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SISTEM MONITORING KADAR KARBON MONOKSIDA (CO) DAN
SUHU DENGAN MODUL WI-FI WIZ610WI BERBASIS
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Institut Teknologi Nasional
Email : irvanliwan87@yahoo.com

Abstrak

Dewasa ini proses penyampaian informasi terutama pada perubahaan linglwmgan dalam hal
ini suhu dan kadar karbon monoksida masih mengandalkan media elektronik. Cara tersebut masih
kurang efelaif karena masyarakat tidak bisa mengetahui informasi tersebut setiap waktu.

Oleh sebab itu untuk memudahkan dalam proses penyampaian informasi tersebut, maka
dirancanglah sebuah sistem yang berfungsi untuk memonitoring suhu dan kadar karbon monoksida
dalam udara yang dapat diakses melalui jaringan wi-fi. Komponen intinya mikrokontroler AT89C52,
modul wi-fi WIZ610wi, TGS2442 (sensor CO), LM35 (sensor suhu), ADC0808, MAX232, MAX3232
dan sebuah software yang dirancang khusus untuk mengakses alat ini. Prinsip kerja alat ini adalah
pada sofiware yang dirancang akan mengirimkan perintah yang selanjutnya akan diterima oleh
modul WIZ610wi yang akan langsung dikirimkan ke mikrokontroler., yang selanjutnya oleh
mikrokontroler akan direspon dengan mengirimkan kembali hasil pengukuran yang oleh software
nantinya akan ditampilkan. Hasil sistem monitoring ketinggian air akan di update setiap lima detik
selaali.

Kata kunci : Sistem monitoring, TGS2442, LM35, Modul wi-fi WIZ610wi, MAX3232

Abstract

In the current condition, the process 1o provide information about the environment changes
especially the temperature and concentration of carbon monoxide are still depend on the information
that provided by the electronic media. And we find that system is less effective because people cannot
get the information every time they need.

Based on that reason above, to provide an easier process 1o inform people about temperature
and concentration of carbon monoxide, we design a system that the Junction is monitoring
temperature and concentration of carbon monoxide in the air, that can be accessed by wi-fi. The main
component are microcontroller AT89C52, wi-fi modul WIZ610wi, TGS2442 (CO sensor), LM35 {
Temperature sensor), ADC0808, MAX232, MAX3232 and a software that design to access this
instrument. The working system of this tools is the software will sent a command and will be accepted
by WIZ610wi, so microcontroller will be accepted a command, and the microcontroller will respons
the command with sent the result of measurement and the software will display the result of
measurement. the reswlt of this system will be updated automatically every  five second,

Key words: Monitoring system, TGS2442, LM35, wi-fi madul WIZ610wi, MAX3232
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BAB1
PENDAHULUAN

1.1 Latar Belakang

Dalam kehidupan schari-hari peranan informasi dirasa sangat penting baik
dalam kondisi apapun dan dimanapun, ada banyak informasi yang dapat kita ketahui
dengan cara-cara tertentu. Dengan berkembangnya teknologi internet yang
merupakan suatu sistem yang reliable maka internet dapat digunakan sebagai media

pada monitoring atau pengendali jarak jauh yang cukup baik.

Pertambahan jumlah kendaraan yang cukup tinggi seiring dengan tingkat
pertumbuhan ekonomi nasional, berdampak pada peningkatan polusi udara, yang
tentu saja berpengaruh bagi tingkat keschatan masyarakat. Dan salah satu gas yang
dihasilkan dari kendaraan bermotor yang mempunyai pembakaran tidak sempumna
yakni gas karbon monoksida (CO). Akan tetapi sangatlah tidak efesien apabila dalam
memonitoring suhu dan kadar gas karborn monoksida (CO) dengan menggunakan

komputer.

Atas dasar inilah diperlukan suatu alat yang bersifat stand alone tanpa
menggunakan bantuan komputer untuk mengirim data, yang dapat mengukur
besarnya suhu dan kadar gas karbon monoksida (CO) dalam udara. Pembuatan alat
tersebut dapat membantu dalam memberikan informasi pada masyarakat tentang

tingkat polusi yang terjadi. Sistem monitoring ini nantinya dirancang sedemikian rupa



agar dapat mengukur suhu dan kadar gas karbon monoksida (CO) secara realtime dan

dapat diamati secara online melalui internet.

1.2 Rumusan Masalah
Mengacu pada permasalahan yang ada, maka perumusan masalah ditckankan
pada:
1. Bagaimana merancang suatu alat yang dapat mengukur kadar karbon
monoksida dan suhu.
2. Bagaimana hasil pengukuran tersebut dapat dikirim melalui wi-fi.
3. Bagaimana merancang suatu alat yang bersifat stand alone tanpa perantara
komputer sebagai pengontrol dalam pengiriman data dalam jaringan

komputer.

1.3 Tujuan

Tujuan dari penulisan skripsi ini adalah untuk membuat suatu sistem
monitoring suhu dan kadar gas karbon monoksida (CQO) yang dapat diakses dari jarak
jauh melalui internet, dengan menggunakan modul WIZ600OWI dan mikrokontroller

AT89CS52 sebagai kontroller.

1.4 Batasan Masalah
Untuk mencapai tujuan penyelesaian skripsi ini secara maksimal, maka

diperlukan batasan masalah yang diharapkan agar permasalahan tidak meluas dan



tetap fokus pada tujuan utama. Adapun batasan-batasan masalah pada tugas akhir ini

yaitu:

1

2

Menggunakan sensor LM35 untuk sensor subhu
Menggunakan sensor TGS2442 untuk sensor karbon monoksida
Menggunakan Modul WIZ60OWI sebagai serial to wi-fi gateway

Tidak membahas proses pengiriman data dalam jaringan komputer.

1.5 Metodologi Penelitian

Adapun metode-metode yang diambil untuk pemecahan masalah meliputi:

1.

Studi literatur

Mempelajari dan memahami teori-teori yang terkait melalui literatur yang
telah ada, yang berhubungan dengan pembahasan masalah.

Perencanaan dan Pembuatan Alat

Membuat diagram blok rangkaian yang sesuai dengan rencana kerja, yang
kemudian direalisasikan dengan masalah perencanaan dan pembuatan
berdasarkan diagram blok rangkaian yang telah disusun.

Studi Analisa Alat

Dimaksudkan untuk melakukan analisa dan pengujian alat yang telah
dirancang apakah sesuai antara fungsi dengan kerja yang diharapkan.
Pengambilan Kesimpulan

Dilakukan setelah mendapatkan hasil dari perancangan dan pengujian alat.

Jika hasil yang diperoleh telah sesuai dengan spesifikasi yang ditentukan saat



dilakukan perancangan, berarti alat tersebut dianggap selesai dan sesuai
dengan harapan.

5. Penyusunan Buku Laporan
Bertujuan untuk menyusun data laporan yang berpedoman pada alat yang

telah selesai dibuat beserta kesimpulan dan cara kerja alat.

| 1.6 Sistematika
Pembahasan dalam Skripsi/Tugas Akhir ini akan diuraikan dalam lima

bab, yang penjabarannya adalah sebagai berikut:

BAB1 : Pendahuluan
Pada bab ini dibahas tentang latar belakang permasalahan,
rumusan masalah, batasan masalah, sistematika pembahasan
dari alat yang direncanakan,

BAB I : Landasan Teori
Berisi tentang teori-teori dasar yang memiliki relevansi

sebagai dasar perancangan dan pembuatan alat.

BAB I : Perancangan dan Pembuatan Alat
Bab ini berisi pembahasan tentang perencanaan  dan
pembuatan keseluruhan sistem perangkat keras yaitu blok

diagram rangkaian, prinsip kerja, perancangan  setiap



BABIV

BABV

komponen yang digunakan dan perancangan perangkat lunak

yaitu flowchart kerja dari program yang dibuat.

: Pengujian Sistem

Membahas tentang pengujian alat, yang didasarkan pada
pengukuran-pengukuran, pengujian dilakukan pada tiap blok
rangkaian yang digunakan meliputi sensor, pengkondisi
sinyal, ADC, modul dan keseluruhan sistem, serta analisis
data dari pengujian dari semua pengyjian dan program yang

telah dibuat.

: Penutup

Merupakan bagian akhir dari laporan yang terdiri dari

kesimpulan dan saran.



2.1 Pendahuluan

BAB 11

LANDASAN TEORI

Pada bab ini akan dibahas mengenai teori penunjang dari peralatan yang

direncanakan. Teori penunjang ini akan membahas tentang komponen dan peralatan

pendukung pada alat yang dibuat. Pokok pembahasan pada bab ini adalah:

Sensor Carbon Monoksida (CO)
Sensor suhu LM335

Pengkondisi Sinyal

ADC 0808

Mikrokontroler AT89C52
Pengubah Level Tegangan
WIZ610Wi

TCP/IP

2.2 Gas Karbon Monoksida (CO)

Gas karbon monoksida adalah gas yang tidak berwarna, tidak berbau dan tidak

berasa. Gas ini terdiri dari satu atom karbon yang sccara kovalen berikatan dengan

satu atom oksigen. Dalam ikatan ini, terdapat dua ikatan kovalen dan satu ikatan

kovalen koordinasi antara atom karbon dan atom oksigen.



Karbon monolsida dihasilkan dari pembakaran tidak sempurna dari senyawa
karbon, sering terjadi pada mesin pembakaran dalam. Karbon monoksida terbentuk
apabila terdapat kekurangan oksigen dalam proses pembakaran.

Molekul Gas karbon monoksida memiliki panjang ikat 0,1128 nm. Panjang
ikatan molekul karbon monoksida sesuai dengan ikatan rangkap tiga parsialnya.
Molekul ini memiliki momen dipol ikatan yang sangat kecil dan dapat diwakili

dengan dengan tiga struktur resonansi

(=o' == (=g == (ig-

Gambar 2.1 Struktur Resonansi CO
(Sumber: htp://id wikipedia.org/wiki/Karbon_monoksida)
Resonansi paling kiri adalah bentuk yang paling penting. Hal ini diilustrasikan
dengan reaktivitas karbon monoksida yang bereaksi dengan karbokation.

Gas karbon monoksida pertama kali dihasilkan oleh kimiawan Perancis de
Lassone pada tahun 1776 dengan memanaskan seng oksida dengan kokas. Kimiawan
tersebut menyimpulkan bahwa gas yang dihasilkan adalah hidrogen karena ketika
dibakar menghasilkan api berwarna biru. Gas ini kemudian diidentifikasi sebagai
senyawa yang mengandung karbon dan oksigen oleh kimiawan Inggris William
Cumberland Cruikshank pada tahun 1800.

Karbon Monoksida sangatlah beracun, sifat-sifat karbon monoksida yang
beracun pertama kali diinvestigasi secara seksama oleh fisiolog Perancis Claude

Bernard sekitar tahun 1846 dengan meracuni beberapa anjing dengan gas tersebut,



dar. mendapatkan bahwa dalam darah anjing-anjing tersebut berwarna lebih merah di
seluruh pembuluh darah. Karbon monoksida dapat menyebabkan keracunan sistem
saraf pusat dan jantung. Karbon monoksida juga memiliki efek-efek buruk bagi bayi
dari wanita hamil. Gejala dari keracunan ringan meliputi sakit kepala dan mual-mual.
Pada konsentrasi 667 ppm dapat menyebabkan 50% hemoglobin berubah menjadi
karboksihemogoblin (HbCQ). Karboksihemogoblin cukup stabil, namum perubahan
ini reversible. Karboksihemoglobin tidaklah efektif dalam menghantarkan oksigen,
schingga beberapa bagian tubuh tidak mendapatkan oksigen yang cukup dan hal ini
sangatlah berbahaya.

Tabel 2.1 Bahaya Kadar Karbon Monoksida ( ppm )
Bagi Manusia

Kadar Gas Karbon Waktu Akibat
Monoksida (ppm) (jam)
<100 <1 tidak menimbulkan gejala apapun
< 500 <1 batuk dan pusing
< 1000 <1 sesak nafas gelisab/bingung
> 1000 <1 koma dan kematian

(Sumber: htp://harrie9 [ wordpress.com/2007/09/ I 3/efek-gas-karbon-monaksida/)

2.3 Sensor
2.3.1 Sensor Gas Karbon Monoksida ( TGS 2442 )

Sensor yang digunakan dalam pendeteksi gas karbon monoksida adalah sensor
TGS 2442. Sensor ini sangat sensitif dengan gas karbon monoksida, dan sensor ini
dapat mendeteksi kadar gas karbon monoksida dari 30-1000 ppm dalam udara.

Sensor ini menggunakan multilayer sensor structure. Lapisan kaca untuk

thermal insulator dicetak diantara ruthenium oxide (RuQz) heater dan almunia




substrate. Sepasang Au electrodes untuk heater terbentuk pada thermal insulator.
Pengindraan lapisan gas yang terbentuk dari /in dioxide (Sn0:z), adalah yang
tercantum pada lapisan isolasi listrik yang meliputi heater. Sepasang Au electrodes
untuk mengukur resistensi terbentuk pada electrical insulator. Activated charcoal
dipenuhi antara internal cover dan sampul luar untuk tujuan mengurangi pengaruh

noise gases.

Gambar 2.2 Sensor TGS 2442 / Sensor CO
(Sumber: Data sheet TGS 2442)

Grafik di bawah ini menjelaskan karakteristik dari sensitivitas sensor, semua
data dikumpulkan pada saat kondisi standar ketika diuji. Y-axis diindikasikan sebagai
sensor resistance ratio (Rs/Ro) yang didefinisikan sebagai berikut :

e Ry = Resistansi sensor dari gas-gas yang ditampilkan dalam berbagai macam
konsentrasi.

e [0 = Resistansi sensor dalam /00 ppm gas CO
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1 10 100 1000 10000

Gas Concentration (ppm)

Grafik 2.1 Sensitivity characteristics TGS 2442
{(Sumber: Data sheet 1GS 2442)

Gambar 2.3 Basic measuring circuit
(Sumber: Data sheet TGS 2442)

Sensor membutuhkan circuit voltage ( Ve ) dan heater voltage ( Vi ) untuk

memberikan inputan pada fransistor untuk menghasilkan pulse,
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2.3.2 Sensor Suhu (LM35)

LM35 merupakan sensor suhu yang sangat presisi; hal ini dapat dilihat dati
tegangan output yang mempunyai sifat kelinearan yang sesuai yaitu dapat dinyatakan
langsung dalam derajat celcius. LM35 mempunyai keuntungan yaitu lebih linear
apabila dikalibrasikan ke Kelvin, untuk memperoleh skala celcius tidak perlu
mengurangi tegangan konstan dari output. Tipikal akurasi yaitu pada +25°C untuk
suhu kamar dan £75°C uiituk suuliu yafig lebih tinggi. Range temperatur dntara -55°C
sampai +150°C. Sensor LM35 mempunyai impedansi output yang rendah, output
yang linear dan juga ketepatan kalibrasi yang merupakan kelebihan dari LM35 yang
membuat penginterfacean untuk pembacaan keluar atau control rangkaian sangatlah
mudah. LM35 dapat digunakan dengan power supply tunggal plus (+) atau minus (-),
selain itu hanya membawa 60pA dari supplynya. Hal ini membuat se/f~heatingnya

sangat rendah, lebih kecil dari 0,1°C pada udara konstanta.

+Vs Vour GND

Gambar 2.4 Tampak Atas LM35
{Sumber: Data sheet LM335)

2.4 Pengkondisi sinyal
Di dalam sistem kontrol sering kali keluaran dari sensor nilainya tidak sesuai

yang diharapkan yaitu nilainya mudah untuk diolah. Oleh karena itu perlu adanya
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pengolah sinyal agar sinyal keluaran dari sensor dapat kita olah terlebih dahulu agar
keluarannya seperti yang diharapkan. Penguat operasional atau sering disebut op-amp
(operasional amplifier) merupakan komponen elektronika yang berfungsi untuk
memperkuat sinyal arus searah (DC) maupun arus bolak-balik (4C). Pada prinsipnya
penguat operasional hanya bekerja sebagai penguat sinyal bukan penguat daya.
Penguat operasional terdiri atas transistor, resistor dan kapasitor yang dirangkai dan
dikemas dalam rangkaian terpadu (integrated circuit). Simbol op-amp ditunjukkan
pada gambar di bawah ini. Vin merupakan masukan sinyal, Vout keluaran sinyal, 4

besar penguatan dan V('(” sumber tegangan.

+VCC

V out

-VCC

Gambar 2.5 Simbol Op-Amp
( Sumber : hiip://franzaditya.blogspol.com/2009/02/pengual-operasional-op-amp.himl )

Karakteristik op-ump ideal adalah kondisi op-amp sesuai dengan teori. Karakteristik
op-amp ideal adalah sebagai berikut:

1. Faktor penguat tidak terhingga.

2. Tidak memiliki offset, maksudnya adalah apabila masukan nol maka

keluaran juga nol.
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Impedansi masukan tidak terhingga.

Impedansi keluaran nol.

Lebar bandwidth tidak terhingga.

Rise time nol.

Tidak mudah terpengaruh oleh perubahan tegangan sumber maupun

perubahan suhu.

Pada kenyataannya dalam pembuatan op-amp memiliki keterbatasan sehingga

tidak ada op-amp yang ideal. Op-amp yang ada hanyalah op-amp yang mendekati

ideal karena karakteristik op-amp adalah sebagai berikut :

L

2.

Faktor penguat terbatas kurang lebih 100.000 kali

Terdapat offset dimana saat masukan bemilai nol tegangan keluaran tidak
nol.

Impedansi masukan cukup tinggi namun terbatas sampai kira-kira ratusan
kilo ohm saja.

Impedansi keluaran rendah namun terbatas puluhan sampai ratusan o/m.
Rise time tidak nol.

Kerja op-amp terpengarruh perubahan sumber tegangan dan perubahan pada

suhu,

Dalam penggunaannya op-amp dibagi menjadi dua jenis yaitu penguat linier

dan penguat tidak linier. Penguat linier merupakan penguat yang tetap

mempertahankan bentuk sinyal masukan, yang termasuk dalam penguat ini antara

lain penguat non inverting, penguat inverting, penjumlah, penguat diferensial dan
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penguat instrumentasi. Sedangkan penguat tidak linier merupakan penguat yang
bentuk sinyal keluarannya tidak sama dengan bentuk sinyal masukannya, diantaranya
komparator, integrator, diferensiator, pengubah bentuk gelombang dan pembangkit
gelombang. Untuk menangani penguatan dari sensor biasanya digunakan penguat

linier yang tidak mengubah bentuk sinyal namun hanya memperkuat sinyal saja.

2.4.1 Penguat Non Inverting
Merupakan penguat yang berfungsi memperkuat sinyal masukan tanpa

membalik sinyal masukan. Rangkaian penguat dan rumusnya adalah sebagai berikut:

Vout = (2 + l) -Vin
Rl

Vin

Gambar 2.6 Rangkaian Penguat Non Inverting
( Sumber : htp://franzaditya. blogspot.com/2009/02/penguat-operasional-op-amp.htmi )
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2.4.2 Buffer
Rangkaian buffer rangkaian yang inputannya sama dengan outputanya. Dalam
hal ini seperti rangkaian common colektor yang berpenguatan 1. Rangkaiannya

seperti berikut ini:

— Vo

Vi

Gambar 2.7 Rangkaian Buffer
( Sumber : htip://franzaditya. blogspot.com/2009/02/penguat-operasional-op-amp.htm! )

Nilai R yang terpasang gunanya untuk membatasi arus yang di keluarkan.
Besar nilainya tergantung dari indikasi dari komponennya, biasanya tidak dipasang

alias arus dimaksimalkan sesuai dengan kemampuan op-ampnya.

2.4.3 Penguat Non Inverting LM358

Penguat operasional (op-amp) merupakan kumpulan puluban transistor dan
resistor dalam bentuk satu chip IC. Op-Amp merupakan komponen aktif linear yang
merupakan penguat gandeng langsung (direct coupling), dengan penguatan terbuka
(open gain) yang sangat besar dan dapat dipakai untuk menjumlahkan, mengalikan,
membagi, mendiferensialkan, serta mengintegralkan tegangan listrik. 1C Op-Amp
sering dipakai untuk perhitungan-perhitungan analog, instrumentasi, maupun

berbagai macam aplikasi kontrol. IC LM358 didesain secara sempurna dalam hal
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penggunaan dua buah Op-Amp secarabersamaan dalam satu chip, Gambar 3 adalah

IC LM358.

(Tap View) -
Gambar 2.8 1.M358

(sumber: hiip:\uii\fakultas elekiro_telemeiri suhu dan kelembapan)

IC Op-Amp LM358 memiliki keunggulan dalam pemakaian daya yang lebih
rendah, kemampuan penggunaan saluran input yang berkorclasi dengan saluran
pentanahan, dapat dicatu menggunakan mode catu daya tunggal maupun catu daya
ganda.

Tabel 2.2 Funsi PIN LM358
No Pic Fungsi |
Kelaran A (Ontput A)
Masukan menjungkir (Input inverting)
Masukan Tak menjungkir (Input non-inverting)
Dihubungkan dengan terminal negatif pencatu daya (V-)
Masukan Tak menjungkir (Input non-inverting)
Masukan menjungkir (Input inverting)
Keluaran B (Output B)
8 Dihubungkan dengan terminal positif pencatu daya (V+)

sumber. http: \uii\fakulias elektro telemetri suhu dan kelembapean,
! /X

SOV N B W B -

2.5 Analog to Digital Converter 0808 ( ADC 0808 )

ADC adalah suatu rangkaian yang mengkonversikan sinyal analog menjadi
sinyal digital. Sistem mikroprosesor hanya dapat mengolah (memproses) data dalam
bentuk biner saja, atau sering discbut besaran digital, oleh sebab itu setiap data analog

yang akan diproses oleh mikrokomputer harus diubah terlebih dahulu ke dalam
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bentuk kode biner (digital). Tegangan analog yang merupakan masukan dari ADC
berasal dari franducer. Tranducer inilah yang mengubah besaran kontinyu seperti
temperatur, tekanan, kecepatan, ataupun putaran motor menjadi tegangan listrik.
Tegangan listrik yang dihasilkan oleh franducer akan berubah secara kontinyu pada
suatu range tertentu dan disebut dengan tegangan analog dan tegangan analog ini
kemudian diubah oleh ADC menjadi bentuk digital yang sebanding dengan tegangan

analognya.

N3—{1 28]—N2
N4 g2 27N+
NS 13 260
N8 =14 25f=a00 A
N7 =4S 24=ADD B
START—{6 23]—ADD ¢
€0Cc~47 22p=ALE
2~5-48 21f=2""use
OUTPUT ENABLE =39 20p=—2"2
CLOCK 410 19f=—2"3
Ve i1 18f—2"4
Vegr (#)—12 17}-2"%ss
GND =413 18f=Vpgr (=)
2”714 15}=2"6

Gambar 2.9 Pin out ADC 0808
( Sumber :Data sheet ADC 0808)

ADC 0808 mempunyai karakteristik sebagai berikut :
e Resolusi sebesar 8 bit
e Conversion time sebesar 100us
e Total unadjusted error : +%; LSB and =1 LSB

* Single power : 5 Vpc

™ -

T
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e Lowpower: 15 mW
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Gambar 2.10 Blok Diagram ADC 0808
( Sumber :Data sheet ADC 0808)

Pengendali ADC ini pertama memilih saluran masukan yang di inginkan,
dengan meletakkan 3 bit alamat pada pin Al, A2, A3 dan input ALE dipulsa positif,
untuk mencetak alamat ini ke dalam register alamat multiplexer. Untuk konversi pin
START diberi pulsa pada tepi naik dari pulsa ini register internal ( SAR ) dibersihkan
dan pada tepi turun pulsa ini konversi dimulai. Proses konversi yang sedang
berlangsung dapat disela ( In rerrupt ) oleh sinyal SC yang baru. Jalur EOC akan
menjadi /Jow setelah 8 periode Clock dari tepi naik pulsa START. Ketika sinyal EOC
menjadi High menunjukkan data konversi siap dibaca. Pin OE ( output enable )

berfungsi untuk mengijinkan data pada register SAR agar bisa dibaca sistem luar.
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‘Tabel 2.3 Menunjukan Saluran Analeg ADC 0808

Saluran Anlaog Jalur Alamat
Yang Dipilih C B A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H H

( Sumber :Data sheet ADC 0808)

2.6 Mikrokontroller AT89C52

Mikrokontroler merupakan perkembangan dari mikroprosesor. Dalam sebuah
chip mikrokontroler telah terintegrasi memori, CPU dan I/O. Hal tersebut membuat
mikrokontroler dapat langsung dibuat sistem dengan menambahkan sedikit peripheral
lain. Sifat mikrokontroler yang mampu diprogram (programmable) menyebabkan

mikrokontroler mempunyai kemampuan aplikasi yang sangat luas.

AT89C52 adalah salah satu jenis mikrokontroler buatan Atmel dan merupakan
keluarga MCS-51, yang membedakan mikokontroler AT89S52 dengan C52 (seri
sebelumnya) adalah cara pengisian program (Flash Programming). Pada
mikrokontroler AT89S52 terdapat fasilitas ISP (In System Programming), artinya
mikrokontroler ini mampu diprogram meskipun dalam kondisi bekerja. Sedangkan
perbedaan pada hardware adalah adanya MOSI, MISQ, dan SCK, pin ini berguna saat
Sflash programming. AT89C52 merupakan mikrokontroler 8 bit dengan spesifikasi

sebagai berikut:
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l. CPU (Central Processing Unit) dengan lebar data 8 bit
2. Processor Boolean untuk operasi logika 1 bit

3. Pembangkit Clock internal

4. Dua buah timer/counter 16 bit

5. Dua buah saluran /nterupsi eksternal.

6. Jalur I/O dua arah 32 buah

7. Memori program terpisah dengan memori data

8. 8 Kbyte memori program (Flash EEPROM)

9. Memori data internal 256 byte

10. Alamat memori program eksternal 64 kilobyte

11. Alamat memori data eksternal 64 kilobyte

Gambar 2.14 Memperlihatkan konfigurasi kaki-kaki pin dari mikrokontroler

AT89CS2.
PDIP
p—
(T2)yP100C 40 1 voCc
MEX)P1.11]2 39 [1 PO.0 (ACO:
P120C]3 3811 PO 1 (AT,
P1.30C]4 37 O PO.2 (AC2:
Pi14C]5 36 [1 PO.3 (AC3!
(MOSIHP1.5L]5 35 |1 P0.4 (ACA4;
(MISOYPI GO 7 34 [0 PO.5 (ACS!
(SCKYP1.7 [ 3 33 [ PO.6 (ALE;
R3T 2 32 1 PO.7 (AC7.
(RXD)P3I0 ] 10 11 |1 EANPP
{TXD)P3.1 ] 11 30 O ALC/PROOG
(NTOHP32] 12 29 [ PEEN
NTIYP3.3 0 12 20 [ P2.7 (A15)
(TOHP3 4] 14 271 P26 (A14)
(T1)P3.5[] 15 26 1 P2.5 (A13)
(WR)YP3.6 OJ 1€ 25 [ P24 (A12)
(RDyP3.7 17 241 P2.3(AM1)
XTALZ ] 18 23 [0 P2.2 (A1D)
XTAL1 L] 16 221 P2.1(AQ)
SND O 20 21 [0 P2.0 (AB)

Gambar 2.11 Pin-pin AT89C52
( Sumber : Data sheet Mikvokontroller AT89C52)



Deskripsi fungsi pin-pin dari AT89C52 pada Gambar 2.14 -

21

1. Port 0.0/ADO0 - port 0.7/AD7 (kaki 32-39). Pada perancangan

komponen minimum, port ini dapat digunakan untuk port /O tujuan

umum. Untuk perancangan yang lebih besar (dengan memori luar), port

ini menjadi bus data dan alamat multipleks.

2. Port 1 (kaki 1-8). Port ini dipakai untuk port /O. Pin-pin ini dirancang

sebagai P1.0, P1.1, P1.2 dan seterusnya sampai P1.7 untuk antarmuka

dengan device luar.

3. Port 2.0/A8 ~ port 2.7/A15 (kaki 21-28). Port ini dipakai untuk IO

atau sebagai bus byte tinggi alamat untuk rancangan dengan memori

luar.

4. Port 3 (kaki 10-17). Port ini dipakai untuk /O tujuan umum atau untuk
fungsi khusus, dimana setiap pin mempunyai keistimewaan yang
dimiliki AT89C52 seperti pada tabel berikut:

Tabel 2.4
Fungsi Khusus dari Port 3
IN FUNGSI
P3.0 RXD (Serial inpwt port)
P3.1 TXD (Serial Output Port)
P3.2 INTO (external interrupt 6)
P33 INTI (external interrupt 1)
P34 70 (Timer 0 external input)
P3.5 T1 (Timer 1 external input)
P3.6 WR (external data memori write strobe)
P3.7 RD (external data memori read strobe)

( Sumber : Data sheet Mikrokontroller AT89C52)
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PSEN (Program store enable, kaki 29). PSEN merupakan keluaran
untuk sinyal kendali yang mengijinkan memori program (kode) luar dan
biasanya dihubungkan dengan kaki OE (Qutput Enable) EPROM yang
mengjinkan pembacaan byte-byte program.

ALE (Address Latch Enable, kaki 30). Sinyal keluaran ALE untuk
demultiplexing bus data dan alamat. Jika port 0 digunakan sebagai bus
data dan bus Byte rendah alamat, ALE mengunci alamat ke register luar
selama setengah pertama siklus memori. Selanjutnya selama setengah
kedua siklus memory, jalur -jalur port 0 disediakan untuk data masukan
atau keluaran ketika perpindahan data sedang dilakukan.

EA (External Access, kaki 31). Untuk eksekusi program dari memeori
luar maka kaki ini harus diberi tegangan rendah.

RST (Reset, kaki 9). Jika diberikan tegangan tinggi selama paling
sedikit 2 siklus mesin, maka register internal akan diisi dengan harga
tertentu untuk kondisi awal sistem.

XTAL 1 merupakan input dari penguat osilator dan clock internal untuk

pengoperasian rangkaian.

10. XTALL 2 merupakan oufput dari penguat pembalik osilator. Keluarga

MCS-51 yang diproduksi oleh Intel mempunyai konfigurasi yang
berbeda-beda sesuai dengan jenis-jenisnya. Masing-masing jenis saling
kompatibel serta mempunyai kebihan tersendiri. Misalnya
mikrokontroler AT89C52 merupakan persamaan dari mikrokontroler

8052, tetapi tidak mempunyai ROM internal.
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11. Vec untuk suplai tegangan.

12. GND untuk ground.

a. Organisasi Memori

Organisasi memori pada mikrokontroler AT89C52 dapat dibagi menjadi dua
bagian besar yaitu memori program dan memori data. Pembagian tersebut didasarkan
atas fungsi dari penyimpanan data maupun program. Memori program digunakan
untuk menyimpan intruksi-intruksi yang akan dijalankan oleh mikrokontroler,
sedangkan data digunakan sebagai tempat penyimpanan data.

Program mikrokontroler disimpan dalam memori program berupa ROM.
Mikrokontroler AT89CS2 dilengkapi dengan ROM internal, namun untuk program
yang besar digunakan ROM eksternal yang terpisah dari mikrokontroler. Untuk dapat
menggunakan memori program eksternal ini penyemat/EA dihubungkan dengan
penyemat Vss (logika 0).

Memori program mikrokontroler menggunakan alamat 16 bit mulai 0000H-
FFFFH, sehingga kapasitas penyimpanan program maksimal adalah 2'° byre atau 64
Kb. Sinyal yang digunakan untuk membaca memori program eksternal adalah sinyal
PSEN (program store enable).

Selain memori program mikrokontroler AT89C52 juga mempunyai memori data
internal berkapasitas 256 byte dan mampu mengakses memori data eksternal sebesar
64 Kb. Semua memori data internal dapat dialamati dengan pengalamatan langsung
atau tidak langsung. Ciri dari pengalamatan langsung adalah operand berisi alamat
data yang diolah. Sedangkan ciri dari pengalamatan tidak langsung adalah operand
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adalah alamat register yang berisi alamat data yang akan diolah. Sebagian memori
tersebut dapat dialamati dengan pengalamatan register, dan sebagian lagi dapat
dialamati dengan memori satu bit. Untuk membaca data digunakan sinyal RD,
sedangkan untuk menulis data digunakan sinyal WR.
Memori
Memori dalam mikrokontroler merupakan piranti yang berfungsi untuk
menyimpan program dan data yang dibutuhkan oleh mikrokontroler. Memori secara
garis besar dibagi menjadi dua macam yaitu memori yang hanya dapat dibaca (read
only memori) dan memori yang dapat dibaca maupun ditulis (random access
memori).
e ROM (Read Only Memori)
ROM adalah suatu bentuk memori yang hanya dapat dibaca isinya. Isi ROM
tidak mudah dihapus atau tidak mudah hilang meskipun catu daya tidak
diberikan kepadanya. Karena sifatnya yang tidak mudah dihapus tersebut,
ROM disebut juga memori non volatile. Suatu program atau data statis yang
diinginkan agar tidak mudah hilang dapat disimmpan dalam ROM. Menurut
sifatnya ROMdapat dibagi menjadi bebrapa macam, yaitu:
1.PROM (Programmable Read Only Memori) yaitu jenis ROM
yang sekali ditulis dan tidak dapat dihapus kembali.
2 EPROM (Erasable Programmable Read Only Memory) yaitu
Jenis ROM yang dapat ditulis maupun dihapus kembali.

Menurut cara penghapusannya EPROM dapat dibagi menjadi
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dua yaitu UV-EPROM (Ultra Violet EPROM) dan EEPROM
(Electrically EPROM).
e RAM (Random Access Memori)
RAM adalahh memori yang dapat dibaca maupun ditulis. Menurut sifatnya
RAM biasa disebut sebagai memori yang mudah menguap (Volatile), yaitu
bila catu daya yang diberikan pada RAM dihilangkan, maka data pada RAM
akan hilang. Ada dua macam RAM yaitu:

1. RAM statik yaitu RAM yang tersusun atas flip-flop. Selama
catu daya diberikan pada RAM, maka data akan tetap
tersimpan.

2. RAM dinamik adalah RAM yang menggunakan kapasiter
sebagai penyimpan data. RAM ini memerlukan
penyelangaraan data karena sifat kapasitor dapat menurunkan

muatannya.

b. Register Fungsi Khusus

Register fungsi khusus (Special Function Register) terletak pada 256 byte bagian
atas memori data internal dan berisi register-register untuk pelayanan latch port,
timer, program status words, control peripheral dan sebagainya. Alamat register

fungsi khusus ditunjukkan pada tabel 2.4
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Tabel 2.5
Nama dan Alamat Register pada Register Fungsi Khusus.
Simbol | Nama Register Nilai pada saat Reset Alamat
ACC Accumulator 0000H OEOH
B Register B 00H OFOH
PSW Program Status Word 00H 0DOH
SP Stack Pointer OH 81H
DPTR Data Pointer 2 byte - -
DPL Low Bytes 0000H 82H
DPH High Bytes 0000H 83H
PO Port 0 FFH 80H
P1 Port 1 FFH 90H
P2 Port 2 FFH 0AGH
P3 Port 3 FFH 0BOH
P Interrupt Priority Control XXX00000B 0B8H
IE Interrupt Enable Control 0XX00000B 0A8H
T™OD Timer/Counter Mode 00H 89H
TCON Control 00H 88H
THO Timer /Counter Control 00H 8CH
TLO | Timer/Counter 0 high byte 00H 8AH
TH1 | Timer/Counter 0 low byte 00H 8DH
TL1 Timer/Counter 1 high byte 00H 8BH
SCON | Timer/Counter 1 low byte 00H 98H
SBUF Serial Control Independen 99H
PCON Serial data buffer HMOS 87H
Power Control

( Sumber : Data sheet Mikrokontroller AT89C52)
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Pada internal memori terbagi menjadi dua bagian yaitu bagian data memori yang
berukuran 256 bytes dan bagian Special Function Register (SFR) yang diperlukan

mikrokontroler untuk menyimpan data penting.

Gambar 2.12 Struktur Memori AT89C52
( Sumber : http//:petra.com/skripsi/ Pengontrol Suhu melatui Jaringan Telepon  berbasis
Mikrokontroller AT89C52)
Cara untuk mengakses internal memori dan SFR pada AT89C52 mempunyai

aturan tersendiri. Pada internal memori dibagi menjadi 2 bagian yaitu bagian yang
dapat diakses secara langsung dan tidak langsung yaitu mulai dari alamat 00H-7Fh
sedangkan alamat mulai dari 80H-FFH hanya dapat diakses secara indirect. Untuk
Special Function Register (SFR) hanya dapat diakses secara direct. Tabel dari SFR

dapat dilihat pada gambar 2.15
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Gambar 2.13 Special Function Register
( Sumber : hitp//:petra.com/skripsi/ Pengontrol Suhu melalui Jaringan Telepon berbasis
Mikrokontraller AT89C52)

Beberapa macam register fungsi khusus yang sering digunakan, dijelaskan

sebagai berikut:

e Accumulator (ACC) merupakan registter untuk penambahan dan
pengurangan. Perintah AMnemonic untuk mengakses akumulator
disederhanaka sebagai A.

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

* Program Status Word (PSW) terdiri dari beberapa bit status yang
menggambarkan kejadian di akumulator sebelumnya. Yaitu Carry bit,
auxiliary carry, dua bit pemilih bank, bendera overflow, parity bit, dan
dua bendera yang dapat didefenisikan sendiri oleh pemakai.

® Siack Painter (SP) merupakan register 8 bit yang dapat diletakkan

dialamat maupun pada RAM internal. Isi register ini ditambah sebelum
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data disimpan. Selama instruksi PUSH dan CALL. Pada saat reset,
register SP diinisialisasikan pada alamat O7H, sehingga stack dimulai
pada lokasi alamat 08H.

Data Pointer (DPTR) terdiri dari dua register, yaitu untuk byte tinggi
(data pointer high,DPH) dan byte rendah (data pointer low, DPL) yang
berfungsi untuk mengunci alamat 16 bit.

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

Serial data buffer (SBUF) merupakan dua register terpisah, register buffer
pengirim dan sebuah register buffer penerima. Meletakkan data pada
SBUF berarti meletakkan pada buﬁ”er pengirim yang akan mengirimkan
data melalui transmisi serial. Membaca data SBUF berarti menerima data
dari buffer penerima.

Control register yang mempunyai fungsi control. Untuk mengontrol
system interupsi, terdapat dua register khusus, yaitu register IP (interrupt
priority) dan register IE (interupt enable). Untuk mengontrol pelayanan
timer/counter terdapat register khusus, yaitu register TCON (timer/counter
control) serta untuk pelayanan port serial menggunakan register SCON

(serial port control).
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e. Port Masukan dan Keluaran

Mikrokontroler AT89C52 mempunyai 4 port dan masing-masing port terdiri
dari 8 saluran bit. Keempat port ini bersifat bidirectional yaitu dapat digunakan
sebagai masukan atau keluaran. Port 0 digunakan sebagai saluran data yang
dimultipleks dengan saluran alamat rendah untu mengakses memori eksternal, baik
memori program maupun memori data. Port 2 mengeluarkan bagian alamat tinggi
untuk mode pengalamatan memori 16 bit. Portl dan 3 berfungsi sebagai saluran

masukan dan keluaran multi fungsi.

d. Sistem Interupsi

Mikrokontroler AT89C52 mempunyai 6 sumber inferrupt, yaitu dua buah
interrupt eksternal (INTO dan INT1), tiga buah timer/counter (T0,T1 dan T2), serta
satu buah intrrupt serial. Keenam interrupt diatas memiliki vector address yang

dapat dilihat pada tabel 2.5

Tabel 2.6
Interrupt
Interrupt Source | Vector Address
IEO 0003h
- TFO I
[El 0013h
i TF1 001Bh
RI & Tl 0023h .
TF2 & EXT2 002Bh

( Sumber : hitp//:petra.com/skripsi/ Pengontrol Suhu melalui Jaringan Telepon berbasis
Mikrokontroller AT89C52)
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Jika terjadi interrupt, maka program akan melompat ke alamat vektor interrupt yang
bersangkutan dan baru kembali ke program utama jika menjumpai perintah RET1
(returnfrom interrupt).

Keenam interupsi ini dapat diaktifkan atau dimatikan melalui register TE
(interrupt enable). Bit EA berfungsi untuk mengaktifkan sistem inferrupt secara
keseluruhan, sedangkan ET2, ES, ET1, EX1,ET0, EX0 berturut-turut untuk
mengaktifkan timer/counter 2, serial, timer/counter 1, external interrupt I,
timer/counter 0, external interrupt 0 (dapat dilihat pada gambar 2.5).

Interrupt eksternal (INTO dan INT1) dapat diaktifkan dengan dua mode, yaitu
mode aktif level (fevel actived) dan mode aktif transisi (transition actived). Jika INTO
dan INT1 diberi logika ”0” pada aktif level atau diberi perubahan transisi turun
(falling edge) dari logika °1’ ke logika 0’ maka akan menyebabkan terjadinya
interrupt,

Mode untuk mengaktifkan level ataupun transisi dapat dilakukan pada
register TCON (timer/counter control), yaitu pada bit ITO dan IT1. Interrupt
timer/counter TO,T1 dan T2 terjadi jika overflow pada register timer/counter yang
bersangkutan. Register timer/counter ituadalah THO[TLO, TH1|TL1 dan TH2|TL2.

Interrupt serial terjadi apabila dijumpai adanya stop bit baik pada jalur TX

maupun pada jalur RX.
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EA - EI2 ES ET1 EX1} ETO EX0

TCON: Timer/Counter Control Register
TFl | TRI TFO TRO E1l IT1 K ITO

TF2| EXF2 | RCLK | TCLK | EXEN2 | TR2 | C/~T2 | CP/-RL2

Gambar 2.14 Register-Register Interrupt
( Sumber : hitp//:petra.com/skripsi/ Pengontrol Suhu melalui Jaringan Telepon berbasis
Mifkrokentroller AT89C52)

e. Komunikasi Serial

Pada mikrokontroller AT89CS52 terdapat fasilitas komunikasi serial full duplex.
Dalam mikrokontroler ini terdapat register TX yang berfungsi untuk mengirimkan
data lewat transmitter.

Register RX yang berfungsi untuk menampung data yang diterima lewat
receiver. Kedua register ini terpisah secara fisik, sehingga tidak mungkin terjadi data
bentrok. Dalam SFR terdapat SBUF (Serial Buffer), dimana berfungsi sebagai
penghubung antar kedua register dengan program. Jika terjadi penulisan data ke
SBUF maka data tersebut akan diteruskan ke register TX, selanjutnya jika pada jalur
penerima maka data akan disimpan pada register RX, selanjutnya data tersebut dapat
dibaca oleh program dengan memberi perintah pembacaan terhadap SBUF.

Komunikasi serial mempunyai empat macam mode, yaitu mode 0, 1, 2 dan 3.
Hal ini berkaitan dengan tipe data dan baud rate. Yang digunakan (dapat dilihat pada

tabel 2.7
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Tabel 2.7
Mode Komunikasi Serial
SMO | SM1 | Mode Description Baud Rate
0 0 Shift Register Focs/12
0 1 1 8 bit UART Varable
1 0 2 9 bit UART Focs/64 or Focs/32
1 1 3 9 bit UART Variable

( Sumber : htip//-petra.com/skripsi/ Pengontrol Suhu melalui Jaringan Telepon  berbasis
Mikrokontroller AT89C32)

Hit SMO dan SM1 terdapat pada register SCON (serial control), yang berfungsi
untuk memilih mode komuikasi serial.

Untuk mode yang menggunakan 9 bit wniversal Asyncrhronous Receiver
Transmitter (UART) mempunyai arti bahwa data akan berukuran 9 bit, yaitu 1
sampai bit 8 akan terletak pada register SBUF sedangkan bit 9 akan diletakkan pada
TB8 (untuk transmit) dan RB8 (untuk receive). Kedua bit TBS dan RB8 terdapat pada

register SCON,

SMO | SM1 [ SM2 {REN| TBS | RB& | TI | RI

Gambar 2.15 Register Serial Control (SCON)
( Sumber : hiip//:petra.com/skripsi/ Pengontrol Suhu melabui Jaringan 1 elepon  berbasis
Mikrokontroller AT89C52)

Pada gambar 2.17 dapat dilihat isi dari register SCON. Bit SM2 berfungsi
untuk mengaktifkan komunikasi multiprosesor sedangkan bit REN berfungsi untuk
menerima data atau tidak menerima data, jika bit REN sama dengan 0, maka tidak
akan dapat menerima data tetapi jika bit REN adalah 1 maka dapat menerima data.

Bit Rl dan TI merupakan bit yang dapat menyebabkan terjadinya interrupt serial,
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dimana bit TI (transmit interrupt flag) akan berlogika 1 (terjadi interrupt serial) jika
pada jalur transmit telah mengirimkan bit terakhir (stop bif), sedangkan bit RI
(receive interrupt flag) akan berlogika 1 (terjadi interrupt serial) jika pada jalur
receive telah menerima bit terakhir (stop bit).

