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/O Pin Planning Tutorial

Thistutorial introduces the Xilinx® PlanAhead ™ softw are capabilities and benefits when performing I/ O
pin assignment for FPGA devices. It describes the procedure for creating and assigning I/ O portsto
physical package pins. Thel/ O Planning view environment enables you to create, import, and configure
theinitial list of I/ O ports. You can group therelated portsinto Interfaces and then assign them to
package pins.

The capabilitiesinclude fully automatic pin placement or semi-automated interactive modes to allow
controlled I/ O port assignment. The I/ O Planning view environment shows the relationship of the
physical package pins and banks with their corresponding I/ O 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 I/ O
exploration and assignment with a pin planning project even before the design source files are available.
You can import aComma Separated Value (CSV) format file for I/ O planning, or export it for usein 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 comprehensivel/ O
and clocking DRCswhen using a netlist design. Thistutorial covers both.

Not all commands or command options are covered in thistutorial. Thistutorial usesthe features
contained in the PlanAhead software, which isbundled as a part of ISE® Design Suite version 13.3.

The objective of thistutorial isto familiarize you with the I/ O pin planning process using thel/ O
Planning functionality in the PlanAhead software.

Software Requirements

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

For installation instructions and information, see the ISE Design Suite Installation and Licensing Guide
(UG798) at http:/ / www xilinx.com/ support/ documentation/ sw_manuals/ xilinx13 3/ iil.pdf.

Hardware Requirements

Xilinx recommends a minimum of 2 GB of RAM when using the PlanAhead software on larger devices.
For thistutorial, a smaller xc6vIx75t design isused, and the number of designsopen at onetimeis
limited. Although 1 GBis sufficient, it can impact performance.

I/O Pin Planning Tutorial www.xilinx.com 4
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i. X||_| NX Tutorial Design Description

Tutorial Design Description

The small sample design used in thistutorial includes;

e A RISC processor CPU core

e A pseudo FFT

e Four gigabit transceivers (GTs)

e Two USBinterfaces

The design targets an xc6vIx75t device. A small design isused to:

e Allow thetutorial to berun with minimal hardware requirements
e Enabletimely completion of the tutorials

¢ Minimizedatasize

Locating Tutorial Design Files

1. Download the PlanAhead_Tutorial.zip file from the Xilinx website;
http:/ / www .xilinx.com/ support/ documentation/ dt planahead planahead13-3 tutorials.htm

2. Extract the zip file contentsinto any write-accessible location.
The unzipped PlanAhead_Tutorial datadirectory isreferred to in thistutorial asthe <Extract_Dir>.

Thetutorial sample design datais modified while performing thistutorial. A new copy of the original
PlanAhead_Tutorial dataisrequired each timeyou run thetutorial.

I/O Pin Planning Tutorial www.xilinx.com 5
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Step 1: Creating an I/O Pin Planning Project

Step 1: Creating an I/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 adesign to analyze
device resources. It is also available for an RTL, netlist or implemented design.

Creating a New Project, Opening the 1/0 Planning View Environment, and
Exploring the Views

1
2.

a &

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 13.3> PlanAhead > PlanAhead.

On Linux, 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.

ihlew Project D

Project Name

Enter a name for your project and specify a direckory where the project data files will be stored
Projeck name: |prnjectJ:uin|:-uI: |

Praject location: |C:'l,plan.ﬁ.head_install'I,F'Ian.ﬁ.head_Tutn:nriaI'l,Tutn:nriaI_Created_Data | E]

Project will be created at: ...d_install\Plandhead_Tutorial, Tutorial_Created_Data\project_pinout

< Back ” Mextk = l [ Zancel

Figure 1: New Project: Project Name Dialog Box

6. Typethe Project name, project_pinout.
7. Enter the Project location:
<Extract_Dir>/PlanAhead_Tutorial/Tutorial_Created_Data.
I/0 Pin Planning Tutorial www.xilinx.com 6
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i; XILlNX Step 1: Creating an I/O Pin Planning Project

8. Click Next to open the Design Source dialog box.
9. Select Create an I/O Planning Project.

(8 New Project r5__<|
Design Source
Specify the type of sources For wour design, You can start with RTL or a synthesized EDIF, @

(@] Specify RTL Sources
‘ou will be able to run RTL analysis, synthesis, post-synthesis design analysis, planning and implementation,

Specify synthesized (EDIF or MGC) netlist
ou will be able to run post-synthesis design analysis, planning, and implementation.

Create an [fQ Planning Project
Do not specify design sources., You will be able to do port assignment and wverification.

Import ISE Place & Route results
‘ou will be able to do post-implementation analysis of vour design,

Irnport ISE Project
Create a Plandhead project From an ISE project file,

c O @® O

[ < Back ]| Mext = |[ Cancel

Figure 2: Specifying an I/O Pin Planning Project

10. Click Next to open the Import Ports dialog box.
11. Select Do notimport I/O ports at thistime.

x]

@8 New Project

Import Ports (optional)

‘You may specify 3 CSY File or a UCF File to define and configure wour ports., IF wou skip this step now, fa
wou can import ports laker andfor create ports manually. o

() Impoart CS4: |

() Import LCF: |

() Da not impart IfO parks at this time

’ < Back " Mext = ][ Cancel

Figure 3: New Project: Import Ports

I/O Pin Planning Tutorial www.xilinx.com 7
UG674 (v 13.3) October 19, 2011


http://www.xilinx.com/

i; X"_l NXr Step 1: Creating an I/O Pin Planning Project

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

13. In the Filter section, click the Family pull down menu and select Virtex6. Notice thelist isfiltered to
show Virtex®-6 devices only.

14. Click the Sub-Family pull down menu and select Virtex6 LXT. Notice thelist isfiltered to show
Virtex-6 LXT devicesonly.

15. In the Search field, type 75T. Notice the 75T devices.

Project ﬁl

It Part
10se a defaulk Xilinx part For vour project. This can be changed later, g{#
Product |.0.II vl Package |.C\ny v|
Farmily |\-'irte><6 - | Speed Grade |.ﬁ.ny - |
Sub-Farmily |‘\-'irte><6 LxT - | Temp Grade |C - |
I | - 75k | (& matches)
a IO Pin Count | Available IOBs — Slices  LUT Elements  FlipFlops  Elock RAMs | DSPs | G
wlx7SEFF454-1 484 240 11640 46560 93120 156 285 3
wlx7SEFF454-2 484 240 11640 46560 93120 156 285 3
wlx7SEFF454-3 484 240 11640 46560 93120 156 285 3
757750 114056 ; 5w |id
wlx7SEFF7E4-2 Fa4 360 11640 46560 93120 156 285 12
wlx7SEFF7E4-3 Fa4 360 11640 46560 93120 156 285 12
p 3=
l < Back. ” Mext = ] l Zancel l
Figure 4: Selecting a Family and Default Part
I/O Pin Planning Tutorial www.xilinx.com 8
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16. Select the xc6vIx75tff 784-1 device and click N ext.

