PENGONTROL RUMAH JAMUR JARAK JAUH Di
LENGKAPI DENGAN PERINGATAN SMS BERBASIS
MIKROKONTROLLER RENESAS R8C/TINY

SKRIPSI

Diajuian Untuk Memenuhi Salah Satu Syarat Memperoleh Gelar Sarjana Teknik
Pada Jurusan Teknik Flektro S-1 Konsentrasi Elektronika

Oleh-:

==
BAMBANG WISWANTO =
02.17.104 (&ég”"\n \ \"_{ &Kﬁg
.'\ - ‘.,‘? 5 N
\ vE W o\ P ‘"_j/"“";
li“ . ™ “?,//

KONSENTRASI ELEKTRONIKA
JURUSAN TEKNIK ELEKTRO S-1
FAKULTAS TEKNOLOG! INDUSTR!
INSTITUT TEKNOLOGI NASIONAL MALANG
2007



g

\ D, -»Hm,. Na
Sl SY P R

Ay M, T
oA T

7 Ewa{w,

£l

DB ¢ :;3 L Gl

FS AR, W

.&.f ,...v 4
. P )
R &urﬁ 2

Bt

natt
g

)

i n e Y

AR AN

5 . .
» i - E B ..
) R
; By
m'r.unc):,ﬂ :.L.mw

» i}.‘



LEMBAR PERSETUJUAN

PENGONTROL RUMAH JAMUR JARAK JAUH DI
LENGKAPI DENGAN PERINGATAN SMS BERBASIS
MIKROKONTROLLER RENESAS R8C/TINY

SKRIPSI

Diajukan Untuk Memenuhi Salah Satu Syarat Memperoleh Gelar Sarjana Teknik
Pada Jurusan Teknik Elektro S-1 Konsentrasi Elektronika

Oleh :
BAMBANG WISWANTO
02.17.104

Dosen Pembimbing

KONSENTRASI ELEKTRONIKA
JURUSAN TEKNIK ELEKTRO S-1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG
2007

ii



-

e INSTITUT TEKNOLOGI NASIONAL
§(HIU) FAKULTAS TEKNOLOGI INDUSTRI
‘4] JURUSAN TEKNIK ELEKTRO S-1

' J1. Karanglo KM. 2 Malang

BERITA ACARA UJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

Nama : Bambang Wiswanto

NIM :02.17.104

Jurusan : Teknik Elektro S-1

Konsentrasi : Teknik Elektronika

Masa Bimbingan : 12 Januari 2007 — 12 Juli 2007

Judul Skripsi : Pengontrol Rumah Jamur Jarak Jauh Di Lengkapi

Dengan Peringatan SMS Berbasis Mikrokontroller
Renesas R8C/Tiny
Dipertahankan di hadapan Tim Penguji Skripsi Jenjang Strata Satu (S-1) pada :

Hari : Jum’at
Tanggal : 23 Maret 2007
Nilai :83 (A )@C;(

PANITIA UJIAN SKRIPSI

SEKRETARIS

: ALANG /)

T Mochtar Asroni,. MSME ) (Ir. F. Yudi Lympraptono. MT )
NIP.Y. 1018100036 NIP.Y. 1039500274
ANGGOTA PENGUJI

PENGUJI II

(M. Ashar, ST, MT )
NIP.




ABSTRAKSI

PENGONTROL RUMAH JAMUR JARAK JAUH DI LENGKAI DENGAN
PERINGATAN SMS BERBASIS MIKROKONTROLLER RENESAS
R8C/TINY

(Bambang Wiswanto, 02.17.104, Teknik Elektro S-1/Elektronika)
(Dosen Pembimbing : Joseph Dedy Irawan, ST, MT)

Kata Kunci : Renesas R8C/Tiny, RS 485, RS 232, CPU, HP Siemens, Relay
12V,LM 35, HS15P, BD400, LM358, Blower, Hairdryer.

Sistem telekontrol secara konvensinal terdiri dari sensor, pemroses data,
komunikasi serial, PC, HP Siemens, penghasil kelembaban, dan pemanas sebagai
pengatur sikulasi udara. Sensor berfungsi sebagai pendeteksi udara dalam rumah
jamur. Kemudian di inputkan ke MCU (Mikrokontroller unit) MCU mengirimkan
ke PC (Personal Computer) melalui RS485 dan RS232.PC akan memproses
semua inputan dari MCU dan akan ditampilkan table/grafik.

Dengan kemampuan komunikasi serial (RS485) agar dapat dikontrol
dengan jangkauan maksimal 1,2 Km, dengan fasilitas SMS (Short Message
Service) dapat digunakan untuk pemberitahuan/peringatan dlam keadaan ekstrim.
Aplikasi mikrokontroller Renesas R8C/Tiny pada telekontrol digunakan sebagai
kendali system.
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BAB 1

PENDAHULUAN

1.1. Latar Belakang

Pengaplikasian teknologi dimanfaatkan untuk menciptakan alat-alat yang
dapat berguna bagi kehidupan manusia, misalnya dalam bidang pertanian seperti
budidaya jamur. Kita tahu bahwa jamur merupakan sumber protein nabati yang
diperlukan tubuh. Jamur sendiri membutuhkan lingkungan yang mendukung agar
bisa tumbuh dengan baik terutama masalah suhu / temperatur dan kelembaban.
Saat ini kebanyakan para petani jamur masih menggunakan sistem manual untuk
menjaga suhu / temperatur dan kelembaban udara. Artinya para petani harus
setiap saat berada di rumah jamurnya untuk menjaga agar temperatur dan
kelembaban udara di rumah jamur tersebut tetap berada pada kondisi yang
diperlukan jamur untuk tumbuh dengan baik. Apabila terdapat beberapa rumah
jamur, maka petani jamur harus berjalan ke masing-masing rumah jamur untuk
mengukur dan menjaga temperatur dan kelembaban agar tetap berada pada
kondisi yang diinginkan. Dimana hal ini harus dilakukan secara periodik untuk
menjaga kualitas pertumbuhan jamur, dikarenakan temperatur dan kelembaban
sangat mempengaruhi kelangsungan hidup jamur. Hal ini akan sangat melelahkan
para petani dan menyebabkan kurang efektif dan efisien.

Untuk mengatasi hal tersebut diperlukan teknologi yang mampu
menyediakan sarana komunikasi jarak jauh yang tepat dan efisien. Dengan

menggunakan sistem telekontrol para petani jamur tidak perlu berjalan ke rumah



jamur untuk mengetahui berapa tingkat temperatur dan kelembaban pada masing-
masing rumah jamur dan berupaya melakukan aktivitas untuk menyesuaikan
tingkat kelembabannya. Para petani cukup mengawasi melalui sebuah komputer
yang terdapat dalam rumah petani dan aktivitas penyesuaian temperatur dan
kelembaban dapat dilakukan secara otomatis melalui PC (Personal Computer)
untuk menggerakkan mekaniknya. Selain itu jika terjadi kondisi ekstrim
(kelembaban dan suhu tidak pada range yang telah ditentukan) dan petani tersebut
sedang tidak berada di tempat, secara otomatis PC akan mengirimkan pesan ke

handphone melalui SMS (Short Message Service).

1.2 Runtusan Masalah
Dengan memperhatikan uraian latar belakang di atas, maka rumusan
masalah akan ditekankan péda :
1. Bagaimana merancang dan membuat alat kontrol temperatur dan
kelembaban dengan menggunakan pengontrol mikrokontroller.
2. Bagaimana merancang dan membuat perangkat lunak pada PC untuk
memonitor dan memberi perintah alat kontrol temperatur dan kelembaban.
3. Bagaimana merancang dan membuat protokol komunikasi data antara PC
dan mikrokontroler.
4. Bagaimana merancang dan membuat protokol komunikasi data antara PC

dan HP (Handphone).



1.3 Tujuan
Tujuan pembuatan alat simulasi Telekontrol Rumah Jamur ini adalah
membuat kemudahan pemantauan temperatur dan kelembaban pada rumah jamur

yg dapat di kontrol secara otomatis.

1.4 Batasan Masalah
Untuk menghindari meluasnya masalah, maka dalam pembahasan akan
lebih ditekankan pada :

1. Pengiriman pesan ke HP pemilik jamur hanya berupa pemberitahuan
kondisi apabila keadaan temperatur dan kelembaban berada di luar range
yang ditentukan.

2. Tidak membahas jaringan GSM (Global System Mobile).

3. Tidak membahas tentang sistem internal dari telepon seluler.

4. Hanya membahas spesifikasi jamur secara umum.

5. Hanya mengontrol suhu dan kelembaban.

6. Tidak membahas catu daya.

1.5 Metodologi Penulisan
Beberapa tahapan yang digunakan dalam penyelesaian laporan akhir ini
adalah sebagai berikut :
1. Studi Literatur
Studi literatur ini bertujuan untuk mencari landasan teori mengenai sistem

telekontrol.



2. Perancangan dan Pembuatan Program
Perancangan dan pembuatan program ini membahas tentang bagaimana
cara mengirim data yang terdapat pada sensor ke komputer dan dapat
dibaca secara tepat serta mengontrol motor untuk membuat penyesuaian
temperatur dan kelembaban.

3. Pengujian dan Analisa
Dilakukan untuk mengetahui apakah sistem telah berfungsi dengan
optimal, jika masih terdapat kesalahan dapat diketahui penyebabnya serta

dilakukan perbaikan sehingga program dan sistem dapat berfungsi optimal.

1.6 Sistematika Pembahasan
Sistematika pembahasan Laporan Akhir Telekontrol Rumah Jamur

Berbasis MCU Yang Dapat Diakses Melalui HP, perinciannya sebagai beriicut :

1) BABI PENDAHULUAN
Bab ini membahas tentang hal-hal yang menjadi latar belakang, tujuan,

rumusan masalah, dan metodologi serta sistematika pembahasan.

2) BABII LANDASAN TEORI
Bab ini menguraikan teori-teori yang mendasari dan mendukung dalam
perencanaan serta pembuatan hardware dan software seperti pengetahuan dasar
MCU RS8C, temperature dan kelembaban jamur, RS 232, RS 485, Borland

Delphi.



3) BAB III PERENCANAAN DAN PEMBUATAN ALAT

Bab ini membahas tentang perencanaan serta pembuatan hardware dan

software.

4) BAB IV PENGUKURAN DAN PENGUJIAN ALAT

Bab ini membahas tentang pengujian hardware dan software serta

pembahasan mengenai hasil pengujian tersebut per blok sistem.

5) BAB V PENUTUP

Bab ini membahas tentang kesimpulan dan saran terhadap laporan akhir

untuk pengembangan menjadi sistem yang lebih sempurna.



BAB II

LANDASAN TEORI

2.1. Jamur

Jamur dalam bahasa daerah ( Sunda ) dikenal dengan sebutan *“ supa *
atau dalam bahasa Inggris disebut “ mushroom “ termasuk golongan fungi atau
cendawan. Sedangkan menurut ahli mikrologi, jamur ialah fungi yang mempunyai
bentuk tubuh buah seperti payung ( Dr. Ir. Meity Sinaga, 1990:1).

Kehidupan jamur berawal dari spora ( basidiospora ) yang kemudian akan
berkecambah membentuk hifa yang berupa benang-benang halus. Hifa ini akan
tumbuh ke seluruh bagian media tumbuh. Kemudian dari kumpulan hifa atau
miselium akan berbentuk gumpalan kecil seperti simpul benang yang menandakan
bahwa tubuh buah jamur mulai terbentuk. Simpul itu berbentuk bundar atau
lonjong dan dikenal dengan stadia kepala jarum ( pin head ). Simpul ini akan
membesar dan diberi istilah stadia kancing kecil atau small botton. Selanjutnya
stadia kancing kecil terus membesar mencapai stadia kancing ( butfon ) dan stadia
telur ( egg ). Pada stadia ini, tangkai dan tudung yang tadinya tertutup selubung
universal mulai membesar. Selubung tercabik, kemudian diikuti stadia
perpanjangan ( elongation ). Cawan ( volva ) pada stadia ini terpisah dengan
tudung ( pileus ) karena perpanjangan tangkai ( stalk ). Stadia yang terakhir adalah
stadia dewasa tubuh buah ( Dr. Ir. Meity Sinaga, 1990 :1).

Kandungan protein jamur lebih tinggi dibandingkan dengan kandungan

protein pada tumbuh-tumbuhan secara umum. Walaupun tidak setinggi protein



hewani, ikan atau telur, tapi hampir sebanding dengan protein susu, jagung atau
kacang-kacangan dan lebih tinggi dari protein sayur-sayuran dan buah-buahan.
Berikut ini tabel mengenai perbandingan nilai gizi beberapa jenis jamur

yang edible dengan bahan makanan lain dalam berat segar :

Tabel 2.1 Nilai gizi beberapa jenis jamur dibandingkan dengan bahan

makanan lain *)

Karbohidrat

No Jenis makanan Protein ( % ) | Lemak (%)

(%)
1. Agaricus sp. 4.8 0,2 3,5
2. Boletus edulis 5,4 0,4 5,2
3. Loctarius deliosus 3,0 0,8 3,0
4. | Cantarellus cibarius 2,6 0.4 3.8
5. Bayam 2,2 0,3 1,7
6. Kentang 2,0 0,1 20,9
7. Kubis 1,5 0,1 42
8. Daging sapi 21,0 5,5 0,5
9. | Volvariella volvaceae 1,8 0,3 12-48

( jamur merang )

* Meity Sinaga, Jamur Merang dan Budidayanya.Jakarta, 1990 him. 8



2.1.1. Daur Hidup Jamur

Sebagai organisme yang tidak berklorofil, jamur tidak dapat melakukan
proses fotosintesis seperti tumbuh-tumbuhan. Dengan demikian jamur tidak dapat
menggunakan langsung energi matahari. Jamur mendapat makanan dalam bentuk
jadi seperti glukosa, protein dan senyawa pati. Bahan makanan ini akan diurai
dengan bantuan enzim yang diproduksi oleh hifa menjadi senyawa yang dapat
diserap dan digunakan untuk tumbuh dan berkembang. Semua jamur bersifat
saprofit yaitu organisme yang hidup dari senyawa organik yang telah mati ( Dr. Ir.
Meity Sinaga, 1990 : 3-4).

Secara alami jamur dapat tumbuh dalam musim tertentu dalam satu tahun.
Hal ini terjadi karena ketergantungan hidupnya akan temperatur dan kelembaban
tertentu. Umumnya musim yang tepat untuk berburu jamur di alam bebas adalah
pada musim hujan untuk daerah tropika dan musim gugur untuk daerah sub

tropika.

Gymnocarpic

Anglocarpic

GAMBAR 2.1 Bagian-Bagian Jamur

( Sumber : Meity Sinaga, Jamur Merang dan Budidayanya )



Bagian-bagian tubuh jamur terdiri dari :
1. Tundung sebagai pelindung tubuh jamur.
2. Bilah merupakan bagian pinggir dari jamur.
3. Spora yang jika ditanam akan tumbuh menjadi jamur baru.
4. Tangkai merupakan bagian penopang jamur.
5. Cawan sebagai tempat tumbuhnya tangkai.

6. Rizoid yang merupakan akar dari jamur.

2.1.2. Temperatur Dan Kelembaban Jamur
Menurut kemampuan hidup pada temperatur tertentu, jamur terbagi dalam
tiga golongan yaitu :
1. Psikrofilik adalah jamur yang tumbuh pada kisaran temperatur antara 0 —
30° C, dengan temperature optimum 15° C
2. Mesofilik adalah jamur yang tumbuh pada kisaran temperature 25 — 37° C
dengan temperature optimum sekitar 30° C.
3. Termofilik adalah jamur yang membutuhkan temperature optimum 55° C.
Untuk daerah Asia Tenggara umumnya jamur yang tumbuh adalah jenis
mesofilik. Selain temperatur, kelembaban merupakan faktor yang paling
berpengaruh dalam pertumbuhan jamur. Umumnya jamur akan tumbuh dengan
baik pada keadaan udara yang lembab. Hal ini erat hubungannya dengan
kebutuhan jamur akan air, baik dalam bentuk air ataupun uap air. Adapun

kelembaban yang diperlukan jamur berkisar antara 60 — 90 %, sedangkan suhu
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yang diperlukan jamur untuk hidup dengan baik adalah sekitar 25°C - 29°C
dengan kondisi terbaik untuk hidup pada nilai 27°C.

Pengaturan suhu dan kelembaban tersebut di dalam ruangan dapat
dilakukan dengan menyemprotkan air bersih ke dalam ruangan. Pengaturan
kondisi lingkungan sangat penting bagi pertuinbuhan tubuh buah. Apabila suhu
terlalu tinggi, sedangkan kelembaban terlalu rendah maka primordia (bakal jamur)
akan kering dan mati ( Cahyana YA, Muchrodji, M. Bakrun , 1997 : 9).

Di samping suhu dan kelembaban, faktor cahaya dan sirkulasi udara perlu
diperhatikan dalam budidaya jamur. Sirkulasi udara harus cukup, tidak terlalu
besar tetapi tidak juga terlalu kecil. Intensitas cahaya yang diperlukan pada saat

pertumbuhan sekitar 10 %.

2.2. Metode Transmisi Data Digital
Pengiriman data biner melalui suatu saluran dapat dilakukan dengan dua

mode yaitu mode pentransmisian parallel dan mode pentransmisian serial.

Data Transmission
Y L
Paralel Serial
Y Y
Synchronous Asynchronous

Gambar 2.2 Metode Transmisi Data Digital

( Sumber : William. L. Schwebwer, 1998 )
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2.2.1. Transmisi Data Parallel

Transmisi data paralel adalah transmisi sejumlah n bit data yang dapat
dikirimkan dan diterima dalam waktu yang bersamaan dengan menggunakan n
saluran. Jadi setiap bit data mempunyai 1 saluran. Keuntungan dari transmisi
paralel yaitu pengiriman data menjadi lebih cepat, sedangkan kerugiannya yaitu
biaya yang lebih banyak karena membutuhkan jumlah saluran yang lebih banyak.
Karena permasalahan biaya menyebabkan metode ini hanya digunakan untuk

komunikasi jarak dekat.

vv#tva%

P DO PO S a0

Sender Receiver

Gambar 2.3 Transmisi Data Paralel

( Sumber : William.L.Schwebwer, 1988 )

2.2.2. Transmisi Data Serial

Transmisi data serial adalah transmisi data yang pengiriman dan
penerimaan datanya berurutan tiap bitnya. Jadi kita hanya membutuhkan satu
saluran untuk mengirimkan data antar dua perangkat komunikasi. Keuntungan
transmisi serial yaitu biaya lebih murah karena hanya membutuhkan satu saluran

saja schingga banyak digunakan untuk komunikasi jarak jauh. Sedangkan
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kerugiannya adalah kecepatan pengiriman data lebih rendah dibandingkan dengan

transmisi paralel.

0110001

Sender Receiver

Gambar 2.4 Transmisi Data Serial
( Sumber : William.L.Schwebwer, 1988 )
Pengiriman data akan dimulai dari LSB ( Least Significant Bit ) dan
diakhiri dengan MSB ( Most Significant Bit ). Setiap karakter yang dikirimkan,
disusun sesuai dengan suatu urutan dengan bit tertentu. Berdasarkan formatnya,

salah satu jenis komunikasi serial yaitu :

2.2.2.1. Transmisi Data Serial Asinkron

Pada pengiriman data asinkron ( tidak sinkron ), setiap karakter dikirimkan
sebagai satu kesatuan ( entity ) bebas yang berarti bahwa waktu antara pengiriman
bit terakhir dari sebuah karakter dan bit pertama dari sebuah karakter berikutnya
tidak tetap. Pengiriman data asinkron lebih sederhana daripada pengiriman
sinkron karena hanya isyarat data saja yang dikirimkan. Detak penerima
dibangkitkan secara lokal di dalam penerima dan tetap dijaga agar sesuai dengan
detak pengirim yang menggunakan bit awal ( start bit ) dan bit akhir ( stop bit )

yang dikirimkan setiap karakter dan data yang satu dengan data selanjutnya
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dipisahkan oleh gap. Penyesuaian detak pengiriman dan penerima terjadi karakter

per karakter.
Arah Data
Data
L1 jT] Ll 11
Bit stop Bit start P
Sendor Rocoiver

Gambar 2.5 Transmisi Data Serial Asinkron

( Sumber : William.L.Schwebwer, 1988 )

Gambar di atas menunjukkan sinkronisasi awal-akhir, bit awal dan akhir
tidak membawa informasi, tetapi hanya menunjukkan awal dan akhir setiap
karakter. Dari gambar dapat dilihat bahwa bit kedelapan disebut bit paritas,
diikutsertakan dalam bentuk gelombang tersebut. Bit ini akan dipasang pada 1
atau 0 untuk meyakinkan cacah bit pada setiap karakter adalah genap untuk

paritas genap, atau ganjil untuk paritas ganjil.

Berdasarkan arah komunikasinya, pengiriman data serial dibedakan menjadi :
- Half Duplex

Merupakan sistem komunikasi yang mengirimkan data dalam satu arah.
Sistem ini tidak dapat mengirimkan data secara bersamaan sehingga perlu saling
menunggu secara bergantian untuk berkomunikasi. Pada gambar di bawah

menunjukkan komunikasi half duplex.
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Gambar 2.6 Komunikasi Half Duplex

( Sumber : DC Green, Komunikasi Data, 1998 : 27 )

- Full Duplex

Merupakan sistem komunikasi yang mengirimkan data dalam dua arah.
Sistem ini dapat mengirimkan data secara bersamaan sehingga tidak perlu saling
menunggu secara bergantian untuk komunikasi. Pada gambar di bawah

menunjukkan komunikasi full duplex.

Gambar 2.7 Komunikasi Full Duplex

( Sumber : DC Green, Komunikasi Data, 1998 : 28 )

2.3.  Unit Komunikasi
2.3.1. Komunikasi Serial RS 232

RS 232 merupakan salah satu jenis interface dalam proses transfer data
antar komputer dalam bentuk serial transfer. RS 232 merupakan kependekan dari
Recommended Standart Number 232. RS 232 dibuat untuk interface antara

peralatan terminal data dengan peralatan komunikasi data, dengan menggunakan
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data biner serial sebagai data yang ditransmisikan. Serial interface RS 232
memberi ketentuan logic level sebagai berikut :

e Logic 1 disebut ” mark ” terletak antara -3 Volt hingga -15 Volt.

e Logic 0 disebut ™ space ” terletak antara +3 Volt hingga +15 Volt.

Daerah tegangan antara -3 Volt hingga +3 Volt adalah invaled level, yaitu
daerah yang tidak memiliki logic sehingga daerah tersebut harus dihindari. Suatu
saluran data RS 232 yang memberi keadaan ini berarti ada kesalahan. Demikian
pula saluran daerah lebih negatif dari -15 volt dan daerah lebih positif dari +15
Volt. Pada saat pengiriman data, sebelum mengirim data bit 0 harus diawali
dengan start bit terlebih dahulu kemudian baru mengirim bit 0. Setelah mengirim

bit 7 masih harus diakhiri dengan stop bit.

2.3.1.1. Dasar-Dasar Serial Interface

Dasar-dasar serial interface telah diuraikan mengenai fungsi dari interface
RS 232C. Dalam pembahasan berikut ini, akan dijelaskan bagaimana dasar-dasar
interface tersebut. Proses transfer secara serial menggunakan alat RS 232C yang
dibuat oleh Electronic Industry Assosiation ( EIA ) antara terminalnya, biasanya
menggunakan DTE ( Data Terminal Equipment ) untuk masing-masing terminal.
Kadang diperlukan seperangkat peralatan untuk kebutuhan komunikasi yang lebih
kompleks, misalnya dengan memanfaatkan modem. Perangkat tersebut sering
disebut dengan DCE ( Data Communication Equipment ).

Data yang ditransfer dari suatu terminal akan diterima oleh terminal

lainnya, dan demikian pula sebaliknya melalui seperangkat peralatan di atas.
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Gambar di bawah menjelaskan konsep transfer antara DTE dengan DTE dan DTE
dengan DCE. Jenis data yang akan ditransfer adalah dalam bentuk biner ( bit per
bit transfer ) dengan satuan baut untuk kecepatan transfernya ( bit per detik ).
Dalam proses transfer ini harus terdapat suatu peralatan yang berfungsi sebagai
hand shake ( jabat tangan ) yaitu sebagai pemantau status yang diterima atau ada
untuk memberikan respon yng sesuai. Dalam merancang perangkat lunak
komunikasi serial, hand shake disempurnakan dengan menambahkan karakter

pengendali dalam deretan atau jumlah bit yang ditransfer, biasanya disebut start

bit dan stop bit.
DTE DTE
Receive Rocsive
Transmit Transmit

Gambar 2.8 Blok Diagram Transfer Data DTE dengan DTE

( Sumber : Malvino )

DTE DCE
Receive Receive
>
S
Transmit Transmit

Gambar 2.9 Blok Diagram Transfer Data DTE dengan DCE

( Sumber : Malvino )

Secara sederhana dapat dijelaskan bagaimana konsep interface antara DTE
dengan DCE yang dilakukan berulang-ulang sampai semua data selesai ditransfer,

adalah sebagai berikut :
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e Ketika DTE ingin mengirim data, sebuah protokol yaitu RTS
dikirimkan untuk memberitahu DCE.

e Pada saat itu masukan RTS pada DCE menjadi aktif.

e Jika DCE mampu menerima balasan data, maka ia akan membalasnya
dengan mengirim CTS.

¢ Begitu DTE menerima balasan, masukan CTS-nya diaktifkan.

e Pengiriman data dilakukan melalui TxD.

e Penerimaan data dilakukan melalui RxD.

23.1.2. Pin- Pin pada EIA RS 232 dan Kegunaannya
Secara praktis untuk kebutuhan transfer data cukup 9 pin yang digunakan.
Adapun masing-masing adalah sebagai berikut :
a) Pin 1 Protective Ground
Pin ini berguna untuk menghindarikejutan karakteristik listrik karena
kegagalan suatu daya. Dalam kasus bagaimanapun, pada standart RS 232
pin 1 bukan merupakan suatu keharusan.
b) Pin2 Transmitted Data (TxD/TD)
Berguna sebagai jalur pengiriman data dari DTE ke DCE.
¢) Pin 3 Received Data (RxD/RD)
Berguna sebagai jalur penerimaan data dari DCE ke DTE.

d) Pin 4 Request to Send (RTS)



g)

h)
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Berguna untuk memberitahu DCE bahwa DTE akan mengirim data. RTS
merupakan sebuah protokol perangkat keras yang mendahului
pengiriman data dari DTE ke DCE.

Pin 5 Clear to Send ( CTS)

Berguna untuk memberitahu DTE bahwa DCE siap untuk menerima
data. CTS merupakan sebuah protokol perangkat keras yang mendahului
penerimaan data dari DTE ke DCE.

Pin 6 Data Set Ready ( DSR)

Berguna untuk memberitahu DTE bahwa DCE aktif dan siap untuk
bekerja.

Pin 7 Signal Ground

Berguna sebagai referensi semua tegangan interface.

Pin 8 Data Carrier Detect ( DCD )

Berguna pada DTE untuk tidak memperbolehkan penerimaan data.

Pin 9 Data Terminal Ready ( DTR )

Berguna untuk memberitahu DCE bahwa DTE aktif dan siap untuk
bekerja.

Tabel 2.2 Konfigurasi Pin DB 9

Pin No | Name Notes / Description

1 DCD Data Carrier Detect
2 RD Receive Data
3 TD Transmit Data

4 DTR Data Terminal Ready
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5 SGND | Ground

6 DSR Data Set Ready
7 RTS Request To Send
8 CTS Clear To Send

9 RI Ring Indicator

( Sumber : Malvino )

Protokol Komunikasi pada RS 232

Beberapa protokol dalam interface RS 232 adalah :

Start Bit

Merupakan sebuah bit dengan logika ‘0°, dimana bit ini yang
menandakan bahwa akan ada karakter atau data yang mengikutinya. Bit
ini langsung diberikan tanpa harus mensetnya terlebih dahulu.

Data Bit

Merupakan bit yang mewakili dari karakter yang diikutinya. Data bit ini
dapat diset antara 5 sampai 8 bit.

Parity Bit

Merupakan bit yang digunakan sebagai error checking pada receiver,
apabila terjadi kesalahan maka receiver akan menset error flag ( parity
error ) pada spesial register. Parity bit ini menghitung jumlah data yang
berlogika 1’ pada data bit. Perhitungan jumlah data bit tersebut
tergantung dari jenis parity yang diset. Untuk parity *event’ jumlah data
bit yang berlogika ’1° ditambah dengan parity bit akan menghasilkan

jumlah yang ganjil. Sedangkan untuk parity *mark’ merupakan parity bit
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yang selalu berlogika ’1’ demikian pula pada space parity bit selalu
berlogika *0’ dan parity *none’ merupakan parity bit yang diabaikan.

e Stop Bit
Merupakan bit yang menandakan akhir dari suatu paket data ( biasanya 1
byte data ). Seperti pada start bit, bit langsung diberikan pada serial
device. Stop bit ini dapat diset panjangnya menjadi satu bit, satu
setengah atau dua bit.

e Baud Rate
Sebenarnya baud rate berarti pergantian kondisi tiap detik, tetapi karena
hanya ada dua kondisi pada komunikasi serial ( yaitu logic *1’ dan ’0’ )
maka dapat juga digunakan untuk menunjukkan kecepatan dari transmisi

bit ( bit persecond ).

2.3.2. Komunikasi Serial RS 485

Standart RS 485 diterapkan oleh Electronic Industry Association dan
Telecommunication Industry Association pada tahun 1983. Standart RS 485 hanya
membicarakan karakteristik sinyal dalam transmisi data secara Balanced Digital
Multipoint System. Jadi jauh lebih sederhana dibandingkan dengan standart RS
232 yang mencakup ketentuan tentang karakteristik sinyal, macam-macam sinyal
dan konektor yang dipakai, serta konfigurasi sinyal pada kaki-kaki di konektor

dan juga penentuan tata cara pertukaran informasi antara komputer dan alat-alat

pelengkapnya.
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RS 485 bisa dipakai untuk saluran sejauh 4000 feet dan kecepatan lebih
dari 1 Megabit / detik. Pada RS 485 menggunakan saluran ganda ( Differential
atau Balanced Transmision ) yang memakai satu pasang kabel untuk mengirim
satu sinyal, informasi logika ditafsirkan dari beda tegangan antara 2 utas kabel
saluran. Tegangan pada kedua utas kabel saluran selalu berlawanan, saat satu
kabel bertegangan tinggi maka kabel yang lain bertegangan rendah, demikian pula
sebaliknya. Rangkaian penerima sinyal membandingkan tegangan kedua kabel
saluran, level logika pada bagian output ditentukan oleh kabel mana yang lebih
positif.

Meskipun demikian, saluran ganda tidak dipakai untuk transmisi yang
memerlukan banyak saluran, mengingat RS 485 memakai kabel jauh lebih banyak
sehingga mahal. Untuk penghematan kabel, bahkan saluran ganda sering dipakai
untuk saluran half duplex, yaitu saluran dua arah secara bergantian yang hanya
menggunakan satu pasang kabel, bisa dipakai untuk menghubungkan /line
generator dan banyak line receiver menjadi satu, sistem ini disebut sebagai
komunikasi multidrop.

Meskipun balanced data transmission lebih rumit, tapi mempunyai sifat
yang sangat kebal terhadap gangguan listrik, sehingga bisa dipakai untuk

menyalurkan data lebih jauh dengan kecepatan lebih tinggi.

2.4 Mikrokontroler RENESAS R8C / Tiny
Mikrokontroler RENESAS dibangun menggunakan proses gerbang silicon

CMOS dengan kemampuan tinggi menggunakan CPU seri R8C/Tiny dan dikemas
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dalam modul plastic dengan jumlah pin sebanyak 32. Mikrokontroler ini
beroperasi menggunakan perintah canggih khususnya efisiensi perintah dengan
level tinggi. Mikrokontroler ini mempunyai 1 Mbytes kapasitas alamat, yang bisa

digunakan untuk mengeksekusi perintah dengan kecepatan tinggi. Data flash

ROM sebesar 2 KB x 2 blocks.
8 8 1]2
1/O port | Port P1 | Port P4
I Peripheral functions |
Timer ATD converter
{10 bits X 12 channels)
Timer X (8 bits) AT o ok - System clock generator
Timer Y (8 bils| or Clock synchronous
| Timet 2 (8 bt s Ao mwedxm ascitator J
f4e o cl
Timer C {16 bils) ( ! Lovi-speed on<chip oscillator
UART
{8 bits X 1 channel)
| R8C Series CPU core Memory
] L I S8 ] ROM !
Watchdog timer 1H 1L T (Note 1)
15 bas) L]
S e RAM
ri NIB {Note 2)
[ o |
| A
B LG |
Muliplier

Gambar 2.10 Blok Diagram MCU Renesas
( Sumber : Datasheet Renesas )
Mikrokontroler Renesas R8C/Tiny mempunyai struktur memori yang terdiri atas :

e Space alamat hingga 1 Mbytes dari alamat 00000, sampai FFFFF .
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ROM internal ( program area ) dialokasikan pada alamat terendah
dimulai dari alamat OFFFF;¢. Misalnya, 16 Kbyte ROM internal
dialokasikan pada alamat yang dimulai dari 0C000,¢ sampai OFFFF .
ROM internal untuk data area dialokasikan pada alamat 020006 sampai
02FFF .

Sedangkan RAM internal dialokasikan pada arah alamat yang lebih
tinggi dimulai dari alamat 00400,¢.

Special function register ( SFR ) dialokasikan pada alamat mulai dari
000006 sampai 002FF¢. Fungsi register control peripheral dialokasikan

disini.



000001
SFR
(Sea Chapier 4 for detaib. |
G02FF1s
(04001
Intamal RAM
0XXXX1t6
0200016
Internal ROM
{data area)’
02FFFts
oYYYY1s
Internal ROM
{program area)
OFFFF15
Expanding area
FFFFF16
NOTES:
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BRK,

"' OFFDCI6 Undefined instruction
‘ 3 Overty ;

OFFFFss E

1. The data flash RO block A 12K bytes: and black B 2K bytes) ars shawn,
2. Blark spaces are reseréad. No access is allowed.

Typs name ' Internal ROM Intemal RAK
h Size Address OYYYYw.]  Size Address 0XXXX15
ROF21134FP. R5F2114DFP 16K bytas 0C00016 1K bytes 007FF 18
R5F21133FP. REF21133DFP 12K bytes 0DMWMe 768 byles Q06FF 15
RSF21132P. RSF21132DFP 8K bytes 0E00016 512 bylas 005FF 16

Gambar 2.11 Memory Map

( Sumber : Datasheet Renesas )
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Gambar 2.12 Konfigurasi Pin R8C/Tiny

( Sumber : Datasheet Renesas )

Keterangan fungsi masing-masing pin :
1. VCC

Digunakan untuk sumber tegangan dengan range nilai antara 2,7 — 5,5

Volt.
2. Vsg

Range tegangan 0 Volt
3. IVcec

Pin ini digunakan untuk menyetabilkan sumber tegangan internal. Pin ini

dihubungkan ke Vss melalui kapasitor 0,1 uF.
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. AVcc, AVss

Pin ini merupakan input power supply untuk A/D Converter. Pin ini
dihubungkan ke pin Vgc, sedangkan AVss dihubungkan ke Vss.

Hubungkan pin AVss dan AV¢c dengan kapasitor.

. Reset

Merupakan input reset pada MCU.

. CNVsgs

Pin ini dihubungkan ke Vss melalui resistor.

. Mode

Pin ini dihubungkan ke V¢ melalui resistor.

. X, Xout

Pin ini disediakan untuk pembangkitan rangkaian I/O pada clock utama.
Hubungkan resonator keramik atau osilator kristal antara X dan Xouyr.
Untuk menggunakan clock derived external, masukkan ke pin Xy dan pin

Xour dibiarkan terbuka.

. INTo—INT;

Merupakan pin input interupt

10. KIp - KI;

Merupakan pin Key Input interrupt.

11. CNTR, (VO )

Merupakan timer pin X 1/0

12.CNTRy (O)

Merupakan timer pin X output.



27

13. CNTR;
Merupakan timer pin Y I/O
14. TZoyr
Merupakan timer pin Z output.
15. TCiy
Merupakan timer pin C input.
16. CMPO, — CMPO;3; dan CMPO;¢ ~ CMPO3
Merupakan timer pin C output.
17. CLK,
Merupakan transfer clock untuk pin I/O.
18. RxDy dan RxD,
Pin serial data input.
19. TxDy, TxDjq dan TxDy,
Pin serial data output.
20. Vger
Referensi pin input tegangan untuk A/D Converter. Hubungkan Vggr ke
Ve
21. ANo— ANy,
Pin input analog untuk A/D Converter.
22. POy - POy, P1og — P14, P3p — P33, P37 dan P4s
Merupakan port 8 bit CMOS 1/O. P1y — P15 juga berfungsi sebagai port

LED driver.
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2.5 SMS ( Short Message Service )
2.5.1 Pengkonversian 7 bit ( Septet ) ke 8 bit ( Oktet )

SMS yang dispesifikasikan oleh organisasi ETSI ( European
Telecommunication Standart Institute ) memiliki panjang 160 karakter, bit tiap
karakter adalah 7 bit ditunjukkan dalam tabel 7 bit default alphabet.

Dalam pengirimannya, SMS 7 bit ( septet ) diubah dalam oktet. Dijelaskan dalam
contoh berikut : Pesan > hellohello * terdiri atas 10 karakter, tiap karakter diubah
dalam 7 bit, pengubahan pesan ini ditunjukkan dalam tabel.

Tabel 2.3 Karakter Dalam Septet Untuk Pesan hellohello

Pesan 7 Bit ( Septet )
h 1101000
e 1100101
1 1101100
1 1101100
0 1101111
h 1101000
e 1100101
1 1101100
1 1101100
o 1101111

( Sumber : Trik pemrograman SMS, 2002 : 15)
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Septet pertama ( h ) diubah dalam sebuah oktet dengan menambah satu bit
paling kanan dari septet kedua agar jumlah bit menjadi 8. Bit ini dimasukkan pada
bagian paling kiri dari 7 bit karakter *h’ sehingga 1 + 1101000 = 11101000 (
E8” ) menjadi 8 bit. Bit paling kanan dari karakter kedua telah terpakai sehingga
karakter kedua memerlukan 2 bit dari karakter ketiga untuk membuat 8 bit.
Demikian seterusnya hingga karakter terakhir, sehingga diperoleh format 8 bit
untuk tiap karakter yang ditunjukkan dalam tabel.

Tabel 2.4 Hasil Pengubahan 7 bit default ke 8 bit

8 Bit Oktet Heksadesimal
11101000 ES

00110010 32

10011011 9B

11111101 FD

01000110 46

10010111 97

11011001 D9

11101100 EC

110111 37

( Sumber : trik Pemrograman SMS, 2002 : 15)
Jadi, hellohello akan dikirimkan dalam heksadesimal sebagai berikut :

E8329BFD4697DEC37
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252 AT Command

AT Command bertugas mengirim dan menerima data dari dan menuju
SMS. AT Command yang penting dalam sistem SMS adalah :

e AT+CMGS ( untuk mengirim SMS )
AT+CMGS = n (untuk mengirim SMS )
n = jumlah pasangan heksa PDU SMS dimulai setelah nomor SMS center (
maksimal 140 )

Tabel 2.5 Parameter command syntax AT+CMGS

Command Respon

Jika mode PDU(+CMGF=0): | Sukses:+CMGS:<mr>
+CMGS=<length><CR>PDU  yang | Gagal:+CMS:<error>

ada <ctrl Z/ESC>

+CMGS=?S

( Sumber : www.siemens-mobile.com )

o AT+CMGL ( untuk memeriksa SMS )
AT+CMGL = n? (untuk memeriksa SMS ) antara lain :
e  n =0 untuk SMS baru di INBOX ( pesan belum terbaca )
n =1 untuk SMS lama di INBOX ( pesan telah terbaca )
n = 2 untuk SMS Unset di OUTBOX ( pesan tidak terkirim )

n =3 untuk SMS sent di OUTBOX ( pesan terkirim )

B B B B

n = 4 untuk semua SMS
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Tabel 2.6 Parameter command syntax AT+CMGL

Command

Respon

+CMGL=[<stat>]

Jika mode PDU(+CMGF=0) dan command sukses :
+CMGL:<index>,<stat>,<length><CR><LF><pdu>[<CR><LF>
+CMGL:<index>,<stat>,<length><CR><LF><pdu>[...]]

Jika gagal :+CMS ERROR:<err>

+CMGL=?

+CMGL: ( status yang didukung <stat>s)

( Sumber : www.siemens-mobile.com )

o AT+CMGR ( untuk menerima SMS )

Tabel 2.7 Parameter command syntax AT+CMGR

Command Respon

CMGR<index> Sukses:CMGR:<stat>,<length><CR><LF><pdu>
Gagal:+CMS:<error>

+CMGR=? OK

( Sumber : www.siemens-mobile.com )

e AT+CMGD ( untuk menghapus SMS )

AT+CMGD = ( untuk menghapus SMS )

n = nomor referensi SMS yang ingin dihapus.

Tabel 2.8 Parameter command syntax AT+CMGD

Command

Respon

+CMGD = <index>

+CMS : <error>
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+CMGD =?

( Sumber : www.siemens-mobile.com )

e AT+CMGF (untuk SMS format )

Tabel 2.9 Parameter command syntax AT+CMGF

Command Respon

+CMGF = [<mode>]

+CMGF =? +CMGF:<mode>

+CMGF=? +CMGF: ( pilihan yang mendukung <mode>s)

( Sumber : www.siemens-mobile.com )

2.6 Relay

Relay adalah suatu alat untuk membuka dan menutup kontak secara
elektrik dengan tujuan menghubungkan fungsi dari rangkaian ke rangkaian
lainnya. Relay mempunyai impedansi yang rendah yang nilai impedansi
kumparannya berkisar antara beberapa puluh sampai beberapa ratus ohm,
sedangkan sumber penggerak masukan umumnya memiliki impedansi yang jauh
lebih tinggi. Daya akan ditransfer secara maksimal dari sinyal penggerak ke
kumparan relay jika impedansi sumber penggerak dan impedansi kumparan
sesuai. Kontak-kontak tersebut ada dua macam, yaitu Normally Open dan
Normally CloAs;ed. Normally open adalah relay yang kontaknya terbuka pada saat

belum ada arus yang melalui kumparan dan tertutup saat ada arus. Sedangkan
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normally closed adalah relay yang kontaknya tertutup sebelum ada arus yang

melalui kumparan dan terbuka pada saat ada arus.

Gambar 2.13 Relay

( Sumber : Malvino )
Cara kerja arus adalah sebagai berikut :
Jika ada masukan arus maka pada kumparan akan terdapat induksi
magnetik yang nantinya akan menarik pegas kontak untuk merubah posisi
awalnya menjadi terhubung ke bagian yang diinginkan. Setelah arus berhenti,

maka tidak ada induksi sehingga kontak akan kembali ke posisi semula.

2.7 Borland Delphi

Borland Delphi adalah salah satu bahasa pemrograman terbaik saat ini.
Dalam pembuatan sebuah program, Delphi menggunakan sistem yang disebut
RAD (Rapid Application Development). Sistem ini memanfaatkan bahasa
pemrograman visual yang membuat seorang programmer lebih mudah mendesain
program tampilan (user interface). Cara ini sangat bermanfaat untuk membuat
program yang bekerja dalam sistem Windows yang memang tampilan layarnya

lebih rumit (sekaligus indah dilihat) dibandingkan DOS. Dengan bahasa



34

pemrograman biasa (non visual), waktu seorang programer akan lebih banyak
dihabiskan untuk mendesain atau memperindah tampilan program dari pada

menulis program utamanya sendiri.

2.7.1 Kelebihan-kelebihan Program Delphi
Delphi menyediakan fasilitas yang luas mulai dari fungsi untuk membuat

JSorm hingga fungsi untuk menggunakan beberapa format file basis data yang

populer (dBASE, Paradox, dsb).

Fasilitas-fasilitas Delphi meliputi :

a. Komponen yang dapat dipakai ulang dan dapat dikembangkan Delphi
mempermudah pembuatan program bagi komponen-komponen Windows
seperti label, button dan bahkan dialog. Sebagai contoh, dalam Windows,
dialog untuk menyimpan file ditemukan dalam banyak aplikasi. Dialog
tersebut telah tersedia dalam Delphi dan dapat langsung digunakan tanpa
harus memrogram.

b. Komponen visual dan komponen non-visual sudah tersedia dalam Delphi.
Komponen-komponen yang dapat ditemui antara lain: komponen bution,
komponen-komponen Database, komponen Menu dan Dialog. Komponen-
komponen Database memungkinkan untuk menampilkan data tanpa
memprogram, cukup dengan menggunakan tombol mouse.

c. Dapat mengakses VBX. Delphi dapat mengakses objek-objek VBX secara
langsung. Dalam Delphi VBX dianggap sebagai kumpulan komponen yang

dapat digunakan langsung untuk membuat aplikasi.
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d. Template aplikasi dan Template Form. Dalam Delphi telah didefinisikan
template aplikasi dan template form yang dapat dipakai untuk membuat semua
aplikasi dengan lebih cepat.

e. Lingkungan pengembangan Delphi. Beberapa contoh fasilitas di dalam Delphi
yang dapat diatur sesuai kebutuhan adalah Palet Komponen (Component
Pallete), Editor Program dan Template Form.

f. Program yang terkompilasi. Kebanyakan lingkungan pengembangan visual
pada Windows menyatakan dapat mengkompilasi program. Namun
sebenarnya mereka hanya dapat mengkompilasi sebagian program dan
kemudian menggabungkan inferpreter dan pcode dalam sebuah file. Dengan
cara ini didapatkan eksekusi yang lambat. Di dalam Delphi, program yang
dihasilkan benar-benar program yang terkompilasi tanpa interpreter dan pcode
sehingga dapat berjalan lebih cepat. Program Delphi yang kecil dapat
diserahkan dalam bentuk sebuah file EXE tanpa harus meyertakan file DLL.

g. Kemampuan mengakses data dalam bermacam format. Dalam Delphi terdapat
Borland Database Engine (BDE) yang digunakan untuk mengakses format file
data yang ada. BDE telah melalui beberapa tahap perkembangan. Sebelumnya
BDE dikenal sebagai ODAPI, kemudian IDAPI, dan sekarang menjadi standar

untuk akses semua jenis data yang ada saat ini.
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2.7.2 Istilah pada Pemrograman Delphi

Pada bahasa pemrograman Delphi terdapat beberapa istilah penting yang
perlu diketahui untuk mempermudah dalam menggunakannya. Istilah-istilah

tersebut antara lain;
a. Event.

