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ABSTRAK

Sistem alat bantu navigasi bagi pendaki gunung ini merupakan sistem yang
dirancang untuk memudahkan arah bagi pendaki gunung oleh karena itu maka
fungsi dari sistem ini adalah mampu menunjukkan 16 arah mata angin dengan
menggunakan CMPS03, sedangkan untuk ketinggiannya digunakan resistor
variabel sebagai simulasi dari sensor tekanan. Pada penelitian ini digunakan
mikrokontroler AVR ATMegal6 yang merupakan pusat kontrol bekerjanya
sistem. Pengujian sistem dilakukan dengan mengubah-ubah arah CMPS03 yang
dibandingkan dengan kompas manual. Hasil dari keluaran ditampilkan dengan
LCD yang mampu menampilkan arah mata angin beserta derajatnya dan
ketinggian ,sedangkan output dari speaker memberikan informasi suara berupa
arah. Proses perekaman suara menggunakan IC ISD25120 yang mampu merekam
suara dalam waktu 120 detik. Sensor CMPS03 menggunakan mode 16 bit
sehingga diperoleh tingkat keakurasian 0,0055 derajat/bit. Tingkat kesalahan
kompas CMPS03 jika dibandingkan dengan kompas analog didapatkan hasil
0,2%.

Kata kunci : CMPS03, ISD25120, ATMegal6, arah mata angin
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BAB I

PENDAHULUAN

1.1 Latar Belakang Masalah

Dewasa ini dunia teknologi dan dunia ilmu pengetahuan berkembang

dengan sangat cepat dimana perkembangan teknologi mendukung perkembangan

ilmu pengetahuan demikian juga perkembangan ilmu pengetahuan mendukung

perkembangan teknologi.

Dalam bidang elektronika saat ini, banyak kegunaan dari sistem

elektronika baik dari sistem elektronika yang sederhana dengan menggunakan

rangkaian analog sampai ke sistem elektronika digital yang menggunakan

komponen IC.

Elektronika digital merupakan teknologi yang berkembang sangat cepat.

Rangkaian digital selalu digunakan hampir dalam semua produk-produk yang

beredar di masyarakat.

Saat ini banyak di jumpai ketika seorang pendaki gunung akan melakukan

sebuah pendakian biasanya membawa peralatan navigasi dan keselamatan, pada

umumnya para pendaki gunung membawa kompas.

Untuk melihat danmemperkirakan arah pembacaan mata angin sulit sekali

, Kompas merupakan salah satu divais yang penting dalam navigasi untuk

menentukan arah berdasarkan posisi kutub bumi. Karena itulah sebuah piranti

yang memiliki output berupa suara dan tampilan LCD yang dapat digunakan

dalam kondisi apapun, baik itu malam hari ataupun saat berkabut, sehingga dapat



mengurangi resiko tersesatnya pendaki gunung, untuk mengatasi masalah dalam

pembacaan yang sulit maka di butuhkan sebuah alat yang mudah dalam

pembacaan data, untuk itu di buatlah sebuah alat digital sehingga mudah dalam

pembacaan.

Dengan melihat dari berbagai macam fakta keadaan di atas, dengan

memanfaatkan mikrokontroler ATMegal6, maka peneliti akan membuat alat yang

digunakan untuk pembuatan kompas digital dengan menggunakan oupul suara dan

LCD, di dalam laporan Tugas Akhir penyusun mengambil judul " ALAT

BANTU NAVIGASI BAGI PENDAKI GUNUNG ". Sehingga dengan adanya

alat ini, diharapkan proses navigasi dapat dilakukan lebih mudah, akurat dan hasil

yang presisi sesuai dengan harapan.

1.2 Rumusan Masalah

Berdasarkan latar belakang yang telah dijelaskan diatas, maka dapat

diambil suatu rumusan masalah yang akan menjadi pokok pembahasan adalah

bagaimana membuat suatu sistem digital yang dapat membantu menunjukkan arah

mata angin dan ketinggian bagi pendaki gunung berbasis mikrokontroler

ATMegal6.

1.3 Batasan Masalah

Dengan adanya batasan masalah, penulis dapat lebih menyederhanakan

dan mengarahkan penelitian dan pembuatan sistem agar tidak menyimpang dari

apa yang diteliti. Batasan-batasannya adalah sebagai berikut:



1. Penggunaan mikrokontroler ATMegal6 sebagai kendali utamanya

2. Penggunaan LCD Ml632 dan speaker sebagai output dari sistem.

3. Penggunaan modul CMPS03 sebagai sensor arah mata angin.

4. Penggunaan resirtor variabel sebagai simulasi dari sensor tekanan.

1.4 Tujuan Penulisan

Tujuan yang akan dicapai dalam penulisan Tugas Akhir ini adalah sebagai
berikut:

a. Sebagai salah satu syarat dalam menyelesaikan studi pada Program

Sarjana Teknik Elektro Fakultas Teknik Universitas Islam Indonesia.

b. Merancang piranti digital untuk dapat membantu menunjukkan arah mata

angin berbasis mikrokontroler AVR ATMegal 6.

1.5 Langkah Penelitian

Penyusunan tugas akhir ini mempunyai metoda penelitian yang dapat

dijelaskan sebagai berikut:

1. Mendeskripsikan komponen-komponen yang terkandung dalam obyek

penelitian.

2. Memahami karakteristik komponen-komponen dan bagian-bagian yang

menyusun obyek penelitian.

3. Mengklasifikasikan secara menyeluruh hasil pemahaman sehingga

mendapat gambaran deskriptif tentang unsur-unsur yang terkandung dalam

obyek penelitian.



4. Menyajikan hasil penelitian yang berupa data sehingga diperoleh

gambaran secara jelas tentang model yang dibuat.

1.6 Sistematika Penulisan Laporan.

Dari hasil penelitian yang telah dilaksanakan, sistematika penulisan

laporannya adalah sebagai berikut:

BAB I PENDAHULUAN

Bab Pendahuluan berisi tentang Latar Belakang Masalah, Maksud dan

Tujuan, Perumusan Masalah, Batasan Masalah, Langkah Penelitian, dan

Sistematika Penulisan Laporan.

BAB II STUDI PUSTAKA

Pada bab ini berisi tentang Literature survey tentang penelitian sejenis

yang telah dilakukan sebelumnya. Analisis, kesimpulan, saran, komentar

penelitian sejenis yang telah dilakukan sebelumnya. Penjelasan mengenai

kontribusi penelitian yang akan dikerjakan dalam TA

BAB III PERANCANGAN SISTEM

Bagian ini menjelaskan metode-metode perancangan yang digunakan, cara

mensimulasikan rancangan dan pengujian sistem yang telah dibuat,

pembagian fungsi kerja dalam diagram blok serta berisi lebih terperinci

tentang apa yang telah disampaikan pada proposal tugas akhir ini.

Penjabaran indikator unjuk kerja sistem : bagaimana validasi atau

pengujian sistem akan dilakukan.



BAB IV ANALISA DAN PEMBAHASAN

Bab ini membahas tentang hasil pengujian dan analisis dari sistem yang
dibuat dibandingkan dengan dasar teori sistem atau sistem yang lain yang
dapat dijadikan sebagai pembanding. Pengujian sistem berdasarkan
indikator unjuk kerja yang telah dijelaskan sebelumnya

BAB V PENUTUP

Bagian ini menjelaskan kesimpulan dari TA yang telah selesai dikerjakan
berdasarkan analisis dan pembahasan di bab sebelumnya. Saran untuk
pengembangan dan penelitian lebih lanjut



2.1 Tinjauan Pustaka

BAB II

STUDI PUSTAKA

Sugiarto indar, 2004 telah melakukan penelitian tentang kompas
magnetik dengan output LCD. Diagram alir sistem «Kompas Magnetik Digital
dengan Output LCD " adalah sebagai berikut :

CMPS03 MIKROKONTROLER LCD

Gambar 2.1 Diagram alir Kompas Magnetik Digital dengan Output LCD

Dalam perancangan sistem ini, sistem terdiri atas beberapa bagian penting
yaitu sensor navigasi CMPS03 , mikrokontroler ATMegal6sebagai pengolah
data, dan sebagai keluaran dari sistem ini berupa LCD.

Proses bekerjanya sistem diawali dengan pembacaan arah mata angin
menggunakan CMPS03, data dari sensor CMPS03 tersebut diolah melalui

mikrokontroler ATMegal6 yang berfungsi sebagai pusat kontrol sistem, dan
output dari perancangan ini berupa LCD , LCD mampu menampilkan hasil
keluaran berupa 4 arah mata angin.

Dalam perancangan sistem yang akan dibuat, sistem terdiri atas beberapa
bagian penting yaitu sensor navigasi CMPS03, sensor tekanan, IC suara 25120,



dan mikrokontroler ATMegal6 sebagai pengolah data, dan sebagai keluaran dari

sistem ini terdiri dari LCD dan Speaker.

Proses bekerjanya sistem diawali dengan pendektesian sensor tekanan

yang dalam penelitian ini menggunakan resirtor variabel dan pembacaan arah

mata angin menggunakan CMPS03, data dari kedua sensor tersebut diolah melalui

mikrokontroler ATMegal6yang berfungsi sebagai pusat kontrol sistem. Output

dari perancangan ini berupa LCD dan IC suara ISD 25120 mengolah keluaran

dari mikrokontroler untuk kemudian dihasilkan output berupa suara. LCD mampu

menampilkan hasil keluaran berupa 16 arah mata angin disertai dengan derajat
dan ketinggian.

Penelitian lain yang berkaitan dengan alat bantu navigasi bagi pendaki

gunung telah dilakukan Amin husni, 2004 yaitu tentang pemanfaatan MPX 4100

sebagai detektor tekanan dan ketinggian suatu tempat diatas permukaan air laut.

Dalam perancangan itu menggunakan sensor tekanan udara, sensor akan

mendeteksi tekanan udara disekitar sehingga akan diperoleh tegangan output

sensor. Tegangan output sensor akan dikirim ke pengkondisi isyarat dan ke ADC.

Output dari mikro tersebut dikirim ke LCD untuk ditampilkan dalam bentuk

angka desimal yaitu nilai ketinggian.

2.2 Mikrokontroler AVR ATMegal6

Mikrokontroler AVR memiliki arsitektur RISC 8 bit, dimana semua

instruksi dikemas dalam kode 16-bit (16-bits word) dan sebagian besar instruksi

dieksekusidalam 1 (satu) siklus clock.
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Fitur dasar yang dimiliki Mikrokontroler AVR ATMegal6 adalah sebagai

berikut :

1. Port I/O 32 jalur (Port A, Port B, Port C, Port D masing-masing 8 bit).

2. ADC \0 bit 8 channel.

3. 3 buah timer/counter.

4. 32 register dalam CPU.

