIx75t device. A small design is used to:

¢ Allow the tutorial to be run with minimal hardware requirements
e Enable timely completion of the tutorials

e Minimize data size

Locating Tutorial Design Files

This tutorial uses the design data that is included with the example projects in the
PlanAhead software. It is also available on the Xilinx website.

1. Download the PlanAhead_Tutorial. zip file from either:

* The example projects area in the PlanAhead software installation:
<ISE_install_area>/PlanAhead/testcases/

e The Xilinx website: http:/ /www.xilinx.com/support/documentation/
dt_planahead_planahead13-1_tutorials.htm

2. Extract the zip file contents into any write-accessible location.

The unzipped PlanAhead_Tutorial data directory is referred to in this tutorial as the
<Extract_Dir>.

The tutorial sample design data is modified while performing this tutorial. A new copy of
the original PlanAhead_Tutorial data is required each time you run the tutorial.
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Tutorial Steps

This tutorial consists of the following I/O pin planning steps:
Step 1: Creating an I/O Pin Planning Project

Step 2: Examining Device I/O Resourcess

Step 3: Viewing Multi-function Pins and Setting the Device Configuration Mode
Step 4: Defining Alternate Compatible Devices

Step 5: Creating and Configuring I/O Ports

Step 6: Importing an I/O Port List

Step 7: Exporting the Device and I/O Pin Assignments

Step 8: Analyzing I/O Port Placement

Step 9: Creating I/O Port Interfaces

Step 10: Clearing Imported I/O Placement Constraints

Step 11: Placing 1/O Ports

Step 12: Placing Gigabit Transceivers and Clock Logic

Step 13: Running DRC and SSN Analysis
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Step 1: Creating an 1/O Pin Planning Project

The PlanAhead software provides an I/O Pin 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 in order to analyze device resources. It is also available for an RTL,
netlist or implemented design.

Creating a New Project, Opening the I/O Planner Environment, and
Exploring the Views

1. Open the PlanAhead software and create the project_pinout I/O Pin Planning project.

*  On Windows, double-click the Xilinx PlanAhead 13 Desktop icon, or select Start >
Programs > Xilinx ISE Design Suite 13.x > PlanAhead > PlanAhead.

* 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 page.

Type the Project name, project_pinout.

Al

Enter the Project location:

<Extract_Dir>/PlanAhead_Tutorial/Tutorial_Created_Data.

Project Name
Enter a narme For vour project and specify a direckary where the project data files will be stared ﬁﬁ
Project narme: |pr0jectjinout |
Praject location: | Ch\plandhead_installlPlanfhead_Tutariali Tutorial_Created_Data |D
Project will be created at: ...d_installiPlanahead _Tutorial Tutorial_Created_Datalproject_pinout
[ < Back ” MNext = ] [ Cancel
Figure 1: Defining New Project Name and Location
6. Click Next to open the Design Source page.
7. Select Create an I/O Planning Project.
8 www.Xilinx.com I/0 Pin Planning
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T8 New Project

Design Source
Specify the type of sources For wour design, You can start with RTL or & synthesized EDIF, f

Specify RTL Sources
O
ou will be able bo run RTL analysis, synthesis, post-synthesis design analysis, planning and implementation,

Specify synthesized (EDIF or MaC) netlisk
o will be able ko run post-synthesis design analysis, planning, and implementation,

Create an [/ Planning Project
Do ok specify design sources, vou will be able bo do port assignment and verification,

Import ISE Place & Route results
o will be able bo do post-implementation analvsis of wour design,

© O ® O

Impork ISE Projeck
Create a Planahead project From an ISE project File,

[ < Back “ Met = |[ Cancel

Figure 2: Specifying an I/O Pin Planning Project

Click Next to open the Import Ports page.
Select Do not import I/O ports at this time.

8 New Project g|

Import Ports {optional)

‘fou may specify a CSY file or a UCF Ffile to define and configure vour ports, IF waou skip this skep now, (
wou can impart ports laker andfor create ports manually,

() Import C5W: | |

) Impart UCF: | |

(%) Do nat import T/o ports at this time

[ < Back ” Mext = ][ Cancel

Figure 3: Importing Ports

10. Click Next to open the Default Part selector page.

11. Inthe Filter section, click the Family pull down menu and select Virtex6. Notice the list
is filtered to show Virtex®-6 devices only.

1/0 Pin Planning www.Xilinx.com 9
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12. Click the Sub-Family pull down menu and select Virtex6 LXT. Notice the list is filtered

to show Virtex-6 LXT devices only.

13. In the Search field, type 75T. Notice the 75T devices listed (see Figure 4).

{8 New Project

Default Part
Choose a defaulk Xilin: part For wour project. This can be changed later, @:
Filker
Product | all - | Package | Any - |
Family | Wirkexs - | Speed Grade | Ay - |
Sub-Farnily | Virkext LXT - | Temp Grade | C - |
Search: | .~ 75t | (& matches)

Device I/O Pin Count | Available I0Bs ~ Slices | LUT Elements | FlipFlops | Block RAMs | DSPs | @
& wobvlx7SHF454-1 484 240 11640 46560 93120 156 285 5]
& wobvlx7SHF454-2 484 240 11640 46560 93120 156 285 5]
@ wobvlx7SHF454-3 484 240 11640 46560 156 285 5]

CETMN I I (T [ T E

& wobvlx7SHF7E4-2 7a4 360 11640 46560 156 285 12

& wobvlx7SHF7E4-3 7a4 360 11640 46560 156 285 12

< » =
l < Back “ ek = l [ Zancel ]

Figure 4: Selecting a Family and Default Part

14. Select the xc6vIx75tff784-1 device and click Next.

15. Click Finish to create the project, as shown in Figure 5.
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C8 project_pinout - [C:\Documents and Settings\brianj\project_pinout\project pinout.ppr] - PlanAhead 13.1

File Edit Flow Tools ‘Window Layout View Help
B2 E oo X QK| LG [Eyornm MG N=lh & B3
|ii 0 Design - io_1

o Corstiaiits @ Device x | [ Package > | [ Clock Resources |
B ™ _ =
z=Ba i
[=-Canstrainks (0}
2] Import /O Parts -Clk period (PERIOD) (0]
@ runorc [-Pad-clk offset (OFFSET) ()
. [ Path delay (FROM-TO) (1)
[ Run Moise analysis [-Time groups (0]
[#-False path (TIG) (0)
g Export IfC Ports [--OFF chip delay (0) A

10 Design

|1

=¥ Export IEIS Madel

% K (STt

Ry

>

|5 Properties | @ Clack Regions | i <

4 1/2 Ports — 0o x
Mame Dir Meg Diff Pair Site: Bank Ijo Std ‘Yooo Yref Drive Strength Slew Type Pull Type Fha

All ports (03
| Scalar ports (0}

[

&P

< i =

kage Pins - 0O g x
Mame Prahibit Part Ifio std Dir
== All Fins (784) -
- an [{O Bark 0(2) N
J-mn [0 Bank 14 (45)
o IO Bank 15 (45)
- IO Bank 16 (45)
s {0 Bank 23 (5)
- mm IO Bank 24 (45)
s I}O Bank 25 (45)
- mm IO Bank 26 (45) =
- mn IO Bank 34 (45)
[ mm [f0 Bank 35 (46) ]
4 > O

=T Console I_ (] Messagés"_, : ,. Package Pins

A
|
L

-
e
0

BEH P

el

=]

| IO Planning Flow | .

Figure 5: 1/0 Pin Planning Environment

16. Explore the various views in the I/O Planning layout. Many are empty as no I/O Ports
have been defined yet.
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Step 2: Examining Device I/0 Resources

The PlanAhead software I/O pin planning environment lets you explore various device
resources.

The different views graphically display and cross-select the location of various I/0, clock,
and logic objects to help you make I/O and device-related design decisions. The Package
Pins view and I/O Bank Properties view provide some 1/0O related information typically
found in the device data sheets.

