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Synthesizing a RTL Design

Introduction

This lab shows you the synthesis process and effect of changing of synthesis settings. You will analyze
the design and the generated reports.

Objectives

After completing this lab, you will be able to:

e Use the provided Xilinx Design Constraint (XDC) file to constrain the timing of the circuit
e Elaborate the design and understand the output

e Synthesize the design with the provided basic timing constraints

e Analyze the output of the synthesized design

e Change the synthesis settings and see their effects on the generated output

e Write a checkpoint after the synthesis so the results can be analyzed after re-loading it
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.

Design Description

The design consists of a uart receiver receiving the input typed on a keyboard and displaying the binary
equivalent of the typed character on the 8 LEDs. When a push button is pressed, the lower and upper
nibbles are swapped. The block diagram is as shown in Figure 1.

uart_led
CLOCK_RATE
BAUD_RATE uart_rx_io uart_rx led_ctl_io led_ctl
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Figure 1. The Completed Design
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General Flow

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

Create a Elaborate the Synthesize Read the
Vivado |:> Design |:> the Design |:> Checkpoints
Project using

IDE

Create a Vivado Project using IDE Step 1

1-1. Launch Vivado and create a project targeting the XC7A100TCSG324-1
(Nexys4 DDR) or the XC7A35TCPG236-1 (Basys3), or the
XC7A200TSBG484-1 (Nexys Video) device, and using the Verilog HDL. Use
the provided Verilog source files, uart_led_pins_<board>.xdc and
uart_led_timing.xdc files from the <2015_2_artix7_sources>\lab2 directory.

References to <2015_2_artix7_labss> is a placeholder for the
c:\xup\fpga_flow\2015_2_artix7_labs directory and <2015_2_artix7_sourcess is a place
holder for the ¢:\xup\fpga_flow\2015_2_artix7_sources directory.

Reference to <board> means either the Nexys4 DDR, the Basys3 or the Nexys Video.

1-1-1.  Open Vivado by selecting Start > All Programs > Xilinx Design Tools > Vivado 2015.2 >
Vivado 2015.2

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
<2015_2_artix7_labs>, and click Select.

1-1-4. Enter lab2 in the Project name field. Make sure that the Create Project Subdirectory box is
checked. Click Next.

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.

1-1-7. Click on the Green Plus button, then the Add Files... button and browse to the
<2015_2_artix7_sources>\lab2 directory, select all the Verilog files (led_ctl.v, meta_harden.v,
uart_baud _gen.v, uart _led.v, uart_rx.v, and uart_rx_ctl.v), click OK, and then click Next to get to
the Add Existing IP form.

1-1-8. Since we do not have any IP to add, click Next to get to the Add Constraints form.
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1-1-9. Click on the Green Plus button, then Add Files... and browse to the
c:\xup\fpga_flow\2015_2_artix7_sources\lab2 directory (if necessary), select
uart_led_timing.xdc and click Open.

1-1-10. Click Next.

This Xilinx Design Constraints file assigns the basic timing constraints (period, input delay, and
output delay) to the design.

1-1-11. In the Default Partform, using the Parts option and various drop-down fields of the Filter section,
select the XC7A100TCSG324-1 (for the Nexys4 DDR), the XC7A35TCPG236-1 (for the Basys3)
part, or the XC7A200tsbg484-1 (for the Nexys Video).

Using the Boards option, you may select the Nexys4 DDR, the Basys3, or the Nexys Video
depending on your board.

1-1-12. Click Next.

1-1-13. Click Finish to create the Vivado project.

1-2. Analyze the design source files hierarchy.

1-2-1. In the Sources pane, expand the uart_led entry and notice hierarchy of the lower-level modules.

SouUrces — O =
m o i
A= a4 B |E

=7 Design Sources (1)

=iy uark_led (uart_|ed.v) (40

----- we meta_harden_rst_i0 - meta_harden (meta_harden.w)

----- wé meta_harden_btn_j0 - meta_harden {meta_harden, )

= uark_rx_j0 - wark_rx fuark_rx (30
L8 meta_harden_rwd_i0 - meta_harden (rmeta_harden.v)
>-.-e wart_baud_gen_rx_i0 - uart_baud_gen {uart_baud_gen.w)
“lB uart_rxe_ctl_i0 - uart_rx_ckl (uark_rx_ okl

----- we led_ctl_i0 - led_ctl iled_ctl.w)

+- Constraints (1)

- Simulation Sources (1)

Hierarchy | Libraries | Compile Order

&% Sources | ' Templakes

Figure 2. Opening the source file

1-2-2. Double-click on the uart_led entry to view its content.