17. Click Finish to create the project.

T project_pinaut - [CADSIA\FPGA_design\praject_pinoutiproject_pinout.ppe] - Plankhead 13,2
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Figure 5: I/O Pin Planning Environment

18. Explorethevariousviewsinthel/ O Planning layout. Many are empty because I/ O Ports are not yet
defined.

If both the Package and Device viewsdisplay, click and drag the Device view tab onto the Package
view tab.
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Step 2: Examining Device I/O Resources

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

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

Next, you:
e Select several I/ O banksto show the package-to-die relationship
e View I/ O bank properties

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

Examining I/O Banks

1. Inthe Package Pinsview, select an I/ O Bank such as /O Bank 14.

2. Toselect abank in the Package view, double-click a pin from the I/ O bank. The first click selectsthe
pin, and the second click selectsthel/ O bank in which that the pin isapart of.

1/0 Design - io_1 - xc6vIx751f784-1

Metlist -0 = [ Package x @ Device x O %
z Moz s x
(3] (empty) pe @ [F & 1o Ports A J¥L L L
=-[E] 2 Pins ® ) @ ¢ e
-+ = Dedicated Configuration Pins 1% T
[ = Dedicated System Moritar Fins + T
= 140 and Multi-Function Pins [
e/ Pawer Supply Pins § T me
» + GO n
2 4F VBATT_O : 9
N 4 vCcaux Ll
A ey S804 oEp
= ¥ E[E R
m stVFSFaDtP [+ 2
yskenm Monitaor Pins e
ny [ Transceiver Ping 2 = * ; ] + =
& sources - ) Metlist | (3, Timing Constraints (UCF) ) Unconnected Pins oy ;. =
-[E] s 10 Banks = = =
1fO Bark Propertiss —Oag x 1M 1j0Banko ++ ]
« » EIE [#] [ 1o Bank 14 [+
LioBank 15 hd kb,
a3 1j0 Bark 14 (Standard) 10 Bk 16 ¥+
Id | Mame  Prohibit | Port | [jOStd | Dir 10 Bank 23
5 1Rz 0 o 140 Bark 24 |
» 2re 0O = 140 Bark 25 @
» 3tz 0 140 Bark 26 ®
» aum 0 10 Bank 34 9
» svs 0 10 Bank 35 L | 1®f
D sum r ) U0 Bank 36 i+
< | Bll=| 1O Bank 114 4 4
General | Part Summary | Package Pins | IO Parts | [F]E 10 Bank 115 i
Z1H 1O Bark 116 vl
£3 gt i 4@ FIH 1 " v
() Properties Clock Regions - [T117] High Perfarman: =]
10 Parts — O %
Q.| Hame Dir | MegDiff Par | Site Bank | 1O Std Weco | ref | DriveStrength | SlewType | PullTyps  Phass
| =7 Al ports (0)
- 5 Sealar ports (1)
=
Package Fins —0Og x
Q| Mame Frohibit | Port | 1fOStd D Veco | Bark | BankType | Type DifPair | Clock  Volage  Config | SystemMonitor  Gigabit /O | Min Trace Dly (ps)  Max Trace
=2 |5 Al Pins (754) Al
g | B 1/0 Bank 0 (Dedicated) (4) Dedicated
a5 - 10 Bank 14 (Stardard) (45) ! [ | | | ({1 [ [ [ [ [ |
Tl [ 170 Bank 15 (Standard) (45) Standard
s 10 Bank 16 (Standard) (45) Standard
= m» 1/0 Bank 23 (Dedicated) (5) Dedicated L
s 10 Bank 24 (Standard) (45) Standard
10 Bank 25 (Standard) (45) standard
s 10 Bank 26 (Standard) (45) Standard v
< L=l
5 Td Console | O Messages, O Package Pins
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i. XILlNX Step 2: Examining Device I/O Resources

An alternate method isto click the Package View Layers button il , located in the Package View
toolbar. Expand thel/ O Banks, select Bank 14, right click it and choose Select Objects.

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.

The selected 1/ O bank location is highlighted in the Package view.
3. Click the Device view tab in the Workspace to view the I/ O bank location on the device.

Being able to visualize the I/ O bank locations both internally on the die and externally on the
package helpsyou plan for an optimal I/ O port assignment.

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

Expand 1/0 Bank 14 in the Package Pinsview to display the package pin information for each pin in
the I/ O Bank. Theinternal package trace min and max delays are shown also (scroll the 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 thelist and select any I/ O Bank.
7. Select the General tab in the I/ O Bank Propertiesview.

8. Review thel/ O count and voltages. Thisinformation is populated as|/ O Ports are assigned to the
I/ O bank. Thisallowsyou to search for compatible I/ O banksto place the remaining I/ O Ports.

9. Select thevarioustabsin thel/ O Bank Propertiesview.

O

10. Click the M aximize button in the Package Pinsview banner.

The Package Pins view ismaximized.

11, Select the Expand All button in the Package Pins view.

12. Scroll and view the pin information in the table.

13. Unselect the Group by 1/0 Bank button in the Package Pinsview to expand and flatten the list.

Prohibiting Pins from 1/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 Pinsview by Voltage to select all VREF I/ O pins, then use the Set Prohibits
popup command to prohibit placement on those pins.

1. Click theVoltage column header twice and scroll to the top of thelist to locate the VREF values.
2. Usethe Shift key to select all VREF Voltage pins.
3. Right-click and select Set Prohibit.

4. Inthe Package Pinsview header, click the Restore button ‘& .
5. The Package Pinsview isrestored. The Package view now displays prohibited pins.

6. Inthemain toolbar, click Unselect All

7. Zoom in to an area of the Package view to view the Prohibited pins marked with red ®s, asshown
in the follow figure.

I/O Pin Planning Tutorial www.xilinx.com 11
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8. Tozoom, click and drag arectangle in the Package view starting with aclick at the upper left of the
zoom area and drag to the lower right zoom area.

Jl'adlage = |  Device ®

{5 ol E0) ol 2

)

mn

Figure 7: Examining Prohibited VREF Package Pins

9. Zoom Fit the Package view. Click and drag the cursor from the lower right to the upper leftin a
diagonal motion.

10. In the Package Pinsview, click the Group by I/0 Bank button

11. Click Collapse All 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
availablein these views. See “Using Tree Table Style Views” in the Using the Viewing Environment
chapter of the PlanAhead User Guide (UG632).
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Step 3: Viewing Multi-function Pins: Setting the Device

Step 3: Viewing Multi-function Pins: Setting the Device

Configuration Mode

In this step you will view multi-functional pins and set the device configuration mode.

Viewing Multi-Function Pins

1. Maximizethe Package Pinsview.

2. <croll over the columnsin the list to view the multi-function pins displayed under the Type field.

