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PERANCANGAN DAN PEMBUATAN
PENGONTROL DAN MONITORING KETINGGIAN LEVEL AIR PADA
SUATU BENDUNGAN MENGGUNAKAN SMS GATEWAY

Andri Dwi Arianto
Fakultas Teknologi Industri, Jurusan Teknik Elektro S1, Institut Teknologi Nasional
Malang
Email % .‘7 eld Sw cetl hoo.co.id
Abstrak

Komunikasi data pada pengontrol pintu air bendungan yang diaplikasikan oleh
beberapa bendungan, masih menggunakan cara konvensional. Pada alat-alat tertentu yang
mempunyai jarak sangat jauh dari sistem kontrol sangat riskan terjadi kesalahan pengiriman
dan penerimaan data, hal itu diakibatkan oleh kerusakan pada instalasi kabel komunikasi.
Sama halnya dengan menggunakan system komunikasi HT , akan tetapi sering terjadi
kesalahan dalam pengiriman seperti rusaknya receiver dan transmiter pada pos penjagaan
sampai kesalahan yang sering terjadi yaitu kesalahan manusia. Untuk meningkatkan
efisiensi waktu, harga dan penggunaan, maka pada tugas akhir ini penulis membuat suatu
alat pengontrol dan monitoring ketinggian level air pada suatu bendungan menggunakan
SMS gateway. Alat ini memakai handphone sebagai alat pengirim dan penerima data
ketinggian air bendungan menggunakan sms. Alat dirancang untuk mengirim data dan
dapat melakukan buka tutup pintu air secara otomatis. Dengan adanya alat ini kesalahan
yang terjadi pada cara-cara konvensional sebelumnya dapat diatasi.

Kata kunci : Handphone, Receiver, Transmiter, SMS Gateway.

Abstrack

Data communications on the control of dams water gates that are applied by several
dams, are still using conventional means. In the tool - a specific tool that has a very far
distance from the system control is very risky error occurs sending and receiving data, it is
caused by damage to the installation of communication cables. Similarly, using the
communication system of HT, but it often happened mistake in delivery such as damaged
receivers and transmitters at the checkpoint until the frequent mistakes are human error.
To improve the efficiency of time, cost and usage, so in this thesis the author makes a
device height control equipment and monitoring water levels at a dam using SMS gateway.
This tool uses mobile phones as a means of sending and receiving data using sms dam
water levels. Equipment designed to transmit data and can perform opening and closing of
water gates automatically. With the existence of this tool is expected that the error
occurred on the way - the previous conventional method can be overcome.

Keyword : Handphone, Receiver, Transmiter, SMS Gateway.
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BAB1
PENDAHULUAN
1.1  Latar Belakang Masalah

Pada saat ini pemakaian alat untuk mendeteksi ketinggian air masih
menggunakan cara konvensional. Jadi terdapat sensor yang mendeteksi ketinggian air
pada pos penjagaan pada pintu air, kemudian jika terjadi peluapan air secara besar-
besaran sensor mengirimkan data melalui frekuensi radio menggunakan HT, akan tetapi
sering terjadi kesalahan dalam pengiriman seperti rusaknya receiver dan transmiter
pada pos penjagaan sampai kesalahan yang sering terjadi yaitu human error. Setelah
data diterima operator atau penjaga pintu, akan memberitahukan kepada Dinas
Pekerjaan Umum setempat untuk selanjutnya memberikan informasi kepada warga
sekitar. Sebenarnya aplikasi ini sudah dapat membantu jika penjaga pintu air bisa
menggunakan fasilitas tersebut dan dapat merawat dengan sebaik-baiknya. Kenyataanya
fasilitas pengiriman data ketinggian air secara berkala pada sungai dan bendungan
sudah tidak dapat digunakan secara maksimal atau sudah rusak. Itu terjadi karena
besarnya biaya untuk inspeksi atau perawatan alat tersebut. Dan juga kurang pahamnya
cara kerja keseluruhan para operator baru menggunakan fasilitas tersebut. Tapi sistem
menggunakan frekuensi radio mempunyai beberapa kelemahan, sistem tersebut
membutuhkan aliran listrik besar dan antena tinggi, yang sewaktu-waktu dapat rusak
karena tersambar petir.

Sebagian besar banjir disebabkan karena berbagai faktor, seperti : penebangan
hutan secara liar sehingga mengakibatkan hutan gundul, membuang sampah tidak pada
tempatnya, tidak ada langkah penghijauan dan lain-lain. Terdapat beberapa penelitian
pada skripsi sebelumnya yang berkaitan dalam mengantisipasi dan penginformasian
banjir.

Arief Budi Setiawan (03.17.101) dalam penelitiannya dalam judul
“Perancangan dan Pembuatan Sistem Peringatan Dini Ketinggian Air Sungai Via SMS
Berbasis Mikrokontroler AT894S51 ”, menetapkan sensor mendeteksi ketinggian air dan
mendeteksi setiap adanya perubahan ketinggian air sungai. Sensor yang digunakan
adalah sensor VR (Variable Resistor) yang jenisnya potensio meter. Dalam penelitian
tersebut informasi yang disampaikan melalui SMS dari HP sangat efisien, tetapi
informasi yang disampaikan hanya ketinggian air saja dan tidak ada tindakan lain dalam
mengantisipasi ketinggian level air. Penelitian diatas dikembangkan oleh Nanang Imam
Setya Wahyudi (03.17.048) dengan judul “Perancangan dan Pembuatan Sistem
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Monitoring ketinggian Air Sungai Melalui WEB Berbasis Mikrokontroler ATMEGA
167, menetapkan sensor pelampung bengsin yang di dalamnya ada potensio meter. Cara

kerjanya seperti kita akan browsing di internet dengan memasukkan alamat yang dituju

dan mencangkup internet LAN lokal saja. Penelitian diatas memerlukan sambungan
internet yang belum tentu kita dapatkan dengan mudah dan cepat.

Melalui “Perancangan dan Pembuatan Pengontrol dan Monitoring Ketinggian

Level Air Pada Suatu Bendungan Menggunakan SMS Gateway”. Penulis dapat
meminimalisir kelemahan tersebut, dengan menggunakan SMS sebagai interface data
yang akan dikirimkan lebih murah, efisien dan real time. Juga dengan perubahan level
air maka akan mempengaruhi buka tutup pintu dam di bendungan sungai.

1.2 Rumusan Masalah
Berdasarkan latar belakang dari masalah tersebut di atas, maka dapat dirumuskan
beberapa permasalahan yaitu :
a. Bagaimana cara membangun system “Pengontrol dan Monitoring Ketinggian
Level Air Pada Suatu Bendungan Menggunakan SMS Gateway” ?
b. Bagaimana desain mekanik “Pengontrol dan Monitoring Ketinggian Level Air
Pada Suatu Bendungan Menggunakan SMS Gateway” yang tepat ?
c. Bagaimana proses komunikasi data antara handphone ke mikrokontroler ?
d. Bagaimana proses komunikasi data antara mikrokontroler ke handphone ?
e. Bagaimana proses pengiriman data ketinggian air ke handphone user secara
berkala setiap keadaan sensor berubah ?
f. Bagaimana tanggapan (respon) motor penggerak pintu air terhadap sensor
Ketinggian ?
1.3  Batasan Masalah
Untuk memfokuskan pembahasan dalam tugas akhir ini, dibatasi oleh beberapa
hal yaitu :
a. Jenis Hp Siemens C35 atau M35.
b. Handphone hanya digunakan fasilitas SMSnya saja.
c. Gangguan layanan operator dalam pengiriman informasi berupa SMS diabaikan.
d. Pembahasan ditekankan pada buka tutup pintu air dan ketinggian level air.
e. Tidak membahas tentang proses pengiriman dan penerimaan SMS.

Sistem pengolah data menggunakan mikrokontroler AT89S52.



g. Tidak membahas tentang cara kerja provider selular.

h. Sistem yang dibuat berupa prototype.

i. Tidak membahas Catu Daya.

1.4  Tujuan Penalitian
Tujuan yang ingin dibuat untuk skripsi ini adalah :

a. Mengetahui cara membangun system “Rancang Bangun Pengontrol dan
Monitoring Ketinggian Level Air Pada Suatu Bendungan Menggunakan SMS
Gateway”’.

b. Mengetahui konsep dan proses komunikasi data handphone ke mikrokontroler.
Mengetahui konsep dan proses komunikasi data mikrokontroler ke handphone.

d. Mengetahui proses pengiriman data ketinggian air ke handphone user secara
berkala setiap keadaan sensor berubah.

Menganalisa respon actuator atau motor penggerak pintu air berdasarkan sensor.
Membuat simulator buka tutup pintu air menggunakan SMS yang effisien.
1.5  Metodologi Penulisan
Prosedur yang dilakukan untuk menyelesaikan skripsi ini dapat dijelaskan
sebagai berikut :

a. Observasi Masalah dan Penentuan Judul

C.

Proses awal dari penyusunan skripsi ini adalah observasi dari beberapa
kendala yang dihadapi oleh operator atau penjaga pintu air sungai, waduk atau
bendungan kemudian penulis menemukan gagasan yang bisa menjadi judul
skripsi.

Studi Literatur

Studi literatur dilakukan untuk mempelajari dasar-dasar teori yang

digunakan untuk :
- Sistem pengontrolan berbasis mikrokontroler AT89S52 pada proses operasi
dari alat yang akan dirancang.
- Driver motor dan sensor ketinggian untuk pengontrolan hardware.
- Pengiriman data sensor yang menggunakan SMS GateWay.
Perancangan dan Pembuatan Alat (Hardware)
Langkah-langkah yang dilakukan dalam pembuatan alat ini :
- Pembuatan mekanik, mencari referensi bahan yang kuat dan efisien.
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- Perancangan pada tiap-tiap bloknya, perhitungan dan penentuan
komponen yang digunakan kemudian dilanjutkan dengan mendisain
rangkaian dan lalu membuatnya.

Rangkaian meliputi :

- Driver motor DC, driver sensor ketinggian, mikrokontroler, modul
pengiriman data menggunakan Handphone dan LCD untuk mengetahui
keadaan tinggi air.

Uji Coba dan Analisa

Pengujian ini dilaksanakan secara bertahap seperti berikut :

- Pengujian pengiriman SMS data ketinggian air ke user secara otomatis.

- Pengujian respon sensor ketinggian.

- Pengujian pengiriman data menggunakan SMS Gate Way.

- Pengujian respon pintu air berdasarkan data sensor-.

- Pengujian system secara keseluruhan.

Penyempurnaan

Penyempurnaan rangkaian yang tidak bekerja seperti yang diharapkan
dan penyempurnaan terhadap error yang didapat pada proses pengujian.

Penyusunan Skripsi

Pembuatan dan penyusunan buku dari keseluruhan skripsi dengan
sistematika yang telah ditemukan.

Presentasi Skripsi

Mempresentasikan hasil skripsi yang telah dibekukan sebagai syarat
pengujian secara tertulis.

Sistematika Penulisan
Dalam penulisan skripsi ini terbagi dalam lima bab dengan sistematika sebagai

berikut :

BAB1I Pendahuluan

Berisi latar belakang, rumusan masalah, batasan masalah, tujuan,
metodologi dan sistematika penulisan.

BABII Landasan Teori

Membahas teori dasar penunjang, perancangan dan pembuatan alat.



BAB III Perancangan dan Pembuatan Alat
Membahas tentang perancangan alat baik perangkat keras maupun
perangkat lunak, serta cara kerja blok diagram.

BAB IV Pengujian dan Analisa
Mencakup pembahasan tentang proses pengujian alat yang terdiri dari
peralatan yang digunakan, langkah kerja dan analisa hasil pengujian.

BABYV Penutup
Penulis menarik kesimpulan dari apa yang telah diuraikan pada bab-bab
sebelumnya dan mengemukakan saran saran yang mungkin akan bermanfaat
bagi laporan akhir ini.
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BAB 11
LANDASAN TEORI
2.1 GSM (Global System for Mobile Communication)

GSM (Global System for Mobile Communication) merupakan sebuah sistem
telepon bergerak generasi ke-2 yang dikembangkan di wilayah Eropa sejak tahun 1980-
an. Sistem ini bekerja pada frekuensi 1800 MHz dan 1900 MHz. Jaringan GSM dapat
dibagi menjadi 3 bagian besar. Mobile Station merupakan perangkat handset yang
dibawa oleh pelanggan yang disebut handphone. Subsystem base station merupakan
bagian sistem yang mengendalikan radio link dengan mobile station di dalam terdapat
BSC (Base Station Controller) dan BTS (Base Transceiver Station). Subsistem jaringan
merupakan bagian terpenting karena di dalamnya terdapat Mobile Services Switching
Center (MSC) yang melakukan penyambungan komunikasi antara mobile station dan
antara mobile station dengan fixed phone. MSC juga menangani operasi pengaturan

mobilitas. Mobile station dan base station subystem berkomunikasi melalui interface.

F. |
-
-2
® A

&
dvien _:&‘ Z

Gambar 2.1 : Jaringan GSM

2.2 Mode Pengiriman dan Penerimaan SMS

Short Messaging Service (SMS) merupakan salah satu fitur dari GSM yang
dikembangkan dan distandarisasi oleh ETSI. SMS merupakan salah satu layanan yang
dimungkinkan Handphone bisa mengirimkan pesan pendek dalam format teks dari dan
menuju handphone. Kapasitas karakter SMS adalah sebanyak 160 karakter alpha-
numeric. Pada pengiriman pesan terdapat dua jenis mobile, yaitu mobile terminated
(handphone penerima) dan mobile originated (handphone pengirim). Saat sebuah pesan
terkirim, pesan tersebut diterima oleh Short Message Service Center (SMSC), yang
setelah itu memberikan kepada handphone yang tepat (nomor tujuan). Untuk melakukan
hal ini, SMSC mengirimkan SMS request kepada Home Location Register (HLR) untuk
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mengetahui keberadaan pelanggan. Begitu HLR menerima request tersebut, HLR akan
memberikan respond kepada SMSC berupa status subscriber :

» Aktif atau tidak aktif

» Dimana subscriber berada

Jika responnya adalah “tidak aktif”, SMSC akan menyimpan pesan tersebut

beberapa waktu, lalu SMSC akan memberikan informasi kepada pengirim “Not
Delivered”, saat subscriber mengakses device-nya, HLR mengirimkan SMS
pemberitahuan kepada SMSC dan SMSC akan mencoba kembali pengiriman. Sistem ini
kemudian menghubungi handphone dan jika handphone memberikan respond, pesan
tersebut dikirimkan. SMSC menerima verifikasi bahwa pesan tersebut telah diterima
oleh pelanggan dan mengategorikan pesan telah terkirim dan tidak lagi mencoba untuk
melakukan pengiriman ulang. Kemudian SMSC akan memberikan informasi kepada
pengirim “delivered’. Gambar ini menunjukan mekanisme pengiriman SMS melalui
SMSC.
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Gambar 2.2 : Mekanisme Pengiriman SMS Melalui SMSC

Terdapat dua mode untuk pengiriman dan penerimaan SMS, yaitu mode teks dan
mode PDU (Protocol Data Unit). Namun sistem mode teks tidak didukung oleh semua
operator GSM maupun handphone. Untuk mengetahui mode yang digunakan pada
operator dan handphone dapat dikirimkan ATCommand “AT-CMGF=1" menggunakan
program emulasi Ayperterminal, jika hasilnya error, berarti handphone tersebut tidak
didukung mode teks. Mode teks adalah format pesan dalam bentuk teks asli yang
dituliskan pada saat akan mengirimkan pesan. Mode ini adalah cara termudah untuk
mengirimkan pesan. Pada mode teks pesan yang dikirimkan tidak melakukan proses

konversi melainkan sesuai dengan apa yang diketik dari keyboard.



2.3 Telephone Selular (Handphone)

Handphone merupakan suatu jenis perangkat telepon bergerak data komunikasi,
sehingga memudahkan seseorang berkomunikasi dimanapun, kapanpun selama dalam
cakupan suatu jaringan dari SIM Card yang digunakan. Handphone merupakan suatu
perangkat dalam mengirim atau menerima data suara. Seiring dengan perkembangan
teknologi dibidang mobile system, handphone tidak hanya dapat mengirim atau
menerima data suara tetapi juga data karakter atau disebut dengan SMS (Short Message
Service) . Dengan kecanggihan Handphone pada jaman sekarang maka Handphone juga
dilengkapi dengan fasilitas lainnya. Seperti EMS (Enhaced Message Service), MMS
(Multimedia Message Service) dan polyphonic. Dalam perancangan ini menggunakan

HP Siemens tipe M35 atau C35 seperti pada gambar di bawah ini.

Gambar 2.3 : HP Siemens M35 dan C35

2.4 Kabel Data HP Siemens

HP Siemens dilengkapi dengan kabel data untuk melakukan komunikasi data
serial dengan terminal lain. Kecepatan transfer data (Baud Rate) sebesar 19200. Kabel
data Siemens C35 juga cocok digunakan untuk Siemens M35. Untuk mengadakan

komunikasi serial, pin-pin yang digunakan adalah :

Tabel 2.1 : Kabel Data Siemens C45

Nomor Pin

Nama

Fungsi

1

GND

Data Ground

5

TEMS / DFEMS-Terminal Adaptor
Equipment
From Mobile Station / Data from
mobile Station

Serial Data Out (TX)

TIMS / DTMS-Terminal Adaptor
Equipment
to Mobile Station / Data to mobile
system

Serial Data In (RX)




Gambar 2.4 : Pin Out Siemens C45

Tabel 2.2 : Pin Out Handphone Siemens C45

Pin Nama Fungsi In / Out
1 GND Ground
2 Self Service Recognition / Control Battery Charger In / Out
3 Load Charging Voltage In
- Battery Battery (Vcce) Out
5 Data Out (TX) | Data Sent Out
6 Data In (RX) Data Received In
7 Z CLK Recognition / control accessories
Use as DCD in data operation
8 Z DATA Recognition / control accessories
Use as CTS in data operation
9 MICG Ground for Microphone In
10 MICG Microphone Input
11 AUD Lodspeaker Out
12 AUDG Ground for External Speaker

2.5 Format SMS

Menurut spesifikasi ETSI (European Telcommunications Standards  Institute)
panjang maksimum sebuah pesan adalah 160 karakter. Fasilitas ini disediakan oleh
jaringan telepon selular. Teknologi yang mendukung layanan SMS antara lain adalah
GSM, Time Division Multiple Access (TDMA) dan Code Division Multiple Access
(CDMA)'.

Sebenarnya, panjang pesan maksimum yang dapat dikirimkan melalui SMS
adalah 140 karakter. Akan tetapi dengan teknik kompresi septe-fo-octet yang
mengkodekan data karakter 7 bit menjadi 8 bit, maka ditampung pesan sebanyak 160
karakter yang menjadi 8 bit, maka ditampung pesan sebanyak 160 karakter yang
dikompres 140 karakter. Teknik ini bertumpu pada keadaan bahwa karakter kode SCII
alfanumerik yang mempunyai lebar data 7 bit (bit ke 7 selalu bernilai 0 sehingga bisa
diabaikan). Teknik kompresi septe-to-octet dilakukan dengan menyisipkan bit-bit LSB
dari karakter selanjutnya kedalam bit-bit MSB dari data sebelumnya secara
berkesinambungan. Pengiriman dan penerimaan pesan SMS dapat dilakukan melalui

mode PDU (Protocol Data Unit).

"Ir. Bustam Khang. “Trik Pemrograman Aplikasi Berbasis SMS”. Jakarta: PT Elex Media Komputindo. Jakarta,
2002,
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2.6 PDU (Protocol Data Unir)

PDU mode adalah format pesan dalam heksa decimal octer dan semi-oktet dengan
panjang mencapai 160 (7bit) atau 140 (8bit) karakter. Sehingga untuk mengirimkan
pesan SMS, pesan yang ditulis dalam teks harus dikonversikan terlebih dahulu ke dalam
format PDU dan semua SMS yang diterima oleh handphone agar bisa dibaca maka
harus dikonversikan dari PDU mengirimkan SMS dan menerima SMS.

2.6.1 Format Data Kirim SMS dengan Mode PDU
Berikut adalah susunan format PDU sent yaitu untuk mengirimkan SMS
dari Mobile Equipment ke SMSC, adapun PDU untuk mengirim SMS terdiri dari
delapan header, yaitu sebagai berikut :
Nomor SMS_Centre Header pertama ini terdiri atas tiga subheader, yaitu :
e Jumlah pasangan heksa decimal SMS_Centre (Bilangan Heksa).
e National atau International Code.
Untuk National, Code subheadernya adalah 81.
Untuk International, Code subheadernya adalah 91
e Nomor SMS_Centrenya sendiri, dalam pasangan heksa dibolak-balik. Jika
tertinggal satu angka heksa yang tidak memiliki pasangan, angka tersebut
akan dipasangkan dengan huruf F di depannya.
Contoh untuk SMS_Centre Exelcom atau XL dapat ditulis dengan dua cara,
sebagai berikut :
Cara 1 : (National)
0818445009 diubah menjadi :
® 06 — 6 pasang
» 8] — 1 pasang
» 80-81-44-05-90 — 5 pasang
Digabung menjadi : 06818081440590

Cara 2 : (Internasional)

* (07 — 7 pasang

®= 9] — | pasang

® 26-18-48-54-00-F9 — 6 pasang
Digabung menjadi : 07912618485400F9
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Berikut ini beberapa nomor SMS_Centre operator selular di Indonesia :

Tabel 2.3 : Nomor SMS-Operator Selular di Indonesia

No Operator Selular | No SMSC Kode PDU
1 Telkomsel 081100000 | 0691801100000
2 Satelindo 0816124 058106121F5
3 Excelcom / XL 0818445009 | 06818081440590
4 Indosat-M3 085500000 | 0681805500000
Tabel 2.4 : Nomor SMSC Operator Seluler di Indonesia yang Telah Dikonversi ke Dalam
PDU Kode
No. | Operator Seluler No SMSC Kode PDU

1 | Telkomsel 081100000 07912618010000F0

2 | Satelindo 0816124 059126181652

3 | Exelcom /XL 0818445009 07912618485400F9

4 | Indosat-M3 085500000 07912658050000F0

» Tipe SMS

Untuk send tipe SMS=1, jadi bilangan heksanya adalah 01.
a. Nomor Referensi
Nomor referensi ini dibiarkan dulu 0, jadi bilangan heksanya adalah 00.
Nantinya akan diberikan sebuah nomor referensi otomatis oleh.
b. Nomor Ponsel Penerima
Sama seperti cara menulis PDU header untuk SMSC, header ini terdiri
atas dua bagian.
c. Nasional atau Internasional Kode
- Untuk nasional, kode subheadernya = 81
- Untuk internasional, kode subheadernya = 91
- Nomor ponsel yang dituju, dalam pasangan heksa dibolak-balik. Jika
tertinggal 1 angka heksa yang tidak memiliki pasangan, maka angka tersebut
dipasangkan dengan huruf F di depannya.
Contoh : nomor ponsel dituju = 628129573337, dapat ditulis dalam dua cara :
Caral:
628129573337 diubah menjadi :
= 0B — ada 1l angka
= 81
» 80-21-59-37-33-F7
Diganti menjadi : 0B818021593733F7
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Cara 2 :
628129573337 diubah menjadi :
® (0C — ada 12 angka
= 91
= 26-18-92-75-33-73
Digabung menjadi 0C91261892753373
d. Bentuk SMS
Terdiridari: 0 — 00 — dikirim sebagai SMS.
1 — 01 — dikirim sebagai telex.
2 — 02 — dikirim sebagai fax.
e. Skema Encoding Data I/O
Terdapat dua skema, yaitu :
e Skema 7 bit, ditandai dengan angka 0 O 00.
o Skema 8 bit, ditandai dengan angka lebih besar dari 0 O diubah ke heksa.
Kebanyakan ponsel, SMS gateway yang ada dipasaran sekarang
menggunakan skema 7 bit sehingga kita menggunakan kode 00.
f. Jangka Waktu Sebelum SMS Expired
Jika bagian ini di-ski, itu berarti kita tidak membatasi waktu berlakunya
SMS. Sedangkan bila diisi dengan sutau bilangan integer yang kemudian
diubah ke pasangan heksa tertentu, bilangan yang kita berikan tersebut akan
mewakili validitas SMS tersebut.
g. Isi SMS
Header ini terdiri dari dua subheader, yaitu :
e Panjang isi (jumlah huruf dari isi)
Misalnya untuk kata “hello”Oada lima huruf 005
e Isi berupa pasangan bilangan heksa
Untuk ponsel, SMS berskema encoding 7 bit, jika kita mengetikan huruf
dari keyboard-nya berarti kita telah membuat tujuh angka I/O berurutan.
Dua langkah yang harus lakukan untuk mengkonversi isi SMS, yaitu :
e Langkah pertama : mengubah menjadi 7 bit.
e Langkah kedua : mengubah kode 7 bit menjadi 8 bit, yang diwakili oleh

pasangan heksa.
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Diwakili oleh 12 pasangan bilangan heksa (6 pasang) yang berarti :
yy/mm/dd hh:mm:ss 9020023512380023/02/2009 15:32:08
Batas waktu validitasO jika tidak dibatasi dilambangkan dengan 00

g. Isi SMS

Isi SMS yang berupa tulisan di sini nantinya akan dilakukan
pengkonversian yaitu mengubahnya menjadi 8 bit, kemudian menjadi 7 bit.
Contoh format SMS diterima dalam format PDU:
0791265805000F0040C9126581610739800002070225123800005E8329BF
D06

Penjelasan dari format di atas adalah sebagai berikut :

Heksa Penjelasan
07 Panjang pesan nomor SMSC
91 Tipe kode nasional/inernasional
265805000F0 | Nomor Service Center
04 Tipe SMS (01= tipe untuk penerimaan)
0C Panjang nomor ponsel penerima
91 Tipe kode nasional/internasional
265816107398 | Nomor ponsel penerima
00 Tipe bentuk SMS (00-dikirim sebagai SMS)
00 Tipe data Coding
207022512380 | Waktu SMS sampai di SMSC yaitu tanggal 23/02/1009, 15:32:08
00 Jangka waktu SMS expired (00 = tidak memiliki batas)
05 Panjang pesan dari SMS
E8329BFD06 | Isi pesan

2.7 Perintah AT-Command
Komunikasi data antara telepon selular dengan peralatan lain (computer atau
mikrokontroler) dilakukan secara serial menggunakan perintah-perintah 47-Command
seperti halnya sebuah modem. Dengan mengirimkan perintah-perintah AT yang
spesifik, dapat memerintahkan telepon seluler untuk melakukan yang diinginkan.
Sebagai contoh, jika mengirimkan “AT” ke telepon selular, maka ia akan
menjawab “OK” seperti perintah di bawah ini :

PC/pC AT
HP OK

Pasangan AT-OK ini dapat digunakan untuk mendeteksi keberadaan telepon
selular. Perintah untuk mengirimkan pesan menggunakan AT adalah sebagai berikut :
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PC/pC AT+CMMS=1
HP +CMMS:96
OK

Berarti memerintahkan kepada telepon selular untuk mengirimkan pesan nomor 1
yang ada di memori telepon. Satu hal yang menjadi ciri adalah bahwa telepon seluler
selalu mengakhiri pesan dengan kata “OK”. Sehingga mikrokontroler atau PC dapat
mendeteksi akhir dari sebuah pesan yang dikirim oleh telepon seluler.

Selain perintah diatas juga masih ada perintah yang lain misalnya :

PC/pC AT+CMGR=1
HP +CMGR=1
OK

Perintah AT+CMGR=1 berarti memerintahkan kepada ponsel untuk membaca
pesan nomor 1 yang tersimpan dalam memori ponsel. Perintah AT+CMGD digunakan
untuk menghapus pesan yang tersimpan di dalam memori ponsel. Dalam skripsi ini
tidak membahas seluruh perintah AT yang tersedia akan tetapi hanya membahas
perintah-perintah AT yang berkaitan dengan operasi SMS seperti mengirim SMS dan
menghapus SMS.

2.8 Sensor Level Air

Sensor yang digunakan untuk mengukur ketinggian air sungai adalah
potensiometer. Sensor ketinggian level air ini digunakan sebagai pendeteksi ketinggian
air sungai, yang disimulasikan menggunakan pelampung analog pada tangki bensin
kendaraan motor roda dua. Karena pada pelampung tangki bensin kendaraan motor roda
dua sudah dilengkapi VR (Variabel Resistor) jenis potensio meter, yang digerakkan
oleh pelampung untuk mendeteksi adanya perubahan ketinggian air. Yang mana
tahanannya dapat berubah-ubah sesuai dengan letak kontak gesek dengan terminal-
terminal ujungnya. Sehingga dapat pula dikatakan bahwa potensiometer memiliki
perubahan nilai resistansi sebagai fungsi rotasi kontak gesek.
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Gambar 2.5 : Potensiometer

Untuk mengkonversi gerakan naik-turun ketinggian air menjadi gerakan rotasi
yang akan memutar potensiometer, digunakan sebuah pelampung dan pemberat.

Potensiometer mengubah ketinggian air menjadi tegangan.

2.9 Mikrokontroler
Pada alat ini yang pertama mikrokontroler berguna sebagai penerima dan
pengolah data sensor. Setelah diolah, data akan dikirim ke handphone secara serial.

Yang kedua mikrokontroler berguna mengendalikan putaran motor atau pintu air.

2.9.1 Arsitektur Mikrokontroler AT89S52

Arsitektur dari AT89S52 mempunyai struktur yang serupa dengan IC
mikrokontroler 8051 dari Intel (keluarga MCS51). Mikrokontroler dengan
arsitektur 89XX merupakan salah satu jenis arsitektur mikrokontroler yang paling
lama dan paling banyak digunakan di dunia. Seri mikrokontroler beraksitektur
8052, baik dari keluarga Atmel 89XX maupun dari vendor-vendor lain, memiliki
beragam tipe dan fasilitas, namun kesemuanya memiliki arsitektur yang sama, dan
juga set instruksi yang relatif tidak berbeda.

Mikrokontroler merupakan mikroprosesor (CPU) yang dilengkapi dengan
komponen-komponen pendukung seperti : RAM, ROM, port /O (Input/Output),
bus control seperti EA (External Access), RST (Reset), ALE (Address Latch
Enable), PSEN (Program Store Enable) dan lain-lain. Hal tersebut dapat kita lihat
dalam arsitektur AT89S52 pada gambar diagram blok AT89S52 di bawah ini :
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)

Gambar 2.6 : Diagram Blok AT89S552°

Semua produk mikrokontroler flash AT89S51, AT89C51 ataupun AT89S52
dari Atmel memiliki ruang alamat memori data dan program yang terpisah.
Pemisahan memori program dan data tersebut membolehkan memori data diakses
dengan alamat 8-bit, sehingga dapat dengan cepat dan mudah disimpan dan
dimanipulasi oleh CPU 8-bit. Namun demikian, alamat memori data 16-bit juga
dihasilkan melalui register DPTR (Data Pointer).

2.9.2 Konfigurasi Pin AT89S52
Konfigurasi untuk IC mikrokontroler dapat kita lihat pada gambar
konfigurasi kaki IC mikrokontroler AT89S52 di bawah ini :

221 sepece
Trex.o1-g2 £ = PR
212 2 11AS:
sr:g= whet2i1ac2;
>14gs zegszz«u\:sz
RIS S ] w LY m YR
ROESIE SN ] = b wPIPCTIASS;
-t Ohd = 3352 21A08:;
LS ds E K] m L3R Yorst
Rap 23C]ic HAERYID
e R m B O ALETRE
TR o320 12 e[y sTER
b % ERE SRS = R L = ELESTREN
TG 2340 12 frd = I ST ED
PLREELXT = BT PP zAarz:
o PR Y Ta BT a3 Pr 21A12:
ST 1T X1 u 1 37 S R
Car Vg u BT 23[3®2 21417
Car W u BH 2[332 1142
(158 = e (4] = EL$. FTED

Gambar 2.7 : Konfigurasi Kaki IC Mikrokontroler AT89S52

2 Totok Budioko,“Belajar dengan mudah dan cepat Pemrograman Bahasa C dengan SDCC pada Mikrokontroller
AT89S52”, GAVA MEDIA Yogyakarta, Maret 2005.
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Adapun konfigurasi pin IC AT89S52 adalah sebagai berikut :
1. VCC
Pin VCC terdapat pada pin 40. VCC berfungsi sebagai pemberi tegangan
suplai. AT89S51 beroperasi pada tegangan 5 volt.
2. GND
Sebagai ground atau pentanahan, pin ini dihubungkan ke tegangan 0 volt.
3. Port0
Merupakan dual-purpose port (port yang memiliki dua kegunaan). Pada
desain minimum (sederhana) digunakan sebagai port I/O (input atau output).
Pada desain yang lebih lanjut pada perancangan dengan memori eksternal
digunakan sebagai data dan address yang di-multiplex. Port 0 terdapat pada
pin 32-39.
4. Portl
Merupakan open drain bidirectional. Maksudnya ialah port ini
dapat berfungsi sebagai masukan atau keluaran atau port I/O (input atau
output). Port 1 terdapat pada pin 1-8.
5. Port2
Merupakan dual-purpose port. Pada desain minimum digunakan sebagai
port 1/O. Pada desain lebih lanjut digunakan sebagai high byte dari address.
Port 2 terdapat pada pin 21-28.
6. Port3
Merupakan dual-purpose port. Selain berfungsi sebagai I/0 juga
mempunyai fungsi khusus yang ditunjukan pada tabel di bawah ini :

Tabel 2.6: Fungsi Khusus Port 3°

Port Pin Alternate Functions
P3.0 RXD (serial input porr)
Pi.l TXD (serial onput port)
P3.2 _INTO {external interrupr 0
P33 _INTL (external imteriupr 1)
P33 TO (rimer 0 external inpur)
P3.5 T1 (rimer 1 external input)
P3.6 _WR (external data memory write snobe)
Pi.7 _RD (external data memory read strobe)

3 1Putra, Agfianto Eko, “Belajar Mikrokontroller AT89C51/C52/C55” ANDI, 2003.
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PSEN (Program Store Enable)

PSEN adalah kontrol sinyal yang mengijinkan untuk mengakses program
(code) memori eksternal. Pin ini dihubungkan ke pin OE (Output Enable) dari
EPROM. Sinyal PSEN akan 0 pada tahap fetch (penjemputan) instruksi.
PSEN akan selalu bernilai 0 pada pembacaan program memori internal.
PSEN terdapat pada pin 29.

ALE (Address Latch Enable)

ALE digunakan untuk men-demultiplex address dan data bus. Ketika
menggunakan program memori eksternal port 0 akan berfungsi sebagai
address dan data bus. Pada setengah paruh pertama memory cycle ALE akan
bernilai 1 sehingga mengijinkan penulisan alamat pada register eksternal dan
pada setengah paruh berikutnya akan bernilai satu sehingga port 0 dapat
digunakan sebagai data bus. ALE terdapat pada pin 30. Keluaran ALE
menghasilkan pulsa-pulsa untuk mengancing alamat byte rendah (low byte)
selama mengakses memori eksternal.

EA (External Access)

Jika EA diberi masukan 1 maka AT89S52 menjalankan program memori
internal saja. Jika EA diberi masukan 0 (ground) maka AT89S52 hanya akan
menjalankan program memori eksternal (PSEN akan bernilai 0). EA terdapat
pada pin 31.

RST (Reset)
RST pada pin 9 merupakan reset dari AT89S52. Jika pin ini diberi

masukan 1 selama minimal 2 machine cycle maka sistem akan di-reset.

2.9.3 Program Memori Internal

AT89S52 memiliki program memori internal sebesar 8 Kbyte dengan

ruang alamat 0000H-OFFFH. Jika alamat program lebih tinggi dari OFFFH, yang
melebihi kapasitas ROM internal menyebabkan AT89S52 secara  otomatis
mengambil Code byte juga dapat diambil hanya dari eksternal memori dengan
alamat 0000H-FFFFH, menghubungkan pin EA ke ground.

