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Verilog HDL Utilization Scenario I

e Simulation and verification of logic circuits on PC.

Specification . _
Verilog HDL Coding

Test Pattern

2-to-1 Multiplexer

module SMUX(out, a, b, sel);

) ) - output out;
Loglc De51gn input a,b,sel;
uo

wire sel_n,t1,t2;

not UO(sel_n,sel);
and U1(tl1,a,sel);
and U2(t2,b,sel_n);
or U3(out,tl1,t2);

endmodule

a CPU or MP3 player processor.

a, b, sel
000
001
010

111

Yes, it is
correct !

Verilog HDL Simulator
* Imaging what happens when the circuit is as complex as
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Verilog HDL Utilization Scenario 11

* Design and Implementation of logic circuits in FPGA (IC)

Specification

2-to-1 Multiplexer Synthesized Logic Circuits

Verilog HDL Coding G-

module SMUX(out, a, b, sel);

output out;
input a,b,sel;
wire sel_n,t1,t2;

FPGA Implement Design
and Programming

assign out = sel ? a:b;

endmodule

Verilog HDL Logic Synthesizer Now, it can work !
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Basys3 FPGA Board

16) 15 1:5, 13 1? 1) 10) 9
§ i
)

Figura 1. Bosys3 FPGA Boons with cofoots.

I e )

1 Power good LED FPGA configuration raset button
2 Priod connector(s] 1o Frogramming mode jumper

3 Analog signal Prod connector [KADC) 11 USB host connector

4 Four digit 7-segment display 12 VGA Connector

5 slide switches (15] 13 Shared UART/ JTAG USE port

[ LEDs (16) 14 External power connector

7 Pushbuttons (3} 15 Powear Switch

B FPEA programming done LED 16 Power Select Jumpar

Toibe L. Basys? Cofiouts and component descriptions.
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EVS6 FPGA Board Specification

* 33,280 logic cells in 5200 slices (each slice contains four
B-input LUTs and 8 flip-flops)

& 1,800 Kbits of fast block RAM

* Five clock management tiles, each with a phase-locked
loop (PLL)

* 90 DSP slices

* Internal clock speeds exceeding 450MHz

*  On-chip analog-to-digital converter (XADC)

» 16 user switches ® 16 user LEDs * 5 user pushbuttons
e 4-digit 7-segment display ® Three Pmod connectors * Pmod for XADC signals
» 12-bit VGA output * USB-UART Bridge » Serial Flash
= Digilent USB-JTAG port for # USB HID Host for mice, keyboards
FPGA programming and and memory sticks

communication

The complete FPGA board document (Basys3 rm.pdf) is on the course website.
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Specific I/Os — Push Buttons

set_property PACKAGE_PIN W19 [get_ports {BTNL}]
set_property IOSTANDARD LVCMOS33 [get_ports {BTNL}]
set_property PACKAGE_PIN T17 [get_ports {BTNR}]
set_property IOSTANDARD LVCMOS33 [get_ports {BTNR}]
set_property PACKAGE_PIN T18 [get _ports {BTNU}]
set_property IOSTANDARD LVCMOS33 [get_ports {BTNU}]
set_property PACKAGE_PIN U17 [get_ports {BTND}]
set_property IOSTANDARD LVCMOS33 [get_ports {BTND}]
set_property PACKAGE_PIN U18 [get_ports {BTNC}]
set_property IOSTANDARD LVCMOS33 [get_ports {BTNC}]

33v

- —AM—
iy w19
"I'.'I'"i_
'_GETI‘fR T17
Buttons }—+"% ny
BTN M8
— o sw— 1T
BTMD
_d#.'c W— U’1 B

BTN > o o
Artix-7
33V

NTHU EECS Logic Design Lab.



Specific I/Os — DIP Switches

sy S Artix-7

set_property PACKAGE_PIN V17 [get_ports {SWO0}] S o VAT
set_property IOSTANDARD LVCMOS33 [get_ports {SWO0}] ﬂs«:—wﬁ V16
set_property PACKAGE_PIN V16 [get _ports {SW1}] %»o_w._ W16
set_property IOSTANDARD LVCMOS33 [get_ports {SW1}] [ 505w
set_property PACKAGE_PIN W16 [get _ports {SW2}] %H_W,_ W15
set_property IOSTANDARD LVCMOS33 [get_ports {SW2}] %’"ﬂ—w— V15
set_property PACKAGE_PIN W17 [get_ports {SW3}] [ o W14
set_property IOSTANDARD LVCMOS33 [get_ports {SW3}] Side ﬁm—m— ::23
set_property PACKAGE_PIN W15 [get_ports {SW4}] S
set_property IOSTANDARD LVCMOS33 [get_ports {SW4}] ﬁw—wﬁ E

