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PERANCANGAN DAN PEMBUATAN ALAT UKUR VOLUME UDARA DALAM

PARU-PARU ( SPIROMETRY ) DENGAN MENGGUNAKAN RENESAS R8C13
TINY

Hendra Mariadi
Jurusan Teknik Elektro, Konsentrasi Teknik Elektronika S-1
Institut Teknologi Nasional Malang, J1 Raya Karanglo, Km 2 Malang

Abstrak

Tujuan pembuatan skripsi ini adalah untuk membantu rumah sakit atau instansi
medis memperoleh atau mendapatkan alat ukur volume udara dalam paru- paru dengan
harga yang relatif lebih terjangkan (murah) dan untuk mengetahui volume paru-paru.
Hal ini disebabkan oleh banyak rumah sakit yang mengalami keterbatasan dalam hal
biaya untuk membeli alat ukur kapasitas (volume) paru-paru menyebabkan rumah sakit
akan mengalami kesulitan dalam mendiagnosa penyakit pernapasan. Untuk
merealisasikan alat ukur volume paru-paru diperlukan beberapa alat dan rangkaian
penunjang, untuk mengukur volume digunakan sensor ultrasonik ping sebagai pembaca
kenaikan air yang nantinya hasil dari pengukuran akan ditampilkan pada LCD dan PC
berupa angka dan grafik, serta sebagai pengontrol seluruh sistem digunakan
mikrokontroller Renesas R8C13 tiny.

Kata kunci : Spirometry, Ultrasonik, Renesas R8C13 tiny.
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BAB 1
PENDAHULUAN

1.1  Latar Belakang

Topik tentang Global Warming akhir-akhir ini sering menjadi perdebatan, baik
tentang penyebabnya maupun efek yang ditimbulkan. Pemanasan global disebabkan oleh
kegiatan manusia yang menghasilkan emisi gas rumah kaca dari kendaraan bermotor,
pembangkit listrik bahkan menggunakan listrik berlebihan. Dampak dari pemanasan
global juga telah dirasakan oleh seluruh kalangan masyarakat. Hal ini dibuktikan dengan
meningkatnya kasus penyakit tropis yang dapat menganggu kesehatan. v

Kesehatan adalah salah satu bagian terpenting dalam hidup. Banyak orang
menginginkan agar tubuhnya sehat. Untuk mengetahui tingkat kesehatan dalam tubuh
kita dapat ditinjau dari beberapa aspek, salah satunya dapat ditinjau dari kinerja alat
pernafasan. Bernafas adalah proses pengambilan udara masuk ke dalam paru-paru dan
pengeluarannya. Semua sel akan mati bila tidak mendapat oksigen tiga sampai empat
menit saja.

Di bidang kedokteran, feknologi sangat berguna bagi para medis, baik skala kecil
maupun besar peran teknologi dalam hal ini telah memberikan kemudahan dan kepastian
dalam hal ilmu pengobatan dan peralatan medis, karena sangat fleksibel dan mempunyai
kemampuan untuk diprograxﬁ serta dapat melakukan bermacam — macam fungsi sesuai
dengan kebutuhan. misalnya ditemukannya alat untuk mendiagnosa penyakit yang
diderita oleh pasien. Alat medis yang digunakan dalam ilmu kedokteran salah satunya
adalah alat ukur kapasitas paru-paru atau lebih dikenal dengan spirometry.

Spirometry adalah metode yang digunakan dalam diagnosa fungsi paru-paru,
yang mengukur kapasitas yang dihirup dan dihembuskan. Spirometry, bagaimanapun
juag, tidak dapat mengetahui besarnya volume absolute dari paru-paru, karena tidak dapat |
mengukur besarnya volume udara dalam paru-paru tetapi hanya besarnya volume udara
yang masuk dan keluar paru-baru. (Johns Hopkins University; 1995).

Alat ukur kapasitas paru-paru ini masih jarang dipakai secara luas pada instansi
medis. Keterbatasan rumah sakit dalam hal biaya untuk membeli alat ukur kapasitas paru-
paru ini menyebabkan rumah sakit atau klinik akan mengalami kesulitan dalam



mendiagnosa volume paru-paru. hanya rumah sakit kelas satu yang saja yang mungkin
dapat membeli alat ukur ini. '

Kapasitas atau ;'olurr_le‘ i>a£u-paru adalah volume udara yang secara normal tetap
berada dalam paru-paru. Udéra ini penting untuk fungsi kerja paru-paru. Fungsi paru-
paru akan terganggu bila nilai kapasitasnya akan berubah nyata apabila paru-paru
terserang beberapa jenis penyakit paru-paru, karena itulah seringkali kapasitas paru-paru
ini harus diukur. Kapasitas atau volume paru-paru kondisi normal adalah antara range
1500-3500 ml (Guyton & Hall,1997:hal 605)

Dalam hal ini pengukuran fungsi kerja paru-paru sangat penting untuk
mengetahui perkembangan kesehatan seseorang. oleh kamna itu pemeriksaan secara
berkala terhadap keadaan paru-paru amat penting guna mengetahui kondisi/kinerja dari
alat pernapasan atau paru paru. ,

Berdasarkan permasalahan tersebut, penulis berinisiatif membuat alat yang
mempunyai fungsi sebagai alat pengukur volume paru-paru (spirometry). Perbedaan alat
ini dengan yang sudah ada adalah harga alat ini terjangkau oleh instansi medis. Selain
bekerja mengukur kapasitas paru-paru manusia dan juga membantu kesulitan setiap orang
untuk mengetahui keadaan kesehatan sendiri, yang mana hasil dari pengukuran dapat
dilihat secara langsung yang ditampilkan lewat fungsi kerja LCD dalam proses
pengukuran yang menunjukkan kapasitas atau volume paru-paru tersebut. Dengan
demikian tidak hanya rumah sakit kelas satu, yang berada di kota-kota besar saja yang
dapat memiliki alat ukur ini. Rumah sakit kelas dua klinik,puskesmas bahkan dokter pun
tidak akan mengalami kesulitan untuk dapat memiliki alat ukur kapasitas/volume paru-

paru.



1.2

Rumusan Masalah

Berdasarkan pada latar, belakang di atas, maka dalam perencanaan dan pembuatan

alat ini diutamakan pada hal-hal sebagai berikut :

a. Bagaimana cara mengukur kapasitas paru-paru?

1.3

Bagaimana merancang hardware dan sofiware alat ukur kapasitas dalam paru-
paru?

Bagaimana cara menampilkan hasil pengukuran ke dalam LCD?

Batasan Masalah

Dalam laporan akhir “Perancangan Dan Pembuatan Alat Ukur Kapasitas paru-

Paru (Spirometry) Menggunakan Renesas R8C/TINY™, penulis akan memberikan
batasan-batasan masalah agar tidak terjadi penyimpangan maksud dan tujuan utama

penyusunan skripsi ini.

1.

AN o

1.4

Alat pengukur volume paru-paru yang dirancang memiliki kemampuan pada
range volume maksimal 2500 ml.

Alat ini tidak untuk mendeteksi atau mendiagnosa adanya penyakit pernapasan.
Tidak membahas organ atau bagian bagian dari paru paru.

Menggunakan Sensor Ultrasonic Ping))).

Bahasa pemrograman menggunakan bahasa C++.

Menggunakan Mikrokontroller Renesas R8C/TINY

Tujuan Penulisan

Berdasarkan rumusan masalah yang ada, maka tujuan yang akan dicapai dalam

- penulisan skripsi ini adalah sebagai berikut :

1.

Untuk mengetahui cara mengukur kapasitas atau volume dalam paru-paru

2. Untuk menampilkan hasil pengukuran ke LCD.
3.
4. Agar diperoleh alat ukur kapasitas atau volume dalam paru-paru dengan harga

Untuk merancang hardware dan sofiware pada alat ukur kapasitas paru-paru.

yang lebih terjangkau (murah).



1.5 Sistematika Penulisan

Penulisan skripsi ini terbagi dalam lima bab dengan sistematika sebagai berikut:

BAB1 PENDAHULUAN
Berisi latar belakang tujuan, permasalahan, batasan masalah, metodologi, dan
sistematika penulisan.

BAB II TEORI
Membahas  teori-teori dasar penunjang, Mikrokontroller  Renesas
R8C/Tiny,LCD .
Sensor Ultrasonic PING ))). :

BAB IIIl PERANCANGAN DAN PEMBUATAN ALAT
Membahas tentang perancangan alat baik perangkat keras maupun perangkat
lunak, serta cara kerja blok diagram.

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

BAB V PENUTUP
Memuat kesimpulan yang diperoleh dari pembuatan dan pengujian alat, serta

saran — saran untuk pengembangan lebih lanjut.



BAB II
«- LANDASAN TEORI
Bab ini membahas tentang teori-teori dasar yang akan dipergunakan dalam ”Alat

Ukur Kapasitas Paru-Paru”, serta membahas komponen dan teori penunjang sistem.

2.1  Proses Pernafasan manusia
Paru-paru manusia berada di dalam rongga dada. Rongga dada dipisahkan dari
rongga perut oleh sekat diafragma. Rongga dada dilindungi oleh tulang rusuk dan tulang
dada. Pada dasamya proses pernafasan terdiri dari dua kegiatan, yaitu menghirup udara
dan menghembuskan udara. Menghirup udara disebut inspirasi dan menghembuskan
udara disebut ekspirasi. Berdasarkan bagian tubuh yang mengatur kembang-kempisnya
paru-paru, pernafasan dapat dibedakan menjadi dua yaitu:
a. Pernafasan Dada ‘
Pernafasan dada terjadi karena gerakan otot-otot antar tulang rusuk.
Bila otot tulang rusuk berkontraksi, tulang rusuk akan terangkat naik. Akibatnya
volume rongga dada membesar sehingga tekanan rongga dada turun dan paru-
paru mengembang. Pada saat paru-paru mengembang, tekanan udara di dalam
paru-paru akan mengembang juga. Pada saat paru-paru mengembang, tekanan
udara di dalam paru-paru lebih rendah daripada tekanan udara di atmosfer.
Akibatnya udara mengalir dari luar ke dalam paru-paru (inspirasi). Sebaliknya
ketika otot-otot antar tulang rusuk relaksasi, tulang rusuk turun. Akibatnya rongga

dada menyempit dan tekanan udara di dalamnya naik. Keadaan ini membuat paru-



paru mengempis. Karena paru-paru mengempis tekanan udara di dalam paru-paru
lebih tinggi daripada tekanan atmosfer sehingga udara keluar (ekspirasi).
b. Pernafasan Perut

Pernafasan perut terjadi akibat gerakan diafragma. Jika otot diafragma
berkontraksi, maka diafragma yang semula cembung ke atas bergerak turun
menjadi agak rata. Akibatnya rongga dada membesar dan paru-paru mengembang
sehingga perut mengembang, tekanan udara di dalam paru-paru turun dan udara
dari luar masuk ke dalam paru-paru (inspirasi). Ketika otot diafragma kembali ke
keadaaan semula (cembung), akibatnya rongga dada menyempit. Pada saat
demikian, paru-paru mengempis dan mendorong udara keluar dari paru-paru

(ekspirasi). Pernafasan perut terjadi terutama pada saat tidur.

22  Volume dan Kapasitas Paru-paru

Kemampuan paru-pall'u untuk menghirup dan menghembuskan udara secara
minimum dinamakan kapasitas vital paru-paru. Hal itu bergantung pada besar kecilnya
tubuh dan gerakan rongga dada manusia. Volume dan kapasitas seluruh paru pada wanita

kira-kira 20 sampai 25 persen lebih kecil daripada pria.

2.3  Sensor Ultrasonik
Sensor ultrasonik bekerja berdasarkan prinsip pantulan gelombang suara, dimana
sensor ini menghasilkan gelombang suara yang kemudian menangkapnya kembali

dengan perbedaan waktu sebagai dasar penginderaannya. Perbedaan waktu antara



gelombang suara dipancarkan dengan ditangkapnya kembali gelombang suara tersebut

adalah berbanding lurus dengan jarak atau tinggi objek yang memantulkannya.

Jarak
——
S
Basaran yany Pengolzhan /Jl] _ml”””)l:;)ﬁ] ’
diingmkan besaran elektrik y
S [N )
AL

Gambar 2.1. Kerja sensor ultrasonik

(www.electroniclab.com)
Pada gambar 2.1.a, sebuah tranduser merubah besaran listrik menjadi suatu sinyal

ultrasonik yang dipancarkan ke suatu benda pada jarak tertentu. Gambar 2.1.b gelombang
ultrasonik yang dipancarkan tadi akan dipantulkan kembali menuju tranduser yang akan
merubah besaran gelombang menjadi besaran elektrik. Tranduser ini biasanya terbuat
dari bahan piezoelektrik. Sifat dari piezoelektrik adalah sebagai berikut :
a. Sifat piezoelektrik langsung
1. Bila pelat piezo:aleku'ik diberi tekanan, maka akan timbul muatan listrik
pada kedua penpukaannya.
2. Pelat juga merupakan kapasitor dengan konstanta dielektrik tertentu, timbul

beda tegangan.

b. Sifat piezoelektrik balik
1. Bila pelat piezoelektrik diberi tegangan listrik, maka kedua permukaannya
mendapat tekanan.

2. Pelat juga merupakan bahan elastik dengan konstanta elastik tertentu,

tebalnya akan berubah.
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Gambar 2.2, Pelat piezoelectrik

(www.electroniclab.com)

Dengan sifat tersebut piezoelektrik dapat berperan sebagai tranduser dan sensor.
Waktu yang dihabiskan antara pengiriman sinyal ultrasonik dengan penerimaan sinyal
ultrasonik pantulan disebut Time of Flight (TOF). TOF merupakan besaran yang kita
gunakan untuk menghitung jarak dari tranduser ke benda objek. Dengan mengetahui
TOF, dan mengetahui kecepatan gelombang ultrasonik di udara maka kita dapat
menghitung jarak yang telah ditempuh oleh gelombang ultrasonik, sehingga jarak antara
tranduser terhadap benda adalah setengahnya. Tentunya pengukuran ini akan dipengaruhi
banyak hal seperti kemiringan permukaan benda, kerefleksian permukaan, perubahan
suhu dan lain-lain.

24  Rangkaian Komparator

Op-amp adalah salah satu rangkaian terintegrasi (Infegrated Circuit) yang banyak
digunakan pada sistem instrumentasi, khususnya untuk pembuat pengkondisi sinyal.
Salah satu aplikasi dari Op-amp yang sangat luas penggunaanya dalam instrumentasi

adalah komparator.



Komparator berfungsi untuk membandingkan amplitudo dua buah sinyal, jika +Vi,
dan -Vj, masing-masing menyatakan amplitudo sinyal masukan tak membalik dan
masukan membalik, Vo dan Vg masing-masing menyatakan tegangan keluaran dan
tegangan saturasi, maka prinsip dari komparator adalah :

1. Jika +Vip > -Viy maka Vo = Vg
2. Jika +Vi, <- Vi maka Vo = V.
Gambar 2.3 merupakan simbol dari komparator yang mempunyai dua masukan

sebagai pembanding dan grafik respon dari komparator

'Vin

+Vin

Gambar 2.3 Simbol Komparator dan Grafik Respon dari Komparator
Sumber: Wibawanto, 2007:9

2.5 Komunikasi Data Serial (RS 232 dan IC Max 232)

IC Serial RS 232 yang berada pada kabel data digunakan sebagai interface (antar
muka) dari PC ke perangkat luar (level TTL) atau sebaliknya dari perangkat luar ke PC.
Tegangan pada RS 232 berbeda dengan level tegangan digital. Tegangan yang
digunakan oleh RS 232 atau TC 232 tersebut adalah +3 V s/d +25 V untuk logika 0 «
dan -3 s/d -25 untuk level logika “1”. Tegangan yang cukup tinggi ini mengakibatkan
data dapat ditransmisikan cukup jauﬁ. Ada dua macam sistem transmisi dalam

komunikasi serial, yaitu asinkron dan sinkron. Pada komunikasi data serial sinkron, clock



dikirimkan bersama-sama dengan data serial, sedangkan komunikasi data asinkron clock
tidak dikirimkan bersama data serial, melainkan dibangkitkan secara sendiri-sendiri baik
pada sisi pengirim (transmitter) maupun pada sisi penerima (receiver).

Konsep dasar pengiriman seri adalah pada saat data paralel internal dimasukkan
ke pengubah paralel ke seri. Pengubah paralel ke seri ini biasanya dengan IC yang juga
melakukan sejumlah fungsi yang lain yang dikenal sebagai UART, VART, ACIA, PIA,
dsb. Kanal seri mengirimkan setiap karakter per elemen sehingga hanya diperlukan 2
penghantar, yaitu kirim data (TXD), dan terima data (RXD). Untuk komunikasi dengan
komputer server secara serial menggunakan RS 232, untuk itu mikrokontroler
memerlukan sebuah piranti yang berfungsi sebagai pengubah level tegangan. Adapun
piranti tambahan yang dibutuhkan adalah IC MAX 232. Gambar pin IC MAX 232

ditunjukkan pada Gambar 2.4.

Gambar 2. 4 Pin MAX 232
Sumber :www.datasheetcatalog.com

Pada dasarnya IC ini hanya digunakan sebagai pengubah level tegangan ke level
Transistor Transistor Logic (TTL), tidak berfungsi sebagai pengkodean sinyal yang
melewati RS 232,‘ dan juga tidak mengonversikan data serial ke paralel. RS 232 yang
bekerja pada level tegangan +3 s/d +25 Volt untuk space (logic 0) dan -3 s/d -25 Volt

untuk mark (logic 1). Sedangkan TTL bekerja pada level tegangan -5 s/d +5 Volt.
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RS 232 yang dihubungkan ke sensor akan melakukan komunikasi serial dengan
mikrokontroler menggunakan salah satu konektor serial yaitu DB9, seperti ditunjukkan

pada Gambar 2.5.

Gambar 2. 5 DB 9 Male
Sumber: widodo, 2006 : 66

Keterangan pin-pin yang ada di DB9 adalah sebagai berikut:
a. pin 1 = Data Carrier Detect (DCD).
b. pin 2 = Received Data (RxD).
c. pin 3 = Transmitted Data (TxD).
d. pin 4 = Data Terminal Ready (DTR).
e. pin 5 = Signal Ground (common,).
f. pin 6 = Data Set Ready (DSR).
g. pin 7 = Request To Send (RTS).
h. pin 8 = Clear To Send (CTS).

1. pin 9 = Ring Indicator (RI).

2.6 Display LCD (Liquid Cristal Display)
LCD Display Module M1632 buatan Seiko Instrument Inc. terdiri dari dua bagian.
Bagian yang pertama merupakan panel LCD sebagai media penampil informasi dalam

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

11



Bagian kedua merupakan sebuah sistem yang dibentuk dengan mikrokontroler
yang ditempelkan dibalik panel LCD. Bagian kedua berfungsi untuk mengatur tampilan
informasi serta berfungsi mengatur komunikasi M1632 dengan mikrokontroler yang
memakai tampilan LCD itu. Dengan demikian pemakaian M1632 menjadi sederhana.
ASistem lain yang menggunakan M1632 cukup mengirimkan kode-kode ASCII dari

informasi yang ditampilkan seperti layaknya memakai sebuah printer.

]

= [BEIKO MiE3Z
v =3

Gambar 2.6 LCD M1632
(Sumber : Datasheet Seiko M1632)

Menurut datasheet Seiko Instruments (1987) modul penampil M1632 mempunyai
berbagai fitur sebagai berikut:_

1. LCD ini terdiri dari 32 karakter dengan masing-masing baris terdiri dari 16
karakter dengan displéy dot matrik 5 X 7.

2. ROM dengan 192 tipe karakter.

3. RAM dengan 8 tipe karakter.

4. Catu daya +5 volt.

5. Dilengkapi fungsi tambahan: display clear, cursor home, display on/off. cursor

on/off; display character blink, cursor shift dan display shift.
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Fungsi terminal pada LCD ditunjukkan pada Tabel 2.1 sebagai berikut:

Tabel 2.1 Fungsi Terminal Pgda LCD

Nama Sinyal Jumlah Terminal 7o)

Tujuan __ Fungsi

DB0 - DB1 4 /O
DB4 - DB7 4 /0

E 1 Input
R/W 1 Input
RS 1 Input
VLC | -
VDD 1 -

MPU Sebagai lalu lintas data dan
instruksi ke atau dari MPU
lower Byte

MPU Sebagai lalu lintas
data/instruksi 2 arah, upper
byte DB7 juga sebagai busy
Slag

MPU Sinyal start (Read/Write)

MPU Seleksi sinyal

MPU 0: Write
1: Read
Seleksi register
0: Instruksi register (write)
busy flag address counter
(read)

1: data register (Write dan
read)
Untuk mengatur tampilan

PS LCD
+5 volt DC

PS Ground

(Sumber: Seiko Instruments Inc, 1987: 7)

Konfigurasi pin pada LCD ditujukkan dalam Tabel 2.2 sebagai berikut

Tabel 2.2 Konfigurasi Pin LCD

NO SYMBOL LEVEL FUNGSI

1 Vss - 0, Ground

2 Vee - 5V +10%

3 Vee - LCD driver

4 RS H/L H: Data Input
L: Instruksi Input

5 R/W H/L H: read, L: write

6 E H/L Enable Signal

7 DB0-DB7 H/L - Data Bus

8 V+BL - Menyalakan Lampu LCD, max 4,2 V; 50 —
200mA

9 V-BL Ground

(sumber: Seiko Instruments Inc, 1987: 2)
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2.7

Mikrokontroler RENESAS dibangun menggunakan proses gerbang silicon CMOS
dengan kemampuan tinggi menggunakan CPU seri R8C/Tiny dan dikemas 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

Mikrokontroler RENESAS R8C / Tiny

perintah dengan kecepatan tinggi. Data flash ROM sebesar 2 KB x 2 blocks.

8 8 112
- - did - - - - - I D SR P Y
/0 port Port P1
| Peripheral functions :
Timer A converier
(10 bits X 12 channiels)
Timer X (8 bits) System clock generator
Timer Y (8 bils) UARToerg;k synchronous
I Timer Z(3 bls) el Y0 Hihapeed onlp oo !
Timer G (16 bis) __Binxichamel | | cheet onchin ooty
UART
(B bits X 1 channe!)
I R8C Series CPU core Memory
i
TR s 1 ROM
Wab:?og imer [ RIH | RIL (Note 1)
(15 bes) = -
RAM
T |t
' 7 H = l
Mutipber

Gambar 2.7 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 .

¢ ROM internal ( prog}am 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 02000, sampai 02FFF .

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

e Special Function Register ( SFR ) dialokasikan pada alamat mulai dari 00000,
sampai 002FFy¢. Fungsi register control peripheral digunakan untuk fungsi tertentu
yang dispesifikasikan oleh pembuat IC. Misalnya, untuk mengaktifkan mode-mode

dan untuk komunikasi serial baud rate diinisialisasi pada alamat.
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000001

"SR
iSoe Chapier dfor detais | ~
002FFs
(04001
Intamal RAM
XXX s
0200016
Intamal ROK
(data areq)! '
(QFFFts ’
4
7
[}
¢
s
(4
OYYYY ’
Intemal ROM )/
(proyam area) ':’
13333 I -—e
Expanding area
FFFFF1s
NOTES:

) 3 Undafined instniciion
] Ovardow
i BRK insirucion é

(Reservadi
£ (Reseried '
OFFFFis E Rasal i

1. The dataflash ROK bock A 12K Iytesi and tack B i2K bidesi are shovwn,
Z. Blank spaces are resenied. No access is allowed.

Tpe name ' Intemal RCH Intemal RAKL
T Sjze  |AddressOYYYY®]  Size  |Address XXX
ROF21134FP. RSFU1ADFP 16K bytas C00016 1K bytes Q07FFs
R3F21133FP, RSF211330FP 12K bytes 0D00d16 768 bykss Q06FF 1
RSF21132P, R5F21132DFP 8K bytes OEG016 512bylas 005FFts
Gambar 2.8 Memory Map

( Sumber : Datasheet Renesas )
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Gam;bar 2.9 Konfigurasi Pin R8C/Tiny
( Sumber : Datasheet Renesas )
Keterangan fungsi masing-masing pin :
1. Vece

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

2. Vss
Range tegangan 0 Volt
3. IVcc

Pin ini digunakan untuk menyetabilkan sumber tegangan internal. Pin ini

dihubungkan ke Vss melalui kapasitor 0,1 pF.
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10.

11.

12.

AVcc, AVss

Pin ini merupakan input power supply untuk A/D Converter. Pin ini
dihubungkan ke pin Vcc, sedangkan AV dihubungkan ke Vss. Hubungkan
pin AVss dan AV¢c dengan kapasitor.

Reset

Merupakan input reset pada MCU.

CNVss

Pin ini dihubungkan ke Vsg melalui resistor.

Mode

Pin ini dihubungkan ke V¢c melalui resistor.

X, Xour

Pin ini disediakan untuk pembangkitan rangkaian /O pada clock utama.
Hubungkan resonator keramik atau osilator kristal antara XN dan Xoyt. Untuk
menggunakan cloék derived external, masukkan ke pin X dan pin Xoyr
dibiarkan terbuka.

INT, - INT;

Merupakan pin input interupt

KlIpy-KI;3

Merupakan pin Key Input interrupt.

