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Notes from Lab1

• Always ‘SAVE’ before next step
• Select the right file for the next step

– For simulation
– For implementation

• Do not use specific names for files and directories
– Leading with number, 
– Names with space, 
– Names in Chinese
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• General design flow
– Design construction
– Behavioral simulation
– Design implementation
– Timing simulation

• HDL-based design Flow

Design Flow
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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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Digilent Basys 3 Demo Board
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https://reference.digilentinc.com/reference/programmable-logic/basys-3/start?redirect=1

Check Basys 3 board reference manual for details
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Input/Output Connections

• LEDs are pre-wired HIGH 
active control

• 7-Seg Display are pre-wired 
LOW active control

• Push buttons are pre-wired 
LOW when they are at rest

• DIP switches generate 
HIGH when tuned up and 
generate LOW when tuned 
down
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Figure 16. General purpose I/O devices on the Basys 3.  

The sixteen individual high-efficiency LEDs are anode-connected to the FPGA via 330 ohm resistors, so they will 
turn on when a logic high voltage is applied to their respective I/O pin. Additional LEDs, which are not user-
accessible, indicate power-on, FPGA programming status, and USB port status. 

 

8.1 Seven-Segment Display 
The Basys 3 board contains one four-digit common anode seven-segment LED display. Each of the four digits is 
composed of seven segments arranged in a "figure 8" pattern, with an LED embedded in each segment. Segment 
LEDs can be individually illuminated, so any one of 128 patterns can be displayed on a digit by illuminating certain 
LED segments and leaving the others dark, as shown in Fig. 17. Of these 128 possible patterns, the ten 
corresponding to the decimal digits are the most useful. 
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Test Your FPGA Board (1/3)

• Connect the demo board to PC and also the 
power supply

7

•所有的線接好再開電源
•關閉電源後再拔所有的線
•勿⽤導體接觸針腳
•插座別插反了
•避免⻑時間開機
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Test Your FPGA Board (2/3)

• Don’t move or remove the jumpers
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Test Your FPGA Board (3/3)
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DIP Switch control the LEDs

BCD counts on 7-Seg Displays continuously Push buttons control the 7-Seg display
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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
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Create New Project (2/3)
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Continue from previous unit slides
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I/O Pins Assignment (1/4)

13

double click
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I/O Pins Assignment (2/4)

14

1

2

3 Remember to save your assignment

4

type the constraint file name

change to LVCMOS33
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I/O Pins Assignment (3/4)
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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)
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Synthesis and Implementation (1/7)

17

double click

If this window pops up, press “Yes”



Hsi-Pin Ma

Synthesis and Implementation (2/7)
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implementation progress information
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Synthesis and Implementation (3/7)
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1 Connect and power on the FPGA board

2

After synthesis and implementation
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Synthesis and Implementation (4/7)
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Synthesis and Implementation (5/7)
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Synthesis and Implementation (6/7)
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Synthesis and Implementation (7/7)
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Program Finished

sel=0, b=1, a=0    ==>    out=1
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Some Notes
• Sometimes, the database of the design will be 

corrupted, and any changes will not take effect or your 
board behaves weird.

– Open a new project with fresh source files.

• Look into the ‘Errors’ or ‘Warnings’ windows to debug 
your design.

• If you finish your lab at dorm and want to bring it to 
the lab for demo

– DO NOT copy the entire directory to the lab and use the same 
directory for demo

• Just copying the .v and .xdc files to the lab is sufficient.
• Use ‘New Project’ in the lab and open the existing source files to 

re-implement your design for demo
24
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7-Segment Display (1/2)

• The anodes of segments forming each digit on all 
four displays are connected to the same FPGA 
pin (AN3, AN2, AN1, AN0) (common anode)

25
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Figure 17. An un-illuminated seven-segment display and nine illumination patterns corresponding to decimal digits. 

The anodes of the seven LEDs forming each digit are tied together into one "common anode" circuit node, but the 

LED cathodes remain separate, as shown in Fig. 18. The common anode signals are available as four "digit enable" 

input signals to the 4-digit display. The cathodes of similar segments on all four displays are connected into seven 

circuit nodes labeled CA through CG (for example, the four "D" cathodes from the four digits are grouped together 

into a single circuit node called "CD").  These seven cathode signals are available as inputs to the 4-digit display. 

This signal connection scheme creates a multiplexed display, where the cathode signals are common to all digits 

but they can only illuminate the segments of the digit whose corresponding anode signal is asserted.  

To illuminate a segment, the anode should be driven high while the cathode is driven low. However, since the 

Basys 3 uses transistors to drive enough current into the common anode point, the anode enables are inverted. 

Therefore, both the AN0..3 and the CA..G/DP signals are driven low when active. 
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Figure 18. Common anode circuit node. 

A scanning display controller circuit can be used to show a four-digit number on this display. This circuit drives the 

anode signals and corresponding cathode patterns of each digit in a repeating, continuous succession at an update 

rate that is faster than the human eye can detect. Each digit is illuminated just one-fourth of the time, but because 

the eye cannot perceive the darkening of a digit before it is illuminated again, the digit appears continuously 

illuminated. If the update, or "refresh", rate is slowed to around 45Hz, a flicker can be noticed in the display. 