: [SWiTr~—w— R3

! [SWi25~o—wi— W2
set_property PACKAGE_PIN T1 [get _ports {SW14}] .%o:ﬂ—m— U1
set_property IOSTANDARD LVCMOS33 [get_ports {SW14}] an—wv— T
set_property PACKAGE_PIN R2 [get_ports {SW15}] vs»ﬂow—m— R2

set_property IOSTANDARD LVCMOS33 [get_ports {SW15}]
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Specific I/Os - LED

set_property PACKAGE_PIN U16 [get_ports {LDO0}]
set_property IOSTANDARD LVCMOS33 [get_ports {LDO0}]

set_property PACKAGE_PIN E19 [get_ports {LD1}] U16 _LDO LEDs
set_property IOSTANDARD LVCMOS33 [get_ports {LD1}] E19 LD =
set_property PACKAGE_PIN U19 [get_ports {LD2}] Uu1g =&
set_property IOSTANDARD LVCMOS33 [get_ports {LD2}] V19 :
set_property PACKAGE_PIN W18 [get_ports {LD3}] \'m g e .
set_property IOSTANDARD LVCMOS33 [get_ports {LD3}] U14 -LD6 i
set_property PACKAGE_PIN U15 [get_ports {LD4}] V14 —LD7 “
set_property IOSTANDARD LVCMOS33 [get_ports {LD4}] V13 tgg H v
! ﬁg LD10,,n 2
1 ' U3 LD11 2
P3 —C :
set_property PACKAGE_PIN P1 [get_ports {LD14}] N3 : j
set_property IOSTANDARD LVCMOS33 [get_ports {LD14}] P1 —o :

set_property PACKAGE_PIN L1 [get ports {LD15}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD15}]

)

w ) ir.i:: i'!—,— [ RE ‘u:: i
S sul su1 g SH1Z SUIlT  su1g” 9 =

WLSAD Y S 5 ayme
s
L0S ’ LO6 L5 04
14> l (Ul14) '

SUS — SW4
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Specific I/Os — Segment Displays

set_property PACKAGE_PIN W4 [get_ports {AN3}]
set_property IOSTANDARD LVCMOS33 [get_ports {AN3}]

set_property PACKAGE_PIN V4 [get_ports {AN2}] W4 %—Eﬂmz
set_property IOSTANDARD LVCMOS33 [get_ports {AN2}] vl Ean
set_property PACKAGE_PIN U4 [get_ports {AN1}] Uz —w »T\ND

set_property IOSTANDARD LVCMOS33 [get_ports {AN1}] o
set_property PACKAGE_PIN U2 [get_ports {ANO}] T
set_property IOSTANDARD LVCMOS33 [get_ports {ANO}]
set_property PACKAGE_PIN W7 [get_ports {CA}]
set_property IOSTANDARD LVCMOS33 [get_ports {CA}]

|

set_property PACKAGE_PIN V7 [get_ports {DP}]
set_property IOSTANDARD LVCMOS33 [get_ports {DP}] Common anode ~

ANZ AN2 AN1 ANO /:%,JI —

| | | | F%, A
| I :
=1 =1 =L 1—I. %

U I f
CACBCCCDCECFCGDP E |C
Four-digit Seven j
Segment Display #
b/ NN

Individual cathodes

NTHU EECS Logic Design Lab.



Specific I/Os - VGA Control

(S pixel 0,0 pixel 0,639
640 pixels per row are displayed
during forward beam trace
b - > —
Retrace - no
Display Surface information
piay displayed
during this
time
s pixel 479,0 pixel 479,639 —5]

is displayed during this time

> Stable current ramp - information

Current

waveform
through

horizontal : ) _

defletion 3 Total horizontal time §

- : o . . i : ~. retrace
coil S Horizontal display time CF L time
: : . —
HS |_| : : : time
t L Honzontal sync signal t
"“front porch” sets retrace frequency "back porch"
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Specific I/Os - VGA Control

set_property PACKAGE_PIN G19 [get_ports {REDO}]
set_property IOSTANDARD LVCMOS33 [get_ports {REDO}]
set_property PACKAGE_PIN H19 [get_ports {RED1}]
set_property IOSTANDARD LVCMOS33 [get_ports {RED1}]
set_property PACKAGE_PIN J19 [get_ports {RED2}]
set_property IOSTANDARD LVCMOS33 [get_ports {RED2}]
set_property PACKAGE_PIN N19 [get_ports {RED3}] Glg REDD 4@
set_property IOSTANDARD LVCMOS33 [get_ports {RED3}] H1g REDL_G2

J1o _RED2 ;:‘;}ﬂ
[ N1g REDS S0

Pin1:Red Pin 5: GND

Pin 2: Gm Pin 6: Red GND
Pin 3: Blue Pin 7: Grn GND
Pin13: HS Pin 8: Blu GND
Pin 14:¥S  Pin 10: Sync GND

J17 GRMNO

GRN H17

I G17
! D17

BLU N18
L18

K18

set_property PACKAGE_PIN P19 [get_ports {HSYNC}] 18 HD-DB15
set_property IOSTANDARD LVCMOS33 [get_ports {HSYNC}] e 1000
set_property PACKAGE_PIN R19 [get_ports {VSYNC}] 313 ysync 100
set_property IOSTANDARD LVCMOS33 [get_ports {VSYNC}] Arti?