Baud rate mode 0 selalu benilai 1/12 oscillator, sedangkan baud rate pada
mode 2 akan bernilai 1/64 oscillator jika pada register PCON (Power Control) bit
SMOD berlogika 0’ jika bit SMOD berlogika ’1” maka baud rate pada mode 2 akan
bernilai 1/32 oscillator.

Baud rate pada mode 1 dan 3 dapat dibuat dengan memanfaatkan overflow dari timer

I dan timer2.

290p  OscillatorFrequency

BaudRote = b
32 12x256—(THU)]

@.1)

Nilai baud rate pada mode 1 dan 3 ini dapat dihitung dengan melihat persamaan
(2.1), dimana SMOD bemnilai 1 maka baud rafe akan menjadi dua kali lipat,
sedangkan jika bit SMOD bernilai 0 maka baud rate hanya dikali 1. Pada persamaan
(2.1) diatas perhitungan baud rate-nya menggunakan timerl. Sedangkan perhitungan

dengan menggunakan timer2 dapat dilihat pada persamaan (2.2) dibawah ini.

OscillatorFrequency {2.2)

BauwdRate =
O = 32065536 — (RCAP2H . RCAFL)]

Hal yang harus diperhatikan pada saat melakukan proses serial dengan menggunakan
timer2 yaitu bit RCLK dan TCLK harus diberi logika 1 sedangkan menggunakan

timer] maka bit RCLK dan TCLK diberi logika 0. Bit RCLK dan TLCK berada pada
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register T2CON yang dapat dilihat pada gambar 2.15. Proses bit RLCK dan TLCK

pada proses perhitungan baud rate ini dapat dilihat pada gambar 2.16

TIMER 1| OVERFLOW
|

I—WEGC.FREDEMDE\'E.MIZ

LO“H"? of -0

TRANSITON
DETECTOR

oo

Gambar 2.16 Baud Rate Generator Mode
( Sumber : Data Sheet ATSICS2)

2.7 Rangkaian Pengubah Level Tegangan

Agar mikrokontroler dapat berkomunikasi dengan modul WIZ610WI maka
diperlukan komunikasi serial untuk itu digunakan IC MAX232 untuk TTL dan
MAX3232 untuk LVTTL. Modul WIZ610WI ini mempunyai pin untuk komunikasi
serial, akan tetapi bekerja pada LVTTL ( Low Voltage Transistor Transistor Logic)
yakni 3,3 Volt. Karena pada mikrokontroler mendukung komunikasi serial dengan
tegangan 5 Volt, dengan adanya kondisi seperti ini maka dibutuhkan suatu komponen
yang dapat menyamakan komunikasi diantara keduanya. Untuk itu pada sisi modul

tersebut dibutuhkan IC MAX 3232 yang dapat mengkonversikan LVTTL menjadi
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standar EIA232, sedangkan pada sisi mikrokontroler dibutuhkan IC MAX 232 yang
dapat mengkonversikan TTL menjadi standart EIA232. Apabila tegangan serial sudah
sama maka komunikasi antara mikrokontroler dan modul dapat berlangsung.

Untuk komunikasi modul WIZ610WT dengan mikrokontroler dilakukan
komunikasi secara serial. Untuk itu mikrokontroler memerlukan sebuah piranti yang

berfungsi sebagai pengubah level tegangan.

2.5.1 RS232 (TTL to EIA232)

RS232 bekerja pada level tegangan +3 V sampai dengan + 25 V untuk space
(logika 0) dan -3 V sampai dengan -25 V untuk mark (logika 1).

Sedangkan TTL bekerja pada level tegangan 0 s/d +5 V. Piranti tambahan yang
kita butubkan adalah IC MAX232, Pada dasarnya IC ini hanya digunakan sebagai
pengubah level tegangan ke level Transistor Transistor Lagic (TTL), tidak berfungsi
sebagai pengkodean sinyal yang melewati RS232, dan juga tidak mengkonversikan

data serial ke data paralel.



37

8§V

+

CayPASS =1uF I

16
= c3t 1uF
i aee— “»
ci=m1,F3 | M Vge 85V
4 C"l- 6
CEST N bl s TR PP ey
TS 1 ;T K
11 > B~ Ea-232 output
From CMOS or TTL 10 " 7
2 > > f _ EIA-232 Output
«— 12 A r <2 pa232mput
ToCMOS or TTL 9 8
«—] oV I |—e—— EIA-232 Input
% 15
GND
Gambar 2.17 IC MAX232

( Sumber : Datasheet MAX232)

RS 232 sebagai komunikasi serial mempunyai 16 pin yang memiliki fungsi
masing-masing. Pin yang sering digunakan adalah pin 12 sebagai received data, pin

pin 11 sebagai transmitter data dan pin 15 sebagai ground sinyal.

2.5.2 RS3232 (EIA232 to LVTTL)

RS3232 bekerja pada level tegangan +3 V sampai dengan + 25 V untuk space
(logika 0) dan -3 V sampai dengan -25 V untuk mark (logika 1).

Sedangkan LVTTL bekerja pada level tegangan 0 s/d +3,3 V. Piranti tambahan
yang kita butuhkan adalah IC MAX3232. Pada dasarnya IC ini hanya digunakan

sebagai pengubah level tegangan ke level Low Voltage Transistor Tranmsistor Logic
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(LVTTL), tidak berfungsi sebagai pengkodean sinyal yang melewati RS3232, dan

juga tidak mengkonversikan data serial ke data paralel.
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Gambar 2.18 IC MAX3232
( Sumber : Datasheet MAX232)

RS 3232 sebagai komunikasi serial mempunyai 16 pin yang memiliki fungsi
masing-masing. Pin yang sering digunakan adalah pin 12 sebagai received data, pin
pin 11 sebagai transmitter data dan pin 15 sebagai ground sinyal.

Standar EIA232 Electronic Industry Association (EIA) adalah sebagai berikut :

i

“Space” (logika 0) adalah tegangan antara +3V hingga +25V.

2. “Mark” (logika 1) adalah tegangan antara -3V hingga -25V.

3. Daerah antara +3V hingga -3V tidak didefinisikan/tidak terpakai.

4. Tegangan open circuit tidak boleh melebihi 25V.

5. Arus yang melalui rangkaian tidak boleh melebihi 500 mA, ini

dibutuhkan agar sistem yang dibangun bekerja dengan akurat
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Gambar 2.19 Bentuk dari Sinyal Standar EIA232
( Sumber : wikipedia)

2.6 Modul Wi-fi WIZ610WI
WIZ610WI merupakan suatu produk dari Wiznet. Modul WIZ610WI
merupakan modul gateway untuk mengkonversi RS-232C atau protokol 7CP/IP ke
IEEEB02.11 b/g wireless protocol. Dengan menginterfacekan modul WIZ610WI
dengan perangkat yang dapat mendukung data serial atau Ethernet, maka jaringan
wireless dapat dibangun untuk membuat suatu perangkat yang dapat mengontrol atau
memonitoring suatu alat. Penggunaan modul ini memungkinkan mikrokontroler dapat
berkomunikasi dengan wireless card. Spesifikasi dari modul ini ditunjukkan pada
tabel 2.7
Fungsi utama dari modul ini adalah:
e Support IEEE 802.11 b/g
¢ Support 54 Mbps wireless LAN dan 10/100Mbps fast ethernet

e Support 4/128/152 bit WEP enkripsi



e Support WPA

e Menggunakan IEEE802.1x yang dapat menyuport

certification

e Dapat berkomunikasi dengan divice wireless lainnya

¢ Support pada RS232C dan ethernet

¢ Support AP, AP client dan server

¢ Support multiple SSID dan VLAN
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Tabel 2.8
Spesifikasi Modul WIZ600WI
Item Specification
Standard 1EEE 802.11b/g, IEEE802.3 10/100Mbps Ethernet
Modulation DBPSK, DQPSK, CCK, OFDM
Frequency 2400~2483 GHz
Available
83.5 MHz
Spectrum
Channels 13ch (1, 2 3.4, 5,6, 7, 8,9 10, 11, 12, 13)
Data Rate (Mbps) | 1,2,5.511, 6,9,12,18,24,36,48 54
Qut Power 18 dBm

(Sumber: Data sheet Wiz610wi)

Modul WIZ600WI ini bekerja pada tegangan 3,3 Volt (LVTTL) dengan arus

sebesar 500mA (max 700mA) pada tegangan 3,3 Volt.




Gambar 2.20 WIZ610WI
(Sumber: Data sheet Wiz610wi)
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Gambar 2.21 WIZ610WI PIN Map
(Sumber: Data sheet Wiz610wi)
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Tabel 2.9
Fungsi Pin pada WIZ610WI
NO NAMA /o Fungsi
1 CTS I UART : CTS
2 RTS o UART :RTS
3 - - -
4 HW-Trigger I Low : Entering Serial Command
Mode
5 GPIO7 /O | High : Exit Serial Command Mode
6 GPIOS /O Reserved
7 SOuUT O Reserved
8 SIN I UART : TXD
9 DC_IN UART : RXD
10 DC_IN Power 3,3,Volt
11 GND Power 3,3 Volt
12 GND GND
13 RXERR I GND
14 COL I MII Receive Data Error
15 W_LED o MII Collision
16 MDC I Wireless LED (Active Low)
17 RESET I SMI Clock
Active High
If The Signal Asserted more than 3
18 MDIO /O sec, Factory reset performed
19 GND SMI /O Data
20 GND GND
21 RXC I GND
22 RXDV I MII Receive Clock
23 RXD2 I MII Receive Data Valid
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24 RXDO I MII Receive Data
25 RXD1 I MII Receive Data
26 RXD2 I MIT Receive Data
27 GND MII Receive Data
28 GND GND

29 XC I GND

30 TXEN 0 MII Transmit Clock
31 TXD3 0 MII Transmit Enable
32 TXD2 O MII Transmit Data
33 TXDO O MII Transmit Data
34 TXD1 @ MII Transmit Data
35 GND MII Transmit Data
36 CRS I GND

Carrier Sense

(Sumber: Data sheet Wiz610wi)

Pada Modul ini terdapat beberapa mode antara lain:
e TCP Server Mode
Pada mode ini terlebih dahulu alamat IP, subnetmask dan port harus disetting.
Pada dasarnya pada mode ini modul bersifat sebagai server, dimana modul

akan merespon ketika terdapat request dari client.

@ Request Connection

i
Module

Server .
ki @ Data Transmission

Gambar 2.22 TCP Server Mode
(Sumber: Datasheet WIZ610wi)
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TCP Client Mode

Pada mode ini modul bersifat sebagai client. Pada mode ini alamat IP,
subnetmask, gateway dan alamat IP server yang dituju harus ditentukan
terlebih dahulu. Ketika modul diberi power supply pada mode ini, maka
modul akan segera membagun koneksi dengan server. Selanjutnya data dapat

ditransmisikan antara server dan client.

@ Request Connection

Senal
Device ]
S -
Chaoit @ Data Transmission stvel
B
Gambar 2.23 TCP Server Client
{Sumber: Datasheet WIZ610wi)
Mixed Mode

Pada mode ini, modul WIZ610wi akan bekerja pada mode TCP Server dan
menunggu koneksi dari client. Akan tetapi, ketika modul WIZ610wi
menerima data dari perangkat serial sebelum terbangunnya suatu koneksi,
maka modul WIZ610wi ini akan berubah menjadi TCP client mode,
kemudian data dari perangkat serial tersebut akan dikirimkan ke server. Pada
mode Mixed, yang menjadi priorittas utama yakni mode TCP server. TCP
client mode dapat digunakan ketika terjadi sesuatu yang fatal pada perangkat

serial, sehingga mengirimkan data ke server berupa peringatan.
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Society (ISOC), Internet Architecture Board (1AB), dan Internet Engineering
Task Force (IETF). Macam-macam protokol yang berjalan di atas 7CP/IP,
skema pengalamatan, dan kensep TCP/IP didefinisikan dalam dokumen yang
disebut sebagai Request for Comments (RFC) yang dikeluarkan oleh /ETF,

Arsitektur 7CP/IP tidaklah berbasis model referensi tujuh lapis OS/,
tetapi menggunakan model referensi D4RPA. Seperti diperlihatkan dalam
diagram, TCP/IP memngimplemenasikan arsitektur berlapis yang terdiri atas
empat lapis. Empat lapis ini, dapat dipetakan (meski tidak secara langsung)
terhadap model referensi OS/. Empat lapis ini, kadang-kadang disebut sebagai
DARPA Model, Internet Model, atau DoD Model, mengingat TCP/IP
merupakan protokol yang awalnya dikembangkan dari proyek ARPANET yang
dimulai oleh Departemen Pertahanan Amerika Serikat,

Setiap lapisan yang dimiliki oleh kumpulan protokol (protocol suite)
TCP/IP diasosiasikan dengan protokolnya masing-masing. Protokol utama
dalam protokol TCP/IP adalah sebagai berikut:

« Protokol lapisan aplikasi: bertanggung jawab untuk menyediakan akses
kepada aplikasi terhadap layanan jaringan TCP/IP. Protokol ini mencakup
protokol Dynamic Host Configuration Protocol (DHCP), Domain Name
System (DNS), Hypertext Transfer Protocol (HITP), File Transfer
Protocol (FTP), Telnet, Simple Mail Transfer Protocol (SMTP), Simple
Network Management Protocol (SNMP), dan masih banyak protokol
lainnya. Dalam beberapa implementasi stack protokol, seperti halnya

Microsoft TCF/IP, protokol-protokol lapisan aplikasi berinteraksi dengan
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menggunakan antarmuka Windows Sockets (Winsock) atau NetBIOS over
TCP/IP (NetBT).

Protokol lapisan antar-host. berguna untuk membuat komunikasi
menggunakan sesi koneksi yang bersifat connection-oriented atau
broadcast yang bersifat connectionless. Protokol dalam lapisan ini adalah
Transmission Control Protocol (TCP) dan User Datagram Protocol
(UDP).

Protokol lapisan internetwork: bertanggung jawab untuk melakukan
pemetaan (routing) dan enkapsulasi paket-paket data jaringan menjadi
paket-paket IP. Protokol yang bekerja dalam lapisan ini adalah Internet
Protacol (IP), Address Resolution Pratacol (ARP), Internet Control
Message Protocol (ICMP), dan Internet Group Management Protocol
(IGMP).

Protokol lapisan antarmuka jaringan: bertanggung jawab untuk
meletakkan frame-frame jaringan di atas media jaringan yang digunakan.
TCP/IP dapat bekerja dengan banyak teknologi transport, mulai dari
teknologi transport dalam LAN (seperti halnya Ethernet dan Token Ring),
MAN dan WAN (seperti halnya dial-up modem yang berjalan di atas
Public Switched Telephone Network (PSTN), Integrated Services Digital

Network (ISDN), serta 4synchronous Transfer Mode (ATM)).
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2.8 TRANSISTOR

Transistor adalah komponen aktif yang menggunakan aliran electron sebagai
prinsip kerjanya didalam bahan. Sebuah transistor memiliki tiga daerah doped yaitu
daerah emitter, daerah basis dan daerah disebut kolektor. Transistor ada dua jenis
yaitu NPN dan PNP. Transistor memiliki dua sambungan: satu antara emitter dan
basis, dan yang lain antara kolektor dan basis. Karena itu, sebuah transistor seperti
dua buah dioda yang saling bertolak belakang yaitu dioda emitter-basis, atau
disingkat dengan emitter dioda dan dioda kolektor-basis, atau disingkat dengan dioda

kolektor.

C J_C

B/ I ) B/ I "
AY._ /PNP NPN 0
fE _.__.3'E

SYMBOL TRANSISTOR NPN DAN PNP

Gambar 2.24 Transistor
(Sumber: http:// wiki.detikinet.com)

Bagian emitter-basis dari transistor merupakan dioda, maka apabila dioda
emitter-basis dibias maju maka kita mengharapkan akan melihat grafik arus terhadap

tegangan dioda biasa. Saat tegangan dioda emitter-basis lebih kecil dari potensial
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barriernya, maka arus basis (Ib) akan kecil. Ketika tegangan dioda melebihi potensial

barriernya, arus basis (Ib) akan naik secara cepat.

Transistor Sebagai Penguat Arus

sebagai penguat:

Transistor bekerja pada mode aktif.

Transistor berperan sebagai sebuah sumber arus yang dikendalikan oleh
tegangan (VCCS).

Perubahan pada tegangan base-emitter,vBE, akan menyebabkan perubahan
pada arus collector, iC.

Transistor dipakai untuk membuat sebuah penguatan transkonduktansi.
Penguatan tegangan dapat diperoleh dengan melalukan arus collector ke
sebuah resistansi, RC.

Agar penguat menjadi penguat linier, transistor harus diberi bias, dan sinyal
akan ditumpangkan pada tegangan bias dan sinyal yang akan diperkuat harus

dijaga tetap kecil

Dengan arus IB yang kecil dapat menghasilkan arus kolektor IC yang besar. Jika

arus basis IB kita anggap sebagai input dan arus kolektor IC sebagai output, maka

transistor dapat kita anggap sebagai penguat arus atau sering kita sebut penguat arus

(current amplimeter) Hfe. Karena arus IC lebih besar dari arus keluaran IB jadi

penguatan arus / Hfe dapat didefenisikan sebagai perbandingan antara arus keluaran

IC dan arus masukan IB
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BAB 111
PERANCANGAN DAN PEMBUATAN ALAT

3.1 Pendahuluan

Pada dasarnya perencanaan alat yang dibuat dalam tugas akhir ini meliputi
perencanaan perangkat keras dan perencanaan perangkat lunak. Komponen yang
dipakai dalam perencanaan ini antara lain mikrokontroler AT89C52 sebagai kontrol
utama, dengan komponen pendukung meliputi LM35, 7GS2442, Op-Amp, ADC dan

modul serial to wi-fi gateway WIZ610WL.

3.1.1 Perancangan Perangkat Keras
Sebelum membuat perangkat keras terlebih dahulu direncanakan blok
diagram yang akan dibuat, dan membahasnya sesuai dengan blok diagram. Adapun

blok diagram yang direncanakan adalah sebagai berikut:

PENGKONDIS! . RANGKAIAN

SINYVAL ADC ‘\,'ﬂI\,RO == DENGUBAH
KONTR e .

0808 OLLER LEVEL

ATS9CS? TEGANGAN

= : T

T MODUL
WIZ600WT

[
v

------------------------- Lo |

PC Cliant

Gambar 3.1 Blok Diagram
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Dari blok diagram diatas dapat dijelaskan sebagai berikut:

L

Sensor Suhu

Digunakan untuk mengukur suhu dengan merubah suhu menjadi tegangan

menggunakan LM35,

Sensor Karbon Monoksida (CO)

Digunakan untuk mengukur kadar karbon monoksida yang ada didalam udara

dengan mengubah menjadi tegangan dengan menggunakan TGS2442.

Pengkondisi Sinyal

Dalam rangkaian sistem didapat sinyal listrik yang masih terlalu kecil untuk

diproses lebih lanjut, untuk itu dibutuhkan sebuah penguatan. Penguatan yang

digunakan berupa Operasional Amplifier (Op-Amp).

ADC (Analog Digital Converter)

ADC merupakan piranti yang digunakan untuk merubah data yang berbentuk

analog menjadi data yang berbentuk digital.

Rangkaian Pengubah Tegangan

¢ RS232 untuk level tegangan 5 volt untuk komunikasi serial dari
mikrokontroler.

¢ RS3232 untuk level tegangan 3,3 volt untuk komunikasi serial dari modul
WIZ610WL

Modul WIZ610WI

Merupakan modul interface dari serial ke wi-fi gateway atau dengan kata lain

sebﬁah modul yang dapat mengkonversikan data serial ke wifi atau

sebaliknya dari wi-fi ke bentuk serial.



33

3.1.2 Prinsip Kerja Alat

Prinsip kerja dari alat ini yakni ketika alat ini dinyalakan maka sensor suhu dan
carbon monoksida, akan mengukur suhu dan kadar carbon monoksida, hasil
pengukuran dari sensor suhu akan dijadikan input bagi rangkaian Op-Amp untuk
dikuatkan terlebih dahulu sebelum menjadi inputan dari ADC. Dikarenakan output
dari sensor 7(GS2442 dianggap sudah cukup besar, maka outputnya tidak perlu
dikuatkan oleh rangkaian Op-Amp. Output dari Op-Amp dan sensor 7GS2442
dijadikan input oleh ADC. Inputan tersebut akan diubah dari bentuk sinyal analog
kedalam bentuk sinyal digital, yang selanjutnya di jadikan input oleh mikrokontroler.
Mikrokontroler akan memproses inputan tersebut yang kemudian hasilnya dikirimkan
melalui port serial pada mikrokontroler. Karena pada modul WIZ610wi bekerja pada
LVTTL ( Low Voltage Transistor Transistor Logic ) dengan tegangan 0V - 3,3V dan
mikrokontroler pada TTL ( Transistor Transistor Lagic ) dengan tegangan OV - 5V
maka output dari mikrokontroler tescbut sebelum dikirim harus diubah oleh
rangkaian pengubah level tegangan. Dimaksudkan agar mikrokontroler dapat
berkomunikasi dengan modul WIZ610wi.
Untuk dapat mengetahui hasil pengukuran dari alat ini maka sebuah sofiware
ditanamkan pada komputer yang dilengkapi dengan wireless card (Support IEEE
802.11 b/g). safiware ini akan mengirim perintah melalui wi-fi yang kemudian akan
diterima oleh modul WIZ610wi yang berfungsi sebagai konverter dari wi-fi ke serial.
Perintah tersebut akan dikirimkan ke mikrokontroler melalui rangkaian pengubah
level tegangan. Perintah tersebut akan diterima oleh mikrokontroler yang kemudian

oleh mikrokontroler akan direspon dengan mengirim balik hasil pengukuran dari
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sensor ke modul WIZ610wi yang selanjutnya dikirim melalui wi-fi. Sinyal tersebut
akan diterima oleh komputer yang selanjutnya akan ditampilkan pada software yang
telah ditanamkan.

3.1.3 Perancangan Sensor Suhu
Sensor LM35 merupakan pengindra suhu yang memberkan tegangan keluaran
yang berbanding langsung dengan suhu yang diukurnya, dalam derajat celcius.
Sehingga pada suhu 0°C, tegangan yang dihasilkan adalah sebesar 0 Volt.
Vs=+5V

|

IM35 | Output

1

Gnd

Gambar 3.2 Sensor Suhu LM35
Untuk menghitung tegangan output dari sensor ini pada saat membaca
temperatur adalah:
Vout= Temp x 10 mV/°C
Dimana:
Vout = Tegangan output dari sensor LM35 (volt)
Temp = Besarnya suhu yang dibaca oleh sensor (°C)
Sebagat contoh suhu adalah 26°C maka tegangan dari sensor adalah:
Vout=Temp x 10 mV/°C

Vout=26 °C x 10 mV/°C
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Vout= 260mV
Karena hasil dari besaran temperatur ke besaran listrik masih dalam bentuk
sinyal analog, maka sebelum diinputkan ke ADC terlebih dahulu sinyal tersebut

dikuatkan dengan menggunakan Op-Amp.

3.1.4 Perancangan Rangkaian Penguat Operasional (Op-Amp)

Untuk menaikkan resolusi pembacaan data suhu, maka output dari sensor
diumpankan ke suatu rangkaian penguat non inverting dengan menggunakan /C Op-
Amp LM358, hal ini dibutuhkan karena output yang dihasilkan oleh sensor masih
sangat kecil, untuk itu maka dibutuhkan suatu rangkaian untuk memperkuat output

dari sensor tersebut. Untuk lebih jelasnya dapat dilihat pada rangkaian dibawah ini:

5V 5V
XN 25
]
2 s
[ Port = = + ”
) >—
_ >
== Tk
1K -
- b 100K
10K ] 1
»
b 2

Gambar 3.3 Rangkaian Penguat Non-Inverting
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Keluaran tegangan dari sensor adalah 10mV/°C, maka besar tegangan ini adalah tidak
memenuhi untuk dapat mengubah resolusi satu bit pada ADC. Resolusi ADC0808

dengan Vref sama dengan 5 Volt adalah:

e 3 3 00196Vl
2* 2% 255

Maka untuk itu diperlukan suatu penguat. Berikut ini perancangan untuk
mendapatkan gain yang tepat:
¢ Range yang akan diukur ditetapkan yakni 25,0°C — 40,0°C
¢ Untuk suhu 25,0°C maka output sensor adalah 250 mV
e Untuk suhu 40,0°C maka output sensor adalah 400 mV
e Perubahan bit dari 25,0°C sampai 40°C adalah sebanyak 150, sehingga pada
saat suhu 25,0°C maka diharapkan output data pada ADC adalah 0 dan ketika

suhu 40,0°C maka data output dari ADC adalah 150.

data _ ADC +
10

Tampilan _Layar = 25

Vout Op-Amp = data_ ADC x 0,0196

ketika suhu 25,0°C maka;:
: 0
Tampilan _Layar = o +25=250

Vout Op-Amp =0x0,0196

=0mV
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ketika suhu 40,0°C maka:
. 150
Tampilan _Layar = To +25=40,0
Vout Op-Amp =150 x 0,0196
=2940 mV

Dari hasil perhitungan diatas maka dapat dicari gain yang tepat yakni:

Gain = 2400 try

in_OP_Amp

_2940-0

Gain=-22"9 _
= 400-250

19,6

jadi untuk menentukan besarnya nilai hambatan R yang diperlukan untuk

mendapatkan gain sebesar 19,6 adalah:

Gain = E-ﬁ-l =19,6
Rl

jika nilai hambatan R1 diketahui sebesar 4K 72 maka besar nilai hambatan R2 adalah

Gain = R2+R1

R2 = (Gain.R1)- Rl = (19,6x4,7KQ) - 4 7KQ = 87 42KQ

karena nilai hambatan sebesar 87,42 K tidak ada dipasaran, maka pada perancangan
ini digunakan Vy dengan nilai 100 KQ dan nilainya diset hingga nilai hambatannya

sebesar 87,42 KQ.
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Karena suhu pada perancangan ini diset pada range 25,0°C - 40,0°C, maka perlu
dibuat agar pada suhu 25,0°C dalam keadaan 0 mV. Pada perancangan ini trimpot
dengan nilai 10KQ dihubungkan dengan kaki nomor tiga pada IC LM358 yang
berfungsi sebagai zero, yaitu membuat tegangan pada keluaran kaki nomor 7 IC
LM358 menjadi OV ketika inputnya 250mV.
Dengan rumus:

Vin gp-amp = Vin-Vreff (Zero)

Vout op-Amp= (Vi gp-Amp . Gain) + Vreff (Zero)
Gain = R2 +1
R1
Diasumsikan Vout op amp pada suhu 25°C adalah 0 mV maka
Vout op-amp= (Vin op-amp . Gain) + Vreff (Zero)
. R2
Vouty, 4, = ((Vin— Zero)x a1 +1 |+ Zero
(
l/in(R—2 + l)
Rl

R2
. R

Zero =

4,7KQ
87.42KQ
4,7KQ)

)
250m V[s"ﬁ’(—g + 1)

Zero=

Zero = 263,44 mV
Pada perancangan ini digunakan penguatan sebesar 19,6 kali dan zero sebesar

263,44mV. Untuk mendapatkan tegangan sebesar 263.44mV maka R yang digunakan
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adalah 59Q untuk itu digunakan trimpot dengan besar 1KQ dan di set hingga

hambatannya sama dengan 59C).

3.1.5 Perancangan Sensor CO

Sensor yang digunakan pada perancangan alat ini untuk medeteksi gas karbon
monoksida adalah TGS 2442. Dalam kemampuan pendeteksian gas, kondiktifitas
sensor bertambah tergantung konsentrasi gas pada udara. Sebuah rangkaian listrik
sederhana dapat mengkonversikan perubahan konduktivitas kedalam sebuah signal

output yang sesuai dengan kosentrasi gas.

5V ADC
( 10K é
vee ; 5V 5V

HEATER | — TIP31 TIP31
9012 ( 9012
TGS2442 ]
330 330

10K _| 10K

Mikrokontroler i

Gambar 3.4 Rangkaian Sensor CO
Pada rangkaian sensor ini digunakan 4 buah transistor, karena sensor ini
membutuhkan aplikasi heating cycle selama 1 detik yang terkoneksi pada Vc. Setiap
Vu cycle terdiri dari 4,8V yang diterapkan pada heater pada 14 ms pertama.diikuti
oleh OV pulse untuk sisa waktu 986 ms. V¢ cycle konsisten 0V untuk 995 ms diikuti
dengan 5V untuk 5 ms. Untuk hasil yang maksimal pada karakteristik sensor, sinyal

sensor harus diukur setelah 5 ms Ve pulse dari 5V.
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Transistor disini berfungsi untuk memanaskan heater dan untuk pembacaan
sensor. Pada datashect sensor TGS2442 dibutuhkan arus sebesar 203 mA, sedangkan
arus yang dihasilkan oleh mikrokontroler ketika logika high idealnya adalah 0,5 mA,
untuk itu dikuatkan terlebih dahulu.

Bila arus yang dibutuhkan oleh sensor TGS2442 adalah sebesar 203mA maka

pada pembuatan alat ini arus yang disediakan adalah 450mA. Untuk itu dibutuhkan

penguatan arus sebesar:
dizte I _450m4 o0
ip Ib  0,5mA4

Penguatan arus yang dibutuhkan untuk mengaktifkan sensor ini adalah 900 kali.
Karena pada pasaran tidak didapatkan transistor dengan penguatan sekian maka untuk
mendapatkan arus sekian digunakan 2 transistor.
e Untuk transistor pertama (TIP31)
Ic =450 mA
Bila digunakan transistor dengan nilai hfe adalah 60 maka besarnya Ib yang

mengalir pada basis adalah

Maka untuk mendapatkan arus sebesar 7,5 mA pada basis maka besar

hambatan yang dibutuhkan adalah:

_V —Vy(sat)
1b

Rb= 5;—2’7 = 0,57KQ ~ 0,560KQ

>

Rb
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Karena dipasaran tidak ditemukan hambatan sebesar 570 Q maka digunakan

hambatan sebesar 560Q2. Bila digunakan hambatan sebesar 5602 maka arus

pada Ic adalah
Rb 0,560
Ic=1Ib. hfe
Ic=7,6 mA .60
Ic =456 mA

Dengan Ic sebesar 456 mA dan hfe sebesar 60 maka pada pembuatan
digunakan transistor tipe TIP31. Transistor ini mempunyai hfe sebesar 60 dan
arus maksimal pada Ic mencapai 3A sehingga dengan arus Ic = 456 mA
TIP31 dianggap memenuhi syarat untuk mengaktifkan sensor.

Untuk transistor kedua (9012)

Arus dari mikrokontroler yang merupakan arus Ib bagi transistor kedua ketika
kondisi high adalah 0,5 mA. Bila hfe dari transistor yang digunakan

ditentukan sebesar 60 maka besar Rb untuk transistor kedua

_V =V (sat)
Ib

5-07

Rb

Rb

= 8,6KQ

>

Nilai hambatan Rb adalah 8,6KQ ~ 10 KQ. dengan menggunakan hambatan

dengan nilai 10KQ maka arus Ib dari transistor adalah

_V =Vg(sat)
Rb

Ih= 5-07 0,43mA
10KQ

Ib
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Sedangkan besarnya Ic adalah

Ic=1b. hfe

Ic=0,43mA . 60

Ic=25,8 mA
Dengan Ic sebesar 25,8 mA dan hfe sebesar 60 maka pada pembuatan
digunakan transistor tipe 9012. Transistor ini mempunyai hfe sebesar 60 dan
arus maksimal pada Ic mencapai 800 mA sehingga dengan arus Ic = 25,8 mA,
transistor 9012 dianggap memenuhi syarat untuk menguatkan arus dari
mikrokontroler yang selanjutnya dikuatkan lagi oleh transistor pertama

(TIP31).

3.1.6 ADC (Analog To Digital Converter)

Dalam perancangan sistem ini juga dibutuhkan pengubah sinyal analog
menjadi sinyal digital. Pengubah sinyal tersebut disebut analog to digital converter
(ADC). Hal ini disebabkan karena sinyal-sinyal yang didapatkan dari sensor suhu dan
sensor carbon monoksida (CO) adalah berupa sinyal analog sedangkan pada
kontrollenya menggunakan sistem digital, untuk itu sebelum output ini diproses
maka terlebih dahulu diubah kedalam bentuk digital yang dapat dimengerti oleh
kontroller. Jenis ADC yang digunakan adalah ADC 0808 yang memiliki kelebihan
yaitu dapat menerima 8 inputan. Akan tetapi pada perancangan alat ini hanya
digunakan dua inputan saja, yakni dari sensor suhu dan sensor CO. untuk ADD A
(pin 25) berfungsi sebagai selector bagi ADC, sedangkan ADD B (pin24) dan ADD C

(pin23) juga berfungsi sebagai selector akan tetapi pada kondisi ini digroundkan



63

karena input ADC hanya 2. Untuk lebih lengkapnya dapat dilihat pada tabel dibawah

ini:

Tabel 3.1 Selektor
SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H H

(Sumber: datasheet ADC 0808)
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Gambar 3.5 Rangkaian ADC0808

R; =R, =1KQ
Ci=1nF
Penjelasan gambar rangkaian diatas adalah sebagai berikut:
1. INO (pin 26) merupakan inputan bagi ADC yang berupa sinyal
analog yang merupakan output dari pengkondisi sinyal dari sensor

suhu LA35. INT (pin 27) merupakan inputan yang berupa sinyal
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analog yang berasal dari sensor CO. sedangkan untuk IN2 sampai
IN7 digroundkan karena tidak digunkan.
2. D0-D7 merupakan output dari ADC dan dikirimkan ke
mikrokontroler
3. ADD A digunakan untuk menerima sinyal dari mikrokontroler
untuk memilih inputan mana yang akan dikonversikan oleh ADC,
dari sensor suhu atau dari sensor CO.
Pada ADC 0808 tidak mempunyai clock internal untuk itu dibutuhkan clock
eksternal. Dalam perancangan ini digunakan IC 555 untuk membangkitkan clock
tersebut.
Dari gambar diatas dapat dihitung frekuensi yang dihasilkan sebagai berikut:

F=r 2t
LI(Rs.C,)

F= 3 l 3 o
L1(1.10° +1.10°.10.107)

F =45454,54 Hz

F=4545KHz
Berdasarkan perhitungan diatas dapat diketahui bahwa frekuensi yang dihasilkan oleh
rangkaian tersebut adalah sebesar 45,45 KHz. Jadi jika dilihat pada datasheer dari
ADC 0808, frekuensi eksternal yang dibutuhkan oleh ADC adalah antara 10 KHz
sampai dengan 280 KHz Sehingga frekuensi yang dihasilkan oleh rangkaian

pembangkit frekuensi diatas telah memenuhi syarat.
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Pada ADC 0808 Vref diset pada kondisi fill range yaitu Vref(-) dihubungkan
ke ground dan Vref(+) diset pada tegangan 5 Volt. Pada saat 0 volt yaitu pada 0 dan
pada saat 5 Volt pada 255.

Karena Vrefnya adalah sebesar 5 Volt maka resolusinya adalah:
Resolusi per bit = Vref/255

= 213 = 2—; = 0,0196Volt
3.1.7 Mikrokontroler AT89C52

Mikrokontroler AT89C52 adalah suatu IC yang terdiri dari 40 pin, dalam
perancangan alat ini pin-pin yang digunakan dapat dilihat pada gambar dan dijelaskan

sebagai berikut:

ATS9Cs2

Dq 11.0892\Hz
_E
| JDpFl 30pF

Gambar 3.6 Rangkaian Mikrokontroler AT89C52
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¢ Untuk port 1.0 sampai port 1.7 digunakan sebagai masukan dari ADC.

e Untuk port 3.0 (RXD) dihubungkan ke TXD dari IC MAX 232

e Untuk Port 3.1 (TXD) dihubungkan ke RXD dari IC MAX 232

e Untuk Port 3.2 dan 3.3 dihubungkan ke ADC sebagai selector masukan
bagi ADC.

e Untuk Port 3.6 dan 3.7 sebagai pemberi clock kepada sensor TGS2442

e Pin 9 (reset) aktif tinggi, dengan R1 bernilai 10KQ dan kapasitor dengan
kapasitas 10nF.

e Pin 20 untuk ground

¢ Pin 40 untuk power supply

¢ Pin 31 diberikan logika high karena menggunakan internal memori, dan
untuk mengaktifkannya maka harus berlogika high.

e Pin 18 dan pin 19 dihubungkan ke cristal 11.059Mhz dengan kapasitor

dengan kapasitas 30pF.

3.1.7.1 Osilator

Semua keluarga MCS-51 mempunyai clock (rangkaian osilator) dadalam
chipnya sendiri yang disebut or-chip osilator. Cara mengakses clock internal yang
terdapat pada chip mikrokontroler yaitu sebuah kristal pin-pin Xtall dan Xtal2
dengan 2 kapasitor yang dihubungkan ke ground. Dalam minimun sistem ini,
menggunakan kristal 11,0592 MHz dan C1 = C2 sebesar 33 pF. Dengan rangkaian

sebagai berikut



68

_C;? _I XTAL2
]
T—ci: I XTALY
_L GND
Gambar 3.7 Rangkaian Cleck

Dengan menggunakan nilai kristal diatas maka dapat dihitung waktu yang
diperlukan untuk satu siklus mesin.
Diketahui : f=11,0592 MHz

1

Sehingga : =—
f kristal
Fee 1
11,0592 MHz
7=9,0422.10%
3.1.7.2 Rangkaian Reset

Rangkaian reset ini diperlukan agar mikrokontroler dapat direset secara
otomatis pada saat pertama kali power diaktifkan atau disebut power on reset. Saat
catu daya dinyalakan rangkaian reset akan menahan logika tinggi pada pin RST untuk
jangka waktu tertentu. Jangka waktu tersebtu ditentukan oleh pengosongan muatan
pada kondensator. Dengan menggunakan nilai kristal diatas maka dapat dihitung

waktu yang diperlukan untuk satu siklus mesin.
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Diketahui :  f= 11,0592 MHz

1
£ kristat

Sehingga : T=

1
* = 11,0592 MHz

7=9,0422.10°¢
Sehingga waktu reset minimal yang dibutuhkan adalah:
Reset =t x periode yang dibutuhkan
=9,0422.10 *x 24
=217 us
Jika R yang digunakan adalah R dengan hambatan 10 KQ, maka besarnya C yang
digunakan adalah:
t=RxC

c=1
R

c = 20422107 _ 90499 107
10.10°
Jadi minimal nilai C yang digunakan yakni 0.90422 x 10"'? dan penggunaan kapasitor

dengan kapasitas 10pF dianggap telah memenuhi persyaratan tersebut.

3.1.8 Antarmuka Serial RS232 dan RS3232
Agar mikrokontroler dapat berkomunikasi dengan modul WIZ610WI maka
diperlukan komunikasi serial untuk itu digunakan IC MAX232 untuk TTL dan

MAX3232 untuk LVTTL. Modul WIZ610WI ini mempunyai pin untuk komunikasi
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serial, akan tetapi bekerja pada LVTTL ( Low Voltage Transistor Transistor Logic)
yakni 3,3 Volt. Karena pada mikrokontroler mendukung komunikasi serial dengan
tegangan 5 Volt, dengan adanya kondisi seperti ini maka dibutuhkan suatu komponen
yang dapat menyamakan komunikasi diantara keduanya. Untuk itu pada sisi modul
tersebut dibutuhkan IC MAX 3232 yang dapat mengkonversikan LVTTL menjadi
standar EIA232, sedangkan pada sisi mikrokontroler dibutuhkan IC MAX 232 yang
dapat mengkonversikan TTL menjadi standart EIA232. Apabila tegangan serial sudah
sama maka komunikasi antara mikrokontroler dan modul dapat berlangsung.

Dalam pembuatan rangkaian [C MAX 232 memerlukan beberapa kapasitor.
Disini digunakan kapasitor sebesar 0,1 pF dengan tegangan 16 Volt pada beberapa

pin. IC ini memerlukan input sebesar 5 Volt.

O A ; )
) e ITW'A
x .L I T
g ICY _ [ L3 Ic2
4 1y , —_ aprm o
- i i
|

Uy nour M o monr A
7 ]— T T T2UT {C;%—l Dl nor o
Legme—ell ety RIQUT  BIN - : = RIOUT RIN f—==
G: S - 20T R2AN = OEI' -2 R2GUT RN g
8‘ MAXEZ | o MEXZ32
HMIKROKONTROLER <
WIZNET = =

Gambar 3.8 Rangkaian Pengubah Level Tegangan R232 dan RS3232
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Pada rangkaian diatas semua kapasitor mempunyai kapasitas yang sama dan
tegangan yang sama, yakni sebesar 0,1 pF dengan tegangan 16 Volt. Pada IC MAX
232 power supply yang dibutuhkan sebesar 5 Volt, sedangkan untuk IC MAX 3232

power supply yang dibutuhkan yakni sebesar 3,3 Volt.

3.1.9 Modul Serial To Wi-Fi WIZ610WI

Agar mikrokontroler dapat berkomunikasi dengan komputer lain dengan
menggunkan wi-fi maka diperlukan suatu interface yang dapat mendukung
komunikasi tersebut. Pada perancangan alat ini digunakan suatu modul yang
mendukung komunikasi tersebut yakni WIZ610WI yang diproduksi oleh Wiznet.
Modul ini mempunyai pin yang mendukung komunikasi serial dengan level tegangan

LVTTL (Low Voltage TTL) yaitu sebesar 3,3 Volt.

1. Penggunaan Pin-Pin pada Modul WIZ610WI
Pada gambar 3.9 menunjukkan pin-pin modul WIZ610Wl, namun pada

perancangan sistem ini hanya menggunakan beberapa pin saja.

O

0000

00000

0000080000

Gambar 3.9 Pin pada Modul WIZ610WI
(Sumber: datasheet WIZ610wi)
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Pin 9/10, VCC (3,3,Volt)

Modul ini dioperasikan dengan menggunakan power supply +3,3 Volt dan
pin VCC berada pada pin 9 dan pin 10.

Pin7, TXD

Untuk pengiriman data pada modul ini terletak pada pin 7 TXD
(transmitter), atau dengan kata lain merupakan output dari modul ini.

Pin 8§, RXD

Untuk penerimaan data pada modul ini digunakan pin 8 sebagai RXD,
atau dengan kata lain merupakan input dari modul ini.

Pin 11/12, GND

Untuk ground pada modul ini pin yang digunakan adalah pada pin 11 dan
12. Ground juga pada pin 19, 20, 27, 28 dan pin 35.

Pin4

Pin 4 ini diberi logika high (3,3V) dimaksudkan agar serial command dari

modul WIZ610wi dinon-aktifkan.

Konfigurasi pada Modul WIZ610WI1

Untuk setting port, baudrate dan IP yang digunakan oleh WIZ610WI dapat

dilakukan dengan mengakses modul ini melalui web brower dengan alamat

defaultnya 192.168.1.254. pastikan komputer yang digunakan untuk mengakses

WIZ610wi berada pada satu kelas dengan alamat default dari modul tersebut. Berikut

ini adalah tampilan untuk settingan untuk mendukung komunikasi modul dengan



73

mikrokontroler dan jaringan komputer. Pada aplikasi ini IP yang digunakan adalah
192.168.1.254. subnetmask adalah 255.255.255.0. menggunnakan DHCP server, dan

DNS tidak diaktifkan.

WIiZnet  wLan portable Router WIz610wi.... : /

www, viznel 2o kf
8

- Sz LAN Interface Setup
= Syeem o f
W his page s used to
- Adwe Clenis configure the eI R
= Network Setting  EECLEEREVE 1P Address: 192 138 1 254
= Sena Settng aea network which 5 SIS
. connects lo the LAN Subnet Mask: B 258 2560
' phrsiese Sating Pt LIRS
drelss SN port of your Access e
" sty Pont Here youmay Default Gateway: lteey
= Others change the selting bor
e 1P aockess subnet DHEP: Seoer %
i i e DHCPClientRange: 19213612 = 192°63.1100 | Show Chent |
=l DHS Server: ]
= Factory Default
= Ashast

[ Aoy Chongs | [Rese

Gambar 3.10 Setting IP dan DHCP

www, withel.coky

WIZnet  WLAN Portable Router WiZ610wi.... ™ /
o

Serial-Ethemet Configuration

- :ure%e's; Seting ’Jorlfrgurd‘i&r' Stuws: Uz
o T e
Server IP:
Server Port:
Baudrate:
Databits:
Parity:
Siopbits:
FlowContral

Gambar 3.11 Setting Komunikasi Serial
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Karena pada perancangan sistem ini menggunakan software untuk
mengaksesnya maka port yang digunakan adalah port 5000. Sedangkan baudratenya
disesuaikan dengan mikrokontroler yang mempunyai baudrate sebesar 9600 bps.
Databits 8, Parity none dan Flow Controlnya none. Mode yang digunakan adalah

mode server dan protocol yang digunakan adalah TCP/IP.

(WIZnet  WLAN Gateway Module WIZ610wi.... w
www.wiznel.co.kr

= Status
= Svstem
- Active Clients This page 15 used fo
selup different

Operation Mode

=1 Matwn tin ¢ () Access Point: Setup In this mode, all ethemet ports and wireless

- Wireless Setiind operalion mode interface are bridged together and NAT function is

= e disabled. All the WAN related function and firewall
are not supported The wireless mode is AP mode.

