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ABSTRAKSI
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JALUR KERETA API DENGAN MENGGUNAKAN
GELOMBANG ULTRASONIK DAN GELOMBANG RADIO
BERBASIS MIKROKONTROLER AT89C51
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ZIKI ZAULIA PANDUWINATA
Nim : 01.17.032
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Dosen pembimbing: Ir. Sidik Noertjahjono, MT
Jurusan Teknik Elektro S1, Konsentrasi Teknik Elektronika
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J1. Raya Karanglo Km 2 Malang, Telp. (0341)417636, Fax (0341)417634
Malang
Website; www.itn.ac.id e-mail: itn@itn.ac.id

Abstrak

Pada saat kereta api beroperasi, informasi mengenai letak/posisi kereta
api sangatlah penting untuk diketahui bagi para petugas kereta api, agar para
petugas dapat mengatur jalannya lalulintas kereta api. Teknologi penyampaian
informasi posisi kereta api pada saat ini masih menggunakan pesawat telepon,
sehingga masih banyak terjadi kesalahan (human error) dalam penyampaian
informasi posisi kereta api. Salah satu akibat dari kesalahan dalam memberikan
informasi posisi kereta api adalah dapat menimbulkan terjadinya kecelakaan.

Dengan disusun dan dirancangnya alat ini diharapkan dapat membantu
dan memudahkan para petugas untuk mengetahui letak/posisi kereta api pada
saat kereta api beroperasi hanya dengan melihat tampilan LED indicator posisi
kereta api dan LCD. Pada perancangan alat ini menggunakan media komunikasi
gelombang ultrasonic dan gelombang radio sebagai media penghantar informasi
posisi kereta api. Dengan didirikan beberapa transceiver di setiap stasiun K4
maupun disepanjang jalur kereta api dengan skala jarak tertentu dan dengan
mengunakan data DIMF untuk membedakan menara transceiver sebagai
pemosisi kereta api, maka sistem monitoring posisi kereta api yang berbasis
mikrokontroler AT89C51 dapat beroperasi.

Kata Kunci : sistim monitoring posisi kereta api, gelombang ultrasonic,
gelombang radio, DTMF, mikrokontroler AT89C51
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BABI

PENDAHULUAN

1.1. Latar Belakang

Dalam kehidupan sehari-hari kereta api merupakan salah satu
transportasi darat yang sering digunakan, karena transportasi ini lebih ekonomis
dibandingkan dengan transportasi darat yang lain. Dalam penggunaan alat
transportasi kereta api saat ini banyak sekali terjadi kesalahan-kesalahan dalam
menginformasikan letak/posisi kereta api pada saat kereta api sedang melaju.

Seiring dengan perkembangan ilmu pengetahuan dan teknologi, mulai
dikembangkan alat bantu yang dapat menginformasikan posisi dan letak alat
transportasi maupun benda seperti SONAR, RADAR, dan GPS. Sedangkan pada
unit kereta api pada saat ini kita menggunakan media komunikasi pesawat telepon
untuk menginformasikan posisi atau letak dari kereta api tersebut. Karena kurang
tepatnya informasi yang kita berikan banyak sekali terjadi kesalahan-kesalahan
dalam memberikan informasi posisi kereta api sehingga menimbulkan terjadinya
kecelakaan.

Di sini akan dicoba memperkenalkan sebuah sistem monitoring yang
digunakan pada alat transportasi darat salah satunya yaitu kereta api, dimana
sistem ini dapat membantu kita untuk mengetahui posisi kereta api sehingga dapat
mengurangi terjadinya kesalahan dalam memberikan informasi posisi pada kereta

api.
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1.2. Perumusan Masalah
Berdasarkan latar belakang, maka untuk perumusan masalahnya adalah
bagaimana merancang suatu alat yang dapat mengetahui letak atau posisi kereta
api yang sedang melaju dengan menggunakan sistem komunikasi gelombang
ultrasonik dan gelombang radio.
Oleh karena itu dalam perumusan masalah skripsi ini diberi judul :

PERANCANGAN DAN PEMBUATAN SISTEM MONITORING PADA JALUR
KERETA API DENGAN MENGGUNAKAN
GELOMBANG ULTRASONIK DAN GELOMBANG RADIO

BERBASIS MIKROKONTROLER AT89CS1

1.3. Tujuan Pembahasan

Tujuan dari penyusunan skripsi ini adalah untuk merancang sistem
monitoring kereta api yang dapat mengetahui letak atau posisi dari kereta api
berdasarkan perbedaan sinyal DTMF yang dihasilkan pada menara yang
ditempatkan di sepanjang jalur kereta api dengan media penghantar melalui udara
(Gelombang Ultrasonic dan Gelombang Radio) yang berbasiskan Mikrokontoler

AT89CS1.

1.4. Batasan Masalah
Dalam menyusun skripsi ini diperlukan suatu batasan masalah agar tidak
menyimpang dari ruang lingkup yang akan dibahas. Adapun batasan masalahnya :
1. Alat ini bekerja pada jalur Low Frekuensi untuk transduser ultrasonik

dan Very High Frekuensi untuk modul wireless microphone .
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2. Jalur dan penempatan menara tidak berdasarkan pada jarak yang
sesungguhnya.

3. Tidak membahas gangguan frekuensi yang disebabkan dari luar.

4. Tidak membahas daya dan jarak jangkau pancaran.

5. Tidak membahas kecepatan sistem transmisi.

6. Tidak membahas catu daya dan final amplifier.

7. Tidak membahas masalah antena dan saluran transmisi.

8. Hanya membahas masalah perancangan perangkat kerasnya.

1.5. Metodologi Penelitian
Metodologi yang digunakan dalam penulisan skripsi ini adalah sebagai
berikut :

1. Studi literature tentang cara kerja transmitter/receiver gelombang
ultrasonic, DTMF, gelombang radio dan mikrokontroler AT89C51 yang
meliputi pengumpulan dan analisa data.

2 Perancangan dan Pembuatan Alat meliputi :

»  Sistem transmitter dan receiver dari gelombang ultrasonic.
« Rangkaian Pengkondisi Sinyal, DTMF Encoder dan Decoder
s  Pemrograman Mikrokontroler AT89C51.

3. Pengujian alat yang meliputi :

a. Sinyal yang dihasilkan transmitter/receiver (baik gelombang
ultrasonic maupun gelombang radio).

b. Rangkaian Pengkondisi Sinyal , DTMF Encoder dan Decoder.



1.6.

¢. Mikrokontroler AT89C51.

d. Sistem monitoring posisi kereta api yang ditampilkan pada LED

display dan LCD.

Sistematika Penulisan

Sistematika dari penulisan Skripsi ini adalah sebagai berikut :

Bab I merupakan Pendahuluan yang berisi latar belakang, perumusan
masalah, tujuan, batasan masalah, metodologi penelitian serta sistematika
penulisan,

Bab II membahas tentang Teori Penunjang yang membahas tentang teori
dasar transduser ultrasonik, DTMF, gelombang radio dan mikrokontroler
AT89CS51.

Bab III membahas tentang Perancangan dan Pembuatan Alat yang
meliputi: Osilator gelombang ultrasonik pada transmitter transduser
ultrasonik dan filter pada receiver transduser ultrasonik, Rangkaian
Pengkondisi Sinyal, DTMF, pemrograman mikrokontroler AT89C51 dan
penjelasan tentang cara kerja dari sistem monitoring pada LED display.
Bab IV membahas tentang Pengujian Alat yang mencakup tentang
pembahasan yang akan menampilkan hasil pengamatan dan analisa dari
hasil pengujian. Dan menguji sejauh mana alat tersebut berfungsi.

Bab V merupakan bagian Penutup yang meliputi kesimpulan dan saran.

Daftar Pustaka

Lampiran
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BAB I

TEORI PENUNJANG

2.1 Pendahuluan

Dalam bab ini akan dibahas mengenai teori penunjang dari perencanaan
dan pembuatan alat. Teori penunjang ini akan membahas tentang komponen dan
peralatan pendukung dari alat yang akan kita buat, hal tersebut guna memudahkan
dalam memahami cara kerja rangkaian maupun dasar-dasar perencanaan hingga
terciptanya alat ini.

Bagian pokok dalam teori penunjang ini akan membahas secara garis
besar tentang transduser ultrasonik, DTMF, gelombang radio dan mikrokontoler

AT89CS51. Untuk lebih jelasnya akan dijelaskan di bawah ini.

2.2. Gelombang Ultrasonik

Gelombang Ultrasonik adalah salah satu bagian dari gelombang
suara/akustik yang mempunyai daerah frekuensi di atas batas kemampuan
pendengaran manusia yaitu di atas 20 KHz ' Gelombang ultrasonik sering
digunakan pada bidang maritim dengan istilah SONAR (sound navigation and
ranging) dimana fungsi dari SONAR adalah sebagai komunikasi antar kapal,
pendeteksi atau untuk mengetahui posisi benda dalam air seperti ranjau dan kapal
selam. SONAR juga berfungsi sebagai pengukur jarak suatu benda maupun

kedalaman lautan berdasarkan waktu antara pancaran dengan pantulan gelombang

! http://en.wikipedia.org/wiki/Ultrasound
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yang diterima (echo). Jarak yang dapat dipancarkan dalam air dengan gelombang
ultrasonik adalah antara 1 sampai dengan kurang lebih 10 Km. Sedangkan pada

media udara SONAR hanya digunakan untuk jarak yang pendek.?

Nama Frekwensi
Infrasonik Dibawah 20Hz
Audibel 20-20.000 Hz
Ultrasonik Diatas 20.000Hz

Tabel 2 -1. Kategori Suara Menurut Frekwensi.’

2.2.1. Tranducer Ultrasonik

Tranduser adalah suatu alat yang dapat merubah energi dari suatu energi
kebentuk energi yang lain. Sedangkan Tranduser ultrasonik adalah suatu alat yang
dapat merubah energi elektrik menjadi energi akustik ( gelombang ultrasonik )4

Tranduser yang digunakan dalam peencanaan ini adalah jenis tranducer
Piezzoelektrik yang dapat merubah energi elektrik menjadi suara, dimana dalam
perancangan ini berfungsi sebagai pemancar dan penerima gelombang ultrasonik
yang bekerja pada frekuensi 40 KHz. Tujuan dari penggunaan transduser
ultrasonik ini selain dalam teknologi saat ini gelombang ultrasonik digunakan
dalam SONAR sebagai pendeteksi atau posisi suatu benda. Sedangkan pada

perencanaan ini pemakaian ultrasonik adalah untuk mengetahui kereta api pada

2 http://en.wikipedia.org/wiki/Sonar
3 http://en. wikipedia.org/wiki/Ultrasound
4 http://en.wikipedia.org/wiki/Transducer
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saat melintas (transmitter dan receiver transducer ultrasonic), selain itu juga
untuk menghindari terjadinya gangguan frekuensi pada saat pengiriman dan

penerimaan sinyal.

Gambar 2-1. Transducer Ultrasonic.”

2.2.2. Transmitter Transducer Ultrasonik

Transmitter Transducer Ultrasonik adalah suatu alat yang dapat
mengirimkan energi elektrik melalui medium udara dengan transducer ultrasonik.
Untuk membangkitkan getaran elektrik pada transmitter maka diperlukan suatu
komponen elektronik yang dapat membangkitkan frekuensi sebesar 40 KHz.

Pada transmitter transducer ultrasonik komponen elektronik yang
digunakan adalah IC 555 sebagai pembangkit gelombang ultrasonic. IC 555
bekerja dengan mode astabil multivibrator, hal tersebut dikarenakan pada mode
astabil multivibrator IC 555 akan membangkitkan pulsa/gelombang kotak

(osilator relaksasi) secara berulang.

® Data Sheet Ultrasonic Transducers



Untuk bentuk blok diagram IC 555 dan rangkaian skematik IC 555 yang

bekerja pada mode astabil multivibrator dapat kita lihat pada gambar di bawah ini
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Gambar 2-3. Oscillator Astabil Multivibrator

¢ Philip Semiconductor NE 555 And 556 Application Note, page 2
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Rangkaian astabil multivibrator bekerja pada saat terjadi proses pengisian
dan pengosongan pada komponen luar. Pada saat pengisian nilai tegangan pada
pin 6 (enam) (threshold) dan pin 2 (dua) (trigger) akan lebih besar dari 2/3 VCC
selama 0.693 (Ra + Rb ) C, dan setelah 0.693 (Ra + Rb ) C rangkaian IC akan
menset flip flop RS dan keluaran flipflop RS akan menjadi 1 (Q=1). Pada saat
Q=1 rangkain dalam IC akan mengaktifkan transistor sehingga arus yang melintas
pada pin 7 (discharge) akan langsung ditanahkan, dalam keadaan ini rangkaian
akan terjadi pengosongan dengan waktu sebesar 0.693 (Rb) C. Nilai tegangan
akan terus turun sampai lebih kecil dari 1/3VCC, dan membuat keadaan pada
output trigger menjadi 1 (R=1) sehingga membuat Q=0, dan membuat transistor

menjadi jenuh, dan proses pengisian akan terjadi lagi dan terus berulang selama

rangkaian dalam keadaan aktif.
V(%) 4 V(%) 4
100 $ 100 |
80 1 80 |
60 / 60 {
40 | 40 |
¥ 1
20 1 20 |}
- [(AB VCC]
>
0.693 (Ra+Rb)C T(S) 0.693 (Rb)C T(S)
(a) (b)

Grafik 2-1. (a) Waktu Pengisian Kapasitor, (b) Waktu Pengosongan Kapasitor
9



Gambar 2-4. Bentuk Gelombang Keluaran Pewaktu 555

Untuk perumusan astabil multivibrator adalah sebagai berikut :

Pada waktu pengisian :

t1=0,693 (Ra+Rb)C.

- Pada waktu pengosongan
2 =0,693 (Rb) C.2

- Sehingga untuk waktu keseluruhan adalah :
T=t1+2=0,693 (Ra+ 2Rb) C.

- Untuk persamaan umum dari frekuensi adalah :

1 1 _ 1,44 10

I T T 0693(Ras2REC _ (Ra+2R)C

2.2.3. Receiver Transducer Ultrasonik
Untuk menghasilkan kembali frekuensi yang dihantarkan melalui media

udara maka diperlukan suatu alat penerima yang mempunyai frekuensi kerja yang

7 Natioanal Semiconductor LM555 Data Sheet, 2000, Page 8
8 Ibid. Page 8
? Ibid. Page 8
19 Ibid. Page 8
10



sama yaitu sebesar 40 Khz. Agar pada penerimaan gelombang ultrasonic dapat

bekerja pada frekuensi 40 KHz, maka diperlukan sebuah filter yang berfungsi
untuk meluluskan frekuensi kerja dari alat. Dalam hal ini filter yang digunakan
adalah jenis High Pass Filter dimana prinsip kerja dari High Pass Filter adalah
untuk meloloskan frekuensi yang kita tentukan. Untuk membentuk High Pass
Filter digunakan rangkaian Op-Amp sehingga selain sebagai HPF OP-Amp juga
sebagai penguat dari gelombang yang dihasilkan.

Untuk bagian skematik dari High Pass Filter dapat dilihat pada gambar di

bawah ini beserta perumusannya :

—E

Gambar 2-5. High Pass Filter."!

Dari rangkaian di atas untuk perumusannya adalah sebagai berikut :

A= —%atau = -% dimana C akan terhubung singkat pada frekuensi sebesar :
i

1 Wasito S, VADEMEKUM ELEKTRONIKA EDISI KEDUA, PT Gramedia. Jakarta, 1995, hal
362
11
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fe , sehingga penguatan akan terjadi pada saat harga f, terpenuhi.

" 2xRIC

Dan apabila nilai frekuensi masuk lebih kecil dari harga f, maka A=0."

2.3 DTMF

DTMF (Dual Tone Multi Frequency) merupakan frekuensi isyarat yang
biasa digunakan dalam pesawat telekomunikasi yang berfungsi untuk membentuk
nada yang mengisyaratkan nomor pada tombol pesawat telepon di dalam jaringan
telekomunikasi.

