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ABSTRAK

Gynogenesis adalah proses produksi embrio dar telur-telur yang dibuahi
oleh sperma tanpa sumbangan bahan genetik jantan. Dengan menggunakan
metode gynogenesis bibit unggul dapat diperoleh dalam dua generasi. Sedangkan
kalau dikombinasikan dengan program seleksi dan hibridisasi (kawin silang) akan
dihasilican peningkatan kualitas genetik ikan yang dapat dilakukan dalam waku
tiga generasi.

Secara teoritis dan riset metode pembibitan dengan metode gynogenesis
telah dapat meningkatkan produktivitas, tetapi kenyataan di lapangan, ternyata
realisasi dengan metode ini masih memakai teknologi yang sederhana sehingga
hasilnya masih jauh dari yang diharapkan. Maka dari itu pada Skripsi ini dibuat
alat memakai teknologi otomatisasi guna mengurangi kesalahan yang mungkin
terjadi dan dapat meningkatkan hasil dari pem benihan ikan mas. Sistem ini
dikendalikan sepenuhnya oleh mikrokontroller ATmega8535L dan sebagai
keluaran akhir adalah berupa tampilan LCD, dengan suhu dapat dimonitoring di
dalamnya dengan masukan melalui keypad.
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BAR 1

PENDAULUAN

1.1. Lata belakang masalah
Pada akhir-akhir imi ikan mas punten sudah jarang diperoleh dipasaran dengan
kemurniannya masih diragukan, hal ini berhubungan erat dengan sifat unggul ikan
tersebut., schingga masalah kemurnian ras menjadi hal yang sangat penting untuk
dapal menciptakan bibit-bibit baru yang unggul sehingga dapat membaniu para petani
dalam pembudidayaan. Program pemurmnian ikan mas dapat dilakukan dengan metode
pemuliaan ikan, baik secara konvensional maupun secara modern. Dengan cara
konvensional pemurnian ikan dapat dilakukan dengan metode seleksi, dimana ikan-
ikan yang baik discleksi dan dikembangkan dengan cara inbreeding, kemudian benih
ikan tersebut discleksi kembali. Metode ini sangat tidak efisien karena bibit unggul
baru bisa diperoleh dalam wakiu kurang lebih 15 generasi.
Potensi ikan mas (Cyprinus carpio) sebagai ikan budidaya cukup besar, ikan
ini memiliki beberapa kelebihan yaitu ;
1. Mudah berkembang biak dalam lingkungan budidaya
2. Dapat dipelihara dengan kepadatan vang relatif tinggi
3. Dapat menerima makunan yang beragam (mulai darl makanan alami

sampai dengan makanan buatan)




ba

®

4. Toleran terhadap perubahan panas, keadasn makanan dan oksigen di
lingkungannva

5. Pertumbuhannya relatif cepat.

Program pemurnian ikan mas dengan cara modem adalah dengan
menggunakan metode gynogenesis. (yriogenesis adalah proses produksi embrio dari
telur-telur yang dibuahi oleh sperma tanpa sumbangan bahan genetik jantan.

Secara teotitis dan riset metode pembibitan dengan metode gynogencsis
mempunyai keunggulan, antara lain;

1. Dapat meningkatkan produktiviias

2. Dapat meningkatkan kualilas genetik ikan

3. Dapat meningkatkan generasi ikan mumni dan unggul.

Dari keunggulan gynogenesis mempunyal kelemahan yang selama ini teradi
di lapangan, antara lain:

1. Tcknologi digunakan masih sederhana schingga hasilnyva masih jauh dari

yang diharapkan.

2. Dalam penggunaan masih banyak menggunakan tenaga manusia dalam
pengawasan karena masih terpengaruh dalam Human error masih relative
tinggi.

Dari kckurangan diatas bagaimana cara meminimalisasikan kesalahan atau

kekurangan diatas. Dalam permasalahan yang digambarkan diatas maka perlu




dirancang rangkaian otomatisasi puna menguragi kesalahan dalam proses

Eynogenesis

1.2. Rumusan Masalah
Bagaimana merancang dan membuat alat otomatisasi  untuk proses
gynogenesis pada pembibitan ikan yang bermanfaat dan efisien dengan menggunakan

Mikrokontroller ATMEGASS3S,

1.3. Batasan Masalah
Penulisan Skripsi ini membahas tentang sysiem bagaimana merancang sebuah
alat otomatis dalam gynogenesisi pada pembibitan ikan yang bermanfaat dan efisien
menggunakan mikrokontroller ATMEGABS3S. Agar permasalahan lebih terfokus
pada permasalahan yang dikaji, maka penulis membatasi permasalahan pada hal — hal
berikut
a. Alat yang dibuat berbasis mikrokontroller yang diimplementasikan dengan
menggunakan ATMEGARS3S
b. Penggunaan sensor suhu scbagai penstabil suhu air dengan mengontrol heater
jika suhu air lebih dari 40° C
¢. Tidak membahas power supply
d. Setiap bagian pengontrolan memasukkan data melalui keypad

¢. Jenis telur lkan yang diteliti adalah Ikan mas (Cyprinus Carpio) Punien.




f. Pengontrolan alat pada penyinaran radiasi menggunakan UV pada sperma dan

saat shocking setelah fertilisasi pada sperma dan ovum

1.4. Tujuan

Perencanaan dan pembuatan alat ini berlujuan merencanakan dan membuatan
otomatisasi proses gynogenesis pada pepembibitan ikan mas dengan mengontrol sinar
UV dan magnetic stirrer, kemudian pengontrol suhu pada bak shock (pengejut) puna

memaksimalkan kwalitas benih dibandingkan secara manual.

1.5, Metodelogi Penulisan
Gruna merealisasikan Tugas akhir sebagai tersebut diatas, maka metodologi
penulisanya dilakukan sebagai herikut :
1. Kajian pustaka
Bertujuan untuk mengumpulkan literatur berisikan teori yang berhubungan
dengan perencanaan alat, dipadukan dengan teori yvang didapat dibangku kuliah.
2. Perencanaan dan pembuatan alat
Bertujuan untuk membuat diagram blok rangkaian yang sesuai dengan rencana
kerja, yang kemudian direalisasikan dengan melaksanakan perencanaan dan

pembuatan alat berdasarkan diagram blok rangkaian yang disusun.




3.  Penpujian Alat
Dimaksudkan untuk melekukan analisa dan pengujian alat yang telah

dirancang, apakah sesuai dengan fungsi kerja yang diharapkan atau tidak.

4. Penyusunan buku laporan
Bertujuan untuk menyusun data laporan berpedoman pada alat yang selesai

dibuat berserta ksimpulan cara kerja dari alat tersebut

1.6.Sistematika Penulisan
Penulisan Skripsi ini terdiri atas 5 bab dengan susunan pembahasan

sebagai berikut :

BAR I PENDAHULUAN
Meliputi beberapa uraian tentang latar belakang permasalahan,
rumusan masalah, tujuan, batasan masalah, metodologi pembahasan
dan sislematika penulisan dan yang mendukung dalam perencanaan
pembuatan alat.

BABT  LLANDASAN TEORI
Membahas tentang teori dasar yang berisikan teori penunjang dan
pendukung sebagai dasar perencansan dan pembuatan alat vang

diajukan puda skripsi ini.




BAB II1

BAB IV

BAB V

PERENCANAAN DAN PEMBUATAN ALAT

Pada bab ini membahas tentang perencanaan dan pembuatan perangkat
keras, cara kerja serta diagram skematik rangkaian.

PENGUIIAN ALAT

Pada bab ini membahas mengenai wji coba sistem, pengamatan
pengukuran dan analisa serta kemungkinan pengembangan dad sistem
yang telah dibuat.

PENUTLP

Berisikan tentang kesimpulan dan saran vang didapat selama
perencanaan dan pembuatan alat serta kemungkinan pengembangan
maupun aplikasi-aplikasi yang dapat dilakukan pada alat yang

dirancang bangun.




BAB T
LANDASAN TEORI

2.1.  Gynogenesis

Program pemumnian ikan mas dengan cara modern adalah dengan
mengeunakan metode gyrogenesis, Gynopenesis adalah proses produksi embrio
dari telur-telur yang dibuahi oleh sperma tanpa sumbangan bahan genetik jantan.
Dengan menggunakan metode gynogencsis pembuatan populasi monosex betina
dapat diproduksi dalam dalam satu generasi dan populasi homozigor “inbreed
fine " (ikan murni) dapat diproduksi hanya dalam dua generasi. Sedangkan kalau
populasi homozigat inbreed line dikombinasikan dengan program seleksi dan
hibridisasi akan dihasilkan peningkatan kualitas penetik ikan vang dapat
dilakukan dalam waktu tiga generasi yang dapat menghasilkan ikan mumi dan
unggul.
2.1.1. Gynugenesis Meiosis

Apabila sebuah telur normal dibuahi dengan sperma yang diradiasi maka
Jjumlah kromosom di dalam telur akan tetap 2N (kromosom sperma mati), pada
proses sclanjutnya pada saat sel telur mengalami meiosis IT dan sebelum terjadi
polar body I dilakukan kejutan subhu untuk menahan meloncatnya polar body.
Dengan demikian jumiah kromosom di dalam tclur tetap 2N, selanjuinya telur
akan mengalami proses mifosis dan kemudian berkembang dan menetas menjadi

ikan yang mempunyai 2N kromosom




Gambar 2-1'
Proses Gyvnogenesis Meiosis

2.1.2. Gynogenesis Mitosis

Apabila sebuah telur yang normal dibuahi oleh sebuah sperma yang
diradiasi maka di dalam telur akan terdapat 2N kromosom yang berasal dari sel
telur. Selanjutnya telur akan mengalami polar hody IF sehingga di dalam telur
terdapat IN kromosom. Selanjutnya pada saal sel telur akan mengalami proses
mitosis dilakukan kejutan subhu dengan demikian pembelahan hanva terjadi pada
kromosomnya saja sedanpkan sclova tetap sehingea di dalam sel welur akan
terdapat 2N kromosom, kemudian sel akan mengalami mitosis dan selanjutnya

menctas menjadi ikan yang mempunyai 2N kromosom.

U Optimalisasi wakty kejulan parus Teiraploid Tkan mas (Cvprines carpiv £3,Dinas Perikanan
Dacrah Jawa Timuor Balai Benih lkan Munten




telur

Garmbar-2-2"
Proses Gynogenesis Mitosis

2.2. SENSOR SUHU LM35

Sensor suhu LM 35 ini adalah sensor yang dikemas dalam satu package
yang mana merespon perubahan suhu dar subu -55°C sampai 150°C. Pada
spesifikasi alat ini sensor suhu akan menstabilkan suhu 40°C. Dengan perubahan

suhu 10mV/°C sensor mengonirol subu pada bak shock (pengejut).

Berikut ini adalah bentuk fisik dan susunan pin — pin dari LM33 yang dapat

dilihat pada gambar dibawah ini:

TO-B2
Practic Package

LULLEL
AR

Order Humbar LM35CZ,
IMISCAT of L2SDS
S8 NS PacKipe NumBer
T34

Gambar- 2.3°
Bentuk Fisik Sensor Suhu LM335

* Optimalisasi waktu kejutan panas Teirapdoid Than mus (Cvprinus carpin L1.00inas Perikanan
Daaerah Tawa Timuor Balai Benik Than Punten
! Datasheet 17 1.M35, National Semiconductor Corporation, Scptember 1993
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2.3. RELAY

Relay adalah komponen elektronika yang terdiri dari sebuah lilitan kawat
(kumparan/koil ) yang terlilit pada sebuah besi lunak. Jika kumparan dialiri arus
listrik maka inti besi akan menjadi magnet dan menarik pegas sehingea kotak AB

terhubung dan BC terputus.
L
Gambar 2-4
Cara Kega Relay

Relay merupakan suaty alat untuk menghubungkan atau memerlukan kontak
antara komponen yang satu dengan yang lain. Dalam memutus  atau
menghubungkan kontak digerakkan oleh fuksi vang ditimbulkan dari adanya
medan magnet listrik yang dihasilkan oleh kumparan yang melilit pada besi lunak,
Ada beberapa macam relay, antara lain:

e SPST (Single Pin Single Terminal)

—oT o—

Gambar 2-5°
Relay SPST

f Elektronika Dalam Industri
* Flektronika Dalam Indusir




. SPDT (Single Pin Dual Terminal)

CGambar 2-6°
Relay SPDT

o  DPST (Dual Pin Single Terminal)

-—U-""T'D—
—o-"'f'u:}-—

Gambar 2-7"
Relay DPST

*  DPDT (Dual Pin Dual Terminal)

8

Gambar 2-§°
Relay DPDT

® Elcktronika Dalam Industd
' Hekironika Dalam Industri
# Elekironika Datam Endustr

1§
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Trimpot

Trimpot termasuk kedalam kelas variable resistor yang nilai tahanannya

dapat berubah-ubah sesuai dengan letak kontak gesek dengan terminal-terminal

ujungnya. Sehingga dapat pula dikatskan bahwa potensiometer memiliki

perubahan nilai resistansi sebagail fungsi rotasi konlak gesek. Trimpot dapal

dibedakan menjadi dua jenis yaitu jenis linier dan jenis logaritmik. Nilai resistansi

potensiometer ditandai dengan huruf A (uotuk jenis linier) dan B (untuk jenis

logaritmik), misalnya: A3 k02, BS00 €2,

Hal-hal yang perlu diperhatikan pada pemilihan Trimpot :

1.

Resolusi, adalah perubahan terkecil dalam nilai resistansi yang dapat
direalisasikan kalau kontak gesek diputar.

Perlawanan ujung, adalah harga perlawanan antara konlak gesck dan
terminal-terminal ujung, sementara kontak gesek berada di titik njung
salah satu terminal yang akan diukur nilai resistansinya.

Perlawanan kontak, adalah perlawanan antara terminal kontak gesek dan
unsur perlawanan yang saling berkontak.

Arus kontak-gesek ( wipper current ), adalah arus maksimum yang boleh

mengalic di terminal kontak gesek.

. Stabilitas setelan (settimg stability), udalah kesamaan nilai resistansi pada

perulangan (repeatibility) suatu setelan potensiometer pada suatu nilai

resistansi,
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2.5, Motor DC

Didalam teori medan magnet setiap arus yang mengalir melalui sebuah
konduktor akan menimbulkan medan magnet. Arah medan magnet dapat
ditentukan dengan kaidah tangan kanan. Tbu jari tangan menunjukkan arah aliran
arus listrik sedangkan jari-jari yang lain menunjukkan arah medan magnet yang

timbul, seperti yang ditunjukkan oleh gambar berikut ini:

Gambar 2-9°
Garis-Garis Medan Magnet disekitar Arus Listrik

Kaidah tangan kanan untuk motor menunjukkan arah arus yang mengalir
didalam sebuah konduktor yang berada dalam medan magnet. Jari tengah
menunjukkan  arsh arus  yang mengalic pada konduktor, jari telunjuk
menunjukkan arah medan magnet dan ibu jari menunjukkan arah gava putar,

Adapun besarmya pgaya yang bekerja pada konduktor tersebut dapat
dirumuskan dengan :

F=B.LLsin® (Newton)

Ditnana :

B =kerapatan ffuks magnet {weber)

* Ir.Sulasano.Dasar Teknik Tenaga Listrik, 1990
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L = panjang konduktor (meter)
I = arus listrik { ampere)

Sin 8 = sudut antara antara arus dengan garis-garis medan.

1.51. Cara Kerja Motor DC

Adapun cara kerja motor de dapat dilihat pada gambar dibawah ini:

Gambar 2-10"
Cara Kerja Motor DC

Ada satu lilit kawat a — b berada di dalam medan magnet. Lilitan ini dapat
berputar dengan bebas, lilitan ini bisasa disebut dengan jangkat ( armour ).
Pada jangkar dimasukkan arus yang berasal dari sumber { baterai ) E. koneksi
baterai dengan jangkar melalui sikat-sikat. Sikat-sikat ini terpasang pada scbuah
cincin yang terbelah dua, yang disebut kolektor. Adapun tujuan dari kontruksi ini
adalah agar lilitan kawat dapat berputar apabila ada arus listrik yang melewatinya.
Pada kawat yang berada di kanan arus mengalir dari depan ke belakang . dalam
kawat yang di kiri, arus mengalir dari belakang ke depan . kawat a dan b secara
berganti-gantian berada di kiri dan kanan. Karena it arah arus di a dan arah arus
di b selalu membolak-balik. M'embalikan arah arus itu terjadi pada saal lilitan

kawat melintasi possisi vertikal, Disini kolektor berfungsi bagaikan penyearah

" Ir Sulasno Dasar Teknik Tenaga Listrik 1990




mekanik. Flux magnet yang ditimbulkan magnet permanen disebut medan

magnetnya motor. Dalam gambar arah fluk magnetik adalah dari kiri ke kanan.
Adapun gaya yang bekerja pada penghantar b adalah ke atas, sementara gaya yang
bekerja pada penghantar a adalah ke bawah. Gaya-gaya vang bekerja sama
kuatnya, jadi ada kopel yang bekerja pada kawat schingga lilitan pun dapat

berputar. Setelah berputar 90" arah arus berbalik, pada saat itu penghantar a dan

penghantar b bertukar tempat. Akibatnya arah gerak putaran tidak berubah.

| - Wiiteh ninn h;ﬂln
Fgan b .
! ke lpa

Gambar 2-11"
Sebuah Motor DC

2.5.2, Pengendalian Arah Putaran Motor DC

Srai pestar
B

T Edlwktar
Z akgmen

Gambar 2-12"
Pengendalian Arah Putaran Motor DC

'* Ir.Sulasne. Dasar Feknik Toenags Listrk. 1999
v Saulasno.Daser Teknik Tenaga Listeik, 1990
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Dari gambar diatas, agar arah putaran motor DC berubah, maka polaritas tegangan

pada baterai harus dibalik

2.5.3. Driver Motor

Pada 1C ULN 2003A didalamnya terdapat rangkaian penguat Darlington.
Untuk satu IC ULN2003A terdapat 7 pasang rangkaian Darlington NPN vang
tersusun dalam rangkaian commoen catoda. Rangkaian Darlington ini digunakan
sebagai saklar, Pada masing-masing rangkaian Darlington arus kolektornya
sebesar 500mA. Rangkaian Darlington yang ada di dalam IC ULN 2003 A dapat
diparalel guna untuk kebutuhan arus yang besar. Kargnanya IC ini dapat
diaplikasikan untuk driver relay, driver lampu, driver display dan logic buffer.
Pada skripsi ini rangkatan Darlington yang ada pada 1C ULN 20034 digunakan
sebagai driver relay yang digunakan untuk mengendalikan putaran motor.
Adapun pin-pin koneksi yang ada dalam IC ULN 20003A dapat dilihat pada

gambar di bawah ini:

(L

-

Gambar 2-13"
Konfigurasi Pin IC ULN 2003A

PDatashest 1C ULN20G3A, Texas Instrument Incorporated, Desember 2003
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Berikut ini merupakan gambar untuk setiap rangkaian Darlington pada IC

ULN 2003A :

COK
Orutpot
input C
B

UEREULC2003A; Rp = LT kit
ULNUL 020044 Ry = 10.5 ki

12k

\

The!

Gambar 2-14"
Rangkaian Darlington didalam IC TTLN 2003A

2.6. Triac

friae merupakan komponen semikonduktor dimana tegangan yang dapat
melewati adalah tegangan AC yang mendapat control dari Gate (G). Arus yang
mengalir melalui terminal utama dan ke terminal ke dua diakibatkan karcna bahan
semikonduktor tipe N akan semakin besar dan akan memperscmpit lebar tipe P
yang akan mengakibatkan meloncatnya electron dari terminal satu ke terminal

dua, dengan cara pemasangan terminal AC dapat dipasang secara bolak-balik.

"* Datashect [C ULN2NGA. 'exas Instrument Incorporated, Desember 2013
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Gambar 2-15"
kontruksi dan Simbol Triac

To-0

Garmbar 2-16'°
Konfigurasi Pin Triac
2.7. Optotriac

Optotriae pada dasamya terdiri dari phototriac dan LED ( Light Emiting
Diode ) yang digabung dalam satu paket. Bila arus vang mengalir pada LED,
sinar yang dikeliarkan akan mengenai basis phofotriac dan menyebabkan srus
mengahir pada triac sehingpa kopling ini dapat bekerja scbagai saklar vang
akan on.

1 Tyrigtor Preduct Catalog, Teccor Electronics, 2003
'® Tyristor Product Catalog Teceor Electronics, 2003
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Gambar 2-17"
(a) Bentuk Fisik Oprotriac
(b) Konfigurasi Pin Optotriac

2.7. Keypad

Keypad merupakan komponen yang digunakan sebapai sarana untuk
memasukkan data ke komputer atau minimum sistem. Untuk rangkaian keypad
menggunakan keypad 4 X 4 yaitu 12 buah saklar tckan { push bution ) yang

dirangkai dalam bentuk matrik. Gambar rangkaian keypad ditunjukkan pada

gambar berikut :

Gambar 2-18'°
Rangkaian Keypad

"7 Datsheet Optpisolators ‘Triae Driver Oulput, Molwrola Semiconductor, 1995
"* Datosheet 10 [MTHCI2L, MNational Scmiconductor Corporation, Juli 1993
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2.8, LCD ( Liquid Cristal Display )

Liguid Cristal Display adalah modul tampilan yang mempunyi konsumsi
daya yang relatif rendah dan terdapat sebuah kontroler CMOS didalamnya.
Kontroler terschut berfungsi sebagai pembangkit ROM / RAM dan display data
RAM. Semua fingsi tampilan dikontrol oleh suatu instruksi, modul LCD dapat
dengan mudah diinterfacekan dengan MPU,

LCD yang digunakan dalam Tugas Akhir ini adulah LCD vang memiliki

kemampuan sebagai berikut :

# Meliputi 32 karakter yang dibagi menjadi 2 batis dengan display dot matric
5 x 7 ditambsh cursor.

» Karakter generator ROM dengan 192 karakter.

# Karakter generator RAM dengan 8 tipe karakter.

# Dilengkapi fungsi tambahan yaitu display clear, cursor home. display
ON/OFF, cursor ON ¢/ OFF, displat character Blink, cursor shift dan display
shift.

» Internal data,

# 80 x 8 bit display data RAM.

#  Dapat diinterfacekan dengan MPU R atau 4 bit.

#  Internal otomatis dan resef pada power ON.

# 1 5 Volt power supply tunggal.

Gambar dibawah ini menunjukkan LCD beserta pin — pinnya ;
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DOT MATRIX LGD ‘ |
Y15 CHARACTER
L Tea RE AT E BATA BOS A& CE LIGHT
LT ITTT T T
DL 45487 H K
Gambar 2-1 9%

Bentuk fisik dari LCD

Dimana untuk definisi pin-pin yang terdapat dalam LCD tersebut dapat dilihat

pada tabel berikut ini ;
Tabel 2.1%
Definisi pin-pin LCD
Nama |Jumlah | L Tujuan | * Fungsi =
pin ‘
DRO ~| 4 | T | MPU | Trislate bidirectional lower 4
DB3 _ | data bus : data dibaca dari modul
ke MPU ditulis ke modul
melalui bus,
DB4 —| 4 170 MPU Tristale bidirectional upper 4
DB7 data bus : data dibaca dari modul
ke MPU atau dari MPU ditulis
' ke modul melaui bus.
E P Input MPU Sinyal operasi dimulai : sinyar
! aktif baca/tulis.
. o

¥ Sumber ; Sciko Instruments Tne, LOD Module M1632 User Manuul
*" Sumber : Seiko Instruments Ine.,LCD Module M 1632 User Manual




[R/W Input MPU | Sinyal pilih datz dan tulis (0 :
tulis; 1 : baca).
RS - Power Sinyal pilih register ;
Supply 0 : Instruction register {wrile)
busy flag dan address counter
{read)
1 : Data register (write dan read)
Vic - Power | Penyetelan kontras  pada
Supply | tampitan LCD
Voo - Power |+ 5 Volt
Supply
Vs, - Power Ground 0 Vol
Supply \
Vo - - R - Ground untuk lampu (back light}
L"{"[{L"" - - + 5 Volt untuk lampu (bhack

light)

2.9, Mikrokontroller ATmega8535L

2.9.1. Teori Dasar Mikrokontroller ATmega8535L

Secara sederhana mikrokontroler merupakan suatu IC yang didalamnya

berisi CPU, ROM, RAM dan port 14} yang merupakan kelengkapan sebagai

sistem minimum mikrokomputer sehingga sebuah mikrokontroler dapat dikatakan
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sebagai mikrokomputer dalam kepingan tunggal (single chip micracomputer)
vang dapal berdiri sendiri.

Mikrokontroller ATmega8535L merupakan mikrokontrol buatan ATMEL
inc yang merupakan mikrokontrol tipe terbaru buatan ATMEL dan memiliki
beberapa kelebihan dari pada yang lainnya. Fitur-fitor yang ada pada
ATmega8535L antara lain ;

¥ 8 bit CPU ( Cental Proceesying Unit ).

".:"

8 Kbyte self-programming flask program memory,
SRAM berukuran 512 bytes.
EEPROM berkapasitas 512 byres.

Memiliki 32 pin £12.

LA A .

Memiliki & channel ADC 10 bit.

¥

Eksternal dan Infernal sumber interrupt.
# Programming lock for software security.
» Tegangan operasi 2.7 — 5.5 Voll.
»  Programmable serial USART.
Arsitektur dasar dari mikrokontriler ATmegaB5351. dapat dilihat pada gambar

dibawah i :
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Gambar 2-2¢°
Block Diagram ATmega8535L

2.9.2. Susunan Kaki — kaki ATmega8535L

Berikul ini adalah bentuk fisik dan susunan pin - pin dari ATmega8535L

yang dapat dilihat pada gambar dibawah ini :

*! Duta Sheet ATimepa#5351, www,atmel.com , atrel AVR corporation, 2003

24
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P
. L
{RCTol Fan o] 1 40 [ PAD (ADCO)
Tl PE1O 2 2@ O PAT |ADC1)
(INTZARD) PEZ ] & Al |1 PaZ (ADCD)
(DCHANT) PRI & T O Paa paDcy
EErPBa E % O Fa4 (RDCS)
MOS) PRI ] B 38 [ Pax aDCS
IS0 PBE ] 7 M O pas (apce)
(SCK; PET (] @ 33 O PAT (ADCTH
FERET L B 2 1 aRer
Voo O 14 2 O onD
GO 11 00 Avco
ATALZ O 12 28 O PC7 (TOSCT)
ETALY o §4 28 M Boe [(Tooo)
[y Poo | 44 2¥ O Pos
{TRD) POV O 16 M 1 Poy
Ny PO2 O] 44 2 O poz
ANT1 PR3 ] 17 24 5 poz
{OC1H; P04 ] 18 23 FC1 [504)
OC18) POS O $4 7% AEh (B0L)
ACE1} POS [ 20 2 POT {DS2p
22
Gambar 2-21

Konfigurasi pin ATmega8535L

Adapun fungsi darj tiap — fiap pin pada ATmega8535L berdasarkan
gambar diatas adalah schagai berikut ;
. VCC
Pin — pin ini merupakan pin catu daya dengan level tegangan + 2.7 — 5.5

Voll DC untuk VCC,

2. GND
Merupakan ground.

3. Port A (PA7 - PAO)
Port A merupakan input analog untuk ADC, jika ADC tidak digunakan
maka port A dapat berfungsi sebagai port /O dua jalur. Port A merupakan
port 140 8 bit yang dapat menyediakan internal pull up resistors dan buffer
pada outputnya mempunyai symmetrical drive characteristics.

= Data Sheel ATmegaB335L, www.atmel.com , atmel AVR corporation, 2003




® %

Jika PAy - PA7 digunakan sebagai input dan internal puil up resistors
dalam keadaan aktif maka external pull low port ini akan mengalirkan

arus.

Sclain fungsi diatas, port B juga mempunyai [ungsi khusus yang lain

seperti berilkout :
Tabel 2.2°
Fungsi Alternatif dari Pin Port A

Pin Fungsi Altematil ]
PA7Y ADC7 ( ADC Input Channel 7 )
PAG ADCH ( ADC Input Channel 6 )
PAS ADCS ( ADC Input Channel 5 )
PA4 ADCA ( ADC Input Channel 4 )
PA3 ADC3 ( ADC Input Channel 3 )
PAZ ADC2 ( ADC Input Channel 2 )
PAI ADXC1 ( ADC Input Channel 1)
PAD | ADCO { ADC Input Channel 0 )

4. Port B (PB7—PBO)
Port B merupakan &i-directional port 1O § bit dengan interrual pull up

resistors, byffer pada output port ini juga memiliki symmetrical drive

" Data Sheet ATmega8535L, www . atmel.com , atmel AVR corparation, 2003
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characteristics. Jika digunakan sebagai input dan jika resistor paulf up

dalam keadaan aktif, maka external pull low akan mengalirkan arus.

Selain fungsi diatas, port B juga mempunyai fungsi khusus yang lain

seperti berikut :
Tabel 2.3%
Fungsi Allernatit dari pin port B
Pin Fungsi Altemnatif
PB7 SCK ( SPI Bus Serial Clock )
PB6 MISO ( 5Pl Bus Master Input / Slave Qutput )
PB5 MOSI [ SPL Bus Master Output / Slave Input )
FB4 85 ( SP1 Slave Select Input )
PB3 AINI { Analog Comparator Negative Input )

OCO ( Time/Counter (¢ Output Compare Match Output )
PB2 AING { Analog Comparator Positive Input )

INT! ( External Interrupt 2 Tnput )

PBI1 T1 { Timer / Counter | External Counter Input )

T0 ( Timer / Counter 0 External Counter Input )

PB(O XCK ( USART External Clock Input / Output )

* Data Sheet ATmegaB5351, www .atmel.com , atmel AVR corporation, 2003
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Port C( PC7-PC0)

Port C merupakan port I/O 8 bit dengan internal pull up resistor. buffer
pada output port ini juga memiliki symmelrical drive characteristics. Jika
digunakan sebagai input, maka external pull low akan mengalirkan arus

Jika resistor pufl up dalam keadasn aktif.

Port D ( PD7 — PDO )
Port [} merupakan port /O 8 bit dengan imternal pull up resistor. buffer
pada output port ini juga memiliki symmetrical drive characteristics. Jika

digunakan sebagai input, maka external pull low akan mengalirkan arus

Jika resistor pudf up dalam keadaan aktif.

Selain fungsi diatas, port B juga mempunyai fungsi khusus yang lain

seperti berikut :

Tabel 2.4

Fungsi Khusus Dari Port D
Pin Alternative Function
PD7 | OC2( Timer/Counter2 Output Compare Match
Output }

PDG ICP1 { Timer/Counter]l Input Capture pin )
PD5 OCI1A ( Timer/Counter| Output Compare A Match

Output )

OC1B (Timer/Counter] Output Compare I3 Match
I . L

# Data Sheet ATmepa535L, www.atmel.com , atmel AVR corporation, 2003




PD4 Qutput )
INT! ( External Interrupt 1 Input )
PD3 INTG ( External Interrupt O Input }
PD2 TXD ( USART Output Pin )
PDI RXD ( USART Input Pin)
oo RXD { USART Input Pin )
7. RESET

Pin ini adalah untuk input RESET

8. KTAL]
Merupakan input untuk oscillator invereing ampiifier dan input untuk cleck
intermal pada operasi rangkaian.

9. XTAL2
Output dari oscillator inverting amplifier.

1 AVCC
Merupakan pin tegangan untuk port A dan ADC. Tegangan ini harus
berbeda dengan tegangan VCC, jika ADC tidak digunakan. Dan jika ADC
dipunakan maka tegangan ini harus disambungkan dengan tegangan VCC
melalui sebuah low-pacs filter.

11. AREF

Merupakan pin referensi untuk ADC
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2.9.3. Organisasi Memori
Organisasi memori pada mikrokontroller A'lmega8535L dibagi
menjadi dua bagian utama yaitu memori program ( Flash Memori ) dan memori
data. Pembagian tersebut didasarkan atas fungsi dari penyimpangan data maupun
progtam. Mikrokontrolier ATmega8535L telah dilengkapi dengan EEPROM yang
digunakan sebagai media penyimpanan data.
Berikut ini adalah penjelasan memori pada Mikrokontroller ATmega8535L :
“ Flash Memory
Mikrokontroller ~ ATmegaR535L  memiliki  8Kb  Sypstem
Reprogrammable Flash Memory untuk penyimpanan data. selama semua
instruksi pada MCU ini menggunakan data 16 atau 32 bit maka Flash
Memory terorganisasi atas 4K x 16, Untuk pengamanan program, Flash
Memory ini terbagi menjadi 2 bagian yaitu Boot Pragram dan Application

Program.

kb FAth Sy
i 2 A
4 E
_._._____._-—_.-—__F_1—"“
::_.._._,_-—'—-_
By Flish fiackn
FFF

Gambar 2-22°°
Map Program Flash Memori

* Data Sheet ATmepaB5351, www.atmel.com , atmel AVR corporation, 2003




@ 31

<+ Dala Memory
Terdapat 608 l;okasi data memori yang dialamatkan pada register
file, O memory dan internal data SRAM, 96 lokasi memori tersebut tetletak

pada register file dan Y0 memory sedangkan sisanva lerdapat pada infernal

deta SRAM,
lispiean ] i Loty b
R T ! FUR
1 T
R S0l
Ei L
M FHE
421 s m —
M . I el e i,
T R
] FIF
=i PR
Sl [T
T -
T i IR E
| e ]
=, 5]
EILER |
[
ey

Gambar 2-23%
Map Program Data Memori
2.9.4, Sistem Reset

Mikrokontroller ATmega8535L mempunyai empat ( 4 ) sumber reset baik
internal maupun eksternal. berikut ini adalah sumber reset dari ATmega8535L :
1.  Eksternal Resct
MCU dalam kondisi resel apabila pin reser pada pin 9 diberikan sebuah
input berupa pulsa low dalam waktu lama
2. Power-On Resel
MCU akan mereset jika tepangan power supply menurun atau berada

dibawah tegangan power-on reset.

7 Data Sheet ATmegaB335., wane.atmel.com , atrmel AVR corporation, 2003
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J.  Waichdog Reset
MCLU akan mereset apabila watchdog timer dalam kondisi emable dan
periodenya telah habis.
4.  Brown-Oul Reset
MCU akan mereset apabila tegangan power supply Ve berada dibawah atau
mendekati tegangan brows-out reset dan ketika defector brown-cut dalam
keadaan enable.
Berikut ini akan menjelaskan sistem logika pe-reyer-an  mikrokontroller

ATmepga®535L :

WA RS

ki

Gambar 2-24%
Logika Reset Mikrokontroller ATmega8535L

2.9.5. Analog Comparator
Analog Comparator ini akan membandingkan harga input pada pin positil’

AING dan pin negatit AIN/. Outpnt analog comparater ( ACO ) akan berada

* Data Shcet ATmepaB5351, www.atmel,corn , atmel AVR corparation, 2003
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dalam Kondisi set jika tegangan positif pada pin AV lebih tinggi dardi pada
tegangan negatif pada pin AINT.

Output Comparator dapat digunakan men-set frigger unluk timer atau
counter. Scbagai fungsi tambahan, comparator juga dapat digunakan untuk men-
set frigger sebuah interrupt secara terpisah. Pada proses intrrupt triggering, user
dapat memilih dua ( 2 ) pilihan yaitu Fall atau Toggle pada setiap kenaikan output

dari comparater. Blok diagram anelog comparator dapat dilihat pada gambar

dibawah ini :
' ) Catgp
HFFFRERSE LE
ARG D I
ACE
ARE |
AnLEG
INTERRL T LD—DW
BELECT RO
A
ARBl ALRN A

TO) TG GRPTURE
TRIGAER LD

ADG N TFLESER
au T

L

Gambar 2-25"
Blok Diagram Analog Comparator
2.9.6. Analog To Digital Converter ( ADC )
Agar dapat mengolah suatu variable fisik yang umumnya berupa besaran

analog maka dibuluhkan suatu komponen yang dapat merubah besaran analog

* Diata Sheet ATmegags351, www.atmel.com , atmel AVR corporation, 2003
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menjadi besaran digital supaya dapat diolah oleh mikrokontroller. Konversi ini
dapat dilakukan oleh ADC yang merupakan konverter analog ke digital.
ADC  internal pada MCU ATmepa8535L ini termasuk tipe SAC
( Successive Approximation ADC ).
Berikut ini adalah fitur — fitur yang dimiliki oleh ADC internal pada MCU
ATmepa 85351 ;
% 10 bit resolusi

+» Wakiu konversi yang singkat vaitu 65 — 260 s

+*
=

*

0.5 LSB Integral Non-Liniarity

R
ll+l-

+ 2 L.5B Abrsolute Accuracy

% 0 — Vee Range Tegangan Input ADC

£l

V=256V

& Single convertion mode
% Resolusi maksimum 15 kSPS
Berikut ini adalah blok skematik system pengkonversian dari ADC internal

Mikrokentroller ATmega%535L. :
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Gambar 2-26
Blok Skematik ADC Internal

Dalam proses konversi ADC, ada heberapa parameter yang perly
diperhatikan karena parameter ini vang akan menentukan mutu hasil dari
pembacaan scbuah ADC, yaitu :

— Kesalahan kuantitatis

—  Ketidaklinieran

Kode tidak lengkap ( missing code |

—  Waktu konversi

Karakteristik yang linicr didekati dengan karakteristik dalam bentuk anak
tangga sehingga timbul kesalahan kuanlitas sebesar setengah dari anak tangga.
Karena tnggi anak tangga adalah sama dengan bil paling rendah ( feast
significant, LSE ) dalam bilangan biner. maka kesalahan tersebut sama dengan ¥

LSB. Kadang-kadang kombinasi bil-bil tertentu tidak tersedin. dengan perkataan

™ Data Sheet ATmepa8535L, www.atmel.cam , atmel AVR corporation, 2003
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lain sebuah tangga dilompati. Kombinasi semacam itu disebut kode yang hilang

( missing code ). Kode hilang tidak akan terjadi bila kesalahan linieritas kurang

dari £} LSB.

Start_[T
EOC n

Gambar 2-27°
Fungsi Linieritas ADC Dalam Bentuk Anak Tangga
Waktu konversi ( convertion time ) adalah waklu vang diperlukan oleh
ADC untuk menghasilkan kode biner yang valid. Waktu konversi maksimum dari

ADC dapat ditentukan dengan rumus sebagai berikut :

L]

T=2 dotk
F

dimana:

T : waktu konverst maksimum

* Data Sheet ATmega®335L, www.atmel.com , atmel AVR corporation, 2003
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n : bit konverter
[: frekwensi clock ADC
R : nilai tahanan pada rangkaian clock ADC
C : nilai kapasilansi pada rangkaian clock ADC
Sedangkan untuk perhitungan resolusi dari ADC adalah sebagai berikut

Fref
(2" 1)

Resolusi =

Dengan:
me = 2,5ﬁ Y

M = bit resolusi

7
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BAB III

PERANCANGAN DAN PEMBUATAN ALAT

3.1. PENDAHULUAN
Pada bab ini akan dibahas mengenai peralatan yany direncanakan dan akan
direalisasikan sebagaimana fungsinya. Adapun perencanaan dan pembuatan alat secara
garis besar terdapat 2 ( dua ) bagian perangkat yang ada yaitu :
# Perencanaan dan pembuatan perangkat keras ( Hardware )
Meliputi penggunaan mikrokontroller, rangkaian sensor suhu, Keypad, dan
LCD serta komponen pendukung lainnya.

# Perencanaan dan pembuatan perangkat lunak { Soffware )

Pada perencanaan perangkat keras akan meliputi seluruh periperal yang digunakan
pada sistem ini. Pada perencanaan perangkat lunak akan meliputi flowchart dan software
secara umum, soffware yang digunakan adalah Aeman Avr Akan tetapi kedua perangkat

lersebut dalam sistem kerjanya akan saling menunjang satu sama lain,

3.2. Perencanaan Blok Diagram
Secara garis besar prinsip kerja alat bagaimana sebuah sistemn alat otomatis dalam
gynogenesisi pada pembibitan ikan yanp bermanfaat dan efisien menggunakean

mikrokontroller ATMEGARS3S,
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Gambar 3-1
Block Diagram Rangkaian

Dani gambar blok diagram diatas, maka dapat dilihat bahwa prinsip kerja dari alat

otomatisasi untuk proses gynogenesis pada pembibitan ikan yang bermanfaat dan efisien

dengan menggunakan Mikrokontroller ATMEGABS35 adalah sebagai berikut -

l. Keypad digunakan untuk memasukkan proses yang akn dioperasikan yang diminta

dan keypad yang digunakan adalah keypae miatrik 4 x 4,

2. Sensor suhn digunakan untuk mensensor suhu air dalam besaran °C pada prosas

shocking yang terjad: pada bak shock guna mengontrol respon panas pada full

heater dan penyetabil suhu.

3. Pengkondisi sinyal merupakan suatu rangkaian pengolah penguatan sinyal

{amplifier) dari hasil perubahan dari sensor subu ke tegangan.
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Pengkondisi sinyal merupakan suatu rangkaian pengolah penguatan sinyal
{amplifier) dari hasil perubahan dari sensor suhu ke tegangan.

Drriver pengaduk yang digunakan untuk menggerakkan motor magnetic stirrer
dimana pada magnetic stirrer menggunakan motor DC dengan kecepatan
tetap atau dapat diatur melalui keypad,

Pengaduk digunakan untuk mengaduk atau mencampur sel sperma dan sel
OV,

Driver sinar ultraviolet digunakan untuk menyalakan neon ultraviolet dengan
sumber teganpgan melalui jala-jala listrik

Driver motor yang digunakan untuk menggerakkan motor pompa dimana
pada motor ini menggunakan motor AC.

Pompa ini digunakan untuk meratakan kondisi suhu air agar merata pada
bagian pada bak shocking,

Driver Heater yang digunakan untuk mengontrol pemanas dimana pada
pemanas ini menggunakan full heater.

Full heater adalah heater untuk mempercepat pemanasan air pada bak
shoking.

Driver Heaterl yang digunakan untuk mengentrol pemanas dimana pada
pemanas ini menggunakan stabilizer heater.

Stabillizer Heater adalah heater untuk menstabilkan subu air dengan
perubahan panas yang sangat lambat dibandingkan dengan full heater.

LCD digunakan untuk menampilkan informasi alat yang dioperasikan dari

user dan waktu yang ditampilkan dan yang diminta oleh user.
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14. Unit kontrol yang digunakan adalah IC mikrokontroller ATmega8535L.
Mikrokentrol ini memiliki ADC yang telah tertanam didalamnya sehingga
tidak memerlukan sebuah rangkaian ADC luar dan hasil akhimya adalah

rangkaian minimum sistem akan terlihat lebih praktis.

3.3, Primsip Kerja Alat.

Pada mulanya alat ini mempunyai dua fungsi yang pertama untuk penyinaran
dan shocking (pengejut) suhu. Pertama kali yang digunakan adalah alat penyinaran
dengan sinar UV dengan pengoperasian terlebih dahulu masukkan data waktu melalui
keypad dan disimpan pada memory internal pada mikrokontroler, Setelah sel sperma
dan sel ovumn diletakkan pada cawan kemudian diletakkan pada pengaduk dalam
kotak peyinaran, dan tekan start untuk memulai pengadukkan dan penyinaran selama
seting waktu yang dimasukkan dengan hitungan mundur setelah setelah mencapai nol
maka penpadukan dan penyinran selesai. Dengan data penghitungan akan

ditampilkan dalam LCD display.

