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9. Laboratériumi gyakorlat

Szamlalok
* Szimulaciodk:
— 4 bites szinkron felfelé szamlal6 aszinkron (vagy szinkron) torléssel
— 4 bites szinkron lefelé szamlald szinkron torléssel
— 4 bites szinkron fel/le szamlalo
— Decimalis felfelé szamlalo, tolthet6 kezd6 értekkel
— N-bites (generikus) szinkron felfelé szamlalé aszinkron torléssel
* Implementaciok
— Orajel osztas
— 8 bites szamlalé LED-eken
— 4 bites szamlalé 7 szegmenses kijelzén



Lab9_1-Lab9 5: Szinkron szamlalok

A kovetkez6 feladat leiras a Lab9_x feladatokra vonatkozik (x = 1:5)
* Hozunk létre egy Uj projektet (Lab9 x)

* Adjunk hozza egy Uj VERILOG forrasfajlt (Lab9_x.v).

* Specifikdljuk szamlalé mikodését.

* Adjunk hozza egy Verilog test fixture fajlt.

* Gerjeszto jelek specifikalasa

* Funkcionalis kod ellenbrzése szimulacioval.



Lab9 1a: 4 bites szinkron felfelé szamlalé
aszinkron torléssel

Gerjeszt6 jelek specifikalasa

// initial begin // Initialize Inputs

// 4-bit up counter with an asynchronous clear. c =207

// CLR = ;

// Wait 100 ns for global reset to finish

# ;

// Add stimulus here

CLR = ;

always Q@ (posedge C or posedge CLR) # :

begin CLR =
if (CLR) #

Q <= ; CLR = 1;

else #

0 <=0 + ; CLR = 0 ;
end end
always #
C <=~ C;

module counter 1 (input C, CLR, output reg
[2:01 Q);

endmodule

1,500 ns
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Lab9 1b: 4 bites szinkron felfelé szamlald
szinkron torléssel

//

// 4-bit up counter with an synchronous clear.

//
module counter 2 (input C, CLR, output reg [3:0] Q);

always @ (posedge C)

begin
if (CLR)
Q <=
else
Q <=0Q +
end
endmodule

5 2.000ns
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Lab9 2: 4 bites szinkron lefelé szamlalé
szinkron torléssel

module counter 3 (input C, CLR, output reg [3:0] Q);
always @ (posedge C)

begin
if (CLR)
Q <=
else
Q <= Q -
end

endmodule

1,500 ns 2,000 ns




Lab9 3: 4 bites szinkron fel/le szamlalé

Gerjeszt6 jelek specifikalasa

module counter 3 (input C, CLR, DIR, output initial begin )
reg [:0] Q); [/ _tpirisiize fnpes
alw?ys @ (posedge C) CIR = 0:
begin DIR = 1;
if (CLR)
0 <= ; ff Wait 1 ns for global reset to finish
else if (DIR) #10? ) .
S H40d Stimalus nere
Q<=Q+ ; CIR = 1;
else $100;
Q0 <= Q - ; CLE = 0;
end #1700;
endmodule DIR=0;
end
always #50
C <= ~
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Lab9_4: Decimalis felfelé szamlalo,

toltheto kezdo értekkel

Gerjeszt6 jelek specifikalasa

module counter 5 (input C, CLR, LOAD, input [

D, output reg [

assign g9

always @ (posedge

endmodule

1 Q)s
= (QO== )
C)

begin
if (CLR | g9)

Q <=
else if (LOAD)

Q <=
else

Q <=
end

//assign gl2

(Q== 4"

// (LOAD==1)
D; //vagy konstanssal

Q + ;

initial kegin
] S Imitialize Inputs
Cc =
CLR =
LoAD =
dl2); D = 4'b0101;;

0:
0:
0:

/Ff Wait 100 ns for glob
#100;

S/ bdd stimulus h%:ﬂ
CLE = 1;