CNTRy (1/O)

Merupakan timer pin X I/O

CNTRy (O)

Merupakan timer pin X output.
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13. CNTR,
Merupakan timer pin Y I/O
14. TZour -
Merupakan timer pin Z output.
15. TCn
Merupakan timer pin C input.
16. CMPQp — CMPO; dan CMPO,y — CMPO,;
Merupakan timer pin C output.
17. CLK,
Merupakan transfer clock untuk pin I/O.
18. RxDy dan RxD, &
Pin serial data input.
19. TxDq, TxDyo dan TxD;
Pin serial data output.
20. VRer
Referensi pin input tegangan untuk A/D Converter. Hubungkan Vrgr ke Vg,
21. ANp— ANy,
Pin input analog untuk A/D Converter.
22. PO — POy, P1g— P14, P3¢ — P33, P3; dan P45
Merupakan port 8 bit CMOS I/O. P1g - P17 juga berfungsi sebagai port LED

driver.
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28 DM74LS164 - = .-
DM 74LS164 merupakan sebuah IC yang berfungsi sebagai shift register 8-bit. IC

ini memiliki 2 serial input, input clock, input reset dan output paralel. Pada saaat logika
LOW, kedua input menghalangi masukan data baru dan mereses flip-flop pertama
menjadi LOW pada saat pulsa clock pulsa berikutnya, hal ini untuk mengendalikan data
yang masuk. Sedangkan pada saat logika HIGH, kedua input memungkinkan adanya
inputan yang lain, yang mana kemudian akan menentukan status flip-flop yang pertama,
data pada serial input kemungkinan akan berubah pada saat clock high atau low akan

tetapi informasinya saja yang akan masuk.

Dual-in-Line Package
SUTPUTS

vYeo  On op ar D €IFAR GLOCK
Ju . I "2 1 1D ‘ 9 ‘8

1 2 3 a 5 © 1 7
a ;] Qa Qg O¢ QB GnD
SERIAL INPUTS CUTPUTS

Gambear 2.10 Konfigurasi PIN IC DM 74LS164!!
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2.9 Bahasa Pemrograman

Bahasa C merupakan, bahasa pemrograman yang digunakan dalam pengisian
mikrokontroler Renesas R8C/Tiny. Bahasa C digunakan untuk mengembangkan berbagai
jenis permasalahan pemrograman, dari /evel operating system (Unix, Linux, MS DOS,
dan sebagainya), aplikasi perkantoran (Text Editor, Word Processor, Spreadsheet, dan
sebagainya), bahkan sampai pengembangan sistem pakar (expert system). Kompiler C
tersedia di semua jenis platform komputer, mulai dari Macintosh, UNIX, PC, Micro PC,
sampai super komputer. thasa C disebut bahasa pemrograman tingkat menengah
(middle level programming language) yaitu bahasa pemrograman yang mempunyai
kemampuan mengakses fungsi dan perintah dasar bahasa mesin/ hardware (machine
basic instruction set). Semakin tinggi tingkat bahasa pemrograman semakin mudah
bahasa pemrograman dipahami manusia. Demikian sebaliknya dengan bahasa
pemrograman tingkat rendah, semakin sulit dipahami manusia dan hanya berisi perintah
untuk mengakses bahasa mésin. Bahasa C digolongkan dalam bahasa tingkat tinggi,
tetapi Bahasa C menyediakan kemampuan yang ada pada bahasa tingkat rendah,
misalnya operasi bit, operasi byte, pengaksesan memori, dan sebagainya.

Beberapa alasan mengapa memakai bahasa C antara lain:

1. Bahasa C adalah bahasa pemrograman yang paling populer saat ini sehingga
mempermudah dalam menemukan pemecahan masalah ketika menulis
program.

2. Bahasa C adalah bahasa pemrograman yang memiliki portabilitas tinggi.

Bahasa C yang ditulis untuk satu jenis platform dapat di kompiler dan
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jalankan di platform lain dengan sedikit perubahan karena ada standarisasi
ANSIuntuk C..  «-

Bahasa C adalah' bahasa pemrograman dengan sedikit kata kunci (keyword)
sehingga memudahkan dalam penulisan pemrograman dan mempercepat
eksekusi program. Bahasa C menyediakan 32 kata kunci yaitu: aufo, break,
case, char, const, continue, default, do, double, else, enum, extern, float, for,
goto, if; int, long, register, return, short, signed, sizeof, static, struct, switch,
typedef, union, unsigned, void, volatile, while.

Bahasa C adalah bahasa pemrograman yang fleksibel. Karena dapat menulis
dan mengembangkan berbagai jenis program mulai dari operating system,
word processor, graphic prbcessor, spreadsheets, atau kompiler untuk suatu
bahasa pemrograman.

Bahasa C adalah Bahasa pemrograman yang bersifat modular karena ditulis
dalam routine yang bisa dipanggil dengan fungsi. Fungsi yang telah dibuat,

dapat digunakan kembali (reuse) dalam program maupun aplikasi lain.

Tabel 2.3 Tabel Tipe Data

No

Tipe Data  Ukuran Range (jangkauan) keterangan

1
2

3

4
5

char 1byte -128 s/ d127 Karakter/ string
int 2byte  -32768 s/d 32767 Integer/ bilangan bulat

float 4byte  -3,4.10% s/d 3,4.10™® floar /bilangan pecahan

-1,7.107% g/d
double 8bhyte 1,7.107% pecahan presisi ganda

void 0byte - tidak bertipe

(sumber:http://www.llmukomputer.com)
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Tipe data dapat ditambahkan awalan signed untuk bilangan bertanda dan
unsigned untuk bilangan tidak bertanda.

Bahasa C adalah suatu pr5gram terdiri dari satu atau lebih fungsi. Fungsi utama
dan harus ada pada program adalah fungsi main ( ). Fungsi main ( ) adalah fungsi
pertama yang akan diproses pada saat program di kompile dan dijalankan (fungsi yang
mengontrol fungsi-fungsi lain). Karena struktur bahasa C terdiri dari fungsi-fungsi lain
sebagai program bagian (subroutine), maka bahasa C disebut sebagai bahasa
pemrograman terstruktur.

Statement adalah pernyataan yang menyebabkan suatu tindakan akan akan
dilakukan oleh komputer (Jogianto, 1993:14). Tindakan tersebut misalnya adalah
tindakan untuk menghitung, menampilkan hasil, menerima input data, mengendalikan
proses program dan lain sebagainya. Suatu statement di bahasa C ditulis dengan diakhiri
oleh titik koma (’;’). Statement dapat berupa statement kosong, statement ungkapan,

statement kendali atau statement jamak.

2.10. Borlan Delphi

Dalam . pembuatan program database sistem pada skripsi ini menggunakan
- program Borland Delphi yang merupakan suatu bahasa pemograman yang memberikan
berbagai fasilitas pembuatan aplikasi visual. Keunggulan bahasa pemograman ini terletak
pada produktifitas, kualitas, pengembangan perangkat lunak, kecepatan kompilasi, pola
desain yang menarik serta diperkuat dengan program yang terstruktur. Keunggulan lain
dari Delphi ini adalah dapat digunakan untuk merancang program aplikasi yang memiliki

tampilan seperti program aplikasi lain yang berbasis Windows. Khusus untuk
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pemrograman database, Borland Delphi menyediakan fasilitas objek yang kuat dan
lengkap yang memudahkan programmer dalam membuat program.Lingkungan
pengembangan terpadu atau .Intégrated Development Environment (IDE) dalam
program Delphi terbagi menjadi delapan bagian utama, yaitu Main Window, ToolBar,
Component palette, Form Designer,Code Editor, Object Inspector, Exploring dan Object

TreeView. Untuk lebih jelasnya perhatikan gambar dibawah ini:

e fdt Jearch
DF - T (35 @& Swiem| DataAccan | DataContiok | Intecass | Intemet | Fasthet | DRecort | Diskoos | Win 31| Samoles | ActiveX | Servers (1%

P03 -0 aw N SHELESW

ik Tospcithn [arsresgniy
Foml: TFam! T e e
| e Unil |
Properios | [+ v TFomt
2 | Evorta| . j\'mw; wnit Untel; ~
Acton ~ + ] Uses
ActiveContidl interface
Algn aNone
BlAnchan [orLeit.akTop) —
M::‘ ;:: Vindows, Messages, SysUctils, Classes, Graphica, Con
BDMods  bdeToRight "
ElBodedcons  [bSystamMenu b e
B Stde  biS TForml = class (TForm)
procedure ComPortiRxChar (Sender: TObject; Count:
Bodedwith 0
[E;im Foml private P 2 : - 5
ClertH 27 { Private declarations ) A TN gty ; =)
gl 3]
Clenfwidh 223 public REEERRT R R ot ] Y
Color [cBirFace . { Public declarations ) :
ECoratants  (TSweConthants) end;
Cursor ciDefout
DeladMonta drActvef om var
DockSte Foke . Forml: TFormi;
Oregrind dDiag
DiagMode drMarual implementation
Enabled True
BFfont [TFort)
FumSide  hNomal (¥& 2 DFmy
:ﬂmu ;31 procedure TForml,ComPort 1RxChar (Sender:
HelFi begin
Hirt v <
2 hidden 2. 6 Moded  lnsed

Gambar 2.11. Lembar Kerja Delphi

IDE merupakan sebuah lingkungan dimana semua tombol perintah yang
diperlukan untuk mendesain aplikasi, menjalankan dan menguji sebuah aplikasi disajikan

dengan baik untuk memudahkan pegembangan program.

24



2.10.1 Interaksi Delphi dengan Port Serial

Untuk membaca port gerial PC digunakan komponen ComPort pada Delphi, jika
komponen ini belum tersedia di menu maka perlu dilakukan instalasi terlebih dahulu,
atau dipergunakan komponen lain yang fungsinya sama. Untuk mengatur komponen ini
perlu dilakukan pengaturan pada object inspector-nya seperti ditunjukkan dalam Gambar
2.14 serta pada setup komponen ComPortnya sendiri seperti ditunjukkan dalam Gambar

2.15 berikut ini:

=l

~]

Databks |8 ~I

Stop bits |1 ..'_]

Paiity INW L'

Flow control |N°"° LJ
[ ok ] cancel |

Gambar 2.12 Komponen ComPort dan sefup-nya
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| BaudRate br2400 ~| OnAfterClose
B Buffer {TComBuffer} OnAfterOpen
Connected  Twe OnBefeieClose
DataBits  dbEight OnBefoieOpen
DiscaidNull  False OnBreak
EventChar #0 OnCTSChange
B Events ‘{evRxChar,evTxEmpty. OnDSRChange
HEFlowControl . (TCamFlawConticl) OnErnor
Name ;ComPort] OnRing
H Pasity ' [TComParity) ~ OnRLSDChang
Pot COM1 ~ OnRxB0FUl
StopBits ' shOneStopBit *_OnRxBuf
SyncMethod  smThreadSync il OnRsChar  ComPotiRxChar |
Tag 0 OnRxFlag
B Timeouts {TComTimeouts) OnTxEmpty
All shown : All shown

Gambar 2.13 Pengaturan pada Object Properties komponen ComPort



BAB III

PERENCANAAN DAN PEMBUATAN ALAT

Dalam bab ini membahas mengenai metode perancangan sistem, perancangan
perangkat keras dan perancangan perangkat lunak. Perancangan sistem meliputi blok
diagram sistem dan cara kerja sistem. Perancangan perangkat keras meliputi perancangan
rangkaian sensor ultrasonik, rangkaian LCD sebagai tampilan hasil pengukuran,
rangkaian max 232 sebagai penghubung antara mikrokontroler dan PC, dimana PC
adalah sebagai tampilan hasil pengukuran berupa grafik, dan rangkaian mikrokontroler
Renesas R8C/13 sebagai kontrol utama semua sistem. Perancangan perangkat lunak

meliputi perancangan flowchart program dari sistem ini.

3.1  Perancangan dan Pembuatan Alat
3.1.1 Cara kerja alat

Rancangan mekanik dari alat ukur kapasitas paru-paru ini adalah dengan
menggunakan dua buah tabung yang dihubungkan dengan pipa. Tabung pertama
berdiameter 2 inchi dengan t.inggi 50 cm, sedangkan balok kaca dengan tinggi 50 cm
diasumsikan sebagai tabung kédua.

Pada saat tabung pertama diberi hembusan nafas (ekspirasi), maka sensor
ultrasonik yang dipasang pada tabung kedua akan mendeteksi ketinggian permukaan air
pada tabung kedua. Hasil yang diperoleh dari sensor ultrasonik akan diolah oleh
mikrokontroler dan ditampilkan ke LCD. Dari ketinggian permukaan air tersebut akan
dikonversikan ke volume, dan dapat diperoleh berapa nilai kapasitas paru-paru.
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3.1.2 Blok diagram sistem

LCD

MIKROKONTROLER
RENESAS SENSOR
RBC/TINY
PC

Gambar 3.1 Blok Diagram Alat Ukur Kapasitas Paru-Paru

3.1.3 Cara Kerja Sistem

Perancangan sistem ini terdiri dari beberapa blok yang masing-masing memiliki
fungsi dalam proses informasi. Gambar 3.1 merupakan blok diagram alat ukur kapasitas
paru-paru dengan menggunakan sensor ultrasonik. Fungsi dari masing-masing blok

dalam Gambar 3.1 dijelaskan sebagai berikut:

a. Tombol start adalah tombol yang digunakan untuk pengaktifan alat ukur
kapasitas paru-paru, perintah untuk mengontrol alat dilakukan dengan

menekan tombol on / off.

b.  Ultrasonik berfungsi sebagai sensor yang akan memancarkan dan menerima
gelombang ultrasonik, yang dibangkitkan oleh mikrokontroler dengan
frekuensi 40 kHz. Sensor yang berupa modul siap pakai ini akan mengukur

ketinggian permukaan air.

c. Mikrokontroler Renesas R8C13 Tiny, sebagai kontrol utama dari seluruh sistem.
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d. LCD MI1632 berfungsi untuk menampilkan setiap intruksi, yaitu
menampilkan ketinggian level air yang telah dikonversikan menjadi volume

dari data yang dibaca oleh Sensor.

e. Max 232 berfungsi sebagai penghubung antar mikro dan PC, atau
penyeimbang tegangan pada mikro.

f. PC berfungsi untuk menampilkan tampilan dari hasil pengukuran berupa
grafik.

3.2  Perancangan Perangkat Keras

Perangkat keras yang digunakan dalam sistem ini adalah perangkat keras yang
mendukung proses keseluruhan. Perangkat keras yang dibutuhkan adalah sensor
ultrasonik dan pengondisi sinyal, Mikrokontroller Renesas R8C/Tiny, LCD,Max 232, dan
PC.

3.2.1 Rangkaian Sensor Ultrasonik

Sensor ultrasonik yang dipakai dalam tugas akhir ini adalah sensor ping yang
berupa modul siap pakai lengkap dengan pengirim dan penerima. Sensor ultrasonik ini
dipilih karena dapat mendeteksi jarak antara 3 cm sampai 3 m dengan frekuensi 40 kHz.
Pada tugas akhir ini jarak yang akan diukur dari sensor menuju obyek adalah sekitar 40

cm. Sinyal data sensor ping ini akan masuk ke kaki mikrokontroler.

Vss

Gambar 3.2 Sensor ultrasonik PING

Sumber: www.parallax.com
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Untuk mengaktifkan sensor ping diperlukan trigger sebesar S us, setelah itu dari
keluaran sensor ultrasonik didapat level tegangan 0,7 V. Pada saat level tegangan 0,7 V
maka keluarannya acialah aktif 1. Dalam perancangan ini diperlukan rangkaian
komparator yang fungsinya untuk mendeteksi level tegangan yang keluar, yaitu 0,7 V.

Dalam perancangan ini rangkaian pembanding tegangan (komparator)
menggunakan op-amp LM358 dengan catu daya tunggal +5V DC. Tegangan acuan Vs
diterapkan ke masukan (+) op-amp, dan tegangan masukan dari sensor ping (-) op-amp.
Bila tegangan masukan dari ping lebih besar atau sama dengan Vs, maka tegangan
keluaran op-amp, Vo = 0 Volt. Bila tegangan masukan dari ping lebih kecil V., maka
tegangan keluaran op-amp, Vo =5 Volt.

ICI W TRA 20SIC HDC

Gambar 3.3 Rangkaian Sensor Ultrasonik Dengan pengkondisi sinyal

3.2.2 Perhitungan Jarak

Modul Ping mengukur jarak objek dengan cara memancarkan gelombang
" ultrasonik sebesar 40 kHz kemudian menunggu pantulannya. Modul Ping memancarkan
gelombang ultrasonik sesuai dengan input kontrol dari pin I/O. Gelombang ultrasonik
tersebut melalui udara dengan kecepatan 34399,22 cm/ detik, mengenai objek dan
memantul kembali ke modul Ping. Modul Ping akan mengeluarkan pulsa high pada pin
/O setelah memancarkan gelombang ultrasonik. Setelah pantulan gelombang terdeteksi,
modul PING akan membuat pin I/O low. Lebar pulsa high (ti) sesuai dengan lama waktu
tempuh gelombang ultrasonik untuk 2 kali jarak objek, sehingga jarak objek yang terukur
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adalah [ (tv s X 34399,22 cm/s) / 2 ] cm. Pin I/O adalah pin yang digunakan untuk
mengirim data ke mikrokont_;oler. [lustrasi cara kerja modul Ping ditunjukkan dalam

Gambar 3.4

1 30 cm
I distance

PING)))™

A1 ut Pulse:
ST =
=

EchuTe e Pul-e

Ogjac:

LS |
——

Gambar 3.4 Ilustrasi Cara Kerja Modul PING

Sumber: www.parallax.com

3.2.3 Menghitung Volume

t
Rz //Ih'
i

Untuk mencari volume dapat digunakan rumus:
Volume =luas alas x tinggi
Jadi jumlah volume:
V = luas penampang x t1’
A = panjang x lebar x tinggi
Dimana:

u=1«’
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t =50cm .

t1’=10cm
2’ =40cm
p =10cm
L =10cm

A =10x 10cm = 100cm?

Keterangan gambar:

P = panjang

L = lebar

t = tinggi balok kaca

t1’ = tinggi air dalam tabung

2’ = jarak antara air dengan sensor

Dalam alat ini digunakan balok yang diasumsikan sebagai tabung kedua. Balok
ini mempunyai tinggi 50 cm dan luas penampang 100 cm?.
Volume = luas penampang x t (1 cm)
=100 cm?x 1 cm
=100 cm®
=100 ml
1 dm®=1 liter
100 cm*=0,1 dm’
=0,] liter
Jadi setiap 1 cm dari tinggi tabung kedua, mewakili 0,1 liter dari volume atau
kapasitas paru-paru yang di ukur.
Besarnya perubahan volume atau udara pada tabung pertama berbanding lurus
dengan perubahan ketinggian permukaan air pada tabung kedua. Waktu tempuh
gelombang ultrasonik berbanding terbalik dengan besarnya volume udara pada tabung
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pertama. Semakin besar volume udara pada tabung pertama maka semakin cepat waktu
tempuh gelombang ultr.asonik‘yang terdapat pada tabung kedua.

3.2.4 Rangkaian Kontrol Mikrokontroller Renesas R8C / Tiny
Dalam perancangan tugas akhir ini menggunakan mikrokontroller Renesas
R8C/Tiny yang merupakan keluarga keluarga M16C. Mikrokontroler pada alat ini
digunakan sebagai pengendali utama dari seluruh sistem. Mikrokontroler Renesas
R8C/Tiny ini dipilih karena pada miicrokontroler ini memiliki 16 kbyte Flash ROM (
Flash Read Only Memory ) dan 1 kbytes SRAM serta 2x2 kbytes Data Flash, RAM
sampai 1 kbyte, 22 bit port I/O (4 buah port I/O bit ) yang mana tiap pin tersebut dapat di
program secara paralel dan sendiri, mempunyai ADC ( Analog to Digital Converter )
mempunyai tiga buah timer/counter 8 bit ( Timer X, Y, Z ) dan satu buah timer/counter
16 bit ( Timer C ), mempunyai watchdog timer, mempunyai power on reset, mempunyai
serial I/F ( A/Sync ), mempunyai on-Chip Debug, serta Oscilator Circuit.
Mikrokontroller Renesas R8C13 digunakan untuk membangkitkan sensor
ultrasonik dan mengolah data yang merupakan masukan dari sensor ultrasonik tersebut.
Mikrokontroller ini memilild' 4 port, yaitu port PO, Port P1, port P3, dan Port P 4.
Masing-masing port d1fungs1kan sebagai berikut:
& Port 0 memiliki fungsi sebagai berikut :
> Port 0.0 digunakan sebagai ouput ke Max 232 (Tx)
<> Port 1 memiliki fungsi sebagai berikut :
> Port 1.3 digunakan sebagai inputan data.
> Port 1.5 digunakan sebagai input data dari sensor.
> Port 1.6 digunakan sebagai output data ke sensor.
< Port 3 memiliki fungsi sebagai berikut :
> Port 3.0 digunakan sebagai inputan data dari IC 74LS164.
> Port 3.1 digunakan sebagai clock.
> Port 3.2 Enable.
> Port 3.3 digunakan sebagai Register select.
> Port 3.7 digunakan sebagai intput dari Max 232 (Rx)
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> Port 4 memilki fungsi sebagai bérikut :
> Port4.7 dengan port 4.6 disambungkan dengan rangkaian osilator.
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Gambar 3.5 Rangkaian Mikrokontroller
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3.2.5 Rangkaian LCD

Pada Proyek akhir ini Display yang digunakan adalah LCD TM16x2, karena
mempunyai tampilan ‘sebany‘ak 16 karakter 2 baris. Untuk mengirim data ke LCD
program harus mengeset EN ke kondisi high (1). Dalam kondisi ini RS dan R/'W
mengirimkan data ke jalur data bus. Dalam perancangan alat ini pada pin nomor 3 dari
LCD dihubungkan dengan VR 1kQ yang berguna untuk mengatur tampilan contrast.
Backlight memerlukan tegangan sebesar 4.3V sehingga untuk menurunkan tegangan
yang sebesar 5V dari supply perlu ditambahkan dioda IN4007 sebelum tegangan
dihubungkan ke pin.

LCD ini berfungsi untuk menampilkan data perubahan ketinggian air dalam gelas
ukur, selain itu LCD ini berfungsi sebagai alat komunikasi antara alat dengan pemakai.
Sedangkan keuntungannya adalah tingkat kesederhanaan dalam rangkaian dan perangkat
lunak serta kemudahan dalam pengoperasian dan tersedianya register-register dalam
modul. Rangkaian unit LCD dapat dilihat pada gambar 3.6 yang mempunyai 16 pin
masukan untuk mengendalikan modul dalam bentuk bus data dan sinyal kontrol. Gambar
3.6 menunjukkan rangkaian LCD yang dihubungkan pada mikrokontroller. Konfigurasi
rangkaian LCD dengan komponen lain dapat dijelaskan sebagai berikut:

a. Pin 1(Vss), Pin 5(R/W) dan Pin 3(Vee) dihubungkan dengan resistor variabel
1KQ, fungsinya adalah untuk mengatur kontras pada LCD.

b. Pin 2 dihubungkan dengan Vcc.

c. Pin 4(RS) dihubungkan dengan port P3.3 pada mikrokontroller Renesas
R8C/TINY sebagai pemilih register.

d. Pin 6(E) dihubungkan dengan port P3.2 sebagai sinyal untuk seleksi baca atau
tulis.

e. Pin 7-14(D0-D7) dihubungkan dengan output IC register 74LS164 yang
berfungsi sebagai register geser 8-bit memiliki 4 jalan masuk dan 8 jalan

keluar.
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Gambar 3.6 Rangkaian LCD
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3.2.6 Rangkaian Inferface

Untuk dapat berkomunikasi antara MCU dengan PC, maka perlu disesuaikan
signal yang dipakai yaitu dengan menggunakan interface RS 232. Dengan IC yang
dipakai adalah MAX 232. Berikut ini adalah rangkaian interface dari MCU PC.

IC1 MAX 232
—LZZ B
Cl+ vee 16 C4
v+ GND 15

1
| 2]
3l - mour u
4
5

1l
ll3
&

C2+ RIIN Qi3

—EZ%U-F Cc2- R10UT 12
6] » mmw

q:ZZI-LF 7] T20UT T2IN |10
8

I__ R2IN mow%

MAX 232

Gambar 3.7 Rangkaian RS 232
(Sumber : Perencanaan)

Pada MAX232, port yang digunakan :

Pinl (C1+) dengan pin 3 (C1-) disambungkan dengan capasitor 22F.
Pin 2 (V+) dengan pin 16 (Vcc) disambungkan dengan capasitor 22uF.
Pin 4 (C2+) dengan pin 5 (C2-) disambungkan dengan capasitor 22uF.
Pin 6 (V-) dengan GND (ground) disambungkan dengan capasitor 22F.
Pin 7 (T2 OUT) disambungkan ke DB 9 port 2 (Rx).

vV V V V V
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> Pin 8 (R2 IN) disambungkan ke DB 9 port 3 (Tx).
Pin 9 (R2 OUT) disambungkan ke Rx1 (MCU Renesas R8C/Tiny).
> Pin 10 (T2 IN) disambungkan ke Tx1 (MCU Renesas R8C/Tiny).

v

3.3  Perancangan Perangkat Lunak (Software)
3.3.1 Flowchart Program Pada Mikrokontroler

Pemakaian mikrokontroler dalam suatu sistem perlu direncanakan perangkat
lunak. Perangkat lunak merupakan susunan perintah-perintah program di dalam memori
yang barus dilaksanakan mikrokontroler. Diagram alir program utama kerja alat
ditunjukkan dalam Gambar 3.8.
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( START )

INISIALISASI PORT
INISIALISASI LCD
INISIALISASI SERIAL

l‘
i

START T
ENGUKURA

|y
Y
UKUR JARAK PERTAMA
SEBAGAI ACUAN
l

A 4
UKUR JARAK

A 4

VOLUME (KAPASITAS PARU-PARU)=

1000

+1410 ml

?
Y
TAMPILKAN KE LCD

v

KIRIM DATA KAPASITAS PARU-PARU
KE PC

STOP PENGUKURAN

Gambar 3.8 Gambar flowchart pada Mikrokontroller.
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3.3.2 Flowchart Program Pada PC

START

BACA DATA
DARI MIKRO

FORMAT DATA
BENAR

SIMPAN DATA KE DATA
BASE

: TAMPILKAN
DATA KE GRAFIK

SELESAI ?

