Lab Workbook A Basic SoC

A Basic SoC

Introduction

This lab guides you through the process of using Vivado IDE to create a simple Cortex-MO soft core
based SoC design targeting the Nexys4 board. You will simulate, synthesize, and implement the design
with default settings. Finally, you will generate the bitstream and download it in to the hardware to verify
the design functionality

Objectives

After completing this lab, you will be able to:

* Create a Vivado project sourcing HDL model(s) and targeting a specific FPGA device attaching to
LEDs located on the Nexys4 board

* Use the provided Xilinx Design Constraint (XDC) file to constrain the pin locations

* Simulate the design using the Vivado simulator

* Synthesize and implement the design

* Generate the bitstream

e Configure the FPGA using the generated bitstream and verify the functionality

Procedure

This lab is broken into steps that consist of general overview statements providing information on the
detailed instructions that follow. Follow these detailed instructions to progress through the lab.

NOTE: Before proceeding with the lab, please copy the Cortex M0 Design Start files
(CORTEXMODS.v and cortexmOds_logic.v) in to these locations

1. P6/Lab Part1/FPGA/Source
2. P6/Lab Part2/[FPGA/Source
3. P7/Lab/FPGA/Source/CortexM0-DS
4. P8/Lab/FPGA/Source/CortexM0-DS
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Design Description

The design consists of the Cortex-MO0 Design Start (DS) core, 1 KB of RAM implemented in FPGA,
AHB2LED IP to drive LEDs as shown in Figure 1.

i . XILINX Artix 7 ! |
! i ARM i |
: Processor :'E:OKY ! '
: ! (CM0-DS) : l
! ; AHB-Lite I i |
E ; AHB2LED : i
| U OSSOSO i ,
Figure 1. The Completed Design
General Flow
Step 1: Step 2: Step 3: Step 4:
Create a Simulate the Synthesize Implement
Vivado Design using the Design the Design
Project using Vivado
IDE Simulator
Step 5:
Verify
Functionality
in Hardware
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Create a Vivado Project using IDE Step 1

1-1. Launch Vivado and create a project targeting the XC7A100TCSG324-1
device and using the Verilog HDL. Use the provided files from the
P6\FPGA\Source directory.

1-1-1. Open Vivado by selecting Start > All Programs > Xilinx Design Tools > Vivado 2013.4 >
Vivado 2013.4

1-1-2. Click Create New Project to start the wizard. You will see Create A New Vivado Project dialog
box. Click Next.

1-1-3. Click the Browse button of the Project location field of the New Project form, browse to
<labs_install>\P6\FPGA, and click Select.

1-1-4. Enter lab1 in the Project name field. Make sure that the Create Project Subdirectory box is
checked. Click Next.

¢ New Project l&]

Project Name :
~

Enter a name for your project and specify a directory where the project ‘\\/
data files will be stored

Project name:

Project location: |C:/xup/SoC_Workshop/P6/FPGA| B

Create project subdirectory

Project will be created at: C:/xup/SoC_Workshop/P6/FPGA/labl

' < Back ” Next > Finish

Figure 2. Project Name and Location entry

1-1-5. Select RTL Project option in the Project Type form, and click Next.

1-1-6. Using the drop-down buttons, select Verilog as the Target Language and Simulator Language in
the Add Sources form.
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i‘ XILINX@ xup@xilinx.com
@A ~rAanvrinht 2N1A Yilinv



Lab1orkbook

1-1-7.

1-1-8.

1-1-9.

#- New Project -~ - @&J
Add Sources :
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 later.
: ) X

Index Name Library  HDL Source For Location

’

£

Add Files... ] [ Add Directories... ] { Create File...

Scan and add RTL include files into project
Copy sources into project

Add sources from subdirectories

Target language: Simulator language:

[ < Back ” Next > Finish

Figure 3. Selecting Target and Simulator language

Click on the Add Files... button, browse to the <labs_install>\P6\FPGA\Source directory, select
AHB2LED.v, AHB2BRAM.v, AHBDCD.v, AHBLITE_SYS.v, AHBMUX.v, CORTEXMODS.v, and
cortexmOds_logic.v, (do not select lab1_tb.v) and click OK, and then click Next to get to the Add
Existing IP form.

Since we do not have any IP to add, click Next to get to the Add Constraints form.

Click on the Add Files... button, browse to the <labs_install>\P6\FPGA\Source directory (if
necessary), select Nexys4_Master.xdc and click OK (if necessary), and then click Next.

This Xilinx Design Constraints file assigns the physical 10 locations on FPGA to the clk, reset,
and LEDs located on the board. This information can be obtained either through the board’s
schematic or the board’s user guide.