Event adalah aktifitas yang terjadi saat penggunaan aplikasi dan terjadi
karena adanya tindakan dan pemakai, seperti klik maouse atau penekanan tombol
keyboard. Event juga bisa terjadi karena adanya pengaturan oleh timer atau karena
tindakan pemakai sendiri.

b. File Eksekusi.

File Eksekusi adalah file program yang telah diterjemahkan ke dalam
bahasa mesin. File ini dijalankan dari luar aplikasi pembuatannya, yang biasanya

mempunyai ekstensi. EXE.
¢. Fungsi
Fungsi adalah prosedur yang mengembalikan sebuah nilai.
d. Icon.
Icon adalah gambar yang merepresentasikan aplikasi.
e¢. Komponen Visual.

Komponen Visual merupakan pembentukkan obyek di atas form yang

akan menjadi tampilan program, sehingga merupakan ciri dari sebuah bahasa
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pemrograman visual. Komponen visual ini kebanyakan berfungsi sebagai input

dan output dari program-program yang dibuat.
f. Obyek.

Obyek merupakan bagian dari perlengkapan suatu aplikasi yang mengenai
spesifikasi properti tersendiri. Sebagai contoh, form (lembar untuk mendesain)
adalah sebuah obyek. Demikian juga dengan komponen visual. Obyek ini tidak
terbatas pada form dan komponen visual saja, tetapi bisa saja diambil dari apliksi

lain misalnya obyek dari MS-Excel atau MS-Word.
g. Properti

Properti adalah bagian yang membangun sebuah obyek. Properi ini sangat
menentukan obyek yang sedang dibuat. Misalnya saja mengenai judul, panjang,

lebar dan sebagainya.
h. Prosedur.

Produser adalah sekumpulan kode rutin yang ditulis dalam satu blok

tersendiri. Blok tersebut hanya akan dieksekusi jika judul atau namanya dipanggil.
i. Proyek.

Proyek adalah kumpulan dari file yang terorganisir dan membentuk sebuah

program.
j- Unit.
Unit adalah sekelompok prosedur dan fungsi yang sejenis.

k. User Interface.
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User Interface atau tampilan program adalah bagian aplikasi yang kita
lihat. User Interface ini berisi komponen visual yang tersedia bagi pemakai

aplikasi, seperti tombol window, grafik, suara dan sebagainya.
l.  Window

Window merupakan kotak persegi panjang pada layar yang berisi aplikasi
atau bagian dari aplikasi. Window mirip dengan selembar kertas yang dapat
dibuka dan ditutup, ditutupi dengan kertas lain, ditulisi bagian atasnya dan

sebagainya.

2.7.3 Visual Component Library

Pada Delphi dijumpai dua jenis komponen yaitu Visual Component
(VC) dan NonVisual Component (NVC). Perbedaan dari kedua komponen
tersebut adalah komponen visual akan selalu tampak baik pada mode desain
ataupun mide run-time. Sedangkan komponen nonvisual penampakannya hanya
pada mode desain dan biasanya hanya berbentuk icon. Baik visual maupun
nonvisual, kedua komponen ini sangat penting dalam membangun sebuah

program.

Meskipun terdiri dari dua jenis, semua komponen tersebut digabungkan
dalam sebuah library dan dikelompokkan berdasarkan kegunaannya. Pada Delphi,
Visual Component Library dibagi dalam sembilan kelompok standar yaitu
Standard, Additional, Win95, Data Aceces, Data Control, Win3.1, Dialogs,

System, Quick Reports dan dua kelompok tambahan yaitu OCX dan Samples.
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Berikut ini penjelasan masing-masing komponen yang disediakan oleh Delphi.

2.7.3.1 Bagian Standard

Bagian ini berisikan komponen visual maupun nonvisual yang sering

digunakan, yang terdiri dari empat belas komponen yaitu :
MainMenu.

Komponen ini digunakan untuk mendesain dan menciptakan menu bar

yang ada pada form (NVC).
PopupMenu.

Komponen ini digunakan untuk mencipta menu popup yang akan keluar

saat mengklik kanan mouse (NVC).
Label.

Komponen ini digunakan unuk membuat teks di form atau obyek lain

tanpa dapat diubah oleh pemakai program (VC).
Edit.

Komponen ini digunakan sebagai input/output satu baris teks. Pemakai

program dapat mengubah teks ini (VC).
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2.7.3.2 Bagian Data Acces

Bagian ini semuanya berisi nonvisual untuk berhubungan dan
berkomunikasi dengan file database. Pada Delphi versi Desktop, bagian ini terdiri
dari delapan komponen. Akan tetapi pada versi Developer dan Clien/Server,

“bagian ini terdiri dari sembilan komponen :
DataSource

Komponen ini digunakan untuk menghubungkan komponen Table atau

Query dengan komponen tempat data akan ditampilkan (NVC).
Table
Komponen ini digunakan untuk menghubungkan tabel pada suatu
database dengan program yang dibuat (NVC).
Query

Komponen ini digunakan untuk membuat dan mengeksekusi SQL query

pada SQL Server Database atau Database lokal (NVC).
StoredProc

Komponen ini digunakan untu mengeksekusi prosedur yang tersimpan di

SQL Server (NVC).
Database

Komponen ini digunakan untuk membuat hubungan program yang

dibuat dengan database server (NVC).
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Session

Komponen ini digunakan untuk melengkapi pengontrolan secara global

terhadap aplikasi yang berhubungan dengan database (NVC).
BatchMove

Komponen ini memungkinkan kita untuk memodifikasi file database
server pada program yang dibuat dan kemudian dapat memperbaharui server

tersebut NVC).
UpdateSQL

Komponen ini digunakan untuk membuat pembaharuan terhadap SQL

Database (NVC).

2.7.3.3 Bagian Data Control

Bagian ini berisikan komponen visual maupun nonvisual untuk
menampilkan dan mengolah data database. Bagian ini terdiri dari duabelas

komponen yaitu :
DBGrid

Komponen ini digunakan untuk menampilkan data-data dalam bentuk

baris dan kolom.



42

DBNavigator

Komponen ini digunakan ubtuk membuat pengontrol yang bisa
menavigasi database dan mempunyai kemampuan untuk mengubah data tersebut
VO).

DBtext

Komponen ini digunakan untuk menampilkan data suatu field database
dengan versi komponen label. dengan demikian pemakai program tidak dapat

memodifikasi data suatu field yang ditampilkan (VC).
DBEdit

Komponen ini mirip dengan Dbtext hanya saja versi dari komponen edit,

dengan demikian kita bisa memodifikasi data field database yang ditampilkan
(VO).
DBMemo

Komponen ini untuk menampilkan data field database dengan versi

komponen Memo (VC).
DBImage

Komponen ini digunakan untuk menampilkan data suatu field data base

dengan versi komponen Image (VC).
DBListBox

Komponen ini digunakan untuk menampilkan data suatu field database

dengan versi komponen ListBox (VC).
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DBComboBox

Komponen ini digunakan untuk menampilkan data suatu field database

dengan versi komponen ComboBox (VC).

DBCheckBox

Komponen ini digunakan untuk menampilkan data suatu field database

dengan versi komponen ComboBox (VC).
DBRadioGroup

Komponen ini digunakan untuk menampilkan data suatu field database

dengan versi komponen
DBLookupListBox

Komponen ini digunakan untuk membuat ListBox yang menampilkan isi

sebuah dataset (VC).
DBLookupComboBox

Komponen ini untuk membuat ComboBox yang menampilkan isi sebuah

dataset (VC).

2.7.4 Database
Database dipakai untuk menyimpan data sehingga dapat dimanipulasi
dengan mudah. Tanpa database, programmer akan membuat prosedur-prosedur

yang rumit untuk memanipulasi data. Delphi mempunyai komponen-komponen



yang dipakai untuk mengakses tabel dan method untuk memanipulasi record. Ada
beberapa model database, tetapi yang paling banyak dipakai adalah database
relasioanal. Database relasional menyimpan data dalam tabel logika yang terdiri
atas baris dan kolom. Kolom dari tabel dinamakan field dan baris dinamakan
record. Satu kolom berisi data yang sejenis dan satu record berisi data yang

berhubungan.

2.7.4.1 Borland Database Engine

Untuk mengakses database lokal maupun client server, Delphi
memerlukan Borland Database Engine(BDE). BDE adalah kumpulan DLL dan
perangkat yang mampu mengakses bermacam-macam database. Gambar 2.15
memperlihatkan jika kita ingin mengakses suatu database aplikasi kita harus

menggunakan BDE. (Reisdorph Kent).

[ pepniioe | ReportSmith
° - - Database DE
Delphi Application Desktop (DBD) “"E?:mum
Report

I Borland Database Engine (BDEXIDAPI ’ ]

sat Lnks | [opBc Divers | | repansmith pavers |

o - - — - - cme e .- —— -_———

TCRIP, SPXAPX. atc

LN BRI ST ¢

Romate Data Sources
Orsde
Sytuvs o
IreTstrex
IntesBase

Local Data Sources

Gambar 2.14 Arsitektur database Delphi

( Anonim, 1995: 2)
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Program aplikasi yang menggunakan BDE pada saat desain, harus
menyertakan file BDE ini pada saat program didistribusikan. Letak BDE biasanya

di C:\Program Files\Common Files\Borland Shared\BDE.

2.7.4.2 Membuat Tabel dengan Database Desktop

“Database Desktop adalah fasilitas yang dimiliki Delphi unutk membantu
membuat, menampilkan, mengurutkan dan mencari data yang ada pada table.
Database Desktop dapat menangani table Paradox,dBase dan format SQL.” (Inge
Martina, 2002: 48).  Memanggil Database Desktop adalah dengan cara
mengikuti urutan Start | Programs | Borland Delphi 7 | Database Desktop.

Akan muncul tampilan seperti pada Gambar 2.16

B EEQERToch SO THeE T

Gambar 2.15 Borland Database Desktop

( Borland Database Desktop V7.0)

Untuk membuat tabel, pilih File|New|Table. Kita dapat memilih jenis

databasenya, defaulnya Paradox7, Klik OK. Muncul tampilan seperti pada
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Gambar 2.17. Field Name adalah nama masing-masing field tabel yang kita buat.
Type adalah jenis data dari field, penjelasan fype data didaftar pada Tabel 2.11.

Size adalah ukuran field.

tale Paradax 7 Table® [ Lntitled )

old roster: Table propertiss:
| Field Name __|Type! Size |Key [Validity Checks ~]
1 R R s et |

‘ ™ 1 Required Field

nter a field name up to 25 characters long I ooF
|

|

Boriow... t Save Ag.., | Cancel I Help

Gambar 2.16 Membuat Tabel dengan Database Desktop
( Borland Database Desktop V7.0 )

Untuk membuat table, kita harus mengetahui tipe-tipe data yang sesuai

dengan jenis tabel yang akan dibuat. Tabel 2.5 mendaftar tipe data tabel paradox.
Keterangan:

*  Banyaknya digit setelah titik desimal
* * Panjang Memo dan formatted memo. Disimpan di file tersendiri dengan ext
.MB

**%* Opsional
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Tabel 2.10 Tipe data tabel Paradox

Simb | Ukuran | Tipe Penjelasan

ol

A 1-255 Alpha Strings dengan panjang maksimum 255
karakter

N Number Bilangan -10"307 sampai 10"308

$ Money Sebuah nilai dengan format mata uang
dan sebuah simbol mata uang

S Short Bilangan -32,767 sampai 32,767

I Long Integer | Bilangan —2147483648 sampai
2147483647

£ 0—32% BCD Data numerik dalam format BCD

D Date Berisi data tanggal

¥ ) Time Berisi data jam

@ Timestamp Berisi data waktu dan tanggal

M 1 -240%* | Memo Strings yang terlalu panjang jika simpan
di field Alpha

F 0 -240** | Formatted Seperti field memo dengan pengecualian

Memo text dapat diformat misalnya ukuran dan

warna

G 0 - | Graphic Berisi data berupa gambar

240***
0 0 - | OLE Berisi berbagai macam data seperti citra,
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24(%** suara, documents dan lain-lain
L Logical Nilai boolean dengan ukuran 1 bit
+ Autoincrement | Berisi data long integer dengan nilai yang

hanya bisa dibaca. Menghapus sebuah

record tidak mempengaruhi nilai pada

record lain
B 0 - | Binary Data biner, biasanya untuk menyimpan
240%** suara
Y 1-255 | Bytes Data byte, biasaya untuk menyimpan data
bar code atau strip magnetic

( Sumber: Anonim, 1992-1996 )

2.8 Pengolah Sinyal

Piranti-piranti yang terlibat dalam pengolahan sinyal adalah sebagai
berikut :
2.8.1 Operasional Amplifier

Keluaran suatu rangkaian sebelum memasuki rangkaian selanjutnya jika
sinyalnya masih kecil membutuhkan suatu penguat. Perangkat elektronika yang
umum digunakan sebagai penguat adalah penguat operasional. Karakteristik op-
amp yang pokok adalah :
e Impedansi masuka amat tinggi, sehingga arus masukan dapat diabaikan.
e Penguatan tinggi.

e Impedansi keluaran rendah, sehingga tidak terpengaruh oleh pembebanan.
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2.8.1.1 Macam Operasional Amplifier
2.8.1.1.1 Inverting Amplifier

Penguatan tegangan yang dihasilkan adalah sesuai dengan persamaan
(1), dimana tegangan keluaran memiliki polaritas yang berlawanan dengan

polaritas tegangan masukan.

input + output

jjn

Rf

Gambar 2.17 Rangkaian Inverting Amplifier
( Sumber : Malvino )
Ay=Vou/ Vio=-Re/Rip

Vout = (-Re/ Rin )-Vin  wecceccnscnsanens 1)

2.8.1.1.2 Non Inverting Amplifier

Penguatan tegangan yang dihasilkan adalah sesuai dengan persamaan
(2), dimana tegangan keluaran memiliki polaritas yang sefasa dengan polaritas

tegangan masukan.
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Rt

= F | -

Input

Gambar 2.18 Rangkaian Non Inverting
( Sumber : Malvino )
Ay=Vou/ Vi

Vout = (1 + (Re/Rin)).Vin cevessesescssens(2)

2.9 Sensor Temperatur

Sensor suhu yang digunakan adalah LM 35 yang mempunyai output
dalam skala derajat Celcius. Pada saat suhu 0°C, output sensor LM 35
mengeluarkan tegangan 0 V. Setiap kenaikan 1°C, output sensor LM 35 naik
sebesar 10 mV. Sensor LM 35 membutuhkan power supply sebesar 5 V. Contoh

pada suhu 37,5°C, tegangan keluarannya 0,375 V.

Kalau pengindera semacam itu diperlukan, tegangan acuan yang stabil

yang perlu dikurangkan dari hasil pembacaan.

Keunggulan lain dari LM 35 adalah konsumsi arus yang kurang dari

60 pA.
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GHD
—_— LM 35 ks

QUTPUT
Gambar 2.19 Pin Sensor Suhu LM35

( Sumber : Datasheet LM35)

2.10 Sensor Kelembaban

HS15P merupakan salah satu tipe sensor terbuat dari bahan polimer yang
mempunyai kehandalan dalam pengukuran nilai relativitas kelembaban. HS15P
dapat mengukur relativitas kelembaban dalam area operasi 20 — 100 %. Selain itu,
kemampuan HS15P dalam membaca nilai relativitas kelembaban juga bertahan

lama dan murah harganya. HS15P ini bekerja pada temperature 0 sampai 50°C.

Q v

Gambar 2.20 Sensor Kelembaban HS15P

( Sumber : Datasheet HS15P )
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Output dari HS15P ini berupa impedansi yang bergantung dari suhu.
Misalnya, pada suhu 25°C dan relativitas kelembaban 50 %, output impedansinya
sekitar 60 KQ + 30 KQ. Tegangan rata-rata yang dibutuhkan adalah AC 1 Vrms
dengan frekuensi rata-rata sekitar 1 KHz. Sedangkan konsumsi daya yang

dibutuhkan sekitar 0,3 mW
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PERENCANAAN DAN PEMBUATAN ALAT

3.1 Blok Diagram
R | N Penghest
)| Drver Retgy  ——J Kelembaban
Sensor Suhu P smydM J'
MCU
R RBC/3 Driver Relay Blower
Sensor Py
Kelombaban Sinyal
Driver Refay P
RS 485 RS 485 RS 232

Gambar 3.1 Blok Diagram Sistem
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Workstation
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3.2 Perencanaan Sistem

Sensor suhu dan kelembaban diletakkan di rumah jamur dan akan
membaca data dalam rumah jamur. Jika suhu dan kelembaban dalam rumah jamur
mengalami perubahan, maka dapat menyebabkan perubahan impedansi pada
sensor. Sensor pendeteksi kelembaban dan suhu memiliki keluaran berupa besaran
analog. Rangkaim pengkondisi sinyal perlu ditambahkan untuk menguatkan
sinyal output dari sensor. Agar keluaran sensor dapat dibaca oleh mikrokontroler,
maka keluaran dari sensor harus diubah dahulu menjadi besaran digital oleh
rangkaian ADC (Analog to Digital Converter) yang sudah terdapat pada MCU
RENESAS yang digunakan.

Pada media rumah jamur terdapat beberapa kondisi udara yang bisa
mempengaruhi  pertumbuhan Jamur Diantaranya kondisi terlalu panas dan
lembab, panas dan kering, dingin dan lembab, dingin dan kering, dingin, panas,
kering, dan lembab. Kondisi — kondisi di atas harus diatasi agar pertumbuhan
jamur tidak terhambat.

Pada saat kondisi di rumah melebihi suhu set point, PC mengirim perintah
ke MCU untuk menghidupkan blower dan blower akan mati jika suhu sudah
berada pada range. Pada kondisi kurang dari set point, maka PC akan
memerintahkan MCU untuk menghidupkan pemanas sehingga suhu di rumah
Jamur naik dan pemanas mati jika suhu sudah berada pada range yang ditentukan .
Sedangkan saat kelembaban rumah jamur melebihi set point kelembaban, maka

PC memerintahkan MCU untuk menghidupkan blower. Dan jika kelembaban di
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rumah jamur kurang dari set point kelembaban, maka penghasil kelembaban akan
hidup dan melembabkan rumah jamur.

Mikrokontroler dihubungkan ke PC sebagai tampilan dan pengolah data
dari sistem ini. Data suhu dan kelembaban rumah jamur dikirimkan ke PC dengan
menggunakan interface RS 232 yang diperpanjang dengan RS 485. Alasan
menggunakan RS 485 sebagai perpanjangan yaitu agar dapat dikontrol dari luar
rumah jamur dengan jarak maksimum 1,2 Km. Pada PC data tersebut akan
ditampilkan dalam bentuk tabel dan grafik suhu dan kelembaban. Apabila terjadi
kondisi diluar range suhu dan kelembaban yang ditentukan, secara otomatis PC

akan mengirimkan pemberitahuan melalui SMS ke pemilik rumah jamur.

3.3 Perencanaan Hardware
3.3.1 Perencanaan Rangkaian Driver Relay

Rangkaian ini berfungsi untuk menyambungkan dan memutuskan
rangkaian yang ada di luar MCU. Untuk menjalankan relay diperlukan arus yang
cukup besar karena port tidak mampu mensupply arus yang dibutuhkan relay.
Maka dari itu diperlukan rangkaian driver relay yang menggunakan transistor
sebagai penguat arusnya. Rangkaian driver relay tersusun seperti gambar di bawah

ini.
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Input 220 ¥ Pemanas Input 12 V Penghasil kelembaban Input 12V  Blower

—
12y

N [
‘ 1 12V
3143 sXos g
) ;1
Raeatmunand I e e T Moy !
I 1 e ] i D
QTL* ™D %wsn: A
l j FEA

L e Y oo o oo —o 0
l ]

|

i

e AN ] B0 — ——-{:BD‘”
| , 4
‘ — + — B B
= = i —
N ¢ ‘; l i
[ ] ®
Mikrokontroller R8C/Tiny

Gambar 3.2 Rangkaian Driver Relay

Relay yang digunakan adalah relay 12 V(1A), relay cukup handal
digunakan sebagai pengganti switch pengaktif kontaktor daya yang berdaya kecil.
Resistansi kumparan relay adalah 156 Q. Output TTL pada rangkaian control
sebesar 2,4 Volt ( Vbb ) dan Vbe = 0,7 V. Sehingga resistor pada rangkaian

switching dapat ditentukan :
Diketahui :
BD400, mempunyai :
Hfe =100
Vee =12V
Sehingga :

Ic =(Vcc—Vece)/Re
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=(12-0,7)/156
=72,43 mA

Ib =Ic/Hfe
=72,43/100
=0,7243 mA

Rb =(Vbb-Vbe)/Ib
=(2,4-0,7)/0,7243
=2,35KQ

Pada relay juga dipasang sebuah dioda dengan bias reverse. Dioda ini
digunakan untuk melindungi transistor dari pulsa back EMF yang dibangkitkan

oleh induktansi kumparan relay ketika relay dimatikan.

3.3.2 Perencanaan Rangkaian Interface

Untuk dapat berkomunikasi antara MCU dengan PC yang berjarak sekitar
1,2 Km, perlu disesuaikan sistem signal yang dipakai yaitu dengan menggunakan
standart RS 485 yang mempunyai konfigurasi half duplex. Pada perencanaan

interface ini terbagi menjadi 2 bagian, yaitu :
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e PadaPC

Pada PC ( menggunakan COM / RS 232 ) perlu ditambahkan pengubah
sistem sinyal dari RS 485 menjadi RS 232 ( COM 1 ) untuk itu dibutuhkan

rangkaian sebagai berikut :

16 1
—]vece Cl+b—
2 3
— v+ c1-— Rx
6 4
vece RO 1 — V- C2+[— P
E — |2 15 8
B 3 RE ——]Gnd c2-|— RS |
0 3 1 14 o
S A & DE —TN B Tout— cTS
4 10 N
E end & i T2IN T20uTH. Gnd
3 12 1 R1out run 2
o 9 8
3 R20UT R2IN \

Gambar 3.3 Rangkaian Konverter (RS 485 to RS 232)

e Pada MCU

Untuk komunikasi serial yang dimiliki oleh level TTL, maka dari MCU
(hasil komunikasi ) yang berupa RS 485 dengan menggunakan chip Max 485.

Bentuk gambar sebagai berikut ;

vCcC = RO —1—-RXD
— |2

- B ; RE 3 INTO To MCU
8 A 2 DE
g & 4
3 Gnd Bl — TxD
8
o
5
3

Gambar 3.4 Rangkaian MCU to RS 485
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3.3.3 Perencanaan Pengkondisi Sinyal
3.3.3.1 Perencanaan Pengkondisi Sinyal Pada Sensor Suhu
3.3.3.1.1 Perencanaan Rangkaian Sensor Suhu

Suhu ruang yang diinginkan untuk ruangan pembudidayaan jamur adalah
sekitar 25 °C - 29 °C. Karena itu sensor yang digunakan harus memiliki daerah
operasi yang mencakup suhu yang diinginkan yaitu 25 °C - 29 °C. Salah satu
sensor suhu yang memiliki range tersebut diatas adalah adalah sensor suhu LM35.

Sensor suhu merupakan tranduser yang berfungsi untuk mendeteksi
perubahan suhu menjadi sinyal listrik dalam bentuk tegangan. Sensor suhu yang
digunakan adalah IC LM35 keluaran National Semikonduktor dengan
pertimbangan antara lain rangkaiannya sederhana, keluarannya linier terhadap
suhu, terkalibrasi secara langsung dalam derajat celcius, harga terjangkau dan
mudah didapatkan. Rangkaian Sensor suhu LM35 memiliki tegangan operasi yang
umum digunakan yaitu 4 hingga 20 volt.

IC LM35 mempunyai impedansi masukan yang tinggi dan impedansi
keluaran yang rendah, mempunyai sensitivitas + 10mV/°C dan jangkauan operasi
suhu -55°C - 150°C. Tegangan catu yang digunakan 5V4.. Tegangan keluaran dari
sensor adalah 10 mV/°C. Jangkauan pengaturan suhu yang direncanakan adalah
25°C-29°C (suhu ruang jamur), sehingga keluaran sensor adalah 250mV-290mV .
Keluaran dari sensor suhu selanjutnya dihibungkan ke pengkondisi sinyal. Tabel

3.1 menunjukkan hubungan antara suhu dan tegangan keluaran.
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3.3.3.1.2 Rangkaian Pengkondisi Sinyal Analog

Untuk memperoleh resolusi suhu yang diinginkan dan dapat dibaca oleh
ADC, maka keluaran sensor suhu harus dihubungkan dengan rangkaian
pengkondisi sinyal analog. Pengkondisi sinyal analog terdiri dari penguat
penyangga (buffer) dan penguat tak membalik (non-inverting amplifier).
Rangkaian pengkondisi sinyal analog berupa penguat buffer dan penguat non-
inverting ditunjukkan gambar di bawah.

®1  Rangkaian Buffer

+
+ output
LM358
input
Gambar 3.5 Rangkaian Buffer

Penguat penyangga atau pengikut tegangan berfungsi untuk merubah
tegangan pada impedansi tinggi menjadi tegangan yang sama pada impedansi
rendah. Karena sensor suhu IC LM35 menghasilkan tegangan yang berubah-ubah
sesuai dengan perubahan suhu, penguat penyangga memastikan agar sinyal ini

tidak terpengaruh oleh pembebanan dari penguat berikutnya.
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Rf

R1

output

LM358

input

Gambar 3. 6 Penguat Non Inverting

Keluaran dari penguat penyangga dikuatkan lagi oleh penguat non-
inverting. Besarnya penguatan dari penguat non-inverting ini akan ditentukan oleh
besarnya resolusi pengukuran suhu yang diinginkan. Jika keluaran tegangan dari
sensor adalah 10mV/°C maka besar tegangan ini adalah % LSB dari resolusi ADC

dengan V.. =5 volt, dimana resolusi 1 LSB adalah:

Resolusi = 2—31,-; =0,0196V =19,6mV = 20 mV

Sistem diharapkan agar kenaikan setiap °C setara dengan data 1 bit pada
respon ADC, maka keluaran dari sensor suhu LM35 memerlukan penguatan
sebesar :

resolusi ADC x1bit
sensitifitas sensor

Untuk memperoleh penguatan sesuai dengan yang diinginkan maka nilai

R, dan Ry dapat dicari dengan menggunakan persamaan sebagai berikut :
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Jadi nilai Rf=R,
Dipilih nilai R = 10 KQ.
MakaR; =10K Q.
105?hm

+5V Wv
vCC +

+ . Output
Sensor Suhu " ¥

LM35 LM358" 10 Kohm $ M358

Gambar 3.7 Rangkaian Sensor Suhu

3.3.3.2 Perencanaan Pengkondisi Sinyal Pada Sensor Kelembaban
3.3.3.2.1 Perencanaan Rangkaian Sensor Kelembaban

Dalam perancangan ini, nilai kelembaban yang diinginkan adalah 60% -
90% RH. Sehingga sensor kelembaban yang digunakan harus memiliki area
operasi yang mencakup nilai tersebut. Dalam hal ini sensor HS15P memiliki

kriteria tersebut dengan area operasi 20% - 100% RH.
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3.3.3.2.2 Rangkaian Pembangkit Oscilator
Untuk membangkitkan sensor HS15P ini , diperlukan tegangan AC 1

Vrms dengan frekuensi 1 kHZ. Oleh karena itu, perlu dibuat rangkaian oscilator 1

kHZ yang ditunjukkan pada gambar 3.8 dibawah ini.

100 K
AVAVAV
‘ |4,7 nF
— 100K
+12v A
47K 100
N —WV + 2’ Rangkaian Sensor
LM741 Aim7a1 ] dan Penguatnya
— “q2v
- = 12V

——

Gambar 3.8 : Rangkaian Oscilator 1 kHz

Bila ditentukan R = 47 kQ dan nR = 100 kQ, maka nilai n dapat

ditentukan :
R = 47 kQ
nR = 100 kQ
nR .
n=-—
R
_ 100k _&Q
47k 47
= 2,127

Persamaan frekuensi untuk rangkaian oscilator ini adalah [Robert F.

Cuoghlin & Frederick F. . Driscoll, 1992 : 125].



f=2
4RIC

Pada perencanaan ditetapkan nilai
R;=100kQ, C=4,7 nF, R =47 kQ, dan nR = 100 kQ.

Sehingga diperolehn =2 dan f = 2

—————— =1063,83Hz
4.10°4,7.107

3.3.3.2.3 Rangkaian Sensor HS15P dan Penguatnya

Berikutnya adalah merancang rangkaian sensor kelembaban dan penguat
tegangannya, seperti pada gambar berikut :

|HS1 5P

10 pF
" 1M
2y +12v
Rangkaian 1SM) C3 1K
Osilator wr —Hll—awwy - | |Rangkaian
| LM741 _J-__ * Penyearah
1
= w = A

Gambar 3.9 : Rangkaian Sensor Kelembaban HS15P dan Penguatan Pembaliknya

Besarnya penguatan rangkaian Op-Amp sebagai penguat pembalik

ditentukan dengan persamaan [Robert F. Cuoghlin & Frederick F. Driscoll, 1992 :
38].
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Pada Op-Amp pertama, besar Ry tergantung dari bacaan sensor
kelembaban HS15P sedangkan R; ditentukan sebesar 1,5 MQ. Penguatan yang

diberikan oleh Op-Amp kedua dengan R; = 1 kQ adalah sebesar :

A=-12_1009
1KQ

Diantara kedua Op-Amp dipasang kapasitor dengan tujuan sebagai filter

untuk menghalangi lewatnya sinyal DC.

3.3.3.2.4 Rangkaian Penyearah
Langkah berikutnya adalah merancang rangkaian penyearah seperti pada

gambar . Rangkaian penyearah ini terdiri dari dua Op-Amp dan dua dioda yang

kemudian diikuti rangkaian pengikut tegangan. Nilai R adalah sebesar 20 kQ.

a 1 micro F
D1 20K | +m
_N_‘ 20K
+12V 10K —_‘+V1V2V_v
A'A'A' - D2 10 5
20 _l__ LM741 s e Vout

| 1
= F

Gambar 3.10 : Rangkaian Penyearah Gelombang Penuh



+12V

+

12V

Vout

LM741

Gambar 3.11 : Rangkaian Pengikut Tegangan

100 K
.,A‘,’A‘,’ HS15P
|4,7 nF 10 pF
] 10
+2v ;A —i— W
\-I 47K "1:[” +Hav
- MY + ¢ 1;"}: +C3 1K
Lm41 - LM741 1 00 K | “ ""' -
I LM741
L v mer
= v ]| 1
= = -2V
PPV | nllcro F
vy l"
—— < 20K
+12V <10K VVv
< +12V
20K I D2 +12v
WA - 10K
s TM7a1 K My - S Vout
| V_l* LM7§|1,l!’, "
560 LM741

Gambar 3.12 : Rangkaian Sensor Kelembaban Keseluruhan

3.3.5 Perencanaan MCU Renesas R8C/Tiny

MCU merupakan rangkaian slave yang berfungsi sebagai penerima

perintah-perintah dari PC. Beberapa alasan mengapa kita menggunakan MCU

66
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Renesas R8C/Tiny adalah rangkaiannya yang praktis karena tersusun dalam satu
modul yang sangat mudah kita gunakan, sederhana dan tidak banyak memakan
tempat. Selain itu rangkaian ADC nya sudah ada pada jenis Mikrokontroler ini
sehingga kita tidak perlu membuat rangkaian ADC baru.

Berikut ini gambar rangkaian MCU Renesas R8c/Tiny beserta

hubungannya dengan rangkaian lain :

AVss P31 AVee P2 P33

POGIANL PASANTOR 16

PUS/ANZ PHIKIWANS [ TS i Driver Blower

7 § POAIANS PIUKIUANY E—’- Driver Pemanas

MODE P12K12ANIOf T3 | Driver Pghasil Kelembaban
POVANE ANl 12

Ke Rangkaian

Pengondig]&el ]

POANS PLATx Do 11

POLANG PIS/ALD 10

&
=
POVANT PIGCLKS
© PiAD % o 9}—
CNVss RST = Vs

10pF

Gambar 3.13 Rangkaian Koneksi Renesas R8C/Tiny

Fungsi MCU yang digunakan sebagai slow aplikasi MCU yang
mengontrol suhu dan kelembaban di rumah jamur adalah sebagai berikut :
e Port 0 memiliki fungsi sebagai berikut :
e Port 0.1 digunakan sebagai input ADC dari sensor suhu.

e Port 0.2 digunakan sebagai input ADC dari sensor kelembaban.
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e Port 1 memiliki fungsi sebagai berikut :
e Port 1.0 sebagai pengontrol sirkulasi udara
e Port 1.1 sebagai pengontrol pemanas
e Port 1.2 sebagai pengontrol kelembaban
e Port 1.3 sebagai kontrol

e Port 1.4 (TxD) untuk pengiriman data ke PC

Port 1.5 (RxD) untuk penerimaan data dari PC
3.4 Perencanaan Software
3.4.1 MCU
Proses penyimpanan program ke memori I/O di MCU adalah :
e PO sebagai input dari sensor
e PO0.1 sebagai input data dari sensor suhu
e PO0.2 sebagai input data dari sensor kelembaban
e Pl digunakan sebagai
e Port 1.0 sebagai pengontrol sirkulasi udara
e Port 1.1 sebagai pengontrol pemanas
e Port 1.2 sebagai pengontrol kelembaban
e Port 1.3 sebagai kontrol
e Port 1.4 (TxD) untuk pengiriman data ke PC
e Port 1.5 (RxD) untuk penerimaan data dari PC
PC memerintahkan MCU untuk mengambil data ADC secara periodik.
Setelah MCU mengambil data dari ADC, PC membandingkan data dengan set

point yang telah ditentukan pada PC.
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Jika suhu di rumah jamur kurang dari set point, maka PC akan
memerintahkan untuk menghidupkan heater. Setelah suhu yang sesuai diperoleh,
heater dimatikan. Apabila suhu di rumah jamur melebihi suhu setting, maka PC
akan memerintahkan MCU untuk menyalakan blower dan mengeluarkan udara
panas dan menggantinya dengan udara dari luar.

Untuk kelembaban, apabila kelembaban di rumah jamur melebihi set
point, maka PC akan memerintahkan MCU untuk menyalakan blower agar udara
yang memiliki kelembaban berlebih dapat dikeluarkan. Namun jika kelembaban
kurang dari ketentuan, sprayer dinyalakan. Sprayer akan mati bila kelembaban

telah sesuai dengan ketentuan.



START

PEMANAS ON BLOWER OFF
PEMANAS OFF BLOWER ON
PMASILCI&ELEMBABAN ‘ BLOWER OFF

PENGHASIL KELEMBABAN
OFF BLOWER ON

Gambar 3.14 Flow Chart Sistem MCU
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start

Interupt serial

y
Masukkan data serial

ke status

Yy

( retum )

Gambar 3.15 Flow Chart Unit Serial

.

(\ start )

~— e —

" oeasna |

Atur ADC pada pin |
" suhu |

Mulai konversi J

{ Baca ADC ]

Y
[ Kirimkan ke serial

/QL——\

(\ return )

Gambar 3.16 Flow Chart Baca ADC Data Suhu



start
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I Baca koelombaban |

4
Atur ADC pada pin
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Gambar 3.17 Flow Chart Baca ADC Data Kelembaban

start

Kirim serial

A 4

Menghidupkan line
generator

Delay

Mematikan
line generator

Gambar 3.18 Flow Chart Fungsi Kirim Serial
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start

Nyalakan

kelembaban / pemanas
/ blower

penghasil

A

y

Set high

penghasil kelembaban /
pemanas / blower

pada pin

y
( return )

Gambar 3.19 Flow Chart Sistem On Mekanik

( start )
R

Matikan penghasil
kelembaban / pemanas
/ blower

Set low pada pin
penghasil kelembaban /
pemanas / blower

N

\
(_retum

Gambar 3.20 Flow Chart Sistem Off Mekanik

3.4.2 PC ( Personal Computer )
Perencanaan program tampilan

Pemrograman Borland Delphi. Pada PC

pada PC ini menggunakan Bahasa

dibuat tampilan dalam bentuk tabel dan

grafik dari data perubahan suhu dan kelembaban pada rumah jamur.



C smarr )

I

Perintah ke Mikrokontroller
Kirim Data Suhu

¥

Terima dari
Mikrokontroller
Data Suhu

¥

Simpan Data ke Data Base

¥

Perintah ke Mikrokontroller
Kirim Data Kelembaban

Terima dari
Mikrokontrollier
Data
Kelembaban

¥

Simpan Data ke Data Base

? T
-
Seting

Y

Kirim SMS

Seting
Y

Kirim SMS

#

Tampilan Grafik/Tabel

Keluar

Y

C = )

Gambar 3.21 Flow Chart Tampilan pada PC
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Adapun pembuatan tampilan database desktop adalah sebagai berikut :

: able: (Untitled) = = x|
Field roster: Tabla properties:
Field Name Type| Size Key | [Validity Checks -1

| ™ 1. Required Fiokd
{& 2. tirirnuny valie:
P

| 3, Magimum value
il
4. Detault value
|

Fmev a field name up to 26 characters long. l 5. Preture
|

Assist. {

Bornow... I Smas...j Cancel , Help I

Gambar 3.22 Tampilan Data Base Desktop

Adapun langkah-langkah pembuatan database dekstop adalah sebagai
berikut :
1) Membuat fable database. Sorot menu utama windows Start. Kemudian
pilih File 7 New Table * OK
2) Untuk tampilan yang diharapkan adalah No, Tanggal, Waktu dan Suhu

atau Kelembaban dengan ketentuan sebagai berikut :

File Name Type

No + (auto increment )
Tanggal D (Date 0)

Waktu T ( Time)

Suhu N ( Number )
Kelembaban N ( Number 0)

3) Menghubungkan database desktop dengan Delphi.
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Pada form Delphi, klik icon BDE ambil table, Data access —» data
source untuk menghubungkan table dengan grid, Data control - grid
Membuat grafik

Pada dB Chart klik kanan lalu pilih Edit Chart —» Add —» Line
— oK.

Sorot menu Series, kemudian klik Data Sourcée —» Data Set ( data yang

ada di table yang sudah dibuat) . Close

Langkah-langkah membuat program Delphi :

. Membuka menu File/New, pilih icon Application dari New Items dan

klik.

Memakai project inspector untuk mengubah beberapa properties dari form
dan komponen-komponennya.

Menambahkan komponen ke forr;z yang sudah disediakan oleh Delphi,
kemudian ulangi langkah 2.

Setelah mengubah properties, pilih dan klik tab Event. Pilih event
Onclick, klik ganda kolom isinya.

Kemudian masuk ke code editor untuk memasukkan program. Perhatikan
nama prosedurnya, lalu mengisikan atau, mengetikkan programnya
diantara begin...end yang sudah tersedia.

Selanjutnya menjalankan project. Pilih Run atau tekan tombol F9.
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Pembuatan tampilan pada PC memerlukan beberapa komponen Delphi,
yaitu :
1. Data Source
Komponen ini digunakan untuk menghubungkan komponen Table atau
Query dengan komponen tempat data akan ditampilkan (NVC).
2. Table
Komponen ini digunakan untuk menghubungkan tabel pada suatu
database dengan program yang dibuat (NVC).
3. Query
Komponen ini digunakan untuk membuat dan mengeksekusi SQL query
pada SQL Server Database atau Database lokal (NVC).
4. Comm Serial
Komponen ini digunakan untuk komunikasi serial.
5. Edit
Komponen ini digunakan sebagai input / output satu baris teks. Pemakai
program dapat mengubah teks ini (VC).
6. Button
Komponen ini digunakan untuk mmbuat tombol, sehingga pemakai bisa
memasukkan perintah pada program aplikasi dengan menekan (klik)
tombol ini.
7. Combo Box
Komponen ini digunakan untuk menampilkan data suatu field database

dengan versi komponen ComboBox (VC).
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8. DB Grid
Komponen ini digunakan untuk menampilkan data-data dalam bentuk
baris dan kolom.

9. DB Chart
Komponen ini digunakan untuk menampilkan data-data dalam bentuk

grafik.



BAB IV

PENGUKURAN DAN PENGUJIAN ALAT

Pada bab ini membahas tentang pengukuran dan pengujian alat yang
dirancang, dimana meliputi perangkat keras (hardware) dan perangkat lunak
(software). Untuk mengetahui sistem yang dirancang sesuai dengan fungsi yang
diharapkan, dilakukan pengujian terhadap sistem aplikasi tersebut baik secara
keseluruhan atau subsistem. Berikut penjelasan mengenai prosedur pengukuran

dan dan data hasil pengujian.

4.1 Pengukuran
4.1.1 Rangkaian Sensor dan Pengondisi Sinyal
* Tujuan Pengukuran
1. Mengetahui tegangan keluaran sensor suhu dan kelembaban

2. Mengetahui prinsip kerja rangkaian pengondisi sinyal

= Peralatan yang digunakan
1. Power Supply
2. Multimeter analog / digital
3. Rangkaian Pengondisi sinyal
4. Rangkaian Sensor suhu

5. Rangkaian Sensor Kelembaban
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4.1.1.1 Pengujian Rangkaian Sensor Kelembaban

® Diagram pengukuran

1 micro F
20K 1
Rangkaian i
sebelumnya +12V +2v |
10K i Output
M - ,{ v Buffer

brY 21Ky togangan

l g I"m411=|§' _I’:Eurm '
rm m‘:ﬂ:sso 31k | Output Pembagi

> e
$'KT10 nF

Gambar 4.1 Diagram Pengujian Rangkaian Pengondisi Sinyal

dan Rangkaian Sensor Kelembaban

= Tabel Data Pengukuran

Tabel 4.1 Tabel Pengujian kelembaban
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Pengukuran Perhitungan
Kelembaban
(%) Output Buffer | Output Pembagi | Output Pembagi
W) Tegangan Tegangan
V) \J)
64 7,35 3,69 3,675
65 7,34 3,68 3,67
66 7,27 3,64 3,635
67 7,19 3,60 3,595
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68 7,17 3,58 3,585
69 7,11 3,55 3,555
70 6,99 3,49 3,495
71 6,85 3,42 3,425
72 6,74 3,36 3,37
73 6,62 3,30 3,31
74 6,50 3,25 3,25
75 6,37 3,19 3,185
76 6,41 3,20 3,205
77 6,25 3,13 3,125
78 6,15 3,08 3,075
79 6,07 3,04 3,035
80 5,91 2,96 2,955
81 5,87 2,94 2,935
82 5,83 2,90 2,915
83 5,75 2,87 2,875
84 5,66 2,83 2,83
85 5,56 2,79 2,78
86 5,52 2,75 2,76
87 5,43 2,71 2,715
88 5,29 2,65 2,645
89 5,14 2,57 2,57
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90 5,07 2,53 2,535
91 4,99 2,49 2,495
92 4,91 2,45 2,455
93 4,79 2,39 2,395
94 4,70 2,35 2,35

95 4,65 2,33 2,325

Berikut ini adalah grafik antara persen kelembaban dengan tegangan

keluaran.