5. Watchdog Timer dengan osilator internal.

6. Flash PEROM 16 kb.

7. EEPROM 512 bytes.

8. SRAM 1 Kb.

9. Interupsi Eksternal dan Internal.

10. Interfacing dengan komparator analog.

11. Port USART untuk komunikasi serial.
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Mikrokontroler AVR ATMegal 6 terdiri dari 40 Pin, yang konfigurasinya

sebagai berkut :

(XCK/TG) PBO
(T1) PB1

(INT2/AIN0) PB2
(OCQ/AIN1) PB3

(SS) PB4
(MOSl) PBS
(MISO) PB6

(SCK) PB7
RESET

VCC

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
{(NTG) PD2

(!NT1) PD3
(OC1B) PD4
(OC1A) PD5

(ICPt) PD6

PDIP

1

W
40

2 39

3

4

38

37

5 36

5

7

35

34

8 33

9 32

10 31

11 30

12 29

13 28

14 27

15 26

16

17

25

24

18 23

19 22

20 21

PAD (ADCO)
PA? (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADC4)

PA5 (ADC5)
PA6 (ADC6)

PA7 (ADC7)

AREF

GND

AVCC

PC7 (TOSC2)

PC6 (TOSC1)
PCS

PC4

PCS

PC2

PC1 (SOA)
PCO (SCL)

PD7 (OC2)

Gambar 2.3 Pin ATMega16
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Tabel 2.1 Konfigurasi pin ATMegal6 ( Lanjutan )

No Pin Nama Fungsi

14 PDO (RXD) Port D.O / penerima data serial

15 PD1 (TXD) Port D.1 / pengirim data serial

16 PD2 (INTO) Port D.2 / Interupsi eksternal 0

17 PD3 (INT1) Port D.3 / Interupsi eksternal 1

18 PD4(OClB) Port D.4 / Pembanding Timer-Counter

1

19 PD5 (OC1A) Port D.5 / Pembanding Timer-Counter

20 PD6(ICP1) Port D.6 / Timer-Counter 1 Input

21 PD7 (OC2) Port D.7 / Pembanding Timer-Counter

2

22 PCO (SCL) Port CO / Serial bus clock line

23 PCI (SDA) Port CO / Serial bus data input-output

24-27 PC2 - PC5 Port CO

28 PC6 (TOSC1) Port CO / Timer osilator 1

29 PC7 (TOSC2) Port CO / Timer osilator 2

30 AVCC Tegangan ADC

31 GND Sinyal ground ADC

32 AREFF Tegangan referensi ADC

33-40 PAO (ADCO) - PA7

(ADC7)

Port A.O - Port A.7 dan input untuk

ADC (8 channel: ADCO - ADC7)
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2.3 LCD M1632

LCD Display Module Ml 632 buatan Seiko Instrument Inc. Terdiri dari dua

bagian, yang pertama merupakan panel LCD sebagai media penampil informasi

dalam bentuk huruf/angka dua baris, masing-masing baris bisa menampung 16

huruf/angka.

Bagian kedua merupakan sebuah sistem yang dibentuk dengan

mikrokontroler yang ditempelkan dibalik panel LCD, berfungsi untuk mengatur

tampilan informasi serta berfungsi mengatur komunikasi Ml632 dengan

mikrokontroler yang memakai tampilan LCD tersebut. Dengan demikian

pemakaian Ml632 menjadi sederhana, sistem lain yang memakai Ml632 cukup

mengirimkan kode-kode ASCII dari informasi yang ditampilkan seperti layaknya

memakai sebuah printer.

2.3.1 Tampilan M1632

MI632 mempunyai seperangkat perintah untuk mengatur tata kerjanya,

perangkat perintah tersebut meliputi perintah untuk menghapus tampilan,

meletakkan kembali cursor pada baris/huruf pertama baris pertama,

menghidupkan/mematikan tampilan dan lain sebagainya.

Setelah diberi catu daya, ada beberapa langkah persiapan yang harus

dikerjakan dulu agar Ml632 bisa dipakai, langkah- langkah tersebut antara lain

adalah:
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Pin 9 - Ov Ground

Pin 8 - No Connect

Pin 7 - 50/60HZ

Pin 6 - Calibrate

Pin 5 - No Connect

Pin 4 - PWM

Pin 3 - SDA

Pin 2 - SCL

Pin 1 -+5v

Gambar 2.5 Modul Devantech Magnetic Compass (CMPS03)

Spesifikasi untuk modul CMPS03 - Devantech Magnetic Compass, yaitu :

1. Catu daya : +5 VDC,

2. Konsumsi arus :15 mA,

3. Antarmuka : I2C atau PWM,

4. Akurasi : 3-4 derajat,

5. Resolusi : 0,1 derajat,

6. Waktu konversi : 40ms atau 33,3msdapat dipilih,

7. Telah dikalibrasi pada daerah dengan sudut inklinasi 67 derajat.

CMPS03 Magnetic Compass buatan Devantech Ltd adalah salah satu

sensor kompas digital yang berukuran 4x4 cm. CMPS03 menggunakan sensor

medan magnet Philips KMZ5I yang cukup sensitif untuk mendeteksi medan

magnet bumi.

Kompas digital ini hanya memerlukan suplai tegangan sebesar 5V DC,

dengan konsumsi arus 15mA. Pada CMPS03, arah mata angin dibagi dalam
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bentuk derajat yaitu : Utara (0°), Timur (90°), Selatan (180°) dan Barat (270°).

Ada dua cara untuk mendapatkan informasi arah dari modul kompas digital ini

yaitu dengan membaca sinyal PWM (Pulse Width Modulation) pada pin 4 atau

dengan membaca data interface I2C pada pin 2 dan 3.

Tabel 2.2 Alokasi Internal Register CMPS03

Registei Function

0 Software Revision Number

1 CompassBearing as a byte,i.e. 0-255 for a full circle

2,3 Compass Bearing as aword, i.e. 0-3599 for a full circle, representing 0-359.9 degrees.
4,5 Internal Test - Sensorl difference signal - 16bitsigned word
6,7 Internal Test- Sensor2 difference signal - 16bitsigned word
8,9 Internal Test - Calibration value 1 - 16bitsigned word

10,11 Internal Test- Calibration value 2 - 16bitsigned word
12 Unused - Read as Zero

13 Unused - Read as Zero

14 Unused - Read as Undefined

15 Calibrate Command - Write 255to perform calibration step. See text.

2.5 Rencana Penelitian

Pada rencana penelitian ini dimulai dengan membuat rancangan hardware

terlebih dahulu, kemudian memilih komponen-komponen yang akan digunakan

dalam penelitian ini. Selanjutnya mengumpulkan data yang akan diolah pada

sistem ini kemudian membuat program pada sistem. Langkah selanjutnya

membandingkan antara hasil pengukuran digital dengan pengukuran analog.

Pada penelitian ini yang akan diukur adalah keluaran dari sensor CMPS03

dari 16 arah mata angin, untuk mendeteksi ketinggian akan disimulasikan dari

keluaran potensiometer. Analisa yang dilakukan dari sistem berupa

membandingkan data hasil keluaran digital dengan hasil keluaran analog serta

software yang akan digunakan.



BABV

PENUTUP

5.1 Kesimpulan

Berdasarkan perancangan sistem dan hasil analisa yang didapat maka

dalam pembuatan hardware alat bantu navigasi bagi pendaki gunung dapat

disimpulkan beberapa hal, yaitu :

1. Output suara dari ISD25120 hanya berupa 16 arah mata angin belum

dilengkapi dengan derajat dan ketinggian karena keterbatasan dari memori

ISD25120.

2. Sensor CMPS03 menggunakan mode 16 bit sehingga diperoleh tingkat

keakurasian 0,0055 derajat/bit.

3. Error setiap perubahan arah mata angin berkisar antara 0,2° sampai 0,3°.

5.2 Saran

Untuk mengembangkan sistem dimasa yang akan datang maka dapat

disarankan beberapa hal sebagai berikut:

1. Perlu ditambahkan Sensor Tekanan sehingga mampu mendeteksi

ketinggian sebenarnya.

2. Dalam menggunakan CMPS03 sebaiknya dijauhkan dari magnet karena

dapat mempengaruhi akurasi dari pengukuran.

3. Perlu digunakan memori ISD yang lebih besar agar dapat memberikan

informasi yang lebih banyak.
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BAB III

PERANCANGAN SISTEM

3.1 Perancangan Sistem

Dalam perancangan sistem ini, sistem terdiri atas beberapa bagian penting

yaitu sensor navigasi CMPS03, sensor tekanan, IC suara 25120, dan

mikrokontroler ATMega16 sebagai pengolah data, dan sebagai keluaran dari

sistem ini terdiri dari LCD dan Speaker.

SPEAKER

o:psc5

Ic Suara

isd :f::::

LCD

tensor

Tekanan

Mikrokontroler

Gambar 3.1 Bagan Alir Sistem Alat Bantu Navigasi Bagi Pendaki Gunung

Proses bekerjanya sistem diawali dengan pendektesian sensor tekanan

yang dalam penelitian ini disimulasikan dengan menggunakan resirtor variabel

dan pembacaan arah mata angin menggunakan CMPS03, data dari kedua sensor

tersebut diolah melalui mikrokontroler ATMega16 yang berfungsi sebagai pusat

kontrol sistem. Output dari perancangan ini berupa LCD dan IC suara ISD 25120

mengolah keluaran dari mikrokontroler untuk kemudian dihasilkan output berupa

17
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3.2.3 Rangkaian IC Suara ISD25120

Gambar 3.3 merupakan rangkaian ISD25120 yang digunakan untuk

merekam suara yang akan digunakan pada proses penunjukan arah mata angin.

Sistem tersebut mampu merekam 16 arah mata angin.

Proses perekaman dimulai dari alamat 0000 sampai 1111. Proses awal

perekaman dilakukan dengan menentukan alamat terlebih dahulu kemudian

menekan tombol P/R hingga dalam posisi low, kemudian menahan tombol CE

dalam keadan low diikuti dengan merekam suara, jika terjadi kesalahan dalam

perekaman maka tombol PD ditekan untuk menghapus rekaman serta untuk

mengembalikan data dari awal. Untuk proses perekaman selanjutnya dilakukan

perubahan pada alamat memori.

vcc

?

U+4

Gambar 3.3 Rangkaian IC Suara ISD25120
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3.2.4 Rangkaian Sensor Tekanan

Pada sistem ini , resistor variabel digunakan sebagai simulasi dari sensor

tekanan. Perubahan ketinggian dapat dimisalkan dengan merubah - ubah nilai

tahanan dari resistor variabel.

vcc
o

CO

PAO
-5 \ iok

PIN 40

MPX5050

Gambar 3.4 Rangkaian Sensor tekanan

3.2.5 Rangkaian Sistem Minimum ATMega 16

Mikrokontroler ATMegal6 memiliki arsitektur RISC 8 bit, dimana semua

instruksi dikemas dalam kode 16-bit (16-bits word) dan sebagian besar instruksi

dieksekusi dalam 1 (satu) siklus clock.

