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ABSTRAKSI

PERENCANAAN DAN PEMBUATAN SISTEM KONTROL
TRAFFIC LIGHT DENGAN MENGGUNAKAN RADIO HT
(HANDY TALKY)

(Ardhiatama Kusumaputra, 0217056, Teknik Elektro/Elektronika S-1)
(Dosen Pembimbing : Ir. Sidik Noertjahjono, MT)
Kata Kunci : Kontrol, Traffic Light, HT

Pada skripsi ini dirancang sebuah sistem kontrol traffic light jarak jauh
dengan menggunakan radio HT (Handy Talky) dengan menitikberatkan
permasalahan yang timbul pada kondisi traffic light yang tak tentu (unusually
condition) dan pada waktu yang tak terduga, misal ambulance lewat (emergency),
pejabat teras lewat, pemadam kebakaran atau konvoi kendaraan/demonstrasi.
Perangkat HT (Handy Talky) digunakan sebagai alat pengesetan dari sistem kerja
traffic light sesuai dengan permasalahan yang ada pada kondisi traffic light secara
langsung dan di saat itu juga.

Kerja dari sistem kontrol traffic light (sistem traffic light standalone) ini
adalah mengubah keadaan lampu lalu lintas disesuaikan dengan keadaan traffic
light. Sistem yang telah ada, akan terhubung dengan sebuah HT (Handy Talky)
penerima yang akan berfungsi sebagai media penerima perintah, sehingga
keadaan lampu berubah sesuai dengan permasalahan yang timbul di saat itu secara
cepat, tepat dan langsung. HT (Handy Talky) pengirim akan masuk terlebih
dahulu pada sistem keamanan (password), kemudian kirim kode akses sistem
kontrol sesuai dengan kondisi traffic light yang dibadapi, khususnya keadaan
darurat (emergency)

Pengujian SNR (Signal to Noise Ratio) rata-rata, didapat pada hasil
pengukuran sebeasar 41,92 dB. Prosentase error dari sinyal input yang masuk ke
dalam rangkaian DTMF Decoder paling besar adalah 0,41%. Waktu yang
diperlukan untuk dapat mengendalikan sisten traffic light adalah *+ 13 detik
dengan jarak jangkauan + 1000 m (dengan keadaan power HT adalah low).
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BAB1
PENDAHULUAN

1.1. Latar Belakang

Dengan berkembangnya pola pikir manusia terhadap ilmu pengetahuan
dan teknologi, ternyata mengalami kemajuan secara terus menerus.
Pengembangan terhadap teknologi yang telah tercipta terus dilakukan untuk
mendapatkan teknologi yang terbaru, sehingga mampu untuk mengatasi berbagai
macam masalah yang semakin meningkat. Bidang teknologi yang mengalami
perkembangan antara lain ; teknologi komputer, robotika dan telekomunikasi,
yang berkembang pesat dan kontinyu seiring dengan tuntutan dari perkembangan
jaman. Suatu sistem yang bekerja berbasiskan komputer akan sangat membantu
sekali didalam pekerjaan manusia sehingga semula yang pekerjaan dilakukan
secara manual dapat dikerjakan secara otomatis.

Banyak media yang dapat digunakan sebagai media untuk mengirimkan
data ke dalam suatu sistem yang ada, misalnya : telepon, sms, jaringan internet,
dan sebagainya, namum dengan menggunakan media tersebut dirasakan kurang
ekonomis. Hal ini dikarenakan faktor biaya yang dikeluarkan dalam mengkontrol
suatu sistem yang bekerja secara kontinyu.

Penulis mengamati suatu permasalahan yang muncul dalam bekerjanya
sistem kontrol traffic light yang telah ada, yaitu timbulnya kemacetan, yang
dikarenakan sesuatu hal di luar dari kondisi yang normal, misalnya ; ambulance
lewat, pejabat teras lewat, mobil pemadam kebakaran atau konvoi

kendaraan/demonstrasi (emergency condition). Oleh karena itu, penulis



bermaksud untuk merancang suatu sistem kontrol jarak jauh pada sistem lampu
lalu lintas (traffic light) dengan menggunakan metode Radio Communication.
Salah satu media komunikasi yang dapat digunakan dengan pertimbangan
cepat, tepat dan langsung adalah HT (Handy Talky). Dengan adanya sistem
kontrol traffic light dengan media HT (Handy Talky), maka pengontrolan sistem
tidak lagi tergantung pada tempat, dikarenakan mudah dibawa kemanapun tanpa
adanya hubungan kabel jaringan (sistem rirkabel) pada jarak tertentu dan pada
kondisi tertentu. Selain itu, sistem pengontrolan fraffic light dapat dilakukan

kapanpun bahkan dengan melihat kondisi lapangan secara langsung.

1.2. Rumusan Masalah

Dalam perancangan dan pembuatan sistem kontrol traffic light jarak jauh
dengan menggunakan radio HT, dapat dirumuskan beberapa permasalahan yang
akan dibahas, yaitu :

1. Bagaimana memanfaatkan radio HT (Handy Talky) scbagai media
komunikasi, yang akan berfungsi sebagai pengirim perintah (informasi)
sehingga sistem traffic light berjalan sesuai dengan kondisi yang diharapkan.

2. Bagaimana merancang dan membuat perangkat keras (hardware) serta
perangkat lunak (software) pada mikrokontroler yang akan mengendalikan
semua kerja sistem, agar dapat bekerja sesuai dengan yang perintah

(informasi) yang dikirim.



1.3. Tujuan

Penulisan skripsi ini bertujuan merancang alat kontrol traffic light jarak
jauh dengan menggunakan HT (Handy Talky) sebagai media komunikasinya.
Dalam hal ini, menitikberatkan pada permasalahan yang timbul pada kondisi
traffic light yang tak terduga, misalnya ; kondisi darurat (ambulance lewat,
pejabat  teras lewat, mobil pemadam kebakaran atau konvoi

kendaraan/demonstrasi dan sebagainya).

1.4. Batasan Masalah
Untuk memberikan pembahasan yang jelas maka diberikan ruang lingkup
pembatasan masalah sebagai berikut :
— Perancangan dan pembuatan alat ini, hanya berupa prototipe.
— Perancangan dan pembuatan sistem ini, dimisalkan hanya untuk
mengatur 1 kondisi traffic light dengan tiap jalan terdapat 2 jalur.
— Perancangan dan pembuatan sistem ini, digunakan pada kontrol sistem
traffic light standalone.
-~ Tidak membahas jenis HT (Handy Talky) yang dipakai secara detail.
— Tidak memperhitungkan gangguan frekuensi dari luar.

— Tidak membahas catu daya.



1.5. Sistematika Penulisan
Adapun sistematika dari penyusunan Laporan Skripsi ini adalah :

BABI PENDAHULUAN
Berisi latar belakang, rumusan masalah, tujuan, batasan masalah,
serta sistematika penyusunan dan pembuatan alat.

BABII TEORI PENUNJANG
Berisi tentang teori — teori dasar yang memiliki relevansi sebagai
dasar perencanan dan pembuatan.

BABIII PERENCANAAN DAN PEMBUATAN
Berisi tentang perencanaan hardware dan software.

BABIV PENGUJIAN ALAT
Berisi tentang data hasil pengujian peralatan yang telah dibuat
secara keseluruhan.

BABYV PENUTUP
Berisi kesimpulan dan saran dari tugas akhir ini

LAMPIRAN



BAB II

TEORI PENUNJANG

2.1 HT (Handy Talky)

Radio panggil atau yang lebih dikenal dengan HT (Handy Talky),
merupakan sebuah alat komunikasi dua arah (Halfduplex). Dengan kata lain,
merupakan sistem komunikasi yang dapat dilakukan dengan berbicara secara
bergantian antara orang pertama dan orang kedua, bahkan lebih pada satu jalur

frekuensi yang sama dengan cara menekan tombol PTT (Push To Talk)
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Gambar 2-1 HT (Handy Talky)



Fungsi dan bagian — bagian dari HT adalah ;

1. Display LCD
Untuk menampilkan frekuensi dan indikator lainnya pada saat digunakan.

2. Dial
Digunakan untuk menaikkan atau menurunkan frekuensi secara bertahap
(manual).

3. Microphone Jack
Digunakan sebagai microphone eksternal apabila microphone internal
tidak digunakan.

4. Speaker Jack
Digunakan sebagai speaker eksternal apabila speaker internal tidak
digunakan.

5. Power Key
Digunakan untuk menghidupkan atau mematikan HT.

6. Func Key
Digunakan untuk mengakses fungsi-fungsi yang ada pada HT.

7. Microphone
Internal microphone.

8. DTMF Keypad dan tombol lain
Tombol 1 - 9, dapat menghasilkan nada tone DTMF, yang apabila ditekan
akan dapat mengahasilkan nada tone tertentu.

9. PTT (Push To Talk)

Tekan PTT pada saat Tx dan dilepas pada saat Rx.



10. Speaker
Internal speaker.
11. Antena Connector

Dihubungkan dengan antena.

Selain sebagai media komunikasi penghantar suara untuk komunikasi, HT

juga dapat menghasilkan sinyal DTMF (Dual Tone Multi F requency).

PTTON DTMF code DTMF code DTMF code

L e .
r;'m Time l Pirst Dign
BunTine  Time Tine Time Time

Gambar 2-2 Bentuk Sinyal DTMF yang Dikeluarkan HT (Handy Talky)

Sistem DTMF (Dual Tone Multi Frequency) keypad pada radio HT
memiliki prinsip kerja yang sama dengan keypad pada sistem telepon ataupun
handphone (HP), yaitu sistem signaling (Touch Tone). Dalam sistem ini tersusun
atas sebuah kombinasi dari dua frekuensi (frekuensi rendah dan frekuensi tinggi)
yang dihubungkan (dikodekan) dengan angka (0 — 9) dan karakter *,#,A,B,C,
D). Prinsip kerjanya adalah setiap penekanan tombol, maka akan dikeluarkan
sinyal DTMF yang terdiri atas kombinasi dua sinyal, yang kemudian akan

ditransmisikan melalui media radio. Misal tombol keypad yang ditekan adalah



digit 8, maka sinyal yang ditransmisikan adalah kombinasi antara sinyal 852 Hz

dengan 1336 Hz.

HIGH GROUP FREQUENCY (Hzy

12477

} ;
C i i
e 1 ) 3 A
3
-— T i
= | ! |
15 b i 1
Z
= 4 5 6 B
Z T T I
o ! f |
z g 8 {9t C
=
z | | | |
2 \
B 0 # D

Gambar 2-3 Keypad HT (Handy Talky)

2.2 Mikrokontroler Renesas R8C/13 Tiny (RSF21134FP)

Renesas Technology adalah produsen semikonduktor tingkat internasional.
Renesas tercipta dari gabungan dua produsen semikonduktor, yaitu Mitsubishi
dan Hitachi. Sebagai produsen semikonduktor, renesas juga mengeluarkan
berbagai jenis keluarga mikrokontroler (MK).

Renesas R8C adalah salah satu jenis seri dalam keluarga MK M16C. CPU
R8C sama dengan CPU CISC 16-bit M16C, hanya saja lebar jalur data R8C

adalah 8-bit. Karena menggunakan CPU yang sama maka R8C memiliki



instruction set hampir sama dengan M16C. Perbedaannya hanya terletak pada 2
instruksi, yaitu R8C tidak memiliki instruksi JMPS (Jump Special Page) dan
JSRS (Jump Subroutine Special Page). R8C/13 adalah salah satu tipe MK dalam
seri R8C. MK ini memiliki kemasan 32-pin LQFP. Dalam perancangan pada
skripsi ini menggunakan menggunakan MK seri R5F21134, yaitu R8C/13 yang

memiliki Flash ROM 16 KB (1000 E/W cycles) dan RAM sebesar 1 KB.

2.2.1 Spesifikasi RSF21134FP
Berikut ini adalah spesifikasi R5F21134FP dengan peta peripheral dan
memori-memorinya.
e Mempunyai CPU Core (16-bit) 1 — 20 MHz, 3.0 — 5.5 Volt dan 1 — 10
MHz 2.7 - 5.5 Volt.
e Rangkaian Clock, kecepatan Low/High On-Chip Oscillator. Clock utama
dengan Xin/Xout.
e Memory (ROM/SRAM) 16 Kbytes / 1 Kbytes, 2 x 2 KBytes Data Flash
pada R8C/12, 13.

e Kemasan 32 pin LQFP (7mm x 7mm)
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Gambar 2-4 Blok Diagram R8C/11, 13 dan Peta Peripheral-nya

2.2.2 Kelebihan Kunci R8C/Tiny

Banyak kelebihan-kelebihan yang dimiliki R8C/Tiny diantaranya adalah :

e Kompatibel dengan M16C yaitu kompatibel dalam instruksi dan kode.

o Peripheral lebih terintegrasi jadi lebih hemat.

e Electromagnetic Compatibility (EMC) mempunyai EMI rendah, EMS
tinggi.

e Development Tool (Compiler dan Debugger) didapat dengan murah dan
difasilitasi On-Chip Debugger.

e Mempunyai fitur fail-safe yaitu pengamanan terhadap kegagalan sistem.



Konsumsi daya rendah.

16-bit CISC CPU dengan kecepatan maksimal 20 MHz (1:1).

89 instruksi CISC lebih hemat ROM kira-kra 20 %, RAM sampai 1 KB.

Waktu konversi ADC hanya 3 uS.

2.2.3 Konfigurasi Pin R8C RSF21134FP
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Gambar 2-5 Konfigurasi Pin R8C/Tiny
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Gambar diatas adalah kofigurasi pin-pin dari R8C R5F21134FP untuk

lebih jelasnya dapat diamati pada tabel dekripsi pin-pin berikut ini :



Tabel 2-1 Konfigurasi Pin-Pin dari R8C RS5F21134FP

12

gi?:;; Nama Pin 'I;‘}(f([;e Fungsi
Masukan Vec, I Tegangan 2.7 V — 5.5 V pada pin Vcc.
Catu Daya | Vss Tegangan 0 V pada Vss pin
Pin ini untuk men-stabilkan catu daya
internal, pin ini dihubungkan pada Vss
L e e 0 melalui kapasitor 100nF g Jangan
dihubungkan pada Vcc.
Ini adalah untuk catu daya pada ADC.
Input Catu Avec dihubungkan pada Vee, A Vss
Daya Avce, Avss | 1 dihubungkan ke Vss. Dianjurkan untuk
Analog menghubungkan kapasitor diantara pin A
Vce dan A Vss.
Input Reset | RESET [ “L” untuk masukan ini mereset MCU
CNVss CNVss I Pin ini dih}lbungkan pada Vss melalui
sebuah resistor.
MODE MODE I Pin ini dih}lbungkan pada Vcc melalui
sebuah resistor.
Input Clock Xin I Pin-pin ini disediakan untuk
Utama membangkitkan rangkaian I/O Clock
Utama. Dihubungkan dengan sebuah
Output keramik resonator atau kristal diantara pin
Clock Xout 0O Xin dan Xout. Jika digunakan clock
Utama internal maka pin Xin dan Xout dalam
keadaan terbuka.
Input
Interupsi g:[[:g B I Pin ini sebagai masukan interupsi.
Input Kl'mm KI0O-KI3 |1 Pin ini sebagai masukan kunci interupsi.
Interupsi
Timer X CNTR 0 I/0 | Pin I/O ini adalah untuk Timer X .
CNTR 0 0 Pin Ouput untuk Timer X.
Timer Y CNTR 1 I/0 | Pin I/O untuk Timer Y.
Timer Z TZout O Pin Ouput untuk Timer Z.
TC in | Pin Input untuk Timer C.
CMPOO
Timer C gﬁg?é 0 Pin Output untuk Timer C.
CMP13
Serial CLK 0 I/0 | Pin I/O untuk memindahkan Clock.
Interface RXDO,

RXD1

Pin input untuk data Serial.
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TXDO,
TXD10, 0] Pin output untuk data Serial.
TXD11
Input Tegangan referensi input ini untuk ADC.
E:%::;i:? Vref I Vref pin dihubungkan ke Vcc.
ADC,
g:;‘ig:t?;gg g‘f; I | Pin analog input pada ADC.
ke digital
Merupakan port I/O CMOS 8-bit . Setiap
PO0-PO7 port mempunyai pilihan register pengarah
P10-P1 7’ sebagai input atau output. Tiap Port dapat
Port /O P3 O-P33, I/0 | dialamati per bit. Dapat di-set
P37. P4 5’ menggunakan pull up resistor dengan
? program. P10 — P17 mempunyai driver
transistor.
Port Input P46, P47 1 Pin ini hanya bisa digunakan sebagai input.
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2.2.4 Peripheral R8C/Tiny

Mikrokontroler R8C R5F21134FP mempunyai beberapa peripheral-
peripheral yang banyak digunakan pada beberapa aplikasi-aplikasi penting,
diantaranya adalah sebagai berikut :

e Analog To Digital Converter (ADC)

FTELLLT

1

>

Gambar 2-6 Diagram Blok ADC

Dengan 12 SAR ADC S/H yang mempunyai resolusi 8-bit atau 10-bit.
Mode Operasinya menggunakan One-Shot dan Repeat dengan waktu
konversi 2.8 uS (pada clock 10 MHz). Berikut gambar diagram blok ADC

built in pada mikrokontroler ini :
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o Timer Mode
Mempunyai timer sebanyak 4 yaitu timer X, Y, Z, C. Berikut adalah

mode-mode timernya :

Tabel 2-2 Mode-mode Timer
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e Low Voltage Detect (LVD )

LVD adalah untuk mendeteksi Vcc kurang dari 3.8 V (£ 0.5 V).
Watchdog Timer
Watchdog berfungsi untuk mendeteksi ketika program diluar kontrol.
On Chip Debugger
Fasilitas ini mempunyai fungsi untuk dapat di-debug pada waktu mikro
sedang berjalan. Antara PC dan MK dapat berkomunikasi, PC akan
mengetahui aktivitas MK saat itu. Syarat-syarat On Chip Debugger adalah
e Vektor Address Match interrupt harus dihindari.
e Single step interrupt tidak dapat digunakan bersamaan interrupt lain.
e UART!I tidak boleh dipakai.
e Instruksi BRK tidak boleh dipakai.
e Flash Address CO00H — C7FFH.
e PD 3.7 harus “0”.
e BS5 FMR 0 harus “1”
e Menyiapkan 8 Byte untuk Stack.
e  On Chip Debugger berpengaruh pada timing run.
Rangkaian Osilator
Pada osilator utama menggunakan kristal luar sampai dengan 20 MHz,
dengan memiliki fitur Clock Stop Detect. Kemudian untuk On Chip
Osilator disediakan kecepatan Low 125 KHz dan High 8 MHz. Saat
setelah reset, default clock adalah kecepatan rendah On Chip osilator 125

KHz.
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2.3 Mikrokontroler AT89S51

Perbedaan mendasar antara mikrokontroler dan mikroprosesor adalah
mikrokontroler selain memiliki CPU juga dilengkapi memori dan input output
yang merupakan kelengkapan sebagai sistem minimum mikrokomputer sehingga
sebuah mikrokontroler dapat dikatakan sebagai mikrokomputer dalam keping
tunggal (Single Chip Microcomputer) yang dapat berdiri sendiri.

Mikrokontroler AT89S51 adalah mikrokontroler ATMEL yang kompatibel
penuh dengan mikrokontroler keluarga MCS — 51, membutuhkan daya rendah,
memiliki performance yang tinggi dan merupakan mikrokomputer 8 bit yang
dilengkapi 4 Kbyte EEPROM (Electrical Erasable and Programmable Read Only
Memory) dan 128 Byte RAM internal. Program memori yang dapat diprogram
ulang dalam sistem atau menggunakan programmer Nonvolalite Memory
konvensional.

Dalam sistem mikrokontroler terdapat dua hal yang mendasar, yaitu:
perangkat lunak dan perangkat keras yang keduanya saling terkait dan

mendukung.

2.3.1 Perangkat keras mikrokontroler AT89S51
Secara umum Mikrokontroler AT89S51 memiliki :
e CPU 8 bit termasuk keluarga MCS-51
e 4 Kb Flash memory
e 128 byte Internal RAM

¢ 4 buah Port I/O, masing — masing terdiri atas 8 jalur I/O
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e 2 Timer/ counter 16 bit
e 1 Serial Port Full Duplex

¢ Kecepatan pelaksanaan intruksi per siklus 1 us pada frekuensi clock 2 Mhz

Dengan keistimewaan diatas pembuatan alat menggunakan AT89S51
menjadi lebih sederhana dan tidak memerlukan IC pendukung yang banyak.

Adapun Blok Diagram dari Mikrokontroler AT89S51 adalah sebagai berikut:

Gambar 2-7 Blok Diagram Mikrokontroler AT89S51



2.3.2 Konfigurasi Pena-Pena Mikrokontroler AT89S51
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Mikrokontroler AT89C51 terdiri dari 40 pin dengan konfigurasi

sebagai berikut:
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P1.1

| P1.2
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RST

P3.0 (RXD)
11 p3.1(TXD)
P3.2 (INTO)
P3.3 (INTD)
P3.4 (TO)
P3.5 (T1)
P3.6 (WR)
P3.7 (RD)
XTAL 2
XTAL 1
GND
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Gambar 2-8 Konfigurasi Pena-Pena AT89S51

Fungsi tiap pin-nya adalah sebagai berikut :

e VCC ( Supply tegangan ), pin 40

e GND ( Ground ), pin 20

e Port 0, pin 32 -39

Merupakan port input-output dua arah, port ini digunakan sebagai

multipleks bus alamat rendah ( A0 — A7 ) dan data selama pengaksesan

program memory dan data memory eksternal

o Portl,pinl-8

Merupakan port input-output dua arah dengan internal pull-up



20

e Port2,pin2l]-28
Merupakan port input-output dengan internal pull-up. Mengeluarkan
alamat tinggi selama pengambilan program memori external.

e Port3,pinl0-17
Merupakan port input-output dengan internal pull-up, dimana Port 3 juga

memiliki fungsi khusus dan dapat dilihat pada tabel berikut ini:

Tabel 2-3. Fungsi Khusus Pada Port 3

Nama Penyemat Fungsi Khusus

Port 3.0 RxD ( Port masukan serial )

Port 3.1 TxD ( Port keluaran Serial )

Port 3.2 /INTO (Masukan Interupsi Eksternal 0)
Port 3.3 /INT1 (Masukan Interupsi Eksternal 1)
Port 3.4 TO  (masukan pewaktu eksternal 0 )
Port 3.5 T1  ( masukan pewaktu eksternal 1)
Port 3.6 /WR  (sinyal tulis memori data eksternal)
Port 3.7 /RD ( sinyal baca memori data eksternal)

o RST (Reset), pin 9
Input Reset merupakan reset master untuk AT89S51.

e ALE/ Prog (Address Latch Enable), pin 30
Digunakan untuk menahan alamat memori eksternal selama pelaksanaan
intruksi.

e PSEN (Program Strobe Enable), pin 29
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Merupakan sinyal pengontrol yang memperbolehkan program memori
eksternal masuk kedalam bus.

EA / VPP (External Access), pin 31

Dapat diberikan logika rendah (Ground) atau logika tinggi (+5V). Jika
diberikan logika tinggi maka mikrokontroler akan mengakses program dari
ROM internal (EEPROM/Flash Memori), dan jika diberikan logika
rendah maka mikrokontroler akan mengakses program dari memori
eksternal.

X-TAL 1 dan X-TAL 2, pin 19, 18

Pin ini dihubungkan dengan kristal bila menggunakan osilator internal. X-
TAL 1 merupakan masukan ke rangkaian osilator internal sedangkan X-
TAL 2 keluaran dari rangkaian osilator internal. Untuk keperluan ini
diperlukan kapasitor penstabil sebesar 30pF. Dan nilai dari X-TAL
tersebut antara 4 — 24 Mhz. Untuk lebih jelasnya dapat dilihat gambar

pemasangan X-TAL serta kapasitor yang digunakannya.

o2
) §— j : XTar?

T SND

Gambar 2-9 Osilator Eksternal AT89S51
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2.3.3 Organisasi Memory

Organisasi memori pada mikrokontroler AT89S51 dapat dibagi menjadi
dua bagian besar yaitu memori program dan memori data. Pembagian tersebut
didasarkan atas fungsi dari penyimpanan data maupun program. Memori program
digunakan untuk menyimpan instruksi-instruksi yang akan dijalankan oleh
mikrokontroler, sedangkan memori data digunakan sebagai tempat yang sedang
diolah mikrokontroler.

Program mikrokontroler disimpan dalam memori program berupa ROM.
Mikrokontroler AT89S51 dilengkapi dengan ROM internal, sehingga untuk
menyimpan program tidak digunakan ROM eksternal yang terpisah dari
mikrokontroler. Agar tidak menggunakan memori program eksternal,
penyemat/EA dihubungkan dengan Vcc (logika 1).

Memori program mikrokontroler menggunakan alamat 16 bit mulai
00004-0FFFy, sehingga kapasitas penyimpanan program maksimal adalah 4Kb.
Sinyal /PSEN (Program Store Enable) tidak digunakan jika digunakan memori
program internal.

Selain program, mikrokontroler AT89S51 juga memiliki data internal 128
byte dan mampu mengakses memori data eksternal sebesar 64 Kb. Semua memori
data internal dapat dialamati dengan data langsung atau tidak langsung. Ciri dari
pengalamatan langsung adalah operand adalah alamat register yang berisi alamat
data yang akan diolah. Sebagian memori tersebut dapat dialamati dengan

pengalamatan register, dan sebagian lagi dapat dialamati dengan memori satu bit.
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Untuk membaca data digunakan sinyal /RD sedangkan untuk menulis digunakan

sinyal /WR.

2.3.4 SFR ( Special Function Register )
Register Fungsi Khusus (Special Function Register) terletak pada
128 byte bagian atas memori data internal dan berisi register-register untuk

pelayanan latch port, timer, program status words, control peripheral dan

sebagainya.
Tabel 2-4. Special Function Register
Simbol Nama Register Alamat

ACC Accumulator EOy
B Register B FOy
PSW Program Status Word DOy
SP Stack Pointer 81y
DPTR Data Pointer 2 Byte

DPL Bit rendah 82y
DPH Bit Tinggi 83u
PO Port 0 80y
P1 Port 1 90y
P2 Port 2 A0y
P3 Port 3 B0y
IP Interupt Periority Control D8y
IE Interupt Enable Control A8y
TMOD Timer/Counter Mode Control 89y
TCON Timer/Counter Control 88y
THO Timer/Counter 0 High Control 8Ay
TLO Timer/Counter 0 Low Control 8Bu
TH1 Timer/Counter 1 High Control 8Cy
TL1 Timer/Counter 1 Low Control 8Dy
SCON Serial Control 98u
SBUF Serial Data Buffer 99y
PCON Power Control 87u
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Beberapa macam register fungsi khusus yang sering digunakan adalah
sebagai berikut ini :

e Accumulator (Acc) merupakan register untuk penambahan dan
pengurangan. Perintah mnemonic untuk mengakses akumulator
disederhanakan sebagai A.

e Register B merupakan register khusus yang berfungsi melayani operasi
perkalian dan pembagian.

e Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan di
alamat manapun pada RAM internal.

o Data Pointer (DPTR) terdiri dari dua register, yaitu untuk byte tinggi
(Data Pointer High, DPH) dan byte rendah (Data Pointer Low, DPL) yang
berfungsi untuk mengunci alamat 16 bit.

e Port 0 sampai Port 3 merupakan register yang berfungsi untuk membaca
dan mengeluarkan data pada port 0, 1, 2, 3. Masing-masing register ini
dapat dialamati per-port maupun per-bit.

e Control Register terdiri dari register yang mempunyai fungsi kontrol.
Untuk mengontrol sistem interupsi, terdapat dua register khusus, yaitu
register IP (Interupt Priority) dan register IE (Interupt Enable). Untuk
mengontrol pelayanan timer/counter terdapat register khusus, yaitu register
TCON (timer/counter control) serta pelayanan port serial menggunakan

register SCON (Serial Port Contro ).
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2.3.5 Sistem Interupsi

Mikrokontroler AT89S51 mempunyai 5 buah sumber interupsi yang
dapat membangkitkan permintaan interupsi, yaitu : INTO, INT1, T1, T2 dan Port
Serial.

Saat terjadinya interupsi mikrokontroler secara otomatis akan menuju ke
subrutin pada alamat tersebut. Setelah interupsi selesai dikerjakan, mikrokontroler
akan mengerjakan program semula. Tiap-tiap sumber interupsi dapat enable atau
disable secara software.

Tingkat prioritas semua sumber interupt dapat diprogram sendiri-sendiri
dengan set atau clear bit pada (Interupt Priority). Jika dua permintaan interupsi
dengan tingkat prioritas yang berbeda diterima secara bersamaan, permintaan
interupsi dengan prioritas tertinggi yang akan dilayani. Jika permintaan interupsi
dengan prioritas yang sama diterima bersamaan, akan dilakukan polling untuk

menentukan mana yang akan dilayani. Bit-bit pada IP adalah sebagai berikut:

Tabel 2-5. Prioritas Interupsi

Prioritas Jenis Interupsi
1 Interupsi Eksternal 0
2 Interupsi Timer 0
3 Interupsi Eksternal 1
4 Interupsi Timer 1
5 Interupsi Serial
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1P.3 IP.2 IP.1 IP.0

PS

PT1 PX1 PTO PX0

Gambar 2-10 Register Interupt

Priority bit = 1 menandakan prioritas tinggi

Priority bit =0 menandakan prioritas rendah

Simbol Posisi
_ IP.7
_ IP.6
_ IP.5
PS IP.4
PT1 IP.3
PX1 IP.2
PTO IP.1
PXO0 IP.0

Fungsi

Kosong

Kosong

Kosong

Bit prioritas interupsi port serial
Bit prioritas interupsi Timer 1
Bit prioritas interupsi INT'1

Bit prioritas interupsi Timer 0
Bit prioritas interupsi INT0

Tabel 2-6 Alamat Sumber Interupsi

Sumber interupsi Alamat Awal
Interupt Luar 0 (INT 0) 0003y
Pewaktu / pencacah 0 (T0) 000By
Interupt Luar 1 (INT 1) 00134
Pewaktu / pencacah 1 (T1) 001By
Port Serial 0023y
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2.4 Decoder DTMF (Dual Tone Multi Frequency)

Decoder DTMF digunakan untuk mengkodekan nada fone DTMF ke
dalam bentuk biner 4 bit. Decoder DTMF mempunyai beberapa masukan atau M
input dimana salah satu masukan tersebut akan menghasilkan keluaran dengan N-
bit output. Konfigurasi 2"=M menyatakan untuk input desimal M akan dihasilkan
output biner sebanyak N-bit. Sebagai contoh, 2*=16 maka untuk 16 input desimal

dihasilkan 4 output biner. Dapat dilihat dari gambar 2-11 bentuk IC dari decoder

DTMF dibawah:

IN+[] 1 - 18] vLC
N 2 1710 SGT

ROl =] ESt

yRaf ] 4 15177 &b

INH[] & 4] i

PWENTT = 13 o

SRR B 121

sz e 1] o

R 1] ToE

Gambar 2-11 Konfigurasi Pin IC MT8870

Sebagai contoh apabila decoder DTMF memiliki satu masukan aktif yaitu
8 maka akan menghasilkan keluaran biner 1000, yang berarti biner Q1 aktif. Salah
satu contoh aplikasi adalah IC MT 8870 yang mempunyai ukuran kecil dengan
kebutuhan power yang rendah dan performance yang tinggi. Memiliki dua fungsi
yaitu sebagai bandsplit filter dan dekoder digital. Pada bagian filter menggunakan
teknik switching kapasitor untuk high pass filter dan low pass filter. Sedang

decoder menggunakan teknik perhitungan digital untuk mendeteksi dan
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mendekodekan semua pasangan 16 sinyal DTMF menjadi sebuah kode 4 bit.
Perhitungan komponen luar diminimumkan oleh on chip provision dari sebuah
differential input amplifier, clock oscillator dan rangkaian latched three state bus.

