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RTL Design and IP Generation
Tutorial

This tutorial provides an overview of the Register Transfer Level (RTL) development and analysis
environment, in which you will:

e Import RTL sources and review them using the Text Editor

¢ Run Behavioral Simulation on the bft module

e Run elaboration to compile the RTL

e Use a variety of RTL analysis features to explore your compiled RTL design. These include:
¢ Analyze the RTL logic hierarchy using the RTL schematic

e Estimate RTL resources

e Run RTL Design Rules Checks (DRCs)

e Browse the Xilinx" IP Catalog, and customize and implement an Intellectual Property (IP) core in the
design

Many of the PlanAhead™ software analysis features are covered in more detail in other tutorials. Not
every command or command option is covered.

The objective of this tutorial is to familiarize you with the RTL development and analysis process using
the PlanAhead tool.

Software Requirements

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

For installation instructions and information, see the ISE Design Suite: Installation and Licensing Guide
(UG798) at http:/ /www xilinx.com /support/documentation/sw_manuals/xilinx13 4/iil.pdf.

Hardware Requirements

Xilinx recommends a minimum of 2 GB of RAM when using the PlanAhead tool 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.

RTL Design and IP Generation Tutorial www.xilinx.com
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Tutorial Design Description

The small sample design used in this tutorial has a set of RTL design sources consisting of Verilog and
VHDL. The VHDL sources are from multiple VHDL libraries. The design used throughout this tutorial
targets an xc6vIx75t device and contains:

e A RISC processor
e A pseudo FFT
¢ Gigabit transceivers

e Two USB port modules

Locating Tutorial Design Files

Download the PlanAhead_Tutorial .zip file from the Xilinx website:

http:/ /www.xilinx.com/support/documentation/dt planahead planahead13-4 tutorials.htm
Extract the zip file contents into any write-accessible location.
The unzipped PlanAhead_Tutorial data directory is referred to in this tutorial as <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.

RTL Design and IP Generation Tutorial www.xilinx.com 5
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Step 1: Creating a New RTL Project

The PlanAhead tool enables you to create several project types depending on where in the design flow
the tool is being used. RTL sources can be used to create a project for development and analysis,
synthesis, implementation, and bit file creation.

Opening the PlanAhead Tool

Open the PlanAhead tool:

¢ On Windows, select the Xilinx PlanAhead 13.4 desktop icon or Start > Programs > Xilinx ISE
Design Suite 13.2 > PlanAhead > PlanAhead.

¢ On Linux, change the directory to <Extract_Dir>/PlanAhead_Tutorial/Tutorial_Created_Data,
and type planAhead.

The PlanAhead Getting Started Help page opens.

& XILINX.
Getting Started Documentation
= Create New Project w2l Release Notes Guide
Vi 55 oot st et
= New Project Wizard will guide you through the process of selecting = Information about installation and new IDS features in this release.
design sources and a target device for a new project.

Open Project User Guide
f6)|  Openrolect

\ = Open any previously created project.
\ t ﬁ

ié
/"; | Open Recent Project ii - ! Methodology Guides

More detailed info on PlanAhead commands, dialegs, and buttons.

‘\'u

Open Example Project
> Open ane of the tutorial projects.

Open one of the most recently used projects. Further assistance adopting PlanAhead flows.

PlanAhead Tutorials

Invaluable for first time users or to try new features.

Figure 1: Getting Started Page

The PlanAhead Getting Started page contains links to open or create projects, and view the
documentation.
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Step 1: Creating a New RTL Project

Creating a New RTL Project

1.

Create a new project called project_rtl, using the RTL source files in:

<Extract_Dir>\PlanAhead_Tutorial\Sources\hdl directory.

2. On the Getting Started page, select the Create New Project link.

3.

In the Create a New PlanAhead Project confirmation dialog box, click Next.

The Project Name page of the New Project wizard opens:

A
E} Mew Project ‘ @
e
Project Name
Enter a name for your project and specify a directory where the project data files will be stored ‘(ﬂ
Project name: | project_ril
Project location: C:\planAhead_install\PlanAhead_Tutorial\Tutorial_Created_Data D
|
Create Project Subdirectory
Project will be created at: C:\planAhead_install\PlanAhead_Tutorial\Tutorial_Created_Data\project_rtl
I
L
I
Il I
& — = J

Figure 2: Entering the New Project Name

4. Browse to, and select <Extract_Dir>\PlanAhead_Tutorial\Tutorial_Created_Data.

5. Enter the Project name: project_rtl, and click Next.

The Design Source page opens.

r N
E] MNew Project ‘ &J
b
Design Source
Specify the type of sources for your design. You can start with RTL or a synthesized EDIF. féﬁ
@ Specify RTL Sources
‘You will be able to run RTL analysis, synthesis, post-synthesis design analysis, planning and implementation.
I [7] Import settings and sources from XST or Synplify project fl
~) Specify synthesized (EDTF or NGC) netlist
You will be able to run post-synthesis design analysis, planning, and implementation.
[l Enable Partial Reconfiguration
L () Create an /O Planning Project
Do not specify design sources. You will be able to do port assignment and verification.
) Import ISE Place & Route results
You will be able to do post-implementation analysis of your design.
=) Import ISE Project [
Create a PlanAhead project from an ISE project file.
| (|
[ I <Back || Next> | Finish [ Cancel ]
LI — —

Figure 3: New Project: Design Source Dialog Box
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6. Select Specify RTL Sources, and click Next.
The Add Sources page opens:

r |
i I,

Specify HDL and netlist files, or directories containing HDL and netlist files, to add to your project.
Create a new source file on disk and add it to your project. You can also add and create sources

=

Name Library  HDL Source for Location

bftLib bftLib - Synthesis & Simulation ~ C:\planAhead_install\PlanAhez
or1200 work Synthesis & Simulation » C:\planAhead_install\PlanAhez—
usbf work Synthesis & Simulation ~ C:\planAhead_install\PlanAhez
whb_conmax work Synthesis & Simulation ~ C:\planAhead_install\PlanAhez _
async_fifo.v work Synthesis & Simulation » C:\planAhead_install\PlanAhez =
bft.vhdl work Synthesis & Simulation » C:\planAhead_install\PlanAhez
bft_tb.v work Simulation only C:\planAhead_install\PlanAhez
fftTop.v work Synthesis & Simulation ~ C:\planAhead_install\PlanAhez
FifoBuffer.v work Synthesis & Simulation ~ C:\planAhead_install\PlanAhez
frame_check.v work Synthesis & Simulation » C:\planAhead_install\PlanAhez
frame_gen.v Synthesis & Simulation » C:\planAhead_install\PlanAhez _

it nerelle canrea e ceenel 1 Ahnmmim @ Cime b CinlanAhaad inc+allDlzanAhaz

3

4 4 4 4 4 4 444

PPEEEEBIE®
el - R = B R B

-

Add Files.. | | Add Directories... | [ CreateFile...

[7] Scan and Add RTL Include Files into Project
Copy Sources into Project
Add Sources from Subdirectories

<ok

Figure 4: New Project: Add Sources Dialog Box
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Adding Directories and Files

1. Click Add Directories , browse to, : <Extract_Dir>/PlanAhead_Tutorial/Sources/hdl, and select
the bftLib, or1200, usbf, and wb_conmax directories.

2. Click Add Files, browse to <Extract_Dir>/PlanAhead_Tutorial/Sources/hdl, and add all of the
source files listed (select a file and use Ctrl+A to select all of the source files).

Verify that the following checkboxes are selected:

Copy Sources into Project.

