Modul Praktikum

MODUL 7
IMPLEMENTASI RANGKAIAN DIGITAL PENCACAH DI FPGA
MENGGUNAKAN VERILOG-HDL

1.1 Tujuan Praktikum Modul
Setelah mempraktekkan topik ini, praktikan diharapkan dapat :
1. Praktikan dapat mengetahui dan memahami sirkuit yang telah di rancang dan di
implementasikan pada intel FPGA.

2. Praktikan dapat memahami dan menggunakan pencacah pada FPGA dengan menggunakan
Verilog-HDL.

3. Praktikan dapat memiliki pemahaman dasar tentang pencacah pada FPGA untuk dapat
melakukan berbagai macam implementasi

1.2 Dasar Teori Praktikum Modul 1
121 Pencacah pada FPGA
Pencacah atau yang bisa disebut Counter ini merupakan rangkaian logika sekuensial yang
digunakan untuk menghitung jumlah pulsa. Pencacah dalam FPGA juga dapat berfungsi
untuk menghitung berapa kali suatu peristiwa terjadi, seperti pulsa masukan atau perubahan

sinyal tertentu. Counter dapat dibagi menjadi dua, yaitu:
1. Asynchronous Counter
2. Synchronous Counter

Sedangkan menurut urutan hitungan yang terbentuk pada outputnya, maka counter dapat
dibagi menjadi :
1. Up counter

2. Down counter
3. Up-down counter

12.2 Asynchronous Binary Up Counter

Merupakan counter yang dapat menghitung biangan biner dengan urutan dari bawah ke
atas. Apabila digunakan 4 buah flip-flop, maka kita dapat melakukan hitunga paling tinggi
adalah 1111. Counter yang dapat menghitung sampai 1111 disebut 4 bit binary counter. Oleh
karena dapat menghitung dengan cara ke atas, maka disebut pula asynchronous 4 binary up

counter.
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1.23  Asynchronous Binary Down Counter

Merupakan Counter yang memiliki prinsip kerja dari counter ini adalah kebalikan dari up
counter, yaitu menghitung bilangan biner dengan urutan mulai dari atas ke bawah (dari besar
ke kecil). Prinsip kerjanyapun tidak jauh berbeda dari up counter. Bedanya hanya setiap output
flip-flop diambil dari output Q, sedangkan input clocknya dihubungkan dengan ouput not Q
dari flip-flop sebelumnya.

1.24  Asynchronous up Down Counter

Merupakan suatu rangkaian elektronik yang mempergunakan sistem digital sering
memerlukan suatu alat pencacah yang dapat menghitung ke atas dan bisa juga menghitung ke
bawah. Alat pencacah yang dapat melakukan penghitungan seperti ini disebut dengan binary
up down counter. Alat ini dapat menghitung ke atas dan ke bawah dengan mengatur suatu alat
pengontrol tertentu.

—RAS  RB2-—imR—— ' .
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125 Synchronous Binary up Counter

Jika pada asynchronous counter pulsa yang akan dihitung datangnya tidak serentak, maka
pada synchronour counter ini pulsa yang ingin dihitung ini masuk ke dalam setiap flip-flop
serentak (bersama-sama) sehinga perubah output setiap flip-flop akan terjadi secara serentak.
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126  Synchronous Binary Down Counter

Sama dengan synchronous binary up counter di atas, hanya saja bedanyan rangkaian ini
melakukan penghitungan dari atas ke bawah.
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1.2.7  Synchronous Binary Up Down Counter

Pada rangkaian ini bisa dilakukan proses penghitungan ke atas atau ke bawah dengan
memanfaatkan tombol pengatur proses penghitungan.

Jika kita menggunakan kontrol up counter maka rangkaian yang aktif adalah

Sedangkan jika kita menggunakan down counter maka rangkaian yang aktif adalah

1.3 Lembar Kegiatan Praktikum Modul 1
13.1 Alatdan Bahan

a. Software Quartus Il
b. ModelSim

c. Mouse

d. Laptop
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132 Langkah Praktikum Modul Quartus Il

Bagian |

Perhatikan rangkaian pada Gambar 1. Ini adalah pencacah sinkron 4-bit yang menggunakan empat
flip-flop tipe-T. Penghitung menaikkan nilainya pada setiap tepi positif sinyal clock jika sinyal
Aktifkan tinggi. Penghitung direset ke 0 pada tepi clock positif berikutnya jika input Clear sinkron
rendah. Anda harus menerapkan penghitung 8-bit jenis ini.

Ik D
o TQ }— TQ TQ Q |-

Jernih

Gambar 1: Penghitung 4-bit.

1. Tulis file Verilog yang mendefinisikan pencacah 8-bit dengan menggunakan struktur yang
digambarkan pada Gambar 1. Kode Anda harus menyertakan modul T flip-flop yang dipakai
delapan kali untuk membuat pencacah. Kompilasi sirkuitnya. Berapa banyak elemen logika
(LE) yang digunakan untuk mengimplementasikan rangkaian Anda?

1

2 inputs:

3 / KEYO: manual clock

4 Sw0: active low reset

5 / Swl: enable signal for the counter

6

7 outputs:

8 HEXO - HEX1: hex segment displays

9 module partl (Sw, KEY, HEXL, HEXO);
10 1nput [1:0] sw ;
11 input [0:0] KEY ;
12 output [0:6] HEXLl, HEXO;
13
14 wire Clock = KEY[0];
15 wire Resetn = sw[0];
16
17 8-bit counter based on T-flip flops
18 wire [7:0] Count;
19 wire [7:0] Enable;
20
21 ass1?n Enable[0] = sw[l];
22 Togglerr ffO(Enable[0], Clock, Resetn, Count[0]);
23 ass1?n Enable[l] = Count[0] & Enable[0];
24 ToggleFF ffl1(Enable[l], Clock, Resetn, Count[l]);
25 ass1?n Enable[2] = Count[l] & Enable[l];
26 ToggleFF ff2(Enab1e[ ], Clock, Resetn, Count[ s
27 ass1 n Enable[3] = Count[2] & Enab1e[h]
28 Togglerr ff3(Enable[2], Clock, Resetn, Count[-]),
29 assign Enable[4] = Count[ ] & Enab]e[,],
30 ToggleFF ff4(Enable[4], Clock, Resetn, Count[4]);
31 assign Enable[5] = Count[4] & Enab1e[4]