Grafik Kelembaban Vs Tegangan

100 [

80|

Ketembaban ( % )
8

20

604 . de s

2 3
Tegangan ( Volt)

Gambar 4.2 Grafik Kelembaban dan Tegangan

Di bawah ini merupakan output osilator 1 KHz pada rangkaian sensor

kelembaban. Pada tampilan osiloskop di bawah, tampak keluaran sinyal dari

rangkaian osilator 1 KHz yang digunakan sebagai pencatu dari sensor kelembaban

HS15P. Pada saat pengujian, parameter yang diberikan adalah sebagai berikut :

Volt/Div=5V
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Time / Div =0,2 ms
Sehingga , f=1/T
=1/(5x0,2ms)

=1KHz

Gambar 4.3 Gambar Sinyal Osilator 1 KHz

4.1.1.2 Pengujian Rangkaian Sensor Suhu

® Diagram Pengukuran

Output
Buffer
: 10 Kohm :
+ AAA
8V o | Output Non
vce |
. + Inverting
b 3 \/
Sensor Suhu L t
LS8 LM358" 10 Kohm S -M358

Gambar 4.4 Gambar Pengujian Rangkaian Pengondisi Sinyal

dan Rangkaian Sensor Suhu



Tabel Data Pengukuran

Tabel 4.2 Data Pengujian suhu
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Pengukuran Perhitungan
Suhu
O
Vo Buffer Vo Non Inverting | Vo Non Inverting
(mV) (mV) (mV)
20 204,5 401 409
21 213 4225 426
22 223,5 445 447
23 233 460 466
24 2455 482 491
25 252 502 504
26 262,5 525,5 525
27 273,5 543,5 547
28 285,5 570,4 571
29 292 580 584
30 303,5 602,3 607 '
31 312,5 623 625
32 322 640 644
33 332,5 663 665
34 344 685 688
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35 352,5 701 705
36 362,5 722,6 725
37 371,5 743 743
38 384 765 768

Berikut ini adalah grafik antara suhu dan tegangan keluaran dari rangkaian

sensor suhu.
Grafik Suhu Vs Tegangan
__ 40
8 351
% 30 -
o 25 1
8, 20
g 15 |
©
5 10 1
£ 54
®w 0 T — r ;
0 200 400 600 800 1000
Tegangan ( mV )

Gambar 4.5 Grafik Suhu dan Tegangan

= Tabel Data Pengukuran

Tabel 4.3 Data Pengujian Penurunan Nilai Kelembaban Terhadap Waktu

Kelembaban Waktu
(%) - (detik)
97 - 96 46

96 - 95 17




9594 18
9493 10
93-92 24
9291 17
91-90 16
90— 89 12
8988 11
88— 87 13
87— 86 11
86 -85 8
8584 5
84 — 83 8
83— 82 9
82— 81 12
81— 80 7
80— 79 16
7978 5
7877 6
77-176 13
76175 6
75— 74 7
7473 9
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73-172 6
72-71 5
71-170 7
70 - 69 9
69 —68 5
66 — 67 6
67 — 66 6
66 - 65 23

Tabel 4.4 Pengujian Penurunan Suhu Terhadap Waktu

Suhu Waktu

O (detik)
41 -40 12
40 -39 26
39-38 14
38-37 15
37-36 11
36 —-35 34
35-34 27
34-33 29
33-32 21
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32-31 15
31-30 45
30-29 43
29 -28 23
28-27 49
27 -26 45

* Analisa Data
Dari pengujian kemampuan blower dalam mengurangi kelembaban dan
suhu dalam ruangan, didapatkan hasil kurang dari 1 menit untuk mengurangi

kelembaban tiap %-nya dan suhu / °C-nya.

4.1.1.3 Pengujian Penghasil kelembaban

Pengujian ini dilakukan untuk mengetahui seberapa besar kemampuan
penghasil kelembaban dalam menambah kelembaban di rumah jamur agar sesuai
dengan set point yang telah ditentukan. Alat ukur kelembaban yang digunakan
adalah Thermohygrometer, yaitu suatu alat ukur yang terdiri dari dua thermometer
yang salah satu thermometer tersebut dibungkus kain basah. Selisih dari

pengukuran kedua thermometer tersebut merupakan nilai kelembaban relative.



= Tabel Pengukuran

Tabel 4.5 Pengujian Kenaikan Kelembaban Terhadap Waktu

Kelembaban Waktu
(%) (detik)

64 — 65 29
65 - 66 46
66 — 67 18
67 - 68 29
68 — 69 17
69 — 70 17
70-171 6

71-72 17
72-73 18
73-74 12
74-175 6

75-176 17
76 - 77 18
7778 7

78 - 79 8

79 - 80 17
80— 81 12
81-82 17
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82-83 17
83 -84 41
84 -85 11
85-86 27
86— 87 56
87 -88 46
88 -89 55
89-90 23
90 -91 12
91-92 32
92-93 23
93 -94 30
94 -95 19
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4.1.1.4 Pengujian Pemanas

Table 4.6 Pengujian Kenaikan Suhu Terhadap Waktu

Suhu Waktu

(C) (Detik)
27-28 15
28-29 10
29-30 11
30-31 10
31-32 9
32-33 7
33-34 8
34-35 10
35-36 9
36 -37 8
37-38 5
38-39 9
39-40 7
40-41 5
41-42 3
42-43 5
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4.2 Pengujian software
4.2.1 Pengujian MCU

Pengujian pengiriman data dari MCU ke PC ini dimaksudkan untuk
mengetahui apakah data yang berasal dari MCU dapat dikirimkan dengan baik ke
PC. Pengetesan dilakukan pada port P1.4 MCU. Sehingga didapat sinyal data

sebagai berikut :

Gambar 4.6 Sinyal pengiriman data dari MCU ke PC

Dari hasil pengujian di atas menunjukkan bahwa pengiriman data yang
berasal dari MCU telah dapat dikirimkan ke PC. Pengetesan dilakukan dengan
menggunakan osiloskop pada time/div = 0,2 ms, volt/div = 0,2 volt dan dari hasil

pengujian diatas dapat dihitung frekuensi = 862 Hz.

4.2.2 Pengujian PC
Data dari pengukuran suhu dan kelembaban rumah jamur yang ada di

lokasi, dikirimkan oleh MCU ke PC dengan tampilan sebagai berikut :
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SUHU HELEMBABAN

- == 0 B 64
e [ Eaz1m:00at) | 6O | [mes 1700:41 Atur 485
o | © | |m3217.0048) 50 doomeieootmico] | mga 17:00:48
204 | © | |@3217:00:52 40 e @65 17:00:52 Ater WP I
g 15 W 3217:00:58 30 i WE417:00:58] | e
10 B 3217:.01:04 20 . i .| |®es517:01:04 KiisEhG
5 — - - B3117:01:10 10 Fsii x -.||mes517:01:10
] | S ) (B32170115 Gl s s e W64 17:01:15
0 5 10 15 20 25 (@3217.01:21 0 5 10 15 20 25 [(E6417012
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22 A0 17.0242 7] 64 6285649745300  |panas
| 23 AT 17.0248 k) 64 -
B 24 BAT  17.0254 2 !
2 25 20T 170259 30 65 ;
v

Gambar 4.7 Tampilan Record Data dan Grafik

Dari tampilan di atas, data hasil pengukuran suhu dan kelembaban akan
ditampilkan pada tabel record data. Pada grafik, terdapat grafik perubahan suhu
dan kelembaban. Perubahan atau gerakan pada grafik tergantung pada data yang
tersimpan pada record data atau akan mengikuti data pada record data. Gambar

4.8 merupakan tampilan hasil pada waktu yang tercatat atau terekam.

4.3 Pengujian Sistem Keseluruhan
Pengujian ini bertujuan untuk mengetahui apakah sistem dapat berjalan

dengan baik. Berikut ini merupakan gambar rangkaian sistem secara keseluruhan.



07/03/18 18115

Gambar 4.8 Sistem Mekanik dan Hardware

Gambar 4.9 Contoh Tampilan Pesan Kondisi Ekstrim
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BABV

PENUTUP

5.1 Kesimpulan
Dari hasil perencanaan dan pembahasan laporan akhir ini dapat diperoleh
kesimpulan :

1. Penambahan dan pengurangan kadar kelembaban pada sistem ini tidak
stabil karena disebabkan oleh lambatnya respon sensor kelembaban
terhadap nilai kelembaban.

2. Pengiriman pesan berupa SMS ke pemilik rumah jamur hanya terjadi jika
kondisi di rumah berada di luar set point yang telah ditentukan.

3. Dengan adanya sistem ini, pemilik jamur tidak perlu datang langsung ke
rumah jamurnya karena sistem ini sudah bekerja secara otomatis.

4. Pada sistem ini, MCU bekerja sebagai control otomatis yang bekerja

berdasarkan perintah PC.

W

. Untuk pengiriman data dari mikrokontroller ke PC tidak terpengaruh oleh

jarak, dengan catatan masih di bawah batas maximum (1,2 Km).
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5.2 Saran
Diharapkan alat ini dapat lebih diperluas aplikasi dan pengembangannya di
masa yang akan datang, antara lain :
1. Pengontrolan seluruh sistem telekontrol rumah jamur dilakukan oleh MCU
2. Dalam perkembangan selanjutnya tidak hanya memberitahukan adanya
kondisi );ang terjadi, besar nilai suhu dan kelembaban, tetapi informasi

yang dikirim ke HP pemilik berupa grafik suhu dan kelembaban berdasar
waktu sehingga lebih praktis.

3. Sistem ini digunakan di rumah jamur yang sebenarnya.
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h00.c

.
/********************************************ﬂ**************************/

7% ¥/
/* FILE ites.c */
/* DATE :Thu, Peb 8, 2007 */
/* DESCRIPTION :Main Program */
5: CPU TYPE :0ther :5
;: This file is generated by Renesas Project Generator (ver.4.0). :;

/***********************************************************************/

#include <stdio.h>
#include "sfr_r813.h"
#include "timer.h"
#include "lcdku.h"
#include "serial.h"
//#include "adda.h"
//#include "i2c.h"

unsigned char b,ai;
unsigned int 1i,a,s;

#define control pl.3
#define blower pl 0
#define pemanas pl_1

#define lembab pi1_2

//adc suhu an6

//adc kelembapan an$

void initdirQ)

pd1=0xff;

§d1_5=0;

void initADC(void) //rutin inisialisasi adc

adcon0 = 0x01; //prescaler fap/2 (invalid), A/D conv disabled, PO group selected, oneshot
mode, pin ANl selected

adconl = 0x38; //0x38; /ﬁvref connected, freq select at fAD valid, 10 bit mode
adcon2 = 0x00; //0;//without sample and hold
//adst = 1; //start conversion

//dari rx ke tx harus ada delay
unsigned char rx485Q

control=0;

while(ri_uOcl == 0);
ri_ul0cl =0;
=ulrb;
ulcl |= 1;
return b;

}
void tx485(char kirim)

control=1;
uOtb=kirim;

while(txept_u0c0 == 0);
//txept_ulc0 = 0;
uOrb = kirim;
ulcl |= 1;
delay(100);
control=0;

%oid kirimsQ)

a=0;
for(ai=0;ai<20;ai++)

adcon0 &= OxF8 ;
adcon0 |= O0x06;
asm("nop™);

adst = 1;
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h00.c
while(adst) ;
a=ad+a;

}
s=a/40+1;
tx485(s);

%Mkﬁmﬂ)

a=0;

for(ai=0;ai<20;ai++)

adcon0 & OxF8 ;
adcon0 |= 0x05;
asm("nop");

adst = 1;
while(adst) ;
a=ad+a;

}
s=a/80+1;
tx485(s);

%oid kirimskQ)

a=0;
for(ai=0;ai<20;ai++)

adcon0 &= OxF8 ;
adcon0 |= 0x06;
asm("nop™);

adst = 1;
while(adst) ;
a=ad+a;

=a/40;

=48+5/100; tx485(a) ;
a=48+((s/10)%10) ; tx485(a);
a=48+(s%10) ; tx485(a);

%oid kirimlkQ

a=0;

}

for(ai=0;ai<20;ai++)

adcon0 &= OXF8 ;
adcon0 |= 0x05;
asm("nop");

adst = 1;
while(adst) ;
a=ad+a;

s=a/80;
a=48+s/100;tx485Ca);
a=48+((s/10)%10) ; tx485(a);
a=48+(s%10) ; tx485(a);

#pragma INTERRUPT rx
void rx(void)

shile(ri_ulcl == 0);

ri_ulcl
ulcl |=

}

1;

void main(void)

/* Inisialisasi variable*/

//unsigned char data;
/* Inisialisasi tampila MK */
asm("FCLR I"); // Interrupt disable

prcr = 1; // Protect off
cml3 = 1;
cmls = 1;

// X-in X-out = Clock External

// XCIN-XCOUT drivecapacity select bit :
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h00.c

cm05 = 0; // X-in on .
cml6 = 0; // Main clock = No division mode
cml?7 = 0;
cmo6 = 0, // €M16 and CM17 enable
asm("nop™);
asm("nop");
asm("nop");
asm("nop");
ocd2 = 0; // Main clock change (x-tal)
rer = 0; // Protect on

P
//slric=2;s0ric=0;txic=1; .

/* pl sebagai keluaran dan p0 sebagai masukan */
//pd1l=0xff;

13;td1r();

pas_s=0;
asm("FSET I");
/* Proses memasukkan dan mengeluarkan data */
asm("FCLR I1");
//initlcdQ);

. //init_timer_xQ);

initSerial();
initADC(); .
send_Text("ReNeSas Test Serial");
//kirim_serial ('ReNesas Test Serial');

?hi1e QO J111777177177777111777777777177717771717111117171777/

a=rx485();
delay.ms(100);

ERATIC

elay_ms :
if(a==¥a')kirims();

else if(a::'b'gkir1m1();
else if(a=="c') pemanas=1;
else if(a=="'d') pemanas=0;
else if(a=="'e') lembab=1;
else if(a=="f') lembab=0;
else if(a::'g' blower=1;
else if(a=='h') blower=0;
else if(a=='1") kirimsk();
else if(a=="'j"') kirimikQ;
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D:\FANG2\DATA PINTING\skrthamsUammozozoe\Unm.pas 17 Maret 2007 16:58

unit Unitl;
interface

uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, Text2pdu, StdCtrls, Buttons, CPort, ExtCtrls, ComCtrls, jpeg,
DB, DBTables, Mask, DBCtrls, FMTBcd, DBXpress, SqlExpr, RpbDefine, RpCon,
RpConDS, DBClient, Provider, Grids, DBGrids, TeEngine, Series, TeeProcs,
Chart, DbChart;

type

TForml = class(TForm)
Text2pdul: TText2pdu;
ComPortl: TComPort;
BHP: TSpeedButton;
StatusBarl: TStatusBar;
BKirimSMS: TButton;
BSuhu: TButton;
BMulai: TBitBtn:;
Bhenti: TBitBtn:;
BLembab: TButton;
DBChartl: TDBChart;
Seriesl: TLineSeries;
DBChart2: TDBChart;
Series2: TLineSeries;
CBSuhuAtas: TComboBox;
CBSuhuBawah: TComboBox;
CBLembabAtas: TComboBox
CBLembabBawah: TComboBox;
DBGridl: TDBGrid;
Editl: TEdit;
Edit2: TEdit;
Edit3: TEdit;
Edit4: TEdit;
Tablel: TTable;
DataSourcel: TDataSource:;
Memol: TMemo;
ComPort2: TComPort;
ETlp: TEdit;
ESmsDikirim: TEdit;
Buttonl: TButton;
Button2: TButton;
LKet: TLabel;
Timerl: TTimer;
BHapus: TButton;
Timer2: TTimer;
Labell: TLabel:
Label2: TLabel;
Label3: TLabel;
Labeld: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
labelf: TLabel;
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Label9: TL
LabellO: T
Button3: T

abel;
Label;
Button:;

Memo2: TMemo;

procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procadure
procedure
procedure
procedure
procedure
procedure

private
{ Private declarations }
public
{ Public declarations }

end;
Const CRLF = #13+#10;

var

CTRZ = §
SMSCente

Forml: TForm
pdusms: TPDU;
dtsms,sms: t

jawab, jawabl, jawabMK, data, data_sms,sms_del,DataSerial,sms_dikirim: string;

sdhbaca: boo

pducmgc: string;

z: integer;
implementation

//uses Database;

{$R

procedure TForml.KirimSms(No:8tring ;Isi:String );

*.dfm}

BHPClick(Sender: TObject):;

ComPort1RxChar (Sender: TObject; Count: Integer):;

KirimSms (No:String ;Isi:String );

BKirimSMSClick(Sender: TObject):

BSuhuClick(Sender: TObject):
BLembabClick(Sender: TObject) ;
kirimData(data : String):;

ComPort2RxChar (Sender: TObject; Count: Integer);

BMulaiClick(Sender: TObject);
ButtonlClick(Sender: TObject):
Button2Click(Sender: TObject):;
TimerlTimer (Sender: TObject):

BhentiClick(Sender: TObject):
BHapusClick(Sender: TObject):
FormCreate (Sender: TObject):

FormClose (Sender: TObject; wvar Action: TCloseAction);

Timer2Timer (Sender: TObject);
Button3Click(Sender: TObject);

26;
r = '081100000°*;

1;
sms;

lean;

var Nonya, Isinya: string;

begin
StatusBarl.SimpleText:='Mengirim SMS';
Nonya:='0"'+Copy(No,3,length(No)-1) ;
Isinya:=Isi;

pdusms:=Text2pdul.texttosms('',Nonya,Isinya);

ComPortl.WriteStr ('AT+CMGC='+IntToStr (pdusms.Panjang)+CRLF) ;
Sleep(500) ;

pducmgc:="'00"'+Copy (pdusms. PDU, 5, length (pdusms . PDU) ) ;

ComPortl.WriteStr (pducmgc+CTR2Z) ;

17 Maret 2007 16:58
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end;

procedure TForml.kirimData{data : String);
begin
ComPort2.FlowControl.ControlRTS:=rtsDisable;
sleep(5) ;
ComPort2.WriteStr(data) ;
sleep(100) ;
ComPort2.ClearBuffer (true,true);
ComPort2.FlowControl.ControlRTS:=rtsEnable;
end;

procedure TForml.BHPClick(Sender: TObject):
begin

ComPortl.ShowSetupDialog;

end;

procedure TForml.ComPortlRxChar(Sender: TObject; Count: Integer);

var data:string;

begin
ComPortl.ReadStr(data,count);
Memol.Text:=Memol.Text+data;
end;

procedure TForml.BKirimSMSClick{Sender: TObject);
begin

Memol.Clear;

KirimSms (ET1p.Text ,ESmsDikirim.Text) ;

end;

procedure TForml.BSuhuClick(Sender: TObject);
begin

Memol.Clear;

BMulai.Click;

LKet.Caption:='SUHU';

kirimData('a'):

end;

procaedure TForml.BLembabClick(Sender: TObject);
begin

Memol.Clear;

BMulai.Click;

LKet.Caption:='LEMBAB';

kirimData('b') ;

end;

procedure TForml.ComPort2RxChar(Sender: TObject; Count: Integer);

var data_s,S:8tring;
jml, data,no, suhu, lembab,faktor:integer;

bagin
Timerl.Enabled:=false;
ComPort2.ReadStr({data_s,count); //membaca data dari serial

-
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Memo2.Text :=Memo2.Text+data_s;

§ := Pchar(data_s):

try

Editl.Text:=IntToStr(byte(S[1])): // menampifkan data yang teleh diubah
Tablel.Last;
if Tablel.FieldByName('no').AsString='"' then no:=1

// membentuk data serial menjadi type PCHAR (CHAR)

// fungsi yang berguna menangani masalah kesalahan pengolahan data atau yarg lain

else no:=Tablel.FieldByName('no').AsInteger+l; // ketiga diatas digunakan untuk mengambil nomor

if LKet.Caption='SUHU' then // jika data suhumaka melakukan proses di bawah
begin

Tablel.Append; // menambah baris baru dalam tabel
Tablel.FieldByName('no').AsInteger:=no;
Tablel.FieldByName('tgl') .AsDateTime:=Date;
Tablel.FieldByName('jam') .AsDateTime:=Time;

suhu := byte(S[1]); // round : fungsi pembulatan

Tablel.FieldByName ('suhu').AsInteger:=suhu;

Tablel.Post; // post : menyimpan

end;

if LKet.Caption='LEMBAB' then

begin

Tablel.Edit; // langsung mengisi baris yang sudah ditunjuk
faktor:=130-(byte(S[1]1)-130);

lembab := round((8*(faktor+59.625)/37)+40);
//lembab := round((16*(faktor+59.625)/37)+8);
suhu:=Tablel.FieldByName ('suhu') .AsInteger;
Edit2.Text:=IntToStr (suhu);
Edit3.Text:=IntToStr (lembab) ;

Tablel.FieldByName ('kelembaban').AsInteger:=lembab;
Tablel.Post;

if (lembab < StrToInt (CBLembabBawah.Text)) and (suhu < StrToInt (CBSuhuBawah.Text))

then

/7

bagin

kirimData('c');

kirimData('c');

kirimData('c'):

kirimData('e'):

kirimData('h');

ESmsDikirim.Text:='dingin kering';

Application.ProcessMessages;
BKirimSMS.Click;

end

else if (lembab > StrToInt (CBLembabAtas.Text)) and (suhu < StrToInt (CBSuhuBawah.Text
)) then

begin

kirimData('c');

kirimData('c'):

kirimData('c');

kirimbata('£f');

kirimData('g'):
ESmsDikirim.Text:='dingin lembab';
Application.ProcessMessages;
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// BKirimSMS.Click;
end
else if (lembab < StrToInt (CBLembabBawah.Text)) and (suhu > StrToInt (CBSuhuAtas.Text
)) then
begin
kirimbata('d*);
kirimData('d'):
kirimData('d');
kirimData('e');
kirimData('g'):
ESmsDikirim.Text:='panas kering';
Application.ProcessMessages;
// BKirimSMS.Click;
aend
else if (lembab > StrTolnt (CBLembabAtas.Text)) and (suhu > StrToInt (CBSuhuAtas.Text
)) then
baegin
kirimData('c');
kirimData('c'):
kirimData('c'):
kirimData('e');
kirimData('h');
ESmsDikirim.Text:='dingin kering';
Application.ProcessMessages;
/7 BKirimSMS.Click;
end
else if (lembab < StrTolnt (CBLembabBawah.Text))then
begin
kirimData('d’');
kirimData('d’');
kirimData('d');
kirimData('e');
kirimData('h');
ESmsDikirim.Text:='kering';
Application.ProcessMessages;
/ BKirimSMS.Click;
end
else if (lembab > StrTolInt (CBLembabAtas.Text))then
bagin
kirimData('d’');
kirimData('d');
kirimData('d’');
kirimData('f');
kirimData('qg'):
ESmsDikirim.Text:='lembab’;
Application.ProcessMessages;
// BKirimSMS.Click;
end
else if (suhu > StrTolnt (CBSuhuAtas.Text)) then
begin
kirimData('d"');
kirimData('d');
kirimData('d');
7 sleep(500);
kirimData('£f');
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kirimData('g'):
ESmsDikirim.Text:='panas';
Application.ProcessMessages;

/ BKirimSMS.Click;
end

else if (suhu < StrToInt (CBSuhuBawah.Text)) then
begin
kirimData('c'):
kirimData('c');
kirimData('c');

/ sleep(500);
kirimData('£');
Application.ProcessMessages;
kirimData('h');

/Buttonl.Click;

/  ShowMessage('dingin');
ESmsDikirim.Text:='dingin';
Application.ProcessMessages;

/ BKirimSMS.Click;
end

elsa
begin
kirimData('d"') :
kirimData('d’');
kirimData('d"') ;
kirimData('£f') :
kirimData('h');
ESmsDikirim.Text:='normal’;
end;

end;
excapt
end;
'imerl.Enabled:=true;
nd;

rocedure TForml.BMulaiClick(Sender: TObject);
agin

/ComPort1.0pen;

/ComPort2.0pen;

‘imerl.Enabled:=true;
'imer2.Interval:=StrTolInt (Editd.Text);
'imer2.Enabled:=true;

nd ;

rocedure TForml.ButtonlClick(Sender: TObject);

agin
kirimData('c');
kirimData('e'):;
kirimData('g’') ;
nd;

rocaedure TForml.Button2Click(Sender: TObject);
\egin
kirimData('d') :
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kirimData('£'):
kirimData('h');

mnd ;

rrocedure TForml.TimerlTimer (Sender: TObject):
egin

.£ LKet.Caption='SUHU' then BLembab.Click

1lse BSuhu.Click;

md;

rrocedure’ TForml.BhentiClick(Sender: TObject);
agin

/ComPort1.Close;

/ComPort2.Close;

'imerl.Enabled:=False;

'imer2.Enabled:=False;

nd;

rrocadure TForml.BHapusClick(Sender: TObject);
)egin
‘ablel.First;
£ (Tablel.FieldByName('no') .AsString<>'') or (Tablel.FieldByName ('suhu') .AsString<>'') or
(Tablel.FieldByName ('kelembaban') .AsString<>'') then
begin
repeat
Tablel.Delete;
until Tablel.Eof;
end
wnd ;

rrocaedura TForml.FormCreate(Sender: TObject):
agin

-omPortl.0Open;

‘omPortL2.0pen;

nd ;

rocedure TForml.FormClose(Sender: TObject; var Action: TCloseAction);
)egin

;omPortl.Close;

‘omPort2.Close;

mnd ;

rrocadure TForml.Timer2Timer (Sender: TObject);
agin

£ ESmsDikirim.Text<>'normal' then BKirimSMS.Click;
nd;

wwrocedure TForml.Button3Click(Sender: TObject):
)agin

‘omPort2.ShowSetupDialog;

ind ;

nd.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (i) use of non-
flammable material or (jii) prevention against any malfunction or mishap.

-Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of
any third-party's rights, originating in the use of any product data, diagrams, charts, pro-
grams, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers con-
tact Renesas Technology Corp. or an authorized Renesas Technology Corp. product dis-
tributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by vari-
ous means, including the Renesas Technology Corp. Semiconductor home page (http:/
www.renesas.com).

4. When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Renesas Technology Corp. assumes no responsibility for any damage, liabil-
ity or other loss resulting from the information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at
stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology
Corp. product distributor when considering the use of a product contained herein for any
specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or repro-
duce in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the
products contained therein.




How

to Use This Manual

This hardware manual provides detailed information on features in the R8C/13 Group mi-

crocomputer.

Users are expected to have basic knowledge of electric circuits, logical circuits and micro-

computer.

Each register diagram contains bit functions with the following symbols and descriptions.

XXX register

B7 b4 55 B4 B b2 O1 O Symbol Addross After roset
XXX XXX 0016
I H Bit name Function RW “
PEEEEE U o | e 10:3000 w r
R 0 1: XXX \__J
HE vy 1 0: Avold this setting
P Pt Xxx1 1130 RW
Pl S —— | Nothing Is assigned.
I : (b2) When write, should set to "0". When read, lts content is indeterminate.]| —
I T - ey Reserved bit Must set to 0" RW .
. ®3) |3
I —
L Function varies depending on each —
P XXX4 XXX bit Bon mode 9 RW
I SO, XXX5 wo
fereceeceeceaees XXX6 RW
Lemmmmremnrnanranenees XXX7 XXX bit 0 % RO
*1
Blank:Set to "0" or "1" according to your intended use
0: Set to "0"
1: Set to "1"
X: Nothing is assigned
*2
RW: Read and write
RO: Read only
WO: Write only
- Nothing is assigned
*3

Terms to use here are explained as follows.

* Nothing is assigned

Nothing is assigned to the bit concerned. When write, set to "0" for new function

in future plan.
+ Reserved bit

Reserved bit. Set the specified value.

* Avoid this setting

The operation at having selected is not guaranteed.

* Function varies depending on each operation mode
Bit function varies depending on peripheral function mode.
Refer to register diagrams in each mode.
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R8C/13 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1. Overview

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

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

1.1 Applications

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

Rev.1.10 Apr 27,2005 page 1 of 202
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R8C/13 Group

1. Overview

1.2 Performance Outline
Table 1.1. lists the performance outfine of this MCU.

Table 1.1 Performance outline

Item Performance
CPU Number of basic instructions | 89 instructions
Shortest instructicn execution tme |50 ns (f(XIN) = 20 MHz, Vcc= 3.0t0 5.5 V)
100 ns (f(XIN) = 10 MHz, Vcc = 2.7 to 5.5 V)
Operating mode Singte-chip
Address space 1M bytes
Memory capacity See Table 1.2.
Peripheral interrupt Internal: 11 factors, External: 5 factors,
function Software: 4 factors, Priority level: 7 levels
Watchdog timer 15 bits x 1 (with prescaler)
Reset start function selectable
Timer Timer X: 8 bits x 1 channel, Timer Y: 8 bits x 1 channel,
Timer Z: 8 bits x 1 channel
(Each timer equipped with 8-bit prescaler)
Timer C: 16 bits x 1 channel
Circuits of input capture and output compare.
Serial interface *1 channel
Clock synchronous, UART
*1 channel
UART
AJ/D converter 10-bit A/D converter: 1 circuit, 12 channels
Clock generation circuit 2 circuits
*Main clock generation circuit (Equipped with a built-in
feedback resistor)
*On-chip oscillator (high-speed, low-speed)
On high-speed on-chip oscillator the frequency adjust-
: ment function is usable.
Oscillation stop detection function | Stop detection of main clock oscillation
Voltage detection circuit Included
Power on reset circuit Included
Port Input/Output: 22 (including LED drive port), Input: 2
(LED drive I/O port: 8)
Electrical Power supply voltage vee = 3.0 to 5.5V (f(XIN) = 20MHz)
characteristics Vee = 2.7 to 5.5V (f(XiN) = 10MHz)
Power consumption Typ.9 mA (Vce = 5.0V, (f(XiN) = 20MHZ,High-speed mode)
Typ.5 mA (Vce = 3.0V, (f(XIN) = 10MHz,High-speed mode)
Typ.35 pA (Vce = 3.0V, Wait mode, Peripheral clock stops)
Typ.0.7 A (Vcc = 3.0V, Stop mode)
Flash memory | Program/erase voltage Vee=27t055V
Number of program/erase 10,000 times (Data area)
1,000 times (Program area)
Operating ambient temperature -20 to 85°C
-40 to 85°C (D-version)
Package 32-pin plastic mold LQFP
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R8C/13 Group

1. Overview

1.3 Block Diagram
Figure 1.1 shows this MCU block diagram.

}8

/O port

8 5 1]2
- - - - =
| Port P1 | | PortP3 |

I Peripheral functions

Timer

Timer X (8 bits)

Timer Y (8 bits)

Timer Z (8 bits)
Timer C (16 bits)

Watchdog timer
(15 bits)

AJD converter
(10 bits X 12 channels)
System clock generator
UART or Clock synchronous
serial /0 XIN-XouT
(8 bits X 1 channel) High-speed on-chip osclllator
Low-speed on-chip oscillator
UART
(8 bits X 1 channel)
R8C Series CPU core Memory
ROM
(Note 1)
R
(Note 2)
C—F
[ FLG___]
Muttiplier

Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.

Figure 1.1 Block Diagram
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R8C/13 Group 1. Overview
1.4 Product Information
Table 1.2 lists the products.
Table 1.2 Product List .
- As of April 2005
Type No. Pro m‘,;%%:‘ = 3:&\,;? - RAM capacity | Package type Remarks
R5F21132FP 8Kbytes | 2Kbytesx2| 512bytes | PLQP0032GB-A Flash memory version
R5F21133FP 12K bytes | 2K bytesx2 | 768 bytes | PLQP0032GB-A
RO 134r o |16Kbytes | akbytesx2| 1Kbytes |PLQP0032GB-A
R5F21132DFP 8K bytes | 2K bytes x 2 512bytes | PLQP0032GB-A | D version
R5F21133DFP 12K bytes | 2K bytes x 2 768 bytes | PLQP0032GB-A
R5F21134DFP 16K bytes | 2K bytes x 2 iK bytes | PLQP0032GB-A
TypeNo.R 5§ F 21 13 4 D FP
- Package type:

FP : PLQP0032GB-A

— Shows characteristics and others.
D: Operating ambient temperature —40 °C to 85 °C

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

ROM capacity:

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

R8C/13 group

"~ R8CITiny series

- Memory type:

F: Flash memory version

Renesas MCU

Renesas semiconductors

Figure 1.2 Type No., Memory Size, and Package
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R8C/13 Group

1. Overview

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

PIN Assignments (top view)

/CNTRo/CMP 10

R] 4 p3yTzour/cMP11

2] ¢ AVce/Vrer
> P3/INT/CNTRICMP12
4> p3;/INT3/ TCIN

X1 4> po7/ANe

B] = vec®
RIR
[R] € Avss

5]
<]

POs/AN1 € [25]
POs/AN2 ¢ [2]
POJ/AN3 ¢ [Z7]
MODE —» [23]
POs/ANs
PO2/ANs > [30]
PO1/ANs ¢ [31]
POo/AN7/Ts011 > [32)

R8C/13 Group

> p4g/INTo

[15] > p1o/Kig/ANS/CMPOO
[14] > P11/KI1//ANS/CMPO1

13] > P12/Ki2/AN10/CMPO2
[12] 4% P1a/Kla/AN11

[11] > P14/TXD0

[10] #» P1s/RxDo

@)

[9] 4» pigicLKo

NOTES:

P37/TxD10/RxD1 ¢ [=

CNvVss =¥ [

feo

(e E]
]

RESET =
Vss =»
Xin/Pds = [©2

Xout/P47

vee = B

P17/INT1/CNTRo ¢

1. P47 functions only as an input port.

2. When using On-chip debugger, do not use POo/AN7/TxD11

and P37/TxD10/RxD1 pins.
3. Do not connect IVce to Vee.

Package: PLQP0032GB-A (32P6U-A)

Figure 1.3 Pin Assignments (Top View)
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R8C/13 Group 1. Overview

1.6 Pin Description
Table 1.3 shows the pin description

Table 1.3 Pin description

Signal name Pin name /O type Function
Power supply Vee, | Apply 2.7 V t0 5.5 V to the Vce pin. Apply 0 V to the
input Vss Vss pin.
IVee IVee o) This pin is to stabilize internal power supply
Connect this pin to Vss via a capacitor (0.1 HF)
Do not connect to Vce
Analog power AVcce, AVss | These are power supply input pins for A/D converter. Con-
supply input nect the AVcc pin to Vce. Connect the AVss pin to Vss.

Connect a capacitor between pins AVee and AVss.
Reset input RESET | “L" on this input resets the MCU.

CNVss CNVss [ Connect this pin to Vss via a resistor(")

MODE MODE ] Connect this pin to Viec via a resistor

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

These are INT interrupt input pins.

INT interrupt input | INT0 to INT3

Key input interrupt| Kio to Ki3 | These are key input interrupt pins.
input
Timer X CNTRo 110 This is the timer X I/O pin.
CNTRo 0 This is the timer X output pin.
Timer Y CNTR1 10 This is the timer Y I/O pin.
Timer Z TZout 0 This is the timer Z output pin.
Timer C TCIN | This is the timer C input pin.
CMPQo to CMP03, [O These are the timer C output pins.
CMP10 to CMP13
Serial interface | CLKo 10 This is a transfer clock /O pin.
RxDo, RxD1 | These are serial data input pins.
TxDo, TxD10, o These are serial data output pins.
TxD11
Reference voltage| VREF | This is a reference voltage input pin for A/D con-
input verter. Connect the VREF pin to Vce.
A/D converter ANO to AN11 | These are analog input pins for A/D converter.
11O port POo to P07, 1’0 These are 8-bit CMOS I/O ports. Each port has an /O
P10 to P17, select direction register, allowing each pin in that port
P30 to P33, P37, to be directed for input or output individually.
P4s Any port set to input can select whether to use a puli-

up resistor or not by program.
P10 to P17 also function as LED drive ports.

Input port P4e, P47 | These are input only pins.

NOTES :
1. Refer to "19.8 Noise" for the connecting reference resistor value.

Rev.1.10 Apr 27,2005 page 6 of 202
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R8C/13 Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

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

__________________ 7mzs b8b7 b0
_____ ‘3?- ceeeeew_IRCH(RO's high blls]ROL(RO's low bits
R3 R1H(R1's high bils}R1L(R1's |
""""""""""" { g Rizm s low bity Dala registers (Note 1)
R3
A0
A1 Address registers (Note 1)
F8 Frame base registers (Note 1)
b19 b1§ 50
MTBH r INTBL 1 Interrupt table register

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

bt =]

[ PC j Program counter

b15 %0
USP User stack pointer

ISP Interrupt stack pointer
SB Static base register

b0
[ FLG 4' Flag register
L
hd b7 b0
c

LIy T TTT Tuli]o[e]s[z]o]

-
-
-

T Canry flag

Debug flag

Zero Nlag

Sign flag

Reg bank select flag
Overflow flag

{nterrupt enable fisg
Stack pointer select fag
Reserved area

Pro interrupt priority level
Reserved area

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

Figure 2.1 Central Processing Unit Register

2.1 Data Registers (R0, R1, R2 and R3)

The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to
R3 are the same as RO.

The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32-
bit data register (R2R0). R3R1 is the same as R2R0.
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R8C/13 Group 2. Central Processing Unit (CPU)

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

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

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

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

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.
2.7 Static Base Register (SB)
SB is configured with 16 bits, and is used for SB relative addressing.
2.8 Flag Register (FLG)

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

3. Memory

Figure 3.1 is a memory map of this MCU. The address space extends the 1M bytes from address 0000016
to FFFFF16.

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

The fixed interrupt vector table is allocated to the addresses from OFFDC16 to OFFFF1s. Therefore, store
the start address of each interrupt routine here.

The internal ROM (data area) is allocated to the addresses from 0200016 to 02FFF1s.

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example,
a 1-Kbyte internal RAM is allocated to the addresses from 0040016 to 007FF16. In addition to storing data,
the internal RAM also stores the stack used when calling subroutines and when interrupts are generated.
Special function registers (SFR) are allocated to the addresses from 0000016 to 002FF16. Peripheral func-

tion control registers are located here. Of the SFR, any space which has no functions allocated is reserved
for future use and cannot be used by users. ]

0000016
SFR
(Sea Chapter 4 for details.
002FF16
0040016
Internal RAM
0XXXX18
0200016 nt | ROM
nternal , 3
(data area)’ " OFFDC1s Undefined instruction
02FFF18 L 3 Overflow
i BRK instrnuction E
’, —Singla step 3
oYYYY1s d Watchdog tmer,Oscillation stop detection Voltage detectiond
Intemal ROM .’ {Reserved) E
(program area) |, ’ E (Reserved) E
OFFFFel . I OFFFF16 E Reset
Expanding area
FFFFF1a
NOTES:

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

REJ09B0111-0110

T Internal ROM Internal RAM
Ype name Size Address OYYYYs|  Size | Address 0XXXX18
R5F21134FP, R6F21134DFP 16K bytes 0C00018 1K bytes 007FF18
R5F21133FP, R5F21133DFP 12K bytes 06D00015 768 bytes 00BFF16
RSF21132FP, R6F211320FP 8K bytes GE00016 512 bytes 005FF16
Figure 3.1 Memory Map
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R8C/13 Group 4. Special Function Register (SFR)

4. Special Function Register (SFR)

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

Table 4.1 SFR Information(1)(1)

Address +  Reglster Symbol After reset
000018
000118
000218
000318
00041s | Processor moda register 0 1 PMO 0018
00051s | Processor mode register 1 PM1 0016

0006ss | System clock control register 0 CMO 011016002

0007+ | System clock control register 1 CM1 001000002

000818 | High-speed on-chip oscillator control register 0 —HRO 0016

0009:s | Address match interrupt enable reglster AIER XXXXXX002

000Ass | Protect register PRCR 00XXX0002

00681s | High-speed on-chip oscillator control register 1 AR 4016 —
000Cts |_Oscillation stop delection register OCD 000001002
0000w | Walchdog timer reset register WDTR XX18

000E1s | Watchdog timer start register WOTS XX16

000Fss | Watchdog timer control register WDC 000111112

0010t | Address match interrupt register 0 RMADO 0016

001110 0018

001218 X018
001318

001418 | Address match Interrupt register 1 RMAD1 0016

001515 0016

001615 X016
0017ss

001818
| G016 | Voitage detection register 12 VCR1 600010002
001Ass | Vollage detection register 2 2 VCR2 00183
1000000024

001818
00tCts
601D1s

001Ews | (NTO Input filter select register INTOF XXXXX0002
001Fw | Vollage detection interrupl register 2 DAINT | 60163
010000012 4

002018
002115
002215
00231
00241
002518
00281
002718
002818
002918
002A18
002818
002Css
00201
002E16
| 002k 16
00301s
003118
0032t
0033108
003418
003518
003618
003718
003818
003818
003A8
003B1ts
003C1s
003018
003Ests
003F16

X : Undefined
NOTES:
1. Blank columns are all reserved space. No access Is allowed.

2. Software reset or the watchdog timer reset does not affect this register.

3. Owing to Resst input.

4. In the case of pin = H retaining.
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R8C/13 Group

4. Special Function Register (SFR)

Table 4.2 SFR Information(2)(1)

Address

Register

Symbol

After reset

004018

004115

004216

004318

004418

004518

004818

004718

004818

004918

004A18

004818

004C1s

004D18

Key input interrupt control register

KUPIC

XXXXX0002

004E18

004F1s

AD conversion interrupt contral register

—ADIC

XXXXX0002

005018

Comparg 1 interrupt control register

005118
005215

— CMPIIC

XXXXX0002

SOTIC

XXXXX0002

LARTO h

005316

SORIC

XXXXX0002

005418

regeive intemipt control register
UARTH transmit interrupt control register

S1TIC

XXXXX0002

UART 1 receive interrupt control register

005518

S1RIC

XXXXX0002

INT? internspt control register

005816
005716

INT2IC.

XXXXX0002

IXIC

XXXXX0002

Timer Y int egister

005816

TYIC

XXXXX0002

Timer Z interrupt control register

00591e

TZIC

XXXXX0002

005A18
005815

INTAIC

XXXXX0002

AXXXX0002

Timer C interrupt control register

005C18

TCIC

XXXXX0002

Compare 0 interrupt control register

CMPGIC

XXXXX0002

005D1s

INTO interrupt control register

005E18

INTOIC

XX00X0002

005F18

006018

00811t

006218

006318

006415

006516

006715

006818

006918

006A18

006818

006Cts

006D1a

006E 18

DO6F 18

007018

007116

007218

007318

007418

007518

007618

007718

007816

007916

007A18

007818

007Cte

007D18

7E1:

Q07Fss

X : Undefined

NOTES:

1. Blank columns are all reserved space. No access Is allowed.
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4. Special Function Register (SFR)

Table 4.3 SFR Information(3)()

Address Register Symbol After reset
008018 | Timer Y, Z mode register TYZMR 0018
00811s | Prescaler Y PREY FF16
ocs2ts | Timer Y secondary TYSC FF16
00831s | Timer Y primary TYPR FF16
oos4ss | Timer Y, 2 waveform output control register PUM 0016
0085 | Prescaler Z PREZ FF16

_.0086w | Timer Z secondary T2S8C FF16
00a7:a_| Timer Z primary TZPR FF16
| 00881g
008916
|_oosaw | Timer Y, Z output control register TYzoC 0016
oossss | Timer X mode register TXMR 0016
008c:s | Prescaler X PREX FF18
Ds | Timer X register X FF18
008E1s | Count source set register TCSS 0016
GOBF18
00301 | Timer C register TC 0016
009116 0016 __
| 009218
009318
009413
008618
oo%ews | External input enable register_ INTEN 0016
009718
o098 | Key input enable register KIEN 0016
00891e
00ga1s | Timer C control register 0 TCCO 0016
oogB1s | Timer C control register 1 TCC1 0016
008C1e | Capture, compare 0 register T™MO 0016
009D1s 00162
009E+s | Compare 1 register T™M1 FF16
| _GO9F1s EE18
00A01s | UARTO transmit/recelve mode register UOMR 0016
ooAtts | UARTO bit rate reqister UOBRG XX16
00A21e | YARTO transmit buffer register uoTB XX16
00A31s XX18

0074w | UARTO Sransmilireceive. control register 0

. B0AG | JARTO transmit/recelve control register 1 .
ooAsts | UARTO receive buffer register
00A718

SU0C _.]..000000102 . . _

Uoco | 000010002

UORB XX16
XX18

00A81s | UART1 transmit/receive mode register

UIMR 0016

00A91s | UART1 bit rate register

U1BRG XX16

00AAts | UART1 transmit buffer register
00AB1s

u1TBe XX18
XX16

00ACis | UARTA transmit/recaive control register 0.

U1Co 000010002

00AD1s | UART 1 transmitireceive control register 1

UicC1 000000102

00AEw | UART1 receive buffer register
00AF 18

U1RB XX16
XX16

00801 | UART transmil/receive conlrol register 2

UCON 0016

00B11s

00B21s

0083t

00B41s

00BS1s

00B61s

00B718

00B81s

008918

00BAss

00BBts

008C1a

00BD1s

00BEs1s

00BF1s

X : Undefined
NOTES:

1. Blank columns are all reserved space. No access is allowed.

2. When the output compare mode Is selected (the TCC13 bit in the TCC1 register = 1), the value is set to FFFF16.
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4. Special Function Register (SFR)

Table 4.4 SFR Information(4)(")

Address Reglster

Symbol

After reset

60cos | AD register
00C11s

XX16
XX16

00C21s

00C31s

|-00C41s

00C518

00C8ss

00C71s

00CB1s

00CHt

00CA1e

00CB1s

00CCss

00CD1s

00CE1s

O0CF1s

00D0ss

00D1:s

000218

00D3ss

00048 | AD control register 2

ADCON2

001g

000518

oon6is_| AD control register 0

ADCONO

00000XXX2

00D71s_| AD control register 1

ADCON1

0016

000818

00D91s

00DA1s

000810

000C1ts

900D

00DEs

00DF 18

00EQ1s ist

XX16_

| Porl PO register
00118 | Port P1 register

P1

00F218 i ter

PDY

0016

00E31s_| Port P1 direction reqister

PD1

0016

O0E41s

| _00Esse | Port P3 register

P3

XX16

00E618

00E710

PD3

0018

| Port P3 direc!
oot _| Port P4 register

Pa

XX18

00EBta

00EAts_| Port P4 direction register

PD4

0016

00EB1s

O0EChs

O0ED1e

O0EE

Q0EF1a

00F01s

00F 118

00F21n

00F3ts

O0CF41s

0CF518

00F61s

00F7ss

00F 818

O0F3ss

O03FAts

00FB1s

PURO

00XX00002

oorcse | Pull-up control register 0

00FO16 1

PUR1

XXXXXX0X2

| QOFEss |

DRR

0016

| Port P1 drive capacity control register
0oFFss | Timer C output control register

TCOUT

0018

b))

L
g

»N
\(

01831 | Flash memory centrol reglster 4

FMR4

010000002

018418

o1851s_| Flash memory control register 1

FMR1

1000000X2

018616

018718 | Fl, mo trol 0

FMRO

000000012

FEEF i i I ister ()

QOFS

Nota 2 ]

X : Undefined
NOTES:

1. The blank areas, 01001s to 01821s and 01B81s to 02FF 15 are reserved and cannot be used by users.
2. The watchdog timer controt bit Is assigned. Refer to "Figure1.2 OFS, WOC, WOTR and WODTS registers® of Herdware Manual for delails
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5.1 Hardware Reset

5. Reset

There are three types of resets: a hardware reset, a software reset, and an watchdog timer reset.