Rangkaian osilator pada sistem ini digunakan oleh mikrokontroler sebagai

sinyal denyut (clock). Frekuensi sinyal denyut inilah yang menentukan kecepatan

eksekusi yang akan dijalankan. Frekuensi denyut maksimum yang diperbolehkan

adalah 33 MHz. Tetapi pada perancangan sistem ini menggunakan XTAL 12

MHz, dan 2 buah kapasitor 22 pF.

Sedangkan untuk membangkitkan sinyal reset, maka tombol reset

langsung dihubungkan dengan ground .
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3.3 Perancangan Software

Bagan Alir Program

N

Start

Inisialisasi Port

Inisialisasi LCD

Inisialisasi ADC

Tampilan LCD

Baca Kompas

T
Tampilan LCD

( derajat & arah)

Start ISD

Start ADC

Tampilan LCD
(Ketinggian)

End
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3.4 Proses Pemrograman pada Mikrokontroler ATMegal6

3.4.1 Proses Inisialisasi Program

#include<avr/io.h>

#include<avr/interrupt.h>
#include<compat/deprecated.h>
#define LCD_RS 6
#defme LCDCS 7

#define RESET 1

#define START 0

#define EOM 2

#define SCL 0

#define SDA 1

#defme nop() _asm__("NOP");

3.4.2 Proses Deklarasi Program

unsigned char tulisan[]=H KOMPAS DIGITAL ";
unsigned char tulisanl []=" UII 2009";
unsigned char tulisan2[]="Arah: ";
unsigned char tulisan3[]="Ketinggian: m";

3.4.3 Proses Fungsi Delay Program

void delay(unsigned int nilaidelay)
{
unsigned int i;
unsigned int j;
for(i=0;i<nilai_delay;i++)

{
for(j=0;j<=100;j++)

{

}

}
3.4.4 Proses Instruksi pada LCD

void WR_INST(int dataj
{
cbi(PORTA,LCD_RS);
PORTB-data_;
sbi(PORTA,LCD_CS);
delay(lO);
cbi(PORTA,LCD_CS);
delay(lO);
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3.4.5 Proses akses pembacaan nilai I2C :

unsigned char i2c_read(unsigned char address, unsigned char reg)

unsigned char readdata = 0;

TWCR =((1«TWINT)|(1«TWSTA)|(1«TWEN))-
while(!(TWCR & 0x80));
TWDR = address;
TWCR = ((1«TWINT)|(1«TWEN));
while(!(TWCR & 0x80));
TWDR = reg;
TWCR = ((1 «TWINT)|( 1«TWEN));
while(!(TWCR & 0x80));
TWCR = ((1«TWINT)|(1«TWSTA)|(1«TWEN))-
while(!(TWCR & 0x80));
TWDR = address+l;
TWCR =((1«TWINT)|(1«TWEA)|(1«TWEN))-
while(!(TWCR & 0x80));
TWCR = ((1«TWINT)|(1«TWEN));
while(!(TWCR & 0x80));
readdata = TWDR;

TWCR = ((l«TWINT)|(l«TWSTO)|(l«TWEN));
return readdata;

}
3.4.6 Proses Program Utama :

int main(void)

unsigned char k;
DDRA=0xc0;
DDRB=0xff;
DDRC=0xff;

DDRD=0xfb; //111 11011
PORTA=0xff;
PORTC=0xfi; //llll 0011
PORTD=0x6;
init_LCD();
ADMUX-0;
ADCSRA-Oxca;
SFIOR=0;
//while(l);
for(k-0;k<=15;k++)
{

WR_DATA(tulisan[k]);
}
WRJNST(OxcO);
for(k=0;k<=15;k++)
{

WR_DATA(tulisanl[kj);
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delay(5000);
WRJNST(l);
for(k=0;k<=15;k++)
{

WR DATA(tulisan3[kj);
}
WRJNST(OxcO);
for(k=0;k<=15;k++)
».

WR_DATA(tulisan2[k]);
}
setup();
sei();
//i2c_transmit(0xc0,2,119);
//delay(lOO);
while(l)

{
sei();
ADCSRA=Oxca;
delay(lOO);
WRJNST(0x8b);
display_LCD(nilai_ADC* 10);
cli();
//delay(7500);
if(bit_is_clear(PINA,3))
{

delay(250);
k=i2c_read(0xc0,2);
hasil 16=k*256;
delay(lOO);
k=i2c_read(0xc0,3);
hasil 16=hasill6+k;
delay(lOO);
hasil 16=hasil 16/450;
k=PORTD;
k=(k&7);
k-(k|(ISD[hasill6]));

// k=(ISD[hasill6]);
//OxO=utara; 0x8=timur laut; OxlO=timur; 0xl8=tenggara;

0x20=selatan; 0x28=barat daya; 0x30=barat; 0x38=barat

laut

PORTD=k;
ISD_start();
WRJNST(0xc6);
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for(k=0;k<=9;k++)
{

WR_DATA(utara[k+(hasil 16* 10)]);

while(bit_is_set(PIND,2));

}
return 0;

}
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BAB IV

ANALISA DAN PEMBAHASAN

Pada proses alat bantu navigasi bagi pendaki gunung, terdapat beberapa

pengujian yang telah dilakukan yaitu pengujian terhadap sensor kompas magnetik,

IC suara ISD25120 , pengujian terhadap simulasi dari sensor tekanan yang

menggunakan Potensiometer , dan proses pemrograman pada mikrokontroler

ATMegal 6.

4.1 Pengujian Sensor Kompas Magnetik

Pengujian pada sensor kompas magnetik menggunakan CMPS03 yang

dibandingkan dengan kompas analog diperoleh data sebagai berikut:

Tabel 4.1 Pengujian Sensor Kompas Magnetik

ARAH

MATA ANGIN

KOMPAS DIGITAL

CMPS03

(dalam derajat)

KOMPAS ANALOG

(dalam derajat)
KESALAHAN

(dalam derajat)

UTARA
0,2 0 0,2

UTARA

TIMUR LAUT
22,7 22,5 0,2

TIMUR LAUT
45,2 45 0,2

TIMUR TIMUR

LAUT
67,7 67,5 0,2

TMUR
90,2 90 0,2

TIMUR

TENGGARA
112,8 112,5 0,3

TENGGARA
135,2

— .

135 0,2

28
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Tabel 4.1 Pengujian SensorKompas Magnetik ( Lanjutan )

ARAH

MATA ANGIN

KOMPAS DIGITAL

CMPS03

(dalam derajat)

KOMPAS ANALOG

(dalam derajat)
KESALAHAN

(dalam derajat)

SELATAN

TENGGARA
157,8 157,5 0,3

SELATAN
180,2 180 0,2

SELATAN

BARAT DAYA
202,7 202,5 0,2

BARAT DAYA
225,3 225 0,3

BARAT

BARAT DAYA
247,7 247,5 0,2

BARAT
270,2 270 0,2

BARAT

BARAT LAUT
292,8 292,5 0,3

BARAT LAUT
315,3 315 0,3

UTARA

BARAT LAUT
337,7 337,5

—

0,2

Error hasil pengukuran pada CMPS03 dibandingkan dengan kompas

Analog adalah sebagai berikut:

n

^jT kompas digital CMPS03 - ]T kompas ana log
2^ kompas ana log

2705,5°-2700° 1fVW
n x!00%

2700°

5 5°
« = ——jc100%

2700°

n = 0,2%

x!00% (4.1)
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Perbandingan dari hasil pengukuran antara kompas analog dengan kompas

digital CMPS03 terjadi perbedaan. Perbedaan hasil pengukuran ditampilkan pada

tabel 4.1 dan gambar 4.1
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Pengukuran dilakukan dengan membandingkan 16 arah mata angin pada

kompas analog dengan sensor CPMS03. Cara mengkalibrasi CMPS03 ada dua

cara, yaitu dengan metode I2C atau pin (manual). Dalam aplikasi ini dipilih

kalibrasi dengan metode pin (manual) karena dinilai lebih mudah dan efisien.

Berikut ini adalah langkah-langkahnya:

1. Gunakan rangkaian tactile switch seperti pada Gambar 4.2

-o" o < Calibrate

Gambar 4.2 Rangkaian TactileSwitch untuk Proses Calibrate

2. Posisikan orientasi utara dari CMPS03 ke arah utara bumi ( gambar

4.3 ) yang sebenarnya lalu tekan tactile switch.

UTARA

Gambar 4.3 Orientasi CMPS03 yang Menghasilkan Pembacaan

Sudut 0°
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3. Putar secara perlahan-lahan sampai orientasi utara dari CMPS03

menuju ke arah timur bumi, lalu tekan tactile switch.

4. Putar secara perlahan-lahan sampai orientasi utara dari CMPS03

menuju ke arah selatan bumi, lalu tekan tactile switch.

5. Putar secara perlahan-lahan sampai orientasi utara dari CMPS03

menuju ke arah barat bumi, lalu tekan tactile switch.

6. Periksalah apakah kompas telah menampilkan arah yang benar sesuai

dengan arah sebenarnya. Jika belum sesuai ulangi lagi mulai

I langkah 1.

B3 7- Jika penunjukan sudah sesuai dengan arah sebenarnya, maka

CMPS03 dinyatakan telah terkalibrasi dengan baik.

Ea Kalibrasi ini hanya dilakukan sekali saja, karena hasil dari pengkalibrasian

disimpan dalam EEPROM yang terdapat pada CMPS03. Untuk penggunaan

selanjutnya (pada lokasi dengan sudut inklinasi sama), tidak perlu dilakukan

kalibrasi ulang.

4.2 Pengujian IC Suara 1SD25120

Proses perekaman dimulai dari alamat 0000 sampai 1111. Proses awal

perekaman dilakukan dengan menentukan alamat terlebih dahulu kemudian

menekan tombol P/R hingga dalam posisi low, kemudian menahan tombol CE

dalam keadaan low diikuti dengan merekam suara, jika terjadi kesalahan dalam

perekaman maka tombol PD ditekan untuk menghapus rekaman. Untuk proses



Batasan hasil keluaran suara pada IC Suara ISD25120 :

Tabel 4.3 Keluaran Suara Pada IC ISD25120

ARAH MATA ANGIN DERAJAT

UTARA 0 - 22,4

UTARA TIMUR LAUT 22,5-44,9

TIMUR LAUT 45 - 67,4

TIMUR TIMUR LAUT 67,5 - 89,9

TIMUR 90-112,4

TIMUR TENGGARA 112,5-134,9

TENGARA 135-157,4

SELATAN TENGGARA 157,5-179,9

SELATAN 180-202,4

SELATAN BARAT DAYA 202,5 - 224,9

BARAT DAYA 225 - 247,4

BARAT BARAT DAYA 247,5 - 269,9

BARAT 270 - 292,4

BARAT BARAT LAUT 292,5-314,9

BARAT LAUT 315-337,4

UTARA BARAT LAUT

—.

