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Implementing the Design

Introduction

This lab continues with the previous lab. You will perform static timing analysis. You will implement the
design with the default settings and generate a bitstream. Then you will open a hardware session and
program the FPGA. You will use on-board UART of the Nexys4 DDR, the Basys3, or the Nexys Video
board to validate your design.

Objectives

After completing this lab, you will be able to:

e Implement the design

e Generate various reports and analyze the results

¢ Run static timing analysis

e Generate bitstream and verify the functionality in hardware

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.

General Flow

Step 1: Step 2: Step 3: Step 4:

Open a Implement Generate the Verify the
Vivado the Design Bitstream Functionality
Project using

IDE

In the instructions below;
{sources} refers to: C:\xup\fpga_flow\2016_2_artix7_sources
{labs} refers to : C:\xup\fpga_flow\2016_2_artix7_labs

Board support for the Basys3, Nexys4 DDR, Nexys Video is not included in Vivado 2016.2 by default. The
relevant zip files need to be extracted and saved to: {Vivado installation\data\boards\board_files\.

These files can be downloaded either from the Digilent, Inc. webpage
(https://reference.digilentinc.com/vivado/boardfiles2015) or the XUP webpage
(http://www.xilinx.com/support/university/vivado/vivado-workshops/Vivado-fpga-design-flow.html ) where
this material is also hosted.

i www.xilinx.com/support/university Artix7 3-1
t‘ Xl LINX Xup@xilinx.com

© copyright 2016 Xilinx



Lab Workbook Implementing the Design

Open a Vivado Project using IDE Step 1

1-1.

Launch Vivado and open the lab2 project. Save the project as lab3 in the
{labs} directory making sure that the create subdirectory option is selected.
Set the flatten_hierarchy setting to rebuilt. Create new synthesis run
naming it as synth_2.

1-1-1. Start the Vivado if necessary and open either the lab2 project (lab2.xpr) you created in the
previous lab or the lab2 project in the labsolution directory using the Open Project link in the
Getting Started page.

1-1-2. Select File > Save Project As ... to open the Save Project As dialog box. Enter lab3 as the
project name. Make sure that the Create Project Subdirectory option is checked, the project
directory path is {labs} and click OK.

1-1-3. Click on the Synthesis Settings in the Flow Navigator pane.

1-1-4. Make sure that the flatten_hierarchy is set to rebuilt, which allows the design hierarchy to be
preserved for synthesis, and then rebuilt which is more useful for design analysis because many
logical references will be maintained.

¢ Project Settings PY
} \ Synthesis
@ Constraints
E?Teral Default constraint set: | & constrs_1 (active) ~
Il:“'“)\ Options
Simulation
T Strategy: A Vivado Synthesis Defaults (Vivado Synthesis 2016) - | [
&
e Description:
Elaboration
= Synth Design (vivado) =
@ tel.pre =
Synthesi tcl.post @)
_E== -flatten_hierarchy h
D -gated_clock_conversion off > (=
Implementation -bufg 12
-%—} -fanout_limit 10,000
;OT‘I -directive Default -
Bitstream -retiming
B -fsm_extraction auto -
3 F -keep_equivalent_registers
P -resource_sharing auto -
-control_set_opt_threshold auto -
-no_lc =
Select an option above to see a description of it
? OK | | Cancel Apply
Figure 1. Setting hierarchy to rebuilt

1-1-5. Click OK.

A Create New Run dialog box will appear asking you if a new run should be created. Click Yes
and then OK to create the new run with synth_2 name.
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1-2.

1-2-1.

1-2-2.

1-2-3.

1-2-4.

1-2-5.

1-2-6.

Synthesize the design. Generate the timing summary and analyze the
design.

Click on Run Synthesis under the Synthesis tasks of the Flow Navigator pane.

The synthesis process will be run on the uart_led.v and all its hierarchical files. When the
process is completed a Synthesis Completed dialog box with three options will be displayed.

Select the Open Synthesized Design option and click OK as we want to look at the synthesis
output.

Click on Report Timing Summary under the Synthesized Design tasks of the Flow Navigator
pane.

Leave all the settings unchanged, and click OK to generate a default timing report, timing_1.