Package Pins

Q, 1d Mame Prohibit Port: I Std
e ]
36 Y24
37 P21
35 P22
3923
40 W23
41 Uz26
42 T26
43 W23
44 U23
45 R24
46 R25
47 w22
48 W2z
49 R20
S0 P20

ol T4

G|

k2t 7ol sl ok ol ol 2k 2lf 218 1k 2k ok 2 2 21
OROOO0O0C00C0000000C

- & o ¥

Dir Yooo Bank. Tvpe Diff Pair Clock. Yoltage

14 User L [

14 User IO L7

14 Mulki-function L& SRCC

14 Mulki-function  L&M SRCC

14 Mulki-function LR MRZC

14 Mulki-function L9 MRZC

14 Mulki-function  L10P MRZC

14 Multi-function  L10M MR.CC

14 Multi-function  L11P SRiZC

14 Multi-function  L11M SRIZC

14 Multi-function  L12P WRM

14 Multi-function  L12M WRP

14 User IO L13P

14 User IO L13M

14 User IO L14P

14 Mulki-function  L14M WREF

14 User I L13P

Figure 8: Viewing Multi-Function Pins

3. Examinethefollowing columns:
o Device Configuration pins (Config)
e System Monitor
e Gigabitl/ 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 thistutorial contained these logic objects, thistable
would befilled out accordingly, allowing you to examine multi-function pins.

4. Restore the Package Pinsview.

I/O Pin Planning Tutorial
UG674 (v 13.3) October 19, 2011
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Setting Device Configuration Modes

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

1. Select Tools > 1/O Planning > Set Configuration M odes... The Set Configuration Modes dialog box

opens.
@il Set Configuration Modes rz|
5Pt Master Serial
IMaster Serial
[ Slave Serial Master Serial is a simple, low cost configuration mode. It is a two wire interface consisting of clock and data
in which the FPGA self-loads the configuration data from a Xilinw Platform Flash serial PROM.
[ BPI-Up 8 gura
[] BPI-Up =18 - . ; .
For more detail on this configuration mode, see the Vires-6 Configuration User Guide
[] BPI-Down x&
[[] BPI-Dawn x16 L
[[] Master SelectMap =&
[[] Master SelectMap x16
[] Master SelectMap =32 VEOIT, -E‘I“—w —
VCCALX =
[ slave Selectiap xg e Vo0 .
_— NVCCINT
[] Slave SelectMap x16 = S S
[ Slave Selectiap x3z e DoUT |— FEV_SFL1
REV_SELO
[ 1maG/Boundary Scan W1 e 1
" Yooo o —
= i= !
T —| PROGRAM_B DONE (3 TED
DIN Do
Virlex-6 VEoo.0 Platform Flash
FPGA = W XCFoP
T ferin Vooo_o
COLK l CLK &7
INIT B[~ +——=| OEAESET oF
[} VREF VGG
| s VGG
'Eg THE g L
22 oK
£
§{iﬂ o ToO Ol TOO |-
£5
s G G
L —
PROGAAM_B
M
=)
Select Al Clear all

Figure 9: Selecting Device Configuration Modes

2. Inthe Set Configuration M odes dialog box, select one or two of the modesto view the descriptions,
schematics, and related data sheets.

3. Click OK.

4. Select Sort the Package Pins View after Set Configuration Modes and click OK in the Confirmation
dialog box.

The pins associated with the selected Device Configuration Modeswill be displayed at the top of the
Package Pinsview allowing you to examine potential multi-function pin conflicts.

5. View the configuration pinsrequired for the selected configuration mode.

I/O Pin Planning Tutorial www.xilinx.com 14
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Step 4: Defining Alternate Compatible Devices

During the FPGA design process, you can change the target device when adesign 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 istypically limited to devices

that use acommon package.
This step ensuresthat the I/ O pinoutswork across the selected set of devices.
1. Select Tools > /O Planning > Set Part Compatibility...

The Set Part Compatibility dialog box opens.

S such that the device is compatible with all selected parts,

Compatible Parts
3 xcEvba 1 30LFFPE4

[ xchwla195tFFra4
[ xcwlez40FFrad

Figure 10: Defining Compatible Parts

2. Select the xc6vIx130tff 784 device.
3. Click OK.
4. Intheconfirmation dialog box, click OK to indicate that no Prohibits were placed.

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

I/O Pin Planning Tutorial www.xilinx.com
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Step 5: Creating and Configuring 1/O Ports

In this step you will create and configuring anew I/ O busport called mybus.
1. Inthel/ O Portsview, right-click and select Create 1/0 Ports.

The Create I/ O Ports dialog box opens.

@ Create 1/0 Ports

Mame: mybus
Direction:

[] Diff Pair:

Configure

I/ Standard: I@
Drive Strength: @
Slew Type: @
Full Type: I@
Phase: M

o

Figure 11: Create I/O Ports

Note: The Configure 1/0O Ports command opens a similar dialog box that enables you to configure existing I/O Ports.
2. Typemybusinthe Namefield.
3. Click the checkbox for Create Bus..
4. Review the other options.
5. Click OK.
Thenew I/ O Portsdisplay in thel/ O Portsview.

I/O Ports — O g =
Q Mame Dir Meg Diff Pair | Sike | Bank | IjO Std Wecoo | Mref | Drive Strength | Slews Type  Pull Type Phase

my
»
»
»
»
»
»
»
»
»
»
L]
»

Input

Figure 12: Displaying Newly Added I/O Ports

6. Select Edit > Undo toremovetherecently added mybus|/ O ports.
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Step 6: Importing an I/O Port List

The PlanAhead software can import avariety of file formatsto begin the I/ O pin planning process. You
can import CSV, UCF, or RTL format filesand perform I/ O pin exploration and assignments. You can
also create I/ O Portsinteractively, which was covered in the last step.

Use care with early input methodsfor 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 1/ O pin assignment after importing a synthesized netlist. Legal I/ O
pinouts are guaranteed only after the design hasrun through the ISE implementation tools, and after
DRCsfor I/ O and clock placement are run without error.

Importing and Examining the CSV Format 1/O Port List

1. InWindows Explorer, open the following I/ O Ports CSV file:
<Extract_Dir>/PlanAhead_Tutorial/Sources/10_Ports_import.csv
2. Examinethel/ O ports spreadsheet format and content, and exit without saving.

3. InthePlanAhead software environment, select Import 1/0O Ports from the Flow Navigator, located on
the left side.

Note: You might 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/10_Ports_import.csv

The Device and Package views display the assigned Ports, and the I/ O Portsview is now populated
with theimported I/ O Ports, as shown in the following figure. If you are going to import a CSV file,
do thisbefore defining ports with the Create I/ O Ports command because they will be overwritten.

Parts - 0O g =

Marme Dir MNeg Diff Pair | Site | Bank | [0 Std Yeco

== Al ports (144) 25
- Dataln_pad_0_j () Input 14 L¥CMO325 2.5
+- 2 Dataln_pad_1_j (5} Input 16 L¥CMO325 2.5
+-4F DataOut_pad_0_o () Oubputk 14 L¥CMOS25 2.5
+-4F DataOut_pad_1_o () Cutput 16 LY¥CMOS25 2.5
+-2 LineState_pad_0_j (2 Input 14 L¥CMOS25 2.5
+- 25 LineState_pad_1_j (2) Input 16 L¥CMOS25 2.5
+-4% OpMode_pad_0_o (2} Oukput 14 L¥CMOS25 3
+-43 OpMode_pad_1_o(2) Cutput 16 LY¥CMOS25 2.5
- RAP_IN (5] Input RAH_IN LD, 225
G TRP_OUT () Output TRN_OUT LYD5_25 25
+-43 ¥Control_pad_0_o (4 Output 14 LYCMOS25 2.5

< >0

Figure 13: I/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 assignmentsto UCF, CSV, VHDL or Verilog format files. Thisis 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 1/0 Ports List Using the Export I/O Ports Command

1. Select File > Export > Export 1/O Ports...
2. Select CSV and UCF in the Export 1/0O Ports: Specify Typesto Generate dialog box.

