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Introduction
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Verilog HDL
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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 !

NTHU EECS Logic Design Lab.



Verilog HDL -
Levels of Abstraction (2/2)

e Behavioral Level (Architectural/Algorithmic Level)
— Describes a system by the flow of data between its functional blocks
— Defines signal values when they change

e Register Transfer Level (Dataflow)

— Describe a system by the flow of data and control signals between and
within its functional blocks

— Detfines signal values with respect to a clock

— RTL (Register Transfer Level) is frequently used for the Verilog
description with the combination of behavioral and dataflow constructs
which is acceptable to logic synthesis tools.

e Gate Level (Structural)

— A model that describes the logic gates and the interconnections between
them

e Transistor/Switch/Physical Level

— A model that describes the transistors and the interconnections between
them
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Verilog HDL -
Levels of Abstraction (1/2)

Faster Less
Simulation Detailed
% Behavioral Synthesis 4
Register Transfer Logic (RTL) |
Logic Synthesis
Y Y

Slower 3 More
Simulation Physical I Detailed

NTHU EECS Logic Design Lab. 8



Level of Abstraction Example

* Describe the operation of a circuit at various levels of
abstraction (MP’3 Player Decoder as example)
— Behavior (MP3 Decoding, C/C++, HDL)

— Function (Filtering, Fourier Transformation, C/C++, HDL)
— Structure (Adder/Subtractor, Multiplier, Divider, HDL)

 Compared with C/C++ Program, verilog HDL
— describes the timing (delay) of a circuit
— expresses the concurrency (parallelism) of circuit operation
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Behavior Level Abstraction

* Describe the design without implying any specific
internal architecture
— Use high level constructs (@, case, if, repeat, wait, while)
— Usually use behavioral construct in test-bench

— Synthesis tools accept only a limited subset of behavior
level description
e Case 1: assign Z=(S) ? A: B;

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

output out;
input a,b,sel;
wire out;

assignout=(sel)?a:b;

endmodule
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Behavior Level Abstraction

e Case 2: always @ (inputl or input2 or ...)
begin
outl=
end

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

output out;
input a,b,sel;
reg out;

always @(a or b or sel)
if (sel)
out=a;
else
out=b;
endmodule
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Gate Level Abstraction

* Gate-level abstraction describes a pure structural
design of circuits.

— You must derive and draw the circuit schematics first
before writing Verilog code.

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

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

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

endmodule
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VLSI Design Flow
| sttem SEecificationi

¥
Functional
Behavioral Architecture) Design
Representation {

(C/C++, Behavioral Verilog) Functional Verification

¥
Logic (Gate-level) | Logic Design i
Representation {
(Gate-level Verilog) Logic Verification

¥
Circuit | Circuit Desi&n i
Representation i
(Hspice) Circuit Verification

¥

| thsical Desian i

Layout
Representation ¥
(GDSII, dB in FPGA) | Lazout Verification i

\

Fabrication & Testing
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Verilog Simulation

Circuit Description

output s;

éﬁdmodule

module FA(s,cout,a,b,cin);

Testfixture

module testfixture;
Reg a,b;

éﬁdmodule

Verilog Simulator

Verilog Parser

Simulator Engine

User Interface
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Text Mode Simulation Results




Sample Design
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Scenario

Device under Test (DUT)
Uo
Stimulus A |a Respon.se
& S 5 _b out | OUT Generation
Control ~ sel ) & )
| Verification

N\ s

A la
=" out | OUT’
B _b —
sel
. \ .
 OUt L SEL’

sel

|
SMUX Module + Testbench
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Verilog Module

e module module_name(port_names);\

» Port declaration \
» Data type declaration \

» Task & function declaration

output out; :
input a,b,sel; !

'L L

> Module functionality or structure , [not UO(sel_n,sel); |

y \\: and U1(t1,a,sel); !

. e ' |and U2(t2,b,sel_n); i

» Timing Specification " lor U3(out,t1,12); :
e endmodule >
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Testbench (1/4)

e module testfixture;
» Declare signals
» Instantiate modules
» Applying stimulus
» Monitor signals

¢ endmodule
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Testbench (2/4)

* Declare signals

— Test pattern must be stored in storage elements first
and then apply to DUT (Device under Test)

e Use “reg” to declare the storage element

¢ Instantiate modules

— Both behavioral level or gate level model can be
used.
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Testbench (3/4)

® Describing Stimulus
— The testbench always be described behaviorally.
— Procedural blocks are bases of behavioral modeling.