#100;
CLR =
#1200;
LoaAD = 1;
¥ 200;
LoAD = 03

Q;

14

always #50

C <= =~

1,000 ns
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Lab9 5: N-bites (generikus) felfelé szamlalo

Helk q(N-1:0)
module counter N
# (parameter N = 4) o
(input wire clr , clk , . gt st '
output reg [N-1:0] g ); Gerjeszté jelek specifikalasa
// N-bit counter initial begin
ff Imitialize Inputs
clr = 0;
always ( (posedge clk or posedge clk = 0;
clr) e
begin $#100 ;_{r_=1 T
if(clr == 1) $#100 clr = 0;
q <= 0; (/ nad stimmius here
else
<= + 1; end
9 q alwayvs #¥25
end clk <= ~clk|
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Lab9 6: Orajel oszté

Q(i) | Frecquency (Hz) Period (ms)

0 50000000.00 0.00002

* Nexys-4 board-nak egy 100 MHz érajele van (clk100mhz) ; iggggggg-gg 8-8888;‘
° 7 V74 . . Vé 7 e | oe .e Y7 - .e , 3 625000000 000016
A késbébbi projektek soran 3 féle kiilonb6z6 dérajelre lesz szlikség 4 315500000 YT

* Ezeket az alap drajelek osztasaval érjuk el 5 1562500.00 0.00064
6 781250.00 0.00128

— mindegyik FF 2-vel oszt: q[0]= clk/2; q[1]= q[0]/2 ... 7 390625.00 0.00256

. Y , . , 8 195312.50 0.00512

— Egy 27 bites szamlalét haszndlunk az érajel osztasra 9 97656 25 0.01024
module clkdiv ( input clk, clr, output clkl, clk2, clk3 ); 10 48828.13 0.02048

reg [26:0] qg; 11 24414.06 0.04096

// 27-bit counter 12 12207.03 0.08192

always @ (posedge clk or posedge clr) 13 6103.52 0.16384

begin 14 3051.76 0.32768

if (clr —= 1) 15 1525.88 0.65536

q <= 0; 16 762.94 1.31072

else 17 381.47 2.62144

g <= q + 1; 18 190.73 5.24288

end 19 95.37 10.48576

assign clkl = q[26]; // ~0.75 Hz 20 47.68 20.97152

assign clk2 = q[25]; // ~1.5 21 23.84 41.94304

assign clk3 = g[24]; // ~3 Hz 22 11.92 83.88608

endmodule 23 5.96 167.77216

24 2.98 335.54432

25 1.49 671.08864

26 0.745 1342.17728
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Lab9_6b: Orajel oszté implementdcié

* Hozzuk létre a projekthez tartozo ucf fajlt

* Inputok
e clk ->clk100mhgz, clr -> btnc,
* Outputok

o clkl ->led<0>, clk2 -> led<1>, clk3 -> led<2>.

#4% Clock signal

HET "clk"™ LoC = "E3M | IOSTANDARD = "LVCHMOS33"; #Bank = 35, Pin name =
HET "clk" THM WET = sys_clk pin;

TIMESPEC TS5 sys clk pin = PERICD sys clk pin 100 MH=z HIGHE 50%;

% Buttons

HET "clzx™ LOC=N17 | ICSTANDARD=LVCMCS33; #IC LSP Tl DQS 14

% LED=

HET "clkl™ LOC=H17 | ICSTANDARD=LVCMOS33; #IC L1SP T2 Rz24 15

HET "clkz2™ LOC=K15 | ICSTANDARD=LVCMOS33; #IC L24F T3 RS1 15

HET "clk3™ LOC=J13 | ICSTAWNDARD=LVCHMOS3E; #Z”_:L'I TE_L“S 15

* Konfiguracios fajl generaldsa, letoltése és a mikodés tesztelése a kartyan



Lab9_7: 8 bites szamlalé LED-eken

dk:[}—f—————k clk

cr-

Helr

clk1f>

clkl

 clkdiv

Hclk g(N-1:0)