5.1 Hardware Reset

There are three kinds of hardware reset: hardware reset 1, hardware reset 2, and power-on reset.
After reset, the low-speed on-chip oscillator clock divided by 8 is automatically selected for the CPU.

5.1.1 Hardware Reset 1

A reset is applied using the RESET pin. When an “L" signal is applied to the RESET pin while the
power supply voltage is within the recommended operating condition, the pins are initialized (see
Table 5.1 “Pin Status When RESET Pin Level is 'L™). When the input level at the RESET pin is
released from “L” to “H”, the CPU and SFR are Initialized, and the program is executed starting
from the address indicated by the reset vector. Figure 5.1 shows the CPU register status after
reset and figure 5.2 shows the reset sequence. The internal RAM is not initialized. If the RESET
pin is pulled “L" while writing to the internal RAM, the internal RAM becomes indeterminate.

Figures 5.3 to 5.4 show the reset circuit example using the hardware reset 1. Refer to Chapter 4,

“Special Function Register (SFR)" for the status of SFR after reset.

* When the power supply is stable

(1) Apply an “L" signal to the RESET pin.
(2) Wait for 500 ps (1/fRING-S X 20).

(3) Apply an “H" signal to the RESET pin.

* Power on

(1) Apply an “L" signal to the RESET pin.
(2) Let the power supply voltage increase until it meets the recommended operating condi-

tion.
(3) Wait td(P-R) or more until the internal power supply stabilizes.

(4) Wait for 500 ps (1/fRING-S X 20).
(5) Apply an “H" signal to the RESET pin.

Table 5.1 Pin Status When RESET Pin Level is “L"

Pin name Pin status
PO Input port
P1 Input port
P30 to P33, P37 Input port
P45 to P47 Input port

Rev.1.10 Apr 27,2005 page 14 of 202
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5.1 Hardware Reset

b15 b0
000016 Data register(R0)
000016 Data register(R1)
000016 Data register(R2)
000016 Data register(R3)
000016 Address register(A0)
000016 Address register(A1)

. 000016 Frame base register(FB)
b19 b0
0000016

Interrupt table register(INTB)

Content of addresses OFFFE16 to OFFFC16

Program counter(PC)

b15 b0
000016 User stack pointer(USP)
000016 Interrupt stack pointer(ISP)
000016 Static base register(SB)
b1s b0
000016 Flag register(FLG)
b5 .= b8 b7 b0
| |
IPL Ul OBS ZDGC

Figure 5.1 CPU Register Status After Reset

L R R e

{RING. S
o= Mora than 20 cycles ara nccded (Note
Intemal on-chip
Flagh memory activated tme
(CPU clock X 72cydes)

CPU clock X 28cycles

TS [ P Y I P e Y Y Y e e I O

OFFFC18

v

OFFFE18

Address
(intemal address signal)

Note 1: This shows hardware reset

L]
X A X X

OFFFD18

Content of reset vector

Figure 5.2 Reset Sequence
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5.1 Hardware Reset

Vee
oV

RESET vee

[ YVv—1 RESET

—

& ov

Equal to or less
than 0.2Vcc

[
]
.
.
.
.
D
[
*
4
1
]
]
I
0
]
+
s
.
It
'
*
’
*
.
’
.
[
]
.
.
]
]
.
]
.
.

<4— More than td(P-R) + 500 s are
needed.

Figure 5.3 Example Reset Circuit Using The Hardware Reset 1

RESET

Supply voltage
detection circuit

5V

vce

ov

—>» <« More than td(P-R) + 500 ps

Example when Vcc = 5V,

are needed.

Figure 5.4 Example Reset Circuit Using The Hardware Reset 1 (Voltage Check Circuit)
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R8C/13 Group 5.1 Hardware Reset

5.1.2 Hardware Reset 2

This is the reset generated by the voltage detection circuit which is buiit-in to the microcomputer. The
voltage detection circuit monitors the input voltage at Vcc input pin. The microcomputer is reset when
the voltage at the Vcc input pin drops below Vdet if all of the following conditions hold true.

* The VC27 bit in the VCR2 register is set to “1” (voltage detection circuit enabled)

* The D40 bit in the D4INT register is set to “1” (voltage detection interrupt enabled)

« The D46 bit in the D4INT register is set to “1” (hardware reset 2 when going through Vdet)

When using a digital filter (D41 bit in the D4INT register is set to “1”), set the CM14 bit in the CM1
register to “0"(low-speed on-chip oscillator oscillates).

Conversely, when the input voltage at the Vcc pin rises to Vdet or more, the pins, CPU, and SFR are
initialized and counting the low-speed on-chip oscillator starts. When counting the low-speed on-chip
oscillator clock 32 times, the internal reset is exited and the program is executed beginning with the
address indicated by the reset vector. The initialized pins and registers and the status thereof are the
same as in hardware reset 1. Refer to Section 5.4 “Voltage Detection Circuit.”

Rev.1.10 Apr 27,2005 page 17 of 202
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R8C/13 Group 5.1 Hardware Reset

5.1.3 Power-on Reset Function
The power-on reset is the function which can reset the microcomputer without the external reset
circuit. The RESET pin should be connected to the Vcc pin via about 5 kQ pull-up resistance using
the power-on reset function, the function turns to active and the microcomputer has its pins, CPU,
and SFRinitialized.
When the input voltage at the VCC pin reaches to the Vdet level, count operation of the low-speed on-
chip oscillator clock starts. When the operation counts the low-speed on-chip oscillator clock for 32
times, the internal reset is released. Then the program is executed starting from the address indi-
cated by the reset vector. The initialized pins and registers and the status thereof are the same as in
hardware reset 1 excluding the following bits.
» The D40 bit in the D4INT register turns to “1” automatically (voltage detection interrupt enabled)
» The D46 bit in the D4INT register tums to “1” automatically (hardware reset 2 when going through
Vdet)
Additionally, the hardware reset 2 turns to active after the power-on reset. This is because the VC27
bit in the VCR2 register is set to “1" (voltage detection circuit enabled) after the power-on reset same
as the hardware reset 1, so that hardware reset 2 active conditions are all satisfied including above
D40 and D46 bit conditions.

Figure 5.5 shows the power-on reset circuit. Figure 5.6 shows the power-on reset operation.

___Do—> Internal reset signal
RESETO—0[>—¢

r
_.D"—‘R

5-bit
counter

fRING-S

Trigger

Vcce 2 Vdet detection

Figure 5.5 Power-on Reset Circuit
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Vec 0.1Vt 2.7V

RESET Vce ov

| AA A I RESET /‘ 0.8Vcc(2.16V) or above
aboul 5 kQ ov -

—p

within td(P-R)
Vdet3 Vdet(3)
N Vee|min
Vpor2
Vport >
Sampling ime':2|  [€>€—>
< >« > tw(por2) tw{Vpor2|-Vdet)
twipor1) tw(Vpori-Vdet)
Intemal reset signal
("L" effective) «— —
1
fRING-S X32 fRING-S X32
NOTES:

1. Hold the voltage of the microcomputer operation voltage range (Vcemin or above) within sampling time.

2. A sampling clock Is selectable. Refer to 5.4 Voltage Detection Circuit® for details.

3. Vidot shows the voltage detection level of the voltage detection circult. Refer to *5.4 Voltage Detection Circuit” for detatls.
4. Refer to Table 16.7, 16.8 for electrical characteristics.

Figure 5.6 Power-on Reset Operation
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R8C/13 Group 5.2 Software Reset, 5.3 Watchdog Timer Reset A

5.2 Software Reset

When the PMO3 bit in the PMO register is set to “1" (microcomputer reset), the microcomputer has its
pins, CPU, and SFR initialized. Then the program is executed starting from the address indicated by
the reset vector.
After reset, the low-speed on-chip oscillator clock divided by 8 is automatically selected for the CPU.
Some SFRs are not initialized by the software reset. Refer to Chapter 4, “SFR.”

5.3 Watchdog Timer Reset

Where the PM12 bit in the PM1 register is “1” (reset when watchdog timer underfiows), the microcom-
puter initializes its pins, CPU and SFR if the watchdog timer underflows. Then the program is ex-
ecuted starting from the address indicated by the reset vector.

After reset, the low-speed on-chip oscillator clock divided by 8 is automatically selected for the CPU.
Some SFRs are not initialized by the watchdog timer reset. Refer to Chapter 4, “SFR."
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R8C/13 Group 5.4 Voltage Detection Circuit

5.4 Voltage Detection Circuit

The voltage detection circuit monitors the input voltage at the Vcc pin with respect to Vdet. The user
program can check for voltage detection using the VC13 bit or set up the voltage detection interrupt
register to generate a hardware reset 2 or voltage detection interrupt.

Figure 5.7 shows the voltage detection circuit. Figure 5.8 shows VCR1 and VCR2 registers. Figure 5.9
shows the D4INT register. Figure 5.10 shows an operation example of the voltage detection circuit. Fig-
ure 5.11 to 5.12 show the operation example of the voltage detection circuit to get out of stop mode.

VC27
Vece - Voltage detection
Noise canceller, interrupt signal
Internal VCR1 register
reference
voltage
VC13 bit
Figure 5.7 Voltage Detection Circuit Block
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R8C/13 Group 5.4 Voltage Detection Circuit

Voltage detection register 1
b7 b6 b5 b4 b3 b2 bt b

Symbol Address After reset(2)

[oJojofo| ofofo]| vcri 001916 000010002
A i i [Bitsymbol Bit name Function —TRW
§ ; A L SO N [+ Reserved bit Should set to *0" RW
T SO Voltage monitor flag? 0:Vec < Vdet RO
oo vers 9 9 1:Vce 2 Vdet or voltage
Pl o essmeeeee e ceer e ee e esceeeneen..  JOtectiOn circuit disabled |}
SR R RN [ Reserved bit Should set to “0" RW
Notes:

1. The VC13 bit is valid when the VC27 bit in the VCR2 register Is set to “1” (voltage detection circuit enabled). The
VC13 bit is set to “1” (VcczVdet or voltage detection circuit disabled) when the VC27 bit in the VCR2 register is set
to “0" (voltage detection circuit disabled).

2. Software reset or the watchdog timer reset does not affect this register.

Voltage detection register 2(

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset®)
| |0l0l0 |0 |0 IO |0 I VCR2 C01A1s Reset input : 0016
A A RESET pin = "H" retaining : 100000002
' § [ Bit symbol Bit name : Function RW
R SRR SO SO o Reserved bit : Should set to 0" RW
: vo27 Vollage monitor enable 1 0: Voltage deiection circuit RW
------------------------ bit(2) ' disabled .
: 1: Voltage detection circuit
{ enabled
Notes:

1. Set the PRC3 bit in the'PRCR register to “1” (write enabled) before writing to this register.
2, Set the VC27 bit to “1” (voltage detect circuit enabled) when hardware reset 2 is used.

After the VC27 bit is set to “1”, the voltage detection circuit elapses for td(e-A) before starting operation.
3. Software reset or the watchdog timer reset does not affect this register.

Figure 5.8 VCR1 Register and VCR2 Register
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R8C/13 Group 5.4 Voltage Detection Circuit

Voltage detection interrupt register?
b7 b6 b5 b4 b3 b2 bt WO

Symbol Address After resel(10)
LT T LT ] ] oawr 001F1s Resetinput : 0016
HE RESETpin=H retaining : 010000012
§ : ; ' E : ' Bit symbol Bit name Function RW
§ : : 5 ; ; : Ll a0 Voitage detection interrupt 0: Disable RW
AR enable bit” 1:Enable
A Y Voltage detectlon digital filter | 0: Digital fiter enable mode (digital
oL ob disable mode select bit filter circult enabled)
S A A 1: Digttal filter disable mode (digital
DO T filter circuit disabled) RW
§ , : § : : 042 Voltage change detection 0: Not detected RW
L flag3. 4.5 1: Vdet passing detection
I R SO D43 WDT overflow detect flag3. 4 | 0: Not detected (flag clear) RW
R 1: Detected
L A T . b5bd
T S DFo Sampling clock select bit 00 fRne divided by 1 RW
I 01 : fring-s divided by 2
3 P OF1 10 : fring-s divided by 4
H 11: friNG-s divided by 8 RwW
: : D46 Voltage monitor mode select | 0: Vollage detection interrupt | RW
I OO bité request Is generated when
! passing through Vdet
: 1: Hardware reset 2 when
: passing through Vdet
H D47 Voltage detection conditicn Voltage detection interrupt RW
""""""""""""" select bit(11) request is generated
or hardware reset 2
when Vcc passes Vdet9
0: Over Vdet
Notes: 1: Below Vdet
. Set the PRC3 bit in the PRCR register to "1" (write enable) before wn'ﬁng to this register.

1
2. If the voltage detection interrupt needs to be used to gel out of stop mode again after once used for that
purpose, reset the D41 bit by writing a 0" and then a *1".
3. Valid when the VC27 bit in the VCR2 register is set to 1" (voltage detection circuit enabled).
4. If the VC27 bit is set to 0" (voltage detection circuit disabled), the D42 and D43 bils are set to "0 (not detected).
5. This bit is sel to "0" by writing a “0" in a pragram. (writing a “1" has no effect.)
6. Valid when the D40 bitis set to “1" (voltage detection interrupt enabled).
7. The D40 bit is valid when the VC27 bil in the VCR2 register is set lo “1” (vollage detection circuit enabled).
When setting the D40 bit to “1", the following sctting is required.
(1) Set the VC27 bit "1,
(2) Wait for td(E-A) until the detecter circuil operates.
(3) Wait for the sampling time (the sampling clock which is selected in the DFO bit to DF1 bit times 4 cycles.)
(4) Set the D40 bit to “1”.
(5) Set the CM14 bit in the CM1 register to “0" (low-speed on-chip oscillator on).
8. Valid when the D41 bit is set to “1" (digital filter disabled mode).
9. The D46 bit can be selected.
10. The software reset or the watchdog timer reset do not affect this register.
11. When the D46 bit is set to “1” (hardware reset 2 when Vdet passes), set the D47 bit to “1” (below Vdet).
(Do not set to “0").

Figure 5.9 D4INT Register

Rev.1.10 Apr 27,2005 page 23 of 202

REJ09B0111-0110 RENESAS



R8C/13 Group 5.4 Voltage Detection Circuit

50V 50V
Vdet
Vi :
ce Sampling time :
(3 to 4 clock) H :
P —
Internal reset signal l ' |
(D46 bit=1) b 3
VC13 bit | | |
Set to"1" by program (voltage
« detection circuit enabled) :
VC27 bit : :
—J i Interrupt acknowledged i Interrupt acknowledged
Sampling time ¥—* '4
Voltage detection :
interrupt request l I (Btodclock) | | |
(D46 bit=0)

The above applies to the following conditions.
+ DAINT register D40 bit = 1 (voitage detection interrupt enabled)
* D4INT register D41 bit = 0 (digital filter enabled mode)

Sampling time : 4 cycles of sampling clock selected in DFQ bit to DF 1 bit

Figure 5.10 Operation Example of Voltage Detection Circuit
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5.4 Voltage Detection Circuit

5.0v

Vdet @

Vce

Internal reset signal{D46 bit = 1)

The above applies to the following conditions.
D4INT register D40 = 1 (voltage detection interrupt enabled)
DA4INT register D41 = 1 (digital fiiter disabled mode)
DA4INT register D47 = 1 ( Vcc is below Vdet)

VC13 bit
- Set lo "1" by program (vollage detection circuit enabled)
VC27 bit 1 :
CM 10 bit 1
élmem:pt acknowledged
Voitage detecti Er—l\
ge detection
interrupt request
(D486 bit = 0)

Sampling time : 4 cycles of sampling clock selected in DFQ bit to DF1 bit

CM10 : CM1 register bit
VC13 : VCR1 register bit
VC27 : VCR2 register bit
D46 : DAINT register bit

Figure 5.11 Operation Example of Voltage Detection Circuit to get out of Stop mode (1)

Vee

Vot — = e e e

5.0v

Internal reset signal
(D46 bit = 1)

VC13 bit

{voltago dotect

drcuit

VC27 bit 1

Voltage detection
Interrup! request

CM10 bit l

Interrupt acknowtedged
~

[ 1

(D46 bit = 0)

The above applies to the following conditions.

DA4INT register D40 bit = 1 (voitage detection interrupt enabled)

DA4INT register D41 bit = 1 (use voltage detection interrupt to get out of stop mode)
D4INT register D47 bit = 0 (Ve is over Vdet)

Sampling time : 4 cycles of sampling clock selected in DFO bit to DF 1 bit

CM10 : CN1 register bit
VC13 : VCR1 register bit
VC27 : VCR2 register bit
D46 : D4INT register bit

Figure 5.12 Operation Example of Voitage Detection Circuit to get out of Stop mode (2)
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5.4 Voltage Detection Circuit

5.4.1 Voltage Detection Interrupt

Figure 5.13 shows the block diagram of voltage detection interrupt generation circuit.

Refer to 5.4.2, "Exiting Stop Mode on a Voltage Detection Circuit” for Getting out of stop mode due to
the voltage detection interrupt.

A voltage detection interrupt is generated when the input voltage at the Vcc pin rises to Vdet or more
or drops below Vdet if all of the following conditions hold true in normal operation mode and wait
mode.

* The VC27 bit in the VCR2 register is set to “1” (voltage detection circuit enabled)

* The D40 bit in the D4INT register is set to “1” (voltage detection interrupt enabled)

* The D46 bit in the D4INT register is set “0" (voltage detection interrupt selected)

To use the digital filter (D41 bit in the D4INT register is set to “0"), set the CM14 bit in the CM1 register
to "0" (low-speed on-chip oscillator on). Figure 5.14 shows an operation example of voltage detection
interrupt generation circuit.

The voltage detection interrupt shares the interrupt vector with the watchdog timer interrupt and oscil-
lation stop detection interrupt.

The D42 bit in the D4INT register becomes “1” when passing through Vdet is detected after the volt-
age inputted to the Vcc pin is up or down.

A voltage detection interrupt request is generated when the D42 bit changes state from “0" to “1”. The
D42 bit needs to be set to “0” in a program.

Table 5.2 lists the voltage detection interrupt request generation conditions.

It takes 4 cycles of sampling clock until the D42 bit is set to "1" since the voltage which inputs to

Vce pin passes Vdet.

Itis possible to set the sampling clock detecting that the voltage applied to the Vcc pin has passed
through Vdet with the DFO to DF 1 bits in the D4INT register.

Table 5.2 Voltage Detection Interrupt Request Generation Conditions

Operation mode | VC27 bit D40 bit D41 bit D42 bit D486 bit VC13 bit CM14 bit
Normal operation 1 1 oor 4 o o From 0 to 12 0
mode From 1 to 02

2
Wait mode 1 1 Oor1 0 0 From Oto 1 0
From 1 to 02
Notes:

1. The status except the wait mode and stop mode is handled as the normal mode. (Refer to Chapter 6, "Clock

Generation Circuit.")

2. Refer to Figure 5.14, "Operation Example of Voitage Detection Interrupt Generation Circuit” for interrupt generation

timing.
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5.4 Voltage Detection Circuit

Voitage detection circuit

vcar
RING-S
- vC13
veer=1+ Noiso
. canceiter [ Voltage

Vollaga detection interrupt generation dircuit

OF1 to BF0
=002

=012 ;\’-
=102 o -
ml@Eet.

D42 bit is et to *0°{not detoctod)
by witting 8 0" in 8 progrom.
‘Whon VC27 bitis g0t to 0" (
wvoltago detoction clrouit
D42bAisscito ‘0",

rotoronce {Cenceer width; 200 ns) signal
voilage Voltago dotection signal
i3 “H" when VC27 bit= 0 Non-maskable
{disablod) intorrupt signat
CM10
Watchdog tmer block 043 o
‘D D40 jD-— Hardwero rozet 2
Walchdog timor o Dés
undorfiow signal This bit is set 1o “0*(not detacted) by writing 8 *0" in & program.

040, D41, D42, 043, OF0, DF1, D46, D47: Bits in D4INT rogister CMO02: BNt in CMO rogister
VC13: Bitin VCR1 register CM10: Bt in CM1 register
VC27: Bitin VCR2 register

Figure 5.13 Operation Detection Interrupt Generation Block

vee 7 \ /A
VC13 bit ] | 1 [
— —_— ‘-——: !
sampling | sampling | : sampling | sampling |

I
No voltage doetection interrupt
signals are generated when D42 bit

|
]
|
|
' 1
u

| [
| !
! I ! I
| ) I |
! [ ! I
| | I |
' I : I [ isH.
Output of digital filter? L )
! H ! H U
D42 bit ! ] : ! |—r—|———l__
! I I \ | \ |
I [ ' ! SelD42bitto’0" | SetDA2bitto0" |
! | ! | in a program (not in a program (not
! I ! | detected) ' detected) I
Voltage detection } $ T | |
interrupt signal | 1'-] ] I U U
I ' I ~— ] ]
Notes: .

1. D40 is “1"(voltage detection interrupt enabled).
2. Output of the digital filter shown in Figure 5.11

D42: Bitin D4INT register
VC13: Bitin VCR1 register

Figure 5.14 Voltage Detection Interrupt Generation Circuit Operation Example
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5.4 Voltage Detection Circuit

5.4.2 Exiting Stop Mode on a Voltage Detection Interrupt

A voltage detection interrupt is generated when the input voltage at the Vcc pin rises to Vdet or more
or drops below Vdet if all of the following conditions hold true in stop mode.

* The VC27 bit in the VCR2 register is set to “1” (voltage detection circuit enabled)

* The D40 bit in the D4INT register is set to “1” (voltage detection interrupt enabled)
* The D41 bit in the D4INT register is set “1” (digital filter disabled mode)

» The D46 bit in the D4INT register is set “0” (voltage detection interrupt selected)

The voltage detection interrupt shares the interrupt vector with the watchdog timer interrupt and oscil-
lation stop detection interrupt.
The D42 bit in the D4INT register becomes “1” when passing through Vdet is detected after the volt-

age inputted to the Vcc pin is up or down.

A voltage detection interrupt request is generated when the D42 bit changes state from “0” to “1”. The

D42 bit needs to be set to “0” in a program.

Table 5.3 lists the voltage detection interrupt request generation conditions to get out of stop mode.

Table 5.3 Voltage Detection Interrupt Request Generation Conditions to get out of Stop mode

Operation mode | VC27 bit | D40 bit | D41 bit | D42 bit D46 bit D47 bit VC13 bit
FromOto 1
Stop mode 1 1 1 0 0 Oort omee
From 1to 0
Notes:

1. The status except the wait mode and stop mode is handled as the normal mode. (Refer to Chapter 6, "Clock
Generation Circuit.”)
2. Refer to Figure 5.14, "Operation Example of Voltage Detection Interrupt Generation Circuit” for interrupt generation

timing.
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R8C/13 Group v 6. Clock Generating Circuit

6. Clock Generation Circuit

The clock generation circuit contains two oscillator circuits as follows:
* Main clock oscillation circuit
* On-chip oscillator (oscillation stop detect function)

Table 6.1 lists the clock generation circuit specifications. Figure 6.1 shows the clock generation circuit.
Figures 6.2 to 6.4 show the clock-related registers.

Table 6.1 _Clock Generation Circuit Specifications

tem Main clock On-chip oscillator
oscillation circuit High-speed on-chip oscillator Low-speed on-chip oscillator
Use of clock * CPU clock source *» CPU clock source * CPU clock source
* Peripheral function * Peripheral function clock source | « Peripheral function clock source
clock source * CPU and peripheral function » CPU and peripheral function
clock sources when the main clock sources when the main
o eeeeeceieeee e | Clock Stops oscillating ) Clack stops osciliating
Clock frequency | 0 to 20 MHz Approx. 8 MHz Approx. 125 kHz
Usable oscillator | * Ceramic resonator - e
- Cry§§al oscilator |
Pins to connect | XiN, Xout! Note! Note !
oscillator
Oscillation starts | Present Present Present
and stops
Oscillator status | Stopped Stopped Oscillating
after reset
Other Externally derived
clock can be input 2 _— —_—
Notes:

1. Cian be usetd as cl;’46 and P47 when the on-chip oscillator clock is used for CPU clock while the main clock osclllation
circuit is not used.

2. Set the CMOS bit in the CMO register to “1” (main clock stops) and the CM13 bit in the CM1 register to “1” (XIN-XouT
pin) when the external clock is input.
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Y

[High-speed on-chip osciilator control rogistor 1 (7-61) | [\\ fRING-fast
F 1 e

Peripheral
oatation _.DE tunction clock

CM10=1(Stop mode) s

CPU clock

Power on
Interrupt request level
judgment output
Voitage detective
interrupt

WAIT instruction E ................................

e b c
N DUy B B e B i B
CMD8=0
CM17 to CM18=112
CMOBa1
CM17 lg CM161104_;\O— d
&?g,g CM18s012 O
CM08=0
CM17 to CM162002
CM02, CMDS, CMDB: Bits in CMO rogister
CMtl’l)n. %ﬁ:ﬁ %%1()42' %1?‘;%107: BE::'In CM1 rogister
QCon, oCDY, I [
HROO, HRO1: Bits in nRo':oguu eaaler Details of divider
Oscillation stop detection circuit
Forcible discharge whon OCD0'=0
Pulso generation ¢
gmtlrcos” | ooy S
m—— jon ] ol
Main clack b ity discharge dotection intermupt Oscllationsiop
lacharge control cireult generstion direu O
drouk oco Watchdog Watchdog timer,
timer Vollage
interrupt dstection
intermupt
Notss: p—> 0CD2 bit switch signal
1. Set the same value to tha OCD1 bit and OCDO bit. P> CM14 bit switch signal
Figure 6.1 Clock Generation Circuit
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System clock control register 01
b7 b8 55 b4 b3 b2 b

Symbol Address After reset
o] | |°|1| |°|°] CMo 000616 6816

Pib bt b i[Bitsymbol § Bit name : Function :RW
: : : I L4 (b1-80) { Reserved bit i Setto 0" RW
Pii it I7CMo2 | [WAIT peripheral funclion | 0: Do not stop peripheral function clock In wait mode | Ry
T ; clock stop bit : 1.1 Stop peripheral function clock inwaltmode o
A R T T 3 i Reserved bit i Setto 1" RW
Pl Ty iReservedbt Psetto0” ) i RW
R éMos'?Maincléél(()'(ln:xOm)stop‘ﬁon"' RW
- S O Lo IO e e
HE : CPU clock division select 10" CM16 and CM17 valid :

poomeneresassesssaeees CMOS bt 05 i 1 Divide-by-8 mode : RW
LS o7 gReserved bit i Setto "0 'RW

Notes

(2) Set the OCD2 bit to 1" (on-chip oscillator clock selection).
4: When the CMOS5 bit is set to “1" (main clock stop), P4s and P47 can

System clock control register 11

b7 b8 b5 b4 53 b2 b1 b0

1: Set the PRCO bit of PRCR register to "1" (write enable) before writing to this register.
2: The CMOS5 bit is provided to stop the main clock when the on-chip oscillator mode is selected. This bit cannot be used for detection
as to whether the main clock stopped or not. To stop the main clock, the following setting is required:
(1) Set the GCDO and OCD1 bits in the OCD register to “002" (disabla oscillation stop detection function).

be used as inpul ports.

5: When entering stop mode from high or middle speed mode, the CM0S bit Is set to "1" (divide-by-8 mode).

3: Set the CMO5 bit to “1" (main clock stops) and the CM13 bit in the CM1 register to "1" (XIN-XouT pin) when the extemnal clock is input.

[ [ j I l l 0 I 0 | I Symbol Address After reset
CM1 000718 2018

, , , . ' Bit symbol Bit name Function {RW
boiob i i i1 Ll CM10 i Alclock stop controf bith [0 Clock on RW
A S S S SUUUUUU: R | 1:Alclocksoff (stopmode) ... foeeee
T A T S (1)  Reserved bit Setto ‘0" {RW
I R T (b2)  Reserved bit Set to *0" iRW
A T B D | 0T inpul port Pde, a7 77T pree
A CM13  : Port XIN-XouT switch Bi" {1 Xmne-Xour pin : RW
' ‘ : ' ............... : Low-speed on-chip 0 : Low-speed on-chip osclilator on :

HEE CM14 ! oscillation stop bitss 1 : Low-speed on-chip oscillator off i RW
L URUURUTIUTY - vyorey T Xin-XouT drive capacity T 0 ITOW T o h e
P CM15 i select bit2 1: HIGH } RW
- S POSORIUNRIIN L. oot STRIIOROIRIOPIOS irideoroeemreesnaaamne et e e et e et e s an e e nnaann s _—
e ettty cMi6 | CPU clock division 0 0 : No division mode {RW
: ......._.__..j select bit 13 0 1 : Division by 2 mode b
: : 1 0 : Division by 4 mode :

fromronmonmsssssoooosseseed ez 11 : Division by 16 mode iRW

Notes:

3: Effective when the CM0S bit is “0" (CM18 and CM17 bils enable).

unchanged when "1 is written.

to “1" (XiIN-XouT pin), the XouT (P47) pin becomes “H".
When the CM13 bit is sel lo "0" (inout oorts. Pds. P4?). the P47 (Xo

1: Write to this register after setting the PRCO bit of PRCR register to “1" (write enable).
2: When entering stop mode from high or middle speed mode, the CM15 bit is set to “1” (drive capacity high).

4: If the CM10 bit is *1” (stop mode), the internal feedback resistor becomes ineffective.
§: The CM14 bit can be set to "1" (low-speed on-chip oscillator off} if the OCD2 bit=0 (main clock selected). When the OCD2 bit is
set to “1" (selecting on-chip osclllator clock), the CM14 bit Is set to “0" (low-speed on-chip osclllator on). This bit remains

6: When using voltage detection interrupt circuit, CM14 bit is set to "0"
7: When the CM10 bit is set to "1" (stop mode) or the CMO0S bit in the CMO register to “1” (main clock stops) and the CM13 bit is set

uT) enters inout mode.

Figure 6.2 CMO Register and CM1 Register

Rev.1.10 Apr 27,2005 page 31 of 202
REJ09B0111-0110

RENESAS




R8C/13 Group 6. Clock Generating Circuit

Oscillation stop detection register?

b7 b8 b5 b4 b3 b2 bt b0

Symbol Address  After reset
lofofofof [ [ | | oco 000C16 0416

i [Bitsymbol ; Bit name : Function RW
I iy T Saniiafors sgors"""""""""""1 L'LL: Sttt eyt
Pii i i1l R ocpo [Sscllationstop 0 0: The function is disabled® | RW
T T T T SRR, _ 0 1: Do not set

R T T T T S ocDh1 1 0: Do not set

S T N SN ISR 11: The function is enabled? | |
Pobon o Reeeeeeen ocp2 0: Select main clock” RW
Plodod System clock scflect bité 1: Select on-chip oscilltor clor qkz .......
N UUUURY At Bttt 1™ ~Main clock on

Pl OCD3 | Clock monitor bit3. § 3 Mo clock on RO
Seerbendenstonenenenneneaend (;)7-b4) Reserved bit Setto "0" RW

Notes:

1. Set the PRCO bit in the PRCR register to “1” (write enable) before rewriting this register.

2. The OCD2 bitis set to “1" (selecting on-chip oscillator clock) automatically if a main clock oscillation stop
is detected while the OCD1 to OCDO bits are set to “112" (oscillation stop detection function enabled). If
the OCD3 bitis set to *1” (main clock stops), the OCD2 bit remains unchanged when trying to write “0"
(main clock selected). :

3. The OCD3 bit is enabled when the OCD1 to OCDO bits are set to “112" (oscillation stop detection function
enabled). Read the OCD3 bit several times with the oscillation stop detection interrupt processing
program to determine the main clock state.

4. The OCD1 to OCDO bits should be set to "002" (oscillation step detection function disabled) before
entering stop mode or on-chip oscillator (main clock stops).

5. The OCD3 bit remains set to “0" (main clock on) if the OCD1 to OCDO bits are set to “002".

6. The CM14 bit goes to “0” (low-speed on-chip oscillator on) if the OCD2 bit is set to “1" (on-chip oscillator
clock selected).

7. Refer to Figure 6.7 “swilching clock source from low-speed on-chip oscillator to main clock” for the
switching procedure when the main clock re-oscillates after detecting an oscillation stop.

Figure 6.3 OCD Register
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High-speed on-chip oscillator control register 03

b7 b8 b5 b4 53 62 b1 B0

Symbol Address  After reset
[o]ofofofofofo] | HRO 000816 0016

PPl bt i [Btsymbol Bit name : Function TRW
ib b it b il pRop | High-speed on-chip ! 0: High-speed on-chip oscillator off ' RW
O O R VO ;osclistor ensblobit 1 1: High-speed on-chip oscllaloron _...meeeeveemene. b
; § E . : : ' ..... {High-speed on-chl 1 0: Low-speed on-chip oscillator selected? ;
[ A HRO1 osﬁmat'.’,, select bit? + 1: High-speed on-chip oscillator selected §RW
N N OO SAhCE R L I I L L R e e e LR jueses
hedededadidi (b7-b2) :Reserved bit i Setto “0" iRW

Notes: :

1. The HRO1 bit should be changed under the following conditions.
» HROO = 1 (high-speed on-chip oscillator on)
» CM1 register CM14 bit = 0 (low-speed on-chip oscillator on)
2. When writing “0°(low-speed on-chip oscillator setected) to the HR01 bit, do not write "0"(high-speed on-chip oscillator stops) to
the HROO bit simultaneously. Set the HRGO bit 1o "0" after setting the HRO1 bit to “0".
3. Set the PRCO bit in the PRCR register to *1" (write enable) before rewriting this register.

High-speed on-chip oscillator control register 11
b7 06 b5 b4 b3 b2 bl bO

o; Symbol Address After reset

I : . I HR1 000B18 4018
. Function RW
§ The frequency of high-speed on-chip oscillator is adjusted with bits 0 to bits 6. RW

Pertod of high-speed on-chip oscillator
=td(HR offset) + (84 X b6 + 32X b5+ 16 X ba + 8 X b3 +4 X b2 + 2 X b1 + b0) X td(HR)

Bit 7 should be set to "0".

P —

Note:
1. Set the PRCO bit In the PRCR register to *1" (write enable) before rewriting this register.

Figure 6.4 HRO Register and HR1 Register
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R8C/13 Group 6.1 Main Clock

The following describes the clocks generated by the clock generation circuit.
6.1 Main Clock

This clock is supplied by a main clock oscillation circuit. This clock is used as the clock source for the
CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XouTt pins. The main clock oscillator circuit contains a feedback resis-
tor, which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of
power consumed in the chip. The main clock oscillator circuit may also be configured by feeding an
externally generated clock to the XIN pin. Figure 6.5 shows examples of main clock connection circuit.
During reset and after reset, the main clock is tumed off.

The main clock starts oscillating when the CMO5 bit in the CMO register is set to “0” (main clock on)
after setting the CM13 bit in the CM1 register to “1” (XIN- XoUT pin).

To use the main clock for the CPU clock, set the OCD2 bit in the OCD register to “0" (selecting main
clock) after the main clock becomes oscillating stably.

The power consumption can be reduced by setting the CMO5 bit in the CMO register to “1” (main clock
off) if the OCD2 bit is set to “1” (on-chip oscillator clock selected).

Note that if an externally generated clock is fed into the XIN pin, the main clock cannot be tumed off by
setting the CMOS5 bit to “1”. If necessary, use an external circuit to turn off the clock.

During stop mode, all clocks including the main clock are turned off. Refer to Section 6.4, “Power

Control.”
Microcomputer Microcomputer
(Butit-in feedback resistor) (Built-in feedback resistor)
XIN Xout XN Xour
Open
(Note)
Rq

,__"] Externally derived clock
I  ZIow e LrLLr
= = Vss

Note: Insert a damping resislor if required. The resistance will vary depending on the osciflator and the oscillation drive
capacily setling. Use the value recommended by the maker of the oscillator.
Wien the osclllation drive capacily is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
dala sheel specifies that a feedback resistor he added external lo the chip, insert a feedback resistor between XIN
and Xour following the instruction.

Figure 6.5 Examples of Main Clock Connection Circuit
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R8C/13 Group 6.2 On-chip Oscillator Clock

6.2 On-Chip Oscillator Clock
This clock is supplied by a on-chip oscillator. There are two kinds of on-chip oscillator: high-speed on-
chip oscillator and low-speed on-chip oscillator. These oscillators are selected by the bit HR01 bit in
the HRO register.

6.2.1 Low-Speed On-Chip Oscillator Clock
The clock derived from the low-speed on-chip oscillator is used as the clock source for the CPU
clock, peripheral function clock, fRING, fRING128 and fRING-S.
After reset, the on-chip oscillator clock derived from low-speed on-chip oscillator by divided by 8 is
selected for the CPU clock.
If the main clock stops oscillating when the OCD1 to OCDO bits in the OCD register are “112" (oscil-
lation stop detection function enabled), the low-speed on-chip oscillator automatically starts operat-
ing, supplying the necessary clock for the microcomputer.
The frequency of the low-speed on-chip oscillator varies depending on the supply voltage and the
operation ambient temperature. The application products must be designed with sufficient margin to
accommodate the frequency range.

6.2.2 High-Speed On-Chip Oscillator Clock

The clock derived from high-speed on-chip oscillator is used as the clock source for the CPU clock,
peripheral function clock, fRING, fRING128, and fRING1-fast.

After reset, the on-chip oscillator clock derived from high-speed on-chip oscillator is halted. The
oscillation is started by setting the HROO bit in the HRO register to “1” (high-speed on-chip oscillator
on). The frequency can be adjusted by the HR1 register.

The relationship between the value of HR1 register and the period of high-speed on-chip oscillator is
shown below. it is noted that the difference in delay between the bits should be adjusted by changing
each bit. Bit 7 should be set be “0".

Period of high-speed on-chip oscillator = td(HR offset) + (64 X b6 + 32 X b5+ 16 X b4 +8 X b3 + 4
Xb2+2Xb1+b0) X td(HR)
b0 to b6 : Bits in HR1 register
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6.3 CPU Clock and Peripheral Function Clock
There are two types of clocks: CPU clock to operate the CPU and peripheral function clock to operate the
peripheral functions. Also refer to “Figure 6.1 Clock Generating Circuit".

6.3.1 CPU Clock
This is an operating clock for the CPU and watchdog timer.
The clock source for the CPU clock can be chosen to be the main clock or on-chip oscillator clock.
The selected clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use
the CMO6 bit in the CMO register and the CM17 to CM16 bits in the CM1 register to select the divide-
by-n value.
After reset, the low-speed on-chip oscillator clock divided by 8 provides the CPU clock.
Note that when entering stop mode from high or middle speed mode, the CMO6 bit is set to “1” (divide-
by-8 mode). 1

6.3.2 Peripheral Function Clock (f1, f2, fs, f32, fAD, fisio, f8slo, f32st0, fRING, fRING128)
These are operating clocks for the peripheral functions.
Of these, fi (i=1, 2, 8, 32) is derived from the main clock or on-chip oscillator clock by dividing them by
i. The clock fiis used for timers X, Y, Z and C.
The clock fisio (j=1, 8, 32) is derived from the main clock or on-chip oscillator clock by dividing them by
j- The clock fjsio is used for serial interface.
The fAD clock is produced from the main clock or the on-chip oscillator clock and is used for the A/D
converter.
When the WAIT instruction is executed after setting the CMO2 bit in the CMO register to “1” (peripheral
function clock turned off during wait mode), the clocks fi, fisio, and fAD are turned off.

6.3.3 fRING and fRING128
These are operating clocks for the peripheral functions.
The fRING runs at the same frequency as the on-chip oscillator, and can be used as the souce for the
timer Y. The fRING128 is derived from the fRING by dividing it by 128, and can be used for Timer C.
When the WAIT instruction is executed, the clocks fRING and fRING128 are not turned off.

6.3.4 fRiNG-fast
This is used as the count source for the timer C. The fRING-fast is derived from the high-speed on-chip
oscillator and provided by setting the HROO bit to “1” (high-speed on-chip oscillator on).
When the WAIT instruction is executed, the clock fRING-fast is not turned off.
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6.4 Power Control
There are three power control modes. All modes other than wait and stop modes are referred to as
normal operation mode.

6.4.1 Normal Operation Mode

Normal operation mode is further classified into four modes.

In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the

CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU

clock frequency. The higher the CPU clock frequency, the greater the processing capability. The lower

the CPU clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator

circuits are turned off, the power consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source to which

switched must be oscillating stably. If the new clock source is the main clock, allow a sufficient wait

time in a program until it becomes oscillating stably.

* High-speed Mode
The main clock divided by 1 (undivided) provides the CPU clock. If the CM14 bit is set to “0” (low-
speed on-chip oscillator on) or the HROO bit in the HRO register is set to “1" (high-speed on-chip
oscillator on), the fRING and fRING128 can be used for timers Y and C. When the HROO bit is set to *1”,
fRING-fast can be used for timer C.

* Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the CM14 bit is set to “0” (low-
speed on-chip oscillator on) or the HR0O bit in the HRO register is set to “1” (high-speed on-chip
oscillator on), the fRING and fRING128 can be used for timers Y and C. When the HROO bit is set to “1",
fRING-fast can be used for timer C.

* High-speed, Low-speed, On-Chip Oscillator Mode
The on-chip oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock. The on-
chip oscillator clock is also the clock source for the peripheral function clocks. When the HROQO bit is
set to “1”, fRING-fast can be used for timer C.
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Table 6.2 Setting Clock Related Bit and Modes

OCﬁgister CM1 register CMO register
Modes OCD2 CM17,CM16 | CMO6 | CMO5
High-speed mode 0 002 0 0
Medium- |divided by 2 0 012 0 0
speed divided by 4 0 102 0 0
mode —
divided by 8 0 — 1 0
divided by 16 0 112 0 0
High-speed, | no division 1 002 0 Oor1
low-speed  I'Givided by 2 1 012 0 Dor1
on-chip  [dvided by 4 1 102 0 | Oord
mode? divided by 8 1 — 1 Oor1
divided by 16 1 112 0 Dord
Notes:

1. The low-speed on-chip oscillator is used as the on-chip oscillator clock when the CM1 register CM14 bit=0 (low-
speed on-chip oscillator on) and HRO register HRO01 bit=0 (low-speed on-chip oscillator selected).
The high-speed on-chip oscillator is used as the on-chip oscillator clock when the HRO register HROO bit=1

(high-speed on-chip oscillator on) and HRO01 bit=1 (high-speed on-chip oscillator selected).
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R8C/13 Group 6.4 Power Control

6.4.2 Wait Mode
In wait mode, the CPU clock is turned off, so are the CPU and the watchdog timer because both are
operated by the CPU clock. Because the main clock and on-chip oscillator clock both are on, the
peripheral functions using these clocks keep operating.
* Peripheral Function Clock Stop Function
If the CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the f1, f2, fs, f32, f1si0,
f8si0, f32s10, and fAD clocks are turned off when in wait mode, with the power consumption reduced
that much.
* Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.
* Pin Status During Walit Mode
The status before wait mode is retained.
» Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset or peripheral function interrupt.
When using a hardware reset to exit wait mode, set the ILVL2 to ILVLO bits for the peripheral function
interrupts to “0002" (interrupts disabled) before executing the WAIT instruction.
The peripheral function interrupts are affected by the CM02 bit. If CM02 bit is “0” (peripheral function
clocks not turned off during wait mode), all peripheral function interrupts can be used to exit wait
mode. If CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the peripheral
functions using the peripheral function clocks stop operating, so that only the peripheral functions
clocked by external signals can be used to exit from wait mode.
Table 6. 3 lists the interrupts to exit wait mode and the usage conditions.
When using a peripheral function interrupt to exit wait mode, set up the following before executing
the WAIT instruction.
1. In the ILVL2 to ILVLO bits in the interrupt control register, set the interrupt priority level of the
peripheral function interrupt to be used to exit wait mode.
Also, for all of the peripheral function interrupts not used to exit wait mode, set the ILVL2 to ILVLO
bits to “0002" (interrupt disable).
2. Set the [ flag to “1”.
3. Enable the peripheral function whose interrupt is to be used to exit wait mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turmed on, an
interrupt sequence is executed.
The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU
clock that was on when the WAIT instruction was executed.

