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ABSTRAKSI

PERANCANGAN SISTEM PENGENDALIAN MOTOR DC
PADA ROBOT MANUAL MENGGUNAKAN PID KONTROL
BERBASIS MIKROKONTROLER ATmega 16

Erik Budhiawan
04.12.232
Fakultas Teknologi Industri, Jurusan Teknik Elektro 81,
Konsentrasi Teknik Elektronika, Institut Teknologi Nasional Malang
Jin, Raya Karanglo Km 2 Malang
Email: erick_insidef@yahoo.com

Dosen Pembimbing : 1. Ir. Widodo Pudji M, MT
I1. 1 Komang Somawirata, ST, MT

Kata Kunei : PID Kontrol, Mikrokontroler ATMegal 6, Robot manual

Pada Laporan Tugas Akhir ini telah diimplementasikan sebuah robot yang
dilengakapi dengan sistem pengendalian kecepatan motor DC menggunakan PID
kontrol. Robot imi memiliki dua buah sensor kecepatan berupa sensor oplocoupler
medel U vang lexrdin dari infra red sebagal fransmilter dan photodiode sebagai
receiver. Output dari sensor kecapatan yang berupa pulsa merupakan umpan balik
dari sistem yang kemudian diproses oleh PID kontrol agar tidak terdapat nilai
error (error = 0). Robot ini dikendalikan dengan joystick yang berupa potensio.
Data analog vang dikeluarkan oleh potensio diterima oleh ADC  infernal
mikrokontroler untuk diubah menjadi data digital sehingga dapat diproses oleh
mikrokontroler, Sistem ini juga dilengkapi dengan LCD dan keypad matrik 4x4
vang berfungsi untuk memasukkan paramecter-parameter vang diperlukan PID
kontrol dalam melakukan proses.
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BAB 1

PENDAHULUAN

1.1. Latar Belakang

Sehubungan dengan perkembangan ilmu pengetahuan dan teknologi yang
sclalu mengalami kemajuan terus menerus. Perbaikan terhadap teknologi yang
sudah ada terus dilakukan agar menjadi lebih baik dan lebih mudah. Salah satu
bidang yang mengalami perkembangan lebih pesal adalah tcknologi clekironika
yang tidak terlepas dari tuntunan masyarakat yang terus menerus berkembang
sesuai dengan kondisi dan situasi yang dihadapi. Seiring dengan perkembangan
teknologi ini , maka pemanfaalannya dapat diterapkan dalam berbagai bidang,
Disini penulis memberikan sebuah solusi khususnya di bidang robotik yaitu

scbuah alat pengendali kecepatan motor DC dengan menggunakan P1D kontrol.

Pada pengendalian kecepatan motor DC dengan metode umpan balik (PTD
Kontrol), masukan dari sistem adalah seiting point [ referensi, Masukan ini
kemudian dibandingkan dengan kecepatan motor DC vyang sebenamya. Selisih
dari masukan dan kecepatan sebenarnya menghasilkan kesalahan (error).
Kesalghan inilah yang akan dikompensasi oleh pengendali, Untuk mengetahui
kecepatan motor DC yang sebenamyas, perlu ditambahkan sensor kecepatan.
Sensor ini dapat berupa rofary encoder yang menghasilkan pulsa-pulsa yang

frekuensinya sebanding dengan kecepatan putar motor DC.
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Dalam pengoperasiannya, motor listrik membutuhkan arus yang cukup
besar. Sedangkan pengendali hanya dapat menyediakan arus vang tidak terlalu
besar. Olch karcna itu dibutuhkan piranti penguat arus vang akan menguatkan
sinyal keluaran pengendali. Jadi pengendali hanya menghasilkan variasi tegangan
dengan arus kecil yang kemudian akan dikuatkan oleh penguat arus, Keluaran dari
penguat arus inilah yang akan masuk untuk memutar motor DC. Pengendali akan
mempertahankan kecepatan putar motor DC agar sesuai dengan masukan

kecepatan yang diberikan.

1.2. Rumusan Masalah

Dalam perencanaan dan pembuatan sistem pengedalian motor DC
menggunakan PID kontrol berbasis mikrokoniroler ATmegal6 maka dapat

dirumuskan beberapa masalah yang akan dibahas yaitu:

1. Bagaimana merancang algoritma PID pada Mikrokontroler untuk
pengendalian motor DC (software) 7
2. Bagaimana mcrancang dan membuat perangkat keras atau hardware

untuk sistern pengendalian PID menggunakan mikrokontroler?

1.3. Batasan Masalah

Agar pembahasan dari perancangan dan pembuatan sistem pengendalian
motor DC ini tidak terlalu meluas maka penyusun perlu membuat batasan-batasan

masalah yang meliputi :
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1. Sensor yang dirancang memiliki spesifikasi 1 putaran = 20 pulsa.

2. PWM dihasilkan dari Mikrokontroller.

3. Driver motor yang didesain memiliki tegangan maksimum = 24 volt dan
memiliki arus maksimum = 15 ampere.

4. Duty Cycle PWM{ DCPWM)= 0% s/d 100 %.

1.4. Tujuan

Tujuan dari perancangan dan pembuatan sistem pengendalian motor DC
ini adalah :
Merencanakan dan membuat sistem untuk mengendalikan kecepatan

moter DC menggunakan PID kontrol yang diaplikasikan pada robot.

1.5. Metodologi

Metodologi yang dipakai dalam pembuatan skripsi ini adalah:
a. Studi Literatur
Mencari referensi-referensi yang berhubungan dengan perencanaan dan
pembuatan alat vang akan dibuat.
b. Penelitian Lapanpan
Melakukan penelitian secara langsung mengenai objek-objek vang

berhubungan langsung dengan perencanaan alat yang akan dibuat.
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¢. Pengolahan Data
Mengolah Data dengan jalan membuat analisa dan menarik kesimpulan

dari hasil pengujian yang ada.

1.6. Sistematikas Pembahasan

Sistematika pembahasan dari skripsi ini terdiri dari pokok pembahasan

yang saling berkaitan antara satu dengan lainnya, yaitu

BAEI Pendahulaan
Pada bab imi dibahas tentang latar bclakang permasalahan,
rumusan masalah, batasan masalah, sistematika pembahasan dari

alat yang direncanakan.

BABII Landasan Teori
Pada bab ini dibahas tentang teori-teori yang mendukung dalam

perencanaan dan pembuatan alat i yang meliputi PID kontrol,

rangkaian sensor kecepatan, dan mikrokontroler ATmegal6.

BARB II1 Perencanaan Dan Pembuatan Alat
Pada bab ini dibahas tentang perencanaan dan pembuatan
keseluruhan sistem perangkat keras (hardware) dan perangkat

lunsk {sofiware),
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BAB IV Pengujian Alat
Padz bab ini dibahas tentang proses serta hasil dari pengujian

alat, yang didasarkan oleh pengukuran-pengukuran.

BAHRY Penutup
Pada bab ini akan disampaikan kesimpulan dari perencanaan dan

pembuatan sistem ini.
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BAB 11

TEORI DASAR

2.1. Pendahuluan

Pada bab ini akan dibahas mengenai teori penunjang dari peralatan yang
direncanakan. Teori penunjang ini akan membahas tentang komponen dan
peralatan pendukung pada alat yang dibuat. Pokok pembahasan pada bab ini
adalah :

1. Transistor.

2. LED fnfra merah.

3. Photodiode.

4. Schmitt Trigger.

5. Motor DC.

6. Key pad.

7. LCD{ Liguid Crystal Display ) M1632.
8. Mikrokontroler ATMEGA 16.

9. Kontroler PID

2.2,  Transistor
2.2.1. Pendahuluan
Transistor merupakan devais dengan tiga (erminal seperti yang

diperlihatkan oleh simbol sirkit pada gambar 2.1. Setelah bahan semikonduktor
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dasar diolah, terbentuklah bahan semikonduktor jenis P dan N. Walaupun proses
pemhuatannya banyak, pada dasamya (ransistor merupakan tiga jenis lapis

gabungan kedua jenis bahan tadi, yaitu NPN atau PNP.

Kolektor {(c) Kolektar(c)
Baﬁs{ﬂ@ Bis s{l:i@
Emitor(e) Emitor{e)

Gambar 2.1. Simbel Sirkit untuk Transistor

Sumber: www.innovativeelectronics.com
Simbol sirkit kedua jenis transistor itu hampir sama. Perbedaannya terletak
pada arah panah di ujung emitter. Arah panah ini menunjukkan arah aliran arus
konvesional yang berlawanan arah dalam kedua jenis ini, tetapi selalu dari bahan

jenis P ke jenis N dalam sirkit emitor dasar.

2.2.2. Transistor NPN

Kolektor dan emitter merupakan bahan N dan lapisan di antara keduanya
merupakan jenis P. jika arus mengalir ke dalam basis dan melewali sambungan
antara basis dan emiiter, suatu suplai positif pada kolektor akan menyebabkan
arus mengalir di anatara kolektor dan emitor. Dua hal yang harus diperhatikan

pada arus kolektor ini adalah :
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¢ Untuk arus basis nol, arus kolekior turun sampai pada tmgkat arus
kebocoran, yaitu kurang dari IpA dalam kondisi normal (untuk
transistor silikon)

e Untuk arus basis tertentu, arus kolcktor yang mengalir akan jauhb lebih
besar daripada arus basis itu. Arus yang dicapai ini disebut Hrg, dengan

Hix = Io/1g.

2.2.3. Karakteristik Operasi Transistor

Karakteristik operasi tiap transistor yang menyatakan spesifikasinya tidak
boleh dilampaui. |.embaran data memberikan nilai-nilai penting. Beberapa di
antaranva diberikan di bawah ini dan diperlihatkan pada gambar 2.2.
Vro = tegangan basis- kolektor maksimum
Veeo = tegangan emitter-kolektor maksimum
Vepo = tegangan basis-emitter maksimum

P = total daya vang diperlukan oleh transistor.

+ +
VIO

{ E ) WO
+
VE BD

Gambar 2.2. Karakteristik Operasi Tegangan Transistor

Sumber: www.innovativeelectronics.com
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2.3. LED Infra merah

LED infra merah digungkan untuk menghasilkan sinar infra merah,
Prinsip kerja dari infra merah adalah pada wakiu LED infra merah dibias forward,
elektron dari pita konduksi mclewati junction jatuh ke dalam hole pita valensi,
sehingga elektron tersebul memancarkan energi. Pada dioda penyearah biasa,
energi ini dipancarkan sebagai energi panas, sedangkan pada LED #nfra merah
energi inl dipancarkan sebagai cahaya.

Simbol LED infra merah yang sering digunakan adalah :

Gambar 2.3. Simbol LED /nfra Merah

Sumber: www.innovativeelectronics.com

LED infra merah merupakan pin junction yang memancarkan radiasi infra
merah vang tidak kelihatan oleh mata kita. Apabila pada anoda diberi tegangan
dan katoda ke ground maka LLED menjadi ON dan arus akan mengalir dari anoda
ke katoda, Pada reaksi semikonduktor, suatu dioda akan terjadi perpindahan
elektron dari tipe N ke tipe P. Proses rekombinasi antara elekiron dan hole

menghasilkan pelepasan energi berupa pancaran cahaya.

Efisiensi pancaran cahaya akan berkurang seiring dengan berkurangnya

arus input dan kenaikan suhu, Pada LED infra merah, cahaya yang dipancarkan
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mempunyai panjang gelombang 0,1 mm — 1 pum sehingga pancaran gelombang

tersebut tidak tertangkap oleh mata manusia.
2.4. Photodiode

Photodiode merupakan dioda yvang peka terhadap cahaya. Suatu sumber
cahaya menghasilkan energi panas begitu pula dengan spektrum ifre merah.
Karena spektrum /nffa merah mempunyai energi panas vang lebih besar dari

cahava tampak, maka photodiode lebih peka menangkap radiasi daii infra merah.

Komponen ini akan mengubah energi cahaya, dalam hal ini energi cahaya
infra merah menjadi sinyal listrik. Komponen ini harus mampu mengumpulkan
sinyal cahava schbanyak mungkin schingga sinyal listrik yang dihasilkan
kualitasnya cukup baik. Semakin besar intensitas cahaya vang diterima maka
sinyal pulsa listrik yang dihasilkan akan baik jika sinval cahaya diterima
intensitasnya lemah maka penerima tersebut harus mempunyai pengumpul cahaya
(fight collector) yang cukup baik dan sinyal pulsa yang dihasilkan oleh sensor

cahava ini harus dikuatkan.

Simbol dari photodiode adalah :

e Ty
A )

Gambar 2.4, Simbol Photodiode

Sumber: www.innovativeelectronics.com
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Pada pholodiode ini terdapat suatu jendela kecil yvang memungkinkan
cahaya luar dapat masuk mengenai pin junction. Pada keadaan normal photodiode
berlaku schagai dioda biasa vang dapal menghantarkan histrik dari anoda ke
katoda, namun mempunyai tahanan balik yang besar. Bila cahaya luar mengenai
pin junction fotodioda, maka tahanan balik akan mengecil dan menimbulkan arus

balik, sehingga photodiode berlaku sebagai dioda yang dibalik atau dibias reverve.

Semakin besar intensitas cahaya vang diterima maka semakin besar pula
arus balik yang ditimbulkannya. Bila energi fotom diserap dalam suatu
semikonduktor maka akan dihasilkan pasangan eleciron hole pada lapisan yang
telah dibangkitkan oleh foion vang saling memisahkan diri karena pengaruh
medan listrik, dimana elektron—elekiron akan menuju ke sisi N dan Aofe menuju
ke sisi P, sehingga dihasilkan arus dari katoda meuju grnoda. Karena pengaruh
suhu jumction yang lebih tinggi, menciptakan lebih banyak pasangan eleciron
hole, schingga mengakibatkan arus balik yang melewati function bertambah.

Sebuah phaotodiode biasanya dikemas dengan plastik transparan yang juga
betfungsi sebagai lensa fresnel. Lensa ini merupakan lensa cembung yang
mempunyal sifat mengumpulkan cahaya. Walaupun demikian cahaya yang
tampakpun masih bisa menggangpu kerja dari photodiode karena tidak semua
cahaya nampak bisa difilter dengan baik. Oleh karena itu sebuah penerima laser
harus mempunvai filter kedua yaitu rangkaian filter vang berfungsi untuk

memfilter sinyal carrier yang terbawa oleh cahaya laser tersebul,

Faktor lain vang juga berpengaruh pada kemampuan penerima infra merah

adalah ‘wctive area’ dan ‘respond fime’. Semakin besar area penerimaan sualu
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photodiode maka semakin besar pula intensitas cahaya yang dikumpulkannya
sehingga arus bocor yang diharapkan pada teknik ‘reversed bias™ semakin besar.
Selain itu semakin besar area penerimaan maka sudut penerimaannya juga
semakin besar. Kelemahan area penerimaan yang semakin besar ini adalah noise
vang dihasilkan juga semakin besar pula. Begitu juga dengan respon terhadap
frekuensi, semakin besar area penerimaannya maka respon frekuensinya turun
dan sebaliknva jika area penerimaannya kecil maka respon terhadap sinyal

frckuensi tinggi cukup baik.

Respond time dari suatu photodioda (penerima) mempunyai waktu respon
yang biasanya dalam satuan nano detik. Respond time ini mendefinisikan lama
agar photodiode merespon cahaya infra merah yang datang pada area penerima.
Sebuah photediode yang baik paling tidak mempunyai respond time sebesar 500
nano detik atau kurang. Jika respond time terlalu besar maka photodiode ini
tidak dapat merespon sinyal cahaya vang dimodulasi dengan sinyal carrier

frekuensi tinggi dengan baik, hal ini akan mengakibatkan adanya data loss.

2.5.  Schmitt Trigger

Bentuk gelombang yang buruk dan mempunyal waktu naik turun yang
sangat lambat seperti dalam Gambar 2.5, dapat mengakibatkan operasi yang tidak
dapat diandalkan, apabila dihubungkan langsung ke penghitung, gerbang, atau
rangkaian lainnva. Schmitt trigger digunakan untuk mempersegikan sinyal input

dan membuat sinyal menjadi lebih baik,
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BLEELT
VI THET

Gambar 2.5. Schmiit Trigger untuk pembentukan gelombang
Sumber : Datasheet Inverter Schmift Trigger T4LS14

Gambar 2.6 (a) menunjukkan cara kerja scbuah schmift trigger. Tegangan
keluaran antara logika O dan | ialah 0,4V atau 34V. Bila V. berada pada
keadaan rendah, maka diperlukan untuk menaikkan Vi, sedikit diatas 1,9V guna
menghasilkan suatu perpindahan. Setelah berada pada keadaan tinggi, V,, tetap
pada 3,4V dan V;, turun sedikit dibawah 1V, Pada saat ini, keluaran akan kembali
ke keadaan rendah, yaitu 0,4V, Perpindahan yang cepat ini ditunjukkan oleh garis
titik-titik.

Gambar 2.6 (b) menunjukkan grafik bagi sctiap schmitf trigger. Nilai Vi,
yang mengakibatkan keluaran meloncat dari keadaan rendah ke ringgi disebut
tegangan ambang menuju posilil, yang dilambangkan sebagai Vr.. Demikian
pula, Vip yang mengakibatkan keluaran berpindah dari keadaan tingg ke keadaan

rendah disebut tegangan ambang menuju negatif, yang dilambangkan sebagai V..
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Gambar 2.6. Karakteristik schmitt frigger
Sumber : Datasheet Inverter Schmitt Trigger 74L814

Sebagai contoh inverfer schmiti trigger adalah IC TTL 741.514 yang berisi
6 buah inverter schmitt trigger. Untuk Vec sebesar 5V, tegangan ambang sccara
umum adalah Vy sebesar umum adalah Vg, sebesar 0.4V dan Vg sebesar 3.4V,

Grafik masukkan dan keluaran IC TTL 741514 ditunjukkan pada Gambar 2.7.

Vom
'

34V . -
[} ]
s Y

04y - :
| L
IV 1oy VY

Gambar 2.7. Karakteristik Inverter Schmitr Trigger
Sumber : Datasheet Inverter Schmitt Trigger 74L514

Akibat adanya inversi, maka histerisis IC TTL 74LS14 menjadi terbalik,
Bila masukkan melampaui 1,9V, keluaran berpindah ke keadaan rendah. Bila
masukkan kurang dari 1V, keluaran berpindah kembali ke keadaan tinggi.

Keluaran dari inverter schmitt trigger ialah kebalikan dari masukkannya. Sehmitt
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rigger dengan gerbang not yang dikemas dalam bentu IC TTL 741514

diperlihatkan dalam gambar 2.8

II IJ 1 || [ Ii |r
L

Gambar 2.8. Inverfer Schmint Trigger IC T4L514
Sumber : Datasheet Inverter Schmitt Trigger 74L514

2.6. Pengendali Arah Putaran Motor DC

2.6.1. Teori Dasar Motor DC

Setiap arus yang mengalir melalui sebuah konduktor akan menimbulkan
medan magnet. Arah medan magnet dapat ditentukan dengan kaidah tangan kiri.
Ibu jari tangan menunjukkan arah aliran arus listrik sedangkan jari-jari yang lain
menunjukkan arah medan magnet yang timbul, seperti yang ditunjukkan oleh

gambar 2.9, berikut im,

Gambar 2.9. Kaidah Tangun Kiri

Sumber: www.innovativeelectronmics.com
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Jika suatu konduktor yang dialiri arus listrik ditempatkan dalam sebuah
medan magnet, kombinasi medan magnet akan ditunjukkan oleh gambar 2.13.
Arah aliran arus listrik dalam konduktor ditunjukkan dengan tanda “x" ataun *.”.
Tanda “x” menunjukkan arah arus listrik mengalir menjauhi pembaca gambar,

tanda “.” menunjukkan arah arus listrik mengalir mendekati pembaca gambar.

Gambar 2.10. Konduktor Berarus Listrik Dalam Medan Magnet

Sumber: www.innovativeelectronics.com

Pada gambar sebelah kiri. arah medan magnet pada sisi alas yang
dihasilkan oleh konduktor berlawanan dengan arah medan magnet yang
dihasilkan oleh magnet permanen. Sementara pada sisi sebelah bawah, arah
medan magnet yang dihasilkan olech konduktor searah dengan arah mcdan
magnet yang dihasilkan oleh magnet permanen. Dengan kata lain, pada sisi
sebelah atas kerapatan fluks magnet lebih sedikit dari pada sisi sebelah bawah.

Sebuah gaya dorong akan menyebabkan konduktor bergerak ke sisi sebelah atas.

Pada gambar sebelah kanan, arah medan magnet pada sisi atas yang
dihasilkan oleh konduktor searah dengan arah medan magnet yang dihasilkan

oleh magnet permanen. Sementara pada sisi sebelah bawah. arah medan magnet
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vang dihasilkan oleh konduktor berlawanan dengan arah medan magnet yang
dihasilkan olch magnet permanen. Dengan kata lain. pada sisi sebelah bawah
kerapatan fluks magnet lebih sedikit dari pada sisi sebelah atas. Sebuah gaya

dorong akan menyebabkan konduktor bergerak ke sisi sebelah bawah,

Pada sebuah motor DC, konduktor dibentuk menjadi sebuah loop
sehingpa ada dua bagian konduktor yang berada didalam medan magnet pada

saat yang sama, seperti diperlihatkan pada gambar 2.14.

Konfigurasi konduktor seperti ini akan menghasilkan distorsi pada
medan magnet utama dan menghasilkan gaya dorong pada masing-masing
konduktor. Pada saat konduktor di tempatkan pada rotor, gaya dorong yang

timbul akan menyebabkan rotor berputar searah dengan jarum jam,

Current Flow

Gambar 2.11. Bergeraknya Sebuah Motor

Sumber: www.innovativeelectronics.com
Sebush cara lagi untuk menunjukkan hubunpan antara arus lismk yang
mengalir didalam sebuah konduktor, medan magnet dan arah gerak, adalah

kaidah tangan kanan untuk motor seperti yang diperlihaikan pada gambar 2.12.
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Gambar 2.12. Kaidah Tangan Kanan Untuk Motor

Sumhber: www.innovativeelectronics.com

Kaidah tangan kanan untuk motor menunjukkan arah arus yang mengalir
didalam sebush konduktor vang berada dalam medan magnet. Jari tengah
menunjukkan arah arus yvang mengalir pada kondukior, jari telunjuk
menunjukkan arah medan magnet dan ibu jari menunjukkan arah gaya putar.
Adapun besarnya gaya yang bekera pada konduktor tersebut dapat dirumuskan
dengan :

F=B.L.I {(Newton)

Dimana : B = kerapatan fluks magnet (weber)

L. = panjang konduktor (meter)

1= arus listik  ampere)
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FOTATION

Gambar 2.13. Konstruksi Dasar Motor DC

Sumber: www.innovativeelectronics.com

Pada gambar 2.13. diatas tampak sebuah konstruksi dasar motor dc, pada
gambar diatas terlihal bahwa pada saat terminal motor diberi tegangan de, maka
arus elektron akan mengalir melalui konduktor dari terminal negatif menuju ke
terminal positif. Karena konduktor berada diuntara medan magnet, maka akan
timbul medan magnet juga pada konduktor yang arahnya seperti terlihat pada
gambar 2.13. diatas. Arah garis gaya medan magnet yang dihasilkan oleh magnet
permanen adalah dari kutub utara menuju ke sclatan, Sementara pada konduktor
yang dekat dengan kutub selatan, arah garis gaya magnet disisi sebelah bawah
searah dengan garis gaya magnet permanen scdangkan di sisi scbelah atas arah
garis gaya magnet berlawanan arah dengan garis gaya magnet permanen. Ini
menyebabkan medan magnet disisi sebelah bawah lebih rapat daripada sisi
sebelah atas. Dengan demikian konduktor akan terdorong ke arah atas. Sementara
pada konduktor yang dekat dengan kutub utara, arah garis gaya magnet disisi
sebelah atas searah dengan garis gaya magnet permanen sedangkan di sisi sebelah

bawah arah garis gaya magnet berlawanan arah dengan gans gaya magnet
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permanen. Ini menyebabkan medan magnet disisi sebelah atas lebih rapat
daripada sisi sebelah bawah. Dengan demikian kondukior akan terdorong ke arah
bawah. Pada akhimya konduktor akan membentuk gerakan berputar berlawanan

dengan jarum jam seperti terlihat pada gambar 2.13. diatas.

