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NTHU EECS Logic Design Lab.

Verilog HDL Utilization Scenario I

• Simulation and verification of logic circuits on PC.

• Imaging what happens when the circuit is as complex as
a CPU or MP3 player processor.

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

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

not U0(sel_n,sel);
and U1(t1,a,sel);
and U2(t2,b,sel_n);
or U3(out,t1,t2);

endmodule
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NTHU EECS Logic Design Lab.

Verilog HDL Utilization Scenario II

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

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

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

assign out = sel ? a:b;

endmodule
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NTHU EECS Logic Design Lab.

Basys3 FPGA Board
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NTHU EECS Logic Design Lab.

EVS6 FPGA Board Specification

The complete FPGA board document (Basys3_rm.pdf)  is on the course website.
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NTHU EECS Logic Design Lab.

JTAG Programming

USB to PC

JTAP Programming 
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NTHU EECS Logic Design Lab.

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}]
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NTHU EECS Logic Design Lab.

Specific I/Os – DIP Switches
set_property PACKAGE_PIN V17 [get_ports {SW0}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW0}]
set_property PACKAGE_PIN V16 [get_ports {SW1}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW1}]
set_property PACKAGE_PIN W16 [get_ports {SW2}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW2}] 
set_property PACKAGE_PIN W17 [get_ports {SW3}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW3}]
set_property PACKAGE_PIN W15 [get_ports {SW4}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW4}]

set_property PACKAGE_PIN T1 [get_ports {SW14}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW14}]
set_property PACKAGE_PIN R2 [get_ports {SW15}]
set_property IOSTANDARD LVCMOS33 [get_ports {SW15}]
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NTHU EECS Logic Design Lab.

Keyboard
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NTHU EECS Logic Design Lab.

Specific I/Os  - LED
set_property PACKAGE_PIN U16 [get_ports {LD0}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD0}]
set_property PACKAGE_PIN E19 [get_ports {LD1}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD1}]
set_property PACKAGE_PIN U19 [get_ports {LD2}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD2}] 
set_property PACKAGE_PIN W18 [get_ports {LD3}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD3}]
set_property PACKAGE_PIN U15 [get_ports {LD4}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD4}]

set_property PACKAGE_PIN P1 [get_ports {LD14}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD14}]
set_property PACKAGE_PIN L1 [get_ports {LD15}]
set_property IOSTANDARD LVCMOS33 [get_ports {LD15}]
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NTHU EECS Logic Design Lab.

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}]
set_property IOSTANDARD LVCMOS33 [get_ports {AN2}]
set_property PACKAGE_PIN U4 [get_ports {AN1}]
set_property IOSTANDARD LVCMOS33 [get_ports {AN1}] 
set_property PACKAGE_PIN U2 [get_ports {AN0}]
set_property IOSTANDARD LVCMOS33 [get_ports {AN0}]
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}]
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NTHU EECS Logic Design Lab.

Specific I/Os – VGA Control
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NTHU EECS Logic Design Lab.

Specific I/Os – VGA Control
set_property PACKAGE_PIN G19 [get_ports {RED0}]
set_property IOSTANDARD LVCMOS33 [get_ports {RED0}]
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}]
set_property IOSTANDARD LVCMOS33 [get_ports {RED3}] 

GRN

BLU

set_property PACKAGE_PIN P19 [get_ports {HSYNC}]
set_property IOSTANDARD LVCMOS33 [get_ports {HSYNC}]
set_property PACKAGE_PIN R19 [get_ports {VSYNC}]
set_property IOSTANDARD LVCMOS33 [get_ports {VSYNC}]
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NTHU EECS Logic Design Lab.

Audio

set_property PACKAGE_PIN J1 [get_ports {JA[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports {JA[0]}] 
set_property PACKAGE_PIN L2 [get_ports {JA[1]}] 
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]}] 
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]}]
set_property PACKAGE_PIN K2[get_ports {JA[5]}] 
set_property IOSTANDARD LVCMOS33 [get_ports {JA[5]}] 
set_property PACKAGE_PIN H2 [get_ports {JA[6]}] 
set_property IOSTANDARD LVCMOS33 [get_ports {JA[6]}] 
set_property PACKAGE_PIN G3 [get_ports {JA[7]}] 
set_property IOSTANDARD LVCMOS33 [get_ports {JA[7]}] 
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NTHU EECS Logic Design Lab.

