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ABSTRAK

RANCANG BANGUN KAMERA EMBEDDED
BERBASIS MIKROKONTROLER ATMEGA 32 DAN OMNIVISION OY6620
PADA SIMULATOR MENEMBAK

Muhammad Rusdi Azhari, NTM 0712907
Dosen Pembimbing : Dr. Eng. Aryuanto Soetedjo, ST, MT dan
Ir. Yusuf Ismail Nakhoda, MT

Kamera embedded merupakan salah satu sistem pengelahan citra yang dapat
berdiri sendiri, karena sudah di benamkan di dalamnya prosessor yang dapat memproses
citra dan dapat mengambil keputusan atau perintah yang akan diproses selanjutnya.

Dalam penelitian ini telah di realisasikan suatu alat kamera embedded yang
dapat di aplikasikan pada simulator menembak. Mikrokontroler mendeteksi warna titik
sinar laser dari output citra sensor kamera. Jika terdeteksi mikrokontroler mengirim
koordinat posisi titik sinar laser ke komputer. Untuk mendapatkan nilai skor hasil
tembak.

Kamera Embedded ini bekerja dengan baik pada resolusi 176 x 144 piksel. Atau
pada opsi ke 2, format resolusi sensor kamera OV6620. Pada simulator menembak, nilai
posisi titik koordinat diambil dari nilai counter! pada ATMega 32 untuk baris dan nilai
counter] pada ATMega 32 untuk kolom. Setelah perbandingan data masing-masing
warna primer pada sensor kamera dengan data 3 warna primer yang di setting untuk
sinar laser sama. Dimana data 3 warna primer untuk deteksi sinar laser pada pengujian
ioi adalah Merah = 199 s/d 240, Biru = 208 s/d 240, Hijay = 208 s/d 240.
Mikrokontroler ATMega 8 berfungsi mengaktifkan bersama antara sensor kamera dan
mikrokontroler ATMega 32, menggunakan rangkaian transistor 2N3904 sebagai saklar
dimana kaki kolektor terhubung ke pin reset ATMega 32 dengan tingkat kesalahan
(error) saat saturasi Vee (Tegangan Kolektor-Emitor) 0,01% dan 1o (Arus Kolektor)
0,01%.

Kata Kunei : Kamera Embedded, Simulator Menembak, Laser, Mikrokontroler
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BAB1
PENDAHULUAN

1.1 Latar Belakang

Penerapan teknologi kamera pada saat ini mengalami perkembangan yang cukup
pesar. Dan juga dari sistem pengoelahan citra yang dapat memproses mulai darl
sederhana hingga yang rumit atau mulai dari pra-proses, pemrosesan sampai dengan
pengambilan keputusan dan dapat dikerjakan secara real-time ataupun tidak.

Terkadang sistem pengolahan citra yang ada sekarang masih berbasis komputer.
Dikarenakan rumitnya algoritma program dan membutuhkan memori yang cukup untuk
menyimpan hasil data dari kamera. Aplikasi ini tentu sangat mahal disamping it sistemn
ini tidak dapat dibuat berdiri sendiri. Padahal dengan aplikasi yang berdiri sendiri sangat
bermanfaat terutama aplikasi yang bersifat portable.

Kamern Embedded (Embedded Camera) merupakan salah satu sistem
pengolahan citra yang dapat berdiri sendiri, karena sudah dibenamkan didalamnya
prosessor yang dapal memproses citra dan dapat mengambil keputusan atau perintah
yang akan diproses selanjutnya. Perkembangan prosesor { controller saat ini membuka
peluang bagi pengembangan lebih lanjut dalam pengolahan citra yang berdiri sendiri.

Pada penelitian ini penulis membangun sebuah sistem kamera embedded yang
dapar diaplikasikan pada simulator menerbak. Mikrokontroler mendetzksi wamna titik
sinar laser dari output citra kamera. Jika terdeteksi mikrokontroler mengirim koordinat

pogisi titik sinar laser ke komputer. Lintuk mendapatkan nilai skor hasil tembak.

1.2. Rumusan Masalah
Dalam rancang bangun kamera embedded pada hasil bidikan simulator tembak.,
maka permasalahannya adalah sebagai berikut
1. Bagaimana cara merancang dan membuat perangkat keras sistem kamera
embedded.
2. Bagaimana membuat perangkat lunak untuk proses citra dari kamera.
Sehingga bisa di aplikasikan pada simulator tembak.




1.3. Tujuan

Tujuan dari pembuatan alat ini adalah membuat kamera embedded dan
perangkat lunak yang kompatibel. Sehingga bisa dipakai pada aplikasi portable yang
memerlukan proses pencitraan, Dan pada aplikasi ini dapat memproses hasil dari

simulator tembak.

1.4. Batasan Masalah

Agar permasalahan mengarah sesuai dengan tujuan yang diharapkan, maka

pembatasan dibatasi oleh hal-hal sebagai berikut:

1. Pembahasan menitikberatkan pada sistem kamera embedded dengan sensor
kamera OV 6620 dan Mikrokontroler ATMega 32.

3. Tidak membahas secara mendalam tentang konstruksi senjata, senjata yang
digunakan hanya miniatur / maman. Dan menembak menggunakan sinar
laser.

3. Rancang bangun kamera embedded ini di implementasikan pada kotak (Hax/
simulator tembak yang sudah memiliki spesifikasi target lingkaran dan
dimensi kotak,

1.5 Metodologi Penulisan

Metode yang digunakan dalam penulisan tugas akhir ini adalah

|. Studi Pustaka
Memperoleh data dengan cara membaca dan mempelajari buku literature
yang berhubungan dengan penyusunan skripsi ini.

2. Studi Lapangan
Memperoleh data dengan cara prakiek secara langsuny untuk menunjang
pembuatan alat.

1. Pengolahan Data
Mengolah data dengan jalan membuat analisa dan menarik kesimpulan dari

hasil pengujian yang ada.

1.6 Sistematika Penulisan
Sistematika pembahasan dari skripsi ini terdiri dari pokok pembahasan yang
saling berkaitan antara satu dengan lainnya, yaitu ;




BABI

BAB 11

BAB IIT

BAB IV

BABY

: PENDAHULUAN

Pada bab ini dibahas tentang latar belakang permasalahan, rumusan
masalah, batasan masalah, sistematika pembahasan dari Hardware yang
direncanakan.

: LANDASAN TEORI

Pada bab ini dibahas teori tentang proses pencitraan digital, pengenalan
sensor kamera CMOS OV6620, cara kerjanya serta tentang mikrokontroler
beserta fitur didalamnya.

: PERENCANAAN DAN PEMBUATAN ALAT

Pada bab ini dibahas tentang perencanaan dan pembuatan alat kamera
embedded.

: PENGUJIAN SISTEM

Pada bab ini akan dibahas tentang proses serta hasil dari pengujian sistem,
yaitu koneksi kamera ke mikrokontroler, koneksi mikrokontroler ke

komputer secara serial. Dan pengujian secara keseluruhan.

s PENUTUP

Pada bab ini akan disampaikan kesimpulan dan saran dari perencanaan dan
pembuatan sistem ini.




BAB Il
LANDASAN TEORI

Pada bab ini berisi leorl-teori yang akan digunakan dalam penyusunan skripsi
ini.
2.1 Pengolahan Citra Digital™

Berikut ini adalah blok sistem Pengolahan Citra Digital :

DiskTape

Cilza F

Komiputer

o Digitizer ol Digital

i

L I Peoampil

Gambar 2.1.
Diagram Blok Sistem Pengolahan Citra Digital™

Digitizer mengubah citra masukan menjadi ginyal listrik dan kemudian
mencuplik sinyal listrik tersebut menggunakan ADeonverter (Analog to Digital
Converter). Digitizer ini dapat berupa scanner atau kamera video yang mengubah citra
kontinu kedalam suatu representasi numerik, sehingga citra ini dapat diproses oleh
komputer digital,

Proses pengolahan data dapat dilakukan oleh komputer, baik berupa
mikrokomputer sederhana (microprocessor hesed computer) atau komputer besar
(mainframe computer), tergantung jumlah data dan jenis pengolahan.

Proses penampilan data merupakan salah satu segi yang penting karena
bagaimanapun juga citra digital hasil olahan harus dapat dinilai oleh mata manusia
melalui suatu penampil (display). Penampil yang digunakan biasanya berupa suatu
graphic monitor atau suatu graphic printer/plotter.




2.1.1 Model Citra Digitat"!

Sesungguhnya citra merupakan suatu fungsi intensitas dalam bidang dua
dimensi. Karena intensitas yang dimaksud berasal dari sumber cahaya, dan cahaya
adalah suatu bentuk energi, maka keadaan dimana fungsi intensitas terletak diantara : 0
< fry) <.

Pada dasarnya, citra yang dilihat terdiri atas berkas-berkas cahaya yang
dipantulkan oleh benda-benda disekitarnya. Jadi secara alamiah, fungsi intensitas
cahaya merupakan fungsi sumber cahaya yang menerangi obyek, serta jumlah cahaya
yang dipantulkan oleh obyek, atau di wlis :

foew =iyt rixy) @2.n
vaitu ¢ < ifx,y) < = (iluminasi sumber cahaya)
¢ < rix,y) < 1 (koefisien pantul cahays)

Beberapa contoh harga iluminasi i(x.y):

« Pada hari cerah (tak berawan), matahari menghasilkan iluminasi scbesar
0000 foot-candies.

o Pada hari mendung (berawan), matahari hanya menghasilkan iluminasi
sebesar £ 1000 foor-candles.

s Pada malam bulan purnama, sinar bulan menghasilkan iluminasi sebesar
+0,01 foot-candies.

e Pada ruang kantor normal, iluminasi sebesar +100 foot-candles.

Beberapa harga koefisien pantul rix, 3.

» Benda hitam : 40,01
e Dinding putih - 40,80
e Stainless steal ¢ H).65

e Logam berlapis perak 0,90

& Salju ;20,93
Fungsi intensitas f pada suatu titik (x.y) disebut derajat keabuan atau grey leve!
(1), dengan ! terletak diantara :
Lo 24 €L (2:2)
Dengan demikian :
Lynin = dinin - ¥ i (2.3)

Ees = far T e (dalam foor-candies) (2.4)




Selang (LynLoa) sering disebut sebagai skala keabuvan. Pada representasi suat
¢itra hitam putih secara numerik, biasanya selang digeser menjadi (0.L), dengan 0
menyatakan hitam dan L menyatakan putih. Semua bilangan yang terletak dia antara 0
dan £ merupakan derajat keabuan.

2.1.2 Pencuplikan dan Kuantisasi®

Suatu citra dapat dipresentasikan secara numerik, maka citra harus didigitalisasi,
baik terhadap Tuang (koordinat(x,y)) maupun terhadap skala keabuannya (f{x.y)). Proses
digitalisasi koordinat (x,y) dikenal sebagai “pencuplikan citra” (image sampling),
sedangkan proses digitalisasi skala keabuan f(x.y) disebut sebagai “kuantisasi derajat
keabuan™ (gray level quantization).

Sebuah citra kontinu f{x,y) akan didekati oleh cuplikan-cuplikan yang seragam
jaraknya dalam bentuk matriks N x N. Nilai elemen-clemen matriks menyatakan derajat
keabuan citra, sedangkan posisi elemen tersebut (dalam baris dan kolom) menyatakan
koordinat titik-titik (x,y) dari citra.

F(0.0) fon ... fON-T)
SL0) san o ... fALN-D

Slx,y) = (2.3)

FIM-10) fIM-11) ... fM-LN-])

Benmk matriks ini dikenal sebagai suatu citra digital.

Dengan alasan untuk memudahkan implementasi, dalam prakick sebagian besar
diambil jumlah pencuplikan pada baris (N) dan kolom (N} sebagai bilangan pangkat dua
dengan jarak cuplikan yang seragam. Jadi diambil :

N =2" : n= bilangan bulat positif

Dengan alasan serupa, maka lazimnya skala kcabuan (0,L) dibagi kedalam G
selang dengan panjang selang yang sama.

G=2" : m = bilangan bulat positif

Bila hal ini diterapkan, maka penyimpanan sebuah citra digital membutuhkan
sejumlah b bit data :

B=NxNxm

Sebagai contoh, untuk menyimpan citra berukuran 512x512 pixel dengan 256
derajat keabuan diperlukan jumlah bit sebanyak: 512 x 512 x 256 = 2.048.000 bit.

Makin tinggi nilai N dan m, maka citra kontinu tixy) akan makin didekati oleh
citra digital yang dihasilkan.




2.1.3 Sistem Koordinat Pada Citra Digital™

Dalam sistern koordinat pada citra digital, bisa dikategorikan sebagai berikut .
2. Sistem keordinat piksel

Secara umum, metode yang umum untuk mengekspresikan lokasi dan sebuah
citra adalah menggunakan koordinat piksel. Dalam sistem keordinal, suatu citra
diperlukan sebagai garis-garis seperti dibawah ini :

1 2 3 ¢

Gambar 2.2.
Sistem Koordinat Piksel™!
Untuk sistem koordinat piksel. komponen pertama yaitu r (baris} bertambah
kebawah, sementara komponen kedua ¢ (kolom) bertambah kekanan. Sistem koordinat
pikse! bertipe integer dan bernilai antara 1 sampai panjang baris atau kolom.

b. Sistem koordinat spasial

Pada sistem koordinat piksel, maka sebuah piksel diperlakukan sebagai unit
yang diskril, secara ini diidentifikasikan dengan sepasang koordinat tunggal seperti
(5.2). Dari sudut pandang ini schuah lokasi seperti (5.3,2.2) tidak mempunyai arti.

Tetapi sekarang berguna untuk memikirkan sebuah piksel seperti kotak
mempunyai area, Dari sudut pandang ini, sebuah lokasi seperti (5.2,2.2) mempunyai arti
dan berbeda dari (5,2). Pada sistem koordinat spasial, lokasi dalam sebuah citra
diposisikan pada suatu dacrah yang dijabarkan pada x dany
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Sistem Koordinat Spasial™

2.2 Modul Sensor Kamera OV6620'"

Merupakan scbush modul sensor kamera sebagai masukan dari pencitraan.
Dengan keluaran langsung berupa data digital, dikemas dalam bentuk chip. dan
memiliki pengaturan lensa fokus dapat diatur secara manual sehingga bisa diatur jarak
penangkapan citra.

'I_-.a.-a.m
ToUL

Gambar 2.4,
Modul Sensor Kamera oves20f!

Spesifikasi dari Kamera CMOS OV6620 sebagai berikut’! :

- 101376 piksel. diameter lensa %4".

- Resolusi gambar (Array Size) 2 Mode @ 1 (356 X 2923, 2 (176 x 144).

- 8/16 bit data gambar, dengan format data keluaran YCrCh 4:2:2 / GRB 4:2:2
{ RGB.

. Pembacaan citra secara (Scanning Progressivel atau baris per baris.

- Eilzerronic Exposure 5001,

- Gamma Correction 0.45/0.55/1.0




- S/N Ratio 48 dB.

- Interface kontrol set register kamera menggunakan 12C. Mempunyai 80 set
register. Termasuk didalamnya register set brightness, contrast, gamma
saruration, sharpness dengan protokol SCCB (Single Camera Control Bus).

- Freguency clock input 17.7344 MHz

- Tegangan operasi +3Vde, dengan daya sedang aktif 30mW, 30uW keadaan
stand-by.

Deskripsi tiap-tiap pin pada modul kamera OV6620

(e
[ ]

Gambar 2.3
Layout bagian atas (top side) OV6620"

Tabel 2.1
Deskripsi Pin Kamera OV6620

Pin | Name Description
1~8 Y0~Y7 Digital  Output Y
3 Bus
9 PWDN Power down mode
10 RST Reset
11 SDA 12C Serial data
12 FODD (dd Field flag
13 801, 12C  Serial clock
fnput
14 HREF Harizontal window
- reference output
15 AGND Analog Grownd
16 VSYNC Vertical Sync output
117 AGND Analog Ground
| 18 PCLK Pixel clock output




19 EXCLK External Clock
input
(Remove Crystal)
20 | VCC Power Supply
SVDC
| 21 AGND Analog Ground
22 vCC Power Supply
S¥DC
23~30 | UVO-UV7 | Digital output UV
b
31 GND Common ground
32 vTO Video Analog
Cuiput (7353
monochremc)

Dalam proses pengambilan citra, ada 3 pin output sinyal kontrol dari kamera

vaitu HREF, VSYNC, PCLK. Pin-pin ini berfugsi sebagai berikut :

- VSYNC (Vertical Syme Owpur) mendeteksi sebagai awalan citra jika
berlogika satu (1).

. HREF (Horizonial Ref Output) berlogika satu (1) sebagai tanda awalan baris
kemudian berlogika nol (0) sebagai akhiran baris.

. PCLK (Pixel Clack) befungsi sebagai clock setiap output data piksel, jika
berlogika satu (1) maka untuk pin keluaran Y/UV bus menjadi status output
dan jika berlogika nol (0) berstatus default.

Jika HREE =1, dan PCLK =1 maka data dari kamera adalah valid ini bisa dilihat

pada timing pulse berikut ini :
s EvenField 1(FODD=0)

S o |

VSYNC [/ 171~ L OddFiskFODD=1)
I- -

I--HFJ

Yy, —— 12y - - s Sstdagg——
U[![To‘ﬂ] . Yalid Data 'll-l

Horizontal Timing

Cambar 2.6
fiming pulse Ov66207
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2.2.1 Akurasi nilai data digital OV6620'"

Ketentuan nilai akurasi dari proses pencitraan digital pada kamera OV6620
dapat dijelaskan sebagai berikut :

1. Level puncak wama hitam adalah 16.

2. Level puncak wamna putih adalah 240.

1. Nilai minimum |6 dan maksimum 240 pada setiap komponen wama primer.
2.2.2 Format Data Keluaran OV662071

Format citra digital dari sensor kamera sebagai berikut :

Baris 1:By 1y, Hi1 2:B0.3.Hoy 0 - B asspHasse)

Baris 2:Hg 1M 2. Hiz ), Mizay. .. Heaass, M as6)

Baris 3:Bg,1Hp 2:BasnHi e -« BiaasseHiase)

Baris 4:H 1M 2,1 3. Mia gy - - Hia 355 Mia 336)

Baris 292:  Hpsz1»Maez2yHizez sMesz g - Hizo 35 M ase)
Keterangan : Warmaiams kolom)
(B : Biru, H : Hijau, M : Merah)
Pada sensor kamera OV6620 terdapat 2 keluaran (Ouiput) yaitu Channel Y
(pin1~pin8) dan Channel UV (pin23~30). Dengan format 16 bit, & bit atau 4 bil.
- Format 16 Bit {Total HIREF 292}
¢ Mode Default (Setting awal)
HREF ke-1 UV : By inHa2.Bo 3.Hg .-
HREF ke-2 Y :HepMoaHeanMes---
UV : BonHozeBospHo e
HREF ke-3 UV : BpyyHazuBaanHiz---
¥ iHppMesHesnMes...
HREF ke-4 Y  : Hes1nMiszyHen Moy .-
UV : BiupHo2nBaayHo -
dan selerusnya.
¢« Mode ¥/G
HREF ke-1 UV dan Y (Unstable) abaikan
HREFke-2 Y : HaznHozeHzmHiee. .
UV : BjiwMazeBo 3pMi -
11




HREF ke-3 Y :HpnHonHeaHaa ...
UV : BygspMp2BaapMaza- ..

HREF ke-4 Y  : H,HoauHesnHea- .
UV 2 BaMisznBo spMe g

dan seterusnya.

Mode One Line (Satu Channel)

HREF ke-1 Y : BoanHuznBasHo s

HREF ke-2 Y :HponMeaHeaMes. .

HREFke-3 Y :BanHonBeaHas...

HREF ke-4 Y 1 Hyq 1M He Mgy ..

dan seterusnya. Kondisi output channel UV bisa diabaikan.

- Format 8 Bit (Total IREF 292)

HREF ke-1 : Abaikan

HREF ke-2 Y By HesMaaHo 2

HREF ke-3 Y : BaouHanMiaaHaa. .

dan seterusnya. Kondisi output channel UV bisa diabaikan.

- Format 4 Bit (Total HREF 292)
Format sama dengan 8 bit, namun di bagi menjadi 2 nibble linggi dan rendah.
Dikirim pada port Y (7...4). Kecepatan clock piksel dua kali lebih Jambat dari format 8

bit.

2.3 Mikrokontroler ATMega 32
Mikrokontroler ATMega32 memiliki fitur seperti (ADC internal, EEPROM

internal,

Timer/Counter, Watchdog Timer, PWM, Port 1/O, komunikasi serial,

Komparator, 12C.dll).
Berikut inl merupakan beberapa spesifikasi ATMega32 :

1.

~y & oW B e ke

Memiliki kapasitas flash memori 32Kbyte, EEPROM 512 Byte, dan SRAM
1Kbyte.

. Saluran Port /O sebanyak 32 buah, yaitu Port A, Port B, Port C, dan Port D.
. CPU yang terdiri atas 32 buah register.

. Interupsi internal dan eksternal.

. Port USART sebagai komunikasi serial.

. Konsumsi daya rendah (DC 3V).

. Fitur peripheral, yang terdiri dari :

12




a. Tiga buah Timer/Counter dengan perbandingan
b. 4 channel PWM.
¢. 8 channel, 10-bit ADC

FONF
| BIETR PR 1
1T1; FAY ZI @
LR P BNV =
AL PRY
[-3-0 - P
FADE:. PES T8
ST PR 1T BT
son, PET Cf oo ; £l
FESET L v 230 A
s = &7 e Ehi
G- O N 1§ E1 AWCD
A 20 [ P
WYALTC] an I8 =
RaD BRG] 1z it h
TS| BFDY T i FL g |
PimTo Pl ie a1
T POs L 1 ia
CoE; POE O] 1A i O = |
GooAl POS ] 19 -2
£R1 EDE 170 2|3
Gambar 2.7
H Al
Pin-Out ATMega32!)

2.3.1 Tnterupsi Mikrokontroler ATMega 3211

Dalam eksekusi aliran program mikrokontroler dengan bahasa c dimulai dari
fungsi main terus ke bawah, adapun lompat/panggil fungsi lain diluar fungsi main
bergantung pada instuksi/pernyataan dalam fungsi main. Setiap pheripherial
mikrokontroler dilengkapi flag/bir status kejadian tertentu. Flag tersebut dapat
digunakan untuk membangkitican sistem interupsi atau digunakan untuk sistem pooling.
Sistem interupsi adalah menghentikan aliran program akibat terjadinya friger tertentu
dan memaksa eksekusi rutin/fungsi layanan interupsi, setelah sclesai maka aliran
program akan kembali ke pernyataan program sebelum terjadinya interupsi.

Register SREG (status register) adalah (register) khusus yang memaniau status
CPU sekaligus tempat #it-1 berada, Untuk menjaga isi SREG dalam rangka rulin
penanganan interupsi maka harus disimpan secara manwal melalui sofiware yang dibuat

oleh pengguna.

=] 7 6 5 4 3 z 1 o
1 | _'_r l _-Ii ] ] I v ‘ [ ’i z [+] SREG
Readfita R R R W R W R R
Infilalvake 0 o 0 o o o o 0
Gambar 2.8
Register SREGH!




- Bit-7 - 1 : Glohal Interrupt Enable
Bit ini (jika set) berstatus mengaktifkan semua interupsi setelah interupsi
pheripherial yang bersangkutan diaktifkan.

- Bit-6 - T : Bir Copry Storage

Instruksi dalam asm, copy bit BLD (bit Loud) dan BST (Bit STore)
menggunakan bit-T sebagai sumber dan tujuan operasi copy bil.

- Bil-5 - t : Half Carry Flag

Bit ini akan set jika dalam operasi aritmatika terjadi falf carry.
- Bit<4-S:SignBit, 5=N{DY
Bit ini hasil exefusive or antara flag negarive N dan flag overflow V.
- Bit-3 - V : Twe's Complement Overflow Flag
Flag ini akan set jika terjadi overflow dalam operasi aritmatika.
- Bit-2 - N ; Negative Flag
Flag ini akan set jika dalam operasi aritmatika atau logika menghasilkan
negatif.

- Bit-1-2: Zero Flag

Flag ini akan set jika dalam operasi aritmatika atau logika menghasilkan nol.

- Bit-0-C : Carry Flag

Flag ini akan set jika dalam operasi aritmatika atau logika menghasilkan sisa
{Carry).

Interupsi eksternal adalah sebuah pheripheral dalam chip yang bertugas
mendeteksi triger dari luar yang akan membangkitkan interupsi yang bersangkutan.
Interupsi eksternal ehip disediakan tiga buah pada pin INTG, INTI atau INT2 dimana
triger yang digunakan dapat kita pilih definisikan sendiri.

Bl 7 & 5 4 3 z 1 )

BE SMz | Sm1 | SW0 [ et [ 8¢ [ 1scot T 1scon ] MoucR
Resdfihite FOW RIW  RW  RW R RW W AW
InkialValue 0 0 0 0 o ) 0

Gambar 2.9
Register MCUCR™

0

Dalam register MCUCR hanya 4-bit yang berhubungan dengan intcrupsi
eksternal, dimana keempat bif tersebut digunakan unfuk mendefinisikan imput triger
yang digunakan sebagai sinyal interupsi eksternal.
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- Bit-3.2 - ISC11,ISC10 ; faterrupt Sense Control 1 (Bit 1 & 0) Kontrol triger
interupsi eksternal 1 (INTI)
e ISC11=0,I18C10=0: Level Rendah (Low Level)
s ISC11=0,ISC10=1: Toggle
e ISCI11=1,I8C10=0: Perpindahan 1 ke 0 (Falling edge)
s ISCI11 =0, ISCI0=0: Perpindahan 0 ke 1 (Résing Edge)
- Bit-1,0 - ISCO1,1SC00 ; Interrupt Sense Control 0 (Bit 1 & 0) Kontrol friger
interupsi eksternal 0 (INT0)
« ISCO1 =0, ISCO0 =0 : Level Rendah {Zow Level)
o ISCO1=0,1ISC00=1:Toggle
e ISCOL =1, ISCO0 =0 ; Perpindahan 1 ke 0 (Falling edge)
e ISCOD1 =D, ISCO0 = 0 : Perpindahan 0 ke 1 (Rising Edge)

2.3.2 Timer/ Counter @ Mikrokontroler ATMega 32V

Timericounter (¢ adalah scbush timer/counter yang dapat mencacah sumber
pulsa/clock baik dari dalam chip (fimer) ataupun dari luar chip {(counter) dengan
kapasitas 8-bit atau 256 cacahan.

Dapat digunakan untuk : Timer/counter biasa, Clear Timer on Compare Match,
generator frekuensi, counter pulsa eksternal. Mempunyai hingga 10-bit (102d) Cloek
Prescaler (pemilih elock yang masuk ke fimer/counter).

- TN
il S

[+

= 0T
y R

DATABLES

Gambar 2.10
Blok Diagram timer/counterg"




Pulsa yang masuk ke dalam TCNTO diseleksi oleh aturan clock select register
TCCRO. Pada clock sefect ada dua sumber clock dari luar dan dari dalam chip. Untuk
clock dari dalam melewati prescaler yang bertindak sebagai timer, dan untuk clock dari
luar melewati edie select detecior untuk menentukan kondisi clock yang akan masuk
falling atau rising dalam hal ini bertindak sebagai counter, Jika kondisi TCNTO sudah
maksimal kemudian kembali ke nol maka akan ada sinyal everflow berupa flag/bit-
TOV( yang mengindikasikan permintaan interupsi.

Untuk interupsi compare maich (TCNT0 = = OCRO), nilai TCNTO akan selalu
dibandingkan oleh cpu dengan isi register OCRO. Jika tetjadi compare match maka akan
menyebabkan sinyal permintaan interupsi ditandai dengan sel-nya flag OCF0, sinyal
interupsi dapat kita salurkan ke luar melalui pin PB3(0C0) dengan kelakuan terientu
yang didefinisikan oleh bit COMO1 dan COMOO.

Bit 7 8 5 4 3 2 1 0
Wﬁ]’m TCCRO
ReadMWrite W RAN RN W R RW_ RAW RV
Il ake 4] a (i] 0 a i] 1] 0
Gambar 2.11
Register TCCROM!

Bif CS00 s/d 02 bertugas untuk memilih (prescaler) atau mendefinisikan pulsa /

cfock yang akan masuk ke dalam rimer/counter).

Tabel 2.2
Prescaler timer/cownterl)

Cs02 | CS01 Keterangan

0

Stop/Berhenti

Clk (sama dengan clock CPU)

Clk/% (1 clk timericounter() = 8 clk CPU)

Clk/64 (1 clk timericownter) = 64 clk CPU)
Clk/256 (1 clk timer/counter0 = 256 clk CPL)
Clk/1024 {1 clk timericounter = 1024 clk CPU)
Clk eksternal dari pin TO pada kondisi falling edge
Clk eksternal dari pin T0 pada kondisi rising edi

2
P = el = B =1 o
=

0
|
I
0
0
1
I

Clk/8 (1 clk timer/counterd = 8 clk CPU) artinya tiap 8 clock CPU yang masuk
kedalam timericounterd dihitung satu oleh register pencacah TCNTO. Falling edge
adalah perubahan pulsa / elock dari | ke 0. Rising edge adalah perubghan pulsa / clock

dari O ke 1.
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di gunakan untuk memilih mode yang di punakan seperti pada tabel berikut.

Bit 7 (FOCO) Farce Outpwi Compare, bit ini hanya dapat digunakan untuk mode
pembanding. Jika hit FOCO di set maka akan memaksa lerjadinya compare match
{TCNTQ == 0CRA0).
Bit 6 dan 3 (WGMO0 dan WGMOL) Waveform Generation Mode, kedua bit ini

Tabel 2.3
Mode Operasi Wave Generation Mode pada Timer/Counter()
WGMOL | WGMOO Mode Operasi TOF Update Flag TOV0

COCRD on

] 0 Normal (0xFF Invicliet MAX

0 | Phase correct PWM | OxFF  TOP Boitom

i 0 CTC QCRO Imidier MAX

I | Fast PWM 0xFF Botiom MAX i

Bit 5 dan 4 (COMO1 dan COMOO0) Compare Maich Ouiput Mode, kedua bit ini
berfungsi mendefinisikan pin OCO sebagai output timer 0 (atau sebagai saluran vwipul

PWM).

Tabel 2.4

Mode Normal dan CTC pada Timer/Courterl)

COMO1

COMO0 Output pin OC0

0

0 Tidak dihubungkan

Toggle sant Compare Match

Clear saat Compare Match

0
1
1

1
0
1 Set saat Compare Match

Tabel 2.5
Mode Fusi PWM pada Timer/Courter0

COMOD Output pin OCO

0 Tidak dihubungkan

0 Clear saat Compare Match, set saat bofiom
(noninverting)

1 Set saal Compare Maich, clear saat bottom
(inverting)




Tabel 2.6
Mode Phase correct PWM pada Timer/Counter()

COMOI COMOO Output pin OCO
0 0 Tidak dihubungkan
0 1 -
1 0 Clear saat Compare Maich ketika wup-

counting., setf saat compore match ketika
down-counting (noninverting)

1 I Set saat Compare Match ketika up-counting,
clear saay compare mafch ketika down- )
' counting (imverting)

Register TCNTO (Timer/Counter 0), register ini bertugas menghitung pulsa yang
masuk kedalam timer/counter. Kapasitas register ini 8-bit atay 255 hitungan. setelzh
mencapai hitungan maksimal maka akan kembali ke nol {oveflow/limpahan).

Bit T B b 4 3 2 1 g

| TCNTO [7:0] I TCNTD

Readfiyria R RAY A RAW RAn RAN R RN
Initiaiale 1] i} o i) 1] a 0

Gambar 2.12
Register TCNTO™!

Register OCRO (Qutpur Compare Register @), register ini bertugas sebagai
register pembanding yang bisa ditentukan besarnya sesuai dengan kebutuhan. Dalam
prakteknya pada saat TCNTO mencacah maka otomatis oleh CPU akan dibandingkan
dengan isi OCRO secara kontinyu dan jika isi TCNTO sama dengan isi OCRO maka
akan terjadi compare maich yang dapat dimanfaat untuk mode CTC dan PWM.

Bit 7 B 5 4 3 2 1 0
[ ___ - OCRO [7:0] - | ocre
Resanlrite RN FOW  RW RW  RW RAW RN RW
inielvaloe 0 0 0 0 B 0 o 0
Gambar 2.13
Register OCROY!

Bl T i 4 3 2 1 o

5
[ TOES [ T | GoRA | oo | vor [ oo | o | e
RW R
1]

Readirite RW RN R Ry R R
Initlaly ake 0 0 a 0 0 ] 1}

Gambar 2,14
Register TIMSK untuk T imer/Counter(”
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Bit 0 TOLEO (Timer/Counter () Overflow Interrupt Enable), sebagai bit pengaktif
interupsi timer/counter 0 (TOIEQ =1 enable, TOTEQ =0 disable).

Bit 1 OCIEQ (Timer/Counter 0 Output Compare Match Interrupt Enabie),
sebagai bit pengaktif interupsi compare match timericounter 0 (OCIED =1 enable,
OCIED =0 gisable).

Bt 7 B 5 4 3 2 1 a
Wlﬁ]ﬁ'w MFR
ReadMWite RV R W RV RAN "W W AW
Initisalue O 0 0 0 0 o 0 o
Gambar 2.15

Register TIFR untuk Timer/Counter0®!

Bit 1 OCF0 (Ouspur Compare Flag 0), flag OCF0 akan set scbagai indikator
terjadinya compare maich, dan akan clear sendiri bersamaan eksekusi vektor interupsi
timer compare match,

Bit 0 TOVO (Timer/Counter Overflow Flag), akan set secara otomatis ketika
terjadi limpahan / overflow pada register TCNTO dan akan clear bersamaan dengan

eksekusi vektor interupsi.

2.3.3 Timer / Counter 1 Mikrokontiroler ATMega 327!

Timer/Cowunter I adalah sebuah timericourter yang mempunyai kapasitas
cacahan 16-bit (65535) baik pulsa/clock internal maupun eksternal yang dilengkapi
prescafer sumber pulsa‘clock hingga 10-bit (1024).

Dapat digunakan untuk ; Timer/Counter biasa, Clear Timer on Compare Match
(etuto Reload), Counter pulsa eksternal, Capture Unit (unit pelengkap isi TCNTI akibat
trigger pin ICP1/PBO), generator frekuensi biasa dan generator frekuensi PWM.
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Gambar 2.16

Blok Diagram Timer/Courtter! 2]

Timer] mempunyai dua kelompok register yaitu : register kerja dan register
kontrol. Register kerja meliputi : TCNT1 (register pencacah/penghitung), OCRIA
(register pembanding A), OCRI1B (register pembanding B, ICR1 (register penangkap;
untuk menangkap isi TCNT1). Sedangkan untuk register kontrol meliputi kombinasi
TCCRIA dan TCCRIB untuk mengendalikan berbagai mode timer1. Cara kerja timer/
bergantung pada mode yang digunakan.

Tabel 2.7
Pin-pin Timer/Counter] pada mikrokontroler ATMega 32
ATMepga 31
Output pembanding A Pin OC1A (PD4)
Output pembanding B Pin OC1B (PD5)
| Input capture Pin ICPI (PD%)
Input counter Pin T1 (PB1)

20




Inltlalalue

Gambar 2.17
Register TCCR1AP

Bit 7 dan 6 (COMI1A| dan COMIAQ) Compare Qutput Mode for channel A,
juga bit 5 dan 4 (COM1B1 dan COM1B0) Compare Cutput Mode for charmel B. Bit-bit
ini bertugas mengendalikan sifat / kelakuan pin OC1A dan OCIB yang berhubungan
dengan mode operasi yang digunakan.

Tabel 2.8
Mode Normal dan CTC pada Timer/Counter !
COMIAI/ | COMIAD/ Keterangan
COMI1B1 | COMIBO
0 1 Tidak dihubungkan pin OC1A /OCIB
0 | Toggle pin OC1A / OC1B pada saat Compare Match
1 0 Clear pin OC1A / OC1B pada saat Compare Maich
| I Ser pin OC1A / OC1B pada saat Compare Match
Tabel 2.9
Mode Fast PWM pada Timer/Counter!
COMI1AL/ | COMIAD/ Keterangan
CcoMiBl | COMIBO
0 0 Tidak dihubungkan pin OC1A / OC1B ] _
0 F WGMI13:0=15; Togegle pin OC1A pada saat Compare

Match, pin OCIB tidak dihubungkan untuk sefting
WGM 13:0 yang lain pin OC1A/OCIB tidak dihubungkan.

Clear pin OC1A / OC1B pada saat Compare Match, sei pin
OC1A/OC|B pada saat BOTTOM (non-inverting)

Set pin OC1A / OC1B pada saat Compare Match, clear pin
OC1A/OCIB pada saat BOTTOM (inverting)

Tabel 2.10

Mode Phase Correct dan Phase & Frekuensi Correct PWM pada T imer/Counter!

COMIAL /
COMIBI

COMIAD /
COMIBO

Keterangan

U

0

Tidak dihubungkan pin OC1A / OC1B

0

1

WGM13:0=9 atan 14; Toggle pin OCIA pada saal
Compare Match, pin OCIB tidak dihubungkan untuk
setting WGMI13:0 vang lain pin OCIA/OCIB tidak
dihubungkan.
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I 0 Clear pin OC1A / OCIB pada saat Compare Maich ketika
counting-up, set pin OCIA/OCIB pada saat Cempare
Match ketika counting-down (non-inverting)

1 1 Set pin OCIA | OC1B pada saat Compare Match ketika
counting-up, clear pin QCIA/OCIB pada saat Compare
Match ketika cownting-down (inverting)

Bit 3 (FOCIA) Force Quput Compare for Channel A dan Bit 2 (F OC1B) Force
Ouput Compare for Channel B, hanya dapat digunakan ketika menggunakan mode
operasi non-PWM. Jika bit-bit ini di-set maka akan memaksa terjadinya compare
miateh,

Bit 1 dan 0 (WGMI1 dan WGMI0) Waveform Generation Mode. kedua bit ini
bersamaan dengan bit WGM13:2 dalam register TCCR1B berguna untuk memilih mode
operasi yang akan kita gunakan.

Tabel 2.11
Mode Operasi Waveform Generation Mode pada Timer/Counter!

WGMI3 | WGMI2 | WGMIT | WGMI0 [ Mode TOP | Update | Set
Operasi OCRIx Flag
TOVI1
o Q 0 0 Normal OXFEEF | Jmmidiet | MAX
0 0 0 't PWM 0x00FF TOP BOT
Phase T
Correct 5-
bit
0 0 1 0 PWM 0x01FF | TOP BOT
Phase TOM
Correct -
| bit
0 0 ] | PWAM 0x03FF | TOF BOT
Phuse TOM
Correct
10-hit
0 1 0 0 CTC OCRI1A | fmmidier | MAX
0 [ 0 I Fast 0x00FF | BOTTOM | TOP
PWM 8-
bit
0 1 1 0 Fast Ox01FF | BOTTOM | TOP
PWM -
bit
0 1 1 o Fast 0x03FF | BOITOM | TOF
PWM 10- '-
hit
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1 ] 0 0 PWM ICRl | BOTTOM | BOT
Phase & ToM
Freguency
Correct

| 0 ) 1 PHM QOCRIA BOTTOM | BOY
Phase & TOM
Freguency
Coarrect

I 0 | 0 PWM ICRI Fidi BROT
Phse TN
Carrect

1 0 l 1 PWM OCRLA Ten ROT
Phave TOM
Carrect

1 | 0 0 |cTC ICR1 | hwmidiet | MAX

1 1 0 | Not used = : E

| | | ] Fast ICR1 |BOTTOM | TOP
PWM

1 1 | 1 Fast OCRIA | BOTTOM | TOF
P '

Bit 7 8 B 4 3 2 1 0

[Tewct | icest | |mms!mm|ﬁij TCCRIB
Readitrite RO RN ] RAW W W RV R
Inithaltyalus 1] ] 1] o 0 a 0 1]
Gambar 2.13
Register TCCR1B™

Bit 7 (ICNC1) fnput Capture Noise Canceler, penge-set-an bit ini akan
mengaktifkan fnput Capture Canceler pada saat menggunakan mode normal yang
capture eveni. Dimana noise canceler akan memfilter frigger yang masuk ke pin ICPI
akan disaring selama 4 siklus clock, jika selama 4 siklus clock tersebut berubah maka
akan diabaikan.

Bit 6 (ICES1) fnput Capture Edge Select, bit ini mendefinisikan frigger yang
masuk ke pin ICPI(PB0) yang digunakan untuk menangkap kejadian (capture event).
Jika ICES1=0 maka falling edge (perpindahan dari 1 ke 0) digunakan scbhagai trigger
dan jika ICES=1 maka rising edge (perpindahan dari 0 ke 1) digunakan sebagai frigger,

Bit 0 s/d 2 (CS10,CS11 dan CS12) Clock Select, bit-bit ini bertugas untuk
memilih / mendefinisikan / prescaler pulsa / clock yang masuk ke register TCNTI.




Tabel 2.12
Prescoley timericounterd

C502 | CS01 | C500 Keterangan
{0 ] 0 | Stop/Berhenti
I, 0 || Clk (sama dengan clock CPLY)
0 1 0 | Clk/8 (| clk timericounterl) = B clk CPU)
1] | | Clk/64 (1 clk timer/countert! = 64 ¢lk CPL)
! 0 0 | Clk/256 (1 clk timer/counterl) = 256 clk CPU)
1 0 | Clk/1024 (1 clk timer/countertl = 1024 ¢lk CPU)
1 I | 0 | Clkeksternal dari pin T1 pada kondisi falling edge
I 1 | 1 [CIkeksternal dari pin T1 pada kondisi rising edge
Bit 7 8 5 4 3 2 1 i
OGR1A [15:8] OCR1AH
OCR1A [7:0] DCRIAL
Reatwite R ROW W W RW RW W RW
Initiafvalus 0 o 0 0 o 0 0 0
Bit 7 8 5 4 3 2 1 0
OCRIB [15:8] OCR1BH
OCRIB [7:0] OCR1BL
ReadMitie FAN RN RW  RW  RW  RW W RW
Infigfvalus 0 0 0 0 o 0 0 0
Gambar 2.19

Register OCR1A dan OCR1B%

Register ini bertugas sebagai register pembanding yang bisa kita tentukan
besarnya sesuai dengan kebutuhan. Dalam praktcknya pada saat TCNT1
(TCNT1H:TCNT1L) mencacah maka otomatis oleh CPU akan dibandingkan dengan isi
OCR1 (OCRIH;OCRIL) secara kontinyu dan jika isi TCNT1 sama dengan isi OCR1
maka akan terjadi compare maich yang dapat dimanfaat untuk mode CTC dan PWM.