2.9.4 Data Memori (RAM) Internal

Ruang alamat bawah memori data (RAM) internal dengan kapasitas 128

byte yaitu 00H-7FH yang terbagi atas 3 daerah, yaitu :
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1. Empat Bank Register
Setiap bank terdiri dari 8 register (R0-R7) sehingga jumlah register
untuk keempat bank register (bank 0-bank 3) menjadi 32 buah register yang
menempati ruang alamat 00H-1FH. Mengaktifkan salah satu bank register
dapat dilakukan dengan mengatur RS0-RS1 pada PSW (Program Status
Word).
2. Bit Addressable
Terdiri dari 16 byfe yang berada pada alamat 20H-2FH. Masing-
masing 128 bit lokasi ini dapat dialamati secara langsung. Sehingga hanya
dengan sebuah instruksi saja setiap bit dalam area ini dapat diset, clear, AND
dan OR. Dengan adanya sistem bit addressable RAM, proses yang
seharusnya dijalankan dengan tiga cycle seperti pada listing dapat digantikan
dengan sebuah instruksi yang hanya membutuhkan satu cycle saja. Dalam
aplikasinya, lokasi yang dapat diakses dapat juga digunakan untuk menandai
suatu lokasi bit tertentu baik berupa register fungsi khusus yang dapat
dialamati secara bit ataupun lokasi-lokasi tertentu yang dapat dialamati secara
bit. Terdiri atas 80 byfe yang menempati alamat 30H-7FH. Yang dapat
dialamati secara langsung dan digunakan untuk keperluan umum (general
purpose) misalnya digunakan untuk lokasi stack.

2.10 EEPROM (AT24C16)

Serial EEPROM tipe 24xx merupakan memori serial yang menggunakan
teknologi 12C dimana dengan adanya penggunaan teknologi tersebut, jumlah /O yang
digunakan untuk meng-akses memori tersebut semakin sedikit. Hal ini sangat
bermanfaat bagi sebuah sistem yang memerlukan banyak I/O. Penggunaan I/O yang
semakin sedikit untuk mengakses memori, akan menyediakan lebih banyak I/O yang
dapat digunakan untuk keperluan lain.

I2C adalah teknologi komunikasi serial. Teknologi ini hanya menggunakan 2
buah jalur /O yaitu SDA dan SCLSDA merupakan jalur data pada komunikasi 12C
sedangkan SCL merupakan jalur clock dimana sinyal clock akan selalu muncul untuk
setiap bit dari pengiriman data. Komunikasi I2C bukan hanya untuk serial EEPROM
melainkan juga diperuntukkan bagi komponen-komponen lain yang mempunyai

kemampuan untuk diakses secara 12C.
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Oleh karena itu, untuk membedakan antara Serial EEPROM dengan komponen
yang lain digunakan Slave Address yang menunjukkan identitas dari komponen
tersebut. Dalam hal ini Serial EEPROM mempunyai kode 1010. Serial EEPROM I2C
berdasarkan pengalamatannya terdiri dari 2 jenis yaitu :

1. Pengalamatan 8 bit yang digunakan untuk Serial EEPROM dengan kapasitas
memori sebesar 128 byte hingga 2Kb.
2. Pengalamatan 16 bit untuk Serial EEPROM 4Kb hingga 512Kb.
Pada pengalamatan 16 bit terdapat 3 buah paket 8 bit data yang harus dikirimkan
ke Serial EEPROM yaitu :
1. Control Byte
2. High Byte Address
3. Low Byte Address
Pada pengalamatan 8 bit hanya diperlukan 2 buah paket 8 bit data yaitu :
1. Control Byte
2. Byte Address

Centrol Byte High Byte Address Low Byte Address

(CITEMEY T e

A3|AZ

A4
-

| IS Ry O
Slave  Device

R
Address  Select Bus

Gambar 2.8 : Pengalamatan 16 Bit Serial EEPROM

Tabel 2.7 : Jenis Serial EEPROM AT24Cxx

Type Kapasitas
AT24C01 128 byte
AT24C02 256 byte

AT24C04 512 byte
AT24C0O8 1 Kbyvte
AT24C16 2 Kbyte
AT24C32 4 Kbyvte
AT24C64 8 Kbyre
AT24C128 | 16 Kbyte
AT24C256 | 32 Kbyte
AT24C512 | 64 Kbyte
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Control byte terdiri dari Slave Address, Device Select Bus bit-bit pengatur alamat
dari Serial EEPROM dalam satu jalur bus, R/W bit penentu proses penulisan atau
pembacaan data dari Serial EEPROM. Pembacaan maupun penulisan data ke dalam
Serial EEPROM, selalu diawali dengan pengiriman Control Byte dan Address Byte.
Hanya pada penulisan data akan dilanjutkan dengan pengiriman data 8 bit, sedangkan
sebaliknya pada pembacaan akan dilanjutkan dengan pengambilan data 8 bit. Bit R/'W
pada Conirol Byte akan berlogika 1 untuk pembacaan data dan berlogika 0 untuk
penulisan data.

2.10.1 Penulisan Data EEPROM

Penulisan data pada Serial EEPROM I2C dapat dilakukan secara byte
maupun secara page. Pada penulisan secara byte dilakukan dengan mengirimkan
control byte, alamat tujuan dan data sedangkan pada penulisan secara page
dilakukan hanya dengan mengirimkan alamat tujuan awal saja yang kemudian
dilanjutkan dengan 32 byte data yang akan menempati lokasi secara berurutan

mulai dari alamat tujuan awal.

3115 Al AT 1 . & =
BUSHOMEY & conmoi AppRESs  ADDRESS o ]_
WASLER R BYTE HIGH B TE LOW BYTE CATA Q

vow [FUFLITTL [EFLTIT] FFETTETL FEFEITAAL

PUS ACTRATY

I K K K

Gambar 2.9 : Penulisan Secara Byte EEPROM *

2.10.2 Pembacaan Data EEPROM

Pembacaan data dapat dilakukan secara Current Address Read
(pembacaan alamat saat ini) maupun random read (pembacaan secara acak). Pada
Current Address Read, data yang dibaca adalah data pada alamat yang terakhir
kali diakses saat itu, sedangkan pada pembacaan secara acak dilakukan dengan
mengirimkan control byte dan alamat tujuan terlebih dahulu. Untuk pembacaan
secara sequential, dilakukan dengan control byte dan dilanjutkan dengan data-data
yang berada mulai dari alamat yang terakhir diakses saat itu berturut-turut hingga

sinyal stop bit dikeluarkan.

* ST Microelectronics (1999) “16 Kbit Serial 12C Bus EEPROM with User-Defined Block Write Protection”, Diakses
14 Januari 2011 dari All datasheet
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Gambar'2.10 : Pembacaan Secara Sequential Read EEPROM

2.11 L298 (Dual Full - Bridge Driver)

IC ini adalah sebuah dual full-bridge driver untuk arus dan tegangan DC yang
cukup besar (max 4A dan max 46Volt) didesain untuk menerima level sinyal standart
dan sebagai piranti pengendali beban lilitan, motor DC dan motor Stepper. Satu IC
terdiri atas 2 rangkaian full-bridge, dua input enable (A dan B) disediakan untuk

mengaktif atau menonaktifkan masing-masing input.

N

Gambar 2.11": IC L29§°

Tegangan masukan IC 1298 (Vs) maksimum sampai 50 VDC, sedangkan
tegangan kerja IC L298 (Vss) memiliki nilai maksimum 7 VDC. Tegangan untuk kedua
enable adalah -0,3 — 7 VDC (-0,3 — 1,5 aktif low, 2,3 — Vss aktif high). Arus keluar
pada masing-masing full-bridge sebesar 2A. Daya total dengan suhu 75°C sebesar 25
Watt, suhu operasi antara -25°C - 130°C.

]
rd I. ST CURRENT SENSNGE

1

| semem— DO CSUFPLY VOLTAGE Vs
hattwemts s,

 §f ovmmm—m— | NUT2

Gambar 2.12 : Konfigurasi Pin IC L298

% ST Microelectronics (2000) “DUAL FULL-BRIDGE DRIVER?”, Diakses 14 Januari 2011 dari All Datasheet.
I \ Id heet.co BT o STMICROELECTRONI [ 208 himl
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Bila ingin menggunakan PWM sebagai pengatur kecepatan motor maka input
PWM bisa diberikan pada pin enable IC L298.

2.12 PCF 8591 (8 Bit A/D and D/A Converter)

PCF8591 ialah AD/DA Converter 8 bit dengan 4 input analog menggunakan
interface 12C. Chip ini sudah ramai digunakan saat ini menggantikan ADC/DAC standar
seperti 0808, 0809, MC1408 dan 0804. DT51 12C AD/DA merupakan Analog Input
Output Add-on board untuk DT51 menggunakan teknologi 12C-bus dimana IC utama
yang digunakan ialah PCF8591. 12C AD/DA digunakan untuk mengubah sinyal analog
seperti tegangan atau arus ke data biner dan sebaliknya. Aplikasinya antara lain kontrol
kecepatan motor, pengaturan suhu ruang, akurasi data jarak jauh dan lainnya. Pin AINO-
AIN3 ialah pin input analog, sedangkan AOUT ialah sinyal output analog.

aing [ 1] U €] Voo
AN E E AQUT
N2 [ 3] 14] vace
Az [ ] 73] aGND
—] ecresa B

a0 [ i2] €x
al é j QsC
az 7 E SCL
Vgg A L_‘J—_J SCa

FIBGFIS T

Gambar 2.13 : Konfigurasi Pin PCF8591°

PCF8591 yang memiliki teknik akses I12C maka untuk mengakses terlebih dahulu
dilakukan pengalamatan sebagai berikut :

M55 = Lsa
SN

[lofo] |at]ar]achs

— .

fixed pat programmanie part 7281350
Fig.2 Address by,

Gambar 2.14 : Pengalamatan ADC PCF 8591

®NXP Semiconductors (2 juli 1998) “8-Bit A/D and D/A converter , Diakses 14 Januari 2011 dari All Datasheet.
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PCF8591 diaktifkan dengan mengirimkan Address Byte yang terdiri dari fix part
dan programmable part dimana programmable part ini akan menyesuaikan dengan
kondisi logika pada A0, Al dan A2 di konektor ADC Address. Bit terakhir merupakan
mode akses dimana logika 1 adalah Read dan logika 0 adalah Write. Akses I2C ini
dapat dilakukan dari Port I2C yang telah disediakan dan dihubungkan ke I/O
mikrokontroler sesuai program yang dirancang.

2.13 Motor DC

Motor DC pada skripsi ini berfungsi untuk menggerakkan pintu air. Motor DC
adalah motor yang memerlukan supply tegangan searah pada kumparan jangkar dan
kumparan medan untuk diubah menjadi energi mekanik. Berdasarkan karakteristiknya,
motor arus searah ini mempunyai daerah pengaturan putaran yang luas dibandingkan
dengan motor arus bolak-balik, sehingga sampai sekarang masih banyak digunakan
pada pabrik-pabrik yang mesin produksinya memerlukan pengaturan putaran yang luas.

Ada dua kondisi yang dibutuhkan untuk menghasilkan gaya pada konduktor
prinsip kerja motor DC, pertama konduktor harus dialiri arus, kedua konduktor harus
berada di dalam medan magnet. Ketika dua kondisi terpenuhi, maka konduktor akan
menerima gaya yang kanan menggerakkan konduktor sesuai dengan arah medan
magnet. Prinsip ini merupakan dasar operasi motor DC. Setiap konduktor yang
mengalirkan arus memiliki aliran medan magnet di sekitarnya. Jika konduktor berarus
ditempatkan pada medan magnet, akan dihasilkan gaya yang akan menggerakkan
konduktor.

Karakteristik yang dimiliki suatu motor DC dapat digambarkan melalui kurva
daya dan kurva torsi atau kecepatannya, dari kurva tersebut dapat dianalisa batasan-
batasan kerja dari motor serta daerah kerja optimum dari motor tersebut.

& Stal toteme; 5,

Rotational Speed

Grafik 2.1 : Hubungan Antara Torsi dan Kecepatan
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Dari grafik diatas terlihat hubungan antara torsi dan kecepatan untuk suatu motor
DC tertentu. Dari grafik terlihat bahwa torsi berbanding terbalik dengan kecepatan
putaran, dengan kata lain terdapat trade off antara besar torsi yang dihasilkan motor
dengan kecepatan putaran motor. Dua karakteristik penting terlihat dari grafik yaitu :
a. Stall torque (Ts), menunjukkan titik pada grafik dimana torsi maksimum, tetapi
tidak ada putaran pada motor.
b. No load speed ((Dn), menunjukkan titik pada grafik dimana terjadi kecepatan
putaran maksimum, tetapi tidak ada beban pada motor.
Analisa terhadap grafik dilakukan dengan menghubungkan kedua titik tersebut
dengan sebuah garis, dimana persamaan garis tersebut dapat ditulis di dalam fungsi torsi
atau kecepatan sudut.

- WTs
Tmotor = Ts — /mn
()
Wmotor = (T.\'—T) n/Ts

Dengan mensubstitusikan persamaan (torsi dan kecepatan) kedalam
persamaan (daya) diperoleh :

T‘ -
Pmotor(®) = —(%/, mn)(‘)z + Tsw
) b
Protor (1) = —( n/‘l's)":z +wnT
Dari persamaan (daya) terlihat bahwa daya merupakan perkalian antara torsi dan

kecepatan sudut, dimana di dalam grafik ditunjukkan oleh luas daerah segiempat
dibawah kurva torsi atau kecepatan.

'DIC! Motor Torqte/Speed Clrve

T

Rotational Speed

Grafik 2.2 : Torsi dan Kecepatan Motor
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2.13.1 Cara Kerja Motor DC

Motor DC atau motor arus searah  adalah suatu mesin yang
berfungsi untuk mengubah tenaga listrik arus searah menjadi tenaga gerak
atau tenaga mekanik, yang tenaga gerak tersebut berupa putaran dari rotor.
Prinsip kerja dari motor DC hampir sama dengan generator AC, perbedaannya
hanya terletak dalam konversi daya. Prinsip dasarnya adalah apabila suatu kawat
berarus diletakkan diantara kutub-kutub magnet (U-S), maka pada kawat
itu akan bekerja suatu gaya yang menggerakkan kawat tersebut.

Motor DC terdapat dalam berbagai ukuran dan kekuatan, masing- masing
didesain untuk keperluan yang berbeda-beda namun secara umum memiliki fungsi
dasar yang sama yaitu mengubah energi elektrik menjadi energi mekanik. Sebuah
motor DC sederhana dibangun dengan menempatkan kawat yang dialiri arus di
dalam medan magnet. Kawat yang membentuk loop ditempatkan sedemikian rupa
diantara dua buah magnet permanen. Bila arus mengalir pada kawat, arus akan
menghasilkan medan magnet sendiri yang arahnya berubah-ubah terhadap arah

medan magnet permanen sehingga menimbulkan putaran.

Gambar 2.15 : Karakteristik Loop ABCD Dalam Satu Medan Magnet

Pada gambar diatas sebuah loop ABCD berada dalam satu medan
magnet. Jika arah flux magnet B berasal dari kutub U ke kutub S dari magnet
permanen dan pada loop dialiri arus listrik dengan arah ABCD maka pada sisi AB
akan terjadi gaya F1 yang mengarah kebawah, dan pada sisi CD juga terjadi gaya
F2 yang mengarah keatas sesuai dengan aturan tangan kanan. Gaya F1 dan F2
tersebut menyebabkan loop berputar berlawanan dengan arah jarum jam. Proses
tersebut terjadi terus-menerus dan merupakan dasar dari pembentukan sebuah

motor.
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Gambar 2.16 : Torsi Pada Loop

Gambar di atas torsi pada loop torsi yang dihasilkan oleh gaya F1 dan F2
sehingga menyebabkan loop berputar dapat dihitung dengan persamaan berikut :

T = BIAN sinf
B = Densitas flux magnetic yang berasal dri kutub U ke kutub S magnet
(Wb/m?)

[ = Besar arus yang mengalir pada loop ABCD (A)
A = Luas loop ABCD yang memotong arah garis-garis flux B (m?)
6 = Sudut antara bidang normal loop ABCD dengan B
N = Jumlah lilitan yang membentuk loop
Dengan K} adalah konstanta yang diukur dari tegangan yang dihasilkan
oleh motor ketika berputar setiap satuan kecepatan (Volt.det/rad). Magnitude dan
polaritas K, adalah fungsi kecepatan angular, @ dan arah putar poros motor.

Persamaan tersebut dikenal sebagai persamaan DC motor secara umum.

2.14 LCD (Liquid Crystal Display)

LCD merupakan suatu piranti yang digunakan untuk menampilkan suatu huruf
ataupun yang lain tanpa banyak memakan tempat dan dengan tampilan yang bagus,
tetapi LCD ini juga mempunyai kode untuk mengakses tampilan yang ada, sama juga
dengan seven segment juga mempunyai kode akses tersendiri. LCD juga mempunyai
kode alamat untuk mengakses setiap karakter dari pada LCD. Pada alat ini LCD
berfungsi sebagai alat monitoring yang akan menampilkan ketingian air berdasarkan
sensor ketinggian air. Dalam skripsi ini digunakan LCD type 2x16 yang berarti
memiliki karakter 2 baris dan 16 kolom, Adapun fungsi pin-pin LCD sebagai berikut :

Gambar 2.17 : LCD M1632



29

Tabel 2.8 : Fungsi Pin-Pin LCD

Pin ne Sinyal (K9] Furesi
| Vss Posaer Grraund
2 Voo Posser 2.7V sampai 33V
3 Vi Posser Pengoerak 1LCD
4 RS Input 4z Instrukbion  register  (writer  Jdan

addire ss counter o reads

I: Dara register varite dan readi

.

RW Input Memilih operast write itvread )y

i I Inpul Memilih aperasi write read data

S DEADBRO | Taput Output | Enapat high data bus three  stake

hidirectional

A4 DBT-DBA | Input Outpar | Empat high  data bus three  stale

bidirectional

Keterangan dan fungsi masing-masing pin sebagai berikut :

Pin 1 dihubungkan ke Gnd

Pin 2 dihubungkan ke Vce +5V

Pin 3 dihubungkan ke bagian tengah potensiometer 10KOhm sebagai pengatur
kontras

Pin 4 untuk memberitahu LCD bahwa sinyal yang dikirim adalah data, jikaPin 4
ini diset ke logika 1 (high, +5V), atau memberitahu bahwa sinyal yang dikirim
adalah perintah jika pin ini di set ke logika 0 (low, 0V)

Pin 5 digunakan untuk mengatur fungsi LCD. Jika di set ke logika 1 (high,+5V)
maka LCD berfungsi untuk menerima data (membaca data). Dan berfungsi
untuk mengeluarkan data,jika pin ini di set ke logika 0 (low,0V). Namun
kebanyakan aplikasi hanya digunakan untuk menerima data,sehingga pin 5 ini
selalu dihubungkan ke Gnd.

Pin 6 adalah terminal enable. Berlogika 1 setiap kali pengiriman atau pembacaan
data.

Pin 7 — Pin 14 adalah data 8 bit data bus (Aplikasi ini menggunakan 4 bit MSB
saja, sehingga pin data yang digunakan hanya pin 11 - pin 14)

Pin 15 dan Pin 16 adalah tegangan untuk menyalakan lampu LCD
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Pada lembaran darasheer modul LCD M1632 disebutkan bahwa :

Power supply LCD meliputi :
Vss=0
Vee =5V £% (2mA)
Power supply back light :
V +BL =4 -4,2V (50 sampai 200mA)
V BL=0V (GND)

Pada input V + BL dipasang sebuah dioda IN4001 (bahan silicon dengan Vd =
0,65V sampai 0,7V), tujuannya adalah didapatkan tegangan V + BL sebesar 4 — 4,2V
dengan perhitungan sebagai berikut :

Vee = Vd +(V + BL)
5 =0,7+(V+BL)
(V+BL)=5-0,7=4,3Volt

Dipilih dioda IN4001 karena arus maksimum yang biasa dilewatkan oleh dioda ini
sebesar 1A. Adapun bentuk fisik dari LCD 2x16 bisa dilihat pada gambar berikut :

Gambar 2.18 : Bentuk Fisik LCD 2x16
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2.15 Keypad 4x4

Pembuatan keypad, disini dimaksudkan untuk memberikan  inputan ke
mikrokontroler. Scanning keypad yang dilakukan oleh minimum sistem harus mampu
menentukan posisi dari tombol yang ditekan. Setelah posisi keypad yang aktif
dapat ditemukan maka data tersebut diolah menjadi data-data tombol yang ditekan.
Dalam aplikasi ini digunakan satu macam scanning yang digunakan untuk
mendeteksi keypad 4x4.

Keypad yang digunakan dalam aplikasi ini adalah keypad matriks 4x4
(4 baris dan 4 kolom). Berisikan angka 0 sampai 9 dan tombol tambahan berupa
karakter CAN, ENT, DOWN, UP, COR, serta MEN. Untuk mengenali bagian
kolom dan baris yang aktif maka keypad ini dihubungkan dengan minimum sistem
AT89S52. Kemudian dibuat program yang dapat mengenali tombol yang sedang
ditekan. Program yang dibuat harus mampu mengenali setiap tombol yang ditekan

sesuai perencanaan.

Berikut merupakan bagian-bagian dari keypad tersebut :

Gambar 2.19 : Susunan Tombol
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BAB III
PERANCANGAN DAN PEMBUATAN ALAT

Perancangan merupakan proses yang kita lakukan terhadap alat, mulai dari
rancangan kerja rangkaian hingga hasil jadi yang akan difungsikan. Perancangan dan
pembuatan alat merupakan bagian yang terpenting dari seluruh pembuatan skripsi. Pada
prinsipnya perancangan dengan sistematika yang baik akan memberikan kemudahan
dalam proses pembuatan alat.

Pada bab ini membahas tentang perancangan dan pembuatan sistem mekanik dan
elektronika. Alat ini bahan dasar mekaniknya menggunakan multiplex dengan tebal
Smm untuk bak air dan akrilik dengan tebal 5Smm untuk konstruksi simulasi sungai.

Desain dibuat semaksimal mungkin sama dengan keadaan sungai dan bendungan.

Gambar 3.1 : Pembentukan Dasar Mekanik
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3.1 Blok Diagram

> USER

f

A i

SYSTEM SENSOR o] SYSTEM PENGENDALI
KETINGGIAN PINTU AR

Gambar 3.2 : Blok Diagram Konsep Pengiriman Data

Keypad |—» ’ A
< D [*] Sensor Ketinggian Air
C
LCD le«—| Mikrokontroler
1
—»
HP
EEPROM ¢ —

Gambar 3.3 : Blok Diagram System Sensor Ketinggian Air

Keypad Rangkaian
— »  Motor
Motor Driver
] Al
LCD — Mlkmk;mroler l(): Sensor Posisi
—>
HP
EEPROM |,

Gambar 3.4 : Blok Diagram System Pintu Air
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Dari gambar blok diagram di atas dapat dijelaskan secara umum dan fungsi dari

masing-masing blok sebagai berikut :

Sensor Ketinggian Air

Sensor menggunakan potensiometer dimana pelampung bengsin kendaraan
bermotor sebagai pendeteksi ketinggian level air.
ADC (Analog to Digital Converter)

Mengubah sinyal analog yang dihasilkan dari sensor ketinggian dan
dikonversikan oleh ADC PCF8591 menjadi data digital.
Mikrokontroler AT89S52

Mikrokontroler AT89S52 digunakan sebagai pengolah data hasil pembacaan
dari instruksi yang diterima dari ADC PCF8591 kemudian ditampilkan ke LCD.
LCD (Liquid Crystal Display)

Digunakan untuk menampilkan data yang telah diproses oleh Mikrokontroler
AT89S52.
HP (HandPhone)

Jenis HP yang digunakan adalah Siemen M35 dan C35, berfungsi sebagai
pengirim dan penerima pesan dari Mikrokontroler.
Motor

Menggunakan motor DC dengan type L298 dimana di dalamnya sudah terdapat
rangkaian fransistor sebagai driver motor.
Sensor Posisi

Sensor yang digunakan jenis potensio mono 10k€2 yang berfungsi untuk
membuka tutup pintu air sesuai dengan sensor ketinggian level air.
EEPROM

Menggunakan IC AT24C16 yang berfungsi sebagai memori eksternal.
Keypad

Menggunakan keypad bentuk matrik 4x4 yang berfungsi sebagai masukan dan

mereset sistem mikrokontroler.
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3.1.1 Komunikasi HP

oy dieszan

30 Nk |
e |
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Gambar 3.5 : Alur Komunikasi

Dalam perancangan sistem komunikkasi ini, GSM network merupakan
operator penyedia jaringan GSM yang mendukung layanan pengiriman pesan
pendek (Short Message Service). User Terminal merupakan peralatan Mobile
Station yang berupa telepon selular yang berfungsi untuk melakukan pengiriman
dan penerimaan pesan pendek (Short Message Service). Base Terminal juga
merupakan peralatan Mobile Station yang berupa telepon seluler yang mampu
melakukan fungsi pengiriman dan penerimaan pesan-pesan pendek melewati
gerbang kabel data serial dengan menggunakan mode PDU (Protocol Data Unit).
Microcontroller System merupakan perangkat keras yang terdiri dari sebuah
mikrokontroler yang dilengkapi dengan perangkat lunak dan beberapa komponen
tambahan yang berfungsi untuk melakukan pembacaan dan pengolahan data PDU
yang diterima dari Base Terminal, serta melakukan pengendalian. Controlled
Object merupakan perangkat-perangkat yang akan dikendalikan oleh sistem
pengendali jarak jauh ini.

Sistem pengendali ini dirancang untuk memiliki proses kerja sebagai berikut :

1. User mengetikkan perintah-perintah berupa teks padaUser Terminal.

2. Pesan perintah dalam bentuk SMS dikirimkan dari terminal pengguna (User
Terminal) menuju ke terminal utama (Base Terminal) melewati jaringan
GSM.

3. Pesan yang diterima oleh terminal utama (Base Terminal) yang berupa PDU
SMS langsung diberitahukan ke sistem mikrokontroler dan dibaca.

4. Sistem mikrokontroler menterjemahkan pesan pada PDU SMS.

5. Sistem mikrokontroler membaca perintah-perintah teks yang ada dan

menterjemahkan perintah tersebut menjadi suatu tindakan pengendalian.
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3.1.2 Prinsip Kerja Alat

Dari gambar diagram blok sensor ketinggian air dan system pintu air,
komunikasi antara kedua bagian ini dengan SMS Gate Way. Pada sensor
ketinggian level air menggunakan sensor potensiometer. Sensor ketinggian air
diletakkan jauh dari pintu air, jika terjadi hujan lebat pada daerah sensor atau
daerah sebelum sensor diletakkan dan kenyataanya pada pintu air hanya terjadi
gerimis atau sama sekali tidak terjadi hujan, otomatis sensor akan mendeteksi
level air. Sensor mendeteksi keadaan ketingian air mencapai status tinggi dan
akan mendekati status sangat tinggi. Untuk menanggulangi terjadinya kiriman air
dari berbagai tempat, mikrokontroler akan mengirimkan data dengan
menggunakan SMS ke pintu air dan penjaga pintu atau operator. Motor akan
membuka pintu air secara otomatis sesuai dengan keadaan sensor ketinggian air.
Jadi sebelum terjadinya peluapan air pada pintu air karena kiriman air dari
berbagai tempat, pintu air telah membuka untuk mengembalikan ke keadaan
normal. Pintu air akan berjalan otomatis mengirim berdasarkan kondisi sensor
ketinggian air. User, operator atau penjaga air juga dapat mengirimkan sms untuk
meminta status keadaan sensor ketinggian air. Contoh wuser mengirim SMS
“RQST” (Request), kemudian secara otomatis Hp yang berfungsi sebagai
interface akan membalas operator “SR” (tinggi .... cm).

Mikrokontroler sebagai pengendelai system akan mengirim data dan Hp
akan mengirim melalui SMS ke user dan penjaga pintu air, pintu air akan
merespon secara otomatis dengan membuka dan menutup pintu air sesuai dengan
kondisi sensor ketinggian air. Pada alat ini user juga dapat mengirimkan perintah
untuk buka tutup pintu air, jika ada peluapan air secara berlebihan user dapat
lansung mengirimkan SMS untuk membuka atau menutup sesuai keinginan.

Dari cara kerja alat di atas, maka tegangan keluaran sensor dibaca oleh ADC
PCF8591 untuk merubah tegangan analog dari sensor menjadi digital untuk
selanjutnya diproses oleh mikrokontroler AT98S52, kemudian mikrokontroler
mengirimkan data ke HP (1) dan dikirim melalui SMS ke HP (2) yang
ditampilkan pada LCD.
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3.2 Perancangan Mekanik
Pada alat ini bahan dasar mekanik menggunakan multiplex dengan tebal 5mm
untuk bak air dan akrilik dengan tebal 5Smm untuk konstruksi simulasi sungai. Desain

dibuat semaksimal mungkin sama dengan keadaan sungai dan bendungan.

. Sensor Level Air

Simulater Dam Air .

Pengontrol Sensor
Level Air

Pengontrol Dam Air

Gambar 3.6 : 3D (Tiga Dimensi)

Dalam pembuatan penampung air menggunakan multiplex yang dilapisi dengan
cairan fiber agar penampung air tidak mengalami kebocoran. Dan membekok akrilik
menggunakan hiter 24V, akrilik dipanasi terlebih dahulu kemudian dibentuk sesuain

dengan desain.

Tabel 3.1 : Kondisi Pintu Air Terhadap Sensor Ketinggian Air

NO Ketinggian Dam Kondisi Pintu Air | Motor
1 [Ocm-2cm (Sangat Rendah) Normal Off
2 |2cm-4cm (Rendah) Normal Off
3 [4cm-6cm (Normal) Normal Off
4 | 6cm-8cm (Tinggi) Waspada On
5 | 8 cm - 10 cm (Sangat Tinggi) Siaga On
6 [=1lcm Banjir On

3.3 Perancangan Mikrokontroler

Pembuatan minimum sistem AT89S52 didesain agar mudah digunakan termasuk
penggunaan port yang menggunakan konektor dip plug. Mengingat konektor sangat
kecil dan koneksi antara mikrokontroler dengan rangkaian yang lain sangatlah penting.
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Gambar 3.7 : Schematic Rangkaian Minimum System AT89552

Tabel 3.2 : Konfigurasi Port

Port Port Pin Function
1 P1.0-P1.7 | Keypad
P2.0 Input 1 to motor driver
2 P2.1 Input 2 to motor driver
P3.0 RXD (Serial Input Port) to Handphone C35
P3.1 TXD (Serial Qutput Port) to Handphone C35
3 P3.2 ADC (Analog Digital Converter)
P3.3 ADC (Analog Digital Converter)

3.3.1 Rangkaian Reset

Rangkaian reset ini diperlukan agar AT89S52 dapat direset secara otomatis
pada saat pertama kali power diaktifkan, atau disebut power-on reset. Saat catu
daya dinyalakan rangkaian reset akan menahan logika tinggi pada pin RST untuk
jangka waktu tertentu. Jangka waktu tersebut ditentukan oleh pengosongan
muatan pada kondensator, waktu penundaan yang diperlukan adalah 2ps (2kali
siklus) ditambah dengan waktu penundaan saat kristal mulai on. Karena kristal
yang digunakan mempunyai frekuensi sebesar 11Mhz maka satu periode

membutuhkan waktu :
1 1
r= FXTAL 11
=9.09x 10%s

Sehingga waktu minimal logika tinggi yang dibutuhkan untuk mereset
mikrokontroler adalah :
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Reset (min) = T x Periode yang dibutuhkan
=9.09 x 10%s x 22
=2us
Dari sini dapat disimpulkan bahwa mikrokontroler membutuhkan waktu

minimal 2ps untuk mereset, waktu minimal inilah yang dijadikan pedoman untuk
menentukan nilai R dan C. Dalam perancangan digunakan R = 10K, C = 10pF
dan Vee = 5V. Rangkaian reset ini juga ditambah dengan saklar agar dapat juga
dilakukan secara manual. Rangkaian reset ditunjukkan dalam gambar 3.6 :

5 ';L:-'

* Pt

=

Gambar 3.8 - Rangkaian Reset

3.3.2 Rangkaian Clock

Mikrokontroler AT89S52 membutuhkan sinyal clock untuk berpindah dari
satu kondisi ke kondisi yang lain, sebab dalam perancangan perangkat lunaknya
berpindah dari satu state ke state yang lain dieksekusi bila ada clock.

Perencanaan clock ini menggunakan crystal 11Mhz, dua buah capasitor
33pF yang terhubung dengan kaki dari kristal dan rangkaian ini dihubungkan ke
kaki 18-19 pada mikrokontroler. Dalam perencanaan alat ini clock digunakan

sebagai pemicunya. Rangkaian clock seperti gambar berikut :
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Gambar 3.9 : Rangkaian Clock

3.4 Perancangan EEPROM
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Gambar 3.10 : Schematic Rangkaian Memori EEPROM

EEPROM berfungsi sebagai memori eksternal dengan kapasitas 16Kbit. Pada
rangkaian ini menggunakan IC AT24C16. EEPROM digunakan untuk menyimpan data
real yang telah dikirim oleh ADC. Jika user meminta keadaan atau request keadaan
EEPROM akan mengirim keadaan real kepada wuser menggunakan komunikasi SMS
menggunkan handphone.

Penjelasan dalam perancangan dan pembuatan alat ini menggunakan EPPROM
AT24C16 dikarenakan hal-hal di bawah ini :

» Perancangan dan pembuatan alat ini memerlukan memori yang cukup banyak
untuk menyimpan data-data selain di memori internal mikrokontroler.

= EEPROM menggunakan teknologi I12C, bekerja secara byte maupun page yang
bisa dipergunakan oleh komponen-komponen lain yang bisa diakses dengan 12C.

= Data pada EPPROM tersebut disimpan tidak secara tumpang tindih jadi
membutuhkan banyak memori untuk dipakai.
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3.5 Perancangan Driver Motor
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Gambar 3.11 : Schematic Rangkaian Driver Motor

Driver motor alat ini menggunakan 1.298 dengan tegangan input (Vs) 12V untuk
power supply dan (Vss) 5V untuk logic power supply. Logic power supply digunakan
untuk mengaktifkan enable, enable berfungsi seperti kunci untuk input data yang masuk
dari mikrokontroler (1 dan (). Dipasang diode atau penyearah sebagai input enable dan
agar data dari input 1 dan input 2 tidak saling bertabrakan. Pada rangkaian driver motor
ini motor yang digunakan adalah motor DC 1A.

Dalam rangkaian driver motor penulis menggunakan 1298 karena memanfaatkan
komponen yang sudah ada. Dapat menggunakan rangkaian transistor sebagai driver
motor yang berguna sebagai sakelar karena motor hanya memiliki kapasitas tegangan
sebesar 12V dan arus sebesar 1A.

SVT

Gambar 3.12 : Rangkaian Driver Motor Menggunkan Transistor Sebagai Sakelar.
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3.6 Perancangan Sensor Ketinggian Air

Gambar 3.13: Pelampung Bensin

Untuk sensor yang digunakan dalam perancangan monitoring level air adalah
potensiometer. Potensiometer termasuk kedalam kelas variabel resistor yang nilai
tahanannya dapat berubah-ubah sesuai dengan letak kontak gesek dengan terminal-
terminal ujungnya. Sehingga dapat pula dikatakan bahwa potensiometer memiliki
perubahan nilai resistansi sebagai fungsi rotasi kontak gesek. Potensiometer dapat
dibedakan menjadi dua jenis yaitu jenis linier dan jenis logaritmik. Nilai resistansi
potensiometer ditandai dengan huruf A (untuk jenis linier) dan B (untuk jenis
logaritmik), misalnya A5 kQ, B5002.