Y

STOP

Gambar 3.9 Gambar flowchart pada PC.
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BABIV
.-PENGUJIAN ALAT
Dalam bab ini akan dibahas tentang pengujian berdasarkan perencanaan dari
sistem yang dibuat. Pengujian ini dilaksanakan untuk mengetahui kehandalan dari sistem
dan untuk mengetahui apakah sudah sesuai dengan perencanaan atau belum. Pengujian
pertama-tama dilakukan secara terpisah, dan kemudian dilakukan kedalam sistem yang

telah diintegrasi.

4.1  Pengujian Hardware, Software dan Pengujian Keseluruhan

Pengujian bertujuan untuk mengetahui apakah sistem yang telah direalisasikan
dapat bekerja sesuai dengan perencanaan yang telah ditetapkan. Pengujian sistem
dilakukan pada perangkat harware dan sofiware, pada masing-masing blok rangkaian
penyusun sistem, antara lain: P;:ngujian LCD, Pengujian Sensor ultrasonik, Max 232, PC

dan Pengujian secara keseluruhan.

4.1.1 Pengujian LCD
1. Tujuan
Tujuan pengujian rangkaian LCD adalah untuk mengetahui bahwa LCD dapat

menampilkan karakter sesuai dengan program yang telah diisikan.
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2. Alat yang digunakan
Alat yang digunakan dalam pengujian antara lain:
a. Rangkaian LCD.
b. Rangkaian minimum sistem mikrokontroler.

c. Catudayal2V.

3. Metode Pengujian
Langkah-langkah pengujian rangkaian ini adalah sebagai berikut:
a. Rangkaian disusun seperti pada Gambar 4.1,
b. Mikrokontroler diisi dengan program inisialisasi LCD.
c. Pasang mikrokontroler pada soket di minimum sistem.
d. Menghubungkan catu daya.

e. Amati tampilan pada LCD.

4. Hasil dan Analisa Pengujian LCD
Dari pengujian LCD menggunakan Mikrokontroler Renesas R8C13 Tiny didapat

hasil seperti pada Gambar 4.2.

Gambar 4.1
Hasil pengujian LCD
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Dari hasil pengujian LCD dalam Gambar 4.2, maka dapat diambil kesimpulan
bahwa LCD dapat menampilkan karakter dengan baik, yaitu tampilan huruf yang

dituliskan pada LCD.

4.1.2 Pengujian Sensor ultrasonik
1. Tujuan
Tujuan pengujian adalah untuk mengetahui sinyal keluaran dari sensor ultrasonik.
2. Alat yang digunakan
Alat yang digunakan dalam pengujian antara lain:
a. Transduser ultrasonok.

b. osciloscop.

3. Metode Pengujian
Langkah-langkah pengujian adalah sebagai berikut:
a. Rangkaian diberi catu daya 5 volt.

b. Letakkan penyidik osciloskap pada rangkaian sensor ultrasonoik.
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4. Hasil dan Analisa Pengujian Sensor Ultrasonik

Frequensi yang dipancarkan 40 KHz.

L ®§| [LEADER
— % oAb

h
~ 2 i
@5

Gambar 4.2
Hasil pengujian sensor ultrasonik

Tabel 4.1
Penyempurnaan pengujian sensor ultrasonik

Tinggi air dalam Tampilan LCD Selisih tinggi air Error
tabung yang (cm) (%)
sebenarnya (cm)
0 0 0 0
1 1 0 0
5 438 0,2 0,8
10 9,7 0,3 1,8
15 14,8 0,2 1,3
20 19,7 0,3 2,1
25 24,8 0,2 0,5
30 29,7 0,3 0,9
35 34,9 0,1 02
40 39,8 0,2 0,5
Eror rata-rata 0,19 0,81
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Tabel 4.1 bisa dilihat bahwa error dari hasil pengujian terhadap nilai yang di inginkan

dalam perancangan bisa dihitung dengan:

_ |tinggi sebenarnya - tampilan LCD]

Error — x100%
tinggi sebenarnya
error
Error rata-rata = -Z*-
Z pengukuran
_81
10
=0.81 %

Kesimpulan hasil pengujian rangkaian ultrasonik sekaligus menggunakan
software menunjukkan bahwa tinggi permukaan air yang ditampilkan pada LCD terdapat
penyimpangan data (error) rata-rata sebesar 0.81 % dikarenakan pembacaan sensor yang

tidak tepat.

4.1.3 Pengujian Rangkaian Komparator
1. Tujuan
Tujuan pengujian adalah untuk mengetahui sinyal keluaran dari rangkaian
komparator.
2. Alat yang digunakan
Alat yang digunakan dalam pengujian antara lain:
c. Rangkaian komparator.

d. osciloscop.
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3. Metode Pengujian
Langkah-langkah pengujian adalah sebagai berikut:
a. Rangkaian diberi catu daya 5 volt.

b.Letakkan penyidik osciloskap pada rangkaian komparator.

4. Hasil dan Analisa Pengujian rangklaian koparator

Gambar 4.3
Hasil pengujian Rangkaian Komparator

Kesimpulan hasil pengujian rangkaian rangkaian komparator menggunakan

osciloskap menunjukkan sinyakl keluaran pada rangkaian komparator.

4.1.4 Pengujian Shift Register (IC 74LS164)
1. Tujuan

Tujuan pengujian adalah untuk mengetahui sinyal keluaran dari IC 74LS164.

2. Alat yang digunakan

Alat yang digunakan dalam pengujian antara lain:
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a. rangkaian shift register (IC 74LS164).

b.osciloscop.

3. Metode Pengujian
Langkah-langkah pengujian adalah sebagai berikut:
a. Rangkaian diberi catu daya 5 volt.

b.Letakkan penyidik osciloskap pada rangkaian shift register.

4. Hasil dan Analisa Pengujian Shift Register (IC 74LS164).

Gambar 4. 4
Hasil pengujian shift register seri
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Gambar 4.5
Hasil pengujian shift register paralel

4.1.5 Pengujian RS 232
1. Tujuan
Tujuan pengujian RS 232 ini dilakukan untuk melihat atau mengetahui
apakah RS 232 dapat bekerja dengan baik, dengan adanya sinyal pada transmitter RS

232, maka akan terlihat bentuk gelombang RS 232 pada osiloskop.

2. Alat yang digunakan
Alat yang digunakan dalam pengujian antara lain:
a.Osiloskop.

b.RS 232.

c.Rangkaian minimum sistem mikrokontroler.

d.Catu daya 12 V.
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3. Metode pengujiannya adalah sebagai berikut :

Pin Tx mikrokontroler dihubungkan ke Max232, keluaran Max232 dihubungkan ke

osiloskop.

4. Hasil Pengujian :

Gambar 4.6
Gambar Hasil Pengujian Max 232
: Sumber : Pengujian

5. Analisa Hasil Pengujian
Dari pengujian max 232 menggunakan Mikrokontroler Renesas R8C13 Tiny dan

osiloskop, Max 232 yg dihubungkan ke osiloskop diperoleh hasil pengujian seperti

pada Gambar 4.6
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3.1.6 Pengujian Komunikasi serial
1. Tujuan . “

Untuk mengetahui apakah komunikasi data serial PC dengan mikrokontroler
dapat berjalan dengan baik.

2. Alat yang digunakan
Alat yang digunakan dalam pengujian antara lain :
a. Rangkaian minimum sistem mikrokontroler.
b. Rangkaian Max 232.
c. PC
d. Catudaya 12 V.

. Kabel serial .

o

3. Metode Pengujian
Langkah-langkah pengujian rangkaian adalah sebagai berikut:
a. Hubungkan kabel serial pada konektor pada rangkaian serial dengan konektor
serial pada komputer.
b. Mikrokontroler diisi dengan program.
c. Pasang mikrokontroler pada soket di minimum sistem.
d. Menghubungkan catu daya.

e. Amati tampilan pada PC.
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4. Hasil dan Analisa Pengujian pada Komunikasi Data Serial RS-232
Dari pengujian pengiriman data serial RS232 menggunakan Mikrokontroler
Renesas R8CI13 Tiny dan Max 232 yg dihubungkan ke Personal Komputer

diperoleh hasil pengujian seperti pada Gambar 4.9.
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alB836a00036a00035a00035a00039a00039a00039a00039a00038a00036a00036a00036a00035a0
0035a00034a00034a00034a00033a00032a00032a00030a00039a00048a00055a00062a00058a000
05a00036a00058a00061a00037a00058a00065a00068a00067a00073a00017a00049a00000a00068
ad0064a00058a00058a00054200058a00058a00058a00058a00055a00061a00069a00069a00053a0
00851a00037a000442000532a00069a00063a00028a00000200000a00011a00027a00041a0004 72000
91a00052a00052a00050a00050a0004 920004920004 8a00049a00051a00053a00053a00053a00053
al0052a00051a00025a00045a00025a00021200030a00024a00023a00023a0002 7200024200024 a0
0029200021a00022a00041200035a00039a00044a00040a00820a00019a00039a80036a00041a000
4020003920004 3a00042a00036a00036a00039a00035200035a00033a00032a00030a00023aB0025
ab0024a00023a00022a00018a00016a00021a00022a00023a00024a00024a00024a00025a00021a0
0023a00023a00024a00024a00024a00024a000025a00027200029a00031a00032a00032a00027a000
25a00024a00023a00022a00012a00018a00013a00024a00029a00030a00034a00034a00034a00033
aBi033a08027a00027a00025a00029a00028a00022a00021a00025a00025a00024a00022a00020a0
0018a00020a00013a00010a00007a00804a00004a00006200006a00007a00008a000086a00012a000
13a00013a00016a00018a00025a00024200034a000392008412000392a00039a00041a00046a00052
abB053a00047a00026a00029a00027a00825a00022a00025a00039a00032a00030a00033a80035a0
0029a00029a00027a00027a00025a00025a00025a00025a00024a00025a00025a00025a00029a000
J0abnB27a00025a00022a00025a00025a00021a00025a00020a00019a00024a00021a00019a00019
ab0016a00010a00002a00001a00000a00000a00000a00000a00000a00000a00000a00000a00000a0
0000a00000a00000a0B00BaBBBAalB00Ba0VBBBa0000BaRBBRRaBBNNBalVBRalBRalo0BDan0D
00ab0B0BabinBBabBib00ad0PB0aBoB0BalBn0BaBlVBRaBBoBo_

Connected 0:32:05 ANSIW 9600 8-H-1 NUM

Gambar 4.7
Hasil pengujian pengiriman data komunikasi serial RS232

4.1.7 Pengujian Keseluruhan Sistem
1. Tujuan
Tujuan pengujian keseluruhan sistem adalah untuk mengetahui prinsip kerja
sistem secara lebih jelas. Untuk menguji keseluruhan sistem maka diintegrasikan
antara software dan hardware secara bersama-sama. Pengujian dilakukan dengan

langkah-langkah sesuai dengan rancangan per-blok yang telah dibuat.
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2. Alat yang digunakan
Alat yang digunakan dalam pengujian antara lain:
a. Catudaya 12V.
b. Perangkat keras dengan semua masukan dan keluaran.
c. Sofiware yang telah dimasukkan ke dalam mikrokontroler.
3. Metodologi Pengujian
Pada pengujian rangkaian ini dilakukan antara lain:
a. Susun rangkaian seperti gambar 3.1.
b. Aktifkan sistem
¢. Ukur ketinggian maksimal permukaan level air pada tabung kedua.

d. Amati perubahan volume paru-paru yang diukur.

4. Hasil dan Analisa Sistem.Keseluruhan
Hasil pengujian sec;ara keseluruhan menunjukkan bahwa sistem dapat bekerja
sesuai dengan rancangan yang telah dibuat. Pengujian pertama, dilakukan dengan
cara mengaktifkan alat. Tampilan awal LCD dapat ditunjukkan Gambar 4.10 yang

menampilkan volume paru-paru maksimal.

Gambar 4.8
Tampilan Awal LCD
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Pengujian kedua, dengan memberi input pada tabung kedua yang berupa
hembusan nafas (ekspirasi). Apabila hembusan nafas sudah maksimum maka LCD akan
menampilkan berapa kapasitas paru-paru yang telah diukur, dan pada PC akan muncul
tampilan berupa grafik. Tampilan proses pada saat kapasitas paru-paru telah terukur dapat

ditunjukkan pada Gambar 4.11 sampai Gambar 4.12.

Gambar 4.9
Volume Paru-paru 3570 ml

1231566780101 31314-51617-31030212233> 2636 38203 & 3037 113532 73332 /0114318 1 4561742/ 02051
~Satuan Waktu

Gambar 4.10
Gambar tampailan grafik pada PC
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Tabel 4.2
Tabel Data Pengukuran Kapasitas Paru-paru

-

Alat ukur volume | Alat ukur acuan Error
NO NAMA UMUR paru-paru yang di di RS batu (%)
buat
1 Zul 27 3.92 3.95 1.54
2 Hery 27 3.59 3.64 1.93
3 Hendra 24 3.59 3.64 1.39
4 Randi 21 ' 3.78 3.82 1.86
5 Irfan 19 3.86 3.89 1.04
Rata-rata 1.55

Dari data hasil pengukuran pada tabel 4.2 bisa dilihat bahwa error dari hasil
pengukuran volume udara pada paru-paru (kapasitas udara pada paru-paru) yang di
peroleh nilai error yang cukup besar, maka besarnya nilai error yang di dapat bisa

dihitung dengan rumus:

_ |Hasil pengukuran alat - Hasil dari alat sampel RS |

Error - x100%
Hasil pengukuran alat
Z error
Error rata-rata =

Z pengukuran

_1.76
5

=1.55%

Kesimpulan hasil pengujian rangkaian keseluruhan yang meliputi Aardware dan
software dapat bekerja sesuai dengan yang direncanakan. Sensor dapat mendeteksi
ketinggian air sehingga dapat diketahui nilai kapasitas paru-paru yang telah diukur

menunjukkan bahwa tinggi permukaan air yang ditampilkan pada LCD terdapat
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penyimpangan data (error) rata-rata sebesar 1.55 % dikarenakan pembacaan sensor yang
tidak tepat dan adanya beban berupa air yang sangat berpengaruh terhadap kinerja dari lat
pernapasan dan alat atu sendiri..

Hasil pengujian sistem secara keseluruhan yang meliputi hardware dan software
dapat bekerja sesuai dengan yang direﬂcanakan. Rangkaian mikrokontroler dapat bekerja
dengan baik sehingga pengiriman dan penerimaan data dari sensor ke mikrokontroler

dapat diterima dan diproses dengan baik pula.
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BAB YV

PENUTUP

Kesimpulan dan saran yang dapat disajikan berdasarkan perancangan,
pembuatan dan pengujian alat ”Alat Ukur Kapasitas Paru-paru” adalah sebagai
berikut:

5.1 Kesimpulan

Berdasarkan hasil pengujian pada masing-masing blok, maka dapat
diperoleh beberapa kesimpulan sebagai berikut:

1. terjadi error antara alat yang di buat dengan alat pada rumah sakit yang
diseﬁabkan oleh perbesaan beban. Adanya beban berupa air pada alat yang di
buat menyebabkan dadnya error di bandingkan dengan alat pada rumah sakit
yang tidak memiliki beban.

2. Error terjadi karena : -

a. pada alat ukur volume udara pada paru-paru terdaoat beban berupa air,
sedangkan pada lat rumah sakit tidak terdapat beban samasekali.
b. kondisi fisik sangat berpengaruh terhaap kinerja alat pernapasan, kondisi
lelah dan fit dapat menimbulkan perbedaan pada hasil pengukuran.

3. Hasil pengujian rangkaian ultrasonik menggunakan sofiware menunjukan
bahwa tinggi air yang ditampilkan pada LCD terdapat penyimpangan (error)

rata-rata sebesar 1.55 % dikarenakan pembacaan sensor yang tidak tepat.
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5.2 Saran

Dalam pengembangan sclanjutnya dapat dilakukan beberapa hal untuk
kesempurnaan alat yang berkaitan dengan sistem alat ukur volume udara dalam
paru-paru , yaitu:

1. error dapat di minimalisasi dengan mengganti beban atau dengan merubah
ukuran tabung yang di pakai menjadi lebih kecil, agar hasil pembacaan dari

sensor lebih presisi..

2. kondisi fisik pasien sebelum dan sesudah mmmenguji volume paru- paru

perlu di perhatina kembali.

3. Untuk menghasilkan hasil bacaan sensor yang presisi sebaiknya bentuk dan
ukuran tabung pengukuran di ubah menjadi lebih kecil agar hasil pembacaan

sensor lebih presisi.

4. Hasil pembacaan dari sensor dapat disimpan ke PC (Personal Computer),

sehingga tidak perlu diadakan pencatatan.
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h00.c

/*******************************************************************#***/

/* */
/* FILE ttes.c */
/* DATE Thu, Sep 28, 2006 */
/* DESCRIPTION :Main Program */
;: CPU TYPE :Other :;
;: This file is generated by Renesas Project Generator (ver.4.0). :/

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

//#include <stdio.h>
#include “"sfr_r813.h"
#include "timer.h"
#include "1cdku.h“
#include "adda.h"
//#1nc1ude "key?ad h"
#1nc1ude 'serial.h”

1nterup0 p45
sensor gaya adcO vertikal
adcl horisontal

k/

#defﬁne ping pl_6
#define pong pl.7
#define tombol pl.l

unsigned char hit,c, step.

unsigned int a,ai,d,

unsigned long it, 1t1 ﬁ ﬁb kh, kmax;
unsigned int ki1;

void initport()

prc2=1;

pd0_5=1;

pd1=0b11110000;

prc2=1;pd0_6=0;

prc2=1;pd0_7= 0

pr-gb%lllllll s //0xFf;

pd1_6-1 pdl_7=0;

}

void initADC(void) //rutin dinisialisasi adc

adcon0 = 0x01; //prescaler faD/2 (invalid), A/D conv disabled, PO group
selected, oneshot mode, p1n ANl selected

adconl = Ox38; //0x38; AVref connected, freq select at fAD valid, 10 bit mode
adcon2 = 0x00' //0; //wit out sample and hold
//adst = 1; //start conversion

{oid initint0Q)

/* interupt terjadi saat rising edge */
/* level interupt = 3 */
int0ic=0x1;

/* Filter t1dak digunakan */
int0f=0x00;

/* Global interupt dan intO input diaktifkan */
inten=0x01;
asm("FSET I"),
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} h00.c
Ensigned int bacasuhu(unsigned char nn)

s=0;
for(ai=0;ai<100;ai++)

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

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

}
ai=s/200;
} return ai;

fpragma INTERRUPT 1i0
Eoid i0(void)

}
tpragma INTERRUPT tmx
Eoid tmx(void)

txund=0;
prex=9;tx=1;txs=1;
Tt++;

/0id tampilcounter()

vit=hit*48/4;
m=(€hit/100)%10)+48;dataout(b);

J=€ hit/10)%10)+48;dataout(b);dataout(’,");
)=(hit%10)+48;dataout(b);

;1t=h1t/10;

/0id tampilsuhu(unsigned int cc)

msigned char bb;
»b=((cc/100)%10)+48;dataout(bb);
jataout(',"');
»b=((cc/10)%10)+48;dataout(bb);
»b=(cc%10)+48;dataout(bb);

r0id tampil(unsigned int cc)

»o=((cc/10000))+48;dataout(bb);
=((cc/1000)%10)+48 ;dataout (bb) ;
)b=((cc/100)%10)+48;dataout(bb);
»h=((cc/10)%10)+48 ;dataout(bb);
yb=(cc%10)+48;dataout(bb) ;

]
roid kirimdata(unsigned int cc)

:nsizned char bb;

insigned char bb;

drim_serial('a');

)b=((cc/10000))+48; kirim_serial(bb);
1b=((cc/1000)%10)+48; kirim_serial(bb);
‘b= Ecc/lOO)%10)+48'k1f1m_sef1a1(bb);
b=((cc/10)%10 f4§;ﬁ1r1m_ser1a1(bb);
b=(cc¥10)+48; kirim_serial(bb);

Eoid ukurQ

}ing=1;ping=1;
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h00.c

asmg 'nop") ;
asm("nop"”);
asm(“nop"),
asm("nop 3;
asm("nop”);
asm nop“),
"nop") ;
asm "nop"),
asm nop"),
asm nop“),
asm("nop");

asm("nop");

i ~detay(1);

elay
while(pong== 13 H
while pona 0) k1++,

void main(void)

/* Inisialisasi variable*/
//uns1gned char data;
/* Inisialisasi Awal MK */
asm("FCLR I"); // Interrupt disable
prcr / Protect off
cml3 / X-in X-out = Clock External
cml5 /; XCIN-XCOUT dr1vecapac1ty select bit
X-in on
// Main clock = No division mode

// €M16 and cM17 enable

[a]

3

S

w
nonunn
°°°....".‘.!‘.'.!"

[a]
3
[=
O\
5 1

ocd2 = 0; // Main clock change (x-tal)
prcr = 0; // Protect on

//slr1c-3 sOric=0;

txic=2;

;; p1 sebaga1 keluaran dan p0 sebagai masukan */
pdl

//asm("FSET I");

1n1t?ort(),

initlcdQ;

delay(500);

//inmitint0Q);

initADC();

1n1tSer1a1(),

init_timer_X(Q);//txs = 1;

busek();

//sen Text("hfdsk").

//cetak(l,1,"Jancuk");

de1ay(1000)

\Eah11e QO J71177777777177777717171717711771177717717777711117717

busek();

cetak(l,1,"Tekan tombol");
cetak(2,1,"untuk memulai");
while tombo1==1)

ukurQ;
de]ay(100),

b=k ;
kmax=0
busek() delay(500);
Page 3
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cetak(l,1,"Tinggi :"3;
cetak 2,1,"Ting i max:");
while(tombol== ?

kur(a;
f(k<kb)kh=(kb-k)*10+1410;
else kh=0; ’

i f(kh>kmax) kmax=kh;
e1s%1;12

pos 3

tgmpii(ka):

kirimdataCkh):;

pos(2,12);

tamp11(kmax);

gelay(loo):

u
i

}

h00.c
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/*#define e pl 1

#define rs pl 0
#define con_lcd pl_2
#define data_lcd pl_3*/

#define e p3_2
fidefine rs p3_3
fdefine con lcd p3_1

#define data_lcd p3_0

unsigned char usa;
unsigned int jl,il;

void delay(unsigned int usal)
éor(il=0;il<usa1;il++)
éor(jl=0;jl<625;jl++) ;

i

void delayx(int ni)

{

//int i;

for (il1=0; il< ni ; il++)

}

void geser(unsigned char asul)
con_lcd=0;

for(il=0;il<8;il++)

{ .
data_lcd=(asul & Ox1)==0x1 ? 1 : 0;
asm("nop") ;

asm("nop");
asm("nop");
asm("nop");
con_lcd=1;
asm("nop”);

asm("nop");
asm("nop");
asm("nop");
con_lcd=0;
usal=usal>>1;

}

}

void callout (unsigned char usal)
{
rs=0;
e=1;
geser(usal);
delayx (10000) ;
e=0;
}
void dataout (unsigned char usal)
{
rs=1;
e=1;
geser(usal);
delayx (5000) ;
e=0;
}
void initled()



callout (0x1);
callout (0x38);
callout (0x6) ;
callout (Oxc);

}
void pos{int i,int n)

{

if (i==1)
usa=0x80+n-1;

else
usa=0xc0+n-1;
callout (usa);

}
void cetak(int i,int n,unsigned char *text)

{

pos(i,n);
while (*text)

{

//usa=(*text++);
dataout (*text++) ;
}

void busek()

{

cetak(1,1," ")
cetak(2,1," ")
pos(1l,1);

}



void initSerial (void)

{
/* parity disable, 1 stop bit */

/* internal clock, UART mode 8 bits data length */

ulmr = 0x05;u0mr=0x05;

/* data dikirim LSB dulu,TxD is CMOS output, /*

/* tidak ada data, prescaler dibagi 1 */
ulcO0 = 0x08;u0c0=0x08;

/* baud rate 9600 at 20 MHz */

ulbrg = 129;

uObrg = 129;

/* re = 1; enable reception */

ulcl |= 0x05; ulcl |= 0x05;

/* interupt at transmit completed, TXdll activated */

ucon |= 0x26;

void kirim_serial (char data)
{
ultb=data;
while (txept_ulc0 == 0);
//txept_ulec0 = 0;
ulrb = data;
ulcl |= 1;
delay(1l);
//delayx (20);
}
void kirimenter (char data)
{
ultb=data;
while (txept ulcO == 0);
//txept_ulc0 = 0;
ulrb = data;
ulcl |= 1;
//delay(1l);
delayx(11);
}
unsigned char GetChar ()
{
while(ri_uOcl == 0});
ri_ulcl =0;
//dataout (ulrb) ;
//asul=ulrb;
ulcl [= 1;
return uOrb;
}
unsigned char terimaser()
{
while(ri_ulcl == 0);
ri_ulcl =0;
//dataout (u0rb) ;
//asul=ulrb;
ulcl |= 1;
return ulrb;
}

void kirimgps{unsigned char *text)
{
while( *text!=',' ) // while not

{

end of text



kirim_serial (*text++); // Write character and increment
position
}
return;

}

void kirimasli(unsigned char *text)

{

while( *text!='?' ) // while not end of text
{
kirim_serial (*text++); // Write character and increment
position
}
return;

}

void enter()
{
kirimenter (0x0D) ;
// kirimenter (0xO0A);

}
void Send_Text(unsigned char *text)
{
while( *text ) // while not end of text
{
kirim_serial (*text++); // Write character and increment position
//delay(100);
}
return;
} .
void atcmg(unsigned char *CommandSMS)
{ .
//send command SMS
Send_Text (CommandSMS) ;
delay(20) H
enter ()
//delay(100) ;
return;

~e

}

void del()

{

atcmg ("at+cmgd=1") ;delay(200);
atemg ("at+cmgd=2") ;delay(200);
atcmg ("at+cmgd=3") ;delay(200);
atcmg ("at+cmgd=4") ;delay(200);
atemg ("at+cmgd=5") ;delay (200);
atcmg ("at+cmgd=6") ;delay(200);
atcmg ("at+cmgd=7") ;delay(200);
atcmg ("at+cmgd=8") ;delay(200);
atcmg ("at+cmgd=9") ;delay(200);
atcmg ("at+cmgd=10") ;delay(200);
}



. unitl
¥t unitl;

1terface

ies .

