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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. Finally the design will be validated by programming the hardware in SDK using the
software application running on A9 that is provided to you.

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

Open a Vivado Project using IDE Step 1

1-1. Launch Vivado and open the lab2 project. Save the project as lab3 in the
<2016_2 ZYNQ 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.

References to <2016_2_ ZYNQ_labs> is a placeholder for the
c:\xup\fpga_flow\2016_2_ ZYNQ_labs directory and <2016_2_ ZYNQ_sources> is a place
holder for the c:\xup\fpga_flow\2016_2 ZYNQ_sources directory.

Reference to <board> means either the ZedBoard or the Zybo.

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.
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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 <2016_2 ZYNQ_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 = [
- Synthesis
w Constraints
gfneral Default constraint set: | &= constrs_1 (active) -
iy
: Options
Simulation )
B *{) Strategy: A Vivado Synthesis Defaults (Vivado Synthesis 2016) v | Y
E "l%’? Description:  Vivado Synthesis Defaults
Elaboration
L [=| Synth Design (vivado) 4
@ tel.pre [=]
Synthesis ihest )
= -flatten_hierarchy -
b -gated_dock_conversion off - |E]
Implementation Dty 12
- -fanout_limit 10,000
q},ﬂ -directive Default -
EitsEm ‘etiming |
-fem_extraction auto -
== +eep_equivalent_registers O
P resource_sharing auto -
B -control_set_opt_threshold auto -
-no_lc | b
Select an oplion above to see a description of it
? OK. | I Cancel App
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.

1-2. Synthesize the design. Generate the timing summary and analyze the
design.

1-2-1. Click on Run Synthesis under the Synthesis tasks of the Flow Navigator pane.

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

ZYNQ 3-2 www.xilinx.com/support/universit =

Q PP Y & XILINX.

Xup@xilinx.com
© copyright 2016 Xilinx



Lab Workbook

Implementing the Design

1-2-2.
output.

1-2-3.
pane.

1-2-4.

Timing - Timing Summary - timing_1
ATde=PRET
+~General Information
| Timer Settings

| Clock Summary (2
- Check Timing (0]

- Intra-Clock Paths
-Inter-Clock Paths
{.-Other Path Groups
i--User TIgnored Paths
[il-Unconstrained Paths

Timing Summary - timing_l

[ Td Console | (> Messages | B Log

4 Design Timing Summary

»
Setup Hald

Worst Negative Slack (WNS): -5.990 ns
Total Negative Slack (TNS):  -47.804 s

Total Hold Slack {THS):
Number of Faling Endpoints: 3
Total Number of Endpoints: 112

Timing constraints are not met.

2 Reports (3 Timing | 3 Design Runs | 3 Debug

Figure 2. Timing report for the ZedBoard

Timing - Timing Summary - iming_1
ATsEI2RT
+~ General Information
s-Timer Settings

-~ Clock Summary (2)
(#-Check Timing (0]
Intra-Clock Paths
[-Inter-Clock Paths
i Other Path Groups

+-User Ignored Paths
F-Unconstrained Paths

Timing Summary - timing_1

Design Timing Summary

-

Setup Hold
Worst Negative Slack (WNS): -3.979 ns
Total Negative Slack (TNS):  -31.684ns
Number of Failing Endpoints: &
Total Number of Endpoints: 114

Worst Hold Slack {WHS):
Total Hold Sladk (THS):

Total Number of Endpaints:

Timing constraints are not met.

|2 Td Console | ( Messages | [+ Log | 2 Reports | [3] Utlization (3 Timing | 3 Design Runs | 4 Debug

Figure 2. Timing report for the Zybo

1-2-5.

1-2-6.

Worst Hold Slack (WHS):

Mumber of Failing Endpoints:
Total Number of Endpoints:

Mumber of Failing Endpeints: 2

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

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

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

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 Endpaints: 57
Pulse Width
Worst Pulse Width Slack (WPWS): 3.500 ns
Total Pulse Width Negative Slack (TPWS):  0.000 ns
Mumber of Failing Endpoints: a
Total Number of Endpaints: 58

Click on the link beside the Worst Negative Slack (WNS) and see the 8 failing paths.

Double-click on the Path 25 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.

1-2-7.
Schematic.

The schematic for the output data path will be displayed.