1-1-10. In the Default Part form, using the Parts option and various drop-down fields of the Filter

section, select the XC7A100TCSG324-1 part. Click Next.
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#- New Project

o

Default Part

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

Speci Filter
Product category| All v Package | csg324 v
Boards Family| Artix-7 v | Speed grade | All Remaining v
' Sub-Family| Artix-7 v | Temp grade|C v
Reset All Filters
’ Search: Q- |
L " - ]
1/0 Pin Available LUT ) Block Gb G|
i Count 10Bs Elements RN RAMs 224 Transceivers T
@ xc7a75tcsg324-3 324 210 63400 126800 135 240 0 0
® Xc7a75tcsg324-2 324 210 63400 126800 121 240 0 0
® Xc7a75tcsg324-2L 324 210 63400 126800 135 240 0 0
@ Xc7a75tcsg324-1 324 210 63400 126800 135 240 0 0
' @xc7a100tc59324-3 324 210 63400 126800 135 240 0 0 !
@ XC7al100tcsg324-2 324 210 63400 126800 135 240 0 0
& xc7a100tcsg324-2L 324 210 63400 126800 135 240 0 0
|126800 0 0
<« | I » O

< Back ][ Next >

Finish

Figure 4. Part Selection

You can select the Boards Specify option, select Artix-7 under the Library filter and select the
appropriate board. Notice that Nexys4 is not listed as it is not in the tools database.

#- New Project

-

L,
Default Part

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

A

Specify Filter
& Parts Board Vendor | xilinx.com v
Library | artix7 v
Name ac701 v
Version | 1.0 ~
Reset All Filters
Search: .-
Board Board Board Board
Board Vendor Library Name Version gl
@ Artix-7 AC701 Evaluation Platform xilinx.com artix7 ac701 1.0 @ xc7a200tfbg67¢
< 11 0

Figure 5. Part Selection using Boards Specify filter
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1-1-11. Click Finish to create the Vivado project.

Use the Windows Explorer and look at the <labs_install>\P6\FPGA\lab1 directory. You will find
that the lab1.data and lab1.srcs directories and the lab1.xpr (Vivado) project file have been
created. The lab1.data directory is a place holder for the Vivado program database. Two
directories, constrs_1 and sources_1, are created under the lab1.srcs directory; deep down
under them, the copied Nexys4_Master.xdc (constraint) and all Verilog (source) files

respectively are placed.

4 P6
4 FPGA
4 labl
4 labl.data
constrs_1
sim_1
sources_1
wt
4 labl.srcs
4 constrs_1
4 imports
source | Xdc file

4 sources_1

4 imports

Source ' Verilog file |

Figure 6. Generated directory structure

1-2. Open the AHBLITE_SYS.v source and analyze the content.

1-2-1. In the Sources pane, double-click the AHBLITE_SYS.v entry to open the top-level file in text

mode.

You can click on the + sign to expand the hierarchy and see lower-level instantiated modules and

associated source files.

Sources
—r— ‘ .
A= Wt B|E

—}7 Design Sources (1

I

—|- 8 g AHBLITE_SYS AHBLITE_SYS.v

<

@ UAHBDCD - AHBDCD (AHBDCD.v
® UAHBMUX - AHBMUX (AHBMUX.v

(<

<

(<

® UAHB2LED - AHB2LED (AHB2LED.\

+-4#® u_cortexm0ds - CORTEXMODS (CORTEXMODS.v

9 UAHB2MEM - AHB2MEM (AHB2BRAM.\

1

+H Constraints (1
+45 Simulation Sources (1

Libraries | Compile Order

7 Templates

Figure 7. Opening the source file
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1-2-2. Line 38 defines the beginning (marked with keyword module) and Line 239 defines the end of the
module (marked with keyword endmodaule).
1-2-3. Lines 40-45 define the input and output ports, lines 49-85 define internal connections/nets,
whereas lines 144-238 define various modules instantiations.
1-3. Open the Nexys4 Master.xdc source and analyze the content.
1-3-1. In the Sources pane, expand the Constraints folder and double-click the Nexys4_Master.xdc
entry to open the file in text mode.
Sources — 0O 2 X
A2 2et RIE
—H7 Design Sources (1
@4 AHBLITE_SYS (AHBLITE_SYS.V) (5
+-@ u_cortexm0ds - CORTEXMODS (CORTEXMODS.
@ UAHBDCD - AHBDCD (AHBDCD.\
¥® UAHBMUX - AHBMUX (AHB
48 UAHB2MEM - AHB2MEM
@ UAHB2LED - AHB2LED (AHB2
—H= Constraints (1
—|-km constrs_1 (1
B
+1-5 Simulation Sources (1
Figure 8. Opening the constraint file
1-3-2. Lines 8-10 define the clock pin location, its 1/0 property, and 100 MHz frequency constraint. Lines
13-14 define the reset pin location which is controlled by SW15 of the board. Lines 20-42 define
the pin locations of the output LEDs [7:0] and lines 44-45 define the LOCKUP signal on LED15 of
the board.
1-4. Perform RTL analysis on the source file.
1-4-1. Expand the Open Elaborated Design entry under the RTL Analysis tasks of the Flow Navigator
pane and click on Schematic.
A warning indicating that the BRAM data file could not be found will be displayed. Click OK to
close the warning box for now.
The model (design) will be elaborated and a logic view of the design is displayed. Click on the
Zoom-In button (u\+) in the left vertical toolbar to see zoom in.
- — - - i
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AHBMUX
=
AHB2MEM
-
S H PR
— (AHBDCD |
1 L u;-ex: )
X i (AHB2LED |
1T Are2E
al B
u_coteumods 1T
!
— AN E A—
CortexMODS |-
-
- T

