Modul Praktikum Sisdig

MODUL 11
IMPLEMENTASI RANGKATIAN DIGITAL MESIN KEADAAN BERHINGGA
(FINITE STATE MACHINE) DI FPGA MENGGUNAKAN VERILOG-HDL
1. Tujuan Praktikum
Setelah mempraktekan topik ini, praktikan diharapkan dapat :
e Praktikkan mampu memahami konsep dasar mesin keadaan berhingga (Finite
State Machine - FSM) dalam desain rangkaian digital.
e Praktikkan mampu menggunakan bahasa Verilog untuk mendesain dan
mengimplementasikan FSM.
e Praktikkan mampu memahami dan mengimplementasikan kode Verilog pada
platform FPGA DE10-Lite.
2. Dasar Teori
2.1 Rangkaian Kombinasional dan Rangkaian Sekuensial
Rangkaian kombinasional terdiri dari gerbang logika yang memiliki output yang
selalu tergantung pada kombinasi input yang ada. Rangkaian kombinasional melakukan
operasi yang dapat ditentukan secara logika dengan memakai sebuah fungsi boolean.
Rangkaian sekuensial merupakan rangkaian logika yang keadaan outputnya
tergantung pada keadaan input-inputnya juga tergantung pada keadaan output
sebelumnya. Rangkaian ini juga didefenisikan sebagai rangkaian logika yang outputnya

tergantung waktu.

Rangkaian

input =3 Kombinasional === output

input :; Rangkaian === output

presentstate nextstate

Memori |

gambar 1 rangakaian kombinasional dan rangkaian sekuensial
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2.2 Mesin Keadaan Berhingga (Finite State Machine - FSM)

Mesin Keadaan Berhingga (FSM) adalah model komputasi yang digunakan untuk
merancang logika sekuensial. Dalam sebuah FSM, sistem memiliki sejumlah keadaan (states) yang
berbeda, dan transisi (transitions) antara keadaan-keadaan ini terjadi berdasarkan input yang

diterima.

Dalam konteks praktis, FSM digunakan untuk mendesain dan mengimplementasikan
sistem yang memiliki perilaku yang terstruktur berdasarkan kondisi-kondisi tertentu. Misalnya,
dalam sebuah mesin penjual otomatis, FSM dapat digunakan untuk mengatur keadaan-keadaan
seperti "siap", "menerima koin", "memproses pesanan", dan seterusnya, serta transisi antara
keadaan-keadaan ini berdasarkan input seperti koin yang dimasukkan atau tombol yang ditekan

Adapun dua contoh dari FSM sebagai berikut :

e FSM Mealy: Output tergantung pada keadaan saat ini dan input. Ini berarti output
dapat berubah segera setelah input berubah, tanpa harus menunggu transisi state.

e FSM Moore: Output hanya tergantung pada keadaan saat ini. Output hanya
berubah ketika FSM masuk ke state baru.

x/y
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gambar 2. FSM ditampilkan sebagai diagram keadaan, dan sebagai tabel keadaan. Legenda di kiri atas menunjukkan
variabel keadaan A dan B, serta masukan x dan keluaran y.

3. Lembar Kegiatan Praktikum
3.1 Alat dan Bahan
e Software Quartus II
e  ModelSim

e Mouse
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e Laptop
3.2 Langkah Praktikum Modul 10
Bagian I

Kami ingin menerapkan mesin keadaan terbatas (FSM) yang mengenali dua urutan
spesifik simbol masukan yang diterapkan, yaitu empat angka 1 berturut-turut atau empat
angka 0 berturut-turut. Ada masukan w dan keluaran z. Kapanpun w = 1 atau w = 0 untuk
empat pulsa clock berturut-turut, nilai z harus 1; jika tidak, z = 0. Urutan yang tumpang tindih
diperbolehkan, sehingga jika w = 1 untuk lima pulsa clock berturut- turut, output z akan sama
dengan 1 setelah pulsa keempat dan kelima. Gambar 1 mengilustrasikan hubungan yang

diperlukan antara w dan z.

Gambar 1: Waktu yang diperlukan untuk keluaran z.

Diagram keadaan untuk FSM ini ditunjukkan pada Gambar 2. Untuk bagian ini Anda
harus secara manual mendapatkan rangkaian FSM yang mengimplementasikan diagram

keadaan ini, termasuk ekspresi logika yang memberi makan setiap keadaan flip-flop. Untuk

Kode Negara

HNama y8yTyEySydy3y2y 1yl
000000001
000000010
000000100
000001000
00001000
000100000
G 001000000
H 010000000

100000000

A
B
C
D

m g

Tabel 1: Kode one-hot untuk FSM.

Cambar 2: Diagram keadaan untuk FSM
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mengimplementasikan FSM gunakan sembilan state flip-flop yang disebut y8,...,y0 dan

penetapan status one-hot yang diberikan pada Tabel 1.

1. Buat proyek Quartus® baru untuk sirkuit FSM.

2. Tulis file Verilog yang membuat instance sembilan flip-flop dalam rangkaian dan yang menentukan

ekspresi logika yang menggerakkan port input flip-flop. Gunakan hanya pernyataan penetapan

sederhana dalam kode Verilog Anda untuk menentukan logika yang memberi makan sandal jepit.

Perhatikan bahwa kode one-hot memungkinkan Anda memperoleh ekspresi ini melalui inspeksi.

Gunakan sakelar sakelar SW0 sebagai input reset sinkron aktif-rendah untuk FSM, gunakan

SWI sebagai input w, dan tombol tekan KEYO sebagai input jam yang diterapkan secara manual.

Gunakan LEDRY lampu merah sebagai keluaran z, dan tetapkan keluaran flip-flop status ke LEDRS
lampu merah ke LEDRO.

3.

Sertakan file Verilog dalam proyek Anda, dan tetapkan pin pada FPGA untuk terhubung ke sakelar
dan LED.

. Simulasikan perilaku sirkuit Anda.

. Setelah Anda yakin bahwa rangkaian berfungsi dengan baik sebagai hasil simulasi Anda, unduh

rangkaiannya ke dalam chip FPGA. Uji fungsionalitas desain Anda dengan menerapkan urutan
masukan dan mengamati LED keluaran. Pastikan FSM bertransisi dengan benar antar status seperti

yang ditampilkan pada LED merah, dan menghasilkan nilai keluaran yang benar pada LEDR9.

. Terakhir, pertimbangkan modifikasi kode one-hot yang diberikan pada Tabel 1. Seringkali

diinginkan untuk menyetel semua flip-flop output ke nilai 0 dalam keadaan reset.

. Tabel 2 menunjukkan penetapan status one-hot yang dimodifikasi di mana status reset, A,

menggunakan semua angka 0. Hal ini dilakukan dengan membealik variabel keadaan y0. Buat versi
modifikasi dari kode Verilog Anda yang mengimplementasikan penugasan negara ini. (Petunjuk:
Anda hanya perlu melakukan sedikit perubahan pada ekspresi logika di sirkuit untuk

mengimplementasikan tugas negara yang dimodifikasi.)
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8. Kompilasi sirkuit baru Anda dan ujilah.

{3k Quartus Prime Lite Edition - DyASPRAK SISDIG/ftp, inteL.com/labs/Digital _Logic/Verilog_lab_source.