Bl 1 & £ 4 1 2 1 ]
~ICR1 [15:8) ICR1H
ICR1 [7:0] IGRIL
Readirite R WY RV RAW R W RIN W
Initialvakue o 0 a a 0 4] 1] ]
Gambar 2.20
Register ICR1%




Register ICR1 (ICRIH:ICRIL) akan selalu diperbarui dengan isi register
pencacah TCNT1 (pada sast tersebut) sewakiu terjadi erigger (capfure evens) pada pin
ICP1. Register [CR1 juga mempunyai fungsi lain untuk mendefinisikan TOP value pada
mode tertentu (lihat table 2.11 mode operasi),

Bit 7 5 5 4 4 2 1 0
I:msz | Tn |m‘ﬁ|m_|_MF|Wnnm
ReadWite RW  RW  RW AW TN W RW AW
intialalse O 0 0 0 0 b ] 0
Gambar 2.21

Register TIMSK untuk Timer/Counter™

Bit 5 (TICIEL} Input Capture Interrupt Enable, bit ini berguna untuk meng-
aktif-kan interupsi input capture (penangkap kejadian pada pin [CP1/PB) ketika bit ini
di-set.

Bit 4 (OCIEIA) Outmnat Compare A Match Interrupt Enable, bit ini berguna
untuk meng-aktif-kan interupsi Owiput Compare A Match ketika bit ini di-set.

Bit 3 (OCIEIB) Output Compure B Maich fnterrupt Engble, bit ini berguna
untuk meng-aktif-kan interupsi Ouiput Compare B Match ketika bit ini di-set.

Bit 2 (TOIE1) Timer/Counter, Overflow Interrupt Enable. bit ini berguna untuk
mengaktifkan interupsi overflow TCNT1 ketika bit ini di-set.

Bit 7 6 5 4 3 2 1 o

TOwzZ | ICF1 | OGFiA | OcriB | TOWY Fo | TOw0 | TIER
Resdivila RV R RAN RN W RV R HAY
Initlalvalve 0 f i o o ] 0 0

Gambar 2.22
Register TIFR untuk Timer/Counter! EL

Bit 5 (ICF1) Inpu Capture Flag, bit ini akan set secara otomatis ketika
menangkap frigger pada pin ICP. Bit ini akan clear juga secara otomatis ketika
mengeksekusi vector interupsi inpuf caplure. Uniuk meng-clear secara manual bit ini
maka bit ini harus di-set.

Bit 4 (OCF1A) Quiput Compare 4 Match Flag, bit ini akan set secara otomatis
ketika tetjadi compare maich A. Bit ini akan clear juga secara otomatis ketika
mengeksekusi vektor interupsi output compare A. Untuk meng-clear secara manual bit
ini maka bit ini harus di-set.
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Bit 3 (OCF1B) Quiput Compare B Match Flag, bit ini akan set sccara otomatis
ketika terjadi compare match B. Bit ini akan clear juga secara otomatis ketika
mengeksckusi vektot interupsi output compare B. Untuk meng-clear secara manual bit
ini maka bit ini harus di-sct.

Bit 2 (TOVI) Timer Overflow Flag, bit ini akan set secara otomatis ketika
terjadi overflow pada register pencacah TCNT1. Bit ini akan clear juga secara otomatis
ketika mengeksekusi vektor interupsi overflow timer/counter]l. Untuk meng-clear

secara manual bit ini maka bit ini harus di-set.

2.3.4 USART Mikrokontroler ATMega 32/

USART dapat difungsikan sebagai transmisi data sinkron, dan asinkron. Sinkron
berari clock yang digunakan antara transmitter dan receiver satu sumber elock.
Sedangkan asinkron berarti transmitter dan receiver mempunyai sumber clock sendin-
sendiri.

USART terbagi dalam tiga blok yaitu clock generaror,ransmitéer dan receiver.

L

o e R . g e B, S T S5 e

{
i
:
ot
I
(]

| )b | S | = W
!—j—'—-! [ =

= = =]
L#_IF*J*-

Cambar 223
Blok Diagram USARTH
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Clock generator, berhubungan dengan kecepatan transfer data (baud rate),
register yang bertugas menentukan haud rate adalah register pasangan UBRR.

Tabel 2.13
Baudrate
Operating Mode Eguation for Calculating Eguation for Calculating
- Baud Rate [/BRR Value
Asynchronous Normal Fia Foar
:* BAUD =— 0% ___ [/BRR = b8 __ _
Mode ( U2X=0 ) 16(UBRR +1) 4 168B4AUD :
Azxynchronous Double L ) i
. _ BAUD = —=5% UBRR=—2_ ]
Speed Mode ( U2X=1) S(LUBRR +1) 8BAUD
Synchronous Masier Mode BAUD = g UBRR = S o
L i HNUBRR+1) - 284 {JD

Dimana, Fosc adalah frekuensi osifaror yang digunakan. BAUD adalah transfer
bit per detik.

USART {ransmitter, berhubungan dengan pengiriman data pada pin TX.
Perangkat yang sering digunakan seperti register UDR sebagal tempat penampung data
yang akan ditransmisikan, flag TXC scbagai akibat dari data yang ditransmisikan telah
sukses (compiete), dan flag UDRE sebagai indikator jika UDR kosong dan siap untuk
diisi data yang akan ditransmisikan lagi.

USART receiver, berhubungan dengan penerimaan data pada pin Rx. Perangkat
yang sering digunakan seperti register UDR sebagai tempat penampung daia yang telah
diterima, dan flag RXC scbagai indikator bahwa data telah sukses (complete) diterima.

Bit 7 8 5 4 3 2 1 o
RKB [7:8] UDRD
THB [7:0] UDRW
ResdMirite R W RW R RW R W RW
|mitaly alue 0 1] 1] 0 1] 3] Li] 0
Gambar 224
Register UDRM!

Register UDR digunakan untuk byffer data yang akan dikirim dan buffer data
yang diterima. UDR untuk buffer transmiter hanya dapat ditulis ketika bitiflag UDRE
dalam register UCSRA set.




Bit T 8 ] 4 3 2 1 ]
|nx¢|ﬂc|_uﬁ|E[Enn|rs|t:::|ﬁcu|msm
RaadMirie RN R RAY R R RAY R R
Iritialal e 0 0 1] 0 ] o H] 1]
Gambar 2.25
Register UCSRA

Bit 7 (RXC) USART Receive Complete, flag i akan set ketika data yang masuk
{lengkap/complete) ke dalam UDR belum dibaca dan akan clear ketika sudah di baca
atan kosong. Flag ini dapat digunakan untuk membangkitkan interupsi RX complete
(jika diaktifkan) ketika set dan akan clear secara otomatis bersamaan dengan vektor
interupsi yang bersangkutan. Flag ini juga dapat digunakan untuk peoling data yang
masuk dan flag ini dapat di clear dengan memberi logika satu.

Bit 6 (TXC) USART Transmit Complete, flag ini akan set ketika data yang akan
dikirim/transmit telah keluar. Flag ini dapat digunakan untuk membangkitkan interupsi
TX complete (jika diaktifkan) ketika set dan akan clear secara otomatis bersamaan
dengan vektor interupsi yang bersangkutan. Flag ini juga dapat digunakan untuk
pooling data yang masuk dan flag ini dapat di cfear dengan memberi logika satu.

Bit 5 (UDRE) USART Data Regisier Empty, flag ini sebagai indikator isi UDR.
Jika flag set maka UDR dalam keadaan kosong dan siap menerima ditulis/isi dengan
data berikutnya, jika flag clear berarti sebaliknya. Flgg ini dapat digunakan untuk
membangkitkan interupsi data register empty (jika diaktifkan) ketika set dan akan clear
secara otomatis bersamaan dengan eksekusi vektor interupsi yang bersangkutan.

Bit 4 (FE) Frame Error, flag ini sebagai indikator ketika data yang diterima
error, misalnya ketika siop bit pertama data dibaca berlogika nol maka fag akan ser.
Flag akan clear ketika stop bit data yang ditetima berlogika satu.

Bit 3 (DOR) Data OverRun, flag ini berfungsi untuk mendeteksi data yang
tumpang tindih (overrun). Fiag akan set ketika terjadi overrun.

Bit 2 (PE) Parity Error, flag ini berfungsi untuk mendeteksi parity error. Flag
akan set ketika terjadi bit parity yang error apabila pority bit digunakan.

Bit 1 (U2X) Dowble the USART transmission speed, bit ini hanya berguna untuk
mode operasi asyncronous. Bit ini berguna untuk melipatkan bawd rate yang digunakan.

Bit 0 (MPCM) Multi-processor Communication Mode, bit ini berfungsi untuk
mengaktifkan mode mufti-processor communicetion, dimana ketika data yang diterima

oleh USART tidak mengandung informasi alamat akan diabaikan.
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Bit i 0

r_mz [ TrcE ] UDRI‘E_I_EH J_'r_xeu [ Uesza | RoBs UCSRB

Read/Write  FUW W RAN RW  RW RAW
Initfalahu o 1] 1] i) 1] L] 0 &
Gambar 2.26
Register UCSRBM!

Bit 7 (RXCIE) RX Complete Interrypt Enable, bit ini berfungsi untuk
mengaktifkan interupsi RX complete (1=enable, (=disable). Ketika satu data ditcrima
dalam register UDR sudah lengkap (tanpa error) maka otomatis akan meng set flag
RXC dalam register UCSRA dan kemudian membangkitkan interupsi RX complete.

Bit 6 (TXCIE) TX Complete Interrupt Enable, bit ini berfungsi untuk
mengaktifkan interupsi TX complete (1=enable, O=disable). Ketika sat data dikirim
oleh register UDR sudah lengkap (tanpa ¢rror) maka otomatis akan meng set flag TXC
dalam register UCSRA dan kemudian membangkitkan interupsi TX complete.

Bit 5 (UDRIE) USART Data Register Empty Interrupt Enable, bit ini berfungsi
untuk mengaktifkan interupsi data register empty (UDR kosong, |=enable, U=disable).
Ketika data yang kita tulis ke UDR telah dikirimkan kemudian UDR akan kosong, hal
ini yang dimanfaatkan untuk membangkitkan interupsi data register empy.

Bit 4 (RXEN) Receiver Enable, bit ini berfungsi untuk mengaktifkan pin RX
saluran USART (1=enable, O=disable). Dimana ketika diaktitkan maka pin tersebut
tidak bisa digunakan untuk fungsi pin /O karena sudah digunakan sebagai saluran
penerima USART.

Bit 3 (TXEN) Transmitter Enable, bit ini berfungsi untuk mengaktifkan pin TX
saluran USART (l=enable, O=disable). Dimana ketika diaktifkan maka pin tersebut
tidak bisa digunakan untuk fungsi pin /0 karena sudah digunakan sebagai saluran
pemancar USART.

Bit 2 (UCSZ2) Character Size, bit ini bersama dengan bit UCSZ1,UCSZ0 dalam
register UCSRC digunakan untuk memilih format lebar data bit (character size) yang
digunakan.

Bit 1 (RXB8) Receive Dara Bir 8, bit ini digunakan sebagai bit ke-& ketika
menggunakan format data 9-bit, dan bit ini harus dibaca dahulu scbelum membaca
UDR,

Bit 0 (TXBS8) Transmit Data Bit &, bit ini digunakan sebagai bit ke-8 ketika
menggunakan format data 9-bit, dan bit ini harus ditulis dahulu sebelum menulis ke
UDE.
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Ell 7 3 5 4 3 2 1 0
Lu:sm. | UMSEL | Emﬁwrm_ﬂmfﬁﬁﬂ UEsSRC
Read \AWrite Ry RAN RAN R RAY R Ry RAW
Inithalv i i] a ] 0 ] 1} a 0
Gambar 2.27
Register UCSRC™!

Register UCSRC dan register UBRRH berbagi lokasi yang sama dalam register
0.

Bit 7 (URSEL) Register Select, berfungsi untuk memilih antara register UCSRC
dengan UBRRH, dimana untuk menulis atau membaca register UCSRC maka bit ini
harus di set {(secara defoudt/keadaan awal sudah set). Sedangkan untuk mengakses
register UBRRH maka bit ini harus di clear.

Bit 6 (UMSEL) USART Mode Select, bit ini berfungsi untuk memilih mode
USART (dsvnchronous / UMSEL=0, atau Synchronous / UMSEL=1).

Bit 5 dan 4 (UPM1 dan UPMO) Parity Mode, bit ini berfungsi untuk memilih
maode parity yang akan digunakan. Secara otomatis transmiter USART akan membuat
parity yang dipilih. Dan kita tidak perlu tahu seperti apa yang penting bagi kita adalah
data dapat dikirim dan diterima dengan baik (hal ini untuk vadilitas data, jika bit pariyy
tidak diterima oleh Receiver UASRT maka data tidak dianggap karena erroricorrupt
dan flag PE dalam (UCSRA akan set).

Tabel 2.14
FParity

UPMI | UPMO Mode Farity
L] & Dixable

0 1 Tidak digunakan
] 0
| |

Enable, Even Parity |
Enable, Odd Parity {

Bit 3 (USBS) Stop Bit Select, bit ini berfungsi untuk memilih jumlah stop bit (1-
stop bit: USBS=0, 2-stap bit USBS=1). Banyaknya siop bit yang digunakan hanva
untuk vadilitas data dan ini nrusan USART kita tidak perlu tahu seperti apa yang
penting data tidak hilang dan diterima dengan baik.

Bit 2 dan 1 (UCSZ1 dan UCSZO0) Character Size, bit ini berfungsi untuk
memilih lebar data bit yang digunakan dikombinasikan dengan bit UCSZ2 dalam
register UCSRB.
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Tabel 2.15

Opsi Lebar Data USART
UCSZ2 | UCSZ1 | UCSZ0 Lebar Data

0 0 0 5-bit

0 0 1 6-bit

0 I 0 7-bit

0 I 1 8-bit

1 i 0 | Tidak digunakan )
I 0 I Tidak digunakan

| | 0 Tidak digunakan

1 I I O-hit

Bit 0 (UCPOL) Clock Polarity, bit ini berguna hanya untuk mode symcronons,
Bit ini berhubungan dengan perubahan oupw data dan sampel input, dan clock

syneronous (XCK).
Tabel 2.16
Polaritas efock
UCPOL | Perubahan dala transmisi Sampel data
(pin output TxD) (pin input RxD))
0| Rising XCK Egde Falling XCK Edge
| Falling XCK Edge Rising XCK Egde
Bkt 15 14 13 12 11 10 B 8
[TURSEL I R | UBRR [11:8] UBRRH
UBRR [7:0] UBRAL
7 B 5 r 3 z 7 )
ReadWrle R R R R RW RW  RW  RW
RW RW RW RW RW RW  RW  RW
IntiatValue 0 0 b 0 0 0 0 0
0 o 0 ) 0 o 0 0
Gambar 2.28
Register UBRRY!

Bit 15 (URSEL) Register Select, bit ini berguna untuk memilih register yang
akan diakses, UBRRH atau UCSRC. Bit ini dibaca nol ketika membaca UBRRH. Bit
URSEL harus di efear ketika menulis ke UBRRH.

Bit 14:12 Reserved Bits, bit-bit ini tidak digunakan dan harus di clear ketika
menulis ke UBRRH.

Bit 11:10 USART Baud Rate Register, ke 12-bit ini digunakan untuk
menentukan baudraie USART.
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2.4 Mikrokontroler ATMega 8"

Mikrokontroler ATMega8 memiliki fitur seperti (ADC internal, EEPROM
internal, Timer/Counter, Watchdog Timer, PWM, Port /O, komunikasi serial,
Komparator, 12C,dll).

Berikut ini merupakan beberapa spesifikasi ATMega8 :

1. Memiliki kapasitas flash memori 8Kbyte, EEPROM 512 Byte, dan SRAM

| Kbyte.
. Saluran Port /0 sebanyak 23 buah, yaitu Port B, Port C, dan Port D.
. CPU yang terdiri atas 32 buah register.
. Interupsi internal dan ekstemal.
. Port USART sebagai komunikasi serial.
. Konsumsi daya rendah (DC 5V).
. Fitur peripheral, yang terdiri dari :

] o bh Rk e b

a. Tiga buah Timer/Counter dengan perbandingan
b. 3 channel PWM.
&. 6 channel, 10-bit ADC

R
(REZET) PCE ] 1 28 [ PCS {ADCE/SCL)
(RXD) PDO 2 27 [0 PC4 {ADC4S0A)
(TxD) PDL [} 3 26 [ PC3 {ADC3)
{INTD) PD2 ] 4 #5 [ PC2 (ADGE)
{INT1)PD3[]5 24 [JPC1 (ADCH)
[XCH/TO) PD4 [0 6 23 [ PCO (ADCO)
Voo [O7 22 [ GND
GND L4 21 [ AREF
XTaLyToscy PESL g 20 JAvCC
(XTALZTOSC2) PEF O 10 18 1 PBE (SCHK)
(T} PDSLC] 11 18 [ PB4 (MISO)
(AIND) PDB ] 12 17 [1 PB4 (MOSIDC2)
AN PDT O] 13 16 [0 PE2 [SS0C18)
(ncPy PeeC] 14 15[ PET (DC1A)
Gambar 2.29

Pin-Out ATMegag!""
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2.5 Transistor™

Transistor adalah komponen semikonduktor yang mempunyai tiga kaki atau
lebih sehingga daya dapat diperkuat. Fungsi transistor sebagat penguat atau ampfifier
dari sinyal listrik, tahanan variabel atau sebagai saklar.

2.5.1 Trausistor Sambungan Bipolar'”

Banyak sistem elektronis yang sangat tergantung pada kemampuan transistor
untuk bertindak sebagai saklar. Transistor yvang digunakan sebagai saklar mempunyai
keuntungan yaitu tidak mempunyai bagian yang berputar, yang dapat beroperasi ON
dan OFF pada kecepatan tinggi, memerlukan tegangan dan arus penggerak yang sangat
rendah untuk memicu aksi penghubungan,

Gambar 2.10 menggambarkan aksi penghubungan transistor sambungan bipolar
(NPN). Emitor yang diberi banyak bahan campuran bertindak sebagai sumber utama
dari arus clekiron. Basis dengan sedikit bahan campuran bertindak untuk mengontrol
aliran arus. Pada transistor NPN, kolektor diberi dengan bahan yang cukup dan
menerima sebagian besar elektron dari emitor. Arus pada ujung basis disebut arus basis
dan arus pada ujung kolektor disebut arus kolektor. Jumlah arus basis (Iz) menentukan
jumlah arus kelektor (lc). Dengan tidak adanya arus basis tidak ada arus kolektor
(Normally OFF). Sedikit kenaikan pada (Is) mengakibatkan kenaikan yang besar pada
(1), jadi arus basis bertindak mengontrol jumlah arus kolektor.

Gain arus adalah perbandingan arus kolektor terhadap arus basis. Transistor
sambungan bipolar mempunyai dua variabel: NPN dan PNP. Aksi dari masing-masing
adalah sama tetapi polaritasnya terbalik.

ryy

+

= -\l =

[T=F
|

CGambar 2.30
Transistor sambungan bipolar (BJT)M
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BAB I
PERENCANAAN DAN PEMBUATAN ALAT

Pada bab ini akan dibahas perancangan dari keseluruhan sistem yang akan di
buat dalam tugas akhir ini.

3.1 Rancangan Sistem Keseluruhan
Sistem ini menggunakan kamera embedded yang di implementasikan pada box

targed™ simulator menembak :
:| )} KAMERA ENBEDDED
uss
Jaaer
Prinker -
B KOMPUTER

Gambar 3.1
Diagram Keseluruhan Simulator Menembak menggunakan box rarger”’

Pada simulator menembak ini menggunakan sensor kamera sebagai pendeteksi
laser yang telah terpasang pada senjata. Fungsi komputer pada sistem ini sehagai
penampil posisi hasil tembakan dan menghitung nilai skor.

3.2 Diagram Sistem Kamera Embedded

Moau| Kemers
CMOSOVEGZD |+

Mikrokontroler
AT, AThegs 32
Mikia kool
L ATMega B |

[Boot-Heset)
mmem
TTL/UEE fp————in
Ee Fort USBE
Komputes
(Gambar 3.2

Blok Diagram Sistem
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Fungsi dari tiap blok diagram dijelaskan sebagai berikut :

. Modul Kamera CMOS OV6620

Modul ini berfungsi merubah setiap hasil pencitraan menjadi data digital.

. Mikrokontroler ATMega 32

Berfungsi inisialisasi awal kamera, dan menjalankan instruksi (Comwmand) dari
komputer/host.

. Mikrokontroler ATMega 8 (boot-reset) Berfungsi sebagai boot reset
mikrokontroler ATMega 32 dengan Kamera.

. Konversi TTL/USB

Berfungsi sebagai mengubah komunikasi serial TTL ke USB agar data yang di kirim
kompatibel dengan komputer / laptop.

3.3 Perancangan Perangkat Keras
3.3.1 Perancangan Rangkaian Mikrokontroler ATMega 8

Pada modul kamera CMOS OV6620, sudah terdapat clock internal untuk sistem
kerjanya, yaitu sebesar 17,7344 Mhz. Untuk menyamakan clock dengan mikrokontroler
ATMega 32 maka diperlukan rangkaian ini Dimaksudkan agar kamers dan

mikrokontroler ATMega 32 bekerja pada clock yang sama. Sehingga data ouput piksel
dari kamera tidak hilang (corrupt).

Keluaran dari mikrokontroler ATMega 8 dihubungkan ke pin RESET

mikrokontroler ATMega 32 melalui transistor 2N3904 sebagai saklar.

Rangkaian boot-resct ATMega & dapat dilihat sebagai berikut :

Gambar 3.3
Perancangan Rangkaian ATMega 8
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Untuk rancangan rangkaian transistor, dapat dihitung scbagai berikut
Diketahui fdc 2N3%04 = 100, Ybe = 0,75 V. tegangan pd pin reset
mikrokontroler ATMega 32 ialah 5Vde, Re = 10K, maka arus kolektor didapat :

fc =—E-=-5—=ﬂ,5md
Re 10

Untuk mengetahui arus basis :

fic fe
= ——— {h=—
pic Th e
L, - S [, (0
Bde 100

Diketahui tegangan output Port ATMega 8 = 5Vde, maka besaran untuk resistor
basis
rp =201 2500
005

. ]

Maka Resistor basis sebesar 85042 atau yang mendekati vaitu 1K.

3.3.2 Perancangan Antarmuka Kamera ke Mikrokontroler

Pada sistem kerja kamera CMOS OV6620, output data piksel dikirim secara
paralel, ada 2 port yaitu Y dan UV, Port Y untuk data piksel warna hijau (green) dan
Port UV untuk data piksel merah dan biru (Red and Blue). Pada mikrokoniroler
ATMega 32, Port Y dihubungkan ke Port A dan Port UV dihubungkan ke Port B.

Untuk sistem kontrol, Fsyne dihubungkan ke Interupsi Eksternal 0 untuk
mengetahui awalan citra. Href dihubungkan ke Interupsi Cksternal 1 uniuk mendeteksi
setiap awalan baris dan dihubungkan ke Counter 0 untuk menghitung kolom citra. FPeik
dihubungkan ke Counter | untuk menghitung data piksel yang diterima.

Untuk set register, menggunakan antarmuka 12C dihubungkan ke PortC.0 dan
PortC.1 mikrokontroler.

Perancangan antarmuka kamera CMOS OV 6620 ke Mikrokontroler ATMcga 32
dapat dipambarkan sebagai berikut ©
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CGambar 3.4
Perancangan Antarmuka Kamera ke Mikrokontoler

3.4 Perancangan Perangkat Lunak
3.4.1 Set Instruksi
Ada 4 instruksi yang dirancang pada perangkat kamera embedded ini yakni :
1. *DF'+er)
(Dumping Frame) Kirim Data Gambar.

2. ‘SM’+(sp)+Nilai Track [Merah]minHsp}+ Nilai Track
[Merah|maks-+(sp)t+ Nilai Track[Hijan|min+(sp)+ Nilai
Track[Hijau]maks +{spHNilai Track[Biru|min +(3p) + Nilai
Track|Biru]maks{er)

(Set map color) Set Warna yang ingin di track, diikutkan nilai track,
Contoh untuk track wama merah ;
SM1202400000
1, *ET’#(cr)
(Enable Tracking) Tracking warna akltif.
4. ‘DT*Her)
(Disable Tracking) Tracking warna stop




3.4.2 Interupsi Serial

/__1—‘_ ™
If Vektor Interups! A
\\ {Rﬂ] Eﬂﬂal —/
"H-\_'_
¥
Instrukssi[ ]+ Fox Bufter

[
h 4

Switch (Inetruksi] ]}

.

Case 'DF+(13) : Mode = 1
Case 'SM'H32) : Mode =2
Case 'ET'+(13) : Mode = 3
Case "DT'+(13) : Mode =0 [
Default Printf" NG  kirim sedal

;

A
l‘x_ End_J ,

Gambar 3.5
Flowchart bagian interupsi serial
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3.4.3 Program Utama
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Inisialisasi Serial,
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Data Tracking] ]
Instruksi] ]
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=
Fﬂmh Mode
s

Mode =0

o it Subrutin
Mode =17 >——| 4 bil Gambar
\\\‘x |
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i
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Tracking Cofor

(Gambar 3.6
Flowchart Program Utama
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Gambar 3.7
Flowchart Subrutin Kirimn Data Gambar
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Gambar 1.8
Flowchart Subrutin Serting Track
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Gambar 3.9
Flowchart Subrutin Tracking Color

3.4.4 Format Keluaran Data Kamera Embedded
Format data keluaran dari kamera embedded sebagai berikut :

» Format data gambar
| OxOF | Baris | Data piksel 1 ...176

Ox0F = Indikasi setiap awalan baris
Baris = Nilai baris yang dikirim, dalam bentuk heksa desimal
Data Piksel = Data piksel yang dikirim (HHB.HM....}

Baris dari 0x01 s/d 0x50.
s Format tracking warna
Jika warna terdeteksi maka format data outputnya !
Ox0A r ¢ OxFF

0x0A

r

Indikasi awalan tracking
Nilai posisi baris, dalam bentuk heksadesimal
Nilai posisi kolom, dalam bentuk heksadesimal

c
OxFF

Akhiran tracking
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BAB IV
PENGUJIAN SISTEM

4.1 Pengujian Komunikasi Scrial

Pengujian komunikasi serial ini bertujuan untuk menguji kesesuaian karakter
vang dikirimkan oleh program mikrokontroler dengan hasil pada komputer dengan
menggunakan sgfiware hyperterminal.

Ul
2 1
FEN BLCKTT Pl (ADGEY i
w= FG. T FAL (ATE) :—l_—
FOI AT DINTE  PAZ (ADCH) |
P TAN DCL) A (A1 .
e T8 Fad D) :ﬁ__
Pl LEERL LT Lg% ZalE]
i —iz Pma (LSO b LAnC ) %
I!‘;‘H'L"EH.T[,H. —ird FUT(ACK] PAT (ARSI
5 el Foo mace PETEELY Lk
i o D) P rEDa) el
% 5% EDI {IwTm} Pz (TAS)
—— TfT- PO 0L o GrMEs
= N BOM (3ELEY PE4ITDO it
FD3 {OCLAY POSETON x
et FOH P PoACTEACT) fas
= FRT BT WD)
=T e L By .4
AN E——I_
AEE
ETALE z

Gambar 4.1

Conrected B:T:00 i defoct 1520651 AP M

Gambar 4.2
Hasil pengujian komunikasi seral
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Dari hasil pengujian pada seftware hypederminal, didapatkan hasil yang sesuai
dengan program mikrokontroler mengirim  karakter “KOMUNIKASI SERIAL
BERHASIL™.

4.2 Pengujian Rangkaian Transistor Sebagai Saklar

Tujuan pengujian ini lalah menguji apakah transistor mampu men-{rigeger pin
reset pada mikrokontroler ATMega 32. Dimana besar tegangan pacu (frigger) untuk pin
reset sehesar SV,

¥Foue

|

Mym |-

Gambar 4.3
Pengujian Rangkaian Transistor 2N3904
Data hasil pengujian rangkaian dapat dilihat pada tabel dibawah ini :

Tabel 4.1
Hasil Pengukuran Rangkaian Transistos 2M3904 Sebagai Saklar

No | Input(V) Vee (V) Ic (mA)
1 0 5 0
2 5 1 001 0,49

Analisa hasil pengujian adalah sebagai berikut :
- Jika Input dihubungkan dengan ground atau input = 0, maka :
Arus kolektor tidak mengalir ke emitor sehingga le =1,
Hasil perhitungan tegangan kolektoremitor (Vee)
Vee = Vee- (TeRe}
=5 - (0.10000)
=5-0=3%
- Jika Input dihubungkan dengan +5 Vdc, maka :
Arus kolektor dapat dihitung sebagai berikut




Ic= % = i% =0.5mA
Dan tegangan kolektor-emitor (Vee) dapat diperoleh :
Fee = Fee-(le.Re)
=5 -(0,5.10)
=5-53=0V
Dari analisa diatas dapat tabelkan pengukuran dan perhitungan transistor
2N3904.

Tabel 4.2
Pengukuran dan Perhitungan Rangkaian Transistor 2N3%04 Sebagai Saklar

No. | Input (¥) Pengukuran ~ Perhitungan |
Yee (V) Ic (mA} Vee (V) Ic (mA)
l. 0 5 0 3 0
B 3 0,01 0,49 0 0,5

Sehingga presentase kesalahan dapat dihitung dengan persamaan berikut ini

_ HasilPengukuran — Hasil Perhitungan

B £100%
it HasilPerhitungan
Pada Saat input =0
- Yee
Saerror = ;5 2100% = (%
- e
Sherror = bizd) 1 00% = 0%

Pada Saat input = 5 Volt
- Vee

Yocrror = ﬂ_,f.‘!gl—_ﬂ x100% = 0,01%

- e
Yoerror = E%-;Eﬂﬂﬂ% =0,01%

Dari hasil diatas dapat disimpulkan bahwa tidak ada error atau kesalahan jika
input transistor (0 Volt), ini discbabkan rangkaian transistor belum bekerja. Sedangkan
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jika input transistor dihubungkan ke 5 Volt terdapat kesalahan atau error yaitu schesar

0.01 % untuk Vee dan 0.01% vntuk Ie.

Tabel 4.3
Kesalahan (Tingkat Error) Rangkalan Transistor 2N3904 Sebagai Saklar
| No. | Input Pengukuran Perhitungan Error
(V) Vee Ie Vee Ic Ve Ie
(v) (mA) M (mA) | (%) | (%)
1. 0 5 0 5 0 0 0
2 5 0,01 0,49 0 0.5 0,01 | 001

4.3 Pengujian Pengambilan Gambar Dari Kamera Embedded
Pengujian ini merupakan pengujian pengambilan gambar dari Kamera
FEmbedded dan ditampilkan dengan komputer.

‘ Eﬁg; d —»  Komputer
e | |
Gambar 4.4

Blok diagram pengujian

Foto Pengujian
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Ciambar 4.6
Ubjek menggunakan kamera digital
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Gambar 4.7
Hasil pengujian menampilkan gambar dari kamera embedded

Sebelum dilakukan pengujian, kamera embedded yang sudah terprogram dengan
baik dihubungkan ke komputer melalui komunikasi serial. Gambar (4.4) merupakan
blok diagram pengujian. Persiapan pengujian dilakukan seperti pada Gambar (4.5},

Schelum menguji gambar dari kamera embedded, terlebih dahuly menggunakan
kamera digital sebagai perbandingan dengan kamera embedded. Gambar (4.6}
pengambilan objek menggunakan kamera digital.

Selanjutnya pada komputer telah dipersiapkan sebuah program  untuk
menampilkan gambar dari kamera embedded. Gambar (4.7) merupakan hasil pengujian
menampilkan gambar dari kamera embedded dengan menggunakan program tersebut,
Untuk mengetahui adanya data dari kamera embedded, pada status terminal di program
fersebut data gambar di nbah menjadi karakier. Ini hanya sebagai indikasi bahwa ada
data masuk ke komputer dari kamera embedded.




Dari hasil pengujian pengambilan gambar, Objek yang ditampilkan sama. Dan
data gambar dari sensor kamera dapat diterima oleh mikrokontroler dengan baik.

4.4 Pengujian Sistem

Pengujian sistem ini dilakukan untuk mengetahui hasil dari sistem vang dibuat.
Hasil vang diamati adalah kescsuaian hasil tcmbakan pada sistem kamera embedded
dengan dengan software di komputer,

Langkah pengujian yang dilakukan sebagai herikut :

* Menghubungkan antara alat dengan komputer melalui konektor USB.

+ Melakukan setting wama yang ingin di fracking. Pada sistem ini ialah wamna

titik sinar laser.

s Melakukan penembakan dengan sinar laser.

Laser [-—— i . = -{ Komputer

Simulator
_Menembak |

Gambar 4.8
Diagram blok pengujian sistem

(Gambar 4.9
Pengujian deteksi warna sinar laser
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Giambar 4.10
Melakukan setting Map Tracking Color

Pada Gambar (4.9) melakukan pengujian deteksi wama titik sinar laser. Seperti
pada gambar tersebut, titik tengah dari sinar laser ini cenderung berwarna putih. Pada
Gambar (4.10) dibuat sebuah program wser frferfoce setting map tracking color (setting
deteksi wama) berfungsi memasukkan data renge dari masing-masing tiga warna primer
yang akan dideteksi oleh kamera embedded ini pada saat melakukan deieksi wama.
Pada pengujian ini besaran renge untuk figa wama primer masing-masing saat deteksi
sinar laser ialah : Merah = 199 s/d 240, Biru = 208 s/d 240, Hijav = 208 s/d 240.

4.5 Hasil Pengujian Sistem

Setelah memasukkan besaran rgnge data tiga warna primer masing-masing
untuk mendeteksi sinar laser pada kamera embedded ini. Maka dilakukan pengujian
keseluruhan. Dengan menggunakan program seperti pada gambar (4.11), pertama
memberikan perintah ke sistem kamera embedded untk mendeteksi wama yang di
peroleh dari sensor kamera dengan besaran range data yang sudah di setting.
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Gambar 4.11

Program Antarmuka Simulator Menembak
Memberikan Perintah Mendeteksi Sinar Laser ke Kamera Embedded

Selanjutnya melakukan pengujian menembak sinar laser seperti pada gambar
{4.12).

Gambar 4.12
Pengujian menembak sinar laser
Jika besaran nilai data dari sensor kamera sama dengan besaran range data yang
telah disetting tadi, maka akan muncul hasil nilai skor pada program seperti pada
gambar (4.13). Sistem kamera embedded, dalam hal ini yaitu mikrokontroler ATMega
32 akan mengirim data posisi laser ke komputer.

625416 @

-

E T [ ]

¥ . =

| e g

P | e -

Dl || f
Gambar 4.13

Hasil pengujian pada software simulator menembak
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Dari hasil tembakan terlihat hasil posisi sinar laser dari kamera embedded yang
ditampilkan oleh sofiware.
Untuk mendapatkan nilai score seperti pada Gambar (4.13) maka menggunakan

persamaan matematika pada referensi pustaka [5] dan [9), Yaitu:

Score = |-::-—{(1[:@'{1::;‘:I -Cx, ) +(Cy, -y, ) ]fr] (4.1)

Dimana : Cx; : Titik tengah posisi koordinat X target lingkaran.
Cy; : Titik tengah posisi koordinat v target lingkaran.
Cx- : Posisi titik koordinat x sinar laser,

]

Cy: : Posisi titik koordinat y sinar laser.
r :Radius.
Radius dapat diperoleh dengan persamaan sebagai berikut :
r = (Panjang sumbu X}i—: {4.2)
Pcnggunaan persamaan (4.1) dan (4.2} pada sistem kamera embedded ini, untuk
mendapatkan nilai score bisa dijelaskan sebagai berikut :
Diketahui resolusi kamera embedded ini adalah 176 x 144 piksel, x = 176 dan ¥
= 144. Maka :
- Titik tengah koordinat X :
T
- Titik tengah koordinat y :

44
C, :IT:TE

Cx &8

- Radius:

10 1760
T PR L
5 22 22

Pada saat melakukan pengujian dengan sinar laser, kamera cmbedded mengirim
posisi laser ke software komputer seperti pada gambar (4.13) yaitu posisi x = 61 dan
posisi y = 59 atau (Cxz= 61 dan Cyz = 59). Maka memasukkan nilai-nilai tersebut ke
persamaan (4.1} :

Score =10 —([Iﬂxf(ﬂ'xj -Cx, ¥ +(Cy, - Cy, ¥ ].-’r]
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Score= 10— ([104{5 |-88) +(59-72) Jfﬁﬂ]

—_—

Score =10 [10y720+ 169 )/ 80)
Score = 10— (299,66/80)
Seore=10—{3,745)

Seore = 6,255
Dari hasil perhilungan nilai score diatas dengan tampilan nilal score pada
software komputer di Gambar (4.13) sama, dengan menggunakan persamazn
matematika mengacu pada referensi pustaka [5] dan [9]. Maka sistem kamera embedded
yang felah dibuat ini bisa di implementasikan pada box fargef simulator menembak.

Gambar 4.14
Implementasi Kamera Embedded pada Box Simulator Menembak

[
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BABY
PENUTUP

5.1 Kesimpulan

Setelah dilakukan proses perancangan dan pembuatan serta pengujian alat, maka

dapat diambil kesimpulan :

|. Kamera Embedded bekerja dengan baik pada resolusi 176 x 144 piksel. Atau
pada opsi ke 2, format resolusi sensor kamera OV6620.

2. Pada simulator menembak, nilal posisi titik koordinat diambil dari nilai
counter( pada ATMega 32 untuk baris dan nilai counter] pada ATMega 32
untuk kolom. Setelah perbandingan data masing-masing warna primer pada
sensor kamera dengan data 3 warna primer yang di setting untuk sinar laser
sama. Dimana data 3 warna primer untuk deteksi sinar laser pada pengujian
ini adalah :Merah = 199 s/d 240, Biru = 208 s/d 240, Hijau = 208 s/d 240.

1. Mikrokontroler ATMepgaf berfungsi mengaktifkan bersama antara sensor
kamera dan mikrokontroler ATMega 32, Dalam frekuensi clock yang sama.
Untuk mengaktifkan mikrokontroler ATMega 32 digunakan rangkaian
transistor 2N3%04 sebagai saklar dimana kaki kolektor terhubung ke pin reset
ATMega 32 dengan tingkat kesalahan (error) saat saturasi Vce (Tegangan
Kolektor-Emitor) 0,01% dan Ie (Arus Kolektor) 0,01%.

5.1 Saran
1. Penggunaan kamera embedded ini di usahakan jangan menghadap langsung
ke sumber cahaya misalkan lampu / matahari, karena akan mengganggu
sistem tracking warna.
2. Untuk rancang bangun aplikasi portable lain dengan kamera embedded ini,
maka perlu diperhatikan sistem komunikasi data kamera embedded ini. Agar
bisa bekerja dengan baik.
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Thig pragram wasgs produced oy the

codeWizardave V2. 05.3 Standard

RButomatic Program Genarcalos

@ Copyright 1998-201) Pavel Haidne, HE InfoTech s.r-.1
arcp: /S fwww.hpinfotech. Zom

Project

Version ;

Date doar1s20135

Mithor § Busdi

Company ¢ Rusdi camera

Comments:

Chip tvpe : ATnegab
Program type : Appliceticn
BVE Core Cléak fraduendy: 1, 000008 KRz
Memonry model : Smali
ExTernal BAM =lze R

Data Stack =ize : 254
*-q************i**’*'ﬁﬂ"}*b*l'l'i'*'h"l"l".l’*‘l’*T*T*******t***t*t*f

tinclude <megad.h>
#include <celay.h>

£z Bus funcotions
kinciude <iZc.h>

#define reset ctxl ZORTE.O
#define cam addr O0xI0
#define reg L Oxi3

bdefine dat 1 Ox05

#define reg 2 Ox3F

Fdefine dat I O=42

Ff Declare your global vaslables hezxs

void tri statel)

{

i#c atarci)y

1Z2c write(cam zddr);
120 writclreg 1);
iZe weltsidet 1):
iZde stopi);

i

vold ‘ezt _clockl)
{

12c startiiy

ife writelcam addr);
iZe write(reg 2);
[2e_write(ast 293
ide _atop )y
]

waid main {vald)

{

EORTE=0%017

LORB—DxD1;

A4 LZC Bus initializatian
#f LEC Port: PORTE

Jf IZC SDA bit: 2

AfI20 8CL bits 1




A Bile Rates 100 kBz
AfoNoned I2C settings ave specifisd in the

£ Project|Configurs|C Compiler|Libraries|I2C menu.
i2e initi

delay ms (1000) ;

bri state():

delay ms (=000} ;

ext clogk|};

delay ms(1000]);

while (1!
{
£ Plsce your cads here
reagt ctrl=f;

g




f{Fragram Hamers Fmbedded ; Rusdi
II|I'I|I'tw*t*1’*1*****1’*1*1‘*7***f'\lr'\l'i'fttir“
Finclude <regaiZ.hz

Finclude <delay.h>

Aitincluge <math.h>

#daflive CV BPINB

fdafires ¥ FPINA

$define baris TCHTD

fdefine slave camera 0zCO
fiddelfine lampu PORTD. 6

#define href PIND.3

foetfine wesync PIND.Z

fdefine poclk PINB.1

fdefine awal 0OxEF

Fdefine hidup 1

#defire mati 0

fdetfine true 1

fdefire false O

Fdefine merah [
tdefine hijau 0Ox12
bdefine kbiru Cxzb

£ 12C Bus functions
floclude <d2c.h>
bit status,current state, currernt statel,less=0;

/f External Inkerrupt ﬁ_ae:viue ropbins
interrupc [EXT INMTO] vaid ext intd iar{voeld)

J Place your code hare

t

S} Extarnal Interrupt 1 service routlnes
interrupt [BXT_INTL] va_d ext imtl isr{vold!
i

/d Plage your code hers

HOAf {atatus==true)

|

ff  less=-~lessg;

Fl

|

#4define BE¥EBEO 1
fdefine TEBE 0O
$define UEE 2
fdefine OVA 3
$defice FE 4
fdefirne ULBE &
fdefine BXT 7

tdeiine FRAMING ERROR (l<<I'E)

$define PRRITY ERRDR | 1«<UPE)

tdefine DATRE OVERRTH [1<<0OVE]

$detine DATR HEGISTER EMPTY (1<<ULCEE)
#define BX COMELETZ [1<<RAC)




ff TUSART Receiver bufier
#define R¥X BUFFER SIZE 8
char rx huffer[BX BUFFIR _S5IZE];

$1f R¥ BUFFER SIZS<236

ungignzﬁ uhﬂr_rk_wr_lndex,rx_rd_index,rx_zmunter;
feiae

anslgned int rx Wwr Loded, cx rd Indes, cx cowalad;
fendif

/4 This flag is ‘set on USART Receiver buffer overflaw
bit rx Buffer overrlow;

fF J8ART Receiver interrupt service routine
interrupt [USART BMT] veld usart rx i=rivold)

phar status,data;
statua=TUCERA;
data=U0F;
if i{status & (FRAMING EXROK | FARITY ERROR | DATA OVERRUN) =<0}
[
rx buffer[rx wr index]=data;
if (++rx wr index == RY BUFFER SIZE) rx wr index=0;
it [++rx_counter == RX BUFFER_SL1ZE]
{
r® counter-=0;
rx buffer cverflow=l;
| 31
1
#ifndef TERDG TERMIMAL 10
/f Get a character from the USART Beceiver buffer
fdefine ALTERNATE GETLUHAR
fpragma uscd+
char getchar(void)
4
char datuy
while |[rxz counter==0)|;
data=rx buffer[rz rd index]:
if (++rx rd index == RX BUFFER STZE) rx_rd index=0;
#aam("cli™)
-—I¥_ Counter;y
fasmi"gain)
return data;z

ﬁpragma used-
#endlf

// standard Input Outpus functlons
Fiaclude <atdis hs>

& Timer 0 overflow inTerrupt ssrvics roobine
interrupt [TIMO OvE] void timerC ovf iar(veid)
1

Mo Reindtialize Timer D value

TCHTO=(xER ;

current statestalsge;

status=falas;

/) Flace your code hesa




A Timer 1 overflow interrupt service routine
interrupt [TIM1 OVE] wold timerl ovwf isr(void)

ff Bairitialize Timer 1 value
TCHT1H=CxFF;
TENT1L=Dx4E;

current statel=fales;
ourrent_statestrusr
Hf BPlage your code here

I

void cam imie(};
voud debug serialll;
vold geb madel ();
vaid get moded();
vold cet_modeZ )y
vold capture Imags ()i
vold debug track{)};:
roid =et colll;

wold get atepi):
vald print ack():
vold print_nck();

unaianed char tdcomm[I51;
void camera set registeriunsigned char addr req,unsigned char set regq.
1
LEg =vraxt(];
i?e write (slave camera);
iZe write(addr req):
iZ2¢ writed{set reg):
1Zc_stop ()i
]

unsigned char: crmerah,trhijsu,trbiru.tracks
unsigrned char colosr map(43)F

/¢ Declare your global wariables here

void main (waid)

!