337,5-359,9
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4.3 Pengujian terhadap Simulasi dari Sensor Tekanan yang

menggunakan Potensiometer

Dalam simulasi ini digunakan Potensiometer sebagai pengganti dari sensor

ketinggian. Potensiometer digunakan hanya untuk indikasi bahwa alat mampu

bekerja dan mikrokontroler mampu merespon perubahan tegangan pada

Potensiometer, namun Potensiometer tidak dapat merespon perubahan ketinggian

lokasi. Berikut ini adalah tabel yang menampilkan hasil dari simulasi sensor

tekanan ( Potensiometer ) pada3 tempat yang memiliki perbedaan ketinggian :

Table 4.4 Hasil pengukuran pada simulasiketinggian menggunakan

Potensiometer

Lokasi Ketinggian

(meter)

Keluaran

(volt)

Pantai Parangtritis 0 0,08

Lempuyangan 135 0,65

Pos Kaliurang 740 3,54

Dengan menggunakan table 4.4 maka perubahan tegangan untuk tiap

meter ketinggiannya adalah sebagai berikut:

• Pada Pantai Parangtritis - Lempuyangan :

0 meter = 0,08 volt

135 meter = 0,65 volt



Maka akan di dapat:

135 meter - 0 meter = 0,65 volt - 0,08 volt

135 meter = 0,57 volt

1 meter = 0,004 volt

= 4miliVolt

• Pada Pantai Parangtritis - Pos Kaliurang

0 meter = 0,08 volt

740 meter = 3,54 volt

Maka akan di dapat:

740 meter - 0 meter = 3,54 volt - 0,08 volt

740 meter = 3,46volt

1 meter = 0,004 volt

= 4miliVolt

• Pada Lempuyangan - Pos Kaliurang :

135 meter = 0,65 volt

740 meter = 3,54 volt
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Maka akan di dapat:

740 meter - 135 meter - 3,54 volt - 0,65 volt

605 meter = 2,84 volt

1 meter = 0,004 volt

= 4 miliVolt

Jadi perubahan setiap 1meter ketinggian sebesar 4 miliVolt.
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BABV

PENUTUP

5.1 Kesimpulan

Berdasarkan perancangan sistem dan hasil analisa yang didapat maka

dalam pembuatan hardware alat bantu navigasi bagi pendaki gunung dapat

disimpulkan beberapa hal, yaitu :

1. Output suara dari ISD25120 hanya berupa 16 arah mata angin belum

dilengkapi dengan derajat dan ketinggian karena keterbatasan dari memori

ISD25120.

2. Sensor CMPS03 menggunakan mode 16 bit sehingga diperoleh tingkat

keakurasian 0,0055 derajat/bit.

3. Error setiap perubahan arah mataangin berkisar antara0,2° sampai 0,3°.

5.2 Saran

Untuk mengembangkan sistem dimasa yang akan datang maka dapat

disarankan beberapa hal sebagai berikut:

1. Perlu ditambahkan Sensor Tekanan sehingga mampu mendeteksi

ketinggian sebenarnya.

2. Dalam menggunakan CMPS03 sebaiknya dijauhkan dari magnet karena

dapat mempengaruhi akurasi dari pengukuran.

3. Perlu digunakan memori ISD yang lebih besar agar dapat memberikan

informasi yang lebih banyak.
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NST(0x6);
NST(Oxc);

NST(0x3F);
NST(Oxl);

NST(0x80);

display_LCD(unsigned int d)

gned int sisa;
sisa=d%1000;

d=d/1000;

WR_DATA(d+4 8) ;
d=sisa;

sisa=d%100;

d=d/100;

WR_DATA(d+4 8);
d=sisa;

sisa=d%10;

d=d/10;

WR_DATA(d+4 8);
WR DATA(sisa+4 8) ;

_gned char i2c_read(unsigned char address, unsigned char reg)

Lgned char read_data = 0;

TWCR = ((1«TWINT) |(1«TWSTA) |(1«TWEN) );

^hile (! (TWCR & 0x8 0) );

I'WDR = address;

rWCR = ((1«TWINT) I(1«TWEN) );

Afhile( !(TWCR & 0x80) );
TWDR = reg;

TWCR = ((1«TWINT) |(1«TWEN) );
rfhile( ! (TWCR & 0x8 0));

TWCR = ((1«TWINT) I(1«TWSTA) I(1«TWEN) );

while(!(TWCR & 0x8 0));

TWDR = address+1;

TWCR = ((1«TWINT) |(1«TWEA) |(1«TWEN) );

while (!(TWCR & 0x80) );

TWCR = ((1«TWINT) |(1«TWEN) );

while (!(TWCR & 0x80) );

read_data = TWDR;
TWCR = ((1«TWINT) |(1«TWST0) |(1«TWEN) );

return read data;

d i2c_transmit(unsigned char address, unsigned char reg, unsigned char data)

TWCR = ((1«TWINT) |(1«TWSTA) |(1«TWEN) );
while(! (TWCR & 0x80) );

re: 2
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SIST (OxcO) ;
k=0;k<=15;k++)

WR_DATA(tulisanl[k]);

y(5000);

P() ;
) ;

e(l)

e(bit_is_set(PINA,3));

WR_INST(Oxl);
WR_INST(0x80);
delay(250);
k=i2c_read(OxcO,2);
hasill6=k*25 6;

delay(100);

k=i2c_read(OxcO, 3) ;
hasill6=hasill6+k;

delay(100) ;

WR_INST(OxcO);
display_LCD(hasill6);

hasill6=hasill6/2 2 5;

k=PORTD,•

k=(k&7);

k=(k| (ISD[hasill6] ));

k=(ISD[hasiil6]); //OxO=utara; Ox8=timur laut; OxlO=timur; 0xl8=te
ara; 0x20=selatan; 0x28=barat daya; 0x30=barat; 0x38=barat laut
PORTD=k;

ISD_start();

WR_INST(0x8 0) ;
for(k=0;k<=15;k++)

{

WR_DATA(utara[k+(hasill6*16) ]);
}

le(bit_is_set(PIND,2));

delay(SOOO);
WR_INST(1);
WR_INST(0x80);

(k=0;k<=15;k++)

WR DATA(tulisan3[k]);

sei () ;

ADCSRA=0xca;

delay(lOO);
WR_INST(0x8b) ;
display_LCD(nilai^ADC*10)
cli() ;

je:
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rn 0;

je: 5



CMPS03 - Robot Compass Module
This compass module has been specifically designed for use in robots as an aid
to navigation. The aim was to produce a unique number to represent the
direction the robot is facing. The compass uses the Philips KMZ51 magnetic
field sensor, which is sensitive enough to detect the Earths magnetic field.
The output from two of them mounted at right angles to each other is used to
compute the direction of the horizontal component of the Earths magnetic
field. We have ejiajxples of using the Compass module with a wide range of
popular controllers.
Connections to the compass module

Pin 9 - Ov Ground

Pin 8 - No Connect

Pin 7 - 50/60HZ

Pin 6 - Calibrate

Pin 5 - No Connect

Pin 4 - PWM

Pin 3 - SDA

Pin2-SCL

Pin 1 - +5v

The compass module requires a 5v power supply at a nominal 15mA.
There are two ways of getting the bearing from the module. A PWM signal is
available on pin 4, or an I2C interface is provided on pins 2,3.
The PWM signal is a pulse width modulated signal with the positive width of
the pulse representing the angle. The pulse width varies from lmS (0° ) to
36.99mS (359.9° ) - in other words 100uS/° with a +lmS offset. The signal goes
low for 65mS between pulses, so the cycle time is 65mS + the pulse width - ie.
66ms-102ms. The pulse is generated by a 16 bit timer in the processor giving a
luS resolution, however I would not recommend measuring this to anything
better than 0.1° (lOuS) . Make sure you connect the I2C pins, SCL and SDA, to
the 5v supply if you are using the PWM, as there are no pull-up resistors on
these pins.
Pin 2,3 are an I2C interface and can be used to get a direct readout of the
bearing. If the I2C interface is not used then these pins should be pulled
high (to +5v) via a couple of resistors. Around 47k is ok, the values are not
at all critical.



Calibrating the CMPSOl, CMPS03
Compass Modules

CMPS03 - Calibration procedure is the same as CMPSOl Rev 7.
CMPSOl - As from Software revision 7, the calibration procedure has changed.

Both methods are detailed below

Calibration only needs to be done once - the calibration data is stored in
EEPROM on the PIC16F872 chip. You do not need to re-calibrate every time the
module is powered up. The module has already been calibrated in our workshop
for our ..L;:.:Jl.j:i5i_lJJJ, which is 67 degrees. If your location is close to this,
you may like to try the compass without re-calibrating at all.

North «e

Compass module orientation to produce 0 degrees reading.

Robot

Pin 9 - Ov Ground

Pin 8 - No Connect

Pin 7 - 50/60HZ

Pin 6 - Calibrate

Pin 6 - No Connect

Pin 4 - PWM

Pin 3 - SDA

Pin2-SCL

Pin 1 -+5v

Register Function
0 Software Revision Number

1 Compass Bearing as a byte, i.e.
„ .. Compass Bearing as a word, i.e.
' representing 0-359.9 degrees.

4,5 Internal Test - Sensorl difference signal - 16 bit signed word
6,7 Internal Test - Sensor2 difference signal - 16 bit signed word
8,9 Internal Test - Calibration value 1-16 bit signed word

10,11 Internal Test - Calibration value 2-16 bit signed word
12 Unused - Read as Zero

13 Unused - Read as Zero

Calibration Done Flag - Zero in calibrate mode when un-

0-255 for a full circle

0-3599 for a full circle,

15

calibrated, 255 otherwise - unused in Rev 7 software & CMPS03
Calibrate Command - Write 255 to enter calibrate mode, write zero
to exit. See text.

Register 0 is the Software revision number (originally 3, now 7 with new
calibration routines and 8 for the CMPS03).

Registers 14 & 15 are used to calibrate the compass. The procedure changed
with Rev 7 software. Full calibration information is here

IMPORTANT - The compass module must be kept flat (horizontal and parallel to
the earths surface) with the components on top and for the CMPSOl the sensors
underneath. Keep the module away from metallic - especially magnetic -
objects.

Calibrating Rev 3 Software - Recognized by lack of revision number on CPU
chip, or read revision number from register 0
I2C Method

To calibrate the compass using the I2C bus, you only have to write 255 to



register 15 and rotate the module very slowly through 360° . Writing zero to
register 15 will store the calibration values in the processors internal
EEPROM. Readings are taken by the processor at four compass points and these
values are used to generate the calibration values. Register 14 reads 255
during normal operation. It reads zero when Calibrate mode is entered and 255
again when the four compass points have been measured. Register 14 will
therefore indicate that the four points have been acquired and that zero can
be written to register 15 to store the calibration and return to normal
operation. It is necessary to rotate the compass very slowly during
calibration to avoid missing the required compass points and to keep it
horizontal to ensure the calibration figures are accurate.
Pin Method

Pins 5,6 are used to calibrate the compass. The calibrate input (pin 6) has an
on-board pull-up resistor and can be left unconnected after calibration. To
calibrate the compass you only have to take the calibrate pin low and rotate
the module very slowly through 360° . Taking the calibrate pin high will store
the calibration values in the processors internal EEPROM. Readings are taken
by the processor at four compass points and these values are used to generate
the calibration values. The CalDone output pin (pin 5) is high during normal
operation. It goes low when the Calibrate pin is pulled low and high again
when the four compass points have been measured. The CalDone pin will
therefore indicate that the four points have been acquired and that the
Calibrate pin can be raised high again. It is necessary to rotate the compass
slowly during calibration to avoid missing the required compass points and to
keep it horizontal to ensure the calibration figures are accurate.
Calibrating Rev 7 Software - Recognized by revision number label on CMPSOl CPU
chip, or read revision number from register 0.
Also applies to Calibrating the CMPS03 Module.