Setelah proscs  diatas selesal maka dilanjutkan dengan proses shocking
(pengejutan) suhu, dengan prosedur yang sama masukkan data waktu dan set suhu
pada suhu 40°C dengan tampilan pada LCD display. Pada saat alat kedua diaktifkan
maka alat full heat, stabilizer heat, motor pompa akan aktif. Setelah suhu mencapai
40°C, alat dinyatakan siap untuk shocking suhu sel sperma dan sel ovum dengan
penghitungan siap dimulai, Pada saat kondisi 40°C sudah dicapai full heat menyala

secara berkala untuk menyetabilkan subu dengan sensor suhu maka kondisi subu air
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dapat dideteksi. Dengan perhitungan mundur bila sudah mencapai hitungan 0 maka
alat dinyatakan selesai dan benih diangkat kemudian dipindahkan ke wadah

pemijahan dan siap ditetaskan.

3.4, Perancangan Perangkat Keras ( Hardware )

Dalam Skripsi ini, perancangan alat otomatisasi pembenihan ikan nita dengan
menggunakan Mikrokontroller ATmega8535L scbagai pengontrol utama. dan

menggunakan komponen-komponen lain sebagai komponen pendukungnya.

3.4.1 Perencanaan Rangkaian Mikrokontroller ATmega8535L
3.4.1.1. Perencanaan Rangkaian Clock

Mikrokontroller ATmega8535L memiliki internal clock pada pin 12 (XTAL2)
dan pin 13 (XTAL1) yang berfungsi sebagai sumber efock, dan diperlukan rangkaian
tambahan untuk membangkitkan elock tersebut.

Dalam sistem ini digunakan 2 (dua) buah kapasitor sebesar 10 pF dan kristal

12 MHz, dan gambar rangkaian clock dapat dilihat pada gambar 3-2 dibawah ini:

S [

- B
o]
i zhD

Gambar 3-2

Perencanaan Rangkaian Clock ATmega8535L
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3.4.1.2. Perencanaan Rangkaian Reset
Untuk melakukan resef sistem pada mikrokontroller dapat memanfaatkan pin

reset. Pin tersebut dihubungkan dengan rangkaian rese! eksternal yang ditunjukkan

dibawah ini:

Voo

i l 51
=Il:_'9‘
=H EW-re

—10 ol T
RET

1
10K

ey

Gambar 3-3
Rangkaian Reset Eksternal

Selain menggunakan rangkaian resef eksterngl, pe-reset-an pada MCLI
ATmega8535L juga dapat dilakukan dengan infernal reset yang terdiri dari tiga
MACAM CATE Vaitu :

*  Power-On reset
Mikrokonttroller akan dalam keadaan reset jika tegangan power supply berada
dibawah tegangan ambang Power-on resct.

*  Watchdog reset
Mikrokonttroller dalam keadaan me-reses jika periode Warchdog timer

berakhir dan Warchdog dalam kondisi enable.
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*  Brown-out reset
Mikrokonttroller akan dalam keadaan reser jika tegangan power supply berada
dibawah tegangan ambang Brownout reset dan detector Browm-out dalam

kondisi enable,

3.4.1.3. Perencanaan ADC
Konverter analog ke digital yang digunakan dalam Skripsi ini adalah ADC

internal dari Mikrokontroller ATmega8535L. ADC internal pada mikrokontrol
terdapat pada PAD — PA7. ADC ini merupakan type ADC & bil.
Untuk Operasi normal ADC dibutubkan tegangan referensi dengan jangkauan inpur
analog mulai dari 0 — 5V.

Karena tegangan yang diukur berubah-rubah maka diharapkan resolusi ADC
harus sangat kecil, ADC internal mempunyai Ve = 2.56 V. Sehingga tingkat resolusi

ADC internal dapat diketahui schagai berikut :

Resolusi = e
(2" -1)
Resolusi = %
(Z" =1
Resolusi =
(256-1)

Resolusi= 0019V
Resolusi =20 mV

Dengan kapasitor scbesar 100nF dan resistor Sebesar 10k(2 pada rangkaian internal

clock, maka frekuensi dapat dihitung sebagai berikut ;
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(LIxRC)

5 1
(L1x10.10° x100.107%)

F=909.1 Hz
F =1{,9091 KHz

Besarnya wakiu konversi maksimum dapat dihitung sebagai berikut :

) O
F
i
T=_2
909,]
= 1024
9091
T = 1,126 detik

ADC internal ATmegaB535L merupakan ADC 8 bir sehingga didapat nilai ADC
dalam kondisi sebagai berikut :

Nilai ADC =2"-1
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3.4.1.4. Perencanaan Penggunaan Port Pada Mikrokontroller ATmega8535L
Mikrokontroller ATmega8535L. merupakan mikrokontroller jenis AVR
produksi dari Atmel yaitu sebuah chip IC yang terdiri dari 40 pin. Berikut ini adalah

gambar perencanaan penggunaan port pada mikrokontroller AT8535L
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FRITIY P (ADCT | }
FEIANT KA baz AT ) " vy Gk

oo e el
o AWCT
XTALZ BCT (T-08CH
TALL P (O
OB (RN

B
3
Bazaz

ik
e
ELLEER]
3z7
BEE

it 21— e g

Gambar 3-4
Perencanaan Rangkalan Mikrokontroler

3.4.2. Perencanaan Rangkaian LCD

Untuk tampilan dipergunakan LCD Dot Matrik 2 x 16 karakter. Sinyal-sinyal
yang diperlukan oleh LCD adalah RS dan Enable, sinval RS dan Enable
dipergunakan sebagai imput yang outputnya dipakai untuk mengaktifkan LCD, LCD
akan aktif apabila mikrokontroller memberikan instruksi tulis pada alamat LCD. Saat
kondisi RS don't care dan Fnable “0", maka LCD tetap pada kondisi semula,
pengiriman data ke [.CD dilakukan saat RS berlogika “0” dan Enable berlogika “17,
Instruksi dikirim pada LCD bila keadaan RS “1™ dan Enable “1”,

Gambar rangkaian LCD ditunjukkan pada gambar sebagai berikut :
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Gambar 3-4
Perencanaan Rangkaian LCD

3.4.3. Keypad
Untuk rangkaian keypad menggunakan 4 x 4 yaitu 4 baris dan 4 kolom. Keypad
ini digunakan sebagai inputan untuk operasi jumlzh bensin yang diinginkan { dalam

liter ). Keypad yang digunakan jenis keypad 4 x 4 seperti yang diperlihatkan pada

gambar berikut ini :
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Gambar 3-5
Rangkaian Keypad Matrik 4 x 4

3.4.5. Perencanaan Ranghkaian Pengkondisi Sinyal

Pengkondisi sinyal ini digunakan untuk menguatkan keluaran dari sensor suhu
LM35 dengan outputan sebesar 10mV/°C dengan range suhu -55°C sampai 150°C,

Rangkatan ini terdapat buffer dan penguat monm imverting (tak pembalik), jenis




Op-amp yang digunakan yaitu 1C dengan tipe LM358 dimana dalam satu 1C terdapat
dual Op-amp.

Gambar rangkaian pengkondisi sinyal vang dipunakan untuk menguatkan

tegangan output sensor suhu seperti gambar dibawah ini:

Gambar 3-6
Rangkaian Pengkondisi Sinyal
Pada Op-amp pertama menggunakan Penguat buffer digunakan untuk menyangga
tegangan agar tidak terjadi penurunan tegangan dengan penguatan ;

p
LA T
i

Dengan kenaikan 10mV/°C maka dapat dicari nilai Rref sehagai pembanding dalam
penguatan !

Rf ...
Vo =(1+—=)E
e =+ R!] 1
Karena inputan pada ADC memerlukan 40 mV perstep maka;
20mi =(1+ m?]ll‘.}mb’

20mp =10my + VRS
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20mF —10mF = Lﬁ:;ﬂ

10ml =0.0001mV . Bf

Rf =1k
Range sensor LM35 1 -55°C sampai dengan 150°C
Range operasi alat ukur : 25°C sampai 40°C

Karena hasil dari besaran temperatur besaran listrik masih dalam bentuk
sinyal-sinyal analog, maka supaya dapal dibaca oleh mikrokontroler harus
menggunakan pengubah sinyal analog ke digital/ ADC

Tegangan keluaran yang diberikan sensor dan dikuatkan ketika proses
pendeteksian temperatur adalah:

Vout = Temp x 20mV/°C
Dengan :
Vout = 40 x 20mV/*C

Vout = B00mV/C

3.4.5, Perencanaan Rangkaian Driver Stabilliser Heut

Drver Stabilliser Heat merupakan rangkaian yang menggunakan Optotriac
sebagai pemisah dua calu daya yang berbeda bentuk sinyalnya yang pertama dengan
catu daya DC dan yang kedua AC. Dalam penggunaan pompa air menggunakan triac
dikarenakan motor pompa menyala dengan berkala, bila menggunakan relay akan

mudah rusak diakibatkan karena proses swiiching yang menimbulkan spark (bunga

api).
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Gambar rangkaian driver Stabilliser heat guna pengontrolan Aeater dengan

pemanasan penuh seperti gambar dibawah ini-
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Gambar 3-7

Rangkaian Driver stabilliser heat

Dalam perencanaan ini fungsi optotriac digunakan untuk mengisolasi antara kontrol
catu daya DC dan AC. Penggunaan kontrol optotriac menggunakan MOC3021
dengan dihubungkan dengan 5V dengan kondisi aktif fow (0) pada kaki
mikrokontroler,

Dengan demikian dapat dicari untuk tahanan LED dengan catu daya ¥, = |
Vdan [,,=20mA schagai berikut;

R, = Yee Vi

M

5=1

R, == —
T 0m

R, =200 Q atau 220Q

Pada saat LED pada optotriac berlogika kigh (1) tegangan AC (¥,.) yang
mengalir sebesar 220V dan Arus gote pada Triac {1, ) scbesar 0,5 A, maka dapat
dicari besar tahanan R sebagai berikut:

P’ -
R Ak
B 2201

A

:—]--
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R, =220Q1W

Jadi untuk pemasangan R terpasang 220 ) dengan daya 1 W

3.4.5. Perencanaan Rangkaian Driver Relay dan Switcing Motor DC

Driver sinar Ultraviolet, stabillizer heat, dan motor pompa merupakan
rangkaian dengan menggunakan IC ULN2003A yang difungsikan sebagai saklar,
Relay akan aktif apabila ada owsput dari ULN2003A berupa logic high atan “17.
Sedangkan motor pengaduk menggunakan catu daya DC 12 V langsung ke TULN2003
sebagai pengontrol swicthing. Sinyal penggerak driver relay dan switching motor DC
ini adalah keluaran dari port

Rangkaian driver relay dan motor DC yang digunakan untuk mengendalikan

alat tersebut adalah sebagai berikut :

Gambar 3-8
Rangkaian Driver ULN2003
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Untuk perhitungan R pada indikator dimana LED memeriukan /,_ = 20mA dan Vi
=1V

Sebagai berikut:

e Froo— Vi

"rl:-.l'

-1

fet 20m

R, =200 £ atau 220 Q

3.6. Perancangan Software

Agar sistem dapat bekerja dengan semestinya maka diperlukan software
(perangkat lunak ) menggunakan AtmanAVR V5.5 yang akan mengatur kerja dari

keseluruhan sistem.

Urutan kerja dalam penggunaan program Atman AVR V5.5 dapat dijelaskan

sebagai berikut :

1. Install Program Aiman AVR V5.5 beserta Up date nya

2. Buka Program Atman AVR V5.3
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Gambar 3-9
Layar kerja Atman V3.5

3. Buka Toolbar File Pilith New enter
- Pilih AVR Wizard(exe)

- Isi Project Name tekan OK

O+ Wizmid b ol]
Tt Wicanlear] Lapaliss;

Alank i W
B Pl niseiy |

¥ Laate new warknpaer
A b pur g ATk R At

[ox ]
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Gambar 3-10
Lavar kerja New Atman V3.5
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4. Kemudian pada Project wizard step 1 of 10 Pilih chip, prescale dan clock

yang digunakan

P
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Gambar 3-11
Layar kerja Projectwizard step 1 of 10 Atman V5.5

5. Kemudian pada Project wizard step 2 of 10 Pilih Pin 'O yang digunakan

sesudi penggunaan
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Crambar 3-12
Layar kerja Projectwizard step 2 of 10 Atman V5.5

6. Kemudian pada Project wizard step 5 of 10 Pilih enable jika ADC digunakan
dan tampil pilihan:
- Pilih duto trigeer kemudian free ruaning scan input scbagai pin kaki
microcontrolier yang digunakan sebagai inpit 4DC
- Pilih High Speed dan pilih speed frequency yang digunakan

- Pilih Folrage reference dengan memilih internal 2,56 V
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Gambar 3-13
Layar kerja Projectwizard step 5 of 10 Atman V5.5

Kemudian pada Project wizard step 10 of 10 Pilih LCD Port yang digunakan
akan tampil ;
- Columns pada LCD pilih 16 jika LCD vang digunakan LCD 16
Cofumn.

- Lines pada LCD pilih 2 jika LCD vang digunakan LCD 16 fine.
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Gambar 3-14
Layar kerja Projectwizard step 10 of 10 Atman V5.5

8. Kemudian siap menuliskan program
9. Untuk mengecek penulisan program pilih Bwild pada toolbar Jika laporan

pada build 0 errort2), ! warning(s) berarti tdk ada kesalahan
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Gambar 3-15

Layar kerja Program Atman V3.5




Urutan kerja dan keseluruhan sistem dapat dijelaskan dalam flowchart sebagai berikut

Diagram Penyinaran Ultraviolet
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BABIV

PENGUJIAN ALAT

Untuk mendapatkan hasil yang maksimal setelah melakukan perencanaan
dan pembuatan alat, maka perlu dilakukan pengujian terhadap alat yvang telah
dibuat. Pengujian pada alat ini dibagi menjadi dua bagian, yaitu pengujian mntuk
kerja perangkat keras dan pengujian keseluruhan. Pengujian ini bertujuan untuk
mengetabui apakah alat yang telah dibuat dapat berkerja sesual denpan yang
diinginkan Bagian —bagian yang perlu diuji pada alat ini meliputi :

1. Pengujian kerja perangkat keras
¢  Pengujian IC M35
» Pengujian penguatan non inverting dan buffer
« Penpujian driver Heater Full, motor pompa AC, Ulrraviolet
« Penpujian driver Heaier Stabilleser
e Pengujian driver Motor Stirrer,
= Pengujian Timer
2. Pengujian Alat terhadap hasil Pembenihan Tkan
4.1. Pengujian IC 1.M35
4.1.1.Tujuan

Sensor suhu menggunakan 1C LM 35 dugunakan unutk memonitoring
perubahan suhu vang terjadi pada bak shocking suhu selama 90 defik. Perubahan
sensor suhu adalah 10 mV/°C dimana dengan batasan antara range suhu -35°C

sampai dengan [50°C.
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4,1.2. Peralatan yang digunakan
1. Catu daya supply 5V
2, Termometer
3. Sensor subu IC LM35
4.1.3.Langkah-langkah Pengujian
1. Menyambungkan sensor suhu pada pin 1 dihvbungkan dengan sumber
tegangan, Vout dihubungkan dengan multi meter dan pin 3 dihubungkan

dengan God

vCC Multimeter

Gambar 4-1
Rangkaian Pengujian Sensor 1IC LM35
2. Meletakkan thermometer sebagai pembanding.
3. Memanaskan sensor suhu

4. Hasil pengujian sensor suhu IC LM 35 gdalah sebagai berikut :

Tabel 4-1
Tabel pengukuran subu dan tegangan pada sensor LM 35
Tampilan Suhu
NO Vdc |  LCD
Thermometer display
1] 25 24.5 25
2| 26 255 26




® .
Lyel,

8| 27 265 27
4| 28 27.5 28
5| 29 285 29
6| 30 295 30
7|9 30.5 31
8| 32 31.5 32
9| 23 325 33
10| 34 335 34
11| 35 | 345 35
12| 36 35.5 36
13| 37 36.5 37
14| 38 375 38
15| 39 385 ag
16| 40 395 40

Garmbar 4-2
Tampilan Subo pada LCD

Dari data pada tabel pengamatan denpan termometer dan dengan L.CD
display menggunakan IC LM35 didapat persentase Error adalah sebagai benikut :

25-24.5
25

Y Erray = x| 005

92 1100%
25

=2 %
% Ketelitian = 100%g - % krror
= 100% - 2 %

= 98%
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4.1.4. Kesimpulan
Suhu yang ditampilkan pada LCD dan dibandingkan dengan termometer
mempunyai tingkat prosentasi ketelitian sebesar 98% dan prosentasi kesalahan

sebesar 2%

4.2 Pengujian Penguat Non fnverting dan Suffer.
4.2.1. Tejuan

Pengujian pada penguatan mor  imferting  sangat  diperlukan  guna
menguatkan tegangan rendah yang dihasilkan oleh sensor suhu agar dapat
direspon oleh ADC infernal pada mikrokontroler.

Untuk pengujian buffer berguna untuk menyangga tegangan hasil dari
sensor suhu tidak drop atau turun akibat dari hambatan dalam pada rangkaian

karena sangat berpengaruh pada penguatan.

4.2.2. Peralatan yang digunakan
1. Sensor suhu IC LM 35
2. Multimeter Digital
3. Catu daya DC 5 volt.

4. Thermometer

4.2.3. Langkah Pengujian
{. Membuat rangkaian TC ULN2003A schagai saklar relay seperti gambar

berikut:




V3

e

Gambar 4-3
Rangkaian Penguat Buffer dan Non Inverting Sensor [C LM35

. Menghubungkan IC LM 358 ke sumber legangan 5 VDC

. Memanaskan sensor subu.

. Mengukur tegangan pada titik V1,2, dan V3

. Hasil pengujian rangkaian penguat nor drverting dan buffer adalah sebagai

beriloat:
Tabel 4-2
Tabel hasil percobaan 1/0 LM 358
Perhitungan pada /O | Pengukuran pada /O
LM358 LM358

NO | Subu I—=m—T"vo [ va | Vi | V2 | V3
(Volt) | (Volt) | (Volf) | (Volt) | (Volt) | (Volt)

1 25 0.2 0.2 0.24 0.2 0.201 0.244
2 26 0.201 0201 0.28 0,201 0.202 | 0.285
3 27 !fl'.;m 0202 0.32 .202 0,203 0.324
4 28 0.203 | 0.203 0.36 0.203 .204 0.367
5 | 20 [ 0204 | 0204 | 04 | 0204 | 0205 | 0.408
6 30 | 0205 | 0205 | 044 [ 0.205 | 0206 | 0.449
| 31 | 0206 | 0206 | 048 | 0206 | 0207 | 049
8 32 02407 D207 0.52 0.207 0.208 0.531
9 33 | 0208 | 0208 | 056 | 0208 | 0209 | 0.572
10 3 0.209 0.209 0.6 0.209 0.21 (rLal3

11 35 | 021 | 021 | 084 [ 021 | 021 | 0.654 |




12 36 0.211 | 0.211 0.68 0.211 | 0211 | 0.695
13 37 0212 | 0.212 0.72 0.212 | 0212 | 0.736
14 38 0213 | 0.213 .76 0.213 | ©.213 | 0.777
15 39 0214 | 0214 0.8 0214 | 0.214 | 0.818
16 40 0215 | 0215 0.84 0215 | 0215 | 0.859

vutpet non inverting dengan menggunakan 1C LM338 didapat persentase Error

adalah scbagai berikut :

Gambar 4-4
Tampilan tegangan owiput setelah penguatan pada multimeler

Gambar 4-5
Tampilan tegangan input sebelum penguatan pada mullimeter

Dari data pada tabel tegangan penguat output huffer dan tegangan
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1. Error pada penguat huffer

_ 0.201-0.200
0.200

% Error x1 00%

_ D.Dﬂ'l_ﬂ 00%
0.200

=0,5%

% Ketelitian = 100% - % Error
=100%-0.5%
=099,5%

2. Error pada penguat non inverting

_ 0244-0.240 4
0.240

100%

% Error

_ 0.004
0240

x100%%

=1.67%
24 Ketelitian = 10800 - %o Error
= 10{Pa- 1.67%

=98 3%

4.2.3. Kesimpulan

Dari data dan keterangan diatas bahwa penguat non frverling dapat
menguatkan sinyal dengan daya tidak melebihi sumber tegangan dan buffer
berfungsi untuk menyangga tegangan agar lidak terjadi penurunan tegangan akibat
beban dari komponen lain. Pada penguat buffer mempunyal prosentase tingkat

kesalahan schesar (5% dan prosentase tingkat ketelitian schesar  99,5%.

67
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Scdangkan untuk penguat non inverting tingkat kesalahan sebesar 1.67% dan

prosentase tingkat ketelitian sebesar 98.3%.

4.3. Pengujian IC ULN2003A Sebagai Driver refay
4.3.1, Tujuan
Pengujum driver relay bertujuan untuk mengetahui IC ULN2003A vang

berfungsi sebagai driver relay untuk heater full, lampu ultraviolet

4.3.2. Peralatan Yang Digunakan
1. Heater full, Ultraviolet,
2, Rangkaian IC ULN2003A sebagai driver relay
3. Multimeter,
4. Catu daya DC 35 volt dan 12 volt.

5. Catu daya AC 220 volt

4.3.3. Langkah-langkah Pengujian
1. Membuat rangkaian IC ULN2003A sebagai saklar relay seperti gambar

berikut
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Gambar 4-6
Rangkaian pengujian Driver relay

. Menguhubungkan rangkaian IC ULN 2003A schagai driver relay ke catu
daya 12 Volt DC.

. Menghubungkan relay dengan catu daya 220 Volt AC.

. Memberikan logika controd berupa logika Aigh dan logika fow pada input
rangkaian IC ULNZ2003A.

. Hasil Pengujian rangkaian driver relay adalah sebagai berikut




Tabel 4-3
Data Hasil Pengujian [C ULN2003A Sebagai Driver Refay

Vingua Vo
(Volt) (Volt) Kondisi relay
Perhitungan | Pengukuran
5 )} 0,12 OFF
0 ‘ 12 116 ON

Gambar 4-7

Cambar 4-8

Gambar 4-9
Tampilan pada waktu U/} dan Motor Stirrer bekerja pada LCD




Gambar 4-10
Tampilan pada wakiu U7V bekerja pada LCD

[rari daa pada tabel tfepangan output driver heater dengan
menggunakan IC ULN2003 A didapat persentase Error adalah sebagai berikut :

_12-116

Yo Error 1 00%
= Exl[}ﬂ%
12
=33%

% Ketelitian = 100% - %0 Error
=100%-33%
=96,7%
4.3 4. Kesimpulan
Dar1  keterangan diatas dapal disimpulkan bahwa [C ULN2003A
merupakan driver relay yang dapat digunakan mengontrol swiching, tergantung
pada logika imput vang diberikan dengan tingkat kesalahan sebesar 3.3% dan

tingkat ketelitian 96,7%.
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4.4. Pengujian Driver Heater Stabilliver
4.4.1. Tujuan

Pada penggunaan driver Motor AC bertujuan untuk meratakan sirkulasi
suhu air pada saat shocking selama 90 detik. Jadi pengontrolan kecepatan dapat

diatur mengunakan keypad dan yang diatur adalah delay program.

4.4.2 Peralatan yang digunakan
1. Ranglkaian Diriver Friae
2. Multimeter.
3. Catudaya DC 12 volt,
4. Catdava AC 220 volt
J. Heater
4.4.3.Langkah Pengujian
1. Membuat rangkaian Driver Triac sehagai saklar refay seperti gambar

berikut :

V1 V2 V3

Gambar 4-11
Fangkaian pengajian Driver Heater Stabilliser
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2. Menghubungkan masukan pada V1 dengan memberi tegangan 5VDC

3. Mengubungkan masukan pada V3 dengan memberi tegangan 220VDC

4. Menghubungkan titik-titik V1,V2 dan V3 pada multimeter

5. Memberikan logika controf berupa logika Aigh dan logika fow pada input
rangkaian IC ULN2003 A

6. Hasil Pengujian rangkaian driver relay adalah sebagai berikut:

Tabel 4 - 4
Data Hasil Percobasan driver Triac

No Perhitungan | Pengukuran
Arus{A) | Arus(A)
1 1 06

Dari data pada tabel tegangan output triac dengan menggunakan Q4004
didapat persentase Error adalah sebagai berikut ;

% Errar = l'f*ﬁxma%

= Di—4.r1ﬂﬂ%

= 40%
%e Ketelitian = 100% - % Error
= 100% - 40 %

= 60%

d.4.4. Kesimpulan
Pada pengaturan suhu agar stabil menggunakan (riac karena pada

swicthing yang terjadi saat logic High (1) dan Low {0) pada pengeanaan swicting
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swicting saal aman menggunakan triac dibandingkan dengan relay. Dengan

Prosentasi error 40% dengan ketelitian 60%.

4.5. Pengujian 1C ULN2003A Scbagai Driver Motor Stirrer DC
4.5.1.. Tujuan
Pengujian driver motor Stirrer bertujuan untuk mengetahui IC ULN2003A

yang berfungsi sebagai driver stirrer {pengaduk) sperma dan ovum

4.5.2. Peralatan Yang Digunakan
. Motor DC
2. Rangkaian IC ULN2003 A sebagai driver motor
3, Multimeter.

4. Catudaya DC 5 volt dan 12 volt.

4,5.3. Langkah-langkah Pengujian
I. Membuat rangkaian 1C ULN2003A sebagai saklar motor seperti gambar

berikut :
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Gambar 4-12
Rangkaian pengujian Motor Stirrer

2. Menguhubungkan rangkaian IC ULN 2003A sebagai driver motor ke catu
dava 12 Valt DC.

3. Memberikan logika camtrel berupa logika high dan logika low pada input
rangkaian IC ULN2003A.

4. Hasil Pengujian rangkaian driver motor adalah sebagai berikut

Tabel 4-5
Data Hasil Pengujian IC ULN2003A Sebagai Driver motor
Viﬂ-ﬂ"! Vﬂ-ul
(Volt) (Volt) Kondisi mator
Perhitungan | Pengukuran
5 0 0,12 OFF
0 12 11,6 ON




{rambar 4-13
Tampilan pada waktu shocking suhu siap bekerja pada LCD

Gambar 4-14
T'ampilan pada wakin shocking suhu bekerja pada LCD

Dari data pada tabel tegangan output driver motor dengan

mengpunakan IC ULN2003A didapat persentase Error adalah sebagai beriku -

% Error = 12 -11 L6 x100%:

= p’—q_ﬂ D0%
12

=33 %
% Ketelitian = 100% - % Error
= 100% - 3.3 %

=2 gﬁ‘_'f%
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4.5A. Kesimpulan

Dari keterangan diatas dapat disimpulkan bahwa IC ULN2003A
merupakan driver motor yang dapat digunakan mengontrol swicthing, terzantung
pada logika iput yang diberikan dengan tingkat kesalahan sebesar 3.3% dan

tingkat ketelitian 96,7%.

4.6.Pengujian Timer
4.6.1. Tujuan
Pengujian timer ini bertujuan agar pewakiuan dalam proses pembenihan

dapat tepat sesuai dan tidak melewati batas waktu vang telah ditentukan. Jika
kurang atau lebih waktn yang telah ditentukan akan mengakibatkan cacat atau mati
pada bibit ikan tersebut.
4.6.2, Peralatan yang diperlukan

1. Sistem pewaktuan Alat yang dinjikan

2. Stop Watch
46,3, Langkah Pengujian

1. Stanby kan pewaktuan pada kedua alat

2. Tekan tombol start secara bersamaan

3. Hasil Penpwjian timer adalah sebagai berikut:

Tabel 4 -7
Data Hasil Pengujian Timer pada Pembenihan

: Pengukuran
No| Yomdel o oipwetih | Alat pembarian
1 Penyinaran Uy 9 meenit 9 menit
2 Molor Stirrer 2 menit B menit
3 | Shocking suhu a0 detik | 892 datik




Dan data pada tabel Temer didapat persentase Error adalah sebagai

berikut ;
1. Penyinaran UV
% Eror = EJcl 00%
60
= 0x100%
=0%

% Ketelitian = 100% - % Error

=100%-0 %
= 100%
2. Mator Stirrer
Y Error = ixlE."D'“".;fa
60
= Ox100%%
=0%

%o Ketelitian = 100% - %s Error

=100%-0%
= 100"
3. Shocking suhu
%% Error o 228 x100%
o)
= i,uf]':llfl*-}fm
o0

=22%




%o Ketelitian = 100% - % Error

=100%- 2,2 %

=478%

4.6.4, Kesimpulan

Dan data diatas fimer yang digunakan pada alat pembenihan mcliputi
penyinaran UV dengan prosentasi kesalahan 1.85% dan ketelitian 98,15%.
Kemudian Motor stirrer prosentasi ketelitian 100% dan Shocking suhu prosentasi

kesalahan 2 2% dan ketelitian 97 8%.

4.7. Pengujian Alat terhadap hasil Pembenihan [kan
4.7.1. Tujuan

Dalam pegujian alat ini bertujuan agar dapat meningkatkan hasil
pembeniban dengan cara meningkatkan hasil lorva normal dan menekan hasil
furva yang cacat. Dan dapat mengifisienkan cara pengerjasn dalam proges

pembenthan.

4.7.2. Peralatan yang diperlukan
1. Alat pembenihan secara menyeluruh
2. Kompor
3. Cawan
4. Sperma dan Ovam

5, NaCl
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4.7.3. Langkah pengujian
Dalam pengujian ini ada beberapa tahap yang perlu divjikan dan harus sesuai

dengan ketentuan-ketentua dibawah ini:

telur

ﬁhs&k: dihﬂrl
kemnmmsw ;

| Cselama 1.5,
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Hasil pengujian alat terhadap pembenihan secara menyeluruh adalah sebagai

berikut:

Tahel 4 -7

Data Hasil Pengujian Alat terhadap Pembenihan

Alat Manual Alat Otomatis
NO | Jumiah | Larva | Larva | Jumiah | Larva | Larva
Sampel | Normal | Cacat | Sampel | Normal | Cacat
1 225 42 4 228 47 Z
2 212 28 3 210 40 1

Dari pengujian alat secara manual dan secara otomatis didapat nilai pada

tabel diatas dapat dicari nilai prosentasi masing larva nomal dan larva cacat

sebagai berikut:

1. Alat manual

a. Yelarva Mormal

SoLarva Cacal

h. %l.arva Normal

Belarva Cacat

2, Alat Otomatis

42

4

—— x100%
2235
18,6%

—x1 (%
225

=0,9%

39

= — 4l
2]2" 0%a

=18.3%

= -—"Lx] %%
212

= 1,4%




@ 82

a. %larvaNormal = ﬂxlﬂﬂ%

213

1

20,01%

2
r ]
_223x 0%

%oLarva Cacat

=0.8%

ﬂ-::cll‘.l'li'.“‘}‘ﬁ
210

i

b, %ol arva Normal
=19 0%

2
%ula Cacat = —x]00%
rva Caca Elﬂx 0%

=0,9%

Tabel 4 -7
Data Hasil Persenlase keberhasilan Alat terhadap Pembenihan

.. %Alat Manual | %Alat Otomatis
NO | Larva Larva Larva Larva
Normal | Caecat J Mormal | Cacat

1 | 1845 | 115 | 195 | o085

4.7.4. Kesimpulan
Dalam pengujian diatas bahwa alat otomatis cenderung dapat menekan jumlah
larva cacat daripada alat manual sebesar (,85% dan meningkatkan jumlah larva

normal daripada alat manual sebesar 19,5%
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PENUTUP

5.1. Kesimpulan
Dari hasil perancangan dan pembuatan serta pengukuran alat yang telah
dilakukan, dapal disimpulkan bahwa

¢ Suhu yang ditampilkan pada LCD dan dibandingkan dengan termometer
mempunyai tingkat prosentasi ketelitian sebesar 98% dan prosentasi kesalahan
sebesar 2%

* Pada penguat buffer yang digunakan Uniuk menyangga tegangan metnpunyai
prosentase tingkat kesalahan schesar 0.5% dan prosentase tingkat keteliian
scbesar 99.5%. Sedangkan untuk penguat non inverting dengan penguatan 72X
mempunyai tingkat kesalahan sebesar 1,67% dan prosentase tingkat ketclitian
sebesar 98,3%.

* Penggunaan IC ULN2003A untuk driver relay yang dapat mengontrol swiching
pada relay dan driver motor stirrer mempunyai tingkat kesalahan sebesar 3,3%
dan tingkat ketelitian 96,7%.

* Pada pengaturan kecepatan motor sangat tepal menggunakan triac karena pada
swiching dengan Prosentasi error 40%, dengan ketelitian 60%.

* Timer dapat disimpulkan yang digunakan pada alat pembenihan meliputi
penyinaran UV dengan prosentasi kesalahan 1,85% dan ketelitian 98,15%.
Kemudian Motor stirrer prosentasi ketelitian 100% dan Shocking suhu prosentasi

kesalahan 5,5% dan ketelitian 94, 5%.




Lampiran A

Skema Rangkaian




F ! _
o NN 0 AT S LB o
LR PFL | bl ®
[ a
p—— P . - W SO - 5 ’
s | |
= |
15 e n
Al 23
2
i a_m o
=2l 2 .
#EFT i _
BERT = .
L 2 iEL

L

(= bt |

......




_ : 1§ B
- o -
¥ pag| =S o
I
S HE
L
SR
|t
L5 s | o
il b=t .
Yi -
Aisy it
Tl N el |
" |“|- . .
FEEMH ¥ .
T 138 ik | “_“H. iy i
gl ] o | E—— i i
A 2 1at E_ o




L




I [

T

122p3R2R5REEELEEDNEE




Lampiran B

Listing Program




Syntac Program Mikrokontroler ATMEGAB335

/HLCDBbit ¢ : source file for the LCD8bit project
i

#nclude "LCDBbit.h"

#include <delay h=

L L T A
fILCDEbit

#defined in PINB;

unsigned char adcval;
unzigned char out;

static void io_init(void)
{
I {WIZARD MAP(General)
J/YWIZARD MAP(General)

H{{WIZARD MAP(I/O Ports)
)/ PortA

PORTA = 0x0:
DDRA = Oxff;
Jf PortB

PORTB — Ox(T;
DDRB = 0x0;

i PoriC
PORTC = 0x0,
DDRC =0xft:
A PortD
PORTD = 0x0:
DDRD = (Oxff:

//}YWIZARD MAP(I/O Ports)

H{IWIZARD MAP(Watchdog)
{ Watchdop Disabled
wdt_disable();

HHIWIZARD MAP(Watchdog)

HIHTWIZARD MAP{Analog Comparator)
{ Analog Comparator Disabled
ACSR = Ox&0;




T} }WIZARD MAP(Analog Comparator)

ADMUX=0x00:
ADCSRA-0xed;

}

ISR{ADC vect)
{

adcval = ADCW,
}

I,I'*##*#ﬂ#i**t*‘*###ttt*tﬂi

* RUTINDELAY LCD */
J|I'!1#?#***###*####*######;
static void leddelay(void)

{

fi chari;

/it for (i=1i<=250;1++){}

delay(100.4);
)

void writetoled(char n, char di)

i
/I LCD RS=n;

if (n==0)chi(PORTD 6}
if (n—1)sbi(PORTD.6):

outh{ PORTC dt);
shi(PORTD,7);
Icddelay(),
¢bi(PORTD.7);
Ieddelay().

¥

void mifled(void)

{
writetoled(0, 0x38});
leddelay(),
writetoled((, 0xC);
feddelay();
writetolcd(0, 6):
leddelay();
writetoled(d, 1);
leddelay():

H

voud clser{void)




writetoled(0. 0xC):;
Icddelay()
writetoled(0, 6);
leddelay();
writetoledf0, 1);
Icddelay();

H

void blink(char i)
!
if (i==0)
writetoled(d, OxC);
elze
writetoled(U, OxD);
leddelay();
i

void gotoxy(char x, chary)
{
if (y==1)
writetoled(0, Ox80 + x - 1);
else if (v—2)
writetoled(0, 0xCO +x - 1);
H

void putch{char x, char y, char ch)
{

gotoxy(x, y),

Icddelay();

writeloled(l, ch);

lcddelay();
i

void prints{char x, char y, char* )
{

chari=1{;
while(sfi] 1=0)

{
putchix+i, y, s[i]);
[
i
]

void print_byte(char x, char y, unsigned char g){
gotoxy(x.y),
writetoled(1, (s / 100} | Ox30};
writetolod{1, ((s % 100V 10} | 0x30%;
writetoled(1, (s % 100 | 0x30);




i

void print_hex(char x, char y, unsigned char s){
gotoxy(x.y),
writetoled(1, (s>>4 }| 0x30);
writetolod(1, (s & Ox0f) | 0x30);

1

void print_time{char x, char y, unsigned char s,unsigned char tunsigned char u, char
vi

roloxy(x.y):
writetoled(1, (s >>4 )| Ox30);

writetoled(1, (s & 0x0f) | 0x30);
writetoled(1, v);

writetoled(1, (t ==4 )| 0x30);
writetoled(1, (1 & Ox0f) | 0x30):

writetoled(I, v).

writetoled(l, (n=>>4 )| 0x30};
writetoled(1, (u & 0x0f) | 0x30);

void print_int{char x, char y, unsigned long int s){
unsigned long int 1;
unsigned char |;

gotoxy(x.y),

t={s/ 100); = {; writetolcd(1. I | 0x30);
t =(s % 100)/ 10; I = t; writetoled(1, | | 0=30);
t={3% 10)/ L;1=t; writetolcd(1, 1| 0x30);
H
void print_int2{char x, char y, tmsigned long int 5){
ungigned long int t;
unsigned char |;
EOtOXV(X.Y);

t=(s % 100}/ 10; | = t; writetolcd(1, 1| 0x30);
t=(3%10)/ 1: 1=t writetoled{1, 1| 0x30);
¥

vold print_int5(char x chary, unsigned long int s}{
unsigned long int t;
unsigned char;

gotoxy(x.y).

L ={s/ 10000); | =1; writetoled(1, 1 [ 0x30),




£ = (s % 10000)/ 1000 1 = (; writetoled(1, 1] 0x30):
t=(s % 1000) / 100;1=t; writetoled(1, | | 0x30);
t=(s%100) / 10:1=t; writetolcd(l, 1| 0x30);
t=(s%10) / 1:1=t writetoled(1, | | 0x30);

}
void delayMSEC{unsigned int max)
{
unsigned char j;
unsigned int 1
for(i=0;1 =max;i++)
for(=0:j=131,5++);
i

void delaySEC{unsigned mt max)
{
unsigned char j;
unsigned int i,k;
for(i=0;1!=max;i++)
for(i=0;j1=131;j++)
for(k=0k!=600k++);
I

unsigned char ambilkey()
H
unsigned char kbd kpr.kpk;
kbd=d_in
kpr=kbd & 0x10;
if (kpr==0x%10)
{

kpk=kbd & 0x0f;
Jdelay(110,4000);
delayMSEC{100),
return kpk;

} else
{

retum 0;

1
1

unsigned char ambil2deg{}
1
unsigned char keluar tmp dg ts.tom.gj;
t5=0;
tmp={;
dg=1.
keluar={;
gotoxy({10,2);blink(1};




while(keluar==0)
{
tmp=0;
while {tmp=—0) tmp=ambilkey();
if (tmp=12)
!

!
if (tmp=13)
{

keluar=1; dg=0;

dz=0;

tmp=0;
print_int2(10,2,0);
gotoxy(10,2);

]

if (tmp—L0) tmp=0;

if (dg=2)

{
m=tmp;
ti=(1s*10)+m;
print_int2(10,2.6);
gotoxy(12,2):blink(1);

!

if (dg=1)

{
t—tmp,
print_int2{10.2.ts);
potoxy(11.2);

i

dg++;
tmp=0;
if (dg==3) dg=l,

'

Mwhile 1

keluar=0:

retumn tj,
i

void wait_enter()}
{
unsigned char tmp;
tmp=0;
while{tmp!=12) tmp—ambilkey(},




void magnetic pwm{unsigned int d_on, unsigned int d_off)
{

chi{PORTD4);

delayMSEC(d_on);

sbi(PORTDA);

delayMSEC(d_off);
i

void pompa_pwm{unsigned int d_on, unsigned int d_off)
{

cbi(PORTD,3);

delayMSEC({d om);

shi(PORTD,3);

delayMSEC(d off);
}

void waktu_uv_st()

i
unsipned char waktu uv,waktu_mn,tmp;
unsigned int w_on,w_off.dtk,mdtk;

w_on=3:
w_off=T0:
tmp=0;
dik=0;
mdik=l);

prints(1_1,"Magnetic Stirer "):
prints{1,2,"Waktu On: Detik "),

waktu mn=ambil2de();

prints{1,1,"Ultra Violet ");
prints( 1,2, "Waktw On: Menit "),

waktu_uv=ambil2dg();

prnts(1.1."UY  : Menit "}
prints( 1,2,"Magnet : Detk ")

print_int2(9 1 waktu ov);
print_int2(9,2, waktu mn};
wait_enter{(),

clrser(};
prints(1,1,"Magnetic Run ");
prints{ 1,2 "Remaining: 8");




blink{{);

while{dtk<=waktu_mn)
1

while(tmp==0)

{
tmp=ambilkey();
magnetic pwm{w_onw_off);
mdik+;

if (mdtk>=8)
{
dl‘.i:++;
mdtk=0;
if (dtk==60) dik=60;

)
print_int2(12 2 dk);

if (dtk==walktu_mn} tmp=12;
} fiwhile tmp

if (mp=1)w _on=w_on+3;
if{tmp==2)w_on=w_on-5;
i {tmp=—=15w on=w on+5;
if (tmp==16)w_on=w_on-5.
if (tmp=—=3)w _off=w off+5;
il (tmp==4)w_off=w_off-5;
if {tmp=—12)
{

tmp=12;

drk=204,
}else tmp—0;

if{w_on==5)w_on=5;
if{w_off<=5) w_off=5;

Hiiwhile wakio_mn

prints(1,1,"Ultra Violet ON ");

prints(1.2,"Wakn= : |
chi{PORTD4); /stirer
shi{PORTD,0); UV on
dik=0:

mdtk=0:

while{mdtk<waktu_uv)




delayMSEC{500);
dikt=+;

if (dtk>=60)
!
dtk=0;
mdtk++;
'
print_int2{7 2 mdtk);
print_int2{10 2 dtk});

}

chi(PORTD.O):
cbi(PORTD.O);
cbi(PORTD 4);
cbi(PORTD 4);

void shoclang suhu()
{
unsigned char subu keadaan siklus;
unsigned menit detik;
unsigned char waktu_uv,waktu_mn,tmp;
unsigned int w_onw_off dikkmdtk;
unsignied long mdet,
mdet=0;
siklus=0,
clrser();

printz(1,1,"SHOCKING SUHU ")
prints{ 1,2 "SUHU: C");
suhu={};
sbi( PORTD,1);
sbi(PORTD,2),
while(suhiu<40)
|

subu={adcval*0.019%6¥0.05;
pont_int2{6,2_suhu);
delayMSEC(300;

shi{PORTD,1};
shi{PORTD,2);
//delaySEC(15);




prints(1,1,"SHOCKING SUHU ")
prints(1,2,"SUHU: C");
suhu={;
keadaan=0;

while(keadaan==0)
{

#tambahan

suhu={adcval*(.0196)0.05:
print_int2(6,2 suhu);
delayMSEC(300);

if {(suhu=42)

{

cbi(PORTD,2);
¢hi(PORTD,1);
delayMSEC(100);
]

if (subu<40)
:
shi(PORTD,2);
cbi(PORTD,1):
delayMSEC(100);
}

if ((suhu<42?) && (suhu=39)) keadaan=1;
Vffwhile subu

cbi(PORTD,1);
chi(PORTD 2);
cbi(PORTD 3);

clrser(),

prints(1,1,"SHOCKING SUHU C");
prints(1,2,"SIAP DIGUNAKAN ");
print_int2(14 .1 suhu);

wait_enter();

clrser(},

prints{1,},"SHOCKING MULAI ");
prints(1,2."Wakw= Detik ™);
detik=0:




menit={;
sbi(PORTD,2);

w_on=5,
w_oft=70,
siklus=();
while {detik<90)

{

tmp=ambilkey();
pompa pwmiw_on,w_off);

if (mp==1)w_on=w_on+3;
it (fmp=2)w_on=w_on-5;

if (tmp==15)w_on—~w_on+5;

if (tmp—16)w_on=w_on-3,

if (tmp=3) siklus=1;

if (tmp==4) {siklus=0;mde1=0;}

if {w _on<=5)w_on=5,
if (w_off<—5) w off=5;

ffdelayMSEC(550);
fMhitung siklus program sampai 1 detik.
mdet++;
if (mdet==6) { detik-++; mdet=0;}

print int2(7,2 detik);
{fprint_int5(1,2,mdet});
‘

chi{ PORTD,3};

clrser(),

prints(1,1,"Proses SHOCKING ");
prints(1,2."Sudah 90 Detik  ");

chi{ PORTD,0);

chi{PORTD,1);

chi{PORTD 2},

cbi{PORTD,3 )

cbi{PORTD 4);

PORTD=0; //pastikan seluruh peinanas mati,
wait_enter().