Berikut adalah blok diagram dari decoderDTMF :

MO0 as Pt MR
A
P o — Bias
Pt > Cacun ’ E YRLt
Buffar
'l' ‘v[’ . ] m > (1
Ship o Chap . -
Punat Bras High fraup ; . Cianta! Dot
Filier —D- " [istecon Caonveiter o
L Abyenthim and Latsh = 2
IN g o
* T%?L ] Zar Crassing
TR Eiee | | [udactors . o
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Gambar 2-12 Diagram Blok Decoder DTMF MT8870

Bila suatu sinyal telah dideteksi, kemudian keluaran dari filter akan
dideteksi oleh “Digital Detection Algorithm” dan kemudian diubah oleh “Code
Converter And Latch”, maka setiap masukan akan keluar sesuai dengan yang

telah ditentukan. Dapat dilihat pada tabel 2.7 berikut:
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Tabel 2-7. Tabel Kombinasi Decoder DTMF

TomoL | SO | ToE | mm s Q0
1 697 H X 1209 0 00 1
2 697 H X 1336 0010
3 697 H X 1477 001 1
4 770 H X 1209 0100
5 770 H X 1336 0101
6 770 H X 1477 0110
7 852 H X 1206 01 11
8 852 H X 1336 1 0 00
9 852 H X 1477 1 0 01
0 941 H X 1209 1010
* 941 H X 1336 1011
# 941 H X 1477 1100
A 697 H L 1633 11 01
B 770 H L 1633 1110
C 852 H L 1633 1 111
D 941 H L 1633 00 00

2.5 LCD ( Liquid Crystal Display )

Liquid Crystal Display adalah modul tampilan yang mempunyai konsumsi
daya yang relatif rendah dan terdapat sebuah controller CMOS didalamnya.
Controller tersebut sebagai pembangkit ROM/RAM dan display data RAM.
Semua fungsi tampilan di kontrol oleh suatu instruksi modul LCD dapat dengan
mudah diinterfacekan dengan MPU. Ciri-ciri dari LCD M1632 :

e Terdiri dari 32 karakter yang dibagi menjadi 2 baris dengan display dot

matrik 5 X 7 ditambah cursor.

e Karakter generator ROM dengan 192 karakter.

e Karakter generator RAM dengan 8 tipe karakter.

e 80 X 8 bit display data RAM.
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Dapat diinterfacekan dengan MPU 8 atau 4 bit.

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

Internal data.

Internal otomatis dan reset pada power ON.

+5 V power supply tunggal.
LCD M1632 (1)
LCD M1632
vee wOm
BOHaSZ 2 ARRAR  Eue
1K Lol O] Eaed ol e £ -4 Lol 1o Y (=] N o vcc
e
= | = = '
NN Faro" |
= (Porizi |
{ Port2.0 I

Gambar 2-13 LCD (Liquid Crystal Display)
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Berikut ini merupakan pin-pin LCD berserta konfigurasinya:

Tabel 2-8. Pin-Pin LCD Dan Konfigurasinya

NAMA PIN JUMLAH 1/0 TUJUAN FUNGSI
Tri state bidirectional lower
data bus: data dibaca dari
DB0-DB3 4 VO | MPU | ogul ke MPU atau dari MPU
ditulis ke modul melalui bus
Tri state bidirectional upper
fourdata bus: data dibaca dari
DB4-DB7 4 vo MPU modul ke MPU atau dari MPU
ditulis ke modul melalui bus
Sinyal operasi dimulai: sinyal
E ! Input | MPU | yif baca/tulis
Sinyal pilih data dan tulis
RW ! Input | MPU | (g.1ylis, 1:baca)
Sinyal pilih register
P 0: Instruction register (write)
RS 1 - ower Busy flag dan addess counter
supply (read)
1: Data register (write dan read)
VLC 1 Power Penyetelan  kontras  pada
) supply | tampilan LCD
VDD 1 ) Power +5V
supply
VSS 1 ) Power Ground 0V
supply
2.6 TRIAC
2.6.1 Optotriac

Berfungsi untuk mengisolasi anatara suatu bagian/rangkaian dengan

bagian rangkaian lain. Tujuan pengsolasian adalah untuk mencegah agar tidak

terjadi kerusakan komponen pada suatu bagian sebagai akibat dari munculnya

tegangan tinggi yang tidak diinginkan pada suatu bagian lainnya. Digunakan

optotriac MOC 3021, yang membias diac, jika terdapat arus masuk sebesar 10 mA

—30mA.
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Gambar 2-14. Optotriac MOC 3021

2.6.2 Triac

Transistor Active Current (TRIAC) adalah komponen semikonduktor yang
beroperasi seperti dua SCR dengan anoda-katoda terhubung. Sebuah triac terdiri
atas dua dioda paralel yang dihubungkan pada arah yang berbeda dengan sebuah
gerbang. Perbedaan utama antara triac dan SCR adalah dapat mengahantarkan
arus tanpa memperhatikan polaritas tegangan dan keadaan bias pemicu yang
diberikan pada gerbang. Karena tidak ada lagi terminal anoda dan katoda maka
terminal pada triac disebut dengan terminal utama (main terminal) MTI dan MT2.

Triac menjadi aktif dengan memberikan teganan positif atau negatif pada
gerbangnya. Seperti SCR, jika sebuah triac telah menjadi aktif, gerbang tidak
dapat mematikan triac. Triac juga dikomutasi dengan menurunkan arus penahan
dibawah nilai minimumnya. Kerugian yang utama pada triac dibanding dengan
SCR adalah kemampuan menghantarkan arus yang kecil. Kebanyakan triac hanya
dapat mengalirkan arus maksimum kurang dari 40A dan tegangan maksimum

sebesar 600V.
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Gambar 2-15 Simbol TRIAC

Dalam penggunaannya TRIAC memiliki beberapa keunggulan antara lain

sebagai berikut :

TRIAC lebih sederhana dalam pemakaiannya.

Banyak ragam terapannya, termasuk pengemudian daya AC

Triac memungkinkan pengemudian arus yang relatif besar, dari sumber
berdaya kecil.

Tidak terjadi bentuk kontak

Daerah langsung antara MT1 dan MT2 berupa jajaran sekelar p-n-p-n
dan n-p-n-p.

Lambang terdiri dari lambang SCR yang dikombinasi dengan lambang
SCR komplementer.

Triac tidak kenal istilah “anoda” dan “katoda” melainkan dengan angka-

angka: MT2 dan MT1 (MT= Main terminal)

2.7 Relay

Relay merupakan sebuah alat yang berfungsi sebagai saklar yang

dikemudikan oleh koil yang ada didalamnya. Untuk dapat mengaktifkan relay ini,

hanya perlu memberikan tegangan dan arus sebesar tegangan yang diperlukan
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oleh koil. Prinsip kerja dari sebuah relay adalah adanya gaya magnetik pada inti
besi yang dililit oleh koil pada saat diberi tegangan. Dengan adanya gaya
magnetik ini, maka tuas besi besi akan tertarik dan bergerak. Dengan tertariknya
tuas besi ini, tuas kontaktor akan terdorong dan saling menempel. Maka terjadilah
aliran listrik antara kedua kontaktor tersebut. Kontaktor tersebut berfungsi seperti

sebuah switch.

ve o
} Saxclx
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Gambar 2-16 Cara Kerja Relay

Ada beberapa macam relay, antara lain:

. SPST (Single Pin Single Terminal)

oA o

Relay SPST



SPDT (Single Pin Dual Terminal)

A

Relay SPDT

DPST (Dual Pin Single Terminal)

Relay DPST

DPDT (Dual Pin Dual Terminal)

A

Relay DPDT

35
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2.8 Driver Relay

Masalah yang muncul adalah ketika suatu rangkaian yang arus oufput-nya
terlalu kecil sehingga tidak mampu untuk mengemudikan relay. Hal tersebut
memerlukan ditambahnya driver relay. Driver relay ini merupakan penguat arus
dan tegangan, yaitu menguatkan arus dan tegangan yang terlampau kecil menjadi
cukup kuat untuk dapat mengaktifkan koil relay sehingga relay dapat bekerja.

Driver relay yang sering digunakan adalah menggunakan transistor
sebagai penguat. Menggunakan transistor agak rumit digunakan karena harus
memperhitungkan besarnya arus dan rangkaian yang digunakan kurang effisien;
terdapat resistor, transistor dan diperlukan dioda sebagai proteksi transistor

terhadap tegangan kick-back dari beban induktif yaitu koil dari relay.

IN out 1
IN 2 our 2
IN 3 out 3
IN & our %
IN 5 out &
IN 6 11V)
IN 7 ouT 7
GND o Rt tNG occes
$.197721

Gambar 2-17 ULN 2003A
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Fungsi dari transistor sekarang dapat digantikan oleh sebuah IC yang

berisi darlington array. IC ini mampu mengemudikan beban induktif dangan

kapasitas arus dan tegangan yang besar hingga 500 mA, 30V. Tipe dari IC ini

adalah ULN2003AN. Kelebihan yang dimilikinya adalah :

Praktis dalam penggunaannya, dibandingkan dengan menggunakan
transistor.

Arus beban outputnya masing-masing mampu hingga 500 mA.

Tegangan outputnya dapat mencapai 30 volt.

Outputnya telah dilengkapi oleh clamp dioda sebagai proteksi terhadap
tegangan kick-back dari beban induktif.

Kemampuan menge-drive relay dan motor.

Inputnya mampu menerima semua jenis logic dengan arus yang kecil.
Dalam satu IC ULN2003AN, terdapat 7 buah rangkaian darlington array

yang dapat digunakan secara bersamaan,.



BAB 11

PERANCANGAN DAN PEMBUATAN ALAT

Dalam bab ini akan dibahas perancangan dan pembuatan alat. Pembahasan
akan dilakukan pada setiap blok rangkaian, cara kerja masing-masing blok
rangkaian dan fungsi masing-masing blok rangkaian tersebut. Secara garis besar
terdapat dua bagian perangkat yang ada yaitu :

1. Perancangan perangkat keras (Hardware).
2. Perancangan perangkat lunak (Software).

Pada perancangan perangkat keras akan meliputi seluruh peripheral yang
digunakan pada sistem ini. Pada perancangan perangkat lunak akan meliputi
diagram alir dan software secara umum. Akan tetapi kedua perangkat ini dalam
kerjanya akan saling menunjang satu sama lain.

Perancangan dan pembuatan sistem kontrol traffic light jarak jauh dengan
memanfaatkan radio HT (Handy Talky), ini meliputi beberapa tahapan
perencanaan yang nantinya. diharapkan akan terwujud sesuai dengan hasil yang
dikehendaki dengan menitikberatkan segi daya guna, estetika dan kemungkinan
pengembangan.

Dalam bab ini, akan membahas perencanaan perangkat keras yang
digunakan sebagai penunjang sistem kontrol traffic light dengan menggunakan
media radio HT (Handy Talky) dan pembahasan mengenai perangkat lunak yang

berperan sebagai pengatur kerja sistem secara keseluruhan.

38
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Konsep pengaturan yang ditetapkan pada sistem kontrol traffic light jarak
Jjauh dengan menggunakan radio HT (Handy Talky) adalah sebagai berikut;
Direncanakan terdapat 1 (satu) perempatan, dengan terdapat 2 (dua) jalur
berlawanan pada tiap sisi jalan dan sistem yang dikendalikan adalah sistem traffic
light standalone. Sistem kontrol terlebih dahulu akan masuk ke dalam sistem
keamanan (security), kemudian masuk ke dalam sistem akses kondisi lampu
traffic light. Pada sistem keamanannya, digunakan 4 (empat) kombinasi angka.

Kombinasi angka yang dimasukkan ke dalam sistem kontrol traffic light
jarak jauh ini adalah 4 (empat) angka, sebagai pasword, 1 (satu) karakter sebagai
akses masuk (enter) dan 1 (satu) angka sebagai pilihan dari akses kondisi lampu

traffic light.

5 8 5 9 B 5

|__, AKSES MODE 5

»  ENTER

_,  PASWORD
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Tugas untuk sistem yang direncanakan adalah ;
1. Pada kondisi awal, sistem traffic light bekerja pada kondisi normal.
2. Sistem menunggu perintah (lewat radio HT), dimana perintah ini berupa
nada tone DTMF, yang dipakai untuk mengendalikan sistem traffic light

pada keadaan atau kondisi tertentu.

3.1 Diagram Blok Perangkat Keras

J N

HT HT
Transmitter Receiver

E DOT MATRIK !
: DISPLAY (LCD) 5
E MK. Renesas R8C(Tiny MK. AT89S51 DECODER E
E R5F21134 DTMF(MT8870) | !
5 i
E v E
g DRIVER R SISTEM !
: LAMPU TRAFFIC LIGHT :

Gambar 3-1 Diagram Blok Keseluruhan Sistem
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‘Fungsi dari tiap-tiap blok diagram dijelaskan sebagai berikut :

HT (Handy Talky)

Berfungsi sebagai media penghubung antara sistem kontrol dengan sistem
ketja traffic light. Terdapat 2 (dua) HT ( Handy Talky) yang digunakan,
yaitu HT Alinco DJ-180 sebagai HT Transmiiter (pengirim sinyal fone
DTMF) dan HT ICOM IC-2N sebagai HT Receiver (penerima sinyal
DTMF).

Decoder DTMF

Berfungsi untuk mengubah data fone DTMF yang diterima oleh HT
received, menjadi kode biner 4 bit yang kemudian data biner tersebut akan
dieksekusi oleh mikrokontroler. Decoder DTMF yang digunakan adalah
Decoder DTMF MT 8870.

Mikrokontroler Renesas R8C/Tiny

Berfungsi sebagai pengatur dari sistem kerja kondisi lampu traffic light.
Mikrokontroler AT89S51

Berfungsi sebagai pengendali utama dan proses pengiriman data berupa
pesan ke dalam bentuk display LCD dot matrik.

LCD Dot matrik display

Berfungsi menampilkan sistem keamanan (pasword), petunjuk arah dan
pesan pada kondisi traffic light tertentu.

Driver Lampu

Berfungsi sebagai driver untuk mengatur sistem traffic light.
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3.2 Perencanaan Perangkat Keras (Hardware)
Bagian ini, menguraikan perancanaan perangkat keras yang meliputi ;
a. Sistem Decoder DTMF.
b. Mikrokontroler Renesas R8C/Tiny.
¢. Mikrokontroler AT89S51.
d. Triac (Sistem saklar /driver lampu).
e. LCD (Liquid Crystal Display)

f. Relay dan Drive Relay.

3.2.1 Rangkaian Decoder DTMF

Rangkaian decoder DTMF ini berfugsi untuk merubah sinyal nada fone
yang dikirimkan menjadi bilangan biner 4 bit agar dapat diproses oleh
mikrokontroler. Dalam perancangan ini dipilih rangkaian decoder, dengan
menggunakan IC MT 8870 karena hanya memerlukan rangkaian eksternal yang

sedikit.

vee (or)
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= | -
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100K 4 {Vref Std|—2 1067 [ Podid
S 4 =
INH Q4 = Port 1.3
$ lrwoN @ : Por12 S
in 3 0sCl Q2 - Port 11 S
¥1 51952 QA 55 [Pot10S
3.579SMHZ Vss TOE |—————
1 ODE

Gambar 3-2 Rangkaian Decoder DTMF MT 8870
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Kapasitor pada masukan IC berfungsi sebagai kopling dan penahan sinyal
DC agar tidak masuk ke dalam rangkaian, R, merupakan resistor umpan balik
akan menentukan penguatan dari rangkaian penerima DTMF sama dengan 1.
Besar nilai R; sama dengan nilai R; untuk menghasilkan penguatan tegangan 1

Besarnya nilai R, = R, sesuai dengan karakteristik IC MT 8870 adalah 100
KQ. Penguatan tegangan IC MT 8870 adalah :

AV=R2/R|

100 KQ / 100KQ
= 1 kali

Jadi penguatan yang digunakan adalah sebesar 1 kali



Tabel 3-1. Tabel Kombinasi Decoder DTMF MT 8870

DIGIT TOE INH Est Q4 Q3 Q2 Q1
ANY L X H z z 4 z
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
* H X H 1 0 1 1
# H X H 1 1 0 0
A H L H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H L H 0 0 0 0

L =LOGIC LOW, H = LOGIC HIGH, Z = HIGH IMPEDANCE, X = DON’T CARE
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3.2.2 Rangkaian Minimum Sistem Mikrokontroler Renesas R8C/Tiny

Gambar 3-3 Rangkaian Minimum Sistem Renesas R8C/Tiny

Mikrokontroler Renesas R8C/Tiny merupakan mikrokontroler yang
berfungsi sebagai pengendali sistem lampu (kondisi lampu) traffic light.
Mikrokontroler ini mempunyai I/O Port yaitu P0.0 — P0.7, P1.0 - P1.7, P3.0 -
P3.3, P3.7 dan P4.5 sedangkan P4.6, P4.7 hanya bisa digunakan sebagai input
saja, bila konfigurasi kristal memakai kristal internal. Dalam hal ini yang
digunakan .Port I/O saja. Berikut adalah konfigurasi pin-pin mikrokontroler
R8C/Tiny:

= Port 0.0 — port 0.4 digunakan sebagai masukan data 4 bit dari

mikrokontroler pengendali AT89S51 (port 3.0 — port 3.3).
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= Port 1.0 — port 1.7 dan port 3.0 - port 3.3 digunakan sebagai

masukan untuk mengaktifkan kerja sistem lampu traffic light.

3.23 Rangkaian Minimum Sistem Mikrokontroler AT89S51

Pada sistem kontrol ini digunakan mikrokontroler (AT89S51) sebagai
pusat dari pengolah data dan pengendali seluruh kerja rangkaian. Sebagai otak
dari pengolah data dan pengkontrol alat, pin-pin AT89S51 dihubungkan pada

rangkaian pendukung membentuk suatu minimum sistem seperti dalam Gambar

u2 VeC (+5V)
e T — 1 40 Data LCD
DTMF DI +— P10 vee —i4
DTMF D2> PLI P00
DTMF D3> 3_{p2 POl —2
DTMF D3/ 4 : ' 37
DTMF D4 i m3 P02 —3
R DIMF INTRPT >3 P14 P03 3l
W e o PLS PO4 [—2>
=— PL pos —2
s— P17 P0G —>
0| & -
Rl TO RENESAS P 0.0_} 11— PR EAWVE 3
10K TO RENESAS P 0.1 2] P3UTXD  ALEF [—o
TORENESAS P02 |—————/—Q] PI2INTO  PSEN p—2—
TO RENESAS P03 |———3—f PLYINTI P27 (B
15 7 P3.4/T0 P2.6 %
PIT =— P35I P25 (2
— "Audio 22— P36WR P24 —22
- 5] P37RD P23 3o
15— XTALI P22 —22
XTAL2 P21
¥l 2| oNp p2o [—2
CZ_} [DI | C3 ATE9551
. 12.000MEZ——
g | S

Gambar 3-4 Rangkaian Minimum Sistem AT89S51

Pin - pin pada keping mikrokontroler AT89S51 pada perancangan alat ini
dialokasikan penggunaannya sebagai berikut:

a. Port I/O mikrokontroler AT89S51
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e Port0
o Port 0.3 - Port 0.7 digunakan sebagai data LCD.
e Portl

o Port 1.0-Port 1.3 digunakan sebagai data input 4 bit dari decoder
DTMF

o Port 1.4 digunakan sebagai data interupt dari decoder DTMF.

e Port2

o Port 2.0 digunakan sebagai data input ke RS LCD 1.

o Port 2.1 digunakan sebagai data input ke E LCD 1.

o Port 2.2 digunakan sebagai data input ke RS LCD 4.

o Port 2.3 digunakan sebagai data input ke E LCD 4.

o Port 2.4 digunakan sebagai data input ke RS LCD 2.

o Port 2.5 digunakan sebagai data input ke E LCD 2.

o Port 2.6 digunakan sebagai data input ke RS LCD 3.

o Port 2.7 digunakan sebagai data input ke E LCD 3.

e Port3

o Port 3.0 — Port 3.3 digunakan sebagai jalur input ke mikrokontroler
Renesas.

o Port 3.5 digunakan sebagai jalur untuk mengaktifkan siétem umpan
balik, berupa tone suara (PTT).

o Port 3.6 digunakan sebagai bit sinyal audio jika pasword sistem

salah dimasukkan.
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o Port 3.7 digunakan sebagai jalur untuk mengaktifkan reset
mikrokontroler Renesas.
b. Pin RST (Reset, Pin 9) dihubungkan dengan keluaran rangkaian reset.
c. Pin XTAL1 dan XTAL2 (Pin 19 dan 18) dihubungkan dengan sebuah

rangkaian penggerak osilator internal yang dimiliki AT89S51.

d. Pin EA (Pin 31) dihubungkan ke Vcc agar mikrokontroler mengakses
program dari EPROM internal.
e. Pin Vce (Pin 40) dihubungkan dengan rangkaian catu daya +5V.

f. Pin GND (Pin 20) dihubungkan dengan Ground rangkaian catu daya.

3.2.3.1 Rangkaian Osilator

Mikrokontroler AT89S51 ini memiliki internal clock generator yang
berfungsi sebagai sumber clock, tetapi masih diperlukan rangkaian tambahan
untuk membangkitkan clock tersebut. Rangkaian ini terdiri dari 2 buah kapasitor
dan sebuah kristal dengan ketentuan:

C1 dan C2 =20 pF — 40 pF untuk kristal

= 30 pF — 50 pF untuk keramik resonator
Dalam perencanaan rangkaian mikrokontroler ini digunakan kapasitor

sebesar 30 pF.
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Gambar 3-5 Rangkaian Clock

3.2.3.2 Rangkaian Reset
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Mikrokontroler AT89S51 dapat bekerja jika ada rangkaian resetnya.

AT89S51 memakai reset aktif high sehingga input reset harus tinggi minimal

selama 2 siklus mesin (24 periode osilator) saat pertama kali mikrokontroler

AT89S51 dijalankan. Rangkaian reset terdiri atas resistor dan kapasitor yang

dihubungkan ke kaki 9 pada mikrokontroler AT89S51.

By
vee —3—d NI
‘
15
T
4| 1
31
s1 o c1 o FA/VP
RESET =52 19 X1
fo) —_1 % 18
E] X2
> 9
RESET
17
R1 é 16 %—%
10K =

Gambar 3-6 Rangkaian Reset
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Karena kristal yang digunakan mempunyai frekuensi sebesar 12 MHz
maka satu periode membutuhkan waktu sebesar :

1 1

=f =12MH 5s=8.333-107%s
XTALL z

T

Sehingga waktu minimal logika tinggi yang dibutuhkan untuk mereset
mikrokontroler adalah :

t =T x periode yang dibutuhkan

=8,333-10% x24
=2 uS

Jadi mikrokontroler membutuhkan waktu minimal 2 ps untuk mereset.

reset(min)

Waktu minimal inilah yang dijadikan pedoman untuk menentukan nilai R dan C.
Dengan menentukan nilai R = 10 KQ dan ¢ sebesar 0,035detik. Nilai # lebih besar
daripada 2 x 10 detik sehingga rangkaian tersebut dapat digunakan untuk me-
reset mikrokontroler. Tombol tekan push-button digunakan untuk me-reset
mikrokontroler tanpa perlu melepaskan catu daya.

t=0357-R-C
35-107 =0,357-10-10°C
C=98-10"°F

Jadi dengan nilai komponen R = 10 KQ nilai kapasitor yang dapat
memenuhi syarat untuk mereser mikrokontroler harus diatas 9,8 pF. Untuk

kemudahan perancangan dipilih C = 10 pF.
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3.2.4 Driver Lampu

Driver lampu pada rancangan ini, difungsikan sebagai penyambung antara
mikrokontroler dengan peralatan luar. Secara langsung mikrokonroler sebagai
rangkaian digital dengan tegangan DC maksimal sebesar + 5 volt, tidak mampu
mengendalikan output beban besar dengan tegangan sumber AC 220 volt.
Penggunaan driver ini membantu mikrokontroler dalam mengendalikan beban
dengan sumber tegangan AC dengan tepat. Rangkaian driver ini disusun dari
sebuah komponen optotriac dengan tipe MOC 3021 sebagai isolator antara
tegangan tinggi 220 volt AC dengan tegangan DC 5 volt dari mikrokontroler dan
triac tipe BT 136 sebagai saklar yang menghubungkan beban dengan tegangan
220 volt. MOC 3021 dipicu oleh output dari mikrokontroler +5 volt sehingga

mampu mengaktifkan triac BT 136 sebagai saklar pada tegangan 220 volt.

w
g
"
N
<>

1%

~ ¥,$ B o ¢

Gambar 3-7 Rangkaian Driver Lampu
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Tegangan output maksimal dari mikrokontroler adalah 5 Volt sedangkan
untuk lampu traffic light digunakan supply 220V ac, maka diperlukan rangkaian
driver untuk mengendalikannya. Rangkaian driver yang dipakai berupa optotriac
MOC 3021 dan Triac BT 136, untuk analisa data yang digunakan:

Vin=35 Volt
Untuk mengaktifkan MOC 3021:

Ve (tegangan forward dioda) =1,5 Volt

Irr (arus forward Trigger) =15mA
Maka untuk mengaktifkan optotriac, resistor yang dipasang:

_ Vin _VF
Iy

R
5V -15¥
15mA

R= 3,5V
15mA

R=233Q
Karena nilai resistor 233 Q tidak ada dipasaran, maka digunakan resistor yang
mendekati yaitu 220 Q.

Karena tegangan jaringan yang digunakan adalah 220V dan arus gate

maksimum (Igmm) adalah 35 mA, maka total nilai R adalah :

Vo
R=ltemem 220 _o3x0
Ion, 3510

Karena nilai resistor 6,3 KQ tidak ada dipasaran, maka digunakan resistor yang

mendekati yaitu 5,6 KQ.
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3.2.5 Rangkaian LCD (Liquid Crystal Display)
LCD dalam perencanaan sistem kontrol ini digunakan sebagai penampil
sistem keamanan (password), penunjuk arah dan penampil pesan pada kondisi

traffic light tertentu. Gambar rangkaian LCD ditunjukkan pada gambar berikut :

LCD M1632 (1)

L.CD M1632

VCC

wnQ
[8)
I PR TY T I
lK N[en < .‘C‘“‘"—‘"_‘NV‘O‘O v_?_c
o = — mﬂ?l
NN o

( Port2.1 |
{ Port2.0 |

Gambar 3-8 Rangkaian LCD (Liquid Crystal Display)

Untuk tampilan dipergunakan LCD Dot Matrik 2 x 16 karakter. Sinyal-
sinyal yang diperlukan oleh LCD adalah RS dan Enable, sinyal RS dan Enable
dipergunakan sebagai input yang outputnya dipakai untuk mengaktifkan LCD.
LCD akan aktif apabila mikrokontroler memberikan instruksi tulis pada LCD.
Saat kondisi RS don’t care dan Enable 0 maka LCD tetap pada kondisi semula,
pengiriman data ke LCD dilakukan saat RS berlogika 0 dan enable berlogika 1.
Instruksi dikirim pada LCD bila keadaan RS 1 dan Enable 1. Pin LCD ini untuk
data terkoneksi pada Port 0 mikrokontoler AT89S51. Kemudian untuk RS

dihubungkan pada Port 2.0, tulis/baca (Read/Write) diberikan logika low karena
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disini LCD bersifat menulis data, dan yang terakhir Enable (E) dikendalikan

dengan Port 1.1. Gambar rangkaian LCD ditunjukkan pada gambar 3-8.

3.2.6 Relay dan Driver Relay

Untuk rangk.aian driver relay digunakan IC ULN 2003A sebagai
pengendali relay pada sistem reset dan PTT. Pada IC ULN 2003A dapat dipicu
dengan tegangan 5 Volt dan arus maksimum sebesar S00mA dengan suhu kerja
dari -20°C sampai 80°C. IC ULN2003A mampu menghidupkan dan mematikan
relay yang hanya memiliki tegangan maksimal sebesar 12 Volt dengan resistansi
kumparan sebesar 400 Q jadi dapat diketahui arus relay sebesar :

VCC
Rrelay

Dimana: [, =

relay —

400

Dengan adanya arus relay sebesar 30 mA maka IC ULN2003A dapat
menggerakan relay tersebut karena ULN 2003A memiliki arus maksimum sebesar
500 mA sesuai dengan data sheet. Adapun rangkaian driver relay dapat dilihat

pada gambar 3-9.
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VCC (+12
£129

Port 3.7 LED

D?

1
g

i

g3
||F

LED

Gambar 3-9 Rangkaian ULN 2003A sebagai driver relay

Cara kerja dari rangkaian di atas adalah sebagai berikut :
e Pin no 1 mendapat logika high (1), maka output IC ULN pada pin no
16 akan menjadi low (0). Akibatnya relay akan tercatu daya sehingga
relay dalam keadaan ON.
¢ Pin no 1 mendapat logika /ow (0), maka output IC ULN pada pin no 16
akan menjadi high (1). Akibatnya relay tidak tercatu daya sehingga

relay dalam keadaan OFF.




3.3.1 Diagram Alir Keseluruhan Sistem

TRAFFIC LIGHT

ABCD = KUNING

\‘Y

TRAFFIC LIGHT
SEPI

TRAFFIC LIGHT
SEPI

[ TRAFFICUGAT

A =HIJAU

BCD = MERAH

TRAFFICLIGAT
B = HIJAU

ACD = MERAH

[ VRAFFICUGHT ]
C=HUAU

ABD = MERAH

TRAFFICUGRT |
D =HWAU

ABCD = MERAH

Gambar 3-10 Flowchart Sistem Model Sistem Kontrol Traffic Light Sederhana
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3.3.2 Diagram Alir Software Mikrokontroler AT89S51

INISIALISASI PORT
INISIALISASI LCD

l Ambil data, simpan di alamat 34H

|

I Ambil data, simpan di alamat 35H ‘

] Ambil data, simpan di alamat 36H ]
I

»

Y

f Ambil data, simpan di alamat 37H [

»

| Port 1 > 0AH |

l

Bandingkan data keypad
dengan 5859 (PASWORD)

T Data sama

Y

Masukkan Data Pilikan

@._
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— -

/ Menu 1 i TAMPILKAN DI LCD KIRIM DATA 1 (0001)
s PETUNJUK ARAH j KE MK. RENESAS

Moz oY TAMPILKAN DI LCD B KIRIM DATA 2 (0010) N
u 7 PETUNJUK ARAH KE PORT 0 MK. RENESAS

TAMPILKAN DI LCD KIRIM DATA 3 (0011)
PETUNJUK ARAH | KEPORTOMK. RENESAS

TAMPILKAN DI LCD KIRIM DATA 4 (0100) |
PETUNJUK ARAH KE PORT 0 MK. RENESAS

TAMPILKAN DILCD KIRIM DATA 5 (0101)
PESAN KE PORT 0 MK. RENESAS

TAMPILKAN DI LCD l KIRIM DATA 6 (0110)

PESAN KE PORT 0 MK. RENESAS

TAMPILKAN DI LCD : KIRIM DATA 7 (0111)
PESAN KE PORT 0 MK. RENESAS

TAMPILKAN DI LCD ) KIRIM DATA 8 (1000)
PESAN ____KEPORT OMK. RENESAS >

Gambar 3-11 Flowchart Sistem Program Alur Utama MK. AT89S51



3.3.3 Diagram Alir Software Mikrokontroler Renesas R8C/Tiny

START

| INISIALISASI PORT

l

DEFAULT AWAL
MODE 1

»ie
AMBIL DATA DAR! PORT 0 J

TRAFFIC LIGHT
MODE 1

TRAFFIC LIGHT
MODE 2

TRAFFIC LIGHT
MODE 3

TRAFFIC LIGHT N
MODE 4

TRAFFIC LIGHT

MODE 5
TRAFFIC LIGHT N
MODE 6
DATA7 TRAFFIC LIGHT
0111) MODE 7
T
DATA 8 TRAFFIC LIGHT N
(1000) MODE 8
T

Gambar 3-12 Flowchart Sistem Program Alur Utama MK. Renesas R8C/Tiny
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PENGUJIAN ALAT

Tujuan dari pengujian ini adalah untuk mengetahui kerja dari sistem
kontrol traffic light jarak jauh sesuai dengan perencanaan dan perancangan.
Pengujian dilakukan melalui beberapa tahapan, yakni pengujian pada setiap blok
serta pengujian pada sistem kontrol secara keseluruhan.

Pada tugas akhir ini pengujian alat dilakukan pada sub sistem meliputi ;

1. Pengujian Sinyal Input Decoder DTMF dan Signal to Noise Ratio (SNR).
2. Pengujian Output Decoder DTMF.

3. Pengujian Keseluruhan Sistem Kontrol.

4.1 Pengujian Sinyal Input Decoder DTMF
Pengujian pada bagian ini bertujuan untuk mengetahui bentuk sinyal dan
error penerimaan sinyal yang masuk ke dalam decoder DTMF MT 8870 serta

nilai dari Signal to Noise Ratio (SNR).

—_—
T T N OSCILOSCOPE
HT HT
(Tx) (Tx) S DECODER DTMF
MT8870)

Gambar 4-1 Blok Diagram Pengujian Sinyal Input Decoder DTMF
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Pengujian yang dilakukan adalah seperti gambar 4-1, dimana informasi
yang dikirim (tone DTMF) dari HT Transmitter (HT Alinco DJ-180) yang
didalamnya terdapat proses enkoder dari keypad HT (Touch Tone Signaling) ke
dalam sistem HT Received (HT ICOM IC-2N), kemudian masuk ke dalam
rangkaian decoder DTMF MT 8870. Untuk mengamati sinyal dan error frekuensi
yang masuk ke dalam decoder DTMF, maka digunakan osciloscope, sehingga
dapat diperoleh bentuk sinyal input decoder DTMF dan frekuensi DTMF yang

dikirimkan.

