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KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR : SU(:) JUN17 /HK /2022
TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)
SEMESTER GENAP TAHUN AKADEMIK 2021/2022
PADA PROGRAM STUDI S1 STATISTIKA, S1 MATEMATIKA,
S1 BIOLOGI,S1 KIMIA, S1 FISIKA DAN S1 GEOFISIKA
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM
UNIVERSITAS MULAWARMAN

REKTOR UNIVERSITAS MULAWARMAN,

Menimbang » a. bahwa untuk menjamin kepastian hukum dalam rangka tertib
administrasi dan kelancaran pelaksanaan kegiatan belajar
mengajar Program Merdeka Belajar Kampus Merdeka (MBKM)
Semester Genap Tahun Akademik 2021/2022 pada Program Studi
S1 Statistika, S1 Matematika, S1 Biologi, S1 Kimia, S1 Fisika dan
S1 Geofisika Fakultas Matematika dan Ilmu Pengetahuan Alam
Universitas Mulawarman, maka dipandang perlu mengangkat
Dosen Pengampu Mata Kuliah;

b. bahwa berdasarkan pertimbangan sebagaimana dimaksud dalam
huruf a, perlu menetapkan Keputusan Rektor Universitas
Mulawarman tentang Pengangkatan Dosen Pengampu Mata
Kuliah Program Merdeka Belajar Kampus Merdeka (MBKM)
Semester Genap Tahun Akademik 2021/2022 pada Program Studi
S1 Statistika, S1 Matematika, S1 Biologi, S1 Kimia, S1 Fisika dan
S1 Geofisika Fakultas Matematika dan Iimu Pengetahuan Alam
Universitas Mulawarman;

Mengingat : 1. Undang-Undang Rl Nomor 20 Tahun 2003 tentang Sistem
Pendidikan Nasional,
2. Undang-Undang RI Nomor 12 tahun 2012 tentang Pendidikan
Tinggi;
3. Undang-Undang RI Nomor 5 tahun 2014 tentang Aparatur Sipil
Negara;
4. Peraturan Pemerintah RI Nomor 23 Tahun 2005 tentang
Pengelolaan Keuangan Badan Lavanan Umum, sebagaimana telah
diubah dengan Peraturan Pemerintah RI Nomor 74 Tahun 2012
tentang Perubahan Atas Peraturan Pemerintah RI Nomor 23
Tahun 2005 tentang Pengelolaan Keuangan Badan Layanan
Umum;

5. Peraturan Pemerintah RI Nomor 37 Tahun 2009 tentang Dosen;

6. Peraturan Pemerintah RI Nomor 4 Tahun 2014 tentang

Penyelenggaraan Pendidikan Tinggi dan Pengelolaan Perguruan

Tinggi;

Keputusan Presiden RI Nomor 65 Tahun 1963 tentang Pendirian

Universitas Mulawarman,;

8. Peraturan Menteri Riset, Teknologi dan Pendidikan Tinggi RI
Nomor 9 Tahun 2015 tentang Organisasi dan Tata Kerja
Universitas Mulawarman, sebagaimana telah diubah dengan
Peraturan Menteri Riset, Teknologi dan Pendidikan Tinggi RI
Nomor 26 Tahun 2018 tentang Perubahan Atas Peraturan Menteri
Riset, Teknologi dan Pendidikan Tinggi Rl Nomor 9 Tahun 2015
tentang Organisasi dan Tata Kerja Universitas Mulawarman;
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9. Peraturan Menteri Riset, Teknologi dan Pendidikan Tinggi RI
Nomor 57 Tahun 2018 tentang Statuta Universitas Mulawarman;

10. Keputusan Menteri Keuangan RI Nomor 51/KMK.05/2009
tentang Penetapan Universitas Mulawarman sebagai Instansi
Pemerintah yang Menerapkan Pengelolaan Keuangan Badan
Layanan Umum;

11. Keputusan Menteri Riset, Teknologi, dan Pendidikan Tinggi RI
Nomor ©601/M/KPT.KP/2018 tentang Pemberhentian dan
Pengangkatan Rektor Universitas Mulawarman Periode Tahun
2018-2022;

12. Peraturan Rektor Universitas Mulawarman Nomor 17 Tahun 2020
tentang Penyelenggaraan Pendidikan dan Pengajaran, Penelitian
dan Pengabdian Kepada Masyarakat Berbasis Kampus Merdeka
dan Merdeka Belajar;

13. Keputusan Rektor Universitas Mulawarman Nomor 109/0T/2006
Tahun 2006 tentang Peningkatan Status Unit Pelaksana FMIPA
Menjadi Fakultas Matematika dan Ihmu Pengetahuan Alam
(FMIPA) Universitas Mulawarman;

14. Keputusan Rektor Universitas Mulawarman Nomor 2414 /KP2018
tentang Pemberhentian dan Pengangkatan Dekan Fakultas
Matematika dan llmu Pengetahuan Alam Universitas Mulawarman
Periode 2018-2022;

Surat Dekan Fakultas Matematika dan Ilmu Pengetahuan Alam
Universitas Mulawarman Nomor 51/UN17.7/TU/2022 tanggal 12
Januari 2022, perihal Permohonan Penerbitan SK Rektor.

MEMUTUSKAN:

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN TENTANG
PENGANGKATAN DOSEN PENGAMPU MATA KULIAH PROGRAM
MERDEKA BELAJAR KAMPUS MERDEKA (MBKM) SEMESTER
GENAP TAHUN AKADEMIK 2021/2022 PADA PROGRAM STUDI Sl
STATISTIKA, S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S2 KIMIA, S1
FISIKA DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN ILMU
PENGETAHUAN ALAM UNIVERSITAS MULAWARMAN.

Mengangkat nama-nama yang tercantum dalam lampiran yang tidak
terpisahkan dari Keputusan ini sebagai Dosen Pengampu Mata Kuliah
Program Merdeka Belajar Kampus Merdeka (MBKM) Semester Genap
Tahun Akademik 2021/2022 pada Program Studi S1 Statistika, S1
Matematika, S1 Biologi, S1 Kimia, S1 Fisika dan S1 Geofisika
Fakultas Matematika dan Ilmu Pengetahuan Alam Universitas
Mulawarman.

Dosen Pengampu Mata Kuliah Program Merdeka Belajar Kampus
Merdeka (MBKM) sebagaimana dimaksud pada diktum kesatu
keputusan ini dalam melaksanakan tugasnya bertanggung jawab
kepada Rektor Universitas Mulawarman melalui Dekan Fakultas
Matematika dan Ilmu Pengetahuan Alam Universitas Mulawarman.
Pembiavaan akibat ditetapkannya keputusan ini dibebankan DIPA
BLU Universitas Mulawarman, anggaran Fakultas Matematika dan
Ilmu Pengetahuan Alam Universitas Mulawarman.

Keputusan ini berlaku sejak tanggal 3 Januari 2022.

Bilamana dikemudian hari terdapat kekeliruan dalam keputusan ini
akan diubah dan diperbaiki sebagaimana mestinya.

Ditetapkan di Samarinda
yada tanggal 12 Januari 2022




LAMPIRAN 1

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR 543 JUN17/HK/ 2022

TANGGAL
TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN

(MBKM)

12 JANUARI 2022

ILMU PENGETAHUAN ALAM UNIVERSITAS
MULAWARMAN.
_ PROGRAM STUDI : S1-STATISTIKA R
[ u I sks; | JENIS !
o HODE MK | MATA KULIAH SMT MK KURIKULUM DOSEN PENGAMPU MK
S S ot 2 77 1 A ]
i 1) 12) (3) {4 {5) G} (7} |
1 | 210700603W005 | Statistika Dasar 3/1 W 2021 Dr, Sifriyani, 8.Pd., M.5i
I S o A | Ika Purnamasari, M. Si
. IR Dr. Darnah Andi Nohe, M.S;
2 QO701603W0O 18 alisis - s 3 N 2019 : -
| 1907OICOSWOLS | AnalisieRegresi | 3/V | W | 209 5" bachushman, 08 ]
& ey Pengantar Metode o Memi Nor Hayati, 8.5i, M.Si
- 19 IBW 02 o v 2 L -
| 3 OFSIE0oWaa0 | aoivn i 9 " 2019 by M. Patburahman, M.Si
| R A . Rancangan . P Dr. M. Fathurahman, M.Si
4 19 1603WO0. 3/1V C " 4
o - | Percobaan b ud 2019 | Memi Nor Hayati, S.Si, M.Si
| Statistika , | Dr. Sri Wahyuningsih, M. Si
5 190701603W023 | Pengendalian | 3/1v W | 2019 | Meiliyani Siringoringo, 8.8,
| Mutu | | 5 M.Si
| : : L w’ ] i Dr. Darnah Andi Nohe, M.Si
6 20701603P02¢ [ ostatistik | 3/1V | 2019 — : e e, A
B 771” r_] )(_” : 5 4 Fm_‘;m:__m'“ ] ”iw | P i 0 Mermi Nor Hayati, S.8i, M.Si ]
[ i N | Surva Prangga. S$.Si., M.Si
2 100701603W035 | a Mint Y A" y 2 ; e
7 | too7ole | DataMining | /vt | W ﬁl 2019 ["Rito Gogjantoro, S.81., M. 51|
; .| Analisis Data \ | Tka Purnamasari, S.Si, M.Si
| 8 90701603W036 " . I 3/V ‘ 2019 I = et 1
L I *® | Bksploratif | M W | i | Dr. Darnah A. Nohe, M.Si |
| o | 190701603wo037 | Pengantar Model | o, w | 2010 | DrSunyani, SPd.MS |
| Linier | | Meilivani Siringoringo, M.Si
- . : - | | Dr. Sri Wahyuningsih, M.Si
10 S50701603P039 011 Antria | 3/V P | 9 s
VV?_I __I___E __PW f N ;_T}__o_! E_E,n,m, o l‘ B /¥ . i ?Di Dr. M. Fathurahman, M.Si
| | o e
| 4 s . Dr. Suyitno, $.Pd., M.Sc
| sie DNata U | 2 L 2 .
| 11| 190701603PO40 | ?{“"“““ Data Uji | 3/Vi P | 2019 Nariza Wanti Wulan Sari, S.Si.,
idup 1 ‘ ; |
| j | M.Si
; . 1 . | Dr. Sifrivani, S.Pd., M.Si |
| 12| 190701603P041 | Ekonometrika vk | 5 4 2019 g;_ Dlzi:;;all:l.ﬁn dirj\a'thuliw.Si '
U2 | rormmtenaonan | Matematika adiw 1 I - | Dr. Suyitno, $.Pd., M.Sc
1‘1 l?f“mmb_ﬁ?fur | Asuransi Wi | P { 201 | Dr. Sri Wahvuningsih, M.Si

Ditetapkan di Samarinda




LAMPIRAN II

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR B} JUN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

T oA A AT T’TTY TATT

DULAMNLL

PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU PENGETAHUAN ALAM UNIVERSITAS
MULAWARMAN.

MATRIKS MATA KULIAH PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)

QLMD OTE'D AT'NAD T
MILJAVALIAS L AJEN NALJANINL A1

ARsLw

ALITIM AWATYEMILW ﬂnﬁ‘l If)n-')f) PROCGRAM STIINI €1 STATISTIKA

AALVALAR £ NS S AL RA AN Aaims &

FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM UNIVERSITAS MULAWARMAN

Nama Dosen : Dr. Sri Wahyuningsih, M.Si

‘ SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI | PRAKTEK
1 Statistika Pengendalian Mutu w Meiliyani Siringoringo, S.8i., 2 1 v
M. Si
2 Teori Antrian P Dr. M. Fathurahman, M.Si. 3 0 Vi
3 Matematika Asuransi P Dr. Suyitno, S.Pd., M.Se. 3 0 VI
Total 8 1
fnews s Thomae o Manalontass & 1 Il' 18
B e A W A ---v W S W R ReaTy aee
SKsS
NO MATA KULIAH w/p DOSEN PARTNER SMT
TEORI PRAKTEK
1 Data Mining w Surya Prangga, S.5i, M.Si 2 1 Vi
Total : 2 1
Nama Dosen : Dr. Darnah A. Nohe, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI | PRAKTEK
1__| Analisis Regresi w Dr. M. Fathurahman, M.Si 2 1 v
2 Analisis Data Eksploratif’ W Ika Purnamasari, S.8i, M.Si 2 1 Vi
3 Ekonometrika P Dr. Sifriyani, S.Pd., M.Si 2 1 Vi
= piostatistika P iMemi Nor Hayati, 5.5i., M.Si 2 i iV
Total 8 4 |
Nama Dosen : Dr. Suyitno, 8.Pd., M.Sc
i 8SHKS
NO MATA KULIAH wW/P DOSEN PARTNER SMT
TEORI | PRAKTEK
1 Matematika Asuransi P Dr. Sri Wahyuningsih, M.Si 3 o] VI
2 Analisis Data Uji Hidup P Nariza Wanti Wulan Sarni, 2 1 VI
8.8i., M.8i
Total 5 1
Nama Dosen : Dr. M. Fathurahman, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Rancangan Percobaan w Memi Nor Hayati, S.8i., M.Si 2 1 v
2 Analisis Regresi w Dr. Damah Andi Nohe, S.Si, 2 1 v
M.Si
3 Pengantar Metode Survei w Memi Nor Hayati, S.8i., M.Si 2 1 v
I a Tenri Antrian P Dr. 8ri Wahwviningsih M. Si 2 o v o
L Total 9 3 |




_ Nama Dosen : Dr. Sifriyani, S.Pd., M.Si

e S S S ST !
: SKS ;
NO | MATA KULIAH | w/P DOSEN PARTNER I SMT
} | | TEORI | PRAKTEK {
|1 [ Statistika Dasar _ | W | IkaPurmamasari, .5, M.Si__| 2 1 n|
I | Pengantar Model Linier | Meiliyani Siringoringo, S.8i., i |
N L ow o Imsi | 3 0 vi_|
| 3 Ekonometrika i P Dr. Darnah Andi Nohe, $.8i, | 2 1 Vi
<1 MS ] |
= N Total B | T B 2 e o
Nama Dosen : lka Purnamasari, S.5i., M.Si .
; 1 T 5 SKS ! i
NO MATA KULIAH | W/P | DOSEN PARTNER b e -~ SMT
| { ! TEORI | PRAKTEK
i“ 1 | Analisis Bai;E}EHG?at'if - T‘» W _,r_l')l'. Darnah Andi Nohe, S.81, ' 2 1 Vi
! | 2 .
R S ME - | I .
| 2 | Statistika Dasar r W | Dr. Sifayani, 8.Pd., M.Si | 2 1 i
‘ Total - 4 2
_ Nama Dosen : Memi Nor Hayati, S.Si., M.5i
rr 7 - o i 781;3 B l ]
| i ! |
. NO MATA KULIAH 7 DOSEN PARTNER i . SMT |
S ) B L 7 | TEORI | PRAKTEK
| 1 Pengantar Metode Survei | w Dr. M. Fathurahman, S.Si., 2 1 [ v
1 M.Si . |
2 Rancangan Percobaan [ w Dr. M. Fathurahman, $.8i.. | 2 1 | v
| M.Si. |
3 Biostatistika 2] Dr. Darnah Andi Nohe, S.81, | a 1 LY
i M.Si ! ' |
o Total | 5 3 |
Nama Dosen : Meiliyani Siringoringo, S.Si., M.Si
i | 7 ——— ==
| | SKS 1
NO | MATA KULIAH w/P | DOSEN PARTNER SMT |
) | - TEORI | PRAKTEK |
L | Pengantar ModelLinier | W | Dr. Sifriyani, S.Pd., MSi | 3 o Vi |
2 | Statistika Pengendalian Mutu W | Dr. Sri Wahyuningsih, M.Si 2 1 v
o Totad 1. s 1 |
__Nama Dosen : Surya Prangga, S.8i., M.Si
! 22 BRITYR 2 - e ——
[ | ! SKS ]
NO | MATA KULIAH w/P DOSEN PARTNER — SMT |
1 - ] i _ | TEORI | PRAKTEK i
1| Data Mining | W | Rito Goejantoro, $.8i., M.Si + 2 1 v
o Total | 2 1 ]




LAMPIRAN 111

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR °f JUN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU PENGETAHUAN ALAM UNIVERSITAS