2.6.2. Pengendalian Arah Putaran Motor DC

(—\ ROTATION

S~

Gambar 2.14. Arah Putaran Motor DC

Sumber: www.innovativeelectronics.com

Dari gambar 2.14. diatas, apar arah putaran motor DC berubah, maka

polaritas tegangan pada terminal motor harus dibalik.

2.7. Key Pad

Papan tombol ini digunakan untuk memasukkan data referensi dan
menguhah data bila diinginkan, Untuk menterjemahkan informasi yang diterima
dari papan tombol, maka keypad dihubungkan dengan porr pada PPL 8255, Papan

tombol tersebut mempunyai matrik 4 baris dan 3 kolom. Deretan baris dan kolom
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dari papan tombo! dihubungkan dengan pori pada PPI 8255 yang difungsikan
sebagai masukan dan keluaran.
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Gambar 2,15, Penampang Dasar Keypad
Sumber: Datasheer keypad matrik 4x4.

Prinsip ketja kevpad ini menggunakan mectode matrik. Sinyal atau
tepangan (sesuai dengan gambar di atas) diberikan secara bergantian pada masing-
masing pin. Bila pin 1 mendapat sinyal 1 (tegangan +5 V), maka pin lainnya men-
dapat sinyal 0 (tegangan 0 V). Metode pengiriman sinyal seperti im dapat meng-
gunakan hilangan biner. Bila data yang dikirim 1000, berarti pin | mendapat si-
nyal 1, dan pin lainnya mendapat sinyal 0. Bila data yang dikirim 0010, berarti
sinyal 1 diberikan pada pin 3.

Pada saat data yang dikirimkan 0100 {pin 2 aktif), dan tombol yang ada
padanya (4, 5, dan 6) ditekan, maka sinyal tersebut akan dikirimkan ke bagian
detektor sesuai dengan tombol yang ditekan. Jika tombol 4 ditekan, maka sinyal
diteruskan pada detektor pin 1, jika tombel 4 dan 6 ditekan, maka sinyal akan

diteruskan ke detektor pin | dan pin 3. Data pada detektor ini juga dapat dibaca
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secara biner, bila data yang diterima 010, berarti pin 2 pada detektor mendapat
sinyal (tombol 5 ditekan). Bila data yang diterima 011, berarti tombol 5 dan tom-

bol & ditekan,

2.8. LCD ( Liquid Crystal Display ) M1632

Liguid Crystal Display adalah modul tampilan yang mempunyai koensumsi
daya yang relatif rendah dan terdapat sebuah kontroller CMOS didalamnoya.
Kontroller tersebut sebagai pembangkit ROM/RAM dan display data RAM.
Semua fungsi tampilan dikontrol oleh suatu instruksi modul LCD dapat dengan
mudah diantar mukakan dengan MIPU.

Spesifikasi dari LCD M1632:

% Terdiri dari 32 karakter yang dibagi menjadi 2 baris dengan tampilan
dot matrik 5 X 7 ditambah cursor.

Karakter generator ROM dengan 192 karakier.

Karakter generator RAM dengan 8 tipe karakter.

80 x B bit display data RAM .

L S

Dapat diantar mukakan dengan MU 8 atau 4 bit.

& Dilengkapi fungsi tambahan : Display clear. cursor home, display
ON/OFFE, cursor ON/ OFF, display character blink, cursor shift dan
display shift.

# Internal data.

Internal otomatis dan reser pada power ON.

QP

+5 V power supply tunggal.
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Tabel 2.1, Fungsi Pin LCD
Nama
Jumlah | 1/} | Tujuan Fungsi
Pin
DBO- 4 1O MPU T state bidirectional lower
DR3 data bus: data dibaca dari
modul ke MPU atau dari
MPU  ditulis ke modul
melalui bus
DB4- 4 0 MPLU Tri state bidirectional upper
DB7 {ourdata bus: data dibaca dari
modul ke MPU z@tau dari
MPU  ditulis ke modul
melalui bus
E 1 Input | MPU Sinyal operasi dimulai: sinval
aktif baca‘tulis
R/W 1 Input | MPU Sinyalpilih data dan tulis
(0:tulis, 1:baca)
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RS Power | Sinyal pilih register :
supply | 0: Instruction register (wriie)
Busy flag dan addess
counter  (read)
I : Data register (write dan
read)
Con. Power Penyetelan  konwas pada
supply tampilan LCD
Vdd Power + 5
supply
Vss Power | Ground OV
supply

Sumber ; Datasheet LCD M1632
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Gambar 2,16, LCD M1632 (a),
Konektor dan Pin pada LCD M1632 (b)
Sumber: Datasheet LCD M1632

2.8.1. Register

23

Kontrol LCD mempunyai 2 register 8 bit yaitu fnstruction register (IR)

dan Data Register (DR). Kedua register terscbhut dipilih melalui Register Select

(RS). TR menyimpan kode instruksi seperti display clear dan cursor shifi, dan

alamar informasi darn Display Data RAM (DDRAM) dan Character Generator

RAM (CG RAM)

DR menyimpan data sementara untuk ditulis ke DDRAM atau CGRAM.

atau dibaca dari DD RAM atau CG RAM. Ketika data ditulis ke DDRAM atau

CGRAM dari MPU, data di DR secara otomatis ditulis ke DDRAM atau CGRAM

dengan operasi internal. Tetapi ketika data dibaca dati DDRAM atau CGRAM
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maka alamat data ditulis pada IR Data tersebut akan dimasukkan ke DR dan MPU
akan membaca dala dari DR, Setelah operasi pembacaan, alamat berikutnya diset
data dari DDRAM atau CGRAM pada alamat tersebut akan dimasukkan ke DR

untuk operasi berikumya.

Display Data RAM (DDRAM) mempunyai kapasitas area 8) X 8 bit.
Beberapa area dari DDRAM vang tidak digunakan untuk dispfay dapat digunakan

scbagai General Data RAM.

Pada LCD masing-masing pin mempunyai range alamat tersendiri,
alamat itu dickspresikan dengan bilangan heksa. Untuk line 1 mange alamal

berkisar antara 00h-0Fh sedangkan untuk line 2 alamat berkisar antara 40h-4th,

2.9. Mikrokontreler ATMEGA 16

Mikrokontroler AVR memiliki arsitektur RISC B bit. dimana semua
instruksi dikemas dalam kode 16-bit (16-bit word) dan sebagian besar instruksi
dieksekusi dalam 1 (sanu) siklus clock. Secara umum, AVR dapat dikelompokkan
menjadi 4 kelas, yaitu ATtiny, keluarga AT90Sxx, keluarga ATMega. dan
AT86RIxx. Pada dasarnya yang mcmbodakan masing-masing kelas adalah
memori, peripheral, dan fungsinya. Dari sepi arsitektur dan instruks) yang

digunakan, mereka bisa dikatakan hampir sama.
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29.1. Arsitektur ATMegalé
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Gambar 2.17. Blok diagram fungsional ATMegal6
Sumber : www.atmel.com, datushee! ATMegalb

Dari gambar tersebut dapat dilihat bahwa ATMegal6 memiliki bagian

schagai  berikut :
1. Saluran 1/O sebanyak 32 buah yaitu Port A, Port B, Port C, dan Port D.

2. ADC 10 bit sebanyak 8 saluran.

3. Tiga buah Timer/Counter dengan kemampuan pembandingan.
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2.9.2.

8.

0.

CPLU yang terdiri atas 32 buah register.

Watchdog Timer dengam osilator internal.

SRAM sebesar 512 byte.

Memori Flash sebesar 16 kb dengan kemampuan Read While Write.
UInit interupsi internal dan eksternal.

Port antarmuka SPL

10. EEPROM sebesar 512 byte vang dapat diprogram saat operasi.

11. Antarmuka komparator analog.

12. Port USART untuk komunikasi sertal.

Fitur ATMegalo

Kapabilitas detail dari ATMegal6 adalah sebagai berikut :

1 4

Sistem mikroprosesor 8 bit berbasis RISC dengan kecepatan maksimal
16 MHz.

Kapabilitas memori flash 8 KB, SR4M sebesar 512 byte, dan
EEPROM (Flectrically Erasable Programmable Read Only Memory)

sebesar 512 byte.

. ADC internal dengan fidelitas 10 bit sebanyak 8 channel.

Portal komunikasi serial (L/S4R7) dengan kecepatan maksimal 2,5

Mbps.

. Enam pilihan mode sfeep menghemat penggunaan daya listrik.
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2.9.3. Konfigurasi Pin ATMegal6

Konfigurasi pin ATMegal6 bisa dilihat pada gambar 2.18. Dari gambar

tersebut dapat dijelaskan secara fungsional konfigurasi pin ATMegal6 sebagai

berikut :

A

B.

€

H.

VCC merupakan pin vang berfungsi sebagai pin masukan catu daya.
GND merupakan pin ground.

Port A (PA0.PA7) merupakan pin IO dua arah dan pin masukan
ADC.

Port B (PB0..PB7) merupakan pin IYO dua arah dan pin fungsi khusus,

yaitu Timer/Counter, komparator analog, dan SP1.

. Pori C (PC0..PC7) merupakan pin 'O dua arah dan pin fungsi khusus,

yaitu TWI, komparator analog, dan Timer Oscilator.

Port D (PDO..PD7) merupakan pin /O dua arah dan pin fungsi khusus,
yaitu komparator analog, interupsi eksternal, dan komunikasi serial.
RESET merupakan pin yang digunakan utuk me-reset mikrokontroler,
XTALI dan XTALZ merupakan pin masukan cfock eksternal.

AVCC merupakan pin masukan tegangan untuk ADC.

AREF merupakan pin masukan tegangan referensi ADC,
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Gambar 2.18. Pin ATMegalé6
Sumber : www.atmel.com, datasheer AT Megalt

2.9.4. Peta Memori

AVR ATMegal 6 memiliki ruang pengamatan memori data dan memori
program vang terpisah. Memori data terbagi menjadi 3 bagian. yaitu 32 buah
register umum, 64 buah register I/O, dan 512 hyre SRAM fternal.

Register keperluan umum menempati space data pada alamat terbawah,
vaitu $00 sampai $1F. Sementara i, register khusus untuk menangani /O dan
control terhadap mikrokontroler menempati 64 alamat berikutnya, yaitu mulai dan
$20 hingga $5F. Register tersebut merupakan register yang khusus digunakan
untuk mengatur fungsi terhadap berbagai peripheral mikrokontroler, seperti
control register, timer/counter, fungsi-Tungsi /O, dan sebagainya. Alamat memori
berikutnya digunakan untuk SRAM 512 byte, yailu pada lokasi $60 sampai

dengan $25F, Konfigurasi memori data ditunjukkan pada gambar dibawah ini.
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Gambar 2.19,. Konfigurasi Memori Data AVR ATMegal6b
Sumber : www.atmel.com, detasheet ATMcgal6

Memori program yang terletak dalam Flash PEROM tersusun dalam word
atau 2 byte karena setiap instruksi memiliki lebar 16-bit atau 32-bit. AVR
ATMegal 6 memiliki 4KByfeX16-bit Flash PEROM dengan alamat mulai dari
$000 sampai SFFF. AVR tersebut memiliki 12-bit Program Counter (PC)

schingga mampu mengamati isi Flash.

Aippication Fimsh Secton

|—___—-:;——-{
=

Bt Flasan Gactan
LIFFF

Gambar 2.20. Memory Program AVR ATMegal6
Sumber : www.atmel.com, datasheet ATMegal6
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Selain itu, AVR ATMegal6 juga memiliki memori data berupa EEPROM

B-bit sebanyak 512 hyre. Alamat EEPROM dimulai dari $000 sampai 81FF.

2.9.5. Status Register (SREG)

Status register adalah register berisi status yang dihasilkan pada sctiap
operasi yang dilakukan ketika suatu instruksi dieksekusi. SREG merupakan
bagian dari inti CPU mikrokontroler.

o Bit7 1:Glebal Interrupt Enable

Bit harus diset untuk meng-enable interupsi. Setelah ilu, anda dapat
mengaktifkan interupsi mana yang akan anda punakan denpan cara
meng-enable bit control register yang bersangkulan secara individu.
Bit akan di-clear apabila terjadi suatu interupsi yang dipicu oleh
hardware, dan bit tidak akan mengizinkan terjadinya interupsi, serta
akan diset kembali oleh instruksi RETT

b. Bit 6T : Bit Copy Storage

Instruksi BLD dan BST menggunakan bit-T sebagai sumber atau
tujuan dalam operasi bit. Suatu bit dalam sebuah register GPR dapat
disalin ke bit menggunakan instruksi BST, dan sebaliknya bit-T dapat
disalin kembali ke suvatu bit dalam register GPR menggunakan
instruksi BLD,

c. Bit5—H: Hualf Carry Flag

d. Bit4 8 :Sign Bit

Rit-8 merupakan hasil operasi EOR antara flag-N (negatif) dan flag V

(komplemen dua overflow).
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g. Bit3 -V : Tweo's Complement Overflow Flag
Rit berguna untuk mendukung operasi aritmatika.
f. Bit2 —N : Negative Flag
Apabila suatu operast menghasilkan bilangan negatil, maka flag-N
gkan diset,
g Bl - £ Zero Flag
Bit akan diset bila hasil operasi yang diperoleh adalah nol.
h. Bi C: Carry Flag

Apabila suatu operasi menghasilkan carry. maka bil akan disel.

2.10. Kontroler PID

Keheradaan kontroler dalam sebuah sistem kontrol mempunyai kontribusi
yang besar lerhadap perilaku sistem. Pada prinsipnya hal itu disebabkian oleh tidak
dapat diubahnya komponen penyusun sistem lersebut. Artinya, karakteristik plamt
harus diterima sebagaimana adanya, sehingga perubahan perilaku sistem hanya
dapat dilakukan melalui penambahan suatu sub sistem, yaitu kontroler.

Salah satu tugas komponen kontroler adalah mengurangi sinval kesalahan,
yaitu perbedaan antara nilai referensi/nilai yang dimginkan dengan nilai aktual.
Hal ini sespai dengan tujuan sistem kontrol yaitu mendapatkan nilal sinyal
keluaran sama dengan nilai yang diinginkan (referensi). Semakin keeil kesalahan
vang terjadi, semakin baik kinerja sistem kontrol yang diterapkan.

Apabila perbedaan antara nilai referensi dengan nilai keluaran relatif besar,
maka kontraler vang baik seharusnya mampu mengamati perbedaan ini untuk

scgera menghasilkan sinyal kontrol yang dapat mempengaruhi plant. Dengan
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demikian, sistem secara cepat mengubah keluaran plant sampai diperoleh selisih
dengan nilai referensi sekecil mungkin.

Prinsip kerja kontroler adalah membandingkan nilai aktual keluaran plant
dengan nilai referensi, kemudian menentukan nilai kesalahan dan akhirnya
menghasilkan sinval kontrol vntuk meminimalkan kesalahan tersebut. Kontroler

dapat diklasifikasikan sesuai dengan aksi pengontrolannya sebaga benkul:
2.10.1. Kentroler Proporsional (P)

Proporsional (P — elemen) menangani kesalahan(error) dengan segera,
vang mana kesalahan tersebut dikalikan dengan suatu nilai konstanta Kp. Perlu
dicatat juga jika nilai kesalahan sama dengan nol. maka Keluaran dan proporsional
kontroller juga sama dengan nol. Kontroler proporsional selalu memerlukan error
untuk menghasilkan output. [al ini menyebabkan terjadinya offset (error steady

state} pada pemakaian kontroler proporsional,

Hubungan antara kclvaran kentroler m(t) dan sinyal error eft) dari

kontroler Proporsional adalah :

LY = ) it LSS (1)

atau dalam transformasi Laplace :

Misy
Eisy " i

Dimana K, adalah Gain { penguatan proporsional ).
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2.10.2. Kontroler Integral (I)

Integral (I efemen) mempelajari nilai yanp telah lalu (lampau), kesalahan
diintegrasikan dan dikalikan dengan konstanta Ki. Bentuk inlegrasi memampukan
kontroller untuk menghilangkan kondisi kesalahan yang tetap (steady state error)
jika proses membutuhkan nilai masukan bukan nol untuk mendapatkan setpoint
yvang diinginkan. Suatu intcgral kontroller akan bercaksi terhadap kesalahan
{error) oleh peningkatan nilai yang ditambahkan ke nilai keluarannya. Sehingga
hal ini akan memaksa kontroller untuk mencapai nilai setpoint-nya lebih cepat
dibandingkan dengan hanya proporsional kontroller dan menckan atau
menghilangkan kondisi kesalahan yang tetap, hal ini juga menjamin bahwa proses
overshoot di setpoint diawali darl nilai mlepral yang secara berkelanjutan
ditambahkan ke nilai keluarannya. Untuk menghilangkan offset vang terjadi
akibal pemakaian kontroler Proporsional, maka digunakanlsh kontroler Integral.
Kontroler Integral dapat menghasilkan output walaupun sudah tidak ada input.

Namun, teaksi dan kontroler ini sangat lambat.

Pada kontroler Integral, harga keluaran kontroler mit) diubah dengan laju

vang secbanding dengan sinyal ervor e(l), sehingga

elmi()

Y o A B R (3
ot
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K, merupakan konstanta vang dapatl diatur. Dalam transfommasi Laplace

dapat dinyatakan:

Mix K.

() e e et P e kLt e ] (%)
Eis) &
Dimana K, = 7 T

P

2.10.3. Kontroler Diferensial (D))

Derivatif (3 — elemen) untuk mengantisipasi nilai yang akan datang.
derivatif yang pertama dari kesalahan yang terjadi {error) dikalikan dengan suatu
konstanta Kd, Hal ini dapat dipakai unluk mengurangi besarnya overshoot yang
dihasilkan oleh komponen inlcgral, ietapi kontroller akan sedikit lebih lambat
untuk mencapai setpoint, Hubungan sinyal kontroler m(l) dengan sinyal error e(t)

dari kontroler Diferensial dapat dinyatakan dengan :

atau dalam translormasi Laplace dinyatakan dengan !

M(s) B

e e S e R R AT
E{s)

di mana K :KpTd

Keluaran kontroler differensial merupakan turunan fungsi input. Kontroler

differensial tidak dapat digunakan sendinian, karena unsur D lidak akan
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mengeluarkan output bila tidak terjadi perubahan input. Oleh karena itw. kontroler
ini harus selalu digunakan bersama kontroler Proporsional, Integral. atau

keduanya.
2.10.4. Kontroler Proporsional Integral (P1)

lerjadinya offset pada pengpunaan kontroler P menyebabkan perlunya
mencan allernatl’ kontroler yang lain. Maka digunakanlah kontroler [ Namun.
karena kelambatan reaksinya, maka kontroler | biasanya dipakai bersama dengan

kontroler P menjadi kontroler Pl

Dengan demikian, maka kontroler Pl dapal menghasilkan respon yang
lcbih cepat dari kontroler I, dan juga dapal menghilangkan offset yang

ditimbulkan oleh kontroler I

Alksi kontroler P1 dinyatakan dalam persamaan :

K
m(ty=K_ et +?—_f’::(.'_} T s B S A PR A 5 (%)

atau dalam transformasi Laplace dinyatakan dengan -

L e (1 Wl 9
E{T] K,n{ t Tr.'ﬁ'} -------------------------------- ( J

Dalam hal ini K, menyatakan penguatan dan 1, menyatakan waklu
integral. Baik K, maupun I dapat diatur. Kentroler Proporsional

Integral {PI} dapat dibentuk dari gabungan kontroler Proporsional dan

kontroler Integral.
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(1= IM(z) =k, (1 = VECE) + (kT2 + 2 )E)+(k, LT —2 ")V E(z)

! 1
M{z}*—kl,,E(z}+k,g[:+"’

=

Jg(z} ' "’?“(1—5 "E(z)

7 k
k(z=1z) + (k, -%)[: (204 COE-THE-D)
- (2= D=

) ﬁrp{z: —z)+(k - ;}[:I + 2} +[F;‘_‘}(zz -2z41)

(22 —z)

1 . L ia T, ks k, kg
=kjr2- —kﬂ.a +{krE}Z +{k2}a+{?}z _E{T}ZI{TJ
o
r. k T A k
k0 )+ =327 +(—k, +(k - )—228yz 4 2
M(z) L{_;. {_ 2} jlﬂ}z +(—k, +(k, 2] }"]+T
. = S ———— (16)
L‘(z] T =z

_b,:, +.’le" | .'-':Iz_2

l+az" +a,z7’

Jika nilai-nilai tersebut disederhanakan dan dikelompokkan dalam sebuah

konstanta sehagai berkut:

dy ==Vasnsnnnimiiiiaiivie N A17)
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4 = 0 v sess s e e (18)
by =k, +k f,&,+‘*d/{;’f ......................................................................... (19)
b= R be T it s 20)

By =Rl e 21y

Bentuk fungsi M(z) dati persamaan 17 adalah sebagai berikut :
M(z)=a, M(z)- 27 + b E(z) +b, - E(2)-2 + B VB2 2 e (22)
Persamuan beda yang menyatakan persamaan 23 adalah sebagai berikut -

mik) =a,-mk—1)+ b ce(k)+b ek —1)+b, - elk 2) o, (23)

Dengan :

mi{k) = keluaran kontroler P1D saat ini

m(k-1} = keluaran kontroler P11 sebelum saat ind
elk) — grror tnasukan saat imi

¢(k-1) = error masukan sebelum saat ini

e(k-2) = error masukan sebelum sebelum saat ind
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BABIII

PERANCANGAN DAN PEMBUATAN ALAT

Al Pendahuluan

Dalam bab ini akan membahas tentang perencanasn dan pembuatan
keseluruhan sistem perangkat keras {(Aardware) dan perangkat lunak (soffware)
vang digunakan dalam sistem pengendalian motor DC pada robot manual

menggunakan PID kontro] berbasis mikrokontroler ATmega 16.

3.1.1. Blok Diagram Keseluruhan Sistem

Perancangan dan  pembuatan alat  ditunjukkan dengan gambar blok

diagram dibawah ini :
| L.CD
o ]h
I . !1 Sensor 1 —’17—
Set Point | ‘ _ ) o
|-"l ;__ .-
f——— ) ? _r Motor 1
SetPoim2 Y Mikrokontroler " Driver Motor
|/ ATmega 16 | — L’f
: Motor 2
b = e

— ol
—— [
e <+ —— Sensor2 =«
| -

Gambar 3.1. Diagram Blok Keseluruhan Sistem
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Kelerangan fungsi dari masing-masing blok diagram diatas sebagai berikut ;

Set Point |

Sebagai input ADC yang dihasilkan dari Varizble Resistor 1 (VR 1)
berfungsi sebagal pengendali kecepatan dan putaran motor |,

Set Point 2

Sebagai inpul ADC yang dihasilkan dari Varable Resistor 2 (VR 2)
berfungsi sebagai pengendali kecepatan dan putaran motor 2,

Key Pad

Sebagai input nilai Kp, 'Ti, Td untuk pengaturan P11,

LCD

Sebagai display mputan dari key pad.

Mikrokontroler ATmegal6

Mikrontroler keluarga AVR ini berfungsi sebagai pengontrol atau
pengendali semua sistem yang ada.

Driver Motor

Sebagai  penguat  arus  yang  dikeluarkan  oleh  pengendali
(Mikrokontroler ATmega 16),

Motor 1

Motor DC 24V yang berfungsi sebagai penggerak roda kanan.

Motor 2

Motor DC 24V vang berfungsi sehagai penggerak roda kiri.

Sensor 1

Untuk mengetahui atau mengukur keeepatan putar motor kanan.
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® Kensor 2

Untuk mengetahui atau mengukur keeepatan putar motor Kiri.

3.2. Prinsip kerja alat

Mikrokontroler akan mendeteksi inputan vang diberikan melalui jovstick
{potensio) yang berupa data analog. Data terscbut diubah menjadi data digital oleh
ADC yang terdapat didalam mikrokontroler. Inpul dari jopstick merupakan input
untuk menggerakkan motor pada robot. Inputan ini memiliki beberapa kondisi
seperti di bawah ini

1. Jika input dari potensio kanan (ADC = 130D) dan inpul potensio kiri

(ADC = 13013) maka robot akan berjalan maju.

ka2

Tikat inpul dari potensio kanan (ADC = 125D) dan input potensio kiri

{ADC < 125D) maka robot akan berjalan mundur,

Lad

Jika input dan potensio kanan (ADC = 126D — 129D) dan input potensio
ki (ADC = 126D — 129D} maka robot akan berhenti.

4. lJika input dari potensio kanan (ADC > 1301)) dan input polensio kir
(ADC = 1251) atau (ADC = 126D — 129D) muka wbol akan berputar
kekanan.