32 Togglerr ff5(Enable[5], Clock, Resetn, Count[S]);
33 ass1$n Enable[6] = Count[5] & Enab1e[5];

24 Tnnnlace fFAcnahlalA1 rlnrl Pacatn oot AT
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assign Enable[l] = count[O] & Enable[0];
ToggleFrr ffl(Enable[1], Clock, Resetn, Count[1]);
assign Enable[2] = count[l] & Enab1e[l]
ToggleFF ffZ(Enable[ 1, Clock, Resetn, Count[2]);
ass1?n Enable[3] = count[z] & Enable [’];
ToggleFr ff3(Enable[3], Clock, Resetn, Count[3]);
ass1?n Enable[4] = count[3] & Enab1e[3],
Togglerr ff4(Enable[4], Clock, Resetn, Count[4]);
ass1?n Enable[5] = count[4] & Enab]e[J];
Togglerr ff5(Enable[5], Clock, Resetn, Count[5]);
ass1?n Enable[6] = Count[5] & Enable[5];
ToggleFF ffe(eEnable[6], Clock, Resetn, Count[6]);
ass1?n Enable[7] = Count[6] & Enable[&];
ToggleFr ff7(Enable[7], Clock, Resetn, Count[7]);
' drive the displays
hex?seg d1g1t1 (Count[7:4], HEX1);
hex7seqg digit0 (Count[3:0], HEX0);
endmodule
module Togg]eFF(T Clock, Resetn, Q);
input T, clock, Resetn
output reg Q;
a1wa¥s @(posedge clock)
if (Resetn == 1'b0) // synchronous clear
Q <= 1'h0;
else if(T)
Q <= ~Q;
endmodule
modg1e hex7seg (hex, display);
lﬂ?ﬁff[?a9a1 e o
52 endmodule
53
54 module hex7seg (hex, display);
55 input [3:0] hex;
56 output [0:6] display;
57
58 reg [0:6] display;
59
60 .
61 = 0
62 ® -
63 » | |
64 » 5] 11
65 » | &7}
66 % -
67 * | |
68 . 4] 12
69 » |
70 » -—-
71 - 3
72 % /
73 always @ (hex)
74 case (hex)
75 4'h0: display = 7 'b0000001;
76 4'hl: display = 7'b1001111;
77 4'h2: display = 7'b0010010;
78 4'h3: display = 7'b0000110;
79 4'h4: display = 7'b1001100;
80 4'h5: display = 7'b0100100;
81 4'h6: display = 7'b0100000;
82 4'h7: display = 7'b0001111;
83 4'h8: display = 7 'b0000000;
84 4'h9: d1sp1ay = 7'b0000100;
/K A"has Aienlav — "hnnnt Nnne
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0
5] 11
| 6
< 2
3
always @ (hex)
case (hex)
4'h0: display
4'hl: display
4'h2: display
4'h3: display
4'ha: display
4°h5: display
4'h6: display
4'h7: display
4'h8: display
4'ho: display
4"ha: display
4'hb: display
4'hc: display
4"hd: display
4'he: display
4"hr: display
endcase
endmodule

7 "h0000001
7'b1001111
"h0010010
'b1001100
"h0100100
'b0100000
"b0001111
'h0000000
"b0000100

1

IS SNINNN

'h0110001
"h1000010
"hb0110000
"b0111000

1NN

2. Simulasikan sirkuit Anda untuk memverifikasi kebenarannya.

3. Tambahkan file Verilog Anda untuk menggunakan tombol tekan KEY0 sebagai input Jam dan
alihkan SW1 dan SWO sebagai input Aktifkan dan Hapus, dan 7-segmen menampilkan HEX1-0
untuk menampilkan hitungan heksadesimal saat sirkuit Anda beroperasi. Buatlah penetapan pin
yang diperlukan untuk mengimplementasikan sirkuit pada papan seri DE Anda, dan kompilasi

sirkuitnya.

& Pin Planner - C/U: igital_L log_lab, DE10-Lite/part1 part! - part1 = 0 X
File Edit View Processing Tools Window Help 5
|Report & x wp re 8ong Pin end & x
- Jrias 1o tomons 2sc =
x | Repor Symbol Pin Type I
Q| b7 User 1/O
¥/ @  Userassigned!
il @  Fiterassigned.
Groups  Report @  Unbonded pad
|Tasks & x [Node Properties ¥ x
#| v P Eay Pin Planning B
Az | W Early Pin Planning. I Properties:
| Name Value |
. |
®E | x| Named: * Edit Filter: Pins: all v
=|e
i a2 Node Name Direction Location 1/O Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength Slew Rate Differential Pair 5trict Preservatior
2| |9 nexoto) Output PIN_C14 7 B7_NO PIN_C14 33-VLVTTL 8mA (default) 2 (default)
B | % Hexon) Output PIN_E15 7 B7_NO PIN_E15 33-VLVTTL 8mA (default) 2 (default)
3 ‘= HEXO[2] Output PIN_C15 7 B7_NO PIN_C15 33-VLVITL 8mA (default) 2 (default)
| | rexos) Output PIN_C16 7 B7_NO PIN_C16 33-VLVITL 8mA (default) 2 (default)
7 ‘@ HEXO[4] Output PIN_E16 7 B7_NO PIN_E16 33-VLVITL 8mA (default) 2 (default)
st % HEXO[S] Output PIN_D17 7 B7_NO PIN_D17 33-VLVITL 8mA (default) 2 (default)
& | |% Hexols] Output PIN_C17 7 B7_NO PIN_C17 33-VLVITL 8mA (default) 2 (default)
B2l |3 Hexio) Output PIN.C18 7 B7_NO PIN_C18 33-VLVTTL 8mA (default) 2 (default) | |
k.| = HEX1[1] Output PIN_D18 6 B6_NO PIN_D18 33-VLVTTL 8mA (default) 2 (default)
‘= HEX1[2] Output PIN_E18 6 B6_NO PIN_E18 33-VLVTTL 8mA (default) 2 (default)
& HEX1[3] Output PIN_B16 7 B7_NO PIN_B16 33.vLvITL 8mA (defaul) 2 (default)
‘@ HEX1[4] Output PIN_A17 7 B7_NO PIN_A17 33-VLVITL BmA (default) 2 (default)
% HEX1[5] Output PIN_A18 7 B7_NO PIN_A18 33-VLVITL BmA (default) 2 (default)
“® HEX1[6] Output PIN_B17 7 B7_NO PIN_B17 33-VLVTTL 8mA (default) 2 (default)
®- KEY(O] input PIN_B8 7 B7_NO PIN_B8 33V Sc.. Trigger 8mA (default)
- SwW(1) Input PIN_C11 7 B7_NO PIN_CT1 33-VLVTTL 8mA (default)
- SW[o] Input PIN_A20 33-VLVTTL 8mA (default)
<<new node>>
2
El
100% 00:00:24