Next, you will:

* Select several I/O banks to show the package-to-die relationship
e View I/O bank properties

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

Examining I/O Banks

1. In the Package Pins view, select I/O Bank 14 as shown in Figure 6. To do so, double
clicking a pin from the I/O bank. The first click selects the pin, and the second click
selects the I/O bank that the pin is part of.
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Step 2: Examining Device I/O Resources

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

1/0 Design - io_1
Netlist

= |[E

& Device x| [ Package

5 (empy)

& Sources- 3 Metlist

IO Bank Properties

« » 5]

sm Ijo Bank 14

£, Timing Constraints

Pl 1 SR SEEER I

1d Mame Prohibit Port I/ Skd
1 RZ7
Z REG
3127
+ U27
)
& 28

Oooooo

Avvovor

Dir Weee

[fE3

=

“._l& Properties Clack. Reqions

IO Ports

General | Port Summary | Package Pins | [f0 Ports [Resc 4 p &

|<

Name Dir
== Al ports (0}

S Sralar ports ()

kA

Ieg Diff Pair

Sike Bank. Ij Skd Yoo Yref Drive Strength Slew Type Pull Tvpe Phase

-
il
o

kage Pins

-0 g ®

Narne Prohibit

= All Fins (7a4)

o [JO Bank 0 (4)

O Bark 14 {45)
I/ Bank 15 (45}
1f0 Bark 16 (45)
1/O Bark 23 (5)
/0 Bark 24 (45)
{0 Bank 25 (45)
th-am IfO Bank 26 (45)

e & B 2

<

Port If Std Dir Weooo Bank Type Diff Pair Clock Yoltage Config Swskem Monitor Gigabit Ifo Min Trace C

~

[m[fe3

3 Tel Consale T'® Messagés 4 Package Pins

Figure 6: Cross Highlighting I/0Os and I/0O Banks

Click the Device view tab in the Workspace to view the I/O bank location on the die.
Being able to visualize the I/O bank locations both internally and externally helps you
plan for an optimal I/O port assignment.

Click the Package view in the Workspace to bring it into view.

Expand I/O Bank 14 in the Package Pins view to display the package pin information
for each pin in the I/O Bank. The internal package trace min and max delays are
shown also. These are the routing delays between the pin on the package and the pad
on the die.

Scroll down the list and select any 1/O Bank.
Select the General tab in the I/O Bank Properties view.

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/0O Ports.

Select the various tabs in the I/O Bank Properties view.

I/0 Pin Planning
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9. C(lick the Maximize button O in the Package Pins view banner.

The Package Pins view is maximized.

a
10. Select the Expand All button ! in the Package Pins view.

Scroll and view the pin information in the table.

11. Unselect the Group by I/O Bank button % in the Package Pins view to expand and

flatten the list.

Prohibiting Pins from I/O 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 placement on those pins.

1.

Click the Voltage column header twice and scroll to the top of the list to locate the
VREEF values.

Use the Shift key to select all VREF Voltage pins.
Right-click and select Set Prohibit.

In the Package Pins view header, click the Restore button &

The Package Pins view is restored. The Package view now displays prohibited pins.
In the main toolbar, click Unselect All .

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

To zoom, draw a rectangle in the Package view starting at the upper left of the zoom
area and drag to the lower right zoom area.

@ Device ¥ | [ Package x|C|0ckResnurces x| O g =

Figure 7: Examining Prohibited VREF Package Pins

14
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7. Zoom Fit the Package view. Click and drag the cursor from the lower right to the upper

left in a diagonal motion.
8. In the Package Pins view, click the Group by I/O Bank button

T,
=

9. Click Collapse All L, to return the tree table display to the default display structure.

The PlanAhead software has several tree table style views. There are search and filtering
capabilities available in these views. See “Using Tree Table Style Views” in the Using the
Viewing Environment chapter of the PlanAhead User Guide (LIG632) cited in Appendix A,
Additional Resources.

1/0 Pin Planning www.xilinx.com
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& XILINX.

Step 3: Viewing Multi-function Pins and Setting the Device
Configuration Mode

Viewing Multi-Function Pins

1. Expand the Package pins view.

2. Scroll over the columns in the list to view the multi-function pins displayed under the
Type field.

Package Fins =i =
a, Mame Prohibit Part Ij0 Std Dir Voo Bank Type Diff Pair Clock Volkage
Fu) =R ] |l 14 Lser 10 LH
£ 36y O 14 User 10 L7N
= FTpzt Fl 14 Multi-function  L&P SRCC
B |5 sEP2Z O 14 Multi-function  Lsh SRCC
=B Ay F 14 Multi-function  L9P MRCC
Bl sowm O 14 Multi-function L3N MRCC
£ 41Uz O 14 Multi-function  L10P MRCC
£ azTze O 14 Multi-function  L1ON MRCC
£ 43ves O 14 Multi-function  L11P SRCC
£ 44U O 14 Multi-function  L1IN SRCC
£ 45R24 O 14 Multi-function  L12P VRN
£ 46R2S O 14 Multi-function  L12N VRP
JSUE e O 14 User 10 L13p
0 aswez O 14 User 10 L13N
£ 49R20 O 14 User 10 L14p
JE = 14 Multi-function  L14K VREF
£ 51124 O 14 User 10 L15P
Figure 8: Viewing Multi-Function Pins
3. Examine the following columns:
* Device Configuration pins (Config)
® System Monitor
e Gigabit1/O
These logic objects 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.
16 www.Xilinx.com I/0 Pin Planning
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Setting Device Configuration Modes

The PlanAhead software allows you to set one or more device configuration options. Some
configuration modes can have an impact on multi-function I/O pins also. The related pins
are displayed in the Config column of the Package Pins view.

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

(8 Set Configuration Modes rz|
Master Serial
[] Slave Serial Iaster Serial is a simple, low cost configuration mode. It iz a two wire interface consisting of clock and data
in which the self-loads the con ion o a Kili orm Flazh seri .
[ 8PL-up B hich the FPGA self-loads th figuration data fir Zilir: Platform Flash serial PROL
[ BPI-Up x18 F . ] : : : :
or tnore detail on this confimuration mode, see the Virtesr-6 Confiouration User Guide,
[ BPI-Diawm x5
[ BPI-Down x16 -
[ Master Selectiap x&
[[] Master Selectap x16
[ Master Selectiap x32 VCCINT -"'_CEI"—U: .
VOCAUX -
[ Slave Selectiap xa it e
J:_ NCCINT
[ Slave Selectiap x16 e i G
[ Slave Selectiap x32 e DouT |—= AEV_SEL1
" REV_SELO
[ amaG/Boundary Scan M SETEE
e veCoo —
= 'f.-xn ko
T ] PHOGRAM_E DOGNE CE CED
DN Do
Vi VCCo_o Ptatform Flash
FPGA veeo.o XCFodP
§ a7 VeEo_0
CCLK i CLK T
TNIT_B f= awl OEFAESET oF
ol VREF e
u ™S e
'E ) TMS —= TCK
% % oK
EE O
2=l
< g [ ol OO ™ TOO |-
ES|(» o
* |l» ajn GHD BND
1 - L |
PF}:]GEMM_B
b
ol
Select Al ] [ Clear Al
[ QK ] [ Cancel ]

Figure 9: Selecting Device Configuration Modes
2. Inthe Set Configuration Modes dialog box, select one or two of the modes to view the
descriptions, schematics, and related data sheets.
3. Click OK.
Click OK in the Confirmation dialog box.

The pins associated with the selected Device Configuration Modes display in the
Package Pins view allowing you to examine potential multi-function pin conflicts.
There is no PCI, MCB, or other logic that could cause a conflict in this design.

Click the Config column header twice to reverse sort the list.

Scroll to the top to view the configuration pins and observe the pin assignments made.

1/0 Pin Planning www.Xilinx.com 17
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Step 4: 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. The PlanAhead software lets you define alternate
compatible devices up-front so I/O assignments can work across the selected set of
devices.

This capability is limited to devices that use a common package.

Defining an Alternate Device

This step ensures that the I/O pinouts work across the selected set of devices.

1. Select Tools > I/O Planning > Set Part Compatibility.
The Set Part Compatibility dialog box opens.

(8 Set Part Compatibility El

\‘E) Add andfor remove PROHIEIT constrainks to package pins
such that the device is compatible with all selected parts,

Compatible Parts

[#]88 scbvl ]l 30LFF7E4
[ scbvlc1 95HF7E4
[ xcevlcz40tfras

[ al'4 ]| Cancel |

Figure 10: Defining Compatible Parts

Select the xc6vIlx130tff784 device.
Click OK.

The Prohibits are assigned based on the most restrictive parts. In this example you are
targeting the smallest device, so no prohibits are placed.