Note that pin 5 (CalDone) and register 14 (Calibration Done Flag) are not used
with Rev 7 software or the CMPS03. Pin 5 should be left unconnected and
register 14 ignored. When calibrating the compass, you must know exactly which
direction is North, East, South and West. Don't guess at it. Get a magnetic
needle compass and check it.
I2C Method

To calibrate using the I2C bus, you only have to write 255 (Oxff) to register
15 for each of the four major compass points North, East, South and West. The
255 is cleared internally automatically after each point is calibrated. The
compass points can be set in any order, but all four points must be
calibrated. For example
1. Set the compass module flat, pointing North. Write 255 to register 15
2. Set the compass module flat, pointing East. Write 255 to register 15
3. Set the compass module flat, pointing South. Write 255 to register 15
4. Set the compass module flat, pointing West. Write 255 to register 15
That's it.

Pin Method

Pin 6 is used to calibrate the compass. The calibrate input (pin 6) has an on
board pull-up resistor and can be left unconnected after calibration. To
calibrate the compass you only have to take the calibrate pin low and then
high again for each of the four major compass points North, East, South and
West. A simple push switch wired from pin6 to Ov (Ground) is OK for this. The
compass points can be set in any order, but all four points must be
calibrated. For example
1. Set the compass module flat, pointing North.
2. Set the compass module flat, pointing East.
3. Set the compass module flat, pointing South.
4. Set the compass module flat, pointing West.
That'sit.

Press and release the switch

Press and release the switch

Press and release the switch

Press and release the switch
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1. GENERAL DESCRIPTION

Winbond's ISD2500 ChipCorder® Series provide high-quality, single-chip, Record/Playback solutions
for 60- to 120-second messaging applications. The CMOS devices include an on-chip oscillator,
microphone preamplifier, automatic gain control, antialiasing filter, smoothing filter, speaker amplifier,
and high density multi-level storage array. In addition, the ISD2500 is microcontroller compatible,
allowing complex messaging and addressing to be achieved. Recordings are stored into on-chip
nonvolatile memory cells, providing zero-power message storage. This unique, single-chip solution is
made possible through Winbond's patented multilevel storage technology. Voice and audio signals
are stored directly into memory in their natural form, providing high-quality, solid-state voice
reproduction.

2. FEATURES

. Easy-to-use single-chip, voice record/playback solution

• High-quality, natural voice/audio reproduction

. Single-chip with duration of 60, 75, 90, or 120 seconds.

• Manual switch or microcontroller compatible

. Playback can be edge- or level-activated

. Directly cascadable for longer durations

. Automatic power-down (push-button mode)

- Standby current 1 uA (typical)

. Zero-power message storage

- Eliminates battery backup circuits

. Fully addressable to handle multiple messages

• 100-year message retention (typical)

. 100,000 record cycles (typical)

« On-chip clock source

. Programmer support for play-only applications

. Single +5 volt power supply

. Available in die form, PDIP, SOIC and TSOP packaging

. Temperature = die (0°C to +50°C) and package (0°C to +70°C)
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3. BLOCK DIAGRAM

Internal Clock Timing

XCLK

ANA OUT

MIC

MIC REF

AGC

5-Pole Active

Antialiasing Filter

Sampling Clock

Analog Transceivers

480KCell

Nonvolatile

Multilevel Storage
Array

Power Conditioning Address Buffers

ISD2560/75/90/120

S-Pole Active

Smoothing Filter

Device Control

Amp

-o SP<

-o SP-

1 i 1 k k k k
PD OVF P/R CE EOM AUXIN"CCA "9SA "SSD *CCO AO A1 A2 A3 A4 A5 A6 A7 A8 A9
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5. PIN CONFIGURATION

•

ISD2560*

—

1 • 28

2 27

3 26

4 25

5 2*

e 23

. ISD2560* "
9 20

10 19

11 «

12 "

13 16

14 15

AOJMO f 1 28 !VCCD OVFL- 33 ANA OUT

A1/M1 [ 2 27 j P/R CE I—

26 I XCLK POC--

-J ANA IN

A2/M2J 3 33 AGC

A3/M3 | 4 25 jEOM EOM C 33 MIC REF

A4/M4 5 24 JPD XCLK I— 33 MIC

AS/MS| 6 23 |CE PIRC 1V

A6/M6 J 7 22 jOVF vrrt,CZ ISP-

A7i 8 21 J ANAOUT A0/M01 | iSP+

A8j 9 20 | ANA IN A1/M1L- —iVss.

A9| 10 19 jAGC A2/M2CI ^V^o

AUXIN! 11 18JMICREF A3/M3IH

17 |MIC A4M4Cq
1 1AUX IN

v«„! « 33 A9
,

V„.l 13 16 |Vcr4 AS/MSL_ 1 A8

sp+! 14 15 |SP- A6/M6! ! A7

SOIC/PDIP TS<DP

*Same pinouts for ISD2575 / 2590 / 25120 products
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6. PIN DESCRIPTION

PIN NAME

Ax/Mx

AUXIN

V.SSA- VsSD

SP+/SP-

PIN NO.

SOIC/

PDIP

1-10/

1-7

11

13,12

14/15

TSOP

8-17/

8-14

18

21/22

ISD2560/75/90/120

FUNCTION

Address/Mode Inputs: The Address/Mode Inputs have two
functions depending on the level of the two Most Significant Bits
(MSB) of the address pins (A8 and A9).

If either or both of the two MSBs are LOW, the inputs are all
interpreted as address bits and are used as the start address for
the current record or playback cycle. The address pins are inputs
only and do not output any internal address information during the

operation. Address inputs are latched by the falling edge of CE.

If both MSBs are HIGH, the Address/Mode inputs are interpreted as
Mode bits according to the Operational Mode table on page 12.
There are six operational modes (M0...M6) available as indicated in
the table. It is possible to use multiple operational modes
simultaneously. Operational Modes are sampled on each falling

edge of CE, and thus Operational Modes and direct addressing
are mutually exclusive.

Auxiliary Input: The Auxiliary Input is multiplexed through to the

output amplifier and speaker output pins when CE is HIGH, P/R
is HIGH, and playback is currently not active or if the device is in
playback overflow. When cascading multiple ISD2500 devices, the
AUX IN pin is used to connect a playback signal from a following
device to the previous output speaker drivers. For noise
considerations, it is suggested that the auxiliary input not be driven
when the storage array is active.

20,19 Ground: The ISD2500 series of devices utilizes separate analog
and digital ground busses. These pins should be connected
separately through a low-impedancepath to power supply ground.

Speaker Outputs: All devices in the ISD2500 series include an on-
chip differential speaker driver, capable of driving 50 mW into 16 Q
from AUX IN (12.2mWfrom memory).

111 The speaker outputs are held at VSSa levels during record and
power down. It is therefore not possible to parallel speaker outputs
of multiple ISD2500 devices or the outputs of other speaker drivers.

[2]A single-end output may be used (including a coupling capacitor
between the SP pin and the speaker). These outputs may be used
individually with the output signal taken from either pin. However,
the use of single-end output results in a 1 to 4 reduction in its
output power.

[1] Connection of speaker outputs in parallel may cause damage to the device.
ra Nevergroundor drivean unused speaker output.
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PIN NAME

PIN NO.

FUNCTIONSOIC/

PDIP

TSOP

Vcca> Vqcd 16,28 23,7 Supply Voltage: To minimize noise, the analog and digital circuits
in the ISD2500 series devices use separate power busses. These
voltage busses are brought out to separate pins and should be tied
together as close to the supply as possible. In addition, these
supplies should be decoupled as close to the package as possible.

MIC 17 24 Microphone: The microphone pin transfers input signal to the on-
chip preamplifier. A built-in Automatic Gain Control (AGC) circuit
controls the gain of this preamplifier from -15 to 24dB. An external
microphone should be AC coupled to this pin via a series capacitor.
The capacitor value, together with the internal 10 KQ resistance on
this pin, determines the low-frequency cutoff for the ISD2500 series
passband. See Winbond's Application Information for additional
information on low-frequency cutoff calculation.

MIC REF 18 25 Microphone Reference: The MIC REF input is the inverting input
to the microphone preamplifier. This provides a noise-canceling or
common-mode rejection input to the device when connected to a
differential microphone.

AGC 19 26 Automatic Gain Control: The AGC dynamically adjusts the gain of
the preamplifier to compensate for the wide range of microphone
input levels. The AGC allows the full range of whispers to loud
sounds to be recorded with minimal distortion. The "attack" time is
determined by the time constant of a 5 KQ internal resistance and
an external capacitor (C2 on the schematic of Figure 5 in section
11) connected from the AGC pin to VSSa analog ground. The
"release" time is determined by the time constant of an external
resistor (R2) and an external capacitor (C2) connected in parallel
between the AGC pin and VSSa analog ground. Nominal values of
470 KQ and 4.7 uF give satisfactory results in most cases.

ANA IN 20 27 Analog Input: The analog input transfers analog signal to the chip
for recording. For microphone inputs, the ANA OUT pin should be
connected via an external capacitor to the ANA IN pin. This
capacitor value, together with the 3.0 KQ input impedance of ANA
IN, is selected to give additional cutoff at the low-frequency end of
the voice passband. If the desired input is derived from a source
other than a microphone, the signal can be fed, capacitively
coupled, into the ANA IN pin directly.

ANA OUT 21 28 Analog Output: This pin provides the preamplifier output to the
user. The voltage gain of the preamplifier is determined by the
voltage level at the AGC pin.

- 7-
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PIN NAME

PIN NO.

FUNCTION
SOIC/
PDIP

TSOP

OVF
22 1 Overflow: This signal pulses LOW at the end of memory array,

indicating the device has been filled and the message has

overflowed. The OVF output then follows the CE input until a
PD pulse has reset the device. This pin can be used to cascade
several ISD2500 devices together to increase record/playback
durations.

el 23 2 Chip Enable: The CE input pin is taken LOW to enable all
playback and record operations. The address pins and

playback/record pin (P/R) are latched by the falling edge of CE.

CE has additional functionality in the M6 (Push-Button)
Operational Mode as described in the Operational Mode section.

PD 24 3 Power Down: When neither record nor playback operation, the PD
pin should be pulled HIGH to place the part in standby mode (see

Isb specification). When overflow (OVF ) pulses LOW for an
overflow condition, PD should be brought HIGH to reset the
address pointer back to the beginning of the memory array. The PD
pin has additional functionality in the M6 (Push-Button) Operation
Mode as described in the Operational Mode section.