4. Unduh sirkuit Anda ke dalam chip FPGA dan uji fungsinya dengan mengoperasikan sakelar.

5. Terapkan versi empat-bit dari sirkuit Anda dan gunakan Quartus® RTL Viewer untuk melihat
bagaimana Quartus perangkat lunak mensintesis sirkuit. Apa perbedaannya dibandingkan dengan

Gambar 1?
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Bagian 11

Cara lain untuk menentukan counter adalah dengan menggunakan register dan menambahkan 1
pada nilainya. Hal ini dapat dicapai dengan menggunakan pernyataan Verilog berikut:

Q<=Q+1;

Kompilasi versi 16-bit dari penghitung ini dan tentukan jumlah LE yang dibutuhkan. Gunakan
RTL Viewer untuk melihat struktur implementasi ini dan komentari perbedaannya dengan desain
dari Bagian I. Implementasikan penghitung pada papan seri DE Anda, gunakan tampilan HEX3-0
untuk menunjukkan nilai penghitung.

1 |

2 inputs:

3 KEYO: manual clock

4 Sw0: active Tow reset

5 Swl: enable signal for the counter
6

7 outputs:

8 HEXO - HEX3: hex segment displays
9 module part2 (Sw, KEY, HEX3, HEX2, HEX1l, HEX0);
10 input [1:0] sw ;

11 input [0:0] KEY ;

12 output [0:6] HEX3 HEX2, HEXLl, HEXO;
13

14 wire Clock = KEY[0];

15 wire Resetn = sSw[0];

16 wire Enable = sw[l];

17

18 // 16-bit_counter

19 reg [15:0] Count;

20 a1v.‘a¥s @(posedge Clock)

21 i (!Resetng

22 count <= 0;

23 else if (Enable)

24 Ccount <= Count + 1'bl;

25

26 // drive the displays

27 hex7seg digit3 (Count[15:12], HEX3);
28 hex7seg digit2 (count[u 8], HEX2);
29 hex7seg digitl (Count[7: ], HEX1);
30 hex7seg digit0 (Count[3:0], HEXO0);
31 endmodule

32

33 module hex?seQ (hex, display);

24 B

2
33 module hex1se (hex display);
34 input [3: ?
35 output [0 6] d1sp1ay
36
37 reg [0:6] display;
38
39
40 0
41 ——=
42
43 5 2 4
44 6
45 2 -—
46
47 4 2
48 |

1l a9 =g

7| 50 3
51

4152 always @ (hex)
53 = case (hex)
54 ): display = 7'b0000001;
S : display = 7'b100 3
56 : display = 7
57 : display = 7
58 : display = 7
59 5: display = 7
60 16: display = 7
61 : display = 7
62 : display = 7
63 : display = 7
64 1'hA: d1sp'|ay—"
AR + Adienlav — 77
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40 0

41 i

42 ry | |

43 . 5] 11

44 » e

45 o -—

46 | |

47 4] |12

48 | |

49 * -—

50 * 3

51 3,

52 always @ (hex)

53 B case (hex)

54 4'h0: display = 7'b0000001;
55 4’ display 'b1001111;
56 4’ display = 7'b0010010;
57 4' display 'b0000110;
58 4’ display 'b1001100;
59 4’ display 'b0100100;
60 4 display 'b0100000;
61 4’ display 'b0001111;
62 4 display "b0000000;
63 4’ display 'b0000100;
64 4' display 'b0001000;
65 4’ display 'b1100000;
66 4'hc: display 'b0110001;
67 4"hd: display 'b1000010;
68 4'he: display "b0110000;
69 4'hF: display 'b0111000;
700 - endcase

71 endmodule

£}

& RIL Viewer - C: | Logic/Verilog_lab_source f -pant2 - o X
File Edit View Tools Window Help earch atera com ®
€FEEC0 RATY U =dOARN Page 1ot v
@ |Netlist Navigator 28 x @ pa2y |+

> Bz pan2 =
hex7seg.digito
[ 30 heits.o ousn6_ vexopo.
SW(1.0]| =)
B | Count-{15.0] Elcount-[31.16]
Count{15.0] HEX1[0.8]
KEV0.0) D>
[D HEX2[0.6]
[ HEX3[0.6]
100% 000001
®
OFE 400 D Clipte S EEP TP FEOQAVR @
[Project Navigator 4% Hierarchy -QgEx| ¢ partzy [>] 1P Catalog 28 x|
Entityinstance T « X 5
4 MAX 10: 10MSODAF484C7G © Programmer - C: i |_Logic/Verilog_lab_source_files/Exercised/solutions.. — o X ~ 3 Installed 1P
> BB 0 File Edit View Processing Tools Window Help ® ¥ ProjectDirectory
o Hardware Setup. Mode JTAG - Progress: (Successful) v Library
Basic Functions
(] bl - o when available
> psP
Wosn File Device Checksum | Usercode :’u“ghl::v'i Verify t::::k Examine ::::‘::"::m p—
Bsiop | |pazsof TosooaFsss  ooz7ose oozieseA @ umpcetsCE I Rerplieils
— — 88 Auto Detect Y U’:Tm"mmm
e oo i : Search for Partner 1P
= X Delete
¥ v P CompileDesign * AddFie..
> P Analysis & Synthesis P Change fite
> W Fitter Place & Route) ® saveFile
v > P assembler (Generate progrant e
v P Timing Analysis o
thup — i +
x 1 pown :u..un- i
8| © AA A V<ring 10MS0DAF484
B e | z
© 209061 Ended Progranmer
bl »
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Bagian 111

Rancang dan implementasikan rangkaian yang secara berturut-turut menampilkan angka 0 hingga
9 pada tampilan 7-segmen HEXO. Setiap digit harus ditampilkan sekitar satu detik. Gunakan
penghitung untuk menentukan interval satu detik. Penghitung harus ditingkatkan dengan sinyal
clock 50 MHz yang disediakan pada papan seri DE. Jangan mendapatkan sinyal clock lain dalam
desain Anda — pastikan semua flip flop di sirkuit Anda memiliki clock langsung oleh sinyal clock
50 MHz. Desain sebagian dari rangkaian yang diperlukan ditunjukkan pada Gambar 2. Gambar
tersebut menunjukkan bagaimana pencacah lebar bit yang besar dapat digunakan untuk
menghasilkan sinyal pengaktifan untuk pencacah yang lebih kecil. Kecepatan kenaikan pencacah
yang lebih kecil dapat dikontrol dengan memilih jumlah bit yang sesuai pada pencacah yang lebih

besar.