Notice in the Verilog code, the BAUD_RATE and CLOCK_RATE parameters are defined to be
115200 and 100 MHz respectively as shown in the design diagram (Figure 1). Also notice that the
lower level modules are instantiated. The meta_harden modules are used to synchronize the
asynchronous reset and push-button inputs.
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1-2-3. Expand uart_rx_i0 instance to see its hierarchy.
This module uses the baud rate generator and a finite state machine. The rxd_pin is sampled at a
x16 the baud rate.
1-3. Open the uart_led_timing.xdc source and analyze the content.
1-3-1. In the Sources pane, expand the Constraints folder and double-click the uart_led_timing.xdc
entry to open the file in text mode.
% Project Summary % |5 vart_led_timing.xdc X
C:feupifpga_Flowf2015_2_ artix_7_labs/labzflabz. sresfconstrs_1fimpartsflabziuart_led_timing.xdc
l# Artix7 xdeo
24 define clock and period
Jcreate clock -period 10.000 -name clk_pin -waveform {0.000 5.000} [get ports clk_pin]
S
: 5# Create a vwirnal clock for I0 constraints
_:= 6 create clock -period 12.0 -nawe wirtual clock
13| 7
3| 84 input delay
9zet_input delay -clock clk_pin 0 [get ports rxd_pin]
"_Ilill_ l0zet input delay -clock clk_pin -win -0.5 [get ports rxd pin]
|11
ﬁﬁ] lizet input delay -clock wirtual clock -max 0.0 [get ports btn pin]
_ 13set input delay -clock wirtual clock -min -0.5 [get ports btn pin]
WV |14
15 #Foutput delay
16 set_output delay -clock virtual clock 0O [get ports led pina[*]]
17
18
Figure 3. Timing constraints
Line 3 creates the period constraint of 10 ns with a duty cycle of 50%. Line 6 creates a virtual
clock of 12 ns. This clock can be viewed as the upstream device is generating its output with
respect to its clock and outputs data with respect to it. The rxd_pin is constrained with respect to
the design clock (lines 9, and 10) whereas the btn_pin is constrained with respect to the upstream
clock (lines 12, 13). The led_pins are constrained with respect to the upstream clock as the
downstream device may be using it.
Elaborate the Design Step 2
2-1. Elaborate and perform the RTL analysis on the source file.
2-1-1. Expand the Open Elaborated Design entry under the RTL Analysis tasks of the Flow Navigator
pane and click on Schematic.
The model (design) will be elaborated and a logical view of the design is displayed.
1 - ili i i v
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Figure 4. A logic view of the design

You will see four components at the top-level, 2 instances of meta_harden, one instance of
uart_rx, and one instance of led_ctl.

2-1-2. To see where the uart_rx_i0 gets generated, right-click on the uart_rx_i0 instance and select Go
To Source and see that line 84 in the source code is generating it.

2-1-3. Double-click on the uart_rx_i0 instance in the schematic diagram to see the underlying

components.
uart_rx_i0
r= ™
clk_rx|
uart_baud_gen_rx_i0 uart_rx_ctl_i0
clk baud_x16_en baud_x16_en frm_err frm_err n/c
rst_clk_rx rst| clk_mn rx_data[7:0] x_data[7:0]
uart baud gen rst_elk_rx rk_data_rdy x_data_rdy
B B rxd_clk_rx
meta_harden_rxd_i0 uart_rx_ctl
rxd_clk_rx n/c
clk_dst
rst_dst signal_dst
rxd_i signal_src
meta_harden
., -
uart_rx

Figure 5. Lower level components of the uart_rx_i0 module

2-1-4. Click on Report Noise under the Open Elaborated Design entry of the RTL Analysis tasks of the
Flow Navigator pane.

2-1-5. Click OK to generate the report named ssn_1.

2-1-6. View the ssn_1 report and observe the unplaced ports, Summary, and 1/0O Bank Details are
highlighted in red because the pin assignments were not done. Note that only output pins are
reported as the noise analysis is done on the output pins.
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2-1-7.

Moise - s5n_1
SUMMmary 1) Bank Details
Messages (2) =
“A | Mame Part I 5kd Yoo Slew
Link= o | b 10 Bank 34 (0)
| IO Bank 35 (00
| B[ Unplaced Parts (5)
El Cl led_pins[1] led_pins[1] LWiCMiO51a 1.80 SLOW
Cl led_pins[Z] led_pins[2] LViCMOS18 1.80 SLOW
Cl led_pins[3] led_pins[3] LWiCMO518 1.80 SLOW
Cl led_pins[4] led_pins[4]  LWCMOS1S 1,80 SLiow
-(:l led_pins[5] led_pins[5]  LWCMOS1S 1.80 SLOw
CI led_pins[&] led_pins[&] LWCMOS18 1.80 SLOW
]
Z1ssn 1 x
= Tel Consolz | O Messages | B Log | (2 Reports | 3¢ Design Runs- R Moise

Figure 6. Noise report

Click on Add Sources under the Project Navigator, select Add or Create Constraints option and
click Next.

2-1-8. Click on the Green Plus button, then the Add Files... button and browse to the
<2015_2_artix7_sources>\lab2 directory, select the uart_led_pins_<board>.xdc file
(depending on the target board), click OK, and then click Finish to add the pins location
constraints.

Notice that the sources are modified and the tools detect it, showing a warning status bar to re-
load the design.
() Elaborated Design is out-of-date. Constraints were modified. more info Reload

2-1-9. Click on the Reload link. The constraints will be processed.

2-1-10. Click on Report Noise and click OK to generate the report named ssn_1. Observe that this time
it does not show any errors (no red).

Synthesize the Design Step 3

3-1. Synthesize the design with the Vivado synthesis tool and analyze the
Project Summary output.

3-1-1. 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.