Dalam perancangan ini DTMF difungsikan sebagai isyarat untuk
membedakan menara yang satu dengan yang lain sesuai dengan nomor dan nada
pembentuk pada DTMF tersebut. Setiap isyarat angka/nomor DTMF pada
pesawat telepon terbentuk dari dua frekuensi audio yang berbeda, untuk lebih

jelasnya akan dijelaskan pada gambar dan sub bab di bawah ini :

1209 Hz 1336 Hz 1477 Hz 1633 Hz
697 Hz| 1 3 3 A
770 Hz 4 5 B B
852 Hz 7 8 9 c
91Hz -~ 0 # D

Tabel 2-2. Frekuensi DTMF Pada K'E:ypad.13

" Tbid. Hal. 362
13 hitp://en.wikipedia.org/wiki/Dual-tone_multi-frequency
12



2.3.1 DTMF Generator

Dalam rangkaian terintegrasi (/ntegrated Circuit) generator tone banyak
didapatkan di pasaran. Salah satunya adalah IC TP5088. DTMF Generator
TP5088 merupakan jenis IC CMOS yang dapat menghasilkan tone-dialling yang
dalam aplikasinya biasa digunakan pada hubungan telepon. IC ini dapat dikontrol
oleh mikrokontroller atau secara manual kontroVswitch. Data input yang berupa 4
(empat) data biner akan diuraikan secara langsung sehingga membentuk 2 (dua)
bagian yaitu FL dan FH untuk mensimulasikan input switch yang dibutuhkan

oleh pembangkit DTMF

TaNE QUTPUT

Gambar 2-6. Diagram Blok DTMF Generator."

IC TP5088 ini merupakan DTMF generator yang menghasilkan fone

dialing. Di mana Input dari TP5088 ini berupa 4 (empat) data biner (DO sampai

14 National Semiconductor IC TP5088 Data Sheet, October 1991, Page 1
13
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dengan D3) yang selanjutnya akan diuraikan menjadi sinyal DTMF tergantung
kepada kode sinyal yang dimasukkan. IC ini akan bekerja apabila Tone Enable
berlogika tinggi sehingga clock yang berasal dari oscillator crystal 3.579545 MHz
akan aktif 4 (empat) data biner ini (D0-D3) masuk dan diterima oleh Data
Latches untuk menjaga inputan data biner ini tetap, sampai ada inputan data baru
yang masuk. Selanjutnya data dibagi dan dipecah melalui programmable divider,
masuk ke dalam Johnson Counter yang akan mengurut data ke dalam dua buah
kelompok Digital to Analog Converter sehingga terbentuk kelompok sinyal
frekuensi tinggi dan rendah melalui High Group D/4 dan Low Group D/A. Kedua
nada (fone) frekuensi tinggi dan rendah kemudian dicampur menggunakan mixer
amplifier, 1alu Tone Out keluar melalui kaki emitor sebuah transistor NPN dengan
kaki kolektor dihubungkan Vpp, IC TP5088 ini akan menghasilkan fone sampai
tone enable low kembali. Jadi pembacaan terhadap input akan dimulai pada saat

transisi fone enable dari low ke high.

Keyboard Data Inputs TONE TONES OUT
Equivalent ENABLE MUTE
D3 D1 Do f (Hz) fr(Hz)

x x x x X (4] ov ov ov

1 o o] o 1 = 697 1209 osC
2 o o 1 o T 697 1336 orsC
3 o o 1 1 — 697 1477 o/C
k) o] 1 4] (o] = 770 1209 o/C
5 o] 1 o] 1 T 770 1336 o/C
6 ) 1 1 o it 770 1477 o/C
7 (8] 1 1 1 e as52 1209 o/C
8 1 o o] o] ST 852 1336 o/C
9 1 o o] 1 =" 852 1477 o/C
o 1 4] 1 [0} = 241 1336 o/C
= 1 o 1 1 - Sa1 1209 o/C
* 1 1 o o N 241 1477 o/C
A 1 1 0 1 s 697 1633 o/C
B 1 1 1 (o] - 770 1633 or/C
C 1 1 1 1 — 852 1633 o/C
D 0 L] 0 0 = 841 1633 o/C

Tabel 2-3. Tabel Kebenaran DTMF TP5088."

5 Ibid. Page 4
14



Institut Teknologi Nasional Malang

Secara keseluruhan fungsi dari masing-masing pin TP5088 adalah :

a)

b)

d)

g)

Vdd dan Vss. Merupakan pin catu daya, Vg dihubungkan dengan catu
daya positif (+) dan Vss dihubungkan dengan catu daya negatif (-).

Osc In dan Osc Out. Pin ini dihubungkan dengan kristal atau oscillator
dari luar.

Tone Enable Input. Input ini mempunyai sebuah resistor pull-up internal.
Ketika Tone enable dalam kondisi low, oscillator akan diberhentikan
sehingga fone generator dan output lain akan mati. Perubahan logika “0”
ke logika “1” akan menahan data dari DO-D3 dan oscillator akan mulai
bekerja dan tone generator kontinyu sampai fone enable kembali ke
keadaan /ow.

Mute. Output ini berfungsi untuk mengalirkan arus ke Vss pada saat tone
enable low dan tidak ada fone yang dibangkitkan dan rangkaian ini
dimatikan saat fone enable high.

D0-D3. Pin untuk input data biner yang dikodekan, yang ditahan pada
sisi naik tone enable.

Tone Out. Output ini merupakan open emitor dari transistor NPN,
kolektor secara internal dihubungkan ke Vu. Ketika beban resistor
eksternal dihubungkan Tone out ke Vss, maka tegangan pada kaki ini
merupakan penjumlahan dari group tone low dan high. Pada saat tidak
membangkitkan fone output, transistor ini mati.

Single Tone Enable. Pada keadaan normal kaki ini- dihubungkan ke Vdd.

15



h) Group Select. Kaki ini digunakan untuk menyeleksi group frekuensi atas

atau bawah. Ketika perangkat ini dalam mode tunggal.

2.3.2. DTMF Receiver.

IC MT8870 adalah IC terpadu penerima/ pengkonversi DTMF yang
merupakan salah satu IC produksi Mitel, Inc. Fungsi dari DTMF ini adalah untuk
menterjemahkan masukkan berupa sinyal frekuensi menjadi data biner. IC
MT8870 ditunjukkan pada gambar 4 rangkaian terintegrasi yang di dalamnya
dilengkapi dengan filter digunakan frekuensi tinggi dan rendah serta sebuah
decoder digital. Pada bagian filter digunakan teknik switch kapasitor untuk
membedakan pasangan frekuensi yang masuk. Sedang untuk dekoder digunakan
teknik pencacahan digital untuk mendeteksi dan mengkode 16 buah pasangan
frekuensi DTMF menjadi kode 4 bit. MT8870 juga dilengkapi dengan rangkaian-
rangkaian internal penguat differendsial, clock oscillator dan sebuah rangkaian

latch 3-state pada bagian output.

S Wy B PN
- > Q1
) &2§ Hepgwo | T o2 | | oSin .
. = Zom gomer .
bl wmo?'—'b— B > s
empg E =

Gambar 2-7. Diagram Blok DTMF Receiver.®

16 Zarlink Semiconductor IC MT8870D/MT8870D-1 Data Sheet, march 1997, Page 1
16
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Secara keseluruhan, fungsi masing-masing pin MT8870 adalah :

a)

b)

g)

h)

)

k)
D

24.

IN+ dan IN-. Merupakan pin input, IN+ merupakan non inverting input
op-amp dan IN- merupakan inverting input op-amp.

GS (gain select). Pemilihan besarnya gain (penguatan) untuk sinyal dari
luar.

Vref. Voltage referensi, biasanya besarnya Vpp/2 (output).

INH. Berfungsi untuk mengeluarkan data DTMF A,B,C,D.

PWDN. Power down (input), aktif tinggi.

OSC1 dan OSC2. Pin ini dihubungkan dengan kristal sebesar 3,579545
MHz. OSC1 merupakan Clock input dan OSC2 merupakan Clock output.
Vss dan Vdd. Merupakan pin catu daya. Vss dihubungkan dengan
ground. Sedangkan Vdd dihubungkan dengan catu daya positif.

St/GT. Steering/Guard Time, menentukan kecepatan nada yang dapat
diterjemahkan.

Est. Saat nilai input benar maka akan mengeluarkan logika tinggi.

StD. Jika logika tinggi pada pin ini maka data yang akan dikeluarkan
adalah valid.

Q1-Q4. Output data yang akan dikeluarkan

TOE. Tristate output enable, untuk mengaktifkan tidak ada keluaran data.

Gelombang Radio

Gelombang Radio adalah gelombang elekromagnetik yang dihasilkan

oleh suatu rangkain/komponen elektronika dimana media penghantar yang biasa

17
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digunakan adalah udara '’. Salah satu pengembangan dari gelombang radio untuk
menentukan letak atau lokasi suatu daerah adalah dengan adanya RADAR (Radio
Detection and Ranging ) dan GPS (Global Positioning System)

Karena pada perencanaan untuk membentuk gelombang radio
menggunakan suatu modul, maka untuk gelombang radio hanya akan dijelaskan
secara garis besar mengenai system dasar dari system komunikasi frekuensi radio.
Dalam perencanaan ini modul gelombang radio menggunakan sistem komunikasi
frekuensi radio analog yaitu dengan menggunakan modul wireless microphone
yang bekerja pada jalur Very High Frequency (VHF) yaitu sebesar 100 MHz —

120 MHz. Sedangkan untuk pembagian jalur gelombang radio dapat dilihat pada

table di bawah ini.
Frequency
Band ITU
Abbr | /. and Example uses
name band L.
Wavelength in air
<3Hz
> 100,000 km
Extremely 3-30 Hz . F
C th
low | ELF | 1 | 100,000 km— 10,000 Somummeallon With
submarines
frequency km SUDIIAIIES
Super low SLF 5 30-300 Hz Communication with
frequency 10,000 km — 1000 km submarines
Ultra low 300-3000 Hz .. e
ﬁ——e . ULF 3 1000 T — 100 kam Communication within mines
- ol
dorviim 3-30 kHz Submarine commumo:a on,
& VLF 4 avalanche beacons, wireless
frequency 100 km — 10 km ) .
heart rate monitors, geophysics
Low LF 5 30-300 kHz Navigation, time signals, AM
frequency 10 km— 1 km longwave broadcasting
Medium 300-3000 kHz s
— - - b
P MF 6 { i — 100 5 AM (Medium-wave) broadcasts

' http://en.wikipedia.org/wiki/Radio_wave
18



Institut Teknologi Nasional Malang

High 3-30 MHz Shortwave broadcasts, amateur
. HF 7 radio and over-the-horizon
frequency 100m—-10m il o
aviation communications
FM, television broadcasts and
Very high VHF 8 30-300 MHz line-of-sight ground-to-aircraft
frequency I0m-1m and aircraft-to-aircraft
communications
television broadcasts,
microwave ovens, mobile
Ultra high UHF 9 300-3000 MHz phones, wireless LAN
frequency 1 m- 100 mm Bluetooth, GPS and Two-Way
Radios such as FRS and GMRS
Radios
Super high SHF 10 3-30 GHz microwave devices, wireless
frequency 100 mm — 10 mm LAN, most modern Radars
5 v
m 30-300 GHz Radio astronomy, high-speed
high EHF | 11 ) .
- 10 mm — 1 mm microwave radio relay
frequency
Above 300 GHz
<1 mm

Tabel 2-4. Tabel Klasifikasi Frekuensi Radio. 18

2.4.1. Sistem Dasar Perencanaan dan Perancangan Frekuensi Radio
Dasar dari system komunikasi frekuensi radio terbagi menjadi dua
system yaitu system komunikasi radio analog dan digital, berikut bentuk dari

masing — masing system komunikasi radio :

Transmitter Receiver

Detected

Baseband :
—™ Signal

| Modulator »| Channel Demodulator
Signal

i

Gambar 2-8. Blok Sistem Komunikasi Sederhana.”

18 .

Ibid
1Y BEHZAD RAZAVI. RF MICROELECTRONICS, PRENTICE HALL PTR, University Off
California, Los Angeles, 1998, Page 55
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a. Komunikasi Frekuensi Radio Analog

Power
Amplifier
Voice D—— Modulator
Carrier
(a
Low-Noise Audio
Amplifier Amplifier
Downconverter |—s={ Demodulator 4>D—~4
A
|
Carrier
(D)

Gambar 2-9. Sistem Komunikasi Fekuensi Radio Analog.*

b. Komunikasi Frekuensi Radio Digital

Power

Digita THE Amplifier
f Voice Coding Pul
Voice --—p .............. Pl FYBC 1 o] Mod
D m Compression Interleavingﬁ Shaping| odulator

Carrier

Low=Noise

W Amplifier
Down
l > Converter Demodulator

!
Carrier

Audio i A Decoding
Amplifier d ;

Decompression

(h)

Gambar 2-10. Sistem Komunikasi Fekuensi Radio Digital.*’

 1bid, page 7
?! Ibid, Page 8
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Yang menyamakan dari system komunikasi analog dan digital adalah
data/informasi yang dikirim dan yang diterima tidak berubah. Seperti yang terlihat
pada gambar 2-9 sistem komunikasi radio terdiri dari 3 (tiga) bagian terpenting
yaitu transmitter, receiver dan media penghantar, Sedangkan untuk masing-
masing bagian terdiri dari beberapa rangkaian, diantaranya yaitu :

1. Osilator
Osilator berfungsi sebagai pembangkit gelombang yang digunakan
untuk membentuk frekuensi isyarat maupun frekuensi pembawa.

2. Modulator
Modulator adalah suatu rangkaian yang berfungsi untuk
menggabungkan antara frekuensi isyarat/informasi dengan frekuensi
pembawa (Carrier) sebelum ditransmisikan atau dikirim melalui
gelombang radio (udara).

3. Demodulater
Demodulator adalah suatu rangkaian yang berfungsi untuk
memisahkan antara frekuensi isyarat dengan frekuensi pembawa
sehingga hanya frekuensi isyarat/informasi yang diambil.

4. Transmitter
Transimiter adalah suatu perangkat elektronik yang pada umumnya
berupa antena dalam komunikasi udara dan berupa kabel dimana

keduannya berfungsi sebagai penghantar media komunikasi atau

sebagai pengirim sinyal.
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5. Receiver

Receiver adalah suatu rangkaian elektronik yang berfungsi menerima

sinyal atau gelombang yang dipancarkan dari pemancar radio.

24,2, Modulasi dan Demodulasi

Seperti pada sub bab sebelumnya, untuk system modulasi dan
demodulasi pada suatu system komunikasi juga terbagi menjadi 2 (dua) yaitu
Analog dan Digital. Berikut akan dijelaskan secara garis besar mengenai system

komuniksai tersebut.

2.4.2.1 Modulasi

Modulasi adalah proses pencampuran 2 (dua) frekuensi yang berbeda
yaitu antara frekuensi rendah sebagai informasi dan frekuensi tinggi sebagai
frekuensi pembawa (carrier) menjadi 1 (satu) bentuk gelombang frekuensi radio

Berikut penjelasannya :

a Modulasi Analog
Modulasi Analog adalah salah satu teknik modulasi dimana sinyal
informasinya berupa sinyal analog. Pada umunnya modulasi analog terbagi

menjadi 3 (tiga) yaitu :

2 http://en. wikipedia.org/wiki/Modulation
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e AM (dmplitudo Modulation) adalah teknik modulasi analog berdasarkan
besar kecilnya anplitudo pada frekuensi rendah mengendalikan amplitude
frekuensi tinggi. Sedangkan phase dan fekuensinya tidak berubah.
Penggolongan AM :
® Double-sideband modulation (DSB).