MULAWARMAN.
PROGRAM STUDI : S1-MATEMATIKA - S , -
' N | ? | sxs; | Jsms i T ]
| o | KODE MK MATA KULIAH prer ( KURIKULUM DOSEN PENGAMPU MK
R - : fWIP} 1
;,,L.i.)__‘:_ (2) {3) 4 5 L _(6) 7) o
! { | i Yuki Novia Nasution, 8.81.,
(P .nnz | Aljabar Linier ' M.Se
1 | 210706604W005 ;o ‘ ! NES—
| ‘ SOREEoO Elementer i " 20l T,}onila Qurrota Ayun, S.8i., ‘
I , S I I S - |
| c ey | | } Dr. Syaripuddin, M.Si |
2 | 19070660awo1a | fallulusPeubah | .y W 2019 Yuki Novia Nasution, 8.81., |
i anyak | M.Sc
— . S B L — . -
| 3 190706603W016 | Fungsi Kompleks 3/ W i 2019 Moh. Nurul Huda, 8.8i., M.Si
i \
| 4 | 190706603W017 | Metode Numerik 31V w | 2019 g Sy qusi‘féld—"; 211 - SR
1 ason 1
A Wasono, 5.Si., M.Si
5 | 190706603W019 | fcrsamaan 3/IV W 2019 Yuki Novia Nasution, S.81.,
Diferensial Biasa M.Sc
5 | 190706602P022 Teon }\nrimg: 2/1V ‘, P 2019 %O::‘m Qusrbte Ayun, 8.5, 5
S ' I - | - F‘ic—l;kD(‘m« Tisna Am Amua\,a ]
| { | S.Si.,, M.Si
7 190706602P025 | Teori Graf /v | P 2019 Oorits Ourrots e, 5L, |
| | R | M.sc B
— 1 { T Dr. Syaripuddin, M.8i |
8 | 190706603wa4q | femodelan 3V W | 2019 Yuki Novia Nasution, 8.8i, |
| Matematika i M.Se |
. N | S| TSRS [N S -
,[ - | " Persamaan * gigm ijeréy Tisna Amijaya, |
9 | 190706604P044 | Differensial 4/V1 P 2019 i i |
: 1 | Numerik | | Moh. Nurul Huda, 8 §l G M, Qf |
| [ e = el ' ]' B ) Dr. Syaripuddin, M.Si 1
L 10 | 190706603P05C Riset Operasi 11 3/v1 ¥ L 2019 Wasono, S.Si., M.Si ]

Ditetapkan di Samarinda

[A. Masjayf; M.
212311991031024
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LAMPIRAN IV
KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR 543 /UN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

TART L AMT AT AFTVA AT TAUALEYWET AT AMTA TITTT TATT

I’EJ.H\J’I‘U.‘UMJ.A.I.‘I UUDEA‘ rmi\unﬂxru iRl DNWwianiil
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU  PENGETAHUAN ALAM  UNIVERSITAS
MULAWARMAN.

MATRIKS MATA KULIAH PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)
SEMESTER GENAF TAHUN AKADEMIK 2021/2022 PROGRAM STUDI S1 MATEMATIKA

FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM UNIVERSITAS MULAWARMAN

Nama Dosen : Dr. Syaripuddin, M.Si

SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
! | Kalkulus Peubah Banyak W iR NASUROR, T8 3 0 v
2 Metode Numerik W Wasono, S.8i., M.Si 2 1 v
3 Pastiiiatai M tika W ;’[ui;c Novia Nasution, S.Si., 3 0 v
B Riset Operasi Il P Wasono, S.5i., M.Si 3 0 VI
Total 11 1
Nama Dosen : Yuki Novia Nasution, S.8i., M.Sc
SKS
NO MATA KULIAH w/pP DOSEN PARTNER SMT
TEORI PRAKTEK
1 Aljabar Linier Elementer W Qosn::ta Qurrota A'yun, S.8i., o} i
2 Kallulus Peubah Banyak W | Dr. Syaripuddin, M.Si 3 N v
3 Persamaan Diferensial Biasa w Wasono, S.8i., M.Si 3 0 v
4 Pemodelan Matematika W Dr. Syariguddin, M.Si 3 [¢] Vi
Total 13 0
Nama Dosen : Fidia Deny Tisna Amijaya, §.8i., M.Si
- W AFRA PEETET W AW - rwn TR A S W W 5 P w—— sm - -
AW AESCR A AW MAAAD wir MUOLN K FRELE SN o
TEORI PRAKTEK
Teori Graf ao;m Qurrota A'yun, S.8i., 2 0 v
Persamaan Differensial . .
2 Numerik P Moh. Nurul Huda, S.Si., M.Si 3 1 VI
Total 5 1
Nama Dosen : Qonita Qurrota A’'vun, S.8i., M.Sc
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Aljabar Linier Elementer W :‘u]:c Novia Nasution, 8.5i., < v} it
2 | Teori Koding P |- 2 0 v
3 : Fidia Deny Tisna Amijaya.
Teori Graf P S.Si., M.Si 2 0 v
Total 8 0
Nama Dosen : Wasono, S.8i., M.Si
SKES
MO MATA FIILTAD = DOSEN PARTHNER ST
TEORI | PRAKTEK
1 Metode Numerik W Dr. Syaripuddin, M.Si 2 1 v
2 Dif sial Biasa w ;ulsn; Novia Nasution, S.8i., 3 0 v
3 Riset Operasi II P Dr. Syaripuddin, M.Si 3 0 VI
Total 8 1




Nama Dosen : Moh. Nurul Huda, S.Si., M.Si

[

’ | | sks
NO MATA KULIAH w/P | DOSEN PARTNER ———— SMT |
i | TEORI | PRAKTEK J
1 | Fungsi Kompleks | wo- o | 3 N |V |
y Persamaan Differensial ' | Fidia Deny Tisna Amijaya. 1 ' !
) / | P g | 3 1 Vi
~ | Numerik o z 1881, M.SI S N S S ‘
- I ‘otal - 6 1 1 |

1. Masjava, M.Si.
12311991031024

L



LAMPIRAN V

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR BYF /UN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
202172022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU  PENGETAHUAN  ALAM  UNIVERSITAS
MULAWARMAN.

PROGRAM STUDI : S1-BIOLOGI

& ! | SKS/ | JENIS ‘
o KODE MK | MATA HULIAH ‘ SMT/ MK KURIKULUM DOSEN PENGAMFU MK
Il S | | ms | qwp) |
{1 | (2) (3) L (5) (6 (7}
! 1 _Dr. Retno Aryani, M.Si
1 i 210702603W003 | Anatomi Hewan {3/ W 2021 Rudy Agung Nugroho, M.Si.,
{ | | Ph.D
5 | 190702603W022 | Fisiologi | 3/1v/ w | 2019 | Dr. Dwi Susanto, M.Si
| = | Tumbuhan [ Aa&B | 7 | = Dr. Hetty Manurung, M.Si
| 3 | 100702603P0ss | Mikrobiolog: [ 3/v1 P 2019 | lmam Rosadi, 8,51, M.81
_ | linglungan | i Dr. Ir. Samsurianto, M.Si
| | Genetika I Dr. rer. nat. Bodhi Dharma,
| 4 ‘ 190702603P057 Molekuler | 3/vI P 2019 Mso
‘ Mikrobia | Imam Rosadi, 8.8i., M.Si
‘ i ‘ Dr. Retno Aryani, M.Si
a J 190702603 PV6 1 tndrokrinolog | 3/vi B i 2019 | Rudy Agung Nugroho, M.S1.,
| | Ph.D

Ditetapkan di Samarinda

1. Masjaya, M.Si.
12311991031024

F




LAMPIRAN VI
KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR G{7 /UN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

PENGANGKATAN DOSEN PENGAMFU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU  PENGETAHUAN  ALAM  UNIVERSITAS
MULAWARMAN.

MATRIKS MATA KULIAH PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)
SEMESTER GENAP TAHUN AKADEMIK 2021/2022 PROGRAM STUDI S1 BIOLOGI
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM
UNIVERSITAS MULAWARMAN

____Nama Dosen : Imam Rosadi, 8.8i., M.8i

NO MATA KULIAH w/P DOSEN PARTNER i SMT
TEORI PRAKTEK
Mikrobiologi Lingkungan P Dr. Syafrizal, MP 2 1 Vi
2 | Genetika Molekuler Mikrobia | P | D rer nat. Bodhi Dharma, 2 1 Vi
Total 4 )
Nama Dosen : Dr. Ir. Samsurianto, M.Si
SKsS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Mikrobiologi Lingkungan P Imam Rosadi, S.Si., M.Si 2 1 Vi
Total & 1
Nama Dosen : Dr. rer. nat. Bodhi Dharma, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Genetika Molekuler Mikrobia P Imam Rosadi, S.8i., M.Si 2 1 VI
Total ] 2 1
Nama Dosen : Dr. Dwi Susanto, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Fisiologi Tumbuhan W Dr. Hetty Manurung, M.Si 2 1 v
Total i 2 1
Nama Dosen : Dr. Hotty Man M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Fisiologi Tumbuhan W Dr. Dwi Susanto, M.Si 2 1 v
Total 2 1
Nama Dosen : Rudy Agung Nugroho, M.Si., Ph.D
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Anatomi Hewan w Dr. Retno Aryani, M.Si 2 1 1
2 | Endokrinologi P Dr. Retno Aryani, M.Si 2 1 VI
Total 4 2




Nama Dosen :

Dr. Retno Aryani, M.Si

NO |
1 . R
I | Anatomi Hewan w
2 Endoknnolog P
i . sl

MATA KULIAH | w/p l

| SKs
DOSEN PARTNER f—— = SMT
“Rudy Agung Nugroho, M.Si., | 5 | : Lo l
PhD | R | - | 777743
Rud\ Agung Nugroho, M.Si., ” ; b own |
| l"hD — 5 = ___h—_;ii,l - H :
= R

g H. Masjaya, M.Si. 4
212311991031024



LAMPIRAN VII
KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR GUa /UN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN

ILMU PENGETAHUAN ALAM UNIVERSITAS
MULAWARMAN.
PROGRAM STUDI : S1-KIMIA I SN
| w | ! sks) | JENIS
o | KODE MK | MATA KULIAH MK KURIKULUM DOSEN PENGAMPU MK
, SMT
| S S R ) N w/pp) | . |
Ly 2) [r (3) R 5 | (6] (7) |
[ | p 1.5
i QO703602P033 | Ikatan Kimiis | a | 2019 Dr. Rahmat Gunawan, M.Si |
| T | TOOTOOOUOTORS lewenKimle 0 (WM ) P %1% [Veliyana Londong, S.Si., M.51 |
i - - :
L, S : -_— Dr. Saibun Sitorus, M.Si
2 90703602P038 | a Be Bars 2/ ¥ 201¢ -t -
| it > Hazain Bans Ber / : 0¥ Prof. Dr. Ir. Daniel, M.Si
: 3 190703603W024 ] Sintesa Kimia 3/V1 w 2019 Dr. Noor Hif\rjgawalil'M.Si‘
~ | Anorganik ) Irfan Ashari Hiyahara, M.Si
’ . Nanoteknologi dan Dr. Noor Hindryawati, M.Si
| 4 | 190703602P06 : : 2 (—poor huncryawatl, ¥.o1_
osenereet | Nanomaterial ____'__2/\” _ e irfan Ashari Hiyahara, M.Si
| : Prof. Dr, Aman Sentosa
5 19U703602P002 | Analisis Hunut | 2/Vi i 2019 | Panggabean, M.Si |
; o Drs. H. Alimuddin, M.Si i
| = rmc s | - . , Dr. Chairul Saleh, M.Si |
& ]901_0:6_0_;?0697 A:}le(\km_u.a 9asar L 2/_\/[ ) i 2019 Ritson Purba, S.5i. M.Si \
| ; ! Ritbey Ruga, M.P, PA.D |
o 190703602P070 | Biokimia Medisinal | 2/VI | P { 2019 Djihan Ryn Pratiwi, 8.8i.,
B _ — ek Y l SR L

Ditetapkan di Samarinda

. Masjava, M.Si.
$212311991031024
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LAMPIRAN VIII

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR YT /UN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

MATRIRS MATA KULIAH FPROGRAM MERDEKA
BELAJAR KAMPUS MERDEKA (MBKM) SEMESTER
GENAP TAHUN AKADEMIK 2021/2022 PROGRAM
STUDI S1 KIMIA FAKULTAS MATEMATIKA DAN ILMU

PENGETAHUAN ALAM UNIVERSITAS MULAWARMAN.

MATRIKS MATA KULIAH PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)
SEMESTER GENAP TAHUN AKADEMIK 2021/2022 PROGRAM STUDI S1 KIMIA
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM

UNIVERSITAS MULAWARMAN

Nama Dosen : Prof. Dr. Ir. Daniel, M.Si

SKS
NO MATA KULIAH w/p DOSEN PARTNER sSMT
TEORI PRAKTEK
1 Kimia Batu Bara P Dr. Saibun Sitorus, M.Si 2 0 v
Total 2 0 i
Nama Dosen : Dr. Saibun Sitorus, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Kimia Batu Bara P Prof. Dr. Ir. Daniel, M.Si 2 0 IV
Total 2 0
Nama Dosen : Prof. Dr. Aman Sentosa bean, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
1 Analisis Runut P Drs. H. Alimuddin, M.Si 2 0 VI
Total 2 0
Nama Dosen : Dr. H. Alimuddin, M.8i
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEK
. f. Dr. Aman Sentosa
1 Analisis Runut P g‘;@bean, M.Sin 2 0 Vi
Total L 0
Nama Dosen : Dr. Chairul Saleh, M.Si
SKsS
w/P DOSEN PARTNER SMT
NO MATA EKULIAH / TEORI
1 Oleckimia Dasar P Ritson Purba, 8.81. M.S: 2 8] VI
Total 2 0
Nama Dosen : Ritson Purba, S.8i., M.Si
SKS
TA KULIAH w/P DOSEN PARTNER SMT
e K g TEORI PRAKTEK
1 Oleokimia Dasar P Dr. Chairul Saleh, M.Si 2 0 VI
Total 2 ]
Nama Dosen : Dr. Noor Hindryawati, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
’ TEORI | PRAKTEK
1 Sintesa Kimia Anorganik w Irfan Ashari Hiyahara, M.Si 3 0 VI
Nanoteknologi dan Irfan Ashari Hiyahara, M.Si
2 5 P Vi
Nanomaterial _
Total 5




Nama Dosen : Irfan Ashari Hiyahara, M.Si

[ I SKS

. NO | MATA KULIAH w/P DOSEN PARTNER ———————y Y

i | | TEORI | PRAKTEK

1 Sintcsa Kimia Anorganik W[ Dr. Noor Hindryawat, MSi_ | 3 | G Vi

I o Nanoteknologi dan p 1 Dr. Noor Hindryawati, M.Si } o ! 0 Vi |
[ “ | Nanomaterial o L S B S
L . Total I I T I

Nama Dosen : Dr. Rahmat Gunawan, M.Si

SKS
NO MATA KULIAH w/P DOSEN PARTNER | : o R — sMT
| TEORI | PRAKTEK
1l |IkatanKimia | P | Veliyana Londong, $.8i.,, M.Si | 2 Q IV
B __Total _ - L2 | o I ]
Nama Dosen : Veliyana Londong Allo, S.8i., M.Si
|
‘ ! | SKS
NO | MATA KULIAH w/P | DOSEN PARTNER } — e BT
| ; ' TEOR! | PRAKTEK
1| lkatan Kimia P | Dr. Rahmat Gunawan, M.Si | 2 | 0 v
L. - Total A 2 1 ¢ .
Nama Dosen : Rithey Ruga, MP., Ph.D
’ ! | SKS J
NO MATA KULIAH w/p | DOSEN PARTNER e Sl O T
| | TEORI | PRAKTEK
i e *. » - 1
1 | Biokimia Medisinal JI p | DiibenRyn Prativi, 8.8, |, 0 vi
- R | V1.8 -
Total | 2 Q
___Nama Dosen : Djihan Ryn Pratiwi, S.Si., M.Si s - - S
f ‘ I SKS 1
NO | MATA KULIAH w/P DOSEN PARTNER f -| SMT |
A - . o - | TEORI | PRAKTEK 1
1| Biokimia Medisinal P__ | Ritbey Ruga, M.P., Ph.D [ 2 o w1 ]
. __Total | 2 0 |




PROGRAM STUDI : S1-FISIKA

LAMPIRAN IX

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR LU JUN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
202172022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU - PENGETAHUAN  ALAM  UNIVERSITAS
MULAWARMAN.