file Edit View Project Assignments Processing Tools Window Help

/DE10-Lite/part] Verilog/part1 - part]

r partl /T CrPFES QAR @
Project Navigatar Hierarchy -agex partiyv o
o B o
Entitynstance r =N WL
1 equence detector FSM using one-hot encoding.
MAX 10: 10M50DAF484CTG 2 7 SW0 is the active low synchronous reset, is the w input, and KEYO is the clock.
o parr 3 The 2 uunur appears on LEDRY, and the state FFs appear on LEDRS..0
- 4 mnrlu1p partl (Sh‘, KEY, LEDR);
5 input [1: :
6 fnput ¥
7 output [9:0] LEDR-
8
9 wire L]ﬂtk, Rese(n, w4 z;
10 wire [8:0] y
11
12 assign Clock = KEV[0];
13 assign Resetn = swi0]}
14 assign w = SW[1];
15
16 d;sw?
17 flip 'IUD FFO(Y D[ ] (.'\Dck 1'bl, Resetn, [01);
18 ASSW?\ y_r0] | y-or51'| v0olo i I 071 | v Ql8]) & ~w;
19 flip 'Iup fFl( Clock, tn 1, 15
— 20 ass1? D[2] = %’ af1] & ~w;
[ Compilation ame = % :J;Eglue_mzwj ) IWuck Resetn, 1, ya[2]);
23 flipflop fr3(v_n(3 ]‘ Clock, Resetn, 1°b1, y.Q[3]);
Task 24 assign Y_D[4] = (y_Q(3] | y_Q[41) & ~
v W Compile Design gé Flipflop Ffa(v_n[], cm(u Resetn b1, y_a[41d;
> B Analysis & Synthesis 27 assign ¥.D[5] = (y_Q[0] | v. Q[ ] I yQ[ ] |y o] | yQl41) & w;
» 28 F'hp?'lop FES v D[ ] (.'\uck yQ[51);
> B Fitter [Place & Route) 29 J;”?” Y_b[&
o (Generate prosramming £ 30 Flipflop F16( C'\uck Resetn, v_alel);
er (Generate programming file | || 39 JALIA
> W Timing Analysis 32 flipflop r{?g %) 1, [C}wclk, Re[sﬁ;n& val71);
assign Y_D[8] = y_al[8
P EDA Netlist writer ;g flipflop Fr8(v_n[¥ ]‘ Clock, Resetn, y_ale]);
W Edit Semings
=R 36 assign z_= y_0[41 | y.al8];

s(al O A A (A I S8 Find. 88 Find Next
*
= Message

Configuration succeeded -- 1 device(s) configured

02 uccessfully performed operation(s)
© 203061 Ended Programmer operation at sun May 19 17:40:20 2024

Messages

System (12}  Pracessing

26°C
n = —
<" cerah BN Q search = |

-

Brsemad®a2¢@

1
%

Kode Megara

Mama yBl 7 yEyoydyIy2y 1yl

Tabel 2: Kode one-hot yang dimodifikasi untuk FSM.

A
B

000000000
000000011
000000101
000001001
000010001
000100001
001000001
0100002001
1000000301

0% 000000

17:48
~ e FED g ® M
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{3k Quartus Prime Lite Edition - Dy/ASPRAK SISDIG/ftp | Logic/Verilog_lab_source f i /DE10-Lite/part Verilog/part - part] - 8 x

file Edit View Project Assignments Processing Taols Window Help scom @
) I r partt P SETH TP DAl

Praject Navigatar » Hierarchy ~anpexl @ parmy o

BE om e e
Entityinstance ﬁ LIakS: RIS

assign Y_D[1] = (y_al0] T yol5] T v_al&] I y D[] Ty QlE]) & ~w;
i MAX 10 10MS0DAF484C7G i Flipflop f1(v_0[1], clock’ Resern, 1751,
- 20 assign ¥_D[2] = y Qf1] & ~w;
b 21 E ¥-Qr213;
22 n 3
23 flip 'IUD FH(Y_D *] “Clock, 'Resetn, y-Ql31);
24 asﬂ? Q3] | yol4D) &
25 flipflop ﬂ‘d(v IJ[J] C'\uck Resetn, 1 y_al41);
26
27 asswgn Y_D[5] = (y_ u[l-] | yol1] | v. | yn[:] | yal4]) & w;
28 flipflop f-FS(\’_D[ 1, nck Resetn, 1, yal5])
29 assign v_D[6] = y ais J
30 Flipflop fﬁs(v_n[n] mnck Resetn, y_al61);
31 assign Y_D[ fel
32 f11uf'|ou ff?(v_o[ ] c'\ock Resetn, 1° yl’1;
33 d;s\? G G7] | y.ol5]) & w;
34 Flipflop Fv‘s(‘r-o[r] Clock, Resetn, 1 y-Q[81);
35
36 assign z Q[ 11 y 0['«]
— 37 assign LEDR{ H
38 assign LEDR[® '] z
Tasks Compilatian 39 endmodule
40
Task 41  module flipflop (D, Clock, Resetn, Setn, Q)
v B Compile Desig 42 D, Clock, Resetn, Setn;
“ P compile Design 43 output reg Q;
> B Analysis & Syninesis 44
> 45 always @(posedge (_'\uck
> B Fitter (Place & Route) 16 iF (Resetn 1'60) // synchronous clear
> B Assembler (Generate programming file | |[ 47 Q<= 1t
v n rogramming fi
P Assembler (Generate programming fl | || 4 else if (Setn == 1'b0) // synchronous set
v > P Timing Analysis 49 Q <=1k
50 else
> B EDA Nerlist writer 5 2 < D;
B Edit Serings 52  endmodule
= o 53
2lal O A A AT ter 84 rind. 88 Find Next
*
=|Tvoe ID Message
© 209007 Configuration succeeded -- 1 device(s) configured
© 209011 Successfully performed operation(s)
© 209061 Ended Programmer operation at Sun May 19 17:40:20 2024 |
$| system(12)  Processing
0% 00:00:00
26°C - e 1748
Cerah Q search A e - 5883 {‘9 a@ G @ ~ e FED g ® M
& Pin Planner - DYASPRAK labs/Digital_Logi g.lab_source.| E10-L 1 - partt = o X
File Edit View Processing Tools Window Help s era.com )
[Report aex Top View -wive Bond Pin Legend b x|
e/ MAX 10 - 1OMSODAFAB4CTG  pE A a—— |
| Reporn Symbol Pin Type
Q user /o
¥ @  userassign..
o Fitter assign...
Groups  Report @  unbonded.
e T { ] Reserved pin
- < Other conti.
#:| Vv T Early Pin Planning : g
[ ] W Early Pin Planning 1 E £
. R DEV_CLR
L
Y n DIFF n
# o Edit Filter: Pins: all b
€ Direction Location YOBank  VREF Group ‘itter Locatior 1/O Standard  Reserved irrentStreng  Slew Rate  ifferential Pai ict Preservati
: Input PIN_BS 7 B7_NO PIN_B8 33V rigger 8mA (default)
L output PIN_B11 7 B7_NO PIN_B11 33-VLVTTL 8mA (default) 2 (defauly)
o Output PINAT 7 B7_NO PIN_A11 8mA (default) 2 (default)
& Output PN D14 7 87_No PIND14  33VLVITL 8mA (default) 2 (default)
Output PINE14 7 87_No PINE14  33-VLVITL 8mA (default) 2 (defautt)
Output PIN_C13 7 B7_NO PIN_C13 33-VLVITL 8mA (defauly) 2 (default)
Output PIN_D13 7 B7_NO PIN_D13 33-VLVTTL 8mA (default) |2 (default)
Output PIN_B10 7 B7_NO PIN_B10 33-VLVTTL 8maA (default) 2 (default)
® LEDR[2] Output PIN_A10 7 B7_NO PIN_A10 33-VLVTTL 8mA (defauly) 2 (defauly)
‘@ LEDRI1] Output PIN_A9 7 87_NO PIN_A9 33-VLVITL BmA (default) 2 (default)
‘@ LEDR[O] Output PIN_AB 7 B7_NO PIN_A8 33-VLVITL 8mA (default) 2 (default)
- Swi1) Input PNC11 7 87_No PINC11  33-VLVITL 8mA (default)
® SW[0] Input PIN_C10 7 B7_NO PIN_C10 33-VLVTTL 8mA (default)
<<new node>>
£
&
2
Early Pin Planning 0% 00:00:00
26°C - = - = 17:53
Cerah EE  Q Search <ZA'm B = A8 REOD g 8 T
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{3k Quartus Prime Lite Edition - DyASPRAK SISDIG/ftp, inteLcom/labs/Digital _Logic/Verilog_lab_source i /DE10-Lite/part] Verilog/part1 - part] - 8 X
file Edit View Project Assignments Processing Tools Window Help arch alt Y
r = Run Simulation Tool E -
» Launch Simulation Library Compiler
Project Navigator Hierarchy ~ages fy Comp partiy o
%, Launch Design Space Explorer I -
Entityinstance R
© Timing Analyzer Ty al5T Ty ole] Ty al’T T vy alE]) & ~w;
MAX 10: 10MS0DAF484C7G bck, Resetn, 1'bl, y_Q[1]));
& pam1 T Advisors H .
part bek, Resetn, 1, y21);
Chip Pla l
e Sek, Resetn, 1°b1, y_a[31);
€ Design Partition Planner | y0[41) & ~w|
4
vy , bck, Resetn, . y-Ql41);
m n | yoll] | yo[2] | yol3] | yal4]) &w;
£ signal Tap Logic Analyzer Mkf’ Rgsun]yr- 1, y_é[ﬂ); ¥
= In-System Memory Content Editar H .
bck, Resetn, 1, yal61);
= Logic Analyzer Interface Editor w!
k, Resetn Ql71);
o In-System Sources and Probes Editor pek, : - '
- . | y-Q[81) & w
Signal Probe Pins_. bck, Resetn, y-Ql&1);
& Programmer
—— & JTAG Chain Debugger
Tasks Compilation » =38 & Faultinjection Debugger
System Debugging Tools c
Task Z SRl Resetn, setn, Q);
v B Compile Design A 1P caralog Setn;
> B Analysis & Synthesis Nios Il Software Build Taols for Eclipse
> B Fitter (Place & Route) i Doty / synchronous clear
, ramming fil i
[ gramming file | # Tel Seripts.. boy synchronous set
> - Timing Analy Customize..
P EDA Netlist writer Options_.
B Edit serings License Setup..
S~ b Install Devices_. |
2lal O A A M 1 84 rind. 88 Find Next
*
=|Tvoe 1D Messace
© 209007 Configuration succeeded -- 1 device(s) configured
Successfully performed operation(s)
© 209061 Ended Programmer operation at Sun May 19 17:40:20 2024 I
P
$| system(12)  Processing
Opens a Programmer window 0% 000000
26°C . 1753
A, Searc =
< cerah Q search =4 W I < ) ~ e FED g ® W
Programmer - Dy/ASPRAK SISDIG/fp.intel.com/ftp.intel.com/labs/Digital L lab_source | i DE10-Lite/part] Verilog/part1 - part1 - [part1.ccf] - 8 X
file Edit View Processing Tools window Help arch alt Y