NTHU EECS Logic Design Lab.



Audio

VCC GND 8 signals
Pine % ¥ Pin 1
" Ir'g

set_property PACKAGE_PIN J1 [get_ports {JA[0]}] S CICIEIEIEIE
set_property IOSTANDARD LVCMOS33 [get_ports {JA[0]}] ————imimlmllSIS]
Set_property PAC KAG E_PIN L2 [get_ports {JA[l]}] Figure 20. Pmod connectors; front view as loaded on PCB.

Set_property IOSTANDARD LVCMOS33 [get_ports {JA[1]}]
set_property PACKAGE_PIN J2 [get_ports {JA[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {JA[2]}]
set_property PACKAGE_PIN G2 [get_ports {JA[3]}] JAL: J1 JB1: A14 JC1: K17
set_property IOSTANDARD LVCMOS33 [get_ports {JA[3]}]
set_property PACKAGE_PIN H1 [get ports {JA[4]}]
set_property IOSTANDARD LVCMOS33 [get_ports {JA[4]}]  JA3:)2 JB3: B15 JC3: N17
set_property PACKAGE_PIN K2[get ports {JA[5]}]

JA2: L2 JB2: Al6 JC2: M18

JA4: G2 JB4: B16 JC4: P18
set_property IOSTANDARD LVCMOS33 [get_ports {JA[5]}]
set_property PACKAGE_PIN H2 [get_ports {JA[6]}] JA7: H1 JB7:A15  IC7:117
set_property IOSTANDARD LVCMOS33 [get_ports {JA[6]}] ' ja8: k2 IB8: A17  JC8: M19
set_property PACKAGE_PIN G3 [get_ports {JA[7]}]
set_property IOSTANDARD LVCMOS33 [get_ports {JA[7]}] HeEdln et z0s et

JA10: G3 JB10: C16  JC10: R18

Table 6. Basys3 Pmod pin assignm

NTHU EECS Logic Design Lab.



Clock

e External Clock with 100MHz frequency

set_property PACKAGE_PIN W5 [get_ports {CLK}]
set_property IOSTANDARD LVCMOS33 [get_ports {CLK}]

NTHU EECS Logic Design Lab.



Design Flow

* General design flow
— Design construction
— Behavioral simulation
— Design implementation
— Timing simulation

e HDL-based design Flow

Design

Design Verification

Entry l’
Behavioral
Simulation
Design }
Synthesis
Functional
Simulation
Design Static Timing
Implementation Analysis
Back _ Timing
Annotation Simulation
Xilinx Device In-Circuit
Programming Verification

NTHU EECS Logic Design Lab.




Important Notes

e Draw schematic first and then construct
Verilog codes.

e Verilog RTL coding philosophy is not the same
as C programming
— Every Verilog RTL construct has its own logic
mapping (for synthesis)

— You should have the logics (draw schematic) first
and then the RTL codes

— You have to write synthesizable RTL codes

NTHU EECS Logic Design Lab.



FPGA Emulation
Using Xilinx Vivado
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How to setup Xilinx ISE

Download link : http://www.xilinx.com

ALINX [

APPLICATIONS PRODUCTS DEVELOPER 7ONE SUPPORT ABOUT

* )

APPLI(

ALL PROGRAMMABLE

Software Hardware
Intelligence Optimization

*You can follow the installation guide (lab0.1 Vivado Installation.pdf) in the course website.

NTHU EECS Logic Design Lab.



FPGA Emulation Using Xilinx
Vivado
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Design Flow

* Design Source Preparation
— Design modules (.v)
— Design constraints (I/O pin assignments) (.xdc)

* Design Simulation
— testbench (.v)

* Design Synthesis and Implementation

NTHU EECS Logic Design Lab.



Create New Project (2/3)

Continue from previous unit slides

¢ Mew Project >
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. '

Product categaory: | All - Speed grade: | -1 -

Eamily: @ Temp grade: | All Remaining -

BASYS N pcian

Reset All Filters

Search: |CL- xc7a35tcp ~ | (1 match) . -
. Vemtlleprotom:m board for bo mdentprolecu&dmrwncmapu -
. + Ideal s .
I/O Pin Blodk ' GTPE2 Gh - e Xl .
Part Count RAMs DPs FlipFlops Transceivers  Transced '33230"’8"“"“" 200 slce .
_ . + 1,800 Kbits offast block RAM -
G xcrassipazel_ 1 EER R e i :
"
£ >

? < Back Finish Cancel

NTHU EECS Logic Design Lab.



I/O Pins

Assignment (1/4)

File Edit Flow Tools

= B

]

Flow Navigator

~ PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

F IP Catalog

~ IPINTEGRATOR

Create Block Design

?  SIMULATION

L4

RTL ANALYSIS

» Open Elaborated Design

SYNTHESIS

> Opendnthesuzed Cesign

ouble click..