N | sgsy | JENIS
| o KODE MK | MATA KULIAH SROT MK KURIKULUM DOSEN PENGAMPU MK
| o | (W/P) o e —
Lyl 2 o T M ) I -/ I _(7)
w S0T04602W0 visika Lingkung: . Mis M.Si
| 4 190704602W008 ! Fisika Lingkungan | 211 | W 2019 Dr. Mislan, M 0.1_ -
| Dadan Hamdani, M.Si
| i ? Kkadek Subagiada, M.Si
1 190704603P049 | Biofisika '
2 H Sf]V i) 2019 e —— .~ ——
| ‘ Devina Rayzy Perwitasari
b B o ‘_ Sutaji Putri, S.8i., M.Sc
| 4 190704602W037 | Kapita Selekta ) - Wahidah, 8.8i., MT
| , I AL I 2 |'Rahmiau, s.si, MSe
| odelan 5 drig N i S|
| 4 | 190704603P070 | :;"m'd‘l“r st | ® - | Dr. Eng. ldris Mandang, M.Si
4 | Oseanogr: | 3 2 : ) ;
; | MEsRnegras [ Dr. Sc. Mustaid Yusuf, M.Si
| — — “ ——re —— —— ———
| o ar Mikro 55 i
[ - | 190704603P066 | }‘:‘_“gffn‘f‘f fikre . ) o Dr. Syahrir, M.Si
o | ZPasEnm 3 s Ahmad Zarkasi, S.8i., M.Si
|

Ditetapkan di Samarinda

;...’/

8/219311601031024




LAMPIRAN X

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR €Y% /UN17/HK/2022

TANGGAL 12 JANUARI 2022
TENTANG

MATRIKS MATA KULIAH PROGRAM MERDEKA
BELAJAR KAMFUS MERDEKA {MBKM) SEMESTER
GENAP TAHUN AKADEMIK 2021/2022 PROGRAM
STUDI 81 FISIKA FAKULTAS MATEMATIKA DAN ILMU
PENGETAHUAN ALAM UNIVERSITAS MULAWARMAN.

MATRIKS MATA KULIAH PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)
SEMESTER GENAP TAHUN AKADEMIK 2021/2022 PROGRAM STUDI S1 FISIKA
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM

UNIVERSITAS MULAWARMAN

Nama Dosen : Dr. Mislan, M.Si

Si
NO MATA KULIAH w/p DOSEN PARTNER = SMT
TEORI | PRAKTEK
1 Fisika Lingkungan w Dadan Hamdani, M.Si 2 0 1I
Total 2 0
Nama Dosen : Dadan Hamdani, M.Si
SBKS
NO MATA KULIAH w/pP DOSEN PARTNER SMT
TEORI | PRAKTEK
1__| Fisika Lingkungan W Dr. Mislan, M.Si 2 0 It
Total 2 0
Nama Dosen : Dr. Syahrir, M.Si
SKs
NO MATA KULIAH w/P DOSEN PARTNER sSMT
TEORI | PRAKTEK
1 | Pengantar MikroProsesor P Ahmad Zarkasi, S.8i., M.Si 2 1 Vi
Total 2 1
Nama Dosen : Ahmad Zarkasi, S.8i., M.Si
SKs
NOo MATA KULIAH w/P DOSEN PARTNER sSMT
TEORI | PRAKTEK
1 Pengantar Mikroprosesor P Dr. Syahrir, M.Si 2 1 VI
Total 2 1
Nama Dosen : Dr. Eng. ldris Mandang, M.Si
SKS
HULIAH w/P DOSEN PARTNER SMT
i MATA ¢ TEORI PRAKTEK
1 Pemodelan Oseanografi P Dr. Sc. Mustaid Yusuf, M.Si 2 1 Vi
Total 2 1
Nama Dosen : Dr. Sc. Mustaid Yusuf, M.Si
SKS
w/P DOSEN PARTNER SMT
NO MATA KULIAH f = | PRARTER
1 Pemodelan Oseanografi P Dr. Eng. Idris Mandang, M.Si 2 1 Vi
Total 2 1
Nama Dosen : Kadek Subagiada, S.8i., M.Si
SKsS
NO MATA KULIAH w/p DOSEN PARTNER SMT
TEORI | PRARTEK
1 | Biofisikn P | sutaji Putri, 5.8i., M.Sc o b
Total 3 0




___Nama Dosen : Devina Rayzy Perwitasari Sutaji Putri, S.8i., M.Sc

1 T T
‘ :‘ SKS ’
NO MATA KULIAH w/P DOSEN PARTNER - = — | sMT
i | TEORI | PRAKTEK
[ 1 1 Biofisika ._ - MJ 7_ g Kadek Subagiada, S.8i., M.Si | 3 0 1%
_Total . Il 3 0 S
Nama Dosen : Wahidah, S.5i., MT . B ———
; . - SKS ‘.
NO | MATA KULIAH Ww/P DOSEN PARTNER — e | SMT
i | | TEORI | PRAKTEK |
| 1 |KapitaSelekta | W | Rahmian, S.81,, M.Sc 2 1 o T w
[ - ) ___ Total B 2 o _[ -
Nama Dosen : Rahmiati, S.8i., M.Sc S = S—— -
; SKs \
NO MATA KULIAH w/P DOSEN PARTNER | sMT
L] ) 7 ; 7 | TEORI | PRAKTEK |
|1 |KapitaSelekta | W | Wahidah, 8.8, MT 2 o 1 v |
[ T Toml - 2 o |

+




LAMPIRAN XI

KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN
NOMOR 91(3 JUN17/HK/2022

TANGGAL 12 JANUARI 2022

TENTANG

PENGANGKATAN DOSEN PENGAMPU MATA KULIAH
PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA
(MBKM) SEMESTER GENAP TAHUN AKADEMIK
2021/2022 PADA PROGRAM STUDI S1 STATISTIKA,
S1 MATEMATIKA, S1 BIOLOGI, S1 KIMIA, S1 FISIKA
DAN S1 GEOFISIKA FAKULTAS MATEMATIKA DAN

ILMU PENGETAHUAN ALAM UNIVERSITAS
MULAWARMAN.
PROGRAM STUDI : S1-GEOFISIKA o B
' ! sks; | JENIS | DOSEN PENGAMPU |
NO KODE MK MATA KULIAH | MK | KURIKULUM i
SMT | ‘ MK
bt - . | w/p) | 1
Ay e S < — . T (8] | 7 |
R ; 2 : Dr. Syahrir, M.Si |
( 7 :_ g " ; + ' ‘_) ( i Sl e - S—
_° | '90707602R043 | Geologi Celungan Butsi | 2/ | | *"  [Dr. EryAnfullah, PhD |
| 3 istri % i . |
2 | 190707603w030 | F“f[]‘f,_c‘d? Spiish o dim 3/vi w | 2019 [ DrDiayus MT
N ) | ElSdramagnstic | | Dr. Syahrir, M.Si
- ’ . i Wahidah, S.8i, M.T
0707¢ 32 | K Selekt: 2 ) 20 ——— -
3 ! 190707602W032 | Kapita Selekta /VI W 019 Rahmiati, 5.5i. M.Sc
4 | 190707608Wo3s | Kuliah Lapangan avi | p 2019 | Dr Supriyanto, M.1
RN M | Seolisikem - - Dr. Djayus, M.T |
. Dr. Eng. ldris Mandang, |
5 ‘ 1890707603P0AS | Pemodelan Oseanografi 3/VI P E 2019 ! I!;)[rS;S\:‘ Mo tald Tusat ‘
i l M.Si

Ditetapkan di Samarinda

. H. Masjaya, M.Si.
212311991031024
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MATRIKS MATA KULIAH PROGRAM MERDEKA BELAJAR KAMPUS MERDEKA (MBKM)

LAMPIRAN XII
KEPUTUSAN REKTOR UNIVERSITAS MULAWARMAN

NOMOR ®Y49 /UN17/HK/2022
TANGGAL 12 JANUARI 2022
TENTANG

MATRIKS MATA KULIAH PROGRAM MERDEKA
BELAJAR KAMPUS MERDEKA (MBKM) SEMESTER
GENAP TAHUN AKADEMIK 2021/2022 PROGRAM
STUDI S1 GEOFISIKA FAKULTAS MATEMATIKA DAN
ILMU PENGETAHUAN ALAM UNIVERSITAS

MULAWARMAN.

SEMESTER GENAP TAHUN AKADEMIK 2021/2022 PROGRAM STUDI S1 GEOFISIKA
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM

UNIVERSITAS MULAWARMAN
Wacs s Phlcmne v P Pee TSl B nn B me e T £33
AUSALLLE ML A RFCES ”ic_ﬁ: A neA B3 --AIII-IIA.. ANd o nFE
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI | PRAKTEK
1 Pemodelan Oseanografi P Dr. Sc. Mustaid Yusuf, M.Si 2 1 VI
Total 2 1
Nama Dosen : Dr. Sc. Mustaid Yusuf. M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI PRAKTEE
1 Pemodelan Oseanografi P Dr. Eng. Idris Mandang, M.Si 2 1 Vi
Total 2 1
Nama Dosen : Dr. Syahrir, M.Si
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI | PRAKTEK
1 Geologi Cekungan Kutai P Dr. Ery Arifullah, Ph.D 2 o] w
Metode Geolistrik dan .
2 Flel etik w Dr. Djayus, MT 2 1 Vi
Total 4 1
Nama Dosen : Dr. Djayus, MT
SKsS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI | PRAKTEK
Metode Geolistrik dan : :
1 Elektro tik W Dr. Syahrir, M.Si 2 1 Vi
2 Kuliah Lapangan Geofisika P Dr. Supriyanto, M.T 0 3 VI
Total 2 4
Nama Dosen : Dr. Supriyanto, MT
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEOR! | PRAKTEK
1 Kuliah Lapangan Geofisika P Dr. Djayus, MT o]} 3 V1
L Totwai [v) 3
ugr_na Dosen : Wahidah, $.8i., MT
SKS
NO MATA KULIAH w/P DOSEN PARTNER SMT
TEORI | PRAKTEK
1 Kapita Selekta W Rahmiati, S.Si., M.Sc 2 0 VI
Total 2 0N




7{_

=is
1

|
|
i

Nama Dosen : Rahmiati, S.Si., M.Sc

e

a se : o o
! | [ SKsS
MATA KULIAH 1 W/P | DOSEN PARTNER f e - SMT
; i B TEORI | PRAKTEK
| Kapita Selekta 1 W | Wahidah, S$.8i., M.T ) R
- Total - B o 2 o)

=7 ¥ Masjaya, M_Si.
$212311991031024
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PENGANTAR
MIKROKONTROLER ........

Ahmad Zarkasi




W R
MIKRI]KI]NTRI]LER



Lapaian Pembelajaran

» Mahasiswa memahami perbedaan mikrokontroler dan mikroprosesor

» Mahasiswa memahami perkembangan teknologi mikrokontroler

» Mahasiswa mengetahui implementasi mikrokontroler




Apakah Mikrokontroler itu?
Apakah sama dengan Mikroprosesor?
Apa bedanya dengan Komputer?

Computer is a machine that can be instructed to Microprocessor is an electronic component that is used by
carry out sequences of arithmetic or logical a computer to do its work. It is a central processing unit on a
operations automatically via computer single integrated circuit.

programming.

(Source: wkipedia.org). (Source: wkipedia.org).




Computer Vs Microcontroller

s CPU < CPU

» HDD/SSD & RAM % Memory

% System Clock % System Clock

%+ Peripheral % Peripheral

*»» Menjalankan berbagai fungsi dan « Dibuat untuk menjalankan fungsi
dapat dieksekusi secara bersamaan khusus




er itu?

Apakah Mikrokontro

A microcontroller is a small and low-cost
microcomputer, which is designed to perform

the specific tasks of embedded systems (on
chip/IC).




Beberapa jenis modul mikrokontroler yang populer

DI-Smart AUR System
Depok Instruments

_ATHFRA

JUNPER BETTING i

1 [RXD 169 PORT
2l 0 18P PORT
L RXD SERIAL PORT
P2l | TXD SERIAL PORT

JP3[T] LED DISCONNECTED
JPI LED CONNECTED
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Ede ..
{| -”";ﬁ @ 3
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»
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AVR Arduino ESP32




BELREIE
Elly

Aplikasi
Mikrokontroler




Microcontroller Vs Microprocessor

Microcontroller Microprocessor

Microcontrollers are used to execute a Microprocessors are used for big

single task within an application. applications.

Its designing and hardware cost is low. Its designing and hardware cost is high.

Easy to replace. Not so easy to replace.

It 1s built with CMOS technology, which Its power consumption is high because it

requires less power to operate. has to control the entire system.

It consists of CFU, RAM, ROM, /O ports. It doesn’t consist of RAM, ROM, 17O ports. [t
uses its pins to interface to peripheral
devices.

(Source: tutorialspoint.com)




MIKROKONTROLER g0af

8051 dan Turunannya

Merupakan jenis mikrokontroler 8bit yang paling terkenal, dikeluarkan oleh INTEL Corporation pada tahun 1981. Keberadaannya sudah
sangat lama dan turunannya sangat banyak (ratusan ribu dari berbagai produsen).
Memory Program Internal

> Menggunakan on-chip ROM

- Ukuran on-chip ROM : 0kByte(8031), 4kByte(8051), 8kByte(8052)

RAM Internal
> Ukuran : 128Byte(8051), 256Byte(8052)

Memory Eksternal
> Memory program dan data dapat dikembangkan sampai 64kByte menggunakan memory eksternal.




MIKROKONTROLER 804l (Lanjutan)

ATMEL
> Pertama kali mengenalkan AT89C51 dengan programmable flash memory (bisa dihapus dan ditulis kembali)

> Juga mengenalkan AT89S5X dengan kemampuan In System Programmable

INTEL
> Pendesain awal 8051

> Dokumentasi yang terkait dengan 8051 disa dilihat di :
http://developer.intel.com/design/mcs51/docs_mcsd1.htm.

MAXIM (DALLAS SEMICONDUCTOR)
> Produk dari Maxim bisa dilihat di :

http://lwww.maxim-ic.com/products/microcontrollers/high_speed.cfm

PHILLIPS
> Produk dari Phillips bisa dilihat di :

http://www.standardics.philips.com/products/microcontrollers/




Contoh P"*“l:_u—.'E*F@
Mikrokontroler 8051 P11 :I P0.0
P1.2 [ Po.1
P1.3 [ P0.2
P1.4 [ P03
P15 [ Po4
P1.6 ] [ POS
P1.7 [ P06
RST ATMEL  [5po7
(RXD)P3.0—] AT 89551 |[—/EA J vpp
(TXD) P3.1 [ I/PROG | ALE
[INTO) P3.2 [— IPSEN
[INT1) P3.3 [ P27
(TO) P3.4 P26
(M) P35S (P25
_"__l__l (WR) P3.6 [ 5 P24
(IRD) P3.7T ] P23
P22
il—“‘u-i (P21
(P20
= | Fe——



MIKROKONTROLER AVR

AVR (dari ATMEL)

Merupakan mikrokontroler 8-bit (RISC, didasari dari Harvard architecture), dengan instruksi selebar 16bit (8 bit opcode). Mikrokontroler
ini merupakan pesaing PIC.

Memory Program
> Menggunakan flash memory (sampai 256k)

> Ukuran flash memory kadang bisa dilihat dari nama IC-nya (ATmega64x :64 kByte)
> AVR dapat mengambil instruksi berikutnya sementara instruksi saat ini masih dikerjakan (teknik single level pipeline)

o Sebagian besar instruksi butuh hanya 1 atau 2 siklus instruksi. Oleh karena itu AVR merupakan mikrokontroler yang relatif lebih
cepat bila dibandingkan mikrokontroler 8bit lainnya.

Memory Data Internal
> Terbagi sbb : register internal (sebanyak 32 register 8bit), register I/O (sebanyak 64) dan SRAM (sampai 8k)

EEPROM Internal
> Sebagian AVR menyediakan EEPROM internal untuk penyimpanan data semi permanen (sampai 4kB).