‘Windows, Messages, SysUtils, variants, Classes, Graphics, Controls, Forms,
Dialogs, stdctrls, CPort, ExtCtrls, TeEngine, Series, TeeProcs, Chart,
DbChart, DB, DBTables;

lpe
TForml = class(TForm)
ComPortl: TComPort;
Memol: TMemo;
Memo2: TMemo;
Tablel: TTable;
Datasourcel: TDatasSource;
DBChartl: TDBChart;
Seriesl: TLineSeries;
Timerl: TTimer;
procedure ComPortlRxChar(Sender: TObject; Count: Integer);
procedure TimerlTimer(Sender: Tobject):
procedure Formshow(sender: Tobject);

private

{_Private declarations }
public

{ Public declarations }
end;

.r
Forml: TForml;
data_lkp:string;

plementation
R *,dfm}

"ocedure TForml.ComPortlRxChar(Sender: TObject; Count: Integer);

\r data:string;

:\gin

ymPortl.Readstr(data,count);

ita_lkp:=data_lkp+data;

:mol.Text:=Memol.Text+data;

merl.eEnabled:=false;

merl.eEnabled:=true;

’b(cgpy(data_1kp,1,1)='a') and (length(data_lkp)-pos('a',data_lkp)>=6) then
egin :

Memo2.Lines.Add(copy(data_lkp,pos('a’,data_lkp)+1,5));

‘daéa_]kp::";

en
ge if length(data_lkp)>10 then data_lkp:='"';

ocedure TForml.TimerlTimer(Sender: TObject);

r i:integer;

in
?1e Tablel.RecordCount<>0 do Tablel.Delete;

<(i):

)1e1:Append;

ylel.FieldByName('no') .AsInteger:=1;
)}ei.g1e1dByName('data').AsInteger:=StrToInt(Mem02.Lines.Strings[i]);
Ylel.Post;
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Unitl

ShowMessage(Memo2.Lines.Strings[i]);
til i>=Memo2.Lines.Count-1;

ShowMessage(IntToStr(Memo2.Lines.Count));
merl.Enabled:=false;
mo2.Clear;

9
ocedure TForml.Formshow(Sender: TObject);
gin
mol.Clear;
mo2.Clear;

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

[ FORMULIR PERBAIKAN SKRIPSI |

NAMA : HENDRA MARIADI

N.IL.M :02.17.116

JURUSAN : TEKNIK ELEKTRO S-1

JUDUL SKRIPSI PERANCANGAN DAN PEMBUATAN ALAT

UKUR VOLUME UDARA PARU-PARU (SPIROMETRY)
DENGAN MENGGUNAKAN RENESAS R8C/TINY

No. TANGGAL MATERI PERBAIKAN PARAF
1. | 23 MARET 2009 | Hasil pengujian komparator W
2. | 23 MARET 2009 | Tambahkan metode penelitian /)/ (/q
3. | 23 MARET 2009 | Hitung penguatan OP-Amp %”

Diperiksa Dan Disetujui :
Penguji Pertama
(M. Ibrahim A, ST, MT.) ( Ir. EKo Nurcahyo )
NIP. P : 1030100358 NIP. Y : 1028700172
Mengetahui,
Dosen Pembimbing I Dosen Pembimbing II

( Sofyohadi, ST)
NIP.P : 1030100361 NIP. Y : 1039700309



599 Menlo Drive, Suite 100 General: info@parallax.com
\/ Rockiin, California 95765, USA Technical: suppot@parailax.com
Z\ Office: (916) 624-8333 - Web Site: www.parallax.com

Fax: (916) 624-8003 Educational: www.stampsinclass.com

PING)))™ Ultrasonic Range Finder (#28015)

The Parallax PING))) ultrasonic range finder provides precise, non-contact distance measurements from
about 3 cm (1.2 inches) to 3 meters (3.3 yards). It is very easy to connect to BASIC Stamp or Javelin
Stamp microcontrollers, requiring only one 1/0 pin.

The Ping sensor works by transmitting an ultrasonic (well above human hearing range) burst and
providing an output pulse that corresponds to the time required for the burst echo to return to the
sensor. By measuring the echo pulse width the distance to target can easily be calculated.

Features

Supply Voltage - 5 vdc

Supply Current — 30 mA typ; 35 mA max

Range-3cmto3m (1.2into 3.3 yrds)

Input Trigger — positive TTL pulse, 2 uS min, 5 uS typ.

Echo Pulse — positive TTL pulse, 115 uS to 18.5 mS

Echo Hold-off — 750 uS from fall of Trigger pulse

Burst Frequency - 40 kHz for 200 uS

Burst Indicator LED shows sensor activity

Delay before next measurement — 200 uS

Size - 22 mm H x 46 mm W x 16 mm D (0.84in x 1.8in x 0.6 in)

® © 0 & ¢ 06 0 0 0 ¢
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599 Menlo Drive, Suite 160 General: info@paraiiax.com
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PING)))™ Ultrasonic Range Finder (#28015)

The Parallax PING))) ultrasonic range finder provides precise, non-contact distance measurements from
about 3 cm (1.2 inches) to 3 meters (3.3 yards). It is very easy to connect to BASIC Stamp or Javelin
Stamp microcontrollers, requiring only one I/O pin.

The Ping sensor works by transmitting an ultrasonic (well above human hearing range) burst and
providing an output pulse that corresponds to the time required for the burst echo to return to the
sensor. By measuring the echo pulse width the distance to target can easily be calculated.

Features

Supply Voltage - 5 vdc

Supply Current — 30 mA typ; 35 mA max

Range -3 cmto 3 m (1.2 in to 3.3 yrds)

Input Trigger — positive TTL pulse, 2 uS min, 5 uS typ.

Echo Pulse — positive TTL pulse, 115 uS to 18.5 mS

Echo Hold-off — 750 uS from fall of Trigger pulse

Burst Frequency — 40 kHz for 200 uS

Burst Indicator LED shows sensor activity

Delay before next measurement - 200 uS

Size-22 mmHx46 mm W x 16 mm D (0.84in x 1.8 in x 0.6 in)

Dimensions
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Connection to a Microcontroller

The PING))) sensor has a male 3-pin header used to supply power (5 vdc), ground, and signal. The
header allows the sensor to be plugged into a solderless breadboard, or to be located remotely through
the use of a standard servo extender cable. Standard connections are show in the diagram below:

13O pin

Theory of Operation

The Ping sensor detects objects by emitting a short ultrascnic burst and then "listening" for the echo.
Under control of a host microcontroller (trigger pulse), the sensor emits a short 40 kHz (ultrasonic) burst.
This burst travels through the air at about 1130 feet per second, hits an object and then bounces back to
the sensor. The PING))) sensor provides an output pulse to the host that will terminate when the echo
Is detected, hence the width of this pulse corresponds to the distance to the target.

>l > <
< binorr >« tin miax >

bv

SIG pin Ov
Sonar TX
> < s
v HOST tour 2 uS (nmin), 5 uS typical
PING oo 750 uS
ounrst 200 uS @ 40 kHz

i i 115uS

Ling ronn, 18.5mS
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Test Data

The following test data Is based on the PING))) sensor, tested in the Parallax lab, while connected to a
BASIC Stamp microcontroller module. The test surface was a linoleum floor, so the sensor was elevated
to minimize floor reflections in the data. All tests were conducted at room temperature, indoors, in a
protected environment. The target was always centered at the same elevation as the PING))) sensor.

Test1

Sensor Elevation: 40 in. (101.6 cm)
Target: 3.5 in. (8.9 cm) diameter cylinder, 4 ft. (121.9 cm) tall - vertical orientation

® Parallax, Inc. + PING)))"™ Ultrasonic Range Finder (#28015) - 06/2005 Page 3



Test 2

Sensor Elevation: 40 in. (101.6 cm)

Target: 12in. x 12 in. (30.5 cm x 30.5 cm) cardboard, mounted on 1 in. (2.5 cm) pole
o target positioned parallel to backplane of sensor
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Program Example: BASIC Stamp 2 Microcontroller

The following program demonstrates the use of the PING))) sensor with the BASIC Stamp 2
microcontroller.  Any model of BASIC Stamp 2 module will work with this program as conditional
compilation techniques are used to make adjustments based on the module that is connected.

The heart of the program is the Get_Sonar subroutine. This routine starts by making the output bit of
the selected 10 pin zero - this will cause the successive PULSOUT to be low-high-low as required for
triggering the PING))) sensor. After the trigger pulse falls the sensor will wait about 200 microseconds
before transmitting the ultrasonic burst. This allows the BS2 to load and prepare the next instruction.
That instruction, PULSIN, is used to measure the high-going pulse that corresponds to the distance to
the target object.

The raw return value from PULSIN must be scaled due to resolution differences between the various
members of the BS2 family. After the raw value is converted to microseconds, It is divided by two in
order to remove the “"retumn trip" of the echo pulse. The value now held in rawDistis the distance to the
target in microseconds.

Conversion from microseconds to inches (or centimeters) is now a simple matter of math. The generally-
accepted value for the speed-of-sound is 1130 feet per second. This works out to 13,560 inches per
second or one Inch in 73.746 microseconds. The question becomes, how do we divide our pulse
measurement value by the floating-point number 73.746?

Another way to divide by 73.746 is to multiply by 0.01356. For new BASIC Stamp users this may seem a
dilemma but in fact there is a special operator, **, that allows us to do just that. The ** operator has
the affect of multiplying a value by units of 1/65,536. To find the parameter for ** then, we simply
multiply 0.01356 by 65,536; the result is 888.668 (we'll round up to 889).

Conversion to centimeters uses the same process and the result of the program is shown below:

& ;
Com Port: Baud Rate: Paily:
DataBits: Flow Control: O X DIR RTS
O BX O DSR O CTs

AR

(L TTORRUUL IRV &
L‘WVVVVVVVV \'?j

CENITALTITE UL S W U] ’
. v
4 >
Macros... Pause Cleas Close Echo OH
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File....... Ping Demo.BS2

Purpose.... Demo Code for Parallax Ping Sonar Sensor
Author..... Parallax, Inc.

E-mail..... support@parallax.com

Started....

Updated.... 08 JUN 2005

{$sTaMP BS2}
{$PBASIC 2.5}

e i o e e e T 2 - s

This program demonstrates the use of the Parallax PING))) sensor and then
converting the raw measurement to English (inches) and Metric (cm) units.

Sonar Math:

At sea level sound travels through air at 1130 feet per second. This
equates to 1 inch in 73.746 uS, or 1 cm in 29.034 us).

Since the PING))) sensor measures the time required for the sound wave to
travel from the sensor and back. The result -- after conversion to
microseconds for the BASIC Stamp module in use -- is divided by two to
remove the return portion of the echo pulse. The final raw result is

the duration from the front of the sensor to the target in microseconds.

#SELECT $STAMP

#CASE BS2, BS2E

Trigger CON 5 ' trigger pulse = 10 uS
Scale CON $200 ' raw X 2.00 = uS
#CASE BS2SX, BS2P, BS2PX
Trigger CON 13
Scale CON $0CD ' raw x 0.80 = uS
#CASE BS2PE
Trigger CON 5
Scale CON $1E1 ' 'raw x 1.88 = uS
#ENDSELECT ’
RawToIn CON 889 ''1 / 73.746 (with **)
RawToCm CON 2257 "1 / 29.034 (with *¥)
IsHigh CON 1 ' for PULSOUT
IsLow CON B

® Parallax, Inc. « PING)))™ Ultrasonic Range Finder (#28015) + 06/2005
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rawDist VAR Word
inches VAR Word
em VAR Word
L, { Initialization )
Reset:
DEBUG CLS,
“Parallax PING))) Sonar",
" mososmoooooSoom=oooso==W
CR,
"Time (usS).....
“"Inches........
"Centimeters...
' omaaaa [ Program Code ]
Main:
Do .
GOSUB Get_Sonar

inches = rawDist ** RawToIn

cm = rawDist ** RawToCm

DEBUG

CRSRXY, 15, 3,

DEC rawDist, CLREOL,

CRSRXY, 15, 4,
DEC inches, CLREOL,
CRSRXY, 15, 5,
DEC cm, CLREOL

PAUSE 100
LOOP
END
! meena [ Subroutines ]

Get_Sonar:

the echo pulse.

Ping = IsLow

PULSOUT

PULSIN Ping, IsHigh, rawDist

rawDist
rawDist
RETURN

© Parallax, Inc, - PING)))TM Ultrasonic Range Finder (#28015) - 06/2005

Ping, Trigger

= rawDist */ Scale
= rawDist / 2

This subroutine triggers the Ping sonar sensor
The raw value from the sensor is converted to
microseconds based on the Stamp module in use.
divided by two to remove the return trip -- the result value is
the distance from the sensor to the target in microseconds.

- - e -

raw measurement

setup report screen

get sensor value
convert to inches
convert to centimeters

update report screen

and measures

This value is

make trigger 0-1-0
activate sensor
measure echo pulse
convert to u$
remove return trip
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Program Example: BASIC Stamp 1 Microcontroller

]
]
]
]
)
[}
[}
]
L
1
t
]

File....... Ping_Demo.BS1

Purpose.... Demo Code for Parallax Ping Sonar Sensor
Author..... Parallax, Inc.

E-mail..... support@parallax.com

Started....

Updated.... 03 FEB 2005

{$sTamP BS1}
{$pBASIC 1.0}

This program demonstrates the use of the Parallax PING))) sensor and then
converting the raw measurement to English (inches) and Metric (cm) units.

Sonar Math:
At sea level sound travels through air at 1130 feet per second. This
equates to 1 inch in 73.746 uS, or 1 cm in 29.034 us).

Since the PING))) sensor measures the time required for the sound wave to
travel from the sensor and back. The result -- after conversion to
microseconds for the BASIC Stamp module in use -- is divided by two to
remove the return portion of the echo pulse. The final raw result is

the duration from the front of the sensor to the target in microseconds.

SYMBOL Trigger =1 ' 10 uS trigger pulse
SYMBOL Scale = 10 ' raw X 10.00 = uS
SYMBOL RawToln = 889 ''1 / 73.746 (with *¥*)
SYMBOL RawToCm = 2257 ''1 / 29.034 (with *¥*)
SYMBOL IsHigh =1 ' for PULSOUT

SYMBOL IsLow =0 .

SYMBOL rawDist = Wl ' raw measurementl
SYMBOL inches = W2
SYMBOL cm = W3
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Main:
GOSUB Get_Sonar ' get sensor value
inches = rawDist ** RawTolIn ' convert to inches
cm = rawDist ** RawToCm ' convert to centimeters

DEBUG CLS ' report
DEBUG "Time (uS)..... v, #rawDist, CR

DEBUG "Inches........ v, #inches, CR

DEBUG "Centimeters... ", #cm

PAUSE 500
GOTO Main

END

' This subroutine triggers the Ping sonar sensor and measures

' the echo pulse. The raw value from the sensor is converted to
' microseconds based on the Stamp module in use. This value is

' divided by two to remove the return trip -- the result value is
' the distance from the sensor to the target in microseconds.

Get_Sonar:
LOW Ping ' make trigger 0-1-0
PULSOUT Ping, Trigger ' activate sensor
PULSIN Ping, IsHigh, rawDist ' measure echo pulse
rawDist = rawDist * Scale ' convert to uS
rawDist = rawDist / 2 ' remove return trip
RETURN
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Program Example: Javelin Stamp Microcontroller

This class file implements several methods for using the PING))) sensor:

pa

ckage stamp.peripheral.sensor;

import stamp.core.*;

/*

* * % % % % % * * ¥ ¥ * * *

*

*
This class provides an interface to the Parallax PING))) ultrasonic
range finder module.
<p>
<i>Usage:</i><br>
<code>
Ping range = new Ping(CPU.pino0) ; // trigger and echo on PO
</code>
<p>
Detailed documentation for the PING))) Sensor can be found at: <br>
http://www.parallax.com/detail.asp?product_id=28015
<p>

@author Jon Williams, Parallax Inc. (jwilliams@parallax.com)
@version 1.0 03 FEB 2005
/

public final class Ping {

private int ioPin;

/**
* Creates PING))) range finder object
*

* @param ioPin PING))) trigger and echo return pin
*/

public Ping (int ioPin) {
this.ioPin = ioPin;

}

/** ,
* Returns raw distance value from the PING))) sensor.
*

* @return Raw distance value from PING)))
*/
public int getRaw() {

int echoRaw = 0;
CPU.writePin(ioPin, false); // setup for high-going pulse
CPU.pulseOut (1, ioPin); // send trigger pulse

echoRaw = CPU.pulseIn(2171, ioPin, true); // measure echo return

// return echo pulse if in range; zero if out-of-range
return (echoRaw < 2131) ? echoRaw : 0O;
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/*
* The PING))) returns a pulse width of 73.746 uS per inch. Since the
* Javelin pulseIn() round-trip echo time is in 8.68 uS units, this is the
* game as a one-way trip in 4.34 uS units. Dividing 73.746 by 4.34 we
* get a time-per-inch conversion factor of 16.9922 (x 0.058851).
*
* Values to derive conversion factors are selected to prevent roll-over
* past the 15-bit positive values of Javelin Stamp integers.
*/
/**
* @return PING))) distance value in inches
*/
public int getIn()
return (getRaw() * 3 / 51); // raw * 0.058824
}
/**
* @return PING))) distance value in tenths of inches
*/
public int getInlo() {
return (getRaw() * 3 / 5); // raw / 1.6667
}
/*

* The PING))) returns a pulse width of 29.033 uS per centimeter. As the
* Javelin pulseIn() round-trip echo time is in 8.68 uS units, this is the
* gsame ag a one-way trip in 4.34 uS units. Dividing 29.033 by 4.34 we

* get a time-per-centimeter conversion factor of 6.6896.
*
*
*

Values to derive conversion factors are selected to prevent roll-over
past the 15-bit positive values of Javelin Stamp integers.

/it
* @return PING))) distance value in centimeters
*/
public int getCm() ¢
return (getRaw() * 3 / 20); // raw / 6.6667
/**
* @return PING))) distance value in millimeters
*/
public int getMm() { .
return (getRaw() * 3 / 2); // raw / 0.6667
}

}
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This simple demo illustrates the use of the PING))) ultrasonic range finder class with the Javelin Stamp:

import stamp.core.*;
import stamp.peripheral.sensor.Ping;

public class testPing {
public static final char HOME = 0x01;
public static void main() {

Ping range = new Ping(CPU.pin0);
stringBuffer msg = new stringBuffer();

int distance;

while (true) {
// measure distance to target in inches
distance = range.getIn();

// create and display measurement message
msg.clear();

msg . append (HOME) ;

msg . append (distance) ;

msg.append (® \" \n");
System.out.print(msg.toString());

// wait 0.5 seconds between readings
CPU.delay(5000) ;

© Parallax, Inc. » PING)))™ Ultrasonic Range Finder (#28015) - 06/2005
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19-0175; Rev 3; 5/96

+15kV ESD-Protected, +5V RS-232 Transceivers

General Description

The MAX202E-MAX213E, MAX232E/MAX241E line
drivers/receivers 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
receivers for all ten devices meet all EIATIA-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
60% less board space. The MAX202E/MAX232E come
in 16-pin narrow SO, wide SO, and DIP packages. The
MAX203E comes in a 20-pin DIP/SO package., and
needs no external charge-pump capacitors. The
MAX205E comes in a 24-pin wide DIP package, and
also eliminates external charge-pump capacitors. The
MAX206E/MAX207E/MAX208E come in 24-pin SO,
SSOP, and narrow DIP packages. The MAX232E/
MAX241E operate with four 1uF capacitors, while the
MAX202E/MAX206E/MAX207E/MAX208E/MAX211E/
MAX213E operate with four 0.1pF capacitors, further
reducing cost and board space.

Applications

Notebook, Subnotebook, and Patmtop Comiputers
Battery-Powered Equipment
Hand-Held Equipment

Ordering Information appears at end of data sheet.

M AKX

Features
¢+ ESD Protaction for RS-232 I/O Pins:
+15kV—Human Body Model
+8kV—IEC1000-4-2, Contact Discharge
£15kV—IEC1000-4-2, Air-Gap Discharge

4 Latchup Free (untike bipolar equivalents)

+ Guaranteed 120kbps Data Rate—LapLink™
Compatible

¢+ Guaranteed 3V/us Min Slew Rate
+ Operate from a Single +5V Power Supply

Pin Configurations

T0P VIEW
.

o1 [16] vec

v [2] 1] GnD
oG] smaaaa [l ow

e (o] maxzoz ] run
c % maxz3zt % RI0U!

v-[g] 1] v

toout 7] [i0] 12
raw 5] 9] reour

DIP/SO

Pin Configurations and Typical Opérating Circuits continued at

end of data sheel.

Selection Guide

PART No.ofRS-232 | No. of RS-232 ngﬁw"':&s sx?’gh‘:m. LOW-POWER | TTL THREE-
DRIVERS RECEVERS | HUTNERL | capacioRs | SHUTDOWN STATE
MAX202E 2 2 0 4 (0.1pF) No No
MAX203E 2 2 0 None No No
MAXZ05E 5 5 0 None Yes Yos
MAXZ06E | a 3 0 3(0.1pP) Yes Yes
MAX207E | [ 3 0 4 (0.1pF) No No
MAX208E 3 3 0 2 0.1pF) No No
MAXZI1E 3 5 0 4 0.1pF) Yes Ves
MAX213E ] 5 2 2 (0.1F) Yes Ves
MAX232E 2 2 0 4 (1pF) No No
MAGHE | ] 5 0 4 (F) Yos Yos

Laplink Is a registered trademark of Traveling Software, Inc.

MAXIM

Maxim Integrated Products 1
For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS
Vee 0.3V to +6V
V+ (Vcc - 0.3V) to +14V
V- -14V10 +0.3V
Input Voltages
T_IN -0.3V1io (V+ + 0.3V)
R_IN +30V
QOutput Voltages
T_OUT (V- - 0.3V) to (V+ + 0.3V)
R_OUT -0.3Vio (Ve + 0.3V)
Shost-Circuit Duration, T_OUT Continuous

Continuous Power Dissipation (TA = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mwW
16-Pin Narrow SO (derate 8.70mW/"C above +70°C) .....696mW
16-Pin Wide 30 (derate 9.52mwW/*C above +70°C) ......762mW
20-Pin Plastic DIP (derate 11.11mW/*C above +70°C)...889mW

20-Pin SO (derate 10.00mW/*C above +70°C)............8B00mMW

24-Pin Narrow Plastic DIP

{derate 13.33mW/°C above +70°C) ... L

24-Pin Wide Plastic DIP

{derate 14.29mW/*C above +70°C)......cccevnnee

24-Pin SO (derate 11.76mW/°C above +70°C)....

24-Pin SSOP (derate 8.00mW/°C above +70°C}).

28-Pin SO (derate 12.50mW/*C above +70°C)....

28-Pin SSOP (derate 9.52mW/"C above +70°C) ..........
Operating Temperature Ranges

MAX2_  _EC_ 0°Cto +70°C

MAX2_ _EF_ -40"C 10 +85°C
Storage lemperature Range .. .. . .-65°C o +165°C
Lead Temporature (soldering, 1050C) .. +300°C

Stresses beyond those listed under "Absolute Maximum Ralings® may couse pornanent dimage o the device. These ine siress tatngs only, and lunetionil
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not imphed. Exposure lo
absotute maximum rating conditions for extended periods may affect device refinbility.

ELECTRICAL CHARACTERISTICS

(Vcc = +5V £10% for MAX202E/206E/208E/211E/213E/232E/241E; VcC = +5V +5% for MAX203E/205E/207E: C1-C4 = 0.1pF for
MAX202E/206€/207E/208E/211E/213E; C1-C4 = 1yF for MAX232E/241E: Ta = TMIN 1o TmAX: unless otherwise noted. Typical values

area2t TA= +25°C)

PARAMETER JsymBoL | CONDITIONS MIN TYP MAX |UNITS
DC CHARACTERISTICS
MAX202F/203€ 8 15
MAX205E-208F 1 20
Vcc Supply Current Icc Noload, Ta = +25°C MAX211E/213E 14 20 mA
MAX232k ] 5 10
MAX241E 7 15
{ MAX205€/206E ) 10
Shutdown Supply Current Ta = +25°C, Figure 1 MAX211E/241E 1 10 pPA
MAX213¢ 15 50
LOGIC
Input Pull-Up Current T_IN - OV (MAX205k -208t /211F12131/241F) 15 200 7y
Input Leakage Cutrent T_IN = OV to Vcc (MAX202t/203t /232F) +10 pA
1_IN; EN, SADN (MAX213t) o1
nput Threshald |.ow VU1 ER, SHON (MAX2051: -208H/2111 72411) 08 v
TN 20
input Threshold High Vi | EN, SHDN (MAX213F) or EN, SHDN 24 v
(MAX205E-208E/211F/241F) '
R_OUT: louT = 3.2mA {MAX202E/203E/232E) of
Output Voltage Low VOL | 101 = 1.6mA (MAX205E/208E/211E/213E/241E) 0.4 v
QOutput Voltage High VoH R_OUT: touT = -1.0mA 3.5 Ve - 0.4 v
EN = Ve, EN = OV, OV < Rout s Vee. -
Output Leakage Current MAX205E-208E/211E/213E/241t outputs disabled ) I
2 MAXIMN




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +5V £10% for MAX202E/206E/208E/211E/213E/232E/241E; VCC = +5V 5% for MAX203E/205E/207E; C1-C4 = 0.9pF for
MAX2029206E120)7E1208H211E12135: C1-C4 = 1yF for MAX232E/241E: TA = TmiN 1o Tmax: unless otherwise noted. Typical values
are gt Ta = +25°C.