3. Jika inpul dan polensio kanan (ADC < 125D) atau (ADC = 126D — 1291)
dan input potensio kiri (ADC = 130D) maka robot akan berputar kikiri.

Pada saat motor berputar, sensor kecepatan akan mendcteksi putaran motor.
Apakah putaran motor sudah sama dengan inpul dan joystick (setting poinf). Jika
belum sama maka nilai input dari jovstick (setting point) akan dikurangi dengan

nilai yang dibaca olch scnsor kecepatan dan nilai ini yang disebut dengan nilai
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error. Kemudian nilai errop im akan diproses dengan menggunakan algoritma
PID kontrol hingga nilai errer ini akan mendekati nol atau sama dengan nol

(error=10).

3.3.  Perancangan peranghkat keras (hardware)

3.3.1. Rangkaian sensor kecepatan

Sensor putaran ini terdiri dari fifra Red dan Photodiode. Rangkaian sensor
ini digunakan untuk mendeteksi kondisi gelap dan terang yang kemudian

digumakan untuk mendeteksi kecepatan motor.

33.1.0. Infra red

Led infra red merupakan dioda yang mampu memancarkan cahaya infra
merah, Berdasarkan data vang diperoleh dar darabook terdapat perurunan
tegangan LED TR (ViyF1.2 wvolt, ams forward(I)=20mA, dan Vec yang
digunakan ialah 5 volt, maka R, IR dapat diperoleh dengan menggunakan rumus

(Fee=Vr)

1

RedR =

_ 6712 _440— 3900

20,10

3.3.1.2. Photodiode

Pada saat mencrima sinar infre merah dari pemancar, phofodiode akan
mempuny#i resislansi yang rendah dan arus yang besar. sehingga tegangan

output(Vey) pada kanota terhadap grownd bernilai nol, sebaliknya apabila
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photodiode lidak mencrima sinar infra merah.maka photodiode seperti dioda yang
di-bias mundur dan phetodiode seperti dalam keadaan terbuka (reverse),
Berdasarkan data yang diperaleh dari databook, arus reverse pada saat ada

cahaya yang mengenai photodiode(lp) = 100pA dengan Vee vang digunakan
adalah 5 wvolt, maka nilai R PD dapat diperoleh dengan menggunakan

persamaan(3.2).
prpp =V HD)
= (5 -0,7)/1x100™
= 43000 Q=43 k2 =47 kQ

Rangkaian detektor infra merah dan photodiode ditmjukkan dalam

gambar 3.2, dibawah ini.

Gambar 3.2. Rangkaian sensor kecepatan
Prinsip kerja dan rangkaian fnfro merah adalah bila photodiode terhalang

maka tahananfresistansi dari photodiode akan bertambah besar dan arus yang
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dihasilkan adalah kecil sehingga tegangan output pada photodiode (pada katoda)
iwlah 5 volt. Apabila phomadiode tidak terhalang sehingga sinar infra merah
mengenai phofodiode, maka tahanan/resistansi photodiode scimakin kecil. dan arus
yang dihasilkan semakin besar mengakibatkan tegangan output pada photodiode

{pada katoda) ialah 0 volt.

Jarak maksimal sinar inframerah dapat diterima oleh photodiode adalah +
21 cm. Pada pembuatan dan perancangan sensor kecepatan ini alat jarak detckior
infra merah dan photodiode dibuat sekitar | em. Jadi dapat dikatakan jarak ini

sudah masuk dalam lingkup kerja dari detektor infra merah dan photodiode.

Agar sinyal yang akan masuk ke mikrokontroler dapat terhindar dari noise,

pada masing-masing output detcktor masuk pada rangkaian Schmitt trigger.

3.3.2, LCD (Liquid Crystal Display)

Pada perancangan ini digunakan LCD dot matrix 2 x 16 karakter yaitu
MI1632. Sinyal-sinyal yang diperlukan olch LED adalah RS dan Enable. sinyal
RS dan Enable diperpunaksn sebagai input yang outputnva dipakai untuk
mengaktifkan LCD. LCI) akan aktit apabila mikrokontroler memberikan instruksi
tulis pada LCD. Saat kondisi RS don 't care dan Erable O maka LCD tetap pada
kondisi semula, pengiriman data ke LCD dilakukan saat RS berlogika 0 dan
enable berlogika 1. Instruksi dikinm pada LCD bila keadaan RS 1 dan Enable 1.
Pin LCD ini untuk data terkoneksi pada Port B.3 mikrokontoler A'TMega 16.
Kemudian untuk RS dihubungkan pada Pore B0, wlis/baca (Read Write)

dibernikan logika {fow karena disini LCD bersifat menulis data, dan vang terakhir
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Enable (V) dikendalikan dengan Porf B.l. Gambar rangkaian LCD ditunjukkan

pada gambar 3.3.

Gambar 3.3. Perancangan Rangkaian LCD (Liguid Crystal Display)

333 Keypad

Keypad ini berfungsi untuk memberikan nilai input pada mikrokontroler
yang digunakan untuk mcrubah dan memasulkkan data nilai Kp. Ti dan Td pada
program PID kontrol, Pada perancangan ini digunakan keypad 4x4 yang berarti
papan tombol ini mempunyal matrik 4 baris dan 4 kolom. Deretan kolom dan
baris dari keypad ini dihubungkan dengan pori C yang difungsikan schagai
masukan dan keluaran, Deretan kolom dihubungkan denpan growsd (berlogika (1)
dan porr C (PC4 - PCT) yung difungsikan scbagai input mkrokontroller.
Sedangkan deretan baris dihubungkan ke port C (PCO - PC3) yang telah diberi
data 0001 dan secara kontinyu data tersebut bergeser satu bit ke kiri. Pergeseran
data satu bit ini dimaksudkan untuk menentukan posisi tombol vang ditekan
dalam satu kelom. Port ini difungsikan sebagal outpul dari mikrokontroller.

Dengan demikian kalau tombol tidak ditekan maka masukan pert C ('C4 - PC7)
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di pin yang terhubung tombol tersebutl berlogika 0 dan bila tombol ditekan akan

berlogika 1. Rangkaian papan tombol tersebut dapat terlihat pada Gambar 3 .4.

¥ a4 50 g1l
— — —- — S
pif Sl S T B B8
52 E5 510 EAE]
=l — Al — — r
7 5 B p N 1 oo
53 [ 57 5 513
R - e — .. e By o -
Pepl T Ewel T Rwaf Shupit 2l )
| B4 53 512 b
e, e T, T PRI
58 BT R Sorpit i 15
R
PCE
.

Gambar 3.4, Rangkaian Kevpad

3.34. Joystick

Joystick berfungsi sebagal inpul pada mikrokontroler yang digunakan
untuk mengendalikan arah putaran dan kecepatan motor DC pada robot. Pada
perancangan ini digunakan varighle resistor (polensin) sebagai input dari PWM
(Pufse Width Moduwlation). Tnput dari potcnsio vang berupa data analog diubah
oleh ADC yang terdapat dalam mikrokoniroler sehingga data tersebut bisa
dimengerti olch mikrokentroler untuk diproses lebih lanjut. Rangkaian joystick

dapat dilihat pada gambar 3.5.
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Gambar 3.5. Rangkaian Joysrick

3.3.5. Driver Motor

Lan

PG, [0 24y

Gambar 3.6, Rangkaian driver molor

Rangkaian ini digunakan untuk menguatkan owtput arus  dan

mikrokontroler sehingga outpul arus yang sangat kecil dan mikrokontroler dapat

mengeerakkan relay dan memutar motor DC. Disamping ity terdapat juga 2
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wransistor yang berfungsi sebagai input data PWM. Sebagai rangkaian motor DC,
rangkaian ini dapal memutar arah motor DC dengan cara memberikan logika 0/1
(Bigh / low) pada software mikrokontroler. Jika driver motor diberi logika ™17
(figh) maka relay akan aktif d:n motor akan berputar kekanan, Dan apabila driver
motor diberi logika ™07 (fow) maka motor akan berputar kekiri. Kecepatan putar
motor diatur dari input nilai FPWM, semakin lebar pulsa PWM maka motor akan
berpular semakin cepat ( dufy cyele = 100 % ) dan semakin kel nilai PWM maka

motor akan berhenti berpular { duty cyele =0 % ),

3.3.6. Perancangan minimum sistem ATMegal6

Gambar 3.7. Rangkaian minimum svstem ATMega 16
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Mikrokontroler yang digunakan adalah mikrokonlroler keluarga AVR
ATMega 16 yang mempunyai arsitektur RISCReduce Instruction Set). ATMega
|6 mempunyai 4 channels PWM, 8 channels ADC 10-bit, dan juga ATMega 16
mempunyal kemampuan PWT { Programmable Watchdog Timer) dengan osilator
yang terpisah, schingga memungkinkan untuk mengaplikasikannya sebagai MCU
vang cukup handal. Selain itu dengan adanya fitur-fitur tersebul, system hardware
juga makin simpel karena tidak perlu lagi membual rangkaian ADC dan PWM

sehingga biaya pembuatan juga dapat lebih ckonomis.
Alokasi penggunaan pin mikeokontroler ;

e PAQ dun PA.] digunakan schagai port input data analog dari jovstick.
Port A merupakan port khusus vang didalamnya memiliki ADC
sehingga data analog dari joystick diubah olch ADC di port A menjadi

data digital.

e PB.1 terhubung dengan kaki Enable ( E ) pada LCD dan PB.0 terhubung

dengan kaki RS pada L.CD,
o Port B3 digunakan sebagai port input dan output data LCD serial.
o  Port C( PC.O0 - PC.7 ) digunakan sebagai porr input data dani kevpad.

e PD.2 dan D3 digunakan sebagai port input yang akan menerima sinyal
digital dari inverter schmitt irigger yang terhubung pada sensor

kecepatan.
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e PDS5 dan PDN6, digunakan sebagai port outpul data melor yang

terhubung dengan driver motor.

e PD4 dan PD.7 digunaken scbagal porf output data PWM vang

terhubung dengan driver motor.

Perancangan rangkaian reset pada mikrokontroler ATMega 16 ialah
dengan memberikan logika low pada pin reset mikrokontroler ATMega 16.
Rangkaian resel ini diperoleh dani application note AVR Design Consideration

dari A'TMEI.. Rerikut ialah gambar rancangan rangkaian reset pada A'TMega 16 :

.
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—L s ra) —
—— 1l PAl —=
- A — 7R PAl —
+— FBl RAY —
. P PAl e
ok e — Fas i li
—3 FBé FPAs =
—— a7 PAT —
e
—— i AV —3“-—2.1
—— NTAL2 R —h
— ;r:.[ | j:s =2
T T X s | =
L Py -—%"—-—
—— P Py ——
o s R e
By Bl —5

T
g
a

i
i
e

ATHIEGA IS

Gambar 3.8. Ranghkaian resct

Osilator pada rangkaian minimum sistem ATMega 16 mengpunakan
kristal 11,0592 MHz dan kapasitor 22 pF. Nilal kapasitor ini diperoleh dari tabel
datasheel lentang penggunaan kapasitor untuk rangkaian osilator / sistem clock
pada ATMega 16. Penggunaan kristal 11,0592 MHz ini bertujuan agar

berhitungan bautrale tidak mengalami error yvang disebabkan karena selisih
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perhilungan. Perhitumgan bautrate pada A'TMega 16 dengan menggunakan kristal

110592 MHz :

Bautrate yang diinginkan ialah 38400 bps, maka nilai pada UBRRIUSARY

Baut Rare Register) dapat ditentukan dengan perhilungan -

vsRR =12
16 Beteed
Lmpp — 11059200
16.38400
CBRR = 1053200,
614400

UBRR=18-1=17=11H

Penggunaan kristal 11,0392 MHz memungkinkan hasil perhitungan

haudrate tidak sisa dan error dari selisih perhitungan tidak ada.

{NTALZ
e {NRALI
[
| Ei’p|
L_J11.0s20m
IIL'Z |
22pr _ |

Gambar 3.%9. Hangkaian clock

34,  Perancangan peranghat lunak (Soffware)

Porancancan  perangkat  lunak  (soffware) vang  dipunakan dalam
perancangan sigtem pengendalian motor DC pada robot manual menggunakan
FID' kontrol berbasis mikrokontroller ATMega 16 akan dipaparkan dalam

HAowchart sistem sccara kescluruhan, Sistematika jalannya program yang dibuat
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didasarkan pada sistem JBardware vang telah dirancang. Pembuatan soffware
hanya dilakukan pada mikrokontroler menggunakan bahasa €.

J4.1. Diagram Alir (Flow Charf)

~ START |

Coulizurasi Timer e
Configurasi LICD &
&

~.  [Inisialisasi port

lr_.“' Inpul data analog (set point) ;
/ Input parameter Kp, Ti, Td

k. J

Konversikan data analog ke digital
LAD)

Baca data ADC

N
g ¥
Rutin kontrol arah putaran
motor DC dan PID

¥
| Penguatan arus

e
| v
| Out motor DR |

!

i Baca sensor

I

T ,f"'f. Pularan ___E

" Seswai sel poinl 7

R
\"-\.

.\_f__.-

Gambar 3.10. Flow chart total sistem
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¢ Algoritma rutin kontrol arah putaran motor DC dan PID

— = 1

Rutin konitrol arah pumrﬂnT by
mdior T3 dan PID = -_—‘

- o
- o
AT = 15300 ™ ¥ [ear m o ‘

T » 5 maju |
'\'\.\\ -'.{-‘_/"'
T o7 r .
| Alur duty
T | Rutin I3 | ———» eyele sesual Ly
4 | data

_,-f'../ i - —_—
apezizsnt Y | Putarmator
e T ! mundur !

Henbikan -
LT L LTS
R Phaey il — W % |

Gambar 3,11, Algoritma rutin kentrul arah putaran motor DC dan PID
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+  Algoritma rutin PTD

—
Rutin PID
Ll

¥
Sct poin
ot point

v

Baca kecepatan actual motor D

fes=
Hitung nilai error (¢) |
e = O
Masukkan paramcter
Kp, Ti. Td

.

| i
Hitung suku integral (Ti) dan
‘ suku deferensial (Td) ‘
|
L i
Hitung out put
| (MV)—Kp (etTi+1d) N

L

| Konversikan hasilnya
ke PWM

.

x
Keturn il

.\‘.

Gambar 3,12, Algoritma ratin PID
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# Penjelasan flowchart secara keseluruhan ;

LA

. Pertama  kali software akan melakukan pengenalan  terhadap

mikrokontroller dan krisial yang digunakan, pada perancangan
soffware ini menggunakan mikrokoniroller ATMega 16 dan kristal
11.0592MHz. Selanjutnya program mengkonfigurasi pin-pin LCD,
jenis LCD yang dipakai. dan juga mendefinisikan karakier baru vang
dipakai. Kemudian program mengkonfigurasi timer agar timer pada
mikrokontroller ATMega 16 dikenali dsm dapat digunakan.
Masukkan data analog dari potensio kemudian data tersebut diuhah
menjadi data digital oleh ADC yang terdapat didalam mikrokontroler
schingga data tersebut bisa proses lebih lanjut oleh mikrokontroler.
Jika data ADC = 130D maka putar motor maju, jika data ADC <
1251 maka putar motor mundur dan jika ADC antara 126D — 1291
maka motor tidak berputar (berhenti). Atur duty cvele sesuai data dun
CINT PUTAran molor.

Baca kecepatan motor dan hitang nilai error. £rror  diperoleh
dengan mengurangkan kecepatan aktual dari set poimt. Kemudian
masukkan parameter-parameter Ki, Tidan Td melalui feypad dan
nilainya akan ditampilkan di LCD.

Hilung sukw integral (Ti) dan suku deferensial (Td). Kemudian
hitung out put (MV). Konversikan hasil dari hiungan tersebut ke

PWM dan program akan kembali ke pengaturan duty cycle.
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BAB 1V

PENGUJIAN DAN HASIL ANALISA

Pengujian dilakukan untuk mengetahui sejauh mana perlatan dapat bekerja
susudl dengan perencanaan, Langkah pengujian dilakukan melalui 2 (zhap, yakni
pengujian pada setiap blok dan pengujian pada sistem keseluruhan. ‘Tahap
pertama dimaksudkan untuk mengetahui sejauh mana blok-blok rangkaian dapat
berjalan, sedangkan tahap kedua dilakukan sctelah diperoleh kepastian bahwa tiap
blok rangkaian telah berjalan sesuai rencana. Pada tahap ini setiap blok rangkaian
diintegrasikan menjadi sebuah sistem pangendalian motor DC yvang kemudian

dilakukan pengujian secara menyeluruh.

4.1. Pengujian Mikrokontroller ATMega 16

4.1.1. Tujuan

Untuk mengetahui kondisi awal dan Mikrokontroler apakah sudah sesuai

vang direncanakan.
4.1.2. Peralatan yang digunakan

1. Catu dava 5V,

ba

Komputer.

Downloader.

Lad

4. Minimum sistem mikrokontroler ATMceal®6.
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4.1.3. Prosedur pengujian

|
LED Display

'

‘ PC B [Downlcader | Sistemn Mikrokontroler

= [V e

Gambar 4.1. Diagram Blok Pengujian Mikrokontroler

1. Rangkaian dibuat seperti gambar 4.1.

2. Membenkan catu dava 5 volt

3. Membuat program yang digunakan untuk mengujii mikrokontroler.
Program yang digunakan dalam pengujian mikrokontroler im
merupakan program yang sederhana yang meletakkan FO ,, dan OF ,
secard berpantian pada Pord(” A'l'Mega 16

4. Mengamati keluaran pada LED Display.

4.1.4. Hasil pengujian

Gambar 4.2, Hagil pengujian tampilan 1L.ED
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Tahel 4,1, Hasil Pengunjian Sistem Mikrokontroler
! Keluaran pada LED Dﬁpﬁ;—ly !
| Kondisi Sl e
Bit0 | Bitl | BitZ Bit3 | Bitd | Bit5 | Bité | Bit7 |
Satu 0 o I o | o 1 ] 1 |
Dua I | 1 1 | 0 (0 0 0 |
Keterangan :

s  Kondisi bit fow ( 0 ) = LED menyala
o Kondisi bit sefght ( 1 ) = LED mati

Dari hasil pengujian pada tabel 4.1, dapat dilihal bahwa port C

memberikan logika OF ,, dan IO, sccara bergantian sesuai dengan isi program.

4.2. Pengujian sensor kecepatan

4.2.1. Tujuan

Untuk mengetahui apakah sensor dapat bekerja sesuai denean rancangan.

4.2.2. Peralatan yang digunakan

I. Catudaya 3V,

2. Rangkaian sensor dan Schmitt mgger.

3. Muliimeter digrtal.
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4.2,3. Prosedur pengujian

Multimeter
digital
i

.

34 . .
anghaiun sensor & il |

Cal g Y |"‘ km::epatm

Gambar 4.3. Dingram blok pengujian rangkaian sensor kecepatan

b 4

1. Rangkaian dibuat sesuai dengan gambar 4.3,
2. Memberi catu daya 5V.
3. Mengukur tegangan kelvaran phorodiode dengan AVO mefer apabila

pancaran sinar infra merah terhalang piringan atau tidak terhalang.

4.2.4. Hasil pengujian

Gambar 4.4, Pengujian rangkaian sensor saat tidak terhalang piringan
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Gambar 4.5. 'engujian rangkaian sensor saat terhalang piringan

Table 4.2. Hasil pengujian tegangan ourpur.

Tegangan Ountput
Scnsoer Terhalang piringan | Tidak terhalang piringan
(mV) (m¥V)
1 (.14 3.-6_1“-. -
2 0.14 B 3.61
Rata-rata 014 o 3.61

4.3. Pengujian LCD
4.3.1. Tujuan

Unfuk mengetahui apakah LCD dapat bekerja sesual dengan rncangan
4.3.2. Peralatan yang digunakan

1. Catu daya 3V,

2. Minimum sistem mikrokontroler dan LCD (Liguid Crystal Display).
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4.3.3. Prosedur pengujian

Catu daya 5V Mikrokontroler —» LCD M1632

Gambar 4.6. Rangkaian LCD (Liguid Crystal Display)

1. Rangkaian dibual seperti gambar 4.6

E'-J

Memberi catu daya 5V.

3. Membuat program yang digunakan untuk menguji L.CD. Program yang
digunakan dalam pengujian LCD merupakan program vang sederhana
yaitu menuliskan nama pada baris pertama dan menuliskan NIM pada
baris ke dua.

4. Mengamati keluaran pada LCD.

4.3.4. Hasil pengujian

Setelah data diolab mikrokontreler maka hasil tampilan LCD berupa

tulisan pada bans periama "Er!¢K” dan baris ke dua "(412232™,

Gzambar 4.7, Tampilan hasil pengujian LCD
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44. Pengujian driver motor DC
44.1. Tujuan

untuk mengetahui apakah rangkaian ini dapat bekerja schagaimana
mestinya, vailu dapal menggerakkan motor dengan arah yang bersesuaian dengan

kombinasi masukannya.

4.4.2. Peralatan vang digunaksn
[, Catu daya 24V,
2. Rangkalan driver molor.
3. Multimeter digital.

4.4.3. Prosedur pengcujian

Eangkaian
Saklar lngika

Rangkaian

T 1% Pt TaT o B L
Diriver Maotor it

—-

Gambar 4.8, Diagram blok pengujian driver motor

1. Rangkaian dibuat seperti gambar 4.8.

2. Memberi catu daya 24V,

3. memberi kombinasi logika pada inputan driver dan mengamati arah

putaran motor DC pada keluarannya.

4. Mengukur tegangan pada keluaran driver.
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4.4.4. Hasil pengujian

Gambar 4.9. Pengujian rangkaian driver motor

Table 4.3. Hasil pengujian rangkaian driver motor

QOutput

No Input ADC

(desimal) Tegangan Arus

(V) (A)
1. 255 22.65 4.02
2. 240 22.63 [ 356
3. 225 22.65 - 317
4] 210 22.65 265

5. 195 22.65 2.23
6. 180 22.65 TmE
T 165 22,65 134
8. 150 22.65 0.85
9. 135 22.65 0.43
0, 126 — 129 0.724 0.724
. 120 - 22.65 041
12. 105 L2265 (.86
s o S e
14, 75 - 22.65 1.74
15. 60 -22.65 222
6. 45 - 22,65 265
17. 30 - 22,63 3.11
i3. 15 22,65 3.56
9. 0 - 2265 4.03

66
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Keteranpan Tabel :
e [nput tegangan 24V
* [npul merupkan data analog dari joystick vang kemudian diubah

menjadi dala digital oleh ADC mikrokontroler.

4.5, Pengujian pengenduliun kecepatan motor DC pada robot manual
menggunakan PID kentrol
4.5.1. Tujuan

Lntuk mengetahui apakah kescluruhan sistem dapat berjalan  sesuai

dengan rancangan atau tidak.

4.5.2. Prosedur peagujian

. Menghubungkan keseluruhan rangkaian sesuai dengan diagram blok.
2, Memberikan nilat input Kp, T1 dan Td melalu Keypad.
3. Memberikan nilai set point melalui jovstick.

4. Mengamati apakah sistem berjalan sesual dengun rancangan atau tidak.

Setpai g Uhit s
‘

—+n; Kontroler \—b Penguat arus }—- Motor DC | >

Sensor |
k-
kecepatan

Gambar 4.10. Hangkaian pengujian sistem
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4.5.3. Hasil kurva motor DC sebelum diberi P11 kontroler

Gambar 4.11, Kurva respon motor DC sebelum diberi PID kontroler

Ll(i_}*

Vowo '
| T FF b i H
I 1321 =3 b
P P
I 1.1 b 4w
o1 & :i
5 1 & :1I
e ol T
i i
i
BEE P
do i
= }
[ I

e

-|L-‘_. T

Gambar 4,12, Garis singpung kurva sebelum diberi PID kontreler
Setelah ditarik garis dari gambar 16, diketahui bahwa nilai L adalah 0.2
scdangkan nilai dari tunda waktu T adalah 1 - 0.2 = 0.8 dengan Time/Div = 200
ms maka didapat :
L — 0.2 x 200 ms — 40 ms

T = 0,8x200ms= 160 ms
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4.5.4. Hasil kurva motor DC dengan PID kontroler

Gambar 4.13. Kurva respon motor DC dengan PID kuntroler

A
u(e)

Gambar 4.14. Garis singgung kurva dengan P1D kontroler

Dari gambar 18. dapat kita analisa buhwa data hasil pengujian pada PID
kontoler yang menggunakan oscioloscop dengan parameter Time/Div = 200 ms
maka didapat :

0.1 x 200 ms = 20 ms

—_
£
Il

T=02x200ms= 40 ms
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Dari  gambar diatas dapat dibuktikan bahwa PID kontroler yang
dipergunakan dalam skripsi ini mampu mengurangi waktu tunda (T) sehingga
langgapan respon motor semakin cepat uniuk mencapai steady state vang
mendekati serting poini yang telah ditetapkan. Dapat kita lihai bahwa kurva
menuliki rise time yang lebih kecil dibanding sebelumnya, akan tetapi memiliki
sedikit overshol. Dengan PID kontroler respon terlihat berbanding lurus dengan
sefting point yang telah ditentukan. Pada sasl motor start. motor akan sedikit ada
lonjakan akan tetapi lebih cepat stabil. ITal ini menandakan bahwa PID kontroler

merupakan sustu metode yang sangat bagus dalam pengaturan kecepatan motor.