2-0) Made: ITAG - brogress | 100% (Successful)

) Enable real-time ISP 1o allow background programming when available

& Hardware Sewp— | [IETRTCTIE

osan File Device Checksum Usercode Programy Verify Blank- Examine Security Erase ISP
Configure Check Bit CLAMF
partt.sof 10M50DAF484 0027238 oo2723ca @

% Auto Detec

* Add File.
* Add Device

26°C - 1753
n I} . =
< cerah Q search =1 I - ~ e FED g ® W
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Hasil Bagian satu di fpga :

terasic.com/cd

nload DE10-Lite CD

Bagian I1
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Untuk bagan ini, Anda harus menulis kode Verilog gaya lain untuk FSM pada Gambar 2. Pada
versi kode ini, Anda tidak perlu memurunkan ekspresi kagiku yang dibutuhkan untuk setiap state
flip-flop secara manual Sebagai gammya, gambarkan tabel state untuk FSM dengan menggunakan
pernyataan kasus Verilog dalam blok selalu, dan gunakan blok selalu lainnya untuk menginstansiasi
flip-flop state. Anda bisa menggunakan blok selalu ketiga atau pernyataan penugasan sederhana
untuk menentukan keluaran Untuk mengimplementasikan FSM. gunakan empat buah sate lip-flop v

dan kode-kode biner, seperti yang ditunjukkan pada Tabel 3.
Kode

Nama | Negara
V VYV Vaoo
0000

0001
0010
0011
0100
0101
0110
0111
1000
Tabel 3 Kode biner untuk FSM

- OmMmOoAE e

1. Membuat proyek baru untuk FSM.

2. Sertakan file Verilog Anda dalam proyek yang menggunakan gaya kode pada Gambar 3. Gunakan

sakelar, tombol tekan, dan lampu yang sama dengan yang digunakan pada Bagian 1.

3. Sebelum mengkompilasi kode Anda. Anda harus secara eksplisit memberi tahu alat Synthesis di
Quartus bahwa Anda ingin mesin keadaan terbatas dumplementasikan dengan menggunakan
pemagasan keadaan yang diuntukan dalam kode Verilog Anda. Jika Anda tidak secara eksplisit
memberikan pengaturan ini ke Quartus, Synthesis tool akan secara otomatis menggunakan state
assignment yang dipilihnya sendiri, dan akan anengabaikan state code yang ditentukan dalam kode
Verilog Anda. Untuk membuat pengaturan ini. pilih Assignments > Settings di Quarties, dan klik
pada item Compiler Settings di sisi kiri jendela, lalu lik tombol Advanced Settings (Synthesis),
Seperti yang ditunjukkan pada Gambar 4, uhah parameter State Machine Processing ke pengaturan

User-Encoded.
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4. Kompilasi proyek Anda. Untuk memeriksa rangkaian yang dihasilkan oleh Quartus, huka alat
RTL Viewer. Klik dan kali pada kotak yang ditunjukkan pada rangkaian yang merepresentasikan
finite state machine, dan tentukan apakah state diagram yang ditunjukkan sesuai dengan yang ada
pada Gumhar 2. Untuk melihat kode-kode state yang digunakan untuk FSM Anda, boka Laporan

Kompilasi, pilih bagian Analisis dan Sintesis pada laporan tersebut, dan klik State Machines.
5. Unduh rangkaian ke dalam chip FPGA dan uji fungsinya.

6. Pada langkah 3. Anda menginstruksikan alat Quartas Synthesis untuk menggunakan state
assignment yang diberikan pada kode Verilog Anda. Lamak melihat hasil dari menghapus
penganuran ini, huka kembali jendela pengaturan Quartus dengan memilih Assignments > Settings,
dan klik pada item Compiler Settings di sisi kiri jendela, kemudian klik tombol Advanced Settings
(Synthesis). Ibab pengaturan untuk Pemrosesan Mesin Negara dari User-Encoded ke One-Hot
Kompilasi ulang rangkaian lalu buka file laporan, pilih bagian Analisis dan Sintesis pada laporan,
dan klik State Machines. Bandingkan kode keadaan yang ditampilkan dengan yang diberikan pada
Tabel 2, dan diskusikan perbedaan yang Anda amati

Sk Quartus Prime Lite Edition - D/ASPRAK SISDIG/ftp.intel.com/ftp.intel.com/labs/Digital_Logic/Verilog_lab,_source files/Exercise7/solutions/DE10-Lite/part2 Verilog/part2 - part2 - -] X
File Edit View Project Assignments Processing Tools Window Help ®
r part2 - FPEES QADE @

Project Navigator Hierarchy ~anex & B
MAX 10: 10MS0DAF484CTG 2 nous reset, SW0 is the w input, and KEVO is the clock.
> paz 3 / The z output R0, and the State FFs appear on LEDR3..

par 4 module part? (CLOCK_ W, KEY, LEDR);
5 input CLOCK_50;
6 input [1:0] Sw;|
input [0: ] KEY;
B output [9:0] LEDR;
9
10 wire Clock, Resetn, w, z;
1 reg [3:0] y.Q, Y.0;
12
13 debounce DL (CLOCK_50, KEY[0], Clock);
14 assign Resetn = sw[0];
15 assign w = SWL ]-
16
17 parameter A = 4'b0000; B = 4'b000L, C 110, D JE
18 F 01, 6 = 4'b0110, H = 4 , I = a'blooo;
19
20 always 0(w, y_Q) .
Tasks compllation czass % g bcu;gg;g;;ggta: e
Az Iw) Y_D = B
Task 24 else YD =
- Compil 25 D if ('w) YD =C
P Compile Design & PASA
P Analysis & Synthesis 27 C:if (W) YD = D
28 else ¥._D
P Fimer (Place & Route) 29 D: if Clw) YD - E
ecombier (Generate programming fite- ] || 30 else v_D =
P Assembler (Generate programming file 31 e SF U“ VD LE
B Timing Analysis 32 else v_i
> 33 FoSF QYD
EDA Netlist Writer 3 elsé v
B Egi se 35 6: if (!w) YD -8
_El Setings 36 else Y. = H;

. .

alal © A A A @8 rind.. 88 Find Next

]

TvDe ID Messaae
L 18236 Nunber of processors has not been specified which may cause overloading on shared machines. set the global assigunent NUM_PARALLEL_PROCESSORS in your QSF To an appropriate va