For each of the four digits to appear bright and continuously illuminated, all four digits should be driven once every 

1 to 16ms, for a refresh frequency of about 1 KHz to 60Hz. For example, in a 62.5Hz refresh scheme, the entire 

display would be refreshed once every 16ms, and each digit would be illuminated for 1/4 of the refresh cycle, or 

4ms. The controller must drive the cathodes low with the correct pattern when the corresponding anode signal is 

driven high. To illustrate the process, if AN0 is asserted while CB and CC are asserted, then a "1" will be displayed 
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7-Segment Display (2/2)
• 8 pins to control each 7-segment display

– Including the point

• 4 pins (W4,V4,U4,U2) to choose which 7-seg to 
display

• Device is low activated

26

Symbol CA CB CC CD CE CF CG CP

FPGA Pin W7 W6 U8 V8 U5 V5 U7 V7
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Example

27

binary input: bin[3:0]MSB

All 4 digits of 7-Seg Display show same number (BCD number output)
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System Hierarchy

Block Diagram for 7-Seg Display
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Block Diagram
output 
ssd_ctl [3:0]
seg [7:0]

display.v

ssd.v (Top Module)

4 anode control of the 7-Seg Display

display

bin
4

seg

ssd_ctl

8

4
4’b0000

input
bin [3:0]
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A BCD to Seven-Segment Display Decoder
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// define segment codes
`define SS_0 8’b00000011
`define SS_1 8’b10011111
`define SS_2 8’b00100101
`define SS_3 8’b00001101
`define SS_4 8’b10011001
`define SS_5 8’b01001001
`define SS_6 8’b01000001
`define SS_7 8’b00011111
`define SS_8 8’b00000001
`define SS_9 8’b00001001

module display(segs, bin);
output [7:0] segs;  
input [3:0] bin;
reg [7:0] segs;  

always @*
  case (bin)
    4’d0: segs = `SS_0;
    4’d1: segs = `SS_1;
    4’d2: segs = `SS_2;
    4’d3: segs = `SS_3;
    4’d4: segs = `SS_4;
    4’d5: segs = `SS_5;
    4’d6: segs = `SS_6;
    4’d7: segs = `SS_7;
    4’d8: segs = `SS_8;
    4’d9: segs = `SS_9;
    default: segs = 8’b0000000;
  endcase
endmodule
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Top Module (ssd.v)
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module ssd(seg, bin, ssd_ctl);
output [3:0] ssd_ctl;
output [7:0] seg;  
input [3:0] bin;

display U0(.segs(seg),.bin(bin));

assign ssd_ctl = 4’b0000;

endmodule
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ssd.xdc (1/2)
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# Four anode control signals
set_property PACKAGE_PIN W4 [get_ports {ssd_ctl[3]}]

set_property IOSTANDARD LVCMOS33 [get_ports {ssd_ctl[3]}]
set_property PACKAGE_PIN V4 [get_ports {ssd_ctl[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {ssd_ctl[2]}]
set_property PACKAGE_PIN U4 [get_ports {ssd_ctl[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {ssd_ctl[1]}]
set_property PACKAGE_PIN U2 [get_ports {ssd_ctl[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {ssd_ctl[0]}]

#8 common segment controls
set_property PACKAGE_PIN W7 [get_ports {seg[7]}]

set_property IOSTANDARD LVCMOS33 [get_ports {seg[7]}]
set_property PACKAGE_PIN W6 [get_ports {seg[6]}]

set_property IOSTANDARD LVCMOS33 [get_ports {seg[6]}]
set_property PACKAGE_PIN U8 [get_ports {seg[5]}]

set_property IOSTANDARD LVCMOS33 [get_ports {seg[5]}]
set_property PACKAGE_PIN V8 [get_ports {seg[4]}]

set_property IOSTANDARD LVCMOS33 [get_ports {seg[4]}]
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ssd.xdc (2/2)
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set_property PACKAGE_PIN U5 [get_ports {seg[3]}]
set_property IOSTANDARD LVCMOS33 [get_ports {seg[3]}]

set_property PACKAGE_PIN V5 [get_ports {seg[2]}]
set_property IOSTANDARD LVCMOS33 [get_ports {seg[2]}]

set_property PACKAGE_PIN U7 [get_ports {seg[1]}]
set_property IOSTANDARD LVCMOS33 [get_ports {seg[1]}]

set_property PACKAGE_PIN V7 [get_ports {seg[0]}]
set_property IOSTANDARD LVCMOS33 [get_ports {seg[0]}]

#4-bit binary input
set_property PACKAGE_PIN W17 [get_ports {bin[3]}]

set_property IOSTANDARD LVCMOS33 [get_ports {bin[3]}]
set_property PACKAGE_PIN W16 [get_ports {bin[2]}]

set_property IOSTANDARD LVCMOS33 [get_ports {bin[2]}]
set_property PACKAGE_PIN V16 [get_ports {bin[1]}]

set_property IOSTANDARD LVCMOS33 [get_ports {bin[1]}]
set_property PACKAGE_PIN V17 [get_ports {bin[0]}]

set_property IOSTANDARD LVCMOS33 [get_ports {bin[0]}]
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Example
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binary input: 0101