}
void pilihand)




unsigned char khdhit;
clrser(),

prints(1,1,"1 Sterilisasi UV");
prints(1,2,"2.Shocking  ");

kbdhit=0;

while (kbdhit==0)

{

kbdhit=0,

while(kbdhit==0) kbdhit=ambilkey();

if (kbdhit==1)

i
waktu uv_st{);
eleser();
prints(1,1,"1 Sterilisasi UV");
prints(1,2,"2.Shocking ")
kbdhit=0;

H

if (kbdhit=2)

{
{fwaktu_uv_st();
shocking_suhu();
clrser();
prints(1,1,"1.Sterilisasi UV
prints(1,2,"2 Shocking  ");
kbdhit=);

H

if (kbdhit==3)

i

kbdhit=3: //pastikan tetap 11 untuk keluar
} else kbdhit=0; //biar keluar

)
H
void mam( void)
{
unsigned char kbd kpr kpk:
io_init(});
mitlcd();
clrser();

kbd=0),




kpr=0;

sei();
prints(1,1,"SYSTEM STANDBY ");
prints(1,2 "TA-TWAK 2007 ");

wait_enter();
while(1)
¢

clrser();

pilihan(};




#include <reg51.h=<
#inchude <stdio h<
#include <delayW.h<
#include <keypadd4i h<
#/finclude <delayW h<

shit b1=P3"2;
sbit b2=P3"3;
ghit h3=P3"4:
shit b4=P3"5;
shit dibaca=P3"7T;

void main()
|

wmsigmed char kbhit;
P3-0x00;

while (1(
}
kbhit=(0);
/1 dibaca=0;
while (kbhit==() kbhit=ambilkey;()
switch{kbhit{
}
case 1: {b1=1:b2=0:b3=0:b4=0: dibaca=1;delayMSEC(110):dibaca=0 }break;
case 2: {bl1=0;b2=1;b3=0;b4=0; dibaca=1;delayMSEC(110);dibaca=0; }break;
case 3; {b1=1;b2=1;b3=0;b4=0; dibaca=1;delayMSEC( ] 10});dibaca=0; }break;
case 4: [b1=0;b2=0;b3=1;b4=0; dibaca=1;delayMSEC{110);dibaca=0, } break:
case 5: {b1=1;b2=0;b3=1;b4=0; dibaca=1;delayMSEC({110};dibaca=0; } break;
case 0 {b1=0;b2=1,b3=1;b4=0; dibaca=1;delayMSEC{110);dibaca=0, }break;
case 7: {b1=1;b2=1;b3=1:b4=0; dibaca=1 delayMSEC( 1 10);dibaca=0; } break;
case & |b1=0:b2=0:b3=0:bd=1: dibaca=1:delayMSEC{110);dibaca=0. } break;
case 9: |b1=1;b2=0b3=0:bd=1; dibaca=1;delayMSEC(110),dibaca=0,} break:
case 10:{bl=0;b2=1:b3=0;b4=1; dibaca=1 delayMSEC(110);dibaca=0; | break;
case 11:{bl=1;b2=1:b3=0.b4=1; dibaca=1.delayMSEC(110};dibaca=0;} break;
case 12:{b1=0;b2=0:b3=1;bd=1; dibaca=1;delayMSEC(110};dibaca=0;} break;
case 13:4b1=1.b2=0;b3=1:b4=1; dibaca=1,delayMSEC(1 10} dibaca=0; } break;
case 14:{b1=0:b2=1;b3=1:b4=1; dibaca=1:delayMSEC(1 10};dibaca=0; } break;
case 15:1b1=1;b2=1;b3=1;b4=1; dibaca=1.delayMSEC( 110);dibaca=0;} break;
case 16:{b1=0:b2=0;b3=0;b4=0; dibaca=1:delayMSEC(110}.dibaca=0:} break;
{

/1 while (dibaca=—0;(
kbhit=0;
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Compak
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1
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TO-251 MTZ o — ‘ L MTH
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G

vaeral Description

e gated triacs from Teccor Electronics are par of a broad
af bidirectional semiconductors. The devices range In currant
gs from 0.8 A to 35 A and in voltages from 200 V to 1000 W,

triat may be gale lriggered from a blocking to conduction

for either polarity of applled veltage and is designed for AC
thireg and phase control applications such as speed and tem-
ture modulation controls, lighting controls, and statlc switch-
slays. The tiggering signal s normally applied between the
and MT1.

ted packagas am offered with internal construction, having
-ase ar mounting tab electrically isolated from the semicon-
a chip, This feature facilifates the use of low-cosl azzsembly
monvenient packaging lechniques. Tape-and-reel capability
ailahla, See "Packing Options™ section of this catalog.

:coor iiacs have glass-passivaled junctions to ensure long-
device reliability and parameter stabifity, Teccors glass-pas-
ed junclions offer a rugged, reliable bamier against junction
smination.

Triacs
(0.8 A to 35 A)

Wariations of devices covered In this dala sheel are available for
custom design applications. Consult factory for mare informiation.

Features

+ Electrically-isvlated packages

-  Glasspassivated junctions

» \Voitage capability — up to 1000 V
«  Surge capability — up to 200 A

» Surface mount package — 0.8 A and 1 A sares
= Mew small profile three-leaded Compak package
« Packaged in embossed camier tape with 2,500

Compak Package

devices per raal
=  Canreplace S5OT-223
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Data Sheels

Part Numbear
8) Isclaed Non-rsated Viorm Loy
{ (1 @@ {15)
|
{x]
MT1@ | §
Ty MT i Wi “l_ i
& M
Volts mAmps
TO-252 TO-2451 TO-253
TO82 T2 Campak Tk202 T30 O=Pak W.Pak EPak o | an tamlan | an
t Sas "Package Dimensions™ saction for varations. (1) MiN WA, TYP
& | @IxsE3 QX3 2p |10 |10 10 FT]
Q4RIES a4Xa 400 |10 |10 | 10 28
asxeEl asx: gop [10 [10 ] 10 2
Q1%AES azxa wo |25 28|28 50
Q4NEEL | D44 I EIERED 50
QABKEES QX4 #o0 | 25 | 25| @5 50
Q201EL 2N 00 | 10 | 10 | 10 2
G401EL QNI | 4 |10 [0 [ 10 FT
QE01ES QEN3 { oan |40 |10 | 10 28
Q201E4 Q2N | 200 |25 |25 |28 0
O401EL a4Na i T EEERED 50
O&01EL CNd 600 | 23 |28 [ 25 [T
L QZ004LI J2004F31 Q200403 | Q2Z04VI w0 |10 |10 10 28
Qdind L3 QA00EF3 | Q4004D3 | oadoodvi R E R REET] 25
QE004LE QDD F3 8D G8004VE 500 10 | 10 | 10 25
aznodLd D20D4F41 o200 | Q2004Ve EIEE S RED 50
004 LA SID04F41 Q400404 | Qe004ve 400 |25 25|25 50
Qa4 Le QE004F41 Qaot40d . | Cre00aVe son |28 |25 | 28 5
cavosrd | | i Qioodnd | Qs004ve 200 | 25 | 25 | 25 50
oKno4L4 OHOG4DE | QKDOdve wo0 |25 [ 25 ] 25 50
i AZ006 L4 QZOEF41 | Gl700ER4 Q00BN 200 |25 |25 | 25 50
G008 L4 OaI0EF41 | CO0ER4 Q4008N4 400 |25 | 25 | 28 [
ceooals | OSODGFET | CGODSRS RSN e00 | &0 | 50 | 50 TS
QEODELS QE00ERSE CBO0BNS CIEREERED 75
QKOpELS QKI06RS QRODENS 000 {50 | 50 | 5 ]
\ Q200814 QZODEF4T | QI00BR4 Q20084 %00 |25 |25 |28 50
(=110 T OM00SF41 | CMODBRA C4008N4 400 | 2% |28 | 28 [
CE00ELS QE0DEFET | QEOOLRS B0 KRS coz | &0 | 50 | BQ 5
CeooaLs GHODERS QE008NS 800 |50 | 50 | HO T8
QKo00aLE GKIDERS CRODEMS 1000 | &0 | 20 [ 50 75
Suneral Moles" on page EZ - 4 and "Electrical Speclfication Motes® on page EZ-5
wwi fscoor. com E2-2 0T Teccor Clectronics

A-BEO-TFTT Therstor Produc! Catslog




iheefs Trees

| I
loam Vi | Ver | b [lema| Powm | Pagw | hsw | dvidife) ] dvidt L i dijdt
(%) (1€} (E | e | OaE | 4 {14] A3 | (03 i1 (109
gE(re) L 2
(18]
mémpe valts | vos Arps: Voltsi S
o= | Tes [ Te=| Te= | To= | s To= | T I
Fae l105 ¢ |128 ¢ | 257c | 257 |mames | Ampa | Wikt | Vibts | gomprz | VolluSes | o5-c |1zsc| KSec |AmpTSac) AmpejiSec
hAX Max | wmex | max | TV MM | TYR

oz | o5 | +4 15 2 15 1 10 B2 1023 1 40 n | zs 0.41 20
oz | 08 | 1 18 3 15 1 0 0.2 10/8.3 1 33 % | 25 0.41 20
0z | 0.8 | 1 15 ] 15 1 10 0.2 10/2.3 1 25 1B | 25 0,41 20
02 | oA 1 1.8 35 25 1 T oz DRI 1 50 40 ] 0.41 F
az | o 1 1.8 25 5 ] i 02 10/8.3 1 45 35 3 0.41 T
o2 | 0.8 1 18 z5 25 1 10 0.2 10/8.3 i 38 25 3 a.41 20
02 | o8 1 1% 2 15 1 10 .2 200187 % 40 30 25 1.6 ET)
flir] 0.8 1 1.8 2 15 1 10 0.2 20018.7 1 440 30 25 1.6 a0
02 [ X ] 1 18 i 158 1 10 0.2 0147 1 30 0 25 1.8 B
0z | 08 | i 14 5 26 1 10 0.2 2067 1 50 40 3 1.8 0
07| 05 | 1 16 25 T 1 10 0.2 200187 1 50 40 ] 1.6 0
g 0.5 1 16 x5 25 1 10 0.2 201147 % 40 30 k| 1.8 an
o8 | o0F 2 18 2 i 1.2 15 03 ] 2 [T} 40 5 125 0
06 | 06 | 2 15 ] = | 12 15 03 65148 F] 80 40 | 28 125 [
0§ | b z 16 Fl Fo) 1.2 15 03 5648 z 40 s | 25 12.5 50
105 | 05 ¥ 1.5 Y] = i3 18 03 55146 2 wa | 718 3 125 50
106 | 05 | 2 13 z3 | 12 15 03 E3idE z 0 | 75 3 125 50
o | o8 | E 15 5 CEE 15 03 5545 z 8 50 3 125 50
s | o8 | 2 15 25 0 | 4.2 18 03 55145 F a0 40 1 128 £
s | 3 1.5 Y] m | 12 T CE] T ] 50 3 128 B0
%05 | o5 | 2 18 25 KT 8 0.5 BVES 4 00 | 120 3 25.5 70
ios | o8 | 2 1.8 25 s | 18 1 0.5 BOVES 4 o | 1z | 3 26.8 70
205 | 05 | = 1.5 25 0 | 18 18 0.5 B(ES 4 80 | 100 3 .8 70
0.05 | 0.8 z 15 25 B | 18 B 0.5 B85 A 126 | &6 3 8.5 70
BDE | 4 15 25 B0 15 18 0% BOMES 4 100 3 8.5 70
ios | o8 | 2 18 25 g0 | 18 20 0.5 10W83 4 80 | 150 3 a1 70
05 | 08 | 2 | 18 2.5 50 18 20 0.5 0083 | 4 280 | 150 [ a1 70
105 | 05 2 18 25 &0 18 20 05 1oma: | 4 230 | 125 3 # 70
w05 | 05 | 2 18 25 0 | 138 E] 03 100183 4 180 | 100 5 41 70
108 | 3 18 28 i | 18 20 0.5 100153 4 100 3 4 70
1“Genersl Notes® an pags E2 - 4 and “Electrical Specificatior Motes® on page E2 - 5.

03 Tecoor Hectronics E2-3 fhitp A, fecoor. o

mistor Product Catalog +1 97 -5B0-7777




Data Sheats

| Part Number
) isolated Mon-isolated Voam gt Icam
&) I| {1} (3 () {15} [Ty (18}
_E'A | W
[ T .
| &
WTY
|-rr-|] L’: J
hre i i mATipe mATes
TO-263 Tl: = TC = T'; =
10-Z20 TO-202 l To-220 D*Pak voits | o | an | ou | aw | ew | 25 100c st
X Hee “Package Dimensions” section for variatbons. (11} MIN MAE ™F A
Q01004 | maoioR4 QI0T0N4 200 | 25 | 25 [ 25 | s 0.05 1
oso10L4 | a4o10R4 401004 an |25 [ 25 [ 28 | B0 008 | 1
QE0T0LA | capioR4 QU] oA GO0 28 [ 25 | 25 | 50 0.05 1
@B010L4 @E010RS QE0TONG o0 | 25 [ 25 | 25 | s 0.1 1
A aKoioLe QKOT0R QKOTONE 1000 | 25 | 25 | 25 | 50 0.1 3 ==
Q201ELE Q2010FE Q201 0RE QA ONE e | 50 | 50 | 50 = [ ops | 03 N
Y] 04010F51 0401 0RS Q40T ONS 408 | 50 | 0 | &0 76 | 005 | 0B F]
QEOTILE Q601 0F51 Q601 0RS ASOTONS 600 | 50 | 50 | 50 76 | 005 | 05 ]
Q801005 G8010RS QRO ONE 200 | 80 | %0 | 50 15 | 04 0.5 i
QKO10LE OKO1BRE | QKETONE 1000 | 50 | 50 | s0 76 | 0.1 3
Q201505 Q015RS QIN15NE Z00 | 50 | S0 | &0 006 | 05 ]
; Q401505 Q4015RS QA01ANS &0 | 50 | &0 | o0 005 | a5 | 2
iA 0155 asi1sRs QEDisNE 600 | 50 | 40 | o0 005 | 05 2
O8e5LE ORDTERS I015NS o | 50 | 50| B0 0.1 1 1
QK015LE OKO15RS QKO15NE 000 | 60 | 80 | 60 0.1 3
QHIZERS QI0ZENS zoo | 50 [ 50 | 50 0.1 1 3
Q4025RE Q402ENS 400 | 50 | 80 | 54 0.1 1 2
T | ooeo2eRs as02i NS E00 B0 | B0 | &0 0.1 1 ]
EA QBOZERE Q80Z5NG B0 | 50 | 50 | 50 0.1 i 3
QKOI5R5 QK025 NG 1000 | 50 | &0 | S0 f.1 3
QE02EPE B0 | 50 | %0 | B0 120 | o4 ]
amiIsPs 00 | 50 | S0 | ®0 120 | 04 5
EA QB0ISPS goo | 50 | s0 | 50 120 [ 0.4 5
| @EgasPs | o 0D | 50 | B0 | B0 120 | 0a 5

ecific Test Conditions

Vpam — Repetitve peak blocking veltags

Vgr — DC gate trigger voltage; ¥y = 12V de, B, =800

t — Makimum rate-of-change of on-stata current; |- = 200 mA with
=01 p rige fime
[t — Critizal rate-ofrise of off-state voltage at rated Vg, gate open

ey — Critical rate-of-rise of commutation voltage at rated YWy
and lyrpg commutating difdt = 0.54 rated |- ypy=ms; gate
unenergized
- RMS surge {non-repelitive) on-state curment for period of 8.3 ms
for husmg
y — Peak offstale cument, gate open; Vg, = maximum rated value
— DC gate trigger cumrent in specific operating quadrants,
Vo= 12V de

— Peak gate trigger cument
- Holding cumrent {DC); gate open
a5 — RMS on-state currant conduction angle of 360°

— Peak one-gycle surge
wy — Average gate power dissipation

— Peak gate power digsipation; |or s lary
— Gate controlled tunm-on time; | = 200 mAowith 0.1 s dse ime

Wy — Peak on-state voltage st maximum rated RMS curent

General Notes

-

Al measurements are made at 80 Hz with a reskstive load at an
ambient temperatre of +25 *C unless specified otherwise.
Operating temperature range (T,) 15 65 °C to +125 'C for TO-82,
-25°C o +125 °C for Fastpak, and 40 "C to +125 =C for all ather
devicas.

Storage temperature range (Tg) ks -65 °C to +150 °C for TO-82,
A0 °C te +150 °C for TO-202, and 40 =C to +1235 =0 for all other
devices.

Lead solder temperature is a maxdmum of 230 “C for 10 seconds,
maxbmum; =1/18" (1,59 mm) from case.

The case tempearature (T} is measured as shown o the dimen-
sional outline drawings. See "Package Dimensione” section of this
cataloyg.
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Bheets Trimes
W Var by Iamm Pam | Pogan hism duidi{c) duidt ty [ dlifdt
11{5) {2HE15) | (@] (14 (143 1B (13 {1){4) (13} h ALY 7
{18 (18]
Yelts Virtts Ampe Volte/uBec
225 | Tp=25"C | mAmps | Ampa Wiiartte Wt | goumopz | VeMsieBes | jahoc 1% s | e | AmpePSec | AmpsiuSec
MAK MAK MAX TYP MIN TYP
18 ) T 1.8 20 0.8 1201100 ] 130 3 81 ™|
18 7.5 35 18 2 0.5 1204100 Fl 150 3 80 T0
16 2.8 35 18 20 0.5 120100 2 00 3 60 70
18 2.5 35 1.8 20 0.5 120100 2 78 3 [ 70
16 2.5 11 18 i 0 120800 2 4] 3 B0 70
16 .5 50 18 | M 05 1201100 4 a5 225 ] 1] T
18 2.4 50 14 | X 0.5 120100 4 350 225 3 60 70
18 25 50 14 20 [¥] 1200100 4 300 200 3 80 70
18 25 50 1A 7 05 1206100 4 250 [F3 3 80 70
16 .5 i{ 50 1.8 ol 0.5 1200100 4 150 3 B0 T0
16 P4 ] I H 20 0.5 200A167 4 L[] 25 4 166 100
1.8 25 70 H 20 0.5 200187 4 ADD b 4 168 160
18 FX] T0 ] 0 0.5 200H8&7 4 358 225 i 166 100
156 1.5 T ] a0 0.5 2008 &7 4 300 ] 4 166 100
15 i3 T0 2 0 0.5 2001167 4 200 4 166 10
18 [T 100 2 T 0.5 200M6T [ 400 278 4 185 100
18 2.8 100 Fl 0 0.5 2001867 ] 400 P10 4 188 100
18 Fx] 100 ] 0 0.5 Z00M6T O 350 215 4 1868 100
18 FY) 100 2 0 0.5 200187 ] EnT) 200 4 1668 100
18 28 00 | 2 T 0.5 2001167 ] 20 4 168 100
14 2.78 W | 2 0 0.8 2807220 B 850 476 3 700 100
14 275 50 | 2 20 0.5 2520 B 450 00 3 260 100
1.5 FEL w2 0 0.0 3607300 § &30 476 3 $08 100
_iE LT85 T 0| 08 3501300 ] 450 400 3 508 100

wirical Specification Notes

Faor eithar polarity of MT2 with referance to MT1 terminal

For either polarity of gate voltage [V, ) with reference to MT1
terminal

Gee Gate Charactenistics and Cefinition of Quadrants.

See Frgure E2.1 through Figure E2.7 for cumrent rating at specific
operating termperalure.

See Figure E2.8 through Figure E2.10 for i versua v,
See Figure E2.12 for Wiy versus Te.

See Flgure E2 11 for Ly varsus Tp.

Gea Figure E2.14 for | varsus T

See Figure E2.13 for surge rating with specHfic durations.
See Flgure B2.15 for t, vemus |

See package cufines for lead form configurations, Whan ordenng

special lead forming, add type number as suf to part number,

Initial on-state cument = 200 mA do for 0.8 A 010 A devices,
400 ma de for 15 A to 35 A devices

Sae Figure E2.1 through Figure E2.5 for maximum aBowable case

lemperature at rredinum raled current.
Pulse width =10 ps; lor < oy

{15) R, =604} for 0.8 Ato10 A facs; B, = 30 0) for 15 A bo 33 A triacs
{18} To=T, for lest conditions in off stata
{173 lop= 300 mA for 25 A and 35 A davicas

{18} Quadrants |, il, Il anby

{18) Minimum nan-rigger Va; at 125 °G is 0.2 V for all except 50 mA
MAX QIV devices which ate 0.2V at 110 °C.

Gate Characteristics

Tecoor tiscs may be turmed on between gate and MT1 lerminals

in the following ways:

s In-phase signals (with standard AC line) using Guadrants |
and [l

= Application of unipolar pulses (gate always positive or nega-
tiva), using Cuadrants 11 end 1l with nagative gate pulses and
Quadrants 1 and [V with positive gale pulses

However, due to higher gate requirements for Guadrant [V, i
is recommended that only negative pulses ba applied. | pos-
itive pulses are required, see “Sensiiive Triacs” section of
this catalog or contaci the factory. Also, see

Figure AN 10028, "Amplified Gate™ Thyristor Circult,

03 Teccor Electronics
fetor Fraduct Catalop
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Data Bheefs

cases, If maximum surge capabllity Is required, pulses

d be a minimum of one magnitude above |- rating with a

i fising waveform (=1 45 rse ima),

ALL POLARITIES ARE REFEREMCED TOMTY

Electrical Isolation

Teccor's isolated triac packages will withstand a minimum high
potential test of 2500 V ac rms from keads to mounting 1ab or

base, over the opemaling temperetura range of the device. The
following Isolafion table shows standard and optional isolation

MT2 POSITIVE
itz (Pesitive Half Crcle) i ratings.
. i R —
Flbgy | g Electrical Isolation
GATE :},T ?& E ? from Leads to Mounting Tab *
. £0_y : To-220 Fasipak
X J:"m L ald i VAC RMS isolated isolatad
REF o HEF 2500 Standand Standand
o ™ | ik I Optional A
MT2 : =
i e * Ui Recognized File 71678
O A Wi ! “ For 4000 V isolation, use ¥ suffix in part number,
oA h 4 o -
- T ey
| 4Lr;.vm T
REF M2 NIE-GHﬂ'qu REF
[MEgaive Halt Cyaie)
tron of Cuadrants
Thermai Resistance [Steady State)
Ry [Raua) (TYP)CW
‘age Coda P E B F Fz L R o v [
| ‘“
ToAE | ToE: TO-251 To-253
To-g2 Type 2 |satatad \Pak oYPak
0.5 A &0 [135]
18 50 [95]
AR 36046 | Bp01 | 3B[E0) 3.5 5.0 [70]
BA 3.8 23 1.8 [45] ; 14
BA aa 3.8 1.8 [ 15
10 A 3.5 F13 143 [ 11
154 2.1 1 i 14
254 1.8 448 B 0.89
5 A 1.5 " |
anted an 1 o copper foll surface; two-ounce copper fail
Ma‘_ww corn EX-& ©2003 Teccor Efsctromics

Thyrister Product Catalog
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AOTOROLA
JEMICONDUCTOR TECHNICAL DATA

Order this documant
by MOS0

Y NG GO0 ®

VDE uL CEA SET1 | SEMKD | DEMKD | MEMED | BART

T=labmliCs 'l T
e ¥

6-Pin DIP Random-Phase
Optoisolators Triac Driver Output
(400 Volts Peak)

Tha MOC2020 Senes consigls of gallium arsenide infrared emitting diodes,
sptically coupled to a silicon bilateral swilch.

+ To ordar devices that are lested snd marked per VDE 0884 reqguiremeants, the
guffx "V must be included at and of part number. VDE 0884 Is 8 test oplion.
Thay are designed for applications requiring isolated triac triggering.

Recommendad for 115240 Vacrms) Applications:

+ Solenoidivalve Controls a Static ac Power Switch

+ Lamp Baliests * Solid Slale Relays

¢ Interfacing Microprocessors o 115 Vac Peripherals e Incandescent Lamp Dimmers
« Motor Controds

MAXIMUM RATINGS [Ta = 25°C unless clhenwise noted)

MOC3021

IFT =15 mA Max]

MOC3022

[IFT = 10 mA Max]

MOC3023*

[IFT = 5 mA Max]

"Motorola Preferred Device

STYLE & PLASTIC

5

STANDARD THRU HOLE
CASE T30A-04

SCHEMATIC

1 i
2:}\‘ 0

a0 i

1, AMDDE
2. GATHODE
3 NG
4. MAIM TERMENAL
6. BUBETRATE
0o NOT CONNECT
8, MAIN TERMINAL

Rating [ symbot | valwe | wnit |
INFRARED EMITTING DIODE
Revarsa Voltage VR 3 olts
Forwand Current — Continuous IE GO ma,
Total Powear Dissipation @ T, = 25°C Po 100 mw
Megligible Power in Trizc Drivar
Derate above 25°C 133 mi"C
CUTPFUT DRIVER
Dif-State Outpul Terminal Voltage Voam 400 Volls
Paak Repalitive Surga Gurment Tsm 1 A
{PW = 1 ms, 120 pps)
Total Power Dissipation @ Ty, = 25°C Fp ann vy
Derate abova 25°C 4 WG
TOTAL DEVICE
Isalation Surge ValtagalT) Vizo 7500 Wac(ph)
{Peak ac voiltege, 60 Hz, 1 Second Duration)
Total Power Dissipalion @ Ta = 25°C Pp a30 iy
Dresrate abowve 25°C 4.4 meGc
Junction Temperalure Range Ty —4 o +100 2
Amblent Operating Tempatatura RangalZ) Ta ~4 {0 +85 5
Storage Tempersturs Rangel<) Totg | ~40to+150 &
Soldering Tamperature {10 5) TL 260 1©

1. |solation surge volage, Vigo. i anintemal devics distactric braakdown rating,
For this test, Pins 1 and 2 are cormmon, and Fins 4, 5§ snd § are commaon,
2. Refar to Cuality and Relebility Saction in Opte Data Book for infatmation on test conditions.

Prefered devices are Molorala recanmmandad choioes for future vse and bast ovarall valus,
GlabalOptolsolater is a tradamark of Motorols, Ine.

REWVA

£ Wioionola, nc, 19856

@mmmn




MOC3021 MOC3022 MOC3023
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otharwisa noled)

Characteristic Symbal Min | Tw Max | unit |
INPUT LED
Reverse Leskags Cumanl I - 005 100 nA
VR =3V}
Forward Voltage VE = 115 15 Vot
{IF = 10 mAy)
QUTPUT DETECTOR (Ip = 0 unless stherwize noted)
Feak Blocking Curran, Either Direclion InEm - 10 100 nA
{Rated Vpgm( 1)
Faak On-Stata Vioitage, Either Direction WA — 1.8 3 Volls
(I = 100 mA Peaak)
Critiest Rale of Risa of Off-State Voltage (Figurs 7, Nota 2) dluidt — i - Vips
COUPLED
LED Trigger Currant, Current Raqguirad o Latch Output IeT miy,
{Main Teminzl Voltage = 3 Vi3)) MOoCanzt — 8 15
MOC3022 =3 =i 10
MOC3023 - — 5
Halding Gurrent, Either Direction IH == 100 — pA

1. Test vollage must be apphied within dw/dt rating.

2. Thie ls static dwidt. Sea Figure 7 fof test clrcuil. Commutating dvdt is a functlan of the lead—driving thyristor{s) onty,

3, All devices are guaranteed to trigger at an I value less than or equal o max 1. Therefors, recommandad opemting I lles batweaan max
IFT {15 mA for MOC3021, 40 mA for MOC3022, 5 ma for MOC3023) and absoluta max IE (60 mA)

TYPICAL ELECTRICAL CHARACTERISTICS

Ta =25°C
z - +B00
& rf: : //
e 18 <
© | === PULSE ONLY AV E 400 /}
G e PLILSE OROC [ J-}r i ﬁ )
g 16 7 4 E 7
?‘ " I! 1 ; E u‘
(=¥ u g
E .--""'#"‘ o s ’f
S ol e —oel Lk gl I S —uo //
bRl e E ,
A 25 Lt ] / ]
JT [ msc | Lt | 1] 50| |
1 1 100 1000 ] -2 A 0 1 2 3
b, LED FORWARD CURRENT mA] Yypt, ON-STATE VOLTAGE [VOLTS)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. On—State Characteristics

2 Maotoroks Optoelactronics Device Data
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Figure 3. Trigger Current versus Temperature
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STATIC dvich
10 CIRCUITIN FIGURE 7

)
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[

0
2% a0 40 2B & 70 & 90
Ta, AMBIENT TEMPERATURE (°C)

Figure 5. dv/di versus Temperature

100

APPLIED VOLTAGE

WAVEFGRM ——" 252V

IFT, NORMALIZED LED TRIGGER CURRENT

InRp, LEAKAGE CURRENT {nd)

dufdt =

MOC3021 MOC3022 MOC3023

5

ORMALIZED TO:
> 100 ps

]
—
7

&
f

sk
=

bral

T
3

5 10 i =]
Py, LED TRIGGER WIDTH fus)

Figure 4. LED Current Requlred to Trigger
varsus LED Pulse Width

100

10

f
-40 -30 -20 10 0 10 20 30 40 £0 B0 70 B0
Ty, AMBIENT TEMPERATURE (°C)

Figure &, Leakage Cursrent, Iprm
versus Temperature

. The mercury welied relay provides 2 high spead repeated

puise lo the DULT.

_ 100w scope probes are used, to sliow high speeds and

voltagas.

The worstcase condition for state dwdl is establiehed by
{riggering the D.UL.T, with a normal LED input cumant, hen
remaving tha cument. The variable RTEs Tallows he dwidi o be
graduatly incressed undll the D.UT confinuss o irigger In
respansa to the applisd voltaga pulse, even after the LED
current has been removed. The dvidl is lhen decressad until
the D.ULT. stops triggering. tre is measured at this pont and
reandad.

Vimay = 400V

083 Vmay 252

'I:RC T

8

Figure 7. Static dv/dt Test Circult

Motorola Oploelectronics Device Data




0C3021 MOC3022 MOC3023

T
o 3

O

MOG
ety
anzar
J023

47

his opiolsolator should not be used to drive a load directly. 1 s in-

mded (o be 8 tripoger davics only.

ditienal Information on the use of optically coupled friec
sars i avallabla In Application Mote AN—TB0A,

In this circuit the "hot” side of the line is switched and the
load connecled fo the cold or ground side.

The 38 ohm resistor and 0.01 pF capacitor are for snub-
bing of the triac, and the 470 ohm resistor and 0.05 pF ca-
pacitor are for snubbing the coupler. Thess components
may ar may not be necessary depending upon the particu-
lar friac and load used.

Figure 8. Typical Application Clrcuit

Motorola Optoelectronics Device Data




MOC3021 MOC3022 MOC3023

PACKAGE DIMENSIONS
A
'L:L&'.;L T OMENSITHING AN TOLERAACING SEA s
]l 1 % PAAMLLEL
s | BCHES | WILUIMETERS
F4Pi—sfu— N— —C !-— L~
[ 1 |
¥ 1k
= :‘7;?
P G —sll— Jap
o ’ @[5B s @[5 B2 9]
Dsrm

[ 0.13 {ﬁ.ﬂﬂf@iﬂ A@| e &

CASE 730A-04
ISSUE G

MOTES:
1. DINENSIINNG AND TTHLERANGING PER AlS|
1498, 8L
2. CONTROLLING LIMENSION: INCH
HILLNETERE
| oo | WIN | wax
I‘_ A atd.| &89 |
B 660 | 650 |
£ -
h;mﬂ .% : o
E 102 177
] -] - F 125
_.].l L T G| f ww&‘.ﬂa
J H
E#pL—n Kar e 1 [ oohe [ ane =pRhs
L1 (L6 il
DarL [0t pus@]T[6 @]2 @) P AL e
& [L%ﬁ_ 843 | o |

[b|o.12 nosi@| 1] A @ |8 @)

*Consult factory for leadform

option avallabll
CASE T30C-04 i Ity

ISSUED

Futum!a Optoelacironics Device Data 5




10C€3021 MOC3022 MOC3023

HOTER:
1. DHNERSIONING AND TOUERENCING PER AN
YHEH, 102,

i CONVROLLIMG DOMERSION INCH,
2 DEENSION L TO CENTER OF LEAD 'WHEN
FORMED

;
i

-

Fap—rp>— N *

‘—T‘
-
55
B
LEr
F:FE

g
g
B

1]

k
Sci

:
-
a}ik

F

0fME | o040

LI 6 Lg —fa— g
b DarL

Eon—| = [S0n00HO[TA B[50)]

*Consult factory for leadform
option availahility

CASE T30D-05
ISSUED

Rbrbeororl i ressewvrns e rigihil b maka chianges without furiher nodice toany products bamin, Motorola makesno warrandy, represeniation or guarsn e reganding
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General Description

The L7168 seres consists of hwo Independant, high gain,
intarmally frequensy compeneated oparalional amplficrs
which ware designed specifically (o operale from & singie
power SUpPly over 2 wids rengs of volapes, Oparation from
plil power suppas i #80 possible and the low powar sup-
ply cumsnl drain is Indapendend of e magriude of e
Poswer SLpply vollage,

Applicalion arsas include Uaneducer gmpliiors, do gan
blocks and all tha comantional op amp clroutts which pow
can ba mont sasly iImplamariied in singls powar supply sye-
tema. For sxampls, the LM 158 sorles can be directly oparat-
&d off of tha standard 5% power supply voltags which is
usad in digital systome and vl easly provide the raquired
Inéeriacs slectronics withowl requinng the sddional +158v
Poawer Suppieq.

Unique Characteristics

= n the Enear moda the inpul common-mods voltage
mange Includes ground and the oulput wollage can also
gwing 1o ground, even thaugh oparsled from ondy & sin-
G powel SLPply woltaga,

® The unity gain crosg regpeency |5 temparntue
Cotpangatad.

B The inpad bias canrent is sso Lemparature

ﬂﬂaﬁnuu! Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

Dacambar 1884

Advantages
B Two intornaly compensatad op ams in a single
packags

W Eevinates need Tor dual supplies

B Al direcly saneing rear GND and Vgt aisa gosg
ey GO

B Compatihie wilth all e of logic

B Powar drain suilably for battery oparation

B Pireout sama ma LI5S M1A5E chonl oparathonal
armnplfise

Features
B |riamally trequency compansated for urity gain
B Large de woltags galn
B Wide bandwidih {unity gain)
{Ismperalura comparsaiad)
8 Wida power supply range:;
Sngle supply 3Y io 32W
or gl SLpplies 1BV bv + 18V
W Yery low supply cument drain (500 pAl—assentialy in-
depandend of supply viltage
B Low inpnal offset woltage 2my
B [nput commen-moda voltaga renge inckirdes grouna
m Chffarecdisl inpud voltage ranga equal 1 the power sup-

100 48
1 Mtz

Crder Momber LMTSBAH, LM1SBAH83",
LM15AH, LM 1SAH RS, LN2GRH or LMa5eH
Sme M3 Package Mumb-ar HOSS

LM |58 b wvaRabks par S0 502 -ET7 1001
L1584 o ovainiie per SMIOT FSBEZ-87T 1008

compransated Py voltage
B Largs oulput voliage swing U Rl WY
Connection Diagrams (oo views)
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Typlcal Performance Characterstics
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Typical Performance Characteristics (contmed; (mest2 onty)

Input Corrent

Lt — 1T AT faRac )
| §

i L L] L]
¥ = BPALY WOLTADE M

Application Hints

The LM158 asres ara op amps which opanala with onty a
single power supply voliage, hore ue-fiflerandial inps,
e ramaln in tha linear mode wilh an iInput common-moda
woligga of O Yoo Thess amplfiens oparale over A wide
range of powsr supply voltage with FEe changs in peronm-
anca charactanglica Al 75°C ampiifier opamtion s possibla
givam to 8 minimurm supply voltage of 2.3 Vo
Procautions shoitd be tileen o ngung ihil the power supply
for tha intagratad ciroull revar bacrmes revasrgad In polarity
or that ha wurit is not Insdveriantly Instalied backowards Ina
sl Sockied 85 an uilinaibid curent sumge Brough ihe nesl-
irg forvchrd dindle wilhin tha IC couwld causs fusing of tha
rdarnal condsctors ard rest In & destroyed unit,

Lawge differanifsl inpul voltages aan be saslly accomodated
e, an inpul ditferantial veitegs profaction diodos aro mol
rriptcee], me larpd inpit ¢umenis resull o g difieranthl
input veltages. Tha diffarential input volbage may ba largar
than W+ withoawt darmaging the devics, Protection should ba
provided o provent the input woltages from poing regathe
made than —0.3 Ve (8 26°C). An Input clamp diode witha
raal=tnr to tha 15 inpud terrminal can be wsed,

To recuce tha power supply eumant deain, 1he amplifiens
have a olass A oulpel slags for small signal (emvals which
Conwers to class B in 8 large sgnal moda. This aiows the
amplifiers fo both souncs and sink lange oulpul currants,
Theralors both NPM and PHP aidermnal cument bocat tran-
slstova can be wsed io extend the power capabilily of the
basic amplifiers. The output voltage neads 1o rase agpeo-
mabaly | dindo drop abova grownd b bisg the an-chip vartl-
cal PHP iranskgtor i0r ouiput cument sinking applications.
For &3 applicalions, whare tha load la capacitively coupled
to the output of the ampEnar, 8 reslstor should be vsed, from
the output of the ampifiar to ground 1o Incresse the class A
bias eumond and provent crossover digiorlion. Where the
lpad tz direcl®y coupled, as In 4o applications, theme = no
crosaovar distortion.

Yallags Galn
]

£, a3

"'-_ AL it —]

gy, ~VELTAGE QA |8
e

L} 1w = L]

W - BUPMLY BILTADE Vgl
TLMHA TR -0

Capasitive: [oads wivich are spolingd dirachly bn tha sutped of
tha ampiifiar reduca tha loop stablliy magin Velues of 50

Imctation should be used i lerger load capacianes musl be
drivert by the armpliflar,

The bias metwork of tha L 68 sstablishas a drain current
which iz indapandent of the magnitude of the powss supply
voitage over the mangs of 3 Vioe to 30 Ve,

Chtput gvort circuits edther 1o ground or [o the positive pow-
ar mupply shoutd be of short me duration Units can be
daptroyed, not 2 a rasull of ha ahon gircull cuvent causing
medal fusing, but rather due to the largs Increase in IG chip
dizsipation which wil casse averdual fadumd due 10 exeos.
sve funclion mpenshunes. Putling direct short-circuila on
mgre than ona ampiifier at a tme wil iIncrease e total 1C
posrer dissipation o destrsctihe levels, ¥ nol propedy pooes
togled with auerral desipation Hmiing resisiorn In sadas
with the outpat Ieads of the amplillers. The langer valee of
oulgust source cirrenl which i avaliable at 25°C provides 3
kargar oulpud currant capebilty af elevated lemperahreg
{568 typlea porformarse charsclorstics) than a slardand 10
op amp.

The giruils pregentsd in e saction on ypical appications
amphasiea oparation on only & singla power sUpply voltage.
i complemantany power sUippliig are available, all of the
shandard op g chrculta can be used. In general, introdes:
g & pesude-ground {a bias voltags refernce of W F2) wil
allow oparation abows and balw B valua in Singla Pt
supply syslerms, blany appication clicuils am ahown which
take advamtege of the wide input common-mode woilage
ranga which inchedes ground, Iy most casok, inpul biasng &
ned requred and inpul wiilages which rangs 1o ground can
dasly e aocormmodated.




Typlcal Single-Supply Applications v+ = sovp
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Typlical Single-Supply Applications v+ = 5.0 vo Gontinued

Fooed Current Sources L Do
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Typlcal Single-Supply Applications v+
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Typical Single-Supply Applications v+ — 50 vy Contnued
Vollage Controfled Osciftabar (WED)
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Typical Single-Supply Applications v+ = 50vpg) Contnued
AC Coupled Non-knvariing Ampiiler
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Typical Single-Supply Applications v+ = 5.0 vog (Contind)

High Input Z, DC Differantiel Ampifiar
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Typical Single-Supply Applications v+ = 5.0 vpc) ©Contnued)

Using Symmetrics Amplifiers fo
Reduos Input Current (Ganeral Cancapt)
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Physical Dimensions inches (mitmeterzy
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Physical Dimensions nches (milimeters) {Gontirued)
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LM158/L.M258/LM358/LM2904

Low Power Dual Operational Amplifiers

Physical Dimenslons incres imilimetes) (Continwed)
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LM35

General Description

The LM35 series are precision integrated-clrouit temparature
sensors, whose oulput voltage is linearty propartional to the
Celsius {Cantigrade) temparature. The LM35 thus has an
advantage over |inear temperature sensors cellbrated in
* Kehin, a5 the user is not required to subtract B large
constant voltage from its output o obtaln convenjent Canti-
gade scaling. The LM35 does not require any extemnal
callbration or timming Io provide typical accuracies of £44°C
at room temperature and £34°C ovar a full 55 ko +150°C
temperature range. Low cost is assured by trimiming and
calibration at the water level. The LM35's low oulput imped-
ance, linear output, end preclse inherent calibralion make
interfacing to readout or control clrcultry espadially easy. i
can be used with single power supplies, ar with pius and
minus supplles, As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C In etill air. The LM35 is
rated o operate over a =55 to +150°C temperalure rangs,
while the LM35C is rated for a =40° to +110°C range (~10°
with Improved accuracy). The LM35 saries is avallable pack-

&Natinna! Semiconductor

MNovernber 2000

Precision Centigrade Temperature Sensors

aged in hemetlc TO-46 tansistor packages, whila the
LMASC, LM3SCA, and LM35D are also avedable n the
plastic TO-92 transistor package. The LM35D s also gvail-
aols in an 8-ead surface mount small oulline package and a
plastic TO-220 packags.

