  Lab3 Report


Ⅰ.  Lab3_1 (Frequency Divider with )

Design Specification

IO: 
Input: clk, rst_n.
Output: clk_out.

Design Implementation

Because we need to divide initial frequency by  , we use 27-bit-binary-up counter with initial clock to count and the highest bit is considered new clock, which is  initial frequency.

And rst_n is negative edge reset, so if rst_n = 0, the value stored in flip flop should be reset.

Block diagram:

[image: C:\Users\user\Downloads\163999162_208421281055378_2099845172903822206_n.jpg]

According to above diagram, I need a temporary variable to store value after adding 1, which is named cnt_tmp. And when clock toggle up, store cnt_tmp into D-flip flop, then output the highest bit of 27-bit binary number in flip flop.

Use I/O PIN from problem:

	I/O
	
	

	Site
	W5
	U16



[image: ]
Discussion：
本實驗設計的是一個將頻率除以的除頻器，由於原本在FPGA板上的頻率為100MHz，因此透過一個27bit的binary up counter，並將此27bit的最高位數(clk_out)當作輸出，便可將頻率除到接近1Hz (≒0.745Hz)。

Ⅱ.  Lab3_2 (Frequency Divider from 100MHz to 1Hz)

Design Specification

IO: 
Input: clk, rst_n.
Output: clk_out.
	
Design Implementation

According to teacher’s lecture, I use a counter to count until 50M, then declare a variable cmp.
If counter count to 50M, cmp = 1 and initialize counter. Therefore, T-flip flop, input cmp and clk_out, toggle when cmp = 1, so clk_out will become a 1Hz clock.


And rst_n is negative edge reset, so if rst_n = 0, the value stored in flip flop should be reset.
[image: C:\Users\user\Downloads\164284114_460144938670239_7205420997003201153_n.jpg]
I declare a variable cnt_tmp1 to store value after adding 1, declare a variable cnt_tmp2 to select value passing MUX, and declare a variable clk_tmp to calculate value passing XOR block. 
Use I/O PIN from problem:
	I/O
	
	

	Site
	W5
	U16



[image: ]
[image: ]
Discussion：
本實驗建造的是一個將FPGA板上100MHz的頻率轉換成1Hz頻率輸出的除頻器，建構理念是設計一個上限為50M的binary up counter，而每當counter數到50M時，便將輸出值(clk_out) toggle一次，如此下來，輸出值(clk_out)在等於0和等於1的時間各自都是50M次的clk，也就是說，clk_out的值會在0.5秒時toggle一次，因此輸出值的頻率將會等於 = 1Hz。

Ⅲ.  Lab3_3(4-bit synchronous binary up counter)

Design Specification

IO: 
Input: clk, rst_n.
Output: [3:0] q.

Design Implementation

I set pre_lab3_1 as top module, and call lab3_2 to produce 1Hz clock.

pre_lab3_1(counter):
According to binary up counter, output add 1 after passing D-flip flop.
So I declare a variable [3:0] q_tmp to store the result temporarily after adding 1.
And use clk_1Hz, produced by lab3_2, as its clock.
Block diagram:
[image: C:\Users\user\Downloads\164837976_4471071746239484_820535389709617772_n.jpg]
clk in frequency divider equals to clk in counter
rst_n in frequency divider equals to rst_n in counter
clk_out produced by frequency divider equals to clk_1Hz in counter
[image: ]

Use I/O PIN from problem:

	I/O
	
	
	
	
	

	Site
	W5
	V19
	U19
	E19
	U16



Discussion：

本實驗設計一個clock為1Hz的binary up counter，做法為將上個實驗所做好的除頻器之輸出值(clk_out)接上pre_lab第二題的counter的輸入(clk_1Hz)，便可達成本題的要求。
[bookmark: _heading=h.gjdgxs]4-bit binary counter：透過四個T-flip-flop，可以達到每當一個clock的positive edge來時就將輸出(q)的值加一，當進位時，可以牽動更高位數也toggle一次，以此類推，進而完成一個4bit的binary counter。



Ⅳ.  Lab3_4(ring counter)

Design Specification

IO: 
Input: clk, rst_n.
Output: [3:0] q.

