Lab4 Report


Ⅰ.  Lab3_5 (scrolling pre-stored pattern)

Design Specification

IO: 
Input: clk, rst_n.
Output: 	[3:0] ssd_ctl(anode of seven-segment display), 
[7:0] segs(cathode of seven-segment display).

Design Implementation
In order to readability, I divided this problem into three parts (scan, shifter and frequency divider) as follows.
A simple Block diagram:
[image: C:\Users\user\Downloads\169610708_275504904052821_3417949183232453244_n.jpg]
Scan control：This part use an enable from 16th and 17th bits of frequency divider to control the seven-segment display. We can see different numbers on four seven-segment display by anode and cathode rapidly changing before the clock toggle.
[image: ][image: ]
Frequency divider：use 27-bit-binary-up counter with initial clock to count and the highest bit is considered new clock, which is  initial frequency (≒1Hz). And output 16th and 17th bits, which are used as an enable for scan control.
[image: ]
Shifter：First, define the cathode for NTHUECS, and store the cathode of NTHUEECS into eight flip-flops separately. Then, shift left after the clock toggle, and output the first four cathodes.
[image: ][image: ][image: ]

Discussion：
本實驗我利用八組8bits的DFF，但總共只有四個七段顯示器，因此將前四組flip flop的輸出(Q7〜Q4)當作要顯示出來的英文字母。將每個英文字母配對到一個數字，當reset的時候，讓八組flip flop的輸出按照順序存入”NTHUEECS”相對應的數字，並在每一次clk來時讓各組flip flop的值順時針移動，再把前四組flip flop的輸出抓出來，便可達到跑馬燈的效果。



Ⅱ.  Lab4_2 (binary counting in 7-segment display)

Design Specification
IO: 
Input: clk, rst_n.
Output: [3:0] ssd_ctl, [7:0] segs.
Design Implementation
Because of readability, I divide the project into four parts (binary up counter, frequency divider, anode and cathode).
[image: C:\Users\user\Downloads\169621024_150474886989129_9038356106516046690_n.jpg]
Binary up counter：
First, according to binary up counter, output is added 1 after passing D-flip flop.
So I declare a variable [3:0] q_tmp to store the result temporarily after adding 1.
Then I can construct the logic diagram:
Logic diagram:
[image: C:\Users\user\Downloads\161571946_3879052628846267_8186935891004375730_n.jpg]
Finally, I can complete Verilog RTL code for binary up counter.
[image: ]
Frequency divider：
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.
[image: ][image: ]
Cathode：
First, I define 8-bit binary number to represent cathode of 0~F.
0：00000011
1：10011111
2：00100101
3：00001101
4：10011001
5：01001001
6：01000001
7：00011111
8：00000001
9：00001001
A：00010001
b：11000001
C：01100011
d：10000101
E：01100001
F：01110001
Then, input [3:0] i from binary up counter decide which number or letter should be displayed.
Finally, construct Verilog RTL code for cathode:
[image: ][image: ]
Anode：
Because the rightest 7-segment displays need to be effected, anode should be set 1110.
And I set this module as top module.
[image: ]
Discussion：
這題我在實作時，誤會了題目的意思，我以為是要把結果用BCD的方式顯示在四個七段顯示器上，所以我在demo時給助教看的是跟題目意思不一樣的結果，但助教跟我說雖然我做的跟題目意思不太一樣，但其實我做的方式還需要多寫幾個步驟，比較麻煩一點，所以還是給我過，他建議我可以把我做的東西放在討論的部分說明。
[image: C:\Users\user\Downloads\169452055_849028089018739_7489728295390513320_n.jpg]
(所以我把開關打開時，七段顯示器就會開始從0000數到1111)
Ⅲ.  Lab4_3 (a single digit BCD up counter on the seven-segment display with 5-Hz)

Design Specification

IO: 
Input: clk, rst_n.
Output: [3:0] ssd_ctl, [7:0] segs.

Design Implementation

I divide the project into four parts (BCD up counter, frequency divider, anode and cathode).
[image: C:\Users\user\Downloads\169621024_150474886989129_9038356106516046690_n.jpg]
(the same as lab4_2)
BCD up counter：
First, according to BCD up counter, output add 1 after passing D-flip flop.
So I declare a variable [3:0] cnt_tmp1 to store the result temporarily after adding 1.
And declare a variable [3:0] cnt_tmp2 to select whether counter count to 1001(9).
If so, BCD up counter reset to 0 (cnt_tmp2 = 0000).
Then I can construct the logic diagram:
Logic diagram:
[image: C:\Users\user\Downloads\169088430_3356322537802625_2979147031425382505_n.jpg]
Finally, I can complete Verilog RTL code for BCD up counter.
[image: ]
Frequency divider：
According to lab4_2, I use a counter to count until 10M (), then declare a variable cmp. If counter count to 10M, cmp = 1 and initialize counter. Therefore, T-flip flop, input cmp and clk_out, toggle when cmp = 1, so clk_out will become a 5Hz 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]
(the same as lab4_2)
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.
[image: ][image: ]
Cathode：
First, I define 8-bit binary number to represent cathode of 0~9.
0：00000011
1：10011111
2：00100101
3：00001101
4：10011001
5：01001001
6：01000001
7：00011111
8：00000001
9：00001001
Then, input [3:0] i from binary up counter decide which number or letter should be displayed.
Finally, construct Verilog RTL code for cathode:
[image: ][image: ]
Anode：
Because the rightest 7-segment displays need to be effected, anode should be set 1110.
And I set this module as top module.
[image: ]
[bookmark: _GoBack]
Discussion：