Jam 50MHz

Menangkal

E
Menangkal

Hitungan lambat

Gambar 2: Membuat penghitung lambat.

1 uses a 1-digit bcd counter enabled at 1Hz

2 module part3 (CLOCK_50, HEXO0);

3 input CLOCK_50;

4 output [0:6] HEXO;

5

6 wire [3:0] bcd;

7 parameter m = 25;

8 reg [m-1:0] slow_count;

9

10 reg[3:0] digit_flipper;

11

12 Create a 1Hz 4-bit counter

33

14 A large counter to produce a 1 second (approx) enable from the 50 MHz Clock
15 always @gposedge CLOCK_50)

16 slow_count <= slow_count + 1'bl;

17

18 four-bit counter that uses a slow enable for selecting digit
19 always @ (posedge CLOCK_50)

20 if (slow_count == 0)

21 if (digit_flipper == 4°h9)

22 digit_flipper <= 4"ho;

23 else

24 digit_flipper <= digit_flipper + 17bl;
25

26 assign bcd = digit_flipper;

27 drive the display through a 7-seg decoder
28 bcd7seg digit_0 (bcd, HEXO0);

29

30 endmodule

31

32 module bcd7seg (bcd, display);

33 input [?:iw? bcd;

2 nutnot MN-AT Adienlaw-
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64 L

module bcd7seg (bcd, display);
input [3:0? cd;
output [0:6] display;

reg [0:6] display;

’ 0

» |
. 5] 11
. [ 6|
s |
5 4] 12
. I
" 3

a1ways @ (bcd)
case (bcd)

4'ho: d1sp1ay = 7 "'bh0000001;
4'hl: d1sp1ay = 7'b1001111;
4'h2: display = 7'b0010010;
4’ display = 7 "'b0000110;
4" display = 7 'bh1001100;
4’ display = 7 'b0100100;
4" display = 7'b0100000;
4’ display = 7 'b0001111;
4’ display = 7 'b0000000;
4° display = 7 "b0000100;

default: display =
endcase

andmndila

7 "bx;

& Pin Planner - C/Users/najwa/Downloads/ftp.intel.com/lsbs/Digital_Logic/Verilog_lab_source f - part3 - o8 X
File Edit View Processing Tools Window Help arch alter [ ]
& x| X & x
B [Report £ Top View - Wire Bond kbt =
Report not svailable :
X MAX 10 - 10M50DAF484C7G Symbal{FnTyre
aQ ) useryo
¥ e TR
bis VOOOOS %OOO 0 OO DOV @  Fiterassigned)
loeid 20000 Q OO $9R030 0 K] ® rboade
o] 4030404020 DOQOV| < inbonded pad
v : QOO 8 s @  Reservedpin
g € Otherconfigura
5 O} DEV_OE
£ D  roview
D oren
al E— 5
Sliee] wowt D  oFfp
1 Q) oo
#: [rasis 38 x
1 . 9 oos
= i =
] Early Pin Planning. v v, QL0 * [ = O Daose
H I earty pin Planning A 8 ol o
) P Run /O Assignment Analysi DODNO: =
- Soiaresetaesolatariaivcl e T
s Export Pin Assignments OOVOO 02075 0705000
= b 250,000, 020,0,074\0,0,0,0AVL0; YObank Assignab Usedpins Available
& W pin Finder OOOQ botes nk  Assign: pins Availat |
Be| v rghightpns e ey w0 16
" = ® 2 o 2
* | Named: v «» Edit X Filter: Pins: all >
Node Name Direction Location YOSak  VREFGroup  Fimerlocation  yOStndwd  Reseved  Cumemtstength  SlewRate  Differential Pair strict resenvatior
1 Input PIN_PT1 3 83 NO PIN_P11 33vivim BmA (defauly)
output PN C14 7 87N PN C14 s3vvm Bma (default) 2 [default
output PIN_ETS 7 870 oN_E1S 33vivm 8mA (default) 2 (default)
Output PN CT5 7 87N PN_C15 33V 8mA (defalt) 2 (default)
output PN_C16 7 87_N0 PINC16 33V 8mA (default) 2 (default)
output PN _ETe 7 8780 PN ETS 33vivm 8mA (defaclt) 2 (default)
output PIN_D17 7 8780 PIN_D17 33vivim Bma (defauly) 2 (default
output PN 17 7 87_N0 PN C17 33-vivim 8mA (default) 2 (default)
0% 000000
O Querte a/Dounlosd: v BEI0-Lite/r = A
DrFE+H0DC as E ®
IProject Navigator A\ Hierarchy vapex ¢ part3y e 1P Catalog a6 :‘
P BT EE SN 0w B ET < X =
4% MAX 10; 10M50DAF484C7G 9 Programmer - C: I_Logi \g_lab_source.f - o X v & Installed 1P
> B par3 7 File Edt View Processing Tools Window Help i ® ¥ Project Directory
No Selection Avalzble
o Hardware Setup... IRIERIURY Mode JTAG v Pprogress mmssm:g Y Library
‘ > Basic Functions
O available > pse
1 i 1 > Interface Protocols.
o File Device Checksum  Usercode  Program/  Verfy Blank-  Examine
strt e el > Memory Interfaces and Controllers
Bsop | |pannser loMscosrdss  coxrasss  oczramss @ R Fooamtiul e e
— . > University Program
Auto Detect
EeR oo c=us @ search for Partner P
X pelete
Task
¥ |~ P CompileDssign 7 AddFile
> P Analysis & synthesis ; e
> P Fitter (Ptace & Route) O i
v > P Assembler (Generate programe
il Cics pzmanazee
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Modul Praktikum
Bagian IV

Rancang dan terapkan sirkuit yang menampilkan sebuah kata pada empat tampilan 7-segmen HEX3

y 0. Kata yang akan ditampilkan untuk papan seri DE Anda diberikan pada Tabel 1. Buatlah huruf-
huruf berputar dari kanan ke kiri dalam interval sekitar satu detik . Pola putaran DE10-L.ite diberikan
pada Tabel 2. Jika Anda menggunakan DEO-CV, DE1-SoC, atau DE2-115, gunakan kata yang
diberikan pada Tabel 1. Ada banyak cara untuk merancang rangkaian yang diperlukan. Salah satu
solusinya adalah dengan menggunakan kembali kode Verilog yang dirancang pada Latihan
Laboratorium 1, Bagian V. Dengan menggunakan kode tersebut, perubahan utama yang diperlukan
adalah mengganti dua saklar yang digunakan untuk memilih karakter yang diputar pada tampilan
dengan 2-bit penghitung yang bertambah pada interval satu detik.

