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1. Frequency Divider: Construct a 27-bit synchronous binary counter. Use the MSB
of the counter, we can get a frequency divider which provides a 1/2% frequency
output (fout) of the original clock (fcrystal, 100MHz). Construct a frequency divider
of this kind.

1.1 Write the specification of the frequency divider.

1.2 Draw the block diagram of the frequency divider.

1.3 Implement the frequency divider with the following parameters.

clk clk_out rst

W5 uile V17

Design Specification

input : rst, clk;
output : clk_out;
reg clk_out;

reg [25:0]cnt;

reg [26:0]cnt_tmp;

block diagram :
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Design Implementation

Logic function :
always@* cnt_tmp={clk_out,cnt}+1'b1;
always@(posedge clk or negedge rst) //DFFs
if(~rst){clk_out,cnt}<=27'b0; //& rst=0 B - {clk_out,cnt} = O({i£ 0 FHZAE)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk fi£ 0>1 B » & cnt_tmp 7% A{clk_out,cnt}



Logic diagram :
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2.Frequency Divider: Use a count-for-50M counter and some glue logics to
construct a 1 Hz clock frequency. Construct a frequency divider of this kind.
2.1 Write the specification of the frequency divider.
2.2 Draw the block diagram of the frequency divider.

2.3 Implement the frequency divider with the following parameters.

clk clk_out rst

W5 uile V17

Design Specification

input : rst, clk;

output : clk_out;

reg clk_out; Lk S
reg [25:0]cnt; -

reg [26:0]cnt_tmp;

Design Implementation

Logic function :
always@* cnt_tmp={clk_out,cnt}+1'b1;
always@(posedge clk or negedge rst)
if(~rst) {clk_out,cnt} <= 27'b0;
else
begin
{clk_out,cnt} <= cnt_tmp;
if(cnt==49999999)
//E cnt $ 49999999 i - clk_out f£ 01 B2 120 > H13E ent Y
begin
cnt<=26'b0;

clk_out<=~clk_out;



end

end

Result
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3.Construct a single digit BCD up counter with the divided clock as the clock
frequency and display on the seven-segment display.

3.1 Construct a BCD up counter.

3.2 Construct a BCD-to-seven-segment display decoder.

3.3 Combine the above two together.

clk clk_out b[3] b[2] b[1] b[0]

W5 U16 P3 N3 P1 L1

Design Specification

input : clk,rst;
output : clk_out,[3:0]b, [3:0]ssd_ctl, [7:0]seg;
block diagram :

(freq_1hz)




Design Implementation

Logic function :
1. display :
Itt Ry top module » BFTEAIFAYEA/ N moudule /Y » IHH freq_lhz FRIFM#%
HY clk_out {E £ bcd_up_counter B clk » % bcd_up_counter {£45F 1hz BFfEE{E
i— = WA BT RS 5 3 (% 5e(ssd_ctl = 4'b1101) -
2. freq_1lhz:
HOE(EFRBEESE R & ont (31 49999999 HF - clk="clk DL Fz:E cnt {7 0 YA
EHH 0 1M clk_out BEBRMUBIRIVEY) » FAZ Ry 1hz -
3. bcd_up_counter :
S —{[E b_tmp[3:0]/F £y DFFs HY next_state  [ffj b[3:0]{E £ DFFs HY state - ‘&
b BE 9 IFF - 3 b AYEEFZ - HILZEFE 0 BE| 9 1L 0 BALGHIRER - 1
H reset FYEAEIEEER 0 ©
always@*
b_tmp=b+1'bl;
always@(posedge clk or negedge rst)
if(~rst) b <= 4'b0;
else
begin
b<=b_tmp;
if(b==9)
begin
b<=4'b0;
end
end
4. ssd:
& bed B 4'd0: segs = 8'b00000011; //ESRE REEHE TS O
& bed By 4'dl:segs = 8'b10011111; // T ESRE RERER 1
& bed By 4'd2: segs = 8'b00100101; //- ESRE RESEER 2
& bed By 4'd3: segs = 8'b00001101; //- ESRE RESEER 3
& bed By 4'd4: segs = 8'b10011001; //HELHE T REET: 4
& bed By 4'd5: segs = 8'b01001001; //1- EEREREREE TS 5
& bed B 4'd6: segs = 8'b01000001; //-ERRE REREET: 6
& bed By 4'd7: segs = 8'b00011111; //+-ERBEREREETS 7
& bed B 4'd8: segs = 8'b00000001; //1-ERRE REREET: 8
& bed B 4'd9: segs = 8'b00001001; //4- EERETREREET: 9
default: segs = 8'b00000000; [/ B RE N ER RS 8.
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Discussion
1. FERPFRYEAM N module 1 » FESEAIAY 1/0 SRR K module Y 1/0 8285 FE5%
NI BRI A 7N module 5 1/0 885  Ex. ssd U2(.bcd(b),.segs(seg)); ~U2”
FFE ~ "b” By display HY 1/0 8885 ~ "bed” Ky ssd HY 1/0 &84 -
2. H4FF—{El top module £/]x module SR RE B ERIFLLEA ST H R EHAE
HHYAE S -