- Double-sideband modulation with unsuppressed carrier (DSB-WC)
(used on the AM radio broadcasting band)
- Double-sideband suppressed-carrier transmission (DSB-SC)
- Double-sideband reduced carrier transmission (DSB-RC)
°  Single-sideband modulation (SSB, or SSB-AM).
- SSB with carrier (SSB-WC)
- SSB suppressed carrier modulation (SSB-SC)
° Vestigial sideband modulation (VSB, or VSB-AM)

°  Quadrature amplitude modulation (QAM)

Gambar 2-11. Amplitude Madulation Methode.*’

2 BEHZAD RAZAVI. RF MICROELECTRONICS, PRENTICE HALL PTR, University Off
California, Los Angeles, 1998, Page 57
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e PM (Phase Modulation) adalah teknik modulasi analog terjadi apabila fasa
frekuensi rendah mengendalikan fasa frekuensi tinggi. Sedangkan
amplitude dan fekuensinya tidak berubah.

o FM (Frequency Modulation) adalah modulasi frekuensi dimana frekuensi
rendah mengendalikan frekuensi tinggi. Sedangkan amplitude dan fasanya

tidak berubah.

xgglt)

~Y

xpw (1)

xpy (1)

Gambar 2-12. Phase Madulation and Frequency Modulation Methode.**

b. Modulasi Digital
Modulasi digital adalah salah satu teknik modulasi dimana sinyal
informasinya berupa data digital (bif). Pada umumnya data/informasi digital
dirubah ke dalam bentuk sinyal analog sebelum dimodulasikan dengan frekuensi
pembawa (carrier). Untuk dasar modulasi digital dibedakan menjadi 3 yaitu:*
e ASK (dAmplitude Shift Keying)

e PSK (Phase Shift Keying)

2% Ibid, Page 59
% Ibid. Page 63
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e FSK (Frequency Shifi Keying)

ASK PSK
W~ AN~
a

Gambar 2-13. (a) Amplitude, (b) Phase, dan (c) Frequency Shift Keying.*

2.4.2.2. Demodulasi
Demodulasi adalah proses pemisahan antara frekuensi pembawa dengan
frekuensi isyarat (data) sehingga hanya frekuensi informasi yang
diambil/diloloskan. Sama halnya dengan modulasi, untuk penggolongan
demodulasi pada umunya dibedakan menjadi 3 yaitu :*’
- AM Demodulasi
- FM Demodulasi
- PM Demodulasi
Salah satu bentuk proses modulasi dan demodulasi pada perencanaan ini
adalah dengan digunakannya IC DTMF TP5088 sebagai pembentuk frekuensi
informasi (data) dan MT8870 sebagai demodulator seperti yang sudah dijalaskan

pada sub-bab sebelumnya..

% bid Page 64
7 http://en.wikipedia.org/wiki/Demodulation
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2.5. Mikrokontroler AT89C51

Mikrokontroller AT89C51 adalah Mikrokontroller ATMEL yang
kompatibel penuh dengan Mikrokontroller keluarga MCS-51, yang membutuhkan
daya yang rendah,memiliki performance yang tinggi, dan merupakan
Mikrokomputer 8 bit yang dilengkapi 4 Kbyte EPROM (Erasable and
Programable Read Only) dan 128 byte RAM internal. Program memory dapat di
program ulang dalam sistem atau dengan Nonvalately Memory Konvensional.
Adapun untuk Mikrokontroller AT89C51 (produksi ATMEL) dibandingkan
dengan Mikrokontroller lainnya (produksi INTEL) perbedaannya terletak pada
memory program yang digunakannya. Jika Mikrokontroller 8031 menggunakan
memory luar, 8051 menggunakan ROM, 8751 menggunakan EPROM, maka

Mikrokontroller AT89C51 menggunakan EEPROM (mengisi EPROM langsung

tanpa dihapus terlebih dahulu).
—’
P10 40 O vcc
P1.12 39 [ P0.0 (ADO)
P1.2C]3 38 [1 PO.1 (AD1)
P1.3C]4 37 [0 Po.2 (AD2)
P1.aC]s 36 [0 P0.3 (AD3)
Pise 35 [J P0.4 (AD4)
Pie7 34 [ PO.5 (ADS)
Pi1.70s8 33 [0 Po.6 (ADS6)
RSTO9 32 [ PO.7 (AD7)
(RXD) P3.0] 10 31 O EA/VPP
(TXD) P3.1 ] 11 30 [ ALE/PROG
(TNTo) P3.212 29 O PSEN
(INT) P3.3C]13 28 1 P2.7 (A15)
(To)yP3.4] 14 27 [ P2.6 (A14)
(T1)P35C 15 26 [0 P2.5 (A13)
WH) P3.6] 16 25 [ P2.4 (A12)
®BD)P3.717 24 [ P2.3 (A11)
XTAL2 [ 18 23 [ P2.2 (A10)
XTAL1 ] 19 223 P2.1 (A9)
GND ] 20 21 P2.0 (A8)

Gambar 2-14. Konfigurasi Pin AT89C51.%8

28 AT89C51 Data Sheet
26



Fungsi tiap — tiap pin adalah sebagai berikut :

L.

GND ( ground )

Dihubungkan dengan ground rangkaian.

VCC (power supply)

Dihubungkan dengan sumber tegangan.

Port 0 (P0.0-P0.7)

Port 0 merupakan port /O 8 bit dua arah. Port ini digunakan sebagai
multipleks bus alamat rendah ( A0 —A7 ) dan data selama pengaksesan
program memory dan data memory eksternal.

Port 1 (P1.0-P1.7)

Port 1 dapat berfungsi sebagai input atau oautput dan bekerja baik untuk
operasi bit maupun byre, tergantung dari pengaturan sofiware.

Port2 (P2.0-P2.7)

Merupakan port input output dengan internal pull-up. Port 2 mengeluarkan
high order address byte selama pengambilan (fatch) program memory
eksternal dan selama pengaksesan data memory eksternal. Port 2 juga
menerima high order address bit dan beberapa sinyal control selama
pemrograman dan verifikasi.

Port 3 (P3.0-P3.7)

Port 3 selain mempunyai fungsi sebagai I/O juga mempunyai fungsi
khusus sebagai berikut :

» RD (P3.7)

27



Strobe tulis data memori eksternal (sinyal pembacaan

memory data luar).

WR (P3.6)

Sinyal penulisan memory luar data.
T1 (P3.5)

Masukan dari pewaktu / pencacah 1
TO (P3.4)

Masukan dari pewaktu / pencacah 0
INT1 (P3.3)

Interupt 1 eksternal.

INTO (P3.2)

Interupt 0 eksternal.

TXD (P3.1) (port ouput serial )
Keluaran pengiriman data untuk serial port (asinkron) atau sebagai

keluaran clock (sinkron).
RXD (P3.0) (port input serial)
Masukan penerimaan data serial (asinkron) atau sebagai masukan /

keluaran data (sinkron).

. RST

Merupakan pin input yang aktif tinggi, pin ini aktif tinggi selama dua

siklus mesin ketika osilator bekerja akan me — reset peralatan.

8. ALE ( Address Latch Enable )/ PROG

28
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Pin ALE (Address Latch Enable) aktif tinggi mengeluarkan pulsa output
untuk me - latch satu byte alamat rendah selama pengaksesan ke memory
luar. ALE dapat mengendalikan 8 beban TTL. Pin ini juga merupakan
input pulsa program yang aktif rendah selama pemrograman. Pada operasi
normal, ALE dikeluarkan pada suatu kecepatan yang konstan, yaitu 1/6
dari frekuensi osilator, dan dapat digunakan untuk timing eksternal atau
untuk tujuan pen-clock-an.

9. PSEN (Program Strobe Enable)
Pin ini aktif rendah yang merupakan Strobe pembacaan ke program
memory eksternal.

10. XTAL1 dan XTAL2
Pin XTAL1 merupakan pin input ke penguat osilator pembalik dan pin
XTAL?2 merupakan pin output dari penguat osilator pembalik.

11. EA / Vpp ( External Acces / Programming Supply Voltage ).

Pin EA harus di hold rendah secara eksternal atau dihubungkan ke ground
agar Mikrokontroller AT89C51 dapat mengakses kode mesin dari program

memory eksternal dengan lokasi 0000H sampai OFFFH.
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BAB III

PERENCANAAN PERANCANGAN DAN PEMBUATAN ALAT

3.1. Gambaran Umum Alat

Adapun gambaran umum mengenai sistem monitoring ini adalah
memanfaatkan sistem pemancar (transmitter) dan penerima (receiver) dimana
sistem monitoring ini terdiri dari 5 bagian utama yaitu transmitter ultrasonic dan
receiver ultrasonic sebagai pemicu sinyal, DTMF transmitter gelombang radio,
DTMF receiver gelombang radio dan mikrokontroler AT89C51 yang digunakan
sebagai pengolah data akhir dimana data yang diterima akan ditampilkan pada
lampu indikator letak menara sebagai penentu posisi kereta api.

Pada perencanaan, perancangan dam pembuatan system monitoring ini
digunakan transmitter ultrasonik (pada Kereta Api) dan receiver ultrasonik (pada
Menara) yang bekerja pada frekuensi 40 KHz sebagai media penghantarnya
sehingga jika transmitter transduser ultrasonic melintasi menara receiver
ultrasonic kemudian diterima oleh receiver yang didirikan di samping rel kereta
api atau di sepanjang rel kereta api dengan skala jarak tertentu kita dapat
mengetahui bahwa kereta api tersebut telah melintasi atau sedang berada di posisi
tempat kita mendirikan receiver. Sinyal yang diterima pada receiver ultrasonic
tersebut akan memicu sinyal DTMF dimana pada perancangan ini data DTMF
yang dihasilkan digunakan untuk membedakan menara yang satu dengan yang
lain.sehingga jika pada setiap stasiun atau sepanjang rel kereta api dengan skala

jarak tertentu kita dirikan menara, maka perbedaan data DTMF yang digunakan
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pada setiap menara tersebut digunakan sebagai isyarat penentu dari posisi kereta

api.

Gelombang radio pada perancangan ini digunakan untuk menghindari
terjadinya frekuensi silang, karena dalam miniatur sistem monitoring ini jarak
antar penerima yang satu dan yang lain berdekatan sehingga guna mengurangi
terjadinya kesalahan pengiriman dan penerimaan sinyal, oleh karena itu dalam
perancangan ini menggunakan 2 (dua) sistem pemancar dan penerima (transducer
ultrasonik dan gelombang radio). Karena pada perancangan untuk gelombang
radio menggunakan modul yang ada di pasaran maka untuk modul gelombang
radio akan dijelaskan secara garis besar.

Untuk mendapatkan tampilan secara visual dan sebagai pengolah akhir
dari penerimaan sinyal DTMF maka dalam perancangan dan pembuatan ini
perancang menggunakan mirokontroler type AT89CS1, sehingga setelah sinyal
DTMF diterima, sinyal tersebut dapat ditampilkan pada lampu indikator, begitu
dengan seterusnya sampai kereta api sampai pada tujuan..Untuk memahami lebih
jelasnya berikut gambaran mengenai alat dan blok diagram dalam perencanaan,

perancangan pembuatan sistem monitoring pada jalur kereta api :

31



Institut Teknologi Nasional Malang
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Radio Transmitter/Receiver Center
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Gambar 3-1. Miniatur Sistem Monitoring

Posisi Kereta Api Pada Jalur/Rel Kereta Api

TRANSMITTER RECEIVER
ULTRASONIC ULTRASONIC

. HPF Rangkaian
Os1|lator | IC LM358 |—» Pengkondisi ——»{ uC ATBSC51
C NES55 Sinyal

DTMF
GENERATOR
IC TP5088

TRANSMITTER RECEIVER
RF RF
j Y{, .
DTME
MODUL MODUL
DECODER uUC ATBOCS1 M —»
TX RF RX RF IC MT8870
LED
DISPLAY

Gambar 3-2. Blok Diagram Sistem Monitoring
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3.2. Perancangan dan Pembuatan Alat

Pada sistem monitoring ini ada 5 hal pokok penting yang hendak
dirancang, yaitu Transmitter Ultrasonic, Receiver Ultrasonic, DTMF Transmitter
RF, DTMF Receiver RF dan Pemrograman Mikrokontroller.

Untuk sub-sub bagian dari masing-masing perancangan adalah sebagai
berikut :
1. Pada Transmitter Ultrasonic terdiri dari : :

¢ Osilator Astabil Multivibrator 40 KHz

2. Pada Receiver Ultrasonic dan Transmitter RF terdiri dari 4 bagian yaitu:

High Pass Filter

Rangkaian Pengkondisi sinyal

Mikrokontroler AT89C51
e DTMF Generator IC TP5088

3. Pada Receiver RF :
e DTMF Demodulator IC MT8870
e Mikrokontroler AT89CS51

e LED Display dan LCD
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3.2.1. Perancangan dan Pembuatan Transmitter Ultrasonik
Seperti yang dijelaskan di atas bahwa untuk transmitter digunakan
osilator astabil multivibrator dengan menggunakan IC SSS. yang bekerja pada

frekuesi 40 KHz. Berikut bentuk rangkaian skematik dan perhitungan nilai

komponennya :

4 8

—O/ 7 3  our
+

__ IC 555

JU
3
_I_l

Gambar 3-3. Rangkaian Skematik Osilator Astabil Multivibrator

Dengan ditentukan nilai komponen pembanding Rb = 18 KQ, C = 680
pF dan frekuensi kerja sebesar 40 Khz. Maka untuk menentukan besarnya nilai

komponen Ra adalah sebagai berikut

PR
(Ra+2Rb)C
1,44
(Ra +2.18.10°)680.10™

40.000
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1,44

(Ra+2.18.10°) = -
40.000x680.10"

52.941,2

Ra = 52.941,2-36.000

16.941,2
= 17KQ

3.2.2. Perancangan dan Pembuatan Receiver Ultrasonik dan DTMF
Generator
3.2.2.1. High Pass Filter
Pada perancangan ini digunakan High Pass Filter untuk meloloskan
frekuensi 40 Khz. Untuk rangkaian skematik dan perhitungannya adalah sebagai

berikut :

C
||} = ot

Gambar 3-4. Rangkaian Skematik High Pass Filter
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Sedangkan untuk perhitungan nilai komponennya adalah sebagai berikut
Dengan ditentukan frekuensi cutt off sebesar 37 KHz dan R1 = 1,3 KQQ maka

untuk mencari nilai C:;

_ 1
I 2x.R1.C
1
37.0000 =
2x3,14x1.300xC
1
37.000 =
8.164xC
1
8.164xC =
37.000
cC = 331107

3.2.2.2. Pengkondisi Sinyal

Rangkaian pengkondisi sinyal terdiri dari detector peak to peak sebagai
penyearah frekuensi yang dihasilkan dari frekuensi keluaran pada saat receiver
ultrasonic menerima sinyal, sedangkan comparator dan inverter digunakan untuk

menghasilkan tegangan keluaran menjadi 0 V dan 5 V (high dan Low)

-------------

[ .‘:.':J

3
I
Fi
g

=1
?
B

}?:m-______
[’[\

N

F

-.-__.._-___l,‘
g /
/

Gambar 3-5. Rangkaian Skematik Pengkondisi Sinyal
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Untuk comparator digunakan tegangan referensi sebesar 0,7 volt,

sehingga jika pada saat receiver menerima sinyal dari transmitter tegangan
keluaran yang dihasilkan kurang dari 0,7 volt maka output comparator akan
berlogika low dan akan berlogika high apabila Vin > Vref, oleh karena itu jarak
penerimaan pada receiver ultrasonic dapat dibatasi dengan mengatur besar
kecilnya tegangan referensi pada comparator.

Untuk perhitungan dari tegangan referensi adalah sebagai berikut :

Ditentukan nilai Vec : 5 Volt, R1 = 10 KQ dan besarnya Vref yang
diinginkan sebesar 0,7 Volt, maka nilai R2 adalah :

R2

vV = Vee
RI+R2

0,7 = _1§_2____5
10.10° + R2

0,7(10.10° +R2) = 5R2
7.000 +0,7R2 = 5R2

5R2-0,7R2 = 7.000

43R2 = 7.000
Ry = 1000
43

R2 = 16278

R2 = 1,6KQ
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3.2.2.3. AT89C51 dan DTMF Generator TP5088
Tujuan penggunaan mikrokontroler adalah untuk pemilih 4 (empat) bit
data DTMF pada IC TP5088 dan untuk memudahkan pada perancangan alat.