Papan Kata

DE10-Lite dE10
DEO-CV dEO

DE1-SoC dE1
DE2-115 dE2

Tabel 1: Papan seri DE dan kata terkait untuk ditampilkan

Menghitung Ka ra kter
OOhariE10
01 E10d
101 0dE
1M0dE1

Tabel 2: Memutar kata dE10 pada empat tampilan.
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1 [/7 ImpTements a circuit that rotates del0 across the 7-segment displays HEX3 - HEXO
2 module part4 (KEY, CLOCK_50, HEX3, HEX2, HEXL, HEX0);
3 input [0:0] KEY;
4 input CLOCK_50;
5 output [0:6] HEX3 HEX2, HEXL, HEXO; 7-seg displays
6
7 wire [1:0] cho, chi, ch2, ch3;
8 reg [1:0] ch_sel;
9 wire [1:0] H3, ch H2_ch, H1_ch, HO_Ch;
10 ass1gn chi 2 o // d
11 assign ch2 "ho1; // E
12 assign ch3 = 2 b10; /1
13 assign cho = 2'b11; // 0
14
a4y parameter m = 25;
16 reg [m-1:0] sTow. _count;
17
18 // Create a 1Hz 2-bit counter
19
20 // A large counter to produce a 1 second (approx) enable from the 50 MHz Clock
21 a1wa¥ %posedge CLOCK_50)
22 ow_count <= slow_count + 1°bl;
23
24 // two-bit counter that uses a slow enable for selecting characters
25 a]wa¥s @ (posedge CLOCK 50)
26 [0] = 1'b0)
27 ch Se1 <=2 bOO
28 else if (s'low_count = 0)
29 ch_sel <= ch_sel + 1'bi1;
30
31 // instantiate module mux_2bit_4tol (5, U, V, W, X, M);
32 mux_2bit_4tol M3 (ch_sel, cho, chi, ch2, ch3, H3_ch),
33 mux_2bit_4tol M2 (ch_sel, chi, ch2, ch3, ch0o, H2_ch);
221 miv 2hit Atal M1 fch <ol ch> ch2 chn chl w1 chie
30
31 // instantiate module mux_2bit_4tol (S, U, V, W, X, M);
32 mux_2bit_4tol M3 (ch_sel, cho, chil, ch2, ch3, H3_ch);
33 mux_2bit_4tol M2 (ch_sel, chl, ch2, ch3, ch0o, H2_ch);
34 mux_2bit_4tol M1 (ch_sel, ch2, ch3, ch0, chl, Hl1_ch);
35 mux_2bit_4tol M0 (ch_sel, ch3, cho, chl, ch2, HO_Ch);
36
37 // instantiate module char_7seg (C, Display);
38 char_7seg H3 (H3_ch, HEX3);
39 char_7seg H2 (H2_Ch, HEX2);
40 char_7seg H1 (H1_ Ch HEX1);
41 char_7seg HO (HO_Ch, HEXO0);
42 endmodule
43
44 // Implements a 2-bit wide 4-to-1 multiplexer
45 module mux_2bit_4tol (S, U, V, W, X, M);
46 input [1:0] s, U, V, W, X;
47 output [1:0] M
48 wire [1:0] U_Vv, w_X; // used for first multiplexer stage, U_V selects either
49 /," U or v, and w_X selects either w or X
50
51 // 2-bit wide m iple first stage
52 assign u_v[o0] ] o] (s[0] & v[o]);
53 assign U_V[1] 1 [1] (s[o] & v[1]);
54 assign wW_x[0] ] [o] (s[0] & x[0]);
55 assign w_x[1] 1; 1] (s[o] & x[1]1);
56
57 // 2-bit wide multiplexer second stage
58 assign M[0] = (~s[1] & u_v[0]) | (S[1] & w_X[0]);
59 assign M[1] = (~s[1] & u_v[1]) | (s[1] & w_x[1]);
60
61 endmodule
62
A2 /1 rarmvarte Y_hit dnnit rada an F1.0 dinta 7_hit roda that nraduacac
R T T S i T
63 // Converts 2-bit input code on C1-0 into 7-bit code that produces
64 // a character on a 7-segment display. The conversion is defined by:
65 // €10 char
66 //
67 /'
68
69
70
71
72 modu1e char 7seg (c, pisplay);
73 input [1:0] C input code
74 output [0:6] D1sp1ay, // output 7-seg code
75
76 7 i
TR X 0
78 * -—-
79 . [
80 x 5] 11
81 5 |1 6 1|
82 . -—=
83 3 | |
84 *’ 4] 12
85 " | |
86 * —
87 . 3
88 &
89 // the following equatwns describe HEX0[0-6] in sop form
90 ass1gn Display[0] =
91 assign Display[l] = —~c[J.] & c[0];
92 assign Display[2] = ~c[1] & c[0];
93 assign Display[3] = c[1] & ~[0];
94 assign Display[4] = C[L] ~C[0];
95 assign Display[5] = ~[0];
QR accinn Nienlaul&al — M1
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67 1/ 00 d
68 // 01 E
69 // 10 1
70 // 1 1 0
71 //
72 modg'l e char_7seg (c, Displ a){)l; :
73 input [1:0] C; // input code
74 output [0:6] Display; // output 7-seg code
75
76 7y
77 - 0
78 = S
79 ¥ | |
80 . 5] 11
81 2 I 61
82 % ===
83 * | |
84 % 4] |2
85 " 3 i
86 = gzt
87 ¥* 3
88 74
89 // the following equations describe HEX0[0-6] in sop form
90 assign Display[0] :
91 assign Display[l] ~C[1] & c[0];
92 assign Display[2] = ~c[1] & c[0];
93 assign Display[3] = c[1] & ~«[0];
94 assign Display[4] = c[1] & ~[0];
95 assign Display[5] = ~c[0];
96 assign Display[6] = c[1];
97 endmoduTe
98
& Pin Planner - C; flabs/Digital_Logic/Verilog_lab_source_files/Exerci DE10-Lite/partd. partd - partd - o X
File Edit View Processing Tools Window Help Search altera.com ®
8 x : . & x
F Report = Top View - Wire Bond it cgend =
j| Feorrotavaisble . — Symbol Pin Type
Q O User1/O
@  Userassignedi.
¥ g
[ ] Fitter assigned ...
It g
" @  unbonded pad
c [ ] Reserved pin
. (©) Other configura...
e ® DEV_OE
® DEV_CLR
DIFF_n
Groups  Report DIFF_p
asks - = 2
= pos
~ I~ Early Pin Planning =
&) DQasB
g W Eary Pin Planning. Il i
] _n
) P Run 1/O Assignment Analysi
o B Export Pin Assignments... lpi" Elopeities s x ‘
2 M Pin Finder...
Be v I~ Highlight Pins Properties:
|| — [ Name Value ]
* |Named: * v &» Edit X Filter: Pins: all i
a8
2 Node Name Direction Location 1/0 Bank VREF Group  FitterLocation  1/O Standard Reserved  CumentStrength  SlewRate  Differential Pair Strict Preservatior
- [clock s0 | Input PIN_P11 3 B3_NO PIN_P11 33-VLVITL 8mA (default)
‘@ HEXO[0] Output PIN_C14 % B7_NO PIN_C14 33-VLVTTL B8mA (default) 2 (default)
S8 HEXO[] Output PIN_E15 7 B7_NO PIN_E15 33-VLVITL 8mA (default) 2 (default)
%8 HEXO[2] Output PIN.C15 7 B7_NO PIN.C15 33-VLVITL 8mA (default) 2 (default)
% HEXO[3] Output PIN_C16 7 B7_No PIN.C16 33-VLVTTL 8mA (default) 2 (default)
. | HExora] Output PIN_E16 7 B7_NO PIN_E16 33-VLVTTL 8mA (default) 2 (default)
£ | HEXO[5] Output PIN_D17 7 B7_NO PIN_D17 3.3-VLVTTL 8mA (default) 2 (default)
Z |58 HEX0[6] Output PIN_C17 ¥ B7_NO PIN_C17 3.3-V LVTTL B8mA (default) 2 (default)
0%  00:00:00
& Pin Planner - /L intel.com/labs/Digital_Logic/Verilog_lab_source { DE10-Lite/partd, partd - partd - o X
File Edit View Processing Tools Window Help ek dlterd o ]
Repor 8 x i 8 x
= a 2 Top View - Wire Bond Enitegend 2
¢ not availabls i
j | Feportnotavalable MAX 10 - 10M50DAF484C7G Symbt PinType
Q (D) User /0
@  userassignedi.