/f Declars your local varilables here

char <etec,concy

A Input/fCutpunr Ports initisliization

S Port B Alnitialization

A FurcT=In Funct=Ln Funci=In Funcd-In Funcd=In Fungi=In Funcl=In
Mancl=In

Ff SBtare’=T Statas=T BtatessT Ztated=T Statal=" Statel=T Stacel=T
Statet=T

PORTA=0x0G;

DORA=CxOD;

Jf Tnputy/Cutput Ports inztializablon

Jf Port B Indtializaticon

S FuneT=1n Fuanoe=In Punch=In Funcd=Iin Fmmc3=In Funcz=In Funcl=In
Funcl=Tn

/i Btate?=T Stateb=T Statei=T ftated=T Stated=7 Stale2=T Stactel=T
Statel-T

PORTE-~Cul0l;




20EB=0x=00;

A Port C initializatlon

£ Funct=In FuncS=In Funcd=In Funcl=In FuncZ=In Funcl-In FuncO=In
FFostates="T BtateS=T Stiated=T Statel3=T Statel=T Btatei=~T Statel-T
PORTC=0x00:

LOkC=0x00;

FoPeet D dniltialization

£ PancV=In Punco=0ut Fanch=In Funcd=In Func3=In Funcl=In Funcl=In
Funcd=In

AF Btate’=T StatecmD Ztatei=T Stated=T Statel=T Statez=T Stacel=T
Stateb=T

FORTD=0x00;

DORD=0xd0;

SO Tiner/Counter O Lnltlalizatlon
ff Clock source: TO pin Rialng Sdge
TCCRA=0x07;

TCHTU=UxeE:

[ Timer/Counter 1 initlalisation
{7 Clock scurce: T1 pin Rising Eoge
£ Mode: Hormal top=FFEFh

S 0C1A cutput: Discon.

£ 0C1B sutgut: Ddscon.

S/ Haise Canceler: OfF

Hf Tnput Caprture on Falling Edge
S/ Timer 1 Owerflow I[nterrupt: On
£/ Input Capture. Interrupt; Qff
ff Compare A Match Inmterrupt: Off
£ Compare B Matoch Tatersupt: OGff
TCURLa=0x00;

TCCORLB=0x07;

TONTI1H=CHEEF;

TCHT1L=Cx4E;

TCR1H=0x00G;

ICR1I=0x0C;

QCR_AU=0x0C;

OORIAL=0x0C;

QCR. BH=0=00;

OURIBL=0x00G;

£ Timer/Counter 2 lnitla’izartion
ff Clock source: Systam Claok

ff Clock walue: Timer 2 Stopped
Ff Mode: Heormal top=FFa

£ 022 cutpul: Disconnected
RESR=0x00;

TCCRZ=0%0C;

TCHTE=0x007

QOR2=0n00;

/) External Interrupci(s) initializstion
fFOINTG: O

// INTO Hode: Rising Edge

SAUINTL: On

ff THT1 Mode: Rising Edoge

GILOR | =0xC0;

MCUCR=0x0F ;

GIFR=0%C0;




i Timerga]fﬂz:nteris]
TIMSE=0x05;

USRRTY initiniization
Communication Parametera:
USART Reoelver: On

UZART Transmitter: On

A4 USART Mode: hsynchronoua
A UBRRT Baud rate: 115200
NCERA=N=02 7

DOSER=0x94;

LCERC=0x88;

LERRH=G2x00;

LBERLu(®EG;

¥
i
T
i

Interructis=s)

8 Data;

initialization

1 Stop, Mo Parity

4 Boalog Comparator inftialisarion

/¢ Analcg Comparator:; Off

AF Brniaisg Comparator Input Captore by Timer/Counter 1: OFf

ACER=0x80:
SETGR=0x007

Jd 12C Bas dnttislization
12e inir ()

cem_init();

detec—0x00;

/s €lobal enable interrupts
Hasmiasi")

[

[
A4 Place your oode hers
if {detec!=0x0d]

[

deters=gezchar () ;

o bod im0
Cxoomm [ cont |
)

elaes

[

deten=0xG0;
cont=0;
debug seria. i}y
}

wirile

= detec;

1e
}

void cam init{!}

[

carera set register(Ux14,0x200;
delay ms{502);

camera set register ((x309, 0xd0);
delay ms- (50007

camera_ set register Uxli,UxZB);
delay m=(500] 7

camera sel reglster|Dx28,0x05);
delay ma{500];

camera sel reglster (OxZE,0x81);
delay ms {5000 ;

camcra set ragister(0x13,0xD1);

J/fset Frame 176 x 144
Ffpole, weync, hrtef --> onbpat
fismel cutput RGE no RWE
Slsipt aut port: Y->G [OV—+RR
ffone-line port ¥

Jiauts adjust mode




delay ms{500);
}

void debbg sariall)
{

cbhar polinyg;
poling=l;

if (txoomm[ooling]=="0")
iget modsll)q!)

alaze if
ftxcomn[poling ’=="'5"]
{ael medeZ (] ;|

elsa if (txocomm{poling]=='E")
{gat_modeld i)y

elsg
{print_nck(i it

void get model ()
1
char set;
sat=1;
Sett+;
if ttxcommlset]=='F")
{sett+i
if (txoomm{zéet*==0x00)
{
print_ack();
ceplure lpnage () ;)

1

e_se
if f(tzcomm[sec]=='T')
{sat++;
if (txoomm[set]==0x0D)
[
get stonihi})
t

print nck{):
b

void get madeld ()
i
char set;
ser=1;
=et++;
1f (txcommizset]|=='T"}
{sat++:
1f (txcomm[aet ==0x01D)
|
print_ackl):
debnig track():)

i
aiaga

print nek();
|

vold get mode2 ()




char set;

ger=1;

sebt++s

LE (tkcomm [set]=="M"|
{3|at4s:
LT (troommsel ==Us£0)

gt call)zl

=lae

ceint naki);

[}

vold capture image()
[
ungigred char v, x;
camers set reqistec(0Quil,0x010;
while |vEyne!=Lorue) {7
while (vaynel=falssi|};
while baris!=awal) {};
atatus=Lrue;
current gratestrue;
putchar (0x0F) ;

for |(y=0;3y<ld4:y++)

L

while (href==trus];

putchar ibariz);

Tar |x=0:x<liezu++]
while (pclik=—tru=);
putchar |¥);
while |pclk==falss)
while (pclk==trua) ;
putchar (Ov=<d);
while(polk==[falsa);

!
i

void debug tracki}
{
unslgned char a.bycor
while (track=—true)}
!
while {vayne!=true)|};
witl_e [vsyncl=false) { j
whtl_e (baria!-awali{}i
atatus=true;
current state=true:
b
zrhifau = 1§
a = color map[tehljau+hijau’
#aan:“nap?]
tmmerah = LV:
b = color mapl|trmecahtnecak];
fasm!"nop")
—rbiru = CW;
a = oolor nag{trbicarbizuly
iy
s

1

- - =




cutchar{0x0di) ;
putchar [1TCNTD] ¢
putchar{TCHTIL ;
putchar {0=FT) ;

I

}

voeid set ool
: i
unsigned char a,redmin,redmax, gresnmin; Jreammaix, zlusmin, biosmax;:

redmin=getchari,;

whilejostchar {; |=0x20) ;
redreag=gatohar () ;
whilei{gatehar () [=0%20)

gragnmin=getenari;;
while{getochar || [={x20) ;
gresnmar=getchar (] ;
whileigetchar () |=0x20) ;
bluenin=getchari];
whiie(getchar () | =-0x20)
plucmax—-getchar () ;
print ‘ack();
for jasredmin;a<=srecmax;at+t)

[

color map[atmerah]=1;

i
tor (a=gresenmin;ss=greennas; att)
{

color maplaihijsu]-1;

]
for (a=bluenin;a<ebluemax;att)
1

color meplatbirun]=1,

}
b

vold ger abteopi)
1

track=ftalse;

}

void print_acki)
!

printf ("RUE") ;
putshar (16},

}

vold print_neckil)
{

printf ("NCE");
potchar(10]:

1




Advanced Information
Preliminary

OIMIOIL OV6620/0V6120

OV6620 SINGLE-CHIP CMOS CIF COLOR DIGITAL CAMERA

OV6120 SINGLE-CHIP CMOS CIF B&W DIGITAL CAMERA

Features

101,376 pixais, 1/4" lans, CIFIQCIF format
Progressive scan read oat

Cata format - YCrCh 4:2:2, GRB 4:2:2, RGB Raw Data
Bi16 bit video data: CGIRG01, CCIRGSE, ZV port

Wide dynamic range, anti-biooming, rero smearing
Electronic exposure [ Gain / white balance control
Image enhancement - brightness, contrast, gamma,

saluration, sharpness, window, eic.
®m  |nmtsrmaliexternal synchronlzation

8 Frame exposurafline exposure optlon
8 §-Volt operation, low power digsipation
— < B0 mvY active power
— < 40 ph N power-save mode
Gamma correction (0.45/0.85/1.00)
8 SCCB programmable (400 kbis):
— color seturation, brghtness, comtrast, white balanca,
exposura ime, gain

General Description

The OVBE20 (color) and OVE120 (black and white) CMOS m-
age sansors ane single-chip videoimaging camera devices
designed to provide a high level of funclionality in & single,
amall-footprint package. Both devices incorporate a 352 x 288
image array capabie of pperating up 1o 60 frames per second
image capture. Proprietary sensor fechnolegy utilizes ad-
vanced aigarithms to canced Fixed Pattermn Moise (FPN), alim-
Inate smearing, and drastically reduce blooming. All nesdeac

camara funciions including sxposura coniral, gamma, gein,
while batance, color matrix, windowing, end more, are pro-
grammable thraugh an SCCB (Sanal Camears Contral Bus) in-
terface. Both devices can be programmead to provide image
ouput in either 4-, 8- or 18-bit digial formets.

Applications inclide: Video Conferencing, Video Phone, \id-
a0 Mail, Still image, and PG Multimedia,

s3508egz1:28
pEEolzcgeo b
el i - - 2 B
AGHND| T a2
AVODD| 8 &
PWDN| B 40
VACAR1) 10 39
vRCAP3| 14 38
el e OVE520/0VE120 o
V1o 13 34
ADVDD| ¥4 a8
ADGND| 16 34
VaYNCICsYs| 18 33
FODDICLK| 17 32
HREFIVEFRAML 12 LTl
2IRARNIASLNAS
BEICEEICUEE
§=5?F“g 3358
= g *
GE g
2 73

* Note; Cupaes UTVO-UTVT are mor available on the

CVEL20, The inpuls axsociaied with: these
raspective pins are shifl fimctional,

OV8820/0VE120 PIN ASSIGNMENTS

Array Elemanta [CIF) 356 % 262
{QCIF) (176 x 144)
Pheal Size 90x82um
Imags Area 31x 25 mm
Max Frames/Sec Lip ko B0 FPS
bl Ekectronic Up o 500 1
CBARMD P '
¥e Expoaura (for selected FPS)
GEIAM2
RGBS Scan Mode progressive
CE1rY4 Gamma Correction 0.45/,551.0
SHARFIYE
cganre Min Neemfnetion OVBEZ20 - <3 lux @ 1.2
3T [3000K]} OVE120 - = 0.5 i f; 11.2
PWDEPCLE
DOYDD 8/N Ratlo = 48 dit
DaND {Digitsl Camera Ouwtl (AGE = CF, Gamma = 1)
FPN < 0.03% Vp.p
Dark Curmend < 1.2 naiem?
Dynamic Range =72dB
SVDC, $5% (Ansd.)
Fowar Supply VDG or 3.3V0G (DIO)
Power = BOMW Active
Requiremants < J0pvY Stendby
Package 48 pin LGC

Omnivision Technologies, Inc. 930 Thompsen Place Sunnyvale, CA B4088 US.A

Tel (408) TA3-3030 Feon (408) TAZ-3061
e-mall: InfoRovt.com
Wabsite: hitp:/fwww ovt.com

Version 1.4, 13 May 2000




IMNIVISION TECHNOLOGIES, Inc.

NE620/OVE120

SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS

Fable 1. Pin Description

Pin No. MNama Pin Type Function/Dascription [
01 SVDD Vin Array power (+3VDC)
02 RESET Function Chip Reset, active high
(Default = 0)
03 AGCEN Function Autoratic Galn Control (AGC) selection
{Dafault = 0) 07 - Disahle AGC
*1* - Enable AGC
NOTE: This function is disabled when OV562000VE120 sensor is config-
ured in SCCE moda,
04 FREX Function Frame Exposura Conlrol
(Dafault = 0} "0° - Disabhe Frame Exposure Control
*1" - Enable Frame Exposune Control
05 VRCAP2 Ve (2.5V) Asray referance. Connect to ground through 0.1 uF capacior,
06 ASUB Vin Analog subsirate voltage
ar AGND Vi Analag ground
0s AVDD Vi Anglog power supply (+5VDC)
g PAWDN Funciion Power down mode selaction
(Default = 0) 0° - normal mode
“1" - power down mode
10 YrCaP NG Intemal voltags referanca. Connect to ground through 0.1 WF capaciior,
11 VrCAR3 Intermal voltage reference. Connect to graund through 1 pF capacitor.
12 588 Functicn SCCH (Serlal Camera Cantrol Bus) enable selection
(Dafayll = 0) 0" - Enable SCCB
*1* - Enable autoconirol mode
13 YTO 4] Lurninance Composils Signal Output
14 ADVOD Vin Analog power supply (+5VDC)
15 ADGND Vi Analog signal ground
16 VSYNC/CSYS Vo Vertical sync output; At power up, read as CSYS,
17 FODDACLIK {fle] Field |ID FODD output o main check output
18 HREFVSFRAM | 11O HREF output At power up, read as VSFRAM
19 “UN7 B8 o Bit T o U vides componant outpul. Ab power up, sampiad as BA.
* Mote: OQuiput UVT iz mot available on the OVE120 sensor
20 “UNVEABKEN 10 Bit & of U video component output, At power up, sampled as ABKEN.
* Node: Oidpuf UVE (s nof avaiiabie on the OVET20 sensor
21 *UWESMIR 15 Bit 5 of U video componant output. At power up, sampled as MIR.
* Note: Output UVE 18 not avaffable on the OVET20 sensor
22 *Uva WO Bt 4of U video component output,

* Note: This cutput (LV4) is not evailable on the OVE120 sensor




CMNIVISION TECHNOLOGIES, Inc.

Advanced Information
Preliminary

OVE620/fOVE120

SINGLE I1G CMOS COLOR AND B/W DIGITAL CAMERAS

Table 1. Pin Description

13 May 2000

Pin No. Name Pin Type Function/Description
23 “UV3 o Bit 3 of U video component output.
* Wote: This oldput (UV3) s nof avaifable on tha QVET20 sensar
24 LVZMACIF o Bit 2 of U video component outpul. At power up, sampled as QCIF,
* Nota: Oulput UV2 is pof avaflable on the OVE120 sensor
25 "UVAICCESE WO Bit 1 of U video componant autpul. At power up, 2zamplad as CCE58,
* Mote: Quiput LIVT iz not availadle o the OVE120 sansor
26 *LUVOAGAMMA /o] Bit 0 of U video companent output. At power up, sampled as GAMMA.
* Note: Cutput UVO is not avallable on the OVE120 sensor
27 XCLK1 I Crystal diock inpust
28 XCLK2 o Crystal clock output
29 ovDD Vin Digital power supply (+5VDGC)
30 DGND Vi Digital ground
31 DOGND Vin Digital interface output buffer ground
az DoOvVDD Vi Digital intarfacs output buffar power supply (+5VDC)
33 PCLK/PWDB s} 'PCLK output. At power up sampled as PWOS,
24 ¥TICE0 10 Bit 7 of ¥ video componant output, At power up, sampled ag CS0.
o YE&/CS2 18] Bit & of Y video componant autput. At power up, sampled 33 CS2,
a8 Y&/ SHARP 110y Bit & of ¥ video companant. At power up, sampled as SHARP.
ar Y4/C51 O Bit 4 of ¥ vidao component. At powar up, sampled 8z C51
38 Y3IRGE [fa ] Ei 3 of Y video component output. At power up, sampled as RGE.
38 Y2IGEEN I Bit Z of ¥ wideo component output. At power up, sampied a3 G2X.
40 Y1 [I1# Bit 1 of ¥ videa componand output,
41 YO/CBAR o Bit 0 of ¥ video component output. At power up, sampied 25 CEAR.
42 CHSYNG/BW WO CHSYNC output. At power up, sampled as BYY.
43 DEGND Vin Drecoder ground.
|| 44 DEVDD Vi Decader power supply (+5VDC) |1
| 45 SI0-1 I SCCB serial interface clock input 1
48 2100 0] SCCE =zerl interface data input and output.
a7 MULT Function SCCB slave selaction
(Dafault =0) 0" - Select single slave 10
*{" - Enable multiple (8) slaves
48 SGHND Vi Array ground
Version 1.4 3
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. Functional Description

Yote: References o color features do not apply to the OVE120 BEW Digital Image Sensor.)

A1  Overview

iefeming to Figure 1, OVB620/0VE120 CMOS Image
ensor Block Dizgram below, the OVE820 sensor in-
ludes a 356 x 282 resolution image array, an analog
‘gnal processor, dual 8-bit Analog-to-Digital convert-
ra, analog video multiplexer, digital data formatter and
‘deo porl, SCCE interface and registars, digital controls
icdluding timing block, exposure, and black and while
alanca.

The OVES20/0VE120 senszor is a 1M -nch CMOS imag-
ing device. The sensor contains approximataly 101,376
pixals, Its dasign is based on a field integration read-out
systam with line-by-line transfer and an elactronic shut-
ter with & synchronous pixel read out scheme. The calor
filter of the sensor consists of 2 primary color RGIGB ar-
ray arranged in line-altemating fashion,

YT
GAMMA 1 DENB
i ; R
g [k . h—
T= r&eH e
anglog processing b i ]
i E g VT
Gr o ADC B |5
l I ] * Mimee: Ohucpuits EF(To are mov
ure w .i.w availohis om she T8,
column sense amp detec b&eétg‘;:te _lﬁ
b (356x292)
& image
E array |
registers
S
wWB SCCB
video timing penerator EXPOSUrE COntro) sontrol interfope
| S O 3
l PEtK i mtmet\cT MTII AGCEN AL ARETH 15100 588
HEEF VSYNC FREZ  FaIN PROG - IER

Figure 1. OV6620/0VE6120 CMOS Image Sensor Block Diagram
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1.2 Analog Processor Circuits

1.2.1 Overview

The image is captured by the 356 » 202 pixel image ar-
ray and routed to the anslog processing saction whera
the majority of signal processing occurs. Thig block con-
talna the circuitry which performs color separation, ma-
trixing, Automatic Gain Control (AGC). gamma
carrsotion, color correction, color balance, black level
calibration, "knee” smocthing, aperiure comection, and
confrols for picture luminance, chrominance, and anti-
alias Fltering. The analog video signals are based on
the following formula:

Y=058G +0.31R +0.118B
U=R-Y
V= B-Y
wiere R, G B are the squivalent color companaris in
aach pivef.
AYCrCh format is also supported, based on the formula
below:

¥=088G+0.31R +0.118
Cr=0713x(R-Y)
Cb=0584x(8-Y)

The YCrCWRGE Raw Data signal from the analog pro-
cassing section is fed to two on-chip B-bit Analog-to-
Digital (A-to-DY converters: one for the Y/RG channe!
and ona ghared by the CrCH/BG channels. The A-to-D
converted data stream is further conditioned In the digi-
tal formatter. The processed signal is delivered to the
digital video port through the video multiplexer which
routes the user-selected 16-, 8-, or 4-bit video data the
correst output plns.
The on-chip 8-bit A-to-D converters operate at up to 8
MHz, fully synchronous to the pixel rate. Actual conver-
sion rate is set as a function of the frame rate. A-ic-D
Hack-level calibration circuitry ensures the following:

— the bleck level of Y/RGE |s normalized 1o a valus of 16

—the paak white kevel |5 limitad to 240

— CrCh black level is 128

- Peak/Botiom is 24016

— RGE raw data output range is 18/240
(Note: Valires 0 and 255 are reserved for sync flag)

1.2.2 Image Processing

The algorithm used for the electronic exposure control
Is based on the brightness of the full image. The expo-
sure [s oplimized for 2 "normal" scene which assumes
the subject iz well It relative to the background. In situ-
ations where the image is not well lit, the Automatic Ex-
posure Control (AEC) White/Black ratlo may be
adjusted to suit the needs of the application.

Additional on-chip functions include Automatic Gain
Contral (AGC) which provides a paln boost of up to
24dB. \White balance control enables satting of propar
color temparatures and can be programmed for aurtomat-
ic or manual oparation. Separate saturation, brightness,
contrast, and sharpness adjustments allow for further
fine tuning of the picture guality and characteristics. The
OVE620 image sensar also provides control over the
White Balance ratio for Increasing/decreasing the im-
age field Red/Blue component ratio. The sensor pro-
vides a default setting which may be sufficient for many
applications.

1.23 Windowing

The windowlng feature of the OVES20/0VE120 image
sansors allows user-definable window sizing as re-
quired by the application. Window size satting (in pixels)
ranges from 2 x 2 to 356 x 292, ard can be positicned
anywhere inside the 356 x 282 boundary, Note that
madifying window size andfor position does not change
frame or data rate. The OVE820/OVE120 imager alters
the asserfion of the HREF signal to be consistent with
the programmmed horizontal and vertical region. The de-
faulf output window is 352 x 238.

1.2.4 Zoom Video Port (ZV)

The OVBS20/OVE120 image sansor includes a Zoom
Videa (ZV) function that supports standard 2v Port in-
terfaca timing. Signsls available include VYSYNG,
CHSYNC, PCLK and 18-bit data bus: Y[7:0] and
UNMT:0). The rising edge of PCLK clocks data into the
ZV port See Figure 2, Zoom YVideo Port Timing balow.
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¢ Even Fiald 1(FODD=0)
VSYNG f—“‘qr i 1 Odd Field(FODD=1)
i Y

T

) t5 L,If t7
o M\ HE LAV eV Wl
‘"‘rr"l‘t'hﬁ|

Y[7:0] / @@ _________ o)

UVIT:0
v - Valid Data -
Horizontal Timing
VSYNC [ [ L
I
| Tye ' 1Line - Tve '
i el
Y[r:oy ' | - - . :
; ——— T ——————
Vit -
Figure 2. Zoom Video Port Timing
Motes:

1. Zonm Vidso Port fommat owtput signad includes:
VEYNC: Yartical sync pulsa.
HAEF: Hortzontad valid data eulput window,
PCLE: Pixed clock used to cock valid data and CHSYNG milo Zoom ¥ Porl, Default frequency is 8.86MHz when use
17.73MHz as system clock. Rising edge of PCLK |s usad to clock the 16 Bit data.
Y[7:0]: B Bit iuminancs dala bus,
LW[7.0]: 8 Bt chrominance data bug.

2. All iming parameters are grovided in Tebde 13, Zoom Video Port AC Parameters

Version 1.4 13 May 2000
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1.2.5 GQCIF Format

A QCIF mode is avallable for applications where high
resolution image capture Is not required. YWhen pro-
grammed in this mode, the pixel rate is reduced by one-
half. Default rasolution is 176 x 144 pixels and can ba
user-programmed for other resolutions. Refer to Table
7. QCIF Digital Qutput Format (YUY, beginning of line)
and Tabla & QCIF Digital Output Format (RGGB Raw Da-
ta, Beginning of Ling) for further information.

1.2.8 Video Dutput

The video output port of the OVE620/0VE120 image
sensors provides a number of outpui format/standard
options to sult many different application requirements.
Table 2. Digltal Qutput Formats, below, indicates the
output formats available. These formats are user pro-
grammable through the SCCB interface (See Saction
3.1 SCCB Bus Protocal Format).

The OVB620/0Y6120 imager supperts both CCIRG01
and CCIRGS56 cutput formats in the following cenfigura-
tions {(See Table 3. 4:2:2 16-bit Format for furthar de-

talls):

— 16-bit, 4:2:2 format
{Thie mode compliss with the BO/E0 He COIREDT -
ing standard. Sea Table 3 422 18-bit Fovmmat De-
fow]

- B-bit data moda
{Ir this maode, vidso informalion ia culput in Ch ¥ Cr
Y ardar usimg the Y port only and runining &l wica the
pixal rete durimg which the UV port s nactive, See
Tabie 4. 4:2:2 8-bit Formal befow]

= 4-bit nibble moda

{in the nibbie mods, video oulput deds appoars st bils
¥Yd-¥7, The clock rate for e oulput amne af fwien tha
normad cutpul spesd wihen in B4 mode, and 4 imes
the normal culpul speed in when i color mode. )

— 704 x 288 format

{When programmed for g mods, the OVEE20/
OVET20 pived cock is ooubled and the wdso outpul
saquence Is YOYOYTY! . and UUOVOVD .. Ses
Figure 3, Fixel Data Bus YUV Oulped), balow.}

The OVEG20/OVE120 imaging devices provide VEYNC,
HREF, PCLK, FODD, CHSYNC as standard output vid-

a0 timing slgnals.

The OVE820/0Y8120 image sensor can alsoc be pro-
grammed to provide video output in RGE Raw Data 156-
bit/E-bit/d-bi format. The oulput sequence is matched to
the OWVBE20 Color Filter Pattern (See Section Figure 4.
Pixel Data Bus {(RGB Oulput), balow):

~Y channe! outpurt sequence is GRGR
- UV channel output sequence isBGB G

For B-bit RGB Raw Data video cutput appears onthe Y
channel {with an output saquence of B G R G) and the
LW shannel is disabled,

In RGB Raw Data CCIRESS modes, the QOV&B20/
OVE120 imager assarts SAY (Start of Active Videa} ang
EAN (End of Active Video) 1o indicate the beginning and
the ending of HREF window. As a result, SAV and EAV
change with the active pixel window. The 8-bit RGE raw
data is also acce=sible without SAV and EAY informa-
tion.
The OVE620/0VE120 imagers offer flexibliity In YUY
output format. The devices may be programmed as
standard YUV 4:2:2, These devices may ba configured
io "swap” the U V saquencea. Whan swapped, the UV
channel output format for 16-bit coifigurations be-
comes:

-VUWVLU. et
and for 8-bit configurations becomes:

-¥YUY et

A third format is avallable for the 8-bit configurations
and OVEE20/0VE120 enables the YAV sequence
swap:

=YUYWV _etc

The OWVEE&20 color single-IC camera ¢can be configured
for use as a black and white imaging device. In this
mede, vertical resolution is greater than [n color. Video
data output is provided atthe Y port (pins 34:41) and the
Uy port is tri-stated. The data (Y/RGB) ouiput rate is
equivalent to operating in 16-bit mode.

The YN or RGE cutput byte MSE and LSE can be ra-
verse-ordered on the OWVBE2HOVE120 device, Tha Y7
= Y0 default saquencea sats Y7 a& MSB and ¥{ as LSB.
Programming a reverse onder configuration sets Y7 as
LSE and YO is MSB, with bits ¥2-Y& reversed-ordered

appropriately.

13 May 2000
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Table 2. Digital Owtput Formats

| Resolution Pixel Clock 352 x 288 704 x 288 176 x 144
YUy 16-bit ¥ X _-T
432 B=bkt ¥ ¥ b
COIRGSE ¥ ¥ ¥
Nibble ¥ Y Y

RGB 18-bit ¥ 5 4 ¥
B=bil T Y Y
CCIRESE! Y X L
Mibble T h ¥

Y 18-hit

awap? B-tit ¥ Y Y

Y YA L ¥ Y

WA RGEY Y ¥ Y

Y3 18-bit ¥ W: ¥
8=hit

Ona 15-bit Y

Lme kit

MSENLSE swap® ¥ L ¥

Notes:

v lndicatas modesbombination /s supporfed by OVEE20H0OVET20,)
1. Wvhen In RGE CCIRGSE format, oulpul is 8 bits. SAW and EAV ara inseriad at tha baginning and amding of
HREF, which synchronlze the acquisition of Veync and Heync, In thie format. an 8-bil dats bus configuration
(without WSYNC and CHSYNC) may be used,
2, YV swap is valid only In B-bit mode. Y channel output sequence isY U Y V...
3, In YUV fiomat, LA ewap maans LY channel oulpet sequence swap. Y UV U for 166 VY U Y .. for S8-bdt.
4. n RGB format, U swap means nefghbor row B R cutput saquence swap. Refer o
RGE raw data output formal for further dedads

Varsion 1.4
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Tahla 3. 4:2:2 16-hit Format

|

13 May 2000

Data Bus Pixal Byte Saguence

Y7 v [vw (v |w [v [w

Y6 Y& Y& o YB b (-1 Y&

Y5 5 5 Yo Y5 Y5 Y5

4 v ya | v e | 4 4

¥3 Y3 Y2 ¥a ¥a Y3 ¥

¥2 Y2 ¥2 Y2 ¥2 Y2 ¥2

Y1 1 i Y1 Y1 Y1 1

o Yo ¥ ¥ Yo ¥l Yo

T ur VT ur VT U7 \'r)

e Lig L Lig Wi LiE VB

uws U5 V5 (45 V5 Us Wi

Lrv4 U4 Va U4 Va4 L4 W4

U3 a V3 L3 Vi U3 W1

iz uz vz Uz wa (1] va

e 1 Vi n Vi Ut Ll

o Lg ¥l L ¥ L Vi

¥ FRAME 4] 1 ' a3 4 5

U FRAME 0 4

Table 4. 4:2:2 B-bit Format
Data Bus Pixel Byte Saquancs
¥7 ¥ ¥7 VT Y7 uz Y7 VT ¥7
Y6 ue ¥5 Wi Y6 11 (] V& Y&
¥5 U5 Y5 V& ¥5 Us Y& VA Y&
T4 e | ve 4 T4 U4 Y4 v 7
¥3 L3 Y3 V3 ¥a 3 ¥a V3 Y3
¥2 L2 Y2 W2 Y2 Uz 2 W2 ¥2
¥ U1 Y1 Wi ¥1 g ¥1 W ¥1
o L Yo Vo Yo uo YO Vi i
¥ FRAME o 3
LV FRAME 01 23
Version 1.4 a
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U L N B L

4
‘ repeat for all data bytes

Pixel Data 16-bit Timing
{PCLK rising edge latches data bus)

1 Tﬁlk 1

o\ (LFL/WJTTWJW M
LewTsu
y

HREF r } 'L"\TM_
vor 1o Jeo o fb N v [ v){ vf ko))

|

-
i repeat for all data bytes

Pixel Data 8-bit Timing
{(PCLK rsing edge latches data bus)

Mote: T 15 phoel clock period, Ywhen the OVEGZ0 system clock I8 17.73 MHZ, Ta = 112 ns for 16-Dit
ouput; Ty, = 56 ns for 8-bit output. Ty, is HREF sat-up ima, maximwm is 15 ns; Ty, I5 HREF hald time,

rIrAxiTmn is 15 na.

Figure 3. Pixel Data Bus {YUV Quiput)
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. Te .
PCLK T
T.. L4 :
HREF : / W
;

— L( 10 X G R 1nm)

UVI7:0] < 10 B X G 10 >

repeat for all data byles

Pixad Data 16-bit Timing
PCLK rising edge latches data bus

e\ AL "ulm
oo T BN

HREF | /!

i
Y[7:0] {1GI1E(EXG){EKG}TDX1=D)

L
r

" repeat for all data bytes |

Pixel Data 8-bit Timing
PCLK rizing edge latches data bus

Mote: Ty is pixef clock pariod. Whan the OWVBS20 systerm olock is 17 73MHz, Ty, = 112ns for 15-bit
aufput, Tg, = 56ns for S-bit output. T, i3 HREF set-up time, maximum is 15 ng; Tyy & HEEF mobd time,
masimum is 15 ns,

Figure 4. Pixel Data Bus (RGB Output)
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SB/LSB swap meana: Default Y/UY channel output port relationship is:

‘able 5. Default Qutput Sequance

MSB LSB
Jutput Port vi  |[ve Jvs [v4& [vs [v2 [vi [vo
nternal Output data | Y7 i Y5 4 Y3 2 bl Yo
the device is programmed for data swap, the sequence is changed to:
able 6. Swapped MEBE/LSEB Qutput Sequence

MSB LSB |
dutput Port b Y6 Y5 Y4 Y3 ¥2 Y1 YO
rntemal Output data | YO Y1 Y2 ¥a Y4 Y5 b ] Y7
able T. QCIF Digital Output Format (YUV, beginning of line)
Pixel# | 1 2 | 3 4 5 6 7 8
{ YO Y1 Y2 Y3 ¥4 Y5 Y& YT
4 ugvo 1w L2 V2 L3 V3 U4 v4 s VE Us Ve Ur w7

channel output Y2 Y3 Y8 Y7 Y10 Y11 .

- UV enannel output U2 V3 UE V7 LMD V11 .

= Every iina output data numbper is haif{ 176 pixels) and onty
one half line data (every other line, total 144 line) in cne

frame will be output.
able 8, QCIF Digital Output Format (RGB Raw Dats, Baginning of Line}

Jixel # 1 2 3 4 5 6 7 8
ine1 | BO G1 B2 G3 B4 G5 B6 G7
inez | GO R1 G2 R3 G4 RS G6 R7

1. Default RGB two line cutput mods:

~% channel cutput G0 R1 34 R5 GARY .,

=LV channel cutput BO G1 B4 G5 BAGY .

— Every lina output half datal178 pixels) and all
line{ 144 line) data in one frame will be output,

Y& two line output mode:
=Y ¢channal output GO R1 G4 RE GB RS ...
— LIV channel output BO G1 B4 G5 B8 G2 ...
- Every ine outputs half data {176 pixels) and all ine
{144 line) data in one frama will ba oulput.

3. QCIF Resclution Digltal Output Farmat
- ¥ channel output Y2 Y3 Y& Y7 Y10 Y11 .
— LV channel cutput U2 V3 US VT U1 V1
— Every line outpud data number is half (178 pixels)
and only one half line data (every other line, total
144 fine) in one frame will be output.

Version 1.4 13 May 2000
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Table 8. RGB Raw Data Format

RC | 1 2 | 3 | 4 . | 353 | 354 | 355 | 356
1 By Gyz Bya Gy B G B G
2 Gsy R G5 | R G R G R
3 Byy B ||iBa 8 B e B G
4 Gy Rez Gys Ry G R G R
8 . E_'S‘I-"r i G!i‘ BSE G!ﬂ- ] B G i B o G
w8 | B G B G B G B G
280 G R G R ] G R G R
291 B G B G ' B G B G
w2 |6 R G R & |rR |G |r

Noles:

A, Y port autput dala sequence: GRGRGR ..arG GG & .. ) UV port outpud data sequence. BGBGBG .. . orBRBR .2
Array Color Flier Patter s Bayer-Pattemn
8. Qutput Modes
H-bit Format (HREF total 292)
Dretaul mode:
= 18t HREF ¥ channel cutput unstable data, LY cutgl Byq G4z Bys Gag -
— 2nd HREF ¥ channel outpiet Goy Aoy Gos Ry ., UV output By Gag By Gy o
—ard HREF Y charme! outpul Gy R Gz Aoy .o WY oulpul Bay Gy By Gay e
— Every lIne of data is output twics.
Y5 mode:
—jst HREF ¥ and UV owtpul unsiable data.
— 2mnd HREF Y channel output Ggy Gyg Gyy Gy -, LV outpul Byy Ryy Byg Ry .
= 3rd HREF ¥ I8 Gyy Gay Gy Gigy -, LV channal is By Ry Bag Ryy
— Every ling data autpul twice,
Cine line mode:;
— 151 HREF ¥ channel output B,y Gy Byy Gy .\
— 2nd HREF Y channa! outpat Gyy Rog Gos Rog ..,
—U¥ channe bri-state,
G-l Formet {HREF iotal 282}
— 18t HREF Y chainnal output unstable daka,

= 2nd HREF ¥ channel output B17 G271 R22 G1Z ...
— 3rd HREF ¥ channel oulput 831 G21 R22 &G32 ..., etc.
= PCLEK fiming is double and PCLEK feing adge {atch data bus. LY channel tr-state, Every lne data output twice.

d4-hit Mibble Mode Oulput Formel
— Uses higher 4 bits of Y port (¥'[7 4] as outpul port,
- Eupports YOrCH/RGE data, CCIRBI/CCIRGSS timing, ColorBaw,
— Dutput sequencs: High ordar 4 bits foliowed by bowar order 4 bits
Yih YO YA YAl
Lhah LAl A W0
For BAV or one-line RGE raw data, the output data clock speed i doutled. For color Y10, output clock §s four times that of the 18-kt output
data. In color mode, sensor must be set to 8-bit mode, and the nibble Uming, clock divided by 2.

= Qutput sequence; UDh LI YO Y00 vih va v ih Y11 ..

12 May 2000 Verzion 1.4 13
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2.7 Slave Mode Operation

‘e OVEEZ0MOVE1 20 sensors can be programmable to
perate in slave mode configuration (COMIG] = 1, de-
ault is master mode). HEYNC and VSYNC output sig-
als ars provided,

hen usad as a slave device, the external master must
rovide the OWVEB20/0VE120 imager with the following:

1. Systermn chock CLK 1o XCLK1 pin;

2. Horizontal sync, Hsync, to CHSYNC pin, positive
assartion;

2, Vertical frame sync, Vaync, to VSYNC pin,
positive assartion

Men in slave mode, the OVBE2ZIFOVE120 tri-states
HSYNC (pin 42) and VEYNC {pin 16) output pins,
hich may then be used as input pins. Te synchronize
witiple devices, the OVES20/0VE120 image sensors
se external aystem clock, CLK, to synchronkre extemal
orizontal syne, HSYNC, which is then used to synchro-
ze external vertical frame sync, Vsyne. See Figure 5,
lave Mode External Sync Timing for fiming consider-
fions.

2.8 Frame Exposure Mode

qe OVBE20/0VE120 sensors support frame exposure
iode when programmed for Progressive Scan. FREX
in 4) is asserted by an external master device to set
cposure time. When FREX = 1, the OVEE2/OVE120
xal amay will be quickly precharged. Basad on the ax-
mal master's aszertion of FREX, the OVEE20/OVE120
avices capiure the image. When the master de-asserts
EX (FREX = 0}, the video output data stream Is deliv-
‘ed to the OVES20/0VE120 outpurt portin a Hine-by-line
anner.

should be noted that FREX must remain active long
1ough to ensure the complete image amay has been
echarged.

hen data is belng output from the OVEB20MOYE120
lage sensor, care must be taken so as not to expose
e image array to light. This may affect the integrity of
8 imagea data captured. A mechanical shuttar synchro-
zed with the frame axposure rate can be used to min-
lize this situation. Frame exposure mode timing is
own [n Sectlon Flgure 6. Frame Exposure Timing be-
W,

2.9 Reset

18 OVEB20MOVE120 image sensors include a RESET
n (pin 2) which forces a complete hardware resat when

pulled high (Vo). When a hardware reset occurs, the
OVEE20/0VEB120 sensor clears all registers or seta
them to their default values. Reset may also be iniliated
through the SCCEB nterface,

1.2.10 Power Down Mode

Two methods sre available for placing the OVE820!
OVE120 devices fnto power-down mode: hardware pow-
er down and SCCB/software powear down,

To initiate hardware power down the PWDN pin (pin 8)
must be tied to high (+SVDC), When this occurs, the
OVES20/0vE120 internal device clock is halted and all
internal registers {except SCCBH reglsters) are resel. In
this mode, current draw is less than 10uA,

Executing & software powsr down through the SCCB in-
terface suspends ntemal circuit activity, but does hall
the device ciock. In this mode, curent regquiremeants
drop to less than 1mA.

1.2.11 Configuring tha OV6620/0VE120 Image
Sensors

Two methods are provided for configuring the OVEE20/
OVB120 ICs for specific application requirements,

At power up, the OVEE20/OVE1 20 sensors read the sta-
tus of certain pins to determine what, if any, power up
default settings are requested. COnce the reading of the
axtemal pins iz complated, the davice configuras its in-
ternal registers according to the specified pins. Not all
device functions are available for configuration through
axtamal pin.

A more flexible and comprehensive method for configur-
ing the OVBE20/OVE120 I1Cs is to use its on-chip SCCE
register programming capability. The SCCE interface
provides access to all of the device's programmable In-
termal registers. See Saction 3.1 SCCB Bus for further
details about using the SCCEB interface on tha OVBE20/
OVE120 camera device.