— The simulator starts executing all procedure blocks at
time 0 and executes them concurrently.

— Two types of procedural blocks

e jnitial
* always
Initial - |lalways
C| C|
C| - C|l -
C| C|l
Cl Cl ———
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Testbench 4/4)

e module test SMUX; .
L | ___—{Declare signals
: * reg A B,SEL; i -
e wire_OUT___ e Make an instance

initial Assign values to
' storage elements

begin

A=0;B=0;SEL=0; ==

° #10 A=0;B=1,SEL~1; i
: #10 A=1B0; \\ #10 to specify 10

#10 SEL=0; . !
time unit dela

#10 SEL=1;
end

e endmodule

_______________________________________________________

NTHU EECS Logic Design Lab.



Structural Modeling
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Verilog Primitives

e and : Logical AND

e or: Logical OR

* not: Inverter

* buf : Buffer

e xor : Logical exclusive OR

* nand : Logical AND inverted

* nor : Logical OR inverted

e xnor : Logical exclusive OR inverted
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Structural Modeling

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

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

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

endmodule
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RTL Modeling
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Operators (1/3)

Bitwise Operators
or Usage Description
~ S Invert each bit of m
& m & n AND each bit of m with each bit of n
| m | n OR each bit of m with each bit of n
A m”*n Exclusive OR each bit of m with n
= e A m~"norm”~n | Exclusive NOR each bit of m with n

Unary Reduction Operators
or Usage Description
& &m AND all bits in m together (1-bit result)
~& ~&m NAND all bits in m together (1-bit result)
I Im OR all bits in m together (1-bit result)
~| ~Im NOR all bits in m together (1-bit result)
A m Exclusive OR all bits in m (1-bit result)
=0 G M ~"m or *~m | Exclusive NOR all bits in m (1-bit result)
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Operators (2/3)

Arithmetic Operators Logical Operators
OP | Usage Description OP | Usage Description
+ m+n | Addntom ! m Is m not true? (1-bit True/False result)
- m-n | Subtractn from m && | mé&&n | Are both m and n true? (1-bit True/False result)
, -m Negate m (2's complement) | | m || n | Are either m or n true? (1-bit True/False result)
) wta | el Equality Operators (compares logic values of 0 and 1)
/ m/n | *Divide m by n oP Usage Description
% [ m%mn | *Modulus of m/n == m==n Is m equal to n? (1-bit True/False result)
* Synthesis not supported : The divisor for I= m!=n Is m not equal to n? (1-bit True/False result)

divide operator may be restricted to constants
and a power of 2

Identity Operators (compares logic values of 0, 1, x, and z)
orP Usage Description
=== m===n * Is m identical to n? (1-bit True/False result) Synthesis not SU—PPOI'ted
= m |== * Is m not identical to n? (1-bit True/False result) Synthesis not supported
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Operators (3/3)

Relational Operators
OP Usage Description Logical Shift Operators
< m<n | Ism less than n? (1-bit True/False result) ot Usage Description
> m>n | Ism greater than n? (1-bit True/False result) = m S ) Sl el m-inmes
>> m >>n | Shift m right n-times
<= m <=n | Ism less than or equal to n? (True/False result)
>= m>=n | Ism greater than or equal to n? (True/False result)
Misc Operators
or Usage Description
7. sel?m:n | If sel is true, select m: else select n
{} {m,n} Concatenate m to n, creating larger vector
{H {n{m}} Replicate m n-times
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assign

® assign continuous construct

— combinational logics

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

assign out = (a&sel) | (b&(~sel));

endmodule

This out has to be declared as “wire” or “output” data type.
This expression can not be inside always @().
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always

e always statements

sensitivity list

module SMUX (out,s,b,sel);
output out;
Input a,b,sel;
reg out;

always @{a or b or sel)>

out = (a&sel) | (b&(—sel));

endmodule

This out has to be declared as “reg” data type.
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Logic Modeling and Simulation
Using Xilinx Vivado
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Design Flow