= Security

internet via ADSL/Cable Modem. The NAT is

to ISP through WAN port. The connection type
can be setup in WAN page by using PPPOE,
DHCP client, PPTP client or static IP.

C Client Client-Infrastructure

Gambar 3.12 Setting Mode yang Digunakan

3.2 Perancangan Perangkat Lunak (Software)
3.2.1 Perancangan Perangkat Lunak pada Mikrekeontroler

Untuk pemakaian mikrokontroler didalam suatu sistem, perlu direncanakan
perangkat lunak mikrokontroler yang dapat mengatur sistem tersebut. Perangkat
lunak disini adalah perintah-perintah didalam memori mikrokontroler yang harus
dilakukan oleh mikrokontroler.

Didalam suatu mikrokontroler memori merupakan suatu fasilitas utama,
karena disinilah disimpan perintah-perintah yang harus dikerjakan oleh

mikrokontroler. Perancangan perangkat lunak didasarkan sesuai dengan perancangan

O Gateway: In this made, the device is suppased ta connect to

enabled and PCs in LAN parts share the same IP
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perangkat keras yang dibuat sebelumnya. Karena baudrate yang digunakan disini
yakni 9600bps dan menggunakan kristal dengan frekuensi 11.0592MHz, maka

sebelum memulai pembuatan program maka terlebih dahulu kita menentukan nilai

dari TH1.
Baudrate = 9600 bps
Frekuensi =11.0592MHz

Mode yang digunakan yakni SMOD 0

29 Frekuensi _osc

32 12([256] - [TH1])

Baudrate =

1 6
256 — TH 1= 2y 11.0592.107

327 12(9600)
256 -TH1=6
TH1=256-6=250,
TH1=FA,
Berikut ini adalah flowchart dari perangkat lunak yang ditanamkan pada

mikrokontroler.
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Berikut adalah penjelasan dari program pada mikrokontroler:

¢ Inisialisasi serial

mov
mov
mov
setb
setb
seth
ret

¢ Pengukuran

TMOD, #2@h

;
TH1,#@FDh ;// baudrate 9600

SCON, #50h
TR1
ES
EA

we Vo Wwe Np

o Sensor suhu

clr Slce
clr Slc1
e

mov Dly1,#3
lcall delayl

mov Dsne,P1
mov A,Dsné
mov B, #10
div AB
mov Ds@1,B
mov B, #25
add A,B
mov Ds@8,A
ret

o Sensor CO
setb Slce
clr Slcl

mov Dlyl,#3
lcall delayl
clr Cosn
mov Dlyl,#3
lcall delayl
mov Dsnl,P1
mov Dlyl,#3
lcall delayl
setb Cosn
clr Coht
mov Dly1,#3
lcall delayl
seth Coht

; | select address ADC ch-

kalibrasi suhu

¢ 9 We We Wo We Ma e e Ve oo

-
.

—— ——— — Sor—— . —o——r) o — ——

; select address ADC ch-1

3

s\ wait

3/ 2.5ms

; nyalakan sensor
3\ wait

;/ 2.5ms

; baca sensor (adc)
;\ wait

3/ 2.5ms

; matikan sensor ;
; nyalakan heater
s\ wait

s/ lams

; matikan heater
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¢ Pembacaan perintah dan pengiriman hasil pengukuran pada serial

a. Suhu
cjne
lcall
cjne
lcall
cjne
lcall
cjne
mov
mov
div
mov
add
lcall
mov
mov
div
mov
mov
add
lcall
mov
lcall
mov
mov
add
lcall
mov
lcall

b. CO

R7,#'S’,bcecmd@ // apakah R7 sama dengan S

bc_srl

R7,#'U',bccmd@ // apakah R7 sama dengan U

bc_srl

R7,#'H',bcemd@ // apakah R7 sama dengan H

bc_srl

R7,#'U’,bccmd® // apakah R7 sama dengan U

A,Dsee
B, #10
AB

B, #36h
A,B
kr_srl
A,Ds@e
B,#1@
AB
A,B

B, #36h
A,B
kr_srl
A’
kr_srl
A,Ds@1
B, #36h
A,B
kr_srl
A, #0Dh
kr_srl

L

Ve We s Ve NP Ve e e We Wa Ve s WE WP Ve We v e wa Vo

cjne R7,#'C',bcemdl // apakah R7 sama dengan C
lcall bc_sri1
cjne R7,#'0',bcemdl // apakah R7 sama dengan O
lcall bc_srl
cjne R7,#'C’,bccmdl // apakah R7 sama dengan C
lcall bc_srl
cjne R7,#'0',bccmdl // apakah R7 sama dengan O
mov A,R3

mov B, #36h

add A,B

lcall kr_srl
mov A,R2
mov B, #36h

My Ve We s e Aes



add
lcall
mov
mov
add
lcall
mov
mov
add
lcall
mov
lcall

A,B
kr_srl
A,R1
B, #30h
A,B
kr_srl
A,RE
B,#36h
A,B
kr_srl
A, #aDh
kr_srl
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e Ve We Ve W r Ve e we s Ve Me

3.2.2 Perancangan Perangkat Lunak pada Komputer

Pembuatan perangkat lunak yang ditanamkan pada komputer, dimaksudkan

agar lebih mempermudah pengguna dalam mengakses alat ini. Pada pembuatan

perangkat lunak digunakan DELPHI 7.

ditanamkan ke komputer.

Berikut flowchart dari software yang
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Gambar 3.14 Flowchart software pada komputer
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Adapun komponen-komponen yang digunakan yakni:

¢ Edit

81

Edit pada sistem ini berfungsi untuk menampilkan hasil pengukuran yang

dikirimkan oleh mikrokontroler.

¢ Label

Label disini berfungsi untuk memberikan keterangan-keterangan pada

program

e Button

a. Tombol untuk mengaktifkan timer2

procedure TForml.Buttond4Click(Sender:

begin
label6.Caption:='C0';
label7.Caption:="Persen';
timerl.Enabled:=false;
timer2.Enabled:=true;
end;

b. Tombol untuk mengaktifkan timer1

e Clientsocket

procedure TForml.Button3Click(Sender:

begin

label6.Caption:="SUHU";
label7.Caption:='Derajat Celcius';
timer2.Enabled:=false;
timerl.Enabled:=true;

end;

TObject);

TObject);

Pada clientsocket alamat IP yang diberikan adalah alamat IP dari modul

wiznet, yang pada sistem ini alamat IP WIZ610wi adalah 192.168.1.254

dengan port 5000. Alamat IP dan port ini disesuaikan dengan pengaturan

sebelumnya pada WIZ610wi.
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procedure TForml.ClientSocket1Read(Sender:
Tobject;

Socket: TCustomWinSocket);

begin

Editl.text:= socket.ReceiveText;

end;

fungsi dari program diatas adalah untuk membaca hasil pengukuran yang
dikirimkan oleh modul WIZ610wi yang diletakkan pada edit1.

Procedure TForml.ClientSocketiConnect(Sender: TObject;
Socket: TCustomWinSocket);

begin

Label5.Caption:='Caonnected With WIZ616wi';

end;

procedure TForml.ClientSocketlDisconnect(Sender:
TObject;

Socket: TCustomWinSocket);

begin

label5.Caption:="Disconected With WIZ6lewi';

end;

fungis program ini adalah memberikan informasi bahwa apakah komputer

sudah terkoneksi ke alat tersebut ataukah belum.

Timer
Timer pada sistem ini digunakan untuk melakukan pengiriman request ke
mikrokontroler secara terus menerus.
a. Timerl
procedure TForml.TimeriTimer(Sender: TObject);
begin
ClientSocketi.Active := True ;

clientsocketl.Socket.SendText( 'SUHU");
end;
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fungsi dari program ini yakni untuk mengirimkan perintah
pengukuran suhu dengan perintah ‘SUHU’. Program ini akan berjalan
terus menerus mengirimkan perintah tersebut selama timer ini aktif.

b. Timer2

procedure TFormi.Timer2Timer(Sender: TObject);
begin
clientsocketl.Active:=true;
clientsocketl.Socket.SendText('COCO"');
end;
fungsi dari program ini yakni untuk mengirimkan perintah
pengukuran CO dengan perintah ‘COCO’. Program ini akan berjalan

terus menerus mengirimkan perintah tersebut selama timer ini aktif,



BAB IV

PENGUJIAN ALAT

4.1. Tujuan

Bab ini akan membahas tentang pengujian alat yang telah dirancang. Adapun
tujuan dari pengujian ini adalah untuk mengetahui apakah hardware dan software
dapat bekerja sesuai dengan kondisi yang diinginkan, maka dilakukan pengujian pada
alat dan sistem kerja alat, yang mana prosedur pengujian meliputi:

1. Pengujian Hardware.

2. Pengujian Software.

3. Pengujian sistem secara keseluruhan.

Selain melakukan pengujian dan percobaan pada alat, maka terlebih dahulu
dilakukan kalibrasi sensor temperatur dengan menggunakan termometer dan kalibrasi
kadar karbon dengan alat pengukur kadar karbon yang telah ada. Kalibrasi ini
bertujuan untuk memeriksa apakah pengukuran yang telah ada sama dengan hasil

yang ditampilkan oleh alat.

4.2. Pengujian Perangkat Keras (Hardware).

Dalam pengujian alat dibagi dalam beberapa sub sistem dari instrumen dan
peralatan, diantaranya adalah :

1. Sensor suhu LM35

2. Sensor TGS 2442 ( sensor CO)

3.  Pengkondisi sinyal
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4.  Pengujian ADC
5. Pengujian Rangkaian Pengubah Level Tegangan
6.  Pengujian Modul WIZ610wi

7. Pengujian Keseluruhan Alat

Pengujian perangkat keras ini mencakup pengujian rangkaian elektronika

pada masing-masing blok maupun blok secara keseluruhan.

4.3  Pengujian Sensor Suhu (LM35)

Pengujian rangkaian sensor dimaksudkan untuk mengetahui apakah sensor
LM35 dapat bekerja dengan baik dalam menentukan atau mengukur suhu. Dan untuk
mengetahui berapa tegangan output dari sensor suhu pada setiap pengukuran suhu.
Pengukuran pada sensor LM35 :

1. Rangkai sensor seperti gambar :

5V
LM35 2 —Ophmp >

~

 —
‘Ij‘ Multimaeter
|

Gambar 4.1 Pengukuran Rangkaian Sensor
2. Mengaktifkan catu daya

3. Mengukur Vout dari LM35



Dalam pengujian rangkaian sensor ini dilakukan untuk mengetahui berapa
tegangan output dari sensor suhu pada setiap perubahan suhu. Pengujian dan
pengukuran rangkaian sensor dilakukan berdasarkan blok diagram diatas. Untuk
kalibrasi sensor LM35 dengan menggunakan termometer yang sudah ada yaitu
termometer digital .

Untuk mencari kemungkinan kesalahan relative dapat dicari dengan rumus
sebagai berikut:

At={Vout_Op-Amp(pengukuran)-Vout_Op-Amp(perhitungan)|

A% = [ Vout_Op - Amp(pengukuran)- Vout_Op - Amp(perhitungan) !le 00%
Vout_Op - Amp(perhitungan) [

Kesalahan _rata - rata = | Za% |
|Z Pengukuran|

Diambil suatu sampel, suhu ruangan adalah 25,0°C. Jadi pada suhu 25,0°C
Vout sensor adalah 25,0 X 10mV = 0,250 Volt. Untuk mengetahui berapa tegangan
output yang dihasilkan maka kita dapat mengukurnya pada pin nomor 2 dari LM35.
Vout = Temp x 10mV/°C

= 25,0x 10 mV/°C = 250mV
At =|Vout_Op-Amp(pengukuran)-Vout_Op-Amp(perhitungan)|
At=10,252 -0,250| = 0,003

A%-=] at |x100%
| Vout_Op - Amp(perhitungan)|
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A = | 0:003
0,252

b

x100%

A% =0,2%
Dengan cara yang sama, nilai kesalahan relative dapat dilihat pada tabel

4.1 sebagai berikut:

Tabel 4.1
Hasil Pengukuran dan Pengujian Rangkaian Sensor Suhu
NO. Temperatur Vout Sensor Suhu (Volt) At A%
(°C) Perhitungan Pengukuran
1 25,0 0,250 0,252 0.002 0,2
2 25,6 0,256 0,258 0,002 0,78
3 26,5 0,265 0,262 0,003 1,13
4 27,0 0,270 0,272 0,002 0,74
5 27,5 0,275 0,278 0,003 1,09
6 28,5 0,285 0,282 0,003 1,05
7 29,6 0,296 0,293 0,003 1,01
Kesalahan rata-rata 0,85%

(Sumber: pengujian)

4.4. Pengujian Sensor CO

Pada pengujian sensor CO dilakukan dengan cara mendekatkan sensor dengan
kenalpot kendaraan dalam keadaan mesin hidup. Untuk proses pengkalibrasian
dilakukan dengan menyamakan hasil pengujian antara alat yang dibuat dengan alat uji
emisi. Setelah proses pengkalibrasian selesai antara kedua alat tersebut dibandingkan
apakah sesuai atau ada selisih antara kedua alat tersebut. Berikut ini adalah gambar

untuk pengujian pada output sensor CO TGS2442,
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Gambar 4.2 Pengukuran Output Sensor CO TGS2442

Pada alat penguji emisi satuan yang digunakan adalah %CO dalam udara
sedangkan alat yang dibuat satuannya adalah ppm, oleh sebab itu hasil pengukuran
alat uji emisi harus dikonversi ke satuan ppm schingga dapat diketahui besarnya error
yang terjadi.

I %CO = 10.000 ppm
Sebagai contoh:
0,015%CO = 150 ppm
Untuk mencari kemungkinan kesalahan relative dapat dicari dengan rumus

sebagai berikut:

At=|Vout_Op-Amp(pengukuran)-Vout_Op-Amp(perhitungan)|

A% = | Vout_Op - Amp(pengukuran)- Vout_Op - Amp(perhitungan) ”xl 00%
Vout_Op - Amp(perhitungan) [

| zaw |
Kesalahan _rata —rata = | 3 Pengukuranl




Tabel 4.2

Pembacaan Alat Ukur CO dengan Display pada software

Pembacaan (ppm) At A%
Alat Uji Emisi Display
S0 97 7 7,7
110 118 8 7.2
150 161 12 8,0
200 215 15 7.5
250 264 14 5,6
270 289 19 7,03
315 342 27 8,5
Kesalahan rata-rata 7,36%

(Sumber: pengujian)

4.5 Pengujian Untuk mencari Kesalahan Rata-rata Vout Op-Amp

Pada pengujian ini untuk mencari kesalahan Vout Op-Amp. Pengujian
rangkaian ini dimaksudkan untuk mengetahui berapa tegangan output dari
pengkondisi sinyal pada setiap perubahan suhu. Akan tetapi pada pengujian kali ini

digunakan potensiometer untuk mengubah-ubah inputan dari pengkondisi sinyal ini.
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1. Menyusun rangkaian seperti pada gambar :

5V 5V
iy FX
[ potensio 2 = i\
' 2 \>—7 ADC
. L4
N B ooy
10K ¢ S S
' >
5 L
Multimeter
q-

Gambar 4.3 Pengukuran op-amp
2. Mengaktifkan catu daya
3. Mengukur Vout pada rangkaian pengkondisi sinyal
Untuk mengetahui berapa tegangan output yang dihasilkan maka kita dapat
mengukurnya pada pin nomor 3 dari pengkondisi sinyal. Perhitungan untuk
pengkondisi sinyal ini dapat dilakukan sebagai berikut:
e Perubahan tegangan keluaran pada sensor suhu LM35 diasumsikan linear
dengan perubahan tegangan tiap kenaikan 1°C adalah 10mV
e Pengutan pada penguatan instrumentasi adalah19,6 kali dan zero sebesar

263,44mV.

Vout,, 4, =((Vin— Zero}x[f—; + 1) + Zero
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Dari penghitungan pada saat Vin =252 mV

87";2 +1)+ 263,44 mV

Vout = 252 mV — 263,44mV (

=252 mV-263,44 mV (19,6 )+ 263,44 mV
= (-224,224) + 263,44 mV
=39,216 mV
sehingga untuk setiap kenaikan dapat dihitung sebagai berikut:
At={Vout_Op-Amp(pengukuran)-Vout_Op-Amp(perhitungan)|

A% = [ Vout_Op - Amp(pengukuran)- Vout_Op - Amp(perhitungan) ||x] 00%
Vout_Op- Amp(perhitungan) |

| Za%| |
'ZPengukuranl

Kesalahan rata - rata =

Dari hasil pengujian dan pengukuran pada rangkaian amplifier tersebut dapat
dilihat berdasarkan tabel dibawah ini:
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Tabel 4.3
Perbandingan Vout Op-Amp Perhitungan dengan Vout Op-Amp
Pengukuran
NO. | Input (mVolt) Vout Op-Amp (mVolt) At A%
Perhitungan Pengukuran
1 252 39,216 40 0,784 1,99
2 258 156,816 159 2,184 1,39
3 262 235,216 232 4,216 1,79
4 272 431,216 434 2,784 0,64
5 278 548,816 555 6,184 1.12
6 282 627,216 633 5,784 0,92
7 293 842,816 850 7,184 0,85
Kesalahan rata-rata

(Sumber: pengujian)

4.6 Pengujian ADC

Pengujian terhadap ADC 0808 ini dapat dilakukan dengan menggunakan

LED. Input pengujian ADC dibuat dari pencatu daya DC dengan tegangan 0-5 Volt,

kemudian potensiometer kita putar perlahan-lahan, kita sesuaikan nilainya pada

tegangan tertentu. LED sebagai indikator output dari ADC akan menyala sesuai

dengan numeric dari 0 sampai dengan 255 dalam desimal. Pada ADC ini diset pada

full range oleh sebab itu resolusinya perbitnya adalah:

Resolusi 1 bit=

Vref
28 -1

_500
255

= 19,6 mV/step
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Untuk perhitungan pada tegangan 0,555V maka inputan tegangan yang
dihasilkan oleh ADC adalah

output ADC = L
Resolusi

_555mV
19,6

=28,3 ~ 28 desimal

Untuk hasil perhitungan dan pengukuran (pembacaan) ADCO0808 adalah

sebagai berikut:
Tabel 4.4
Hasil Pengujian ADC 0808 dengan Inputan dari LM358
Tegangan (Volt) Output LED Nilai Desimal
0,40 00000010 2
0,159 00001000 8
0,232 00001100 12
0,434 00010110 22
0,555 00011100 28
0,633 00100000 32
0,850 00101011 43

(Sumber : pengujian)



Tabel 4.5
Hasil Pengujian ADC 0808 dengan TGS 2442
Tegangan (Volt) Output LED Nilai Desimal

1,176 00111100 60
1,96 01100100 100
294 10010110 230
3,92 11001000 200

5 11111111 255

(Sumber : pengujian)

4.7 Pengujian Rangkaian Pengubah Level Tegangan
4.7.1 RS232 (TTL to EIA232)

Rangkaian ini berfungsi untuk mengubah level tegangan TTL ke level
tegangan EIA232. Pada teori, output dari MAX232 adalah berupa tegangan standar
EIA232, dimana ketika input dari MAX232 berlogika high atau 5V maka outputnya
antara -3V sampai 15V dan apabila berlogika low atau 0V maka outputnya antara 3V
sampai 15V,

Pengujian disini akan dilakukan dengan cara memberikan logika high dengan
cara menyambungkan TXD (pin 14) dengan Vee kemudian mengukur outputnya pada
pin 7. Selanjutnya pin 14 diberi logika low dengan menyambungkan pin 14 ke ground
lalu mengukur outputnya pada pin 7. Pengukuran ini menggunakan multitester.
Pengujian ini bertujuan untuk mengecek apakah rangkaian pengubah level tegangan
dan 5V ke EIA232 sudah sesuai dengan datasheet MAX232.
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Tabel 4.6
Hasil Pengukuran Output MAX232

MAX232 OUTPUT

LOW 0,24 Volt 8,45 Volt
INPUT
HIGH 4,74 Volt -8.45 Volt
(Sumber: pengujian)
4.7.2 RS3232 (EIA232 to LVTTL)

Rangkaian ini berfungsi untuk mengubah level tegangan EIA232 ke level
tegangan LVTTL. Pada teori, output dari MAX3232 adalah berupa tegangan standar
EIA232, dimana ketika input dari MAX3232 berlogika high atau 3,3V maka
outputnya antara -3V sampai 15V dan apabila berlogika low atau 0V maka outputnya
antara 3V sampai 15V.

Pengujian disini pada prinsipnya sama dengan yang dilakukan dengan
pengujian RS232 yaitu dengan cara memberikan logika high dengan cara
menyambungkan TXD (pin 14) dengan Vce kemudian mengukur outputnya pada pin
7. Selanjutnya pin 14 diberi logika low dengan menyambungkan pin 14 ke ground
lalu mengukur outputnya pada pin 7. Pengukuran ini menggunakan multitester.
Pengujian ini bertujuan untuk mengecek apakah rangkaian pengubah level tegangan

dari 3,3V ke EIA232 sudah sesuai dengan datasheet MAX3232.
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Tabel 4.7
Hasil Pengukuran Output MAX3232
MAX3232 OUTPUT
LOW 0,24 Volt 7,40 Volt
INPUT
HIGH 3,26 Volt -7,40 Volt

(Sumber: pengujicor)

4.8 Pengujian Modul WIZ610wi

Pengujian modul wi-fi WIZ610wi ini dapat didasarkan pada 2 pengujian
yaitu:
4.8.1 Pengujian TCP/IP (ping 192.168.1.254)

Pengujian ini bertujuan untuk mengetahui apakah modul wi-fi WIZ610wi ini

sudah tersambung dengan jaringan komputer ataukah belum.

gD

WIZ610wi

Ny

Gambar 4.4 Konfigurasi untuk Ping ke Modul W1Z610wi

Pengujian ini dilakukan dengan cara melakukan ping 192.168.1.254 yang merupakan
alamat IP dari modul wi-fi WIZ610wi. Pada gambar 4.4 terlihat bahwa ada respon

dari modul wi-fi WIZ610wi dengan menunjukkan reply from 192.168.1.254.




o7

[Uersion 5.1.26881
BB1 Microsoft Corp.

d Settingshlee_one

ply from
Reply From

Gambar 4.5 Hasil Ping ke Alamat 192.168.1.254 (Modul WIZ610wi)

4.8.2 Pengujian Pengiriman Data dari dan ke Modul WIZ610wi

Pengujian dilakukan dengan cara membuka Hyperterminal pada komputer 1
lalu memilih komunikasi TCP/IP kemudian menuliskan alamat 192.168.1.254 dan
port 5000. Sedangkan pada komputer 2 juga dilakukan dengan membuka
Hyperterminal akan tetapi digunakan komunikasi serial (baudrate 9600, COM]I).
Data yang dikirim berupa karakter yang diketik pada komputer 1 maupun pada

komputer 2.

SERIAL

WIZ610wi

N

Komputer 1 Komputer 2

Gambar 4.6 Konfigurasi untuk Pengujian Pengiriman
Data dari dan ke Modul WIZ610wi
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Tujuan dari pengujian ini adalah untuk memastikan apakah data yang dikirim dari
komputer 1 sama dengan data yang diterima oleh modul WIZ610wi dengan cara
menyambungkannya dengan komputer 2. Begitu juga sebaliknya dari komputer 2 ke

komputer 1. Pada gambar 4.5 menunjukkan data yang diterima oleh komputer 2.

’Q il - HyperTerminal ; = |
j‘“:, Edit y'i-w _;lll Transfer __HO'F o pciheiiichsnin) T
D #3 DB & P

IRVAN LIWAN
i
|
|
|
|
. I
Connected 00106 ANSIH 9600 9-N-1 CROLL UM

Ganbar 4.7 Pengujian Pengiriman data dari Wi-fi ke Serial

& lipsp  HyperTenmnal

Eile Edit Miew Coll Tranifer Help
0e 2 DH &
TEST IRVAN_
Connected 0:02:44 Auto detect  TCP/IP CAPS

Ganbar 4.8 Pengujian Pengiriman data Serial ke Wi-fi
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4.9 Pengujian Software

Pengujian software disini yakni pengujian software yang dibuat yang
digunakan untuk mengakses alat yang telah dibuat. Pada intinya software disini akan
mengirimkan perintah ke mikrokontroler melalui Wi-fi dan kemudian mikrokontroler
akan meresponnya dengan mengirimkan hasil pengiriman. Untuk pengukuran suhu
maka software ini akan mengirimkan perintah “SUHU” dan untuk pengukuran kadar
CO maka software mengirimkan perintah “COCQO”. Pada software ini diberi timer
yang berfungsi untuk mengulang pengiriman perintah secara terus menerus sampai
software diakhiri. Tujuan pengujian ini adalah untuk mengetahui apakah software
yang telah dibuat mengirimkan perintah sesuai dengan yang dimaksudkan. Berikut ini

konfigurasi untuk mengetahui pengiriman data tersebut.

IR

\ WIZ610wi %

Komputer 1 Komputer 2

Gambar 4.9 Konfigurasi untuk Pengujian Pengiriman
Perintah dari Modul WIZ610wi

Berikut ini adalah hasil pengiriman perintah oleh software yang dibuat yang
didapatkan dengan menghubungkan komputer 2 dan WIZ610wi dengan komunikasi

serial melalui DB9.



(@ - FyperTerminat =lalks
Eile Edit View Call Transfer Help
D »3 08 &
Cocococococo_
Connected 0:01:27 ANSW 9600 8-N-1 NUM

Gambar 4.10 Hasil Pengiriman Perintah oleh Software untuk

Pengukuran CO
(@ ii- FyperTerminal S
Eile Edn‘t !l.m Call Transfer Help
D #3 08B &
SUHUSUHUSUHU_
Connected (:01:49 ANSIW 9600 8-N-1 - FoONUM tavta

Gambar 4.11 Hasil Pengiriman Perintah oleh Software untuk
Pengukuran SUHU

100
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4.10 Pengujian Keseluruhan Sistem

Pengujian ini dilakukan dengan menyertakan software yang telah dirancang
sebelumnya. Software ini ditanamkan pada komputer yang ingin mengakses alat ini.
Pengujian 1m berfungsi untuk mengetahui apakah sistem ini dapat berjalan dengan
baik. Pengujian ini dilakukan masih dilakukan dalam jaringan local. Dan dengan

bekerjanya sistem ini, selanjutnya dapat diaplikasikan ke jaringan internet.

Pada pengujian keseluruhan sistem ini data suhu dan CO yang ditampilkan akan

dibandingkan dengan suhu yang tercantum pada termometer.

7 MONITORING SUHU & CO

SISTEM MONITORING SUHU DAN CO
MENGGUNAKAN MODUL WI-FI WIZ610wi
BERBASISKAN MIKROKONTROLER AT89C52

Status
Connected With WIZ610wi

| Conrect | DisCornznect J
J

SUHU

s

Derajat Celcius

SURU | ce I

Lihat Grafik

Gambar 4.12 Hasil Pengukuran SUHU
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hasil Perbandingan Pengukuran Suhu dengan Termometer Digital dan Alat

diluar ruangan

Pengukuran (°C)
.. A%=
Termometer Digital Alat At= | st~ Termameter Digital | m x100%

25,0 25.3 0,3 1,20
26,3 26.5 0,2 0,76
28,2 28.5 0,3 1,06
29,0 295 0,5 1,72
295 29.9 0.4 135
30,2 30,7 0,5 1,65
3t.1 314 0,5 1,60

Kesalahan rata-rata 1,33%

T4 MONITORING SUHU & €O

SISTEM MONITORING SUHU DAN CO
MENGGUNAKAN MODUL WT-FI WIZ610wi
BERBASISKAN MIKROKONTROLER AT89CS52

Status
Connected With WIZ610wi
CcO
0017t
Persen
SUHU I ; '““““:’“é“"""“"“:
Irvan Liwan
ﬂ 7 ol R Mt o
Sakd

Lihat Grafik

Gambar 4.13 Hasil Pengukuran CO
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Tabel 4.9
hasil Perbandingan Pengukuran Kadar CO dengan
Alat Uji Emisi dan Alat yang dibuat

Pembacaan (ppm) A%=
At= | Alat — Alat uji
Alat Uji Emisi | Display Emisi | o ;:msi x100%
90 97 7 7,7
110 118 8 7,2
150 161 12 8,0
200 215 15 7,5
250 264 14 5,6
270 289 19 7,03
315 342 27 8,5
Kesalahan rata-rata 7,36%

Selanjutnya adalah pengujian terhadap maksimal jangkauan dari alat ini tanpa
dan dengan adanya penghalang. Pada dasarnya selama komputer yang digunakan
untuk mengaksesnya masih dalam jangkauan alat, maka hasil pengukuran dapat

ditampilkan pada komputer.

Tabel 4.10
Pengujian Jangkauan Komputer dengan
Alat Tanpa Penghalang
Jarak (meter) Pengukuran

1 Berhasil

10 Berhasil
25 Berhasil

50 Berhasil

75 Gagal

85 Gagal
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Tabel 4.11
Pengujian Jangkauan Komputer dengan Alat
Dengan Penghalang Tembok
Jarak (meter) Pengukuran

1 Berhasil
10 Berhasil
25 Berhasil

26 Gagal

50 Gagal

74 Gagal

75 Gagal

Pengujian selanjutnya adalah pengujian kecepatan alat dalam merespon
perintah yang dikirimkan oleh client pada jarak-jarak tertentu. Pengujian disini

dilakukan tanpa penghalang dan diakses dengan hyperterminal.

Tabel 4.12
Pengujian Kecepatan Pengiriman Hasil
Pengukuran
Jarak (meter) Waktu (detik)

1 1

10 1
25 2
50 2
75 -
85 -

Selanjutnya pengujian dengan menggunakan software yang telah dibuat. Pada

software yang dibuat, terdapat 2 komponen timer yang masing-masing berfungsi
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untuk mengirimkan perintah ke mikrokontroler. Untuk mengetahui hasil pengukuran
suhu maka dikirimkan perintah SUHU, sedangkan untuk mengetahui hasil
pengukuran kadar karbon monoksida maka dikirimkan perintah COCO. Timer disini
berfungsi agar tampilan hasil pengukuran pada software dapat ter-update secara
otomatis. Pada software yang dibuat timer yang diberikan adalah sebesar 3000.
Settingan ini mengakibatkan tampilan pada software yang dibuat akan terdapat delay
yang cukup lama untuk mengetahui hasil pengukuran suhu maupun CO. Selanjutnya
untuk mempercepat proses update hasil pengukuran, maka setiap timer diberikan nilai

yang kecil.



BABYV

PENUTUP

51. Kesimpulan
Dari pembahasan Perancangan dan pembuatan Sistem Monitoring Kadar
Karbon Monoksida (CO) dan Suhu dengan Modul Wi-fi WIZ610wi Berbasis
Mikrokontroler AT89C52, dapat diambil kesimpulan, yaitu :
1. Penyimpangan rata rata pada pengukuran sensor TGS 2442 sebesar 2,96%
dan LM35 adalah 0,85%
2. Penyimpangan rata rata pada pengkondisi sinyal LM358 adalah 1,24%
3. Penyimpangan rata rata pada pengujian keseluruhan sistem untuk
pengukuran suhu adalah 1,33% dan CO  adalah 7,36%.
4. Jarak maksimal yang dapat dijangkau oleh alat tanpa penghalang adalah
50 meter, sedangkan jarak maksimal yang dapat dijangkau dengan

penghalang tembok adalah 25 meter.

5.2. Saran
Alat yang dibuat ini masih memiliki keterbatasan, nantinya diharapkan
dapat dikembangkan untuk mengatasi keterbatasan itu. Sehingga mendapatkan
alat yang diharapkan dapat mendekati alat yang ideal.
1. Bagi peneliti selanjutnya diharapkan menggunakan mikrokontroler yang
kecepatan eksekusi lebih cepat dibandingkan dengan AT83C52 sehingga

dapat melayani banyak client.
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WIZ600WI Berbasis Mikrokontroller AT89C52”

Adapun pengambilan data tersebut dilaksanakan melalui pengujian langsung menggunakan
“Gas Analyzer”
Demikian surat keterangan ini diberikan untuk dapat digunakan sebagaimana mestinya.
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hasil pengukuran yang dilakukan dilaboratorium otomotif untuk pengukuran kadar karbon

monoksida pada hasil pembakaran kendaraan bermotor.

Perbandingan pembacaan alat uji Emisi dengan pembacaan
pada display alat ukur yang dibuat

Pembacaan
%CO Display
0,09 97
0,011 118
0,015 161
0,020 215
0,025 264
0,027 289
0,031 342
Mengetahui
Koordinator Lapangan Kepala Departemen Otomotif
PPPI:ZT&&Y‘?%VIXI&glang
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FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO

Formulir Perbaikan Ujian Skripsi

@ INSTITUT TEKNOLOGI NASIONAL MALANG

Dalam pelaksanaan Ujian Skripsi Janjarg Strata 1 Jurusan Teknik Elektro Konsentrasi T.
Energi Listrik / T. Elektronika / T.Infokom, maka perlu adanya perbaikan skripsi untuk
mahasiswa :
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Upgrade History

Date Version Comment
2009-01-31 V1i0 Release
2009-03-16 Vil -Gateway mode 8080 port access added

-Client mode WAN setting added
-Serial Packing Condition added
-Serial Command added

2009-05-18 V12 -Client mode IP setting amended

-Power Consumption fact amended

-IGMP function added

-Server connection trying interval function added
on the serial client mode.

-Data Packet CanditionTime(Second->Millisecand)

2009-06-18 Vi3 -Serial Command Added
2009-07-14 V14 -Serial Command Amended
2009-08-11 V18 -Serial Command Added

Serial Server:Client Connection status checking
~Reference Schematic Amended{Pin No. 6, 7)

WIZ610WI AF2 X} Bi5 (WiZnet, Inc.)
e
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WiZnet's Online Technical Support

If you have any questions about our products, please visit our website and submit

your guestions on the Q&A Board. We will reply your questions as soon as possible

! fenawoi Onenwiin
web 2.0 concepls!
Stable 70Mbps
Guaranfeed (in DMA)!

_ - Easy-to-chack naw or amanded
3 wssoo o thn, “Wha's updated board
- Support PSS ineach baard
@ -Enharoe Searc fundion
~Open 80 B Conarurn iy msnu
- Budd Tachrecal forum as wel as Q8A

~Easy-t-ind ocal dstrbutrs
- WiZnet own innovation spirt
vsuaized.
- Chnese version Grand Opentl
- Jananose version Coming Soon!
CLOSE
o v e WHATT UPDATED
A e B
T 1
NEWS
1 v 1
5 gmn;n lecnmco
COMPANY OVERVIEW DisTRiSUTQR mmn e kel
o it W Winners WIC Tai Sep il 2008 e
e, WIZwikd net Www.ewirnet.com e . dwvan Sooth #: 206 T

WIZ610WI AF2X}F 072 (WiZnet, Inc.)
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COPYRIGHT NOTICE

Copyright 2009 WiZnet, Inc. All Rights Reserved.

Technical Support. support@wiznet.cokr
Sales & Distribution: sales@wiznet.cokr

For more information, visit our website at http://www.wiznet.co.kr
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1. Introduction

WIZ610wi is the gate way module which provides a bridge for RS-232 or Ethernet to
IEEEB02.11 b/g wireless communications. Devices with the interface of RS-232 serial or
Ethernet can established a wireless network which can enable remote monitoring,

management and controlling.

Main Features

Embedded 802.11b/g Wireless Networking

Access Paint, Client, Gateway, Serial to WLAN mode Supported
Ethernet to Wireless Bridging

Security with 64/128 bit WEP, WPA, WPA2(AES)

MI, UART, GPIO, U.FL(WLAN) Interface

Ready ta use serial to wireless application

Max 25Mbps Data Streaming

Compact Size : 39mm X 32mm X 4.7mm

RoHS Compliant

WIZ610WI AL2 X} Tj%9 (WiZnet, Inc.) 1
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Products Contents (WIZ610wi-EVB)

WIZ610WI Module

WIZ610wi Evaluation Board

Serial Cable

(Connect Serial Device to Test Board)

Network Cable

(Crossover Cable)

Power

(DC 5V 2A Adaptor)

Antenna

(2dBi PCB type + Coaxial Cable)




@IZnet

cb
(Manual, H/W & SW related Materials)

Table 1. Products Contents.

1.1 Product Specification

1.1.1 WIZe1l0wi Madule

Wireless
ITEM : Specification
Wireless Standard IEEE802.11b/g
Frequency Range 2412~2485GHz
Output Power 802.11b: 16dBm@11Mbps
(Tolerance(+/-1dBm} 802.11g: 14dBm@6~54Mhbps

802.11b: -65dBm@11Mbps

Receive Sensitivity
802.11g: -76dBm@54Mbps

Data Rates 54Mbps-1Mbps

11g: OFDM(64QAM, 16QAM, QPSK, BPSK)

Madulation Type
11b: DSS(CCK, DQPSK, DBPSK)

Table 2. Products Specification - Wireless

Hardware
MM | Specification
MIL, UART, GPIO (0-~5), Power, 1.27mm Pitch Header Pin
Interface
U.FlL{wireless)
Operation: -5°C~55°C
Temperature
Storage: -20°C~70°C
. Operation: 10% to 90%, Non-Condensing
Humidity )
Storage: 5% to 90%, Non-Condensing
Serial Baud Rate : 230,400bps
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Stop bits: 1

Parity: None, Odd, Even

Flow Control: XON/XOFF(software), CTS/RTS(hardware),

none
Power 3.3v
Power Consumption Under 470mA(3.3V)

39mm X 32mm X 4.7mm

Dimension
33mmhole X1
Weight 80g
Table 3. Products Specification - Hardware
Software
Operation Mode Access Point, Client, Gateway, Serial to Wireless LAN
ARP, UDP, TCP, Telnet, ICMP, IGMP, DHCP, PPPoE, BOOTP,
Protocol
HTTP TFTP
WEP 64/128big
Security WPA/WPA2 PSK/AES/TKIP
802.1x(Radius)
Management HTTP Telnet, Serial, UDP
Notification Event Logging

Table 4. Praducts Specification - Software
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1.1.2 WIZ610wi Test Board

|

RI45 Cannectaor

WIZ61 0w

Antenna Connector i -
e RSZ3Z Connector

f
H
£ f {
i ! {
i i 1 |
Power Power i Hardware
. H s
Adapter Switch ! Trigger
Power
LED

Figure 1. WIZ610wi Test Board
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2. Getting Started

This manual describes all configurations in detail. For the quick and easy installation, please
refer to "WIZ610wi Quick Installation Guide”

2.1. Hardware Installation
For the testing, module and test board should be prepared.

® STEP1: Insert WIZ610wi madule in the socket of test board.

®  STEP2: Connect the test board to the HUB or PC by using a network cable.

®  STEP3: Connect the test board to the serial device by using the RS-232 serial
cable.

=

STEP4: Insert the power supply connector to the test board by using the 5V

(200mA) DC power adaptor.

2.2. Configuration

2.2.1 Connecting the Web page of WIZ610wi

1) Open a web browser on your PC and input “192.168.1.254", the default IP address of
WIZ610wi.

B aboubblank -
MPE BIE 2N BARNY XD Z2WH)
CQRE - x| & L o aa v ERE £

P 192,168.1,25¢

Figure 2. Connecting to the Web page of WIZ610wi

Notice : Configure the network parameters of WIZ610wi and your PC.
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» The default IP address of WIZ610wi is “192.168.1.254". Your PC's IP address should start

with these three sets of numbers “192168.1.XXX".

> WIZ610wi and PC can be connected through wireless network. Connect to WIZ610wi from
PC by using default SSID "WIZ610wi"

2) A pop up will request you to input your User ID and Password.
Default User ID : admin Password : admin

WIZ610wi {(username: admin)

NER 0IE(): € admin
LF(P): osses
o5 HENR)

=

[ THO| J i F A 1

Figure 3. Input ID & Password
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22.2 Checking Status

1) System Data

@Znet

wWww.wilnel.co.kr

* Status

WLAN Gateway Module WIZ610wi....

P System Data

Uptime:

Firmware Version:

Firmware Date:

31 min, 17 secs
WIZ610vi_v1.0.0

2009/03/13 13:35:28

MAC Address:

IP Address:

Network Mask:

Default Gateway:
DHCP Server:

DHCP Start IP Address:

DHCP Finish IP Address:

WLAN Configuration

MAC Address:
SSID:

Channel:

Serial Configuration

Status:
Protocaok:
Modae:
Port:
Baudrate:

Databits:

00:08:DC:00:00:04
192.168.1.254
255.255.255.0
0.0.0.0

Oon

192.168.1.2

192.168.1.100

00:08:DC:00:00:0%
SK_REP1

1

Enable
uor
Server
5000
38400 bps

8 bits

Figure 4. System Data

ITEM

Description

Firmware Version

The firmware version of WIZ610wi is displayed

Firmware Date

The last date and time of firmware upgrade

MAC Address(LAN)

the

MAC  Address of

communication.

WIZ610wi for

Ethernet

IP Address

the IP address of WIZ610wi.
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Network Mask the Network Mask of WIZ610wi.

Default Gateway the Gateway of WIZ610wi.

DHCP Server shows the DHCP server function is activated or not.

DHCP Start IP Address shows the first IP address to be assigned from DHCP
server.

DHCP Finished IP Address shows the last IP address to be assigned from DHCP
server.

MAC Address(WLAN) the MAC Address for wireless communication.

SSID the SSID of WIZ610wi.

Channel the wireless channel of WIZ610wi.

Table 5. System Data

Notice : WIZ610wi supports the MAC addresses for both Ethernet and Wireless interfaces.

2) Active Client

@I Znet  WLAN Gateway Module WIZ610wi.... g o

www. wiznel.co ¥i

- Stetus : Active Wireless Client Table
This table shows ﬁe
MAC address, MAC Address  Chan  Tx Rate [Mbps) RSS| TxPacket Rx Packet
{ransmission,
. reception packef 00120 1e 1649 1 M 59 2 1328
counters for each
associated wireless  * | Reﬁesh'i

client.

Figure 5. Active Clients
In this page, the information of clients connecting to WIZ610wi is displayed. If you click

“Refresh” button, the client list and information are updated.

2.2.3 Netwark Setting

You can configure network parameters of WIZ610wi.
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IZnet WILAN Gateway Module WIZ610wi....

www. wiinel.co.kr

- Slalus LAN Interface Setup
= Sy e _
- Active Clients Thr.':fpagﬂf:: used fo
T T con, :
- fgma:m.r]«;mmﬂ e g 1P Addross: 192.168.1 254
T reless Setng area nebwork which g
= Serial Setting connocts to the LAN Subnaet Mask: 1255.255 255 0
= Secyrdy port of your Access Default Gateway: 0000
+ Others Point. Here you may L
Y DHCP: Sener v
DHCP Cllent Range:  :132 166 1 2 =192 168.1.100 Show Client
DNS Server: r

[__Apply Changes | [ Reset |

Figure 6. Network Setting

e [P Address: The default IP Address is set as “192.168.1.254".
® Subnet Mask: The default Subnet Mask is set as “255.255.255.0".
* Default Gateway: The default Gateway is set as “0.0.0.0".

* DHCP: If you want to activate the DHCP Server function, select the “Server”. If not,
select "Disable”.

Notice: When the WIZ610wi's IP address is managed by another DHCP server in the
upper layer, the DHCP function in your wireless madule will be disabled. All your clients

connecting to your WIZ610wi can not recognize your module as a DHCP server.

* DHCP Client Range: When WIZ610wi opetates as the DHCP Server, the IP address
range must be

assigned in order for the clients to connect. If the DHCP server function is disabled, this
DHCP Client

Range is not activated.

* Show Client : If you click the “Show Client” button, a window is popped up to show a
list of clients.

10
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2 Active DHCP. C|

 Table - Microsoft Internet Explorer.

Active DHCP Client Table

IP Address MAC Address Time Expired(s)
None e i

Refresh ] I Close I

Figure 7. Active DHCP Client Table
« Apply Changes : By clicking this button, the modified values are applied. After changing,

the page is refreshed ta re-connected to the new IP address.

2.2.4. Wireless Setting
2.24.1. Mode Selection

You can select one of Access Point, Gateway and Client for the wireless connection mode.

@I Znet WLAN Gateway Module WIZ610wi....

www.wirnel.co.kr

= Status

Operation Mode

- System

= Agtive Clients
= Network Setting { Access Point: -Sggup In this mode, ail ethemet ports and wireless
= Wireless Seftind interface are bridged together and NAT function is
- Serial Setting disabled. All the WAN related function and firewall

- are not supported The wireless mode is AP made.

e i§$ -’Iﬁx
+ Others ) Gateway: In this mode, the device is supposed to connect to

intemat via ADSL/Cable Modem. The NAT is
enabled and PCs in LAN parts share the same P
ta ISP through WAN port. The connection type
can be setup in WAN page by using PPPOE,
DHCP client, PRTP client or static IP.

O Client Client-Infrastructure.

Figure 8. Operation Mode
Access Point is the default mode. If you select Gateway or Client and click the “Setup"

11
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buttan, the progress bar will be shown.

Please wait a moment to let the new settings take effect...

Please wait...