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

18 www.Xilinx.com I/0 Pin Planning
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Step 5: Creating and Configuring I/O Ports

I/0 Ports can be created and configured interactively.

Creating and Configuring a New I/O Bus Port Called mybus

1. Inthe I/O Ports view, right-click and select Create I/O Ports.
The Create I/O Ports dialog box opens.

8 Create 1/0 Ports El

Tame: mvbus

Direction: | Input -

[] Diff Pair:

0/l To 31|
Configure
It skandard: | LWCMOSZES (default) -
Drive Strength: | 12 (default) -
Slew Tvpe: SLOW (default) -
Pull Twpe: MOME (default) -
Phase: rdefaul) -
[ oK ] [ Cancel ]

Figure 11: Create I/O Ports

Note: The Configure I/O Ports command opens a similar dialog box that enables you to
configure existing I/O Ports.

Type mybus in the Name field.

Select Create Bus.

Accept the default dialog box options.
Click OK.

The new I/0 Ports display in the I/O Ports view.

ARl S N
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1T Porks — OO =

G| Mame Diir Meg Diff Pair  Sike Bank | Ifo Skd Woco o Wref | Drive Strength Slew Twpe Pull Type  Phase

Inpuk LY
Inpuk

Inpuk

Inpuk

Input N —
Input [
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk

[

Figure 12: Displaying Newly Added I/O Ports

6. Select Edit > Undo to remove the recently added mybus I/0O ports.

20 www.xilinx.com I/0 Pin Planning
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Step 6: Importing an 1/0O Port List

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

Use care with early input methods for I/O pin planning. Without a synthesized netlist, the
I/0 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 guaranteed 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 I/O Port List

1. In Windows Explorer, open the following I/O Ports CSV file:

<Extract_Dir>/PlanAhead_Tutorial/Sources/IO_Ports_import.csv

Examine the I/O ports spreadsheet format and content, and exit without saving.

In the PlanAhead software environment, select Import I/O Ports from the Flow
Navigator, located on the left side.

Note: You may need to click the arrow on the left side of the PlanAhead environment to display
the Flow Navigator.

4. Select the CSV File browser, and browse to select:
<Extract_Dir>/PlanAhead_Tutorial/Sources/IO_Ports_import.csv

The Device and Package views display the assigned Ports, and the I/O Ports view is now

populated with the imported I/O Ports. Notice that the mybus ports defined in an earlier

step have been overwritten by the ports defined in the CSV file. If you are going to import
a CSV file, do this before defining ports with the Create I/O Ports command.

I Ports — O O =
O | Mame Dir Mg Diff Pair Sike Bank. I atd Yoo
| = Allports [144) &
oy | -3 Dataln_pad 0.i(8) Input 14 L¥CMOS25 2.5
1| - Dataln_pad_1 i (5] Triput 16 L¥CMOS25 2.5
Fe| @-4g DataOut_pad 0 o (5) CukpuE 14 L¥CMOS2S 2.5
o +-4g) DataOut_pad_1 o (&) Cutput 16 LY¥CMOS25 2.5
+-2 LineState_pad_0_i (2 Input 14 L¥CMOS25 2.5
k| - LineState_pad_1_i(Z) Input 16 LY¥CMOS25 2.5
& +-43 OpMode_pad_0_o () CukpuE 14 L¥CMOS2S 2.5
+-43 OpMode_pad_1_o(2) Cutput 16 LYCMOS25 2.5
- RAP_IN (5] Input RAAM_IN LS, 225
-G THP_OUIT (8] Cutput THN_OUT LYDS_25 2.5
+-4F wControl_pad_0_o (4 Output 14 LWCMOS25 2.5
< >0

Figure 13: 1/O Bus Ports are Grouped by Bus

The buses are grouped together and are expandable.
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Step 7: Exporting the Device and I/O Pin Assignments

You can export the I/O Port assignments to UCE, 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 can be used to
begin I/O Port assignments.

Exporting the 1/0O Ports List Using the Export I/O Ports Command

1. Select File > Export > Export I/O Ports.
2. Select CSV and UCEF in the Specify Types to Generate. (See Figure 14.)

8 Fxport /0 Ports gl
Specify Types to Generate
5y |C:'|,|:|Ian.C\head_install'l,F‘Ian.C\head_Tut0riaI'|,Tut0riaI_Created_Data'l,projectjinout'l,io_l.csv |D
[icE |C:'l,plan.ﬁ.head_install'l,PIan.ﬁ.head_TutDriaI'I,TutoriaI_Created_Data'l,projectjinout'l,io_l.ucF |D
[ werilag | |
[wHOL | I[-
I oK l l Cancel l

Figure 14: Exporting I/O Ports to a CSV Spreadsheet and UCF File

3. Click OK to accept the default file name and location.

Open a Windows Explorer window and browse to find and open the exported CSV file
located in:

<Extract_Dir>/PlanAhead_Tutorial/Tutorial_Created_Data/
project_pinout/io_1.csv

22 www.Xilinx.com I/0 Pin Planning
UG674 (v 13.1) March 1, 2011


http://www.xilinx.com

& XILINX.

Step 7: Exporting the Device and I/O Pin Assignments

5.  Examine the exported I/O ports spreadsheet.

#Top: design_netlist_EMPTY Floorplan:io_1 Part: xcvcx75tff784-1
#Generated by: brian] on: Wed Jan 1219:12:52 2011
#Build: PlanAhead v13.1 by: hdbuild on: Wed Jan 12 09:12:30 PST 2011

10 Bank  Pin Number I0B Alias Site Type Min Trace Max Trace Trace Leng Prohibit  Interface Signal Name
14 V25 10B_X0Y32 10_L3N_14 49.602 57.869 8267 Dataln_pad_0_i[7]
14 W25 10B_X0Y¥33 10_L3P_14 56.874 66.353 9479 Dataln_pad_0_i[6]
14 U28 I0B_X0Y34 10 _L2N_14 57.912  67.564 9652 Dataln_pad_0_i[5]
14 va2g 10B_X0Y35 10_L2P_14 66.642 77.749 11107 Dataln_pad_0_i[4]
14 Uz27 10B_X0Y36 10_L1IN_14 52.968 61.796 8828 Dataln_pad_0_i[3]
14 127 10B_X0Y37 10_L1P_14 51.204 59.738 8534 Dataln_pad_0_i[2]
14 R28 I0B_X0Y38 10_LOMN_14 50.226 58.597 8371 Dataln_pad_0_i[1]
14 R27 10B_X0Y39 10_LOoP_14 48.678 56.791 8113 Dataln_pad_0_i[0]
14 v24 10B_X0Y24 10_L7M_14 57.264 66.808 9544 DataOut_pad_0_o[7]
14 Y25 10B_X0Y25 10 _L7P_14 61.92 72.24 10320 DataOut_pad_0_o[6]
14 ¥27 10B_X0Y26 10_L6MN_14 70.332 82.054 11722 DataOut_pad_0_o[5]
14 w27 10B_X0Y27 10_L6P_14 65.628 76.566 10938 DataOut_pad_0_o[4]
14 w2g 10B_X0Y28 10_L5M_14 65.526 76.447 10921 DataOut_pad_0_o[3]
14 Y28 10B_X0Y29 10_L5P_14 73.074 85.253 12179 DataOut_pad_0_o[2]
14 V26 10B_X0Y30  10_LAN_VREF 14 4812 56.14 8020 DataOut_pad_0_o[1]
14 w26 10B_X0Y31 10_L4P_14 56.616 66.052 9436 DataOut_pad_0_o[0]
14 P22 10B_X0Y22  10_L8N_SRCC_14 1215 14.175 2025 LineState_pad_0_i[1]
10B_X0Y23  10_L8P_SRCC 14 7.236 8.442 1206 LineState_pad_0_i[0]

14 P21

Direction DiffPair Type DiffPair Signal

Figure 15: Examine Exported I/O Ports Spreadsheet

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 an upcoming step.

6. Closethe io_1.csv file.

Exporting an IBIS Model

1. Select File > Export > Export IBIS Model.

2. Examine the options in the dialog box.

(8 Export IBIS Model

i | Export a model to use with IBIS aware simulation tools,

X

Qukput File | d_Ins anfhead_Tul

Cptions

[ 1nchude all madels

[] Disable per pin madeling

Maximum length of signal names

IEIS File input |

L

Parasitic package data file |

L

oK H Cancel ]

Figure 16: Exporting an IBIS Model File
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3.
4.
5.