Untuk bentuk rangkaian skematiknya adalah sebagai berikut :

c1 w
CEmrE | 2 TouT el
9 1 1po P00 _'2_39
. 5— Pl PO} [——
P12 P02
3 = [ 36
— Pl3 PO3 ——
Pl4 o
P1S P05 3
Pl6 P06 —53
P7 P07 —==
RXD P20 |—3-
TXD i
INTO P22 ——
DNTI P33
T0 P —=
Tl pas [—33-
WE P26 —3—
] P27 —=
x1
= 31
e |3
ALEP ——
RESET PSEN o———

Gambar 3-6. Rangkaian DTMF dan Mikrokontroler AT89C51
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Flowchart AT89CS1 sebagai pemilih informasi data DTMF adalah

@

sebagai berikut :

Initial Port

Port P0.4=0

Y

'

Ambil Data Dari Tower
Lewat Port

Port PO.5=0

Y

'

Port P0.8 =0

Port P0.7=0

Y

y

Kirim data 0001 Kirim data 0010 Kirim data 0100 Kistm data 1000
, | |
Aktifian Enable Altifican Enable Aktifian Enable Aktifkan Enable
Tunggu Proses Jalan Tunggu Proses Jaian Tunggu Proses Jalan Tunggu Proses Jalan

[
Y

L

}

()
N,

Gambar 3-7. Flowchart DTMF Input

39



Sedangkan untuk Data DTMF yang digunakan adalah sebagai berikut :

Informasi menara 1 digunakan input data DTMF 1

Informasi menara 2 digunakan input data DTMF 2

Informasi menara 3 digunakan input data DTMF 4
- Informasi menara 4 digunakan input data DTMF 8
Sedangkan untuk 4 (empat) bit data DTMF yang digunakan pada

masukkan pin D0-D3 selengkapnya dapat dilihat pada tabel 2-3 (hal.14).

3.2.3. Perancangan dan Pembuatan Demodulator DTMF dan Tampilan

Posisi Kereta Api.

Pada perancangan receiver RF digunakan modul wireless yang bekerja
pada jalur VHF dengan frekuensi sebesar 120 MHz. Karena pada perancangan ini
untuk receiver RF menggunakan modul maka pada sub-bab ini hanya akan
dijelaskan pada perancangan Demodulator DTMF dan AT89C51 sebagai
pengolah data akhir yang akan dtampilkan pada LED display.

Agar data DTMF yang diterima pada receiver RF yang ditransmisikan
dari modul wireless microphone transmitter dapat dihasilkan kembali maka
diperlukan sebuah komponen demodulator yang mampu mendemodulasikan data
DTMF. Maka pada perancangan ini digunakan IC MT8870 yang biasa digunakan
pada penerima DTMF. Untuk rangkaian skematik dapat dilihat pada gambar di

bawah ini.
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BEREER

-
ks

S

=11 60
c1

Gambar 3-8. Rangkaian Demodulator DTMF dan AT89C51

Sedangkan untuk frekuensi demodulasi yang digunakan sebagai data

output dari IC MT8870 dapat dilihat pada tabel di bawah ini :

fLow fHIGH KEY TOE Q4 Q3 Qy Q4
697 1209 1 1 0100 (1
697 1336 2 1 0(0|1|0
697 1477 3 1 0[O0 1("1
770 1209 . 1 011]01]0
770 1336 5 1 011]10(1
770 1477 6 1 0111110
852 1209 7 | Blai117
852 1336 8 1 110(0|0
852 1477 9 1 18} 811
941 1209 0 1 1/@]| 118
941 1336 " 1 1191411
941 1477 # 1 114|010
697 1633 A 1 SR ER Fl
770 1633 B 1 S8 SR BN
852 1633 C 1 i BEUERE
941 1633 D 1 o(o|0foO
- - ANY 0 Z | Z1E 1 ZE

Tabel 3-1. Tabel Kebenaran Output MT8870

41



Institut Teknologi Nasional Malang

Flowchart AT89C51 sebagai pengolah data DTMF untuk ditampilkan

pada LED display dan LCD adalah sebagai berikut :

INTIAL PORT
AMBIL DATA TOWER
ADAPENGIRMAN
T
DATATOWER
Y
y
SIMPAN DATA TOWER
[+ DATA T DATA T DATA v A
TOWERC TOWERB TOWERA ' w
Y Y Y
L ] L ] y
ANMBHLDATA
COUNTER + 1 AMEIL DATA
COUNTER + 1 COUNTER COUNTER
TAMPILKAN DI LCD LINE 2 TAMPILKAN DI LCD LINE2 COUNTER TAMPILKAN 01 LCD LINE2 counTER \,__ | TAUPRKMDILCOLNE?
-9 —T-»
SAMPA D{ TOWER C SAMPAI DI TOWER B =0 SAMPAI DI TOWER A =0 SAMPA DI TOWER D
Y Y
y L]
TANPILKAN DILCD LINE 1 TAMPILKAN DALCD LINE 1
STARTI DI TOWER A STARTIDI TOWER D
A
COUNTER + 1 COUNTER + 1

®

Gambar 3-9. Flowchart Untuk Menampilkan Posisi Kereta Api
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BABIV

PENGUJIAN ALAT

4.1, Tujuan
Bab ini membahas tentang pengujian alat yang telah dibuat. Secara
umum, pengujian ini bertujuan untuk mengetahui apakah rancangan yang telah
direalisasikan dapat bekerja sesuai dengan spesifikasi perencanaan yang telah
ditetapkan. Pengujian rancangan ini dilakukan dalam dua tahap. Pertama,
dilakukan pengujian terhadap hardware pada masing-masing blok diagram
penyusun sistem antara lain :
a. Transmitter Transduser Ultrasonik
- Bentuk Gelombang Keluaran Osilator Astabil Multivibrator IC555
b. Receiver Transducer Ultrasonik
- Hasil Gelombang keluaran High Pass Filter dan
- Rangkaian Pengkondisi Sinyal

¢. Modulasi dan Demodulasi DTMF

Dan untuk Pengujian kedua dilakukan pada sistem secara keseluruhan

untuk mengetahui sejauh mana alat ini bekerja.
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4.2 Peralatan Yang Digunakan
Peralatan yang dipergunakan dalam pengukuran dan pengujian rangkaian
antara lain adalah :
1. Analog Oscilloscope
2. Digital Multimeter HB DT-9205A

3. Analog Multimeter Sanwa YX-360TRN 5,

4.3. Prosedur Pegujian

Pada rangkaian transmitter ultrasonic dicatu/dihubungkan dengan
tegangan DC sebesar 9 Volt dimana tegangan catu didapat dari baterai 9 Volt DC
yang kemudian untuk menguji hasil frekuensi keluaran pada tiap-tiap bagian
transmitter harus dalam keadaan hidup/On. Sedangkan untuk bagian penerima
ultrasonic, pemancar RF, penerima Rf dan mikrokontroler harus selalu dalam
keadan On (Stand-by) dengan cara memasang tegangan DC 5 Volt ke tegangan

catu.

4.3.1. Pengujian Rangkaian Transmiter Ultrasonik

Pengukuran ini dilakukan untuk mengetahui besarnya frekuensi yang
dihasilkan dari osilator astabil multivibrator pada transmitter ultrasonic, dan untuk
melihat bentuk gelombang keluarannya , berikut hasil dari pengujian transmitter
ultrasonic :

- Pengujian dilakukan dengan mengatur Time/Div dan Volt/Div dari

Osiloskop yaitu sebesar T/div = 10 us dan V/div=35 V.
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Volt/div

Time/div

Gambar 4-1. Bentuk Gelombang Hasil Pengujian Osilator Astabil Multivibrator

Untuk hasil percobaan didapatkan perhitungan untuk mengetahui
frekuensi yang dihasilkan berdasarkan besarnya Time/div pada pengaturan
osiloskop. Dari gambar di atas dapat dilihat untuk mencapai 1 (satu) gelombang
penuh dibutuhkan waktu sebesar 25 us dan tegangan peak to peak sebesar 7.5
Volt. Dari hasil di atas dapat dihitung besarnya frekuensi yang dihasilkan, yaitu

sebesar :

~N |-

25.107°

Il

40 KHz
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Time/Div | Volt/Div | Time | Vp-p | Frekuensi

10 us 5Volt |25us| 7,5 Volt| 40KHz

Tabel 4-1. Data Hasil Pengujian Rangkaian Frekuensi Modulasi

Dari hasil perhitungan pada bab 3 (tiga) dan hasil percobaan di atas
didapat frekuensi error sebesar 0 %, untuk perumusan dalam menghitung besarnya

error adalah sebagai berikut:

% er10r = fpencuiian = J perminangan X 100%

]

40KHz — 40KHz x 100%
= 0%

4.3.2. Pengujian Rangkaian Receiver Ultrasonik dan Pengkondisi Sinyal
4.3.2.1. Pengujian Receiver Ultrasonik

Pada pengujian ini dilakukan untuk mengetahui besarnya frekuensi yang
dihasilkan, bentuk gelombang dari receiver ultrasonic dan sejauh mana receiver
ultrasonic bekerja, untuk bentuk gelombang dari hasil pengujian adalah sebagai
berikut :

- pengujian dilakukan dengan mengatur Time/div pada osiloskop yaitu

sebesar 10 us, Volt/div sebesar 2 Volt.
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Volt/div

Time/div

Gambar 4-2. Bentuk Gelombang Hasil Pengujian Receiver Ultrasonik

Pada gambar 4-2 hasil pengujian penerimaan frekuensi ultrasonic waktu
yang dibutuhkan untuk mencapai 1 (satu) gelombang penuh adalah sebesar 25 us,
sehingga sama halnya dengan perhitungan frekuensi pada pengujian transmitter
ultrasonic bahwa frekuensi yang dihasilkan pada receiver ultrasonic adalah

sebesar 40 KHz.

Time/Div | Volt/Div | Time | V p -p | Frekuensi

10 us 2Volt |25us |3 Volt | 40 KHz

Tabel 4-2. Data Hasil Pengujian Rangkaian Receiver Ultrasonik.
4.3.2.2. Pengujian High Pass Filter dan Rangkaian Pengkondisi Sinyal

Pada pengujian ini ditampilkan 4 (empat) hasil pengujian

sekaligus. Tujuannya adalah untuk memudahkan dalam memahami, menganalisa
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suatu rangkaian percobaan dan sejauh mana alat ini dapat bekerja. Sedangkan

letak titik pengujian adalah sebagai berikut :

Titik D

¥
Titik C Titik B —A— | Titik A
i
= R ULTRASONC
3 il
L I 1
|l / Lo [f
I \_ W |
(7 DIORE W |
B =l 00 L\

.||I—<-

Gambar 4-3. Letak Titik-Titik Pengujian High Pass Filter dan Pengkondisi Sinyal

Untuk pengaturan Time/div dan Volt/div pada pengujian setiap titik

adalah sama, yaitu untuk Time/div diatur sebesar 10 us dan Volt/div sebesar 2

Volt.
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V/di

T/div —

A

T/div —>

(a) (b)

A

V/div

T/div >

A

T/div —*
(¢) (d)

A

Gambar 4-4. Bentuk Gelombang Hasil Pengujian ( a ) Input HPF, ( b ) Output

HPF dan Clamping, ( ¢ ) output Detektor Puncak dan ( d ) Output Comparator

Dari hasil percobaan HPF dan Rangkaian pengkondisi sinyal dapat

dilihat bahwa nilai frekuensi pada input HPF dan pada Output HPF mempunyai

besar yang sama yaitu sebesar 25 us (lihat gambar 4-4. ( a ) dan ( b ) ), sehingga
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seperti pada perumusan sebelumnnya bahwa nilai frekuensinya yaitu sebesar 40

Khz.

Perbedaan dari masing-masing gambar pengujian diatas dapat dilihat

bahwa pada masing-masing titik percobaan mempunyai bentuk gelombang yang

berbeda. Hal tersebut dikarenakan pada masing-masing titik percobaan

mempunyai karakteristik tersendiri yaitu :

Titik A :

Titik B :

Titik C :

Titik D :

adalah membuktikan bahwa pada input HPF frekuensi inputan
tidak berubah yaitu sebesar 40 KHz.

adalah hasil keluaran dari HPF dan Clamping, pada titik dapat
kita lihat (gambar 4-4. ( b )) terjadi pemotongan bentuk
gelombang, hal tersebut dikarenakan sesuai dengan fungsi dari
rangkaian clamping yaitu menambahkan komponen dc kepada
suatu isyarat.

adalah hasil keluaran dari Detektor puncak yang sebesar 40
Khz mempunyai tegangan keluaran sebesar 1,2 Volt.

adalah hasil keluaran dari comparator, dimana dari hasil
pengujian (gambar 4-4. (d)) dapat dilihat bahwa komparator
akan berlogika high apabila nilai tegangan input lebih besar
dari tegangan referensi yang ditentukan yaitu 0,7Volt pada

perancangan
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Titik

Time/Div | Volt/Div | Time Vp-p Frekuensi
Percobaaan
Titik A 10 us 2Volt | 25us 3 Volt 40 KHZ
Titik B 10 us 2Volt | 25us 3 Volt 40 KHz
Titik C 10 us 2 Volt - 1,2 Volt -
Titik D 10 us 2 Volt - 3,8 Volt -

Tabel 4-3. Data Hasil Pengujian Rangkaian HPF dan Pengkondisi Sinyal

43.3. Pengujian Modulasi dan Demodulasi DTMF

Tujuan dari percobaan ini adalah untuk mengetahui apakah data output

DTMF demodulasi (IC MT8870) yang dihasilkan pada penerima wireless

microphone sama dengan data yang ditransmisikan dari DTMF Generator (IC

TP5088). Data pengujian sesuai dengan perancangan adalah sebagai berikut :

- Informasi menara 1 digunakan input data TP5088 DTMF 1 = 0001

- Informasi menara 2 digunakan input data TP5088 DTMF 2 = 0010

- Informasi menara 3 digunakan input data TP5088 DTMF 4 = 0100

- Informasi menara 4 digunakan input data TP5088 DTMF 8 = 1000
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Pengujian dilakukan dengan cara memberikan LED pada pin Q1-Q4 di
IC MT8870, sehingga dengan mengetahui nyala LED di tiap pin Q1-Q4 dapat

diketahui data DTMF yang digunakan sebagai data informasi.Berikut hasil dari

pengujian :

(e)
Gambar 4-5. Hasil Demodulasi IC MT8870

Keterangan gambar LED dari kiri ke kanan

Q4, Q3 ,Q2, Q1 dan TO = Tone Enable
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Gambar ( a ) menunjukan kondisi rangkaian sebelum data diterima

Gambar ( b ) menunjukan data hasil demodulasi MT8870 dari tower 1 = 0001

Gambar ( ¢ ) menunjukan data hasil demodulasi MT8870 dari tower 2 = 0010

Gambar ( d ) menunjukan data hasil demodulasi MT8870 dari tower 3 = 0100

Gambar ( e ) menunjukan data hasil demodulasi MT8870 dari tower 4 = 1000
Data - data yang diterima kemudian ditampilkan dengan menggunakan

LED yang menginformasikan posisi kereta api..

Transducer
DTMF 4 DTMF 3 DTMEF 2 DTMF 1 Transmltter

/
% ﬁ ‘
14 ] | N, ¥ 11 1EE 1 1 Bt

\ 1) . I: rrrrrrnr
Q z
AL

D000 )

Il

Train station

bR 4

-

Radio Receiver Station

Tower Radio Transmitter/Receiver
Center

Gambar 4-6. Data DTMF pada Tower yang Digunakan Sebagai Posisi Kereta

Api
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Gambar 4-7. Tampilan Posisi Kereta Api

4.4. Hasil Pengujian Alat Secara Keseluruhan
Dari masing — masing pengujian di atas dapat diuji secara keseluruhan
dengan melihat hasil akhir pada pengujian yaitu dengan cara melihat tampilan

posisi kereta api pada LED Display Train Position..