Figure 9. A logical view of the design

1-4-2. Double-click on the CortexM0ODS block to see the next-level module instance as well as ports.

u_cortexmOds

(-]
u_logic
haddr_o[31:0] HADDR[31:0]
hburst_o[2:0] HBURST[2:0] n/c
HCLK hclk hmastlock_o HMASTLOCK n/c
HRDATA[31:0 hrdata_i[31:0] hprot_o[3:0] HPROT[3:0] n/c
HREADY hready_i hsize_0[2:0] HSIZE[2:0]
HRESETn hreset_n htrans_o[1:0] HTRANS[1:0]
HRESP hresp_i hwdata_0[31:0] HWDATA[31:0]
IRQ[15:0] irq_i[15:0] hwrite_o HWRITE
NMI nmi_i lockup_o LOCKUP
RXEV rxev_i sleeping_o SLEEPING n/c
sys_reset_req_o SYSRESETREQ n/c
txev_o TXEV n/c
cortexmOds_logic

CORTEXMODS
Figure 10. Hierarchy view

1-4-3. Click on the Previous button ("' ) to see the upper-level view.

Simulate the Design using the Vivado Simulator Step 2

2-1. Add the lab1_tb.v testbench file.
2-1-1. Click Add Sources under the Project Manager tasks of the Flow Navigator pane.

2-1-2. Select the Add or Create Simulation Sources option and click Next.
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g-- Add Sources ‘ 2t

Add Sources

This guides you through the process of adding and creating sources for your project

(") Add or Create Constraints

(") Add or Create Design Sources

(@) Add or Create Simulation Sources
() Add or Create DSP Sources

(7) Add Existing Block Design Sources

() Add Existing TP

Figure 12. Selecting Simulation Sources option
2-1-3. In the Add Sources Files form, click the Add Files... button.
2-1-4. Browse to the <labs_install>\P6\FPGA\Source folder and select /lab7_tb.v and click OK.
2-1-5. Click Finish.

2-1-6. Select the Sources tab and expand the Simulation Sources group.

The lab1_tb.v file is added under the Simulation Sources group, and AHBLITE_SYS.v and its
lower-level modules are automatically placed in its hierarchy as a dut instance.

X

M

Sources = g
AIZS Wt RE
[=}57 Design Sources (2)
[-@4f% AHBLITE_SYS (AHBLITE_SYS.V) (5)
[+ Unknown (1)
H= Constraints (1)
== Simulation Sources (1)

[

[
=& sim_1 (1

[=H#9gs lab1_tb (labi_th.v) (1)
[+-@ dut - AHBLITE_SYS (AHBLITE_SYS.v) (5)

: Hierarchy: Libraries | Compile Order

£ Sources | [2 RTL Netlist

Figure 13. Simulation Sources hierarchy

2-1-7. Using the Windows Explorer, verify that the sim_1 directory is created at the same level as
constrs_1 and sources_1 directories under the lab1.srcs directory, and that a copy of lab1_tb.v is
placed under lab1.srcs > sim_1 > imports > sources.

2-1-8. Double-click on the lab1_tb in the Sources pane to view its contents.
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1 “timescale 1ns / lps

2

3 le Name: labl_tb
4

5 rodule 1abl_tb(

8

7 ):

8

9 reg RESET, CLK;

10 wire [7:0] LED;

11 wire LOCKUP;

2

13 RHBLITE_SYS dut(.CLK(CLK), .RESET(RESET), .LED(LED), .LOCKUP(LOCKUP)):
14

15 initial

18 begin

17 CLK = 0;

8 forever

19 begin

20 $5 CLK = 1;
21 #5 CLK = 0;
22 end

23 end

24

25 initial

26 begin

27 RESET = 0;

28 #30 RESET = 1;
29 $#20 RESET = 0;
30 end

3

32 endmodule

Figure 14. The self-checking testbench

The testbench defines the simulation step size and the resolution in line 1. The testbench module
definition begins on line 5. Line 13 instantiates the DUT (device/module under test). Lines 15
through 23 define the clock signal generation. Lines 25 through 30 define the RESET stimulus
generation. Line 32 ends the testbench.