Version 1.4
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| | TB"{
7 S 1 I o SR SER SRR 1 o SR - S A L
Ths
Hsyne __| it W e sl = s
I |
1 line=472* idk
Vsync i ]
| | T
L i

I 1frame = 625" 472 * Ty

Notes:
LT ® B Ty (2} T2 Tog <472 T,

. Heync period |s 472 * GLK

3. Veyne pariod is 825 ° 472 *CLK

4, OvBGz0 will be stable after 1 frame. (2nd Vsync).

Figure 5. Slave Mode External Sync Timing
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Teet Mechanical shutter off
FREX - - ecnanica Utler h-i
o= e Tip Tii. |

HSYNG JLLlL {_ ________ s ML;JL

|_.._ Prechgpe begin at nising edge of HSYNC
|
I

ARRAY |:|.¢_-,., Array Exposure Perod T,
PRECHARGE . o
ﬂrrgy Precha(ga 1 Frame (282 line)
DATA FRISE T i S _-{

QUTPUT Invalid Data )!l' i }q}[_): Elack Data
|
o= Haad of Valid data MNext Frame

Tpg (B line) —'-]
VEYNC [ B

HREF (5 | —— [ —

Mote: T, & 302° 4 * Ty, Ty, is intemal plust period. For defaull 17.73 MHz, Ty =112 s, F CLKE0] 2ot 10 dividad nuambes. T, wi
Incraese sccordngly.

T,. '8 amay axposura wme which 15 decded by extermal master device.

Ty 18 wiceddain fme due b vsing HEYNC dsing edge symchrorize FREX, Ty, < T,

Aflar FREX=0, fhene ane B Une dads oulpet befone vikd dats oldoat. Ty =4 4 Ty, Walid dada i output when HRE

Toat = Tin # T+ T Ty ® T # Ty Bbimblann Ty i uncertaing S0 avposars tima setting resolution is T, {one ina).

Figure 6. Frame Exposure Timing
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Nermalized Spectrum Responss

08+ IR on Sensor
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VE620/0vB120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS

Electrical Characteristics

Table 10. DC Characteristics {0°C < TA < 85°C, Voltages referenced to GND}

Symbol Descriptions Hu_l_ Typ Min Unita

Supply N S

Vo1 Supply voltage- intemal anafog 525 50 4.75 Y
(DEVDDADVDDAVDD,SVDD ACVDD,DVDL)

Vooz Supply voltage - Intemnal digital &output digitai 3.5 50 4.5 v
(DOVDD) 3.6 3.3 3.0 v

lood Supply Current (@ 50Hz frame rate & 5 volt digi- 40 - - mh
tal If0,25pf + 1TTL load on 18 bit data bus)

lops Standby supply cument 10 5 T U

Digital Inputs

VL input voltaga LOW 0.8 - - v

Vin input voltags HIGH - = I 20 V

Cin input capacitor 10 - l - pF

Digital Quiputs - standard load 25pf, 1.2k} to 3 .Owvolts

Vou outpuit voltage HIGH = 3 2.4

Vil output voltage LOW 0.6 B 7 v

SCCE Inputs -

ViL SI0-0 and S10-1 Mpp=5V) 1.5 0 -0.5 v

Vig 810-0 and S10-1 (Vppz=5V) Vg + .5 5 3.0 v

Wil 510-0 and 510-1 (Vppe=3V) 1 0 -0.5 v

WViH SO0 and 510-1 (V=3V} 3.5 3 25 W
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OVBE20/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS

Table 11. AC Charactaristics (T,=25°C; vdd=5v)

Symbol Descriptions Max |: Typ Min Units

RGBNYCCH output

lso maximum soursing current 15 A
D¢ level at zero signal 1.2 W

Vy Y peak-peak 100% amplitude {(without sync) 1 W
sync amplitude 0.4 LY

ADC parametsrs

=] analog bandwidth MHz

Ddiff

DLE DC differential linearity error 0.5 LSB

ILE DC integral linearity eror 1 LB

Table 12, Timing Characterizsfics

Symbol Descriptions Max Typ Min Uniits
Osclllator & Clock In
fose frequency (XCLK1 XCLK2) a0 17.734 10 MHz
bk clock input rise/fall time 5 I
clock input duty cycls 55 50 45 %
SCCE timing{400kbitis)
taur Bus free tims between STOP & START z : 13 ms
thosaT | S10-1 change after START status - - 0.6 1S
Yiow S10-1 low period - - 1.3 1.3
tHicH 810-1 high period - - 0.6 s
tunoar | Data hold fime 2 : 0 Ls
tsu-par Data set-up time = e 0.1 ps
teugTr Set-Up time for STOP status - - ! 0.5 | s
Digital timing
Lk PCLK cycte time \ \ | l
16 bit operation ! - l - 112 | ns
B bit operation J | ‘ 56 | ns
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V6620/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS

Table 12. Timing Characteristics

Symbol Descriptions Max | Typ Min ] Units
PCLK risa/fall time - 15 - | - ns

bod PCLK ta data valid 15 = . ne

tord | PCLK to HREF delay 20 | 10 | s l ns

Table 13. Zoom Yidea Port AC Parametars

Symbo Parameter Min. Max. J

| t1 S PCLK fall irning 4nz 8 ns

2 FPCLK low tima 50 ns

t3 PCLK rise time 4ns B ns

4 PCLK high time 50 ns

5 PCLK pericd 108 ns

i3] YAUVHREF setup time 10 ns

tr ¥IUVHREF hoid time 20 ns B

18 VSYNC setupihoid time“t_u HREF 1us

Wibed:

. In intedaced Mode, there are Even/Odd field differant (18], \When In Progressive Scan Mode, only frame (ming same &5
Even field(t8),

2. After WSYNC faling adge, CWEGZ0 will ouiput black reference lavel, the line numbsr 8 T,,,. which iz the fing numbar ba-
twean the 1st HREF rising edge after VBYNG faling edge end 1st valid deta CHSYNC rsing edge. Then valid data, then
bleck reference, lina number ks T,,, which i tha line number batween laet valid data CHEYNG rising edge and 15t
CHSYNG rising edge after VSYNG rising edge, The black reference output Bne number |s dependeant an vartical window
safting.

. When i defailt setting, Tp = 14 = Ty, which is changed wilh regieter VS[T:0). VS[T.0] step equal to 1 line,

4. Whan in default setting, T, = 4 * Tg,, for Odd Fleld, T,, =3 * T, for Even Field, which is changed with register VE[7:0].

VE[V.0f step equal to 1 line.

(5]
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OVB620/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS
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3. SCCBBus registor to Vpp. VWWhen the SCCE capability is enabled

(SBE = 1), the OVEE2D/OVE120 imager operates as a
slave device that supports up to 400 kbps serlal trans-
for rate using & 7-bit address/data transfer protocol
Therefare, the OWVBE20/OVE120 sensor takes the read

Many of the functions and canfiguration registers in the
OVEE20/0VE120 Imagse sensors are available through
the SCCB interface. The SCCB port is enabled by
asserting the SBB line {pin 12) through a 10K ohm

subaddress from the previous write cycle. In mulfi-byte write or multi-byte read cycles, the subaddress is automati-
cally increment after the first data byte so that continuous locations can be accessed in one bus cyele. A multi-byte
cycle overwrites ts onginal subaddress, therefore, If a read cycle Immediately follows 2 multi-byte eyels, you must
Insert a single byte wiite cycle that provides a new subaddress..

31 SCCH Bus Protocol Format
Within each byte, MSH is always transferred first. Read/write control bit is the LSE of the first byte.
The protocol that S10-0 remain stable during the HIGH period of the SI0-1, Each bitis allowed to change state only

when S10-1 Is LOW. The OV8620/0V6120 SCCB supports multi-byte write and multi-byte read. The master must
supply the subaddress. in the write cycla, but not in the read cycle.

Therefore, the OVBE20/0VE120 sensor takes the read subaddress from the previous write cycle, In multi-byte write
of multi-byte read cycles, the subaddress ls automatically incremant after the first data byte so that continuous
locations can be accessed in one bus cycle. A mulb-byte cycle overwrites its original subaddress; therafore, if a
read cycle immediately follows a multi-byte cycla, you must ingert a single byte write cycle that provides 3 new sub-
address,

The OVG520/0VE120 imager can be programmed to one-of-eight slave ID addresses. Function pins CS[2:0] pins
35, 37, 34, raspectively).

Table 15. Slave |0 Addreasas

Cs[2:0] 000 001 010 011 100 101 110 11
WRITEID (hex) | ©D c4 c8 ce DO D4 D8 DeC
READID (hex) | €A c5 co cD D1 D5 D9 7]

The GVE620/0VE120 sensors support both single chip and multiple chip configurations. By asserting MULT (pin 47}
high, the sensor can be programmed for up to 8 slave ID addreszes. Asserting MULT low configures the OVB620/
OVE120 imagera for single 1D slave address with address CO for writes and address C1 for reads. MULT is Intemally

defaulted to a low condition.

In the write cycle, the second byte in SCCB bus is the subaddress for selecting the individual on-chip registers, and
the third byte is the data associated with this register. Viriting to unimplemented subaddrass is ignored. In the read
cycla, the second byie is the data associated with the previous stored subaddress. Reading of unimplemented sub-

address returns unknown.
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Array Cemtar
/nn,a mil, 13.2 mil)
(276.% pm, 335.3 pm)
/ AT !
By
:-_:-:_= BeTasT
| Ay
Package Cantor ~ | 5
0, ") T, MR
N /
Figure 7. OVB620/0V6120 Fackage Outline
ble 14, Ordering Information
it Number Description Package
VEB20 COLOR Image Sensor, CIF, Digital, SCCB Bus Control 48 pin LCC
VG120 B Image Sensor, CIF, Digitat, SCCE Bus Controt 48 pin LCC

nivigion Technoblogles, Inc, resenvas tha right to make changes: without ferther notics 10 any product herait o improve reliabikty, unclion, or
ign, CrmniVision Technologies, Inc, does not assume any [kebaity arising out of the application or use of any product or circwlt described harain;
her does [l convey any licensa under its patent rights nor the dghts of others. Mo pard of this publication may be copied or reproduced, in &y
1. without the prior wiitten congent of Omnivision Technologias, Inc.
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Preliminary

VE620/0VE120

SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS

2 Register Set

1& table below provides a list and description of avall-
e SCCB registers contained in the OV8G20/0VE120
\ags sensor.

Tahle 16, SCCB Registers

iubad-

Iresn Ragister

hax)

Defauti
(hax)

Deacriptions

Gisin[8:0]

R

ATEC C3aln Comnol
GC{TB| - uriimplesmenied bit, relurms X" when read,
G50 = Storage for the cumnl AGC Galn setling,

This register is updated

auicmateally. If AGC e snsbiad, the mtamal contrel Ao the optimal
gain value |n This register, IF AGC is not enabled, s 007 s stoned in this regisiar.

Biea[7-0]

Biue Gain Control
BLLUT] - "0 decraass gain, *17 indoess Gain.
BLLYE:0] — bivs channel gain bafance value,

Meiw: This functlon |a not svaiabls on the DVE120 image Sensar,

Fad Gain Cantrol
RED[7] "0 decrease gain, *1* incressa gain_
FRED{H;0] - red channel balance value.

Mote: Tidds functon ig nol avafable on the OVE120 imege Senscor,

k-

ress Ragkstor

1ex)

Raadl
Write

Descriptions

Sgturation Controd
SAT[T. - esluration sdiustmenl. "FFh"- highest, “00h™howesl

Mote: This funclion is not evailable on the OVE 120 imags Sansce.

resansed

Leoninast Costrd
CTR[7:0] = contrast admdment. "FFh™highest. *00h"Jowest

(1}

Brighiness Comm
__BRTIT:0] - brightniass sdjustment. "FFh™-highest, 00N -toweat

Comral
SHP[T.4] = Threshold of shapnesa Rengs: d-80my, Sep: 5my
SHP{1.0] - Sharpnees contral_ Ranga: 8 ~ 8, Seep: 5,5

rasanEd

(L

Pty

M | g e

sudd o el sl o EE

regerved

AWE - Blue

8

White Balance Background Blue Channe
ABLLIT 6] - ravd
ABLLYS] - Slgr bit.
0" - decrease background Biue componsn]
°1° = inoreese backgound bua
ABLLI4:0] - White balace blus ratio adjustmen

Note: This function la not Bvedatde on the OV 120 Imags Sansor.
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Subad-
dross
(rax)

Reglatar

Dofault
{hex}

Readf
Write

Descriptions

o]E]

‘White Balanca Backaround: Rad Channe
ARED[7:6] - rewd
ARED{S] - Sign bit
I = dectease backgrownd red compoment

Subad-
dreas

Raglster

Default
{hex)

Read'
Writa

T =1
Aﬂul_'d.l:li - Whita balancs red il adusiment

Mota: |iq } anclion is vod avaifable on the OY8120 Imeges Sansor.

0E

COMR

Camman Contrel R
COMRET) - Anaioy signal 2x gain eontrol Bit, *17 - Additional 2x gain, 20" - nomnel
COMRIE;D] - Reserved

Subad-
dresa
{hax)

Dafault
{hax}

Descriptions

Common Conirdl 3

COMS[T:6] - Fessrad
COMS{5:4] - Black expanding level

007 - 1.2V, 017 - 128V, 107 - 1.3, 1T - 1Y
COMET3:Z) - Sed high threshold fevel

TO0 - 1B, DT 20V, T107 - 21, T11T- 2.
COMS[1:0] - Sat fow threshold hevel

00* - 4.3Y, 017 1 4B, "10° - 15 19T 18y

Subad-
dreas
{hex)

Reglstar

{hex)

Rend!
Wiite

Dascriptions

AEC

FARDIENT EApoaiirs LoVt

AEC[T:0| - St avposyuns tima
Imbaetaced: Ty = Ty, ¥ AECI O]
Progreaslve. Ty, = T, s AECF 0] x 2

CLKRG

Clock Rala Conirel
CLHRCTT: 5] = Gync outpat polarity sslachon
AHF - HEYMC=Neg, CHEYMNC=Neg, Y5YNC=Fos
01" - HEYMC=heg, CHEYMC=Nag, ¥5YMNCakeg
10" - HEYMC=Pos, CHEYMNC=Mag, VEYNC=TFos
11" - HSYMC=Pos, CHEYNO=Pos, VEYNC=Pos

-] = Glock prescaler
CLK = IELK_mIin | {ICLKRCIE:M + 1) x 2100 2

12

Gommon Conlnal A
COMA[T] - 3RST, “1" inltistas sofl resst. nittale soft resst. All registers are & 1 defautt val-
ues. ard chip e resst to known sete and resumes normal aparation. Thie bit e autaradically
claped after nesat

GOMAJS] -
COMAJA) - Diglal sUiput farmal, "17 sslsde BRE YUY VY LIV Y

3] - Seledt video data oulput: 4" - sclect RGE, *07 - select YCrb
COMALZ] - Auto White Beiance *1° - Enabie AWS, "0 - Disable 48
COMA[1] = Color Bar Test Patiam; 17 - Enabhe color bar test pattern
COMAL] - neserimd

Mote: COMA[3] is not programmaiile on the OVE420 Image Senaor.
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/B620/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS
ubad- ] =
Default | Read)
x;- Regintar 1) Wiita Dereriptiomnms
Commen Comtnol B

COMEILT] - msanved

COMBLE] - reserved

COME[S] - Select data format, 17 - Select &bt format, YACrChand RGE |8 muttiplessd to 3-bit
vﬁjwmm Inkatanad, 0" - Select 18-bdl Format

[ COoMS o1 B COMEE4] - “17 - anable digiel output in CCIRESE format

COMB{S] - CHSYNC oulput: 17 - Horizontal sync, *0° - composte ayne

COMB[2] - “17 - Tristate ¥ and LY blsses, 07 - anable boih bussss

COMB{] - *17 - indlade single frame transfer

COMB[R] - "1° - Enmble aino sdjus mods

Miote: COMB[S] |2 ned programmabis o fhe OVE120 lmags Sensor.

Gommon Gontrol G

COMCT] - resermd

COMCEE] - reserved

COMCES] - GUIF digial oyiaul format selection. 1 - 176144, © - 352x26E,

W COMCT4] - FlakdFrarme vertical syne output ic VSYNC port sslection: 1 - frame syne coly
Q0D fald vartical syic; O - Fiekd varical syne, efesd In Interlacsd moda
HREF palaity ssledion; 0 - HREF posiive sffectve, 1 - HREF negaive,

t&ﬂﬁ%% Wﬁmm:rn 1= RSB Garnma on ; - gamma la 1.

CURMGLT] - reserved

COMCIC] - resaned

Commion Contol O

COMAD{T] - resanved bil.

COMDS] - PCLK polartty selaciion. “0" OVBEXD ouipul date st PCLE falling edge and dats bus
will b stabla at PCLK rlang adga; *1* rlaing sdpe culput data and stable at PCLK faliing
acipe 'Whan CVES20 work a8 CCIRGSE formal, COMBA=1, this bil is disable and should

COome o R usa PCLK rising adge laich data bua

COMOYE] - resarved bil.

COMOUG] - U W digital sutpud seguense exchangs control. 1 - LV UV . for 1608, U Y VY,
for B-bit: O -V LFV LD, For (6B and VY LY . for 8 Bib

Mote: COMDIO] is not pregrammable on the OVE120 Image Sanaor.
Fleld Siol Do

FSO{7:2] - Fiskd intarval seiection, Cod Even mode defined by FO{1:0]
000000 - dhasive digltal data output, only oUpA Black reference ewvel_
000001 - divide 1 2 slots, HREF is adive one in esvery 2 flaldframa
0000710 - divide o 4 siots, HREF s aclive one In every 4 Raldframs
CO0100 - dhvide to B siots, HAEF 8 Boive ons n every & isldfrarms
(6 {00 - arvide 1o 16 siols, HREF Is active one in every 18 feldframe
S0 m AW 010000 - divide 15 32 slete, HREF |8 achve ona in sy 32 heldframe
100000 - divida o B4 sz, HREF is sctive one in every G4fisidframe
FSD{1:0F feid mode melaction, Each rame consists of two fislds: Oad & Even, thess bis
ciedings (e Rassion of HREF in nafstion to ihe taeo Seids.
00 - OFF rmdde; HREF |& fiol sksarted n Both Raldd, ahd dac2pbiof iz the Single fame
tranafer oparation (see (ha descriplion for the: register 13)
1 - QOO mode; HREF ta assanad in odd feid andy,
10 - EVEN moda; HREF is assarbad in even fiald only.
41 - FRAME mods; HREF i aessriad b et cedd Teld and sven Held. FOTT-2) rssbeess.

Homrontal HREF Start
HE[T0] - salacty the shanting poiv of HREF window, aach LSB reprasants two pivls or CIF
resolution made, one piels For QCIF resalution mode, this walue is set besed on an intemal
HREFST 35 W column couniar, e dalaull value cormesponds o 357 horizontal window, Mad mum window
BizA i1 356. S8 window oesciption beow. HS[7.0] progrsmmsthe rangs i [385 [E8], and
shoudd leas than HE[7:0). HE{7:0] shouid ba pmqrarrmabla bs vaiue langer than o squai ta
[38]. Vaiue isger than [EC] |e imalid, See window description baiow,

Morzorial HREF End
HE[T:0] - salects the ending point of HREF windaw, each LEB mpressnis lwa plels for full
HREFEMD EA AW resofution and one picels for QU resolution, this walue is set based on an Inbemal colurmn
couriar, ihe defaull value corresponds 10 1he Msl aveilable pood. The HE[T.0]
progratrnable randge = [35] - [EC]. HET:0] should ba lampar than HS[7:0f and I=as then or
el 1o [EC], Viaslua large: than [EC] is ivaid, See window description befow.
Verticel Line Sant
VETRT 03 R W5S[T.0] - selects the starting row of vartical window, in full resckdion mode, sach LEE
represants 1 scan line in one frame. soa window descriplion bolow. Min. ks [03], mac (s (23]
and should sess than VE[T:0].

Werbical Line End

VEMD 42 o WE[T O s=tects (e apding row of verficel window, in full rescution mode, sadn LS8
nepresens 1 scan lnee in one rame, see window SeERpIon béicw, MIn. @ [D4], ma. (s [34]

aned ghedild lmrgar than VS[7:0].
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OVE6620/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS
e — —==
Default | Resd
crmms: | Relets ) | wite | Descriptions
Piced Shifl

Fr5[T:00 = 1o provide B way ta fine turs tha cutpa Bming of the pivel daba telefve o that of
HREF, Iphpm{ly:hﬂnhwdmn‘ahuumhmmhﬂldnﬂmn%hﬂm

1B REHFT aa " ﬁgmlbdm' Thie furictin B differmnt from changing the aize of the winrdow as = defined by
HS[T-0] & HE[T.0] In register 17818

Higher then dafautt number shifts the piel in delsy(right) drection, the highest rorber s
FF. nml:dmum:hl-l'lnumb«wu- 258 pho.

[ (Frrre
L WIGH L i MIDHL7: ujfnu&?mmmn relurms *7F* e manfacturer's 10 no,
= B - . Wanecune 10 Byie: Low

MIDLET:0] - resed only, sbaiys mitumae "AZ" e manufaciuess 1D ne

T1E | RavidiE (7] R resrend

iF T RewdiF ™ R e ved
Common Comrol E

Gﬂhl’E[?]vl-ﬂ'iE'FpiuceimniIWMW. 1" - HREF Include 704 PCLY, evary data output

C.CHLE['B] PEmArd,

COMELS] -*1° Firs! Elags apafute SSffsdion Bnabia. Samastisn srength wil ba deciosd by
rﬂﬂisla-'[m'] 07 dissbie fird sage aparturs comecion,

COME4] - "1" Sacond stage apsduns comection enabils, Cormection sirength end threshold
value will be decided by COMF]T) - COMF4).

COME]3] - AWS aman mode erable. 1 - Drop out plesl when cormpare picel red, blus and
green component leved io change register [01] and j02], which leminance sl is higher itn
Mmm:mmm;TMMngMImMMhlﬂwm[

[ = caltuiate reaul Vﬂnﬂﬂwﬂﬂhﬂ[ﬁ]‘-imﬁﬂﬂlﬁmﬂ

i COME 0a RwW COMELT] - AAE sop when fiskdframs image sverage luminance lavel Is kower than &
pressting level snable. 4 - enable stop AWE. when inage tuminance fevel s low. 0 - AWES 18
Independert wWith fieldTrame wuminance leved. Valid only when COMB0=1 and COMAfZ)=1,
AvBrape Compare level is set by GAM[T-5].

COME[1] - AWH fastislow mode selection. *1° - AWE |s always fast mode, thal ia mgiater [01]
and [(d] is changed every flaldframe. “0° AWE is siew mede, [01] and [02] chengs avery 16/
B4 RercTeame decided by COMA]]. When AWE enable, COMATZE1, AWD is working B
st mods at firsl 1024 feldTrerme, Bun o slow moda later.

COME[D] - Digitad ouitgnt driver capability mcrasas sslsclion; *1° Double digiad output driver
ciumant; "0° low oulput diver curren] stelus.

Mote: COME[3] (AWE Smart Mods). COME[Z] (AWE Stup), and COME[1] (AWE FastiSlow) ans
not programrmaks S on the OVE120 Image Eensor,

¥ Charinel Offsel Adjusimant

YOFF[T] - Offeet acfustment direction O - Add Y&.0] 1 -Sulbstrate ¥]6:0].

YOFFIS: 0] -Y channs digital outpar offes) adjusiment. Rangae: +127mV ~ 1 27m\. if

COMGE=0, this register will ba updated by (rtemal aute AT BLC circult, mnd witts o valus

YOFF Bl AW to this regizter with SCCE has no effect, IF COMG[2]=1, ¥ channel offsat adjustment will use
the register stored value which can be changed by SCCB. IF GOMFT =0, thes register has

adusiment afiact tn AD cutput deta. i sutpul RGE fi déta, this replster wil adust S5
dala

M
no

L Channel Ofissd Adjusiment
LICWFIT]: - Offsat adjusiment dinsction: § - Add L{&-0]; 1 -Subatrals U8:0],
LIFF[E:0) - L chanmed digitel sutgat offssd Sdjustment. Rengs; +128mY = -1Z8mV, IT
COMGZ=0, his will be updated by intemal aute AD BLC circuit, and wite 8 valus
i UOFF B R 1o 12 regiaar with H bt o sffsct. B COMGTT=1. L channel effsst sdjusbrart will uss
the regisier stered value which can be changed by SCGE, if SOMF[1]=1, this reglasar has
ma ffect v AJDY outpast data I output RGE e date, this reglster will adjest RASE data,
Mote: This funclion e m avalabke of the CVE120 Image Sensor.
REFC[T:8]
¢ 6] - Sebect differend crystel Cirout power beved (11 = minlmurm).
2 HEFE w BW | REFCIS4)- reserves
REFCI3:0): Reference Voltage range seiection. 2.5V - 3.5V and siep (s 00825V
Automatic Exposuns Control; Bright Plasl Rese Adjustmen
AEW[TA0] - Lised 88 caloulsia bright pixve ratio, (IVEE20 AEC sigonithm la count whals feldy
Fram brig'tt pooml (Me luminance level is highsr than o Exed level] and Hach e s
lurminance levad |a lower than & fiosd |eval) number, Yihen bright/black pbel retio Is same aa
the retio defined by register [25] and [25], imege stable. This register s used & dafins bright
| AEW a3 AW pixed rafic, hefarult :a 25%, sach L5E reprasent step: 1.3% Change rangs ts: [01] = [CAL
Invorames ACWWT:0) will incrasta bright posl rda, Far sara Rght condifion, the image
brighirieas will i ncreass i AEWT:0] Incresss

nmnmpmmm:mum-m register [26] AEBT.00. Tha relation must be
AEWT-0] + AES[T-0] > [CA]

B
|
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Advanced Information

WNIVISION TECHNOLOGIES, Inc. Preliminary
JEEZOVETZ0 SINGLE IC CMOS COLOR AND B/VW DIGITAL CAMERAS
ubad- ==

m Registar f:::;‘" :‘;:’ Dascriptions

Autormatic Expoaine Comrol Black Pivel Raticn
AER[T:0] - used sz ealenlate biack piosl raffo. OVBE20 AEC sigamithe i court whols fleld/
frane bright pixal (a uminancs level Is higher than a fxed leval) and black pixsl [is
buaringmcas |evsd iv hower than a feed leved) number, When bright/back pixel retio 18 same as
ha rallo dedindd by regisbar [25] and [26), image stable. This regisier is wed to defna bisek
AEE a7 R plel raio, defaull is 75%, each LSE represent siep: 1.3%; Changs rangs le: [01] - [CAJ;
Inciedass AEB[T O] will Incrassa black plxsl retio. For same lighl condition, the kmage
biightness will decmeass H AEB[T:0] Incresse,

Mot AEB{T:0] must be combinod with ragleter (28] AEWIT:0].
Tha redxtion must be as follows: EW[T:0] + AEB{T:0] > [CA]
Common Contral =
COMFETE] - Sacond aperiee comection threshold saleciion.
ﬁ-wﬂwwnm e i [argar than 8 miv; sermesdan an,
= 16 mY.
[10]- 32 my.
[14] - &4 mW.
COMFLE-] - Second aperine comeciion sramgth selection.
i GO BQ RW Fil mﬂ]‘mlu 5ris of diffarence of nelghbor piosk Fuminencs.
«1
[11] - 200,
OWF{SJ UV BLC swap. “1" swap; *0° no swap.
I:I?I darta MSELEE swep. “1° LEB->B17, M3B->Bitl; "I" novmad,
GDMFHI - 1" AlD) Black kevel cailbration arable. *0" Disabla A/D BLC.
COMFTD] -1 Oipid figt 4 line black level before valid datla cutpal, HREF nurmber will
Incrasse 4 relativety. *07 no bleck level oulput

Cammon Contred G

COMGLT] - reaansad

QOMGIE] - reserved,

COMG(S] - Badect CKOUT pin output V fiag, 1 - CROUT oulput 'V flag signal. CROUTa1,
inavis reletad LV channsl outpu \ componart (oF Red component), CHOUT=0 pointad lo

U sompenent (or Blue component). § - GEOUT oupud bufferad XOLKZ
COMG 4] - resorved.
COME Al Fw | GEMGE3 - ressrve
COMGLZ] - 1" ASD affeet scemiman manyaily mode anabla: 1 - AD dats will be sdd/surrate
a valus defined by regisber [241] and [22], which comtent ka wiittan by $CCE. 0 - AD deta wil

ba
Boned/sybarEts & Ve defined by reglster (2] anad [22], which |s updated by Intemal
[+ 1y 1]1
COMG[1] - Digltal outpet full rargs sslaction, mmmmwm[qq [FoL /
COMBE[] -1, mvguduwm[ﬂ'lf [FE] with signal overshoot and undenshoot fevel
COMID - reserved
Comuron Conitred H

COMHTE - "1 selects One-Lina RGE rew data output format, “0° ssiects nomal two-line RGE
raw dals outpad, effacthe ondy in Prograsshe Scan mods

COMHS]: - *1* anabls BiackWhits moda. When 0VEE20 working =s BW camars, is verlcal
mesalution will ba highers than color mods, Ad this modes, can sel OVeS20 working & & bH
auput mode. OVESHD cutpul deta YUVIRIEE trom Y part. LT port will be io-sias, COMB[S)
and GORMEL) will be sl fo 07 "0 nomal oolor rmosds.

COMHIST: - resarved,

CONMH[4]: - Freeze AECSAGE waluw, effective orly when COMB0=1. "1 - w[ﬂu]qm [1q
will it be u ard hold lafest value. “0° - AEC/AGT nomnal working statu

COMH ™ R COMMHE] - dsable, 1- whan COME[=1 and COMA[S]=1, Irmnic.mllullmdupﬂl
regiater {00, register {007 wil kapt |stest Lpdaten valus bedone COMHIIE=T, O - when
COMBI=1 and COMAFS]1, regimtir [DO] will be updated by intermel algorthrm.

COMH[2]; - REE rew data outpet Y 5 format: 1 - ¥ channed G, LV channel B R: 0 - ¥ channsl:
GRGR.,UVchennal BGEG. ...

COMH[1]: - Galn contral bt *1* Daubla Predmp g8in {0 1248, "0 PreArmg ein is S48_

COMH[D]; - High gain mode. *17 - AGC madmum gain i 2448, AGC alep la 118, 0" AGE
masimm gsin s 1848, AGC step is 11146, Only effectva when COMBIDP=1, COMALT=1 and
COMHIY=D. J

Mote: COMH{Z] (RGE Raw Dsta) i3 not programmabée on (he OVE1 20 image Sensor.
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OMNIVISION TECHNOLOGIES, Inc.

Advanced Information
Preliminary

OVEB20/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS
Subad- | i ==
dress Raglater i:) Radl Cescriptions
{hax) | Write
(hexj
Conwncn Cortrol |
COMI[T]: - AEC disabie. "I'Hml!]"l.Eﬂmmmﬁﬂur[iﬂjmﬂh-uMdnlau
AEC valud and not be updeted by iftenal eireut, 0 - COMBIUE1, ragisher [10] vaiue: will
b updsied by intemal circuit
G:)MJ[E]:-Simin‘mhulﬂdm_'fmm.mumﬁww‘mm:'uwﬂm
T
29 COMI L RW COMIE: - rssorved
COMI[4]: - reserved
COMI[3: - Central 174 image anea rathar whods imepa Lssd {0 caltudale AECIAGS. *5° upe
whode Imege ares to cabsidats ACC/AGE,
COMEZ] - resansa
Dﬂlll[ia:]-vrﬁonﬂlg.Fnrhhr-ﬂﬂ.ﬂueh[ﬁlﬂ].ﬂmhhﬂ;mﬂm;burm.
Frarmes Rate Adjus High
FRARHT] - Frame Rats sdjustment analse bif, °1° Enasle;
FRARHS] - resermd
mﬁm{m-mﬂimummqmmﬂmm.mwm baiow.
o3 FRARH B4 Rw FRARHH] - rasnnved
FRARHA] - ¥ channsl bighteess adjustment snabie. YWhan COMPTZ]= | active,
FRARH[Z] - resenved
anm]-'rmmmmumm.wnmnmmm.
FRARH[Y - resarvad
Adpurt Low
ERARL 5E W FW;N-LMBHHMMMﬂumm Frame rate adusimeant resciution
Ie0.31% Control byl is 10 bit. Every LSE sousl decraass frams rate 0.21%, Rargs is
D-Eﬂi-*mﬂ‘ih.imeldjLumrﬁWI:h.L'FUIETmultﬂh'ﬂ‘.
2C Ravdzi BB AW | ressrved
Cammon Cordral J
COMAT E] - ressrusa
COM[S] - Enmble auts black mpanding mod.
COMAR] - *1° = White Batance update when AGCIAES stabie, *IF = White Balancs regisber
m COML o W Lpcate ndepandent with AEC/AGS,
COMI[Z] - Band filtar anaisls, Aﬂrldﬁ,ﬂhmmhmﬁ:hlnduwmm.lmm
mﬁa.mmmwhmmmuﬂmmmmwmmm
COMI] - reserved
COMUG] - AD U end ¥ BLC separate mode: 1" =L and V offset cancallsd by diferam
mduar.vnuvmmvunndmhymmmw[zﬂ
! W ChEnnel Ciisat Adustmant
VEBFF(T]: Gffsat adjustmart ditsclion: "0 = Add VI&:0]; *1* w Subsirate V5.0],
VEOEFIS0] - W chann digital cutput offset adjustment. Range: +128mV ~ -1 28m.
COMB{Z]=0, this register will be updatad by intemal auln AT BLC croul, snd wiits @ vaius
2E VIDOFF &0 R b this redistar with SCCE has noffect. f COMG[Z) =1, V channel offset adjustment will use
e repistar storsd vilie which can be changed by BD0E. if COMFT] =1, this register has:
e sifect to AT ouiput data, If ciustput RGE raew deta, this register wil adjust R'GYS da'a.
Hah:ThllfundimhndMathm‘ﬂuulmslm.
a2 Fonvd2F-Ravd a2 P - Ressrved
Geley Procasaing Parsewier Conirol
1 crp o0 RW ST e e .
PIS] - Luminaroe pamma anfoff, = - luminance gamma on; “C" - luminance gamma s 1.
CPPG] - reserved
"Bz Adusimant i
BiAS[T: - AT referdncs |eved adiustivent, [00]- 110% intemal full signal range; 1] - 120%.
o B A L o 194, F] - 140%,
BIASI50] - resarvad
L TS BD L1 resarved
£ Rewdas T AW | cesarmd
ar Favdar 41 “HW | meeved
13 May 2000 Version 1.4 29




ANIVISION TECHNOLOGIES, Ing,

Advanced Information
Preliminary

JB620/0VE120 SINGLE IC CMOS COLOR AND B/W DIGITAL CAMERAS
ubad-
Dafault | Raad
neas Ragktar {hex} Write Descriptions
1ex)
Common Corrol K
COMKIT] - HREF edge |sichad by PCLK fafing sdge (When COMDE] = 0), "0 HREF adge s
10 nis after PCLE falng sdgs,
COMKE] - Cutpad por drive curment addtonal 2x comml Bit,
COMI[S] - raganes],
COMKIA] - 2 prt Visrtical Bming salection_ *1* VEYNG oufput 2V port wertical syre algnal,
0 = nermal TV vertical syne algnal.
¢ CORK E1 R COMKTE) - Quick stabie mode when camara mode changs, Afer relslve conmi bit sed, the
firs! W35 will De the slabls image with auitabla AEC/AWS saiting, "0 - shw mode, after mode
changs nest mane fnldfrems o gat stable AECIANE sstting Ivsgs,
COMKZ - resarved
COMK]T] - AWE slable time salection whan in sliow mods. *1° - 4 Gres e tins nesded o gel
stable AWE setfing when in siow A\WE moda.
COMAKD] -resaned.
Miote: COME] ] (AWE Stabie Time) is not programmabie an the OVE120 Imags Seneor.
Gommean Gomt L
COMLIT] - resaned
mﬁm-?mmimm.l—Pﬂ.H\ﬁdm]ﬁrfﬂmHHEFhHgn;n—PDLﬁh
unning.
COMLLT] - Vertical sync salection, 1 — Same pariod betwean 18 HREF and VS felling edge in
I COML o0 RN oo Tistd, 0 - Ceffevant tirming period between 18t HREF and VS falling sdpe
COMLLA] - =1" eslect CHEYMC oulpud from HREF port. *0" normal
COMLIE - 17 ssdeci HREF guipat from CHEYMNG porl. “0° nomal
Gﬂlﬂtﬁ- TTestibe o contndl sgnad outpat (FOOD, CHSYMNC, HREF, POLEY
COMLE| - Highes? 1 bit of horizontal syne stading position, combined with reglsiar [34)
CORELIT] - Highest 1 bt of horizontal syne snding positicn, comblnad with register (18]
" ForTzonisl Sync Ster Fosiion
! HSST oF R T - lower B blt of horzontal ayne staning pedidion, combined wilh register bi of
COML1], total 9 bit control. rengs: [00] — [FF]. HSEND{E:0] must less than HEET]8:0]
Horizontal Sync End Pestion
HEEND L W HEMD{T.0] - lower B bil of horzontel sync ending poalthon, combined with ragister bil of
COMLIO] toinl 8 bit control. mange; [00) — [FF]. HEERD{E:0] musl e Esrger than HSSTTEO)
R e 1
COMM 7S] - Sedect minimiam AED number if Banding filer ersable, [D00] — 1fsid, [001)— 1/2;
[010] — 14; [0117] — W8 [100] = ¥18; [101]111] = 1/32;
COMM 21 A COMM4] - ARCIAGE change mode sslscton
COMW S - AECIAGE change mode seiection
COMMZ] = AECIAGE thange festest mode
COMM[ 1] - AECYAGE change tast mods
COMM[0] - AEC/AGC changs sowes mode
Comeon Conmrol M
COMNIT] « Enable ana frame Srop whan AEC changs fo keep dete velid whan Banding Giter
COMN o o mode anahls.
Emﬁﬂ:ljém
4] - Enaibie 54 Hz PaL Wdaa Biming, 80 VTQ analog signal can be displayed on TV
COMN2.0] - reserved
Common Gomtrel O
COMO(T] - inpud main cock divided by 2 or 4 sslaction. 1 =2, 0= 4
COMOHE:5] - ressrvad
COMO{A] - Bolect 4 bit nibbla moda outpul
COMD Ra o COMO(3] - resarved
COMO{Z] - Enable Minimwrn Sxposure tirns 13 4 ks, Defaull is 1 ine
COMO1] - ressrued
COMOD] - reserved
Common Controf P
COMPAT] - resanvad
COMPE] - Sutpad main diodk output from FRDD port
COMP a2 =y COMP{3] - resarven
COMP4] - Software whole chip power down enable, tan ba waeked up by disabia this Bt
COMP{2:2] - msenvd
COMP[1] - CCIRG5E output comirol
COMPIO] - Reset imarmal {iming cincuil wilhoud reset AEC/AGC/AWE valua
Revddl - Revadl E¥3 - resaryed
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OMHIVISION TECHNOLOGIES, Inc.

Advanced Information
Preliminary

QVEE20/0VE120

SINGLE IC CMOS COLOR AND B/'W DIGITAL CAMERAS

- —— —

iubad-

[ress Regkster

hex)

Default
ihax)

Dazeriptiona

TMXA

YUY Matiix Controd (Maln)
YMXALT:5] - reasrvad
YRIKAL] - YUY DR palecion:
U=y vey
[01] U = 0,838y, v = 0.838y
[10] U = 0.583u, V' = 0_T14dv
[ U= g6y V=087V
YMAALRD] - Reserved
MR Thie TURCEEN i5 Aot Svaiabla on 1 CVE120 Iiviape Ssnsbr,

ARL

A0

AECIAGT Rofaranca Level
ARL[T-5] - Refarence Level Voltage Selection (Higher vollags = brightar final stsble image)

fien=ia

[010] =14

1] =1.7v

[100] = 1.8y

o1 =13

(10 =200

[ri]=24v
AR - Resand

YMKE

VUV Walrlx Conirl {Set-rdmy)
WW-YMWHHMM:G-SHI
Ed] - UV delay pelectian: 0 ~81p
YMXE[3:2] - Salsct LV sverage mode. [00] & [16]: LIDA/D (o delay]; [01] = 3 point everags:;
[11] = 5 point average made il &
THIXE[1.0] - Color kifer cormrol; [00):2 4v{01E2 6w, [10] 28w [11]:5.0v

Weohe THis funclion ks mol sefiabie on the OWE120 maege Sermcor.