EOM
25 4 End-Of-Message: A nonvolatile marker is automatically inserted at

the end of each recorded message. It remains there until the

message is recorded over. The EOM output pulses LOW for a
period of TEOm at the end of each message.

In addition, the ISD2500 series has an internal Vcc detect circuit to
maintain message integrity should Vcc fall below 3.5V. In this case,

EOM goes LOW and the device is fixed in Playback-only mode.

When the device is configured in Operational Mode M6 (Push-
Button Mode), this pin provides an active-HIGH signal, indicating
the device is currently recording or playing. This signal can
conveniently drive an LED for visual indicator of a record or
playback operation in process.
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PIN NAME

XCLK

P/R

PIN NO.

SOIC/
PDIP

26

27

TSOP

ISD2560/75/90/120

FUNCTION

External Clock: The external clock input has an internal pull-down
device. The device is configured at the factory with an internal
sampling clock frequency centered to ±1 percent of specification.
The frequency is then maintained to a variation of ±2.25 percent
over the entire commercial temperature and operating voltage
ranges. If greater precision is required, the device can be clocked
through the XCLK pin as follows:

Part Number Sample Rate Required Clock

ISD2560 8.0 kHz 1024 kHz

ISD2575 6.4 kHz 819.2 kHz

ISD2590 5.3 kHz 682.7 kHz

ISD25120 4.0 kHz 512 kHz

These recommended clock rates should not be varied because the
antialiasing and smoothing filters are fixed, and aliasing problems
can occur if the sample rate differs from the one recommended.
The duty cycle on the input clock is not critical, as the clock is
immediately divided by two. If the XCLK is not used, this input
must be connected to ground.

Playback/Record: The P/R input pin is latched by the falling edge

of the CE pin. A HIGH level selects a playback cycle while a LOW
level selects a record cycle. For a record cycle, the address pins
provide the starting address and recording continues until PD or

CE is pulled HIGH or an overflow is detected (i.e. the chip is full).

When a record cycle is terminated by pulling PD or CE HIGH,

then End-Of-Message (EOM) marker is stored at the current
address in memory. For a playback cycle, the address inputs

provide the starting address and the device will play until an EOM

marker is encountered. The device can continue to pass an EOM

marker if CE is held LOW in address mode, or in an Operational
Mode. (See Operational Modes section)

-9-
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7. FUNCTIONAL DESCRIPTION

7.1. Detailed Description

Speech/Sound Quality

The Winbond's ISD2500 series includes devices offered at 4.0, 5.3, 6.4, and 8.0 kHz sampling
frequencies, allowing the user a choice of speech quality options. Increasing the duration within a
product series decreases the sampling frequency and bandwidth, which affects the sound quality.
Please refer to the ISD2560/75/90/120 Product Summary table below to compare the duration,
sampling frequency and filter pass band.

The speech samples are stored directly into the on-chip nonvolatile memory without any digitization
and compression associated like other solutions. Direct analog storage provides a very true, natural
sounding reproduction of voice, music, tones, and sound effects not available with most solid state
digital solutions.

Duration

To meet various system requirements, the ISD2560/75/90/120 products offer single-chip solutions at
60, 75, 90, and 120 seconds. Parts may also be cascaded together for longer durations.

TABLE 1: ISD2560/75/90/120 PRODUCT SUMMARY

Part Number Duration

(Seconds)
Input Sample

Rate (kHz)
Typical Filter Pass

Band * (kHz)

ISD2560 60 8.0 3.4

ISD2575 75 6.4 2.7

ISD2590 90 5.3 2.3

ISD25120 120 4.0 1.7

* 3db roll-off point

EEPROM Storage

One of the benefits of Winbond's ChipCorder® technology is the use of on-chip nonvolatile memory,
providing zero-power message storage. The message is retained for up to 100 years typically without
power. In addition, the device can be re-recorded typically over 100,000 times.

Microcontroller Interface

In addition to its simplicity and ease of use, the ISD2500 series includes all the interfaces necessary
for microcontroller-driven applications. The address and control lines can be interfaced to a
microcontroller and manipulated to perform a variety of tasks, including message assembly, message
concatenation, predefined fixed message segmentation, and message management.

-10-
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Programming

The ISD2500 series is also ideal for playback-only applications, where single or multiple messages
are referenced through buttons, switches, or a microcontroller. Once the desired message
configuration is created, duplicates can easily be generated via a gang programmer.

7.2. OPERATIONAL MODES

The ISD2500 series is designed with several built-in Operational Modes that provide maximum
functionality with minimum external components. These modes are described in details as below. The
Operational Modes are accessed via the address pins and mapped beyond the normal message
address range. When the two Most Significant Bits (MSB), A8 and A9, are HIGH, the remaining
address signals are interpreted as mode bits and not as address bits. Therefore, Operational Modes
and direct addressing are not compatible and cannot be used simultaneously.

There are two important considerations for using Operational Modes. First, all operations begin initially
at address 0 of its memory. Later operations can begin at other address locations, depending on the
Operational Mode(s) chosen. In addition, the address pointer is reset to 0 when the device is changed
from record to playback, playback to record (except M6 mode), or when a Power-Down cycle is
executed.

Second, Operational Modes are executed when CE goes LOW. This Operational Mode remains in

effect until the next LOW-going CE signal, at which point the current mode(s) are sampled and
executed.

TABLE 2: OPERATIONAL MODES

Mode w Function Typical Use Jointly Compatible ra

MO Message cueing Fast-forward through messages M4, M5, M6

M1 Delete EOM markers Position EOM marker at the end of

the last message

M3, M4, M5, M6

M2 Not applicable Reserved N/A

M3 Looping Continuous playback from Address 0 M1.M5, M6

M4 Consecutive
addressing

Record/playback multiple
consecutive messages

MO, M1,M5

M5 CE level-activated
Allows message pausing MO, M1.M3, M4

M6 Push-button control Simplified device interface MO, M1.M3

[1] Besides mode pin needed to be "1", A8 and A9 pin are also required to be "1"in order to enter into the related operational
mode.

m Indicates additional Operational Modes which can be used simultaneously with the given mode.

11 -
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7.2.1. Operational Modes Description

The Operational Modes can be used in conjunction with a microcontroller, or they can be hardwired to
provide the desired system operation.

MO - Message Cueing

Message Cueing allows the user to skip through messages, without knowing the actual physical

addresses of each message. Each CE LOW pulse causes the internal address pointer to skip to the
next message. This mode is used for playback only, and is typically used with the M4 Operational
Mode.

M1 - Delete EOM Markers

The M1 Operational Mode allows sequentially recorded messages to be combined into a single

message with only one EOM marker set at the end of the final message. When this Operational
Mode is configured, messages recorded sequentially are played back as one continuous message.

M2 - Unused

When Operational Modes are selected, the M2 pin should be LOW.

M3 - Message Looping

The M3 Operational Mode allows for the automatic, continuously repeated playback of the message
located at the beginning of the address space. A message can completely fill the ISD2500 device and

will loop from beginning to end without OVF going LOW.

M4 - Consecutive Addressing

During normal operation, the address pointer will reset when a message is played through an EOM

marker. The M4 Operational Mode inhibits the address pointer reset on EOM, allowing messages to
be played back consecutively.

MS- CE-Level Activated

The default mode for ISD2500 devices is for CE to be edge-activated on playback and level-

activated on record. The M5 Operational Mode causes the CE pin to be interpreted as level-
activated as opposed to edge-activated during playback. This is especially useful for terminating

playback operations using the CE signal. In this mode, CE LOW begins a playback cycle, at the

beginning of the device memory. The playback cycle continues as long as CE is held LOW. When

CE goes HIGH, playback will immediately end. A new CE LOW will restart the message from the
beginning unless M4 is also HIGH.

-12-
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M6 - Push-Button Mode

The ISD2500 series contain a Push-Button Operational Mode. The Push-Button Mode is used
primarily in very low-cost applications and is designed to minimize external circuitry and components,
thereby reducing system cost. In order to configure the device in Push-Button Operational Mode, the
two most significant address bits must be HIGH, and the M6 mode pin must also be HIGH. A device in
this mode always powers down at the end of each playback or record cycle after CE goes HIGH.

When this operational mode is implemented, three of the pins on the device have alternate
functionality as described in the table below.

TABLE 3: ALTERNATE FUNCTIONALITY IN PINS

Pin Name Alternate Functionality in Push-Button Mode

CE
Start/Pause Push-Button (LOW pulse-activated)

PD Stop/Reset Push-Button (HIGH pulse-activated)

EOM
Active-HIGH Run Indicator

CE (START/PAUSE)

In Push-Button Operational Mode, CE acts as a LOW-going pulse-activated START/PAUSE signal.
If no operation is currently in progress, a LOW-going pulse on this signal will initiate a playback or
record cycle according to the level on the P/R pin. A subsequent pulse on the CE pin, before an

EOM is reached in playback or an overflow condition occurs, will pause the current operation, and

the address counter is not reset. Another CE pulse will cause the device to continue the operation
from the place where it is paused.

PD (STOP/RESET)

In Push-Button Operational Mode, PD acts as a HIGH-going pulse-activated STOP/RESET signal.
When a playback or record cycle is in progress and a HIGH-going pulse is observed on PD, the
current cycle is terminated and the address pointer is reset to address 0, the beginning of the
message space.

EOM (RUN)

In Push-Button Operational Mode, EOM becomes an active-HIGH RUN signal which can be used to
drive an LED or other external device. It is HIGH whenever a record or playback operation is in
progress.

Recording in Push-Button Mode

1. The PD pin should be LOW, usually using a pull-down resistor.

-13-
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ENSEAL

.1 General . ,
— .. *

The M1632 is a low-power-consumption dot-matrix liquid crystal display (LCD)
module with a high-contrast wide-view TN LCD panel and a CMOS LCD drive
controller built in. The controller has a built-in character generator ROM/RAM, and

display data RAM. All the display functions are controlled by instructions and the
module can easily be interfaced with an MPU. This makes the module applicable to a
wide range of purposes including terminal display units for microcomputers and
display units for measuring gages.

.2 Features

• 16-character, two-line TN liquid crystal display of 5 x 7 dot matrix + cursor

• Duty ratio: 1/16

• Character generator ROM for 192 character types,

(character font: 5x7 dot matrix)

• Character generator RAM for eight character types (program write)
(character font: 5x7 dot matrix)

• 80 x 8 bit display data RAM (80 characters maximum)

• Interface with four-bit and eight-bit MPUs possible

• Display data RAM and character generator RAM readable from MPU

• Many instruction functions

Display Clear, Cursor Home, Display ON/OFF, Cursor ON/OFF, Display
Character Blink, Cursor Shift, and Display Shift

• Built-in oscillator circuit

• +5 V single power supply

• Built-in automatic reset circuit at power-on

• CMOS process

• Operating temperature range: 0°C to 50°C

- 1 -
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for LCD Drive

H: Data Input
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Absolute Maximum Ratings

Vss = 0 V

Item Symbol Standard Unit Remarks

Power supply

voltage

Vdd - 0.3 to + 7.0 V

Vlc VDD-13.5toVDD + 0.3 V

Input voltage Vin -0.3toVDO + 0.3, V

Operating
temoerature

'opr Oto +50 °C

Storage
temDerature

T$tg - 20 to + 60 •c At 50% RH

Electrical Characteristics

VDD = 5 V ±5%, Vss = 0V. TA = 0°C to 50°C

Item Symbol Conditions
Standard

Unit
Min. Typ. Max.