Figure 9. Changing Operation Mode

1) Access Point Mode

In this mode, all Ethernet ports and wireless interface are bridged together and NAT
function is disabled. All the WAN related function and firewall are not supported.
2) Gateway Made
In this mode, your device can connect to the internet via ADSL/Cable Modem. The NAT is
enabled and PCs in LAN ports share the same IP ta ISP through WAN port. WAN

connection type can be setup in WAN page by using PPROE, DHCP client. PPTP dlient or
static IP.
3} Client Mode

In this mode, your device act as a dient. If you configure PC or application device as DHCP
client, Access Point will be the DCHP Server and WIZ610wi doesn't act as DHCP Server.

2.2.4.2. IP Configuration in Each Mode
1) Access Point Made

ADSU/Ceble
Modem

nas ’ DHCP Server-Client Line

Figure 10. Access Point Mode ~ 1

12
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- The IP address assigned to WIZ610wi is for administration and web configuration.

- Even though the WIZ610wi is configured as DHCP Server, the PC will acquire IP address
from IP Sharing device or ADSL/Cable Madem.

ADSL/Cable
Intemet —— " P y. 4

Figure 11. Access Point Mode -2

- If there is not IP Sharing Device or ADSL/Cable modem, WIZ610wi will assign the IP
addresses which is in DHCP IP range to PCs through wired or wireless network.

2) Gateway Made

Figure 12. Gateway Mode

WIZ610wi operates as DHCP Server far the witeless communicatian.
WIZ610wi operates as Static/DHCP/Client/PPPoE for the wired (Ethernet) communication.

13
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3) Client Made

1 l Application
@ rercsanansncnncnnn 5 WIZ61OW| [@==sssvasmasnnsanacannn > Board

DHCP Server DHCP Client{oox, xox, 000 2~ 100) ) ¥
(eg. Client range xocoocon 2~100) & Act as DHCP server for Application Board DHCP Client(oox 300¢,300¢, 102~200)
(eg. Client range xxx e, xxex, 102~200)

Figure 13. Client Mode

WIZ610wi can be set IP as Static or DHCP client at 'Client Setup>WAN Port Setup’. And also
WIZ610wi can be act DHCP Server simultaneously by assigning adding 100 of first DHCP
server. For example, if DHCP server's client range is XOXXXXXXX.2~100, then WIZ610wi's
assigning DHCP Client IP address to application board is XXX XXX.XXX.102~200.

2.2.4.3. Access Point Setup

After selecting the AP mode and please click "Setup” button, the page below is shown.

@I Znet WLAN Gateway Module WIZ610wi....

www.wiznel.co.kr

~ Status AP Mode Seﬂings
- System
- Active Cliepts This page is used fo
= Mﬁ_“t‘_m"_l ﬁitg:ﬁﬁfge, Alias Name: Wireless_AP
Bfemers ot Band: 802 11(B+G) v
- Security SSID: WIZ610wi
" Others Channel Number: 1 0>
Mode: AP -
Security:
; .&dvance& Settings:
. pocem G
i WDSSalﬂng R

{__Apply Changes | [Reset |

Figure 14. AP Mode Settings

e Alias Name : Input the name for WIZ610wi.
® Band : Select communication protocol of WIZ610wi.

802.11g protocol is compatible with 802.11b.

14
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e SSID: Input SSID for wireless communication.
All devices on the same wireless network should have same SSID. The SSID can have max

3Zhbytes characters composed of alphabets and numbers.

Notice: this field is case-sensitive

Channel Number: : Select the channel frequency which you will use for wireless
communication.

Auto: If you select Auto, the connection is automatically processed to the channel assigned
by AP. When AP is booted, it investigates wireless channel environment and selects the
lowest using channel.

Manually Select a Channel : You can select a channel in the range of 1~13..

* Mode :

AP : IF AP is selected, WIZ610wi operates as Access Paint.

WDS Repeater : WDS(Wireless Distribution System) that can be used for the
communication between WIZ610wi and WIZ610wi. When this mode is selected, AP function
operates at the same time.
® Security : Configure the security options for WIZ610wi. When you click “Setup” button,
below page appears.

Wireless Security Setup

Authentication: éOptf-,.nr system or Shared Key v
Encryption: | None v
[ Apply Changes ] LResel]

Figure 15. Wireless Security Setup

Authentication : You can select an authentication methaod far the clients ta connect ta AP

Field Description

Open System or | No authentication is imposed to the WIZ610wi.

Shared Key When enabling WEP, the configuration is activated.

15
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Open  System | The client authentication is performed by RADIUS server.

with 802.1x Configure the port number, IP address and Passward of RADIS
sefver.
Shared Key WEB function is activated. Input the Key value.

WPA RADIUS WPA: Wi-Fi Protected Access
WPA is based on TKIP(Temporal Key Integrity Protocol) IEEE802.11i
standard which complements WEP(Wired Equivalent Privacy). WPA
is the upgraded authentication methods by applying 802.1x and
EAP (Extensible Authentication Pratocol).
WPA PSK WPA Pre-Shared-Key is the authentication method using Pre-
Shared Key. Configure PSK format and input value for PSK.
WPA2 RADIUS | WPA2 is using AES(Advanced Encryption Shared) algorithm. AES is
mare strengthened encryption method rather than RC4 which is
used for WEP or WPA. WPAZ RADIUS performs AES encryption
and RADIUS server authentication. If WIZ610wi uses WPA2, it can
be campatible with devices using WPAL.
WPA2 pPSK WPA2-PSK uses Advanced Encryption Standard(AES) for encryption
Keys together with WPA PSK method.

Table 6. Authentication Method
Encryption : It configures authentication made far security of wireless network. There are
options of WEP and None. If WEP is selected, the below items are activated for
configuration.

ITEM Description

Configure the length of WEP Key.

Qption : 64 ar 128hit

Configure the format of WEP Key.

Option : ASCH(S Characters) or Hex(10 Character)

Default Tx Key | Max 4 Tx Key values can be configured. Select one of them.

key Length

Key Format

Encryption Key | Input the key value.
1~4

Table 7. WEP Configuration

16
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¢ Advanced Settings : If you click the "Setup” buttan, below page is appeared.

Wireless Advanced Settings

Fragment Threshold: 2346  (256-2346)

RTS Threshold: 2346 (0-2346)

Preamble Type: & Long Preamble  Short Preamble
Beacon Interval: 100 (20-1024 ms)
Inactivity Time: 30000 (100-60480000 ms)
Broadcast SSID: () Enabled  Disabled

WMM: () Enabled C Disabled

[ Apply Changes ] [ Reset ]

Figure 16. Wireless Advanced Settings

Field Description

Fragment Threshold This value specifies the maximum size for a packet before data is
fragmented into multiple packets. If you experience a high packet
error rate, you may slightly increase the Fragmentation Threshold.
Setting the Fragmentation Threshold too low may result in poor
network performance. Only minor reduction of the default value is
recommended. In most cases, it should remain as its default value
of 2346,

RTS Threshold When you encounter inconsistent data flow, only minor reduction
of the default value, 2347, is recommended. If a network packet is
smaller than the preset RTS threshold size, the RTS/CTS mechanism

17
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will not be enabled. The Router sends Request to Send (RTS)
frames to a particular receiving station and negotiates the sending
of a data frame. After receiving an RTS, the wireless station
responds with a Clear to Send (CTS) frame to acknowledge the
right to begin transmission. The RTS Threshald value should remain
as its default value of 2347,

Preamble Type

Beacon Interval The default value is 100. Enter a value between 1 and 65,535
milliseconds. The Beacon Interval value indicates the frequency
interval of the beacon. A beacon is a packet broadcast by the

Router to synchronize the wireless network.

Table 8. Wireless Advanced Settings

e Access Control : By registering the MAC address of a client, WIZ610wi blocks or allows
the client to access. If you click the “Setup” button, page below appears.

A Wireless Access Control - Mi

Wireless Access Control

Wireless Access Control Mode: Disable v
MAC Address: Comment:
[ Apply Changes | | Reset |

Current Access Control List:
MAC Address Comment Select

Figure 17. Wireless Access Control
Wireless Access Contral Mode : This option allows you to enable or disable the “Wireless
Access Control Mode". (Options: Disable / Allow Listed / Deny Listed)
Disable: Not use "Wireless Access Control Mode”.
Allow Listed: clients with their MAC registered in the Control List are permitted to access
WIZ610wi
Deny Listed: clients with their MAC registered in the Control List are denied to access

18
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WIZ610wi

* WDS Setting : If AP mode is set as WDS Repeater, WDS Setting button is activated. WDS
is Wireless Distribution System that is working as a wireless bridge between AP and AP If

you click the "Setup” button, the page below appears.

‘. P i #f‘?ﬁ- ‘%‘ﬂ

WDS Setting

MAC Address: . Comment: |

[ Apply Changer]

Current WDS List:
MAC Address Comment = Select

Figure 18. WDS Setting

Input wireless MAC address of the device to be connected.

Apply Changes : Add the MAC address into the WDS list

Reset : Discard all changes in all fields

19



@IZnet

22.4.4. Gateway Setup

<Notice>

YT WIZ6LOWI[ 12N IP sddress192158.0.254
: WAN IP address:192158.2.254

Gateway mode

When changed to Gateway made, wired netwark is discannected, it hecause WIZ610wi's
wire port act as WAN Port. So to solve this problem..

1. Connect WIZ610wi through wireless

2. Check WAN IP of Gateway mode setup page

3. Connect "hitp://WAN_IPaddress:8080 (8080 port)

First time it must be input '8080', but next time no need to add ‘8080’

Gateway mode can be used when you want to connect to the Internet through an

ADSL/Cable Madem, or IP Sharing Device. By clicking the “Setup” button, you can configure
your PPPoE, DHCP Client, PPTP or Static IP settings

T S L S

- S.’H.L:m ) Allag Name: ‘Wirgless_AP \
- ot setn Band: 246 v
- Seria) Setting SSID: 'WIZ6 10w
: ﬁf_ﬂ‘:‘m crmuul Number: 4l
- Others Security: Setup

~ &xzecnd Advanced Settlnga: Setup

- Eactery Defoult -WAN Port::

- Reboot ‘

L teply

o) (]

Figure 19. Gateway Setup

®  Alias Name: Refer to “2.24.3 Access Point Setup”.
¢ Band: Refer to “2.24.3 Access Point Setup”.

20
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e  SSID: Refer to "2.243 Access Paint Setup”.

* Channel Number: Refer to “2.24.3 Access Point Setup®.
*  Security: Refer to "2.24.3 Access Point Setup”.

®  Advanced Settings: Refer ta “2.24.3 Access Paint Setup”.
®  Access Control: Refer to “2.24.3 Access Point Setup”.

*  WAN Port : f configures WAN port. It configures the network environment for the

cannection ta WIZ610wi.

WAN Port Configuration

WAN Access Typo:  {DHCP Client +'
© Attsin DNS Automatically
O St DNS Manually

DHS 1: o o

NS 2: 3 o

DNS 3; P -

Clone MAC Addross: (000000000000

. [J- Respondto WA:rll“Ping

[ Enable UPnP.

. ] Enable IPsec pass through on VPN connection

[#. Enablo-PPTP pass through on VPN connection
‘Enable L2TP pass through on VPN connection

|Save] [Reset] [Close]

Figure 20. WAN Port Configuration

v WAN Access Type

>  Static IP : Manually input your IP address, Subnet Mask, Default Gateway

and DNS.

statice v

SubnotMesk: (562652860

DofouttGatowy:  [11211264

Figure 21. WAN Access Type — Static IP

»DHCP Client : An IP address can be acquired from a DHCP server. The

21
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v PPTP

DNS information can be automatically acquired from a DHCP server or

set manually (Set DNS Manually).

WAN Access Type: DHCP Ciﬁént v

(© Attain DNS Automatically
O Set DNS Manually

DNS 1:

DNS 3: T

Figure 22. WAN Access Type — DHCP Client

»Virtual Server: Virtual Server also known as Port Forwarding associates a

port number with a private IP address(internat network). This technique
allows clients fram outside a network to access devices within the LAN
(internal network).

»DMZ: This feature allows one network user to be exposed to the Internet

for special-purposes such as Internet gaming ar videocanferencing.
DMZ hosting forwards all the ports at the same time to one PC. The
Port Range Forward enhances the security of your device because only a
range of parts are opened for access. DHCP should be disabled in order
to avoid any changes in your 1P address. Static IP address is
recommended when using the DMZ

»Remote Management : Configure the port number for the cannection to

WIZ610wi from a remote site. Default Port Number is set as "8080".

>URL Filter: It enables to connect or disconnect to the specified URL.

»MAC Filter: Prevent access fram a device with a specific MAC address

>IP Filter: Prevent acess from a device with a specific IP address
»DDNS(Dynamic DNS) : Once the DDNS server registers yours MAC address,

your device can connect to the internet regardless of your address.
DDNS service can be provided by www.no-ip.com. (You need to pay
some fee). After registering some information at www.no-ip.com, input
your E-mail address and password in the figure shown below. When you
click the “Update” button, the status will change from*Not Connected”
to “Connected”
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Enable DDNS

Service Provider: www.no-ip.com
Email: sbc@detgcom
Password: e
Result: Not Connected
(Update | { Reset ]
Figure 23. WAN Access Type - PPPoE
2.2.4.5. Client Setup

In client mode, WIZ610wi connects to an access point.
- Client Mode Settings o -

Alias Name: Wireless AP T T
SSID:
Security:
Advanced Settings:
WAN Port:
Site Survey:

[__Apply Changes | [Reset |

Figure 24. Client Setup

e Alias Name: Input the name for WIZ610wi.

* Band: Select a communication protocal for your module. it suppofts 80211b, 802.11g
and 802.11b/g mode.

e  SSID: Input the SSID of an access point. If you don't know your SSID, you can use the
“Site Survey” to search and connect ta an AP

¢ Security: Configure security settings (these should match your AP's settings)

® Advanced Settings: Refer to “2.24.3 Access Point Setup”.

®  Site Survey: If you dick the “Site Survey’ buttan, all access points near your module
are listed as shown in the figure befow. Please select one AP and click “Connect”
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button. If PC or application device is set as DHCP Client, the AP will operates as its
DHCP server and WIZ610wi doesn't act as DHCP Server. When you connect to an AP

with security enabled ;the "Wireless Security Setup Page” will appear automatically to

set-up your security settings. By using the "Site Survey”, Band, SSID and Security can he

configured all at the same time.

Site Survey

SSIiD
WIZRND_AP
spinal23
WIZTEST
SUN_LAN
CSRND_AP
iptime
linksys

Iinksys_keiiB

BSSID
00:0d:54:a0:b1:be

00:30:3f.52:2¢:29

00:0d:54:aﬂ:b1:de

: ‘Do:ﬁé:.Zé.:eﬂl‘J:dg:fc
00:50:18:5b:23:86

00:08:9f:64:37:cd
00:0£:66:74:ce:3d

00:13:10:0d:7b-91

[ Refresh ][ Connect |

Channel

1"
12

12
6
1

6
"

11

RSSI
11

15
4

16

Seédrity Select

NO
WEP
NO

WEP
WEP

NO

NO

. WEP

O

®lo

00000k

Figure 25. Site Survey
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225, Serial Setting

For the 'Serial to Wireless' communication, you can configure serial parameters.

@IZnet WLAN Gateway Module WIZ610wi.... ¥

www.wiznet.co.kr

+ Status Serial-Wireless Configuration

= Network Setting

- wireless Setting Senal-to-Ethemet

e —— (Wireless) 2 "

i Scflg_l_Scttlrﬁ Configuration Status: Enable

securiy : Protocol: CUDP GOTCP

+ Others -~
Mode: G Server O Client CrMixed
Server IP:
Server Port: 5000

Reconnect Interval:

Baudrate: 38400
Datahits: § v
Parity: ' MNone ~
Stopbits: 11~
FlowControl: | None ~

Data Packing Condition

Time: 0 milh-second{0-65535)
Size: 0 Bytes(0-255)

Char: 00 Hexacode(00-f)

f Resel

Figure 26. Serial to Ethernet Configuration

e  Status: Check this combo box to enable serial communication

®  Mode: Select one mode among Server, Client and Mixed.

This mode is to select the communication method based on TCP. TCP is the protocol which
establishes the connection before data communication. In server mode, WIZ610wi waits for
the connection from a client. In dlient mode, WIZ610wi operates as client at the TCP Client

mode on the process of connection, and tries to connect to the server's IP and Port. Mixed

modes supports both of Server and Client at the same time.

Below describes in details regarding each mode
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v TCP server mode

In order to operate this mode, Local IP Subnet, Gateway Address and Local Port
Number should be configured. In manitoring applications, the server mode can be
useful since it can listen for any connection from clients, and establish a connection
for remote management.

1. A client connects to the WIZ610wi which is in TCP Server mode.
2. As the connection is established, data can be transmitted in both directions —
fram the host to the WIZ610wi, and from the WIZ610wi to the hast

v TCP client mode
In TCP Client mode, your module wilf attempt to connect to a specified server.
In order to operate this mode, Local IP Subnet, Gateway Address, Server IP and
Server port number should be set. If the server IP has a domain name, please use
the DNS function.
1. When power is supplied, WIZ610wi board operating as TCP client mode actively
establishes a cannection to the server.
2. Once the connection is established, data can be transmitted in both directions —
from the host to the WIZ610wi and from WIZ610wi to the host

¥ Mixed made
In this mode, WIZ610wi normally operates as a TCP Server and waits for a
connection request from a client. However, if WIZ610wi receives data from the serial
device before connection is established, WIZ610wi changes to the client mode and
sends the data to the server. Therefore, in the mixed made, the server mode has
higher priority than the client mode. Mixed mode takes advantages of both client
and server mode. The client mode may be used for sending out emergency reports
in an urgent situation while the server mode may be used for remote management.

s Server IP : Input server IP.
e Server Port : Input server port.
* -Reconnect Interval: Set the interval retrying connecting to server.

¢  Baudrate: Configure serial communication speed.

26



(“7IZnet

¢  Databits: Configure databits.

»  Parity: Configure parity checking option. (aption: None, Qdd, Even)

e Stopbits: Configure stop bit option.(Option: 1, 2)

¢ FlowContral: Configure flow cantral aptian. {optian: nane, Xan/Xoff, RTS/CTS)

e Data Packing Condition :
You can specify how the serial data can be packed ta be sent to the Ethernet. There are
3 delimiters -
time, size and character. If all of them are set as '0', whenever the serial data is arrived,

they are sent to the Ethemnet immediately.

- Time: This field specifies the waiting time. When there is no more input from the serial
port, the madule will wait for the specified time and then send aut the serial data ta
the network. For example, if 2000 ms is specified, the module will send out the
packet at 2000 ms after the last input from the serial part. If there is na data in the
serial buffer, the module will not send out any data packets.

(0" Function Disable)

- Size: This field specifies the size limit in the serial buffer. Once the serial buffer reaches this
lirait, the data will be sent out to the Ethemet. If the serial buffer is greater than the
size limit, the module will create an Ethemnet packet and store the extra data, and
send out to the Ethernet when the limit is reached again.

('0': Function Disable)

- Character: Register a character to trigger the conversion of serial data to network packets.
Whenever the registered character is inside the serial buffer, all the data before the
registered character is sent out to the network exduding the character itself The
character must be in Hexadecimal.

(0’ : Function Disable)

If any one of these conditions is met, the data will be sent to Ethernet.
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Ex) Delimiter: Size=10, Char=0x0D

Serial data : 0123456789abc
Ethernet data : 0123456789

= “abc” remains in the serial buffer of the module and will not be sent until the

specified size or character has been fulfilled.

*  Save: Save the configuration values.

®  Reset : Discard all changes in all fields

2.2.6. Security Setup
Refer to "2.2.4.3. Access Point Setup'.

2.2.7. Qthers
2.2.7.1. Password
You can change the password of WIZ610wi

(WIZnet WLAN Gateway Module WIZ610wi....

www.witnel co kr

- Status Password Setup

=~ System

- Ahctive Clients For the admmnisirator's

- Network Setting Z;f;j;f::’e fogin, 5 s New P d&:

- Wireless Settin: .

. recemmended to sel

- Serial Setting your user password for Confirmed Password:

- Sequrity secunly issue.

= Others [__Apply Change | [ Reset |

= ion in

- Passward

= Log

= Upgrade

- Eactory Defautt

- Reboot

Figure 27. Password Setup

22.7.2. Lag

The log information can be saved. In order to use this function, check the combo box
"Enable Log". The log will include information such as wireless, DDNS, WAN and DHCP.
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TZnet WLAN Gateway Module WIZ610wi....

www.wiznel.co.kr

=t System Log
> Su;’gm
- Agtive Client Enable Log
- Hetwerk Setting
S in Syatem all
~ SELS Wirsless onty DONS enly WAN only DHCP Server onfy
- Security
- thers
= Redgion Settings 7
- Pasgword Oday 00:00:05 ¥IZB10s1 sysfog. Info syslosd started: BusyBox vI.00-prelC (2009.02.11- -
_ 07208+ 0000)
hea Dday 00:00:05 RIZEI0wi syslos.notice klosd: klosd started: BusyBox v1.0D-prell
= Ungrade (2009.02. 14 ~07:08-0000)
~ Eagory Defaylt \Oday D0:00:05 ¥I12610wi syslos.earn kiosd: CRU revision is: 0ODISDS4
~ Rehaot (Dday DO:00:065 ¥12610wi sysleg.varn klogd: Primary instruction cache 16kB, physical ly

‘tagged, 4-way, linesize 16 bytes.

\Oday 00:00:05 #1Z6)0vi systog.wern kload: Primary data cache 16kB 4-vay, linesize 16

bytes.

{Oday D0:00:05 #12610vi systog.warn klogd: Linux version 2.4, 25-LSDK-5.0.2.46
{(yun051283mai) . coa) {gcc version 3.3.3) #20 Tue Mar 3 17:16:39 KST 2009

|Oday DO:00:05 W12610vi systog.varn klogd: Determined physical RAM map:

|Qday 00:00:05 ¥12610¢1 avaleg.earn klogd: memary: QUCOO0G0 @ 0000000 (usahle)

iOday 00:00:05 ¥1Z610ei systag.varn klogd: On node O totalpages: 4096

|Oday 00:00:05 ¥IZ61001 systog.warn klogd: zone0): 4096 pages. v,

Figure 28. System Log
2.2.7.3. Upgrade
In this page, you can upgrade the firmware of your WIZ610wi.
Browse the firmware file by clicking the “Find" button. If you click “Upload" button after

selecting firmware file, the firmware starts uploading. This process will take about 60

seconds.

(WIZnet WLAN Gateway Module WIZ610wi....

www. wiznel.co.kr

Upgrade Firmware
o cli have the new Seloct Flle: EI'JE-!Z’

e Image
repared. It lakes a

-y i

@ ir‘| g moment fo 53:‘[‘ the
- Seaurity ; f
— Others

= Region Settings

Figure 29. Upgrade Firmwate
2.2.7.4 Factory Default
If you dlick the "Factory Default” button, all settings value are restored to the factory default
setting.
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The factory default values are shown belaw:

Field Default Value
IP Address 192.168.1.254
Subnet Mask 255.255.255.0
Default Gateway 0.0.00
DHCP Server
DHCP Client Range 192168.1.2~192.168.1.100
DNS Server 0.0.00
Serial Status Disable
Serial Mode Server
Server IP 0.0.00
Server Port 5000
Baudrate 38400
Databits 8
Parity None
Flow Control None
Wireless Made AP
Alias Name Wireless_AP
Band 24GHz (B +G)
SSib WIZ610wi
Channel 1
AP Mode AP
Authenticatian Open system or Shared Key
Encryption Nene
Fragment Threshold 2346
RTS Threshold 2346
Preamble Type Long Preamble
Beacon Interval 100ms
Inactivity Time 30000ms
Broadcast SSID Enable
WMM Enable
Password Admin
tog Disable

Table 9. Factory Default Value
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2.2.75. Rebaot

In this page, you can reboot your module.

(WIZnet WLAN Gateway Module WIZ610wi....

www. wiznel.co. xr

= Status
= System .
- Active Clients Anytime you want o

. wamn bool this device:
= Network Setting L
Hetwork Settin for any purposes, R S Rebaot |

Reboot System

= Wireless Setting
~ Serial Setting
- Security
= Others
= Regqign Settings
= Fassword
- Leg
- Upgrade
= Factory Default
- Reboof

Figure 30. Reboot System
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3. Pin Assignment and Module Size

oa
Q0
00
o0
oo
0o
oo
00
QQ
oo
Figure 31. WIZ610WI PIN Map
Nea Name In/Qut Description
1 cs I UART : CTS
2 RTS o} UART : RTS
3 - - -
4 HW_Trigger I Low : Entering serial command made
High : Exit serial command mode
5 GPIO?7 /o Reserved
6 GPIOS o Reserved
7 SQut o] UART : TXD
] SIN I UART : RXD
9 DCIN 3.3V Power
10 BC_IN 3.3V Power
11 GND GND
12 GND GND
13 RXERR I MI Receive Data Error
14 cot I MI callision
15 W_LED o Wireless LED (Active Low}
16 MBC I SMI Clock
17 RESET I Active High
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If this signal asserted more than 3 sec,
factary reset perfarmed.

18 MDIO |/} SMI In/Cut Data
19 GND GND
20 GND GND
21 RXC I ME receive clock
22 RXDV I MI receive data valid
23 RXD2 1 MI receive data
24 RXDO I MII receive data
25 RXD1 I MI receive data
26 RXD3 I MI receive data
27 GND GND
28 GND GND
29 T™XC I M transmit clack
30 TXEN o] MI transmit enable
31 ™D3 8} MI transmit data
32 T™XD2 (o] MH transmit data
33 TXDO o] MH transmit data
34 T™XD1 o MII transmit data
35 GND GND
36 CRS I €Carrier sense

Table 10. WIZ610wi Pin Function
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Figure 32. WIZ610WI Board Dimensions (unit : mm})
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4. Demonstration and Test

In this chapter, an example is provided for you to test the functionality of WIZ610wi. The
testing enviranments are the followings:

<Hardware>

® A PC equipped with a RS-232 serial port
WIZ610WI module and WIZ610W] base board

Connect PC and module’s Ethernet port by using an Ethemet Cable(Direct or

Crossover)

® Connect PC and module’s serial port by using a serial cable
<Software>

B WIZ610WI Configuration tool
B Hyper Terminal (or any other terminal program)

STEP1.

@ Connect the PC and WIZ610wi base board by using a serial cable.
@ Connect the PC and WIZ610wi base board by using an Ethernet cable.
® Turn on the power switch of WIZ610WI base board.

STEP2. (wizé10wi Environment Setup)

@ On your PC, go to the "Network Setting” and connect to your WIZ610wi in the
“Wireless Netwark Connection”.

@ In your web browser, input IP address of WIZ610wi (Default : 1921681.254). If

configuration page appears, dick “Serial setup® menu and set the serial parameters.

STEP3. (Data Transmissian)

@ Execute terminal program at the PC. (Ex: Hyper Terminal)
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ConnectTo. = -

% Network

Enter details for the host that you want to calt

Host address:  [192.168.11.2

Port number: ~ [5000

Connect using: TCP.HP (Winsock) Sahey 'I

[ ] oo |

Figure 34. Network Terminal Program configuration
® Input any characters in the Hyper Terminal for Serial. (In the example below,
"01234567890" is input). The same characters are outputted in the Hyper Terminal
for Network. A Serial to Wireless LAN test was performed.

- Network - Hypoelerminal

cvvarnsmmns  amswa 0w S

Figure 35. Received Data by Network Terminal Program
® In the same way, input any character at the screen of terminal program for network,

and check if same character is displayed at the screen for serial. (Ethernet to Serial)

X The above test can also be performed in a program called, “Device Terminal program”,
which is easy and simple to use.
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Sedal Port [ERTMNN~] BaudRae FRH =] pwbr PR 3]
SwpBr [T *] Puty  [None =] FowCotol [None ]
™ Hex View | Clear | Open |
[ Send I

ck Ci
Network Configuration
™ Server Mode wmllﬁ.lﬁ.ll.’é pml 0
I Hex Viaw | cear | Connect |
[ Send [
Exk |

Figure 36. Device Terminal Program
Device Terminal is a program which integrates both serial and network communications into
one user interface so that you can test your WIZnet gateway module easily.
As shown in above Figure, the upper part of the program allows you to configure your serial
setting of WIZ610wi. By clicking the "Open” button, serial communication is enabled.
The lower part of the program allows you to configure the network settings. You can test
both TCP Client and TCP Server modes at the same time. If the Server Mode is enabled,
Device Terminal will operate as server mode, and the WIZ610wi module will work as client
mode. The PC where the Device Terminal is operating will work as a server, the IP address of
the PC should be set as Server IP of the module. If Server mode is not checked, Device
Terminal will operate as client mode, and the module as server. For the IP address and port,
please input your IP address and port number of WIZ610wi and click the “Connect* button
to start a network communication.
When serial and network terminals are connected, input any character in the Data Input
window and click “Send" button. You can check the data is transferred into the another
window.
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5. Serial Configuration

Serial Command Format

It is possible to configure WIZ610wi by using serial command.

By inputting specified 3 characters you can enter into the configuration mode. The

characters can be set via Web browser.

< Frame Format >

Command Frame format

i Descnptur STX Command code Parameter ETX
Length(bytes) 1 2 Variable 1
Table 11. Serial Configuration Frame format
Reply Frame format
Descriptor STX Reply code Parameter ETX
: Length(bytes} : 1 1 Variable 1
Table 12. Serial Configuration Reply Frame format
STX & ETX
ETX '>": Hex = 3Eh
Table 13. Serial Configuration STX & ETX
Reply Code
S Command was successful
F Command failed
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0 Invalid STX
1 Invalid command
2 Invalid parameter
3 Invalid ETX
E Enter Serial Command Mode
Table 14. Serial Configuration Reply Code
Command Code
Com | Get/
Comments Parameter Time
mand | Set
Network
Firmware
RF Get o VXXX 1
Version
O:Ethernet MAC address, 1:Wireless MAC address,
RA Get | MAC Address 1
<020CI0K XXX XK. XK _T 30030000 I 00>
RI Get | IP Address < SHHLIXIO0I00t> 1
wi Set | IP Address < 30063000 XNX> 2
RS Get | Subnet Mask | <Sx000000000300¢> 1
WS Set | Subnet Mask | <x00¢000L00000¢> 2
RG Get | Gateway < SHIHNIHK XXX > 1
WG Set | Gateway <I0EIORIOOLIOK> 2
1:Enable, 0:Disable
RD Get | DHCP Server 1
<Sx>
1:Enable, 0:Disable
WD Set | DHCP Server 2
<X>
DHCP Start address_End address
RH Get 1
Start/End IP < S00X.300K. XK. XHK_IOXIHKIHKIKK >
DHCP Start address_End address
WH Set 3
Start/End IP | <)00€300¢ 3006000 I IO I00LI00C>
Wireless
; MAC address_Channel_TxRate_RSSI
DL Get | Active Client 1
List <SH000000000K_IX_XH_IH[300000000NKK_XX_XX_IC...]>
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RL

Get

DHCP Client
List

<[P address_MAC address>
< $200¢,1000I00INX_XXO0OAK 300X, XL X0 XHK_I00GAI000NK.... ]

>

Set

DNS Server

| 1:Enable, 0:Disable

< 1200000000000 100000000 > or<0>

RV

Get

DNS Server

1:Enable, 0:Disable_DNS Server IP address
< SX_300¢ 03000000t 000ud > or<0>

RT

Get

WAN Port

0:Static, 1:DHCP Client, 2:PPPoE, 3:PPTP

-Static: 0_Ipaddress_Subnet_Gateway_DNS

< S0_X00CXO0LXXN XXX _IHN KN JHKIHK_XHH I XK XHKX_XIOLXHKXKKX
AX>

-DHCP Client: 1_[Paddress_Subnet_Gateway

< ST X00LXHHNIKHK_XIHO IO IHKKKK_KIOLIKK KIHX KKK

PPPoE: 2_UserName_Password

<S2_User Name_Password>

-PPTP: 3_IP_Subnet_Gateway._ServeriP_UserName_

Password

<53 _00C3XX. 300X _IOOK IO IO XKK_IHKNK, XX X0, IO IO IO0KIONKK
xx_UserName_Password>

Set

WAN Port

0:Static, 1:DHCP Client, 2.PPPoE, 3:PPTP

-Static: 0_lpaddress_Subnet_Gateway_DNS

<000, 3000 300¢X00K_XX XXX XHKKXIOK_IO0CI00K. YO0 XIOK_IO0LIOOLINOIX
x>

-DHCP Client 1

<1l>

PPPoE: 2_UserName_Password

<2_User Name_Password>

-PPTP: 3_IP_Subnet_Gateway_ServerlP_UserName_

Password

<3000 XN XKHK_IOCHIHNRXHKI_XIOK XK, JOKIOK_IO IO XKRIK
x_UserName_Password>

Wireless

De

g

Wireless
Band

0: 11b+g, 2: 11b, 3:11g, 6: n, Sh+g+n
<Sx>

GB

Wireless

0: 11b+g, 2: 11b, 311y, 6: n, Ab+g+n

20
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Band <x>
Operation 0:AP, 1.Gateway, 2: AP+WDS, 3:Client
DO Get 1
Mode <Sx>
Operation 0:AP, 1:.Gateway, 2: AP+WDS, 3:.Client
GO |set Y S 45
Mode <x>
1~32 chars
DS Get | SSID 1
<S00t~>
1~32 chars
GS Set |SSID 1
<00~ >
Auto_0, 1~13
DC Get | Channel 1
<Sx>
Auto_0, 1~13
GC Set | Channel - 2
<Y>
1:Master,2:Slave,
DW Get | WDS _count_MACaddress_Comment{ MACaddress_Comment_..] 1
< SX_X_ 200000000000 XX~ >
1:Master, 2:Slave_1:add,
2:delete_count_MACaddress_Comment] MACaddress_Comm
GQw Set WDS 1
ent_.]
<X_X_X_Y000000000XK_XX0X~ >
0: off, 1-16: power(dBm),
bP Get | Tx Power © r(dBm) 1
<S>
0: off, 1-16: power({dBm),
GP Set | Tx Power powert ) 2
<XX>
DR Get | Data Rate <S>
GR Set | Data Rate <xx>
Broadcast 0:Enable, 1:Disable
DH Get 1
SSID <Sx>
Broadcast 0:Enable, 1:Disable
GH Set 1
SSID <x>
1:Enable, 0:Disable
DM Get | WMM 1
<Sx>
1:Enable, 0:Disable
GM Set | WMM 1
<X>
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DA

Get

MAC Access
Control

O:Disable,1:AllowListed,2:DenyListed[_count[_ MACaddress_Co
mment]}

< SX_X_200000000000({_J00~ >

GA

Set

MAC Access
Control

0:Disable,1:AllowListed,2:Denylisted]_1:add,2:delete_count_ M
ACaddress_Comment]
<X_X_X_XI0000000000_I00K~ >

D1

Site Survey

SSID_BSSID_Channel RSSI_Security
<SX000(_J0000000000_XK_XX_X>

15

DN

Get

Alias Name

Alias Name
<S>

GN

Alias Name

Alias Name, Max Length: 28bytes
<O0>

Module
Status
Checking

connection status_SSID_BSSID_CHAN_RATE_RSS!
Conn_status: ‘0 is not connected, ‘1’ is connected.
< $X_3000¢_200000000000{_XX_20(M_300>

DU

Get

Security
Status

AuthMode_Encrypt] KeyLength_KeyFormat_KeyValue_radiusP
asswd_radiuslP_radiusPort)

AuthMode: 0(Open or Shared), 1(Open), 2(802.1x), 3(Shared),
4(WPA), 5(WPA-PSK), 6(WPA2), 7(WPA2-PSK),

Encrypt: O(None),1 (WEP), 2(TKIP), 3(AES), 4(TKIP_AES)
KeyLength: 0(None), 1{(WEP64), 2(WEP128)

KeyFormat(WEP): O{Ascii), 1(Hex)

KeyFormat(WPA-PSK): O(Passphrase), 1(Hex)

<SX XX XK XXX

GU

Set

Security
Control

AuthMode_Encrypt] Keylength_KeyFormat_KeyValue_radiusP
asswd_radiuslP_radiusPort]

AuthMode: 8(Open or Shared), 1(Open), 2(802.1x), 3(Shared),
4WPA), S(WPA-PSK), 6(WPA2), 2(WPA2-PSK),

Encrypt: 0(None),1 (WEP), 2(TKIP), 3(AES), 4(TKIP_AES)
Keylength: 6(None), 1(WEP64), 2(WEP128)

KeyFormat(WEP): O(Ascii), 1(Hex)

KeyFormat(WPA-PSK): O(Passphrase), 1(Hex)

(WPA-PSK KeyValue: 8~63byte)

XX XXX XXX

30
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Serial
TCP_O, UDP_1
RK Get | Protocol
<Sx>
TCP_0, UDP1
WK Set | Protoco!
<>
0:Client, 1:Mixed, 2:Server
RM Get | Mode
<Sx>
O:Client, 1:Mixed, 2:Server
WM Set | Mode
<X>
Server IP address
RX Get | Server IP
< SI00X0000K 000>
Server IP address
WX Set | Server IP N
<0OLIOOLIOE N>
0~65535
RP Get | Port
<S100K>
0~65535
wp Set | Port
<000>
eg. [Baudrate]l: 115200, 2: 57600,
3: 38400, 4: 19200, 5: 9600,
6: 4800, 7: 2400,8: 1200
Baudrate_Dat .
. . [data byte] 7: 7bit, 8: 8bit
RB Get | aBit_Parity_Fl . )
Stopbits [parity] 0: no parity, 1: Odd, 2: Even
ow_Sto
=Stop [Flow] 0: no, 1: Xon/Xoff, 2: RTS/CTS
{Stopbits); 1: 1stop, 2:2stop
<S$0000(>
eg. [Baudrate]1: 115200, 2: 57600,
3: 38400, 4: 19200, 5: 9600,
6: 4800, 7: 2400,8: 1200
Baudrate_Dat . .
. . [data byte] 7: 7bit, 9: 8bit
wi Set | aBit_Parity_Fl . ,
Stonbits [parity] O: no parity, 1: Odd, 2: Even
ow,
-top [Flow] O: no, 1: Xon/Xoff, 2: RTS/CTS
[Stopbits]; 1: 1stop, 2:2stop
<0000(>
T Get | 0~65535
Q ime <Sx000¢>
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0~65535
oT Set | Time 1
<0000¢>
0~255
Qs Get | Size 1
<Sxo0>
0~255
oS Set Size 1
<S>
00~ff
QC Get | Char 1
<S>
00~ff
oC Set | Char 1
<>
Inactivity 00~60
Q Get 1
Time <Sxx>
Inactivity 00~60
Ol Set . 1
Time <>
Connection
Status 0: Not Connect, 2:Connect
RC Get . o o 1
(ServerClient | <Sx>
)
Others
Fact
WF | set o <WF> 55
Default
WR Set Restart <WR> )
s <S> or Commend is successfufly
<Swc..> applied
F <F> Failed to apply
0 <0> "<" is wrong
1 <l> There is not in command list
code 2 <2> Wrong Parameter factor
3 <3> *>" is wrong
4 <4> Do not work in current mode
No more add list.
S <5>
-Limit-
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*WDS: 4 list
*ACL: 16 list

Notice

If input *_" in fact, should input”_" instead of *_".

For example SSID, PSK etc.

<DS> --> <S11_22>: SSID: 11 22

<GS11_22> --> <$>:SSID: 11 22

<QP> --> <S1_11_ 22 000102030405_...>: SSID: 11_22

If multi command input, response time be delayed
For example DA, GA, DW, GW

Security Available mode

AP/GW Mode
AuthMode: 0-7
EncryptType: 0-3

Client Mode
AuthMode: 1,3,5,7
EncryptType: 0,1,4

**Security Example parameter
<GU5_2_ 0.0 12345678>

<GU4_2 00 12345678 abcd_192.168.123.111_1812>




GViznet

6. Reference Schematics

In this chapter, the reference schematics are provided for the WIZ610wi's MI & UART
interfaces.

6.1 WIZ610wi Module Pin assign

VDD_3V3D
[
J
CTS 1 2 RTS
3 4 HW_TRIGGER
SouT *—3 _g_s__x SIN
9 10
U 12
_RXER 13 14 coL
GPIO4 15 16 MDC
17 18 MDIO
RXC ;? 22 RXDV
RXDZ 23 24 RXDO
RXD1 25 | 26 RXD3
22 28
TXC 29 | 30 TXEN
XD3 31 a2 TXD2
TXDY 33 K TXD1
35 | a6 CRS
HEADER 18x2 7 1.27mm plich
Figure 37. WIZ610wi Module Pin Assignment
MI interface signal
TXD[0..3) MI transmit data TXEN MI transmit enable
™C MII transmit clock RXDV MII receive data valid
RXDI[0..3] MII receive data RXC MI receive clock
coL Mit collision CRS MI Carrier sense
RXER MII Receive Data Error
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UART interface signal
SIN RS-232C RXD SOUT RS-232C TXD
CTS RS-232C CTS RTS RS-232C RTS

Table 15. WIZ610wi Pin Assignment

6.2 External PHY interface using Ml

MDC R2__AA0 25
———__@_M_Q____E_

RRESET a2

ut

TXDO
TXD4

TXD2
TXD3

TXEN

TXCLK

>
R 2

——RXD RXDO

— R 20 11

RXD2
RXD3
RXDV

RXCLK

COL/RMI
CRS 7 LEDMOD

vDD_3V3D

RXERR

MDC
MDIO

nRESET
INTR

AN_ENA
DUPLEX
SPEED

APS

Mil 7 SNIB
RPTR
ISOLATE

AGND_1
AGND_2

FIOTALF

Figure 38. Schematic - External PHY Interface using MII
As shown in the above schematic, each MII interface signal of WIZ610wi can be connected
to Mil interface by using an external PHY chip.
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6.3 RS-232C interface

Lon 0.1F

u
i) |_Q\‘Jf_’ Cie vee a—

e N NS Y
Ci15 O.1wF .S (3] l
c2- v- =
= an (3 - B~
N 12 - TouT:
= e s
2 ——N\—
S e

ROUT2 oae M8
l

Figure 39. Schematic — RS-232C Interface
As shown above diagram, each UART interface signal can be connected to the interface of
RS-232C transceiver chip. (e.g. Sipex's SP3232EBEY RS-232C Transceiver chip)

49



——va

ALt

A€

NN

t [ L ggg g 888 8 Bureresd
'*—__’I " zir"" b plE
i %

- J/

‘ S f_r-/
LEel bl [ |

g a § ¥ Ygiagan g CTTTTLLT I 3

i

aasaseas 85 apaamans ]

i

AS

:
ms Q.\ar-—r-x
Y .
0y
26850V
o -
o
Fe.- r
el L3
[5.+] T
+a £ 4
oa 1
wa k3
“a i3
”
-
mT % :

=

Sppg opna

T amoetr

1

AS-

N

Lo x-u)




LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2604, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS088P ~ JUNE 1976 ~ REVISED SEPTEMBER 2004

Wide Supply Range: LM158, LM153A . .. JG PACKAGE

- Single Supply...3Vto 32V LM258, LM258A . . . D, DGK, OR P PACKAGE
@8 or L2 i S e e
= or Dual Supplies .. .21.5Vto 216 V LM2504 . . . D, DGK, P, PS, OR PW PACKAGE
{13 V for LM2904) (TOP VIEW)
® Low Supply-Current Drain, Independent of U
Supply Voltage . . . 0.7 mA Typ 1?':1' - 8 1\2/881_
® Common-Mode input Voltage Range 1IN+ E ; ; ! 2IN-
Inciudes Ground, Allowing Direct Sensing GND g 2IN+
Near Ground '; 4 5
® Low Input Bias and Offset Parameters: LM158. LI1SBA ... FK PAGKAGE
= input Offset Voltage ... 3 mV Typ " (TOP ViEW)

A Versions ... 2mV Typ
- Input Offset Current... 2 nA Typ
= Input Bias Current. .. 20 nA Typ
AVersions ... 15 nA Typ
® Differential Input Voitage Range Equal to
Maximum-Rated Supply Voltage ... 32V
(26 V for LM2904)
® Open-Loop Differential Voitage
Amplification . . . 160 VimV Typ
¢ Internal Frequency Compensation

description/ordering information

These devices consist of two independent,
high-gain, frequency-compensated operational
amplifiers designed to operate from a single
supply over a wide range of voltages. Operation from split supplies also is possible if the difference between
the two supplies is 3V to 32 V (3 V to 26 V for the LM2804), and Vc is at least 1.5 V more positive than the
input common-mode voltage. The low supply-curent drain is independent of the magnitude of the supply
voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily can
provide the required interface electronics without additional +5-V supplies.