3

3

4. Add Sources from Subdirectories.

5. Modify the Library for the bftLib folder by select the work Library and typing bftLib

6. Update HDL Source for of bft_tb.v to Simulation only by selecting it from the drop down menu.
7

Be sure the page is identical to the previous figure (New Project: Add Sources Dialog Box) , and click
Next.

The Add Existing IP page opens.
8. Click Next.
The Add Constraints Files page opens:

[€] Mew Project 1

Add Constraints (optional)

Spacily o create UCE constraint (s for physical and timing constraints. TF there are mulliple files
then please choose the target, which is where all of the contraints created by Flanahead will be

=]}

Constraint File  Target  Location
| topudt &  CriplanAhead_installPlanahesd_TutoralSources L

zédd Files... | | Create File...

| Cogy Constraints info Project

Figure 5: Selecting Constraint Files to Add to the Project
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Step 1: Creating a New RTL Project

Adding a Constraints File

1.

Click Add Files and browse to select the following file:

<Extract_Dir>/PlanAhead_Tutorial/Sources/top.ucf

Click OK.

Ensure the Copy Constraints into Project option is set to on, and click Next.

The Default Part page opens.

|| Default Part

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

Filter

Product Category

Package

Family

Speed Grade

Sub-Family

Temp Grade

Search: |Q'

Device

% xc7vxd15tffg1927-3
4 XC7vd85tffg1157-1
% xc7vxd85tffg1157-2
@ xc7vxd85tffgl157-2L
@ xC7vxd85tffgl157-3
@ XC7vxd85tffg1158-1
i xC7vx485tffg1158-2
P xC7vx485tffg1158-2L
i xc7vx485tffgl158-3
i xc7vxa85tffgl761-1
@ xc7vx485tfal761-2
4

I/0 Pin Count

1927

607200 1030 |

1157
1157
1157
1158
1158
1158
1158
1761
1761

LLLI

Available 10Bs

504

594

257600

303600
303600
303600
303600
303600
303600
303600
303600
303600

LUT Elements

FlipFlops

515200

607200
607200
607200
607200
607200
607200
607200
607200
607200

880

1030
1030
1030
1030
1030
1030
1030
1030
1030

Block RAMS

-~

'

e |

Finish

Figure 6: New Project: Default Part Dialog Window
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Selecting a Default Part
1. In the Filter section, click the Family pull-down menu, and select Virtex6. The list is filtered to only
show Virtex®-6 devices

2. Click the Sub-Family pull-down menu, and select Virtex6 LXT. The list is filtered to only show
Virtex-6 LXT devices.

3. In the Search field type 75t. The 75t devices are listed.

|

'| Default Part
Choose a default Xilinx part for your project. This can be changed later.

Filter

Product Category Package
Eamily Speed Grade
Sub-Family Temp Grade

Search: |Q' 75t | (6 matches)

Device I/O Pin Count  Awailable IDBs  LUT Elements  FlipFlops  Block RAMs

i xchvhx7 54841 484 240 46560 93120 156
6 xcovhx75tif484-2 484 240 46560 93120 156
i weBvixT5tf484-3 484 240 46560 93120 156
i xcevhaT5HT784-1 784 360 46560 93120 156
& xcovb75tf784-2 360 46560 93120 156

784
i xcovb75ti784-3

< Back ” Next > J| FEinish |’ Cancel ]

Figure 7: Selecting a Family and Default Part

4. Select xc6vIx75tff784-3 and click Next.
5. Review the New Project Summary page, and click Finish.

The PlanAhead environment opens.

RTL Design and IP Generation Tutorial www.xilinx.com
UG675 (v 13.4) January 16, 2012

11


http://www.xilinx.com/�

!A X"—lNX Step 2: Using the Sources View and the Text Editor

Step 2: Using the Sources View and the Text Editor

The PlanAhead tool allows different file types to be added as design sources, including Verilog, VHDL,
and NGC format cores. The files display by category in the Sources view. Use the supplied text editor to
create or modify RTL sources.

Exploring the Sources View and Project Summary

1. Examine the information in the Project Summary. More information displays as the design
progresses.

2. Examine the Sources view.

3. The source hierarchy is displayed by default, to explore the hierarchy, click the plus/minus signs (+/-
) to expand and collapse it.

oy
s

Sources - O
A =S B 32

=47 Design Sources ()

-- | Verilog

- @4% top (top.v) (6)

@ icon (mgtTop.v)

@ ila (mgtTop.v)

-8 shared_vio (mgtTop.v)
- Constraints (1)

-5 Simulation Sources (6]

Hierarchy | Libraries | Compile Order

4 Sources |V Templates

Figure 8: Viewing Sources Hierarchy

RTL Design and IP Generation Tutorial www.xilinx.com 12
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4. Click the Libraries tab and filter the Design Sources clicking the Search toolbar button and typing
time. Select timescale.v, and view the information in the Source File Properties view. Change the Type
to Verilog Header and click the Apply button. Click the Search toolbar button again to restore the full
source view.

Sources — 0O o =
NEEIC T

Search: i~ time (1 match)
=7 Design Sources (90)

= Verilog (83)
=i work (83)
@ e
Hierarchy Compile Order |
< Sources L'? Templates ]

Source File Properties — 0O o =
« &G
w8 timescale.v

Location: C:\planAhead_install\FlanA i

Type: Verilog -

Library: work b [

Size: 1.6 Kb -

Modified: 9/26/11 10:09:20 AM

Copied To: project_rtl.srcs\sources_1)

Copied From: C:\planAhead_install\Flan#

Copied On: 9f26/11 10:09:20 AM

< 1 | 3 IE'

Figure 9: Viewing the Source File Properties
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Verifying the bftLib VHDL Library

1. In the Sources view, click the sources tab and Libraries sub tab. Click the collapse all toolbar button to
condense the source files displayed.

2. Click the Plus sign (expand) next to the VHDL folder to see its contents.
3. Expand the bftLib folder and verify following files are shown under it:

l
Ee

Sources - O
A S| W

=0 Design Sources [(20)

#-5 Verilog (82)

- Verilog Header (1)

== VHDL (7)

- bftLib (&)

il o core_transform.vhd|

@l @ bft_package.vhdl
& round_4.vhdl

-l work (1)

=i Constraints (1)

&5 constrs_1

== Simulation-Only Sources (1)
B0 sim_1 (1)

Hierarchy | Libraries | Compile Order

<» Sources | ' Templates

Figure 10: Verifying a VHDL Library
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Identifying Simulation Source Files

1. In the Sources view, Libraries tab, expand the Verilog folder and the work subfolder under
Simulation Only Sources.

2. Expand the Unreferenced folder and you should see the bft_tb.v source file that was set as
Simulation Only during project creation and select Move to Simulation Sources) .

3. If bft_tb is not listed under simulation sources, use search to find it, select bft_tb.v, right-click on it
and select Move to Simulation Sources from the context menu.

The file is shown under the Simulation-Only Sources folder (it will become a reference file when it is
set as the top file for simulation in a later step).