Table 6.3 Interrupts to Exit Wait Mode and Usage Conditions

Interrupt CM02s0 CM02=1
Serial interface Interrupt Can be used when operating with intemal | Can be used when operating with externa! clock
or external glock

Key input interrupt Can be used Can be used

AD conversion interrupt Can be used In one-shot mode = (Do not use)

Timer X interrupt Can be used In ail modes Can be used in event counter mode

Timer Y interrupt Can be used in all modes Can be used when countling inputs from CNTR1
in ti

Timer Z interrupt Can be used In all modes (Do not use)

Timer C interrupt Can be used in all modes (Do not use)

W‘Finterrupt Can be used Can be used (N‘l’d and INT3 can be used if there

is no filter.

Voitage detection interrupt Can be used Can be used

Osclllation stop detection Can be used —— (Do not use)

Interrupt
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6.4.3 Stop Mode
In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function
clocks. Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The
least amount of power is consumed in this mode. If the voltage applied to Ve pin is VRAM or more, the
internal RAM is retained.
However, the peripheral functions clocked by external signals keep operating. The following interrupts
can be used to exit stop mode.
» Key interrupt :
+ INTO to TNT2 interrupts (TNTO can be used only when there is no filter.)
* INT3 interrupt (INT3 can be used when there is no filter and Timer C output compare mode (the
TCCA13 bit in the TCC1 register is set to “1")
« Timer X interrupt (when counting extemnal pulses in event counter mode)
* Timer Y interrupt (when counting inputs from CNTR1 pin in timer mode)
* Serial interfaces interrupt (when external clock is selected)
* Voltage detection interrupt
* Entering Stop Mode
The microcomputer is placed into stop mode by setting the CM10 bit of CM1 register to “1” (all clocks
turned off). At the same time, the CMOB6 bit of CMO register is set to “1” (divide-by-8 mode) and the
CM15 bit of CM10 register is set to “1” (main clock oscillator circuit drive capability high).
Before entering stop mode, set the OCD1 to OCDO bits to “002" (oscillation stop detection function
disable).
* Pin Status in Stop Mode
The status before wait mode is retained.
However, the XouT(P47) pin is held “H" when the CM13 bit in the CM1 register is set to “1" (XIN-XouT
pin). The P47(Xour) is in input state when the CM13 bit is set to “0” (input port P4s, P47),
* Exiting Stop Mode
The microcomputer is moved out of stop mode by a hardware reset or peripheral function interrupt.
When using a hardware reset to exit stop mode, set the ILVL2 to ILVLO bits for the peripheral function
interrupts to “0002" (interrupts disabled) before setting the CM10 bit to “1".
When using a peripheral function interrupt to exit stop mode, set up the following before setting the
CM10 bit to “1".
1. In the ILVL2 to ILVLO bits in the interrupt control register, set the interrupt priority level of the
peripheral function interrupt to be used to exit stop mode.

Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO
bits to “0002",

2. Set the | flag to “1",
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.

In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt sequence is executed.

The main clock divided by 8 of the clock which is used right before stop mode is used for the CPU
clock when exiting stop mode by a peripheral function interrupt.
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Figure 6.6 shows the state transition 6f power control.

High-speed

Middle-speed mode

Mode,

Wait Mode

Oscillator Mode

0OCD2=1
HR01=0
CM14=0

CM14=0, HR01=0
HR00=1, HR01=1

Oscillator Mode
OCD2=1
HRO1=1

HR00=1

Low-speed On-chip

CM10=1
(Al clocks stop)

Stop Mode

- - - ——— - -

There are six power control modes.
(1) High-speed mode
(2) Middle-speed mode
(3) High-speed on-chip oscillator mode
(4) Low-speed on-chip oscillator mode
(5) Wait mode
(6) Stop mode

CMOS: Bit in CMO register

CM10, CM13, CM14: Bit in CM1 register
OCD2: Bit in OCD register

HROO, HRO1: Bit in HRO register

Figure 6.6 State Transition of Power Control
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6.5 Oscillation Stop Detection Function
The oscillation stop detection function is such that main clock oscillation circuit stop is detected. The
oscillation stop detection function can be enabled and disabled by the OCD1 to OCDO bits in the OCD
register.
Table 6.4 lists the specifications of the oscillation stop detection function.

Where the main clock corresponds to the CPU clock source and the OCD1 to OCDO bits are “112”
(oscillation stop detection function enabled), the system is placed in the following state if the main clock
comes to a halt:

* OCD register OCD2 bit = 1 (selecting on-chip oscillator clock)

* OCD register OCD3 bit = 1 (main clock stopped)

* CM1 register CM14 bit = 0 (low-speed on-chip oscillator oscillating)

* Osciliation stop detection interrupt request occurs

A

Table 6.4 Oscillation Stop Detection Function Specifications

Item Specification
Oscillation stop detectable clock and | f(Xi) > 2 MHz
frequency bandwidth
Enabling condition for oscillation stop | Set OCD1 to OCDO bits to “112” (oscillation stop detection
detection function function enabled)
Operation at oscillation stop detection | Oscillation stop detection interrupt occurs

6.5.1 How to Use Oscillation Stop Detection Function

* The oscillation stop detection interrupt shares the vector with the watchdog timer interrupt. If the
oscillation stop detection and watchdog timer interrupts both are used, the interrupt factor must be
determined. Table 6.5 shows how to determine the interrupt factor with the oscillation stop detection -
interrupt, watchdog timer interrupt and voltage detection interrupt.

* Where the main clock re-oscillated after oscillation stop, the clock source for the CPU clock and
peripheral functions must be switched to the main clock in the program.

Figure 6.7 shows the procedure for switching the clock source from the low-speed on-chip oscillator
to the main clock.

* To enter wait mode while using the oscillation stop detection function, set the CM02 bit to “0" (periph-
eral function clocks not turned off during wait mode).

* Since the oscillation stop detection function is provided in preparation for main clock stop due to
external factors, set the OCD1 to OCDO bits to “002" (oscillation stop detection function disabled)
where the main clock is stopped or oscillated in the program, that is where the stop mode is selected
or the CMO5 bit is altered.

* When using the low-speed on-chip oscillator clock for the CPU clock and clock sources of peripheral
functions after detecting the oscillation stop, set the HRO1 bit in the HRO register to “0” (low-speed
on-chip oscillator selected) and the OCD1 to OCDO bits to 112" (oscillation stop detection function
enabled). When using the high-speed on-chip oscillator clock for the CPU clock and clock sources of
peripheral functions after detecting the oscillation stop, set the HR01 bit to “1” (high-speed on-chip
oscillator selected) and the OCD1 to OCDO bits to 112" (oscillation stop detection function enabled).
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Table 6.5 Interrupt Factor Determination of Oscillation Stop Detection, Watchdog Timer Interrupt or
Voltage Detection Interrupt

Generated Interrupt Factor Bit showing interrupt source
Oscillation stop detection (a) The OCD3 bit in the OCD register = 1
((@)or(b)) (b) The OCD1 to OCDO bits in the OCD register = 112 and the
OCD2 bit =1
Watchdog timer The D43 bit in the D4INT register = 1
Voltage detection The D42 bit in the D4INT register = 1

((_ switchtoMainclock )

-«

Verify OCD3 bit
1(main clock stop)

O(main clock oscillating)

Determine several times

Determine several times that the main clock is supplied

Set CCD1 to OCDO bits to 002
(oscillation stop detection function disabled)

Set OCD2 bitto 0
(selecting main clock)

I
C End j

OCD3 to OCDO bits: Bits in OCD register

Figure 6.7 Switching Clock Source From Low-speed On-Chip Oscillator to Main Clock
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7. Protection

In the event that a program runs out of control, this function protects the important registers so that they
will not be rewritten easily. Figure 7.1 shows the PRCR register. The following lists the registers protected
by the PRCR register.

* Registers protected by PRCO bit: CM0, CM1, and OCD, HRO, HR1 registers

* Registers protected by PRC1 bit: PMO and PM1 registers

* Registers protected by PRC2 bit: PDO register

* Registers protected by PRC3 bit: VCR2 and D4INT registers

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be set to “0”
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to “1”. Make sure no interrupts will occur between the instruction in which the PRC2
bit is set to “1” and the next instruction. The PRC0,PRC1 and PRC3 bsits are not automatically set to “0”
by writing to any address. They can only be set to “0” in a program.

Protect register
b7 b6 bS b4 b3 bl b0
ol o = Symbol Address After reset
i Il Bl B I PRCR 000A16 00XXX0002
g ; f : ; : : Bit symbol Bit name Function RW
Pii i preo Protect bit 0 Enable write to CMD, CM1, OCD,
e HRO, HR1 registers
: 5 3 5 5 § : 0 : Write protected RW
A 1 : Write enabled
Enable write to PM0, PM1
A T PRC1 Protect bit 1 registers
R A 0 : Write protected Rw
R T 1 : Write enabled
E E : : : 3 Enable write to PDO register
H E HE 3 eeeenn J PRC2 Protect bit 2
Lo 0 : Write protected RW
HE T 1 : Write enabled?
SRR Enable write to VCR2, D4INT
R PRC3 Protect bit 3 registers
AR 0 : Write protected RwW
oo 1 : Write enabled
e SRRLOTLITEITE (b5-b4) Reserved bit When write, should set to “0" RW
L SRR (b7-b6) Reserved bit When read, its content Is “0". RO
Notes:
1. The PRC2 bit is set to “0" by writing to any address after setting it to “1". Other bits are not set to “0"
by writing to any address, and must therefore be set to “0” in a program.

Figure 7.1 PRCR Register
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8. Processor Mode
8.1 Types of Processor Mode

The processor mode is single-chip mode. Table 8.1 shows the features of the processor mode. Figure
8.1 shows the PMO and PM1 register.

Table 8.1 Features of Processor Mode

Processor mode Access space

Pins which are assigned I/O ports

Single-chip mode SFR, internal RAM, internal ROM All pins are I/O ports or peripheral

function 1O pins

NOTES:

Notes:
1. Set the PRC1 bit in the PRCR register to "1* (wrile enable) before writing to this register.
2. PM12 bitis set to *1" by writing a *1" in a program. (Writing a “0” has no effect.)

Processor mode register 0(1)

Symbol Address After reset
7 b6 bS b4 b3 b2 b1 b0
NN NN PMO 000418 0016
DDA [ofo] o]
Pib it [Bsymbol Bit name Function RW
i i Ui il —— [Reservedbn Setlo 0"
S (b2-b0) RW
A PMO3 Software reset bit Setting this bit to "1" resets the
A A R microcomputer. When read, its RW
A content is 0",
o] 7 Nothing Is assigned. When write, set to *0". When read, its

(b7-b4) contentis "0". -

1. Set the PRC1 bit in the PRCR register to "1" (write enable) before writing to this register.

Processor mode register 1(1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset

Lo XDXIXIXT [o ] pw 000516 0016

. 5 : ‘ ' Bit symbol Bit name Function RW

L A A Data area access enable | 0: Disabled

E E E 5 5 E PM10 1: Enabled RW

E ; E § § teees (1) Reserved bit Set to “0” RW

§ ' E § LU PM12 WOT interrupt/reset 0 : Watchdog timer interrupt RW

oo switch bit() 1 : Watchdog timer reset2

SIS I — Nothing Is assigned. When write, set to “0". When read, its

(b6-b3) contentis 0. -

------------------------ ®7) Reserved bit Setto “0° RW

Figure 8.1 PMO Register and PM1 Register
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9. Bus

During access, the ROM/RAM and the SFR have different bus cycles. Table 9.1 shows bus cycles for
access space.
The ROM/RAM and SFR are connected to the CPU through an 8-bit bus. When accessing in word (16

bits) units, these spaces are accessed twice in 8-bit units. Table 9.2 shows bus cycles in each access
space.

Table 9.1 Bus Cycles for Access Space
Access space Bus cycle

SFR 2 CPU clock cycles
ROM/RAM 1 CPU clock cycles

Table 9.2 Access Unit and Bus Operation

Space SFR ROM/RAM

Even address CPU clock | ] | —l
byte access

CPU clock | | | [

r
Address X Even X Address
Data Data

Odd address | CPU clock | l f l [ |CPUclock | l [ LT

Ploaceess | aderess X oug X | Address
Data Data Xpaa)

Even address | cPU clock| | | | | | I I | CPU clock | L] T
word access

Address X Even X Event1 X Address X Even X Even*1 X
Data Data XoataX  XData X

oddaddress |CPUclock [ | [ L[ LT L[ | cPUclock[ 1| 1 [
word access
Address X\ odd  X_ odd+1_X Address X__0dd X odar1_X

Data x Data X X Datax Data
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10. Interrupt

10.1 Interrupt Overview

10.1.1 Type of Interrupts
Figure 10.1 shows types of interrupts.

Undefined instruction (UND instruction)
- Software Overflow (INTO instruction)

(Non-maskable interrupt) BRK instruction
INT instruction

Interrupt < 'Watchdog timer
Oscillation stop detection
Special —————— ] Voltage detection
(Non-maskable interrupt) | Single step2

Address match

- Hardware

L
Peripheral function1

(Maskable interrupt)
Notes:

1. Peripheral function interrupts are generated by the peripheral functions built in the microcomputer system.
2. Avoid using this interrupt because this is a dedicated interrupt for development support tools only.

Figure 10.1 Interrupts

* Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or-
whose interrupt priority can be changed by priority level.
* Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag

(1 flag) or whose interrupt priority cannot be changed by priority level.
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10.1.2 Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-
maskable interrupts.

* Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

* Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the
operation resulted in an overflow). The following are instructions whose O flag changes by arith-
metic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

* INT instruction Interrupt
An INT instruction interrupt occurs when executing the INT instruction. Software interrupt numbers 0
to 63 can be specified for the INT instruction. Because software interrupt Nos. 4 to 31 are assigned
to peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can
be executed by executing the INT instruction.
In software interrupt numbers 0 to 31, the U flag is saved to the stack during instruction execution
and is cleared to “0" (ISP selected) before executing an interrupt sequence. The U flag is restored
from the stack when returning from the interrupt routine. In software interrupt numbers 32 to 63, the
U flag does not change state during instruction execution, and the SP then selected is used.
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10.1.3 Hardware Interrupts

Hardware interrupts are classified into two types — special interrupts and peripheral function inter-

rupts.

(1) Special Interrupts
Special interrupts are non-maskable interrupts.

* Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt Is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to Chapter 11, “Watchdog Timer.”

* Oscillation Stop Detection Interrupt
Generated by the oscillation stop detection function. For details about the oscillation stop detection
function, refer to Chapter 6, “Clock Generation Circuit.”

* Voltage Detection Interrupt
Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to
Section 5.4, “Voltage Detection Circuit.”

* Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

* Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO to RMAD1 register that corresponds to one of the AIER register's AIERO or
AIER1 bit which is "1" (address match interrupt enabled). For details about the address match inter-
rupt, refer to Section 10.4, “Address Match Interrupt.”

(2) Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal
functions. The interrupt factors for peripheral function interrupts are listed in Table 10.2.
“Relocatable Vector Tables". For details about the peripheral functions, refer to the description of
each peripheral function in this manual.
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10.1.4 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respec-
tive interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in
the corresponding interrupt vector. Figure 10.2 shows the interrupt vector.

msB LS8
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000 0

Note1: The OFS register is assigned to the OFFFF16 address. Refer to "Figure11.2
OFS, WDC, WDTR and WDTS registers" for the OFS register detals.

Figure 10.2 Interrupt Vector

* Fixed Vector Tables
The fixed vector tables are allocated to the addresses from OFFDC16 to OFFFF16. Table 10.1 lists
the fixed vector tables. In the flash memory version of microcomputer, the vector addresses (H) of
fixed vectors are used by the ID code check function. For details, refer to Section 17.3, “Functions to
Prevent Flash Memory from Rewriting.”

Table 10.1 Fixed Vector Tables

Interrupt factor Vector addresses Remarks Reference
Address (L) to address (H)

Undefined instruction] OFFDC16 to OFFDF16 | Interrupt on UND instruction R8C/Tiny Series
Overflow OFFEO016 to OFFE316 | Interrupt on INTO instruction software manual
BRK instruction OFFE416 to OFFE716 | If the contents of address

OFFE716 is FF16, program ex-

ecution starts from the address

shown by the vector in the

relocatable vector table.
Address match OFFEB816 to OFFEB1s 18.1 Address match

interrupt
Single step! OFFEC16 to OFFEF1s
» Watchdog timer OFFFO016 to OFFF316 11. Watchdog timer
* Osclilation stop 6. Clock generation
detection circuit
» Voltage detection 5.4Voltage detection
circuit

(Reserved) OFFF416 to OFFF716
(Reserved) OFFF816 to OFFFB16
Reset OFFFC16 to OFFFF16 Reset

Note: Do not normally use this interrupt because it is provided exclusively for use by development sup-

port tools.
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* Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable
vector table area. Table 10.2 lists interrupts and vector tables located in the relocatable vector table.

Table 10.2 Relocatable Vector Tables

Interrupt factor Vector address! Software interrupt Reference
Address (L) to address (H) number
BRK instruction? +0 to +3 (000016 to 000316) 0 R8C/Tiny Series
(Reserved) 1112 | Somware manual
Key input +52 to +55 (003416 to 003716) 13 10.3 Key input interrupt
AD +56 to +59 (003816 to 003B16) 14 14 A/D converter
(Reserved) 15
Compare 1 +64 to +67 (004016 to 004316) 16 12.4 Timer C
UARTO transmit +68 to +71 (004416 to 0047186) 17
UARTO receive +72 to +75 (004816 to 004B16) 18
UARTA transmit +76 10 +79 (004C16 to 004F16) 19 13. Serial Interface
UART1 receive +80 to +83 (005016 to 005316) 20
INT2 +84 o +87 (005416 to 005716) 21 10.2.3 INT interrupt
Timer X +88 to +91 (005816 to 005816) 22 12.1 Timer X
Timer Y +92 to +95 (605C16 to 005F16) 23 12.2 Timer Y
Timer 2 +96 to +99 (006016 to 006316) 24 12.3 Timer 2
INT1 +100 to +103 (006416 to 006716) 25 10.2.3 INT1 interrupt
INT3 +104 to +107 (006816 to 006B16) 26 10.2.4 iNT3 interrupt
Timer C +108 to +111 (006C16 to 006F16) 27 12.4 Timer C
Compare 0 +112 to +115 (007016 to 007316) 28 12.4 Timer C
INTO L. |*M160+119(00741610007716)| 29 |10.21 INTOinterupt
= (Reserved) 30
- (Reserved) S 31
Software intemrupt2 +128to +131t£008016 to 008316) 1:02 g:ﬂ%,g:y nf::ue:l
+252 to +255 (00FC16 to 00FF16) 63

Notes:

1. Address relative to address in INTB.
2. These interrupts cannot be disabled using the 1 flag.
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10.1.5 Interrupt Control

The following describes how to enable/disable the maskable interrupts, and how to set the priority in
which order they are accepted. What is explained here does not apply to nonmaskable interrupts.
Use the FLG register’s | flag, IPL, and each interrupt control register's ILVL2 to ILVLO bits to enable/

disable the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each
interrupt control register.

Figure 10.3 shows the interrupt contro! registers.
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Interrupt control register2

Symbol Address After reset

KUPIC 004D1s XXXXX0002

ADIC 004E1s XXXXX0002

CMP1IC 005018 XXXXX0002

SOTIC, S1TIC 005118, 005316 XXXXX0002

SORIC, S1RIC 005215, 005416 XXXXX0002

INT2IC 005516 XXXXX0002

TXIC 005618 XXXXX0002

TYIC 005715 XXXXX0002

TZIC 005816 XXXXX0002
b b6 b5 be b3 52 b1 bo |NT1:C %9«; XXXXngOz

INT3IC Ats XXXXX0002
DXDXDAX T T T] Tec 005818 XXXXX0002
I S S S S S S CMPOIC 005C1s XXXXX0002
) t . . L] 1 1 1]
. 1l . 1] [} 1) . 1]
A bl Bit symbol Bit name Function RW
T A ILVLO Interrupt priority level
A select bit b2b1 b0 RW
Voo 000: Level 0 (interrupt disabled)
E A I 001: Level1
T ILVL1 010: Lovel 2
A 011: Level 3 RW
Voo 100: Level 4
FEH A B 101: Level5
A T A LvL2 110: Level 6
oror e 111: Level7 RW
. 1 [] 1] .
E E E : o] IR Interrupt request bit 0: Interrupt not requested
Pl pireq 1: Interrupt requested Rw!
L O S —_ Nothing is assigned.

(b7-b4) When write, set to “0". When read, its content is indeterminate. _—

b7 b6 b5 b4 b3 b2 b1 b

Symbol Address After reset
0 INTOIC 005D1s XX00X0002

. ‘ . Bit symbol Bit name Function RW
borob ot i Vo | Interupt priority level
A select bit b261b0 , RW
- 000: Level 0 (interrupt disabled)
A 001:Level 1
Pl ILVL1 010 Level 2
I T 011:Level3 RW
[ 100:Level 4
Voo 101:Level5
A ILVL2 110: Level 6
AN 111:Level 7 RW
o S, ) IR Interrupt request bit 0: Interrupt not requested .
i : : : 1: Interrupt requested RW
AN R | PoL | Potarity select bit2. 4 0 : Selects falling edge
R 1: Selects rising edge RW
Pl e (bS5) Reserved bit Must always be set to “0” RW
Lo - Nothing Is assigned.

(b7-b6) When write, set to “0". When read, its content is Indeterminate. i
Notes:

1. Only "0" can be written to the IR bit. (Do not write "1").

2. To rewrite the interrupt contro! register, do so at a point that does not generate the interrupt request for that register.
Refer to the paragraph 19.2.6 “Changing Interrupt Contro! Registers”.

3. If the INTOPL bit In the INTEN register is set to 1" (both edges), set the POL bit to "0 * (selecting falling edge).

4. The IR bit may be set to "1" (interrupt requested) when the POL bit is rewritten. Refer to the paragraph 19.2.5
“Changing Interrupt Factor”.

Figure 10.3 Interrupt Control Registers
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| Flag
The | flag enables or disables the maskable interrupt. Setting the | flag to “1” (enabled) enables the
maskable interrupt. Setting the | flag to “0” (disabled) disables all maskable interrupts.

* IR Bit

The IR bitiis set to “1” (interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit
is cleared to “0” (= interrupt not requested).

The IR bit can be cleared to “0” in a program. Note that do not write “1” to this bit.

*ILVL2 to ILVLO Bits and IPL
Interrupt priority levels can be set using the ILVL2 to ILVLO bits.

Table 10.3 shows the settings of interrupt priority levels and Table 10.4 shows the interrupt priority
levels enabled by the IPL.

The following are conditions under which an interrupt is accepted:
-lflag=1
-IR bit=1
- interrupt priority level > IPL

The | fiag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. In no case do they affect
one another.

Table 10.3 Settings of Interrupt Priority Levels Table 10.4 interrupt Priority Levels Enabled

by IPL

ILVL2 to ILVLO bits Imemlfcgﬂomy F;r:gg'ry IPL Enabled interrupt priority levels
0002 Lovel O (interrupt disabled) 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Lowest . 0015 - u;-aterrupt levels 2 and above are enabled
010; - Level é . 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are eﬁ;l;léc;
1002 Leve! 4 1002 Interrupt levels 5 and above are enabled
417071v2 o l;e\ével 5 S - T i012 Interrupt levels 8 and above are enabled
1102 Level 6 Y 1102 Interrupt levels 7 and above are enabled
oz w7 | riighest 1112 | Allmaskable interupts are disabled |
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¢ Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted
to the instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when
the execution of the instruction is completed, and transfers control to the interrupt sequence from the
next cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA
instruction, the processor temporarily suspends the instruction being executed, and transfers control
to the interrupt sequence.
The CPU behavior during the interrupt sequence is described below. Figure 10.4 shows time re-
quired for executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by read-
ing the address 0000016. Then it clears the IR bit for the corresponding interrupt to “0” (interrupt
not requested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU intemal
temporary register(Note),

(3) The I, D and U flags in the FLG register become as follows:

The I flag is cleared to “0” (interrupts disabled).

The D flag is cleared to “0” (single-step interrupt disabled).

The U flag is cleared to “0” (ISP selected).

However, the U flag does not change state if an INT instruction for software interrupt numbers 32 to
63 is executed.

(4) The CPU's internal temporary register (N°te) is saved to the stack.

(5) The PC is saved to the stack.

(6) The interrupt priority level of the accepted interrupt is set in the IPL.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, the processor resumes executing instructions from the start
address of the interrupt routine.

Note: This register cannot be used by user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 186 17 18 19 39

CPUc!ock|||||||]|||||||Hlll”||||||l|||]l||||”
Addressbus | A3%ess Y indeterminate sps vec| vece | vece2 | pc
sP4 EC

SP-2 VI
contenls  contents ceontents
Inte P- VEC+1{ +
Data bus megn Indeterminate nn" . ks | YEC+2
SP-1

contents

RD u—\( Indeterminate | U_U m
e [RRERERN

The indeterminate state depends on the instruction queue buffer. A read cycle occurs when the instruction queue buffer is ready
to accept instructions.

Figure 10.4 Time Required for Executing Interrupt Sequence
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¢ Interrupt Response Time
Figure 10.5 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes a time from when an interrupt request is generated till when the first instruction in the inter-
rupt routine is executed. Specifically, it consists of a time from when an interrupt request is gener-
ated till when the instruction then executing is completed (see #a in Figure 10.5) and a time during
which the interrupt sequence is executed (20 cycles, see #b in Figure 10.5).

Interrupt request generated  Interrupt request acknowledged

{} {; - Time
y4 /

Instruction Interrupt sequence Instruction in
interrupt routine

/ b /
(a) -l 20 cycles (b) -

Interrupt response time

(a) A time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) 21 cycles for address match and single-step interrupts.

Figure 10.5 Interrupt Response Time

* Variation of IPL when Interrupt Request is Accepted

When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is
set in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels
listed in Table 10.5 is set in the IPL. Shown in Table 10.5 are the IPL values of software and special
interrupts when they are accepted.

Table 10.5 IPL Level That Is Set to IPL When A Software or Special Interrupt Is Accepted

Interrupt factors Level that is set to IPL
Watchdog timer, oscillation stop detection, voltage detection 7
Software, address match, single-step Not changed
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» Saving Registers

In the interrupt sequence, the FLG register and PC are saved to the stack.

At this time, the 4 high-order bits in the PC and the 4 high-order (IPL) and 8 low-order bits in the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits in the PC are saved.
Figure 10.6 shows the stack status before and after an interrupt request is accepted.

The other necessary registers must be saved in a program at the beginning of the interrupt routine.
Use the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address Stack
MSs8B LSB

m+ 1| Content of previous stack

Stack status before interrupt request
is acknowledged

m-1
[SP)
m Content of previous stack |-g— g‘:’e":‘l‘t‘l’et befcr;

m-3
m-2 >

Address Stack
MSB LSB
[SP)
m-4 PGy --a—— New SP valie
m-3 PCu
m-2 FLGL
m-1 FLGH PCx
m Content of previous stack
m+ 1| Content of previcus stack

Stack status after interrupt request
Is acknowledged

Figure 10.6 Stack Status Before and After Acceptance of Interrupt Request

The registers are saved in four steps, 8 bits at a time. Figure 10.7 shows the operation of the saving

registers.

Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the SP
indicated by the U flag. Otherwise, it is the ISP,

Address Stack Sequence in which order
registers are saved
[SP]-5
(SP] -4 PC. t— (3)
(sP]-3 PCu - (4)
Saved, 8 bits at a time

[SP)-2 FLGL - (1)
[SP]-1 FLGH PCu — (2)
(SP)

Finished saving registers

in four cperations.

Note: [SP] denotes the initial value of the SP when interrupt raquest is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 10.7 Operation of Saving Register
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* Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt
sequence are restored from the stack by executing the REIT instruction at the end of the interrupt
routine. Thereafter the CPU returns to the program which was being executed before accepting the
interrupt request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

* Interrupt Priority
If two or more interrupt requests are generated while executing one instruction, the interrupt request
that has the highest priority is accepted.
For maskable interrupts (peripheral functions), any desired priority level can be selected using the
ILVL2 to ILVLO bits. However, if two or more maskable interrupts have the same priority level, their
interrupt priority is resolved by hardware, with the highest priority interrupt accepted.
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 10.8
shows the Hardware Interrupt Priority.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control
branches invariably to the interrupt routine.

Reset > WDT/Oscillation stop detection/Voltage detection > Peripheral function > Single step > Address match

Figure 10.8 Hardware Interrupt Priority
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* Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among
those requested.
Figure 10.9 shows the Interrupts Priority Select Circuit.

..................................... . (default value) ngAheSt

[ Compare 0

-

INT3 ™

Timer 2

Timer X

INTO

Timer C

=

INT1

Timer Y

UART1 reception

L D R i e R L T T P LR USRI

| UARTO reception Priority of peripheral function interrupts
I (if priority levels are same)
Compare 1
[ AD conversion
[ iNT2
( UART1 transmission
{ UARTO transmission
| Key input
i """""""" IPL """""""""" Lowest
— Interrupt request level
Hsoluﬁon output signal
l | flag } I ] Interrupt
| Address match? j— ﬂ/ request
accepted
| Watchdog timer j
| Oscilllation stop detection }
{ Voltage detection -

Notes:
1. For development support tool only

Figure 10.9 Interrupts Priority Select Circuit
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10.2 INT interrupt
10.2.1 INTO Interrupt
INTO interrupt is triggered by an INTO input. When using INTO interrupts, the INTOEN bit in the INTEN
register must be set to “1” (enabling). The edge polarity is selected using the INTOPL bit in the INTEN
register and the POL bit in the INTOIC register.
The INTO pin is shared with the external trigger input pin of Timer Z.
Figure 10.10 shows the INTEN and INTOF registers.

External input enable register
b7 06 b5 b4 b3 b2 b1 b0

| 0 | 0 | 0 | o| o] 0 | | | Symbol Address After reset
e L INTEN 008616 0016
: § Pttt Bitsymbol Bit name Function RW
bbbttt 11 tl INTOEN  [INTO input enable bitt 0: Disabled RW
A : 1 : Enabled
§ : E é é § ) INTOPL  [INTO input polarity selectbitz2 | 0 : One edge
[ T O 1 : Both edges RW
1 ) 1 ) ’ ]
IR Reserved bit Setto *0"
Sosterteedondandenanaaes (b7-b2) RW

Notes:

1. This bit must be set while the INTOSTG bit in the PUM register is set to “0" (one-shot trigger disabled).

2. When setting the INTOPL bit to “1” (selecting both edges), the POL bit in the INTOIC must be set to "0" {
selecting falling edge).

3. The IR bit in the INTOIC register may be set to "1 (interrupt raquested) when the INTOPL bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

INTO input filter select register
b7 b6 b5 b4 b3 b2 b1 b0

YXIXIXIXTX Symbol Add Aft t
DDDDDL 1T Stmee e oo

: : P : : : | Bitsymbol Bit name Function RW
§ ' : : : ' ' E_ INTOFO INTO input filter select bit :; :, No filter RW
SRR 0 1: Filter with f1 sampling
A 1 0: Filter with fs sampling
S INTOF1 1 1 Filter with f32 sampling | RW
E HE : H Reserved bit Setto "0”

T (b2) RW
A

RS S T

........... Nothing Is assigned.
(b7-b3) When write, set to “0". if read, it content is indeterminate.

Figure 10.10 INTEN and INTOF Registers
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10.2.2INTO Input Filter

TheINTO input has a digital filter which can be sampled by one of three sampling clocks. The sampling
clock is selected using the INTOF1 to INTOFO bits in the INTOF register. The IR bit in the INTOIC
register is set to “1” (interrupt requested) when the sampled input level matches three times. When the
INTOF1 to INTOFO bits are set to “012", “102", or “112”, the P4_5 bit in the P4 register indicates the

filtered value.

Figure 10.11 shows the INTO input filter configuration. Figure 10.12 shows an operation example of

INTO input filter.

INTOF1 to INTOFO
=012

INTOFO, INTOF1: Bits in INTOF register
INTOEN: Bit in INTEN register

f1 —0\0 Sampling clock
=102 pling cioc
fa - -0
fag —© INTOEN
Cther than
INTOF1 to INTOFO
INTO Digital filter ;.ozo
(input level
Port P45 matches 3x) ‘°°’T
direction
register

INTO interrupt

P4_5 bit

Figure 10.11 INTO Input Filter

P45 input

Sampling
timing

?

P4_Sin
P4 register

IRbitin
INTOLC register

This is an operation example when the INTOF1 to INTOFO bits in the
INTOF register is set to “012", *102", or 112" (passing digital filter).

Set to 0" In program

Figure 10.12 Operation Example of INTO Input Filter
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10.2.3 INT1 Interrupt and INT2 Interrupt
INT1 interrupts are triggered by INT1 inputs. The edge polarity can be selected with the ROEDG bit in
the TXMR register. The INT1 pin is shared with the CNTRO pin.
INT2 interrupts are triggered by INT2 inputs. The edge polarity can be selected with the R1EDG bit in
the TYZMR register. The INT2 pin shared with the CNTR1 pin.
Figure 10.13 shows the TXMR and TYZMR registers when using INT1 and INT2 interrupts.

Timer X mode register

Notes:
1. When using TNT2 interrupts, must set to timer mode.
2. The IR bit in the INT2IC may be set to *1" (Interrupt requasted) when the R1EDG bit is rewritten.

b7 b8 bS b4 b3 b2 b1 bo Symbo! Address After resat
olo|o]o olo TXMR 008B1s 0018
: P i i [Bit symbol Bit name Function RW
R s
Pyl b b v TXMODO Sep;gc'fﬁ?:"om?de 00: Timer mode o pulse period RW
A * mesasurement mode3d
P L] movoos RW
P INT1/CNTRo polarity | 0 : Rising edge
P e ROEDG  |awhching bitl 2 | 1: Faling adue RW
g : : E f ™S Timer X count 0: Stops counting RW
5 FE T start flag 1 Starts counting
I S TXOCNT | Set 10 0" in timer mode RW
L TXMOD2 | Operationmode | 0: Other than pulse period measurement RW
it select bit 2 mode3
Cernrmmeeee e TXEDG | Set to *0" In timer mode RW
....................... { TxXUND Set to 0" in timer mode RW
Notes:
1. The IR bit In the INT1IC may be set to *1° (interrupt requested) when the ROEDG bit Is rewritten. Refer to the
paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.
2. This bit Is used lo select the polarity of INT1 interrupt in timer mode.
3. When using INT1 interrupts, should select timer mode.
Timer Y, Z mode register
b7 b8 b5 b4 b3 b2 bt b Symbol Address After resst
0 TYZMR 008018 0018
Piib b i [Bitsymbol Bit Function RW
: LRI A R Timer ¥ cperation | 0: Timer mode?
P p b b ] TYMODD e bi RW
Pl INT2/CNTR1 polarity] 0: Rising edge
R RIEDG | gyitching bit2 1: Falling edge RW
i P P theeees TYWC Timer Y write Functions variss depending on RW
L R control bit the operation mode
RN ] Timer Y count 0 : Stops counting
: R vs start fla; 1 Starts counting RW
I TZMODO | Timer Z-refated bit RW
- TZMOD1 RW
SRS T2we W
Sreeressentrennen T28 RW

Refer to the paragraph 19.2.5 “Changing Interrupt Factor” In the Usage Notes Reference Book.

Figure 10.13 TXMR Register and TYZMR Register when INT1 and INT2 Interrupt Used
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10.2.4 INT3 Interrupt
INT3 interrupts are triggered by INT3 inputs. The TCCO7 bit in the TCCO register should be se to “0”
(INT3). The INT3 input has a digital filter which can be sampled by one of three sampling clocks. The
sampling clock is selected using the TCC11 to TCC10 bits in the TCC1 register. The IR bit in the
INT3IC register is set to “1” (interrupt requested) when the sampled input level matches three times.

The P3_3 bit in the P3 register indicates the previous value before filtering regardless of values set in
the TCC11 to TCC10 bits.

The INT3 pin is shared with the TCIN pin.

When setting the TCCO7 bit to “1” (fring128), INT3 interrupts are triggered by fRING128 clock. The IR

bit in the INT3IC register is set to “1" (interrupt requested) every fRING128 clock cycle or every half
fRING128 clock cycle.

Figure 10.14 shows the TCCO and TCC1 registers.
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ofef |1 []]

Notes:
1. Change this bit when TCCO0 bit is set to “0” (count stop).
2. The IR bit in the INT3IC may be set to “1" (interrupt requested) when the TCC03, TCC04, or TCCO7 bit is rewritten.

Timer C control register 0
b7 b6 bS b4 b3 b2 b1 b0

bomemmmeecccrnces

cseemcccccerresscconseronane

.
v
'
1
*
.
.

ge=meescccececcamscsscccaccsanancaanaan
A P

Symbol! Address After reset
TCCO 009A16 0016
Bit symbol Bit name Function RW

TCCO00 Ttmer C control bit 0: Count stop RW
1: Count start

TCCo1 Timer C count source select 'g:)': f1 RW

bit! .

01:18
10:f32 RW

Teco2 1 1: fRING-fast
b4b3

Tccos | TNT3interrupt and capture 00: Risi RW

1.2 : Rising edge
polarity select bit 01: Falling edge

10: Both edges

Tccos 11: Avold this setting RW

Reserved bit Set to "0"
(b6-b5) RW
TNT3 interrupt/capture input 0:INT3
TCCO7 | switching bit!. 2 1: fRING128 RW

Refer to the paragraph 19.2.5 “Changing Interrupt Factir” in the Usage Notes Reference Book.

B e DR R R R L L b LD L E T T

Timer C control register 1
b7 b8 bS b4 b3 b2 bt bo

LLL 1]

Symbol
TCC1

Address
008B1e

After reset

0016

Bit symbol

Bit name

Function

RW

TCC10

INT3 input filter select bit!

jemeccmacecsnce

TCC11

bl b0

0 0: No filter

0 1: Filter with f1 sampling
1 0: Filter with fs sampling
1 1. Filter with f32 sampling

RW

RW

TCC12

Timer C counter reload
select bit2, 3

0: No reload (free-run)
1: Set TC register to “000016" at
compare 1 match

RO

E EIChCOTCICEREEREREREEES

TCC13

Compare 0/Capture select
it

0: Capture
(Input capture mode)2
1: Compare 0 output
{output compare mode)

RW

TCC14

Compare 0 output mode
select bit?

TCC15

bS b4

0 0: CMP output remains unchanged
even when compare 0 matched

0 1: CMP output Is reversed when
compare 0 signal Is matched

1 0: CMP cutput is set to tow when
compare 0 signal is matchad

1 1: CMP output is set to high when
compare 0 signal is matched

RW

feeeeecmcccccecccccceccicaccatccmcenacnaaectacacsceecacancannann

TCC16

Compare 1 output mode
selact bit3

TCC17

b7 s

0 0: CMP output remains unchanged
even when compare 1 matched

0 1: CMP output is reversed when
compare 1 signal is matched

1 0: CMP output Is set to low when
compare 1 signal is matched

1 1: CMP output is set to high when
compare 1 signal is matched

RW

Notes:

1. Input is recognized only when the same valus from INT3 pln is sampled three times in succession.
2. Modity the TCC13 bit when the TCCG0 bit In the TCCO register is set to “0°(count stops)
3. Set the TCC12, TCC14 to TCC17 bits to *0” when the TCC13 bit is set to “0"(input capture mode).

Figure 10.14 TCCO Register and TCC1 Register
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R8C/13 Group 10.3 Key Input interrupt

10.3 Key Input Interrupt

A key input interrupt is generated on an input edge of any of the K70 to K13 pins. Key input interrupts can
be used as a key-on wakeup function to exit wait or stop mode. Kii input can be enabled or disabled
selecting with the KIiEN (i=0 to 3) bit in the KIEN register. The edge polarity can be rising edge or falling
edge selecting with the KIiPL bit in the KIEN register. Note, however, that while input on any KIi pin which
has had the KIiPL bit set to “0" (falling edge) is pulled low, inputs on all other pins of the port are not
detected as interrupts. Similarly, while input on any Kii pin which has had the KIiPL bit set to “1” (rising
edge) is pulled high, inputs on all other pins of the port are not detected as interrupts.

Figure 10.15 shows a block diagram of the key input interrupt.

E P02 bit in PURO reglster -
Pull-up |—°C£ . KUPIC register
transistor ) PD1_3 bitin PD1 register

KISEN bit
PD1_3 bit

KI3PL=0

Wi
KI3PL=1  KI2EN bit
Pull-up )
transistor
KI2PL=0
0 Key input interrupt
K D 0 request
KI2PL=1
KI1EN bit
Puil-up PD1_1 bit
( transistor ) | KItPL=0 -
Tmo—d— 1 e KIGEN, KHEN, KIZEN, KI3EN,
. KIOPL, KI1PL, KI2PL, KI3PL: Bits In KIEN register
KI1PL=1 PD1_0, PD1_1, PD1_2, PD1_3: Bits in PD1 register
KIGEN bit
[ Pull-up ] PD1_0 bit
transistor -
KIoPL=0 |
o o—T__M

KIoPL=1

Figure 10.15 Key Input Interrupt

Key input enable register
D7 b8 b5 b¢ 63 b2 b1 B0
Symbol Address ARer reset

s e KIEN 00081 0018
: § L : I i Bitaymbol Bit name Function RW
Sob b bt b i KIOEN | KIO input enable bit 0: Disabled aw
; . 3 : ; 5 : 1: Enabled
Pl L ITTKIOPC Ko put polarity select Bl | 0 Faling odge R
L A 1: Rising edges
3 . . . 1 13
R KMEN | Ki1 input enable bit 0 : Cisabled RW
A 1: Enabled
I KHPL | KI1 Input polarity select bi 0: Falling odge
H E : 5 fesmeoenann 1 : Rising edges RW
R KI2EN | Ki2 input enabla bit 0: Disabled RW
Py op ememmmeeeeessd 1:Enabled
I KIZPL | KI2 input polarity select bit 0: Falling edge RW
Py emmmmeeeeeesenas 1: Rising edges
I KI3EN | Ki3 input enable bit 0 : Disabled RW
P temememeseseeeieenn. 1:Engbled
OO KI3PL | K3 input potarity select bit 0 : Falling edge

""""""" 1 : Rising edges RW

Notes:

1. The IR bit In the KUPIC regtster may be set to *1° {interrupt requested) when the KIEN register is rewritten.
Refer o the paragraph 19.2.5 "Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 10.16 KIEN Register
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10.4 Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMAD:i register (i=0, 1). Set the start address of any instruction in the RMADi register.
Use the AIERO and AIER1 bits in the AIER register to enable or disable the interrupt. Note that the
address match interrupt is unaffected by the | flag and IPL.

The value of the PC that is saved to the stack when an address match interrupt is acknowledged varies
depending on the instruction at the address indicated by the RMAD i register (see the paragraph “register
saving” for the value of the PC). Not appropriate return address is pushed on the stack. There are two

ways to return from the address match interrupt as follows:
* Change the content of the stack and use a REIT instruction.

* Use an instruction such as POP to restore the stack as it was before an interrupt request was acknowl-
edged. And then use a jump instruction.

Table 10.6 lists the value of the PC that is saved to the stack when an address match interrupt is acknowi-

edged.

Figure 10.17 shows the AIER, and RMAD1 to RMADO registers.

Table 10.6 Value of PC Saved to Stack when Address Match Interrupt Acknowledged

Address indicated by RMADi register (i=0,1)

PC value saved'ote

JMPS #IMM8 JSRS

+ 16-bit operation code instruction

* Instruction shown below among 8-bit operation code instructions
ADD.B:S #IMM8,dest SUB.B:S #IMM8,dest AND.B:S #IMM8,dest
ORB:S #MM8,dest MOV.B:S #IMM8,dest STZ.B:S #IMM8, dest
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#MM82,dest
CMP.B:S #IMM8,dest PUSHM src POPM dest

#IMM8

MOV.B:S #IMM,dest (However, dest = A0 or A1)

Address indicated by
RMADi register + 2

« Instructions other than the above

Address indicated by
RMADi register + 1

Note: See the paragraph “saving registers” for the PC value saved.

Table 10.7 Relationship Between Address Match Interrupt Sources and Associated Registers

Address match interrupt factors

Address match interrupt enable bit

Address match interrupt register

Address match interrupt 0

AIERO

RMADO

Address match interrupt 1

AIER1

RMAD1
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R8C/13 Group 10.4 Address Match Interrupt

Address match interrupt enable register
b7 b6 b5 bi b3 b2 b1 b0 Symbal Address After reset
AIER 000916 XXXXXX002
g : ' ' f . b Bit symbol Bit name Function RW
A T I N Address match interrupt 0 | g .
L T A T A AIERO . 0 : interrupt disabled
S R S T enable bit 1 : Interrupt enabled RW
N T O AIER1  |Address match interrupt 1 | 0 Interrupt disabled RW
I enable bit 1 : Interrupt enabled
I - JO S —— | Nothing is assigned,
(b7-b2) | When write, set to 0" —
When read, their contents are indeterminate.
Address match interrupt registeri (i=0, 1)
©23) 19)  (b16Xb1s) ®8) Symbol Address After reset
o = bo.b7 2087 RMADO 001216 to 001016 X0000016
RMAD1 001616 to 001416 X0000016
R : Function Setting range RW
§ ; : . ----{ Address setting register for address match interrupt | 0000016 to FFFFF18 | RW
LR R, | Nothing is assigned. When write, set to “0". —
(b7-b4) | When read, its content is indeterminate.