PARAMETER | symBoL | CONDITIONS [ mIN TYP  MAX | UNITS
EIA/TIA-232E RECEIVER INPUTS
Input Voltage Range -30 30 v
All parts. normal operation 0.8 1.2
Ta = +25°C,
Input Threshold Low Vee = 5V MAX213E. SHDN = OV, 06 15 v
EN = Vcc
. 25°C All parts. normal opesation 17 24
Input Threshold High Vee o 25°C [wax2i3e (va. R5), s 24 v
SHON - OV. EN - Voo :
tnput Hysteresis Vece = 5V. no hysteresis in shutdown 02 0.5 1.0 v
Input Resistance Ta = +25°C, VcC = 5V 3 5 7 k2
EIA/MA-232E TRANSMITTER OUTPUTS
Output Voltage Swing All drivers loaded with 3k£2 to ground (Note 1) +5 +9 v
Output Resistance Vce = V+ = V- = OV, Vout = +2V 300 [¢]
Output Shont-Circuit Current =10 +60 mA
TIMING CHARACTERISTICS
RL = 3k to 7k, CL = 50pF to 1000pF.
Masimum Data Rate one transmitter switching 120 kbps
All parts, normal operation 0.5 10
Receiver Propagation Delay PLHR | c1~ 150pF MAX213E (R4, RS), . w |
SHDN = OV. EN = Vce i
MAX205E/206€/211E/213E/241E normal
Receiver Output Enable Time operation, Figure 2 600 ns
. ! MAX205E/206E/211E/213E/241E normal
Receiver Output Disable Time operation, Figure 2 200 ns
Transmitter Propagation Delay ‘{; ';::‘; RL = 3kQ2, Cp = 2500pF. ail ransmitters toaded 2 ps
TA - +25°C, Vee 5V. R 3k€210 Tk,
Transition-Region Stew Rate Cy = 50pF to 1000pf, measured trom -3V 10 3 6 30 Viys
' +3Vor +3Vio -3V, Figure 3
ESD PERFORMANCE: TRANSMITTER QUTPUTS, RECEIVER INPUTS
Human Body Mode! +15
ESD-Protection Voliage IEC1000-4-2, Contact Discharge +8 kv
IEC1000-4-2, Air-Gap Discharge +15

Note 1: MAX211EE_ _ tested with Vce = +5V £5%.

MAXIMNM 3
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics
(Typical Operating Circuits, Vec = +5V. Ta = +25°C, unless otherwise noted.)

MAX232E MAX202E/MAX203E MAX241E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE
00 vs. LOAD CAPACITANCE a0 vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE
ALL TRANSMITTERS LOADED ALL TRANSMITERS LOADED |2 8o ALL TRANSMITTERS LOADED |2
DATA RATE = 1208895 DATA RATE = 1200005 |2 \ | oaTaraTE<12000ps , |E
15 Res 1 5 R - 340 15 N L N e L
D T | NN
s A [ s 0 P 1 s ™ \\ Vg 55V
) g,
3 \\ Voc = 5.5V g ) N Voc -5 a \\ V'
65 XA * 65 _VE: v \ r4 g. 65 Ny N
§ VG« 5.0V § AV 2 N\
60 N N N 8 N\ Ve « 500N\
60 q 60
N | N \
s$ Vi *\ ™ \\\\\ 55 \‘\\\\\\ 55 Ve Aty \\\\ \
cc e Voc - 4.4V cx; + 44
50 L N 50 L1 NN 0 L1 N \\ ™
O 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pf) LOAD CAPACITANCE (pF)
MAX211E/MAX293E MAX211E/MAX213E/MAX241E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
s, LOAD CAPACITANCE vs. LOAD CAPRCITANCE
a0 LI O ™ 30 T T T T g
ALL TRANSMITTERS LOADED lg AL ISR (A0 §
DATA RATE = 120kbps - 120kbp5
15 \ R3O 1 2% Ra3 |
\ 5 \
s 10 \\ ' Ea 20
-
g 65 N Vo sw £
§ 60 A 4 E 10 \‘
N \\\ SLIWRATE
55 \‘ ANA s |- o Y
\ \ N SHWRAL [ty
5o [Yog 48 ad-vp sV 0
0 1000. 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (oF) LOAD CAPACITANCE (oF)
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+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics (continued)
(Typical Operating Circuits, Vcc = +5V, Ta = +25°C, unless otherwise noted.)

MAX202E/MAXZ03E/MAXZI2E MAX205E-MAX208E MAX205E-MAX208E
TRANSMITTER SLEW RATE TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE " vs. LOAD CAPACITANCE
14 15 7 T "
ALL TRANSMITTERS LOADED | 20k0ps | | w Ldve-awr s [ T TR
DAI.\mtﬂmhbm__g e e I e ) N N \ | ! TRANSMITILR AT TULL DATA RATE |3
2 'Y Ry = 302 50 i_[120kbps) 16 [} 4 TRANSMITTERS AT 1/8 DAIA RATE |7
- s 240kbps
= Y | g oM
é. 10 N W 25 1 E
= \\ = Vee - A5V Ry - 3k f @ 2" P - e
Wy e 8 o |-1IRANSMITIERATTULLOAIARAIE—] % ok
& NI stewnre 5 A TRANSMITIERS Al wsmmrmul % P AN
ﬁ 6 \‘ | E 25 &
NI @ e
+SLEW RATE ™) ™ s O o 4
4 ~—]| 5.0 = T |
e 2 =
2 | I 20kbps |
15 0
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pf)
MAX205E-MAX208E
SUPPLY CURRENT MAX205E-MAX208E
vs. LOAD CAPACITANCE OQUTPUT VOLTAGE vs. DATA RATE
50 100 o
1T 13 i
240kbps [ i Lz
45 | i 1T I ] i
E //17 s 50 Vour+ =
o P
z o /’ b = g &5 _VJ_TEW"F{" il
o ) cc St EL S
g . P P 3 o |1 IRANSMITIER AT TULL DATA RAIE
o LA = = 4 TRANSMITTERS A1 1/8 DATA RATE
b1 = a = ] b | —
g A ] bps —| 5 ' I 11T T
3 - ___d___I—--— B Vour
2 |-Vec = A8V, Ry - 3k —1
1 TRANSMITTLR AT FULL DATA RATE 5 v
4 TRANSMITTERS AT 1/8 DATA RATE
2 AR TERS AT B DAT 100
0 1000 2000 3000 4000 5000 0 30 G0 90 120 150 180 210 240
LOAD CAPACITANCE (pF) DATA RATE (xbps)
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MAX202E-MAX213E, MAX232EMAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions

MAX202E/MAX232E
PIN
DIPISO LcC NAME FUNCTION
1.3 2.4 C1+,C1- Tosminals for positive chinge-pump capacitr
2 3 V+ +2Vcc vollage gencrated by the charge pump
4.5 5.7 C2+, C2- Terminals for negative charge-pump capacitor
6 8 V- -2Vcc voltage generaled by the charge pump
7.14 9,18 T_OUT RS-232 Driver Qutputs
8,13 10, 17 RIN | RS-232 Recciver Owlpuis
9,12 12,15 R_OUT RS-232 Receiver OQulpuls
10, 11 13,14 TN RS-232 Driver Inputs
15 19 GND Ground
16 20 Vee +4.5V 1o +5.5V Supply-Voliage Input
—_ 1.6,11,16 N.C. No Connect—nol internally connected.
MAX203E
L NAME FUNCTION
Dip SO
1,2 1.2 T_IN RS-232 Driver inputs
3,20 3.20 R_OUT RS-232 Receiver Quiputs
4,19 4,19 R_IN RS-232 Receiver Inputs
5,18 5.18 T_OUuT RS-232 Transmitter Outputs
6.9 6.9 GND Ground
7 7 Vee +4.5V to +5.5V Supply-Voltage Input
8 13 Cl+ Make no connection (o this pin.
10, 16 11,16 C2- Connect pins together,
12,17 10,17 V- -2Vee voltage genoraled by the charge pumg. Connect pins logether,
13 14 C1- Mitke no connection lo this pin.
14 8 Vs +2Vcc voltage generaled by the charge pump
11,15 12,15 C2+ Connect pins together.
MAX20SE
PIN NAME FUNCTION
1-4,19 T_OUT .| RS-232 Driver Outputs
5,10, 13,18, 24 R_IN RS-232 Receiver Inpuls
6.9,14,17, 23 R_OUT TTU/CMOS Receiver Outputs. All receivers are inactive in shutdown.
7.8, 15, 16, 22 T_iN TTUCMOS Driver Inputs. Intemal pull-ups to Vec.
1 GND Ground
12 Vee +4.75V to +5.25V Supply Voltage
20 EN Receiver Enable—active low
21 SHDN Shutdown Control—active high
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX206E
PIN NAME e FUNCTION o
1.2,3.24 [ V]] RS-232 Diiver Outpurts
4,16, &3 R_IN RS-232 Receiver Inputs
5,17, 22 R_OUT TTL/ICMOS Receiver Cutputs. All receivers are inaclive in shutdown,
6,7,18,19 T_IN TTL/CMOS Driver Inputs. Intesnal pull-ups to Vec.
8 GND Ground
9 Vee +4.5V to +5.5V Supply Voltage:
10,12 C1+,C1- Terminals for positive charge-pump capacitor
11 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 EN Receiver Enable—active low
21 SHDN Shutdown Control—active high
MAX207E
PIN NAME FUNCTION
1.2,3,20 24 T_OUT RS-232 Driver Outputs
4,16, 23 R_IN RS-232 Receiver Inputs
5,17, 22 R_OUT TTLCMOS Receiver Outputs. All receivers are inactive in shutdown.
6.7,18,19, 21 T_IN TTUCMOS Driver Inputs. Internal pull-ups to e,
8 GND Ground
9 Ve +4.75V to +5.25V Supply Vollage
10, 12 Ci+. C1- Terminals for positive charge-pump capacitor
1" Ve +2VcC generated by the charge pump
13,14 C24, C2- Terminals for negalive chirge-pump capacitor
15 V- -2Vee genented by the charge puinp o o
MAX208E
PIN NAME FUNCTION
1.2, 20,24 T_OUT RS-232 Driver Qulputs
3,2,16,23 R_IN RS-232 Receiver inputs
4,6,17, 22 ROUT " | TTL/ICMOS Receiver Outputs. All receivers are inactive in shuldown,
5.18, 19, 21 TN TTL/CMOS Driver Inputs. Internal pull-ups to Vcc.
8 GND Ground
9 Vee +4.5V to +5.5V Supply Vollage
10, 12 C1+ C1- | Terminals for positive charge-pump capacitor
1 V+ +2Vce generated by the charge pump
13,14 C2+, C2- [ Terminals for negative charge-pump capacitor
15 V- -2Vcc generated by the charge pump

MAXIMN 7
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MAX202E-MAX213E, MAX232E/MIAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX211E/MAX213E/MAX241E
PIN NAME FUNCTION
1,2,3.28 T_OUT RS-232 Drives Outputs
4,9, 18, 23, 27 R.IN RS-232 Receiver Inputs
5.8.19, 22, 26 R_OUT TTL/CMOS Receiver Outputs. For the MAX213E, receivers R4 and R5 are aclive in shutdown
CTr T e mode when EN = 1. For the MAX211E and MAX241E, all receivers are inactive in shutdown.
6.7, 20, 21 TN TTUCMOS Driver Inputs. Only the MAX211E. MAX213E. and MAX241E have internal pull-ups to \oc,
10 GND Ground
11 Vee +4.5V 10 +5.5V Supply Voltage
12,14 C1+,C1- | Terminals for posliiva charge-pump capacitor
13 V+ +2Vcc vohage generaled by the charge pump
15, 16 C2+, C2- | Terminals for negative charge-pump capacitor
17 V- -2Vcc vollage generated by the charge pump
24 EN Receiver Enable—active low (MAX211E, MAX241E)
EN Receiver Enable—active high (MAX213E)
25 SHDN Shutdown Control—active high (MAX211E, MAX241E)
SHDN Shutdown Control—active low (MAX213E)
S5V —e M—.’ Y &3
= O 7 in W3V
0.tyufF® T 0.1pF* INPUT
o
iy | [at— outPur enasLr 1
OWF* | o
_) 'L_L X
v MOCTE T G 4
. = RICEVIR 08V
LA i P outryl Dmnaan
€y - 150pF
3V
+5.5V i
N __ov
85V NOTE: NP
| ‘% DoAY OF i —»]|  |a— OuIPur DISABLE TME
OVOR 455V = t?ervmsm e “_V.T Vo 01V
HOR T v te .
PRVE __ MAX? 1 ants el
5.5V (0v) ] SHDN (SHDN) Ty s 0av
GND =
{ ) ARE FOR MAX213E L CAPACITORS MAY 8¢
* tF FORMAX241E = POLARIZCD OR UNPOLARIZED

Figure 1. Shutdown-Curent Test Circuit (MAX206E,

MAX211E/MAX213EMAX241E)

Figure 2. Receiver Output Enable and Disabic Timing

(MAX205E/MAX206E/MAX21 LE/MAX213EMAX241E]
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+15kV ESD-Protected, +5V RS-232 Transceivers

-
OV (+5V) ]

OV (+5V) ] SHON (SHDM)

MINIMUM SLEW-RATE TEST CIRCUIT

() ARL FORMAX2131
* 13tk FOR MAX232L/MAX2411

TRANSMITTER INPUT PULL-UP RESISTORS, ENABIE, AND SHRTOOWN ARE NOT PROVIDED ON 11 MAXZ0 . MAX03E, ANDMAX23)]
ENASLE AND SIUIDOWN ARL. NOI PROVIDED ON 1011 MAX2071 AND MAX2041 .

5V — AY s
o 2 4
-1 0.0pt°
T
" cre Veo Ve
o.lpf'Ji_ .
T MAXIMN |onF

mxz £ v |.1_L

OV (+5V) ] SHON (SHON)

MAXIMUM SLEW RAIE TEST CIRCUIT

Figure 3. Transition Slew-Rate Circuit

Detailed Description

The MAX202E-MAX213E, MAX232E/MAX241E consist of
three sections: charge-pump voltage converters,
drivers (transmitters), and receivers. 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

MAXIMN

into -10V, storing the -10V on the V- output filter
capacitor, C4. .

In shutdown mode, V+ is internally connected to Vcc by
a 1k 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
EIA/TIA-232E and V.28 specifications that call for +5V
minimum output levels under worst-case conditions.
These include a 3k load, minimum Vcc. 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 Voe
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.
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

When In low-power shutdown mode, the MAX205E/
MAX206E/MAX211E/MAX213E/MAX241E driver outputs
are turned off and draw only leakage currents—even if
they are back-driven with voltages between 0V 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 aflows 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
recelvers shorted to ground have a logic 1 output. The
5kQ input resistance to ground ensures that a receiver
with its input left cpen will also have a logic 1 output.

Receiver inputs have approximately 0.5V hysteresis.
This provides clean output transitions, even with slow
rise/fall-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
(MAX205EMAX206EMAX211E/
MAX213EMAX241E)
In shutdown mode, the charge pumps are turned off,
V+ is pulled down to Vcc, V- is pulled to ground, and
the transmitter outputs are disabled. This reduces
supply current typically to 1pA (15pA for the MAX213E).
The time required to exit shutdown is under 1ms, as
shown in Figure 5.

Recelvers
All MAX213E receivers, except R4 and RS, are put into
a high-impedance state in shutdown mode (see Tables
1a and 1b). The MAX213E's R4 and RS 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 C1e S2
Voo —4 P—O/ ;

+
]

ik
!

GND

S
=

PR S,
[
.
1
1
1
'
.
'
]
[

PART

MAX202€
MAX2031
MAX2061 - 2081
MAX2 11172131
MAX2321

| mngane |

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 R5 have no hysteresis.

When entering shutdown with receivers active, R4 and
RS are not valid until 80ps after SHDN is driven low.
When coming out of shutdown, all receiver outputs are
invalid until the charge pumps reach nominal voltage
levels (less than 2ms when using 0.1pF 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 cutputs 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 withstand high ESD in al!
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 recelver inputs of this product
family are characterized for protection to the following
limits:
1) +15kV using the Human Body Model

2) 8KV using the contact-discharge method specified
inIEC1000-4-2

3) 215KV 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
test set-up, test methodology, and test resuits.

' Human Body Model

Figure 62 shows the Human Body Model, and Figure

6b shows the current waveform it generates when

discharged into a low impedance. This model consists

of a 100pF capacitor charged to the ESD voltage of

. interest, which Is then discharged into the test device
through a 1.5kQ resistor.

MAXIMN

MAX211E
v SHDN
ov
v
Ve
v
ov
-5V V-
-10v
20035/div

Figure 5. MAX211E V+ and V. when Exiting Shutdown (0. 1uf
capacitors)

Table 1a. MAX205E/MAX206E/MAX211E/
MAX241E Control Pin Configurations

SHON | EN | OTERATION ™ Rx
o |o g;’:‘;'io L | Anacive All Active
0o |1 g&:‘:&on Al Active All High-2
1 | X [Shudown | Aukighz | AutHigh-2

X DoutCare

Table 1b. MAX213E Cbntrol Pin
Configurations

OPERATION Rx
SHDN | EN STATUS Tx1-4 Y a5
0 0 | Shutdown AllHigh-Z | High-Z | High-Z
0 1 | Shutdown AllHigh-7| High-7 | Active*
Normal " . "
1 0 Operation All Active | High-Z | High-Z
Normat . . .
1 1 Operation All Active Aclive Active
“Active = active with reduced performance
1
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Rc M
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Figure 6. Human Body Model Current Waveform R ¥
‘ | S S , 1

IEC1000-4-2
The IEC1000-4-2 standard covers ESD testing and
performance of finished equipment; it does not
specifically refer to integrated circuits. The
MAX202E/MAX203E-MAX213E, MAX232E/MAX241E
help you design equipment that meets level 4 (the
highest lever) of IEC1000-4-2, without the need for
additional ESD-protection components.

The major difference between tests done using the
Human Body Model and IEC1000-4-2 Is higher peak
current in IEC1000-4-2, because series resistance is
lower in the IEC1000-4-2 model. Hence, the ESD
withstand voltage measured to IEC1000-4-2 is
generally lower than that measured using the Human
Body Model. Figure 7b shows the current waveform for
the BkV IEC1000-4-2 level-four ESD contact-discharge
test,

12

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 Mode!
The Machine Modet 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. Therefore, after PC board assembly, the
Machine Mode! is less relevant to /O ports.
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+15kV 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 0.1uF capacitors,
and the MAX232E and MAX241E require 1pF
capacitors, although in all cases capacitors up to 10jF
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 excassively
as the operating temparature varles. If in doubt, use
capacitors with a larger (e.g.. 2x) nominal value. The
capacitors’ effective series resistance (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 useful when
“stealing” power from V+ or from V-. The MAX203E and
MAX205E have internal charge-pump capacitors.

Bypass Vcc to ground with at least 0.1pF. 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 output swing and
noise margins. Increasing the value of the charge-pump
capacitors (up to 10pF) helps maintain performance
when power is drawn from Vi or V-,

Driving Multiple Receivers
Each transmitter is designed to drive a single receiver.
Transmitters can be paralieled 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 data 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 3kQ2 to 7kS2 loaa +5V10 +15V
Driver Qutput Voltage
1level Ik 10 TRE2 doindd SV 16V
Driver Quipurt Leve), Max No foied 120V
Data Rate 3kQ <Ry S 7kQ. C < 2500pF Up to 20kbps
O Level 13V 15V
Receiver Input Voltage
1 Level -3Vio 15V
Receiver Input Level +25V
Instanianeous Slew Rate, Max kQ <R S 7kQ, C. S 2500pF 30Vips
Driver Output Short-Circuit Current, Max 100mA
v.28 1ms or 3% of the period
Transition Rate on Driver Output
EINTIA-232E 4% of the period
Driver Qutput Resistance -2V < Voyr < +2V 3000

MAXIMN
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MAX202E-MAX213E, MAX232E/NIAX241E

+15kV ESD-Protected,

Table 3. DB9 Cable Connections

Commonly Used for EIA/TIAE-232E and

V.24 Asynchronous Interfaces

+5V RS-232 Transceivers

PIN CONNECTION
Received Line Signal
Detector (sometimes
1 called Carrier Detect, Handshake from DCE
DCD)
Receive Data (RD) Data from DCE
Transmit Data (TD) Data from DTE
Data Terminal Ready Handshake from DTE
: N Reference point for
5 Signa! Ground signals
6 Data Set Ready (DSR) Handshake from DCE
7 Request to Send (RTS) Handshake from DTE
8 Ctear to Send (CTS) Handshake from DCF
9 Ring Indicator Handshake from DCE
Pin Configurations and Typical Operating Circuits (continued)
+5VINPUT 1
TOPVIEW R ol
T 6.3V
= |
e ' vee . 2 21V
o -ET “ woaw Y
W T ¢ vor G bouBtiR
o]’ ~ 16] ve Oli‘&_‘cz 10V 10 10V o
f pf * ’ : I
c Yov T4 ¢ vor 1acs s icw T
Ve E E GND =
o] smansa [ul mow
N | 1oui s
e [4] mxaﬁ' [13] R - >
MAX2. 11L/CMOS RS-23?
2 LS . 12] miout s OUIRUIS
v-[g] [11] v Slofiom I o
oot 7] [10] 12mi v
w3 9] wout i .'!l‘l’!!..,,.@_.- LI (2D
1ILICMOS 5 RS-232
DIP/ISO ouTPBIS INPUTS
<3| R20ut = RN] B,
5k
PIN NUMBERS ON TYPICAL OPERATING CIRCUIT REFER TO DIP/SO PACKAGE, NOT 1CC. G\ =
* 1.04F CAPACITORS, MAX232E ONLY. T
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)

TOP VIEW
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)
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115kV ESD-Protected, +5V RS-232 Transceivers

- Pin Configurations and Typical Operating Circuits (continued)

TOP VIEW
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)

MAX202E-MAX213E, MAX232E/MAX241E
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)

TOP VIEW
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Configurations and Typical Operating Circuits (continued)

TOP VIEW

() ARE FOR MAX213E ONLY
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* 1.04F CAPACITORS, MAX241E ONLY
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+15kV ESD-Protected, +5V RS-232 Transceivers

Ordering information

PART TEMP. RANGE  PIN-PACKAGE PART TEMP. RANGE  PIN-PACKAGE
MAX202ECPE 0°Cto +70°C 16 Plastic DIP MAX208ECNG 0°Cto +70°C 24 Narow Plastic DIP
MAX202ECSE 0°Clo +70°C 16 Narrow SO MAX208F CWG 0°Cw1170°C_ 2450
MAX202ECWE 0"Clo +70°C 16 Wide SO MAX208ECAG 0°Cto +70°C 24 S50P
MAX202EC/D 0°Cto +70°C Dice* MAX208EENG -40°Clo +85°C 24 Narrow Plastic DiP
MAX202EEPE -40°Cto +85°C 16 Plastic DIP MAX208EEWG -40°C1o +85°C 24 S0
MAX202EESE -40°Cto +85°C 16 Narrow SO MAX208EEAG -40°C1o +85°C_ 24 SSOP
MAX202EEWE -40°Cto +85°C 16 Wide SO MAX211ECWI 0°Clo +70°C_ 2850
MAX203ECPP 0°Cto +70°C 20 Piastic DIP MAX211ECAI 0°Clo +70°C 28 SSOP
MAX203ECWP 0°Cto +70°C 20SO MAX211EEWI -40°C 1o +85°C  28S0O
MAX203EEPP -40°C to +85°C 20 Plastic DIP MAX211EEA -40°Clo «85°C 28 SSOP
MAX203EEWP -40"C to +85°C 20 SO MAX213ECW! 0°Cto+70°C 2880
MAX205ECPG 0°Cto +70°C 24 Wide Plastic DIP MAX213ECAI 0°Cto +70°C 28 SSOP
MAX205EEPG -40°C to +85°C 24 Wide Plastic DIP MAX213EEWI -40°Cto +85°C 28SO
MAX206ECNG 0°Cto +70°C 24 Namow Plastic DIP MAX213EEAI -40°Clo +85°C 28 SSOP
MAX206ECWG 0‘Cto +70°C 24 SO MAX232ECPE 0°Clo +70°C 16 Plastic DIP
MAX206ECAG 0°Clo +70°C 24 SSOP MAX232ECSE 0°C1lo +70°C 16 Narrow SO
MAX208EENG -40°C to +85°C 24 Narrow Plastic DIP MAX232ECWE 0°Cto +70°C 16 Wide SO
MAX206EEWG -40°C to +85°C 24 SO MAX232EC/D 0°'Cto +70°C  Dice*