Enter a file name.
Click OK.

Examine the output file.

Closing the I/O Pin Planning Project

1
2.
3.
4

Select File > Close Project.

If prompted to save, select I/O Design — constr_1.
Click Save.

Click OK in the Close Project dialog box.
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Step 8: Analyzing I/0 Port Placement

The I/0O Planning features provide several ways to place the I/O ports onto either package
pins or I/O die pads. The automatic placement command attempts to place all of the
selected groups of I/O ports. It also attempts to adhere 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 views interactively using one of the following semi-automatic
placement modes:

e PlaceI/O Ports in an I/O Bank
e PlaceI/O Ports in an Area
* Place I/O Ports Sequentially

In addition, the I/O Planning features enables you to toggle DRCs on and off during I/O
placement.

Opening the Synthesized 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 Design > CPU (Synthesized) from the Getting
Started page.

3. In the Sources view, ensure that the constr_1 Constraints folder is shown as (active).
If not, right-click on the constr_1 folder, and select Make Active.

4. Select Flow > Netlist Design to open the synthesized design.

Alternately, you can select Netlist Design in the Flow Navigator in the left side of the
main window.

5. From the Design Analysis pulldown located in the main toolbar, select I/O Planning.

The I/0O Planner view layout displays.

Splitting the Workspace to Display the Package and Device Views
Simultaneously

The PlanAhead software graphical viewing area is called the Workspace. It can be split
either horizontally or vertically to display multiple views simultaneously. This allows you
to select I/O banks and Interfaces in order to see the physical package pin and internal die
pad locations.

1. Click and drag the Package view tab to the right edge of the Workspace until the grey
rectangle for the view appears as shown in Figure 17.
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| Z Project sumimary < | G Device | BH Clock Resaurces X |E I'-_'a.c_kage a2 oo = I
E A
. ' ITTT AN ITTI]
-
o
)
'Y
e
L
S
i
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2]
BOOCO eROC |
| CO00[ BCH
e
< >
Figure 17: Splitting the Workspace Viewing Area
2. Drop the view in place.
3. If necessary, click the Device view tab to bring it to the front.
4. Adjust the Workspace size as needed.
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Figure 18: Displaying the Package and Device Views Simultaneously

Examining the I/O Ports in the Design
1. IntheI/O Ports view banner, click the Maximize View button O .
2. Click Expand All {5 in the I/O Ports view.
3. Scroll down the list of buses and signals.

The Neg Diff Pair fields are populated for some of the buses indicating that they are
differential pair buses.

=28
4. IntheI/O Ports view, click to unselect Group by Interface and Bus =I.

The I/0O Ports now display as a flat list rather than grouped by bus.
5. Scroll down the list to display the I/O Standards (I/O Std) values.
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I1f0 Parts
a d TMame Dir Interface Meg Diff Pair Sike Biank. IJO std Voo yYref Ciive Skrength Slews Type
[  35lineState_pad_0[1]  Input LWCMOS2S 2,500 12 SLOW
[» 36 LineState_pad_1_i[0]  Input LWCMOSZ5 2,500 12 SLOW
[» 37 LineState_pad_1_i[1]  Input LWCMOS25 2,500 12 SLOW
Fe|{d 38 OpMode_pad_0_of0] Output LWCMOS25 2,500 12 SLOW
_|<3 39 opMode_pad_0_o[1] Output LWCMOS25 2,500 12 SLOW
¥ 40 OpMode_pad_1_a[0] Output LWCMOS25 2,500 12 SLOW
< 41 OpMode_pad_1_a[1] Output LWCMOS25 2,500 12 SLOW
E Cr 42 Rep_IN[O] Input RxN_IN[O] LYDS_25
O 43 ReP_IN[1] Input R¥M_TN1] L¥DS_25
O 44 ReP_IN[2] Tnput RxM_THZ] L¥DS_25
O 45 ReP_IN[3] Tnput RXM_TME] L¥D5_25
O 46 RxP_IN[4] Tnpuk RN _TH[4] L¥D5_25
O 47 ReP_IN[S] Input FXM_IN[E] LYD5_25
O 4a ReP_IN[E] Input RxH_INE] LYD5_25
O 49 ReP_IN[7] Input RyM_IN[7] LvD5_25
[ 50 RxzActive_pad_0_i Input LWCMOS25 2,500 12 SLOW
[ 51 RxActive_pad_1 i Input LWCMOS25 2,500 12 SLOW
[ 52 RxError_pad_0_i Input LWCMOS25 2,500 12 SLOW
[ 53 RxError_pad_1i Inpuk LWCMOS25 2,500 12 SLOW
O 54 Rxvalid_pad 0. Inpuk LWCMOS25 2,500 12 SLOW
O 55 Rxvalid_pad_1_i Inpuk LWCMOS25 2,500 12 SLOW
ad 56 SuspendM_pad_0_o Cubput LWCMOS525 2,500 12 SLOW
Figure 19: Examining I/O Standard and Diff Pair Requirements
The RXP_IN, TXP_OUT, and TILE_REFCLK_PAD buses are differential pairs and have
unique I/0 Standards applied.
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Step 9: Creating I/O Port Interfaces

It can be beneficial to group I/O Ports associated with various I/O interfaces. The I/O
Planning layout enables you to define groups of pins, buses or other interfaces together as
an “Interface.” This ability helps with I/O Port management and with generating
interface-specific PCB schematic symbols. It also forces the I/O Port automatic placement
command to group the entire interface together on the device (where this is possible).

Creating Interfaces for Similar 1/0O Port Groups

The design used in this tutorial has two USB interfaces, each containing many I/O ports.
The1/0O port names are differentiated by _0and _1. You will create Interfaces for all signals
in USB0 and USBI.

1.

Click the Show Search button =~ .
2. Type _0 in the Search field.

Netlist Design - netlist_1 - co

I Ports

O\ Search: o

-

= Id | Mame

“=|@ 1 Dataln_pad_0_i[0]

E% [ 2 DataIn_pad_0_i[1]
[ 3 Dataln_pad_0_i[2]

U@ 4 Dataln_pad_0_i3]

g 5 Dataln_pad_0_i[4]

[ 6 Dataln_pad_0_i[5]
[ 7 DataIn_pad_0_i[a]
[ 8 Dataln_pad_0_i[7]
< 9 DakaCut_pad_0_o[a]
< 10 DataOut_pad_0_of1]
< 11 DataOut_pad_0_o[2]

a
.2

12 DataOut_pad_0_o[3]

Dir
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk
Inpuk
Oukput
Oukpuk
Oukput
Oukpuk

(44 matches)

Intetrface Me

Figure 20: Selecting USB_0 Related Ports

Select one of the ports in the filtered list.

Press Ctrl+A to select all ports in the filtered list.
Right-click and select Create I/O Port Interface.
The Create I/O Port Interface dialog box opens.

Type USBO in the Name field.

(8 Create /0 Port Interface

Marne: |USED|

Creake a new [0 Port interface for project 'project_cpu_netlist’

Assign & selecked [0 port buses ko the new interface,

Assign 12 selected I)O ports to the new interface,

(x]

[ Ok H Cancel ]

Figure 21:

Create I/0 Port Interface
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Click OK.

In the Search field, change _0 to _1 and follow the same steps to create a USB1 1/O Port

Interface.

Click the Show Search button e to remove the Search filter.

. Click the Group by Interface and Bus button 3
=]
10. Click Collapse All =,

The I/0O ports list is condensed with all of the USB related ports in Interface groups.

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

12. Click the Restore button & in the view banner.

The I/O Ports view is restored to the original location.

11 Porks

G| Mame Dir

E == Al parks (144)

- +-ligh USBD (44) {Mulkiple)

e +-Iigk USB1L (44) {Mulkiple)

Bl @B RMP_IN(B) InpLt

| B THP_OUT () Sutput

# +-43 or1200_prm_out (4] Cutput

Al =J-[= Scalar ports (20

3 [ GTPRESET_IN Input
-v" TILEQ_PLLLEDET _QUT Oukput
[ TILED_REFCLE_PAD_P_IH Input

 TILE1_PLLLKDET_oUT Sutput
[ TILEL_REFCLE_PAD_P_IN Input
-l TILEZ_PLLLKDET_OUT Sutput
[ TILEZ_REFCLE_PAD_P_IN Input

Meg Diff Pair

RN _IN
THM_oUT

TILEO_REFCL...