~ IMPFLEMENTATION

P Run Implementation

~ PROGRAM AND DEBUG
¥i Generate Bitstream

» Open Hardware Manager

Reports  Window

Layout  View

Help “- Quick Access Synthesis Complete

Implemented Design

i & I )4 = Default Layout W
PROJECT MANAGER - smux ? X
Sources 200 X Project Summary | SmuxX.v ¥ test smux.v £ 200
Q = & |+ & C/Users/hp/LD/smux/smux.sres/sim_1/new/test_smux.y x
. . ’ -
Design Sources a - Y B R X N E O &
@ = smux (smuxy
A.
Constraints
constrs_1
Simulation Sources (1
v sim_1 (° v
Hierarchy  Libraries Compile Order Synthesis Complet.ed %
Synthesis Run Propaerties ?
o Synthesis successfully completed.
+ synth_1 -
Mext
a Il B -
J Bun Implementation
() View Reports
[_) Don't show this dialog dgain
HOSELY, cout{OUT));
OK Cancel
2
General ..-,pe.’.ies Options | Leg = Reports Messages PO >
Tel Console | Messages Log Reports | Design Runs % ? On
a = 2 M« » + %
MName Constraints  Status WHNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP  Start Elapsed  Run Strategy
v o synth_1 constrs_1 synth_design Complete! 1 0 00 0 0 2/10/20,3:56 PM  00:00:34 Vivado Synthesis Defaults (Vivado Synthesis 2019)

impl.1  constrs_1

Mot started Vivado Implementation Defaults (Vivado Implement

THU EECS Logic Desig




’

3

File Edit Flow Tools Reports Window Layout View

Flow Navigator

-

PROJECT MANAGER

o Settings
Add Sources
Language Templates

F IP Catalog

IP INTEGRATOR

Create Block Design

SIMULATION

RTL ANALYSIS

» Open Elaborated Design

SYNTHESIS
P Run Synthesis
~ Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
# Set Up Debug
@ Report Timing Summary
Report Clock Networks
Report Clock Interaction
El Report Methodalogy
Report DRC
Report Noise

Report Utilization

Rememberto-save-your-assignment

smux - [Co/Users/hp/LD/smux/smuxxpr] - Vivado 20792

I/O Pins Assignment (2/4)

1

- () X

Synthesis Complete

& b B N 0O 0 84\ 4 I 1/© Planning V|

SYNTHESIZED DESIGN * - xc7a35tcpg23e-1

Default Layout

IO Planning

Floorplanning

TSI Package % Device X | smux.v % | test_smu.v

&

Sources  Netlist  Device Constraints

Q T £ =

Debug

Timing Analysis
~ Internal VREF
Save As New Layout...

0.8Y
Reset Layout

0.675V
0.75Y

Drop I/ Wanks on voltages or the "NONE" folder to set/unset Internal VREF.

1/0 Port Propertie x Clock Regions 2
@ out -

Name: out

Directi ouT ¢ Save Constraints

irection:
Fackage pin:  |U16 v Fix ) )
Select a target file to write new unsaved
Site type:  10_L23N_T3_A02_D18_14

constraints to. Choosing an existing file will update '
that file with the new constraints.

type the constraint file name

Site info: 5l 10B_X0Y3
Cell: out_OBUF _inst

General Pow
®) Create a new file
Tcl Console |Messages |Log Reports | Design HL\H.; 1 04
ile type: 7 XDC v
Q G+ = Eile typ o
MName  Direction Interface  Meg Diff Pair  [Package Pin Fived Bank | IO 5td Veco  Vref  Drive Strength 4 File name: smux.xde j) 4 A
B a IN V17 v | ¥ 14 | LVCMOS33* 3.300 i
Bb N V16 v | ¢ 14 | LVCMOS33° 3300 File location: s <local to Project> N
“ out OUT 16 v | 14 | LVCMOS33* 3.300 12 i
Brsel N W16 v | & 14 | LVCMOS33 3300 1
) <select a target file>
change to LVCMOS33

THU EECS Logic Desig



I/O Pins Assignment (3/4)

File  Edit Flow Tools Reports Window Layout View  Help Synthesis Out-of -date  details 4