Please be aware that an important notice conceming avalilability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA icformation fs curvent as of [ Y Copyright © 2004, Texas Instruments incorporated
Products confoon ta por the tacm:s of Yexss Ingirumects. @ O pradusts compliant to MEL-PRE.38535, all parameters are fesied
standerd warrsoly. procesaing doss aot necessarly inclede T waless olherwics wolsd. other production
Soeting of o paramectecs. ms Mhmm:’::ﬁo of alf perameters.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



158, LM158A, LM258, LM258A
1358, LM358A, LM2504, LM2904V
JUAL OPERATIONAL AMPLIFIERS

LOS068P ~ JUNE 1976 ~ REVISED SEPTEMBER 2004

lescription/ordering information (continued)

ORDERING INFORMATION

MAX ORDERABLE
Ta e “;’,scf" PACKAGEY PART NUMBER m
POIP (P) Tube of 50 | LM358P LM358P
Tubeof 75 | LM358D
SOIC (0) Reel of 2500 | LM358DR LM358
7mv 30v | SOP(PS) Reel of 2000 | LM358PSR 1358
Tubeof 160 | LM358PW
TSSOP(PW) I Reaiof2000 | LM3s6PWR L3ss
0°C to 70°C MSOP/VSSOP (DGK) | Reel 6f 2500 | LM358DGKR M5_T
PDIP (P) Tube of 50 | LM358AP LM358AP
Tube of 75 | LM358AD
SQIC () Reel of 2500 | LM358ADR LM358A
3mv v Tube of 150 | LM356APW
TSSOP (PW) Reel of 2000 | LM358APWR L358A
MSOP/SSOP (DGK) | Reelof2500 | LM358ADGKR Mme_t
POIP (P) Tubeof 50 | LM258P LM258P
Tuboof 75 | LM256D
Smv sv | soicp) T YT LM258
MSOP/VSSOP (DGK) | Reei of 2500 | LMZ58DGKR M2_%
“25C85°C PDIP (P) Tubeof 50 | LM258AP LM258AP
Tube of 75 | LM258AD
3mv v | soic(p) T B LM258A
MSCP/NVSSOP (DGK) | Reel of 2500 | LM258ADGKR M3t
PDIP (P) Tubeof 50 | LM2904P LM2304P
Tubeof 76 | LM2904D
SOIC (D) T v LM2004
Tmv 26v | SOP(PS) Reel f 2000 | LM2904PSR 12904
i Tube of 150 | LM2904PW
| ~40°C t0 125°C TSSOP (PW) Reel of 2000 | LM2904PWR 12904
r MSOPNSSOP (DGK) | Roelof 2500 | LM2004DGKR MB_¥
SOIC (D) Reel of 2500 | LM2804VQDR 12004V
7my 2V INssopw) Reel of 2000 | LM2904VQPWR 12004V
SOIC (D) Roel of 2500 | LMZ904AVGDR L2904AV
2mv RV ssor W) Rool of 2000 | LM200JAVQPWR 12904AV
CDIP (4G) Tube of 50 | LM158JG LM158JG
G 125°C Smv oV Mcocrx Tubeof55 | LM158FK LM158FK
- oy |COPUG) Tube of 60 | LMI58AIG LM158AJG
LCCC (FK) Tuboof 55 | LMISBAFK LM158AFK

rmmm,mmmm.mmmmm.ampwwgmmwmm
www.ti.com/sc/package.

tmmwmmbmmwmmmmmmmmwmwmm.

‘W TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

_____SLOS088P -~ JUNE 1976 -~ REVISED SEPTEMBER 2004

symbol (each amplifier)

schematic (each amplifier)

=8-4A
Current

Reguiator

Vee+

GND (or Vee-)
To Other Ampiitier

COMPONENT COUNT
Epi-FET 1
Diodes 2
Resistors 7
Transistors 51
Capacitors 2

“

TeExXASs
INSTRUMENTS
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-M158, LM158A, LM258, LM258A
M358, LM358A, LM2804, LM2904V
JUAL OPERATIONAL AMPLIFIERS

ILOS068P - JUNE 1976 - REVISED SEPTEMBER 2004

LM158, LM158A
ey R
LH'2904V
Supply voitage, Vg_c {see Note 1) +16 or 32 +13 0r 26 v
Differential input voltage, Vip (see Note 2) +32 126 Vv
Input voltage, V; (either input) -0.3%0 32 -0.3t026 v
gu(r:rﬂ m?%%m?”m‘m”m? 195“\’;;?:« Note 3) Unfimited | Unfimited
D package 97 97
DGK package 172 172
Package thermal impedance, 84 (see Notes 4 and 5) P package 85 85 °CwW
PS package 95 95
PW package 149 149
FK package 581
Package thenmal impedance, 8¢ (see Notes 6 and 7) 3G packago 145 CW
LM158, LM158A -55t0 125
LM258, LM258A -25t0 85
Operating free-air temperature range, TA LM358, LM356A 070 B °C
LM2904 -40t0 125 —40to 125
Operating virtual junction temperaturs, Ty 150 150 °C
Case temperature for 80 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
SmragetempefaNmrange,Ta -65to 150 -85 to 150 °C

StmssesbeyondmmwM'MMmm'mmmmmmm.mmmmmm
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not
mw.mmwammmmmmmmmmmwaﬁeammmu

IOTES: 1. Afl voitage vaiues, excapt differential voltages and V¢ specified for measurement of Iy, are with respect to the network ground
terminal.

Differential voltages are at IN+ with respect to IN-.

Short circuits from outputs to Vo can cause excessive heating and eventual destruction.

Maximum power dissipation is a function of T (mex), 634, and TA. The maximum alloweble power dissipation at any allowable
ambient temperature is Pp = (T j(max) - TaY8,a. Operating at the absolute maximum Tj of 150°C can affect refiabifity.

The package thermal impedance is calculated in accordance with JESD 51-7.

Maximum power dissipation i8 a function of Tj(max), 6, and Tg. The maximum aliowable power dissipation at any aflowable case
temperatwe is Pp = (T (max) - Tc)¥8,¢. Operating &t the absohste maximum T,) of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with MIL-STD-883.

N oo, han

{’? TEXAS
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904 LM2804V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 - REVISED SEPTEMBER 2004

electrical characteristics at specified free-air temperature, Vce = 5 V (unless otherwise noted)

LM158 LM358
PARAMETER TEST CONDITIONST 1t LM258 uNIT
MIN TYPS MAX| MIN TYPS MAX
v l Vee =5V to MAX, 25°C 3 5 3 7
(o} nput ofiset voltage | Vi = ViCR(min). ‘ == mV
Vo=14 \7( ) Full range 7 9
Average temperature
u"&o coefficient of Full range 7 7 nvrC
25°C 2 30 2 50
o Input offset current Vo=14V = 100 50 nA
Average temperature
a coefficient of Full range 10 10 PAPC
o input offset current
5 25°C -20 -150 -20 -250
B Input bias current Vo=14V = ~300 500 nA
25°C Oto Oto
Common-mode _ Veg-15 Vec-15
Vicr input voit Vee =56Vito MAX o 0t oto v
range Vee -2 vee-2
R 22kQ 25°C Vcc-156 Voo~ 15
Vi High-level R 210kQ 25°C v
OH output valtage Vee =pax |RL=2K2 [Fulrange | 26 26
cc RLz10k2 |Fulirange | 27 28 27 28
Low-leve!
Voi cutput valtage Ry <10kQ Full range 5 20 5 2] mv
Large-signal Vec=15V, 25°C 50 100 25 100
A differential Vo=1Vio 11V, vimv
voltage amplification | Ry 22kQ Fulrange | 25 15
Common-mode Voe =5Vito MAX,
) 25 80 dB
CMRR oo ction ratio Vic = VicR(min) °C 70 80 65
Supply-voitage
kSVR  rejection fatio Voe =5V to MAX 25°C 65 100 65 100 dB
(AVpp/AVio)
VoiNo2 Crosstalk attenuation | £= 1 kHz to 20 kHz 25°C 120 120 dB
Veo=15V, 25°C 20 -30 -20  -30
Vip=1V., Source
Vo =0 Full range -10 -10 A
Qutput current
‘o Vee=15V, 25°C 10 20 10 20
Vip=-1V, | Sink
Vg =15V Full range 5 5
o Qutput cumrent Vip==1V, Vo =200 mv 25°C 12 30 12 30 pA
Short-circuit VecatsV,GNDat-5YV,
los output current Vo=0 25°C +40 160 +40 160] mA
Vo =25V, Noload Full range 0.7 1.2 0.7 1.2
Icc Supply current Voo =MAX, Vo =05V, mA
(two ampiifiers) No load Full range 1 2 1 2

All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless atherwise specified. MAX Ve for
testing purposes is 26 V for the LM2904 and 30 V for others.

#Fuﬁme!s-ﬁS“CtoﬁS"CforLMﬁB ~25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2004.

§ All typical values are at Ty = 25°C.

‘W TEXAS
INSTRUMENTS
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M158, LM158A, LM258, LM258A

LM2904, LM2304V

JUAL OPERATIONAL AMPLIFIERS

-OS088P - JUNE 1976 - REVISED SEPTEMBER 2004

lectrical characteristics at specified free-air temperature, Vcc 5V (unless otherwise noted)

LM2804
PARAMETER TEST COND 1 k4 i
TIONS A MmN TvPs wmax| UNT
25°C 3 7
Vee =5VioMAX, | NonAdevices -orrmres 10
Vio tnput offset voltage :Jhc :lzcn(mzn). 265G 1 > mV
o"‘ . . ., »
A-suffix devices ol 4
Average temperature coeflicient
*Vio of input offset voltage Full range 7 pvree
MooV deus 25°C 2 50
I I fset current Vo=14V Full nge 300
‘o npmo t 0‘ h 2500 2 50 nA
Fuil range 150
Average temperature coefficient
"o of input offset current Full range - 10 PAC
i Input bias current Vo=14V 20 2 A
I8 npuk bias cu 0=1 Full range ~500
Common-mode input voltage V:cto‘1-5
VICR Vee=5Vito MAX v
range Full Ot
range voo-2
R 210kQ 25°C Vog-15
. Voo = MAX, 1L=2m Full range 2
VoM High-feve! output voitage Non-V device Ry 210k Full range 23 24 v
Ve = MAX, _R;_._=zm Full range 26
N V-suffix device R 210k Full range 27 28
VoL Low-ievel output voitage Ry <tokn Full range 5 201 mv
Large-signal differential Veg=15V, Vo=1Vio 11V, 25°C 25 100 VimV
AvD voitage amplification R 22kQ Full range 15
. Ve =5VtoMAX, | Non-V device 25°C 50 80
CMRR  Common-mode refectionratio | v\ - vicoimin) | | Veulix dovice | 25°C 85 80 d8
"SVR  (avpplavio) retio VoG =5V to MAX 26°C 8 100 a8
VOiNop Crosstalk attenuation =1 kHz to 20 kiz 25°C 120 dB
Vee =15V, 25°C ~-20 =30 mA
Vip=1V,Vp=0 | Sewe Fullrange | -10 mA
zoc=15V. 25°C 10 20 mA
o Qutput current D=1V, Sink
Vo=15V Full range 5 mA
Vip=-1V, Non-V device 25°C 30
VQ = 200 mV Vosuffixdovice | 25°C 12 a4 | ™
los Short-circuit output current VecatsV,GNDat-5V, vg=0 25°C 40 60| mA
Vo =25V, No load Full range 0.7 1.2
i mA
cc Supply cutrert (two ampifirs) VGG = MAX, Vg = 0.5 V, No load Full range 1 2
\f charecteristics are measured under open-loop conditions, with zero common-mode input voitage, unless ctherwise specified. MAX Vi 'cc for

esting purposes is 26 V for the LM2804, 32 V for the LM2904V, and 30 V for others.

“ufl range is -56°C to 125°C for LM158, —26°C to 85°C for LM268, 0°C to 70°C for LM358, and ~40°C to 125°C for LM2904.

Ml typical values are at Tp = 25°C.

¢ TEXAS
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clectrical characteristics at specified free-air temperature, Ve

LM158, LM158A, LM258, LM256A

LM358, LM358A,
DUAL OPERATION

L2904, LM2904V
AL AMPLIFIERS

__SLOS068P - JUNE 1976 - REVISED

C = 5 V (unless otherwise noted)
LM158A LM258A
PARAMETER TEST CONDITIONST Tad NN TYPS WA N YRS ] UNT
v : Vee =5V 30V, 25°C 2 2 3 v
10 nput offsst voitage | ViG = VicR(min). m
Vo=14V (min) Full range 4 4
Average A
v fhiciont of Full range 7 15 7 15 | uvrc
Input offset voltage
25°C 2 10 2 15
ho Input offsetcurrent | Vo=14V = % 30 nA
Average
e ik bt Ful range 10 200 10 20| parc
input offset current
26°C -15 -50 -15 -80
g Input bias current Vo=14V = 100 100 nA
2570 1) Oto
Common-mode Ve vce-1.5 Vcc-15
VICR  mputvotagarange | VCC =30V ru Oto ot v
range vee-2 vee-2
Rp22kQ 25C | Voc-15 Vee-15
High-love! — =
Vou Ry =2k | Full range 26 26 v
oulput vallege Vee =30V e SToka |Fdivange | 27— % 27 %%
Voi W"""“"’W“” R <10k Full range s 20 5§ 20 mv
Large-signal Voo =15V, 25°C 50 100 5 100
Ap differential Vo=1Vio 11V, VimV
voltage amplification | R| 22kQ Fuil range 25 25
CMRR M““"'“'m-“'?“ 25°C 70 80 70 80 ds
Supply-voitage
KSVR rejection ratio 25°C 65 100 65 100 dB
(AVpD/AVio)
VoiVo2 mc:mx f=1kHz to 20 kHz 25°C 120 120 dB
Voo =15V, 25°C -20 -30 -80] -20 -30 -60
Vip=1V., Source
Vo =0 Fullrange | =10 ~-10 A
o Output current Veo=158V, 25°C 10 20 - 10 20
Vip==1V, | Sink
Vo= 15 Full range 5 5
Vip = -1V, Vo = 200 mV 25°C 12 30 12 30 BA
Short-circuitoutput | Vo at5V, GNDat—5V,
los ourrend Vo =0 i 25°C M0 160 40 60| mA
Vp =25V, No load Fult range 07 12 0.7 12
icc Supply et (wo [ - MAX, Vg = 05V, mA
amplifiers) No load Full range 1 2 2

mmmmmw,mmmwmmmm.

1 Al characteristics are measured under open-ioop

testing purposes is 26 V for LM2004 and 30 V for others.
tmma-wcmzs"cmmim—wcmwcwmmmmmcumssm

§ All typical vetues are at Tp = 25°C.

conditions, with zero common-mode input voitage, uniess othetwise specified. MAX VG for
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M158, LM158A, LM258, LM258A
M358, LM358A, LM2904, L2904V
JUAL OPERATIONAL AMPLIFIERS

LOS088P ~ JUNE 1976 ~ REVISED SEPTEMBER 2004

lectrical characteristics at specified free-air temperature, Vg = 5V (unless otherwise noted)

LM358A
PARAMETER TE 1 :
ARAM ST CONDITIONS TA MIN _ TYPs max| UMY
Vec =5V 30V, 25 2 3
vio Input offset voitage Vi€ = VICR(min) VO = 1.4 V Fufl range 5 m
oy, Average temperature coefficient of Fufl range 7 20 } pvirC
} Input offset Vo=14V A ]
O nput current o= Full range 75
Average temperature coefficient of
oy, o Full range 10 300} pA”C
! — ey 25°C -15 -100
IB nput current 0= U Full range =200 nA
Oto
BC lyec-15
VICR Common-mods input voitege range | Voo =30V Ot v
iLzzm 25°C Vc_£-1.5
VOH High-level output voitage Ve =30V Ru=2ka Pullfangs | 28 v
cc= Ry 210kQ Fulrange | 27 28
VoL Low-leve! oulput voltage R <10kQ Full range 5§ 201 mv
, differential Vee=15V,Vp=1Vio 11V, 25°C 25 100 VimV
fvD msammm R 22k Pulrange | 15
p—— 25°C 65 80 d8
Supply-voitage rejection ratio
‘SVR  avpp/avig) e il >
Vo1No2 _ Crosstalk attenuation f=1 kHz to 20 kHz 25°C 120 d8
Vec=15V, 26°C 20 -30 -60
Vip=1YV, Source
Vo=0 Fuli range -10 mA
o Output cument Vec=15V, 25°C 10 20
V‘D=-1v, siﬂk
vo-15v Fuirangs | S
7 Vip = -1V, Vo =200 mv 25°C 30 YA
Short-circult output cumrent Vecat5V,GNDat-5V,Vo=0 | 26°C 240 160] mA
os <C —
Vo =25V, No load Full range or 12
[— m
ce Supply cument (two amplifiers) VCC = MAX, Vo =05V, Noload | Full range 12

mmmmmmmmmmimm.mmm@mvmh
zating purposas is 26 V for LM2904 and 30 V for othars.

‘ull tange is =55°C to 126°C for LM158A, ~25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

W} typical values are at Ty = 25°C.
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operating conditions, Voo = +15 V, Ty = 25°C

LM158, LM158A, LM258, LM258A
LM358, LM358A, L2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS088P - JUNE 1976 -~ REVISED SEPTEMBER 2004

PARAMETER TEST CONDITIONS TP | unim
SR Stew rate at unity gain g;ﬁ%‘-“mm‘"“‘w 03] wis
By Unity-gain bandwidth RL = 1M, G = 20 pF (soe Figure 1) 07| wmrz
Va  Equivalentinput noise voltage ﬁe;g‘?z‘)" =0V.f=1kHz 40 | nviitz

Figure 1. Unity-Gain Amplifier

900 Q
ANV
Vees
11000
vi=ov
RS
Vce-

Vo

Figure 2. Noise-Test Circuit
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TeXAs PACKAGE OPTION ADDENDUM
INSTRUMENTS
vouwticom 4-Mar-2005

PACKAGING INFORMATION

Orderable Device Status V  Package Package Pins Package Eco Plan® Lead/Ball Finish MSL Peak Temp &
Type  Drawing Gty
5962-87710012A ACTIVE  LCCC FK 20 1 None POST-PLATE Level-NG-NC-NC
5962-8771001PA ACTIVE colp JG 8 1 None A42SNPB  Level-NC-NC-NC
5962-87710022A ACTIVE  LCCC FX 20 1 None POST-PLATE Level-NC-NC-NC
5962-8771002PA ACTIVE COIP JG 8 1 None M2 SNPB  LeveHNC-NC-NC
LM158AFKB ACTIVE  LCCC FX 20 1 None POST-PLATE LevelNC-NC-NC
LM158A1G ACTIVE colp JG 8 1 None M2 SNPB  Lovol-NC-NCNG
LM158AJGB ACTIVE CDIP JG 8 1 None M2 SNPB  Level-NC-NC-NC
LM158FKB ACTVE  LCCe FK 20 1 None POST-PLATE Level-NC-NC-NC
LM158JG ACTIVE cop JG 8 1 None A2 SNPB  LavebNC-NC-NC
LM158JG8 ACTIVE chIP J6 8 1 None M2SNPB  Lovel-NC-NC-NC
LM258AD ACTIVE soiC D 8 75 Pb-Free CUNIPDAU Leveh2-260C-1 YEARA
(RoHS) Levek1-235C-UNLIM
LM25BADGKR ACTIVE  MSOP DGK 8 2500 Green s(:mgu)s& CUNIPDAU  Level-2-260C-1YEAR
RO
LM258ADR ACTIVE soIC D 8 2500 PbFres CUNIPDAU  Level-2-260C-1 YEARS
(RoHS) Lavek1:235C-UNLIM
LM258AP ACTIVE PDIP P 8 & Pb-Free CUNIPDAU  LevelNC-NC-NC
(RoHS)
LM258D ACTIVE SOIC D 8 75 Pb-Free CUNIPDAU  Loveh2-260C-1 YEAR{
(RoHS) Leovel-1-235C-UNLIM
LM2SBDGKR ACTIVE  MSOP DGK 8 2500 emms(z%s& CUNIPDAU  Lavel-2-260C-1YEAR
no
LM258DR ACTIVE soic D 8 2500 Gmnm& CUNIPDAU  Lovel-1-260C-UNLIM
no
LM258P ACTIVE PDIP P 8 50 m CUNIPDAU  Leve-NC-NC-NC
LM2904AVODR ACTIVE SOIC D 8 2500  Pb-Free CUNIPDAU  Leovel-2-250C-1 YEARA
(RoHS) Levet-1-235C-UNLIM
LM2004AVOPWR ACTIVE  TssoP PW 8 2000 None CU NIPDAU  Level-1-250C-UNLIM
LM2004D ACTIVE soic D 8 75 Pb-Free CUNIPDAU  Level-2-260C-1 YEARA
{RoHS) Level-1-235C-UNLIM
LM2004DGKR ACTIVE  MSOP DGK 8 2500 Green s(z::)s& CUNIPDAU  Levek2-260C~1YEAR
no
LM2004DR ACTIVE soic D 8 2500 Green sc:g:?a CUNIPDAU  Level-1-260C-UNLIM
no
LM2904P ACTIVE PDIP P 8 50 Pb-Free CUNIPDAU  Level-NC-NC-NC
(RoHS)
LM2904PSR ACTIVE e PS 8 2000 Pb-Free CUNIPDAU  Level-2-260C-1 YEARA
{RoHS) Level1-235C-UNLIM
LM2504PW ACTIVE  TSSOP PW 8 150 m CUNIPDAU  Levek1-250C-UNLIM
LM2904PWLE OBSOLETE TSSOP PW 8 None Califi  CaliTl
LM2904PWR ACTIVE  TSSOP PW 8 2000 m CUNIPDAU  Lovel-1-250C-UNLIM
LM29040D OBSOLETE  SOIC D 8 None CaliTi  CeliTi
LM2904QDR OBSOLETE  S0IC D 8 Pb-Free CUNIPDAU Level-2-260C-1 YEAR1
{RoHS) Level-1-235C-UNLIM

Addendum-Page 1



PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS
www.ti.com 4-Mar-2005
Orderable Device Statvs ™ Package Package Pins Package EcoPlan® Lead/BelFinish MSL Poak Temp ® |
Type Drawing Qty
LM2004GP OBSOLETE  PDIP P 8 None Calmll_  caiml
LM2904VQDR ACTWE _ SOIC D 8 2500 PbFree  CUNIPDAU Lovel2-250C-1 YEARI
(RoHS) Lovel-1-235C-UNLIM
LM290AVOPWR ACTWNE  TSSOP _ PW 8 2000  None CUNIPDAU _ Lever1-250C-UNLIM
LM358AD ACTIVE  SOIC D 8 75  PbFree  CUNPDAU Lover2-260C-1 YEARI
(RoHS) Level-1-235C-UNLIM
LM3SBADGKR AGTIVE  MSOP  DGK 8 2500 Green(RoHS& CUNIPDAU Lovel2-260C-1YEAR
no Sb/Br)
LM358ADR ACTVE  SOIC D 8 2500 Green(RoHS& GCUNIPDAU Lovei1-260C-UNLIM
no
LM3S8AP ACTIVE _ PDIP P 8 50  PbFree  CUNIPDAU LeveFNGNG-NG
(RoHS)
LM3SBAPW ACTVE  TSSOP  PW 8 150 PbFree  CUMNPDAU Leveli-250C-UNUM
(RoHS)
LMSSBAPWR ACTIVE  TSSOP _ PW 8 2000 PbFree  CUNPDAU Level1-250C-UNLIM
(RoHS)
LM358D ACTVE _ SOIC D 8 75 Green(RoHS& CUNIPDAU Level1-260C-UNLIM
no ShiBr)
LMSS8DGKR ACTIVE  MSOP __ DGK 8 2500 Green(RoHS& CUNIPDAU Level2-260C-1YEAR
no SBr)
LM358DR ACTVE  SOIC D 8 2500 Green(RoHS& CUNIPDAU LeveR1-260C-UNLIM
1o SVBr)
LM358P ACTVE _ PDIP P 8 50  PbFree  CUNIPDAU LevetNC-NC-NC
(RoHS)
LM358PSLE OBSOLETE SO PS 8 None Caim_ caim
LM358PSR ACTIVE SO PS 8 2000 PbFree  CUNIPDAU Lovel2.260C1 YEAR
{RoHS) Level-1-235C-UNLIM
LM358PW ACTIVE  TSSOP  PW 8 150 PbFree  CUNIPDAU Leveh1-250C-UNLIM
(RoHS)
LM358PWLE OBSOLETE TSSOP  PW 8 None CaiTl  CaliTi
LM3SBPWR ACTIVE  TSSOP  PW 8 2000 PbFree  CUNIPDAU LeveF1-250C-UNLIM
(RoHS)

) The marketing status values are dofined as follows:

ACTIVE: Product device recommendad for new dasigns.

LIFEBUY: T1 has announced that the davice wii ba discontinued, and a Hetime-buy period is in effect.
mmmummmhmmmmmmmnmmmmmmm
@ now design.

PREVIEW: Dovice has been announced but is not in production. Samples may or may not be avaitable.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - = May not be currently availabls - plaase check hitp://www.ti.com/productcontent for the latest avaliabtity information and additionat
product content detaits.

None: Not yot availabla Lead {(Pb-Free).

Pb-Free (RokS): T¥'s terms "Lead-Free” or "Pb-Free® mean semiconductor products that are compatible with the current RoHS requirements
for ait 6 substences, inchuding the mwmmmmmomwmmmmmmmwm
at high temperatures, Ti Pb-Free products are suitabie for use in specified lead-free processes.

Greon (ROHS & no SHIBr): T1 defines “Green® to mean Pb-Free” and in addifion, usas package mateiials that do not contain hatogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

QMMTW-MMWLMMMQMWWW&WMW

tmportant information and Disclaimer:The information provided on this page represents Tis knowledge and belief as of the date that & is

Addendum-Page 2



B Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.ti.com 4-Mar-2005
WﬂmmWaMWmmmﬂmpmbymWMaMmusm or warranty as to the
WMMMMNMm&WMMMMWWMWWW&W
reasonsble staps to provide accurate information but may not have conductad destructive or chemical analysis on
mmmnmnmmmmfwﬁmwmmmmmmmsnmmmm

mmmshann‘smwymmdmMmmwmmamnms)mmmmmmwn
to Customer on an annual basis.
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MECHANICAL DATA

MCEROOTA — JANUARY 1985 — REVISED JANUARY 1997
JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE
0.400 (10,16)
¢ 0.355 (3,00) —
ke Wk W ke e .
) 0.280 (7,11
0.245 l(_6.‘4-‘2)
(PR I S U W
1 4
_J 0.065 (1,65)
0.045 (1,13)
0.063 (1,60 0.310(7,87)
asisosn | & 0020 STy waN "l 0260 7,37) “‘
X
0.200 (5,08) MAX
—x $ Seating Plane
T 0.130 (3,:0) MIN
0.023 o.ss o
_JE 0.015 (0,38) \" 0°-15
: 0.014 (0,36)
0.008 (0,20)
4040107/C 08/96

NOTES: A. Alllinear dimensions are in inches (millimsters).
B. This drawing is subject to change without notice.
C. mispadmgecanbehmnwﬂeamysealedwhhammicudusfmglassm
D. Index point is provided on cap for terminal identification.
E. Falis within MIL STD 1835 GDIP1-T8
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MECHANICAL DATA

MLCC0068 - OCTOBER 1996
e il L a0

FK (S-CQCC-N") LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
18 17 16 15 14 13 12 NO. OF A 8
TERMINALS "N | max | v | max
2 0342 | 0358 | 0307 | 0.358
869) | (9.09) (7.80) (9.08)
28 0442 | 0458 | 0406 | 0.4s8
1.23) | (163 | (1031) | (11.63)
- 0640 | 0660 | 0495 | 0.660
(16.26) | (16.76) | (1268) | (14.22)
o2 0739 | 0761 | 0495 | 0.560
(18,78) | (19.32) | (12:58) | (14.22)
o 0938 | 0962 | 0850 | 0858
@389 | (2043) | 216 | 21.8)
" 1441 | 1165 | 1047 | 1.063
(28,99) | (29.69) | (266) | (27,0)

omnm"lh r‘—’_gﬁ.?%%%
HUOO OO0 VTE cempsy

7 0.010 {0,25)

0.655 (1,40)
0.045 (1,14) | 0.045(1,44
0.035 (0,89)
0.028 {0,71) 0.048 s‘l,‘lﬂ
0.022 {0,54) —4 L- 0.035 (0,89)
4040140/D 10/96
NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermeticatly sealed with a metal tid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004
’@ TeEXAS
INSTRUMENTS
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MECHANICAL DATA

MPDICO1A — JANUARY 1895 — REVISED JUNE 1899
B e a AL R AL LR

P (R-PDIP-T8) PLASTIC DUALJN-LINE
0.400 (10,60)
3550002
8 5
Lo o .
0.260 (8,60)
0.240 (8,10)
° 4
Tt
1 s
—J L— 0.070 (1,78) MAX
0.325
0.020 (0,51) MIN o

I 0.015
(0,38)
imﬁmm ﬁ[_w

l Seating Plane
* 0.125 (3,18) MIN 0.010 {0,25) NOM

| ok - semgu

0.021
m%%lq;l 0.010(0.25) @]

| il

4040082/D 05/88

NOTES: A. Alllinear dimensions are in inches (millimsters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to hitp:/iwww.ti.comfscidocslpackagelpkg_info.htm
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MECHANICAL DATA

DGK (S—PDS0-G8)

PLASTIC SMALL—-OUTLINE PACKAGE

sl

dadH

[ ¥

e

[~
) 4

s §

4073329/D 12/03

NOTES:

A

All linear dimensions are in mifimeters.
This drawing is subject to change ‘without notice.
Body dimensions do not include mold flash or protrusion.

Falls within JEDEC MO—1B7 variation AA.
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MECHANICAL DATA

D (R-PDSO—-G8) PLASTIC SMALL—OUTLINE PACKAGE

0.197 (5,00)
0.189 (4,80)

8

5
R i
0.244 (6,20)
) I 0.228 (5,80)
§ o 4{} 3:13318%

DNNAN

1 I
Pi
Ingel Area hj h’j H
S0 {aan

‘ N
v r_ | = ‘ J } ‘ k
L 0.069 (1,75) Mox g—:ggi ((%,-f%ﬁ

0.010 (0,25)

0.007 (0.17)1
/ Py 1
) \ j (S [0004 0.0
Gauge Plene “ -
3 — ¥ Seating Plane
0.010 0,25 o-& \‘/
0.050 (1,27)
0.016 (0,40)

4040047-2/F 07/2004

NOTES: Alt linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

falls within JEDEC MS-012 variation AA.

Pow>
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PS (R-PDSO-G3)

MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

] [ e

HAHH —

O

FouT

0.15 NOM

=~ oo
a8l38

L) l'

6,50

g —

»

— 2,00 MAX

015
\ ” ” H H ‘ l Seoling Pione

_L
3525
— 53
(}\
J‘\ /

4040063/C 03/03

NOTES: A All lineor dimensions gre in millimeters.
8. This drawing is subject {o chonge withoul notice
C. Body dimensions do not include mold flosh or protrusion, nof to exceed 0,15.

[ ]

www.th.com



MTSS00

MECHANICAL DATA

1C — JANUARY 1985 ~ REVISED FEBRUARY 1989

PW (R-PDSO-G™)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

myp g

1AAAARA ]‘
T

450 660
430 620

— A —

TT— |
ELIERES

\
% Auuuuuup.j} Seting Plane )
120 mA 018 [=[om ]
0,05 -
PINS **

DiM 8 14 16 20 24 28
A MAX 3,10 5,10 510 6,60 7.90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 0107

NOTES: A. All inear dimensions are in miltimaters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include moid flash o protrusion not to exceed 0,15.

D. Failg within JEDEC MO-153
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{IMPORTANT NOTICE

Texas Instruments Incomporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such infonnationiseumandcomplem.wmdwdsamsddwbjedtoﬂ'sm
and conditions of sale supplied at the time of order acknowledgment.

leananlsperfmmanceoﬁtshardwarepmductsto&especiﬁceﬁonsappﬁcableatﬂ»eﬁmofsa%ein
accordance with TI's standard warranty. Testing and other quality control tachniques are used to the extent Tt
deems necessary to support this warranty. Except where mandated by govemment requirements, testing of ali
parameters of each product is not necessarily performed.

Tl assumes no liabiity for applications assistance or customer product design. Customers are responsible for
their products and applications using T components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TIdoesnotwarratdormptese:ﬂthatanyilcensa.eiﬂxerexpmorﬁnpﬁed.isgraruedtmderany‘l'l patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Ti regarding third-party products or services
does not constitute a license from T1 to use such products or services or a warranty or endorsement thereof.
Use of such information mayrequireaBoensehmamirdpanyundermepammsoroﬂmmﬁenecmalpmpeny
of the third party, or a license from Tl under the patents or other intellectual property of T1.

Reproduction of information in T data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated wamanties, conditions, fimitations, and notices. Reproduction
ofﬂﬁstnfomationw&ha!teraﬁonisanunfatranddecepﬁvebuslnesspraeﬁce.ﬂisnotmsponsibleorliab!efor
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tt for that
product or service voids all express and any implied warranties for the associated Ti product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
sofutions:

Products Appilications

Ampilifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Contro! www.ti.com/digitalcontro)

Logic logic.ti.com Mititary www.ti.com/miilitary

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers iicrocontroller.ticom  Security www.ti.com/security
Telephony www.ti.comitelephony
Video & Imaging www.ti.comivideo
Wireless www.ti.com/wireless

Malling Address:  Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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ompatible with MCS-51™ Products

K Bytes of in-System Reprogrammable Flash Memory
ndurance: 1,000 Write/Erase Cycles

utly Static Operation: 0 Hz to 24 MHz

hree-level Program Memory Lock

56 X% 8-bit Internal RAM

2 Programmable I/O Lines

hree 16-bit Timer/Counters

ight Interrupt Sources .
rogrammable Serial Channel a-b it
ow-power ldle and Power-down Modes

B Ry ()

Microcontroller
scription

_ _ | o _ with 8K Bytes
 AT8SC52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
s of Flash programmable and erasable read only memory (PEROM). The device Flash
ranufactured using Atmel's high-density nonvolatile memoty technology and is
ipatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
‘on-chip Flash allows the program memory to be reprogrammed in-system or by a
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU AT89052
 Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
sh provides a highly-flexible and cost-effective solution to many embedded control

lications.
Not Recommended
1 Configurations il for New Designs.
Ly
PQFP/TQFP anPiot whvee
el e Use AT89S52.
g gsgg Pi20a 38 [P0t (AD1)
pE 3388 PraC]4 37 [1P0.2 (AD2)
«meoyr o ornNa Pials 38 [ PO.3 (AD3)
EEEEEQ??EEE} Pi5[je 35 [1PO.4 (AD4)
oaoanahanag sty 4 [ po.s (ADs)
Fe9ser8bay P17ds 33}3P0.6 (ADS)
PLsO 33 11P0.4 (AD4) RSTIO 3211P07 (AD7)
P2 32[1P0.5 ADS) (RXD}P3.0 (10 3t Y EAvPe
Prrda 31 [1P0.6 (ADB) (TX0) P3.4 O] 11 30 F1ALE/PROG
rETC 4 mmﬁ, (NTO) P32} 12 20 DPSEN
P30S 28 [ EAVPP (NTH} P33 13 28[1P27 {A15)
NCLj8 22FING (TO}PYA Y14 I F1B26 (Al4)
peas iz R ALEFRDG MP3sgs 26 0 P25 (A13)
P33 E 25 PSER (WR) P38 L] 18 25[1P2.4 (A12)
Pr3cie 2511P27 (A15) ROpERTOTT 24 P23 (amny
}PaAC] 10 24 [1P2.8 (A14) XTALZ 18 13IP22 (A0}
YRYELC] 11 BNPAE AY XTALT L] 19 22 [IPZ1 (A}
GND (2o 21 [ P2.0 (AB)
Sunrbskhgaant
I;] E |SpEgEg ) l;lu I&J l'.l! I:
Eéggggﬁiﬂrtﬁ' PLCC l
Epxx g§zsca
!gg "’"‘ggg 5 e
. BE 83ED
- 3 =
sisiogSfeee
,nnnnnnnnnﬂn
DO Y MmN -
PL5L]7 o;wr*sss:lmmm
Pislla 38 [1 PO.5 (ADS)}
PLIOO 37 [1P0.6 {ADS)
RSTC]10 36 P07 (ADT}
(RXD)P3.OC] 11 3s 3 EAvPP
Nerji2 MONe
(TXD) P3.1 C}13 33 D ALEIFROS
(INT0) P32 ] 14 2 O FSER
(NT1) P33 []15 3t P27 (A15)
(o) P3.4 L] 16 30 [1P26 (At4)
50117, :
MRt s gz nxnan & PR0
e B LD
FEIIEERENAE Rev. 0313H-02/00
Egx%  ggscs
- L£Xx l
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ock Diagram

PO.O - PO.7 P20 - P2.7
PORT 0 DRIVERS PORT 2 DRIVERS :
GND ! T
.' H
' H
— ' = ;
= RAM ADDR, o PORT 0 PORT 2 Quick :
: REGISTER RAM LATCH LATCH FLASH :
: 2 :
: ?
! r :
: A 2 4 '
E i 5
' PROGRAM i
' B STACK '
' ACC ADDRESS :
i REGISTER POINTER REGISTER [
; :
s : r :
N < —p BUFFER b ;
‘ T™P2 T™P1 :
! H
- H
E H
: PC
: ALU INCREMENTER '
: y
: INTERRUPT, SERIAL PORT, .:
; AND TIMER BLOCKS :
E PROGRAM o
! PSW COUNTER ;
‘ !
| : =
PSEN <+ :
=PROG <4——— TMING | \nstrRucTion y DPTR «—p
K | Vop ——»| CONTROL | REGISTER [¥ 2 i :
RST — P
i y ;
; PORT 1 PORT 3 ;
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» AT89CSH2 provides the following standard features: 8K
2s of Flash, 256 bytes of RAM, 32 /Q lines, three 16-bit
¥/counters, a six-vector two-level interrupt architecture,
ill-duplex serial port, on-chip oscillator, and clock cir-
ry. In addition, the AT89C52 is designed with static logic
operation down to zero frequency and supports two
ware selectable power saving modes. The Idle Mode
>s the CPU while allowing the RAM, timer/counters,
al port, and interrupt system to continue functioning.
> Power-down mode saves the RAM contents but
zas the osciltator, disabling all other chip functions untit
next hardware reset.

1 Description

ply voltage.

b}
und.

to

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

: 0 can also be configured to be the multiplexed low-
2 address/data bus during accesses to external pro-
n and data memory. In this mode, PO has internal
ips.

0 also receives the code bytes during Flash program-
g and outputs the code bytes during program
ication. External pullups are required during program
ication.

:1

1 is an 8-bit bi-directional /O port with internal pullups.
Port 1 output buffers can sink/source four TTL inputs.
in 1s are written to Port 1 pins, they are pulled high by
nternal pullups and can be used as inputs. As inputs,
1 pins that are extemnally being pulled low will source
2nt (1) because of the internal pullups.
ddition, P1.0 and P1.1 can be configured to be the
ficounter 2 external count input (P1.0/T2) and the
r/caunter 2 trigger input (P1.1/T2EX), respectively, as
vn in the following table.

1 also receives the low-order address bytes during

h programming and verification.

tPin | Alternate Funeticps o -

0 T2 (external count input to Timer/Counter 2),
clock-out

1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

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

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

Port 2 aiso receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

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

Port 3 also serves the functions of various special features
of the AT83C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P30 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INTT (external interrupt 1)
P34 | T0 (timer0 external input)

P35 T1 (timer 1 external input)

P36 WR (external data memory write strobe)

P3.7 | 7D {external data memory read stroB;)"—" o
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

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

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external
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ng or clocking purposes. Note, however, that one ALE
se is skipped during each access to external data
mnory.

3sired, ALE operation can be disabled by setting bit 0 of
R location 8EH. With the bit set, ALE is active only dur-
a MOVX or MOVC instruction. Otherwise, the pin is
akly pulled high. Setting the ALE-disable bit has no
ct if the microcontroller is in external execution mode.

=N

gram Store Enable is the read strobe to external pro-
TI Memaory.

en the AT89C52 is executing code from external pro-
m memory, PSEN is activated twice each machine
le, except that two PSEN activations are skipped during
h access to extemal data memory.

le 1. AT89C52 SFR Map and Reset Values

EA/VPP L

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extemal pro-
gram memory locations starting at 6000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on raset.

EA should be strapped to Ve for internal program
executions.

This pin also receives the 12-volt programming enabie volt-

age (Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH 8 N OF7H
00000000
OE8H OEFH
ACC
OEOH | ACC OETH
OD8H 0DFH
PSW
0DOH | (PN 0D7H
ocan | T2CON " T2moD RCAP2L RCAP2H N2 TH2 0CFH
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH OCTH
P
OB8H | o ob o 0BFH
Ps
080H | 44411111 087H
OABH 1€ OAFH
0X000000
OABH | 41111111 OATH
SCON SBUF
984 | 00000000 | XX000MXX SFH
P1
80H | 1111111 o7H
gsn | _TCON T™MOD Two T THO ™Y -
00600060 00000G0 | 000G00G0 | 0000000 | 0000GGCO | GOGOGOGO
a0t PO sP DPL DPH PCON | o
11111111 00800111 00000000 00000000 0XXXGC0D

AT89C52 mmeeessssss———————
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yecial Function Registers

rap of the on-chip memory area called the Special Func-
1 Register (SFR) space is shown in Table 1.

te that not all of the addresses are ocoupied, and unoc-
died addresses may not be implemented on the chip.
ad accesses to these addresses will in general return
dom data, and write accesses will have an indetermi-
e effect.

sr software should not write 1s to these unlisted loca-
15, since they may be used in future products to invoke

e 2. T2CON - Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

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

T2CON Address = 0C8H

Resst Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 - cm2 CPRI2
7 6 5 4 3 2 1 0
rmbol Function - - N 7
2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10or TCLK=1.
(F2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and

EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode

(DCEN =1).

LK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

LK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial

port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

(EN2

Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXENZ = 0 causes Timer 2 to ignore events at T2EX.

Start/Stop control for Timer 2. TR2 = 1 starts the timer.

Nl

triggered).

Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge

’RL2

Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to coccur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

ta Memory

+ ATB9CS2 implements 256 bytes of on-chip RAM. The
er 128 bytes occupy a paraliel address space to the
xcigl Function Registers, That means the upper 128
18 have the same addresses as the SFR space but are
sically separate from SFR space.

en an instruction accesses an internal location above
ress 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location 0AOH (which is P2).
MOV OAOH, #data

—E 5
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itructions that use indirect addressing access the upper
8 bytes of RAM. For example, the following indirect
dressing instruction, where RO contains 0AOH, accesses
» data byte at address OAOH, rather than P2 (whose
dress is 0AOH).
MOV @R0, #data

ife that stack operations are exampies of indirect
dressing, so the upper 128 bytes of data RAM are avail-
le as stack space.

mer 0 and 1

ner O and Timer 1 in the AT89CS52 operate the same way
Timer 0 and Timer 1 in the AT89C51.

mer 2

ner 2 is a 16-bit Timer/Counter that can operate as either
imer or an event counter. The type of operation is
ected by bit C/T2 in the SFR T2CON (shown in Table 2).
ner 2 has three operating modes: capture, auto-reload
) or down counting), and baud rate generator. The
ides are selected by bits in T2CON, as shown in Table 3.
ner 2 consists of two B-bit registers, TH2 and TL2. In the
ner function, the TL2 register is incremented every
ichine cycle. Since a machine cycle consists of 12 oscil-
or periods, the count rate is 1/12 of the oscillator

quency.
ole 3. Timer 2 Operating Modes

CLK+TCLK | CP/RRLZ | TR2 | MODE
0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (off)

the Counter function, the register is incremented in
ponse to a 1-to-0 transition at its corresponding external

‘input pin, T2. In this function, the external input is sampled

during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Maode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overfiow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN {Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will defauit to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

AT89C52 meesesses———
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ure 1. Timer in Capture Mode

osc +12 | -
CT2 = 0
k—-o%—-——g———---[ TH2 2 | w2 |-
T StaHoL OVERFLOW
F Jome ™ H}/ ‘7\/
T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
TIMER 2
DETECTOR - INTERRUPT
TEXPN [ % |—f—07T 0] EXF2 —

|  CONTROL
EN2

ure 2 shows Timer 2 automatically counting up when
EN = 0. In this mode, two options are selected by bit
=N2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
~FFH and then sets the TF2 bit upon overflow. The
rflow also causes the timer registers to be reloaded with
16-bit value in RCAP2H and RCAP2L. The values in
er in Capture ModeRCAP2H and RCAP2L are preset
software. If EXEN2 = 1, a 16-bit reload can be triggered
er by an overflow or by a 1-to-0 transition at external
it TZEX. This transition also sets the EXF2 bit. Both the
' and EXF2 bits can generate an interrupt if enabled.

ing the DCEN bit enables Timer 2 to count up or down,
shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2ZEX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the valuas stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overfiows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.



ure 2. Timer 2 Auto Reload Mode (DCEN = 0)

AIMEL

0sc 2
C2 =0
w//%—{ ™2 | T2 |
eommoL /\t " OVERELOV
TR2 . =
T T2 = 1 K ¥
] RELOAD
T2 PIN TIMER 2
INTERRUPT
RCAP2H | RCAP2L
—t »  TF2
TRANSITION
DETECTOR ‘IJ:D
T2EX PIN [} —o/ o — —» EXF2 |-
| conTRrOL
EXEN2
te 4. T2MOD - Timer 2 Mode Control Register _
T2MOD Address = 0C9H Raset Value = XXXX XX00B
Not Bit Addressable
- - - - - T20E DCEN
Bit T 6 5 4 2 1 0
mbol Function
Not implemented, reserved for future
OE Timer 2 Output Enable bit.
EN When set, this bit allows Timer 2 to be configured as an up/down counter.