B S st R s

Gambar 4-2 Pengujian Sinyal Input Decoder DTMF



Tabel 4-1 Hasil Pengujian Sinyal Input Decoder DTMF

63

NPT FREKUENS! KELUARAN ERROR
ENCODER | STANDART DTMF |  PENGUKURAN OUTPUT DECODER )
(Hz) (Hz)

FHigh | Flow | FHigh | Flow | D4 | D3 | D2 | D1 | FHigh | F-low
1 1209 697 1205 | 6993 [ 0 0 0 1 [ 033 | 033
2 1336 697 1333 | 63 | 0 0 1 0o | 023 | 039
3 1477 697 1471 | 6993 [ 0 0 1 1 | o041 | 033
4 1209 770 1206 | 7692 | © 1 0 0o [ 03 | 010
5 1336 770 1333 | 7692 | © 1 0 1 [ 023 | 010
6 1477 770 un | 7892 | 0 1 1 0 [ os | o0
7 1209 852 1205 | 847 | 0 1 1 1 [ 033 [ o032
8 1336 852 1333 | 8547 | 1 0 0 0o [ o023 | 03
9 1477 852 4 | 847 | 1 0 0 1 [ o4 | 032
0 1336 941 1333 | 9433 | 1 0 1 0o [ 02 | ox
* 1209 941 1205 | 9433 | 1 0 1 1 ] 033 [ o
# 1477 941 4 | 433 | 1 1 0 o [ o [ o2
A 1633 697 1639 | 64 | 1 1 0 1 [ 038 [ 039
B 1633 770 1639 | 7692 | 1 1 1 o [ o3 | 010
c 1633 852 1639 | 9433 | 1 1 1 1 | 038 [ 032
D 1633 941 1639 | 9433 | 0 0 0 o | o038 | 02
V/div = 500 mV
T/div = 500 pv
Volume HT (ICOM IC-2N) * 60 %
% Error = |f.standart - f.pengukuran| « 100%

f.standart |
% Errory, = M‘ x 100% = 0,33%
1209
697 — 699.3

% Error, =

x 100% = 0,33%
697




Signal to Noise Ratio (SNR) adalah perbandingan sinyal data yang

ditransmisikan terhadap sinyal noise yang terjadi pada radio penerima (receiver).

Tabel 4-2 Hasil Pengujian Signal to Noise Ratio (SNR)

DIGHT INPUT PENGUKURAN PERHITUNGAN
D4 D3 D2 D1 Ve.p (volt) SNR (dB)
1 0 0 0 1 2,375 43,00
2 0 0 1 0 2,547 43,61
3 0 0 1 1 2,156 42,17
4 0 1 0 0 2,266 42,60
5 0 1 0 1 2,188 42,30
6 0 1 1 0 2,078 41,85
7 0 1 1 1 2,156 4217
8 1 0 0 0 2,063 41,80
9 1 0 0 1 1,984 41,44
0 1 0 1 0 1,969 41,38
* 1 0 1 1 2,063 41,80
# 1 1 0 0 1,953 41,31
A 1 1 0 1 2,078 41,85
B 1 1 1 0 2,047 4.1
c 1 1 1 1 1,875 40,95
D 0 0 0 0 1,828 40,73
z 670,67

Vrums (Vnoise) = 5940 mV (pengukuran saat sinyal OFF)

V/div = 500 mV

T/div = 1 mS

Volume HT (ICOMIC-2N) = + 60 %

%)
SNR=20log| — | dB
VN
SNR=[M) dB Vp= Vor
Vy 2
vy Ver 2375 _ 118757

m= 2 2
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Ry [ ST I8S) 1 5
SNR= > SNR
- Z percobaan
670.67

SNR i ==~ =41.92dB

4.2 Pengujian Output Decoder DTMF.

Pengujian pada bagian ini untuk mengetahui kerja rangkaian decoder
DTMF MT 8870, schingga dapat menerima fone dari HT (Handy Talky) pengirim
informasi (berupa tone DTMF) dan menterjemahkan dalam bentuk data biner 4 bit

(ditampilkan oleh indicator LED)

! !

HT HT »| RANGKAIAN DECODER > 4-LED
(™) (Tx) DTMF (MT 8870) INDICATOR

A

Gambar 4-3 Blok Diagram Pengujian Qutput Decoder DTMF

cl

1
00X
<
vee aQ
y I
)]
[___ IN+ mp—};J ‘__L
e R
by L4 dowr sa 12 rh A/
o Qs (12 N
@ 12 NA/
\\/
m

08C1 [
e I
35795MHZ Vo TOR f—dd ]
MTEFRDE & o
= QT A A Y Y

Gambar 4-4 Rangkaian Pengujian Output Decoder DTMF



Gambar 4-5 Pengujian Output Decoder DTMF

Tabel 4-3 Hasil Pengujian Rangkaian Output Decoder DTMF

DATA INPUT DATA OUTPUT

KEY Fhich Frow D4 D3 D2 D1 D4 D3 D2 D1
1 1209 697 0 0 0 1 0 0 0 1
2 1336 697 0 0 1 0 0 0 1 0
3 1477 697 0 0 1 1 0 0 1 1
4 1209 770 0 1 0 0 0 1 0 0
5 1336 770 0 1 0 1 0 1 0 1
6 1477 770 0 1 1 0 0 1 1 0
7 1209 852 0 1 1 1 0 1 1 1
8 1336 852 1 0 0 0 1 0 0 0
9 1477 852 1 0 0 1 1 0 0 1
0 1336 941 1 0 1 0 1 0 1 0
* 1209 941 1 0 1 1 1 0 1 1
# 1477 941 1 1 0 0 1 1 0 0
A 1633 697 1 1 0 1 1 1 0 1
B 1633 770 1 1 1 0 1 1 1 0
c 1633 852 1 1 1 1 1 1 1 1
D 1633 941 0 0 0 0 0 0 0 0

Keterangan ;
LED menyala =1 ; LED mati =0
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4.3 Pengujian Keseluruhan Sistem Kontrol
Setelah blok-blok sistem diuji dan menunjukkan unjuk kerja sesuai dengan
data perintah yang dikirim dan berfungsi dengan baik, maka akan diuji kan
keseluruhan dari sistem kontrol traffic light jarak jauh dengan menggunakan
media HT (Handy Talky), baik secara hardware serta software-nya, meliputi;
1. Pengujian untuk sistem pengamanan (security).
2. Pengujian fungsi dari pengendalian (sistem kontrol).

3. Pengujian jarak kontrol sistem.

Alat harus dapat mengeksekusi perintah dari HT Transmitter (HT Alinco
DJ-180) dan diterima oleh HT Receiver (HT ICOM IC-2N), yang kemudian
dieksekusi dalam bentuk perubahan pada kondisi lampu traffic light.

Sistem kerja dari sistem kontrol traffic light ini adalah ;

a. HT Alinco DJ 180 digunakan sebagai input utama (perintah) dari sistem
pengontrolan, dengan mengunakan sistem pengiriman tone DTMF.

b. HT ICOM IC-2N digunakan sebegai media penerima dari input (perintah),
yang akan menghubungkan dengan rangkaian sebagai hasilnya
ditunjukkan oleh perubahan kondisi sistem traffic light.

c. Data yang diterima akan di-cek kesesuaiannya dengan pasword yang telah
ditentukan (sebagai sistem kendali keamanan) untuk masuk dalam sistem
kontrol traffic light tersebut ; jika benar maka sistem akan bekerja dan
masuk ke dalam sistem kode akses traffic light yang akan diinginkan, dan

jika pasword yang dimasukkan salah maka sistem akan memberikan
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umpan balik berupa fone suara sebagai tanda bahwa sistem menolak untuk
mengeksekusi perintah serta sistem akan bekerja pada kondisi sebelum
pasword dimasukan.

d. Jalur frekuensi yang digunakan pada kontrol sistem traffic light jarak jauh

dengan menggunakan radio HT (Handy Talky) ini adalah 143,40 MHz

Tabel 4-4 Hasil Pengujian Sistem Kontrol Pengamanan Traffic Light

No. KODE YANG DIKIRIM RESPON

1. Kondisi awal Default pada mode 1
Jalur A- B - C - D = nyala kuning

2. 5859 B § Sistem telah terbuka, sistem dapat dikontrol
sesuai dengan MODE 5

3. 5858 A Sistem tetap tertutup, sistem tidak dapat
mengeksekusi perintah yang dikirim.

4, 2228 C Sistem tetap tertutup, sistem tidak dapat
mengeksekusi perintah yang dikirim.

Tabel 4-5 Hasil Pengujian Sistem Kontrol Traffic Light

No. KODE YANG DIKIRIM RESPON

1 1 Sistem mengeksekusi MODE 1
2 2 Sistem mengeksekusi MODE 2
3 3 Sistem mengeksekusi MODE 3
4 4 Sistem mengeksekusi MODE 4
5 5 Sistem mengeksekusi MODE §
6 6 Sistem mengeksekusi MODE 6
7 7 Sistem mengeksekusi MODE 7
8 8 Sistem mengeksekusi MODE 8




Tabel 4-6 Hasil Pengujian Waktu Sistem Kontrol Traffic Light

No. PERCOBAAN WAKTU (s) KETERANGAN
1. Password — benar 09.424

Password - benar + kode akses 13.730 Sistem masuk
2. Password - benar 08 .575

Password - benar + kode akses 12.710 Sistem masuk

dengan menggunakan media HT (Handy Talky), disimpulkan bahwa sistem

Tabel 4-7. Hasil Pengujian Jarak Sistem Kontrol Traffic Light

NO.|  JARAK (m)
T £ 5
2| + 10
3. + 50
4. | + 400
5. | =+ 1000

POWERHT (HIL) | KETERANGAN
L Kirim  :5kali
Terima :5 kali

L Kirim  :5kali
Terima :5kali

L Kirim  :5kali
Terima :5kali

L Kirim  :5kali
Terima : 5 kali

HIL Kirm :5kali
Terima : 3 kali

Dari hasil pengujian keseluruhan sistem kontrol traffic light jarak jauh

kontrol ;

1.

Waktu yang diperlukan untuk dapat mengendalikan sistem traffic light

adalah + 13 detik, sehingga sistem dapat bekerja sesuai dengan kondisi

traffic light yang sedang terjadi.
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2. Jarak yang dapat dicapai untuk dapat mengkontrol sistem fraffic light

adalah + 1000 m (dengan keadaan power HT adalah low).
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PENUTUP

5.1 Kesimpulan

Penyusunan tugas akhir ini telah melalui tahapan perencanaan, pembuatan
dan pengujian terhadap kerja dari kontrol sistem traffic light. Dalam pengujian
tersebut disusun metode-metode pengujian yang terencana dan sistematis,
sehingga didapatkan hasil pengujian yang dapat memberikan gambaran mengenai
unjuk kerja sistem kontrol traffic light sesungguhnya.
Setelah melalui tahapan pengujian didapatkan kesimpulan ;

1. Pengujian SNR (Signal to Noise Ratio), didapat hasil pengukuran pada
digit 1 yaitu tegangan output dengan sinyal Vpp sebesar 2,375 V,
sedangkan tegangan output tanpa sinyal sebesar 5,940 mV, sehingga nilai
SNR pada digit 1 adalah sebesar 43 dB. SNR rata-rata dari keseluruhan
pengujian adalah 41,92 dB.

2. Prosentase error dari sinyal input yang masuk ke dalam rangkaian decoder
DTMF paling besar adalah 0,41%

3. Waktu yang diperlukan untuk dapat mengendalikan sistem traffic light
adalah + 13 detik.

4, Jarak yang dapat dicapai untuk dapat mengkontrol sistem traffic light

adalah + 1000 m (dengan keadaan power HT adalah low).
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52  Saran
Dalam pembuatan skripsi ini masih terdapat beberapa kekurangan,
sehingga untuk mencapai hasil yang lebih baik dan pengembangan lebih lanjut

maka dapat diberikan saran — saran sebagai berikut :

1. Sebaiknya untuk pengembangan lebih lanjut, sistem kontrol traffic
light dapat digunakan untuk lebih dari satu persimpangan jalan.
2. Dapat digunakan sistem networking traffic light, sehingga sistem dapat

dikontrol secara tepusat.
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Perancangan Dan Pembuatan Sistem Kontrol Traffic Light Jarak Jauh
Dengan Menggunakan Radio HT (Handy Talky)

W

Spesifikasi :

1. | HT Transmitter (Tx)

Alinco DJ 180
Range Frequency : 137.00 — 173.99 MHz

2. | HT Received (Rx)

ICOM IC2N
Range Frequency : 140.00 — 149.99 MHz

3. | Sistem Komunikasi HT (x>
HTryx

Sinyal DTMF (Dual Tone Multifrequency)
+ FM (Frequency Modulation)

4. | Jalur frekuensi yang digunakan

143,40 MHz

5. | Komunikasi HTgrx > Sistem
Traffic Light

Sinyal DTMF (Dual Tone Multifrequency)

6. | Decoder Sinyal DTMF

MT 8870 ; sinyal DTMF -> data biner (4
bit)

7. | Kontrol Sistem

MK. AT89S51 ; pusat kontrol
MK. Renesas R8C/tiny ; timer lampu TL

8. | Driver Lampu Traffic Light

Optotriac : MOC 3021
Triac : BT 136

9. | Waktu pengendalian

+ 13 detik

10. | Jarak jangkauan kendali

+ 1000 m (pada kondisi power HT
Transmitter adalah low level)
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Gambar Foto Pengujian Tone 8 Sinyal Input Decoder DTMF

Data yang dikirim

V/div

T/div

Volume HT (ICOM IC-2N)

Data yang dikirim

V/div

T/div

Volume HT (ICOM IC-2N)

Il

Il

I

Il

Il

digit 8

500 mV
500 pS
+ 60 %

digit 8

500 mV
1 mS

+ 60 %
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Sistem Kontrol Traffic Light Jarak Jauh
Dengan Menggunakan Radio HT (Handy Talky)




main
Tk h bRl RN TR ERETRERRER Gkt hhhidhdhhhhddhhhhhhhhhdsrs

FILE : ardhie

r**************************************************************/

fedefedfhekkhfekhhkddhhhhhhhkhhhhkhhdhihhdhdhhhhhhhhhehhdhtiriidi®

Tempat deklarasi include
:**********************************************************/

tHinclude <stdio.h>
finc1ude "sfr_r813.h" /* pDefinition of the R8C/13 SFR

#include "TombolLED.h"

unsigned char waktu;
unsigned char a, b ,c, d;
/**************************************************************************

* Function : main(Q)
* program section
Fhhhhuubadd **************#*********************#****#*********#******#***/

void delay(long tunggu)
while(tunggu--);

void inittimer()

txmr= 0x00;
tcss= 0x02;
prex= 249;
tx = 1;

roid delay_ldetik()

waktu = 0;
while (waktu < 10)

}f(prex==0 &8 tx==0)

waktu++;

}

void model(void)
LEDML = O;
LEDK1
LEDH1

LEDM2
LEDK2
LEDH2

nnu
Py N

OO OO OO OF

LEDM3
LEDK3
LEDH3

s weme

LEDM4 =
LEDK4 =
LEDH4 =

delay_ldetik (O;

e woae



main
LEDH1

LEDM2
LEDK2
LEDH2

“-swe ws

LEDM3
LEDK3
LEDH3

nunu

“ws weas

LEDM4
LEDK4
LEDH4

delay_1ldetik Q;

o000 OO0 OO O

mode2 (void)
LEDM1 = O;

LEDK1

LEDH1

LEDM2
LEDK2
LEDH2

-ewewe

LEDM3
LEDK3
LEDH3

LEDM4

LEDK4

LEDH4

a=0;

while (a < 20)
delay_ldetik(Q);

0
1
1;
0;
0;
1;
0;
0;
1;
0;
0;

) a++;
LEDKl = 1;
LEDH1
de1a{(50800),
He 18y (50000) ;
LEDK1 = 1;
de1a{(50800),
de]ay(§0g00),
de1ay(50000),
LEDM1 = 1;
LEDK1 = O;
LEDH1 = O;
LEDM2 = O;
LEDK2 = 0;
LEDH2 = 1;
LEDM3 = 1;
LEDK3 = 0;
LEDH3 = 0;
LEDM4 = 1;
LEDK4 = O;
LEDH4 = O;
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main
b =0;
?h11e (b < 20)

delay_ldetik();

b++;
}
LEDK2 = 1;
LEDH2 = 0;
delay(50000);
LEDK2 = O;
delay(50000);
LEDKZ = 1;
delay(50000);
LEDK2 = O;
de]ay(SOOOO),
LEDK2 = 1;
de1ay(50000),
LEDM1 = 1;
LEDK1 = O;
LEDH1 = O;
LEDM2 = 1;
LEDK2 = 0;
LEDH2 = O;
LEDM3 = 0;
LEDK3 = 0;
LEDH3 = 1;
LEDM4 = 1;
LEDK4 = O;
LEDH4 = O;
c = 0;

while (c < 20)
delay_ldetik();

} C++;
LEDK3 = 1;
LEDH3 = O;
de1ay(50000),
LEDK3 = O;
de1ay(50000),
LEDK3 = 1;
de1ay(50000),
§E?K3(50800)
elay ;
LEDK3 = 1;
de1ay(50000),
LEDM1 = 1;
LEDK1 = O;
LEDH1 = O;
LEDM2 = 1;
LEDK2 = Q;
LEDH2 = O;
LEDM3 = 1;
LEDK3 = O;
LEDH3 = O;
LEDM4 = O;
LEDK4 = 0;
LEDH4 = 1;

d =0;
¥hi1e (d<20)
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main
delay_1detik(Q);

d++;
}
LEDK4 = 1;
LEDH4 = O;

de]ay(SOOOO);

EDK4 = O;
de1ay(50000),

EDK4 =
de]ay(SOOOO),

LEDK4 = 0;
de]ay(SOOOO),
LEDK4 = 1;
de]ay(SOOOO);

mode3 (void)
LEDM1 = O;

LEDK1 = O;
LEDHL = 1;
LEDM2 = 1;
LEDK2 = O;
LEDH2 = 0;
LEDM3 = 1;
LEDK3 = O;
LEDH3 = O;
LEDM4 = 1,
LEDK4 = O;
LEDH4 = O;
a=0;

while (a<15)
delay_1ldetik();

) a++;
LEDK1 = 1;
LEDH1 = 0;
de1 a){(SogOO) ;
de1ay(§0000),
LEDK1 = 1;
de1a{(50800),
delay(50000);
LEDK1 = 1;
de1ay(50000),
LEDM1 = 1;
LEDK1 = O;
LEDH1 = O;
LEDM2 = 0;
LEDK2 = 0;
LEDH2 = 1;
LEDM3 = 1;
LEDK3 = O;
LEDH3 = 0;
LEDM4 = 1;
LEDK4 = O;
LEDH4 = O;

b = 0;
while (b<15)

delay_ldetikQ);
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main

b++;
1
LEDK2 = 1;
LEDH2 = 0;
delay(50000);
LEDK2 = O;
delay(50000);
LEDK2 = 1;
delay(50000);
LEDK2 = O;
delay(50000) ;
LEDKZ2 = 1;
de1ay(50000),
LEDM1 = 1;
LEDK1 = 0;
LEDH1 = O;
LEDM2 = 1;
LEDK2 = O;
LEDH2 = O;
LEDM3 = O;
LEDK3 = O;
LEDH3 = 1;
LEDM4 = 1;
LEDK4 = O;
LEDH4 = O;
c = 0;
while (c<15)
delay_1ldetik(Q;
CH+;
}
LEDK3 = 1;
LEDH3
de1a§(50000),
DK3 =
de1ay(50?00),
de?ay(SOOOO);
LEDK3 = 0;
de1ay(50000),
LEDK3 =
de ay(50000),
LEDML = 1;
LEDK1 = O;
LEDH1 = 0;
LEDM2 = 1;
LEDK2 = 0;
LEDH2 = O;
LEDM3 = 1;
LEDK3 = 0;
LEDH3 = O3
LEDM4 = O;
LEDK4 = O;
LEDH4 = 1;
d =_0;
while (d<15)
delay_1ldetik();
) d++;
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main

LEDK4 = 1;

LEDH4 = O;
delay(50000);
LEDK4 = O;
de1ay(50000),
LEDK4 = 1;
de1ay(50000),

DK4 = 0;
de1ay(50000),
LEDK4 =
de1ay(50000),
oid mode4(void)
LEDM1 = O;
LEDK1 = O;
LEDHL = 1;
LEDM2 = 1;
LEDK2 = 0;
LEDH2 = 0;
LEDM3 = 1;
LEDK3 = 0;
LEDH3 = 0;
LEDM4 = 1;
LEDK4 = O;
LEDH4 = O;
a=0;
while (a<10)
delay_ldetik();
a++;

}
LEDK1 = 1;

LEDH1 = O;
de1a{(50800),
de]ay(SOOOO),
LEDK] =
de1ay(50000),
LEDK1 = O;
de1ay(50000),
LEDK1 = 1;
de1ay(50000),
LEDM1 = 1;
LEDK1 = 0;
LEDH1 = 0;
LEDM2 = O;
LEDK2 = O;
LEDH2 = 1;
LEDM3 = 1;
LEDK3 = 0;
LEDH3 = O;
LEDM4 = 1;
LEDK4 = O;
LEDH4 = O;

b = 0;
¥hi1e (b<10)

delay_1ldetik();
b++;

Page 6



main
LEDK2 = 1;
LEDH2 = O;
de1ay(50000),

0;
de1ay(50000),

LEDK2 = 1;
de1a¥(50800),
de1ay(§0000).

DK2 = 1;
de1ay(50000),
LEDM1 =
LEDK1
LEDH1

OO HOO OOoOr OOI—‘

LEDM2
LEDK2
LEDH2

“-ewswu

LEDM3
LEDK3
LEDH3

LEDM4
LEDK4
LEDH4

c = 0;
while (c<10)

delay_1ldetik(Q);

} C++;
LEDK3 = 1;
LEDH3 = O;
de1a§(50000).
de]ay(SOOOO).
LEDK3 = 1;
de1ay(50800),
de1ay(50000),
LEDK3 = 1;
de1ay(50000),
LEDM1 = 1;
LEDK1 = 0;
LEDH1 = O;
LEDM2 = 1;
LEDK2 = O;
LEDH2 = O;
LEDM3 = 1;
LEDK3 = O;
LEDH3 = O;
LEDM4 = O;
LEDK4 = O;
LEDH4 = 1;
d= 0;
while (d<10)
delay_ldetik();
d++;
}
LEDK4 = 1;
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oid mode5(void)

LEDM1 =

'o1d mode6(void)
LEDM1 =

r01d mode?7 (void)
LEDM1 =

LEDH4 = O;
de1ay(50000),
LEDK4 = 0;
de1ay(50000);
LEDK4 = 1;
delay(50000);
LEDK4 = 0;
delay(50000);
LEDK4 = 1;
delay(50000);

0;

LEDK1 = O;
LEDH1 = 1;
LEDM2 = 1;
LEDK2 = 0;
LEDH2 = O;
LEDM3 = 1;
LEDK3 = O;
LEDH3 = 0;
LEDM4 = 1;
LEDK4 = 0;
LEDH4 = O;

1;

1;

main

delay_ldetik ();
delay_ldetik Q;

LEDK1
LEDH1

LEDM2
LEDK2
LEDH2

LEDM3
LEDK3
LEDH3

LEDM4
LEDK4
LEDH4

QOl—‘ OO KOO OO

-

del ay__lde{n k O;
delay_ldetik Q;

LEDK1
LEDH1

LEDM2
LEDK2
LEDH2

-ewawe

LEDM3
LEDK3
LEDH3

= OO Oar- 00

-ewes ws

LEDM4
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if (p0==0xF1)
{delay(50);
model();

if (p0==0xF2)
{delay(50);
mode2() ;

if (pO0==0xF3)
{delay(50);
mode3();

if (p0==0xF4)
{delay(500);
moded () ;

if (p0==0xF5)
{delay(50);
mode5Q) ;

if (p0==0xF6)
{delay(500);
mode6() ;

if (p0==0xF7)
{delay(50);
mode7(Q);

if (p0==0xF8)
{delay(50);
mode8() ;

}

}else

}else

}else

}else

lelse

}else

}else

main
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ARDI3.h51

.CD CONSTANTA

'PCLR EQU 000000018
'NK EQU 000011018
'RMOD  EQU 000001108
'PON EQU 000011008
SOR EQu 000111008
ICSET  EQU 001110008

VICE ADDRESS [LCD]

bit P2.0 ;LCD
bit P2.1 ;LCD
bit P2.2 ;LCD
bit pP2.3 ;LCD
; bit pP2.4 ;LCD
bit P2.5 ;LCD
bit P2.6 ;LCD
bit P2.7 ;LCD

asil EQU 22H
IL1 EQU 23H
IL2 EQU 24H
IL3 EQU 25H

11 EQU 26H
12 EQU 27H
13 EQU 28H
4 EQU 29H

'AKEYQ0 EQU 34H
'AKEYl EQU 35H
'AKEY2 EQU 36H
'‘AKEY3 EQU 37H
EQU 20H
EQU 21H
EQU 22H
EQU 38H
EQU 39H
EQU 40H
ORG 0000H
mpP MULAI

onhwNR

AI:

MOV P3,#01H
LCALL INIT_LCD

SIALISASI:

ARXXXRAX XXX XXX XA whdddd

INISIALISASI LCD *
EAE AR R RF A AR AR R R AR AR ES
AY_INIT_LCD:

MOV R6,#20H

_LCD_LP:

Mov R7,#0

DINZ R7,$

DINZ  R6,DLY_LCD_LP
RET

T_LCD:
SETB RS
ySETB RW
CLR E

MOV A,#DISPCLR
LCALL CONTROLOUT
LCALL DELAY_INIT_LCD
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ARDI3.hS1

MOV A, #FUNCSET
LCALL  CONTROLOUT
MOV A,#DISPON
LCALL  CONTROLOUT
MOV A, #ENTRMOD
LCALL CONTROLOUT
MoV DPTR,#itnl
LCALL PRINTSTRING1
MoV DPTR,#1tn2

LCALL PRINTSTRING2

AR AR R AR A AT R A AT TR b dr ok

[T_LCD]:

SETB RS2

;SETB RW1

CLR E1

MOV A,#DISPCLR

LCALL CONTROLOUT1
LCALL DELAY_INIT_LCD

MOV A, #FUNCSET
LCALL CONTROLOUT1
MoV A, #DISPON
LCALL CONTROLOUT1
MOV A, #ENTRMOD
LCALL CONTROLOUT1
MoV DPTR, #DT1
LCALL PRINTSTRING11
MoV DPTR, #DT2

LCALL PRINTSTRING21

R L L RS R AR 22 R LT LR L g s
IT_LCDB:

SETB RSB

ySETB RWB

CLR EB

MOV A,#DISPCLR

LCALL CONTROLOUTB
LCALL DELAY_INIT_LCD

MOV A, #FUNCSET
LCALL CONTROLOUTB
MOV A, #DISPON
LCALL CONTROLOUTB
MoV A, #ENTRMOD
LCALL  CONTROLOUTB
MOV DPTR, #brwl
LCALL  PRINTSTRING1B
MoV DPTR, #brw?2

LCALL  PRINTSTRING2B

;CALL  DELAY
2R AL AL LR
IT_LCDC:

SETB RSC

;SETB RWC

CLR EC

MOV A,#DISPCLR

LCALL CONTROLOUTC
LCALL DELAY_INIT_LCD

MOV A, #FUNCSET
LCALL CONTROLOUTC
MOV A, #DISPON
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MOV @RrO,A
DEC RO
MOV A,LOKASI1
INC A
o1 MOV LOKASI1,A
CINE A,#00000001B,PILL1]
MOV A, #7
LCALL POSISI?
IMP TAMPILLL
L11:
CINE A,#000000108B,PIL21
MOV A, #8
LCALL POSISI2
51 IMP TAMPILL1
CINE A, #00000011B,PIL31
MOV A, #9
LCALL POSISI2
31 IMP TAMPILL1
CINE A,#00000100B,PIL41
MOV LOKASI1,#O0OH
MOV A, #10
LCALL POSISI2
mp TAMPILLL
41
LIMP PILO1
RET
APILLL:
MOV A,#2AH
LCALL  DATAOUT
ACALL PTT
ACALL PTT
IMP KEYLOOP
RET
)PKEY:
MOV DPTR, #PASW2
LCALL PRINTSTRING1
MOV DPTR, #ESEK
LCALL PRINTSTRING2
CALL DELAY
"ER1:

MOV A,COD2
SWAP A

ORL 4a,cCoD1
MOV HASIL1,A
MOV A,KAR4
XRL A,HASIL1
mov RO, A

CLR A

CLR COD2

MOV A,COD4
SWAP A

ORL A,COD3
MOV HASILZ2,A
MOV A, KARS
XRL A,HASIL2
ORL A,RO
CINE A, #00H,MALING1
AIMP JALAN

ARDI3.h51
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\LING1:

1ik2:

TAl:

ARA:

Mov
LCALL
mMov
LCALL
CALL
mMov
LCALL

LCALL
MOV
SETB
ACALL
CLR
setb
ACALL
ACALL
ACALL
ACALL
CALL
CALL
CALL
clr

INB
AJMP

CLR
mov
djnz

SETB
mov
djnz
ret

call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call

DPTR, #pasc
PRINTSTRING1
DPTR, #pasd
PRINTSTRING2
DELAY

DPTR, #itnl
PRINTSTRING1
DPTR, #itn2
PRINTSTRING2
P3,R2

P3.7

PTT

P3.7

p3.5

P1l.4,BALIK2
PUTT1

P3.6
RO, #200
RO,KEL1

P3.6
RO, #200
RO,KEL2

datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal

ARDI3.hS51
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K1:

call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
RET

MOV
LCALL
MOV
LCALL
setb
call
call
call
call
call
call
call
call
call
call
call
call
call
call
clr

JB
JNB
MOV
ANL
MoV
CALL
mov

CINE
MoV
jmp

CINE

ARDI3.hS1
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal
datal

DPTR, #pasa
PRINTSTRING1
DPTR, #pasb
PRINTSTRING2
p3.5

datal

datal

datal

datal

datal

datal

datal

datal

datal

datal

datal

datal

datal

datal

p3.5

P1.4,%
P1.4,%
A,Pl

A, #OFH

A,#01H,TIDAK1
P3,B
PILTHAN_NORMAL
A,#02H,TIDAK2
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ARDI3.h51

MOV P3,B

IMP PILIHAN_NORMAL
JAK2 :

CINE A,#03H,TIDAK3

MOV P3,B

IMP PILIHAN_NORMAL
JAK3:

CINE A, #04H, TIDAK4

MOV P3,8

JImMp PILIHAN_NORMAL
JAK4 :

CINE A, #05H, TIDAKS

MOV P3,B

JMP PILIHAN_SIBUK
JAKS :

CINE A, #06H, TIDAK6

MOV P3,B

IMP PILIHAN_SIBUK
JAKG:

CINE A,#07H, TIDAK?