Select Path 25 in the timing summary panel, or the Path summary view, right-click, and select
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uo

led ctl_i0
led_o_reg[3]
—5>C
led_pins_OBUF[3]_inst
-iCE . .
7:0 7:0
9 Q[7:0] Q[7:0] 1[™~._0 DIed_pins[?:D]
—iD
OBUF
—iR
FDRE
led_ctl
.
uart_led

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.
uo
clk_pin_IBUF_inst clk_pin_IBUF_BUFG_inst led_pins_OBUF[3]_inst
1 [¢] I[~~._0 CLK [7:0] IDO D\ed_pins[?:ﬂ]
IBUF BUFG uart_led OBUF
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.
uo
clk_pin_IBUF_inst clk_pin_IBUF_BUFG_inst led_pins_OBUF[3]_inst
clk_pin L 8 IE}*O CLk 17:0] I~~.0 D led pins[7:0]
IBUF BUFG uart_led OBUF
Figure 5. The schematic view of the source clock path
This corresponds to the Source Clock Path in the timing report.
: — , - -
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Source Clock Path

Delay Type
(dock clk_pin rise edge)

net (fo=0)

IBUF (Prop_jbuf T 0}

net (fo=1, unplaced)

BUFG (Prop_bufg I O}

net (fo=56, un

FDRE

Incr (ns) Path (ns) Location

(r) 10.000 10,000

{r) 0,000 10.000 Site: ¥9
0,000 10,000

Site: Y9

(r) 1.490 11.490 Site: Y9
0.800 12,290
(N o0.101 12.391
0.584 12,975

Metlist Resource(s)

Cr dk_pin

A dk_pin

[@* dk_pin_IBUF_inst{T

< dk_pin_IBUF_inst/0

A" dk_pin_IBUF

[@* dk_pin_IBUF_BLFG_inst/T
2 dk_pin_IBUF_BUFG_inst/Q
A U0 fled_ct_i0jCLE

[ udfled_ct_i0fled_o_reqg[3]/C

Figure 6. The source clock path for the ZedBoard

Source Clock Path

Delay Type
{dodk dk_pin rise edage)

net (fo=0])

IEUF (Prop_jbuf I_0)
net (fo=1, unplaced)
BUEG (Prop_bufg I O}

net (fo=57, unplaced)

FDRE

Incr {ns) Fath {ns) Location
(r) 8.000 5.000

(r) 0.000 8,000 Site: L16
0,000 8,000

Site: L16

(r) 1.491 9.491 Site: L16
0.800 10.291
) 0.101 10.392
0.584 10,976

MNetlist Resource(s)

Cr dk_pin

A dk_pin

[» dk_pin_IBUF_inst,T

« dk_pin_IBUF_inst/0

A" dk_pin_IBUF

[ dk_pin_IBUF_BUFG_inst,T
« dk_pin_IBUF_BUFG_inst/Q
A" dk_pin_IBUF_BUFG

[ udfed_ct_i0fled_o_reqg[7]/C

Figure 6. The source clock path for the Zybo

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.

Note: Zybo has an on-board clock of 125 Mhz and hence has the clk_pin period (8 ns), the
data path delay includes the clock period of the clk_pin clock source.
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IISnuroe 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: v9 [ dk_pin
net (fo=0) 0.000 10.000 A dk_pin
Site: 9 > dk_pin_IBUF _inst,T
IEUF (Prop_jbuf I_0) r) 1.430 11,490 Site: ¥9 <7 dk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.800 12,290 " dk_pin_IBUF
[ dk_pin_IBUF_BUFG_inst,T
BUFG (Prop_bufg_I_0) {r) 0.101 12,391 < dk_pin_IBUF_BUFG_inst/0
net (fo=56, unplaced) 0.584 12,975 A U0 fled_ct_i0fCLK
FDRE O Uofled_ctl_iofed_o_reg[3]/C
| Data Path
_| Delay Type Incr (ns) Path (ns) Location Netlist Resource(s)
EDRE (Prop_fdre C_Q) (r) 0.478 13.453 < unfed_ct_iofled_o_reg[3]/Q
net (fo=1, unplaced) 0,800 14,253 " led_pins_OBUF[3]
Site: v22 [ led_pins_OBUF[3] _inst,T
QBUF (Prop_obuf I_0) ) 3.712 17.965 Site: ¥22 < led_pins_OBUF[3]_instjO
net (fo=0) 0.000 17.965 A" led_pins[3]
Site: v22 <0 led_pins[3]
Arrival Time 17.965
| Destination Clock Path
- Delay Type Incr (ns) Path (ns) Location Metlist Resource(s)
(clock virtual_dock rise edge)  (r) 12.000 12,000
ideal dock network latency 0.000 12,000
clock pessimism 0.000 12,000
dock uncertainty -0.025 11.975
output delay -0.,000 11,975
Required Time 11.975