Clock

• External Clock with 100MHz frequency

set_property PACKAGE_PIN W5 [get_ports {CLK}]
set_property IOSTANDARD LVCMOS33 [get_ports {CLK}] 
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NTHU EECS Logic Design Lab.

• General design flow
– Design construction
– Behavioral simulation
– Design implementation
– Timing simulation

• HDL-based design Flow

Design Flow
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NTHU EECS Logic Design Lab.

Important Notes

• Draw schematic first and then construct
Verilog codes.

• 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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NTHU EECS Logic Design Lab.

FPGA Emulation 
Using Xilinx Vivado
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NTHU EECS Logic Design Lab.

How to setup Xilinx ISE 

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

* You can follow the installation guide (lab0.1 Vivado Installation.pdf)  in the course website.
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NTHU EECS Logic Design Lab. 2
0

FPGA Emulation Using Xilinx 
Vivado



NTHU EECS Logic Design Lab.

Design Flow

• Design Source Preparation
– Design modules (.v)
– Design constraints (I/O pin assignments) (.xdc)

• Design Simulation
– testbench (.v)

• Design Synthesis and Implementation

2
1



NTHU EECS Logic Design Lab.

Create New Project (2/3)
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Continue from previous unit slides



NTHU EECS Logic Design Lab.

I/O Pins Assignment (1/4)
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double click



NTHU EECS Logic Design Lab.

I/O Pins Assignment (2/4)
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1

2

3 Remember to save your assignment

4

type the constraint file name

change to LVCMOS33



NTHU EECS Logic Design Lab.

I/O Pins Assignment (3/4)
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NTHU EECS Logic Design Lab.

I/O Pins Assignment (4/4)
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double click

Or you can create the file directly
and then added by “Add Sources” (constraints)



NTHU EECS Logic Design Lab.

Synthesis and Implementation (1/7)
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double click

If this window pops up, press “Yes”



NTHU EECS Logic Design Lab.

Synthesis and Implementation (2/7)
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implementation progress information



NTHU EECS Logic Design Lab.

Power-on and JTAG-Mode

Step 2:
Turn the power switch to [ ON ]

Step 1: 
Change blue jumper to  [ JTAG ] mode

1
.

2
.
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NTHU EECS Logic Design Lab.

Synthesis and Implementation (3/7)

30

1 Connect and power on the FPGA board

2

After synthesis and implementation



NTHU EECS Logic Design Lab.

Synthesis and Implementation (4/7)
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NTHU EECS Logic Design Lab.

Synthesis and Implementation (5/7)
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NTHU EECS Logic Design Lab.

Synthesis and Implementation (6/7)
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NTHU EECS Logic Design Lab.

Result
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sel = 0
a = 0
b = 0



NTHU EECS Logic Design Lab.

Result
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sel = 0
a = 1
b = 0



NTHU EECS Logic Design Lab.

Result
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sel = 0
a = 0
b = 1



NTHU EECS Logic Design Lab.

Result
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sel = 1
a = 0
b = 0



NTHU EECS Logic Design Lab.

Result
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sel = 1
a = 0
b = 1



NTHU EECS Logic Design Lab.

Result
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sel = 1
a = 1
b = 0



NTHU EECS Logic Design Lab.

Verilog RTL Code Examples
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NTHU EECS Logic Design Lab.

`timescale 1ns / 1ps

module SMUX(
out, // multiplexer output
a, // multiplexer input a
b, // multiplexer input b
sel // selection control signal

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

// multiplexer funtion
assign out = (sel) ? a : b ;

endmodule

`timescale 1ns / 1ps

module SMUX(
out, // multiplexer output
a, // multiplexer input a
b, // multiplexer input b
sel // selection control signal

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

reg out; // multiplexer output

// multiplexer funtion
always @(a or b or sel)

out = (sel) ? a : b ;

endmodule
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