Timing - Timing Summary - timing_1
Az 20t

-~General Information » [ .
B Settings Setup Hold Pulse Width

-

Design Timing Summary

n Timing Summary

d Waorst Negative Slack (WNS): -6.001 ns Worst Hold Slack (WHS): -1.540 ns ‘Worst Pulse Width Slack (WPWS): 4.500 ns

kS 2

Ehec”km.rr?;‘r:g / | Total Negative Slack (TNS):  -47.939 ns Total Hold Slack (THS): -3.051 ns Total Fulse Width Negative Slack (TFWS): 0.000 ns

Intra-Clock Paths i Number of Failing Endpoints: & Humber of Failing Endpoints: 2 Number of Failing Endpoints: i]

#-Inter-Clock Paths Total Number of Endpoints: 104 Total Number of Endpoints: 104 Total Number of Endpoints: 49
~Qther Path Groups
-User Ignored Paths — Timing constraints are not met.
'+ Uncenstrained Paths b
Timing y.-. timing_1

2 Td Console | © Messages & Log I Reports (& Timing | < Design Runs [

Figure 2. Timing report for the Nexys4 DDR

Timing - Timing Summary - timing_1

a, CZ_J. 31' 4= =p ? @ j 4 Design Timing Summary
General Information -
imer Settings Setup Hold Pulse Width
an T Worst Negative Slack (WNS): -5.924 ns Worst Hold Slack (WHS): -1.527 ns Worst Pulse Width Slack (WPWS): 4.500 ns
I C;nzl;esskm_rr?;:r:g 1 i Total Negative Slack (TNS):  -47.227 ns Total Hold Slack (THS): -3.026 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
ntra-Clock Paths I Humber of Failing Endpoints: 8 Number of Failing Endpoints: 2 Number of Failing Endpoints: 0
E-Inter-Clock Paths Total Number of Endpoints: 104 Total Number of Endpoints: 104 Total Number of Endpaints: 49

~Other Path Groups

_~User Ignored Paths Timing censtraints are not met.
[+Unconstrained Paths Bl

Timing Summary - timing_1
Figure 2. Timing report for the Basys3

Timing - Timing Summary - timing_1

AT EeE=p 22T 4 Design Timing Summary
+General Information N :
Setup Hold Pulse Width
Worst Negative Slack (WNS): -5.379 ns Worst Hold Slack (WHS): -1.538 ns Worst Pulse Width Slack (WPWS): 4.500 ns
B Total Negative Slack (TNS):  -42.758 ns Total Hold Slack (THS): -3.009 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
T Number of Failing Endpoints: 8 Number of Failing Endpoints: 2 Number of Failing Endpoints: 0
Total Number of Endpoints: 104 Total MHumber of Endpoints: 104 Total Number of Endpoints: 49

Other Fath Groups

- User Ignored Paths Timing constraints are not met.
F-Unconstrained Paths T

Timing Summary - timing_1
2 Td Console | © Messages | [ Log | 2 Reports' 5 Timing | 3> Design Runs | ¥ Debug

Figure 2. Timing report for the Nexys Video
Click on the link beside the Worst Negative Slack (WNS) and see the 8 failing paths.

Double-click on the Path 23 to see a detailed view of the path. The path report shows four
sections: (i) Summary, (ii) Source Clock Path, (iii) Data Path, and (iv) Destination Clock Path.
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1-2-7. Select Path 23 in the timing summary panel, or the Path summary view, right-click, and select
Schematic.

The schematic for the output data path will be displayed.

led_ctl_i0
Vg ™
N led_o_reg[1]
—>C
. led_pins_OBUF[1]_inst
—CE Q[7:0] I™~_0 . )
s Q _ I »led_pins[7:0]
OBUF
FDRE
A Iy
led_ctl

Figure 3. The output data path

1-2-8. In order to see how the Source Clock Path is made up in schematic form, double-click on left end
of the C pin of the FDRE in the schematic.

This will show the net between the BUFG and C port of the FDRE.

1-2-9. Similarly, double-click on the left end of the BUFG to see the path between IBUF and BUFG.

led_ctl_i0
-]
clk_pin_IBUF_inst clk_pin_IBUF_BUFG_inst led o rag[1]
I 0] I o] CLK
c
TBUF BUFG —cE qQr7:01
Q
b
|
FDRE
led_ctl

Figure 4. Source to clock port of the FDRE

1-2-10. Finally, double-click on the input pin of IBUF to see the path between the clock input pin and the
IBUF.

Artix7 3-4 www.xilinx.com/support/university i
Xup@xilinx.com i‘ Xl LINX‘
© copyright 2016 Xilinx



Lab Workbook Implementing the Design
led_ctl_i0
- |
clk_pin_IBUF_inst clk_pin_IBUF_BUFG_inst led_o_reg(1]
ck_pin I o) ID 0 CLK c
IBUF BUFG —{ce
Q
—o
—r
FDRE
led_ctl

Figure 5. The schematic view of the source clock path

This corresponds to the Source Clock Path in the timing report.