Figure 7. Worst failing path for the ZedBoard

Source Clock Path
Delay Type Incr (ns) Path (ns) Location MNetlist Resource(s)
(clock dk_pin rise edge) (r) 8.000 2.000
{r) 0.000 8.000 Site: L16 O+ ck_pin

net (fo=0) 0.000 3.000 A dk_pin

Site: L16  [Dr dk_pin_IBUF _inst/T
IBUF (Prop_jbuf I_O) r) 1.491 9.491 5ite: L16 < dk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.800 10.291 " dk_pin_IBUF

@ dk_pin_IBUF_BUFG_inst/

BUFG (Prop_bufg I O} ) 0.101 10.392 < dk_pin_IBUF_BUFG_inst/O
net (fo=57, unplaced) 0.584 10.976 " dk_pin_IBUF_BUFG
FORE O Uofled_ct_i0fled_o_reqg[7]/C
Data Path
Delay Type Incr (ns) Path (ns) Location Netlist Resource(s)
EDRE (Prop_fdre_C_0Q) {r) 0.456 11,432 d Uofled_ctl_iofled_o_reg[71/Q
net (fo=1, unplaced) 0.800 12,232 /" led_pins_OBUF[7]

Site: W20 [ led_pins_OBUF[7]_inst/T
OBUF {Prop_obuf 1 0} ) 3.722 15.954 Site: W20 <7 led_pins_OBUF[7]_inst/O
net (fo=0) 0.000 15.954 A led_pins[7]

Site: W20 < led_pins[7]
Arrival Time 15.954
Destination Clock Path
Delay Type Incr (ns) Path (ns) Location Metlist Resource(s)
(clock virtual_clock rise edge)  (r) 12.000 12.000
ideal dock network latency 0.000 12,000
dock pessimism 0.000 12.000
dock uncertainty -0.025 115975
output delay -0.000 11575
Required Time 11.975

Figure 7. Worst failing path for the Zybo
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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.

[l Package » |@ Device X |[Y uart_led_timing_ZedBoard.xdc X | £ Timing Constraints * X

Z % l‘"‘i‘.‘ @ Create Clock
E|--Cliocks (2 ~ &k positon  ClockName  Period (ns) Rise At{ns) FallAt(ns) AddClock  Source Objects  SourceFile St

eate Clock (2) N N .
- 1 k. 10.000 0.000 5.000 t te k. t_led_ti...
-Create Generated Clock (1) & _pin D [get_por _pin] uart_led_|

et Clock Latency (0) pY.. 2 Jvirtaldodk | 12000 o000l so0of @ | furtledi ]|
.Set Clock Uncertainty (0) fx k to oreate 2 Create Clock constraint
--5et Clock Groups (0]

--5et Clock Sense (0)
--Set Input Jitter (0)
+-Set System Jitter (0)
\..Get External Delay (0)
[=-Inputs (4)

. l.getInputDelay (4)
—-Outputs (1) =
| Set Qutput Delay (1)
sertions (0)
+-Get Data Check (0]
ceptions (0)

()]
ot =KL

m

All Constraints

O\ Position Command Scoped Cell
Z E-EY uvart_led_timing_ZedBoard. xdc (C: /xup/fpga_flow,2015_3_ZYNQ_labs/lab3/lab3.srcs/constrs_1/importslab2fuart_led_timing_ZedBoard.xdc)
1 create_dock -period 10,000 -name dk_pin -waveform {0,000 5.000} [get_ports dk_pin]

set_input_delay -dock virtual_cock -max 0.0 [get_ports rst_pin]
set_input_delay -dock virtual_dock -min -0.5 [get_ports rst_pin]
set_input_delay -dock virtual_cock -max 0.0 [get_ports btn_pin]
set_input_delay -dock virtual_cock -min -0.5 [get_ports bin_pin]
set_output_delay -cdock virtual_dock 0.0 [get_ports {Jed_pins[*]}]

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 [ |

Note: Zybo has an on-board clock of 125 Mhz and hence has the clk_pin period (8 ns), the
Virtual_clock period is changed from 12 to 8.

1-3-3. Click Apply.

Note that since the timing constraint has changed, a warning message in the console pane is
displayed to rerun the report.

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

1-3-4. Click on Rerun.