: F‘ Cihplandhead_installiPlandhead _Tutoriali Tutorial_Created_Data’project_pinouthio_1.ucf L]

[] werilag

[]vwHOL

[ [a]9 H Cancel l

Figure 14: Exporting 1/0O Ports to a CSV Spreadsheet and UCF File

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

4. Open an Explorer window and browse to, and open the exported CSV file located in:
<Extract _Dir>/PlanAhead_Tutorial/Tutorial_Created_Data/project _pinout/io_1.csv.

The following figure is an example of such afile.

5. Examinethe exported I/ O ports spreadsheet.

#Top: design_netlist_EMPTY Floorplan:io_1 Part: xc6vcx75tff784-1
#Generated by: I on: wed Jan 12 19:12:52 2011
#Build: PlanAhead v13.1 by: hdbuild on: Wed Jan 12 09:12:30 PST 2011

10 Bank Pin Number 10B Alias Site Type Min Trace Max Trace Trace Leng Prohibit  Interface Signal Name Direction
14 V25 I0B_X0Y32 10_L3N_14 49.602 57.869 8267 Dataln_pad_0_i[7] IN
14 W25 10B_X0Y33 10_L3P_14 56.874 66.353 9479 Dataln_pad_0_i[6] IN
14 U28 I0B_X0Y34  10_L2N_14 57.912 67.564 9652 Dataln_pad_0_i[5] IN
14 V28 I0B_X0Y35 10_L2P_14 66.642 77.749 11107 Dataln_pad_0_i[4] IN
14 U27 I0B_X0Y36  10_LIN_14 52.968 61.796 8328 Dataln_pad_0_i[3] IN
14 127 I0B_X0Y37 10_L1P_14 51.204 59.738 8534 Dataln_pad_0_i[2] IN
14 R28 I0B_X0Y38 10_LON_14 50.226 58.597 8371 Dataln_pad_0_i[1] IN
14 R27 10B_X0Y39 10_LoP_14 48.678 56.791 8113 Dataln_pad_0_i[0] IN
14 Y24 I0B_X0Y24  10_L7N_14 57.264 66.808 9544 DataOut_pad_0_o[7] ouUT
14 Y25 I0B_X0Y25 10_L7P_14 61.92 72.24 10320 DataOut_pad 0 o[6] OUT
14 Y27 I0B_X0Y26  10_L6N_14 70.332 82.054 11722 DataOut_pad_0_o[5] OUT
14 w27 I0B_X0Y27  10_L6P_14 65.628 76.566 10938 DataOut_pad_0_o[4] oOuUT
14 W28 I0B_X0Y28 10_L5N_14 65.526 76.447 10921 DataOut_pad 0 o[3] OUT
14 Y28 10B_X0Y29 10_L5P_14 73.074 85.253 12179 DataOut_pad_0_o[2] OUT
14 V26 I0OB_X0Y30  10_L4N_VREF_14 48.12 56.14 8020 DataOut_pad_0_o[1] ouUT
14 W26 I0B_X0Y31 10_L4P_14 56.616 66.052 9436 DataOut_pad 0 o[0] OUT
14 P22 I0B_X0Y22 10_L8N_SRCC_14 12.15 14.175 2025 LineState_pad_0_i[1] IN
14 P21 10B_X0Y23 10_LBP_SRCC_14 7.236 g.442 1206 LineState_pad_0_i[0] IN

Figure 15: Examine Exported I/0O Ports Spreadsheet
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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 Interfacesis

covered in an upcoming step.

6. Closetheio_1.csvfile.

Closing the I/O Pin Planning Project

Select File > Close Project.

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

1
2
3. Click Save.
4. Click OK in the Close Project dialog box.
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Step 8: Analyzing I/O Port Placement

The I/ O Planning features provide several waysto place the I/ O portsonto either package pinsor
bonded I/ O die pads. The automatic placement command attemptsto place all of the selected groups of
I/ O ports. It also attemptsto adhereto I/ O bank rules while grouping buses and Interfaces together.

For more control over I/ O port placement, you can drag the selected 1/ O Ports into the Package or
Device views interactively using one of the following semi-automatic placement modes:

e Placel/ O Portsin an I/ O Bank

e Placel/ O Portsin an Area

e Placel/ 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. Browseto 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.

4. Inthe Sourcesview, ensure that the constr_1 Constraints folder is shown as (active). If not, right-click
on the constr_1 folder, and select Make Active.

5. Select Flow > Netlist Design to open the synthesized design.
6. Alternately, you can select Netlist Design in the Flow Navigator on the left side of the main window.

7. From the Layout pull-down located in the main toolbar, select /O Planning (the default is Design
Analysis).

8. Thel/ O Planning view layout displays.
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Splitting the Workspace to Display the Package and Device Views
Simultaneously
The PlanAhead software graphical viewing areais called the Workspace. It can be split either

horizontally or vertically to display multiple views simultaneously. This allowsyou to select I/ O banks
and Interfacesin order to seethe physical package pin and internal die pad locations.

1. By default, both the Package and Device views are displayed. Click and drag the Device view tab
onto the Package view tab if needed.

2. Click and drag the Package view tab to the right edge of the Workspace until the grey rectangle for
the view appears.

| % Device ¢ | [ Package x| O o x
A
o + [+
- o
5 4 [ o
e L e C‘
" ® )16 o
’ Heessiie) @ IC
» Beses liwe Ber L
~ ]+ R -
3 LR AR AR AR AR AR AEAE
[ LA AL IESEIE 2L 3
]
] Labakdb ki I (|1 [+
: BORRR - BRaE
[ [ [+ [ [
Ll [ T g By Y
AR AR AR AR AR RS AR AR AR AR
EE A AT AR AR e T
LA F L
¢\\I: +
m
@+ +
e
4
o
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Figure 16: Splitting the Workspace Viewing Area

3. Drop theview in place.

4. If necessary, click the Device view tab to bring it to the front.
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5. Adjust the Workspace size as needed. The following figure shows an example of both the Package
and Device views displayed together.

E. Project Summary % | 9 Device % Ooog = [ Package = Og =
A 3

b

oy

"4

:P‘ESE@'R K}

Figure 17: Displaying the Package and Device Views Simultaneously
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Examining the 1/0O Ports in the Design

1. Inthel/ O Portsview banner, click the Maximize View button

2. Click Expand All

inthel/ O Portsview.

3. <croll down thelist of buses and signals.

The Neg Diff Pair fields are populated for some of the busesindicating that they are differential pair

buses.

4. Inthel/ O Portsview, click to unselect Group by Interface and Bus

Thel/ O Ports now display as aflat list rather than grouped by bus.
6. Scroll down thelist to view the I/ O Standards (I/ O Std) values.

| % & | B B4 P

The RXP_IN, TXP_OUT, and TILE_REFCLK_PAD buses are differential pairs and have uniquel/ O

Figure 18: Examining I/O Standard and Diff Pair Requirements

Standards applied.

