Modul Praktikum

MODUL 5

IMPLEMENTASI RANGKAIAN DIGITAL PEMBENTUK DAN PENAMPIL ANGKA DI FPGA

MENGGUNAKAN VERILOG-HDL

5.1 Tujuan Praktikum Modul 5

Setelah mempraktekkan Topik ini, mahasiswa diharapkan dapat ahami

1.
2.

3.
4.

Mem konsep dasar FPGA dan Verilog-HDL dalam merancang rangkaian digital.
Merancang, mensimulasikan, dan mengimplementasikan rangkaian pembentuk angka di
FPGA.

Memahami teknik penampilan angka menggunakan output dari rangkaian digital.
Menguji dan memverifikasi fungsi rangkaian digital yang dirancang menggunakan
Verilog-HDL di FPGA.

5.2 Dasar Teori Praktikum Modul 5

521

7-Segement
Seven segment adalah suatu segmen — segmen yang digunakan untukmenampilkan

angka/bilangan decimal. Seven segment ini terdiri dari 7 batang LEDyang disusun
membentuk angka 8 dengan menggunakan huruf a-g yang disebutDOT MATRIKS. Setiap
segment ini terdiri dari 1 atau 2 LED (Light Emitting Dioda).
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Papan DE10-Lite memiliki enam display 7-segmen untuk menampilkan angka. Gambar 3-

17 menunjukkan koneksi dari tujuh segmen (anoda umum) ke pin pada FPGA MAX 10.
Segmen dapat dinyalakan atau dimatikan dengan menerapkan level logika rendah atau tinggi
dari FPGA, masing-masing.

Setiap segmen dalam sebuah display diindeks dari O hingga 6 dan DP (titik desimal),

dengan posisi yang sesuai seperti yang diberikan dalam Gambar 3-17. Tabel 3-6 menunjukkan
penugasan pin FPGA ke display 7-segmen.

Berikut adalah daftar pin planer untuk 7-segment:

HEXDD PIN_C14 Seven Segment Digit 0[0] A3V LVTTL
HEXDM PIN_E15 Seven Segment Digit 0[1] A3V ILVTTL
HEXD2 PIN_C13 Seven Segment Digit 0[2] A3V LVTTL
HEXD3 PIN_C16 Seven Segment Digit 0[3] I3VILVTIL
HEX D4 PIN_E16 Seven Segment Digit 0[4] 33-VILVTTL
HEXDS PIN_D17 Seven Segment Digit 0[5] I3VILVTIL
HEXDE PIN_C17 Seven Segmeant Digit 0[6] I3V IVTTL
HEXOT PIN_D13 Seven Segment Digit 0[7], DP A3V LVTTL
HEX10 PIN_C18 Seven Segmeant Digit 1[0] I3V IVTTL
HEX11 PIN_D18 Seven Segment Digit 1[1] A3V LVTTL
HEX12 PIN_E18 Seven Segment Digit 1[2] I3VILVTIL

HEX13 PIN_B16 Seven Segment Digit 1[3] 33-VILVTTL
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HEX14 PiM_A1T Seven Segment Digit 1]4] 3.3V LVTTL
HEX15 PIN_A18 Senven Segmeant Digie 1[5) 3.3V LVTTL
HEX16 PIN_B17 Seven Segment Digit 1[6] A3V LVTTL
HEX1T PiM_A18 Seven Segment Digit 1[7] . DP 3.3V LVTTL
HEX20 PIM_B20 Seven Segment Digit 2[0] A3V LVTTL
HEX21 PIMN_AZ0 Seven Segment Digit 2[1] A3V LVTTL
HEX22 PiM_B19 Seven Segment Digit 2[2)] A3V LVTTL
HEX23 PiM_AZ1 Seven Segment Digit 2[3] A3V LVTTL
HEX24 PIN_B21 Seven Segment Digit 2[4) A3V LVTTL
HEX25 PiM_C22 Seven Segment Digit 2[5] A3V LVTTL
HEX26 PiM_B22 Seven Segment Digit 2[5 A3V LVTTL
HEX2T PIN_A19 Seven Segment Digit 2[7] . DOP A3V LVTTL
HEX30 PIM_F21 Seven Segment Digit 3[0] 33V LVTTL
HEX31 PiM_E32 Seven Segment Digit 3[1) A3V LVTTL
HEX3z2 PIN_EZ1 Seven Segment Digit 3[2) A3V LVTTL
HEX33 PiM_C18 Seven Segment Digit 3[3] 33V LVTTL
HEX34 PIM_C20 Seven Segment Digit 3[4] A3V LVTTL
HEX35 PIN_D18 Seven Segment Digit 3[5] A3V LVTTL
HEX36 PIM_E17 Seven Segment Digit 3[8] A3V LVTTL
HEX3T PiM_D22 Seven Segment Digit 3[7] . DF 33V LVTTL
HEX40 PIN_F18 Seven Segment Digit4[0] A3V LVTTL
HEX41 PIM_E20 Seaven Segment Digit 4[1] A3V LVTTL
HEX42 PIM_E19 Seven Segment Digit 4[] 33V LVTTL
HEX43 PiM_11E Seven Segment Digit 4[3] 3.3 LVTTL
HEX44 PiM_H18 Seven Segment Digit 4[4 3.3V LVTTL
HEX45 PIN_F18 Seven Segmeant Digie 4[5) 3.3V LVTTL
HEX46 FIM_F20 Saven Segment Digit 48] 33V LVTTL
HEX47T PiM_Fi7 Seven Segment Digit 4[7] . DP 3.3V LVTTL
HEXS50 PiM_J20 Seven Segment Digit 5[0 A3V LVTTL
HEX51 PIM_K20 Saven Segment Digit 5[1] 33V LVTTL
HEX52 PiM_L1& Seven Segment Digit 5[] A3V LVTTL
HEX53 FIM_MN18 Seven Segment Digit 5[3] A3V LVTTL
HEXS54 PiM_M20 Saven Segment Digit 5[4] 33V LVTTL
HEX55 PiM_H18 Seven Segment Digit 5[5] 3.3V LVTTL
HEXS6 FIM_MN20 Seven Segment Digit 5[5] A3V LVTTL
HEXST PiM_L19 Seven Segment Digit 5[7] . DP 3.3 LVTTL