Sources - O a =
A I = e

=-t57 Design Sources (90
-5 Verilog (82)
-5 Verilog Header (1)
-5 VHDL (7)
== Constraints (1)
= constrs_1
== Simulation-Only Sources (1
EhE sim_1 (1)
=5 Verilog (1)
=+ work (1)
= Unreferenced (1)

@ [

Hierarchy | Libraries | Compile Order
£s Sources | ' Templates

Figure 11: Viewing the Simulation-Only Sources
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Exploring the Sources View Commands

1. Select one of the VHDL sources in the Sources view.

2. Right-click in the Sources view to review the available popup commands. To dismiss it, press the Esc
key.

Using the Text Editor to View Source File Content

1. In the Sources view, double-click a VHDL source file to open it in the Text Editor.
2. Right-click in the Text Editor to view the available popup commands.
3. Select the Find in Files popup menu to open the Find in Files dialog box.

rE] Find in Files ‘ . :'i ; - - lﬁ1

Find what:
clk ||k

Options

[7] Match case
7] Match whole word
[ Use:

(@ Regular Expressions Wildcards

‘ Scope
|
||
I

[¥] Enabled design sources (90)

Constraints (1)

Open in a new tab

[ Find l’ Close IIJ

e i

Figure 12: Using the Find in Files Command

4. Type clk and click Find (Click Yes when prompted to continue the search).

The Find in Files view displays in the messaging area at the bottom of the PlanAhead environment.

RTL Design and IP Generation Tutorial www.xilinx.com 16
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5. In the Find in Files view, expand and select one of the occurrences of clk.

The Text Editor now displays the file and occurrence.

Sources - Og = |2Pr019ct Summary X|@round_4.vhd| X|@wb_conmax_arh.v X| oag x
o= %| = Eﬁ 8| ial\Tutorial_Created_Data\project_rtl\project_rtl.srcs\sources_1\importsihdl\wb_conmax\wb_conmax_arb.v
E1-57 Design Sources (90) - ; oa &
= Verilog (82) — 97 module wb_conmax_arb(glE, rst, req, gnt, next);
=il work (82) |ﬂ L
-8 o wh_conmax_defines.v Ha| 99 input clk:
i ::h‘ 100 input rst;
=|10linpue  [7:0]  rea:
—E 102 output [2:0] gnt;
usbf_defines.v % | 103 input next;
usbf_cres.v
usbf_crcl6.v
or1200_defines.v Tl
or1200_spram_64x24.v J ‘ =
0r1200_spram_64x22.v &
o0r1200_spram_64xl4.v il
o0r1200_spram_512x20.v ]
_ _ 1o .
or1200_spram_2048:32_bwew =] || ¥ 10 parancter  [2:0]
4 £, @ 111 grant0 = 3'h0,
—|112 grantl = 3'hl,
(113 grant? = 3'h2,
J 114 grant3 = 3'hi,
Source File Properties —Oa =® iz gra“':: = ::24'
. grants = 5,
* » b R 117 granté = 3'hs,
@8 wh_conmax_arb.v 118 grant7 = 3"h7;
119
-
Location: C:\planAhead_mstaH\Plamﬂl_ 120
121
v erilog M 122 L.ocal Registers and Wires
Library: work - 15
) 124
Size: 9.7 Kb T 125 reg [2:0] state, next_state; -
L} ’ @ < m b

Find in Files - 2400 occurrences of 'clk’ in 80 of 91 project files

E--Found usages (2400 vsages)
EHid@ C.

& 1 £

. &) inputclk;
134, 17) always@(posedge clk or posedge rst)

127, 17) f] Fixed OR1200_CLKDIV_x_SUPPORTED defines. Better description.
1, 42) J] For WB:RISC 1:2 or 1:1, enable OR1200_CLKDIV_2_SUPPORTED
7, 16) " define OR1200_CLKDIV_2_SUPPORTED

(628, 18) /" define OR1200_CLKDIV_4_SUPPORTED

4 | n |

-

planAhead_install\PlanAhead Tutorial\Tutorial_Created Data\project_rtl\project_rtl.srcs\sources 1\importsi\hdl\wb_conmax\wb_conmax_arb.v (7 usag—)|

C:\planahead_install\PlanAhead_Tutorial\Tutorial_Created_Data\project_rtl\project_rtl.srcs\sources_1\imports\hdl\or1200\or1200_defines.v (4 usages)

| 2400 occurrences of 'clk’ in 80 of 91 project files x |

Figure 13: Viewing the Find in Files Results

6. Close the Find in Files view.

7. Close each of the open RTL file tabs in the Text Editor.

RTL Design and IP Generation Tutorial www.xilinx.com
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Creating a New RTL Source File and Importing a Template

The PlanAhead tool enables you to create new Verilog or VHDL source files. Standard Xilinx templates
can be used as a starting point for a variety of logic and code constructs.

1. In the Flow Navigator under Project Manager, select Add Sources.
2. In the Add Sources dialog box, select Add or Create Design Sources, and click Next.
3. Click Create File... button in the Add or Create Design Sources dialog box.

The Create Source File dialog box opens:

E Create Source File ﬁ

x'] Create a new source file and add it to your project

File type, name & location
File type: 8 Verilog v
File name: | my_new_file

File location: | & <Local to Projects -

oK ] [ Cancel

(—— = =

Figure 14: Create Source File Dialog Box

4. In the File name field, type my_new_file, and click OK.
5. Inthe Add Sources dialog box, click Finish.

The Define Modules dialog appears. This can be used to define a module and its ports. Click the
Cancel button. The new empty file is now listed in at the bottom of the Verilog folder list in the
Sources view.

6. In the Sources view, double-click my_new_file.v to open it in the Text Editor (use the Search toolbar
button to make finding this unreferenced source easier).

7. Click the Templates view tab next to the Sources view.
8. Expand the Verilog folder to examine the types of templates available and select one.

The following figure shows the Verilog Templates folder.

RTL Design and IP Generation Tutorial www.xilinx.com 18
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Templates — O o =
bl g
D\ pidg
== Werilog
-- ) Device Primitive Instantiation
Li__l-"l.-_.‘ Dervice Macro Instantiakion
---._I kintex-7
---._I Spartan-6
---._I Wirkex-5
Lf_l--1.-—.' Virtex-6
= RAM
% Single Park RAM {BRAM_SINGLE_MACRO)
[Z Simple Dual Port RAM (ERAM_SDP_MACRO)
% True Dual Port RAM (BRAM_TDP_MACRO)
[ Z) Dual Clock FIFO (FIFC_DUALCLOCK_MACRO)
. )5y nchronous FIFQ (FIFO SYMC MACRO)
[F-= DSP45
[#-170 Yirkex-7
(-5 Simulation Constructs
-5 Synthesis Constructs
[+ Cammon Caonstrucks
[+ WHDL
[#-{= UCF
Preview
1 S
2/ FIFQ S¥YNC MACROD @ In order to incorporat:
35 Vearilog ;othe following instancd
4 s instance poin the body of the de:
557 declaration : (FIFD 5¥NC MACRD inst,
6 S codea ; parenthesis may be che
7S pocompect this function
=R Poand outputs nust be oo
9
10 /¢ w————— Cut code below this line——-=
11
1= SrORTHERO CWRE MAC T Croeeehoeestesiie T wa b T :
£ | ¥

& Sources . &' Templates

Figure 15: Examining the Templates in the Templates View

9. In the Text Editor, right-click and select Insert Template.
The template text is now inserted in the new source file.

10. Click the X button in the my_new_file.v view tab.

11. In the Save Text Editor Changes dialog box, click No.

12. Select the Sources view tab.
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Step 3: Running Behavioral Simulation

The Xilinx ISE Simulator (ISim) logic simulation environment is integrated with the PlanAhead tool. ISim
can be used for behavioral or timing simulation. You can run behavioral logic simulation on the entire

design, or an individual module.