1/0 Ports - a ¥
Name Dir Neq Diff Pair ~ Site  Bank  1/0 Std Veco  Vref  Drive Strength  Slew Type  Pull Type  Phz
i< DataOut_pad_1_o|2]| Output L25 15 LVCMOS25 2.5 12 sSLOW (def .
<4 DataOut_pad_1_o[3] Output L24 15 LVCMOS25 2.5 12 sSLOW (det
<4l DataOut_pad_1_o[4] Output P27 15 LVCMOS25 2.5 12 SLOW (del
 DataOut_pad_1_o[5] Output P28 15 LVCMOS25 2.5 12 SLOW (det
i< DataOut_pad_1_o[6] Output L27 15 LVCMOS25 2.5 12 SLOW (det
i< DataOut_pad_1_o[7] Output M27 15 LVCMOS25 2.5 12 SLOW (det
% LineState_pad_0_i (2] Input 14 LVCMOS25 2.5 12 SLow (det
‘- LineState_pad_0_i[0] Input Y23 14 LVCMOS25 2.5 12 SLOW (del
[ LineState_pad_0_i[1] Input P22 14 LVCMOS25 2.5 12 SLOW (det
£-@ LineState_pad_1_i (2) Input 16 LVCMOS25 2.5 12 SLOW (del
- LineState_pad_1_i[0] nput E22 16 LVCMOS25 2.5 12 SLOW (det
W LineState_pad_1_i[1] Input C23 16 LVCMOS25 2.5 12 SLOW (del
-4 OpMode_pad_0_o0 (2)  Output 14 LVCMOS25 2.5 12 SLOW (del
i< OpMode_pad_0_o[0] Output P21 14 LVCMOS25 2.5 12 SLOW (det
< OpMode_pad_0_o[1] Output Y24 14 LVCMOS25 2.5 12 5LOW (del
E-% OpMode_pad_1_o (2)  Output 15 LVCMO525 2.5 12 SLOW BULTORS & | (del
i< OpMode_pad_1_o[0] Output 125 15 LVCMOS25 2.5 12 SLOW (del
< OpMode_pad_1_o[1] Output K25 15 LVCMOS25 2.5 12 SLOW (de
£-3 RXP_IN (8) Input  RXN_IN LVDS_25 (det
O RXP_IN[0] Input  RXN_IN[O] LVDS5_25 (del
~DOr RXP_IN[1] Input RXN_IN[1] LVDS_25 (del
O RXP_IN[2] Input  RXN_IN[2] LVDS_25 (det
O RXP_IN[3] Input  RXN_IN[3] LVDS5_25 (del
O RXP_IN[4] Input  RXN_IN[4] LVDS_25 (det
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Step 9: Creating I/O Port Interfaces

It can be beneficial to group I/ O Ports associated with various |/ O interfaces. The I/ O Planning layout
lets you define groups of pins, buses or other interfaces together as an “Interface.” This ability helpswith
I/ O Port management and with generating interface-specific PCB schematic symbols. It also forcesthe

I/ O Port automatic placement command to group the entire interface together on the device
(where possible).

Creating Interfaces for Similar I1/0O Port Groups

The design used in thistutorial hastwo USB interfaces, each containing many I/ O ports. Thel/ O port
names are differentiated by _0 and _1. You will create Interfaces for all signalsin USBO and USB1.

1. Click the Show Search button inthel/ O Portsview.
2. Type _0inthe Search field.

Netlist Design - netlist_1 - constrs_1 | x
IfO Ports
O\ Search: 0 (44 matches)
==
- Id | Mame Dir Interface
3 3 1 Dataln_pad_0_i[0] Input
B 3 2 Dataln_pad_0_i[1] Input
o e 3 Dataln_pad_0_i[2] Input
“#|@ 4 Dataln_pad_0_i3] Tnput
| & 5 Dataln_pad_0_i[4] Input
" 6 Dataln_pad_0_i[5] Input
[ 7 Dataln_pad_0_i[&] Input
[ 8 Dataln_pad_0_i[7] Tnput
& 9 Datatut_pad_0_o[0] Cutput
o 10 Datatut_pad_0_o[1] Cutput
< 11 DakaOut_pad_0_a[2] Cutpuk
L) 12 Datatut_pad_0_o[3] Cutput

Figure 19: Selecting USB_0 Related Ports

Select one of the portsin thefiltered list.

4. PressCtrl+A to select all portsin thefiltered list.
Right-click and select Create I/O Port Interface....
The Create I/ O Port Interface dialog box opens.

6. TypeUSBOinthe Namefield.

(8 Create I/0 Port Interface

Create a new [JO Port interface For project ‘project_cpu_netlist'

Marne: | LISEQ|

Assign 6 selected [0 port buses ko the new interface.

Assign 12 selected IjO ports to the new interface.

I K l ’ Cancel

Figure 20: Create I/O Port Interface
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7. Click OK.

8. Inthe Search field, change 0to 1 and follow the same stepsto create a USB1 I/ O Port Interface.

9. Click the Show Search button

10. Click the Group by Interface and Bus button

11. Click Collapse All

Thel/ O portslist iscondensed with all of the USB related portsin Interface groups.

to remove the Search filter.

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

13. Click the Restore button

Thel/ O Portsview isrestored to the original location, shown in the following figure.

in theview banner.

11 Ports
Q| Mame
E =& All ports (144)
way| BB USBO(44)
=] @@ UsBL (44)
B B RPN (E)
| B THP_OUT (E)
'# +-4F or1200_pm_out (4}
TRl B Scalar ports (200
o[- GTPRESET_IM

Figure 21:

<l TILEO_PLLLKDET QLT

i[lr TILEO_REFCLK_PAD _P_IN

Dir Meqg Diff Pai

(Mulkiple)

(Mulkiple)

Input RaM_IN
Dukputk THM_2UT
Oukpuk

Inpuk
Oukput
Input TILEO_REFCI

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

The PlanAhead software has arobust set of options and filters for keeping or removing placement
constraints. Asl/ 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 I1SE
implementation placed (unfixed) placement constraints. All fixed placements areincluded as LOC
constraintsin the UCF file exported for ISE implementation.

To walk through the stepsinvolved in creating the pin assignment, you will first need to clear the existing
1/0 LOC constraintsin this project.

Clearing Imported 1/0O 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 /0O port placement.
4. Click Next.
The Fixed Placement dialog box opens.

(8 Clear Placement Constraints

X

Fixed Placement
(e}

All of the ports wou are about to unplace are marked as Fixed. Do vou want ta f\
unplace these fixed ports?

Fixed Ports

() Do not unplace any fixed parts

Figure 22: Clear Placement Constraints: Fixed Placement Dialog Box

5. Select Unplace all #fixed ports. (The number might vary.)
6. Click Next.
7. Review the Summary dialog box.
8. Click Finish.
The placement constraints are now removed in the Package and I/ O Portsviews.
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Step 11: Placing I/O Ports

The PlanAhead software provides several waysto place the I/ O Ports onto either package pinsor I/ O die
pads. The automatic placement command tries to place all of the selected group of 1/ O Ports, adhering to
I/ O bank ruleswhile grouping buses and Interfaces together.