© 20030Parallel compilation is enabled and will use 2 of the 2 processors detected
° Quartus Prime Analyze Current File was successful. 0 errors, 1 warning |
H
S| system(2)  Processing (6)
Ln6 col19 Verilog HDL File 100% 000028
© 26 i S & et g @ R 1836
B Q seach A B se8@ . 5] NS TR gy 8 T
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{3 Quartus Prime Lite Edition - DYASPRAK SISDIG/ftpintel, flabs/Digital Log lab_source DE10-Lite/part2, - part2
Flle Edit View Project Assignments Processing Tools Windaw Help

s r part2 N SEEE TrEES QAR ®
IProject Navigator i Hierarchy ~anex @ panzy (x]

Entityiinstance
% MAX 10: 10M50DAFAB4CTG 2
* pa2 ™ 2

Tasks Compilation

Task a1
~ P compile Design b
> B Analysis & Synthesis 47

» B Fitter (Place & Route) 49
P Assembler (Generate programming file

> P Timing Analysis 52

> P EDA Netlist writer

W Edi 55
" Edlsemr\rgsr , 3%

Al @ A& (A ¥ <criner>>

e

Tvpe Messaae

T EF ot dw B BT

B  begin: state_table
8 case
A

A @

nom

o

else ¥_D
default: Y0 =

endcase
end // state_table

always @(posedge Clock)
if (Resetn 1'b0) // synchronous clear

assign D)7 bl 1
assign
assign
assign
endmodule

S rind.. 88 Find Next

@ 20030Parallel compilation is enabled and will use 2 of the 2 processors detected
>0 Quartus Prime Analyze Current File was successful. 0 errors, 1 warming

E System (2]  Processing (6)

@ 26°c

" Berawan

Sk Quartus Prime Lite Edition - D/ASPRAK SISDIG/ftp.intel.com/ftp.intel.com/labs/Digital_Logic/Verilog_lab,_source.file

File Edit View Project Assignments Processing Tools

Q Search = e

/DE10-Lite/part2. 2 - part2

Window Help

coeFado

= 0 Device. FRO OADE @
[Project Mavigator s Cl¢shifsE |}, 5, 0 @ Compilation Report - partz
qu Assignment Editor cul+shitsa =P % 0 W % BT
1 schifsy  ICE detector FsM.
\ MAX 10: 10M50DAF a4l & PIN Planner CulsShifeN . o active low synchronous reset, Sw0 is the w input, and KEYO is the clock.
> M panz Remove ASSignments.. tput appears on LEDR®, and the state FFs appear on LEDR3..0
1% Back-Annotate Assignments... &étlﬁgﬂdn. SW, KEY, LEDR);
IMPOrT ASSIgNMENts... : 3
5 1 KEY;
port Assignments.. 1 LEDR;
Assignment Groups... '
ck, Resetn, w, z;
# Logic Lock Regions Window AL 1 ya, vo;
A Design Partitions Window AlD D1 (CLOCK_50, KEV[0], Clock);
e 355G Resetn = SWLD]:
15 assign w = SW[11;
e 16
17 A = 4'b00C 11, E = 4°
Tasks compilation ~=aex|qg 0101, G )
I 1119
Task 20 always @(w, y,u)l
. = 21 @ begin: state_table
¥ Complle Cesign 2 B case (y_Q)
v > P Analysis & Synthesis 23 Az If (1w) YD = B;
24 else ¥.D = F;
P Finer (Place & Route) 25 B: [d] D =C;
> 26 else ¥.D = F;
P Assembler [Generate programming file 27 c: GF ¢ YD = D:
~ B Timing Analvsis 28 else V.0 = F:
:w -
slla] © A A A ¥ <ckiter>> #8rind.. 88 Find Next
]
= |Twoe ID Messace
© 20030Parallel compilation is enabled and will use 2 of the 2 processors detected
» @ 12021Found 1 design units, including 1 entities, in source file part2.v
@ 12127 Elaborating entity "part2" for the top level hierarchy
> A 12125 Using design file debou
© 12128 Elaborating entity “debounce” for hierarchy “debounce:p1"

& 13024 Qutput pins are stuck at VCC or GND

© 286030 Timing-Driven Synthesis is running

@ 170494 registers lost all their fanouts during netlist optimizations
> @ 16010 Generating hard_block partition "hard_block:auto_generated. t!

)
& 18236 Number of processors has not been specified which may cause overloading on shared machines. Set the global assignment NUM_PARALLEL_PROCESSORS in your QSF to an appropriate va

100% 000029

18:36
AeFED g 8 T

- =] x
more L]
IIP Catalog pax
- xS

~ & Installed IP
~ Project Directory
No

~ Library
 Basic Functions
> Arithmetic
» Bridges and Adaptors
Clocks; PLLs and Resets
> Configuration and Programming
» o
Miscellaneous
3 On Chip Memory
> Simulation; Debug and Verification
~ psP
> Error Detection and Correction
> filters
> Floating Point

» signal Generation

ce.v, which is not specified as a design file for the current project, but contains definitions for 1 design units and 1 entities in project

> @ 21057 Implemented 29 device resources after synthesis - the final resource count might be different
g ° Quartus Prime Analysis & Synthesis was successful. O errors, § warnings
3| System(2)  Processing (15)

Change the Settings

1 Pl

= Berawan

Q Search =y ™ ki

coada@o

100% 000035
18358

A8 TR g0 8 0
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O Quartus te Edition - D/ASPRAK SISDIG/ftpnt m/iabs/Digi 3 Jab c st te/pact2 Verilog
’ Settings - part2 = mre ®
s W r part2 =
Project Navigator  Hierarchy ~ame x| ey [pevicesgoara. | e 58 x
e — | _!] General E X =
A MAX 10: 10M50DAFA84CTG Files Specify high-level optimization settings for the Compiler (including integrated synthesis and fitting). These settings. stalled 1P
, O par2 B Libraries control the optimization focus and algorithms that will be performed throughout design
part v IP Settings o
1P Catalog Search Locations Optimization mode k.
: ry
Design Tompiames © salanced (Normal flow) i Funcdons
v Operating Settings and Conditions 3
Voltage O performance (High effort - increases runtime) > Arithmetic
11 Temperature 7) Performance (Aggressive - increases runtime and area) ? Bridges and Adaptors
v Compilation Process Settings . - - > Clocks; PLLs and Resets
O Power (High effort - increases runtime)
Incremental Compilation > Configuration and Programming
v EDA Tool Settings O Power ive - i ime, red Evo
Oesign Enury/Syntlissis O Area (Aggressive - reduces performance) i !fiscelangous
Tasks Compilation v=ge = Simulation > On Chip Memory
S Board-Level Prevent register optimizations > simulation; Debug and Verification
v Compller Settings O e A e e
viB e VHOL Input ) Prevent register retiming
Sompla e P > Error Detection and Correction
v > B Analysis & Synthesis Verilog HOL Input
Ottt Phssickas Advanced Settings (Synthesis)..| Advanced Settings (Fitter)_ > Filters
P Finer (Place & Route) X i
Timing Analyzer ? Floating Point
> B Assembler (Generate programming file- e > Signal Generation
v P Timine Analvsis Design Assistant o
{ ;

z
o
13
> L ]
>

U x
=
<

oocoorOrOOO3

ID  Message

20030 Parallel compilation is enab]
12021 Found 1 design units, includi
12127 Elaborating entity “"part2" f¢
12125 Using design file debounce.v,
12128 Elaborating entity "debounce!
13024 Output pins are stuck at VCC
286030 Timing-Driven Synthesis is ri
17049 4 registers lost all their 3
16010 Generating hard_block partiti
21057 Implemented 29 device resour¢

Quartus Prime Analysis & Symt

"n"\
3| — |
g
z

System(2)  Processing (15)

25°C
" Berawan

signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings

SSN Analyzer

Description:

Controls the Compiler's high-level opti

lization strategy. By default, the Quartus Prime Compiler optimizes in a

1 entities in project

balanced mode, targeting the design's timing constraints. The alternate modes cause the Compiler to prioritize a |
particular optimization metric. High effort modes primarily enable additional optimizations that increase

comy
other optimization metrics (performance, area, etc).

