一 实验名称

流水灯控制
二 实验目的

使用VIVADO设计Verilog代码实现LED流水灯的控制
三 实验原理

本设计使用的流水灯为16个灯，分为5种变化花样，每种自动切换，切换到第5种模式后返回第一种。实验原理为使用状态机控制led的模式切换，一个设计了6种状态，分别是空闲状态、模式1、模式2、模式3、模式4、模式5，每个模式持续16个时钟周期。系统初始状态为空闲状态，然后切换到模式1状态，当模式1状态时钟周期到16时，切换到模式2状态，当模式2状态时钟周期到16时切换到模式3状态，如此循环往复。

当处于模式1状态时，将led灯依次向右点亮，16个周期刚好全部点亮一遍，当处于模式2时，将led灯依次向左点亮，16个周期刚好全部点亮一遍，当处于模式3时，将led等依次向由点亮，最后全亮，当处于模式4时，将led等依次向由左亮，最后全亮，当处于模式5时，将led两端相向移动，交叉后继续移动直到最后。
四 实验仪器

VIVADO开发软件，电脑
五 设计步骤

首先新建一个VIVADO工程如下图：

[image: image1.png]Mindow Halp

VIVADOY" g e

Quick Start

Tasks

Mansge TP

Information Center

9

Documentation snd Tutorisls

Open Project

&

Open Hardware Mansger

B

GQuick Take Videos

Release Totes Guide

7 New Project

Project Ham
Enter & nene for your project snd specify 3 diractory whers the project data files will be stored.

Project nane:

[natersany |

Frajuct Tocation: [C-/Vsers/Adninistrator/Desctop/aster EalL_Led_IGS5 (=]

Create project subdirectory

Project will be created at: C:/Users/Adninistrator/Desktop/waterfall 1ed N058/water fall

e ei> [ giien ] (e





然后新建Verilog文件
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编写代码如下：

`timescale 1ns / 1ps

//流水灯控制

module waterfall(clk_in, key_reset, led);

   input            clk_in;//时钟

   input            key_reset;//复位

   output [15:0]    led;//16个led

   //定义状态

   parameter [2:0]  FSM_ST_s_idle = 0,//空闲状态

                    FSM_ST_s_mode1 = 1,//模式1

                    FSM_ST_s_mode2 = 2,//模式2

                    FSM_ST_s_mode3 = 3,//模式3

                    FSM_ST_s_mode4 = 4,//模式4

                    FSM_ST_s_mode5 = 5;//模式5

   reg [2:0]        state;  //定义状态 

   reg [4:0]        time_cnt;  //计数器 

   reg [15:0]       led_1;//定义16位led

   //状态机控制,模式1~5自动切换

   always @(posedge clk_in or posedge key_reset)

      if (key_reset == 1'b1)

         state <= FSM_ST_s_idle;//复位到空闲状态

      else 

         case (state)

            FSM_ST_s_idle :

               state <= FSM_ST_s_mode1;

            FSM_ST_s_mode1 ://模式1

               if (time_cnt >= 5'b01111)

                  state <= FSM_ST_s_mode2;

               else

                  state <= FSM_ST_s_mode1;

            FSM_ST_s_mode2 ://模式2

               if (time_cnt >= 5'b01111)

                  state <= FSM_ST_s_mode3;

               else

                  state <= FSM_ST_s_mode2;

            FSM_ST_s_mode3 ://模式3

               if (time_cnt >= 5'b01111)

                  state <= FSM_ST_s_mode4;

               else

                  state <= FSM_ST_s_mode3;

            FSM_ST_s_mode4 ://模式4

               if (time_cnt >= 5'b01111)

                  state <= FSM_ST_s_mode5;

               else

                  state <= FSM_ST_s_mode4;

            FSM_ST_s_mode5 ://模式5

               if (time_cnt >= 5'b01111)

                  state <= FSM_ST_s_mode1;

               else

                  state <= FSM_ST_s_mode5;

            default :