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

Automatically Enforce Legal I/0 Placement button

For more control over I/ O port placement, you can drag the selected 1/ O Ports into the Package or
Device views using one of the following semi-automatic placement modes:

e Placel/ O Portsin an I/ O Bank
e Placel/ O Portsin an Area

e Placel/ O Ports Sequentially

Placing the USBO Port Interface

1. Inthel/ O Portsview, select the USBO Interface.

2. Inthe Package view, click the Place I/O Portsin an 1/O Bank button
3. Click and drag the cursor over the Package view.

Asyou drag the cursor over the Package Pins, the assignment pattern displays and the number of
pinsto be placed showsin thetooltip.

The Information bar at the bottom of the PlanAhead software displaysinformation about the objects
being dragged over, including I/ O Banks and Package Pins.

ik on g 10 st 1 phece ol b celchic) ' =3 LBk 15 e

Figure 23: Place I/0O Ports in an 1/O Bank
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4. Click I/O Bank 14 on theright side of the package to drop the I/ O Ports.
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Figure 24: Continuing to Place I/O Ports in I1/0O Banks

Thel/ O Portsare assigned in the order in which they appear in the I/ O Portsview. Assignment
locations are vectored out from the initial pin selected.

Select 1/0 Bank 24, below and adjacent to I/ O Bank 14, to place the remaining ports.

5. Inthel/ O Portsview, click the Collapse All button
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Placing the USB1 I/O Port Interface

1. IntheDeviceview, zoom in tothe upper left quadrant of the device.
2. Inthel/ O Portsview, select the USB1 Interface.
In the Device view, click the Place 1/0 Portsin an Area button
4. Thecursor displays acrossindicating that you can draw arectangle.
5. Draw arectangle 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.
4. = = -
- 1 1 d 2 [
Sl 1 i T
o H H H 1
o L ISSISSISS: 1S
|E? [ H IH H H 3
| B (] | B
al 1 2 IS S
3 1 [ |
" 1 L L L : i
1 k 3
aga| 1 1
E5e : L | | = 1
= I
| i Il o s |
&l 1 i |
4 [ 1 I} 1 3
| = i ] I
' 1 Lt LE 1
Bal L _ ! ! E Place 43 of 44 ports
Hd Il il | E:j:\
..... |5 | 1Al T d
[f | B (] ‘I:
& i H ] E
> i Il 1=
1 il =
I it =
T Il 1=
I I 1T :‘
Figure 25: Placing USBL1 I/O Ports in an Area
Thereisstill one unplaced I/ O clock port connected to the cursor (note that the tool tip states Place 43
or 44 ports). Thereisno global clock pad in this area of the device. Rather than trying to find a global
clock pad, allow the automatic placement command to placeit later.
6. Press Escto exit the placement mode command.
7. Inthel/ O Portsview, click Collapse All
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Placing the RXP_IN Differential Pair Bus

1. Inthe Packageview, toggle the Show Differential 1/0O pairs button n‘".

2. Zoom into an areain 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).

4. Select the RXP_IN businthel/ O Portsview.

5. Inthe Package view, click Place /O Ports Sequentially
6. Drag and click to place the first diff pair I/ O Port into one of the GT I/ O Banks on adesignated pin.

Netlist Design - netlist_1 * - con xcBvIx75tff784-1 (active)
Hetlist - OO % E Project Summary X | Device % oo = [ Package x oo x
=M k| Al 4
{1 DALE0ULPEUT U5 UBUF 00T —
! i:\ DataOut_pad_1_o_&_OBUF (OELF) = * @
i) DakaOut_pad_L_p_7_OBUF (ELF) == =] [l
- [l LineState_pad_0_i_0_TBLF (I5LF) i HHE — il -
il LineState_pad_0_i_1_IBUF (IELF) [ o = Lt i
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Figure 26: Placing Diff Pair 1/0O Bus Ports Sequentially

Both diff pairs associated with the GTs were placed on legal sites. You might see atool tip indicating
that the selected siteis not legal and stating why it isnot legal.

You can manually enter a pin location in the Sitefield in the I/ O Port Properties view.
After placing the diff pair pins, PlanAhead queues up the next group of pinsto place.

7. Select another pin in the Package view to place the next diff pair I/ O bus port.
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8. IntheDeviceview, select one of the pins at the bottom of one of the GT I/ O sites.

Netlist Design - netlist_1* - constrs_1 | xcBvIx75tf724-1 (active)

Hetlist —Oag x I Project Summary < | Device % O & % |fPackage x og =
= 4 AHEE = L |}
el = e e e = = H
ineState_pad_0_i_0_IBUF (IELF) 2« — = -
ineState_pad_0_i_I_IBUF (IELF) = =
ineState_pad_1_i_0_IBUF (IELF) - — = .
ineState_pad_1_i_1_IBUF (TELF} Y — — Y
phode_pad_0_s_0 (FO) & H H o o | =
[l OpMade_pad_0_o_0_OBUF (0EUF) Ly — = == W)
(il OpMode_pad_0_o_1 (FO - — ) "4
(il Ophode_pad_0_o_1_OBUF [(OELF) _ | & HIES H B
(il OpMode_pad_1_o_0 (FO) & =) = @
7] OpMode_pad_1_n_D_OBLF [CELF) #HIEE = D;?
agz o1 =
Ta% — — ~
ST BHEE E .
[ RN_IN_3_IBUF (B i Ry
M_IN_4_IBUF (1ELF) ] =
[ REN_IN_5_IBUF (IELF) e =
(1) REN_IN_6_IBUF (IELF) 3 =
! %M_IM_7_IBUIF (IELF) g —] —
il R¥P_IN_0_IBUF (IELF) Jv3s || === =
[F o) § - I —1
w T B E E
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Instance: [[i] RaP_IN_2_IBUF
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58 Tel Console | Messages | [ Compilation | % Design Runs-, - I/0 Ports

Figure 27: Placing GT related 1/0s Sequentially in the Device View

9. PressEscto exit the command.
In the next steps, you will place therest of the GTs and their related 1/ Os.

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

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 placed, the Package view is no longer needed to share the Workspace view.
The split view can be removed easily. To remove the split view:

1. Select the Package view tab and drag it onto the Device view tab. The grey rectangle surroundsthe
Deviceview.

2. Drop the Package view onto the Device view tab.
Select the Device view tab to bring it to the front.
4. Adjusttheview size, and Zoom fit the view, if needed.
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Step 12: Placing Gigabit Transceivers and Clock Logic

The PlanAhead software letsyou 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/0O and Global Clock Logic in the Design

1. Click the Find button or select Edit > Find.
The Find dialog box opens.
2. Click the + button to add another Instance Typeto include in the search.
3. Set the Criteria option for the new filter lineto OR.
4. Adjust the selection filters to match the following figure (type Global Clock or Gigabit 10).

= = hlll|=ioabit 10 v

[ Match Case
tab

Figure 28: Find Dialog Box: Searching for Global Clocks and Gigabit 1/0s

5. Click OK.

The Find Results view opens.