* General design flow

User Interface Design Software
— Design construction _ ————
Design Design Verification
— Behavioral simulation il l
. . . | Behavioral
— Design implementation _ Smuaten
Design }
. . . . Synthesis
— Timing simulation -
e HDL-based design Flow Simuation
Design . |Static Timing
Implementation Analysis
Back Timing
Annotation Simulation
Xilinx Device In-Circuit
Programming " | Verification
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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
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S Open Vivado

7 Bl
Vivado

#  Vivade 2019.2 — ] x

File  Flow Tools Window Help Q- Quick Access

VIVADO’ & XILINX.

HLx Editions

Recent Projects

Q U [Ck Sta rt binary_counter
Ci/Users/hp/LD/binary_counter

Create Project > nsw

Ci/Usersihp/LD/nsw

Open Project >

Open Example Project > stopwatch
C:/Users/hp/LD/stopwatch

shift_reg

C:/Users/hp/LD/shift reg

ssd

C:/Users/hp/LD/ssd

Tasks

Manage IP >
Open Hardware Manager >
Xilinx Tcl Store >

Learning Center

Documentation and Tutorials >
Quick Take Videos >

Release Notes Guide >

Td Console
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Open New Project (1/3)

# New Project X
¢ Vivado 2019.2 Create a New Vivado Project X
- - : VIVADO!
File  Flow Tools Window Help Q- Quick Access This wizard will guide you through the creation of a new project.
HLx Editions

To create a Vivado project you will need to provide a name and a location for your project files. Next, you
will specify the type of flow you'll be working with. Finally, you will specify your project sources and

VlVADO' choote a default part J X@

Editio

Double Click
QU]Ck S‘ta r‘t Project Name

Enter a name for your project and specify a directory where the project data files will be stored. '

#  New Projee X

Create Project >

Open Project >

Open Example Project > Project name: @x ) |

Project location_C:/Users/hp/LD II‘
Create project subdirecto

TaSkS Project will be created at: Gy/Users/hp/LD/smux

Manage IP >
Open Hardware Manager >
Xilinx Tcl Store >

Learning Cente \@

Documentation and Tutorials >
Quick Take Videos >
Release Notes Guide >

0

E 1 Cancel

Tcl Consacle
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Open New Project (2/3)

¢ MNew Project bt
Project Type
Spedfy the type of project to create. '

@ ETLProject
~ You will be able to add sources, create block designs
and analysis,

\% ¢ MNew Project >

ault Part
ose a default Xilinx part or board for your project. This can be changed later, '

Boards

O /O Planning Project

Do not spedfy design sources. You will be able to view part/pag Produckcategory: | Al - Speed grade@
() Imported Project Eamily: @ Temp grade: | All Remaining -

Create a Vivado project from a Synplfy, XST or I5E Project File _——=
oo

™y Example Project
Create a new Vivado project from a predefined template.

Reset All Filters

Search: |Cl- xc7a35tcp w | (1 match)
I/O Pin Block ) GTPE2 Gh Available LuT
(=]
§ MewProject x art Count RAMs DSPs FlipFlops Transceivers Transceivers IOBs Elements
Neve Progec summary | xcTa3stpgrel g 5o fo 4100
[
VlVﬁQQ () A new RTL project named ‘lab1' will be created.
() The default part and product fami'y for the new project:
Default Part: xc7a35tcpg236-1
Product: Artix-7
Famiy: Artix-7
Package: cpg236
Speed Grade: -1
4 >
Finish
To create the project cick Fngh < rd = Back ’ Finish Cancel
? <Back uaxaanm
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Open New Project (3/3)

¢ smux - [CyUsers/hp/LD/smux/smuxxpr] - Vivado 2019.2 - ) x
File  Edit Flow Tools Reports Window Layout \View Halp at Ready
& 3 DI S > = Default Layout v