W Buy Software

Cancel

Q Search

Setelah klik OK lalu APPLY dan OK.

s d r

part2 b
Project Navigator

 Hierarchy vage x}

Category:

Entityinstance

# MAX 10: 10M50DAF484C7G
8 par2

Tasks Compllation v=36x

Task
~ P Compile Design
v P Analysis & Synthesis
P Fitter (Place & Route)

P Assembler (Generate programming file:

v P Timine Analvsis

=
o
B
< %
b 4
<

U x
g

oocoorOrOOO]

Messace
20030 Parallel compilation is enab]
12021 Found 1 design units, includi
12127 Elaborating entity "part2" f¢
12125 Using design file debounce.v,
12128 Elaborating entity "debounce!|
13024 Output pins are stuck at VCC
286030 Timing-Driven Synthesis is ri
17049 4 registers lost all their 3
16010 Generating hard_block partiti
21057 Implemented 29 device resour¢

Quartus Prime Analysis & Synt

System (2)  Processing (15)

© ¢

" Berawan

General
Files
Libraries
1P Settings
1P Catalog Search Lo
Design Templates
Operating Settings and
Voltage
Temperature
v Compilation Process Se
Incremental Compilz
v EDA Tool Settings
Design Entry/Synthe
Simulation
Board-Level
Vv Compiler Settings.
VHOL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
signal Tap Logic Analy:
Logic Analyzer Interfact
Power Analyzer Setting
SSN Analyzer

<

<

Q Search

Advanced Analysis & Synthesis Settings

Specify the setings for the logic options In your project. Assignments made to an individual
node or entity in the Assignment Editor will override the option settings in this dialog box.

& <<Filter Show: All
Name: Setting:

Repart Connectivity Checks on

Report Parameter Settings on

Repart Source Assignments on

Resource Aware Inference For Block RAM on

Restructure Multiplexers Auto

SDC constraint protection oft

Sate State Machine oft

Shift Register Replacement - Allow Asynchronous Clear Signal On

Strict RAM Replacement oft
Synchronization Register Chain Length 2
Synthesis Effort Auto
Timing-Driven Synthesis on
Use LogicLock Constrants during Resource Balancing on
Description:

Specifies the processing style used to compile a state machine. You can use

your own 'User-Encoded style, or select ‘One-Hot, ‘Minimal Bits',‘Gray’,

*Johnson', "Sequential or 'Auto’ (Compiler-selected) encoding.

o)

ion time. Aggressive modes m:
other optimization metrics (performance, area, etc).

W Buy Software

)

increase compit

Cancel

oK

Reset

Reset All

Help

ipilation time. Aggressive modes may increase compilation time and also make trade-offs that may harm the

Help
[—
100% 00:00:35
A8 FXD 19/05/133‘ L]
more L)
Device/Board. 58

I —— x5

Jesis and fitting). These settings

ssign

stalled 1P

fime Compiler optimizes in a
timing constraints. The alternate modes cause the Compller to prioritize a I

Cancel

iem@Pa@o

targeting
particular optimization metric. High effort modes primarily enable additional optimizations that increase
ion time and also make trade-offs that may harm the

Basic Functions

> Arithmetic

> Bridges and Adaptors

> Clocks; PLLs and Resets

> Configuration and Programming
> o

? Miscellaneous

> On Chip Memory

> Simulation; Debug and Verification
DSP

> Error Detection and Correction

> Filters

> Floating Point

> Signal Generation

1)

1 entities in project

—
100% 000035
1859

AR RED g 8 T
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& Pin Planner - D/ASPRAK SISDIG/ftpintel,  Logi g_lab_source.f 10-Lite/part2. - part2 = o X
file Edit View Processing Tools Window Help )
R 98 % = N Pi e x
g [Repont Top View - Wire Bond I tagend
eport symbol Pin Type
MAX 10 - T0M50DAF484C7G
User I/O
EE @  userassign..
Wi { ] Fitter assign..
. (] Unbonded ..
D0 : <
QOVOOAD D o @  Reservedpin
VOB X OV € "
& \V C Other confi..
8050 v E DEV_OE
00+ R DEV_CLR
” 00/. 5 ore
T «
o = b L P DIFF_p
i Groups  Report a8
2 o POl % v 6) 0Q
g [Tasks amx » s oas
-] Early Pin Planning \/ @) ® S DQsB
o W Earty Pin Planning.. ° i
P Run I/0 Assignment / §4 axp
B B Export Pin Assignmen o i Other PLL
]
™ pin Finder.. D) Otherdual..
v I Highlight Pins £ o1
1/0 Banks T
| * 'Named: + Edit: Filter: Pins: all -
|'s Node Name Direcion  Location  1/OBank  VREFGroup I/OStandard Reserved rrentSweng SlewRate  ifferential Pal ict Preservati
CLOCK_50 Input PIN_P11 3 B3_NO 8mA (default) I
KEY[0) Input PIN_BS 7 B87_NO 8mA (default)
LEDR[9] output PNB11 7 87_NO BmA (defaul) 2 (default)
% LEDR[8] Output PIN_AT1 7 B7_NO 8mA (defaul) 2 (default)
® LEDR(7] Output PINDI4 7 87_NO 8mA (defauly) 2 (default)
LEDR(6] Output PIN_E14 7 B7_NO BmA (defauly) 2 (defauly
® LEDR[5] output PINC13 7 87_NO BmA (default) 2 (default)
LEDR{4] Output PIN_D13 7 B7_NO 8mA (default) 2 (default)
LEDR(3) Output PIN_B10 7 B7_NO 8mA (default) 2 (defaul)
‘% LEDR(2] Output PIN.AIO 7 87_NO BmA (defaul) 2 (default)
% LEDR[1] Output PIN_A9 7 B7_NO 8mA (default) 2 (default)
| ® LEDRIO) Output PIN_A8 7 87_NO 8mA (default) 2 (default)
£ swil Input PIN_C11 7 B7_NO BmA (default)
| ‘E‘ » SW[0] Input PIN_C10 7 B7_NO 33-vivITL BmA (defauly)
0% 00:00:00
© 25c = - . @ e — 1904
" Berawan Q search <Al I O ] & (V) A RED g 8 T
@ Programmer - D/ASPRAK SISDIG/Ttp.intel.com/ftp.intel.com/labs/Digital_Logic/Verilog_lab_source._files/Exercise/solutions/DE10-Lite/part2Verilog/part2 - part2 - [part2.cdf] - =) b3
File Edit View Processing Tools Window Help . Y
L Hardware Sewp  USB-Blaster [USB-0] Mode JTAG * Progress: | 100% (Successhill)
(] Enable real-time ISP to allow background programming when available
s File Device  Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP
Configure Check Bit CLAMF
partz sof 10MS0DAF48.. 00272578 00272576 @
% Auto Detec
® Add File.
ge Fil
35
* Add Device
Q¢ - N - e (k? Ay 2030
& oo Q Search Z8 . - 308 @ S A EFHD gpn 8 T

- Hasil compile bagian II di FPGA:
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o000l ™

00000}" i

B Download DEO-Lite CO_ ]

cd

Bagian 111

Detektor urutan dapat diimplementasikan secara langsung dengan menggunakan register geser,
daripada menggunakan pendekatan yang lebih formal seperti dijelaskan di atas. Buat kode Verilog
yang membuat instance dua register geser 4-bit; satu untuk mengenali urutan empat angka 0, dan yang
lainnya untuk empat angka 1. Sertakan ekspresi logika yang sesuai dalam desain Anda untuk
menghasilkan keluaran z. Buat proyek Quartus untuk desain Anda dan terapkan sirkuit pada papan
seri DE Anda. Gunakan sakelar dan LED pada papan dengan cara yang sama seperti yang Anda

lakukan pada Bagian I dan II dan amati perilaku register geser dan output z. Jawab pertanyaan berikut:
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bisakah Anda menggunakan satu register geser 4-bit saja, bukan dua? Jelaskan jawabanmu.