3-1-2. Select the Open Synthesized Design option and click OK as we want to look at the synthesis
output.

Click Yes to close the elaborated design if the dialog box is displayed.
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3-1-3. Select the Project Summary tab

If you don’t see the Project Summary tab then select Layout > Default Layout, or click the

z|

Project Summary icon

3-1-4. Click on the Table tab in the Project Summary tab and fill out the following information.
Question 1

Look through the table and find the number used of each of the following:

FF:
LUT:
1/O:
BUFG:

3-1-5. Click on Schematic under the Open Synthesized Design tasks of Synthesis tasks of the Flow
Navigator pane to view the synthesized design in a schematic view.

led_pins_OBUF[0] inst
meta_harden_btn_i0 >—‘“ Pl S T ed ping 7]
OBUF
btn_pin_IBUF_inst = led_pins_OBUF[1] inst
bin_pin[_> ‘I“I/x_h bitn_pin_IBUF ed_a_regld] L1 )
1BUF
elk_pin_IBUF_inst clk_pin_IBUF_BUFG_inst . meta_harden led ctl_i0 led_pins_OBUF[2] inst
clk_pin I~ 0 I~ O mota_tarden_rst_i1 | @ : -0 4
TBUF BUFG I i uart,rx i — OBUF
rst_pin_IBUF_inst o st el r D[7:0) led_pins_OBUF[3] inst
rat_pin[> I~ st_pin_1BUF| ok _pin_IBUF_BUFG| lo7:0 [ £ - ey .
TBUF mefa_harden_0 L = I e ke fS0% rey OBUF
rel_pin_IBUF _inst st Ok ] o date ey x_data_rdy) led_pins_OBUF[4]_inst
e pin [ \Du el _piny_IBLF signal_dst_reg| 4 1 ) 4
1BUF uar_rx ed_ct

led pins_ OBUF[5] inst
s I~ o ;

led_pins_OBUF(6] inst
] 5

led_pins_OBUF[7] inst
71 o 7

OBUF

Figure 7. Synthesized design’s schematic view

Notice that IBUF and OBUF are automatically instantiated (added) to the design as the input and
output are buffered. There are still four lower level modules instantiated.

3-1-6. Double-click on the uart_rx_i0 instance in the schematic view to see the underlying instances.

3-1-7. Select the uart_baud_gen_rx_i0 instance, right-click, and select Go To Source.
Notice that line 84 is highlighted. Also notice that the CLOCK_RATE and BAUD_RATE
parameters are passed to the module being called.

3-1-8. Double-click on the meta_harden_rxd_io instance to see how the synchronization circuit is being
implemented using two FFs. This synchronization is necessary to reduce the likelihood of meta-
stability.

3-1-9. Click on the (*) in the schematic view to go back to its parent block.
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3-2. Analyze the timing report.

3-2-1. Click on Report Timing Summary under the Synthesized Design tasks of the Flow Navigator
pane.

3-2-2. Click OK to generate the Timing_1 report.

Timing - Timing Summary - timing_1

a, Zj i‘éﬂ & ? @ j 4 Design Timing Summary
+~General Informati B4
enera n.urrna fon Setup Hold Pulse Width

~Timer Settings
i Worst Negative Slack (WNS): -5.417 ns Worst Hold Slack (WHS): -0.956 ns Worst Pulse Width Slack (WPWS): 4.500 ns

Clock Summary (2 = Total Negative Slack (TNS):  -43.267 ns Total Hold Slack (THS): -1.905 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
F-Check Timing (1 Number of Failing Endpoints: 8 Mumber of Failing Endpoints: 2 Number of Failing Endpoints: 0
F-Intra-Clock Paths Total Number of Endpoints: 104 Total Number of Endpoints: 104 Total Number of Endpoints: 49
F-Inter-Clock Paths

Other Path Groups lé Timing constraints are not met.

Timing Summary - timing 1 _X:

& Tl Console | © Messages | Gl Log | 21 Reports | 3> Design Runs- & Timing

Figure 8. Timing report for the Nexys4 DDR

Timing - Timing Summary - timing_1

a, Zj ?‘35 - ? @ j 4 Design Timing Summary
~General Informati B4
eneraln .urrna fon Setup Hold Pulse Width
~Timer Settings
Worst Megative Slack (WNS): -5.340 ns Waorst Hold Slack (WHS): -0.951 ns Worst Pulse Width Slack (WPWS): 4.500 ns

Clock Summary (2 = Total Negative Slack (TNS):  -42.555 ns Total Hold Slack (THS): -1.894 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
F-Check Timing (1 Mumber of Failing Endpoints: Number of Failing Endpoints: 2 Number of Failing Endpoints: 0
F-Intra-Clock Paths Total Number of Endpoints: 104 Total Number of Endpoints: 104 Total Number of Endpoints: 49
F-Inter-Clock Paths

Other Path Groups ~ | Timing constraints are not met.