Source Clock Path

Delay Type

net (fo=0)

IBUF (Fro

BUEG (Pro

FDRE

(clock clk_pin rise edge)

ibuf 1 O
net (fo=1, unplaced)

bufg I O
net (fo=48, unplaced)

Incr (ns)  Path (ns)  Location
(r) 10.000 10.000

(r) 0.000 10.000 Site: E3
0.000 10.000

Site: E3

(r)1.482 11.482 Site: E3
0.803 12.285
(r) 0.0%96 12.381
0.584 12.965

Metlist Resource(s)

- clk_pin

A elk_pin

@ clk_pin_IBUF_inst/I

d clk_pin_IBUF_inst/O

A" clk_pin_IBUF

D clk_pin_IBUF_BUFG_inst/T
d clk_pin_IBUF_BUFG_inst/O
A" led_ctl_io/CLK

¥ led_ctl_i0fled_o_reg[1]/C

Figure 6. The source clock path for the Nexys4 DDR

Source Clock Path

Delay Type

(clock clk_pin rise edge)

net (fo=0)

IBUF (Prop ibuf I O

net (fo=1, unplaced)

BUEG (Pro

FDRE

bufg T O
net (fo=48, unplaced)

Incr (ns)  Path (ns)  Location
(r) 10.000 10.000

(r) 0.000 10.000 Site: W5
0.000 10.000

Site: W5

(r) 1.458 11.458 Site: W5
0.800 12.258
(r) 0.096 12.354
0.584 12.938

Metlist Resource(s)

Cr clk_pin

A clk_pin

D clk_pin_IBUF_inst/T
 clk_pin_IBUF_inst/O

" clk_pin_IBUF

@ clk_pin_IBUF_BUFG_inst/I
 clk_pin_IBUF_BUFG_inst/O
A" led_ctl_in/CLK

@ led_ctl_i0fled_o_reg[1]/C

Figure 6. The source clock path for the Basys3

Source Clock Path

Delay Type

(clock clk_pin rise edge)

net (fo=0)

IBUF (Prop ibuf 1 O
net (fo=1, unplaced)

BUFG (Fro

FDRE

bufg I O
net (fo=48, unplaced)

Incr (ns)  Path (ns)  Location
(r) 10.000 10.000

(r) 0.000 10.000 Site: R4
0.000 10.000

Site: R4

(r) 1.475 11.475 5Site: R4
0.800 12.275
(r) 0.096 12.371
0.584 12,955

Metlist Resource(s)

Cr ck_pin

A clk_pin

@ ck_pin_IBUF_inst/T

d clk_pin_IBUF_inst/O

A elk_pin_IBUF

@ clk_pin_IBUF_BUFG_inst/T
4 clk_pin_IBUF_BUFG_inst/0
A led_ctl_in/CLK

@ led_ctl_i0/led_o_reg[0]/C

Figure 6. The source clock path for the Nexys Video

Since the virtual clock is slower (12 ns) than the clk_pin period (10 ns), the data path delay
includes the clock period of the clk_pin clock source.
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Source Clock Path

Delay Type
(clock clk_pin rise edge)

net (fo=0)

IBUF (Prop ibuf T O
net (fo=1, unplaced)

BUFG (Prop bufg 1 O
net (fo=48, unplaced)

Incr (ns)  Path (ns)  Location
(r) 10,000 10,000
(r) 0.000 10.000 Site: E3

0.000 10.000
Site: E3
(r) 1.482 11.482 Site: E3
0.803 12.285

r) 0.096 12.381
n
0.584 12.965

Hetlist Resource(s)

Cr clk_pin

A elk_pin

D clk_pin_IBUF_inst/T

«d clk_pin_IBUF_inst/O

A" elk_pin_IBUF

D clk_pin_IBUF_BUFG_inst/T
«d clk_pin_IBUF_BUFG_inst/O
A led_ctl_in/CLK

clock pessimism
clock uncertainty
output delay

Required Time

ideal clock network latency

0.000 12.000
0.000 12.000

-0.025 11.975
-0.000 11.975
11.975

FDRE O led_ctl_io/led_o_reg[7]/C
Data Path
Delay Type Incr (ns)  Path (ns) Location  Netlist Resource(s)
EDRE (Prop fdre C Q) (r) 0.478 13.443 d led_ctl_i0/led_o_reg[71/Q
net (fo=1, unplaced) 0.803 14.246 /" led_pins_QBUF[7]

Site: Ul6  D» led_pins_OBUF[7]_inst/T
OBUF (Prop cbuf I O (r)3.730 17.976 Site: U16  <d led_pins_OBUF[7]_inst/O
net (fo=0) 0.000 17.976 A" led_pins[7]

Site: Ul <d led_pins[7]
Arrival Time 17.976
Destination Clock Path
Delay Type Incr (ns)  Path (ns)  Location  Metlist Resource(s)
(clock virtual_clock rise edge)  (r) 12.000 12.000

Figure 7. Worst failing path for the Nexys4 DDR

Source Clock Path

Delay Type Incr (ns)  Path (ns)  Location  Metlist Resource(s)
(clock clk_pin rise edge) (r) 10.000 10.000
(r) 0.000 10.000 Site: W3 [ clk_pin

net (fo=0) 0.000 10.000 A clk_pin

Site: W5 [ clk_pin_IBUF_inst/I
IBUF (Prop ibuf T O (r)1.458 11.458 Site: W5 < clk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.800 12.258 " clk_pin_IBUF