{3 Quartus Prime Lite Edition - DYASPRAK SISDIG/ftpintel, flabs/Digital Log Jab_source_ /DE10-Lite/part - part3 - a8 x
File Edit view Project Assignments Processing Tools window Help ch ®
X o part3 Y EES S F RS QAR .
IProject Navigator i Hierarchy ~anex @ pariay 8 9 Compllation Report - part3. IP Catalog e
Eom e, )@z =
Entityinstance Her 2 s ¥ = . . L |
1 |7/ a sequence detector FSM using a shift register iy led
% MAX 10: 10M50DAF484C7G 2 // SWO is the active low synchronous reset, Swi is the w input, and KEYO is the clock. Installed 1P
3 pana s 3 // The z output appears on LEDR, and the shift register FFs appear on LEDR3..0 “ Project Directory
4 / a sequence detector shift register R
5 / inputs: Resetn is No i a
6 module part3 (Sw, KEY, LEDR); ~ Library
i inout 1101 o » Basic Functions
9 output [9:0] LEDR; > psp
10 s
1 wire Clock, Resetn, w, z; Imerface Protocols
12 reg [1:4] S4_0s; // shift register for recognizing 4 0s > Memory Interfaces and Controllers.
ﬁ reg [1:4] S4_1s; // shift register for recognizing 4 1s > Processors and Peripherals
15 assign Clock = KEY[0]; > university Program
g; ;\-;;:g:: 2esetu[1 swiol; @ search for Partner IP
18 always @(posedge’ Clock)
19 g begin
20 | if (Resetn
21 8 begin
— 22 S4_0s
23 Sd_1s
Tasks Compilation v/m@e x|l 5 end
25 else
Task % B begin
. = 27 S4_0s[1] <= w;
v P compile Design 28 347 0s[2] 5.
v ¥ B Analysis & Synthesis 29 54_0s[3]
| 30 S4_0s[4]
W Edit Settings 31
ie 32 sd_1s[1]
ER View Report = BEHE|
v P Analysis & Elaboration 34 sd_1s[3]
o 35 S4_1s[4]
> B Partition Merge 36 end
> st Vi 37 end
Netlist Viewers 8
— + Add.
= L)
2 AL O Al A (A ¥ <<Filter> BB Find.. | 88 Find Next
L]
®|Tvoe ID Messaoe
© 332154 The derive_clock_uncertainty command did not apply clock uncertainty to any clock-to-clock transfers. 1
g 332146 worst-case setup slack is 0.653
$| System(12)  Processing (113)
100% 000115
- Q seuch oo Sac@ AEPab L2 0
< Kabut = - 21/05/2024
& Pin Planner - DYASPRAK SISDIG/1tp. | Logi g.lab_source_f 10-Lite/part3. - part3 - 8 x
File Edit View Processing Tools Window Help h al n @
! 48 x ) = i pex
£ [Repo Top View - Wire Bond o0 tpencl
J Symbol Pin Type
A MAX 10 - 1T0M50DAF484C7G
aQ User 1/O
¥ @  userassign..
e [ ] Fitter assign...
[ ] Unbonded ...
[ ] Reserved pin
C Other confi...
E DEV_OE
— DDA R DEV_CIR
S0XCNY, ‘OQEIOOrO @ n DIFF_n
B =] Y OADE NOX ® DIFF_p
Groups  Report Q oQ
Tasks a6 S oas
~ I~ Early Pin Planning S Dass
W garly Pin Planning... 1 aXon
P Run I/0 Assignment s d axkp
W Export Pin Assignmen L Other PLL
W pin Finder... o) Other dual ..
Highlight Pins o
B9 1/0 Banks. 23 45 678 9101121314151 17181920222 T
™S
5 Named:* v & Edit Filter: Pins: all =
9 Node Name Direction Location 1/O Bank VREF Group ‘itter Locatior 1/O Standard  Reserved srrent Streng  Slew Rate  ifferential Pal ict Preservati
»-[KEVIO) Input PIN_B8 7 87_No PIN_B8 33V .sigger 8mA (defauly I
‘@ LEDR[9] output PIN_B11 7 B7_NO PIN_B11 33-VLVITL 8mA (default) 2 (default)
% LEDR[8) Output PINATL 7 87_NO PINATT  33-VLVITL 8mA (defauly) 2 (default)
® LEDR{7] Output PIN_D14 7 B7_NO PIN_D14 33-VLVTTL 8mA (default) 2 (default)
‘® LEDRI6) Output PIN_E14 7 B7_NO PIN_E14 3.3-VLVTTL 8mA (defauly) 2 (defaul))
“® LEDR[S] Output PINCI3 7 B7_NO PIN_C13 8mA (default) 2 (default)
% LEDR[4] Output PNDIZ 7 87_No PIN_DI3  33VLVITL 8mA (default) 2 (default)
® LEDR(3) Output PN B0 7 87_No PIN_BI0  33-VLVTTL 8mA (defauly) 2 (default)
- Output PIN_A10 7 B7_NO PIN_AT0 33-VLVTTL 8mA (defaul) 2 (default)
Output PIN_A9 7 87_No PIN_A9 33-VLVITL 8mA (defauly) 2 (default)
Output PIN_AS 7 B7_NO PIN_A8 33-VLVTTL 8mA (default) 2 (default)
Input PIN_C11 7 B7_NO PIN_C11 33-VLVITL 8mA (default)
Input PIN_C10 7 B7_NO PIN_C10 33-VLVTTL 8mA (default)
100% 000115
- 0439
. )
Q Search <A B ca @ﬂ (V) @ A8 FDD e 8 T
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4 Programmer - D/ASPRAK SISDIG/ftp.intel.comyftp.intel.com/labs/Digital_Logic/Verileg lab_source | DE10-Lite/part3 Verilog/part3 - part3 - [part3.cdf] = a x
File Edit view Processing Tools window Help . era. )
2 Hardware Setwp_ | Usa-alaster [USB-0] Mode: JTAG - progress: | 100% (Successtull |
() Enable real-time ISP to allow background programming when available

s File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP

canfigure Check ait cLAMF
partasof 10M500AF484 002710C6 00271006 B

% Auto Detec

* Add File...
* Add Device

O 2c

< Kabut B Q searn 8 e B - Tl | @ ﬂ Q @ e ewb e

"

- Hasil compile bagian I1I di FPGA :

)

X

ARATARS

(NSNS
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Bagian IV

Pada bagian latihan ini Anda akan mengimplementasikan encoder kode Morse menggunakan
FSM. Kode Morse menggunakan pola pulsa pendek dan panjang untuk mewakili sebuah pesan. Setiap
huruf direpresentasikan sebagai rangkaian titik (pulsa pendek), dan garis (pulsa panjang). Misalnya,

delapan huruf pertama dalam alfabet memiliki representasi berikut:

A~
B-esee
Cavns
D-oe
DAN -
Fooos
Ga-e
Heooo

Merancang dan mengimplementasikan rangkaian encoder kode Morse menggunakan FSM.
Sirkuit Anda harus mengambil salah satu dari delapan huruf pertama alfabet sebagai masukan dan
menampilkan kode Morse pada LED merah. Gunakan sakelar SW2y0 dan tombol tekan KEY 10
sebagai input. Ketika pengguna menekan KEY 1, sirkuit akan menampilkan kode Morse untuk huruf
yang ditentukan oleh SW2¥0 (000 untuk A, 001 untuk B, dll.), menggunakan pulsa 0,5 detik untuk
mewakili titik, dan pulsa 1,5 detik untuk mewakili tanda hubung. Tombol tekan KEYO0 harus berfungsi

sebagai reset asinkron.
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Diagram skema tingkat tinggi dari kemungkinan rangkaian untuk pembuat kode Morse ditunjukkan

pada Gambar 5.

Tombol lekan dan sakelar

Penghilung panjang kode morss

) a 7 N

—1 Memuat
Logika
oemilihar &
pamilihan ESm LEDRO
huruf Daftar pergesaran kode morsa
Data
\ J L Memuat \ -/
Penghitung setengah delik
Gambar 5: Diagram skematik tingkat tinggi dari rangkaian untuk Bagian V.
Quartus Prime Lite Edition - Dy/ASPRAK SISDIG/ftp.intel.com/ftp.intel.com/labs/Digital_Logic/Verilog_lab_source_file: E10-Lite/partd. - partd -
/DI (- } X
File Edit View Project Assignments Processing Tools Window Help L
r parta F/EFLCrEFES QADE @
Project Navigator Hierarchy vagex| © partdy 0 9 Compilation Report - part4 1P Catalog B x
Entityinstance NG e e RIS — 2 X5
1 |/ This is a Morse code encoder Circuit. It displays the Worse code for -
MAX 10: 10M50DAF484C7G 2 letters A to H on LEDR[0]. The 1 to be displayed is selected using # installed 1P
L ey 3 SW[3..0], using A = 000, E 001, ,H=111 v Project Directory
4 module partd (Sw, CLOCK_50, KEY, LEDR); s
5
6 PARAMETER DECLARATIONS » v Library
S ’ "
8 SW switch patt: , and code lengths are defined below (in the Morse Basic Funcdons
9 code, 0 = dot, osP
10 parameter A_SW 10, A_LENGTH £
11 parameter B_SW 101, B_LENGTH z Wniesface Protocols
12 parameter C_SW * » C_LENGTH Memory Interfaces and Controllers
13 parameter D_SW . » D_LENGTH = i al
14 parameter E_SW % ). E_LENGTH : Processors and Peripherals
15 parameter F_SW ¥ ), F_LENGTH = University Program
16 parameter G_SW 5 011, G_LENGTH s @ Search for Parmer IP
7 parameter H_SW » H_MORSE 4 100, H_LENGTH H
18
parameter S_WALT_SEND = b000, s_WAIT_BLANK = L 1, S_SEND_DOT = 10,
S_SEND_DASH_1 b » S_SEND_DASH_. 'b100, s_SEND_DASH_3 = 3'b101,
S_RELEASE_SEND = 0;
Tasks Compilation vmgex E(;Rw DECLARA