4. (Bonus) Construct a 30 seconds count down timer (stop at 00).

clk clk_out cnt_ten cnt_ten cnt_ten cnt_ten
W5 Ule cnt_ten cnt_ten cnt_ten cnt_ten
cnt_one[3] cnt_one[2] cnt_one[1] cnt_one[0]
Vi3 V3 w3 U3

Design Specification

input : clk,rst;
output : clk_out, [3:0]cnt_one,[3:0]cnt_ten, [3:0]ssd_ctl, [7:0]seg;

wire clk_bit;

reg [3:0]tmp, [3:0]ssd_ctl;




block diagram :

(freq_1hz)

Design Implementation

Logic function :
1. display :
['t By top module » BEFTEARILOYHE AN moudule Y » WHE freq_lhz FrAFHETE
HY clk_out /E £ count_down HY clk » % count_down {5 1hz BFFEEUE E— -
A AL freq_div FRIEHETLAY clk_out(HEHA Ry ISR 2'° 51 B E CHY
clk_bit
NERIEA —E2Thes - DhRERNE B RURH AR T BB RUR s AvES 2 (88
F5 BN H U E (I B R R a1 (E 5 -
always@(posedge clk_bit or negedge rst)
begin
if(ssd_ctl == 4'b1110)
/& BUREs 6 — (B8 P F [FIIHE ent_ten 7 A tmp DLUSGERTRES S5 1 {EE8F
SEHTERERAE A ssd_ctl » N —ZK clk_bit {¢ 0>1 I - FURILEER -
begin
tmp <= cnt_ten;
ssd_ctl <=4'b1101;
end
else if(ssd_ctl == 4'b1101)
begin
tmp <= cnt_one;
ssd_ctl <=4'b1110;
end
else;



end

. freq_1hz:

HOE(EREEEE T8 > & ont $4F) 49999999 B > clk="clk DK 3E cnt 14 0 BE44
B9 1M clk_out BIZFRAERIVEY) - SRRy 1hz -

. freq_div :

AR RIS —RE > ent_tmp Fy— 16bits HYE PRI HA = B EI1Es clk_out >
BIEERFEB LAY » IR clk #Y 2 £% -

count_down :

75 e (A B 8 52 - (B (i2 5% ent_one FR--{I7 8] cnt_ten #E “?EF;%Z -1
cnt_one=0 BFH cnt_ten HYEE{EJ— LA K cnt_one AVEL{E S5 LK 9 5 ‘& cnt_one
PR cnt_ten #0 Ry 0 15 » SEWA{EEEN4ERF 0 o MII4A L (rst=0) 52 fufiEs
30(cnt_ten=3 & cnt_one=0) °

ssd :

& bed B 4'd0: segs = 8'b00000011; //-ESRE REEHE TS O

& bed By 4'dl:segs = 8'b10011111; // SR RESEER 1

& bed By 4'd2: segs = 8'b00100101; //- ESRE RESFER 2

& bed B 4'd3: segs = 8'b00001101; // - ELHE REREETS 3

& bed B 4'd4: segs = 8'b10011001; // - ERHE REREE S 4

& bed B 4'd5: segs = 8'b01001001; //+H B HE REREE S 5

& bed B 4'd6: segs = 8'b01000001; //-ESRE REEHE TS 6

& bed By 4'd7: segs = 8'b00011111; //- - ESRE RESFER 7

& bed By 4'd8: segs = 8'b00000001; //ESRE REEHE T 8

& bed By 4'd9: segs = 8'b00001001; //- ESRE RERFE 9

default: segs = 8'b00000000; [/ T ERREE RS 8.
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Discussion

1. EREERT ck_bit Y E ABURRIEANFEIVE - N TERURES— R AR
HUR— T LR ZE AR R AR E] 1hz 7Y clk_bit 4= [FHF&
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2. clk_bit NEEF PIEEAY clk » PR R IEEEHARTRETACTR 1 - WA{E S (G R I A
T IR E S - R E S A PR AT —RE LY EEF MG E E
AEHYEER -

Conclusion :
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