Features

m Calibrated directly in * Celsius {Centigrade)
= Linear + 10.0 mv"C scale factor

m 0.5°C accuracy guaranteaable (st +25°C)
8 Rated for full =65 to +150°C Ange

® Suiable for remote applications

® Low cost due o wafer-lavel timming

® Operstes from 4 to 30 volts

® Lass than 60 pA current draln

B Low sel-heating, 0.08°C in till air

m Monlinearity only £14°C typleal

® Low impedance output, 0.1 {1 for 1 mA load

Typical Applications

+¥g
{1 T 20¥)
| ourmur
L. B b 16,8 87T

RS TE-3

FIGURE 1. Baslc Centigrade Tempersturs Sansor
{(+2°C to +150°C)

Yot

iH § s

=¥
DHEeEs 164
Chasse Ry = ~VelSD A
W = t1,500 my at +150°C
= 250 my al +25°C
= —550 my &l ~55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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Connection Diagrams

TO-46
Metal Can Pachage®

[ K-

BOTTEM VIEw
OSSN

*Casa 5 corhecied ks nagaive pin (GND)
Order Bumber LM35H, LM3SAH, LM3SCH, LM35CAH or

LM35DH
See NS Package NMumber HO2H

TO-82
Plastic Package

BOTTOM VIEW
DAES1E2

COrder Number LM35CZ,
LM3ISCAZ or LM3ISDZ
See NS Package Number Z03A

508
Small Qutline Molded Package

Ly

Your ! —_—
He.—2
NE.—3
GND—| 4

MG, = Ho Connecton
Top View
Order Mumber LM35SDR
See M5 Package Number MOBA

T0-220
Plastic Package®

O

(]
350

e Nowt
GHD

“Tab is connactad to the negative pin (GHDY.
Mota: The LM3SDT pinout ia ditfermnt than the disconlinued LM3SOR

Order Humber LM350T
Soe NS Package Number TAO3F
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bsolute Maximum Ratings (note 10) T0-82 and TO-220 Package,
MilitaryfAerospace specified devices are required, (Soldering, 10 8scongs] 260°C
jase contact the National Samiconductor Sales Office! 80 Package (Nota 12)
stributors for availablilty and specifications. Vapor Phase (60 seconds) 215'C
Infrarad {15 ssoands) 220°C
;:;'J{ Vaiiage 'ﬁ:::: j’:iﬂ ESD Susceptibity (Note 11) 2500
hipul Current 1o {Sﬁggﬂﬂd Operating Temperature Range Ty o T
torage Temp., LM35, LM3SA -55°C to +150°C
TO-48 Package, ~80°C to +180°C LM3ISC, LM35CA —40°C to +110°C
TO-92 Package, -60°C to +1650°C LMAasD 0°C o +100°C
50-8 Package, —B5'C o +160°C
TC-220 Package, —B5'C Lo +150°C
ead Temp.;
TO-46 Paclaqo,
(Soldering, 10 seconds) 00°C
‘lectrical Characteristics
lotes 1. B)
LM35A LM3ISCA
Parametes Conditions Testad Deslgn Tested Design Units
Typical Limit Limit Typlcal Limit Limit {Max.)
{Mota 4) | (Mote 5) {Mote 4) | (Mots 5)
SUFACY TA=+25°C £0.2 05 +0.2 £05 G
3ta 7) T ==10°C 0.3 4073 .0 ©
T = Tasi 0.4 1.0 £0.4 £1.0 T
Ti=Tii 0.4 1.0 0.4 15 H o
nlinearity | T aain= T asTraan £0.18 10.35 £0.15 10.3 e
ola B}
nsor Gatn T =Tz T +10.0 0.9, +40.0 +3.3, MG
sarage Slope) +10.1 ! +10.1
&d Regulation T =+25°C 0.4 1.0 | 10,4 1.0 mima,
sta 3) 0=l <1 mA ) T R P 0.5 t3.0 0.5 3.0 mviméA
£ Regulation T =425C +0.01 +0.05 £0.01 008 iy
e 3) V=Y <30V +0.02 $0.1 +0.02 0.1 mvv
jezcant Current W g=45Y, +25°C 56 67 56 &7 118
e 8) W g=+EY 105 13 81 114 A,
W =430V, +25°C 56,2 58 56.2 B8 TS
V g=+30Y 105.5 133 91.5 118 WA
ange of 4y <30V, +25'C 0.2 1.0 02 1.0 A
leseant Curmerit AVEV <30V 0.5 2.0 05 20 pA
sta 3)
mperatura +0.29 0.5 +0.39 +0.5 pASC
efficient of
iiescant Gurmant
~imum Temperatura | In circult of +1.5 +2.0 +1.5 «2.0 ¥
Fated Accuracy Flgure 1, 1, =0
ng Term Stabifity T ;=Tyiax; Tor £0.08 +0,08 C
000 hours
3 W, nadional com
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Electrical Characteristics

{Notes 1, 6]
LM35 LM35C, LM35D
Paramater Cornditions Tested Da=sign Tested Desigh Units
Typlcal Lirmit Limit Typical Limit Limit {Maoc)
{Mota 4) | (Mote 5) (Nota 4) | (Wota 5)
Accuracy, T a=+25C 0.4 1.0 04 1.0 i -
M35, LMASC T ,==10°C 0.5 £0.5 1.5 C
{Note 7) T Tt +0.8 +15 *08 £1.5 ¢
T a=Tom +0.8 +15 +0.8 £2.0 C
Accuracy, LM350 T =425C 106 15 C
(Wote 7) T = Thance 089 +30 C
Ta=Thain 0.3 20 il o
Nonlinearity S G ey 103 0.5 10.2 30.5 "
{Mole 8)
Sensor Galn R e +10.0 58, +10.0 +9.8, mvIrG
{Averaga Slope) +10.2 +10.2
Load Regulatian T =+25C 104 $2.0 +0.4 20 mV/imA
{Mate 3) D<l €1 mA, § By 7t (P 105 £5.0 10.5 £50 | mVimA
Line Regulation T =+25°C +0.01 =01 +0.01 0.1 i
{Note 3) 45y 30V 40.02 £0.2 t0.02 oz Y
Quiescent Currant W g=+5Y, +25'C 56 80 56 80 pA
(Nota 9) V =45V 105 158 81 138 PA
W o=+30V, #25°C RA6.Z 82 5.2 B2 pA
WV g=+30V 105.5 161 i 141 WA
Change of AV o230V, +25°C 02 20 0.2 2.0 WA
Quiescent Curmant =y =30V 0.5 0 0.5 in pA
(Note 3)
Tamparature +0.39 +0.7 +0.39 +0.7 pASC
Coefficient of
Qiiescant Cument
Minimum Temperature | In cicuit of +1.5 +2.0 +1.8 +2.0 ¥
far Ratad Accuracy Figure 7, 1,=0
Long Term Stabllity T =Ty, for +0.06 +0.08 o
1000 hours

Mote 1; Uniless ofhensss moted, these specilications appty: —B5'C2T 241
DT+ 00°C for the LM3SD, Ve=+Tvde and | nan=50 pA, in tha circait of

SO0°C Bor the LAESS and LM3EA; =40 <T =ed10°G for the LMAGE and EWE5GA; and
Figurg Z These specifications nlso apply frem +2°5 io Tran In the clroult of Figuee 1.

Speciications In boldface apply over the hull rated lamparabire FERGS.

Note 3: Thernal reslatants of ha TO-46 packsge s 400°CAW, nction ko ambiant, and 24°C/W junclion 1o case. Thenme! resistance of he TO-82 package |8
180GV Junciion to Bmblenl. Thensal resistance of s small oulline meldad package is 220°CAN junclion i amblant. Thenma reststance of the TO-22) packags
s S0TCAY pinetian to armbont, For additonal thenmal reslstance Informaton gee b in he Applicaions section.

Nete 3: Repuston is measwsd at constam |unclon kanperature, using puisa leating with B bow duty cycle. Chianges in outpi dee to heeting eflects can be
carmpribedd by muliphying the intemal dissipaton by the therma raskatBnce.

Mota 4z Tanbed Lirits sre guarantzed snd $00% tealed n produghon.

Mota 5: Design Limits are guarantaad (but not 100% producton tested| over the Indicated bemperalune and supply veitage ranges. Theos Jimiks are nat used ko
cubcutats ealgoing quality levels.

Mots 6: Specifications in bobdfece apply over G full rated lemperylire remgs.

Hots T2 Accuracy 18 defined a3 the emor betwaen the oulpul voliage and DS times the deviea's casa termperatire, 2i spaciied conditions. of woitage, cument,
and bempersture (Rapressed in Tl

Wote &: Nondineartty is defined &8 the devialion of the output-olla ge-varsus-tmmpenihre curve froem tha beat-it straightl line, over B devica's raled Ismperabne
Tape.

Mods 0: Duiescant cwvent la defined in the droudl of Figie 1,

Mota 10: Abeckets Maxirmum Rainge indicate imite bayond which damags o the devios may oceur DC and AG slechical specifcatinns o ol Bpply when speraling
the device beyond s rated opemting condifions. See Nobs |

Mata 11 Himman backy muhal, 100 pF dischangsd through a 1.5 kD) reslsios,

Nots 17 See AN-450 "Surace. Mounting Methods and Their Efect on Proccl Refishillhy” or Brs sscion biled “tyfecs Mount” found in a current Nabionsal
Sarmdeonductor Linear Data Baok for ather mathods of soldering swiface mound devices,

W, neationa|cam 4




ypical Performance Characteristics
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Typical Performance Characteristics (Continued)
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Applications

The LM35 =an be appllad sasily in the same way a5 other
integrated-circult temparature sensors. It can be glued or
cemented to a suface and s temperature will be within
about 0.01°C of the surface tempesatura.

This presumes that tha ambient alr termperaturs is almost the
samea as the surface temperature; if the air lemperalure wera
much highsr of lowar than the surface temparature, he
actual termperaturs of tha LM35 die would be at an interme-
diate temperahira batween the surface temperature and the
air temperature. This is expacially true for the TO-92 plastic
package, where the copper lsads are the principal thermal
path to carry heat into the davice. so its temparature might
ba closer to the air emperature than to the surfece tempera-
ture.

To minimize this problem, be sure that the witng to the
LM35, 85 il |aaves the devics, |s held at the sama tempers-
ture as the surface of interest. The easlest way to do this is
to cover up these wires with a bead of epoxy which wil
insure that the leads and wires are all at the same tempara-
ture as the suface, and that the LM35 die's temperature will
not be affectad by the air W@mparature,

Start-Up Responsa

Vg i)

\

L4

Way= ()

1@ M 30 40

|
]
I

] LI |

TIL (e asazonds)
DEIOEE 1835

The TO-46 metal package can also be soldered to a metal
surface or pipe without damags. Of course, In that case the
W= terminal of the clreult will be grounded to thal metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped info a bath or serewead
intn a threaded hola in a tank. As with any IC, tha LM35 and
accompanying wiring and drcuils must be kept insulated and
dry, to avoid leskage and comosion. This ls espedially rue If
the cireult may operate at cold lemparatures whene conden-
eation can occur, Printed-cincult coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
Insure that molsture cannol carode the LMAS or iz connec-
tions.

These devices a@ms sometimes soldered to & smal
light-welght heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a emall thermal mass may be added 1o the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TO-48, TO-AE, TO-82, T, 04 208 TO-T20
Ao haat siall haat fin it haat pmiall haat fin o bt small feasr fin o hesl
aink nink mink minvk,
Znit alr 40070 A00TAY 1 EICHY 140'Co 2H0°CAY 110G WrCHY
vty Bir 100°CAY ACAY oW TOCAY 105" CAN =i 2ChN
Sl ol 100y AT SOTCAY TOCAY
Eirrad ol BOCA 3T A5G #0CAY
{Clamped b matal,
Inifinta heat k) {28 (E5'CAMY)

“Wikefield type 204, or 17 dise of 0020 sheel braaa, sobdered 10 casa, of SETHEE,
7082 are} S0-8 packages glued end leads solered to 1* pguare of 1HE" prinked el boand with 2 oz, foll or smilar,

wary netional_com




‘ypical Applications

+ | HERYY GAPRCTTVE LOAD, WENMA, ETC

Ll
[104-] T & MIGH-IMPEDANGE LOAD

"1

OE0SE18-18

SIGURE 3. LM35 with Decoupling fram Capacitive Load

r--_ § AT CAPACTIVE LoAD, W, E1C.
| e R
i wis >
01 oF memsn L i I_‘
L = W
i
]
L l g ool
o
FIGURE 4. LWA2S with R-C Damper
SAPACITIVE LOADS

ke most micropowar clrcults, the LMBS has & limited ability
1 drive heavy capacitive loads, Tha LM35 by Itself is able 1o
1rive 50 pf without spacial precautions. i heavler loads am
anticipated, t Is easy to isolate or dacouple tha |omd with a
resistor: eae Figure 3. Or you can Improve the tolerance of
capecitance with a series R-C damper from output to
ground; sea Figure 4.

When the LM35 is applied with & 2000 load resistor 25
shown in Figtirs 5, Flgure £ or Figure 8 It |s relatively iImmuna
to wirling capacitence bacause the capacitance forms a by-
pass from ground to input, not on the outpul. However, as
with any linear circult eonnected to wires in a hostle anvi-
ronment, ils parformance can be affected adversely by in-
tense eleciromagnelic sources such as relays, radio frane-
mitters, motors with arcing brushes, SCR transients, etc, as
ite wiring can act 95 a recaiving antenna and Its internal
Junctions can acl s rectifiers, For best results in such cases,
a bypass capacitor from Vi o ground and a series R
dampar such 8¢ 750 In zeries with 0.2 or 1 yF from otpuiio
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

Vot =10 /€ Moy + 1°C)
FrodM +2*CTO +40°C

OGS F

FIGURE 5, Two-Wire Remote Temperalure Sensor
[Grounded Sensor)

]
v ﬁ
FilS ?
ez TWASTED PR
Wour =10 Wi/ *G [Tagapint +1°C)
FROM + 275 T8 +40°C
.
5%
OR 18k AHERSTAT
Fii QA ADLJEST

DEDRas18-8

FIGURE 6. TwaWire Remote Temperature Sensor
{Output Referred to Ground)

+¥5

|
LM3E &
}u.n
i =
1hi4
1Bk
; =

" oeosisT

EIGURE 7. Temperature Sensor, Singie Supply, -55° to
+150°'C

-

1

1 =3
ra %
P TWISTED PAIR
orrend T

e———

Voot =70 w0 | Taspuenet +10°E}
W — 57w +40°0

Ceaon; a8

FIGURE 8. Two-Wire Remole Temperature Sensor
{Output Referred to Ground)
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auT e
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EIGURE 8. 4-To-20 mA Current Source {0°C to +106°C)
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Typical Applications (Continued)

s
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+¥5
(6% Ta 200) (M35
|
+

nwmii-il
FIGURE 11. Cantigrade Thermometes {Analog Meter)
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e LMBHE25 5.5
FISURE 10. Fahranheil Tharmomater
ks = DEnDmIB12
FIGURE 12. Fahrenheit ThermometerExpanded Scale

Thermomater
(50" to 80" Fabwenheit, for Example Shown)
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FIGURE 13. Temperature To Digital Cenvertar (Serial Qutput) {+128'C Full Scale)
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FIGURE 14. Temparature To Dighal Converter (Parallel TRI-STATE™ Dutputs for
Standard Data Bus to pP Interface) (128°C Full Scale)
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pical Applications (continued)
L
>
i 67 B B W M M BN 79 8 B OB 81 M 85 8
- o F
T 2 10m
% 10
LRSS 18- 1F
5 or 2% film resistor
1 Ry for Wp=3075Y
1 R for W= 1.4955
% Ry, for Wa=0.075% *+ 100m"C & Tamsan
mple, Wa=2.2757 at 22°C
FIGURE 15. Bar-Graph Temperature Display (Dot Mode)
-
fewr

|

I

wl

DE5S HE-15

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Qutput
{2'C to +150°C; 20 Hz to 1500 H=)
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rsical Dimensions inches (milimeters) urless otherwise noted

, 02488214
|

" 15.300-5.563)
LITE=D.195

{4.521-4.853)

SCATING

PLME—I g LA
DA% wax o 1— [ (z832 - 2867}
(0.635) J L w500

UNCONTROLLED ﬂ ﬂ u Em Lt

LEAD A
0.816-0.018 0.830
ﬂmuta.—u,ma::ﬂ_"4 I~ e
DIA TYP MAX
2 L .
¢ 0.058 12.540)
{121
: i
Lo ol
0360008 - B.0zE—0048
0M4=1.1 Ill_"'g/z S\ B711=1.215
I PRV [

TO-45 Matal Can Package (H}
Order Humber LM35H, LM35AH, LIM3SCH,
LM3ISCAH, or LM35DH
NS Pachage Number HOIH

s

e p——— }&%m

w#
DENT A
BB 117
e T "
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Lo 2 RAK TV P lal
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L — L I 5= = SR
e PLANE
= L !
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e i = 1270 000
TP L LEADE e A I

50.8 Molded Small Outline Package (M}
Order Number LM25DM
NS Package Number MOSA
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Ph}fSiGﬂl Dimenslons inches {milimeters) unless otherwise noted (Continued)

~ S50l [ ass
106, B.330-0,350 |
1.100-0. 1170 i =~ [r.2a-5.89]
[2.54=3.08] o
D.050-0.075 1 | 0.148-0,153 |
[1.52-1.81] ""| [+.78-380] '| g.1sg-0.210
'i: e | 0.030-0.113% [+.81-5.33]
—-—5“ [2 28-2.74) _I
5400 s 4=-59 —T PEE——E—— F==7
0,005 i
(10,98 "1 81 . )f 5 . ™ — 3
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.33 - =
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T I [1.22-1.40]
oL 0045 0.055 | 0130=0160
d ¥ 5
Gl et Tt

4.001-0.007 FIN #1 10 A

i
fa.25-t.174] L3

1.005-1.036
[25.53-26.13]

7o |: 0.525-0.555
7 [$3.24-14.10]

S— |

) —+

i 0.015 ‘300
| | { | | LRIy
ol O G i
i Bo-5% — | |r T o.1es 5
Rt e
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Power Package TO-220 (T)
Order Number LM35DT
NS Package Number TAD3F
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rsical Dimenslons inches (milimeters) uniess otherwise noted {Continued)

5.2

I 4,7
EJECT |OH WARK
LB HAR
Q.35 MAX

-
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E
pm—

-1

[ Ao [
0.3% 10 i—

1.2740.05
— & 5420, 1

1113
J.8a

/—S[ATJHE PLANL

f
2.24 MAK
CUNCONTROLLED LEAD DIA)

—
5 OIMENSIONS ARE I MILLIMETERS
1
ks iher B
TO-92 Plastic Package (Z)
Order Number LM35CZ, LM3SCAZ or LM35DZ

N3 Package Humber 2034

£ SUPPORT POLICY

TONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS GRITICAL COMPONENTS IN LIFE SUPPORT
/ACES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
JNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used harain:

ffe support devices or systems are devices or
systems which, (a) are intended for surgical implant
nto the body, or {b) support or sustain life, and
vhosa failure to perform when properdy used in
icnordance with instructions for use provided in the
abeling, can b reasonably expected to result in a
significant injury to the user.

2

A critical component is any component of a life
support device or system whose failure 1o parom
can be reasonably expected to cause the failure of
the kfe support device or system, or to affect its
zafetly or efleciivenass.
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Francais Tet +33 00t 1 41 81 8780
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Japan Lid
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Fiay: 8°-3-5838-TE07

loes Pl

mmqunruuﬂmmmmmmW frtins arm mphed and Hetional mtsryes the fight gy i WhiDUE Pefive 1o change said tasTy and ippcictios.

siosuag ainjesadwa) apesbnuad uoisioeld SENT




2003 rero
2024

HVOEEE

Cwp. Ho. A-4554

that the ULN20xxA series (dual in-line
age} and ULN20=xL. series (small-cutline
wkage) are electrically identical and share
amon ferminal number assignment,

OLUTE MAXIMUM RATINGS

it Voltage, V
LN200xA and ULN200ZL) ........ 50V
LNZO2xA and ULN20ZEL) ........ 35 ¥

mous Cutpul Curren
nuous Input Current, , ..o 25 mA
1 Digsipation, P
1e Darlington pair}.....c.c.... 10 W
sl pAcKAgE) .vnierissvennnsne. 02 Graph
iting Temperatun: Ratize,
I - | i of ¢ % 2. - ht &
ge Temperahue Range,

. 8537 to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperamure and number of drivers Lumned ON
simultanecusly, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, soleneids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5 V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L. and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V CMOS or PMOS logic outputs.

The ULN2003A/L and ULN20MA/L are the standard Dadington
arrays. The outputs are capable of sinking 500 mA and will withstand
ar least 50 V in the OFF state, Qutputs may be paralleled for higher
lvad current capability, The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A") and 16-lead surface-mountable SOICs (suffix
“L™. All devices are pinned with outputs opposite inputs to facilitate
eage of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (See matrix, next page) are
also available for operation to ~40°C; to order, change the prefix from
“ULN" to “ULQ™.

FEATURES

B 171 DTL, PMOS, or CMOS-Compatible Inputs

B Qutput Current to 5300 mA

B Output Voltage to 93 V

B Transient-Protected Qutputs

8 Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

llegro-
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rH-VOLTAGE,
iH-CURRENT
RLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
Vg 50V 95V
Im_'!..! A%} 500 maA, 500 mA
Logic Part Numbar
5V ULMNZ003A® ULN2023A*
TTL. CMOS ULN2003L" ULN2023L
6-15V ULMZ004A™ ULMN2024A
CMOS, PMOS ULN2004L* ULM20241
+ Ago available for operation hetween -40°C and +85°C. To order, change
PARTIAL SCHEMATICS prefix from “ULN” to "ULQ".
20x3A/L (Each Driver)
—+—oc COM
e 25
: | mY ! = L
: e A z
e [ B z 20 \
& o
E \EEH:D{ B A m BOGIN
g 16
Dweg. Mo, A-DB51 g \ \
17}
=
120%4A/L (Each Driver) S 44 ™. \
3 \\
9 e
—p—o COM e e SUFFIX L, R, = B0°CW \“
105K I:——'—“ §
B L : =
‘ i - 7 1 125 150
* e ! =S S M.

Dy, blo. A-BEFIEA,

AMBIENT TEMPERATURE IN "¢

Fhg. 1P A0

X = Digit to identify specific device. Specification shown applics o family of
devices with remaining digits as shown. See mamix above.

115 Monhesst Cutoff, Bax 15038
Worcazier, Massachuseatta 01615-0036 (508) 853-5000
Copyrght & 1974, 1998 Allegro MIcroSyskams, inc.
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

s ULN2003A, ULN2003L, ULN2004A, and ULN2004L

-TRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
acteriatic Symbol | Fig. Devicas Test Conditions Min. Typ. Max. | Units
tLeakage Cument | lcex 1A All Veg =50V, Ta = 25°C — <1 50 | pA
Veg =50V, Ta = 70°C — =1 100]| pA
1B | ULN2004ALL | Vep =50V, Ta=T70°C,Vjy=10V| — <5 500 pA
tor-Emitter Vegsan | 2 All le =100 mA, lg = 250 pA — 08 14 v
itlion Voltage I = 200 mA, Ig = 350 pA o 14 1.3 v
le = 350 mA, |g = 500 pA — 13 18 W
Surrant |IN{CIH] 3 ULNZ003AL Wiy =385V == 083 135 mh
ULN2004AL | V=50V — 035 05| mA
Vin=12V - 1.0 145 mA
IIN_[{FF} 4 All Iz = 500 pA, Ty = 70°C 50 B5 = LA
Voltage Viniony 5 | ULM2003AL | Veg =20V, 12=200mA —  — 24| v
Veg =20V, lg = 250 mA = = PR| ¥
Ve =20V, I =300 mA — — 30| v
ULMN2004 A1 E =20V, Ig=125mA — —_ 5.0 v
Veg =20V, o =200mA — — 80| V
Vee =20V, I = 275 mA — — 1] v
Ve =20V, [g=350 mA — — BOD]| ¥
Zapacitance Cin — All — 15 25 pF
n Delay R 8 All 0.5 Ej t0 0.5 Equt — 025 10| ps
1t Dalay teni B All 05En 00 5EqT — 025 10 s
Diode iR 6 Al V=50V, Ta=25C - — 50 A
3e Current Vg =80V, Ta = 70°C —  — 10| pA
Diode Ve T All lg = 350 mA -— 1.7 2.0 v
rd Valtage

efe part pumber ingludes soffix to identify package style: A = DIP, L = BOIC.

ailssrsinnisy 2o
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‘H-VOLTAGE,
[H-CURRENT
RLINGTON ARRAYS

ULN2023A, ULN2023L, ULN2024A, and ULN2024L

IRICAL CHARACTERISTICS at +25°C (unless otherwise nofed).

Test | Applicable Limits
Heristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. Unlis
Leakage Current | lpex 14 All Vep=95V, Ty =25"C — <1 50 (A
Vg = 95V, T, = 70°C <1 100 uA
18 | ULNZoZ8AL | Voe=95V, To=70°C, Viy=10V] — <5 500 pA
w-Emitter VeeeaT) 2 Al lg = 100 ma, lg = 250 pA — 08 1A v
i Vajtaga lc = 200 mA, Ig = 350 pA — 11 a3 W
|e = 350 mA., Ig = 500 pA — 13 18 v
urrant lijong 3 ULN2023AL | Viy=385V — 083 135 mA
ULN2024AML | V=50V — 035 05 mA
Vi =12V — 10 145 mA
hN(GEF) Al g = 500 pA, Ty, = 70°C 50 6 — A
‘oltage VINGON) ULN2023AL | Ve =20V, g =200 mA a—
Vioe = 20V, lg = 250 mA SUE=
Vg = 20V, g =300 mA = e SBH M
ULN2024A/L | Vap =20V, Ig =125 mA A
Ve =20V, =200 mA — — 6.0 Y
Vg = 20V, g = 275 mA . w00 N
| Ve =20V,1c=350 mA — — 85 ¥
apacitancs Cin - Al — 15 25 pF
n Delay P H 8 All 05Ew o 05Emur — 025 1.0 [s
ff Delay e B All 0.5 Ey o 0.5 Eqyr — D25 1.0 us
Diode ™ 6 All =85V, Ty=25°C —  — 50 pm
e Vg =95V, Ty = 70°C —  — 100 A
Diode Ve ¥ A Ig = 350 mA e 1.7 2.0 W
i Voltage

ste part number incindes suffix to identify package style: A = DIP, L= S0QIC.

-"r.-?
III [§ )

Allegro”

115 Northeast Cutoff, Box 15036
Worcester, Massachusetls 016150036 (508) B53-5000
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
oren Vee opEN  Vee

O, Mo A-S7288, Crargl. Moo A-BT30A Ehig. Mo, A-BTITA

FIGURE 3 FIGURE 4 FIGURE 5
OPEN orEn Yok
[=]

F 3
] Ie
L o oeen
= Do Mo A BT52A = = D, No, G733 Do, tos AFTIA
FIGURE & FIGURE 7 FIGURE 8

g J=- _ (1) JF
‘ DR

!ﬂﬂ 1M
mn

[rag. Moo A-BT3A WLNOKE 35
WLMNZEE 2V

7

plete part number includes a final letter to indicate package.
it to identify specific device, Specification shown applies to family of devices with remaining digits as shown.
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TH-VOLTAGE,
yH-CURRENT
RLINGTON ARRAYS

LOWABLE COLLECTOR CURRENT

AS A FUNCTION OF DUTY CYCLE
Dual In-line-Packaged Devices, Suffix 'A')

i

g, N

imali-Outline-Packaged Devices, Suffix 'L"}

o« T
n, TJ:=+?'|J'L'-
Flau = POCAY
! |
A sy A3 Y 3 ,
\\\§\M"\ 7 =
o [
\k\&\“ 3 '\-.H B
et -\‘:ﬁ.. & * ~ R
i ﬁ%-____—-_._‘_
MULEER COF OUTEUTE —
SN TANEGLEL Y !
! 5] 20 & [21] 4} 10 ]
LY (CYELE M FER GENT izt
SATURATION VOLTAGE

FUNCTION OF COLLECTOR CURRENT

800
f
£ F

/

i Ved
77

) 7 'f/f i
4
,/f /|
a 1.5 Ta 15 2a
COLLPCTOR-ENMTER SATURATION WO T ALE

g T

COLLECTOR CUPAENT IMmA

TYPICAL APPLICATIONS

COLLECTOR CURRENT AS A
FUNCTION OF INPUT CURRENT

B0

&

g

s
7
dpa
&7 /ﬁ
1
. A |
ﬂ j//: L ]

115 Mortheast Cutoff, Box 15036
Worcaster, Mazsachusetts 01815-003€ [508) 853-5000




2003 tarvu 2024
HIGH-VOLTAGE.

HIGH-CURRENT
DARLINGTON ARRAYS

TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

Types ULHznu:!A.ULll_luJ!z%%na{L, ULNZDZIA, and

T ] L~
20 f"/
> /
+ 9#"”)
e
& / _,,..'ﬁﬁ-“"
E o f/ Illl.lr._ o~ !
(3] L
g / i ,,.-_‘_f,.i
2 - A
[T " AREROF NORMAL DPERATION
o WITH STANDARD OF BCHOTTHY TTL
Drg. R A-BEETA, 2 |
24 4.0 4.4 a0 610
INPUT VOLTAGE
Trorg. TP-0EE

Types ULﬂzﬂmhmﬁﬂzﬁtL, ULM2024A, and

20

o P

0.5

IHPUT CURAENT 1IN mA — In

Erag P, TR 178

8 B 10 11 12

INPUT YOLTAGE
Crg. (3P
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‘H-VOLTAGE,
tH-CURRENT
RLINGTON ARRAYS
PACKAGE DESIGNATOR “A”
Dimensions in Inches
{controlling dimensions)
16 g

s S i A s O s O i O

= = = = = Ed
o _l__. __Iuégui J':'|..4_|[:.nus.

0775 WM

s————

L] - (8N

Dimension in Millimeters
{for reference only)

9
o IO i R B0 s B i

iy LA =50 ¢ 138 TN

: 1. Leads 1, 8,9, and L6 may be half leads at vendor’s option.
2. Lead thickness is measurcd at seating plane or below.
3, Lead spacing toferance iz non-cumulative.
4, Exact body and lead configuration at vendor’s option within limits shown.

u
:ﬂl m“& I 115 Northeasl Cutoff, BoX 15036
s v Worcester, Massachusetts 01615-0036 (S0B) B53-5000

.
& i 1] Ine:
fo- | = iernfpsams, ne.
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

PACKAGE DESIGNATOR “L”

Dimensions in Inches
{for reference only)

1AAAAAAR TR

01574 0.2440

0.1487 0.2284 0.050
R ULARREE | e

gjgfg_'fl“_ﬂ_a 0.3937 _—“|_,I“ﬂg,gi” oo Bﬂ“h"

0.385089
i 1
0.0688

1 T‘ 00040 MM, Oy, WA DT b

Dimension in Millimeters
{controlling dimensions)

,,ImHHHHHHHHi Tﬁﬁi
i
¢

3.80

HHH'HHHHH& =L
033 '-II-'Z i N e ﬂ"ma“‘,[\rr

9.80

;

1.75
1.86-1 4 2
3: 1. Lead spacing tolerance i5 non-cumularive,
2. Exact body and lead configuration at vendor’s aption within limits shown.

0,10 mir [y MA-DOT- 124 mm
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'‘H-VOLTAGE,
H-CURRENT

tLINGTON ARRAYS

The products described here are manufaciured under one or more
.5, patents or DLS, patents pending.

Allegra Microkystems, Inc. veserves the vight 1o make, from fime o
tiie, such departieres from the detail specifications as may be required
1o permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautionesd to verife that the informarion heing refied wport 5 curmeml

Allepro products are not authorized for wse as eritical components
i Hife-support devices or systems withou! express writlen approval.

The information included fdreln 5 belicved b be accurare ]
refiable. However, Allegro MicroSystems, Inc, assimes o rasponsl
Bility for ity use; nor for any infringement of patents or nrher rights af
ihird parties which may result from 05 ase.

TEZ 5
g

10"

MicroGystenns, Ine

115 Morthazet Cutoff, Box 15036
Worcsster, Massachusetls 01615-0036 {508) B53-5000
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VR™ - High Performance and Low Power RISC Architecture
- 118 Powerful Instructions - Mest Single Clock Cycle Execution
- 32 x 8 General Purpose Working Registers
— Up to 8 MIPS Throughput at & MHz
on-Yolatile Program and Data Memories
— BI bytes of In-System Programmable Flash ATB0S/_S8535
- 4K bytes of in-System Programmable Flash ATS0S/L54434
8P| Serial interface for in-System Programming
Endurance: 1,000 Writa/Erass Cycles
— 512 bytes EEPROM AT90S/L58535
- 256 bytes EEPROM AT205/L54434
Endurance: 100,000 Write/Erase Cyclaz
— 512 bytes Internal SRAM AT205/ 58535
— Z56 bytes Internal SRAM ATI0S/LS4434
— Programming Lock for Software Security
gripheral Features
— 8-Channel, 10-Bit ADC
— Programmable Serial UART
— Two 8-Bit TimarCountsrs with Separate Prescaler and Compara Mode
- One 16-Bit TimerCounter with Separate Prescaler and Compare and
Capture Modes
— Programmable Watchdag Timer with On-Chip Oscillator
- On-Chip Analeg Comparator
— 3 PWM channels
ipacial Microcontroller Features
— Power-On Resat Circuit
— RTC with Separate Osclilator and Counter Mode
— External and Intemnal Interrupt Sources
— Thras Slosp Modes: Idle, Power Save, and Power Down
'D and Packagas
- 32 Programmabie VO Lines
Yperating Voliages
= Ve 4.0 - BOV ATROS4LIHATIDSESIS
- Wep: 2.7 - 6.0V ATOOLS44 34/ ATIOLSES3S
peed Grades:
— 0 - 8 MHz AT90S4434/ATANSB535
= 0 = 4 MHz (AT90L 34434/ ATSDLSB535

n Configurations

o o TR
g 558 sifcs. I5E
£33fF  acsm imnex S T
1 b dbE Edd rannen AREgpaY (rliie
Qe B o 1 B e Moy wone s B U & 5-=::5§“§5
YV LuHRLR rak gk - =g
itz o} Sl L irebEaRiic e OEEAQNARGD
T -] 87 pig iBedn TN Pnﬂ“’[‘;ﬁ; LR i et o
([H 0 L) ] L= TPRTTToeY ARy R 8 F T Al Wy Tl kR o EAA ni | Ead jAREL]
i PP AR o PR Ce (I LAN T R= dx LIPAN ADCS}
IeiraE 3 35 i unen Taros e8t e G Al = 4 D iabgm
Ay |y L D ey aner =T i . - 5 BT 1ADCT)
ARwET B ak = wprr b s et 2a A
wri T e o A i {1 34 Fazun
ma = an [1 M A aue s 3r | AIES
zided o} 12 Iy = e b 4 L les B 3 b3 rar g
HFALY L1 ap o e maeen peny ey E';"‘ H 33 0 Eoe fmac
Al BT 14 o =i !: 1|r|!. LAl iam Foa ] e (o=l
:irg:::g g Ifi :: :;: SHTE mDa ARTEY BR[0T 1y T Had
CUTEL T N N [ L T L L

)
K =L

®

8-Bit AYR
Microcontroller
with 4K/8K
Bytes
In-System
Programmable
Flash

AT9054434
AT90LS4434
AT9058535
ATI0LS8535

Advance
Information

Rew 1041011188




ATMEL

scription

ATO0S4434/8535 is a low-power CMOS B-bit micro-  the ATODS4434/8535 achieves throughputs approaching 1
traller based on the AVR enhanced RISC architecture.  MIPS per MHz allowing the system designer to optimize
sxecuting powerful instructions in a single clock cycle,  power consumption versus processing spead.

ack Diagram

L ) Iﬁfmmi ‘ i Tay
= 1 .

PLOISTER ¥

TILERS
COUNTERS =

¥

PR DRIVERS

TR

Pag -0y FD0-POT

8 AVR core cambines a rich instruction set with 32 gen-  single instruction executed in one clock cycle. The resulting
il purpose working registers. All the 32 registers are  architecture is more code efficient while achieving through-
sctly connected to the Arithmetic Logic Unit (ALU).  puts up to ten limes faster than conventional CISC micro-
wing two independent registers to be accessed Inone  contrallers.

ATI0S/LS4434 and AT90S/LS8535 msss—————




s ATO0S/LS4434 and ATI0S/LS8535

B AT9054434/8535 provides the following features:
f8K bytes of In-System Programmable Flash, 256/512
es EEFROM, 256/512 bytes SRAM, 32 general purpose
lines, 32 general purpose working regislers, RTC, three
«bla timerfcounters with compare modes, internal and
ernal interrupts, a programmable serial UART, 8-chan-
. 10-bit ADC, programmahle Watchdog Timer with inter-
I oscillator, an SPI serial port and three sollware
ectable power saving modes. The Idle mode stops the
U while allowing the SRAM, timer/counters, SPI port
1 interrupt system to continue functioning. The Power
wn mode saves the register contents but freezes the
sillator, disabling all other chip functions until the next
srmupt or hardware resat. In Power Save mode, the timer
sllator continues to run, allowing the user fo maintain a
o bass while the rest of the device is sleeping.

g devica is manufactured using Atmel's high density
tvolatile memory technology. The on-chip ISP Flash
wws the program memary ta be reprogrammed in-system
ough an SPI serial interface or by a conventional nonval-
le memary programmer, By combining an 8-bit RISC
U with In-System Programmable Flash on a monolithic
ip, the Atmel ATO0S4434/8535 is a powerful microcon-
llar that provides a highly flexible and cost effective solu-
n to many embedded control applications.

e ATI0S4434/8535 AVR iz supported with a full suite of
»gram and systern development tools including: C com-
ers, macro assemblers, program debugger/simulators,
circuit emulators, and evaluation kits.

mparison between ATI0S4434 and ATS0S8536

g ATO0S4434 has 4K bytes of In-Systern Programmable
ish, 256 bytes of EEPROM, and 256 bytes of internal
AM.

& ATR0SA535 has BK bytes of In-System Programmable
ish, 512 bytas of EEPROM, and 512 bytes of internal
Al

ale 1 surmmarizes the different memory sizes for the twa
fices.

e 1. Memory Size Summary

art Flash EEPROM SRAM
re054434 4K hytes 256 byles 256 bytes
[g058535 | BK bytes 512 bytes 512 bytaz

n Descriptions

G

jital supply voltage
D

jital ground

Part A (PAT..PAD)

Port A is an 8-bit bi-directional YO port. Port pins can pro-
vide intemal pull-up resistors {selected for each bit). The
Port A output buffers can sink 20mA and can drive LED dis-
plays directly. When pins PAD to PAT are used as inpuls
and are extemally pulled low, they will source current if the
internal pull-up resistors are activated.

Port A also serves as the analog inputs to the A/D Con-
varter.

Port B (PB7..PBD)

Fort B is an 8-bit bi-directional I'0 pins with inlernal pulkup
resistors. The Port B outpul buffers can sink 20 mA. As
inputs, Port B pins that are externally pulled low will source
current if the pull-up resisiors are activated,

Port B also serves the functions of various special features
of the AT9054434/8535 as listed on page 53.

Port C [PCT.PCO)

Port C iz an 8-bit bi-directional VO part with internal puliup
regiztors. The Port © output buffers can sink 20 mA. As
inputs, Port G pins that are externally pulled low will source
currant if the pull-up resistors are activated. Two Port C
pins can alternatively be used as oscillator for
TimerfCounter2,

Port D (PD7..PDD}

Port D is an B-bit bidirectional I/Q port with intemal pull-up
resistors. The Port D output buffers can sink 20 mA. As
inputs, Porl O pins that are externally pulled low will source
current if the pull-up resistors are activated.

Port D also serves the functions of various special features
of the AT20S4434/8535 as lisled on page B0,

RESET

Reset input. A low on this pin for two machine cycles while
the oscillator is running resets the device.

XTALY

Input to the inverling oscillator amplifier and input o the
intermnal clock operating circuil

XTALZ

Output fram the inverting osciliator amplifiar

AVEC

This is the supply voltage pin for the A/D Converter. It
should be extemally connected to Vi via a low-pass filter.
See page 48 for details on operation of the ADC.

AREF

This is the analog reference input for the A/D Converter.
For ADC operations, a voltage In the rangs AGND fo AY ¢
must be applied to this pin.

AGND

Analog ground. If the board has a separate analog ground

plare, this pin should be connectad to this ground plana.
Otherwise, connect to GND.

AIMEL 3




ATmEL

rstal Osciilators Figure 2. External Clock Drive Configuration
L1 and XTALZ are input and output, respectively, of an
wting amplifier which can be configured for use as an
ship oscillator, as shown in Figure 1. Either a quariz NG —— XTAL2
ial or 8 ceramic rescnator may be used. To drive the
ice from an external clock source, XTAL2 should be left
onnected while XTAL1 is driven as shown in Figure 2.

the Timer Oscillator ping, PCB(0SC1) and PCT(OSC2), EXTERNAL

erystal is connected directly betwaan the pins. No OSCILLATOR ——| XTALY
al capacitors are needed. The oscillator Is optimized SIGNAL

1se with a 32,768 Hz watch crystal. An external clock

ial applied to this pin goes through the same amplifier GND

ing a bandwidth of 256 kHz. The extemal clock signal
uld therefore be in the interval O Hz - 256 kHz.

are 1. Oscillator Connections

—ll—r XTALZ
c1
!—}I——Ii XTALY

W
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chitectural Overview

= fast-acrcess register file concept containg 32 x 8-bit
1eral purpose working registers with a single clock cycle
=55 time. This means that during one single clock cycle,
2 Arithmetic Logic Unit (ALU) operation is executed. Two
srands are oulput from the register file, the operation is
scuted, and the result iz stored back in the register file -
ine clock eycle.

Six of the 32 registers can ba used as three 16-bits indirect
address register pointers for Data Space addressing -
enabling efficient address calculations. One of the thres
address pointers is also used as the address pointer for the
constant table Iook up function, These added function reg-
istere are the 16-bits X-ragister, Y-register and Z-register.

ure 3. The AT90S4434/8535 AVR Enhanced RISC Architecture

AVR ATO054434/8535 Architeclure
« Ciate Bus §-bk
7 Sialus . i t
ﬁ;ﬁ * Gounter ] and Conlrol [ T
Marmory
]
! o G2xA [ Linit
Ingtrsction Gamparal Ll
Rargiser Purpoes
[T — L_.‘ Barsl
l—‘—_ UAHRT
T fruscBon
Descider
l 2 'E B Tmﬁa;'lg;m
Coantrod Licvess g z —E
g £ with PYM
E THE
[ Timar'Counter
#  ZEASTZ4AE | win e
s[:hm Wi Vi hdog
e Timnar
2586512 x8 | Anadon o Digital
EEPROM Codverier
a2 Anakg
VO Linmy 1 Comparaar

3 ALU supports arithmetic and logic functions betwaen
izters or between a constant and a register. Single reg-
ir operations are also executed in the ALU. Figure 3
ws the AT9054434/8535 AVR Enhanced RISC micro-
itroller architecture.

addition 1o the register operation, the conventional mem-
addressing modes can be used on the register file as
Il. This is enabled by the fact that the register file is
signed the 32 lowermost Data Space addresses (500 -
T}, allowiryg them to be accessed as though they were
inary memory locations.

# WO memory space contains 64 addressaes for CPU
ipheral functions as Control Registers, Timer/Counters,
J-converters, and other VO functions. The /0 Memory
1 be accessed directy, or as the Data Space locations
owing those of the register file, $20 - $5F.