TILE1_REFCL...

TILEZ_REFCL...

Site

125
Hz6
Pz
Hz5
Mz7
K23
M23

Figure 22: Viewing I/0O Port Interface Groups and Scalar Ports
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Step 10: Clearing Imported I/O Placement Constraints

The PlanAhead software has a robust set of options and filters for keeping or removing
placement constraints. As I/Os are manually assigned, the placed I/O and clock logic are
assigned fixed LOC placement constraints. The PlanAhead software differentiates
between user-placed (fixed) and ISE implementation placed (unfixed) placement
constraints. All fixed placements are included as LOC constraints in the UCF file exported
for ISE implementation.

In order to walk through the steps involved in creating the pin assignment, you will first
need to clear the existing I/O LOC constraints in this project.

Clearing Imported I/0O Constraints Using the Clear Placement Constraints
Command

1. Click the Unselect All button \
2. Select Tools > Floorplanning > Clear Placement.
The Clear Placement Constraints wizard opens.
3. Select I/O port placement.
Click Next.

The Fixed Placement dialog box opens.

@8 Clear Placement Constraints El

Fixed Placement
Al of the ports vou are abowt ko unplace are marked as Fived, Do you want ko G

unplace these fixed ports? ﬁ

Fixed Ports

() D not unplace any fized ports

(& Unplace dll 112 fixed ports

[ < Back, “ Mext = ][ Cancel

Figure 23: Selecting Ports to Clear

Select Unplace all # fixed ports. (The number may vary.)
Click Next.

Review the Summary dialog box.

Click Finish.

® N o @

The placement constraints are now removed in the Package and I/O Ports views.
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Step 11: Placing I/O Ports

The PlanAhead software provides several ways to place the I/O Ports onto either package
pins or I/O die pads. The automatic placement command tries to place all of the selected
group of I/O Ports, adhering to I/O bank rules while grouping buses and Interfaces
together.

By default, the PlanAhead software uses interactive Design Rule Checks (DRCs) during
I/0 placement. To disable this check, in the Device and Package views, toggle the
Automatically Enforce Legal I/O Placement button A).

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 semi-automatic placement modes:

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

* Place I/O Ports Sequentially

Placing the USBO Port Interface

1. IntheI/O Ports view, select the USBO0 Interface.
In the Package view, click the Place I/O Ports in an I/O Bank button .
Click and drag the cursor over the Package view.

As the cursor is dragged over the Package Pins, the assignment pattern displays and
the number of pins to be placed is shown in the tooltip.

The Information bar at the bottom of the PlanAhead software displays information
about the objects being dragged over, including I/O Banks and Package Pins.
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Netlist Design - netlist_1*

Metlist - O g = E Project Summary % | @ Device % [EHC 4 » B O O % [ Package = Og =
= Al il il S
8« -
” =
R 5
o i~
@ | | & 2
@D =P -
& Sources™, [ Netlist | £ Timing Cons.. a I;K
I1/0 Port Interface Properties - 0O a = %:@ 9
« » Bk i 7
5 USED LS
n".l‘l
MNumber of Ports: 44
5
i
General | IO Ports ¥ W
i Properties Clock Regions & < >
1/0 Ports - 0O a =
O\ Mame Dir Meg Diff Pair Site Bank If0 skd Weoo Wref Drive Strength  Slew Type  Pull Type | Phase
Z == All ports (144) »~
o == & Usto (44) |2 [ 17| [ [d=Faut)
| @R USEL (44) {Multiple) LYCMOS2S 2.5 12 SLOW (defaulty
B D5 RP_IN (5 Input Pt _IM LYDS_25 (defaulty
| ®@ Te_ouT 8 Cutput THM_OUT LYDS_25 2.5 12% SLOW (defaulty B
_'# --ﬂ or1200_prn_out () Qutput LWCMOS25 2.5 12 SLOW ({default)
| (=7 Scalar ports (207
E] [ GTPRESET_IN Input LYCMOS25 2.5 12 SLOW (defaulty
7 TILEO_PLLLKDET_QUT Output LYCMOS25 2.5 12 SLOW (defaulty Z
[ TILEO_REFCLK_PAD_P_IN Input TILEO_REFCL... LYDS_25 (defaulty =
Figure 24: Place I/O Ports in an I/O Bank
4. Click I/O Bank 14 on the right side of the package to drop the I/O Ports, as shown in
Figure 24.
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[ Package = O g =

£ TUEEE A B s

.....

& & %

| €

Figure 25: Continuing to Place I/O Ports in I/O Banks

The I/O Ports are assigned in the order in which they appear in the I/O Ports view.
Assignment locations are vectored out from the initial pin selected.
5. Select I/0 Bank 24, below and adjacent to I/O Bank 14, to place the remaining ports.

<l

In the I/O Ports view, click the Collapse All button =,

Placing the USB1 /O Port Interface

1. In the Device view, zoom in to the upper left quadrant of the device.
2. Inthe I/O Ports view, select the USB1 Interface. -
3. In the Device view, click the Place I/O Ports in an Area button L

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

4. Draw a rectangle starting above the upper left I/O bank and drag it down and to the
right until all I/O Ports are placed in the rectangle within the top clock region.
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Figure 26: Placing USB1 I/O Ports in an Area

There is still one unplaced I/O clock port connected to the cursor. There is no global
clock pad in this area of the device. Rather than trying to find a global clock pad, allow
the automatic placement command to place it later.

Press Esc to exit the placement mode command.

In the I/O Ports view, click Collapse All 3-

Placing the RXP_IN Differential Pair Bus

N

SO LI )

In the Package view, toggle the Show Differential I/O pairs button "

Zoom in to an area in the bottom left of the Package view where you can see the square
GT differential pair pins.

Zoom into the GT locations on the right side of the Device view (see Figure 26).
Select the RXP_IN bus in the I/O Ports view. _
In the Package view, click Place I/O Ports Sequentially ;lt"(.

Drag and click to place the first diff pair I/O Port into one of the GT I/O Banks on a
designated pin.
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Metlist O g = E Project Summary % | § Device % ff Package * Og x
= 5l il | 3 A
- (i OpMode_pad_1_o_0 (FD) ~ & -
- [i] OpMode_pad_1_o_0_OBUF (DBLUF) B
- (i OpMode_pad_1_o_1 (FD) = =
[F Mode_pad 1_OBLUF (OBLF) = = .
- @ M_0 ) R ki
- (i) R¥N_IN_L_IBUF (1ELJF) iy = ()
- (] REM_IN_2_TRUF (IELF) i 0T [ 2
-l RiM_IM_3_IBUF (IELF) E? 1 o I‘g
- (] REM_IN_4_IBUF (IELF) j T i
- [l ReN_IN_5_IBUF (18LF) 8 NN =
- (] REM_IN_6_IBUF (TELF) H— Ll =
- [i] REN_IN_7_IBUF (1ELF) = | & . [ o
-@ =T S <
& Sources-, (1] Metlist | £ Timing Cons .. ,ﬁé ] = = %
I/ Port Properties O o = dg H = n‘ll
] o
& O o
Bal B T C
O REP_INIO] ﬂ o e I
Mame:  RNP_INC] o2 M N0
Ditection: Input 4 I [ L
T o
Site! Fized 5 1 o
I o RERE] -
Instance: | [i] RxP_IN_0_IBUF > M
Met: & REP_IN[O]
General | Configure E v
& Properties Clock Regions < | Bl < >
IfO Ports - 0O g =
C\ Marne Dir Meqg Diff Pair Site Bank. 1/0 Std Voo Wref Drive Strength | Slew Type  Pull Type  Phase
Z == Al ports {1441 -~
-~ (5 USBO (44) (Multiplz) {Mulkiple) LYCMOS2S 2.5 12 SLOW {default)
Vel -5 USBL (44) (Multiple) LYCMOs2S 2.5 12 3LOW {default)
E% =5 RP_IN () Input RxM_IN LYDS_Z5 {default)
B = e T I T I I I B et J
- RP_II Input RisM_IN[ 1 LVDS_25 {default)
| Input RAM_IN[Z] LYDS_25 {default)
E Input RaM_IN[3] VDS _25 f{default) ~
- REF_IN[4] Irput RH_IN[4] LYD5_25 {default) =
Figure 27: Placing Diff Pair I/O Bus Ports Sequentially

Both diff pairs associated with the GTs were placed on legal sites. You might see a
tooltip indicating that the selected site is not legal and giving the reason why it is not

legal.