5.2.2 BCD to 7-Segment

Decoder BCD to Seven segment adalah decoder yang mengubah nilai binerBCD ke
dalam tujuh bit data seven segment untuk ditampilkan nilai desimalnya secara visual Bagan
Decoder BCD to seven segment dan tampilan display seven segment.
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D qaatn) TPV
BCD ono 9P~

input J_ 150 kQ



Modul Praktikum

Adapun data keluaran Decoder BCD to Seven segment ditunjukkan pada table

dibawah ini:.
DESIMAL | D [C|BJ|A] a b | ¢ d < f 2 | 7-LED
0 olo|lo|lo] o 0 0 0 0 0 a
1 ofloflof1] 1 o | o 1 1 1 1 =1
2 oflo|l1jolo| o |1 ]| o | o] 1]o0 c
3 olo]1 oo o] o | 1]|1]o0 5
4 o|1|lo|lo] 1 0 0 1 1 0 0 -
s ofl1flof1] o 1 0 0 0 0 S
6 ol1f1]|of] 1 1 o | o | o o] o ]
7 ofl1|1|1] o 0 0 1 1 1 1 =
8 1{olo|o] o 0 0 0 0 0 0 8
9 1 |oflo|l1] o | 0o | 0|1 1 | o | o 9
10 1{olt|o] 1 1 1 0 0 1 0 c
11 1ol |1] 1 1 0 0 1 1 0 =
12 11|00 0 1 1 1 o | o o
13 1 (1]lof1] o 1 1 0 1 o | o c
14 1{1]1|o] 1 1 1 0 0 o | o E
15 1111 ] 1 1 1 1 1 1 1 £

Setiap kombinasi nilai DCBA akan menampilkan simbol nilai desimal pada seven
segment. Jika logika DCBA adalah ‘0000’ maka seven segment akan menampilkan angka
‘0’. Jika nilai DCBA adalah ‘0001’ maka seven segment akanmenampilkan angka “1°.
Dan seterusnya. Selengkapnya seven segment akan
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5.3 Lembar Kegiatan Praktikum Modul 5 :
5.3.1 Alat dan Bahan

a. Laptop yang telah terinstal software Quartus 18
b. Mouse

c. Board FPGA DE10-LITE

5.3.2 Langkah percobaan modul 5 (BCD to 7-Segment)
1. Hidupkan Laptop
2. Buka aplikasi quartus

3. Pilih New Project Wizard & next

Messanes
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5. Menentukan device family dengan MAX 10(DA/DF/DC/SA/SC) dan name filter
dengan 10M50DAF484C7G & klik 10M50DAF484C7G pada available device
next @ next @ finish

& New Project Wizard X

Family & Device Settings

Select the family and device you want to target for compilation.
You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus TT software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in ‘Available devices' list
Family: | MAX 10 (DA/DF/DC/SA/SF/SC) *| package: Any v
Devices: | All & i cotints Any -
Target device Core Speed grade: | Any v
Auto device selected by the Fitter Name filter:
@ Specific device selected in 'Available devices' list Show advanced devices
Other: n/a