Flow Navigator PROJECT MANAGER - smux ?
~ PROJECT MANAGER
Sources e 0 m B Project Summary 200X
k- Setlings == .
aQ = = 4+ o Overview | Dashboard
Add Sources ~
Design Sources
Language Templates o e Settings  Edit
F |P Catalog Simulation Sources Project name: SMUK
Utility Sources Project location: C:/Users/hp/LD/smux
Product family; Artix-T
v P INTEGRATOR
Project part: xc7a35tcpg236-1
Create Block Design Top module name: Not defined
Target language: Verilog
. o L Simulator language: Mixed
Hierarchy ibraries Compile Order
Synthesis Implementation
v SIMULATION Properties 2 _ 00X
Run Simulation o Status: Not started Status: Mot started
Massages: Mo errors or warnings Messages: Mo errors or warnings
Part: xc7adStepg23e-1 Part: xc7a3Stepg23e-1
¥ RTL ANALYSIS . r
Strategy: Vivado Synthesis Defaults Strategy: Vivadeo Implementation Defaults
» Open Elaborated Design Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Reports
Incremental synthesis: Mone Incremental implementation: Mone
v SYNTHESIS
P Run Synthesis DRC Violations Timing
b3 Synithesized De Run Implementation tc Run Implementation: to see timing results
"
> IMPLEMENTATIGN Tcl Console | Messages Log Reports | DesignRuns =0
P Run Implementation - o
q|= % %
> ]
& Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP Start  Elapsed Run Strategy Report Stra
~ synth_1 constrs_1 Mot started Vivado Synthesis Defaults (Vivado Synthesis 2019) Vivado Syn
% RROGRAVANL:DEGHG impl_1  constrs_1 Mot started Vivade Implementation Defaults (Vivado Implementation 2019} Vivado Imp

¥ Generate Bitstream

»  Open Hardware Manager




New Source (1/5)

¢ smux - [CyUsers/hp/LD/smux/smuxxpr] - Vivado 2019.2 - i ] x
File  Edit Flow Tools Reports Window Layout \View Halp ck Access Ready
= >, i & E = Default Layout v
Flow Navigator PROJECT MANAGER - smux 7 X
v PROJECTMANAGER [ 7777
Sources ‘oject Summary 200X
k- Setlings == | .
aQ = = 4+ Jverview | Dashboard
Add Sources .
q Design Sources H|erarchy Update 4 ~
Language Templates Carahants Settings  Edit
| .
Zp Catalog > Simulation Souro c RefreSh Hlera I'Chy Project name: SMILIK
h i@ s L4 ch » Praject location: C:/Users/hp/LD/smux
’ress and Rig feden L
S ) ) Project part: xc7a35tcpg236-1
Create Block Design Edit Constraints Sets... o e nanis Not defined
. Target language: Verilog
i Block [ I . . .
. o Edlt S|mU|at|On Sets... Simulator language: Mixed
Hierarchy Libraries  Cr
Add Sources... Alt+A -
v SIMULATION 3
Exopsriiy ¢ Add Sources X
Run Simulation
P Add Sources
v RTL ANALYSIS ADO o : )
This guides you through the process of adding and creating sources for your project
» Open Elaborated Design HLYBgions N Eports
Q Add or create constraints
v SYNTHESIS wele (®) Add or create design sources
P Run Synthesis () Add or create simulation sources
3 Dpen Synthesized Desig
"
> IMPLEMENTATIGN Tel Console | Messages Leg Reperts | Design Runs % Tl i [
P Run Implementation - o
A a = 2 . > %
»  Open Implen
i Name Constraints  Status WNS  TNS  WHS Report Stra
2 synth_1 constrs_1 Nat started Vivado Syn
% RROGRAVANL:DEGHG impl_1  constrs_1 Mot started N9 Vivado Imp
¥t Generate Bitstream
»  Open Hardware Manager
= & XILINX ;
»




New Source (2/5)

¢ Add Sources X
Add or Create Design Sources
Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on disk ‘
and add it to your project.
¢ Create Source File X
+A
Create a new source file and add it to your
project. ‘
Eile type: v
File name:
below
File location: v
o)
\2) Cancel\
Add Files Add Directories [ Create File D
o)
\7) < Back Next > Cancel
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New Source (3/5)

¢ Add Sources X

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on disk '
and add it to your project.

=+

4

In.. Name Library Location

Emux.v xil_defaultlib  <Local to Proje

Add Files Add Directories Create File

VR o
[ 2) < Back Next > Finish Cancel
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New Source (4/5)

¢ Define Module X

Define a module and specify I/O Ports to add to your source file.