這題與其他提相比相對簡單，只需要改變前一題除頻器的條件，再把counter設定一個上限，就可以完成這題的要求了，所以相對來說較簡單。

Ⅳ.  Lab4_4 (2-digit BCD up counter)

Design Specification

IO: 
Input: clk, rst_n.
Output: [3:0] ssd_ctl, [7:0] segs.

Design Implementation

I divided this problem into three parts (scan, binary up counter, display and frequency divider) as follows.

Scan control：Because of only two digits, just use an enable from 16th bit of frequency divider to control the seven-segment display. We can see different numbers on two seven-segment displays by anode and cathode rapidly changing before the clock toggle.

BCD up counter：Because this is a two digits number, I need to use two BCD up counters to complete the function. Unit digit is always added 1 after clock toggle up until digit count to 1001(9). Tens digit has three possible results (added 1, keep or reset), and it is decided by unit digit. If unit digit doesn’t count to 1001(9), keep tens digit. If unit digit count to 1001(9) and tens digit is not 1001(9), tens digit is added 1. Otherwise, reset tens digit.

Frequency divider：use 27-bit-binary-up counter with initial clock to count and the highest bit is considered new clock, which is  initial frequency (≒1Hz). And output 16th bit, which is used as an enable for scan control.

Display：(the same as lab4_4 Cathode)
First, I define 8-bit binary number to represent cathode of 0~9.
0：00000011
1：10011111
2：00100101
3：00001101
4：10011001
5：01001001
6：01000001
7：00011111
8：00000001
9：00001001
Then, input [3:0] i from binary up counter decide which number or letter should be displayed.

Discussion：
這題的code與block diagram與其他題很相似，所以我這題就沒放圖片了，這題因為有十位數所以需要兩個counter去數，而且因為兩個七段顯示器需要顯示的數字不一樣，所以也要多加個scan control 的 .v檔，雖然較上題麻煩，但其實也是把之前做的東西稍作修改而已，所以整體來說也不難。

Conclusion

	這次實驗較之前的複雜了許多，尤其是 lab3 的最後一題花了我不少時間，但畢竟花了那麼多的時間，也讓我更加熟練 Verilog 的基本語法以及多個 module 的寫法。在這次實驗之前，我並不是很熟悉 top module 的連接方式，透過這次的 lab，我可以算是很好的練習過了，畢竟有好幾題複雜的題目，如果只寫一個 module 肯定會很撩亂，邏輯、功能也會不夠清晰。此外，像是除頻器這些功能都是很多小題重複用到的，單獨寫一個 module 也會比較好利用。
	這次的題目很多都具有連貫性，有些之前做出來的 module 可以拿到下一題去用，做起來會比較方便。不過由於電路越來越複雜，所以花費的時間比起上次也多了許多。
	經過幾次的實驗後，我發現先畫出圖果然還是重要的，思緒也會比較清楚，而不是把程式打好才再想圖怎麼畫。雖然以後的 lab 題目只會越來越難，但還是希望以後可以更有效率的完成各個實驗。
 
image2.tmp
nodule scan_control(
output reg [3:0] ssd_ctl,
output xeg [7:0] ssd_in,
input [1:0] ssd_ctl_en,
input [7:0] 07,
input [7:0] 06,
input [7:0] Q5,
input [7:0] Q4
%




image3.tmp
module scan_control(
output reg [3:0] ssd_ctl,
output xeg [7:0] ssd_in,
input [1:0] ssd_ctl_en,
input [7:0] 07,
input [7:0] 06,
input [7:0] Q5,
input [7:0] Q4

%
| slvayser
case(ssd_ctl_en)
2'b0: begin
ssd_ctl = 4'b0111;
ssd_in = (7;
end
2'b01: begin
ssd_ctl = 4'b1011;
ssd_in = 06;
end
2'b10: begin
ssd_ctl = 4'b1101;
ssd_in = 05;
end
2'b11: begin
ssd_ctl = 4'b1110;
ssd_in = 04;
end

default: begin
ssd_ctl=4'b0000;
ssd_in = 7;
end
endcase




image4.tmp
nodule freqdiv(
output reg clk_out,
output xeg [1:0] clkctl,
input clk,
input rst_n
%
reg [14:0] cnt_1;
reg [8:0] ent_h;
reg [26:0] cnt_tap;

always@
cnt_tap = {clk_out,cnt_h,clk_ctl,ent 1} + 1'bl;
always@(posedge clk or negedge rst_n)
if(~rst_n)