4.6. Spesifikasi alat

. Mikrokomtroler ATmega 16.

[ ]

LCD MI1632.

3. Keypad matriks 4 x 4.

4. Optocoupler model L,

3. Potensio sebagai joystick.
6. Accu 24V (12Vx2).

7. Hobot,
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(b}

Gambar 4.15. (a) dan (b) Alat keseluruhan

71
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BAB YV

PENUTUP

51, Kesimpulan

Dari  rangkaian kegiatan perencanaan sampai  dengan pengujian
keseluruhan sistem yang telah dibuat maka dapat diambil beberapa kesimpulan
sebagai berikut :

1. Qutput tegangan driver motor sebesar 22.65 voll dan memiliki arus
sebesar 4.02 ampere,

2. Motor tidak berputar pada saar 126 < ADC < 129 desimal karena outpt
legangan driver motor schesar (0.724 voll dan memiliki arus sebesar 0.01
AMpPETe.

3. Dibawah ini merupakan kurva motor sebelum dan sesudah dikonirol :

»  Data kurva sebelum dikontrol
L =102 x 700 ms = 40 ms
T=0.8x 200 mz = 160 mxy

#  Data kurva sesudah dikontrol

L =101 x 200 ms =20 ms

T =02 x 200 ms = 4 ms




-
Ll

Perutyp #——————— e

Dari data diatas lerdapat selisih waktu mati (L) = 20 ms dan selisih
waktu wnda (1) = 120 ms. Schingga respon motor imtuk mencapai

stedady state menjadi semakin cepat.
5.2. Saran - saran
Ada beberapa saran yang dapat kami berikan kapada pembaca yang
tertarik dengan skripsi ini bahkan ingin mengembangkannya.

« TIntuk menghasilkan respon yang baik diperlukan perhitungan yang tepat.
* Banyaknya lubang pada piringan sensor kecepatan sangal mempengaruhi

ketelitian pembacaan kecepatan.
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LISTING PROGRAM

/* File include */
#include <megal 6.h>
#include <delay.h>

{* Pendefinisian *

#define arah? PORTD.?7

#define arahl PORTD.6

#define pwm?2 OCR1A  //kanan
ftdefine pwml OCRIB /kn
#define enable PORTB.1

#idefine clock PORTR.2

fidefine MatrikX1 PORTC.4
#deline Matmk32 PORTC.5
Hdefine MatrikX3 PORTC.o
Hdefine MatrikX4 PORTC.T
#define MatrkY 1 PINC.0
Hdeline MatnkY?2 PINC.1
Hdefine MatrikY 3 PINC.2
#define MatrikY4 PINC.3

™ Tnisialisasi variabel global */

unsigned char tanda time mode;

int a,bkanan,bkiri,kanan. kiri,bkanan | .bkiri 1, vkanan,vkiri.tkin, tkanan.mtka.mtki;

float x.kpttd.b0,bl b2 mka,mkal eka.ckal eka2 mki,mkil ekiekil eki2;

long int ;

unsigned int i;

bit tka,tki.trx,th:
konstanta_timing[25]={1.666.333,111,167,133,112.96.84.74.66.60,56,52.48 44,42 40
38.36.34,32.30,28,281;

* Inisialisasi LCD */
void dataout{unsigned char data LCD, char kode)
{
unsigned char i
cloclk=0;
Tor(i=0;1<8;i++)
{
tx_LCD=(data_LCD & Ox1)—0x1 71 :4;
delay us(d):

clock=1:

delay us{4);

clock=0;

data LCD=data LCD>>1;
H
rs=kode;

delay_us(40);
enable=1;




delay_us(40);

enable=0:

1
1

void pos(unsigned char i,unsigned char n)

{
ifii=1)
{
dataout (0x80+n-1.0%;
delay_us(4(});
l
else if (i=2)
i
dataout {(Uxc(-n-1,0}
delay us(40);
}
else;
)
void erick()
1
dataout{0x01,0);
delay ms(2);
'
void initled()
{
delay_ms(1000);
dataout{0x30,0);
delay ms{500};
dataout({(x30.0);
delay_us(10000);
dataout{0x30,07;
delay_us(4000);
dataout(0x38,0);
delay us(4000);
dataout{0x08,0:;
delay us(4000);
dataout(0x01,07;
delay us{4000);
dataout(Dx0c,0);
delay us(4000);
dataout(0x06,0);
delay us(4000):
¥
void cetak(int i,int n,flash char *text)
i
posti,nk
while(*text)
\
dataout{*text++.1);
delay us(40);

fud




}

/*nizialisasi keypad */
char Tombolnya()

]

Matrik X1 O
MatrikX2 1;
Matrik X5 1
MamkX4 1
delay_ms(10};

switch ( PINC & 0x0F )

f 1

{

case ({IE:
while(Matnik Y 1=0}{;}
return 'l';
break;

case Ox0D:
while(MammkY2—0{;}
return '4'
break:

case (x(B.
while(Matmik ¥ 3==0){:}
return "7
break;

case Ox(7:
while{Matrik Y4==0){;}
return
break:

H

Marrik X1 =]

MatrikX2 =0

MarrikX3 =1;

Matrik X4 =1;

delay _ms(10);

switch { PINC & 0x0F )

{

case Ox0E:
while(MatrikY 1==0}{;}
refurn '2';
break:

case Ox0D:
while(Matrik Y2=—=0){:}
return '5';
break:

case Ox0B:
while(MalnkY3—0){:}
return 'B';
braak;




case Ux07;
while{Matrik Y4==0){:}
return "0
break:
}
MatrikX 1 =1;
MatrikX2 =1
Matrik X3 =4
Matrik X4 =1:
delay ms(10);
switch { PINC & 0x(F )

{

case UxiE:
while{MatrikY 1==0}{;}
return '3
break;

case Ox0OD:
while{MatrikY 2=0){,}
return '6';
break;

case Ix0B:
while(Matrik Y3—M{;}
return '9';
break:

case (x(7:
while(Matrik Y4==0){;}
return 'EY;
break;

¥

MatrikX1 =1

MatmkX2 =1

Matrik X3 =1

Matrik X4 =ik

delay ms(10};

switch { PINC & 0x0F )

{

case Ux0E:
while(Matrik ¥ 1==0){:}
return 'R”,
hreak:

case Ox0Dy
while(Matrik Y2==0){:}
return 'M';
break:

case Ox0B:
while(MatrikY3==0){;}
return ‘11"
break;

case (x07:




while(Matrik Y 4=0){;}
return 'DY;
break;
default:
returm 7
break;

¥

*Inisialisasi input output */

void init_port()

d
DDRC=0b11110000;
PORTC=0b11111111;
DDRB=0b00011111;
DDRD=0b11110010;
DDRA=0B000D0000;
PORTD=0b1111110017;

¥

void tit ADCY)

1
/* Referensi AVcc*/
SFIOR=SFIOR &(x0f;
ADMITX=0x40,
ADCSRA=0x02:

}

unsigned int konversi(unsigned char channel)
{

unsigned char high low;

int data konversi;

/* pilih channel dengan referensi AVee */
ADMUX=ADMUX&0xel)|channel;

* Nyalakan ADC dan Start Konversi */
ADCSRA=ADCSRA|Ob] 1000000,

/* tunggu proses konversi selesai */
while({ ADCSRA&OBOODTOD00Y =(x10);

/* matikan ADC, reset ADIF */
ADCSRA=(ADCSRA|0b0001000M&0D0T 1111115

/* data hasil konversi ¥/

delay _mas(1);

low=ATIC];
high=ADCH&(x03:

data konversi=(high%:2)*256;




high/=2;
data_konversi=(data konversi-+(thigh%2)*512)+low;
return data konversi;

H

Minisialisasi timer 1%/

void init_timerl()

{
/* Timer ini akan digunakan trniger CDI */
/* frekuensi clock 2 MHz */
TCCRIA=TCCRE | A|0bOD000000;
TCCRI1B=TCCRI1B|0b0O0OOOT01;
TIMSE=TIMSK|(x04;
TIFE=TIFR]0x04;
TCNTIH=0;
TCNTIL=0;

H

void init_timerd(}

{
/* Timer ini akan digunakan sebagai penghitung kecepatan */
* Mode yang digunakan adalah normal */
TCCR2=0x06:
TIMSK=TIMSK|(x40;
TIER=TIFR|(x4();
TUNTZ=(,

}

void init timer(()

{
/* Timer ini akan digunakan sebagai penghitung kecepatan */
* Mode yvang digunakan adalah normal */
TCCRO=0x04:
TIMSK=TIMSK|0x01;
TIFR=TIFR|0x01;

TCNT{=0;
i
void init_ext interrupt(}
{

* Set untuk interupt {0 rising edge */
MCUCR=T,
GICR=GICR|0xCO;

]
void tampil(unsigned int n)

{
unsigned int ascii;
ascii=n/1 000% 10+0x530:dataout({ascii, 1);
ascii=n/100%10+48; dataout(ascii, 1 );
ascii=n/10%10+48; dataout(ascii,| };
ascii=n% 1 (H+-48; dataou(ascii,1);

i

/* Turn registers saving off */




#pragma saversg-
{* interrupt handler */
interrupt [9] void imer!l overflow({void)
1
Hasm
push 130
push 131
in r30.5REG
push 130
#endasm
bkananl=bkanan;
bkanan={;
bkiril=bkiri;
bkir={;
TIFR=TIFR|0x04;
TCNTIH=0xEE;
TCNT1L=0xBF;
Hasm
pop ri¢
out SEEG.r30
pop t3l
pop 30
#endasm®*
1
/* re-enable register saving for the other interrupts */
Epragma saversg+
M Turn registers saving off */
#pragma savereg-
/* interrupt handler */
interrupt [5] void timer2_overflow(void)
{
Hasm
push r30
push r31
in r3(,5REG
push 130
Hendasm
time++;
ifitime==61)
{
bkanan I=bkanan;
bkanan=0;
bkiril=bkiri;
bkiri=0;
Hrme=(};

i

TCONT2=0;
TIFR=TIFR|0x40;




Hasm
pop il
out SREG.r30
pop il
pop 30
#Hendasm™*

b

interrupt [10] void timer0_overflow(void)
{

Hasm

push 130

push 131

in r30,SREG

push r30

Hendasm

time++;

ifitime==61)

{
hkananl=bkanan;
bkanan=0;
bkiril=bkiri;
bkiri=;
time=0;

i

TCNTO=0;

TIFR=TIFR|0x01;
Hasm
pop r30
out SREG.r30
pop il
pop 30
Hendasm®

}

/* re-gnable register saving for the other interrupts */
#pragma saveregt

/* Tum registers saving off */
Hpragma savereg-
/* interrupt handler */
interrupt [2] void external_int0(void)
{

Hasm

push 30

push r31

in r30.SREG

push r30

#Hendasm

bkiri++;




#asm
pap r30
out SREG, 30
pop il
pop 30
#endasm

}

interrupl [3] void external intl(void)
{
#asm
push 30
push r31
in r30,SREG
push r30
#endasm
bkanant++;
#asm
pop r30
oul SEEG.r30
popril
pop 130
#endasm

!

char rkey()

{

unsigned char zero;
#ero=Tombolnya();

while (zero=='Z") zero=Tombolnya();
reiurn Zero;

void motorkanan(int ot)

i

iffot=0){ pwm1=0;}

else iflot>0){arahl=0;;pwml=ot; ]
clse {arahl—=1;pwml=-pt:]

H

void motorkiri(ing ot)

{

iffot==0){ pwm2=0; }

else if(or=0){arah2=0;pwm2=ot:}
else {arah2=1;pwm2=-ot;}

}

void motor(int kirim,int kananm)
{
motorkiri(kirim);motorkanan(kananm),

i




float keyhasil()

{

float ke.ii;

char yh,asi;

bit tdot;
ke=0:tdot=0:1i=1,
while(1)

{

vh=rkey();
if{lyh=="E"Ybreak;

else if(vh="_" tdot=1;
else ifitdot==1) {asi=yh-48:ke=(ke* 1 0-+asi);ii=ii*10;}
else {asi=yh-48:ke=ke* | 0-+as1;}
dataout(yh.1):

H

return kedii:

H

float abs(float ab)

{

float sd:

if{ab<0) sd—ab;

else sd=ab:

return sd;

i

/* Program Utama */

void main()

{
/* Inisialisasi */
init_port();
TCCRIA=TCCRI1A|0xa3;
TCCRIB=TCCRIB|0x0B;
pwm1=0;
pwm2=tl;
init_timer0();
imil_ext_interrapt().
initled();
init. ADC();
mka=0;mkal=0;
h(i=48:b1=-9.b2=4:
mka=0;mkal=0:eka=0:ekal={:eka?=0:
mki=0;mkil=0:eki=0;ekil =0;eki2=0;
#asm("sei"}
pos(l.1);
erick();
cetak(1,1,"Masukkan mode:");
a=tkey();
ifla==50) mode=2:
else if{a==49) mode=1;

10




else mode=0;

erick():
cetak{l,],"Masukkan Kp:"};
pos(2,1)%

kp=kevhasil():

erick();
cetak(1.1."Masukkan Ti:");
pos(2,T)x

ti=keyhasil();

erick);
cetak(1,1,"Masukkan Td:");
pos(2.1)

td=keyhasil(};

erick();

cetak(1,14,"mps");
cetak(2.14,"dec");

bO=kp-+kp*t/2+kd/t: /148
bl=-kptki*/2-2kd/t; -9
b=kd/t; /4
do

{

pos(1,7);tampil(bkanan1/20);
pos(1,1);tampil(bkiri1/20);
kanan=loopkonv(2,100)/4;
kiri=loopkony(3,100)/4;
pos(2,7):tampil{kanan);
pos(2,1);tampil(kiri };

if{mode=—1) /140

t

if(kiri<126) {tkiri=0.32*kiri+40:tki=0;}

else iftkini=130) {tkin=0.32*kiri-41.6;tki=1;}

else tkiri=0;

if{kanan<126) {tkanan=-032*kanan+40:tka=0;}

else if{kanan>130) {tkanan=0.32%*kanan-41.6;tka=1.}
else tkanan=0;

1

else ifimode==2) /30
i{t{kiriﬂzﬁ} fkiri=-0.24*kiri+30:tki=0;)
else ifikin=130) {tkiri=0.24*kin-31.2:tki=1:}
else tkin—0;
iflkanan=<126) {tkanan=-0.24%kanan+30:tka=0;)
else if(kanan>130) {tkanan=0.24*kanan-31.2;tka=1;)
clse tkanan=0;

i
else

{
1




iffkiri<126)  {vkiri=1023:tki=0;}

else ifikiri=>130) {vkiri=1023:1ki=1;}

else vkiri=0;

iflkanan<126)  {vkanan=1023;tka=0;}
else if(lkanan=130) {vkanan=1023:tka=1:}
else vikanan={);

ifikiri<126) {vkin=-8*kiri+ 1000;tki=0;}

else if(kiri=130) {vkiri=8%kiri-1040;tki=1;}

¢lse vkiri=0;

il{kanan<126) {vkanan=8*kanan+1000;tka=0;}
else if{kanan>130) {vkanan=8"kanan-1040;tka=1;}
¢lse vikanan=);

¥

ifimode!=0)

{

3

if(tkiri==0 )vkiri={};
else if

{

cki=(tkiri-bkiri 1/20)/tkir;
vkiri=vkiri+b0*eki+bl *ekil +b2*eki2;
ekiZ=ekil ;ekil=eki;

}

if{tkanan=—=0)vkanan=(),

else if

|

cka=(tkanan-bkanan1/20})/tkanan;
mka=mkal+b0*ekatbl *ekal+bZ*eka2;
eka2=ekal;ekal=eka;

i

if(tki=1) mtki=-vkiri;
else mtki=vkiri:
ifitka==1) mtka=vkanan;
clse mika=vkanan;
motor{mtki,mitka);
bwhile(1);

12




The Extended Concise LCD Data Sheet

Varsion: 25.6.1 899

fer HD44780

Instruction | RS |RW | D7 | D6 | DS | D4 (D3 | D2 | D1 | DO Description g;if:s
NOP o 0 i o L n 4] 0 0 0 | Mo Operation a
Claar Display 0 0 ] 0 0 { 1] 0 0 1 | Clear display & sel addmess eounter o zem 165

- 1l Sal adress counter 1o zem, relumn shiflad
Cursor Home | O 0 #] 0 0 H] a a 1 x| display o onglal position. 3
DD RAM contents remaing unchanged.
Entry Mode Sat cursor maova diraction (/0N ard specify
Set oo e | o000 1|V S | emardspayshift (S), 3
Display Turry dizplay (D), cursor on/off (C), and
Contral 0 0 ] 0 0 0 1 D C B' | corsor blinke g (B} 3 |
Curser | i Shift display or move cursor (S/C) and
Disptay sHift L 0 0 0 0 , 1 SC|RL| x X | epacify direction (RIL). a
; Set interface data width (0L, Aumiber af
FuncionSet | 0 | O | © | @ | 1 | DL N | F | % | ¥ |gopiaylines (N} and character font (F), ]
Set CGRAM | I CGRA Sat CGRAM address. CERAM datais sent !
Address . . o _,_,:I_ | - M Address afierwards. —4) s :
Sel DDRAM Set DDORAM address. DDRAM data i= sent
Addroct i 0 1 DDRAM Address M erwardE 3
B Flag &
AE;_FES:G g 9 BF Address Counler Read busy flag (BF) and address counter 0
Writa Data 1 | 4 Data Write data into DDRAM or CGRAM 3
Read Drata 1 | Daia Rasd dalz from CORAM or CGRAM a
% - Don’t care o 1 | Increment RIL 1 | Shift to the nght
e B Desemant 0 | Shift to the lsft
S 1 | Automatic display shift oL 1 & bit intadaca
] - 0 |4 bilintedace
o | 1 |DisplayON N | 1 [2fnes
0 | Display OFF o [1line
o 1 Cursar ON E b 5x10 dots
0 | Cursor OFF 0 | 5x7 dots
B 1 Cursor Minking
g DDRAM | Display Data RAM
o | 1| Displayshit CGRAM | Character Genorator RAM
l O | Cursor move

LCD Display with 2 lines x 40 characters :

=

o

1 0000000000

n000
1{00000000000000
i

0 “AAAAAAAAAAFAR
T

-
1]
=0 | .|

aeir | ][] a7
—l

LCD Display with 2 lines x 16 characters :

¥
1100000000000000
| QDDDDDDDDDDDUD

o “HAAAAAAALARAAR
(Y L

3
aae] ][] [t
—I

o

PinNo | Name Function Description
1 Vea Power GHNDO
] Wod Power <5V
3 Ves CortrastAd), | {-2)0-5V
4 RS Command Register Select
5 RN Command Faad [ Writa
[ E Command Enable (Stroba)
= [01] {LL4] Diata LEB
& ] 1k Data
=g o2 =] | Data
10 o3 Vo Data
A D o Data
12 D5 3] Data__
13 o6 [) Data
14 o7 () Data M5B




Bus Timing Characteristics
( Ta=-2010+ 75 )

Write Cycle
Y : =
S K
tas — & tahﬂ.
RAN \ s

Enable Ir/ \\ ¥ /
- =
|

- —p
o t; bos == tn_"|
Data Wahd Data }/\
- ol
tc
Write-Cycle | Voo [27-45v® |45 55v™ 27-45v™ | 45 .85y ™
Parameter Symbol Min'" Typ™ Max" Unit
Enable Cycle Time 1 1000 500 - - - ns
| Enable Pulse Width {High) t. 450 230 - - - ns
Enable Rise/Fall Time tke - - . 1 25 20 ns
Address Setup Time lae 60 40 - - - ns
Address Hold Time ten 20 10 - - - ns
. Data Selup Time s ! 195 a0 = - - ns
Cata Hold Time t, 10 10 | - - - ns

(1) The above specifications are indications only (based on Hitachi HO44780), Timing will vary from manufeclturer
to manufacturer,

(2) Power Supply :  HD447808: Vpp=45-55V
HD44780U : Vpg=2.7-5.5V

This data sheet refers to specifications for the Hitachi HD44780 LCD Driver chip, which is used for most LCD
modules.

Commen types are : 1 line x 20 charactars
2 lines x 16 characters
2 lines = 20 characters
2 lines x 40 characters
4 lines x 20 characters
4 lines x 40 characlers

E 1998/199%49 by Craig Peacock, Australia hittpffwenewe . bevondlogic, ang
Peter Lusethi, Swizarland hitp:iiweww.electronic-angineering.ch




(::) MOTOROLA

SERIAL-IN PARALLEL-OUT
SHIFT REGISTER

The SM54 /7415164 is ahigh speed §-8it Serial-ln Parallel-Out Shift Regis-
ler. Sadal data is enterad through a 2-Input AND gate synchronous with the
LOW to HIGH lransition of 1he dock, The devica features an asynchronous
Master Reset which clears the register setiing all outputs LOW independent of
the clock. It utilizes the Schottky disdes clamped process to achisve high
spoeds and is fully compatibie with 2l Motorola TTL products.

+ Typical Shift Frequency of 35 MHz

Asynchronous Master Resat

Gated Senal Data Input

Fully Synchronous Data Transiers

Input Clamp Diodes Limit High Spead Termination Effects
ESD = 3500 Volts

CONNECTION DIAGRAM DIP (TOF VIEWY)

Voo O G5 Q5 Qg MR CF
[1e] [52] [o2] (] o] [e] [s
HNOTE:
Tha Flatpak varsion
:) b the sama plnele:

[Gonrection Diagram} as
tha Diual In-Line Packags.

PIN NAMES LOADING {MNode a)
HIGH LOwW
A B Data Inputs 05U.L. fEsuU.L.
Clock (Active HIGH Going Edoe) Input 05Ul 025 L,
MR Master Reset {Acthee LOW Input 0.8 WL 0.6 UL,
Gp-07  Outputs (Note b wuL | sEsuL
HOTES:

4] 1 TTL Uit Load (L} = 4 pa HIGHT.G ma LD,
B} The Outpat LOW driva factor is 2.5 LU ke Miltary (54) and 5 UL for Commarcial (74)
Tempersum Rarmjes.

SN54/74L5164

SERIALAN PARALLEL-OUT
SHIFT REGISTER

LOW POWER SCHOTTKY

- SLIFFIX
CERAMIC

CASE 532-08
14

H BUFFIX
PLASTIC

e O SUFFIX
s0IC
14

1 CASE 7514802

ORDERING INFORMATION

EHS4LEXNN)  Ceramic
SHT4LSXEN  Plashc
SHTALSXMO  SCIC

LOGIC SYMBOL

1 A 1-515‘1-
72— B B-BAT SIFT RECISTER
T e a0y 0y 05040508
BEEHAREE
% 3 4 5 B0 1112 13
Vep = PIN 1
GHO=PINT

FAST AND LS TTL DATA
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SN54/74L5164

LOGIC DIAGRAM

8o
LITIJ}

&

1

=
%g -]
T

;f;g.

By &y

Ve =FiN 14
GND=PINT @ @

O

HLBEE RS

FUNCTIONAL DESCRIPTION
The L5164 is an edge-riggensd 8-bit shift regisier with seri-

al data entry and an output from each of the eight stages. Data
I entared serally through ane of twa inputs (A or B); eilher of
these inputs can be used as an active HIGH Enable for data
entry through the other input. An unused input must be ted

HIGH, or both

@&

eF

ap

EF

inputs connacted Logethar. all O outputs LOW.
MODE SELECT — TRUTH TABLE
OPERATING IHPUTS OQUTPUTS

MEnE MR A B Qg 040y

Foeset {Chear) L x 1 L L=kl
H 1 1 L 93— 95
Shift H | h L qn-4dg
H h 1 L qp — a5
H h h H gl =36

L {1y = LOW vomeoe Levets
H (k) = HIGH Vallage Levels

X w Doayt Carg

i = Lowar casa kattars jndicate e stela of the efarancad input or output cna
sat-Up hme prior o the LOW 10 HIGH clhick trensiton.