=, - B @ p B H O g & Z * 1/C Planning v
low Navigator s 7 SYNTHESIZED DESIGN - xc7a35tcpg235-1 C
-~
~ PROJECT MANAGER . .
Netlist Device Constraints Package
£ Settings
a x & =
Add Sources
~ Internal VREF
L T lat
anguage Templates 0.8V
T P Catalog 0675V
0.75V
~ [P INTEGRATOR 0.9V
Create Block Design Drop IO banks on veoltages or the "NONE" folder to set/unset Internal VREF.
=
I/O Port Properties X Clock R .
Confirm Close = =
Hout = =
> SIMULATION D -
Mame: out o OK to close "Synthesized Design'Z : ‘
- P
¥ RTLANALYSIS Direction: out [[] Don't show this dialog agg = sl
» Open Elaborated Design . .
Package pin:  U16 +| Fixed .
Cancel =
. . _— 18 1 _
U — Site type: 10_L23M_T3_A02_D18_14 st
Si fo: 5| 10B_X0Y3 N
P Run Synthesis e e e n
Cell: out_OBUF inst e
~ Open Synthesized Design v
- . General  Frc nfigus
Constraints Wizard
Edit Timing Constraints T Console Uessa og Report I/O Ports
# Set Up Debug Q SR &
& Report Timing Summary Name Direction Interface  Neg Diff Pair  Package Pin Fixed Bank 1/O Std Veco  Vref Drive Strength Slew Type Pull Type Off-Chip Termination  IN_TERM P
Report Clock Networks B a 1IN V17 v v 14 LVCMOS33® - 3300 MNOME v NONE v ™
. Eb IN V16 w v 14 LVCMOS33" - 3300 MNONE ~  NONE v
Report Clock Interaction
dout OUT u1s b v 14 LVCMOS33* = 3300 12 ~  SLOW ~ NONE ~  FP_VTT_S0 R N
B Report Methodology P sel N w16 v ¥ 14 LVCMOS33® - 3300 NONE v~ NONE v N
Report CRC
Report Noise
Report Utilization
v 1L >

THU EECS Logic Desig



I/O Pins A

ssignment (4/4)

¢ smux - [C/Users/hp/LDfsmux/smuxxpr] - Vivado 20192

File Edit Flow Tools Reparts Window Layout View Help Q- Quick
& [ X » B & T *
Flow Navigator PROJECT MANAGER - smux
~
~ PROJECT MANAGER
Sources
£ Settings
Q = 2 +
Add Sources
Design Sources (1
Language Templates ® 5 smux smuy
T P Catalog Constraints (1
~ constrs_1 (1
~ IP INTEGRATOR I smuxxde (target) .
X Simulation Sources (1 dOUble Clle
Create Block Design
. Hierarchy  Libraries Compile Order
Open Bl
Generate E Source File Properties
I smunxde
> SIMULATION
| Enabled
™ RTL ANALYSIS Location: C:/Users/hp/LD/smux/smux.srcs/constrs_1/new
» Open Elaborated Design Type: ®DC
Size: 0.4 KB
v SYNTHESIS
Medified: Today at 16:13:05 PM
P Run Synthesis
Copied to: C:fUsers/hp/LD/smux/smux.srcs/constrs_1/new
+ Open Synthesized Design
No
Constraints Wizard S T
General  Properties
Edit Timing Constraints
# SetUp Debug Tcl Console | Messages |Log Reports |Design Runs X
9 Report Timing Summary Q = = + %
Report Clock Networks Mame Constraints  Status WNS
w ok synth_1 constrs_1 Synthesis Out-of-date
Report Clock Interaction
impl_1  constrs_1 Mot started
Repaort Methodalogy
Report DRC
Report Utilization
% Report Power
+ LE

TNS

?

- n] X
Synthesis Out-of-date  details  ~£
= Default Layout v
2 x
[ 4 Project Summary X |smux.v % test smux.v X smuxxde X 200
& C/Users/hp/LD/smux/smux.sres/constrs_1/new/smux xde *
~
¥ B B X N/ ® Q o
et_property TOSTANDARD LVOMOS33 [get_ports @] ~
ct_property 108T! I [eet_ports b]
property 108T! 33 [get_ports sel]
et_property PACKAGE_PIN V17 [get_ports @]
b ct_property PAC PIN V16 [get_porls b]
’ el property PACK PIN Wi6 [get ports sel]
et_property PACKAGE_PIN Ul6 [get_ports out |
property T0STANDARD LVCMOS33 [get_ports out ]
S
L]
~
D .
Or you can create the file directly
4 144 M
and then added by “Add Sources” (constraints)
- .v
|
< >
7 — ] [
WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP  Start Elapsed  Run Strateqgy

1 0 0.0 0

0 2/10/20, 3:56 PM  00:00:34  Vivado Synthesis Defaults (Vivado Synthesis 2019)

Vivade Implementation Defaults (Vivado Implement

11

>
Insert | XDC

THU EECS Logic Desig 26



Synthesis and Implementation (1/7)