AT89C52 me—



ure 3. Timer 2 Auto Reload Mode (DCEN = 1)

AT89C52

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH OFFH | :><: L M Exr2
e N\ A
Vi OVERFLOW/L?
o7 o— L e TF2
| conTROL A F \(L' l
TR2 / e — _ ]
TIMER 2
INTERRUPT
RCAP2H | RCAP2L 4
COUNT
(UP COUNTING RELOAD VALUE) ?{%ECT?ON
0=DOWN

ure 4. Timer 2 in Baud Rate Generator Mode

osc 2

|

T2 PIN

TRANSITION
DETECTOR

2EX PIN[_|——»

"

----- — NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12

T2EX PIN

TIMER 1 OVERFLOW

oo
o1 O—— TH2 L2 > o -
= e W ROLK
| coNTR cLock
mzc TROL A P
s / —
2 =
RCAP2H | RCAP2L T
CLOCK
>
A TIMER 2
ek EXF2 INTERRUPT
| conTROL
EXEN2
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aud Rate Generator

ner 2 is selected as the baud rate generator by setting
LK and/or RCLK in T2CON (Table 2). Note that the
ud rates for transmit and receive can be different if Timer
5 used for the receiver or transmitter and Timer 1 is used
“the other function. Setting RCLK and/or TCLK puts
ner 2 into its baud rate generator mode, as shown in Fig-
> 4,

e baud rate generator mode is similar to the auto-reload
de, in that a rollover in TH2 causes the Timer 2 registers
be reloaded with the 16-bit value in registers RCAP2H
d RCAP2L, which are preset by software.

e baud rates in Modes 1 and 3 are determined by Timer
overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = 1imer 2 Overfiow Rate
e Timer can be configured for either timer or counter
aration. In most applications, it is configured for timer
sration (CP/T2 = 0). The timer operation is different for
1er 2 when itis used as a baud rate generator. Normally,
a timer, it increments every machine cycle (at 1/12 the
illator frequency). As a baud rate generator, however, it

ure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _
Baud Rate

Oscillator Frequency
32 x [65536 - (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

P T2 THe
osc +2 ~O7 O— = (sBiTs) | @BITS) |
I NN T
TR2
/ B
RCAP2L | RCAP2H
~CIT2 BIT
prof :
@ | — *2 oo
T20E (T2MOD.1)
TRANSITION
\__ DETECTOR
PLa ) . TIMER 2
@0\ ) oo BXF2 " |NTERRUPT

EXEN2
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rogrammable Clock Out

50% duty cycle clock can be programmed to come out on
-0, as shown in Figure 5. This pin, besides being a regu-
* 1/O pin, has two alternate functions. It can be
grammed to input the external clock for Timer/Counter 2
to output a 50% duty cycle clock ranging from 61 Hz to 4
iz at a 16 MHz operating frequency.

configure the Timer/Counter 2 as a clock generator, bit
T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
ist be set. Bit TR2 (T2CON.2) starts and stops the timer.

8 clock-out frequency depends on the oscillator fre-

ency and the reload value of Timer 2 capture registers

CAP2H, RCAP2L), as shown in the following equation.
Oscillator Fequency

4 x [65536 — (RCAP2H,RCAP2L)]

the clock-out mode, Timer 2 roll-overs will not generate

interrupt. This behavior is similar to when Timer 2 is
2d as a baud-rate generator. It is possible to use Timer 2
a baud-rate generator and a clock generator simulta-
ously. Note, however, that the baud-rate and clock-out
quencies cannot be determined independently from one
othet since they both use RCAP2H and RCAP2L.

ART

2 UART in the ATB9C52 operates the same way as the
RT in the ATB9CS51.

Clock-Out Frequency=

terrupts

2 AT89C52 has a total of six interrupt vectors: two exter-
|interrupts (INTO and INT1), three timer interrupts
mers 0, 1, and 2), and the serial port interrupt. These
arrupts are all shown in Figure 6.

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

te that Table shows that bit position IE.6 is unimple-
nted. In the ATB9CS51, bit position IE.5 is also
mplemented. User software should not write 1s to these
positions, since they may be used in future AT89
ducts.

er 2 interrupt is generated by the logical OR of bits TF2
1 EXF2 in register T2CON. Neither of these flags Is
ared by hardware when the service routine is vectored
In fact, the service routine may have to determine
ather it was TF2 or EXF2 that generated the interrupt,
| that bit will have to be cleared in software.

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

the Timer 2 flag, TF2, is set at S2P2 and is polled in the

same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MSB)

(LsB)

lea |- |er2 |es [em | ex1 | ET0 [ Exo

l

Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE7 Disables all interrupts. If EA=0,
no interrupt is acknowledged. If
EA =1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE2 External interrupt 1 enable bit.

ETO IEA Timer 0 interrupt enable bit.

EX0 IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products:

Figure 6. Interrupt Sources

INT1

TI
RI

TF2 —
EXF2

11
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scillator Characteristics

AL1 and XTAL2 are the input and output, respectively,
an inverting amplifier that can be configured for use as
on-chip oscillator, as shown in Figure 7. Either a quartz
rstal or ceramic resonator may be used. To drive the
vice from an external clock source, XTAL2 should be left
connected while XTAL1 is driven, as shown in Figure 8.
ere are no requirements on the duty cycle of the external
ck signal, since the input to the intemal clocking circuitry
hrough a divide-by-two flip-flop, but minimum and maxi-
Im voltage high and low time specifications must be
served.

le Mode

dle mode, the CPU puts itself to sleep while all the on-
p peripherals remain active. The mode is invoked by
tware. The content of the on-chip RAM and all the spe-
| functions registers remain unchanged during this
de. The idle mode can be terminated by any enabled
2rrupt or by a hardware reset.

te that when idle mode is terminated by a hardware
et, the device normally resumes program execution
n where it left off, up to two machine cycles before the
2tnal reset algorithm takes control. On-chip hardware
ibits access to internal RAM in this event, but access to
port pins is not inhibited. To eliminate the possibility of
unexpected write to a port pin when idle mode is termi-
ed by a reset, the instruction following the one that
>kes idle mode should not write to a port pin or to exter-
memory.

wer-down Mode

he power-down mode, the oscillator is stopped, and the
ruction that invokes power-down is the last instruction
cuted. The on-chip RAM and Special Function Regis-
5 retain their values until the power-down mode is
ninated. The only exit from power-down is a hardware
et. Reset redefines the SFRs but does not change the
chip RAM. The reset should not be activated before Ve

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

c2
i I XTAL2

c1
o—) XTAL1

l - GND
5

Note:  C1, C2 =30 pF +10 pF for Crystals
= 40 pF +10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC —— 1 XTAL2
EXTERNAL

OSCILLATOR ——{ XTAL1
SIGNAL

GND

-

atus of External Pins During Idle and Powe-down Modes

de Program Memory ALE | PSEN PORTO PORT1 PORT2 PORT3
; Internal 1 1 Data Data Data Data
B External 1 1 Float Data Address Data
wer-down Internal 0 0 Data Data Data Data
;.ver-down External 0 0 Float Data Data Data

AT89C52 me s —
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ogram Memory Lock Bits

2 ATBICS52 has three lock bits that can be left unpro-
mmed (U) or can be programmed (P) to obtain the
litionatl features listed in the following table.

ick Bit Protection Modes
Program Lock Bits
LB1 1LB2 LB3 | Protection Type

| U u u No program tock features.

2 P u u MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from

internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

} P P u Same as mode 2, but verify is
also disabled.
} P P P Same as mode 3, but external

execution is also disabled.

3n lock bit 1 is programmed, the logic level at the EA pin
ampled and latched during reset. if the device is pow-
1 up without a reset, the latch initializes to a random
1e and holds that value until reset is activated. The
1ed value of EA must agree with the current logic level
1at pin in order for the device to function properly.

>gramming the Flash

AT89C52 is normally shipped with the on-chip Flash
nory array in the erased state (that is, contents = FFH)
ready to be programmed. The programming interface
2pts either a high-voitage (12-volt) or a low-voltage
;) program enable signal. The Low-voltage program-
g mode provides a convenient way to program the
9C52 inside the user’s system, while the high-voitage
jramming mode is compatible with conventional third-
¢ Flash or EPROM programmers.

AT89C52 is shipped with either the high-voitage or
voitage programming mode enabled. The respective
side marking and device signature codes are listed in
ollowing table.

Vpp =12V Vep=5V
»Side Mark AT83C52 AT89CS52

peeed 00X - §

yyww yyww

Vpp =12V Vpp= 5V
Signature (030H) = 1EH (030H) = 1EH

(031H) = 52H (031H) = 52H

(032H) = FFH (032H) = 05H

The ATB9CS52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the

AT83C52, the address, data and control signais should be

set up according to the Flash programming mode table and

Figure 9 and Figure 10. To program the AT89C52, take the

following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89CS52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P34 is pulled
low after ALE goes high during programmmg to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lings for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

T ‘m 13



ATmEY

ading the Signature Bytes The signature bytes are Programming Interface
id by the same procedure as a normal verification of . e
ations 030H, 031H, and 032H, except that P3.6 and  EVery code byte in the Flash array can be written, and the

7 must be pulled to a logic low. The values returned are ~ enfire amay can be erased, by using the appropriate combi-

follows. nation of control signats. The write operation cycle is self-
(030H) = 1EH indicates manufactured by Atmel timed and once initiated, will automatically time itself to
(031H) = 52H indicates 89C52 completion.
(032H) = FFH indicates 12V programming All major programming vendors offer worldwide support for
(032H) = O5H indicates 5V programming the Atmel microcontroller series. Please contact your local

programming vendor for the appropriate software revision.

ash Programming Modes

ode RST | PSEN ALE/PRGG EAN,, | P26 | P27 | P36 | P37
rite Code Data , H L HM2V L H H H
o~
sad Code Data H L H H L L H H
rite Lock Bit- 1 H L H/12v H H H H
~
Bit - 2 H L HI12v H H L L
~
Bit-3 H L HM12V H L H L
~
lip Erase H L a HH2v H L L L
—~
ad Signature Byte H L H H L L L L

2. 1. Chip Erase requires a 10 ms PROG pulse.

AT89C52 meesssesssss————
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ure 9. Programming the Flash Memory

Figure 10. Verifying the Flash Memory

+5V +5V
AT87F52 AT87F52
AoDR, A2 AT by Vee |- —T ADDR. 20 -ATy) b, Vee | T
OOOOH/1FFFH PGM OOOOH/1FFFH PGM DATA
e P20 - P24 PO ([e¢— DATA AB -~ NS P20 - P24 PO 4&1}3&{}3&)
———»f P26 ——»| P26
SEE FLASH | ——pf P27 ALE [¢—— PROG SEE FLASH | ——p{ P27 ALE (g
ROGRAMMING PROGRAMMING
IODES TABLE | —® P3.6 MODES TABLE | —®| P36 Vi,
———] P3.7 | ——» P3.7
—e———| XTAL2 EA |&—— Vy/Npp —{ XTAL2 EA
24 MHz I 3-24 MHz I
=] D13
- XTAL1 RST |[¢—— V,, -—L—-- — XTAL1 RST f¢— Vy
1 GND PSEN __J___ h GND PSEN 4:_
ish Programming and Verification Characteristics
- 0°C to 70°C, V. = 5.0 £10%
;'nbol Parameter Min Max Units
;‘“ Programming Enable Voltage 11.5 12.5 v
N Programming Enable Current 1.0 mA
oL Oscillator Frequency 3 24 MHz
- Address Setup to PROG Low 4Bt o
AX Address Hold after PROG 4Btoy o
;L Data Setup to PROG Low 48t o
- Data Hold After PROG 48t o
" P2.7 (ENABLE) High to Vpp 4Blora
n Vpp Setup to PROG Low 10 us
5 Vpp Hold after PROG 10 us
- PROG Width 1 110 us
- Address to Data Valid 48te, o
- ENABLE Low to Data Valid 48tc oy
- Data Fioat after ENABLE 0 48tc o,
" - PROG High to BUSY Low B - 1.0 us
o Byte Write Cycle Time 2.0 ms
: 1. Only used in 12-volt programming mode.
S e T T T T R T et ‘Iiﬁ!l 15



ATmEL

ash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P10 - P1.7 PROGRAMMING VERIFICATION
«— tavav
PORT 0 - 4 DATA IN (_DATA OUT p————e
> tove.  lonox [
tA\.f(:‘.L i~ g tGHAx
ALE/PROG N A
tsnoL ¢ e —
N Ve ]
EANGp oo
@
*— tensn
P2.7
(ENABLE)
taHeL —*
P34
(RDY/BSY) BUSY READY
twe

ash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P24 ADDRESS —i ADDRESS
[+ tavay
PORT O (L DATA IN (DATA OUT p—m—
“—* tovaL  tonox [+
taveL ¢ tarax
ALE/PROG N A
fawa I* +—lgan—
—_— LOGIC 1
EANge L2777 11 weico | ________

P27 " lene te v — +— lenaz
(ENABLE) J q L
. toneL —
P3.
(RDY/BSY) BUSY READY
twe

AT89C52




s A TS89C 52

bsolute Maximum Ratings*

perating Temperature -55°C to +125°C *NOTICE:
lorage Temperature -65°C to +150°C

sitage on Any Pin

ith Respect to Ground -1.0V to +7.0V

aximum Operating Voitage 6.6V

C Output Current.........ccc.eeeveeeereeereeneneieeeceeeeneeeenens 15.0mA

> Characteristics

3 values shown in this table are valid for Tﬁ

Stresses beyond those listed under “Absolute

Maximum Ratings™ may cause permanent dam-

age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect

device reliability.

= -40°C to 85°C and V. = 5.0V +20%, unless otherwise noted.

rmbol Parameter Condition Min Max Units
L Input Low-voltage {Except EA) 05 02 V0.1 v
4 Input Low-voltage (EA) 05 02V.0.3 v
' Input High-voltage (Except XTAL1, RST) 0.2V +0.9 Vect0.5 v
1 Input High-voltage (XTAL1, RST) 0.7 Ve Veet0.5 v
W Qutput Low-voltage'V (Ports 1.2.3) | [ = 1.6mA 045 v
e Output Low-voltage(™ lo, =3.2mA 0.45 v
(Port 0, ALE, PSEN)
" Output High-voltage lon = -60 pA, Vg = 5V £ 10% 24 \'
(Ports 12,3, ALE. PSEN) losr = 25 pA 0.75 Ve v
lon =-10 gA 0.9V v
H Output High-voliage los = -800 pA, Ve = 5V +10% 24 \'
(Port 0 in External Bus Mode) low = 300 pA 075 Ve v
Loy = -80 pA 0.8 Ve v
Logical 0 Input Current (Ports 1,2,3) | V,, =045V -50 HA
Logical 1 to 0 Transition Current Viy =2V, Ve =5V £ 10% 650 pA
(Ports 1,2,3)
Input Leakage Cument (Port 0, EA) | 0.45 <V <V 110 pA
ST Reset Pulidown Resistor 50 300 Kao
) Pin Capacilance Test Freq. = 1 MHz, T, = 25°C 10 pF
Power Supply Cusrent Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
| Power-down Mode™ Vee =6V S 100 pA
| Vvec=av 40 pA
351 1. Under steady state {non-iransient) conditions, |, must be externally imited as follows:

Maximum I per port pin: 10 mA
Maximum I, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15mA

Maximum total 1o, for all output pins: 71 mA

If i, exceeds the test condition, Vg, may exceed the related

than the listed test conditions.

. Minimum V¢ for Powerdown is 2V.

—m

specification. Pins are not guaranteed to sink current greater

17
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> Characteristics

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

cternal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
ymbot Parameter Min Max Min Max Units
tac Oscillator Frequency 0 24 MHz
w ALE Pulse Width 127 2ty 40 ns
" Address Valid to ALE Low 43 toc-13 ns
AX Address Hold After ALE Low 418 tora-20 ns
v ALE Low to Valid Instruction In 233 . 4t 65 ns
™~ ALE Low to PSEN Low 43 toe-13 ns
- PSEN Pulse Width 205 3ty -20 ns
W PSEN Low to Vaiid Instruction In 145 3tc 45 ns
- Input Instruction Hold after PSEN 0 0 ns
az Input Instruction Float after PSEN 59 toc-10 ns
v PSEN to Address Valid 75 tac-8 ns
v Address to Valid Instruction fn 312 St 55 ns
Az PSEN Low to Address Float 10 10 ns
RH RD Pulse Width 400 6, -100 ns
WH WR Pulse Width 400 6tey o -100 ns
oV RD Low to Valid Data In 252 Stey o -90 ns
X Data Hold After RD ] 0 ns
oz Data Float After RD 97 2ty 28 ns
v ALE Low to Valid Data In 517 8ty -150 ns
v Address to Valid Data In 585 Otey o -165 ns
", ALE Low to RD or WR Low 200 300 3tg o 50 3t o 450 ns
WL Address to RD or WR Low 203 Ay 075 ns
WX Data Vatid to WR Transition 23 toro-20 ns
MH Data Velid to WR High 433 Ttey o -120 ns
0 Data Hold Afler WR _ 33 terc 20 ns
Az RD Low to Address Float 0 0 ns
aH RD or WR High to ALE High 43 123 toc 20 toc ¥25 ns

AT89C52 mee———————



(ternal Program Memory Read Cycle

ALE

PSEN

PORT 0

PORT 2

AT89C52

F: b —*
=) tI'-’LPH
i < Lo >
‘AVLL _ ) tLLPL e I:LLIV
/ * touy
<—toxa
— "_tPI AZ
tLLAX t‘F')(IZ
oxix— e
> A0-AT ——K INSTRIN } > AD-AT >
=== tJ\Wi\ai' CeE S
x A8 - A15 X AB-A15

ternal Data Memory Read Cycle

ti—
ALE N

D g S

PSEN
— tuov
R t‘RLRH —
P tLLWL —¥
=Ty N\
RB —tax— Nt
! lrioy treiDz
triaz 1
—» trupx
PORT 0 >—K AD - A7 FROM RI OR DPL K DATA IN >-XA0 - A7 FROM PCL>— INSTR IN
———— layw, —————]
e taov ———
PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

19



ATmEL

xternal Data Memory Write Cycle

b

ALE
== bvriLn

PSEN
e Laviy —» tavwx [+ —* 1 bwhax

AVLL = )
PORT 0 _ »>KAD - A7 FROM RI OR DPL DATA OUT | AD - A7 FROM PCL>—INSTR IN
aw. ——»

PORT 2 X P2.0 - P27 OR AB - A15 FROM DPH X AB - A15 FROM PCH

ternal Clock Drive Waveforms

tenex
Lien —* +— tonet
2o 174
a5y 0.2 V- 0.1V B
tolex —*
torel »

ternal Clock Drive
nTbol Parameter Min Max Units
I’c&cu. Oscillator Frequency 0 24 MHz
oL Clock Period 41.6 ns
1CX High Time 15 ns
cx Low Time 16 ns
CH Rise Time 20 ns
oL Fall Time 20 ns
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rial Port Timing: Shift Register Mode Test Conditions
2 values in this table are valid for V¢ = 5.0V +£20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
ymbol Parameter Min Max Min Max Units
o Serial Port Clock Cycle Time 1.0 i us
- Output Data Setup to Clock Rising Edge 700 10te 133 ns
HOX Output Data Hold After Clock Rising Edge 50 2 o117 ns
DX Input Data Hold After Clock Rising Edge 0 0 ns
- Clock Rising Edge to Input Data Valid 700 10te 133 ns
1ift Register Mode Timing Waveforms
INSTRUCTION | 0 , 1 | 2 | 3 | | | 6 7 | 8
ae LTI e o
‘_"| b
cLock T e T s T s Y s Y
tavxn }‘—5 |
] fe— typox
WRITE TO SBUF, N0 [ X 2 3 X 4 X5 6 X 1 7
] t
OUTPUT DATA berov [— [ taox SETTI
. CLEARRI : :
INPUT DATA

> Testing Input/Output Waveforms("

FCC'

0.5V—

02 Vg + 0.8V
TEST POINTS
02 V.. - °‘1L7/
045V =< Yec
2t 1. AC Inputs during testing are driven at V. - 0.5V Note:

for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vjy min. for a logic 1 and V;; max.

for & logic 0.

A

1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs, A
port pin begins to float when a 100 mV change from
the loaded VOHIVOL level occurs.

21
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rdering Information
Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £20% AT89C52-12AC 44A Commercial
AT89C52-12JC 444 {0°Cto 70°C)
ATBSC52-12PC 40P6
AT88C52-12QC 44Q
AT89C52-12Al 44A Industrial
AT89C52-12J1 44 (-40°C to0 85°C)
AT89C52-12P1 40P6
AT88C52-12Ql 44Q
16 5V +20% AT89C52-16AC 44A Commercial
ATBIC52-16JC 44} (0°C to 70°C)
AT89C52-16PC 40P6
AT89C52-16QC 44Q
ATB9C52-16Al 44A industriat
AT89C52-16J 44y {-40°C to 85°C)
ATB3CS52-16P{ 40P6
AT838C52-16Ql 44Q
20 5V £20% AT88C52-20AC 44A Commercial
AT89C52-20JC 44 {0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT8SC52-20Al 44A Industrial
ATB8C52-20J1 44J (-40°C t0 85°C)
ATB89C52-20PI 40P6
AT89C52-20Ql 44Q
24 5V £20% AT89C52-24AC 44A Commercial
ATB9C52-24)C 44J {0°Cto 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24A1 44A Industrial
AT89C52-24J1 44y (-40°C t0 85°C)
AT88C52-24PI 40P6
AT88C52-24Ql 44Q
Package Type
A 44-lead, Thin Plastic Gult Wing Quad Flatpack (T QFP)

44-lead, Plastic JHeaded Chip Carrier (PLCC)

P6

40-lead, 0.600" Wide, Plastic Bual Infine Package {PDIP)

44-lead, Plastic Guil Wing Quad Flatpack (PQFP)

AT89C52 e ——




ackaging Information

AT89C52

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS5-026 ACB
12.21(0.478)
PIN 11D 11.75(0.458) -2
_045(0.018)

0.80(0.031) BSC L s

P 0.30{0.012)

10.10(0.394

BH0(0388) o2

5 r 1.20(0.047) MAX
0.20(.008) 7
0.05(.003)

0.45(0. om) u.os«mnz)

Controlling dimension: millimeters

44, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045(1 14)X45°  PINNO.1 045(1.14) X 30° - 45°

012(.305)
roermnr -008(.203)
asag__p __j 630(16.0)
sso(uas) 580(15.0)
032(.813) _T

e 885071 :021(.533)
026(.660) 13 E 685{1“) %.013(.330)
.050(1.27) TYP .043(1.09)
R | I— 500(127)REFSQ b=
090(2.29)
L180(4.57)

% % 185(4 19)
%mmﬁl .022(.5569) X 45° MAX (3X)
=

40P8, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6)
2.04(51.8)

_’_
.566(14.4)
530(135)

1W0(48251REF _—:l [~ B

zzxs.ss} ___l 006(127)
- MIN
SEATING _L
. .065(1.65)
Ll 015(:381)
125(3.18) L o Jl_ 022(559)
110(2.79) 041(108) TR
D002 .630(16.0)
.590(15.0)
" i95 REF
.012(.305)
.008(.203)
ot 175)5__]
Bi0(165)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45(0.525) o
12.95 (0.506)

PIN1ID

0.50 {0.020)

[‘ 0.35 (o 014)

0.80 (0.031) BSC
}L -

10.10 {0.394) sa

r 2.45 (0.096) MAX
0.17 (0.007)

013(0005)
l E _JL_waor.m

0.78 (0.030)
Controlling dimension: millimeters

E 0.25 (0.010) MAX

_M
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MAX232, MAX2321
DUAL ElA-232 DRIVERS/RECEIVERS

____SLLS047L - FEBRUARY 1989 ~ REVISED MARCH 2004

Meets or Exceeds TIA/EIA-232-F and ITU
Recommendation V.28

MAX232...D, DW, N, OR NS PACKAGE
MAX2321 . . . D, DW, OR N PACKAGE

; ) (TOP VIEW)

® Operates From a Single 5-V Power Supply O

With 1.0-uF Charge-Pump Capacitors ct+{l1 ™ 16fl Vee
® Operates Up To 120 kbit/s vseff2  15[IGND
® Two Drivers and Two Receivers g;: E i :; % ;11?NUT
® £30Vinput Levels c-f|s  12fjriour
® Low Supply Current. .. 8 mA Typical vs-fl 6 1f] TN
® ESD Protection Exceeds JESD 22 T20UT [} 7 10]} T2IN

= 2000-V Human-Body Model (A114-A) R2IN ] 8 o]} R20UT
® Upgrade With Improved ESD (15-«kV HBM)

and 0.1-uF Charge-Pump Capacitors is

Avallable With the MAX202
® Applications

= TIAJEIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage gererator to supply TIAEIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3V, a typical hysteresis of 0.5 V, and can accept +30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
vollage-generator functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION
Ta PACKAGEY ngmga m::
PDIP (N) Tube of 25 MAX232N MAX232N
_Tube of 40 | MAX232D ’
SOICO) [ Reelof2600 | MAZ320R MAX232
0°Cto70°C Tube of 40 MAX2320W
SOCEW) [ MAX232
SOP(NS) | Reelof2000 | MAX232NSR MAX232
FDIP (N) Tube of 25 MAXZ32IN MAX232IN
Tube of 40 MAX232ID
~pcwerc | SOCO) oo | MAGIZIDR MAX2321
Tube of 40 MAX232IDW
SO OW) | T R MAX2321

fPaekage drawings, standard packing quantities, thermal data, symbolization, and PCB design

guidefines are available at www.ti.com/sc/package.

Please ba aware that an important notice conceming availability, standard warranty, and use in critical applications of
Tmmmmmmmw&imh&mmmmmdmmm&

LInASIC i3 a rademark of Toxas Instruments.
PRODUCTION DATA (nformstion s curret s of

date. Copyright © 2004, Texas Instruments incorporated
Products cantorm t specifications pec the tarme of Instruments
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



1AX232, MAX232i
JUAL EIA-232 DRIVERS/RECEIVERS

H = high level, L = low
fevel

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT

L H
H L

H = high level, L = low
level

H 14
THN b@ TI0UT

10 7

sgic diagram (positive logic)

T20UT

12 13
RIOUT o@ RUN
o@

R20UT

‘@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232I
DUAL EIA-232 DRIVERS/RECEIVERS

___SLLS047L — FEBRUARY 1988 - REVISED MARCH 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)!

Input supply voitage range, Vo (seeNote 1) ... ... . ... it -03Vto6V
Positive output supply voltage range, Vg+ .. ...ovviitiiiiiiiiiiiiiiiniiieaninans Vece~03Vtio 16V
Negative output supply voltage range, Vg ... .iiiiiiii ittt ietiiie e e -03Vto-15V
Input voltage range, Vit DRVer ... ..o ittt et eeerreneans -0.3VtoVge+03V
RecBIVEr ... i i [ETR PR POP 30V

Output voltage range, Vo: T1IOUT, T20UT ................ Ciebcsebeienanas Vs--0.3VtoVg, +0.3V
RIOUT, R20UT ... ittt cieeiaeen ~-03VtoVee+03V

Short-circuit duration: TIOUT, T20UT ....oouiniiiiii ittt e e e, Unfimited
Package thermal impedance, 6p (see Notes 2and 3): Dpackage .............ccovevuennnnn.. 73°C/W
DWpackage .............c..counn.... 57°C/W

Npackage ............c.covviivnnnn.. 67°C/W

NSpackage .............coovvviinnn... 64°C/W

Operating virtual junction temperature, Ty ......viiiiiiiietiiieeiee e, 160°C
Storage temperature range, Tstg .................. et etetiteeeeeeeaeareeeaan —65°C to 150°C

2. Maximum power dissipation isaftmctionof'i’.;(umx). 6A, end Ta. The maximum affowable power dissipation at any aftowable
arnbieattempetahmisPD=frJ(mx)—TA)feJA.Operaﬁngatﬁ\eabsommmofwwc::anmdmﬁabm
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX| UNIT
Voo Supply voitage 45 5 55| V
Vi High-level input voltage (T1IN, T2IN) 2 v
ViL Low-level input voitage (T1IN, T2IN) 08| Vv
RN, RZIN __ Receiver input voliage 30| Vv
] MAX232 0 70
TA Operating free-air temperature " =20 a5 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDBITIONS MIN TYPE MAX| UNIT
Vce=55V,  Alioutputs open,
IcC  Supply current Ta=25°C 8 10§ mA

3 Al typical values are at Vge = 5V end Tp = 25°C.
NOTE4: Testconditions are C1-C4 = 1uF atVec 25V 05V,

‘!? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



1AX232, MAX232|
JUAL EIA-232 DRIVERS/RECEIVERS

DRIVER SECTION

lectrical characteristics over recommended ranges of supply voltage and operating free-air
smperature range (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX]| UNIT
VOoH  High-level cutput voltage T10UT, T20UT |[R; =3k to GND 5 7 v
VoL Lowlevel output voltaget T10UT, T20UT |RL =3 kQto GND -7 -5 Vv
o Output resistance TIOUT, T20UT |Vg+=Vg-=0, Vg=12V 300 Q
log®  Short-circuit output current TI0UT, T20UT |Vec =55V, Vo=0 +10 mA
s  Short-circuit input current T1N, T2IN vi=0 200] pA

All typicat values are at VoG = 5V, Tp = 25°C.

The algebraic convention,
levels only.

Not more than one output should be shorted at a tme.
OTE 4: TestwndiﬁOnsareC1-C4=1pFatvcc=5Vto.5V.

witching characteristics, Vge = 5 V, T = 25°C (see Note 4)

hwhidt&:elaast-msiﬁve(nmmegaﬁve)vafueisdesimwmm,isusedhhisrhtasheetforlogicvchge

PARAMETER

TESTCONDITIONS | MIN TYP wmAX| uNIT
. o RL=3kQto 7k,
R Driver slew rate See Figure 2 30] vus
SR(t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s
OTE4: Test conditions are C1-C4 = 1 pFatvoc=5V05V.
RECEIVER SECTION
lectrical characteristics over recommended ranges of supply voitage and operating free-air
imperature range (see Note 4)
PARAMETER TEST CONDITIONS MIN TYPT max| uniT
‘o Migh-level cutput voitage R1OUT, R20UT [igy=-1mA 35 v
'OL  Low-lavel output voltaget R10UT, R20UT [t =32mA 04 v
T+ Mlteeeivav;smiﬁvwo*ng Input R1IN, R2IN Voo =5V, Ta=25°C 17 24| v
- mw Mt R1IN, R2IN Ve =5V, Ta=25°C 08 12 v
hys _lnput hysteresis voitage R1IN, R2IN Voc =5V 02 05 1] Vv
Recsiver input resistance R1IN, R2IN Vee =5, TA=25°C 3 5 7| ka

\ typical values are at Voo = 5V, To = 25°C.
hembraiceomecﬁon.mmmeMposiﬁve(mtnegaﬁva)valueisdes@atednﬁmm,iswedhmisdamsheetbrlogicvouage
jvels only.

WTE4: Test conditions are C1-C4 = 1 WFatVooc=5vVi05V.

vitching characteristics, Vog =5V, Ta = 25°C (see Note 4 and Figure 1)
PARAMETER

TYP | UNIT
LH(R) Receiver propagation delay time, low- to high-love! output 500] ns
HL(R) Receiver propagation delay time, high- to fow-level output 500 ns

'TE4: Test conditions are C1-C4 =1 uFat Voo = 5V+05V.

M
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MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

____SLLS047L - FEBRUARY 1989 ~ REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Pulse
Generator
(sea Note A}
~ Cp =50pF -
{see Note B)
TEST CIRCUIT

<10ns - :1— ~—» le—<tons

I -1/
WAVEFORMS
NOTES: A. mmmmmMgmmmzocsoammsm.
B. Cp includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpHi and tpy Measurements
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AAX232, MAX232]
JUAL EiA-232 DRIVERS/RECEIVERS

iLLS0471 - FEBRUARY 1889 ~ REVISED MARCH2004

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT
Generator ElA-232 Cutput
{see Note A)
I Cp=10pF

(see Note B)
TEST CIRCUIT
s10ns—bi le— — :«-—swns
' l90% 90% kT———————— 3V
Input |
10% |50% 50% ' 10% ov
:..m_. Sus —p)
ton —te» R teu
hoo% jzrm—"ou
Output Ruo% 10% A
| | +—-—————— VoL
ttL > e ‘“" 4 tnH
_ 08(Vgu-Voy) o 08 (Vo - Vo)
L) L
WAVEFORMS

NOTES: A. Thepulsegenem:orlmsﬂ\efoﬁcmngchametenshcsZo =50 0, duty cydle < 50%.
B. Cy includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpyy, and tpLy Measurements (5-us Input)

Pulse
(gﬁm E1A-232 Cutput
3ikQ I C|_==2.5nF
Tes'rctﬂcurr
<tons —»| le— —pl :-vaswns
[
nput | Koo
10% 15V 15v 10%
e 20
Tt ~ r_‘“-"
|
Output RN !f 3V Vou
Y e VoL
6V
SR =
YL O

WAVEFORMS
IOTE A mmmmmmmmmmzzoﬁsoqmmsm.

Figure 3. Test Circuit and Waveforms for triL and ty 4 Measurements (20-us Input)
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MAX232, MAX2321

DUAL EIA-232 DRIVERS/RECEIVERS

APPLICATION INFORMATION

__SLLS047L ~ FEBRUARY 1389 ~ REVISED MARCH 2004

5V
sl
cBYPA88=1FFT
16
= 1} 1
. Vce . GET 1w
C1+ —> 8.5V
c1fD 1],[F 3 Vs... » 0.
4 o Vi Ll > -85V
_ ‘ >
2R 1uF 5 | o2 s mi,up
. T

1% £1a232 Output

10 > S 7 E1a232 Output
12
+—= I <2 mazszmput
To CMOS or TTL o R
«— oV I <" FA232nput
15
GND

1C3 can be connected to Vo or GND.
NOTES: A. Resistor values shown are nontinal,
B. Nonpolarizedcamccepaoﬂorsareaweptable.tfpolaﬁzedtantalum

or electrolytic capacitors are used, they should be

connected as shown. in addition to the 1-uF capacitors shown, the MAX202 can operate with 0.1-nF capacitors.
Figure 4. Typical Operating Circuit
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% . PACKAGE OPTION ADDENDUM
ariEkrs -

Orderable Davice Status @ Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp © |
Qty

Type Drawing
MAX232INE4 ACTIVE PDIP N 16 25 Pb-Flec)) CUNIPDAU N/ A for Pkg Type
MAX232N ACTIVE PDIP N 16 25 Pg)(:%fc;; CUNIPDAU N/ A for Pkg Type
MAX232NE4 ACTIVE PDIP N 16 25 :’;;g&)) CUNIPDAU  N/A for Pkg Typs
MAX232NSR ACTIVE SO NS 16 2000 Gle.fn s(z(;ls & CUNIPDAU Level-1-260C-UNLIM
MAX232NSRE4 ACTIVE S0 NS 1% 2000 Gl;;}i qu%tﬂ:s & CUNIPDAU Levek1-260C-UNLIM
MAX232NSRG4 ACTIVE SO NS 16 2000 Gte:: S(Eg:)s & CUNIPDAU Level-1-280C-UNLIM

marketing
ACTIVE: Product device recomimended for now designs.
LIFEBUY: Ti has announced that the device will be discontinued, and a Hifatimebuy period is in effect.
m&mmmmmwmmmmwmm.mnmmmmmmm
anew .
mmmmmmsmmmmmymmmmmm.
OBSOLETE: Tl has discontinued the production of the device.

mmm-mwmmy*- ity classification: Pd-Free (RoHS), Pb-Free ROHS Exept), or Green (RoHS & no Sbibyr) - pleass check
hitp:/iwww.ti.com/productcontent for tha tatest avallability hformsaﬁon and addﬁiocél product m&n datalls. !
T8D: The Pb-Free/Green conversion pian has not been defined.

MM&MWHWW‘&MPmeo(RoHSoompaﬁbteLaMﬁmomemﬁw(Br)aMMhmy(Sb)bmdﬂam
mm(mw%mmmo.mwmmm hamogensous material)

“’MSL,Peakrm.-mmmmsmmum-aﬁmwmwmusoscmmmmandpeaksower

WMMWMMWmMmWWsWaMW%MMMMR$
mnwmmwmmmwwmmmuwmsmmhﬂmmmmmmm
maMMmemwmmmmmnmmmmmmmmm
wmmmmammmmmmmmmmmmlmm
mmwmnwnmmmmmwmmmmmmmmm

mmmmmmmmwmmmmwm ofthe T 5) at Issue In this document sold by TI
to Customer on an annual basts, price panie) i

Addendum-Page 2



PACKAGE MATERIALS INFORMATION

TEXAS
INSTRUMENTS
vevew ti.com 19-Mar-2008
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
3 F-Ko Pt
' R , T
® 3 ol so W
Reel h ¢ . y
Diameter
Cavity / ->| AD L—
AD | Dimension designed to accommodale the component width
| BO | Dimension designed to accommodate the component len
KO | Dimension designed to accommodate the component thickness|
v W | Overall width of the carrier tape
4 P1 | Piich between successive cavily centers
|
-{Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O0O0O0DO00O0O0 Sprocket Holes
User Direction of Feed
*AR dimensions are nominal
Dovice Package|Package|Pins| sPQ ' Reel | Reet | AO(mm) | Bo(mm) | Komm) | Pt | w | Pint
Type |Drawing Width {mm) | {mm) |Quadrant
{mm) {mm)}
MAX232DR SOIC D 16 | 2500 | 3300 164 65 10.3 21 80 | 16.0 Qi
MAX232DR $OIC D 16 2500 330.0 16.4 6.5 10.3 21 80 | 160 Q1
MAX2320WR SOIC ow 16 | 2000 | 3300 164 10.75 107 27 120 | 160 Qi
MAX232IDR SOIC D 16 | 2500 | 3300 184 8.5 10.3 2.1 80 | 160 Q1
MAX23ZIDWR SOIC DW 16 | 2000 | 3300 164 10.75 10.7 2.7 120 | 160 [#}]
MAX232NSR SO NS 16 | 2000 3300 164 82 105 25 120 | 160 Qi

Pack Materials-Page 1




PACKAGE MATERIALS INFORMATION
W TEXAS
INSTRUMENTS

wre ti.com 19-Mar-2008

TAPE AND REEL BOX DIMENSIONS

Device Package Type |Package Drawing| Pins SPQ | Length {mm) | Width (mm) | Height (mm)
MAX232DR SOIC D 16 2500 346.0 346.0 33.0
MAX232DR SOIC D 16 2500 333.2 345.9 28.6

MAX232DWR SOIC DW 16 2000 346.0 346.0 33.0
MAX232IDR S0iC D 16 2500 333.2 345.9 286
MAX232IDWR SOIC ow 16 2000 346.0 346.0 33.0
MAX232NSR 8O NS 18 2000 348.0 346.0 33.0

Pack Materials-Page 2



NS (R-PDSO-G™)
14-PINS SHOWN

MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

HHHHHHA

S

- XK
I 0,15 NOM
5, 7,40

' \
O Jv Gage Plane [/ §
boddHHHH o
1 7 05
A 0.55
015
T A ! 0.5 / ) 1
Seating Plane J—L [1
JL_L—U—U—U—U_U_U_.U_I
L. 2,00 MAX ! Shiol N~
PINS *+
DIM 14 16 20 24
A MAX 10,50 10,50 12,90 15,30
A MiN 9,90 9,90 12,30 14,70
4040062/C 03/03
NOTES: A, Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

‘bm




MECHANICAL DATA

D (R-PDSO-G16)

PLASTIC SMALL-OUTLINE PACKAGE

0.394 (10,00)
0.386 {9,80)

N

& 9
HHHH

|

0.157 {4,00)
0.150 (3.80)

|

NN

SO N NN NSNY

R

0o H o

T

0.244 (6,20)
0.228 (5,80)

A

/ J 2

Pin 1~

index Area LV_J_ 0.050 (1.27) | g%?_g_%g:_;
{4]0.010 (0,25) @)

|

I

Ll

gy
_T_ 2.010 (0,25)

0.004 (¢,10)

0.069 (1,75) Max

0.010 {0,25)
0.005 (0,13)1 p

\ N

-

i1 rlc&]oo0d (010)]
Gouge Plane v .
? Seating Plane
0.010 (0.25) s
0.050 (1,27)
0.016 (0,40)

NOTES: A All linear dimensions are in inches (milimeters).
B. This drawing is subject to change without notice.
Body length does not include mold flash,

4040047-5/J 09/a9

protrusions, or gote burrs. Mold flash, protrusions, or gate burrs shall

not exceed .006 (0,15) per end.
A\ Body width does not include interlead fiash. Interlead flosh shall not exceed .017 (0.43) per side.
E. Reference JEDEC MS-012 varigtion AC,
!‘V‘ﬁsx.qs
NSTRUMENTS



LAND PATTERN

D(R—PDSO-G16)

Example Boord Layout
{Note C)

()
3
3

i Non Solder Mask Define Pad

o

\~Solder Mask Opening
I -’//\ (Note E)
1.55 \l

1 | —Pad Ceometry
/ (Note €)

*e 007 /
Ul

Slm&ﬂogpmmmgs
-» 055 rt?.']
annnnnn
iy ugouod
5.40
Aannaononn
ERIRINIREIREREEE

4209373/A  03/08

NOTES:

en >

m

Al linear dimensions ere in miflimeters.
This drawing is subject to change without notice.
Refer to IPC7351 for altemate board design.

Laser cutling apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencl design recommendations. Refer to IPC-7525

Customers should contact their board fabrication site for solder mask tolerances between and around signa! pads.
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MECHANICAL DATA

DW (R—PDSO—G1 6) PLASTIC SMALL—-OUTLINE PACKAGE
L 0.413 (10,50)
N 0.398 (10,10)
16 9
N\ s15.009
0.299 (7.60)
0.291 {7.40)
SSS

[AUTEEEAT,

R 1 AP JU |\

! 0.012 (0,30 S
L 0.104 (2,65) Max (0.30)

0.004 (0,10)

0.013 (0,33)
0.008 (0,20)1

t [S]0.004 (6,10)]

Gauge Plane —L ~

\_/ f Seating Plane
\

(1

0.010 (0,25)

0.050 (1,27)
0.016 (0,40)

4040000-2/F 06,2004

NOTES: A Al linear dimensions are in inches (milimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D. Falls within JEDEC MS~013 voriation AA.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN-LINE PACKAGE
16 PINS SHOWN

A - PINS * 14 16 18 20
6 ° 0775 | 0775 | 0920 | 1.060
S WA WA W e s F e W e Wt A MAX 1 (969) | (19,69) | (23.37) | (26.92)
0745 | 0.745 | 0850 | 0.940
D g_{_)ﬁgig 2:?3) A MN -1 (18,92) | (18.92) | (21.59) | (23.88)
iy g i mpm i g g A M A ] e | oac | om

0.070 (178
0.045 %w& A
0.045 (1,14 0.325 {8.26
—»] . 3
l‘*m@—&rm)) A 0.020 (0,51) MIN — Wo—%is—z; —
i 3 r—j 0.015 (0,38

0.200 (5,08) MAX

1 ‘ Gaouge Plgne
+ Y l Seoting Plane ] t

N
B S

T
|
[

0.125 (3,18) MiIN —»ll«—0.010 (0,25) NOM

—DI 0.430 (10.92) MAX L—

0.021 {0,53
M qot5 %o.ss‘% .
(¢ ]o.010 (0.25)@] /

[} 1
\ 7
14/18 Pin Only
U S 20 Pin vendor option A\

4040049/ 12/2002

NOTES: A All linear dimensions are in inches {millimeters).
B. This drawing is subject to change without notice.

Falts within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
A\ The 20 pin end tead shaulder width is a vendor option, either half or ful width.
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IMPORTANT NOTICE

Texas Instruments | ted and its subsidiaries (T1) reserve the right to make comections, modifications, enhancements, improvements,
wmmangastmdum and gervices at any time and to discontinue any product or service without notice. Customers should
oblain the latest relevant information before placing orders and shoukd verify that such information is current and complate. All products are
sold subject to TU's terms and conditions of sale supplied at the time of order acknowledgment.