               ;

         endcase

   always @(posedge clk_in or posedge key_reset)

      if (key_reset == 1'b1)

         time_cnt <= 5'b01111;

      else 

      begin

         if (state != FSM_ST_s_idle)

         begin

            if (time_cnt == 5'b01111)//16个led等，计数0~15

               time_cnt <= 5'b00000;

            else

               time_cnt <= time_cnt + 5'b00001;

         end

         else

            time_cnt <= 5'b01111;

      end

   //分别控制5种模式的16个led灯

   always @(posedge clk_in or posedge key_reset)

      if (key_reset == 1'b1)

         led_1 <= 16'b0000000000000000;

      else 

         case (state)

            FSM_ST_s_mode1 ://模式1，led等依次右移

               case (time_cnt)

                  5'b00000 :

                     led_1 <= 16'b1000000000000000;

                  5'b00001 :

                     led_1 <= 16'b0100000000000000;

                  5'b00010 :

                     led_1 <= 16'b0010000000000000;

                  5'b00011 :

                     led_1 <= 16'b0001000000000000;

                  5'b00100 :

                     led_1 <= 16'b0000100000000000;

                  5'b00101 :

                     led_1 <= 16'b0000010000000000;

                  5'b00110 :

                     led_1 <= 16'b0000001000000000;

                  5'b00111 :

                     led_1 <= 16'b0000000100000000;

                  5'b01000 :

                     led_1 <= 16'b0000000010000000;

                  5'b01001 :

                     led_1 <= 16'b0000000001000000;

                  5'b01010 :

                     led_1 <= 16'b0000000000100000;

                  5'b01011 :

                     led_1 <= 16'b0000000000010000;

                  5'b01100 :

                     led_1 <= 16'b0000000000001000;

                  5'b01101 :

                     led_1 <= 16'b0000000000000100;

                  5'b01110 :

                     led_1 <= 16'b0000000000000010;

                  5'b01111 :

                     led_1 <= 16'b0000000000000001;

                  default :

                     ;

               endcase

            FSM_ST_s_mode2 ://模式2，led等依次左移

               case (time_cnt)

                  5'b00000 :

                     led_1 <= 16'b0000000000000001;

                  5'b00001 :

                     led_1 <= 16'b0000000000000010;

                  5'b00010 :

                     led_1 <= 16'b0000000000000100;

                  5'b00011 :

                     led_1 <= 16'b0000000000001000;

                  5'b00100 :

                     led_1 <= 16'b0000000000010000;

                  5'b00101 :

                     led_1 <= 16'b0000000000100000;

                  5'b00110 :

                     led_1 <= 16'b0000000001000000;

                  5'b00111 :

                     led_1 <= 16'b0000000010000000;

                  5'b01000 :

                     led_1 <= 16'b0000000100000000;

                  5'b01001 :

                     led_1 <= 16'b0000001000000000;

                  5'b01010 :

                     led_1 <= 16'b0000010000000000;

                  5'b01011 :

                     led_1 <= 16'b0000100000000000;

                  5'b01100 :

                     led_1 <= 16'b0001000000000000;

                  5'b01101 :

                     led_1 <= 16'b0010000000000000;

                  5'b01110 :

                     led_1 <= 16'b0100000000000000;

                  5'b01111 :

                     led_1 <= 16'b1000000000000000;

                  default :

                     ;

               endcase

            FSM_ST_s_mode3 ://模式3，led等依次向由点亮，最后全亮

               case (time_cnt)

                  5'b00000 :

                     led_1 <= 16'b1000000000000000;

                  5'b00001 :

                     led_1 <= 16'b1100000000000000;

                  5'b00010 :

                     led_1 <= 16'b1110000000000000;

                  5'b00011 :

                     led_1 <= 16'b1111000000000000;

                  5'b00100 :

                     led_1 <= 16'b1111100000000000;

                  5'b00101 :

                     led_1 <= 16'b1111110000000000;

                  5'b00110 :

                     led_1 <= 16'b1111111000000000;

                  5'b00111 :

                     led_1 <= 16'b1111111100000000;

                  5'b01000 :

                     led_1 <= 16'b1111111110000000;

                  5'b01001 :

                     led_1 <= 16'b1111111111000000;