¥ g
om: [ ] Fitter assigned |...
" @  unbonded pad
¢ [ ] Reserved pin
(©)  Otherconfigura...
® DEV_OE
® DEV_CLR
&) DIFF_n
Groups  Report @ DIFF_p
o e B =
6] Das
-] ~ I Early Pin Planning =
&) Dase
3 W Early Pin Planning..
[ akn
] P Run 1/O Assignment Analysi
o W Export Pin Assignments... IP‘" Eroperies s >
2 W pin Finder..
Be v I~ Highlight Pins
. -— Value ]
* |Named: * ~ &y Edit X Filter: Pins: all i
a
2 Node Name Direction Location 1/0 Bank VREF Group  FitterLocation /O Standard Reserved  CurentStrength  SlewRate  Differential Pair Strict Preservatior
B HEXO[6] Output PIN_C17 7 87_NO PIN_C17 33-VLVTTL 8mA (default) 2 (default)
B HEX1[0] Output PIN_C18 7 87_NO PIN_C18 33-VLVITL 8mA (default) 2 (default)
@ HEX1[1] Output PIN_D18 6 B6_NO PIN_D18 3.3-VLVTTL 8mA (default) 2 (default)
‘@ HEX1[2] Output PIN_E18 6 B6_NO PIN_E18 3.3-VLVTTL 8mA (default) 2 (default)
B HEX1[3] Output PIN_B16 7 B7_NO PIN_B16 3.3-VLVTTL 8mA (default) 2 (default)
. | HEX1[4] Output PIN_A17 7 87_NO PIN_A17 3.3-VLVTTL 8mA (default) 2 (default)
£ | Hexars) Output PIN_A18 7 87_NO PIN_A18 33-VLVITL 8mA (default) 2 (default)
= |% HEXI[6] Output PIN_B17 7 87_NO PIN_B17 33-VLVTTL 8mA (default) 2 (default)
0%  00:00:00
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& Pin Planner - C: ital_Logic/Verilog_lab_source f - pantd - o X
Flle Edit View Processing Tools Window Help Search altera.com [ ]
eport 5 x . i egend 8 x
B X 2. Top View - Wire Bond el L
Report not available
| PrRotoctaene MAX 10 - 10M50DAF484C7G St (P Type
Q ) 0 User /O
¥ @1 2345670608 00 @  Userassigned!
o 01380 R @  rFiterassignedl.
) oeogogo 004 ©  unbondedpad
Q\VO @  reservedpn
% QO XOV
e O 3 Other configura.
> % 0 DEV_OE
& < :
[} \} OOV, &) DEV_CLR
;1 S @ DIFF_n
= Groups  Report ® DIFF_p
Tasks 48 x s =
3 Das
4 ¥ I~ Early Pin Planning . P
3 W Earty Pin Planning. M e
] n
-] P Run /O Assignment Analys! -
o W Export Pin Assignments l“”“ Eroparties e x ]
& W pin Finder.
Bo| v P kighightpins L eI I T N | Propertes:
| — = [ name Value ]
% | Named: * v &/ Edt X ¢ Filter: Pins: all v
5
1 Node Name Direction Location 1/O Bank 'VREF Group Fitter Location 1/O Standard Reserved Current Strength Slew Rate: Differential Pair trict Preservatior
% HEX1[6] Output PIN_B17 7 B7_NO PIN_B17 3.3-VLVITL 8mA (default) 2 (default)
& HEX2(0] output PIN_820 6 8_N0 PIN_820 33-VLVTTL 8mA (default) 2 (default)
@ HEX2[1] Output PIN_A20 7 B7_NO PIN_A20 3.3-VLVITL BmA (default) 2 (default)
B HEX2(2] Output PIN_B19 7 87_N0 PIN 819 33-VLVITL 8mA (default) 2 (default)
W HEX2[3] Output PIN_A21 6 B6_NO PIN_A21 3.3-VLVITL BmA (default) 2 (default)
@ HEX2[4] Output PIN_B21 6 B6_NO PIN_B21 33-VLVITL 8mA (default) 2 (default)
£ |5 rexars) Output PIN_C22 6 8_N0 PIN.C22 33-vvTTL 8mA (default) 2 (default)
Z | HEX2[6] Output PIN_B22 6 B6_NO PIN_B22 3.3-VLVITL BmA (default) 2 (default)
0% 00:00:00
4 Pin Planner - C: jtal_Logic/Verilog_lab_source.f Lite/partd - partd - o X
File Edit View Processing Tools Window Help Search altera.com [ ]
Report 5 x " . 8 x
= - Top View - Wire Bond ||inLegend 2
Report not ilable
S part nok o MAX 10 - 10M50DAF484C7G Syresol P Type
Q — [|© User /O
¥ @  Userassigned!
b @  Fiterassignedi.
" @  uUnbonded pad
c [ ] Reserved pin
& (€] Otherconfigura.
B ® DEV_OE
o = -
.'; %) DEVCIR
.\i 0 DIFF_n
3 Groups  Report & DIFF_p
® o
1B [Tasks REx ~ i
®
E-| ~ 7 Early Pin Planning ® T
' W Eary Pin Planning... h" fi
[l Cn
2] P Run 1/O Assignment Analysi [ ~
o I Export Pin Assignments.. ‘\”" Propates e
& I Pin Finder.
-4 ~ I~ Highlight Pins | Properties:
|| [[ ame Value
T‘Named. . v & Edit X ¢ Filter: Pins: all M
L]
1 Node Name Direction Location 1/0 Bank VREF Group  FitterLocation /O Standard Reserved  CumentStrength  SlewRate  Differential Pair strict Preservatior
“® HEX2[6] Output PIN_B22 3 B6_NO PIN_B22 33-VLVITL 8mA (default) 2 (default)
B HEX3[0] Output PIN_F21 3 86N PIN_F21 33V 8mA (default) 2 (defaul)
‘@ HEX3[1] Output PIN_E22 6 B6_NO PIN_E22 33-VLVITL 8mA (default) 2 (default)
e HEX3[2] Output PIN_E21 6 B5_NO PIN_E21 33V 8mA (default) 2 (default)
@ HEX3(3] Output PIN_C19 7 87_No PIN.C19 33V BmA (defaul) 2 (default)
. | rexsta Output PIN_C20 6 85_NO PIN_C20 33-VLVITL 8mA (default) 2 (default)
£ |5 rHexaps) Output PIN_D19 6 86_NO PIN_D19 33-vIvTTL 8mA (default) 2 (default)
= |% Hex3(e] Output PIN_E17 6 B6_NO PIN E17 33-vIvITL 8mA (default) 2 (default)
0%  00:00:00
45 Pin Planner - C: jital Logic/Verilog_lab_source | - partd - 8 x
File Edit View Processing Tools Window Help Search altera.com o
eport & x 3 8 x
B/ R L Top View - Wire Bond i egerd L
et ot available
Q| (enetaaR MAX 10 - 10M50DAF484C7G Symbol P Type
aQ @) Useri/0
™ @  Userassignedi
ot @  FitterassignedL.
" [ ] Unbonded pad
I @  Resevedpin
e (©)  otherconfigura..
:_-,l B DEV_OE
“‘; ® DEV_CLR
T| ® DIFF_n
5 Goups  Repon ®  DFFp
@ a
18 [Tasks 268 x
i3 s
e -} v I Eary Pin Planning -
= W Early Pin Planning...
2] P Run 1/0 Assignment Analysi e
's) I Export Pin Assignments. pex
& W pin Finder X
Be v I Highlight Pins N DR e
| ————— valve _
* | Named: v &» Edit X Filter: Pins: all ¥
] e R .2 A
Node Name Direction Location /O Bank 'VREF Group Fitter Location 1/0 Standard Reserved Current Strength Slew Rate Differential Pair trict Preservatior
‘@ HEX3[1] Output PIN_E22 3 B6_NO PIN_E22 3.3-VLVITL 8mA (default) 2 (default)
B HEX3[2] Output PIN_E21 6 B6_NO PIN_E21 33-VLVITL BmA (default) 2 (default)
‘@ HEX3[3] Output PIN_C19 7 B7_NO PIN_C19 33-VLVTTL 8mA (default) 2 (default)
% HEX3[4] Output PIN_C20 6 B6_NO PIN_C20 33-VLVITL BmA (default) 2 (default)
‘@ HEX3[S] Output PIN_D19 6 B6_NO PIN_D19 33-VLVITL 8mA (default) 2 (default)
| HEX3[6] Output PIN_E17 6 B6_NO PIN_E17 33-VLVTTL BmA (default) 2 (default)
£ |m- Kevio] Input PIN_B8 7 B7_NO PIN_B8 33V Sc. Trigger BmA (default)
Z | <<new node>>