Y

The AVR uses a Harvard architecture concept - with sepa-
rale memories and buses for program and data, The pro-
gram memory is executed with a two stage pipeline. Whils
one instruction is being executed, the next instruction is
pre-fetched from the program memory. This concept
enables instructions to be executed in every clock cycle.
Tha program memory is in-system downloadable Fiash
memory.

With the ralative jump and call instructions, ihe whole
2K/4K address space is directly accessed. Most AVR
instructions have a single 16-bif word format. Every pro-
gram memoary address contains a 16- or 32-blt instruction.

During intarrupts and subroutine calls, the retumn address
program counter (PC) is stored on lhe stack. The stack is
effectively allocated in the general data SRAM, and conse-
guently the stack size is only limited by the total SRAM size
and the usage of the SRAM. All user programs must initial-

S| [} 5
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the SP in the reset routine {before subroutines or inter-  The 256/512 bytes data SRAM can be easly accessad
ts are executed). The 9-bil stack pointer SP is read/write  through the five different addressing modes supported in
aasibla in the VO spaca, the AVR architecture,
The memary spaces in the AVR architecture are all linear
and regular memory maps.

ure 4. Memory Maps
Program Memorny Daia Memory Data Memory

5000 [ 32 Gen Purpose |0000 $0000
Warking Registers | spaiF
0020

64 If0 Registers EEPROM

Program Flash
(256/512 x B
(34K % 16) o - )

$IF/SFF

s

- |S01BF0R5F

STFFIGFFF

wlble Interrupt module has its control registers in the /O of the program memory. Tha differsnt inlerrupts have prior-
3ce with an additional global Interrupt enable bit in the ity in accordance with their interrupt vector position. The
tus register. All the different interrupts have a separate  lower the interrupt vector addrass, the higher the priority.

srrupt vector in the interrupt vector table at the beginning

AT90S/LS4434 and AT90S/LS8535 me——
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e General Purpose Register File

ure 5 shows the structure of the 32 general purpose working registers in the CPU.

ure 5. AVR CPU General Purpose Working Regislers

7 [} Addr.
R 500
R sl
Rz §02
213 il
Ganaral R4 WE
Prurpeds R4E $OF
Wharking "6 $10
Reglsters RiT 1
R $1A ¥-regisber fow byis
RIT £31:) X-rapistor high byl
T $ic ¥-neglater low byis
Rz (3]s ¥.raglatar High byte
R0 $IE F-ragistar low e
Rad §1F F-ralater high byle

the register operaling Instructions In the instruction set
ve direct and single cycle access to all registers. The
Iy exception is the five constant arithmetic and lagle
idructions SBCI, SUBI, CPI, ANDI and ORI between a
netant and a register and the LOI instruction for laad
mediate constant data. These instructions apply to the
sond half of the registers In the register file - R16..R31.
e general SBC, SUB, CP, AND and OR and all other
srations between two registers or on a single register
ily to the entire ragister file.

shown in Figure 5, each register is also assigned a data
mory address, mapping them directly into the first 32

jure 6. The X, Y and Z Registers

locations of the user Data Space. Although not being phys-
ically implemented as SRAM locations, this memory orga-
nization provides great flexibility in access of the reglsters,
gz tha X, Y and 7 registers can be set o index any register
in the file.

The X-reglster, Y-register And Z-register

The registers R26..R31 have some added functions to their
general purpose usage. These registers are address point-
ers for indirect addressing of the Data Space. The thres
indirect address registers X, Y and £ are defined as:

15 o
regiatar F R o i
FZ7 (318, 26 (5 1A
15 o
raqisier I? CHE: CH |
L3 (510) P28 (510
15 0
regabar |? ojr o |
FH [S1F) o0 (§1E)

he different addressing modes these address registers
% functions as fized displacement, automatic increment

and decrement {sea the descriptions for the different
instructions).
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e ALU - Arithmetic Logic Unit

1 high-performance AVR ALU operates in direct connec-
1 with all the 32 general purpose working registers.
hin a single clock cyde, ALU operstions between regis-
; in the register file are exscuted, The ALU operations
divided into three main categories - arithmetic, logical,
| bit-functions,

e In-System Programmable Flash Program
'mory

y ATO0S4434/8535 contains 4K/BK bytes on-chip In-
iem Programmable Flash memory for program storage.
ca gil instructions are 16-or 32-bit words, the Flash is
anized as 2K/4K x 16. The Flash memory has an endur-
za of at least 1000 writeferase cycles. The

ure 7. SRAM Organization
Register Fie

B0
R1

3 lower 352/608 Data Memaory locations address the
jister file, the /0 Memory, and the internal data SRAM.
» first 96 locations address the Register File + YO Mem-
, and the next 256512 locations address the inlernal
a SRAM.
s five different addressing modes for the data memory
rer: Direct, Indirect with Displacement, Indirect, Indirect
h Pre-Decrement and Indirect with Post-Increment. In
registar file, registers R26 to R31 feature the indirect
iressing pointer registers.

= direct addressing reaches the entire data space.

ATODS4434/8535 Program Counter {PC) is 1112 bits wide,
thug addressing the 2048/4096 program meamary
addresses.

See page 71 for a detailed description on Flash data down-
leading.

Constant tables must be allocated within the addrass
0-2K/MK(see the LPM - Load Program Memory instruction
description).

See page 9 for the different program memory addressing
modes,

The SRAM Data Memory
The following figure shows how the AT8054434/8535
SRAM Memory is organized:

Data Address Space

$0001

To0p

The Indirect with Displacement mode features a 63
addrass locations reach from the base address given by
the: Y or Z-registar,

When using register indirect addressing modes with auto-
matic pre-decrament and postincrament, the address reg-
ieters X, Y and Z are decremanted and incremented.

The 32 general purpose working registers, 64 /Q registers
and the 256/512 bytes of internal data SRAM In the
AT90S4434/8535 are all accessible through all these
addrassing modes.

Sae the next zaction for a detailed description of the differ-
ent addressing modes,

AT90S/LS4434 and AT90S/LS8535 meee———




e AT90S/L.S4434 and AT90S/LS8535

2 Program and Data Addressing Modes

AT9054434/8535 AVR Enhanced RISC microcontrol-
supparts powerful and efficient addressing modes for
ess to the program memory (Flash) and data memory
IAM, Register File and I/O Memory). Thie section
cibes the different addressing modes supported by the
1 archilectura. In the figures, OP means the operation
a part of the instruction word. To simplify, not all figures
w tha exact location of the addressing bils.

jister Direct, Single Register Rd

ure B. Direct Single Register Addressing
REGIETER FILE

= operand is containad in register d (Rd).
gister Direct, Two Registers Rd And Rr
jure 3. Direct Register Addressing, Two Registers

RESIETER FILE

i}

Ed

srands are contained in register r (Rr) and d (Rd). The
ult is stored in register d {Rd).

AIMEL

1O Direct
Figure 10. 1/O Direct Addressing
WO MEMORY
15 B L
e | o [ = |}
83

Operand address is contained in 6 bits of the instruction
word. n iz the destination or source register address.

Data Direct

Figure 11. Direct Dala Addressing
Deria Spacs
a4 2018 1 500D
oF | Pt
16 L3588
%5 13

JO15F7
F0aGF

A 16-bit Data Address iz contained in the 18 LSBs of a two-
ward instruction. Rd/Rr spacify the destination or source

register.
Data Indirect With Displacement

Figure 12. Data Indirect with Displacement

[aba Epnce
4000
1] o]
| ¥R Z . REGISTER
15 1 45 [
[ 1 = [ =] .
CER5F

Operand address is the result of the Y or Z-register con-
tents added lo the address contained in 6 bits of the
Instruction word.
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a Indirect
ure 13, Data Indirect Addressing

Dt Snane
50000

3 &
X.¥ORZ-REGETER

i_

FOF
BC2SF

=rand address is the contents of the X, ¥ or the Z-regis-

ta Indirect With Pre-Decrameant
jure 14. Data Indirecl Addressing With Pre-Decrement

Datn Spaca

000
1 L]
X, ¥ ORZ . REGISTER

BisF
& ety

2 X, ¥ or the Z-register is decremented before the opera-
1. Operand address is the decrementsd contents of the
Y or the Z-register.

ta Indirect With Postdncrement
jure 15. Dala Indirect Addressing With Post-Increment

Derla Epocn
3]
15 a
“hi ALY OiLE - FEGISTER J‘_
EHCJ@
Lo ib o
B

3 X, Y or the Z-register is incremented after the opera-
1. Operand address is the content of the X, ¥ or the Z-
ister prior to incrementing.

Constant Addressing Using the LPM Instruction
Figure 16. Code Memory Constant Addressing

PROGRAW MEMORT

| 2 - HECASTER

T 1

HFF
FFF

Constant byte address is specifiad by the Z-register con-
tentz. The 15 MSBs select word address (0 - 2K/4K) and
LSB, select low byie if cleared (LSB = 0} or high byte if set
(LSB=1).

indirect Program Addressing, LJMP and ICALL

Figure 17. Indirect Program Memory Addressing
PRICGRAM MAERIORY

8000

| 2 -REGISTER

STFFY
IFEF

Program execution continues at address contained by the
Z-register (i.e. the PC is loaded with the contents of the Z-

register).
Relative Program Addressing, RIMP and RCALL
Figure 18, Relative Program Memory Addressing

$TFF
HFFF

Program execution conlinues at address PC +k + 1. The
relative address k is from -2048 1o 2047,

ATO0S/LS4434 and AT90S/LS8535 meeseeeeees—
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¢ EEPROM Data Memory

3 AT90S54434/8535 contains 256/512 byles of data
FROM memory. Il is organized as a separate data
ice, in which single bytes can be read and written. The
PROM has an endurance of at least 100,000 writeferase
les. The access between the EEPROM and the CPU is
ieribed on page 37 specifying the EEPROM Address
Jisters, the EEPROM Data Register, and the EEFROM
1trol Register.

' the SPI data downloading, see page 71 for & detailed
wription.

Memory Access Times and Instruction
Execution Timing

This section describas the general access timing concepls
for instruction execulion and intemal memory access,

The AVR CPU is driven by the System Clock @, directly
generated from the external clock crystal for the chip. No
Internal clock division is used.

Figure 19 shows the parallel instruction fetches and
instruction executions enabled by the Harvard architecture
and the fast-access register file concepl. This is the basic
plpelining concept to obtain up to 1 MIPS par MHz with the
corresponding unique results for functions par cost, func-
tions per clocks, and funcions per power-unit

ure 19. The Parallel Instruction Fetches and Instruction Executions

T

TE T

System Clock & __i" b JI'

Y e \

jure 20 shows the intemal iming concept for the register
. In a single clock cycle an ALU operation using two reg-

jure 20. Single Cyde AL Operation

L1

ister aparands is executed, and the result is stored back to
the destination register.

Systamm Clock @ __[ % r

\ { VI
Todal Execunion Time —-r<: T : :
Ragistar Operands Faloh ——E : : :
AL Opsiration EXSEE ebmtet] S '
Result Writs Back — — : '
g inlernal dala SRAM access is performed in wo Sys-
1 Clock cycles as described in Figure 21.
mie 21. On-Chip Data SRAM Access Cycles
. T , T ; T : LE]
Fyslem Ciock & _.:' 4\ ,5’ S ! LY __4"I | S
Address i Pras, AukI b :,:{ fodees L
Cam : :‘ :
oae — )
RD 1 : i i
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Memory
/O space definition of the AT9054434/8535 is shown in the following table:

la 2. ATS054434/8535 /O Space

VO Address {SRAM Address) Name Function
$3F ($5F) | SREG | Status REGistor
$3E ($5E) ~ sPH Stack Pointer High )
$30) {$5D) 1 seL Stack Pointer Low
$3B ($58) GIMSK General Interrupt MaSK ragister
£3A {E5A) GIFR General Intarrupt Flag Register - g
$3a ($59) | Timsk | Tmer/Counter Intarrupt MaSK registsr
$348 (358) TIFR Tirner/Counter Interrupt Flag register
§35 ($55) MCUCR MCU generml Control Register . T
) $34 ($45) MCUSR | MCU general Status Register
$33 ($53) TCCRO | Timer/CounterD Control Register
$32 (552) TENTOD | Timer/CounterD (8-bit) o
B2F (34F) TGCR1A | Timer/Counterl Control Register A
$2E (34E) TCORIB | TimeriCounter! Control Register B |
$2D ($4D) TONTIH | Timer/Countart High Byts
$2C (34C) | '.I'GNT'IL TimerfCountar! Low Byte |
) §2B ($4B) OCR1AH Timer/Countari Output Compere Register A High Byta -
$2A ($4A) OCRIAL | Timer/Countari Output Compare Register A Low Byte
$29 (349) OCRIBH | TimerCounter1 Output Compare Register B High Byte -
Fz8 ($48) OCR1BL Timer!Countsr! Cutput Compars Register B Low Byta
527 ($47) ICR1H TIC 1 Input Capture Register High Byte
$26 (346) ICRIL | TG 1 Input Gapture Register Low Byte
$25 (345) TCCRZ | TimeriCounter2 Cantrol Register
$24 (344) TONTZ | TimeriCounter (8bit)
$23 (343) OCRZ | TimerCounler2 Output Compare Register
$22 ($42) ASSR | Asynchronous Mode Status Register
_ $21 ($41) WOTCR | Watchdog Timer Contral Register )
$1F ($3E) EEARH | EEPROM Address Register High Byta |
$1E ($3E) EEARL | EEPROM Address Registar Low Byte
$10 ($30) EEDR | EEPROM Data Register
$1C (33C) EECR | EEPROM Conlrol Regisler
$1B ($38) PORTA | Data Register, Port A ]
$IA(S3A) "DDRA | Data Direction Ragister, Port A
$10(%30) | Pina Input Pins, Porl A
- 516 ($38) PORTE | Deta Rogister, Port B

ATO0S/LS4434 and AT90S/LS8535 messsee—
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de 2. ATODS4434/8535 /O Space (Continued)

{10 Addraze {SRAM Address) Name Function

$17 (837) DORB | Data Direction Register, Port B
$16 ($36) PINB input Pins, Port B
$15 ($35) PORTC Data Reglster, Port C -
$14 (534) DDRC | Data Direction Register, Port C
$13 {$33) PINC Input Pins, Port ©
$12 [$32) PORTD Data Ragistar. Fort [
$11 (331) DDRD | Data Direction Register, Port D
$10 (§30) FIND Input Fins, Port T
$OF ($2F) SPOR | SPI IO Data Register
$OE ($2E) SPSR | SPI Status Register
$0D ($2D) SPCR | SPI Controt Register
$0C ($2C) UDR LART 1O Data Register
0B (528) USR ! UART Status Register
$0A (§2A) UCR | UART Control Register

. $00 ($29) UBRR _UART Baud Rate Reglster
$08 (528) ACSR | Analog Gomparator Conlrol and Status Register )
$07 ($27) ADMUX | ADC Muttiplexer Salect Register
$06 ($26) ADCSR | ADC Control and Status Register
$05 ($25) | ADCH | ADC Data Register High |
§04 ($24) | ADGL | ADC Data Reglster Low i

te:  Raszared snd unusad locations are ot shown inthe table.

the different ATO0S4434/8535 1/Os and peripherals are
iced in the I/O space. Tha different 1O locations are
=agsed by the IN and QUT instructions transferring data
tween the 32 genseral purpose working registers and the
space. /0 registers within the address range 500 - §1F
1 directly bit-accessible using the 5Bl and GBI instruc-
15. In these registers, the value of single bits can be
scked by using the SBIS and SBIC instructions. Refer o
Vinstruction set chapter for more details,

e Status Register - SREG
8 AVR stalus register - SREG - at I/Q space location $3F
iF) is defined as:

When using the VO specific commands, IN, OUT,SBIS and
SBIC, the IfO addresses $00 - $3F must be used. When
addressing /O registers as SRAM, $20 must be added to
this address. All IO register addresses throughout this doc-
umeni are shown with tha SRAM address in parentheses.

The different I/Q and peripherals conirol registers are
gxplained in the following seclions,

| sREG

[ 7 B 5 4 3 i 1 0
F{55F) 0 1 Tt | W | & | v § KN | Z | €
sadiirila RAW R Fiw RAW R R R RAWY
tlal value 0 4] 0 ] g o 1 [n]

3it 7 - I: Global Interrupt Enable

& global interrupt enzble bit must be set (one) for the
errupts to ba enabled. The individual interrupt enable
ntroyl is then performed in the interrupt mask registers -

ATmEL

GIMSK and TIMSK. if the glabal interrupt enable register is
cleared (zero), none of the interrupts are enabled indepen-
dent of the GIMSK and TIMSK values. The |-bit is cleared

13
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ardwars after an interrupl has occurred, and is set by
RET! Instruction to enable subsequent interrupts.

t 6 - T: Bit Copy Storage
bit copy instructions BLD (Bit LoaD) and BST (Bit

re) use the T bit as source and destination for the oper-
I bit. A bit from a register in the register file can be cop-
into T by the BST Instruction, and a bitin T can be
ed into a bit in a register in the register file by the BLD
uction.

t 5 - H: Half Carry Flag

half carry flag H indicates a half carry in some arith-
ic operations. See the Instruction Set Description for
iled information.
t4-5:SignBi,S=N BV

S-bit is always an exclusive or betwaen the negative
N and the two's complement overflow flag V. See the
ruction Set Description for detailed information,

« BH 3 -V Two's Complement Overflow Flag

The two's complement overfiow flag V supports two's com-
plement arithmetics. See the Instruction Set Description for
detalled information,

» Bit 7 - N: Negative Flag

The negative flag N indicates a negative result after the dif-
ferent arithmetic and logic operations. See the Instruction
Set Description for detailed information.

= Blt1-Z: Zero Flag

The zero flag Z indicates a zero rasult after tha different
arithmetic and logic operations. See the Instruction Set
Description for detailed information.

= Bit 0 - C: Carry Flag

The carry flag C indicates a carry in an arithmetic or logic
operation, See the Instruction Set Descriplion for detalled
information.

The Stack Pointer - SP

The ATO0S4434/8536 Stack Pointer is implamanted as two
8-bit registers in the I/ space locations $3E (35E} and
$3D ($5D). As the ATINS4434/8535 dala memory has
$25F locations, 10 bits are used.

15 14 13 12 1 W 8 8
£ {85€) m . . . = - v T o
0 (850} SPT EPE T aFa &3 BF2 BF1 Er seL
7 5 T ] 3 3 1 0
dfWrte AW RV R R AW R AW RAW
RV RW AW e RAW R RV AN
el vk o b B 0 o 0 b o
o B o o o o b o

3 Stack Pointer points to the data SRAM stack area
sre the Subroutine and Interrupt Stacks are located.
s Stack space in the data SRAM must be defined by the
gram before any subroutine calls are executed or inter-
s are enabled. The Stack Pointer is decremented by
» when data is pushed onto the Stack with the PUSH
truction and it is decrementad by two when data is

pushed onto the Stack with subroutine CALL and inlerrupt.
The Stack Pointer is incremanted by one when data is
popped from the Stack with the POP instruction, and it is
incremented by two when data is popped from the Stack
with return from subrouting RET or return from interrupt
IRET.

ATO90S/LS4434 and AT90S/LS8535 mu———




e AT90S/LS4434 and AT90S/LS8535

set and Interrupt Handling

3 ATB0S54434/8535 provides 16 different interrupt
rces. These interrupts and the separate reset vector,
h have s separate program vector in the program mam-
space. All interrupts are assigned individual enable bite
ch must ba set (one} together with the Lbil in the status
ister in order to enable the interrupt.

1e 3. Resat and Intarrupt Vectors

The lowest addresses in the program memaory space are
autematically defined as the Reset and Interrupt veciors.
The complete |ist of vectars is shown in Table 3. The list
glzo determines the priority levels of the differant intermupts.
The lower the address the higher is the priarity level.
RESET has the highesl priarity, and next is INTOD - the
External Interrupt Request 0, etc.

{

Wector Mo, Program Address Source Interrupt Dafinition
1 s000 RESET Hardware Pin and Watchdog Raset
2 5001 INTO External Intarrupt Requestt
a s002 INT 1 Extemnal Interrupt Request 1 B
- L} H003 TIMER2 COMP Timar/Counter2 Compara Match
T s $004 TIMER2 OVF TimerCounter? Overfow
i} 005 T!MEﬁ:I .!:APT TimerCounter! Caplure Evenl -
7 $008 TIMER1 COMPA Timer/Caunter1 Compars Match A
s 2007 TIMER1 COMPE Timer/Countar! Compare Match B
9 $008 | TIMER1OVE Timer/Gourtler! Overfiow
10 $009 TIMERD OVF TimedCounterd Overflow
11 $00A SPI, STC | Serial Transfer Complete _
12 $00B L_IART RX UART, Rx Comphata
T 1a $00C UART, UDRE UART Data Registar Empty
14 $00D UART, TX UART, Tx Complete
15 $00E ADG ADC Conversion Complste
T $00F EE_RDY EEPROM Raady
17 3010 ANA_COMP Aralog Comparstor T

B mEL 15
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most typical and general program selup for the Reset
Interrupt Vector Addresses ara:

Addcess
guoo
001
5002
093
004
%005
5006
5007
008
L0
£00a
504k
s00c
fo0d
adde
200L
2010
50LL

sat Sources
3 ATB0S4434/8535 has three sources of resel:
3gwer-On Resal. The MCU is reset when a supply
witage is applied to the V. and GND pins.
“xternal Reszet. The MCU s reset when a low level is
yresent on the RESET pin for more than two XTAL

weles

Vatchdog Reset. The MCU is reset when the Watchdog

Labels Qe
x jmp
r jug
rjmp
rimp
bl e
rimp
rimp
rimg
rimp
riep
Eimp

ejmp
rimp
rimp
eimp
©imp

HAIH: «lnetr=

RESET
EET_INTO
EAT_INTL
TIMZ_COME
TIMZ_GNF
TIML_CRET
TIML_UGeEs
TIML_UOMPB
TIML OVF
TIMO OVF
BFI_8TC;
TRRT_EAC
UART_DRE
UART_TXC
ADC

EE_RDY
AMD_COMP

e

imer period expires, and the Watchdog s enabled.
ure 22. Resal Logic

AT90S/LS4434 and AT90S/LS8535

WGo

@

P raaron Resel PO

Comm=ate

Resct Handler

; IRQO Handler

: IRQL Handles

Timer? Compare Handler

Timer:z COverflow Handler
Timerl Capture Handler

Timerl ComparceR Handlex
Timerl CompaceB Handler
Timerl Cverflow Handler
Tamerl Overflow Hapdier

5P1 Tranaler Complete Handler
TART R¥ Complete Handier

DR Empty Handler

¢ TART TE Conplete Handlexs
; ADC Conwersion Complets interrupt Hamdlec

EEPROM Ready Handlep

: Analepg Comparacor Handler

Cirgat
! 10I-R0R
e Regssl Cirmsl

D T

Main orogram stark

During reset, all IO registers are then set to their initial val-
ues, and the program starls execution from address $000.
The instruction placed in address $000 must be an RIMP -
relative jump - instruction to the reset handiing routine. If
the program never enables an intermupt source, the inter-
rupt vectors are not used, and reguler program code can
be placed at these locations. The circuit diagram in Figure
22 shows the reset logic. Table 4 dsfines the timing and
electical parameters of the reset circuiry.

FEIRT

COLNTER RESET

Qn-Chin
RC-Oucilatar

— R G }—— INTEHMAL RESET

Lo i 4-Ghsqu Fiipple Courdst
o o8 aul | M
TTTSTTTTTVL
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e 4. Resel Characteristics (Vg = 5.0V)

Symbaol Parametar Min Typ Max Units
Veor Powear-On Reset Threshold Voltage 14 1.8 18 v
Vasr "RESET Pin Threshold Voitage 0.6Vrp W
tmu-r R'HE-‘E'I de Tin'm-Gut Fwied '11 16 21 ms

FSTRT Unprogrammed
s Rezal Dalay Time-Out Period 10 11 12 ms
FETRT Programmed |
ner-On Reset

'gwer-On Reset (POR) circuit ensures that the device is  resonator or any other fast-start oscillator is used to clock

started until V- has reached a safe level. Asshownin  the MCU.

ure 22, an intarnal timer clocked from the Watchdog  |f the built-in start-up delay is sufficient, RESET can be
ar oscillator preventes the MCLU from starling until after 3 sopnecied ta Vg directly or via an extamal pull-up resistor.
tain period after V. has reached the Power-On Thresh- gy holding the pin low for a period after Vo has been
voltage - Vpor, regardiess of the V. rise time (see Fig-  applied, the Power-On Reset period can be extended.

23 and Figure 24). The FSTRT fuse bit in the Flashcan  Refer to Figure 25 for a timing example on this.

programmed to give @ shorter starl-up time if a ceramic
jure 23. MCU Start-Up, RESET Tied to V.. Rapidly Rising V¢

Vear

8

Vo

T

— -y
RESET ,_/ e

-

TIME-CHUT . Yreur .

- .

INTERNAL
RESET

ure 24. MCU Stari-Up, RESET Tied to Vee Slowly Rising Voo

T
e M

o Ly 7 —:1
TIME-QLT

INTERMNAL J
RESET T T
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ura 25. MCU Start-Up, RESET Controlled Externally

I
TR
VCC J s
I
7 RV
RESET . J“/ =

TIME-OUT

-
ternal Reset

extemal resst is generated by a low level on the RESET  Threshold Voltage - Vggr on its positive edge, the dalay
. The RESET pin must be held low for at least two crys-  timer starts the MCU after the Time-out period tgyr has
clock cycles. Whan the applied signal reaches the Resst  expired.

jure 26. External Reset During Operation

WCo

RESET ' i

TIME-CRIT

B L]

INTERNAL |
RESET E

tchdog Reset pulsa, the delay timer starts counting the Time-out period
jen the Walchdog times out, it will generate a shart reset  tyoyr. Refer to page 36 for detalls on operation of the
se of 1 XTAL cycle duration. On the falling edge of this ~ Walchdog.

wre 27. Waichdog Reset During Operalion

WG
RESET
i —) e 1 XTAL Cycle
THAE-OUT ﬂ
ii
1
i
RESEY (e trour _’|
TIME-OLT :

s ]
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;U Status Register - MCUSR
e MCL Status Register provides information on which
et source caused an MCU reset.

l 7 & 5 ] 3 2 1 Q
14 [554] | | . | - | + | . | - | EXTRF | PORF | mcusm
radiWrite R [ R R R R Ry R
sl value 1] 4 4] i} 1] 1] St bil descriphon

itz T.2 - Res: Reserved Bite

ese bits ara reserved bits in the ATI054434/8533 and
rays read as zero.

3it 1 - PORF: Power On Reset Flag

is bit s only cleared by a power on resel. A walchdog
izl or an extemal reset will leave this bit unchanged.

3it 2 = EXTRF: Extarnal Reset Flag

er a power on reset, this bitis undefined {X). It can only
cleared by an extemal resel. A watchdog resel will leave
5 bit unchanged.

summarize, the following table shows the value of these
2 bits after the three modes of resat;

ble 5. PORF and EXTRF Values after Reset

the source of reset can be found by using the following
truth table:

Table 6. Resst Sourts ldentification

lesat Source PORF EXTRF i
‘ower On Raset 1 ) undefined ]
sxiernal Resat unchanged 1
'n_"adeug Reset unchanged unchanged

» make use of theza bits 1o identify a reset condition, the
er aoftware shouid set both the PORF and EXTRF bits

early as possible in the program. Checking the PORF
d EXTRF values is done before the bits are set. If the bit
comes set before an external or waichdog reset accurs,

& General Interrupt Mask Ragister - GIMSK

PORF EXTRF Reset Source
0 a Watchdog Resst
0 1 External Reset
1 0 Pmar-ﬂﬂ Reseat
1 1 Fowsr-On Reset
Interrupt Handling

The ATO0S4434/8535 has two B-bit Interrupt Mask control
registers: GIMSK - General Interrupt Mask register and
TIMSK - Timar/Counter Intermupt Mask register,

When an interrupt occure, the Global Interrupt Enable l-bit
iz cleared (zero) and all interrupts are disabled. The user
software must st (one) the L-bit to enable interrupls.

When the Program Counter is veclored to the actual inter-
rupt vector in order to execute the interrupt handling rou-
tine, hardware clears the comaspending flag that generated
the interrupt. Some of the interrupt flags can also be
cleared by writing a logic one to the flag bit position{s) to be
clearad.

t 7 B 5 4 3 # 1 o
iB (558) [iNT | W | = | = [ - | [ - ]| omsk
sacVrite: RW ] [ R R R R R
il wadue: a o o o o o i b

31t T - INT1: External Interrupt Request 1 Enable

1en the INT1 bit is set (one) and the I-bit In the Status
glsler (SREG) is set (one). the external pin interrupt is
Ivated. The Interrupt Sense Control1 bits 1/0 {ISC11 and
210} in the MCU general Control Register (MCUCR)
fine whether the exiernal interrupt is activated on rising
falling edge of the INT* pin or leval sensed. Aclivity on
i pin will cause an interrupt racguest even if INT1 is con-
ired Bs an output. The corresponding intermupt of Exter-
| interrupl Request 1 is execuled from program memory
dress $002. See also "External Internupts”™,

+ Bit & - INTO: External Interrupt Requast 0 Enable

When the INTO bit iz sel (one) and the I-bit in the Status
Register (SREG) s set (one), the external pin intermupt is
activatad. The Interrupt Sensa Controll bits 1/0 {ISC01 and
I1SC00) in the MCU general Cantro! Register (MCUCR)
define whether the external interrupt is activated on rising
or falling edge of the INTO pin or level sensed. Activity on
the pin will cause an interrupt request aven if INTO is con-
figured as an output. The corresponding interrupt of Exter-
nal Interrupt Regquest 0 is executed from program memaory
address $001. See also "Extemal Interrupts.”

= Bits 5.0 - Res: Reserved bits

These bits are reserved bits in the ATB054434/8535 and
always read as zero.
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1 General Interrupt Flag Reglster - GIFR

7 & 5 4 3 2 1 a
4(55A) LI B I T I R S
adfiWi AN R R R R R R R
[E IR TH fi [} L1 Y] 1] [+] o] i

it 7 - INTF1: External Interrupt Flagi

en an event an the INT1 pin iriggers an interrupt

uest, INTF1 becomes set {ona). if the I-bit in SREG and
INT1 bit in GIMSIK ars set (one), the MCU will jump to
Interrupt vector at address $002. The flag is cleared

an ithe interrupt routine is executed. Alternatively, the

| can be cleared by writing a fagical one to it.

» Timer/Counter Interrupt Mask Register - TIMSK

i B B 4
o558} OCE2 TORZ TIGE1 | DCEIA |
scdite RAY AW AW R
sl veius o o o o

3t 7 - DCIE2: Timet/CountarZ Output Compare Match
ntermupt Enabla

180 the OCIE1A bit is set {one) and the I-bit in the Siatus
igister is set {one), the Timer/Counter2 Compare Malch
arrupt is enabled. The comesponding interrupt (at vector
03) is executed [f a compare match in Timer/Counter2
zurs. The compare flag In Timer/Counter2 is set (one) in
s Timer'Counter Interrupt Flag Register - TIFR.

3t & - TOIEZ: TimerCounter? Cverflow Interrupt Enable
1en the TOIEZ bit is set {one) and the I-bit in the Status
gister is set (one), the TimerGounter2 Overflow intemupt
snabled. The corresponding interrupt (at vector $004) is
acuted if an overflow in Timer/Counter2 accurs, The
ner/Countar2 Overflow Flag is set {ona) in the
ner/Counter Interrupt Flag Register - TIFR. When
ner/Counterd is in PWM mode, the Timer Overflow flag
st when the counter changes counting direction at $00.
5it 5 - TICIE1: Timer/Counter! Input Captura Interrupt
‘nabla

1en the TICIE1 bit is set (one) and the I-bit in the Status
gister is set {one), the Timer/Counter1 Input Caplure
ent Interrupt is snabled. The corresponding interrupt (at
ctor $005) is executed if a caplure-triggering event
surs on pin 20, PD6 (ICP), The Input Capture Flag in
neriCountari is set (one) in the Timer/Counter Interrupt
ig Register - TIFR.

3it 4- OCE1A: TimeariCounter1 Owtput CompareA Malch
nterrupt Enabla

a0 the OCIE1A bitis set {one) and tha k-bit in the Status
.gister is set (one), the Timer/Counter! CompareA Match
arrupt is snabled. The corresponding Interrupt (at vector
06) is executed if a Compared match in Timer/Counter!

= Bit § - INTFD: External Interrupt Flag0

When an event on the INTO pin triggers an interrupt
request, INTFO becomes set {one). If the |-bit In SREG and
the INTO bit in GIMSK are set (one), the MCU will jump to
the Interrupt veclor at address 5001, The flag Is cleared
when the interrupt routine s executed. Alternatively, the
flag can be cleared by writing a logical one to it.

+ Bits 5.0 - Res: Reserved bits

These bits are reserved bits in the ATO0S54434/8535 and
always read as zero.

2 1 o
TOIE = TOIED THAGH
BAY Y R R
B ) o

occurs. The CompareA Flag in Timer/Countert is set (one)
in the Timer'Gounter Interrupt Flag Register - TIFRL
* Bil 2 - OCIE1B: Timer/Counter! Output CompareB Match
Imterrupt Enable
When the OCIE1B bit is set (one} and the I-bit in the Status
Register is sat {one), the Timer/Counter1 ComparaB Match
interrupt is enabled. The corresponding interrupt {at vector
$007) is exacuted if a CompareB match in Timer/Counter1
occurs. The CompareB Flag in Timer/Counterd is set (one)
in the Timer/Counter Interrupt Flag Register - TIFR.
+ Bit 7 - TOIE1: Timer/Counter! Overflow Interrupt Enable
When the TOIE1 bit is set (one} and the I-bil in the Status
Register is set {one), the Timer/Counter! Overflow interrupt
is enabled. The cormesponding interrupt (at vector 5008) is
executed if an overflow in Timer/Counter1 occurs. The
Overflow Flag (Timer/Counter1) is set (ong) in the
Timer/Counter Interrupt Flag Reglster - TIFR. When
Timer/Counter1 is in PWM mode, the Timer Cverflow flag
is sel when the counter changes counting direction at
$0000,
= Blt 1 - Res: Reservad bit
This bit is a reserved bit in the AT9054434/8535 and
always reads zero.
» Bit 0 - TOIED: Timer/Counterd Overflow Interrupt Enable
When the TOIED bit is set (ona] and the I-bit in the Status
Register is set (one), the Timer/CounterD Overfiow interrupt
ic enabled. The corresponding interrupt {8t vector $009) is
executed if an overflow in Timer/Counterd accurs. The
Overflow Flag (Timer0) is set {one) in the Timer/Counter
Interrupt Flag Register - TIFR.

. AT90S/LS4434 and AT90S/LS8535 m————
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e Timer/Counter Interrupt Flag Register - TIFR

A ! 8 5 i ! 1 g
S —
15 {358} [ ocrz | Towz | 1EF1 | OcFiA | oOcFiB | T | - | TOvE | TIFR
el Write W RW R RV RW RV R’ RV
Bal wiue o ] D o i 0 o

1t 7 - OCF2: Qutput Compare Flag 2

e OCF2 bit iz set (one) when compare match occurs
tween the Timer/Counter? and the data in OCRZ - Out-
I Compare RegisterZ. OCFZ is cleared by hardware
en executing the coresponding interrupt handling vec-
. Alternatively, OCF2 is cleared by writing & logic one o
> flag. When the l-bit in SREG, and OCIE2
marfCounter2 Campare maich Interrupt Enable), and
+ QCF2 are set (one), the TimerfCountar? Compare
iteh Intermupt is execubad.

it 6 - TOW2: Timer/Counterd Overflow Flag

e TOWVZ bit is set (one) when an overflow occurs in
her/Counterz, TOV2 is cleared by hardwars when exe-
ling the comesponding intemupt handling vector. Allerna-
ely, TOV2 is cleared by writing a logic one to the flag.
1en the SREG I-bit, and TOIE2 {Timer/Counter2 Over-
iw Interrupt Enable), and TOV2 are set (one), the
nerfCounter? Overflow interrupt is executed. In PWM
ade, this bil is set when TimerCounter changes count-
] direction at $00.

Bit 5 - ICF1: Input Capiure Flag 1

18 ICF1 bit is sel {one) Lo flag an inpul caphure event, indi-
ting that the Timer/Counter value has been transferred
the input capture register - ICR1, ICF1 |s cleared by
rdware when executing the coresponding interrupt han-
1g vector. Alternatively, ICF1 is cleared by writing a logic
g to the flag.

3it 4 - OCF1A: Output Compare Flag 1A

g OCF1A bit is set (one) when compare match ocours
ween the Timer/Counter1 and the data in OCR1A - Out-
| Compare Register 1A, QCF1A is cleared by hardware
en executing the comesponding Interrupt handling vec-
. Alternatively, OCF1A is cleared by writing 2 logic one to
3 flag. When the |-bit in SREG, and OCIETA
merfCounter! Compare match Intarruptd Enabla), and

the OCF1A are sat (onse), the Timer/Counter1A Compare
match Intarmupt is executed.

« Bit2 - OCF1B: Output Compara Flag 1B

The OCF1B bit is set (one) when compara match ocours
betwaean tha Timer/Counter1 and the data In OCR18 - Out-
put Compare Register 1B. QCF1B is cleared by hardware
when executing the corresponding interrupt handling vec-
tor. Alternatively, OCF1B iz clearad by writing a logic one to
the flag. When 1he I-bit in SREG, and OCIE1B
(Timer/Counter1 Compars maich InterruptB Enabie}, and
the OCF1B are set (onae), the Timer/CounteriB Compare
match Interrupt is executed.

+« Bit2 - TOV1: Timer'Counter! Overflow Flag

The TOV1 is set {one) when an overflow occurs in
Timer/Countert, TOV1 is cleared by hardware when exe-
cuting the correspanding interrupt handling vector. Alterna-
tively, TOV1 is clearad by writing a logic ona fo the flag.
When the I-bitin SREG, and TOIE1 (Timer/Counter1 Ower-
flow Interrupt Enable), and TOV1 ara sat (one), the
Timer/Counter! Overflow Interrupt is executed, In PIWM
made, this bit is set when Timer/Counter! changes counl-
ing direction at $0000,

* Bit 1 - Res: Resarved bit

This bit is a reserved bit in the ATB0S4434/8535 and
always reads zero,

* Bit 0 - TOVD: TimerCounterl Qverflow Flag

The bit TOVO is set (one) when an overflow occurs in
Timer/Counterd. TOVO is cleared by hardware when exe-
cuting the corresponding interrupt handiing vector. Altarma-
tively, TOVO is cleared by writing a logic one to the flag.
When the SREG kbit, and TOIEQD (Timer/Counter Qver-
flow Interrupt Enable), and TOVD are sel (one), the
TimerCounterd Overflow intemrupt is executed,
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emal Interrupts
2 external interrupis are friggered by the INT1T and INTD
s. Obsarve that, if enabled, the inlerrupts will trigger
an if the INTOANT1 pins are configured as outputs, This
ture provides a way of generating a soflware interrupt.
2 external nterrupls can be triggered by a falling or ris-
edge or 2 low level, This [s set up as indicated in the
scification far the MCU Contral Registar - MCUCR.
ien the extermal interrupt is enabled and is configured as
gl triggered, the interrupt will trigger as long as the pin is
d low.
3 external interrupts are set up as described in the spec-
stion for the MCU Control Register - MCUCR,

arrupt Response Time
3 interrupt execution response for all the enabled AVR
arrupts Is 4 clock cycles minimum. 4 clock cycles after
interrupt flag has been sat, the program vector address
the actual interrupl handling routine is executed. During
5 4 clock eyele period, the Program Counter (2 bytes) is
shed onto the Stack, and the Stack Pointer is decre-
inted by 2. The vector is a relative jump to the interrupt

U} Control Register - MCUCR
g MCU Control Register contains conirol bits for general
ZU functions.

routine, and this Jump takes 2 clock cycles. IT an interrupt
occurs during execution of a multi-cycle instruction, this
Instruction is complsted before the interrupt is served.

A returm from an interrupt handling routine (same as for a
subroutine call routine) takes 4 clock cydes. During these 4
tlock cycles, the Program Counter (2 byles) is popped
back from the Stack, and the Stack Pointer is incrementad
by 2. When the AVR exits from an interrupt, it will always
returr) to the main program and execute one more instrue-
tion bafore any pending interrupt is servad.

Note that the Status Register - SREG - is not handled by
the AVR hardware, neither far interrupts nor for subrou-
tines. For the irlerrupt handling routines requiring a storage
of the SREG, this must be parformed by user software.

For Interrupts triggered by events that can remain stalic
{e.g. the Output Compare Register! A matching the value
of Timer/Countart) the interrupt flap is set when the event
occurs. IF the interrupt flag is deared and the interrupl con-
dition persists, the flag will not be sel until the event occurs
the next lime.

i 7 B 5 4 3 2 1 0
15 ($55) I 1 s | ®sm | &m0 | iscii | isclo | Isco1 | 1SCO0 | MCUCR
aadWWiite R R wv AW R R R

16 value o o 5] a o [} o ]

it 7 - Res: Reserved bit

is bit is a reserved bit in the ATR0S4434/8535 and
faYs reads zero.

lit & - SE: Sleep Enabla

g SE bit must be set {one) to make the MCU enter the
ep mode when the SLEEP instruction is executed. To
sld the MCU entering the sleep mode unless itis the pro-
immers purpose, it is recommended to set the Sleep

= Bite 3, 2 - 15011, 1SC10: Interrupt Sense Controd 1 bit 1 and
bit 0

The External Interrupt 1 is activated by the external pin

INT1 if the SREG |-flag and the corresponding interrupt

mask in lhe GIMSK iz set. The level and adges on the

extarnal INT1 pin that activale the intarnupt are defined in

the followirg tabile.

Table 8. Interrupt 1 Sense Control

able SE bit jus! before the execution of the SLEEFP
truchiont. sCi ISC10 | Deseription
bits 5.4 - SM1/SMD: Sleep Mode Selact bits 1 and 0 1] i 0 The low level of INT1 generates an
is bit selects between the three available sleep modes interrupt request
shown in the following abie. D 3 Resaried
MLE Shep SR det 1 0 The faling edge of INT1 gensrates an
SM1 SN Sleep Mode interrupt request.
o 0 fdle Mode 1 1 The rising edge of INT1 ganarates an
o 1 —— = interTupt regquest
= p - Mote:  WWhen changing the 1SC11/I5C40 bits, INT1 must be dis-
! l Puwer: Down abled by clearing s Intarrupt Enable bit in the GIMSK
1 1 Powar Save Raegister. Otherwise an interrupt can oceur when the bits

ane changed,
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it 1, 0 -85C01, ISC00: Interrupt Sense Control 0 Bit 1 and
ith

3 External Intarrupt O is activated by the external pin
0 if tha SREG I-flag and the corresponding interrupt
sk is set. The level and edges on the external INTO pin
t activate the interrupt are defined in the following table:

ile 9. Interrupt 0 Sense Control

o1 ISCO00 | Description

H Q The low level of INTO generates an
intermupt request.