MOV P3,B

MP PILIHAN_S1BUK
JAK7:

CINE A,#OBH,TIDAKS

MOV P3,B

IJMP PILIHAN_SIBUK
DAKS:

LIHAN_NORMAL :
SET8 P3.7

ACALL PTT

CLR P3.7

MoV DPTR,#itnl
LCAL PRINTSTRINGL
MOV DPTR,#itn2

LCALL PRINTSTRING2
1ik3:

JNB P1.4,BALIK3

AJMP PUTT1

LIHAN_SIBUK:
SETB P3.7

ACALL PTT
CLR P3.7
LIHAN_SIBUK1:
MOV DPTR, #SB1
LCALL PRINTSTRING1
MOV DPTR, #SB2
LCALL PRINTSTRING2
MOV DPTR,#SB1
LCALL PRINTSTRING1B
MOV DPTR, #SB2
LCALL PRINTSTRING2B
MOV DPTR, #SB1
LCALL PRINTSTRINGI11
MOV DPTR, #SB2
LCALL PRINTSTRING21
MOV DPTR, #SB1
LCALL PRINTSTRINGI1C
MOV DPTR, #SB2
LCALL PRINTSTRING2C
JINB P1.4,PILIHAN_SIBUK1
MOV DPTR,#itnl
LCALL PRINTSTRING1
MoV DPTR,#1tn2
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LCALL
ACALL
MOV
LCALL
MoV
LCALL
ACALL
MoV
LCALL
Mov
LCALL
ACALL
MOV
LCALL
MOV
LCALL
ACALL
AJmp

LAY:

MOV
MOV
MoV
DINZ
DINZ
DINZ

oP2:
OP1l:

MoV
MOV
MOV
DINZ
DINZ
DINZ
RET

OP4:
oP3:

T:
MOV
NDAL:
MOV
DINZ
DINZ
RET
JmMpP

PRINTSTRING2

PTT

DPTR, #brwl
PRINTSTRINGI1B
DPTR, #brw2
PRINTSTRING2B
PTT

DPTR, #DT1
PRINTSTRING11
DPTR,#DT2
PRINTSTRING21
PTT

DPTR, #SS1
PRINTSTRINGI1C
DPTR, #SS2
PRINTSTRING2C
PTT

BALIK

R7,#100
R6,#100
RS, #100
RS5,$
R6,LOOP1
R7,LO0P2

R7,#100
R6,#100
RS5,#100
RS, §

R6,LO0OP3
R7,L0O0P4

50H,#50
51H,#250
S1H,$

50H, TUNDAL

$

22 2222 RS LR R LR SRR R

KUMPULAN RUTIN PELAYANAN LCD1 *

L2222 RS LR LRSS R

SISI2_1:
MOV
SISI2:
ADD
SIMP

SISI1_1:
MOV
SISI1:
ADD
SISI_SUB:
DEC
LCALL
RET

INTSTRING2:
LCALL
SJImp

A,#1
A,#110000008
POSISI_SUB
A, #1
A,#100000008

A
CONTROLOUT

POSISIZ2_1
PRINTSTRING

ARDI3.h51
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INTSTRINGIL:

LCALL POSISI1_1
INTSTRING:

SIMP OUTSTRING
INTSTRINGLOOP:

LCALL DATAOUT

INC DPTR
TSTRING:

CLR A

MOVC A,@A+DPTR
INZ PRINTSTRINGLOOP
RET

NTROLOUT:
CPL RS
CPL E
mMov PO, A
CPL E
CPL RS
mov PO, #0OFFH
SIMP LCD_OUT

TAOUT:

CPL E
MOV PO,A
CPL E

J_0UT:
MOvVX @DPTR, A

LAY_LCD:
PUSH ACC
MOV A,#250
DINZ  ACC,S$
POP ACC

L T L T R T Y
KUMPULAN RUTIN PELAYANAN LCD2 *

Pl kot ab ok bbb b bt b kb b ok ok

;ISI2_11:
MoV A,#1

»ISI21:
ADD A,#110000008B
SIMP POSISI_SUuB1l

yISI1 11:
MoV A,#1
ISY11:
ADD A,#100000008B
ISI_SUB1:
DEC A
LCALL CONTROLOUT1
RET
‘NTSTRING21:

LCALL POSISI2_11
SIMP PRINTSTRINGa

NTSTRING11:
LCALL POSISI1_11

NTSTRINGa:
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SIMP QUTSTRING1
STRINGLOOP1:
LCALL DATAOUT1
INC DPTR

RINGI:
CLR A
MOvVC A,@A+DPTR
INZ PRINTSTRINGLOOP1
RET

0LOUT1:

CPL RS2

cpL E1

mMov PO,A

CPL E1

CPL RS2

mMov PO, #0FFH
SJMP LCD_OUT1

UT1:

cpPL E1
MoV PO,A
CPL El

JUTL:
MOVX @PTR,A

vy_LCD1:

PUSH ACC

MOV A,#250

DINZ ACC,$

POP ACC

RET
#’k***************************

UMPULAN RUTIN PELAYANAN LCD3 *
P T L S A LA s 2 L

SI2_18:
MOV A, #1

SI28B:
ADD A, #110000008
SIMP POSISI_SUBB

s11_18:
MOV A, #1
SIl1B:
ADD A, #100000008
SI_SUBB:
DEC A
LCALL CONTROLOUTB
RET
TSTRING2B:

LCALL POSISI2_1B
Sime PRINTSTRINGB

TSTRING1B:
LCALL POSISI1_1B

ITSTRINGB:
Simp OUTSTRINGB
ITSTRINGLOOPB :
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LCALL DATAOUTB

INC DPTR
TSTRINGB:
CLR A

MovC A,@A+DPTR
INZ PRINTSTRINGLOOPB
RET

NTROLOUTB:

CPL RSB
CPL EB
MOV PO, A

CPL EB

CPL RSB

MOV PO, #OFFH
SJIMP LCD_OUTB

TAOUTB:

CPL EB
mov PO, A
CPL EB

D_OUTB:
MOVX @DPTR, A

LAY_LCDB:
PUSH ACC
MoV A,#250
DINZ ACC,$
POP ACC
RET

LR T e T e T T T 2
KUMPULAN RUTIN PELAYANAN LCD3 *

TR AT h b h kNN WA A AR RR

SISI2_1C:
MOV A, #1

ADD  A,#110000008
SIMP POSISI_SUBC

SISI1_1C:
MOV A,#1
SISI1C:
ADD A,#100000008
SISI_SUBC:
DEC A
LCALL CONTROLOUTC
RET

INTSTRING2C:
LCALL POSISI2_1C
SIMP PRINTSTRINGC

INTSTRINGI1C:
LCALL POSISI1_1C

INTSTRINGC:
SIMP OUTSTRINGC
INTSTRINGLOOPC:

LCALL DATAOUTC
INC DPTR
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STRINGC:

CLR A

MovC A,@A+DPTR

JINZ PRINTSTRINGLOOPC
RET

TROLOUTC:

CPL RSC
CPL EC
Mov PO,A

CPL EC

CPL RSC

mov PO, #0FFH
SIMP LCD_OUTC

AOUTC:

CPL EC
mov PO,A
CpPL EC

-OuUTC:

MOvVX @PTR, A

AY_LCDC:

on

se oo N)pmdos s N)jdos oo

PUSH ACC
MOV A,#250
DINZ ACC,$
POP ACC
RET
DB 'MASUKKAN PASWORD
DB 'PSW :
p8 '
DB 'ANALISA PASWORD
DB ' WAIT A MINUTE
DB 'PASWORD DITERIMA

DB ' PASWORD DITOLAK.',O

DB MAAF ,0
o8 ' PASWORD ',0
oB ' DITERIMA ',0

DB 'PCK DIENG -->

',0
DB '<-- ARAH DINOYO ',0
DB 'ARAH DINOYO --> ',0
DB '<-- PCK DIENG ',0
DB 'ARAH KOTA --> ',0
DB '<- ARAH ITN KMP1l',0
DB 'ARAH ITN KMP1l ->',0
DB '<-- ARAH KE KOTA',0
DB 'MAAF PERJALANAN',0
DB ' ANDA TERGANGGU ',0

ARDI3.h51
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1IS02-cmos MT8870D/MT8870D-1
Integrated DTMF Receiver

ISSUE 3

Features May1995

»  Complete DTMF Receiver
+  Low power consumption

Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP

- Internal gain setting amplifier MT8870DC/DC-1 18 Pin Ceramic DIP

. smaeblsguiiime MT8870DS/DS-1 18 Pin SOIC
& pt , MT8870DN/DN-1 20 Pin SSOP
»  Central office quality MT8870DT/DT-1 20 Pin TSSOP

-«  Power-down mode -40 °C to +85 °C
« Inhibit mode

- Backward compatible with
MT8870C/MT8870C-1

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus

Applications
. Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

« Paging systems

- Repeater systems/mabile radio
« Credit card systems

- Remote control

« Personal computers interface.
+ Telephone answering machine
VvDD VSS VRef INH
A
\ v
= Bias
PWDN Circuit / —
Buffer g_
{ * = - Q1
Chip Chi ;
Power Biab High Group _D—- Digital Code
Filter Detection Converter -
Algorithm and Latch Q2
+ :
at «%gle Zero Crossing
IN- Fitter Detectors L Q3
— Low Group [l
e Fitter _U— e Q4
to all st Steeri
* Chip ™ asrng
Clocks - GT Logic 4
L AAN—
J r
0scC1 0sCcz2 SUGT ESt STD TOE

Figure 1 - Functional Block Diagram
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MT8870D/MT8870D-1 1S0O%-CMOS
iN+[] 1 = 18] vDbD INe[] 1 u 20]1voD
iN-[] 2 170] sveT IN-[] 2 19 ] sveT
Gs[] 3 16[] Est Gs[]3 18] Est
VRef[] 4 15[ st VRef[] 4 171 s
INH[] S 14[] Q4 INH[] 5 16 NC
PWON[] 6 13]] a3 PWDN[] 6 15 qa
oscil 7 12[7 Q2 Nc[] 7 14[1a3
oscz(] 8 10 a1 osci[] s 130 q2
vss[] 9 10 TOE oscz[}]9 121 ] a1
VSS (L]10 11 Toe
18 PIN CERDIP/PLASTIC DIP/SQIC 20 PIN SSOP/TSSOP
Figure 2 - Pin Connections
Pin Description
Pin#
18 | 20 Name Description
111 IN+  |Non-Inverting Op-Amp (Input).
2 IN- Inverting Op-Amp (Input).

313 GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

414 Vret |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

51|56 INH |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is intemally puiled down. -

7 |1 8| OSCt1 |Clock (Input).

8|9 0OSC2 [Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and QSsC2
completes the internal oscillator circuit.

9 (10 Vgs |Ground (Input). OV typical.

10| 1 TOE |[Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up intemally.

11-]12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14| 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15 17 StD |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; retumns to logic low when the voltage on SYGT falls
below vTSt'

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
retum to a logic low.

17| 19| SVGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the extemal steering time-constant; its state is a function of ESt and the voltage on St.

18 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16

412




iIso2.cMos MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D-1  monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

Voo
.
- C
Voo
SYGT ve
ESt AN
R
StD >
MT88700D/
¥ ‘GTA=(RC)”'1 z’po'V )
MT8870D-1 terp=(RC)l oo’(‘}:o'vm)l

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

0

PRECISE
DIAL TONES

10

X=350 Hz

Y=440 Hz

20

DTMF TONES

A=697 Hz
B=770 Hz

ATTENUATION
(dB)

C=852 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz

t

0 %
1' 1 1kHz '

AB C D F

FREQUENCY (Hz)

o~
AN
L

Figure 3 - Filter Response
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T8870D/MT8870D-1

ISO2-CMOS

dition is maintained (ESt remains high) for the
dation period (tgtp). V¢ reaches the threshold
st) of the steering logic to register the tone pair,
hing its corresponding 4-bit code (see Table 1)
 the output latch. At this point the GT output is
vated and drives v, to Vpp. GT continues to drive
1 as long as ESt remains high. Finally, after a
rt delay to allow the output latch to settle, the
ayed steering output flag (StD) goes high,
jalling that a received tone pair has been
istered. The contents of the output latch are made
ilable on the 4-bit output bus by raising the three
te control input (TOE) to a logic high. The
ering circuit works in reverse to validate the
wrdigit pause between signals. Thus, as well as
:cting signals too short to be considered valid, the
eiver will tolerate signal interruptions (dropout)
short to be considered a valid pause. This facility,
ether with the capability of selecting the steering
e constants externally, allows the designer to
or performance to meet a wide variety of system
uirements.

ard Time Adjustment

many situations not requiring selection of tone
ation and interdigital pause, the simple steering
suit shown in Figure 4 ‘is applicable. Component
ues are chosen according to the formula:

trec=top*crP
tip=tpattcra
e value of tpp is a device parameter (see Figure
- and tggc is the minimum signal duration to be
ognized by the receiver. A value for C of 0.1 uF is

teTP=(RpC1)In[Vpo/(Voo- Vrsd]
Voo o_j_ teTa=(R1C1)in(Vop/Vrsy
C4 Rp=(R1RMRy+Ry)
SYGT( )
Ry
Est (O a) decreasing tgyp; (lerr<loTa)
t1p=(R1C1)InlVpp/(Vop-Vrsd]
Voo O__m_-l- tora=(ReCln(Voo/Vrs)
Rp=(R{RIMR+Ry)
SYGT( )
Ry
Est O b) decreasing tara; (teTr>teTA)

Figure 5 - Guard Time Adjustment

Digit | TOE ESt

4
e
(3]
N

o

>
2
<

slo|O|®|N]|O]JO|D]IW|IN| =

o...-.n.-.\.‘.a-oooooo0NP

olalalalalolololo|alals]|a|lo|o|o|N|2

Olala|o|o|alm|o|o]=2|=2]|0|OC|a|=|O|N
olajlolalo|a|o|=|o]l=a|o]=a]|0o]|2]0|=|IN

undetected, the output code
will remain the same as the
previous detected code

rlrlrlzijz|zjz|xziz(z|zj=| |||l ||| X

zlx|jz|zlz|xz|x]|x|T|FT|T|T|T|E|{T| ||| ||
Tl ||| e x] x| x| x| X]X]X]X]X]X]|X]X]|X

OlO|w|{>»|O|O]|®R]|>]|*

L

Table 1. Functional Decode Table

=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgTp) and tone absent (tgya). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short trec  With
a long tpo Would be appropriate for extremely noisy
environments where fast acquisiton time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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MT8870D/MT8870D-1

Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vges) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the cp-amp connected for unity gain and Vret
biasing the input at 1,Vpp. Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, ie., precision balancing
capacitors are not required.

—————————

o AW MT8870D/
Cy R, IN+ MT8870D-1
L—c
P
—O -
IN-
O — -
C; Ry
Rs GS
.
Rs ‘5 N
: VRet
& —O

Differential Input Amplifier
C1=Cz=1 onF

R,:gﬂ =Rs=100 kQ All resistors are +1% tolerance.
Ry R3=37.5kQ All capacitors are £5% tolerance.
Ry= ReRs
RatRs
Rg

VOLTAGE GAIN (A, diffj= ==
1

INPUT IMPEDANCE

1 2
o) =24/ R4+ (Fc')

Figure 6 - Differential Input Configuration

—I To OSC1 of next
C MT8870D/MT8870D-1
A\ X-tal \v

0OsC1 n- 0SC2

0
0sc2 —Ll '—— 0sC1
C
C=30

pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
Ct pF 4,984
Cco pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[IfR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and Rp
to provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

{61p=(RpC1)in[Vpp/(Vpp-Vrs)]

{e1A=(R1C 1)in(Vpp/Vrs)

Voo O—j_ Rp=(R{RJIAR1*R2)
G4
SYGT
Ry Ry Notes:
Est R,=368K Q£ 1%
Ry=22MQ + 1%
C2=100nF £ 5%

Figure 8 - Non-Symmetric Guard Time Circuit

Voo
Cq
orme O— ._J.. c,
tnput R, MT8870D-1 B
’—C N Voo|[ H—¢
—{] IN- svGT[}
—{]Gs esti—+— Ry
Rz {7 Vrer so[——O
O——mw u3——-o0
O———{efwon  B[—"F—0O
X osct  @f——O NOTES:
+ L osc 2 a1 [3———0 Ry = 102KQ+ 1%
Ves ToE [ 1— Ry = 71.5KQ £ 1%
Ry = 390KQ +1 %

C.C, = 100 nF +5%
X; = 3.579545 MHz £ 0.1%
VDD= 5.0V+5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Supply Vollage Vbb 7 v
2 | Voltage on any pin \ Vgg-0.3 Vppt0.3 Vv
3 | Current at any pin (other than supply) Iy 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Pp 500 mW
B eErxa?:eadggg vg_;u; émze{ssm':‘yv G/ayée pzmgg:gt sd;r;:%%. tgul;gkrijn.a' operation under these conditions is not implied.
Recommended Operating Conditions - votages are with respect to ground (Vss) unless otherwiss stated.
Parameter Sym | Min Typt | Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 475 5.0 5.25 v
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc +0.1 %
4 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
DC Electrical Characteristics - vpp=5.0Vs 5%, Vgs=0V, 40°C < T < +85°C, unless otherwise stated.
Characteristics Sym| Min | Typt | Max | Units Test Conditions
3 Standby supply current Iboa 10 25 A [PWDN=Vpp
2 | P |Operating supply current Ipp 30 9.0 mA
3 | © [Power consumption Po 15 mW |fc=3.679545 MHz
Y
4 High level input Vi 35 V  |Vpp=5.0V
5 Low level input voltage A\ 15 V  |Vpp=5.0v
6 ‘ Input leakage current 1T 0.1 A |ViNeVssor Vpp
7 '; Pull up (source) current Iso 7.5 20 #A | TOE (pin 10)=0,
U Vpp=5.0V
8 ; Pull down (sink) current Isy 15 45 #A  [INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ |@ 1kHz
10 Steering threshold voltage Vst 22 24 25 V  |Vpp=50V
1 Low level output voltage VoL Vgs+0.03| V |Noload
12 3 High level output voltage Vo |Vpp-0.03 V  [No load
13 ; Output low (sink) current loL 1.0 25 mA [Vour=04V
14 | u | Output high (source) current | loy 04 0.8 mA |Vour=4.6V
15 | 3 |Vieroutput voltage Vet | 23 | 25 | 27 V_ |Noload, Vpp=5.0V
16 VRef Outﬂ.ll- resistance Ror 1 kQ
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

4-17



8870D/MT8870D-1

ISO%-CMOS

rating Characteristics - vpp=5.0v+5%, Vss=0V, 40°C < To < +85°C ,unless otherwise stated.

Setting Amplifier

Characteristics Ssym | Min | Typ* | Max | Units Test Conditions
Input leakage current In 100 nA | Vgs<VinSVpp
Input resistance Rin 10 MQ
Input offset voltage Vos 25 mV
Power supply rejection PSRR | 50 dB 1 kHz
Common mode rejection CMRR | 40 dB | 0.75V<V;y<4.25V biased
at VRet=2.5V
DC open loop voltage gain AyoL 32 dB
Unity gain bandwidth fc 0.30 MHz
Output voltage swing Vo 40 Vpp | Load2 100 kQ to Vgs @ GS
Maximum capacitive load (GS) C 100 pF
Resistive load (GS) Ry 50 kQ
Common mode range Vem 25 Vpp | No Load

3870D AC Electrical Characteristics - Vpp=5.0V £5%, Vgs=0V, 40°C < To < +85°C, using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*

Valid input signal levels (each -29 +1 dBm 123,569
tone of composite signal) 27.5 869 | mVems | 1.2.3.5.6.9
Negative twist accept 8 dB 2,3,6,9,12

' Positive twist accept 8 dB | 236912
Frequency deviation accept +1.5% £ 2 Hz 2359
Frequency deviation reject +3.5% 2359
Third tone tolerance -16 dB 2,34,59,10
Noise tolerance -12 dB 2,34,5,7,9,10
Dial tone tolerance +22 dB 2,3,4,5,8,9,11

ical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

FES
3m= decibels above or below a reference power of 1 mW into a 600 ohm load.

git sequence consists of all DTMF tones.

ine duration= 40 ms, tone pause= 40 ms.

gnal condition consists of nominal DTMF frequencies.
>th tones in composite si?nal have an equal amplitude.
ne pair is deviated by £1.5 %+ 2 Hz.

andwidth timited (3 kHz ) Gaussian noise.

1e precise dial tone frequencies are (350 Hz and 440 Hz) £ 2 %.

’r an error rate of better than 1 in 10,000.

:eferenced to lowest level frequency component in DTMF signal.
eferenced to the minimum valid accept level.

suaranteed by design and characterization.




Iso2-cMmos MT8870D/MT8870D-1

MT8870D-1 AC Electrical Characteristics - vpp=5.0v5%, Vss=0V, 40°C< T < +85°C., using Test Circuit shown in
Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
1 | Validinput signal levels (each -31 +1 dBm ‘:‘e;t:dsaé gDD:s'OV
tone of composite signal) 218 869 | MVrus | "o
' -37 dBm | Tested atVpp=5.0V
2 | Input Signal Level Reject
p g ] 10.9 MVens 1,2,3,5,6.9
3 | Negative twist accept dB 2,3.6,9,13
4 | Positive twist accept dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%t 2 Hz 2,359
6 | Frequency deviation reject +3.5% 2,359
7 | Third zone tolerance -18.5 dB 2,34,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,79,10
9 | Dial tone tolerance +22 dB 2,34,5,89,11
4 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOT
1. dBm= decibels above or below a reference power of 1 mW into a 600 chm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by +1.5 %t 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) £ 2 %.
9. For an eror rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at

13. Guaranteed by design and characterization.

-25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
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'8870D/MT8870D-1 1SO?-CMOS

Electrical CharacteristiCs - vpp=5.0v15%, Vgs=0V, 40°C s To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym Min Typ* Max | Units Conditions
_4 Tone present detect time top 5 1 14 ms [Note 1
1 |Tone absent detect time toa 0.5 4 8.5 ms |Note 1
| ula Tone duration accept trec 40 ms |Note2
| [Tone duration reject /s | 20 ms |Note 2
G |Interdigit pause accept tio 40 ms |Note2
| interdigit pause reject tbo 20 ms |Note 2
Propagation delay (St to Q) trq 8 1 s |TOE=Vpp
1 o [Propagation delay (St to StD) s 12 | 16 | s [TOE=Vgp
1Y [output data set up (@ to SID) taso 34 s |TOE=Vpp
| 5 Propagation delay (TOE to Q ENABLE) | fp1e 50 ns {load of 10 kQ,
T 50 pF
I Propagation delay (TOE to Q DISABLE)| tpp 300 ns |load of 10 kQ,
50 pF
i S Power-up time tpu 30 ms |[Note3
\'r: Power-down time tep 20 ms
Crystal/dock frequency fo {35759 (3.57953.5831 | MHz
; ¢ [Clock input rie time oL 110 | ns |Ext clock
O [Clock input fall time thie 110 ns |Ext dock
7 & [Clockinput duty cydle [oce | 40 | 50 [ 60 | % [Ext cock
i Capacitive load (OSC2) Co 30 pF

Jical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

S:
Used for guard-time calculation purposes only.

These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.
With valid tone present at input, tp, equals time from PDWN going low until ESt going high.

Voo )
Cy
o 0 c
np R
1 MT8870D/MT8870D-1
'—C IN+ = Voo %
—~ sveTfo—] Rs
N —{1Gs Est| 1+
2 ] Vrat soJ———0O
O———{mH Q4 t—o
O——{d rown a3 O
E_C 0sC1 Q2 ]——0 NOTES:
xaljg—osc2 ap—1—O R, %
Toe[1— 3=
Vss OE C,.C,=100 nF + 5%

X-tal=3.679545 MHz £ 0.1%

Figure 10 - Single-Ended Input Configuration




Iso?-cMos MT8870D/MT8870D-1

I o |
EVENTS| A | B l c | E | F | G
e, |+ -, ‘Rec ;<— - tp -, - oo j&-
y rone rove | { o b—
in
1

top ' - | -}
|

I
torpel == =l le-igTa
! | l\-' l =] S Vrst
D | e 1

tF'Q ol e

SYGT

-
g HIGH IMPEDANCE
Q;-Q4 DECODED TONE #(n-1) | x | #n #(n+1)
) |
tPS:o-»! le- [ ]
— L1
- |'<_ oo ->' '<-'PTE
TOE _——'———
EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.
D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATGHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.
G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.
EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.

ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SUGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Q, A4-BIT DECODED TONE OUTPUT.

SO DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q4 TO ITS HIGH IMPEDANCE STATE.

tREs ~ MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

thec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

tp MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

tetp  GUARD TIME, TONE PRESENT.

teta  GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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——— 6-PIN DIP RANDOM-PHASE
AIRCHILD  opT0ISOLATORS TRIAC DRIVER OUTPUT
=MICONDUCTOR® (250/400 VOLT PEAK)

f
7C3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M
’

SCHEMATIC

ANOOE 6] Macy TERM,

NC 4] same TERM.

*DONOT CONNECT
(TRIAC SUBSTRATE)

:SCRIPTION

» MOC301XM and MOC302XM series are optically isolated triac driver devices. These devices contain a GaAs infrared
tting diode and a light activated silicon bilateral switch, which functions like a triac. They are designed for interfacing between
stronic controls and power triacs to control resistive and inductive toads for 115 VAC operations.

ATURES

=xceflent Iy stability—IR emitting diode has low degradation
1igh isolation voltage—minimum 5300 VAC RMS
Jnderwriters Laboratory (UL) recognized—File #E90700
eak blocking voltage

- 250V-MOC301XM

- 400V-MOC302XM

/DE recognized (File #94766)

- Ordering option V (e.g. MOC3023VM)

'PLICATIONS

ndustrial controls « Soclenoid/vaive controls
lraffic lights « Static AC power switch
fending machines « Incandescent lamp dimmers
5olid state relay « Motor control

.amp ballasts

R e
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T T T 6-PIN DIP RANDOM-PHASE
AIRCHILD  0PTOISOLATORS TRIAC DRIVER OUTPUT
EMICONDUCTOR® (250/400 VOLT PEAK)

0C3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

\BSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise noted)

arameters Symbol Device Value Units
OTAL DEVICE

torage Temperature Tste All -40 to +150 °C
)perating Temperature ToPr All -40to +85 °C
ead Solder Temperature TsoL All 260 for 10 sec °C
unction Temperature Range Ty All -40to +100 °C
olat 1)

:Eﬁrcsvflﬁg\;? ist?)%e; 1 sec duration) Viso Al 7500 Vac(pk)
otal Device Power Dissipation @ 25°C Po Al 330 mw
lerate above 25°C 44 mwreCc
MITTER

iontinuous Forward Current 3 All 60 mA
leverse Voltage VR All 3 A
otal Power Dissipation 25°C Ambient Po Al 100 mw
)erate above 25°C 1.33 mwWrC
JETECTOR

)i-State Output Terminal Voltage Vorn | e M 2

'eak Repetitive Surge Current (PW = 1 ms, 120 pps) brsm All 1 A
otal Power Dissipation @ 25°C Ambient Po Al 300 mW
lerate above 25°C 4 mw/°C

e

Isolation surge voltage, V|so. is an internal device dielectric breakdown rating. For this test, Pins 1 and 2 are common, and
Pins 4, 5 and 6 are common.

#

2003 Fairchild Semiconductor Corporation Page 2 of 10 4/30/03



6-PIN DIP RANDOM-PHASE

OPTOISOLATORS TRIAC DRIVER OUTPUT
(250/400 VOLT PEAK)

]
AIRCHIL

=MICONDUCTOR®

7C3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

LECTRICAL CHARACTERISTICS (T, = 25°C Unless otherwise specified)

IDIVIDUAL COMPONENT CHARACTERISTICS

Parameters Test Conditions Symbol | Device| Min Typ | Max | Units
MITTER
put Forward Voltage lF=10mA Vg All 1.15 15 \Y
everse Leakage Current VR=3V, T =25°C Ir Al 0.01 100 [17.3
ETECTOR
sak Blocking Current,Either Direction Rated Vpr I = 0 (note 1) lorm Ali 10 100 nA
eak On-State Volitage,Either Direction Irm = 100 mA peak, Ig =0 Vim All 1.8 3 "

'RANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.)

C Characteristics Test Conditions Symbol Device Min Typ Max Units
MOC3020M 30
MOC3010M

- MOC3021M 15

ED Trigger Current Voltage = 3V (note 3) e MOC3011M 10 mA
MOC3022M
MOC3012M
MOC3023M 5

lolding Current, Either Direction " All 100 A

te
Test voltage must be applied within dv/dt rating.
This is static dv/dt. See Figure 5 for test circuit. Commutating dv/dtis a function of the load-driving thyristor(s) only.

All devices are guaranteed to trigger at an I value less than or equal to max |- Therefore, recommended operating Ig lies
between max lg7 (30 mA for MOC3020M, 15 mA for MOC3010M and MOC3021M, 10 mA for MOC3011M and MOC3022M,

5 mA for MOC3012M and MOC3023M) and absolute max I (60 mA).

#

2003 Fairchild Semiconductor Corporation Page 3 of 10 4/30/03



SE—e— 6-PIN DIP RANDOM-PHASE
EAIRCHILD  0PTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

Fig. 1 LED Fe Voltage vs. F d Current Fig. 2 On-Stato Characteristics
18 80 J
600
1 / /
< Vi
<0
=" Mmoo S %
§ 15 4/ A T /
: A § 4
» D11
T, <5C 3
% 3 e abi g = f/
& b/” T2y /, 5 /
- L1 A Z «w Ly
> 12 fee=] [
”,—' X /
1.1 - b 4
" e - /
10 o 3 2 1 o 1 2 3

1 “ w0 ON-STATE VOLTAGE - V 1y (V)
1, - LED FORWARD CURRENT (mA)

Fig. 3 Trigger Current vs. Amblent Tomperature Fig. 4 LED Current Roquired to Trigger vs. LED Pulso Width
14 25
1 8 )
~ N 1ZED TO:
§ A\ g PWy 2 10043
12
N g I\
Q u I, [4
Y -
: ~ g
g 09 \ 3
3 T~ & .
& S
'§ 03 g T
E 0
o7 1 0 20 50 100
NORMALZED TO T 5 @ 25w
o8 | | LED TRIGGER WDTH - PWiq (:5)
<0 2 [ 2 %« 50 8 100

AMBIENT TEMPERATURE - T, (°C)
Fig. 6 Leakage Current, I vs. Temperature

15000
Fig. 5 dvidt vs. Temperature
12 y 4
| I ]
LI 1 1000
STACeva || -
" CRCUIT N FIGURE 5 <
< 7
% 4
[
% N & 10
& h 5
3]
g R W 71
—
' S -
W\
. ST 2 =
1
%% 3% 3 0 [ 70 0 ) 100
Ambiact Tomporatire - T, (°C) o1 I
“0 2 [ 20 40 @ 0 100

Ta. AMBIENT TEMPERATURE ( °C)
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A 6-PIN DIP RANDOM-PHASE
A CHILD . OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

1. The mercury wetted relay provides a high speed repeated

400v (MOC302X) L] pulse to the D.U.T.
= Y AAA
v (Mow\’/';) I |nm.} }' 2. 100x scope probes are used, to allow high speeds and
o——| R=1010 voltages.
= - Crest 3. The worst-case condition for static dv/dt is established by
ety ERCURY triggering the D.U.T. with a normal LED input current, then
WETTED X100 removing the current. The variable Ryggy allows the dv/dt
RELAY DUT]  PROGE to be gradually increased until the D.U.T. continues to
trigger in response to the applied voltage pulse, even
S after the LED current has been removed. The dv/dtis
iR then decreased until the D.U.T. stops triggering. trc is
= measured at this point and recorded.
Vemax 2400V (MOC302X)
APPLIED VOLTAGE = MOC30
WAVEFORM m, 250V ke
/ 158 V (MOC301X)
ovoLTS ] duidt = M:tRVme- = % (MOC302X)
*RCl—

= -,'% (MOC301X)
Figure 5. Static dv/dt Test Circutt

Note: This optoisolator should not be used to drive a load directly.
Itis intended to be a trigger device only.

R
Ra 1 8 180
Vg O———ANN—0— 120V
—] 2 |wmocaoom| s 60 Hz
MOC3011M [—O
- MOC3012M
3 4
o__
Figure 6. Resistive Load

Figure 7. Inductive Load with Sensitive Gate Triac (i < 15 mA)

® 2003 Fairchild Semiconductor Corporation Page 5 of 10 4/30/03



mp—— 6-PIN DIP RANDOM-PHASE

FAIRCHILD  4p10iSOLATORS TRIAC DRIVER OUTPUT

SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

— 2 MOC3010M
MOC3011M
- MOC3012M
3
o—

Figure 8. Inductive Load with Sensitive Gate Triac (Igy <15 mA)

Rin 1 6 360 470
Vec O———AWN—0— v ’ O HOT
—] 2 | MOC3021M _g 0.05 uF = a9 i
MOC3022M . [ 240
1 s |mocsozm| VAC
0O

0.01uF

1

LOAD GROUND

In this circuit the “hot” side of the line is switched and the load connected to the cold or ground side.

The 39 ohm resistor and 0.01yF capacitor are for snubbing of the triac, and the 470 ohm resistor and
0.05 yF capacitor are for snubbing the coupler. These components may or may not be necessary

depending upon the particular and load used.

Figure 9. Typical Application Circuit

S
4/30/03
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6-PIN DIP RANDOM-PHASE
EAIRCHILD  0pTOISOLATORS TRIAC DRIVER OUTPUT
(250/400 VOLT PEAK)

SEMICONDUCTOR®

‘ MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

Package Dimensions (Through Hole) ' Package Dimensions (Surface Mount)

L|

0.350 (8.89)
gﬁg{glg; [ 0320 (8.13) |
Logar— 71 ¢
| | 0.390 (9.90)
0.260 (6.60) 0260 (6.60) 0332 (843)
0.240 (6.10) 22601060) e

P i

0070(1.77)  t y__

0.070 (1.77
DO70(1.77) 0.040 (1.02) -‘ |— 0.320 (8.13) ——]

0.014 (0.36)

0.040(1.02) 0014 (035 0.320 (8.13)
0.010(0.25) 0.010 (0.25)
0.200 (5.08) / \ l / A
01152 5) 0,200 (5.08 0.012(0.30
u115(29:s) oma(om}

0.100 (2.54)

0.015(0.38) T_ g. ggg ‘g g?) l l
0.100 [2.54]
0.020 {0.50) 0.100 (254) 15 0.020(050) 10.035 (0.88)
0.012 (0.30) 0036{0 16)

0016 (0.41)
nms(ou]

Package Dimensions (0.4” Lead Spacing) Recommended Pad Layout for
Surface Mount Leadform

0.350 (8.89]
0320{8131

FAY

[

I -] f=— 0.070 (1.78)

10.260 (6.60 |
0.240 (6.10) 1

- J i i
[iEL lﬁ' '!iii i i 0.060 (1.52)
0.070 (1.77) L ’
0040 (1.02)

|
1|

0.014 (0.36
TS 0.425 (10.79) 0.100 (2.54) —{=

0.305 (7.75) — = 0.030(0.76)

0.200 (5.08
0.115(2.93)

0.100 (2 54)
0.015 (0.38)

oz || o

0.016 (0.41)

0.012 (0.30)
0.008 (0.21)

0.425 (10.80
0.400 (10.16)

NOTE
All dimensions are in inches (millimeters)
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EAIRCHILD  oPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

—
MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

ORDERING INFORMATION
Option Order Entry Identifier Description
S S Surface Mount Lead Bend
SR2 SR2 Surface Mount; Tape and reel
T T 0.4" Lead Spacing
Y Y VDE 0884
™V v VDE 0884, 0.4" Lead Spacing
sV sV VDE 0884, Surface Mount
SR2v SRa2v VDE 0884, Surface Mount, Tape & Reel
MARKING INFORMATION
@®1°
MOC3010{9©
@°
O
Definitions
1 Fairchild logo
2 Device number
3 VDE mark (Note: Only appears on parts ordered with VDE
option — See order entry table)
4 One digit year code, e.g., 3’
5 Two digit work week ranging from ‘01’ to ‘53’
6 Assembly package code

*Note - Parts that do not have the *V’ option (see definition 3 above) that are marked with
date code ‘325’ or earlier are marked in portrait format.