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. '
Ports with blank names will not be written.

Module Definition

Module name: smux

1/0 Port Definitions

+ =t
Port Name Direction Bus MSB LSB
a input v ~
b input v (O
U v

NTHU EECS Logic Design Lab.



New Source (5/5)

¢ smux - [C;/Users/hp/LD/smux/smux.xpr] - Vivado 2019.2 - X
File  Edit Flow Tools Reports ~ Window Layout  View  Help Q- Quick Access Ready
& B X b B & T v Remember to save files = Defoult Layout v
Flow Navigator - PROJECT MANAGER - smux . ? X%
Project Summary X smuy, X
~ PROJECT MANAGER .
Sources ? 00 X Project Summary X smux.v X Oo
L& Settings .
Q = = + U Q C:/Users/hp/LD/smux/smux.srcs/sources_1/new/smux.yv C/USEI'S/hp/LD/S x/smux.srcs/sources_1/new/smux. x
Add Sources
~ = Design Sources (1) X X
Language Templates & B A Q x El m x ll ﬁ-
A
<F IP Catalog > = Constraints ' o
v Decrrinfion
> Simulation Sources (1) 12 Y Desc riplon:
" Yo
v P INTEGRATOR > Utility Sources 13 : Vi
ress and double click S
P 1
Open Block Design 15 : 7
Generate Block Design | | [pgeo ] o oo T T 16 : 7
: 9 Hierarchy  Libraries Compile Order Createc |
17 + #Revision Q.01 - Fife Created
) ' . -
v SIMULATION Source File Properties ?2 003 X . e i 18 + #Additional Comments:
- - : 1
Run Simulation ® smuxy o 3| : 19 : Vi
A ) N
v RTLANALYSIS Enabled ”r.odu[s smux( 20 i W i
input a, !
> Open Elaborated Design Location: C:/Users/hp/LD/smux/smux.srcs/sources_1/new input b, 21 :
'
Type: Verilog lz‘ input sel, 22
2 output out !
v SYNTHESIS Library: «il defaultlib E‘ o N 23 ¢+ module smux(
P Run Synthesis Size: 05 KB 291 endnodule 24 input a,
hd 30 1 '
» Open Synthesized Design | 7075505 7 T T T T T T T T ST T T T . g ! 1
" 4 J General  Properties < 254 mput b ’ S At
' —
26 ! input sel,
~  IMPLEMENTATION . Tcl Console |Messages |Log | Reports |DesignRuns X 27 ! output out oo
P Run Implementation - | a o '
Q| + % 18 )
> Open Implemented Design X ; - : !
Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP St \ ort Stra
v synth_1 constrs_1 Not started 7 " | do Syn
5510 = (: ~
¥ PROGRAM AND DEBUG impl1  constrs 1 Not started 30 <Zssign out (aksel) | (b&(~se do Imp
ii Generate Bitstream 3] :
'
> Open Hardware Manager 32 + endmodule
'
'
33
'
< £ >

231 Insert Verilog




Add Testbench (1/5)

# smux - [C:/Users/hp/LD/smux/smux.xpr] - Vivado 2019.2 - X
File Edit Flow Tools Reports Window Llayout View Help Q- Quick Access Ready
E‘ E F‘ oK X X Default Layout v

Flow Navigator PROJECT MANAGER - smux ? X
~ PROJECT MANAGER
Sources ? 00X Project Summary  X|smuxwv* X 200
¥ Settings - .
Q = = + & C:/Users/hp/LD/smux/smux.srcs/sources_1/new/smux.v x
Add Sources
v Design Sources (1) 5
- Q
et o-mnPress and Right Clidk.: SRR %
2 Description. ~
IF IP Catalog > = Constraints g
Simulation Sources (1) )
v IPINTEGRATOR v = sim_1 (1 ¢ Add Sources X
O ‘
Create Block Design Hierarch Update ’
> = Utility Sourc
Open Block Design C | Refresh Hidgarchy ‘ Add Sources
IP Hierarch L4 Vl\/ADO . . E 5 s
Generate Block Design - - d A This guides you through the process of adding and creating sources for your project
Hierarchy  Libr R . HLx Editions
. Edit Constraints Sets... —
. \ O Add or create constraints
v SIMULATION Edit Simulation Sefy,..