X

rasaned

13 May

i
(=]
e 1]
L 1]

Version 1.4 31




atures

ligh-performancs, Low-power Atmal® AVR® 8-bit Microcontrofler
dvanced RISC Architecture
— 13 Powerful Instructions — Most Single-clock Gycle Execution
- 32 x § Ganeral Purpose Working Registers
- Fully Static Operation
= Up o 16 MIPS Throughput at 16 MHz
= On-chip 2-pycle Multiplier
igh Endurance Non-volstilz Memory segments
— A2kbytas of In-System Sell-programmabde Flash program mamory
= 1024Bytes EEPROM
— 2Kbwyte internal SAAM
— Wiite/Erase Cycles: 10,000 Flash/100,000 EEPROM
= Data retention: 20 years st B5"CA 00 years ot 25°C1)
- Optional Boot Code Section with Indapendent Lock Bits
In-Systermn Pregramming by On-chip Boot Program
True Read-While-Write Operation
= Programming Lock for Software Security
rAG (IEEE std. 1149.1 Compllant) Interface
~ Bowndary-scan Capabliitias According to the JTAG Standard

= Extensiva On-chip Debug Bupport

— Programming of Fiash, EEPROM, Fuses, and Lock Bits thiough the JTAG Interfaca

aripharal Features

— Two 8-bit TimerfCounters with Separate Prescalers and Compare Modes
~ Ona 16-bit TimerfCounter with Separate Prescalar, Compars Mode, end Ceplurs

Mode
— Asal Time Counter with Saparate Osciliator
= Four PWM Channals
= B=channel, 10-bit ADC
8 Single-andad Channals
7 Differaniial Channeis in TOFF Packags Only

2 Differential Channeis with Programmabile Gain at 1x, 101, or 200x

- Byte-oriented Two-wire Serlal Interface

- Programmabis Serial USART

= Master'Slave 5Pl Serial interface

= Programmable Watchdog Timer with Separate On-chip Osclllator
- On-chip Analog Comparator

sacial Mierocontroller Features

= Power-on Resat and Programmable Brown-out Detection

= Intemnal Cal'brated RC Oaclilator

— External and Internal Interrupt Sources

= Six Sleep Modas: idle, ADC Noise Reduction, Powar-asve, Power-down, Standlby

and Extended Standby
2 and Packnges
- 32 Programmable 1f0 Lines
= 40-pin PDIF, 44-lead TOFP, and 44-pad GQFNMLF
perating Yoitages
= 2.7V - 5.5V for ATmega32L
- 4.5V - 5.5V for ATmega32
»eed Grades
— 0 - BMHz for ATmegalal
= 0 = 16MHz for ATmega32
wwer Consumption at 1 MHz, 3V, 25 C
= Active: 1.1mA
- ldla Mode: 0.35mA
- Power-down Mode: < 1pA

ATMEL

AIMEL

EEmmeeTEsETTT

8-bit AVR"
Microcontrolier
with 32KBytes
In-System
Programmable
Flash

ATmega32
ATmega32L

Summary

BR3OE--AYA-O2M1




e e A Tiegad2 (L}

n
nflgurations

lure 1. Pinout ATmega32

A5-ANFH

PDIP
{XCKITO) PBEO ] 1 40 |11 PAD (ADCO)
(T) PB1 ] 2 3g |t PAY (ADC1)
{INTZ/AIND) PB2 (] 3 18 O PA2 (ADC2)
(OCWAINT) PB3 ] 4 37 |1 PA3 (ADCH)
(E55) PB4 ] 5 36 [ PA4 (ADCH)
(MOSl) PBS ] & 36 [ PAS (ADDS)
(MISO) PBS ] 7 34 [ PAS (ADCS)
(SCK) PB7 ] 8 33 O a7 (ADCT)
e 32 [0 AREF
Voo o 10 31 [ GND
GHND ] 11 30 b AvCe
XTALZ O] 12 28 O PGT (TOSG2)
XTALY ] 13 28 |1 PCB (TOSCH)
RXD) PDO ] 14 27 [0 PCS (TDN
(TXD} PDY ] 15 28 |5 PC4 (TDO)
(INTD) FUZ ] 18 26 [ PC3 (TME)
{INT1) PD3 (] 17 24 [ PGZ (TCK)
(OC1B) PD4 | 18 23 |1 PCH ({SDA)
{OC14) PO5S ] 18 22 |71 PCo (520
IcP1) PO ] 20 21 1O PO7 (0G3)
TQFP/MLF

: §gis
PEEEE38222

OO Ot

)

3 (AINIOCD)
2 {AINOINTZ)

1 ()

® 44,092, #055795 20, 5%4
(MOST) PBS |1 .ucemucmececmemmann- 33 [0 PA4 (ADCH)
MISO) PBR ] 2 v 32 [T PAS (ADCSH)
(scKy PET |3 | ' 31 [0 PAG (ADGCE)
G&Eﬁ:a: 130 [ PA7 (ADCT)
vee s ) 128 [ AREF
GND |8 ! 128 ! GND
AtALz ] 7T 127 1 avee
XTALY |8 ! 126 |1 PCT (TOSCD
(RXD) POO 1§ 8 ! ! 25 |1 PCE (TOSCY)
{(TXD) PO1 7] 10 ¢ {24 [ PCE (TDN)
NTO) PO [ i e 23 [ PG4 (TDO)
12 344" 58" 1 P202 Y22
oo Joooagd
o = wm [
Note BI88E8E5R8E8
Bottom pad should 09 iy
e soldersd 1o ground, EEEEQ dggg
£E2E2C a9




ATmega3d2(L)

verview The Atmel® AVR® ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR
anhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega32 achisvas throughputs approaching 1 MIPS per MHz allowing the systam designer to
OpHimize POWEr CONSUMPION Versus processing speed.

pck Diagram Flgure 2. Block Diagram

PO - PRT PC - PCT

Wiiens i I

L
== e

] l
POFTA DEITAL INTERFACE i PORTG DIGMAL INTERFACE
. I B —
N s )
j MuXae [ I‘ﬂ#ﬂ i [ ™
L :
o 1 ——
l Proca | gy Pritirpret
AT ||| e | WTTHO0a CRCLLATOR | =
m:mu I _ml-%.l—u
v ] [F—v—1 | | | e .ﬁl weseT
1 g :
oo, w ] [
CSCILLATOR
i
AVR CPU llpha i 4 EEPFROM
s -l v T S S IR
—"r}"‘h GO, a—]
..:F_,-" Lyl oe
< 'lJ_,r >
| - :
i QTR i T, P TERFRCE PROFITCHOHGMTAL IHTERAVGR
I I
i FORTE DRV EFRLFFERS POFTD DRAVERSBUFFERE
1 1-1.}_[.7[ J ] L H::u F:ml d ]l

TE-AVR-O
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The Atmal® AVR® core combines &
tars. All the [
independent ragisters
resuling architecure i5 mona
than conventional cisc micracontrollers.

The ATmega32 provides the
Program memory with Read-While-Write capabliities,
general purpose 10 lines, 32 genaral purpose working red
scan, On-chip Debugging support and programming, thres flexible
pars madas, Internal and External Intsrrpts, &
Interface, an g-channel, 10-bit DG with
programmable gain (TQFP package only), 8 ptogrammable

{ollowing features: 32Kbyt

soffware
USART, Two-wire imertace,

Reset, in Power-aave mode, the
tg maintain a fimer pase while the
mode stops the CP

switching noise guring ADC conversions.
nator Oscillator ja running while the rest of the device i
with low-power gonsumption.
and tha Asynchronous Timer continue to run.

fupt oF Hardwara
allowing the user
ction

The device i8 manufactured using
chip |SP Flash allows the program memory
interface, by 8 conventional nonvolatile memory programmer, of
running on the AVA cora. The oot program

rarn Inthe Application Flagh memory. Sottware in the Boot Flash
while the Application
combining an 8-bit
the Atmel ATmegadz is @ powerful microco
five solution to many embedded control applications.

The Atmnel
tools including: c
tors, and avaiust!

, Descriptions
; Digttal supply voltage.

b Ground.

Port A serves as the analog Inputs 1o the A/D Convarter.

Port A also g-bit pi-directional
can provide acted for sach
metrical drive charactefistics

' A (PA7..PAD)

gorves Bs an
intemnal pull-up recistors (sel

ate used as inputs and aré axtemally pulled law, they will source current if
i condition bacomes active.

rasistors are activated. The Port A pins are tri-stated when a reset

/ﬂﬁ-—ﬂ,&

E-avR-E

sadal pmgmmmahm
cptional differential Input stage witlh
Watchdog
actable power saving mode
AD Converter, SRAM, Timet/Counters,
The Powsr-Gowr
all other chip functions until
AEynchionous Timer continuas o rTun,
reat of the device is sleeping. The
U and all YO modules except Agynchronous Timer and

by
_ This allows vary fast stari-up

armel's high density nonvolaiile mamory tachnology.
toba repmg.rammed in-gystem through
by an On-chip Boot program
can use any intertace o download the application
section wil
Flash section is updated, providing true Read-While-Write operation. BY
RISC CPU with In-System sﬂﬂ-ngrammnbla Flagh on i i
niroller that provides a highly-flexible and cost-eflec-

with both high sink and source capability. When pins

ATmega32(L)

inatruction set with a2 general purposs working regis-
acled to the Adthmetic Loglc Unit {ALU), allowing two

1o ten Hmes jasiar

as ol In-Sysiem Progtammable Flash

1024byles EEPROM, 2Kbyte SAAM, 32

istars, & JTAG

TimerGountsns with com-
21

interiace for Boundary-
ART, a byte oriented

Timer with internal Oscil-
s. The |dle mode SLOPS

mode saves the registal

ADC
mode, the © g0~

main Oscillator

The On-
an SPI sarial

corfinue 1o nn

AVR ATmega32 i8 supported with a full suite of program and gysiem development
debuggar!simulaiurﬁ, in-gircuit emula-

IO port, it e AD Converter i not used. Porl pins
pit), The Port A output butters have sy

pAQ to PAT
the internal pull-up
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rt B (PB7..PBD)

it C {PC7..PCD)

-+t D (PD7..PDC)

EF

AS-AVR-I2'11

Pott B iz an 8-bit bi-directional VO port with internal pull-up resistors {selected for each bit). The
Port B output buffers have symmeatrical drive characteristics with bath high sink and source
capability. As Inputs, Port B pins that are extermnally pulled low will source current If the pull-up
realstors are activated. The Port B pins are tri-atated when a regel condition bacomes active,

aven If the clock is not running.

Port B also serves the functions of various special features of the ATmegaS2 as listed on page
57.

Port C is an B-bit bi-directional VO port with Internal pull-up rasistors {setected for each bit). The
Port G output buffers have symmatrical drive characteristics with both high eink and source
capability. As inputs, Port C pins that are externally pulled low will source current If the pull-up
tesiztors are activated. The Port C pins ara tri-stated when a reset condition becomes active,
gven if the clock is not running. If the JTAG Interface is enabled, the pull-up resistors on pins
PCS({TDI), PG3(TMS) and PC2(TCK) will be activated even if a reset occurs.

The TDO pin is tri-staied uniess TAP states that shift out data are enterad.

Port C also serves tha functions of the JTAG interface and other spacial features of the
ATmegad? as listed on page 60

Port D lz an 8-bit bi-directional VO port with intemal pull-up resistors (selected lor each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capabliity. As inputs, Port D pins that are extemally pulled low will source current |f the pull-up
rasistors are activated. The Port D pins are tri-staled when a resst condition bacomes active,

even if the clock is not running,

Port D also serves the functions of various special features of the ATmega32 as listed on page
62

Reset Input. A low level on this pin for longer than 1he minimum pulse length will generate a
raset, sven if the clock Is not running. The minimum pulse length is given in Table 15 on pags
37. Shorter pulses are not guaranteed o generate a resel.

Inpul 1o the inverting Oscillator amplifier and input 10 the Intemal clock operating circuit
Output from the inverting Oscillator amplifier.

AVCC Is the supply voltage pin for Port A and the A/D Converter. It should be extemnally con-
nected to Ve, even If the ADC Is not used. If the ADC is used, i should be connected to Ve

through 2 low-pass filter,

AREF is the analog reference pin for tha A/D Converter.

ATMEL, =
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+S0Urces A comprehensive set of development tools, application notes and dalasheets ara available for
download on hitp:/hwww . atmel comfavr.

ita Retentlon  Reliability Qualification results show that the projected data retention fallure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.,

yout Code This documentation containg simple code examples that briefly show how to Lse various parts of

:ﬂl’l’!PlEE the device. These code examples assume thai the part apecific header file ie includad before
compilation. Be awara that not all C Compller vendors include bit definitions in the header files
and imerrupt handliing in G 1s compiler dependent. Flease conhim with Yhe C Compiter documen-
tation far more details.

ATMEL .
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agister Summary

\ddress | Name | Bit7 Bits Bit5 Blt 4 Bit 3 Bit 2 Bit 1 Bit 0 Paam, |
Ceama —— e —
SIF {8F) SREG I T ] 8 ] [ i = [
33 (555) PH = - = = 511 EP1D grg EPe |
30 (350) SRl BPT PG RS =T = 51 5P EFD 1z
6 (550 DLRD TrmnCounierd Detoan Compore Aogisior o =
438 [358) GICR N1 INTG INT2 - - - WIEL IVGE AT &7
A (350 GIFF i INTFD INTF2 it ! & = B a
£30 (853 THSK. OCAEZ TORER TRCIES OCEIA OCIETE TOeEY oo TOED B2, 141, 130
#5858} TFR DCFE TOWE K:F1 DGF1A CCFIE T fFg Téwo &3, 113, 138
537 [557} SPMCR SPMIE RYWSE .- RWWSRE BLBSET POWART PGERS SPMEM 248
338 {$55) TWCR _TWINT TWER TWETA TWETD TAMAE TWEH £ ; TME 177
£35 [§55) MCLCR 5E Bhi3 EM1 b 1 BL11 Bre | wmom | tEcm 32,56
534 (554] WCLCER o 502 = TTRF WORF BCRE FORE a0 67 T |
55 (353 TCGRO FOCT WD COMIH oM VAT =] Ein CEm B
532 (853 TEHTI TrmarCounbed il Bi) "
(5 Bk 3 h il DECCAL Mllu' mw 30
Sl [Eee On-Chip Fogisier L]
30 (5500 SFICHR A5 ADTEY r I R ACWE PUD__ PEHZ R0 BAA5, 131,165,218
RIF (5 TCOR1A COMA COMAAL COMIBY COMABD FOCA, FOCHE W w10 0T
EIE ($4E} TCoR1E fant i W13 EMIZ H12 (=k) 310 11
F20r (54D} TCHTAH 111
G {]T) TEHTIL TrmessfCamarteer] — Doamter Fagiair Low Byin 114
b8 548 DCRAAH TirmsiConiiria] —Oulpd Covpans Regisiar & High Byte [
§i (B OCRIAL | TimeeiCeursrt — Dutput Compan Register & Low Byis 11
26 () DCRIEH TimanCaLngert — Dutpa Compers Bagister B High Byte 11
520 () DCRIBL | ThmsrCeuntert - Chiput Compare Registe B Low Byie 111
T {847 IERAH TvsiiCasiniar] — input Capturm Fragisier High Byts in
B2 (340) 1L T loumsn — Regisier Low Byin 111
125 (a5 ToCR2 Focz | woMsn | coln | coww | weMn | csat | csn [ caw 125
b24 (B4 TCHT2 TimasCounia? (3 iy 127
525 (34 RS TenstCouniez Cutpil Compar Reglsiar 197
() ASSR G = S - = AG3 TCHIE QRS TEZUE E
ARt WWOTER - b B = WIOTOE WOE WOFL W WP [H
B A LERRH LRSEL R = = LISRALT 18] |6

| uesRe LRSEL LBISH Ll LIPMD USES UCEI S LCPOL 162
I1_En:ﬂ-'|| EEARH = - - = s - EEAP®a EEAI_\EE 14
HE (E3E) EEARL EEPROM Addmss Regatnr Low Byis 1%
10 [ EEDR EEPRCM Dain Regiser i
A {8 FECH - - = - EERIE EENWE EEWE EERRE | %
B (538 POATA PORTAT PORTAS BORTAS PORTAS PORTAZ PORTAS PORTAL PORTAD B4
L [Ty DOAT e DDAS D0eA DOwa BOA2 2 o ooed had
ELBEE PibA PIkAT PitcAs PINAS Pk PikAd PIMAT PRAT PR Bd
S [y PORTE PERTET PORTES PORTES PORTES PORTES PRRTEZ POHTED FORT B [
§17 {§a7} DORE DoeT DDeS Dngs [ae:7] 0083 ]z [’} DoEn [
§A {58 PiNE PINET PINBR FNES PHBEL FHBEd PINER Pt PINBD 8
HS [535) POSTE PORTCT PORTUS BORTLE PORTCH PLORTEE PORTCD PORTCH POATED &E
{14 (534) CORC DOC? DocE nocs D4 o3 DDCE Cocl DO 55
133 {33 FING PHHCT FIHCE FiblCs PN PN PiMCE FMC PR &5
17 [§37) PORTD PORTOT PORTDE PORTDS PLATDM PORTCA _PORTDZ FORTDN FOATON &5
11 (531] DORG o) DoCs pOns. LoD oops [afsn] DooT oooo 58
Al (RN FIND PINDT PN PiMES PiND4 | PIMDH FIHLE PIND FINDO a4
IO (5T SFOR £P Dain Register 138
OE (82F) SPER SPIF WO - - - - - SRS, 138
00 {87 SPCR SFE BFE DORD METR CPOL CPHA SPR1 PO 136
O () Woe LIBAAT W0 Dt Pisgintar 156
0F (20 YLCERA BN THD UDRE FE OIR PE LA MPCM 180
O [528) LCERR AXCIE TAGIE UDRE RAEN THEN LCSZ2 AXER THER 181
o [529) LBRRL LISART Bpud Aods Raginr Low Byt 154
e (53m ACER AT ACEG ACD A ACE ell= ACIE AZED 15
a7 tEan ADMLIY, REFS1 REFS ADLAR [T (L] WLNE [ER] W0 114 i
0 (528) ADCIRA BOIEN ADIST ADATE ADHF ADIE ADPEE ADPE1 AEPET 148
15 ($28) ADCH AR Datn Progister High Bxte T
4 [$34) ADCL ALK it Regiiter Low Byte T
03 {523} TWOR Forcowdon Sarial insartars Nots Repister 178
g2 1327 TWAR TVAE [ T T [T Y [ Twan [ ook 178
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Ldddresa Mama BRYT BHE Bits Bit4 BH3 BH 2 Bit1 Bk Page
307 ($51) TWSR TYWGT T™WES TWES TWEH WSS = TWirS 1 Tvraa k. ]
m WE WD Sarial jrisitacs Bl Rate Racicies

ss: 1. Whan the OCDEN Fuse

L

rograrmmed, the OSCCAL Hegister is always accessed on this address. Refar o the debug-

par specific documentalion for detalls on how to use the OGDR Aeglster.
2. Refer tothe USART description for detalls on how o access UBRAH and UGSRG,

should nevar be writtan.

For compatiblity with future devices, reserved bils should be writhan to zero it accessed. Reserved 'O memaory addresses

Some of the Status Flags are clearsd by writing a loglcal one to them. Mote that the GBI and SBI instructions wiil opesate on
all bits in the VO Register, writing a one back Into any fag read as sel, thus chearing 1he Rag. The CEI and SBI Inslructions

work with registars B00 to $1F anly,

AR
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struction Set Surmmary

ATmega32(L)

remenics | Operands Description | Sparation Flags !l:lm:lnj-

ITPARMETIC AN L OO IS TR TIOHS

o Rd. Ar Add ten Regisiars Ag +— Rd +Fr LNV H 1

c Rd Rr At wridh Cafry tartr R lBtaTE. P = Rd +Fr=C ZEHVH 1

iy R K Al frvmesdiste 10 Word Rdhi:Fdl +— Rdb:Rel + o ZOHYE 2

B Rl At SubiTact twy Regksiars Rd 4 Ftd « Ar ZLHH 1

] Rd, K Subiract Constart from Regabsr M« R - ZOMYH q

2 fid. FAr Suitrract with Carry b Fagisiors R+ Re-Rr-C ZEHVH 1

<l R, K Subriract with Carry Conalant fram Reg Ad+—Ro-K-C FEHNH 1

W RdlK Subaract immadats hom Yo RdRdl 4 RdhcRdl « K LLHNE E]

o R, Fe LBt AN Rl R . P+ R ZHV 1

ol R, K Logical AND Begisher arsd Consiars | RdcRo=m LMY 1

: Fd, Fr Logical 0 Ragindare B +— Rd v Rr THM 1

i fid. & Lol DR Ragiser and Conman Fid +—Fid v i ZHN 1

7 Fidd A Evclusha OF Ragistars P 4 Ped 68 Rr ZHY 1

" Rd 008 Complm Fd 4~ 3FF - Rl oMY 1

a Rd Two & Commpharment Ad 4 00 - Rd TONNH 1

R RdK Sl Bt's} in Fogleinc R - Rdw K LMY 1

R R Cioar B o Regheiec Fd o~ Rd = [4FF - K) LA |

y Re Incracnant Fid 4 Fd +1 ZHY i

o= g Drmcrmman Ad .+ Ad=1 MV 1

r Rd Test for Zarn or Minus Rl «- R =Rd Y ]

3 fa Cihiear Rugiahar R o Fd 3 R LY 1

3 - Eigt Foapiser il + 4FF Ferm i

= R Fr Mutiply Lirigned AR« Rd x Ar LG 7

5 Rd Ar Muttiply Signed AR — Fdx Rr Eg 3

LB Ad Ar Mutiply Signas with Lirsigrad ATRD - Al x Fr Lc 2

UL -Fed, Y Frmilonai Mutiply Linsigned R1:AD (A=A =<4 2L z

ULS Ad, A Fraciional iusiphy Sigrad F1zR0 & [Fd x Fir) oo i [ ZC z

ULEL Rd, Rr Firactional hubiply Sigred with Limsigned R0 o [Rid i Ar) == 1 Zc H

AMCH ETRUETIONT

ap ] Hnlathes Jump B PD b 4 1 hioms 2

> irvdiract Jusp 16 (7} PCa-T Mo F

2 5 K Creacl Jumg PC+k Hone 3

ML K | Prabaive Subroutinds Cail PG+ PC+E*1 e 3

AL Irdiree! Cadl o () PG+ I Nl 2

ok k. mct Subroutre Call PL ek T i

I Bty Feknn PC e Shash Mo 4

M rvimmupe Reshum PC 4+ Shach I 4

3 RaRr Compars, Skip H Equal KiRd =R} PO~ PC+2ord hrves 11213
| Rdfr Compam Fid —Fr 1 &G 1

: P e Cornpars with Ciamy Ad-Rr- o 2 WALEH 1

A K Compam with Immadlais Re-K I HNLH 1

o R b S F Bitin Magier Claamd ¥ (A=} P2 = P2+ Jord Mo 11713

i Rr. b Sk Bl n Ragisws s Gat It IRis=1) PG + FL * 2 003 T 11243

C P b Ship # Bl In A0 Regieter Cloared =0l P s P4 2o d Hiona 17243

5 P.b Skin I Bt in U0 Ragiser i Set o) PCY- PG+ 2 ord Hona 11343

i3] 5 K Buanch # Shatus Fhag St If (BEEG ) = 1) thén PCa PO + 1 Hena 112

] £k Branch if S Flap Clasnsd ¥ [SFECR) = 0 than PO PO + 1 Hune 142

e K Bearsch if Equal ¢ = 1) tuen Lo PO+ 1 Hnna 1

E_ K Brarch il hod Enui HE=TOjthen P+ PC*k+1 HMone 142

b | K Brrch  Caery Bl Hit=1phanPC < PCak+ Hana 172

L W Eranch i Carmy Claared f = 0panPC — PG+ +1 Hemr 112

H ] Branth o Same o Highat s Dt PO~ PC 44 Hini 112

Ea) k Branch if Lnwar Fli=yhenPC 4 PC+R+ | Mo 12

Al L] Birarch H Minus f{i=1hthenPC o PCuks ] Mone 1132

3 K Branch If Plus b= ) o P+ PC 4k + 1 Mans 1/32

E k Brunch if Graier or Bl S.grd HiM @y O then PG4 PO+ K+ 1 Mo 12

I K B Branch i Lews Than Ze, Sgred I [N & v 1) than P4 PO k1 Mo il

] k Erunch i Half Cairy Flag Sad Hid = 1] then PC 4 POkt Homa 12

< k Branch i Hall Camy Flag Greared H = ) then PG+ PO+ 1 Herm 172

ki k, Brmnch o T Fhing Tk T =1} ben OC PO ol + Herm GIE

ir I K Bl T Flig Gloam £ 4T =} fods PG o PE# i+ 1 P 112

5 Lk Beanch If Dvartow Flag s Get £V n 1) 8N PG o PG +K+1 Mees 12

T k Branch f Queriow Fisp i Clsarsg IPPT =2 30 ligos L2

9
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Inennon fes Oparands Ceacription Operation Flags lﬂlurcka-
RIE K Branch If Irterupd Enatied K{I=1}nenFo+Foriri Horm 172
2|0 [ Branch If intsmupt Disabised Fil o) tan PCa- PO 4+ 1 s 172
ATA TRAHBFER WITRUGTIONS e x ==
ond P, Rer ihave Brabuasn Raginiers R+ Fr Hons 1|
o R, Rr Capy Rwgiatar vord Rig+1:Rd + Rr+iRr Hane 1
] Fid, K Leused | mmsaecd e Rl K Nona i
] Rd X Load indimel R+ [} Hena 2
i Ad, ¥4 Lond Indirsed and Pasi-boe. P (1), 34— X+ 4 Hona 3
i Ad, - X Loet Indmeet @7 Pre-Dec, KX 1, R4 [R) o z
3 Rd, ¥ Loed indiree R (Y] Hane 2
) Rd, ¥+ Lo nglmet avd Pog-inc, e [FLY+Y=1 Hirv i
] Rd, -7 Livéd [rydirech @hd Pre-Dies Yolf-4RdeP W )
o R, Ttg Lot Inaurmc: v Displacamebl R e (Y v Mane :
! Rd. 2 Loisd Indfirmct R+ (7] Mans z
1 Fa. 2+ L Indines and Fas-ing. R 4 (), 2 + Z+1 Hone 2
1 fie, 2 Loaa bdieeed snal Pre-Ciac ZeZ AR [T [ F
Hu] Ra, Irq Load Irdimol wiih Displacemant Ada- [T * g ) F)
15 Rik Lt [Srect #om SRAMN Rd o {k} hang F
e S T ][R 1 Store Irdres: )+ A hiana F
¥+, Br St lewlloncs 3o Dnalbos. POy fr, K4 ¥e 1 b T
-3, i ‘Stare deidrect s Fra-Dec B -, PO R Hane z
| ¥ R Gborm indirect {14 Fr hans F
¥+ Rr Gitorm indirec and Poe'-inc. e R ¥ 7%+ 1 Mane 2
-¥_Rr Strrm Indliract ad Pra-Dee ¥Ya¥-1.[F=FRr (L= 2
o FrpRr Sorm Indirect wilh Diaplacenant [ + g & R Hirw =
: XA Shote indirec [T e Rr Hore 2
s A Seora Midkec] and Post-ine. DeRLIv2t1 Flons H
Z Rt Stevs irirec] and Pre-Dec ZaZ-1, [FleRr hlans 2
o I+, Rr Eione Indirect with Displacemact E*-q].q—h.r Hora 2
5 R Shom Direct (o SRAM (1 +—Rr Bona 2
L Load Frogrem Memory RO+ &) Mo 3
7 Ri. 7 Loed Program Mamory Rd {2} Mo a
] Rd 2+ Load Progrer Mamory sl Poat b Rd s (T T+ E41 Hone: 3
" | -Siom Program demens 1E) = R1:RD | hiowrm B
Ad P in Fort R +— P Hoow 1
m P, Ry Cuit Port P+ fr Hena 1
SH Rr Push Regisier on Sinck Giock +- Br Hona 2
e Rd Prp Fiagisier [rom Stack il o St herm 2
[ AMD BIT-TEST INSTRUCTIONS
P.b Sat Bit in IO Regisiar [ ] Hens Z
i F.h Cloar B in VoXP ) o O B 2
L _Rd Logicsl St Lk Aot o~ Fiding, B0 «— 0 ZLM 1
1 Frd Logiced Shift Fight Adin) « Rt} RAT) o 2OMY 1
L Rl Protabs Left Thiough Camy R - C, R 14— R, G+ RoiT) TN 1
" P Fivintr Fight Throuph Camy AT -, Reine— Roin-+11.04 Ry FO MW 1
] T AfTTHmae BTH Right i e L 0 LT 1
AP fid _Swdp Ninbles Rl[, i—Fd[7 4 AT &} Rd[3 1) Mone 1
ET A Flag Gat SFEGIE) + 1 SRECHE) 1
L= 5 Fiag Claar EREG(E) 4+ D SREGE) 1
T R b Bt Store frin Fregisiet s T T+ Rinfb) T 1
1 Ad.b B lead from T do Rogistar | RdlR)—T Hong 1
g Sat amy G [=3 1
3 Cloar Larry Cel C 1
H - Set fuagitive Flag = H 1
q Clesr Nagelbe Flag NeD N 1
I St 28 Fag Fa-1 x 1
I Cigar Zam Flag Eal Z 1
] GobE! Hiemups Enasia L) 1 1
Canhal mmmupt Deable li-0 3 1
H St Gigned Fasi Flag G 1 3 1
} Ciimar Sagrind Testt Flag S50 5 1
/ St Tt CaniTipl el Chamiiow. W s 1
W Cimar Twwoa Crunrfioe Vad il i
T 5ot T In GREG T T 1
T Clear Tin SREG Te0 T 1
H St Ml Canrry Flag in SREG a1 H 1
10
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et Eemat i G S T
mamonics Oparands Description Cperation Flags #locks
<H Clear Half Gary Flag in SRES He9 H q
CU CONTROL INSTRUCTIONS
b e o Upsiation Horme R R
EEF Sleep (w8 spécific dedct, fof Sheap funcbon) Mo 1
oY Watchvdog Resat (00 specific descr, for WINRAmer tione 1
EAR Broak For On-Chip Debug Ciily Mane A

ATMEL "
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rdering Information

Spead {MHz) Powes Supply Oroering Coda® Packags'"' | Operational Rangs

ATmegal2] -aAL) 445
ATmegal?l -SBAURE 444

a 27V -55V ATmegadzL-aPuU 40P6
ATmega32L-sMmu 4401
ATmega32! -8MURS 4401 frdustrial

= ATmegadz-16AL 44A {-40°C to B5°C)

ATmegal2-16ALIRGH 444

16 4.5V - 55V ATmegai?-16PU 40P6
ATmegadz-16MU 44M1
ATmegal2-16MURS 4401

ies: 1. Thisdevice can also be supphed in wafar form. Please cotact your kecal Almel salee offica for detailed ordaring information
and minfmum quantitiss.

2. Pb-free packaging complies 1o the European Direclive for Restriction of Hazardous Subslances (RoHS directive), Also
Halide free and fully Green.

3 Tape & Reel
Package Type
A 441aad, 10 = 10« 1.0mm, Thin Profile Flastic Ouad Flat Package (TGQFF)
PG 40-pin, 0.500" Wide, Plastic Dual inline Package {POIP)
M1 44-pad, 7 » 7 x 1.0mm, Quad Flat No-Lead/Micro Lead Frame Package (OFN/MLF)

ATMEL 12

oS- AVA-12M4
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ickaging Information

A

Fir 1 IDENTIFIER

CHor t
3 )‘“H Al ﬁfz LA
- --t.
COMMON DIMENSIONS
{Unit of Maasuna = rmm)
EYMBOL| MiN HOM MAX | NOTE

& = - 1.20
Al Q.05 - 015

A2 0.95 1.00 1.06
o 11.78 1200 | 1228
o1 8.80 1000 | 10.10 | Note 2
E 11.75 1200 | 12.85

N‘Tﬂﬁ“ g 10 JELIEC rataraincd MS-28, Varition ACE. E1 990 | 10.00 | 100 | Nowe2
2, Dimangons 0 &nd E1 do nol ingluds mold protrusion. Allowabbs B 0,30 - 045
pmmha!ﬁmwmmmmmE‘mm o o0 o .90

L

-]

plastic body slze dimenslons including mald mismatoh.

9, Lead coplanarity Is 0.10 mm macximum, 0.45 - 075
T80 TYP
2010-10-20
THE NG WO, [AEV,
2825 Orohard Parkway | oo s 44.4ead, 10 10 mm Body Size, 1.0 mm Body Thickness
A * 44A G
San.Jose, CA 95131 | g L) ad Piteh, Thin Profile Plastic Quad Fiat Package (TOFF)

ATMEL 1
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ATmega32(L)

P&
. FiN
i
i
E1
oM\ O oo OO Yoo
.A
smmﬁ_twf
- I .JL )
S B
[ ) COMMON DIMENSIONS
c f'—— T} =15 REF {Unit of Measure = mm)
symeor| M | wom | mAx | woTE |
|"'_ el —"‘l A - - 4.826 !
A1 | 0381 _ _
D |seom| - | 52578 Moz
E |12 | - |158ms
Et |13462 | - | 13.870 |Nowz2
a 0.356 - 0.559
Motes: 1. This package conforms to JEDEC reforence MS-011, Variation AC, B 1.041 - 1.851
2. Oimansicns D and E1 %o not include maoid Flash or Protnssion, L 3.048 = 5.558
Mold Flash or Protrusion shall not excesd 0.25 mm (0.010°). c P = ps
o8 | 15494 | - | 17528
s 2540 TYP
09/28/01
THLE DRAWING NO. [REV.,
2325 Orchard Parkway | 4nog g0.igad (0.600°/15.24 mm Wide) Plastic Dual . i

San Josa, CA 35137 inline Packags (FDIF)

ATMEL. "
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p——— O }——
G T
\—htli:ad Pin¥ 1 1D
[E]
| F—SEATING PLANE
TOP VIEW -{]
| (A3
“E E-h =
= Do——esy Sy n N Comer SIDEVIEW
J_ il Pin COMMON DIMENSIONS
i TR {Linit of Measure = mim)
: L]
— s symeoL] MiN | wom | MAX | noTE
= A DBO | o080 | 100
5
— Pin #1 Ad - 0.02 0.05
% aaa A3 0.20 REF
= | ) b oi8 | 023 | 030
+— o 5.90 oo | 7.0
K 1 i pz | 500 | 520 | 540
o E 690 | 7.00 | 7.10
e2 | 500 | 520 | 540
e 0.50 BSC
L o5y | os4 | oo
Nots: JEDEC Standard MO-220, Fig. 1 (SAW Sinculation] VKKD-3. ” 620 | 626 | 041
/2608

Package Drawing Contact:
packagedrawings @atmal com

TITLE

A4MT, 44-pad, 7 x 7 ¥ 1.0 mm Body, Lead

Fitch 050 mim, 5.20 mm Exposed Pad, Thermally
Enhanced Plastic Very Thin Guad Plat No

Lead Packace {VOFN)

WS 44041

GFC DRAWING NO. |REV.

C5-AWR-01
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First Analeg Comparator corversion may be delayod
Interrupts may be lost when writing the timer registers In the asynchronous timer

IDCODE masks data from TDI input
Reading EEPROM by using ST or STS to set EERE bit trlggera unexpected interrupt request,

First Analog Comparator converslon may be delayad

If the device Is powered by a slow rising Ve, the first Analeg Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powerad or razet, dizable then enable thednalog Comparator
betore the first conversion.

Interrupts may be lost when writing the timer registers In the asynchronous timer

The interrupt will be lost if a timer ragister that is synchronous timar clock Is written when the
asynchronous Timer/Counter reglster (TCNTx) s 0x00.

Problam Fix/Workaround

Always check that the asynchronous Timer/Counter regisier naither have the value 0xFF nor

0x00 before writing to the asynchronous Timer Control Register {TCCHx), asynchronous-
Timer Counter Reglster (TCNTx), or asynchronous Qutput Compara Register (OCRx).

IDCODE masgks data from TDI Input

The JTAG instruction IDCODE is not working correctly. Data o succeeding devices are

raplaced by all-ones during Update-DR.

Problem Fix f Workaround

-~ I ATmega32 is the only device in the scan chaln, the problem is not visible,

—  Sgalect the Device ID Register of the ATmega32 by issuing the IDCODE instruction or
by entering the Test-Logic-Reast state of the TAF controller to read out the contents
of its Device ID Regizter and posaibly data from succeeding devices of the gcan
chain. |ssue the BYPASS Instruction to the ATmega32 while reading the Davice 1D
Reqisters of preceding devices of the boundary scan chain.

— W the Devica IDs of all devices in the boundary scan chain must be captured
simultanaously, the ATmega32 must ba the fist devics In thae chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR rag-
ister triggerns an unexpactad EEPROM interrupt request.

Problem Flx / Workaround

Always use OUT or SBI to set EERE In EECR.

ATMEL 16
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atasheet
avision
istory

1anges from Rev.
03P-07/09 to
w. 2503Q-02/11

1anges from Rev.
030-07/09 to
w. 2503P-07/10

1anges from Rew.
03N-06/08 to

W,

030-07/08
ianges from Rev.
03M-05/08 to

V.
D3N-06/08

ianges from Rev.
D3L-05/08 to

LT

03M-05/08

anges from Rev.
D3K-08/07 to

V.

03L-05/08

anges from Rev.
03J-10/06 to

V.

03K-08/07

OE-AVE-0211

Please nota that the raferring page numbers In this section are refarred to this document. The
referring revision in this saction are referring 1o the documant revision.

1. Updated “Packaging Information” on page 333, by replacing the package 44A by a

zl

1l

4!

comract ong.

Updated the datasheet according to the Atmel new Brand Style Guide.

Updated “Ordering Information” on page 332 to Include Tape & FReel devices.

Inserted Nots in “Performing Page Erase by SPM” on page 251.
Mote 6 and Note 7 In Table 119 on page 280 have been removed.
Updated “Performing Page Erase by SPM” on page 251.

Updated “Errata” on page 336 .

Updated the TOC with new template {version 5.10)

Added the note “Not recommended for new designs”™ on “Features” on page 1-

Updated “Ordering Information™ on page 12:
- Commercial ordaring codes removed.
- Non Pb-free package oplion removad.

Removed note from Feature iIst in “Analog to Digltal Converter™ on page 201.
Removed note from Table 84 on page 215.

Updated “Fast PWM Mode” on page 75 in “8-blt Timer/Counter0d with PWM” on page
&0:
— Removed the last section describing how to achieve a frequency with 50% duty
cycle waveform output in fast PWM moda,

Renamed “Input Capture Trigger Source” {o “Input Capture Pin Source” on page 94.
Updated “Features” on page 1-
Added “Data Retention™ on page §.

Updated “Errata” on page 336.

ATMEL.
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5.

ianges fromRev. 1.
031-04/06 to Rev.
03J-10/06

anges from Rev. 1.
03H-03/05 to
v. 25031-04/06 2,

angesfrom Rev. 1.
13G-11/04 to
v. 2503H-03/05

angesfromRev. 1.
1B3F-12/03 to
v. 2503G-11/04 2

anges fromRev. 1.

Updated “Siave Mode” on page 136.

Updated “Fast PWM Mode” on page 99.

Updated Table 38 on page 80. Table 40 on page 81, Table 45 on page 108, Table 47 on
page 108, Table 50 on page 125 and Table 52 on page 126.

Updated typo in table note 6 in “DC Characteristics™ on page 287.
Updated "Errata” on page 336.

Updated Figure 1 on page 2.

Added "Resources” on page 6.

Added nole to “Timer/Counter Oscillator” on page 31.

Updated “Serial Peripheral Interface — SP1" on page 132

Updsted note in “Bit Rate Generator Unit” on page 175.

Updated Table 86 on page 218.

Updated “DC Characteristics” on page 287,

MLF-package alternative changed to "Quad Flat Mo-Lead/Micro Lead Frame Package
QFN/MLF",

Updated “Electrical Characteristics” on page 287
Updated “Ordering Information” on page 332
“Channel” renamed “Compare unit” In Timer/Counter sectlons, ICP renamed ICP1,

Updated Table 7 on page 29, Table 15 on page 37, Table 81 on page 206, Table 114 on
page 272, Table 115 on page 273, and Table 118 on page 289.

Updbated Figure 1 on page 2, Flgure 46 on page 100.
Updated “Version” on page 226.

Updated “Callbration Byte" on page 258.

Added section “Page Size” on page 258.

Updated “ATmega32 Typical Characteristics™ on page 296.

Updeted “Ordering Information™ on page 332.

Updated “Calibrated Internal RC Osclllator” on page 29.

I3E-09/03 to
£ 2503F-12/03
fe=s e ———— 5 — = ——ar o A mElw 18
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ianges fromRev. 1.
03D-02/03 to
w. 2503E-09/03

=
]

anges from Rev.
)3C-10/02 to
v. 2503D-02/03 %

8.

9-‘

Updated and changed “Onchip Debug System” to “JTAG Interface and On-chip
Debug System” on page 35.

Updated Table 15 on page 37.

Updated “Test Access Port - TAP” on page 219 regarding the JTAGEN fuse.
Updated description for Bit 7 — JTD: JTAG Interface Disable on page 228.
Added a note regarding JTAGEN fuse 1o Table 104 on page 257.

Updated Absolute Maximum Ratings* , DC Characteristics and ADC Characteristics In
“Electrical Characteristics” an page 287.

Added a proposal for solving problems regarding the JTAG Instruction IDCODE In
“Errata” on page 336.

Added EEARS In EEARH in "Reglsier Summary™ on page 327.

Added Chip Erase as a first step In“Programming the Flash™ on page 284 and “Pro-
gramming the EEPAROM" on page 285.

Aemoved reference to “Multl-purposs Oscillator” application note and "32 kHz Crys-
tal Oscillstor™ application note, which do not exist.

Added Information about PWM symmeatry for Timer0 and Timer2.

Added note In “Fllling the Temporary Buffer (Page Loading)” on page 251 about writ-
Ing to the EEPROM during an SPM Page Load.

Added “Power Consumption™ data in “Features™ on page 1.
Added section “EEPROM Write During Power-down Sleep Mode” on page Z2.

Added note about Differential Mode with Auto Triggering In “Prescaling and Conver-
ston Timing” on page 204.

Updated Table 89 on page 232.

10.Added updated “Packaging Information” on page 333.

anges fromRev. 1.

13B-10/02 to

v. 2503C-10/02

anges from Rev. 1.

BA-03/02 to

1. 25038-10/02 2
3.
4.

BE-AVR-02/11

Updated the “DC Characteristics” on page 287-

Canged the endurance on the Flash to 10,000 Write/Erase Cycles.
Blt nr.d4 — ADHSM - in SFIOR Register removed.
Added the seciion “Default Clock Source” on page 25.

When using External Clock there are some limitations regards to change of fre-
quency. This is described in “External Clock™ on page 31 and Table 117 on page 289.
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11.

Added a sub section regarding OCD-system and power congsumption In the section
“Minimizing Power Consumption"” on page 34.

Corrected typo (WGM-bit estting) for:

= “Fast PWM Mode” on page 75 (Timen'Counterd)

= "Phase Correct PWM Mode” on page 76 (TimerCountard)
- “Fast PWHM Mode" on page 120 (Timer/Counter?)

— “Phase Correct PWM Made” on paga 121 (TimerfCounter2)

Corrected Table 67 on page 164 (USART).
Updated ¥, , 1, and |; parameter in “DC Characteristics™ on page 287.

Updated Description of OSCCAL Calibration Byte.

In the datasheet, it was not explained how 1o take advantage ol the calibration bytes for 2, 4,
and 8 MHz Oscillator seleclions. This is now added In the following sections:

improved description of “Oscillator Calibration Register — OSCCAL" on page 30 and "Calj-
bration Byle” on page 258.

Corrected typo In Table 42.

Corrected description in Table 45 and Table 46.

12. Updated Table 118, Table 120, and Table 121.

13. Added “Errata™ on page 336.
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23003 ks n Prafermed Dovice

General Purpose

Transistors
NPN Silicon

MAXIMUM RATINGS

Rating Symbol Value Lhnit
Collector—Emittar Voltage Veeo 40 Wda
Callector—Base Voltage YoRO 60 Vi
Emitter—Base Yaltage VEROD B0 Ve
Collectar Curant — Continuous e 204 midc
Totel Device Dissipalion Pp

@ Tp, = 25°C G25 vy
Derate above 25°C 50 mNeC
Total Device Dissipation PO
@ T =250 15 Watts
Darate above 25°C 12 s
Operating and Storage Junclion T4 T,tg -55 1o pl L3
Temperature Range +150
THERMAL CHARACTERISTICS (Nots 1)
Chamctaristic Symbxol Max Unk
Thermal Resistance, Faia 200 “CAN
Juncion to Amblant
Thermal Resislance, Rauc 833 Y
Junciion to Case

1. indicates Dada in addition to JEDEC Requirements.