T1 waivants performance : specifications applicable at the time of sale in accordance with TI's standard
watranty. Testing and other ity control techniques are used to the axtent T1 deems nocessary t support this warranty. Except whare
mandated by govemment requirements, tssting of all parameters of each product is not necessarily performed.
nmmmwmmmmmmmmwwmmm
Wmnmrommmmmmmmmmmmm
adequate design and operating sefeguards.
ﬂdoasmtwmttormpmmmaanymemwemmssmhwbd.lsgmnsdundusnyﬂpawudghtmpwmmmm
amnwmmmmaﬂymmm,ummmnm«mmm.lm
mwnmwmummmmammnmmmmmamaa
Mumw.mdemmaWMaWMWMMWmmM
mﬁmmm.wammnummmwmmman

Wunmmnmmummamwuwmgwmmwsww
wwwmmmmnwmawmdmkimmmmmmwmm
mbmmmﬂ&wwmmmmawm.lnformaﬁonofﬂn&dpmﬁegmbesubjecttoam

Rm«:ﬁlwo&mwwﬁm%mmm&%mhmwwmmmmms&wdbyﬁwmm«mm%au
Wmmywmmwmmnmwmwammwmmsmpm.ngm

Tlmeauﬁmimdhfmmmﬁmlappﬁmﬁms(masEfesuppoﬂ)whemafa&mofﬁseTlptodudwmﬁdreasonaﬂy
wwmmmmmum.WMdmmmewmm
m.mmmwmmmwmmmmmmmmdmmm
Mwmmmmmmmm@mwwmmmmmm

ol W%Mwmhm&wymyuh
provided . Further, Buyers must indemnify representatives against any damages arising use products
such safoty-critical applications.

RMWWWWMWWMMWWMWWMMWWMM
A vy > e ducts designated by T) s mit , ¢ kit
MWWMWMMdﬂmMﬂmmWamwme
uwauyersru(.mmmmmwmmmmmmmwmmqmmmmmmmmum
ﬂMmWWMMWmhamWUMWMMHMM
WW“&M%WSW&BWMWMWWMHMMWMMM
mmmmmm.nwwwmbmwhﬁmhmmmm

Mm%MmliMmﬁoanTmlmmmwmwm:

Ampiifiors amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DLP® Products www.dlp.com Broadband www.ti.com/broadband
osp dsp.ti.com Digital Control www ti.com/digitalcontrol
Clocks and Timers www.ti.com/clocks Medical www ti.com/medical
interface interface.ti.com Miitary www ti.com/military
Loge logic.ti.com Optical Networking www.ti.com/opticalnetwork
Powar Mgmt power.ti.com Security www.ti.com/security
Microcontrotisrs microcontroller.ti.com Telaphony www.ti.com/telephony
RFD www ti-rfid.com Video & imaging www.ti.comivideo

‘RFAF and ZigBea® Solutions  www.ti.com/lprf Wireless www.ti.com/wireless

Maifing Address: Texas instruments, Post Office Box 655303, Datias, Texas 75265
Copyright © 2009, Texas Instruments incorporated



MAX3232
3-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
+ WITH +15-kV ESD PROTECTION

___SLLS410i - JANUARY 2000 — REVISED JANUARY 2004

RS-232 Bus-Pin ESD Protection Exceeds D, DB, DW, OR PW PACKAGE
115 kV Using Human-Body Model (HBM) (TOP VIEW)

® Meets or Exceeds the Requirements of ci+M4 I Vee
TIAJEIA-232-F and ITU v.28 Standards vs 2 ] GND
® Operates With 3-V to 5.5-V V¢ Supply c1-[l3 ] DOUT1
® Operates Up To 250 kbit/s c2+[]a ] RIN1
® Two Drivers and Two Receivers c2-[lis ] ROUT1
® Low Supply Current . . . 300 pA Typical ~ V-je ] DIN1
pout2[}7 ] DIN2
@ External Capacitors ... 4x 0.1 uF rinz [ 1 ROUT2
® Accepts 5-V Logic Input With 3.3-V Supply
® Alternative High-Speed Pin-Compatible
Device (1 Mbit/s)
- SNx5C3232
® Applications

~ Battery-Powered Systems, PDAs,
Notebooks, Laptops, Palmtop PCs, and
Hand-Held Equipment

description/ordering information

ORDERING INFORMATION

Ta PACKAGET PART NUMBER IARKING
Tube of40 | MAX3232CD
SOIC (D) et 51250 Wroczsacon MAX3232C
Tubeof 40 | MAX3232CDW
soic (ow)  [Resteiz000 | MAxazazG0WR MAX3232C
e 70°C Tuboof 80 | MAX3232CDB
SSOP (0B) Reel of 2000 MAX3232CDBR MA3232C
Tube of 80 | MAX3232CPW
TSSOP (PW) Reel of2000 | MAX3232CPWR MA3232C
Tubeof40 | MAX3232ID
SOIC (0) Reel 012500 | MAX3232IDR MAX32321
Tuboof40 | MAX3232IDW
SOIC (OW) Reclof2000 | MAX3Z32IDWR MAX32321
~irCo85°C Tube of80 | MAX3Z32ID8
SSoP (0B) Reel of 2000 | MAX3232IDBR MB32821
Tubo of90 | MAX3Z32IPW
TSSOP (PW) Reel of 2000 | MAX3Z32IPWR MB32321

1 Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidslines are
available at www.ti.comvsc/package.

Please be aware that an Important notice conceming availability, standard warranty, and use in critical applications of
Texas rmmammmmdemmMamammmmofmsMsm

PRODUCTION DATA information (s current 88 of date.

Copyright © 2004, Texas Instruments tncorporated
Products conform to specifications per the terme of bsiraments H
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



WAX3232
3-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
NITH +15-kV ESD PROTECTION

LLS4101 ~ JANUARY 2000 - REVISEDJANUARY 2004 ___
lescription/ordering information (continued)

The MAX3232 device consists of two line drivers, two line receivers, and a dual charge-pump circuit with
+15-kV ESD protection pin to pin (serial-port connection pins, including GND). The device meets the
requirements of TIA/EIA-232-F and provides the electrical interface between an asynchronous communication
controller and the serial-port connector. The charge pump and four small external capacitors allow operation
from a single 3-V to 5.5-V supply. The devices operate at data signaling rates up to 250 kbit/s and a maximum
of 30-V/us driver output stew rate.
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MAX3232
3-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

___SLLS410 ~ JANUARY 2000 — REVISED JANUARY 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vgg (See Note 1) . .....ooioiiiiniiiii it -0.3Vto6V
Positive output supply voltage range, V+ (seeNote 1) .............coviiiiiiiiiiiiinan, ~-03Vto7V
Negative output supply voltage range, V-(seeNote 1) ........... ... .ol 03Vto-7V
Supply voltage difference, V+ —V-(seeNote 1) ......... ..ot 13V
Input voltage range, Vi DIIVEIS . ... .oitiiiiiiiiiiiii it iicirataieracaatsosann -03Vto6V
RECBIVEIS ... ..vitnrraritanionieaaaaaaatanasrneatassonaenss -25Vto 25V

Output voltage range, Voy: DIivers ...t -13.2Vto 132V
ReceiVErS ...ttt et -03VtoVge +03V

Package thermal impedance, 65 (see Notes2and 3): Dpackage ............c.c.cooveinnent. 73°CIW
DBpackage .......c.ccevverencrancianns 82°C/W

DWopackage ..........ccceciveviieannn, 57°CIW

PWpackage ......cocveevviieennnnnns 108°C/W

Operating virtual junction temperature, Ty .....cooiiiiiiiiiiiiiiiii ittt iiiiiasaeaens 160°C
Storage temperature range, Tgtg .-« . cvvveverrtinniii i —65°C to 150°C

1 Stresses beyond those listed under "absolute maximusmn ratings” may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other conditions bayond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device refiability.

NOTES: 1. Al voltages are with respect to network GND.

2. Maximum power dissipation is a function of T j{max), 0 ja, and Ta. The maximum allowabile power dissipation at any aftowable
ambient temperature is Pp = (T j(max) — TAVOA. Operating at the absolute maximum T of 150°C can affect reliability.
3. The package thenmal impedancs is calcutated in accordance with JESD 51-7.

recommended operating conditions (see Note 4 and Figure 4)

MIN NOM WAX| UNIT
Voe =33V 3 33 36
Supply voftage Voo =5V 26 6 65| Y
N . . Vce=33V_ 2
Vi4  Driver high-evel input voltage DIN VE;E=5V 24
Vi Driver low-level input voltage DIN 08| Vv
| Driver input voltage | DIN 0 55
Vi [Receiver input voitage -25 71 I
. _ MAX3232C 0 o] .
TA  Operating free-air temperature — =1

NOTE 4: Test conditions are C1~C4 = 0.1 uF at Voo = 3.3V 0.3 V; C1 = 0.047 pF, C2-C4 =033 pF at Voo =5V 05V,

electrical characteristics over recommended ranges of supply voitage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPE max| uwnit
ICC  Supply current Noload, Vgg=33Vor5V 0.3 1] mA

$ Al typical vatues are at Vg = 3.3V or VGG = 5V, and Tp = 25°C.
NOTE4: Test conditions are C1-C4 = 0.1 iF at Vg = 3.3V £0.3 V; G1 = 0.047 uF, C2-C4 = 0.33 uF at VG =5 V0.5 V.
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1AX3232

-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
VITH +15-kV ESD PROTECTIO|

DRIVER SECTION

lectrical characteristics over recommended ranges of supply voltage and operating free-air
emperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPT max | unir
Vol  High-level output witage DOUT at Ry = 3 k2 to GND, DIN = GND 5 54 v
VoL Low-evel output voltage DOUT at R =3 kQ2to GND, DIN =Vce =5 =54 v
M High-level input current Vi=Veo 10.01 #| pA
I Lowlevelinputowrent  JVjatGND 1 - 10.01 | pA
lost  Shortcircuit cutput curvent Ve =36V, Yo=0V 35 60| mA

Voo =55V, Vo=0V

fo  Oulput resistance VCe. V+. and V- =0V, V=42V 300 10M Q

All typical values are at Voo = 3.3 Vor Voo =5 V, and Ta = 25°C.
Stmammdumﬁmssmwmmokdmmmtexwedmgmodmabwmmmmntaﬁng&andnotmmanoneoutput
should be shorted at a ime.

OTE4: Test conditions are C1-C4 = 0.1 pF at Vog = 3.3V £0.3V; C1 = 0.047 pF, C2-C4 = 0.33 uF at Voo = 5 V£ 05 V.

witching characteristics over recommended ranges of supply voltage and operating free-air
amperature (unless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPT max] umT
Ci_ = 1000 pF, R =3k,
Maximum data rate Ore DOUT switching, See Fiaure 1 150 250 kbit/s
= =3 k2 to 7 kQ,
tekip) Puise skewS Cy = 150 pF to 2500 pF g;m 2 300 ns
SR Slew rate, transition region RL=3kQto 7k, | Ci. = 150 pF to 1000 pf 6 30 Vis
(see Figure 1) Veec =33V Cy = 150 pF to 2500 pF 4 30

All typical values are at Vee = 3.3 Vor Vog = 5V, and Ty = 25°C.
Pulse skew is defined as itpH — tpHL] of 6ach channel of the same device.
OTE4: Test conditions are C1-C4 = 0.1 uF at Vo = 3.3 V£ 0.3 V; C1 = 0.047 pF, C2-C4 =033 uFatVec=5v05V.
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MAX3232

3-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

___SLLS4101 - JANUARY 2000 - REVISED JANUARY 2004

RECEIVER SECTION
electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (uniless otherwise noted) (see Note 4 and Figure 4)

PARAMETER TEST CONDITIONS MIN Tvet  max| unm
VoH  High-level cutput voltage loH=-1mA Vee-06V Vo0V v
VoL Low-level output voltage loL=16mA 04 v
L VoG =33V 15 24

ViTs  Posilive-going input threshold voltage Voo =5V 18 2a] Y
. Voo =33V 06 12

ViT- Negafive-going input threshold valtage Voo =5V 0.8 15 v
.._V.L'Ys input hysteresis (ViT+ - ViT-) 03

0 Input resistance Vi=13Vio 225V 3 5 7] xa

T Al typical values are at VG = 3.3V or VGG = 5V, and Tp = 25°C.
NOTE4: Test conditions are C1-C4 = 0.1 uF at Voe = 3.3 V£ 0.3 V; C1 = 0.047 uF, C2-C4 = 0.33 F at Ve = 5V 05 V.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 4 and Figure 3)

PARAMETER TEST CONDITIONS MIN TYPt  max| unt
tpLi  Propagation delay time, low- to high-tevel output 300 ns
tpHL _ Propagation delay tme, high- to fow-level output Cu=150pF 300 p
skp) Pulse skew} 300 ns

1 Al typical values am at Vog = 3.3V or Vo = 5V, and Ta = 25°C.
T Pulse skew is defined as [tpy44 - tpp| of each channel of the same device.
NOTE 4: Test conditions are C1-C4 = 0.1 uF at Vo = 3.3 V£ 0.3 V; C1 = 0.047 uF, C2-C4 = 0.33 uF atVoc=5V0SV.

PARAMETER MEASUREMENT INFORMATION

mput Loy Nadsv 3v
RS-232 15V 15V ov
Generator Cutput
(seelotoB)| 2 500 cL tri. e — e~y
Ry (se0 Noto A) I I
I Svk ! | v — Vou
= = = -3V 3V va

TEST CIRCUIT VOLTAGE WAVEFORMS

- 8V
SRt bTHL O bk

NOTES: A. C; includes probe and jig capacitance.
8. ThepubegenemhasmeﬁolengehamdedeRRazsokas.ZoaSon.so%dutycyde.trs10ns.tfs10ns

Figure 1. Driver Slew Rate
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1AX3232
-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
VITH +15-kV ESD PROTECTION

LLS4101 - JANUARY 2000 - REVISED JANUARY 2004

PARAMETER MEASUREMENT INFORMATION

—————— 3v
RS-232 tnput 1.5v 15V
Ganerator s00 | | ov
{see Note B) L tpHE—14—> [—— tpy
Ry (see Note A) | l
{ ] Vo
- - o X fo
-7 ———VouL
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cy includes probe and jig capacitance.
B. The pulse generator has the following characteristics: PRR = 250 kbit's, Zg = 50 0, 50% duty cydle, t < 10 ns, t< 10 ns.

Figure 2. Driver Pulse Skew

et e — 3v
§ 15V 1.5V
sororstor | Output ] v
500 |
{see Noto B) cL tpHL—ie—>) >t tory
(see Note A) | |
Vou
Cutput 50% 50%
= = ———— VoL
TEST CIRCUIT VOLYTAGE WAVEFORMS

{OTES: A. C includes probe and jig capacitance.
B. Themﬁsegenetamrhasmefd!wngdxaramﬁsﬁestzo=soaso%dutycycte.t,smns.tfs‘IOns.

Figure 3. Receiver Propagation Delay Times
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MAX3232

3-V TO 5.5-V MULTICHANNEL RS-232 LINE DRIVER/RECEIVER
WITH +15-kV ESD PROTECTION

APPLICATION INFORMATION

16

Vee
_L* CBYPASS

= =0.4yF
15 {

1
*+ 2
CIT= ge[ W

GND
c3 -
- 14
P DOUT4
nd PO 13 RIN1
S ica- L
2 routt
r:“‘s v- 1
ca= DIN1
T
pourz ——7 o<} 0 ome
RiNz —— @C L
5k0

T C3 can be connected to Vg or GND.
NOTES: A. Resistor values shown are nominal.
B. Nonpolarized ceramic capacitors are acceptable. If polarized tantalum or electrolytic capacitors are used, they should be

connected as shown.
Vg ve CAPACITOR VALUES
Vee (] C2,C3,C4 _
33vi03vV 0.1 puF 0.1 uF
S5vViosVv 0.047 pF 033 uF
3vtess5v | odpF 0.47 uF

Figure 4. Typlcal Operating Circuit and Capacitor Values

M

TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

s



I eBed-wnpueppy

(1asqs ou

WIINN-0092-1-2A07 NVOAINND BSHOM)usalp 08 gl 8a doss  3ALOV 3RAREZEXYIN
MNN-0092-1-8A97  NVAdIN NO wmﬁm@m .M.o@ 08 9 aQ dOSS  3INILOV BAIZETEXVN
WIINN-D09Z-L43A8T  NYOdIN N umc%n@m .He@ or 9 qa 2108 AUV QIZEZEXVN
WITNN-0082-1-49A07  IVAdIN NO wmc:mo@mh.g 000z 9 Md dOSSL  3AUDY YOUMJOZETEXYWN
WIINA-D09Z-L@A97  QVAdINND amﬁm_.zuw .Mw.@ 0007 9 Md 0SSL  3ALIY PRAMIOCETEXYIN
WITNN-0092-148407  AVQdIN ND w%ﬁ@m .m.eo 0002 9t Md dOSSL  3AUIY HMAOZEZEXVIN
WIINN-O002-1-19A971  NVAdINND awcmmzw _.M_.a.@ % 9 Md dOSSL  3ALVY YOMIOZEZEXVIN
WIINA-0092-1808T  NIVAIN ND wmﬂw@m_ﬂaw 05 9t Md dOSSL NLOV YIMAOIZTETEXVIN
WIINN-O092-149497  NYAIN ND w%:..m.ﬂ% .Mrw 06 9 Md dOSSL 3NV MdOZEZEXVW
WIINN-0092-1-18A87  NVYAIN ND w%ﬁ@m .M.ew 000z 9l ma oS IOV YOUMAOZEZEXVN
WIINN-O092-1-48A07  NYQJIN 1D ewﬁ@mﬁ@ 0002 9L Ma 0S IANLOV UMQOZEZEXVN
WITNM-009Z-1-848T  NVAIN ND wm.c.msuwm.m.eo o 9l ma I10S AL YOMAOZEZEXVIN
WIINN-O09Z-148497  NVAdIN N w%%@wcﬂee o0 9l Ma 0S BALLDY MAOZETEXY
WINN-D08Z-143A97  NVOHIN N9 a%w.%ﬂeo 00SZ 9l a oi0s ALY YOUADZECEXVIN
WIINM-O09Z-148A7  NYQIN ND wwe_._w@m ...H.é 005¢ 9 (] o8 3IALDY YIRIQOZEZEXYN
WIINN-D092-L48A87  NVAdIN ND w%ﬁ@w .M.Ee 005z 9L a oios IALLIY UADZETEXVIN
WNINA-O09Z-L48497  NVQIN ND am:ﬁn@wcﬂaé o 9l a olos 3NV YOQIZETEXYWN
WINMFO09Z-1-MeT  IVQdIN ND wmﬂﬁwm .M_eo o 9 q Ji08 INLY $3A0ZEZEXVYN
WITNN-009Z-149A87  (IVQdIN (19 umcm%:ﬁ@ 000z 9t aq d0SS 3LV YOUBAOTCTEXVAN
WIINN-D09Z-149497  NVGHINND wmﬁw@w .Mw@ 0002 9 gq dOSS  IALY YIUBQIZTETEXVN
NINMFO08Z-148A9T  NVYQdINND wm_c._wz% .Mw@ 000Z 9t 80 dOSS  3IAUOV HBADZTETEXVYIN
WIINN-D09Z-1-2A91  WWAdIN ND a%_wxnmmhsg 08 9 €a dOSS 3LV $98Q0ZETEXVN
WINM-0082-1-0A87  IVAdINND dwcxwz%neo 08 9L :¢] dOSS IOV +2EAOTETEXVIN
WIINN=0092-18A97  NVQdIN D em%@m .M.ee 0 9 €a d0SS  3JAUlIV 80OZEZEXVW
WIINN-0092-1-8A87  NYQdIN ND w%_ﬁ@w .M.Qo or 9 a o108 INLOVY QOZSTEXYIN
Ao Buwmesg  odAL
L.musa:ae._..ms usiuld lBgpes] ) UBld 003 afimyond suld oBmyond 2Bmyoey () SIS ansaq sqesopI0

NOLLVIWUOANI ONIDWYMOVd

600z-Gmy-p1 WOT T AWM

SINIWNUISN]
WNAN3AAV NOILJO FOVMOVd sval g



T efed-wnpueppy

“SHEIRD WNU0D 1ONpO (RUCRIDRE PUL UOREUMI] ALIGRITEAR 15818} 81 10} JUBIUCOIONPOIdWoo™ ) MM duY

¥R o580 - (4GRS 0 B SHOY) LD J0 ‘(1NN SHOY) 92-Qd (SHOU) 99i3-Gd UOREITSRR APUALY-009 PAUVEK QUL - UBld 09T ¢
*GIAeD a4l §o uvonanpard 8y PANURUCISP SBY 11 FLTIOSEO
§3§»§3§§§§;5§a§§§5§33¢§%
u} yed siy Buisn PUBUILIODBS 10U SBOP |L NG ‘Siewaisno Bugisie Roddns G} UORINPOI U) S] 81AGQ "SUBISED AU JO} POPUSUALIOOR] 1ON NN
T840 Ui S ponad ANG-owsial © PUR PAnURUCISID OQ HM SIAGD 81 1By DROUNOUUE SeY |1 ANGIIN
"SUGISEN MOY 10} PRRUIL0AS SUAOP JONPO STALLY'
*8M0}j0) 2 PAUYSp are semeA sEs Bunamw ay) ()
ugmsou
WINMFO092-1-8087  NVAdINAD B SHoN) usalD 0002 Md d0OSSL  3AULOV POUMIZETEXVR
(rangs ou
WIINAFO092-148A07  NVAINND 9 SHOY) WoarD 0002 Md d0SSL INLDY VIUMIIZEZEXVIN
(4grqs ou
INIINM-008Z-1-18A87  NYALINND B SHOM)usaiD 0002 Md dOSSL  3IAUOY HMIZEZEXYN
(«grag ou
WITNMFO092-10087  NVAdINND B SHOM)ue 06 Md dOSSL  3AULIV YOMIZEZEXVIN
(1g/q8 ou
TINM-D08Z-1-48A97T NVAHINND B SHON)usaln 06 Md 0SSL  3IALOY FIMIZETEXVN
(1gras ou
WINNFO00Z-1-19A9T NYOdINND B SHOY)usmD 06 Md d0SSL  3AWL MdIZEZEXYN
{:ggs ou
MINM-D0SZ-L43M9T NVAHINND '3 SHoM) usaip 0002 Mma 0S IALDY POUMAIZEZEXVIN
{(sgrqs ou
WIANAFO09Z-L-49A81  NVAdINND R SHOW) vauD 00T Ma 10! NLOY PRIMOIZEZEXVIN
{18/98 ou )
WIINN-D09Z-142A57 MIVOdINND B SHOM) usal  000Z Ma olos 3ALOVY UMARZEZEXVI
(1gqg cu
WINN-O09Z-148487 AVAJINND P SH)USID O Ma 10S JALLY POMQITEZEXYN
{(1arq5 ou
WINN-O09Z2-1-R497  NVQdINND SHOM) weue  of Mma oS ALY TIMQIZEZEXVIN
(sa/qs ou
WINN-O09T-1-18A07  NVAdIN HOY) ueRlD  gp Ma oS 3ALOVY MAIZEZTEXYW
(»amg ou
WIINA-O092-118407  NVALIN ND SHOY) voD 0052 (¢] l08 IALY POUQIZEZEXVN
{18/q5 ou
WINNN-008Z-148497 AVAdINND 2 SHOM) voa1D 0052 a 0S IALOY YIUQIZEZEXYN
(e ou
WINME000Z-1+2497  NVOdINND ¥ SHOY) vou9  005¢ l0S IANILDY QICECEXVIN
(18)qs ou
FINMO09Z-1-toAa GdINND 2 SHON) usalD  Op 0S IAILOVY PYOUREZEXVIN
(sgag ou
MINN=0092- 1194077 AdINND @ SHOY)uemn O 10S ALY Y3QICETEXVN
(1gms ou
WIINM-O082-1-18A871 NVYAdINND 2 SHOM) sl 0002 91 |a 408S IALLOVY PONBAIZEZEXYN
(saxsou
N-009¢-L-jaae SHOY) usaID 0002 d0SSs 3ALLOY FUGAICETEXYN
(sa/qs ou
ATINN-0092-143A97  NVAdINNO 2 SHOM) usain 0002 [a 0SS IALLY HEOREZEXVA
(sgqs v
FINAD09Z-149487  NVAdIN SHod)uams 09 aa 0SS IALLDV ¥ORAIZEZEXWN
L) T Bupemig  odAgL
I@..Ea._.ﬁam..mz USIUL] HRGMEN  p WId 093 alopsg suld  elmpeq  eBeydad |, smS adlAaq JHQRIIPI0
600z-5ny-41 WOTAAm

SINTWUISN]
ANNAN3AQV NOLLJO 39VMOVd msm_.@



{;Tm\s PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 14-Aug-2009

TAD: The Pb-Free/Green convarsion plan has not been dafined.

Pb-Free (RoHS): TI's terms "Lead-Fres" or "Pb-Free” mean semicanductor praducts that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not excesd 0.1% by weight in hamogensous materisis. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in spacified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based fiip-chip solder bumps used between the die and
peckege, or 2) lead-besed die adhesive used between the die end Ileadframe. The component is otherwise considered Pb-Free (RoHS
campatible) as defined above.

Green (ROHS & no Sb/Br): T defines “Green" to mean Pb-Free (RoHS compatible), and freo of Bromine (Br) and Antimony (Sb) basad flame
retardants (Br or Sb do not excaed 0.1% by weight in hemogensous material)

mwsn..MTm.-mmmwmwmgmmeJmcmmmmsﬁmm,mmm
temperature.

mmmmmwmmmwmmmmmmuwmm
incoming materials and chemicats. Ti and Tl suppliers consider certain information to be propriotary, and thus CAS numbers and other limited
information may not be avaitable for release.

In no avent shall Ti's liabillty arising out of such Information axceed the total purchase piice of the T part(s) at issus in this document sotd by TH
to Customar on an annual basls,

OTHER QUALIFIED VERSIONS OF MAX3232:
« Enhanced Product: MAX3232-EP

NOTE: Qualified Version Definitions:
« Enhanced Product - Supporis Defense, Aerospace and Medical Applications

Addendum-Page 3
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@ Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 14-Aug-2009

TAPE AND REEL BOX DIMENSIONS

Device Package Type |Package Drawing] Ping SPQ | Length (mm) | Width (mm) | Height {mm)
MAX3232CDBR ssopP DB 16 2000 346.0 346.0 33.0
MAX3232COR SOIC D 16 2500 3332 3459 286
MAX3232CDWR SOIC DW 16 2000 346.0 346.0 33.0
MAX3232CPWR TSSOP PW 16 2000 346.0 346.0 26.0
MAX3232ID8R SSopP D8 16 2000 346.0 346.0 330
MAX3232iDR SOIC D 16 2500 333.2 345.9 286
MAX3232IDWR S0iC DW 18 2000 346.0 346.0 33.0
MAX3232iPWR TSSOP PW 16 2000 346.0 346.0 29.0

Pack Matedals~-Page 2



MECHANICAL DATA

MSSO002E - JANUARY 1985 - REVISED DECEMBER 2001

PLASTIC SMALL-OUTLINE

DB (R-PDSO-G**)
28 PINS SHOWN

ol I e
IARARRAARARRA T

o
BN
o

o l

SLLRELEREGEGL Y —

(Y
_ ¥4 Soating Plane }

0,05 MIN ) EXIR —

— 2,00 MAX

PINS **
DIM 14 16 20 24 28 30 38
A MAX 650 | 650 ( 7,50 | 850 | 10,50 | 1050 | 12,90
A MIN 590 | 590 | 680 | 790 9,80 | 980 | 1230

4040065 /E 12/01

NOTES: A All inear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. Falls within JEDEC MO-150
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MECHANICAL DATA

MTSS001C - JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G*)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

RAAAAAA

8

i

-

O
EELLELE

—— A ——p

IETuuuou.u.m

AY
Seating Plane ]
Em :

0,15
MAX i L
20 0,05
PINS **
DiM 8 14 16 20 24 28
A MAX 3,10 5,10 5,10 6,60 7.90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01197

NOTES: A. Alllinear dimensions are in miilimsters.
B. This drawing is subject (o change without notice,
C. Body dimensions do not include mold fiash or protrusion not to excoed 0,15.

D. Falls within JEDEC MO-153
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MECHANICAL DATA

D (R-PDSO--G16) PLASTIC SMALL—-OUTLINE PACKAGE
-~ 0.394 (10,00)
0386 (9,80)
P/
16 9
HHHHHHHEHA |
0.244 (6,20)
' ‘ 0.228 (5,80)
- - - 0157 (400)
\.\\\;\\\\ l

/‘H Al l:i JBEH
A A s

- F - / f‘_jl
i e 2 JU T N

T 0.010 (0,25) \\‘- -/
0.069 (1,75} Max Y TYRTRT

0.004 (0,10)

L
{1

[
I

0.010 (0,25)
0.005 (0,13} | P

r
H

0.004 (0,10)

Gauge Plane —L _——— =

? Seating Plane

0.050 {1,27)
0.016 (0,40)

4040047-5/4 09/09

NOTES: A, Al lineor dimensions are in inches {millimeters).
B. This drawing is subject to change without notice.

A Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusiens, or gate burrs shall
not exceed .006 {0.15) per end.
A Body width does not include interlead flash, Interlead flash shall not exceed .017 (0,43) per side,
E. Reference JEDEC MS-012 varigtion AC.
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LAND PATTERN

D(R—PDSO-C16)

Exemple Board Loyout

{Note C)
1
l l | |

27

o g

000
ERERERERNEN

/

o

3

5.40

N
=
4
-
-
-
-
-

S

.\_ﬂ/

{ Non Solder Mask Define Pad

/

{ P ’”*\\
/L d )

FO.E. \

N\

. —Solder Mask Opening
f //)\ (Note E)

LPad Geometry
(Note €)

| /

(i;
§s
\G
A

=

Sten&!ogpebn)ings
<055 e
aRaRaBanisly
SgipARERARERN I
S.FO
nnnonnn. |
AgIpERERARAR

4209373/A 03/08

NOTES:

Al linear dimensions ore in millimeters.
This drawing is subject. to change without notice.
Refer to IPC7351 for dlternate board design.

Laser cutling apertures with trapezcidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencH design recommendations. Refer to IPC-7525

Customers should contact their board fobrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

Dw (R—PDSO—G16) PLASTIC SMALL—OUTLINE PACKAGE
L 0.413 (10,50)
N 0.398 (10,10)
16 9
J 0.419 {10,63)
| 0333 (9.97)
0.299 (7,60)
0.291 {7.40)
[P
Eirdle: Areg 000 (1.27) ggfg 8'?3
: N\ \

T Wi L
_t 0.012 (0,30)

- 0.104 (2,65) Max 8.004 (0.10)

le

0.013 (0,33)
0.608 (0,20)1

{ Ve 1

t \ ) 0.004 (0,10)

Gouge Plane —4'— -§—\% -

T \ \_/ ? Seating Plane
-5 N

0.050 {1,27)
0.016 {0,40)

4040000-2/F 06/2004

NOTES: A. All linear dimensioas are in inches (milimeters).

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (C,15).
]

. Falls within JEBEC MS—013 varistion AA.
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IMPORTANT NOTICE

Texas Instruments Incorporatod and its subsidiaries (T1) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
cbinin the latest relevant information before placing orders and should verity that such information i3 cutrent and complete. All products are
sold subject to Tl's terms and conditions of sale supplied at the time of order acknowledgment.

T wasvants performance of its hardware products 1 the speciications applicable at the tme of sale in accordance with TI's standard
wartanty. Testing and other guaiity control techniques are used to the extent T1 deems necessary to Support this warranty. Excopt where
mandated by government requiromants, tasting of afl paramaters of each product is not necsssarily performad.

Tl assumes no kability for applications assistance or customer product design. Customers are responsible for their products and
awﬁmﬁorsmﬁgﬂmﬂmm&ﬂommmmwmmmmawﬁm customers should provide
adequate design and operating safeguards.

Tl doas not wasrant or represent that any ficense, either express or impliad, Is granted under any Tl patent right, copyright, mask work right,
ar other Tl intellectus! propetty right relating to any combination, machine, or process in which Tl products or services are used. Information
published by Ti regarding third-perty products or services does not constitute & license from Ti 1o use such products or services or s
warranly of endorsement thereof. Use of such information may require a license from a third party under the patents or other intollectual
property of the third party, or a license from T1 under the patenis or other inteliectual property of Ti.

WmannmmmmmSmwnmsmmam&mm
by ail associsted warranties, conditions, Emitations, and notices. Reproduction of this information with afteration is an unfair and
bustness practice. Tl is not responsidie of lisble for such altered documentation. information of third parties may be subject to edditional
restrictions,

Resale of Tl products ot setvices with statements different from or beyond the paraimeters stated by Ti for that product o seivice voids all
axprass and any implied wartantias for the associated T product or safvice and Is an unfalr and deceptive business practice. Ti Is not
responsibla or Bahla for any such statements.

Ti products are not authorized for use in safety-critical applications (such as fife support) where a faflure of the Ti product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically goveming
such use. Buyers represent that they have afl necessary expertise in the safety and regulatory ramifications of their applications, and
mewmmwwwam regidatory and safety-retated requirements conceming their products
and any usa of TI products in such safety-critical applications, notwithstanding any appticaticns-retated information or support that may be
pmvmbyn Further, Buyers must fully indemnify Tl and its representstives against any damages arising owt of the use of T1 produtts in

i by Tl as o nikitiry
specifications. and agroo that any such usa of Ti products which Tl has not designated as military-grade is sololy at
the Buyar's risk, and that thay are solsly responsibls for compliance with all legal and regulatoty requirements In connection with such usa.
nmmmmmwwmmamwummmmﬂmm
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers ecknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any taikire to mest such requirements.

Fuliowing are URLs where you can obtain information on ather Taxas instruments products and application solutions:

Produsts Apphications

Ampiifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automative www ti.com/automotive
DLP® Products www.dlp.com Broadband www.ti.com/broadband
DsP dsp.ti.com Digita! Control www_ti.com/digitalcontro}
Clocks and Timers www . ti.com/clocks Medical www.ti.com/medical
interface interface.ti.com Mikitasy www.ti.com/military
Logic logic.ti.com Optical Networking www ti.com/opticalnetwork
Powar Mgmt power.ti.com Securily www.ti.com/security
Microcontrotiers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www. ti-rfid.com Video & imaging www.ti.com/video

RFAF and 2igBee® Solutions  www.ti.com/iprf Wireless www. ti.com/wireless

Malling Address: Texas Instruments, Post Office Box 655303, Dailas, Texas 75265
Copyright © 2009, Texes Instruments incorporated



PRODUCT INFORMATION

TGS 2442 - for the detection of Carbon Monoxide

Features: Applications:
* Low power consumption * CO detectors
* High senshtivity/selectivity to * Alr quality controllers
carbon monoxide (CO) * Indoor parking lof ventilation
* Minlature size

* Low sensitivity to alcohol vapor
* Long life and low cost
* Low humidity dependency

TGS 2442 utilizes a multilayer sensor structure. Aglass layer for thermal insulation is
printed between a ruthenium oxide (RuOx heater and an alumina substrate. A pair of
Au electrodes for the heater are formed on a thermal insulator. The gas sensing layer,
which is formed of tin dioxide (Sn02), is printed on an electrical insulation layer which
covers the heater. A pair of Au electrodes for measuring sensor resistance are formed
on the electrical insulator. Activated charcoal is filled between the intemal cover and
he outer cover for the purpose of reducing the influence of noise gases.

TGS 2442 displays good selectivity to carbon monoxide, making it ideal for CO i
monitors. In the presence of CO, the sensor's conductivity increases depending {f
on the gas concentration in the air. A simple pulsed electrical circuit operating on a i
one second circult voltage cycle can convert the change in conductivity to an output

signal which corresponds to gas concentration.

The figure below represents typical sensitivity characteristics,  The figure below represents typical temperature and humidity
all date having been gathered at standard test conditions (see  dependency characteristics. Again, the Y-axis is indicated as
reverse side of this sheet). The Y-axis is indicated as sensor  sensor resistance ratio (Rs/Ro), defined as follows:

resistance ratio (Rs/Ro) which is defined as follows: Rs = Sensor resistance at 30ppm, 100ppm and 300ppm
Rs = Sensor resistance of displayed gases at of CO at various temperatures and 50%R.H.
various concentrations Ro = Sensor resistance at 300ppm of CO
Ro = Sensor resistance in 100ppm CO at 25°C and 50% R.H.

= SIE] EEES
E 4 Ethanol
o L i iiiEl i iiE i ggdind il
Esiitgiiaiaaarapnianiaanen 2 jsRRing
: gz: ,j ‘ | H2;
# ¥ g
2 EEINERS SRR &
B
3 1 ;
03 e i CO S35
]
: i 2
0.01 3 i 5 *.l i3t £ iz ¥
1 10 100 1000 10000 20 -0 0 10 20 30 40 50 60
Gas Concentration {(ppm) Temperature ('C)

MPORTANT NOTE: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY WITH EACH CUSTOMER'S SPEGIFIG APPLICATIONS. FIGARD STRONGLY REC-
*MMENDS GONSULTING OUR TEGHNICAL STAFF BEFORE DEPLOYRNG FIGARO SENSORS IN YOUR APPLICATION AND, N PARTICULAR, WHEN CUSTOMER'S TARGET GASES
RE NOT LISTED HEREIN. FIGARO CANNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT DR APPLICATION FOR WHICH SENSOR HAS NOT
EEN SPECIFICALLY TESTED BY FIGARO.



Basie Measuring Circnit:

Clrcuit voltage (Vc) is applied across the
sansing elemeant which has a rasistances (Rs)
between the sensor's two electrodes (pins
No. 2 and No. 3) and a load resistor (Rv)
connected In serles. The sensing element
is haatad by the heater which is connectad
to pins No. 1 and No. 4.

Heating cycle--The sensor requires
application of a 1 second heating cycle
which s used In connection with a circuit

voltage cycle of 1 second. Each VH cycle
is comprised by 4.8V being applied to the
heater for the first 14ms, followed by OV
pulse for the remaining 986ms. The Vc cycle
consists of OV appiied for 335ms, followed
by 5.0V for 5Sms. For achieving optimal
sensing characleristics, the sensor's signal
should be measured after the midpoint of
the 5ms Ve pulse of 5.0V {for reference, see
timing chart batow).

Puise
ny
‘L 2]
-
Hntarst 3: Rs
Ve, VH h

¥ out
T ddtird
v NOTE: Application of a Ve pulse condition b (=) J'
B B . is required to preveit possible migration of
- o heater materials into the sensing element
o _u} l*=  material. Under extreme conditions of high nd Dim P
(- humidity and temperature, a constant Ve
Sl condition could result in such migration and
) A 5ms Vc pulse results in significantly less
. ke driving force for migration than a constant
o o Ve condition, rendering the possibility of Top View
e migration negligibly small,
Bocifcations:
Modal number TGS 2442
Sensing element typa Mt
Standard package TO-5 metal can
Target gases Carbon monoxids
Typical detection range 30 ~ 1000 ppm ,740.5
VHH=4.8V10.2V DC, 14ms
Hoater voltage oyole | Vi VHL=0.0, 886mMS Side View
condtions | G voltage cydle | Vo VROV Jox b,
Ve=5.0vH0.2V DC for 5ms =
Load resistances RL variable (210k0Q)
L +
Heater resistence RH 17 + 2.50} at room temp. It
€0.56:005 | |-
Heatar cutrent H approx. 203mA(in cate of Vi)
- - o
Heatler power } |
under stendard test ; A
PH approx. 14mw (ava.)
AALE TeaRtut s 13.3kQ ~ 133k in 100ppm of
Sensitivity
{change ratio of Ris) B 0.13~0.31
Carbon monoxide in air
Tent ges- conditions at 2042°C, B55%RH
Standard test conditions | Circult conditions e
W period before 2 days or more
Senkor resitance (Rs) is with & ed vaive
of Vout as foliows:
Vex RL
Rs w— - AL

The value of sensitivity (p) is calculated with two measured
values of As as follows:

= Hs(CO.30000m)
R (CO,100ppm)

For Information on wananty, please refer fo Standard Terms and Condifions of Sale of

Figoro USA Inc.
REV: 07407

FISARO USA INC.
121 8. Wilke Rd. Suit;
Adlington Heights, IL
Tel: 847-832-1701
Fex: 847-832-1705

email figarousa@ligarosensoncom

e 300
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Precision Centigrade Temperature Sensors

General Description

Tha LM3S series are pratision integratad-circult tampearahira
sensors, whose output voitage is Enearly proportionat to the
Cefsius (Contigrada) temparatiire. The LM3S thus has an
advanhga over. insar femperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large con-
stant voltaga from its autput to ebtain convenient Centigrade
seating. Tha LMA5 doas not reqiite any extemsat catibration
or trimming to provide typicat accuracies of $%°C at room
temperating and £34°C over a kil -66 © +150°C tempera-
fure range. Low CO5t Is assured by timming and catibration
at the waler lavel. The LM35's low output impedance, linear

As it draws only 60 pA from its supply, it has very low
sai-haating, 1885 than 0.1°C in 543 alr. Tho LM35 15 raed ©
operats over a -55" to +150°C temperaturs range, whis tho
LM35C s ratad for a =40° hﬁm‘Cmnge(-‘lO’thlzw

hemetic TO48 transistor packages, while the LMASC,
LM35CA, and LM3SD are aiso avalizble in the plastic TO-92
transistor paciege. The LM35D is eiso avaliable In an 8-lead
mmtmwﬂmmmamm
package.

Features

s Calbrated directly in * Celsius (Centigracdo)
8 Liveat + 10.0 MVIC scale factr

# 0.5°C accuracy guerentoeable (at +25°C)
® Rated for full -55" to +150°C range

= Suitahte for remote applications

& Low cost due to waferdevel timming

= Operates from 4 to 30 voits

# Less than 60 pA current drain

® Low gaif-heating, 0.08°C in st alr

® Nondinearity only £%4°C typicat

u Low impedance output, 0.1 Q for 1 mA load

proved accuracy). The LM3B series is avaliable packaged in
Typical Applications -
o :
o [wh — "er
qQureut L]
W I gows g meee %
X -
- Dowesied Choasa R = VBl A
FIBURE 1. Baslc Cantigrada T Sensor V aur®+HS00 mV at +150°C
) = +250 mV at +35°C
H2'C to +180°C) B-aomva:wc
FIGURE 2. Full-Range Centigrada Temperature Sensor
TRISTATE 0 8 of Nascrel

© 1900 Natiohat BenicoRSUEN Copoiatioh  DS005518
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Connection Diagrams

TO-46
Metad Can Package®

@ @

Y Voor

[ 1

BTN vew
Osoats2

LNBS5CAZ or LM350Z
Sos NS Packago Number 203A

Seeafl Quiting Malded Packagae

s se
3

N.G. = No Goanection

1]
sor

*Tah ix coonedad i the negative pin

How:  TH LMIGOT HN0US B SHRIONT Thad T SHSCORIMIDY LMIGDP.

Order Number LM35DT
S0 NS Packepe Numbor TADIF




Absolute Maximum Ratings (vow 10) TO-82 and TO-220 Package, .
¥ MibtarylAerospace specified devicss are required, (Soidering, 10 saconds) 0
please contact the Nationat Semlconductor Sales Officel S0 Package (Note 12)
Distributors for svailabitity and specifications. Vapor Phase (60 56C0nds) 215C
Supply Voage +35V ©-0.2V Infrared (15 seconds) 220
Output Vottage eV 1o 10V ESD Susceptiiity (Nate 1) . 2500V
Ot G omA mmmummmw.rmmrm
Storage Temp.; LM35, LM35A -55'C to +150°C
TO-48 Packaga, —60°G ta +180°C LMI5C, EM3SCA ~40°C b +110°C
TO-82 Package, =60°C to +150°'C LMISD a'C to +100'C
SO0-8 Package, -65°C 1o +150°C
TO-220 Package, -65°C to +150°C
R, i o0
Electrical Characteristics
(Notss 1, 8)
LM35A LM3I5CA
Paramater Condittons Tested | Dasign Tested | Dasign | Units
Typloal | Lmit Limit | Typloat | Limit umit | (max)
(Nota 4) | (Note 5) {Nots 4} | (Note 5)
Accuracy TAS+25°C 0.2 105 102 105 )
(Note 7) T -10°C 203 203 210 ©
L s 104 £10 104 £10 ©
T a=Tomme £04 &0 104 i15 ¢
Noniinearity T ST a<Toon 20.18 2035 | 0.6 203 C
(Note 8}
Sensor Gain T ST aSTranx 1100 488, 1100 @8, | ovic
{Average Siope) +10.1 +10:1
Load Reguiation T 5+25°C 204 210 204 10 MVImA
{Note 3) 0h St A | T neneTalTiuax 05 £30 %08 £30 | mvimA
Line Regulation T AS+25°C $0.01 +0.05 20.01 20.05 vV
(Nota 3) AVEV G0V 20,02 20.4 2002 20.1 mvv
Qutescent Currant V g=+5V, +25'C 56 57 56 67 gA
{Nota 8) V=45V 105 131 tY 114 A
V gu430V, +25°C 582 68 56.2 68 A
V =430V 1055 133 815 118 BA
Changa of AVENLSV, +26C | 02 1.0 02 1.0 VA
Cuiascant Cument AVEV 50V 0.5 20 0.5 20 pA
(Nots 3)
Ternparature +2.39 .5 +0.3% +0.5 pAre
Cooffitiont of
Qulescent Curent
Minkmum Temperature | in ciroutt of +15 +20 +15 420 C
for Ratad Accuracy Fgurs ¥, 1,50
Long Torm SEOMy | T < Tagroo for 20,08 008 T
1000 hours




Electrical Characteristics

(Notas 1, 6)
L35 LM35C, LM35D
Paramator Conditions Tastod | Dasign Tested | Dosign | thniin
Typleal | Limit Limi | Typleal | LBwit it | van)
(Nate 4) | (Note 5) (Nota 4) { (Note 5)
Atcuraty, T \=+26C 204 +10 *0.4 210 C
LM35, LM35C T4=-10C 205 10.5 215 ©
(Nota 7) T a=Taax 108 15 108 215 ©
T a=Taun +0.8 1.5 0.8 220 ‘C
Accuraty, LM350 T A=+25°C 206 %15 c
(Note 7) Ta*Theax 109 +20 ‘C
Ta= T 08 420 "]
Nonfihearity T ST AS Tacax 20.3 20.5 202 20.5 c
{Note 8)
Seansor Gain T an<TASTax +10.0 +0.8, +10.0 +28, | mwre
(Average Siope) +10.2 *10.2
Load Regulstion T .=325'C 204 120 04 20 mVImA
{Nota 3) 02}, <1 mA T a<TasThanx 20.5 2560 205 £80 | mVimA
Line Regulation TAS426C 20.01 201 0.0 *0.1 mviv
(Note 3) 4Vev 20.02 202 2002 202 VNV
Quisscent Cuarent V g=+b6V, +25°C 68 80 &6 80 A
(Noto 5) V 246V 105 158 ] 128 pA
V 4T+30V, 428°C 56.2 82 56.2 ‘82 pA
V =430V 1085 181 815 141 HA
Change of 4VEVESIOV, +26C 0.2 20 0.2 2.0 #A
CQuiescent Cumrent 4VEV SOV 05 30 0.5 30 gA
(Nata 3)
Temperature +0.39 +0.7 +9.39 +0.7 PAFE
Coofciont of
Quiescent Current
Minimum Temperatiire | In circutt of +1.5 +2.0 +1.5 +20 ‘C
for Rated Asturacy Figure 1, 1,=0
Long Term Stabliity T 3™ Taax, for 20,08 20.08 ‘C
1000 hours

u.m:mmmm.mmmwﬁmeuummm-wﬁ,smwhmmmm
o‘snmw‘cﬁcmum.vs-omw:m-mp&hmmdmzmm«mmmomuwmmmamnt.
Specifications in bokiface apply over the fuil rated temperature range.