GUARANTEED OPERATING RANGES

g

Each LOW-to-HIGH transition on the Clock {CP) inpun shifis
data one place to ha nght and enters inko Gy the logical AND
of the two data inputs {A=B) that existed befors the rising clock
edge. A LOW level on the Masier Resel (MR) input overrides
all otherinputs and clears the register asynchronously, forcing

&2

Symbaol Parameater s Typ Max Unkt
Ve Supply Votlags 54 45 50 5.5 W
T4 475 50 525
Ta Operating Amblent Temperalura Range 54 —55 25 125 b
T4 [t} 25 To
loH Outpait Current — High 54, T4 -04 mé
o Crtpit Curment — Low 54 44 Tl
74 80
FAST AND LS TTL DATA




SN54/74L5164

OC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniass otherwiza spedified)

Limits
Symibol Paramatar Min Typ Max Unkt Tesi Condltions
Vi Inpaut HIGH Voktage 20 v f;‘fiﬂ:‘d WU RIGH Slageior
Vi | e Low vorage = = v | ek Lo W
Vi input Clamp Diode Yolage —D.65 =15 W Ver=MIN, Ly =—18 ma
VioH Output HIGH Voitage : :: 22 v :Eﬁ:p“;:h.'fr:fh”.r;yﬁm' Vin=VYin
B4, 74 025 0.4 W oL =40 ma Voo = Veo MIN,
VoL Outpunt LOW Voltage Wity = Wi or Vi
Td 035 5 v I = 8.0 ma per Truth Tabla
0 i Voo = MAX, Vi =27V
I i 0.1 ma, Voo = MAX, Vi =70V
m Inpit LOW Cument 04 P, Voo = MAX, Vi =04V
Iog Sheort Circuit Cument (Mota 1) -20 —100 iy Vo = MAX
leg Fower Supply Currant 27 i, Voo = MAX
hhole 4; Mot mone than ooe aulput shoukd e shoned at 8 tma. nor for moes than 1 Second.
AC CHARACTERISTICS (Ta = 25°C)
Limits
Symbel Parameter Min Typ Max Linkt Test Conditions
v Maximum Chack Frequeency 25 38 hHz
P | URto Ot 2 | % | Ve ~goy
PLH Fropagation Delay 17 27 o
WHL Clock to Cutput b 32
AC SETUP REQUIREMENTS (T4 = 25°C)
Umits
Symibol Paramialer Min Tvp Max Unit Tast Conditions
tyy CP, MR Pulse Width 20 ns
Ie Drsta Selup Thne 15 s Vo =60V
L Data Hoid Timea 5.0 me
tren MR to Clock Recovery Tims 20 f%

FAST AND LS TTL DATA
5-3




SN54/74LS164

AC WAVEFORMSE
“Thee S e 2reas indics when tha input i peTriied 10 Change hor predctanie outpul pedormance.

e p— MR
! R *13'& ;,F 13V
8 ! 13y 13Y i 13V
i L] aL—ﬂ-‘wm
L_'1_bHL

5 el fptn 13y
 Xoav m o

CONDITIONS: MR =H

Figura 1. Clock te Output Delays Figure 2. Master Reset Pulse Width,
and Clock Puisa Width Master Rasat to Output Delay and
Master Resat to Clock Recovery Time

e

|
(] 1A 13V E 13V 13V

L i

L—I-nl—l-[
l"”| —

1‘—'|-—
I~ T
o %;.w mrNR—

Flgure 3. Data Setup and Hold Timas

FAST AND LS TTL DATA
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VOTOROLA
;EMICONDUCTOR TECHNICAL DATA

iex Schmitt-Trigger Inverter
ligh—Performance Silicon—-Gate CMOS

The MCS4/TAHCA4A is idenbical in pinout 1o the LS14, LS04 and the
Z04. The device inpits are compatible with Standard CMOS outpuls,
th pullep resistors, they are compatible with LSTTL outputs.

The HC14A s uselul to “square up” skow Inpul rse and fall imes. Due

hysteresis voltage of the Schmiit trigger, the HC14A finds applications
noisy environments,

Ciutput Drive Capability; 10 LETTL Loads

Chulpuis Directly interface to CMOS, NMOS and TTL

Dparating Voltage Range: 2 to 8V

0w Input Current; 10

High Moise Immunily Characteristic of CMO3S Devices

n Compliance With the JEDEC Standard Mo, 7A Regquiremeits
Zhip Complexity: 60 FETs or 15 Equivalent Gales

LOGIC DIAGRAM

Al

ik}

¥2

¥i

¥ah

Y4 Pind=Veg
P 7 = GHD
10

Ya

12

{2

YVYYYYY

Pinout; 14—Lead Packages {Top View)

Ve MBS OYH AR YR A4 YH

[14] [ws] [r2] [+] [wo] [a] [e]

1085

MC54/74HC14A

W J SUFFIX
CERAMIC PACKAGE
14 CASE 532-08
H SUFFIX
W PLASTIC PACKAGE
14 CASE B46-D6

D SUFAX

" @ SOIC PACKAGE

CASE A3

DT SUFFIX
15 il TSSOP PACKAGE
] CASE 948G-01

ORODERING INFORMATION

MOSAHCRMAL Ceramic
MCTAHCKK AN Plastic
MCTAHCKAAD SOHC

MCTAHCREADT T80

FUNCTION TABLE
Inputs Quslparta
A T
L H
H L

& Modorola, Inc. 1935




MCS4/7T4HC14A

AAXIMUM RATINGS™

Symbeal Paramieter Value Linit This device conlzing prolection
Refl e _ D5+ 7.0 W crcltry 10 quard aganst damage
Vico: | BGSURHY Yoltags {Relesiced ke GO} i due to high static voltages of clecrso
W O Invputt Violtage {Referenced to GNDO| -0StoVoo+0DD | ¥ fialds. However, precautions must
T i be taken to avoid applications of any
Vot | DT Output Voltage {Referenced to GO} O5lpVen+06 | W ohacw: Higer-tha s rafect
kn OC input Current, pe Fin +20 ma, voltages o this high—irmgeedancs oir-
. cuil. For preper operation, V), and
lgt | OC Output Current, per Pin 25 mA Vet Shoid be constrained 1o the
e TS Supply Cument, Voo and GHD Firs +50 My, range GHND = (VW orVigyd = Ve,
Unused |
Pp | Pawer Dissipation in Stil Air Plastic or Ceramic DIPT 750 e e E::Ef;:ﬁfmﬂﬁfm;
qus%g s“'“:E'E‘E'T ig lewid {eg, either GND o Vo)
3 ackagef Unused oulpuls must be left open. ]
Tatg | Slorage Temperaturs Range —E5 o+ 150 o
T Leac Temperature, 1 mm from Gage for 10 Seconos
Piastic DIF, S0IC or TSSOF Package 260
Ceramic GIF 00

aximum Falings are those valuss beyond which damage 10 the devica may coor.
Jnctional operation should be restricied 1o the Recommended Cperating Conditions.
arating — Plaste BIF: — 10 mWE C fiom §5° 1o 125°C
Coramic DIP: — 10 mW/EC from 100° 10 128°C
- S0IC Package: = 7 m\W*G from 657 10 1257C
TE5S0P Padkage: — E.1 mW=C from B5° 1o 125°C
For high frequancy o heavy foad considerations, see Chapter 2 of the Motorala High-Speed CMOS Data Book (D290,

RECOMMENDED QPERATING CONDITIONS

Symbol Faramelar Min Max Unit
Yoo O Supply Viollage (Raferanced to GND) 20 a0 v
Vin, Voat | D6 Input Voltage, Cutput Vollage {Referenced to 1] Voo W
GND)
Ta, Crperating Temperatuns Range, All Fadkage Types -55 +125 ol
t b input Rise/Fall Tune Voo =20 o Mo Limit™ | ns
(Frgure 1) Voo =45Y | HeLimit®
VMo =E0V [ 0 | NoLimit*

“YWhen Vin = 50% Vo, Ic > 1mA

MOTOROLA 2




MC54/7T4HC14A

IC CHARACTERISTICS (Voltages Referenced 1o GNDO)Y

Vee Guarantead Lirmil
Symbol Parameter Candition ¥ | =55to25°C | =BE°C | Z125°C | Unkit
YT MaK Maximum Paositive—Soirg Inpul Vo = 0V 2.0 150 1.50 1.50 W
Threshoid VoRage lloutl = 20uA 3.0 245 z15 | 215
[Figure 2} 45 A5 ke 1 A5
6.0 420 420 4.20
YT min Minimum Postive—Going Input Vot = 0.1V 20 10 .85 0.895 v
Threshald Voltage [Vourtl = 204 | 2o 15 1.45 1.45
{Flgure 3} &5 23 225 275
&0 a0 233 2.495
Fromax | Maximum Megstive-Going Input Vot = Voo — 01 0 08 083 085 v
Threshohd Yotaga lout| = 20A ad 14 145 145
{Figure 2] 45 210 205 2.05
B.0 pall 2.60 260
T min Minimum Negative—Going Inpul Vam = Vo =0y 20 0.3 a3 03 W
Threshold Voliage || = 20wA 34 L& 0.5 05
{Figure 3) 4.5 0. 0.4 04
60 1.2 1.2 12
JHmax Maximum Hysieresis Voltage Moo= 0.0V or Ve =01V 20 120 1.20 1.0 v
Yot 2 | (Figure 3) gl  20uA a0 185 165 | 185
45 223 225 225
G0 3,00 .00 3.00
Vimin Mirlrim Hystoresis Votage Yaut = 0V or Voo =01V 20 020 0.2 20 W
Mote 2 (Figure 3 [l = 20uA an 035 D25 0.25
43 040 0.40 040
B0 050 0.50 o5
Vo finimum High-Leavel Dutput Win = V71— min 20 19 148 19 W
Valtage: lowut] = 20uA 45 44 4.4 dd
60 5.4 5.9 0.9
WinsWromin  [lgy £24ma | 30 248 234 | zap
ot =4 DmA | 45 398 384 | 370
ligul =52ma | &0 5.48 534 | 520
Vel Maximum Low—Level Cutpll Vim 2 VT4 max 24 0.1 01 0.1 W
Vidlage llgal = 2008 45 04 oA 0.1
&0 0.1 [ER ] 1
Vin =Wy max [lgpl = 24mA | 30 0.26 03z | 040
laals4.0ma | 45 026 paz | 040
gl = 52mA | &0 024 33 0.40
lin Maximum Input Lezkaga Current Vin = Voo or GND g0 +Hl1 £1.0 1.0 Ay
Ico Maximur Quicscenl Supphy Vin = Voo or GMND ED 1.0 10 4d pha
Cument (par Package) lac = OpA

1. Information on typlcal parametnic values slong with frequency of heavy ioad considerations ¢an be Tound In Chapler 2 of the Motorola High-
Speed CMOS Data Book (DL123/D),

2. Vmin = [V mind = (V7_ mex) ¥ gmax = (VT max] = (v mmj,

3 MOTOROLA




AC54/74HCT14A

C CHARACTERISTICS (T = SOpF, input t, = § = 6n3)

Vee Guaranteed Limit
Symbol Parameter v -85 to 25°C <RSMC <1257 Link
tpLH. Maximum Propagation Delay, Input & ar 8 tc Gulput Y 2.0 75 as 10 ns
teHL {Figures 1 and 2) 4.0 30 40 55
4.5 13 19 22
60 13 16 14
TLH heecimum Cutput Transition Time, Arry Output 20 s 84 110 ns
ITHL {Figures 1 and 2) a0 27 a2 36
4.5 15 13 22
B 13 16 14
Cin htaximum Inpul Capscitence 10 10 12 pF

TE: For propagation delays with loads other than 503 pF, and information on typical parametric values, see Chapter 2 of the Motarola High—

Speed CMOS Data Bock (DL 12900

Typical @ 25°C, Voo = 5.0 V

Cpo Power Dssipation Capaciance (Per Inverlen”

22

aF

ed to determing the no-loac dynamic power consumplian; Po = Cpp Vee2f + lpg Ve, For load considerstions, see Chapler 2 of the

iterala High-Speed CMOS Data Book (DL1ZS0)

TEST
FOINT
OUTPLT |
DEVICE
LINDER
TEST I oe

*Includes all probe and iy capacianco

Figure 2. Test Clrcuit

MOTOROLA 4




MCS4/T4HC14A

g 4 - L]

g b ,Jf’frg,ﬂff :]r-rtw
2 — —

% 3 H,,._—‘J""ff ] J
A e i (I T ol o

% i ;f#:-'“'f; _._..-*-"""r"fﬁ

o el S0

E e

= & 3 . 5 §

Wi, POWER SUPPLY WOLTACE (VOLTS)
VHIYP = (VT typ) - [ tya)

Figure 3. Typical Input Threshold, Wy, V7_ versus Power Supply Veltage

o

(7} & Schitt-Tripger Squares Lp Inpuls Wilh Siow Rise and Fal Tires {t) 4 Schmen-Trigger Cffars Maximum Noisa Immuriy

Voo

Vg Mot

VoL =Nl

Flgure 4. Typical Schmit—Trigger Applications
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MC54/74HC14A

OUTLINE DIMENSIONS

J SUFFIX
CERAMIC DIP FACKAGE
CASE 63208
IS5LUE Y

SEATHEG
PLAME

F—_-.IL G
- Dar

?—_fjl ]

fe— JaaPL

[@lraspoo@[T] a8

(@ 025 poiny @[ 7] 8@ |

WOTEE:

1. DMEREINING ANE TOLERANCIKG PER AN

ad B, 10582

2 LONTROL NG DrMESGIDS. IRNCE.
3 DIKENSION L "0 CESTER OF LERD'WHEN

TORAMED FARALLEL

A CEMCSMHN F Ay RARROW TO 0L TG (1080
WHERE THE LEAD [NTLRS THE CERAMI

BOOY.
WCHES WRLIET RS
T | o | MAK | W | WAK
& § 07w | Coes| o | e
B Oair | taan| Bar] 14
C | Gis: [daa] 20d] 508
O | ootk aiong gaB] A
F | GoAs | 0086 A0 ik
G (R 7.5 B0
2 | B | eS| gt ] 03f
® | Or5 | o] AfE| 31|
L 0 ILESE TELOEL |
] o [ gt .o [
W _logx nmn] o=ii o

N SUFFIX
PLASTIC DMP PACKAGE
CASE o606
IGEUE L

MOTES

1. LESDE ®TTHR G 100 00 RACLIG OF THUE
PLETION AT SLATING PLAKE. £T MAZINLIY

MUTERIAL CORDITION,

T DIMENSION L TD CENTEROR LEALE WHEN

FORMED L

PARALEL
1 [IKEMSION B DOE S 4 CTINCLUDE WD

FLASH
4 ROUKDED CORMERE JFTIONS.

| mcHEs | MILUNETERS
A = | v [ Wi |
A | ors [ omed tevR | HeR
CHEF TR ST
R REE SEf | 46
o | Gt | a0t | o3| nm
L F | g [coem | -wog | 1is
| G [RGRS 25 HEL
H | 1 R
MR ]
W | M5 §otas| 28 | a4 |
L L0 BEC 1
[ = 1n* = ] 0"
Hi=— [HET L]
ROTOROLA




QUTLINE DIMENSIONS

MC54/74HC14A

NOTES

O SUFFIX
FPLASTIC S0IC PAGKAGE
CASE 7T51A-03
ISSLIE F
AAARAAR_ * :
14 A

FTPRL

il
, o) [Flez=onn @ e®] PjL
I 0 EHd ¥

. DIWENSINIE AN TOLERAS GRS PR A

WL Ak, 1682

CONTACLLILG DNVEMEIDY; MILLIMCTER
THREHEEING & ANDE DO WOT MELUOE
WL SROTAUS N

WAXINEIRE WOLD FROTR LA O 515 (00006
PER SIDE

[AMENAREN [ DOES MOT MCLUDE DAMBAR
FROALSION. ALLTWASLF TAMEAR
FROTRLGION SHALL BE 612710 60 TOaL
INEXNCESS OF THz O OMENSIUN AT
MAKRALN BT EEILGL CONDITICN

Sl . f ‘.JIF L_ WL IETEE | werEs
R ® 45
rc e e T
r 1 r 3 B | 380 | abe | 019 | 49w
S 1 R | { j €T s | o o
= = - e L [£] -] &.0%
T == 5 =, e F e
EEAT et = [ 44 PL [ 177 H6E [RGATEM
i - KR
[6[e2pra o[ eO] 40 e Lar a1
u [ = i [d
[ | 5e0 | 600 | 00 | 0de
A [FFL] BEG § omd | ngid
DT SUFFIX
PLASTIC TESOP PACKAGE
CASE 9aBG—-M
ISEUE O
TES:

145 K mes “IJ

_-1 1-‘4@ 010 @[T U B [VE]

[]ets00m]T]u ] i
[

IHEEAAR . »

L3

o A - g,

., - DIMERZHCHE B OOES 40T [KCLUCE [STERLEAD

TOENT. )
lEH'EI'EFWE’ o :
T

D ESEAOM G AMD TELERANCIRG PER ARSI
HALEAL 4 BED

CINTROLL NG DIMENG I, WILLMETER
OEMG R & DOES MDY MELLOE W00 ¥LASH,
PAOTRIEMINE OF ZATE SURARE. MO0 FLAEH
O el BURRS THALL MOT CHCCED Q.58
{0005 PER BIDE.

Fobdn OR PROTAUGKN STOALEAD FLaSH OF
PROTELSION SHALL MOT EXCEED

0.Z3{0010; PER 5DE,

QURMZSSION & DOES NGTWNCLUCE DAMESF.
FROTRUEKM, ALLUWASLE DT
PROTHUSHIS SHALL 58 002 L0 FOTA. BN
EXCESS OF THE ¥ DIWERSITIN AT MAK ML
MATERLAL CORDITIh,

TERMINAL MLIMBER:S ARE S FOA

REFERENGE LY,
| TIMENSKOH & A0 ARE T0 BE DETERMINED
1}'15[1}EI)E-]|T @) & AT DWTLIM: PLANE =W,
|a| —- A —— | [ WILLIMETERS | MCHES
e Di [ WA | BUAH | WM | AR
. YN AR
E l.&' A5 | nies | fiT
e | — | im i — [ pwMr
Bl s | n1s | noee | pe
F 1 oo | o7 | ooz b oo
a 055 B0 08 B5G
| [l T 020
X J | ol ooz | oo | g |
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K1 0.i8 5 | oo | oD
;::..]I:I.‘It-{ﬂ.ﬂ{)ﬂ J 1' _.I fi L_tge | pmee
—T— | BEATING
E= ALNE o —’l GL— H DETAILE
T MOTOROLA




tures

h-performance, Low-powar AVR™ 5-bit Microcontroller
ranced RISC Architecture

131 Powerful Instructions — Most Single-clock Cycle Execution
32 x B General Purpose Working Registers

Fully Static Operation

Up to 16 MIPS Throughput at 16 MHz

On-chip 2-eycle Multiplier

wolatile Program and Data Mamories

16K Bytes of In-System Self-Programmable Flash

Endurance: 10,000 WriteErasa Cycles
Optional Boot Code Section with Independent Lock Bits

In-System Programming by Qn-chip Boot Program
True Read-Whila-Writs Operation

512 Bytes EEPROM

Endurance; 100,000 WriteErase Cycles
1K Byte Internal SRAM
Programming Lock for Software Sacurity
i (IEEE std. 1144.1 Compliant} Interface

Soundary-scan Capabilities According to the JTAG Standard
=xtensive On-chip Debug Support

Frogramming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface

heral Features

wo 8-bit Timer/Counters with Saparate Prescalers and Compare Modes

Ine 16-bil Timer/Counter with Separate Prescaler. Compare Mode, and Capture
fade

2al Time Countar with Separate Oscillator
ur PWM Channels
- s=channel, 10-bit ADC
8 Single-ended Channals
7 Ditfarentlal Channels in TOFP Package Only
2 Differential Channels with Programmabile Gain at 1x, 10x, or 200x
- Byte-oriented Twe-wire Serlal Interface
— Programmahble Serial USART
— MasterfSlave SPI Serial Intertace
- Programmabie Walchdog Timer with Separate On-chip Osclllatar
- On-chip Analog Comparator
ipecial Microcontroller Features
- Power-on Resel and Programmable Brown-out Detection
— Internal Calibrated RC Dscillator
— External and Interpal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
{0 and Packages
- 32 Programmable /O Lines
— 40-pin PDIP, 44-lead TOFP, and 44-pad GFNMLF
Jperating Voliages
- 2.7 - 5.5V for ATmagalcl
— 4.5 - 55V for ATmegalt
Speed Grades
— 0 - B MHz for ATmegalsLl
— 0-16 MHz for ATmegals
‘ower Consumption @ 1 MHz, 3V, and 25°C for ATmeqal6l
— Active: 1.1 mA
- ldie Mode: 0.35 mA
- Power-down Mode: <1 pA

ATMEL

E=—————— &}

8-bit AVR’
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegal6
ATmegai6L

DAL ~AN A0S




1 Configurations

lisclaimer

2 ATmegal6(L)

AIMEL

L]

Figure 1. Pinout ATmegals

PR
S
(RCHTO) MRO ) 1 40 PAD (ADICT)
M) PB1 | 2 38 |7 PAT (ADCT)
(NTZiAND PBE2 | 3 38 [T PAZ (ADCE)
(OCOiANTY PBE3 L] 4 ar [J PA3 (ADCE)
15y PBAC] S 36 [ Pad (ADGH)
MOEN PBS O] B IF | | PAS (ADCE)
s Pes L] 7 34 [T pas (ADCE)
(SCK) PBT O] B 33 [© PAT (ADCT)
RESET —| © 232 | AREF
VoS ] 10 3 [T GND
GND ] 14 0 [ avCe
XTALZ ] 12 29 |- PCT (TOSC2)
XTALt 13 Xa-— PCE [TOBC1)
(RxO] POC ] 14 27 L PGS (T
(Txmn PO ] 15 26 0 PC4 (TDOy
(NToL POZ | 16 25 |1 PCH (TMES)
[INT1) PDE O 17 24 [0 PC2 (TCK)
(058 PO+ — 18 21 [ BO{ (S04
(OC14) PDE L) 19 22 |71 PCO (SOL
[ICP1) POE T 20 21 [ PDY (QC2)
TGFFMMLF
=
g a7
SR
mEE
Mzox 2282
a0 s ywm
BESEEgEsaLZ
ncaooanonnm::
| 44, 42 40 38 .36, 34
JMEEh PFBEE 33 [T PAd4 [(ADCH
[MISO) PEE ] 2 | Vo3 | | PAS (ADCH)
(SCK) PET T 3 '. : 31 [ PAG (ADCE)
RESET L 4 3 {20 0 PAT (ADGT)
vee 5 , 29 |1 AREF
GMO ] 6 1 1 28 |1 GHD
XTAL2 O 7 l 127 O WG
ATALY - & | | 26 [0 PGT TRIGI
(R¥p POO 39 ' : 26 |2 PCE (TOSCH)
(TRDYPDY 10 o . 24 [0 Pos (TOG
(WTO) PO2 ] 14 23 [0 PC4 (TOC)
| 18_ 24
120 %4 et Tua Tapt e
BN 0 EEE R E
Ll - = ol B
s EEEEECZERER
Bottompadshoukd ~ F@ITH 2 JEED
be soldered bo ground. E gg E E %%EE

Typical values contained in this datasheet are based on simulations and characteriza-
tion of other AVA microcontraliers manufactured on the same process technology. Min
and Max values will be avallable after the device is characterized,

2466 -AVR=00T5




————————————sssssssesssssssssssssss A TMegai6(L)

"erview The ATmegait is a low-power CMOS B-bit microcontroller based on the AVR enhanced
RISC architecture. By execuling powerlul instructions in a single clock ¢ycle, the
ATmegalE achieves throughputs approaching 1 MIPS par MHz aflowing the system
designer to optimize power consumption versus pracessing speed.

ck Diagram Figure 2. Block Diagram
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The AVA core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connecled to the Arithmetic Logic Unit {(ALLI), allowing
two independent registers 10 be accessed in one single instruction executed in ane clock
eycle. Tha resulfing architecture is more code efficient while achieving throughputs up fo
ten times faster than conventional CISC microcontrollers.