0 1 Raserved

1 L Thee falling edge of INTQ generstes an
|mterrupt reguest.

1 1 The rislng edga of INTO ganerates an

| Interrupt request

&  When changing the ISC10/ISC0D bits, INTO must be dis-
ablad by clearing ite Interrupt Ensbbe bif in tha GIMSK
Register, Otherwise an intemupt can oocur whan tha bits
are changed.

eep Modes

. enter any of the three sleep modes, the SE bit in
3UCR must be set (one) and a SLEEP instruction must
execuled. Tha SM1 and SMO bits in the MCUCR regis-
- selact which sleap mode (ldle, Power Down, or Power
we) will be activated by the SLEEP instruction.

n enabled interrupt occurs while the MCU is in a sleep
we, the MCU awakes, executes the interrupt routing,
d resumes exacution from the Instruction following
EEP. If a reset occurs during sleep mode, the MCU
kes up and execules from the Reset vector. The con-
ils of the register file, SRAM, and IO memory are unal-
ed when the device wakes up from sleep. Sea Table 7
how 1o salact zleep mode,

te that if a level triggered interrupt is used for wake-up
1 power down or power save, the low level must be held
a time longer than the reset dalay ime-out period troyT.
1erwise, the device will not wake up.

e Mode
en the SM1/SMO bits are sst to 00, the SLEEP instruc-
1 forces the MCU into the Idle Mode stopping the CPU

but aliowing Timer/Counters, Walchdog and the interrupt
system to continue operating. This enables the MCU to
wake up from external triggered interrupls as well as inter-
nal ones like the Timer Overflow and UART Receive Com-
plate interrupts. If wake-up from the Analog Comparator
interrupt is not required, the analog comparator can be
powersd down by setting the ACD-bit in the Analog Com-
parator Control and Status register - ACSR. This will
reduce power consumption in |dle Mode. When the MCU
wakes up from Idle made, the CPU starts program execu-
tion immediately.

Power Down Moda

When the SM1/SMO bits are 10, the SLEEP instruclion
torces the MCU inta the Power Down Mode. In this mode,
the external oscillator is stopped. The user can select
whelher the watchdog shall be enabled during power-down
mode. |f the watchdog is enablad, it will wake up the MCU
when the Watchdog Time-out period expires. If the watch-
dog Is disabled, only an extemal reset or an external level
triggered internupt can wake up the MCU.

Power Save Mode

When the SM1/SMO bils are 11, the SLEEP instruction
forces the MCU into the Power Sava Mode. This mode Is
identical to Power Down, with one exceplion:

If Timer/Counter? is clocked asynchronously, i.e. the AS2
bit in ASSR is set, Timar/CounterZ will run during sleep.
The device can wake up from sither Timer Overflow or Oul-
put Compare interrupt from Timer/Countarz.

Timer / Counters

The AT9054434/8535 provides three general purpose
Timer/Counters - two 8-bit T/Cs and one 18-bit T/C.
Timer/Counter2 can as an oplion be asynchronously
clocked from an external oscillator, This oscillator i opti-
mizad for use with a 32.768 kHz watch crystal, enabling
uss of Timer/Counter2 as a Real Time Glack (RTC).
TimerfCounters 0 and 1 have individual prescaling selec-
tion from the same 10-bit prescaling timer. Timer/Counter2
has its own prescalar. These Timer/Countars can either be
used as a timer with an internal clock timebase oras a
counter with an extamal pin connection which triggers the
counting.
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s TimerfCounter Prescalers
ure 28. Prescaler for Tmer/Counterd and 1

Cx i 10T TIC PRESCALER
] [i*] E
==
s i ¢ =
O
e
—i
_—
e
EXTO 1
EXT = Dc -
¥ ¥ ¥ 3 [ | l'i‘1rrirr
gl }-\ C500
e ::1 G501
ca12 ¥y CE07
TINERCOUNTERT CLOCK SOURCE TIMER'COUNTERY CLOCK SDURCE

r Timer/Counters 0 and 1, the four differeni prescaled
ections are; CK/8, CK/B4, CH/256 and CKM024, where
'Is the oscillatar clock. For the twa Timer/Counters 0 and

jure 28. Timer/Counter2 Prescaler

1, CK, external source, and stop, can also be selected as
clock sources,

CK— TCK2

10-8IT T'G PRESCALER

TOSCT —iw

TCE2S

TCHZMZ
TOKZES

TCK2128
TCK2ERE
TCRZ 1024

ki

-l

r v 9

Lopi— O

CEM

A\
“a)

Cozz

TIMERICOUNTERS CLOCK SDLIRCE

2 clock source for TimerfCounter2 is named TCK2,
K2 is by default connecied to the main system clock CK.
setting the AS2 bitin ASSR, Timer/Counter2 is asyn-
‘onously clocked from the PC&{TOSC1) pin. This
sbles use of TimarfCounler2 as a Real Time Clock
TC). When AS2 is set, pins PCB(TOSG1) and
7(TOSC2) are disconnected from Port C and connected
a crystal oscillator. A crystal can then be cannected

between the PCE(TOSC1) and PCT{TOSC2) pins to sarve
as an indapendent clock source for Timer/Counter2. The
oszcillator is oplimized for use with a 32.768 kHz crystal.
Allernatively, an external clock signal can be applied to
FCE(TOSC1). The frequency of this clock must be lower
than one fourth of the CPU clock and not higher than
256 kHz,
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e 8-Bit Timer/Counterl
|ure 30 shows the block diagram for Timer/Counter0.

e 8-bit TimerCountarQ can selact clock source from CK,
sscaled CK, or an external pin. In addition it can be
ipped as described in the specification for the
ner/Counter) Control Register - TCCRO. The overflow
itus flag is found in the Timer/Countar Intarrupt Fiag
gister - TIFR. Control signals are found in tha
ner/Countert Control Register - TCCRO. The intamupt
ablefdisable settings for Timer/Counterd are found in the
1e/Counter Interrupl Mask Ragister - TIMSK.

jure 30. Timer/CounterD Block Diagram

When Timer/Countard iz exfemally clocked, the external
signal is synchronized with the oscillator frequency of the
CPU. To assure proper sampling of the external clock, the
minimum time between two external clock transitions must
be at least one Internal CPU clock period. The exiernal
clock signal is sampled on the rising edge of the internal
CPU clock.

The 8-bit Timer/CounterD features both a high resolution
and a high accuracy usags with the lower prescaling oppor-
tunities. Similarly, the high prescaling opportunities make
the Timer/Counterd useful for lower speed functions or
exact timing funclions with infrequent actions.

T OVER-
ELEW iR
" s I A >
Bi@ el e ]
E EHE 3|§|5] [F ¥
E " o[ TIMER INT. A TIMER INT. FLAG T/ CONTROL
are B REzISTER TMSK) REGISTER (TFR) REGIETER {TECRO)
: RER T TTTT
s slelslekell '8
L A L
T o
TIMERMCOUNTERD T LUK SCURCE CONTROL
"_"| [TCNTT "jl‘ Lo [
[
k4

& Timer/Counterd Control Register - TCGROD

T L] 4 4 2 1 o
1553} E= | =—-!} - | - | [ cama | eso | eson | TocRd
adfWie R R R R RAW AW AW
{al vahs 0 ] a il o ) 0

iits 7..3 - Res: Resarvad bits
1ge hils are reserved bits in the ATB0S4434/8535 and

ays read Zero.

ks 2,1,0 - C802, €501, C500: Clock Selectd, bit 2,4 and 0
: Clock Select( bits 2,1 and 0 define the prascaling
irce of TimerQ.
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sle 10. Clock O Prescala Sslact

cs02 CS04 €s00 | Description
0 0 Q | Stop, Timer/Counter( is stopped.
0 0 1 | cK
0 1 0 CK /8 -
a 1 1 CK {64
1 a o CH 258
1 0 1 CK /1024
1 1 ¥} Extarnal Pin TO, falling sdge
1 1 i External Pin TO, rising edge

3 Stop condition provides a Timer Enable/Disable func-  comesponding setup must be performed in the actual data
1. The prescaled CK modes are scaled directly from the  direclion control register {cleared to zero gives an input
. oscillator clock. If the extemal pin modes are used, the  pin).

e Timer Counter 0 - TCNTD

] T 13 5 4 3 z 1 1]

12 {552} | mss | | | | | li | s | Tvowmo
2adWrite R RhY R Rw L AW R Al

itial waluo ] 0 1] i} a ] Lo a

e Timer/CouriterQ is raalized as an up-countar with read  clock source is present, the Timar/Counlerd continues
d write access. If the Timer/Counter( is written and &  counting in the clock cydle following the write operation.

1e 16-Bit Timer/Counteri
jure 31 shows the block diagram for Timer/Counter1.

jura 31. Timer/Countar! Block Diagram
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3 16-bit Timer/Counteri can selact clock source from
. prescaled CK, or an external pin. In-addition it can bs
ipped as described in the specification for the
ner/Counter1 Control Raegisters - TCCR1A and
CR1B. The different status flags {(overflow, compare
tzh and capture event) and control signals are found in
' Timer/Counter1 Control Registers - TCCR1A and
CR1B. The interrupt enable/disable settings for
ver/Countar! are found in the Timer/Counter Interrupt
sk Registor - TIMSK.

ien Timer/Counteri is externally clocked, the extarnal
nal s synchranized with the oscillator frequency of the
U, To assura proper sampling of the axternal clock, the
limum time between two extemal clock transitions must
at least one internal CPU clock period. The extemnal
ck signal is sampled on the rising edge of the internal
U clock.

2 16-bit Timer/Counter1 features bioth a high resclution
1 & high accuracy usage with the lower prescaling cppor-
ities. Similary, the high prescaling opporfunities makes
3 Timer/Counter1 useful for lower speed functions or
act tming functions with infrequent actions.

Jure 32, |CP Pin Schematic Diagram

The Timer/Counter! supports two Gutpul Compare func-
tions using the Qutput Compare Register 1 A end B -
QOCR1A and OCR1B as the dala sources to be compared
to the TimerCountar contents, The Output Compare fune-
tions include optional clearing of the counler on comparah
match, and actions on the Output Compare pins on beth
compars matches.

Timer’Counterl can also be used as a B, 9 or 10-bit Pulse
With Modulator, In this mode the counter and tha
QOCR1A/OCR1B registers serve as a dual glitch-free stand-
alone PW with centered pulses. Refar to page 30 for a
detailed dascription on this function.

The Input Capture function of Timer/Counter! provides a
capture of the Timer/Counter1 content=s to the Input Cap-
ure Register - ICR1, triggerad by an extemal event on the
Input Capture Pin - ICP. The actual capture event settings
are defined by the Timer/Counter1 Control Register -
TCCR1B. In addition, the Analog Comparator can be set fo
trigger the Input Capture. Refer to the section, "The Analog
Comparator”, for detalls on this. The ICP pin logic is shown
in Figure 32.

ICF 0

MOMSE CANGELER .- EDe3E SELECT i P
1
[Lo= e I-ES]
ACIC
ACO

ACKE: COMPRRATOR I EMABLE
ACO: COMPARATOR OUTEUT

he noize canceler function is enabled, the actual trigger

before the capture is activated. The input pin signal is sam-

~dition for the capture event is monitored over 4 samples  pled at XTAL dock frequency.
8 Timer/Counter1 Control Register A - TCCR1A
7 & 5 4 3 2 1 i
Fisar; | CoOmIAl | COMiAD | cowiei | comiae | - ] - | PwMil | PWMIO | TCCR1A
mdWrie o] R RN Ry ) R R R
el wehsa ] 0 ] [+ o [ a 4

lits 7,6 - COMA A1, COM1AD: Compara Output Made 14,

s 1 and 0

a COM1A1 and COM1AC control bits delermine any out-
t pin action following & compare match in
1er/Counter1. Any oulput pin actions affect pin OC1A -
tput CompareA pin 1. Since this is an alternative func-
1 to an O port, the corresponding direction control bit
st be set {one) to contral an output pin. The control con-
Jsration ig shown in Table 10.

AEL

» Blts 5,4 - COM1B1, COM1B0: Compare Dutput Mode 1B,
bits 1and 0

The COM1B1 and COM1B0 control bits determine any out-
put pin action following a compare match in
Timer{Counterd. Any output pin actions affect pin OC1B -
Output CompareB. Since this is an alternative function to
an O port, the correspanding direction control bit must be
sat {one) to contral an output pin. The following eontrol con-
figuration is glven:




AIMEL

de 11. Compare 1 Mode Select

TIMSK Register. Otherwise an interrupt can occur when
the bits are changed.

JOMAX1 COM1X0 | Description + Bite 3.2 - Res! Ragerved bits
o o TimeriCountart discannecied from These bits are reserved bits in the AT9054434/8535 and
outpul Ijn Oc1X ﬂlmys read zero.
a ] Toggle the OC1X output line. . Eiﬁ 1.0 - PWM11, PWM10: Pulse Width Modulator Belect
1 0 Claar Hhe OC X sufput ling {io These bits select PWM operation of Timer/Counteri as
zero). specified in Table 12. This mode is described on page 30.
1 1 Set the OC1X oulput line (to one), Table 12. PWM Mode Selsct
g X=AorB. PWM11 PWM40 | Description
Wi mods, thesa bits have a different function. Refer to 0 0 PWM oparation of TimenCounter
bla 15 for a detailed description. When changing the ia dimabled
IM1X(1COMT X0 bits, Output Compare Interrupts 1 must Ty ; .
disablad by clearing their Interrupt Enable bits in the c 1 ThwedCaunbart Is an 8-b FYYM
0 TimarCourtert |5 8 9-bik PYWhA
1 1 Timer!Gounter? Is a 10-bit PWM
a Timer/Counter1 Control Register B - TCCR1B
l ¥ B § 4 3 2 i 1]
IE ($4E) [iemer | weest | - ] -] cml Csi2 cai catl TCCRIB
nadWiita R AW R R AW A R R
Hial vaiie o o 0 0 0 0 & o

Bit T - KNC1: Input Capture1 Noise Ganceler {4 CHs)

ven the ICNC1 bit is cleared (zero), the input capiure trig-
r noiza canceler function is disabled. The input capfure |s
jgered at the first risingffalling edge sampled on the ICP -
wit capture pin - as specified. When the ICNC1 bit |s set
&), four successive samples are measures on the ICP -
wut capture pin, and all samples must be highflow accord-
| fo the input capture trigger specification in the ICES1
. The actual sampling frequency is XTAL clock fre-
ancy.

tit 6 - ICES4: Input Capture1 Edge Salect

e the ICES1 bit is cleared {zero), the Timer/Counter
wtents are transfarred to the input Capture Register -
21 - on the falling edge of the input capture pin - ICP.
lile the ICES1 bil is set {one}, the Timer/Counter? con-
ts are transferred to the Input Capture Register - ICR1 -
the rising edge of the inpul capture pin - ICP.

tits 5, 4 - Res: Reserved bits

zae hits are roservad bits In the ATI0S4434/8535 and
rays read zero.

§it 3 - CTCA: Clear TimerfCounteri on Compare Match

ien the CTC1 contral bitis set (one), the Timer/Counter]
=agat to $0000 in the clock cycle afler 2 compareh
ich. If tha CTC1 control bit s cleared, Timer/Counteri
inues counting and is unaffected by a compare match.
ice the compare match is delected in the CPU clock
:le fallowing the match, this function will behave diffar-
ty when a prescaling higher than 1 is used for the timer.

When a prescaling of 1 is used, and the comparaA register
is g8l to C, tha timer will count as follows if CTC1 is set

v |C=1 | C|C#1 | O] 1]

YWhen the prescaler is set to divide by &, the timer will count
like this;

.| €41, C1,C-1, C-1, G-1, C-1,C-1, 6116, C.C. ¢ G,
C.C,C|C+1,0,0,0,0,0,G.0,0 11,1.1.1.14.1,1,1]..

In PWi mode, this bit has no effect.

= Bits 2,4,0 - 812, C811, CS10: Clock Select1, bit 21 and 0
The Clock Selecti bits 2,1 and 0 define the prescaling
source of TimerCounter1,

Table 13. Clock 1 Prescale Salect

CS12 | C531 | €510 | Description
0 o 0 Stop, the TimarCounter? is
| stopped.

o o 1 | ek _
0 i 0 cK/g
a] 1 1t | CKIBd
1 0 0 CK./ 256
1 H] 1 CK 1024
1 ; i} Extamal Pin T1, falling edga

i 1 ] 1 . 1 External Pin T1, rising edge ]

AT90S/LS4434 and AT90S/LS8535 meeeeeess———




eessssssssssesssssssesss ATO0S/L.54434 and AT90S/LS8535

s Stop condition provides a Timer Enable/Disable func-
1. The CK down divided modes are scaled directly from
CK oscillator clock. If the external pin modes are used,

3 Timer/Counter? - TCNT1H AND TCNT1L

the corresponding setup must be parformed in the actual
direction control register {cleared to zero gives an input

pinj.

1\& 14 13 12 " 10 B ]
B {440} [T TCNTIH
£ (§4c) LSH TENTIL
F B & 2 3 2 1 ]
Al AW R RW W Rt RIW RW RAN
RN RV R RN R R RS A
ial vahsn 0 o o ] o o o o
o o o o a o o o

5 16-bit register confains the prescaled value of the 16-
Timer/Counteri. To ensurs that both the high and low
&5 are read and writben simultaneously when the CPU
sszzas these registers, the access is performed using an
it temporary register (TEMP). This temporary register is
o used when accessing OCR1A, OCR1B and ICR1. If
¢ main program and also interrupt routines perform
:853 o registers using TEMP, interrupls must be dis-
‘ed during access from the main program.

NT1 TimerfCountar! Write:

When the CPU writes to the high byte TCNT1H, the
written data is placed in the TEMP register. Next, when
the CPU writes the low byte TCNT1L, this byte of data
iz combined with the byle data in the TEMP register,
and all 16 bits are writtan to the TUNT1
Timer/Counter? register simultaneously. Conse-

quently, the high byte TCNT1H must be accessed firsl
for a full 16-bit register wrile operation.

+ TCHT1 Timer/Counter! Read:

When the CPU reads the low byte TCNTL, the data of
the fow byte TCHT1L s sent to the CPU and the data
of the high byte TCNT1H is placed in the TEMF regis-
ter. When the CPU reads the data in the high byle
TCNT1H, the CPU receives the data in the TEMP reg-
Ister. Consequently, the low byte TCNT1L must be
accessed firsi for a full 16-bil register read operatian.

The Timer/Counter! is realized as an up or up/down (in

PWM mode) counter with read and write access. If

Timer/Counter1 is written lo and a clock source is selected,
the Timer/Counter! continues counting in the timer clock
cycle after it is prezat with the written value.

nerfCounteri Output Compare Register - OCR1AH AND OCR1AL

15 i4 13 ¥ 1 id B B
B {$4E} MER OCRIAH
A 340y LSB DCRTAL
T 3] 5 4 ] 2 1 1]
adWrite R B R R R R AW RAW
R R R R R R W R
I8l vahe 0 o o] ] L] ] 1] ]
o 4] o [+ o o o i
1er/Counter! Output Compare Register - OCR1EBH AND OCR1BL
15 14 13 i2 11 10 ] a
ERES 0 [E=:) OCRTIBH
3 [546) L5E QCRIBL
T [ 5 [] 3 2 1 [}]
adf¥rits AW Ry AW RO A R Pl Rt
Ry Rrw B R Ay R RAA" =
led walua 4] o h] o o [i] i
4] o i) il i) 0 a ]

3 putput compare registers are 16-bit read/write regis-
:,

3 Timer/Counter! Output Compare Registers contain
data to be coninuousty compared wlth TimerCounter1.

Actions on compare matches are specified in the

TimerCounter! Control and Status regigter, A compare
match does only occur if TimerfCounter! counts to the
OCR value. A software write that sats TCNT1 and OCR1A

Eer e S ] AImEL 29
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DCR1B fo the same value does not generate 2 compare
itch.

ompare match will set the compare intarrupl flag in the
U clock cycle following the compare event. Writing to
‘RTDS5 and PORTD4 sets the OC1A and OC1B values
respondingly.

i¢e the Quiput Compare Registers - OCR1A and
‘R1B - ars 16-bit registers, a temporary register TEMF is
s when OCR1A/B are written to ansurse that both bytes
‘updated simutaneously. When the CPU writes the high

byte, CCR1AH or OCR1BH, the data Is temporarily stored
in the TEMP register. When the CPU writes the low byte,
OCR1AL or OCR1BL, the TEMP register is simultaneously
written to OCR1AH or OCR1BH. Consequently, the high
byte OCR1AH or OCR1BH must be written first for 2 full
16-bit register write operation.

The TEMP register is alsa used when accessing TCNT1,
and ICR1. If the main program and also interrupt routines
perform access 1o registers using TEMP, interrupts must
be dizabled during access from the main program.

8 Timer/Counter1 Input Capture Register - ICR1H AND ICR1L

15 14 12 12 11 n g B
7 (84T} [T CRAH
& [$48) L5 ICRIL
7 B 5 4 F] 2 1 ]
adMirie R R R R R R R R
F R R R R R R R
Bal value i) 4] o [+ i} /] o ]
o o o 8 b 0 o o

@ input capiure register is a 16-bit read-only register.

1en the rising or falling edge {(according to the input cap-
B edge sefting - ICES1) of the signal at the input capture
n-ICP - ig detected, the current value of the
nerfCountary is ransferred to the Input Capture Register
R1, At the same time, the input caplure flag - ICF1 - is
t (one).

1ce the Input Capture Registar - IGR1 - s a8 16-bit regis-
- a temporary register TEMP is used when ICR1 is read
ensure that both bytes are read simultansously. When
1 CPU reads the low byte ICR1L, the data is sent to the
'U and the data of the high byte ICR1H is placed in the
MP ragister. When the CPU reads the data in the high
& ICR1H, the CPU recaives the data in the TEMP regis-
. Consaquentty, the low byte ICR 1L must be accessed
t for a full 16-bit register read operation.

& TEMP register is also used when accessing TONT,
R1A and OCRIB. i the maln program and also interupt

sle 14. Timer TOP Values and PWNM Frequency

routines perform access to registers using TEMP, inter-
rupts must be disabled during access from the main pro-
gram,

Timer/Counter! In PWM Mode

When the PWM mode is selected, Timer/Counterl and the
Output Compare Register1A - OCR1A and the Output
Compare Register1B - OCR1B, form a dual B, 8 or 10-bit,
free-running, glitch-free and phase correct PWM with out-
puts on the PD5{OC1A) and PD4(OC1B) pins.
Timer/Counter! acts as an up/down countar, counting up
from $0000 to TOP {see Table 14), when It turns and
counts down again to zero before the cycle is repeated.
When the counter value matches the contents of the 10
least significani bits of OCR1A or OCR1B, the
PDS{OC1A)PDA{OC1B) pins are set or cleared according
to the settings of the COM1A1/COMIAQ or
COM1B1/COM1BO bits in tha Timer'Counter1 Control Reg-
ister TCCR 1A, Refer to Table 15 for detalls.

PWM Rezolution Timer TOF value Fraguency [
8-bit $00FF (255) frad510 .
O-bit $01FF (511) | T f1022
10-bit $03FF(1023) fr (2046

ATO0S/LS4434 and AT90S/LS8535 meese—
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ble 15. Comparet Mode Select in PWM Mode
OM1X1 | COM1X0 | Effect on OCX1

0 LH Mot connected
0 1 Mot connected
Clearad on compare mateh,
1 i upcounting. Set on compare match,

downcounting (non-mvertad PYWM),

Cleared on compars match,
1 1 downcourting. Set on compare
malch, upcounting (inverted PYAM],

a X=AoB
jure 33. Effects of Unsynchronized OCR1 Latching

Ceampare Valws changes

[ [ 1 M

Note that in the PWM mode, the 10 least significant
OCR1A/OCR1B bits, when written, are transferred to a
temparary location. They are latched when Timer/Counterd
reachas the valug TOP. This prevents the occurrance of
odd-length PWM pulses {glitches) in the evenl of an unsyn-
chronized OCR1A/OCR1B write. See Figure 33 for an
exampla.

Counler Value

== e W ===~ Compare Value

LI L Py Output OC2

Synechronized OC2 Latch

Ceompars Value changes

1 [ [

Counter Value

== e N — = - Compare Valug

LI L PwM Output 0C2

Ursynchronized OC2 Latch L Glitch

ring the fime between the write and the latch cperation,
gad from CCR1A or OCRIB will read the contents of the
nporary location. This means that the most recently writ-
1 value always will read out of OCR1AME.

1en OCR1 contains $0000 or TOP, the oulpul
$1AOC1B Is held low or high according to the settings of
MATATCOMIAD or COMIBY/COMABO, This is shown in
ble 16.

e 16. PWM Qutputs OCGR1X = $0000 or TOP

COMX1 | COMiX0 | OCRIX | Output OCIX
{ | o $0000 L
t | 0 TOP H
1 1 $0000 H
1 1 - TOP L
ta: X=A

PWM moda, the Timer Overflow Flag1, TOV1, is set
en the counter changes direction at $0000. Timer Over-
~ Intarrupt1 operates exactly as in normal TimerfCounter
de, Le. it is executed when TOV1 is set provided that
rer Overflow Interrupt! and global interrupts are

enabled. This does also apply to the Timer Output
Compare1 flags and interrupts.

ATMEL 3‘
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ie 8-Bit Timer/Counter 2
ure 34 shows the block diagram for TimenCounter2.

ure 34. Timar/Counter2 Block Diagram

TiC2 OVER- THC3 COMPARE
FLOW RS BATCH RS

B-RIT DATA BUS >
B-BIT ASYNCH TICZ DHTA BUS A -
538 | v
HEHHEHRE 3|2
- ..l_ TIMER T, MASH, t TIMER, |NT. FLAG | TiCE COMTROL |
FEGESTEH [ TIAYSX) REGETER (TIFF) REGISTER,
¥ | EF g ]
felelelels! 4 HRHEERE
¥ B mc-l.m I rF Y YYY T
— | TIMERCOUNTERT E TH ELR R — ——
1 Y ) T

ASYHCH. STRTUS

REGISTER? [2CRZ) RECISTER (A55R)
L F Y EI [y F
- H
[+.3 : ; "
I
Towea SYHCH UeT |

& B-bit Timer/Counter2 can select clock source from
K2 or prescaled TCK2, It can also be stopped as
seribed in the specification for the TimearCounter Control
gister TCCRZ,

3 different status flags (overflow, compare match, and
sura event) are found in the Timer/Counter Interrupt
0 Register - TIFR. Contral gignals are found in the
1er/Counter Control Register TCCRZ. The interrupl
sble/disable seitings are found in the Timer/Counter
arupl Mask Register - TIMSK.

= module features a high resolution and a high accuracy
1ge with the lower prescaling opportunities. Similarly, the
h prescaling cpportunities make this unit useful for lower

= Timer/Countar2 Control Register - TCCR2

; } ,

speed functions or exact timing functions with infrequent
actions.

The TimerfCounter supports an Output Compare function
using the Output Compare Register OCRZ as the data
source o be compared to the Timer/Counter contents. The
Output Compare function includes optional clearing of the
counter on compare match, and action on the Output Com-
pare Pin - PD7(CC2) - on compare malch. Writing to
PORTD7 sets the OC2 value correspondingly.
Timer/Counter? can also be used as an 8-bit Pulse Width
Modulator. In this mode, Timer/Counter2 and the output
compare register serve as a glitch-free, stand-alone PWM
with centared pulses. Refer to page 35 for a detailed
description on this function.

t 7 6 5 4 3 2 1 0
s($45) [_-__ | Pwmz ] Comz1 | COMZ0 [ €TC2 | CS22 | CS21 | CS20 | TCCR2
sad/Write R RIW AW RIW RW  RW  RW RIW
tia| value 0 0 Q LY 0 o 0 L
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8it 7 - Res: Reserved Bit

is bit is a raserved bit In the ATO054434/8535 and
vays reads as zero.

3it 6 - PWM2: Pulse Whith Modulator Enable

hen set (one) this bit enables PWM moade for
ner/Countar?. This modea is describad on pags 36.

lits 5,4 - COM21, COM20: Compare Output Mode, bits 1
nd @

2 COMM and COMRO control bits determine any output
i action following a compare match in TimerfCaunterd.
itput pin actions affect pin PDT{0OC2). Since this is an
amative function to an UQ port, the corresponding direc-
7 control bit must be set {one) o control an output pin.
o control configuration iz shown in Table 17.

ale 17. Compare Mode Select

OM21 | COM20 | Description
o 0 TimerCounter disconneched from output
piin 052
1] r Toggle the OCZ output line,
1 1] Clear the OC2 output lineg (to zero).
1 1 Set the OC2 oulpul line (o one}.

#e:  In PWM mode, theso bits have a differsnt function. Refer
to Table 19 for & detailed description \When changing the
COM2T/COMZ0 bits, the Quipit Gompare 2 Interrupl
must be disabled by clearing its Intarrupt Enable bit In
the TIMSK Register. Otherwise an interrupt can oocur
whan tha bits are changed.

3jt 3 - CTC2: Claar Timer/Counter on Compara Match

1en the CTC2 control bit (= set (one), TimarfCGounter? is
set to $00 in the CPU dlock cycle after a compare match,
he conirol bit is cleared, Timer/Counter2 continues
anting and is unaffected by a compare match. Since the

& TimerfCounter2 - TCNT2

compara match is detected in the CPL clock cycle follow-
ing the match, this function will behave differently when a
prescaling higher than 1 Is used for the timer, When a pres-
caling of 1 is used, and the compareh register 15 set to C,
the timer will count as fallows | CTC2 is setl

~|C1]C|C+1|a]1)..
When the prescaler is set to divide by 8, the timer will count
like this:

PGS, B, O, €41, 854, 09,821, B |G, G, €5
C, C,C|C+1,0,0,0,6,0,0,0,0[1,1.1...

In PWM mode, this bit has no effect.

« Hits 2,1.0 - G522, G521, C520: Clock Select bits 2,1 and 0
The Clock Select bits 2,1 and 0 define the prescaling
source of TimerCounter2.

Table 18. Timer/Counter? Prescale Select
¢sz2 | cs21 | €520 | Deseription

0 1 TimerCounts:2 is stapped.
1 | TCKz

o | TCK2!8

1

0

0
0
0
0 TCK 2/ 32
TOK 2/ 84

1| TcKz /128
TCK?2 f 256
TCK2 / 1024

..1.
i
1 1 ]
1 1 1

0| O | = | == |0 | 3

The Stop condition provides a Timer Enable/Dizable func-
tior. The prescalad CK mades are scaled directly from the
Ck oscillator clock.

i 7 i 5 4 3 2 1 o

u(g4q) [ WMsE | ] | | | 1 [ LsB | TONT2
sadi¥rite RV R AW Ry RAN RN R RAW

itial value Q G 0 o 0 0 0 0

5 8-bit register contains the values of Timer/Counter2.

1erfCounters? is realized as an up or upfdown (in PYWM
de) counter with read and write aceess. If the

neriCounter2 Output Compare Register - OCR2

TimerCountar? is writtan to and a clock saurce is selected,
it continues counting in the timer clock cycle foliowing the
write operation.

t 7 8 5 4 3 2 1 o

3343 | ms8 | S L1 | | LSB |OCR2
eadWrite R RW RAW RW RN RAW RV RAW

ilial walua o o o o 0 0 o o

= output compare register is an B-bit read/wrile register.

The Timer'Counter Cutput Compare Register contains the
data ta be continuously compared with Timer/Counterz.

AIMEL =
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ions on compare matchas are specified in TCCR2. A Timer/Counter2 Control Registers TCCR2. Refer to Table
npare malch does only occur if Timer/Counter2 counts 19 for datalls.

he OCR2 value. A software wrile that sets TCNT2 and  taple 18, Compare Mode Select in PWM Mode

‘R2 to the same value does not genarate a compare

teh. COMn1 | COMRD | Effact on Compare Pln
ompare match will set the compare interrupl flag in the 0 0 Mot connected
U clock cycle following the OBI'I;‘pﬁr'B avent, 0 1 ot connected
caution must be {aken when Timer/Counler2 operates ,
asynchronous mode, 1., the AS2 bit in ASSR is ! S ot ol i g
[one). When writing OCR2, the value is transferred to {an mmrm'mrpﬂ,l,:"w ¢ e
register on the TCK2 clock following the write opara- :

i 1 1 Cleared on compare mateh,

; dewncounting, Set on compara mateh,
1erfCounter Z in PWM mode upeounting {invertad PYWM).

en the PWM mode is selected, Timer/Counter2 and the

tput Compare Register - OCRZ form an &-bit, free-run-  Note that in PWM mode, the Qutput Compare register is

g, glitch-free and phase correct PWM with outputs o0 yrancferred to a lemporary location when written. The value
PDT{DCE}_ pin. Timer/Counter2 acts as an up/down g fatched when the Timer/Counter reaches $FF. This pre-

inter, counting up from $00 to $FF, when itturns and  .n4ts the occumence of add-length PWM pulses (giitches)

ints down again 1o zero before the cycle Is repeated.  n ing avent of an unsynchronized OCR2 write. See Figure

ien the counter value matches the contents of the Out- 35 for an example.

: Compare regisler, the PD7{0C2) pin |s set or cleared

sording to the settings of the COM21/COM20 bits in the

jure 35, Effects of Unsynchronized OCR Laiching

Campare Valle changed

Counts: Valus

Counter Value

__I'I B = B PN Output OG2

Linsynchronmed OCZ Latch Glitch

fing the time between the write and the latch operation, When OCR2 contains $00 or §FF, the output FOFOC2) is
sad from OCR2 will read the contents of the temporary  held low or high according to the settings of
ation. This means that the most recently written value  COM21/COM20. This is shown in Tabls 20.

rays will read out of OCR2.
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ble 20. PWM Outputs OCR2 = 00 or $FF

com21 COM20 OCR2 Output PWMn
1 $00 L
1 D $FF H
1 | 1 300 H
1 1 SFF L

PWM mode, the Timer Overflow Flag - TOV2, is set
en the counter changes direction at $00. Timer Overflow
srrupl? operates exacily as in normal Timer/Counter
e, i.e. it is executed when TOV2 is sat provided that
ner Overflow Interrupt and global interrupts are enabled.
is does also apply to the Timer Qutput Compare flag and
arupt

e frequency of the PWM will be Timer Clock Frequency
ided by 510.

ynchronous Qperation of Timer/Counter2

1en Timer/Counter? operates asynchronously, soma

nsiderations must be taken.

Warning: YWhen switching between asynchronous and

synchronous clocking of Timer/Counter2, the timer

registers; TCNT2, OCR2 and TCCR2 might gel

corupted. A sale procedure for switching clock source is:
1. Disable the time 2 interrupts OCIE2 and TOIEZ,

Select clock source by setting AS2 as appropri-
ate.

3. Writa new values to TCNT2, QCR2 and
TCCR2,

4. To switch te asynchronous operstion: Wait for
TCN2LIB, CCR2UB and TCRZUE.

5, Enable interrupts, if needed.

The oscillator is optimized for use with a 32,768 Hz
wetch crystal. An external clock signal applied Lo this pin
joas through the same amplifier having & bandwidth of
256 kHz. The external clock signal should therefors be in
‘ha interval 0 Hz - 256 kHz. The frequency of the clock
signal applied to the TOSCA pin must be lower than one
purth of the CPU main clock freguency.

When writing to one of the registers TCNTZ, OCR2, or
TCCR2, the value is transferred to a temporary register,
and latched after two positive edges on TOSCA. The
user should not write a new value before the contents of
the temporary register have been transferred to its
destination. Each of the three mentioned registers have
their individual temporary ragister, which means that e.g.
ariting to TCNTZ does not disturb an OCR2Z write in
srogress. To detect that a transfer to the destination
-gaister has laken place, a Asynchronous Siatus
Register - ASSR has been implemented.

ATMET

+ When entering a sleep mode after having written o
TCNTZ2, OCR2 or TCCR2, the user must wait until the
writlen ragister has been updated if Timer/CounterZ is
used to wake up the device. Otherwise, the MCU will go
to sieep befora the changes have had any effect. This is
extremety important if the Output Compare2 interrupt is
used to wake up the device: Output compare is disabled
during write to OCR2 or TCNT2, If the wrile cycle is not
finished (i.e. the user goes to sleep before the OCR2UB
bit returns to zero), the device will never get a compare
match and the MCU will not wake up.

« |If Timer/Counter? is used to wake up the device from
Power Save mode, precautions must be taken if the user
wants to re-enter Power Save mode: The interrupt logic
needs one TOSC1 cycle to be reset. If the time between
wake up and re-entering Power Save mode is less than
one TOSC1 cycls, the interrupt will not occur and the
devics will fail to wake up. Hf the user is in doubt whether
the time before re-entering Power Save is sufficlent, the
fallowing algorithm can be used to ensure that one
TOSC1 cyde has elapsed.

1. Write a valua to TCCRZ, TONTZ2 or QCRZ2

2. Wait uniil the comasponding Update Busy flag
in ASSR retums to zero.

5. Enter Power Save mode

» When asynchronous operalion is selected, the 22 kHz
oscillator for Timer/Counter2 is always running, except in
power down mode. After a power up reset or wakeup
from power down, the user should be awsare of the fact
thal this oscillator might lake as long as one second 10
etabilize. The user is advised to wait for al least one
second before using Timer/Courler2 after power-up or
wake-up from power down.

= Description of wake up from power save mode when the
timer is clocked asynchronously: When the interrupt
condition Is met, the wake up process is started on the
following cycle of the timer clock, that is, the timer is
always advanced by at least one before the processor
can read the counter value. The interrupt fags are
updated 3 processor cycles after the processor clock has
started. During these cycles, the processor executes
instructions, but the interrupt condition is nol readable,
and the interrupt routine has not staried yet.

« During asynchronous operation, the synchronlzation of
the interrupt flags for the asynchronous timer takes
3 processor cycles plus one imer cycele. The timer is
{herefore advanced by at least one before the pracessor
can read the timer value causing the satting of the
interrupt flag. The outpul compare pin is changed on the
timer clock and is not synchronized to the processorn
clock.
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ynchronous Status Register - ASSR

t 7 5] B 4 3 2 1 0
2@y [ - | - | - | [ ASZ | TCNZUB | OCR2UB | TCR2UB | ASSR
ead/Write R 31 R R Ry R R R
itial walus [H 0 i 0 0 o 0 0

It 7.4 - Res: Resarved Bits
3ga bits are reserved bits In the ATB054434/8535 and
rays read as zero.
it 3 - AS2: Asynchronous Timer/Caunter2
en AS2 is set{one), TimerCounter2 is clockad from the
SC1 pin. Pine PC6 and PCT become connected to a
stal oscillator and cannot be used as genaral 1O plns.
ien cleared (zero) Timer/Counter2 is clocked from the
arnal system clock, CK. When the value of this bit |s
inged the contents of TCNT2, OCR2 and TCCR2 might
corupted.
§it 2 - TCH2UB: Timer/Counter2 Update Busy
wen TimerfCounter2 operates asynchronously and
'NT2 is written, this bil becomes set (one), When the
ue written to TCNT2 has been updated from the tlempo-
v storage ragister, this bit is cleared (zero) by hardware.
ogical zera in this bt Indicates that TCNT2 is ready to be
dated with a new value.
3it 1 - DCR2UB: Cutput Compare Registerz Update Busy
1en TimerCounter2 operates asynchronously and OCR2
written, this bit becomes set {one). When the value writ-
1to OCR2 has been updated from the temporary storage
jister, this bit is cleared (zero) by hardware. A logical
rg in thiz bit indieates that OCRZ is ready to be updated
b a new value.

The mechanisms for reading TCNT2, OCR2, and TCCR2
are different. When reading TCNTZ, the actual timar valus
is read. When reading OCR2 or TCCRZ, the value In tha
temporary storage register is raad,

The Watchdog Timer

The Watchdag Timer is clocked from a separate on-chip
oscillator which runs at 1MHz This Is the typical value at
Voo = 5V. See characterization dala for typical values at
other Vee levels. By controlling the Watchdog Timer pres-
caler, the Watchdog reset interval can be adjusted from
16K to 2,048K cycles (nominally 16 - 2048 ms). The WDR -
Watchdoy Reset - instruction resets the Watchdog Timer.
Eight different clock cycle perlods can be selected {u deler-
mine the reset period. If the reset period expires without
anather Watchdog resel, the ATI9054434/8535 resets and
executes from the resel vector. For timing datails on the
Watchdog resed, refer to page 18.

To prevent unintentional disabling of the walchdog, a spe-
cial tumn-off sequence must be followed when the watchdog
is disabled. Refer to the deseription of the Watchdog Timer
Control Register for details.

Figure 36. Watchdog Timer

WATCHDO0
3it 0 - TCR2UB: Timer/Counter Conbrol Register? Update 1 MHz 065 £ PRESCALER
Jusy BlR : HEEE
1en Timer/Counter2 operates asynchronously and WATCHDOG 2 E HE a 512 é
CR2 is written, this bit bacomes set (one). When the REBET 5| =1 8|5| 85| &
ue written to TCCR2 has been updated from the tempo- ool AL LYY
¢ storage register, this bit is cleared (zero) by hardware. ﬁ’:}' -

agical zero in this bit indicates that TCCR2 is ready 1o be i

lated with a new value, WOE

write is performed to any of the three Timer/Counter2

tsters while its update busy flag is sel {one), the updated

Je might get corrupted and cause an unintentional inter-

t lo ocour. WGU RESE]

s Watchdog Timer Control Register - WDTCR

r i 5 4 3 2 1 f

1(841) S |wnm|wie|w_9rztm1|uﬁm|mrm

adiite R R R AW R~ R R R

lial valug: n 0 o 0 o o iy L

iits 7.5 - Res: Resarved bils
sge bits are reserved bits in the ATS0S4434/8535 and
always read as zero.

+ Bit 4 - WDTOE: Watch Deg Turm-0ff Enable
This bit must be set (one) when the WDE bit is cleared.
Otherwise, the watchdog will nol be disabled. Once set,
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arthware will clear this bit to zero after four clock cycles.
efer to the description of the WODE blt for a walchdog dis-
Jle procedure.

Bit 3 - WDE: Watch Dog Enable

‘hen the WDE s set (one) the Walchdog Timer is
1abled, and il the WDE is cleared (zerg) lhe Walchdog
mer funclion is disabled. WDE can ordy be cleared if the
'DTOE bit is set{one). To disable an enabled watchdog
har, the following procedure must be followed:

In the same operation, write a logical one to
WOTOE and WDE. A logical ong must be writien to

ible 21. Waitch Cog Timer Prescale Select

WDE even though it is set to one befora tha disabla
operation starts.

2. Within the next four clock eycles, write a logical 0 to
WDE. This disables the watchdog.
= Bits 2.0 - WDP2, WDP1, WDPO: Watch Dog Timer Prescaler
Z21and 0

The WDPZ, WDF1, and WDPO bits determine the Watch-
dog Timer prescaling when the Walchdog Timer Is
enabled. The different prescaling values and their corre-
apanding Timeout Periods are shown In Table 21,

WDF2z WEP1 WDPO Timeout Period

b 0 0 16K eycles

ﬁ_ o ] 1 | 32K cyoles

0 1 0 '| 64K cycles

0 1 1 128K cyclas

1 0 _ 0 256K cycles

1 0 1 512K cycles
o 1 1 0 1,024K eyclas

1 1 I 1 _ 2,048K cycles

‘EPROM Read/Write Access

18 EEPROM access registers are accessible in the 1O
3ce.

© write access time is in the range of 2.5 - 4ms, depend-
g on the V== voltages. A self-timing function lets the user
ftware detect when the next byte can be written. A spe-
al EEPROM Ready interrupt can be set to trigger when
= EEPROM s ready to accept new dala.

w EEPROM Addrasz Registar - EEARH and EEARL

in order o prevent unintentional EEPROM writes, a spe-
cific write procedure must be followed. Refer to the descrip-
tion of the EEPROM Control Register for details on this.

When the EEPROM is read or written, the CPLU is halted for
two clock cycles before the next instruction is executed.