2-2. Add the memory file.
2-2-1. Click Add Sources under the Project Manager tasks of the Flow Navigator pane.
Flow Navigator «
A S
4 Project Manager
{5 Project Settings
1F IP Catalog
Figure 11. Add Sources
2-2-2. Select the Add or Create Simulation Sources option and click Next.
2-2-3. Click the Add Files... button, select All Files in the Files of type in the filter field, select code.hex
created in the software folder
2-2-4. Make sure you uncheck the box “Copy source into Project” before clicking Finish
i — - - -
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4':4, Add Sources - @

Add or Create Simulation Sources

Specify simulation specific HDL files, or directories containing HDL files, to add to your project. Create a new source file on disk and add it to your ‘\\\/
project.

Specify simulation set: | & sim_1 v

Index  Name Library Location
&1 code.hex N/A C:/Users karshi0 1/Desktop/Workshop /USB/Full Material - V2/P6/Lab Part1/Software

. AddFiles... { [ Add Directories... ] [ Create File... ]

| [] Scan and add RTL include files into project
[7] Copy sources into project

Add sources from subdirectories

Include all design sources for simulation

Next > [ Einish ] [ Cancel

|
|
|
— —

2-3. Simulate the design for 1000 ns using the Vivado simulator.
2-3-1. Click on Run Simulation > Run Behavioral Simulation under the Project Manager tasks of the
Flow Navigator pane.

The testbench and source files will be compiled and the Vivado simulator will be run (assuming
no errors). You will see a simulator output similar to the one shown below.

iv Xl LI NX www.xilinx.com/support/university Nexys4 1-11

xup@xilinx.com
@ ~anvrinht 2N1A4 Yilinv



Lab1orkbook

. labl - [C:/Users/karshi01/Desktop/Workshop/USB/Full Material - V2/P6/Lab Part1/FPGA/labl/lablxpr] - Vivado 2013.4

File Edit Flow Tools Window Layout View Run Help

A~ 3 P D ¥ B K| X (@ [Soefultiayout - N KRy b 0w v |uz Il @
Flow Navigator «| | Behavioral Simulation - Functional - sm_1 -lab1_th
Q<= Scopes. —Oe x Objects —Oe x

A @eEHGE@Ewa
4 Project Manager

@ Name Design Unit

A )00 ) 161 B

Block Type Name Value Data Type

3+ = L flabl th |Verilog Module & RESET 0 Logic
T T @ @dt  AMBLESYS  VerlogModule b ax 0 Logic
£F P catalog @bl gbl Verilog Module - LED[7:0] 01010101 Array

% LOCKUP. 0 Logic

4 [P Integrator

#; Create Block Design

4 Simulation
&5 Smulation Settings
(@ Run Smulation
%, Scope | & Sources

4 RTL Analysis
(5® Open Elaborated Design Simulation Scope Properties —oex
L)
%
4 Synthesis i
5 Synthesis Settings
& Run Synthesis Name: flab1_tb
P Designunit: lab1_th
Block type: Verlog Modue
4 Implementation File: C:/Userskarshi0 1 /Deskiop Workshop IS8 Ful Materid

5 Implementation Settings

[» Run Implementation

Td Console
4 Program and Debug -

15 Bitstream Settings e
¥ Generate Bitstream

{@® Open Hardware Manager

)<‘

»

b1_tb_behav' loaded.

4

@ aeLTE 15,y x [ Untitied 1 X1

& LOCKUP

; elapsed = 00:00:06 . Memory (¥B): peak = 913.074 ;
INFO: [Vivado 12-1395] XSim completed. Design snaps!
@l| Claunch xsim: Time (s): cpu = 00:00:11 ; elapsed = 00:01:26 . Memory (MB): peak = 913.074 ; gain = 0.000

gain = 0.000

2 Td Console Messages | [ Log

Figure 16. Simulator output

You will see several buttons next to the waveform window which can be used for the specific
purpose as listed in the table below.

Table 1: Various buttons available to view the waveform

Waveform options
Save the waveform
Zoom In

Zoom Out

Zoom Fit

Zoom to cursor
Goto Time 0

Go to Last Time
Previous Transition
Next Transition
Add Marker
Previous Marker
Next Marker

Swap Cursors
Snap to Transition

LR |&ERLRIEIY

Al

2-3-2. Click on the Zoom Fit button (E”": ) to see the entire waveform.

You can also float the simulation waveform window by clicking on the Float button on the upper
right hand side of the view. This will allow you to have a wider window to view the simulation
waveforms. To reintegrate the floating window back into the GUI, simply click on the Dock

Window button.

Nexys4 1-12
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O X

99 ns. -

Figure 18. Float Button

— @ ol X

I .
Figure 19. Dock Window Button

2-4. Change the display format if desired.

2-4-1. Select the LED[7:0] in the waveform window, right-click, select Radix, and then select
Hexadecimal.

2-5. Add more signals to monitor the lower-level signals. and continue to run
the simulation for 500 ns.
2-5-1. Expand the lab1_tb > dut and select the u_cortexm0ds instance in the Scopes.

Many signals including AHBLITE interface and internal processor registers will be displayed in the
Objects window.