=

iTiming Summary - timing 1 X

& Tcl Console | © Messages | G Log | 21 Reports | 3> Design Runs . & Timing
Figure 8. Timing report for the Basys3

Timing - Timing Summary - timing_1

AT & ? @ j 4 Design Timing Summary
+~General Informati ap
;~General Information Setup Hold Pulse Width
Timer Settings
Waorst Negative Slack (WNS): -4.785 ns Worst Hold Slack (WHS): -0.954 ns. Worst Pulse Width Slack (WPWS): 4.500 ns
i-Clock Summary (2 = Total Negative Slack (TNS):  -38.086 ns Total Hold Slack (THS): -1.876 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
fH-Check Timing (1) Mumber of Failing Endpoints: 8 Number of Failing Endpoints: 2 Number of Failing Endpoints: 0
- Intra-Clock Paths Total Mumber of Endpoints: 104 Total Number of Endpoints: 104 Total Number of Endpoints: 49
F-Inter-Clack Paths

“-Other Path Groups Timing constraints are not met.

Timing Summary - timing_1 X
5 Tdl Console | © Messages | B Log | 2 Reports | 3» Design Runs & Timing

Figure 8. Timing report for the Nexys Video

Notice that the Design Timing Summary and Inter-Clock Paths entry in the left pane is highlighted

in red indicating timing violations. In the right pane, the information is grouped in Setup, Hold, and
Width columns.

Under the Setup column Worst Negative Slack (WNS) is linked indicating that clicking on it can
give us insight on how the failing path has formed. The Total Negative Slack (TNS) is highlighted
in red indicating the total amount of violations in the design and the Number of Failing Endpoints
indicate total number of failing paths.

3-2-3. Click on the WNS link and see the 8 failing paths.
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Timing - Timing Summary - timing_1

ATHES2 R0

« Inter-Clock Pal

ths - clk_pin to virtual_clock - Setup

N3 a1
+--Design Timing Summary Ly Name Slack  Levels  High Fanout  From To Total Delay  Logic Delay  Net Delay  Source Clock  Destination Clock
Clock Summary k4 Fatn 23 -_— _ctl_i0/led_o_reg[7]/Clled_pins[7] 0.803fclk pin virtual_clock
Check Timing (1) i % @ Path 24 1 1 led_ctl_i0/led_o_reg[6]/C led_pins[6] 5. 011 4. ZOE 0.803 clk_pin virtual_clock
Intra-Clock Paths i @ Path 25 1] 1 led_ctl_i0/led_o_reg[2)/C led_pins[2] 5.000 4.206 0.803 ck_pin virtual_clock
2 2 Path 26 1 1 led_ctl_i0/led_o_reg[5)/C led_pins[5] 5.008 4.205 0.803 clk_pin virtual_clock
[=-Inter-Clock Paths L4
irtusl_dlock to clk & 2 Path 27 1] 1 led_ctl_i0/led_o_reg[4)/C led_pins[4] 5.008 4.205 0.803 clk_pin virtual_clock
virtual_clock to clk_pin 2 Path 28 1 1 led_ctl_io/led_o_reg[3]/C led_pins[3] 5.007 4.204 0.803 dk_pin virtual_clock
E-clk_pin ta virtual_clack o 2 Path 29 1 1 led_ctl_i0/led_o_reg[1]/C led_pins[1] 4.901 4.188 0.803 clk_pin virtual_clock
- = 2 Path 30 it 1 led_ctl_i0/led_o_req[0]/C led_pins[0] 4.976 4.173 0.803 clk_pin virtual_clock
- I3 Tcl Console | © Messages | B Log | = Reports | 3> Design Runs & Timing |
Timing - Timing Summary - timing_1
A TS & -0 ? & 4 Inter-Clock Paths - clk_pin to virtual_clock - Setup
BT 3 1
¢ Edk_pin A | ame Slack Levels  High Fanout  From To Total Delay  Logic Delay  Net Delay ~ Source Clock  Destination Clack

Setup 7.040 ns (10)

l anzsl [ ified ali0/ed o regri/clied pinsia] 4.961 4161l o.80ofcicpin_ Jvirtual clock ]