Available devices:

Name Core Voltage LES User I/0s Memory Bits Embedded multiplier 9-bi
T e s S 72 S

< Back Finish Cancel Help
6. KIlik File > New > Verilog HDL File lalu tekan OK

GNew e

New Quartus Prime Project

* Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Tcl Script File
WHDL File

~ Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

~ Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF

> Mthar Cilae

| OK | Cancel Help

w T T e

7. Setelah muncul workspace, “tuliskan kode Verilog seperti gambar di bawabh ini lalu

save.
1 Omodule MODULS( ~
2 input [2:0] number,
3 output [6:0] segments
4 H
5
(] assign segments = (number 4"h0000) ? 7'bl000000
7 (number 4'h0001) 7 7'bhl1i11001
8 (number 4"h0010) ? 7'b0100100
g9 (number 4"h0011) 7 7 'b0110000
10 {number 4"h0100) 7 7'b0011001
11 (number 4'h0101) 7 7 'b0010010
12 (number 4'b0110) ? 7'b00000OLO :
13 (number 4'h0111) 7 7'bl111000 :
14 (number 4"b1000) ? 7 'b00000D0O0 :
15 (number 4°h1001) 7 7'b0010000
16 7'b1111111; a11 segments off for invalid in
17
18 endmodule
19
20 Emodule DigitalNumberDisplay(
21 input clk,
22 input [7:0] data,
23 output reg [6:0] segments,
24 output reg dp
25 bH
26
27 reg [2:0] digit0, digitl;
28
29 Ea'lways @(posedge cTk) begin
30 | digitd <= data[2 D], v
a1 AiAai+r1l o Aaral7s
< >
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g (number

b0o011)

b0110000 :

— 7 7 ~
10 (number == 4"h0100) 7 7' b0011001 :

11 (number = 4°b0101) 7 7 'b0010010 :

1z (number == 4°b0110) 7 7' b0000010 :

13 (number == 4'b0111) 7 7'bh1111000 :

14 (number = 4"b1000) 7 7 'b0O0000O0OO :

15 (number == 4°b1001) 7 7' 'b0010000 :

16 7'b1111111; 411 segments off for invalid in
17

18 endmodule

19

20 HAmodule DigitalNumberDisplay(

21 input clk,

22 input [7:0] data,

23 output reg [6:0] segments,

24 output reg dp

25 bH

26

27 reg [3:0] digit0, digitl;

28

29 E|a'|way5 @-(posedge clk) begin

30 digitd == data[3:0];

31 digitl <= data[7:4];

32 end

33

34 sevensegmentDecoder seg_decoder0(. number (digit0), .segments(segments));

35 sevensSegmentDecoder seg_decoderl (. number (digitl), .segments(segments));

36

37 endmodule

38 v
< >

8. Kemudian klik dua kali pada Analysis & Synthesis.

-

P Compile Design

* P analysis & Synthesis

b P Fitter (Place & Route)

b P Assembler (Generate programm

9. Setelah berhasil, klik Tools — Netlist Viewers — RTL Viewer.

{uliah/asprak/MODUL5/MODULS - MODULS

iments  Processing | Tools  Window

MODULS

<

vlolga =

ol

D g

)
2

1O 63~ O L A L P
&

>[|16
—|17

NCTRE S

Help

Run Simulation Tool b

Launch Simulation Library Compiler

Launch Design Space Explorer Il

Timing Analyzer

Advisors

Chip Planner

Design Fartition Planner

Netlist Viewers 4

Signal Tap Logic Analyzer

In-System Memory Content Editor

Logic Analyzer Interface Editor

SSLOE 9
[x]

L —
F =
0000) 7 7'bl000000 : /0
0001) ? 7'b1111001 : f1
0010) ? 7'b0100100 : f 2
nN119% 2 7'hn11000n - /2
Q RTL Viewer
A Technology Map Viewer (Post-Mapping)
& Technology Map Viewer (Post-Fitting)
@ State Machine Viewer nts ¢
r
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11.