(¢) (d)

Gambar 4-8. Tampilan Posisi Kereta Api pada LED yang Ditampilkan Berjajar
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Keterangan gambar 4 — 8 :

Gambar ( a ) menunjukan kereta api berada pada posisi Tower A ditempatkan.

Gambar ( b ) menunjukan kereta api berada pada posisi Tower B ditempatkan.

Gambar ( ¢ ) menunjukan kereta api berada pada posisi Tower C ditempatkan.

Gambar ( d ) menunjukan kereta api berada pada posisi Tower D ditempatkan.
Untuk memudahkan pada pembacaan posisi kereta api, maka pada

perancangan ini ditambahkan sebuah LCD untuk menampilkan posisi kereta api

berbentuk text.

Gambar 4-9. Tampilan Posisi Kereta Api pada LCD Berbentuk Text

Sedangkan untuk gambar hasil perancangan alat keseluruhan dapat

dilihat pada foto alat di bawah ini :

Gambar 4-10. Foto Alat Receiver Ultrasonik dan Transmitter Modul RF
55



Institut Teknologi Nasional Malang

Gambar 4-11 Foto Alat Modul Receiver RF dan Posisi Kereta Api

Gambar 4-12. Foto Alat Keseluruhan
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5.1.

Kesimpulan

Dari hasil pengujian alat system monitoring kereta api dapat diambil

beberapa kesimpulan

1. Sistem monitoring pada perencanaan ini menggunakan 2 (dua) jalur

frekuensi yaitu Low Frekuensi untuk transduser ultrasonic dan Very

High Frekuensi pada modul wireless microphone.

. Pada hasil perancangan alat ini penggunaan gelombang ultrasonic

sebagai media penghantar melalui udara mempunyai hasil sesuai
dengan perancangan dimana pada perancagan ini gelombang
utrasonik Dengan menggunakan gelombang ultrasonic dan
gelombang radio sistem monitoring posisi kereta api berjalan sesuai

dengan perencanaan dan perancangan.

. Data yang digunakan sebagai informasi posisi kereta api adalah

perbedaan data DTMF yang digunakan pada setiap menara. Sehingga
pada perencanaan system monitoring ini, penentuan posisi kereta api
berdasarkan dari perbedaan data DTMF dan penempatan menara
pada jalur kereta api dengan skala jarak tertentu yang mengisyaratkan

letak atau posisi kereta api.

4. Pada alat sistem monitoring ini hanya dapat mengetahui letak/posisi

kereta api.
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5.2
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5. Sistem monitoring ini belum dapat mengetahui posisi kereta api
apabila kereta api.kereta api berada diantara menara.

6. Sistem komunikasi gelombang radio mempunyai aplikasi yang sangat
beragam, salah satunya adalah dengan dirancangnya alat ini.

Saran

1. Informasi yang dapat di monitoring hendaknya lebih beragam. Salah
satunya adalah dengan ditambahkan informasi nama kereta api dan
informasi yang lain.

2. Pada perancangan alat ini untuk gelombang ultrasonic hendaknya
tidak meggunakan transduser ultrasonic, hal tersebut dikarenakan
transducer ultrasonic mempunyai kelemahan apabila osilator
frekuensi yang sebesar 40 KHz dimodulasikan dengan frekuensi
rendah, Oleh karena itu hendaknya transducer ultrasonic dapat
digantikan dengan menggunakan komponen lain atau bisa juga
dengan merubah daerah frekuensinya dengan menggunakan
gelombang radio

3. Agar alat ini dapat terealisasi hendaknya daya pancar/jarak jangkau
pada transmitter dan receiver diperhitungkan. Begitu juga dengan
gangguan frekuensi yang disebabkan dari luar.

4. Jika diperbolehkan, penggunaan DTMF sebagai data/informasi pada
perancangan alat ini mempunyai data/informasi yang sangat beragam,

hal tersebut dikarenakan selain dalam perancangan alat ini bahwa
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data DTMF mempunyai 16 (enam belas) bit data yang dapat
dikombinasikan untuk dijadikan sebagai informasi.

5. Pada perancangan alat ini agar bisa terealisasi hendaknya dalam
pembuatannya lebih baik dikerjakan secara kelompok (teamwork),
karena pada system ini mempunyai permasalahan yang cukup

beragam.
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Data Pack E

Issued March 1997 232-2267

Data Sheet

Ultrasonic transducers

A range of two transducers operating at 40kHz
approximately and designed for ultrasonic
transmission and reception. The ultrasonic transmitter,
307-351 is capable of emitting 106dB (0dB = 2 X
10ybar) and the receiver 307-367 has a sensitivity of
—65dB (0dB = 1/pbar/V/metre).

Characteristics
Item Unit | 307-351 | 307-367
Transmitting
sensitivity Sv dB*1 106 -
Receiving
sensitivity MV apee |- 65
Resonant frequency
(transmitting) Frsv kHz*3 | 40+1 |-
Resonant frequency
(receiving) Frmv | kHz*4 |- 40x1
Directional angle 8' 2 20
Maximum input voltage Vrms | 20 -

0 Approx. | Approx.

Impedance 500 30k
Capacitance pF 1100+£20%
Pulse rise time msec. | 2.0 0.5
Maximum input voltage
for pulse gperation Vpp |60 -
Temperature range °C -20to +60
Transmitting Approx.
selectivity R 70 B
Recelving Approx.
selectivity e 60

*] 0cdB = 2% 10" pbar

*2 0dB = 1V/pbar

*3 Frequency where transmitting sensitivity is maximum

*4 Frequency where receiving sensitivity is maxirmum
Shape and dimensions .

Unit mm

Aluminium case

Stainlass steel mesh I..— 16 —.1

12

-i— -1.2
L -

f—10 —i

RS stock numbers 307-351, 307-367

These units can be used for the transmission of
continuous wave ultrasonic sound or for pulsed sound
applications

Applications

Burglar alarm systems
Proximity switches

Liquid level meters
Anti-collision devices
Counters for moving objects
TV remote control systems.
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General Description

This CMOS device provides low cost tone-dialing capability
in microprocessor-controlied telephone applications. 4-bit
binary data ls decoded directly, without the need for conver-
sion to eimulated keyboard inputs required by standard
DTMF generators. With the TONE ENABLE input low, the
oscillator is inhibited and the device is in a low power idle
mode. On the low-to-high transition of TONE ENABLE, data
is latched into the device and the selected tone pair from
the standard DTMF frequencies is generated. An open-drain
N-channe! transistor provides a MUTE output during tone
generation.

&National Semiconductor

TP5088 DTMF Generator for Binary Data

October 1991

Features

@ Diract microprocessor Interface

u Binary data inputs with latches

=® Generates 18 standard tone pairs

® On-chip 3.578545 MHz crystal-controlied oscillator
@ Better than 0.64% frequency accuracy

8 High group pre-emphasis

8 Low harmonic distortion

B MUTE output interfaces to speech network
m Low power [dle mode

® 3.5V-8V operation

Block Diagram
TONE
ENABLE Voo
| =>| PROSRAMMABLE |
3.578545 Witz | S > XVIDER I
t - |
0sc outT e
+ JOHNSON COUNTER
| |
0 I R \ A 4 1L A A 4 '
LOW GROUP D/A
s > !
01 ety TONE QUTPUT
HIGH GROUP D/A
00 =) 1 ry 1 y T |
| [ X ) I
JOHNSON COUNTER
FINGTE TORE ENABLE —f— < i
GROUP SELECT —-I——-— |
l s msuwu r mgg ' MUTE QUTPUT
L o o o o o e om e o o me F 4
Vss
TL/H/S004=1

*Crystal Specification: Paraliel Resonant 3.578545 MHz, Rg < 1500, L = 100 mH, Cg = § pF, Cy = 0,02 pF.

TL/H/5004

RRD-B30M1158/PrintedinU. & A

Bleq Ateuig Joj Jojesauad 4N 10 880Sd.L



Absolute Maximum Ratings

i Military/Aercspace specified devices are required, Operating Temperature, T

please contact the National Semiconductor Sales Storage Temperature

Oftfice/Distributors for availability and specifications.
Supply Voltage (Vpp—Vss) 12v
MUTE Voltage 12v

Maximum Voltage at
Any Other Pin Vpp + 0.3Vto Vgg — 0.3V

Electrical Characteristics

Maximum Power Dissipation

-30"Cto +70°C
—55°Cto +150°C

500 mW

Unless otherwise noted, limits printed In BOLD characters are guaranteed for Vpp = 8.5V to 8V, T = 0°C to +70°C by
correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by cormrelation with other production tests and/

or product design and characterization.

Parameter Conditlons Min TYP Max Units
Minimum Supply Voltage, Vpp (min) Generating Tones 3.5 v
Minimum Supply Voitage for Data Input, 2 v
TONE ENABLE and MUTE Logic Functions
Operating Current

Idle Ry = «, D0-D3 Open 55 380 pA

Generating Tones Vpp = 3.5V, Mute Open 1.5 2.8 mA
Input Pull-Up Reslistance

DO-D3 100 k2

TONE ENABLE 50 13
input Low Leve!

TONE ENABLE, DO-D3 0.2Vpp \'/
Input High Leve!

TONE ENABLE, B0-D3 0.8 Vpp v
MUTE OUT Sink Current Vpp = 3.5V 0.4 mA
(TONE ENABLE LOW) Vo = 0.5V :

MUTE OUT Leakage Cument Vop = 3.5V 1 A
(TONE ENABLE HIGH) Vo = Vpp
Output Amplitudas R = 2400 130 | 170 | 220 | mvms

Low Group Voo = 3.5V 180 250 310 mVems

High Group Ta = 25°C
Mean Output DC Offset Vpp = 3.5V 1.2 v

Vpp = 8V 3.6 v
High Group Pre-Emphasis 2.2 27 3.2 dB
Dual Tone/Total Harmonic Distortion Ratio 1 MHz Bandwidth, Vpp = 5V
-20 ds
RL = 2400
Start-Up Time (to 80% Amplitude), tosc 4 ms
Data Set-Up Time, tg (Figure 2) Vpp = 5V 100 ns
Data Hold Time, ty Vpp = 5V 280 ns
Data Duration tw Vpp = 8V 660 ns

Nots : R s the load resistor d from TONE OUT to Vgs.




Connection Diagram

TU/H/6004-2

Top View

Order Number TP5088WM or TP5088N
Seo NS Packago M14B or N14A

Functional Description

With the TONE ENABLE pin pulled low, the device is in a
low power idle mode, with the oscillator Inhibited and the
output transistor tumed off. Data on Inputs DO-D3 Is ig-
nored until a rising transition on TONE ENABLE. Data meet-
ing the timing specifications is latched In, the oscillator and
output stage are enabled, and tone generation begins. The
decoded data sets the high group and low group program-
mable counters to the appropriate divide ratics. These
counters sequence two ratioed-capacitor D/A converters
through a series of 28 equal duration steps per sine wave
cycle. On-chip regulators ensure good stability of tone am-
plitudes with variations in supply voitage and temperature.
The two tones are summed by a mixer amplifier, with pre-
emphasis applied to the high group tone. The output is an
NPN emitter-follower requlring the addition of an external
load resistor to Vgs.

Table | shows the accuracies of the tons output frequencies
and Table Il is the Functional Truth Table.

TABLE |. Output Frequency Accuracy

Tone | Standard | Tone Output % Deviation

Group | DTMF (Hz) | Frequency | from Standard
Low 697 684.8 -0.32
Group 770 7701 +0.02
fL 852 852.4 +0.03
941 840.0 -0.11
High 1209 1206.0 -0.24
Group 1338 1331.7 —-0.32
fH 1477 1488.5 +0.64
1633 1630.0 +0.37

Pin Descriptions

Vpp {Pin 1): This is the positive supply to the device, refer-
enced to Vgg. The collector of the TONE OUT transistor is
also connected to this pin.

Vsg (PIn 5): This Is the negative voltage supply. All voltages
are referenced to this pin.

OSC IN, OSC OUT (Pins 6 and 7): All tone generation tim-
ing is derived from the on-chip oscillator circuit A low-cost

8.579545 MHz A-cut crystal (NTSC TV color-burst) is need-
ed between pins 6 and 7. Load capacitors and a feedback
rasistor are included on-chip for good start-up and stability.
The oscillator is stopped when the TONE ENABLE input is
pulled to logic low.

TONE ENABLE [nput (Pin 2): This input has an intemal
pull-up resistor. When TONE ENABLE Is pulled to logic low,
the oscillator Is inhibited and the tone generators and output
transistor are tumed off. A low to high transition on TONE
ENABLE latches in data from DO~DS. The oscillator starts,
and tone generation continues untl TONE ENABLE is
pulled low agaln.

MUTE (Pin 8): This output Is an open-drain N-channe! de-
vice that sinks current to Vgg when TONE ENABLE is low
and no tonss are being generated. The device tums off
when TONE ENABLE is high.

DO, D1, D2, D3 (Pins 9, 10, 11, 12): These are the inputs for
binary-coded data, which is latched in on the rising edge of
TONE ENABLE. Data must mast the timing specifications of
Figura 2. At gll other tmes these inputs are ignored and may
be multiplexed with other system functions.

TONE OUT (Pin 14): This output is the open emitter of an
NPN transistor, the collector of which is connected intemal-
ly to Vpp. When an external load resistor is connected from
TONE OUT to Vgg, the output voitage on this pinis the sum
of the high and low group tones superimposed on a DC
offset. When not generating tones, this output transistor is
tumed off to minimize the device Idle current.

SINGLE TONE ENABLE (Pin 3): This input has an intemal
pull-up resistor. When pulled to Vgg, the devics Is in single
tone mode and only a single tone will be generated at pin 14
(for testing purposes). For normal operation, leave this pin
open-clrcuit or pull to Vpp.

GROUP SELECT (Pin 4): This pin is used to select the high
group or low group frequency when the device is in single
tone mode. It has an intemal pull-up resistor. Leaving this
pin open-circult or pulling it to Vpp will generats the high
group, while pulling to Vgg will generate the low group fre-
quency at the TONE OUT pin.




TABLE [i. Functional Truth Table

Keyboard Data inputs TONE TONES OUT NUTE
Equivelent | ng | p2 | p1 | Do | ENABLE | 4 iz | tyH2)
X X X X X 0 ov ov ov
1 0 0 0 1 Ve 807 1209 o/c
2 0 0 1 0 Ve 897 1336 o/C
3 0 0 1 1 e 607 1477 o/c
4 0 1 0 0 e 770 1209 o/c
5 0 1 0 1 e 770 1336 o/c
8 0 1 1 0 e 770 1477 o/c
7 0 1 1 1 e 852 1209 o/c
8 1 0 0 0 e 852 1336 o/c
9 1 () 0 1 e 852 1477 o/c
0 1 0 1 0 e 941 1386 o/c
. 1 0 1 1 Ve 941 1209 o/c
¢ 1 1 0 ) e 841 1477 o/c
A 1 1 0 1 e 697 1633 o/C
B 1 1 1 0 e 770 1693 o/C
c 1 1 1 1 Ve 852 1633 o/c
D 0 0 0 0 e 041 1633 o/c
Timing Diagram Typlcal Application
—%— s
wanw 0078 K el "
% Vi T
" o —
r— o] TONE 10 oF "
TOKE ENASLE \ ENABLE
EE—— m
—s o o1 k- RING
tosc—] oy 1088
m L]
TONE GUT [ - 3
- v
—— TL/H/S004-4
TL/H/5004-3 *Adjust Rg for desired tone amplitude.
FIGURE 2

FIGURE 8
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TP5088 DTMF Generator for Binary Data

Physical DiImensions inches (miimeters) (Continued)
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Introduction

The purpose of this Application Note is to provide
information on the operation and application of
DTMF Receivers. The MT8870 Integrated DTMF
Receiver will be discussed in detail and its use
illustrated in the application examples which follow.