[ clk_pin_IBUF_BUFG_inst/I

BUFG (Prop bufg I O (r) 0.096 12.354 «d clk_pin_IBUF_BUFG_inst/O
net (fo=48, unplaced) 0.584 12.938 A led_ctl_in/CLK
FDRE @ led_ctl_i0/led_o_reg[1]/C
Data Path
Delay Type Incr (ns)  Path (ns) Location  Metlist Resource(s)
EDRE (Prop fdre C Q) (r) 0.456 13.394 d led_ctl_io/led_o_reg[1]/Q
net (fo=1, unplaced) 0.800 14.194 " led_pins_OBUF[1]

Site: E19 [ led_pins_OBUF[1]_inst/T
OBUF (Prop obuf 1 O (r) 3.705 17.899 Site: E19 <0 led_pins_OBUF[1]_inst/O
net (fo=0) 0.000 17.899 A" led_pins[1]

Site: E19 O led_pins[1]
Arrival Time 17.899
Destination Clock Path
Delay Type Incr (ns)  Path (ns)  Location  Metlist Resource(s)
(clock virtual_clock rise edge)  (r) 12.000 12.000
ideal clock network latency 0.000 12.000
clock pessimism 0.000 12.000
clock uncertainty -0.025 11.975
output delay -0.000 11.975
Required Time 11.975

Figure 7. Worst failing path for the Basys3
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Source Clock Path

Delay Type Incr (ns)  Path (ns)  Location  Netlist Resource(s)
(clock clk_pin rise edge) (r) 10.000 10.000
(r) 0.000 10.000 Site: R4 O clk_pin
net (fo=0) 0.000 10.000 A clk_pin
Site: R4 [ clk_pin_IBUF_inst/I
IBUE (Prop ibuf 1 O (r) 1.475 11.475 Site: R4 < clk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.800 12.275 /" clk_pin_IBUF

@ clk_pin_IBUF_BUFG_inst/I

BUFG (Prop bufg 1 O (r) 0.096 12.371 < clk_pin_IBUF_BUFG_inst/O
net (fo=48, unplaced) 0.584 12.955 A led_ctl_i0/CLK
FDRE O led_ctl_i0/led_o_reg[0]/C
Data Path
Delay Type Incr (ns)  Path (ns)  Location  Netlist Resource(s)
EDRE (Prop fdre C Q) (r) 0.456 13.411 < led_ctl_i0/led_o_reg[0]/Q
net (fo=1, unplaced) 0.800 14.211 /" led_pins_OBUF[0]
Site: T14 [ led_pins_OBUF[0]_inst/I
OBUF (Prop obuf 1 O (r)3.129 17.340 Site: T14 < led_pins_OBUF[0]_inst/O
net (fo=0) 0.000 17.340 /" led_pins[0]
Site: T14 <0 led_pins[0]
Arrival Time 17.340
Destination Clock Path
Delay Type Incr (ns)  Path (ns)  Location  Netlist Resource(s)
(clock virtual_clock rise edge)  (r) 12.000 12.000
ideal clock network latency 0.000 12.000
clock pessimism 0.000 12.000
clock uncertainty -0.025 11.975
output delay -0.000 11.975
Regquired Time 11.975

Figure 7. Worst failing path for the Nexys Video

1-3. Change the design constraint to constrain the virtual clock period to 10ns.

Re-synthesize the design and analyze the results.

1-3-1. Click Edit Timing Constraints under the Synthesized Design.

The Timing Constraints GUI will appear, showing the design has two create clocks, four inputs,
and one output constraints. It also shows the constraints in the text form in the All Constraints

section.

7 Schematic X | @ Path 23 - timing_1 X | £ Timing Constraints X

= | & Create Clack
(=1 Clacks (2] A 4 postion  ClockMame  Period (ns)  Rise At(ns)  Fallatins)  Add Clock
! a1 clk, 10,000 0,000 5,000
_pin . . i
Create Generated Clack (0] m—— . —
CRER T I
et Clock Lakency (0] - _ e

Double dlick b2 create & Creste Clock constraint
et Clock Uncertainty (1)

et Clock Groups (0)
et Clock Sense (0)
et Input Jitter (1)
ek System Jitker (0)
t..Get External Delay (0}
-Inputs (4]

St Input Delay (4]
[=-Outputs (1)

| L.Set Output Delay (1)
[ Assertions (11}

¢ ieSek Data Check (0)
=] Exceptions (0)

|1 Sek Case Analysis (0)
et False Path (0)

v
[ =

All Constraints

Qa, B8 uart_led_timing.xde (C:jxupfpoa_Flov/2015_2_artix_7 _labsilab3jlab3.srcsfconstrs_ fimports/lab2fuart_led_timing =dc)
£, 1. create_cock -perind 10,000 -name clk_pin -waveform £0.000 5,000} [get_ports ck_pin]