Running Behavioral Simulation on the bft Module

1. In the Flow Navigator, select Behavioral Simulation.

2. Click the Simulation Top Module Name browser icon, and select bft_tb, and click OK.

3. Click Launch, and wait for ISim to open.

'3 B
& ISim (0.76xc) - [Defaultwcfg] l-—:'@é
;l File Edit Wiew Simulation Window Layout Help =& *

NDAE L AREX®|v o & Q@ BETID LR . ALB AR w2 @ b ¥ Loos]]bz »
Instances and Pro... + O & X| Objects +08x
mmg}ma 5 Simulation Objects for bft_tb
| 5 Y Y Y Y
Instance and Process Name _
i bftth Object Name Value whOutputData[31:0]
{ glbl 1§ wbDataFor.. 1 errar I
(@ std_logic_1164 35 wbOutputD.. 0000000000000C wblk ]
(9 std_logic_arith 1y error o bftclk -
(9 std_logic_signed -‘Z:) whClk 0 reset
3 I
| ,'lzj \l?lﬂpazlzage > bftclk o whDataForInput _
@ vl typ Lo C:;;tatamﬂ g o wbWriteOut __
L v ra 4 111111339131311111313133
i 13 wbwriteOut © ) :v: whbiInputData[31:0] — L
2§ wblnputDat... 11111111111111 -5 (1500, DIERITI 0]
25 READ_PERL. 0000000000000 [ "< WRITE_PERIOD([31:0]

I 5§ WRITE_PERL.. 0000000000000

il
4 n » |
I & Instan... | Memory B 1 m = Default.wcfg [x] ‘ I
: Console 08X
U IUTIS( L), Imslarnce or_ oy uuy ar o= arisTorioupls JUCy - Varmmmgy TTeresdam o TwWT = T ar arimietc Uperdnd, e TeEsuTT Wi oe (E5]. N |
1| at 30 ns(1), Instance /bft_tbfuut/arnd4/\transformloop(5)\/ct/ : Warning: There is an 'U'|"X'|"W'|'Z'|'-" in an arithmetic operand, the result will be X'(es).
| at 30 ns(1), Instance /bft_tbfuut/arnd4/\transformloop(5)\/ct/ : Warning: There is an 'U'|'X'|"W'|'Z'|"-' in an arithmetic operand, the result will be "X'(es).
'. gt 30 ns(1), Instance /bft_tbfuut/arnd4/\transformloop(6)\/ct/ : Warning: There is an 'U'|"X'|'W'|'Z'|'-" in an arithmetic operand, the result will be X'(es).
| at 30 ns(1), Instance /bft_tbfuut/arnd4/\transformloop(6)\/ct/ : Warning: There is an 'U'|"X'|"W'|'Z'|'-" in an arithmetic operand, the result will be X'(es).
'l at 30 ns(1), Tnstance /bft_tbfuut/arnd4/\transformloop(7)\/ct/ : Warning: There is an 'U'|'<'|'"W'|'Z'|'-' in an arithmetic operand, the result will be "X'(es).
at 30 ns(1), Instance /bft_tb/uut/arnd4/\transformloop(7)\/ct/ : Warning: There is an 'U'|"X'|'W'|'Z'|'-" in an arithmetic operand, the result will be X'(es).
ISim> -
B Console |:| Compilation Log | @ Breakpoints |rﬂ Find in Files Results |[_|'| Search Results|
Sim Time: 1,000,000 ps
— — — ———

Figure 16: Launching ISim for Behavioral Simulation

4. Close the ISim window. Click Yes to confirm.
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Setting Compilation Order and Disabling Unused Sources

The PlanAhead tool will automatically select a top module, order source files, and display source files
based on compilation order. The top module can also be specified by the user. Files not needed in the
design can be automatically or manually disabled.

1. In the Sources view, Hierarchy tab, expand top and select mgtEngine. Right-click, and select Set as
Top.

Sources -0 a =
ST
57 Design Sources (7)

1 Verilog

1 Verilog Header (1)

=@ top (top.v) (6)
‘@4 mgtEngine - mgtTop (matTop.v) (21)
fftEngine - fftTop (ffiTop.v) (1)
cpuEngine - or1200_top (orl2
whArbEngine - wb_conmax_top [
usbEngine0 - usbf_top (usbf_top.
usbEnginel - usbf_top (usbf_top.v) (10)
@ icon (mgfTop.v)

@ ila (mgtTop.v)

@ shared_vio (mgtTop.v)
| Constraints (1)
| Simulation Sources (7)

« i r O

Hierarchy | Libraries | Compile Order

£\ Sources | ¥ Templates

Figure 17: Specifying the Top Module in the Source Hierarchy View

2. Select the Compile Order tab in the Sources view and see that the required source files and compile
order have been updated based on the new top module. To manually enable or disable a file, select the
file, right-click, and select Enable File or Disable File.

Sources - 0O g x
A ZTE Wet
=57 Design Sources (7) -

@ rocketio_wrapper_tile.v [work]
@+ rocketio_wrapper.v [work]
@ mgt_usrclk_source.v [work]

m

@ o my_new_file.v [work]

1 whb_conmax_defines.v [work]

1o wh_conmax_pri_dec.v [work]

1o wh_conmax_pri_enc.v [work]

1o wh_conmax_arb.v [work]

1o ushf_defines.v [work]

1o ushf_creS.v [work]

1o usbf_crcl6.v [work]

1o 0r1200_defines.v [work]

1o 0r1200_spram_g4x24.v [work]

)» or1200_spram_64x22.v [work]

) e or1200_spram_64x14.v [work]
~#8 e or1200_spram_512x20.v [work] -
4 m 3

Hierarchy | Libraries | Compile Order

&b Sources | ¢ Templates

Figure 18: Viewing the Reordered Sources

3. Select the Hierarchy tab select top. Right-click, and select Set as Top.

4. The source file and compile order should be updated.
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5. Right-click in the Sources view, select Hierarchy Update. See that three different options are
available, ranging from fully automatic to completely manual file control.

6. Hit the Esc key to cancel the context menu.

Step 4: Elaborating and Analyzing the RTL Design

The PlanAhead tool provides RTL elaboration capabilities to compile RTL source files in the project.
Displayed compilation errors and warnings are cross-selectable to the lines that are in error in the RTL
code. Once elaborated, the RTL views enable cross-selection of logic objects. The RTL logic hierarchy is
expanded and available for analysis. Opening the RTL Design from the Flow Navigator automatically
elaborates the RTL design and displays the Design Analysis view layout.

e The RTL Netlist and Hierarchy views display the logic hierarchy of the design.
e The RTL Schematic enables interactive logic exploration.
e The Find command enables searching of RTL logic objects.

e The Instance Properties view displays information about the selected logic instantiation including
resource estimation.

e The RTL DRCs highlight potential areas of the design to improve power or performance.

Elaborating and Opening the RTL Design

1. In the Flow Navigator, select RTL Design.

2. Click the Messages view tab to scroll through the Warnings and Info messages.

Messages - 0O a x

a, D 7 warnings V] @ 377 info messages Show All

= - = r . n inE 5
e | B Y RTL Design (3 warnings, 3 info messages) i

= ) open_rtl_design -name rtl_1 (3 warnings, 3 info messages)
- [Planahead 58] Using Verific elaboration
U C:\planahead install\PlanAhead Tutorial\Tutorial Created Data\project rtl\project rtl.srcs\sources 1\imports\hdlior1200\0ri200 sprs.
¥ (1 warning)
1 :\planAhead install\PlanAhead Tutorial\Tutorial Created Data\project rtl\project rtl.sres\sources \importsihdlusbfiusbf pa.v (2
warnings)
i) [Netlist 17] Analyzing 22 Unisim elements for replacement -
(i [Netlist 28] Unisim Transformation completed in 0 CPU seconds @

Figure 19: Viewing RTL Design Elaboration Messages

Reviewing RTL Design Messages

1. In the header of the Messages view, click to disable the Info Messages checkbox.
2. Review the Warning messages.

There are no Errors in the design. If there were error messages, they would display in the Messages
view.