1 mgtEngine/txoutclk_demi_ifclock_divider i DoZM_AaDY &0
(i 2 magtEnginetxautclk_dem0_ifdem_Lx_bufg_i BUFG
[¥i] 3 mgtEnginetxoutclk_dom0_ifdem_divz_bufg_i BUFG
[Fi] 4 mgtEnginetxoutclk_demi_ifclock_divider i DuZh_aDYy 60
[¥i] 5 magtEnagine/txoutclk_domi _ifdem_1x_bufg_i BUFS
(i & magkEnginetxoutclk_dorl _ifdem_divz_bufg_i BUFG
[¥i] 7 mgkEnginetxoutclk_domZ _ifclock_divider i CZh_aDh &0
(¥} & mgtEngine/txoutclk_dcmZ_ifdom_1x_bufg_i BUFG z
[¥i] 9 magtEnginetxautclk_domz_ifdem_dive_bufg_i BUFG 2

(51 10 mgtEnginetxoutclk_dem3_ifclock_divider _i DM _ADY 60

Instances - Type is 'Global Clock’ | Type is 'Gigabit ID" {28) =
5 Tel Console | 0 Messages | G Compilation &% Find Results | 5 Package Pins | [ Design Runs

Figure 29: Viewing the Global Clock and GTXE1 Objects
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6. Scroll down thelist of objects, and observe the following:

e BUFG

e BUFGP

e DCM_ADV
e GTXELl

The logic namesinclude 0-3 numbersindicating that each DCM_ADV has two BUFGs associated with it.

7. Scroll to the bottom to observe GTXEL.

The objects that you already placed display with ablue striped icon. The GTXE1 logic names are also

numbered 0-3to align with the DCM_ADVs and BUFGs.

a, Id | MName el
%] 19 usbilk_BUFGP BUFGP
kil 20 FFeClk_BUFGP BUFGP
[} 21 mgtEngine/rocketio_wrapper_iftileZ _rocketio_wrapper_ijgtxel_i GTHEL
(Wi} 22 mgtEnginerocketio_wrapper_iftileZ_rocketio_wrapper_ijgtxel_i GTHEL
(¥} 23 matEnginerocketio_wrapper_iftile3_rocketio_wrapper_ijgtxel_i GTHEL
[ 24 mgkEngine/rocketio _wrapper_ifkile3_rocketio_wrapper_ifgtxel_i GTrEL
(%1 25 matEnginerocketio_wrapper_iftilel _rocketio_wrapper_ijgtxe0_i GTHEL
(i} 26 matEngine rocketio_wrapper_iftilel _rocketio_wrapper_ijgtxel i GTHEL
51 27 migkEngine/rocketio _wrapper_ifkile0_rocketio_wrapper_ifgtxed_i GTrEL
(%1 ] 28 matEnginerocketio_wrapper_ifkile0_rocketio_wrapper_ijgtxel i GTHEL
Instances - Type is 'Global Clock’ | Type is ‘Gigabit I0° (28) =

= Td Consale | 0 Messages | Ea] Compilation o Find Results | 0 Package Pins

Figure 30: Placed and Unplaced Icons

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

Pins

470
470
470
470
470
470
470
470

% Design Runs
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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. IntheFind Result view, select thefirst DCM_ADYV cell at thetop of thelist.

ﬁj E rmgtEngin:

Z mgtEngme,l'txoutclk demO_ifdem_13x bufg i

(¥} 3 matEngine/txoukclk_dem0_ifdem_divz_bufg_i 2
(] 4 mgtEnginestxoutclk_demi_jjclock_divider_i DM _ADY a0
¥ 5 mgtEnginestxoutclk_dem_jjdom_1x_bufg_i BUFG 2
(¥ & mgtEnginestxoutclk_demi_jfdem_divZ_bufg_i BUFG 2
[ 7 mgtEnginestroutclk_demz_ijclock_divider_i DiCM_ADY &0
[ & mgtEnginestxoutclk_demz_ijdom_1x_bufg_i BUFG z
[ 9 mgtEngine txoutclk_demz_ifdem_divz_bufg_i BUFG 2
I-d ID rngtEngme,l’txoutclk dem3_ifclock_ dlwder ol DCM_ADY B0

.Instances Type is ‘Global Clock® | Type is Glgahlt 1I0°{28) x

& Tl Consale | © Messages | [ Compilation o Find Results | i) Package Pins | [ Design Run:

Figure 31: Selecting Clock Logic to Trace in the Schematic

2. IntheFind Resultsview, click the Schematic button

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

Double-click the CLK_IN port on the txoutclk _dcmO_1 module.

o U M~ W

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

RAPLLLKTET =
HXTRSEERF: - = teputclk doend i -

FARATECOMS =

RARECCLE
ARECCLIPCS ‘ v out

FRSTATLE 0]
B Fvaln =
nd2_bi
L] TETCLT ] dcm n_tiug_|
THBUFSTATLS{L0] =
Y ALIGHBCTTORT ] BUH}
THOEARBCHFEADY = ey
TR e b
Tl 5
ImoumeLkn cur LD, TOUTEL D OUT BUFG

THELITCLK|
THOUTCLRRCS =
Tk =
THPLLLWDET =

TARATECOMS =
THRESETDONE =
PR =

MGT_USRCLF_SOURCE_Treaclk_dem_|

Figure 32: Exploring Clock Logic Connectivity

You can easily expand and explorelogicin the Schematic view. Select or highlight logicin the
Schematic view to cross-select or highlightsit in all other views.

7. Closethe Schematic view tab.
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Exploring the Clock Resources View

1
2.

In the Workspace, select the Clock Resources view tab.

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

Click the M aximize Workspace button in theview banner to display the view full screen.

On the left side of the PlanAhead window, select the Hide Navigator icon
Scroll around and examine the Clock Resources view.

The Clock Regions, I/ O Banks, and various device resources display in their relative location as
found on the device. The Clock Resources view and the Device view show a similar arrangement of
device sites. See the following figure for an example.

You can expand or collapse sections of the Clock Resourcesto hide or display the resources as
needed. Logic that is placed is displayed under the Instance columns.

Surmmary ¥ | G Device % | [ Package ¥ | B Clock Resources =

Bl FELFF TS 1

op Half

W Clock Region =0Y2 = CMT @ Y¥=2

[0 Bank 16 = o [0 Bank 26 Site Instar
3 Instance Sike Instance MMCM_ADY_=0VS
UFR_x0S BUFR_%1Y5 MMCM_ADY_sDV4
LIFR_xv4 BUFR %14

UFIODQS_ 0¥, BUFIODOS_K1Y...

UFIODGS_ 0¥, .. BUFIODQS_K1Y...

UFIODGS_ 0¥, BUFIODOQS_X1Y...

Figure 33: Viewing Clock Resources in the Clock Resources View

6. Locate one of the placed GTXE instances in the Clock Resources view.

7. Scroll and resize the view to show the entire section associated with the GTXE.

The corresponding I/ O pairsare also placed in the GT Bank, shown in the following figure.
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e
t_R0YZ
A3
R0Y30
A0Y29
ROYZE
R0¥I7
ROY26
A0S
A0Y24
AOYZ3
R0yz2
Aozt
A0Y20
A0¥19
AOY1E
RO¥17
AOY16

Site
BLFR_52Y3
BLFR_52y2

BUFIODOS_ k2. .
BUFIODOS_ k2. .
BUFIODOS_ k2. .
BUFIODOS_ k2. .