3. set_jinput_delay -clack clk_pin 0.0 [get_parts rxd_pin]

4. set_input_delay -clack clk_pin -min -0.5 [get_ports rxzd_pin]

5. set_input_delay -clock virtual_clock -max 0.0 [get_parts btn_pin]
6. set_jinput_delay -clock virtual_clack -min -0.5 [get_ports btn_pin]
7. set_output_delay -clock virtual_clock 0,0 [get_ports {led_pins[*]+]

¥ T
ERRRR

Saource Objects Source File Scoped Cell Current Instance
[get_parts ck_pin] uart_led_ti. .

e |

Figure 8. Timing Constraints showing 12 ns Virtual Clock period defined

1-3-2. Click in the Period cell of the virtual_clock and change the period from 12 to 10

virtual_clock [ |
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1-3-3.

1-3-4.

1-3-5.

1-3-6.

1-3-7.

1-3-8.

Click Apply.

Note that since the timing constraint has changed, a warning message in the console pane is

displayed to rerun the report.

(D Report is out of date because timing data has been modified. Rerun

Click on Rerun.

Notice that setup timing violations are gone. However, there are still 2 failing paths for the Hold.

Timing - Timing Summary - timing_1

QTEE=P227 4 Design Timing Summary
- General Information N
- Timer Settings Setip Hold
: Worst Negative Slack (WNS): 1.999 ns
Total Negative Slack (TNS):  0.000 ns
Number of Failing Endpoints: 0

Total Number of Endpoints: 104

‘Worst Hold Slack (WHS): -1.540 ns
Total Hold Slack (THS): -3.051 ns
Number of Failing Endpoints: 2

Total Number of Endpoints: 104

+Clock Summary (2

Check Timing (1
Intra-Clock Paths
[#-Inter-Clock Paths

+-Other Path Groups

*User Ignored Paths
[+-Unconstrained Paths
Timing Summary - timing_1

i}

Timing constraints are not met.

5 Tcl Console | & Messages | B Log [ Reports | G Timing | 3> Design Runs | & Debug [

Figure 9. Setup timing met for the Nexys4 DDR

Timing - Timing Summary - timing_2
ATEe» 220

+~General Information

4 Design Timing Summary

Setup Hold
Worst Negative Slack (WNS): 2.076 ns Worst Hold Slack (WHS): -1.527 ns
Total Negative Slack (TMS):  0.000 ns Total Hold Slack (THS): -3.026 ns

tra-Clock Paths

Number of Failing Endpoints: 0
Total Number of Endpoints: 104

Mumber of Failing Endpoints: 2
ter-Clock Paths

i -Other Path Groups

+User Ignored Paths

[#-Unconstrained Paths

Total Number of Endpoints: 104

Timing constraints are not met.

Timing Summary - timing_1 Timing Summary - timing_2

B Tdl Console | = Messages | [ Log | (2 Reports | 3 Design Runs _(J Timing

Figure 9. Setup timing met for the Basys3

Timing - Timing Summary - timing_1

A= e+ 2
General Information

i Settings

4 Design Timing Summary

2l Setup Hold

Worst Negative Slack (WNS): 2.621 ns Worst Hold Slack (WHS): -1.538 ns
Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): -3.009 ns
Number of Failing Endpoints: 0 Number of Failing Endpoints: 2

Total Mumber of Endpoints: 104 Total Mumber of Endpoints: 104

4@ Check Timing (1
[FH-Intra-Clock Paths
[-Inter-Clock Paths
Other Path Groups
User Ignored Paths
+a Unconstrained Path

Timing Summary - timing_1

il

Timing constraints are not met.

2 Td Console | © Messages | [ Log | 21 Reports (& Timing | 3> Design Runs [& Debug

Figure 9. Setup timing met for the Nexys Video

Click on the WHS link to see the paths.

Pulse Width

Worst Pulse Width Slack (WPWS): 4.500 ns
Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0
Total Number of Endpoints: 48

Pulse Width

Worst Pulse Width Slack (WPWS): 4.500 ns
Total Pulse Width Negative Slack (TPWS): 0.000 ns

Number of Failing Endpoints: 0
Total Number of Endpoints: 49
Pulse Width

Worst Pulse Width Slack (WPWS): 4.500 ns
Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0

Total Mumber of Endpoints: 49

Double-click on the first path to see the timing compositions. Notice that the clock path delay

does not include the entire clock period.
Select File > Save Constraints...

Click OK and then click Yes to save the synthesized design.

Notice that the Synthesis Out-of-Date status is displayed on the top-right corner.
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Implement the Design Step 2

2-1.

Run the implementation after saving the synthesis run. Perform the timing
analysis.