(v XI LI NX www.xilinx.com/support/university Nexys4 1-13
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Scopes = (B Objects = [
Qs @eEclEawa A chilcla 6816
Name Design Unit Block Type Name Data T... Value
—- @ lab1_tb lab1_tb Verilog Mo... 43 HCLK Logic 0
| B8 dut AHBLITE_SYS Verilog Mo... ~[f) HRESETn Logic 1
s [ @ HADDR[31:0] Array  XOOOOKKKX...
-9 u_logic cortexm0ds_... Verilog Mo... [+ @ HBURST[2:0] Array 000
9 uAHBDCD AHBDCD Verilog Mo... 8 HMASTLOCK  Logic 0
@ uAHBMUX  AHBMUX Verilog Mo... [+ HPROT[3:0] Array  XX1X
-4} UAHB2MEM  AHB2MEM Verilog Mo... [+ HSIZE[2:0] Array 0XX
----- @ UAHB2LED  AHB2LED Verilog Mo... [+ HTRANS[1:0] Array X0
----- @ glbl glbl Verilog Mo... [+ @ HWDATA[31... Array XOOCOCKKK. ..
-8 HWRITE Logic X
[+ HRDATA[31:0] Array ~ 110111101...
({1 HREADY Logic 1
~(f1 HRESP Logic 0
1) NMI Logic 0
[+ IRQ[15:0] Array  000000000...
-8 TXEV Logic X
) RXEV Logic 0
(8 LOCKUP Logic X
-8 SYSRESETR... Logic X
L i SIFEPING logic X
.. Scope L& Sources ’ [+2§ cm0_r00[31... Array XOOCOCKKK. ..
""""" 3§ cm0_r01[31... Array  X0CO0CKX...
Simulation Scope Properties — 0O X |3 cm0_r02[31... Array  X000KKX....
* ..’@IQ 3§ cm0_r03[31... Array  X0CO0CKX...
[+3§ cm0_r04[31... Array XOOOOKKK....
@ u_cortexm0ds (3% cm0_r05[31... Array  X000000KX...
[+%§ cm0_r06[31... Array XOOOOKKK....
Name: /lab1_tb/dut/u_cortexm0ds 3§ cm0_r07[31... Array  XO000KKX...
Design unit: CORTEXMODS E:j% cm0_r08[31... Array XOCOOCKK. ..
) 3§ cm0_r09[31... Array  X0CO0CKX...
Block type:  Verilog Module % cm0_r10[31... Array  XOO00O0KX...
File: C:/xup/SoC Workshop/P6/FPGA/labl/labl.{| |G3§ cm0_r11[31... Array XOOCOOKX. ..
[+3§ cm0_r12[31... Array XOOOOKKK....
[+ cm0_msp[3... Array XOOOOOKKK. ..
[+2§ cm0_psp[31... Array XOOCOCKKK. ..
3§ cm0_r14[31... Array  X0CO0CKX...
[+3§ cm0_pc[31:0] Array XOOOOKKK....
«| = | S GE}-?@: cm0_xpsr[3... Array XXXX000X....
[+}%§ cm0_control... Array 000000000...

Figure 20. Selecting lower-level signals

2-5-2. Select the objects (H* and cm0_*) as shown in the above figure and drag them into the waveform

window to monitor those lower-level signals.

2-5-3. Select the added signals in the waveform window and change their radix to Hexadecimal.

2-5-4.

2-5-5.

2-5-6.

2-5-7.

Close the simulator by selecting File > Close Simulation.

Click on Run Simulation > Run Behavioral Simulation.

Click on the Zoom Fit button and see various signals, bus activities.

Click OK and then click Yes to close it saving the waveform as untitled_1.
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& RESET
la CLK
| k= " LED(7:0]
& LOCKUP
" HADDR[31:0]
" HBURST([2:0]
& HMASTLOCK

"{}f ®# HTRANS[1:0]
EX ™ HWDATA[31:0]
» HWRITE
E¥ "4 HRDATA[31:0]
n HREADY
n HRESP
E¥-™ cm0_r00[31:0]
EE-™ cm0_r01[31:0]
™ cm0_r02[31:0]
™ cm0_r03[31:0]
™ cm0_r04[31:0]
E¥-™ cm0_r05[31:0]
¥ ™ cm0_r06[31:0]
™ cm0_r07[31:0]
™ cm0_r08[31:0]
E¥-™ cm0_r09[31:0]
EE-™ cm0_r10[31:0]
™ cm0_r11[31:0]

1,000.000 ns

0000008c

00f7ffo0
0
difdie40
1

0

002ffff7
50000000

Figure 21. Simulation output

2-5-8. You may want to use zoom in into the simulation window and analyze the output.

2-5-9. Now groups AHB-Lite signals to see the AHB-Lite transactions

Address & Control:

Write Data:
Read Data

Slave Response

2-5-10.