Kecepatan MCU
> Menggunakan clock sampai 16 MHz, sebagian sampai 20MHz




Pin Descriptions

O VCC (pin number 10)
Digital supply voltage
L GND (pin number 11 & 31)
Ground
O PORT A (PA7..PAQ/ pin number 33..40)
General 1/O, Analog input for A/D Converter
O PORT B (PBO0..PB7/ pin number 22..29)
General I/O, Timer/Counter, Ext. Interrupt, Analog Comparator, SPI
O PORT C (PCO0..PC7/ pin number 22..29)
General I/O, TWI, JTAG, Timer oscillator
O PORT D (PDO0..PD7/ pin number 14..21)
General /0, USART, Ext. Interrupt, Timer/Counter
O RESET (pin number 9)
Reset MCU
O XTAL1 & XTAL2 (pin number 12 & 13)
Input and output of inverting oscillator
O AVCC (pin number 30)
Supply voltage pin for Port A and the A/D Converter
O AREFF (pin number 32)
Analog reference for A/D Converter

Contoh Mikrokontroler AVR

(XCK/TO0) PBO ]
(T1) PB1 O
(INT2/AINO) PB2 ]
(OCO/AIN1) PB3 O
(35) PB4 O
(MOSI) PB5
(MISO) PB6
(SCK) PB7 ]
RESET O

)

wec O
SE [
XTALZ 1
— XTALY O
(RXD) PDO
(TXD) PD1 1
(INTO) PD2 1
(INT1) PD3 1
(OC1B) PD4
(OC1A) PD5 [

PDIP
— —
1 40
2 39
3 38
4 a7
5 36
6 35
7 34
8 33
9 32
10 9 31
11 g}, 30
12 29
13 |§ 28 |
14 < 27
15 26
16 25
17 24 1
18 23
19 22
20 21

O oo o o O o o o o oo oo oo oo

(ICP1) PD6 OO

PAQ (ADCO)
PA1 (ADC1)
PAZ (ADC2)
PA3 (ADC3)
PA4 (ADCA4)
PA5 (ADCS5)
PAG (ADCE)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)
PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (0OC2)



MIKROKONTROLER AVR (Lanjutan)

KELUARGA AVR

tinyAVR
> Memori program : 1-8 kB
> |C : 8-20 pin
> Periferal dalam tinyAVR terbatas

megaAVR
> Memori program : 4-256 kB

o |C:28-100 pin
> Mendukung lebih banyak kumpulan instruksi (perkalian dll)
> Menyediakan periferal yang lebih lengkap

AVR untuk aplikasi tertentu
> Contoh untuk LCD controller, USB controller, advanced PWM etc.

CATATAN

= Sangat cocok bila kita membutuhkan MCU yang cukup cepat.
= Memudahkan kita yang ingin menggunakan kontroler seperti : CAN, USB, Ethernet dll, karena telah terintegrasi dalam sebagian periferal.
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Pin Descriptions

O VCC (pin number 10)

Digital supply voltage PDIP
L GND (pin number 11 & 31) |
Ground . et
_ (XCK/TO) PBO ] 1 40 [0 PAO (ADCO)
O PORT A (PA7..PAQ/ pin number 33..40) (T1) PB1 ] 2 39 [0 PA1 (ADCT)
General I/0, Analog input for A/D Converter (INT2/AINO) PB2 O 3 gﬁ 1 PA2 (ADC2)
Q PORT B (PB0..PB7/ pin number 22..29) SR S =) e
General I/O, Timer/Counter, Ext. Interrupt, Analog Comparator, SPI (MOSI) PB5 ] 6 35 |7 PA5 (ADCS)
O PORT C (PCO0..PC7/ pin number 22..29) (MISO) PB6 [ 7 34 1 PA6 (ADCS)
General I/O, TWI, JTAG, Timer oscillator {sc%g%?' E: g gg g iﬁ;ém{:ﬁ
Q PORT D (PD0..PD7/ pin number 14..21) 10 9 310 GND
General I/0, USART, Ext. Interrupt, Timer/Counter _x_?ﬁﬁ'g 11 go A i‘é‘;ﬁmsm}
. [ 12 29 O
J RESET (pin number 9) = xAaugi3 £ 281 Pes (Toscl)
Reset MCU (RXD) PDO ] 14 < 27 |1 PC5 (TDI)
O XTAL1 & XTAL2 (pin number 12 & 13) {{]-II:J}FI'DD; ﬁg; E ‘1'2 32 = ;g: E;Eﬂg;
- . [ |
Input and _output of inverting oscillator (NT1) PD3 CF 17 24 15 pC2 (TCK)
O AVCC (pin number 30) (OC1B) PD4 ] 18 23 [0 PC1 (SDA)
Supply voltage pin for Port A and the A/D Converter (0C1A) PD5 4 19 22 11 PCO (SCL)
O AREFF (pin number 32) (ICP1) PD6 ] 20 21 3 PD7 (OC2)

Analog reference for A/D Converter




Blok Diagram ATmegalb

PAD - PA7 PCO-PCT
vCce A A 5 A A A 4L A E T F
] R R EE R R
]
PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS
|E- F 3 E
E v
PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFAGE
E - F
H < L >
avee — , == !
- MUX & ADC PN Wi
'< ADC INTERFACE
: |
AREF T 0 N
P £
P TIMERS/ —
P PROGRAM STACK COUNTERS OSCILLATOR
L COUNTER POINTER [ |
i PROGRAM =T INTERNAL
I FLASH s o OSCILLATOR




Blok Diagram ATmegalb (Lanjutan

i I.
®TAL1
: : i
INSTRUCTION WATCHDOG
GEMERAL + — OECILLATOR
AEGISTER — PURPOSE TIMER :
REGISTERS | | ”"’i:'
. L ®KTALZ
- X
INSTRUCTION MSU CTAL. e
DECCODER i b ETIMING [ RESET
J' ] rad
COMNTROL | moERRUPT IMTERNAL
LIMNES AL N URIT E RATED
OSCILLATOR
r
STATUS
AVRE CPU i - [—» EEFACM
FRDOOAS KR HO
—. =PI i—r  — USART
LOaS )
.
5 COMP.
- | mTERFACE [T
--_‘-\"-\_-':--
[ T
X L L/
FORTE OIGITAL INTERFACE PORTD DIGITAL INTERFACE
r ]
L 'l'
PORTE DAIVEASEUFFERS FORTD DRIVERZEUFFERS
- 3 L F 3 - . - L - E 3 E 3 . - i - L




Arsitektur AVR (ATmegalb)
L w -; -

General Purpose Stack Pointer |—_: SRAM

Register (8 x 32)
mmg Program Counter Program FLASH

v v

MCU CTRL Status Register Instruction Decoder Instruction Register m
& Timing
Central Processing Unit (CPU) Memory Block




s Lentral Processing Unit




Register :
Sebuah slot yang berfungsi untuk
General Purpose =T' menyimpan data, alamat, kode instruksi,

Register (8 x 32) ' dan bit status T ﬂ .
I R0 000

Rl 0x01
R2 0x02
Rl13 00D
General Rl4 0=0E
Purpose Rl5 0x0F
Working El& Ox10
Bepgistars E17 0x11
Status Register 26 1a cegiter Low By
B27 0=1B Hregister High Byte
R28 0x1C Yregistar Low Byte
F29 0x1D Tregister High Byte
E30 0xlE Zragrter Low Byte
R31 0x1F Z-register Hizh Byta




ALU (Arithmetic Logic Unit):

General PHFFGEE Berfungsi melakukan perhitungan
i matematika dan logika.
Register (8 X 32) Integer Integer
Operand Operand
A \/ B
Status
Status
Opcode Y
Integer

Result
Status Register




Status Register:
Berisi informasi tentang hasil operasi
operasi arithmetic logic unit.

General Purpose
Register (8 X 32)

> Global Interrupt Enable

— Bit Copy Storage

» Half Carry Flag

—> Sign Bit

> Two’s Complement Overflow Flag
—> Negative Flag

—> Zero Flag

Carry Flag
Status Register r
Bl Ei k 4 3 2 ]
I---“-““- SREG
FeadMWrils R R R Y RW R
|nitial Valua 0 i 0 i 0 i 0 I




v
Stack Pointer:

Umumnya digunakan untuk menyimpan data sementara, menyimpan local variables, dan Stack Pointer
menyimpan alamat kembali setelah interrupt. |

Program Counter
Menyimpan alamat memori yang berisi instruksi yang sedang diproses

ma Program Counter
Instruction Decoder

Bertugas menerjemahkan instruksi dari Instruction Decoder Instruction Hegister
instruction register

Instruction Register
Berisi instruksi yang diproses olen ALU




Arsitektur AVR (ATmegalb)

Peripheral /0 Interr.upt Timers/ USART ™WI e
Block Modul Unit Counters

S T

General Purpose Stack Pointer

Register (8 x 32)
P T — < Program
L _ _C:nlroltm_e__ [ Program Counter Program FLASH Komputer

Instruction Decoder Instruction Register m
Central Processing Unit (CPU) Memory Block

MCU CTRL Status Register
& Timing




¢ Memory Block




SRAM (Static Random Access Memory)

» Menyimpan program saat program berjalan

« Jenis volatile memory

* Penyimpanan sementara

 Tidak memerlukan refresh berkala seperti DRAM

Register File Data Address Space
=TV 0000
Ri 20004
H2 50002 . Program FLASH
B29 S001D
B30 S001E
A\ ___ S001F
VORegisters ~__________
$00 $0020
501 $0021
$02 $0022
53D $005D
st 3005 Memory Block
S3F N ____ S005F
Intermal SRAM
$0060
S0061
Data Memory Map
1024 bytes internal data SRAM 045C




Program Flash

 Bertugas menyimpan kode program

* Bersifat non-volatile

 Program flash pada ATmega16 memiliki 10.000 kali siklus baca/tulis

50000

. SH
Application Flash Section ' Prng ram FI—A

B ——

Memory Block

Boot Flash Section

S1FFF

Program Memory Map




EEPROM (Electrically Erasable Programmable Read Only Memory)
* Bersifat non-volatile

« EEPROM pada ATmega16 memiliki 100.000 kali siklus baca/tulis

Bit 15 14 13 12 11 10 9 i}

- T - T - - T - T - T — Treane] eeanmn
[EEART | ECARG | EEAR | EEAR® | EEARS | EEARZ | EEART | EEARD | EEARL
T

| ° ° ¢ s 2 1 ° Program FLASH

ReadWrite R R R R R R R RAN

RW  RW  RW  RW AW AW AW AW h
Initial Value a ] 0 ] 0 a 0 X

x X x X x X x X

Bit 7 il 5 4 3 2 1 0

MSB LSB I EEDR EEPRGM
ReadWrite R R R RAN R/ RAN R RN
Initial Value 0 0 0 0 0 0 0 0

Memory Block
Bit Fi 6 5 4 3 2 1 0

-1 - | - | - | EERE | EEMWE | EEWE | EERE | EECR
Read/Write R R R R AW RW AW RW
Initial Value 0 0 0 0 0 0 X 0
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MCU CTRL
& Timing

Clock Distribution

Asynchronous General I'Q Flash and
Timer/Counter Modules ADC AL RAM EEPROM
A Y A A A A A
clk,
cli, g AVR Clock Clkcpy
Control Uinit
ClK sy ClKzy iz
A
Reset Logic Watchdog Timer
F 1 ¥
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Cecillator
l T
Timer/Counter External RC External Clock Crystal Low-frequency Calibrated RC
Oscillator Oszcillator Oszcillator Crystal Oscillator Oscillator




Device Clocking Option Select

Device Clocking Option CKSEL3..0
External Crystal/Ceramic Resonator 1111 -1010
External Low-frequency Crystal 1001
External RC Oscillator 1000 - 0101
Calibrated Internal RC Oscillator 0100 - 0001
External Clock 0000




** Peripheral Block




Peripheral
Block

Timers/

Counters

!

H

JA

S
DATA BUS

SLEEP F ARx
>

e e O
T2 o

_|

Elkm
- WD WRITE DDRx .
PUD: PULLUP DISABLE ROX: READ DDFx '
SLEEP:  SLEEP CONTRGL WP WRITE PORTx General Dlgltal IO
clk - ii0 CLOCK RAX: READ PORIX REGISTER
AP READ PORTx PIN




Peripheral

Block

110 Timers/
Modul Counters

General Interrupt Control Register

Bit T G 3 4 K| 2 1

!

Initial Value 0 1] 0 0

m Vector No
An interrupt with a lower ‘Vector No’ will have a higher priority.
E.g., INTO has a higher priority then INT1 and INTZ.

w Program Address
The fixed memory location for a given interrupt handler.

E.g., in response to interrupt INTO, CPU runs instruction at $002.

m Interrupt Vector Name

This is the interrupt name, to be used with C macro ISR().

Comparator

Reset and Interrupt Vectors

Program
Vector No. | Address® Source Interrupt Definition
1 S0000 RESET External Pin, Power-on Reset, Brown-out
Reset, Watchdog Reset, and JTAG AVR
Reset
2 s002 INTO External Interrupt Request 0
3 5004 INTH External Interrupt Request 1
4 £006 TIMERZ COMP | TimerCounter2 Compare Match
5 008 TIMERZ OVF Timer/Counter2 Cverflow
6 S004 TIMER1 CAPT TimerCounterl Capture Event
T S00C TIMER1 COMPA | TimerCounterl Compare Match A
) S00E TIMER1 COMPE | Timer/Counterl Compare Match B
9 5010 TIMER1 OVF Timer/Counter! Qverflow
10 sz TIMERD OVF Timer/Counterd Qverflow
11 S04 EPI, STC Serial Transfer Complete
12 016 USART, RXC USART, Rx Complete
13 5018 USART, UDAE | USAAT Data Register Empty
14 014 USART, TXC USART, Tx Complete
15 SMC ADC ADC Conversion Complete
16 SME EE_RDY EEPAOM Ready
17 S020 AMA_COMP Analog Comparator
18 3022 TWI Two-wire Serial Interface
19 5024 INT2 External Interrupt Request 2
20 5026 TIMERO COMP | Timer/Counterd Compare Match
21 5028 SPM_RDY Store Program Memory Ready




Peripheral

Block

110 Timers/
Modul Counters

TOVn
. . mar h-1I!1I.H.|E|:|.]
Tujuan Penggunaan Timer & Counter: e LT B S s
* Melaksanakan tugas secara — {2 L T
berulang-ulang ror | eorTom
» Mengendalikan kecepatan motor DC N Lt /,f_ _,\ { From Prescaier
(PWM) *'I" e | =1 =]
» Melakukan perhitungan (Counter) I i el
» Membuat penundaan waktu (delay) ‘:%: K:;m,;m o
. OCRRA --oromeeee {_:f
| [Fiea OCnB
" | ror I"um-ﬂeq-l
i Walues
2 15 : M ceneration | GCaB
& :
al V010 P ' o
i : = ICFn 1 GD:“? TI;J:EL”
| n {Irt.Aedq.
| ICAN l+ ! [ Eage |, Nalze .Q‘j;
: 1 ; Dietectar Cancaler -
| TCCRnA | | TCCRnB | o
¢ c 16 bit Timer/Counter
Ve »  Block Diagram




Peripheral 0 Timers/
Block Counters

Comparator

S [A]kw
M
XTAL MSB LSE Mo sl
SPI Pin Overrides l o Pepr e Eee e [ [+—|8 g
READ DATA BUFFER 3
DIVIDER g
Pin Direction, Master SPI Direction, Slave SPI /2/4/8116/32/64128 - ; e
i o
7 2
MOSI Uzer Defined Input Ll ) P CLOCK (HASTER) ALOCK -
MISO Input User Defined SELECT " CLOCK |s s * SCK
- LOGIC o M
SCK User Defined Input T_T_F >
> "y F r —
oo . o o) & GES
it User Defined Input ol e e .
i
= ow
B4 g
MSTR
sPl CONTROL f}EE :
| ol T <L l
u o x W owl 2l = I| o
Elgluuﬁ %ﬁﬁg%g%ﬁlﬁf
[ 5P1 5TATUS REGISTER | 5Pl CONTROL REGISTER |
. 8, B, .
L &
SPIINTERRUPT INTERNAL SPI Block Diagram

REQUEST DATA BUS




Peripheral
Block

110 Timers/
Modul Counters

USART(Universal Synchronous Asynchronous Receiver/Transmitter)

* Mode sinkron dimana pengirim data mengeluarkan pulsa/clock untuk
sinkronisasi data

» Mode asinkron, dimana pengirim data tidak mengeluarkan pulsa/clock, tetapi
untuk proses sinkronisasi memerlukan inisialisasi, agar data yang diterima

sama dengan data yang dikirimkan
« Pada proses inisialisasi, setiap perangkat yang terhubung harus memiliki baudrate yang

Sama




Peripheral
Block

Timers/ TWI Comparator
Counters

TWI (Two Wire Interface)
»  Sebuah protokol untuk komunikasi serial antar IC
» Lebih fleksibel dari SPI

Ve ‘ ‘
= Davice 1 Dovice 2 Dovice 3 . Devica n A1 R2
Term Description
Master The device that initiates and terminates a transmission. The master also .
generates the SCL clock.

