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1. Implement pre-lab1l:

Cascade eight DFFs together as a shift register. Connect the output of the last
DFF to the input of the first DFF as a ringer counter. Let the initial value of DFF
output after reset be 01010101. Construct the Verilog RTL representation for the

logics with verification.

clk rst
W5 V17

Design Specification

input clk,rst;
output [7:0]q;
block diagram :

Design Implementation

Logic function :
1. top:
It top module » EFHZEARIEIH A /[N moudule HY -
W EE—PN4R clk_out 7E £y shifter A9 clk o
2. freq_div :
[t By BRAEAY module » FHZRIZEH] shifter HYZEME -
always@* cnt_tmp={clk_out,cnt}+1'b1;
always@(posedge clk or negedge rst) //DFFs
if(~rst){clk_out,cnt}<=27'b0; // & rst=0 % > {clk_out,cnt} = O(f¢ 0 FHEAER)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk {i£ 021 BF » $ cnt_tmp {7 A{clk_out,cnt}
A clk 1y 27 % -



3. shifter :
IEAE FRLZ MRS ALY TAE - (ERTARY bit R S AR RAL -
Itk module 2[R 8 (Y DFFs fE{EF] » clk &4 0>1 Eln“ » RIFSAL -
always@(posedge clk or negedge rst)
if(~rst) g<=8'pb01010101; //E&#J4E{E fy 01010101
else
begin
a[0]<=q[7];
all]<=q[0];
al2]<=q[1];
al3l<=qal2];
al4]<=q(3];
al5]<=q(4];
al6]<=q[5];
al7]<=q[6];
end

Result
1. rst=0>FJ4A b3 F 01010101
2. rst=1->LED ¥&2K[E]4F 01010101 £ 10101010 7 [Ej#EHAZE T~ ©
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Discussion

1. BREBAGIAFHERLE shifter -



2. Construct a ring counter similar to that of pre-lab1 but the initial value of the
DFFs can be set randomly.

clk rst
W5 v17

value[7] | value[6] | value[5] | value[4] | value[3] | value[2] | value[1] | value[0]

R2 T1 Ul w2 R3 T2 T3 V2

Design Specification

input : clk,rst;
output : [7:0]value, [7:0]q;
block diagram :

Design Implementation

Logic function :
1. top:
It top module » EFHZEARIEIH A /[N moudule HY o
W EE—PN4R clk_out 7E £y shifter A9 clk o
2. freq_div:
[t By ERAEAY module » FHZRIZEH] shifter HYZEME -
always@* cnt_tmp={clk_out,cnt}+1'b1;
always@(posedge clk or negedge rst) //DFFs
if(~rst){clk_out,cnt}<=27'b0; //& rst=0 BF > {clk_out,cnt} = O(f¢ 0 BAZGEN)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk {i£ 0>1 BF » 2 cnt_tmp {7 A{clk_out,cnt}
PEHA By clk 1y 22 %
3. shifter :
BEAE FELE MRS AL AR - (ERTARY bit /AR —r - Ss A AR RAL -
It module B2 [F]FA 8 1Y DFFs fE{EH - clk B¢ 0->1 B » RIFEA -
always@(posedge clk or negedge rst)
if(~rst) g<=value; //F¥4G1H By H Cr ARY value (B



else
begin
al0]<=q[7];
all]<=q[0];
al2]<=q[1];
al3l<=qal2];
al4]<=ql3];
al5l<=ql4];
al6]<=q[5];
al7l<=ql6];
end
Result
1. 1 & 2 B[IE value {H £5 01101000 HFHYIEN » HF4E—1(# clk 1FFERS 1 (&
bit
2. 3 & 4 H[I%& value {E £y 10000001 HHAVIEN » 48— clk {F:FERS 1 (&
bit
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Discussion

1. ERERAEHAIEE shifter » IAIFAIE CAEEH AL -



3. Use the idea from pre-lab1. We can do something on the seven-segment display.
Assume we have the pattern of E, H, N, T, U for seven-segment display as shown
below. Try to implement the scrolling pre-stored pattern NTHUEE with the four

seven-segment displays.

clk clk_out
W5 ule

Design Specification

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

Design Implementation

Logic function :
1. top:
a. JIt top module » EEPTZARIFONEA/ |\ moudule 1 » WiE—R43 clk_out
By shifter 7Y clk °
b. A4 E value {EAE By shifter Y Input o
value[0] = 100000 ; value[1] = 010000 ; value[2] = 001000 ; value[3] = 000100
AT ssd [N » 6-bit #Y one-hot & 73 HIAFR—({EFEE -
c. EANE—{E mux- FH shifter_bit {5 FHY ssd_ctl BEfE TR URasHHTUN
AT RS -
2. freq_div :
[t By BRAEAY module » FHZRIZEH] shifter BYZEME -