Run Simulation

v~ RTL ANALYSIS

> Open Elaborated Design

<

SYNTHESIS
P> Run Synthesis

» Open Synthesized Design

v IMPLEMENTATION
P> Run Implementation

> Open Implemented Design

¥ PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager

Source File Prope

® smux.v
[v] Enabled
Location: C:/Users/hp/LD/smux/smux.srcs/sources_1/new
Type: Verilog E|
Library: xil_defaultlib D
Size: 0.6 KB
General  Properties

Tcl Console |Messages |Log |Reports |Design Runs X
a = = + %
Name Constraints ~ Status WNS TNS WHS
v synth_1 constrs_1 Not started
impl_1  constrs_1 Not started

(o

& XILINX

C) Add or create design sources

‘\> Add or create simulation sources




Add Testbench (2/5)

¢ Add Sources

Add or Create Simulation Sources

your project.

Specify simulation set: sim_1

¢ Create Source File

Create a new source file and add it to your
project.

File type: ® Verilog

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

X

/

v
File name: < test_smux.v U
Use Add Files, Ad  File location: | e <Local tp Project> \ v
o
\2) \Cancel
Add Files Add Directories <: Create File
< Back Next >

Cancel

NTHU EECS Logic Design Lab.




Add Testbench (3/5)

¢ Define Module

Define a module and specify I/O Ports to add to your source file.

For each port specified:
M5B and LSB values will be ignored unless its Bus column is checked. '

¢ Add Sources

Add or Create Simulation Sources Ports with blank names will not be written.
Specify simulation specific HDL files, or directories containing HDL files, to
your project. Module Definition

Module name: | te st_smuxi

Specify simulation set: sim_1 v 1/0 Port Definitions
+ -
Fl
Port Name Direction Bus MSB LSB
In..  Name Library Location input v O

@smux.v xil_defaultlib  <Local to Project>

; \ D [

N
. . . N -
Add Files Add Directories Create File

Scan and add RTL include files into project

C sources into project

Add sources M subdirectories

Include all design sources for simulation

VR \
\?/ < Back Next > EMh Cancel

NTHU EECS Logic Design



Add Testbench (4/5

¢ smux - [C:/Users/hp/LD/smux/smux.xpr] - Vivado 2019.2 - X
File Edit Flow Tools Reports Window Layout View Help Q- Quick Access Ready
GA B X ’A LI - BN » = Default Layout v

Flow Navigator | PROJECT MANAGER - smux ? X

v PROJECT MANAGER
Sources ? 00X Project Summary X |smux.v * | test_smux.v x 00
-3 Settings
Q = L + -] C:/Users/hp/LD/smux/smux.srcs/sim_1/new/test_smux.v X
Add Sources
1= Design Sources (1) Q X B B X VN Q o
Language Templates @ = smux (smuxy) | 1
6 1 Create Dater 02402090 020400 PM A
TF IP Catalog > Constraints . -
~ = Simulation Sourcgs.. ° a . y e
¥ P INTEGRATOR == Double Click and’ t
® 5 smux smuxwy) 10 T
Create Block Design w 1 4T
Open Block Design > Utility Sources 1" .
Generate Block Design Hierarchy  Libraries Compile Order 143
15
16
¥ SIMULATION Source File Properties 17
Run Simulation ® test smuxy 18 \dditior
19 1
v RTL ANALYSIS Enabled
> Open Elaborated Design Location: C:/Users/hp/LD/smux/smux.srcs/sim_1/new
Type: Verilog Iz‘
v SYNTHESIS Library: xil_defaultlib EI
P Run Synthesis Size: 0.5 KB
v vyt
> Open Synthesized Design | =07 =05 T T T T T T T T T T ST T T T T T ' A
General  Properties < >
¥ IMPLEMENTATION Tcl Console | Messages |Log Reports  Design Runs X ?_00
» Run Implementation - |
" a = 2 + %
> O Imple: ted Des
peEnmpEmenEd Besan Name Constraints  Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP Start Elapsed Run Strategy Report Stra
v synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2019) Vivado Syn
~ PROGRAM AND DEBUG impl_1  constrs_1 Not started Vivado Implementation Defaults (Vivado Implementation 2019)  Vivado Imp
¥ii Generate Bitstream
> Open Hardware Manager
< >