Figure 10.17 AIER Register and RMADO to RMAD1 Registers
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11. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. Figure 11.1 shows the watchdog timer
block diagram.The watchdog timer contains a 15-bit counter which counts down the clock derived by
dividing the CPU clock using the prescaler. Whether to generate a watchdog timer interrupt request or
apply a watchdog timer reset as an operation to be performed when the watchdog timer underflows after
reaching the terminal count can be selected using the PM12 bit in the PM1 register. The PM12 bit can
only be set to “1” (reset). Once this bit is set to “1”, it cannot be set to “0” (watchdog timer interrupt) in a
program. Refer to Section 5.3, “Watchdog Timer Reset” for details. .
The divide-by-N value for the prescaler can be chosen to be 16 or 128 with the WDC7 bit in the WDC
register. The period of watchdog timer can be calculated as given below. The period of watchdog timer s,
however, subject to an error due to the prescaler.

Prescaler dividing (16 or 128) X Watchdog timer count (32768)
Watchdog timer period = CPU clock

For example, when CPU clock = 16 MHz and the divide-by-N value for the prescaler= 16, the watchdog
timer period is approx. 32.8 ms.

Figure 11.2 shows the OFS, the WDC, the WDTR and the WDTS registers. The watchdog timer opera-
tion after reset can be selected using the WDTON bit in the option function select register (OFFFF1e
address).
¢ When the WDTON bit is “0” (the watchdog timer is started automatically after reset), the watchdog
timer and the prescaler both start counting automatically after reset.
» When the WDTON bit is "1 (the watchdog timer is inactive after reset), the watchdog timer and the

prescaler both are inactive after reset, so that the watchdog timer is activated to start counting by
writing to the WDTS register.

The WDTON bit can not be changed in a program. When setting the WDTON bit, write “0" into bit 0 of
OFFFF1e address using a flash writer. The watchdog timer is nitialized by writing to the WDTR register
and the counting continues.

In stop mode and wait mode, the watchdog timer and the prescaler are stopped. Counting is resumed
from the held value when the modes or state are released.

PMI12=0

Watchdog timer

16 WDC?7 =0 . tneenu:?gequast

WDC? 2 1 Watchdog timer —0~
* iT771081 s Ot
CPU clock 1128 —0 \ PM1232 1
| S— Watchdog
............... timer Reset

Selto,

Write to WDTR register _I_N “7FFF16"
Intemal :{>
reset signal I——]_/

Figure 11.1 Watchdog Timer Block Diagram
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11. Watchdog Timer

Option function select register?
e 0 by b Symbol Address Before shipment
Lafalefafeafa] | OFs OFFFF18 FF1e
§ E § § é i § i [Bitsymbol | Bitname Function RW
A Watchdog timgr 0: The watchdog timer starts automatically after reset RW
T A
: E E oo WDTON |start select bit 1: The watchdog timer is inactive after reset
bl il Loy | Reservedbit | Settosts RW
Note1: The OFS register can not be changed in a program. Set using a flash writer.
Watchdog timer control register
b7 b8 b5 b4 b3 b2 b1 bo
[LOITTTT] ot e g
S S T wDC 000F16 000111112
g § § E § f E § Bit symbol Bit name Function RW
g g § foodiodoodl ] (b4-b0) High-order bit of watchdog timer RO
bod hemmememmeseeean. 1 ®5 Reserved bit Must set to "0" RW
I RO LELES (b6) Reserved bit Must set to “0” RW
] wDC7 Prescaler select bit 0 : Divided by 16 RW
1 : Divided by 128
Watchdog timer reset register
b7 bo Symbol Address After reset
| WDTR 000Dt Indeterminate
§ Function RwW
T The watchdog Is initialized after a write Instruction to this register.
The walchdog timer value is always initialized to “?FFF1s” regardless of wo
whatever value is written.
Watchdog timer start register
b? b0 Symbol Address After reset
WDTS 0CCE16 Indeterminate
§ Function RW
CO— The watchdog timer starts counting after a write instruction to this register. wo

Figure 11.2 OFS, WDC, WDTR and WDTS Registers

Rev.1.10 Apr 27,2005 page 69 of 202

REJ09B0111-0110

RENESAS



R8C/13 Group 14. AJD Converter

14. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a capacitive
coupling amplifier. The analog inputs share the pins with POo to P07 and P10 to P13. Therefore, when
using these pins, make sure the corresponding port direction bits are set to “0” (input mode).

When not using the A/D converter, set the VCUT bit to “0” (Vref unconnected), so that no current will flow
from the VREF pin into the resistor ladder, helping to reduce the power consumption of the chip.

The result of A/D conversion is stored in the AD register.

Table 14.1 shows the performance of the A/D converter. Figure 14.1 shows a block diagram of the A/D
converter, and Figures 14.2 and 14.3 show the A/D converter-related registers.

Table 14.1 Performance of A/D converter

Item Performance
Method of A/D conversion |Successive approximation (capacitive coupling amplifier)
Analog input voltage? 0V to Vref
Operating clock ¢AD2 AVcc =5V fap, divide-by-2 of fAD, divide-by-4 of faD
AVcc =3V divide-by-2 of faD, divide-by-4 of faD

Resolution 8-bit or 10-bit (selectable)
Integral nonlinearity error |AVce = Vref = 5V
» 8-bit resolution +2 LSB

* 10-bit resolution +3 LSB

AVcc = Vref=3.3V
* 8-bit resolution +2 LSB
* 10-bit resolution +5 LSB
Operating modes One-shot mode and repeat mode3
Analog input pins 12 pins (ANo to AN11)
AD conversion start condition |[ADST bit in ADCONO register is set to “1" (A/D conversion starts)
Conversion speed per pin |* Without sample and hold function
8-bit resolution: 49 ¢AD cycles, 10-bit resolution: 59 ¢AD cycles
* With sample and hold function
8-bit resolution: 28 $AD cycles, 10-bit resolution: 33 $AD cycles

Notes:
1. Does not depend on use of sample and hold function.
2. The frequency of $AD must be 10 MHz or less.
When AVcc is less than 4.2V, $AD must be fab/2 or less by dividing fab.
Without sample and hold function, the ¢AD frequency should be 250 kHz or more.
With the sample and hold function, the $AD frequency should be 1 MHz or more.
3. In repeat mode, only 8-bit mode can be used.
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R8C/13 Group 14. A/D Converter
CKS1=1
O
CKS0=1 __O—————— $AD
fAD « 172 j—i—1 12 }——o =0 AD conversion rate
—l CKs0=0 crsi=o selection
VCUT=0
- -~——O\O' -
Avss O VCuT=1 Resistor ladder
VREF
AA A A AN AL LA
LL LI T T T T Je
Successive conversion register
M
ADCONO

\/

AD register

>

HEREE

N
Data bus K

CH2,CH1,CH0=0002

Vref
Decoder
VIN
ADGSEL0=0
ADGSELO=1

P07/ANo O
PGs/AN1 O- CH2.CHI,CHO=0012 S~ |
P0s/AN2 O CH2,CH1,CHO=0102 S~ !
P04/AN3 O CH2,CH1,CHO=0112 S~ |
s iz it croton

:gz::: 8 CH2,CH1,CHO=1 10%\ 0 4
POo/AN7 O— CH2,CH1.CHO=1112 S~y
P10/ANs O CH2,CH1,CH0=1002

P11/AN9 O CH2,CH1,CH0=1012

P12/AN1 (O CH2,CH1,CH0=1102 O\ b
P13/AN1 O CH2,CH1,CH0=1112 O\O

CHO to CH2, ADGSELO, CKSO: Bits in ADCONO register
CKS1, VCUT: Bits in ADCON1 register

Comparator

Figure 14.1 A/D Converter Block Diagram
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14. A/D Converter

AD control register 01
b7 b6 bS b4 b3 b2 bi b Symbol Address After reset
l I | 0 I I I I I ADCONO 00D616 00000XXX2
P b i Bitsymbol Bit name Function TRW
‘ f : ' - - ! L CHO Analog input pin select bit | See Note 4. f RW
AR I U I O R S o
I SO e {RwW
PEEE -
e CH2 i RW
T A | AD operation mode selact |0 One-shotmoda F-
L e MD bit2 1: Repeat mode : RW
P - PO SN SRR UUUUURRR doeene
P eeeeneaans ] AD Input group select bit4 | 0: Port PO group selected (ANo to AN7)  { pwy
H ADGSELO 1. Port P1 group selected (ANe to AN11) :
' decmemecrenrccnnnan (bs) Reserved bit Set to 0" §Rw
Pl e qeeeeed
S ADST i A/D conversion startflag : 0 : A/D conversion disabled :
H ! ¢+ 1: A/D conversion started : RW
Y LD R PP feececesnnatccicueneeceicatocnacananecnens daveen
: : Frequency selectbit03  :0: fAD/4 is selected :
bommoememessssesecsseseens ckso H 11 fAD/2 Is selacted iRW
Notes: :
1. If the ADCON register is rewritten during A/D conversion, the conversion result is indeterminate.
2. When changing A/D cperation mode, set analog input pin again.
3. This bit is valid when the CKS1 bit In the ADCON1 register Is set to “0".
4. The analog input pin can be selacted by a combination of the CH2 to CHO bits and ADGSELO bit as follows:
CH2 to CHO ADGSELC=0 ADGSEL0=1
0002 ANo
0012 AN1 Avoid these
settings
0102 ANz 9
0112 AN3
1002 AN4 ANg
1012 ANs ANg
1102 ANs AN10
1112 AN? AN11
AD control register 11
b7 b8 bS b4 b3 b2 bl b0 Symbol Address After reset
[ojo| | | To] 0]o|  ADCON1 000716 0018
b i i i [Bitsymbol ‘ Bit name . Function {RW
‘ R 53:50) Reserved bit . Setto 0" - RW
N Pomeoseseenen e R T C O TR O T T T RN Jeeene
R  8/10-bit mode select  } 0 : 8-bit mode :
P BITS i £ 1: 10-bit mode RW
§ : § ] KS1 | Frequency selectbit 13 | 0 : CKSO bit in ADCONDO register is vatid iy
Pl CKks : a y ¢ 1:fanis selected RW
. ] v peeccccenacen fetcrecoccnncacsornnnanns Yoo TeTeesccccstcscncncsrccosnccntcaccncacnssencnan &=
o e eee———— : Vref connect bitd + 0: Vref not connected
P VCUT ' ! 1 Vref connected RW
N O dormeeeetee e e e et e beneed
] peaeess ‘R bit : 0"
........................... (bs-b7) : eserved ' Setto "0 RW
Notes: i .
1. If the ADCON1 register is rewritten during A/D conversion, the conversion result is indeterminate.
2. In repeat mode, the BITS bit must be sat to “0” (8-bit mode).
3. The ¢AD frequency must be 10 MHz or less.
4. If the VCUT bit is reset from "0 (Vref unconnected) to *1" (Vref connected), wait for 1 us or more before starting A/D
conversion.

Figure 14.2 ADCONO Register and ADCON1 Register
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R8C/13 Group 14. A/D Converter

AD control register 21

b7 b6 b5 b4 b3 b2 bt b Symbol A%cg:ss Aft%B reset

NN N/ ADCON2 00D416 16

DA efofo] |
Bit symbol : Bit name : Function iRW
» . . ] ’ + . | fecocaccancenean {. ........................... et ecccccnncncssstasnasaansesssenanaen Leonaa
A : AD conversion method 0 : Without sample and hold :
R R R SMP" i select bit i 1: With sample and hold iRW
A S T S A U A Resemved bit T A eIt -
Pl (b3b1) | Reserved b 5 Setto "0 : RW
b dd D ! Nothing is assigned. :

(b7-b4) : When write, write “0". When read, its content is “0°. yo
Notes: *

1. If the ADCON2 register is rewritten during A/D conversion, the conversion result is indeterminate.

Symbol Address After reset

AD register AD 00C116-00C016 Indeterminate

(bi5) (b8)
b7 b0 b7 b0

DD [ ]

....................................................................

Function

N S A i [When BITS bitin ADCONT™™"t When BITS bil In ABEONT ™"t oy
AR T T R : i |registeris setto “1” (10-bit ! register is set to “0” (8-bit :
AR T T bImode) o iiiiiiiiiiiiis imode) . I
A : | 8 low-order bits of AD ' AJD conversion result : RO
A "~ conversion result ! :

. . . + ] . ¢ peececrccteccmncrrccancnssnmnnnan !. ............................... deewan
I A R 2 high-order bits of A/D i When read, its contentis | o
R A A conversion result i indeterminate. :

. ' . . . . L

........................................... Nothing is assigned.
When write, set to “0”. When read, its content is “0”.

Figure 14.3 ADCON2 Register and AD Register
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14.1 One-shot Mode
In one-shot mode, the input voltage on one selected pin is A/D converted once. Table 14.2 lists the
specifications of one-shot mode. Figure 14.4 shows the ADCONO and ADCON1 registers in one-
shot mode. '

Table 14.2 One-shot Mode Specifications

ltem Specification

Function Input voltage on one pin selected by CH2 to CHO and ADGSELO bit is A/D
converted once.

Start condition Set ADST bit to “1”

Stop condition « Completion of A/D conversion (ADST bit is set to “07)
* Set ADST bit to “0”

Interrupt request generation timing | End of A/D conversion

Input pin One of ANo to AN11, as selected

Reading of result of AD converter| Read AD register

Rev.1.10 Apr 27,2005 page 128 of 202
REJOSB0111-0110 RENESAS




R8C/13 Group

14. One-shot mode

AD control register 01
b7 b8 b5 b4 b3 b2 b1 b0 Symbol Address After reset
I I I 0 I | °| | I | ADCONO 00D616
L 00000XXX2
bbb [Bitsymbol Bit name ~ Function RW
Pi bbb L cHo [ Anatog input pin select bit2 | See Note 4 RW
ST A - CH2 RwW
T vp | AD operation mode select [0 One-shol mode T o
P T bit
E E E essscsccssccas --------..-----..-----.------.: ----------------------------------------- -1 ------
R S R R ADi up select bit4 | 0: Port PO group selacted (ANo to AN7)
P ” ADGSELO nput group selec 1: Port P1 group selected (ANs to AN11) RW
(bs) Reservedbit |1 Settoro Y o
R ST ADST  { AID conversion start fiag 0+ AID conversion disabled T _W
! ' + 1 : A/D conversion started ]
R SRR oo LTI T LTS SRR BRI,
: : Frequency select bit 03 0 : fAD/4 is selected
fosmneeosessssesneseesees Ckso : $1:1AD/2 s selected RW
Notes: A
1. If the ADCONO register is rewritten during A/D conversion, the conversion result is indeterminate.
2. When changing A/D operation mode, set analog input pin again.
3. This bit is vatid when the CKS1 bit in the ADCON1 register is set to 0",
4. The analog input pin can be selected by a combination of the CH2 to CHO bits and ADGSELO bit as follows:
CH2 to CHO ADGSEL0=0 ADGSELO=1
0002 ANo
0012 AN1 Avoid these
‘-"'0";6‘2" - T """“Rﬁ;‘ Smem——— setﬁngs
o112 ANa3
1002 AN4 ANs
1012 ANs ANg
1102 ANs ANt
1112 AN7 AN11
AD control register 11
b7 b8 b5 b4 b3 b2 bl bo Symbol Address After reset
[o]of1] [ Jofo]o] ADCON1 00D716 016
il Pl PoiBn symbol ‘ Bit name 1' Function { RW
Pl il gy | Reseredbi j Setto”0" Rw
[ SORTCTTERE L DT TP UP PRI feerme et I
A i 8/10-bit mode setect  : 0 : 8-bit mode :
P BITS g 11 10-bit mode iRW
- R ettt Jrommemeessesscacececaan feesemceoceens semeevesecssococaneas AR bLD beeeed
R S U CKS1  iFrequency select bit 12 : 0 : CKSO bit in ADCONO register is valid :
Pl £ 1:faD is selected jRW
R S deavenuatsenncmannnsnnes! Ry Tt D o L TP pooees
T SRR veut  : Vref connect bit3 : 1 : Vref connected W
N S SOUN OO SRS bete et eeeateean e erreeoca e aenannn e eeeanns HI
I e R bit : " ;
R R (bB-b?) eserved bi : Set to“0 =RW
Notes: 2 :
1. If the ADCON1 reglster Is rewritten during A/D conversien, the conversion result Is Indeterminate.
2. The ¢AD frequency must be 10MHz or less.
3. If the VCUT bit is reset from “0” (Vref unconnected) to "1" (Vref connected), wait for 1 s or more before starting A/D
conversion.

Figure 14.4 ADCONO Register and ADCON1 Registers in One-shot Mode
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14.2 Repeat Mode
In repeat mode, the input voltage on one selected pin is A/D converted repeatedly. Table 14.3 lists the
specifications of repeat mode. Figure 14.5 shows the ADCONO and ADCONH1 registers in repeat

mode.
Table 14.3 Repeat Mode Specifications
item Specification
Function Input voltage on one pin selected by CH2 to CHO and ADGSELO bits is A/D
converted repeatedly
Start condition Set ADST bit to “1”
Stop condition Set ADST bit to “0”
Interrupt request generation timing | None generated
Input pin One of ANO to AN11, as selected
Reading of result of AD converter | Read AD register
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14.2 Repeat mode

AD control register 01
b? b6 b5 b4 b3 b2 bl bO Symbol Address After reset
I I | 0 I | 1 I | | j ADCONO 00D61s
P Ere 00000XXX2
fi i b i b i i [Bitsymbol Bit name Function TRW
. E : E ' ' i CHoO Analog input pin select bit2 | See Note 4 RW
BERRRS o2 Rw
R T T O T raeeed
oo MD AD operation mode select | 1 : Repeat mode W
LA T bit 2 :
. ................ AD tnput group select bit* | 0: Port PO group selected (ANo to AN7)
I ADGSELO 1: Port P1 group selected (ANs to AN11) Rw
, Y eeeneeaceeceeaad (bS) Reserved bit Setto “0 : RW
H N ) TN RO devnand
N SO ADST A/D conversion start flag | 0 : A/D conversion disabled
! 1 : A/D conversion started H RW
t Jasessccacecees bemcecctsscnccncsccnnncasccnns Fececcscnctnnceccancetccncnecosonansaccatane Foecand
H : Frequency select bit 03 ;0 : faD/4 is selected '
Sooseesennmsssssnnesenanny CcKso i :1:1AD/2 is selected i RW
Notes: ‘
1. If the ADCONO register is rewritten during A/D conversion, the conversion result is indeterminate.
2. When changing A/D operation mode, set analag input pin agaln.
3. This bitis valid when the CKS1 bit in the ADCON1 register is set to “0".
4. The analog input pin can be selected by a combination of the CH2 to CHO bits and ADGSELO bit as follows:
CH2to CHO ADGSEL0=0 ADGSEL0=1
0002 ANo
0012 AN1 Avcid these
settings
0102 AN2
0112 AN3
1002 ANa ANs
1012 ANs ANg
1102 ANs AN10
1112 AN7 AN11
AD control register 11
b7 b6 bS b4 b3 b2 bi b0 Symbol Address After reset
[ofo]1] [ofo]ofo] ADCON1 00D716 0016
fii 1 b1 | Bitsymbol! Bit name Function t RW
i : E 5 § bl .(6.2.-5-6) ; Reserved bit Set to “0” é RW
| R R fevecancietecacecennnanas L LT T N ..:. .....
] BITS :;12 0-bit mode select  : 0 : 8-bit mode RW
L SO, LT TR T PN boeees
HE A T S CKS1 | Frequency select bit 13 0 CKSO bit in ADCONO register is valid ‘RW
I : 1:fap is selected H
b r feeecsannanas areecesscacsancccnnccancan Poeececesctonnneteicntatcctaancntccccreeannncacane peccee
A SO OOR veut | Vref connect bit* ' 1: Vref connected RW
L '§ """"""" eccecacannnd i’ """" SRR LLTLLEEPPRRRPES feeeee
i (ﬁé-.l;i) : Reserved bit : Setto *0' )
Notes: H . :
1. If the ADCON! register is rewritten during A/D conversion, the conversion result s indeterminate.
2. In repeat mode, the BITS bit must be set to *0" (8-bit mode).
3. The fap frequency must be 10 MHz or less.
4. If the VCUT bit is reset from “0" (Vref unconnected) to 1" (Vref connected), wait for 1 s or more before starting A/D
conversion.

Figure 14.5 ADCONO Register and ADCON1 Register in Repeat Mode
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R8C/13 Group

14.3 Sample and Hold mode/14.4 A/D conversion cycles

14.3 Sample and Hold

If the SMP bit in the ADCON2 register is set to “1” (with sample-and-hold), the conversion speed per
pin is increased to 28 @AD cycles for 8-bit resclution or 33 @AD cycles for 10-bit resolution. Sample-
and-hold is effective in all operation modes. Select whether or not to use the sample-and-hold function

before starting A/D conversion.

When performing the A/D conversion, charge the comparator capacitor inside the microcomputer.

Figure 14.6 shows the A/D conversion timing diagram.

* Repeat until conversion ends

------------------------

Sample & Hold Conversion time at the 1st byte at the 2nd byte
disabled :
Sampling time Comparison | sempingtme |Comparison | Samptingtime Comparison
44 AD cycle time 254 AD cydlo time 2.5¢ AD oyde time
: * Repeat until conversion ends
Sample & Hol . .
amp ee:ab::ag Conversion time at the 1stbyte 4t the 2nd bytel
>
Sampling time Comparison |Comparison | Comparison
4 AD cycle time time time

Figure 14.6 A/D Conversion Timing Diagram

14.4 AID conversion cycles
Figure 14.7 shows the A/D conversion cycles.

Conversion time Conversiontime atthe  End process
at the 1st bit 2nd bit and the follows
4 -
. Conversion | Sampling |Comparison Sampling |Comparison
AJD conversion mode time time time time time End process

Without sample & hold | 8 bits 49 ¢ AD 4¢$AD

209AD | 25¢AD

256AD | 8.0AD

Without sample & hold | 10 bits 59 ¢ AD 4 9AD

200AD | 25¢AD

25 $AD 8.0 9 AD

With sample & hold

8 bits 28 9 AD 4 AD

25¢AD | 0.0¢AD

250AD | 4.09AD

With sample & hold

10bits | 33¢AD 49AD

25¢9AD | 0.09AD

25¢0AD | 40¢0AD

Figure 14.7 A/D Conversion Cycles
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R8C/13 Group 14.5 Internal Equivalent Circuit of Analog Input

14.5 Internal Equivalent Circuit of Analog Input
Figure 14.8 shows the internal equivalent circuit of analog input.

Vee
Vce Vss
Parasitic Pl ON resit AVcc
diode 1 resistor
1 ON resistor | .. approx. 0.6kQ _———— b oo
1 approx. 2k, Wiring resistor 1C = Approx.1.5pF |
ACN/{ o5 , approx. 2kQ _/C Mabgmm\dtage: | AMP |
! !
1 SWi ) swz |ViN ! ONresistor | !
Parasitic | ) | ! approx. 5k | !
I 1 ~ 1 1
diode ! I |~ Samping ! I ool |
| ! 1\control signal | SW3 '
Vss , [lladdertype/i iadder-type | Swa L= .
i=10 1 {Gi=10) ‘('{'Q",%)'es'sm's Chogper-type
{ON resistor :W fing resist AVss  amplifier
1approx. 2k0 inng resistor
' lapprox. 2kQ
ANI —H-0""0- J
swi |!
!
rt' LI ITTTTTT
@@ AJD successive
A/D control register 0 conversion register
VRer O——— | > Vref
Resistor SW2 _ Comparison voltage
ladder ON resistor . J'
approx. 0.6kQ
AVss O—0~"" 0 <€ AJD conversion
interrupt request
Comparison reference voltage (Vref) generator
Sampling | .
Comparison SW1 conducts only on the ports selected for analog input.
ComecttoO SW2 and SW3 are open when A/D conversion is not in progress;
gonst\r/zlzsmna' I I | thelr status varies as shown by the waveforms In the diagrams on the left.
r
Connectto@® SW4 conducts only when A/D conversion Is not in progress.
Comnedt 0O
Control signal l_
for SW3
Connectto @
Waming: Use only as a standard for designing this data.
Mass production may cause some changes in device characteristics.

Figure 14.8 Internal Equivalent Circuit to Analog Input
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14.6 Inflow Current Bypass Circuit

14.6 Inflow Current Bypass Circuit

Figure 14.9 shows the configuration of the inflow current bypass circuit, figure 14.10 shows the ex-
ample of an inflow current bypass circuit where Vcc or more is applied.

To the intemal logic
of the A/D Converter

o i
Fixed to GND level
Unselected channel O —{ | * ELJ
T ON Ii T
[
—
ON External input ON I
latched into
Selected channel (_,L Fl:‘ ® —
i OFFIIEi7 i

Figure 14.9 Configuration of the Inflow Current Bypass Circuit

Vce or more

Leakage current
generated

Unselected channel

Leakage current
generated

OFF

oN ui\

Unaffected \\
by leakage ‘y #————To the intemal logic
of the A/D Converter
ON ON
{
Sensor input Selected channel H__' A FL'L
NS ? s & ‘f —

Figure 14.10 Example of an Inflow Current Bypass Circuit where Vcc or More is Applied
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R8C/13 Group 15. Programmable I/O Ports

15. Programmable I/O Ports
15. 1 Description

The programmable input/output ports (hereafter referred to as “I/O ports”™) consist of 22 lines PO, P1, P30
to P33, P37, and P45. Each port can be set for input or output every line by using a direction register, and
can also be chosen to be or not be pulled high every 4 lines. The port P1 allows the drive capacity of its N-
channel output transistor to be set as necessary. The port P1 can be used as LED drive port if the drive
capacity is set to “HIGH".

P46 and P47 can be used as an input only port if the main clock oscillation circuit is not used.

Figures 15.1 to 15.5 show the I/O ports. Figure 15.6 shows the I/O pins.

Each pin functions as an I/0 port or a peripheral function input/output.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin
is used as a peripheral function input, set the direction bit for that pin to “0” (input mode). Any pin used as
an output pin for peripheral functions is directed for output no matter how the corresponding durectlon bit
is set.

15.1.1 Port Pi Direction Register (PDi Register, i = 0, 1, 3, 4)
Figure 15.7 shows the PDi register.
This register selects whether the I/0 port is to be used for input or output. The bits in this register
correspond one for one to each port.

15.1.2 Port Pi Register (Pi Register, i = 0 to 4)
Figure 15.8 shows the Pi register.
Data I/O to and from external devices are accomplished by reading and writing to the Pi register. The
Pi register consists of a port latch to hold the output data and a circuit to read the pin status. For ports
set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register.
For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register. The data written to the port latch is
output from the pin. The bits in the Pi register correspond one for one to each port.

15.1.3 Pull-up Contro! Register 0, Pull-up Control Register 1 (PURO and PUR1 Registers)
Figure 15.9 shows the PURO and PUR1 registers.
The PURO and PUR1 register bits can be used to select whether or not to pull the corresponding port

high in 4 bit units. The port chosen to be pulled high has a pull-up resistor connected to it when the
direction bit is set for input mode.

15.1.4 Port P1 Drive Capacity Control Register (DRR Register)
Figure 15.9 shows the DRR register.

The DRR register is used to control the drive capacity of the port P1 N-channel output fransistor. The
bits in this register correspond one for one to each port.

Rev.1.10 Apr 27,2005 page 135 of 202
REJ09B0111-0110 RENESAS



8C/13 Group

16. Electrical Characteristics

16. Electrical Characteristics

Table 16.1 Absolute Maximum Ratings

|_Symbol _Parameter Condition Ratedvalue | Unit |
Vee Supply voltage Vec=AVcc -0.3t0 8.5 v
AVce Analog supply valtage Vcc=AVee -0.3106.5 Vv
Vi Input voltage -0.3 to Vec+0.3 \'A
Vo Output voltage -0.3 to Vcc+0.3 )
P4 Power dissipation Topr=25 °c 300 mw
Topr Operaling ambient temperature -2010 85 / -40 to 85 (D version)] C
Teg Storage temperature -65 to 150 c
Table 16.2 Recommended Operating Conditions
Conditions -

Symbol Parameter — Min. Tvn Max Unit
Vee Supply voltage 2.7 5.5 v
AVce Analog supply voltage Vel \Y2
Vss Supply voltage 0 v
AVss Anslog supply voltage 0 A
Vi "H" inpul voltage 0.8Vec Vce \J
viL “L" input voltage 0 0.2Vcc v
lon "H" peak all Sum of all pins’ IOH !

ol output currents _ (peak) -60.0 mA
loH (peak) "H" peak output current -10.0 mA
loHe) W averageoutputeurent [ . 50 mA
lov (sum) "L" peak all Sum of all pins' IOL 60
output currents_(peak) mA
loL (peak) “L® peak output Except P1oto P17 10 mA
current P1oto P17 Drive abllity HIGH 30 mA
Drive abifity LOW 10 mA
1oL (avg) ‘L"average  ExceptPlotoP17_ | R 5 mA
output current o445 pq, Drive ability HIGH o e o A5 | mA_
Drive ability LOW. 5 mA
1(XiN) Main clock input oscillation frequency | 3.0V S Ve £ 6.5V 0 20 MHz
2.7VsVee <3.0V 0 10 MHz
Note

1: Referenced to Vcc = AVec = 2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise specified.
2: The mean output current is the mean value within 1060ms.
3: Set Vec=AVce
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17. Flash Memory Version

17. Flash Memory Version

17.1 Overview

The flash memory version has two modes—CP
memory can be operated on.

Table 17.1 outlines the performance of flash mem
not listed on Table 17.1).

Table 17.1 Flash Memory Version Performance

U rewrite and standard serial 1/0—in which its flash

ory version (see “Table 1.1 Performance” for the items

Item

Specification

Flash memory operating mode 2 mo

des (CPU rewrite and standard serial I/O)

Erase block See “Figure 17.1. Flash Memory Block Diagram”
Method for program ‘ In units of byte

Method for erasure Block erase

Program, erase control method Program and erase controlled by software command

Protect method Protect for Block 0 and 1 by FMRO02 bit in FMRO register
Protect for Block 0 by FMR16 bit and Block 1 by FMR16 bit
Number of commands 5 commands
Number of program |Block0 and 1 (program area)| 1,000 times
and erasure (1)
BlockA and B (data area) 10,000 times
ROM code protection Standard serial I/0 mode is supported.

NOTES:
1: Definition of program/erase times
The program/erase times are defined to be per-
are n times (n=1,000 or 10,000 times), to erase
performing one-byte write to the distin

times and then erase. Avold rewritin
erase times to each block. Also ke

Table 17.2 Flash Memory Rewrite Modes

block erase times. When the program/erase times
n times per block is possible. For example, if

ct addresses on the Block A of 2K-byte block 2,048 times and
then erasing that block, the number of the program/erase cycles is one ti

1,000 times, run the program until the vacant areas are all used to redu

me. if rewriting more than
ce the substantial rewrite

g only particular blocks and rewrite to average the program and
ep the erase times as inrformation and set up the limit times.

"Fiash memony] CPU rewrite mode
rewrite mode |
Function

software commands from the CPU.

User ROM area is rewriiten by execuhng

EWO0 mode: Can be rewritten in any area
other than the flash memory

Standard serial /O mode

User ROM area Is rewritten by using a
dedicated serial programmer.

Standard serial I/O mode 1

: Clock synchronous serial I/0

EW1 mode: Can be rewritten in the flash Standard serial /0 mode 2
memory : UART
Areas which | User ROM area User ROM area
can be rewitten
Operation Single chip mode Boot mode
mode
ROM None Serial programmer
programmer
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8C/13 Group 18. On-chip Debugger

18. On-chip debugger

The microcomputer has functions to execute the on-chip debugger. Refer to "Appendix 2 Connecting
examples for serial writer and on-chip debugging emulator". Refer to the respective on-chip debugger
manual for the details of the on-chip debugger. Next, here are some explanations for the respective
functions. Debugging the user system which uses these functions Is not available. When using the on-
chip debugger, design the system without using these functions in advance. Additionally, the on-chip
debugger uses the address 0C0001s to 0C7FF1e of the flash memory, thus avoid using for the user
system.

18.1 Address match interrupt »
The interrupt request is generated right before the arbitrary address instruction is executed. The
debugger break function uses the address match interrupt. Refer to "10.4 Address match interrupt” for
the details of the address match interrupt. Also, avoid setting the address match interrupt (the registers of

AIER, RMADO, RMAD1 and the fixed vector tables) with using the user system when using the on-chip
debugger.

18.2 Single step interrupt

The interrupt request is generated every time one instruction is executed. The debugger single step
function uses the single step interrupt. The other interrupt is not generated when using the single step
interrupt. The single step interrupt is only for the developed support tool.

18.3 UART1

The UART1 is used for the communication with the debugger (or the personal computer). Refer to "13.
Serial Interface" for the details of UART1. Also, avoid using the UART1 and the functions (POc/AN7 and
P37) which share the UART1 pins.

18.4 BRK instruction

The BRK interrupt request is generated. Refer to "10.1 Interrupt overview" and "R8C/Tiny series soft-
ware manual”. Also, avoid using the BRK instruction with using the user system when using the on-chip
debugger.
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). Usage Notes

19.1 Stop Mode and Wait Mode

19.1.1 Stop Mode
When entering stop mode, set the CM10 bit to “1” (stop mode) after setting the FMRO01 bit to “0” (CPU
rewrite mode disabled). The instruction queue pre-reads 4 bytes from the instruction which sets the
CM10 bit in the CM1 register to “1” (stop mode) and the program stops. Insert at least 4 NOP instruc-
tions after inserting the JMP.B instruction immediately after the instruction which sets the CM10 bit to
aqn

* Example of entering stop mode
Program Example BCLR 1, FMRO  ; CPU rewrite mode disabled
BSET 0, PRCR ; Protect exited
BSET 0, CM1 ; Stop mode
JMP.B LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP

19.1.2 Wait Mode

When entering wait mode, execute the WAIT instruction after setting the FMRO1 bit to “0” (CPU re-
write mode disabled). The instruction queue pre-reads 4 bytes from the WAIT instruction and the
program stops. Insert at least 4 NOP instructions after the WAIT instruction.

Also, the value in the specific internal RAM area may be rewritten when exiting wait mode if writing to
the interna RAM area before executing the WAIT instruction and entering wait mode. The area for a
maximum of 3 bytes is rewirtten from the following address of the internal RAM in which the writing is
performed before the WAIT instruction. If this causes a problem, avoid by inserting the JMP.B instruc-
tion between the writing instruction to the internal RAM area and WAIT instruction as shown in the
following program example.

* Example to execute WAIT instruction
Program Example MOV.B #055h,0601h ; Write to internal RAM area
JMP.B LABEL_001
LABEL_001 :

FSET | ; Interrupt enabled

BCLR 1,FMRO ; CPU rewrite mode disabled

WAIT ; Wait mode

NOP

NOP

NOP

NOP _
When accessing any area other than the internal RAM area between the writing instruction to the
internal RAM area and execution of the WAIT instruction, this situation will not occur.
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MAXIMN

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description

The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communication. Each part contains one driver and one
receiver. The MAX483, MAX487, MAX488, and MAX489
feature reduced slew-rate drivers that minimize EM! and
reduce refiections caused by improperly terminated cables,
thus allowing error-free data transmission up to 250kbps.
The driver slew rates of the MAX481, MAX485, MAX4S0,
MAX491, and MAX1487 are not limited, allowing them to
transmit up to 2.5Mbps.

These transceivers draw between 120pA and 500pA of
supply current when unloaded or fully loaded with disabled
drivers. Additionally, the MAX481, MAX483, and MAX487
have a low-current shutdown mode in which they consume
only 0.1pA. All parts operate from a single 5V supply.
Drivers are short-circuit current limited and are protected
against excessive power dissipation by thermal shutdown
circuitry that places the driver outputs into a high-imped-
ance state. The receiver input has a fail-safe feature that
guarantees a logic-high output if the input is open circuit.
The MAX487 and MAX1487 feature quarter-unit-load
receiver input impedance, allowing up to 128 MAX487/
MAX1487 transceivers on the bus. Full-duplex communi-
cations are obtained using the MAXA88-MAX191, while
the MAX481, MAXA483, MAXA85, MAX487, and MAX1487
are designed for half-duplex applications.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

Features
4 In uMAX Package: Smallest 8-Pin SO

Slew-Rate Limited for Error-Free Data
Transmission (MAX483/487/488/489)

¢ 0.1pA Low-Current Shutdown Mode
(MAX481/483/487)

4 Low Quiescent Current:
120pA (MAX483/487/488/489)
230pA (MAX1487)
300uA (MAX481/485/490/491)
¢ -7V to +12V Common-Mode Input Voltage Range
Three-State Outputs
30ns Propagation Delays, 5ns Skew
(MAX481/485/490/491/1487)
¢ Full-Duplex and Half-Duplex Versions Available
Operate from a Single 5V Supply
¢ Allows up to 128 Transceivers on the Bus
(MAX487/MAX1487)
¢ Current-Limiting and Thermal Shutdown for
Driver Overload Protection

L 4

> &

*

Ordering Information

PART TEMP.RANGE  PIN-PACKAGE
MAX481CPA 0°Cto +70°C 8 Plastic DIP
MAX481CSA 0°Cto +70°C 8 S0
MAX481CUA 0°Cto +70°C 8 pUMAX
MAX481C/D 0°Cto +70°C Dice*

Ordering Information continued at end of data sheet.
* Contact factory for dice specifications.

Selection Table

PART HALF/FULL | DATA RATE | SLEW-RATE | LOW-POWER RED%%%%RI %J&ﬁi%ﬁh‘l: T::,:gﬁ%%’;s PIN
NUMBER | DUPLEX {Mbps) LIMITED | SHUTDOWN | EnaglE WA) ON BUS COUNT
MAX481 Half 25 No Yes Yes 300 32 8
MAX483 Half 0.25 Yes Yes Yes 120 32 8
MAX485 Half 25 No No Yes 300 32 8
MAX487 Half 0.25 Yes Yes Yes 120 128 8
MAX488 Full 0.25 Yes No No 120 32 8
MAX489 Full 0.25 Yes No Yes 120 32 14
MAX490 Full 2.5 No No No 300 32 8
MAX491 Fufl 2.5 No No Yes 300 32 14
MAX1487 Half 25 No No Yes 230 128 8

MMAXIMN Maxim Integrated Products 1

For free samples & the latest literature: http:/;mww.maxim-ic.com, or phone 1-800-998-8800

LEVILXVIN/L6VYXVIN-LBYXYIN/S8YXVINEBYXYIN/LBYXYIN



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC) ..veccirmmiiinneniiiinirenseieeseeersesesees 12v 14-Pin SO (derate 8.33mW/°C above +70°C)...

Control Input Voltage (RE, DE).. ..-0.5V to (Vcc + 0.5V) 8-Pin UMAX (derate 4.1mW/°C above +70°C)..............

Driver Input Voltage (DI)............ ..-0.5Vto (Vge + 0.5V) 8-Pin CERDIP (derate 8.00mW/"C above +70°C)......... 640mwW

Driver Output Voltage (A, B).......ccccveeneiniriininnen, -8Vio +12.5V 14-Pin CERDIP (derate 9.08mW/°C above +70°C)....... 727TmW

Receiver Input Voltage (A, B).....cccovcieeinininnnnn, -8Vto +12.5V Operating Temperature Ranges

Receiver Output Voltage (RO)..................... -0.5V to (Vce +0.5V) MAX4_ _C_ _/MAXTABTC_A ..o 0°Cto +70°C

Continuous Power Dissipation (TA = +70°C) MAX4_ _E_ _/MAX1487E_A..... ...-40°C to +85°C
8-Pin Plastic DIP (derate 9.09mW/"C above +70°C) ....727TmW MAX4_ _MJ_IMAX1487TMJIA . ....-65°C to +125°C
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)..800mW Storage Temperature Range............... ....-65°C to +160°C
8-Pin SO (derate 5.88mW/°C above +70°C)................. 471mW Lead Temperature (soldering, 10S6C)........c..vvvreeieenrene +300°C

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage o the device. These are stress relings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is nol implied. Exposure lo
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vcc = 5V £5%, TA = TMIN to TmAx. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Driver Gutput (no load) Vop1 5 \
Differential Driver Output R = 50Q (RS-422) 2

) Vobz . v
(with load) R = 27Q (RS-485), Figure 4 1.5 5
Change in Magnitude of Driver
Differential Output Voltage for AVop | R=27Q or 509, Figure 4 0.2 \
Complementary Output States
Driver Common-Mode Output - .
Voltage Voc R = 27Q or 50Q, Figure 4 3 \'
Change in Magnitude of Driver
Common-Mode Cutput Voltage AVop | R =27Q or 50Q, Figure 4 0.2 \
for Complementary Output States
Input High Voltage ViH DE, DI, RE 20 v
Input Low Voltage Vi DE. DI, RE 0.8 \
Input Current N DE, DI, RE +2 pA
DE =0V
VCe = OV or 5.25V, Vin =12V Ll
In nt all devices except
gy Hren Nz | MAX487/MAX1487 Vi = -7V 08
MAXA87/IMAX 1487, VIN = 12V 0.25 mA
DE =0V, Vcc =0V or5.25V [y = -7V 0.2
Receiver Differential Threshold
Voltage VTH -IVsVem <12V 0.2 0.2 \
Receiver Input Hysteresis AVTH | Vem =0V 70 mV
Receiver Output High Voltage VoH lo = -4mA, Vip = 200mV 3.5 v
Receiver Output Low Voitage VoL lo = 4mA, Vip = -200mV 0.4 v
Three-State (high impedance)
Output Current at Receiver lozr | 0.4VsVos24V +1 WA
-V Vem <12V, all devices except 12 kQ
MAX487/MAX1487
Receiver Input Resistance Rin
-7V S VeM < 12V, MAX487/MAX1487 48 kQ

2 MAXIM




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)

(Vec = 5V £5%, TA = TMIn to TmAX, unless otherwise noted.) {Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488/MAXA489,
DE, DI, RE = OV or Vce 120 250
MAX490/MAX491,
DE, DI, RE = OV or Vg 300 500
MAX481/MAX48S5, DE = Vcc 500 800
Mot gy 0 AT lcc |RE=OVorVec | DE-0V 300 500 | KA
MAX1487, DE = Vcc 300 500
RE = 0V or Ve DE = OV 230 400
AX483 350 0
MAX483/MAX487, DE = 5V m AXAET 555 igo
RE = OV or Vce
DE = 0V 120 250
Supply Current in Shutdown IstoN | MAX481/483/487, DE = OV, RE = Ve 0.1 10 HA
SSVSrHSiggrt-C;rcuut Current, losp1 -7V Vo <12V (Note 4) 35 250 mA
Driver Short-Circuit Current,
VO = Low lospz | -7VsVo <12V (Note 4) 35 250 mA
Receiver Short-Circuit Current losr OV<VosVce 7 95 mA

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487

(Vee = 5V £5%, TA = TMIN to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. tPLH Figures 6 and 8, Rpirr = 54Q, 10 30 60
Driver Input to Output L 031 « CL2 = 100pF 0 35 ) ns
Driver Output Skew to Output Iskew | Migures 6 and 8, RpiFF = 549, CL1 = CL2 = 100pF 5 10 ns
Figures 6 and 8, | MAX481, MAX485, MAX1487 3 15 40
Driver Rise or Fall Time R U | RpiFr = 54Q, MAX430C/E, MAX491C/E 5 15 25 ns
CL1 = CL2 = 100pF 'MAX490M, MAX491M 3 15 40
Driver Enable to Output High tzH Figures 7 and 9, Cp = 100pF, S2 closed 40 70 ns
Driver Enable to Output Low tz1. Figures 7 and 9, CL = 100pF, S1 closed 40 70 ns
Driver Disable Time from Low (4 Figures 7 and 9, CL = 15pF, S1 closed 10 70 ns
Driver Disable Time from High tHz Figures 7 and 9, CL ~ 15pF, S2 closed 40 70 ns
Receiver Input to Cutput tPLH. tPHL | RDIFF = 54Q, MAX490C/E, MAX491C/E 20 80 150 ns
Cu1 = CL2 = 100pF[ MAX490M, MAXA9TM 20 S0 200
tPLH - trHe | Differential Figures 6 and 10, RpIFf = 54Q,
Leceiver Skelsw SKD Cl?1 = CL2 = 100pF 13 ns
Receiver Enable to Output Low tzL Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Enable to Cutput High tzH Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low Lz Figures 5 and 11, Cre = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fmax 2.5 Mbps
Time to Shutdown ISHON | MAX481 (Note 5) 50 200 600 ns
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX1487 (continued)

(Ve = 5V £5%. TA = TMIN to Tmax. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Oriver Enable from Shutdown to S, - -
Output High (MAX481) tZH(SHON) | Figures 7 and 9, CL = 100pF, S2 closed 40 100 ns
Driver Enable from Shutdown to .
Output Low (MAX481) tzL(sHoN) | Figures 7 and 9, CL = 100pF, S1 closed 40 100 ns
Receiver Enable from Shutdown Figures 5 and 11, C1_ = 15pF, S2 closed,
to Output High (MAX481) 'ZH(SHON) | ATB . 2v 300 1000 | ns
Receiver Enable from Shutdown Figures 5 and 11, CL = 15pF, S1 closed,
to Output Low (MAX481) TZLSHON) | BT A= ov 300 1000 [ s
SWITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MAX489
(Vee = 5V £5%, Ta = Tmin to TMAX, unless otherwise noted.) (Notes 1, 2)
[ PARAMETER SYMBOL CONDITIONS MIN___TYP __MAX | UNITS
. tPLH Figures 6 and 8, RpifF = 549, 250 800 2000
Driver Input to Qutput ' ns
verinp Py tiL | CL1 = CLz = 100pF 250 800 2000
. Figures 6 and 8, RpIFF = 54Q,
Driver Output Skew to Output ISKEW CL1 = CL2 = 100pF 100 800 ns
. . ) Figures 6 and 8, Rpirr = 54Q,
Oriver Rise or Fall Time R, tF C11 = CL2 = 100pF 250 2000 ns
Driver Enable to Output High tzH Figures 7 and 9, CL = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 7 and 9, C = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low tLz Figures 7 and 9, CL = 15pF, S1 closed 300 3000 ns
Driver Disable Time from High tHz Figures 7 and 9, C = 15pF, S2 closed 300 3000 ns
_ PLH | Figures 6 and 10, Rpirr = 540, 250 2000
Receiver Input to Output T CL1 = CL2 = 100pF 550 2000 ns
| tpLH - tpie | Differential Figures 6 and 10, RpIFF = 549,
Receiver Skew 1SKD | 1 = Cua2 = 100pF 100 ns
Receiver Enable to Cutput Low i Figures 5 and 11, Cri. = 15pF, S1 closed 20 50 ns
Receiver Enable to Output High tzu Figures 5 and 11, CRL = 15pF, S2 closed 20 50 ns
Receiver Disable Time from Low wz Figures 5 and 11, CrL = 15pF, S1 closed 20 50 ns
Receiver Disable Time from High tHz Figures 5 and 11, CrL = 15pF, S2 closed 20 50 ns
Maximum Data Rate fmax tPLH. tPHL <« 50% of data period 250 kbps
Time to Shutdown tsHON | MAX483/MAX487 (Note 5) 50 200 600 ns
Driver Enable from Shutdown to MAX483/MAX487, Figures 7 and 9,
Output High tZH(SHDN) CL = 100pF, S2 closed 2000 ns
Driver Enable from Shutdown to MAX483/MAX487, Figures 7 and 9,
Output Low 'ZL(SHON) | ¢, - 100pF. S1 closed 2000 | ns
Receiver Enable from Shutdown MAX483/MAX487, Figures 5 and 11,
to Output High IZHISHDN) | ¢ = 15pF, S2 closed 2500 | ns
Receiver Enable from Shutdown {ZL(SHDN) MAX4B3/MAX487, Figures 5 and 11, 2500 ns

to Output Low

CL = 15pF, S1 closed
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

All typical specifications are given for Vcc = 5V and TA = +25°C,

Supply current specification is valid for loaded transmitters when DE = OV.