W11:5R
W10:SR
AB11:MR
AB11:MR
ADT:MR
AE7:MR
AF11:5R
AG11:ER
AF10:GC
AEL10:GC
AH11:GC
AG121GC

Instance

Site
GTHEL_XOY7
GTHEL_XOY6
GTHEL_X0YS
GTHEL_ %04
M2 TXN3
L4:RRME
M1 TRPS
L3:RXP3
P2 TRHZ
Mt RXNZ
PLTRPZ
Pé:REFCLKIP
PS:REFCLE...
H3:RRPZ
Té:REFCLKOP
TS:REFCLE...
T2 THNL
R:REN1
TLTHPL
R3:RXP1
Y2 THHO
L4:RXND
Y1:THPD
L3:R¥PO

Instance

[l gtxe0_if...
[l gtxel Jd...

Gl TM_OU...
G REN_IN .
Gl THP_OU..,
Gl RXP_IN_...
[l TEM_OU...
G REN_IN .
Gl THP_OU..,
Gl RXP_IN_...

Figure 34: Displaying GTXE1 Placement
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Placing the BUFGs Associated With the GTXEL Instance

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

2. 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.

3. Repeat the previous step for another BUFG.

Notice how you can place clock and related 1/ O logic in the Clock Resources view.

FLL AT 2I0 R LL_U BUFIODQS_ K2, .. GTREL_#0¥S [alel SR
RL_x0vz3 BUFIODQS_%2. .. GTRE1_%O0v4 [l gbeel_if...
RL_X0v28 BUFIODGS_XZ... M2 THN3
RL_¥OYET BUFISDGS_X2... LiRxM3E
RL_X0Y26 Wi1isR M1 THP3
RL_X0Y25 WHSR L3:R¥P3
RL_¥OVZ24 AB11:MR F2:THNZ
RL_¥OVZ3 BA11:MR h4:RENZ
RL_A0Y2Z A07: MR PL:TAPZ
RL_x0WZ1 AETMR PE:REFCLELP
RL_=0vz0 AF11:5R PS:REFCLE...
RL_®0V19 AG11:SR M3RXP2
RL_X0W1& AF10:G6C TA:REFCLEORP
RL_®OV17 AE1DiGC TS:REFCLE...
RL_X0Y16 AHIT:GC T2TEML [l THEN_OU...
AG1ZIGC RARXNL i REM_IN_..
TLTHPL [l THP_OU. .,
RERXP1 [ REP_IN_..
Y2 TR0 [l TRM_ol.,
U:REMNO i RM_IN ..
YLTHPO [ THP_OL..,
U3:R¥PO [l RXP_IN_...

Figure 35: Displaying Placed Clock Logic Relative to the GTXE

4, ClosetheFind Resultsview.

5. Inthe Clock Resourcesview, click the Restore Work space button in the view banner to return the
view layout.

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

7. Click the Device view tab in the Workspace.
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Placing the Remaining I/O Ports Automatically

1. If needed, click Unselect All

2. Select Tools > 1/0 Planning > Auto-place I/O Ports....

3. IntheAutoplace /O Ports dialog box, click Next.
The Placed I/ O Ports dialog box opens.

Q8 Autoplace 1/0 Ports

Placed I/0 Ports

29 aof the 144 ports you are about to place already are assigned ko
package pins. How do you want to treat these ports?

() Keep these 99 ports in their current locatians

() Find new lacations Far these 99 parts

I < Back “ Mext > [_

Figure 36: Autoplacing I/0O Ports Dialog Box

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

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

5. Click Next.
6. Inthe 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 violationsinteractively.

Running the I/O Related DRC Checks

1. Click Run DRC in the Flow Navigator.
2. Deselect the Netlist, Floorplan, D SP48, RAM B16, RAM B and FIFO rule categories.

Qutput File: [_
Rules to Check: 39 of 53

;M g A
bt A g

= &l Rules (59)
[ Matlist (5]
-0 Clock (4)

il Bank.(15)

0B (11)

Placer (S}

Floorplan (5)

£ CIKEWF (1)

[0 DEP4B (7

w0 RAMELG (1)

[ RAME (1)

w0 FIFO (1)

- - B B
EEEEE

[ Select Al ][ Clear Al ]

Open in a new tab

I oK l l Cancel

Figure 37: Run I/O Related DRCs

4. Expand the selected rulesto examine the rule types.
Click OK.

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

6. Click OK inthe Run DRC confirmation dialog box.
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Running Run Noise Analysis to Check for Potential Signal Integrity

Simultaneous Switching Noise (SSN) analysis can also be performed to help identify potential signal

integrity concerns.

1. IntheFlow Navigator, click Run Noise Analysis.
2. Click OK inthe Run SSN Analysis dialog box.

The SSN Resultsview opens.

s - results_1 (11 of 11 Banks Passed)

L] Part:

W 10 Bank 0 (1)
¥ /O Bank 14 (15)
W 1/0 Bank 15 (2)
¥ /O Bank 16 (15)
W 1/0 Bank 24 (2)
‘i@ Group1(z)
5 Aces HevSelet. ..
-5 ABZS phy_rst_..
W 10 Bank 25 (1)

I/ 5td Yoo

LWCMOS2S 2.5
LWCMOS25 2.5
LWCMOS2S 2.5
LWCMOS25 2.5
LWCMOS2S 2.5
LWCMOS25 2.5
LYCMOS25 2.5

aanlts 1111 nf 11 Ranks Passadl

Slew

SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW

Drive Strength  Phase

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

Moise (%)

Margin (V)

Contributed  Bank Total  Awvailable

0.184
0.132
0.184
0.048
0.04761469, 0.048

0.350
0.350
0.350
0.350
0.350

Remaining

0.168
0.218
0.168
0.302
0.302

Figure 38: SSN Results View

Examining the SSN Results View

1. Maximizethe SNN Results View.

2. Scroll down and expand thelist of 1/ O Banks.

3. View the Noiseinformation in thereport, including Contributed Noise for each group: Bank Total,

Result | Hotes

Remaining %
PASS
PASS
PASS
PASS
PASS
86,396

PASS

Available, and Remaining. The Statusis PASS for all of thel/ O Banks.

Closing the PlanAhead Software

1. Select File > Exit.

2. Click Don’t Save, and OK, if required.

Ho output ports assigned tobank A

v
Ho output ports assigned to bank  [5]
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Conclusion

In thistutorial, you:

Used thel/ 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 therelated 1/ O Portstogether.

Used the semi-automatic placement modesto assign critical I/ O Portsto package pins. Placement of
theremaining I/ O Ports was done using automatic placement.

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

Opened a netlist-based project and placed GTXE, DCM_ADV, and BUFG objects using logic
connectivity asaguide for correct placement.

Ran DRCs and Noise Analysisto validate legal I/ O placement.
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