Hozunk létre egy Uj projektet (Lab9 _7)

el

- counter - -

(

module count8 top (input clk, input clr,

~output [7:0] led)

FU)

wire clkl;

clkdiv

: Ul(.clkl(clkl), .clr(clr), .clk(clk));

 counter #( .N(8)) U2
- (.clk(clkl), .clr(clr), .g(led[7:01));

endmodule

Adjunk hozza az el6z6 feladatokhoz elkésziilt clkdiv és counter modulokat.
Adjunk hozza egy Uj VERILOG forrasfdjlt (Lab9_7.v) ez lesz a top modul ami
ossze koti az el6z6 két modult a fenti abra szerint.
Hozzuk létre a projekthez tartozo ucf fajlt

* Inputok: clk -> clk100mhz, clr -> btnc,

e OQutputok: led -> led.
Konfiguracids fajl generalasa, letoltése és a mikodés tesztelése a kartyan



Lab9_8: 4 bites szamlalo 7 szegmenses kijelz6n

* Hozunk létre egy Uj projektet (Lab9_8)
e Adjunk hozza az el6z6 feladatokhoz elkésziilt clkdiv és counter modulokat.
* Adjuk hozza a hex7seg modult amit az el6z6 laborokhoz hasznaltunk.
* Adjunk hozzda egy Uj VERILOG forrasfajlt (Lab9_8.v) ez lesz a top modul ami
0ssze koti az el6z6 harom modult.
* Hozzuk létre a projekthez tartozo ucf fajlt
* Inputok: clk, clr,
e OQutputok: an, a_to_g, dp, led.
* Konfiguracios fajl generaldsa, letoltése és a mlkodés tesztelése a kartyan

module count4 top (input clk, input clr, output [7:0] led,
output [6:0] a to g, output [7:0] an, output dp )

wire clkl;

clkdiv Ul(.clr(clr), .clk(clk), .clkl(clkl));

counter #( .N(8)) U2 (.clk(clkl), .clr(clr), .g(led[7:01));
hex7seg U3 (.x(led[3:0]), .a to g(a _to g));

8'b11111110;

1; // dp off

assign an
assign dp

endmodule



Masodperc szamlalo

wpbevtop1

btn0 dign(3:0)
clk g0(3:0)
swO segn(7:0)




Rategen modul Masodperc szamlalo

count sec.vwv

1 module count sec (
21 module rategen( 2 input clk,
. . 3 input rst,
22 1nput clk,rst, 4 input ce,
23 output cy 5 input dir,
- G output [3:0] g,
24 )i 7 output eq9
25  //Generate 1 clock wide pulse on output CY s )i
q
b oy . e B
26 reg [29:0 ] Q; 10 reg [3:0] cntr do:
27 always @m”,gtk clk) 11 wire cntr d0 eq0, cntr d0 eg%9;
A0 . -
= DEgH] 13 always @ (posedge clk)
29 if (rst | cy) 14 if (rst)
3 P 15 cntr d0 <= 0;
30 Q <= 0; 16 else 1if (ce)
31 glse 17 if (dir) //DIR=1l: count up
. 18 if (cntr do eg9)
2 { = . — —
32 0<=0+ 1 19 cntr _do <= 0; //overflow
33  end 20 else
. , 21 cntr_dO <= cntr_do + 1;
34 asslgn cy = (Q == 199999999 ) ; 22 else //DIR=0: count down
35 jfaggig: cy = (Q == 4); 23 if (;ﬂtl do_eqgo
24 cntr dO0 <= 9;
36 endmodule o5 clse
26 cntr d0 <= cntr_ 4o - 17
27
5 28 assign cntr 40 eg0 = (cntr_ d0o == 0)
m I'I'I'I'ITI'ITI+ITI'IT =0 Esion entransas = (ente g0 == 9
: 31 assign g = cntr_ doO;
__- 32 assign eq9 = cntr_ do0_eq9;
33
34 endmodule