The ATmegalt provides the lollowing features: 16K bytes of In-Systern Programmable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEFROM, 1K
byte SAAM, 32 general purpose /O lines, 32 general purpose working registers, a
ITAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexibla Timer/Counters with compare modes, Intemal and External Interrupts, 2 serial
programmable USART, a byte oriented Two-wire Serial Interdace, an 8-channel, 10-bit
ADC with optional differential input stage with programmabla gain (TQFP package only).
a programmable Watchdog Timer with Intarnal Osecillator, an SPI serial port, and six
software selectable power saving modes. The |dle made stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Caunters, 5P| port, and
intarrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next Extarmal
interrupt or Hardware Resel. In Power-save mode, the Asynchronous Timer continues
10 run, allowing the user to maintain a timer base while the rest of the device is sleaping.
The ADC Noise Beduction mede slops the CPU and all O modules except Aszynchro-
rious Timer and ADC, to minimize switching noise during ADC conversions. In Standby
maode, the crystaliresonator Oscillator is running while the resi of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillalor and the Asynchranous Timer continua to run.

The device is manulactured using Atmel's high density nonvolatile memory technology.
The On-chip ISP Flash aliows the program memory to ba reprogrammed in-system
tfhrough an SPI sedal interface. by a comvenfional nonvolalile memory programmer, or
by an On-chip Boat program running on the AVR core. The Doot program can use any
interface to download the application program [n the Application Flash memory. Soft-
ware in the Boot Flash section will continua to run while the Application Flash section is
updated, provicing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monelithic chip, the Atmel ATmeagalE is
a powerful microcontroller thal provides a highty-flexible and cost-effective solution 10
many embedded cantrol applications.

The ATmegai6 AVR is supperted with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulatars, in-circuit
emulatars, and evaluation kKits.

Yin Descilptions

"cC Digital supply voltage.
iND Ground.
art A [PAT..PAD) ) Port A serves as the analog inputs to the A/D Converter.

Port A alan serves as an 8-bit bi-diractional /O port, if the A/D Converter is nat used.
Port pine can provide internal putl-up resistors {selected for each bit). The Port A output
butters hava symmetrical drive characteristics with both high sink and source capability.
When pins PAQ to PA7 are used as inputs and are externally pulled low, they will source
current il the Internal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

a ATMEQ AT 6( L) smm————
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Port B is an 8-bil bi-directional /O port wilh internal pull-up resistors {selected for each
bit}. The Port B output buHfers have symmaetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
currant if the pul-up resistors are activated. The Por B pins are tri-stated when a resel
condition becomes active, even if the clock is not running.

Por B also serves the functions of various special features of the ATmega 16 as listed
on page 26,

Par C Is an 8-bil bi-directional VO port with intemal pull-up resistors {selected for each
bit). The Port C output buffers have symmedrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull=up resisiors are activated. The Port G pins are tri-stated when a reset
condition becomes active, even if the clock is nol running. I the JTAG inlerface is

enabled, the pull-up resistors on pins PCS(TOH, PCATMSE) and PC2{TCK) will bz acti-
vated aven il a reset cocurs,

For C also serves the functions of the JTAG interface and other special features of the
ATmegalE as listed on page 59.

Port O is an 8-bit bi-directional G port with internal pull-up resistors (selected for each
bity, The Port D output buffers have symmetrical drive charactenistics with both high sink
and sourge capability, As inputs, Port D pins that are extemally pulled low will source
current if the pull-up resistors ame activated. The Port D pins are tri-stated when a resst
condition becomes active, even if the clock is net running.

Par D also sarves the tunctions of vanous speclal features of the ATmega16 as listed
on page 61.

Reset Input. A low level on this pin for lenger than the minimum pulse length will ganer-
ate & reset, even if the clock |s not running. The minimum pulse length is given in Table
15 an page 36, Shorter pulses are not guaranteed to generats a rosat.

Input to the inverting Oscillator amplifier and input to the inlemal clock operating clreuit.
Cutput from the invering Oscillator amplifier,

AVCC is the supply voltage pin for Porl A end the AT Converter, It should be externally
connected to V., even if the ADC is not used, i the ADC is used, it should be con-
nested to Voo through a low-pass fitter,

AREF is the analog reference pin for the A/'D Converter,

& comprehensive set of development tools, application notes and datasheets are avail-
able for download on hitlpwww.atmeal.com/avr,

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assumae that the part specific header file is
Included before compilation. Be aware that net all C Compiler vendors include bit dalini-
tions in the header files and interrupi handling in G is compiler depandant. Please
confirm with the C Compiler documentation for more details.

AIMEL .
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This sectlon describes the specifics of the interrupt handling as performed In
ATmegalb. For a general explanation of the AVR interrupt handling, refer 10 "Reset and
Interrupt Handling" on page 11,

Table 18. Resetand Iniermupt Vectors

| Program

Vector Mo, | Addrass'™ Source interrupt Definition

1 | sooo! RESET | Extarnal Pin, Power-on Reset, Brown-out
Reset, Walchdog Reset. and JTAG AVR
Raozat
2 s002 INTO  Externalintemupt Aequesl 0 j
3 i s::-m i I.NT1 External Iniém-upl Reaquest 1
K | s008 TIMER2 COMP | Timer/Gounter2 Compare Match

s | S08  TIMERZOVF | TimenCounler2 Overfiow
& | sooAa  TIMER CAPT | TimenCountert Capture Event
7 maf: - TIMER GDHF‘:N . ﬁmerﬂ-}c;unlm Compare Malc-h A
§ | SO0E  TIMER1COMPB | Timer/Counter! Compare Match B
g $010 TIMER1 OVF | Timer/Countert Ovsrflow
10 s012 TIMERD OVF Timer/Gounterd Cverfiow
11 | 8014 SPI,STC | Serial Transfr Compista
12 5016 USART RXC  USART, Rx Complete _ _
13 5018 USART, UDFE  USART Data Register Emply O

44| s01A  USARTTXC | USAAT, Tx Completa -
15 | §0iC ADGC " ADG Gomverslon Compiete
18 S01E EE ROY | EEPROM Ready
7 ‘ SﬂEﬁ_ ANA_COMP | Ana-lug Corﬁpamtcr
18 | goeo ™I | Two-wire Serial Interface

19 | se4 T2 External Interrupt Request 2 )
20 5026 TIMERD COMP | TimarCountert Compara Match
21 | swes SPM_RDY | Store Program Memory Ready

Notes: 1. When the BOOTRET Fuse is programmed, the devica will jump to the Boat Loader
arddrecs ot recat see *Bool Loader Suppon — Read-While-Write Self-Programming”
on page 246.
2. Wrnen the IVSEL bit in GICP ke set, intermupl vectors will be moved to tha start of the
Boot Flazh section. The address of sach Intermupt Vector will then be the address in
this table added to the start address of the Boot Flash section.

Table 19 shows Feset and Interrupt Vectors placement for the various combinations of
BOOTRST and IVSEL settings. If the program naver enables an interrupt source, the
interrupt Vectors are not used, and reguiar program code can be placed at these loca-
fione. This is also the case If tha Reset Vactor is in the Application section while the
Interrupt Vectors are in the Boot section or vice versa.

ATMEL u
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TimerCountard is & general purpose, single compare unit, 8-bit Timer/Counter module.
The main features &

Single Compara Unit Counter

Claar Timer on Compare Match (Auto Reload)

Gilitch-free, Phase Correct Pulse Width Modulator (PWM)

Frequency Generaior

External Event Counter

10-hit Clock Prascalar

Owarflow and Compare Match Interrupt Sources (TOVO and QCFQ)

o m & B OB & @

A simplified block diagram of the 8-bit TimerfCounter is shown In Figure 27. For the
actual placement of YO pins, refer to "Pincut ATmegal8" an page 2. CPU accessible 1O
Registers, including VO bits and /O pins, are shown in bold. The device-specific IO
Reglster and bit locations are listed in the "8-bit Timer/Counter Register Description” on
rage 81.

Figure 27. 8-bil Timer/Counter Biock Diagram
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The TimerCounter (TCNTO) and Output Compare Register {OCRO) are B-bit registers.
Interrupt request (abbreviated to Im.Req. in the figure) signals are aii visible in the Timar
Interrupt Flag Register (TIFR). All interrupts are individually masked with the Timar
interrupt Mask Ragister (TIMSK). TIFR and TIMSK are not shown in the figure since
thess registers are shared by other timer units.

The Timer/Counter can be clocked Intemally, via the prescaler, or by an extermal clock
source on the TO pin. The Clock Select logic biock controls which clock source and edge
the Timer/Counter uses to Increment (or decrement) its value, The Timer/Counter 15

Inactive when no clock source is selected. The output from the Clork Select logic is
referred to as the timer clock (clikpg).
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The double buffered Qutput Compare Register (OCRD) is compared with the
TimenCounter value at all times, The result of the compare can be used by the wave-
form generator to generate a PWM or varlable frequency output on the Output Compare
Pin (OC0). Ses “Output Compare Unit” on page 71. for details. The compare match
event will alzo sat the Compare Flag (OCFO) which can be used to generale an output
compara interrupt request,

Many register and bil references In this document are written In general form. A lower
case *n" replaces the Timer/Counter number, in this case 0. However, when using the
register or bit defines in a program, the precise form must be usad i.e., TONTO for
accessing Timar/Countard counter value and so on.

The definitions in Table 37 are also used extensively throughout the document.
Table 37. Definitions

BOTTOM | The counter reaches the BOTTOM when it becomes Dx00. |
X The counter reaches its MAXimum when it becomes 0xFF (decimal 255). |

TOP The counter reaches the TOP when it becomes equal to the highest
| value in the court sequence. The TOR value can be assigned to be the
| fined value DxFF (MAX) or the value stored in the OCRO Register. The |
assignment is dependert on the mode of operation.

The TimerfCounter can be clocked by an internal or an extemnal clock source. Tha clock
source is selected by the clock select logic which is controlled by the clock zelect
{CS02:0) bits located in the Timer/Counter Control Register (TCCROQ). For details on
clock sources and prescalar, see "Timar/Counterd and Timer/Counteri Prescalers” on
paga 85

The main part of the B-bit Timer/Counter is the programmable bi-directional counler unit.
Figura 28 shows a block diagram of the counter and its surroundings.

Figure 28. Counter Unit Block Diagram
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Signal description (intemal signals).

count Increment or decremeant TCNTO by 1.

directlion Select batween increment and decramant.

clear Claar TCNTO (set all bits 1o zero).

cliy, Timer/Courtar clock, retered to as clky, in the following.
TOP Signalize that TCNTO has reached maximum value.
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ut Compare Unit

BOTTOM Signalize that TOCNTO has reached minimum value {zero).

Depending of the mode of operation used, the counter is cleared, Incremented, or dec-
remanted at each timer clock {clkygy). clkp, can be generated from an extetnal or internal
clock source, selected by the Clock Select bits (CS02:0}. Whan no clock source is
selected (CE02:0 = 0) the timar Is stopped. However, the TCNTO value can be accessed
by the CPU, regardless of whether clky, is present or not, A CPU wrile overrides (has
priority over} all countar clear or count operations.

The counting sequence is determined by the setting of the WGMO1 and WGEMOD blts
located in the TimerCounter Gontrol Register (TCCRO). There are close connections
between how the counler behaves (counts) and how wavelorms are generated on the
Output Compare cutpul OC0. For more details about advanced counting sequences
and waveform generation, ses "Modes of Oparation” on page 74.

The Timer/Counter Overflow (TOV0) Flag is set according to the mode of oparation
selected by the WGEMO1:0 bits. TOV(Q can be used for generating a CPU intermupt.

The B-bil comparator continuously compares TCNTO with the Output Campare Register
{OCRO). Whanever TCNTQ equals OCHQ, tha comparator signals a maich. A match will
set the Cutput Compara Flag (OCFO) at the next timer clock cycle. If enabled (QGIED =
1 and Global Interrupt Flag in SREG is sel), the Oulput Compare Flag generates an out-
put compare Interrupt. The OCFO Flag is automatically cleared when the interrupt is
executed. Altamatively, the OCF0 Flag can be cleared by software by writing a logical
one to its VO bit location, The waveiomm generator usas the match signal to generale an
outpul according to operaling mode sat by the WGEMO1:0 bits and Compare Qutput
mode (COMO1:0) bhts. The max and bottom signals are used by the wavefonm generator
for handling the special cases of the extreme values in some modes ol operation (Sae
“Modes of Operation™ on page 74.).

Figura 28 shows a block diagram of the output compare unit

Figure 28. Qutput Compare Unil, Block Diagram
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The OCRO Register is double buffered when using any of the Pulse Width Modulation
(FWM) modes. For the normal and Clear Timer on Compare (GTG) modes of operation,
the double buffering is disabled. The double bulfering synchronizes the update of the
QCRD Compare Register to either top or bottom of the counting sequence. The synchro-

nizaticn prevents the occurrence of odd-length, non-symmetrical PWM pulses, thereby
making the output giitch-free,

The OCRO Register access may seem complex, but this is not case. When the double
buftering |s enabled, the CPU has access to the OCRO Buffer Register, and if doubia
bufferng is disabled the GPLU will access the OCRO directly.

In non-PWM waveform generation modes, the match output of the comparator can be
forced by writing a one to the Foree Qutpul Compare {FOCQ) bit. Forcing compare
match will not set the OCFQ Flag or reload/clear the timer, but the OCO pin will be
updated as if & real compara match had occurrad {the COMO1:0 bits settings define
whether the OGO pin is set, cleared or toggled).

All CPU) write operations to the TCNTO Register will block any compare match that
ooaur in the nexd timer clock cycle, even when the timer is stopped. This feature allows

OCRD to ba initialized to the sama value as TCNTO without triggening an interrupl when
the TimerCounter clock is enabled.

Since writing TCNT0 in any mode of operation will block all compare matches for one
timer clock cycle, there are risks involved when changing TONTO when using the output
campare unit, independently of whether the Timer/Counter Is running or not. If the value
written to TCNTO equals the OCRO value, the compare match will be missed, resulling
in incorrect waveiomn ganeration. Similarty, do not write the TCNTO value equal 1o BOT-
TOM when the counter is downcounting.

The setup af the OG0 should be performed before setting the Data Cirection Register far
the porl oin 10 outpul. The easiest way of setting the OGO value is to Use the Foree Out-
put Compare (FOCD) strobe bits in Normal mode. The OC0 Register keeps its value
even when changing betwaen wavaform generation modes.

Be aware that the COMO1:0 bits are not doubla buffered togsther with the compare
vatue. Changing the COMO1:0 bils will take effect immediately.

The Compare Output mode (COMO1:0) bits have two functions. The Waveform Ganera-
tor uses the COMO1:0 bits for defining the Output Compare (OC0) state at the next
compare maich. Also, the COMO1:0 bits controd the CC0 pin output source. Figura 30
shows a simplified schematc of the iogic afiected by the COMO1:0 bit setting. The 1O
Registers, 'O bits, and 1D pins In the figure are shown in bold. Only the pars of the
general 'O port Control Registers (DDA and PORT) that are affected by the COMO1:0
bits are shown. When referring 1o the QCO state, the reference is for the intemal OCO
Regisier, not the OCO pin. If a Systemn Resat oocur, the OCO0 Reagister is reset to 0",

ATmega 6l me e v
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Figure 30. Compare Match Qutput Unit, Schematic
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The general WO port function is overridden by the Output Compare {QC0) from the
Waveform Generator if either of the COMD1:0 bits ars set. Howewer, the OC0 pin direc-
tlon (input or output) is still controlled by the Data Direction Register (DDR) for the port
pin, The Data Direction Register bit for the OCOQ pin (DDR_OCD) must be sat as output
before the OCO value is visible on the pin. The port ovarride funetion is independent of
the Wavetorm Generation made.

The design of the output compare pin legic allows initialization of the OCO state before
the cutput is enabled. Note that some COMD1:0 bit settings are reserved for certain
modes of operation. See "8-bit Timer/Counter Reglster Description”™ on page B1.

The Waveform Generator usas the COMO1:0 bits differeniiy in normal, CTC, and PWM
modes. For all modes, setting the COMO01:0 = O tells the waveiorm generator that no
action on the OC0 Register is 1o be performed on the next compare maich. For compare
ouipul actions in the non-PWh modes reter ic Table 38 on page 82. For {as1 PWM
mode, refer 1o Table 40 on page 82, and for phase correct PWM refer 1o Table 41 on
page B2.

A change of the COMO1:0 bits state will have effect at the first compare mateh after the
bits are written. For non-PWM modes, the action can be forced o have immediate effect
by using the FOCO strobe bits.
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The mode of operation, i.2., the behavior of the Timer/Counter and the Outpul Compars
pins, is defined by the combination of the Wavetorm Generation mode (WGMO01:0) and
Compare Qutput mode (COMO1:0} bits. The Compare Output made bits do net affect
the counting sequence, while the Waveform Generation mode bits do, The COMO1:0
bits contiol whether the PWM output generated should be inverted or not (inverted or
non-inverted PWM). For non-PWM modss the COMO1:0 bits control whether ihe output
should be set, cleared, or toggled at a compara mateh (See "Compare Match Ouput
Unit" an page 72.).

For detailed timing informalion refer to Figure 34, Figure 35, Figure 36 and Figure 37 in
“TimerCountar Timing Diagrams™ on page ¥9.

The simplast mode of operation is the nomal mode (WGM01:0 = 0). In this mode the
counting direction is always up (incrementing), and no counier clear is performed. The
counter simply averuns when it passes its maximum 8-bit value (TOP = 0xFF) and then
restarts fram the bottom (0x00). In normat operation ine TunerGeunter Ovarliow Flag
{TOVO} will be set in the same timer clock cycle as the TCNTO becomes zero. The TOVD
Flag in this case behaves like a ninth bit, except that it is only 2et, not cleared. Howevar,
combined with the timer overdlow interrupd that automatically clears the TOWD Fag, the
timer recolution can be increased by software. There are no special cases 1o consider in
tha normal mode, a new counter value can be written amylime.

The output compare unit can be used o generate interrupts at some given fime. Using
the output compare to generate waveforms in Nammal mede is not recommended, since
this will cocupy too much of the CPU time.

In Clear Timer on Compare or CTC moda (WGEMO01:0 = 2}, the OCRO Register is used to
manipulate the counter resclution. In CTC mode the countar is claared to zero when he
counter value (TCNTO) matehes the OCRO. The OCRO defines the top value for the
counter, hence also its resolutlon. This mode allows grealer control of the compare
match output frequency. It also simplifies the operation of counling extemal events.

The timing diagram for the CTC mode is shown in Figure 21. The counter value
(TCNTO) increases until a compare match occurs betwaan TCNTO and OCRO, and then
countar (TCNTO) is clearad.

Figure 31. CTC Mode, Timing Diagram

IR S e e e e e i ___i_- CHon Intermep Pl Sel
A
§ v b
Ty
TCHNTN
| 1
mle} —J—_‘ ! {COMNE:G= 1}
~ l |.| | = |.|
Pered [ 1 T i3 e

An interrupt ean be generated each time the sounter value reaches the TOP value by
using the OCFO Flag. If the interrupt is enabled, the intemrupt handler routine can be
used for updating the TOP value. However, changing TOP to a value dose to BOTTOM

2488L-AVR-06I05
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"WM Mode

when tha countar ks running with none or a low prescaler valua must ba done with care
since the CTC mode does not have the doubla buttering featurz. If the new value writlen
to OCRO is lower than the current value of TGNTO, the countar will miss the compare
match. The counter will then have to count to its maximum value (OxFF) and wrap
around starting at 0x00 before the compare match can ooour,

For generating a wavelom output in CTC mode, the OCD output can be set to toggle its
logical level on each compare match by setting the Compare Output moda bits to toggle
mode {COMO1:0 = 1). The OCO valua will not be visible on the porl pin unless the data
direction for the pin is set to output. The waveform generaled will have a maximum fre-
quency of [se = o o2 when OCRU is set to zero (0x00). The waveform frequency s
defined by the following equation:

Tk o
FoN-(1 + AR

Jlr{}f_"n .

The M varianle represaents the prescale factor (1, 8, 64, 256, or 1024).

As for the Normal mode of operation, the TOVO Flag is set in the same timer clock cycle
that the counter counts from MAX fo Ox00.

The fast Pulsa Width Modulation or fast PWM mode (WGMO1:0 = 3} provides & high fre-
quency PWM wavetorm generation option. The fast PWM differs from the other PWM
option by its single-siope operation. The counter counts from BOTTOM to MAX then
restans from BOTTOM. In non-inverting Compare Qutpul mode, the Output Compare
{OG0) is cleared on the compare match between TCGNTO and OCRO, and set at BOT-
TOM. In inverting Compare Qutput mode, the output is set on compare match and
cleared at BOTTOM. Due to the single-slope operation, the operating fraquency of the
tast PWM mode can be twice as high as the phase correct PWM mode thal use dual-
slopa operation. This high frequency makes the tast PWM mode well suited for power
raqulation, rectification, and DAC applications. High frequency allows physically small
sized external components {colls, capacitors), and theretore reduces 1otal system cost.

In fast PWM mode, the counter is incremented until the counter value matches the MAX
value. The counter is then cleared at the following timer clock cycle. The timing diagram
for the fast PWM mode is shown in Figure 32, The TCNTO value is in the fiming diagram
shown as & histogram for illustrating the single-slope aperation. The diagram includes
ron-dnverted and inverted PWM outputs, The small horizontal line marks on the TCNTO
siopes represant compara matches between OCRO and TONTO.
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Flgure 32. Fast PWM Mode, Timing Diagram
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The TimerGounter Overflow Flag (TOV0) is set each time the counter reaches MAX. It
the interrupt is enabled, the Interrupt handler routine can be used for updating the com-
pare value.

In fast PWM mods, the compare unit allows generation ol PWM wavelorms on the OGO
pin. Satting tha COMD1:0 bits to 2 will produce & non-inverted PWM and an inverted
PW outpul can be generated by satting the COMO1:0 to 3 (See Table 40 on page 82).
The actual OCO value will only be visible on the port pin if the data direction for the port
pin is sel as oulpat. The PWM wavetorm is generated by setting {or clearing) the OCD
Register at the compare match between OCRO and TCNTO, and dlearing (or sstting) the

OCO Register at the timer clock evele the counter is cleaared (changes from MAX 1o
BOTTOM).

The PWHM frequency for the output can be calculated by tha following equation:

. _ Jak 1o
AO0CnTHM W DRE

The W varable represents the prescale factor (1, B, B4, 256, or 1024).

The extrema values ior the OCRO Register represents special cases when generaling a
PWIM wavelormn ouiout in the fast PWM mode. If the OCRO is set squal to BOTTOM, the
output will be a narrow spike for sach MAX+1 timer clock cycle. Setting the OCRI squal
to MAX will rasult in a constantly high or low output (depending on the polarity of the out-
put set by the COMO1:0 bits.)

A frequency (with 50% duty cycle) waveiorm output in fast PWM mode can be achieved
by satting DCO to toggle its logical level on each compare match (COM01:0 = 1). The
wavetorm generated will have a maximum frequency of Toes = T uwo/@ when OCRO Is
sel to zero. This feature is similar to the OCO toggle in CTC mods, except the double
buffer feature of the cutput compare unit is enabled in the fast PWM mode,

ATmegal6(L) e ————
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e Correct PWM Mode

HE05

The phase comect PYWh mode (WGMOD1:0 = 1) provides a high resclution phase camect
PWM waveform generation option. The phase correct PWWM mode is based on a dual-
slope operation. The counter counts repeatedly from BOTTOM to MAX and then from
MAX to BOTTOM. In nen-inverting Compare Output mede, the Qutput Compare (DC0)
Iz cleared on the compara match between TCNTO and OCRO while upcounting, and set
on the compare maich while downcounting. In inverting Output Campare mode, the
oparation is inverted. The dual-slope oparation has lower maximum operation frequency
than single slope cperation. However, due to the symmetric teature of lhe dual-slope
PWM modes, these modes are prefemed for motor control applications.

The PWM resclution for the phase correct PWM mode is fiked to eight bits. In phase
correct PWM mode the counter is incremanted until the counter value matches MAX.
\Whan the counter reaches MAX, it changes the count direction. The TOCNTO value will
be equal 1o MAX for one timer clock cycle. The timing diagram for the phase correct
PWK mode is shown on Figure 33, The TONTO value is in the timing diagram showin as
a histogram for illustrating the dual-slope operation. The diagram includes non-inverted
and inverted PWM outputs. The small horizontal line marks on the TGNTO siopes repra-
sent compare matches between OCRD and TCNTO.