Elle Edit Flew Tools Reports Window Layout View Help Q- Quick Acces

Synthesis Out-of-date details £

= B b‘ | I - B ¥ = Default Layout v
= PROJECT MANAGER - smux ? X
~ PROJECT MANAGER .
Sources ?2 00O X% Project Summary X |smux.v X test smux.v X | smux.xdc x 700
£+ Settings - |
Q = s + -4 C/Usersmp/LD/smux/smuxsrcsfconstrs_1/new/smux.xdc *
Add Sources =
Design Sources (1 Q % E R X / ®E Q &
Language Templates O & smisk (smuxy ) N -
o ! sel property DARD LVCMOS33 [get ports a] ~
IF 1P Catalog 7= Constraints ) | set_property TOSTANDARD LVOWIS33 [get_ports b]
constrs_1 (1) 1 sel_properly TOSTANDARD LVCMOS33 [get_ports sel]
v I INTEGRATOR ~ Simulation Sources (1 " sel property PACKAGE_PIN V17 [get_ports a]
) . sim_1(* L 5 sel_property PACKAGE PIN V16 [get _ports b
Creatz Block Design :  sel_property PACKAGE_PIN W16 [get_ports sel]
Hierarchy  Librarics Cempile Order : o
1 sel_properly H L [get_ports out]
5 1 set_property TOSTANDARD LVCMOS33 [get_ports out]
Constraint Set Properties 2 0o x L
Synthesis is Out-of. dfe . . & 9
constrs_1
- It this window pops up, press " Yes
> SIMULATION
Default directory: C/Users/hp/LD/smux/smu; o Synthesis is cut-of-date. OK te launch synthesis and implementation first?
‘G te ' Bit: * will ically start when synthesis and implementation completes.
~ RTL ANALYSIS Fil nt 1
lle count: D Don’t show this dialog again
» Open Elaborated Design Format: e
e No Cancel
Target constraint file:  smuxxde J
~ SYNTHESIS
P Run Synthesis
» Open Synthesized Design
General  Properti ' M
Froperties
v IMPLEMENTATION e e < 4
P Run Implementation .
Tel Console | Messages Log Reports DesignRuns ?-0E
> - -
Q=& + %
Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP  Start Elapsed  Run Strategy
~ PROGRAM AND DEBUG

v o synth_1 constrs_1 Synthesis Out-of-date 1 0 00 0 0 2710420, 3:56 PM 000034 Vivado Synthesis Defaults (Vivado Synthesis 20719)
i G te Bitst
impl_1  constrs_1 Mot started

Vivado Implementation Defaults (Vivado Implement
¥ Open Hardware Manager

double click

a prc ing file after i
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implementation progress information

¢ smux - [C/Users/hp/LDfsmux/smuxxpr] - Vivado 2019.2

Eile  Edit
= B

4

Flow  Tools
Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ |p Catalog

<

IP INTEGRATOR

Create Block Design

> SIMULATION

~ RTL ANALYSIS

» Open Elaborated Design

~ SYNTHESIS

P Run Synthesis

~ IMPLEMENTATION

<

PROGRAM AND DEBUG

» Open Hardware Manager

Reports

Window
IR >

PROJECT MANAGER - smux

Layout

View

Help | Q-Qu
¥

Sources
a = = +
Design Sources (1
@ 5 smux (s
Constraints (1
constrs_1 (1)
» Simulation Sources (1
> sim_1

> Utility Sources

Hierarchy

200 X

pile Order

Constraint Set Properties

constrs_1
Default directory:
File count: 1
Format:
Target constraint file:

General  Froperties

Tcl Console
Q = =
= 5

MName

Messages

< synth_1 constrs_1

impl_1  constrs_1

Constraints

? 00X

C/Users/hp/LDfsmux/smux.srcs/constrs_1/new

XDC

smucrde

Leg Reports Design Runs b

+ %

Status WNS  TNS WHS
Running synth_design...

Queued...

THS TPWS Total Power Failed Routes LUT FF

Running synth_design Cancel

= Default Layout A
? X
Project Summary ® | smux.v ® | test smux.v * smux.xdc * 00
C:Users/hp/LD/smux/smux.sresfconstrs_1/new/smuxxde X
Q ¥ B B X / E Q o
set_properly TOSTANDARD LVCMOS33 [get_ports ] ~
set_property ARD LVOMOS33 [get_ports b]
sel_property DARD LVCMOS33 [get_ports sel]
sel_property FIN V17 [get_ports a]
sel_property [ V16 [get_poris b]
sel_properly PACKAGE PIN W16 [pel_ports sel]
sel_property IN Ul6 [get ports aut ]
sel_propertly NDARD LVOMOS33 [pet_ports out |
v
< >

7 =065

BRAM URAM DSF  Start Elapsed
2/10/20, 419 PM  00:00:00 Vivado Synthesis Defaults (Vivado Synthesis 2019)

00:00:00  Vivado Implementation Defaults (Vivado Implement

Run Strategy
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Power-on and JTAG-Mode

Step 1:
Change blue jumper to [ JTAG ] mode

SPI Flash

Step 2: .
Turn the power switch to [ ON ]

*

www_dignientinc.com

T
— {5885
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2 smus . ; i ] | — 1 Connect and power on the FPGA board m—ite_bikstleach;r:nplEhE .J