2-1-1. Inthe Design Runs tab, right-click on the synth_2 and select Reset Runs. Make sure the
generated files are deleted. Click Reset.
2-1-2. Click the Close Design link in the status bar. If prompted, do not save anything.
2-1-3. Click on the Run Implementation in the Flow Navigator pane.
2-1-4. Click OK when prompted to run the synthesis first before running the implementation process.
When the implementation is completed, a dialog box will appear with three options.
2-1-5. Select the Open Implemented Design option and click OK.
2-2.  View the amount of FPGA resources consumed by the design using Report
Utilization.
2-2-1. In the Flow Navigator pane, select Open Implemented Design > Report Utilization.
The Report Utilization dialog box opens.
2-2-2. Click OK.
The utilization report is displayed at the bottom of the Vivado IDE. You can select any of the
resources on the left to view its corresponding utilization.
2-2-3. Select Slice LUTSs to view how much and which module consumes the resource.
Utilization - utilization_1
A= X 4 Slice Logic - Slice LUTs (63400 available)
.~ Hierarchy SaCY Name Used
sSummary = =
—}-Slice Logic e=a [=HE uart_led 38
L-- 22| [EHE vart_ne 0 (uart_rn) 34
-LUT as Memaory (0%] % 4] vart_rx_ctl_i0 (uart_ 28
: LUT as Logic (<1%) =S uart_baud_gen_rx ... &
] Slice Registers (<1%) [ led_ctl i0 (led_cti) 4
H E.....Dnnir-!-.n;- = Ilal-,-h .".'-: e
Figure 10. Resource utilization for the Nexys4 DDR
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2-3.

Utilization - utilization_1
QAT e

4 Slice Logic - Slice LUTs (20800 available)
...... N
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Figure 10. Resource utilization for the Nexys Video

Generate a timing summary report.

2-3-1. Inthe Flow Navigator, under Implementation > Implemented Design, click Report Timing
Summary
The Report Timing Summary dialog box opens.
2-3-2. Leave all the settings unchanged and click OK to generate the report.
Timing - Timing Summary - impl_1
Q, Z E@—E‘, == ? 4 Design Timing Summary
P = 4
() Thisisa soved report Setup Hold Pulse Width
ﬁ::ﬂ L"ﬂf.n””a“n" B Worst Negative Slack (WNS): -1.903 ns Worst Hold Slack (WHS):  0.150 ns Worst Pulse Width Slack (WPWS):
- Design! | Total Negative Slack (TNS): -12.373 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS):
-~ Clock Summary (2) =l Number of Failing Endpoints: 8 Number of Failing Endpoints: 0 Humber of Failing Endpeints:
[#-@ Check Timing (1
[ Intra-Clack Paths | Total Mumber of Endpoints: 104 Total Mumber of Endpoints: 104 Total Number of Endpoints:
‘t_'__ g:ﬁ;?::g: ES;ID;S Timing constraints are not met.
Tl_]y_l'ln_g Summary - 'nnpl_l
g B Td Console , Messages | [ Log [ Reports | 5 Package Pins 2> Design Runs | €0 Power . Timing
Figure 11. The timing summary report showing timing violations for the Nexys4 DDR
Timing - Timing Summary - timing_1
AT e 2207 4| Design Timing Summary
~General Information » )
~Timer Settings Setup Hald Pulse Width
i Worst Negative Slack (WNS): -1.396 ns Worst Hold Slack (WHS): 0.167 ns Worst Pulse Width Slack (WPWS):
\ﬁ:%n;';]esgkaTr:r:g 7. Total Negative Slack (TNS): -2.482 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width Negative Slack (TPWS):
[+}-Intra-Clock Paths Number of Failing Endpoints: 8 Number of Failing Endpoints: 0 Number of Failing Endpoints:
- Inter-Clock Paths Total Number of Endpoints: 104 Total Number of Endpoints: 104 Total Number of Endpoints:
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User Ignored Paths Timing constraints are not met.
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Figure 11. The timing summary report showing timing violations for the Basys3
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Timing - Timing Summary - timing_1

AZseEr 2t
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e g
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Total Megative Slack (TNS):
Mumber of Failing Endpoints: &

m

Total Humber of Endpoints:

Hold

-7.335 ns

104

Timing constraints are not met.
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Figure 11. The timing summary report showing timing violations for the Nexys Video

2-3-3. Click on the WNS link to see a detailed report to determine the failing path entries.

2-3-4. Double-click on the first failing path to see why it is failing.