Figure 33. Phase Correct PWM Mode, Timing Diagram
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The Timet/Counter Overflow Flag (TOVQ) is set each tima the counter reaches BOT-
TOM. The Interrupt Fiag can be used to generate an interrupt each time the counler
reaches the BOTTOM value.

In phase correct PYWM mode, the compare unit allows generation of PWM wavetorms on
the QGO pin. Setting the COMO1:0 bits 1o 2 will produce a non-invertad PWM. An
inverted PWM cutput can be generated by setting the COMO01:0 10 3 (see Table 41 on
page B2). The actual OCO value will only be visible on the port pin if the data direction
for the port pin is set as output. The PWM waveform is generated by clearing {or setting)
tha OCO Register at the compare match between OGRO and TONTO when the counter
increments, and setting (or clearing) the OCO Register at compare match belween
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OCRO and TCWNTD when the countar decrements. The PWHM frequancy for the output
when using phase comract PWM can be calculated by the following equation:

fmuc:

e N

focapcrmm = ¥ 510
The M variable represents the prescale factor (1, 8, 64, 256, or 1024),

The extrama values for the OCRD Register represent spacial cases when generating &
PWM wavelorm ollput in the phase correct PWM mode. i the OCRO is set equal to
BOTTOCM, the output will be continuously low and it set equal to MAX the output will be
continuously high for non-inverted PWM mode. For inverted PWM the output will have
the opposite logic values,

At the very start of Period 2 in Figure 33 OCn has a transition from high to low even
though there is no Compare Match. The point of this transition is fo guarantee symmetry
around BOTTOM, Thare are two cases that give a transition without Compare Match;

* DOCHOA changes fis value from MAX, like in Figure 33. When the OCROA value is
MAX tha OCn pin value is the same as tha result of a down-counting Compare
Match. To ensure symmetry around BOTTOM the OCn value at MAX must be
correspond to the result of an up-counting Compare Match.

*  The Timer starts counting trom a value higher than the one in OCRDA, and for that
reason misses the Compare Match and hance the OCn change that would have
happened on the way up.

ATmegal6(L) ee—————————————
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er/Counter Timing

The Timer/Counter is a synchronous dasign and the timer clock (clk) is therafore
jrams

shown as a clock enable signal in the following figures. The figures include information
on whan Interrupt Fiags are set. Figura 34 cantains timing data for basic Timer'Counter
operation. The figure shows the count sequence close 1o the MAX value in all modes
other than phase correct PWM mode.

Flgure 34. TimerCounter Timing Diagram, ne Prescaling
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Figure 35 shows the same timing data, but with the prescaler enabied.

Figure 35. TimernCounter Tlmlng Diagram, with Prescaler (., o8}
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Figure 36 shows the sefting of OCF0 in all modes except CTC moda.
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Figure 36. TimerCounter Timing Diagram, Setting of OCFQ, with Prescaler ({4, p/8)
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Figure 37 shows the setting of OCF0 and the clearing at TCMNTD in CTC mode.

Figure 37. Timer/Counier Timing Diagram, Clear Timar on Compare Match Mode, with
Prescaler (5 o/8)
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it TimerfCounter

jister Description
xrfCounter Control
Ister ~ TCGRO =] 7 & 5 Fl 3 2 1 o
[Fo5 T wawes | cower | Cowes | wawer | cem | cear ] ] vecao
ReadWrtia W AW AW AR AW AW AN W
Initeal Velus a Q Q aQ Q v} 1] o

= Bit 7 - FOCO: Force Qutput Compare

The FOCO bi Is only active when the WGMOO bit specifies a non-PWM mode, Howeaver,
for ensuring compatibility with future devices, this bit must be set to zero when TCCRO is
written when operating in PWM mode. When writing a logical one to the FC:Z0 bit, an
immediate compare match is forced on the Waveform Generation unit. The OG0 output
is changed according 1o its COMO1:0 bits setting. Mote that the FOCO bit is implemenied

&s a slrobe. Therefore it is the value present in the COMO1:0 bits that determines the
effect of the forced compare.

A FOCO strobe will not generate any interrupt, nor will it clear the timer in CTC mode
using OCRQ as TOP.

The FOCO bit is always read as zero.

= Bit 6, 3 - WGMO01:0: Waveform Generatlon Mode

These bits control the counting sequence of the counter, the source for the maximum
{TOP) counter value, and what type of Wavetform Generation 1o be usad. Modes of
operation supporied by the Timer/Counter unit are: Narmal mode, Clear Timer on Comi-
pare Match (CTC) mode, and two types of Pulse Width Modulation (PWM) modes, See
Table 38 and "Modes of Operation™ on page 74

Table 38. Waveform Ganeration Mode Bil Description!

| WGMOM | WGMD | Timer/Counter Mode Update of | TOVD Flag
Mode | (CTCO) | (PWMO) | of Operation TOP | OCRO Set-an
[§] 4] 4] Mormal | OxFF Immediate MAX
1 0 1 | PWM,PhaseCoret | OxFF | TOP BOTTOM
T3 1 o |ctc OCRO | Immediate | MAX
a | 1 1 | FastPwM OxFF | TOP MAX

Hote: 1. The CTCGOH and PWMO bit definition names are now obsolete. Use the WQAMO1:0 def-
intions. Howewer, the functionalty and location of thesa bile ara eompatibla with
previos varsions of the timer.

= Bt 5:4 - COMD1:0;: Compars Match Quiput Mode

These bits control the Output Compare pin {OC0) behavlor. if ane or both of the
COMO1:0 bits are set, the OCO output overides the normal port functionality of the /O
pin It s connected 0, Howaver, note that the Data Direction Register (DOR) bit corre-
sponding to the OGO pin must be set in order to anable the oulput driver,

AIMEL 51
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When OCO is connected fo the pin, the function of the COMOD1:0 bits depends on the
WGMO1:0 bit setting. Tabla 39 shows the COMO01:0 bit functionality when the WGMD1:0
bits are sat to a nomal or CTC mode (non-PWM).

Table 39. Compare Output Mode, non-PWh Mode

como COMO0  Description
0 o MNormal port operation, OG0 disconnected,
0 | 1 ToggeOCOoncomparematch ]
1|0 ClearOCD on compare match ]
- 1_ 5 R 1 Sel OC0 on compare match

Table 40 shows the COMO1:0 bit functionality when the WGMD1:0 bits are set to fast
PWM mode,

Tabie 40. Compare Output Mode, Fast PWM Mode'"

COMO1 COMOD Description
o o HNarmal port oparafion, OCO disconnacted.
] Resanved
1 ) Clear OCD on compare match, set OG0 at TOP
1 1 Sat 00 on compans ;natd:l -|:I-E|Iar i&]ﬂﬂ at_'I'DP

Wole: 1. A special case oocuns when OCRO equals TOP and COMO1 is set. In this case, Ihe
compare match is ignored, but the set or clear is done at TOP. See "Fast PWhA Mode”
on pane 75 for more delails,

Table 41 shows the COMO1:0 bit functionality when the WGEMO1.0 Gits are sel 1o phase
cormect PWM mode.

Tabie 41. Compare Gutput Mode, Phase Gorrect PWM Mode!"
COMO1 = COMOD | Description
0 | Normal port operation, OCO disconnacted.

¥] 1 Resarved

1 Q Claar OC0 on compara match whean up-counting. Set OC0 on compara
| match whan downcounfing.

1 1 Set OCO on compare maich when up-counting. Clear OCO on compare |
| | maich when downcounting.

Mote: 1. A special Ccase occurs whan OCRD equals TOP and COMO1 15 sat. In this case, the
compara match ls ignored, but the set or clear is done at TOP, See “Phase Comecl
PW Mode" on page 77 for more details,
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fCounter Hegister -
Q

t Compare Reglster —

Taunter Interrupt Mask
v —TIMEK

= Bit 2:0 - C502:0: Clock Select

The three Clock Salect bits select the clock source to be used by the TimerCourter.
Table 42. Clock Select Bit Description

cs02 | CSO1 | CS00 I| Description

o |0 | Nodciock source (Timer/Counter stappad).
0 1| clkygf(No prescaling) o
o 1 | @ clk /8 (From prascaler)
B 2 1 I 1 clk, 64 (From prescalary !
1 1 0 | 0 | olko2se (Fromprescaiern
1 [ 1 ek, 1024 {From prescaker)
1 y; o External clock source on TO pin. Clock on faling edge.

1 1 | 1 | Extemalclock sowce on TO pin, Clock on rising edge. |

If extemal pin modes are used for the Timer/Countan), transitions on tha TO pin will
clock the counter aven if tha pin is configured as an output. This featura allows software
control of the counting.

Bit 7 5 5 4 3 2 1 0

| TCHTOR0) | ronmo
FactWrite RN RW  RwW AW AW RW AW AW
Trtisl Walkues o Li] Q (¥} o i} a a

The Timer/Counter Register gives direct aceess, both for read and write operafions, fo
the Timar/Counter unit B-bit counter. Writing to the TCNTO Register blocks (removas)
the compara match on the tollowing timer clock. Modifying the countar (TCNTO] while
the countar is running, introducas a risk of missing a compare match between TONTO
and the OCRT Register.

B 7 & g L & 2 1 o

OCRO[70] | ocmo
FraadWis AW A R RAY AW R AW AW
Inimial Walua =] a o 0 L] ] o i}

Tha Output Compare Register contains an 8-bit value that is continuously compared
with the counter value (TCNTO). A match can ba usad to ganarate an output Compars
intermupt, or 1o génerate a wavetorm output on the CCO pin.

Bit 7 6 £ 4 3 2 i 0
[ociEz | 7oz | TiCET | OGIEIA | OGIETB | TOWE] | OGIED | TONED | TMsK

ReadWrite AW RW AW AW AW RW AW AW

Inital Vaiue o o o o o ¢ o o

+ Bit 1 - OCIED: Timer/Counterd Output Compare Match Interrupt Enable

When the OCIED bit is written to one, and tha I-bitin the Status Register is st (ona), tha
Timer/Counter0 Compare Match interrupt |2 enabled. The corresponding interrupt is

AIMEL 2
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executed if a compare match in Timer/Counterd occurs, Le., when the OCFD bli is set in
the Timer/Counter Interrupt Flag Register - TIFR.

+ Bit 0— TOIED: Timer/Counter0 Overflow Interrupt Enable

Whan tha TOIED bit is written to one, and the I-bit in the Status Register is set (one), the
Timer/Counterd Cverflow Interrupt is enabled. The comesponding internipt is executed i
an overflow in Timar/Counterd occurs, i.e., when the TOV( bit is sel in the
Timer/Counter Interrupt Flag Reglster — TIFA.

Bil 7 & 5 4 a 2 1 ']

| OCF2 | TOW2 | KCF1 |o::1=1.n DOCFiB | TOV1 | OCFO ] TOVD | TIFAR
Faadiwrits A R AW F R A R Fw
Indizl Yelua L] lu] ] 4] 0 8 a 0

« Bit1 - O0CF0: Output Compare Flag 0

The OCFO bit Is s&1 {ohe) whan a compare match occurs between the TimerCountarD
and the data in OCRC — Output Compare Reglsterd. OCFO Is cleared by hardware when
axacuting the comasponding interupl handling vector. Altematively, OCFD 1s cleared by
writing & logic one to the flag. When the I-bit in SREG, OCIEC (Timer/Counterd Gom-
pare Match Interrupt Enable), and OCFQ are set (one), the Timer/Counterd Compare
Mateh Interrupt is executed.

+ Blt 0 — TOVO: Timer/Counterd Overflow Flag

The bil TOVD is set (one) when an overflow ooours in TimenCounterD. TOVD is cleared
by hardware when executing the corresponding imterrupt handling vector. Altematively,
TOVD 15 cleared by writing a logic ane to the tlag, When the SREG |-bit, TOIEQ
(Timer/Counterd Overllow Intarrupt Enable), and TOVO are s&t (one), the
Timer/Counlerd Overflow interrupt Is executed. In phase correcl PWM mode, this bit Is
set when TimenCounter) changes counling direction at 500,

ATmegal6(L) mee———
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1er/Counter0 and
rer/Counteri
iscalers

nal Clock Source

saler Aeset

wal Clock Source

Timar/Countert and Timer/Counterd share the same prescaler module, but tha
TimarCountats can hava diffarent prescaler saltings, The description balow applies to
bath TimerCountert and TimearCounterl,

The Timer/Counter can be clocked directly by the systern clock (by setting the CEn2:0 =
1}. This provides the fastest operation, with a8 maximumn Timer'Counter clock frequency
aqual to system clock fraquency (fg . yol- Alternatively, one of four taps from the pres-
caler can be used as a clock source. The prescaled clock has a trequency of either
vk o8, Tege o84, 1a 0256, OF f /1024

The prescaler is free running, i.e., operates independently of the clock select logic of the
Timer/Countar, and it is shared by Timer/Courder! and Timer/Counter. Since the pres-
caler Is not affectes by the Timer/Counter's clock select, the state of the prescaler will
have implications for situations where a prescaled clock is ussd. One example of pres-
caling artifacts cccurs when the timer is enabled and clocked by the prescaler (6 =
CSn2:0 = 1). The number of system clock cycles from when the timer is enabled to the

first count occurs can bea from 1 o N+1 system clock cycles, where N eguals the pres-
caler divisar (8, 64, 258, or 1024).

Itig possible to use the Prescaler Resat for gynchronizing the Timer/Counter to program
exacution. However, care must ba takan if the othar Timer/Countar that shares the

same prescaler also uses prescaling. A prascaler reset will affect the prescaler period
for all TimerCounters it Is connecled 1o.

An external clock source applied to the T1/T0 pin can be used as Timer/Counter clock
{clkry/clkrg). The T1/TO pin is sampled once every systemn clock cycle by the pin syn-
chronization logic. The synchronized {sampled) signal is then passed through the edge
detector. Figure 38 showe a functional equivalent block diagram of the T1/TO synchronk-
zation and edge deteclor logic. The registers are clocked at the positive edge of the

Internal system clock {ciiyg). The lalch is transparent in the high period of the intermal
system clock.

The edge detecior generates one clk,/clkq, pulse for each positive (CSn2:0 =7) or neg-
ative (CEn2:0 = 8) edge it detects.

Figure 38. T1/TO Pin Sampling
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The synchronization and aedoe detactor logie introduceas a delay of 2.5 10 3.5 system
clock eycles from an edge has been applied to the T1/TD pin to the counter is updated.

Enabling and disabling of the clock input must be dona when T1/T0 has bean stable for

at least one system clock cycle, otherwise it is a risk that a false Timer/Caunter clock
pulse is genearaled,

Each half period of the external clock applied must ba longer than one system clock
cycle to ensure correct sampling, The extemnal clock must be guarantaed to have less
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than half the system clock frequency (lpars < T wof2) given a S0/50% duty cycle. Since
the edge detector uses sampling, the maximum frequency of an external clock it can
detect is hall tha sampling trequency (Nyquist sampling theorem), Howevear, due Lo vari-
ation of the system clock frequency and duty cycle caused by Oscillator sourcs (Grystal,
resonater, and capaciors) tolerances, it is recommended that maximum frequeancy of an
external clock source is less than ty, /2.5,

An external clock source can not be prescaled.

Figure 39. Prascaler for Timer/Counter0 and Timer/Countert'")
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MNete: 1. The synchranization legic on the input pins (T 1/T0) is shown in Figure 38.

Bit 7 B L d 3 2 q o

| ADTSD J ADTS1 [ ADTSH | | ACME | PUD | PER2 | PSR10 | SFIOR
FlamdWiits A W AW Ay AW A Riw
Imiliad Valuse ] Q Q 1] o & o (i]

I

¢ Bit 0 - PSR10: Prescaler Reset Timer/Counter1 and Timer/Countert

When this bit is writlen 1o one, the Timer/Counter1 and Timer/Counterd prascaler will be
reset. The bit will be cleared by hardware after the operation is performed. Writing &
zero to this bit will have no effect. Note that Timer/Counter and Timer/Counter share
the same prescaler and a resel of this prescaler will affect both timers, This bit will
always be read as zaro.
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# 10-bit Resolution

+ [0.5LSB Integral Non-linearty

* 12 LSB Absolute Accuracy

= 13 - 260 ps Conversion Time

= Upta 15 kSPS at Maximum Resolution

* § Muttiplexed Single Ended Input Channals

= 7 Differential input Channels

= 2 Diffsrantial Input Channels with Optienal Gain of 10x and 200!

* Dplional Left adjustment for ADC Rasult Readout

* 0- VY. ADC Input Voltage Range

= Selectable 2,56V ADC Reference Voltage

* Free Running or Single Conversion Mode

= ADC Start Conversion by Aute Triggering on Interrupt Sources

+ Interrupt on ADC Conversion Complete

+ Sleap Mode Molse Cancaler

Mote: 1. The differential inpul chavnels are not lested for devices in PDIP Paciage. This fea-
ure is only guarantesd 1o work for devices in TQFF and QFMNMLF Fackages

The ATmegais featurgs a 10-bit successive approximation ADC. The ADC is con-
nected to an 8-channel Analog Multiplexer which allows B single-ended voltage inpuls
constructed from the ping of Port A, The single-ended voltage inputs refer to QY (GNDY).

The device also supports 16 differential voltags input combinations. Twe of the diffaren-
tial inputs (ADC1, ADCO and ADT3, ADC2) are equipped with a programmable gain
stage, providing amplification steps of 0 dB (1x), 20 dB {10x). or 46 dB (200x) on the dif-
ferential input voltage belore the A/D conversion, Seven differential analog input
channgls share a commen negative terminal (ADC1}, while any other ADC Input can be
selected as the positive input terminal. If 1x or 10x gain i3 used, 8-bit resolution can be
expacted, If 200x gain is used, 7-bit ragolution can be axpectad.

Tha ADC contains a Sample and Hold circuit which ensures that tha input voltage to the

ADC is held at a constant level dunng conversion. A block diagram of the ADC is shown
in Figure 98.

The ADC has a separate analog supply voltage pin, AVCC, AVCC must not differ more

than £0.3 V from V.. See the paragraph "ADC Moige Cancaler” on page 210 on how to
connect this pin.

Intemal reference voltages of nominally 2.568Y or AVMCC ara provided On-chip. The volt-

age reterence may be extemally decoupled at the AREF pin by & capacitor for better
nolse perfomance.
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Figure 98. Analog to Digital Converter Block Schematic
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The ADC convers an analog input voltage to a 10-bit digital value through succassive
approximation. The minimum valua represants GND and the maximum value represents
the voltage on tha AREF pin minus 1 LSB. Optionally, AVCC or an intemal 2 56V refer-
ance voltage may be connected to the AREF pin by writing to the REFSn bits In the
ADMUX Register. The intemal voltage reference may thus be decoupled by an extemal
capacitar al the AREF pin to improve noise immunity,

The analog input channel and diffarential gain are selected by writing 1o the MUX bits in
ADMUX. Any of the ADC Input pins, as well as GND and a fixed bandgap voltage reter-
ance, can be selected as single ended inputs lo the ADC. A selection of ADC input pins
can be selecled as positive and nagative inpuis to the differential gain amplifier.

I differantial channels are selected, the differential galn stage amplifies the voltage dif-
lerence between the selected input channel pair by the selected gain factor. This

AIMEL 209
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amplified value 1hen becomes the analog input 1o the ADC. Il single ended channels are
used, the gain amplifier is bypassed aliogether.

The ADC iz enabled by setting the ADC Enabla bit, ADEN in ADCSRA. Voltage refer-
ence and input channal selections will not go into effact until ADENM is set. The ADC
does not consume power when ADEN is cleared, so it is recommended to switch off the
ADC before enfering power saving sleep modes.

The ADC generates a 10-bit result which is presented in the ADC Data Registers,
ADCH and ADCL. By datault, the resull is presented right adjusted, but can optionally
be presented left adusted by setting the ADLAR bit n ADMLUIX.

If the result is left adjusted and no more than B-bil precision is required, it is suflicient to
raad ADCH. Otherwiza, ADCL must be read first, then ADCH, 1o ensure that the content
of the Data Registers belongs to the same conversion, Once ADCL is read, ADC access
io Diata Registers 15 biocked. This means that if ADCL has been r2ad, and & conversion
completes before ADCH is read, neither register is updated and the result from the con-
version is lost. When ADCH is read, ADC access to the ADCH and ADCL Reglsters is
re-enabled.

The ADC has its own Inmterrupt which can be triggered when a conversion completes.
When ADC access to the Data Registers is prohibited between reading of ADCH and
ADCL, the intermupt will trigger even if the result is lost.

A single conversion is started by writing a logical one to the ADC Start Conversion bit,
ADSC, This bit stays high as long as the conversion is in progress and will ba cleand by
hardware when the conversion is complated. if a differant data channel is selected while
8 conversion is in progress, the ADC will finish the current conversion belore oerforming
the channel change.

Altemativaly, a conversion can be Iriggered automatically by vanious sources. Aule Trig-
garing |= enablad by satling the ADC Auto Trigger Enable bit, ADATE In ADCERA. The
trigger sourca is salected by setting the ADC Trigger Select bits, ADTS in SFIOR (see
description of the ADTS bits 1or & list of the trigger sources). When a positive edge
occirs on the selectad trigger slgnal. the ADC prescaler is reset and a conversion is
started. This provides & method of starfing conversions at fixed intervals. If the tripger
signal still is set when the conversion completes, & new conversion will not be stared, Il
another positive edge occurs on the trigger signal during conversion, the edge will be
ignored. Mote that an Interrupt Flag will be set even If the spedific interrupt is disabled or
the glabal interrupt enable bit in SREG is cleared. A conversion can thus be triggered
without causing an interrunt. However, the Interrupt Flag must be cleared in order to trig-
ger a new converslon at the next intemupt event.

ATmega16(L) m———
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Figure 99. ADC Auto Trigger Logic
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Using the ADC Imerrupt Flag as a trigger source makes the ADC start a ngw conversion
as soon as the cngoing conversion has finished. The ADC then operales in Free RBun-
ning mode, constantly sampling and updating the ADC Data Register, The first
convarsion must ba started by wriiing a logical oneg to the ADSC bit in ADCSRA, In this
moda the ADC will parform successive conversions independently of whather the ADC
Interrupt Flag, ADIF is elearsd or nol.

It Auto Triggering is enabled, singie conversions can Se started by writing ADSC in
ADCSRA 1o one. ADSC can also be used 1o determine il & conversion is in progress.
The ADSC bit will be read as one during a conversion, independently of how the conver-
sion was started.

Figure 100. ADC Prescaler
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By default, the successive approximation circuitry reguires an input clock frequency
between 50 kHz and 200 kHz 1o get maximum resolution. [f a lower resolution than 10
bits is needed, the input clock frequency to the ADC can be higher than 200 kHz to get a
hlgher sample rate.

The ADC module contains a prescaier, which generates an acceptable ADC clock fre-
guency from any CPU frequency above 100 kHz. The prescaling is set by the ADPS bits
in ADCSRA. The prescaler siarts counting Irom the moment the ADC |5 switched on by

AIMEL 208
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sefting the ADEN bit in ADGSRA, The prescaler keeps running for as long as the ADEN
bit Is set, and is continuously reset when ADEN is low.

When initiating a single ended convarsion by setting the ADSC bit iIn ADCSRA, the con-
version slarte at the following rising adge of the ADC clock eycla. See "Differential Gain
Channels” on page 208 for detailz on differential conversion timing.

A narmal convarsion takes 13 ADC clock cycles. The first conversion afier the ADC is
switched on (ADEN in ADXCSRA is set) takes 25 ADG clock cycles in order to initialize
the analog crcuitry.

The actual sample-and-hold takes place 1.5 ADC clock cycles ater the start ot a normal
conversion and 12.5 ADC clock cycles after the start of a first conversion. When a con-
version is completa, the result is witten to the ADC Data Registers, and ADIF is sat. In
gingle conversion mode, ADSC is cleared simultaneously. The soitware meay then sat
ADSC again, and a new conversion will be initiated on the first nising ADC clock edge.

When Auto Triggering is used., the prascaler Is reset when the trigger event occurs, This
assuras a fixed delay from the trigger event 1o the start of conversion. In this mode, the
sample-and-hold takes place 2 ADC clock cycles afiar the rising edge on the triggar
souree signal. Three additional CPU clock cycles ara used for synchronization logic.
When using Differential mode, along with Auto triggenng from a source other than the
ADC Gonversion Gomplete, each conversion will require 25 ADGC clocks. This is
because the ADC must be disabled and re-enabled after every conversion,

In Free Running mode, a new conversion will be startad immediately after the conver-
sion completes, while ADSC remains high. For a summary of conversion fimes, see
Table 81.