i~-Hold -0.951 ns (10) i X ?Path24 -5325 1 1 led_ctl_i0/led_o_reg[5]/C led_pins[5] 4.945 4.145 0.800 clk_pin virtual_clock
Pulse Width 4.500 ns (30 ) @ Path25 -5.319 1 1 led_ctl_i0/led_o_reg[3]/C led_pins[3] 4.940 4.140 0.800 clk_pin virtual_clock
H . o 2 Path26  -5.319 1 1 led_ctl_i0/led_o_reg[4]/C led_pins[4] 4.939 4.140 0.800 clk_pin virtual_clock
EHInter-Clock Paths
e € ?Path27 -5.316 1} 1 led_ctl_i0/led_o_reg[6]/C led_pins[6] 4.937 4,137 0.800 clk_pin virtual_clock
e Cackorcpin #Path28  -5.315 1 1 led_ctl_io/led_o_reg[0]/C led_pins[0] 4.936 4.136 0.800 clk_pin virtual_clock
i Erdk_pin to virtual_clock = P Path29  -5.311 1 1 led_ctl_i0/led_o_reg[2]/C led_pins[2] 4.932 4.132 0.800 clk_pin virtual_clock
= # Path30 -5.311 i 1 led_ctl_i0fled_o_req[7]/C led_pins[7] 4.932 4.132 0.800 cli_pin virtual_clock
J SAEINTIY g_1 %
B Td Console [ lessages { H Log LQ Reports l > Design Runs - (3 Timing ‘
Timing - Timing Summary - timing_1
A HeErp 2t 4 Inter-Clock Paths - clk_pin to virtual_clack - Setup
i S Py A1
Design Timing Summary a Name Slack Levels  High Fanout  From To Total Delay  Logic Delay  NetDelay  Source Clock  Destination Clock
ook Summary (2) 17 -—— 1lled_ctl_i0/led_o_reg[7)/C]l 4 399 3.600] __0.800(ck pin _____Jvirtual_dock __]
X @ Path 24 1 1 led_ctl_i0/led_o_reg[0]/C led. pms[O] 3.585 0.800 clk_pin virtual_clock
e 2 Path 25 1 1 led_ctl_i0/led_o_reg[11/C led_pins[1] 4.asu 3.580 0.800 clk_pin virtual_clock
L 2 Path 26 1 1 led_ctl_io/led_o_reg[4]/C led_pins[4] 4.362 3.562 0.800 dli_pin virtual_clock
& P Path 27 1 1 led_ctl_io/led_o_reg[5]/C led_pins[5] 4.352 3.552 0.800 clk_pin virtual_dlock
2 Path 28 1 1 led_ctl_io/led_o_reg[3]/C led_pins[3] 4.348 3.548 0.800 dk_pin virtual_dlock
& 2 Path 29 1 1 led_ctl_io/led_o_reg[6]/C led_pins[6] 4.346 3.546 0.800 clk_pin virtual_clock
= 2 Path 30 1 1 led_ctl_io/led_o_rea[2]/C led_pins[2] 4.346 3.546 0.800 clk_pin virtual_clock

ETd Consale | © Messages | Bl Log | 21 Reports | 3 Design Runs (3 Timing |

Figure 9. The 8 failing paths for the Nexys Video

3-2-4. Double-click on the Path 23 to see how the path is made.
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Requirement
Data Path Delay

2.000ns (virtual_clock rise@12.000ns - clk_pin rise@10.000ns)
5.011ns (logic 4.208ns (83.976%) route 0.803ns (16.024%))

Logic Levels 1 (DBUF=1)
Qutput Delay 0.000ns
Clock Path Skewr -2.381ns
Clock Uncertainty 0.025ns

Path 23 - timing_1 — 0O a x
= Summary
Slack -5.417ns
Source D led_ctl_io/fled_o_reg[7]/C (rising edge-triggered cell FDRE clocked by clk_pin {rise@0.000ns fall@5.000ns period=10.000ns})
Destination “dled_pins[7] (output port clocked by virtual_clock {rise@0.000ns fall@6.000ns period=12.000ns})
Path Group virtual_clock
Path Type Max at Slow Process Corner

Clock Domain Crossing Inter clock paths are considered valid unless explicitly excluded by timing constraints such as set_clock_groups or set_false_path.

[= 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: E3 T clk_pin
net (fo=0) 0.000 10.000 A clk_pin
Site: E3 @ clk_pin_IBUF inst/I
IBUF (Prop ibuf I O (r) 1.482 11.482 Site: E3 «d clk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.000 11.482 A clk_pin_IBUF

@ clk_pin_IBUF_BUFG_inst/I

BUFG (Prop bufg 1 0) (r) 0.096 11.578 < clk_pin_IBUF_BUFG_inst/O
net (fo=48, unplaced) 0.803 12.381 " led_ctl_io/CLK
FDRE D led_ctl_i0/led_o_reg[7]/C
|=I Data Path
|— Delay Type Incr (ns)  Path (ns) Location  Metlist Resource(s)
FDRE (Prop fdre C Q) (r) 0.478 12.859 d led_ctl_io/led_o_reg[7]/Q
net (fo=1, unplaced) 0.803 13.662 " led_pins_OBUF[7]
Site: U16 [ led_pins OBUF[7]_inst/I
OBUF (Prop obuf I 0) (r) 3.730 17.392 Site: U16 < led_pins_OBUF[7]_inst/O
net (fo=0) 0.000 17.392 A" led_pins[7]
Site: U16 <0 led_pins[7]
Arrival Time 17.392
|=I Destination Clock Path
L Delay Type Incr (ns)  Path (ns) Location  Metlist Resource(s)
(clock virtual_clock rise edge)  (r) 12.000 12.000
ideal cock 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 10. Worst failing path for the Nexys4 DDR
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Path 23 - timing_1 = m e
= Summary