0%  00:00:00
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Bagian V

S Quartu ! pa t
DU <O0” pate S SES L DrFES OAVE @
Project Navigator ) Hierarchy vagsex ¢ partd.y (]
Entity Instance. & Programmer - C I Logi g.lab_source { -
¥ MAX 10: 10M50DAF484C7G File Edt View Processing Tools Window Help
> BB parte
& Hardware Setup. Mode | JTAG ~  Progress
O available
st File Device Checksum  Usercode  Program/  Venfy Blank-  Examine
Configure Check
#l stop partd.sof 10MS0DAF484 00278037 00278037 a
& Auto Detect
(Tasks Compilation v& S Delete
Task 7 AddFile
v |V P compileDesign P& Change File

> P Analysis & Synthesis

P Fitter (Place & Route)

,ﬁ

v bler (Generate pry E
oI
v b
= 1% pown N

x G. 5 ~ 10MS0DAF 484
s | A A A v
[ 7
=|Type 1 wmessage

© 209061 Ended Prograf
L
2|« I

o o el W w8 () L )

h [ ]
|ip catatog qax‘
o X =

v & Installed P
™ Project Directory

~ Library
> Basic Functions
> ose
> Interface Protocols

Memory Interfaces and Controllers
> Processors and Peripherals
> University Program

© search for Partner P

Tingkatkan sirkuit Anda dari Bagian IV sehingga dapat memutar kata di seluruh tampilan 7-segmen
di komputer Anda Papan seri DE. Pola perpindahan DE10-L.ite ditunjukkan pada Tabel 3.