More than 25 years ago the need for an improved
method for transferring dialling information through
the telephone network was recognized. The
traditional method, Dial pulse signalling, was not only
slow, suffering severe distortion over long wire loops,
but required a DC path through the communications
channel. A signalling scheme was developed
utilizing voice frequency tones and implemented as a
very reliable alternative to pulse dialling. This
scheme is known as DTMF (Dual Tone Multi-
Frequency), Touch-Tone™ or simply, tone dialling.
As its acronym suggests, a valid DTMF signal is the
sum of two tones, one from a low group (697-941Hz)
and one from a high group (1209-1633Hz) with each
group containing four individual tones. The tone

AMPLITUDE

Application Note MSAN-108
Applications of The MT8870
Integrated DTMF Receiver

ISSUE 1 “June 1983
frequencies were carefully chosen such that they are
not harmonically related and that their
intermodulation products result in minimal signalling
impairment (Fig. 1a). This scheme allows for 16
unique combinations. Ten of these codes represent
the numerals zero through nine, the remaining six
(*,#.A,B,C,D) being reserved for special signalling.
Most telephone keypads contain ten numeric push
buttons plus the asterisk (*) and octothorp (#). The
buttons are arranged in a matrix, each selecting its
low group tone from its respective row and its high
group tone from its respective column (Fig. 1b).

The DTMF coding scheme ensures that each signal
contains one and only one component from each of
the high and low groups. This significantly simplifies
decoding because the composite DTMF signal may
be separated with bandpass filters, into its two single
frequency components each of which may be
handled individually. As a result DTMF coding has
proven to provide a flexible signalling scheme of
excellent reliability, hence motivating innovative and
competitive decoder design.

Development

Early DTMF decoders (receivers) utilized banks of
bandpass filters® making them  somewhat
cumbersome and expensive to implement. This
generally restricted their application to central offices
(telephone exchanges).

The first generation receiver typically used LC filters,
active filters and/or phase locked loop techniques to

‘ Tones generated from a telephone typically have -2 dB twist
(pre-omphasis) applied lo compaensala for high frequancy
roll off along tha talephona line.

I2dB

» ()

770 852

logarithmic

50
1209 1477 1633

Standard DTMF frequency spectrum + (1.5% + 2 Hz). Second harmonics of the low group (possibly
created due to a non-linear channel) fall within the passband of the high group (Indicated by A,B,C,D).

This Is a potential source of interference.
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H1= H2= H3= H4=
1208 1336 1477 1633
Hz Hz Hz Hz

Py .
L1=697HZEEIAI LEGEND ;
b d -
rma 1} DTMF signal not available on a standard
L2=770H2E E : B : » = a pushbutton telephone keypad
LOW GROUP ren
Tones  w=sserz[7] [e] [o] ici
L4=941H2E_] m E 101
LN

Telephone DTMF keypad matrix. Column H, is normally not avallable on a telephone keypad and Is
reserved for speclal signalling.

TO TELEPHONE

LOOP CURRENT EXCHANGE
DETECT CIRCUIT idj ] —

DISCONNECT RECTIFIER
RELAY FILTER
|3 REGULATOR
mMT8870 DECODE ‘
OTMF P osic ::tbg DEEI?;%‘?SR Voo
RECEIVER CIRCUIT
RESET | DISABLE
LOGIC LOGIC

a) Block dlagram of a toll call restrictor. This could be implemented on a small pc board and Installed
In a telephone to disallow long distance calling.

T0 l
STEP-BY-STEP
EXCHANGE
B\ , > >

LINE SPLIT RELAY |

JuNE INTERFACE LINE INTERFACE] g

CONTROL
LoGIC
MT8870 MT4325

DTMF
PULSE
RECEIVER DIALER

CENTRAL TELEPHONE SWITCHING OFFICE |

b) Block dlagram of a simple tome to pulse converter to allow TOUCH-TONE dlaling Into a step-by-
stap or crossbar exchange.
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recelve and decode DTMF tones. Initial functions
were, commonly, phone number decoders and toll
call restrictors. A DTMF recelver is also frequently
used as a building block in a tone-to-pulse converter
which allows Touch-Tone dialling access to
mechanical step-by-step and crossbar exchanges
(Fig. 2).

The Introduction of MOS/LSI digital techniques
brought about the second generation of tone receiver
development. These devices were used to digitally
decode the two discrete tones that result from
decomposition of the composite signal. Two analog
bandpass fiters were used to perform the
decomposition.

Totally self-contained recelvers implemented in thick
film hybrid technology depicted the start of third
generation devices. Typically, they also used analog
active filters to bandsplit the composite signal and
MOS digital devices to decode the tones.

The development of silicon-implemented switched
capacitor sampled filters marked the birth of the
fourth and current generation of DTMF recelver
technology. Initially single chip bandpass filters were
combined with currently available decoders enabling
a two chip receiver design. A further advance in
integration has merged both functions onto a single
chip allowing DTMF recelvers to be realized in
minimal space at a low cost.

The second and third generation technologles saw a
tendency to shift complexity away from the analog
circuitry towards the digital LS| circuitry in order to
reduce the complexity of analog filters and their
inherent problems. Now that the filters themselves
can be implemented in silicon, the distribution of
complexity becomes more a function of performance
and silicon real estate.

Inside The MT8870

The MT8870 is a state of the art single chip DTMF
receiver incorporating switched capacitor filter
technology and an advanced digital counting/
averaging algorithm for period measurement. The
block clagram (Fig. 3) Illustrates the internal
workings of this device.

To aid design flexibility, the DTMF input signal is
first buffered by an input op-amp which allows
adjustment of gain and choice of input configuration.
The input stage is followed by a low pass continuous
RC active filter which performs an antialiasing
function. Dial tone at 350 and 440Hz is then rejected
by a third order switched capacitor notch filter. The

signal, still in its composite form, is then split into its
individual high and low frequency components by
two sixth order switched capacitor and pass filters.
Each component tone is then smoothed by an output
filter and squared up by a hard limiting comparator.

The two resulting rectangular waves are applied to
digital circuitry where a counting algorithm measures
and averages their periods. An accurate reference
clock Is derived from an Iinexpensive external
3.58MHz colourburst crystal.

The timing diagram (Fig. 4) illustrates the sequence
of events which follow digital detection of a DTMF
tone pair. Upon recognition of a valid frequency from
each tone group the Early Steering (ESt) output is
raised. The time required to detect the presence of
two valid tones, tpp is a function of the decode
algorithm, the tone frequency and the previous state
of the decode logic. ESt indicates that two tones of
proper frequency have been detected and initiates
an RC timing circuit. If both tones are present for the
minimum guard time, tgrp - which Is determined by
the external RC network, the DTMF signal is
decoded and the resulting data (Table 1) is latched in
the output register. The Delayed Steering (StD)
output is raised and indicates that new data is
available. The time required to receive a valid DTMF
signal, trec , is equal to the sum of tpp andtgyp

=
2
o
m

NO—rmcaaaaa0000000

[0 T S N N QSE ST QT QI QT QT (T QI (Y T QY
NOR 2w aO00O0 R a0,
NO@ w00 200w aD
NO—-OwOa20O0 202020 ~A0

goomxne CPOODNDRN KON

83870 Outpu ab
0=LOGIC LOW 1=LOGIC HIGH Z :HIGH IMPEDANCE
Output truth table. Note that key "0* is outﬁut as "1010,

(le:104¢)" corresponding to standard telephony coding.

A simplified circuit diagram (Fig. 5) illustrates how
the chip's steering circuit drives the external RC
network to generate guard times. Pin 17, SUGT
(Steering/Guard Time), is a bidirectional signal pin
which controls StD, the output latches, and resets
the timing circuit. When St/GT is In its input mode
(St function) both Q4 and Q are turned off and the
voltage level at SY/GT is compared to the steering
threshold voltage Vrg; A transition from below to
above Vg, will switch the comparator's output from
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low to high strobing new data into the output latches,
and raising the StD output. As long as an input level
above Vrg: is maintained StD will remain high
indicating the presence of a valid DTMF signal.

Initially, when no valld tone-pairs are present,
capacitor C is fully charged applying a low voltage to
SYGT. This causes a low at the comparator's output
and since ESt is also low, Q; turns on ensuring that
C is completely charged. In this condition SYGT is in
its output mode (GT function). When a valid tone-
pair is received ESt Is raised turning off Q, which
puts SYGT in its high impedance input mode and
allows C to discharge through R. If this condition

persists for the tone-present guard time, tgrp the
voltage at SUGT rises above V+g, raising StD which
indicates reception of a valid DTMF signal. If the
tone pair drops out before the duration of tgrp ESt is
lowered turning on Q; which charges C resetting the
tone-present guard time.

Once a DTMF signal is recognized as valid both ESt
and the comparator output are high. This turns on
Q which discharges C and initializes the tone-
absent guard time, tgya. After the DTMF signal is
removed, ESt is lowered, Q, turns off placing St/GT
in its input mode and C begins to charge through R.

I N

‘PlQ-b'

AT I~
— l

J»r:— taso

DECODED TONE # (n-1) 'x |

HIGH IMPEDANCE
#n #(n+1)

LRI

tps:o—>| .—

—

StD

[
|

TOE
EXPLANATION OF EVENTS

e

A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUT3
C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

TONE #n + 1 DETECTED, TONE BURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY HIGH IMPEDANCE).
ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION iNVALID, OUTPUTS REMAIN LATCHED,
END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALIO, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

EXPLANATION OF SYMBOLS
Vi DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SUGT STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Qy-Qy 4-BIT DECODED TONE OUTPUT.

Sto BELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE REQUIRED GUARD TIME THUS

CONSTITUTING A VALID SIGNAL.

TOE TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q, TO ITS HIGH IMPEDANCE STATE.

MAXIMUM DTMF 8IGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.
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MT8870
Voo
V 18
Valld tone present oo | (18)
Indication from et pa,
DIGITAL DETECT = Cc
clreult.
+  d
SYGT | (17)
To OUTPUT g COMP.
LATCHES v
TV
g R
Vss
ESt ] (16)
A I?é;lcal HIGH Indlcates that a
valld signal Is being receved.
DELAY »
stD ] (15)

Simplified steering clrcuit. Initially ESt is low, C Is fully charged applying OV to SYGT and Q; Is on. Upon reception of a valid tone

pair ESt is ralsed tuming off Q, and allowing C to discharge through R which increases the voltae at SYUGT. When VTSt is reached
the comparator output goes high Indicating a valld signal, latches the outputs and tumns on Q; which discharges C. When the tone
palr Is lost ESt goes low Qq tums off and C charges through R decreasing the voltage at SYGT. When Vg, Is reached StD goes low

and Q, tums on resetting the timing clrcult.

STEERING TRUTH TABLE I

0-LOGIC LOW
1=LO0GIC HIGH

Z = HiH IMPEDANCE
Vst = Threshold Voitqae
{typlcaily 1/2 Vpp)

Steering circuit truth table. Note that pin 17 (St/GT) acts as both an Input and an output depending on the relative states of ESt

and the comparator output.

gure
the same valid tone-pair does not reappear before
;7 then the voltage at St/GT falls below Vg, which
isets the timing circuit via Q, and prepares the
avice to receive another signal. If the same valid
ne-pair reappears before tgya, ESt s raised turning
1 Q4 and discharging C which resets tgya. In this
ise StD remains high and the tone dropout Is
sregarded as noise.

) provide good reliability in a typical telephony
wironment, a DTMF receiver should be designed to
icognize a valid tone-pair greater than 40mS in
Jration and, to accept as successive digits, tone-
airs that are greater than 40mS apart. However in

50

eering An

uaraiime Circu peration

other environments, such as two-way radio, the
optimum tone duration and Intra-digit times may
differ due to noise considerations.

By adding an extra resistor and steering diode (Fig.
6b, 6c) tgTp and tgya can be set to different values.
Guard time adjustment allows tailoring of noise
immunity and talk-off performance to meet specific
system needs.

Talk-off is a measure of errors that occur when the
recsiver falsely detects a tone pair due to speech or
background noise simulating a DTMF signal.
Increasing tgtp Improves talk off performance since
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mT8870

Voo
o]

tate = (RC)IN(Vpp/Vray)
tera = (RC)IN(Vpp/[Vpp-Vrsi)

ESt

(a)

MT8870
Veo

ltetp > ta1al

tare = (RiC)In(Vpp/VTsy)

tera = (ReC)In(Vpp/Vpo-Vrsd)
Rp = RiR/(Ry + Ry)

SVGT

it reduces the probability that speech will maintain
DTMF simulation long enough to be considered
valid. The trade-off here Is decreased noise
immunity because dropout (longer than tpa) due to
noise pulses will restart tgrp  Therefore, for noisy
environments, tgyp should be decreased. The signal
absent guard time, tg7a, determines the minimum
time allowed between successive DTMF signals. A
dropout shorter than tgys will be considered noise
and will not register as a successive valid tone
detection. This guards against multiple reception of
a single character. Therefore, lengthening tga will
increase noise Immunity and tolerance to the
presence of an unwanted third tone at the expense
of decreasing the maximum signalling rate.

The intricacies of the digital detection algorithm have
a significant Impact on the overall receiver
performance. It is here that the Initial decision is
made to accept the signal as valid or reject it as
speech or noise.

Trade-offs must be made between eliminating talk off
errors and eliminating the effects of unwanted third
tone signals and noise. These are mutually
conflicting events. On one hand valid DTMF signals
present in noise must be recognized which requires
relaxation of the detection criteria. On the other
hand, relaxing the detection criteria increases the
probabllity of receiving "hits" due to talk off errors.

MT8870

{te™ < g1

tatp = (RpC)In(Vpp/Vrst)
Rp=R¢Rz (Ry + Ry}

ta1a = (R1C)In(Vpo/[Vpp-Vrsi)

a) Tone present and absent guard
times equal.

b) Tone prasent less than tone
absent guard time.

c) Tone present greater than tone
absent guard time.

Note: Typleally Vg =% Voo

Many considerations must be taken into account in
evaluating criteria for noise rejection. In the
telephony environment two sources of nolse are
predominant. These are, third tone interference,
which generally comes from dial tone harmonics,
and band-limited white noise . In the MT8870 a
complex digital averaging algorithm provides
excellent immunity to voice, third tone and noise
signals which prevail in a typical voice bandwidth
channel.

The algorithm used in the MT8870 combines the
best features from two previous generations of Mitel
digital decoders with improvements resuiting from
years of practical use within the telephone
environment. The algorithm has evolved through a
combination of statistical calculations and empirical
"tweaks" to result in the realization of an extremely
rellable decoder.

Applications

The proven reliability of DTMF signalling has created
a vast spectrum of possible applications. Until
recently, many of these applications were rendered
ineffective due to cost or size considerations. Now
that a complete DTMF receiver can be designed with
merely a single chip and a few external passive
components one can take full advantage of a highly
developed signalling scheme as a small, cost-
effective signaliing solution.
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SOURCE OF
DTMF SIGNALS

FUNCTIONAL
TRANSMISSION INTERFACE
MT8870
MEDIUM CONTROL
INTERFACE DTMF PN , I
RECEIVER
LOGIC

gure

'he design of a DTMF receiving system can
enerally be broken down into three functional
locks (Fig. 7). The first consideration is the
terface to the transmission medium. This may be
s simple as a few passive components to
dequately configure the MT8870's input stage or as
omplex as some form of demodulation, multiplexing
r analog switching system. The second functional
lock Is the DTMF recelver itself. This is where the
aceiving system’s parameters can be optimized for
e specific signal conditions delivered from the
ront end" interface. The third, and perhaps most
fidely varying function, is the output control logic.
his may be as simple as a 4 to 16 line decoder,
ontrolling a specific function for each DTMF code,
r as complex as a full blown computer handling
ystem protocols and adaptively varying the tone
aceiver's parameters to adjust for changing signal
onditions. Several currently applied and
onceptually designed applications are described
ubsequently but first let's consider the design of a
rpical input stage.

odular Approach to

aceiver oystems

The input arrangement of the MT8870 provides a
differential input op amp as well as a bias source
(Vrer) which is used to bias the inputs at mid-rail.
The output of this op amp is available to provide
feedback for gain adjustment.