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

After placing the diff pair pins, PlanAhead will queue up the next group of pins to

place.

7. Select another pin in the Package view to place the next diff pair I/O bus port.

8.

In the Device view, select one of the pins at the bottom of one of the GT I/O sites.
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Netlist Design - netlist_1- ¢

Ietlist - O g = E Project Summary % | G Device ¥ |Ecloc 4 ¢ B O G % [ Package x Og =
= 7 A = E - ) A
=P I S T | =
[l OpMode_pad_1_o_1 (FO) 2l = I S
[l OpMade_pad_1_o_1_OBUF (CELF) —— *
il RN _IN_D_IBUF (IELIF) + —— | | | s d
[l RM_IN_L_TBUF (IELF) I | (= i =
@ F i = | & - =l ik
] RM_IN_3_IBUF (IELF) W —H o ) e
[ RAN_IMN_4_IBUF (IBLF) 1 3 .
] R¥M_IN_5_TBUF {IELIF) i ! | | 4 .
] R¥M_IN_6_IBUF (IELF) ™ - W e
[ RAN_IM_7_IBUF (IBLF) —— H =
g o = = a| .
[5 UF (IELIF) v - = o .
[JF.P_IN_2_IEUF (IBUF) = e 1 L = e [
.
&4 sources- 3 Metlist | £ Timing Constraints :ﬁ* = — 8 @ ”
- = [ n|-
10 Port Properties - O 0 = dg —— nl,
I — o w
+ = PG B =] - 2
) - = f
[ RXP_IN[Z] _ | - o .
2 =] = =
~ ]
Name:  R¥P_IM[2] 11 Rt _ L = | =
O — L4 1l —Flace 4 of 4 ports - 1 of 1 (Press ) o
8 i # i —Hesc to quit) = =
’ ; = i x M
gite: l:l Fired 2 T o = [l -
b I ®
5 — L .
General | Configure 3 -
|Z Properties Clock Regions B3 = < IS
1/ Parks — 0O a
0\ MName Dir Meq Diff Pair Site Bank 10 Skd Yoo Vref Drive Strength | Slew Type  Pul Type | Phase
1| = Allports (144) A
eha | - ]
- 15 USEO (44) (Multipls} (Multiple) LYCMOS25 25 12 SLOW {default)
=3 It UsB1 (44) (Multiple) LWCMOS25 2.5 12 SLOW (default)
Sl REPUIN(E) Input R _IN LYD5_25 (default)
= . R REP_IN[O] Input RN _IN[D] R3 LVD5_25 {default)
4 [ RAPIN[L] Input (deFaut)
el e iz s ios 25 I N S N P

~Or REP_IN[3]

Input

LWDS_25

(default) IE‘

Figure 28: Placing GT related 1/0s Sequentially in the Device View

9. Press Esc to exit the command.

In the next steps, you will place the rest of the GTs and their related I/Os.

10. In the Package view, toggle Show Differential I/O pairs "a .

11. Zoom Fit the Package and Device views.

Removing the Split Workspace View for the Device and Package Views

Now that the I/O Ports are all placed, the Package view is no longer needed to share the
Workspace view. The split view can be removed easily.

1. Select the Package view tab and drag it onto the Device view tab. The grey rectangle
should surround the entire Device view.

Drop the Package view onto the Device view tab.

Select the Device view tab to bring it to the front.

Adjust the view size, and Zoom fit the view, if needed.
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Step 12: Placing Gigabit Transceivers and Clock Logic

The PlanAhead software enables you to place critical clock or I/O related logic. After a
synthesized netlist is imported, clocks and clock relationships can be explored and used to
lock down these logic objects onto specific device sites. The PlanAhead software
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.

Searching for the Gigabit I/O and Global Clock Logic in the Design
1. Click the Find button ?' or select Edit > Find.
The Find dialog box opens.

Click More to add another Instance Type to include in the search.
Set the Criteria option for the new filter line to OR.
Adjust the selection filters to match Figure 29.

8 Find 3

Find | Instances
Criteria
Twpe - |lis | |@lobal Clock, w
OR = || Tvpe * ||is -
[ More ][ Fewer ] []Match Case
[w] ©pen in a new tab
[ oK H Cancel ]

Figure 29: Searching for Global Clocks and Gigabit I/0s

5. Click OK.

The Find Results view opens.

Find Results - Instances - Type is 'Global Clock! | Tvpe is 'Gigabit 10" (28)

Q, d Marme Zell Pins
(¥} 1 magtEnginejtxoutclk_dem0_ifclock_divider DCM_aDy 60
(i} 2 mgtEngine txoutclk_derm0_ifdenn_1x_bufg i BUFG z
(¥} 3 mgtEngine txoutclk_dem0_ifdem_dive_bufg i BUFG z
(i} 4 mgtEngine txoutclk_demil _ifclock_divider i DCM_aDyY 60
(¥} 5 mgtEngine txoutclk_derml _ifdenn_1x_bufg i BUFG z
(i} & mgtEngine txoutclk_derml _ifdem_dive_bufg i BUFG z
(¥} 7 matEngine txoutclk_dem_ifclock_divider i DCM_aDy 60
(i} 8 mgtEngine txoutclk_demz_ifden_1x_bufg i BUFG z
(¥} 9 mgtEngine txoutclk_dem_ifdem_dive_bufg | BUFG z
(%1 10 matEnagine/txautclk_dem3_ifclock_divider_i DCM_aDyY 60
Instances - Type is "Global Clock’ | Type is "Gigabit I0° {28) =

| T Console | Messages | [ Compilation, & Find Results | i Package Pins | % Design Runs

Figure 30: Viewing the Global Clock and GTXE1 Objects
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6. Scroll down the list of objects, and observe the following:

e BUFG

e BUFGP

e DCM_ADV
e GTXE1

The logic names include 0-3 numbers indicating that each DCM_ADYV has two BUFGs

associated with it.
7. Scroll to the bottom to observe GTXEL.
The objects that you already placed are displayed with a blue striped icon. The GTXE1
logic names are also numbered 0-3 to align with the DCM_ADVs and BUFGs.

Find Results - Instances - Type is 'Global Clock! | Tvpe is 'Gigabit 10" (28)

Q, d Mame Cell Fins
kil 19 ushClk_EUFGP BLIFGP 2
kil 20 FFEClk_BUFGP BLIFGP 2
(¥} 21 mgtEnginejrocketio_wrapper_ijtileZ_rocketio_wrapper_ifgtxed_i GTHEL 470
(i} 22 mgtEnginejrocketio_wrapper_ijtileZ_rocketio_wrapper_ifgtxel GTHEL 470
(¥} 23 mgtEnginejrocketio_wrapper_ijtile3_rocketio_wrapper_ifgtxed_i GTHEL 470
(i} 24 mgtEnginejrocketio_wrapper_ijtile3_rocketio_wrapper_ifgtxel | GTHEL 470
(%1 25 mgtEnginejrocketio_wrapper_ijtilel_rocketio_wrapper_ifgtxed | GTHEL 470
(i} 26 mgtEnginejrocketio_wrapper_ijtilel_rocketio_wrapper_ifgtxel GTHEL 470
(%1 27 mgtEnginejrocketio_wrapper_ijtile0_rocketio_wrapper_ifgtxed_i GTHEL 470
(%1 28 mgtEnginejrocketio_wrapper_ijtile0_racketio_wrapper_ifgtxel | GTHEL 470

Instances - Type is 'Global Clock’ | Type is 'Gigabit I0' {(28)
5 Tel Consale | (0 Messages | G5 Compilation # Find Results | = Package Pins | (% Design Runs

Figure 31: Placed and Unplaced Icons

In the next step, you will place these objects in proper relation to each other.

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 first DCM_ADYV cell that appears at the top of the

list.