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 FHZAEL)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk {i£ 0>1 BF » #2 cnt_tmp 17 A{clk_out,cnt}
SFEH Ry ok 7Y 27 f35 -

. freq:

IE B 4S80 module > FHARIZEE] shifter_bit B35
always@* cnt_tmp={clk_out,cnt}+1'b1;
always@(posedge clk or negedge rst) //DFFs
if(~rst){clk_out,cnt}<=16'b0; //& rst=0 B - {clk_out,cnt} = O({i£ 0 FHZAE)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk {i£ 0>1 BF » #2 cnt_tmp 17 A{clk_out,cnt}
PR clk 7y 2" % -

. shifter :

IEAE FRLZ MRS ALY TAE - (ERTARY bit R —(L » S AR R AL -
't module FL/2[FHFA 6 HY DFFs fE/EA » clk &4 0> 1 BF > BIREAL -
always@(posedge clk or negedge rst)
if(~rst) q<=value; //IL/HAE top &aEIHIAATE
else
begin
q<=q>>1'bl; //FEE—{E clk > o {EHEFE—E bit
al5] <= q[0];
//ex. 010000—-> 001000
End
. shifter_bit :
IEAE I RLZ S AL TAF - (ERTARY bit 2B —(L S AR R R AL -
Itt module /2 [FRFA 4 1 DFFs fEAEH] » clk BAE 0> 1 B - BIFSAL -
111 [H B B Y DI REAE Y R E ol SR — (B C B as - IR g ERRAR
B By clk 5y 2" AR RO B O/ clko {FRIER I BIRRA A i
{5 NIRER DA Ry 2 FINF Ry - A E R es — R A ge s — & ZE - ATkl
A EHUETER R -
always@(posedge clk or negedge rst)
if(~rst) q<= 4'b1110; //—FiltG REIR G EN TEERE

else

begin
q<=q<<l'bl; ////FEE—(E clk > q 7R —{E bit
ql0] <= q[3];

end



6. ssd:
& letter } 6'd32:segs=8'b11010101; //tEXEE NESEE N n
‘& letter } 6'd16:segs = 8'b11100001; //tEXRE ReSEE Nt
& letter 25 6'd8:segs = 8'b10010001; //tHEREE RESHE T H
& letter }y 6'd4: segs =8'b10000011; //tHEREE SESEE TS U
‘& letter £ 6'd2:segs =8'b01100001; // T ESEE NERRE N E
‘& letter £ 6'dl:segs =8'b01100001; // T ESEE RERRENE

default: segs = 8'b00000000; [/ CEEBUREREUR 8.
Result
1. rst=0([E—)> HYHAEFER B ntHU” 1E HEU R A B CEEURE (B
TREER"Y -

2. rst=1([E _&[E=)> BIEEHER -
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Discussion
1. EGEHEEEES—H AR S H A B CaY shifter HUZWHGEARE
(E AR EAFRERE B E -
2. AJPAR">>" M EERALR » AR —(E—(EFT 2K
ex. q <= g>>1'b1; q[5] <= q[0] ; BIH[FEH—(E bit HVFIE -



4. (Bonus) Display 1010 in the seven-segment display. Use the DIP switch (one bit
to indicate left/right shift, three bits with one hot to display the kind of shift
operation) as the control input to implement the functional/arithmetic/barrel
shifter. Use one push button to control the display of the number before/after the
shift operation.

clk clk_out

push

W5

ule

T17

en[3]

en[2]

en[1]

en[0]

L3

P1

N3

P3

Design Specification

input : clk,rst;

//DIP //en[0)¥E&I1F /21544, en[1] B functional shifter
// en[2] & arithmetic shifter ; en[3] & barrel shifter

/¥
output : [3:0]ssd_ctl, [7:0]seg;
block diagram :

input [3:0]en;

input :push;

Design Implementation

Logic function :
1. top:
a. JIt top module » EEPTZARIFONEA/ |\ moudule 1 » WiE—R43 clk_out
By shifter Y clk ©
b. 4MII45E value {E{E £y shifter /Y Input © value = 1010 ©
c. BEAWEE mux FE—{ERH shifter_bit {3EIfY ssd_ctl ZEfECEEURES
RN RE 5B T EE push = 1(#% M) TR as U IEAE 2/ F
HIME - push = 0 CEEEUREHUIW4G(E 1010 »
2. freq_div :
It B ERARAY module » FARTZE shifter HYZEE -
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 FHZAEL)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk {i£ 0>1 BF » #2 cnt_tmp 17 A{clk_out,cnt}
AR clk 1y 27 % -