Slave The device addressed by a master.

- - - SDA - -
Transmitter | The device placing data on the bus.
Receiver The device reading data from the bus. SCL - -

TWI Terminology Typical TWI bus configuration




Peripheral
Block

Timers/ USART TWI Comparator
Counters

Comparator
» Untuk membandingkan tegangan input dengan sebuah referensi

BANDGAP
REFERENCE "
ACH
ACD —h\:
ACIE
AINGD !

[~

|| ANALOG
INTERRLPT COMPARATOR
)*—P SELECT IRG
_ 7 L ac Analog
ACls1  Aclsn  AcCIc Comparator

Block

T0 T/C1 CAPTURE Dlag ram
TRIGGER MUX
ADC MULTIFLEXER ACT -

QUTPUT (]

Al

g
Ll
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Tugas |

Buatlah simulasi sederhana dengan menggunakan LED berbasis mikrokontroler ATmega
dengan compiler CodeVision AVR.
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Apa itu Arduino?

» Arduino is a microcontroller-based open source
electronic prototyping board which can be programmed
with an easy-to-use Arduino IDE.

% » Arduino consists of both a physical programmable circuit

board and a piece of software, or IDE. The Arduino IDE
ARDUINO uses simplified version of C++, making it easier to learn.

» The Uno is one of the more popular boards in the Arduino
family and great choice for beginners.




Beberapa Jenis Modul Arduino
Arduino Due Arduino Mega

-
~ ¥
9
prorTaL (Pum~) B 8
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ARDUINO
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=
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Bagian-bagian terpenting dari Arduino Uno

Pe 8=

N

—

USB connector Power port Microcontroller Analog input pins Digital pins




p Thisis a printer USB port used to load a program

USB Connecter from the Arduino IDE onto the Arduino board.



p The Arduino board can be powered through
a AC-to-DC adapter or a battery

Power Port

P The power source can be connected by plugging ina 2.1mm
center-positive plug into the power jack of the board

P The Arduino UNO board operates at a voltage of 5 volts,
but it can withstand a maximum voltage of 20 volts

P If the board is supplied with a higher voltage, there is a
voltage regulator (it sits between the power port and
USB connector) that protects the board from burning out




p Itis the most prominently visible black rectangular chip
with 28 pins. Think of it as the brains of your Arduino

Microcontroller

5

P The microcontroller used on the UNO board is Atmega328P
by Atmel ( a major microcontroller manufacturer)




P Atmega328P has the following components in it

» Flash memory of 32KB. The program loaded from
the Arduino IDE is stored here
» RAM of 2KB. This is runtime memory

Microcontroller

» CPU: It controls everything that goes on within
the device. It fetches the program instructions from

flash memory and runs it with the help of RAM
8 » Electrically Erasable Programmable Read Only

Memory (EEPROM) of 1KB. This is a type of nonvolatile
memory, and it keeps the data even after device
restart and reset

P Atmega328P is pre-programmed with bootloader.
This allows you to directly upload a new Arduino program
into the device, without using any external hardware
programmer, making the Arduino UNO board easy to use




p The Arduino UNO board has 6 analog input pins, labeled
“Analog 0 to 5.” These pins can read the signal from an
analog sensor such as a temperature sensor and convert

) : it into a digital value for system understanding
Analog input pins ,

CIIN

P These pins just measure voltage and not the current
because they have very high internal resistance.
Hence, only a small amount of current flows through
these pins

P Although these pins are labeled analog and are analog

input by default, these pins can also be used for digital
input or output




p You can find these pins labeled “Digital 0 to 13.” These
pins can be used as either input or output pins. When used
as output, these pins act as a power supply source for the
components connected to it and when used as input pins,
they read the signals from the component connected
to them

Digital pins

*xxx%

DICITAL (Pww~) E §

(© OX Lconarpo

ARDUINO




P This is a quartz crystal oscillator which ticks 16 million
times a second. On each tick, the microcontroller performs

Crystal oscillator : e :
one operation, for example, addition, subtraction, etc



USB interface chip

P Think of this as a signal translator. It converts signals
in the USB level to a level that an Arduino UNO board
understands

TX RX indicator

P TXstands for transmit, and RX for receive. These are
indicator LEDs which blink whenever the UNO board is
transmitting or receiving data




Ringkasan Bagian-bagian Arduino Uno

Reset Button

AREF

Ground Pin

Digital I/0

PWM

USB Connection
TX/IRX

ATmega328P

9. Power LED Indicator
10.Voltage Regulator
11.DC Power Barrel Jack
12.3.3V Pin

13.5V Pin

14.Ground Pin
15.Analog Pin

NSO =~

ARDUIND.CC




ATmegadZ8P

debugWire

Clock generation

Block
Diagram

ADCEADCT.PC[5:0] —a= ADC[T0]
AREF =g  AREF

PO, PC{E:), PE[7:q) ~* PCINTIZX0]
PD3, Po2 — ™ INT[1:0]

EEPROM

=P}
— P}l
== Py

== PC4
- PS5

Pa[TO]
PO{T:0]

MES00
MOSI0

PDd
FDE
FDS

FB4
FPB3
FBS
FB2

FDE
POT

ADCE, ADCT
PCI5)



Crata Bus 8-bi

ATmegadZ8P !
Flash o] Program Status and
Program Counber Confrol
Memony "
|I'ﬁ|"L!l:|'b:ll1 F"LIrF-:II:E- |
Register ™ Regsters &P
| ——p—|
nr.h::l . 4 II S II —
I )
== i \j/ | Vs
! g 2
Canbrol Lines E E —_ Mnaliog
= 'E ——— Comparatar
o
110 Module 1
T e [
- il /0 Madude 2
tai—ae] [/ Modwle n
EEFPROM
I Lines |
Block Diagram Arsitektur AVR Y




Tugas Simulasi

Buatlah sebuah project simulasi menggunakan Proteus sebagai media desain dan Arduino 1DE
sebagai compiler.

Penilaian:

e T[ingkat kesulitan dan kreativitas.
 Presentasi
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Review

(XCKT0) PBO COJ PAG  (ADCD)
my - pPB1 Z Fal  jADCH)
» AVR ATmega16 has 32 pins constituting four ports. The ports are listed below: (INTZ/AIND}  pB2 e PAZ  (ADC2)
(LHCAINTY PB3 4 FAT (ADCH
1. PORTA SRR - PAL  (ADCY)
2. PORTB {Mosh  pes S PAS  (ADCH)
3.PORTC IS0} PBG iy PAG  {ADCG)
4 PORTD (SCK} PBT B a PAT (ADCT)
| RESET g 32 s
. _ o= 10 il AGND
 Each pins of these four ports can be used as general-purpose inputs/outputs GND CHRE 30 TN
ZTALZ 12 29 PLE (TS
« These pins can be configured as input or output using the three 1/0 registers ALY T “
for each port. Th st listed below: A 27
or each port. These registers are listed below. a0 po1 B 25 NRUE
1. DDRXxregisters (NTO) P02 L 25 TS
2. PIereglsterS (INT1} PD3 24 FCZ  (TCK)
. OC1B
3. PORTxregisters et P PC1  (SDA)
, , , , {OC1A) PDS PCO (SCL)
(where x can be A, B, C, or D depending on which port registers are being acen) pos o W For 002
addressed). Electr

Pin Diagram of ATmega 16/32
« Each pin also has some special functionality associated with it.




DDRx (Data Direction Registers)

» These are 8-bit registers.

» These are used to configure the pins of the ports as input or output.
 Writing a one to the bits in this register sets those specific pins as output pins.
 Writing a zero to the bits in this register sets those specific pins as input pins.
 All bits in these registers can be read as well as written to.

» The initial value of these bits is zero.

Example:

1. Setting Port D as an output port:
DDRD = OxFF; atau DDRD=0b11111111;

2. Setting Port D as input port:
DDRD = 0x00; DDRD=0b00000000;




PORTx :Data Registers

» These are 8-bit registers.

» These are used to put pins of the ports in a logic HIGH or logic LOW state.
» Writing a one to the bits in this register puts a LOW logic (0V) on those pins.
 All bits in these registers can be read as well as written to.

 The initial value of these bits is zero

Example:

We weill use the PORTX register of Port D to write a value 0x55 to Port D
PORTD = Ox55;

PINx : Input Pins Address Registers

» These are 8-bit registers.
» These are used to read the values on the specific pins of the port.
» These bits are read-only bits and cannot be written to.

Example:

We well read the value on Port D in an 8-bit variable named ‘port_value’
Port _value = PIND;




In the figure shown below, the above mentioned three registers for Port A are shown. These 8-bit registers.

T & 5 4 3 2 1 0
PORTAT PORTAG PORTAS PORTAA FORTAZ PORTAZ PORTA1 FORTAD
PORTA

T & 5 4 3 i 1 0

DDvAT DOAG LA (L]17AE) LA DDA2 oAl D0 A
DDRA

T & 5 4 3 2 1 0

PINAT PINAL PINAS FINA PINAZ PINAZ PINA1 FINAD

FPIMNA




Exercise

Lets write a code to program pin 3 of Port D as an output and use it to drive an LED. We sill toggle the LED
with some delay.

LED

ATmegalé
PD3

GHD
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Definition

ADC (Analog to Digital Converter) is the most widely used
device in embedded systems which is designed especially for
data acquisition. In the AVR ATmega series normally 10-bit
ADC is inbuilt in the controller.

Let us see how to use the ADC of AVR ATmega16 /
ATmegad2

Atmega16/32 supports eight ADC channels, which means we
can connect eight analog input at a time. ADC channel 0 to
channel 7 are present on PORT A. i.e. Pin no. 33 to 40.

(XCK/TO} PBO W . PAD (ADCO)
(T1) pPE1 . PA1  (ADCH1)
(INT2/AIND) Pz PAZ (ADC2)
(OCO/AINT) PB3 PAZ (ADC3)
S5 ppa 5 PAS  (ADCA) ADC Input channels
(MOSI} PBS PAS (ADCS)
(MISO]} PBS i PAE [(ADCE)
(SCK) PB7 . PAT {ADCT)
"RESET il AREF External ADC Ref. Voltage
VGG AGND Analog Gnd (ADC Ground)
GND AVCC ADC Vcc
XTALZ PCT (TOCS2)
XTAL1 PCB  (TOCSH)
(RXD) PDO FCS  (TD1)
(TXD) PD1 PC4 (TDO)
{INTO) PD2 C PC3  (TMS)
(INT1) PD3 . PC2  (TCK)
(OC1B) PD4 PC1 (SDA)
(OC1A}) PD5 . PCOD  {SCL)
(ICP1) PD& T PD7  (OC2)

ADC Pins of ATmega 16/32




Resolution

The controller has 10 bit ADC, which means we will get digital output 0 to 1023. i.e. when
the input is OV, the digital output will be OV & when input is 3V (and Vref=5V), we will get the
highest digital output corresponding to 1023 steps, which is 5V.

So controller ADC has 1023 steps and
» Step size with Vref =5V, so 5/1023 = 4,88 mV
» Step size with Vref=2.56V, so 2,56/1023 = 2,5 mV

So Digital data output will be D=V, /step_size.




Specifications (ATmega16/32 ADC)

 Itis 10-bit ADC.

» Converted output binary data is held in two special function 8-bit register ADCL (result
Low) and ADCH (result in HIGH).

» ADC gives 10-bit output, so (ADCH:ADCL) only 10-bits are useful out of 16-bits.

» We have options to use this 10-bits as upper bits or lower bits.

» We also have three options for Vref
1. AVcc (analog Vcce)
2. Internal 2,56 V
3. External Aref Pin

* If you decide to use Avcc or Vref pins as ADC voltage reference, you can make it more
stable and increase the precision of ADC by connecting a capacitor between that pin
and GND.




ADC Register

In AVR ADC, we need to understand four main register

il o

ADCH: Holds digital converted data higher byte
ADCL.: Holds digital converted data lower byte

ADMUX: ADC Multiplexer selection register
ADCSRA: ADC Control and status register

ADMUX Register

[

&

REFS1

REFS0

ADLAR

MU X4

MU X3

MU X2

MU X1

MU X0

ADCSRA Register:

T

6

ADEN

ADSC

ADATE

ADIF

ADIE

ADPS2

ADPS1

ADPS0
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LAPAIAN PEMBELAJARAN

Setelah membahas materi kuliah ini, diharapkan mahasiswa dapat:

1. Memahami blok diagram Timer/Counter serta alur kerja yang berlaku di dalamnya

2. Memahami register-register pada Timer/Counter beserta kegunaannya




Timer/Counter
 Time function (starting program/execution)
o Other uses: timer, PWM, ADC, Oscillator

System Clock

-iD}- ML 1J timer
(Xtal)

external clock e —— -

counter

Prescaler

[Fes}—>.

pilih counter/timer




Timer/Counter O
(8-bit)

Timer/Counter 1
(16-bit) Independent

Timer/Counter 2
(8-bit)

Timer/Counter AVR




Timer/Counter 0

 Single Compare Unit Counter

 Clear Timer on Compare Match (Auto Reload)

» Phase Correct Pulse Width Modulator (PWM)

 Frequency Generator

 External Event Counter

 10-bit Clock Prescaler

* Overflow and Compare Match Interrupt Sources (TOV0 and OCFO0)




8-bit Timer/Counter Block Diagram

A
e [ TCCRn
count
- TOVn
clear i (int.Req.)
directicn clkr, Clock Select
‘ DEIdgEE . ™n
BOTTOM TOP
Yy { From Prescaler
U:':' Timer Counter
o TCNTR | 3
I-:l: = = OxFF - OCH
g f * (Int.Reg.]
)
Wavelorm
f = Gensration #=1 OCn
Ectg =g OCRn
\j




Counter Unit Block Diagram

- TOVn
DATA BUS (int. Feq.)
i =
‘ Clock Selact
count Edge - ™
claar ':‘[I'i'.l'ﬁ Dalector
TCNTn — Coniral Logic [-——
I|:IirE||:I:i|::u‘|
{ From Prascaler )

worrou| [ron

Signal description (internal signals):
count Increment or decrement TCNTO by 1.

direction Select between increment and decrement.

clear Clear TCNTO (set all bits to zero).
clk;, Timer/Counter clock, referred to as clk; in the following.
TOP Signalize that TCNTO has reached maximum value.

BOTTOM Signalize that TCNTO has reached minimum value (zero).




Output Compare Unit, Block Diagram

- DATA BUS

OCRn TCNTn

i1

= (B-bit Comparatar )

OCFn (InLReg.)
=

Y
lop I
botlom Waveform Generator = OCn
FOCn I

]

WGNMn1:0 COMR1:0




Timer/Counter Control Register - TCCR0

Bit K & 5 4 3 2 1 i

| Foco | wGmoo | cOMo1 | COMDD | WGMO1 | CS02 CS01 csoo | TCCRo
FeadWrite W RW Ry = R = AW R
Initial Walua 0 L1 a 1] 0 0 0 L1

» Bit 7-FOCO: Force Output Compare
« Bit 6,3 - WGMO01:0: Waveform Generation Mode
» Bit 5:4 - COM01:0: Compare Match Output Mode

» Bit2:0-CS02:0: Clock Select Csoz | CSo1 | CS00 | Description

0 0 0 Mo clock source (Timer/Counter stopped).
0 0 1 clk;/(No prescaling)
0 1 0 clk;o/8 (From prescaler)
0 1 1 clk;»/64 (From prescaler)
1 0 0 clk;5/256 (From prescaler)
1 0 1 clk;5/1024 (From prescaler)

Clock Select Bit 1 1 0 External clock source on TO pin. Clock on falling edge.

Description 1 1 1 External clock source on TO pin. Clock on rising edge.