Notice that setup timing violations are gone. However, there are still 2 failing paths for the Hold.
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Timing - Timing Summary - timing_1

QAT EeE=22aY 4| Design Timing Summary
: 3
G General Information Setup Hold Pulse Width
- Timer Settings
i Worst Negative Slack (WNS): 2.010 ns Worst Hold Slack (WHS): -1.591ns Worst Pulse Width Slack (WPWS): 4,500 ns
+-Clock Summary (2 Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): -3.160 ns Total Pulse Width Negative Slack (TPWS): 0,000 ns
+ fh;d({:—?n;:g th Number of Failing Endpoints: 0 Number of Failing Endpoints: 2 Number of Failing Endpoints: 0
[ Intra-Clock Paths 8 2 i
G-Inter-Clock Paths Total Number of Endpoints: 112 Total Number of Endpoints: 112 Total Number of Endpaints: 57

- Other Path Groups
iUser Ignored Paths
(i) Unconstrained Paths

Timing constraints are not met.

Tlmi!u__j Summary - timing__l

|5 Td Console I " Messages | [ Log I % Reports (3 Timing 3> Design Runs 1 Debug |

Figure 9. Setup timing met for the ZedBoard

Timing - Timing Summary - timing_1

QAISE=s 28

~~General Information

Design Timing Summary

Setup Hold Pulse Width
Waorst Megative Slack (WNS): 0.021ns Worst Hold Slack (WHS): -1.560 ns Waorst Pulse Width Slack (WPWS): 3.500ns
Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): -3.013ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
£-Check Timing (0 Number of Faiing Endpeints: 0 Number of Faiing Endpoints: 2 Number of Failing Endpoints: 0
[#-Intra-Clock Paths | R : S . S
+ nterClock Paths Total Number of Endpoints: 114 Total Number of Endpoints: 114 Total Number of Endpoints: 58

-Other Path Groups
+--User Ignored Paths
[#-Unconstrained Paths

Timing constraints are not met.

| Timing Summary - timing_1

5 Td Console [ Messages [ [ Log [ % Reports [ [& Utilization (3 Timing | I» Design Runs [ ¥ Debug

Figure 9. Setup timing met for the Zybo
1-3-5. Click on the WHS link to see the paths.

1-3-6. Double-click on the first path to see the timing compositions. Notice that the clock path delay
does not include the entire clock period.

1-3-7. Select File > Save Constraints...
1-3-8. Click Update.
1-3-9. Click OK and then Yes to save the synthesized design.

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

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.

ZYNQ 3-8 www.xilinx.com/support/university i
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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 = == 4 Slice Logic Distribution - LUT as Logic (53200 available)
~Hierarchy - ¥ A Name Used
--Summary 2| m=m|o
[=)-Slice Logic If = JEIJFB_Dmp_ o i
z . oo [—] - art_led)
l?;}--SI!ceLILII:rl'I's M_ e = =-[E] wart_rx_i0 (uart_rx) 33
P s HEmary L) % { [@] vart_rx_ctl_io (uart_... 27
""" — UT (<1%) ¢ ~[8] vart_baud_gen_rx... &
Ei :uxes W) i [@] led_ctl_i0 (lad_ctl) 4
uxes (0%%) s N
[}-Slice Registers [« 1%) i meta_harden_rst_i0 (me... !
4 I F
Figure 10. Resource utilization for the ZedBoard
Utilization - utilization_1
Cel R N 4 Slice Logic Distribution - LUT as Logic (17600 available)
~Hierarchy o A Name Used
----grmr:arm,.r = = =5 uart_top 38
= !l:ESl.DEIIEUT i % EI U0 (uart_led) a5
& !EELLIT s I'~"I e - =-[E vart_rx_i0 {uart_rx) 33
% - +-[E] vart_rx_ct_i0 (uart_... 28
FBM {{ ) - -[H] uart_baud_gen_rx... 5
F?Muxes S led_ct_i0 (led_ct) 4
R uxes |[05%% H .
! “-[E] meta_hard t_i0 (me... 1
[=}-Slice Registers [<1%%) &7 meta_harden_rstd
L T I
Figure 10. Resource utilization for the Zybo
2-3. 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.
i www.xilinx.com/support/university ZYNQ 3-9
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Timing - Timing Summary - timing_1
=

AT EeE+22T
eneral Information

imer Settings

lock Summary (2)
heck Timing (0)
itra-Clack Paths
ter-Clock Paths
ther Path Groups
Iser Ignored Paths
[#-Unconstrained Paths

4 Design Timing Summary

ap

—| Setup Hold
Worst Negative Slack (WNS): -1.322 ns Waorst Hold Slack (WHS): 0.136 ns
Total Negative Slack (TNS):  -2.778ns Total Hold Slack (THS): 0.000 ns

‘ Timing constraints are not met.