NN
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g ]
FAIRCHILD
SR i s

SEMICONDUCTOR®

6-PIN DIP RANDOM-PHASE

OPTOISOLATORS TRIAC DRIVER OUTPUT

(250/400 VOLT PEAK)

#
MOC3010M MOC30%1M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M
#

“Carrier Tape Specifications

—= 451+0.20
1‘ 0.30 +0.05

12.0 £0.1

2.0 £0.05~ 21.5 MIN
A020.1~ i’ / 175+0.10
! / [

User Direction of Feed

©c o o oo 0o0OGOGO|bod o———r—{
fo h o lo h 115110
21001 i E i E J] & {\__91 - 240403
] o 1 T U
_t
L ~
\0.1 MAX 10.1 +0.20 \— @1.5+0.1/0

NOTE
All dimensions are in inches (millimeters)

Eeflgw Profile (White Package, -M Suffix)

230°C, 10-30 s

245°C peak

Time above 183°C, 120-180 sec

Temparature (°C)
3

Ramp up = 2-10°C/sec

0 05 1 15 2 25 3 35 4 45
Time (Minute)

= Peak reflow temperature: 245°C (package surface temperature)
« Time of temperature higher than 183°C for 120-180 seconds
= One time soldering reflow is recommended

© 2003 Fairchild Semiconductor Corporation
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Philips Semiconductors

Product specification

Triacs BT136 series
GENERAL DESCRIPTION QUICK REFERENCE DATA
Passivated triacs in a plastic envelope, SYMBOL | PARAMETER MAX. UNIT
intended for use in applications requiring
high bidirectional transient and blocking BT136- 600
voltage capability and high thermal cycling BT136- 600F
performance. Typical applications include
motor control, industrial and domestic Vorm Repetitive peak off-state 600 \")
lighting, heating and static switching. voitages
Irrus) RMS on-state current 4 A
ToM Non-repetitive peak on-state 25 A
current
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION m‘:___c'Q

main terminal 1

2 |main terminal 2

]

T2

(o -

3 |gate
tab |main terminal 2 G
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134).
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Vprm Repetitive peak off-state - 600" \%
voltages
brrms) RMS on-state current full sine wave; T, S 107 °C - 4 A
rsm Non-repetitive peak full sine wave; T; = 25 °C prior to
on-state current surge
t=20ms - 25 A
t=16.7ms - 27 A
t 12t for fusing t=10ms - 3.1 A%
dl/dt Repetitive rate of riseof |Iny=6A;Ig=02A;
on-state current after dig/dt = 0.2 Alus
triggering T2+ G+ - 50 Alps
T2+ G- - 50 Alus
T2- G- - 50 Alpus
T2- G+ - 10 Alps
lom Peak gate current - 2 A
Vem Peak gate voltage - 5 \'
Pou Peak gate power - 5 w
Pgav) Average gate power over any 20 ms period - 05 w
Teg Storage temperature -40 150 °C
T Operating junction - 125 C
temperature

1 Although not recommended, off-state voltages up to 800V may be applied without damage, but the triac may

switch to the on-state. The rate of rise of current should not exceed 3 Alus.

June 2001
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Philips Semiconductors

Product specification

Triacs BT136 series
THERMAL RESISTANCES
SYMBOL {PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Rypmo Thermal resistance full cycle - 30 | KW
junction to mounting base | half cycle - - 3.7 | KW
Rinja hermal resistance in free air - 60 - Kw
junction to ambient
STATIC CHARACTERISTICS
T, = 25 "C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. MAX. UNIT
BT136- «F
ler Gate trigger current =12V; k=01A
T2+ G+ - 5 35 25 mA
T2+ G- - 8 35 25 mA
T2- G- - 11 35 25 mA
T2-G+ - 30 70 70 mA
I Latching current Vo=12V;lgr=0.1A
T2+ G+ - 7 20 20 mA
T2+ G- - 16 30 30 mA
T2- G- - 5 20 20 mA
T2- G+ - 7 30 30 mA
Iy Holding current Vp=12V;ler=0.1A - 5 15 15 mA
Vr On-state voltage . k=56A - 14 1.70 \'A
Ver Gate trigger voitage Vp=12V; |1=0.1A 0.7 15 \Y
Vo=400V; I;=0.1A; 025 | 04 - v
T = 125°C
b Off-state leakage current Vo=V, maxy - 0.1 0.5 mA
: Tj =125
DYNAMIC CHARACTERISTICS
= 25 °C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
BT136- «.F
dVp/dt Critical rate of rise of Vom = 67% Vormmaxy 100 50 250 - Vius
off-state voltage Ti =125 °C; exponenhal
waveform; gate open
circuit
dV/dt |Critical rate of change of V.-,‘M =400V; T;=95°C; - - 50 - Vips
commutating voltage =4A;
%t = 18 Alms; gate
Gate contralled b e S A Vg =V,
ate contro um-on = - - 2 -
o time lo=0.1A; dleldtmg Rhis ne
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

= SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

« OUTPUT VOLTAGE 50V

=« INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

= OUTPUTS CAN BE PARALLELED FOR

HIGHER CURRENT

TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

INPUTS PINNED OPPOSITE OUTPUTS TO

SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULN2004Aare high voltage, high currentdarlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
B800mA. Suppression diodes are included forinduc-
tive load driving and the inputs are pinned opposite
the outputsto simplify board layout.

Thefourversionsinterfaceto all common logicfami-
lies :

ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS

ULN2002A 14-25V PMOS

ULN2003A 5V TTL, CMOS

ULN2004A 6-15V CMOS, PMOS

Theseversatile devices are usefulfor driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003Aand 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

September 1998

DIP16

ORDERING NUMBERS: ULN2001A/2A/3A/4A

S016

ORDERING NUMBERS: ULN2001D2D/3D/4D

PIN CONNECTION

IN 1T 16 OUT 1
N2 2 15 ouUT 2
3
N3 3 14 OUT 3
!
IN 4 & 13 OUT &
y
IN5 5 12 oUT 5
INE & 11 OUT 6
INT 7 10 OUT 7
COMMON FREE
GND 8 9 WHEELING DIODES
S-187711

1/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

L= ——

Series ULN-2001A
(each driver)

(each driver)

Series ULN-2002A

Series ULN-2003A Series ULN-2004A
(each driver) {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Output Voltage 50 v
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 \'
lc Continuous Collector Current 500 mA
lp Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range - 20to 85 °C
Tstg Storage Temperature Range — 55 to 150 °C
Tj Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 SO16 Unit
Rthjamb | Thermal Resistance Junction-ambient Max. 70 100 °CW
28 'S7]




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. [ Unit | Fig.
leex Output Leakage Current Vce = 50V 50 pA | 1a
Tamb = 70°C, Vcg = 50V 100 | pA | 1a
Tamb = 70°C
for ULN2002A
Vce = 50V, Vi =6V 500 pA | 1b
for ULN2C04A
Vce =50V, Vi= 1V 500 HA 1b
Vcesay | Collector-emitter Saturation Ic = 100mA, Ig = 2 09 1.1 \J 2
Voitage Ic = 200 mA, Ig = 35! 11 13 v 2
Ic = 350mA, ig = S500uA 13 16 \'J 2
lifon) Input Current for ULN2002A, V; = 17V 0.82 125 mA 3
for ULN2003A, V| = 3.85V 0.93 135 | mA | 3
for ULN2004A, V; = 5V 0.35 0.5 mA | 3
Vi=12v 1 145 | mA | 3
lyom {nput Cument Tamb = 70°C, Ic = 500pA 50 65 pA 4
Vion) Input Voltage Vce =2V \Y 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
Ic = 200mA 24
Ic = 2560mA 27
Ic = 300mA 3
for ULN2004A
Ic = 126mA 5
lc = 200mA 6
lc = 275mA 7
Ic = 350mA 8
hre DC Forward Cumrent Gain for ULN2CGO1A
Vce =2V, Ic =350mA | 1000 2
Ci Input Capacitance 15 25 pF
ten Tum-on Delay Time 0.5Vito 0.5V, 0.25 1 Hs
teHL Tum-off Delay Time 0.5Vito 0.5 Vo 025 1 Hus
Ir Clamp Diode Leakage Current | Vg = 50V 50 pA 6
Tamb = 70°C, Vg = 50V 100 pA 6
Ve Clamp Diode Forward Voltage | Ir = 350mA 17 2 A" 7
ST a8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN Ve OPEN Yce
lul ICER
5-5723 5-5726
Figure 2. Figure 3.
/|
S-1e0
Figure 4. Figure 5.
$-8720
Figure 6. Figure 7.
M
OPEN
In .
?—D)—o X y
3-19¢3
s-%727 -
4/8 "I




ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current

(:;:;) Tj='25°C /
[l |/
NEED AP
RV
100 / / / TYPICAL

/)

0
0 100 200 300 400 500 ib(nA)

Figure 10: Peak Collector Current versus Duty
Cycle

Ic peak DIGINAS?

-

) I 1 !
N VUMBER OF ACTIVE OUTPUT
765 4] 3

. \\\}\\\
Qk\
\

)V/{// A

300 e
Tamb=70°C | N |
(DIP16)

200 —

100

0

4

Figure 9: Collector Current versus Saturation

Voltage
Ic DIGINAS4
(mA) /
500 /
Tj=25°C L/ /
400
Max /
300 /
200
/ TYPICAL
100
0
0.0 0.5 1.0 15 Vce(sat)

Figure 11: Peak Collector Current versus Duty

Cycle
Ic peak DIBINAS2A
(mA) Tamb=70°C
(SO16)
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400
300 \\ Z
NN
5
200 e
7\Q. [ —
\
100 y
NUMBER OF ACTIVE OUTPUT
i I R S
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIP16 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
at 0.51 0.020
B 077 165 0.030 0.065
b 05 0.020 '
b1 0.25 0.010
) 20 0.787
E 85 0.335
e 254 0.100
e3 17.78 0.700
F 71 0.280
| 5.1 0201
L 33 0.130
z 1.27 0.050
—_
'5‘_—
U L bl
Y
b B | ] E
Z ) B 3 [
D
OO mMmrriri :
] °
[T
1 9 ’

I N N N N N N O

6/8
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

S016 PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.75 0.069
at 0.1 0.25 0.004 0.008
a2 16 0.063
b 035 0.46 0.014 0.018
b1 0.19 025 0.007 0.010
C 0.5 0.020
cl 45 (typ.)
D 9.8 10 0.386 0.394
5.8 6.2 0228 0.244
e 127 0.050
ed 8.89 0.350
F 38 4.0 0.150 0.157
L 04 1.27 0.016 0.050
M 0.62 0.024
S 8 (max.)
L G '

) o3 X E |
D M
noooonanim
(w 9
1 aJ
O

OO0 00000
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Features

¢ Compatible with MCS®-51 Products

¢ 4K Bytes of In-System Programmable (ISP) Flash Memory
- Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-leve! Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Full Duplex UART Serial Channel

Low-power ldle and Power-down Modes

interrupt Recovery from Power-down Mode

Watchdog Timer

Dual Data Pointer

Power-off Flag

Fast Programming Time

Flexible ISP Programming (Byte and Page Mode)

Green (Pb/Hallde-free) Packaging Option

® [ ] L] L ] [ ] [ ] L[] ® L]

1. Description

The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
bytes of In-System Programmable Flash memory. The device is manufactured using
Atmel’s high-density nonvolatile memory technology and is compatible with the indus-
try-standard 806C51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with In-System Programmable Flash on
a monolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes
of RAM, 32 1/0 lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a
five-vector two-level interrupt architecture, a full duplex serial port, on-chip osciilator,
and clock circuitry. In addition, the ATB9S51 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The ldle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next external
interrupt or hardware reset.

AlEL

AIMEL

— )

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51
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2. Pin Configurations

2.1 40-lead PDIP
P1O |1 40} vce
P11 |2 39{ P0.0(ADO)
P12 (3 38| PO.1(ADY)
P13 |4 37} P0.2(AD2)
P14 |5 36| P0.3(AD3)
(MOS) P15 |6 35] PO.4 (AD4)
(MISO) P16 (7 34! PO.S(ADS)
(SCK) P17 |8 33| P0.6(ADS)
RST |9 32| Po.7(ADT)
(RXD) P30 (10 31| EAVPP
TXD)P3A |11 301 ALEPROG
(INTO) P32 |12 29] PSEN
(INTH P33 [13 28} p27(a15)
(o) P34 [14 27} P26(A14)
T1)Pas 18 28§ P25(A13)
(WR)P3s |16 25| P24(A12)
(RD) P37 |17 24| P23(A11)
XTAL2 |18 23| P22(A10)
XTALY {19 2| P2.1(A9)
GND |20 21} P2.0(A9)
!
2.2 44-lead TQFP
R
- a=
siizdeBizee
/ IOYTRBERESBRS |
~mosy s |1 ! PO4ADY
{(MSOIP18 |2 R! POSADH
soxery |2 31 POG{ADG)
RST |4 ! P07A0N
{(RXD)P2.0 |§ 2] EavPP
NC |8 38| NC
Moy e |7 27| AEAPROG
(NTO} P32 (B 28] PSEN
{NTPIS |o 23} PRTIA5)
(TH P34 110 2] P28{A14)
aouPss | 234 P2SAY
soIrereeRIN
- - -
28338885888
mmnn ggezs
3 Sz1%

2 JA"T 89S 51 000000
2487C-MICRO-03/05

ATMEL

23

24

44-fead PLCC
E
cansa,9oc88
s2z::-98889¢
" . N - N -
(MOSN P1.S 2° ” Oua4.~m.3 POA (AD4)
Ms0IPLS 8 38| Posaos)
(SCK) P17 _o 37| PO.5(ADS)
AST |10 36| Pa7(AD7)
RXDIP30 I 3s| eawvep
NC T» u| xc
Mo P31 m.u 33] ALEPROG
ONTO1 P32 ;14 32| PSEN
(INT1) P23 Tm 3| P2TAIS)
o) P34 m.o 30i P28 (A14)
MRS PeagaNRIRREE | o0
O~ -0 LB -
8338235585
ggx%  gzg:zy
€ Sess
42-lead PDIP
\/
AsSTC]1 421 P1.7 (SCK)
(RxD) P3.0C}2 41 P1.6 (M1SO)
mxo)P3.103 40 0 P1.5 (MOS!)
(INTO) P32 4 330OP14
(NT1)P330s 3|pPri3
o) P3.4C]6 zpei2
(ryP3sd? PP
Wy Pasds aspPio
@D)P37g9 afavoo
xTAL2([] 10 331 PWRVDD
XTALT O 11 32[1P0.0 (ADO)
GND ([ 12 313 PO.1 (AD1)
PWRGND (] 13 301 P02 (AD2)
a8y P200] 14 29[1P0.3 (ADD)
(asyP2.1 15 281 P04 (AD4)
(At0) P220] 16 271 POS (ADS)
Aty P23 17 26 D P0.6 (ADG)
(A12) P24} 18 25 P Po.7 (AD7)
(A13)P2.5(C]19 24 D EAvvPP
(A14) P26 20 23 [ ALEFROG
(A15) P2.7 ] 21 22 FSEN
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Block Diagram

3.
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4. Pin Description

41 vCC
Supply voltage (all packages except 42-PDIP).

42 GND
Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the
embedded program memory).

43 VDD
Supply voltage for the 42-PDIP which connects only the logic core and the embedded program
memory.

44 PWRVDD
Supply voltage for the 42-PDIP which connects only the VO Pad Drivers. The application board
MUST connect both VDD and PWRVDD to the board supply voltage.

45 PWRGND
Ground for the 42-PDIP which connects only the 1/0 Pad Drivers. PWRGND and GND are
weakly connected through the common silicon substrate, but not through any metal link. The
application board MUST connect both GND and PWRGND to the board ground.

46 Port0
Port 0 is an 8-bit open drain bi-directional /O port. As an output port, each pin can sink eight TTL
inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during accesses
to external program and data memory. In this mode, PO has internal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes dur-
ing program verification. External pull-ups are required during program verification.

47 Portt
Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the inter-
nal puil-ups and can be used as inputs. As inputs, Port 1 pins that are extemally being pulled low
will source current (I ) because of the internal pull-ups.

Port 1 also receives the low-order address bytes during Flash programming and verification.

Port Pin Alternate Functions

P15 MOSI (used for in-System Programming)
P1.6 MISO (used for In-System Programming)
P1.7 SCK (used for In-System Programming)

4 AT89S51 T
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ey AT89S51

48 Port2
49 Port3
410 RST

4.11 ALE/PROG

2487C-MICRO-03/05

Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 2 output buffers can
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being pulled fow
will source current (I, ) because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from extemal program memory and dur-
ing accesses to external data memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong internal pull-ups when emitting 1s. During accesses to external
data memory that use 8-bit addresses (MOVX @ Rl), Port 2 emits the contents of the P2 Special
Function Register.

Port 2 also receives the high-order address bits and some control signals during Flash program-
ming and verification.

Port 3 is an 8-bit bi-directional IO port with internal pull-ups. The Port 3 output buffers can
sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 3 pins that are extemally being pulled low
will source current (I, ) because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the fol-
lowing table.

Port Pin Alternate Functions

P30 . RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 iNTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P37 RD (extemal data memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is running resets
the device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the defauit state of
bit DISRTO, the RESET HIGH out feature is enabled.

Address Latch Enable (ALE) is an output pulse for latching the low byte of the address during
accesses to external memory. This pin is also the program pulse input (PROG) during Flash

programming.

ATMEL :



4.12

413

4.14

4.15

PSEN

XTAL1

XTAL2

AIMEL

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and may be
used for extemal timing or clocking purposes. Note, however, that one ALE puise is skipped dur-
ing each access to external data memory.

It desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled high.
Setting the ALE-disable bit has no effect if the microcontroller is in external execution mode.

Program Store Enable (PSEN) is the read strobe to external program memory.

When the AT89S51 is executing code from external program memory, PSEN is activated twice
each machine cycle, except that two PSEN activations are skipped during each access to exter-
nal data memory. :

External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memory locations starting at 6000H up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be intemally latched on reset.

EA should be strapped to V¢ for internal program executions.
This pin also receives the 12-volt programming enable voltage (Vpp) during Flash programming.

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

Output from the inverting osciilator amplifier

5. Special Function Registers

A map of the on-chip memory area called the Special Function Register (SFR) space is shown in
Table 5-1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Read accesses to these addresses will in general retum random data, and
write accesses will have an indeterminate effect.



s AT89S51

Table5-1.  AT89S51 SFR Map and Reset Values
OF8H OFFH
OFOH N ;
00000000 i OF7H
]
OE8H i OEFH
J
ACC g
OFOH 1 90000000 0E7H
0D8H , ODFH
PSW !
0DOH | o 00 0D7H
oCsH OCFH
OCOH ! 0CTH
0B8H e . g
XX000000 ; 0BFH
P3 d :
0BOH | 44111111 | 087H
OABH iE : OAFH
0X000000 |
P2 AUXR1 | ' WDTRST
OAH | 41111111 XXXXXXXO | - § XX0000KK 0ATH
SCON SBUF i : -
98H | 00000000 | XXXXXXXX i 9FH
P1
SOH | 49111111 97H
ggn | _TCON T™MOD TLO L1 THO TH1 AUXR eFH
00000000 | 00000000 | 00000000 | 0000C000 | 00000000 | 00000000 |  XXXOOXXO
80H PO sP DPOL DPGH DPIL DP1H PCON | g,
11111411 | 00000111 00000000 | 00000000 | 00000000 | 00000000 0XX0000

Uéer software should not write 1s to these unlisted locations, since they may be used in future products to invoke new fea-
tures. In that case, the reset or inactive values of the new bits will always be 0.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities can be set for each of the five
interrupt sources in the IP register.

ATMEL :

2487C-MICRO-03/05



AlmE;

Table 5-2.  AUXR: Auxiliary Register

AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - | - | WDIDLE | DISRTO - - DISALE

Bit 7 |6l s : 4 i 3 2 1 0
- Reserved for future expansion
DISALE Disable/Enable ALE

DISALE

‘Operating Mode

. 0 ALE is emitted at a constant rate of 1/6 the oscillator frequency

1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset-out

DISRTO

0 Reset pin is driven High after WDT times out

1 Reset pin is input only )
WDIDLE Disable/Enable WDT in IDLE mode
WDIDLE
0 WOT continues to count in IDLE mode
1 WOT halts counting in IDLE mode

Dual Data Polnter Registers: To facilitate accessing both internal and external data memory,
two banks of 16-bit Data Pointer Registers are provided: DP0 at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DPO and DPS = 1 selects DP1.
The user should ALWAYS initiatize the DPS bit to the appropriate value before accessing the
respective Data Pointer Register.

Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. POF
is set to “1” during power up. it can be set and rest under software control and is not affected by
reset.

/AT 8'SS 5 1 15000000
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 E———————— ., AT89S51

Table 5-3.  AUXR1: Auxiliary Register 1

AUXR1 Address = A2H Reset Value = XXXXXXX0B
Not Bit Addressable
- - - - - - - DPS
Bit 7 6 5 4 3 2 1 0

- Reserved for future expansion
DPS Data Pointer Register Select

DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

6. Memory Organization

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K
bytes each of external Program and Data Memory can be addressed.

6.1 Program Memory

6.2 Data Memory

If the EA pin is connected to GND, all program fetches are directed to extemal memory.

On the AT89SS1, if EA is connected to V¢, program fetches to addresses 0000H through FFFH
are directed to internal memory and fetches to addresses 1000H through FFFFH are directed to
external memory.

The AT89S51 implements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct
and indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 bytes of data RAM are available as stack space.

7. Watchdog Timer (One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a user
must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H). When
the WDT is enabled, it will increment every machine cycle while the osclllator is running. The
WDT timeout period is dependent on the external clock frequency. There is no way to disable
the WDT except through reset (either hardware reset or WDT overflow reset). When WDT over-
flows, it will drive an output RESET HIGH puise at the RST pin.

7.1 Using the WDT

2487C-MICRO-03/05

To enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment every
machine cycle while the oscillator is running. This means the user must reset the WDT at least

AIMEL s
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8.

9. TimerOand1

10

ATMEL

every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H to
WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written. When
WDT overflows, it will generate an cutput RESET pulse at the RST pin. The RESET pulse dura-
tion is 98xTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it should be
serviced in those sections of code that will periodically be executed within the time required to
prevent a WDT reset.

WDT During Power-down and ldle

UART

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated extemnal interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the ATB9S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the osclllator to stabilize. When the interrupt is brought high, the interrupt is serviced. To prevent
the WDT from resetting the device while the interrupt pin is held low, the WDT is not started until
the interrupt is pulled high. it is suggested that the WDT be reset during the interrupt service for
the interrupt used to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it is best to
reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit = 0)
as the default state. To prevent the WDT from resetting the AT89S51 while in IDLE mode, the
user should always set up a timer that will periodically exit IDLE, service the WDT, and reenter
IDLE mode. -

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from IDLE.

The UART in the AT89S51 operates the same way as the UART in the AT89CS51. For further
information on the UART operation, please click on the document link below:

http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

Timer 0 and Timer 1 in the ATB9S51 operate the same way as Timer 0 and Timer 1 in the '
AT89CS51. For further information on the timers' operation, please click on the document link

below:
http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

AT 8D'S'5  1000P
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10. Interrupts

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INT1 ), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are ail shown in
Figure 10-1.

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. IE also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 10-1 shows that bit positions IE.6 and IE.5 are unimplemented. User software
should not write 1s to these bit positions, since they may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle.

Table 10-1.  Interrupt Enable (IE) Register

(MSB) (LSB)
EA [ - | - | €S tem et |Emo Exo |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.
Symbol Positlon ! Function
I Disables all interrupts. If EA = Q. no interrupt is
EA E7 : _a\dgnpw!edged. HEA= 1‘, each mtermqt source is. )
individually enabled or disabled by setting or clearing its
enable bit.
- IE.6 Reserved
- IES Reserved
ES IE4 Serial Port interrupt enable bit
ET1 IE.3 Timer 1 interrupt enable bit
EX1 IE.2 ' External interrupt 1 enable bit
ETO IE.1 Timer 0 interrupt enable bit
EXO0 IE.0 External interrupt 0 enable bit
User software should never write 1s to reserved bits, because they may be used in future AT89
products.

AIMEL "
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Figure 10-1. Interrupt Sources
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INTO a IE0 >
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11. Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 11-1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 11-2, There are no
requirements on the duty cycle of the external clock signal, since the input to the internal clock-
ing circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

Figure 11-1. Oscillator Connections

c2
o} —@—| XTALZ
! i
I

| ©1 i

—}——eo—— xmALY

i
—1 GnD

-
Note: C1,C2 = 30pF 10 pF for Crystals
= 40 pF £ 10 pF for Ceramic Resonators
12 AT 89S 'S 0000000000000
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12. ldle Mode

Figure 11-2, Extemal Clock Drive Configuration

NC —————— XTAL2
EXTERNAL
OSCILLATOR +++==-—1  XTAL1
SIGNAL
[—— GND
v

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by software. The content of the on-chip RAM and all the special function regis-
ters remain unchanged during this mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro-
gram execution from where it left off, up to two machine cycles before the internal reset
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a
port pin when idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memory.

13. Power-down Mode

2487C-MICRO-03/05

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-down
is the last instruction executed. The on-chip RAM and Special Function Registers retain their
values until the Power-down mode is terminated. Exit from Power-down mode can be initiated
either by a hardware reset or by activation of an enabled external interrupt (INTO or INT1). Reset
redefines the SFRs but does not change the on-chip RAM. The reset should not be activated
before Vg is restored to its normal operating level and must be held active long enough to aliow
the oscillator to restart and stabilize.

Table 13-1.  Status of External Pins During !dle and Power-down Modes

Mode ProgramMemory | ALE | PSEN | PORTO | PORT1 | PORT2 | PORT3
ldle internal 1 1 Data Data Data Data
ldle External 1 1 Float Data Address Data
Power-down | Internal 0 0 Data Data Data Data
Powerdown | External 0 0 Float Data Data Data

ATMEL =
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14. Program Memory Lock Bits

The ATB9S51 has three lock bits that can be left unprogrammed (U) or can be programmed (P)
to obtain the additional features listed in Table 14-1.

Table 14-1.  Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 | Protection Type
. 1_ N _l_J e U, U No program lock features
MOVC instructions executed from external program memory
2 P U U are disabled from fetching code bytes from internal memory,
EA is sampled and latched on reset, and further programming
; of the Flash memory is disabled
P P U | Same as mode 2, but verify is also disabled
P P P Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during reset.
if the device is powered up without a reset, the latch initializes to a random value and hotds that
value until reset is activated. The latched value of EA must agree with the current logic level at
that pin in order for the device to function properly.

15. Programming the Flash — Parallel Mode
The ATB89S51 is shipped with the on-chip Flash memory array ready to be programmed. The
programming interface needs a high-voltage (12-volt) program enable signal and is compatible
with conventional third-party Flash or EPROM programmers. -

The AT89S51 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S51, the address, data, and control
signals should be set up according to the Flash Programming Modes table (Table 17-1) and Fig-
ure 17-1 and Figure 17-2. To program the AT89S51, take the following steps:

1. Input the desired memory location on the address lines.
input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

Raise EA/Vpp t0 12V.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ys. Repeat steps 1

through 5, changing the address and data for the entire array or until the end of the

object file is reached.

Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle. Dur-
ing a write cycle, an attempted read of the last byte written will result in the complement of the
written data on P0.7. Once the write cycle has been compteted, true data Is valid on all outputs,
and the next cycle may begin. Data Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY output
signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0 is
pulled high again when programming is done to indicate READY.

o swDp

14 /AT 80'S 51 000000000
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Program Verlfy: If lock bits LB1 and LB2 have not been programmed, the programmed code
data can be read back via the address and data lines for verification. The status of the Individ-
ual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled to
a logic low. The values retumned are as follows.

(000H) = 1EH indicates manufactured by Atmel
{100H) = 51H indicates AT89S51
(200H) = 06H

Chip Erase: in the parallel programming mode, a chip erase operation is initiated by using the
proper combination of controf signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 560 ms.

During chip erase, a serial read from any address location will return 00H at the data output.

16. Programming the Flash — Serial Mode

The Code memory array can be programmed using the serial ISP interface while RST is pulled
to V. The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RST is
set high, the Programming Enable instruction needs to be executed first before other operations
can be executed. Before a reprogramming sequence can occur, a Chip Erase operation is

required.

The Chip Erase operation turns the content of every memory location in the Code array into
FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be connected
across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency should be less than
1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK frequency is
2 MHz.

16.1 Serial Programming Algorithm

2487C-MICRO-03/05~

To program and verify the AT89S51 in the serial programming mode, the following sequence is
recommended:

1. Power-up sequence:
a. Apply power between VCC and GND pins.
b. Set RST pin to “H".
if a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz clock to
XTAL1 pin and wait for at least 10 milliseconds.
2. Enable serial programming by sending the Programming Enable serial instruction to pin
MOSVP1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be less
than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page mode. The
write cycle is self-timed and typically takes less than 0.5 ms at 5V.

4. Any memory location can be verified by using the Read instruction that returns the con-
tent at the selected address at serial output MISO/P1.6.

ATMEL L
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5. Atthe end of a programming session, RST can be set low to commence normal device
operation.

Power-off sequence (if needed):
1. Set XTAL1 to “L” (if a crystal is not used).
2. SetRSTto“L"
3. Turn Vg power off.
Data Polling: The Data Polling feature is also available in the serial mode. In this mode, during

a write cycle an attempted read of the last byte written will result in the complement of the MSB
of the serial output byte on MISO.

16.2 Serial Programming Instruction Set

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in the
"Serial Programming Instruction Set” on page 20.

17. Programming Interface — Parallel Mode

Every code byte in the Flash array can be programmed by using the appropriate combination of
control signals. The write operation cycle is self-timed and once initiated, will automatically time
itself to completion.

Most major worldwide programming vendors offer worldwide support for the Atmel AT89 micro-
controller series. Please contact your local programming vendor for the appropriate software
revision.

Table 17-1.  Flash Programming Modes

; i
. ALE/ EA/ i pozo |_P230 | P170
Mode Vec | RST | PSEN | PROG | V,, | P26 | P27 | P33 | P36 | P37 | Data Address
) @ ;
Write Code Data | 5V H L ~ 12v L H H H H Du A11-8 A7-0
Read Code Data | 5V H L H H . L L L!{ H i H Dour A11-8 A7-0
(&3] : 0 :
Write Lock Bit 1 5V H L ~ 12v Hoi M H H H X X X
3 i v
Write Lock Bit 2 5V H L ~ 12v ? H ' H H L L X X X
3 ; ! : i
Write Lock Bit 3 sV H L ~ 12v H: L : H o L X X X
. P0.2,
ReadLockBits | o | L H H H | H Ll om L PO3, X X
1.2.3 P0.4
“ H L H L L X X X
Chip Erase 5V H L -~ 12v
Read Atmel ID sV H L H H L L L L L 1EH 0000 ooH
Read Device ID sV H L ‘M H L L L L L S1H 0001 00H
Read Device ID sV H L H H L L L L L 06H 0010 00H

Notes: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.

Pl Sl

16

Each PROG pulse is 200 ns - 500 ns for Write Code Data.
Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
ROY/BSY signal is output on P3.0 during programming.

X = don't care.