Timer/Counter Control Register - TCNTO

Bit K i 5 4 3 2 1 o

rouro
Read \Write RAW RW RAW RAW RAW AW RAW RAW
Initial Value 0 0 a 0 0 0 0 0

Output Compare Register - OCR0

Bit K & & 4 3 2 1 0
- ocaizm | ocreo

Read Write RAW AW RAW R RAW AW RAW AW

Initial Yalua o 0 0 o 0 0 o 0




Timer/Counter Interrupt Mask Register - TMSK

Bit Fi & 5 4 3 2 1 1]

| OCIE2 TOIE2 TICIE1 | OCIE1A | OCIE1IB | TOIE1 OCIED TOIED I TIMSK
Read \Writa RN RW RW RW RAV RW RAW RW
Initial Valua o Q0 0 a o o o a

Timer/Counter Interrupt Flag Register - TIFR

Bit T i 5 4 3 2 1 5]

I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFO TOVOD | TIFR
ReadWrite RAY AW RAW RAW AW AW RW AW
Initial Valua 0 0 0 0 0 0 o o




Timer0 Overflow

Normal mode: When the counter overflows i.e. goes from 0xFF to 0x00, the TOVO flag is set

TCNTOp
OXFF

time




Creating Delay Using Timer0

otes */ Timerl.c* & Counting Delay (Fosc= 8MHz)
finclude <avrfic.h¥» 1
— — — -6 _
woid To0delay(); T= Fosc T 8x%x106 0,125 x 107" = 0,125 us
Ei_nt main {woid)
i DDEE = OxFF #/ BORTE ssbagai output] TCNT = 0x25
= 0OxFF; seb=agsi cutpu :
Ehile#lll A4 Untuk perulsngsn OXFF - OX25 = OXDA (218 deSImal)
= {
BORTEB=0x55; ‘ . .
Todelay () // Beri bebereps delsy Tambahkan 1 siklus lagi untuk membangkitkan flag
DORTE=0xR2; TOVO = 219.
Todelayi);
; +
| Total delay = 219 x 0,125 us = 27,375 us
wold TOdelay()
{
TCHTO = 0xZ5; A¢ Load untuk TCONTO
TCCRD = 0x01; Ad Timerld, normsl modse, no pre—-scoslar
while{ (TIFR&0x01)==0); ./ Tunggu TOVD untuk roll owver
TCCRO = 0;
TIFE = 0Oxl; A% Clear flag pads TOWD




Timer Input Capture Mode in AVR ATmega16/ATmega32

The input capture function is used in many applications such as:
 Pulse width measurement

 Period measurement

 Capturing the time of an event

In AVR ATmega32, Timer1 can be used as input capture to detect and measure events happening outside the
microcontroller.

Upon detection of a defined event i.e. rising edge or falling edge on ICP pin (PORTD.6), the TCNT1
(Timer/Counter register) value is loaded into the OCR1 (input capture) register and the ICP1 flag will get set.

_ﬂ.m'Eﬂ. “*‘q{ﬂe
ES
F 1 ] =y INPUT EVENT L’
iﬁmﬁﬁ e CAPTURE REGISTE
0 . TIMER IcF=1
Event = Rising Register

¥ Falling TCNTL=> TCR1




Clear Timer on Compare Match (CTC mode) in AVR ATmega16/ATmega32
Generally, compare model is used for generating periodic events or for generating waveforms.

In compare mode, there is one compare register, where we can set the value to compare with the
Timer/Counter register value. Once the compare value matches with the timer/counter register value, a
compare match occurs. The compare match event can be used for waveform generation.

In ATmega16/32, the Timer counts up until the value of TCTNO (Timer/Counter register) register becomes
equal to the content of OCRO (Compare register). As soon as TCNTO becomes equal to the OCRO, a
compare match occurs, and then the timer will get cleared and the OCFO flag will get set.

OCFO flag is located in the TIFR register. ATCNTO

OXFF - ————————— — — — — — —— — —

OCFo=1 QCFO=1 OCFOI=1 OCFo=1




Clear Timer on Compare Match (CTC mode) in AVR ATmega16/ATmega32

ginclude "avr/Sic. h"
Eintmain ¢

=K

DDEE = DDEB]| {(1<<3);

TCCRO = 0xl1l; Ay rormsl mede, 2lk— no pre—-scsling

CCRO = 100; /Y rilsi compare compsye wvalus )/
while ({1);
return 0;




Normal Mode Vs CTC Mode

OCO0

Waveform Generation Using Normal Mode Waveform Generation Using CTC Mode




CTC Mode

We can change the value of OCRO in runtime, to generate different pulses

100 clk 70clk

OCO
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USART

(Universal Synchronous Asynchronous

Synchronous

sending and
receiving data
according to pulses
of clock.

(e.g: SPI, 12C)

Receiver Transmitter)

Asynchronous

data is independent
of the clock and is
transmitted and
received without
reference to a
clock.

(e.g. RS 232)

Slave

Master

TXC
RXC
CLK

AVR
Microcontroller




Introduction

AVR ATmega has flexible USART, which can be used for serial communication with other devices like
computers, serial GSM, GPS modules, etc.

Before beginning with AVR USART, we will through the basic of serial communication.

Serial data framing
While sending/receiving data, some bits are added for the purpose of knowing the beginning/ending of data, etc.
commonly used structure is: 8 data bits, 1 start bit (logic 0), and 1 stop bit (logic 1), as shown:

|
' ' DATA BYTE |

|
|
1
|
IDLE [START| 4 1 0 1 0 0 1 0 STOP | IDLE
|
|
|
Basic Frame Structure | |




Speed (Baud Rate)

As we know the bit rate is “Number of bits per second (bps)’, also known as baud rate in binary system.
Normally this defines how fast the serial line is. There are some standard baud rates defined e.g. 1200, 2400,
4800, 19200, 115200 bps, etc. Normally 9600 bps is used where speed is not critical issue.

Wires and Hardware Connection

Normally in USART, we only need Tx (Transmit), Rx (Receive), and GND wires.

* AVR Atmega USART has a TTL voltage level which is OV for logic 0 and 5V for logic 1.

 In computers and most of the old devices, RS232 protocol is used for serial communication i.e. +3V to +25V
for logic zero and -3V to -25V for logic 1.







TTL R5232
LOGIC D oV LOGICO +3t0+25V
LOGIC 1 &V LOGIC1 -3to-25V

ATmega16/32
Serial Interface

R1IM

S Mﬁlﬁ r_|;5

RS 232
to U Kompu

Converter




With a new PC and laptops, there is no RS232 protocol and DB9 connector. We have to use serial to USB
connector. There are various serial to USB connectors available e.g. CP2102, FT232RL, CH340, etc.

Mh'h':'}m:.

Serial to USB Converter




Features

 Full Duplex Operation (Independent Serial Receive and Transmit Registers)
 Asynchronous or Synchronous Operation

» Master or Slave Clocked Synchronous Operation

 High-Resolution Baud Rate Generator

» Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits

» QOdd or Even Parity Generation and Parity Check Supported by Hardware (Data Validation)
 Data Over Run Detection

* Framing Error Detection

 Noise Filtering Includes False Start Bit Detection and Digital Low Pass Filter

» Three Separate Interrupts on TX Complete, TX Data Register Empty, and RX Complete
« Efc.




I
|
UBRR[H-L]
USART Block | osc |
L] I * I
Diagram | |
| BALD RATE GENERATOR  |a— I
: : |
| 5YNG LOGIC Eis I
I ¥ o] comTRaL [ K
I I
I-“ _________ 1‘__-_-_-__-_-__-Tra-na?nir-mF:
l UOR [Transmit) I:I'_"II'I'KH.UL I
BARITY |
% I ¥ GEMERATOR I
[ o FIN |
2| | . I}Tmsm'r EHIFT REGISTER . contRoL [ Tub
o -
= T
= r Recaiver |
I = ook | R I
| REGOVERY [ CONTROL I
I I
I DAaTA FlM I
[ I? RECENE SHIFT REGISTER e | cemtroL [ R0
I " I
| I
EARITY |
: UDR [Recoive) checker | :
T |
UCERA UCERB UCSRC




Data Frame

le FRAME -|

(IDLE) \51/ 0 X 1 X2 X 3 X 4 X[‘&]X[EIX[TIX[B]X[P]/SN ISPEI\ (St/IDLE)

« St . Start Bit
*n : Data Bit (0-8)
« Sp  :StopBit

« P . Parity Bit




Registers

« UCSRA
- UCSRB
« UCSRC
« USRRH
« USRRL
 UDR




UBRROL and UBRROH - USART Baud Rate Registers

Bit 15 14 13 12 11 10 9
URSEL - - - UBRR (11:8)

UBRR (7:0)
7 6 5 7 3 2 1

» Bit 15 - URSEL : Register Select (low:UBRH), (high:UCSRC)
 Bit 14-12 - Reserve Bit
 Bit 11:10 - UBRR1:0 (Baudrate Setting)

UBRR = (f,,,,/16*Baud) - 1

UBRRH
UBRRL



UCSROA - USART Control and Status Register A

Bit

7 6 S 4 3 2 1 0

RXCO TXCO UDREO FEO DORO UPEO U2X0 MPCMO
| Read/Write R R/W R R R R R R
Initial Value 0 0 1 0 0 0 0 0

« Bit 7 — RXC: USART Receive Complete V =1, jika data siap dibaca

This flag bit is set when there are unread data in the receive buffer and cleared when the
receive buffer is empty (i.e., does not contain any unread data). If the receiver is dis-
abled, the receive buffer will be flushed and consequently the RXC bit will become zero.
The RXC flag can be used to generate a Receive Complete interrupt (see description of
the RXCIE bit).

* Bit 6 — TXC: USART Transmit Complete VV =1, jika semua data terkirim

This flag bit is set when the entire frame in the transmit Shift Register has been shifted
out and there are no new data currently present in the transmit buffer (UDR). The TXC
flag bit is automatically cleared when a transmit complete interrupt is executed, or it can
be cleared by writing a one to its bit location. The TXC flag can generate a Transmit
Complete interrupt (see description of the TXCIE bit).

+ Bit5 - UDRE: USART Data Register Empty \/ = 1, jika datanya kosong

The UDRE flag indicates if the transmit buffer (UDR) is ready to receive new data. If
UDRE is one, the buffer is empty, and therefore ready to be written. The UDRE flag can
generate a Data Register empty Interrupt (see description of the UDRIE bit).

UDRE is set after a reset to indicate that the transmitter is ready.

= Bit 4 — FE: Frame Error

This bit is set if the next character in the receive buffer had a Frame Error when
received. i.e., when the first stop bit of the next character in the receive buffer is zero.
This bit is valid until the receive buffer (UDR) is read. The FE bit is zero when the stop
bit of received data is one. Always set this bit to zero when writing to UCSRA.

= Bit 3 — DOR: Data OverRun

This bit is set if a Data OverRun condition is detected. A Data OverRun occurs when the
receive buffer is full (two characters), it is a new character waiting in the receive Shift
Register, and a new start bit is detected. This bit is valid until the receive buffer (UDR) is
read. Always set this bit to zero when writing to UCSRA.

= Bit 2 — PE: Parity Error

This bit is set if the next character in the receive buffer had a Parity Error when received
and the parity checking was enabled at that point (UPM1 = 1). This bit is valid until the
receive buffer (UDR) is read. Always set this bit to zero when writing to UCSRA.

= Bit 1 — U2X: Double the USART Transmission Speed

This bit only has effect for the asynchronous operation. Write this bit to zero when using
synchronous operation.

Writing this bit to one will reduce the divisor of the baud rate divider from 16 to 8 effec-
tively doubling the transfer rate for asynchronous communication.

* Bit 0 — MPCM: Multi-processor Communication Mode

This bit enables the Multi-processor Communication mode. When the MPCM bit is writ-
ten to one, all the incoming frames received by the USART receiver that do not contain
address information will be ignored. The transmitter is unaffected by the MPCM setting.
For more detailed information see “Multi-processor Communication Mode" on page 154.




UCSROB - USART Control and Status Register B

+ Bit 4 — RXEN: Receiver Enable V/

Writing this bit to one enables the USART Receiver. The Receiver will override normal
port operation for the RxD pin when enabled. Disabling the Receiver will flush the
receive buffer invalidating the FE, DOR, and PE flags.

Bit 7 6 S 4 3 2 1 0

RXCIEO TXCIEO UDRIEO RXENO TXENO UCSZ02 RXB80 TXBEO

Read/Write R/W R/W R/W R/W R/W R/W R R/W * Bit 3 - TXEN: Transmitter Enable \/
¥ Writing this bit to one enables the USART Transmitter. The Transmitter will override nor-
Initial Value 0 0 0 0 0 0 0 0 mal port operation for the TxD pin when enabled. The disabling of the Transmitter
(writing TXEN to zero) will not become effective until ongoing and pending transmis-
« Bit7 - RXCIE: RX Complete Interrupt Enable \/ sions are completed, i.e., when the transmit Shift Register and transmit Buffer Register

do not contain data to be transmitted. When disabled, the transmitter will no longer over-
Writing this bit to one enables interrupt on the RXC flag. A USART Receive Complete ride the TxD port.

Interrupt will be generated only if the RXCIE bit is written to one, the Global Interrupt

Flag in SREG is written t d the RXC bit in UCSRA is set.
agin is written fo one and the in is se . Bit2-U 9: Character Size

* Bit 6 — TXCIE: TX Complete Interrupt Enable / The UCSZ2 bits combined with the UGSZ1:0 bit in UCSRC sets the number of data bits

Writing this bit to one enables interrupt on the TXC flag. A USART Transmit Complete  (Character Size) in a frame the receiver and transmitter use.

Interrupt will be generated only if the TXCIE bit is written to one, the Global Interrupt ] . ]
Flag in SREG is written to one and the TXC bit in UCSRA s set. * Bit1 - RXB8: Receive Data Bit 8

. . RXES8 is the ninth data bit of the received character when operating with serial frames
* Bit 5 — UDRIE: USART Data Register Empty Interrupt Enable with nine data bits. Must be read before reading the low bits from UDR.
Writing this bit to one enables interrupt on the UDRE flag. A Data Register Empty Inter-

rupt will be generated only if the UDRIE bit is written to one, the Global Interrupt Flagin  * Bit 0 — TXB8: Transmit Data Bit 8

SREG is written to one and the UDRE bit in UCSRA is set. TXB8& is the ninth data bit in the character to be transmitted when operating with serial

frames with nine data bits. Must be written before writing the low bits to UDR.




UCSROC - USART Control and Status Register C

Bit 7 6 5 4 3 2 1 0
UMSELOT UMSELOO UPMOT UPMOO USBSO UCSZO1 UCSZO UCPOLO

Read/Write RW  RW RW RW RW RW RW RW

Initial

0 0 0 0 0 1 1 0
Value
* Bit 7 — URSEL: Register Select / 0 = UBRRH, 1 > UCSRC . Bit 3 — USBS: Stop Bit Select V
This bit selects between accessing the UCSRC or the UBRRH Register. It is read 85 This bit selects the number of Stop Bits to be inserted by the Transmitter. The Receiver
one when reading UCSRC. The URSEL must be one when writing the UCSRC. ignores this setting.

_ Menentukan banyak bit dalam 1
* Bit 6 — UMSEL: USART Mode Select \/ 0 - asynchronous, 1 = synchronous . Bit 2:1 — UCSZ1:0: Characier Size Vframe

This bit seleots between Asynohronous and Synchronous mode: of operation. The UCSZ1:0 bits combined with the UCSZ2 bit in UCSRB sets the number of data bits
* Bit 5:4 — UPM1:0: Parity Mode V/ (Character Size) in a frame the Receiver and Transmitter use.

These bits enable and set type of parity generation and check. If enabled, the transmit-
ter will automatically generate and send the parity of the transmitted data bits within
each frame. The Receiver will generate a parity value for the incoming data and com-
pare it to the UPMO setting. If a mismatch is detected, the PE flag in UCSRA will be set.




UDRO - USART 1/0O Data Register

Bit 7 6 S 4 3 2 1 0

UDR (Read) RXB7 RXB6 RXB5 RXB4 RXB3 RXB2 RXB1 RXBO
UDR (Write) TXB7 TXB6 TXBS TXB4 TxXB3 TxXB2 TXB1 TXBO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

 All data received by the receiver and data sent by the transmitter will be accommodated by the UDR
 To read the data received by the receiver can be done by reading the contents of this UDR.
 To send data through the transmitter it is enough to provide a UDR value.