MAX206EEAG -40°C to +85°C 24 SSOP MAX232EEPE -40°C to +85°C 16 Plaslic DIP
MAX207ECNG 0°Cto +70°C 24 Namow Plastic DIP MAX232EESE -40°Clo +85°C 16 Nanmow SO
MAX207ECWG 0°Cto+70°C  24SO MAX232EEWE -40°Clo +85°C 16 Wide SO
MAX207ECAG 0'Cto+70°C 24 SSOP MAX241ECWI 0°Cto +70°C_ 28SO

MAX207EENG -40°C to +85°C 24 Namow Plastic DIP MAX241ECAI 0°Ctlo +«70°C  28SSOP
MAX207EEWG -40°Cto +85°C 24 SO MAX241EEWI -40°C lo +85°C 28 SO

MAX207EEAG -40°Cto +85°C 24 SSOP MAX241EEAI -40°Cto +85°C 28 SSOP ]

MAXIMN

“Dice are specified at TA = +25°C.
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Chip Topographies

MAX202E/MAX232E

V+ C1+ Vee GND

(2.972mm)

(2.032mm)

TRANSISTOR COUNT: 123
SUBSTRATE CONNECTED TO GND

Chip Information

MAX205E/MAX206E/MAX207E/MAX208E
TRANSISTOR COUNT: 328
SUBSTRATE CONNECTED TO GND

22

R1IN—i&: 0

MAX211E/MAX213E/MAX241E

Ti0UT T40UT

T20UT TiouT R3IN
il * g -

0.174"
(4.420mm)

R4IN

R40UT
TAIN

T3IN
RSOUT

e,

c1 cz-
V+ C2+ v-

0.188"
(4.775mm)

( ) ARE FORMAX2131 ONLY

GND —3=

R5IN

TRANSISTOR COUNT: 542
SUBSTRATE CONNECTED TO GND

M AXLMAN




+15kV ESD-Protected, +5V RS-232 Transceivers

Package Information

INCHES MILLIMETERS
“ E " DIMISin [ MAX | MIN | MAX
D |t— g4 ] A - 0.200 - 5.08
= * Al o015 | - 0.38 -
+ '} A3 A2 | 0125 | 0175 | 348 | 4.45
A A2 € A3 | 0.055 | 0.080 | 1.40 | 2.03
AR f B | 0018 | 0.022 | 041 | 056
; | 81 ] 0045 | 0065 | 1.14 | 165 |
b . C | 0008 | 0012 020 | 030
L At » 4 D1 [ 0.005 | 0.080 | 0.13 | 2.03
| i 0°-15" "€ 10300 [ 0325 | 762 | 828
C—» E1 | 0.240 | 0.310 | 6.10 | 7.87
e ool N s Y 8 e o
B . b A -
6B ———-1 eB| - lo400 ) - [ 10.8
—=| j=-D1 L [0.115 m:;ios 2:12m 3.81
| o B e S v S 4 e B cmman S sents T e 1 METERS
Plastic DIP  [PKGOmM [PINSIe=mre VN MAX
PLASTIC P 1D |8 |o348]0300] 884 | 0.0
) DUAL-IN-LINE P | D | 14 ]0.735 | 0.765 | 18.67 | 19.43
PACKAGE P | D | 16 |0.745 | 0.765 | 16.92 | 19.43
P | D | 18 |0.885 | 0.915 |22.48 | 23.24
v Ao (0.300 in.) P_| D | 20 [1.015 | 1.045 | 25.78 | 26.54
N | D | 24 | 1.14 |1.265 | 28.96 | 32.13
1-0043A
pIM |——NCHES MILLIMETERS
MIN | MAX | MIN | max
A 0068 0078 | 1.73 | 1.98
A1 | 0002 | 0008 | 0.05 | 0.21
H H n u g H H—_ B ]0.010 | 0015 | 0.25 0.38
C | 0004 | 0.008 | 0.09 | 0.20
\ S * ' D SEE VARIATIONS
E N 1 E | 0205 ] 0209 | 520 | s.38
L \ e | 0.0256 BSC 0.65 BSC
+ T’ 7 H [0301 | 0311 [ 765 | 7.90
EERELE L [0025 0037 | 063 | 005
P A c L o s o r o &
. INCHES _ |MILLIMETERS]
DIM [PINS [N [ MAX | MIN [ MAX
(] D | 14 {0.239]0249] 6.07 | 6.33
_*_ SsSopP D | 16 |0.239]0.248] 607 | 6.33
- YA SHRINK Do Tosi oo oo o
]| 1 + SMALL-OUTLINE D_| 28 |0.397 | 0.407 | 10.07 | 10.33
B Al PACKAGE 2100584
| [~

MAXIM 23
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MAX202E-MAX213E, MAX232E/MAX241E

+15kV ESD-Protected, +5V RS-232 Transceivers

Package Information (continued)

o] INCHES | MILUMETERS

MIN | MAX | MIN | MAX

-~ D—» A | 0003 | 0.104 | 235 | 265

» { A1 [ 0.004 | 0.012 | 0.0 | 030

( 0.8 [ B 0014 | 0019 | 035 | 049

{A L J% % C |0.000 [ 0013 ] 023 | 032 |

/ € | 0201 | 0200 | 7.40 | 7.60
L e T o Tom i |

¢ L -] H | 0304 | 0419 | 1000 | 1065

L | 0.016 | 0.050 | 040 | 127

INCHES _|MILLIMETERS

T DIM [PINS - T T Wi [ WA

E H Wide SO D | 16 | 0.398 | 0.413 | 10.10 | 10.50

l SMALL-OUTLINE D |76 0447 [0.463 | 1135 [11.75

D | 20 [0.496 | 0.512 | 12.60 | 13.00

PACKAGE D | 24 ] 0.598] 0,614 [ 15.20 | 15.60

(0.300 in.) D [ 25 | 0.697 [ 0.713 [ 17.70 | 18.10

21-0042A

Maxim cannot assume responsibility for use of any circuitry other than circuilty entitely cinbuoglied i i Maxim plo(lu(.l No citeait patent icenses are
implied. Maxim reserves the right (o change the cicuitry and specifications without nolice at any time.

24 = Maxim Intograted Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600
© 1936 Maxim Integrated Products Printed USA MM is a registercd tradematk of Maxim Integrated Products.
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Liquid Crystal Display Modules
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Jol Malriy Liguid Crystal Display Modules
HARACTER TVRT
e FEATURES:

* Slim, light weight and low power consumption « [uiit-in nontroiler for easy intertacien

* High contrasi and wide viewing angle o L.CD mdules with et i FL or LI hackiinht
P T U ERY U S
;

M apRe RIS e .

- ADHOEICATIONS -

v :
i
+
i}
4
b
‘
e
[}
b ; :
i
e e - ] e SO U SR [, R
"M."T ‘4“ A‘E‘ o o -
nlA it anen atont
FAUASRERIAI it ate
et 2 A A
olempett - s ol temn : SN LR - 20 A0 ALY
e teop i 30 80 AL BD | -ante . An
! o oh oA i an 1
) 0 0 0 3 o A
N 40 ki3 [ 69 ]
- 55 55 55 A b
s Dewer sunply () +50 + 5.0 +h0 +50 + 5.0 50
ruteent eons:rplion (mA) °3 10 10 10 35 45 45
Forward curent
consumation (imA) 100 " 1 M0 1. 200 154
i Forward input vollage B
(V.yp.) +4.1 XA R 441 441 R
“huding cursor H : Hnrizonlal V: Verticai T Thickness (max)

h retrmal temperature compeansation

tuding €1, backlight

sed on normal lemperaltre range

ur policy is one of continues improvements we eeserve e nght to change the sparatications o I praguels in ihe cataogue = thoit notice



b oL S
L2022
L2014

* SPECIFICATIONS :

o
k.

- Standa: pradicls

L2432

L4042

ol zpecticabier

20x2

Characler Format (character x ling) 0x4 24 x 2 0N 2 A0 x 4
Model 12022 L2014 12432 L4042 M4024
Reflective - 1201400J000S 1243200J000S 140420040005 M40240AS
EL backlight - £201421J000S 124322140005 40422140005 M40249DWS
LED backlight - 1201481J000S 12432B1J000S L4042B1J05305 M40247DYS
Reflective (wide temp) L202200P000S L201400L000S 1243200L000S 1404200:000S M40240CS
LED backlight {wide lemp) L2022B1P000S L2014B1L000S L2432B1L000S L4042B1L000S M40247JYS
Character font 5x7 dols + cursor Sx7 dols + cursor Sx7 dots + cursor 5x7 dots + curscr Sx7 dols + cursor
Module Reflective 180.0x40.0x10.5 | 98.0x60.0x 11,6 | 1180x360x11.3 | 182.0x335x11.3 | 190.0 54,0 10.1
size EL backlight 1800x400x 105 | 98.0x600x 11,6 | 118.0x360x 113 | 182.0%x335% 113 190.0 » 54.0 x 10.1
HxVxT) mm_ |LED backfight 180.0x40.0x 14,8 | 98.0x60.0x158 | 1180x36.0x158 | 182.0x335x 163 | 190.0 x 540 x 16.3
Viewing area (HxV) mm 143,0x 23,0 76.0x 25.2 945x178 1544 x 158 147.0x 295
Characler size (HxV) mm_*1 6.00x9.66 2.95x4.15 320x4.85 320x485 278x4.27
Dot size {HxV) mm 1,12x 1,12 0.55 x 0.55 0.60 x 0.65 0.60 x 065 0.50 x 0.55
Power supply voltage (VDD-VSS) V +5V. +5V +5V +5V +5V
Curren! consumption 0D 4.2 29 25 3.0 8.0
(mA.typ) ILC -4 26 1.2 0.5 1.0 3.0
Briving method (duly) 1/16 1/16 1/16 116 1/16
KS0066 KS0066 KS0066 KS0066 KS0066
Built-in LSI KS0063 MSM5839 KS0063 KS0063 MSM2839
of equivalent o1 equivalent of equivalent o1 equivalenl 01 cquivalent
Operating temperature (°C) normal lemp. - 0lo+ 50 0ty 50 0lo+50 0lo+ %)
wide lemp. -2 -20104+70 -2010+70 -20t0+70 -20t0+70 -2010+79
Storage temperature (°C) nurmal temp. - -20t0+ 60 L2000 4 60 Dosto | 2000460
wile lemp 30 to 4 80 KR _ M Mo s g qe B0
Weight Rellective 80 Ol 40 0 9
(9. lyp.) ,EL backliﬁhl - 60 L) % 105
LED backiight 110 70 60 95 140
Model - 5A 5A _ 5C 50
Inverters Powor supply (V) 150 +hi 1ho b 150
o1 EL curtent consumption (mA} “a : do M il
Forward currenl
LED consumplion {A) 320 240 150 260 480
1acktight Forward input vollage
(V.iyp) 14,1 14, vl KA XA
t Lxcluding cursor e Honzodag Vv Vet [ Ickness (i)

2 With extenal lemperature Lompensation
“3 - inctuding EL backligit
*4 - Based on normal lemperaluse range




Jot Matrix Liquid Crystal Display Modules

sRAPHIC TYPE
* FEATURES :

*Wide viewing angle and high contrast +Slim, light weight and low power consumption
*Full dot configuration fits any application *Available in STN and FSTN

L %)EEC.IFICATIONS :

mat {HxV, 97x32 128 x 32 128 x64 128 x 64
Y97031 G1213 G1216 G1226
il - - . C e
mode) - _G121300N000S G121600N00OS -
- - - G122681J000S
- G1213B1NGO0S G121681NC00S -
[m - - - -
node) with CFL backfight |m-m controier - - - -
Transflectve bulit-in RAM Y97031LF60W - - -
1size Reflective (no h 475x654x21 | 750x41,5x6,8 75,0x52,7x6,8 -
xT) LED backiight - 750x41,5x89 75,0% 52,7 x 8,9 93,0x700x 11,4
CFL backfight - - - -
q.area (HxV) mm 435x239 60,0x213 60,0x 325 70,7 x 38,8
e{HxV)mm 0.35x0,48 0,40 x 0,48 0,40 x 0,40 0.44 x 0,44
shHxV) mm 0,39 x 0,52 0,43 x 0,51 043x043 048 x 0.48
supply voltage (V) (VDD - VSS) +50 +50 +50 +50
(VLC - VSS) - -80 -8.1 8.2
tconsumption 10D 0,10 20 20 30
|IDD (buitt-in controtier) - - - -
Pl lie - 18 : 1,8 20
Driving method (duty) 1133 164 1/64 1164
LS Driver SED1530 HD61202 HD61202 KS0107
HD61203 HD61203 KS0108
of equivatent of equivalent or equivalent or equivalent
Controller - . - -
g temperature range (*C) <201t0+70 -20to + 70 ‘Mo /0 Oto + 50
3 rature °C -301t0+80 -30t0+80 -301to +80 -20to +60
Reflactive (Transflective no hi 10 23 35 -
) LED h L 35 45 72
CFL backiight . . . .
ckiight Forward current consumption (mA) - 40 90 125
Forward input voltage (V, typ.) - 3.8 41 41
Mode - - - -
rfor CFL  [Power supply voitage (V) - - - -
Current consumption {mA, typ.) - - - -
itin DC/DC converter (single power sourcs) .
+ with extemal emperature compensation circult

ur policy Is ane of continues improvements we reserve the right to change the speciiications of the products in the catalogue without notice.



ot format (HxV, dot) 240 x 64 240 x 128 320 x 200 320 x 240 640 x 200
el G2446 G242C G321D G324 G649D
N type Reflective [buitt-in RAM - - . - :
iray mode) Reflective wide built-in RAM
LED backlight buill-in RAM - -
LED backlight wide temp built-in RAM . - . - .
3TN type Transmissive - G2446X5R1A0S G242CX5R1ACS G321DX5R1A0S GI4EXSRIA0S G649DX5R010S
&W mode) with CFL backlight built-in controller G2446X5R1ACS G242CX5R1A0S G321DX5R1ACS GI24EXSRIACS -
Transfective biik-in RAM - - - .
ule size Reflective (no backlight) . - -
'xVxT) LED backight - - - -
n CFL backight 191,0x79,0x 151 1800 x 110.0x 15,1 166,0 x 134.0x 15.1 166.0 x 134,0x 15,1 260.0 x 122.0x 15,7
awing area (HxV) mm 134,0x 410 134.0x76.0 128,0 x 110,0 128.0 x 110,0 216,0x83.0
t size (H x V) mm 0,49x0.49 0,47 x 047 0,34 x 0,48 0.32x0,39 0,30x 0.36
't pitch (H x V) mm 0,53x0,53 0.51x051 0,38x 0,52 0.36x043 0.33x0.39
wer supply voltage (V) VDD - VSS) +50 +50 +50 +50 +50
(VLC - VSS) 1 “1 -24,0 -24.0 -24.0
irent consumption DD 12 30 8 T8 11
1DD (built-in controller) 15 40 23 23 -
Atyp) fiLc - . 6 6.5 9
Driving method {duty) 1/64 11128 11200 1/240 1/200
iit-in LSI Driver MSM5298 KS0103 MSM5298 HD66204 MSM5298
MSM5299 KS0104 MSM5299 HDB66205 MSM5299
or equivalent of equivalent or equivalent or equivalent of equivalent
Controller SED1330FB SED1330FB SED1330FB SED1330FB -
»erating temp range ( °C) Oto +50 0lo +50 Oto+50 Oto+50 0to+50
Jrage temperature ) -201to +60 -20to +60 - 20to +60 - 20to + 60 -201to + 60
sght Reflective (Transflective no backlight) - - - - -
typ.) LED backight : : - : :
CFL backlight 200 280 350 350 420
D backiight Forward cuent consumption (mA) - v I
|Forward input voltage (V, typ.) - -
Mode 4800210 4800210 4800210 4800210 4800120
erter for CFL  [Power supply voltage (V) +50 +50 +5.0 +5.0 +12.0
Curent consumption (mA, typ.) 250 350 365 365 390

 buit-in DC/DC converter (single power source)
Use with exteral temperature compensation

ice our policy is one of continous improvemets, we reserve the nght to change the specifications of the products in the catalogue without notice.
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HECK LIST FOR CUSTOM DESIGNED LCD MODULE

Company 2. Application 3. Customer Specified Part No.
Design
JNew [JModified : Manufacturer , Part No. , Remarks
] Equivalent: Manufacturer , Part No. ., Remarks L
-CM Dimensions A x B : Module size X mm
. c W ¥ s E x F : Viewing area X mm
fg r P x Q : Active display area X mm
) _® :
— o I — il C : Length betweenr mounting holes _mm
I l‘ D : Length between mounting holes mm
o Olw '
. : | M : Diameter of mounting hole mm
N—— = ¥ o ¢ H : Total thickness mm
(r( e o |
L - ® H1 : Upper thickness mm
n/ | E A LH_ H2 : Lower thickness mm
Jisplay Contents 11. Temperature Compensation Circuit
] Character type: characters, lines [Jinternal [_JExternal [JUnnecessary
Character font X dots + cursor Compensation range: [] 0°C to 50°C []__°C to °C
Character pitch X i 12. Current Consumption
Dot pitch X mm For logic: A A
Dot size 2 mm or logic: .typf. mMA, max. m.
]Graphics (Full dot) type: x dots g‘;’;:f drive: typ'——ﬁ—) - m' gax'——r"n‘ﬁ
Dot pitch X mm % WP MAmaxX._______
Dot size _X _mm 13. Contrast Adjustment
JSegment type: digits lines Ointernal []External [ JUnnecessary
]Others Method: [[] Temp. compensation circuit [ ]Volume ]
.CD Panel

lewing angle: []6 o'clock []12 o'clock[]___ o'clock
/pe: [JTN [CIFSTN (Black and white)
LISTN ([ Yellow green [JGray []Blue)
Chromaticity coordinates
=X sy

A

14. Temperature Range
Operating temperature range: [_] 0°C to 50°C[] °Cto °C

Storage temperature range:[_]- 20°C to 60°C[_] °Cto “C

15. Input/Output Terminals
) Specifying allocation: [ JYes [JNo

[OPositive type []Negative type
[JReflective [] Transflective [] Transmissive
[CJOthers

Specifying position:[_]Yes [ ]No
16. Weight

ray scale: [ Yes gray scale [ ]No
-eferential specifications:

typ.
17. Connector

gmax. = g

[JResponse time ton ms(  °C)ter _ms( °C) [J Internal (] External[] Unnece

: 5 2 ssary
E‘gﬁ]v;:-r;g angle deg. ( C) []Contrast__{ C) Type No. (Manufacturer )
-D surface finishing: 18. Backlight

[JNormal [JAnti-glare (]
larizer color: [JNormal (neutral gray) [[JRed
[(JGreen [ Blue ]
riving Method
iitiplexing: 1/ duty, 1/ bias
ime frequency: Hz

Uinternal [JExternal [ JUnnecessary
[JEL:[JGreen [ IWhite[]_
[JLED: [_]Yellow green[ JAmber [ ]
LICFL: [white[]
[JIncandescent lamp []Others

[(IBacklight type [_]Edge backlight type

) Brightness: cd/m?

- Inverter:[_Jinternal ] External [ JUnnecessary

:D driver: [] Specified [_JUnspecified Power supply voltage- \Y
Segment driver (Manufacturer Current consumption (backlight included) mA
Common driver (Manufacturer Brightness control: [ JYes [_JNo

ntroller: [JInternal [_]External

Type No. (Manufacturer ) 19. Others

PU: (internal []External

Type No. (Manufacturer )

\M: (Jinternal [JExternal =

lype No. /Memory size (Kbit) (Manufacturer ) 20. Schedule

Power Supply Estimate:

Single power supply: [15v [J Y Sample: Delivery  ,Quantity:  pcs
2 power supplies Mass production: Target price:
For logic: (Voo-Vss) : [] 5V [] v Delivery » Total quantity: pcs
For LC drive: (Vic-Vss): [] Vv Quantitypermonth____pes



juid Crystal Displays

ECK LIST FOR CUSTOM DESIGNED LCD

ampany 2. Application 3. Customer Specified Part No.
esign
New [JModified: Manufacturer ,PartNo._____ , Remarks

Equivalent: Manufacturer. ,PartNo.________, Remarks
nel Dimensions

12 o'dlock L]
A 1|8
—— {
So'doeg[ o s 3 ortock ma’ . I
w
w/_' _____ ___3+ —

'sw vi SE|___ n-'i 8 SE_L

| F1(=R1) |
6 o'gtodt
- Type A (connection through conductive material) - - Type B (direct common) -
lorizontal length of upper glass mm V1 :Horizontal length of viewing area mm
‘ertical length of upper glass mm V2 :Vertical length of viewing area mm
{orizontal length of lower glass the same as F1 CN**: Terminal length mm
Vertical length of lower glass mm CS**:Terminal length mm
is generally longer than F2 when terminals are with pin. **CN or CS=0 in case of one side terminal type.
R***: Thickness of glass mm CC: Terminal length mm
itandard type: 1.1 mm or 0.7 mm SE,SW,SN,SS : Seal width
“hickness of LCD mm (According to design or manufacturing condition:
seal: (JRight [(JLeft [JRight or Left about 2.0 mm to 4.0 mm)
nel Form
W) (] (] e} o o
sminal ] O ) 1. .
------------------ B3 l
Display area Display area :I zmm i ]
"""""""""" L Rubber (zebra) connector type -~/ L=~ Pnope —
-TypeA- -Type B -
hamfering * Drilling 10. Temperature Range
Too-==-==N | [/ .
Operating temperature range
0 Yes O L] Yes [(Jwith temperature compensation circuit (or volume)
ONo LINo (O 0°C to 50°C [] °C to °C)
_ e CIwithout temperature compensation circuit
splay Mode (O o°Cto50°C ] °C to °C)
wing angle : []6 o'clock/_]12 o'clock [] o'clock Storage temperature range
:[JTN [CJFSTN (Black and white) ((J-20°Cto 60°C [ °Cto °C)
JSTN: (L] Yellow green [] Gray[]Blue) 11. Terminal Connecting Method
ggg:&::g?;y :olgml’\:gataet?vfa__sty s XS sys__ ) [CJRubber connector (Zebra rubber)
" g P Orin: (J0IL OsiL [

Reflective [_] Transflective [ 1Transmissive .
%Ierential specgf]ications: = Pitch([J2.54 (J______ mm)Llength(_ mm)

TResponse tme tn  ms(  °C)tr  ms oc [(JHeat seal: [JEquipped [ ]Unnecessary
WViowing angle. 483 T HCOTETT—2) 12, Others

JOthers Print (Characters, lines, masks etc.) : []Yes ] No
slarizer Protective film: -
i [JYes (Color: [] Red []Translucent [JTransparent) (JNo

face finishing: (JNormal [JAntiglare[] Chamfering (for heat-seal connector) :
or: [INormal (neutral gray) (JRed []Green [J¥es (Position: )

OBlue O _ (Quantity: )
nt polarizer : [[] Attached type [[] Separate type CINo [ Chamfering
ir polarizer : [] Attached type [] Separate type e
iving Method 13. Schedule ;:
tatic["]Multiplexing: (1/ duty, 1/ bias) Estimate :.— . . ...
erating voltage (Vopr) ; v Sample : Defivery________, Quantity ; pcs
ime frequency; Hz Mass production : Target price :
ving IC: (Manufacturer ) Delivery _______, Total quantity; pes

rrent consumption: pA ] Quantity per month; pcs




liquid Crystal Display Modules

(REFLECTIVE/TRANSFLECTIVE/TRANSMISSIVE LCD

0 Reflective LCD @ Transflective LCD © Transmissive LCD
Reflector bonded to the rear polarizer Transflector bonded to the rear polarizer re- Without reflector or transflector bonded to the
reflects the incoming ambient light. Low power flects light from the front as well as enabling rear polarizer. Backlight required. Most com-
consumption because no backlight Is required. lights to pass through the back. Used with mon is transmissive negative i .
backlight off in bright light and with it on in fow
light to reduce power consumption.
light
light source . . '
source —— light source transmitted light source
" (backlight) light (backlight)
< <§ reflected light — < G
: < | {
mﬂeﬁgﬁ transmitted
reflector light transflector
{ POSITIVE/NEGATIVE MODE
Do
N B .
Positive i@ m Negative (nverse moge)
type : e type (when data is inverted)
' L
Y eccramas
ITN TYPE/STN TYPE/FSTN TYPE
™ (Background/dot cotor) TN( Twisted Nematic) type is most conventional and economical. It is used for static drive LCD and
Gray/Black low-duty drive LCD (watch,calculator, etc.)
Yellowgreen/Dark blue . ) e
sth [T Y Hflﬁaﬁﬁﬁé ----- STN (Super Twisted Nematic) type has a higher twist angle, and thus provides clear visibility
....................... and wider viewing angle. This Is sultable especlally for high-duty drive LCD.
White/Blue
FSTN White/Black FSTN (Film Super Twisted Nemalic) lype utilizes RCF (Retardation Contro! Film) to remove
the coloring of STN LCD. Thus FSTN type provides easy-to-read black-and-white display.

iSTRUCTURE AND FEATURE OF LCD MODULE WITH BACKLIGHT

CFL (Cold Cathode Fluorescent Lamp) backlight EL (Electroluminescent Lamp) backlight
Features: high brightness, long service life, inverter required LED (Light Emitting Diode) backlight
® Edge backlight type Features: EL: thin, inverter required
(G2446,5242C) Frame LcD cFL LED: long service life, low voltage
(G321D,G649D)  — driving, no inverter required
—J
=—|§' A - ﬁﬂ

=\ e ‘CPEB— Frame LCD

L Backlight type

LCcD X X
Frame \_Pcs \. ELorLED

POWER SUPPLY

o Character modules (single power supply) e G2446,G242C (Built-in DC-DC conv.) ® G321D, G324E and G649D

LCD module | LCD module I
+ 5V Moo O 5V . | LCD module |

GND Ve OGND

e Character Modules(Dual power supply) e Y1206 and G1226

———— R,
LCD module [ LCD module 1 Me 1 o e
Voo IVm o
L'———O* sv +5v Note 1:Contrast can be adjusted by VR.
- Vss GND Note 2:For module with backlight, power supply
-OGND ° for backlight is necessary.
Me_2vr Vi o Negative
e vollage *
-2V (min)

-Negative vollage should be variabte for
* contrast adjustment.