AT89S51 ”
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Figure 17-1. Programming the Flash Memory (Parallel Mode)
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Figure 17-2. Verifying the Flash Memory (Parallel Mode)
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18. Flash Programming and Verification Characteristics (Parallel Mode)

T, = 20°C to 30°C, Ve = 4.5 to 5.5V

Symbol Parameter | Min Max Units
Vpp Programming Supply Voltage 115 12,5 v
lpp Programming Supply Current i 10 mA
lec Ve Supply Current ' 30 mA
Rec Oscillator Frequency i 3 33 MHz
tavoL Address Setup to PROG Low Y

tamax Address Hold Atter PROG o _l 481 ¢,

toveL Data Setup to PROG Low L ‘ 48 tc e

tomox Data Hold Ater PROG I 48lgq

teush P2.7 (ENABLE) High to Vpp | 48tae

tsHaL Vpp Setup to PROG Low . 10 s
- Vpp Hold After PROG L o 10 ps
teron PROG Wiath | 0.2 1 us
tavav Address to Data Valid 48te o,

teav ENABLE Low to Data Valid » 48t o,

tenaz Data Fioat After ENABLE ; 0 48t ¢,

temaL PROG High to BUSY Low i 1.0 s
twe Byte Write Cycle Time ! - 50 us

Figure 18-1. Flash Programming and Verification Waveforms — Parallel Mode

PROGRAMMING VERIFICATION
£1.0 - P1.7 N
_—
p1o-p17 —— aoomess ,_j—m—>—
+— tavav
PORT 0 \—paA N N (DATA OUT p——
F—’ tovaL  tawox f:q
taveL » tanax
ALE/PROG N y
tskaL —te.an—" tanse
A Ve ] N\LOGIC 1
EANVep weieo I .
t L,
p2.7 _‘| e 'amv—\»l — 'l temoz
( ) tawaL —*
P30 _
(RDY/BSY) BUSY READY
twe
18 AT89S51
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Figure 18-2. Flash Memory Serial Downloading

VOC
AT89S51 °
VOC
INSTRUCTION
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19. Flash Programming and Verification Waveforms — Serial Mode

Flgure 19-1. Serial Programming Waveforms

AT89S51

SERIAL DATA INPUT
P1.5 (MOS))

o= XX X XX X==\
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Lo XN

[ ]
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20. Serial Programming Instruction Set

Instruction Format
Instruction Byte 1 ‘Byte 2 ! Byte3 Byte 4 Operation
g XXXX  XXXX
Programming Enable | 1010 1100 0101 0011 | 0110 1001 Enable Serial Programming
°g 9 00X X0 (Output on while RST is high
MISO)
Chip Erase 1010 1100 100x  xxxx K XXXXK XXX XXXX ghip Erase Flash memory
fray
Read Program Memory XXXX =00m e NSO RONY N0 Read data from Program
(Byte Mode) 0010 0000 Z2<< 2T X<’ |a383 8858 memory in the bytr:gmode
Write Program Memory XXXX o2 — Write data t
(Byte Mooe) 0100 0000 Z23<  ineovouze | 5883 8358 mer:w n :,: b'°ylge'a:ode
Write Lock Bits!? 1010 1100 1110 0&@& | oo 00 XXXX  3000C Write Lock bits. See Note (1).
; - Read back current status of
Read Lock Bits 0010 0100 XXXX  XXXX I XORXX XXXX xx:g I3 xx the lock bits (a programmed
lock bit reads back as a *17)
Read Signature Bytes | 0010 1000 oox Z22@ IR %000 Signature Byte | Read Signature Byte
[}
H Read data from Program
Read Program Memory XXXX =02 i Byte 1... .
0011 0000 << i Byte O memory in the Page Mode
(Page Mode) ! Byte 255 (256 bytes)
. Wirite data to Program
Wirite Program Memory i Byte 1... .
0101 0000 VX TONR i Byte 0 memory in the Page Mode
rea< H
(Page Mode) < : Byte 255 (256 bytes)
Note: 1. B1=0,B82=0—> Mode 1, no lock protection

B1 =0, B2 =1— Mode 2, lock bit 1 activated
Bt = 1, B2 =0 — Mode 3, lock bit 2 activated
B1 =1, B2 =1 —> Mode 4, lock bit 3 activated

Each of the lock bit modes need to be activated sequentially be-
fore Mode 4 can be executed.

Atter Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to clock in the enable data
bytes. No puising of Reset signal is necessary. SCK should be no faster than 1/16 of the system clock at XTAL1.

For Page Read/Write, the data always starts from byte 0 to 255. After the command byte and upper address byte are
latched, each byte thereafter is treated as data until ail 256 bytes are shifted infout. Then the next instruction will be ready

to be decoded.

20 AT89S51 5
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21. Serial Programming Characteristics

Figure 21-1. Serial Programming Timing
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Table 21-1.  Serial Programming Characteristics, T = -40°C t0 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)
Symbol Parameter Min Typ Max Units
1oL Oscillator Frequency 3 33 MHz
toreL Oscillator Period 30 ns
tsHst SCK Pulse Width High 8lcaL ns
tsLsH SCK Pulse Width Low 8loc ns
tovsH MOSI Setup to SCK High tecL ns
tsHox MOS! Hold after SCK High 2tcL ns
tsuv SCK Low to MISO Valid 10 16 32 ns
terasE Chip Erase Instruction Cycle Time 500 ms
tswe Serial Byte Write Cycle Time 64t ¢ + 400 us

22. Absolute Maximum Ratings*

Operating Temperature -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

Storage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respect to Ground -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Maximum Operating Voltage 6.6V conditions for extended periods may affect
device reliability.

DC Output Current 15.0 mA

2487C-MICRO-03/05
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23. DC Characteristics

AlmEL

The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.

Symbol | Parameter Condiltion Min Max Units
Vi Input Low Voitage (Except EA) 05 0.2 Ve-0.1 v
Vi Input Low Voltage (EA) 0.5 0.2 V0.3 v
Vin Input High Voltage (Except XTAL1, RST) 0.2 V0.9 Vect0.5 Vv
Vi input High Voltage (XTAL1, RST) 0.7 Ve Ve t0.5 Y
Vou Output Low Voltage'" (Ports 1,2,3) | Ig = 1.6 mA 0.45 v
' low = -60 A, Ve = 5V £ 10% - 24 v
Vow %‘rﬁs"‘:fa‘ga" Xf‘é‘,gésm lon = -25 A 0.75 Ve v
i low=-10pA ] 98 v
low=-B00pA, Voo =SV £10% | 2.4 v
Vomt (%:;tgué ::\igEr;t\é?::lggus Mode) lon = -300 pA 0.75 Vec v
low =-80 pA 0.9 Ve v
Ty Logical 0 input Current (Ports 1,2,3) | Vi =0.45V -50 A
I '('gg;l';"‘ Py Transition Current | v/ ' = 2V, Vgg = 5V £ 10% -300 bA
Iy _ | input Leakage Current (Port 0, EA) | 0.45 < Vi < Ve +10 pA
RAST | Reset Pulldown Resistor ) 50 300 Ka
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current -
lec ldle Mode, 12 MHz 6.5 mA
Power-down Mode? Ve = 5.5V 50 pA

Notes: 1. Under steady state (non-transient) conditions, i, must be externally limited as follows:
Maximum ly_per port pin: 10 mA
Maximum lo, per 8-bit port:
Port 0: 26 mA Ports 1.2, 3: 1I5mA
Maximum total I, for all output pins: 71 mA
If I,_exceeds the test condition, Vg, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

22 AT SO'S 51 1500000000000
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24. AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

24.1 External Program and Data Memory Characteristics

12 MHz Osclllator Variable Osclllator
Symbol Parameter ia—in aﬁ;;_" b Min Max Units
1o Osciflator Frequency 0 33 MHz
i ALE Pulse Width e 21040 ns
tavie Address Valid to ALE Low 43 torc 26 i ns
tuax Address Hold After ALE Low 48 toc-25 | ns
[t ALE Low to Valid Instruction In 233 416,065 ns
e ALE Low to PSEN Low 43 torc-25 ns
torem PSEN Pulse Width 205 3145 ns
touw PSEN Lowto Valid Instructionin || 145 | 3 tec 60 ns
o Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 terc-25 ns
toxav PSEN to Address Valid 75 teeL8 ns
taviv Address to Valid Instruction In 312 5 terc 80 ns
teiaz PSEN Low to Address Float 10 10 ns
tavam RD Pulse Width 400 6 to 100 ns
tawn WR Pulse Width i 400 6 15 -100 ns
taov RD Low to Valid Data In 252 5190 ns
tanox Data Hold After RD 0 0 ns
tanpz Data Filoat After RD . 97 2toc-28 ns
tuov ALE Low to Valid Data In 517 8 g 150 ns
tavov Address to Valid Data In 585 9t -165 ns
tuwe ALE Low to RD or WR Low 200 300 3t 50 3o +50 ns
tavwe Address to RD or WR Low 203 416075 ns
tavwx Data Valid to WR Transition 23 towcL-30 ns
tovwn Data Valid to WR High 433 7 toc~130 ns
tamox Data Hold After WR 33 torc25 ns
taraz RD Low to Address Float (] 0 ns
twriH RD or WR High to ALE High 43 123 tore-25 terci+25 ns

AIMEL 2
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25. External Program Memory Read Cycle

o —
ALE

tavie

PSEN /

tuw

li"l.lV

touaz

texz

tPXIX -

K INSTR IN

PORT 2

A8 - A1S

26. External Data Memory Read Cycle

tLHLL_.
ALE N ,t—_\____/
— twHiH
PSEN _/ . , \ /
LOV
e— taLpn —
— tuwe
R—D ‘_tLLAX—. \\——//
— tav —] . * triov tanoz
RALAZ — tarox
PORT 0 ) A0 - A7 FROM RI OR DPLX ) KOATA IN IOKAO - A7 FROM PCL~C INSTR IN
tavwe »
tavov - >
PORT 2 X P20 - P2.7 OR A8 - A1S FROM DPH X A8 - A15 FROM PCH

24
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27. External Data Memory Write Cycle

28. External Clock Drive Waveforms

AT89S51

Qr—
ALE N
— twHLH
PSEN /
WA be—t ax — \\—/ﬁ
—tavu—]  fowx—P{ . 1 twmox
e— tavwi —
PORT 0 >0 - A7 FROM RI OR DPLM | DATA OUT X XA0 - A7 FROM PCLO—CINSTR IN

tawn

PORT 2 ) 4 P2.0 - P2.7 OR A8 - A15 FROM DPH X

A8 - A15 FROM PCH

HCX toien temeL
Vec - 0.5V 4
0.2 Ve - 0.1V
0.45V cc L
e terex — -
teer
29. External Clock Drive
Symbol Parameter Min Max Units
1Rcic Oscillator Frequency 0 33 MHz
tocL Clock Period 30 ns
torex High Time ] . ns
torex Low Time 12 ns
teeH Rise Time ns

2487C-MICRO-03/05
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30. Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vo = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Varlable Osclilator
Symbol Parameter Min Max Min Max Units
tyuxe Serial Port Clock Cycle Time 1.0 12100 us
tovxn Output Data Satup to Clock Rising Edge 700 10 tg ¢ -133 ns
Output Data Hold After Clock Rising Edge 50 2180 ns
txrox input Data Hold After Clock Rising Edge (1] 0 ns
tyov Clock Rising Edge to Input Data Valid ' 700 10 g, o -133 ns

31. Shift Register Mode Timing Waveforms

INSTRUCTION|0|1|2|3|4|5|6|7|8|
ae LMoy
N b
CLOCK . oo v ruvrrr—
o —+] |e— taox
WRITE TO SBUF, o0 1 X 11X 2 X3 X a X5 X6 X 1/
¥ — t.
OUTPUT DATA oo [ [ toox sernl
.m.e:am, e T O T T TeerTerr
INPUT DATA seraif

32, AC Testing Input/Output Waveforms!")

Voo - 0.5V

202 Vg - 0.1V

0.45v

1. AC Inputs during testing are driven at V¢ - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at Vy

Note: L
min. for a logic 1 and V,_ max. for a logic 0.

33. Float Waveforms!"

Note: 1. Fott&nhgmrposes,aportpinisnolongerﬂoﬂngwheﬂa100chhangeﬁomloadvonageocwrs.Aponp!nbeginsto
float when a 100 mV change from the loaded VoV level occurs.

26 A" T 5O'S 51 00000000
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34. Ordering Information
34.1 Standard Package

Speed Power
(MH2) Supply Ordering Code Packago Operation Range
AT89S51-24AC 44A
ATB9S51-24JC a4y Commercial
AT89S51-24PC "40P6 (0°C to 70°C)
AT89S51-24SC 42PS6
24 4.0Vto 5.5V
AT89S51-24Al 44A
AT89S51-24J! 44) Industrial
AT89S51-24P| 40P6 (40°C to 85°C)
AT89S51-24S1 42PS6
AT89S51-33AC 44A
AT89S51-33JC 44) Commercial
8 45V 5.8V AT89S51-33PC 40P6 (0°C to 70°C)
AT89S51-33SC 42PS6
34.2 Green Package Option (Pb/Halide-free)
Speed Power
(MHz) Supply Ordering Code Package Operation Range
AT89S51-24AU 44A
24 40V1055V | ATB9S51-24JU 44 ( _4(';0‘2“;";“;' )
AT89S51-24PU 40P6
Package Type
44A 44-lead, Thin Plastic Guil Wing Quad Flatpack (TQFP)
44J 44-ead, Plastic JHeaded Chip Carier (PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIF)
42PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

AlIEL

2487C-MICRO-03/05




AImEL

35. Packaging Information

35.1 44A-TQFP

ANAnnARNARR Jl]]ﬂﬂﬂﬂﬂﬂﬂ_ﬂﬂ,ii Sy i
PIN1 .- ) ) ” i
/o =
(« Ee | |
PIN 1 IDENTIFIER =10
ET1! |
= E1 E
=
= 1!
= |
= .|
L
(|
i e -
I —L e -
A= A2 LA
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN | NOM | MAX | NOTE
A - - 1.20
A1 0.05 - 0.15

A2 0.95 1.00 1.05
D 11.75 | 12,00 | 1225
D1 9.80 10.00 | 10.10 | Note2

E 1.75 | 1200 | 1225

Notes: 1. Thspa chage, bl :ﬂggu?: ,':o,"?pMmm,mm'nYmﬁ v ’ahAmCB. €1 | 860 | 1000 | 10.10 [ Nowe2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum 8 0.30 - 0.45
plastic body size dimensions Including mold mismatch. e Tom T = o2

’ L

[:]

3. Lead coplanarity is 0.10 mm maximum.
0.45 - 0.75

0.80 TYP

10/5/2001
THLE DRAWING NO. [REV.
2025 Orchard Parkay | 44, 44-tead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, A 8
’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

28 AT89S51
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35.2 44J-PLCC

1.14(0.045) X 45°

2487C-MICRO-03/05

1.14(0.045) X 45° PIN NO. 1 ——
| D Ly s i 09100075)
- T
il b i ! ==
it S = |
o h ! =2y i
[ > J; E1 E T Bt D2/E2
Bi=l b i e SRR
i £ = |
Y H i | —1 |
—[ 0 8] | [ — H
ol | L i i h\"\ !
el i et _/‘_} _!._._ Y I‘—Q;""
5 ! o | ; | :—] L-‘ A2
i {
— o] ﬁ r-
s A
0.51(0.020)MAX T 7
45" MAX (3X) T
= COMMON DIMENSIONS
_[.-_\_4' { (Unit of Measure = mm)
| SYMBOL| MIN NOM MAX | NOTE
A 4.191 - 4572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusion. E1 16.510 = 16.662 | Note 2
Allowable protrusion is .010*(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 - 16.002
and E1 include mold mismatch and are measured at the extreme B 0.660 0.813
material condition at the upper or lower parting line. - — -
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
-] 1.270 TYP
10/04/01
5 i TITLE DRAWING NO. |REV.
2325 Orchal rkway 444, 44+ : ; 2
, 44-lead, Plastic J-leaded Chip Carrier (PLCC
L San Jose, CA 95131 g P (PLCC) 44 B
AIMEL 29
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35.3 40P6 - PDIP

PIN

( =
1

1

T AR e

L E ]
l [ \ I COMMON DIMENSIONS
\ . J\ 0°-15° REF (Unit of Measure = mm)
c \/ <\
T SYMBOL| MIN NOM MAX | NOTE
! B l A - — | as2s
Al 0.381 - -
D 52.070 - 52.578 | Note 2
E 15.240 - 15.875
Et 13.462 - 13.970 | Note 2
-] 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1_| 1.04 - | 1651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010°). c 0203 _ 0.381
eB 15.494 - 17.526
e 2540 TYP
09/28/01
ard TITLE DRAWING NO. |REV.
2325 Orch ]
Parkway | 40pg. 40-4ead (0.600°/15.24 mm Wide) Plastic Dual
San Jose, CA 85131 | infine Packege((PDlP) 40P6 B
30 AT 89S 1 0000000000000
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35.4 42PS6 - PDIP

AT89S51

~————D

PIN

Tz

LS U N I I N I O By O

1
e T
T T T,

—
C_\/;___\I_J\E;w REF

——

| eB 1

Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC.
2. Dimenslons D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010%).

COMMON DIMENSIONS
{Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 4.83
Al 0.51 - -
D 36.70 - 36.96 | Note 2
E 15.24 - 15.68
El 13.46 - 13.97 | Note 2
B8 0.38 - 0.56
B1 0.76 - 1.27
L 3.05 - 343
C 0.20 - 0.30
eB - - 18.55
e 1.78 TYP

TITLE
San Jose, CA 95131 | inline Package (PDIP)

2325 Orchard Parkway | 4opgg, 42.jead (0.600%/15.24 mm Wide) Plastic Dual

AIMEL
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RBC/ 1 3 Group REJO3B0069-0110
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER Rev.1.10
Apr 27, 2005

1. Overview

This MCU is built using the high-performance silicon gate CMOS process using a R8C/Tiny Series CPU
core and is packaged in a 32-pin plastic molded LQFP. This MCU operates using sophisticated instructions
featuring a high level of instruction efficiency. With 1M bytes of address space, it is capable of executing
instructions at high speed.

The data flash ROM (2 KB X 2 blocks) is embedded.

1.1 Applications

Electric household appliance, office equipment, housing equipment (sensor, security), general industrial
equipment, audio, etc.

Rev.1.10 Apr 27,2005 page 10f26 RENESAS
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R8C/13 Group

1. Overview

1.2 Performance Outline

Table 1.1. lists the performance outline of this MCU.

Table 1.1 Performance outline

Item

Performance

REJ03B0069-0110

CPU Number of basic instructions | 89 instructions
Shortest instruction execution ime |50 ns (f(XIN) = 20 MHz, Vcc = 3.0t0 5.5 V)
100 ns (f(XIN) = 10 MHz, Vcc = 2.7 t0 5.5 V)
Operating mode Single-chip
Address space 1M bytes
Memory capacity See Table 1.2.
Peripheral  |interrupt Internal: 11 factors, External: 5 factors,
function Software: 4 factors, Priority level: 7 levels
Watchdog timer 15 bits x 1 (with prescaler)
Reset start function selectable
Timer Timer X: 8 bits x 1 channel, Timer Y: 8 bits x 1 channel,
Timer Z: 8 bits x 1 channel
(Each timer equipped with 8-bit prescaler)
Timer C: 16 bits x 1 channel
Circuits of input capture and output compare.
Serial interface «1 channel
Clock synchronous, UART
«1 channel
UART
A/D converter 10-bit A/D converter: 1 circuit, 12 channels
Clock generation circuit 2 circuits
«Main clock generation circuit (Equipped with a built-in
feedback resistor)
«On-chip oscillator (high-speed, low-speed)
On high-speed on-chip oscillator the frequency adjust-
ment function is usable.
Oscillation step detection function | Stop detection of main clock oscillation
Voltage detection circuit included
Power on reset circuit Included
Port Input/Output: 22 (including LED drive port), Input: 2
(LED drive /O port: 8)
Electrical Power supply voltage Vvce = 3.0 to 5.5V (f(XIN) = 20MHz)
characteristics Vce = 2.7 to 5.5V (f(XIN) = 10MHz2)
Power consumption Typ.9 mA (Vce = 5.0V, (f(XiN) = 20MHz,High-speed mode)
Typ.5 mA (Vcc = 3.0V, (f(XiN) = 10MHZz,High-speed mode)
Typ.35 pA (Vcc = 3.0V, Wait mode, Peripheral clock stops)
Typ.0.7 pA (Vcc = 3.0V, Stop mode)
Flash memory|Program/erase voltage ~ [Vcc=2.7t05.5V
Number of program/erase | 10,000 times (Data area)
1,000 times (Program area)
Operating ambient temperature -20 to 85°C
-40 to 85°C (D-version)
Package 32-pin plastic mold LQFP
Rev.1.10 Apr 27,2005 page 2of26 RENESAS




R8C/13 Group

1. Overview

1.3 Block Diagram
Figure 1.1 shows this MCU block diagram.

)

8 5 112

I/O port
| Peripheral functions |
Temer AJD converter
(10 bits X 12 channels) )

Timer X (8 bits) —_— System clock generator

Timer Y (8 bits) UART or Clock synchronous XX
I Timer Z (8 bits) 8 b s‘;"‘:‘ é’hc;nne, High-speedm.on-dtwlz oscillator |

Timer C (16 bis) (8 bits ) Low-speed on-chip oscillator

UART
(8 bits X 1 channel)
| R8C Series CPU core Memory
ROH | ROL [ S8 | ( r§°M1) I
Watchdog timer RiH | RiL ote
R3 RAM
5 L NT8 ] (Note 2)
[ PC ]
] Al — |
F8 [ FfG |
Muttiplier
Note 1: ROM size depends on MCU typa.
Note 2: RAM size depends on MCU type.
Figure 1.1 Block Diagram
Rev.1.10 Apr 27,2005 page 3 of 26 RENESAS
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R8C/13 Group

1. Overview

1.4 Product Information
Table 1.2 lists the products.

Table 1.2 Product List
f April 200:
T ROM -
ype No. Program area | Data area RAM capacity | Package type Remarks

R5F21132FP 8Kbytes | 2Kbytesx2| 512bytes | PLQPGO32GB-A | Flash memory version
RSF21133FP 12K bytes | 2K bytes x 2 768 bytes | PLQP0032GB-A

R5F21134FP 16K bytes | 2K bytes x 2 1K bytes | PLQP0032GB-A

R5F211320FP 8K bytes | 2K bytes x 2 512 bytes | PLQP0032GB-A | D version
R5F21133DFP 12K bytes | 2K bytes x 2 768 bytes | PLQP0032GB-A

R5F21134DFP 16K bytes | 2K bytes x 2 1K bytes PLQP0032GB-A

TypeNo.R § F 21 13 4 D FP
Package type:

FP : PLQP0032GB-A

‘—— Shows characteristics and others.

D: Operating ambient temperature —-40 °C to 85 °C

No symbol: Operating ambient temperature —20 °C to 85 °C

ROM capacity:
2: 8 KBytes.
3: 12 KBytes.
4 : 16 KBytes.

— RBC/13 group

R8C/Tiny series

Memory type:

F: Flash memory version

Renesas MCU

Renesas semiconductors

Figure 1.2 Type No., Memory Size, and Package

Rev.1.10 Apr 27,2005 page 4 of 26
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R8C/13 Group 1. Overview

1.5 Pin Assignments
Figure 1.3 shows the pin configuration (top view).

PIN Assignments (top view)
o
T = 3
S % E:
E §&§§
o - o
2513 , B3IE[E
58383853
£28<8ze 8
2424 (4[24 fid 117
POG/ANT 4> 16] +* P4s/iNTo
POS/AN2 +> 15] +> p1o/KI/ANS/CMPO0
PO4/AN3 +> [14] > P11/KI1/ANS/CMPO1
MODE — R8C/13Group |13l * P12/Kiz/AN10/CMPO2
POJANs +* 12] *» P1a/KIa/AN11
POANs ** [11] +» P14/TxDo
PO1/ANs > 0O [10] +» P1s/RxDo
POo/AN7/xD11 [9] «> p1e/CLKo
(ll2ilailalis]leltzlle]
QAflhEd8g 8
2l 2 &>
éﬁgg 273
& =
¢ 2 Iz
I -
o Q.
NOTES:
1. P47 functions only as an input port.
2. When using On-chip debugger, do not use POo/AN7/TxD11
and P37/TxD10/RxD1 pins.
3. Do not connect IVce to Vcee.
Package: PLQP0032GB-A (32P6U-A)

Figure 1.3 Pin Assignments (Top View)

Rev.1.10 Apr 27,2005 page 5of26 RENESAS
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R8C/13 Group 1. Overview

1.6 Pin Description
Table 1.3 shows the pin description

Table 1.3 Pin description

Signal name Pin name 11O type Function
Power supply Vcee, i Apply 2.7 V to 5.5 V to the Ve pin. Apply 0 V to the
input Vss Vss pin.
IVee IVee (0] This pin is to stabilize internal power supply
Connect this pin to Vss via a capacitor (0.1 pF)
Do not connect to Vee
Analog power AVce, AVss 1 These are power supply input pins for A/D converter. Con-
supply input nect the AVcce pin to Vec. Connect the AVss pin to Vss.

Connect a capacitor between pins AVee and AVss.

“L” on this input resets the MCU.

Connect this pin to Vss via a resistor(!

Connect this pin to Vec via a resistor

These pins are provided for the main clock generat-
ing circuit /0. Connect a ceramic resonator or a crys-
Main clock output| XouT (0] tal oscillator between the XiN and Xour pins. To use
an extemally derived clock, input it to the XIN pin and
leave the XouT pin open.

These are INT interrupt input pins.

These are key input interrupt pins.

Reset input RESET
CNVss CNVss

MODE MODE

Main clock input | XIN

INT interrupt input | INT0 to INT3
Key input interrupt| Ko to Ki3

input
Timer X CNTRo /0 This is the timer X I/O pin.
CNTRo 0 This is the timer X output pin.
Timer Y CNTR1 T[e) This is the timer Y 1/O pin.
Timer Z TZout 0 This is the timer Z output pin.
Timer C TCIN | This is the timer C input pin.
CMPGo to CMPO3, |O These are the timer C output pins.
CMP10 to CMP13
Serial interface | CLKo T{e] -| This is a transfer clock IO pin.
RxDo, RxD1 ( These are serial data input pins.
TxDo, TxD10, o These are serial data output pins.
TxD11
Reference voltage| VREF l This is a reference voltage input pin for A/D con-
input verter. Connect the VREF pin to Vce.
AJD converter | ANo to AN11 | These are analog input pins for A/D converter.
I/0 port P0o to P07, 110 These are 8-bit CMOS 1/0 ports. Each port has an /O
P1oto P17, select direction register, allowing each pin in that port
P30 to P33, P37, to be directed for input or output individually.
P4s Any port set to input can select whether to use a puli-
up resistor or not by program.
P10 to P17 also function as LED drive ports.
Input port P4e, P47 1 These are input only pins.
Rev.1.10 Apr 27,2005 page 6 of 26 RENESAS
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R8C/13 Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The CPU has 13 registers. Of these, R0, R1, R2, R3, A0, A1 and FB
comprise a register bank. There are two register banks.

b9

015

b8bY

R3

IROH(RO's high bits|ROL(RO's low bits
R1H(R1's high bits]RIL{R1's low bi
{ Mg R2 s low bits Data registers (Note 1)

AD

Al

FB

|

fi

n Address registers (Note 1)

", Frame base registers (Note 1)

b15

Linve |

INTBL

&0
—I Interrupt table register

19

The upper 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.

PC

L)%

Program counter

.-

015

usP

User stack pointer

ISP

Interrupt stack pointer

S8

Static base register

15

FLG

08

o7

Liey 111

|

luli]o]s]s]|z]o]|

b0
"] Fiag register
[
c

Cany flag

— Debugfiag

Zero fiag

Sign flag
Register bank select flag

Overfiow fiag

pt enable flag
Stack pointer scloct fag

o, "
area

Py Intestupt priority level

Note 1: These reqisters comprise a register bank. There are two register banks.

Reserved srea

Figure 2.1 Central Processing Unit Register

2.1 Data Registers (R0, R1, R2 and R3)
The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to

R3 are the same as RO0.

The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32-

bit data register (R2R0). R3R1 is the same as R2R0.

Rev.1.10 Apr 27,2005 page 7 of 26
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R8C/13 Group 2. Central Processing Unit (CPU)

2.2 Address Registers (A0 and A1)
The register AQ consists of 16 bits, and is used for address register indirect addressing and address
register relative addressing. They also are used for transfers and logiclogic operations. A1 is the same as AOQ.
In some instructions, registers A1 and A0 can be combined for use as a 32-bit address register (A1A0).

2.3 Frame Base Register (FB)

FB is configured with 16 bits, and is used for FB relative addressing.
2.4 Interrupt Table Register (INTB)

INTB is configured with 20 bits, indicating the start address of an interrupt vector table.
2.5 Program Counter (PC)

PC is configured with 20 bits, indicating the address of an instruction to be executed.
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

2.7 Static Base Register (SB)
SB is configured with 16 bits, and is used for SB relative addressing.

2.8 Flag Register (FLG)

FLG consists of 11 bits, indicating the CPU status.
2.8.1 Camry Flag (C Flag)
This flag retains a camry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
2.8.2 Debug Flag (D Flag)
The D flag is used exclusively for debugging purpose During normal use, it must be set to “0".
2.8.3 Zero Flag (Z Flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, it is “0".
2.8.4 Sign Flag (S Flag)
This flag is set to 1" when an arithmetic operation resulted in a negative value; otherwise, it is "0".
2.8.5 Register Bank Select Flag (B Flag)
Register bank 0 is selected when this flag is “0" ; register bank 1 is selected when this flag is "1".
2.8.6 Overflow Flag (O Flag)
This flag is set to “1" when the operation resulted in an overflow; otherwise, it is “0".
2.8.7 Interrupt Enable Flag (I Flag)
This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag is “0", and are enabled when the | flag is “1°. The |
flag is cleared to “0" when the interrupt request is accepted
2.8.8 Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is “0"; USP is selected when the U flag is "1,
The U flag is cleared to "0" when a hardware interrupt request is accepted or an INT instruction for
software interrupt Nos. 0 to 31 is executed.
2.8.9 Processor Interrupt Priority Level (IPL)
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from
tevel 0 to level 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.
2.8.10 Reserved Area '
When write to this bit, write "0". When read, its content is indeterminate.

Rev.140 Apr 27,2005 page 80f26 RENESAS
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R8C/13 Group

3. Memory

3. Memory

Figure 3.1 is a memory map of this MCU. The address space extends the 1M bytes from address 0000016
to FFFFF1e.

The internal ROM (program area) is allocated in a lower address direction beginning with address OFFFF16.
For example, a 16-Kbyte internal ROM is allocated to the addresses from 0C00016 to OFFFF16.

The fixed interrupt vector table is allocated to the addresses from OFFDC16 to OFFFF16. Therefore, store
the start address of each interrupt routine here.

The internal ROM (data area) is allocated to the addresses from 0200016 to 02FFF16.

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example,
a 1-Kbyte intemal RAM is allocated to the addresses from 0040016 to 007FF16. In addition to storing data,
the internal RAM aiso stores the stack used when calling subroutines and when interrupts are generated.
Special function registers (SFR) are allocated to the addresses from 0000016 to 002FF16. Peripheral func-
tion control registers are located here. Of the SFR, any space which has no functions allocated is reserved -
for future use and cannot be used by users.

0000015
SFR
(See Chapter 4 (or detals.)
002FF18
0040018
intermnal RAM
0X00KX18
0200018 .
Intemal ROW ,* OFFDCe Undefined instruction
(data area) . - —Cemec TSR
02FFF16 e Overflow
. . PRKinstruction ¢
'I ﬂdﬂm m
e Single step
oYYYY8 i Wat timer,Oscillation stop detaction
Intemal ROM g {Reseryed)
(program area) | ,* {Reserved)
OFFFFsel | ... OFFFF1s E Reget
Expanding area
FFFFF18 -
NOTES:

1. The data flash ROM block A (2K bytes) and block B (2K bytes) are shown.
2. Blank spaces are reserved. No access is allowed.

Intemal ROM | internal RAM
Type name Size  |AddressOYYYYi] Size |Address 0X0001s
R5F21134FP, RSF21134DFP 16K bytes 0C00018 1K bytes 007FF18
RSF21133FP, R5F21133DFP 12K bytes 0000018 768 bytes O006FF1s
RSF21132FP, RSF21132DFP 8K bytes 000018 512bytes 00SFF1s
Figure 3.1 Memory Map
Rev.1.10 Apr 27,2005 page9 of 26 :{ENESAS
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R8C/13 Group 4. Special Function Register (SFR)

4. Special Function Register (SFR).

SFR(Special Function Register) is the controf register of peripheral functions. Tables 4.1 to 4.4 list the SFR
information

Table 4.1 SFR Information(1)(1)

Addross Register Symbol After reset
000018
000118
00021¢

000318

0004t | Processor mode register 0 1 PMO 0018

00051 | Processor mode register 1 1 0016

0036w | System clock control register 0 CMO 011010002

0007w | System clock control register 1 CM1 001000002

3065w | High-speed on-chip oscillator control register igh-speed on-chip oscillator control register 0 HRO 0016 _

0009 | Address match interrupt enable register AIER XXXXXX002

00CAw | Protect register PRCR 00XXX0002

scille Bgister 1 HR1 4016

detectio registe:
0000 | Watchdog timer resel register WODTR XX16
[ 000E% | Watchdog timer start register XX16
[ 0G5F | Watchdog fimer control regisier WOC 000111112
[~ 0010w | Address match interupt register 0 RMADO 0016
001118 0018
001218 X016

00141 | Address match interrupt register 1 RMAD1 0018
0015t¢ 0016
0016t ~_X016

00191s | Voitage detection register 12 VCR1 000010002
[ 001Aw | Voltage detection register 2 2 VCRZ 00163
1000000024

001€w | [NTO input fitter select register INTOF XXXXX0002
001Fw | Voitage detection Interupt register 2 D4INT 0016 9
0100000124

002318
002418
002518
002618
002718
002818
002818
002Ase
00281
002C1e
00208
002Es
002Fw
003Gt
0031ts
0032t
00331e
003418
0035
00381
0037t
0038:s
003916
003Aw
0038%
003Ce
0030w
OQ3E s
003Fts
X : Undefined
NOTES:
1. Blank columns are afl reserved space. No access is aflowed.
2. Software reset or the watchdog Umer resel does not affect this register.