# RESET
I"Yelq
BN [ ™ LED[7:0]
l oo

n HOK
i HRESETn

HADDR, HTRANS, HWRITE,
HWDATA,

HRDATA,

HREADY

You should now be able to see the AHB-Lite transactions happening like below

00000055
50000000
00000084
50000000

Read Transaction Write Transaction

& XILINX.
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2-5-11. Close the simulator by selecting File > Close Simulation.
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Synthesize the Design Step 3

3-1.

Synthesize the design with the Vivado synthesis tool and analyze the
Project Summary output.

3-1-1. Make sure you have compiled your software and generated the code.hex in LabPart2/Software
folder

3-1-2. Open the project Lab Part2/FPGA/Nexys4/Nexys4.xpr

3-1-3. Click on Run Synthesis under the Synthesis tasks of the Flow Navigator pane.
The synthesis process will be run on the AHBLITE_SYS.v file and all its hierarchical files. When
the process is completed a Synthesis Completed dialog box with three options will be displayed.

3-1-4. Select the Open Synthesized Design option and click OK as we want to look at the synthesis
output before proceeding to the implementation stage.
Click Yes to close the elaborated design if the dialog box is displayed.

3-1-5. Select the Project Summary tab and understand the various windows.
If you don’t see the Project Summary tab then select Layout > Default Layout, or click the
Project Summary icon z .
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Project Summary — 0O a X
A
3| Pproject Settings Edit 2
=
| Project name: lab1

Product family: Artix-7

_ Device, project name,
. S -

Project part xc7a100tcsg324-1 and top-level module
Top module name: AHBLITE SYS

Synthesis 2  Implementation A
Status: W/ Complete Status: =) Not started Implementation
Messages: () 174 warnings Synthesis Messages: No errors or warnings  not yet started
Part: Xc7a100tcsg324-1 completed Part: Xc7a100tcsg324-1

Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults

Incremental Compile: None

Summary | Route Status

DRC Violations A  Timing S
DRC information is not available because it hasn't been run Timing information is not available because it hasn't been run
Utilization o . 2  Power S

Utilization in
graph form
FF 1%
LuT 5%
Memory LUT 4 1%
1/0 5%
BUFG 6% Power information is not available because it hasn't been run
0 25 S50 75 100

Estimated Utilization (%)
Select between graph

and table form
Post-Synthesis | Post-Implementation

Graph | Table

Figure 22. Project Summary view

Click on the various links to see what information they provide and which allows you to change
the synthesis settings.

3-1-6. Click on the Table tab in the Project Summary tab.

Notice that there are an estimated 850 FFs, 3124 LUTs, one BUFG, and 11 IOs (2 input and 9
output) are used.

Resource Estimation Available Utilization %
FF 850 126800 1
LUT 3124 63400 5
Memory LUT 128 19000 1
1/0 11 210 5
BUFG 2 32 6
Graph | Table

Figure 23. Resource utilization estimation summary

3-1-7. In The Flow Navigator, under Synthesis (expand Synthesized Design if necessary), click on
Schematic to view the synthesized design in a schematic view.
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Figure 24. Synthesized design’s schematic view

Notice that IBUFs and OBUFs are automatically instantiated (added) to the design as the input
and output are buffered.

Using Windows Explorer, verify that lab1.runs directory is created under lab1. Under the runs
directory, synth_1 directory is created which holds several files related to synthesis.

4 P6
4 FPGA
4 labl
labl.data
4 labl.runs
Jobs
labl.sim

labl.srcs

Figure 25. Directory structure after synthesizing the design

Implement the Design Step 4

4-1. Implement the design with the Vivado Implementation Defaults (Vivado
Implementation 2013) settings and analyze the Project Summary output.

4-1-1. Click on Run Implementation under the Implementation tasks of the Flow Navigator pane.

The implementation process will be run on the synthesized design. When the process is
completed an Implementation Completed dialog box with three options will be displayed.

4-1-2. Select Open implemented design and click OK as we want to look at the implemented design in
a Device view tab.

4-1-3. Click Yes, if prompted, to close the synthesized design.
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4-1-4,

4-1-5.

4-1-6.

The implemented design will be opened. Click OK to see the device view.

In the Netlist pane, select one of the nets (e.g. n_1_uAHB2LED) and notice that the net displayed

in the X1Y1 clock region in the Device view tab (you may have to zoom in to see it).

o0
D_]._u

If it is not selected, click the Routing Resources icon : to show routing resources.

Netlist
= |[E
3] AHBLITE_SYS
=] Nets (173
+-I HADDR (29
+-J- HRDATA (32
+-J- HRDATA_MEM (32
+-I HSIZE (2
<7 LED (8
+-I MUX_SEL (4
407 u_logic/Fti3z4 (2
I <const0>
I <const1>
I CK
I clk_div
I CLK_IBUF
I CLK_IBUF_BUFG
I HCLK
I HSEL
I HWRITE
I LOCKUP
I n_0_clk_div_i_1
I n_0_u_cortexm0ds
T n_0_uAHBMUX
I n_1_u_cortexm0ds
N n_1_uAHB2LED)
I n_1_uAHB2MEM
L 1

RLIYIN

Z Project Summary X & Device X @ AHBLITE_SYS.v X | 3 Nexys4_Master.xdc X | @ labl_tb.v X | @ AHB2LED.v X | @ AHB2BRAM.v X
. - o . ' . o .