USART Initialization

vold USARET _Init{ unsigned ink baud }
{
f* Set baud rate */
UBREH = [unzigned char] (baud==8);
UBRREL = [(unaigned char]haud;
f* Enable receiver and transmitter */
UCERE = (l<«<RXEN) | [1=<<TXEN);
f* Set frame format: Adata, Z2stop bic *f
UCSRC = (1=<URSEL] | (L=<USES] | (3<<UCSZ0} ;
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SPI: The Serial Peripheral Interface (SPI) is a synchronous serial communication interface specification used for
short-distance communication, primarily in embedded systems. SPI is an interface bus commonly used to send
data between microcontrollers and small peripherals such as shift registers, sensors, and SD cards. It uses
separate clock and data lines, along with a select line to choose the device you wish to talk to.

The SPI bus specifies four logic signals:
*SCLK: Serial Clock (output from master)

*MOSI: Master Out Slave In (data output from master)
*MISO: Master In Slave Out (data output from slave)

. L
*SS: Slave Select (often active low, output from master) Slave 1 TR e
- MOSI SPI MOS| » MOS| SPI
MISO Master  MISO '« MISO Slave
4 ™ »{ 55, ] g5 » 55
Master '
SCLK > E:I:;LI:EE ¥ SCLK
RIS | MOSI e MOSI SPI
MISO |4 eSO MISO Slave
55, 55 # S5
55, St S
53, s,
Slave n . N
" J »| SCLK SCLK
5] MOSI MOS|
MISO MISO
P S5, =

| =




Master-Slave Interconnection

MSB  MASTER  LSB | . MSB SLAVE L SB

' MISO MISO|
8 BIT SHIFT REGISTER o 4| 8 BIT SHIFT REGISTER
A ’ | A A
» _MOSI__MOSI:_y,
SHIFT
SPI pd 3! SCK SCK | ENABLE

CLOCK GENERATOR e =

»- 5




SPI Pin

PDIP
AN
(XCK/TO) PBO T 1 40 O PAD (ADCO)

- R . - . (T1) PB1 1 2 39 0 PA1 (ADCH1)
Pin Direction, Master SPI Direction, Slave SPI (INT2/AINO) PB2 O} 3 38 [0 PA2 (ADC2)
MOSI User Defined Input (OCO/AINT) PB3 [T 4 37 1O PA3 (ADC3)

(5S) PB4 [ 5 36 OO PA4 (ADCA)
MISO Input User Defined (MOSI) PB5 O] 6 35 D Pas5 (ADCS)
SCK User Defined Input (MISO) PB6 ] 7 34 11 PAG (ADCE)
[— (SCK) PB7 T 8 33 1 PAY (ADCY)
55 User Defined Input RESET 1 o 120 5 arer
VCC ] 10 31 3 GND
GND T 11 30 O AVCC
XTALZ 0 12 25 1O PCY (TOSCE)
XTAL1 [ 13 28 1 PCE (TASC1)
(RXD) PDO T 14 27 13 PC5 (TDI)
(TXD) PD1 I 15 26 117 PC4 (TDO)
(INTO) PD2 T 16 25 11 PC3 (TMS)
(INT1) PD3 O 17 24 17 PC2 (TCK)
(OC1B) PD4 ] 18 23 1 PC1 (SDA)
(OC1A) PD5 [ 19 22 11 PCO (SCL)
(ICP1) PD6 T 20 21 111 PD7 (OC2)




SPI Control Register - SPCR

Bit 7 & 5 4 3 2 1 o
[SPiE_| SPe | DoRD | WSTR | CPOL | CPWA | SeAT | SeRo ] SPCR

ReadWri= R AAN R RAW RAN AN R RAN

Initial Value 0 0 a 1] 0 0 a 0

* Bit 7 - SPIE: SPI Interrupt Enable \/ + Bit4 - MSTR: Master/Slave Select \/

This bit causes the SPI interrupt to be executed if SPIF bit in the SPSR Register is set This bit selects Master SPI mode when written to one, and Slave SPl mode when written
and the if the global interrupt enable bit in SREG is set. logic zero. If SS is configured as an input and is driven low while MSTR is set, MSTR will

be cleared, and SPIF in SPSA will become set. The user will then have to set MSTR to

- Bit E _EPE_ SFI EI'IB':I'E '\/ I'E*Enah|E Epl ME[SIET mﬂdE.

When the SPE bit is written to one, the SPI is enabled. This bit must be set to enable « Bjt 3 - CPOL: Clock Polarity
any SPI operations.

* Bit 2 - CPHA: Clock Phase
+ Bits 1,0 - SPR1, SPR0: SPI Clock Rate Select 1 and 0

* Bit5 - DORD: Data Order
When the DORD bit is written to one, the LSB of the data word is transmitted first.
When the DORD bit is written to zero, the MSB of the data word is transmitted first.




SPI Status Register - SPSR

Bit 7 ¢ p 4 3 2 1 0

LG - - | - 1 - | - | SPIX | SPSR
Read/Write R = 5 = R 3 = W
Initial Value 0 0 0 0 0 0 0 0

* Bit 7 — SPIF: SPI Interrupt Flag V

When a serial transfer is complete, the SPIF flag is set. An interrupt is generated if SPIE
in SPCR is set and global interrupts are enabled. If S5 is an input and is driven low
when the SPI is in Master mode, this will also set the SPIF flag.

+ Bit 6 - WCOL: Write COLlision flag

The WCOL bit is set if the SP| Data Register (SPDR) is wrtten during a data transfer.
The WCOL bit (and the SPIF bit) are cleared by first reading the SPI Status Register
with WCOL set, and then accessing the SPI Data Register.

+ Bit 5..1 — Res: Reserved Bits

These bits are reserved bits in the ATmega16 and will always read as zero.

* Bit 0 - SPI2X: Double SPI Speed Bit

When this bit is written logic one the SPI speed (SCK Frequency) will be doubled when
the SPI is in Master mode (see Table 58). This means that the minimum SCK period will
be two CPU clock periods. When the SPI is configured as Slave, the SPI is only guaran-
teed to work at f___/4 or lower.




SPI Data Register - SPDR

Bit T & =] 4 3 2 1 0

MsB LsB I SPOR
RezdWrite RwW R R RAW RAM RAN RN RN
Inttial Walue x X X X X ¥ x ¥ Undefined

The 5P| Data Reqister is a read/write register used for data transfer between the regis-
ter file and the SPI Shift Register. Writing to the register initiates data transmission.
Reading the reqgister causes the Shift Register Receive buffer to be read.




wold SPI_SlavelInit (wald)

{
f* Bet MISD cutput, all others input */
DDR_SPI = {l=<DD_MISO);
/* Enable EPI */

EPCE = {l1l==SFE];

chay EPI_SlaveRsceive (wold)

{
f* walit for reception complete */

whilae{! {SPER & {1l=<3SPIF)])]}

f* Return data register */f

return SEFPDR;
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Basics

The 12C (Inter-Integrated Circuit) protocol, referred to as /-squared-C, I-two-C, or lIC) is two wire serial
communication protocol for connecting low speed peripherals to a microcontroller or computer motherboard. 12C
is ideally suited for typical microcontroller applications.

The TWI protocol allows the system designer to interconnect up to 128 different devices
using only two bi-directional bus lines, one for clock (SCL) and one for dara (SDA). The only external hardware
needed to implement the bus is a single pull-up resistor for each of the bus lines.




Master_0I slave [0OF xlave_ [03

Ox XX OxZ2E OxkA Y

’Cw
Byc PR N R B

‘BUS

Ox34 DX X

slave 0L Master_ 0OZ2




TWI Bus Interconnection

v
oG
+5\
10k
Device 1 Device 2 Device 3 | ........ | Dewi R1 = ¥ |
avice evice n Pull up c!} Input Pin
resistor 4
SDa - - =
SCL - -




TWI Terminology

Term Description

Master The device that initiates and terminates a transmission. The master also
generates the SCL clock.

Slave The device addressed by a master.

Transmitter | The device placing data on the bus.

Receiver The device reading data from the bus.

Data Validity

SDA / \ o
SDA=0o0r1 & SCL=1 — Valid : 1 bit data

Data Stable Data Stable

Data Change




START, REPEATED START, and STOP Conditions

The master initiates and terminates a data transmission. The transmission is initiated when the master issues a
START condition on the bus, and it is terminated when the master issues a STOP condition. Between a START
and a STOP condition, the bus is considered busy, and no other master should try to seize control of the bus. A
special case occurs when a new START condition is issued between a START and STOP condition. This is
referred to as a REPEATED START condition, and is used when the master wishes to initiate a new transfer
without releasing control of the bus. After a REPEATED START, the bus is considered busy until the next STOP.

T

START STOP START REPEATED START STOP

g
E




Address Packet Format

All address packets transmitted on the TWI bus are nine bits long, consisting of seven address bits, one
READ/WRITE control bit and an acknowledge bit. If the READ/WRITE bit is set, a read operation is to be
performed, otherwise a write operation should be performed. When a slave recognizes that it is being
addressed, it should acknowledge by pulling SDA low in the ninth SCL (ACK) cycle.

Addr MSB Addr LSB
| ({

S04 [ X XX >< >< /

n )

START




Data Packet Format

All data packets transmitted on the TWI bus are nine bits long, consisting of one data byte and an acknowledge bit. During
a data transfer, the master generates the clock and the START and STOP conditions, while the receiver is responsible for

acknowledging the reception. An Acknowledge (ACK) is signalled by the receiver pulling the SDA line low during the ninth

SCL cycle. If the receiver leaves the SDA line high, a NACK is signalled.

Aggregate %,
SDA '

SDA from
Transmitter

Data MSB

X X

DataLSB  ACK

~

]

¢
)

[ X
/X

K X

A X
A/

SDA from 7
receiverf .

SCL from
Master

SLA+R/W

]

St

__/

STOP, REPEATED
START or Next

Data Byte

o o o

Data Byte




Combining Address and Data Packets into a Transmission

[ |
Addr MSB Addr LESB AW ACK ! Data MSB Data LSB  ACK i '

1

1

D G BVAD G ¢ G G G NEN

g
~
><

|
-
43
)
unl
o
=
(]
.
m
o

START SLA+AMW Data Byle STOP

Typical Data Transmission




Multi-master Bus System

The TWI protocol allows bus systems with several masters. Special concerns have been taken in order to ensure that
transmissions will proceed as normal, even if two or more masters initiate a transmission at the same time.

:L.q TAimu.r ‘.J: :Lq TA high ..J:
| | | |
| | o e e m = ] |
SCL from | N /I K
Master A \ |/ | |
| |
I |
fﬂﬂl—tfmf; N ' I/} N TN SCL Synchronization
aster | - { ! | — between Multiple
i i | | i Masters
SGIT bus | i/ | |
Line | i | |
| B | l B :
- oL o,
‘\ Masters Start ‘\ Masters Start
Counting Low Period Counting High Period




Arbitration

 An algorithm must be implemented allowing only one of the masters to complete the transmission. All other masters should cease
transmission when they discover that they have lost the selection process. This selection process is called arbitration.

* Arbitration is carried out by all masters continuously monitoring the SDA line after outputting data. If the value read from the SDA
line does not match the value the master had output, it has lost the arbitration. Note that a master can only lose arbitration when it
outputs a high SDA value while another master outputs a low value.

START Master A Loses
itrati DA,= SDA
spAfom || | ‘/ﬁ\rbltratmn,s AZ S
Master A . ___
I
I

|
|
Arbitration between  spa from —| |
Two Masters MasterB M\ ! /—\_
|
|
|
|
|

SDA Line M
|

Synchronized




Overview of The TWI Module

SCL SDA
Slew-rate | Spike Slew-rate | Spike
Contral Filter Caontrol Filier
A 4
Y Y
Bus Interface Unit Bit Rate Generator
STAE‘TMIUECITGP Epike Suppression Prescaler
B

L Address/Data Shift I Bit Rata Register I
Arbitration detection Register (TWDR) Ack [TWER)

Address Match Unit Control Unit
Address Register ' N Status Register Control Register
I {TWAR) I {TW3R) I I (TWCR} I
TWI Unit
Address Comparator Etast;:ﬂ:ﬁ::gmn;;nd




Bit Rate Generator

This unit controls the period of SCL when operating in a Master mode. The SCL period is controlled by settings in the TWI Bit Rate
Register (TWBR) and the Prescaler bits in the TWI Status Register (TWSR).

CPU Clock frequency

SCL frequency = RS

16 + 2(TWBR) - 4

« TWBR = Value of the TWI Bit Rate Register
« TWPS = Value of the prescaler bits in the TWI Status Register




TWI Bit Rate Register - TWBR

Bit Fi 2] 5 4 a3 2 1 (]

TTWBR7 | TWBRS | TWBRS | TWBRA | TWBRG | TWBR2 | TWBR1 | TWoR0 ]  TWBR
Read/Write RAN RAW RAN RAW RN RAW RAN RW
Initial Value 0 0 0 0 0 0 0 0

« Bits 7..0 - TWI Bit Rate Register
TWBR selects the division factor for the bit rate generator. The bit rate generator is a
frequency divider which generates the SCL clock frequency in the Master modes.




TWI Control Register - TWCR

Bit Fi 3] 5 4 a3 2 1 ]

CTWINT | TWEA | TWSTA | TWSTO | TWWe | TWEN | -] TWE ] TweR
ReadWrite RW RwW RwW R R RW R R
Initial Value 0 0 0 0 0 0 0 0

» Bit 7 - TWINT: TWI Interrupt Flag

» Bit 6 - TWEA: TWI Enable Acknowledge Bit
« Bit 5- TWSTA: TWI START Condition Bit

« Bit4-TWSTO: TWI STOP Condition Bit

» Bit 3 - TWWC: TWI Write Collision Flag

» Bit 2 - TWEN: TWI Enable Bit

» Bit1 - Res: Reserved Bit

» Bit 0 - TWIE: TWI Interrupt Enable




TWI Status Register - TWSR

Bit Fi 3] 5 4q a3 2 1 ]

EEA [Twss | Twes | Twss |- Twesi | TWeso] TwsA
Read/Write R R R R R R R RMW
Initial Value 1 1 1 1 1 0 0 0

» Bits 7..3 - TWS: TWI Status
* Bit2 - Res: Reserved Bit
» Bits 1..0 - TWPS: TWI Prescaler Bits

TWP351 TWPS0 Prescaler Value
0 0 1
0 1 4
1 0 16
1 1 64




TWI Data Register - TWDR

Bit i o 5 4 3 2 1 0

TWo7 | TWos | TWos | TWo# | TWbs | Twbz | TWoi | TWoo ] TwoR
Read/Write R R R RW RW RwW RN AW
Initial Value 1 1 1 1 1 1 1 1

* Bits 7..0 - TWD: TWI Data Register
These eight bits contain the next data byte to be transmitted, or the latest data byte received on the Two-
wire Serial Bus.




TWI (Slave) Address Register - TWAR

Bit 7 3] 5 4 3 2 1 0

WA | TTWA | TWAS | TWAZ | TWAT | TWAO | TWGCE] Twam
ReadWrite RN RAwW RN AW RwW RAwW RN RW
Initial Value 1 1 1 1 1 1 1 1]

 Bits 7..1 - TWA: TWI (Slave) Address Register
These seven bits constitute the slave address of the TWI unit.

« Bit 0 - TWGCE: TWI General Call Recognition Enable Bit
If set, this bit enables the recognition of a General Call given over the Two-wire Serial Bus.