231 Insert Verilog

THU EECS Logic Desig 6



Add Testbench (5/5)

¢ smux - [C/Users/hp/LD/smux/smux.xpr] - Vivado 2019.2 - X
File  Edit Flow Tools Reports  Window Layout  View  Help Q- Quick Access Ready
f‘.“ El X b‘ i & T » = Default Layout v
Flow Navigator PROJECT MANAGER - smux ? X
~ PROJECT MANAGER .
Sources ? 00X Project Summary X |smux.wv X |test_smux.v * x 200
£} Settings - | o
Q = = + & C:/Users/hp/LD/smux/smux.srcs/sim_1/new/test_ smux.v x
Add Sources
~ = Design Sources (1) o W +« X Em X / 0 oA
Language Templates @2 smux (smuxy) : C |
< IP Catalog > Constraints o
¥ = Simulation Sources (2) ! module test_smux();
v IP INTEGRATOR v sim_1(2) P4 wire OUT;
® = smux (smux.y) 5. reg A, B, SEL;
Create Block Design .
@ test_smux (test_smux.v) !
: I 2 1(S T
Open Black Design 5 Utility Sources - smux UD(.a(A), .b(B), .sel(SEL), .out(OUT)),
Generate Block Design Hierarchy  Libraries  Compile Order PO | initial
b0+ begin
~ SIMULATION ; i > . o
Source File Properties ? 00 X ) | A=0;B=0;SEL=0;
Run Simulation ® testsmuxy - o I #10 A=0:B=0;SEL=1;
= #10 A=0;B=1;SEL=0:
v A=l b=l obl=1 ]
v RTLANALYSIS () Enabled ¢ #10 A=D:B=1:SH=1
i #100 A=1;B=0;SEL=0;
> Open Elaborated Design Location: Ci/Users/hp/LD/smux/smux.srcs/sim_1/new L7 410 A=] :B=D0.S 1:
Type: Verilog Iz‘ b 1 #10 A=1;B=1:SEL=0;
| #10 A=1:B=1;SHL~L;
~ SYNTHESIS Library: xil_defaultlib EI 410 A=0:B=0:SEL=0:
P Run Synthesis Size: 0.5 KB end
v
> Open Synthesized Design | =0 """ "5 7 77T T T T T T T T T T T T N
General  Properties < >
¥ IMPLEMENTATION Tcl Console |Messages |Log Reports |Design Runs X ?_00
P Run Implementation - | &
Q = = + %
> Open Implemented Design . :
Name Constraints ~ Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP Start Elapsed Run Strategy Report Stra
v synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2019) Vivado Syn
' PROGRAM AND DEBUG impl_1  constrs_1 Not started Vivado Implementation Defaults (Vivado Implementation 2019)  Vivado Imp
it Generate Bitstream
> Open Hardware Manager
< >

3419
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imulation (1/4)

¢ smux - [C:/Users/hp/LD/smux/smux.xpr] - Vivado 2019.2 — X
File  Edit Flow Tools Reports ~ Window Layout  View Help Q- Quick Access Ready
= « BE B X rp B & b4 2= Default Layout v
Flow Navigator 5 PROJECT MANAGER - smux ? X
~ PROJECT MANAGER )
Sources ? 00O X Project Summary X |smux.v X test smux.v X 200
£ Settings - -
Q = = + 'a' C:/Users/hp/LD/smux/smux.srcs/sim_1/new/test_smux.v x
Add Sources
v Design Sources (1) Q -« X ] ) X /i ® I} o
Language Templates @5 smux (smuxy) - .
) A
< IP Catalog > = Constraints

~ = Simulation Sources (1) 23 | module test smux( )

¥ IP INTEGRATOR V= sim_1 (1) ! wire OUT:
> @2 test smux (test_ smux.) (1) 25 1 reg A, B, SEL.
Create Block Design |
> Utility S T i
ity sources ¢ Run Simulation ¥

Open Block Design

Generate Block Design Hierarchy  Libraries Compile Order % .
Executing simulate step...