=

Timing Summary -impl_3 Timing Summary - timing_1

Number of Failing Endpoints: &
Total Mumber of Endpaints: 112

Number of Falling Endpoints: 0
Total Mumber of Endpoints: 112

/5 Td Console | (© Messages | [ Log | [ Reports | 5 Design Runs | 3 Package Pins | [+ 1/0 Ports | [ Utiization (3 Timing | £ Power

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

Total Number of Endpoints: 57

Figure 11. The timing summary report showing timing violations for the ZedBoard

Timing - Timing Summary - impl_3
AT =P
(i) Thisisa ssved report

+General Information
L Timer Settings

i--Clock Summary {2
[#-Check Timing (0]
[ IntraClock Paths
[#-InterClock Paths
i-Other Path Groups

Timing Summary - impl_3

4 Design Timing Summary

13
X" | setup

Worst Negative Slack (WNS): -3.105ns
Total Negative Slack (TNS):  -73.985 ns
Number of Failing Endpoints: 8

Total Mumber of Endpoints: 114

Hold

Timing constraints are not met.

Worst Hold Slack (WHS): 0.167ns
Total Hold Slack (THS): 0,000 ns
Number of Failing Endpoints: 0

Total Number of Endpaints: 114

[ Td Console | (> Messages | [d Log | [ Reports | 3 DesignRuns | 5 Package Pins | - 1/0 Ports | (3] Utiization | (3 Timing | £ Power

Worst Pulse Width Slack (WPWs): 3.500ns
Total Pulse Width Negative Slack (TPWS): 0.000 ns
Number of Failing Endpoints: 0

Total Mumber of Endpoints: o8

Figure 11. The timing summary report showing timing violations for the Zybo

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)
(dodk dk_pin rise edge) {r) 0.000 0.000
{r) 0,000 0.000 Site: Y9 [+ dk_pin

net (fo=0) 0.000 0.000 A dk_pin

Site: Y9 [ dk_pin_IBUF _inst,T
IBUF (Prop_jbuf I O (r) 1.480 1.490 Site: Y9  ck_pin_IBUF _inst/O
net (fo=1, routed) 2.171 3.661 A dk_pin_IBUF

Site: BUFGCTRL_X0Y0 [ clk_pin_IBUF_BUFG_inst/T
BUFG {Prop_bufg_I_0) {r)0.101 3.762 Site: BUFGCTRL_X0Y0 <0 dk_pin_IBUF_BUFG_inst/0
net (fo=56, routed) 1.879 5.641 A unfled_ct_infcLr
FDRE Site: SLICE_%113Y43 [ UDfled_ctl_i0/led_o_reg[3]/C
Data Path
Delay Type Incr (ns) Path (ns) Location Metlist Resource(s)
EDRE (Prop_fdre C_Q) (r) 0.456 6.097 Site: SLICE_X113v43 <) U0/led_ctl_i0/led_o_reg[3]/Q
net (fo=1, routed) 1.663 7.760 A led_pins_OBUF[3]

Site: v22 ¥ led_pins_OBUF[3]_inst/T
QBUF (Prop_obuf I_0) {r) 3.537 11.297 Site: V22 < led_pins_DBUF[3]_inst/O
net (fo=0) 0.000 11.297 A led_pins[3]

Site: V22 < led_pins[3]
Arrival Time 11,297
Destination Clock Path
Delay Type Incr (ns) Path (ns) Location Metlist Resource(s)
(clock wirtual_clock rise edge)  (r) 10.000 10.000
ideal dock network latency 0.000 10.000
clock pessimism 0.000 10,000
dodk uncertainty -0.025 9,975
output delay 0,000 9,975
Required Time 9.975

Figure 12. First failing path delays for the ZedBoard
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Source Clock Path
Delay Type Incr {ns) Path (ns) Location Metlist Resource(s)
(clock dk_pin rise edge) (r)0.000 0.000