A typical single ended input configuration having
unity gain is shown in Figure 8.

For balanced line applications good common mode
rejection is offered by the differential configuration
(Fig. 9). In both cases, the inputs are biased to 1/2
Vpp by Vgerr Consider an input stage which will
interface to a 600Q balanced line. To reject common
mode noise signals, a balanced differential amplifier
input provides the solution.

With the input configured for unity gain the MT8870
will accept maximum signal levels of +1 dBm (into
600Q2). The lowest DTMF frequency that must be
detected Is approximately 685Hz. Aliowing 0.1dB of

MT8870
Ry
@) jcs
(2) |IN-
V| —I -
(o4 Vo
. Vo _ Rf S (1) JIN+
Vollage Gain; AV = 7 = T[W] :
1
Input Impedancs; | Z(a))I =R[1 +(1/toRC)2] 2 @ Vo
1
3dB Cutoff Frequency, f,=
q Y c 22RC
guie & - singie Enaed Inpu onfiguration
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attenuation at 685Hz, the required input time
constant may be derived from;

X
M(w)5=20 log;g % +20 log;p T
{(0r)*+1}

where M(®) 5 is the amplifier gain in decibels

 is the radian frequency

7 is the input time constant

(2m)6851

Therefore -0.1=20 log,q
{tem68st2 + 1} 12

ort=1.52mS

Now, choosing R=220K gives a high input
impedance (440K in the passband) and C=
t/R=6.9nF (use a standard value of 10 nF). For
unity galn in the passband we choose R=R. R, and
Rp are biasing resistors. The choice of R, is not
critical and could be set at, say... 68K. Bias resistor
R, adds a zero to the non-inverting path through the
differential amplifier but has no affect on the inverting

R, canbechosentobe a
convenlent value greater

than 30K}, v,

- — A A

RyRy

Rb selection; Rb S cmense—
Ry +Ry

. Avs
Voliage Gair; v R | s+1RC

* — AT

Yo . jf_[.___a_.

path. This zero can be exactly cancelled by the
added pole due to R;, if Ry, s chosen as;

L

R} So—
b Ra+Rf

With appropriate input transient protection, this
circuit will provide an excellent bridging Interface
across a properly terminated telephone line for end-
to-end or key system applications. Transient
protection may be achieved by splitting the input
resistors and inserting zener diodes to achieve
voltage clamping (Fig. 10). This allows the transient
energy to be dissipated In the resistors and diodes
and limits the maximum voltage that may appear at
the op-amp Inputs.

It is important to consider the amount of shunt
capacitance introduced by the protection devices. In
this case the parasitic capacitances of the zener
diodes are In series which reduces their effect.
Relatively large shunt capacitances will attenuate the
high group frequencies causing the input signal to
"twist* which degrades receiver performance.

Ry
3
TAAAL

)

Ra

1
Input Impedance; | Z() I-=2R[1+(1A.0RC)2 ]—2

3dB Cutoff Frequency;
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Twist" is known as the difference in amplitude
yetween the low and high group tones. It is specified
n dB as:

TWIST = 20l0g 1pmike
Vu

where V| Is the amplitude of the low frequency tone

and Vy Is the amplitude of the high frequency tone.

'wist is usually caused by the frequency response
sharacteristic of the communication channel. Along a
elephone line higher frequencies tend to roll off
aster than the lower ones so the line response is
Isually compensated for by applying pre-emphasis
negative twist) to the originating DTMF signal. In
xtreme cases the receiver may require
ompensation. This could be realized with a filter
rrangement utilizing the input op amp.

\ny communication path that can pass the human
oice spectrum is eligible for DTMF signalling.
‘herefore a variety of "front-end" interfaces may be
ipplicable in a given control system. More
ommonly used media are copper wire and RF
hanneis. An optical fibre could carry a light beam
nodulated by DTMF. Although this would incur a

arge overhead in terms of bandwidth utilization,

ptical fibres do offer isolation from external electro-
nagnetic interference. For example, if control or
lata signals must be sent near a high power
-ansmission line environment, strong electric and
1agnetic fields could have a devastating effect on
ignals transmitted over wires. DTMF over fibre-

optics could easily be employed as a highly reliable
communications method in a harsh interference
infested environment.

In modern digital switching equipment the MT8870
can easily be interfaced to a digital PCM line by
using a codec as an Input Interface (Fig. 11).
Actually, all that is required for the interface is a PCM
decoder. In fact, the output filter that normally is
associated with PCM decoders is not required since
the high group DTMF bandpass fiiter has an upper
cutoff frequency low enough to meet the required
roll-off of the PCM fiiter.

DTMF In Mobile Radio Applications

DTMF signalling plays an important role in
distributed communications systems, such as multi-
user mobile radio (Fig. 12). It is a "natural" in the
two-way radio environment since It slips neatly into
the center of the voice spectrum, has excellent noise
immunity and highly Integrated methods of
implementation are currently available. It is also
directly compatible with telephone signalling,
simplifying automatic phone patch systems.

Several emergency medical service networks
currently use DTMF signals to control radio
repeaters. Functions are, typically mobile

identification, selection of appropriate repeater links,
selection of repeater frequencies, reading of
repeater status, and for completing automatic phone
patch links.

If available in a system of this type, audio from a
long distance communications link (microwave,

MT8870
630V
1 N
+
0.01 pf 2 b
rRve O—1 AN -
630V 110 KQ 110 KQ
1w
52 68 220
KQ KQ KQ
3
ZENERS ARE 15V 250mW
RESISTORS ARE 1% 1/4 W (unless otherwise stated)
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BUS

digita)
= it

PCM DECODER MT8870 TONE RECEIVER

satellite, etc.) could be switched, via commands from communication without the assistance of a human

the user's DTMF keypad, into the local repeater. operator.
This would offer the mobile user a variety of paths for

COMUNICATIONS
LINK
REPEATER

! L

FM
TRANSCEIVE
LOCAL

r' REPEATER TO TELEPHONE
EXCHANGE

USER MOBILE
SYSTEM

MT8870 MT5089
DTMF DTMF
RECEIVER GENERATOR

AUDIO SWITCHING
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1.D.
DECODE | 1
mres7o | | MTs08e
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HORN CALL
switcH| | INDICATOR 3 $

REPEATER CONTROL SYSTEM
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Features [nclude sefective calling, intercommunity RF link and automatic phone patch.
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multi-channel repeater system serving a multitude
user groups may be found to achieve its most
factive performance in the *trunked" mode. In this
ise, one RF channel is reserved for system
gnalling. System operation could be achieved as
llows.

ach mobile plus the repeater system contain a
TMF receiver, DTMF generator and appropriate
ntrol logic. Mobiles are assigned individual DTMF
). codes and always monitor the signalling channel
nen idle. An originating mobile automatically sends
DTMF sequence containing its own |.D. and the
). of the called party. This Is recognized by the
peater control which retransmits the called party’s
). The answering mobile returns a DTMF
indshake indicating to the repeater control that it is
railable to accept a call. At this time the repeater
ntrol sends a DTMF command sequence to both
e originating and answering mobiles which
structs their logic circults to switch to a specific,
railable channel. If all channels are busy the
peater control could send DTMF sequences to put
)th mobiles on *hold" and add their I.D's to a
hannel-request" queue. This arrangement would

REPEATER RECEIVE REPEATER TRANSMIT

allow users to access any available frequency and
converse privately instead of being restricted to one
assigned channel which is shared among several
user groups.

As well as an individual I.D., each mobile belonging
to a particular organization could also have a
common group I.D. This would aliow dispatch
messages to be sent to all company mobiles
simultaneously. Since mobiles would be under
DTMF control, messages could be sent to an
unattended vehicle and, at the user’s convenience,
displayed on a readout .

Each radio link either established or attempted would
result in DTMF 1.D. codes being sent to the repeater
control. These occurrences could easily be collected
by a computer for statistical analysis or billing
information. Customers who have defaulted on
rental payments could be denled access to the
system.

Simplified block diagrams of the control systems for
both the repeater and mobiles are shown in Figures
13 and 14 respectively.

AUDIO PATHS AUDIO PATHS
CH5 CH4 CH3 CH2CH1  CHS5 CH4 CH3 CH2 CH1 STATION
| I ﬂ fﬁf* L L] D QRX MONITORS
| MT8804 mTesod |
4x8 4x8 |
CROSS- CROSS- [
=] POINT PONT | -
=1 SWITCH SWITCH
- PHONE
| PATCH
wasro kg
DTMF GENERA- TO TELEPHONE
RECEIVER TOR EXCHANGE
TEST/ CONTROL LOGIC OR PERIPHERAL PORT
PROGRAMMING INGLE CHIP MICROCOMPUTER HOST COMPUTER,
KEYPAD CE——— DATA LOGGER,
AND DISPLAY ETC
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MOBILE TRANSCEIVER
RECEIVER TRANSMITTER
FUNCTIONS FUNCTIONS
carrier
operated receive transmit microphone transmit
squelch mute audio enable offhook audlio
— ] [
MT8s70 MT5089
DTMF DTMF
RECEIVER GENERATOR
CONTROL LOGIC OR
SINGLE CHIP MICROPROGESSOR
USER L.D. CODE KEYPAD
STRAPS AND DISPLAY
gure 14 - Block Diagram of Mobile Radio Control System

Distributed Control Systems

There are many other applications which also fall
into the distributed communications/control class.
That is, several devices being controlled via a
common communications medium whether it be RF,
copper wire or optical fibres, etc.

Consider, for example, an existing pair of wires
circulating throughout a plant. By connecting DTMF
receivers at strategic points along this path one
could conceivably control the whole plant from a
single DTMF transmitter (Fig. 15). Each DTMF
receiver would monitor the common line until its
specific I.D. was received, at which time it would
transfer data to its functional control logic.

With some simple logic a circuit can be devised to
recognize a sequence of programmed DTMF code.
Figure 16 lllustrates a method of detecting a
DTMF code sequence of arbitrary length, N. The
object is to compare N sequential 4-bit DTMF data
words to N preprogrammed 4-bit 1.D. words.
Programming the L.D. code is accomplished by
applying the desired logic levels to the inputs of N 4-
bit bus buffers. This may be achieved with straps as

shown, dipswitches or thumbwhesls. Pull-up
resistors should be applied to the buffer inputs.
Initially, after a RESET has occurred, Qq of the
presettable shift register is set logically high, the
remaining outputs are reset. This activates the first
bus buffer \vhich applies its outputs to the Y inputs of
a 4-bit comparator.The "LAST DIGIT" latch is reset,
the "ERROR-" flip-flop and "VALID DIGIT" latch are
set. These three signals are ANDed indicating a "no-
match® condition. When a valid DTMF signal is
received its data appears at the comparators "X*
inputs, a comparison occurs and the result appears
at the "X=Y" output. After 3.4 puS (typical) Std rises
indicating that the MT8870 output data is valid and
strobes "X=Y" into the "VALID DIGIT" latch. The shift
register advances one position which enables the
next bus buffer. If the result of the comparison was
true then the "VALID DIGIT" output is high. If all
digits of the sequence match then the high output
from the shift register “wraps around" from Qy_4 to
Qp, which strobes the "LAST DIGIT" latch high. This
activates the three input AND gate indicating a
"match” condition. If non-matching data is received
any time during the detection sequence the
"eRROR-" flip-flop Is reset which disables the AND
gate until a system "RESET" occurs. "RESET* may
be generated in a variety of ways depending on the
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MT8870 1.D. DECODE
DTMF LOGIC

RECEIVER|
DRIVER[—#] VALVE

DTMF
SIGNAL =—=yA ” A

SOURCE MT8870 I.D.L%EGCIgDE

DTMF
RECEIVER|
. ] SPRINKLER
DRIVER
*] ALARM

1.D. DECODE

LOGIC

MTaa70

COMPUTER

DTMF
RECEIVER

gure

ystem design objective. If one DTMF code is
yserved exclusively for the "RESET" function then
i@ MT8870 outputs can be decoded directly. This
yquires that the controller send a "RESET"
>mmand prior to sending an I.D. sequence.
lternatively a "time-out* timer, triggered by StD,
buld serve to generate a system reset if a certain
me lapse occurs between received signals. This
iethod places time constraints on the system but
iminates the need to consume a DTMF command
r the "RESET" function.

he concept of using a common transmission
edium for control signalling applies to several
a>ssible situations. Plant process control, remote
ieasurement control, selective intercom call
rstems, institutional Intercom systems, two way
idio control, pocket pagers and model car or boat
imote control, just to mention a few.

onversely, data could be collected from distributed
yurces. Implemented on a circulating wire or an RF
annel, as illustrated in Figure 17, information could
3 collected by a central unit which individually polls
ach monitor to ask for data. Alternatively, the
rstem could be interrupt driven (Fig.18). In this
ise each monitor, when ready to send data,
anerates an interrupt request by sending a DTMF
J. sequence followed by a data stream. Interrupt
asking or prioritizing could be achieved from the
e central contro! end by applying DC levels across
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a wire pair or sending a pilot tone in an RF system.
Remote data collection units would monitor this
signal to detect when a higher priority interupt is
being handled or the communications channel is
busy.

Data Communication Using DTMF

There is a vast array of potential applications for
DTMF signalling using the existing telephone
network. Consldering that there are millions of
ready-made data sets installed in convenient
locations (i.e. the Touch Tone telephone) remote
control and data entry may be performed by users
without requiring them to carry around bulky data
modems.

Potential applications include:
+ home remote control

* remote data entry from any Touch-Tone keypad
+ credit card verification and Inquiry
+ salesman order entry

+ catalogue store (stock/price returned via voice
synthesis)

* stock broker buy/sell/inquire -using stock
exchange listing mnemonics

» answering machine message retrieval
» automatic switchboard extension forwarding
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Figure 16 - N-Character Sequence ldentifier
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TOUCH-TONE

PHONE \

/OUTSIDE

FLOOD
LIGHTS

HOME DTMF
CONTROL
SYSTEM

OPTIONAL
HOME COMPUTER
VIDEO WITH VOICE

SLow  CASSETTE SYNTHESIZER
COOKER RECORDER

chill

POS.4 POS.6 POS.6
M @

POS.1 POS.2 POS.3
w X

NUMERAL
©)

IYPICAL KEY

SPACE . RETURN

ACK=11 DC2=38 EM=59 ETX=07
CAN=58 DC3=39 ENQ=09 FF=18
CR=19  DC4=47 EOT=04 FS=68
DC1=37 DLE=29 ETB=57 GS=69

(b)

KEYS "2" THROUGH "9" EACH REPRESENT THREE ALPHABETIC
CHARACTERS HENCE HAVE THREE INHERENT *POSITIONS"
POS.1, POS.2, AND POS.3) A PLASTIC OVERLAY CARD ADDS

HREE MORE POSITIONS (POS.4, POS.5, AND P0OS.6) TO KEYS
*1" THROUGH "0". * AND # ARE RESERVED EXCLUSIVELY FOR
THE SPACE AND RETURN FUNCTIONS.

a) Layout of a standard telephone keypad showing inherent character positions for coding purposes.

b) Credit card size overlay expands each keys function by adding three more character positions.

The * and # are reserved to send "SPACE" and "RETURN" as single key operations. Each other ASCII code
requires two keystrokes. To send a character simply push the button on or over which it appears, then

push the numeral corresponding to its position. For example, to send a “T" push ‘8’ followed by ‘1’, to

send "%" push ‘5’ followed by '6'.
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A scheme for coding ASCII characters using one and
two digit DTMF signals is outlined In the appendix.
Notice that on a telephone keypad keys 2 through 9
are represented by three alpha-characters as well as
a numeral. To send an alpha-character, using this
scheme, first press the key on which the character
appears then press the key corresponding to the
position in which the character appears on its key (1,
2 0or 3 ). Numerals are sent by touching the desired
number followed by a zero. The asterisk (*) and
octothorp (#) have been reserved for "space" and
“return” respectively. A plastic overlay the size of a
credit card expands the number of useable
"positions" on each button (Fig. 20). This serves as a
guide for sending other ASCII codes and fits snug
into a credit card wallet. ASCII control characters
that are not commonly used could be listed at the
bottom of the card. This user-friendly algorithm

eliminates the need to memorize conversion codes
and allows significant functionality even without the
overlay reference.