Hal-hal yang perlu diperhatikan dalam pemilihan potensiometer :

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

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

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

4. Arus kontak gesek (wipper current) adalah arus maksimum yang boleh mengalir
di terminal kontak gesek.

5. Stabilitas setelan (setting stability) adalah kesamaan nilai resistansi pada

perulangan (repeatibility) suatu setelan potensiometer pada suatu nilai resistansi.
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Adapun rangkaian sensor level air ini adalah sebagai berikut :

1@/
<,

0K $_ e

T

-I[I———-——\/

Gambar 3.14 : Sensor Ketinggian Menggunakan VR

Dari gambar di atas dapat dianalisa dengan perhitungan 0-10k€2 dengan tinggi 0-
12cm, maka dapat dihitung dengan rumus sebagai berikut :
Ketinggian

Posisi Sensor = - - x Posisi Sensor Max
Ketinggian Max

Posisi Sensor

= R
Posisi Sensor Max %R Tl

R1 = R Total — R2

R Total = R1 + R2

Vout=—2 _ 4vi
= Riarz ="

Dari hasil perhitungan yang telah dilakukan, diketahui :
Batas ketinggian = 0-12cm
Vin=5 Volt

+ Untuk batas ketinggian normal = 6 cm
Posisi sensor = 16; x100% =50 %
Maka :

o D0
R2=—=x10 kQ
=5Q

R1=10kQ - 5
=5Q



RTotal=5Q + 50
=10Q

s
VOut—;s-x5Volt

=2,5 Volt

% Untuk batas ketinggian tinggi = 8 cm
Posisi sensor = 1';2 x 100 % = 66,66 %

Maka :

_ s
R2 = 00 x 10 kQ

=6,6 Q

R1=10kQ-6,60Q
=3,4Q

RTotal = 6,60 + 3,4Q
=10Q

3,4

VOut = 3,4+6,6

x 5 Volt

=1,7 Volt

¢ Untuk batas ketinggian sangat tinggi = 10 cm
Posisi sensor = % x 100 % = 83,33 %

Maka :

— 8333
R2 = 00 x 10 kQ

=83Q

R1=10kQ-830Q
=1,7Q

RTotal= 83Q + 1,7Q
=10Q

1,7
VOut = Tree3 x 5 Volt

= 0,85 VoIt
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Perancangan ADC (4nalog to Digital)
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Gambar 3.15 : Schematic Rangkaian ADC

Pada alat ini ADC berfungsi sebagai converter dari sensor posisi (potensio) dan

converter dari sensor ketinggian level air. ADC menggunakan PCF8591, terdapat

resistor yang berfungsi sebagai pull up. Output dari PCF8591 adalah data yang akan

dibaca oleh mikrokontroler.

ADC dan DAC diatas mempunyai keungggulan dibanding yang lain karena

menggunakan komunikasi I2C untuk komunikasinya ke mikrokontroler. Fitur — fitur

yang dimiliki IC tersebut :

Single power supply

Operating supply voltage 2.5 Vto 6 V

Arus standby kecil

Serial input/output dengan 12C-bus

Set alamat pada 3 pin ic

Sampling rate given by 12C-bus speed

4 analog inputs programmable as single-ended or differential inputs
Auto-incremented channel selection

8-bit successive approximation A/D conversion

Multiplying DAC with one analog output.

( The I2C bus specification version 2.1 january 2000, philips semiconductor)

Komponen diatas merupakan komponen yang kompotibel dengan komunikasi

I2C. Pemilihan dari komponen ini selain karena komunikasinya menggunakan 12C juga

karena komponen ini telah terintegrasi adc dan dac dalam satu chip sehingga akan

mudah dalam perancanganya.
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3.8. Perancangan LCD M1632 (Liguid Crystal Display)

LCD diperlukan untuk menampilkan nilai karakter input yang akan diproses dan
data karakter output dari hasil pengukuran supaya hasil proses dan pengukuran bisa
dipahami. Rangkaian LCD ini dalam pengoperasiannya memerlukan 8 bit data dan 3 bit
kontrol. Bagian utama dari rangkaian ini adalah penampil karakter LCD 16x2 baris. RS
(Register Select) dan enabel pada pin 4 dan pin 6 yang merupakan kontrol dari LCD.
Saluran data (data bus) dihubungkan ke port 0 mikrokontroler. Untuk pin R atau W
akan berlogika Jow (0) apabila dihubungkan dengan ground maka LCD difungsikan
hanya untuk menuliskan program atau data ke display. Untuk mengambil data dari
mikrokontroler maka pin-pin data dihubungkan dengan port dari mikrokontroler.

Pada lembaran datasheet modul LCD M1632 disebutkan bahwa :
Power supply LCD meliputi :
Vss=0
Vee =5V +% (2mA)
Power supply back light :
V + BL =4 -4,2V (50 sampai 200mA)
V BL=0V (GND)

Pada input V + BL dipasang sebuah dioda IN4001 (bahan silicon dengan Vd =
0,65V sampai 0,7V), tujuannya adalah didapatkan tegangan V + BL sebesar 4 - 4,2V
dengan perhitungan sebagai berikut :

Vee=Vd+V +BL)
5 =0,7+(V+BL)
(V+BL)=5-0,7=4,3Volt.

Dipilih dioda IN4001 karena arus maksimum yang biasa dilewatkan oleh dioda ini
sebesar 1A. Berikut ini adalah rangkaian lengkap LCD yang digunakan pada

perancangan :
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Gambar 3.16 : Rangkaian LCD

3.9 Perancangan Rangkaian Keypad

Keypad berfungsi untuk memasukkan input data base, rangkaian keypad
menggunakan keypad 4 X 4 yaitu 12 buah saklar tekan (pusk button) yang dirangkai
dalam bentuk matrik. Rangkaian keypad dihubungkan langsung ke mikrokontroller pin
1, 2 dan 3 digunakan sebagai scanning sedangkan pin 4, 5, 6 dan 7 sebagai data hasil

penekanan keypad proses scaning dari penekanan keypad.
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Gambar 3.17 : Rangkaian Keypad 4 X 4
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Gambar 3.18 : Schematic Rangkaian System Keseluruhan “Pintu Air”
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Gambar 3.19 : Schematic Rangkaian System Keseluruhan “Sensor Ketinggian Air”
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3.10 Perancangan Perangkat Lunak (Software)

Pada perancangan perangkat lunak (software) dipaparkan dalam diagram alir
secara keseluruhan dari semua system.

 hda SMS™ ek " Mamal Tidak

Jalanken Pintu Air Jalankan Pintu Air Jalankan Pintu Air | | Jalankan Pintu Ar

POSO POS 1 POS 2 POS3
GrupADC ke GrupADC ke
Posisi Pintu Posisi Pirtu
y Y
Tulis Data ADC Tulis Deta ADC
dan dan
Posisi Pintu ke LCD Posisi Pitu ke LCD
v \ A

OFF

Gambar 3.20 : Flowchart Sistem Pintu Air
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Gambar 3.21 : Flowchart Sistem Sensor Ketinggian Air
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A A
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9,5cem
?
Ya
Mengirim Text Mengirim Text Mengirim Text Mengirim Text
SMS SMS SMS SMS
A A
Pintu Air Pintu Air Pintu Alr Pintu Air
POS O POS 1 POS 2 POS 3

Gambar 3.22 : Flowchart Sistem Keseluruhan
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BABIV
PENGUJIAN DAN ANALISA

Pada bab ini membahas cara pengujian dan analisa dari alat yang dirancang,
sehingga dapat diketahui apakah alat tersebut dapat bekerja sesuai dengan yang telah
direncanakan. Dalam rangka pengujian alat tersebut, diuraikan percobaan yang
dilakukan untuk mengetahui respon dari keseluruhan alat yang dapat dirancang.

Setelah semua perancangan alat telah selesai dirancang secara keseluruhan, maka
perlu dilakukan suatu pengujian sistem yang dilakukan pada tiap-tiap blok maupun
secara keseluruhan, dimana pengujian sistem ini bertujuan agar :

1. Mengetahui sejauh mana system dapat bekerja secara maksimal.

2. Mencari dan menemukan beberapa permasalahan yang mungkin timbul pada
saat alat ini beroperasi untuk kemudian diperbaiki sampai pada tingkat kesalahan
sekecil mungkin sehingga didapatkan hasil yang baik.

3. Menganalisa hasil dari rangkaian dengan menghitung menggunakan rumus yang
sesuai.

4. Mengetahui unjuk kerja alat secara keseluruan.

4.1 Pengujian Sensor Ketinggian Air

4.1.1 Tujuan
Untuk mengetahui ketinggian air sungai dan kemampuan rangkaian yang
sudah dibuat, apakah dapat mendukung sistem yang direncanakan.

4.1.2 Peralatan yang Digunakan
e (CatuDaya S Volt
e Sensor menggunakan pelampung bengsin kendaraan bermontor yang
sudah terdapat VR
e Multimeter Digital
¢ Rangkaian yang akan diuji
e Menyiapkan tabel pengukuran

4.1.3 Prosedur Pengujian
e Menyusun rangkaian seperti pada gambar 4.1
e Menjalankan program untuk mengetahui tegangan keluaran (Vout) pada
setiap batas ketinggian normal sampai sangat tinggi.
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Gambar 4.1 : Pengujian Rangkaian Variabel Resistor (VR)

4.1.4 Hasil dan Analisa Pengujian

Tabel 4.1 : Hasil Pengujian dan Pengukuran Sensor Batas Ketinggian

<L)

Teks | Tinggi VR Respon Pintu Derajat (°)
No | SMS | Gerbang Q) Setelah SMS Diterima | Sudut Pelampung
1 [POSO| 3cm 151,4Q 5.42 detik 18°
2 |POS1 5cm 253 Q 6.48 detik 32»
3 |POS2| 8cm 325Q 4.68 detik 48°
4 |POS3| 92cm | 333,3Q 6.68 detik 52°

Gambar 4.2 : Pengukuran Dengan Multimeter Digital

4.1.5 Analisa Respon Buka Tutup Pintu Air
Dalam percobaan buka tutup pintu air dan pengambilan data respon buka
tutup pintu air terjadi error atau penyimpangan pada waktu respon pintu air

setelah menerima SMS. Dari data yang diperoleh dengan menggunakan rumus

matematis :
c=vo"
o?=(Y (x;—rerata)?)/(n-1)
rerata= Y Xi/n

rerata = ( 5,42 + 6,42 + 4,68 + 6,68 )/4

rerata = 5,81



o™= (Y (x;—rerata)?)/(n-1)

= ((x1- rerata)’+(x2- rerata)2+(x3- rerata) +(x4- rerata)?) / (n-1)
o= ((5,42-5,81)*+(6,48-5,81)*+(4,68-5,81)*+(6,68-5,81)>) / (n-1)

o’= (0,15 +0,44 + 1,27 +0,75) / 4,18
0?=2,61/4

a*=0,65

ag = “j 0'2

o =0,65

o = 0,8 detik

o = Deviasi / penyimpangan / error

o’ = Variansi

4.2 Pengujian Respon Buka Tutup Pintu Air
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Pengujian buka tutup setiap posisi bertujuan untuk mengetahui respon waktu

(detik) setiap perpindahan posisi pintu air. Peralatan yang diperlukan sebagai berikut :

Multimeter Digital.
Rangkaian Driver Motor
Power Supply DC 24 Volt
Handphone

Program Essembler

Menyiapkan Tabel Pengukuran.

Tabel 4.2 : Respon Waktu BukaTtutup Pintu Air Setiap Posisi

No. Jarak Buka Tutup Pintu Air Waktu
1 POS0-POS 1 2.65 detik
2 POS0-POS 2 4.81 detik
3 POS0-POS 3 5.63 detik
4 POS1-POS O 1.53 detik
5 POS1-POS 2 4.35 detik
6 POS1-POS3 4.15 detik
7 POS2-POS 0 3.79 detik
8 POS2-POS 1 2.91 detik
9 POS2-POS3 2.35 detik
10 POS3-POS 0 4.67 detik
11 POS3-POS 1 3.72 detik
J2 POS3-POS 2 3.36 detik
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4.3 Pengujian Sensor Potensio
Pada tegangan kondisi awal 0V. Tegangan output sensor potensio memiliki range
0V-3,20V. Data sebenarnya sampai pada posisi ADC 240 = 4,68V. Data tegangan

output sensor dapat diperoleh dengan menggunakan rumus matematis :

nilai ADC kondisi saat ini
nilai ADC kondisi puncak

Vo = Vin X

Ket : Vo = Tegangan output

Vin = Tegangan input

ADC kondisi puncak = 240

Tabel 4.3 : Hasil Perhitungan Percobaan Hubungan Tegangan dengan ADC

ADC Tegangan (V)
0 0
29 0,56
50 0.97
81 1.59
108 2,10
135 2,62
160 3.11
170 3,31
194 3,77
214 4.17
240 4,68
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4.4 Pengujian Rangkaian Driver Motor DC

4.4.1 Tujuan

Mengetahui apakah driver motor DC dapat bekerja dengan baik sesuai
dengan apa yang diharapkan dan mengetahui tegangan dan arus pada motor DC.
4.4.2 Rangkain Pengujian Motor DC

.
I

Gambar 4.3 : Pengujian Rangkaian Driver Motor DC

4.4.3 Peralatan Yang Digunakan
e Multimeter Digital.
e Power supply 12 Volt dan 5 Volt.
e Rangkaian Driver Motor.

4.4.4 Langkah-Langkah Pengujian
Langkah- langkah pengujian antara lain :
e Rangkaian driver diberi tegangan 5 Volt Dc.
e Motor dc diberi tegangan 12 Dolt DC.
e Dilakukan Pengukuran tegangan dan arus pada motor dc pada saat ON.

4.4.5 Hasil Pengujian Motor DC

Tabel 4.4 : Hasil Pengujian Motor DC

Spesifikasi Motor DC ON
V=12 Volt [=1A V=11,93 Volt | I=296,7 mA

Gambar 4.4 : Pengujian Motor DC



57

4.4.6 Analisa Perancangan dan Pengujian Driver Motor DC

Nilai input driver motor yang diberikan berasal dari Mikrokontroler
AT89S52. Motor gear DC tidak dapat dikendalikan secara langsung oleh
mikrokontroler, karena kebutuhan arus yang besar sedangkan keluaran arus dari
mikrokontroler sangat kecil. Driver motor merupakan alternatif yang dapat
digunakan untuk mengatur gerakan arah dan kecepatan motor DC dengan mudah.

Motor DC dikontrol menggunakan konfigurasi transistor yang dikenal
dengan istilah H-Bridge. Konfigurasi ini menggunakan 4 buah transistor NPN
atau dua transistor NPN dan dua transistor PNP.

Baterai (+) motor

Baterai (-) motor

Gambar 4.5 : Konfigurasi H-Bridge

Tabel 4.5 : Kebenaran konfigurasi H-Bride

Tabel Kebenaran

Maju | Mundur | Stop
Q1 1 o) (o]
Q2 o 1 o]
Q3 o) 1 0
Q4 1 o) 0

Gambar diatas menunjukkan konfigurasi transistor NPN yang digunakan
sebagai pengontrol motor DC. Arus yang mengalir ke motor DC polaritasnya
dapat diatur dengan memberikan logika ke transistor Q1 sampai Q4.
Pengaturannya seperti tabel kebenaran diatas. Transistor Q1 dan Q2 atau Q3 dan
Q4 tidak diperbolehkan kondisi keduanya dalam keadaan high karena akan
menyebabkan short circuit terhadap baterai.

Pada IC 1298, kaki 1 dan 15 adalah kaki sensing voltage, kaki ini akan
mengendalikan besarnya arus beban. Dalam keadaan tidak terhubung ke ground,
tegangan sensing (Vsens) pada kaki ini sebesar 3 Volt. Agar motor dapat berputar,
tegangan pada kaki 1 dan 15 harus sebesar -1 Volt sampai +2 Volt. Apabila
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diinginkan arus yang mengalir pada beban sebesar 4 A (dari baterai 12V/4A),
maka :

= Vsens
Rs
o
4=
o
4
Rs =0.5Q

Komponen utama rangkaian penggerak motor DC ini adalah IC L298,
merupakan IC yang dipasang khusus untuk keperluan pengendalian motor DC. IC
L.298 ini di dalamnya terdapat 4 penggerak push-pull yang dapat mengalirkann
arus pada keluarannya sampai sebesar 4 A setiap jalurnya. Masing-masing jalur
dikendalikan oleh sebuah TTL yang kompatibel.

Hasil pengujian untuk mengendalikan motor DC yang terhubung dengan
driver motor DC dapat dilihat pada tabel berikut ini :

Tabel 4.6 : Analisa Perancangan Rangkaian Driver Motor

Enable | IN+ | IN- Keadaan Motor Hasil uji
0 X X | Tidak berpurar OK
0 0 | Tidak berputar OK
0 I | Berputar Searah Jarum Jam OK
| I 0 | Berputar Berlawanan Jarum lam OK
| I | Tidak berputar 0K

Dari hasil pengujian di atas dapat diketahui bahwa pada saat motor kondisi
ON maka motor mempunyai tegangan sebesar 11,93 V dan arus 296,7 mA. Hasil
ini memiliki toleransi pada kondisi spesifikasi motor, yang mana tegangan sebesar
12 V dan arus 1 A. Untuk motor DC ini mempunyai kecepatan putarannya adalah
36 rpm (Revolutions Per Minute). Kecepatan putar tersebut didapat dengan
mengukur secara manual, yaitu menghitung berapa putaran per menit.
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4.5 Pengujian Sensor Ketinggian Air

Pengujian sensor ketinggian air bertujuan untuk mengetahui apakah sensor
potensiometer dapat berfungsi dengan baik. Peralatan yang digunakan sebagai berikut :

e Multimeter Digital

e Rangkaian Driver Sensor

e Power Supply 12 V

e Air

e Menyiapkan Table Pengukuran

Tabel 4.7 : Hasil Pengukuran ADC dan Ketinggian Sensor

NO | ADC | Ketinggian Sensor | Respon Pintu Air
1 29 2,5 cm POS 0
2 50 3cm POS 0
3 60 3,5cm POS 0
4 81 4 cm POS 0
5 93 4,5 cm POS 0
6 108 Scm POS 1
7 135 5,5cm POS 1
8 146 6 cm POS 1
9 160 6,5 cm POS 1
10 170 7 cm POS 1
11 180 7,5 cm POS 2
12 194 8 cm POS 2
13 214 8,5 cm POS 2
14 240 9cm POS 2
15 275 9,5 cm POS 3

4.6 Display dengan LCD (Liquid Crystal Display)

Pada alat ini LCD berguna sebagai alat monitoring system ketinggian air dan
system pintu air. Pada system ketinggian air berfungsi sebagai alat monitoring
ketinggian air dan ADC yang dihasilkan secara manual, LCD juga menampilkan nomor
handphone yang akan dituju dan menampilkan berjalannya timer sebelum mengirimkan
data melalui SMS kepada pintu air.

Pada system pintu air LCD menampilkan ketinggian pintu air dan ADC yang

dihasilkan.

Gambar 4.6 : Tampilan LCD Initialisasi Handphone Saat System Dinyalakan
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Gambar 4.8 : Tampilan LCD Jurusan dan Kampus
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Gambar 4.9 : Tampilan LCD Saat Memasukkan Nomor Handphone
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Gambar 4.10 : Tampilan LCD saat Timer Hitung Mundur untuk Mengirim SMS
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Gambar 4.11 : Tampilan LCD saat Timer Tidak Aktif

Gambar 4.14 : Tampilan LCD saat Setting Timer
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4.7 Komunikasi Data

Komunikasi pada alat ini menggunakan handphone dengan format SMS, sebelum
mengirim dan menerima, format teks SMS dirubah terlebih dahulu menjadi format

PDU. Dengan format PDU data sudah siap dikirim dan diterima.

- Jpousp) B ]
get PDU  Decode PDU settings 12 FDU UDH options get PDU | Decods | 1 t create PDU | UDH options i
select addresses manual mode
use SMSC: 0001000091 00000SDOB27CFC1887C36€]
¥ SMSC is configured in MS
Decode get chpboard Clear
target address : TON and NP1 for target : interpret PDU as... PDU format is ace. to...
& = PE—— - incoming (from SC to MS) +« TSGSMD7.05
SONTT E1BE, ~ * outgoing [from MS to SC) ETS 300 501
sel data coding scheme e automatic mode
R Qs Tent is compressed [TS GSM 03.42) read fiom: |COM1 ~ | speed 19200 ~ 2 read
Ben - ge has a message class
Iv 3 phone Aty
use SM memoryin SIM card J eraze T, answer
Alphabet used s : .
o 7ThitText
8btData
16 bit UCS2
reserved
enter message text/dala
enter message texd : 9/48
Percobaan
cssls send nlemrelinput a5 texd
hexadecimal data

Gambar 4.15 : Sofiware Converter Format Teks SMS Menjadi Format PDU



Tabel 4.8 : Konfigurasi Pengiriman SMS
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No. | Format Format PDU Keterangan
Teks
1 REQST | 0001000C91261857048978 | User meminta status terbaru
000005D262744A05 ketinggian air.
2 SYSON | 0001000C91261857048978 | Mengaktifkan system ketinggian
000005D3ECF4E904 agar dapat mengirim data ke pintu
air secara otomatis.
3 SYSOF | 0001000C91261857048978 | Menonaktifkan system ketinggian
000005D3ECF46904 agar tidak mengirim data ke pintu
air secara otomatis. User dapat
memberikan SMS melalui SMS
untuk buka dan tutup pintu air.
4 POS 0 0001000C91261857048978 | Perintah user terhadap pintu air
000005DOE7140403 untuk buka atau tutup pintu air
sampai posisi 0.
5 POS 1 0001000C91261857048978 | Perintah wuser terhadap pintu air
000005D0OE7141403 untuk buka atau tutup pintu air
sampai posisi 1.
6 POS 2 0001000C91261857048978 | Perintah user terhadap pintu air
000005D0E7142403 untuk buka atau tutup pintu air
sampai posisi 2.
7 POS 3 0001000C91261857048978 | Perintah wuser terhadap pintu air
000005D0OE7143403 untuk buka atau tutup pintu air
sampai posisi 3.
8 Tinggi 0001000C91261857048978 | SMS  balasan dari  system

000007D4B4FB7C4EEB00

ketinggian air, jika user member
perintah untuk meminta status
ketinggian air (REQST)
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BABV
KESIMPULAN DAN SARAN
S.1 Kesimpulan
Berdasarkan pembuatan alat “Pengontrol dan Monitoring Ketinggian Level Air
Pada Suatu Bendungan Menggunakan SMS Gateway” dapat diambil kesimpulan
sebagai berikut :

1. Konsep komunikasi data menggunakan SMS gateway dapat dijadikan referensi
pada keadaan sesungguhnya karena pegiriman dan penerimaan data dalam masa
percobaan tidak mengalami kesalahan.

2. Pengiriman data secara otomatis tidak effisien, karena pada kenyataanya
perubahan ketinggian air bisa terjadi dalam waktu sangat cepat karena kondisi
sekitar yang berubah-ubah.

3. Pengujian pada sensor ketinggian air sungai menggunakan pelampung yang
menggunakan pelampung yang mempunyai variabel resistor sebagai
pendeteksinya karena pelampung ini memiliki sensitifitas yang cukup baik,
apabila air naik ataupun turun maka pelampung tentunya juga ikut bergerak dan
mempengaruhi perubahan kondisi air.

4. Respon pintu air berdasarkan sensor ketinggian sangat dipengaruhi oleh
kecepatan pengiriman dan penerimaan data. Akan tetapi respon dengan
menggunakan komunikasi data SMS gateway sangat effisien daripada dengan
cara konvesional, karena tidak membutuhkan waktu dan tenaga yang cukup
besar, error yang terjadi setelah sms diterima sebesar 0,8 detik.
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5.2 Saran
Saran-saran yang dapat diberikan sehubungan dengan isi dari laporan skripsi ini
adalah sebagai berikut :

1. Pemakaian sensor ketinggian air menggunakan potensiometer dinilai kurang
effisien, karena perubahan resistansi sangat banyak terpengaruh dari suhu,
kelembaban dan kebersihan pada air itu sendiri.

2. Pemilihan provider telephone yang tepat sangat berpengaruh dengan kecepatan
pengiriman dan penerimaan data menggunakan SMS.

3. Untuk penerapan dengan kompleksitas permasalahan yang lebih besar (lebih
tinggi) belum bisa maksimal.

4. Masih belum bisa diterapkan pada kenyataannya, karena butuh pembenahan
(masih prototype).
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Program Buka Tutup Pintu Air

ANDRIITO
org 0Ch
T1jmp init
org 23h
clr ES
jnb RI,$
clr RI
mov R7,SBUF
setb ES
reti
ISDA Bit P2.2 ; I2C data
ISCL Bit P2.3 7 I2C clock
Rest Bit P2.6
Enbl Bit P2.7
Ssttc Bit 20h.0 ; status command
Cch00 Equ 30h \

Cch01 Equ 31h
ch02 Equ 32h
Cch03 Equ 33h
ch04  Equ 34h
ch05 Equ 35h
Ch06 Equ 36h
ch07 Equ 37h
ch08 Equ 38h
chQ9 Equ 39h
chOA Equ 3Ah
chQB Equ 3Bh
chO0cC Equ 3Ch
Ch0D Equ 3Dh
ChOE Equ 3Eh

nama memory (character)
untuk baca no hp & sms

I M VMIMIMEMEYI NI NIl WE WY W W W

ChOF EqQu 3Fh /

NhpO Equ 40h i\

Nhpl Equ 41h :

Nhp2 Equ 42h H

Nhp3 Equ 43h ;

Nhp4 Equ 44h : nama memory (character)
Nhp5 Equ 45h ; | untuk no HP
Nhp6 Equ 46h H

Nhp7 Equ 47h H

Nhp8 Equ 48h H

Nhp9 Equ 49h ;

NhpA Equ 4Ah ;

NhpB Equ 4Bh :

TmoO Equ 4Ch ; data time out 0
Tmol Equ 4Dh ; data time out 1
cnsm Equ 4Eh ; counter sms

cndt Equ 4Fh ; counter data sms

chrr Equ 5Ch
ChrH Equ 51h
Dsts Equ 52h
Dadc Equ 53h
pktg Equ 54h
Dtmo Equ 55h

Anhp Equ 60h
Admm Equ 61h
Dtmm Equ 62h
cntr Equ 63h
Bufr Equ 64h
Buf0 EqQu 65h
Bufl Equ 66h
Buf2 Equ 67h
D1y0 Equ 68h
Page 1



nit:

ulai:

kstsO:

kstsl:
ksts2:

rttmo:

ttmo0:

Dlyl
Dly2
Dly3

Tcall
mov
1call
mov
Tcall
mov
Tcall
mov
1call
Tcall
Tcall
mov
Tcall
mov
1call

Tcall
1call
Tcall
1call

mov
1call
mov
Tcall
mov
1call
mov
1call
1call
mov
T1call
mov
Tcall
mov
1call
mov
Tcall
1call

mov
cjne
mov
cjne
mov
Tcall
mov
Tcall

mov
Tcall
mov
Tcall
mov
mov
mov
mov
mov
mov
Tcall
mov
1call
mov
1call

Equ 69h
Equ 6Ah
Equ 6Bh

lcd_in
DPTR, #tpinls
Tinel

DPTR, #tphnph
line2
chrL,#16
tulis

rdmsts
rdmtmo

Anhp, #010h
rdmnhp
Dly3,#10
delay3

srl_in
noecho
dsminc
rstcmd

DPTR, #tpnama
Tinel
chrL,#16
tulis

DPTR, #tpnims
Tine

DPTR, #tpjurs
Tinel
chrL,#16
tulis

DPTR, #tpuniv
Tine2
chrL,#16
tulis

delay?2

A,Dsts
A,#1,ckstsl
DPTR, #tptdak
A,#2,cksts?2
DPTR, #tpsdak
Tinel

DPTR, #tptmdt
Tine2
ChrL,#16
tulis
D1y0,#0
Dlyl,#249
Dly2,#7
Dly3,Dtmo
DPTR, #angka
PO, #0C%h
w_ins
A,Dly3
nilai

PO, #0DOh
w_ins

ANDRIITO

; baca memory status
; baca memory time out
; baca memory no hp

serial 19200,8,N,1
no respon character
display incoming sms
reset command

wswswews
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sttmol:

-ksms0:

ksms1:
ksms2:
kprb0:

kprbl:
kprbh:

prbh0:

prbhl:

prbh2:

prbh3:
sinhp:

snhp0:

D1y0, cttmol
Dly0,#0
Dlyl,cttmol
Dlyl,#249
Dly2,cttmo0
Dly2,#7

R7 ,#0FFh, cksms1

cksms?2
D1y3,#10
delay3
bc_sms
rstcmd
cksts0
ply3,cttmo0
tkrsms
bc_sns
cm_air
kr_ktg

A,Dsts
A,#2,ckprbl
ckprbh
cksts0

A,Dktg
B,#48

AB

cprbh0
krknd0Q
cprbh3
A,Dktg
B, #64
AB

cprbhl
krkndl
cprbh3
A,Dktg
B,#80
AB

cprbh2
krknd2
cprbh3
A,Dktg
B,#96
AB

cprbhl
krknd3

Tedcir
DPTR, #tpnohp
Tinel
chri,#16
tulis

DPTR, #angka
PO,#0C1lh
w_1ins
PO,#'+"
w_chr
PO,#'6"
w_chr
PO,#'2"’
w_chr
A,Nhp0
cknhpn
wr_chr
A,Nhpl
cknhpn

ANDRIITO

“asweswsws

e w

.
’
.
]
.
9
.
1
.
’
.
’
.
9
.
]
.
’
.
’
-
y
.
L
.
’
.
s
.
’
-
»
.
]
.
?
.
?
.

/

\

cek

|
|
| ada request

baca ketinggian
kirim sms ketinggian

cek perubahan
| if dibawah 48

kirim sms
Tompat
cek perubahan

| if dibawah 64

kirim sms
Tompat
cek perubahan

| if dibawah 80
kirim sms
Tompat

cek perubahan

| if dibawah 96

, (3 -
;s kirim sms
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snhpl:

snhp2:
snhp3:

snhp4:

Tcall
mov
T1call
Tcall
mov
Tcall
Jecall
mov
Tcall
1call
mov
Tcall
Tcall
mov
1call
lcall
mov
1call
Tcall
mov
1call
1call

mov
Tcall
Tcall
mov
Tcall
T1call
mov
Jcall
Tcall
mov
1call
1call
Tcall
cjne
mov
Tjmp
cjne
1jmp
cine
13jmp

mov
1call
mov

Tcall
1call
1call
mov

mov
Tcall
mov
1call
mov
Tcall
mov
1call
1call
mov
mov
1call
1call
1call
mov
mov
1call
1call

wr_chr
A,Nhp2
cknhpn
wr_chr
A,Nhp3
cknhgn
wr_chr
A,Nhp4
cknhRn
wr_chr
A,Nhp5
cknhﬁn
wr_chr
A,Nhp6
cknhﬁn
wr_chr
A,Nhp7
cknhpn
wr_chr
A,Nhp8
cknhgn
wr_chr
A,Nhp9
cknhﬁn
wr_chr
A,NhpA
cknhﬁn
wr_chr
A,NhpB
cknhﬁn
wr_chr
PO, #0DOh
w_1ins
toes
RO,#11,isnhp2
SP1#97h
mulai
RO, #12,1isnhp3
isnhp4
RO, #16,isnhpl
stgtmo

DPTR, #kosong
line2
chrL,#16
tulis

rsnohp
tg_1ps

DPTR, #angka
PO, #0Clh
w_1ins
PO,#"'+"
w_chr
PO,#'6"
w_chr
PO,#'2'
w_ghg
tginhp
NﬁpO,RO
A,RO
wr_chr
tg,]ﬁs
tg1n P
Nhpl,RO
A,RO
wr_chr
tg_lps

ANDRIITO
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snhp5:

ginhp:
inhpO:
inhpl:
inhp2:
inhp3:
inhp4:
inhp5:

Jcall
mov
mov
1call
1call
Tcall
mov
mov
1call
1call
1call
mov
mov
T1call
1call
Tcall
mov
mov
T1call
Tcall
1call
mov
mov
1call
Tcall
Tcall
mov
mov
Tcall
Jcall
1call
mov
mov
lcall
Jcall
Tcall
mov
mov
1call
Tcall
1call
mov
mov
1call
1call
Tcall
mov
mov
1call
Tcall
Tcall

1jmp

Tcall
1call
cjne
1jmp
cjne
1jmp
cjne
1jmp
cjne
13mp
cjne
13mp
cjne
mov
1jmp

a2 R0
A,RO

wr_chr
tg_]ﬁs
Nﬁp3 RO

wr chr
tg_]
in p
p4 RO

wr chr
tg_1ﬁs
ngS RO

wr chr
tg_1g
p

Nﬁpﬁ RO

wr chr
tg_
in p
ﬁp? RO
A,RO
wr_chr
tg_1ﬂs
Nhp8, RO
A,RO
wr_chr
tg_]ﬁ
P

Nhp9,RO
A,RO
wr_chr
tg_1ﬁs
ngA RO

wr chr
tg_]ﬂ
p

NhpB,RO
A,RO
wr_chr
tg_Tps
wrmn p
isnhp0

scnkpd
delay0
RO #16 ,tinhpl

lg tinhp2
t

inhp
R ,#14,t1nhp3
tginhp
RO,#13, tinhp4
tginhp
RO, #12, tinhp5
isnhp5
RO,#11, tinhp6
sP,#07h
mulai

ANDRIITO
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ANDRIITO
cinhp6: cjne RO, #10, tinhp7
Tjmp tginhp
=inhp7: ret

*snohp: mov NhpO, #00Fh
mov Nhpl, #00Fh
mov Nhp2,#00Fh
mov Nhp3, #00Fh
mov Nhp4,#00Fh
mov Nhp5,#00Fh
mov Nhp6, #00Fh
mov Nhp7,#00Fh
mov Nhp8, #00Fh
mov Nhp9, #00Fh
mov NhpA, #00Fh
mov NhpB, #00Fh

ret
knhpn: cjne A, #00Fh, cnhpn ; cek angka no hg
mov A,#16 ; if F then chr '
:nhpn: ret
itgtmo: 1call lecdclr ; seting time out
mov DPTR, #tpstmo
Tcall Tinel
mov ChrL,#16
Tcall tulis
ittmoQ: mov DPTR, #angka

mov PO, #0C5h
1call w_ins

mov A,Dtmo
Tcall nilai
mov PO,#' '
1call w_chr
mov PO,#'d’
1call w_chr
mov PO,#'t'
Tcall w_chr
mov PO,#'k'
1call  w_chr

mov PO, #0D0h
lcall w_ins
Tcall tg_lps

ttmol: 1call  scnkpd
cjne RO,#10,sttmo2
13mp sttmol

ttmo2: cjne RO,#11,sttmo3
mov SP,#07h
1jmp muiai

ttmo3: cjne RO, #12, sttmo4
T)mp sttmol

ttmo4: cjne RO,#13,sttmo5
13mp sttmol

ttmo5: cjne RO,#14,sttmo6
13mp sttmol

ttmo6: cjne RO, #15,sttmo7
T1jmp isinhp

ttmo7: cjne RO, #16,sttmo8
Tjmp sttmol

ttmo8: mov PO, #0C5h
Tcall w_ins
mov BufO,RO
mov A,RO
1call  wr_chr
1call tg_lps
Tcall tg_tkn
mov Bufl,RO
mov A,RO

Page 6



.albrs:

albro:

albrl:

rl_in:

Tcall
1call
1call
mov

mov
1call
Tcall
mov
mov
mul
mov
mov
mov
mul
mov
add
mov
add
mov
1call

1jmp

Tcall
mov
1call
mov
Tcall
Jcall
Tcall
mov
mov
1call
mov
Tcall
mov
Tcall
mov
mov
div
mov
mov
div
Tcall
mov
Tcall
mov
1call
mov
1call
mov
1call
mov
Tcall

mov
1call
Tcall
cjne
mov
1jmp

mov
1call
mov
mov
setb
mov
mov

lecdclr
DPTR, #tpadkt
Tinel

DPTR, #angka
PO, #0C2h
w_1ins
A,Dadc
nilai
PO, #0CAh
w_1ins

A, Dkt
8,#10
AB

A,B
B,#10
AB
wr_chr
PO,#'."
w_chr
A,B
wr_chr
PO,#'c’
w_chr
PO, #'m'
w_chr
PO, #0DOh
w_1ins