(r) 0,000 0.000 Site: L16 Cr dk_pin
net (fo=0] 0.000 0.000 A dk_pin
IBUE (Prop_ibuf T O) (r) 1.491 1.491 Site: L16 < dk_pin_IBUF _instfO
net (fo=1, routed 2.078 3.567 /" dk_pin_IBUF
BUEG (Prop_bufg_I_Q) (r)0.101 3.668 Site: BUFGCTRL_X0Y16 < dk_pin_IBUF_BUFG_inst/O
net (fo=57, routed) 1.748 5.416 A U0 led_ctl_iojCLK
FDRE Site: SLICE_X43Y17 [ Uofled_ctl_iofled_o_reg[6]/C
Data Path
Delay Type Incr (ns) Path (ns) Location Metlist Resource(s)
EDRE (Prop_fdre C Q) (r) 0.456 5,872 Site: SLICE_X43Y17 < U0 fled_ctl_ifled_o_req[8]/Q
net (fo=1, routed) 1.663 7.535 " led_pins_0OBUF[&]
QBUF (Prop_obuf T 0O) (r) 3.545 11.080 Site: V20 ¢ led_pins_OBUF[&]_inst/O
net (fo=0) 0.000 11.080 A led_pins[8]

Site: W20 ] led_pins[6]

Arrival Time 11.080
Destination Clock Path
Delay Type Incr (ns) Path (ns) Location Metlist Resource(s)
(clock virtual_dock rise edge) (r)&.000 8.000
ideal dock network latency 0,000 8.000
clock pessimism 0.000 8.000
dock uncertainty -0.025 7.975
output delay -0.000 7.975
Reguired Time 7.975

Figure 12. First failing path delays for the Zybo

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 11.297 ns for the ZedBoard, the destination
clock path is 9.975 ns and the negative slack is -1.322 ns.

The figures are 11.080 ns, 7.975 ns and -3.105 ns respectively for the Zybo.

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.

Note: Change the output delay by -3.105 ns and add the following min_delay constraint in
the uart_led_timing_Zybo.xdc file.
set_output_delay -clock virtual_clock -1.0 -min [get_ports {led_pins[*]}]

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.
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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 ZedBoard
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Figure 13. Clock nets for the Zybo
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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 !
(7 Bitstream Settings 1
st
Generate Bitstream g
Gener Generate a programming file after implementation.
Figure 14, Generating the bitstream

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.

3-1-3. The write_bitstream command will be executed (you can verify it by looking in the Tcl
console).

3-1-4. 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 for the Zedboard. The Zybo JTAG PROG connector is located next to the
power supply switch).

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
k;} Mo hardware karget is open, Open targek
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_top.bit is selected
as the programming file in the General tab.
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4-1-6. Right-click on the FPGA entry in the Hardware window and select Program Device...

4-1-7. Click on the Program button.

The programming bit file will be downloaded and the DONE light will be turned ON when the
FPGA has been programmed.

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.

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.

4-3. Program FPGA, Start a SDK session, point it to the
c:/xup/fpga_flow/2016 2 ZYNQ _Sources /lab3/<board>/lab3.sdk
workspace.

4-3-1. Open SDK by selecting Start > All Programs > Xilinx Design Tools > SDK 2016.2 > Xilinx
SDK 2016.2

4-3-2. Inthe Select a workspace window, click on the browse button, browse to
c:/xup/fpga_flow/2016_2_ZYNQ_ Sources /lab3/ directory and select either
c:/xup/fpga_flow/2016_2_ ZYNQ __ Sources /lab3/Zybo/lab3.sdk or
c:/xup/fpga_flow/2016_2 ZYNQ __Sources /lab3/ ZedBoard/lab3.sdk and click OK.

4-3-3. Click OK.

4-3-4. In the Project Explorer, right-click on the uart_led_zynq, select Run As, and then Launch on
Hardware (System Debugger).

=;T:-m—-’-?- :::El:-_'--: » 5
'E
Figure 16. Running the application
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1@  program will be downloaded and the execution will begin indicated by the Terminate button
( )inSDK.

4-3-5. In the serial terminal window, type in some characters in the terminal emulator window and see
the corresponding ASCII equivalent bit pattern displayed on the LEDs.

Note: For Zybo you will see the lower four bits on the LEDs

4-3-6. Press and hold BTNU and see the the upper four bits are swapped with the lower four bits on the
LEDs

Note: For Zybo press and hold BTNO to see the upper four bits on the LEDs
4-3-7. When satisfied, close the terminal emulator program and power OFF the board.
4-3-8. Select File > Close Hardware Manager. Click OK.
4-3-9. Close the Vivado program by selecting File > Exit and click OK.

4-3-10. Close the SDK 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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