& Sources | L Netlist

Figure 26. Viewing implemented design

Close the implemented design view and select the Project Summary tab (you may have to
change to the Default Layout view) and observe the results.

Select the Post-Implementation tab.

Notice that the actual resource utilization is three LUTs and 16 10s. Also, it indicates that no
timing constraints were defined for this design (since the design is combinatorial).
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Project Summary -0 ax
“3| Project Settings Edit %
| Project name: lab1

Product family: Artix-7

Project part: Xc7a100tcsg324-1

Synthesis

DRC Violations

Utilization

Top module name: AHBLITE SYS

Status: f Complete

Messages: (@ 174 warnings

Part: Xxc7a100tcsg324-1
Strategy:  Vivado Synthesis Defaults

Summary: @ 0 errors
® 0 critical warnings
9 4 warnings

@ 0 advisories

2  Implementation

Status:

Messages:

Part:

Strategy:
Incremental Compile:

f Complete
9 1 warnin
Xc7a100tcsg324-1

Vivado Implementation Defaults
None

Summary  Route Status

2 Timing
Timing information is not available because it hasn't been run
Y
2 Power
Total On-Chip Power: 0.108 W
Junction Temperature: 25.5°C

Thermal Margin:
Effective §JA:

59.5 °C (12.9 W)
4.6 °C/W

Power supplied to off-chip devices: 0 W

Confidence level:

FFq 19
LUT
Memory LUT 4 1%
1/0
BUFG
Graph | Table
h P

y

50 75 100
Utilization (%)

Summary | On-Chip

Medium

Figure 27. Implementation results

Using the Windows Explorer, verify that impl_1 directory is created at the same level as synth_1
under the lab1_runs directory. The impl_1 directory contains several files including the
implementation report files.

4-1-7. In Vivado, select the Reports tab in the bottom panel (if not visible, click Window in the menu bar
and select Reports), and double-click on the Utilization Report entry under the Place Design
section. The report will be displayed in the auxiliary view pane showing resource utilization. Note
that since the design is combinatorial no registers are used.
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[
Reports
aQ Name Modified Size
5
wa |} Synth Design (synth_design)
-~ Vivado Synthesis Report 4/10/14 7:54 AM 48.9 KB
Utilization Report 4/10/14 7:54 AM 6.0 KB
& Place Design (place_design)
[3 vivado Implementation Log 4/10/14 8:10 AM 20.4 KB
310 Report 4/10/14 8:09 AM 75.6 KB
|3 Clock Utilization Report 4/10/14 8:09 AM 9.0 KB
Control Sets Report 4/10/14 8:09 AM 6.3 KB
""" “-[A Incremental Reuse Report
& Route Design (route_design)
[3) Vivado Implementation Log  4/10/14 8:10 AM 20.4 KB
3 DRC Report 4/10/14 8:10 AM 7.2 KB
[2) Power Report 4/10/14 8:10 AM 9.4 KB
0.6 KB

: j Route Status Report 4/10/14 8:10 AM

AIAOIA A DadO ARA

4 = n

BTd Console l  Messages [ =) Log 2 Reports |

% Design Runs

2510. Instantiated Netlists

26
271. Slice Logic
28 —————————————e
29
30+ + + + + +
311 Site Type | Used | Loced | Available | Util$ |
32+ + + + + +
33 | Slice LUTs | 3027 | 0| 63400 | 4.77 |
34 | LUT as Logic | 2899 | 0| 63400 | 4.57 |
35| LUT as Memory | 128 | 0| 19000 | 0.867 |
36 | LUT as Distributed RAM | 128 | 0| | |
371 LUT as Shift Register | 01 01 | |
38 | Slice Registers | €50 | 0| 126800 | 0.87 |
39| Register as Flip Flop | 850 | 0| 126800 | 0.867 |
40 | Register as Latch | 0| 0| 126800 | 0.00 |
41 | F7 Muxes | 73 | 0| 31700 | 0.23 |
42 | F& Muxes | 32 | 01 15850 | 0.20 |
43 + + + + + -
44
Figure 28. Viewing utilization report
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Generate the Bitstream and Verify Functionality Step 5

5-1.

Connect the board and power it ON. Generate the bitstream, open a
hardware session, and program the FPGA.