Find Resulks - Instances - Tvpe is ‘alobal Clock! | Type is 'Gigabit I0' {23)

Q d Marne Cell Pins

el | ifmatEnginejtzoutclk_demi_jj _divider i DCH_ADY
(i} 2 magtEngine txoutclk_demd_ijdem_1x_buFg_i BUFG z
(¥} 3 magtEngine txoutclk_der0_ifdem_dive_bufg_i BUFG z
(i} 4 mgtEngine txoutclk_deml _ifclock_divider i DCM_aDyY 60
(¥} 5 mgtEngine txoutclk_deml _ijdem_1x_bufg_i BUFG z
(i} & mgtEngine txoutclk_deml _ifdem_dive_bufg_i BUFG z
(¥} 7 mgtEngine txoutclk_demZ_ifclock_divider i DCM_aDy 60
(i} 8 mgtEngine txoutclk_demZ_ijdem_1x_buFg_i BUFG z
(¥} 9 mgtEngine txoutclk_demz_ifdem_dive_bufg_i BUFG z

(%1 10 matEnagine/txoutclk_dem3_ifclock_divider_i DCM_aDyY 60

[T T PR T ai— -

Instances - Type is "Global Clock’ | Type is "Gigabit 10" {28) x
= Tl Consale | ) Messages | Gl Compilation & Find Results | 50 Package Pins | [ Design Run:

Figure 32: Selecting Clock Logic to Trace in the Schematic
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E. Project Summary > | @ Device % | [l Package ¢ | BH Clock Resources ¢ | 2] RTL Schematic O

RXPRBSERR
1:0] RYRATEDONE

0] RYRECCLK

[ RYRECCLKPCS
RXRESETDONE

L) RXRUNDISP[3:0]
0] RYSTARTOF SEQ

| RYSTATUS[2:0]
[3:0] RIALID

0] TSTOUT[:0]
THBUF STATUS[1:0]

THOLY ALIGNMONITOR[ 0]
THBEARBOXREAD Y

THKERR[3:0]

TN

THOUTELK

THOUTELKRCS

TP

@ LE THPLLLKDET
B THRATEDONE
+IDE THRESETDONE

[ TERUNDISP[3:0]

GH

In the Find Results view, click the Schematic button ' .

In the Schematic view, select Expand all logic outside selected the instance = .
Observe the logic connectivity of the two BUFGs.

Double-click the CLK_IN port on the txoutclk_dcm0_1 module.

5. Zoom in to observe the logic connection to the GTX instance.

0
X

txoutclk_dom0_j

DCh_LOCKED_OUT
Dt _ouT
dom_div2_bufg_i DIwz_0uT
il ' -

EBUFG clock_divider i
CLKD

CLEF¥]
CLEF180

BUFG L fcwkre oLk
[OUTCLKD_OUT  [TILED_TXOUTCLKD_OUT CLEN CLkay

dem_1x_bufg_i
| ]

DCh_RESET_IN RST  CLEZXIS0

CLkaO

CLK1g0

CLE2T0

LOCKED
DCM_BASE

MGT_USRCLK_SOURCE(FREGUENCY _MODE...

Figure 33: Exploring Clock Logic Connectivity

Logic is easily expanded and explored in the Schematic view. Select or highlight logic
in the Schematic view to cross-select or highlights it in all other views.

6. Close the Schematic view tab.

Exploring the Clock Resources View

1. In the Workspace, select the Clock Resources view tab.

If no view tab exists, select Window > Clock Resources to display the view.

2. Click the Maximize Workspace button 0 in the view banner to display the view full
screen.

3. On the left side of the PlanAhead window, select the Hide Navigator icon

4. Scroll around and examine the Clock Resources view.

The Clock Regions, I/O Banks, and various device resources are displayed in their relative

location as found on the device. The Clock Resources view and the Device view show a
similar arrangement of device sites.

Sections of the Clock Resources view can be expanded and collapsed to hide or display the
resources as needed. Logic that is placed is displayed under the Instance columns.
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T Project Summary ¥ | G Device ¥ | Package = | B3 Clock Resources

O | B xetlx7sHFra4-1
E =l Top Half
= =@ m clock Reqion xovz B CHT @ Y=2
= s L0 Bank 16 = s L0 Bank 26 Site Instance
fp Site Inskance Site Inskance MMCM_ADY_x0YS
BUFR_X0VS BUFR_X1V5 MMCM_ADY_~0%4
BUFR_X0v4 BUFR_X1%4
BUFIODOS_ XY, .. BUFIODOS_X1Y..,
BUFIODOS_ XY, .. BUFIODOS_X1Y...
BUFIODOS_ XY, .. BUFIODOS_X1Y...
BUFIODOS_ XY, .. BUFIODOS_X1Y...
321:5R [l Dataout_pad_1 o 7 CBUF ... J15:5R
J22:5R [l Linestate_pad_1 i 1 IBUF (... K15:5R
E27:MR [ OpMode_pad_1_a_0_OBUF .., El4:MR
E25: MR [ OpMode_pad_1_a_1_OBUF .., AlMR
Figure 34: Viewing Clock Resources in the Clock Resources View
5. Locate one of the placed GTXE instances in the Clock Resources view.
6. Scroll and resize the view to show the entire section associated with the GTXE.
The corresponding I/O pairs are also placed in the GT Bank.
= CMT @ ¥=1 = &8 Clock Reqion %171
Site Instance = o O Bank 35 = @&T Bank 115
MMCM_ADY_X0Y3 Site Inskance Site Inskance
MMIM_ADY _X0Y2 BUFR._%2V3 GTHEL_XOY7
BUFGCTRL_X0v31 BLIFR %272 GTHEL_HO0Y6
BUFGCTRL_x0v30 BUFICDGS X2, .. GTHEL OYS [l gheed i (...
BUFGCTRL_x0v29 BUFICDGS 2. .. GTHEL WOve [l gheed (...
BUFGCTRL_x0v28 BUFIODOS %2 .. M1 TR
BUFGCTRL_x0v27 BUFIODOS %2 .. L4:RXM3
BUFGCTRL_X0V26 Wilige ML TR
BUFGCTRL_X0Y25 WD L3P
BUFGCTRL_X0V24 ABLLIMR P2 THHZ
BUFGCTRL_X0V23 ALLLIMR M RN2
BUFGCTRL_X0v22 ADTIHR P1iTXRZ
BUFGCTRL_X0v21 AETMR PE:REFCLELP
BUFGCTRL_x0v20 AF11:5R FS:REFCLE...
BUFGCTRL_x0¥19 AG11SR N3RXPZ
BUFGCTRL_x0v18 AF10:GC T6:REFCLKOR
BUFGCTRL_x0Y17 AE10:GC TS:REFCLE. ..
BUFGCTRL_x0Y16 BH11:GC THTRNL [ THM_OUL..
AG1Z1GC RERXNL [l REM_IN ...
TUTHPL [ TRP_OLL..
RIRXPL  [HRXPIN ..
Y2THND [ THH_OUL..
UhRXNO (Gl REM_IN ...
VITHPO [ TRP_OLL..
UBRXPD [HRXP_IN ...
Figure 35: Displaying GTXE1 Placement
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Placing the DCM_ADV and BUFGs Associated With the GTXE1 Instance

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

2. Scroll to find the DCM_ADYV and BUFGs that are associated with the GTXE1 instance
that you selected. It has the same 0-3 logic names.

3. Select DCM_ADYV and drag it into the Clock Resources view on the Instance field next
to one of the MMCM_ADV_XXYY Sites in the same quadrant of the device.

4. Select one of the BUFGs and drag it into the Clock Resources view on the Instance field
next to one of the BUFGCTRL_XXYY Sites.

5. Repeat the previous step for the remaining BUFG.

Notice how easy it is to place clock and related I/O logic in the Clock Resources view.