3. Click to enable the Info Messages again, or click the Show All button, in the Messages view header.
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Step 4: Elaborating and Analyzing the RTL Design

Examining the RTL Logical Netlist and Hierarchy

1. Inthe RTL Netlist view, expand the usbEngine0 instance by clicking the plus sign (+).

2. Select the usbEngine0/u0 instance.

RTL Metlist - O a x
P

: puEngine {or1200_top) ~
FEtEngine (FFETop)

mgtEngine {mgkTop)

usbEngined {usbf_top)

) Mets (953)

Primitives (350

dra_out (FifoBuffer)

L0 {usbF_utmi_if)

ul {usbf_pl{SSRAM_HADR=147)

uZ {usbf_mem_arb{SSRAM_HADR=14))

ud {ushf_rf)

uS (ushf_wh)

usbEngineSRAM (rtRamidatawidth=32, addrividth=1511
ush_dma_wb_in (FifoBuffer)

ush_in (FifoBuffer)

ush_out (FifoBuffer)

&4 Sources ., 52 RTL Netlist | £ Timing Constraints

-

O«

Instance Properties - 0O o =
« 5
ul

Full Mame: usbEngine0jul

Parent:
Cell:
Type:

ushbEnginen

usbf_utmi_if
Cthers

General | Statistics | Pins | Children | Attributes | Connectivity | Partition

Right-click and select the Go to Definition popup command.

The RTL file usbg_utmi_if._v opens in the Text Editor. This is the RTL code that defines the UTMI
Interface module. The file opens to the line containing the usbg_utmi_if module definition.

E. Project Summary 3 | 6 Device > | @ ushf_utmi_if.y =

| Jtorial\Tuborial_Created_Data\project_rtliproject_rtl.srestsources_1himportsihdlusbfusbf _utmi_if, v

n 133

134module ushf_utmi_if({ /7 FIMI Interface (EXTERNAL)

|| 255
136
[

150

151 input
152 /rinput
153 input
154

155 output
156 output
157 input
158

<

phy_clk, rat,

Datalut, TxValid, TxReady,

RExValid, Bxictiwve, FxError, Dataln,
¥ovielect, TermSel, SuspendM, LineState,
OpMode, usb_vbus,

A4 Internal Interface

r¥_data, rx_walid, rx_active, rx_err,
tx_data, tx_wvalid, tx_walid last, tx_ready,
tx_first,

AF Misc Interfaces
mode_hs, usb_reset, usb_suspend, usb_attached,
resume_req, suspend clr

1:

phy_clk:
wiolk;
rat;

[7:0] Datalut;
reyg TxValid;
TxReady;

Figure 20: Viewing the Logical RTL Netlist

In the RTL Netlist view, right-click and select the Go to Instantiation popup command.

The RTL file usbf_top.v opens in the Text Editor. This is the file in which the UTMI Interface module

is instantiated into the design. The file opens to the line containing the usbg_utmi_if instance.

In the RTL Netlist view, right-click and select the Show Hierarchy popup command.
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Step 4: Elaborating and Analyzing the RTL Design

The RTL Hierarchy view opens with the selected module. The modules display with rectangles sized

relative to the amount of logic contained in them, making it easy to locate large modules.

RTL Metlist - 0O g =
= H|E
H)--[] cpuEngine {or i Z00_top) A~
FFtEmgine (FFETop)

gtEngine (mokTop)

sbEngine0 (usbf_top)

Mets (953)

Primitives (35)

dma_out (FifoBuffer)

L0 {usbF_utmi_if)
ul {usbf_pl{SSRAM_HADR=147)

uZ {usbf_mem_arb{55RAM_HADR=14)}

usbEngineSRAM (rHRam{data'Wwidth=52, addrwidth=157)
ush_dma_wb_in (FifoBuffer)

usb_in (FiFoBEUFfer)

[T@] usb_out (FiFoBUFfer)

& sources-, 5% RTL Metlist | & Timing Constraints

R R TR R N e e R

[d=

i

Inskance Properties — O o =
+ = [R5
u

Full Mame: usbEngined ud

Parent: usbEngineD
Cell: usbf_utrmi_if
Twpe: Others

General | Statistics | Pins | Children | attributes | Conmectivit < p 3

Figure 21: Displaying Modules in the RTL Hierarchy View

T Project Summary ¥ | G Device % | o, RTL Hierarchy x

e e e T
AN I A 2
00 S R N 11

6. To close the RTL Hierarchy, click X on the view tab.

7. To close the Text Editor, click X on all open RTL files.
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Examining the RTL Schematic

1. Inthe RTL Netlist view, expand and select the usbEngine0/u0/u0 instance (the level below the
previous selection).

2. Inthe RTL Netlist view, click the Schematic button, or right-click and select the Schematic popup
command.

RTL Schematic (2} - O *
- 3 Instances

usbEnginel

.

i

wy BA A
AR K w AR

‘-% ‘@7 X 2 ff} &

LineState[1:

suspend_clr
ush_attached
usb_reset
ush_suspend

usbf_utmi_ls
usbf utmi_if
usbf top

Figure 22: Viewing the RTL Schematic

3. Double-click the LineState[1:0] pin on the outside of the u0 module to expand the logic outward.
4. Zoom Fit the RTL Schematic view. The expanded logic is shown in the following figure.

Hint: Click and drag using the left mouse button in the RTL Schematic view from the lower right to the upper left to
use the Zoom Fit command.
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- 4 Instances 4 Nets

ushEnginea

(]
d[1:0]
e[1:0] g[1:0]
r[1:0]
s[1:0]
FETL wide fdrse 2

LineState[1 :wl

ushbf_utmi_ls
Lskf utmi if

ushf top

Figure 23: Expanding Logic in the RTL Schematic View

For additional schematic exploration capabilities, see the Design Analysis and Floorplanning Tutorial
(UG676).

5. On the left side of the RTL Schematic view, select the RTL_wide_fdrse_2 instance.

6. In the RTL Schematic view, right-click and select the Go to Instantiation popup command to display
the RTL file with the logic definition.

7. Close the Text Editor and the RTL Schematic.

8. Inthe RTL Netlist view, click the Collapse All button = .

RTL Design and IP Generation Tutorial www.xilinx.com 26
UG675 (v 13.4) January 16, 2012


http://www.xilinx.com/�

!A X"—lNX Step 4: Elaborating and Analyzing the RTL Design

Using the Find Command to Locate RTL Block RAM Logic

1. Click the Find button in the main toolbar & , or select Edit > Find to open the Find dialog box.

Find | Instances

Criteria

Type

["] Match Case |

Open in a new tab

Figure 24: Searching for RTL Logic Using the Find Dialog Box

2. Examine the Find filter options.
3. Set the Criteria to Type is Block RAM, and click OK.

The Find Results view opens.

