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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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Notes from Lab1

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

– For simulation
– For implementation

• Do not use wired filename
– Number, with space, Chinese
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Xilinx XC6SLX16 CS324 Demo Board
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I/O Devices

• Clock generation: 40MHz oscillator
• Input devices

– 8 DIP switches
– 8 push buttons
– 1 4x4 keypad

• Output devices
– 16 user LEDs
– 4 14-segment display
– 1 128x64 LCD display
– Audio interface
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Input/Output Connections

• LEDs are pre-wired such that
– A HIGH signal from the FPGA to turn it on

• Push buttons and DP switches are pre-wired such 
that
– The corresponding input is tied to LOW when a push 

button is pressed or a DIP switch is turned on.
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USB/JTAG Download Cable
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Test Your FPGA Board (1/3)

• Connect the demo board to PC and also the 
power supply
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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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FPGA Emulation Using Xilinx ISE
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Open New Project (2/2)
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Back to Implementation
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Double click the left button
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I/O Pins Assignment: PlanAhead (1/3)
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Maximize
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I/O Pin Assignment: PlanAhead (2/3)
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Don’t forget to SAVE close

The PIN name is on your board beside your I/O
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I/O Pin Assignment: Another Method (.ucf file) (3/3)
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You can use the file to assign your I/O pins also
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Synthesize and Implementation
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1. Double click “Synthesize” for logic synthesis.

2. Double click “Implement Design” for implementation.
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Download Bit File for Emulation
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Double click “Manage Configuration Project 
(iMPACT)”.
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1. Double click “Boundary Scan”.

2. Click right mouse button.
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Assign 
Configuration File
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Identify
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Program the Device (1/2)
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1. Click right mouse button.
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Program the Device (2/2)
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7. Programming Succeeded.  
   (The LED (D18) on the board will light up.)
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Some Notes (1/2)
• In any stage, you can ‘Rerun All’ to let your 

modification take effect
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Some Notes (2/2)
• 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 copy the .v and .ucf 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
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Verilog RTL Code Examples
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`timescale 1ns / 1ps 
//************************************************************************** 
// Filename      : SMUX.v 
// Author        : Hsi-Pin Ma 
// Function      : multiplexer 
// Last Modified : Date: 2007-02-16 21:16:17 +0800 (Fri, 16 Feb 2007) 
// Revision      : Revision: 1 
// Copyright (c), Laboratory for Reliable Computing (LaRC), EE, NTHU 
// All rights reserved 
//************************************************************************** 

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
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`timescale 1ns / 1ps 
//************************************************************************** 
// Filename      : SMUX.v 
// Author        : Hsi-Pin Ma 
// Function      : multiplexer 
// Last Modified : Date: 2007-02-16 21:16:17 +0800 (Fri, 16 Feb 2007) 
// Revision      : Revision: 1 
// Copyright (c), Laboratory for Reliable Computing (LaRC), EE, NTHU 
// All rights reserved 
//************************************************************************** 

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 @* 
  out = (sel) ? a : b ; 

endmodule
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D-type Flip Flop
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module dff(
  q,  // output
  d,  // input
  clk,  // global clock
  rst_n // active low reset
);

output q;  // output
input d;  // input
input clk;  // global clock
input rst_n;  // active low reset

reg q; // output (in always block)

always @(posedge clk or negedge rst_n)
  if (~rst_n)
    q<=0;
  else
    q<=d;

endmodule

d q

clk

rst_n
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Declaration Syntax of Verilog Wire/
Registers 

• wire <range> ? <name> <,<name>>*;
• reg <range> ? <name> <,<name>>*;
• Example

– reg a;
– wire      a;
– reg [5:2] b,c;
– wire      [3:0]     b,c;
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14-Segment Display (1/4)

• The cathodes of similar segments on all four 
displays are connected to the same FPGA pin
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D3(T6)� D2(V6)� D1(U8)� D0(V8)�

symbol CA� CB� CC� CD� CE� CF� CG1� CG2�
FPGA pin P6� N4� V5� T5� U7� R3� N5� R5�
symbol CH� CJ� CK� CL� CM� CN� DP 

FPGA pin T3 T4� V4� V7 R7� T7 U5 
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14-Segment Display (2/4)

• 15 pins to control each 14-segment display
– Including the point

• 4 pins to choose which 14-seg to display
• Device is low activated
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D3(T6)� D2(V6)� D1(U8)� D0(V8)�



Hsi-Pin Ma

14-Segment Display (3/4)

• Input: 0101_0000_0011_1111_111 
  Output:0000_ABCD_EFGH_IJKL_MNO
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14-Segment Display (4/4)

• Input: 0101_0000_0011_1111_111 
  Output:0000_ABCD_EFGH_IJKL_MNO
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