R T1



hex2seg modul Top modul

WL =l LNk L Ry

(S T L S LS T I L I I o O L i e el e o e e e
o=l ool L RO DW= m ok W RO

1 module wpbevtopl |
2 input clk,btnd, swi,
3 output [3:0] g, output [6:0] segn, output [3:0] dign
4 ;
module hexZseg(hex,seqg); 5 ieg rst, dir;
input [3:0] hex: I fiwire [3:0] al;
output [6:0] =seg: 7 always B (posedge clk)
g S f5ynchronize inputs
reg [6:0] seg: g begin
always @ (hex) 10 rst <= btnl;
begin 11 dir <= swi;
case (hex) 12 and
4'b0001 zeg = T'b1111001; FA1 13 wire ce:
4'b0010 : seg = T7'b0100100; f 2 14 rategen rategensrator |
4'b0011 zeg = T'b0110000; fif 03 15 .clk(clk),
4'p0100 zeg = T'b0011001; S04 16 .rat(rst),
4'p0101 zeg = T'b0010010; -] 17 .cvice)
4'p0110 zeg = T'b0O00O0O010; P - 18 )i
4'b0111 zeg = T'b1111000; fET 19 count sSec counter |
4'p1000 zeg = T'b0O00O0O0O0O0; fi B 20 .clk(clk),
4'p1001 zeg = T'b0010000; fia 21 .rat(rst),
4'p1010 zeg = T'b0001000; fA L a7 .ce(ce),
4'p1011 zeg = T'b0O0O0O0O0O11; fi b 23 Ldir(dir),
4'p1100 zeg = T'b1000110; ficC 24 .ala)
4'p1101 zeg = T'b0O100001; fid ax )i
4'p1110 zeg = T'b0000110; fi E 26 hexZszeg segdecoder |
4'p1111 zeg = T'b0001110; ffF 27 .hex(q),
default seqg = 7'bl000000; fA0 28 .seg (=segn)
endcase 249 ):
end 30 assign dign = 4'b0000;
endmodule 31

Lad
8]

endmodule



Négy digites masodpercszamlalé

S/ Time multiplexed 4 digit display unit, timing based on 1€ MHz system clock

J/ Input is 1€ bit value, output is 4 digit hexadecimal

J/ Cperation: From the high speed clock we create slower dig[3:0] select signals
S/ From the full 18 bits wal[l5:0] walue four bit hexa digits are selected,

J// and converted to 7 segment display code ome at & time.

// These are then connected time multiplexed to the seg segment output pins with
// aynchron control of the dig digit select signals

// In the module all signals are active high. Physical outputs may need inversiom.

J/ Example of the operation. wal = 5873

Iy ¥ wal[ 3: 0] »< wal[ 7: 4] »= val[ll: B] »< wal[l5:12] >< wal[ 3: 0] =<
//digit g 7 ‘ : :

//convert | digit -» seg| digit -r seg| digit -» seg| digit -» seg| digit - seg
//3eqg = 1111111 =»< 0000111 == 1111101 == 1101101 =< 1111111 ==
//digs___ -—---—-—--ovii;?: o ememmee——ee-
ffdige.  mmmmmmm——————-

fidigl  mmmmmemmmeeeee

Sidigd e

module Disp HEX(
input clk,
input rst,
input [15:0] wal,
output [7:0] seq,
ocutput [3:0] dig
i

J/ Generate switching signals for time multiplexing

J// Timing is not criticel, any frequency between 100 Hz and 1000Hz is acceptable
// The 1& bit counter will turn around in 16.000.000/2~16=244,14 Hz, 3o it is OK
// The counter will be in free run, the two M5B give us the digit timing

reg [15:0] cnmt;

always @(posedge clk) J// Allow the counter to free run
if (rst) cnt <= 1&'b0; J// BESET is not important, but simulation is easi
else cnt <= cnttl;

wire [1:0] mpx; S/ Two bit time multplex signal for the 4 phases

z33ign dig = 4'b000Ll<<mpx; ff

reg [3:0] digit;