Slack -5.340ns
Source D led_ctl_i0fled_o_reg[1]/C (rising edge-triggered cell FDRE clocked by clk_pin {rise@0.000ns fall@5.000ns period=10.000ns})
Destination <dled_pins{1] (output port clocked by virtual_clock {rise@0.000ns fall@6.000ns period=12.000ns})
Path Group virtual_clock
Path Type Max at Slow Process Corner
Requirement 2.000ns (virtual_clock rise@12.000ns - clk_pin rise@10.000ns)
Data Path Delay 4.961ns (logic 4.161ns (83.876%) route 0.800ns (16.124%))
Logic Levels 1 (OBUF=1)
Output Delay 0.000ns
Clock Path Skew -2.354ns
Clock Uncertainty 0.025ns
Clock Domain Crossing Inter clock paths are considered valid unless explicitly excluded by timing constraints such as set_clock_groups or set_false_path.
[l 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: W5 [ clk_pin
net (fo=0) 0.000 10.000 A clk_pin
Site: W5 [ clk_pin_IBUF_inst/I
IBUF (Prop ibuf 1 O (r) 1.458 11.458 Site: W5 < clk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.000 11.458 A clk_pin_IBUF
2 clk_pin_IBUF_BUFG_inst/T
BUFG (Prop bufg 1 O) (r) 0.096 11.554 4 clk_pin_IBUF_BUFG_inst/O
net (fo=48, unplaced) 0.800 12.354 A" led_ctl_io/CLK
FDRE D 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 12.810  led_ctl_i0/led_o_reg[1]/Q
net (fo=1, unplaced) 0.800 13.610 " led_pins_OBUF[1]
Site: E19 [ led_pins_OBUF[1]_inst/I
OBUF (Prop obuf 1 0) (r) 3.705 17.315 Site: E19 < led_pins_OBUF[1]_inst/O
net (fo=0) 0.000 17.315 A" led_pins[1]
Site: E19 < led_pins[1]
Arrival Time 17.315
[ 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
Reguired Time 11.973
< ] | *
Figure 10. Worst failing path for the Basys3
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Path 23 - timing_1 — O a X
=l Summary
Wlname Path 23
Slack -4.795ns
Source @ led ctl i0/led o_reg[71/C (rising edge-triggered cell FORE clocked by clk_pin {rise@0.000ns fall@5.000ns period=10.000ns})
Destination < led_pins[7] (output port clocked by virtual_clock {rise@0.000ns fall@6.000ns period=12.000ns})
Path Group virtual_clock
Path Type Max at Slow Process Corner

Requirement
Data Path Delay

Logic Levels 1 (OBUF=1)
Output Delay 0.000ns
Clock Path Skew -2.371ns
Clock Uncertainty 0.025ns

2.000ns (virtual_clock rise@12.000ns - clk_pin rise@10.000ns)
4.399ns (logic 3.600ns (81.819%) route 0.800ns (18.181%))

Clock Domain Crossing Inter clock paths are considered valid unless explicitly excluded by timing constraints such as set_clock_groups or set_false_path.

[=I Source Clock Path

O

—m

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 Or clk_pin

net (fo=0) 0.000 10.000 A elk_pin

Site: R4 D clk_pin_IBUF inst/T
IBUF (Prop ibuf 1T O (r) 1.475 11.475 Site: R4 < clk_pin_IBUF_inst/O
net (fo=1, unplaced) 0.000 11.475 A" elk_pin_IBUF

@ clk_pin_IBUF_BUFG_inst/I

BUFG (Prop bufg I O) (r) 0.096 11.571 «d clk_pin_IBUF_BUFG_inst/O
net (fo=48, unplaced) 0.800 12,371 A" led_ctl_i0/CLK
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) 0.456 12.827 d led_ctl_i0/led_o_req[71/Q
net (fo=1, unplaced) 0.800 13.627 " led_pins_OBUF[7]

Site: ¥13 D led_pins_OBUF[7]_inst/I
OBUF (Prop obuf I O) (r) 3.144 16.770 Site: ¥13 < led_pins_OBUF[7]_inst/O
net (fo=0) 0.000 16.770 A" led_pins[7]

Site: ¥13 < led_pins[7]
Arrival Time 16.770
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
Required Time 11.975

Figure 10. Worst failing path for the Nexys Video

Note that this is an estimate only. The nets are specified as unplaced and have all been allocated

default values (0.800 ns). No actual routing delays are considered.

3-3. Generate the utilization and power reports.

3-3-1. Click Report Utilization under the Synthesized Design, and click OK to generate the utilization
report.

Resource Ilkilization
Slice LUTs 41

Slice Registers 48

1o 12
Clocking 1

Available
3400
126500
21z

32

Lkilizakion %

0,06
0.04
5.66
s

Figure 11. Utilization report for the Nexys4 DDR

Resource Ikilization
Slice LUTs 41

Slice Reqgisters 45

10 12
Clacking 1

Ay ailable
2000
41a00
120

32

Lkilization s

0.20
0.1z
10.00
312

Figure 11. Utilization report for the Basys3
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Resource Utllization | Available Utilization %%
Slice LUTs 41 134500 0.03
Slice Registers 48 269200 0.02
10 12 285 4,21
Clocking 1 32 3.12

Figure 11. Utilization report for the Nexys Video

Question 2

Look through the report and find the number used of each of the following:

FF:
LUT:
1/O:
BUFG:

3-3-2. Select Slice LUTs entry in the left pane and see the utilization by lower-level instances. You can
expand the instances in the right pane to see the complete hierarchy utilization.