0 Semianduotor Cormpones kducires, LLE, 2001

MNovember, 2000 — Rev. 3

'y

http:/fonsemi.com

COUECTOR

k!
2
BASE
1
EMITTER
STYLEA
TO-o2
CABE 20
STTLEA
MARKING DIAGRAMS
P o]
i 2N N Y 2 K
3803 a804d

Q

T W

Devlen Package Ehlpping
23903 T892 S0 Linfiz/Ber
ZMIB0IRLRM TO-82 | 2000vAmma Pack
ZM3a0 TO-8 H000 Units/Box
ZNISMRLRA T2 | 2000/Tspe & Rasl
2MID4RLRE TO-62 | 2000/ Tepe & Real
ZNIOMRLRM TO-82 | 2003HAmmo Pack
ZMIFMRLRP TO-82 | 2000:Ammo Pack
ZMIS04RLT TO-82 | 2000MTape & Resl
ZMIS0AZLY To-02 | 20004Ammo Pack

Profermed devices 8re recommandad choces for fulune yse
and beed ouerall valise.

Publication Ordar NUmber:
IN3003D
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ELECTRICAL CHARACTERISTICS (Th = 25°C unless otherwise noted)

[ Chararteristic | symbol | Min Max Unit
OFF CHARACTERISTICS
Celincor—Fritior Braaldown Vetags (Nets 2.) (e = 1.0 mAde, g =0) Visrjceo | 40 7 Wde
Collacter—Basa Broakdown Vottage (I = 10 wAde, Ig = D) VIBRICBO &0 - Vo
Emittar-Base Breakdown Vollagae (g = 10 pAde, lp =0 ""fBR}EEQ B.0 - Vide
Base Cutofl Curent (Vg = 30 Vdc, Vg = 3.0 Vdc) gL = a0 nAdp
Coltector Cutoff Gurrent (Viop = 30 Vde, Vg = 3.0 vdc) ICEX - 50 nAdc
ON CHARACTERISTICS
DT Current Gain (Note 2.) hgg -
{lg = 0.1 made, Vige = 1.0 Vde) 23903 20 i
ra pi g 40 =
fics = 1.0 mAde, Vicg = 1.0 Vde) N33 35
ZH3E04 o -
(i = 10 mAds, Veg = 1.0 Vda) 2H3500 50 150
23004 100 300
{le: = 50 mAdc, VoE = 1.0 ¥dg) 23803 30 =
2M3904 &0 -
(I = 100 mads, VoE = 1.0 Vde) NS0 15 -
2H3004 30 -
Collector-Emitar Saturation Voltage (Nate £.) YEE sat) Yag
{lg = 10 mAdc, Ig = 1.0 mAde) - 02
{ic = 50 mAdc, Ig = 5.0 mAdc = 03
Base—Emitter Saturation Vialags (Mota 2. VBE{zat) Vde
(Ic = 10 mAd, Ig = 1.0 mAdc) Bag | 4
{Ig = 50 mAde, Ig = 5.0 mAde) = 0.95
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidih Produst fr hHz
{lc = 10 mAdc, Vo = 20 Vdc, f = 100 MHz) 203903 250 -
2N 300 -
Cunpnt Capachance (Vg = 50 Voo, ig =10, 7= 1.0 MHz) Cobo - 40 P
Input Capacitance (Vg = 0.6 Vde, lo = 0, F= 1.0 MHz) Cibo - 2.0 pF
tnput impedance hig k&2
{li= = 1.0 mide, Vge='1ﬂ'l.l'dc,F=‘l.Ukszl 2H3003 1.0 B0
23804 1.0 10
Vollage Faedback Ratlo hs x4
{le= 1.0 mAde, YoE = 10 Ve, = 1.0 kHz) 2N3803 0.1 50
2M3004 05 8.0
Smal-Signal Gurment Gain tif =
{le = 1.0 mAde, Ve = 10Vde, = 1.0 kHz) 2M3803 5 200
ey LI 100 400
Outpul Admittance (Ig; = 1.0 mAde, Vigg = 10 \de, f= 1.0 kHz) hoe 1.0 40 urrhos
hoise Figure NF 4B
(I =100 pAdo, Vop =50 Yde, Ag = 10 k (LT =1.0kHz) IS = 50
2n3804 - 50
SWITCHING CHARACTERISTICS
Delay Time Voo = 3.0 Vde, Vg = 0.5 Vde, ' o 3% -
Rigg Time I =10 mAde, g1 = 1.0 mAdc) I ™ 35 ns
Starage Time Voo = 5.0 Vde, Ig = 10 mAde, 2M3903 Ig - 176 ne
iy = gz = 1.0 mbdc) INA04 200
Fall Tame i - B ns

2. Puisa Tasl: Pulse Width = 300 ps; Duty Cydle = 2%.
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AV
DUTY CYCLE = X% Wety B0 pa—= 1§ |=—
wrm—le ey DUTY CYCLE - 2% F_ e
I o
a5V— ] L : f
<1m T Gy < 4prt
= -81 ‘l.l”—_";i"-l_-__ i
* Total shunt capacitancs of kst ||Ip and connecis
Flgure 1. Delay and Rize Time Figure 2. Storage and Fall Time
Equivalant Test Circult Equivalent Test Circult
TYPIGAL TRANSIENT CHARACTERISTICS
#——r T‘ = s
10 T I T TLIET | 5000 | TTII:
‘ - soog I Yee=40Y LTI
7.0 [ iglg=10 =
i Ll
5500 ] g 1000 L Zatf
E— 1
E TTHPHL oo R == = )
£ a0 = Sy § 0 Z
g I|I‘h"""‘ltn. o 30 | m ar
20 Cotn et 200 —L+TTLH
T~ = Op
) 100
bt et
10 ] 1 5 1 1]
D) 02 63 05SuTI0 20 40 SOT010 20 30 40 1.0 20 a0 5074 0 20 3 507100 200
REVERSE BIAS YOLTAGE NOLTS) iy, COLLECTOR CURRENT [maby
Figure 3. Capacitance Figure 4. Charge Data
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TIME {reg)

t;, STORAGE TIE fns)

NF, HOISE FIGUIRE [d8)

2N3903, 2N3904

i | i 1 4 L L 500 T @ B, P B
300 P ichg=10 _ M0 N 11T vec=d0v _|
200 s ighg =10
b
10 e S g™ =
NN y@Vee=30v¥4 =
= . T R i i E 5 =
o0 SOUNUINNN o] w
% | W AL 0l fﬂ g ! ]
! =TT 15V | I
o 5 s e 10 -r
7 T 4 @Vog =0V 20V 3 7 T T
5 L IR g 1 1 L 1 1
10 20 30 507010 M 30 S 700 A0 10 20 40 BOTO0 2 I 507010 P
|p;; GOLLECTOR CLRRENT {md) I, GOLLEGTOR CURRENT (ma)
Figure 5. Turn-0n Time Figurs 8. Rise Time
500 T T T I [T 500 1 L L 0
T Vy=tg— g T Vgg =40V ]
0 Icfg=20 10+ =gz 00 Bl |
200 . Glg=101 1 1 200 SN, 1=l
Iphp =0
100 = E 10 7
T I T H o
50 Ifig = 20 E s TR ]
P w-iﬂ‘{_l % 20 icfig = 10 Q‘% s
20 i | < ?--&:ﬁ
10 = = W ===
7 7
5 11 I 1 | 5 L | | Y 1
10 20 36 507010 2 30 5701 200 1 20 30 S07O10 20 30 B TO10 200
|, COLLEGTOR GURFENT fma} Iz, COLLEGTOR GURRENT imA)
Flgura 7. Storapge Time Figura 8. Fall Tims
TYPICAL AUDMI SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
(YCE = 5.0 Vdc, Ta = 25°C, Bandwidth = 1.0 Hz)
12 T TTT T T T T 1711 T 14 TF 11 T T1 Pl Fd
| SOURCE RESISTANGE = 2000  F= L0k T4y
1] i | ‘2 i | L AZ
e ) I = 06 mA: X y
g -\ | sounce resisTance -0 0 2w o el
\ | N ig=05ma € . : Ig=
h \IELI Loboran | 1 g [ / A T
B I SOURCE RESISTANCE =10k | T AN ’ AU ic = 100pa
Sins iR : A
4 N g angl = 4 h*h L f!’“
| T e =
2| SOURGE RESISTANGE = 500 52 H
= 100 ud
1 0z 04 10 20 40 1@ 2 M 10 %7 0z 08 10 20 40 W 2 @ 10
{, FREQUENCY [kHz) Az, SOURCE RESISTANCE (k DHMS)
Figure 9. Figura 10.
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e . CURRENT GAIN

hjg » INPUTT IMPETHAMGE (k GHMS)

2N3903, 2N3504

h PARAMETERS

(VeE = 10 Vde, £ = 1.0 kHz, TA =25°C)

300 10 3 ; —
\ — 1 JI j 1
| % 50 =

=

200 e [
| o v

| " i llr__.l"
= 7 =
100 = — W e
70 i =+ g 5
50 5 sl 1 e |
o | L | 1
01 02 03 05 10 20 30 5O 10 01 02 03 06 1.0 20 30 5D 1
I, GOLLECTOR CURRENT (mA} . I, GOLLECTOR CURRENT (ma)
Figure 11. Gurrent Galn Figure 12. Output Admittance
20 1 T1 - L T T T
b Y
= 10
10 ; E’ =
- NG
50 :I g
o, an
o o
Mo § M 4y
20 B I O T 4
T~ E 20 '\\ 5
= x g " Tl ,.-—""f
05 ?
‘,=a_ or
ot 02 03 65 1.0 20 a0 50 10 R | 62 03 05 1.0 20 3 BD 10
I, COLLECTOR CURRENT (mA) I COLLECTOR CURRENT sma)
Figure 13. Input Impadances Figure 14. Voltage Faadback Ratio
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TYPICAL STATIC CHARACTERISTICS

= - ; T
E TJ=+1§°¢ ""EE:T-“'U'_
"] |
g 10 =S == +5°C . 55
E S z ] BN 191 | . " -"‘LK
i S ; =
-B5G
£ 0.5 —~
g o3 ] ™ |
g | = “‘H.\ \ ]
8 g2 .
: N
o | LLINL s
o 02 03 o5 &7 10 20 &0 B0 TD 10 2 a0 B M 0 20
I, COLLECTOR CURRENT {mb)
Figure 15. DC Current Gain
g L I L
Ty=25°C 1
2 o8
& Ig=1.0mA 10 30 mA | 100ma
2 | \
£ \
[}
0.4 1
§ 4] \ L' W
\ 'H""'l-
E_ 0z "-..____-___ s
:? 0
0.01 D oM 005 007 0 0z 04 65 07 10 ap 30 TR
g, BASE CURRENT {ma)
Figure 186, Collector Saturation Reglon
12 (S T | 1.0 | ! =
magii| L
10 Ve @ ’CJJ"H =“L 05 A T0 1256 —
z - & Lt FOR Voerss I
g‘ 04 T r 3 0 P | -55'CTO 5G|
Vg =101y
Q . Vpe @ VCE ' = i ]
s f/ =] 1 =
§ A £ $5°C TO +25°C
=04 [ g -10 $
i V{E:?ﬂﬂloﬁr 0 1 +25°C TO 1125°C —
3 15 Byg FOR Vgg .
. witl /i L g
i N I |
10 40 50 W 0 5 100 200 20 40 B0 BO 100 120 140 180 R0 200
Ig. COLLECTOR CURRENT fmd) ic. COLLECTOR CURRENT [mA)
Figure 17. “ON"” Voltages Figure 18. Temperature Coefficients
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PACKAGE DIMENSIONS
TO-82
TO-226AA
CASE 28-11
ISSUE AL o
1. DIMENSIONING ANty TO_ERANTING PER AlSi
145, 156,
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15 UG FHLLED.
4 LEMD 15 IMGURTRELLED 4 FARD
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Pl oy LB | 438 | 5W |
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l t' I lel- B-bit Atmel Microcontroller with 8KB In-System Programmable Flash

ATmegaSA

Features

s High-parformance, Low-powar Atmel®AVR™ B-bit Microcontrolles
+ Advancad RESC Architeciura
- 130 Powerful Instructions — Most Single-clack Cycle Execution
— 32 x B Genaral Purposs Working Registers
= Fully Static Dparation
- Up to 16MIPS Throughput at 16MHz
— On-chip 2-cycia Multiplier
» High Enduranca Non-volatile Mamory sagments
- BKBytes of In-System Self-programmable Flash program memary
- 5128ytes EEPROM
— 1KByte Internal SRAM
- Write/Erasa Cycles: 10,000 Flazh/100,000 EEPROM
- Data retention; 20 years at 85°C/100 years at 25°C'"
- Optional Boot Code Section with independerd Lock Blts
* In-System Programming by On-chip Boot Frogram
+ True Read-Whila-Write Operation
- Programming Lock for Software Security
+ Almel GTouch® libeary support
— Capacitive touch buttons, sliders and whoels
- Atmel QTouch and OMatrix scquisition
- Up to 64 sense channels
* Periphersl Fealures
— Two &bt Timer/Counters with Separate Prescaler, one Compare Mode
- Ona 16-bi Timer/Countar with Saparate Praacaler, Compare Mode, and Capiure Mods
— Real Time Counber with Separate Osclllstor
= Thres PWM Channeis
- B-channel ADC In TOFP and GFN/MLF package
= Eight Channala 10-bit Accuracy
— B-channal ADC in PDIP package
+ Six Channals 10-bit Accuracy
- Byte-oriented Two-wira Serlal Interface
- Programmable Serial USART
- Magler/Slave SPI Serlal Interiace
- Programmable Waichdoeg Timer with Separate On-chip Osclitator
- On~chip Analog Comparatar
= Spaclal Microcontroller Features
- Power-on Feset and Programmable Brown-out Detection
= Intemal Callbrated RC Oscillator
— External and Intermnal Interrupt Sources
— Five Sleep Modas: ldle, ADC Nolsa Reduction, Power-save, Power-down, and Standby
¢ YO and Packages
- 23 Programmable 'O Lines
- 28-lsad PDIP, 32-Isad TOFP, and 32-pad OFNMLF
» Oparzting Voltages
- 2755V
- 0 - 16MHz
* Power Consumption at 4MHz, 3V, 25°C
- Agtive: 3.6mA
- idia Mode: 1.0mA




Pin Configurations

Figure 1-1.
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Overview
The Atmel®AVA® ATmega8A is a low-power CMOS B-bit microcontroller based on the AVA RISC architecturs. By
execuling powerful insiructions in a single dock cycle, the ATmegaBA achieves throughputs approaching 1 MIPS
per MHz, allowing the system designer fo optimize power consumption versus processing speed.

Block Diagram
Figure 2-1.  Block Diagram
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The AtmelPAVR® AVR core combines a rich instruction set with 32 general purpose working registers. All the 32
registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be
accessed in ona single instruction executed in one clock cycle. The resulting architecture is more code efficient
while achieving throughputs up fo ten times faster than conventional CISC microcontrollers.

The ATmegaBA provides the following fealures: 8K bytes of In-System Programmable Flash with Read-Whils-
Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 23 general purpose 1O lines, 32 general purpose
working registers, threa flexible Timer/Counters with compare modes, internal and extemal interrupts, a serial pro-
grammable USART, a byta criented Two-wire Serial Interface, a &-channel ADC {eight channels in TOFP and
QFN/MLF packages) with 10-bit accuracy, @ programmable Watchdog Timer with Intemal Oscillator, an SP1 serial
port, and five software selectabla power saving modes. The Idle mode stops the CPU while allowing the SRAM,
Timer/Counters, SPI port, and intarrupt system 10 continue functioning. The Power-dawn made saves the ragister
contents but freezes the Oscillator, disabling all other chip functions until the next Interrupt or Hardware Reset. In
Power-save mode, the asynchronous imer continues 1o run, aliowing the user 10 mainiain a timer base while the
rest of the device is sleaping. The ADC Noisa Reduction mode stops the CPU and all VO modules except asyn-
chronous limer and ADC, to minimize switching noise during ADC conversions. In Standby mode, tha
crystalresonator Oacillator is running while tha rest of the davice is sleaping. This allows very fast start-up com-
binad with low-power consumption.

The davice is manufacturad using Atmel's high density non-volatile mamory tachnology. The Flash Program mam-
ory ¢an be reprogrammad In-System through an SPI serial interiace, by a conventional non-volatile memory
programmer, or by an On-chip boot program running on the AVH cora. The boot program cen use any interface 1o
download the application program in the Application Flash memory. Softwara in the Boot Flash Section will con-
tinue to run while the Application Flagh Section is updated, providing trus Raad-While-Write operation. By
comblning an B-bit AISC CPU with In-System Self-Programmahbla Flash on a monolithic chip. tha Atmel
ATmegaBA is a powertul microcontrolier that provides a highly-flexibia and cost-effective solution 1o many ambed-
ded control applications.

The Atmel AVR ATmegaBA is supported with a full suite of program and system devalopment tools, including G
compilers, macro assemblers, program simulators and evaluation kits.

Pin Descriptions

VGG
Digital supply voitage.

ar

GND
Ground.

¥ Port B (PB7:PBO) — XTAL1/XTAL2TOSC1TOSC2
Port B is an 8-bit bi-directional KO porl with intemal pull-up resistors {selecied for each bit). The Port B ouiput bui-
fers have symmetrical drive characteristics with both high sink and source capability. As inputs, Pon B pins that are
extemally pulled low will source current if the pull-up resistors are activated. The Port B pins are tri-stated when a

reset condition becomas active, even if the clock is not running.

Depending on the clock selection fuse settings, PBE can ba usad as input 1o tha inverting Oschlator amplfier and
input to the intemal clock operating circuit.

Depending on the clock selection fuse settings, PBE7 can be used as output from the inverting Oscillator amplifier.

If the Internal Calibrated AC Oscillator is used as chip clock source, PB7:6 Is used as TOSC2:1 input for the Asyn-
chronous Timer/Counder? I the AS2 bit in ASSH is set.
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The various special features of Port B are elaborated in “Altemate Functions of Port B" on page 56 and *System
Clock and Clock Options" on page 24.

b Port C (PC5:PCO)
Fort C is an 7-bit bi-directional YO port with Intemal pull-up resistors (selected tor each bit). The Port G output bul-
fers have symmaetrical drive charactaristics with both high sink and source capability. As Inputs, Port C pins that are
axternally pulled low will source cumant if the pull-up resistors are activated. The Port C pins are tri-stated when a
resat condifion becomes active, aven if the dlock is not running.

; PCAMRESET
if the RSTDISBL Fusa is programmad, PCH i used as an /O pin. Note that tha electrical characteristics of PCE dif-
fer from those of the other ping of Port C.

If the RSTDISBL Fuss is unprogrammed, PCE is used as a Resat input. A low level on this pin for longer than the
minimum pulss length will generate a Reset, even if the clock is not running. The minimum pulse length is given in
Table 26-3 on page 228. Shorter pulses are not guaranteed to genarala a Reset.

The various special leatures of Port C are siaborated on page 59.

} Port D (PDT:PDO)
Port D Is an 8-bit bi-directional O port with intemal pull-up resistors (selected for each bit). The Fort D output but-

ters have symmetrical drive characteristics with both high sink and source capability. As Inputs, Port D pins that are
axternally pulled low will source current if the pull-up resistors are activated. The Port D pins are tri-stated when a

reset condition becomes active, even if the clock is net running.
Port D also serves the functions of various special featurss of the ATmegaBA as listed on page 61.

. RESET
Reset input. A low level on this pin for longer than the minimum pulss length will generate a reset, aven if the clock

is not running. The minimum pulse length is given in Table 26-3 on page 228. Shorter pulses are not guarantsad 1o
generate a raset.

H AVee
AV is the supply voltage pin for the A/D Converter, Port C {3:0}, and ADC (7:6). t should be exdemnally connected
10 Ve, even if the ADC is not used. If the ADC is used, it should be connected to V¢ through a low-pass filter.
Mote thal Port C (5:4) use digital supply voltage, Vee.

] AREF
AREF is the analog relerance pin for the AJD Converter.

0 ADC7:6 (TGFP and QGFN/MLF Package Only)
In the TQFEP and QFNMLF package, ADC7:6 serve as analog inputs to the A/D converter, These pins are powered
from the analog supply and serve as 10-bit ADC channals. .
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Resources

A comprehensive set of development tocls, application notes and datasheels are available for download on
hittp:fwww atmel com/avr,

Data Retention

Reliability Qualification results show that the projected data ratention failure rate is much less than 1 PPM over 20
years at B5°C or 100 ysars at 25°C.

About Code Examples

This datashest contains simple code examples that briefly show how to use varicus pars of the device. These
code examples assume that the pan specific header flle Is Included before compilation. Be aware that not all C
compller vandors include bit definitions in the headsr files and Interrupt handling In C Is compiler dependent.
Pleasa confimm with the C compiler documantation for more detalls.

Capacitive touch sensing

The Atmef® QTouch® Library provides a simple to use solution to realize touch sensitive interfaces on most Atmel
AVR® microcontroliers, The QTouch Library includes support for the QTouch and QMatrix® acquisition methods.

Touch sensing can be added to any application by linking the appropriate Atmel Qi Touch Library for the AVR Micro-
controlier. This Is done by using a simple set of APls to define the touch channels and sensors, and then calling the
touch sensing API's ta retrieve the channel information and determine the touch sensor states.

The QTouch Library is FREE and downloadable from the Atmel website at the following location:
www.atmel com/aqiouchlibrary. For mplementation detaits and other information, refar to the Atmel OTouch Library
User Guide - also available for download from the Atmel website.
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AVR CPU Core

Overview

This section discusses the Atmel®AVR® core architecture in gensral. The main function of the CPU core is to
ansura carract program exacution. The CPU must therefore ba able to access memories, perform calculations,
conirol peripherals, and handia intemupts.

Figure 7-1. Block Diagram of the AVYR MCU Architecture
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In order to maximize performance and parallelism, the AVR uses a Harvard architecture — with saparate mamories
and buses for program and data. Instructions in the Program memory are axecuted with a single lavel pipelining.
While one Instruction is being executed, the naxt instruction is pre-fetched from the Program memeory. This concept
enables instructions to be execuled in every clock cycle. The Program memory Is In-System Reprogrammable
Flash memory.

The fast-access Register File contains 32 x 8-bit general purpose working registers with a single clock cycle
access time. This allows singlecyde Arithmetic Logic Unit (ALU) operation. In a typical ALU operation, two oper-
ands are output from the Register File, the operation is executed, and the result is stored back in the Ragister Fila
—Inone clock cycle.

Six of the 32 registers can be used as three 16-bit indirect address register pointers for Data Space addressing —
enabling sfficiant address calculations. One of the these address pointers can also be used as an address pointer
for look up tables in Flash Program memory. These added function registers are the 18-bit X-, Y-, and Z-register,
described later in this section.
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The ALU supporis arithmatic and logic operations batwean ragisters or between a constant and a register. Single
register operations can also be execuled in the ALL. After an arithmetic operation, the Status Reglster is updated
to reflect information about the result of the operation.

The Program flow Is provided by conditional and unconditional jump and call instructions, able to direclly addreas
the whole address space. Most AVR Instructions have a single 16-bit word format. Every Program memory
address contains a 16 or 32-bit instruction.

Program Flash memory space is divided in two sections, the Boot program section and the Application program
section. Both sections have dedicated Lock Bits for write and read/write protection. The SPM Instruction that writas
into the Application Flash memory section must reskde in the Boot program saciion.

During Interrupts and subroutine calls, the retumn address Program Counter (PC) is stored on the Stack. The Stack
Is efiectively allocated in the general data SRAM, and consequently the Stack size is only limited by the total
SAAM size and the usage of the SAAM. ARl user programs must initialize the SP in the reset routine (before sub-
routines or Intemupts are executed). The Stack Poimar 5P Is read/write accessible In the /O space. The data
SRAM can easily be accessed through the five different addressing modes supported in the AVR architecturs.

Tha memory spaces in the AVR architecture are all linaar and regular memory maps.

A flaxible intarrupt module has s conrol registers in the VO space with an additional global intermupt enable bit in
the Status Registar. All interrupts have a separata Interrupt Vector in the Intsrmupt Vector table. The interrupts have
priority in accordance with their Interrupt Vector position. The lower the Interrupt Vector address, the higher the

priofity.
The YO mamary space contains 64 addrasses for CPU peripheral functions as Conirol Registers, SPI, and other

VO functioris. The YO Memary can be accessed directly, or as the Data Space locations following those ol the Reg-
istar Fila, 0x20 - Ox5F.

Arithmetic Logic Unit - ALU

The high-performance Atmel®AVA® ALU operates in direct connection with all the 32 general purpose working reg-
isters. Within a single clock cycle, arithmetic operations between general purpose registers or betwesen a regisier
and an immadiate are axacuted. The ALU operations are divided into threa main categorias — arlthmalic, logical,
and bit-functions. Some implementations of the architecturs also provide a powearful multiplier supporting both
signed/unsigned multiplication and jractional format. See the “Instruction Sef” section for a detailed description.

Status Register

The Status Register contains information about the resull of the most recently executed arithmetic instruction. This
Information can be used for altering program flow in order to perform conditional operations. Note that the Status
Register | updatad after all ALU operations, as specified in the Instruction. Set Reference. This will in many cases
remove the need for using the dedicated compara instructions, resulting in 1aster and more compact code.

The Status Register is not automatically stored when entering an interrupt roufing and restored when retuming
from an intermupt. This must be handled by software.

! SREG - The AVR Status Reglster

Ba 7 8 s 4 3 2 1 o
I v+ [ T | = |_a_| v | W | 2z | €& | smec

Read it R RAY [ RAK R T RN R
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= Blt7 - I: Global Interrupt Enable

The Gilobal Interrupt Enable bH must be set for the interrupts to be enabled. The Individual interrupt enable control
is then performed in separate control registers. If the Global Interrupt Enable Register is cleared, none of the inter-
rupts are enabled independent of the individual interrupt enable settings. The I-bit is cleared by hardware after an
Interrupt has occurred, and is set by the RETI Instruction to enable subsequent inferrupis. The I-bit can also be set
and clearad by tha application with the SEI and CLI Instructions, as described in the Instruction Sat Relerence.

» Bit&—T: Bit Copy Storage

The Bil Copy instructions BLD (Bft LoaD) and BST (Bit STore) usa the T-bit as source or destination for the oper-
ated bit. A bit from a register in the Register File can be copied into T by the BST instruction, and a bit in T can be
copiad into a blt In a register in the Register Flle by the BLD instruction,

v Bit5 - H: Half Carry Flag
The Half Carry Fiag H indicates a Hali Canry in some arthmetic operations. Half Camy s useiul in BCD arthmetic.
Ses the “Instruction Set Deszcription® for detailed information.

» Bit4-S:SignBi, S=NEV
The S-bit is always an excluaive or batween tha Negative Flag N and the Two's Complement Overfiow Flag V. Ses
the “instruction Set Description” for detailed information.

s Bit3 - V: Two's Complement Overflow Flag
The Two's Complement Overflow Flag V supports two's complement arithmetics. See the “Instruction Set Deserip-
tion® for detalled information,

+ Blt2 - N: Negative Flag
The Nagative Flag N indicates a negative result in an arithmetic or logic operation. See the “Instruction Set
Description” for detailed irformation.

= Bit1-Z: Zero Flag
The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the “Instruction Set Description” for
detailed information.

« BHO-C: Carry Flag
The Camy Flag C indicates a Carry in an arithmatic or logic oparation. 5ea the “Instruction Set Description” for
detailad information,

General Purpose Register File
The Register Flie is optimized for the Atmef®AVAR® Enhanced RISC instruction set. In order to achieve the required
performanca and flaxibllity, the following input/output schemes are supported by the Register File:
= One B-bit output operand and one 8-bit result input.
= Two 8-bit output operands and one 8-bit result input.
» Tiwo 8-bit cutput operands and one 16-bit result input,
= One 16-bit output operand and one 16-bit result input.
Figure 7-2 shows the structure of the 32 general purpose working registers in the CPU.
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Figure7-2. AVR CPU General Purpose Working Registers
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Most of tha insfructions operating on the Register File have direct access 1o all ragisters, and mosi of them are sin-
gle cycle instructions.
As shown In Figure 7-2, each register is also assigned a Data memory address, mapping them directly Into the first

92 locations of the user Dala Space. Although not being physically implemented as SRAM locations, this memory
organization provides great flexibility in access of the regisiers, as the X-, Y-, and Z-pointer Registers can be st to

index any register in the file.

The X-reglster, Y-register and Z-register
The registers R28:R31 have some added functions to their general purpose usage. These registers are 16-bit
address pointers for indirect addressing of the Dala Space. The ihree indiract address registers X, Y and Z are

defined as described in Figure 7-3.

Figure 7-3. The X-, Y- and Z-Registers
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In the different addressing modes these address registers have functions as fixed displacament, automatic incre-
ment, and automatic decremant (see the Instruction Set Reference for details).

Stack Pointer
The Stack is mainly used for storing tempaorary data, for storing local variables and for storing retum addresses

after interrupts and subroutine calls. Note that the Stack is implemented as growing from higher to lower memory
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locations. The Stack Painter Register always points to the fop of the Stack. The Stack Pointer poinis to the data
SRAM Stack area whare the Subroutine and Interrupt Stacks are located. A Stack PUSH command will decreass
the Stack Pointer.

The Stack in tha data SRAM must be defined by the program before any subroutine calis are executed or interrupts
are snabled. Initial Stack Pointer value aquals the last address of the intermal SRAM and the Stack Pointer must be
set to point above start of the SRAM, see Figure 6-2 on page 16.

Saa Table 7-1 for Stack Pointer details,

Tabie 7-1. Stack Pointer instructions

Instruction | Stack polnter Deseription

PUSH Decremantad by 1 | Data is pushed onto the stack -
CALL Decremantad by 2 | Aeturmn eddress is pushed onto tha stack with a subroutine call or
ICALL irtemrupt

RCALL

POP incremerted oy 1 | Cata i popped from Yhe stack

RET Incremertad by 2 Aetuin address is popped from the stack with relum from

RETI subroutine or return from intemupt

The AtmelPAVR® Stack Painter ls implemented as two 8-bit registers in the /O space. The number of bits actually
used is implementation dependent. Note that the data space In some implementations of the AVR architeciure is
so small that only SPL is nesded. In this case, the SPH Register will not be present.

I SPH and SPL - Stack Pointer High and Low Reglster
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Iinstruction Execution Timing

This section describes the general access timing concepts for instruction execution. The Aimel®AVR®CPU is
driven by the CPU clock clkgp, directly generated from the selected clock source for the chip. No intemal clock
division is used.

Figure 7-4 shows the paraliel instruction fetches and instruction executions enabled by the Harvard architecture
and the fast-access Register File concept. This is the basic pipelining concept to oblain up to 1 MIPS per MHz with
the corresponding unique results for functions per cost, functions per clocks, and funciions per power-unit.
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Figure 7-4. The Parallel Instruction Fetches and Instruction Exacutions
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Figure 7-5 shows the intemnal timing concept for the Register Flle. In a single clock cycle an ALU operation using
two register operands is executed, and the result ks storad back to the destination register.

Flgure 7-5. Single Cycle ALU Cperation
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Reset and Interrupt Handling

The Atmel®AVA® provides several different interrupt sources. These interiupts and the separate Reset Vector
sach have a separate Program Vector in the Program mamary space. All intermupts are assigned individual enable
bits which must be written logic one tagether with the Global Interrupt Enable bit in the Status Register in order to
enabie the interrupt. Depending on the Program Counter value, interrupts may be automatically disabled when
Boot Lock Bits BLBO2 or BLB12 are programmed. This feature improves software security. See the section “Merm-
ory Programming” on page 207 for details.

The lowest addresses in the Program memory space are by default defined as the Resst and Interrupt Vactors.
The complets list of Vectors is shown in "Inferrupts™ on page 44. The list also determinas the pricrity levels of the
different Interrupts. The lower the address the higher is the prority level. RESET has the highes! priority, and next
is INTO - the Extemal Irntemupt Request 0. The Interrupt Vectors can be moved o the start of the boot Flash sec-
tion by setting the Interrupt Vector Select (IVSEL) bil in the General Interrupt Control Register (GICR). Refer to
“Interrupts” on page 44 for more information. The Reset Vector can also be moved fo the start of the boot Flash
saction by programming the BOOTRST Fuse, see “Bool Loader Support — Read-While-Write Selft-Programming®
on page 194.

When an interupt occurs, the Global internupt Enabie I-bit is cleared and all interrupts are disabled. The user soft-
ware can writa logic ona to the |-bit to enable nested interrupts, All enabled interrupts can then interrupt the curment
intermupt routine, Tha k-bit is automatically set when a Return from Internupt instruction — AETI - is exsculed.

Thera are basically two types of interrupts. The firs type is triggered by an event that sels the Interrupt Flag. For
thess Interrupts, the Program Counter is vectored to the aclual Interrupt Vector in order lo execute the inferrupt

ATmega8A [DATASHEET] 12
mel St




handling routine, and hardware clears the comesponding Interrupt Flag. Interrupt Flags can also be cleared by writ-
ing a logic ona to the flag bit position{s) 10 ba cleared. It an interrupt condition occurs while the corresponding
interrupt enable bil is cleared, the Interrupt Flag will be set and rememberad until the interrupt is enabled, or the
flag is cleared by software. Simiarly, if one or more interrupt conditions occur while the global interrupt enabie bit is
cleared, the corresponding Intarrupd Flag(s) will be set and remembered until the global interrupt enable bit is set,
and will then ba executed by order of priority.

The sacond type of interrupts will frigger as long as the interrupt condition is present. These interrupts do not nec-
essarily have Inferrupt Flags. If the interrupt condition disappears before the interrupt is enabled, the interrupt wilt
not be triggered,

When the AVR exits from an interrupt, it will always retum to the main program and execute one more instruction
before any pending interrupt is served,

Mote that the Status Register is not automatically stored when entering an interrupt roufine, nor restored when
retuming from an interrupt routine. This must be handled by software.

Whean using the CLI instruction to disable interrupts, the inferrupts will be immediately disabled. No interrupt will be
executed afier the CLI instruction, even if # occurs simultanecusly with the CLI instrucion. The following exarmple
shows how this can be used to avold Interrupts during the timed EEPROM write sequence.

Assembly Code Example
in ris, SREG ; store SAEG value
oli ; disable interrupts during timed Zeguence
abl EECR, EEMWE : start EEFROM write
nbl EFCR, EEWE
ot SREZ, rls ; restore SREF valug (I-bit)

G Code Example

char CSREG:
CEREGC = SREG: /Y store SREG value *f

J* digable interrupts during timed gsegquence %/

Y e Tt
EECR |= {l<<EEMWE}; /* start EEPROM write */
EECRE |= [L<<EEWE);

SREG = OSREG;:; /* restore SREG value [(I-Dit) */

When using the SEl instruction to enable interrupts, the instruction following SEI will be executed before any pand-
ing interrupts, as shown In the following example.
Assembly Code Example

sel ; set global interrupt enable

gleap; enter sleep, waiting for interrupt
; note: will enter sleep before any pending

: interrupt (=)

C Code Example
_SEIl); A* zet global interrupt enable */

_SLEEP{}; /* enter sleep. walting for ioterrupt -/
J* poke: will enter slesp before any pending interrupci{s) */f
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i Interrupt Response Time

The interrupt execution respansa for all the enabled Atmel®AVR® interrupts Is four clock cycles minimum. After four
clock cycles, the Program Vector address for the actual interrupt handling routine is executed. During this 4-clock
cycle period, the Program Counter is pushed onto the Stack. The Vector is normally a jump to the interrupt routine,
and this jump takes three clock cyclas. if an interrupt occurs during execution of 8 multi-cycle instruction, this
instruction Is complated bafore the intermupt Is served. If an interrupt occurs when the MCLU is In sleep mode, the
imearmupt execution responsa time is increased Dy Tour clock cycles. This Increase comes in addition 1o the start-up
tima from the sefected sleep mode.

A raturn from an interrupt handling routine 1akes four clock cycles. During these four clock cycles, the Program
Counter (2 bytes) is popped back from tha Stack, the Stack Pointar is incremented by 2, and the I-bit in SREG is

set.
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AVR Memorles

Overview

This soction describes the different memories in the Ame®AVR® ATmegaBA. The AVR architecture has two main
memory spaces, the Data memory and the Program Memory space. In addition, the ATmaga8A features an
EEPROM Memaory for data storage. All three memeory spaces are linear and reguiar,

In-System Reprogrammable Flash Program Memory

The ATmegaBA contains BK bytes On-chip In-System Reprogrammable Flash memory for program storage. Since
all AVR instructions are 18- or 32-bits wids, the Flash is organized as 4K x 16 bits. For scftware security, the Flash
Program memory space is divided into two sections, Boot Program section and Application Program section.

The Flash memory has an andurancs of at laast 10,000 write/erase cycles. The ATmega8A Program Counter (PC)
is 12 bits wide, thus addresaing the 4K Program memory locations. The operalion of Bool Program section and
associated Boot Lock Bits for software profection are described in detadl in “Boot Loader Suppon — Read-While-
Write Self-Programming” on page 194. “Memory Proegramming” on page 207 contains a detailed description on
Flash Programming In SPI- or Parallel Programming mode.

Constant fables can be allocated within the entire Program memory address space (see the LPM — Load Program
memory Instruction description).

Timing diagrams for instruction fetch and execution are presentad in “Instruction Execution Timing” on page 11.

Figura 8-1. Program Memory Map

Application Flash Section

———

Boot Fiash Section
$FFF

ATmegaBA [DATASHEET] 15

met 81 BSE-ANROI01




SRAM Data Memory
Figure 8-2 shows how the Atmel®AVA®ATmegadA SRAM Memory is omanized.
The lower 1120 Data mamory locatione addrazs the Register Fila, the 1O Memory, and the intemal data SRAM.

The first 96 locations address the Reglster File and VO Memory, and the next 1024 locations address the internal
data SHAM.

The five different addressing modes for the Data memory cover: Direct, Indirect with Displacement, Indirect, Indi-
rect with Pre-decremen, and Indirect with Post-increment. In the Register File, registers R26 1o R31 featurs tha
indirect addressing poinier registers.

The direct addressing reaches the entire data spaca.

The Indirect with Displacemant mode reaches 63 address locations from the base address given by the Y- or Z-
register,

Whan using register indirect addressing modes with automatic pre-decrement and post-increment. the address
registers X, Y and Z are decremented or incremented.

The 32 genaral purpose working registers, 64 /O Registers, and the 1024 bytes of Intemnal data SARAM in the
ATmegadA are all accessible through all these addressing modes. The Register Flle |s described In “Genaral Pur-
pose Reglster Flle™ on page 9.

Figure 8-2. Data Memory Map

Register File Data Address Space
T R e
L $0001
A2 $0002
F29 $001D
E30 $001E
21 Y ST $001F
WHegsters

$00 $0020
301 $0021
$02 $0022
$a0 $005D
$3E $005E

| e FOO0SF

Irtamal SRAM
$0060
$0061
$045€
$O45F
Data Memory Access Timea

This sechion describes the general access timing concepts for intemal memory access. The intemal data SAAM
access is performed in two cliep, cycles as described in Figure 8-3.
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Figure 83. COn-chip Data SRAM Access Cydles
Ti Tz T3

o Emm:fmw:
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EEPROM Data Memory

The Atmel®AVR®ATmegaBA contalns 512 byles of data EEPROM memory. It Is organizad as a separate data
space, in which single bytes can be read and written. The EEPROM has an endurance of at least 100,000
write/erase cycles. The access between the EEPROM and the CPU is described bellow, specitying the EEPROM
Address Registers, the EEPROM Daia Register, and the EEPROM Control Register.

“Memary Programming” on page 207 contains a detailed description on EEPROM Programming in SPI- or Parallel
Programming mode.

EEPROM ReadWrite Access
The EEPROM Access Registers ame accessible in the 10 space.

The write access fime for the EEPROM is given in Table 8-4 on page 20. A self-timing function, however, lats the
user software detect when the next byte can be written. If the user code contains instructions that write the
EEPACM, some pracautions must be taken. In heavily filtered power supplies, V.. is likely to rize or fall stowly on
Power-up/down. This causes the device for some period of time to run 8t a voliaga lower than specified as mini-
mum for the chock frequency used. See “Freventing EEFROM Carruption” on page 22, for details on how to avoid
problems in these sinations.

in order to prevent unintertional EEFROM writes, a specilic write procedure must be followed. Refer to ihe
dascription of the EEPROM Control Ragister for details on this.

When the EEPROM is read, the CPU is halled for four clock cycles before the next instruction is executed. When
the EEPROM is written, the CPU is halted for two clock cycles before tha nexd instruction is executad.

O Memory
The VO space definition of the ATmegabA is shown in * on page 301.

AR ATmegefA 110s and peripherals are placed in the 110 space. The VO locations are accessed by the IN and OUT
instructions, transterring data between the 32 general purpose working registers and the 11O space. If0 Registers
within the address range 0x00 - Ox1F ara directly bit-accessible using the SBI and GBI Instructions. In these regis-
ters, the value of singla bits can be checked by using the SBIS and SBIC Instructions. Aefer to the instruction set
saction for mara details. YWhean using the VO specific commands IN and QUT, the YO addressas Ox00 - Ox3F must
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be used. When addressing O Regisiers a3 data space using LD and ST instructions, 0x20 must be added to
these addresses.

Faor compatibility with future devices, reserved bits should be written 1o zero if accassed. Reserved 1O memory
addressas should never be written,

Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will
operais on all bits in the O RAegister, writing a one back inlo any fiag read as sat, thus clearing the fiag. The CBI
and SBl instructions work with registers 00 to Ox1F only.

The 'O and Paripherals Control Registers are explained in later sections.

Register Description

EEARH and EEARL — The EEPROM Address Reglster

Ba 15 14 13 12 11 10 ] B
. = = = = = = EEARE | EEARH
REART | GRARS | GEARS | EEAR4 | EEAR3 | EEARZ ﬁ% EEARL
7 8 3 1 3 2 1 o
Readitie R R R R R R R RW
AW W R RIW R RIW RW RAW
Initiaé Vaiue 0 0 0 0 0 o 0 X
X X X X X X X X

= Blts 15:9 — Res: Reserved BHs
These bits are reserved bits in the ATmegadA and will always read as zero.

= Biis 8:0 - EEARS:0: EEPROM Address

The EEPROM Addresse Registers — EEARH and EEARL - specily the EEPROM address in ithe 512 bytes
EEFROM space. The EEPAOM data bytes are addressed lnearly between 0 and 511. The initial value of EEAR is
undefined. A proper valus must ba written before the EEPROM may be accessad.