                  5'b01010 :

                     led_1 <= 16'b1111111111100000;

                  5'b01011 :

                     led_1 <= 16'b1111111111110000;

                  5'b01100 :

                     led_1 <= 16'b1111111111111000;

                  5'b01101 :

                     led_1 <= 16'b1111111111111100;

                  5'b01110 :

                     led_1 <= 16'b1111111111111110;

                  5'b01111 :

                     led_1 <= 16'b1111111111111111;

                  default :

                     ;

               endcase

            FSM_ST_s_mode4 ://模式4，led等依次向由左亮，最后全亮

               case (time_cnt)

                  5'b00000 :

                     led_1 <= 16'b0000000000000001;

                  5'b00001 :

                     led_1 <= 16'b0000000000000011;

                  5'b00010 :

                     led_1 <= 16'b0000000000000111;

                  5'b00011 :

                     led_1 <= 16'b0000000000001111;

                  5'b00100 :

                     led_1 <= 16'b0000000000011111;

                  5'b00101 :

                     led_1 <= 16'b0000000000111111;

                  5'b00110 :

                     led_1 <= 16'b0000000001111111;

                  5'b00111 :

                     led_1 <= 16'b0000000011111111;

                  5'b01000 :

                     led_1 <= 16'b0000000111111111;

                  5'b01001 :

                     led_1 <= 16'b0000001111111111;

                  5'b01010 :

                     led_1 <= 16'b0000011111111111;

                  5'b01011 :

                     led_1 <= 16'b0000111111111111;

                  5'b01100 :

                     led_1 <= 16'b0001111111111111;

                  5'b01101 :

                     led_1 <= 16'b0011111111111111;

                  5'b01110 :

                     led_1 <= 16'b0111111111111111;

                  5'b01111 :

                     led_1 <= 16'b1111111111111111;

                  default :

                     ;

               endcase

            FSM_ST_s_mode5 ://模式5，led两端相向移动

               case (time_cnt)

                  5'b00000 :

                     led_1 <= 16'b1000000000000001;

                  5'b00001 :

                     led_1 <= 16'b0100000000000010;

                  5'b00010 :

                     led_1 <= 16'b0010000000000100;

                  5'b00011 :

                     led_1 <= 16'b0001000000001000;

                  5'b00100 :

                     led_1 <= 16'b0000100000010000;

                  5'b00101 :

                     led_1 <= 16'b0000010000100000;

                  5'b00110 :

                     led_1 <= 16'b0000001001000000;

                  5'b00111 :

                     led_1 <= 16'b0000000110000000;

                  5'b01000 :

                     led_1 <= 16'b0000000110000000;

                  5'b01001 :

                     led_1 <= 16'b0000001001000000;

                  5'b01010 :

                     led_1 <= 16'b0000010000100000;

                  5'b01011 :

                     led_1 <= 16'b0000100000010000;

                  5'b01100 :

                     led_1 <= 16'b0001000000001000;

                  5'b01101 :

                     led_1 <= 16'b0010000000000100;

                  5'b01110 :

                     led_1 <= 16'b0100000000000010;

                  5'b01111 :

                     led_1 <= 16'b1000000000000001;

                  default :

                     ;

               endcase

            default :

               ;

         endcase 

   assign led = led_1;//输出led灯   

endmodule

程序设计完成后先综合一下，检查一下是否有语法错误，点击综合按键，如下图：
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编译成功
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设计完代码后，为了仿真，还需要编写testbench文件，新建testbench文件如下图：
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编写testbench代码如下：

module test_bench();

   reg            clk_in;//时钟

   reg            key_reset;//复位

   wire [15:0]    led;//16个led

waterfall i_waterfall(

.clk_in(clk_in), 

.key_reset(key_reset), 

.led(led)

);

initial begin

key_reset=1;

#100;

key_reset=0;

#100;

end

always begin

clk_in=0;

#10;

clk_in=1;

#10;

end

endmodule

六 实验结果

点击Run simulation，进行仿真，如下图：
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可以看到仿真图如下：
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下图将5种模式标识出来了，仿真结果表明，设计正确，仿真无误。
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