13 15 14 13 iz 1t 10 B |
|F (E3F) . - - - { - - . EEARS EEARH
IE (53E) [TECART | EEARG | EEARS | EEAR4 | EEARS | EEARZ | EGARI | EEARD EEARL
Y [ B 4 3 2 1 o
padArile RN R R Ry R R Ry RW
R Ry RN RAY RAv RAY R R
fizal wales o i} il o 0 ] o il
0 1 a i a Q @ o

e EEPROM Address Regislers - EEARH and EEARL
ecify the EEPROM address in the 256/512 byles

EEPROM space. The EEPROM data bytes are addressed
linearly between 0 and 255/511.

AIMEL r




e EEPROM Data Register - EEDR

! FJ [ 3

o

Lsé | EEpm

(3309 | wea | ] | | | | |
sad s R RV R RAW RivY R e T
il value 0 o @ o 0 o 0 2

iits 7..0 - EEDR7.0: EEPROM Diata
r the EEPROM write operation, the EEDOR ragister con-
15 the data to be written to the EEFRCM In the address

# EEPROM Control Register - EECR

given by the EEAR register. For the EEFROM read opera-
tion, the EEDR contains the data read out from the
EEPROM at the address given by EEAR.

: 7 6 5 4 3 2 1 8

C {530} e T =L = EERIE | EEIIHEW EECR
adiite R R R R RW oW W RV

lsl viksn o 0 n 0 o 0 0 ¢

jit 7.4 - Res: Reserved bits
gse bits are reserved bits in the AT3054434/8535 and
| always read as zero,
3it 3 - EERIE: EEPROM Raady Interrupt Enabla
hen the | bit in SREG and EERIE are s&t (ong), the
:PROM Ready Interrupt is enabled. When cleared (zer),
3 Interrupt is disabled. The EEFROM Ready interrupt
marates a constant interrupt when EEWE is cleared
2ok
Bit 2 - EEMWE: EEFPROM Master Write Enable
18 EEMWE bit delermines whether setting EEWE to one
uses the EEPROM to be written. When EEMWE is
t{ane} setting EEWE will write data to the EEPROM at
s selected address IF EEMWE is zero, satting EEWE will
ve no effect. When EEMWE has been set {one) by soft-
ra, hardware clears the bit to zero after four clock cycles.
& the description of the EEWE bit for a EEPROM wrile
Icadure.
it 1 - EEWE: EEPROM Write Enable
g EEPROM Write Enable Signal EEWE is the write
obe to the EEPROM. When address and data are cor-
ly set up, the EEWE bit must bs sat to write the value
3 tha EEPROM. The EEMWE bit must be sat when the
lieal ane is written to EEWE, atherwise no EEFROM
te takes place. The following procedure should be fol-
red when writing the EEPROM (the order of steps 2 and
; unessential):

Wait untii EEWE becomes zero.

WWirite new EEPROM address to EEARL and

EEARH (oplional).

Write new EEPROM data to EEDR (optional).

Write a logical one to the EEMWE bit in EECR.

Within four clock eycles after setting EEMWE, wrile
a logical one to EEWE.

b

When the wrile access time (typically 2.5 ms at V. = 5V or
4 ms at V.. = 2.7V) has elapsed, the EEWE bil is cleared
{2erp) by hardware. The user software can poll this bit and
wait for 3 zero before writing the next byte. When EEWE
has been set, the GPU is halled for two cycles before the
next instructon is executed.

+ Eit 0 - EERE: EEPROM Read Enable

The EEPROM Read Enable Signal EERE Is the read
strobe to the EEPROM. When the correct address is sat up
in the EEAR register, the EERE bit must be set. When the
EERE bit iz cleared (zerc) by hardware, requested data is
found in the EEDR repister. The EEPROM read access
{akes one instruction and there is no need to poll the EERE
bit. When EERE has been set, the CPU is halted for four
cycles before the next instruction is exacuted.

The user should pall the EEWE bit before slarding the read
operation. If a wrile operation is in progress when new data
or address is written to the EEPROM /O registers, tha
write operation will be interrupted, and the result is unde-
fined.

Prevent EEPROM Corruption

During periods of low V.. the EEPROM data can be cor-
rupted because the supply vaoltage is too low for the GPU
and the EEPROM to operate properly. These |ssues are
the same as for board level systems using the EEPROM,
and the same design solutions should be applied.

An EEPROM dala cormuption can be caused by two situa-
tions when the voltage is loo low. First, a regular write
sequence to the EEPROM requires a minimum voltags (o
aperate correctly. Secondly, the CPU iteelf can execute
instructions incomactly, if the supply voltage for executing
instructions Is too low.

EEPROM data corruplion can easily be avoided by follow-
ing these design recommandations (one s sufficient):
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Keep tha AVR RESET active {low) during pariads of
insufficisnt power supply voltage. This s best done
by an external low Ve Reset Protection dircull,
often referred to as a Brown-Out Detector (BOD).
Please refer to application notes AVR 190 and AVR
180 for design considerations regarding power-on

resat and low woltage detection.

Keap the AVR core in Power Down Sleep Mode dur-
ing pericds of low V. This will prevent the CPU

1e Serial Peripheral Interface - SPI

2 Serial Peripheral Interface (5P1) allows high-speed
ichronous data transfer between the ATS0S54434/8535
d peripheral devices or bhelween several
I0S4434/8535 devices. The ATO0S4434/8535 5P fea-

125 include the following;

sull-Duplex, 3-Wire Synchronous Data Transfer

jura 37, SPI Block Diagram

XTAL

OMIDER
sl iRefd 128

IR

. i

“| BBMT BHIFT REGISTER |

from attempling to decode and executa instructions,
sffectively prolecting the EEFROM registers from
unintentional writes.

3. Store constants In Flash memory if the ability o
change memory contents from software is not
required. Flash memory can not be updated by the
CPL, and will not be subject to corruption,

Master or Slave Operation

= LSE First or MSB First Data Transfer
Four Programmable Bit Rates

End of Transmission Intemupt Flag

» Writa Collision Flag Protection

+ Wakeup from 1die Mode

}1 4%

\ }_ M3 LsB

| HEAD DATABUFFER |

e

FEM GONTROL LOGIC

_ letoex

l SELECT |

| SP1 CLOCK MASTER

* CLOCK
._:I‘I_ LOGIC

T W

i T
' £l w
l 5%
1
- R X i
| 5P CONTROL Em T 1 -
e , 3
P =1 = -
49, | JegREEfEg
; | ol ' i
[ &Pi STATUS REGISTER | | SPI COWTROL REGISTER
. TUS REGISTER | ; L REGIET
j B,
T SR

!

EPI INTERRLPT BITERMAL
REQUEST DATA BUS

3 interconnection betwean master and stave GPUs with
I is shown in Figure 38. The PB7(SCK) pin is the clock
put In the Master mode and is the clock input in the
ve mode. Writing to the SPI Dats Register of the master
U starts the SPI clock generator, and the data written
is out of the PBS(MOS!) pin and into the PBS{MOSI) pin
he slave CPU. Aftar shifting one byte, the SPI clock gen-
tor stops, satting the end of transmisslon flag (SFIF). If

SPl interrupt enable bit {SPIE) In the SPCR register

sel, an interrupl is requested. The Slave Select input,
PB4{55), Is set low to select an individual SPI device as a
slave. The two shift registers in the Master and the Slave
can be considered as one distributed 16-bit circular shift
register. This Is shown in Figure 38. When data is shifted
fram the master to the slave, dala is also shifted in the
opposite direction, simulianeausly. During one shift cycle,
data in the master and the slave is interchanged.
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jure 38. SPi Master-Slave Inlerconnection

MSE MASTER LSE miso! MSB  SLAVE LSB
—ls BT staFT REQISTER [ — — |_urra-m='r REGISTER™ -
== '
I . {WOSt Mo |

EF L lnex s:n'
CLOCK GENERATOR - R =
—ve

e systemn is single buffared in the transmit direction and
uble buffered in the receive direction. This means that
aracters to be fransmitted cannot be wrilten to the SPI
ta Register before the entire shift eycle is completed.
1en receiving dala, howaver, a received character must
read from the SPI Data Register before the next charac-
has bean completaly shifted in. Otherwise, the first char-
ter is lost.
hen the 5P| is enabled, the data direction of the MOSI,
50, SCK_and §S pins is ovenidden according to the fol-
wing table:

ibla 22. 5P| Pin Overrides
Pin Direction, Master Sl | Diraction, Slave SPI
MOSI | User Defined Input
MISO | Input User Dafinad
SCK U=er Defined mput
55 | User Defined Input

3 Pin Functionality

1en the SPl is configured as a master (MSTR in SPCR is
), the user can detarmine the diraction of the S5 pin. If
i is configured as an output, the pin is a genaral output
1 which does nol affact the SPI system. If S5 is config-
1 as an input, it must be heid high to ensure Master SP|
eration. If, in master mode, the 33 pin is Input, and is

jure 39. 5P Transfer Format with CPHA =0

driven low by peripheral circuitry, the SPI system interprets
ihis as another masier selecting the SPI as a slave and

starting to send data fo it. To aveoid bus contention, the SPI
system takes the following aclions:

1. The MSTR bitin SPCR is cleared and the SPI sys-
tem becomes a slava. As a result of the SF| becom-
ing & slave, the MOSI and SCK pins hecame inputs.

2. The SPIF flag in SPSR is set, and if the SPI inter-
tupl |s enabled, the interrupt routine will be exe-
cuted.

Thus, when interrupt-driven SPI transmission is usad in
master mode, and thera exists & possibility that 5 Is
driven low, the intarrupt should always check that the
MSTR bit is still set. Once the MSTR bit has been cleared
by a slave select, it must be set by the user.

When the SPI ig configured as a slave, the S5 pin is always
input. Whan 55 is held low, the SPI is activated and MISO
bacomes an output if configured so by the user. All cther
pins are inputs, When 585 is driven high, all pins are inputs,
and the SP! is passive, which means that it will not recaive
incoming data.

Data Modes

Thera are four combinations of SCK phase and palarily
with respect to seral data, which are determined by control
bite CPHA and CPOL. The SPI data trensfer formats are
shown in Figure 39 and Figure 40,

SCK CYCLER TTET S

[FOR REFEREMCE})

(FHOM SLAVE)

MSE
T

E5 (T SLAVE)

EAMPLE

R

bt

“Hat defined but normally MSE of dharacter just received.
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jure 40. 5P| Transfar Format with CPHA =1

SO CYCLES

{FOR REFEREMCE)
SCK [CPOL=0)
SCK (CPOL=t)

MIS0
{FROM SLAVE)

55 (TO SLAVE)

SAMPLE

PTrTrTe

Mot defiped but normially LEB of previeusly kanamitfod chasacles,

& 5PI Control Register - SPCR

t 7 6 8 4 a 2 1 o

i {32 | SPE | SPe | DORD | MSTR | CPOL CPHA | SPR1 | SPRO | secr
sadMiita RIW [ T W RIW R AW RV

el vahus o L+ 0 il o o o ]

3jt 7 - SPIE: SPI Interrupt Enable

is bil causes setting of the SPIF bit in the SPSR register
exacute the SP| Interrupt providad that global interrupts
2 enabled.

8it & - SPE: SPl Enable

nen the SPE bil is set (ona), the SFPI is enabled. This bit
15t be set io enable any SP1 operations.

it 5 - DORD: Data Order

1en the DORD bit is set (one). the LSE of the dala word
ransmitted first,

1en the DORD bit is cleared {zero), the MSB of the data
rd |s transmitted first.

lit 4 - MSTR: Master/Slave Select

is bit selects Master 5P| mode when sel {one}, and

* Bit 3 - CPOL: Clock Palarity

When this bit is set (one), SCK is high when idle, When
CPOL is clearad {zero), SCHK Is low when idie. Referto Fig-
ure 40 and Figure 41 for additional information.

« Bit2 - CPHA: Clock Phase

Rafer to Figure 40 or Figure 41 for the functionality of this
bit.

- Bits 1,0 - SPR1, SPRO: SP] Clock Rate Select 1 and D
These two bits control the SCK rate of the device config-
ured as 8 master. SPR1 and SPRO have no effect on the
slave. The relationship between SCK and the Oscillator
Clock frequency f4is shown in the following table:

Table 23. Relationship Between SCK and the Oscillator
Frequency

we SPI mode when cleared (zero). I S5 is configured as
input and is driven low while MSTR is set, MSTR will be SPR1 SPRO SCK Fraquency
ared, and SPIF in SPSR will become set. The user will ] 1) Tyl 4
n have to s&t MSTR to re-enable S5PI master mode. I
0 i 1 f /15
1 D 1/ 64
1 1 fqf 128 3
p 5Pl Status Register - SPSR
7 B 5 4 3 z 1 o
E (525} [CsmF | weor | - | - | Vo Lo e ] e
sadrile G R R Y R R G B
tal value 0 o o o o ] a i}

3it 7 - SPIF: SPI Intarrupt Flag

wen a serial transfer is complete, the SPIF bit s set (one)
1an interrupt is generated if SPIE in SPCR is set (one)
1 global interrupts are enabled, If 55 is an input and |s

driven low when the SPI |s in master mode, this will also set
the SPIF flag. SPIF is cleared by hardware when executing
the comesponding interrupt handling vector. Aernatively,
the SPIF bit is cleared by first reading the SP| status regis-
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with SPIF zet (ong), than aceessing the SPI Data Regis-
(SPDR).

31t § - WCOL: Writs Coliislon flag
e WCOL bit is set if the 3P| data register (SPDR) is writ-
i during a data transfer. During data transfer, the result of
iding the SPDR register may be incomect, and writing to
vill have no effect. The WCOL bit (and the SPIF bit) are
gred {zero) by first reading the SPI Status Reglister with

e SPI Data Register - SPDR

WCOL set (one), and then eccessing the 5Pl Dala Regis-
ter.

+ Bit5..0 - Res: Resarved bits

These bits are reserved bits in the ATS80S54434/8535 and
will always read as zero.

The SPI interface on the AT90S4434/8535 is also used for
program memory and EEPROM downlaading or uploading.
See page 71 for serial programming and verification.

| 7 8 5 4 1 2 1 ]

F(52F) | wsa | | = | | | | | Lse I EPOR
it R RAK R RV R R R R

tal vaiue 0 n a o ] 0 a i}

& SPI Data Register is a read/write register used for data
nsfer between the register file and the SP1 Shift register.
iting to the register iniiatas data transmission, Reading

1e UART

e AT9054434/8535 features a full duplex Universal
ynchronous Receiver and Transmitter {UART). The main
atures ara:

Baud rate generator generates any baud rate
High baud rates at low XTAL frequencies

8 or 9 bils data

MNoise filtaring

Cherrun detection

jure 41, UART Transmitler

DATA BLIZ

the register causes the Shift Register Receive buffer fo be
read,

« Framing Eror detection

= Fglse Start Bil detection

» Three separate interrupts on TA Complete, TX Data
Register Empty and RX Complete

= Buffersd Transmit and Receive.

Data Transmission
& block schematic of the UART transmiller is shown in Fig-
ure 41.

¥

HiE

UART |FG DaTA
RESESTER (LUDR)

)
CONTROL LOGIC b

ar L
T Erai
l—"'""_ P FOHTROL
], LW
i 100 BT TY ' s
SFT RECRETER

sl ik

E3

UART COMTREL LAAT 5TATUS
REGIGTER {LICR) REGISTER (UGR]
wlwlui & EEI—
5
E e E & DA BUE REE
il B
- | ==
i
THE  UDRE
[Lal=] .3la]
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ta transmission is initiated by writing the data to be
nsmitted to the UART /O Data Register, UDR. Data is
nsferred from UDR to the Transmit shift register when.

# new character has been wrilten o UDR afier the stop
bit from the previous character has been shifted out. The
shift register is loaded immediately.

& new character has been written to UDR before the stop
sit from the previous character has been shified out. The
shift register is lnaded whan the siop bit of the character
aurrently being fransmitted has been shifled out.

he 10{11)-bit Transmitler shift register is empty or when,
ta ie transferred from UDR to the shift register. At this
le the UDRE (UART Data Register Emply) bit in the
\RT Status Register, USR, is sat. When this bit is set
18}, the UART s ready to recaive the naxt character. At
: same time as the data is transferred from UDR to the
(11)-bit shift register, bit 0 of the shift register is cleared
art bit) and bit 9 or 10is sel (stop bit). if 9 bit data word Is
lectad (the CHRA bit in the UART Control Register, UCR
zat), tha TXBS bit in UGR is transfemred to bit 8 in the
arsmit shift register,

gure 42. UART Receiver

On the Baud Rate clock following the transfer operation to
the shift register, the start bit Is shifted out on the TXD pin.
Then follows the data, LSB first, When the stop bil has
been shifted out, the shift register is loaded i any new data
has been written to the UDR during the transmission. Dur-
ing loading, UDRE is set. If there is no new data in the UDR
register to send when the stop bit is shifted out, the LIDRE
flag will ramain set until UDR is written again. YWhen no new
data has been written, and the stop bit has been present on
TXD for one bit length, the TX Complete Flag, TXC, in USR
is get,

The TXEN bit in UCR enables the UART transmitter when
set {one). When this bil is cleared (zero), the PD1 pin can
be used for general /O, When TXEN is set, the UART
Transmitter will be connected te PO, which s forced Lo be
an output pin regardiess of the setting of the DDD bit in
DDRD.

Data Reception
Figure 42 shows a block diagram of the UART Recelver.

k- DATA BUS 2
UART MO stFt{
, REGISTER (LR}
wra—s Bauprate PRV g R
GENERATOR
STORE UOR -
Fil CONTROL
LOGIS
BOO RID | DATA RECOVERY a1 10§11 HBIT RX
LOGIC SHIFT REGISTER
F ' W 3 |
HiE A
g §|§ olx e EI".E x
y 3 [ [
ART COMTRCL UART STATUS
REGISTER (LICR) REGISTER (USR]
wlwlwl A& [
o2 &
Fl5| & DATABUS
] -
RXC
1IRa

& recaiver front-end logic samples the signal on the RXD
| at a frequency 16 times the baud rate. While the line is
3, cne single sample of logical zero will be interpreted as

ATmEL

the falling edge of a start bit, and the start bit detectian
sequance is initiated. Let sample 1 denate the first zero-
sample. Foliowing the 1 to O-transition, the receiver sam-
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3 the RXD pin at samples 8, 9 and 10. If two or more of
sa three samples are found 1o be logical ones, the start
s rejected as a noise spike and the receiver stars look-
for the nexd 1 to O-transition.

owever, a valid start bit is detected, sampling of tha data
« Tollowing the starl bit is performed. These bits are also
wre 43, Sampling Received Data

Fon)

sampled at samples 8, § and 10. The logical value found |n
at least two of the three samples is laken as the bit value.
Al bits are shifted into the transmitter shift register as they
are sampled. Sampling of an incoming character is shown
In Figure 43.

/D D D D D D G

X o7 /:iTuF' BIT

aeaarn i ol e o s e Mmoo s B ool Aol

en the stop bit enters the receiver, the majority of the
e samples must be one to accept the stop bit. If two or
re samplas are logleal zeros, the Framing Error (FE) flag
he UART Status Register (USR) is set. Before reading
UDR register, tha user should always check the FE bit
letect Framing Efrors.

wether or not a valid stop bit is delected at the end of a
sracler reception cycle, the data is transfarrad ta UDR
7 the RXC fiag in USR is set. UDR is in fact two physi-
ly separats reqisters, one for transmitted data and one
received data. When UDR is read, the Receive Data
jister is accessed, and when UDR Is written, the Trans-
t Data register is accessed. If 9 bit data waord is salacted
& CHRS bit in the UART Control Register, UCR is set),
s RXBS bit In UCR iz loaded with bit 8 in the Transmit
ft ragister when data is transferred 1o UDR.

\RT Control
2 UART /O Data Register - UDR

If, after having received a character, the UDR register has
not been read since the last recelve, the OverRun (OR) flag
in UCR is set. This means that the last data byte shifted
into to the shift register could not be transferred to UDR
and has been lost. The COR bil is buffered, and |s updated
when the valid data byte in UDR is read. Thus, the user
should always check the OR bit after reading the UDR reg-
ister in order to detect any overruns.

Whan the RXEN bit in the UCR register is cleared (zaro),
the receiver is disabled. This maans that tha PDO pin can
be used as a general /O pin. When RXEN is sel, the UART
Receiver will be connected to PDO, which s farced 1o be an
input pin ragardless of the setting of the DDDO bit in DDRD.
Whan FDO is forced to input by the UART, the PORTDO bit
can still be used to control the pull-up resistor on the pin.

7 & 5 4 3 z 1 ]
afbicled | wee | | | [ | [ sB ]| uor
adfirila BN RAN AW RN G W R CIT
ial valua 4] i} o o 1] ] 0 (1]

3 UDR regisier is actually two physically separate regis-
; sharing the same /O address. When writing to the reg-
sr, the UART Transmit Data register is written. When

reading from UDR, the UART Receive Dala regisler is
read.

» UART Status Register - USR
r [+ B 4 a 2 i i
B {328} | mxc | TG | UDRE 1 FE |  or | 2 [ - | usk
AW R T R 7 R R R R
fal valua o o 1 i} 4 ] 4] ]

2 LUSR regisler is a read-anly register providing Informa-
i on the UART Status.

it T - RYC: UART Receive Complete

s bit is set (ona) when a received charactar is trans-
‘ad from the Recelver Shift register to UDR. The bit is
regardiess of any detected framing errors. When the
CIE bit in UCR is set, the UART Receive Complete
srrupt will b exacuted when RXC is set{one). RXC is
sred by reading UDR. When interrupt-driven data recep-

tion is used, the UART Receive Complete Intarrupt routine
must read UDR in order to ¢lear RXC, otherwise a new
interrupt will eccur once the interrupt routine terminates.

« Bit 6 - TXC: UART Transmit Completa

This bit is set {one) when the entire character (including the
stop bit) In the Transmit Shift registar has been shifted out
and no new data has been written to UDR. This flag is
especially useful In hal-duplex communications interfaces,
where a transmitting application must enter receive moda
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d fraa the communications bus immediatsly aftar com-
itingg the transmission.

1en the TXCIE bit in UCR is set, setling of TXC causes
: UART Transmit Complete intarrupt to be execuled.
.C is cleared by hardware whan execuling the corre-
onding interrupt handling vector, Altematively, the TXG
is cleared (zera) by writing a logical one to the bit.

ikt 5 - UDRE: UART Data Register Empty

is bil is set (one) when a character written to UDR is
nsferred to the Transmil shill register. Setting of this bit
licates that the transmitter is ready lo receive a new
aracter for transmission.

en the UDRIE bit in UCR is sel, the UART Transmit
mplets interrupl to be executed as long as UDRE is sel
IRE is clearsd by writing UDR. When interrupt-driven
ta transmission is used, the UART Data Register Empty
errupt routine must write UDR in order io clear UDRE,
erwise g new intarmupt will occur once the intermupt rou-
B lerminates.

iz UART Control Register - UCR

UDRE is sat {one) during reset to indicate that the transmit-
ter is ready.

* Bit4 - FE: Framing Errar

This bit is set if @ Framing Emor condition is detected, i.e.
when the stop bit of an incoming character is zera.

The FE bit is cleared when the stop bit of received data is
one,

* Bit 3 - OR: OverRun

Thiz bit iz =et if an Overrun condition |5 detected, i.e. when
a character already present in the UDR register is not read
before the next character has been shifted into the
Receiver Shifl register. The OR bit is buffered, which
meaans that it will be set once the valid data still in UDR is
read,

The OR bit is cleared (zern) when data is received and
transferred to UDR.

= Bits 2..0 - Res: Reserved bits

These bits are resarved bits in tha ATO0S4434/8535 and
will always read as zero.

It 7 B 5 4 3 z 1 0
1A (324} [rRxcie | ™cE | uDmE | RXEM | TXEN chre | Rxpa [ TMRs ] ucR
eadrita Rty B RWY RAN W R R W
ilisal vk o o o & ] o i 4

Bit T - RXCIE: RX Complata Interrupt Enabie

hen this bit is set (one), a setting of the RXC bit in USR

|| cause the Receive Complete interrupt routine lo be

ecuted provided that global interrupts are enabled.

3t 6 - TKCIE: TX Complete interrupt Enable

1en this bit is set (one), 2 setting of the TXC bitin USR

| cause the Transmit Complele interrupt routine to be

acutad provided that global interrupts are enabled.

3it 5 - UDRIE: UART Data Reglster Empty Interrupt Enable

1en this bit is set (one), a setting of the UDRE bit in USR
cause the UART Data Register Empty interrupt routine

e executed provided that global Interrupts are enabled.

3t 4 - RMEN: Racsiver Enable

s bit enables the UART recelver when set {one}, When
| receiver is disabled, the TXC, OR and FE stalus fiags
not become set. if these flags are set, turning off RXEN
#3 not cause them fo be clearad.

it 3 - TXEN: Transmitier Enable

is bit enables the UART transmitter when set (one).
ien digabling the transmitter while transmitiing a charac-
, the transmitter is not disabled before the character in
+ shift register plus any following character in UDR has
xn completealy transmiited.

lit 2 - CHR2: 9 Bit Characters

ien this bit is set (one) transmitted and recelved charac-
5 are 9 bit long plus start and stop bits. The Sth bit is
id and written by using the RXB8 and TXES bils in UCR,

respectively. The Sth data bit can be used as an extra stop
bit or a parity bit.

* Bit 1 - RXBB: Raceive Data Bit &

When CHRY is set (one), RXBS is the 9th dala bit of the
recaived characler.

* Bit0 - TXBS: Transmit Data Bit 8

When CHRO is set (one), TXB8 is the 8th data bit in the
character to be transmitted.

The Baud Rate Generator
The baud rate generator is a frequency divider which gen-
erates baud-rates according to the following equation:

.fCK

BAUD = s=BRR+ 1)

« BAUD = Baud-Rats

" fcxz Cr}'ﬁtﬂt Clock hﬁqm}"

« UBRRA = Contents of the LJART Baud Rate register,
UBRR (0-235)

For standard crystal frequencies, the most commonly used

baud rates can be generated by using the UBRR settings in

Table 24. UBRR values which yield an actual baud rate dif-

fering less than 2% from the target baud rate, are bold in

the table.

ATMEL *
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bla 24, UBRR Setlings at Various Crystal Frequencies (Examples)

%Emor] 18432 MHz |%Emor 2 MHz |%Emor] 2.4576 MHz
o2lUBRR= 47| o0oo|UBRR= 51| 02|UBRR= &3
0.2|UBRR= 23| OO[UBRR= 25| 02UBRR= 3
7eluBRR= 11| O0{UBRR= 12| 02UBRR= 15
7.8|UBRR= 7| oo|UBRR= Bl 37UBRR= 10
7.8|LUBRR= 5|  0.0{UBRR= Bl 7.5 UBRR= T
7 BIUBRR= 3| 0.0JUBRR= 3 78UBRR= 4

22 9{LUBRR= 2| 0.0|UBRR= 2|  T.8UBRR= 3
7.8{UBRR= 1| oejusRR= 1| 7.8|UBFR= pa
77 HUBRR= 1| 333|UBRR= 1| 228|UBRR= 1
84, 3|UBRR= gl 0.0]UBRR= ol  7.BUBRR= ]
%Error] 4 MHz |%Emor| 4.608 MHz
ooluerR= 103] D2JueRR= 149

ooluerr= 51|  0.2|UBRR=

59
0.0jLUBRR= 25 0. UBRR= 29
0. UBRR= 16 21|UBRR= 18
0.0|UBRR= 12 0.2| LBRR= 14

]
T
4
3
Z

0.0| . BRR= 37| BRR=
0.0|LUBRR= LBRR=
0.0|LBRR= LBRR=

0.0|UBRR=
0.0]uBRR=

= h} Ly oo KD

YErmor]  9.296 MHz
0z|UBRR= 239
D2iLBRFR= 119
0.2|{UBRR= 59
0.8|UBRR= 30
0.2|UBRR= 29
21|LBRR= 18
o.z|lBRR= 14
a7lBRR= 9
7.5|BRR= 7
7.8/LBRR= 4

iximum Baud rate to each frequency.
a UART Baud Raie Register - UBRR

i 7 & 5 4 3 2 i o
8 (528 | [ | | | | LsB | UBRR
saditrile R RN RAN R RAN RV R R
ligl walue 0 D o ] Q 1+ v [+]

e UBRR register Is an 8-bit readfwrite register which specifies the UART Baud Rate according to lhe equation on the
wWiDus page.
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¢ Analog Comparator

e analog comparalor compares the input values on the
sitive pin PB2 (AINO) and negative pin PB3 (AIN1).
1en the voltage on the positive pin PB2 (AIND) Is higher
n the voltage on the negative pin PB3 (AIN1), the Ana-
Comparator Output, ACO is sel (one). The compara-
's output can be set to trigger the Timer/Counter? Input

jure 44. Analog Comparator Biock Diagram

Gapture function. In addition, the comparator can trigger a
separate interrupt, exclusive to the Analog Comparator.
The user can select Interrupt triggering on eomparator out-
put rise, fall or toggle. A block diagram of the comparator
and its surrounding logic is shown in Figure 44.

¥ el
ACD ——
Paz i
(A [
* | AMAL G
A INTERELPT _)——r COMPARAT OR
/ SELECT IREy
PR3 L Azl
AN T T
ACIB1  ACKSD ACAC
TO TG 1 CAPTURE
P  TRIGGER MUIX
1e Analog Comparator Control And Status Register - ACSR
f 7 & 5 4 1 2 1 o
38 (§28) [Tae | - [ aco [ Acl | ace | acic | Acisr | Acisd | ACER
aaditritm R R R R RN oW W W
ial walus o o n a o a 0 Q

3it 7 - ACD: Analog Comparator Disable

1en this bit is sat{one), the power to the analog compara-
is switched off. This bit can be sat at any time to tum off
+ analog comparator. When changing the ACD bit, the
alog Comparator Infermupt must be disabled by clearing
1 ACIE hit in ACSR. Otherwlse an interrupl can ocour

en the bit is changed.

iit 6 - Res: Reserved bit

Is bit is a reserved bil in the ATS0S54424/8535 and will
fays read as zero,

3it 5 - ACO: Analog Comparator Quiput

10 is directly connected to the comparaior output.

3t 4 - ACI: Analog Comparator Interrupt Flag

is bit is set (one) when a comparator cutput event trig-

rs the interrupt mode defined by ACI1 and ACIO. The
alog Comparator Intarrupt routine is exacuted if the
IE bil is sat {one) and the |-bit in SREG is set (one). AG

sleared by hardware when executing the coresponding

interrupt handling vectar. Alternatively, ACI is cleared by
writing a logic one to the fiag.

= Bit3 - ACIE; Analog Somparatar Interrupt Enabla

When the ACIE bit is set {one) and the |-hbit in the Status
Register is set {one), the analog comparator interrupt is
activated. When cleared (zera), the interrupl is disabled.

« Bit 2 - ACIC: Analog Comparator input Capture Enable
When set {one), this bit enables the Input Capture function
in TimeriCounteri to be triggared by the analog compara-
tor. The comparator output is In this case directly con-
nected to the Input Capture front-end logic, making the
comparator utilize the noise canceler and edge salact fea-
turas of the TimerCounter1 Input Capture interrupt. Yyhen
tleared (zern), na ennnection between the analog compar-
ator and the Input Capture function is given. To make ihe
comparater trigger the Timer/Countert Input Caplure inter-
rupt, the TICIE1 bit in the Timer Interrupt Mask Ragister
{TIMSK) must be set (one).

AMMEL #




AIMEL

its 1,0 - AGIST, ACIS0: Analog Gomparator interrupt Mode

alact

:5e bits determine which comparator events that trigger
Analog Comparator interrupt. The different settings are
v in Table 25,

e 25. ACIS1/ACISO Setlings

o181 | ACISO | Interrupt Mode

0 o Comparator Interrupt an Qutput Toggle
0 1 I Reserved
1 0 Comparmios Interropt on Faling Output

Edge

i 1

Comparator inkerupt on Rising COutput

Edge

g When changing the ACIS1/ACIS0 bits, The Analog Com-
parator Interrupt must be disabbed by cearing its Inter-
rupt Enable bit in the ACSR register. Otharwica an
intarrupt can oecur when the bits are changed,

jure 45. Analog to Digital Converler Block Schematic

The Analog to Digital Converter

Featurs list:

= 10-bit Resolution

= 1l LSD Accuracy

» 65 - 260 ps Conversion Tima

= 8 Mulliplexed Input Channels

= Rail-to-Rail Inpul Range

= Free Run or Single Conversion Mode

+ Interrupt on ADC Conversion Complete

+ Slesp Moda Moise Canceler

The ATS0S4434/8535 features a 10-bit succassive approx-
imation ADC. The ADC is connected to an 8-channel Ana-
fog Mulliplaxer which allows each pin of Port A to be usad
as an input for the ADC. The ADC conlains a Sample and
Hold Amplifier which ensures that the input voltage to the

ADC is held at a constant level during canversion. A block
diagram of the ADC is shown in Figure 45.

The ADC has two separate analog supply voltage pins,
AV and AGND. AGND must be connected to GND, and
ihe voltage on AV must not differ more than 0.3 from
V. See the paragraph ADC Noise Canceling Techniques
on how to connect these pins.

An exiernal reference voltage must be applied to the AREF
pin. This voltage must be In the range AGND - AV,

ADL CONYERSION
SOMPLETE IRQ

AT DATA AUS N
- e
r 5 3 y
Referance w 4 ! < ¥ [l
Wiiage 'E DG MULTIPLERER WG CIFL. & STATLS ‘_.epc DATA REGISTER J
SELEGT |ADWLLL) REGISTER (ADCSt [SOCHIAREL)
—* AT T Takg EILAL] B=]®
- DEERR HERREEL f
—
Nﬂlng —= U-HENEI. yixi¥yy
I fik
i — < LB DA =] COMVEASION LUES
—
. .
7 thm.&"am
4 EORARRATOR
seration The ADC is enabled by writing a logical one to the ADC

8 ADC can operate In two modes - Single Conversion
1 Frae Running Mode. In Single Conversion Mode, each
warsion will have to he initiated by the user. In Free
nning Mode, the ADC is constantly sampling and updat-
| the ADC Data Register, The ADFR bit in ADCSR
ects between the two available modes,

Enable bit, ADEN in ADCSR. The first conversion that is
started after enabling the ADC, will be preceded by a
dummy conversion to initialize the ADC. To the user, the
only difference will be that this conversion takes 25 clock
pulses instead of the normal 14.

ATO0S/LS4434 and AT90S/LS8535 mee——
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snversion is startad by writing a logical one to the ADC
it Conversion bit, ADSC. This bit stays high as long as
conversion is in progress and will be set to zero by
twrare when the conversion is completed. If a different
1 channel is selected while a conversion is in progress,
ADG will finish the cumrent conversion befare perform-
the channel change.

the ADC generates & 10-bit result, two data registers,
>H and ADCL, mus! be read 1o get the resull when the
version is complete. Special data protection logic is
d to ensure that the contents of the data ragisters
g to the same conversion when they are read. This
‘hanism works as follows:

an reading data, ADCL must be read first. Once ADCL
=ad, ADC access to data registers iz blocked. This
ang that if ADCL has been read, and a conversion com-
tes before ADCH is read, none of the registers are
lated and the result from the conversian is lost. When
=H is read, ADG access to the ADCH and ADCL regis-
i is re-enabled,

+ ADC has its own intermupt which can be triggered when
onversion completes. When ADC access to the dala
jisters Is prohibited between reading of ADCH and
CL, the interrupt will trigger svan if the result gets lost.

escaling
3 ADC accepts input clock frequencies in the range 50 -
1 kHz. In free running mode, the ADC naads 13 clock

3 ADC MWultiplexer Selsct Register - ADMUX

pulses to parform & conversion, which means that the con-
version time range 1s 65 - 260 ys. In single conversion
mode, the conversian time is 14 dlock cycles, The output of
the ADC is not guarantead to be comact if the input clock is
out of range. The ADPS0 - ADPS2 bits are used to gener-
ate a proper ADC clock inpul frequency from any XTAL fre-
quency above 100 kHz.

ADC Noise Canceler Function

The ADC features a noiza canceler that anables conver-

sion during idle mode to reduce noise Induced from the

CPU core. To make use of this feature, the following proce-

dire should be used:

1. Make sure that the ADC is enabled and s not busy

converting. Single Conversion Mode must be
salacted and the ADC conversion complete Inter-
rupt must be enabled.
ADEN =1
ADSC=0
ADFR =0
ADIE =1

2. Enteridle mods. Tha ADC will start a conversion
once the GPLU has been halted.

3, H no other interrupte occur before the ADC conver-
sion completes, the ADC interupt will wake up the
MCU and execute the ADC conversion complele
Interrupt rouline.

T L) 5 4 a 2z 1 o
e
gt rop T s e e N R [ ®uxo | ADMNUX
st [ R R R R R R
bl value i o o o o Q & L]

Its 7..3 - Res: Reserved Bits
ige bits are reserved bits in the AT9054434/8535 and

ays read as zefd.
1 ADC Control and Status Ragister - ADCER

Bits 2..0 - MUX2..MUX0: Analog Channel Select Bits 2-0

The value of these three bils selacts which analog input 7-0
is connected to the ADC,

7 8 5 4 3 2 1 0
5(526) |[TADEN | ADSC | ADFR | ADIF | ADIE [ADPS2 | ADPST | ADPS0 | ADCSR
adWWrite | RW . RW RW  RW  RW  RW  RW  RW
tial value o 0 0 0 0 0 0 0

it 7 -ADEN: ADC Enable

ting a logical '1' to this bit enables the ADC. By clearing
bit to zero, the ADC is tumed off. Turning the ADC off
le a conversion is in progress, will kerminate this conver-
b

it 6 - ADSC: ADC Start Convarsion

single Conversion Mode, a logical '1" must be written to
bit 1o start each conversion. In Free Run Mode, a logi-
‘1" must be written to this bit to start the first conversion.

#m

The first time ADSC has been written after the ADC has
bean enabled, or if ADSC is written at the samea time as the
ADC ig enabled, a dummy conversion will precede the initl-
ated conversion. This dummy conversion performs initiak
izatlon of the ADC,

ADSC will read as one as long as & conversion Is in
prograss. When the conversion is complsle, it returns to
zera, When a dummy conversion precedes a real conver-
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in, ADSC will stay high until the real conversion com-
tes,

iting a 0 to this bit has no effect.

ilt 5 - ADFR: ADC Fres Run Select

1en ‘his bit is set {one) the ADC operales in Free Run-

ig mode. In this mode, the ADC samples and updates
+ data registers continuously. Clearing this bil {zero} will

« Bit3-ADIE: ADC Interrupt Enable

When this bit is set {one) and the I-bitin SREG is set (one),
the ADC Conversion Complate Interrupt is activated.

= Bits 2..0 - ADPS2. ADPS0: ADC Frascaler Select Bits
These bits datarmine the division factor between the XTAL
frequency and the input clock to the ADC,

Table 26. ADC Prescaler Salections

minate Free Running mode.
HEA SRR A Intinapt Fieg ADPSZ ADPS1 ADPS0 D;ﬂ ;m
iz bit is set (one) when an ADC conversion completas o
1 the data ragisters are updated. The ADC Conversion 0 0 o 2
mplete Interrupt is executed if the ADIE bit and the |-bit o 0 1 2
SREG are set {one), ADIF is ¢deared by hardware when -
acuting the comresponding interrupt handling vector, 0 1 G 4
ematively, ADIF is deared by writing a logical one lo the o 1 1 g8
3. Bawars that if doing a read-modify-write on ADCSR, a
nding intarrupt can be disabled. This also applies if the 1 2 4 18
il and CBl instructions are used. 1 0 1 az
1 1 o B4
1 1 1 126

& ADC Data Reglster - ADCL AND ADCH
[ 15 14 13 4] 11 i ] ]
45 (§28) 3 = z . 2 3 ADCE ADCE ADCH
o4 (5243 ADCT ADCE ADCE ADCA ADCS ADCZ ADCt ADCO ADGL

7 & 5 4 3 F] 1 0
it R R R R R R R R

R ! R R R R A R
ilial e & ] o 0 o a a 0

& ) a o o 8 o [

1en an ADC conversion is complete, the result is found in
sse two registers. In free-run mode, it is essential that
th registers are read, and that ADCL is read befare
WCH.

:anning Multiple Channels

ice change of analog channel always is delayed until a
wersion is finished, the free running mode can be used
scan multiple channels without interrupting the con-
1er. Typically, the ADC Conversion Complete interrupt
| be used to perform tha channel shift. Howaver, the user
suld take the following fact into considaeration:

& interrupt triggers once the result is ready to be read. In
a running mode, the next conversion witl start immedi-
ily when the interrupt triggers. If ADMUX is changed
ar the interrupt trigoers, the next convarsion has already
rted, and the old setting is used.

)C Noise Canceling Techniques
jital circuitry inside and outside the AT8054434/8535
nerates EMI which might affect the accuracy of analog

measurements. If conversion accuracy s critical, the noise
level can be reduced by applying the following lechniques:
1. Tha analog part of the ATI0S4434/8535 and all analeg
compaonents in the application should have a separate ana-
log ground plane on the PGB. This ground plane is con-
nected to the digital ground plane via a single point on the
PCB.

Z. Keep analog signal paths as short as possible. Make
sure analog iracks run over the analog ground plane, and
keep them well away from high-spaed swilching digital
tracks,

3. The AVec pin on the ATS0S4434/6525 should be con-
nedted to the digital Vo supply voltage via an RC network
as shown in Figure 468.

4. Use the ADC noise canceler function to reduce induced
noise from the CPU,

5. If some Port A pins are used as digital outputs, it is
assential thal these do not switch while a conversion is in

progress.

AT90S/LS4434 and AT90S/LS8535 meesss—
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jure 46. ADC Fower Connections
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tte that since AV, feeds the Part A output drivers, the RC network shown should not be employed if any Port A serve as
tputs.

DC Characteristics

= -40°C to 85°C
Symbol | Parameter Condition Min Typ Max Umnits
Fesoluticn 10 Bits
Integral Non-Linsarity Vier > 2V 0.2 0s L3B
Differential Man-Linearity Vage > 2V ] 0.2 0.5 ‘ LS8
 Zero Error (Offset) 1 1B |
Conversion Time 65 [ F-EE[I e
Clock Frequancy B 50 200 [ KHz
AVes | Analog Supply Volage ) | Ve~ 031 | Veg*03% | v
VReF Referance ";Htage AGND AT W
Rrer | Refersnce Input Resistance B 10 n Ko
Rap | Analog input Resistance | 0o | M

teg: 1. Minimum for AV s 2.7V
2. Maximum for AVe. is B0V

J)-Ports
wt A Data Dirsction Register - DDRA, $1A($3A) and the Fart A
it Ais an 8-bit bi-directional HO port. Inpul Pins - PINA, $19($38). The Port A Input Pins address

is read only, while the Dala Register and the Data Direction

ree data memory address locations are allocated for Register are readfwrite.

r A, one each for tha Data Reglster - PORTA, $1B(338),

ATMEL s
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port pins have individually selactable pull-up resistors.  essential that these do not switch when a conversion is in
+ PORT A output buffers can sink 20mA and thus drive  progress. This might corrupt the result of the conversion.

J displays directly. When pins PAD to F’A? are used 85 During powerdown mode, the schmitt trigger of the digital
uts and are extetnally pulled low, they will source cur-  inpyt is disconnected. This allows analog signals that are
LIf the internal pull-up resistors ane activated. close to V.2 to be present during powerdown without
1 A has an alternate function as analog inputs for the  causing excessive power consumption.