D1¥3,#1
de
scnkpd

RO,#11,kalbro

SP,#07h
muiai

Dly3,#1
delay3
TMOD, #20h
TH1, #0FDH
TR1

SCON, #50h
A,#80h

ANDRIITO

\

|

|

, set relay posisi hg
set baudrate 19200bps
double baudrates
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ANDRIITO

orl 87h,A :
setb EA ;
setb ES H
ret ;
r_ins: clr A HY
movc A,@A+DPTR s
lcall  kr_srl ;
inc DPTR . ; | kirim instruksi ke hp
djnz ChrH,kr_ins ; | sebagai awal pengiriman data
mov A, #0Dh :
Tcall kr_srl ;
ret 4
r_dta: clr A 3\
move A, @A+DPTR H
lcall  kr_srl ;
inc DPTR ; | kirim data olahan (PDU)
djnz chrH,kr_dta i | ke HP
mov A,#26 ;
Tcall  kr_srl ;
ret 3/
r_h1f: clr A i\
movc A,@A+DPTR ;
1call  kr_srl ; | kirim setengah data olahan (PDU)
inc DPTR ; | yang sudah pasti ke HP
djnz ChrH, kr_hl1f ;
ret 4
r_srl: cir ES '\
mov SBUF,A ’
jnb TI,$ ;
clr TI ; kirim serial ke hp
setb  ES ;
djinz Dly0,$ ;
ret i/
oecho: mov D1¥3,#1 i\
Tcall delay3 H
mov DPTR, #smseco H kirim
mov ChrH, #4 ; | instruksi
1call kr_ins 7 | no-echo ke hp
Tcall bc_fbk :
ret 4
sminc: mov D1¥3,#1 i\
1call delay3 ;
mov DPTR, #smsfrm ; kirim instruksi
mov Chru,#17 ; disg]ay—incoming-sms
Tcall kr_ins 7 | ke hp
Tcall bc_fbk ;
ret i/
pssms: mov DPTR, #smshps i\
mov Chrx,#9 H
Tcall kr_ins H
Tcall  bc_fbk ; | hapus sms pada memory 1
mov D]¥3,#1 H
Tcall delay3 H
ret 4
c_fbk: 1call rstcmd i\
c_fb0: cjne R7,#0FFh,bc_fbl ; | tunggu feedback
13mp bc_fb0 ; | data dari hp
c_fbl: ret 4
c_srl: lcall rstcmd A\
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ANDRIITO

mov TmoO, #25 H

mov Tmol, #0 ; | baca serial
c_sr0: cjne R7,#0FFh,bc_srl s tung?u data bukan FF

djnz Tmol,bc_sro0 ; | sebelum time out

djnz Tmo0,bc_sr0 H
c_srl: ret i/
stcmd: mov R7,#0FFh

ret
<rnohp: mov A,Nhpl

mov B,#30h

add A,B

1call kr_srl

mov A,Nhp0

mov B,#30h

add A,B

1call kr_srl

mov A,Nhp3

mov 8,#30h

add A,B

1call kr_srl

mov A,Nhp2

mov B,#30h

add A,B

1call kr_sri

mov A,Nhp5

mov B,#30h

add A,B

1call  kr_srl

mov A,Nhp4

mov B,#30h

add A,B

1call  kr_srl

mov A,Nhp7

mov B,#30h

add A,B

1call kr_srl

mov A,Nhp6

mov B,#30h

add A,B

Tcall kr_sri

mov A,Nhp9

mov B,#30h

add A,B

Tcall kr_srl

mov A,Nhp8

mov B,#30h

add A,B

1call  kr_srl

mov A,NhpB

1call ck_ksg

mov A,NhpA

Tcall ck_ksg

ret
k_ksg: cjne A, #00Fh, ckksg0

mov A#'F'

Tjmp ckksgl
kksg0: mov B,#30h

add A,B
kksgl: 1call kr_srl

ret
krsms: 1call lcdclr ; tulis kirim sms

mov DPTR, #tpkrsm
Tcall Tinel
mov chrL,#16
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\c_sms:

csms0:
CSMSX :

csmsl:

csms2:

csms3:

csmsB:

cnohp:

:nhp0:

cnhpl:
nhp2:

:nhp3:

Jcall
mov
1call
ret

Tcall
nb
call

1call

Tjmp

mov

%Jne
jm

1caq1

1jmp

mov
Tcall
jnb
call
Tcall
1call
Tcall
Tijmp

mov
lcall
jnb
mov
lcall

Tjmp

mov
1call
jnb
mov
Tcall

1jmp
ret
mov

mov
1call
mov
Jcall
1call
cjne
13mp
dinz

13m
1ca?1
1call
1call
clr
mov
mov
subb
mov
mul
mov
add
mov
1call
djnz
1call
1call
1call

tulis
D1¥3,#1
delay3

bcnohg
Sttc,bcsms0
bcemnd
hpssms
bcsmsl
A, Cch00
A,#10,bcsmsx
bcsmsB
hpssms
bcsmsB

DPTR, #comnd0
ckcmnd
sttc,bcsms2
bc_sns
cm_air
tkrsms
kr_ktg
bcsmsB

DPTR, #comndl
ckcmnd
Sttc,bcsms3
Dsts,#2
wrmsts
bcsmsB

DPTR, #comnd2
ckemnd
sttc,bcsmsB
Dsts,#1
wrmsts
bcsmss

DPTR, #smsred

ChrH,#9
kr_ins

cntr,#30

bc_fbk
bc_sril

R7,#0Dh,bcnhpl

bcnhp2

cntr, bcnhp0

cknhp2

bc_srl

bc_srl
bc_srl

C

A,R7

B,#30h

A'B

B,#2

AB

B,#8

A,B

cntr,A
bec_srl
cntr,bcnhp3
bc_dta
Tinel
tlisdta

ANDRIITO

~

7~ NN

~

~

NN

A TR TR PR TR TR LR R R Y RN Ry I R R o T T T

~

baca no Hp
cek status

O=hapus sms, l=baca command

hapus sms

if tdk ada no -> tdk hps

cek command

ambil data command
cek command

kirim sms ketinggian

ambil data command
cek command
status = 2

ambil data command
cek command

status = 1

baca command

baca serial
sampai character '_|'

Tewati service center

ambil character -> decimal
Tewati character sebanyak

hasil kali 2 tambah 8

E baca data

; optional
; optional
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Eknohp:

:knhpO:

:knhpl:
:knhp2:

Itanhp:
Inhp00:
Inhp01:
Inhp02:
inhp03:
nhp04:
nhp05:
nhp06:
nhp07:
nhp08:
nhp09:

nhpl0:
nhpll:
nhpl2:

ccmnd:

ccmdO:

1call

mov
mov
mov
mov
Tcall
1call
clr
subb
cjne
inc
inc
djnz
setb
11mp
clr
ret

mov
cjne
mov
Tjmp
cine
mov
1jmp
cjne
mov
1jmp
cjne
mov
Tjmp
cjne
mov
Tjmp
cjne
mov
1jmp
clne
mov
1jmp
cjne
mov
1jmp
cjne
mov
Tjmp
cjne
mov
Tjmp
cjne
mov
Tijmp
cine
mov
cjne
mov
movc
ret

mov
mov
Tcall
mov
Tcall
1call
cjne
1jmp

delay2

DPTR, #angka
cntr,#1
cnsm, #0
cndt, #0
dtasms
dtanhp

C

A,B
A, #0,cknhpl
cnsm

cndt
¢ntr,cknhp0
Sttc

cknhp2

Sttc

A,Cndt
A,#00,dnhp00
A,Nhpl
dnhpll
A,#01,dnhpO1
A,Nhp0
dnh811
A,#02,dnhp02
A,Nhp3
dnhpll
A.#03idnhp03

A, #05,dnhp05
A,Nhp4
dnhpll
A, #06,dnhp06
A,Nhp7
dnhpll
A,#07 ,dnhp07
A,Nhp6
dnhpll
A,#08,dnhp08
A,Nhp9
dnhpll
A,#09, dnhp09
A,Nhp8
dnhpll
A,#10,dnhpl0

A,#11,dnhpl2

A,NhpA

A, #00Fh,dnhpl2
A,#15
A,@A+DPTR

DPTR,#smsred
chrd,#9

kr_ins
cntr,#50
bc_fbk

bc_srl
R7,#0Dh,bccmdl
bccmd2

ANDRIITO
; optional

I MW MI VI G I NI wI e wI Ul Ve WO W W

~

’
’
’
’
’
L]
3
’
e

Pag

-~

\

I

I

I

I
;|
I

I

1

jumlah no hp = 10

reset counter sms

reset counter no hp
ambil data counter sms
ambil data counter no hp

samakan

jika_sama

ambil data counter sms selanjutnya
ambil data counter no hp selanjutnya
cek sampai no hp habis

set status = 1

jika tidak

set status = 0

baca command

baca serial
if character '_|'

1



ycemdl: ?
jm
1ca?1
T1call
1call
clr
mov
mov
subb
mov
mul
mov
add
mov
1call
djnz
1call
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
Tcall
djnz
1call
Jcall
Tcall
1call
Tcall
1call
ret

yccmd2 :

ycemd3 :

yccmd4
cemd5
)ccmd6:
icemd?7 :
)ccmd8 :
iccmd9:

iccmdA :

iccmdB :

kemnd: mov
mov
mov

Tcall

lcall
clr
subb
cjne
inc
. inc
elanjutnya
djnz

setb

mp
kcndl: cir
kend2: ret

tacmd:

kendO:

mov
movc
ret

clr
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov

tasms:
tsm00:
tsm0l1:
tsm02:
tsm03:

cntr,bccmd0
bccmdB
bc_srl
bc_sril
bc_srl

C

A,R7

B,#30h

A,B
cntr,A

bc_srl
¢ntr,bccmd3
bc_sr1
R7,#'A',bccmdS
cntr #30

R7, # B',bccmd6
Cntr #32
R7, # C',bccmd?7
Cntr'#32
R7,#'D',bccmd8
Cntr‘#34
R7,#'E',bccmd9
cntr,#34
bc_srl
cntr,bccmd9
bc_srl

bc_srl

bc_dta

Tine2

tlsdta

delay?2

cntr,#10
cnsm,#0
cndt,#0
dtasms
dtacmd
C

A,B
A,#0,ckcndl
cnsm

cndt

cntr,ckend0
sttc

ckcnd2

Sttc

A,Cndt
A,GA+DPTR

cnsm
#00,dtsm01
h00

C

#Ol,dtsmOZ

,choi

#02,dtsm03
hQ2

C
A,
A
B,
A
B,
A
8,C

A, #03,dtsm04
8,Ch03

ANDRIITO

.
1

i

hasil kali

4
A
cek jumlah

if

wde wde wd
“h-h-h
moNw

L/

; baca data
; optional
; optional
; optional

’
’
L
L
?
’
’
’
’
]
’
?
?
L
’
s
9
'
.
]
y
’
y
’
’
1
?
’
]
L
L
’
’
?
?

\

ambil data
ambil data
samakan
jika_sama
ambil data
ambil data

I wsINMIUIWEVI W we wa WS

cek sampai
set status
jika tidak
set status

/

i\
; | ambil data

if A -> lewati

lewati service center

ambil character -> decimal
lewati character sebanyak

2 tambah 3

no HP

30 character

-> lewati 32 character
-> lewati 32 character
-> lewati 34 character
-> lewati

34 character

jumlah command
reset counter sms
reset counter command

counter sms
counter command

counter sms selanjutnya
counter command

conand habis

=0

pointer yang ke cndt



itsm04:
itsm05:
ltsm06:
ltsm07:
ltsm08:
ltsm09:
ltsmOA:
ltsmOB:
ltsmOC:
ltsmOD:
ltsmOE:
ItsmOF:
ltsmsx:

c_dta:

1sdta:

cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
ret

Tcall

mov
Tcall
mov
1call
mov
1call
mov
1call
mov
1call

mov
Jcall
mov

Tcall

mov
1call
mov
1call
mov
1call
mov
1call
mov
1call
mov
1call
mov
Tcall
mov
Tcall
mov

mov
call
ret
mov
Tcall
mov
Tcall
mov
Tcall

#04,dtsm05S
cho04
#05,dtsm06
ch05
#06,dtsm07
C
#07 ,dtsm08
ch07
#08,dtsm09
ch08
#09, dtsmOA
h09
10,dtsm0B
hOA
11, dtsmOc

C
#
C
#
C
#12, dtsmOD
ChOC
#
choD
#
C
#
C

13, dtsmOE
14,dtsmOF
hOE

15,dtsmsx

A
B
A
B
A
B
A
B
A
B
A
B,
A
B
A
B
A
B
A
B
A
B
A
B,ChOF

’
’
L
]
]
’
’
’
H
?
?
9

bc_srl
ch00,R7
bc_srl
CchO1,R7
bc_sril
ch02,R7
bc_sril
ch03,R7
bc_sri
Ch04,R7
bc_sr1
ChO5,R7
bc_sr1
Ch06,R7
bc_sr1
ch07,R7
bc_srl
CchO8,R7
bc_srl
ch09,R7
bc_srl
ChOA,R7
bc_srl
choOB,R7
bc_srl
ChOC,R7
bc_srl
chOD,R7
bc_srl
CchOE,R7
bc_sril
chOF,R7
01¥3,#S
delay3

PO, Ch00
w_chr
PO, Cch01
w_chr
PO, Ch02
w_chr

ANDRIITO

samakan data counter
dengan character

MBI MMMV NI VINIMIYIVI U VI W NI NI Ve VI Wl e e

~ N

baca serial & simpan
ke memory character

VB MEMEVEWeWE WS WS WS NS WE M N WS WS W WA WS WEWME WS WE D WM MM NS WD W W WS B WS e

~



.rkndO:

rkndl:

rknd2:

mov
Tcall
mov
1call
mov
Tcall
mov
1call
mov
Tcall
mov
Tcall
mov
Tcall

mov
1call
mov
Tcall
mov
1call

mov
Tcall
mov
1call
mov
1call
ret

mov
mov
Tcall
Jcall
Tcall
Tcall
mov
mov
1call
Tcall
1call
1call
ret

mov
mov
1call
Tcall
Tcall
1call
mov
Mmov
1call
1call
Tcall
Tcall
ret

mov
mov

Tcall
Tcall
1call
Tcall
mov

mov

lcall
1call
Tcall
1call

PO, ChO3
w_chr
PO, Ch0O4
w_chr
PO, Ch05
w_chr
P0,ch06
w_chr
PO, Ch07
w_chr
PO, Ch08
w_chr
P0,Ch09
w_chr
P0,ChOA
w_chr
PO,ChOB
w_chr
P0,ChOC
w_chr
PO, ChOD
w_chr
PO, ChOE
w_chr
PO, ChOF
w_chr

DPTR, #smskrm
ChrH, #10
kr_ins
bc_fbk
delayl
delayl

DPTR, #cmdpnO
ChrH,#40
kr_dta
bc_fbk
delayl
delayl

DPTR, #smskrm
chrH,#10
kr_ins
bc_fbk
delayl
delayl

DPTR, #cmdpnl
ChrH,#40
kr_dta
bc_fbk
delayl
delayl

DPTR, #smskrm
ChrH,#10
kr_ins
bc_fbk
delayl
delayl

DPTR, #cmdpn2
chrH, #40
kr_dta
bc_fbk
delayl
delayl

ANDRIITO

M SN NI NIl N NIV INTI NI NIVINIVINI NI VIR VI VI WAwe Ml ws

Page

tulis character ke lcd

/

ambil data PDU kirim 20 oktet
ATCommand 10 character

kirim data diakhiri enter
tunggu feedback dari HP

ambil data Ppbu "POS 0"

ATCommand 44 character

kirim data setengah yg sudah pasti
tunggu feedback dari HP

ambil data PoU kirim 20 oktet
ATCommand 10 character

kirim data diakhiri enter
tunggu feedback dari Hp

ambil data pbu "pPOS 1"

ATCommand 44 character

kirim data setengah_yg sudah pasti
tunggu feedback dari HP

ambil data PDU kirim 20 oktet
ATCommand 10 character

kirim data diakhiri enter
tunggu feedback dari HP

ambil data PDU "POS 2"

ATCommand 44 character .
kirim data setengah yg sudah pasti
tunggu feedback dari HP
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rknd3:

r_ktg:

n_air:

-—sns:

'msts:

ret

mov
mov
Tcall
1call
1call
1call
mov
mov
Tcall
Tecall
1call
T1call
ret

mov
mov
Tcall
Tcall
mov
Tcall
mov
mov
1call
Tcall
mov
mov
1call
Tcall
Tcall
mov
Tcall
ret

mov
mov
mov
div
movc
mov
mov
movc
mov
mov
mov
mov
1call
ret

mov
1call
mov
Tcall
mov
Tcall
1call
Tcall
1call
Tcall
mov
mov
movc
mov
ret

mov
mov

DPTR, #smskrm
ChrH,#10
kr_ins
bec_fbk
delayl
delayl

DPTR, #cmdpn3
ChrH, #40
kr_dta
bc_fbk
delayl
delayl

DPTR, #smskr0
ChrH, #10
kr_ins
bc_fbk
Dly3,#1
delay3

DPTR, #header
ChrH,#12
kr_hif
krnohp
DPTR, #tinggi
ChrH, #20

Dly3,#2
delay3

DPTR, #angka
A,Dktg
B,#10

AB

A, GA+DPTR
Ch00,A
A,B
A,@A+DPTR
ch01,A
ch02,#'m'
ch03,#'m’
CchO4,#' '
jd_pdu

A, #90h
adrtx
A, #0Ch
dtatx
A,#91h
adrtx
dtarx
ivack
dtarx
j2cstp
padc,A
DPTR, #lookup
A,@A+DPTR
Dktg,A

Admm, #000h
Dtmm,Dsts

ANDRIITO

AR TR TE LR TR ER T R RY R R T Ny e

Page

ambil data PDU kirim 20 oktet
ATCommand 10 character

kirim data diakhiri enter
tunggu feedback dari HP

ambil data ppU "POS 2"

ATCommand 44 character

kirim data setengah yg sudah pasti
tunggu feedback dari HpP

ambil data PDU kirim 47 oktet
ATCommand 10 character

kirim data diakhiri enter
tunggu feedback dari HP

wait
| kirim header

kirim no HP

ambil data PDU

ATCommand 20 character
kirim setengah data ppu
kirim data diakhiri CTRL+Z
tunggu feedback dari HP

wait

address PCF8591 write address
kirim

adc ch-0

kirim

address PCF8591 read address
kirim

baca data

beri ack

baca data

i2c stop

simpan data sensor

simpan data kalibrasi

address memory
data memory

15



‘dmsts:

‘dmstO:
‘dmstl:
‘dmst2:
‘dmst3:

rrmtmo:

‘dmtmo:

'rmnhp :

1call
ret

mov
Tcall
mov
Jcall
mov
1call
1call
cjne
1]mp
cjne
1jmp
mov
mov
ret

mov
mov
Tcall
ret

mov
Tcall
mov
Tcall
mov
1call
Tcall
mov
ret

mov
mov
Tcall
inc
mov
mov
1call
inc
mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
lcall
inc
mov
mov
1call
inc
mov
mov
1call
inc
mov
mov
Tcall
inc
mov
mov
Tcall

wr_mem

A, #0AOh
adrtx
A,#000h
dtatx
A, #0Alh
adrtx
dtarx

A,#1,rdmstl

rdmst3

A,#2,rdmst2

rdmst3
A,#1
Dsts,A

Admm, #001h
Dtmm,Dtmo
wr_mem

A, #0ACh
adrtx
A,#001h
dtatx
A, #0Alh
adrtx
dtarx
Dtmo,A

Admm,Anhp
Dtmm,Nhpl
wr_mem
Anhp
Admm, Anhp
Dtmm, Nhp0
wr_mem
Anhp
Admm,Anhg
Dtmm,Nhp
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp2
wr_mem
Anhp
Admm,Anhg
Dtmm,Nhp
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp4
wr_mem
Anhp
Admm.Anhg
Dtmm, Nhp
wr_mem
Anhp
Admm,Anhp
Dtmm, Nhp6
wr_mem
Anhp
Admm, Anhp
Dtmm, Nhp9
wr_mem

ANDRIITO

Page

AT24C16 write address
address hardware memory
AT24C16 read address

terima data

address memory
data memory

AT24C16 write address
address hardware memory
AT24C16 read address

terima data

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory
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‘dmnhp:

r_mem:

inc
mov
mov
1call
inc
mov
mov
1call
inc
mov
mov
Tcall
ret

mov
1call
mov
Tcall
mov
Tcall
Tcall
mov
Tcall
Tcall
mov
1call
Jcall
mov
1call
Tcall
mov
Tcall
Jcall
mov
1call
TJcall
mov
Tcall
Tcall
mov
Tcall
Tecall
mov
1call
1call
mov
1call
1call
mov
Tcall
Tcall

mov
1call
Tcall
mov
Tcall
ret

mov
Tcall

mov
Jcall
mov

1call
1call
Tcall
ret

Anhp
Admm, Anhp
Dtmm,Nhp8
wr_mem
Anhp
Admm, Anhp
Dtmm,NhpB
wr_mem
Anhp
Admm, Anhp
Dtmm,NhpA
wr_mem

A, #0ACh
adrtx
A,Anhp
dtatx
A,#0Alh
adrtx
dtarx
Nhpl,A
ivack
tarx
NhpO,A
ivack
tarx
Nhp3,A
ivack
tarx
Nhp2,A
ivack
tarx
Nhp5,A
ivack
tarx
Nhp4,A
ivack
tarx
Nhp7,A
ivack
tarx
Nhp6,A
ivack
tarx
Nhp9,A
ivack
tarx
Nhp8,A
ivack
tarx
NhpB,A
ivack
tarx
NhpA, A
i2cstp

A, #0A0h
adrtx
A,Admm
dtatx
A,Dtmm
dtatx
i2c¢cstp
wt_wr

ANDRIITO

Page

address memory
data memory

address memory
data memory

address memory
data memory

AT24C16 write address
address memory
AT24C16 read address
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

i2c stop

AT24C16 write address
address hardware memory
data memory

i2c stop

17



ANDRIITO
t_wr: mov pl1y0,#000
mov D1¥1,#075
rtwr: lcall delay0
djnz Dlyl,wtwr
ret

drtx: l1call i2cstr kirim address

cwe

Tcall putbit ; kirim data
ret ; back

ltatx: lcall putbit ; kirim data
ret ; back

ltarx: 1lcall getbit ; terima data
ret ; back

wutbit: mov R6,#8 3\

wtbt: RLC A R
mov ISDA,C :
setb ISCL H
clr ISCL ; kirim bit
djnz R6,putbt :
setb ISDA :
Tcall getack ;
ret 3/

etbit: mov R6,#8 '\

etbt: setb ISCL :
mov C,ISDA ’
RLC A H terima bit
clr IsCL ;
djnz R6,getbt ;
setb ISDA :
ret 3/

etack: setb ISDA i\

. setb ISCL :

ckbit: mov C,ISDA H tunggu ack
jc ackbit ; | D=1, C=1D=0, C=0
clr ISCL H
ret i/

ivack: clir ISDA 3\
setb ISCL :
clr ISCL : kirim ack -> D=0, C=1, C=0, D=1
setb ISDA ’
ret 4

2cstr: setb ISCL i\
setb ISDA ;
clr ISDA ; i2c start -> C=1, D=1, D=0, C=0
clr ISCL H
ret i/

2cstp: clr ISDA i\
setb ISCL :
setb ISDA H i2¢ stop -> D=0, C=1, D=1, C=0
clr ISCL ’
ret i/

ilai: mov B, #100
div AB
Tcall wr_chr
mov A,B
mov B,#10
div AB
1call wr_chr
mov A,B
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ANDRIITOQ
Tcall wr_chr
ret

inel: mov PO, #080h
Tcall w_1ins

ret
ine2: mov PO, #0COh
Tcall w_ins
ret
ulis: clr A
1call wr_chr
inc DPTR
djnz chri,tuldis
ret
r_chr: movc A,@A+DPTR
mov P0,A
1call w_chr
ret
~ins: clr Enbl
clr Rest
setb Enb]1
clr Enb1
Tcall delay0
ret
_chr: clr Enb1
setb Rest
setb Enbl
clr Enb1
Tcall delay0
ret
cd_in: mov D1¥3,#1
1call delay3
mov PO,#01h ; Display Clear
Tcall w_ins
mov P0O,#38h ; Function set
lcall w_1ins
mov PO, #0Dh ; Display oOn, Cursor, Blink
Tcall w_1ins
mov PO, #06h ; Entry Mode
Jcall w_ins
mov PO, #02h ; Cursor Home
Tcall w_ins
ret
cdclr: mov PO,#01h ; Display Clear

1call w_ins
Tcall delay0
Tcall delay0
Tcall delay0
ret

cnkpd: mov RO, #10
1call deiayO
o1l: mov P1,#11111110b

mov A,P1

1bl: cjne A,#11101110b,c1b2
mov RO, #1

1b2: cjne A,#11011110b,c1b3
mov RO, #2

1b3: cjne A,#10111110b,c1b4

mov RO, #3
1b4: cjne A,#01111110b,col2
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2012:
2bl:
2b2:
2b3:
:2b4:

013:
:3b1:
:3b2:
:3b3:
:3b4:

014:
4bl:
4b2:
4b3:
4b4:

ack:

g_tkn:
g_tko:
g_tkl:
g_tk2:
g_tk3:
g_tk4:
g_tks:
g_tk6:
g_tk7:
g_.lps:

elay0O:
elayl:

elyl0:
elyll:

mov
mov

cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
ret

Tcall
Tcall
cjne
13mp
c]ne
13mp
cjne
13mp
clne
1]mp
cjne
1jmp
cjne
T13mp
clne
1jmp
ret

1call
Tcall
cjne
ret

djnz
ret

lcall
cjne
1mp
cjne
Timp
djnz

RO,#13
Pl,{llllllolb

A,P
A,#11101101b, c2b2
RO, #4
A,#11011101b, c2b3

RO, #5
A,#10111101b, c2b4
RO, #6
A,#01111101b,co13
RO,#14

P1,#11111011b

A, Pl

A, #11101011b c3b2
RO #7

A, #11011011b c3b3

RO, #8
A, #10111011b c3b4
RO #9
A, #01111011b col4
RO, #15

P1, g11110111b

A,P

A, #11100111b c4b2
0 #11

A, #11010111b c4b3

0 #0
A,#10110111b,c4b4
RO,#12
A,#01110111b,back
RO,#16

scnkpd
delay0
RO, #16,tg_tkl
tg_tkn
RO, #15 ,tg_tk2

Rg #14 tg_tk3
Rg—#13 ,tg_tk4

Rg_#lz ,tg_tk5
tg_tkn
RO #11,tg_tké

Rg_#lo tg_tk7
tg_tkn

scnkpd
delay0
RO, #10 tg_lps

D1y0,delay0

scnkpd

RO, #13 ,delyl0
1s1nhp

RO, #14,delyll
kalbrs
Dlyl,delayl

ANDRIITO
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ret
lelay2: mov D1¥2,#20
lely2: 1call delayl
djnz Dly2,dely2
ret

lelay3: lcall delay0
djnz Dlyl,delay3
djnz Dly3,delay3

ret
pnama: DB ' Andri Dwi !
pnims: DB ' NIM: 0912902 °
pjurs: DB ' Teknik Elektro '
puniv: DB ' ITN Malang '
pinls: DB ' Inisialisasi '
phnph: DB ' Hand Phone '
psdak: DB ' Sedang Aktif '
ptdak: DB ' Tidak Aktif '
ptmdt: DB 'Time Out dtk’
pnohp: DB ' Nomor HP !
pstmo: DB ‘Setting Time out'
padkt: DB ' ADC =~ Ktgg '
pkrsm: DB ' Kirim smMS '
mseco: DB 'ATEQ' ; instruksi tanpa echo
msfrm: DB 'AT+CNMI=1=1,0,0,1‘ ; instruksi display incoming sms
msred: DB ' AT+CMGR=1 ; instruksi baca SMs
mshps: DB 'AT+CMGD=1" ; instruksi hapus sms
mskrm: DB ' AT+CMGS=19' ; instruksi kirim respon
mskrQ: DB ' AT+CMGS=25" ; instruksi kirim kendali
inggi: DB '00000CD4B4FB7C4EEB40' ; tinggi:
mdpn0: DB '0001000091265852294403F8000005D0E7140403 " ; POS O
mdpnl: DB '0001000091265852294403F8000005D0E7141403 ' ; POS 1
mdpn2: DB '0001000091265852294403F8000005D0E7142403 * ; POS 2
mdpn3: DB '0001000091265852294403F800000500E7143403 " ; POS 3
omndQ: DB 'D262744A05"' ; REQST
omndl: DB 'D3ECF4E904' ; SYSON
omnd2: DB 'D3ECF46904' ; SYSOF
eader: DB '000100009126"
ngka: DB '0123456789ABCDEF '
psong: DB ' !
r_pdu: mov DPTR, #angka i\

mov RO, Ch00 H

1call cchpdu H

mov RO,ChO1 H

1call cchpdu ;

mov RO, Ch02 ; .

Tcall  cchpdu s | kirim PDU

mov RO,ChO3 H

Tcall  cchpdu ;

mov A,#26 H

Tcall  kr_srl H

ret i/
chpdu: mov A,RO i\

anl A,#0FOh H

RR A H

RR A ’

RR A ’

RR A ; | cacah character

movc A,Q@A+DPTR ; | menjadi data hexa
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Tcall  kr_srl ;
mov A,RO ;
anl A, #00OFh :
movcec A,@A+DPTR ;
1call kr_srl :
ret 3/
'd_pdu: mov A,Ch01 )\
RR A ; | datal geser 7x
anl A,#080h : and dg 1000 0000
orl A, ChO0 ; | or dg data0
mov ch00,A 3/
mov A,Ch0l1 i\
anl A,#11111110b ;
RR A H datal hilangkan bit0
mov Bufr,A ; | datal geser kanan 1x
mov A,Ch02 7 | simpan sementara
RR A ; | and dg 1100 0000
RR A : or dg bufr
anl A,#0COh ;
orl A,Bufr ;
mov Ch01 A ;<
mov A,C ch02 :
anl A, .#11111100b :
RR A H
RR A ; | datal hilangkan bit0 & bitl
mov Bufr,A ; | datal geser kanan 2x
mov A,ChO3 ; simpan sementara
RR A ; | and dg 1110 0000
RR A i | or dg bufr
RR A :
anl A, #0EOh ;
orl A,Bufr :
mov ch02,A i/
mov A, ch03 W\
anl A,#11111000b H
RR A :
RR A :
RR A ; | datal hilangkan bit0,bitl & bit2
mov Bufr,A ; | datal geser kanan 3x
mov A,Ch04 H simpan sementara
RR A ; | and dg 1111 0000
RR A ; | or dg bufr
RR A ;
RR A ;
anl A, #0OFOh H
orl A,Bufr ;
mov ch03,A i/
ret
0O 1 2 3 4 5 6 7 8 9
ookup: DB 000,015,015,015,016,016,016,017,017,017 ; 000-009
DB 017,018,018,018,019,019,019,020,020,020 ; 010-019
DB 021,021,021,022,022,022,023,023,023,024 ; 020-029
DB 024,024,025,025,025,025,026,026,026,027 ; 030-039
DB 027,027,028,028,028, 029 029, 029,030,030 ; 040-049
DB 030,031,031,031,032,032,032,033,033,033 ; 050-059
DB 033, 034 034 034,035,035,035, 036,036,036 ; 060-069
DB 037,037,037,038,038,038,039,039,039,040 ; 070-079
DB 040,040, 041 041,041, 041 042,042,042,043 ; 080-089
DB 043,043,044,044,044,045,045,045, 046 046 s 090-099
DB 046 047,047,047,048,048,048, 049 049,049 ; 100-109
DB 049,050, 050 050, 051 051,051,052,052,052 ; 110-119
DB 053,053,053,054,054,054,055,055,055,056 ; 120-129
DB 056, 056 057,057,057,057,058,058,058,059 ; 130-139
DB 059,059, 060,060,060,061, .061, 061 062,062 7 140-149
DB 062,063,063,063,064,064, 064 065,065,065 ; 150-159
DB 065,066,066,066, 067 067,067 ,068,068,068 ; 160-169
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DB 069,069, 069,070,070,070,071,071,071,072 ; 170-179
DB 072,072,073,073,073,073, 074, 074 074,075 ; 180-189
DB 075,075, 076 076,076,077,077, 077 078,078 ; 190-199
DB 078,079,079,079,080,080,080,081,081,081 ; 200-209
DB 081 082,082,082,083,083,083, 084 084,084 ; 210-219
DB 085,085,085,086,086, 086 087,087,087,088 ; 220-229
DB 088,088, 089 089 089,089,090, 090 090,091 ; 230-239
DB 091 091,092,092,092,093,093,093,093,094 ; 240-249
DB 094 094 094 095,095,095 s 250-255
end
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Program Level Ketinggian Air

ANDRIIT1
org 00h
Tjmp init
org 23h
clr ES
jnb RI,$
clr RI
mov R7,SBUF
setb ES
reti
Mttr Bit P2.2
Mtna Bit P2.3
Rest Bit P2.6
Enb1 Bit P2.7
ISDA Bit P3.6 s I2C data
ISCL Bit P3.7 7 I2C clock
sttc Bit 20h.0 ; status command
ch00 Equ 30h \

ch01 Equ 31h
ch02 Equ 32h
ch03 Equ 33h
ch04 Equ 34h
Cch05 Equ 35h
ch06 Equ 36h
chQ7 Equ 37h
ch08 Equ 38h
ch09 Equ 3%h
chOA Equ 3Ah
chOB Equ 3Bh
choc Equ 3ch
ch0D Equ 3ph
ChOE Equ 3Eh

nama memory (character)
untuk baca no hp & sms

LER R T TIC TR TREY I RN R Ry vapap o i Y

ChOF Equ 3Fh /

NhpO Equ 40h 3\

Nhpl Equ 41h ;

Nhp2 Equ 42h :

Nhp3 Equ 43h H

Nhp4 Equ 44h ; | nama memory (character)
Nhp5 Equ 45h 7 | untuk no HP
Nhp6 Equ 46h H

Nhp7 Equ 47h ;

Nhp8 Equ 48h H

Nhp9 Equ 49h :

NhpA Equ 4Ah ;

NhpB Equ 4Bh 3/

TmoO Equ 4ch ; data time out 0
Tmol Equ 4Dh ; data time out 1
cnsm Equ 4Eh ; counter sms

Cndt Equ 4Fh s counter data sms

chrL Equ 50h
ChrH Equ 51h
Dadc Equ 52h
Dpnt Equ 53h
Dpos Equ 54h

Anhp Equ 60h
Admm Equ 61h
Dtmm Equ 62h
cntr Equ 63h
D?wm Equ 64h
Dly0 Equ 65h
Dlyl Equ 66h
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nit:

ulai:

ksmsO:

ksmsl:

ksms2:

sinhp:

snhp0:

Dly2
Dly3

Tcall
mov
1call
mov
1call
mov
T1call
mov
Tcall
mov
Tcall
mov
Tcall

Tcall
1call
Tcall
1call

mov
1call
mov
1call
mov
Tcall
mov
Tcall
Tcall
mov
Tcall
mov
Tcall
mov
T1call
mov
JTcall
Tcall

cjne
Timp
mov
Tcall
1call
Tcall

sjmp

Tcall
mov
1call
mov
Jcall
mov
mov
Tcall
mov
Tcall
mov
1call
mov
Tcall
mov
JTcall
1call
mov
1call

Equ 67h
Equ 68h

lcd_in
DPTR,#tpinls
Tinel
ChrL,#16
tulis
DPTR, #tphnph
Tine2
ChrL,#16
tulis
Anhp #010h
r mnh

{3 #10

elay3

srl_in
noecho
dsminc
rstcmd

DPTR, #tpnama
Tinel
ChrL,#16
tulis

DPTR, #tpnims
Tine2
chrL,#16
tulis

delay2

DPTR, #tpjurs
Tinel
chrL,#16
tulis

DPTR, #tpuniv
Tine2
chrL,#16
tulis

delay2

R7 ,#0FFh,cksms1
cksmsZ
¥3 o #5
ay3
c sms
rstcmd
mulai

lcdcir

DPTR, #tpnohp
11ne1
ChrL,#16
tu11s

DPTR, #angka
PO, #0C1lh
W ins

PO, #'+"
w_chr
PO,#'6"
w_chr
PO,#'2°'

w_ chr
A,Nhp0
cknhﬁn

wr_c
A,Nhpl
cknhpn

ANDRIIT1

; baca memory no hp

serial 19200,8,N,1
no respon character
display incoming sms
reset command

A
E { cek ada request

.
]

i/
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snhpl:

snhp2:
snhp3:
snhp4:

1call
mov
Jcall
Tcall
mov
Tcall
Tcall
mov
Tcall
Tcall
mov
Jcall
Tcall
mov
Jcall
Tcall
mov
1call
1call
mov
Tcall
1call
mov
Tcall
Tcall
mov
lcall
Tcall
mov
1call
1call
mov
Tcall
1call
lcall
cjne
mov
Tijmp
cjne
T1jmp
cjne

mov
Tcall
mov
Jcall
1call
1call
mov
mov
1call
mov
Tcall
mov
1call
mov
1call
Tcall
mov
mov
Tcall
1call
Tcall
mov
mov
1call
Tcall
1call

wr_chr
A,Nhp2
cknhpn
wr_chr
A,Nhp3
cknhﬁn
wr_chr
A,Nhp4
cknhﬁn
wr_chr
A,Nhp5
cknhgn
wr_chr
A,Nhp6
cknhgn
wr_chr
A,Nhp7
cknhﬁn
wr_chr
A,Nhp8
cknhpn
wr_chr
A,Nhp9
cknhﬁn
wr_chr
A,NhpA
cknhpn
wr_chr
A,NhpB
cknhﬁn
wr_chr
PO, #0DOh
w_iqs
tg_lps
scnkpd
RO,#11,isnhp2
sP,#07h
mulai
RO,#12,1isnhp3
isnhp4
RO,#15,1isnhpl

DPTR, #kosong
Tine2
chri,#16
tulis

rsnohp
tg_lps

DPTR, #angka
PO, #0C1lh
w_ins
PO,#'+"
w_chr
PO,#'6"
w_chr
PO,#'2'
w_chr

tg1nhp
NhpO,RO
A,RO
wr_chr
tg_lps
tﬁ1n 4]
Nhpl,RO
A,RO
wr_chr
tg_]ﬁs
tginhp

ANDRIIT1
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snhp5:

Jjinhp:
inhpO:
inhpl:
inhp2:
inhp3:
inhp4:
inhp5:

inhp6:

mov
mov
1call
Jcall
Tcall
mov
mov
1call
Tcall
Tcall
mov
mov
Tcall
Tcall
Tcall
mov
mov
1call
1call
Tcall
mov
mov
Tcall
1call
Tcall
mov
mov
1call
Tcall
1call
mov
mov
1call
1call
1call
mov
mov
Tcall
1call
1call
mov
mov
1call
1call
1call
mov
mov
Tcall
Tcall
Tcalil

1jmp

lcall
1call
cjne
13mp
cjne
1]mp
cjne
13mp
cine
13mp
cjne
13mp
cjne
mov
T1jmp
cjne

Nhp2,RO
A,RO
wr_ chr

tg_ Rp

p3 RO
A,RO
wr_ chr
tg_

in p
ng4 RO
A,RO
wr_chr

tg_1ﬁp

Nhp5,R0
A,RO
wr_ chr

tg_ ﬁp

p6 RO
A,RO
Wr, chr
tg_

in p
ng7 RO
wr chr
tg_]ﬂ

P

Nhp8,RO
A,RO
wr_chr
tg_lps

in p
ngQ RO
wr chr

tg_ ﬁp

pA RO
A,RO
wr_chr

tg_1ﬁp

NhpB, RO
A,RO
wr_chr
tg_lps
wrmn p
isnhp0

scnkpd
delay0
RO #16 tinhpl

lg tinhp2

t 1nhp
RO,#14, tinhp3
tginhp
#13,tinhp4

t 1nhp
,#12,tinhp5

1snhp5
RO, #11,tinhp6

muiai
RO, #10, tinhp7

ANDRIIT1
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Tijmp tginhp
inhp7: ret

snohp: mov Nhp0,#00Fh
mov Nhpl,#00Fh
mov Nhp2,#00Fh
mov Nhp3,#00Fh
mov Nhp4, #00Fh
mov Nhp5, #00Fh
mov Nhp6, #00Fh
mov Nhp7,#00Fh
mov Nhp8,#00Fh
mov Nhp9, #00Fh
mov NhpA, #00Fh
mov Nhp8, #00Fh

ret
knhpn: cjne A, #00Fh, cnhpn ; cek angka no hQ
mov A,#16 ; if F then chr !
nhpn: ret
albrs: 1call lcdclir
mov DPTR, #tpadkt

1call Tinel

mov chrL,#16

1call tulis

lcall tg_lps
albr0: lcall bc_sns

mov DPTR, #angka

mov PO, #0C2h

1call w_1ins

mov A,Dadc

Tcall nilai

ngpos: mov A,Dadc
mov B,#56
div AB 0
jnz rgpos
mov Dpnt, #0
1jmp rgpos3
gpos0: mov A,Dadc
mov B,#100
div AB 1
jnz rgpos
mov ppnt,#1
1jmp rgpos3
gposl: mov A,Dadc
mov B,#170
div AB
jnz rgpos2
mov Dpnt,#2
1jmp rgpos3
gpos2: mov A,Dadc
mov B, #210
div AB
jnz rgpos3
mov Dpnt,#3
Jpos3: mov PO, #0CBh
Tcall w_ins
mov A,Dpnt

1call nilai
mov PO, #0DOh
1call w_ins
mov D1¥3,#1
1call delay3
albrl: 1call scnkpd
cjne RO,#10,kalbr2
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setb Mtna
setb mttr

albr2: cjne RO,#11,kalbr3
mov SP,#07h
Tjmp mulai

albr3: c*ne RO,#15,kalbr4
clr Mtna
setb mMttr
Tjmp kalbrQ

albr4: cjne RO,#16,kalbro0
setb Mtna

clr mttr
Tjmp kalbro
rl_in: mov Dly3,#1 s\
Tcall delay3 H
mov TMOD, #20h ;
mov THL,#0FDH H
setb TR1 ; | set relay posisi hg
mov SCON, #50h ; | set baudrate 19200bps
mov A,#80h ; | double baudrates
orl 87h,A ;
setb EA ;
setb ES ;
ret i/
r_ins: clr A AN
movc A,@A+DPTR N
lcall  kr_srl i
inc DPTR . i | kirim instruksi ke hp
djnz ChrH,kr_ins ; | sebagai awal pengiriman data
mov A, #0Dh H
Tcall kr_sril ;o
ret 4
r_dta: clr A i\
movc A,@A+DPTR ;
lcall  kr_srl 5
inc DPTR ; | kirim data olahan (PDU)
djnz ChrH,kr_dta ; | ke HP
mov A,#26 ;
Tcall kr_srl ;
ret v/
r_h1f: clr A i\
movc A,@A+DPTR ; L
1call  kr_srl ; | kirim setengah data olahan (PDU)
inc DPTR ; | yang sudah pasti ke HP
djnz ChrH,kr_h1f ;
ret i/
r_srl: clr ES HA
mov SBUF,A ’
jnb TI,$ ; . )
clr TI ; kirim serial ke hp
setb ES H
djnz D1y0, $ H
ret i/
yecho: mov D1¥3,#1 i\
Tcall delay3 H ..
mov DPTR, #smseco ;| kirim
mov ChrH,#4 H instruksi
Tcall kr_ins i | no-echo ke hp
1call bc_fbk ;
ret i/
sminc: mov Dly3,#1 P\
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pssms:

c_fbk:
c_fboO:

c_fbl:
c_srl:

c_sro:

c_srl:

stcmd:

rnohp:

Tcall
mov
mov
1call
Jcall
ret

mov
mov
1call
lcall
mov
Tcall
ret

Tcall
cjne
Tymp
ret

1call
mov
mov
cjne

ret

delay3

DPTR, #smsfrm
Chrd, #17
kr_ins
bc_fbk

DPTR, #smshps
ChrH, #9
kr_ins
bc_fbk
D1¥3,#1
delay3

rstcmd

rstcmd
Tmo0,#15
Tmol,#0

R7,#0FFh,bc_srl

Tmol,bc_sr0
Tmo0,bc_sr0

R7,#0FFh

A,Nhpl
B, #30h
A,B

kr_srl
A,NhpO
B,#30h
A,B

kr_srl
A,Nhp3
B,#30h
A,B

kr_srl
A,Nhp2
B,#30h
A,B

kr_srl
A,Nhp5
B,#30h
A,B

kr_sril
A,Nhp4
B,#30h
A,B

kr_sri
A,Nhp7
B,#30h
A,B

kr_srl
A,Nhpb
B,#30h
A,B

kr_srl
A,Nhp9
B,#30h
A,B

kr_srl
A,Nhp8

R7,#0FFh,bc_fbl
c_fbo

ANDRIIT1

’
s
-
’
.
9
y

i/
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kirim instruksi
d1sR1ay-1nc0m1ng—sms
ke hp

hapus sms pada memory 1

tunggu feedback
data dari hp

baca serial
tunggu data bukan FF
sebelum time out



k_ksg:

kksgO:
kksgl:

Krsms:

c_sms:

~smsO:
zsSmsx:

csmsl:

sms2:

tsms3:

:smsé4:

mov

1call
mov
Tcall
mov
Tcall
ret

cjne
mov
Tjmp
mov

Tcall
ret

Tcall

mov
1call
mov
Tcall
mov
1call
ret

;1call

b
call
;1call
i13mp
mov
%jne

Jm
1ca?1
;1imp

mov
1call
jnb
mov
mov
Tcall

1jmp

mov
lcall

jnb
mov

mov
Tcall
1jmp

mov
1call
jnb
mov
mov
1call

Tjmp

mov
1call
jnb
mov
mov
1call

Tjmp

B,#30h
A,B

kr_sril
A,NhpB
ck_ksg
A,NhpA
ck_ksg

A, #00Fh, ckksg0
A#'F'

ckksgl

B,#30h

A,B

kr_srl

lcdclir

DPTR, #tpkrsm
Tinel
ChrL,#16
tulis
D1¥3,#1
delay3

bcnohg
sttc,bcsmsO
bcecmnd
hpssms
bcsmsl
A,Ch00
A,#10,bcsmsx
bcsmsB
hgssms
csmsB

DPTR, #comndO
ckcmnd
sttc,bcsms2
cntr,#0
Dpos,#56
s._pnt
csmsB

DPTR, #comndl
ckemnd
sttc,bcsms3
cntr,#0
Dpos,#100
s_pnt

csmsB

DPTR, #comnd2
ckemnd
Sttc,bcsms4
cntr,#0
Dpos,#170
s_pnt
csmsB

DPTR, #comnd3
ckemnd
sttc,bcsmsB
cntr,#0
Dpos,#210
Bs_pnt

csmsB

ANDRIIT1

: tulis kirim sms

~

~

wewiwswswrwsws

~

CswswrwIwswewe
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baca no HP
cek status

O=hapus sms, l=baca command

hapus sms

if tdk ada no -> tdk hps

cek command

ambil data command
cek command

pintu posisi 0

ambil data command
cek command

pintu posisi 1

ambil data command
cek command

pintu posisi 2

ambil data command
cek command

pintu posisi 3



csmsB:

cnohp:

cnhpO:

cnhpl:
cnhp2:

cnhp3:

knohp:

knhpO:

knhpl:
knhp2:

tanhp:
nhp00:
nhpOl:
nhp02:
nhp03:

1thp04:

ret

mov
mov
Tcall
mov
1call
Tcall
cjne
13mp
?an
jm
1caq1
1call
1call
clr
mov
mov
subb
mov
mul
mov
add
mov
1call
djnz
1call
Tcall
1call
1call

mov
mov
mov
mov
1call
Tcall
clir
subb
cjne
inc
inc
djnz
setb
11mp
clr
ret

mov
cjne
mov
Tjmp
cjne
mov
1jmp
cjne
mov
Tjmp
cjne
mov
1jmp
cjne
mov
1jmp
cjne
mov
1jmp

DPTR,#smsred

ChrH,#9

kr_ins

cntr,#30

bc_fbk

bc_srl

R7,#0Dh,bcnhpl

bcnhp2

cntr,bcnhp0

cknhp2

bc_srl

bc_srl

bc_srl

C

A,R7

B,#30h

A,B

B,#2

AB

B,#8

A,B

cntr,A

bc_srl

cntr,bcnhp3

bc_dta
Tinel
tlsdta
delay2

DPTR, #angka
cntr,#10
Cnsm, #0
cndt, #0
dtasms
dtanhp

C

A,B
A,#0,cknhpl
cnsm

Cndt

cntr, cknhp0
Sttc

cknhp2

Sttc

A,Cndt
A,#00,dnhp00
A,Nhpl
dnhpll
A,#01,dnhp01
A,Nhp0
dnhpll
A,#02,dnhp02
A,Nhp3
dnhpll
A,#03,dnhp03
A,Nhp2
dnhpll
A,#04 ,dnhp04
A,Nhp5
dnhpll
A,#05,dnhp05
A,Nhp4
dnhpll

ANDRIIT1

~

NN

P R R e R e R R Y P T TR TR TR XY

/

baca command

baca serial
sampai character '_|'

lewati service center

ambil character -> decimal
lewati character sebanyak
hasil kali 2 tambah 8

; baca data
; optional
; optional
; optional

~

MeawewININIvIUsIWrUWIWIWEINtUsI WS R we

~

Page 9

jumlah no hp = 10

reset counter sms

reset counter no hp
ambil data counter sms
ambil data counter no hp

samakan

jika_sama

ambil data counter sms selanjutnya
ambil data counter no hp selanjutnya
cek sampai no hp habis

set status = 1

jika tidak

set status = 0



nhp05:
nhp06:
nhp07:
nhp08:
nhp09:

nhpl0:
nhpll:
nhpl2:

cemnd:

cemdO:

ccmdl:

cemd?2:

-cmd3:

:cmd4:
:cmd5
:cmd6:
:cmd7:
:cmd8:
:cmd9:
:cmdA :

.cmdB:

.cmnd:

cjne
mov

Tjmp
cjne
mov

Tjmp
cjne
mov

Tjmp
cjne

1jmp
cjne
mov
1jmp
cjne
mov
cjne
mov
movc
ret

mov
mov
Tcall
mov
lcall
Tcall
cjne
1]mp
djnz

Tjm
1ca?1
T1call
Tcall
clr
mov
mov
subb
mov
mul
mov
add
mov
Tcall
djnz
Tcall
Cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
Tcall
djnz
Tcall
Tcall
Tcall
Tcall
1call
lcall
ret

mov

A,#OGidnhpOG

dnhp1l
A,#07, dnhp07

dnhpll

A,#08 ,dnhp08
A,Nhp9
dnhpll

A, #09, dnhp09
A,Nhp8
dnhpll
A,#10,dnhpl0
A,NhpB
dnhpll
A,#11,dnhpl12
A,NhpA
A,#00Fh,dnhp12
A,#15
A,@A+DPTR

DPTR, #smsred
ChrH,#9
kr_ins
cntr,#50
bc_fbk
bc_srl

R7 ,#0Dh,bccmdl
bccmd2
cntr,bccmd0
bcemdB
bc_sri
bc_srl
bc_srl

C

A,R7
B,#30h
A,B
B, #2

cntr,A

bc_srl
cntr,bccmd3
bc_srl

R7,#'A’ ,bccmd5
Cntr,#30
R7,#'8',bccmd6
Cntr‘#32

R7,#'C’' ,bcemd?
Cntr‘#32
R7,#'D',bccmd8
Cntr‘#34
R7,#'E',bccmd9
cntr,#34
bc_srl
¢ntr,bccmd9
bec_srl

bc_srl

bc_dta

Tine2

t1sdta

delay2

cntr,#10

ANDRIIT1

-~

P

NN

~

LAR AR LR LR TR TR P TR LI E R o R R U U Ui Y Jv

baca command

baca serial

if character '_|"

lewati service center

ambil character -> decimal
Tewati character sebanyak
hasil kali 2 tambah 3

cek jumlah no HP

if A -> lewati

if B -> lewati
if C -> lewati
if D -> Jewati
if E -> Tewati

; baca data
; optional
; optional
s optional

i\
Page 10

30 character
32 character
32 character
34 character
34 character



mov
mov

Jcall

Tcall
clr
subb
cjne
inc
. inc
elanjutnya
djnz

setb

mp
kcndl: cir
kend2: ret

tacmd:

kendO:

mov
movc
ret

clr
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
ret

1call
mov
1call
mov
Tcall
mov
1call
mov
1call

mov
Tcall
mov

tasms:
tsm0O0:
tsmOl1:
tsm02:
tsm03:
tsm04:
tsm05:
tsm06:
tsm07:
tsmO8:
tsm09:
tsmOA:
tsmOB:
tsmOC:
tsmOD:
:SmOE:
smOF:
ISMSX:

.dta:

cnsm, #0
cndt,#0
dtasms
dtacmd
C

A,B
A,#0,ckendl
cnsm

Cndt

cntr,ckcnd0
Sttc

ckend2

Sttc

A,Cndt
A,@A+DPTR

cnsm
,#00, dtsmO1
Cch00
#01,dtsm02
ch01
02,dtsm03
h02

C
A,
A
B,
A
B,C
A,#
C
#03,dtsm04
ch03
#
C
#

9
’
L

,#04,dtsm05
h04
05, dtsm06
ch0s

#06,dtsm07

ch06

#07,dtsm08
h07

C
#08,dtsm09
ch08

#09, dtsmOA
ch09
#10,dtsmOB
ChOA
#11,dtsm0C
C

#

hOB
12,dtsm0D
hOC

C

#13 dtsmOE
ChOD

#14, dtsmOF
C

#1

C

15, dtsmsx

B,
A
8,C
A
B,
A
B,C
A
B,
A
B
A
B
A
B
A
B
A
B
A
B,
A
B
A
B
A
B, ChOF

be_srl
ch0O0,R7
bc_sr1
ChO1,R7
bc_ srl
ch02,R7
bc_sr1
Cch03,R7
bc_sril
ch04,R7
bc_sri
ch05,R?7

wewewst wewswl U w

/

ANDRIITl

jumlah command
reset counter sms
reset counter command

ambil data
ambil data
samakan

jika_sama
ambil data
ambil data

cek sampai

set status =

jika tidak
set status

counter sms
counter command

counter sms selanjutnya
counter command

co?mand habis

=0

i\
; | ambil data pointer yang ke cndt

MEWMEMIVI VIV YININEWIUI VI NENI NI NIWI WS VO WE WD WS WEWNe W MEWNS WS Ve NS NE e WS ES W

WIwWewIVIwIVIBIVYAINIWE RS WS

)
)]
Q
1]

7~ N

N

[
=

samakan data counter
dengan character



1sdta:

r.sms:

1call
mov
Tcall
mov
Tcall
mov
Tcall
mov
Tcall
mov
Tcall
mov
Tcall

mov
Tcall
mov
Tcall
mov
Tcall
mov
mov
Jcall
ret

mov
1call
mov
Tcall
mov
Tcall
mov
Jcall
mov
1call
mov
Tcall
mov
Jcall
mov
Tcall
mov
lcall

mov
Tcall
mov
Jcall
mov
1call
mov
Tcall
mov
1call
mov
Tcall
mov
Tcall
ret

mov

mov
Tcall
1call
mov
1call
mov
mov
Tcall
1call

bc_srl
ch06,R7
bc_srl
ch07,R7
bc_srl
ChO8,R7
bec_srl
ch09,R7
bc_srl
ChOA,R7
bc_sril
chOB,R7
bc_srl
chOC,R7
bc_srl
chOD,R7
bc_sri
ChOE,R?7
bc_sri
ChOF,R7
D1¥3,#S
delay3

PO, Ch00
w_chr
PO, Cch0l1
w_chr
PO, ch02
w_chr
PO, Ch03
w_chr
PO, Cch04
w_chr
PO, ch05S
w_chr
P0,Cch06
w_chr
PO, Ch07
w_chr
PO,Cch0O8
w_chr
P0,Ch09
w_chr
PO, ChOA
w_chr
PO,ChOB
w_chr
PO, ChOC
w_chr
PO, ChOD
w_chr
PO, ChOE
w_chr
PO, ChOF
w_chr

DPTR, #smskrm
ChrH,#10
kr_ins
bc_fbk
Dly3,#1
delay3

DPTR, #header
ChrH,#12
kr_h1f
krnohp

ANDRIIT1

baca serial & simpan
ke memory character

Y R R R R R R R R R T R TR L TR Y R Y

tulis character ke l1cd

LRI TR PR IR TR DI EICY IO I R I R R e R ey R R R R N I IR I R var vy

/

ambil data PDU kirim 47 oktet
ATCommand 10 character

kirim data diakhiri enter
tunggu feedback dari HP

wait

; | kirim header

E kirim no HP
Page 12



c.sns:

rmnhp:

mov
mov
Tcall
1call
mov
Tcall
ret

mov
1call

mov
1call
mov

Jcall
Tcall
1call
1call
Tcall
mov

ret

mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
1call
inc
mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
Tcall
inc
mov
mov
1call
inc
mov
mov
lcall
inc
mov
mov
Tcall

DPTR, #sysonn

ChrH, #20
kr_dta
bc_fbk
D]¥3,#2
delay3

A,#90h
adrtx
A, #00h
dtatx
A,#91h
adrtx
dtarx
ivack
tarx
i2cstp
padc,A

Admm,Anhp
Dtmm,Nhpl
wr_mem
Anhp
Admm,Anhp
ptmm,NhpO
wr_mem
Anhp
Admm,Anhp
Dtmm,Nhp3
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp2
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp5
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp4
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp?
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp6
wr_mem
Anhp
Admm, Anhp
Dtmm,Nhp9
wr_mem
Anhp
Admm,Anhp
Dtmm,Nhp8
wr_mem
Anhp
Admm, Anhp
Dtmm, NhpB
wr_mem
Anhp
Admm,Anhp
Dtmm, NhpA
wr_mem

ANDRI

wewswewn ws

Page

ITl

ambil data PDU

ATCommand 20 character .
kirim data PDU yg sudah pasti
tunggu feedback dari HP

wait

address PCF8591 write address
kirim

adc ch-0

kirim

address PCF8591 read address
kirim

baca data

beri ack

baca data

i2c stop

simpan data sensor

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

address memory
data memory

13



dmnhp:

r_mem:

t_wr:

twr:

irtx:

tatx:

ret

mov
Tcall
mov
1call
mov
Tcall
1call
mov
Tcall
Tcall
mov
1call
Tcall
mov
Tcall
Tcall
mov
Jcall
Tcall
mov
Tcall
1call
mov
1call
Tcall

mov
1call
Tcall
mov
1call
1call
mov
Tcall
1call
mov
Tcall
1call
mov
1call
T1call
mov
Tcall
ret

mov
1call
mov
1call
mov
Tcall
lcall
Tcall
ret

mov
mov
1call
djnz
ret

1call
Tcall
ret

Tcall
ret

A, #0ACh
adrtx
A,Anhp
dtatx
A,#0Alh
adrtx
dtarx
Nhpl,A
ivack
tarx
NhpO0,A
ivack
tarx
Nhp3,A
jvack
tarx
Nhp2,A
ivack
tarx
Nhp5,A
ivack
tarx
Nhp4,A
ivack
tarx
Nhp7,A
ivack
tarx
Nhp6,A
ivack
tarx
Nhp9,A
ivack
tarx
Nhp8,A
ivack
tarx
NhpB,A
ivack
tarx
NhpA,A
i2cstp

A, #0AOh
adrtx
A,Admm
dtatx
A,Dtmm
dtatx
i2cstp
wt_wr

D1y0, #000
D1¥1,#050
delay0

Dlyl,wtwr

i2cstr
putbit

putbit

ANDRIIT1

AT24C16 write address
address memory
AT24C16 read address
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

beri ack
terima data

i2c stop

AT24C16 write address
address hardware memory
data memory

i2c stop

kirim address
kirim data
back

kirim data
back

14



tarx:

utbit:
utbt:

etbhit:
etbt:

etack:
ckbit:

ivack:

destr:

dcstp:

ilai:

_pnt:

Tcall
ret

mov
RLC
mov
setb
clr
djnz
setb
Tcall
ret

mov
setb
mov
RLC
clr
djnz
setb
ret

setb
setb
mov
jc
clr
ret

clr
setb
clr
setb
ret

setb
setb
clr
clr
ret

clr
setb
setb
clir
ret

mov
div
1call
mov
mov
div
lcall
mov
1call
ret

1call
mov
mov
div
jnz
mov
mov
clr
subb

A,B
wr_chr

bc_sns
A,Dadc
B,Dpos
AB
pspnt0
A,Dpos
B,Dadc
C

A’B

ANDRIIT1

; terima data
; back

i\

kirim bit

MswswIwswsusuEWwew

terima bit

wsiwswswiwswsweswe

~ N

tunggu ack
| b=1, Cc=10=0, C=0

= \................

kirim ack -> p=0, ¢=1, C=0, D=1

~

: i2c start -> C=1, D=1, D=0, C=0

: | i2c stop -> p=0, c=1, D=1, C=0

Page 15



spwm0:

spwml:

spnt0:

Spwm2:

spwm3 :

spntl:

spnt2:

inel:

ine2:

11is:

_chr:

dns:

chr:

mov
clr
setb
1call
djnz
setb
setb
mov
Tcall
djnz
1jmp

mov
mov
clr
subb
jz
mov
mov
clr
subb
mov
setb
clr
1call
djnz
setb
setb
mov
1call
dijnz
Timp

djnz
setb
setb
ret

mov
Tcall
ret

mov
Tcall
ret

clr
1call
inc
djnz
ret

movc
mov
1call
ret

clr
clr
setb
clr
Tcall
ret

clr
setb
setb
clr

Dpwm, A
Mtna

mttr

delay0
Dpwm, pspwm0
mtna

mttr
Dpwm, #5
delay0
Dpwm, pspwml
ps_pnt

A,Dadc
B,Dpos
C

A,B
pspntl
A,Dadc
B,Dpos
C

A,B

Dpwm,A
Mtna

mttr
delay0
Dpwm, pspwm2
Mtna

mter
Dpwm, #5
delayO
Dpwm, pspwm3
ps_pnt

cntr,ps_pnt
Mtna
mttr

PO, #080h
w_1ns

PO, #0COh
w_ins

A

wr_chr
DPTR
chri,tulis

A,@A+DPTR
PO,A
w_chr

Enb1
Rest
Enb1
Enb1
delay0

Enbl
Rest
Enbl
Enb1

ANDRIIT1
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cd_in:

cdelr:

cnkpd:

o11:
1bl:
1b2:
1b3:
Lb4:

»13:
3bl:
tb2:
}b3:
34 :

14:
Ibl:
Ib2:
b3:
b4 :

Tcall
ret

mov
Tcall

mov
Tcall
mov
1call
mov
Tcall
mov
1call
mov
1call
ret

mov
Tcall
1call
1call
T1call
ret

mov
Tcall
mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
Cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne

delay0

D1 ¥3 ,#1
ay3
PO #01h
w_ ins
PO, #38h
w_1ins
PO, #0Dh
w_ ins
PO, #06h
w_ ins
PO, #02h
w_1ins

PO,#01h
w_ins
delay0
delay0
delay0

RO, #10
deiay
P1,#11111110b

A,Pl
A,#11101110b, c1b2
RO, #1
A,#11011110b,c1b3

RO, #2
A,#10111110b,c1b4
0,#3

RO,
A,#01111110b,col2
RO, #13

P1,#11111101b
A,Pl
A,#11101101b, c2b2
RO #4
Ao##1011101b ,c2b3

5
A, #10111101b c2b4
RO #6
A, #01111101b col3
RO,#14

P1,#11111011b
A,P1
A,#11101011b, c3b2
0 #7
A, #11011011b c3b3
RO, #8
A,#10111011b, c3b4
RO #9
A,#01111011b,co14
RO, #15
P1,#11110111b
A,P1l
A,#11100111b, c4b2
RO, #11
A,#11010111b, c4b3
RO, #0
A,#10110111b, c4b4

RO, #12
A,#01110111b,back

ANDRIIT1

; Display Clear

; Function Set

; Display on, Cursor, Blink
; Entry Mode

; cursor Home

; Display Clear
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ack:

g_tkn:
g_tko:
g_tkl:
g_tk2:
g_tk3:
g_tk4:

g_tk5:
g-tk6:

g_tk7:

g_1ps:

elay0:

elayl:

elyl0: c

alyll:

alay2:
aly2:

alay3:

ynama:
Mmims:
yjurs:
univ:
yinls:
:hnﬂh:
mohp:
yadkt:
krsm:

1seco:
isfrm:
1sred:
ishps:
iskrm:

ymndO:
mndl:
ywmnd2:
ymnd3 :

mov
ret

Tcall
Tcall
cjne

RO,#16,tg_tkl
tg_tkn
RO,#15,tg_tk2

tg_tkn
RO,#14,tg_tk3
tg_tkn
RO, #13,tg_tk4
tg_tkn
RO, #12,tg_tk5

tg_tkn
RO, #11,tg_tk6

tg_tkn
RO, #10,tg_tk7
tg_tkn

scnkpd
delay0
RO, #10,tg_1ps

Dly0,delay0

scnkpd
RO,#13,dely10
isinhp

RO, #14,delyll
kalbrs

Dlyl,delayl

D1¥2,#20
delayl
Dly2,dely2

delay0
Dlyl,delay3
Dly3,delay3

' Andri Dwi

' NIM: 0912902
' Teknik Elektro
' _ITN malang_

' Inisialisasi
' Hand Phone

' Nomor HP

' ADC . POS
! Kirim S™ms

'ATEO'
'AT+CNMI=1‘1,0,0,1'
' AT+CMGR=1

' AT+CMGD=1"
'AT+CMGS=21"

'DOE7140403"'
'DOE7141403"
'DOE7142403"
'DOE7143403"

- - @ w ® w mw o=

ANDRIIT1

wewewswowe

Page

instruksi tanpa echo

instruksi display incoming sms
instruksi baca SMs

instruksi hapus sms

instruksi kirim respon

POS 0
POS 1
POS 2
POS 3

18



ANDRIIT1

aader: DB '000100009126"
ysonn: DB '000008D3EC14F4748240' ; SYS ON
gka: DB '0123456789ABCDEF"
ysong: DB ' '
end

Page 19
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SIEMENS

Standard EEPROM ICs

SLx 24C164/P

16 Kbit (2048 x 8 bit)

Serial CMOS-EEPROM with
[2C Synchronous 2-Wire Bus
and Page Protection Mode™

Data Sheet 1998-07-27



SLx 24C164/P

Revision History: Current Version: 1998-07-27

Previous Version: 06.97

Page Page Subjects (major changes since last revision)

(in previous | (in current

Version) Version)

3 3 Text was changed to “Typical programming time 5 ms for up to
16 bytes”.

5 5 WP = V. protects the upper-half entire memory.

11, 12 11,12 The erase/write cycle is finished latest after 40 8 ms.

15 15 Figure 11: second command byte is a CSR and not CSW.

21 21 The write or erase cycle is finished latest after 40 4 ms.

19 24 “Capacitive load ..." were added.

25 25 Some timings were changed.

25 25 The line “erase/write cycle” was removed.

25 25 Chapter 8.4 “Erase and Write Characteristics” has been added.

C Bus

'urchase of Siemens I*C components conveys the license under the Philips I°C patent to use the components in
he I°C system provided the system conforms to the I°C specifications defined by Philips.

dition 1998-07-27

ublished by Slemens AG,
iereich Halblelter, Marketing-
ommunikation, BalanstraRe 73,
1641 Miinchen

) Siemens AG 1998.
Il Rights Reserved.

ttention pleasel

s far as patents or other rights of third parties are concemed, liability is only assumed for compenents, not for applications, processes
nd circuits implemented within components or assemblies.

he information describes the type of component and shall not be considered as assured characteristics.
erms of delivery and rights to change design reserved.

or questions on technology, delivery and prices please contact the Semiconductor Group Offices in Gemany or the Siemens Companies
1d Representatives worldwide (see address list).

ue to technical requirements components may contain dangerous substances. For information on the types in question please contact
wr nearest Siemens Office, Semiconductor Group.

lemens AG is an approved CECC manufacturer.
acking

lease use the recycling operators known to you. We can also help you — get in touch with your nearest sales office. By agreement we
il take packing material back, if it is sorted. You must bear the costs of transport.

or packing material that is returned to us unserted or which we are not obliged to accept, we shall have to invoice you for any costs in-
trred.

omponents used in life-support devices or systems must be expressly authorized for such purpose!

fitical components' of the Semiconductor Group of Siemens AG, may only be used in life-support devices or systems? with the express
ritten approval of the Semiconductor Group of Siemens AG.

A critical component is a component used in a life-support device or system whose failure can reasonably be expected to cause the
failure of that life-support device or system, or to affect its safety or effectiveness of that device or system.

Life support devices or systems are intended (a) to be implanted in the human body, or (b) to support and/or maintain and sustain hu-
man [ife. If they fail, it is reasonable to assume that the heatth of the user may be endangered.



SIEMENS

16 Kbit (2048 x 8 bit) Serial CMOS SLx 24C164/P
EPROMSs, I’C Synchronous 2-Wire Bus,
dage Protection Mode™

‘eatures

Data EEPROM internally organized as
2048 bytes and 128 pages x 16 bytes

Page protection mode, flexible page-by-page ?
hardware write protection .
— Additional protection EEPROM of 128 bits, 1 bit

per data page
— Protection setting for each data page by writing its P-DIP-8-4

protection bit
— Protection management without switching WP pin
Low power CMOS
Vee = 2.7 to 5.5 V operation
Two wire serial interface bus, I*C-Bus <
compatible
Three chip select pins to address 8 devices
Filtered inputs for noise suppression with
Schmitt trigger
Clock frequency up to 400 kHz
High programming flexibility
- Internal programming voltage
— Self timed programming cycle including erase
— Byte-write and page-write programming, between 1 and 16 bytes
— Typical programming time 5 ms for up to 16 bytes
High reliability
— Endurance 10%cycles”
~ Data retention 40 years"
— ESD protection 4000 V on all pins
8 pin DIP/DSO packages
Available for extended temperature ranges
- Industrial: -40°Cto+85°C
— Automotive: -40°Cto+125°C

P-DSO-8-3

Values are temperature dependent, for further information please refer to your Siemens Sales office.

smiconductor Group 3 1998-07-27



SIEMENS

SLx 24C164/P

Jrdering Information

[ype Ordering Code

Package

Temperature Voltage

5LA 24C164-D/P Q67100-H3504

P-DIP-8-4

-40°C...+85°C(45V..55V

5LA 24C164-S/P Q67100-H3499

P-DSO-8-3

-40°C ... +85°C(45V.55V

3LA 24C164-D-3/P Q67100-H3502

P-DIP-8-4

-40°C...+85°C|2.7V..55V

3LA 24C164-S-3/P Q67100-H3498

P-DSO-8-3

-40°C ... +85°C(2.7V.65V

3LE 24C164-D/P Q67100-H3503

P-DIP-8-4

-40°C ... +125°C|4.5V..55V

3LE 24C164-S/P Q67100-H3497

P-DSO-8-3

~-40°C... +125°C|4.5V..55V

Jther types are available on request

— Temperature range (-~ 55 °C ... + 150 °C)

— Package (die, wafer delivery)

Pin Configuration
P-DIP-8-4 P-DSO-8-3
Cs0 51 = 8 Vec g‘:i; gmvacg
o A = I
cs203 6pscL lePozizs
Ves '] 4 5[4 SDA
IEP02125
igure 1
'in Configuration (top view)
in Definitions and Functions
able 1
in No. Symbol Function
2,3 CS0, CS1, CS2 Chip select inputs
Vss Ground
SDA Serial bidirectional data bus
SCL Serial clock input
WP Write protection input
Vee Supply voltage

3miconductor Group
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sIEMENS SLx 24C164/P

’in Description

jerial Clock (SCL)

"he SCL input is used to clock data into the device on the rising edge and to clock data
t of the device on the falling edge.

jerial Data (SDA)

3DA is a bidirectional pin used to transfer addresses, data or control information into the
levice or to transfer data out of the device. The output is open drain, performing a wired
\ND function with any number of other open drain or open collector devices. The SDA
lus requires a pull-up resistor to V.

*hip Select (CS0, CS1, CS2)

'he CS0, CS1 and CS2 pins are chip select inputs either hard wired or actively driven
) Ve Or Vss. These inputs allow the selection of one of eight possible devices sharing
 common bus.