Applics to peak current. See Typical Operating Characlerlstics.

The MAX481/MAX483/MAX487 arc put into shutdown by bringing RE high and DE low. If the inputs are in this state for less
than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Ve = 5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OGUTPUT CURRENT vs. RECEIVER GUTPUT HIGH VOLTAGE vs.
RECEIVER GUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE TEMPERATURE
45 o % 20 [} 438 -]
0 // H -18 J H 46 tro = 8mA—1§
= 3 A = 16 £ 44
E i / E . =P I
2 / 2 2 g )
& 25 z 8 a0
& / € .10 N 5 -
o 20 / o N I 38 ~
R . g " N\ 2 36
s o[ 5 s £: S
10 / 4 N\ o 34
5 2 \ 32
0 0 30
0 05 10 15 20 25 15 20 25 30 35 40 45 50 50 25 0 25 S0 75 100 125
CUTPUT [ OW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (*C)
RECEIVER GUTPUT LOW VGLTAGE vs. DRIVER QUTPUT CURRENT vs. DRIVER DIFFERENTIAL CUTPUT VOLTAGE
TEMPERATURE DIFFERENTIAL GUTPUT VOLTAGE vs. TEMPERATURE
09 - 3 o0 " 24 — s
08 Ino = BMA—]§ & ] s 23 b R=560_ 1}
w \
§ 0.7 z 70 N g 22 —~—]
2 o0s 5 60 \\ 8 21 —
-
g 05 & s0 \\ g 20
=
04 S 4 A\ S 19
= L1 ’ﬂ 5 2
2 03 E 30 18
£ [ 5
3 02 © 2 g 17
0.1 10 \\ 8 16
0 0 —— 15
50 25 0 25 50 75 100 125 0 05 1.0 1.5 20 25 30 35 40 45 50 25 0 25 SO 75 100 125
TEMPERATURE (°C) DIFFERENTIAL QUTPUT VOLTAGE (V) TEMPERATURE (°C)
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Typical Operating Characteristics (continued)

(Vcc = 5V, Ta = +25°C, unless otherwise noted.)

GUTPUT CURRENT vs. OUTPUT CURRENT vs. MAX481/MAXA85/MAX490/MAX491
DRIVER QUTPUT LOW VOLTAGE BRIVER CUTPUT HIGH VOLTAGE SUPPLY CURRENT vs. TEMPERATURE
140 % -120 5 600 T T T T s
ﬁ § ; MAX4BUMAX48S; DE = Vg, RE « X 3
120 -100 500
% 0 \ g \ 3
- :® o
g % £ \ g
3 g g %0
5 % 5 \ > MAYABS; DE « 0, RE = X,
g I 2 40 200 MAXGYDE s RE=0 _
S 40 5 8 MAXA9OMAXADT; DE « RE « X
<1 I o @
\ MAXABY; DE = 0, RE = Vir
0 0 0 |
0 2 4 6 8 10 12 76-5-4-3-2-101234%5 50 25 0 25 S0 75 100 125
OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (*C)
MAX483/MAX487-MAX489 MAX1487
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
600 " 600 H
]
500 3 500 !
E £
i 400 MAXAB3; Dt = Vg, fE - X & 400
& & . OF = Voo i o
§300 gm MAX)437; OF vf_m X
> MAX4B; Dt « Vo R o X S -1
& 200 [ waxsoamaxdar: e - i -0, g 200 S
7 MAXABEMANABS: DF - & < X 2 MAX1457; DE = OV, RE « X
100 — 100
MAXABIMAXABY; DL » 0, i - Wy
0 0
60 25 0 25 50 15 100 125 <60 -40 -20 0 20 40 60 80 100120 140
TEMPERATURE (*C) TEMPERATURE (*C)
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Pin Description

PIN
MAX481/MAX483/
MAX485/MAX487/ Ay iy | NAME FUNCTION
MAX1487
DIP/SO | uMAX | DIP/SO | uMAX | DIP/SO
1 3 2 4 2 RO Receiver Output: If A > B by 200mV, RO will be high;
If A < B by 200mV, RO will be low.
2 4 _ _ 3 RE Receiver Output Enable. RO is enabled when RE is low; RO is
high impedance when RE is high.
Driver Output Enable. The driver outputs, Y and Z, are enabled
by bringing DE high. They are high impedance when DE is low. If
3 5 — - 4 DE the driver outputs are enabled, the parts function as line drivers.
While they are high impedance, they function as line receivers if
RE is low.
4 6 3 5 5 DI Driver Input. A low on DI forces output Y low and output Z high.
Similarly, a high on DI forces output Y high and output Z low.
5 7 4 6 6,7 GND Ground
- - 5 7 9 Y Noninverting Driver Output
— — 6 8 10 z Inverting Driver Gutput
6 8 — — — A Noninverting Receiver Input and Noninverting Driver Output
— — 8 2 12 A Noninverting Receiver Input
7 1 — — — B Inverting Receiver Input and Inverting Driver Cutput
— — 7 1 1 B Inverting Receiver Input
8 2 1 3 14 Vee Positive Supply: 4.75V s Ve < 5.25V
— - — — 1.8,13 N.C. No Connect—not internally connected
TOP VIEW . 7 mMmaxam
i e
o s =
3
oF 1] » o~ Max1487 o
o4 [5] ono ro 3] ﬁb—l EBVcc . o—42
i E 7 - .
ot N —
JI pryseys o ovD
el e oo =
ch| o
RE[4
Rl] ey [
NOTE: PIN LABELS Y AND Z ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH,
HUMAX TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481/MAX483/MAX485/MAX487/MAX1487 Pin Configuration and Typical Operating Circuit
MAXIMN 7
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Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

TOP VIEW <~
o v maxam Vee
i Tt O ! i I
ro [2] 7] 8
o [3] 5]z
o [ _I'['ﬂ 5]v o—H o 62 L/JZ Eﬁ — RO
DIP/SO
— ) 8_A
J0 PP L RE7D000 0 H-o
B
Azl wnge 2DV
we[z] M0 o 7
ko [4] [s]o GND erluo
HMAX NOTE: TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 2. MAX488/MAX490 Pin Configuration and Typical Operating Circuit

TOP VIEW DE Voo MAXAMN Voo RE
|4 |14 1AX489 |
P MAX491
N.C. E E Vee 9y
ro 2] isfne. s D T CE‘ @ :‘ | o
R.f E E A 10 7 \/\\./\
oe [4] mg 12_A
oi (5] ' 10]7 LA p— m D H—o
6nn o] b 9 v N ‘f\m
ono [7] s Jnc.  ng L8103
3| e [
DIP/SO #. GND GND DE

Figurc 3. MAX489/MAX491 Pin Configuration and Typical Opcrating Circuit

Applications Information

The MAX481/MAX483/MAX485/MAX487-MAX491 and
MAX1487 are low-power transceivers for RS-485 and RS-
422 communications. The MAX481, MAX485, MAX490,
MAX491, and MAX1487 can transmit and receive at data
rates up to 2.5Mbps. while the MAX483, MAX487,
MAX488, and MAX489 are specified for data rates up to
250kbps. The MAX488-MAX491 are full-duplex trans-
ceivers while the MAX481, MAX483, MAX485, MAX487,
and MAX1487 are half-duplex. In addition, Driver Enable
(DE) and Receiver Enable (RE) pins are included on the
MAX481, MAX483, MAX485, MAX487, MAX489,
MAX491, and MAX1487. When disabled, the driver and
receiver outputs are high impedance.

8

MAX487MAX1487:
128 Transceivers on the Bus
The 48kQ, V,-unit-load receiver input impedance of the
MAX487 and MAX1487 allows up to 128 transceivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 trans-
ceivers maximum). Any combination of MAX487/
MAX1487 and other RS-485 transceivers with a total of
32 unit loads or less can be put on the bus. The
MAX481/MAX483/MAX485 and MAX488-MAX491 have
standard 12kQ Receiver Input impedance.

MAXIMN




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Test Circuits

Voo

s

Figure 4. Driver DC Test Load

Figure 5. Recelver Timing Test Load

k)

DE I
y
ol

QUTPUT
UNDER TEST

+
T*

Figure 6. Driver/Receiver Timing Test Circuit

MAXA83MAX487MAX488/MAXA489:
Reduced EMI and Reflections

The MAX483 and MAX487-MAX489 are slew-rate limit-
ed, minimizing EMI and reducing reflections caused by
improperly terminated cables. Figure 12 shows the dri-
ver output waveform and its Fourier analysis of a
150kHz signal transmitted by a MAX481, MAX485,
MAX490, MAX491, or MAX1487. High-frequency har-

MAXIM

Figure 7. Driver Timing Test Load

monics with large amplitudes are evident. Figure 13
shows the same information displayed for a MAX483,
MAX487, MAX488, or MAX489 transmitting under the
same conditions. Figure 13's high-frequency harmonics
have much lower amplitudes, and the potential for EMI
is significantly reduced.

L8YLXVIWLE6VXYIN-L8YXYVIWSBYXVIWESYXVIN/LEYXVIN



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Switching Waveforms

ol 15V j< 15v
o
tLy tpHL = 12V

Vo

Y ’ T %
v 12¥o Vore=V(V)-v(@
Voire 03 0% 20% 90% %
Vo
R i —»
tsKew = ) tpLH - towy |

'3 ' N,
o 1.5V 1.5V
= < lasHon o Wz | |a—
Y.2 N JpiS—
Vou 23V GUTPUT NORMALLY LOW Vou +0.5¥
OUTPUT NORMALLY HIGH
vz 2 N\ Vou-05v
2. 0.
o / v OH
—>| [ tsHon). tze iz —| [

Figure 8. Driver Propagation Delays

Figure 9. Driver Enable and Disable Times (except MAX488 and
MAX490)

Vou

RO

VoL >t1.sv QUTPUT 1.5v;t
ap VD tenL toy —~

Vip o INPUT o

R—E:: 18R ;/1.;__
Voo = < tnsHoN) L Wz —» |-
\Q-SV GUTPUT NORMALLY LOW VoL +0.5V
OUTPUT NORMALLY HIGH
ROW /4.sv Vou - 0.5V
=™ 1 sion, U Uiz 'A

Figure 10. Receiver Propagation Dolays

Table 1. Transmitting

INPUTS OUTPUTS
RE DE DI 2 Y
X 1 1 0 1
X 1 0 1 0
0 0 X High-Z High-Z
1 0 X High-2* | High-z*

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481/MAX483/MAX487

10

Figure 11. Receiver Enabie and Disable Times (except MAX488
and MAX490)

Function Tables (MAX481/MAX483/MAXA485/MAX487/MAX 1487)

Table 2. Receiving

INPUTS QUTPUT
RE DE AB RO
0 0 >+0.2V 1
0 0 <-0.2v 0
0 0 Inputs open 1
1 0 X High-z*
X = Don't care

High-Z = High impedance
* Shutdown mode for MAX481/MAX483/MAX487

MAXIMN



Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

10dB/div

500kH//div

10dB/div

one :‘.\..‘-‘.':3‘-1";»“-fr_h_“*'(_w,;,!;w_';?ﬁ:;;;,_- St
0Hz : ‘ ) 5MHz
500kHz/div

Figure 12. Driver Output Waveform and FFT Plot of MAX481/
MAX485/MAXA90/MAXA91/MAX 1487 Transmitting a 150kHz
Signal

Low-Power Shutdown Mode

(MAX481/MAX483/MAX487)
A low-power shutdown mode is initiated by bringing
both RE high and DE low. The devices will not shut
down unless both the driver and receiver are disabled.
In shutdown, the devices typically draw only 0.1pA of
supply current.
RE and DE may be driven simultaneously: the parts are
guaranteed not to enter shutdown if RE is high and DE
is low for less than 50ns. If the inputs are in this state
for at least 600ns, the parts are guaranteed to enter
shutdown.

For the MAX481, MAX483, and MAX487, the tzH and
t7zL enable times assume the part was not in the low-
power shutdown stale (lhe MAX485/MAX488-MAX491
and MAX1487 can not be shut down). The LZH(SHDN)
and 17| (SHDN) enable limes assume the parts were shut
down (sce Llcctrical Characleristics).

It takes the drivers and receivers longer to become
enabled from the low-power shutdown state
(tzZH(SHDN), tzL(SHDN)) than from the operating mode
(tzH. tz1). (The parts are in operating mode if the RE,
DE inputs equal a logical 0,1 or 1,7 or 0, 0.)

MAXIM

Figure 13. Driver Oulput Waveform and FFT Plot of MAX483/
MAXA87-MAX489 Transmitting a 150kHz Signal

Driver Output Protection
Excessive output current and power dissipation caused
by faults or by bus contention are prevented by two
mechanisms. A foldback current limit on the output
slage provides immediate protection against short cir-
Cuits over the whole common-mode voltage range (see
Typical Operating Characteristics). In addition, a ther-
mal shutdown circuit forces the driver outputs into a
high-impedance state if the die temperature rises
excessively.

Propagation Delay
Many digital encoding schemes depend on the differ-
ence between the driver and receiver propagation
delay times. Typical propagation delays are shown in
Figures 15-18 using Figure 14's test circuit.

The difference in receiver delay times, | tPLH - tPHL |, is
typically under 13ns for the MAX481, MAX485,
MAX490, MAX491, and MAX1487 and is typically less
than 100ns for the MAX483 and MAX487-MAX489.

The driver skew times are typically 5ns (10ns max) for
the MAX481, MAX485, MAX490, MAX491, and
MAX1487, and are typically 100ns (800ns max) for the
MAX483 and MAX487-MAX489.

11
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

RECEIVER
out

Al - - RS Bf- ———— - - —
" Ve = 5V L.
500mV/div ; 4 500mVidiv | Vec = 5V
;l Ta=+25°C r’ Ta= +25°C
;h :‘: “. .
81.. - r A e .-
RO - - -
Vidiv
Nidiv ,]
10 . e e e
)
Ansdehv 2ns/div

Figine: 15, MAXAE 1MAXABSIMAXASKYIMAXAD L IMAX 1487

Receiver 1y

Tigure 16. MAXA81/MAXA85/MAX490/MAX491/MAX1487

Roeceiver tpg gy

e e e e e ;

A [ '

S00mVidiv o Voo SV 500mV/div Ve = 5V :

! Ta-125°C Ta=+25C ;

de” ' o "\_. ;

B |- s A |

]

ko TTT e Nidiv !

vidiv RO

400ns/div 400ns/div

Figure 17. MAX483, MAX487-MAX489 Receiver tpHL Figure 18. MAX483, MAX487-MAX489 Receiver tpL 1
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Line Length vs. Data Rate
The RS-485/RS-422 standard covers line lengths up to
4000 feet. For line lengths greater than 4000 feet, see
Figure 23.

Figures 19 and 20 show the system differential voltage
for the parts driving 4000 feet of 26AWG twisted-pair
wire at 110kHz into 1204 loads. ,

Typical Applications
The MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 transceivers are designed for bidirectional data
communications on multipoint bus transmission lines.

Figures 21 and 22 show typical network applications
circuits. These parts can also be used as line
repeaters, with cable lengths longer than 4000 feet, as
shown in Figure 23,

To minimize reflections, the line should be terminated at
both ends in its characterislic impedance., and stub
lengths olf the main line should be kept as short as possi-
ble. The slew-rate-limited MAX483 and MAX487-MAX489
are more olerant of imperfect termination.