Utilization - utilization_1

A=+ E 4 Slice Logic - Slice LUTs - LUT as Logic (20800 available)
- Hierarchy A Q| yame Used
z;.lmr:ary = -] uart_led 41
= !cESI'DQIEUT o pag &-[@ uart_rx_i0 (uart_rx) 33
= !CE = : " i = N : uart_rx_ct_i0 (uart_rx_... 27
LLIT - M i } % uart_baud_gen_rx_i0 {U... 5
| H .
58 Memary | k led_ctl_i0 (led_ct] ]

l_l Clira Danictare 1000

Figure 12. Utilization of lower-level modules for the Nexys4 DDR

Utilization - utiization_1

E ﬁ 4= o @ 4| Slice Logic - Slice LUTs - LUT as Logic (20800 available)
s-Hierarchy AP Q| Name Used
é"zlum“law 5 | 250 uart_led 41
: Ice Logic g =[] wart_rx_i0 (uart_rx) 33
! [E-Slice LUTs ( = .
T L ({1%} wart_rx_ct_i0 (uart_rx_... 27
LLITM % uart_baud_gen_rx_i0 (... &
| ‘o H -
as Memary | @] led_ct_i0 (ed_ctl] ]

l_l Slire Ranictars 100"

Figure 12. Utilization of lower-level modules for the Basys3

Utilization - utilization_2

A TEE&ESE 4 Slice Logic - Slice LUTS - LUT as Logic (134600 avaiable)
c~Hierarchy A¥ QA Name Used
Bgrmnlar\; o =5 uart_led “
: IEESI DQIELIT s & [@ wart_rx_i0 {uart_rx) 33
E\\ ice = s | : — - wart_rx_ctl_i0 (uart_rx_... 27
F _ ogic (<1%) % uart_baud_gen_rx_i0 (u... &

LHUT a_SIMEH?Dr_\"'_'_If %) ] led_ct_i0 {led_ct] 8

Figure 12. Utilization of lower-level modules for the Nexys Video

3-3-3. Click Report Power under the Synthesized Design, and click OK to generate the estimated
power consumption report using default values.

Note that this is just an estimate as no simulation run data was provided and no accurate activity
rate, or environment information was entered.
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Power - power_1

QT E & 4 Summary
-Settings 4 - ) ) L hio Paw
ary (0,102 W) Power estimation from Synthesized netlist, Activity On-Chip Power
' Power S I derived from constraints files, simulation files or L ) -
[rrower supply vectorless analysis, Note: these early estimates can [ Dynamic: 0.005W  (4%)
[=-Utilization Details change after implementation,
~Hierarchical {0.005 W) 31% | Doocks: 0.001W
Total On-Chip Power: 0.102'W 8% | [JSiangls:  0.000 W
Junction Temperature: 25.5°C a5y, @ Logic: 0.000 W
. . . =oa
Thermal Margin: 5.5 °C (12.9W) 8% | Ouo: 0.003 W
Effective G1A: 4.6 CfwW
- ' ) e A
Power supplied to off-chip devices: 0w [ Device Static: 0.097W  (36%)
Confidence level: Medium
Figure 13. Power consumption estimation for the Nexys4 DDR
Power -power_1
Q Z % = 4  Summary
-Settings 4 X
: 2 Power estimation from Synthesized netlist, Activity On-Chip Power
derived from constraints files, simulation files or 5% )
vectorless analysis, Note: these early estimates can [ Dynamic: 0.004W  (6%)
change after implementation.
31% | OClocks: 0.001W
Total On-Chip Power: 0.076 W 7% | [Csigngs: 0,000 W
Junction Temperature: 254 °C g8y Bl Logic: a.000 W
Thermal Margin: 59,6 °C (119 W) 57% | oo 0,002 W
Effective GJA: 5.0 T
Power supplied to off-chip devices: 0 W [ Device Static 0.072W  (34%)
Confidence level: Medium
Figure 13. Power consumption estimation for the Basys3
Power - power_1
a, Z % - 4 Summary
4
Power estimation from Synthesized netlist. Activity On-Chip Power
derived from constraints files, simulation files or ) o
[TERED _ vectorless analysis. Note: these early estimates can LI Dynamic: 0.004 W (2%)
(= Utilization Details change after implementation.
-Hierarchical (0.004 W) 440, | O Clocks: n.002' W
--Clocks (0.002 W) Total On-Chip Power: 0155 W goo—| CISignals:  0.000 W
E—:I--S:ignals (<0.0001 W) Junction Temperature: 255 °C 98% I Logic: 0.000 W
;-Data (<0.0001 W) || Thermal Margin: 59.5 °C (17.6 W) 42% | [1/0: 0.002 W
Clock Enable (<0.0001 W) Effective G1A: 3.3 °C/W
Set/Reset (0 W)
. EF" eeet I_ : Power supplied to off-chip devices: 0W [ Device Static: 0.151 W [98%)
-Logic (<0.0001 W) ‘
Confidence level: Medium

-0 (0.002 W)

Figure 13. Power consumption estimate for the Nexys Video

Question 3

From the power report, find the % power consumption used by each of the following:

Clocks: Y%
Signals: %
Logic: Y%
I/O: Y%

You can move the mouse on the boxes which do not show the percentage to see the
consumption.
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3-4. Write the checkpoint in order to analyze the results without going through
the actual synthesis process.

3-4-1. Select File > Write Checkpoint... to save the processed design so it can be opened later for
further analysis.

3-4-2. A dialog box will appear showing the default name of the file in the current project directory.

PN Write Checkpoint

Create a checkpaint file that contains the netlist, ¥DC constraints, and the physical database.