Masukan Pin Location sesuai gambar berikut:

wort a8 x Top View - Wire Bond Pin Legend
MAX 10~ 10MSODAF4BICTG
e = Symbol Pin Type
Vcooo 00SC00000000000Y )
'Aoo §00§0°° 888325528 - e
Segyoseoove oooo 200 80 [ Userassigned |
gg S [ ] Fitter assigned ...
& @88 o g D @ Unbonded pad
A °
roups  Report BRINAOS . Reserved pin
o i x g 8%0 o peteiete g < Other configura
s § Y08
N 7 £38 (= E DEV_OE
v Early Pin Planning -o§° § 08'0
. . R DEV_CLR
B Early Pin Planning 0080808 8 80 eads - -
;Sce OO aOE A OaTaa0s (&) DIFF_n
P Run IO Assignment Analysi v “VOOO000000CCE00000000" = -
B &) DIFF _p
Named| * v [« Edit Filter: Pins: all

Node Name
& number(3]
B number2]
B number1]

& numberfo]

% segments[6]

‘@ segments[5]

% segments[4]

‘@ segments[3]

% segments[2]

‘@ segments[1]
%@ segments[0]

<<new node>>

Direction Location 1/0 Bank
Input PIN_C12 7
Input PIN_D12 7
Input PIN_C11 7
Input PIN_C10 7
Output PIN_C17 7
Output PIN_D17 7
Output PIN_E16 7
Output PIN_C16 7
Output PIN_C15 7
Output PIN_E15 7
Cutput PIN_C14 7

VREF Group
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO
B7_NO

Fitter Location 1/0 Standard
PIN_C12 25V
PIN_D12 25V
PIN_C17 25V
PIN_C10 25V
PIN_C17 25V
PIN_D17 25V
PIN_E16 25V
PIN_C16 25V
PIN_C15 25V
PIN_E15 25V
PIN_C14 25V

Reserved

Current Strength
12mA (default)
12mA (default)
12mA (default)
12maA (default)
12maA (defaul)
12mA (default)
12maA (defaul)
12mA (default)
12ma (default)
12mA (default)
12ma (default)

12. Klik Run I/O Assignment, lalu lakukan Compile Design Lagi.
- [:/02. Kuliah/asprak/MODULS/MODULS - MODULS

iew | Processing Tools Window Help
EE Start I/O Assignment Analysis
not = & Enable Live /O Check
Task -
v Compile Design
v P Analysis & Synthesis
B Edit Settings
B view Report
P Analvsis & Elaboration ¥
< > L

Slew Rate

2 (default)
2 (default)
2 (default)
2 (default)
2 (default)
2 (default)
2 (default)

Differential Pair  5trict Preservatior

Microcontroller Laboratory 2024
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13. Klik Tools > Programmer

k/MODUL5/MODULS - MODULS

ocessing | Tools  Window  Help

Run Simulation Taol L3 ES 23
| %, Launch Simulation Library Compiler
x| & St Compilation Repc
e 8. Launch Design Space Explorer i =
—
% & Timing Analyzer
3
4 Advisors 4
5
g “ Chip Planner gggf%
g @ Design Partition Planner ggﬁg
10 Netlist Viewers » |0100)
11 0101)
12 0110
13 @ SignalTap Logic Analyzer o
ﬂ In-System Memory Content Editor iggfg
2ligs Logic Analyzer Interface Editor
E3 ig In-System Sources and Probes Editor
|20 0
2 signal Probe Pins
§§ 4 Programmer
;‘; #li  JTAG Chain Debugger
26 & FaultInjection Debugger
27
28 System Debugging Tools >
29
v|[39 £ ipcatalog
e Nios Il Software Build Tools for Eclipse |
£ Platform Designer b ——

14. Hubungkan FPGA DE10-Lite ke Komputer/Laptop.

15. Klik Hardware Setup
o

No Hardware Mode:  JTAG » Progress

I_| Enable real-time ISP to allow background programming when available

Fi= Device Checksum Userzode Program/ Verify  Blank- Examire
Configure Check
output_fRes/NamaMod . 10MSODAF484 002705872 00270F72 (]
L
P addFle
* Add Device b
™ -
B
H
.
.
Tesaas
IOM00AS 484

OO

16. Pada Currently Selected Hardware ganti No Hardware Menjadi USB-Blaster. Lalu klik
Close

»

Hardware Seftings  JTAG Settings

Sebect a programming hardware setup 16 use when programming devices. This programming
nardwane setup applies cnly to the curent programmen windos:

Cumently selected hardwars: | Fa Mardwars -

Zuzilable hardware fems

Hardhware Server Part Addel Farcheare.

USE-Blaster Local USE-D

Close

Microcontroller Laboratory 2024 10
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17. Klik Start.

w

e, Hardwane Setup LIS E-Blaister |LPSE-0] Maode ITAG

Erable neal-tene ISP 1o alow background programming wiher available

Eilm Dewice Checlsum
Ll
sutput_fleshamabicd | 10MSODAF£L84 GOITOFTZ
B Auto Datect
. add File
i Davicn zzzzeezas Y
L .
TR - 3
—*; H

10MS00AF B4

18. Selesai.

Microcontroller Laboratory 2024
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