DI . W
—— —— ov
. .- W
Wy |- ' ' ‘ ‘ v
v
RO W
o

2usidiv

ol . R
— ! ; . I oov
. - - w

, TN N
WV N v S B | v
R B w
RO | ! 5V
~~~~~~ —_—— o

Qsldiv

Figure 19. MAX481/MAX485/MAX490/MAX491/MAX 1487
System Differential Voltage at 110kHz Driving 40001 of Cablc

Figure 20. MAX483, MAX487-MAX489 System Differential
Voltage at 110kHz Driving 4000f of Cable

1200 1200
L — o
ol —] 8 ((— 8
)
— D1
((_
DE A B A ) A A
RO — R _1R\ RO
RE l/( RE
R R
. AN
MAX481
MAX483
MAX485 | 1T j T 1
MAX487 oI DE RORE ] O RORE
MAX1487

Figure 21. MAX481/MAX483/MAX485/MAX487/MAX1487 Typical Half-Duplex RS-485 Network

MAXIM
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

A ())L ° Y
1200
’ég: R Lm-l (. T-’\N\/-l D — 0l
B )) )]
DE—

—Of
2 §5- Yo R
_ 1200 n
ol h) Pml ) o LW\,_1 R RO
Y Y[ Iz 8 LIA ) Yy iz A
R
MAAMN
MAX488
MAX489
I 11 R MAX490
DI DE RERO o! DE RERO MAX491
NOTE: RE AND DE ON MAX489/MAX491 ONLY.
Figure 22. MAX488-MAX491 Full-Duplex RS-485 Network
_ Isolated RS-485
ANAXUM FM(X ):s;;lg(l)egdll?:s?%s lzpphcatinns, see the MAX253 and
MAX488-MAX49) els.

A
RO
z

DI

NOTE: RE AND DE ON MAX489/MAX491 ONLY.

1B |

igure 23. Line Repeater for MAX488-MAX491
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

__Ordering Information (continued) __Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE PART TEMP. RANGE PIN-PACKAGE
MAX481EPA -40°C to +85°C 8 Plastic DIP MAX490CPA 0°Cto +70°C 8 Plastic DIP
MAX481ESA -40°C to +85°C 8 S0 MAX490CSA 0°Cto +70°C 8 SO
MAX481MIA -55°Cto +125°C B CERDIP MAX490CUA 0°C1o +70°C 8 pMAX
MAX483CPA 0°Cto +70°C 8 Plastic DIP MAX490C/D 0°Cto +70°C Dice*
MAX483CSA 0°C to +70°C 8S0 MAX490EPA -40°C to +85°C 8 Plastic DIP
MAX483CUA 0°Cto+70°C 8 uMAX MAX490ESA -40°Cto +85°C_ 850
MAX483C/D 0°C to +70°C Dice* MAX490MJA -55°Cto +125°C B CERDIP
MAX483EPA -40°Cto +85°C 8 Plastic DIP MAX491CPD 0°Cto +70°C 14 Plastic DIP
MAX483ESA -40°C to +85°C 8 S0 MAX491CSD 0°C to +70°C 14 50
MAX483MJA -55°C to +125°C 8 CERDIP MAX491C/D 0°Cto +70°C _ Dice’
MAXA485CPA 0°C to +70°C 8 Plastic DIP MAX491EPD -40°C to +85°C 14 Plastic DIP
MAX485CSA 0°C to +70°C 850 MAX491ESD -40°C to +85°C 14 SO
MAX485CUA 0°C to +70°C 8 UMAX MAX491MJD -55°C to +125°C 14 CERDIP
MAX485C/D 0°C to +70°C Dice* MAX1487CPA 0°Cto +70°C 8 Plastic DIP
MAX485EPA -40°C to +85°C 8 Plastic DIP MAX1487CSA 0°Cto +70°C 850
MAX485ESA -40°C to +85°C 8 S0 MAX1487CUA 0°Cto +70°C 8 pMAX
MAX485MJA -55°Cto +125°C 8 CERDIP MAX1487C/D 0°Cto +70°C___ Dice’
MAX487CPA 0°C to +70°C 8 Plastic DIP MAX1487EPA -40°C to +185°C 8 Plastic DIP
MAX487CSA 0°Cto +70°C 8s0 MAX1487ESA -40°C to +85°C 8 S0
MAXA8TCUA 0°C to +70°C 8 UMAX MAX1487MJA -55°Cto +125°C 8 CERDIP
MAX487C/D 0°Cto +70°C Dice* * Contact factory for dice specifications.

MAXABTEPA -40°C to +85°C 8 Plastic DIP
MAX4B7ESA -40°C to +85°C 8 S0
MAX487MJA -55°C to +125°C 8 CERDIP
MAX488CPA 0°Cto +70°C 8 Plastic DIP Chj'p Topographies
MAX488CSA 0°Cto +70°C 850
MAX488CUA 0°Cto +70°C 8 IMAX MAX481/MAX483/MAX485/MAX487/IMAX1487
MAX488C/D 0°Cto +70°C Dice*
MAX488EPA -40°C to +85°C 8 Plastic DIP
MAX48BESA -40°C to +85°C 850
MAX488MJA -55°C to +125°C 8 CERDIP
MAX489CPD 0°Cto +70°C 14 Plastic DIP
MAX489CSD 0°Cto +70°C 14 SO
MAX489C/D 0°Cto +70°C Dice*
MAX489EPD -40°C to +85°C 14 Plastic DIP
MAX4B9ESD -40°C to +85°C 14 SO
MAX489MJD 55°Cto +125°C___ 14 CERDIP oD

0.080"

< (2.032mm)

M AXIMN
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

MAX488/MAX490

0.054"
(1.372mm)

Chip Topographies (continued)

MAX489/MAX491

GND
0.080"

—

TRANSISTOR COUNT: 248
SUBSTRATE CONNECTED TO GND

(2.032mm)

A
B

0.054"
L 1.372mm)
Y

Package Information

ol INCHES MILLIMETERS
MIN | MmaX | MIN | wmAX
‘ A | 0036 | 0.044 | 0.91 1.11
[ — ¢ « A1 | 0.004 | 0.008 | 0.10 | 0.20
4 A El B | 0010 | 0014 | 025 | 036
s R e f - :ft C | 0005 | 0.007 | 013 | 0.18
fay L ( D [0.116 | 0120 | 295 | 3.05
—'| a L—» L L E [0.116 | 0.120 | 295 | 3.05
<—B Al L e 0.0256 0.65
H | o188 | 0.198 | 478 | 5.03
L | 0016 | 0.026 | 041 | 066
o | 0 6° 0° 6°
[ 21-0036D
E H
@ 8-PIN uMAX
] MICROMAX SMALL-OUTLINE
] PACKAGE
[—— D ———

Maxim cannot assume responsibility for use of any circuitry other than circuit

implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

ry entirely embodied in a Maxim product. No circuit patent licenses are

16 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

© 1996 Maxim Integrated Products Printed USA

MAXIM s aregistered trademark of Maxim Integrated Products.



Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Chip Topographies (continued)

MAX488/MAX490 MAX489/MAX491
Vee Vee
P ad A RO A
0 = | '
_ B
N.C. — Bgral it 0.054" RE — 0.054"
L 372mm) I q372mm)
N.c. —HEL DE —
N g =iy o~ Y
il m—-w R ! l
1
GND GND
0.080" 0.080"
(2.032mm) ad (2.032mm)

TRANSISTOR COUNT: 248
SUBSTRATE CONNECTED TO GND

Package Information

oM |—INCHES MILLIMETERS
MIN | MAX | MIN | MAX
| A 0036 | 0.044 | 091 | 1.11
T Ag—— c a A1 | 0004 | 0.008 | 010 | 020
i H A ‘L fEl.% B | 0010 [ 0014 | 025 | 0.36
s e R e C |0005 | 0.007 | 013 | 0.8
el ‘Lf o [ E) J L D |0.116 | 0120 | 295 | 3.05
E | 0116 | 0120 | 295 | 3.05
—* -8B At L e 0.0256 0.65
H_| 0188 [ 0198 | 478 | 5.03
L 0016 | 0026 | 041 | 066
o | 0 6° 0° 6°
¥ 21-0036D
E H
@ 8-PIN uMAX
' MICROMAX SMALL-OUTLINE
PACKAGE
—— D ——

VIAR481/IVIAX483/MAX485/MAX487-MAX491/MAX1487

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

16 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600

© 1996 Maxim Integrated Products Printed USA MAXIA s a registered trademark of Maxim Integrated Products.



HUMIDITY SENSORS: TYPE HS12P, HS15P
RELATIVE HUMIDITY SENSOR

DESCRIPTION:

Non-refresh type humidity sensor made of polymer. b

FEATURES:

¢ Good long term reliability

e Cost effective performance

e HS15P water resistive

¢ Typical applications include humidity monitors,
humidity controllers, air conditioners, humidifiers
dehumidifiers, automatic ventilation

1

DATA:
CODE HS12p HS15P
O pematng o
Tem pemture 0o 50°C
200 90% RH {w thouy
i~ oo 20 0 100% RH . _1 45+0.1
‘In pedance at25°C [ _ -
50% RH 60kohm +/~30kohm (+/5% RH) I’ - I
Rated Volage AC.1Vms [ |
R ated Frequency S0Hzto 1kHz “
Consum ptbn il
Power 03 mw H
CODING: s
1S12P: quick response type |
1S15P: water resistant type 24t1
!
WARNING: |
Jse only within the specified limits. T L— .J 5402
Do not disassemble and change any parts. —_—
Do not apply DC voltage or DC bias. Dimensions in mm

Jo not immerse into water or any solution.

1. Filter
2. Case .......... T ABS: Dark blue (HS12P)
R — NP T «eeenns Light blue (HS15P)
3. Lead wire .......coorveeversnnnns .. Sn-Pb plated Cu
rsserenannns sreenisennnnennianasaaaaa Diameter: 0.6mm
Data sheet D-HS12/15P-1
rown Industrial Estate, Priorswood Rd 808 US Highway 1 967 Windfall Road
wnton, Somerset TA2 8QY UK Edison, New Jersey 08817-4695 USA St Marys, Pennsylvania 15857-3397 USA
|l +44(0)1823 335200 Tel +1(732) 287 2870 Tel +1(814) 8349140

ix +44 (0)1823 332637 Fax +1(732) 287 8847 Fax +1(814) 781 7969




HUMIDITY SENSORS: TYPE HS12P, HS15P

RELATIVE HUMIDITY SENSOR
TYPICAL HUMIDITY CURVE:
AC 1Vms, 1kHz
1.0E+05
1.0E+04 7
E 1.0E+03 - 22 R
(=] T -
=
§ 1.0E+02
©
°
2
£ 1.0E+01
1.0E+00 'vfs',‘;_‘.
1.0E_01 L L I L O e T e T T O T R T T T
0 20 40 60 80 100
Relative Humidity [%RH]
I'YPICAL RESPONSE CURVE:
AC 1V 1kHz (25°C)
1.0E+04
1.0E+03 - : ]
E 1.0E+02 30 to 90%RH
E e S0 to 30%RH
-§ 1.0E+01 - : o
E K
1.0E+00 » L L L L L L L L L 1 L
0 10 20 30
Time [min]
Data sheet D-HS12/15P-1
rown Industrial Estate, Pricrswood Rd 808 US Highway 1 967 Windfall Road
aunton, Somerset TA2 8QY UK Edison, New Jersey 08817-4695 USA St Marys, Pennsylvania 15857-3397 USA
el +44(0)1823 335200 Tel +1(732) 287 2870 Tel +1(814)834 9140

ax +44 (0)1823 332637 Fax +1(732) 287 8847 Fax +1(814) 781 7969



&National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM36 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is nol required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of +14°C
at room temperature and £%°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. it
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in stifl air. The LM35 is
rated to operate over a -55° to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (~10°
with improved accuracy). The LM35 series Is available pack-

November 2000

aged in hermetic TO46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

& Calibrated directly in * Celsius (Centigrade)
® Linear + 10.0 mV/'C scale factor

m 0.5°C accuracy guaranteeable (at +25°C)
® Rated for full -55° to +150°C range

® Suitable for remote applications

® Low cost due to wafer-level timming

8 Operates from 4 to 30 volts

B Less than 60 pA current drain

8 Low self-heating, 0.08°C in still air

® Nonlinearity only +%4"C typical

= Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
(4V 70 20v)

LM35

-

ouTPUT
™ 0 oV +10.0 mV/°C

0S005818-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+V
]
L35 Vour
T (Y
-V
DS005516-4

Choose Ry = =Vg/50 pA

V our=+1,500 mV at +150°C
= 4250 mV at +25°C
= «550 mV at -65°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconductor Corporation  DS005516

www.national.com
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LM35

Connection Diagrams

TO-46
Metal Can Package*

8OTTICM VIEW
0S003516-1

“Case is connscted to negative pin (GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

BOTTOM VIEW
DS005516-2

Order Number LM35CZ,
LM35CAZ or LM35D2
See NS Package Number Z03A

SO-8
Small Outtine Molded Package

o/

8- +vg
7j=NC.
6f~N.C.
sf-nc

Your !
NC 2
NC.—3
oND—| 4

DS005516-21
N.C. = No Connection

Top View
Order Number LM35DM
See NS Package Number MOBA

TO-220
Plastic Package*

O

LM
3501
+Vg Your
GND
DS005518-24

“Tab is connacted to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAO3F

www.national.com




Absolute Maximum Ratings (ote 10) TO-92 and TO-220 Package, )
f Military/Aerospace specified devices are raquired, (Soldering, 10 seconds) 260°C
slease contact the National Semiconductor Sates Office/ SO Package (Note 12)
distributors for availabllity and specifications. V?:)r dPh:ze (60 S:oondS) ; gg
Infrare seconds A
upply Voltage ¥V -0V Suscept(ibﬂity (Note )11) 2500V
Jutput Voltage *6Vto 1.0V Specified Operating Temperature Range: Ty 10 T max
dutput Current 10 mA (Note 2)
storage Temp.; LM35, LM35A -55'C to +150°C
TO-46 Package, -60°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60°C to +150°C LM35D 0°C to +100°C
SO-8 Package, -65°C to +150°C
TO-220 Package, -65°C to +150°C
.ead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C
:lectrical Characteristics
lotes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) | (Note 5) (Note 4) | (Note 5)
Juracy T A=+25°C 0.2 +0.5 +0.2 0.5 ‘C
ite 7) T A=-10°C +0.3 $0.3 1.0 C
T a=Tuax £0.4 £1.0 +0.4 1.0 C
T A=Tan +0.4 £1.0 £0.4 +15 'C
inearity T winSTaSTmax +0.18 10.35 $0.15 $0.3 ’c
te 8)
1sor Gain T minSTaS<Tamax +10.0 +9.9, +10.0 +9.9, mv/"C
erage Slope) +10.1 +10.1
id Regulation T A=+25'C +04 1.0 04 +1.0 mV/mA
te 3) 0<l, <1 mA T aminST aSTumax 105 3.0 0.5 130 mV/mA
3 Regulation T A=+25'C +0.01 +0.05 +0.01 +0.05 mviv
te 3) 4V<V <30V +0.02 0.1 +0.02 0.1 mviv
escent Current V g=+5V, +25°C 56 67 56 67 A
te 9) V g=+5V 105 131 91 114 pA
V =430V, +25°C 56.2 68 56.2 68 A
V g=+30V 105.5 133 91.5 116 A
inge of 4V<Vg<30V, +25°C 0.2 1.0 0.2 1.0 pA
escent Current 4VsV <30V 0.5 20 0.5 2.0 UA
te 3)
perature +0.39 +0.5 +0.39 +0.5 pASC
fficient of
escent Current
imum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 ‘C
Rated Accuracy Figure 1, 1.=0
g Term Stability T 5=Tmax. for +0.08 +0.08 ‘C
1000 hours

www.national.com
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LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25°C +0.4 +1.0 +0.4 +1.0 ‘C
LM35, LM35C T A=-10"C 0.5 +0.5 1.5 ‘Cc
(Note 7) T A=Taax +0.8 1.5 +0.8 15 'C
T a=Tmin +0.8 +1.5 +0.8 2.0 'C
Accuracy, LM35D T A=+25C +0.6 +1.5 ‘C
(Note 7) Ta=Tumax 0.9 +2.0 'C
Ta=Tuin +0.9 +2.0 'C
Nonlinearity T MinSTa<Tmax 0.3 0.5 0.2 to0.5 ‘C
(Note 8)
Sensor Gain T minSTa<Tmax +10.0 +9.8, +10.0 +9.8, mv/'C
(Average Slope) +10.2 +10.2
Load Regulation T A=+25°C 0.4 +20 +04 12.0 mV/mA
(Note 3) 0<l 1 mA T MinSTaSTmax to.5 15,0 105 5.0 mV/mA
Line Regulation T =+25°C +0.01 +0.1 +0.01 +0.1 mVN
(Note 3) 4VV <30V +0.02 +0.2 +0.02 0.2 mVNV
Quiescent Current V g=+5V, +25°C 56 80 56 80 HA
(Note 9) V g=+5V 105 158 91 138 uA
V g=+30V, +25°C 56.2 82 56.2 82 HA
V g=430V 105.5 161 91.5 141 LA
Change of 4V<Vg<30V, +25°C 0.2 20 0.2 20 pA
Quiescent Current 4VsV <30V 0.5 3.0 0.5 3.0 pA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 HAS'C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +15 +2.0 ‘C
for Rated Accuracy Figure 1, 1,=0
Long Term Stability T =Taax, for +0.08 +0.08 ‘C
1000 hours

Noto 1: Unless otherwise noted, these spacifications apply: =55°C<T,5+150°C for the LM35 and LM35A; -40°'sT 3$+110°C for the LM35C and LM3SCA; and
0'sT,<+100°C for the LM35D. Vg=+5Vdc and l oap=50 pA,

in the circuit of Figure 2. These specifications also apply from +2°C to Tmax in the circuit of Figure 1.

Specifications in boldface apply over the full rated lemperature range.

Note 2: Thermal resistance of the TO-46 package Is 400°C/W, junction to embient, and 24'C/W
180°C/W junction to ambient. Thermal resistance of the small outline motded
is 80°C/W Junction to ambient. For additional thermal resistance information s

Junction to case. Thermal resistance of the TO-82 package s
package i3 220°C/W junction to ambient. Thermal resistance of the TO-220 package
ee {able In the Appilcations section.

Note 3: Regulation I3 measured at constant junction temperature, using pulse testing with a low duty eycle. Changes in output due to heating effects can be
computed by multiplying the intemnal dissipation by the thermal resistance.

Note 4: Tested Limils are guaranteed and 100% tested in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality tevels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the error between the output voltage and 10mv/"C times the device's case temperature, at specified conditions of voltage, current,
and temperature (expressed in “C).

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device's rated temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings Indicate limits beyond which damage (o the device may occur. DC and AC electrical specifications do not apply when opsrating
the davice beyond its rated cperating conditlons. See Note 1.

Note 11: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 12: See AN-450 “Surface Mounting Mathods and Thelr Effect on Product Rellabiiity” or the section titled "Surface Mount® found In a cument Natlonal
Semiconductor Linear Data Book for other methods of soldering surface mount devices.

www, national.com 4




Typical Performance Characteristics

Thermal Resistance

Junction to Air

400
3
¢
o
g m
& 0 10-48
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o LL1 [
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085005516-25
rhermal Response in
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£ 00
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Thermal Time Constant
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Accuracy vs. Temperature
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Thermal Response

in Still Air
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LM35

Typical Performance Characteristics (continued)

Noise Voltage

1600
1400
1200
1aco
800

NOISE (nv/9 W2}

FREQUENCY (Hz)
DS005516-34

Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were

Start-Up Response
8
4
z
. 2
>
ouh -
06F I
- 04
z A
5 02 \/
> [

0 10 20 30 40 50 60

TIME (microseconds)
DS005515-35

 The TO-46 metal package can also be soldered to a metal

much higher or fower than the surface temperature, the .

actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die's temperature will
not be affected by the air temperature.

surface or pipe without damage. Of course, In that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and comosion. This is especially true if
the circuit may operate at cold temperatures where conden-
satlon can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a smalfl
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

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

TO-48, TO-486°, TO-92, TO-92*, 80-8 808* TO-220
no heat amall heat fin no heat small heat fin no hoat small heat fin no heat
sink sink sink sink
Sl alr 400'Cw 100°CW 180°CW 140°Cw 20cw 110°CwW 90°CW
Moving air 100°CwW 40'Cw 90"cw 70°CW 105°CwW 90°'CW 26'CW
Still oft to00°cw 40°CwW 80°CW 70°CW
Stirred oil 50"Cw 30'cw 45°CW 40°cw
(Clamped to melal,
Infintte heat sink) (24°CW) (85°C/w)

“Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to casa, or similar.
*TO-92 and SO-8 packages glued and leads scldered to 1* square of 1/16" printed circuit board with 2 oz. foil or similar.

www.national.com




Typical Applications

+ 1 HEAVY CAPACITIVE LOAD, WIRIKG, ETC.
=
our

M35

-L

T0 A HIGH-IMPEDANCE LOAD

DS008516-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

r--- ) TS T Ty
| ouT
i 1mM3s . } >
0.9 aFBYPASS L -{ )
OPTIONAL T~ = »
]
1
L T
05005516-20
FIGURE 4. LM35 with R-C Damper
CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anticipated, it is easy to Isolate or decouple the load with a
resistor; see Figure 3. Or you can improve the tolerance of
capacitance with a seriess R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure 81t is relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenna and its intemal
junctions can act as rectifiers. For best results in such cases,
a bypass capacitor from V5 to ground and a series R-C
damper such as 75Q in series with 0.2 or 1 pF from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

s¥
e +

L VYour =10 mV/°C (Tamsient +1°C)
> f;'f FROM +2°C 10 +40°C

TWISTED PAIR

0S005518-8

FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

sV

TWISTED PAIR

Vour =10 mV/°C (Tamgient +1°C)
FROM +2°C TO +40°C

200
0R 10k RHEOSTAT 1%

FOR GAIN ADJUST

DS008516-8
FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
+Vs
|
LM35 +
Vour
;msu L
< 18k
jl.-ﬂm
= = 050085167
FIGURE 7. Temperature Sensor, Single Supply, ~55° to
+150°C
-
'
|
0.1 4F
BYPASS —— TWISTED PAIR

Vour =10 m¥/°C (Tamaient +10°C)
FROM ~5°C to +40°C

S% <200

>1% S 1%

= DS005516-8
FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

j— +svro 43w

DS008516-9
FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)
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LM35

Typical Applications (continued)

+Vs
{6V 70 20v) LM35
iR
LM35 =
< 45.5¢
S 1%
-, =
DS005516-11
>
I:}',"" FIGURE 11. Centigrade Thermometer (Analog Meter)
<
’vaﬂf V/°F
+1.0 my/°|
S 2.4k si'
S 1%
LM385-1 L’ S 1a !
2 % 1ok g— LM35 WA
< 1.0M 100 2A,
S1% 60 ¥
_I_ FULL-SCALE
= <
DS005516-10 - LM385-2.5 :: 25.5k
FIGURE 10. Fahrenheit Thermometer
= = 05005516-12
FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer
(50" to 80° Fahrenheit, for Example Shown)
v
+ 3k
<
M35 A u SERIAL
REF] ADCOSO3! [== nara Gureut
GND 1.8
B 0k 4
) B g CLOCK
LM38S
.
1uf o oo ENABLE
| >
= T - 6D
DSDA8516.13

FIGURE 13. Temperature To Digital Converter (Serial Output) (+128°C Full Scale)

1

+ b3
<
out N PARALLEL
s e °—/—> DATA
QUTRUT
= ADCOBO4
P Jum —» 7T
g + Vaer
1 0.84v

”‘F* < F—W\'J L—‘EE
| p3 e e i
’I\ b WR

& g GND
DS005516-14

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE™ Outputs for
Standard Data Bus to pP Interface) (128°C Full Scale)
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Typical Applications (continued)
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'=1% or 2% film resistor

lrim Ry for Vg=3.075V

frim Rg for V¢=1.955V

frim Rp for VA=0.075V + 100mV/'C x Tamuient
Ixample, VA=2.275V at 22'C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)
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FIGURE 186. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2°C to +150°C; 20 Hz to 1500 Hz)
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LM35

Block Diagram

1.38 Vear

+Vg

Wyt =10 né/°C

0S005518-23
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hysical Dimensions inches (millimeters) unless otherwise noted

0.208-0.219

DIA
(5.308-5.563)
\ 0.178-0.185
SEATING | {4.521-4,953)
PLANE | Fbos-oas
0026 2.032 - 2.667)
{0.635) 0500
UNCONTROLLED — 1270 YN
baoma - 0 0 112.70)
0.016-0.013 0030
(04060, 483)—4 |"_ @2)
DIA TYP MAX
el
yp 1050 | {2:540)
{1270
o
0.035-0.046 0.028-0.048
{0.813-1.168) \{/ S‘ ©711-1219)
HOSH (REV C)

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,
LM35CAH, or LM35DH
NS Package Number HO3H

0.149-0.187
{4.600-5.004)
8 7 8 3
T A_AA
0.228 -0.244
5.751-6.188)
@) 0010 gy
0.234)
l /8 U ) ¥
N0t ! ; }
IDENT =
0.150-0.157
{3.810-3.588)
0.010-0.020 45+ D.053-0.089
10.254-0.506) r_ ramzp TS 0.004-0.010
ALL LEADS . (8.102-0.254)
&,,.: L B - = kS SEATING
0.008 1‘ T PLANE
oms-oorn 0K 0.016-0.080 iy omo | 0.014-0.0% 1yp
L 10.406—1.270) Cam T e 0.356-0.509)
TYP ALL LEADS mm A REV o)
SO-8 Molded Small Outline Package (M)
Order Number LM35DM
NS Package Number MOSA

1
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LM35

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

+0.38
9.86 —0.13

0.001-0.007
[0.25-0.178])

TYP

!

0.190-0.210
[4.83-5.33] |

0.240-0.260
1 (e-10-6.601 [T 0.350-0.350
0.100-0.120 [8.38-8.89]
[2.54-3.05]
0.060-0.075 .. | g 0.149-0.153
[1.52-1.91] /~ © (3.78-3.89]
/ 0.090-0.110
—S" [2.29-2.79])
0.400 . 4°-50 B e
-0.005
[10.16 533 - ™ -
49.1
0.388 ‘0003 v

1

£y

~ | ,_J,
0.045-0.055 0.130-0.160
| — TYP\ | *
{1.14-1.40] [3.30-4.06] TP
PIN #1 10

1.005-1.035

————————

[25.53-26.29)

al
7o’| 0.525-0.555
/\ 7°/\ ([13.34-14.101)

i ! : :
trasaro) 4 ( gy

0.048-0.055 ;y, _}

[1.22-1.40)
0.027-0.037
[0.69-0.94] """

+0.007
0.015 _o'001

+0.18
[0.38 25703

i

0°-6° \‘J - xsmms PLANE

+0.010

0.048-0.052 [ 0105 peded
[+.22-1.32] [2.67 155
TAPERED SIDES 1° TAO3F (REV A)

Power Package TO-220 (T)

Order Number LM35DT
NS Package Number TAO3F
www.national.com 12




hysical Dimensions inches (millimeters) unless otherwise noted (Continued)

!
|
1
ul;

Rt
0.38 MAX

~tn
o
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T
2.29 MAX
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“h
C

oo
wn
oo

0.55 oy I
04 TT I"' 1.2720.05 —-I — 0.
L 2.5420.1

DIMENSIONS ARE IN MILLIMETERS

~
o

h--.f\l
]

l

]

=

TO-92 Plastic Package (2)

Order Number LM35CZ, LM35CAZ or LM35D2
NS Package Number Z03A

203A (Rey G)

: SUPPORT POLICY

IONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
ICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
INSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

ife support devices or systems are devices or 2. A critical component is any component of a life

siosuag ainjesadwa) apesbnua) UOISIIBIG SCINT

ystems which, (a) are intended for surgical implant
to the body, or (b) support or sustain lifs, and
hose failure to perform when properly used in

support device or system whose fallure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

scordance with instructions for use provided in the safety or effectiveness.

beling, can be reasonably expected to result in a

gnificant injury to the user.

National Sem!conductor National Semliconductor Natlonal 8emiconductor Natlonal Somiconductor
Corporation Europe Asla Pacific Customer Japan Ltd.

Americas Fax: +49 (0) 180-530 85 88 Responso Group Tel: 81-3-5639-7560

Tel: 1-800-272-9959 Emall: europa.support@nsc.com Tel: 65-2544466 Fax: 81-3.5839-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 8508 6208 Fax: 65-2504468

Emall: support@nsc.com English Tel: +44 (0) 870 24 0 2171 Email: ap.support@nsc.com
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MAXI MM

+15kV ESD-Protected, +5V RS-232 Transceivers

Features

General Description

The MAX202E-MAX213E, MAX232E/MAX241E line
driversireceivers are designed for RS-232 and V.28
communications in harsh environments. Each
transmitter output and receiver Input Is protected
against +15kV electrostatic discharge (ESD) shocks,
without latchup. The various combinations of features
are outlined in the Selection Guide. The drivers and
recelvers for all ten devices meet all EIA/TIA-232E and
CCITT v.28 specifications at data rates up to 120kbps,
when loaded in accordance with the EIA/TIA-232E
specification.

The MAX211E/MAX213E/MAX241E are available in 28-
pin SO packages, as well as a 28-pin SSOP that uses

¢ ESD Protection for RS-232 VO Pins:
£15kV—Human Body Model

18kV—{EC1000-4-2, Contact Discharge
£15kV—IEC1000-4-2, Air-Gap Discharge

¢ Latchup Free (unilke bipolar equivalents)
¢ Guaranteed 120kbps Data Rate—Laplink™

Compatible

4 Guaranteed 3V/us Min Slew Rate
¢ Operate from a Single +5V Power Supply

60% less board space. The MAX202E/MAX232E come Pin Configurations
In 16-pin narrow SO, wide SO, and DIP packages. The
MAX203E comes in a 20-pin DIP/SO package, and TOP VIEW
needs no external charge-pump capacitors. The . 7
MAX205E comes in a 24-pin wide DIP package, and o 4] 6] vee
also eliminates external charge-pump capacitors. The v [z] [15] oo
MAX206E/MAX207E/MAX208E come in 24-pin SO,
SSOP, and narrow DIP packages. The MAX232E/ c-[3 maanm [u now
MAX241E operate with four 1uF capacitors, while the e [a]  maxeox [13] "1
MAX202E/MAX206E/MAX207E/MAX208E/MAX211E/ e [3] Maxesze 2] Riout
MAX213E operate with four 0.1pF capacitors, further
reducing cost and board space. v- (6] M
Applications raour [1] io] 2w
ran 8] 9] reout
Natebook, Subnotebook, and Palmtop Computers
Battery-Powered Equipment DIPISO
Hand-Held Equipment Pin Configurations and Typlcal Operating Circuits continued at
end of dala sheel.
Ordaring Information appears at end of data shaet. . .
Selection Guide
RECEIVERS No. of
No.of RS-232 | No. of RS-232 LOW-POWER | TTL THREE-
PART ACTIVE IN EXTERNAL
DRIVERS RECEIVERS SHUTDOWN | CAPACITORs | SHUTDOWN STATE
MAX202E 2 2 0 4 (0.1pF) No No
MAX203E 2 2 0 None No No
MAX205E 5 5 0 None Yes Yes
MAX208E 4 3 1] 4 (0.1yF) Yes Yes
MAX207E 5 3 [i 4 (0.14F) No No
MAX203E 7] 4 0 4 (0.1pF) No No
MAX211E 4 5 0 4 (0.1pF) Yes Yes
MAX213E 4 5 2 4 (0.1uF) Yes Yes
MAX232E 2 2 0 4 (1pF) No No
MAX241E 4 5 0 4 (1yF) Yes Yes

LapLink Is a reglstered trademark of Traveling Software, Inc.

MAXIMN

Maxim Integrated Products 1

For free samples & the Iatest literature: http://iwww.maxim-ic.com, or phone 1-800-998-8800
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+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS
Vce 0.3Vt +6V 20-Pin SO (derate 10.00mW/°C abave +70°C)............. 800mW
Vs (Ve - 0.3v) to +14v 24-Pin Narrow Plasiic DIP
V- -14Vto +0.3V (derate 13.33mW/°C 2bove +70°C) .....cverivereerereceseennnns 1.07wW
Input Voltages 24-Pin Wide Plastic DIP
T_IN -0.3Vto (V+ + 0.3V) (derate 14.29mW/°C above +70°C).......cueerrrureeen
R_IN £30V 24-Pin SO (derate 11.76mW/*C above +70°C)
Output Voltages 24-Pin SSOP (derate 8,00mW/*C above +70°C).
T_OUT. (V--0.3V) to (V+ + 0.3V) 28-Pin SO (derate 12.50mW/*C above +70°C)........
R_OUT -0.3V 1o (Vcc + 0.3V) 28-Pin SSOP (derate 9.52mW/*C above +70°C)
Short-Circuit Duration, T_OUT Continuous Operating Temperature Ranges
Continuous Power Dissipation (TA = +70°C) MAX2_ _EC__ 0°C to +70°C
16-Pin Plastic DIP (derate 10.63mW/*C above +70°C)....842mW MAX2_ _EE__ -40°C to +85°C
16-Pin Namow SO (derate 8.70mW/*C above +70°C) .....636mW Storage Temperature RANGE ..........c.vueuneevsnenens -65°C to +165°C
16-Pin Wide SO (derate 9.52mW/*C above +70°C) ......762mW Lead Temperature (soldering, 105€C) ...........cceververrennenn. +300°C

20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)...888mwW

Stresses beyond those listed under “Absolute Maximum Retings® may cause permanent damage to the device. Thesc are stress ratings only, and tunctional
operation of the device st these or any other condhions beyond thase indicated in the operational sections of the specifications Is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device rellabiitty.

ELECTRICAL CHARACTERISTICS

(Ve = +5V £10% for MAX202E/206E/208E/211E/213E/232E/241E; Voe = +5V 6% for MAX203E/205E/207E; C1-C4 = 0.1pF for

MAX202E/206E/207E/208E/211E/213E; C1-C4 = 1yF for MAX232E/241E; Ta = TMIN to Tmax; unless otherwise noted. Typlcal values
are at Ta = +25°C.)

PARAMETER [ symBoL | CONDITIONS [ MIN TYP MAX Junms

DC CHARACTERISTICS
MAX202E/203E 8 15
MAX205E-208E 1" 20

Vce Supply Current Icc No load, Ta = +25°C MAX211E/213E 14 20 mA
MAX232E 5 10
MAX241E 7 15
MAX205E/206E 1 10

Shutdown Supply Current TA = +25°C, Figure 1 MAX211E/241E 1 10 MA
MAX213E 15 50

LOGIC

Input Pull-Up Current T_IN = OV (MAX205E-208E/211E/213E/241E) 15 200 PA

Input Leakage Current T_IN = OV to Vcc (MAX202E/203E/232E) +10 YA

Input Threshold Low viL éﬁ"ézg&mg&ﬁgg% E21E) 08 | v

T_IN 2.0
Input Threshold High Vi | EN, SHDBN (MAX213E) or EN, SHDN 24 v
(MAX205E-208E/211E/241E) *

Output Votage Low VO | 1 - aonh (MANEOSE ORI T 1 St e 04 | v

Cutput Voltage High Vo | RLOUT: loyt = -1.0mA 3.5 Vec-04 v

Output Leakage Current mxz\égglggaﬂg ¥i ok 3?2‘?12\;3?5.1:5 disabled 005 410 | pA

2 MAXIMN




215kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Vec = +5V £10% for MAX202E/206E/208E/211€/213E/232E/241E; Vce = +5V £5% for MAX203E/205E/207E; C1-C4 = 0.1pF for
MAX202E/206E/207E/208E/211E/213€; C1-C4 = 1)iF for MAX232E/241E; Ta = TMiN to Tmax: unless otherwise noted. Typical values
are at Ta = +25°C)

PARAMETER | sYmBOL | CONDITIONS | MIN TYP  MAX | UNITS s
EIA/TIA-232E RECEIVER INPUTS (=]
Input Voltage Range -30 30 Y N
All parts, normal operation 0.8 1.2 m
Ta = +25°C,
Input Threshold Low MAX213E, SHON = OV, v
Vee = 5v EN = Ve 0.6 1.5 é
: 25°C All parts, normal operation 1.7 24
tnput Threshold High Veeosv [ MAX213E (Ra, Rs), 15 24 |V
SHON « OV, EN = Ve ’ ’ N
Input Hysteresis Vce = 5V, no hysteresis in shutdown 0.2 0.5 1.0 v ey
Input Resistance TA = 425°C, Vcg = 5V 3 5 7 kQ w
EIA/TIA-232E TRANSMITTER OUTPUTS m
Output Voitage Swin: All drivers loaded with 3k to ground (Note 1) 15 49 v \
g g
Output Resistance VCe = V+ = V- a OV, Vout = 22V 300 4]
Cutput Short-Circult Current +10 160 mA
TIMING CHARACTERISTICS
Ri. = 3kQ to 7k, Ci. = S0pF to 1000pF,
Maximum Data Rate one transmitter swilching 120 kbps “
All parts, normal operation 0.5 10 N
Receiver Propagation Delay “m’; C1. = 150pF MAX213E (R4, R5), . 40 Hs m
= OV, EN = Ve §
Recelver Output Enable Time m’,‘gggnmp?:fg 1,1 Ef213E/241€ nomat 600 ns h
Receiver Cutput Disable Time rxgggﬂgggg 121 E/2138/241E normal 200 ns 5
Transmitter Propagation Delay t{;';ﬂ RL = 3kQ, Cy = 2500pF, all transmitters loaded 2 Hs <}

Ta = +25°C, VcC = 5V, RL = 3k to 7k,
Transition-Region Slew Rate CL = 50pF to 1000pF, measured from -3V to 3 6 30 Vigs
+3Vor +3V10 -3V, Figure 3

ESD PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS

Human Body Model 15
ESD-Protection Voltage IEC1000-4-2, Contact Discharge +8 kv
IEC1000-4-2, Air-Gap Discharge +15

Note 1: MAX211EE_ _ tested with Voe = +5V £5%.

MAXIMN 3




1+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics

FEAS ROMOoTWm ST TusS oG B WEkny IWEFASA Sl Eal/IWIFNL"Y s

(Typical Operating Circuits, Ve = +5V, TA = +25°C, unless otherwise noted. )

MAX232E MAX202E/MAX203E MAX4TE
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE
80 vs. LOAD CAPACITANCE 60 B.I.GADWAGITM vs. LOAD CAPACITARCE
: ML transwrTTERS LGADED g ) F ALL TRANSMITTERS LOADED —li 80 ALL TRANSMAITTERS LDADLD
. _ | DATARATE « 120k _ 25 DATARATE » 120ps . [{ \_| | CATARATE = 120k0ps
e N R = 3kQ R =30 5 \ \\ R =30
s 10 \ s 70 \\ l 0 N N I I 5‘!
Vooe5
g 65 \\ Yooz 359 g o L LT \‘ ocoi §6.5 \\ \\A&
é Vb= 5.0V h Ve = Nesiv \'d = AN )
60 AN 260 |- AN\ 2 6o AN QAN
N N N N N \
55 A AR X 55 \\\ \\ 55 AN N
Voo = 45V w45V VocudSV |
0 il N RN ANAN oL 1T NN
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE {pF) LOAD CAPACITANCE (pF)
MAX211E/MAX213E MAX211E/MAX213E/MAX241E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
60 ¥s. LOAD CAPACITANCE ) » vs. LOAD CAPACITANCE
) Al n}Msmmmslbmm 5 Aﬁ&%ﬂ:ﬁmbm'u s
DATARATE .| -
15 \ Ri= mm 2 Re mw_
N A
s \\ g 20
§ 65 AN g 15
6.0 P\ V. 10 N
N : NINLstwaae
N ENEANAN s N
A
v \ N osizwfm ——
50 Va}\- 4.5.V -V, -5;w 0 I
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
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115kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics (continued) g
(Typical Operating Circuits, Vcc = +5V, TA = +25°C, unless otherwise noted.)
MAX202E/MAX203E/MAX232E MAX205E-MAX208E MAX205E-MAX20SE §
TRANSMITTER SLEW RATE TRANSMITTER OUTPUT VOLTAGE TRAKSMITTER SLEW RATE N
" vs. LOAD CAPACITANCE s vs. LOAD CAPRCITANCE » vs. LOAD CAPACITANCE °
ALL TRANSMTTERS L0ADFD ol B [ Jvedsinlsd TTTR N
N\ DATARATE » 120kt _ i g 1 TRANSMITTER AT FULL DATA RATE 5 m
2 I'N Re 30 50 Iz 120kbps 16 [}} 4 TRANSMITTERS AT 1/B DATA RATE
N e
g. 10 \\\ g 25 i : g " é
< \\ 3 Veg = +4.5V, R = 302 g 2
g g A § o [ITRASMITERATRULOAARAE— & 1o e
g \ N\ -SLEW RATE 4 TRANSMITTERS AT 1/8 DATA RATE § s FALL
§ & \\\\ < E 25 | l 3 )
SSLEWRATE TN\, » 240kbpy p N
4 S~ 50 1 2 [ =l
—
2 25 [ 1 Jeosbps| ] o L)
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 Otmzooommsooom
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) ~
MAX205E-MAX208E )
SUPPLY CURRENT MAX205E-MAX203E N
vs. LOAD CAPACITANCE OUTPUT VOLTAGE vs. DATA RATE
50 T g 100 »
" 240ttps i 25 Ve g
z P /r s 50 Nour >
g o /,4 120kps—] § o5 |l I& s *
lcc = +4.5V, R =
g o /] 4* 'g' 0 |- 1 TRANSMITTER AT FULL DATA RATE | N
3 % ~d 4 TRANSMITTERS AT 1/3 DATA RATE
] A LA 25 ! -
& - -20kbps " |
2 L~ 50 Vour.J__ ‘
25 Ve = +4.5V, Ry = 3k02 I m
1 TRANSMITTER AT FULL DATA RATE 15 v.
4 TRANSMITTERS AT /B DATA RATE 100
0 1000 2000 3000 4000 5000 0 30 60 90 120 150 180 210 240
LOAD CAPACITANCE (pF) DATA RATE (kbps)
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions

MAX202E/MAX232E
PIN
DIF/SO e NAME FUNCTION
1,3 2.4 C1+,C1- Terminals for positive charge-pump capacitor
2 3 Vi —_+2Vcc voltage generated by the charge pump
4,5 5.7 C2+,C2- Terminals for negative charge-pump capacitor
6 8 V- -2Vcc voltage generated by the charge pump
7.14 9,18 T_OUT RS-232 Driver Outputs
8,13 10,17 RN RS-232 Receiver Oulpuls
9,12 12,15 R_OUT RS-232 Receiver Outputs
10, 11 13,14 T_IN RS-232 Driver Inputs
15 19 GND Ground
16 20 Vee +4.5V to +5.5V Supply-Voltage Input
—_ 1,6,11,16 N.C. No Connect—not intemally connected.
MAX203E
PIN NAME FUNCTION
DiP SO
1,2 1.2 T_IN RS-232 Driver Inputs
3,20 3,20 R_OUT RS-232 Receiver Outputs
4,19 4,19 R_IN RS-232 Receiver Inputs
5,18 5,18 T_OUT RS-232 Transmitter Outputs
6.9 6, 9 GND Ground
7 7 Vce +4.5V 10 +5.5V Supply-Voliage Input
8 13 Cl+ Make no connection to this pin,
10, 16 11,16 C2- Connect pins together.
12,17 10. 17 V- -2Vcc voltage gerterated by the charge pump. Connect pins together.
13 14 C1- Make no connection to this pin.
14 8 V4 +2Vcc voltage generated by the charge pump
11,15 12,15 C2+ Connect pins together.
MAX205E
PIN NAME FUNCTION
1-4,19 T_OUT RS-232 Driver Outputs
5,10,13,18, 24 R_IN RS-232 Receiver Inputs
6,9, 14,17, 23 R_OUT TTL/CMOS Recelver Outputs. Al receivers are inaclive in shutdown,
7,8, 15, 16, 22 T_IN TTL/CMOS Driver Inputs, Internal pull-ups to Vec.
11 GND Ground
12 Vce +4.75V to +5.25V Supply Voltage
20 EN Receiver Enable—active low
21 SHBN | Shutdown Control—active high
6 MAXIM



115kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX206E
PIN NAME FUNCTION
1.2,3,24 T_OUT RS-232 Driver Outputs
4,16, 23 R_IN RS-232 Recelver Inputs
5,17, 22 R_OUT TTUCMOS Receiver Cutputs. All receivers are Inactive In shutdown.
6,7,18,19 T_IN TTU/CMOS Driver Inputs. intemal puil-ups to Ve,
8 GND Ground
9 Vce +4.5V to +5.5V Supply Voltage
10, 12 C1+,C1- Terminals for positive charge-pump capacitor
1 V+ —+2VcC generated by the charge pump
13.14 C2+,C2- Terminals for negative charge-pump capacitor
15 V- -2Vce generated by the charge pump
20 BN Recelver Enable—active low
21 SHDN Shutdown Conltrol—active high
MAX207E
PIN NAME FUNCTION
1,2, 3,20, 24 T_.OUT RS-232 Driver Cutputs
4,16, 23 R_IN RS-232 Receiver Inputs
5,17, 22 R_OUT TTL/CMOS Receiver Outputs. All receivers are inactive in shutdown.,
6,7,18,19, 21 T.IN TTL/CMOS Driver Inputs. internal pull-ups to Ve,
8 GND Ground
9 Vce +4.75V 10 +5.25V Supply Voltage
10, 12 C1+,C1- Terminals for positive charge-pump capacitor
1 Vo +2Vcc generated by the charge pump
13,14 C2+,C2- Terminals for negallve charge-pump capacitor
15 V. -2Vce generated by the charge pump
MAX208E
PIN NAME FUNCTION
1,220, 24 1_0U1 RS-232 Driver Oulpuls
3. 7,16, 23 R_IN RS-232 Receiver Inputs
4,6,17, 22 R_OUT TTL/CMOS Recelver Outpuls. All receivers are inactive In shutdown.
5,18, 19, 21 T_IN TTL/CMOS Driver Inputs. intemnal pull-ups lo \cc.
8 GND Ground
9 Vee +4.5V 1o +5.5V Supply Voltage
10, 12 C1+,C1- | Temninals for positive charge-pump capacitor
n V+ +2Vcc generated by the charge pump
13,14 C2+,C2- | Terminals for negalive charge-pump capacitor
15 V- -2Vce generated by the charge pump

MAXIM
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX211E/MAX213E/MAX241E
PIN NAME FUNCTION
1.2, 3,28 T_.OUT RS-232 Driver Outputs
4,9, 18, 23, 27 R_IN RS-232 Recelver Inputs
5.8, 19, 22, 26 R_OUT TTL/ICMOS Recelver Outputs. For the MAX213E, receivers R4 and R5 are active In shutdown
Cor T e mode when EN = 1. For the MAX211E and MAX241E, all recelvers are inactive in shutdown.
6.7,20, 21 T_IN TTL/CMOS Driver Inputs. Only the MAX211E, MAX213E, and MAX241E have Intemal pull-ups to \tc.
10 GND Ground
11 Vce +4.5V 10 +5.5V Supply Voltage
12,14 C1+,C1- | Terminals for positive charge-pump capacitor
13 V+ +2Vcc voltage generated by the charge pump
15,16 C2+,C2- | Terminals for negative charge-pump capacitor
17 V- -2Vcc voltage generated by the charge pump
2 EN Recelver Enable—active low (MAX211E, MAX241E)
EN Recelver Enable—active high (MAX213E)
25 SHDN Shutdown Control—active high (MAX211E, MAX241E)
SHDN Shutdown Control—active low (MAX213E)
Sy )& -
i C3 7 BN
0.1pF* :E 0.1pF* INPUT
= o
T Cls Vee Ve e
. —#| [ OUTPUT ENABLE TIME
0|y, MAXIM o |
'3 _9 IL_L 3.5v
+H—C2 MAX21IE — “ RECENER -<
0.1pF* T MAX213E = QUTPUT [R08V
C2 MAX241E Co = 150pF
% 111015 R
W55V TN T_oUtT
* E-Nm o
5.5V NOTE: INP
i - [ 'Y m&mm -] OUTPUT DISABLE TIME
OVOR +5.5V = 0 " Vor M= Vou- 0V
i - .
DI FOR THE RECEIVER -
e MAY213E wrrs | R Y
SV 2 Tvos0av
( ) ARE FOR MAX213E I CAPACITORS MAY BE
* 1F FORMAX241E =" POLARIZED OR UNPOLARIZED
Figure 1. Shutdown-Current Test Circuit (MAX206E, Figure 2. Receiver Output Enable and Disable Timing
MAX211E/MAX213E/MAX241E) (MAX205E/MAX206E/MAX211E/MAX213E/MAX241E)
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115kV ESD-Protected, +5V RS-232 Transceivers

2500pF
-

OV (+5V) &

OV (+5V) =] SHDN (SFON)

MINIMUM SLEW-RATE TEST CIRCUIT

{ ) ARE FORMAX213€
* 14F FORMAX23ZEMAX241E

TRANSMITTER INPUT PULL-UP RESISTORS, ENABLE, AND SHUTDOWN ARE NOT PROVIDED ON THE MAX202E, MAX203E, AND MAX232E.
ENABLE AND SHUTOOWN ARE NOT PROVIDED ON THE MAX207E AND MAX208E.

+

T

:;r (W] Vec Vi

T o MAXIAMN o
MAXZ_E v "l

E® v =

0pF*
>
-
OV (+5V) P

OV (+5v) ] SHON (SFON)

MAXIMUM SLEW-RATE TEST CIRCUIT

Figure 3. Transttion Slew-Rate Circuit

Detailed Description

The MAX202E-MAX213E, MAX232E/MAX241E consist of
three sections: charge-pump voltage converters,
drivers (transmitters), and recelvers. These E versions
provide extra protection against ESD. They survive
+15kV discharges to the RS-232 inputs and outputs,
tested using the Human Body Model. When tested
according to IEC1000-4-2, they survive £8kV contact-
discharges and +15kV air-gap discharges. The rugged
E versions are intended for use in harsh environments
or applications where the RS-232 connection is
frequently changed (such as notebook computers). The
standard (non-"E") MAX202, MAX203, MAX205-
MAX208, MAX211, MAX213, MAX232, and MAX241 are
recommended for applications where cost is critical.

+5V to +10V Dual Charge-Pump

Voltage Converter

The +5V to +10V conversion is performed by dual
charge-pump voltage converters (Figure 4). The first
charge-pump converter uses capacitor C1 to double
the +5V into +10V, storing the +10V on the output filter
capacitor, C3. The second uses C2 to invert the +10V

MAXIM

into -10V, storing the -10V on the V- output filter
capacitor, C4.

In shutdown mode, V+ is Internally connected to Ve by
a 1kQ pull-down resistor, and V- is internally connected
to ground by a 1kQ pull-up resistor.

RS-232 Drivers
With Vcc = 5V, the typical driver output voltage swing
is +8V when loaded with a nominal 5kQ RS-232
receiver. The output swing Is guaranteed to meet
EIAITIA-232E and V.28 specifications that call for +5V
minimum output levels under worst-case conditions.
These include a 3kQ load, minimum Vcg¢, and
maximum operating temperature. The open-circuit
output voltage swings from (V+ - 0.6V) to V-,

Input thresholds are CMOS/TTL compatible. The
unused drivers’ inputs on the MAX205E~MAX208E,
MAX211E, MAX213E, and MAX241E can be left
unconnected because 400kQ pull-up resistors to Vce
are included on-chip. Since all drivers invert, the pull-
up resistors force the unused drivers' outputs low. The
MAX202E, MAX203E, and MAX232E do not have pull-
up resistors on the transmitter inputs.

JALveXYIWIZEZ XYW ‘IELZXVYIN-TZ0ZX YN
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t15kV ESD-Protected, +5V RS-232 Transceivers

When in low-power shutdown mode, the MAX205E/
MAX206E/MAX211E/MAX213E/MAX241E driver outputs
are tumed off and draw only leakage currents—even if
they are back-driven with voltages between OV and
12V. Below -0.5V in shutdown, the transmitter output is
diode-clamped to ground with a 1kQ series
impedance.

RS-232 Receivers
The receivers convert the RS-232 signals to CMOS-logic
output levels. The guaranteed 0.8V and 2.4V receiver
input thresholds are significantly tighter than the +3V
thresholds required by the EIA/TIA-232E specification.
This allows the receiver inputs to respond to TTL/CMOS-
logic levels, as well as RS-232 levels.

The guaranteed 0.8V input low threshold ensures that
receivers shorted to ground have a logic 1 output. The
5kQ input resistance to ground ensures that a receiver
with its input left open will also have a logic 1 output.

Receiver inputs have approximately 0.5V hysteresis.
This provides clean output transitions, even with slow
riseffall-time signals with moderate amounts of noise
and ringing.

in shutdown, the MAX213E’s R4 and RS receivers have
no hysteresis.

Shutdown and Enable Control
(MAX205EMIAX206EMAX211E/
MAX213E/MAX241E)
In shutdown mode, the charge pumps are turned off,
V+ is pulled down to Ve, V- is pulled to ground, and
the transmitter outputs are disabled. This reduces
supply current typically to TpA (15pA for the MAX213E).
The time required to exit shutdown is under 1ms, as
shown in Figure 5.

Receivers
All MAX213E receivers, except R4 and R5, are put into
a high-impedance state in shutdown mode (see Tables
1a and 1b). The MAX213E’s R4 and R5 receivers still
function in shutdown mode. These two awake-in-
shutdown receivers can monitor external activity while
maintaining minimal power consumption.
The enable control is used to put the receiver outputs into
a high-impedance state, to allow wire-OR connection of
two EIA/TIA-232E ports (or ports of different types) at the
UART. it has no effect on the RS-232 drivers or the
charge pumps.
Note: The enable control pin is active low for the
MAX211E/MAX241E (EN), but is active high for the
MAX213E (EN). The shutdown control pin is active high
for the MAX205E/MAX206E/MAX211E/MAX241E
(SHDN), but is active low for the MAX213E (SHDN).

Ve

S1 Cle S2
Voc —9—0”} ' ;
: *o :
T T |3
weStod ol 37
N — oo
JUU > -
Figure 4. Charge-Pump Diagram
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+15kV ESD-Protected, +5V RS-232 Transceivers

The MAX213E's receiver propagation delay is typically
0.5ps in normal operation. In shutdown mode,
propagation delay increases to 4ps for both rising and
falling transitions. The MAX213E's receiver inputs have
approximately 0.5V hysteresis, except in shutdown,
when receivers R4 and RS have no hysteresis.

When entering shutdown with receivers active, R4 and
RS are not valid until 80ps after SHDN is driven fow.
When coming out of shutdown, all receiver outputs are
invalid until the charge pumps reach nominal voltage
levels (less than 2ms when using 0.1uF capacitors).

+15kV ESD Protection
As with all Maxim devices, ESD-protection structures
are incorporated on all pins to protect against
electrostatic discharges encountered during handling

and assembly. The driver outputs and receiver inputs -

have extra protection against static electricity. Maxim’s
engineers developed state-of-the-art structures to
protect these pins against ESD of +15kV without
damage. The ESD structures withstznd high ESD in all
states: normal operation, shutdown, and powered
down. After an ESD event, Maxim's E versions keep
working without latchup, whereas competing RS-232
Products can latch and must be powered down to
remove latchup.

ESD protection can be tested in various ways; the
transmitter outputs and receiver inputs of this product
family are characterized for protection to the foltowing
limits:

1) £15kV using the Human Body Model

2) 8KV using the contact-discharge method specified
in IEC1000-4-2

3) £15kV using IEC1000-4-2's air-gap method.

ESD Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
lest set-up, test methodology, and test results.

Human Body Model
Figurc 6a shows the Human Body Model, and Figure
5b shows the current waveform it generates when
Jischarged into a tow impedance. This model consists
>f @ 100pF capacitor charged to the ESD voltage of
nterest, which is then discharged into the test device
hrough a 1.5kQ resistor.

MAXIMNM

MAX211E

W N SHON

o ; .

0v

v Ve

ov -

v V-
-0V

200ps/div

Figure 5. MAX211E V+ and V- when Exiting Shutdown (0. 1uF
capacitors)

Table 1a. MAX205E/MAX206E/MAX211E/
MAX241E Control Pin Configurations

SHDN | EN | OFERATION ™ Rx
o |o gg‘e"f‘;'io 2 | AtAciive All Active
o |1 g‘;gf“:}'ion All Active Al High-Z
1 X | Shutdown All High-Z Ali High Z
X = Don't Care

Table 1b. MAX213E Control Pin
Configurations

Rx

OPERATION

SHDN | EN Tx1-4

STATUS = a5

0 0 | Shutdown All High-Z | High-Z High-Z
0 |1 |Shudown | Aumighz| wigh-z [ Activer
1 o gg:{“;'ion AllActive | High-z | High-z
1| ggg‘“;'ion AllActive | Active | Active

"Active = active with reduced performance

1"
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+15kV ESD-Protected, +5V RS-232 Transceivers

Re M R 150002 RCSMII0M  Rp 33002
o— o
CHARGE -CURRENT DiSCHARGE CHARGE CURRENT
LIMIT RESISTOR RESISTANCE LIMIT RESISTOR RESISTANCE
HIGH: ol Dvice HIGH. > DEViCe
VOLTAGE Cs SIORAGE UNDER VoL Cs STORAGE UNDER
0C 100pF CAPACITOR o ST 0C 150pF CAPACITOR o] TEST

SOURCE |_SOuRce

figure 6a. 1uman Body ESD Test Model figure 7a. IEC1000-4-2 ESD Test Model
N}
1p100% i PEAK-T0-PEAK RINGING ol Bl RRREELEE p---o--
? 0% {NOT DRAWN TO SCALE) WN%} -
AMPERES /
08% H (g
0% [
0
0 - TIME —
>
CURRENT WAVEFORM
0% f—
= <0, 1
‘Igure 6b. Human Body Model Current Waveform = 01ns toIns l<—30ns
60ns —H

. IEC1000-4-2
he IEC1000-4-2 standard covers ESD testing and
erformance of finished equipment; it does not
pecifically refer to integrated circuits. The
1AX202E/MAX203E-MAX213E. MAX232E/MAX241E
elp you design equipment that meets level 4 (the
ighest level) of IEC1000-4-2, without the necd for
dditional ESD-protection components.

he major difference between tests done using the
uman Body Model and IEC1000-4-2 is higher peak
urrent in IEC1000-4-2. because series resistance is
wer in the IEC1000-4-2 model. Hence, the ESD
ithstand voltage measurcd (o IEC1000-4-2 is
2nerally lower than that measured using the Human
ody Model. Figure 7b shows the current waveform for
e 8kV IEC1000-4-2 level-four ESD contact-discharge
st.

Figure 7b. IEC1000-4-2 £SD Generator Current Waveform

The air-gap test involves approaching the device with a
charged probe. The contact-discharge method
connects the probe to the device before the probe is
energized.

Machine Model
The Machine Model for ESD tests all pins using a
200pF storage capacitor and zero discharge
resistance. Its objective is to emulate the stress caused
by contact that occurs with handling and assembly
during manufacturing. Of course, all pins require this
protection during manufacturing, not just RS-232 inputs
and outputs. Thercfore, after PC board assembly, the
Machine Model is less relevant to IO ports.

MAXIMN




215kV ESD-Protected, +5V RS-232 Transceivers

Applications Information

Capacitor Selection
The capacitor type used for C1-C4 is not critical for
proper operation. The MAX202E, MAX206-MAX208E,
MAX211E, and MAX213E require 0.1yF capacitors,
and the MAX232E and MAX241E require 1pF
capacitors, although in all cases capacitors up to T0pF
can be used without harm. Ceramic, aluminum-
electrolytic. or tantalum capacitors are suggested for
the 1uF capacitors. and ceramic dielectrics are
suggested for the 0.1pF capacitors. When using the
minimum recommended capacitor values, make sure
the capacitance value does not degrade excessively
as the operating temperature varies. If in doubt. use
Capacitors with a larger (e.g.. 2x) nominal value. The
capacitors’ effective series resisiance (ESR). which
usually rises at low temperatures, influences the
amount of ripple on V+ and V-.

Use larger capacitors (up to 10pF) to reduce the output
impedance at V+ and V-. This can be usecful when
“stealing” power from V+ or from V-, The MAX203E and
MAX205E have internal charge-pump capacitors.

Bypass Vcc to ground with at least 0.1 pPF. In
applications sensitive to power-supply noise generated
by the charge pumps, decouple Vcc to ground with a

capacitor the same size as (or larger than) the charge-
pump capacitors (C1-C4).

V+ and V- as Power Supplies
A small amount of power can be drawn from V+ and V-,
although this will reduce both driver oulput swing and
noise margins. Increasing the value of the charge-pump
capacitors (up 1o 10pF) helps maintain performance
when power is drawn from V+ or V-.

Driving Multiple Receivers
Each transmitter is designed 10 drive a single receiver.
Transmitters can be paralleled to drive multiple
receivers.

Driver Outputs when Exiting Shutdown
The driver outputs display no ringing or undesirable
transients as they come out of shutdown.

High Data Rates
These transceivers maintain the RS-232 5.0V
minimum driver output voltages at data rates of over
120kbps. For dala rates above 120kbps, refer to the
Transmitter Output Voltage vs. Load Capacitance
graphs in the Typical Operating Characteristics.
Communication at these high rates is easier if the
Capacitive loads on the transmitters are small: i.e.,
short cables are best.

Table 2. Summary of EIA/TIA-232E, V.28 Specifications

EIA/TIA-232E, V.28
PARAMETER CONDITIONS SPECIFICATIONS
0 Level 3kQ 1o 7kQ load +5Vio +15v
Driver Output Voltage
1 Level 3k 1o 7kQ load -5Vto -15v
Driver Qutput Level, Max No load +25V
Dala Rate 3kQ <Ry < 7kQ. CL < 2500pF Up to 20kbps
0 Level +3Vio +15v
Receiver Input Vollage
1 Level -2V -15V
Receiver Input Level 125V
Instanianecus Slew Rate, Max 3kQ < R < 7KkQ, Cy. < 2500pF 30Vips
Driver Output Shon-Circuit Current, Max 100mA
v.28 1ms or 3% of the period
Transition Rate on Driver Output
EIA/TIA-232E 4% of the period
Driver Output Resistance -2V < Vouyr < +2V 3000

MAXIM
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+15kV ESD-Protected, +5V RS-232 Transceivers

ll:l Table 3. DB9 Cable Connections

MAX20Z2E-MAX213E, MAX232E/MAX241

Commonly Used for EIA/TIAE-232E and

V.24 Asynchronous Interfaces

PIN CONNECTION
Received Line Signal
Deteclor (sometimes
! called Carmier Detect, Handshake from DCE
DCD)
2 Receive Data (RD) Data from DCE
3 Transmit Data (TD) Data from DTE
4 Data Termina) Ready Handshake from DTE
. Reference point for
5 Signal Ground signals
6 Data Set Ready (DSR) Handshake from DCE
7 Request to Send (RTS) Handshake from DTE
8 Clear to Send (CTS) Handshake from DCE
9 Ring Indicator Handshake from DCE
Pin Configurations and Typical Operating Circuits (continued)
Vi
TOP VIEW T A Y43
T 63v
= 1
e Vec v 21 aov
orpre ET SV 10410V
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oG] ° = 5] v o £ 10V 10-10v K o
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16v T24c2 vouTace iwerter T
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Pin Configurations and Typical Operating Circuits (continued)

TOP ViEW
P~
Tan 1] 20] ReouT
i 2] 1] RN
R1ouT 3] 18] 12001
w o] amaxam ] v-
nout [5]  mAxzo3e 16] c2-
o 5] 1] 2.
vee [7] 1] ve (1)
ce (ve) [g] 3] c- 1)
oo 9] [12] v- (c22)
c2- v+ [ig 1] 2 (29
DIP/SO

PIN NUMBERS IN () ARE FOR SO PACKAGE.

oSV INPUT
OIpF 1o [
‘br—
+SV vee
400K
2] TN out | 5
TIUCMOS SV RS.232
INPUTS 400k QUTPUTS
— 12iN 12007 | 18
.3 | Ri0UT ol LiLU1 R
<8} "

TIL/CMOS e
ouIPUTS Rz
. 20 | R2OUT = RN | 19

5k

§03) = 1m0

counzcuon 10 {l = Cl+ = j 2)
wesepms Lo o b
INTERNAL -10V 2001, c2- |6
POWER SUPPLY E o Ef")
L
v ow D

MAXIMN

15

:
N
N
'y
:
N
@
m

4

:
N
R
s
%
a
-)
m



+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)
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Pin Configurations and Typical Operating Circuits (continued)
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+18kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)
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Pin Configurations and Typical Operating Circuits (continued)
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+18kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)
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Ordering Information

PART TEMP. RANGE  PIN-PACKAGE PART TEMP. RANGE PIN-PACKAGE
MAX202ECPE 0°C10 +70°C 16 Plastic DIP MAX208ECNG 0°Ctlo +70°C 24 Narrow Plastic DIP
MAX202ECSE 0°Cto +70°C 16 Narrow SO MAX208ECWG 0°Clo +70°C 24 SO
MAX202ECWE 0°C1o +70°C 16 Wide SO MAX208ECAG 0°Cto «70°C 24 SSOP
MAX202EC/D 0°Clo +70°C Dice" MAX208EENG -40°C to +85°C 24 Narrow Plastic DIP
MAX202EEPE -40°C to +85°C 16 Plastic DIP MAX208EEWG -40°C 10 +85'C 24 SO
MAX202EESE -40°C to +85°C 16 Narrow SO MAX20BEEAG -40°C 10 +85°C 24 SSOP
MAX202EEWE -40°C 0 +85°C 16 Wide SO MAX211ECWI 0°Cto »70°C 28 SO
MAX203ECPP 0°Cto +70°C 20 Plastic DIP MAX211ECAI 0°Cto +70°C 28 SSOP
MAX203ECWP 0°C o +70°C 20 SO MAX211EEWI -40°C lo +85°C 28 SO
MAX203EEPP -40°C 1o +85°C 20 Plastic DIP MAX211EEAI -40°C 1o +85°C 28 SSOP
MAX203EEWP -40°C to +85°C 20 SO MAX213ECWI 0°Cio -70°C 28 SO
MAX205ECPG 0*Cto -70°C 24 Wide Piastic DIP MAX213ECAI 0°Cto +70°C 28 SSCOP
MAX205EEPG -40°C to +85°C 24 Wide Plastic DIP MAX213EEW -40*C to +85°C 28 SO
MAX206ECNG 0°Cto +70°C 24 Narrow Plastic DIP MAX213EEALl -40°C lo +85°C 28 SSOP
MAX206ECWG 0°C10 +70°C 24 SO MAX232ECPE 0°Cto +70°C 16 Piastic DIP
MAX206ECAG 0°Cto +70°C 24 SSOP MAX232ECSE 0°Cto +70°C 16 Narrow SO
MAX206EENG -40°Cto +85°C 24 Narrows Plastic DiP MAX232ECWE 0°Cto +70°C 16 Wide SO
MAX206EEWG -40°C to +85°C 24 SO MAX232EC/ID 0°Cto +70°C Dice*
MAX206£EAG -40°C 10 +85°C 24 SSOP MAX232¢EPE -40°C 10 +85°C 16 Plastic DIP
MAX207ECNG 0°Clo +70°C 24 Narrow Plastic DIP MAX232EESE -40°Cto +85°C 16 Namow SO
MAX207ECWG 0:Cto +70°C 24 SO MAX232EEWE -40"C 10 +85°C 16 Wide SO
MAX207ECAG 0'Clo +70°C 24 SSOP MAX241ECWI 0°C1o +70°C 28 SO
MAX207EENG -40°Cto +85°C 24 Narrow Plastic DIP MAX241€CAl 0°Clo +70°C 28 SSOP
MAX207EEWG -40°C to +85°C 24 SO MAX211EEWI -40°C to +85°C 28 SO
MAX207EEAG -10°C 1o +85°C 24 SSOP MAX241EEAI -40"C 10 +85°C 28 SSOP

MAXIMN

*Dice are specified at Ta = +25°C.
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+15kV ESD-Protected, +5V RS-232 Transceivers

MAX202E/MAX232E

B——RI1UN

e
I3

< _ _0.080"
(2.032mm)

TRANSISTOR COUNT: 123
SUBSTRATE CONNECTED TO GND

Chip Information

MAX205E/MAX206E/MAX207E/MAX208E
TRANSISTOR COUNT: 328
SUBSTRATE CONNECTED TO GND
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Chip Topographies

MAX211E/MAX213E/MAX241E

TiouT
T20UT

T40UT
T3o0UT

R30UT 4

SHDN (SHDN)

TN —-& g
» NN

RIGUT -~

0.188"

(4.775mm) |

( ) ARE FOR MAX213E ONLY

TRANSISTOR COUNT: 542
SUBSTRATE CONNECTED TO GND

M AXIMN



+15kV ESD-Protected, +5V RS-232 Transceivers

Package Information

INCHES MILLIMETERS

[— g ——]

& OM NN T max | miN_| wax

» o - |— 1 —]| Al - To200] - [ s08
AL 10015 | - | o038

A2 | 0125 | 0.175 | 3.18 445
A3 | 0055 | 0.080 | 1.40 2.03
B | 0016 | 0022 | 041 0.56
Bl | 0.045 | 0.065 | 1.14 1.65
C | 0008 | 0012 | 020 0.30
Dt | 0005 | 0080 013 203
E 10300 { 0325 | 7.62 8.26
— E1 10240 | 0310 | 6.10 7.87

—o{ || |-a—B1 - eA . e | 0.100 - 2.54 -

B ealo30 | - [ 762 | -
o8 ——» e8| - |o40] - | 1048
_,' |- D1 L o115 [ 0150 [ 292 | 381
A e T e T e B e | INCHES MILLIMETERS
Plastic DIP PKG.| DIM |PINS MIN [ MAX ] MIN | MAX
PLASTIC 8 |0348 {0390 8.84 | 9.01
) DU AL-IN-L'NE 14 10.735 [ 0.765 | 18.67 | 19.43
16 [0.745 ] 0.765 ] 18.92 | 10.43

PACKAGE <

\ 0.885 [0.915 | 22.48 | 23.24
v oo (0.300 in.) 20 [1.0%5 | 1.045 | 25.78 | 26.54

24 | 1.14 11.26528.96 | 32.13
1-0043A

B
- Bl

il g 0°-15°

Z|o[v}v|v|v
olojojolo|o
&

INCHES MILLIMETERS
MIN | MAX | MIN | max
0068 {0078 | 1.73 | 199
0.002 | 0.008 | 005 | 0.21
0.010 | 0015 | 025 | 038
0.004 | 0008 | 009 | 0.20
SEE VARIATIONS
0205 [ 0209 | 520 [ 5.38

0.0256 BSC 0.65 BSC
0301 | 0311 | 765 | 7.90
0.025 | 0.037 | 063 | 0.95

0 8 0 8

DIM

AR AAAE
o

- —
-
\4—

;@ .

rir|(z]e |mlolo|e|®]|>

(R —

INCHES _ [MILLIMETERS
DIM |PINS 5IN T MAX | MIN | MAX
14 ]0.239[0.249] 6.07 | 6.33
168 [0.239]0.249 [ 6.07 | 6.33
0.278[0.289 | 7.07 | 7.33

SHRINK 24 |0.317[0.328 | 8.07 | 8.33
SMALL-OUTLINE 28 10397 [0.407 [ 10.07 | 10.33

| PACKAGE Ty

SSOP

Cjojojojo
N
(=3

-
-
—| > |-—

MAXIM 23
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+15kV ESD-Protected, +5V RS-232 Transceivers

Package Information (continued)

o |—INCHES | MILLIMETERS
MIN | MAX | MIN | MAX
L A——— A 10093 | 0104 | 235 | 265
» 1 A1] 0004 | 0012 | 0.10 | 030
0°-8 | B | 0014 | 0019 | 035 | 049
YIT] YA \ j% Y [c 0000 [ 0013 ] 023 | 032
4 ] * Py AL T —7 E {0291 [ 0299 | 740 | 7.60
—=|o | —||w-g 000t | [ 0.050 1.27
A1 c L =] H 0394 | 0419 | 10.00 | 1065
L [ 0016 | 0.050 | 040 | 127

HEB//ABAN

INCHES | MILLIMETERS

T I DIM [PINS
MIN | MAX | MIN | MAX
E H Wide SO D | 16 | 0.398 | 0.413 | 10.10 | 10.50
l SMALL-OUTLINE D | 18 | 0.4470.463 | 19.35 | 11.75
| v PACKAGE D | 20 | 0.496]0.512 | 12.60 | 13.00
. D |24 | 05980614 15.20 | 15.60
— (0.300 in.) D | 28 [0697]0.713|17.70 1 18.10

21-0042A

Maxim cannot assume responsibilty for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
imphed Maxin tesetves the nght to change the circuitry and specifications withowt notice al any lime
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