Design Implementation

I set pre_lab3_2 as top module, and call lab3_2 to produce 1Hz clock.

pre_lab3_2(ring counter):
Because this is a ring counter, I connect each flip flop by following method
q[0] <= q[7];
        q[7] <= q[6];
        q[6] <= q[5];
        q[5] <= q[4];
        q[4] <= q[3];
        q[3] <= q[2];
        q[2] <= q[1];
        q[1] <= q[0];
and if rst_n = 1, D-flip flop should be 10010110.
Finally, use clk_1Hz, produced by lab3_2, as its clock.
Block diagram: [image: C:\Users\user\Downloads\165201889_459111265339472_7548544686351769143_n.jpg]

clk in frequency divider equals to clk in ring counter
rst_n in frequency divider equals to rst_n in ring counter
clk_out produced by frequency divider equals to clk_1Hz in ring counter

[image: ]

Use I/O PIN from problem:

	I/O
	
	
	
	
	
	
	
	
	

	Site
	W5
	V14
	U14
	U15
	W18
	V19
	U19
	E19
	U16



Discussion：
本實驗設計的是一個clock為1Hz的ring counter，做法為將第二題除頻器1Hz的輸出(clk_out)接上pre_lab第二題的輸入(clk_1Hz)之後，便可達成題目要求的結果。
8-bit ring counter：建構理念是在clock的positive edge時將上一位的值傳給下一位，如此重複，而reset的時候輸出(q)為10010110，如此即可完成一個8bit的ring counter。

Conclusion

	這次實驗最新接觸到的是除頻器的設計，而第三、四小題就已經要接上 1Hz 的頻率，只要把做好的除頻器 output 接上其他功能 module 的 input 就可以了，也感受到除頻器好用的地方，而講義上也有介紹把除頻器 27bit 中的第 16、17bit 抓出來當作 scan control 的 input 的用法，感覺相當驚奇。經過這次實驗，我發現只要把一些作為基礎的 module(像是本次實驗的除頻器)寫好後，便可以使用在很多不同的實驗裡，這也是我覺得相當方便的一個地方。
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~module freqdiv_2(
output reg clk_out,
input clk,
input rstn
%
reg [25:0] cnt;
reg [25:0] cnt_tmpl;
reg [25:0] cnt_tmp2;
reg cnp;
reg clk_tap;
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© alvaysex
5 begin
clk_tup = clk_out * cap;
cnt_tapl = ent + 1'bl;
end
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' if(cnt==26'dS0000000) cmp
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O alvays@x
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clk_out <= clk_tnp;
end
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odule counter(
output reg [3:0] g,
input clk,
input rst_n
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xeg [3:0] q_tmp;
wire clk_lHz;

freqdiv_2 U0 (.clk(clk),.rst_n(rst_n),.clk_out(clk_1Hz));

alyays@
¢ atnp = q + 1'b;
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5 if(~rst_n)
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else

q <= q_tmp;
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foute shiftex(
output reg [7:0] g,
input clk,
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wire clk_lHz;
freqdiv_2 M0(.clk(clk),.rst_n(rst_n),.clk_out(clk_lHz));

always@(posedze clk_iHz or negedge rst_n)
if(~rst_n)
q <= 8'b10010110;
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fodule freqdiv_i¢
output reg clk_out,
input clk,
input rst_n
)
reg [26:0] ent_tup;
reg [25:0] ent;

O alwayse
~ cnt_tap = {clk_out,cnt} + 1'bi;
' always@(posedge clk or negedge rst_n)
o if(erstn)
{elk_out,ent} <= 27'd0;

else
¢ {clk_out,cnt} <= cnt_tmp;
 endnodule
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