File Edit Flow Tools Reports Window Layout View Help Y- Quick Access

= B >, ¥ o = V.4 = Default Layout v

PROJECT MAMNAGER - smux ? X
~ PROJECT MANAGER i
Sources ?_00B X Project Summary | sy X |test_smunv X smux.xde ® 200
£* Settings - -
Q = s + o C:/Users/hp/LD/smux/smux.sres/constrs_1/new/smux.xde X
Add Sources
~ Dasign Sources (1 Q o
Language Templates @5 U (STuxy
. ) sel_property 108 ~
T 1P Catalog : Constraints sel_property [ [zet_ports b]
> [ constrs 1 (1) set property 108 RD LVCMOS33 [get ports sel]
v IP INTEGRATOR Simulation Sources |1 sel_properly PAC PIN VIT [get_poris a]
sim_1 (1 5 . set_property PACKAG TN V16 [get_ports b]
Create Block Design B orts sel ]
Utility Sources Bitstream Generation Completed X pports sed
[ ports out |
| [get_ports out]
Hierarchy  Libraries Compile Order o Bitstream Generation successfully completed.
. Next
» SIMULATION Constraint Set Properties
(_) Open Implemented Design 2
constrs_1
~ RTL ANALYSIS View Reports
» Open Elaborated Design Default directory: Ci/Users/hp/LD/smux/smux.srcs/constrs_1/new Open Hardware Manager
File count: 1 () Generate Memory Chnfiguration File
¥ SYNTHESIS Format: xDC [2) Don't show this dialog Fpain
P Run Synthesis o
Target constraint file: smuxxdc
Cancel
Open Synthesized Design
General | Properties M
“ IMPLEMENTATION i < >
P Run Implementation o ) )
Tcl Console |Messages Log Reports | Design Runs X =S CIAI
¥ Open Implemented Design
alz ¢ + %
Mame Constraints  Status WNS  TNS WHS THS TPWS Total Power Failed Routes LUT FF ERAM URAM DSP  Start Elapsed  Run Strategy
v PROGRAM AND DEBUG
® « o synth_1 constrs_1 synth_design Complete! 1 0 0.0 0 0 2/10/20, 413 PM 000044  Vivado Synthesis Defaults (Vivado Synthesis 2
i G te Bitst
" enerate Bitstream < impl1  constrs_1  write_bitstream Complete! NA NA NA NA NA 1103 0o 1 0 0.0 0 0 2/10/20,420PM 000109 Vivedo Implementation Defaults (Vivade Impl
» Open Hardware Manager
. . .
After synthesis and implementation
< >

Constraint Set: constrs_1
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¢ smux - [C/Users/hp/LDfsmux/smuxxpr] - Vivado 2019.2 = = x
File  Edit Flow Tools Reports Window Layout View Help - Qujck Acces write_bitstream Complete
= B P B T b4 Default Layout v

7 4

Flow Navigator E HARDWARE MANAGER - unconnected 22X

v PROJECT MANAGER @ No hardware target is opdQ. Open target
£+ Settings =" Auto Connect
Hardware x smux.y  x test smuxvy X | smux.xdc 3 700

Add Sources

[ C/Users/hp/LD/smux/smuxsrcs/sources_1/new/smuxy *
Language Templates
Open New Target.. Q - B B X /4 B ©Q -4
ZF IP Catalog
“timescale Ins { 1ps ~0
~ P INTEGRATOR
ot
Create Block Design
> SIMULATION Constraint Set Properties y ey = B
constrs_1 -4
¥ RTL AMNALYSIS >
> Open Elaborated Design Default directory: Ci/Users/hp/LD/smux/smux.srcs/c
File count: 1
v SYNTHESIS Format: XDC
P Run Synthests Target constraint file: smuxxdc
» Open Synthesized Design ~
< >
W
General Froperties < 3y
¥ IMPLEMENTATION
P Run Implementation Tl Console X Messages. |Serial /O 'Links  |Seria) /0 Scans 2 _00
» Open Implemented Design G = - I B ® @
= = =
uneh_ Tuns 1.1 -to_step writ ~
~ PROGRAM AND DEBUG + [Mon 10 16:19:40 2020] Launched synih 1.

2 captured here: C:/Users/hpfLDfsmus/ smux, runs/<ynth_1/ runme ., log

140 2020] Lav

e captured here: C:/Users/hg

it Generate Bitstream

impl _I...

~ Open Hardware Manager

f smuxd smux. runs/ iepl 1/ runme

Open Target

Automatically connect to local hardware target
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File: Edit Flow TJools