. freq:

IE B 4S80 module > FHARIZEE] shifter_bit B35
always@* cnt_tmp={clk_out,cnt}+1'b1;
always@(posedge clk or negedge rst) //DFFs
if(~rst){clk_out,cnt}<=16'b0; //& rst=0 B - {clk_out,cnt} = O({i£ 0 FHZAE)
else{clk_out,cnt}<=cnt_tmp;
/& rst=1 & clk {i£ 0>1 BF » #2 cnt_tmp 17 A{clk_out,cnt}
PR clk 7y 2" % -

. shifter :

BEAE LR S A B TAE » MEFH mux e B A4 ol fH DI AE -
//en[0] = 1 KR1EHEHE; en[0] = 0 TR LA
always@(posedge clk or negedge rst)
if(~rst) g <= value;
else
begin
//en[3] =1 {iff barrel shifter o E1E/CRENT » AR i e T AVES s (RS0
B e I R (R AL A8
if(en==4'b1001)
begin
g <=qg>>1'b1;
al3] <= q[0];
end
else if(en==4'b0001)
begin
g <=q<<1'bil;
ql0] <= q[3];
end
//en[2] = 1 {iff arithmetic shifter - EE/AEEE > RRAIFH"0" 5 LGB > &
MRS =R ITAERE
else if(en==4'b1010)
begin
g<=0g>>1'bl;
q[3] <=q[3];



6.

end
else if(en==4'b0010)
begin
g <=qg<<1'bl;
(0] <=0;
end
//en[1] = 1 i functional shifter o F1EAIEEE - RARALFE"0"  (EHEEHE - £
B 0"
else if(en==4'b1100)
begin
g <=qg>>1'bl;
a[3]1<=0;
end
else if(en==4'b0100)
begin
g <=q<<1'bl;
q[0] <=0;
end
else
begin
q<=q;
end
end
shifter_bit :
BEAE I RLZ S AL TAE - (ERTARY bit 2B —(L S AR (AL -
't module FLZ2[FFA 4 #Y DFFs fE/EA » clk &4E 0> 1 BF > BIREAL
111 [H B B Y DI REAE Y R E ol SR — (B C B as - IR g ERRAR
B By clk 5y 2" AR RO B O/ clko {F RIER I BIRR A A o
{5 NIRER DA Ry 2 FINF Ry - IR E R es — R A ge s — & ZE - Akl
A B e THR TR -
always@(posedge clk or negedge rst)
if(~rst) q<= 4'b1110; //—FiltG REIR G EN TEERE

else
begin
q<=0q<<1'bl; ////BE—(E clk > q {F/E—{ bit
ql0] <= q[3];
end

ssd :



always@*
if(hum==1'b0) segs = 8'b00000011; //& num /A 0 T EXRE RESH#E T~ O
else segs = 8'b10011111; /& num B 1 T ESRE N asRE s 1

Result(#T~es A5 3 [HE T

1. rst=0([&—)> HAAEH~ 5710107 » 1£ LU G A B B URa 1B
A E%ET"O"

2. [E— 1 E push=0 F(R4% T - NEEERBIRA - A RYI4A
{§”1010” -

3. B=-VU-FH 5 en[1] & 105 functional shifter » & 13 /£ %% (en[0]=0) >
BARALAH"0” 5 (G (en[0]=1) » H={iL{fH"0”

4. [E 5t iE en[2] By 1 HF arlthmetlc shifter » & 13 /-0 e Ar#570” 5
{EE%’?EH B LA = (LAY -

5. E/\:E en[3]2% 1 I8 barrel shifter » E 172 f80 » B = L avEs
(EBI R RIS
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Discussion

functional shifter : E13 /£ 1205 (en[0]=0) » g{RALFH"0" + 1F4GF2HF(en[0]=1) >
= iLff"0” °

arithmetic shifter : BN - BARMALA"0" : (GBI R AR S ALHY
% -



3. barrel shifter » Z1E/AFENE » XA RIS AIIVEL ; AR » s AR
(WAERE S

Conclusion :

EYCBGHTI > B2 A DUE 2K Lab3 B FINYERTEER - B a DIYNnEE
—ETIRE - R E B HE 2 E RSN H OSSR R E - EiY
B -
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