Checkpoint file: | C:/xup/fpaa_flow/2015_2_artix_7_labs/lab2 /checkpoint_1.dcp

oK Cancel

Figure 14. Writing checkpoint

3-4-3. Click OK.

3-5. Change the synthesis settings to flatten the design. Re-synthesize the
design and analyze the results.

3-5-1. Click on the Project Settings under the Project Manager, and select Synthesis.

3-5-2. Click on the flatten_hierarchy drop-down button and select full to flatten the design.

Pl Project Settings
p Synthesis
@ Constraints
Generd Default constraint set: | = constrs_1 (active) -
";g'u]]!
Options
Simulation .
¥ Strategy: A Vivado Synthesis Defaults (Vivado Synthesis 2015) w | 0B
;:})—o.
'\._./J Description:  Vivado Synthesis Defaults
Elaboration =
= =l Synth Design (vivado) 2
@ td.pre
td.post
Synthesis E
-flatten_hierarchy }ﬁi
D -gated_dock_conversion off -
b 12
Implementation ufg
% -fanout_limit 10,000
1010 -directive Default -
Lalale)
Bitstream -fsm_extraction auto -
“keep_equivalent_registers O
g = -resource_sharing auto -
P -control_set_opt_threshold auto -
° +o_lc O
shrea min size 3 L

Figure 15. Selecting flatten hierarchy option

3-5-3. Click OK.
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3-5-4. A Create New Run dialog box will appear asking you whether you want to create a new run since
the settings have been changed.

Create New Run

@ Properties for the completed run 'synth_1' have been modified,
Do you want to preserve the state of 'synth_1' and apply these changes to a new run?

[] Don't show this dialog again

Yes Mo Cancel

Figure 16. Create New Run dialog box
3-5-5. Click Yes.
3-5-6. Change the name from synth_2 to synth_flatten and click OK.
3-5-7. Click Run Synthesis to synthesize the design.

3-5-8. Click Save, OK, and again OK to save the synthesized design and save the constraints.

The Reload Design dialog box may re-appear. Click Cancel.
3-5-9. Click OK to open the synthesized design when synthesis process is completed.

3-5-10. Click on Schematic under the Open Synthesized Design tasks of Synthesis tasks of the Flow
Navigator pane to view the synthesized design in a schematic view.

Notice that the design is completely flattened.

Figure 17. Flattened design

3-5-11. Click on Report Utilization and observe that the hierarchical utilization is no longer available.
Also note that the number of Slice Registers is 48.

3-6. Write the checkpoint in order to analyze the results without going through
the actual synthesis process.

3-6-1. Select File > Write Checkpoint... to save the processed design so it can be opened later for
further analysis.

3-6-2. A dialog box will appear showing the default name of the file (checkpoint_2.dcp) in the current
project directory.
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3-6-3. Click OK.

3-6-4. Close the project by selecting File > Close Project.

Read the Checkpoints Step 4

4-1. Read the previously saved checkpoint (checkpoint_1) in order to analyze
the results without going through the actual synthesis process.

4-1-1. Select File > Open Checkpoint... at the Getting Started screen.
4-1-2. Browse to <2015_2_artix7_labs>\lab2 and select checkpoint_1.
4-1-3. Click OK.

4-1-4. If the schematic isn’'t open by default, in the netlist tab, select the top-level instance, uart_led,
right-click and select Schematic.

You will see the hierarchical blocks. You can double-click on any of the first-level block and see

the underlying blocks. You can also select any lower-level block in the netlist tab, right-click and
select Schematic to see the corresponding level design.

4-1-5. In the netlist tab, select the top-level instance, uart_led, right-click and select Show Hierarchy.

You will see how the blocks are hierarchically connected.

4-1-6. Select Tools > Timing > Report Timing Summary and click OK to see the report you saw
previously.

4-1-7. Select Tools > Report > Report Utilization... and click OK to see the utilization report you saw
previously

4-1-8. Select File > Open Checkpoint, browse to <2015_2_artix7_labs>\lab2 and select
checkpoint_2.

4-1-9. Click No to keep the Checkpoint_1 open.

This will invoke second Vivado GUI.

4-1-10. If the schematic isn’'t open by default, in the netlist tab, select the top-level instance, uart_led,
right-click and select Schematic.

You will see the flattened design.
4-1-11. You can generate the desired reports on this checkpoint as you wish.

4-1-12. Close the Vivado program by selecting File > Exit and click OK.
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Conclusion

In this lab you applied the timing constraints and synthesized the design. You viewed various post-
synthesis reports. You wrote checkpoints and read it back to perform the analysis you were doing during
the design flow. You saw the effect of changing synthesis settings.
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Answers

1. Look through the table and find the number used of each of the following:

FF: 48
LUT: 41
I/O: 12
BUFG: 1

2. Look through the report and find the number used of each of the following:

FF: 48
LUT: 41
I/O: 12
BUFG: 1

3. From the power report, find the % power consumption used by each of the following (Nexys4 DDR):

Clocks: 31%
Signals: 6%
Logic: 5%
I/0: 58%
For the Basys3:

Clocks: 31%
Signals: 7%
Logic: 5%
I/O: 57%

For the Nexys Video:

Clocks: 52%
Signals: 9%
Logic: 7%
I/O: 32%
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