C. If some Port A pins are configured as outputs, it is

s Port A Data Register - PORTA

7 & 5 4 3 2 1 4]
3 (53) [ Forta7 | rowias | PORIAS | FORTAA | PORIAS | PORIAZ | PORIAT | PORIA0 ] FPORTA
AWt W RN RIM RAW RAW RW RN AW
lad walua 4] o il 4] 1] o ] o
» Port A Data Direction Register - DDRA
T B 5 4 3 2 1 #]
4(534) | poar | Doas | Doas | DOAd | obaA3 | oDoAz | DDA DDAD DDA
adWrita RAN R ETr RN RAW AW R Rty
ial vale 0 [ [\] 1] a 1] ] Q
g Port A Input Pins Address - PINA
i T ] 5 4 3 - 1 a
8 (539 [T PNAT | PiNac | PiNAs | PiNAs | PINAI | FINA2 | PINAT | PNAD | FINA
sadfWrita R R ] = ) R R R
ilal vahis Hi-Z HkZ HiZ H-Z H-Z H-Z Hiz HI-Z

s Port A Input Pins address - PINA - is not a register,  PAn, General /O pin: The DDAR bit in the DDRA register
d this address enables access to the physical value on  selects the direction of this pin, if DDAn is zet (ona), PAnis
<h Porl A pin. When reading PORTA the PORTA Data  configurad as an output pin. if DDAn is clearad (zera), PAN
leh is read, and when reading PINA, the logical values  is configured as an input pin. if PORTAN is set {ong) when
isant on the pins are read. the pin configured as an input pin, the MOS pull up resistor
IRT A as Ganaral Digital UO is activated. To switch the pull up resistor off, the PORTAn
B bits in PORT A are equal when used as digital /O has 1o be cleared (zero) or the pin has to be configured as

& an output pin.
Ha 27. DDAn Effects on PORTA Fins
DDAn PORTAN WO Pull Up Comment
0 i} Iput Mo Tri-=state (HRL)
0 1 Input Yos PAR will saurce current if ext. pulied [ow.
1| 0 Output No Push-Pull Zera Output
1 1 Output Mo Push-Full Ong Clu:p'ut- i

r 5._.0, pin numbar,

ATO0S/LS4434 and AT90S/LS8535 meee————
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RT A Bchematics
i@ that all port pins are synchronized. The synchroniza-
1 latch is however, not shown in the figure.

wre 47. PORTA Schematic Diagrams (Pins PAD - PAT)
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i
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= e B rosan
5
n I
PHRON (=2
- |
y T B0 MK lllcrili
Wi WATECORR
RL:  READPORTA LRIGH
FP MmAd PR A P
rodlc it
it B The Port B pins with altemate functions are shown in the
i B is an §-bit bi-directional IO port. following table:
‘88 data memory address locations are allocated forthe  Table 28. Port B Pins Alternate Functions
1B, one Iaa::h for the Data Register - PORTB, $18(538), PortPin | Altemate Functions
ta Direction Register - DDRB, $17($37) and the Port B
ut Pins - PINB, $16(336). The Port B Input Pins address PEQ | TO (Timer/Counter 0 extarnal couter Inputy |
2ad only, while the Data Register and the Data Direclion PE1 T4 {Timar'Counter 1 extarnal counter inptt)

Jister are readfwrite.

port pins have individually selectable pull-up resistors.
3 Port B output buffers can sink 20mA and thus drive | FEJ AINT {Analog comparator negative input)
3 djﬁptﬂy‘ﬁ directly. When pins FBO in PBT are usad as PE4 =11 (8P Stave Select input)
ute and are extarmally pulled low, they will source cur- S

tif the internal pull-up resistors are activated.

PEZ AIND (Anaiog comparator posltive input)

PES MOSI (SPI Bus Master Oulput/S lave Input)
PEG MISO (5P Bus Master Inpul/Slave Cutput] :
PEY SCK (SPI Bus Serial Clock)

When the pins are used for the alternate function, the
DDRE and PORTB registers have to be set according Lo
the altemale function description.

P ——— = 53
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#grt B Data Register - PORTB

7 6 8 4 3 2 1 o
ba8) [FomieT | FORIBe | PORTEs | FORIS4 | FORTBs | FORIBZ | FORTET | FORTED | FORTE
il RAW RAN AW AW RAW RN AW G
valua 4] o 4] e o [ o ]

Jort B Data Direction Ragister - DDRB

7 § 5 4 3 z 1 o
137} [ ooer | ooBe | ooss | Dbba | Does [ Dosz | oDBf | oOoEd | DORB
Wite RV RN RIW R RIW AW AV RW
valuo o o 0 0 0 o o o
*ort B Input Pins Address - PINE

7 8 5 4 3 2 1 o
£36) PINET | FINBE | FINB5 | PINB4 | PINB3 | PiNBz | PMB1 | PiNB0 | PmB
Wile R R R R R R R R
value HinZ HeZ HIZ HZ HeZ HiZ Hi-Z HiZ

Port B Input Pins address - PINB - is not a register,
his addrass enablas access to the physical value on

Fort B pin. When reading PORTE, the PORTH Data
1 is read, and when reading FINB, the logical values
#nt on the pins are read.

B As General Digital IO
bits in Part B are equal when used as digital IfO pins.

8 29. DDEn Effects on Port B Pins

PEn, General IO pin: The DDBnN bit in the DORE register
selects the direction of this pin, if DDBn is set (one), PBn is
configured as an output pin. if DDBn is cleared (zero), PBn
is configured as an input pin. If PORTBN is set (one) when
the pin configured as an input pin, the MOS pull up resistor
is activatad, To switch the pull up resistor off, the PORTBN
has to be cleared (zero) or the pin has o be configured as
an output pin.

DDBn PORTBR Vo Pull Up Comment
o 0 Input Mo Tri-state (Hi-Z)
0 1 it | Yes PBn will scurce current if ext. pulled low.
1 1 Dutput Mo Push-Pull Zaro Qutput ]
1 1 Cutput Mo “I-’uéh-P'ull One Cutput

3.0, pin number.

nate Functions Of FORTB

iltermate pin configuration is as follows:
K-PORTE,BItT

: Master clock output, slave clock input pin for SPI
nel. When the SPI Is enabled as a slave, this pin is
gured as an input regardiess of the setting of DDEY.
1the SPl is enabled as a master, the data direction of
in is controlled by DDB7. When the pin is forced to be
put, the pull-up can still be controlled by the PORTET
ee the description of the SPI port for further details.

0 - PORTH, Bit6

¥ Master data input, slave data cutput pin for SPI
nel. Whan the SP1 is enabled as a master, this pin is
gured as an input regardiess of the setling of DDBG.
1 the 5Pl is enabled as a slave, the dala direction of
iin is controlled by DDBS. When the pin is forced to be

an input, the pull-up can still be controlled by the PORTBES
bit. Sae the description of the SPI port for further details.

+« MOBI - PORTB.BRS

MOSI: SP| Master data output, slave data input for SPI
channel. When the 5Pl is enabled as a slave, this pin s
configured as an input regardiess of the setting of DDBS5.
When the SPI is enabled as a master, the data direction of
this pin s controlled by DDBS. When the pin is forced to be
an input, the pull-up can still be controlled by the PFORTBES
bit Sae the description of the SPI port for further detalis.

« B8 -PORTE, Bit4

E5: Slave port select input. When the 5FI Is enabled as a
slave, this pin is configured as an input regardless of the
setting of DDB4. As a slave, the SP| is activated when ihis
pin is driven low. When the SP| is enabled as a master, the
data direction of this pin is controlled by DOB4. When the
pin is forced to be an input, the pull-up can still be con-

AT90S/LS4434 and AT90S/LS8535 messsssssss—————
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d by the PORTB4 bit. See the description of the SP|
for further details.

i1 -PORTE, Bit 3

. Analog Comparator Negative Inpul. When config-
as an input {DDB3 is cleared (zero)) and with the
1al MOS pull up resistor switched off (PB3 is cleared
). this pin also serves as the negative input of the on-
analog comparator. During power down mede, the
1ltt trigger of the digital input is discannected. This
rs analog signals which are close to Vee/2 to be
snt during power down withoul causing excessive
T cansumption,

B Schematics
ihat all port pins are synchronized. The synchroniza-
alches are howevar, not shown in the figures.

re 48. PORTB Schematic Diagram (Pins PB0 and PBE1}

B

'EEE

+ AIND - PORTRE, Bit 2

AING, Analog Comparator Positive Input. Yhen configurad
as an input {DDB2 is cleared {zero)) and with the internal
MOS pull up resistor switched off (PE2 Is cleared {zerg)),
this pin also serves as the positive input of the on-chip ana-
log comparator. During power down moda, the schmitt inig-
ger of the digital input is disconnected. This allows analog
signals which are close 1o Veef2 o ba prasant during pawer
down without causing excassive power consumption.

+ T1- PORTE, Bil1

T1, Timer/Counter! counter source, See the timer descrip-
tion for further details

= T0 - PORTE, Bit 0

TO: Timer/Counlerd counler source. See the timer descrip-
tion for further details.
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re 43, PORTB Schematic Diagram (Pins PBZ and PB3)
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re 50, PORTE Schemalic Diagram (Fin PB4)
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re 1. PORTE Schematic Diagram (Pin PES)
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re 52. PORTB Schematic Diagram (Pin PBG)
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re 53. PORTE Schematic Diagram (Fin PB7)
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tC

C is an B-bit bi-directional /0 port.

e data memory address locations are allocated for the

C, one sach for the Data Register - PORTC, $15($35),
Direction Register - DDRC, §14($34) and the Pori C

! Pins - PINC, $13($33). The Port C Input Pins address

ad only, while the Data Ragister and the Data Direction

ster are readfwrita.

Port C Data Register - PORTC

All port pins have individually salectable pull-up resistors.
The PORT C output buffers can sink 20mA and thus drive
LED displays directly. When pins PC0 to PCY are used as
Inputs and are externally pulled low, they will source cur-
rent if the internal pull-up resistors are activated.

7 g 5 i a 2 i i}
kS | PORTCT | PORTCH ] PORTCS | PORTCA | PORICI FORTCZ ] PORTCH | PORTCO ] PORTC
Pttt =T W AW RAY AW RV VI Rivr
vl 0 H Q o € 0 a o
Port C Data Directlon Register - DDRC
7 & 5 1 3 2 1 i
34} [ oocr | oobce | bocs | oocd | Dbcs | OOC2 | DDC1 | 0OCO | ODRC
Mrits AV RN R RA RIW G AW R
wale 0 n L] 1} L] i o 1]
Port C Input Fins Address - PING
7 ] 5 4 ] 2 1 i
) | PINCT | PINCE 1 PINGSE | PINCd PANCS ] PNC2 | PINCY l PINCO _| PING
Pt R R -] ) ] ] R R
valus Hi-Z H-Z HIZ HI-Z HIZ HI-Z Hi<Z, Hi-Z

AT90S/LS4434 and AT90S/LS8535 meeeessessssses——
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2grt G Input Pins address - PING - Is not a register,

his address enables access lo the physical value on
Port C pin. When reading PORTC, the PORTC Data

i ia read, and when reading PINC, the logical values
it on the pins are read.

C As General Digital IfO
bits in PORT C are equal when used as digital 110

1 30. DOCn Effects on PORT C Pins

PCn, General IO pin: The DDCn bit in the DDRC register
selacts the direction of this pin, if DDCn is set (ong), PCn is
configured as an output pin, H DDCn s cleared (zero), PCn
is configured as an input pin. If PORTCn is set (one) when
the pin configured as an inpul pin, the MOS pull up resistor
is activated. To swilch the pull up resistor off, PORTCn has
to be cleared (zero) or the pin has lo be configured as an
cutput pin.

ocn PORTCn W Pull Up Comment
0 Input | No Tri-state (Hi-Z)
Input | =3 PCn WIII suur::e current i ext. pullad low.
1 [ Culput | Mo Push-Pill Zero Gutput
1 1 Output | No Push-Pull One Output I
.0, pin number is connected to the pins, and the pins can not be used as
nate Functions of PORTC 1O pins.

n tha AS2 bit in ASSR is set (one) to enable asynchro-
i clocking of Timer/Counter2, pins PCE and PCT ara
nnected from the port. In this mods, a crystal osclllator

re 54. PORTC Schemalic Diagram (Pins PCO - PCS)

Port C Schematics
Mote that all port ping are synchronized. The synchroniza-
tion latch is however, not shown in the figure.
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e 55. PORTC Schematic Diagram (Pins PCE)
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ra 56. PORTC Schematic Diagram (Fins PCT)
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n]
Jis an 8 bit bi-directional PO port with intemal pull-up

ors.
3 data memory address locations are allocated for
3, one each for the Data Register - PORTD, $12($32),

Data Direction Register - DDRD, $11($31) and the Fort D
Input Pins - PIND, $10($30). The Port D Input Pins address
is read only, while the Data Register and the Data Direction
Registar are readfwrite,
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Some Port D pins have altemate functions as shown in the
fallowing table:

»ort D output buffers can sink 20 mA. Asinputs, Port D
that are externally pulled low will source current if the
ip resistors are aclivated.

1 31. Port D Pins Alternate Functions

Part Fin Alternate Function
FOO RO¥ (UART Input line)
PD1 TOX (UART Output lina)
FDZ INTO {External Interrupt 0 input)
FD3 INT (Exterral inlerrupt 1 input)
FD4 OB (TimerCounter! output compareB mateh output)
FD5 OG1A (Timer/Countart output comparsd maleh output)
FOG | ICP (Timer/Counter! input captura pin)
PD7 | OC2 (Timer/Counter2 output compare match output]
Port D Data Register - PORTD
7 B 5 4 ] 2 1 o
s32 [ rommo? [ PORTDE | PORTDE | FORTDA [ PORTDa — PORTD
Wit RIW W RIW T, AW AW RV RV
| vale i) 4] ] | o 1] | 1]
Port I Data Direction Register - DDRD
7 8 5 4 3 2 1 0
$a1) [ooor | oDobe | Goos | Dob: | Dbobs | oobz | bobi | Dobe | DORD
Write RAW R W R ] = "W RAW
value o o 0 0 o 0 o 0
Port O Input Ping Address - PIND
7 8 5 4 3 2 1 a
530) [ Finor | Pmbe | FWDs | Pmo: | PWDs | PiND2 | PDi | Pmog ] PND
Adirlia R A R R R R 1 R
wallia HIZ HEZ H-Z Hi-# HI-Z Hi-Z Hi-Z Hi-&

>ort D Input Pins address - PIND - is not a register,  Port D As General Digital o

his address enables access to the physical value on
Port D pin, When reading PORTD, the PORTD Data
1 |s read, and when reading PIND, the logical values
it on the pins are read.

+32. DDDn Bits on Port D Pins

PDn, General IO pin: The DDDn bit in the DDRD register
salects the direction of this pin. If DDDn is set {one), PDn is
configurad as an output pin. ¥ DDDOn is cleared {(zero), PN
is configurad as an input pin. if PDn is set (one) when con-
figured &s an Input pin the MOS pull up resistor is activated.
To switch the pull up resistor off the POn has lo be cleared
{zerc) or the pin has to be configured as an output pin.

00N PORTDOR o Pull Up Comment
i} Input Mo Tri-state (Hi-2}
o 1 Input Yas POn will saures current i ext. p.u.l-l.au:l b,
1 1] {'.mtpu? i o Push-Pull £ero Oulput
1 1 Crutput Mo { Push-Pull One Output

i...0, pin number.
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arnate Functlons Of PFORTD

¥o2- PORTD, Bit T

2, Timer/Counter? output compare match cutput: The
17 plh can serve a5 an external output for the
narfCountar? autput compare. The pin has to be config-
id as an output (DDDT set {one)) ta serve this function.
@ tha timer description on how to enable this function.
3 OC2 pin Is slso the output pin for the PWM mode tmer
ction.

>F - PORTD, Bit 6

? - Input Capture Pin: The PDG pin can act as an input
sture pin for Timen/Counterd. The pin has to be config-
d as an input {(DDD& cleared(zero)) lo serve this func-
1. See the timer description en how to enable this
clion.

'WC1A- PORTD, Bit 5

A, Output compare matchA output: Tha PDS pin can
ve as an external cutput for the Timer/Gounter! output
npareA, The pin has 1o be configured as an outputl
JD5 set (one)) to serve this function. See the timer
scription on how to enable this function. The OC1A pin is
o the output pin far the PWM mode timer function.

¥C1B- PORTD, Bit 4

3B, Output compare matchB output; The PD4 pin can
tva as an axternal output for the Timer/Counterl output
mpareB. The pin has to be configured as an output
DD4 set (one)) to sarve this funcilon. See the timer

jure 57. PORTD Schematic Diagram (Pin PDO})

descriplion on how to enable this function. The CC1B pin s
also the output pin for the PWM mode timer function.

* [NT1 - PORTD, Bit 3

INT4, External Interrupt source 1: The PD3 pin can serve
as an external interrupt source fo the MCLU. See the inter
rupt description for further details, and how to enable the
source.

« INTO - PORTD, Bit 2

INTO, External Interrupt socurce 0: The PD2 pin can serve
as an external interrupt source to the MCU. See the inter-
rupt description for further details, and how 1o enable the
source.

+ TXD - PORTO, Bit 1

Transmil Data (Data oulput pin for the UART). When the
UART transmitter Is enabled, this pin is configured as an
output regardless of the value of DDDA.

+ RXD - PORTD, Bit 0

Receive Data (Data input pin for the UART). When the
UART recalvar iz enabled this pin is configured as an oul-
put regardlass of the value of DDRDO. When the UART
forces this pin to be an input, a logical one in PORTDO will
turn on the internal pull-up.

Port D Schematics
Note that all port pins are synchronized. The synchroniza-
tion latches are however, not shown in the figures.
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ura 58. PORTD Schematic Diagram {Pin PD1)
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jure 59. PORTD Schematic Diagram {Pins PD2 and PD3)
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ure 60. PORTD Schematic Diagram {Pins PD4 and PDS5)
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jurs 1. PORTD Schematic Diagram (Pin PDE)

%
ﬁ;ﬁ

DhiTh BLES:

SRR

ATI0S/LS4434 and AT90S/LS8535 meeesse——




e AT90S/L.54434 and AT90S/LS8535

wre 62, PORTD Schematic Diagram (Pin PO7)
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ATmEL

mory Programming

ogram Memory Lock Bits

B ATB0S4434/8535 MCU provides two lack bits which
1 be left unprogrammed ('1°) or can be programmed ('0')
ibiain the additional features listed in Table 33.

ale 33. Lock Bit Protection Modes

Program Lock Bits Protection Type

ode LB1 LB2

1 1 1 Mo program |ock features

2 a 1 Further programming of tha Flash
and EEFRCM |5 disabled

3 o 0 Same as mode 2, but verify is also
dizablad,

g The Lock Bits can anly be erased with the Chip Erass

operation,
se Bits

g ATO0S54434/8535 has two fuse bits, SPIEN and
TRT.

When SPIEN is programmed ('0'), Serial Program
Downloading is enabled. Default value is programmed
('0"). This bitis not accessible in serial programming
mada,

When FSTRT is programmed (0"}, the short start-up
lime is selected. This bit is accessible through serial
programming.

& status of the fuse bits is not affected by a chip erase.

gnature Bytes
Afmel microcontrollers have a three-byte signature code
ich identifies the device. This code can be read In both
ial'" and parallsl mode. The three bytes resida in a sep-
ite address spaca.

- the ATS0S4434, they are:
1. $00: $1E (indicates manufactured by Atmel)
2. $01: $92 (indicates 4kB Flash memory)
2. $02: %03 (indicates 054434 device when $001
is $92)
-the ATI0S8535, they are:
1. $00: $1E (indicates manufactured by Atmel)
2. 501: 593 (indicates BKB Flash memory)

3. $02: $03 (indicates 8088535 device when $001
ie $93)

When both lock bits are programmed {lock moda 3),
the signalure bytes ean not be read In sarial mode.

e 1

Programming the Flash and EEPROM

Atlmel's ATE0S4434/8535 offers 4KfBK byles of in-systsm
reprogrammable Flash Program memory and 256/512
bytes of EEFROM Data memaory.

The ATO0S4434/8535 is normally shippad with the on-chip
Flash Program and EEFROM Data memaory arrays in the
srased state (l.e. contents = $FF) and ready lo be pro-
grammed. This device supports a High-Voltage (12V) Par-
allel programming mode and a Low-Voltage Serial
programming mode. The +12V |s used for programming
enable only, and no current of significance is drawn by this
pin. The serial programming mode provides a convenient
way to download the Program and Dala into the
ATB0S4434/8535 inside the user's sysiem,

The Program and Data memaory arrays on the
ATS054434/8535 are programmed byie-by-byle in either
programming modes. For the EEPROM, an auto-erase
cycle is provided with the self-timed programming opera-
tion in the seral programming mods.

Parallel Programming

This section descrbes how o parallal program and verily
Flash Program memory, EEPROM Data memory + Fro-
gram Memory Lock bits and Fuse bits in the
ATIDS4434/8535.

Figure B3. Parallel Programming
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s AT30S/L.54434 and AT90S/LS8535

jnal Names

ihis section, some pins of the ATS08535 are referanced  described in the following table are referenced by pin
signal names describing their functionalilty during paral-  names.

programming rather than their pin names. Fins not

ble 34. Pin Name Mapping

Signal Name in
Programming Moda Pin Nams o Function
RDY /| BSY PD1 o 0: Device Is busy programming, 1: Device |s ready far new command

OE PO2 I Output Enable (Aetiva Low) )
WR PD3 I Write Pulse {Active Low)

Bs PD4 | | Byte Select )
xAQ PD3 | XTAL Action Bit O

A1 PDE | XTAL Action Bit 1

e XA1/XA0 hits determine the action taken when the
AL1 pin is given a positive pulse. The bit seftings are
awn In the following table:

ble 35. XA1 and XAQ Coding
XAl XAD | Action when XTAL1 is Pulsed

0 | Load Flash or EEPROM Address (High or Low address byte for Flash determined by BS)
1 | Load Data {High or Low data byte for Flash dstermined by BS)

1 0 Load Command

| 1 Mo Actian, Idia

hen pulsing WR or DE, the command loaded determines  the differant bits are assigned functions as shown in the fol-
: action on input or output, The command is a byle where  lowing table:

ble 36. Command Byte Bil Coding
Bi# | Meanlng whan Set

7 Chip Erase
_erre F.l:IEB Bits. Located in the data byte at the following bit posttions:D5: SPIEN Fuse, D0: FSTRT Fuse (Nota: Write 0o
program, '1' lo erase)
| Writa Lock Bits. Located In the data byie at the following bit positions: D1: LB1, DO: LB2 (Nole: write "0' to program)
4 | Write Flash or EEPROM (determined by bit 0)
Read signature row

Basd Loek and Fuse Bits, Localed In tha data byt af tha following bits pesitions: O7: LB1, DE&: LB2, Di: SPIEN Fuse, DU
FSTRT Fuea (Wote: ‘0 means programmed)

1 Read from Flash or EEPROM {determined by bit 0)
o 0: Flash Accass, 1: EEPROM Access

6
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AIMEL

ar Programming Mode
s following algorithm puts the device in parallsl program-
g mode:
Apply 4.5 - 5.5 V between V. and GND.
Set RESET and BS pins to "0 and wait al least 100
ns.
Apply 11.5 - 12.5V to RESET. Any activity on BS
within 100 ns after +12V has been applied to
RESET, will cause the davice fo fail entering pro-
gramming made.
ip Erase
s chip erase will erase the Flash and EEPROM mema-
i plus Lock bits. The lock bits are not reset untl the pre-
m memory has been completely srased. The Fuse bils
not changed. A chip erase must be performed before
Flash is programmecd.
id Cammand “Chip Erase”
Set XA1, XAD to "10°. This snables command load-
ing.
SetBSto 0"
Set PB(7:0) to "1000 0000'. This s the command for
Chip erase.
Give XTAL1 a posifive pulsa. This loads the com-
mand, and starts the erase of the Flashand
EEPROM arrays. After pulsing XTAL1, give WR a
negative pulse o enable lock bit erase st the end of
the erase cycle, then wait for at least 10 ms. Chip
erase does not genarats any activity on the
RODY/ESY pin.
xgramming the Flash
3d Command "Program Flash"
Set XA1, XAQ to “10°. This enables command load-
Ing.
SetBS o'
Sel PB(7:0) to ‘0001 0000'. This is the command for
Flash programming.
Give XTAL1 a positive pulse. This loads the com-
mand.
id Address Low byle
Set XA1, XAD to '00°. Thiz enables address |oading.

Set BS to 0. This selects Low address.

3. Set PB{7:0) = Address Low byle ($00 - $FF)

4. Give XTAL1 apositive pulse, This loads the Address
Low byte.

Load Address High byte

f. SetXA1, XA0 o '00". This enables address loading.

. SetBS to ‘1. This selects High address.

3. Set PB(7:0) = Address High byte (300 - $G7/50F)

4. Give XTAL1 a positive pulse. This loads the Address
High byte.

Load Dala byte

1. Set XA1, XACQ 10 '01". This enables data loading.

2. Set PB(7.0) = Data Low byte ($00 - $FF)

3. Giva XTAL1 a posilive pulse. This loads the Dala
byte.

Wiite Data Low byle

1. SetBSto ('T').

2. Giva WR a negative pulse. This sisrts programming
of the data byte. RDY/BSY goes low.

3. Wait until RDY/BSY goes high to program the next
byte,

Load Data byte

1. Set XA1, XAOD lo 01", This enables data loading.

2. Sat PB(7:0) = Data High byte ($00 - $FF)

3, Give XTAL1 3 positive pulse. This loads the Data
byte.

Write Data High byte

i SetBSto'1"

2 Give WR a negative pulse. This starts programming
of the data byte. RDY / BSY goes low.
3 Wait until ROY / BEY goes high to program the neod
byte.
The leaded command and address are retained in tha
davice during programming. To simplify programming. the
follawing should be considerad.
« The command for Flash programming needs only be
loaded before programming of the first byle.

 Address High byte neads only be loaded before
programming a new 256 word page in the Flash.

AT90S/LS4434 and AT90S/LS8535 meeesses——
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ure 64. Programming Flash Low Byte
PED- PRY 10 ADDR_LOW 3 ADDR. HIGH X DATA LOW

wi N e

A2 AN

B3 S

XTAL 3 e e T TR TR .
WR e
ROYIBSY ; \__/ "
RESET 1V
OF
jura 65. Programming Flash High Byte
Peo-PBr X DaTA R <
RAY e
o/ N\ :
B8 ) o
XTALY Pl
R 2 )
ROYEST P
RESET  +12v
BE
rgramming the EEPROM Heading tha Flash

= programming algorithm for the EEFROM data mamary
15 follows {refer to Flash Programming for details on
mmand, Address and Data loading):

Load Command '0001 0001"

Load Low EEPROM Address (300 - 5FF)

Load High EEPROM Address ($00 - $01). Only
needed for ATO058535.

Load Low EEPROM Data (300 - $FF)

Give WR a negative puise and wait for RDY/BSY to

go high.
: Command needs only be lwaded before programming
first byte.

The algorithm for reading the Flash memory |s as follows
(refer to Flash Programming for details on Command,
Address and Data loading}:

Load Command '0000 0010,
Load Low Address ($00 - 5FF)
Load High Address ($00 - $07/50F)

Set OF to ', and BS to ‘0. The Low Data byte can

now be read at PB(7:0)

5. SetBS to'1". The High Data byle can now be read
from PB(7-0)

6 SetDEto'1".

The Command needs only be loaded before reading the

first byte,

Ll
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ATMEL

wding the EEPROM
1 algorithm for reading the EEPROM memory is as fol-
& (refer to Flash Programming for details on Command,
dress and Data loading):

Load Command '0000 0011

Load Low EEFROM Address ($00 - 5FF)

Load High EEPROM Address {$00 - $01). Only
needed for ATBOSBE3E.

Set OE to '0", and BS to '0'. The EEPROM Data

byte can now be read at PB(7:0)

SetOEto 1.
3 Command needs only be loaded bafore reading the
| byre.

wgramming the Fuse Bits
: algorithm for programming the Fuse bits is as follows
far to Flash Programming for details on Command,
Jress and Data loading)
Load Command ‘0100 0000
Load Data.
Bit § = 'I¥ programs the SPIEN Fuse bit, Bt 5="1'
ermases the SPIEM Fuse bit.
Bit 0 =0’ programs the FSTRT fuse bit. Bt 5 ="1'
arases the FSTRT fuse bit.

Give WH a negative pulse, 1 ms wide.
ogramming the Lock Bits
& glgorithm for programming the Lock bits is as follows

fer to Flash Programming for detalls on Command,
dress and Data loading):

Load Command ‘0010 0000,

Load Dala.
Bit 2 ='0' programs Lock Bit2
Bit 1 ='0' programs Lock Bit1

rallel Programming Characteristics
lure 66. Parallel Programming Timing

3. Give WR a negative pulse and wait for ROY/ESY to

go high.
The lock bits can only be cleared by executing a chip
BTaSE.

Reading the Fuss and Lock Bits
The algorithm for reading the Fuse and Lock bits is as fol-
lows (refer to Flash Programming for details on Command,
Address and Data loading):
1. Load Command ‘0000 0100",
2. SetOE to ', and BS to '1". The Status of Fuse and
Lock bits can now be read at PB{7:0)
Bit 7; Lock Bit1 {'0' means programmed)
Bit 6: Lock Bit2 {'0' means programmed)
Bit 5: SPIEM Fusa (' means programmed)
Bit 0: FSTRT Fuse ('0' means programmed)
3. SetOEto 1.
Observe especially that BS needs o be setto '1",
Reading the Signature Bytes
The algorithm for reading the Signature Bytes bits is as fol-
iows (refer to Flash Programming for details on Command,
Address and Data loading):

1. Load Command ‘0000 1000,

2. Load Low address (300 - $02)

3. SetDE Io'0, and BS 1o '0". The Selected Signature
byte can now be read at PB(7.0)

4. SetOEt0'1.

The command neads only be programmed before reading

thie first byte.

XTAL1 A ;;n’__\.
\barite, | Yo, -
Diata & Contol }L &
{PBO-7, XADA. BS) % \ .
o \tmwu i B
WR tom g
wWR 3 .- "
RDYBSY =
LT T
— ft
- i ]
Data .
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ile 37. Parallel Programming Characteristics
=21°C to 27°C, Ve = 4.5- 5.5V

symhbol Paramatar Min Typ Max Units
terren Data and Control Setup before XTALT High &7 na

b, | XTALY Pulse Width High 67 ns

b o Data and Control Hald after XTAL1 High 67 - | ns

toyw, | BS Valid to WR Low 67 '; .

bawe | VR Pulse Width Low 57 '5 s |
tawns | WIR High b ROY/BSY Low!") ' 20 5 ns

Talon KTAL1 Low to OE Low &7 { s

oy | OF Low to Dats Valid 20 ! f ne

barn | WR Lowto ROV/ESY Hight" 0.5 Y 09 | ms

te: 1. Hiypyy is held langer than ty, gy, no ROYBSY pulse will ba seen.

srial Downloading

th the Flash and EEPROM memaory & can be pro-
immed using the serial SPI bus while ks pulled to
{D. The serial interface consists of pins SCK, MOS]
put) and MISO (output). After RESET s sat low, the Pro-
amming Enable instruction needs to be executed first
fore program'erase operations can be executed.

hen programming the EEFROM, an auto-erase cycle is
iilt into the self-timed programming operation {in the
rial mode ONLY) and there is no need to first executs the
iip Erase instruction. The Chip Erase operation tums the
ntent of every memory location in both the Program and
‘PROM arrays into $FF,

& Program and EEPROM memory arrays have separate
dress spaces:

000 to $O7FF/AB0FFF far Program memory and $0000 to
OFF/F0AFF for EEPROM memory.

her an external systern clock is supplied al pin XTAL1 or
irystal needs to be connected across pins XTAL1 and
ALZ.The minimum low and high periods for the zerial
ok {SCK) input are defined as follows:

w:= 2 XTAL1 clock cycles
jhi= 2 XTAL1 clock cycles

ta Polling
1ien a new byte has been written and is being pro-
mmed into the Flash or EEPROM, reading the address
ation being programmed will give the value 5FF. At the
e the device is ready for a new byte, the programmed
ue will read correctly. This is used to detemmine when
next byte can be written, This will not work for the value
7. but the user shauld have the following in mind; As a
p-erased device contains $FF in all locations, program-
‘g of addresses thal are meant to contain $FF, can be

skipped. This does not apply if the EEPROM is re-pro-

grammed withaut chip-erasing the device. In this case,

data polling cannot be used for the value §FF, and the user
will have to wait al least 4ms before pragramming the next
byte.

Zarial Programming Algorithm

To program and verify the AT9054434/8535 in the serial

programming mode, the following sequence is recom-

mended (See four byte instruction formats in Table 38)

1. Power-up sequance:

Apply power between V. and GND while RESET and
SCK are set to '0°. If a crystal is not connected across
pins XTAL1 and XTALZ, apply a clock signel to the
XTAL1 pin. In some systems, the programmer can not
guaranies that SCK is held low during power-up. In this
case, RESET must be given a positive pulse of at least
two XTAL1 cycles duration after SCK has been set fo
B

2. Wait for at least 20 ms and enable serial program-
ming by sending the Prograrmming Enable serial
instruction to pin MOSIPBS.

3. When issuing the third byle in Programming Enable,
the value sent as byte number two ($53), will echo
back during transmission of byte number three. In
any case, all four bytes in programming enable must
be transmitted. If the $53 did not echo back, give
SCK a positive pulse and issue a new Programming
Enable command. If the $53 is not seen within 32
altempts, there is no functional device connected.

4. Ifachip erase is performed (must be done to erase
the Flash), wait 10 ms, give RESET a positive
pulse, and start over from Step 2.

e = ‘ImEl T




ATMEL

The Flash or EEPROM amay s programmed one
byte at a time by supplying the address and dala
together with the appropriate Write instruction. An
EEFPROM memory location is first automatically
erased before new data is written. Usa Data Polling
to detect when the next byte in the Flash or
EEFROM can be written. In a chip erased device,
no $FFs in the data file(s) need to be programmed.

sle 38. Serial Frogramming Instruction Set

6. Any memory localion can be verified by using the
Read instruction which retums the content at the
selected address at serial cutput MISO/PBE.

7. Atthe end of the programming session, RESET can
be set high to commeance normal operation.

8. Power-off seguance (if needed):
Sat XTAL1 to 0" {if a crystal is not used).
Set RESET to '1",

Turn Ve power off

Instruction Format

struction Byte 1 Byta 2 Byts 3 Byted Oparation
: 1010 1100 o1nL ol EXAX HXEX HHKE  KXXK Enabie Serial Programming
L e after RESET goas low.
. 1010 110 100 Ao TEUX KXEX wxsn xxwx | Chip erzse EEPROM and
hip Eraza Flash
pO10 HORO HHXY RABA hbblh bhbb ooos coow | Read Hihigh or low) dete o
ead Program Memory from Program memaory at word
address 8:b
N "Eu}ﬂ HODO EMXX BESA hbbhb hbhb 4444 4414 | Write Hihigh or low) data i e
frite Program Mamory Program memory at ward
address ah
1010 Qoo HMNK INHE kbbb bbbb oog0 0090 Read data o from EEPROM
ead EEPROM Memony memory at address ath
1To0 0000 KK XRH& bbbb bbLb 3384 4341 | Writa data | to EEPROM
IR ERPHCIM Manory memory al addrass ab
pLEl 1008 TXKK THRX XEXK EXAK 175x xxxF | Read lock and fuse bits,
sad Lock and Fuse Bits '0°: Programmad,
1" Unprogrammed
l .1u1l:‘ 1100 111k xIIx EXXH XL Rroow xEmx | Write lock bits, Set bits 1,2=0
'fha Lok Baa ! to program lock bits. .
A011 DO ouiK REHK wnz dexbh o000 coso | Read Signature Byte o al
ead Signatire Byke ; address b
10190 1100 10ix xxxF RAKE Kxxx IR THRK | Write FSTRT fuze. Setbit
'rite FSTRT Bit F="0" to program fusa, 1" to
unprogram
;. 8= addmress high bits ¥ = don't cars
b = addrese low bits 1 =lnck Dit 1
H = [ - Low byte, 1- High Byte 2= lock bit 2
o = data out F=FESTRT fuse
i = data in 5 = BPIEN fuse

ATO0S/LS4434 and AT90S/LS8535 meeesse—




e AT90S/L.S4434 and AT90S/LS8535

jure 67. Serial Programming and Yerify

ATHSS4 A5 2T ROV

CATA OUT v PBAMWISCH
INZTR, IN —| PESMOEI}
CLOGK IN —-+ PETISGS)

ATAL2

I:I il ETALY
GHD

1en writing serial data to the AT9054434!-8535. data is When reading data from the AT9054434/8535, data is
weked on the rising edge of SCK. clocked on the falling edge of SCK. See Figure 68 for an
explanation.

gure 68. Sarial Programming Waveforms
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arial Programming Characteristics

gure 69. Serial Programming Timing
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AMMEL

He 39, Serial Programming Characteristics
= -40°C to B5°C, Vg = 2.7 - 6.0V {uniess otherwise noted)

Symbol | Paramatar Min Typ | Max Units
Wopep | Osclliater Frequancy (Voo = 2.7 - 4.0V) 0 I| 4 MHz
too | Osciliator Period (Ve =27 - 4.0V) 250 1 ns
M~ e | Osciliator Fr-aquanw (Vo =4.0-60V) o J & MHz
loci | Osciliator Period (Ve = 4.0 - 6.0V) 125 ne
lguse | SCK Pulsa Width High -1 Ny ns
1= gl SCK Pulse Width Low 2l e
tewen MGE-I Setup to SCK High terer ns
tsnox | MOS! Hold after SCK High 2teieL ns
bep o SCK Low o MISU ‘uh!nd 10 16 32 ns
bsolute Maximum Ratings™
sparating TAMPErature ... e 40°C 10 +105°C *NOTICE:  Stesses beyond those listed under "Absalute
Maximum Ratings” may causa parmaneant dam-
torage Tomparalire ... ..o 5590 B0 +1680°C ape bo tha device. This is & stress rating only and
functional operation of the device at these or
foltage on any Pin Exwpt REZET other conditians beyand those indicated in the
vith respect to Ground ., TR B T L 11 opamational sactions of this speciflcation is not
implied. Exposure to absoiute maximum rating
Aarimum Oparating VOREZE .. .o imem i eereneeecees BEY conditions for extended parinds may aftect devics
reliability.
'D Pin Maximum Cument ... S50 A
faximum Current Voo and GND . 1400 mA

ATI0S/LS4434 and AT90S/LS8535 messsssssss—




eessssssssssssssssssssss AT9I0S/LS4434 and ATI0S/LS8535

C Characteristics

= 40°C o 85°C, Vee = 2.7V 10 6.0V {unless otherwise noled)

Symbal | Paramaster Conditlan Min Typ Max Units
Vi input Low Voitage 0.5 0.3Ver v
Vies Input Low Viltage XTAL -0.5 0.2 Ve W
"u"|H1 hput Hl:gh ‘-I'i.'ull.‘aga XTaL 0.8 Vnc_ ‘I'rm + 0.5 W
Vi Input High Voltage RESET Ver Vont0.5 "
", Oulpul Low Voltage lo =20 mA, Vg =3V 0.6 "
°L | (Ports AL B, G, D) lo = 10 mA, Yep = 3V 0.5 v
v Dutput High Voltage log =3 mA Ve =5V 4.2 ')
o {Ports A, B, C, D) kg = 1.5 MA, Vo =3V 23 v
Inpul Leakaga B
I A B,C.D) Ve = BV, pin low 8.0 8.0 pA
Input Leakage g
= 80 8.0 A,
L Current KO pin Vo= Gh o T _"
RRST Reset Pull-Up 100 500 KD
Rio IO Pin Pull-Up Resistor 35 120 8]
Active 4 MH.E. 3 ."ir('_c_ 30 mA
idie 4 MHz, 3 Vo 1.0 12 mA
Power Dean 4 MHz, 3V
I Power Supply Gurrent P : 15.0 A
[wlal PRy WOT enabled B.5 K
FCPII'BI’l-]DWI"I“ MHZ, 3 ¥er ! i 20 bA
WOT dizabled
Ana arator Input
Vi Dﬁs:gum PUE |y =BV 40 v
Analog Comparator Inpul | W= 5V ) 50
lacax Leakage A Wi = Vieed2 R 3
i Analog Comparator Voo =27V 750 .
ACPD | Propagation Delay Vg = 4.0V 500
tes: 1. Under steady state (nan-ransient) conditions, 1, must be externally Imited as follows:
Maximum |5, per port pin: 20 mA
Maximum total [ for all output pins: 80 mA
Port A 26 mA
Portz A, B, D: 15 mA
Maximum total I, for all output pins: 70 mA
If Ly, exceeds the test condition, ¥, may excsed the related specifleation.
Pin= are not guaranieed o sink cument greater than the listed test concitions.
2. Minlmurm Ve for Power Down ls 2V,
75




ternal Clock Drive Waveforms

4 = oot

PR
LorcL .
tternal Clock Drive
Vg = 2.7V to 4.0V Vo = 4.0V 1o B.OV

iymbel | Parametsr Min Max Min Max Units
Wig | Oscllator Fraquency o & o & MHz
teier | Clock Period 250 125 ns
touex | High Time 115 58.3 - s
loLex Low Tima 118 58.3 R ns
toicH Riga Tima 10 415 ne
by Fall Time 10 4.15 - ns

AT90S/LS4434 and ATI90S/LS8535 meeesesses—————
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INSTITUT TEKNOLOGI NASIONAL
FAKULTAS TEKNIK INDUSTRI
JURUSAN TEENIK ELEKTRO

LEMBAR PERBAIKAN SKRIPSI
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| No Materi Perbaikan Paraf

| 1. | Jelaskan tentang penggunaan clock 4 M /
i Hz untuk Mikrokontroler ATMEGA X

' Integrasikan Nama menjadi satn skematic | [? |
Beri keterangan yang betul untuk o |
schematic ( !

4. | Tambahkan nama dalam schematic N~

Diperiksa.£ Disetujui :

enguji [1

\J

Dr,Cahyo\Crystlianto, MSc
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Mengetahui ;

Pembimbing |
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BALAI BENIH IKAN PUNTEN

JU Mawear Putih MNo. 85 Kolak Pos 12 Talp, 591322
KOTA BATU KP, 65301

Balu, 16 Maret 2007

Nomor @ 4234/ 73 [118.056/2007 Kepada
Sifat . Penting. Yth. Bpk. Ir. F_ Yudi Limpraptono MT
Perihal . Pengesahan Ketua Jurusan Tehnik Elektro S-1

di
MALANG

Dengan hormat
Sesual dengan hasil penelitian dan Uji coba Alal di Balai Benih kan Punten sebagai syaral Ujian

skripsi atas mahasiswa |

Nama . HADIANSYAH NOOR RACHIM
MIM Q017098

Fakutas . Tehnologi Industri

Jurugan : Tehnik Elektro S-1

Konsentrasi Tahnik Elektronika §-1

Hahwa penelitian dan uji alat yang diujikan mendukung dama PROSES GYNCGENESIS PADA
PEMBIBITAN KAN MAS [Cyprinus campio)  sesual kalayakan dalam pengujian  system  alal
menyeluruh dapat menekan jumlah larva ikan cacat sebesar 0,85 % dan meningkatkan jumiah larva kan
normal 19,5 Y%

Demikian kami sampaikan untuk menjadikan periksa dan atas perhatiannya diucapkan

terima kasih.
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