Input

voltage

High V,H1 2.2 - Vdd V

Low VILi 0 - 0.6 V

Output
voltage

(TTL)

High VOHI - Iqh = 0.205 mA 2.4 - - V

Low VoLI l0L = 1.2 mA - - 0.4 V

Output
voltage
(CMOS)

High VOH2 - I0h = 0.04 mA 0.9VOD - - V

Low V0L2 lol = 0.04 mA - - 0.1 VDD V

Power supply

voltage

Voo 4.75 5.00 5.25 V

-VLC VDD=5V.TA= 25*C - 0.25 - V

Current

consumption .

bo -' 2.0 3.0 mA

Ilc VLC = 0.25V - - 1.0 rnA

Clock oscillation freq. *osc Resistance oscillation 190 270 350 kHz

4 -



Optical Characteristics

1.7.1 Optical characteristics
Maximum viewing ans1^ 6 o'clock (» - (H
TA - 2S*C. V^ - 4.75 V

Item Symbol Conditions

Viewing angle 02-01 C £ 2.0 , 0

Contrast 6 = 25* , 0=0*

Rise time ton 0 » 25' , 0=0*

Fall time t0ff 0= 25* , 0= 0*

Min. Typ.

35

60 ms

150 ms

Max.

70 ms

170 ms

Remarks

See Notes 1

and Z,

See Note 3.

See Note 4.

See Note 4.

ote 1: Definition of angles 0 and 9

Z

(0 = 0)

Y'(0 = 180

Note 2: Definition of viewing angles 0i and 82

Y(0 = O°)
(0 = 90*)

Note 3: Definition of contrast C

Brightness (reflection) of unselected dot (B2)
Brightness (reflection) of selected dot (B1)

0, 02

Viewing angle

Note 4: Definition of response time

C-

tightness

reflection)

Brightness
(reflection) of

J /selecteddot

Voltage

(V)

»op»

III
Brightness
(reflection)of
unselected dot

Unselected
state

Operating voltage (V)

(Bright)

Brightness
(transmission)

(Dark)
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t

Selected state
{display ON) r

Unselected state
(display OFF)

Vop,: Operating voltage, (V)
ffUM : Frame frequency (Hz)
^ : Response time (rise)(ms)
t^ : Response time (fall)(ms)



.2 Recommended operating voltage

The viewing angle and screen contrast of the LCD panel can be varied by
changing the liquid crystal operating voltage (V0pr)»««*h.at is Vlc«*

The optical characteristics is influenced by an ambient temperature. The
recommended value of VQpr for *n ambient temperatures are shown below.

Temperature (IC) 0 10 25 40 50

Voltage Vopr (V) 5.00 4.90 4.75 4.60 4.50 'opr = VDD - VLC



Basic Operations

2.1 Registers • . ;

The controller has two kinds of eight-bit registers: the instruction register
(IR) and the data register (DR). They are selected by the register select (RS)
sienal as shown in Table 2.

The IR stores instruction codes such as Display Clear and Cursor_Shitt, and
the addre^nfomatkn-of display data RAM (DD RAM) and character generator
RAM^tSG-EAMjTThey can be written from the MPU, but cannot be read to the

MThe DR temporarily stores data to be written into DD RAM or CG RAM, or
read from DD RAM or CG RAM. When data is written into DD RAM or CG
RAM from the MPU, the data in the DR is automatically written into DD RAM
or CG RAM by internal operation. However, when data is read from DD RAM
or CG RAM, the necessary data address is written into the IR. The specified
data is read out to the DR and then the MPU reads it from the DR. After the.
read operation, the next address is set and DD RAM or CG RAM data at the.
address is read into the DR for the next read operation.

Table 2 Register selection

RS fVW
Operation

IR selection, IR write. Internal operation : Display clear
Busy flag (DB7) and address counter (DB0 to DB6) read
DR selection, DR write. Internal operation : DR to DD RAM or CG RAM
DR selection, DR read. Internal operation : DD RAM or CG RAM to DR

2.2.2 Busy flag (BF)

The flag indicates whether the module is ready to accept the next
instruction. As shown in lable 2, the signal is output to DB7 if RS =0 and
R/W"= 1. If the value is 1, the module is working internally and the
instruction cannot be accepted. If the value is 0, the next instruction can be
written. Therefore, the flag status needs to be checked before executing an
instruction. If an instruction is executed without checking the flag status,
wait for more than the execution time shown by 2.4 Instruction Outline.

- 8 -



.2.3 Address counter (AC)

The counter specifies an address when data is written into DD RAM or CG
RAM and the data stored in DD RAM or CG RAM is rea'cl out. If an Address
Set instruction (for DD RAM or CG RAM) is written in the IR, the address
information is transferred from the IR to the AC. When display data is
written into or read from DD RAM or CG RAM, the AC is automatically
incremented or decremented by one according to the Entry Mode Set. The
contents of the AC are output to DBo to DB6 as shown in Table 2 if RS = 0
nnd R/W~= J. .

J.2.4 Display data RAM (DD RAM)

DD RAM has a capacity of up to 80 x 8 bits and stores display data of 80
eight-bit character codes. Some storage areas of DD RAM which are not used
for displny can be used as general data RAM.

A DD RAM address to be set in the AC is expressed in hexadecimal form as
follows.

Example: DD RAM address = 07

— Upper bits Lower bits *-

AC

DD RAM :

AC6 AC5 AC* AC3 AC2 AC, AC0

1

1

1
1

0 0 0 0 1 1 1

ZA

OOh to OFh of the DD RAM address is,set in the line 1, and 40h to 4Fh >n the
line 2. i

Note : The addresses in the digit 16 of line 1 and the digit 1 of line 2 arc not
consecutive.

- 9 -
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The character pattern column positions correspond to CG RAM data bits 0
to 4 and bit 4 comes to the left end. CG RAM data bits 5 to 7 are not
displayed but enn be used as general data RAM. ^

When reading a character pattern from CG RAM, set to 0 all of character
code bits 4 to 7. Bits 0 to 2 determine which pattern will be read out.
Since bit 3 is not valid, OOh and 08h select the same character.

- 13 -



j res

performance, Low-power AVR® 8-bit Microcontroller
need RISC Architecture

31 Powerful Instructions - Most Single-clock Cycle Execution
2x8 General Purpose Working Registers
ully Static Operation
Ip to 16 MIPS Throughput at 16 MHz
)n-chip 2-cycle Multiplier
Endurance Non-volatile Memory segments
6K Bytes of In-System Self-programmable Flash program memory
.12 Bytes EEPROM
IK Byte Internal SRAM
Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
3ata retention: 20 years at 85°C/100 years at 25°C
Optional Boot Code Section with Independent Lock Bits
n-System Programming by On-chip Boot Program
True Read-While-Write Operation
3rogramming Lock for Software Security
i (IEEE std. 1149.1 Compliant) Interface
Boundary-scan Capabilities According to the JTAG Standard
Extensive On-chip Debug Support
Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
)heral Features

Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode

Real Time Counter with Separate Oscillator
Four PWM Channels

8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x

Byte-oriented Two-wire Serial Interface
Programmable Serial USART
Master/Slave SPI Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator
cial Microcontroller Features

Power-on Reset and Programmable Brown-out Detection
Internal Calibrated RC Oscillator

External and Internal Interrupt Sources
Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
ind Packages
32 Programmable I/O Lines
40-pin PDIP,44-lead TQFP, and 44-pad QFN/MLF
rating Voltages
2.7 - 5.5V for ATmega16L
4.5 - 5.5V for ATmega16
ed Grades

0 - 8 MHz for ATmega16L
0-16 MHz for ATmega16
rer Consumption @ 1 MHz, 3V, and 25°C for ATmega16L
Active: 1.1 mA

Idle Mode: 0.35 mA

Power-down Mode: < 1 uA

aBBBB—^—TH

k®

8-bit A\W
Microcontroller

with 16K Bytes

In-System

Programmable
Flash

ATmegal 6

ATmega16L

Note: Not recommended for new

designs.
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Figure 1. Pinout ATmega16
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(MOSI) PBS C. 6 35 -1 PA5 (ADC5)
(MISO) PB6 C 7 34 U PA6 (ADC6)

(SCK) PB7 L 8 33 Ii PA7 (ADC7)
RESET r g 32 -1 AREF

vcc s: 10 31 Ii GND

gnd r: 11 30 Ii AVCC

XTAL2 c 12 29 n PC7 (rose;
XTAL1 r 13 28 n PC6 (TOSC1

(RXD) pdo r: 14 27 _"J PC5 (TDI)
(TXD) PD1 C 15 26 H PC4 (TDO)
(INTO) PD2 C 16 25 h PC3 (TMS)
(INT1) PD3 i: 17 24 p PC2 (TCK)
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Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.
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)escriptions

The 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 one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K byte SRAM, 32
general purpose I/O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFP package only), a programmable Watchdog Timer with Internal Oscil
lator, an SPl serial port, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPl port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter
rupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all I/O modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso
nator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Oscillator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPl serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip,
the Atmei ATmega16 is a powerful microcontroller that provides a highly-flexible and cost-effec
tive solution to many embedded control applications.

The ATmega16 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation kits.

Digital supply voltage.

Ground.

V(PA7..PA0) Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port A output buffers have sym
metrical drive characteristics with both high sink and source capability. When pins PAO to PA7
are used as inputs and are externally pulled low, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

ATmega16(L)
2466R-AVR-06/08
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(PB7..PB0) Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed on page

(PC7..PC0) Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega16 as listed on page 61.

i (PD7..PD0) Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally 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 not running.

Port D also serves the functions of various special features of the ATmega16 as listed on page

T Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in ~
38. Shorter pulses are not guaranteed to generate a reset.

3D

1 Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

2 Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally con
nected to Vcc, even ifthe ADC is not used. If the ADC is used, it should be connected to Vcc
through a low-pass filter.

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

m M & Sf ffi & ms m?
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HirceS A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

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

ATmega16(L)
2466R-AVR-06/08
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Jt Code This documentation contains simple code examples that briefly show how to use various parts of
fipleS the device- These code examples assume that the part specific header file is included before

compilation. Be aware that not all C Compiler vendors include bit definitions in the header files
and interrupt handling in C is compilerdependent. Please confirm with the C Compiler documen
tation for more details.

AVR-06/08
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This section discusses the AVR core architecture in general. The main function of the CPU core
is to ensure correct program execution. The CPU must therefore be able to access memories,
perform calculations, control peripherals, and handle interrupts.