Interfacing the Application to the TWI in a Typical Transmission

1. Application 3 Check TWSR o scef STARTwas | | 5. Check TWSR 0 sce # SLAHWWAS | | 7. Check TWSR to see if data was sert
N writes to TWCR to _— ; . A . . and ACK received.
Application initiate Application loads SLA+W into TWDR, Application loads data into TWDR, and Anplication loads anorooriate control
Action transmission of and loads appropriate control signals loads appropriate control signals into sp;pnals to send S'IFDPF'D?ntu TWCE
inte TWCR, making sure that TWINT is TWCR, making sure that TWINT is 9 — !
START written o ane written 1o ane making sure that TWINT is written to one
Y
TWI bus START SLA+W A Data A STOP
Indicates
2. TWINT set. e T St 6. TWINT set. . TWINT set
TWI Status code indicates SLA+W sent, ACK Status code indicates
Hardware START condition sent received data sent, ACK received
Action




C example Comments
THCR = (l<<TWINT) | (l<<TWSTA] | Send START condition
[ 1==TWEN]

while (!(TWCR & (1<<TWINT))) Wait for TWINT flag set. This indicates
that the START condition has been
transmitted

if ((TWSR & OxF8) != START) Check value of TWI Status Register. Mask

ERROR(} ; prescaler bits. If status different from

START go to ERROR

TWER = SLA_W; Load SLA_W into TWDR Register. Clear

TUCR = (l<<TWINT) | (l<<TWEHN); TWINT bit in TWCR to start transmission

of address

while (! (TWCR & (l<<TWINT)))

Wait for TWINT flag set. This indicates
that the SLA+W has been transmitted,
and ACK/MACK has been received.

if ((TWSR & OxF8) != MT_SLA ACK) |Check value of TWI Status Register. Mask
ERROR() ; prescaler bits. If status different from
MT_SLA_ACK go to ERRCR
TWDR = DATA; Load DATA into TWDR Register. Clear
THCR = (1l<<TWINT) | (l<<TWEN); TWINT bit in TWCR to start transmission
of data
while (!(TWCR & (l<<TWINT))) Wait for TWINT flag set. This indicates
: that the DATA has been transmitted, and
ACK/MACK has been received.
if ((TWSE & 0xFEB) != MT_DATA_ACK) | Check value of TWI Status Register. Mask
ERROR () ; prescaler bits. If status different from
MT_DATA_ACK goto ERROR
TWCR = (1<<TWINT) | (1<<TWEN) | Transmit STOP condition
{1<<TWSTO) ;
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Beberapa Jenis Modul Arduino (Review
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Ringkasan Bagian-bagian Arduino Uno (Review)

Reset Button

AREF

Ground Pin

Digital I/0

PWM

USB Connection
TX/IRX

ATmega328P

9. Power LED Indicator
10.Voltage Regulator
11.DC Power Barrel Jack
12.3.3V Pin

13.5V Pin

14.Ground Pin
15.Analog Pin

NSO =~

ARDUIND.CC




Hutline

| Arduino IDE (Menu dan bagian-bagiannya) 4. Array 1D
Header, Void Setup, & Void Loop ll. digitalRead (Push Button)
Arduino Cheat Sheet || Gerbang Logika AND & OR (Z Push Button, 3 LED)

Tipe Data, Variabel, & Comment
digitalWrite (LED pada pin 13)
digitalWrite (4 LED)

For loop (4 LED)

Fungsi (4 LED)



|. Arduino IDE

@ sketch_apr02a | Arduino 1.8.14 Hourly Build 2021/01/29 11:33 =@ x|

File Edit Sketch Tools Help

sketch_apriZa g

vold setup() |
S/ put your setup code here, to run once:

vold loop() {
S/ put your main code here, to run repeatedly:

Arduineg Une on COME




2- Header, Vnid SEtup, E VUid I-uup © sketch_apr02a | Arduino 18.14 Hourly Build 2021/01/20 1133 | = | B | 58 |

File Edit Sketch Tools Help

Header: Berisi deklarasi sketch_apr02a §
variabel, tipe data, dan lain- ]
|a|n void setup() [

S/ put yvour setup code here, to run once:

o8

void leoop() |

]

Set up: Letak coding yang
dieksekusi hanya sekali

/¢ put your main code here, to run repeatedly:

Loop: Letak coding yang
dieksekusi berulang-ulang

Arduing Uno on COME




3. Arduino Cheat Sheet

Sketch Structures Arithmetic Operators Painter Access Operators
« setup() » »  =(assignment operator) +  * deference operator
* loop() *  +{addition) * &reference operator
* - (substraction])
Control Structures - [ (division) Bitwise Operators
- if + % (modulo) + & (bitwise and)
= if...else * | (bitwise or)
« for Comparison Operators = (bitwise xor)
*  switch case « ==(equal to) * ™~ (bitwise not)
* while * |=(not equal to) * << [bitshift left)
= do..while » < (less than) = >> (bitshift right)
+ hreak + > (greater than)
= continue = <= (less than or equal to}
* return * >=(greater than equal to) Compound Operators
= goto = ++ (increment)
Boolean Operators + -- (decrement)
Further Syntax * && (and) * +=(compound addition)
= ; (semicolon) * || {or) « -=[compund substraction)
= {}(curley braces) = | {not) * *=[compound multiplication)
= /[ [single line comment) » /= ({compound division)
= [**/ (multi-linecomment) = %= (compound modulo)

. #-::Ieﬁna ' . &= [cnmpﬂund hhwuse and}




4. Tipe Data, Variabel, dan Comment

null

0
bool/boolean 1 True/False
char d -128 to +127
unsigned char 1 0 to 255
byte 1 0 to 255
int 2 -32,768 to 32,767
unsigned int 2 0 to 65,535
word 2 0 to 65,535
long 4 -2,147,483,648 to 2,147,483,647
unsigned long 4 0 to 4,294,967,295
float 4 -3.4028235E+38 to 3.4028235E+38
double 4 -3.4028235E+38 to 3.4028235E+38
string - character array




2. digitalWrite (LED pada pin 13)

LED_BUILTIN

T ARDUINO
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int Led = 13; // LED_BUILTIN

void setup() {
pinMode (Led, OUTPUT);

}

void loop() {
digitalWrite(Led, HIGH);
delay(300);
digitalWrite(Led, LOW);
delay(300);

Code I: Led Built in




b. digitalWrite (4 LED)

4 @ @ & @ & & & & & i & +
4 & @ & @ & & & & & i & "
—~ I I I R
- & 4 & @ & @ & & @ & & W
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Gambar 9.1 Rangkaian Arduino dengan 4 LED




Code 2: 4 Led

const int Ledl=2; digitalWrite(Led2, HIGH); digitalWrite(Led4, HIGH);
const int Led2=3; delay (waktu); delay (waktu);
const int Led3=4; digitalWrite(Led2, LOW); digitalWrite(Led4, LOW);
const int Led4=5; delay (waktu); delay (waktu);
digitalWrite(Led2, HIGH); digitalWrite(Led4, HIGH);
int waktu = 500; delay (waktu); delay (waktu);
digitalWrite(Led2, LOW); digitalWrite(Led4, LOW);
delay (waktu); delay (waktu);
void setup() { digitalWrite(Led4, HIGH);
pinMode(Ledl, OUTPUT); digitalWrite(Led3, HIGH); delay (waktu);
pinMode(Led2, OUTPUT); delay (waktu); digitalWrite(Led4, LOW);
pinMode(Led3, OUTPUT); digitalWrite(Led3, LOW); delay (waktu);
pinMode(Led4, OUTPUT); delay (waktu); digitalWrite(Led4, HIGH);
digitalWrite(Led3, HIGH); delay (waktu);
} delay (waktu); digitalWrite(Led4, LOW);
digitalWrite(Led3, LOW); delay (waktu);
void loop() { delay (waktu);
digitalWrite(Ledl, HIGH); digitalWrite(Led3, HIGH); }
delay (waktu); delay (waktu);
digitalWrite(Ledl, LOW); digitalWrite(Led3, LOW);
delay (waktu); delay (waktu);




1. For Loop (4 LED)

Code 3: For Loop

Script sebelumnya (Code 2) terlihat sangat panjang dan tentu tidak efisien. Untuk mempersingkatnya kita dapat menggunakan for loop.

Syntax

for (initialization; condition; increment) {

[/ statement(s);
L

const
const
const
const
int waktu=300;
int i;

int Ledl=2;
int Led2=3;
int Led3=4;
int Led4=5;

void setup() {
pinMode(Ledl, OUTPUT);
pinMode(Led2, OUTPUT);
pinMode(Led3, OUTPUT);
pinMode(Led4, OUTPUT);

void loop() {

for(i=1; i<=1; i++){
digitalWrite(Ledl, HIGH);
delay(waktu);
digitalWrite(Ledl, LOW);
delay(waktu);

for(i=1; i<=2; i++){
digitalWrite(Led2, HIGH);
delay(waktu);
digitalWrite(Led2, LOW);
delay(waktu);

for(i=1; i<=3; i++){
digitalWrite(Led3, HIGH);
delay(waktu);
digitalWrite(Led3, LOW);
delay(waktu);
}

for(i=1; i<=4; i++){
digitalWrite(Led4, HIGH);
delay(waktu);
digitalWrite(Led4, LOW);
delay(waktu);

}




8. Fungsi (4 LED)

Jika Code 3 masih dirasa belum ringkas, kita dapat membuat fungsi tersendiri, yang nantinya akan dipanggil di void loop

int i;

void setup() {
pinMode(Led1,
pinMode(Led2,
pinMode(Led3,
pinMode(Led4,

}
void loop() {

}

const int Ledl=2;
const int Led2=3;
const int Led3=4;
const int Led4=5;

OUTPUT);
OUTPUT) ;
OUTPUT);
OUTPUT);

kedip (1, 1, Ledl, 500);
kedip (1, 2, Led2, 400);
kedip (1, 3, Led3, 300);
kedip (1, 4, Led4, 200);

void kedip (int nilaiAwal, int
nilaiAkhir, int Led, int waktu){

for (i=nilaiAwal; i<=nilaiAkhir; i++){
digitalWrite(Led, HIGH);

delay (waktu);

digitalWrite(Led, LOW);

delay (waktu);

Code 4: Contoh Fungsi

Jika diperhatikan, script di samping
menjadi lebih ringkas dan fleksibel karena
pengaturan berapa kali kedip pada led
hanya perlu mengganti parameter yang
ada di fungsi

Selain menggunakan fungsi, script ini juga
dapat dipersingkat dengan menggunakan
array.




9. Array 1D Code a: Contoh Array 1D

Instruksi: int led[4]={5, 4, 3, 2}; //indeks dimulai dari @, berarti @ s.d 4
_ _ void setup(){

Buatlah script menggunakan Arduino IDE for (int i=0; i<=3; i++){

untuk mensimulasikan 4 led yang nyala pinMode(led[i], OUTPUT);

secara bergantian menggunakan array 1D. ) )

Note: Gunakan skema rangkaian 9.1 void loop(){

for (int i=0; i<=3; i++){
digitalWrite(led[i], HIGH);
delay(1000);
digitalWrite(led[i], LOW);
delay(1000);

}




4. digitalRead (1 Push Button)

Resistor Pull Down Resistor Pull Up
+5V +5\
42 10k
Ci) » Input Pin
. » Input Pin EF)
% 10k I
Default (LOW) Default (HIGH)
Merupakan rangkaian
yang digunakan




Code B: Push Button

const int Led = 12;
const int Pb = 11;

void setup() {

pinMode (Led, OUTPUT);
pinMode (Pb, INPUT);
Serial.begin(9600);

}

void loop() {
int nilaiPb = digitalRead (Pb);

if(nilaiPb==HIGH){
digitalWrite (Led, HIGH);
telseq{
digitalWrite (Led, LOW);
}

Serial.println(nilaiPb);

}




0. Gerbang Logika AND & OR (2 Push Button, 3 LED)
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Code 7: Logika AND

const int ledM=12; if(nilaipbl==0 && nilaipb2==0){ | if(nilaipbl==1 && nilaipb2==0){
const int ledH=11; digitalWrite(ledM, HIGH); digitalWrite (ledM, HIGH);
const int ledK=10; digitalWrite(ledH, HIGH); telse{
const int pbl=7; //pb Merah digitalWrite(ledK, HIGH); digitalWrite (ledM, LOW);
const int pb2=6; //pb Hijau } }
int nilaipbil;
int nilaipb2; if(nilaipbl==1 && nilaipb2==0){ | if(nilaipbl==0 && nilaipb2==1){
digitalWrite(ledM, LOW); digitalWrite (ledH, HIGH);
void setup() { digitalWrite(ledH, HIGH); telse{
Serial.begin(9600); digitalWrite(ledK, LOW); digitalWrite (ledH, LOW);
pinMode(ledM, OUTPUT); } }
pinMode(ledH, OUTPUT);
pinMode(ledK, OUTPUT); if(nilaipbl==0 && nilaipb2==1){ | if(nilaipbl==1 && nilaipb2==1){
pinMode(pbl, INPUT); digitalWrite(ledM, HIGH); digitalWrite (ledK, HIGH);
pinMode(pb2, INPUT); digitalWrite(ledH, LOW); telse{
digitalWrite(ledK, LOW); digitalWrite (ledK, LOW);
} } }
if(nilaipbl==0 && nilaipb2==0){ | Serial.print(nilaipbl);
digitalWrite(ledM, HIGH); Serial.print(" | ");
void loop() { digitalWrite(ledH, HIGH); Serial.println(nilaipb2);
nilaipbl=digitalRead(pbl); digitalWrite(ledK, LOW);
nilaipb2=digitalRead(pb2); } }




Code 8: Logika OR

const int ledM=12; if(nilaipbl==1 || nilaipb2==1){
const int ledH=11; digitalWrite(ledK, HIGH);
const int ledK=10; telse{

const int pbl=7; //pb Merah digitalWrite(ledK, LOW);
const int pb2=6; //pb Hijau |}
int nilaipbil;

int nilaipb2; Serial.print(nilaipbl);
Serial.print(" | ");

void setup() { Serial.println(nilaipb2);

Serial.begin(9600);

pinMode(ledM, OUTPUT); }

pinMode(ledH, OUTPUT);
pinMode(ledK, OUTPUT);
pinMode(pbl, INPUT);
pinMode(pb2, INPUT);

}

void loop() {
nilaipbl=digitalRead(pbl);
nilaipb2=digitalRead(pb2);
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Code 9: Switch Case

const int led[4] = {7,6,5,4};
const int pb[2] = {8,9};
int j;

void setup(){

for (int i=0; i<=3; i++){
pinMode(led[i], OUTPUT);
}

for (int i=0; i<=1; i++){
pinMode(pb[i], INPUT);
}

Serial.begin(9600);
}

void loop(){

int nilaiPbl =
digitalRead(pb[@]);

int nilaiPb2 =
digitalRead(pb[1]);

if(nilaiPb1==HIGH){
J++;
delay(20);

}
if(nilaiPb2==HIGH){
J--;
delay(20);

}

switch (3){

case 1:
digitalWrite(led[0], HIGH);
digitalWrite(led[1], LOW);
digitalWrite(led[2], LOW);
digitalWrite(led[3], LOW);
break;

case 2:
digitalWrite(led[©], LOW);
digitalWrite(led[1], HIGH);
digitalWrite(led[2], LOW);
digitalWrite(led[3], LOW);
break;

}

case 3:
digitalWrite(led[Q],
digitalWrite(led[1],
digitalWrite(led[2],
digitalWrite(led[3],
break;

case 4:
digitalWrite(led[O],
digitalWrite(led[1],
digitalWrite(led[2],
digitalWrite(led[3],
break;

default:
digitalWrite(led[©],
digitalWrite(led[1],
digitalWrite(led[2],
digitalWrite(led[3],
break;

Serial.println(j);

}

LOW) ;
LOW) ;
HIGH);
LOW) ;

LOW) ;
LOW) ;
LOW) ;
HIGH);

LOW) ;
LOW) ;
LOW) ;
LOW) ;




2. PWM

Pulse width modulation (PWM), or pulse-duration modulation (PDM), is a method of reducing the
average power delivered by an electrical signal, by effectively chopping it up into discrete parts.

Amplitude & Frequency : Constant

In Arduino UNO, PWM available on:
* Pin3

Pin 5

* Pin6

* Pin9

« Pin10

* Pin11
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Duty Cycle

50% Duty Cycle
50%
On 50%
X 100% Off

T
DUTY = —HIGH

TroTaL

75% Duty Cycle
15%

On 25%
Off

VOUT = DUTY X Amplltude

25% Duty Cycle
5%
On 75%
Off
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Lode 10: PWM




3. Libraries

The Arduino environment can be extended through the use of libraries, just like most programming platforms. Libraries
provide extra functionality for use in sketches, e.g. working with hardware or manipulating data. To use a library in a sketch,
select it from Sketch > Import Library.

A number of libraries come installed with the IDE, but you can also download or create your own. See these instructions for
details on installing libraries. There's also a tutorial on writing your own libraries. See the API Style Guide for information on
making a good Arduino-style API for your library.

For more details:
https://www.arduino.cc/en/reference/libraries



https://www.arduino.cc/en/reference/libraries
https://www.arduino.cc/en/reference/libraries

4. Sensor @ Module
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2. Coding Using Library

Ultrasonic Sensor