3. Owing to Reset input.
d.hvt?mdmph-ﬂmmm.

Rev.1.10 Apr 27,2005 page 10 of 26 RENESAS
REJ03B0069-0110
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PREFACE

"

AN.No.1632-711E

This manual describes technical informations on .functions and
instructions of M1632 from Seiko Instruments Ine. Please read
this Instruction manual carefully to understand all the module
functions and make the best use of them. Description details

may be changed without notice.
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1. GENERAL

1.1

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 bullt in. The controller has a bullt-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.

Features
16-character, two-line TN liquid erystal display of 5 x 7 dot matrix + cursor
« Duty ratio: 1/16

+ Character generator ROM for 192 character types
(character font: 5 x 7 dot matrix)

+ Charncter generator RAM for cight ch'nrnclcr types (program write)
';_ (character font: 5 x 7 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

+ Masny instruction functions

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

- Built-in oé;:iuator circuit

« 45 V single power supply

+ Built-in automatic reset circuit at power-on
+ CMOS process

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

- o——
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1.3 Dimensions Diagram

AN.NO.1b3Z-/11E

. 85.0/3.346
»
- 15209 82.040.3/3.228 {SILONY
S ] 4.Smar./
a o l"mn. 1.640,20/.08)
b 2.5¢£0.3/.10 1-11.29/R.089 R
o § : 1 | 1 E:\d=-— 51—5«
&[5, ZB/J == — | & <l s -}
w| 1200y s o
KINETE oe TSR REREREEED 335 8
R RN R oo B I i Ui ge| @
RNl e d i ﬁ?nﬁ?nnﬁﬁ_ﬁ_ﬁ?ﬁgﬁﬁ T |33 |32
28T \os FR OO O 0O 0 e =
2= N 4 ~
e haNie "!_’d
'L] = —— r—w - rf —_%—.—:‘E[—g‘ p
s gl ¢ 2
< 15,385/, 606 55.7340.3/2.19¢ (12,0850 800 = (5.6)/(,220) ]4.0maxr/,1SImar.
g 12,25 ml §2.0/2.4¢1 m!.m/_(.u: = i
107, zvsl 72,572,854 s hnam 10.imae/;398max
{ —= < =
o 0 L1 J L g 1 J
. S
Unit : mm/inch
'. General tolerance: £0.5 mm
) 3.5/.139 I/0 terminal symbol . )
2,187,109 875,03 No. |Symbol [ Level Function
0.50/.020,,0.07/,603 1 Vss - 0V (GND)
5] I 2 | vee | - |Power  Isvaiown
B Supply n
o)— k| Vee - for LCD Drive
g 4 RS H/L |H:Data Input
g2 3 . |L: Instruction Input
; 3 5 | W [ H/L |H:READ L:WRITE
3 6 E H,L. |Enable Signal
- , 7 DBO /L
3
3 8 DBI H/L
= 9 | DB2 | HL
10 DB3 H/L
11 | pBa | mi |PataBus
12 DBS H/L
13 | DB6 H/L
14 b7 T,
Figure 1 Dimensions diagram N
gur BT is | v+BL . Bflck 4-42V
Light 50-2060mA
16 |v-BL| - |5y lov(GND)

.
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1.4 Block Diagram

AN.No.1632-711E

LS IR G—

RS —————y|
RIW ——————!  Controller

f —————]

Common signal

)

LCo

”"e

.

Segment signal

Serial'data

&

‘Timing signal

Y

Segment
driver

3

g

Vop O
V'

58 o T —
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. O ~rr——"—..
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1.5 Absolute Maximum Ratings

»
"

Vss = OV
Item Symbol Standard ‘Unit Remarks
Power supply Voo -0.310 +7.0 v
volage Ve Vpp - 13.5 to Vpp + 0.3 v
Input voltage Vin - 0.3 to Vpp +0.3, v
s, | o | owew <
| :1‘°';"9|§ o Tstg -20to +60 eC At 50% RH

1.6 Electrical Characteristics

Voo = 5V£5%, Vg =0V, Ta = 0°C to 50°C

. Standard
Iltem Symbol Conditions Unit
Min, Typ. Max.

Input High Viri 2.2 - Voo \
voltage |Low Vi ' 0 - 0.6 \
Output | High Vour | =lon =.0.205 mA 2.4 - - v
voltage -

(TTL) Low VOLI lOL = 1.2mA - - 0.4 \
Output | High Vouz | -lon = 0.04 mA 0.9Vpp| - - v
voltage
(Cmos) | Low Vor2 lot = 0.04 mA - - 0.1Vpp v

Power supply VDD 4.75 5.00 5.25 v

voltage Vic |Voo=5V, Ta= 25°C - 0.25 - v
Current . oo . - 2.0 3.0 mA
consumption e | Vie = 0.25v - - 1.0 mA
Clock oscillation freq, fosc | Resistance oscillation 190 270 350 kH2
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1.7 Optical Characteristics

1.7.1 Optical characteristics

Maximum viewing apg:le:‘ 6 o'clock (@ = 0%
Ta = 25, Vo = 475V

Iltem Symbol Conditions . Min. Typ. Max, Remarks
Viewing angle | 8;-6, |C2 2.0, & =0° 35 - - :;:t:oten
Contrast c 0=125, @=0° 5 8 - See Note 3.
Rise time ton [0=25°, B=0° - 60 ms 70ms | see Note 4.
Fall time tott | 0=25", @=0° - 150 ms 170ms [ see Note 4.
Note 1: Definition of angles @ and 0 Note 2: Definition of viewing angles 8, and 0,
-! )
! X
(0=0) % ! /./ Cmax, Femommmeeg
Y' (2 = 1808 0 !
( \ “N >/ :' Contrast C
N
\ :\i\ 20k e o
] 1 |
\ s ' i
! v
X T T X 1
NC N ;
~ ]
\JJ\ : 91 62
\\_:ét;k 0 Viewing angle
Y(2=0°% )
(0=90%
'
Note 3: Definition of contrast C Note 4: Definition of response time
Brightnas {reflection) of unselected dot (02) _ Z”“L‘ .......
= Brightness (reflection) of selected dot (B81) Vonr
Voltage | I.L |.L ......
' siohtness | o [l e [ B
' (rellection ) of U [ I L PO DRIV U | DU
(%) ! selecteddot A0 U
{Bright) ] '
Bri?htness
t  (rellectionjol V) P Moo
Brightness 1 unselected dot
. ) Unselected | Selected state Unselected state
{refiection) ! state | (slisplay ON}) _ [(display “OFF)
1
] Y
(Bright) !
(Dark) ! f A 10%
0 Brightness 100% 90%
Operating voltage (V) {transmission) ¢
{Dark) 1
|| i
ton tott

Vope i Operating voltage (V)
fram ¢ Frame frequency (Hz)

ton :© Response time (rise)(ms)
tory ¢ Response time (fall){ms)




1.7.2 Recommended operating voltage

AN.No.1632-711E

The viewing angle and screen contrast of the LCD panel can be varied by
changing the lxqu:d crystal operating voltage (Vopr),-that is Vi,c.*

The optical characteristics is influenced by an ambient temperature. The
recommended value of Vgpr for an ambient temperatures are shown below. -

Temperature (C)

10

25

40

50

5.00

4,90

4,75

4.60

4.50

Voltage Vepr (V)

Vopt = VDD - Vie
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2. OPERATING INSTRUCTIONS

2.1 Terminal Functions

e

Table 1 Terminal funetions

Signal name "::g;i:‘);h 1’0 Destination Function .
DBy to DB3 4 []e] MPU Tristate bidirectional lower four data buses: Data

is read from the module to the MPU or written to
the module from the MPU through the buses. If
the interface data is 4 bits, the signals -are not
used. .
DB, to DBy 4 e} MPU | Tristate bidirectional upper four data buses: Data is
read from the module to the MPU or written to the
module from the MPU throug!y the buses. DBy is also
. used as a busy flag.

E 1 Input | MPU | Operation start signal: The signal activates data

write or read.
RAW 1 Input MPU Read (R) and Write (W) selection signals
0: Write
1: Read
RS 1 Input MPU Register selection signals

0: Instruction register (Write)

Busy flag and address counter (Read)
1: Data register {Write and Read)
Vic 1 - Power . | Power supply terminal for driving liquid crystal
supply | display: The screen contrast can be varied by
changing V(.

Voo 1 - Power +5V .
) supply '
Vss 1 - Power | Ground terminal: 0V
supply

o~



2.2 Basic Operations

2.2.1 Registers .

LU b

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

The IR stores instruction codes such as Display Clear and Cursor Shift, and
the address information of display data RAM (DD RAM) and ‘character generator
RAM (CG RAM). They can be written from the MPU, but cannot be read to the
MPU. :

The DR temporuarily stores data to be writlen into DD RAM or CG RAM, or
read from DD RAM or CG RAM. When data Is written into DD RAM or ca
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 | RAW Operation

0 0 | IR selection, IR write. Internal operation : Display clear

0 1 | Busy flag (DB;) and address counter (DB to DB¢) read

1 0 | DRselection, DR write. . Internal operation : DR to DD RAM or CG RAM
1 1 | DR selection, DR read. - Internal operation : DD RAM or CG RAM to DR

2.2.2 Busy flag (BF)

The flng indicates whether the module is ready to accept the next
instruction. As shown in Table 2, the signal is outpul 1o 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 ean be
written, Therefore, the {lag status needs to be checked before executing ah
instruction. If an instruction is executed without checking the flag status,
wait for more than the execution time shown by 2.4 Instruction Outline.

D




2.2.3

2.2.4

AN.No.1632-711E

Address counter (AC)

The counter specifies an address when data is written into DD R/&M or CG
RAM and the data stored in DD RAM or CG RAM is resd out. If an Address
Set instruetion (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 antomatically
incremented or decremented by one according to the Entry: Mode Set. The
contents of the AC are output to DBy to DBg as shown in Table 2 if RS=0
and R/W = 1. .

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 display 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 : AC¢ | ACs | ACs | AC3 | ACy | ACy | AGq
I ] ] ®
] ] ]
) . 1 1]
DD RAM : 0 0 0 0 1 1 1
0 7

00y to OFH of the DD RAM address is set in the line 1, and 40y to 4FH in the
line 2. '

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

o~
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit .

03|04 |05({06[07|08|09|0A]|087|06c|oD]|0E]|oOF| DD RAM
address

Line 1

Line 2 43 |44 {45 | a6 [ 47| a8 |49 |aA | a8 | ac | 4D | 4E | 4F

If the display is shifted, DD RAM address 00y to 27 are displayed in line 1 and _
40H to 67H in line 2. The following figures are examples of display shifts.

*Left shift ) .
JJ 8 9 10 11 12 13 14 15 16 Display digit

0708|009 |0Aa|0B|0OC|OD]|OE|OF{ 10| DD RAM
address

47 |48 | 49 |AA | 4B [ AC | 4D | 4E | 4F | 50

7 8 9 10 11 12 13 14 15 16 Display digit

05|06|07|08)03)0A|0B}|0OC|OD|OE| DD RAM

Line 1
address

Line 2 45 146 | 47 | 48 | 49 | 4A | 4B [ 4C | 4D | 4E

2.2.5 Character generator ROM (CG ROM)

Character generator ROM generates 192 types of § x 7 dot-matrix character
patterns from. eight-bit character codes.

Table 3 shows the correspondence between the CG ROM character codes and .
character patterns.

2.2.6 Character generator RAM (CG RAM)

CG RAM is used to create character pattérns freely by programming. Eight types
of character patterns can be written. .

Table 4 shows the character patterns created from CG RAM addresses and data.
To display a created character pattern, the character code in the left column of the

table is written into DD RAM corresponding to the display position (digit). The areas
not used for display are available as general data RAM. . '

' - 10 -
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*

Table 4 Relationships between CG RAM addresses and character codes
{DD RAM) and character patterns (CG RAM data)

Character code
(DD RAM data)

CG RAM address

Character pattern
(CG RAM data)

76543210

4 3.2 10

76543210

Notes: -
display.

€Upper bit  Lower bit M ¢-Upper bit Lower bit =} ‘| Upper bit
Eo 00 o ow e ol
00 1 Example of
:g } ? % character
] 3¢ .
S Ry *
0000=*000 0 01!y o 0 pattern (R) ‘
i10 0 0 [k
i1 1 0 50 0 0 :
t
AR . ***0 0000 |- Cursor
i . position
:0 0 0 * % %
:0 0 .
:g : ? Example of
0000+001 0 1 character
' oo AL pattern (¥)
01 10 ofdfo o )
110 0 0o o
L ***00000
10 0 0 © el
| — 10 0 T ;_/
[}
: 11 0 0 :
1o 1 1
11 0 '
0 T I IR

In CG RAM data, 1 corresponds to Selection and 0 to Non-selection on the

Character code bits 0 to 2 and CG RAM address bits 3 to § correspond

with each other (three bits, eight types).

*  CG RAM address bits 0 to 2 specify a line position for a character pattern.
Line 8 of a character pattern is the cursor position where the logical sum o
of the cursor and CG RAM data is displayed. Set the data of line 8 to 0to
display the cursor. If the data is changed to 1, one bit lights, regardless of

the cursor.

- 12
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‘The character pattern column positions correspond to CG RAM data bits 0
to 4 and bit 4 comes Lo the left end. CG RAM data bits § Lo 7 are not
displayed but can be used as general data RAM. '

(3 L

When reading a characler pattern from CG RAM, set to 0 all of character
code bits 4 to 7. DBits 0 Lo 2 determine which pattern will be read out.
Sinee bit 3 is nol valid, 0011 and 08fy scleet the snme character,

- 13 -
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2.3 ‘Timing Charncleristics

2.3.1 Write timing characteristics

Voo = 5.0V25%, Vgs = 0V, Ta = 0°C to 50°C

“'Standard
ltem Symbol -1 Unit
Min, Max. .
Enable cycle ‘time teycE 1000 - ns
Enable pulse width High level PWey 450 - ns
Enable rise and fall time tee tes - 25 ns
Setup time RS, RAW —~ E tas 140 - ns
Address hold time tan 10 - ns
Data setup time ' tos-\& 195 - | ns
Data hold time ‘ tH 10 - ns
Write operation
RS ‘y Vim er\.
< Vin ) Vin y,
s | tay
R \ 4
N Vin /]l Vin
- PWen | [tay
o [ tet
£ lz[ Vi Vimn NS /
Vit Vit =~ Vig
_ 7 N /|
4
ter . tosw | [
Viny " Vi
DBy to DBy Vi Valid data ity .
~ teyeE -

Figure 3 Data write from MPU to module
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2.3.2 Read timing characteristics

[a A N LV RV VY SRy i N '

Vop = 5.0 V5%, Vg =0V, Ta = 0°C’to 50°C

Standard
Item Symbol : Unit
Min, Max,
Enable cycle time teveE 1000 - ng
Enable pulse width High level PWen 450 C - ns
Enable rise and fall time tertes - 25 ns
Setup time RS, RW—E tas 140 - | ns
. Address hold time tAH 10 - ns
Data delay time tooR - 320 ns
Data hold time tn 20 - ns
Read operation
RS VV‘H' Vi
R Vi Viu
_tas !
_— / Viky ' V
R 1 1H1
B PWEgn _ te!
£ v Z.[—VIHI tEf_b -l/.lrﬂ _-/ !
. v/ Viu N /| Vi
ter = -y R ‘ ﬁ..
0B Voui Valid d Vou1
o to DBy Vour alid data Vout
. tevcE .

Figure 4 Data read from module to MPU
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2.4 Instruction Outline
* »
DAY
Table 5 List of instructions
. Code . Execu-
Instruction = Function tion
s | mw| Doy | Dng| 00| OB, | 083 D0y ] 00, | 00y time
. Clears all display and returns cursor to
(1) Display clear 4 o oJo|ofo|o]o|ofo]| 1 |home position (address 0) 160ms
Returns cursor to home position, Shifted
(2) Cursor Home ofoqofofofofeqo] ]« |diplay returns to home position and DD 164m
RAM contents do not change.
Sets direction of cursor movement and
{3) Entry Mode Sclz ofejojoforojoftm])s |whether display will be shifted when data ops
is written or read
. Turns ON/OFF total display (D) and cursor
4 1 OFF
¢ )D(;:;:l(:yl ON/O 2 o fooejojofotfo}cion |(C),and makes cursor position column start | <O
¢ blinking (8)
Moves cursor and shifts display without
(5) CursorfOnplay Shilt 1 o | o J o foto | v [we|[m]| ] . |changing DD RAM contents aops
Sets interface data length (DL)
{6) Function Set i olojJo o] O] ) ops
Sets CG RAM address to start tronsmitting
7)CG RAM A s
{ )S X h ddress 14 | o ol Ac or receiving CG RAM data 4ops
e
Sets DO RAM address to start transmitting
DD RAM  Address
® oot wres e o | Ao or recciving DD RAM data s
Reads OF indicating module in internal
{9) BF/Address Read o[ |m AC operation and AC contents (used for both | ops
CG RAM and DD RAM)
{10) Data Write to CG Writes data into DD RAM or CG RAM
RAM of DD RAM v o Write Data : 40 ps
(11) Data Read f{rom Reads data from DD RAM or CG RAM .
CG RAM or DD | 1 | s Read Data “ops
nAM
* :invahd oit D « 1 @ Inccoment Cel : Cursor ON RA. = 1 : Right shift
Nt CG RAM weldiess I~ B : Decrement Ce0 : Cusor OFF R+ 0 : Lelt shift
App : OD RAM address
5a 1 : Display shift B« : Blink ON DL a1 : 8 bits
S =0 : No display shift B =0 : Blink OFF DL =0 : 4 bits
L]
D =1 : Display ON S/C= 1 : Display BF = 1 : Internal operation
D = 0 : Display OFF shift in progress
S/IC » U : Cursor BF = 0 : Instruction can be
movement accepted

€ =7

sebaep clock

- 16 -
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2.5 Instruction Details ' '

(1) Display Clear .

RS RW DBy DBy
code [0]JoJolofjolololofjo]1]-

Display Clear clears all display and returns cursor to home position (address 0).

Space code 20 (hexadecimal) is written into all the addresses of DD RAM, and DD
RAM address 0 is set to the AC. If shifted, the display returns to the original
position. After execution of the Display Clear instruction, the entry mode is
incremented. '

Note: When executing the Display Clear instruction, follow the restrictions listed
in Table 6.

(2) Cursor Home

RS RW DBy DBy
code [0 ]ofofolofoflolo] 1] «] «:invalidbit

Cursor Home returns cursor to home position (address 0). .
DD RAM address 0 is set to the AC. The cursor returns to the home position. If

shifted, the display returns to the original position. The DD RAM contents do not
change. If the cursor or blinking is ON, it returns to the left side. o
Note : When executing the Cursor Home instruction, follow the restrictions liste
in Table 6. ’

Table 6 Restrictions on execution of Display Clear and Cursor Homle instructions

Conditions of use Restrictions

When executing the Display Clear or Cursor |The Cursor Home instruction should be
Home instruction when the display is executed again immediately after the Displa
hifted (after executi f Display Shift Clear or Cursor Home instruction is executed.
shitted \atter execution of Dispiay Do not leave an interval of a multiple of -
instruction) 400/f5* second after the first execution.
Exampfe:LS ms,3 ms, 4.5 ms for foec = 270 kHz
*fosc:  Oscillation frequency .

i Before executing the Cursor Home .

m&n ﬁ"’ 274, 63, otr Gg" ' u':ed as a DD instruction, the data of the four DD RAM - °

address to execute Cursor Home addresses given at the left should be read
instruction and saved. After execution, write the data .
again in DD RAM.(This restriction is
necessary to prevent the contents of the
DD RAM addresses from being destroyed
after the Cursor Home instruction has been
executed.)

- 17 -
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(3) Entry Mode Set

' Poa

RS- RW DB, = DB,
code [0 foToJoJToJo o 1 w]s)]

Lintry Mode Se! sels the direetion of cursor movement and whether display will be
shifted.

I/« The DD RAM address is incremented or decremented by one when a
character code is writlen into or read from DD RAM. This is also true for
writing into or reading from CG RAM.

When I/D = 1, the address is incremented by one and the cursor or blink
moves to the right.

When 1/D = 0, the address is deeremented by vne and the cursor or blink
moves 1o the left.

8 : If =1, the entire display is shifted either to the right or left for writing
into DD RAM. The cursor position does not change, only the display
moves. There is no display shift for reading from DD RAM.

When S = 1 and 1/D = 1, the display shifts to the left.
When § = 1 and I/D = 0, the display shifts to the right.

If § =0, the display does not shift.

(4) Display ON/OFF Control

RS RW DB DBy

Code Lololo]o]ofol.1|o|c|n*|

Display ON/OFF Control turns the total display and the cursor ON and OFF, nnd

makes the cursor posilion start blinking. Cursor ON/OFF and blinking is done at the
column indicated by the specified DD RAM address by the AC.

D: When D = 1, the display is turned ON.
When D = 0, the display is turned OFF, '

If D=0 Is used, display data remains In DD RAM. Change 0 to 1 to display
data.

- 18 -
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C: When C = 1, the cursor is displayed.
When C = 0, the cursor is not displayed. '
The cursor is displayed in the dot line below the 5 x 7 dot-matrix character
fonts. If the cursor is OFF, display data is written.into DD RAM in the order
specified by 1/D.

B : When B = 1, the character at the cursor position starts blinking.
When B = 0, it does not blink. :
For blinking, all-black dots and the character are switched about every 0.4
- seconds, The cursor and blinking can be set at the same time. .

Example: C = 1 (cursor display) B = 1 (blinking)

| |
(5) Cursor/Display Shift
RS RW D8, DB,
Code Lololo]o[o[s]s;clm ¢ |« ] o sinvalid bit

Cursor/Display Shift moves the cursor and shifts the display without changing the
DD RAM contents. ‘

The cursor position and the AC contents match. This instruction is available for
display correction and retrieval because the cursor position or display ean be shifted
without writing or reading display data. Since the DD RAM capacity is 40-character
and two lines, the cursor is shifted from digit 40 of line 1 to digit 1 of line 2.
Displays of lines 1 and 2 are shifted at the same time. Therefore, the display
pattern of line 2 is not shifted to line 1.

S/C R/L Operation
0 0 [The cursor position is shifted to the left (the AC decrements one).
0 1 The cursor position is shifted to the right (the AC increments one).

1 0 | The entire display is shifted tc the left with the cursor.

1 1 The entire display is shifted to the right with the cursor.

Note: If only display shift is done, the AC contents do not change. ' S
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(6) Function Set

e

RS R/W DB, .‘—DBo
code [0 oo ol s o]t ] «] o] o] «:invatiani

Function Set sets the interface data 'length.

DL : Interface data length
When DL = 1, the data length is set at eight bits (DB7 to DBp).
When DL = 0, the data length. is set at four bits (DB7 to DB4).
" The upper four bits are transferred first, then the lower four bits follow.

The Function Set instruction must be executed prior to all other instructions
except for Busy Flag/Address Read. If another instruction is executed first, no
function instruction except changing the interface data length can be executed.

Remarks: Initinlization )
The system is automalically inftinlized at power-on if the following power supply
conditions are satisficd.

Vop *=m==mmee=menomeose-
0.2v
Vg
tree torr*
e |- >
0.1ms & t¢ S 10ms . togr & 1 ms

*tors: Time when power supply is OFF if cut instantaneously or
turned ON and OFF repeatedly

- 20 -
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~

The following instructions are executed for initialization.

* 5 x 7 dot-matrix character font: 1/8 duty

“
AR

+ Display clear
+ Function Set DL = 1: Interface data length: 8 bits

* Display ON/OFF Control D = 0: Display OFF
: C = 0: Cursor OFF
B = 0: Blink OFF

+ Entry mode 1/0 = 1: Increment
S = 0: No display shift

Since the condition is not suitable for the M1632, further function setting is
necessary.

If automatic initialization is not executed because the above power supply
conditions are not satisfied, use the Instruction from next page on.

- 21 -
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(a) Interface data length : Eight bits

( Power-on )

/

Wait for 15 ms or more
after Vpp reaches 4.5 v,

RS RAW DB; = = = - - - - - DBg The busy flag cannot be checked before the
0 0 0 0 1 1 » =« + . following.instruction:  Function Set .
Jr (interface data length: 8 bits)

RS RW DBy = = = = - = — = DBy The busy flag cannot be checked before the
0 0 0 0 1 1 » =« » following instruction: Function Set
‘ (interface data length: 8 bits)

RS RW DBy - - - ----- O80 | [ The busy flag cannot be checked before the
0 0 0 0 1 1 « & & following instruction: Function Set
(interface data length: 8 bits)

( The busy flag can be checked from the

RS RAWW DBy = - = - - - ~ - DBy following instructions.
0 0 0 0 1 1 1 « =+ Function Set

0 0 0 0 0 O 0 0 0 Display OFF

0 0 0 0 0 0 0 0 0 1 . Display Clear

0O 0 0 0 00 0 1 WS Entry Mode Set

End of initialization

C =22 =



(b) Interface data length: Four bits

Power-on

Wait for 15 ms or more
after Vpp reaches 4.5 v.

Y

RS RW DB; - - DB,

0 0 0 0 1 1

Y

Wait for 4.1 ms or more.

Y

RS RW DB; - - DB,

0 0 0 0 1 1

Wait for 100 ps or more.

RS RAW DB, - - DB,
0 0 0 0 1 1
Y
RS RW DB; - - DB,
0 0 0 0 1 o
0 0 0 0 1 o
0 0 1 = »
0 0 0 0 0 0
0 0 1 0 00
0 0 0 0 0 o0
0 0 0 0 0 1
0 0 0 0 0 0
0 0 0 1 IS

AN.N0.1632-711E

“
"N

The busy flag cannot be checked before the
following instruction: Function Set (interface
data length: 8 bits)

The busy flag cannot be checked before the
following instruction: Function Set (interface
data length: 8 bits)

The busy flag cannot be checked before the
following instruction: Function Set (interface
data length: 8 bits)

(The busy flag can be checked from the
following instructions.

Function Set
(interface data length: 4 bits)
Function Set

Display OFF
Display Clear

Entry Mode Set

;

End -of initialization
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(7) CG RAM Address Set

-

RS RW DB, —__ pg, ’
Code u'o,o,I’AIAIA]A;AA
|<Upper bit Lower bit —~

CG RAM addresses expressed as binary AAAAAA are set to the AC. Then data in
CG RAM is writlen from or read to the MPU,

(8) DD RAM Address Set

RS RW DB, DBy
Code |_o]of1lA]A|AfA|A]AIA

l«—Upper bit Lower bit -

DD RAM addresses expres
in DD RAM is written from
line 1 (AAAAAAA) are 00y

sed as binary AAAAAAA are set to the AC. Then data
or read to the MPU. The addresses used for display in
to 2711 and those for line 2 (AAAAAAA) are 40K to 67x.

(9) Dusy Flag/Address Rend

RS R'W DB, DB,
Code u,ilBFIAIAIAIAIA,AIA—I
lq—Upper bit Lower bit —>-l

The BT signal is read out,

indicating that the module is working internally because
of the previous instruction.

When BF = 1, the module is working internally and the next instruction cannot be

accepted until the BF value becomes 0.

When BT = 0, the next instruction can be accepted.

Therefore, make sure that BF = before writing the next instruction. The AC
values of binary AAAAAAA are read out at the same time as reading the busy flag,
The AC addresses are used for both CG RAM and DD RAM but the address set
before execution of the instruction determines which address is to be used.
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(10) Data Write to CG RAM or DD RAM

RS RW DB; *DBy o
Code Lafofo]ololofolo[o]ﬂ '
. [«-Upper bit Lower bit —|

RS RW DB,

DB
e [T To oo o0 5573
,«—Upper bit Lower bit -)-]

RAM Address Set instruction of (7) or the DD RAM Address Set instruction of (8)
before this ins’truction selects either RAM, In addition, either instruction k?) or (8)
must be executed immediately before this instruetion. If no address set instruction
is executed before a read instruetion, the first data read becomes invalid. if read
instructions are executed consecutively, data is hormelly read from the second time,
However, if the eursor is shifted by the Cursor Shift instruction when reading DD

After the read operation, the address is automatically incremented or decremented
by one according to the entry mode, but the display is not shifted.

Note : The AC s automatically incremented or deecremented by one according

CG RAM or DD RAM. However, the data of the RAM selected by the
AC are not read out even if a read instruction is executed immediately
afterwards.

Correct data is read out under the following conditions.
* An address set instruction is executed immediately before readout.
* For DD RAM, the Cursor Shift instruction is executed immediately before
readout, .
* The second, or later, instruction is executed in consecutive execution of read
instructions,

'
{
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2.6 Examples of Instruction Use

(1) Interface daiavlength: Eight bits

No. Instruction Display Operation
Power-on The built-in reset circuit
initializes the module.
! RS |RW [DB; . — DB,
Function Set : The interface data length is " | .
set to 8 bits. The character
2 RS |RW |DBy — DBy form.at becomes 5 x 7 dot-
matrix at 1/16 duty cycle.
0 0 D011 1 # & & !
Display ON/OFF Control ' The display and cursor are
-’ turned ON, but nothing is
3 RS wa DB? DBO dlSp!ayEd.
0 0 00O0DO0D1110
Entry Mode Set The addressis incremented °
i by one and the cursor shifts
4 = - to the right in a write
RS |RW |DB; —— DBy operation to internal_ RAM. -
The display is not shifted.
0 0 0o00DOD110
Write to CG RAM or DD RAM L is written. The ACis
) 1 incremented by one and the
5 RS | RW | DB, D8, ~ cursor shifts to the right.
1 0 |[0o1001100
Write to CG RAM or DD RAM C is written, -
oo LC_
6 RS |RW [DB; —— DB,
1 0 0100000121

Write to CG RAM or DD RAM 2 is written in digit 16." Cursor
LCD MODULE M1633 |disappears.

8 RS |RW |DB; —— DB,
1 |0 foo110010

- —
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No. Instruction Display Operation
DD RAM address set TNe DD RAM address is set so
LCD MODULE M1632 that the cursor appears at
9 RS |RW |DB; — DB, digit 1 of line 2.
0 0 11000000 —
Write to CG RAM or DD RAM 1 is written.
10 — LCD MODULE M1632
RS |RW |[DB; — DB, .
1 0 [p0o11200001 =
Write to CG RAM or DD RAM B is written.
— LCD MODULE M1632
1 RS |RAW DB, —— DB,
16
1 0 j00D11012110 =
12
Write to CG RAM or DD RAM $ is written.
3 — : LCD MODULE M1632
RS_|Rw | DBy DBy 16DIGITS, 2LINES
1 0 [01010011
DD RAM address set : The cursor returns to the
LCD MODULE M1632 | home position.
14 vy
RS | RW | 0By DBo 16DIGITS, 2LINES
0 0 (20000000
Display clear All the dis:ilay disappears and
_ the cursor remains at the
15 RS |RW |DB) — DB, home position.
0 0O |[o0bO0OO0OOOD1
16

- 27 -




(2) Interface data length: Four bits

AN.No.1632-711E

No. Instruction Display "~ * Operation
Power-on The built-in reset circuit
— initializes the module,
RS |RW |DB; — DBy
1
Function Set Four-bit operation mode is
set, *Eight-bit operation
RS | RW |DB; — DB, mode is set by initialization,
2 and the instruction is
0 0jo 0ot o executed only once.
/ /
Function Set The 4-bit operation mode,
1/16 duty cycle, and § x 7
RS | RW |DB; — DBy dot-matrix character format
3 are selected. Then 4-bit
0 0 100 10 operation mode starts.
0] 0 |1 » « &
Display ON/OFF Control The display and cursor are
turned ON, but nothing is
. RS |RW [DB; — DB, displayed.
t] 0 10 0 0 ©
0 o ft 1 1 0
Entry Mode Set The address is incremented
by one and the cursor shifts
RS | R'W DB8; — DB, to the right in a write
5 operation to internal RAM.
0 1]0j0 0 0 0 The display is not shifted.
0 010 1 1 0
Write to CG RAM or DD L is written. the ACis
RAM incremented by one and the
RS [RW [DB; — DB, cursor shifts to the right,
6
1 0 (0 Vv 0 O
1 0|1 1+ 0 0
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2.7 MPU Connection Diagrams

2.7.1

2.7.2

Z80A

TOrRQ
Ay
Ag
Ag
Ay

Dy

AN IVI LT ) e

<

Z80A

Z80A and 8255A

741530

{ORQ
Az

Az
Ao

RNEER

|
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+5V
74L504
ID D ] % —E Vic ) 1k@
RW
+5V
RS Vop
D8y )
| Vss _—IJ
DBy
M1632
+5V
cs PCo E Vic 5 1k -
PC, RS
Ag Ptz RAW
Ay
RD
+5V
WR
Voo
Do PBf DBO
I Vss
D, PB; DB7
8255A M1632



ROBGA

- & +5V
St RAW
RD | E VIC f—>
WR L 1kQ
10/M >3
Ars -
Aga [
Ay
A L RS
& /1 0%
AD; \J B 5V :
—{ CLK CLK ,
ALE —_Do__-r CLR F Q | VoD
[
CLK L>c Vss
READY

8085A M10G32




3. NOTES

Safety

* If the LCD panel breaks, be careful not to get the liquid erystal in yBur mouth. If
the liquid crystal touches your skin or clothes, wash it off immediately using soap
and plenty of water.