Find Results - Instances - Type is ‘Block RAM' (36)

Q\ 1d Mame Cell Pins

:_*,.“’I_] [} 1 cpuEnagine or 1200_immu_topar 1 200_immu_tb/itlb_mr_ramframbla_s18 RAMEL... 50
il 2 cpuEngine/or1200_immu_topfor1200_imrmu_tbfitb_tr_ramframbl6_s36  RAMBS... 223

A 4 (¥ 3 cpuEnginejor1200_ic_topfor1200_ic_ramfic_rami/ramblé_s9_0 RAMEL... 33
i 4 cpuEngineor1200_ic_topforl200_ic_ramfic_ramiframblé_s9_1 RAMEL... 33
(] 5 cpuEnginefor1200_jic_topforl200_jc_ramfic_ramQframbis_s9_Z2 RAaMEL... 33
il & cpuEngine/or1200_jic_topfar1200_jc_ram/fic_ramdframbl6_s9_3 RAMEL... 33
& 7 cpuEngine/or1200_dmmu_topfor1200_dmru_tefdtlb_me_ramframbié_... RAMEL... 50

Instances - Type is ‘Block RAM' {36) =
= Tel Conscle | () Messages | [ Compilation #f Find Results | (% Design Runs

Figure 25: Find Results for RTL Block RAM Search

The Find Results view displays the results of the search.
4. Select one of the Block RAMs in the list, right-click and select Go to Instantiation.
The instance is selected in the RTL Netlist view and displayed in the Text Editor.
5. Close the Find Results view and the Text Editor.
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Step 5: Estimating Resource Utilization

Examining the Resource Estimation Options

1. In the Flow Navigator, select the Resource Estimation command.

The Resource Estimation view opens.

[I.Project Summary X]%RTL Schematic X[ Resource Estimation x O g x

=
=| Resource Utilization

Estimated resources are compared with xcovlx75tff784-3.

Confidence Level: High
Show More Details

Register
Available: ) 93120
Estimation: (- 16762 (18% of available) top

LUT
Available: ) 46560
Estimation:  [E- 124289 (52% of available) top
0
Available: T 360

Estimation: E e 143 (40% of available) top

Block Memory

Available: 156

Estimation:  [#- 1134 (86% of available) top
Block Arithmetic

Available: e — .

Estimation: H [ 68 (24% of available) top

Clock Manager

Available: e — ]

Estimation:  [#- 14 (67% of available) top
Gigabit IO

Available: e —

Estimation:  [#- 18 (67% of available) top

NOTE: This netlist has no demand for EMAC, PCI Express, Global Clock Buffer therefore
these resources are not shown.

Figure 26: Viewing the RTL Resource Estimation

2. Expand the Block Memory Estimation tree to explore the hierarchical chart report.

3. To close the Resource Estimation view, click X on the Resource Estimation tab.
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Examining Resource Estimates for RTL Instances

1. Inthe RTL Netlist view, select top. The RTL Macro Resources displays in the Netlist Properties view,

as shown in the following figure.

If the Netlist Properties view is not displayed, right-click, and select Netlist Properties.

Figure 27: Viewing the RTL Resource Estimates

2. Scroll down the Netlist

RTL Netlist -0

= 7l|E

=3

&= Nets (925)

| Primitives (14)
cpukngine (or1200_top)
Engine (ffTop)
gtEngine (matTop)

4 1L 3 E
45 Sources-. 52 RTL Netlist

Netlist Properties —Oog x

« » B

[ top
RTL Macro Resources i
Macro type Flop LUT  BRAM  DSP48 =
Bitwise Logic 0 3516 0 0
Unary Logic 1] 216 0 1]
Arithmetic 0 4009 0 68
Comparators 0 4838 0 1]
Multiplexers 0 11185 0 0
Shifters 1] 261 0 0
Storage 16762 204 134 0
Total 16762 24289 134 68
RTL Hierarchy Resources
Child Flop LUT BRAM DSP48
cpuEngine 3861 5423 30 4
fftEngine 2024 1995 16 64
mgtEngine 715 710 16 0
usbEnginel 4641 6502 36 1]
usbEnginel 4641 6502 36 0
wbArbEngine 880 3157 0 0
RTL Primitive Statistics

4 = n ] 3 @

Statistics  Partition

3. Examine the properties, including:

e RTL Macro Resources

e RTL Hierarchy Resources
e RTL Primitive Statistics

e RTL Memory Resources
¢ Net Boundary Statistics

e Clock Report

In the RTL Netlist view, select other modules and examine the same estimates for the selected module.
You might need to click the Statistics tab in the Instance Properties view.
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Step 6: Running RTL Design Rule Checks

PlanAhead provides Design Rule Checks (DRC) that can be run on the RTL Design. These include LINT-
style RTL checks for power or performance improvement suggestions. There are basic I/O bank and
voltage rules for the RTL Design also. After the design is synthesized, a more comprehensive set of logic
design, I/0, and clock DRCs is available for the Netlist Design.

Running DRCs

1. From the Flow Navigator or the Tools menu, select Run DRC.

2. In the Run DRC dialog box, expand and examine the RTL rules, and click OK.

i ™
o R ==

|| Results Name: results_1

Output File:
Rules to Check: 42 of 42

AR
= All Rules (42)
- Bank (19)
- 108 (13)
=M RTL (10)
- Performance (&)
- Power (4)

| SelectAll || Clearal |

Open in @ new tab

Figure 28: Running RTL DRCs
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The DRC Results view opens.

DRC Results - results_1 (1 violation) —Oa x

| Name Severity~ ! Details

| 2= Al Violations (1)

— - RTL (1)

B == Performance (1)

E =@ Found latch in design (RPLD)

\g\ =) RPLD #1 Warning A latch 'usbEngine0/u4/dtmp[0], usbEngine0/u4/dtmp[1], usbEngined/u4/dtmp[2], usbEngine0/u4/dtmp[3]

] [ v O]

O results_1 (1 violation) x
5 Tcl Console | © Messages | B Compilation € DRC Results | r% Design Runs

Figure 29: Viewing the RTL DRC Results

The RTL Results viewer color-codes messages as follows:
¢ Errors with a red icon
e  Critical Warnings with an orange icon
e Warnings with a yellow icon
¢ Informational messages with a blue icon
4. Select the RPLD #1 latch warning in the list.

The Violation Properties view displays with information about the violation and links to select the
offending logic objects.

5. In the Violation Properties view, click the dtmp[0] link, and see that the logic object is selected in the
RTL Netlist view.

6. Inthe RTL Netlist view, select the Go to Instantiation popup menu command (or press F7) to open
the Text Editor.

7. Close the DRC Results view and any open Text Editor views.
8. Close the RTL Design. Click OK in the confirmation dialog box if needed.
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Step 7: Selecting IP from the Xilinx IP Catalog

The PlanAhead tool is integrated with the CORE Generator™ software to provide an IP Catalog with
search and filtering capabilities. This allows you to easily find the desired IP. You can customize,
instantiate and implement the core directly from the PlanAhead tool. You can access the IP Catalog from

the Project Manager and RTL Design environments.

Opening the IP Catalog and Exploring the Search Options

1. Select IP Catalog from the Flow Navigator.

2. Expand some of the IP categories.

3. Select an IP and explore the available toolbar buttons and popup menu commands.

T Project Summary | 1F IP Catalog

4| search:
=
29| Name
% £ Automotive & Industrial
E £ BaselP
& E2 Basic Elements
& £ ‘Communication & Networking
S| Debug & Yerification
== Digital Signal Processing
RS 4= Building Blocks
o =[5 Filkers
hd | 4F CIC Compiler
”#) 4F DUCIDDC Compiler
&l 4F FIR Compiler
B = Modulation
& = Transforms
= @5 Trig Functions
#-[~ Waveform Synthesis

FPGA Features and Design
Math Functions

Memories & Starage Elements
Standard Bus Interfaces
Yideo & Image Processing

- - B

Details
Mame:; FIR Compiler
Version: 5.0

B
@

1 Mersion 2 ANI4

6.2 AXI4-Stream

Customize IP. ..

Compatible Families
Data Sheet
“Wersion Information [%

Answer Records

1P Catalog Settings. ..
Update IP Catalog

Export to Spreadsheet...