Vrite Protection (WP)
VP switched to V¢ allows normal read/write operations.

VP switched to V. protects the entire EEPROM against changes (hardware write
rotection).

dditionally write protection is managed by a protection bit associated to each page.
efer to chapter 7 Page Protection Mode™)

s3miconductor Group 5 1998-07-27
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2 Description

lhe SLx 24C164/P device is a serial electrically erasable and programmable read only
nemory (EEPROM), organized as 2048 x 8 bit. The data memory is divided into
128 pages. The 16 bytes of a page can be programmed simultaneously. Each page may
»e protected individually against changes by its associated protection bit.

'he device conforms to the specification of the 2-wire serial I°C-Bus. Three chip select
ins allow the addressing of 8 devices on the I°C-Bus. Low voltage design permits
»peration down to 2.7 V with low active and standby currents. All devices have a
ninimum endurance of 10° erase/write cycles.

'he device operates at 5.0 V + 10% with a maximum clock frequency of 400 kHz and at
2.7 ... 4.5 V with a maximum clock frequency of 100 kHz. The device is available as 5 V
ype (Ve = 4.5 ... 5.5 V) with two temperature ranges for industrial and automotive
\pplications and as 3 V type (V. = 2.7 ... 5.5V) for industrial applications. The
:EPROMSs are mounted in eight-pin DIP and DSO packages or are also supplied as
hips.

Vss Ve CS0 CS1 CS2 wp
l I |
v
> Programming
| G Adress Comrol |,
Logic H. Pump
> Start <
Stop
of Logec R
e [©
scL »|  Control
Logic
SDA >
S
Address X Page _4
EEPROM | Prot. Bt
Logle DEC EEPROM
Page Logic 1
»| YDEC
_El} Dou/ACK
{EB02271
igure 2
lock Diagram

s3miconductor Group 6 1998-07-27
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b

I’C-Bus Characteristics

"he SLx 24C164/P devices support a master/slave bidirectional bus oriented protocol in
vhich the EEPROM always takes the role of a slave.

Master

Slave 1 Slave 2 Slave 3 Slave 4

sc._ | : : !
SDA R _ _ _
1 1 1 )
Slave 5 Slave 6 Slave 7 Slave 8

Vee
IES02183

igure 3

lus Configuration

laster

lave

ransmitter

eceiver

smiconductor Group 7

Device that initiates the transfer of data and provides the clock for both
transmit and receive operations.

Device addressed by the master, capable of receiving and transmitting
data.

The device with the SDA as output is defined as the transmitter. Due to
the open drain characteristic of the SDA output the device applying a low
level wins.

The device with the SDA as input is defined as the receiver.

1998-07-27
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SLx 24C164/P

he conventions for the serial clock line and the bidirectional data line are shown in

igure 4.

VAW AWAWOWOWAWAWAW,

s\

! X:::X_\ ACK /_[:-\ ACK /_

START Condition

Data allowed Acknowledge STOP Condition
to Change IED02128

‘igure 4

2C-Bus Timing Conventions for START Condition, STOP Condition, Data Valida-
ion and Transfer of Acknowledge ACK

standby

'TART Condition

yZTOP Condition

«cknowledge

ata Transfer

smiconductor Group

Mode in which the bus is not busy (no serial transmission, no
programming): both clock (SCL) and data line (SDA) are in high
state. The device enters the standby mode after a STOP condition
or after a programming cycle.

High to low transition of SDA when SCL is high, preceding all
commands.

Low to high transition of SDA when SCL is high, terminating all
communications. A STOP condition initiates an EEPROM
programming cycle. A STOP condition after reading a data byte
from the EEPROM initiates the Standby mode.

A successful reception of eight data bits is indicated by the
receiver by pulling down the SDA line during the following clock
cycle of SCL (ACK). The transmitter on the other hand has to
release the SDA line after the transmission of eight data bits.
The EEPROM as the receiving device responds with an
acknowledge, when addressed. The master, on the other side,
acknowledges each data byte transmitted by the EEPROM and
can at any time end a read operation by releasing the SDA line (no
ACK) followed by a STOP condition.

Data must change only during low SCL state, data remains valid
on the SDA bus during high SCL state. Nine clock pulses are
required to transfer one data byte, the most significant bit (MSB)
is transmitted first.

8 1998-07-27
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I Device Addressing and EEPROM Addressing

\fter a START condition, the master always transmits a Command Byte CSW or CSR.
\fter the acknowledge of the EEPROM a Control Byte follows, its content and the
ransmitter depend on the previous Command Byte. The description of the Command
ind Control Bytes is shown in table 2.

-ommand Byte Selects one of the 8 addressable devices: the chip select bits ¢c2,
cT and c0 (bit positons b6 to b4) are compared to their
corresponding hard wired input pins CS2, CS1 and CSO,
respectively (cT is the complement of CS1 pin).

Selects operation: the least significant bit b0 is low for a write
operation (Chip Select Write Command Byte CSW) or set high for a
read operation (Chip Select Read Command Byte CSR).

Contains address information: in the CSW Command Byte, the
bit positions b3 to b1 are decoded for the three uppermost EEPROM
address bits A10, A9, A8 (in the CSR Command Byte, the bit
positions b3 to b1 are left undefined).

>ontrol Byte Following CSW (b0 = 0): contains the eight lower bits of the
EEPROM address (EEA) bit A7 to A0, or an additional command
byte for the handling of the protection bit.

Following CSR (b0 = 1): contains the data read out, transmitted by
the EEPROM. The EEPROM data are read as long as the master
pulls down SDA after each byte in order to acknowledge the
transfer. The read operation is stopped by the master by releasing
SDA (no acknowledge is applied) followed by a STOP condition.

able 2
ommand and Control Byte for I*C-Bus Addressing of Chip and EEPROM
Definition Function
b7 |b6 (b5 (b4 (b3 (b2 b1 |bO
SW 1 |c2 [cT [cO |A10 [A9 |A8 |0 |Chip Select for Write
'SR 1 |c2 |cT |c0 |x X |x |1 [Chip Select for Read
EA A7 |A6 |AS5 |A4 |A3 |A2 |A1 | A0 | EEPROM address

he device has an internal address counter which points to the current EEPROM
ddress.

he address counter is incremented
after a data byte to be written has been acknowledged, during entry of further data
byte
during a byte read, thus the address counter points to the following address after
reading a data byte.

emiconductor Group 9 1998-07-27
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rhe timing conventions for read and write operations are described in figures 5 and 6.

Command Byte (CSW) Data Transfer to EEPROM
SCL 11 121 131 141 1s] Iel 174 181 1ol o] 141f M2l W13l P4l 115l lsel 17l |1s
SDA_\_/ 1\ ) & x o0 xA10XA9XA8)\ 0 M?XAGXASXMXMXAZX A1CK
A
A
START from Master Acknowledge from EEPROM Acknowledge from EEPROM
IED02184
“igure 5
[iming of the Command Byte CSW
Command Byte (CSR) Data Transfer fram EEPROM
SCL 11 12] |31 141 |51 |6l |71 lel ol hol |vf te2l L3l tia| lsl el bzl Lis

SDA_>_/1‘(czan00XXXXXXYTA\ACKK X X x rxy )‘\LAcx

START from Master Acknowledge from EEPROM Acknowledge from Master
[ED02275
‘igure 6
‘iming of the Command Byte CSR

emiconductor Group 10 1998-07-27
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) Write Operations

~hanging of the EEPROM data is initiated by the master with the command byte CSW.
depending on the state of the Write Protection pin WP and of the Protection Bits (refer
o chapter 7 Page Protection Mode™) either one byte (Byte Write) or up to 16 byte
Page Write) are modified in one programming procedure.

5.1 Byte Write
\ddress Setting

ransmission of Data

After a START condition the master transmits the Chip Select
Write byte CSW. The EEPROM acknowledges the CSW byte
during the ninth clock cycle. The following byte with the
EEPROM address (A0 to A7) is loaded into the address
counter of the EEPROM and acknowledged by the EEPROM.

Finally the master transmits the data byte which is also
acknowledged by the EEPROM into the internal buffer.

>rogramming Cycle  Then the master applies a STOP condition which starts the
internal programming procedure. The data bytes are written in
the memory location addressed in the EEA byte (A0 to A7)
and the CSW byte (A8 to A10). The programming procedure
consists of an internally timed erase/write cycle. In the first
step, the selected byte is erased to “1”. With the next internal
step, the addressed byte is written according to the contents
of the buffer.
S
T S
BusActvity A CommandByte EEPROMAddress  Data Byte T
Master R csw EEA 0
T P
SDALine [ lo P
Bus Activity é é é
EEPROM K K K
IED02129
'‘igure 7
lyte Write Sequence

he erase/write cycle is finished latest after 8 ms. Acknowledge polling may be used for
peed enhancement in order to indicate the end of the erase/write cycle (refer to
hapter 5.3 Acknowledge Polling).

emiconductor Group
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5.2 Page Write

Address Setting

fransmission of Data

rogramming Cycle

The page write procedure is the same as the byte write
procedure up to the first data byte. In a page write instruction
however, entry of the EEPROM address byte EEA is followed
by a sequence of one to maximum sixteen data bytes with the
new data to be programmed. These bytes are transferred to
the internal page buffer of the EEPROM.

The first entered data byte will be stored according to the
EEPROM address n given by EEA (A0 to A7) and CSW (A8 to
A10). The internal address counter is incremented
automatically after the entered data byte has been
acknowledged. The next data byte is then stored at the next
higher EEPROM address. EEPROM addresses within the
same page have common page address bits A4 through A10.
Only the respective four least significant address bits AO
through A3 are incremented, as all data bytes to be
programmed simultaneously have to be within the same page.

The master stops data entry by applying a STOP condition,
which also starts the internally timed erase/write cycle. In the
first step, all selected bytes are erased to “1”. With the next
internal step, the addressed bytes are written according to the
contents of the page buffer.

'hose bytes of the page that have not been addressed are not included in the

yrogramming.

S

T S
BusActivity A CommandByte EEPROMAddress DataByten  DataByten+! DataBytenti5 |
Master R csw EEAnN 0

T P
SDALine |S o P

) A A A A A
Bus Activity c c c c c
EEPROM K K K K K
[ED02140

‘igure 8
'‘age Write Sequence

'he erase/write cycle is finished latest after 8 ms. Acknowledge polling may be used for
peed enhancement in order to indicate the end of the erase/write cycle (refer to
hapter 5.3 Acknowledge Polling).

iemiconductor Group
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3 Acknowledge Polling

Juring the erase/write cycle the EEPROM will not respond to a new command byte until
he internal write procedure is completed. At the end of active programming the chip
eturns to the standby mode and the last entered EEPROM byte remains addressed by
he address counter. To determine the end of the internal erase/write cycle acknowledge
iolling can be initiated by the master by sending a START condition followed by a
ommand byte CSR or CSW (read with b0 = 1 or write with b0 = 0). If the internal erase/
vrite cycle is not completed, the device will not acknowledge the transmission. If the
ternal erase/write cycle is completed, the device acknowledges the received command
)yte and the protocol activities can continue.

Internal Programming
Procedure

I

Send Start <

I

Send CS-Byte

Acknowledge
from EEPROM
received?

Next Operation

(ED02131

igure 9
low Chart “Acknowledge Polling”
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STOP from Master initiates erase/write cycle

START from Master
CSR CSR CSR
A N r A N f__—"—"ﬁ
L I B TI 111111 - I I
sbA[P s 1 |s 1 |s J s 1 P
ce e | Y I | 11 4t 14 - 141141 | Y T Y |
Acknowledge of EEPROM
indicates complete erase/
write cycle
STOP from Master initiates erase/write cycle
START from Master e.g. STOP condition
csw CsSw csw
P A \ r A - ——_—
I UL - L I I [
soalp|s 1of |5 o] | s ll s ¥
Lt 1 Ll 11 — I O TR
Acknowledge of EEPROM
indicates complete erase/
write cycle IED02166
‘igure 10

rinciple of Acknowledge Polling
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) Read Operations
Reading of the EEPROM data is initiated by the Master with the command byte CSR.

N | Random Read

Random read operations allow the master to access any memory location.

\ddress Setting

‘ransmission of CSR

‘ransmission of

The master generates a START condition followed by the
command byte CSW. The receipt of the CSW-byte is
acknowledged by the EEPROM with a low on the SDA line.
Now the master transmits the EEPROM address (EEA) to the
EEPROM and the internal address counter is loaded with the
desired address.

After the acknowledge for the EEPROM address is received,
the master generates a START condition, which terminates
the initiated write operation. Then the master transmits the
command byte CSR for read, which is acknowledged by the
EEPROM.

During the next eight clock pulses the EEPROM transmits the

:EPROM Data data byte and increments the internal address counter.
'TOP Condition from During the following clock cycle the masters releases the bus
laster and then transmits the STOP condition.
S S
T T S
BusActivity A CommandByte EEPROMAddress A Command Byte T
Master R csw EEAn R " csr 0
To—_ T o—_ P
Li UL DU LU rrrrri rrrrrei
SDA ne S | I T o I | 0I | T T O | s I I | 1 T T I | P
Bus Actii é é é Data Byte
EEPROM K K K IED02133
igure 11
andom Read
emiconductor Group 15 1998-07-27
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W Current Address Read

"he EEPROM content is read without setting an EEPROM address, in this case the
urrent content of the address counter will be used (e.g. to continue a previous read
)peration after the Master has served an interrupt).

‘ransmission of CSR For a current address read the master generates a START
condition, which is followed by the command byte CSR (chip
select read). The receipt of the CSR-byte is acknowledged by
the EEPROM with a low on the SDA line.

‘ransmission of During the next eight clock pulses the EEPROM transmits the
:EPROM Data data byte and increments the internal address counter.
yTOP Condition from During the following clock cycle the masters releases the bus
flaster and then transmits the STOP condition.
S
T S
Bus Activity A" Command Byte T
Master R CSR 0
T — P
LR LA
SDA Line S 1 P
| I Y | I I I |
Bus Activty A Databyte
EEPROM K IED02132
igure 12

urrent Address Read
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.3 Sequential Read

\ sequential read is initiated in the same way as a current read or a random read except
hat the master acknowledges the data byte transmitted by the EEPROM. The EEPROM
hen continues the data transmission. The internal address counter is incremented by
ne during each data byte transmission.

\ sequential read allows the entire memory to be read during one read operation. After
he highest addressable memory location is reached, the internal address pointer “rolls
wer” to the address 0 and the sequential read continues.

‘he transmission is terminated by the master by releasing the SDA line (no
icknowledge) and generating a STOP condition (see figure 13).

s

T s
BusActiviy A Command Byte A A T
Master R csw C C 0

T K K P
SDALine | 1 P
Bus Activity é DataByten  DataByten+!  DataByte n+x
EEPROM K

IED02134
igure 13

iequential Read
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' Page Protection Mode™

-ach page (16 byte) in the Data Memory can be protected against unintended data
thanges by an associated protection bit. The protection bit memory consists of an
wdditional EEPROM of 128 bit (figure 14).

Jata in the Data Memory can be modified only if the assigned protection bit is erased
logical state “17). After writing the data bytes to a page, the protection is achieved by
vriting the associated protection bit (logical state “0”). Further changes in the data in a
rotected page is possible only after erasing the protection bit.

Data Memory Area

Page 0 _0_ ©
Page 1 _1_ i
Page 2 2 g
nE
Page 3 i E
. : E
]
a.

Pagen|0 1 2 3 151 D

Byte Bit
[ED02272

igure 14
)ata Page and Assigned Protection Memory

. special procedure to write or erase a protection bit guarantees proper activation or
eactivation respectively of page protection. For protection bit write or erase, all 16 data
ytes of the respective page have to be entered for a second time. The data then are
ompared internally with the data to be protected, and in case of identity the protection
it is written or erased respectively.

amiconductor Group 18 1998-07-27
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1 Protection Bit Handling

‘he bits of the protection memory can be addressed directly for reading or programming.
\ protection bit address corresponds to the lowest address within the respective page
A4 to A10, AO to A3 = zero). The status of each protection bit is sensed internally. A
sritten state (“0”) prevents programming in the associated page. If an already protected
nemory page is accidentally addressed for programming, the programming procedure
s suppressed.

"he conventional I?°C-Bus protocol allows data bytes to be read and programmed only.
'herefore an independent instruction sequence for addressing and manipulation of
rotection bits is implemented. For protection bit instructions, the command byte CSW
rith its preceding START condition followed by the associated control byte has to be
ntered twice (figures 15 through 17). The first command byte CSW (with A8 to A10) is
Jllowed by the control byte EEA with the bit/page address A0 through A3 always at zero.
'he second CSW is required for entering a control byte CTx for protection bit
nanipulation. The three control bytes for read, write or erase of a protection bit are listed
elow (table 3):

‘able 3
-ontrol Byte for Protection Bit Manipulation
\ddress Definition Function

lame b7 b6 [b5 |b4 |b3 |[b2 |b1 |bO
TR X X X 0 0 Protection bit read
TW X X X X X X 0 1 Protection bit write
TE X X X X X X 1 1 Protection bit erase
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'2 Protection Bit Write and Erase

‘or writing or erasing a protection bit, the data of the respective page have to be known
)y the master. The data of the page are not affected by the write or erase procedure of
he protection bit. The I*C-Bus protocol is shown in figure 15 for protection bit write and
igure 16 for protection bit erase.

S S
T Command EEPROM T Command  Control Data Data .. Data $
Bus Activity A Byte Address A Byte Byte Byten Byten+1 Bytent+15
Master '; cSW EEAnN FT< CSW cTW g
rlllf T rllllll"llll ‘Illllll lnlllll"'l"l'is‘l"l"l"l'
SDALine |[S o 0000 |S 0 oH _E'
A A A A A A
Bus Activity c c c c c c c
EEPROM K K K K K K K
{ED02273
'‘igure 15
iequence for Protection Bit Write
S S
I Command EEPROM I Command Contrdl  Data Data .. Data S
Bus Activity Bye  Address Byte Byte Byten  Byten+! Byten+t5 |
Master R csw EEAn R csw CTE 0
T T P
SDA Line S 0 0000 |S 0 11 H
A A A A A A A
Bus Activity c c c c c c c
EEPROM K K K K K K K
IED02274
igure 16

equence for Protection Bit Erase

he first command byte CSW followed by the control byte EEA addresses the page to
e protected. The second command byte CSW (identical content of first CSW) is
lowed by the control byte CTW = 01, for protection bit write or CTE = 03, for protection
it erase. Depending on CTx, the addressed protection bit will be either written or
rased.
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'he control byte CTx is followed by 16 parameter bytes identical to the 16 data bytes of
1@ page to be protected or unprotected. The data of the first entered byte must be
jentical to the data byte stored at the lowest address of the current page. The other 15
ytes have to be identical to the bytes stored in ascending address order within the same
age.

\ successful verification of each byte is indicated by the EEPROM by pulling the SDA
ne to low (acknowledge ACK).

fter verification of the last byte, the bit programming procedure is initiated by the STOP
ondition. Programming is started only if all 128 bits of a page have been verified
uccessfully. If bit programming has taken place, the address counter points to the
ppermost address of the respective page. The write or erase cycle is finished latest
fter 4 ms. Acknowledge polling may be used for speed enhancement in order to
wdicate the end of the write or erase cycle (refer to chapter 5.3 Acknowledge Polling).
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3 Protection Bit Read
‘he byte sequence for random bit read is shown in figure 17.

) S

; Command EEPROM ;{ Command  Control A A ?
Bus Activity Byte Address Byte Byte C C
Master $ csw EEAn '; cswW CTR K K g
SDA Line S 0 0000 |S 0 00 |b b b I-F:]

A A A A Data Data . A

Bus Activity c c c C Byten  Byten+ c
EEPROM K K K K K

IED02139
b = Protection Bit

igure 17
lyte Sequence for Protection Bit Read

he first command byte CSW followed by the control byte EEA addresses the protection
it to be read. The second command byte CSW is followed by the control byte 00, for
rotection bit read. The first bit (MSB) of the transferred byte is the protection bit of the
ddressed page. The other 7 bits are not valid. The page protection status is indicated
s following

rotection Bit = 1: A normal write operation changes the data in the associated page
rotection Bit = 0: The data in the associated page are protected against changes.

‘the master acknowledges a byte with a low state of the SDA line, the protection bit of
1€ next page can be read as the first bit of the following byte. If the master releases the
DA line, a STOP condition has to complete the read procedure. Any number of bytes
ith a page protection status at the first bit position can be requested by the master. If
1e bit of the uppermost page has been addressed, the counter has its overflow to the
)\west address according to the first page.
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I Electrical Characteristics

"he listed characteristics are ensured over the operating range of the integrated circuit.
"ypical characteristics specify mean values expected over the production spread. If not
therwise specified, typical characteristics apply at 7, = 25°C and the given supply
'oltage.

11 Absolute Maximum Ratings

stresses above those listed here may cause permanent damage to the device. This is a
tress rating only and functional operation of the device at these or any other conditions
ibove those indicated in the operational section of this data sheet is not implied.
:xposure to absolute maximum ratings for extended periods may affect device reliability.

Yarameter Limit Values Units
dperating temperature range 1 (industrial) [-40to + 85 °C

range 2 (automotive) [—40to + 125 °C
itorage temperature - 65to + 150 °C
upply voltage -03to+7.0 \)
\l inputs and outputs with respect to ground -03toV,+05 |V
:SD protection (human body model) 4000 \'
2 DC Characteristics
'arameter Symbol Limit Values Units | Test Condition

min. typ. | max.
upply voltage | Ve 4.5 5.5 \' 5 Viype
Vee 2.7 5.5 \ 3 Vtype

upply current? |I.. 1 (3 mA | V,.=5V,f£=100kHz
vrite)
tandby Ig 50 MA  |Inputs at Vi or Vg
urrent?
put leakage |1, 0.1 |10 RA Vin= Ve or Vg
urrent
lutput leakage |/, 0.1 {10 MA | Vour= Ve Or Vg
urrent
put low Vi -0.3 03x%x Ve |V
pltage
emiconductor Group 23 1998-07-27
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2 DC Characteristics (cont'd)

'‘arameter Symbol Limit Values Units | Test Condition

min. typ. { max.
put high Vi 0.7 x Ve Vee #0.5 |V
oltage
Jutput low Voo 0.4 \' I, =3mA; V=5V
oltage Io,=21mA; V=3V
1put/output Cio 8% pF |VN=0V; V=5V
apacitance
SDA)
put Cn 6% pF  [Vy=0V; V=5V
apacitance
sther pins)
;apacitive load | C, 400 pF
r each bus line

The values for I.. are maximum peak values
Valid over the whole temperature range
This parameter is characterized only
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3 AC Characteristics

‘arameter Symbol | Limit Values Limit Values | Units
Vee=2755V | V.=4585V
min. |max. [min. |max.
)CL clock frequency JscL 100 400 kHz
Jlock pulse width low bow 4.7 1.2 us
Jlock pulse width high Thigh 4.0 0.6 us
)DA and SCL rise time Ia 1000 " 300 ns
DA and SCL fall time t 300 R 300 ns
tart set-up time tsusta |47 0.6 us
tart hold time Lipsta |40 0.6 us
)ata in set-up time tsupar | 200 100 ns
)ata in hold time tiopar |0 0 us
)CL low to SDA data out valid  |7,, 0.1 4.5 0.1 0.9 us
)ata out hold time ton 100 50 ns
itop set-up time tsusto |40 0.6 us
ime the bus must be free before | ¢, 4.7 1.2 us
new transmission can start
DA and SCL spike suppression | 50 100 50 100 ns
me at constant inputs

The minimum rise and fall times can be calculated as follows: 20 + (0.1/pF) x C, [ns]
Example: C, = 100 pF — #; =20 + 0.1 x 100 [ns] = 30 ns

4 Erase and Write Characteristics

arameter Symbol | Limit Values Limit Values |Units
Vec=27-85V | V=45-55V

typ. max. |typ. max.
rase + write cycle (per page) tar 5 8 5 8 ms
rase page protection bit 25 4 2.5 4 ms
Irite page protection bit 25 4 25 4 ms
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sSIEMENS SLx 24C164/P

i Package Outlines
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGEUPTO 46V

s TOTALDC CURRENTUPTO4 A

= LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enableor disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz. )
L298P (PowerS020)

nectionofan externalsensing resistor. An additional
supplyinputis provided so that the logic works at a
lower voltage.

1 2 3 &
"'&' 5 L Y
1 r ‘
ot =8
ena g €nn
[o} " -0
! ; s
_L ».::)s:us:n <

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 v
Vss Logic Supply Voltage 7 \Y%
V1,Ven Ingt and Enable Voltage —03t07 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repettive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Veens Sensirg Voltage -1t02.3 \'/
Ptot Total Power Dissipation (Tcase = 75°C) 25 w
Top Junction Opsrating Temperature -2510 130 °C
Tag, T} [Storage and Junction Temperature -40 to 150 °C
PIN CONNECTIONS (top view)
/ [ ~ s ==  currenTsensines
14 3 OUTPUT4
'$' N
12 L0 INPUT4
] messem—- ENABLE B
10 9 NPUT3
s [ —— LOGIC SUPPLY VOLTAGE Vgg
F“‘""’”‘“s s f—> w0
7T —— INPUT 2
8 f——————> ENABLEA
s O INPUTH
4 "D SUPPLYVOLTAGE Vg
.$. s—— oumum
2 [ outPuT1
N i o~ 1>  currenTsENsNGA
Z TAB CONNECTED TOPIN 8 DRSINAGA
(
GND 3 ¢ 20 ] GND
SenseA [ 2 19 ] SenseB
N.C. g 3 18 ] NC.
Out1 4 17 ) oud
o2 [ 5 PowerS020 1 ] ou3
vs L] 6 15 [ nput4
Inputt —F 7 14 T Enabio B
EnableA [ 8 13 = tnput3
input2 ] o 12 ] vss
GND [ 10 11 7 6N
DB85IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rinjeaso | Thermal Resistance Junction-case Max. - 3 °C/W
Rthjemb |Thermal Resistance Junction-ambient Max. 13(%) 35 °CW
(*) Mourted on aluminum substrate
2/13 ‘7[




L298

PIN FUNCTIONS (referto the block diagram)

MW.15 [ PowerSO Name Function
1;15 2,19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load
2;3 45 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins Is monitored at pin 1.
4 6 Vs Supply Volitage for the Power Qutput Stages.
A nondnductive 100nF capacitor must be connected between this
pin and ground.
5.7 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; EnableB |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capactor must be
connected between this pin and ground
10; 12 13;15 Input3; Input4 TTL Compatble inputs of the Bridge B.
13; 14 16;17 Out 3; Out4 Outputs of the Bridge B. The cumrent that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Vottage (pin 4) Operative Condifon Vi +2.5 46 \"
Vss __]Logic Supply Voltage (pin 9) 4.5 5 7 \'4
Is Quiescent Supply Current (pin4) [Ven=H; L=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven = Vi=X 4 mA
Iss |Qulescent Cument from Vss (pin9) [Ven=H; L =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = Vi=X (] mA
Vi Input Low Voitage -0.3 1.5 \'
(pins 5, 7, 10, 12)
Vi  [input High Voltage 23 VvSS v
(pins 5,7, 10, 12)
W Low Voltage Input Current vi=L -10 A
(pins 5,7, 10, 12)
m High Voltage Input Current Vi=H g Vgg-0.6V 30 100 pA
(pins 5, 7, 10, 12)
Ven=L |Enable Low Voitage (pins 6, 11) -0.3 1.5 \'
Ven = H _|Enable High Voltage (pins 6, 11) 2.3 Vss Vv
len=L |Low Voltage Enable Cument Ven = -10 pA
(pins 6, 11)
len=H ]High Voitage Enable Current Ven = H g Vg5 -0.6V 30 100 RA
(pins 6, 11)
Veeset(v) |Source Saturation Voltage L=1A 0.95 1.35 17 v
b =2A 2 2.7 \'4
Veesatq) JSink Saturation Voitage L=1A (5) 0.85 1.2 1.6 v
I =2A (5) 1.7 2.3 \'4
Vcesat  |TotalDrop IL=1A (5) 1.80 3.2 v
I, =2A (5) 4.9 Vv
Vsans Senslng( Voltage (pins 1, 15) -1 (1) 2 \'

74
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L.298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Taest Conditions Min. | Typ. | Max. | Unit
T+ (Vi) [Source Current Tum-off Delay 0.5Vito0.91L. (2);(4) 1.5 us
T2(V) }Source Current Fall Time 0981 t00.14%. (2);(4) 0.2 us
T3 (Vi) [Source Cument Turn-on Delay 05Vt 0.11L  (2).(4) 2 us
T4 (V) |Source Cumrert Rise Time 0.1l to091. (2);(4) 0.7 us
Ts (Vi) [Sink Current Tum-off Delay 0.5Vito0.91L. (3):(4) 07 us
Te (V) |Sink Current Fall Time 091, to0.11. (3);(4) 0.25 us
Tz (V) [Sink Current Turn-on Delay 05Vito 091,  (3);(4) 16 us
Ts (Vi) |Sink Current Rise Time 0.1IL to09h (3% (4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 0.9 1L  (2); (4) 3 us
T2 (Ven) |Source Currert Fall Time 091 to0.11L  (2);(4) 1 us
T3 (Ven) |Source Cumrent Tum-on Delay 05Vento 0.1 (2); (4) 0.3 us
T4 (Ven) |Source Current Rise Time 0.1l o091, (2);(4) 04 us
Ts (Ven) |Sink Cumrent Tum-off Delay 05Vento 0.9 (3);(4) 22 us
Te (Ven) {Sink Cumrent Fall Time 090 to0. 11  (3);(4) 0.35 us
T7 (Ven) |Sink Current Tum-on Delay 05Vento 091, (3); (4) 0.25 us
Ts (Ven) |Sink Current Rise Time 0.1l to091,. (3);(4) 0.1 us

1) 1)Sensing voltage can be -1 V fort < 50 psec; in steady state Vsens min2 —0.5 V.

2) Seefig. 2.

3) Seefig.4.

4) The load must be a pureresistor.

Figure 1 : Typical Saturation Voltage vs. Output

Current.

Figure 2 : Switching Times Test Circuits.

Vgar
(4]

24

V'::ls' H

20

18

12

08
0.4
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06 08 32 16 20 24 o(A).

VsV VgadZV
1IPUT .
o——
14 L288N D21
ENABLE o L
Ri=200
$-5883N1

Noto : For INPUT Switching, setEN = H

For ENABLE Switching, setIN=H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

g
Imax(2A)
90% -
m T =" == T T R SR - ——— ‘ ’
Ven; (4V)
- - ¢
I L)
5.5853/2

Note :

4

For INPUT Switching, set EN =H
For ENABLE Switching, setIN= L
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

LY )

imax(2A)
W% -f—--—— g - === mmm—e ==

Imax(2A)
90% -~

0% -

()
0% 1
' P TR
Figure 6 : Bidirectional DC Motor Control.
S
%ﬂnl & A o3
' e o ! Inputs Function
I _I-L -IJ_O
Ven=H C=H;D=L Forward
C=L;D=H Reverse
C=D Fast Motor Stop
Ven=L C=X;D=X Free Running
Motor Stop
L=Low H=High X=Deon'tcare

w—i £ i
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.

Vs Vas
00OnF, 100 nF
9
ofMABE 6 o
o s
o2 3 3 »

In

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

ThelL298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
monor differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rss.) allows todetect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridgeis driven by means of four gates the in-
putof whichare In1; In2; EnAand In3; Ind ; EnB.
The Ininputsset thebridge state when The Eninput
is high; a lowstate ofthe En inputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pole of Vs that must
be nearthe GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.
Tum-On and Tum-Off : Before to Tum-ONthe Sup-
ply Voltageand beforeto Tumit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 showsa bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The extemal bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to controlthe
cument amplitude by chopping the inputs, or to pro-
vide overcument protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higherthan 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped; Shottkydiodeswould be preferred.

713




L298

This sofution can drive until 3 Amps in DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig8itis shownthedriving ofatwophasebipolar by the I.C. L6S06.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

s
LD
- e
NERNE,

5-50846/4

Rs1=Rg2=0.5Q

Ves 1. =
D1 to D8 =2 A Fast diodes { Js‘zoﬁ‘,fs@' 2A

8/13
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L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).