Precautions

Safety Instructions
+Ifthe LCD panel is damaged, be careful not to get the

liquid crystal in your mouth and not to be injured by
crushed glasses.

* If you should swallow the liquid crystal, first, wash your
mouth thoroughly with water, then, drink a lot of water
and induce vomiting, and then, consult a physician.

+If the liquid crystal should get in your eye, flush your
eye with running water for at least fifteen minutes.

*If the liquid crystal touches your skin or clothes, re-
move it and wash the affected part of your skin or
clothes with soap and running water.

*EL or CFL backlight is driven by a high voltage with an
inverter. Do not touch the connection part or the wir-
ing pattemn of the inverter.

*Do not use inverters without a load or in the short-cir-
cuit mode.

*Use the LCD module within the rated voltage to pre-
vent overheating and/or damage. Also, take steps to
ensure that the connector does not come off.

Handling Precautions

* Since the LCD panel has glass substrate, avoid apply-
ing mechanical shock or pressure on the module. Do
not drop, bend, twist or press the module.

* Do not soil or damage LCD panel terminals.

* Since the polarizer is made of easily-scratched mate-
rial, be careful not to touch or place objects on the dis-
play surface.

+Keep the display surface clean. Do not touch it with
your skin.

+CMOS LSl is used in the LCD module. Be careful of
static electricity.

*Do not disassemble the module or remove the liquid
crystal panel or the panel frame. :

*Do not damage the film surface of the EL lamp; other-
wise the lamp will be damaged by humidity.

*To set an EL lamp in an LCD module, push the EL
lamp with its emitting side up, without pushing the rub-
ber connectors too hard. If you damage them, the LCD
module may not work properly.

d D i

*To protect the polarizer and the LCD panel, cover the
display surface with a transparent plate (e.g., acrylic
or glass) with a small gap between the transparent plate
and the display surface.

*Keep the module dry. Avoid condensation to prevent
the transparent electrodes from being damaged.

+Drive LCD panel with AC waveform in which DC ele-
mentis notincluded to prevent deterioration in the LCD
panel.

* Contrast of LCD varies depending on the ambient tem-
perature. To offer the optimum contrast, LC drive volt-
age should be adjusted. LCD driven in a high duty
ratio must be provided with drive voltage adjustment
method.

*Mount a LCD module with the specified mounting part/
holes.

* Design the equipment so that input signal is not ap-
plied to the LCD module while power supply voltage is
not applied to it.

* Do not locate the CFL tube and the lamp lead wire
close to a metal plate or a plated part inside the equip-
ment. Otherwise stray capacity causes a drop in volt-
age, decreasing the brightness and the ability to start-
up.

Cleaning

* Do not wipe the polarizer with a dry cloth, as it may

scratch the surface.

* Wipe the LCD panel gently with a soft cloth soaked
with a petroleum benzine.

* Do not use ketonic solvents (ketone and acetone)or
aromatic solvents (toluene and xylene), as they may
damage the polarizer.

Storing

- Store the LCD panel in a dark place, where the tem-
perature is 25°C+10°C and the relative humidity be-
low 85%. If possible, store the LCD panel in the pack-
aging situation when it was delivered,

* Do not store the module near organic solvents or cor-
rosive gases.

* Keep the module (including accessories) safe from vi-
bration, shock and pressure.

*Use an LCD module with built-in EL backlight within
six months of delivery.

* EL backlight is easily affected by environmental con-
ditions such as temperature and humidity; the quality
may deteriorate if stored for an extended period of time.
Contact Seiko Instruments GmbH for details.

* Some parts of the backlight and the invarter generate
heat. Take care so that the heat does not affect the
liquid crystal or any other parts.

* Dust particles attached to the surface of the LCD or
the surface of the backlight degrade the display qual-
ity. Be careful to keep dust out in designing the struc-
ture as well as in handling the module.

* Black or white air-bubbles may be produced if the LCD
panel is stored for long time in the lower temperature
or mechanical shocks are applied onto the LCD panel.

On This Brochure

* Seiko Instruments GmbH reserves the right to make
changes without notice to the specifications and mate-
rials contained herein.

* The colors of the products reproduced herein may be
different from the actual colors. Check color on actual
products before using the product.

» The information contained herein shall not be repro-
duced in whole or in part without the express written
consent of Seiko Instruments GmbH

* The products described herein are designed for con-
sumer equipment and cannot be used as part of any
device or equipment which influences the human body
or requires a significantly high reliability, such as physi-
cal exercise equipment, medical equipment, disaster
prevention equipment, gas related equipment, vehicles,
aircraft and equipment mounted on vehicles.
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8C/13 Group

38 -
INGLE-CHIP 16-BIT CMOS MICROCOMPUTER REJ03B0069-0110

Rev.1.10
Apr 27, 2005

1. Overview

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

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

1.1 Applications

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

+1.10 Apr 27,2005 page 10f26
J03B0069-0110



8C/13 Group

1.2 Performance Outline

1. Overview

Table 1.1. lists the performance outline of this MCU.

Table 1.1 Performance outline

Item Performance
CPU Number of basic instructions | 89 instructions
Shortest instruction execution time | 50 ns (f(XIN) = 20 MHz, Vcc = 3.0 to 5.5 V)
100 ns (f(XIN) = 10 MHz, Vcc = 2.7 to 5.5 V)
Operating mode Single-chip
Address space 1M bytes
Memory capacity See Table 1.2.
Peripheral Interrupt Intemal: 11 factors, External: 5 factors,
function Software: 4 factors, Priority level: 7 levels
Watchdog timer 15 bits x 1 (with prescaler)
Reset siart function selectable
Timer Timer X: 8 bits x 1 channel, Timer Y: 8 bits x 1 channel,
Timer Z: 8 bits x 1 channel
(Each timer equipped with 8-bit prescaler)
Timer C: 16 bits x 1 channel
Circuits of input capture and output compare.
Serial interface *1 channel
Clock synchronous, UART
=1 channel
UART
A/D converter 10-bit A/D converter: 1 circuit, 12 channels
Clock generation circuit 2 circuits
*Main clock generation circuit (Equipped with a built-in
feedback resistor)
*On-chip oscillator (high-speed, low-speed)
On high-speed on-chip oscillator the frequency adjust-
ment function is usable.
Oscillation 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 1/O port: 8)
Electrical Power supply voltage Vce = 3.0 to 5.5V (f(XIN) = 20MHz)
characteristics ' Ve = 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 (Ve = 3.0V, Wait mode, Peripheral clock stops)
Typ.0.7 pA (Vcc = 3.0V, Stop mode)
Flash memory | Program/erase voltage Vec=27t05.5V
Number of program/erase 10,000 times (Data area)
1,000 times (Program area)
Operating ambient temperature -20 to 85°C
-40 to 85°C (D-version)
Package 32-pin plastic mold LQFP

+1.10 Apr 27,2005 page2of26
10380069-0110




8C/13 Group

1.3 Block Diagram
Figure 1.1 shows this MCU block diagram.

1. Overview

}8

/O port

8 5 12 '

| 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 /O ) XiN-XouT
(8 bits X 1 channel) High-speed on-chip oscillator
Low-speed on-chip oscillator
UART
(8 bits X 1 channel)
R8C Series CPU core Memory
ROH | ROL [ S8 | ROM
RiH | RiL (Note 1)
——:§ ISP RAM
= ' NTE J (Note 2)
—_”A‘l [ PC ]
FB " | FLG |
Multiplier

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

Figure 1.1 Block Diagram

v.1.10 Apr 27,2005 page 3 of 26
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1.4 Product information

Table 1.2 lists the products.

Table 1.2 Product List

1. Overview

As of April 2005

FP : PLQPCO32GB-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 semiconduclors

it
Type No. pmramz?‘r cgp'_)a_f!:,);m RAM capacity | Package type Remarks
R5F21132FP BKbytes | 2Kbytesx2 | 512bytes | PLQP0032GB-A | Flash memory version
R5F21133FP 12K bytes | 2Kbytesx2| 768bytes | PLQPG032GB-A
RS6F21134FP 16K bytes | 2K bytes x 2 1K bytes | PLQP0032GB-A B
R5F21132DFP 8Kbytes | 2Kbytesx2| 512bytes | PLQP0032GB-A | D version
R5F21133DFP 12K bytes | 2Kbytesx2| 768 bytes _.| PLQPG032GB-A
R5F21134DFP 16K bytes | 2K bytes x 2 1Kbytes | PLQP0032GB-A
TypeNo.R 6§ F 21 13 4 D FP
Package type:

Figure 1.2 Type No., Memory Size, and Package

w.1.10 Apr 27,2005 page 4 of 26
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#C/13 Group 1. Overview

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

PIN Assignments (top view)
o
a
s . 2
a T =
= = Ez
s L.3¢
£ 5885
N |l—|i—
< 98 [®) 92 g % Z|Z
58828383
O 2o << a<o o
24 [2d[24 21 1414
POs/AN1 &> 16] +> P4s/INTo
POS/AN2 ¢ 15] % p1o/KI0/AN8/CMPG0
PO4/AN3 > 1] 4> P11/KI1/ANS/CMPO1
MODE — R8CHM3Group [l *% P12/Kiz/AN10/CMPO2
PO3/ANs ¢ 12] 4> P13/KI3/AN11
PO2/ANs 4 [11] €» P14/TxDo
PO1/ANs 4> O [10] #» P1s/RxDo
PO0/AN7/Tx011 4 [32] 9] 4> p1s/CLKo
[l2]lall4lls]leltz] (el
S 0TV 2 08
BalFerEie
solg & X &
Q 5 =
= 3 |z
5 = s
Q. o

NOTES:
1. P47 functions only as an input port.
2. When using On-chip debugger, do not use PO0/AN7/TxD11
and P37/TxD10/RxD1 pins.
3. Do not connect IVcc to Vcce.

Package: PLQP0032GB-A (32P6U-A)

Figure 1.3 Pin Assignments (Top View)

Rev.1.10 Apr 27,2005 page5 of 26
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18C/13 Group 1. Overview

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

PIN Assignments (top view)

¥ p30/CNTRo/CMP 10

4= AVCC/VREF

2| 4% p3,TZouT/CMP11

D |

N ] € po7/AN0

lﬂ - Ncc(a)

N

(5] ¢ P32/INT2/CNTR1/CMP12
(=] & p33/INTY/ TCIN

POs/AN1 > 16] * PasiNTo

POs/AN2 ¢ 15] #» p10/KI0/ANS/CMPO0

PO4/AN3 € [1a] “*» P11/KIANS/CMPO1
MODE — R8CHM3Group 3 *¥ P12/KI2/AN10/CMPO2

PO/ANs [12] ©» P13/KI3/AN11

PO2/ANs ‘¢ [11] #» P14/TxDo

PO1/ANs 4> O [10] #» P1s/RxDo

POo/AN7/TxD11 4 9] #» P16/CLKo

CNVss —» V]
- k]
< [&]

vss = ]

Xi/P4s = [

vee =¥ B
=X

RESET
Xout/P4r M

P17/INTI/CNTRo ¢»

P37/TxD10/RxD1 4> ]

NOTES:
1. P47 functions only as an input port.
2. When using On-chip debugger, do not use POo/AN7/TxD11
and P37/TxD10/RxD1 pins.
3. Do not connect IVcc to Vee.

Package: PLQP0032GB-A (32P6U-A)

Figure 1.3 Pin Assignments (Top View)

Rev.1.10 Apr 27,2005 page 5 of 26
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8C/13 Group

1.6 Pin Description
Table 1.3 shows the pin description

Table 1.3 Pin description

1. Overview

P30 to P33, P37,
P45

Signal name Pin name O type ) Function
Power supply Vee, | Apply 2.7 Vto 5.5 V to the Vcc pin. Apply 0 V to the
input Vss Vss pin. ‘
Vee IVee (0} This pin is to stabilize internal power supply
Connect this pin to Vss via a capacitor (0.1 pF)
Do not connect to Vcc
Analog power AVce, AVss | These are power supply input pins for A/D converter. Con-
supply input nect the AVcc pin to Vcc. Connect the AVss pin to Vss.
Connect a capacitor between pins AVcc and AVss.
Reset input RESET 1 “L" on this input resets the MCU.
CNVss CNVss I Connect this pin to Vss via a resistort"
MODE MODE I Connect this pin to Ve via a resistor
Main clock input | XIN l These pins ara provided for the main clock generat-
ing circuit I/0. Connect a ceramic resonator or a crys-
Main clock output | Xout o 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.
INT interrupt input | INTO to INT3 | These are INT interrupt input pins.
Key input interrupt| Kio to Ki3 ] These are key input interrupt pins.
input
Timer X CNTRo [{e] This is the timer X I/O pin.
CNTRo o] This is the timer X output pin.
Timer Y CNTR1 /O This is the timer Y /O pin.
Timer Z TZOUT 0 This is the timer Z output pin.
Timer C TCIN | This is the timer C input pin.
CMPOo to CMPO03, |O These are the timer C outpuit pins.
CMP10 to CMP13
Serial interface | CLKo 110 This is a transfer clock I/O pin.
RxDo, RxD1 I These are serial data input pins.
TxDo, TxD10, (@) 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 Vcc.
AJ/D converter ANo to AN11 | These are analog input pins for A/D converter.
I/O port PGo to P07, 1o These are 8-bit CMOS I/O ports. Each port has an I/O
P1oto P17, select direction register, allowing each pin in that port

to be directed for input or output individually.

Any port set to input can select whether to use a pull-
up resistor or not by program.

P10 to P17 also function as LED drive ports.

Input port

P4s, P47

These are input only pins.

'ev.1.10 Apr 27,2005 page 6 of 26
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8C/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.

B e b15 857 0
S R ROH(RO's high bits|ROL(RO's low bits
' R3 R1H(R1's high bits 's low bi
Gt L L LT Tshig LRI low BISH 3 Data registers (Note 1)
. R3
AO
Al Address registers (Note 1)
" FB ] Frame base registers (Note 1)
b19 1 %0
I INTBH r-é INTBL -I Interrupt table register

The upper 4 bits of INTB are INTBH and
the lower 18 bits of INTB are INTBL,

b19
| PC

12

Program counter

b15 b0

USP User stack pointer

ISP Interrupt stack pointer
S8 Static base register

| FLG Flag register

-
-

LLwey T 111 Tulrolsls]z]o]

13 1 18

|
C__

Carry llag
Debug flag
Zero flag

[e]

Sign flag

Register bank seloct flag
Overflow flag

pt enable flag
Stack pointer setect flag
Reserved aren

interrupl prionty level

Rusarved area

Note 1: These registers 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.

av.1.10 Apr 27,2005 page 7 of 26
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3C/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 logic/logic operations. A1 is the same as AOQ.
In some instructions, registers A1 and A0 can be combined for use as a 32-bit address register (A1A0).

2.3 Frame Base Register (FB)

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

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

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

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

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

FLG consists of 11 bits, indicating the CPU status.
2.8.1 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, itis “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 (! Flag)
This flag enables a maskable interrupt.
Maskable interrupts are disabled when the I flag is “0", and are enabled when the | flag is “1”. The |
flag is cleared to “0” when the interrupt request is accepted.
2.8.8 Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is “0"; USP is selected when the U flag is “1".
The U fiag 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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8C/13 Group 3. Memory

3. Memory

Figure 3.1 is a memory map of this MCU. The address space extends the 1M bytes from address 0000016
to FFFFF1s.

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 OFFFF1e.

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

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

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example,
a 1-Kbyte internal RAM is allocated to the addresses from 0040016 to 007FF16. In addition to storing data,
the intemal 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.

0000018
SFR
(See Chapter 4 for detells.)
002FF18
0040016
Intemal RAM
0XOXX18
0200018 tntemal ROM
ntemal ’
1 ,* OFFDC1e £ Undefined instruction E
(data area) . E 3
02FFF16 , 3 Ov_eLﬂpw E
i E BRK instruction 3
ol 3 Addressmatch 3
e E Single step E
oYYYYie S EWatchdog timer,Oscillation stop delection,Vottage detection]
Intemal ROM e 3 (Reserved) E
(program area) ',’ E (Reserved) 3
OFFFFl | ... OFFFF16 E Reset 3
Expanding area
FFFFF18
NOTES:
1. The data flash ROM block A (2K bytes) and block B (2K bytes) are shown.
2. Blank spaces are reserved. No access is allowed.
T Internal ROM Internal RAM
ype name Size  |AddressOYYYY1s]  Size | Address 0XXXX16
RS5F21134FP, RS§F21134DFP 16K bytes 6C00016 1K bytes CO7FF16
R5F21133FP, R5F21133DFP 12K bytes 0D00016 768 bytes O06FF18
R5F21132FP, R5F21132DFP 8K bytes OE0C016 512 bytes 005FF18

Figure 3.1 Memory Map
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C/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)
AMddress Register Symbol After reset

000018

000110

000218
000318

0004ts | Processor mode register 0 1 PMO 0016

0005ts | Processor mode register 1 PM1 0016

0006te | System clock control register 0 CMo 011010002
0007t | System clock control register 1 CM1 001000002

0005t | High-speed on-chip oscillator conirol register 0 HRO 0016
00091s | Address match interrupt enable register AIER XXXXXX002

["o0eAw | Protect register PRCR 00XXX0002
0Be ggg-sﬁ on-chl% osclllator control register 1 HRA1 3016
000C1s ticn stop n register 0oCDh 000001002

000010 | Watchdog timer reset register WDTR XX16
[0%0Ew | Watchdog timer start regisfer WDTS XX16
[ 0%F% | Watchdog timer control register WOC 000111112
%70 | Address match interrupt register 0 RMADO 0016
001118 0016
001218 X016
T
001418 | Address match interrupt register 1 RMAD1 0018
001518 0016
001618 X016
001718
001818
001910 | Voitage detection register 1 2 VCR1 006010002
001A1s | Voltage detection register 2 ¢ VCR2 00163
1000000024

K
[—001Cie
001D1s
001E1s | (NTO Input filter select register INTOF XXXXX0002
001Fw | Voltage .aeialon Interrupt register 2 D4INT 0016 3
0160000124

00208
0021t6
0022t8
002318
002418
002518
002610
002718
002018
002918
[ GazAse
002818
002Cts
002018
| 602Ete
002Fw
003018
003118
0032t8
00338
003418
003518
| oos6ee
003718
003810
003816
003Ats
[~ 603810
'ﬁcn
003D1s
003E1re
Q03F 1
X : Undefined
NOTES:
1. Blank colurmns are all reserved space. No access is allowed.
2. Software reset or the watchdog timer reset does nat affect this register.

3. Owing to Reset
4.mm?mod$pmcHMam.
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8C/13 Group 4. Special Function Register (SFR)

Table 4.2 SFR Information(2)("

Address Register Symbo! After reset
m'ﬂ EETRTEER PErren erceeaar T TR -
004210
00431
004418
004518

| 004618
004716
004818

004916
004As6
004B1s
004C:0

004D1s | Key input interrupt control register KUPIC XXXXX0002

004Ess | AD conversion intemipt control register ADIC XXXXX0002
004F16

005018 trol register CMP1IC XXXXX0002
005110 | LJARTO transmit interrupt control registar. SOTIC XXXXX0002
005210 | |JARTO receiva internipt control cegister SORIC XXXXX0002
005310 | UART?Y transmit interrupt control register S1TIC XXXXX0002

005418 | UART1 receive Interrupt control register S1RIC XXXXX0002

00551 | INT? intemnipt enntrol register INT2IC XXXXX0002
..005610 IXIC XXXXX0002

Timer X int I trof regist
005730 | Timer Y Inferrupt control register e XXXXX0002
005818 | Timer Z interrupt control register TZIC 1. XXXXX0002
00581 | INT1 interruf control.register. INTAIC XXXXX0002
005A1s INT3IC. XXXXX0002
005818 | Timer C interrupt control register TCIC XXXXXC002

005Cts | Compare 0 interrupt conlrol register CMPGIC XXXXX0002
005D | INT0 interrupt control register INTOIC XX00X0002

005€18
005F 18
006015
0061168
008216
006318
| 006418
00851t e e e
|__00GG1s_ e . — SO S
008718
006818
006918
000A18
00GB1a
006C18
006D
006E10
006F 18
007018
007118
007218
007318
007418
00758
007818
007718
007818
00798
007A18
007818
007C10
|__007D1s
D07Ess
00?Fs6
X : Undefined
NOTES.
1. Blank columns are all reserved space. No access is allowed.
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RBC/13 Group

Table 4.3 SFR Information(3)(")

4. Special Function Register (SFR)

Address Register Symbol After resel
00301s | Timer Y, Z mode register TYZMR 0016
0c811s | Prescaler Y | PREY FFi6
008216 | Timer Y secondary TYSC FF16
00831s | Timer Y primary TYPR FF16
oos41s | Timer Y, Z waveform output control register PUM 0016
0085t | Prescaler Z PREZ FF16
oo8gte | Timer Z secondary TZSC FF16
008718 | Timer Z primary TZPR FF16
0088
008918
0c08ats | Timer Y, Z output control register TYZOC 0016
008818 | Timer X mode register TXMR 0016
008C1s | Prescaler X PREX FFi6
008Dsa | Timer X register TX FF16
o0ssEss | Count source set register TCSS 001 )
008F 18
ovstis | Timer C register TC [¢[831
009118 Q0%
009218
009315 e .
009%61s | Extornal input enable register e JINTEN L 0016,
009716
| _oossis | Key input enable register KIEN 100w ]
009816
|_00aas | Timer C control register 0_ TCCO 0016
009810 | Timer C control register 1 TCC1 001¢€
009Cts | Capture, compare 0 register T™MO 0018
008D16s 00362
008Etw | Compare 1 register TMa FFi6
0089F 18 FE16
00A0ts | UARTO transmit/receive mode register UOMR i 0016 e
00A1ts | UARTO bit rate register UOBRG AX16
00A218 | UARTO transmit buffer register ucTe boOXXig
00A31a i XXi6.
00Ade | UARTO transmitiraceive control register 0 LOCe .1 000010002
00ASts | UARTO transmitlreceive controlregister 1. uoCs | 000000102
004616 | UARTO receive buffer register UGRB POAXI6
00A718 XX
00A8w | UART1 transmil/receive madg register UIMR 30:6
00A9s | UART1 bil rate register U18RG xxuwe
00AAs | |JART transmit buffer register uiTB XX16 e
00AB1e S e XXM
0CACs | {IART1 transmit/receive control register O (O £ 0: SR S . {0t 4010
00AD1s | UART 1 transmil/receive control register | UGt CCCI20 10
00AEs | UART1 raceive buffer register UIRK XX 6
00AF18 : - ) Poxxis o
0080 | UART transmilireceive control register 2 UCON 0015
008118
00B216 o T T
Y s m
008410 - o
P e e .
008616
008718 ~ - o
00B81a
008916 i
m" ..............
| _00BB1e
00BC18
008D1s 3 i
OBt | e e
0CBFs e
X : Undefined
NOTES:

1. Blank columns are 2!l reserved space. No access is allowed.

2. When the output compare mode is selected (the TCC13 bit in the TCC1 register = 1), tne vatue is set to FFFF b,
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%8C/13 Group

Table 4.4 SFR Information(4)(!)

4. Special Function Register (SFR)

Address

Register

00CO18
00C1t6

AD register

00C210

00C3te

AD

Symbol _{

... Afterreset = _
XX16
XX16

00C5ts

00CB1s

00CT1s

C0CB1e

00C91s

00CAte

00CB1s

00CDts

00CEss

O00CFss

00D1:8

00D318

00D418
Q0DSts

LAD control register 2

ADCON2

0016

00D8te

AD control regster 0

ADCONO

00000XXX2

00D7:8

AD control reglster 1

ADCON1

0016

00DAs

00DB1s

000C1s

000018

00DE1s

000F

O00ED18

00E11s

00E218
00E3is

PO

XX16

| Port PO register
 Port P1 rogistor,

P1

XX16,

I i

PDO

0016

Port P1 direction register

PD1

0016

00E418

00ESte
O00EBts

| Port P3 register

P3

XX16

00E718

PD3

0016

Port P4 register

P4

XX16

O0EB1e
O00ES18

DOEAts

AL

O0EBts

Port P4 diraction register

PD4

0016

b

00EC1s

—

OOEDse

O0EE:s

OCEF18

00F01s

00F 130

O0F2:8

00F3:s

00F4ts

OCF5te

O0F8ss

00F 718

007818

00FS:e

O3FAts

OCFB1s

00FC1s

|_0OFD1e |
|_OOFEsre |
OCFF1s

»3
-

b))

| Pull-up control register 0

PURQ

00XX00002

_Pull-up control regiater 1

PUR1

XXXXXXO0X2

DRR

0016

Timer C output control register

TCOUT

0016

01B4te

018318

FMR4

010000002

Flash memory control register 4

018518

Flash memory control register 1

FMR1

1000000X2

0188t

01BT:s

| Flash memory control reqister 0

EMRO

000000012

(_oreerss | Option function select register @

}
i

QFS

L_Note 2 J

X : Undefined

NOTES:

1. The blank areas, 01001e to 018218 and 018816 to 02FF 16 are reserved and cannot be used by usors,
2. The watchdog timer control bit Is assigned. Refor to *Figure11.2 OF S, WDC, WDTR and WOTS registers™ of Hardware Manual for details

Rev.1.10
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BC/13 Group 5. Electrical Characteristics

5. Electrical Characteristics

Table §.1 Absolute Maximum Ratings

Symbol Parameter Condition Rated value Unit
Vee Supply voltage _}. Vee=Avee | . 03tc65 |V
AVee Analog supply voltage | MeCEAVCC | 03165 | V.
Vi Input voltage 1. coieeeeef e 2030VEC*0.3 |V
Vo Output voltage e -0.3 to Vec+0.3 V.
Pa Power disslpation Topr-§25"0 . ...800 | mW
Topr Operating amblent temperature -20 to 85 / -40 to 85 (D version)|
T Storage temperature -65 10 150 ;

Table 5.2 Rezommended Operating Conditions

Symbol Parameter Conditions o S_rtegdar Max Unit
Vee Supply voitage 2.7 55 v
AVee Analog supply voltage vec? i v
Vss Supply voltage _ SRRSO IR L JUNR I LV
AVss Analog supply voltage 0 v
Vi "d" input voltage _0.8vee Vee v
VR "L" input voltage ] 0.2vVce v
foMum  [H peacl:’;a’l;m %g:kt;f all pins’ IOH 60.0 A
lom (pek) "H" peak output curent o - -10.0 mA
loH (vg) "H" average output current o o 5.0 mA
lot ¢sum) “L" peak all nm_s(;;k‘;m" pins’ IOL L 60 mA
loL(peay  |L" peak output ExceptPloto P17 e 10 mA

current Ploto P17 Drive ability HIGH__ . 30 mA_
Drive ability LOW S 10 mA
ot (avg) "L"average _ExceptP1oto P17 . . 5 mA
outputcument  pyg 46 peg Drive abilty HIGH . . 15 mA
Drive ability LOW U R B 5 mA
1(Xm) Main dock input osciflation frequency | 3.0V S Vec 5.5V 0. .| 20 MHz
2.7V s Vee < 3.0V 0 10 MHz
Note .