T // ImpTements a circuit that rotates delO across the 7-segment displays HEX5 - HEXO
2 module part5 (KEY, CLOCK_50, HEX5, HEX4, HEX3, HEX2, HEX1l, HEX0);

3 input [0:0] KEY;

4 input CLOCK_50;

5 output [0:6] HEXS, HEX4, HEX3, HEX2, HEXl, HEXO; // 7-seg displays
6

7 reg [2:0] ch_sel; // mux select lines

8 wire [2:0] cho, chl ch2, ch3, Blank;

9 wire [2:0] H5_¢ ch HA _Ch, H3 ch H2 ch H1_Ch, HO_Ch;

10

11 assign ch0 = 2'b000; ‘d’

12 ass1gn chi 3'b001; SES

13 assign ch2 = 3'b010; 5 2

14 assign ch3 = 3'bo11; Q"

15 assign Blank = 3'b100; / used to blank a 7-seg display (see module char_7seg)
16

17 parameter m = 25;

18 reg [m-1:0] s'low count;

19

20 // Create a 1Hz 2-bit counter

21

22 // A large counter to produce a 1 second (approx) enable from the 50 MHz Clock
23 a1wa¥ %posedge CLOCK_50)

24 ow_count <= slow_count + 1'bl;

25

26 // three-bit counter that uses a slow enable, and counts from 0 to 5
27 a1wa¥s @ (posedge CLOCK_50)

28 (KEY[0] == 1'b0)

29 ch_sel <= 3'b000;

30 e1se if (slow_count == 0)

31 el == 3'b101)

32 ch_sel <= 3'b000;

33 else

21 rh cal o— rh cal & 1'hi-
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33 else
g‘; ch_sel <= ch_sel + 1'bl;
36 // instantiate module mux_3bit_6tol (S, U, V, W, X, Y, Z, M) to
37 // create the multiplexer for each hex display
38
39 mux_3bit_6tol M5 (Ch_sel, Blank, Blank, ch0, chl, ch2, ch3, H5_Ch);
40 mux_3bit_6tol M4 (ch_sel, Blank, ch0, chl, ch2, ch3, Blank, H4_ch);
41 mux_3bit_6tol M3 (ch_sel, cho, chi, ch2, ch3, Blank, Blank, H3_ch);
42 mux_3bit_6tol M2 (Ch_sel, chi, ch2, ch3, Blank, Blank, Ch0, H2_Ch);
43 mux_3bit_6tol M1 (ch_sel, ch2, ch3, Blank, Blank, ch0, chl, H1_ch);
24 mux_3bit_6tol M0 (ch_sel, ch3, Blank, Blank, cho, chil, ch2, HO_Ch);
5
46 // iinstantiate module char_7seg (C, Display) to drive the hex displays
47 char _7seg H5 (H5_Ch, HEXS5);
48 char_7seg H4 (H4_Ch, HEXA);
49 char_7seg H3 (H3_ch, HEX3);
50 char_7seg H2 (H2_Ch, HEX2);
51 char_7seg HL (H1_Ch, HEX1);
52 char_7seg HO (HO_Ch, HEX0);
53 endmodule
54
55 // implements a 3-bit wide 6-to-1 multiplexer
56 module mux_3bit_6tol (s, U, V, W, X, Y, Z, M);
57 input [2:0] s;
58 1nput[g0]UVWXYZ
59 output [2:0] M;
60 wire [1:4] m_0, m_1, m_2; // four intermediate multiplexers in the mux tree for each
61
62 // 6-to-1 multiplexer for bit 0
63 assign m_0[1] = (~s[0] & u[0]) | (s[0] & v[0]);
64 assign m_0[2] = (~s[0] & w[0]) | (s[0] & X[0]);
65 assign m_o[z] = (~s[0] & v[0]) | (s[0] & z[0]);
RA sccinan m NMAT — F-cf1T 2 m nT11Y T feT11 & m NN
62 // 6-to-1 multipTexer for bit 0
63 assign m_O[1] = (~ & U[0]) (s[0] & v[0]);
64 assign m_0[2] = (~s[0] & w[0]) (s[0] & x[0]);
65 assign m_0[3] = (~S[0] & Y[0]) (s[0] & z[0]);
gg assign m_0[4] = (~s[1] & m_0[1]) | (s[1] & m_0[2]);
gg assign M[0] = (~s[2] & m O[4]) | (s[2] & m_O[3D);
70 // 6-to-1 mu1t1p1exer for bit 1
Sk assign (~ (s[0] & V[1]);
72 ass1gn (s[0] & x[1]);
73 assign (s[o] & z[1]);
;z; assign | (s[1] & m_1[2]);
;;5 assign I (s[2] & m_1[3]);
78 // 6-to-1 mu'lt1p1ex r for bit 2
79 ass‘lgn m_2[1 (~s[0] & u[2]) (s[0] & v[2]);
80 assign m_2[2 0] & w[2]) (s[o] & x[2]);
81 assign m_2[3 0] & Y[2]) (s[0] & z[2]);
gg assign m_2[4 1] & m_2[1]) | (s[1] & m_2[2]);
g‘; assign M[2] = (~s[2] & m_2[4]) | (s[2] & m_2[3D);
gg endmodule
88 / converts 3-bit input code on C2-0 into 7-bit code that produces
89 a character on a 7-segment display. The conversion is defined by:
90 C 21 0 char
WS [/  —mmmmmmmm—e———e-
92 000 'd’
93 883 E
94 1 T s B
as a8t T A
90 C 210 char
91 | //  mmmmm—m—m—————e-
92 000 'd’
93 001I1'E
94 010 '1’
95 o I O R
96 0 0 'Blank
97 modu'le char 7seg (c, pisplay);
98 input [2:0] C // input code
99 output [0:6] D1sp'|ay, // output 7-seg code
100
101 i
102 % 0
103 i -—
104 o | |
105 . 5] 11
106 " | 6 1
107 . -—-
108 » | |
109 . 4] |12
110 % | |
111 " -—=-
112 . 3
113 ¥
114 // the following equat1ons describe display functions in cannonical sop form
115 ass1gn Display[0] = ~[
116 assign Display[l] = c[2] | (~[1] & c[0]);
117 assign Display[2] = c[2] | (~<[1] & c[0]);
118 assign Display[3] = c[2] | (c[1] & ~[0]);
119 assign Display[4] = c[2] | (c[1] & ~[0]);
120 assign Display[5] = ~[0];
121 ass1?n pisplay[6] = c[2] | c[1];
122 endmodu
122
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