{elk_out,ent_h,clk_ctl,ent_1} <= 27'd0;
else

{clk_out,ent_h,clk_ctl,ent_1} <= cnt_tnp;

endnodule
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“define N 8'b11010101
“define T 8'b11100001
“define H 8'b10010001
“define U 8'b10000011
“define E 8'b01100001
“define C 8'b01100011
“define § 8'b01001001
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Jnodule shif ter(
cutput reg [7:0] 07,
output reg [7:0] 06,
output reg [7:0] 05,
output reg [7:0] 04,
input rstn,
input clk
)%
reg [7:0] 03;
reg [7:0] 02;
reg [7:0] Q1;
reg [7:0] Q0;




image7.tmp
always@(posedge clk or negedge rst_n)
if(~xst_n) begin
e=l;

end

else begin
Q7e=6;
06<=05;
05<=04;
Q4<=03;
©e2;
0e=01;
Q1<=00;
Q0<=Q7;

end

endnodule
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nodule binary_up(
output reg [3:0] q,
input clk,
input rstn
%
reg [3:0] q_t

always@®
q_tmp = q + 1'b1;

always@(posedge clk or negedge rst_n)
if(~rst_n)

qe=4H0000;

else

qcn{,h-p;

endmodule
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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;




image13.tmp
© alvaysex

5 begin
clk_tup = clk_out * cap;
cnt_tapl = ent + 1'bl;
end

 alvays@x
' if(cnt==26'dS0000000) cmp
. elsecmp=0;

O alvays@x
' if(cnp) ont_tap2 = 26'd0;
. else cnt_tap2 = cnt_tapl;

© alvays@(posedge clk or negedes rstn)
©if(erston)
o begin
ot <= 26'40;
clk_out <= 1'b0;
L end
else
begin
cnt <= cnt_tmp2;
clk_out <= clk_tnp;
end

¢ endnodule
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“define SS_0 800000011

“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 $5_9 8'b00001001
“define SS_a 8'b00010001
“define SS_b 8'b11000001
“define SS_c 8'b01100011
“define $5_d 8'b10000101
“define SS_e 8'b01100001
“define SS5_f B"IIOHIODOII

nodule display(
input [3:0] i,
output reg [7:0] D
%




image15.tmp
always@
case(i)
4'd0:
4
4d2
443
44
445
4'd5: X
447: D= 58T
448: D = S
449: D= 589;
4410: D = S5a;
4411 D= S5k
4412: D = S5 e;
4l SSd;
4d14: D = S5e;
4415: D = S5 F;
default: D = 8'b00000000;
endcase

endnodule
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Imodule ssd(

output [3:0] ssd_ctl,
output [7:0] segs,
input elk,

input rst_n

%

wixe clk_iHz;

wixe [3:0] i;

freqdiv_2 U0(.clk(clk),.rst_n(rst_n),.clk_out(clk_1Hz));
binary_up UI(.clk(clk_IHz), . st_n(rstn), .afi));
display U2(D(segs), .i(i));

assign ssd_ctl = 4'b1110;

endnodule
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fodute binary_upc
output reg [3:0] out,
input elk,
input rst_n
%
reg [3:0] cnt_tupl;
reg [3:0] cnt_tmp2;

always@
cnt_twpl = out + 1'bl;

always@*
if(cnt_tmpl < 4'b1010)
cnt_tup2 = cnt_tmpl;
else
cnt_tap2 = 4'b0000;

always@(posedze clk or negedge rst_n)
if(~rst_n)

out<=4"bO000;

else

out<=cnt_tmp2;

endnodule
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nodule freq_div(
output reg clk_out,
input clk,
input rstn
%
reg [25:0] cnt;
reg [25:0] cnt_tmpl;
reg [25:0] cnt_tmp2;
Teg cnp;
reg clk_tap;

always@
begin

clk_tup = clk_out * cmp;
cnt_tapl = ent + 1'bl;
end
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always@
if (ent==26"410000000) cmp = 1;
else cnp = 0;

always@*
if(cnp) cnt_tap2 = 26'40;
else cnt_tnp2 = cnt_tnpl;

always@(posedze clk or negedge rst_n)
if(~rst_n)

begin
ent <= 26'40;
clk_out <= 1'b0;

end

else

begin

ent <= cnt_tmp2;
clk_out <= clk_tap;
end

endnodule
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“define $S_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 S8 8'b00000001
“define $S_9 8'b00001001

nodule display(
input [3:0] i,
output reg [7:0] D
5




image23.tmp
O always@k

: case(i)

4'd0: D = S0;
FRIES

4'd2: D= "800

FRES I
4'4: D = S84
4'd5: D = 5555
4'46: D = 85.6;
4947: D = w7
4'd8: D = S58;

4'39: D = "85 05
default: D = 8'b00000000;
endcase

_ endnodule
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Jmodule ssd_ctl(
output [3:0] ssd_etl,
output [7:0] segs,
input clk,
input rst_n
%
wire clk_d;
wire [3:0] bout;

freq_div W(.clk(clk), .xst_n(rst_n), .clk_out(clk 4));
binary_up UI(.clk(clk_d), .rst_n(rst_n),.out(h_out));
display U2(.i(b_out), .D(segs));

assign ssd_ctl = 4'b1110;

Jendnodule
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