1: Referenced to Ve = AVee = 2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise spacified.
2: The mean output current is the mean value within 100ms. -
3: Set Vce=AVee
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R8C/13 Group 5. Electrical Characteristics

Table 5.3 A/D Conversion Characteristics

. o _.. Standard | .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution Vref =VcC R L 10 _| Bit
_ Absolute 10 bit mode 8AD=10 MHz, Vref=Vcc=5.0v +3 | LSB
accuracy 8 bit mode @AD=10 MHz, Vref=Vcc=5.0V +2 | Lss
10 bit mode 2AD=10 MHz, Vref=Vcc=3.3Vv? 5 | LSB
RS SR SR St i
8 bit mode @AD=10 MHz, Vref=Vcc=3.3v° o - |.%2 | LSB
Ruaoper | Ladder resistance VREF=VCC 10 .1 40 | Kk
tconv Conversion time | 10 bit mode | eAD=10 MHz, Vrel=Vcc=5.0V .33 e ks
8 bit mode | 2AD=10 MHz, Vref=Vcc=5.0v 28 | bs
VRee Reference voltage o o ) Vee! v
Via Analog input voltage 0 Vret Vv
-  |A/D operation ithout sample & hoid 0.25 10 | MHz
clock frequency?| With sample & hold 1.0 10 | MHz

Note
1: Referenced to Vcc=AVcc=2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise specified.
2: When fap is 10 MHz more, divide the fAD and make A/D operation clock frequency (@AD) lower than
10 MHz,
3: When the AVce is less than 4.2V, divide the fap and make A/D operation clock frequency (DAD) lower than fap/2.

4; Set Vcc=Vref

PO _I_ —O
P1 30pF
P2 ;I/;

P3

P4

Figure 5.1 Port PO to P4 measurement circuit
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R8C/13 Group

5. Electrical Characteristics

Table 5.4 Flash Memory (Program area) Electrical Characteristics
. Standard
Symbol Parameter Measuring condition |- Min. | Typ. | Max Unit
- ProgramvErase cycle 2 ] 10003 | — - cycle
- Byte program time Vec=50VatTopr=25°C | —— | 50 | — | ps
= Blockerase time Vec=50VatTopr=25°C | — 04 | TS
td(SR-ES) | Time delay from Suspend Request until Erase Suspend - . 8 ms
- Erase Suspend Request Interval 0° | — — | ms
- Program, Erase Voltage =~ | 27 — 55 | v
- Read Voltage 27 —_ 5.5 '
- Program, Erase Temperature L ) 0 — 60 °C
- Data-retention duration Tol')-r; ;5’0 20 h — . Jeé;
Table 5.5 Flash Memory (Data area Block A, Block B) Electrical Characteristics *
. - Standard
Symbol Parameter Measuring condition Min. T Tyo. | Max | Unt
- Program/Erase endurance2 100003 — — | times
- :r&glgg:;;‘ Ume(program/arase endurance | Ve = 5,0 V at Topr = 25 °C | — 50 400 us
- Byte program time(program/erase endurance | Vcc = 5.0 V at Topr=25°C | — 65 — ps
>1000 times)
_ Block erase time(program/erase endurance | vcc = 5.0 V at Topr=25°C | — 0.2 9 s
$1000 times)
- 52%‘3‘0"5;’; ;’me(mgmm/mse endurance [vcc=50VatTopr=25°C | — 0.3 —_ s
td(SRES) |Time delay from Suspend Request until Erase Suspend — -—_ 8 ms
- Erase Suspend Request Interval 10 —_ — ms
- Program, Erase Volitage 27 —_— 5.5 \
- Read Voltage 2.7 — 5.5 \Y
- Program/Erase Temperature -20(-40)8f — 85 °C
- Data-retention duration Topr =55 °C 20 J— _— year
Note

1: Referenced to Vcc=AVcee=2.7 to 5.5V at Topr =

2: Definition of Program/Erase .
The cycle of Program/Erase shows a cycle for each block.

If the program/erase number is *n" (n
For example, if performing one-b
erasing that block, the number of

prohibited).

Maximum numbers of Program/Erase cycles for which all
: Table 16.5 applies for Block A or B when the Program/Erase cycles are more than 1000. The byte program time up to

1000 cycles are the same as that of the program area (see
: To reduce the number of Program/Erase cycles, a block erase should ideall
many distinct addresses (only one time each) as possible. If
then erase them one time. This will result in ideall
averaging the number of Program/Erase cycles for Bl

number of block erases and restrict the number.

0°C to 60°C unless otherwise specified.

Table 5.4).

command at leas! three times unlil the erase error disappears.

tive.

: Customers desiring Program/Erase failure rate information should contac! th

. 40 °C for D version.

electrical characteristics is guaranteed.

= 10600, 10000), “n" times erase can be performed for each block.
yto write o the distinct addresses on Block A of 2K-byte block 2048 times and then
Program/Erase cycles is one time.

However, performing multiple writes to the same address before an erase operation is prohibited (overwriting

y be performed after writing in series as
programming a set of 16 bytes, write up to 128 sets and
y reducing the number of Program/Erase cycles. Additionally,
lock A and B will be more effective. It is important to track the total

: If error occurs during block erase, attempt to execule the clear status regisler command, then the block erase

eir Renesas technical support representa-

Erase-suspend request
(interrupt request)

FMR46

td(SR-ES)

Figure 5.2 Time delay from Suspend Request until Erase Suspend
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R8C/13 Group

Table 5.6 Voltage Detection Circuit Electrical Characteristics

5. Electrical Characteristics

; ; Standard
iviﬂji_*_“w L .u.,P.a‘m_‘é'e.r Measuring condition Min, | Typ. | Max. |Unit
Vdet Voisge detoctionfeve! L 33 38 43 v
Voltage d pt reg ing time? 40 us
= Voltage & circuit self consumption curant VC2721, VCC=5.0v 600 A
t9(E-A) | Walting time until valtage d circuit op stans? _ e 20 |
| veemin voltage mini value 2.7 v
NOTES:

1. The measuring condition Is Vcc=AVee=2.7V to 5.5V and Topr=-40°C to 85°C.
2. This shows the ime until the voltage detection interrupt request is generated since the voltage passes Vdet.

3. This shows the required time until the voltage detection circuit operates when selting to "1* again after setting the VC27 bit in the VCR2

register to “0°.
Table 5.7 Reset Circuit Electrical Characteristics (When Using Hardware Reset 21 3)
Symbol Parameter Measuring condition “whin S'%’;g;a@ - liork {Unit
Vporz | Power-on reset valkd voltage T20°C 3 Topr < 85°C . ~ Véar | v
'"%g:g' Supply voltage rising time when power-on roset I cancoled? ~20°C < Topr < 85°C, tw(por2) > 08¢ 100 | ms
NOTES:

1. The voitage detsction circuit which is embedded in a microcomputer is a factor to generate the hardware reset 2. Refer {0 5.1.2 Hardware
Reset 2,
2. This condition is not applicable when using Vcc 2 1.0V.

3. When tuming power on after the extemal power has been held bel

Circult Electrical Characteristics (When Not Using Hardware Res:
4. tw(por2) Is time to hold the external power below effective voltage (Vpor2).

Table 5.8 Reset Circuit Electrical Characteristics (When Not Using Hardware Reset 2)

low the valld voltage for greater than 10 seconds, refer to Table 16.8 Reset
et 2).

P 1 Measuring condition Standard i
Symbol arameter ng cond Min, | Typ. | Max |Unt
Vport Power-on reset vaiid voltage ~20°C S Topr < 85°C 0.1 v
‘W“cm' Supply vottage rising tmo when power-on reset is cancelod 0°C S Topr S 85°C. twipor1) 2 10s? 100 | ms
‘w%:g' Supply voltage dising time when power-on reset is cancsled ~20°C < Topr < 0°C, twipor1) > 30s? 100 | ms
IW(\\I';::?)- Supply voltage rising time when power-on reset ia cancelod -20°C < Topr < 0°C, tw{por1) 2 10s? 1 :ms
'Wm' Supply voltago rising time when power-on reset is canceled 0°C < Topr S B5°C. twiport) > 1s? 05 ms
NOTES: ‘
1. When not using hardware reset 2, use with Vec > 2.7V,
2, tw{por1) Is time to hold the external power below effective vollage (Vpor1).
Vet /rvde@
P, Veclmin
Vpor2
Vpon |e—>
Sampling time1+2 >« >
* > |« > tw(por2) tw(Vpor2|-vdet)
twipor1) tw(vpori-Vdet
Internal reset signal
(°L" effective) —> >
1 1
fRING-S X 32 fRING-S X 32
NOTES:

1. Hold the volitage 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. Vdet shows the vollage detection level of the voltage delection circuit. Refer 10 "5.4 Voltage Detection Circuit® for details.

Figure 5.3 Reset Circuit Electrical Characteristics
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Table 5.9 High-speed On-Chip Oscillator Circuit Electrical Characteristics

5. Electrical Characteristics

g iti Standard .
Symbol Parameter Measuring condition Min. Tyo. | Max Unit
- Migh-spaed on-chip troquancy 1/ {td(HRoffsot)#td(HR)} when the | VCC=5.0V, Topr=25"C s MHzZ
reset is reloased Sel "4016" in the HR1 cegisler
td(HRoffsel){ Settablo high-speod on-chip oscitator minimumperdod VCC=5.0V, Topr=25 °C 61 s
Set "001” in the HR1 register T
td{HR) High-speed on-chip osciltator period adjusted unit Diflerences when setting “01 16" and “0016" | ] s
in the HR register o RS T N
High-spoed on-chip 1 e range 5
—_— Hiah-epoed omchip il 4 of 40 °C 10 85 °C ranae 110
NOTES:
1. The measuring condition is Vec=AVce=5.0 V and Topr=25 °C.
Table 5.10 Power Circuit Timing Characteristics
it Siandard y
Symbol o Parameter - ; Measuring condition Min. | Tyo. | Max, |Uni
t4(P-R) _| Time for Intemal power supply stabiization during powaring-on? ! 1 | 2000 | ps
1d(R-5) | STOP retense time® ! P50 s
Note
1: The measuring condition Is Vec=AVce=2.7 to 5.5 V and Topr=25 °C.
2: This shows the wait time until the internal power supply generating circuit is stabilized during power-on.
3: This shows the time until BCLK starts from the interrupt acknowledgement to cancel stop mode.
Table 5.11 Electrical Characteristics (1) [Vce=5V]
- Standard .
Symbol Parameter Measuring condition Mo T Typ. | M | UMt
*H° output voltage Except Xout foH=-5mA Vee-2.0 Vce v
VoH lon=-200pA vee-0.3 Vvce v
Xoutr Drive capacity RIGH (lon=-1mA Vee-2.0 J Ve | v
Drive capacity LOW {low=-500pA Vce-2.0 Vee v
“L° output voltage Ptoto P17 low=5mA 20 ! v
vou Except Xour foL= 200 pA ‘ RS
P10to P17 | Drive capacity HIGH _tot= 15mA 20 v
Drive capacity LOW ' loL= 5mA 2.0 v
Drive capacity LOW : lou= 200 pA - 0.45 v
Xour Drive capacity HIGH : fog= 1 mA o 20 v
Drive capacity LOW | tou=500 pA . 20 v
VieVr. | Hysteresis INTo, INT1, INT2, INT3, Klo, KI1, 0.2 1.0 v
Ki2, Ki3, CNTRo, CNTR1, TCIN,
RxDD, RxD1, P45 g
RESET 0.2 22 v
1] *H° Input cument | v=sv T 5.0 pA
fn "L" Input curront VizOV T me T A
Reuwe | Pull-up recistance Vi=0v 30 50 167 ki)
Rexv Foodback resistance [ Xoe T ) 0 v
fRING-G__| LOW-tp0od on-chip ORCIRaror r 40 25 B0 | kHz
VRAM RAM retention voltage At stop mode 2.0 - [
Note '

1 : Referenced to Vcc=AVce=4.2 to 5.5V at Topr = -20 to 85 *C / 40 to 85 *C, {(XiN)=20MHz unlass otherwise specified.
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R8C/13 Group 5. Electrical Characteristics

Table 5.12 Electrical Characteristics (2) [Vee=5V]

Symbol Parameter Measuring condron Standard

9 Un2t

o Min. Typ. Max.
Xorm20 WHZ isnry eave)

, Hgh-speeg Hegnsomed oncee cvalalcs AR o . .
N Low-300ed onch ¢ oncilaty 52125 Wiz N N
H MNodvson_
Xoom 16 MHZ (scrusre M) i
Lowaeod On-civy cacistor cve 125 k2 8 1 ™
oW~ on-chip cacilator onx
'Na, No.division______ K L

xm:oun: (Wm wavo) ‘
High-spead on-chip osciftator off N s mA
Low-spoed on-chip oschlator on=125 kHz! :

oo oe e [Noglivigion__
Medium-speed | Xw=20 MMz (square wave)
mode High-specd on-chip osciltator off 4
Low-8psed an-chip oscilator on=125 kHz mA
Oivision by 8 [N
X 16 MH, )
Hiub'lspeodlm;: mlhmwtor oft 3 mA
on-chip oscilator 0n=125 kHz|

Low-spaod
lec Power supply current Division by 8
(Vece3 3 to 5.5V) mewll(lmﬁmwwn‘)o »

single-chip mode, the outpul Migh-spead an-chip oscitator

t:ma,,-,pgwon".:pm ! I.ow-spoodon-d-lpusc‘rulmonﬂ!&km 2 mA
aro Vss Division by 8 o RN DR H
Main clock off
High-speed Mlphwmhlpmdlnlovoﬂ-om 8 mA
on-chip on-chip 0n=125 kHz} 4
mode Nmﬂ!hm
Mak clock

High-speed on-chip ascilistor onxd MHz
L&ammmwmum 15 mA
oo . |Divisionby 8 —_—

Main clock off

m osciator Law-spood on-chip cwllabv 5:125 kHZ 470 900 VA

Rlsandl | Divislonby 8

0 |Moinclockoff
Wat mode High-spead on-chip oscilator off
Low-¢pead on-chip oscilator on=125 kHz 4 A
Whon 2 WA nttosction s exotctosd. 0 8o .
Peripheral dock operation
ve2rer

Wait modo xlh clock off

e e e

X’

Main clock off
Stop mode High-spood
. 08 3.0 WA

NOTES
1: The power supply current ring is d using the ing program on frash memory.
2: Timer Y is operated with timer mode.

et w3 ety eyt S b e £
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34 R8C/13 Group 5. Electrical Characteristics
Timing requirements (Unless otherwise noted: Vcc = 5V, Vss = 0V at Ta = 25 °C) [Vcc=5V]
Table 5.13 XiN input
Symbol Parameter Standard Unit
Min. Max.
tC(XIN) XIN input cycle time 50 ns
tWH(XIN) XiN input HIGH pulse width 25 ns
twi(XIN) XIN input LOW pulse width 25 ns
Table 5.14 CNTRO input, CNTR1 input, INT2 input
Symbol Parameter Standard Unit
Min. Max.
tC(CNTR0) | CNTRO input cycle time 100 ns_
tWH(CNTR0) | CNTRO input HIGH pulse width 40 ns
tWL(CNTRO) | CNTRO input LOW pulse width 40 ns
Table 5.15 TCIN input, INT3 input
Symbol Parameter Standard Unit
Min. Max.
tc(TCIN) TCIN input cycle time 4001 ns
tWH(TCIN) | TCIN input HIGH pulse width 200 2 ns
tWL(TCIN) TCIN input LOW pulse width 200 2 ns
NOTES

1 :When using the Timer C input capture mode, adjust the cycle time above ( 1/ Timer C count source
frequency x 3).
2: When using the Timer C input capture mode, adjust the pulse width above ( 1/ Timer C count source
frequency x 1.5).

Table 5.16 Serial Interface

Symbol Parameter Standard Unit
Min. Max.
tc(ck) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tW(CKL) CLKi input LOW pulse width 100 ns
td(c-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu{D-C) RxDi input setup time 35 ns
th(C-D) RxDi input hold time 90 ns
Table 5.17 External interrupt INTO input
Symbol Parameter Standard Unit
Min. Max.
tW(INH) INTO input HIGH pulse width 2501 ns
tw(INL) INTO input LOW pulse width 250 2 ns
NOTES

1: When selecting the digital filter by the INTO input fiiter select bit, use the INTO input HIGH pulse width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.

2 : When selecting the digital filter by the INTO input filter select bit, use the INTO input LOW pusle width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.
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5. Electrical Characteristics

CLKi

TxDi

RxDi

INTI

CNTRO input

Vce =5V

)i \

TCIN input

XN input

/l \

" tc{CNTRO)
tWH(CNTRO)
{ \
\
< tWL(CNTRO)
< te(TCIN)
twHTCIN)
{ N
\
« tw.(TCIN)
" Lerxing |
twnfxmf ! |
\
< twLpan)
| tercr) N|
/)
twickL) R

C,

e y___ﬁtb‘_l_, 4__,\*\(,‘«;_0,

tw(inH)

Figure 5.4 Vcc=5V timing diagram

Rev.1.10 Apr 27,2005 page 21 of 26
REJO3B0069-0110



R8C/13 Group 5. Electrical Characteristics
Table 5.18 Electrical Characteristics (3) [Vce=3V]
. - Standard .
Symbo! Parameter Measuring condition Win T Typ. [ Wiax Unit
"H° output voltage Excopt Xour tons-1mA Vee-0.5 vee \"
Vo Xout Driva copacly HIGH tons01mA | Vecos |~ vee v
Orive capacity LOW |lon=-50 pA Vce-0.5 vee | v’
» low= 1 mA -
“L® output voltago g;‘:&gn 0.5 v
Vou P10 to P17 Drivo capaclty HIGH [lot=2mA 1 N 0.5 v
Orive capacity LOW |lotz 1 mA 05 v
Xour Drive capacity HIGH |low= 0.9 mA - 0.5 Y]
Drivo capacity LOW | lous50 pA - 0.5 v
VreVr. | Hysteresls {NTo, INT4, INFT2, (N3, Rio, K13, 0.2 08 v
Ki2, K13, CNTR0, CNTR1, TCIN,
RxDo, RxD1, P45
RESET 02 1.8 v
I *H" Input curent Via3v — 4.0 BA
i n “L° input curren Vi=0vV - 4.0 pA
i Reuwwe | Pullup VOV 6 160 500 | K1
1 Roan__ | Feedback resistanco [xn R 30 BT
fRING-B Lowespeed on-chip osciistor frequancy 40 126 250 kHz
VRAM RAM retontion voltage Al stop mode 2.0 v
':ote

Rev.1.10 Apr 27,2005 page 22 of 26
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R8C/13 Group 5. Electrical Characteristics

Table 5.19 Electrical Characteristics (4) [Vcc=3V]

Symbo! Parameter Measuring condition ~ Standard

R . Min. Typ. Max.
+ X220 Ml (8

High-speed [ Highapoot m et off

| Low-speod on-chip osciltator on=125 ki

Xeem 18 Mz (1quar0 wava)

High-spead on-chep emedtator oft ? 12 ™
| ew-apnont on-cup aseditor one 125 kH2,
No divie

8 13 mA

0N

Xwew 10 MH2 (square wavn)

High-speed on-chip oscillator off 5 mA

Low-spaad on-chip orciiator one 125 kiz) R

oo Nadwsion L

Medium-speed | Xw*20 MHz (squaro wava)

modo High-spect) on-chip osciltator off 3
Low-spaod on-chip oscilalor on=125 kHz mA

Divisionbyd

18 Mi
ﬁﬁya.m"f&"ﬂh”q’»"&m&u olf 25
L ow-spaot on-chip oscétator on= 125 ki | -

lec Power cumant Drwsion by &

(Veea2.7 to 3.3V) Xoer 10 M2 (seuter warver)

In single-chip mode, the output Higivapond on-chip oscaltator ofl 6 mA

Low. on-chin oscdlalor on= 125 kK2 B
z::vur:opmandmrpm Mm“ A

" Main dock off '
High-speed High-apood on-chip oscilator 0=8 MHz | 75 | mA
on-chip osciltator Low-spoad on-chip oscilator on125 kM2 35 -
mode No division .

Ma:n dock oft

High-spaed on-chip oscillator ons8 MHZ 15 mA
Low-speed on-chip oscilatar ont 125 kHz| -

S, . Divisionby8 .

Main dlock off
Low-spocd High-spoxxd on-chep cacitator off 420 800 A
Low-spood on-chip on=125 kHZ ¥
‘mode Division by 8

Main dock oft

High-spoad on-chep osciltator off
Low-speed on-chip osciiator on=125

When 8 WAIT instruction is exacul 7 74 BA
Poriphoral clack operation
VC27=0°

Walt mode Main dock off
High-spoed on-chip oscitlator off
Low-apoed on-chip oscillator on=125 kHz] 35 70 pA
Whan a WAIT instruction is exccutod?
Patipbarat clock off

b e VEIYOY

Mzin clack ofl
Stop mode High-spoed on-chip osciltator off
Low-spand on-chip osciiator oft
oo p 07 30 pA

NOTES

1: The power supply current measuring is executed using the measuring program on frash memory.
2: Timer Y Is operated with timer mode.
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R8C/13 Group 5. Electrical Characteristiés

Tiing requirements (Unless otherwise noted: Vcc = 3V, Vss = 0V at Ta = 25 °C) [Vcc=3V]
Table 5.20 XIN input

Symbol Parameter ' Standard Unit
Min. Max.

tC(XIN) XIN input cycle time 100 ns

twH(XIN) XIN input HIGH pulse width 40 ns

tWL(XIN) XIN input LOW pulse width 40 ns

Table 5.21 CNTRO input, CNTR1 input, INT2 input

Symbol Parameter Standard Unit
Min. Max.
tC(CNTR0) CNTRO input cycle time 300 ns
tWH(CNTR0) | CNTRO input HIGH pulse width 120 ns
tWL(CNTRO) | CNTRO input LOW pulse width 120 ns

Table 5.22 TCIN input, INT3 input

Symbol Parameter Standard Unit
Min. Max.
tc(Tcin) TCIN input cycle time 12007 ns
tWH(TCIN) | TCIN input HIGH pulse width 600 2 ns
tWL(TCIN) | TCIN input LOW pulse width 600 2 ns
NOTES
1 :When using the Timer C input capture mode, adjust the cycle time above ( 1/ Timer C count source
frequency x 3).

2 : When using the Timer C input capture mode, adjust the pulse width above ( 1/ Timer C count source
frequency x 1.5).

Table 5.23 Serial Interface

Symbol Parameter ____Standard Unit
Min. Max.

tc(ck) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(c-q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time ' 0 ns
tsu(D-C) RxDi input setup time 55 ' ns
th(C-D) RxDi input hold time 90 ns

Table 5.24 External interrupt INTO input

Symbol Parameter Standard Unit
Min. Max.
tw(INH) INTO input HIGH pulse width 380 1 “ns
tW(INL) INTO input LOW pulse width 380 2 ns
NOTES

1: When selecting the digital filter by the INTO input filter select bit, use the TNTO input HIGH pulse width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.

2 : When selecting the digital filter by the INTO input filter select bit, use the INTO input LOW pusle width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.
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R8C/13 Group 5. Electrical Characteristics

Vce = 3V
— L(CNTRO)
tWH{CNTRO)
CNTRO input Y !
-/ y
le tWL(CNTRO) s ’
. te(reiny N
twHreny
TCIN input / \ )
S | \
« twarcing N
. tefxiNy N
SwHXiN
XN input 1
—_— / \
" twa(xivy .
le— te(cry N
CKH)
CLKi \L !
n twickL)
) o thc-q)
TxDi >< ><
ta(c-q) Lsu(D-c; the.0y
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IN ‘
J— 4 1 /
INTi
L twiin)
« *

Figure 5.5 Vcc=3V timing diagram
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R8C/13 Group Package Dimensions
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