EEDR - The EEFROM Data Reglster

Bit 7 5 5 4 3 2 1 0
e | | | | | | ] L= | EEDR

Resd/Mhits W W RN "W W RAN AW RAN

inttad Value 0 0 0 0 0 0 0 0

= Bits 7:0 — EEDRT:0: EEFROM Dats
For the EEPROM wrile operation, the EEDR Register contains the data to be wrilten to the EEFROM in the

address given by the EEAR Ragister. For the EEPROM read operation, the EEDR contains the data read out from
the EEPROM at the address givan by EEAH.

| EECR - The EEPROM Conftrol Reglstar

Bt 7 -] ] - 3 2 1 [

I = | = T - | - ] EERIE | EEMWE | E_E“! l EERE I EECR
Fondiiiba R R R RAV Rw RAW R
it Vidlioe o o a 1] o o x L]

= Blis 7:4 — Aes: Rasarved BHs
Thesa bitz are reserved bits in the ATmega8A and will always read as zero.
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= Bit 3 - EERIE: EEPROM Ready Interrupt Enabie
Writing EERIE to one enables the EEPROM Ready Interrupt # the | bit in SREG Is set. Writing EERIE to zero dis-
ables the interrupt. The EEPROM Ready interrupt generates a constant inferrupt when EEWE is cleared.

s Bit 2 - EEMWE: EEPROM Master Write Enable

The EEMWE bit determines whether setting EEWE to one causes the EEPROM 1o be written. Whan EEMWE is
set, setting EEWE within four clock cycles will write data to the EEPROM at the salectad address If EEMWE is
zero, setting EEWE will have no effect. When EEMWE has haan written to ana by softwars, hardware claars the bit
1o zero after four clock cycles. See the dascription of the EEWE bit for an EEPROM write procadure.

= Bit 1— EEWE: EEPROM Write Enable

Tha EEPROM Writa Enable Signal EEWE is the writeé strobe to the EEPROM. When address and data are cor-
rectly sat up, tha EEWE bit must be written to one to write tha valua Into the EEPROM. The EEMWE bit must be
wiritien to one before a logical one is written 1o EEWE, ofherwise no EEPROM write iakes place. The following pro-
cadura should be followed when writing the EEPROM (the order of steps 3 and 4 is not essantial);

1. Wait until EEWE becomas Zaro.

2. Wait until SPMEN in SPMCR becomes zero.

3. White new EEPROM address to EEAR {(optional).

4. Writa new EEPROM data to EEDR (optional).

5. Write a logical one to the EEMWE bit while writing & zero to EEWE in EECR.

6. Within four clock cycles after setting EEMWE. write a logical one to EEWE.
The EEPROM can not ba programmed during a CPU write to the Flash memory. The software must chack that the
Fash programming is completed before nitiating & new EEPROM write. Stap 2 s only relevand if the software con-
tains a boot loader allowing the CPU to program the Flash. If the Flash is never being updated by the CPU, step 2
can be omitted. Sae "Boot Loader Support — Read-While-Write Self-Programming” on page 194 for details about
boot programming.
Caution: An interrupt between step 5 and step § will make the write cycle fail, sinca the EEPROM Master Write
Enable will fime-out. if an interrupt routine accessing the EEPROM Is Interrupting another EEFROM access, the
EEAHR or EEDR Register will be modified, causing the Interrupted EEPROM access to fail. It is recommendsd to
have the Giobal Interrupt Flag cleared during all the steps 1o avold these problems.

When the write access time has elapsed, the EEWE bit is cleared by hardwara. The user software can poll this bit
and walt for a zero before writing the next byte. When EEWE has been set, the CPU Is halted for two cycles befors
the next instruction is executed.

+ Bit 0 - EERE: EEPROM Read Enable

The EEPROM Read Enable Signal EERE s the read strobe to the EEPROM. Yhen the comrect address s selup in
the EEAR Register, the EERE bit must be written 1o & logic one to trigger the EEPROM read. The EEFROM read
access iakes one insiruction, and the requested data is available Immediately. Whan the EEPROM is read, the
CPU is hatted Tor four cycles before the next mairection 18 executed.

The user should poll the EEWE bit before starting the read opemtion. if a write operation is in prograss, it Iz neithar
poasibia 1o raad tha EEFPROM, nor to change the EEAR Register.
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The foliowing code examples show one assembly and one G function for writing to the EEPROM. The examples
assume that interrupts are controlled (for example by disabling interrupts globally) so that no interrupts will occur
during exacution of thesa functions. The examples alse assume that no Flash boot loader is present in tha soft-
ware. If such codea ks prezent, the EEPROM write function must also walt for any ongoing SPM command to finish.

Assembly Code Example

EEFRMM_write:
i Wait for completion of previpus wWrile
ebio EECRE, EEWE
rimp EEPROM_write
; Bet up address (rl18:r17) in address register
gut EERRI, rl8
pat ERARL, rl?
:; Wricte daca (rl6) to data register
out EEDR,rl6
; Write Ioegical ocoe bo EXEMWE
sl EECR, EEMWE
; Start eeprom write by selting EEWE
sbl EECE,EEWE
ot

C Gode Exampls

T vold EEPROM_write (unsigned int uiAddress, unsigned char ucDatal)
{
/* Wait for completion of pravious write */
while (EECR & (lc<EEWE} ]
/* Set up addresa and data registera */
EEAR = ulhddress;
EEDR = ucData:
i* Write Iogical ome to EEMWE */
EECE |= (1<<EEMWE},
A% Start eeprom write by setiing EEWE */
EECR |= [L<<EEWE);

nel
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The next code examples show assembly and G functions for reading the EEPROM. The examples assume that
interrupts are controlled so that no interrupts will occur during sxecution of these functions.

Assembly Code Exampla

EEFR(M_Tead:
; Wait for completion of previous wrile
sble EECH, EEWE
zjmpy EEFROM_read
; Saet up address (rif:rl17) in address register
cuk EEARH, rli
out EEARL, rl7
; Start egprom read by writing EERE
sbd EECR,EERE
; Read data from data register
in rl6,EEDR
rat

C Code Exampla

unsigoed char EEPAOH_read (uosigoed dok uilkddress)
{
J* Wait for completion of previons write */
while (EBECR & {1<<EEWE) )

/* set up address register */
EEAR = uladdress;
/* Btart esprom read by writing EERE */
EBECR |= {1<<EERE};
/% Returm data from dats regiskter */
return EEDR;

H

EEPROM Write during Power-down Sleep Mode
Wher entering Powar-down sleep mode while an EEPROM write operation is active, the EEPROM write operation
will continue, and will complate before the Write Access time has passed. However, when tha write opsration is
completad, the Oscillator continues running, and as a consequence, the device doss not enter Power-down
antirely. It is therefore recommended to verify that the EEPROM write operation iz completed before entering
Power-cown,

Preventing EEPROM Corruption
During periods of low Vo the EEPROM data can be comupted because the supply voltage is too low for the CPU
and the EEPROM to operate properly. These issues are the same as for board level systems using EEPROM, and
the same design solutions should be applied.

An EEPAOM data corruption can be caused by two situatlons when the voltage is too low. First, a regular write
sequence to the EEPROM requires a minimum voltage to operate comectly. Second, the CPU itself can executs
instructions incorrectly, if the supply voltage is too low.

EEPROM data comuption can easily be avolded by following this design recommendation:

Kesap the AVR RESET active (low) during periods of insufficient power supply voliage. This can be done by
anabling the internal Brown-out Detector (BOD). if the detection level of the intemal BOD does not match the
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nagded detection level, an sxtemal low V. Resst Protection circult can be usad. If a resst occurs whila a write
operation iz in progress, the write operation will be completed provided that the power supply voltage is
sufficiant.
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System Clock and Clock Options

| Clock Systems and their Distribution
Figure 5-1 presents the principal dock systems in the AVR and their distribution. All of the clocks need not be
active at a given time. In ordar 10 reduce power consumption, the clocks to modules not being wsad can be halted
by using different sleep modes, as described in “Powesr Management and Sieep Modes™ on page 32. The clock
systems are detailed Figure 9-1.

Flgure 8-1. Clock Distribution

4 | 3 4 [ I W
Oy
By AVE Clock Hhry
ool Link
e Oy
1 &
Rt Lo Wenienving Tomes
| 3 | 4
Sourca Glock ¥iatchong Ciock
S Gk N [
Mudtiptzes Cmcilator
& & B & &
T cumbor Exbornad B Crysial LowFroquency | | Calbetod RC
Oucisor Cowciltator Exmrmal Glock Orpclltor Crystal Cwcilator Cradiiimtor

N | CPU Clock - clikppy
The GPU clock is routed to parts of the system concamed with oparation of the AVR cora. Examplas of such mod-
ulas are tha General Purpose Register Flle, the Status Register and the Data memory holding the Stack Pointer.
Hetling tha CPLU clock inhibits the core from parforming general operations and cafculations,

2 WO Clock — ok,
The VO clock Is used by the majority of the IO modules, like Timer/Coumers, SP1, and USART. The VO clock is
also used by the Extamal Interrupt modula, bt note that some axtemal interrupls are datected by asynchronous
iogic, allowing such intermupts 1o be datectad even If the /O clock is halted. Also note that address recognition in
the TWI module is camrisd out asynchronously when clk,y, is halted, snabling TW| address reception in all sleep
modes.
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3 Flash Clock — clkg sy
The Flash clock controls operation of the Flash interface. The Flash clock is usually active simultanecusly with the
CPU clock.

A Asynchronous Timer Clock — ol o
The Asynchronous Timer clock allows the Asynchronous Timer/Counter to be clocked directly Trom an external
32kHz clock crystal. The dedicated clock domain allows using this Timer/Counter as a real-time counter even when
the device is in sleep mode. Tha Asynchronous Timer/Counter uses the same XTAL pins as the CPU main dock
but requires a CPU main clock frequency of more than four times the Osclllator frequency. Thus, asynchronous
operation is only avallable while the chip Is clocked on the Intemal Oscillator,

5 ADC Clock - clicgn,
The ADC is provided with a dedicated clock domain. This allows halting the CPU and /0 clocks in order to reduce
noise generated by digital circufiry. This gives more accurate ADC convarsion rasulls.

! Clock Sources
The device has the following clock source cptions, selectable by Flash Fuse Bits as shown below. The clock from
the selected source is input to the AVR clock generator, and routed 1o the approprate modules.

Table 9-1.  Device Clocking Options Select!!

Device Clocking Option CKEEL30
External Crystal'Ceramic Resonator 1111 - 1010
Extarnal Low-frequency Crystal 1001
External RC Oscillator 1000 - 0101
Calibrated Intemal RC Osciliator 0100 - D001
External Clock | 000D

Mote: 1. Forall fusas “{" means unprogrammed while "0" means programmed.

The various choices for aach clocking option Is given in the following sections. When the CPU wakes up from
Power-down or Power-save, the selected clock source is used to time the start-up, ensuring stable Oscliator oper-
ation before Instruction execution starts. When the CPU starts from reset, there Is as an additional delay allowing
the power to reach a stable level befors commencing nomal operation, The Walchdoy Oscillator Is used for timing
this real-tima part of the start-up time. The number of WDT Oscillator cycles used for each time-out Is shown in
Table 9-2. The fmquency of the Waitchdog Osclllator is voltage dependent as shown in “Typical Characteristics —
TA = -40°C to B5°C". The device is shipped with CKSEL = "0001" and SUT ="10° {1MHz Internal RC Oscillator,

slowly rsing powar).
Table 8-2.  MNumber of Watchdog Osclilater Cycles
Typlcal Time-out (V. = 50V) Typlcal Time-out (V. = 3.0V) Number of Cycles
41ms 4.3 ms 4K (4,086)
85 ms 65 ms 64K {65,536}

3 Crystal Oscillator
XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier which can be configurad for usa as
an On-chip Oscillator, a8 shown in Figure 9-2. Either a quartz crystal of a ceramic resonator may be used. The
CKOPT Fuse selects between two different Oscillator ampiifier modes. When CKOPT is programmed, the Oscilta-
tor output will oacillate a full raii-to-rall swing on the output. This mode is suitable whan operating in a very noisy
envirenment or when the output from XTAL2 drives a second clock buffer. This mode has a wide frequency range.
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When CKOPT is unprogrammed, the Oscillalor has & smaller output swing. This reduces power consumption con-
siderably. This mode has a limited frequency range and it cannot be used 1o drive other clock buffers.

For resonators, the maximum frequency is 8MHz with CROPT unprogrammed and 16 MHz with GKOPT pro-
grammed. &1 and G2 should always be aqual for both crystals and resonators. The optimal value of the capacitors
depends on the crystal or resonator in use, the amount of stray capacitance, and the electiromagnatic nolse of the
envirpnment. Soma initial guidelines for choosing capacitors for use with crystals are given in Table 3-3. For
ceramic resonators, the capacitor values given by the manulacturer should be used.

Figure 8-2. Crystal Oscillator Connections

—‘:HE i KTAL2
.hﬁﬂ_%— XTAL1
i GND

. 8

The Oscillator can operate in three different modes, each optimized for a spacific frequency range. The operating
mode ks selected by the fuses CKSEL3:1 as shown in Table 9-3.

Teble 8-3.  Crystal Oscillator Operafing Modes

Frequency Resommeanded Range for Capaciiors C1
CKOPT CKSEL3:1 Range(MHz) and C2 for Usa with Crystala (pF)
1 101 0.4-09 -
1 110 09-30 12-22
1 M 3.0-80 i2-22
] 101, 110, 111 10= 12-22

Mote: 1. This option should not be wsed with crystals, only with ceramic resonators.
The CKSELD Fuse together with the SUT1:0 Fuses select the start-up times as shown in Table 9-4.
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Table 9-4. Stari-up Times for the Crystal Oscillator Clock Selection

Start-up Tima Additional Daley
from Power-down from Reset
CKSELD | SUTI:0 and Power-save (Voo =5.0V) Recommanded Usage
Ceramic resonalor, tast rising
[H] 00 CKLt 4.1
258 ms or
0 01 o5 CK!1 65 ms Gmwm
Caramic resonator, BOD
2 = ¥
4 1a RC enabled
Ceramic resonator, fast rising
12} 41 '
D 11 1K CK ms | o
1 00 1K GK®H 65 ms G“.i“'m“'m““'m
i B Crystal Oscillator, BOD
1 ] 18K CK anabied
1 10 16K CK 4.1 ms Goysist Decilator. st vaing
how
1 11 18K CK 65 me S;E“D“Em-s 4

Motes: 1. These options should only ba used when not operating closs to the masimurm frequency of the device, and only if
frequency stability at start-up is not important for the application. Thase options ane not sultable for crysials.

2 These options are intended for usa with ceramic resonators and will ensure frequency stability at start-up. They can
alen be ussd with erystals whan not oparating closs to the maximum frequency of the devics, and | frequency sts-
bility at start-up Is not important for the application,

Low-frequency Crystal Oscillator

To use a 32.768 kHz walch cryztal as the clock source for the device, the Low-fraquency Crystal Oscillator must be
selected by sefiing the CKSEL Fuses to “1001”. The crystal should be connected as shown in Figure 8-2. By pro-
gramming the CKOPT Fuse, the user can enable internal capacitors on XTAL1 and XTAL2, thereby remowving the
need for external capacitors, The intemal capacitors have a nominal value of 38 pF.

When this Oscillator is selected, start-up timas are determined by the SUT Fuses as shown in Table 3-5.
Tabla 8-5, Start-up Timas for the Low-frequency Crystal Osclilator Clock Selection

Start-up Tims from Additional Delay
Power-down and from Resst
SUT1:0 Poveer-eave Ve =5.0V) Recommended Usaga
(03] 1K CK™ 4.1 ms Fast rising power or BOD enabled
o 1K CRO 65 ma Slowty rizing powsd
10 BH(I:K B5ms Stable frequency at start-up
11 Rasarved

Nots: 1. Thesa options should only be usad if frequency stabliity at start-up is not important for the application.

External RC Osclilator

For fiming insensitive applications, the exiemal RC configuration shown in Figure 9-3 can be used. The frequency
is roughly estimated by the equation f = 1/{3AC). C should be at least 22 pF. By programming the CKOPT Fuse,
the user can enable an infernal 35 pF capecitor between XTAL1 and GND, thereby removing the need for an exter-
nal capacitor.
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Figure 8-3. Extemal RC Configuration

Ve

R NC ———XTAL2
t XTALT

c

l GND

The Oscillator can operate in four different modes, sach opfimized for a specific frequency range. The operating
made is selected by the fuses CKSEL3:0 as shown in Table 8-8.

Table 3-6. Extemal RC Oscillator Operating Modes

CKSEL3:D Frequancy Range (MHz)
13 4]] 0.1-089
0110 0.9-3.0
o111 3.0-80
1000 8.0-120

When this Oscillator is selected, start-up times are detarmined by the SUT Fuses as shown in Table 9-7.
Table 9-7.  Stan-up Timas for the Extemal RC Oscdlllator Clock Selection

Start-up Time from Additlonal Dalsy
Powsr-down and from Raszat
SUT1:D Fowrer-save (Ve = 5.0¥) Recommended Usage
o0 18 G - BOD enabled
o 18 CK 4.1 ms Fast riging power
10 18 CK 65 ms Slowly rising power
13 6 CK 4.1 ms Fast rising power or BOD enabled

Mote: 1. This option should not be used when operating close to the meximum frequency of the devica.

ATmegaBA [DATASHEET] 28
tmEl. B S AN DR




Callbrated Internal RC Oscillator

The calibrated intemal RC Oscillator provides a fixed 1.0, 2.0, 4.0, or 8.0MHz clock. All frequencies are nominal
valuas af 5V and 256°C_ This clock may be selected as the system clock by programming the GKSEL Fuses as
shown in Tabla 9-2. i selecied, it will oparate with no extemal components. The GKOPT Fuse should always be
unprogrammed when using this clock option. During reset, hardware loads the 1MHz calibration byte info the OSC-
CAL Registar and thereby automatically cafibrates the RC Oscillator. At 5V, 25°C and 1.0MHz Oscillator frequency
selactad, this calibration gives a frequency within £ 3% of the nominal frequency. Using run-time calibration meth-
ods as dascribed in application notes available at www.aimel.comfavr it is possible to achiave = 1% accuracy at
any given Vg and Temperature. When this Oscillator is used as the chip clock, the Watchdog Oscillator will still be
used for the Watchdog Timer and for the Reset Time-out. For more information on the pre-programmed calibration
value, see the section “Callbration Byte” on page 209.

Table 98,  Intemal Calibrated RC Oscillator Operating Modes
CKSEL3:0 Mominal Frequency (MHz)
oo 1.0
0010 2.0
0011 4.0
0100 8.0
Note: 1. The device is shipped option selectad.

When this Oscillator is selected, start-up times are determinad by the SUT Fuses as shown in Table 8-9. PB&
(XTALY/TOSC1) and PE7(XTAL2ATOSC2) can be usad as either ganeral 1O pins or Timer Osclllator pins:

Table 9-9.  Stant-up Times for the Intemal Calibrated RC Oscillator Clock Selection

Start-up Time from Additionad Delay from
Power-down and Power- Fosei
SUT1:0 ave (Voo =5.0V) Recommended Usags
00 6CK - BOD enabled
o1 6CK 41ms Fagt fsing powsr
104“__ 6 CK 85 ms Slowly rising power
1 Regarved
MNota: 1. The device is shipped with this option salectad.

trmel
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"  External Clock

To drive the device from an external clock source, XTAL1 should be driven as shown in Figure 3-4. To run the

device on an extemnal clock, the CKSEL Fuses must be programmed to "0000", By programming the CKOPT Fuse,
the user can enable an internal 36 pF capacitor between XTAL1 and GND, and XTAL2 and GND.

Flgure 9. Extemal Clock Drive Configuration

] ETALZ
EXNTEFNAM
ook —————— ATALY
BIGMAL

When this clock source is selected, start-up times are determined by the SUT Fuses as shown in Table 8-10.
Tabls 8-10. Star-up Times for the Extemnal Clock Selection

Start-up Tima from Additional Dalay
Power-down and {from Resat
e Power-save (Vo = 5.0V) Recommaended Usage
00 B CH - BOD enabled
o 60K 4.1 ms Fast rising power
10 6 CK 85 ms Slowly rising power
11 Aessrmd

When applying an external clock, it is required to avoid sudden changes In the applied clock frequency to ensure
siable operation of tha MCU. A variation in frequancy of more than 2% from one clock cycle to the next can lagd 1o
unpredictable behavior. It is required to ensure that the MCU is kept in Reset during such changes in the clock

frequency.

i  Timer/Counter Oscillator
For AVA microcontrollers with TimerCounter Oscilator pins {TOSG1 and TOSGC2), the crystal is connecied direclly
betwsen the ping. By programming the CKOPT Fuss, the user can enable internal capacitors on XTAL1 and
XTAL2, thereby removing the need for external capachors. The Oscillator I optimized for use with a 32.768 kHz
watch crystal. Applying an extemal clock source 1o TOSC1 1s not recommended.

Mote:  The TimenCounter Oscillator uses the same type of crystal oscillator as Low-Frequency Oscillator and the Intemal
capachiors have tha sama nominal value of 36 pF.
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| Reglster Description

J 0SCCAL — Csclllator Calibration Register

2z 1 o

Bit T ] 5 4 3

CALT CALB CALS CALA CALY
Fendivma R R R RANY R
Indisl Value Dienvieas Specific: Callbration Value

+ Bits 7:0 — CAL7:0: Osclliator Callbration Value

CALZ ALY CALD OBCCAL
RAY AW RV

Writing the callbration byte to this address will tim the Intemal Oscillator to remove process varations from the
Oscillator frequency. During Aeset, the 1MHz callbration value which Is located in the signature row High byte
{address 0x00) is automatically loaded into the OSCCAL Register. If the internal RC is used at other frequendies,
the calibration values must be loaded manually. This can be done by first reading the signature row by a program-
mer, and then store the calibration values in the Flash or EEPROM. Then the value can be read by softwars and
loaded into the OSCCAL Register. When OSCCAL Is zero, the lowest available frequency is chosen. Writing non-
zero values 1o this registar will increase the frequency of the Internal Osciltator. Writing 0xFF to the register gives
the highest available frequency. The calibrated Oscillator is used to time EEPROM and Flash access. it EEPROM
or Flash is written, do not calibrate to more than 10% above the nominal frequency. Otherwise, the EEPROM or
Flash write may fail. Note that the Osclilator Is imended for callbration 10 1.0, 2.0, 4.0, or 8.0 MHz. Tuning to other

values is not guaranteed, as indicated in Table 9-11.

Table 8-11.  Intamal RC Oscillator Frequency Range

tmel

Min Frequsncy In Percentage of Max Frequency ln Percentages of
OSCCAL Value Nominal Frequency (%} Nominal Frequency (%)}
7] 50 100
OnTF 75 . 150
OxFF _ 100 200
ATmegagh [DATASHEET]

B15EE-AVR- RGNS

5}




.. Power Management and Sleep Modes

1

Slesp Modes
Slesp modes enabla the application to shut down unused modules in the MCU, thereby saving power. The AVR
provides various sleep modes allowing the user to tailor the power consumption io the application’s requirements.

Figure 9-1 on page 24 presents the different clock systems in the ATmegaBA, and their distribution. The figure is
halpful in selecting an appropriate sleep mode. Table 10-1 shows the different clock oplions and their wale-up
BOUFCSS.

Table 10-1.  Active Clock Domains and Wake-up Sources in the Different Sleap Modes

Active Clock Domalna Oscliiators Walke-up Sources
é g
8 % H
g o g §
3| & E E:
AP T
Sisep Mode 9 ] ’Q E o i F E E E ; §
Ide x x x X X X X X X| X X
ADC Moise % X X X x| ox X | x| X
Power-down X X
Power-save p L XE | xE X X
Standhy!! ; X x| x N

Motes: 1. Exiernal Crystal or resonador selected as clock sourca.

2. |1 AS2 bit in ASSH is set.

3. Only leval intarrupt INT1 and INTO.
To enter any of the five sleap modes, the SE bit in MCUCR must be written 10 logic one and a SLEEP instruction
must ba executed. The SM2, SM1, and SMD bits In the MGUCH Hegister select which sleep mode (idie, ADC
Noise Reduction, Power-down, Power-save, or Standby) will be activated by the SLEEP instruction. See Table 10-
1 for & summary.
It an enabled interrupt occurs while the MCLU s In a sleep moda, the MCU wakes up. The MCU is then halted for
four cycles in addition fo the start-up time, it executas the interrupt routine, and rasumes axacution from the instruc-
tion following SLEEP. The contents of the Register File and SHAM are unaftarad when the device wakes up from
sieep. If a reset occurs during sleep moda, the MCU wakes up and executes from the Reset Vector.

Note that the Extended Standby mode present in many other AVR MCUs has bean removed in the ATmegaBA, as
the TOSC and XTAL inputs share the sama physical pins.

idie Mode
When the SM2°0 bite are written 1o 000, the SLEEP instruction makes the MGU enter kdie mode, stopping the CPU
but allowing SPI, USART, Analog Comparator, ADC, Two-wire Serlal Interface, Timer/Counters, Waichdog, and
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the interrupt system 1o continue operating. This sleep mode basically halts clkapy, and clky 4., while allowing the
other clocks 1o un.

Idla mode enables the MCU to wake up from external triggered interTupts as well as intemal ones like the Timer
Cwarllow and USARAT Transmit Complete interrupts. i wake-up from the Analog Gomparator Interrupt s not
required, the Analog Comparator can be powerad down by sefting the ACD bit in the Analog Comparator Control
and Status Register — ACSA. This will reduce power consumplion in Idie mode. If the ADC is enabled, a convear-
sion starts automatically when this mode is entered.

ADC Nolse Reduction Mode

When the SM2:0 bits are written 1o 001, tha SLEEF instruction makes the MCU enter ADC Noise Reduction mode,
stopping the CPU but allowing the ADC, the extamal interrupts, the Two-wire Serial interface address watch,
Timer/Counter2 and the Watchdog to continue operating (if enablad). This sleep mode basically halis cliiy, Clkeey,
and clikg 42, while allowing the other clocks o run.

This improves the noige environment for the ADC, enabling higher resolution measuramants. if the ADC is
enabled, a conversion starts automatically when this mode is enterad. Apart form the ADC Conversion Complete
interrupt, only an External Reset, a Watchdog Reset, a Brown-out Reset, a Two-wire Serial Intarface address
match interrupt, a Timer/Counter2 intarrupt, en SPM/EEPROM ready interrupt, or an extermnal iaval inferrupt on
INTO or INT1, ¢can waks up the MCU from ADC Nolse Reduction mode.

Power-down Mode

When the SM2'0 bits are written to 010, the SLEEP instruction makes the MCU enter Powsr-down moade. in this
mode, the Extemal Osclilator is stopped, whila the axtemal interrupts, the Two-wire Serial Interface address watch,
and the Watchdog continue operating (if enabled). Only an External Resst, a Waichdog Reset, a Brown-out Reset,
a Two-wire Serial Interface address match Interrupt, or an extemal level interrupt on INTO or INT1, can wake up the
MCL. This slaap mode basically halts all generated clocks, allowing operation of asynchronous modules only.

Note that if a level triggered interrupt is used for wake-up from Power-down mode, tha changed level must be held
for some tima to wake up the MCU. Refer to “Extemal Intermupts” on page 64 for details.

Wiven waking up from Power-down mode, there is a delay from the wake-up condition occurs untll the wake-up
becomes effective. This allows the clock to restart and become stable after having been stopped. The wake-up
period is defined by the same CKSEL Fuses that define the Res=et Time-out period, as described In “Clock

Sources” on page 25.

Power-save Mode
Whan the SM2:0 bits are written to 011, the SLEEFP instruction makes the MCU enter Power-save mode. This
mode Iz identical to Power-down, with one exception:
i Timer/Counter? is clocked asynchronously, i.e. the AS2 bit In ASSH is set, Timer/Counier2 will run during
sleap. The davica can wake up fram aither Timer Overflow or Ouiput Compare event from Timer/Counter2 if
the comaspanding Timer'Counter2 interrupt enable bits are set in TIMSK, and the global interupt enable bit in
SREG = set.
i the asynchronous timer Is NOT dlocked asynchronousty, Power-gown mode is recommended instead of Power-
save mode because the contents of the registers in the asynchronous timer should be considered undefined after
waks-up in Power-save mode if AS2is 0.

This sleep mods basically halts all clocks except clk.gy. Sllowing operation only of asynchronous modules, includ-
ing Timer/Counter 2 if clocked asynchronously.
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6 Standby Mode
When the SM2:0 bits are 110 and an external crystalfresonator clock option is selacted, the SLEEP instruction
makes the MCU enter Standby mode. This mode is identical to Power-down with the exception that the Oscillator is
kept running. From Standby mode, the device wakes up in & clock cycles.

7 Minimizing Power Consumption
There are several issues o consider when trying to minimize the power consumption in an AVR controlled system.
In general, sleep modes should be used as much as possible, and the sleep mode should be selected so that as
few as possible of the device's functions are operating. All functions not needed should be disabled. In particular,
the foliowing modules may need special consideration when trylng to achleve the lowest possible powesr

consumpion.

.4 Anslog-to-Diglial Comverter (ADC)
i enabled, the ADGC will be enabled in all sieep modes. To save power, the ADC should be disabled before antering

any sieep mode. When the ADC is turned off and on again, the next conversion will be an extended conversion.
Rafer to “Analog-to-Digital Converter” on page 182 for detalls on ADC operation.

7.2 Analog Comparator
When entering ldle moda, the Analog Comparator should be disabled If not used. When entering ADC Noise

Reduction mode, the Analog Comparator should be disablad. in the other sleep modes, the Analog Comparetor is
automatically disabled. However, if the Analog Comparator is set up to use the Internal Voltage Reference as
input, the Analog Comparator should be disabled in all sleep modes. Otherwise, the Internal Voltage Reference will
be anabled, independent of sleep moda. Reder fo “Analog Comparator” on page 179 for details on how to configure

the Analog Comparator.

7.3 Brown-out Detector
If the Brown-out Detactor is not needed in the application, this module should be fumed off. If the Brown-out Datec-
for is enabled by the BODEN Fuse, it will be anabled in all sleep modes, and hence, always consume powaer. In the
deeper sleep mades, this will confribute significantly to the total curment consumption. Retfer to “Brown-out Detec-
fion” on page 38 for details on how o configure the Brown-out Detector.

74  Intemmal Voltage Reference
The Intamal Voltage Reference will be enabled when needad by the Brown-out Detector, the Analog Comparator
or the ADC. If thesa modules are disabled as described in the sections above, the internal voltage referenca will be
disabled and i will not be consuming power. When fumed on again, the user must allow the reference to start up
before the output is used. if the reference is kept on in sleep mode, the output can be used immediately. Refer to
“Intenal Voltage Referance” on page 39 for details on the start-up time.

7.5 Watchdog Timer
If the Watchdog Timer is not needed In the application, this module should be tumed off. If the Waichdog Timer is

enablad, It will ba enabled in &l sleep modas, and hence, always consume power. In the deeper sleep moades, this
will contribute significantly to the total current consumption. Refer i "Watchdog Timer” on page 40 for details on

how to configure the Watchdog Tamer.

78 Port Pins
When entering a sleep mode, all port pins should ba configured to use minimum power. The most important thing
is then to ensure that no ping drive resistive loads. In sleep modes where the both the VO clock {clkyp) and the
ADC clock (clk,pc) ars siopped, the input bufiers of the davice will be disabled. This ensures that no power is con-
sumad by the input logic when not needed. In some cases, the Input logic is needed for detecting wake-up
conditions, and it will then be enabled. Refer to the saction “Digital Input Enabla and Sleep Modes” on page 53 for
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8.1

details on which pins are enabled. If the input buffer is enabled and the input signal is keft floating or have an analog
signal level close 10 V2, the input buffer will use excessive power.

Register Description

MCUCR — MCU Control Reglister
The MGL Control Register contains control bits for power management.

B 7 8 5 & 3 2 1 L]

[F = o o [ o [ [w] o
FesdWite W  RW RW @ RW @ RW 4 RW 4 RW @ RW
Iritial Valus 0 1] 1} o o [ o L]

« Bl 7 - SE: Sleep Enable

The SE bit must be written to logic one fo make the MCU enter the sleep mode when the SLEEP instruction is axe-
cuted. To avoid the MCU entering the sleep mode unless it Is the programmer's purpose, it is recommanded to set
the Sleap Enable {SE) bit just bafore the execution of the SLEEP instruction.

» Bilts 6:4 — SM2:1): Sleep Mode Select Bits 2,1, and 0
These bits select between the five avallable sieep modes as shown in Table 10-2.

Table 10-2.  Sieep Mode Select

Smz SM1 SM0 Sieep Mode
0
1
0
1

olo | o|a

E

1 Reasarvad
o Standby!!
Nole: 1. Standby mede ls only svallable with extermal crystals or resonators.

ol =|l=o|o
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. System Control and Reset

1

tmel

Resetting the AVR

Curing Reset, all VO Registers are set to their inftial values, and the program starts execution from the Reset Vec-
tor. It the program never anables an intermupi source, the Interrupt Vectors are nol used, and regular program code
can be placed at these locations. This is also the case If the Reset Vector is in the Application section while the
Interrupt Vectors are in the boot section or vice versa. The circull diagram in Figure 11-1 shows the Resst Logic.
Table 26-3 on page 228 defines the electrical parameters of the reset circuitry.

The VO ports of the AVR are immediately resst to their initial state when a reset source goes active. This does not
require any clock source te be running.

After all raset sources have gone inactive, a delay counter is invoked, stretching the inlemal reset. This allows the

power to reach a stable level before nommal operation starts. The time-out periad of the delay counter is defined by
the user through the CKSEL Fusea. The different selections for the delay period are prasented in *Clock Sources"

on page 25.

Reset Sources
The ATmegaBA has four sources of Reset:
+ Powar-on Reset. The MCL is reset whan the supply voltags is balow the Power-on Reset threshold (Vo).
« Extarnal Reset. The MGU is reset when a low level is present on the RESET pin for fonger than the minimum
pulse length.
» Walchdog Resst. The MCU is resat when the Waichdog Timer period expiras and the Watchdog is anablad.
« Brown-out Reset. The MCL is reset when the suppily voltage V. Is below the Brown-out Reset threshold (Vegyr)
and the Brown-out Detector is enabled.

ATmega8A [DATASHEET] 38
BESRE-ANR-LRENA




Flgure 11-1. Resel Logic

I
INTERMAL RESET
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21  Power-on Reset
A Power-on Resal (POR) pulse is generated by an On-chip delection circult. The detection level is defined in Table
26-3 on page 228. The POR is activated whenever Ve is below the detaction level. The POR circult can be used
to trigger the Star-up Reset, as wall as to detsct a fallure In supply vaoltage.

A Power-on Reset (POR) circuit ensures that the device is reset from Power-on. Aeaching the Power-on Reset
threshold volage invokas the delay counter, which determinges how long the device is kept in RESET after Vg rise.
The RESET signal ks activated again, without any delay, when Vg decreases below the detection level.

Figure 11-2. MCU Start-up, RESET Tied to V¢

Veo —75“! Voot
A
TIME-OUT E"_"'WT_"]
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Flgure 11-3. MCU Start-up, RESET Extended Externally

1
-H-
HNJHJ'I'

— - I vm
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External Resat

An External Reset Is generated by a low lavel on the RESET pin. Reset pulses longer than the minimum pulse
width (see Table 26-3 on page 228) will generate a reset, even if the clock is not running. Shorter pulses are not
guarantsed to generate a resel When the applied signal reaches the Reset Thrashold Voltage — Vey on its posi-
tive edge, the delay courter starts the MCU after the time-out period b has expired.

Figure 11-4. External Resst During Operation

Voo

INTERMAL |
RESET

Brown-out Dataction

ATmaga8A has an On-chip Brown-out Detection (BOD) circuit for monitoring the Ve, level during operation by
comparing it to a fixed trigger lavel. The trigger leval for the BOD can ba selected by the fuse BODLEVEL 1o be
2.7V (BODLEVEL unprogrammed), or 4.0V (BODLEVEL programmed). The trigger level has a hystaresis to
enaure spike frae Brown-out Detection. The hysteresis on the detection level should ba interpreted 8s Vgar, = Vaor
+ Viyygr/2 and Vpgr. = Veor - Viysr/2-

The BOD circuit can be enabled/disabled by the fuse BODEN. When the BOD is enabled (BODEN programmedy),
and V,, decreases to a value below the trigger level (Vgor. in Figure 11-5), the Brown-out Reset is immediately
aclivated. When V., increases above the trigger level (Vggr, in Figure 11-5), the delay counter starts the MCU
alter the time-out period byg;y has expired.

The BOD circuit will only detect a drop in Vi, if the voltage stays below the trigger lavel for longer than taop given
in Table 26-3 on page 228.
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Figure 11-5. Brown-out Reset During Operation

Ve
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}4  Watchdog Resat
When the Watchdog times out, i will generate a short reset pulse of 1 CK cycle duration. On the falling edge of this
pulse, the delay timer starts counting the fime-out period iy Refer to page 40 for details on openation of the
Waichdog Timer.

Flgure 11-8. Waitchdog Reset During Operation
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3 Intemnal Voltage Reference
ATmegaBA features an intemal bandgap reference. This reference is used for Brown-out Detection, and it can be
used as an input to the Analog Comparator or the ADC. The 2.56V reference to the ADC is generated from the
internal bandgap rafarance.

1.1 Voitage Reference Enable Signals and Start-up Time
The voltage refersnce has a start-up ime that may Influence the way it should be used. The stan-up time is given
in Table 26-3 on page 228. To save power, the reference is not always tumed on. The reference Is on during the

following situations:

1. When the BOD is enablad (by programming the BODEN Fuse).

2. When the bandgap reference is connected to the Analog Comparator (by setiing the ACBG bit in ACSR).

3. Whan the ADC is enabled.
Thus, when the BOD is not enablad, after setting the ACBG bit or enabling the ADG, the user must always allow
the refarence to start up bafore tha output from the Analog Comparator or ADC i used. To reduce power con-
sumption in Power-down made, the user can avoid the three conditions above 1o ensura that the refesence is
tumned off befers entering Fower-down mode.
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4 Watchdog Timer

The Watchdog Timer is clocked from a separate On—chip Osclllator which runs at 1 MHz. This is the typical value at
Ve = 5V. Ses characterization data for typical values at other Vi levels. By controlling the Watchdog Timer pres-
caler, the Watchdog Aeset interval can be adjusted as shown in Table 11-7 on page 40. The WDR — Watchdog
Reset — instruction resets the Watchdog Timer. The Watchdog Timer is also reset when it is disabled and when a
Chip Reset occurs. Eight different clock cycle periods can be selected to determine the reset period. If the reset
period expires without another Watchdog Reseat, the ATmegaBA resets and executes from the Reset Vector. For
fiming details on the Watchdog Aeset, refer to “Waichdog Reset” on page 39.

To prevent uninlentional disabling of the Watchdog, 2 spedial tum-off sequence must be foflowed when the Watch-
dog is disabled. Refer to the description of the Watchdog Timer Control Register for details.

Figure 11-7. Watchdog Timer

WATCHDOG > WATCHDOG
OSCILLATOR PRESCALER

B T

v

MCU RESET

5888 §

5 Timed Sequences for Changing the Configuration of the Watchdog Timer
The sequence for changing the Watchdog Timer configuration differs slightly batwean the salety levels. Separate
procedures are described for each lavel.

Assembly Code Example
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|

i2

WO _off:
. rezat WOT

WDER

; Write logical one Lo WDCE and WDE
in rl6, WDOTCR

ol rif, (l<<wWDCE) | (1<<WDE)

cut WDTCOR, rlé

; Turn off WOT

1ai 116, [O<<WDE;

out WOTCR, rlB

rat

G Code Example

vold WDT_off (vold)

L
4 reget WOT Y/

_WDR{);
/* mrite logical one to WDCE amd WOE */
WOTCR | = {1<<WDCE} | |1<<WDE|;

f* Tarn of f WDT */
WDTCE = 0x00;
H

Safety Level 1 (WDTON Fuse Unprogrammed)
n this mode, the Waichdog Timer is Inftlally disabled, bul can be enabied by writing the WDE bil to 1 withowt any
restriction. A timed sequence s needed whan changing the Watchdog Time-out period or disabling an enabled
Watchdog Timer. To disable an enabled Watchdog Timer andfor changing the Waichdog Time-cut, the following

procedurs must be followed:
1. In the same operation, write & lagic one to WDCE and WDE. A logic one must be written to WDE regard-
lass of the previous value of the WDE bit.
2. Within the naxt four clock cycles, In the same operstion, write the WDE and WDP bits as desired, but with
the WDCE bit clearad.

Safety Level 2 (WDTON Fuse Frogrammad}
In this mode, the Watchdog Timer is always enabled, and the WDE bit will always read as one. A timed sequence
is needed when changing the Watchdog Time-out period. To changa the Watchdog Time-out, the following proce-
dura must ba foliowed,
1. In the sams oparation, write a logical one to WDCE and WDE. Even though the WDE always Is sat, the
WDE must be written to one io start the timad sequence.
Within the next four clock cycles, in the same opsration, write the WDP bits as desired, but with the WDCE bit

cleared. The value written to the WDE bit |5 irralavant.
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8.1

B.2

Register Description

MCUCSR - MCU Control and Status Reglster
The MCU Control and Status Register provides information on which reset source caused an MCU Reset.

Bit 7 B 5 4 3 2 1 ]
L= ] = | :_| - |m[mﬁ|m|mlm

Fresancirite R R R R R R R ]

Intial Vakse o [ o 0 Sea Bit Description

+ Bit 7:4 - Res: Resarved Bits
These bitz are reserved bits in the ATmegaBA and always read as zero.

* EBit 3 - WORF: Watchdog Reset Fiag
This bit is set i 2 Watchdog Peset occurs. The bit is resat by a Power-on Reset, of by writing a logic zer to the
flag.

= Bit 2— BORF: Brown-out Reset Flag
This bit Is sef it a Brown-out Reset oceurs. The bit is reset by a Power-on Reset, or by writing & logic zero to the

fiag.

» Blt1 - EXTRF: External Reset Flag
This bitis set § an Extemnal Resel occurs. The bitis reset by a Power-on Raset, or by writing a logic zero fo the flag.

= Bit 0 - PORF: Power-on Resst Flag
This bit is set H a Power-on Reset occurs. The bit is resat only by writing a logic zero to the flag.

To make use of the Reset Flags to identify a reset condition, the user should read and then reset the MCUCSR as
early as possible in the program. If the register ks cleared before another resat occurs, the source of the resset can

be found by examining the Reset Flags.

WDOTCH — Watchdog Timer Control Reglster

Ea T L] L] 4 3 2 1 o

o o Ry
Rossmal Wirites R R R R [ R Ry R
Indtiad Vaius Q L] o L] L+ L] 1] a

= Bits 7:5 - Aes: Reserved Blts
These bils are reserved bits in the ATmegadA and will slways read as zero.