5-1-1. Make sure that the Micro-USB cable is connected to the JTAG PROG connector (next to the
power supply connector).
5-1-2. Make sure that the JP3 is set to select USB power.
ey ‘ @
\ mfi%@ | m
Gm 2 n% oo
O|preb -
{ JTAG Programmlng O PGE°
,.':
Figure 29. Board connection
5-1-3. Power ON the switch on the board.
5-1-4. Click on the Generate Bitstream entry under the Program and Debug tasks of the Flow
Navigator pane.
The bitstream generation process will be run on the implemented design. When the process is
completed a Bitstream Generation Completed dialog box with three options will be displayed.
Bitstream Generation Completed lﬁ
::' Bitstream Generation successfully completed.
Next
() View Reports
@) Open Hardware Manager
(") Launch iMPACT
|| Don't show this dialog again
[ oK ] [ Cancel
Figure 30. Bitstream generation
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This process will have generated a AHBLITE_SYS.bit file under impl_1 directory in the
lab1.runs directory.

5-1-5. Select the Open Hardware Manager option and click OK.

The Hardware Manager window will open indicating “unconnected” status.

5-1-6. Click on the Open a new hardware target link.
You can also click on the Open recent target link if the board was already targeted before.

\ Hardware Session - unconnected i
@ No hardware target is open. Open recent target |Open a new hardware targetl

Figure 31. Opening new hardware target

5-1-7. Click Next to see the Vivado CSE Server Name form.

5-1-8. Click Next with the localhost port selected.

The JTAG cable which uses the Xilinx_tcf should be detected and identified as a hardware target.
It will also show the hardware devices detected in the chain.

¢~ Open New Hardware Target [&]
Select Hardware Target :
Select a hardware target from the list of available targets on the Vivado CSE Server ‘ﬂ/

(vcse_server).

Hardware Targets
Type Port  ESN

| Ixilinx_tcf|  |Digilent/210274992934A

Hardware Devices

Name ID Code IR Length
& XC7A100T_0 03631093 6

Server: localhost:60001, Version: 20

< Back “ Next > i Finish

Figure 32. New hardware target detection

5-1-9. Click Next twice and then Finish.

The Hardware Session status changes from Unconnected to the server name and the device is
highlighted. Also notice that the Status indicates that it is not programmed.
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Hardware Manager - localhost/xilinx_tcf/Digilent/210274992934A

@ There are no debug cores. Program device Refresh device

Hardware — 0O X
az=Er»E

Name Status

=t B localhost (1) Connected

=+ @e xilinx_tcf/Digilent/210274992934A ... Open

@ XC7ZA100T_0 (0) (active) Not programmed
< | I | » O

@ Hardware { % Templates ’

Figure 33. Opened hardware session

5-1-10.
file in the General tab.

\ Hardware Manager - localhost:60007/xilinx_tcf/Digilent/210274992934A

@) There are no debug cores. Program device Refresh device

Hardware — 0O X
Qaz=Er»E
Name Status
= B localhost:60007 (1) Connected
& xili cf; Open
@ Hardware 7 Templates |
— 0O 2 X

Hardware Device Properties

« > %5

& xc7a100t_0

Name: Xc7al100t_0
Part: Xc7a100t
1D code: 03631093
IR length: 6

Is programmable

Programming file:

Probes file:

User chain count: 4

C:/xup/SoC_Workshop/P6/FPGA/lab1/labl.runs/impl_1/debug_nets.Itx

[ c:/xup/SoC_workshop/P6/FPGA/lab1/labl.runs/impl_1/AHBLITE_SYS.bit| [ -]

=

Properties |

Figure 34. Programming file

5-1-11.
XC7A100T_0 link to program the target FPGA device.

Select the device and verify that the AHBLITE_SYS.bit is selected as the programming

Right-click on the device and select Program Device... or click on the Program device >
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Hardware Manager - localhost/xilinx_tcf/Digilent/210274992934A

() There are no debug cores. |Program device | Refresh device

Hardware = O " Debug Probes =
QX =|E(M»E QI S|E
Name Status

= B localhost (1 Connected

@e xilinx_tcf/Digilent/210274992934A ... Open

@ Hardware Device Properties... Ctrl+E

< I

Assign Programming File...

@ Hardware | ¥ Templates @ |Program Device
Hardware Device Properties @ Refresh Device
« = P35

& XC7A100T 0 Export to Spreadsheet...

Figure 35. Selecting to program the FPGA

5-1-12. Click OK to program the FPGA.

The DONE light will light when the device is programmed. You may see LEDs toggling if the
SW15 switch position is OFF (down position).

5-1-13. Turn ON the SW15 switch (up position) which will put the CPU in a reset state and you
won'’t see the LEDs toggling.

5-1-14. Turn OFF the SW15 switch which will put the CPU in a run state and you will see the
LEDs toggling.

5-1-15. When satisfied, power OFF the board.

5-1-16. Close the hardware session by selecting File > Close Hardware Manager.
5-1-17. Click OK to close the session.

5-1-18. Close the Vivado program by selecting File > Exit and click OK.
Conclusion

The Vivado software tool can be used to perform a complete design flow. The project was created using
the supplied source files (HDL model and user constraint file). A behavioral simulation using the provided
testbench was done to verify the model functionality. The model was then synthesized, implemented, and
a bitstream was generated. The functionality was verified in hardware using the generated bitstream.
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