Note 2: Thorme! resistance of the TO-48 age i» AX'CIW, junclion to amblent, and 24°T/W junction 1o case. Therma! resistance of the TO-IE package &
180°GVY junction %o embient, Thermat of the smat outiine mokded peckage v 220GV junction to embient. Thermat resistence of the TO-220 peckage
ts 90°C/W junction t smbient. For ackRtonal thermial cesistance Innmzion 368 (i in e APPICRIONS SECx?.

ot 3: Ko B a ) - using putse tasting with @ fow duty tycka. Changess in cutput dus (o heating effects tan be -
puied by muliplying the intemal Gissipation by the thermal resistance:
Note 4: Testad Limits are gusranieed and 100% fesied in production.

Note §: Dosign Limits are guarznieed (but not 100% produstion teste) over the inticeied lsmparaturs and wupply voltage ranges. These limits 2re not veed to cal-
culxts ouigaing qualily kevets.

Nate &: Speclications in bokifxce apply aver the ful reted tempanshire rangs.
mrzmuMsmqummwmmmWammdwmamm
s tachporature (expresssd b °C).

Kote 6 RonFnuucty i Saanod & e devistion dS 010 OUIPURVOLIOU- VORI ATIPOCBILI. CUIVG. RIKT 01 DUSHRL XEURSIE B, OVF thes TRVICE'S FEfat fecnparaturo.
range.

Note §: Quieacsnt current is dedined inthe circull of Figure 1,

Note 13 mmmmmwmwnummm.wwmwmmwmmmm
the devios beyond its aztad aparaling condiions. Sea Nata 4.

Note t4: Human bady modal, 100 pF d ged thraugh a 1.5 K rosis)

Note 12 Seo AN=450 “Surtaca Mounting Mathods and Their Effact on Product Ralizbiity” or the seclion tited *Surface Mound® tound in a curreat Neional Seaicon=
qucior Unoar 0t BOOR RF SINAE MOTHOES Of SOKIONNY SLITACO MOUN HWICEE.
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Typlcal Performance Characteristics (contnued)

JOiSE (ey ATR)

106
FREQUENCY {jz)

Applications

intagratad-Circuit Samperatura sensors, [t can bo giued oF co-
mented to a surface and is temporature will bo within about
0.01°C of the surface temperature.

This presumes that ihe amblent air temperature is aimost the
S5aMe a5 the surface amperature; if the afr tamparature ware
arsch higher oF fowar than the surface tempersturo, the oc-
tua! temperature of the LM35 die would be at an Intermediate
temperature between the swiace and ths air
tafnperature. This s expecially tus for the TO-92 plastic
package, where the copper ieads are the principat thermat
peth t 6aRy heat WD the dovice, 8o B temperatine Might
ba cioser to the air temperatiure than (o the suTaco tampora-
tsre,

To minimiza this probiem, be sure that the wirng to the
LM3S, a5 it ledves the device, ia held at the sae teimpera-
fure as tho suItaco of inlerast. The aasiest way o do his 5
o covor up these wires with a bead of epoxy which Wit In-
sura that the leads and wires are elt at the same temperature
as the surlace, and that the LM35 die's tempemture witt nat

Startiip Respanee

Sy V)

LIS
e
It
T

@

-2

Your V)

di\
]

G 13 30 38 4 S0 60
TRE {microveconds)

Tha TO-46 metal package can alse be soldered to a matat
suifface oF pipe Without damage. OFf Couiss, in Hiat tase the
V- terminal of ho circult Wil bo grounded to that metal. Alter-
nafvoly, the LM35 can be mounted incide a soaled-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hols in a tank As with any {C, the LMA5 and
atcompanying wiring and tircuits mustbe kapt insutated and
dry, to avoki leakagse and comrosion, This is especially true if
e circuit May Oporatd at colt LMPoratures Whore tondon-
sation can occur. Printed-cireult coatings and vamishes such
as Huniises! and epoxy palnts or dips are often used to in-
sure that muisture camot conmods the LM35 or its connec
tions.

Theso devices are sometimes soidered to a smafl
light-weight heat fin, to decrease the thenmal Eme constant
and speed up the response in stowly-moving air. On the
cther hand, a smatl thermal mass may he added to the sen-
sor, to give the steadiest raading despite smatt deviations in
the air temperature.

ba affected by tha air temparatire.
Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,9,,)
TO-4%, TON, T2, TO0-, 208 2 ad T0-220
oo bedt okl hoat fin 0o hoat el ot fioy o0 bett s hokt fin 7o hedt
slnk elnk sink siak
Sl gk 400°CW 100°CrwW 180°CW 14£O0CAV zZocm 110°CW : v g
Maving s 100 CcAY QoW soow oW 105°CAN s0'cAa KcW
St o8 100°CwW 40'Cw [soCiw Tocw
Stiered o8 BTN T Zow AT
(Clampad to metsl,
tnfinks heat sink) (g (s5Cney

'waﬁﬁ:?ﬁm.a T St OF D.020° St bidss, SO 1 Saso, OF SFAa%. )
7062 end 803 packages glved and iveds sokdored to 1 square of 1HE* printed crult bosrd with 2 oz. Il or simiter




Typical Applications
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FIGURE 3. LM3E with Decaupling fram Capacitive Load
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FIGURE 4. LM3S with R-C Damper

CAPAGITIVE LOADS

Like most micropower clrcuits, the L M35 has a imited abikty
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pt without spedist precautions. i heavier loads are
anficipated, @ i3 easy to olote or decouple the load with a
realshor, see Figure 3. OF you cah Iprove the tolefante of
capaciiance With a series R-C damper from oufput ©
ground; see Figuie 4.

Whan tha LM35 13 appiiod with- a 2000 load resister as
shown in Figure 5, Figure 5or Figure 8 it is relatively immune
1o wirihg) capacitancs becausa the. capacitance. forms a by-
pase fFom geound 1o nput, not o tho oufput. Howbver, ay
‘with any Hinear circuit connected to wires in a hostile environ
ment, its performance can be affected adversaly by intstise-
slectromagnatic sourchs such & rotays, radio transmittars,
rootors with arcing brushes, SCR transients, ate, as its wiring
act as rectifiors. For bast results i such cases, a bypass ca-
pacitor from Vg, to ground and o serdes R-C damper such as
758 In sertes with 0.2 or t ¥ from output to ground are often
useful. Thess are shown In Figure 13, Figure 14, and
Fiyure 16
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FIGURE 5. Two-Wire Remote Tomparatura Sensor
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FIGURE 7. Tomperaturs Sensor, Singie Supply, -35° to
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Typlcal Appilcations (consiwed)
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Typlcal Applications (continued)
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Physical Dimensions inxches (mmeters) uniess otherwiss noted
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Physical Dimensions inches (mitiimetsrs) unless cthenwise noted (Continued)
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ADCO0808/ADC0809

Multiplexer

General Description

The ADCO0808, ADCO080D data acqguisition component is 8
MONOHMIC CMOS Tavica with an B-bit analop-to-dipital con-
verter, 8-channel multiplexer and microprocessor compatible
control logie. The 8-bit A/D converter uses succassive ap-
mummbmasl!uwwmm&ﬁwmfea-
turas a high impadanti choppar stabilized comparator, a
256R voitage divider with analog swilch tree and a succes-
directly access any of 8-singlo-ended analog signals.

The devics eliminates the need for extemsal zero and
full-scaie adjustments. Easy interfacing to microprocessors
{6 provided by the fatthed and decodad mutiplaxer address
inputs and Ratchad TTL TRESTATES outputs,

The design of the ADC0808, ADC080D has been optimized
by incorporating the most desirable aspects of soverat AlD
conversion fechnigues. The ADC0B08, ADC0808 offers high
SpavY, Righ acturacy, Minimal tomperature dependencs, ax-
cellent long-term accuracy and repeatability, and consumes
minimal power. These features make this device ideally
consumar and auteraative applications. For 16-channat mul-

tiplexer with common oulput (samplenrold port) see
ADCO0816 data shool (Sae AN-247 for more information.)

&Natiouat Semiconductor

8-Bit uP Compatible A/D Converters with 8-Channel

October 1999

Features

& Easy interface to af microprocessors

= Oporates ratiomatricaly OF With 5 Vo, OF analog span
adjusted voltage reference

B NO 2870 OF UH-SEMO MMFUST FOgQuired

& 8-channet multiplexer with address logic

= OV o 5V nput range with sivgts 5V power supply

= Outputs meet TTL vaitage level spedifications

s Standard hermetic or molded 28-pin DIP package

» 28-pin molded chip canter package

8 ADCO0808 equivaient tbo MM74C049

# ADCTOB09 equivatent to MM74T949-1

Key Specifications
= Rasolution

2 Total Unadjusted Emor

= Single Supply

8 {ow Power

B Conversion Time

8Bt
£% LS8 and +1 LSB
5 Voo
15 mw
100 s

Block Diagram
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ADC0808/ADCO808

Connection Diagrams

< @t

§§§3LL%

BRNBIRNWH

Moidod Chip Carsier Packago

Ordering Information
TEMPERATURE RANGE -40°C ta +85°C -56'C ta +135°C
Emor | 214 LSB Unadjusted | ADCOBCBCCN ADCO808CCV ADCOB08CCS ADCOB08CJ
+1 LSB Unadjusted | ADCOBOBCCN ADCOBOBCCV
Packgy Outiite N2BA Motdad DIP | V2BA Mokiad Chip Canter | J2BA Caramic DIP | J2BA Catatnic DIP

VWAWANGEDASS.EDAY 2




Absolute Maximum Ratings (votes 2, 1) DuahinLine Package (ceramic) 300'C
i Military/Asrospace specified devicss sre required, Moided Chip Carrter Package
please contact the Nattanat Samiconductor Sates Offtce! Vapor Phase (80 seconds) 215°C
Otstrihutors for avallability and spacifications. infrared (15 seconds) 220'C
Supply Voltage (Vac) (Nots 3) 6.5v ESD Susceptibiiity (Note 8) 400V
N ament Oontot s ONONetN) Operating Conditions (s 1, 2)
Voitage at Control inpusts -0.3V o +15V Tetnperature Ratge (Nots 1) TaanSTaZTiax
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) ADCOB0BCCN ADCOBOSCON ~40'CsTA<t85°C
Storage Temperature Renge ~85°C to +150°C ADCO808CCV, ADCO80SCCY ~40°C ST, < +85°C
Package Dissipaton at T,=25°C 875 mw Range of V¢ {Nots 1) 45Vpc to 88 Ve
Lead Temp. {Soidering, 10 seconds)
Duskin-Line Package (plastic) 260°C
Electrical Characteristics
Gonvertor Spoctfications: V=5 Voo =Vrare. Vrere"OND, TainSTaSTiax 8nd £y =640 kHz uniess otharwise stated.
Symbol Parametor Conditions Min ) Max Units
AGCO808
Total Unadjusted Enor 25°C +% LS8
{Note 5) Trane © Traax %% LSB
ADC0808
Total Unadjusted Error ¢'Cto70°C F3 188
{Note §) Touse 1 Tranx 1% LSB
input Rosistance From Ref(+) to Ref(-) 1.0 25 xa
Analog Input Voltage Range | (Nota 4) V{+) or V{-} GND-0.10 Veot0.10 | Vpo
VRER +)+Vgr) | VORA6O. Contar of Ladder Vo301 | Vool | Vo/2¥0.4 v
2
[ — Voitage, Bottorn of Ladder Measured ot Reft—) -0.1 [ v
™ Comparator gt Current £,=840 Kz, (Ncta 6) -2 0.8 2 pA

Electricat Characteristics

Lavels and DG Specifications: ADCCBIBCCN, ADCOBBRCTV, ADCOBOSCEN and ADCOBOBCUY, 4.753Ve856.25V,
m&s’m unless otherwise noled

Symbat | Parameter { Condittons [ win | Typ [ max | umms
ANALDG MULTIPLEXER
[w— OFF Channet LeaXane Current Vaa"5¥, Vou"5¥,
Ta=25°C 10 200 nA
Tras 10 Tranx 10 pA
[E— OFF Channe! Laakage Cument V"5V, Vip™0,
Ta=25C =200 =10 nA
Tha 0 Taiax. -10 pA
CONTROL INPUTS
Viniy Logical *4* nput Vollage V=18 v
Vi Logical *0° tnput Voliage 15 Vv
T, Loggical <17 fput Current V18V 1.0 Ty
{The Control inputs}
Toem Logloat 0" tnput Curent = -1 A
{Fho Controk inputs}
tog Suppty Cunent £5,"540 Wiz 03 30 mA

608000v/808020Y



ADC0803/ADC0800

Electricat Charactetlstlcs (Continued)

Digita L % or mﬁm ADCDBECCN, ADCOBUETCV, ADCOBOICCN and ADCOBISCEY, 4.765Vcag5.25V,
Symbot | Parameter f Condittons I wn | Typ [ wax | umis
DATA ODUTPUTS AND EOC (INTERRUPT)
Voursy Lopical “1 Oufput Voitage Voo = 4.T5¢
four © -3604A 24 V{iing
= -10pA 45 V{min)
Vo | Cogieal 0 Gutput Voliago Ig=16 1A 0ss | v
Voure Logioal “0° Oufput Valtaga EOC | 1,712 mA 0.46 v
tour TRI-STATE Output Current Vo35V 3 pA
V=0 -3 vA

Electrical Characteristics
Timing Spoetfteations Voe=Vieeny=SV, Vaeei)"GND, 54220 na end T,=25°C unlaas atharwise noted.

Symbal Paramatar Canditions Min | Typ | sax Units
tws Minimum Start Pulse Width (Fgure 5) 100 200 ns
tware Minimum ALE Pulss Width (Figure 5 100 200 ns
1, Minimum Address Set-Up Time | (Figure 5 25 50 ns
T MIRETAUT AGHTESS HOIE TIMO. | (Figu#s 5) 25 () ns
o Analog MUX Delay Time Ra~00 (Figtre 5) 1 25 e
From ALE
[ OE Confrol t Q Logit State C, =50 pF, R = 10K (Figure 8) 125 250 ns
o, Tot OF Control to Ki-2 €, =10 pF, R, =10k (Figure 8) 125 250 ns
%, Convetaion Titns £,=640 kHz, {Figure 5) (Note 7) e | 100 116 s
[ Ciock Froquency 10 | 640 | +taso KHz
teoc EOC Delay Time {Figure 5 ) 828 | Clock
Perlods
o tnput Capacitance _At Control inputs 10 15 pF
Cour TRISTATE Output At TRI-STATE Outputs 16 15 pF
Copacitance

Note ¥ Absoluts Radmum Ratings indcat limits beyond which damage o the davice may occur: DC and AC electricat spocifications do not apply when operating
e devics Geyores R spocifed operaling condions,

MO 25 Al VORIEEE 158 IHORSURDS Wil Faspact £ GRD, Uiiis OUIWESS SPUCITS.

Ko 3: Azener diods extsts, htemady, ffom Voo (o GND and fuss a (ypkes! treekdown voltage of 7 Vpg.

ote £ Two BCH AR0G Pt WA W RIWSIS COMMRC 20F BRakog Pt VIREDos DI SRS rup DI JrOUHS B one dioss drop rates
mmkum Ther epac aliows 100 mV forwad bixy of otther diode, This maans that as iong a8 the analag Wiy d08s not axsoed the supply veltage by mote

than 100 mV, the actput coda wit be asmect. To achisve an ahsalibs GV o SVpe inpat vottage rango wh tharelurs raquira a ainimum supply voltage ot 4.500 Voo
OVOF IMPArRINS Varations, Ma! tolaranco and foaming.

NOW 5 TR0S UNARGRITIRS HTOP MTRNIN0 DAL, R-0C0, Enoariy, and TRIEHIOROF OHFONS. SO0 FOWS 3 NONO 0F oS0 AVDS FOJURDS & 2000 0F Rsf-BEBN0 DTRISE. HOW-
Ovor, Har i zard sode I desired forat anaiag input othar thar 0.0V, of # & nattow full-saxiir s existy for exirmpl: 0.5V 10 4.5V ful-azate) thar teferants vottagey
can ba adjusied to echisve this. Sea Figure 13

Note &: Comparator input currant is a blas curent inta or aut of the chappar stabiiizad comparaior. Tha bias current wartes diractly with clock frequency and has fttla
WRPSHIAID JPINTINSS {FEANS 6). 500 paragraph 4.0,

NOW 72 Thi OLADLES OF thod AL FAGHIB 210 LMY ONO CIOCK YLD BBRID thO fising eage of EOC.

N0 6 HUmbh DO MONXN, 100 PFF CREHAIPIT Urough & 1.5 RE) raaixae:




Functional Description

Multiplexer. The device contalns an 8-channel single-ended
anatog signat nuittiplexer. A particutar input channet is se-
lactad by using tha address desader. Teble 1 shows tha input
states for the address tines to select any channel. The ad-
drass Is [atehiad NS the dacodar on tha low-10-high transition

of the address laich enablo signal.
TABLE 1.
SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL
INO t L L
N1 L L H
IN2 L H L
N3 L H H
N4 H L L
N5 M t 2
ING H H L
N7 H H H
GONVERTER CHARAGCTERISTICS
The Converter

The hoart of this single chip data acquistion system 5 its

The 256R fadder natwoik approach (Figure 1) was chosen
over the conventional RI2R ladder becauss of its Inherent
monotoricily, which guanwdees no missing digital cades,
Monotonicity Is particutarty important in closed loop feedback
controt Systems. A non-monotonic relationship can cause os-
cifiations that will be catastrophic for the system. Additionaily,
thd 256R NeWOTK CoBS ROt SauEH load vartations on the ref-
erence voltage.

The bottom resistor and the top resistor of the ladder net-
work i Figure 1 are not the sama value as the remainder of
output charactartstic to ba symmatricat with the 2ere and
full-scale points of the transfer curve. The first output transi-
fion occurs. when the analog signal has reached +v5 LS8
and succooding output ansions occur overy 1 LSB fater up
o fulkscale.

The sucoessive approximation register (SAR) performs 8 4-
SratioRs t approxiinate the Mput Vollage. For any SAR type
cowarter, PHIrEtions aro requirad for an n-bit converter.
Figure 2 shows a typlca! example of 8 3-bit converter. In the
ADCO0808, ADCO808, the epproximation technique is ex-
tended to 8 bits using the 258R network.
The A/D cONverers SuCCBSsive approimation rogister
(5AR) is reset on the positive edge of the start conversion
(8C) pulse. The conwersion is begun on the falting edge of
the start conversion pulse. A conversion in process witt be in-
me&emmmm Gon--
inuous conversion may be accomplished by tying the
and-of-conversion (EOC) sulput . the SC.input. If usad in
this mocde, o oxtornal start conversion pulse should be ap-
plled after power up. End-ol-conversion will go low between
0 and 8 alock pulses after the rising edge of start conversion.
The most important asttion of Bva AD convertar is the com-
paratir: it {s this section which fs responsible for the uitmate

drift which has the greatest influence on the repeatability of
the device. A comparator provides the
most effectiva mathod of satisfying afi the converter require-
The chopper-stahifized comparator converts the DC input
signat into an AC signat. This signal is then fed through a

high gain AC ampiifier and has tha DC lavel restored. This.

technique imits the drift of the ampiifier since the:
G5 a2 DC component which is not passad by the AC am-
phifier. This makes the entire A/D comwverter oxtremely insen-
sitive to temperature, long term drift and input offset erors.
Figure 4 shows a typicat error eurve for the ADCOB08 as
measiirad using he prodedunss outined in AN-179,

WA HGEONGS.0om
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ADCO808/ADCO809

Functional Description (contiwed)
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ADCO88/ADCO800

Typical Performance Characteristics

s T z
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FIBURE &. Comparator by vs Ve VN (Vi
V= Vierm6V) oA
FIGURE 7. Multiptoxer Ry, VB Viy
Vec™Vrer™5V)
TRI-STATE Test Circuits and Timing Diagrams
i Co. =10 pF e CL = SOPF

[ I CL S 10pF tho c._ s HpF
A Ve
'.
thAsie O % J
R euteut e /
I vo, ———Fo
= :nmam: m
FOGURE 8.
Applications Information Dy=Data point being measured
Dyax=Maximum data. imit
OPERATION Dhaen=Mintmicen data it
A Gobd example of & FaBOMGIIC FahGHuCeY 1B & pothntom-
1.0 RATIOMETRIC CONVERSION 94Ar USAT 28 2. POSHTION Bansr. The posiion of he. wiper is.oi-

The ADCO80S, ADCOB0S is designed as a complets Data roctly proporEonal (o the output voitage which ks a rago of the
Acquisition SBystem (DAS) for ratiometric conversion sys- fult-scale voltage across it Since the data is represented as
tems. In ratiometric systems, the physical variable being apropartion of ddbscate, refarence cequirements ace graatly
mmmwmmmwwmofmmw reduted, slifdnating a lane st oF aror and chat for

refated o an absoluta standard. The voitage many appiications. A major advantage of the ADCOB08,

mmmmbwwmm ADCO80S Is Hint T MPUT VORDGE range IS equal 1o 0ie sup-
ply ranga so tha fansducss can ba conhecisd dmeSy
Vi Dy acroes the supply and Bielr oulputs connected directly Into

Vis—Vz Dwax—Dwane the muitiptaxer inputs, (Figuro 5).
{t RetoMmaelic FaRSHIGHTS SUth 38 POBRIGMGIENS, SW&N
Vi SiRpUt voltage ntd he ADCOSCE gauges, hermisior biages, pressure ransducers, i, ame
V, =Euiscale voltags suttable: for measuring proporional relationships: however,
VzoZoro VOiBg0 many types of measurements must be refemred o an abso-

tute standard such as volings ar cuent This maans & sys-

VWAL ASEDNGS DR 8




Applications Information (consinued)

tem reference must be used which retates the fuli-scale voit-
ege to the standard volt. For exampta, i Vee=Vies=5.12V,
theh the full-scale rangs 8 dvided i 256 standand s16ps.
The smaffest standaid step 5 1 LSB which is then 20 mV,

2.0 RESISTOR LADDER LIMITATIONS

The voitages fron the rasistor addst are comparad to the
safected Into B times i» 8 convarsion. Thase voitages ana
coupied to the comparator via an analog swilch tree whichis
refarenced to the supply. The voltages at the top, center and
botiom of the ladder must be controlled ta maintain proper
operation,

The top of the ladder, Ref(+), should not be more positive
than the supply, and the battom of tha ladder, Ref(—), should
not be more negative than ground. The center of the ladder
voltags must also ba naar tha santar of the supply bacause
the analog switth ree changes from N-channet switches o
P-channe! switchas. Thasa Fmitations ard automatically sat-
Istind (v ratiometric systems and can be sasily met in ground
referenced systems.

Figure 10 shows a ground referenced systerm with a sepa-
Tate SUPPIY and rTarenca. i this systam, the supply mustde
tinuned © matchy the reforence . For instance, if &

8.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

=——-——&
ot er

arov svw-vmﬁm
* Ratiomtric tranecuars.
DEEET-?

FIGURE 2. Ratiametric Cenversian System

The ADCUB08 needs less than a milllamp of supply current
so daveloping the supply trom the reference is readiy ac-
comptished. In Fgure 1 a ground reforenced system s
shown which generates the supply from the reference. The
Duffar Shown Can bo ah 0P amp of SuMcient drive 1o supply
the mifiamp of supply cument and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor will
supply the transient supply curent as seen in Figre 12 The
LM301 Is overcompensatad to insure stabiiity when loaded
by the 10 pF output capacitor.

The top and boltom ladder voltages cannot exceed Vg and
ground, respectively, but they can be symmatrically less than
Ve Gnd proater than ground. The canter of the thddor voit-
age should. always be near the center of the supply. The sen-
Sifivity OF tho Convertor can be INreasad, (he., size of the
L 5B steps dacreaseid) by using a symmetrical reference sys-
tem. In Figure 13, a 2.5V raference i3 symmetrically cen
tored about V.2 sincs the same cument fows in identica
resistors. This system with a 2.6V reference aliows the LSB
bit to be half tho size of & 5V refersnco system.

608000v/20800QY
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Applications Information (contnued)
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4T8¢ < Vg = Vg < 525V
FIGURE 10.. Ground Reforencad.
1'¢

BISITAL BUTPUT

REFERERCEDTO
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"
Vesr
478 £ Vg = Vpgr < 505V

FIGURE 11. Ground Referenced Conversion System wiih
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Applications Information (continued)

FIGURE 12. Typical Reference and Supply Clrouft.

4
An -
Voo
I - 3 Y o bt
o % (™
Ly @
. . RISITAL QuTRST
o Bouy #ROPCRTICNAL T
o : AKALOG (KT
. KIS Vi SATI
w3t * L]
ryen Ll R
AEFERENCE L { e
f (1]
Ra=Rg
*Ratiomnetric transducers
mumm" y Contbrail Raforohte
3.0 CONVERTER EQUATIONS The oupit code N 1o ah aFbIFaTy MPUE ai0 e Hisgern
The bansition betwaen adjacent cades N and N+1 ia given wihin.the. range:
by:
. N4 "'VMJ—M;-VE;‘.,X“*WW
Voy= { Mm»—‘m-#{a*alﬂm} +¥renyy 4y

Wham:  V,, "VoRage 3t compurstor iput

The center of sn output cods N is given by: Vrerw)=Voltags at Ret{+)
Viee = VOI208 2t Ref(~)
=Tota! unadjisied erur voltage {typicatly
Vﬂ{“ﬂmﬂ‘vm_ﬁ[%}tm} e Viere;*512)

" VWAL AGDROE E0F)

608000v/20800QY



ADC0808/ADC0800

Applilcations information (continued)

4.0 ANALOG COMPARATOR INPUTS

The Synamic Tomparator input curent 1s causad by the pe-
siodic switching of on~chip stray capacitances. These are
connected altemately to the output of the resistor ladden
switoh tree network and to ths comparator input as part of
tha oparation of tha chopper stabliized comparator.

The average vakse of the comparator input current vares di-
s;wywmmmwwwmvmasmm

gure 6.

Typical Application

¥ no filter capacitors are used at the analog Inputs and the
signal source impedances are low, the comparator input cur-
rent shouid not introduce convertsr etrors, as the transtent
craated by ths capacitanca discharga will dia aut befora tha
comparator output is strobed.

I input Riter capacitors ara desired for noise reduction and
signat conditioning they wilt terd to averags out the dynamic
camparator inprut surtant. it wil then take on the charactaria-
tes of a DT blas current whose effect can be predicied con-

” .
&ae INTERRUPY

P e ]
73 oR%
P ("]
2- P 083
Sk B62
- oat
b 088 (38
Wp—vint }

tap=vis }

*Addruss intches noodud for 3085 end BUMP interdacing the ADGHEI8 tv & microprooessor
TABLE 2. Mlicroprocassaor interface Table

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMW INTR (Thru RST Clraut)

8085 RO WR INTR (Fhtu RST Chreuit)

280 RB WR INT (Thru RST Circuit, Mode 0)
somP NRDS NWDS SA {Thtu Barsa A

6600 VMA42-RW | VMA-RAW | TRGA or IRGB (Thiu PIA)

WA RREIDAGY. COFY




Physical Dimensions inches (miimeters) unisss otherwise noted
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ADCO0808/ADC0809 §-Bit yP Compatible A/D Converters with 8-Channel Multiplexer

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN.LIFE SUPPORT.
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support davicas or Systems Sre davines. of 2. A critieal. component k. any component of a ifa

systems which, {a) are intended for surgical implant
mto the body, or (D) support or sustain i, and
whose follure ®© perlonn when properdy used In
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

support device or system whose faflure to perform
can ba reasonadly axpaciod to cause the faiure of
the lifo support device oF system, or o aflect s
safely or elfectiveness.

significant injury to the usear.
Ratone! Rectoeaductee tataast Semicaduatar Ratiooal Semioaodeatac
Corpecatiea Eunige Asia Paclfis Cuatacter Japen Lt
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Fax LA00.737.7048 Ocutxchs Tk «£8 (13 1 63630 8585 Fur €5290603
B2t HPPORGNT.LUn Eogiats Tot 46 (0) 1 G0G32 78 22 BNaE ASPITGILSRn
FRELME T +49 [0} ¥ 50032 5358
weww.nekorek.com RaGhd  TOL 43 (D) ¥ B34 18 B0
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SOURCECODE PADA KOMPUTER

unit Unitl;
interface

uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls, ScktComp, ExtCtris, Menus, Actnlist, Buttons,
sSkinProvider, sSkinManager, jpeg;

type
TForm1 = class(TForm)
ClientSacket1: TClientSocket;
Buttonl: TButton;
Labell: Tlabel;
Button2: TButton;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
LabelS: Ttabel;
Label6: TLabel;
Timerl: TTimer;
Editl: TEdit;
Button3: TButton;
Button4: TButton;
Timer2: TTimer;
Label7: TLabel;
BitBtn1: TBitBtn;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
sSkinManager1: TsSkinManager;
sSkinProvider1: TsSkinProvider;
image3: Timage;
procedure Button1Click(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure ClientSocket1Read{Sender: TObject; Socket: TCustomWinSocket);
procedure ClientSocketiConnect{Sender: TObject;
Socket: TCustomWinSocket);
procedure ClientSocket1Disconnect{Sender: TObject;
Socket: TCustomWinSocket);
procedure TimeriTimer(Sender: TObject);



procedure ClientSocket1Connecting({Sender: TObject;
Socket: TCustomWinSocket);
procedure Button3Click(Sender: TObject);
procedure ButtondClick(Sender: TObject);
procedure Timer2Timer(Sender: TObject);
procedure Button5Click(Sender: TObject);
procedure BitBtn1Click{Sender: TObject);
procedure Chart1Click(Sender: TObject);
procedure Label8Click(Sender: TObject);
procedure ClientSocket1Error(Sender: TObject; Socket: TCustomWinSocket;
ErrorEvent: TErrorEvent; var ErrorCode: Integer);
private
{ Private declarations }
public
{ Public declarations }
end;

var

Forml1: TForm1l;
implementation
uses unit2;
{SR *.dfm}

procedure delay(lama:longint);
var

ref:longint;

begin

ref:=gettickcount;

repeat
application.ProcessMessages;
until {(gettickcount-ref)>=lama);
end;

praocedure TForm1.Button1Click(Sender: TObject);
begin

Timerl.Enabled:=true;

end;

procedure TForm1.Button2Click(Sender: TObject);
begin

ClientSocketl.Active:=False;
Timerl.Enabled;=False;

timer2.Enabled:=false;



end;

praocedure TForm1.ClientSocket1Read(Sender: TObject;
Socket: TCustomWinSocket);

begin
Editl.text:= socket.ReceiveText;

end;

procedure TForm1.ClientSocketiConnect(Sender: TObject;
Socket: TCustomWinSocket);

begin

Label5.Caption:="Connected With WIZ610wi’;

end;

procedure TForm1.ClientSocket1Disconnect(Sender: TObject;
Socket: TCustomWinSocket);

begin

label5.Caption:='Disconected With WIZ610wi';

end;

procedure TForm1.TimeriTimer{Sender: TObject);
begin

ClientSocketl.Active := True ;
clientsocket1.Socket.SendText('SUHU");

end;

procedure TForm1.ClientSocket1Connecting(Sender: TObject;
Socket: TCustomWinSocket);

begin

Label5.Caption:='"Connecting..."’;

end;

procedure TForm1.Button3Click(Sender: TObject);
begin

label6.Caption:='SUHU";

label7.Caption:='Derajat Celcius';
timer2.Enabled:=false;

timerl.Enabled:=true;

end;

procedure TForm1.Button4Click(Sender: TObject);
begin
label6.Caption:="CO’;



label7.Caption:="PPM';
timerl.Enabled:=false;
timer2.Enabled:=true;
end;

procedure TForm1.Timer2Timer{Sender: TObject);
begin

clientsocketl.Active:=true;
clientsocketl.Socket.SendText('COCO');

end;

procedure TForm1.Button5Click(Sender: TObject);
begin

form2.show;

end;

procedure TForm1.BitBtn1Click{Sender: TObject);
begin

timerl.Enabled:=false;

timer2.Enabled:=false;
clientsocketl.Active:=false;

end;

procedure TForm1.Chart1Click(Sender: TObject);
begin

label2.Color:=clred;

end;

procedure TForm1.Label8Click(Sender: TObject);
begin

clientsocketl.Active:=false;
timerl.Enabled:=false;

timer2.Enabled:=false;

form2.Show;

end;

procedure TForm1.ClientSocket1Error{Sender: TObject;
Socket: TCustomWinSocket; ErrorEvent: TErrorEvent;
var ErrorCode: Integer);

begin

label3.Caption:='Server Error';

end;

end.



SOURCECODE PADA MIKROKONTROLER

org 00h

mp
jump

init

org 23h
clc ES
jnb  RLS$
cr RI

mov

R7,SBUF

setb ES

rety

CoHt
Cosn

Slco
Sicl
Rest
Enbl

Sbeo

Bufr

Hex0
Hex1
Dsn0
Ds00
Ds01
Dsnl
Ds10
Dsil

Char
Tmo0
Tmol
Dly0
Diy1
Dily2
Dly3

init: lcall

Bit P2.0
Bit P2.1

Bit P3.2
Bit P3.3
Bit P3.4
Bit P3.5

.
2
5
A
.

3
3
; | interupt serial
3
|

J

Bit 20h.0 ; status baca sensor co

Equ 30h
Equ 3ih
Equ 32h
Equ 33h
Equ 34h
Equ 35h
Equ 36h
Equ37h
Equ 38h

Equ 40h
Equ 41h
Equ 42h

Equ 43h

Equ 44h

Equ 45h

Equ 46h

led_in

Icall srl_in
Icall rstemd

.
k4

mulai: mov DPTR,#tpnama

; inisialisasi LCD
; inisialisasi serial
; reset command serial

A



lcall
mov
Icall
mov
Icall
mov
Icall
Icall
mov
lcall
mov
Icall
mov
lcall
mov
lcall
Icall

mov
Icall
mov
Icall
mov
Icall
mov
Icall

linel
Char,#16
tulis
DPTR #tpnims
line2
Chard#l6
tulis
delay2
DPTR #tpjurs
linel
Char #16
tulis
DPTR #tpuniv
line2
Char,#16
tulis
delay2

DPTR, #tpsuhu
linel

Char #16
tulis

DPTR #tpgsco
line2

Char,#16
tulis

measrm: lcail besns0

mov
mov
Jcall
mov
mov
div

Icall
mov
Icall
mov
Icall
mov
lcall
mov
Icall
mov
fcall

lcall

DPTR #angka
P0,#088h
w_ins
A,Ds00
B,#10
AB
wr_chr
AB
wr_chr
PO#'’
w_chr
A,Ds01
wr_chr
P0,#0DFh
w_chr
P0,#0D0h
w_ins

besnsl

31
?

3|
2

31

M ur we v

Ve we we

s we
—
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mov  DPTR,#angka
mov  P0,#0C8h
Icall w_ins
mov  AR3
Icall wr_chr
mov AR2
lcall wr chr
mov ARl
lcall wr_chr
mov  ARO
leall wr_chr
mov  PO#0DOh
Icall w_ins

mov Dlyl,#1
lcall delayl
ljmp measrm

besnsO: cir Slc0
clr  Slcl
mov Dlyl#3
lcall delayl
mov  Dsn0,P1
mov  A,Dsn0
mov B,#10
div AB
mov Ds01,B
mov B#25
add AB
mov  Ds00,A
ret

bcsnsl: setb  SlcO
clr  Slcl
mov Dlyl,#3
Icall delayl
clr Cosn
mov Dlyl.#3
lcall delayl
mov  Dsnl,Pl
mov Dlyl #3
Icall delayl
setb Cosn

clr Coht
mov Dlyl,#3

Me W W W Me ML W WP Ve VS ue we

A\
;| wait 1 detik
i/

3\
3

; | select address ADC ch-0

g
s
d
3
>
.
1]

; | kalibrasi suhu

wer we u -

‘Q

; select address ADC ch-1

:\ wait

i 2.5ms

; nyalakan sensor
2\ wait

i/ 2.5ms

; baca sensor (adc)
s\ wait

i/ 2.5ms

; matikan sensor

; nyalakan heater
s\ wait



leall delayl i/ 14ms

hexdc0: Icall incdec
dinz Bufr,hexdc0
djinz Hex1,hexdc0

hexdcl: mov A ,Hex0

setb Coht ; matikan heater
mov  DPTR #lokup0 A
mov  A,Dsnl 3
move A@A+DPTR 3
mov Dsl10,A 3
mov  DPTR#lokupl 3
mov  A,Dsnl 3
move A,@A+DPTR 3
mov DsllA 3l
mov  Hex0,Ds10 3|
mov Hexl1,Dsll1 3
Icall hexdec 3
ret J
hexdec: mov RO#0 A\
mov R1,#0 3
mov R2#0 3
mov R3#0 3
mov A Hexl 3
jz  hexdel |
mov Bufr,#0 ; | hexa -> decimal
3
3
3

jz  hexdc3 3
hexdc2: Icall incdec 31
djnz Hex0,hexdc2 )
hexdc3: ret
incdec: inc RO A\
cjne RO,#10,indec 3
mov RO#0 3
mc Rl 3
cjne R1,#10,indec 3
mov R1,#0 3
inc R2 ; | increment decimal
cjne R2,#10,indec 3
mov R2#0 3
inc R3 3
cine R3.#10,indec 3
mov R3.#0 3

indec: ret J

’



nilai: mov B,#100 3\
div AB 3
Icall wr chr
mov AB
mov B#10 ;
div AB 3
lcall wr_chr ;
mov AB 3
lcall wr_chr ;
ret )

cacah nilai

bc_cmd: cjne R7#S',bcemd0
Icall bc srl
cjne R7#U bcemd0
lcall be_srl
cine R7#H'bcemd0
lcall be_sri
cjne R7#U'bccmd0
mov A,Ds00 \
mov B #10 31
div AB 3
mov B,#30h
add AB
Icall kr_srl
mov  A,Ds00
mov B#10
div. AB ;
mov AB
mov B,#30h
add AB
leall kr srl
mov A#.
Ieall kr_stl
mov A,Ds01
mov B,#30h
add AB
Icall kr_sri
mov A #0Dh
lcall kr_srl 4

D WY N v ws

M M M we W W Ve B M U ws

— e —— —— — — — p—— —— ———

beemdO: cjne  R7#'C',beemdl
Icall be_srl
cjne R7#0'becemdl
Icall bc_srl
cjne R7#C'bcecmdl
lcall be_srl



cjne R7#0'becemdl
mov  AR3
mov B.#30h
add AB
Icall kr_srl
mov AR2
mov B#30h
add AB
lcall kr_srl
mov ARl
mov B, #30h
add AB
Icall kr_sri
mov A,RO
mov B,#30h
add AB
Icall kr srl
mov A #0Dh
lcall kr_srl

becemdl: Icall rstemd
ret

srl_in: mov  Dly3,#1
Icall delay3
mov TMOD, #20h
mov TH1,#0FDh
mov  SCON,#50h
setb TRI
setb ES
setb EA
ret

kr_srl:clr  ES
mov SBUFA
b TL$
cle TI
setb ES
ret

be_srl: leall rstemd
mov Tmo0,#0
mov Tmol #0
bc_sr0: cijpe R7#0FFh,bc_srl
djnz Tmol,bc_sr0
djnz TmoO,bc_sr0

I
|
I
; | inisialisasi serial
l
|
I

A
i

; | baca serial
; | tunggu data bukan FF
; | sebelum time out

3



be_srl: ret )

;'stcmd: mov R7,#0FFh
ret

linel: mov P0.#080h
lcall w_ins
ret

line2: mov PO,#0COh
leall w_ins
et

tulis: cir A
Icall wr_chr
inc DPTR
 djnz Chartulis
ret

wr_chr: move A @A+DPTR

mov P0OA
Icall w_chr
ret

w_ins: clr  Enbl
cir Rest
setb Enbl
clr Enbl
Icall delay0
ret

w_chr: ¢ir Enbl
setb Rest
setb Enbl
cir Enbl
Icall delay0
ret

icd_in: mov  Dly3,#1
leall delay3

mov P0O#01h ; Display Clear

Icall w_ins

mov P0,#38h ; Function Set

lcall w_ins

mov PO#0Dh ; Display On, Cursor, Blink

lcall w_ins



mov  PO,#06h ; Entry Mode
Icall w_ins

mov PO0,#02h ; Cursor Home
Icall w_ins

ret

icdch': mov PO#01h ; Display Clear

lcall w_ins
Icall delay0
Icall delay0
icall delay0
ret

delay0: djnz Dly0,delay0
ret

delayl: Icall delay0
cjne R7,#0FFh,dely10
limp delyll

dely10: ljmp bc cmd

delyll: djnz Dlyl,delayl
ret

delay2: mov  Dly2,#20

dely2: lcall delayl
djnz Dly2,dely2
ret

delay3: Icall delay0
djnz Dlyl, delay3
djnz Dly3,delay3
ret

tpnama:DB ' IRVAN '
tpnims: DB ' NIM: 0512207 '
tpjurs: DB ' Teknik Elektro '
tpuniv: DB ' ITN Malang '
tpsuhu:DB  'Suhu: C'
tpgsco:DB  'CO : ppm’
angka: DB '0123456789 '

lokup0: DB 002,004,005,007,009,011,012,014,016,017
DB  019,021,022,024,026,027,029,031,032,034
DB 036,037,039,041,042,044,046,047,049,050
DB 052,054,055,057,059,060,062,063,065,067
DB  068,070,071,073,075,076,078,079,081,083

; 000-009
; 010-019
; 020-029
; 030-039
; 040-049



DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

lokupi: DB 000,000,000,000,000,000,000,000,000,000

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

084,086,087,089,090,092,093,095,097,098
100,101,103,104,106,107,109,110,112,113
115,117,118,120,121,123,124,126,127,129
130,132,133,134,136,137,139,140,142,143
145,146,148,149,151,152,153,155,156,158
159,161,162,164,165,166,168,169,171,172
173,175,176,178,179,180,182,183,185,186
187,189,190,191,193,194,196,197,198,200
201,202,204,205,206,208,209,210,212,213
214,216,217,218,220,221,222 223,225 226
227,229,230,231,233,234,235,236,238,239
240,241,243,244,245,246,248,249,250,251
253,254,255,000,002,003,004,005,006,008
009,010,011,012,014,015,016,017,018,020
021,022,023,024,026,027,028,029,030,03 1
032,034,035,036,037,038,039,040,042,043
044,045,046,047,048,049,051,052,053,054
055,056,057,058,059,060,062,063,064,065
066,067,068,069,070,071,072,073 074,075
076,077,078,079,080,082,083,084,085,086
087,088,089,090,091,092

000,000,000,000,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000,000
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; 050-059
: 060-069
: 070-079
: 080-089
; 090-099
: 100-109
:110-119
- 120-129
: 130-139
: 140-149
; 150-159
: 160-169
: 170-179
; 180-189
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; 000-009
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; 070-079
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: 140-149
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- 160-169
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; 180-189
: 190-199
: 200-209
;210-219
s 220-229
: 230-239
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