& - B

Flow Navigator

~ PROJECT MANAGER
-3 Settings
Add Sources
Language Templates

T 1P Catalog

~ P INTEGRATOR

Create Block Design

> SIMULATION

~ RTL ANALYSIS

» Open Elaborated Design

¥ SYNTHESIS

P Run Synthesis

> Open Synthesized Design

~ IMPLEMENTATION
P Run Implementation

> Open Implemented Design

PROGRAM AND DEBUG

il Generate Bitstream
~ Open Hardware Manager
Open Target

Program Device

Reports  Window  Layout \iew Help write_bitstream Complete  +/
b‘ B O X 54 Dashboard = = Default Layout v
HARDWARE MANAGER - localhost/«ilinx_tci/Digilent/210183AA1033A 2 %
@ There are no debug oune efresh device
Hardware =0 31X smux.y X test smux.y X | smuxxde X 200
aQ = $ o C:/Users/hp/LD/smux/smux.srcs/sources_1/new/smuxy x
Mame Status Q oy X BE W X N E Q o
I localhost [1 Connected v
' Ctimescale Ins [ Ips ~B
# Program Device X
Select a bitstream programming file and
download it to your hardware device. You
can optionally select a debug probes file
= 5 that corresponds to the debug cores
Hardware Device Properties ? - contained in the bitstream programming
file.
® xc7a3st 0 :
M. : Ta35t 0
ame rerasal Bitstream file:
Part: Ta3s5t
c e Qebug probes file:
1D code: 03620093
aere ble end of startup check
IR length: B B! ! > | il
Sratue Praarammad hid .
b
b
General Properties < y
TclConsole < Messages | Serial I/O Links | Serial I/O Scans i SRFEC B (2 L
Q = =/l B ® @
INFD: [Ls 6] Opening Plins_tef/Digilent /2101834010334 A
open_bw_ta (s): cpu = 00:00:04 ; e « Memary ¢} 10.063 ; gein = 1078.758
FILE {( I I hit] [eet_he_devices xeTadst
Lo g corets) in it
W

Add Configuration Memory [

Hardware Device: xc7a35t. 0
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¢ smux - [C/Users/hp/LD/smux/smuxcxpr] - Vivado 2019.2 = ju] x

File Edit Flow Tools Reports Window Llayout View Help

tstream Complete

= B P B & T p.4 Dashboard = == Default Layout w
7l . -
Flow Navigator S HARDWARE MANAGER - |ocalhost/xiling_tef/Digilent/2101834410334 ? X
v PROJECT MANAGER @ There are no debug cores. Program device  Refresh device
o Settings
Hardware =0 Ex smux.y X testsmux.v X | smuxxde X 20
Add Sources - -
Q x| & -3 C:/Users/hp/LD/smux/smux.sres/sources_1/new/smuxy x
Language Templates % 2
Status
4 e i Q - x B B X /4 B Q9 &
IP Catalog 1 localhost (1) Connected -
“timescale Ins { Ips G
B 7 xilink_tcf/Digilent/21078> Open
v [P INTEGRATOR (W xc7a35t.0 (1) Program...
Create Block Design XADC (Systemn Monit

ock Desigr

> SIMULATION Hardware Device Properties ? o000 X
£ xc7a3sto &
v RTL ANALYSIS ~
> Open Elaborated Design Name: xc7a35t.0
Part: xcTa35t
v SYNTHESIS ID code: 0362D093
P Run Synthesis IR length: 6
» Dpen Synthesized Design FIVr— - ——) v
P
General FProperties < y
¥ IMPLEMENTATION
B Run Implementation Tel Console * Messages Serial 1/O Links Serial 1/O Scans 7?7 -00
» Open Implemented Design al=xz & " B E @
ULL_PROBES. FILE () | ] ~
~ PROGRAM AND DEBUG nsdim [zel vie X 1
¥ Generate Bitstream
~ Open Hardware Manager re ht [ % [g=1 hw C LC 0]t
Open Target INFD: [Lahtools 27-1434] Device xe7addt (JTAG device index = 0) 15 programmad with a design that has no supported debug core{s) in it.
| v
Pragram Device s >
Add Configuration Memory [ || |
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Verilog RTL Code Examples
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“timescale 1ns/ 1ps ‘timescale 1ns/ 1ps

module SMUX( module SMUX(
out, // multiplexer output out, // multiplexer output
a, // multiplexer input a a, /I multiplexer input a

: : b, /[ multiplexer input b
b, /I multiplexer input b sel // selection control signal

sel // selection control signal )
); | _ output out; // multiplexer output
output out, /I multiplexer output input a,b; // two inputs to be selected
input a,b; // two inputs to be selected input sel; // selection control signal

input sel; // selection control signal

reg out; // multiplexer output
// multiplexer funtion

assignout=(sel)?a:b; /I multiplexer funtion
always @(a or b or sel)

endmodule out=(sel)?a:b;
endmodule

NTHU EECS Logic Design Lab.



	投影片編號 1
	Verilog HDL Utilization Scenario I
	Verilog HDL Utilization Scenario II
	Basys3 FPGA Board
	EVS6 FPGA Board Specification
	JTAG Programming
	Specific I/Os – Push Buttons
	Specific I/Os – DIP Switches
	Keyboard
	Specific I/Os  -  LED
	Specific I/Os – Segment Displays
	Specific I/Os – VGA Control
	Specific I/Os – VGA Control
	Audio
	Clock
	Design Flow
	Important Notes
	FPGA Emulation �Using Xilinx Vivado
	How to setup Xilinx ISE 
	FPGA Emulation Using Xilinx Vivado
	Design Flow
	Create New Project (2/3)
	I/O Pins Assignment (1/4)
	I/O Pins Assignment (2/4)
	I/O Pins Assignment (3/4)
	I/O Pins Assignment (4/4)
	Synthesis and Implementation (1/7)
	Synthesis and Implementation (2/7)
	Power-on and JTAG-Mode
	Synthesis and Implementation (3/7)
	Synthesis and Implementation (4/7)
	Synthesis and Implementation (5/7)
	Synthesis and Implementation (6/7)
	Result
	Result
	Result
	Result
	Result
	Result
	Verilog RTL Code Examples
	投影片編號 41