+ Bit 4 - WDCE: Watchdog Change Enable

This bit must be set when the WDE bit is writtan fo logic zero. Otherwise, the Watchdog will not be disabled. Once
written to ana, hardware will clear this bit after tour clock cycles. Refer to the description of the WDE bit for a
Watchdog disable procedure. In Safety Level 1 and 2, this bit must also be set when changing the prescaler bits.
Saa the Code Examplas on page 40.

« Bit 3 - WDE: Walchdog Enable

Whan the WDE is writtan to logic one, the Watchdog Timer Is enabled, and if the WDE is written to logic zero, the
Watchdog Timer function ig disabled. WDE can only be cleared if the WDCE bit has logic leval one. To disable an
snabled Watchdog Timer, the following procadure must be followed:
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1. Inthe same operation, write a logic one to WDCE and WDE. A logic one must be writlen to WDE even
though it is set to one before the disable operation starts.

2. Within the nexi four clock cyclas, write a legic O to WDE. This disables the Watchdog.

« Bitz 2-0 - WDP2, WDP1, WDPO: Watchdog Tlmer Prescaler 2, 1, and 0
The WDP2, WDP1, and WDPO bits determine the Watchdog Timer prascaling when the Waichdog Timer is
enabled. The differant prescaling values and their cormesponding Timeout Peniods are shown In Table 11-1.

Table 11-1. Waltchdog Timer Prescale Seleci

Number of WDT | Typlcal Time-cut | Typical Time-out
WDP2 | WDOP1 | WDPO | Oseillator Cycles at Ve = 2.0V ot Voe = 5.07
0 0 0 16K (16,384) 171 ms 16.3 ms
0 0 1 32K (32,768) 343 me 32,5 me
0 1 o 84K (65,536) B85 ms ssme
0 1 1 128K (131,072) 0145 0135
i 0 0 256K (262,144) 027 s 0.26 5
1 0 1 512K (524,288) 0.55 & 052 8
1 1 0 1.024K (1,048,576) 118 1.0s
1 1 1 2,043K (2,097,152) 22 216

The following code example shows one assembly and one C functien for turning off the WDT. The example
assumes that interrupts are controlled (for example, by disabling interrupts globally) so that no interrupta will occur
during exmcution of thase functions.
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- Interrupts

This section describes the specifics of the interrupt handling performed by the ATmegaBA. For a general explana-
tion of the AVA interrupt handling, refer fo “Rezet and Interrupt Handling” on page 12.

1 Interrupt Vectors in ATmagaBA

Table 12-1. Reset and Inferrupt Vectors
Program
Vector No. | Addmss'™ | Sounce interrupd Definltion
1 0x000! | RESET External Pin, Power-on Resat, Brown-out Reset,
and Watchdog Resst
2 o001 | INTO | Exteral intormupt Request 0 ]
3 O | INT1 External Internupt Request 1
4 O30 TIMERZ COMP TimerCoumar2 Compare Match
5 o004 | TIMER2 OVF TimerCouner2 Overfiow
6 0x005 | TIMERI GAPT | Timer/Gounter! Gapturs Event
7 0x006 | TIMER1 COMPA | Timer/Counter! Compars Match A
8 0x007 | TIMER1 COMPB | TimenCoumier! Compare Maich B
2 Ox008 TIMER1 CNVF TimerCounter! Overflow
10 04008 | TIMERD OVF Times/Countard Ouarfiow
11 OxOOA | SP1, STC Serial Transfer Compiete
a2 OX00B | USART, AXG USART, Rx Complete
13 0x00C | USART, UDRE USAAT Data Ragister Empty
14 000D | USART, TXC USART, Tx Complats
T DXOOE | ADC ADC Gonversion Completa
16 Ox00F | EE_ROY EEPROM Ready
17 Ox010 | ANA_COMP Analog Comparator
18 o011 |Twr Two-wire Serial interface
19 0x012 | SPM_RDY Store Program Memory Ready
Noiss: 1. When the BOOTRST Fuse is programmed, the device will jump to the Boot Loader address al reset, see “Boot

Loader Suppon — Read-While-Write Sell-Programming™ on page 194.

2. When the IVSEL bitin GICH is sat, Inermupt Vectors will be moved to the start of the boot Flash section. The
address of each Intermupt Vector will then be the address in this table added to the start address of the boot Flash

saction

Table 12-2 shows resel and Interrupt Vectors placement for the various combinations of BOOTRST and IVSEL
settings. If the program never enables an infermupt source, the Interrupt Vectors are not used, and regular program
code can be placed at these locations. This is also the case if the Reset Vector is in the Application gaction while

the Interrupt Vectors are in the bool section or vice versa,

tmel

ATmegadh [DATASHEET)

B SOE-AR-202011




Table 12-2,

Reasat and Interrupt Viectors Placement

BOOTRST!'! WSEL FResst Address Interrupt Vectors Start Address
1 ] Q00 L]
1 i (o000 Boot Reset Address + (001
o L] Boot Reset Address OO
0 Boot Aesst Address Boot Reseat Address + Ow001
Mote: 1. The Boot Resst Address is shown in Table 24-6 on page 204. For the BOOTRST Fuse "1™ means unprogrammed
while *0" means programmed.
The most typical and gensral program setup for the Reset and Intarmupt YVector Addresses in ATmega8A is:
dddresslabel s Code Comuent &
s000 rimp RESET ; Reset Handler
001 rimp EXT_TNTO : TAQD Handler
L002 rijmp EXT_INT1 ¢ IRQY Handler
L003 rimp TIM2_{OOME i Tlmer? Compare Handler
5004 rimp TIMZ_OVF i Timer2z Overflow Handler
005 rimp  TTM1_CAPT ¢ Timerl Capture Handler
5006 rimp TIM1_COMPA ; Timer]l Compared Handlaer
007 rimp TIM1_COMPE : Timerl CompareB Handlar
S008 rjmp TIM1_OVF ; Timerl Overflow Handler
5003 Timp TIMO OVE ;o Timer?d Overflow Hamdler
s00a rjmp SPI_STC ; 3PT Transfer Complete Handler
s00b rimp  USART_RIC ; USAET R Complete Handler
L0dc rimp USART_UDRE ; UDE Empty Handler
003 rjmp  USART_TXC ; USART T Complete Handler
200e rimp ADC : ADC Conversion Complete Handler
s0DE rimp FE_RDY 1 EEFROM FReady Handler
L5010 rimp ANA COMP i Analog CompRrator Handler
4011 rjmp TWSI ; Two—wire Serisl Interface Handler
=012 rjmp SPM_EDY ; Store Program Memory Ready Handler
5013 HESET: 1di rl6, high (RAMEND} ; Main program stark
S014 cut 2pH, rl6 1 Bet Stack Polnter to top of RAM
4015 1di r16 , Low{ RAMEND)
L0156 ot BPL,.xlb
5017 sel ; Enable interrupts
018 <instrs xxx

tmel
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When the BOOTRST Fuse is unprogrammed, the boot section size set to 2K bytes and the IVSEL bit in the GICR
Register is set before any interrupts are enabled, the most fypical and general program setup for the Reset and

Intermupt Veclor Addressas Is:
Addresslabel s Code Comrents
20070 rimp  RESET i Beszet handlar
L00L RESET: 141 r1h, high {RAMEND) ; Main program Start
sS002 out BPH,rl6 : Sok Btack Pointer to top of RAM
5003 141 rlé, low|{ RAMEND)
s004 out SPL,xlh
L0005 sel ; Enable interrupts
S00& <ingtr> oew
Sorg Fell
5g0L rimp EXT_INTD i IRQU Handler
S rjmp FXT_ THT1 ; IRQI Handler
Scl2 rimp 8 : Store Progranm Memory Ready Handler

When the BOOTRST Fuse is programmed and the boot section size set to 2K byltes, the most typical and ganeral
program setup for the Reset and Interrupt Vector Addresses is:

hddreselabels Code
.org 3001

={3 a1 rimp
Lo02 rimp
s012 rjmp
Jarg Seld

Scil rimp
5cO0l EESET:1di
Sco2 out
c03 141
Se0d out
Lc05 gel
Scib

tmel

Commants
EXT_TWNTQ : IRQU Handler
EXT_THTI] s IRQL Handler
SEM_RDT ; Store Program Memory Ready Handler
RESET ; Resel handler

rl6, high (REMEND| ; Main program start
S5PH,Tl6 ; Set Stack Pointer Lo top of RAM
rlé, low(RAMEND}
SFL,¥16
; Enable internipte

<inaLlr> xox
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When the BOGTRAST Fuse is programmed, the boot section size set to 2K bytes, and the IVSEL bit in the GICR
Reqglster is =ei before any interrupis are enabled, the most typical and general program setup for the Resat and
Interrupt Vector Addresses is:

2ddragslabel s Code Commeanks

Lorg Scil

el rjmp RESET : Resget handler

el rimp  EXT_THTI ; IRON Handler

5c02 rijmp  EXT_THT1 ; TRl Handler

N 4 H

sClZ cjmp  SPH_BDY ; Store Program Memory Feady Handler
Lol RESET: 1di rl6,.high (EAMEND; ; Maln program start

sold ot BPH,T16 ¢ Spt Stack Pointer to top of RRM
£el5 1di rlé, low!{RAMNEND)

¢l ouk 5PL,rlé

Soly ge] ; Enable interrupts

Lol <cingtrs axwx

11 Moving Interrupts Between Application and Bool Space
The Genaral Interrupt Coninol Register controls the placement of the Intermupt Vector table.

.2 Register Description

21 GICR - General Interrupt Control Registar

Bl ¥ & 5 4 3 : 1 o
[#m | W | - | - | =] - | Nsa | wce | GICR

Fraad Wi R RW R (3 R R RAW RAW

Initial Vasuse o o 0 o o o o o

« Blt 1~ IWSEL: Interrupt Vactor Select

When the IVSEL bit Is cleared {zero}, the Interrupt Vectors are placed at the start of the Ftash memory. When this
bit is set (one), the Intetrupt Vectors are moved to the beginning of the Boot Loader section of the Flash. The actual
addrass of the start of the boot Flash section is datermined by the BOOTSZ Fuses. Refer to the section “Boot
Loader Support — Read-While-Write Self-Pragramming” on page 194 for detalls. To avoid unintentional changes of
Interrupt Vector tables, a special write procedure must be followed to change the IVSEL bit:

1. Write the Inferrupt Vlector Change Enabila (WVCE) bit to one.

2. Within four cycles, write the desired value fo IVSEL while writing a zero to IVCE.

Interrupts will automatically be disabled while this sequence is executed. Interrupts are disabled in the cycle (VCE
is sat, and they remain dizabled until after the instruction following the write to IVSEL. H IVSEL is not writien, inter-
rupts remain disabled for four cycles. The |-bil in the Status Register is unaffected by the automatic disabling.

Note: If Interrupt Vectors are placed in the Boot Loader section and Boot Lock bit BLBOZ Is programmed, intemupts
afe disabled while exacuting from the Application gection. if Interrupt Vectars are placed in the Application section
and Boot Lock bit BLB12 i programed, interrupts are disabled while execuing from the Boot Loader section. Reter
fo the section “Boot Loader Support — Read-While-Write Self-Programming” on page 194 for detalls on Boot Lock
Bils.
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« Bit 0 - IWVCE: Interrupt Yector Change Enable
The IVCE bit must be written 1o loglc one to enable change of the IVSEL bit. IVGE Is cleared by hardware four

cycleg after it s written or when IVSEL is written. Setting the IVCE bit will disable interrupts, as explained in the
IVSEL descriplion above. See Code Example below.

Assembly Code Example

Move_lnterrupts:
{ Enable change oi Interrupt Vectors
ldi rile. (l<<IVCE)

ont CGICR, rlé
» Mowve interrunts to boat Flash sscbion

1di rl5, {1<<IVEEL)
out GICR, Tlh
rat

C Code Example

wold Move interrupte [wedd)

{
f* Epable change of Incerrupt Vectors *f

GICE = [1<<IVCE):
J* Move interrupts to boot Flash seckion */f

GFICR = (I<=IVSEL]:

Emel
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. YO Ports

1 Owverview

All AVA ports have true Read-Modify-Write functionality when used as gensral digital /O ports. This means that
the direction of one port pin can be changed without unintentionally changing the direction of any other pin with the
SBI and CBI Instructions. The same applies whan changing drive valus (If configured as output} or enabling/dis-
abling of pull-up resistors {If configured as input}. Each output buffer has symmetrical drive characternistics with
both high sink and source capability, The pin driver is strong enough to drive LED displays directly. All port ping
have individually selectable pull-up resistors with a supply-voltage invariant resistance. All 'O pins have profection
diodes to both Vo and Ground as indicated in Figure 13-1. Refer to “Electrical Characteristics — TA = 40°C o
85°C" on page 225 for a complets list of paramaters.

Flgure 13-1. /O Pin Equivalent Schemalic

Rpy
. Logic

=}

See Figure
"Ganeral Digital 10" for
Dratails

Gpm I
All registers and bit referances in this section are written in ganeral form. A lower casa "X represents the number-
ing latter for the port, and & lower case “n” represents the bit number. However, when using the register or bit

defines in a program, the preciss form must be used (l.e., PORTB3 for bit 3 in Port B, here documentad genermlly
as PORTxn). The physical 'O Registers and bit locations are lisled in “Register Descrption” on page 62

Three /0 memory address locations are affocated for sach port, one each for the Data Register — PORTx, Data
Direction Register — DDRx, and the Port Input Pins — PINx. The Port Input Pins O location |s read only, while the
Data Register and the Data Direction Register are readiwrite. In addition, the Pull-up Disable — PUD bit in SFIOR
disables the pull-up function for all pins in all poris when set.

Using the ¥O port as General Digital MO is described in 'Porls as General Digifal 1/0” on page 50. Most port pins
are multiplexed with altemate functions for the peripheral features on the device. How each altemnate function inter-
feres with the port pin is described in “Altemate Port Functions” on page 54. Refer to the individual module sections
for a full descripiion of the altemnate functions.

Note that enabling the altemate function of some of the port pins doas not affect the use of the other pins in the port
as general dighal 110,
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2 Ports as General Digital ¥O
The ports are bi-directional 1FO ports with opional intemal pull-ups. Figure 13-2 shows a functional description of
one /0 port pin, hare genarically called Pxn.

Figure 13-2. General Digital VO'"
&

J—<

Mot 1. WPx, WDx, RFx, APx, and RDx are cemmen to all pins within the same port. clk,g, SLEER, and PUD are common
to all ports.

21 Configuring the Pin
Each port pin consists of 3 Register bits: DDxn, PORTxn, and PINxn. As shown in “Register Description” on page
&2, the DDxn bits are accessad at the DDAx /O address, the PORTxn bits at the POHTx /O addrags, and the
PINxn bits at the PINx /O address.

The DDxn bit in the DDRx Reglster selects the direction of this pin. if DDxn ks written logic one, Pxn is configured
as an output pin. 1f DDxn is written logic zero, Pxn is configured as an input pin.

If PORTxn is written logic one when the pin is configured as an input pin, the pull-up resistor is activated. To switch
the pull-up resistor off, PORTxn has to be written logic zero or the pin has to be configured as an output pin. The
port ping are ti-stated when a reset condition bacomes active, even il no clocks ara nunning.

If PORTxn is written logic one when the pin is configured as an output pin, the port pin is driven high (one). if
PORTxn is written logic zero when the pin is configured as an output pin, the port pin is driven low (2ero).

When swilching between tr-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn, PORTxn} = 0b11), an inter-
mediate state with aither pull-up enabled {{DDxn, PORTxn} = 0b01) or output low ({DDxn, PORTYN) = 0b10) must
ocour. Nomnally, the pull-up enabled state is fully ecceptable, as a high-Impedant environment will not notice the
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ditference between a strong high driver and a pull-up. It this Is not the cass, the PUD bit in the SFIOR Register can
be s&t 10 disable all pull-ups in all ports.

Switching between input with pull-up and output low generates the same problem. The user must use either the tri-
state ({DDxn, PORTxn} = 0b00} or the output high state ({DDxn, PORTxn} = 0b1) as an intermediate step.

Table 13-1 summarizes the control signals tor the pin value
Table 13-1.  Port Fin Configurations

PUD
DDxn | PORTxn | (in SFIOR) o Pullup | Comment
0 o x Input Mo Tri-state (Hi-Z)
0 1 0 Input Yes mn will source current if external pulled
o | 1 1 Input No | Tr-state (HI-Z)
1 ] X Ohurtput MNo Oustput Low (Sink)
1 | 1 X Ouripart Mo Quriput High (Sounca)

12  Reading the Pln Valus
Independent of the getting of Data Direction bit DDxn, the port pin can be raad through the PINxn Register Bil. As
shown in Figure 13-2, the PINxn Aegister bit and the preceding latch constilute a synchronizer. This is needed 1o
avoid metastability if the physical pin changes value near the edge of the internal clock, but it also introduces a
delay. Figure 13-3 shows a timing diagram of the synchronization when reading an extemally applied pin value.
The maximum and minimumn propagation delays are denoted t, ., and b, respactively.

Figure 13-3. Synchronization when Reading an Extemally Applied Pin Value

systEMCLK _ [ | [ | __i__|__L_

INSTRUCTIONS — ¢ xx  »  ax X inn7.Pie 3
SYNC LATCH F77
Pihocn
rn7 0003 W OxFF
" ‘per >
Tl i

Consider the clock period starting shortly affer the first falling edge of the system clock. The latch is closed when
the clock is low, and goes fransparent when the clock is high, as indicated by the shadad region of the "SYNC
LATCH" signal. The signal value is latched when the system clock goes low. It Is clocked into the PiNxn Register at
the succeeding positive clock edge. As indicated by the two armows Ly gy 80 thy mn, 8 single signal transition on
the pin will be delayed betwsen % and 1-¥ system clock period depending upon the time of assartion.
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When reading back a software assigned pin value, a nop instruction musi be inserted as indicated in Figure 13-4.
The out instruction sets the "SYNC LATCH™ signal al the positive edge of the clock. In this case, the delay t,,
through the synchronizer is 1 system clock period.

Flgure 13=4. Synchronization when Reading & Software Assigned Fin Value

SYSTEM CLK | ] i|

rng

INSTRUCTIONS ~ X aipormers X mr X

SYNC LATCH
PINxn

ri7?

tmel

VRS (SRS LR

OaFF  :

nrl7, PN 0
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The following code example shows how to set porl B pins 0 and 1 high, 2 and 3 low, and define the port pins from
4 1o 7 as input with pull-ups assigned fo port pins 6 and 7. The resulting pin values are read back again, but as pre-
viously discussed, a nop instruction i included to be able to read back the value recently assigned to some of the

pins.

Assembly Code Example!’!

; Define pull-ups and set outputa high

; Dafine directions for port pins

141 1, (1<<PB7} [ (1<<FB6) [ {1<<PBL} | {1<<PB0]

1di 117, [1=<DDR3) | {1<<DDB2) | {1<<DDB1} | [1<<0CBO)

out PORTHB,.rlé

cut DDEE,rl7T

; Ingert nop for synchronizaticn

nop

; Read port pins

in rié, PINE

s
C Code Exampile!"

munsigned char i:

t.

/* Define pull-ups and set sutputs high *7

/¥ pafine directions for port pins */

PORTE = (1<<PBT)} | {1l<<PEE) | {1<<PBL) | {1=<PB0] ;

DORBE = {l<<DDB3} | (1<<DDB2} | {1<<D0B1] | (1<<DDBD) ;

}/* Insart nop for synchronization®/

_HOe(};

/* Read port pilns =/

i = PINE;

1a
Note: 1. For tha assembly progeam, two temporary registars are usad to minimiza the tima from pull-ups are set on pina 0,
1, &, and 7, until e direction bits ars comectly set, defining bit 2 and 3 a5 low and redefining bits 0 and 1 as sirong
high drivers.

Digital Input Enable and Sieep Modes

As shown in Figure 13-2, the digital input signal can be clamped to ground at the input of the Schmiti-trigger. The
signal denoled SLEEP in the figure, is set by the MCU Sleep Controller in Power-down mode, Power-save mode,
and Standby mode to avokd high power consumption if some Input signals are lefi floating, or have an analog signal
lavel closa to Voo/2.

SLEEP is overridden for port pins enabled as Extemal Interrupt pins. If the External Interrupt Request is not
enabled, SLEEP is active also for these pins. SLEEP Is also overridden by various other allemate functions as
described in “Allemate Port Functions™ on page 54

If a togic high tevel ("ona™ s present on an Asynchronous External Interrupt pin corfigured as “Interrupt on Rising
Edge, Falling Edge, or Any Loglc Change on Pin" while the external interrupt ls not enabled, the comasponding
Extemal Intarrupt Flag will be set when resuming from the above mentioned sleep modes, as the damplng In these

eleep modes produces the requesied logic change.
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Unconnected pins
If samea pins are unused, it is recommended 1o ensure that these pins have a defined level. Even though most of
the digital inputs are disablad in the deep sleep modasz as deseribed above, floating inputs should be avoided to
reduce cument consumption in all other modes where the digital inputs are enabled {Reset, Active mods and idle

mode).

The simplest method to ensure a defined leval of an unused pin, is to enabls the intermal pull-up. In this case, the
pull-up will be disablad during reset. if low power consumption during reset is important, it is recommended 1o use
&n extemnal pull-up or pull-down. Connecting unused pins directly o Vi or GND is not recommended, since this
may cause excessive cuments Hf the pin is accidentally contigured as an outpul.

Alternate Port Functions

Most port pins have alternate functions in addition to being general digital FOs. Figure 13-5 shows how the port pin
control signals from the simpiified Figure 13-2 can be overridden by altemate functions. The gveniding signals may
not be present in all port pins, but the figure sarves as a generic description applicable to all port pins in the AVR
microcontroller family,

Figure 13-5. Altemate Port Functions:")

3

]b—ﬂ—&(}

[ oo |
r et | l“‘-l
= o= Dby

- A

PUOETY P PLLLAUP OVERRIDE EMABILE PO PURLUF DESAILE

PR AL Wl WRFTE DORx

DO0Es:  Pan DATR TRRECTION CVERRIDE ENABLE R READ DORX

DO P DukER, DIRECTION CVERRIDE VALLE L3 AEALD POATY FEMSTER

PDES P PORT WALLIE CVERMIDE ENABLE Wh PORTE

PO P PORT WalLIE OVERPIDE VALLIE R AEAD PORTE PN

DNEOEx Py DHGATAL CVERFIDE EWNAILE [ WO CLOCK.

DHEOen: P CHGATRL BNPLIT-EMAE E CVERSEDE [T DNGHTAL BPUT P 6 OM PORTE

SEEF. RIFEP DONTROL A AL OG INPUTICUTPUT PR n ON PFORTE

MNote: 1. WPx, WDx, RFx, RPx, and ADx are common to all pins within the same port. cliyo, SLEEF, and PUD are common
1o all ports. All other shgnals are unigue for each pin.

ATmegalA [DATASHEET] 54

tmel BISBE-ANR-IRIE0TS




Table 13-6 summarizes the function of the overriding signals. The pin and port indexes from Figure 13-5 are not
shown in the succeeding tables. The overnding signals are generated internally in the modules having the altemale
function.

Figure 13-6. Generic Description of Overiding Signals for Altemate Functions

Signal Name | Full Nama Descripiion
PLUCE Pull-up Override If this signal is set, the pull-up snable is controlled by the
Enalde PUCN signal. i this signal is cleared, the pull-up is enabled
when [DDxn, POAT:m, PUD} = 0b010.
PLICW Puli-up Cverride If FUDE is s4i, the pull-up is enabladfdisabled when PUOY
Valua is set/claarad, regardiess of the setting of the DDxn,
PORTxn, and PUD Register bits.
DOOE Data Direction I this signal s set, the Output Driver Enable is comtrofied by
Onerride Enabile the DDOV signal. If this signal is deared, the Oulput driver
is enabled by the DDxn Reglster bit.
DooY Data Direction It DDOE is sat, tha Output Driver is anabled'disabled whan
Ovamide Valua DDCW is setideared, regamdiess of the setting of the DOxn
Fegisker bil.
PYOE Port Value H this signal is sat and the Output Driver is enabled, tha port
Owvarride Enabla vaiue is controlled by the PVCW signal. If PVOE is cleared,
and the Output Driver is enabled, the porl Value is
controlled by the PORTxn Raegister bit.
PV Port Value it PVOE Is sat, the port value is sat to PYOV, regardiess of
Override Value the satling of the PORTxn Register bil.
DIEOE Digital Input Enable If this bit is sat, the Digital Input Enable s controllad by the
Orverride Enable DIEOV signal. If this signal is clearad, the Digital input
Enable is daterminad oy MCLU-state (Normal mods, siesp
modes).

DIEOQY Digital Input Enable i DIEOE is set, the Digital Input & enabled/disabled when

Ovwearride Vialue DIECW is seticlearad, regardless of the MCU state (Normal
moda, sleep maodes).

ol Digltal Input This & the Digital Input to akernate functions. In the figure,
the slgnal i connectad 1o tha output of the schmill ingger
but batore the synchronizer. U-dess the Digital input is used
as a clock source, the module with the alternate function will
usa its own synchronizer )

AO Analog Inputfoutput Thiz is tha Analog Inputfoutput to/from aftemata funcihons.
Tha signal is connected directly to the pad, and can be used
bi-directionaiy.

The following subssctions shortly describe the attemata functions for each port. and relate the overmiding signals to

the altemate function. Refer 1o the altemate function description for further detalls.

| SFOR - Special Function 10 Reglstar

4 3

1 4]
[ T won
R W
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= Bit 2 - PUD: Pull-up Disabie

Whan this bit is writtan to ona, the pull-ups in the Y0 ports are disabled sven if the DDxn and POATxn Registers
are configured fo enable the puli-ups {{DDxn, PORTxn] = 0b01). See "Configuring the Pin” on page 50 for more
details about this feature.

Alternate Functions of Port B
The Port B pins with allemate functions are shown in Table 13-2,

Table 13-2. PFort B Pins Alternate Functions

Port Pin Alternais Functions

XTALZ (Chip Clock Osclllator pin 2)
TOSC2 (Timer Oscillator pin 2)

FB7

KTAL1 (Chip Clock Oscillator pin 1 or External clock input)
TOSCH (Timer Osclllator pin 1}

PES SCK (5P Bus Master clock Inpat)
PB4 MISO (SPI Bus Master Input/Slave Oulput)

MOS! {SP| Bus Master Output/Slave Input)
OC2 [TimerCountar? Output Compare Maich Output)

FPB6

PB3

E% (SPI Bus Master Slave Dﬂlﬂli-.'-t}
OCAB (Timer/Countar! Output Compars Maich B Cuiput)

PBE1 OC1A TimerCountar! Output Compare Match A Output)

PB2

PEG ICP1 (TimarCountar input Capture Fin)

The alternate pin configuration is as follows:

« XTAL2TOSC2 - PortB,Bit 7
XTAL2: Chip clock Oscillator pin 2. Used as clock pin for erystal Oscillator or Low-frequency crystal Osciliator.
When used as a ¢clock pin, the pin can not be used as an /O pin.

TOSC2: Timer Osciliator pin 2, Used only if internal calibrated RC Oscillator is selectad as chip clock source, and
the asynchronous timer is anabled by the correct satting in ASSR. When the AS2 bitin ASSR is set (one) fo enable
asynchronous clocking of Timer/Counter2, pin PB7 is disconnected from the port, and becomes tha invarting out-
put of tha Caclilatar ampiifier. In this mode, a crysial Osclllator is connected 1o this pin, and the pin cannot ba usaed
as an 1O pin.

If PB7 is used as a clock pin, DDB7, PORTB7 and PINBY will all read 0.

+ XTAL1/TOSC1 —PortB,BIt 6
XTAL1: Chip clock Oscillator pin 1. Used for all chip clock sources except interal calibrated RC Osclllator. When
usad as a clock pin, the pin can not be used as an 11O pin.

TOSC1: Timer Osdillator pin 1. Used only it intemal calibrated RC Oscillator is selectad as chip clock source, and
the asynchronous timer is enabled by the correct sefting in ASSR. When the AS2 bit in ASSR Is zat (ona) to enable
asynchronous clocking of Timet/Counter2, pin PB6 is disconnected from the port, and becomes the input of the
inverting Oscliiator ampiifier. In this mode, a crystal Oscillator Is connected fo this pin, and the pin can not be usad

as an VO pin.
If PB6 is used as a clock pin, DDBS, PORTBEG and PINBE will all read 0.
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+ SCK—PortB,Bit5

SCK: Master Clock output, Slave Clock input pin for SPI channel. When the SPI is enabled as a Slave, this pin is
configured as an input regardless of the setting of DDB5. When the SPI is enabled as a Master, the data direction
of this pin is controlled by DDBS. When the pin is forced by the SPI 1o be an Input, the pull-up can still be controlied
by the PORTBS5 bit.

* MISO - Port B, Bit 4

MISO: Master Data input, Slave Data output pin for SP| channel. When the SP! is enabled as a Master, this pin is
configured as an input regardiess of the setting of DDB4. When the SPI is enabled as a Slave, the data direction of
this pin is controlled by DDB4. When the pin Is lorced by the SPI to be an input, the pull-up can still be controlled by
the PORTB4 bit.

+ MOSUOCS - Port B, BIL3

MOSE SP1 Master Data output, Slave Data Input for SPI channel. When the §PI is enabled as a Slava, this pin is
configured as an input regardisss of the setling of DDB3. When the SPI is enabled as a Master, the data direction
of this pin is controlied by DDE3. When the pin is forced by the SPi to be an input, the pull-up can still be conirolled
by the PORTB3 bit.

OC2, Output Compare Match Quiput: The PB3 pin can serve as an extemal output for the Timer/Counter2 Com-
pare Maich. The PB3 pin has 1o be configured as an output (DDB3 set (one)) to serve this funclion. The OC2 pinis
also the cutput pin for the PWM mode timar function.

« 55/0C1B -Port B, Bit 2

S5 Slave Select input. When tha SPI is enabled as a Slave, this pin is configured as an Input regardiess of the set-
fing of DDB2. As a Slave, the SP! Is artivated when this pin Is driven low. When the SPI is enabled as a Master, the
data diraction of this pin is controlled by DDB2. Whan the pin is forced by the SPL ko be an input, the pull-up can stil

be controlled by the PORTBZ bit.

OC1B, Qutput Compare Match output: The PB2 pin can sarve as an axternal output for the Timer/Courer1 Com-
pars Match B. The P82 pin has to be configured as an output (DDB2 set (one)) to serve this function. The CG18
pin is also the output pin for the PWM moda timer function.

+ OC1A—-PortB Bit1

OC1A, Output Compare Match output: The PB1 pin can serve as an exiemal output for the Timer/Counter1 Com-
pare Maich A. The PB1 pin has to be configured as an output (DDB1 sat (ona)) to sarve this funcion. The OC1A
pin is also the cutpul pin for the PWM moda fimer function.

+ ICP1-PortB,BitD
ICP1 — Input Capiure Pin: The PBO pin can actas an Input Capture Pin for Timer/Countert.

Table 13-3 and Table 13-4 relate the altemate functions of Port B fo the overiding signale shown in Figure 13-5 on
page 54. SPI MSTR INPUT and SP1 SLAVE OUTPUT constitute the MISO signal, while MOS! is dividad Into SP1
MSTR OUTPUT and SPI SLAVE INPUT.
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Table 13-3. Ovemriding Signals for Allernate Functions In PB7T.PB4

Signal | PB7/XTALZ/ PB&/XTALY/

Name | TOSC2'( ToSC1 PBS/SCK PB4MISO

PUOE | EXT=(INTHC + AS2) INTRC + AS2 SPE«MSTH SPE « MSTR

PUC 0 0 PORTES « FUD PORTBE4 » PUD

DDOE | BT - {INTAC + AS2) TNTRC + AS2 SPE « MSTH SPE « MSTR

ooov | © 0 0 0

PVOE | 0O 0 SPE * MSTR SPE - MSTR

PVOV | D 0 SCK DUTPUT SP| SLAVE OUTPUT

DIEOE | EXT «(INTRC + AS2) INTRC + AS2 0 0

DIEQV | O 0 0 0

Dl - = SCK INPUT SPIMSTR INPUT

A0 | Oscillator Output Oscillator/Clock Input | — - -
Notes: 1. INTRC means thal the internal RC Oscillalor is selected (by the CKSEL Fuss).

2

EXT means that the extarnal RC Oscillator or an external clock is selected (by the CKSEL Fuss).

Table 13-4. Ovemiding Signals for Altarmate Funciions in FB3:PBO

Noue | posmosinee PB2/SS/0C1B PBI/OCIA PBOACP1
PUOE | SPE+«MBSTR SPE + NSTH 0 0

PUC PORTE3 « PUD POATEZ2 « PUD 0 ]

DDOE | SPE+MSTH SPE « HSTH 0 0 _
pov |0 0 0 0

PVOE | SPEsMSTR + OC1B ENABLE OC1A ENABLE o

OCZ ENABLE

PVOV | SPIMSTROUTPUT+0CZ | OC1B oC1A 0

DIECE |0 0 0

DIEV | © 0 D

DI SFI SLAVE INPUT SPI 5SS Z ICP1 INPUT
AIC = = = =
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L3 Alternate Functlons of Port C
The Port C pins with attemate functions are shown in Table 13-5.

Table 13-5. Port C Pins Allemete Functions
Port Pin Alemate Function

PCE RESET (Reset pin)

- ADGS (ADC Input Ghannel 5)
SCL (Two-wire Serial Bus Clock Line)

= ADCA (ADC Input Channel 4) _
SDA (Two-wira Sertal Bus Data Input/Output Line)

PC3 ADGC3 (ADG Input Channel 3)

PC2 ADC2 (ADC Input Channal 2)

PC1 ADC1 (ADG Input Ghannel 1)

eCo ADGO (ADG lnput Ghannal 0}

The altemate pin configuration is as follows;

» RESET - PortC, Bit6

RAESET, Resst pin: When the RSTDISEL Fuse Is programmed, this pin functions as a normal ¥O pin, and the part
will have to rely an Power-on Reset and Brown-out Reset as its reset sources. When the RSTDISBL Fuse is unpro-
grammed, the reset circultry is connected to the pin, and the pin can not be used as an I/0 pin.

It PCE is used a2 a rese! pin, DDCE, PORTCS and PINCE will all read 0.

= SCLAADCS5-PonC,BRS

SCL, Two-wire Serial Interface Clock: When the TWEN bit in TWCR s set (one) 1o enable the Two-wire Serial
Interface, pin PC5 Is disconnected from the port and bacomes the Serial Clock /O pin for the Two-wire Seral Inter-
tace. In this mods, thers Is a spike filter on the pin to suppress spikes shorter than 50 ns on the input signal, and
the pin is driven by an open drain driver with slew-rate limitation.

PCS can also be used as ADC input Channel 5. Note that ADC Input channel & u2es digital power.

« SDAJADCA - PortC,BR 4

SDA, Two-wire Serial Intsriaca Data: Whan the TWEN bitin TWCH is et (one) to enable the Two-wire Serial intar-
face, pin PC4 is disconnected from the port and becomes the Serial Data 'O pin for the Two-wire Serial Intarface.
In this moda, there is a spike filter on the pin to suppress spikes shorter than 50 ns on the input signal, and the pin
is driven by an open drain driver with slew-rate limitation.

PC4 can also be used as ADC input Channal 4. Note that ADC input channel 4 uses digital power.

» ADC3-PortC, Bit3
PC3 can also be used as ADG input Channet 3. Note that ADC input channal 3 uses analog power.

« ADCZ-PoriC,Blit 2
PC2 can also be used as ADC input Channe! 2. Note that ADC input channel 2 uses analog power.

* ADC1-PortG, Blt1
PC1 can also be used as ADG input Channel 1. Note that ADG input channel 1 uses analog powar.

ATmegaA [DATASHEE 5%
trnel i lmm—mg




* ADCO-PortC,EHO
PCO can also be usad as ADC input Channel 0. Note that ADG input channel 0 uses analog power.

Table 12-6 and Tabla 13-7 relate the aktemate functions of Port G to the ovemiding signaks shown in Figure 13-5 on

page 54,
Table 13-6. Overriding Signals for Altemate Functions in PC&:PC4
Signal Name PC&/RESET PCS/SCL/ADCS PCA/SDA/ADCA
PUOE BSTOISBL TWEN TWEN
PUOV 1 PORTCS + PUD PORTC4 « PUD
DDOE RETOI TWEN TWEN
DDOV 0 SGL_OUT SDA_OUT
PVOE 0 TWEM TWEN
PVOV o o
DIECE ASTOISAL 0
Dl 0 Li]
D = - .
AIQ RESET INPUT ADGS INPUT / SCL INPUT ADG4 INPUT / SD& INPUT
Table 13-7. OQvemiding Signals for Altemate Functions in PC3:PCO""
Signsl Neme | PCI/ADC3 | pca/ADC2 PGLADCH PCOADCO
PUOE 0 | o o 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 o 0 0
DIEOV o0 0 0 0
DI - ~ - -
AIO ADC3 INPUT ADC2 INPUT | ADC1 INPUT ADCO INPUT

Note: 1. When enabled, the Two-wire Serial Interfface enables slew-rate controls on the output pins PC4 and PC5. This is
not shown in the figure. In addition, spike fiters are connected between the AIC outputs shown in the port figure

ard the digital logic of the TWI module.
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Altemnate Functions of Port D
The Port D pins with altemate functions are shown in Table 13-8.

Table 13-8. Port D Pins Atermate Functions

Port Pin Allernate Function
B FD7 AlM1 {Analog Comparator Nagathna_lmm}
PD6 AINO (Analog Comparator Positive Input)
 PDS T1 (Timer/Counter 1 Extarnal Courter Input)

XCH (USART Extamal Clock Input/Cuipat)

D4 TO (TimenCounter 0 Extermal Countar Input)
PD3 INT1 (External Interrugt 1 Input) _
PD2 INTO (External Intemupt  Inpu)
PD1 TXD (USART Output Fin)
PDO RXTY (USART Input Pin)

The altemnate pin configuration is as follows:

* AIN1-PortD, BIt7
AlN1, Analog Comparator Negative Input. Configure the port pin as input with the intermal pull-up switched off to
avoid the digital port function from interfering with the function of the Analog Comparator.

= AINO-Port D, BItE
AINO, Analog Comparator Positive Input. Configure the port pin as input with the Intemal pull-up switched off 1o
avoid the digital port function from interfering with the function of the Analeg Comparator.

* T1-PortD BIt5
T, TimerfCountar! countar Soutca.

= XCK/T0-PortD, Bit 4
HCK, USART external clock.

T0, TimerCounter] counter source.

« INT1-Port D, Bit3
INT1, External Interrupt source 1: The PD2 pin can serve as an extemal interrupt source.

» INTO-PortD, Bt 2
INTO, External Intermupt source 0: The PD2 pin can serve as an extemal interrupt sourca.

* TAD-PortD, BIt1
TXD, Transmit Data (Data cutput pin for the USART). When the USART Transmitter ls enabled, this pin is config-
ured as an output regardiess of the value of DDD1.

= RXD-Pori D, Bit 0

RXD, Recaive Data (Data input pin for the USART). When the USART Racelver is enabled this pin |s configured &s
an input regardiess of the value of DDD0. When the USART forces this pin to be an input, the pull-up can still be
confrofled by the PORTDO bit.

ATmegaBA [DATASHEET] 61

tmel B1SBE-AVR-RIZN3




Table 132 and Table 13-10 relate the alternate functions of Port D to the overriding signals shown in Figure 13-5
on page 54

Tabie 13-9. Qverriding Signals for Altemate Functions PD7:PD4

Signal Name | PD7/AINT PDG/AING PDSIT1 PD4/XCK/TO

PUOE 0 0 0

PUC 0 0 0

ODE 0 ‘D | o

00 0 0 o | _
PVOE 0 0 0 UMSEL _
PVO 0 K 0 XCK QUTPUT

DIEOE o 0 o 3

DIEQ 0 0 0 | o

D - — T1 INPUT XCK INFUT f TO INFUT
AIQ AINTINPUT | AINOINPUT | — =

Table 13-10. Overrding Signals for Altamate Functions in PD3:PDO

Signal Nama PDAANTI PD2ANTO PDITXD PFOOMED
PUGE 4] [4] TXEM RYXEM
PLIC 0 i 0 PORTDO « FUD
O0E 0 4] TXEN RXEN
o0 0 0 1 0
PVOE o (1} TXEN (1]
YO o o THD 0
DHEOE INT1 ENABLE TO ENABLE 0
HED 1 1 0
(1]] INT1 INPUT INTO NPT - AXD
AlQ - - = =
4 Register Description
i1 PORTE - The Port B Data I‘-kgh‘hr
Bit 7 & 5 4 3 2 1 )
PORTET | PORTEM | PORTED PORTES | PORTEZ | PORTEN PORTE
Fieac\Mite W W W RAW AW W W R
odtind Vilum o o o o 8 0 o o
1.2 DIDRE - The Port B Data Direction Raglster
B T & -] 4 3 2 1 1]
o= obee T ooke T woot ] e
Reaci\ila W A W W W W W RIW
rind Vs o o o o 0 0 o 0

ATmagalA [DATASHEET] 62
BSRE-AWR-TRRTE

tmel




4.3

4.4

4.5

4.7

4.8

49

FiNE - The Port B Input Pins Address
Bt 7 [ 5 Pl 3 2 1 o
[ PWG7 | PWBs | miNBs | Pioe | PWES | PNea | PINB1 | FBD ]  PINS
Fsad/Wrin R R R 5 R T R 53
i Value A A A NI WA NI ik niA,
PORTC — Tha Port © Data Reglster
Bt 7 8 5 4 3 s 1 B
- mmmu]mmfmm|mmm|m_|:1mm poRTC
Fiamrlhirda R AW R Ry R R R R
imitiad Valus g o o o o o 0 0
DDPRC - The Port C Data Direction Register
B 7 6 5 " 3 2 1 0
L B =
RemyWrite R RN RW R W W W RIW
Indtisd Valua o o 0 o o o [ 0
PING — Tha Port C Input Ping Address
B 7 & 5 Fl 3 2 1 o
|h|m|nm|nm|m3I$ ANCT | ANCD | PINC
ReadViiils R R R ] R R R
il Vikse o A it A, WA (173 NiA b
PORTD - The Port D Data Reglater
Bit 7 B 5 4 3 2 1 0
PORTD? | PORTDS | PORTDS | PORTDM | PORTDS | PORTDR | FORTD1 | FORTDO | PORTD
FleacWitis ET ROW W AW W AW =] P
It Ve 0 o g o o 0 0 o
DDRAD - The Port D Data Direction Reglster
Bt 7 & 5 4 3 2 1 ]
| DOOT | DODS | DODE | DODM | DOOS [t DO | DOD0 | OORD
it e o a 0 o 8 o b 0
PIND — The Port D inpul Pins Address

B T ] 5 4 3 2 1 1]
0 L = e

FRaad\Write R o] R R R R R R

Inital Value alA, L] A, WA L] i, A 2 1]
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