Task input [2:0] Sw;
input [1:0] KEY;
input CLOCK_50;
output [9:0] LEDR;

> Finer (Place &R

LOCAL WIRE DECLARATION

P> Assembler (Generate pr

P Timing Analysi wire Clock, Resetn, go, half_sec_enable, load_regs, shift_and_count, light_on;

EUGLRUNHEER NG EENESE

reg [3:0] morse_code;
P EDA Netlist Writer reg [2:0] morse_length;
B et cetngs reg [3:0] send_data;
e 3 reg [2:0] data_size;
S— + o
x P
alal O A A A 88 Find.. 88 Find Next
4
' | Tvbe 10 Messaage
332123 Deriving Clock Uncertainty. Please refer to report_sdc in the Timing Analyzer to see clock uncertainties I
g| & 332148 Timing requirements not met
g S : £ 3
£| sysem@  processing (116)

100% 000129

I coaPaoc @ & RND uihe B

-8 w B <

Microcontroller Laboratory 2024



Modul Praktikum Sisdig

Gk Quartus Prime Lite Edition - D/ASPRAK SISDIG/ftp.intel,

fabs/Digital Log lab_source /DET0-Lite/part4 - partd
Flle Edit View Project Assignments Processing Tools Windaw Help
s r parta T/ EEHCPFES QAW @
Project Navigator i Hierarchy ~anex @ partd.v 0 @ Compllation Report - partd
W EE m N W W WD
Entity: ) =
e 38 reg [2:0] data size;
% MAX 10: 10MS0DAFAB4CTG 39 wire [1:0 puise cy(le
™ para 40 reg [1:0) y.Q,
a2
43 ]WDL[M[\IT&TION
44 I~
45 assign Clock = CLOCK_50;
46 assign Resetn = KEY[0];
47 assign go = ~KEY[1];
48
49 // FSM State Table
50 always @(go, y_0, send_data, data_size, half_sec_enable)
51 = begin: state_table
52 E case (y_Q
53 5_WATT_SEND:
54 i1 {g9) VD = s WALT_BLANK;
55 5_WAIT_SEND;
56 %77 sync with the half-second pulses
57 if (Ihalf_sec_enable)
58 ¥_D - 5 WATT_BLANK;
— 50 else if (send_data[n] == 1'b0)
i 60 ~ s_SEND_DOT;
Tasks Compilation ~mmex|| g R
62 ¥_D = s_SEND_DASH_]
Task 63 5_SEND_DOT: /7 wait here Mor one half-second period
« b compile Desie 64 if (Ihaif_sec_enable)
v P Compile Design 65 ¥.D = 5. SEND_DOT:
v > P Analysis & Synthesis 66 else if (data_size == 'dl) // check if we are done with this letter
67 ¥_D — s_RELEASE SEND;
v > P Fiter (Place & Route) 68 else
nesembler I 69 = S_WATT_BLANK;
- P Assembier (Generate programming file | || 7q 5_SEND_DASH. wait for three half-second periods
v > Timing Analysis 7 S TThalT selenable)
72 Y_D = 5_SEND_DASH_1;
> B EDA Netlist Writer 73 1
e 7 5_SEND_DASH_2;
W Edit Sedtings 75 5_SEND. DASHST 7 mait Tor two more half-second periods
F .-
2 AL O A A AV ccriler S8 Find.. 88 Find Next
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_g System (2)  Processing (116)
0 22c -
= Kabut Q Search = | ™ = &

Sk Quartus Prime Lite Edition - D/ASPRAK SISDIG/ftp.intel.com/ftp.intel.com/labs/Digital_Logic/Verilog_lab,_source.file /DET0-Lite/partd. - partd

File Edit View Project Assignments Processing Tools Window Help

= r parta. MES 213 FEFES QADE @
IProject Navigator » Hierarchy o aE s partdy o ¢ Compllation Repart - part4
L I Y t,‘ B

Entityanstance

- 8 X
acom @
1P Catalog e
. X =

~ M Installed IP
“ Project Directory

No

Available
~ Library
> Basic Functions
> osP
> Interface Protocols
> Memory Interfaces and Controliers
> Processors and Peripherals
> University Program
@ search for Partner IP

+ Add..

100% 000129

04:50
A FHD G d T

- =] x
chalieracom @
IIP Catalog pax
- xS

~ & installed IP
“ Project Directory

~ Library
> Basic Functions
> psp
» Interface Proiocols
> Memary Interfaces and Conrollers
> Processors and Peripherals
> university Program
@ search for Partner 1P