Status

Production
Production
Production

[Production

License

Included
Included
Included

Included

Description: The ¥ilins FIR Compiler LogiCORE is & module For generation of high speed, compact filker implementations that can be configured ta
implement many different filtering functions, The core is fully synchronous, using a single dock, and is highly parameterizable,
allowing designers ta contral the Fiker bype, data and coefficient widths, the number of Filter taps, the number of channels, etc.
Multi-rate operation is supported. The implementation method can be specified by the user, with a choice of Multiply-accumulate or

Distributed Arithmetic architectures. The core is delivered through the Xilinx CORE Generatar System and inkegrates seamlessly

with the Rilinx design flaw.

The Details for the selected IP display at the bottom of the view. By default, only the IP that is current
and available for the selected device family is displayed.

Sk
4. To view all IP, toggle the Hide Superseded and Discontinued IPs i button and the Hide

Figure 30: Browsing the IP Catalog

o
incompatible IPs button it .

v ® N o @

Type fir in the Search field at the top of the view.

Examine the Data Sheet, then close the PDF viewer.

Clear the Search field to expand the Catalog list.

To view a flattened list of IP, toggle the Group by Category toolbar button .

Select a FIR Compiler IP, click the Data Sheet button , and select Data Sheet.
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Step 8: Customizing and Instantiating IP

Customizing a Simple Adder IP

1. Click the Group by Category button .

2. Click the Collapse All button .

3. Expand the Math Functions > Adders & Subtracters folder.

4. Double-click Adder Subtracter to run the Customize IP command.

This opens the CORE Generator™ tool and displays the customized interface for the selected IP.
Different IP have different types of interfaces.

% Adder Subtracter

1P Syrnbal 5 X u
lagiC P! Adder Subtracter La
Component Name C_addsub_v11 0_0
Irnplerment Lsing Fabric R
A Input Type Signed v
B Input Type Signed v
A Input Width 15 Range: 2..256
B Input Width 18 Range: 2.,256
Add Mocle Add v
= Cutput Width 18 Range: 18..19
B[17:0] = b 5[17:0]
CLK— Latency Configuration Matal +| Latency |1 Range: 0,.252
[ Constant Input Constant Yalue 000000000000000000 Bin)
CE—s) Cantral

Clack Enable (CE)

[ Carry In (C_IN) Carry Out (C_OUT) Borrow In/Out Sense Active Low
[ Synchronous Clear (SCLR)
[ Synchronous Set (SSET)
[ Synchronous Init (SINIT) Init Walue 0 {(Hex)
[ eypass Bypass Sense Active High
Synchronous Set and ClearReset) Priority Reset Overrich
Synchronous Confrols and Clock Enable(CE) Prior ity Sync Override
Bypass and Clock Enable{CE) Priority CE Overrides |
Power-on Reset Init Value 0 (Hex)
% P Symbol | Y Information [ EmEEE I I Cancel ] [ Help

Figure 31: Customizing IP With the CORE Generator Software

5. In the B Input Width field, type 18.
6. Click Generate.

Clicking Generate has a different effect when launched from PlanAhead than when run from CORE
Generator standalone.

¢ Instandalone mode, the CORE Generator™ software automatically launches XST to synthesize
the IP core.

e  When launched from the PlanAhead tool, the synthesis step is not run automatically, which lets
you instantiate and configure the core in your RTL before launching synthesis. You can
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synthesize the IP at any time or launch synthesis on the entire design for which the IP is

synthesized first.

Instantiating the Adder IP

1.

In the Sources view, Libraries tab, click the Collapse All button .

2. Expand the IP folder and then expand the ¢c_addsub_v11_0_0 IP.

3. Double-click the c_addsub_v11_0_0.veo file to view the instantiation template in the Text Editor.

© ® N o U

Sources -
AT = 2e

=57 Design Sources (02)
i @ Verilog (83)
1 Verilog Header (1)

| VHDL (7)
4= P (1)
240 Unreferenced (1)
=+4Fs ¢_addsub_v11_0_0 (4)
&Fe c_addsub_vi1 0 O.xco
e c_addsub_v11_0_0_xmdf.tcl
@

: &1° coregen.log
== Constraints (1)
| G-Es constrs_1
imulation-Only Sources (1)
& sim_1 (1)

Hierarchy | Libraries | Compile Order

4 Sources | ¢ Templates

Generated Data Properties —oex
« > HE

c_addsub_v11 0_0.veo

Location: C:\planAhead_install\PlanAhead_Tutorial\T|
Size: 3.8 Kb
Modified: 10/9/11 10:23:40 AM

Read-only

[l —r— ' g

E Project Summary x |F IP Catalog * | €_addsub_v11 0_0.veo x Og x
8 | 2ject_rtl\project_rl.srcs\sources_1\ip\c_addsub_vil 0_0O\c_addsub v11 0_0O.veo Read Only
21+ Xilinx products are not intended for use in life support appliances -
¥|22x  aevices, or systems. Use in such applicarions are expressly
L FER prohibited.
20
25 % {c) Copyright 1995-2011 Xilinx, Inc.
jEj 26 % A1l rights reserved.
T3l 27
28
29
30+ Generated from core with identifier: xilinx.com:ip:c_addsub:1l.0
EI
32+ The Xilinx LogiCCRE Adder Subtracter can create adders, subtracters
33 % and adders/subtracters that operate on signed or unsigned data. In
34% fabric, the module supports inputs ranging from 1 to 256 bits wide,
@35+ and cutputs ranging from 1 to 258 bits wide. I/0 widths are family
S ELE dependent for dspd% implementations.
¥l
FEL
|39 // Ine following must be inserted into your Verilog file for this

40// core to be instantiasted. Change the instance name and port connections
41// (in parentheses) to your own signal names.

Begin Cut here for INSTANTIATION Template ---// INST_TAG
_v11 0 _0 your instance name (

45 .afa), // input [14 : 0] a

46  .b{b), // imput [17 : 0] b

47 .clk(clk), // input clk

4% .ce(ce), // input ce

48 .s(s) // output [17 : 0] s

50 )3

51// INST_TAG END ------ End INSTANTIATION Template ---------

52

53 // You must compile the wrapper file c_addsub_v1l 0_0.v when simulating
54// the core, c_addsub vll 0_0. When compiling the wrapper file, be sure t
55 // reference the XilinxCoreLib Verileog simulation library. For detailed
56 // instructions, please refer to the "CORE Generator Help”.

57

se

Figure 32: Viewing the Instantiated Template

Select the text in the Text Editor, as shown above, and click the Copy button .

In the Sources view, expand the Verilog and work folders.

Double-click the top.v file to open it in the Text Editor.

Scroll to the bottom of the file just before the endmodule text.

Select the line just above the endmodule statement and select the Paste button .