Figure 101. ADC Timing Ciagram, First Conversion (Single Gonversion Moda)
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Figure 102, ADC Timing Diagram, Single Conversion
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Figure 103. ADC Timing Diagram, Auto Triggered Conversion
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Figure 104. ADC Timing Diagram, Free RBunning Cenversion
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Table 81, ADC Conversion Time

Sample & Hold (Cycles |
from Start of
Condition ' Conversion) Conversion Time (Cycles)
Firsl conversion 135 ag
MNormal conversions, single ended 1.3 13
Aute Triggered conversions 2 ! 138
Mormal comersions, differential 1a25 ] 1314

When using differential galn channels, certaln aspects of the conversion need to be
laken into consideration.

Ditferential conversions are synchronized to the intemal clock CKapes #qual 1o half the
ADC clock. This synchronization is done automatically by the ADC interface in such a
way that the sample-and-hold occurs at a specific phase of CK, .. A conversion initi-
ated by the user (i.e., all single conversions, and the tirst freae running conversion) whan
CHapes I8 low will take the same amount of ime as & single ended conversion (13 ADC
clock cycles from the next prescaled clock cycle), A conversion inltated by the user
when GKypep 15 high will take 14 ADC clock cycles due to the synchronization mecha-
nism. In Free Running moda, a new conversion |s initiated immediately after the
previous conversion completes, and since CK, o, is high at this time, all automatically
started (i.e., all but the first) free running conversions will take 14 ADC clack cydes.

The gain stage is optimized for a bandwidih of 4 kHz at all gain settings. Higher frequen-
cies may be subjected to non-linear amplification. An exlemal low-pass filter should be
used [T the Inpul sighal contains higher frequency components than the gain stage band-
width, Note thal the ADC clack frequency is Independent of the gain stage bandwidth
limitation. For example, the ADC clock period may be & ps, allowing & channel to be
sampled at 12 kSPS, regardless of tha bandwidth of this channe!,

If differential gain channals are used and conversions ars started by Aute Trggering, tha
ADC must be switched off between conversions. When Auto Triggering is used, the
ADC prescaler is reset before the conversion is stared, Since the gain stage is depen-
dent of a stable ADC clock prior to the conversion, this conversion will not ba valid. By
disabling and then re-enabling the ADC between each conversion {writing ADEM in
ADCSHA to 0" then ta “17), only axtended conversions are pardormed. The result from
the axtended conversions will ba valld. See “Prascaling and Convarsion Timing" on
page 205 for timing details.

The MUXn and REFS1:0 bits in the ADMUX, Register are single buHared through a tem-
porary register to which the CPU has random access. This ensures that the channels
and rafaranca salaction only takes placa al a sate point during the conversion. The
channel and referance selection s continuously updated until & conversion (s started.
Once the conversion stars, the channel and reference selection is locked to ensure a
sufficieni sampling time for the ADC. Continuous updating resumes In the last ADC
clock cycle before the conversion completes (ADIF in ADCSRA is set). Note that the
convarsion starts on the following rising ADC clock adge aftar ADSC iz written. Tha usar
ig thus advised nol to write naw channal or refarance selection values to ADMUX, until
ane ADC clock cycle after ADSC s written.

ATmegal16(L) m—
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i Aute Triggering is used, the exact time of the triggering event can be indetarministic.
Special care must be laken when updating the ADMUX Hegister, in order 1o control
which conversion will be affected by the new sattings.

If both ADATE and ADEN Is written 1o one, an Interrupt event can occur at any time. If
ihe ADMUX Registar is changed in this period, the user cannol tell il the next conversion
is based on the old or the new settings. ADMUX can be safely updated in the following
ways:

1. When ADATE or ADEN is cleared.
2. During conversion, minimum one ADC clock cycle after the triggar evant.
3. After a conversion before the Interupt Flag used as trigger source is cleared.

When updating ADMUX In one of these conditions, the new settings will affect the next
ADC conversion.

Spacial care should be taken when changing difierentiai channels. Once a diflerential
channel has been selected, the gain stage may take as much as 125 ps to stabilize to
the new value. Thus conversions should not be started within the first 125 ps after
selecting a new differential channel, Atternatively, conversion results obtained within this
pearicd should be discarded,

The same settling time should be cbserved for tha first differential conversion after
changing ADC referance (by changing the REFS1:0 bits in ADMUX).

When changing channel selections, the user should cbserve the following guidelnes to
ensure that the comect channel is selected:

In Single Conversion mode, always select the channel belore starting the conversion,
The channel selection may be changed ene ADC clock cycle after writing one to ADSC,
Hawever, the simplest method i2 to wait for the conversion to complete before changing
the channel salaction.

In Free Running mode, always salect the channel befare starting the first conversion.
The channel selection may be changed one ADC clock cycle after writing one to ADSC.
However, the simplesi methad is 1o wait for the first conversion to complets, and then
change the channel selection, Since the next conversion has already starled sutomali-

cally, the next result will reflect the previcus channel selection. Subsequen! convarsions
will reflect the new channel selection.

Whan swiltching 1o a differential gain channel, the first canversion resull may have a
poor acruracy due to the required settling time for the automatic offset cancellation cir-
cuitry, The user should preferably disregard the first conversion result.

The reference voltage for the ADC (Vpe:) indicates the conversion range for the ADC.
Single ended channels that axceed Vg will resultin codes close to Ox3FF. Ve can be
solacted as sither AVCC, internal 2.56V reference, or extemal AREF pin.

AVCC is connected ta the ADC through a passive switch, The intamal 2.56Y relerence
is generated from the Intemal bandgap reference (Vpe) through an internal amplifier. In
gither case, the exiernal AREF pin is directly connected to the ADC, and the reference
voltage can be made more immune to noise by connecting a capacitor betwean the
AREF pin and ground. Vper can also be measured at the AREF pin with a high impedant
voltmeter, Note that Vo is 8 high impadant source, and only a capacitiva load should
be connected in a gystem.

If the user has a fixed voltage source connected to the AREF pin, the usar may not use
the ather reference voltage options in the dpplication, as they will be shortsd 1o the
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axtemal voltage. Il no axternal voltage is applied o the AREF pin, the user may switch
betwean AVCC and 2.56Y as reference selection. The first ADC conversion result afier

switching reference volltage source may be inaccurate, and the user is advised fo dis-
card this rasulf.

If differential channels are used, the selected reference should not be closer to AVCC
than indicated in Table 122 on page 297.

The ADC features a noise canceler that enables conversion during sleap mode to
reduce noise induced from the CPU core and other 1/C peripherals. The noise canceler
can be used with ADC Noise Reduction and Idle moda, To make use of this feature, the
tollowing procedure should be used;

1. Make sure that the ADC is enabled and is not busy converting. Single Con-
version Mode must be selected and the ADC conversion complete interrupt
mus! Da enabad.

2. Enter ADC Noise Reduction mode (or |dle mode). The ADC will start a con-
version once the CPU has been hahed,

3. K no other interrupts occur before the ADC convarsion complates, the ADC
interrupt will wake up the CPU and execute the ADC Convarslon Complete
interrupt routine. i another interrupt wakes up the CPU before the ADC con-
version is complete, that interrupt will be executed, and an ADC Comversion
Complele Interrupt reguest will ba genarated when the ADC conversion
completes. The CPU will remain in active mode until a new sleep command
is exacuted,

Mote that the ADC will not be automatically tumed off when entering other sleep modes
than Idle mode and ADC Moise Reduction mode. The user is advised o write zaro 1o
ADEN before entering such sleep modes to avold excessive power consumption. If the
ADC is enabled in such sleep modes and the user wants to perform differential conver-
sions, the user is advised to switch the ADC ofl and on after waking up from sleep to
prompt an extended conversion to get & valid resuait.

The Analog Input Circuitry for single ended channels is illustrated in Figure 105, An ana-
log source applied 1o ADCn is subjected to the pin capacitance and input leakage ol tha
pin, regardiess of whether that channel is selected as input for the ADC. When iha chan-
nel |s selected, the source must drive the S/H capacitor through the series resistance
{combined resistance in the input path).

The ADC is optimized for anelog signals with an ocutpul impedance of approximatsly
10 kO or less, If sucn a soures is used, the sampling time will be negligible, If a source
with higher impedance is used, the sampling time wlll depend on how long time the
source neads to charge tha S/H capacitor, with can vary widely. The user {s recom-
mendad to only use low Impedant sources with slowly varying signals, since this
minimizes the required charge transfer to the S/H capacitor.

If differential gain channels are used, tha input circuitry looks somewhat different,
although source impedances of a few hundred ki or lass is recommended.

Signal components higher than the Nyquist frequency (f.q2) should not be present far
gither kind of channels, 10 avoid distortion from unpredictable signal convolution. Thea
user 15 advised to remove high frequency components with a low-pass filler belore
applying the signals as inpults to the ADC,

ATmegalt(L) ——————— —————ree e
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Flgure 105. Analog Input Circuitry
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Digitzl circuitry inside and outsigde the device generates EMI which might affect the
accuracy of amalog measurements. If conversion accuracy ig crtical, the noiss level can

ha reduced by applying the following techniques:

i Ieep analog signal paths as short as possible. Keep them wall away from

high-speed switching digital tracks.

2, The AVCC pin on the device should be connected to the digital V.- supply

vollage via an LT network as shown in Figure 106,

3. Usethe ADC noise canceler function to reduce induced noise from the CPRU.
if any ADC par pins are used as digitel omputs, itis essential that these do

not switch while a comversion s in progress.

Figure 106. ADC Power Conneclions
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The gain stage has a built-in ofiset cancellation circuitry that nulls the offset of differen-
tial measurements as much as possible. The remaining offset in the analog path can be
measured directly by selecting the same channel for boih ditferential inpots. This offset
residue can be then subtracted in software trom the measurement resulis. Using this
kind of software based offset comection, offset on any channel can be reduced below
one L3B,

An n-bit single-ended ADG converts a voltage linearly between GND and Vg in 27
steps (LSBs), The lowes! code i read as 0, and the highast code is read az 271,

Several parameaiers describe the deviation trom the ideal nahavior:

+  Ditset: Tha deviation of the first transition (0x000 to 0x001}) compared 1o the ideat
transtion {at 0.5 LSE). ldeal value: C LEB.

Fligure 107. Offset Error
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»  Gan Error: After adiusting for offset, the Gain Error 15 found as the deviation of the
last fransition (Ox3FE to Dx3FF) compared to the ideal transition (at 1.5 LSE below
maximum). ldezl value: 0 LSEB

Figure 108. Gain Error
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= Integral Noen-linearity (INL): After adjusting for offset and gain error, the INL is the
maximum deviation ol an actual fransition compared to an ideal transition for any
cade. ldeal valua: 0 LSB,

Figure 109. Imegral Non-linsarity (ML)
Cuput Code d 4

|z B0

. ’  Rptizi D

-
Vaee Ingut Wotiags

= Differential Non-lingarity (DML): The maximum deviation of the actual code width
ithe interval between two adjacent transitions) from the ideal code width (1 LSB).
Ideal value: O LSE,

Figure 110. Differential Non-linearity (DNL)
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= Quantization Emor: Due to the guantization of the input voltage into a finite numbber
of codes, a range of input valtages (1 LSB wide) will code 10 the same valus. Always
+0.5 LSB,

= Abszoluts Accuracy: The maximum daviation of an actual (unadjusted) transition
compared to an ideal transition for any code. This is the compound affect of Offsat,
Gain Error, Differential Errar, Non-linearity, and Quantization Error. [deal value: £0.5

LSB.
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After the conversion is complete (ADIF is high), the conversion result can be found in
the ADC Result Registers (ADCL, ADCH).

For single ended conversion, the result is

¥y 1024
L

REF

ADC =

where ¥, is the voltage on the selected input pin and Vo the selected voltage reter-
ence (see Table 83 on page 215 and Table 84 on page 216). 0x000 represents ground,
and Ox3FF represents the selected reference voltage minus one LSB,

If differantial chanmels are used, the result is

i Weas Vapgh GtV 512

lper

where Vpgoe is the woltage on the pesitive inpul pin. W,z the voltags on the nagativa
input pin, GAIN the selactad gain tactor, and ¥, .. the selected vollage reference. The
result is presented in two's complement torm, from 0x200 (-512d) through Ox1FF
(+511d). Mota that if the user wanis to perdorm a quick polarty check of the results, it is
sufficient fo read the MSB of the result (ADCS in ADCH). If this bit is one, the resull Is

negative, and if this bit is zerp, the result is positive. Figure 111 shows the decoding of
the differential Input rangae.

Tahle 82 shows the resulting output codes it the differential input channegl pair (ADCn -
ADCm) Is selected with a gain of GAIN and a reference voltage of Vg,

Figure 111. Differential Measurement Range
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regardiess of any ongoing conversions. For a complele description of this bit, see "The
ADC Data Register — ADCL and ADCH" an page 218.

+ Blts 4:0 - MUX4:0: Analeg Channel and Gain Selectlon Bits

The value of these bits selects which combination of analog inputs are connectad to the
ADC. These bits also selact the gain for the ditlerential channels. See Table 84 far
details. If these bits are changed during a conversion, the change will not go in attect
until this conversion is complete (ADIF in ADCSHA is set).

Table B4. Input Channel and Gain Selections

| SingleEnded | Posltive Differential | Negative Ditferential

MUX4. G Input ! Input Input Gain
00000 ADCO

001 ADTT

00010 ADC2 .
0001 ADC3 A |
00100 ADC4 |

00101  ADCE

00110 ADCEH

00111 ADCT

oteon © ADCD | aDco 10x
01001 ADGT ADCO R
'_:;1'01;5” | ADCO ADCO ‘ 200x |
010115 | ADCH ADCO 200%
:qlqo_ ) | ADG2 | ADG2 I 10x
pr11 | ADC3 ADC2 10w
RRDA ADC2 | apcz 200%
1111 ADCA ADCzZ | 200x
10000 | ADCD ADC1 ®
10001 | Aot ADCH 1
10010 NA ADC2 | ADCH 1x
10011 | ADC2 | aoca X
10100 | ADC4 ADCt | ix
| 10101 | ADCS apC1 1x
L1011 ADCE ADCH 1%
10411 apcr lapei Tz
000 | | ADCO ADC2 1%

1ot | ADGH ADGZ w
1010 ADC2 ADC2 1x
11011 ADC3 ADC2 |
11100 | ADCA ADG2 L |

ATmegal6(L) m———
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Table 84. Input Channel and Gain Selections (Continued)

Single Ended | Positive Differential Negative Differential
| Input . Input Gain

MUX4.0  Input |
11101 | ADCS | ADC2 | 1%
11110 129V (Vgo) | NA

11111 0V (GND)

Mofe: 1. The differental inpul channels are nod tesied for devices in POIP Package, This fea-
ture ‘= only guararteed to work for devices in TAOFF and OFNMLF Packages

DC Control and Status

egister A - ADCSRA Bl ? & 5 s 3 2 1 o
| ADEN | ADSC | ADATE | ADIF | ADIE ADFSZ | ADPS1 | ADPS0 | ADCSRA
Spadfddmin A R BN A A G A AW
{ritiaL] Vishues o o o a ) o o o

= Blt7 - ADEN: ADC Enable

Writing this bit to one enables the ADC. By writing it to zero, the ADC is lurmed off. Turn-
ing the ADC off while a conversion 15 in progress, will terminate this conversion.

« Bite-AD3SC: ADC Start Conversion

In Single Converslon mode, wrile this bit to one to start each conversion. In Free Run-
ning Mode, write this bit 1o ane 1o start the first conversion. The first conversion afler
ADSC has been written after the ADC has been enabled, or if ADSC is written at ihe
same time as the ADC is enabled, will take 25 ADC clock cyclas instead of the normal
13. This first conversicn performs initialization of the ADC,

ADSC will read as one as long as a conversion is In progress, When the conversion is
completa, it retumns to Fero. Writing zero {o this bit has no eftect,

= Bil 5 - ADATE: ADC Auto Trigger Enabla

Whan this bit is written 10 one, Auto Triggenng of the ADC is enabled. The ADC will slart
a conversion on a positive edge of the selected trigger signal. The trigger source 3
selected by setting the ADGC Trigger Select bits, ADTS in SFIOR,

* Bit 4 - ADIF; ADC Interrupt Flag

This tit is set when an ADC conversion completes and the Dats Raegistars ana updatead.
The ADC Conversion Complete Interrupt is executed if the ADIE bit and the |-t in
SREG ara sel. ADIF is cleared by hardware when executing the comresponding Intemupt
handling vector. Alternatively, ADIF is cleared by writing a |logical one to the flag.
Beware that if doing a Asad-Modity-Write on ADCSRA, a pending interrupt can be dis-
abled. This also applies if the SBl and CBI instructions are used,

= Bit 3 - ADIE: ADC Interrupt Enable

Whan this hit is writtan to one and the 1-bit in SREG Is s&t. the ADC Conversion Com-
plate Interrupt Is activated,

—_— ‘ﬁ! 217
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= Bits 2:0 - ADPS52:0: ADC Prescaler Select Bits
These bils determine the division faclor between the XTAL frequency and the input

clock fo tha ADC.
Table 85. ADC Prescaler Balections
ADPS2 ADPS1 ADPEO [ Division Factor

o 0 D 2

0 0 1 - 2 -
! ] B _1 ] 4 |
'I 0 1 i i B
i 1 0 % 16 N

1 0 1 . 3

-
-
o

£

1 1 . 1 128
ADC Data Register —
Land ADCH
18 =0
Bl 15 14 13 12 11 10 9 B
- - - - - ADCY | ADCH ADCH
ADCT ADCE ADCS ATHCE ADLC3 ADC2 ADC ADRCD AL
7 B ] 4 3 z 1 (4]
RaadWrila A (=3 =3 =1 24 5 H A
=1 R R 3] H H H R
Lrdtin] Walue Q 4} ] ] 1] a o ]
o [+ 1] v 1] 0 o L]
B=1
Bl 15 i4 13 12 11 10 4 3}
ADCH ADCH ADCT ADCE | ADCE ADCSE ADCY ADCZ ADCH
AT ADCDR - - | - - - - ADTL
T ] 5 4 3 B 1 43
FoadMWrite R R A R B 5] A A
A =3 2] H B =1 A A
finilial Walse a n 4} 0 4] (4] 0 0
a 1] 4] (4] o a a 0

When an ADC conversion is complete, the result is found in these two registers. If difier-
ential channels are used, the result is presented in two's complement form.

When ADCL is read, the ADC Data Register is not updated until ADCH is read. Conse-
quently, if the result is laft adjustad and no more than 8-bit precision is required, it |s
sufficient to read ADCH. Otherwisa, ADCL must be read first, than ADCH.

The ADLAR bit in ADMUX, and the MUXn bits in ADMUX atfect the way the rasult is
read from the registers. it ADLAR is set, the result is lefl adjusted. If ADLAR |s cleared
{delault), the result is right adjusted.
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* ADCSY:0: ADC Conversion Result

These bits represent the result from the conversion, as detailed in "ADC Conversion
Result” on page 214,

“IOR Bi 7 & 5 s a 2 1 o
ADTSZ | ADTS1 | ADTSG = ACME | PUD PSRZ | PBRID | SFROR
Raad s =TT RAa A A R A AA AA
Ineigi Valoe [4] L] 0 i} i (4] o |
« Bit7:5- ADTS2:0: ADC Auto Trigger Source
It ADATE in ADCSRA s wriften o one, the value of these bits selects which source will
trigger an ARG conversion. [T ADATE is cleared, the ADTS2:0 settings will have no
effacl. A conversion will be triguerad by the rising edge of the selected Intermupt Flag,
Mate that swilching from a trigger source that is cleared o a trigger souree that is sel,
will generate a positive edge on the trigger signal. If ADEN In ADCSREA is set, this will
start a conversion. Switching to Free Running mode (ADTS[2:01=0) will not cause a Irig-
ger event, aven it the ADC Interrupt Flag is sed,
Table 86. ADC Aute Trigger Source Selections
ADTS2 | ADTS1 ADTSO | Trigger Source

] o it Free Running mode

1] 0 1 | Analog Comparator

0 1 o External Interrup! Reguest 0

0 1 1 TimernGounterd Compare Match

1 C o | TimerCounter Overfiow

1 [ 1 TimerGounler Compars Match B

1 i 4] | TimerCounter! Cverflow

1 1 1 | TimerCounter1 Capture Evert
=+ Bit 4 - Res: Resarved Bit
This bit is reserved for future use. To ensure compatibility with future dewvices, this bit
must be written 10 zero when SFICR is written.
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Table 82. Comslation between Input Voltage and Quiput Codes

Vaoen | Read code Corresponding Decimal Value
Vine + Vaed GAIM ox1FF 511
Vaneem * 511/512 Ve GAIN | Ox1FF 511
Vancm + 510/812 Ve /GAIN | Ox1FE E10
t ! i+
Vanem + 1/612 Ve /GAIN | o001 1
Vi 05000 o
Vagom = 11512 VaeGAIN Ox3FF -1
Vincw - 511512 Vo JGAIN | Dx2 511
Vaner - Veee/GAIN | Dx200 -E1Z
Example;

ADMLUEX = DxED (ADCE - ADC2, 10% gain, 2 .58V referance, ket adjusted result)
Valtage on ADC3 is 300 mV, voltage on ADCZ is 500 mV,
ADCR = 5127 10 " (300 - 500) / 2560 = 400 = Ox270

ADCL will thus read Ox00, and ADCH will read 0xSGC. Writing zere 1o ADLAR night
adjusts the result; ADCL = (70, ADCH = 0x02.

ister — ADMUX B 7 § 5 4 3 2 1 o
I REFS1 | REFS0 | ADLAR | MUX4 | WMUX3 | D2 MUK MUZD | ADMUX
FemdW il Ry (20 AN A R RAY Ry Ay
il Value o i} a L] a [¥] a a
+ 8it 7:6 — REFS1:0: Referance Selection Bits
These bits selact the voltage reterance for the ADC, as shown in Table 83, If these Dits
are changed during a convarsion, the change will not goin effect until this conversion is
complete (ADIF in ADCSRA is set). The Intemal voltage reference options may not ba
used if an external reference voltage is being applied to the AREF pin,
Tabie 83. Voltage Reference Selections lor ADC
REFS1 = REFSO0 | Voltage Reference Selection
0 i} AREF, Intamal Wref fumed off
| O 1| AVCG with external capacilor at AREF pin
i l 0  Reserved
1 ' 1 | Internal 2 56V Violtege Reference with exdernal capaciar al AREF pin
« Bit5- ADLAR: ADC Left Adjust Result
The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data
Register. Write one to ADLAR to left adjust the result. Otherwise, the resull is right
adjusted. Changing the ADLAR bit will alfect the ADC Data Register immediately,
AIMEL 18
VE-0a05 [ e — ]




5.1

BAB Y
PENUTUP

Kesimpulan
Dan pembahasan Perancangan dan pembuatan data logger untuk monitoring

suhu dan kelembaban pada green house, dapat diambil kesimpulan, vaitu

1.

Hasil Perbandingan antara sensor SHT 11A pada alat dengan Termometer Digital
tidak terlalu berbeda jauh, karena sensor SHT 11A sudah di kalibrasi saat
pembuatannya, Kesalahan rata-rata pada perbandingan vang didapatkan adalah
sebesar 1 04%,

2. Alat dapat menyimpan suhu dan kelembaban dan dapat mengirim data melalui wifi

5.2 Saran

Alat yang dibuat ini masih memiliki keterbatasan, nantinya diharapkan dapat

dikembangkan untuk mengatasi keterbatasan itu. Sehingga mendapatkan alat yang
dibarapkan dapat mendekati alat vang ideal

)&

Bagi peneliti selanjutmya diharapkan menggunakan mikrokontroler vang
kecepatan eksekusi lebih cepat dibandingkan dengan AT89852 schingga dapat
mengambil banyak data dalam waktu yang agak singkat Kecepatan PC juga
harus dapat mengimbangi kecepatan mikrokontroller, jika tidak maka akan ada
data yang hilang atau tertindih data vang sebelumnya.

Bagi penelitt selanjutnya diharapkan untuk melakukan pengujian alat pada
greenhouse yang terdapat di kota terdekat agar mendapatkan perbandingan suhu
dan kelembaban yang ada didalam miniature green house dengan green house
sebenarnya, serta perbandingan alat yang terdapat pada green house dengan
sistem dara fogger yang saya buat
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