S_SEND_DASH. for two more half-second periods
% MAX 10: 10M50DAFAB4CTG if (\Imf;ec enable)
5 B pana Y_D = 5_SEND_DASH_2;
else
Y_D = s_SEND_DASH_3;
S_SEND_DASH_3: // wait for one more half-second period
if (\haﬂf sec_enable)
¥_D = 5_SEND_DASH_3;
else 1f (data size 1) // check if we are done with this letter
_D = 5_RELEASE_SEND;
else
Y_D = S_WAIT_BLANK;
S_RELEASE_SEND.
it (~0) Y_D = S_WAIT_SEND;
else Y_D = s_RELEASE_SEND;
default: Y_D = 3'bxxx;
92 endcase
93 end // state_table
94
a5 /{ Fsm state flip-flops
— 9 always @(posedge Clock)
a7 b synchronous clear
Tasks Compilation vm@ex| gg ¥.0 <= 5_WAIT_SENI
99 else
Task 100 y.Q <= Y¥.D;
v I ComeileDesie 101
- ¥ Compile Design 102 // FSM outputs
v > B Analysis & Synthesis 103 // turn_on the Morse cum: Tight in the states below
| 104 @ assign Tight_on = C (y_Q == s_SEND_DOT) | (y. S_SEND_DASH_1) |
|» > B Fitter (Place & Route) %gg E A : ‘SEND Dﬁl\sudzj' | (yQ == erF_ND DA‘SH 3‘) fJ_ . \ \
ssembler Srosramming fi specify when to load the Morse code into the shift register, and length into the counter
- P> Assembler (Generare programming fle: ||z ass1gn Toad_regs = (y_Q — s_WAIT_SEND) & g
v > Timing Analysis 108 specify when to Shift the Morse code bits and decrement the Jength counter
R 109 assign shift_and_count = ((y_Q == S_SEND_DOT) | (y_Q == s_SEND_DASH_3)) & half_sec_enable;
> B EDA Netist writer 110
W et sertings 111 /* Create an enable signal that is asserted once every 0.5 of a_second.
= 112 modulo_counter half_sec( .Clock(CLOCK_50), .Resetn(Resetn), ru'\'luver(ha'lF sec_enable) );
,. - -
2 AL O A A AT <citer @8 Find.. 88 Find Next
[
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_g System (2)  Processing (116)
¥ Q sex Au B3 ceaPace
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{3 Quartus Prime Lite Edition - DYASPRAK SISDIG/ftpintel, flabs/Digital Log lab_source DE10-Lite/part4 - part4 - 8 X
File Edit View Project Assignments Processing Tools Window Help Y
s r partd. SEEE CrE RS QA0 E @
[Project Navigator i Hierarchy ~amex pantay 0 @ Compllation Report - parid 1P Catalog v
Entityinstance C ANl YL oL X
112 mdu‘\u,ccuncer ha1ﬁsec( CTlock (CLOCK_507, .Resetn(Resetn), .rollover(half_sec_enabTe) J; @ lled
% MAX 10: 10M50DAF484C7G 113 defparam half_sec.n Installed 1P
0 s 113 defparam half sec.k — 250001 * prjec Direcery
116 /* Letter selection */ o alarle
117 al wayz @g") ~ Library
118 @ case (SW 3 et y
119 SW: begin morse_code morse_length = A_LENGTH; end Basic Funciions
120 B_S| Eegm morse_code H morsa_}er’\gtll end > DSk
121 C_SW: begin morse_cade ; morse_length i end N
122 D_SwW: begin morse_code ! morse_length : end inrerface Protocals
123 E_SW: begin morse_code morse_length end > Memory Interfaces and Controliers
124 F_SW: begin morse_code morse_length end N .
125 G_SW: begin morse_code ; morse_length end Processors and Peripherals
126 H_SW: begin morse_code = H_MORSE; morse_length = H_LEN(,TH end > University Program
is; endcase ® search for Partner 1P
129 /% Store the Morse code to be sent in a shift register, and its length in a counter
130 a'\waysm(pwsedge CLOCK_50)
131 begin
132 | if (-Resetn)
— 133 @ begin
f 134 send_data <=
Tasks Compilation ~|m@e x||735 datasize <= '
136 end
Task 137 Tse
- -ompile Desigr 138 if (load_regs)
v P compile Design 139 ¢ begin
v > P Analysis & Synthesis 140 send_data <= morse_code;
141 dataj]ZE <= morse_length;
v > W Fiter (Place & Roure) 142
v B Assember (Generate programming i | (| 143 I ﬁé;f.." (shift_and_count) // shift and decrement when appropriate
v » Timing Analysis 145 send_data[2:0] <= send_data[}
| 146 send_datal3] <= 1'b0;
> P EDA Hetist Writer 147 data_size <= data_size - 1'b
W Edi i 148 end
¥ Edi Setings 149 end
+ A
F -
2 AL O A A AV ccriler S8 Find.. 88 Find Next
[}
¥ |Tvoe ID Message . . o
© 332123 Deriving Clock Uncertainty. Please refer to report_sdc in the Timing Analyzer to see clock uncertainties. 1
g 2 332148 Timing requirements not met
3| System(2)  Processing (116)
100% 00:01:29
O 2c @ @ 0451
< Kabut Q Ssearch <A w B = o - | a3 G A FHD G T
O Quartus Prime Lite Edition - D/ASPRAK SISDIG/ftp.intel. _Logs g_lab_source file: Lite/partd - partd - o X
File Edit View Project Assignments Processing Tools Window Help earch alteracom @
15 H r parta CrEEOQAVE @
Project Navigator  Hierarchy cagex partay 0 @ Compilation Report - part4 1P Catalog 58 x
4 o 9 o et =
r— L LELETLWENEF . <
T
\ MAX 10 10M50DAF484C7G 149 [ end ~ 38 Installed 1P
® paa 150 v onjedmumry
51 assign LEDRLO] 11()!\( _on; .
52 assign LEDR[9: 4"h;
53 endmodu le v I.:bury
55 module modulo_counter(Clock, Resetn, rollover) Pasic Rinclons
36 Jussananens bl e p e Bk 484 P osp
% D O oo 3Lt S , " interface Protocols
59 parameter Memory Interfaces and Controllers
g? parameter Processors and Peripherals
62 / R vakrhais . . / University Program
& L R @ scxntocruwer
65 jnput  Clock, Resetn;
66 output  rollover;
67 reg n-1:0] Q;
68
— 60 / - ’ wana ‘ PO
70 / TVDKFVF\T’\T;GN v/
Compilation ~maex||35 A
o ;g i alwayw(poseuqe Clock)
v v P Compile Design ;g i ((’szse‘tn)
| P Analysis & Synthesis 76 else if (Q == k-1)
77 Q <= 'do
P Fitter (Place & Route) 78 else
v > Assembier (Generateprogramming e ||| 129 [ @ <= @+ 1'b1;
|v > Timing Analysis 181 ;
| 182 assign rollover = (Q == k-1
| P EDA Netiist Writer 183  endmodule
| B i serings 184
| — + Ad
L]
s Al O A A AV <<l 88 Find.. 88 Find Next
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© 332123 Deriving Clock Uncertainty. Please refer to report_sdc in the Timing Analyzer to see clock uncertainties. 1
g| & 332148 Timing requirements not met
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£| system@)  processing (116)
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< Pin Planner - D/ASPRAK SISDIG/ftp.

file Edit View Processing Tools Window Help

 Logi g.lab_source_t 10-Lite/part - partd

Top View - Wire Bond

g Report aex

Pin Legend wex
Symbol Pin Type

k| MAX 10 - 1T0M50DAF484C7G
Q —-— - User 1/O
v o :zazs @  userassign
z (‘3) Se68Te { ] Fitter assign...
< AL @  unbonded..
[ ] Reserved pin
C Other confi..
E DEV_OE
R DEV_CLR
I 0 DIFF_n
Groups  Report B OIFF_p
@ Tasks aex Q 0Q
2| v 7 Early Pin Planning S Qs
L B Early Pin Planning.. s 0Qs8
B Run 1/O Assignment / K
W Export Pin Assignmen ClK p
W pin Finder, L Other PLL
v I~ Highlight Pins o) Other dual ...
| . oI
| = ‘Named: * Edit Filter: Pins: all -
3|  NodeName Direcion  Location  I/OBank  VREF Group ‘itter Locatior /O Standard  Reserved  irentStreng  Slew Rate  ifferential Pal ict Preservati
® CLOCK_50 Input PIN_P11 3 B3_NO PIN_P11 33-VLVITL 8mA (default) '
» KEY[1) Input PIN_A7 7 B7_NO PIN_A7 3.3V .rigger 8mA (defauly)
& KEY[0] Input PIN_B8 7 B7_NO PIN_B8 33V .rigger 8mA (default)
% LEDR[9] Output PNBIT 7 87_NO PINB11 33VLVITL 8mA (default) 2 (default)
® LEDR(8) Output PINAL 7 87_NO PIN.ATT  33VLVITL 8mA (defauly 2 (default)
LEDR(7) output PINDI4 7 B87_NO PIN_D14 8mA (default) 2 (default)
® LEDR[6) Output PIN_E14 7 B7_NO PIN_E14 8mA (default) 2 (default)
Output PIN_C13 7 87_NO PIN_C13 8mA (defauly) 2 (default)
output PNDI3 7 87_NO PIN_D13 8mA (defaul) 2 (default)
‘® LEDR[3] Output PIN_B10 7 B7_NO PIN_B810 8mA (default) 2 (default)
% LEDR(2] Output PIN.AID 7 87_NO PIN_A10 8mA (defauly) 2 (default)
® LEDR(1) Output PIN_AS 7 87_NO PIN_AD 8mA (defaul) 2 (default)
‘% LEOR[0] Output PIN_AB 7 B7_NO PIN_AB 8mA (default) 2 (default)
2|8 swi2] Input PIN_D12 7 B7_NO PIN_D12 33-VLVITL 8mA (default)
Z |- SW(1] Input PIN_C11 7 87_NO PIN_C11 33-VLVTTL 8mA (defauly)
| Input PIN_C10 7 B7_NO PIN_C10 33-VLVTTL 8mA (default)
0%
© 22 - N —~ 04:52
< Kabut Q search S8 e LI O ] @ a S @ A RND 0 B

& Programmer - D/ASPRAK SISDIG/ftp intel.com/ftp.intel.com/labs/Digital_Logic/Verilog_lab,_source files/Exercise7/solutions/DE10-Lite/part4 Verilog/part4 - part4 - [part4.cdf]

File Edit View Processing Tools Window Help

L Hardware sewp_. [EEEIEEEgUETES Mode:

(] Enable real-time ISP to allow background programming when available

stare File Device  Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP
Configure Check Bit CLAMF
partd sof 10M50DAF454 00278428 00z78Az8 @
% Auto Detec
® Add File.

% save F

* Add Device | ———p

10MSODAF484

Q2

= Kabut

B Q Search __.L-_"le-l:‘:?gge

* Progress: | 100% (Successhill)
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- Hasil compile bagian IV di FPGA :

. : @  Oownload DEIO-Lite CD
Download DE10-Lite CO  jg »
p m/cd -

http:{/de10-lite.terasic.com/ed {’J
http. 1

- 8 -
! E 20000/

Download DE10-Lite CD : ' ' ‘l .
[ o L e.terasic ‘ g .

om/cd - 3 htp:/
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