v SIMULATION Source File Properties _

Run Simulat| -
Behavicral Simulation

~ RTL ANALYSIS

> Open Elabg Press and Select

Ux/smux.sres/sim_1/new 7 #10 A=1:B=0 SEL=1;

Z| 18 1 #10 A<1;B= :
v SYNTHESIS B 39 #10 A=1:B=1;SEL=1;
40 #10 A=0;B=0;SEL=0:
P Run Synthesis [ Sizer 07 KB 11 ¢ end
v -
> Open Synthesized Design i | v
General  Properties ) .
< >
' IMPLEMENTATION Tcl Console | Messages |Log Reports |Design Runs x ? 00
P Run Implementation - | -
a = = + %
> Open Implemented Design . .
Name Constraints ~ Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP Start Elapsed Run Strategy Report Stra
v synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2019) Vivado Syn
~ PROGRAM AND DEBUG impl_1  constrs_1 Not started Vivado Implementaticn Defaults (Vivado Implementation 2019)  Vivado Imp
fi Generate Bitstream
> Open Hardware Manager
< >

Vivado Simulator

THU EECS Logic Desig 8




Simulation (2/4)

¢ smux - [C:/Users/hp/LD/smux/smux.xpr] - Vivado 2019.2 X

File  Edit Flow Tools Reports Window Layout View Run  Help Press to maximize Ready

= > BB X « » » 10| us v X C Default Layout v
Flow Navigator R A SIMULATION - Behavioral Simulation - Functional - sim_1 - test_smux
v PROJECT MANAGER . N TN
Scope Objects Untitled 1
£ Settings
Q = = * Q %
Add Sources
Na.. De.. Bl. ~ | Na. Va. Da. A
Language Templates & tests Verilo B o Logic
IP Catalos smux Verilo ¥ o Logic
o g 9 80Ut
& glbl  Verilo ¥ o Logic
. 7 iA
v IP INTEGRATOR B 0 Logic B
‘
Create Block Design 4 SEL
B ¢ De
v SIMULATION
Run Simulation
~  RTL ANALYSIS
> Open Elaborated Design
v SYNTHESIS
P Run Synthesis
> Opens esized Des
v v
v~ IMPLEMENTATION Tel Console
P Run Implementation - | & —
. Q T ¢ 1 B E @
> Openlimp ed Desig ¥ A
# run 1000ns
~ PROGRAM AND DEBUG xsim: Time (s): cpu = 00:00:05 ; elapsed = 00:00:06 . Memory (MB): peak = 713.539 ; gain = 11.770

INFO: [USF-XSim-96] XSim completed. Design snapshot "test smux_behav' loaded.
¥ Generate Bitstream

INFO: [USF-XSim-97] XSim simulation ran for 1000ns
> Open Hardware Manager launch_simulation: Time (s): cpu = 00:00:07 : elapsed = 00:00:16 . Memory (MB): peak = 713.539 : gain = 13.605
v
< >

Sim Time: 1 us

THU EECS Logic Design



Simulation (3/4)

Use to zoom in or zoom out

SIMULATION - Behbvioral Simulation - Functional - sim_1 - test_smux

999,990 ps 009,992 ps 090,994 ps 099,996 ps 099,998 ps 000, 1,000,010 ps

N . . —
Scroll this to the beginning .1
NTHU EECS Logic Design Lab. 0



Simulation (4/4)

Press to close simulation

¢ smux - [C /LD/smusx/smu r] - Vivado 2019.2
File Edit Flow Tools Reports Window a Ready
b; L LI - BN >, 109 us Default Layout
Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 - test_smux
~ PROJECT MANAGER
4t Settings
Add Sources

Language Templates
10.000 ns 30.000 ns 50.000 ns 70.000 ns 90.000 ns 100.000 ns 110.000 ns

IF IP Catalog

IP INTEGRATCR

Create Block Design

SIMULATION

Run Simulation

NALYSIS

Open Elaborated Design

SYNTHESIS

P Run Synthesis

IMPLEMENTATION
P Run Implementation

>

PROGRAM AND DEBUG
¥ii Generate Bitstream

QOpen Hardware Manager

Sim Time: 1 us

NTHU EECS Logic Design Lab. 1
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