50273

Eﬂ“h Famue
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gzzafubBrws
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2 r

09 04 V5§ GND

Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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Rg @and Rgense depend from the load current
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mm inch
Dim. OUTLINE AND
miN. [ TYP. [ mAX. | MIN. | TYP. [ MAX.
MECHANICAL DATA
A 5 0.197
B 2.65 0.104
C 16 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | o066 0.75 | 0.026 0.030
G | 102 | 1.27 | 1.52 |0.040 | 0.050 | 0.060
G1 |17.53 | 17.78 | 18.03 | 0.690 [0.700 | 0.710
H1 | 19.6 0.772
H2 20.2 0.795
L | 219 | 222 | 22.5 |0.862 | 0.874 | 0.886
L1 | 21.7 | 221 | 225 | 0.854 | 0.870 [ 0.886
L2 |17.65 18.1 | 0.695 0.713
L3 1725 175 [17.75 [ 0.679 [0.689 |0.699
L4 | 103 | 107 | 10.9 [o0.406 [0.421 [0.429
L7 | 265 29 [0.104 0.114
M | 425 | 455 | 485 |0.167 | 0.179 | 0.191
M1 | 463 | 508 | 553 [0.182 | 0.200 [0.218
S 1.9 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt15 VvV
Dial | 3.65 3.85 |0.144 0.152
H1
A P,
c : 1 —snl—c
5 3
[ Y
] Dia 1
A 3
o
= O O =
P |
- 3
H2
B s
: F
(]
W W Gl )
10/13 Kyl




L298

mm inch
DIM. OUTLINE AND
MmN, | TYP. | max. | miN. | TYP. [ max.
MECHANICAL DATA
A 5 0.197
B 2.65 0.104
c 1.6 0.063
E | 049 0.55 |0.019 0.022
F | oes 0.75 | 0.026 0.030
G | 114 | 127 | 1.4 [0.045 | 0.050 | 0.055
G1 | 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 |17.25| 175 | 17.75 [ 0.679 | 0.689 | 0.699
ta | 103 [ 107 | 10.9 [0.406 | 0.421 | 0.429
L5 5.28 0.208
L6 2.38 0.084
7 | 265 29 |o0.104 0.114
s | 19 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatti5 H
Dia1 | 3.65 3.85 | 0.144 0.152
A
b
FH
[
—
w
\ a3
\\\ ]
L
LS
‘7] 1113
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oI 5 =5 OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 3.6 0.142 MECHANICAL DATA
al 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
[+ 0.23 0.32 | 0.009 0.013
D(1) | 15.8 16 0.622 0.630
D1 9.4 9.8 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1)]| 10.9 11.1 } 0.429 0.437
E2 29 0.114
E3 5.8 6.2 |0.228 0.244
G 0 0.1 | 0.000 0.004
H 156.5 15.9 | 0.610 0.626
h 1.1 0.043 JEDEC MO-166
L 0.8 1.1 ] 0.031 0.043
N 10° (max.)
S 8° (max.)
T | 10 | | | 0.394 |
(1) "D and F" do not include mold flash or protrusians, Powersozo
- Mold flash or protrusions shall not exceed 0.15 mm (0.008").
- Criticaldimensions "E*, "G" and "a3"
N | N R—\
=ID=I 7= =KD=|DEID Q : " g
b e DETAIL B o L
DETAIL A E
e3
H lasd F“-—. DETAIL A
-
5 b -
I i 3’3 slug
OO000000000 PETAIL B
20 ! 11
e =
S ZsEATING PLANE
2|y ____________@_E_ —| E1 BOTTOM VIEW (
T |
— E3
1 i 10 |
‘ ]
Jooooooooo "
' PSO20MEC

hx 45
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Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its usa. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in fife support devices or systems without express written
approval of STMicroelectronics.
The ST logo Is a registered trademark of STMicroslectronics
© 2000 STMicroetectronics ~ Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
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VISHAY

LCD-016M002B

Vishay

16 x 2 Character LCD

<
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>

8
8

FEATURES

* 5 x 8 dots with cursor

« Built-in controller (KS 0066 or Equivalent)

* + 5V power supply (Also available for + 3V)
« 1/16 duty cycle

B ) « BVL1o be driven by pin 1, pin 2 or pin 15, pin 16 or AK (LED)
¢ N.V. optional for + 3V power supply
MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm MIN. | TYP. | MAX.
Viewing Area 66.0 x 16.0 mm Power Supply | VDD-vSS | -03 | - 7.0
Dot Stze 0.56x 0.6 mm Input Voltage | VI -03 | - | vop
Character Sizo 296x5.58 mm NOTE: VSS = 0 Volt, VDD = 5.0 Voit
ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP. MAX.
Input Voltage vDD VDD = + 5V 4.7 5.0 53 \'
VDD = + 3V 2.7 3.0 5.3 \
Supply Current DD VDD = 5V - 1.2 3.0 mA
-20°C - - -
Recommended LC Driving VDD - VO 0°C 4.2 4.8 5.1 v
Voltage for Normal Temp. 25°C 38 4.2 4.6
Version Module 50°C 36 4.0 4.4
70°C - - -
LED Forward Voltage VF 25°C - 4.2 4.6 \'/
LED Forward Current IF 25°C | Array - 130 260 mA
Edge - 20 40
EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA
DISPLAY CHARACTER ADDRESS CODE:
Display Position 2 3 4 6 7 8 9 10 11 12 13 14 15 16
DD RAM Address 60 01 OF
DD RAMAddress |40 | 41 9
ocument Number: 37217 For Technical Questions, Contact: Wﬁhﬂm www.vishay.com

evision 01-Oct-02
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CD-016M002B VISHAY
shay 16 x 2 Character LCD vV
IN NUMBER SYMBOL FUNCTION
Vss GND
vdd +3Vor+ 5V
Vo Contrast Adjustment
RS H/L Register Select Signal
RW H/L Read/Write Signal
E H —L Enable Signal
DBO H/L Data Bus Line
DBt H/A. Data Bus Line
DB2 H/L Data Bus Line
) DB3 H/L Data Bus Lins
! DB4 H/L Data Bus Line
2 DB5 H/L Data Bus Line
3 DB6 H/L Data Bus Line
) DB7 H/L Data Bus Line
] A/Veo + 4.2V for LED/Negative Voltage Output
; K Power Supply for B/L (OV)
IMENSIONS in millimeters
r2a5]08
0.6
QETF
- DOT SIZE
g ﬁﬁ
80.0 +0.5
4.98 71.2 i
7.55 66.0 (VA)
2 12.45 88.2 (AA)

o 3 =.§ 8. P2.54" 16 = 38.1 o o H1 MAX 9.7 MAX
6ol T TIv_]|30] |18 16@1.0PTH ~ H2 5.1
S[ALR Anm R A 1

e UU HUPW r
- ﬁ 9 5 =]
pEES a8 Nk
] I I o)
L= I -
A L = ) = =
UE o — ]
40610/ 40.55 | 4-@ 2.5 PTH 16 1.8
25 75.0 . 485.0PAD EL ORNO B/L
LED - H/L B/L
HIGH LOW
H1 13.2 12.1
H2 8.6 75
r.vishay.com For Technical Questions, Contact: Displays@Vishay.com Document Number: 37217

Revision 01-Oct-02
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iilips Semiconductors Product specification
]

8-bit A/D and D/A converter PCF8591
]

INTENTS

FEATURES

APPLICATIONS

GENERAL DESCRIPTION
ORDERING INFORMATION
BLOCK DIAGRAM

PINNING

FUNCTIONAL DESCRIPTION

Addressing
Control byte

D/A conversion
A/D conversion
Reference voltage
Oscillator

CHARACTERISTICS OF THE I2C-BUS

Bit transfer

Start and stop conditions
System configuration
Acknowledge

I2C-bus protocol

LIMITING VALUES
HANDLING

DC CHARACTERISTICS

D/A CHARACTERISTICS

A/D CHARACTERISTICS

AC CHARACTERISTICS
APPLICATION INFORMATION
PACKAGE OUTLINES
SOLDERING

A Introduction

2 DIP

2.1 Soldering by dipping or by wave
2.2  Repairing soldered joints

3 SO

3.1 Reflow soldering

3.2 Wave soldering

3.3 Repairing soldered joints

DEFINITIONS
LIFE SUPPORT APPLICATIONS
PURCHASE OF PHILIPS 12C COMPONENTS
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W T W T T
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ilips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

FEATURES
Single power supply
Operating supply voltage 2.5 Vto 6 V
Low standby current
Serial input/output via 12C-bus
Address by 3 hardware address pins
Sampling rate given by 12C-bus speed

4 analog inputs programmable as single-ended or
differential inputs

Auto-incremented channel selection

Analog voltage range from Vgg to Vpp

On-chip track and hold circuit

8-bit successive approximation A/D conversion
Multiplying DAC with one analog output.

APPLICATIONS
Closed loop control systems
_ow power converter for remote data acquisition
Battery operated equipment

Acquisition of analog values in automotive, audio and

TV applications.

ORDERING INFORMATION

INIE

3 GENERAL DESCRIPTION

The PCF8591 is a single-chip, single-supply low power
8-bit CMOS data acquisition device with four analog
inputs, one analog output and a serial I2C-bus interface.
Three address pins A0, A1 and A2 are used for
programming the hardware address, allowing the use of
up to eight devices connected to the 12C-bus without
additional hardware. Address, control and data to and from
the device are transferred serially via the two-line
bidirectional I2C-bus.

The functions of the device include analog input
multiplexing, on-chip track and hold function, 8-bit
analog-to-digital conversion and an 8-bit digital-to-analog
conversion. The maximum conversion rate is given by the
maximum speed of the 12C-bus.

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
CAB591P DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
CAB591T SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
38 Jul 02 3
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PINNING

YMBOL | PIN DESCRIPTION

INO 1

N1 2 analog inputs

N2 3 (A/D converter) D E‘j U 7] Yoo

IN3 4 E AQUT

3 5 an [2]

1 6 hardware address Az 3] 14] VRer

2 7 ans [4] 13] AGND

38 8 negative supply voltage a0 s PCFase! E EXT

DA 9 12C-bus data input/output E 1 osc

3 10| 2C-bus clock input AL

SC 11 | oscillator input/output Az 7] 10} scL

KT 12 | extemalfinternal switch for osciflator Vss E 9 | SDA

input

3ND |13 |{analog ground Tza0st

EF 14 | voltage reference input

UT 15 | analog output (D/A converter) Fig.2 Pinning diagram.

0 16 | positive supply voltage

18 Jul 02



ilips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

FUNCTIONAL DESCRIPTION
|  Addressing

ch PCF8591 device in an 12C-bus system is activated by
nding a valid address to the device. The address
nsists of a fixed part and a programmable part.

e programmable part must be set according to the
dress pins AO, A1 and A2. The address always has to
sent as the first byte after the start condition in the
>-bus protocol. The last bit of the address byte is the
1d/write-bit which sets the direction of the following data
nsfer (see Figs 3, 15 and 16).

110101 JA2]A

LSB
»o ]

ﬂxoc; part proqmnr;wble part
Fig.3 Address byte.

7280860

38 Jul 02

7.2  Control byte

The second byte sent to a PCF8591 device will be stored
in its control register and is required to control the device
function.

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channe! number is incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the intemal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the intemal oscillator to run continuously, thereby
preventing conversion errors resutting from oscillator
start-up delay. The analog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impedance
state.
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MSB LSB
0 X X X 0 X X X CONTROL BYTE

L
l_i A/D CHANNEL NUMBER:

00 channel 0
o1 channel 1
10 channe! 2
1 channel 3

- AUTOINCREMENT FLAG:
(switched on if 1)

~ ANALOGUE INPUT PROGRAMMING:

00 Four singte ended inputs
AINO channel 0
ANt e chningl 1
AIN2 ——————————— channel 2
AIN3 channsl 3

01  Three differential inputs

AINO
_:D— channel 0

AINT —
:b—— channel 1
AIN2 ~
>——" channel 2
AIN3 >

10  Single ended and differential mixed

AINO channal 0
AIN1 channel 1

AIN2 ———
>—- channel 2
AIN3 i
1t Two differential inputs
AIND = P
channet 0
AINY —5
AIN2 ——
2 >—— channel 1
AIN3 —>

ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7280961

Fig.4 Control byte.
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}  D/A conversion The on-chip D/A converter is also used for successive
o third byte sent to a PCF8591 device is stored inthe 2P ProXimation A/D conversion. In order to release the

. . . DAC for an A/D conversion cycle the unity gain amplifier is
\C data register and is converted to the corresponding . . .
alog voltage using the on-chip D/A converter. This D/A equipped with a track and hold circuit. This circuit holds the

nverter consists of a resistor divider chain connected to output voltage while executing the A/D conversion.

y external reference voltage with 256 taps and selection ~ The output voltage supplied to the analog output AOUT is
itches. The tap-decoder switches one of these taps to given by the formula shown in Fig.6. The waveforms of a
3y DAC output line (see Fig.5). D/A conversion sequence are shown in Fig.7.

e analog output voltage is buffered by an auto-zeroed
ity gain amplifier. This buffer amplifier may be switched
or off by setting the analog output enable flag of the
ntrol register. In the active state the cutput voltage is
Id untit a further data byte is sent.

VReF ——— DAC OUT
R258
RS FE
1 | '
{ | 1
1 1 1
rssnncmee D)7
A3 [¢—— D6
TAP |
DOECODER :
R2 02
¢ DO
R1 01
sono D>
00
7280962
Fig.5 DAC resistor divider chain.

98 Jul 02 8
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MSB LS8 7280863

DAC data
D7|D6|D5|D4|D3|D2|D1]|DO register

VREF ~ VaGND i
VaouT = Vagnp * —_253_"20 Dix2

~

VAGNDT—®

v L3 ¥ ¢ N : : :' o
SS™ 00 01 02 03 04 FE FF HEX CODE

Fig.6 DAC data and DC conversion characteristics.

PROTOCOL| S ADDRESS 0] A | CONTROLBYTE | A DATA BYTE 1 A DATA BYTE 2 A

Ve s el s als an el s s el

VaouT
e e e e ——— — PREVICUS VALUE VALUE OF
HELD IN DAC DATA BYTE 1
HIGH IMPEDANCE STATE OR REGISTER
PREVIOUS VALUE HELD IN DAC REGISTER
7280964 time

Fig.7 DI/A conversion sequence.
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} AJD conversion The conversion result is stored in the ADC data register
and awaits transmission. If the auto-increment flag is set

e A/D converter makes use of the successive the next channel is selected.

proximation conversion technique. The on-chip D/A

nverter and a high-gain comparator are used The first byte transmitted in a read cycle contains the
nporarily during an A/D conversion cycle. conversion result code of the previous read cycle. After a
Power-on reset condition the first byte read is a
hexadecimal 80. The protoco! of an I12C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

| AJD conversion cycle is always started after sending a
lid read mode address to a PCF8591 device. The A/D
nversion cycle is triggered at the trailing edge of the

knowledge clock pulse and is executed while The maximum A/D conversion rate is given by the actual
nsmitting the result of the previous conversion (see speed of the I2C-bus.
1.8).

ice a conversion cycle is triggered an input voltage
mple of the selected channel is stored on the chip and is
nverted to the corresponding 8-bit binary cede. Samples
sked up from differential inputs are converted to an 8-bit
o's complement code (see Figs 9 and 10).

PROTOCOL | 8 ADDRESS 11A DATA BYTE 0 A DATABYTE 1 A DATABYTE 2 A

SATn e wals s alaunals el

L 7260868
SAMPLING SAMPLING SAMPLING

BYTE 1 BYTE 2 BYTE3

CONVERSION CONVERSION CONVERSION
 OFeYTE1 . OFBYE2 OF BYTE 3

TRANSMISSION ~ TRANSMISSION )

OF PREVIOUSLY OF BYTE 1 OF BYTE 2

CONVERTED BYTE

Fig.8 A/D conversion sequence.
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O%EDxE 7280888
FF4
FET  ygpm I _JhGND /F
| /
) iy
1 7/
Jo
et 4
@l A
014 /
00 e ——f ———t——
0 1 2 3 4  ecmcea 254 255  Van~Vagnp

Viss

Fig.9 A/D conversion characteristics of single-ended inputs.

HEX \
CODE 7280887

7F b
7'
7E<4 f
]
1 4
i s

02+ 74

o1+
— —— 00 s —
~128-127 === =2 =1 }|0 1 2 === 128 127 .y, - Vano
AL Am;mmu
/
% +FE
e ; VRer ~ VAGND
Visg = 258
) T8
Y +80

Fig.10 A/D conversion characteristics of differential inputs.
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’  Reference voltage

r the D/A and A/D conversion either a stable external
tage reference or the supply voitage has to be applied
the resistor divider chain (pins Vrer and AGND).

e AGND pin has to be connected to the system analog
yund and may have a DC off-set with reference to Vgs.

ow frequency may be applied to the Vrer and AGND
1s. This allows the use of the D/A converter as a
e-quadrant multiplier; see Chapter 15 and Fig.6.

e A/D converter may also be used as a one or two
adrant analog divider. The analog input voltage is

ided by the reference voltage. The result is converted to
sinary code. In this application the user has to keep the
erence voltage stable during the conversion cycle.

98 Jul 02

12

7.6  Oscillator

An on-chip oscillator generates the clock signal required
for the A/D conversion cycle and for refreshing the
auto-zeroed buffer amplifier. When using this oscillator the
EXT pin has to be connected to Vgs. At the OSC pin the
oscillator frequency is available.

If the EXT pin is connected to Vpp the oscillator output
OSC is switched to a high-impedance state allowing the
user to feed an external clock signal to OSC.
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CHARACTERISTICS OF THE I2C-BUS

8 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data
3 (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
nsfer may be initiated only when the bus is not busy.

Bit transfer

e data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH pericd
the clock pulse as changes in the data line at this time will be interpreted as a control signal.

data line change
stable, of data
data valid allowed

Fig.11 Bit transfer.

Start and stop conditions

th data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
ck is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH, is
ined as the stop condition (P).

re—== r—=—=-

e A

[ S

START condition STOP condition

Fig.12 Definition of START and STOP condition.
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}  System configuration

levice generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
y message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA
scL l
MASTER SLAVE MASTER
SLAVE MASTER

TRANSMITTER / TRANSMITTER / TRANSMITTER /

RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER
MBAGCS

Fig.13 System configuration.
}  Acknowledge

e number of data bytes transferred between the start and stop conditions from transmitter to receiver is not limited.
ch data byte of eight bits is followed by one acknowledge bit. The acknowledge bit is a HIGH level put on the bus by
' transmitter whereas the master also generates an extra acknowledge related clock pulse. A slave receiver which is
dressed must generate an acknowledge after the reception of each byte. Also a master must generate an
<nowledge after the reception of each byte that has been clocked out of the slave transmitter. The device that
<nowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW
ring the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to the
nsmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event the
nsmitter must leave the data line HIGH to enable the master to generate a stop condition.

-
DATA OUTPUT o
BY TRANSMITTER : :L / X X: - X /
| ot acknowledge \
DATA OUTPUT | o
8Y RECEIVER I
|

acknwtedge:
SCL FROM

LfJ clock pulse for
START cknowledgemen
condition a !

Fig.14 Acknowledgement on the 12C-bus.
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i 1RC-bus protocol

er a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write bit defines the
ection of the following single or multiple byte data transfer. For the format and the timing of the start condition (S), the
p condition (P) and the acknowledge bit (A) refer to the 12C-bus characteristics. In the write mode a data transfer is
minated by sending either a stop condition or the start condition of the next data transfer.

Acknowledge Acknowtedge Acknowledge
from PCF8591 from PCF8591 from PCF8591

l l

S ADDRESS 0 A CONTROL B8YTE A DATA BYTE A PS

N=0toM
DATA BYTES 7280868
Fig.15 Bus protocol for write mode, D/A conversion.
Acknowledge Acknowledge No acknowladge

from PCFB591 from master

1 1 1

S ADDRESS 1 A DATA BYTE A LAST DATA BYTE 1 P

7280969
N=0toM
DATA BYTES

Fig.16 Bus protocol for read mode, A/D conversion.
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LIMITING VALUES
accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
0 supply voltage (pin 16) -05 +8.0 v
input voltage (any input) -0.5 Vpp +0.5 v
DC input current - +10 mA
DC output current - +20 mA
D Iss Vpp or Vgs current - 150 mA
ot total power dissipation per package - 300 mw
) power dissipation per output - 100 mw
imb operating ambient temperature -40 +85 °Cc
g storage temperature -65 +150 °C
HANDLING

uts and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
sirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12 under
andling MOS Devices".
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DC CHARACTERISTICS
p=25V1to6V, Vgg=0V; Tamp = —40 °C to +85 °C unless otherwise specified.
YMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
ipply
O supply voltage (operating) 25 - 6.0 \")
D supply current
standby V= Vgg or Vpp; no load - 1 15 HA
operating, AOUT off fscL = 100 kHz - 125 250 HA
operating, AOUT active fscL = 100 kHz - 045 1.0 mA
OR Power-on reset level note 1 0.8 - 20 v
igital inputs/output: SCL, SDA, A0, A1, A2
L LOW level input voltage 0 - 0.3xVpp |V
H HIGH level input voltage 0.7xVpp |- Vop v
leakage current
A0, A1, A2 V;=Vgs to Vpp -250 - +250 nA
SCL, SDA Vi =Vss to Vpp -1 - +1 HA
input capacitance - - 5 pF
L LOW tevel SDA output current | Vo = 0.4 V 3.0 - - mA
sference voltage inputs
EF reference voltage VRer > Vaenp; note 2 Vgs+1.6 |- Vpp \"
\GND analog ground voltage VRer > Vagnp; note 2 Vss - Vpp —-0.8(V
input leakage current =250 - +250 nA
EF input resistance pins Vrer and AGND - 100 - kQ
scillator: OSC, EXT
input leakage current - - 250 nA
sC oscillator frequency 0.75 - 125 MHz
tes

The power on reset circuit resets the 12C-bus logic when Vpp is less than Vpgg.
A further extension of the range is possible, if the following conditions are fulfilled:

Vrer * Vagnp

2

)8 Jul 02

VeeetV,
208V, Vpp - 2 2 0.4V
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D/A CHARACTERISTICS
p=5.0V;Vgs =0V, Vger=5.0V,;Vaenp =0V; R =10 kQ; C, = 100 pF; Tamp = —40 °C to +85 °C unless otherwise
acified.
YMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
nalog output
A output voltage no resistive load Vss - Vpp \"
Ry =10kQ Vss - 09x%xVpp |V
3 output leakage current AOUT disabled - - 250 nA
scuracy
Se offset error Tamp =26 °C - - 50 mVv
linearity error - - 1.5 LSB
N gain error no resistive load - - 1 %
AC settling time to 1, LSB full scalestep |- - 90 us
AC conversion rate - - 1.1 kHz
VRR supply noise rejection ratio | f = 100 Hz; - 40 - dB
VDDN =0.1x Vpp
A/D CHARACTERISTICS
p=5.0V;Vgs =0V, Vrer =5.0V; Vagnp = 0 V; Rs = 10 kQ; Tamp = —40 °C to +85 °C unless otherwise specified.
YMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
1alog inputs
A analog input voltage Vss - Voo \'
A analog input leakage current - - 100 nA
A analog input capacitance - 10 - pF
D differential input capacitance - 10 - pF
5 single-ended voltage measuring range VAGND - VREr v
D differential voltage measuring range; ~“Ves - +Vpg v
Vrs = Vrer —~ Vagnp <5 -3
scuracy
Se offset error Tamb =25°C - - 20 mV
linearity error - - 1.5 LSB
3 gain error - - 1 %
Se small-signal gain error AV;=16LSB - - 5 %
VRR common-mode rejection - 60 - dB
ratio
JRR supply noise rejection ratio | f= 100 Hz; - 40 - dB
VDDN =0.1x Vpp
IC conversion time - - 80 us
% sampling/convarsion rate - - 1.1 kHz
38 Jul 02 18
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200 72947268 180 7254727
1 lop
(2:) (aA)
160 120
L7
/"é
o0 ) 50 2P
A % 85°C
+279¢
50 40 =y /
° 0
2 3 4 5 8 2 3 a 6
Vpo (V) Vop (V)

(a) Intemal oscillator; Tamp = +27 °C.

Fig.17 Operating supply current as a function of supply voltage (analog output disabled).

(b) External oscillator.

728
500 729472

400 Y

8

D/A output impedance ()

200 A\

100 N~
=~
T
¢
o 02 04 o8 08 0A
hex input code

(a) Output impedance near negative power rall; Tamy = +27 °C.

The x-axis represents the hex Input-code equivalent of the output voitage.

Fig.18 Output impedance of analog cutput buffer (near power rails).

7294729

g

300

D/A output impedancs (£3)
g

»
8

100

0
80 co 0o EO FO FF
hex input code

(b) Output impedance near positive power rall; Temp = +27 °C.
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AC CHARACTERISTICS
timing values are valid within the operating supply voltage and ambient temperature range and reference to Vy_and
i with an input voltage swing of Vgs to Vpp.

35YMBOL PARAMETER MIN. TYP. MAX. UNIT
C-bus timing (see Fig.19; note 1)
oL SCL clock frequency - - 100 kHz
P tolerable spike width on bus - - 100 ns
UF bus free time 47 - - us
U:STA START condition set-up time 4.7 - - us
D;STA START condition hold time 40 - - us
W SCL LOW time 4.7 - - HsS
IGH SCL HIGH time 4.0 - - us
SCL and SDA rise time - - 1.0 Hs
SCL and SDA fall time - - 0.3 us
U;DAT data set-up time 250 - - ns
D:DAT data hold time 0 - - ns
D;DAT SCL LOW-to-data out valid - - 34 us
U:STO STOP condition set-up time 4.0 - - ps
te

A detailed description of the I2C-bus specification, with applications, is given in brochure “The PC-bus and how to
use it". This brochure may be ordered using the code 9398 393 40011.

START BIT7 BITS BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A8) LS8 @A) CONDITION
(S) (A7) (RW) ®)
tsuisTa ttow HIGH

ree- -1 ,fSCL—P
3 A —
SCL / \
/
-t

S
'BUF [« trel le o

N

DA

t o< _t_."

SDA )/
o ad

g~ b o -
tHDiSTA 'supaT  'HD:DAT tvD,DAT I tsu;sTo

Fig.19 12C-bus timing diagram; rise and fall times refer to Vi and Vj4.
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APPLICATION INFORMATION
uts must be connected to Vgg or Vpp when not in use. Analog inputs may also be connected to AGND or Vrer.

srder to prevent excessive ground and supply noise and to minimize cross-talk of the digital to analog signal paths the
ar has to design the printed-circuit board layout very carefully. Supply lines common to a PCF8591 device and noisy
ital circuits and ground loops should be avoided. Decoupling capacitors (>10 uF) are recommended for power supply
d reference voltage inputs.

Voo Voo
oo | 5
Voo
Y oo AINO Aout —Vour
AIN1 VRer
AIN2 AGND—§ +
Voo AIN3 exT—| l
” Ao PoFEs®l ool
Al SCL
A2 SDA
Vss
" =
Voo
V
aNo  °°  aout —Vour
| AINY VRer
§—an2 AGND —R
Vo vy §—ana exT Vo
Vop—] A0  PCF8581 OSC p—
Al SCL
A2 SDA
Vss
Voo
J» ANALOGUE GROUND MASTER
_| DiGITAL GROUND TRANSMITTER
v ¢
2
_I_ 7280970.1 1“c8us
Fig.20 Application diagram.
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PACKAGE OUTLINES
>16: plastic dual in-line package; 16 leads (300 mil); long body

SOT38-1

D Mg
2
%
% 1
8 '.
4 ——
- ]
]
1
]
: |
11 IR}
[l
. I
- (91) 1
e My
]
LJ L LL.—rLquL._r' LJ LA L
1 8
? ? 1|0 mm
scale
JMMENSIONS (inch dimensions are derived from the original mm dimenstlons)
)
unr | A | AL Azl ey | e [ DM EM | e | eg | L | Mg | My [ w | 20
140 | 053 | 032 | 21.8 | 648 39 | 825 | 95
mm 1 47 | 051 | 37 | 444 | 038 | 023 | 214 | 620 | 2% | 782 | 34 | 780 | a3 | 0254 22
0.055 | 0.021 | 0.013 | 088 | 0.26 015 | 032 | 037
inches [ 0.19 | 0.020 | 015 | o045 | 0015 | 0.009 | 0584 | 024 | %10 | 039 | 913 [ 031 | o33 | 001 | 0087
lote
. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION EC JEDEG Y PROJECTION ISSUE DATE
SOT38-1 050G09 MO-001AE =3¢ 950119
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)16: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

AU UG cLJ \ | '\\ l
FL AN
b4

~3
-
T

| |
1]
11
==
-

©

|

]

1

1

1

1
-—2

s <—_?

)

ol
q—g
[
-—— > —

scale

MMENSIONS (Inch dimensions are dorived from tho original mm dimensions)
unw | A Ay (A | Ay [ By | e |DMIED| o [He | L [y |@af v | w]|y [z 6
0.30 | 2.45 040 [ 032 | 105 | 7.6 1065 11 | 14 09
mm | 286 | 040 | 225 | 925 | 036 | 023 | 10.1 | 7.4 | ¥%7 |1000| 4 | 04 | 10 | 025|025} 01 ) g5 | o
0.012 | 0.085 0.019 | 0.013 | 041 | 030 0.419 0.043 [ 0.043 0035| ©°
inches | 010 | 6 004 | 0.089 | 901 [0.014 | 0.009 | 0.40 | 0.20 [ %050 | 0304 [ 055 | 0,016 | 0039 | 001 [ 001 [0.004 1 1
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION EC JEDEC EIAJ PROJECTION | [SSUEDATE
soT162-1 075E03 MS-013AA =3 @ oy
23
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SOLDERING
4 Introduction

ere is no soldering method that is ideal for all IC
skages. Wave soldering is often preferred when
ough-hole and surface mounted components are mixed
one printed-circuit board. However, wave soldering is
: always suitable for surface mounted ICs, or for
ated-circuits with high population densities. In these
1ations reflow soldering is often used.

's text gives a very brief insight to a complex technology.
nore in-depth account of soldering ICs can be found in
* “Data Handbook IC26; Integrated Circuit Packages”
der code 9398 652 80011).

2 DIP
2.1

3 maximum permissible temperature of the solder is

) °C; solder at this temperature must not be in contact
h the joint for more than 5 seconds. The total contact
e of successive solder waves must not exceed
econds.

SOLDERING BY DIPPING OR BY WAVE

3 device may be mounted up to the seating plane, but
. temperature of the plastic body must not exceed the
scified maximum storage temperature (Tgyg max). If the
1ted-circuit board has been pre-heated, forced cooling
y be necessary immediately after soldering to keep the
1perature within the permissible limit.

2.2 REPAIRING SOLDERED JOINTS

ply a low voltage soldering iron (less than 24 V) to the
d(s) of the package, below the seating plane or not

re than 2 mm above it. If the temperature of the

dering iron bit is less than 300 °C it may remain in
itact for up to 10 seconds. If the bit temperature is
ween 300 and 400 °C, contact may be up to § seconds.

3 §O
3.1

flow soldering techniques are suitable for all SO
kages.

Row soldering requires solder paste (a suspension of
y solder particles, flux and binding agent) to be applied
he printed-circuit board by screen printing, stencilling or
ssure-syringe dispensing before package placement.

REFLOW SOLDERING
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Several techniques exist for reflowing; for example,
thermal conduction by heated beit. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

17.3.2 WAVE SOLDERING

Wave soldering techniques can be used for all SO
packages if the following conditions are observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

» The longitudinal axis of the package footprint must be
parallel to the solder flow.

¢ The package footprint must incorporate solder thieves at
the downstream end.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typicail dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

17.3.3 REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to § seconds between

270 and 320 °C.
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8-bit A/D and D/A converter PCF8591
DEFINITIONS

ata sheet status

bjective specification This data sheet contains target or goal specifications for product development.

eliminary specification This data sheet contains preliminary data; supplementary data may be published later.

-oduct specification This data sheet contains final product specifications.

miting values

miting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
ore of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
the device at these or at any other conditions above those given in the Characteristics sections of the specification
not implied. Exposure to limiting values for extended periods may affect device reliability.

pplication information
here application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

ese products are not designed for use in life support appliances, devices, or systems where malfunction of these
ducts can reasonably be expected to result in personal injury. Philips customers using or selling these products for
2 in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
oroper use or sale.

PURCHASE OF PHILIPS I2C COMPONENTS

components in the 12C system provided the system conforms to the 12C specification defined by

D [ED: Purchase of Philips I2C components conveys a license under the Philips’ 12C patent to use the
Philips. This specification can be ordered using the code 9398 393 40011.
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patible with MCS-51° Products

ytes of In-System Programmable (ISP) Flash Memory

Zndurance: 1000 Write/Erase Cycles

to 5.5V Operating Range

v, b Mooy Lok — [
|

e-level Program Memory Lock
¢ 8-bit Internal RAM

vgrammable VO Lines
3 16-bit Timer/Counters .
t)m&t\::ml Channel 8-b|t
D Rocovery from Poverdomm piodo Microcontroller
Data Pointor with 8K Bytes
El;?l;;g%?:::?anmleng (Byte and Page Mode) 'n-SYStem

i e Programmable
sription Flasgh

'89852 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
f in-system programmable Flash memory. The device is manufactured using
+ high-density nonvolatile memory technology and is compatible with the indus- | AT89S52
wdard 80C51 instruction set and pinout. The on-chip Flash allows the program
'y to be reprogrammed in-system or by a conventional nonvolatile memory pro-
er. By combining a versatile 8-bit CPU with in-system programmable Flash on
slithic chip, the Atmel AT89S52 is a powerful microcontroiler which provides a
flexible and cost-effective solution to many embedded control applications.

'89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
1, 32 /0 lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
tor two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
ek circuitry. In addition, the AT89S52 is designed with static logic for operation
o zero frequency and supports two software selectable power saving modes.
e Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
>t system to continue functioning. The Power-down mode saves the RAM con-
ut freezes the osciltator, disabling all other chip functions until the next interrupt
ware reset.

19198-MICRO-11/03
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>onfigurations
PDIP
NS
T2)P1.00}1 s0[Qvee
(T2EX)P1.10]2 39 1 P0.0 (ADO)
P1203 381 P0.1 (ADY)
P304 37 1P02 (AD2)
P14C]s 36 [1P0.3 (AD3) ) P0.4 (AD4)
Mos) P15 35 [1P0.4 (AD4) 32‘2 m;
Miso)P16L]7 34 [J P05 (ADS) H P0:7 (AD?)
(sckyp1.70]s 33 1 P0.6 (AD8) D Ever
RsTC|® 32[P0.7 (ADY) pe
(RXD) P3.0C] 10 31 QEAVPP D ALEAROS
MXD)P3.10 1 30 0 ALE/PROG b PSEN
(INTO) P3.20] 12 29 JFSEN [ P2.7 (A18)
(NTHYP3.30013 28 0 P2.7 (A15) 1] P2.6 (A14)
(o) P3.4 ] 14 2z71P28(A19) D P25 (A13)
T1)P3s5C]15 28 P25 (A13)
(WR)P36(C] 16 25 [1P24 (A12)
@) P37 17 24 IP23(A11)
XTAL2 [} 18 23[1P2.2 (A10)
XTAL1 C] 19 2[1P2.1 (A9)
GND [ 20 21 [0P2.0 (A8)
TQFP POIP
./
RSTC]1 42[1P1.7 (SCK)
(RXD) P3.0 0 2 41 [1P1.6 (MISO)
(TxD)P3.1C]3 40 {1P1.5 (MOS!)
(INTO) P3.2C] 4 /P14
(INT1)P3.30]5 8P13
(To)P3.40]6 7pP12
(Mos)P1.501 333P0.4 (AD4) m)rP3sdz 36 [ P1.1 (T2EX)
(Miso)P1.8 ]2 32[1P0.5 (ADS) (WR)P36C]8 35[01P1.0(T2)
(scKy P73 31 [1P0.6 (ADG) [RD)P3.7C09 34[QvDD
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(RDIPa0TS o] St XTAL1 O 11 32 11 P0.0 (ADO)
mxoypaadr 27 b ALE/PT GND [ 12 31 [1P0.1 (AD1)
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Nozuwerseggy (A11)P230 17 26 [1P0.6 (ADS6)
oooooooouoy (A12)P24 ] 18 25 3 P0.7 (AD7)
gg22285888 (A13)P250] 19 24 I EAVPP
@a'i‘i §3558 (A4 P26 ] 20 23 [ ALE/PROG
< SSgs3zs (A15)P2.7 [] 21 221 FSEN
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k Diagram
POO - PO.7 P20 - P27
; PORT 0 DRIVERS PORT 2 DRIVERS :
anD ! 4 T ‘ T :
T RAM ADDR. PORT 0 P :
' REGISTER RAM LATCH ety FLASH :
: y 7 y 3
s A 5
z I =
: PROGRAM i
: B8 STACK ADDRESS :
: REGISTER ACC POINTER REGISTER s
: < BUFFER [¢—P !
: T™P2 T™P1 '
; E
5 a
. PC N :
: ALU INCREMENTER !
' INTERRUPT, SERIAL PORT, '
: AND TIMER BLOCKS :
i PROGRAM |o | i
; PSW COUNTER :
«——] mmne :
06 <! AND  [INSTRUCTION y »| ouaLDPR [e ;
Vgp ——» CONTROL :
RST ——] :
' | WATCH PORT 3 PorT 1 || 1sp lg | PROGRAM i
: D06 LATCH LATCH PORT [¢ Pren :
E I I I E
E osc E
: PORT 3 DRIVERS PORT 1 DRIVERS '
P30 - P37 P10 - P17
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ATmE]

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional I/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 intemal pull-ups.

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

Port 1 is an 8-bit bidirectional 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 internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

In addition, P1.0 and P1.1 can be configured to be the timer/counter 2 external count
input (P1.0/T2) and the timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

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

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2), clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and direction control)
P15 MOS! (used for In-System Programming)

P16 MISO (used for In-System Programming)

P1.7 SCK (used for In-System Programming)

Port 2 is an 8-bit bidirectional I/O port with intenal 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 internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (I, ) because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from external program memory
and during accesses to external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application, Port 2 uses strong intemal pull-ups when emitting 1s. During
accesses to external data memory that use 8-bit addresses (MOVX @ RI), 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
programming and verification.

Port 3 is an 8-bit bidirectional /O 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 intemal pull-ups and can be used as inputs. As inputs, Port 3 pins that are exter-
nally being pulled low will source current (1, ) because of the pull-ups.

AT89S52 messessessssss—————————————————m
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Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S52, as shown in
the following table.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (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)
P3.7 RD (external 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 DISRTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In
the default 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 aiso the program pulse input (PROG)
during Flash programming.

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

If 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 AT89S52 is executing code from external program memory, PSEN is acti-
vated twice each machine cycle, except that two PSEN activations are skipped during
each access to external 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 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be internally 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 ampilifier and input to the intemal clock operating circuit.

Output from the inverting oscillator amplifier.

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

Note that not all of the addresses are occupied, and unoccupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect.

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

Timer 2 Registers: Control and status bits are contained in registers T2CON (shown in
Table 2) and T2MOD (shown in Table 6) for Timer 2. The register pair (RCAP2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bit
auto-reload mode.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two pri-
orities can be set for each of the six interrupt sources in the IP register.

1. AT89S52 SFR Map and Reset Values

1 OFFH
B
1| 00000000 OF7H
i OEFH
ACC
1| oooocooo OE7H
1 ODFH
PSW
1| oococ000 0D7H
.| T2c0N T2MOD RCAP2L RCAP2H T2 TH2 oCFH
00000000 | XXXXXX00 | 00000000 | 00000000 | 000G0CO0 | 0000G000
4 OC7H
P
1| xx000000 0BFH
P3
T 1111119 0B7H
IE
1] oxoco0000 OAFH
1 P2 AUXR1 WDTRST OATH
11111111 XXXXXXXO JOHOOKXXXX
.| scon SBUF oFH
00000000 | XXOXXXXXX
P1
Y 11111119 97H
.| Tcon TMOD L0 L1 THO TH1 AUXR 8 H
00000000 | 00000000 00000000 | 00OCOCCO | 0000COCO | 00000000 |  XXXOOXXO
' PO sp DPOL DPOH DPIL DPIH PCON | o
11111111 | 00000111 00000000 | 00000000 | 0G00COCO | GOO0OCOO 0XXX0000

AT89S52
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2. T2CON - Timer/Counter 2 Contro! Register

2CON Address = 0C8H Reset Value = 0000 0000B

it Addressable

it TF2 EXF2 RCLK TCLK EXEN2 TR2 cir2 CP/RL2
7 6 5 4 3 2 1 0

ol | Function

Timer 2 overfiow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either RCLK = 1
or TCLK=1.