Source Clock Path
Delay Type Incr (ns)  Path (ns)  Location Metlist Resource(s)
(clack clk_pin rise edge) (r) 0.000 0.000

(r) 0.000 0.000 Site: E3 Cr clk_pin
net (fo=0) 0.000 0.000 A" clk_pin
IBUF (Prop ibuf 1 O) (r) 1.482 1.482 Site: E3 < clk_pin_IBUF_inst/O
net (fo=1, routed) 2.025 3.506 A" clk_pin_IBUF
BUFG (Prop bufg I O) (r) 0.095 3.602 Site: BUFGCTRL_X0Y16 < clk_pin_IBUF_BUFG_inst/O
net (fo=48, routed) 1.723 5.326 A led_ctl_io/CLK
FDRE Site: SLICE_X1Y20 O led_ctl_io/led_o_reg[2]/C
Data Path
Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
FDRE (Prop fdre € Q) (r) 0.456 5.782 Site: SLICE_X1Y90 < led_ctl_i0/led_o_reg[2]/Q
net (fo=1, routed) 2.444 8.226 /" led_pins_OBUF[2]
OBUF (Prop obuf I O} (r) 3.553 11.778 Site: 113 < led_pins_OBUF[2]_inst/O
net (fo=0) 0.000 11.778 A" led_pins[2]

Site: 113 <d led_pins[2]

Arrival Time 11.778
Destination Clock Path
Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
(clock virtual_clock rise edge)  (r) 10.000 10.000
ideal clock network latency 0.000 10.000
clock pessimism 0.000 10.000
clock uncertainty -0.025 9.975
output delay -0.000 9.975
Required Time 9.975

Figure 12. First failing path delays for the Nexys4 DDR
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Source Clock Path

Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
(clock clk_pin rise edge) (r) 0.000 0.000
(r) 0.000 0.000 Site: W5 O clk_pin

net (fo=0) 0.000 0.000 A" clk_pin

Site: W3 2 clk_pin_IBUF_inst/I
IBUF (Prop ibuf 1 O (r) 1.458 1.458 Site: W5  clk_pin_IBUF_inst/O
net (fo=1, routed) 1.967 3.425 A" clk_pin_IBUF

Site: BUFGCTRL_X0Y0 [ clk_pin_IBUF_BUFG_inst/I
BUFG (Prop bufg 1 O (r) 0.096 3.521 Site: BUFGCTRL_X0Y0 < clk_pin_IBUF_BUFG_inst/O
net (fo=48, routed) 1.622 5.143 A led_ctl_io/CLK
FDRE Site: SLICE_X5Y20 2 led_ctl_i0/led_o_reg[5]/C
Data Path
Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
FDRE (Prop fdre C (r) 0.419 5.562 Site: SLICE_X5Y20 d led_ctl_io/led_o_req[51/Q
net (fo=1, routed) 2.119 7.681 /" led_pins_OBUF[5]

Site: U15 @ led_pins_OBUF[5]_inst/I
OBUF (Prop obuf I O (r) 3.689 11.371 Site: U15 d led_pins_OBUF[S]_inst/O
net (fo=0) 0.000 11.371 /" led_pins[5]

Site: U15 < led_pins[5]
Arrival Time 11.371
Destination Clock Path
Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
(clock virtual_clock rise edge)  (r) 10.000 10.000
ideal clock network latency 0.000 10.000
clock pessimism 0.000 10.000
clock uncertainty -0.025 9.975
output delay -0.000 9.975
Required Time 9.975

Figure 12. First failing path delays for the Basys3

Source Clock Path

Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
(clock clk_pin rise edge) (r) 0.000 0.000
(r) 0.000 0.000 Site: R4 - clk_pin

net (fo=0) 0.000 0.000 /" clk_pin

Site: R4 2 clk_pin_IBUF_inst/I
IBUF (Prop ibuf 1 O (r) 1.47s 1.475 Site: R4 < clk_pin_IBUF_inst/O
net (fo=1, routed) 2,114 3.589 /" clk_pin_IBUF

Site: BUFGCTRL_X0YOD [ clk_pin_IBUF_BUFG_inst/I
BUFG (Prop bufg I O (r) 0.096 3.685 Site: BUFGCTRL_X0YD < clk_pin_IBUF_BUFG_inst/O
net (fo=48, routed) 2.017 5.702 A led_ctl_i0/CLK
FDRE Site: SLICE_X1¥83 [ led_ctl_io/led_o_reg[3]/C
Data Path
Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
FDRE (Prop fdre C Q) (r) 0.456 6.158 Site: SLICE_X1Y¥a3  led_ctl_i0/led_o_reg[3]/Q
net (fo=1, routed) 2.156 8.314 /" led_pins_OBUF[3]

Site: U16 @ led_pins_OBUF[3]_inst/T
OBUF (Prop obuf T O (r) 2.917 11.231 Site: U16 < led_pins_OBUF[3]_inst/O
net (fo=0) 0.000 11.231 /" led_pins[3]

Site: U16 < led_pins[3]
Arrival Time 11.231
Destination Clock Path
Delay Type Incr (ns)  Path (ns)  Location Netlist Resource(s)
(clock virtual_clock rise edge)  (r) 10.000 10.000
ideal clock network latency 0.000 10.000
clock pessimism 0.000 10.000
clock uncertainty -0.025 9.975
output delay -0.000 9.975
Required Time 9.975

Figure 12. First failing path delays for the Nexys Video

Compared to delays from the synthesis report, the net delays are actual delays (rather than an
estimated figure). The data path delay is longer than the destination clock path delay giving a
negative slack (violation). The data path delay is 11.534 ns for the Nexys4 DDR, the destination
clock path is 9.975 ns and the negative slack is -1.559 ns.