Handling .

+ Avoid static electricity as this can damage the CMOS LSI. .

L e ‘e
- e e e
L, A IR

N

+ The LCD panel is plate gl'ass; do not hit or crush it.

s
PRt |
N Uiy

At

- Do not remove the panél or frame from the module.

o te Pae_y
3w rdi

* The polarizing plate of the display is very fragile; handle it very carefully

s

¢

Mounting and Desipn

* Mount the module by using the specified mounting part and holes.
Connect a 10-}13 capacitor between the 'power supply terminals to eliminate noise. wf

* To protect the module from external pressure, place a transparent plates (e.g.
plate. :

#*Example

(
Module Small gap Transparent plate Exterior surface ‘ .%

:
(

I ar= e S

; S N[ L e
N\ A\ [T g HES
l - ok

! [
L I LI e
- ~ L YO

Screw C et

* Design the system so that no input signal is given unless the power-supply voltage is- "

applied. il
; ik

LTy,

J . -,,1
* Keep the module dry. Avoid condensation, otherwise the transparent electrodes may:,}-
. 35

break. l BB
s ) %
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R8C/13 Group 4. Special Function Register (SFR)

4. Special Function Register (SFR)‘

SFR(Special Function Register) is the control register of peripheral functions. Tables 4.1 to 4.4 list the SFR
information

Table 4.1 SFR Information(1)(!)

Address Register Symbol After reset
00008
00011
00021¢
0003«
000416 | Processor mode register 0 1 PMO 0016
00051 | Processor mode register 1 PM1 0016
0036w | System clock control register 0 CMO0 011010002
0007t | System clock control register 1 CM1 001000002

[ OSC register 0 HARO 0016

Address match interrupt enable register AIER XXXXXX002

Protect register PRCR COXXX0002

peed on-chip oscilfator control reglster 1 —HR1 4016

sclilation stop detection regisier OCD 000001002

0000 | Walchdog timer resel register WOTR XX16

[ "655Ew | Watchdog timer start register WOTS XX16

000Fw | Watchdog timer control register WBC 000111112

0010w | Address match Interrupt register 0 RMADO 0016

0011+s 0016

00121e X016

00141s | Address match interrupt register 1 RMAD1 0018
0015t 0016
001618 X018

[~oo7o% | Voltage Gotection register 17 VCR1 | 000010002 |
[—031Aw | Voltage detection register 2 2 VCRZ 00163
1000000024

001Ew | {NTO Input fiter select r INTOF XXXXX0002
00Fw | Voltage bT'QEtm:tiﬁ interrupt register 2 DIINT 0016 3
010000012 4

003518

003718
003818
0039t8
003Ase
0038
[ 063C
003D
003Es
003F ¢
X : Undefined
NOTES:

1. Blank columns are akl reserved spece. No access Is afiowed.

2. Software reset or the watchdog tmer reset does not affoct this rogister.
3. Owing to Reset inpul.
4. Inthe case of pin = H retaining.

Rev.1.10 Apr 27,2005 page 10 of 26 RENESAS
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. Special Function Register (SFR)

Table 4.2 SFR Information(2)(1)

Address

Register

Symbol

After reset

004018

004118

004218

004318

004418

004518

004610

004716

004818

[_0049:e

004A1s

004818

004Cse

004018

KUPIC

XXXXX0002

O04E1s

Key input interrupt control register
AD conversion internupt control register.

XXXXX0002

004F1s

005018

CMP1IC

XXXXX0002

Compare 1 interrupt control register

005118

UARTO transmit Intemupt control register

SOTIC

XXXXX0002

005218

LA

0053ts

RTD0 recaiva intemupt conteol cagister
UART1 mi t control register

__S1TIC

XXXXX0002

005418

T1 iste

S1RIC

XXXXX0002

00551

INT? internipt control register

INT2IC

XXXXX00a02

Timer X Interrupt control register

i p.({o]

200XX0002

inf

vIC

XXXXX0002

Timer Y interrupt control reqister
Timer Z interrupt controf register
| INT1 intemupt control register
L_INT3 intem:pt control register.
Timer C interrupt control register

TZIC

XXXXX0002

L XOXXX0002

TCIC

XXXXX0002

Compare 0 interrupt controf register

CMPOIC

XAXXX0002

INTO internpt control registar

XX00X0002

007Ats

007818

007C1e

007D1e

007Ess

L_007F1s

X : Undefined

NOTES:

1. Blank columns are ail reserved space. No access is allowed.

Rev.1.10 Apr 27,2005 page 110f26
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4. Special Function Register (SFR)

Table 4.3 SFR Information(3)(1)

Address Register Symbal After reset
oosore | Timer Y, Z mode register TYZMR 0016
0081:s | Prescaler Y PREY FF16
0082i1s | Timer Y secondary TYSC FF16
o083 | Timer Y primary TYPR FF16
oos41s | Timer Y, Z waveform output control register PUM 0016
008510 | Prescaler Z PREZ FF16
00ss:s | Timer Z secondary TZSC FF16
00a7:s | Timer Z primary TZPR FF16

|__0088t0
00098 |
o0osaw | Timer Y, Z cutput contro! register TYZOC 0016
00881 | Timer X mode register TXMR 0016
oosce | Prescater X PREX FF16 _
o0o3D:s | Timer X register X FF16
008t | Count source set register TCSS 0016
008F1e
0090:e | Timer C register TC 0016
009118 0016
008216
009318
009418
0095t
ongée | Extonal input enable register INTEN 0016
009718 .
ooses | Key input enable register KIEN 0018
009%1s .
ocsaswe | Timer C control register 0 TCCOo 0016
00981s | Timer C controf register 1 TCC1 0016
009Ctws | Capture, compare 0 register TMO 0016
009016 00162
003t | Compare 1 register ™1 FF16
009F 18 FF16
00A01s | UARTO transmit/receive mode register UCMR 0016
00A1te | UARTO bit rate register UOBRG XX18
00A2:e | JARTO transmit buffer register uote XX16 -
00A3te XX16
0Adss | UARTO transmit/raceive control register O Uoco 000010002
00ASss | YARTO i ister 1 UoC1 000000102
00Aste | UARTO receive buffer register UORB XX16
00A718 XX16
00A81s | UARTY mit/receive mode reqister _UIMR 0016
0Asts | UART1 bit rate register U1BRG XX16
00t | JART transmit buffer register u1TB XX16
00AB1s XX16
|_00AC:s| LJART1 transmitireceive control register Q U1Co 000010002
00ADts | UARTY transmit/receive control register 1 U1C1 000000102
0cAEss | UART1 receive buffer register U1RB XX16
|_ooaus XX16
0080t | UART transmit/receive control register 2 UCON 0016
008118
008218
0083t
008418
008516
00861e
0087
008816
00881
__00BAw
008818
008C18
008018
Q0BE1s
OCBF1s
X : Undefined
NOTES:

1. Blank columns are all reserved space. No access Is allowed.

2. When the output compare mode Is selected (the TCC13 bt in the TCC1 register = 1), the value is set to FFFF18.
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R8C/13 Group 4. Special Function Register (SFR)

Table 4.4 SFR Information(4)(")

Address Register Symbol After reset
00cow | AD register AD XX16
00C118 XX16

[_ooczie

00C3s

|_00C41
00CSts
00C61s
00C7w
00C81s

000418_| AD control register 2 ADCON2 0016

0006w _{ AD control register 0 ADCONO 00000XXX2
0007:s | AD control register 1 ADCON1 0018

_ooeow_| Port PO register
00E118 rt P1 register P1 XX16

00E31s | Port P1 direction register PD1 0016

o0Esw | Pom PRI o s e T -

| 007w | Port P3 diraction register PD3 0016
ocEss | Port P4 register P4 XX16

o0EAe | Port P4 direction register PD4 0016

oorcss | Pull-up control register 0 PURQ 00XX00002
ey PUR1 XXXXXXO0X2

DRR 0016
JCouT 0016

»N
W

FMR4 010600002

FMR1 1000000X2

FEMRO 000000012

1 OFS | Note2 |

NOTES:
1. The biank ereas, 010010 to 018218 and 01881 to 02FF1s are reserved and cannot be used by users.
2. The watchdog timer control bit is essigned. Refer to “Figure11.2 OFS, WDC, WDTR and WOTS registers® of Hardware Manual for details
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R8C/13 Group

5. Electrical Characteristics

5. Electrical Characteristics

Table 5.1 Absolute Maximum Ratings

| Symbol Parameter Condition Rated value Unit
Vee Supply voltage Vee=AVee 031065 v
AvVce Analog supply voltage Vees=AVee -0.3t06.5 v
Vi Input voltage i -0.310 Vcct0.3 v
Vo Output vollage -0.3 to Vec+0.3 \
Pa Power dissipation Topr=25'C 300 mw
Topr Operating ambient temperature 201085 / 40 to 85 (D version)] "
T Storage temperature -65 1o 150 c

Table 5.2 Recommended Operating Conditions

Conditions Standan

Symbol Parameter M. Typ Max Unit
Vee Supply vollage 2.7 55 v
AVec Analog supply voltage veed v
Vss S volta 0 Vv
AVss Anslog supply voltage 0 v
Vin *H" input voltage 0.8Vce Vee \
Vi “L” input voltage 0 0.2Vec v
! *H" peak all Sum of &l pins* IOH ]

OM (sm) u (pesk) -60.0 mA
lon (peak) "H" peak output current -10.0 mA
oM (svp) "H" average output cumrent -5.0 A
ot (sum) “L* pesk all Sum 1;1 all pins’ IOL €0 mA
ToL tpesk) “L" pesk output Except Ploto P17 10 mA

current Ploto P17 Drive ability HIGH 30 mA
. Orive ability LOW 10 | mA

ot tevp “L"average  Except Ploto P17 - ) R ...§ mA
outputcumrent  pyg 1o pey Drive ability HIGH 1% mA_

Drive sbility LOW [ mA
100N) Main clock input oscilfation freq y 3.0vsVees 5.5V 0 20 MHz |
2.7VsVee < 3.0V 0 10 MHz |

Note

1: Referenced to Vcc = AVee = 2.7 to 5.5V at Topr = -20 t6 85 °C /-40 to 85 °C unless otherwise specified.
2: The mean output current is the mean value within 100ms.
3: Set Vec=AVee
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R8C/13 Group 5. Electrical Characteristics

Table 5.3 A/D Conversion Characteristics

Standard
Symbol P t -
ym arameter Measuring condition Min. | Typ. | Max. Unit
- Resolution ) . Vref =Vcc 10 | Bit
. | Absclute 10 bit mode @AD=10 MHz, Vref=Vcc=5.0V +3 | LSB
accuracy - 8 bit mode 2AD=10 MHz, Vref=Vcc=5.0V 2 | LsB
10 bit mode 8AD=10 MHz, Vref=Vce=3.3V3 45 | LSB
8 bit mode 8AD=10 MHz, Vref=Vee=3.3V2 22 | LsB
Ruwoer |ladderresistance . _iWRersVec 10 40 | ko
tconv | Conversion time 10 bit mode [ 8AD=10 MHz, Vref=Vce=5.0V 33 us
8 bit mode | @AD=10 MHz, Vref=Vee=5.0V 28 us
VRer Reference voltage Vect v
Via Analog input voltage 0 Veet v
- |A/Doperation |Without sample & hold 0.25 10 | MHz
clock frequency?| with sample & hold 1.0 10_| MHz
Note
1: Referencad to Vcc=AVee=2.7 to 5.5V at Topr = -20 to 85 °C / 40 to 85 °C unless otherwise specified.
2: When fao is 10 MHz more, divide the faD and make A/D operation clock frequency (@AD) lower than
10 MHz.
3: When the AVcc is less than 4.2V, divide the fap and make A/D operaticn clock frequency (@ap) lower than fan/2.
4: Set Vec=Vref
" PO _L O
P1 ; 30pF
P2
P3
P4
Figure 5.1 Port PO to P4 measurement circuit
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R8C/13 Group 5. Electrical Characteristics

Table 5.4 Flash Memory (Program area) Electrical Characteristics

Symbol Parameter Measuring condition Min. Sl;;:.ard Max | Unit
- Program/Erase cycle 2 10003 | — — | eycle
- Byte progrem time Vee=50VatTopr=25°C | —— §0 - us
- Block erase time Vec=50VatTopr=25°C | —— 0.4 - S
te(SR-ES) | Time delay from Suspend Request until Erase Suspend T =~ —_ 8 ms
- Erase Suspend Request Interval 10 —— -_— ms
- Program, Erase Voltage 27 —_ 55 v
- Read Voltage o 27 -_ 55 v
- Program, Erase Temperature - 0 —_ 60 (o]
- Data-retention duration Topr = 55 *C 20 —_— —_— year
Table 5.5 Flash Memory (Data area Block A, Block B) Electrical Characteristics 4
. " Standard
Symbol Parameter Measuring condition Min_ ] Typ. | Max Unit
- Program/Erase endurance? 100003 — — | times
- :% gmg time(progranverase endurance [Vcc =50V at Topr=25°C | — 50 400 us
- E%e 08'39'3"‘ time(program/erase endurance | Vcc= 5.0 Vat Topr=25°C | — 65 — us
mes) .
- g%oem;lme@mmwem endurance | Vcc= 5.0 V at Topr = 25 °C J— 0.2 9 s
_ E%oeﬁs;ime(pmrawéw endurance fycc=50VatTopr=25°C | — 0.3 — s
ta(SR-€S) | Time delay from Suspend Request until Erase Suspend b - 8 ms
- Erase Suspend Request Interval 10 —_— ms
- Program, Erase Voltage 27 —_ 5.5 v
- Read Voitage 27 — 55 \'
- Program/Erase Temperature 120(40)8] — 85 | °c
- Data-retention duration Topr =565 °C 20 —_— — | year

Note

1: Referenced to Vcc=AVee=2.7 to 5.5V at Topr = 0°C to 60°C unless ctherwise specified.

2: Definition of Program/Erase :
The cycle of Program/Erase shows a cycle for each block.
if the program/erase number is *n” (n = 1000, 10000), “n" times erase can be performed for each block.
For example, If performing one-byte write to the distinct addresses on Block A of 2K-byte block 2048 times and then
erasing that block, the number of Program/Erase cycles is one time.
However, performing muitiple writes to the same address before an erase operation is prohibited (overwriting
prohibited).

3: Maximum numbers of Program/Erase cycles for which all electrical characteristics is guaranteed.

4: Table 16.5 applies for Block A or B when the Program/Erase cycles are more than 1000. The byte program time up to
1000 cycles are the same as that of the program area (see Table 5.4).

5: To reduce the number of Program/Erase cycles, a block erase should ideslly be performed after writing in series as
many distinct addresses (only one time each) as possible. If programming a set of 16 bytes, write up to 128 sets and
then erase them one time. This will result in ideally reducing the number of Program/Erase cycles. Additionatly,
averaging the number of Program/Erase cycles for Block A and B will be more effective. It is important to track the total
number of block erases and restrict the number. ’

6: If emor occurs during block erase, attempt to execute the clear status register command, then the block erase
command at least three times until the erase eror disappears.

7: Customers desiring Program/Erase failure rate information should contact their Renesas technical support representa-
tive.

8: -40 °C for D version.

Erase-suspend request
(interrupt request)

FMR46

ta(srR-ES)

Figure 5.2 Time delay from Suspend Request until Erase Suspend
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R8C/13 Group 5. Electrical Characteristics

Table 5.6 Voltage Detection Circuit Electrical Characteristics

Syrrtbol' Parameter Measuring condition Min. .s'f;;‘:e’d Max. Unrt

Vdet Voltage detection level 33 38 4.3 v

. +.Yol1200 dataction interrupt roquost gonsrating time? 0 us

. Voltaga d circuit sell ption curront VC27=1, VCC=5.0V ... 600 L.

IHEA) . Wetting time unfl voltago detaction cicuft operation stgrts® N R 20w

| veomin - paration voitage value 2.7 v
NOTES:

1. The measuring condition is Vec=AVec=2.7V to 5.5V and Topr=-40°C {0 85°C.
2. This shows the time until the voftage detection interrupt request is generated since the voitage passes Vdet.
3. This shows the required time until the voltage detection circult operates when setting to "1" again after setting the VC27 bit in the VCR2

register to 0",
Table 5.7 Reset Circuit Electrical Characteristics (When Using Hardware Reset 21 3)
conditio Standard 1
Symbol Parameter Measuring n W T, Ty Unit
Vpor2 Power-on resal valid voltage ~20°C < Topr <85°C - Vdet v
Vdd)- Supply voltage rising time when power-on resct is cancelad? ~20°C S Topr < 85°C, tw(por2) 2 Os* - - 100 ms
NOTES:

1. The vottage detection circuit which is embedded in a microcomputer is a factor to generate the hardware reset 2. Refer to 5.1.2 Hardware
Reset 2

2. This condition is not appficable when using Vcc 2 1.0V.

3. When tuming power on after the extemal power has been held below the valid vottage for greater than 10 seconds, refer to Table 16.8 Reset
Circuit Electrical Characteristics (When Not Using Hardware Reset 2).

4. tw{por2) is time to hold the extemal power below effective voitage (Vpor2).

Table 5.8 Reset Circuit Electrical Characteristics (When Not Using Hardware Reset 2)

ymbol Measuring condition Standard i
S Peramater 9 Mn T Typ. | Max Ut
Vpori Power-on reset veiid voltago =20°C S Topr < 85°C o - 0.1 v
'W‘zz"‘)' Supply voltage rising time when power-on reset is canceled 0°C < Topr < 85°C, twiport) 2 10s2 100 ms
| Suply votiage duing time whon power-on reset is cancetod —20°C < Topr < 0°C, taiport) 2 3032 - - 100 |ms
i M‘m' Supply volage dising time when powor-oa rosat Is cancated ~20°C S Topr < 0°C, tw{por1) 2 10s? 1 ms
—M(z'zg' &mmmcﬁ-r:wtmww-onw;lbwmbd 0°C < Topr 5 85°C, twiport) : 182 - 0s ms
NOTES:

1. When not using hardware reset 2, use with Vcc 2 2.7V.
2. tw{por1) is time to hoid the extemnal power betow effective voltage (Vpor1).

Ve /4-—_w
N
Vi “—>
port = Sampting time 12 >
< > > twipor2) tw(vpor2i-vdat)

twipor1) tw(Vpori-Vdet

Internal reset signal
("L" effective) «— <«

< > * P>

X 32 X 32

—1 S
fRING-S fRING-S

NOTES:
1. Hoid the voltage of the microcomputer operation voitage range (Vcomin or above) within sampling time.
2. A sampling clock is selectable. Refer to °5.4 Voltage Detection Clrcult™ for detalls.
3. Vdet shows the voltage detection level of the voitage detection circuit. Refer to “5.4 Voltage Detection Circult” for details.

Figure 5.3 Reset Circuit Electrical Characteristics
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R8C/13 Group

5. Electrical Characteristics

Table 5.9 High-speed Oﬁ-Chip Oscillator Circuit Electrical Characteristics

Symbol Parameter Measuring condition o . . Standard R
Y e Min, T Typ. | Max |Un?
High-speed on-chip oscillator frequency 1/ {td(HRoffsat)std(HR)} when the { VCC=5.0V, Topra2s °C 8 MHz
reset is released Set "4016” in the HR1 register
td( ) high-speod on-chip oscil period VCC=5.0V. Topr=25 °C 61 a8
Set 0016 in tho HR1 register
td(HR) High-speed on-chip period adjustod unit Differances when sotting “0116” and *001e° 1 s
in the HR rogistor
- : F in range
? ! of-10°C 1050 °C 15
High-speed on-chip ) :'m ﬂ:;l:lglbﬂ in tompersturo range +10 _
NOTES:
1. The measuring condition is Vcc=AVce=5.0 V and Topr=25 °C.
Table 5.10 Power Circuit Timing Characteristics
Symbol Parameter Measuring condition Standard
Y " Min__ Typ. | Max, |Ynf
6(P-R) . Time for internsl power supply during g-on? 1 2000 | vs
t{RS)  STOP reieaso time® 150 | s
Note
1: The measuring condition is Vec=AVee=2.7 to 5.5 V and Topr=25 *C.
2: This shows the wait time until the intemal power supply generating circuit is stabilized during power-on,
3: This shows the time untit BCLK starts from the Interrupt acknowledgement to cancel stop mode.
Table 5.11 Electrical Characteristics (1) [Vec=5V]
T j Standard
Measuring condition
Symbol Parameter | 9 Min. | Typ. | Max_| Umt
“H" output voltage Except Xour fon=-5mA Vce-2.0 Vee v
Vou low=-200uA Vec0.3 - Vee v
Xout Drive y HIGH _lon=-1mA Vec-2.0 Voe v
Drive capacity LOW - low=-500pA Vee-2.0 Vee v
" output voltage P10to P17 for= SmA - 20 v
Vou Except Xour Tou= 200 bA - 045 | v
Ploto P17 Drive capacity HIGH fou= 15 mA - o 20 v
Drive capacity LOW  low=z SmA - 20 v
Drive capacity LOW  loL= 200 pA 045 | v
XouT Drive capacity HIGH  lou= 1 mA 20 v
Drive capacity LOW *loL=500 pA o 20 | v
Ve V1. | Hysteresis NTo, INT4, INT2, INT3, Kio, Ki1, 02 1.0 v
Kl2, K13, CNTRo, CNTR$, TCW,
RxDo, RxD1, P45
RESET 02 2.2 v
im “H® input current V=SV 5.0 A
tn U input curent VOV . 5.0 wA
Revuue ! Pull-up resistance Vi=oV 30 1 S0 167 kQ
Rowe | Foadback cesistance Jom - 10 - | ma
(Revo8 | Low-speod on-chup oscllator fraquency 40 125 250 kHz
Ve RAM rotention voliage Al stop mode 20 - v
Note
1 : Refy d to Vec=AVec=4.2 to 5.5V at Topr = -20 to 85 *C / 40 to 85 °C, #{Xm)=20MHz uniess otherwise specified.
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R8C/13 Group 5. Electrical Characteristics

Table 5.12 Electrical Characteristics (2) [Vcc=5V]

Sysbol Parameter Measuring condition i Standard
L | sy Min | Typ  Max, [Unt

Xw=20 MHEZ (squere wave)
High-speed High-spwed on-chip osciator off H
modo 9 15 mA
Low-20000 on-chw oscilator 0n=125 kH2!
No dvision
Xoe=16 MHZ (square wave)
High-speed on-chip ascistor off
Low-speed on-Ciwp osciiator on=125 kHz|
Xov=10 MHZ (squane whave)
'Hegh-spmed on-chp asclstor off 5 mA
Low-speed on-Chp oscliator on=125 kM2,
N divigon,
Medium-speed  X%=20 MHZ (squsm wave)

High-speed on-chip oscikator o 4 oA
Low-$peed on-cho oscllator on=125 KMx!

Orngionby 8

Koot 16 MHZ (9qusre wave!
meﬂ:&w 3
osciistor on=128 kiz]

Low-speed
I Powor supply currenl Division by 8
;V""”"'sm Ko 0 Moz Gwewars)
singlo-chip mode, the output . High-speed On-Chp DECIRBNOr
ping &78 opon and ether pins Low-0eed on-ctip oschistor one125 kHd 2 mA
sroVss uana;:!:!
High-spood High-6peed on-chwp osclator 0nz8 MHz
on-chip Low-speed onw125 KRz 4
mode .Nodmson_

Main clock off
Heh-$0ee0 0N-Chup 08CKiair 008 MH2 5 mA
Low-speed on-chw oscilator 07125 kHZ
. Drvision by 8 SR SR

| O-chéip OSCUBION (e cpeed orvchio CacHietor one 125 kH4 470

g
i
il
}
é

08 3.0 [

NOTES
1: The power suppty current ing is ted using the ing program on frash memory.
2: Timer Y is operated with mer mode.
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5. Electrical Characteristics

Table 5.13 XiN input

Timing requirements (Unless otherwise noted: Vcc = 5V, Vss = 0V at Ta = 25 °C) [Vcc=5V]

Symbol Parameter Standard Unit
Min. Max.
tC(XIN) XiN input cycle time 50 ns
tWH(XIN) XN input HIGH pulse width 25 ns
tWL(XIN) XiN input LOW pulse width 25 \ ns
Table 5.14 CNTRO input, CNTR1 input, INT2 input
Symbol Parameter Standard Unit
Min. Max.
tC(CNTR0) | CNTRO input cycle time 100 ns
tWH(CNTRO) | CNTRO input HIGH pulse width 40 ns
tWL(CNTRO) | CNTRO input LOW pulse width 40 ns
Table 5.15 TCIN input, INT3 input
Symbol Parameter Standard Unit
Min. Max.
tC(TCIN) TCIN input cycle time 4001 ns
tWH(TCIN) TCIN input HIGH pulse width 2002 ns
tWL(TCIN) TCIN input LOW pulse width 200 2 ns
NOTES

1 :When using the Timer C input capture mode, adjust the cycle time above ( 1/ Timer C count source

frequency x 3).

frequency x 1.5).

Table 5.16 Serial Interface

2 : When using the Timer C input capture mode, adjust the pulse width above ( 1/ Timer C count source

Symbol Parameter Standard Unit
Min. Max.
to(ck) CLKi input cycle time 200 ns
tw(CkK) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
ta(c-Q) TxDi output delay time 80 ns
th(c-a) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 35 ns
th(C-D) RxDi input hold time S0 ns
Table 5.17 External interrupt INTO input
Symbol Parameter Standard Unit
Min. Max.
tW(INH) INTO input HIGH pulse width 2501 ns
tW(INL) INTO input LOW pulse width 2502 ns
NOTES

1 : When selecting the digital filter by the TNTO input filter select bit, use the INTO input HIGH pulse width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.

2 : When selecting the digital filter by the TNTO input filter select bit, use the INTO input LOW pusle width
to the greater value,either (-1/ digital filter clock frequency x 3) or the minimum value of standard.
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R8C/13 Group 5. Electrical Characteristics

Vcec =5V
» tc(CNTRO)
DWHENTRO)
CNTRO input / ‘P\ / \
_  / y
“ DWLCNTRD) >
. teTcin) R
twraciN)
TCIN input / \\ ! \
—_—
. _twaeny R
teoan) R
WH(XIN
XN input : }\ }] \
/ .
twgan) 7!
teicx) >
W(CKH)
CLKi ! W /
< twica)
teo |,
TxDi >< ><
‘_M(O_O]__’ ts the-0)
RxDi *
T l: Jf R *__/——
1+ ’ *

Figure 5.4 Vcc=5V timing diagram
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R8C/13 Group 5. Electrical Characteristics

Table 5.18 Electrical Characteristics (3) [Vecc=3V]

Standard
Symbol | . Parameter Measuring condition Wi Ty T WX Untt
“H® output voltage Except Xout fou=-1mA Vee-0.5 - Vee v
Vom Xour Drive capacity HIGH  lon=-0.1 mA Vce-0.5 . Vee v
'Drive cepacily LOW fon=-50 yA™’ Vec-0.5 - Vee v
. P =1 mA - -
o vt Eew = o |V
Vou Ploto P17 Drive capacity HIGH foL= 2 mA - - 0.5 v
Drive capacity LOW  fot= 1TmA - - 05 v
Xowr Drive capadily HIGH _Toi= 0.1 mA : y o5 | v
Drive capacity LOW _ 101=50 yA - B 05 v
VreVe. | Hysteresis INTo, INT1, INT2, INT3, Kto, K11, 0.2 - 08 v
Ki2, Ki3, CNTRo, CNTR1, TCIN,
RxDo, RxD1, P4s
RESET 0.2 1.8 v
[ “H* input current Vi23V e - 4.0 A
. “L” input current V=gV .. . 40 pA
Reuuee | Pull-up resistance V=0V 88 160 500 kQ
Rexan Feedback resistance Xin - 30 — MO
frvas Low-speed on-chip OsciRstor frequency | 40 125 250 kHz
Vrau | RAM retention voltage | At stop mode 20 -~ e

Note
1 : Referenced to Vcc=AVce=2.7 to 3.3V st Topr = -20 to 85 °C / -40 to 85 °C, f{(Xm)=10MHz unless otherwise specified.
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Table 5.19 Electrical Characteristics (4) [Vcc=3V]

Measuring condition Stendard
"9 Min. | Typ. Max, |Unt

Symbol Parameter

- Xaen20 MHZ (squate wave)

High-speed High-5peed an-cho cectetor of

mode ] 12 mA
Low-spaed on-chip oaciiator on= 125 kHz
No devision,

Aaez18 MH2 (square wava)
High-tpeed on-chio osalistor off 7 12 mA
Low-gpoed on-chip osciiator on= 125 kHz

No . .
Xaes 10 MHz (square wave)

High-spead on-chwp oso¥ator oft : 5 mA
Low-spead on-che osciiator on=125 kHz

i
.'
!
1
i
3
i

E No grvon
Medium-speed Xwiz20 MHz (square wave)
' mode High-gpaed on-cho cecitator oft 3
Low-speed on-chup oscilator 0ne125 kHz mA
Omsion by 8 . .
Xaez18 MHZ (square wave!
Low-speed on-chip aeclizior on=125 KMz 25
tee Power supply curem Dvaonby 8
v 7103.3V) Xovz 10 MHz (square wave)
{n single-chip mode, the outpt High-speed on-chip asoilator oft
pins sre open and oiher pins . mwgo-mmmn&w
aro Vss — . Dovsion by .
; High-speed mﬁmmmm
3 ONn-chip OSCIBIOr | ow.cpeed on-chio cacilstor one125 kHz 35 75
mode Nedymon, U

Man clock off

High-speed on-Chip osoRslor oned MHz 15 mA
Low-sp0ed on-chwp osciistor ona 125 kM2

Divgonty §
i Mam clock off
i Low-speed .

] . Hgh-spoed on-chip osaiftator off .

{ 00-Chip O3GITIA0r  {ow.coeed onchup osckalor 0ne125 KHE 420 600 uA
. mode Derson by 8 .

;‘wmmoae Man clock off

on-<cho osolistor off
Low-speed on-chip osciltator on= 325 kHE

wm-wnrmm‘ao:‘mx! k14 4 VA
Penpharsl clock operzton
V2=

mode Mam clock oft
Stop Hgh-speect on-chp oaciflator off
Low-speed on-chep osclistor off
H CM10e*" o7 30 A
Peroheral clock off
! VC27=0"

NOTES
1: The power supply ring is d using the ing program on frash memory. -
2: Timer Y is operated with imer mode.
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Timing requirements (Unless otherwise noted: Vcc = 3V, Vss = 0V at Ta = 25 °C) [Vcc=3V]

Table 5.20 XN input

Symbol Parameter Standard Unit
Min. Max.
tC(XIN) XIN input cycle time 100 ns
tWH(XIN) XN input HIGH puise width 40 ns
tWL(XIN) XN input LOW pulse width 40 ns
Table 5.21 CNTRO input, CNTR1 input, INT2 input
Symbol Parameter Standard Unit
Min. Max.
IC(CNTRO) | CNTRO input cycle time 300 ns
tWH(CNTRO) | CNTRO input HIGH pulse width 120 ns
tWL(CNTRO) | CNTRO input LOW pulse width 120 ns
Table 5.22 TCIN input, INT3 input
Symbol Parameter Standard Unit
Min. Max.
tc(TCIN) TCIN input cycle time 1200 ° ns
tWH(TCIN) | TCIN input HIGH pulse width 600 2 ns
tWL(TCIN) | TCIN input LOW pulse width 600 2 ns
NOTES
1 :When using the Timer C input capture mode, adjust the cycle time above ( 1/ Timer C count source
frequency x 3).

2 : When using the Timer C input capture mode, adjust the pulse width above ( 1/ Timer C count source
frequency x 1.5). )

Table 5.23 Serial Interface

Symbol Parameter Standard Unit
Min. Max.
tc(ck) CLKi input cycle time 300 ns
tW(CKH) CLKi input HIGH pulse width 150 ns
tw(CkL) CLKi input LOW pulse width 150 ns
ta(C-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu{D-C) RxDi input setup time 55 ns
th(C-D) RxDi input hold time 90 ns
Table 5.24 External interrupt INTO input
Symbol Parameter Standard Unit
Min. Max.
tw(INH) INTO_input HIGH pulse width 3801 ns
tW(INL) INTO input LOW pulse width 3802 ns
NOTES

1 : When selecting the digital fiiter by the TNTO input filter select bit, use the INTO input HIGH pulse width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.
2 : When selecting the digital filter by the INTO input filter select bit, use the TNTO input LOW puste width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.
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R8C/13 Group

5. Electrical Characteristics

Vcc =3V
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Figure 5.5 Vecc=3V timing diagram
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R8C/13 Group Package Dimensions -

Package Dimensions
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