= CMT @ ¥=1 = Clock Region 5141
Site Instance = s [0 Bank 35 = GT Bank 115
MIMCH_ADY_#0%3 Gl clack_div... Site Instance Site Instance
MMCH_ADY _x0Yz BLUFR_X2Y3 GTXE1_XOY7
BUFGCTRL_#0¥31 [l dCI‘I‘I_l-X_... BUFR_x2v2 GTXEL_XOYE
BUFGCTRL_#0V30 [ dem_dliv... BUFIODQS _42... GTHEL_xovs [N
BUFGCTRL_ 20723 BUFIODQS_XZ... GTXEL_XO0v4 [ gtxel if...
BUFGCTRL_<0v28 BLFIODQS. ¥2... M2 TRhE
BUFGCTRL_XOYZ7 BLFIODQS. ¥2... L4:RxN3
BUFGCTRL_<0v28 WILioR M1:T4P3
BUFGCTRL_#0Y25 W1D:SR L3ERP3
BUFGCTRL_X0Y24 AE11:MR P2:THNZ
BUFGCTRL_X0YZ3 AA11:MR N RENZ
BUFGCTRL_<0Y22 ADT:MR P1:THPZ
BUFGCTRL _#0vZ1 AET MR P&:REFCLELP
BUFGCTRL _#0vz0 AF11:5R PS:REFCLE. ..
BUFGCTRL_XOY19 AGL1ISR N3:REPZ
BUFGCTRL_»0¥18 AFLO:GE T&:REFCLEOP
BUFGCTRL _=0¥17 AELO:GE TS:REFCLE. ..
BUFGCTRL_A0Y16 AH11:EC TZ:TEM1 [ TRM_OUL.,
AG1Z:GC ReRHML Gl REN_IN_. ..
T1:THP1 [l THP_OU. .,
R3FXPL [l R¥P_IN_...
W21 TeM0 i TeM_Cl,,,
[AEHER 1] i RN _IN_,
W1:THPO [l THP_OU. .,
US:RxPD [l R¥P_IN_...

Figure 36: Displaying Placed Clock Logic Relative to the GTXE

6. Close the Find Results view.
In the Clock Resources view, click the Restore Workspace button in the view banner to
return the view layout.

L.

8. Select the Show Navigator button #| on the left side of the PlanAhead software
window to restore the Flow Navigator.

9. Click the Device view tab in the Workspace.

Placing the Remaining 1/0O Ports Automatically

1. If appropriate or necessary, click Unselect All \ .
2. Select Tools > I/O Planning > Auto-place 1/O Ports.
3. Inthe Autoplace I/O Ports dialog box, click Next.
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The Placed I/0O Ports dialog box opens.

x]

(8 Autoplace 1/0 Ports

Placed I/0 Ports
€}

99 of the 144 ports wou are about to place already are assigned to E\
package pins, How do wou want to treat these ports?

(¥ Keep these 99 ports in their current locations

() Find new locations for these 99 ports

[ < Back ]| Mext = |[ Cancel

Figure 37: Autoplacing 1/0 Ports Dialog Box

If any I/O ports are selected when the command is run, only those I/O ports are auto
placed.

4. Select Keep these # ports in their current locations. (The number of placed ports in
your example design may vary from what is shown in the figure above.)

Click Next.
In the Summary dialog box, click Finish.

The ports are placed.

7. Click OK in the placement confirmation dialog box.
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Step 13: Running DRC and SSN Analysis

The PlanAhead software has an extensive set of I/O related DRC checks to be sure that
I/O Ports are assigned accordingly. You can explore and resolve any violations
interactively.

Running the I/O Related DRC Checks

1. Click Run DRC in the Flow Navigator.
2. Deselect the Netlist, Floorplan, DSP48, RAMB16, RAMB and FIFO rule categories.

78 Run DRC X

Results Name: |resu|ts_1 |

Qukput File: | |E]

Rules to Check: 33 of 59

Q=

= Al Rules (591
G-[0 Metlist (5)
-5 Clock (4)
(-0 Bank (18]
-5 TOB (1)
-0 Placer (51
- Floorplan (=)
-5 CIkEUF (1)
-0 OSP4 (7)
(-0 RAMBLE (1)
G-I RAME (1)
& FIFO (1)

[ Select Al H Clear &l ]

Cpen in a new tab

[ oK H Cancel ]

Figure 38: Run I/O Related DRCs

3. Expand the selected rules to examine the rule types.
Click OK.

In this case, no violations are found. If your design reports violations, proceed
regardless for purposes of this tutorial.

5. Click OK in the Run DRC confirmation dialog box.
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Running the Run Noise Analysis Command to Check for Potential Signal
Integrity

55N Results - results_1 {11 of 11 Banks Passed)

Q

Simultaneous Switching Noise (SSN) Analysis can also be performed to help identify
potential signal integrity concerns.

1.

In the Flow Navigator, click Run Noise Analysis.

2. Click OK in the Run SSN Analysis dialog box.

The SSN Results view opens.

.
|| Mame Part Ijostd | Wooo Slew
(=]
= s 10 Bank 0 (0
£ v IJO Bank 14 (18] LYCMOS25 2.5 SLOW
+- v 1f0 Bank 15 (5) LYCMOS2S 2.5 SLOW
H- w10 Bank 16 (18] LYCMOS2S 2.5 SLOW
= v IJO Bank 24 (2) LYCMOS25 2.5 SLOW
; & Group 1) LYCMOS2S 2.5 SLOW
i 5) BC25 WewSelec,,, LYCMOSZS 2.5 SLOW
----- 5 an2s phy_rst_... LYCMOS25 2.5 SLOW
----- sy IfO Bank 25 (00
2 results_1 {11 of 11 Banks Passed)
= Tel Console | (0 Messages | G| Compilation M SSN Results

Closing the PlanAhead Software
1.

Conclusion

& Find Results

Drive Strength | Phase

12 {default)
12 {default)
12 {default)
12 {default)
12 {default)
12 {default)
12 {default)

42 Package Pins

Moise (V)
Contribuked

0.04761469,.,

Bank Total

0.154
0.132
0.154
0.045
0.045

% Design Runs

IMargin (V)

Available

0.350
0.350
0.350
0.350
0.350

Figure 39: Examining the SSN Results View

3. Maximize the SNN Results View.
4. Scroll down and expand the list of I/O Banks.

Remaining

0.166
0.215
0.166
0.302
0.302

Result Motes

Remaining %
PASS
PASS
PASS
PASS
PASS
86,396

PASS

Mo ouktput ports assigne

Mo ouktput ports assigne

View the Noise information in the report, including Contributed Noise for each group,
Bank Total, Available and Remaining. The Status is PASS for all of the I/O Banks.

Select File > Exit.
2. Click OK.

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 I/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 I/O Ports list, which can be used for HDL header or PCB
schematic symbol generation.

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

Ran DRCs and Noise Analysis to validate legal I/O placement.
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Conclusion & XILINX.
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& XILINX.
Appendix A

Additional Resources

Xilinx Resources

® ISE Design Suite: Installation and Licensing Guide (UG798):
http:/ /www.xilinx.com/support/documentation/sw_manuals/xilinx13_1/iil.pdf

e ISE Design Suite 13: Release Notes Guide (UG631):
http:/ /www.xilinx.com/support/documentation /sw_manuals/xilinx13_1/irn.pdf

¢ Xilinx® Documentation:
http:/ /www.xilinx.com /support/documentation.htm

¢ Xilinx Global Glossary:
http:/ /www.xilinx.com/support/documentation/sw_manuals/glossary.pdf

e Xilinx Support: http:/ /www.xilinx.com/support.htm

¢ Video Demonstrations:
http:/ /www.xilinx.com/products/design_resources/design_tool/resources/
index.htm

PlanAhead Documentation

e PlanAhead User Guide (LUG632):
http:/ /www.xilinx.com/support/documentation/sw_manuals/xilinx13_1/
PlanAhead_UserGuide.pdf

¢ PlanAhead Methodology Guides:
http:/ /www.xilinx.com /support/documentation/
dt_planahead_planahead13-1_userguides.htm

®  Pin Planning Methodology Guide (UG792):
http:/ /www.xilinx.com/support/documentation/sw_manuals/xilinx13_1/
ug792_pinplan.pdf
¢ PlanAhead Tutorials:
http:/ /www.xilinx.com/support/documentation/
dt_planahead_planahead13-1_tutorials.htm
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http://www.xilinx.com/support/documentation.htm
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=entopic=glossary.pdf
http://www.xilinx.com/support.htm
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&ver=13.1&topic=sw+manuals&sub=PlanAhead_UserGuide.pdf
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&topic=support+docs&sub=dt_planahead_planahead13-1_userguides.htm
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&ver=13.1&topic=planahead+tutorials
http://www.xilinx.com/products/design_resources/design_tool/resources/index.htm
http://www.xilinx.com/products/design_resources/design_tool/resources/index.htm
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&ver=13.1&topic=sw+manuals&sub=ug792_pinplan.pdf
http://www.xilinx.com/cgi-bin/SW_Docs_Redirect/sw_docs_redirect?locale=en&ver=13.1&topic=sw+manuals&sub=ug792_pinplan.pdf
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