The figures are 11.381ns, 9.975 ns and -1.406 ns respectively for the Basys3.

At this point we can ignore this violation as the LED display change by a few nanoseconds won’t
be observable by human eyes. We can also change the output delay by -2 ns and make the

timings meet.
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2-3-5. Select Implemented Design > Edit Timing Constraints the Flow Navigator pane.

2-3-6. Select the Set Output Delay entry in the left pane, and change the Delay Value to -2.000 ns.

2-3-7. Click Apply.

2-3-8. Click Rerun link to re-run the timing report.

Observe that the timing violations of the Intra-clock paths are gone.

2-3-9. Expand the Intra-Clock Paths folder on the left, expand clk_pin, and select the Setup group to
see the list of 10 worst case delays on the right side.

2-3-10. Double-click on the any path to see how that is made up of. Also right-click on it and select
Schematic.

Click on the Device tab and see the highlighted path in the view.

2-3-11. Select Implemented Design > Report Clock Networks.

2-3-12. Click OK.

The Clock Networks report will be displayed in the Console pane showing two clock net entries.

2-3-13. Select clk_pin entry and observe the selected nets in the Device view.

The clock nets are spread across multiple clock regions.

Figure 13. Clock nets for the Nexys4 DDR
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Figure 13. Clock nets for the Basys3

Figure 13. Clock nets for the Nexys Video

Generate the Bitstream Step 3

3-1. Generate the bitstream.

3-1-1. Inthe Flow Navigator, under Program and Debug, click Generate Bitstream.

4 Program and Debug !

% Bitstream Settings ‘

¥ Generate Bitstream Synt

Generate Bitstream
Gener Generate a programming file after implementation.

Figure 14. Generating the bitstream
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3-1-2. Click Save to save the constraints since the timing constraints had been changed, click OK, and
then Yes to reset the runs and re-run all the processes.

The write_bitstream command will be executed (you can verify it by looking in the Tcl
console).

3-1-3. Click Cancel when the bitstream generation is completed.

Verify the Functionality Step 4

4-1. Connect the board and power it ON. Open a hardware session, and
program the FPGA.

4-1-1. Make sure that the micro-USB cable is connected to the JTAG PROG connector (next to the
power supply connector). Make sure that the jumper on the board is set to select USB power
(JP3 for the Nexys4 DDR and JP2 for the Basys3).

4-1-2. Select the Open Hardware Manager option and click OK.

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

4-1-3. Click on the Open target link, then Auto Connect from the dropdown menu.

Hardware Manager - unconnected

(% Mo hardware target is open, Cpen target

Figure 15. Opening new hardware target

4-1-4. 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.

4-1-5. Select the device in the Hardware Device Properties, and verify that the uart_led.bit is selected
as the programming file in the General tab.

4-2. Start aterminal emulator program such as TeraTerm or HyperTerminal.
Select an appropriate COM port (you can find the correct COM number
using the Control Panel). Set the COM port for 115200 baud rate
communication. Program the FPGA and verify the functionality.

4-2-1. Start a terminal emulator program such as TeraTerm or HyperTerminal.

4-2-2. Select an appropriate COM port (you can find the correct COM number using the Control Panel).
4-2-3. Set the COM port for 115200 baud rate communication.

4-2-4. Right-click on the FPGA entry in the Hardware window and select Program Device...

4-2-5. Click on the Program button.
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The programming bit file will be downloaded and the DONE light will be turned ON when the
FPGA has been programmed.

4-2-6. Type in some characters in the terminal emulator window and see the corresponding ASCII
equivalent bit pattern displayed on the LEDs.

4-2-7. Press and hold BTNU and see the the upper four bits are swapped with the lower four bits on the
LEDs.

4-2-8. When satisfied, close the terminal emulator program and power OFF the board.
4-2-9. Select File > Close Hardware Manager. Click OK.

4-2-10. Close the Vivado program by selecting File > Exit and click OK.

Conclusion

In this lab, you learned about many of the reports available to designers in the Vivado IDE. You had the
opportunity to learn basic design analysis tools including the Schematic viewer, delay path properties and
reports viewer, Device viewer, and selecting primitive parents. You also learned about the basic timing
report options that are at your disposal. You verified the functionality in hardware by typing characters on
the host machine and seeing the LED pattern changes.
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