Change the your_instance_name text in the template to my_addr as shown in the following figure.
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E, Project Summary = | £F IP Catalog = | g2 c_addsub_wll 0 Oweo 3 | wé kopy ® = O =

'_.H Ci\planahead_install\Planahead_Tutorial Tuborial_Crested_Dataiproject_rtfproject_rtl, srcsisources _1importsihdlitop.w

% 435 /F USE 2.0 core — wiskbone slave 1 -
436 ushf_top usbEnginel |

[ 437 .wh_clk{wbhClk), .clk_i{usbhClk), .rat_i(reset_req), .wh_addr_ii(zl_addr_o),

el 438 .wh_ack_o{sl_ack_ i), .wb_we_i{sl we_o), .wb_sth_i(sl_stb o), .wb_cyc_i(sl

Ej 439 .inta of{sl rty i), .dma ack i{sl sel o), .susp _o(sl_err i), .resume req i

= 340 £ UIMI Interfaces

12 441 .phy clk_pad i{phy clk_pad 1 i), .phy rat pad oiphy rat pad 1 _o_temp),

X 442 Datafut_pad o{Datalut pad 1 o), .T<Valid pad o(T<Valid pad 1 o), .T<Read

.§§J 443 LBxWalid pad i{FxValid pad 1 i), .BExbctive_pad i(RExbctive_pad 1 i), .ExEr

& 444 .DataIn pad i{DataIn pad 1 i), .Xcvielect pad o(Xcvielect pad 1 o), .Term
445 JGuspendM pad o{3uspendM pad 1 o_tewp), .Lineitate_pad ji(Line3tate_pad 1_

"II"II 446 .OpMode _pad o{0OpMode pad 1 o temp), .usb_vbus pad ijusb_wvbus pad 1 i),

E 447 ¥Control Load pad o(¥Control Load pad 1 o), .¥Control pad oi(¥Contraol_pad
445 12

2 449

L) | 480 c_addsub wll 0_0 ny addr |
451 .afa), /4 impat 14 @ 0] 2
452 .bi{b), /. imput [17 @ 0] kb
453  .clk(clk), // izmput clk
454  _celce), S/ input ce

455 .s(s3) S0 output T17 @ 0] s
456 ) ;

457 endnodule

455

Figure 33:Instantiating IP in Your Design

10. Change the .clk port definition to use the existing cpuClk clock signal.

447 LContral _Load pad o(VContraol Load pad 1
445 1:
449

450 c_addsub_wll 0 0 your_instance name |
451 .ala), S imput [14 @ 0] a

452 .bib), S0 imput 17 @ 0] b

453  .clkicpuaClk), /7 imput clk

454  .celce), S input ce

455 .sis) A0 cudput 17 @ 0] =

456 ) ;

457

453 endnodule

459

£

Figure 34: Modifying the clk Signal to Use the cpuClk Clock Signal

11. Scroll to the top of the top.v file and add the IP ports (a, b, ce, s) to the module port definition as
shown in the following figure.
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E Project Summary % | LF IP Catalog ¢ | o5 c_addsub_vil 0 _0.veo X | @& bop.w ®

@l S0 cpullk, wbClk, usbClk, ££eClk,
51 reset,

L

-,j 55  RM_IN, RXP_IN, TXM_DUT, TXP_OUT,

C 56 phy_clk_pad 0_1i, phy_rat _pad 0_o,

X| 57 Datalut_pad 0_o, TxValid pad 0_o, TxReady pad 0_i,

fB’J 58 FxWalid_pad 0_1i, RExhctive_pad 0_i, RxError_pad 0_i,

59 Dataln pad 0_1i, Xewielect_pad 0_o, TermSel pad 0_o,

60 Sugpend pad 0_o, Lineitate_pad 0_i,

i 61 OpMode_pad 0_o, usb vbus_pad 0_i,

3 62 VControl_Load pad 0 o, VControl pad 0 o, ¥Status_pad 0_i,
3 63 phy_clk pad 1 i, phy_rst pad 1 o,

=| 64 Datalut_pad 1 o, TxValid pad 1 o, TxReady pad 1 i,

| 65 BxValid pad 1 i, BFxhctive_pad 1 i, BExError_pad 1l i,

68 Dataln pad 1 i, Xowielect pad 1 o, Termfel pad 1 o,

67 Suspend pad 1 o, Lineitate_pad 1 i,

68 OpMode_pad 1 o, usb vbus_pad 1_i,

63 VControl_Load pad_l o, VControl pad 1 o, ¥Status_pad 1 i,
70 o0rlz00_clwmode, orlZ00 pic_ints, orlZ00_pm out ,a, b, ce, =

73 A clock and reset pads
74 input cpuClk, wbClk, usbClk, fftClk;

,; C:\planahead_instal\PlanAhead_Tutoriali Tutorial_Created_Datalproject_rtl\project_rtl.sres\sources_1limportsihdlibop.s

52 TILED_REFCLE PAD_N IN, TILEO_REFCLK PAD_F IN, TILEL REFCLK PAD N _IN, TILEL K
53  TILEZ_REFCLE_PAD_N IN, TILEZ_REFCLK_FAD_F IN, TILE3_REFCLK_FAD_N_IN, TILE3_R
54  GTPRESET_IN, TILEOD PLLLKDET 0UT, TILEl_PLLLEDET OUT, TILEZ_ PLLLEDET OUT, TIL

~

Figure 35: Adding IP Ports to the Top-Level Module Port List

12. Define the ports for the IP in the design by adding the following text to the top.v file.

//addr pads

input [14:0] a;

input [17:0]

input ce;

b;

output [17:0] s;

top.y

-0 g =

_‘jl C:\Planahead_Installiplanaheaditestcases\Planahead_Tutorial\Tutarial_Created_Datalproject_rthproject_rtl.sres\sources_1limportsihdly

[ ]

.
a
3

69 @< |=% & X

65 RxValid pad 1 i, BRxActive pad 1 i, RxError_pad 1 i,

13 Dataln pad 1 i, Xevdelect pad 1 o, Term3el pad 1 o,

&7 SuspendM pad 1 o, LineState_pad 1 i,

68 OpMode_pad_1_o, ush_vbus_pad 1 i,

=] VControl Load pad 1 o, VControl pad 1 o, Vitatus_pad 1 i,
70 orli00_clwode, orli00_pie ints, orli00_pw out, a, b, ce, s
L

7e

73

T4 input [14:0] =a;

75 input [17:0] b;

76 input ce;

TV output [17:0] s;

78
79
a0 input cpuClk, whclk, ushClk, fftclk;
a1 input reset;
g2
3

~

13. To close the top.v file, click X on the tab, and select Yes to save changes.

Figure 36: Defining IP Ports in top.v

14. To close the .veo template file, click X on the tab.
15. To close the IP Catalog, click X on the tab.
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Step 9: Generating IP

Generating the IP and Exploring the Logic in the Schematic
1. In the Sources view, select the c_addsub_Vxx_x top-level file, right-click and select Generate IP. Wait
for the IP to synthesize.

After the IP generates, the Messages view displays information about the Generated IP. Scroll to
explore the messages.

2. To open the RTL Design and view the logic, in the Flow Navigator, click RTL Design.
In the RTL Netlist view, expand and select the my_addr module.

Note: If a black box icon appears in the RTL Netlist, review the RTL Design and Generated IP messages and go
back and check the top.v file for errors. Rerun the RTL Design command until the IP appears in the RTL Netlist.

3. From the toolbar, click the Schematic button .

4. In the Schematic view, double-click the instance to expand the inside logic.

RTL Schematic {2) - 0O x
- 42 Instances 112 Mets

RA W
P

SV IXIH

Figure 37: Analyzing the IP Logic in the Schematic

5. Close the Schematic view.

6. Select File > Exit. If prompted, click No to save and OK to close PlanAhead.
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Conclusion

In this tutorial, you:
e Used a small RTL project to examine the PlanAhead RTL development and analysis environment.
e Started by creating an RTL project, explored RTL sources and the RTL editor.

e Ran behavioral simulation, elaborated the RTL design, and explored the analysis capabilities, which
included examining the RTL logic hierarchy, RTL schematic exploration, searching for logic types,
reviewing RTL resource and power estimates and running RTL DRCs.

e Examined the Xilinx IP Catalog, and customized, instantiated, and implemented a small adder IP
core.
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