Jf/wire [15:0] val;
f/assign val = 1&'b0011001000010000;

always @(*)
case (mpax)

2'k00 : digit <=
2'b0l : digit <=
2'k10 : digit <=
2'bll : digit <=

endcase

reg [7:0] disp;

always @(*)
case (digit)
4'b0000 :
4'b000L :
4'b0010 :
4'b0011 :
4'b0100 :
4'b0101 :
4'b0110 :
4'b0111 :
4'b1000 :
4'b1001 :
4'b1010 :
4'b1011 :
4'b1100 :
4'b1101 :
4'b1110 :
4'b1111 :

endcase

disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=
disp <=

23sign seg = disp;
assign mpx = cnt[15:14]; // We use the two MSBs of the counter for this pu kndmﬂdule
= | e

T

T

7

wall 3: 01; //
wvall 7: 41; //
wal[ll: 81; //
val[l5:12]; //

//DP_8543210

8'b0_0111111;
B'b0_0000110;
8'b0_1011011;
B'b0_1001111;
8'b0_1100110;
B'b0_1101101;
8'b0_1111101;
B'b0_00001117
8'b0_1111111;
B'b0_1101111;
8'b0_1110111;
B'b0_1111100;7
8'b0_0111001;
B'b0_1011110;7
8'b0_1111001;
8'b0_1110001;

This iz a ¢ bit decoder, to generate the selections
dig[3:0] = 0001 0010 0100 1000 0001 Q010 ete.

Four bit variable for the hexa digits

Select actual bit fields for conversion

dig[0]
dig[l]
dig[Z]
dig[3]

f/f disp is B bits to disable decimal pointa

__|’_'|__
i/
i
I
i
I
i
i
i
i
i
i
i
i
i
i
i
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Egy iranyu masodperc szamlalé

1 module count sec|

2 input clk, rst, input ce,

3 output [3:0] g,

4 output eg

5 )i

6

7 reg [3:0] cntr_do;

g8 wire cntr d0 egh;

]

10 always @ (posedge clk)

11 if [(rs=st)

12 contr d0 <= 0;

13 else 1f (ce)

14

15 if (cntr_d0 eq3)

16 cntr d0 <= 0; /foverflow
17 else

18 cntr_d0 <= cntr d0 + 1;
15

20 assign cntr d0 eq® = (cntr_d0 == 9);
21

22 assign g = cntr_di;

23 assign eg® = cntr_ d0 eql;

24

25 endmodule



Top Modul

imw

i

i

fid
fid
rst

dir
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Top Modul

module wpbevtopl1( input clk, btn0, swO0,
output [3:0] g0, output [7:0] segn, output [7:0] dign
)i
reg rst;
wire [15:0] hex;
wire [7:0] seg;
wire ce4, ce3, ce2, cel;
wire [3:0] g3, g2, g1, dig;
always @(posedge clk)
//Synchronize inputs
begin
rst <= (btn0);
wire ce;

rategen rategenerator(.clk(clk), .rst(rst),.cy(ce));

count_sec counter0Q(.clk(clk), .rst(rst), .ce(ce), .q(g0), .eq9(cel));

count_sec counterl(.clk(clk), .rst(rst), .ce(ce&cel), .q(ql), .eq9(ce2));
count_sec counter2(.clk(clk), .rst(rst), .ce(ce&cel&ce?2), .q(g2), .eq9(ced));
count_sec counter3(.clk(clk), .rst(rst), .ce(ce&cel&ce2&ce3), .q(q3), .eq9(ced));
Disp_HEX segdecoder ( .clk(clk), .rst(rst), .val(hex), .seg(seq), .dig(dig));

assign hex = {g3,92,91,90};

assign segn = ~segq; // Board signals are active low

assign dign = {4’b1111, ~dig};

endmodule