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1),

Recelve clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

2 | Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX if Timer
2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

Start/Stop control for Timer 2. TR2 = 1 starts the timer.
Timer or counter select for Timer 2. C/TZ = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2 = 0
causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Nl

AIMEL :
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3. AUXR: Auxiliary Register

4 Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - - WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 0
Reserved for future expansion

E 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
o Disable/Enable Reset out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
LE  Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WDT halts counting in IDLE mode

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

'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
an be set and rest under software control and is not affected by reset.

3. AUXR1: Auxiliary Register 1

1 Address = A2H Reset Value = XO0OXXXX0B
Not Bit Addressable

- - - - - - - DPS

Bit 7 6 5 4 3 2 1 0

Reserved for future expansion

Data Pointer Register Select

DPS

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

AT8OS 52 s ——————————
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1ory Organization MCs-51 devices have a separate address space for Program and Data Memory. Up to

ram Memory

Memory

shdog Timer
=-time Enabled
Reset-out)

g the WDT

'CRO-11/03

64K bytes each of external Program and Data Memory can be addressed.

if the EA pin is connected to GND, ail program fetches are directed to external memory.

On the AT89S52, if EA is connected to V¢, program fetches to addresses 0000H
through 1FFFH are directed to internal memory and fetches to addresses 2000H
through FFFFH are to extemnal memory.

The AT89852 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a
parallel address space to the Special Function Registers. This means that the upper 128
bytes have the same addresses as the SFR space but are physically separate from SFR
space.

When an instruction accesses an internal location above address 7FH, the address
mode used in the instruction specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions which use direct addressing access the SFR
space.

For example, the following direct addressing instruction accesses the SFR at location
0ACH (which is P2).

MOV OAOH, #data

Instructions that use indirect addressing access the upper 128 bytes of RAM. For exam-
ple, the following indirect addressing instruction, where RO contains 0AOH, accesses the
data byte at address OAOH, rather than P2 (whose address is OACH).

MOV @RO, #data

Note that stack operations are examples of indirect addressing, so the upper 128 bytes
of data RAM are available as stack space.

The WDT is intended as a recovery method in situations where the CPU may be sub-
jected 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 regis-
ter (SFR location 0A6H). When the WDT is enabled, it will increment every machine
cycle while the oscillator is running. The WDT timeout period is dependent on the exter-
nal clock frequency. There is no way to disable the WDT except through reset (either
hardware reset or WDT overflow reset). When WDT overflows, it will drive an output
RESET HIGH pulse at the RST pin.

To enable the WDT, a user must write 01EH and OE1H in sequence to the WOTRST
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 over-
flows 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 resst the WDT at least 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 output
RESET pulse at the RST pin. The RESET pulse duration is 98xTOSC, where
TOSC = 1/FOSC. To make the best use of the WDT, it should be serviced in those sec-
tions of code that will periodically be executed within the time required to prevent a WDT
reset.

ATMEL ;
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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 extemal inter-
rupt 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
AT89S52 is reset. Exiting Power-down with an interrupt is significantly different. The
interrupt is held low long enough for the oscillator 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 AT89S52
while in IDLE mode, the user should always set up a timer that will periodically exit
IDLE, service the WDT, and reenter IDLE mcde.

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 AT89S52 operates the same way as the UART in the AT89C51 and
AT88C52. For further information on the UART operation, refer to the ATMEL Web site
(http://www.atmel.com). From the home page, select “Products”, then “8051-Architec-
ture Flash Microcontroller”, then “Product Overview”.

Timer 0 and Timer 1 in the AT89S52 operate the same way as Timer 0 and Timer 1 in
the AT89C51 and AT89C52. For further information on the timers” operation, refer to the
ATMEL Web site (http://www.atmel.com). From the home page, select “Products®, then
“8051-Architecture Flash Microcontroller”, then “Product Overview".

Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter.
The type of operation is selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload (up or down counting), and
baud rate generator. The modes are selected by bits in T2CON, as shown in Table 5.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 reg-
ister is incremented every machine cycle. Since a machine cycle consists of
12 oscillator periods, the count rate is 1/12 of the oscillator frequency.

Table 5. Timer 2 Operating Modes

RCLK +TCLK CPRL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (off)

L 3 L sy e —
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1. Timer in Capture Mode

in the Counter function, the register is incremented in response to a 1-to-0 transition at
its corresponding external input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples show a high in one cycle and a
low in the next cycle, the count is incremented. The new count value appears in the reg-
ister during S3P1 of the cycle following the one in which the transition was detected.
Since two machine cycles (24 oscillator periods) are required to recognize a 1-to-0 tran-
sition, the maximum count rate is 1/24 of the oscillator frequency. To ensure that a given
level is sampled at least once before it changes, the level should be held for at least one
full machine cycle.

In the capture mode, two options are selected by bit EXEN2 in T2CON. If EXEN2 = 0,
Timer 2 is a 16-bit timer or counter which upon overflow sets bit TF2 in T2CON. This bit
can then be used to generate an interrupt. If EXEN2 = 1, Timer 2 performs the same
operation, but a 1-to-0 transition at external input T2EX also causes the current value in
TH2 and TL2 to be captured into RCAP2H and RCAP2L, respectively. In addition, the
transition at T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit, like TF2, can
generate an interrupt. The capture mode is illustrated in Figure 1.

Timer 2 can be programmed to count up or down when configured in its 16-bit auto-
reload mode. This feature is invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 6). Upon reset, the DCEN bit is set to 0 so that timer 2 will
default to count up. When DCEN is set, Timer 2 can count up or down, depending on the
value of the T2EX pin.

osc +12 _
C2=0
- oTo+t— me | T > TtF2 |-
[GonTroL OVERFLOW
- ™R2
T CiT2 = 1 /
O M M
T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
TIMER 2
-DETECTOR > INTERRUPT
T2EX PIN [J—— o7 o EXF2
CONTROL
EXEN2

CRO-11/03
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Figure 2 shows Timer 2 automatically counting up when DCEN = (. In this mode, two
options are selected by bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The overflow also causes the timer
registers to be reloaded with the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset by software. if EXEN2 = 1, a
16-bit reload can be triggered either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the TF2 and EXF2 bits can gen-
erate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down, as shown in Figure 2. In this
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the TF2 bit. This overflow also
causes the 16-bit value in RCAP2H and RCAP2L to be reloaded into the timer registers,
TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer underflows when TH2 and TL2
equal the values stored in RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or underflows and can be used as a
17th bit of resolution. In this operating mode, EXF2 does not flag an interrupt.

2. Timer 2 Auto Reload Mode (DCEN = 0)

osc +12 _
ci2=0
1
[coNTROL OVERFLOW
TR2 \
I CiT2 = 1 v
. RELOAD
T2 PIN TIMER 2
RCAP2H | RCAP2L INTERRUPT
< TF2
TRANSITION
DETECTOR
T2EX PIN[J— 0//0 . o ExF2

| conTROL
EXEN2

AT 80 S 52 1500000000000
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i» T2MOD — Timer 2 Mode Control Register

'MOD Address = 0C9H Reset Value = XXX XX00B
5t Bit Addressable

- - - - - - T20E DCEN
t 7 6 5 4 3 2 1 0

2 Function

Not implemented, reserved for future

Timer 2 Output Enable bit

When set, this bit allows Timer 2 to be configured as an up/down counter

3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH OFFH D C EXF2
\
0sC +12 | _ OVERFLOW
Cm2 =0
—o’:/o——-l H | N2 [——4—1» w2
1
[cONTROL q
TR2 /
I M = 4 TIMER 2
INTERRUPT
T2 PIN
RCAP2H | R 1
| CA | CAP2L| COUNT
(UP COUNTING RELOAD VALUE) DIRECTION
1=UP
0=DOWN
O
T2EX PIN
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1 Rate Generator Timer2 is selected as the baud rate generator by setting TCLK and/or RCLK in T2CON
(Table 2). Note that the baud rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for the other function. Setting
RCLK and/or TCLK puts Timer 2 into its baud rate generator mode, as shown in Figure
4.

The baud rate generator mode is similar to the auto-reload mode, in that a rollover in
TH2 causes the Timer 2 registers to be reloaded with the 16-bit value in registers
RCAP2H and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer 2's overflow rate according to
the following equation.

Modes 1 and 3 Baud Rates = Limer2 0‘1';’”0‘” Rate

The Timer can be configured for either timer or counter operation. In most applications,
it is configured for timer operation (CP/T2 = 0). The timer operation is different for Timer
2 when it is used as a baud rate generator. Normally, as a timer, it increments every
machine cycle (at 1/12 the oscillator frequency). As a baud rate generator, however, it
increments every state time (at 1/2 the oscillator frequency). The baud rate formula is
given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536-RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and RCAP2L taken as a 16-bit
unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This figure is valid only if RCLK
or TCLK = 1 in T2CON. Note that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0 transition in T2EX will set EXF2
but will not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer 2
is in use as a baud rate generator, T2EX can be used as an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in the baud rate generator mode,
TH2 or TL2 should not be read from or written to. Under these conditions, the Timer is
incremented every state time, and the resulits of a read or write may not be accurate.
The RCAP2 registers may be read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The timer should be tumed off
(clear TR2) before accessing the Timer 2 or RCAP2 registers.

AT89S52 s ———————————
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4. Timer 2 in Baud Rate Generator Mode

—— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12

TIMER 1 OVERFLOW

+2 _
ose cM2=0
| 070 ™H2 | T2
fo—lme | m2 [
| conTrOL
_ TR2
cm2 =1
T2 PIN
RCAP2H | RCAP2L
TRANSITION
DETECTOR
22X PIN[ }——» 0’/0 EXF2 | — iNTERRUBT
| conTrOL
EXEN2

-ammable
¢ Out
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A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 5.
This pin, besides being a regular I/O pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or to output a 50% duty cycle
clock ranging from 81 Hz to 4 MHz (for a 16-MHz operating frequency).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 (T2CON.1) must be
cleared and bit T20E (T2MOD.1) must be set. Bit TR2 (T2CON.2) starts and stops the
timer.

The clock-out frequency depends on the oscillator frequency and the reload value of
Timer 2 capture registers (RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency
4 x [65536-(RCAP2H,RCAP2L)]

Clock-Out Frequency =

In the clock-out mode, Timer 2 roll-overs will not generate an interrupt. This behavior is
similar to when Timer 2 is used as a baud-rate generator. It is possible to use Timer 2 as
a baud-rate generator and a clock generator simuitaneously. Note, however, that the
baud-rate and clock-out frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

AIMEL 15



' 8. Timer 2 in Clock-Out Mode

P10
(T2)

Losc [ 2 | L} 7o
l
TR2
N
—————Ccf2 8IT
-, K
Tzoemn!zom)

TRANSITION
L DETECTOR

P1.1

rupts

Tl — e

The AT89S52 has a total of six interrupt vectors: two external interrupts (INTO and
INT1), three timer interrupts (Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

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 5 shows that bit position IE.6 is unimplemented. User software should
not write a 1 to this bit position, since it may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 and EXF2 in register
T2CON. Neither of these flags is cleared by hardware when the service routine is vec-
tored to. In fact, the service routine may have to determine whether it was TF2 or EXF2
that generated the interrupt, and that bit will have to be cleared in software.

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. However,
the Timer 2 fiag, TF2, is set at S2P2 and is polled in the same cycle in which the timer
overflows.

AT89S 52 s ————————
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f. Interrupt Enable (IE) Register

38) (LSB)

EA | - | Ev2 ES ETY EX1 ETO EXO
/able Bit = 1 enables the interrupt.
able Bit = 0 disables the interrupt.

ol Position Function
IE7 Disables all interrupts. If EA = 0, no interrupt is acknowledged. If EA = 1, each
interrupt source is individually enabled or disabled by setting or clearing its enable bit.
IE.6 Reserved.
IES Timer 2 interrupt enable bit.
IE4 Serial Port interrupt enable bit.
IE3 Timer 1 interrupt enable bit.
IE.2 External interrupt 1 enable bit.
IE.1 Timer 0 interrupt enable bit.
IE.O External interrupt O enable bit.

oftware should never write 1s to reserved bits, because they may be used in future AT89 products.

6. Interrupt Sources

()} {>C
W-@} IE0 |—»

N

TFO

0 {>c
iNT1 —O/L IE1 —»

1LX

v

TF1
) >
RI
w1
EXF2

v

v

v
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XTAL1 and XTAL2 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 7. 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 8.
There are no requirements on the duty cycle of the external clock signal, since the input
to the internal clocking circuitry is through a divide-by-two flip-flop, but minimum and
maximum voltage high and low time specifications must be observed.

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
functions registers remain unchanged during this mode. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally
resumes program execution from where it left off, up to two machine cycles before the
intemnal 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 idie mode should not write to a port pin or to external
memory.

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 an enabled external inter-
rupt. Reset redefines the SFRs but does not change the on-chip RAM. The reset should
not be activated before V¢ is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and stabilize.

Figure 7. Oscillator Connections

c2
—"H———I——— XTAL2
L]
C1
") XTAL1

GND

]

Note: 1. C1,C2

30 pF +10 pF for Crystals
40 pF + 10 pF for Ceramic Resonators

AT89S52 mu
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Figure 8. External Clock Drive Configuration

NC —— XJAL2
EXTERNAL
OSCILLATOR — XTAL1
SIGNAL

Table 8. Status of External Pins During ldle and Power-down Modes

Program
Mode Memory ALE PSEN | PORTO | PORT1 | PORT2 | PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
ram Memory The AT89S52 has three lock bits that can be left unprogrammed (U) or can be pro-
Bits grammed (P) to obtain the additional features listed in the following table.
Table 9. Lock Bit Protection Modes
Program Lock Bits
LB1 LB2 LB3 | Protection Type
V) U V) No program lock features
2 P U V) MOVC instructions executed from external program
memory 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
3 P P u Same as mode 2, but verify is also disabled
4 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 dur-
ing reset. If the device is powered up without a reset, the latch initializes to a random
value and holds 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.

ATMEL 1
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The AT89S52 is shipped with the on-chip Flash memory array ready to be programmed.
The programming interface needs a high-voitage (12-volt) program enable signal and is
compatible with conventional third-party Flash or EPROM programmers.

The AT89S52 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S52, the address, data, and
control signals should be set up according to the Flash programming mode table and
Figures 13 and 14. To program the AT89S52, take the following steps:

1. Input the desired memory location on the address lines.
2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V.
5

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 us. 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 AT89S52 features Data Polling to indicate the end of a byte write
cycle. During 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 completed, true
data is valid on all outputs, and the next cycle may begin. Data Poliing 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.

Program Verify: 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 individual 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 normal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7
must be pulled to a logic low. The values retumed are as follows.

(00CH) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates AT89S52
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by
using the proper combination of control 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 500 ms.

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

AT89S52 s ——
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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.

To program and verify the AT89S52 in the serial programming mode, the following
sequence is recommended:

1. Power-up sequence:
Apply power between VCC and GND pins.
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 instruc-
tion to pin MOSI/P1.5. 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 which returns
the content at the selected address at serial output MISO/P1.6.

5. Atthe end of a programming session, RST can be set low to commence normal
device operation.
Power-off sequence (if needed):
Set XTAL1 to “L" (if a crystal is not used).
Set RST to “L".
Tum V¢ 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 comple-
ment of the MSB of the serial output byte on MISO.

R ‘ImEl 21
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The Instruction Set for Serial Programming follows a 4-byte protoco! and is shown in

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

Most worldwide major programming vendors offer support for the Atmel AT89 microcon-
troller series. Please contact your local programming vendor for the appropriate

software revision.
). Flash Programming Modes
ALE/ A PO.7-0 P24-0 | P1.7-0
Vec | RST | PSEN | PROG Vep P26 | P27 | P33 | P3.6 | P37 Data Address
@
de Data sV H L ~ 12v L H H H H D A12-8 AT-0
de Data sV H L H H L L L H H Dour A12-8 AT-0
@
% Bit 1 sV H L -~ 12V H H H H H X X X
@) 12v
k Bit2 5V H L -~ 2 H H H L L X X X
; ® 12v H
k Bit3 Y H L ~ L H H L X X X
P0.2,
* Bits 5V H L H H H H L H L P0.3, X X
£0.4
(1
0 5V H L ~r 12v H L H L L X X X
el D 5V H L H H L L L 1EH X 0000 GOH
fice ID 5V H L H H L L 52H X 6001 G0H
fice ID 5v H L H H L L L 06H X 0010 COH

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

. Each PROG pulse is 260 ns - 500 ns for Write Code Data.
b
i
)

Each PROG pulse is 200 ns - 500 ns for Write Lock Blits.

. RDY/BSY signal is output on P3.0 during programming.
. X =don't care.

AT89S52 e ———
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Figure 9. Programming the Flash Memary (Parallel Mode)

AT89S52
ADDR. —Alo'—:-: P1.0P17 Ve
0000H/1FFFH
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SEE FLASH | —¥ P27 ALE
PROGRAMMING-| ——»{ P3.3
MODES TABLE | ——»| Pas
—» P37
T‘ XTAL2 EA
333 MHz |
- P3.0
XTAL1 RST
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RDY/
BSY
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Figure 10. Verifying the Flash Memory (Parallel Mode)
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Al

' Programming and Verification Characteristics (Parallel Mode)
°C t0 30°C, Ve =4.5t0 5.5V

3] Parameter Min Max Units
Programming Supply Voltage 115 125 v
Programming Supply Current 10 mA
Ve Supply Current 30 mA
Oscillator Frequency 3 33 MHz
Address Setup to PROG Low 48t o
Address Hold After PROG 48t o,

Data Setup to PROG Low 48t ¢,

Data Hold After PROG 48te o,

P2.7 (ENABLE) High to Vpp 48t o,

Vpp Setup to PROG Low 10 us
Vpp Hold After PROG 10 us
PROG Width 0.2 1 us
Address to Data Valid 48t o,

ENABLE Low to Data Valid 48tc o

Data Float After ENABLE 0 48te o

PROG High to BUSY Low 1.0 us
Byte Write Cycle Time 50 us

11. Flash Programming and Verification Waveforms — Parailel Mode

P10 - P17 PROGRAMMING . VERIFICATION
P20 - P2.4 q ADDRESS ,—j "_ADDRESS )
tavav
PORT 0 DATA IN N DATA OUT p—————
tover  tomox [
taveL N tarax
ALE/PROG A\ y
tshoL [¢ —to o—" tonsy
— A Ve ___________ N\LOGIC 1
EANVge —___________] O LA e ________ I _______.
‘—
P2.7 —’l e eLav M o
(ENABLE) /T
tonsL —*
P3.0
(RDY/BSY) BUSY READY
twe

1918B-MICRO-11/03



Figure 12. Flash Memory Serial Downloading
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AIMEL

1. Serial Programming Instruction Set

Instruction
Format
ction Byte 1 Byte 2 Byte 3 Byte 4 Operation
mming Enable 1010 1100 0101 0011 3000 300K 3000 X000 Enable Serial Programming
0110 1001 while RST is high
(Output on
MISO)
rase 1010 1100 100x 0 00K XXKX 000K XXX Chip Erase Flash memory
array
>rogram Memory | 6010 0000 XN Coon 0T 12 BBES 8958 | Read data from Program
Aode) < << memory in the byte mode
>rogram Memory | 0100 0000 AN T HeYT Ve | B88Y 3858 | Write data to Program
fode) T 3% WRRR 3 8358 memory in the byte mode
.ock Bitst" 1010 1100 1110 00 @& | X0 00 000C 3000( Write Lock bits. See Note (1).
.ock Bits 0010 0100 000K X000 00K 300K 00 o XX Read back current status of
833 the lock bits (a programmed
lock bit reads back as a *1°)
jignature Bytes 0010 1000 XN o00 ~00  Xxx0 Signature Byte | Read Signature Byte
T <<© <
rogram Memory | 0011 G000 000y —ogw Byte 0 Byte 1... Read data from Program
Mode) < << Byte 255 memory in the Page Mode
(256 bytes)
‘rogram Memory | 0101 0000 X00ey pat=t Byte 0 Byte 1... Write data to Program
Vode) < << Byte 255 memory in the Page Mode

(256 bytes)

1. 81=0, B2 =0-->Mode 1, no lock protection
B1 =0, B2 = 1 --> Mode 2, lock bit 1 activated
B1 =1, B2 =0 —> Modse 3, fock bit 2 activated
B1=1, B2 =1 —>Mode 4, lock bit 3 activated

After 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 pulsing 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 all 256
bytes are shifted in/out. Then the next instruction will be ready to be decoded.

Each of the lock bit modes needs to be activated sequentially

before Mode 4 can be executed.

AT89S52 s ————————
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Programming Characteristics

14. Serial Programming Timing

2. Serial Programming Characteristics, Ty =-40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

MOSI

X X

tovsH |e—sje tsHox

SCK \—/9\
HSL

MISO

X X

AT89S52

] Parameter Min Typ Max Units
Osclllator Frequency 3 33 MHz
Oscillator Period 30 ns
SCK Pulse Width High BtocL ns
SCK Puise Width Low 8toicL ns
MOSI Setup to SCK High toLoL ns
MOS! Hold after SCK High 2t ns
SCK Low to MISO Valid 10 16 32 ns
Chip Erase instruction Cycle Time 500 ms
Serial Byte Write Cycle Time 64 toy o +400 Hs

RO-11/03
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AIMEL

lute Maximum Ratings*

ng Temperature -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-
) 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
en Any Pin ether conditions beyond those indicated in the
spect to Ground -1.0Vto +7.0V operational sactions of this specification is not
implied. Exposure to absolute maximum rating
im Operating Voltage 6.6V conditions for extended periods may affect
device reliability.
put Current 15.0 mA
haracteristics
1es shown in this table are valid for T, = 40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.
Parameter Condition Min Max Units
tnput Low Voltage (Except EA) 0.5 0.2 V0.1 '
Input Low Voltage (EA) 05 0.2Vc0.3 v
Input High Voltage {Except XTAL1, RST) 0.2 Vet0.9 Veet0.5 v
Input High Voltage (XTAL1, RST) 0.7 Ve Vect0.5 v
Output Low Voltage! (Ports 1,2,3) | I, = 1.6 mA 0.45 v
Output Low Voltage!" =
(Port 0, ALE, PSEN) o =3.2mA 0.45 v
lon = -60 pA, Vo = 5V £10% 24 v
Output High Voltage _
(Ports 1,2,3, ALE, PSEN) lon = -25 A 0.75 Vee v
loy=-10 pA 0.9 Ve \'
lon =-800 A, Ve =5V £10% 24 \4
Output High Voitage o
(Port 0 in External Bus Mode) lon = -300 uA 0.75 Vec v
low = -80 pA 0.9 Vee v
Logical O Input Current (Ports 1,2,3) | Vi =0.45V -50 uA
Logical 1 to O Transition Current _ _
(Ports 1.2.3) Vi =2V, Vgc =5V £10% 650 pA
Input Leakage Current (Port 0, EA) | 0.45 < Vi < Ve #0 pA
Reset Pulldown Resistor 50 300 KQ
Pin Gapacitance Test Freq. = 1 MHz, T = 256°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
{die Mode, 12 MHz 6.5 mA
Power-down Mode'" Vee = 5.5V 50 pA

Maximum Ig,_ per port pin: 10 mA
Magximum lg, per 8-bit port:
Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total |, for all output pins: 71 mA

1. Under steady state (non-transient) conditions, I, must be externaily limited as follows:

If I, exceeds the test condition, Vo, 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.

AT89S52
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haracteristics

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

nal Program and Data Memory Characteristics

12 MHz Osclilator Variable Oscillator
| Parameter Min Max Min Max Units
Oscillator Frequency 0 33 MHz
ALE Pulse Width 127 2tc,0,-40 ns
Address Valid to ALE Low 43 torc-25 ns
Address Hold After ALE Low 48 tewc-25 ns
ALE Low to Valid [nstruction In 233 4t o -85 ns
ALE Low to PSEN Low 33 terc25 ns
PSEN Pulse Width 205 3t 45 ns
PSEN Low to Valid Instruction In 145 3ty 60 ns
Input Instruction Hold After PSEN 0 0 ns
Input Instruction Float After PSEN 59 terc-25 ns
PSEN to Address Valid 75 toc-8 ns
Address to Valid Instruction In 312 Stec,-80 ns
PSEN Low to Address Float 10 10 ns
RD Pulse Width 400 6tc c-100 ns
WR Pulse Width 400 6te e -100 ns
RD Low to Valid Data In 252 Bte 80 ns
Data Hold After RD 0 0 ns
Data Float After RD 97 Po e, -28 ns
ALE Low to Valid Data In 517 8tg o, -150 ns
Address to Valid Data In 585 oo -165 ns
ALE Low to RD or WR Low 200 300 3t o -50 3tg o +50 ns
Address to RD or WR Low 203 At 075 ns
Data Valid to WR Transition 23 terce-30 ns
Data Valid to WR High 433 oo 130 ns
Data Hold After WR 33 toc-25 ns
RD Low to Address Float 0 0 ns
RD or WR High to ALE High 43 123 terc-25 terc #25 ns

AIMEL 20
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AImEL

rnal Program Memory Read Cycle

b, —
ALE Vo
¢ torpn
t < e »
i D gy LTLY
PSEN / ¢ v/ N—
- toLaz e
tuax toxiz
toxix—  Je—
PORT 0 > A0-AT K INSTRIN b > A0-A7 >
“ taviv
PORT 2 %( A8 - A15 X _AB-A15

rnal Data Memory Read Cycle

tu—
ALE ,F \ /t_;/
— tin

PSEN _/ PP S

e— tRiRH —»
e— tuw —>
RD et —e N—— 1
- tAVI.L_J o tarov trupz
truaz — trrox
PORT 0 }J(AO - A7 FROM RI OR DPL) KOATA IN DKAD - A7 FROM PCLO—CINSTR IN
tavw >
tavov
PORT 2 3( P2.0 - P2.7 OR AB - A15 FROM DPH X__AB - A15 FROM PCH

AT89S52 e ————
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AT89S52

nal Data Memory Write Cycle

t—
ALE A JF;_/
— twHin
PSEN / N/
— tyuwm —sfe—twwn —|
WR «—w—ﬂjh—)’
Le— to —» tavwx = — [+ twnax
A o tovwH —»
PORT 0 _ A0 - A7 FROM RI OR DPLI | DATA 0uT__ X DXA0 - A7 FROM PCL-NSTR IN
[e—— tAVVII. —_—"

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

1al Clock Drive Waveforms

Ve - 08V Z_ fonex leLon — . b ' [+ fonot
0.7 Ve
o5 _7/0.2 Vee- 0.1V < 7 R
[ toiex —*
¢ toicy >
1al Clock Drive
Parameter Min Max Units
Oscillator Frequency 0 33 MHz
Clock Period 30 ns
High Time 12 ns
Low Time 12 ns
Rise Time ns
Fall Time ns

AIMEL "
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AIMEL

Il Port Timing: Shift Register Mode Test Conditions
lues in this table are valid for Ve = 4.0V to 5.5V and Load Capacitance = 80 pF:

12 MHz Osc Variable Osclllator
ol Parameter Min Max Min Max Units
Serial Port Clock Cycle Time 1.0 12t o, us
Output Data Setup to Clock Rising Edge 700 10tg,c -133 ns
Outpiit Data Hold After Clock Rislirg Edge 50 2tc,c-80 s
Input Data Hold After Clock Rising Edge 0 0 ns
Clock Rising Edge to Input Data Valid 700 10tg, ¢, -133 ns
Register Mode Timing Waveforms
INSTRUCTION 0 1 2 3 _.4 5 6 S 8__|
«c _Mnnnnrontirtntinntinntinntntn!
¢ » tao
CLocK [ L I I b I
WRITE TO SBUF, N0 11X 2 X3 X 4 X 5 X e X1/
v — t,
OUTPUT DATA ooy [+ [+ too ser |
. CLEARRI |, : ¢
v
INPUT DATA

esting Input/Output Waveforms'"

Ve - 0.5V

02 Vgg + 08V
TEST POINTS

0.2 V., - 0.1V
0.45V cc

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 V,,; min. for a logic 1 and V,_ max. for a logic 0.

: Waveforms(?

Timing Reference

+ 0.4V
ok

1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded V,/Vo, level occurs.

AT89S52 s ——
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ring Information

d Power
4] Supply Ordering Code Package Operation Range
4.0V to 5.5V AT89S852-24AC 44A Commercial
AT89S52-24JC 44 (0°C to 70°C)
AT89S52-24PC 40P6
AT89S852-24SC 42PS6
AT89S52-24Al 44A Industrial
AT89S52-24Ji 44) (-40°C to 85°C)
AT89852-24P| 40P6
AT89S52-24S| 42PS6
4.5V to 5.5V AT89S52-33AC 44A Commercial
AT89S52-33JC 4J (0°C to 70°C)
AT89S52-33PC 40P6
AT89552-33SC 42PS6
Package Type

44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)

44-lead, Plastic J-leaded Chip Carrier (PLCC)

40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

AIMEL
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ANE]

aging Information

. TQFP

PIN 1
N .
PIN 1 IDENTIFIER 1
1
ey X B E
» :
[uuumuoTonm
|~ D1
. D -

C 0'~7 . . ' f
:’-:/’:f(:ummmw memmm;r_[
COMMON DIMENSIONS

[ HET
L
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
A1l 0.05 - 0.15
A2 0.85 1.60 1.05
D 1175 | 1200 | 1225
D1 9.80 10.00 | 10.10 | Note 2

E 11.75 | 1200 | 1228
tes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 980 | 1000 | 10.10 | Note2

protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including mold mismatch. ¢ 0.0 0.50
3. Lead coplanarity is 0.10 mm maximum. . — e
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
Orchard Pa TITLE DRAWING NO. |REV.
ngﬂ Orchard 95'1"3'”1‘” 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, 447 5
! 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

AT 89S 5 2 0000 ——



AT89S52

PLCC

1.14(0.045) X 45

1.14(0.045) X 45° PIN NO. 1
0.318(0.0125)
| |-
J,l?'f_,"T,'_f‘ER o l—-— 0.191(0.0075)
N
g 0 i
_'_c 0
: : T
1B L B E T gh D2E2
Bd b
g
0 1
q N
Oj \ ))
OOt g uany
A2
-ﬁ A1

D ——
% % |
0.51(0.020)MAX
45° MAX (3X)
L COMMON DIMENSIONS
(Unit of Measure = mm)

| SYNBOL| MIN NOM MAX | NOTE
A 4.191 - 4.572
A1 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
lotes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimenslons D1 and E1 do not include mold protrusion. E1_|16.510 - 16.662 | Note 2
Allowable protrusion Is .0107(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
material condition at the upper or lower parting line. -680 = 0.813
3. Lead coptanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1.270 TYP
10/04/01
2325 Orchard Pa TITLE DRAWING NO. |REV.
San Jose, CA 95' 1"3“13’ 44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC) 44J B

AIMEL 3

RO-11/03 [ — ]|



AIMEL

- PDIP

D PIN

1
o I SN I e O o I e Ot Y o BN o I |

C E1
1

SAI R i e

c \L\ \-l, \ <0¢; 15° REF (Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
|l eB ! A - - 4.826
Al 0.381 - -
D 52.070 - 52.578 | Note 2
E 15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
tes: 1. This package conforms to JEDEC reference MS-011, Variation AC. 81 1.041 = 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 0.26 mm (0.010"). c 0.203 _ 0.381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01
2325 Orohard Parkway TITLE ] DRAWING NO. |REV. |
San Jose, CA 95131 f'gil;g, gg;lggde(?ﬁsél'g )/1 5.24 mm Wide) Plastic Dual 40P6 B

Ry g ——
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AT89S52

5 - PDIP
D PIN
1
C E1
A0 N I N |
A

I—o— E ——-I
| RS | COMMON DIMENSIONS

\ I\ 0°~15° REF (Unit of Measure = mm)
C\L \—l\«/

SYMBOL| MIN NOM MAX | NOTE
|-—— eB ———-‘ A - - 4.83
Al 0.51 - -
D 36.70 - 36.96 | Note 2
E 15.24 - 15.88
E1 13.46 - 13.97 | Note 2
8 0.38 - 0.56
ses: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1 | 076 - |
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.05 - 343
Mold Flash or Protrusion shall not exceed 0.256 mm (0.010"). c 0.20 N 0.30
eB - - 18.55
e 1.78 TYP

11/6/03

TITLE
2325 Orchard Parkway | 45pgg 42.lead (0.600%/15.24 mm Wide) Plastic Dual
San Jose, CA 95131 | |pjine Package (PDIP)
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GRO-11/03 [~ ————— ]



MEL

(G

3l Corporation

5 Orchard Parkway
Jose, CA 96131, USA
1(408) 441-0311

: 1(408) 487-2600

onal Headquarters

e
el Sarl

te des Arsenaux 41
e Postale 80

1705 Fribourg
tzerland

(41) 26-426-5555

: (41) 26-426-5500

m 1219

1achem Golden Plaza
Aody Road Tsimshatsui
t Kowloon

g Kong

(852) 2721-9778

: (862) 2722-1369

Tonetsu Shinkawa Bldg.

}-8 Shinkawa

o-ku, Tokyo 104-0033
an

(81) 3-3523-3551

: (81) 3-3523-7581

Atmel Operations

Memory
2325 Orchard Parkway
San Jose, CA 95131, USA
Tel: 1(408) 441-0311
Fax: 1(408) 436-4314

Microcontrollers
2325 Orchard Parkway
San Jose, CA 95131, USA
Tel: 1(408) 441-0311
Fax: 1(408) 436-4314

La Chantrerie

BP 70602

44306 Nantes Cedex 3, France
Tel: (33) 2-40-18-18-18

Fax: (33) 2-40-18-19-80

ASICIASSP/Smart Cards
Zone Industrielle
13106 Rousset Cedex, France
Tel: (33) 4-42-53-80-00
Fax: (33) 4-42-53-60-01

1150 East Cheyenne Mtn. Bivd.
Colorado Springs, CO 80906, USA

Tel: 1(719) 576-3300
Fax: 1(719) 540-1759

Scottish Enterprise Technology Park

Maxwell Building

East Kilbride G75 0QR, Scotland

Tel: (44) 1355-803-000
Fax: (44) 1355-242-743

RF/Automotive

Theresienstrasse 2
Postfach 3535

74025 Heilbronn, Germany
Tel: (49) 71-31-67-0

Fax: (49) 71-31-67-2340

1150 East Cheyenne Mtn. Blvd.
Colorado Springs, CO 80906, USA
Tel: 1(719) 576-3300

Fax: 1(719) 540-1759

Biometrics/Imaging/Hi-Rel MPU/
High Speed Converters/RF Datacom

Avenue de Rochepleine

BP 123

38521 Salnt-Egrave Cedex, France
Tel: (33) 4-76-58-30-00

Fax: (33) 4-76-58-34-80

Literature Requests
www.atmel.com/literature

ter: Atmel Corporation makes no warranty for the use of its products, other than those expressly contained in the Company’s standard

which is detailed in Atmel's Terms and Conditions located on the Company's web site. The Company assumes no responsibility for any
hich may appear in this document, reserves the right to change devices or specifications detailed herein at any time without notice, and
| Make any commitment 1o updata the information contained harein. No ilcensss 1o patants oF othar intaliestual propeity 6f Atmel aré
by the Company in connection with the sale of Atmel products, expressly or by implication. Atmel's products are not authorized for use
il components in life support devices or systems.

| Corporation 2003. All rights reserved. Atmel® and combinations thereof are the registered trademarks of Atmel Corporation or its
ries. MCS® is a registered trademark of Intel Corporation. Other terms and product names may be the trademarks of others.

f, Printed on recycled paper.

1819B-MICRO-11/03



This datasheet has been download from:

Datasheets for electronics components.