Figure 3. Block Diagram of the AVR MCU Architecture
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In order to maximize performance and parallelism, the AVR uses a Harvard architecture - with
separate memories and buses for program and data. Instructions in the program memory are
executed with a single level pipelining. While one instruction is beingexecuted, the next instruc
tion is pre-fetched from the program memory. This concept enables instructions to be executed
in every clock cycle. Theprogram memory is In-System Reprogrammable Flash memory.

Thefast-access Register File contains 32x8-bit general purpose working registers with a single
clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. In a typ
ical ALU operation, twooperands are output from the Register File, the operation is executed,
and the result is stored back inthe Register File - in one clock cycle.

Sixof the 32 registers can be used as three 16-bit indirect address register pointers for Data
Space addressing - enabling efficient address calculations. One ofthe these addresspointers
can also be used as an address pointer for look up tables in Flash Program memory. These
added function registers are the 16-bitX-, Y-, and Z-register, described later in this section.

The ALU supports arithmeticand logic operations between registers or between a constant and
a register. Single register operations canalsobe executed in theALU. After an arithmetic opera
tion, the Status Register is updated to reflect information aboutthe result ofthe operation.

Program flow is provided by conditional and unconditional jump and call instructions, able to
directly address the whole address space. Most AVR instructions have a single 16-bit word for
mat. Every program memory address contains a 16- or 32-bit instruction.

ATmega16(L)
2466R-AVR-06/08



Arithmetic

Unit

is Register

AVR-06/08

ATmega16(L)

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 writes into the Application Flash memory section must
reside in the Boot Program section.

During interrupts and subroutine calls, the return address Program Counter (PC) is stored onthe
Stack. The Stack is effectively allocated in thegeneral data SRAM, and consequently theStack
size is only limited bythe total SRAM sizeand the usageofthe SRAM. All user programs must
initialize the SP in the reset routine (before subroutines or interrupts are executed). The Stack
Pointer SP is read/write accessible in the I/O space. The data SRAM can easily be accessed
through the five different addressing modes supported in the AVR architecture.

The memory spaces in the AVR architecture are all linear and regular memory maps.

Aflexible interrupt module has its control registers in the I/O space with an additional global
interrupt enable bit in the Status Register. All interrupts have a separate interrupt vector in the
interrupt vector table. The interrupts have priority in accordance with their interrupt vector posi
tion. The lowerthe interrupt vectoraddress, the higher the priority.

The I/O memory spacecontains 64addresses for CPU peripheral functions as Control Regis
ters, SPl, and other I/O functions. The I/O Memory can be accessed directly, or as the Data
Space locations following those of the Register File, $20 - $5F.

The high-performance AVR ALU operates in direct connection with all the 32general purpose
working registers. Within a single clock cycle, arithmetic operations between general purpose
registers or between a registerand an immediate are executed. The ALU operations are divided
into three main categories - arithmetic, logical, and bit-functions. Some implementations ofthe
architecture also provide a powerful multiplier supporting both signed/unsigned multiplication
and fractional format. See the "Instruction Set" section for a detailed description.

The Status Register contains information about the result ofthe most recently executed arithme
tic instruction. This information can be used for altering program flow in orderto perform
conditional operations. Note that the Status Register is updated after all ALU operations, as
specified in the Instruction SetReference. This will in many cases remove theneed for using the
dedicated compare instructions, resulting infaster and morecompactcode.

The Status Register is not automatically stored when entering an interrupt routine and restored
when returning from an interrupt. This must be handled by software.

The AVR Status Register - SREG - is defined as:

Bit

ReaoTWrite

Initial Value

R/W

0

R/W

0

R/W

0

R/W

0

R/W

0

R/W

0

R/W

0

R/W

0

SREG

• Bit 7 -1: Global Interrupt Enable

The Global InterruptEnable bitmust be set for the interrupts to be enabled. The individual inter
rupt enable control is then performed in separate control registers. If the Global Interrupt Enable
Register is cleared, none ofthe interrupts are enabled independent ofthe individual interrupt
enable settings. The l-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The l-bit can also be set and cleared by
the application with the SEI and CLI instructions, as described in the instruction set reference.
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• Bit 6 - T: Bit Copy Storage

The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or desti
nation for the operated bit. Abit from a register in the Register File can be copied into T by the
BST instruction, and a bit in Tcan be copied into a bit in a register in the Register File by the
BLD instruction.

• Bit 5 - H: Half Carry Flag

The Half Carry Flag Hindicates a Half Carry in some arithmetic operations. Half Carry is useful
in BCD arithmetic. See the "Instruction Set Description" fordetailed information.

• Bit 4 - S: Sign Bit, S = N © V

The S-bit is always an exclusive or between the Negative Flag Nand the Two's Complement
Overflow Flag V. See the "Instruction Set Description" fordetailed information.

• Bit 3 - V: Two's Complement Overflow Flag

The Two's Complement Overflow Flag Vsupports two's complement arithmetics. See the
"Instruction Set Description" for detailed information.

• Bit 2 - N: Negative Flag

The Negative Flag Nindicates a negative result in an arithmetic or logic operation. See the
"Instruction Set Description" for detailed information.

• Bit 1 - 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.

• Bit 0 - C: Carry Flag

The Carry Flag C indicates a carry in an arithmetic or logic operation. See the "Instruction Set
Description" for detailed information.

ATmega16(L)
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The Register File is optimized for the AVR Enhanced RISC instruction set. In orderto achieve
the required performance and flexibility, the following input/output schemes are supported by the
Register File:

One 8-bit output operand and one 8-bit result input
Two 8-bitoutput operands and one 8-bit result input
Two 8-bitoutput operands and one 16-bit result input
One 16-bit outputoperand and one 16-bit result input

F g..re 4 shows the structure ofthe 32 general purpose working registers in the CPU.

Figure 4. AVR CPU General Purpose Working Registers

General

Purpose

Working

Registers

RO

R1

R2

R13

R14

R15

R16

R17

R26

R27

R28

R29

R30

R31

Addr.

$00

$01

$02

$0D

$0E

$0F

$10

$11

$1A X-register Low Byte

$1B X-register High Byte

$1C Y-register Low Byte

$1D Y-register High Byte

$1E Z-register Low Byte

$1F Z-register High Byte

Most ofthe instructions operating on the Register File have direct access to all registers, and
most of them are single cycle instructions.

As shown in Fgu.e 4, each register is also assigned a data memory address, mapping them
directly into the first 32 locations ofthe userData Space. Although not being physically imple
mented as SRAM locations, this memory organization provides greatflexibility in access ofthe
registers, as the X-, Y-, and Z-pointer Registers can be set to index any register in the file.

simm
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The registers R26..R31 have someadded functions to their general purpose usage. These reg
isters are 16-bit address pointers for indirect addressing of the Data Space. The three indirect
address registers X, Y, and Z are defined as described in Figure 5.

Figure 5. The X-, Y-, and Z-registers

X - register

15

F
XL

R27($1B) R26 ($1A)
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In the different addressing modesthese address registers have functions as fixed displacement,
automatic increment, and automatic decrement (see the Instruction Set Referencefordetails).

l Pointer The Stack is mainly used for storing temporary data, for storing local variables andfor storing
return addresses after interrupts and subroutine calls. The Stack Pointer Register always points
to the top of the Stack. Note that the Stack is implemented as growing from higher memory loca
tions to lower memory locations. This implies that a Stack PUSH command decreases the Stack
Pointer. If software reads the Program Counter from the Stackaftera call or an interrupt, unused
bits (15:13) should be masked out.

The Stack Pointer points to the data SRAM Stack area where the Subroutine and Interrupt
Stacks are located. This Stackspace in the data SRAM must be defined bythe program before
any subroutine calls are executed or interrupts are enabled. The Stack Pointer must be set to
point above $60. The Stack Pointeris decremented byone when data is pushed onto the Stack
with the PUSH instruction, and it is decremented bytwowhen the return address is pushed onto
the Stack with subroutine callor interrupt. The Stack Pointer is incremented by one when data is
popped from the Stack with the POP instruction, and it is incremented by two when data is
popped from the Stack with return fromsubroutine RETor return from interrupt RETI.

The AVR Stack Pointer is implemented as two 8-bit registers in the I/O space. The number of
bits actuallyused is implementation dependent. Note that the data space in some implementa
tions of the AVR architecture is so small that only SPL is needed. In this case, the SPH Register
will not be present.
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0. The Interrupt Vectors can be moved to the start ofthe Boot Flashsection bysetting the IVSEL
bit in the General Interrupt Control Register (GICR). Refer to Interrupts on page 45 for more
information. The Reset Vector can also be moved to the start of the boot Flash section by pro
gramming the BOOTRST Fuse, see -Boot Loader Support - Read-While-Write Self-
Programming" on page 246.

When an interruptoccurs, the Global Interrupt Enable l-bit is cleared and all interrupts are dis
abled. The user software can write logic one to the l-bit to enable nested interrupts. All enabled
interrupts can then interruptthe current interrupt routine. The l-bit is automatically set when a
Return from Interrupt instruction - RETI - is executed.

There are basically two types of interrupts. The first type is triggered by an event that sets the
Interrupt Flag. For these interrupts, the ProgramCounter is vectored to the actual Interrupt Vec
tor in order to execute the interrupt handling routine, and hardware clears the corresponding
Interrupt Flag. Interrupt Flagscan also be cleared bywriting a logic one to the flag bitposition(s)
to be cleared. Ifan interrupt condition occurs while the corresponding interrupt enable bit is
cleared, the Interrupt Flag will be set and remembered until the interrupt is enabled, or the flag is
cleared bysoftware. Similarly, ifone or more interrupt conditions occurwhile the Global Interrupt
Enable bit is cleared, the corresponding Interrupt Flag(s) will be set and remembered until the
global interrupt enable bit is set, and will then be executed by order of priority.

The second type of interrupts will triggeras long as the interrupt condition is present. These
interruptsdo not necessarily have Interrupt Flags. If the interrupt condition disappears beforethe
interrupt is enabled, the interrupt will not be triggered.

When the AVR exits from an interrupt, itwill always return to the main program and execute one
more instruction before any pending interrupt is served.

Note that the Status Register is not automatically stored when entering an interrupt routine, nor
restored when returning from an interrupt routine. This must be handled by software.

When using the CLI instruction to disable interrupts, the interrupts will be immediately disabled.
No interrupt will be executed after the CLI instruction, even ifit occurs simultaneously with the
CLI instruction. The following example shows how thiscan be used to avoid interrupts during the
timed EEPROM write sequence.

Assembly Code Example

in rl6, SREG ,• store SREG value

ell ; disable interrupts during timed sequence

sbi EECR, EEMWE ; start EEPROM write

Sbi EECR, EEWE

out SREG, rl6 / restore SREG value 1,1-bit)

C Code Example

char cSREG;

cSREG = SREG; /* store SREG value */

/* disable interrupts during timed sequence */

_CLI();

EECR |= (1<<EEMWE); /* start EEPROM write */

EECR |= (1«EEWE) ;

SREG = cSREG; /* restore SREG value (I-bitj */
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