A simple block diagram shows how this scheme may
be implemented for a home DTMF control system
(Fig. 21). A ringing voltage detector signals the
microprocessor of an incoming call. The
microprocessor, after the prescribed number of
rings, closes the answer relay engaging the proper
terminating impedance. A two-to-four wire converter
splits bidirectional audio from the balanced
telephone line into separate single ended transmit
and recelve paths.

Receive audio Is then switched to the DTMF receiver
through the crosspoint switch. Upon receiving a
valid DTMF signal, the microprocessor Is alerted by

An FM transmitter could be used to couple control signals for distribution over existing power lines. This
would eliminate the need for installing wires between the DTMF control unit and remote controlled

devices.
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the rising edge of StD. The microprocessor then
checks for a valid password sequence and decodes
subsequent commands. A command can be entered
to put the system into remote-control mode. In this
case the crosspoint switch is configured to route
DTMF signals into the FM-over-mains transmitter as
well as the system tone receiver. Forwarding of
control signals Is accomplished by applying an FM
carrier to the power line. This eliminates the need to
string control wires haphazardly about the house.
The appropriate device is selected by its unique
DTMF 1.D. code. The microcomputer keeps track of
all device locations and their |.D. codes since it must
decide when to supply function outputs to the
"nearby” devices and when to let the "remote"
receivers handle the data. Subsequent data is
transmitted to a selected device until a 'reset'
command is entered.

Upon receiving any DTMF signal, answer back tones
are returned by the microprocessor to acknowledge
valid or invalid operations and to indicate the state of
an interrogated device. For example, a low to high
tone transition could indicate that a particular device
is on, a high to low transition indicating the off state.
A command could be entered to put the system in an
‘external' mode which would allow communications
through the data port. A host computer could be
connected to this port to broaden the scope of the
system.

The resident microprocessor unit contains the
software and hardware to control ringing verification,

password and command decoding, answer back tone
generation, audio routing, output function latches
and an optional data port. Output drivers buffer the
latches and switch relays or SCRs to control
peripheral devices.

An infinite variety of devices could be controlled by
such a system, the spectrum of which is limited only
by the ability to provide appropriate interfacing. This
system could also be the heart of a DTMF intercom
system allowing intercommunication, "phone-
patching", and remote control from varied household
locations. This type of system concept is, of course,
anything but limited to home use. Many applications
can provide conveniences to consumers,
salespeople and executives.

For example, a merchant could verify credit card
accounts quickly utilizing only a telephone keypad for
data entry (Fig. 22). Each credit card company could
reserve one or more telephone lines to provide this
function, reducing the human effort required. The
receiving end system would be required to answer
the call, provide a short answer back tone or
message, receive and decode the credit card
account number, verify it, verify the owner's name
and give a go/no-go authorization. This return data
could easily be provided with the aid of a voice
synthesizer. An auto-dialler containing appropriate
phone numbers could be installed at the merchant
end as an added time saver.

CREDIT CARD COMPANY - AUTO VERIFICATION LINE

CREDIT CARD
ACCOUNTING

CASHIER'S

PHONE LINE

OPTIONAL
AUTO
DIALER

AUTO
ANSWER/

TERMINATION

COMPUTER

MT8870
DTMF
RECEIVER

VERIFICATION/
AUTHORIZATION
ALGORITHM

SPEECH

SYTHESIZER
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With a similar arrangement, a travelling salesman
could access price, delivery and customer status,
enter or delete merchandise orders and retrieve
messages all from the comfort of the customer’s
office (Fig. 23a). A department store could provide
shop-by-phone service to its customers using
lelephone keypad data entry (Fig. 23b). Brokerage
firms, utilizing the stock exchange mnemonic listings
could provide trading price information and buy/sell
service via telephone keypad entry. A voice
synthesizer could provide opening and current
trading price, volume of transactions and other
pertinent data. A telephone answering system
manufacturer could apply this technique, allowing
users to access and change outgoing and incoming
messages from a Touch-Tone phone.

A PBX manufacturer could offer a feature that
-elieves the switchboard attendant from unneccesary
nteraction. A call could be answered automatically
and a recording may reply "Thank you for calling
XYZ. Please dial the extension you wish to contact
or zero for the switchboard”. If the caller knows the
zalled party's extension in advance it is not
veccesary to walit for the switchboard attendant to

forward the call. The attendant could be notified to
intervene if there is no action by the caller say, ten
seconds after the recording ends. This provides a
similar function to a "Direct Inward Dialling* (DID)
trunk but without the additional overhead incurred
with renting a block of phone numbers as in the DID
case.

Now that a DTMF receiver is so easy and
inexpensive to implement there are many simple
dedicated uses that become attractive. A useful
home and office application for DTMF receivers is in
a self-contained telephone-line-powered toll call
restrictor similar to the block diagram in Fig. 2a. This
could be installed in an individual telephone or at the
incoming maln termination depending on which
phone or phones are to be restricted. While

disallowing visitors from making unauthorized long
distance calls, the owner may still desire access to
toll dialling. This could be provided by adding a logic
circuit that disables the toll restrictor upon recelving
a predetermined sequence of DTMF characters (Fig.
16). In this case, the user must enter his password
before dialling a long distance number.

SALES WAREHOUSE/OFFICE

(a)

ORDER ENTRY

COMPUTER

OUTSIDE SALES o MT8870
ANSWER/
PERSON AT LINE DTMF [ STOCK/PRICE/
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[ 3
SPEECH

SYNTHESIZER

CONSUMER AT
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Conclusion

The applications for DTMF signalling are tremendous
and due to innovative technological advances its use
is Increasingly widespread. DTMF offers highly
reliable, cost effective signalling solutions which
require no development effort on the user's part.
The advent of single chip receivers has allowed
many products that were previously not cost-
effective to be manufactured in production quantities.

DTMF signalling was originally designed for
telephony signalling over voice quality telephone
lines. This signalling technique has been applied to
a multitude of control and data communications
systems.  All that is required is a voice quality
communication channel with appropriate
interfacing. The applications are limited only by
one's imagination.
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Appendix

C TMF ERSI
Partial ASCII coding and conversion to 2 sequential DTMF signals
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LM555
Timer

General Description

The LMSSS5 Is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of

sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and resst on falling waveforms, and
the output circult can source or sink up to 200mA or drive
TTL circults.

NNational Semiconductor

operation, the time Is precisely controlled by one external re- -

February 2000

Features

m Direct replacement for SE555/NE555

m Timing from microseconds through hours

m Operates In both astable and monostable modes
» Adjustable duty cycle

® Output can source or sink 200 mA

= Output and supply TTL compatible

= Temperature stabllity better than 0.005% per °C
= Normally on and normaily off output

® Avallable in 8-pln MSOP package

Applications

= Precislon timing

| Pulse generation

m Sequential timing

m Time delay generation

® Puise width modulation

u Pulse position modulation
B Linear ramp generator

Schematic Diagram
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LM555

Connection Diagram

Dual-In-Line, Small Qutline
and Molded Minl Small Outline Packages

1
GND et

TRIGGER 2

OUTPUT -3-

a
RESET ey

Ordering Information

Top View

f—— #vcc
7
pre DISCHARGE

_G__ THRESHOLD

CONTROL
VOLTAGE

0S007851-3

Package Part Number Package Marking Medla Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LMSS5CMX LM555CM 2.5k Units Tape and Resl
8-Pin MSOP LM555CMM 255 1k Units Tape and Reel MUAOBA
LMS55CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NOBE

www.national.com




Absolute Maximum Ratings (ote 2)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales Office/

Soldering Information
Dual-In-Line Package

Distributors for avallabllity and specifications.

Supply Voltage

Power Dissipation (Note 3)
LM555CM, LM555CN
LM555CMM

Operating Temperature Ranges

LMSS55C
Storage Temperature Range

+18v

1180 mw
613 mW

0°C to +70°C
-65°C to +150°C

Electrical Characteristics (Notes 1, 2)
(Ta = 25°C, Ve = +5V to +15V, unless othewlse specified)

Soldering (10 Seconds) 260°C
Small Outline Packages

(SOIC and MSOP)

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Rellabllity” for other methods of soldering

surface mount devices.

Parameter Conditions Limits Units
LM555C
. Min Typ Max
Supply Voltage 4.5 16 Vv
Supply Current Vee =6V, R = 3 6
Vee = 16V, Ry = o 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100k, 50 ppm/°'C
C = 0.1pF, (Note 5)
Accuracy over Temperature 15 %
Drift with Supply 0.1 %N
Timing Error, Astable
Initial Accuracy 225 %
Drift with Temperature Ra, Rg = 1k to 100k12, 150 ppm/'C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %N
Threshold Voltage 0.667 X Vee
Trigger Voltage Vee = 15V 5 Y
Vee = 1.67 v
Trigger Current 0.5 0.9 HA
Reset Voltage 0.4 0.5 1 Y
Reset Current 0.1 04 mA
Threshold Current (Note 6) 0.1 0.25 HA
Control Voltage Level Vee = 15V 9 10 1 Vv
Vee = 5V 286 3.33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, |; = 15mA 180 mv
Output Low Vee = 4.5V, |; = 4.5mA 80 200 mvV

www.national.com
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Electrical Characteristics (Notes 1, 2) (Continued)
(Ta = 25°C, V¢ = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voitage Drop (Low) Vee = 16V
lging = 10mMA 0.1 0.25 v
lamc = 50MA 0.4 0.75 Y
lsink = 100mMA 2 25 "
lamnk = 200mA ' 25 v
Vee = 6V
lsink = 8MA v
lgink = SMA 0.25 0.35 v
Output Voltage Drop (High) lsource = 200mMA, Ve = 15V 125 Y
lsource = 100mA, Ve = 15V 12.75 13.3 v
Vee = 5V 2.75 3.3 \
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are maasured with respect to the ground pin, unless otherwise specified.

Noto 2: Absolute Maximum Ratings indicate imits beyend which damags to lhe davice may occur. Operating Ratings indicate conditions for which the davice is func-
tional, but do not guarantes specific performance limils. Electrical Characteristics state DC and AC electrical specifications under pamcular test conditions which guar-
antee apecific performance [imits. This assumea that the device is within the Operating Ratings. Specifications are not g d for p s where no limit is
given, however, the typical value Is a good indication of device performance.

Nota 3: For operating at elevated temperatures the device must be derated above 25°C based on a --150°C maximum Junction temperature and a thermal resistance
of 108°C/W (DIP), 170°C/W (S0-8), and 204°C/W (MSOP) junction to amblent.

Note 4: Supply cumrent when output high typically 1 mA less at Ve = 5V.

Note 5: Tested at Vg = 5V and Ve = 15V.

Note 8; This will determine the maximum value of Rp + Rg for 15V operation. The maximum total (R + Rg) is 20MQ.

Note 7: No protection against excessive pin 7 current is necassary providing the package dissipation rating will not be exceeded.
Note 8: Refer to RETS555X drawing of military LM555H and LM555J verslons for specifications.

www.national.com 4




Typical Performance Characteristics
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Typical Performance Characteristics (Continued)

Output Propagation Delay vs.
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The external capacltor Is initially held discharged
by a transistor Inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 V¢ to pin 2, the flip-flop Is
set which both releases the short clrcuit across the capacitor
and drives the output high.

+5V T +16V

“grﬂ- -T Ry h

i
¢ s
TRIGGER ARGE
KORMALLY § . O——f2 L
“ON"LOAD § ™
i LMESS ¢ | THRESHOLO
| COATAOL
GUTPUY VOLTAGE
HORMALLY & '
GFF" LOAD : ot
H i

DS007851-5

FIGURE 1. Monostable

The voltage across the capacitor then Increases exponen-
tially for a period of t = 1.1 R, C, at the end of which time the
voltage equals 2/3 Vcc. The comparator then resets the
flip-flop which In turn discharges the capacitor and drives the
output to its low state. Figure 2 shows the waveforms gener-
ated In this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing Internal is independent of

supply.

A1 IA § 1/ /
AN

£S007851-8
Vee = 6V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV.  Mlddle Trace: Cutput 5V/Div.
Ra = 9.1k Bottom Trace: Capacitor Voitage 2V/Div.
C = 0.01yF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse wiil not effect the circuit so long
as the trigger input is returned high at least 10ps before the
end of the timing Interval. However the circuit can be reset
during this time by the application of a negative pulse to the
reset terminal (pin 4). The output will then remain in the low
state until a trigger pulse Is again applied.

When the reset function Is not in use, It is recommended that
it be connected to Ve to avold any possibllity of false trig-
gering.

Figure 3 1s a nomograph for easy determination of R, C vai-
ues for various time delays.

NOTE: In monostable operation, the trigger should be driven
high before the end of timing cycle.

100

-
o

-

e

C- CAPACITANCE (1:F)

0.01

0.001
1023100 usi ms 10ms100ms 1s 10s 100s

t4 = TIME DELAY

05007851-7
FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger Itself and free run as a multivibrator.
The external capacitor charges through R, + Ry and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.

i !
SE=NE
|

— s ¢

Bl w3

in this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Ve. As in the triggered
mode, the charge and discharge times, and therefore the fre-
quency are independent of the supply voltage.

www.national.com
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LM555

Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

1/ /' \\ //

0S007051-0
Vee = 5V Top Trace: Output 5V/Div.
TIME = 20us/DiV.  Bottom Trace: Capaciter Voltage 1V/Div.
Ra = 3.8kQ
Rg = 3kQ
C = 0.01yF

FIGURE 5. Astable Waveforms

The charge lime {(output high) Is glven by:
ty = 0.693 (RA+Rg) C
And the discharge time (output low) by:
t; = 0.693 (Rg) C
Thus the total period is:
T=t;+t,=0693 (R, +2Rg) C
The frequency of osclllation Is:

1. 1.44

T (Ra+ 2Rg)C

Figure 6 may be used for quick determination of these RC
values.

The duty cycle Is:

§f=

AN

NN

1 N

AR
MENLOANN
‘Rg‘izﬂg) \ \

0.001 N
01 1 10 100 1k 10k 100k

f - FREE-RUNNING FREQUENCY (Hz)
0S007851-10

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
clrcuit.

€ - CAPACITANCE (,F}

08007851-11

Vee = 5V Top Trace: Input 4V/Dlv.
TIME = 20ps/DIV. Middle Trace: Output 2V/Div.

Ra = 8.1kQ2 Bottom Trace: Capacitor 2V/Div.
C = 0.01yF

FIGURE 7. Frequency Divider
PULSE WIDTH MODULATOR

‘When the timer Is connected in the monostable mode and

triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the clreult, and In Figure 9 are some waveform
examples.

TRIGGER Oy 2

DUTPUT Om—i3

0S007851-12

FIGURE 8. Pulse Width Modulator

P N
> :\\‘
\‘
- — ﬂ
I
j |
DS007851-13

Vg = 6V Top Trace: Modulation 1V/Oiv.

TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ

C =2 0.01uF

FIGURE 9. Pulse Width Modulator
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Applications Information (continued)

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as In Figure 10, with a modulating signal again applied
to the control voltage terminal. The puise position varies with
the modulating signal, since the threshold voltage and hence
the time delay is varied. Figure 11 shows the waveforms
generated for a triangle wave modulation signal.

L 4 *Vee
2 7
LM5SS 6
MOCULATION
CUTPUT O 3 § pQ ¢
- DS007851-14

FIGURE 10. Pulse Position Modulator

’\\\ 'E
- N )
N
DS007851-15

Vee = 6V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV.  Bottom Trace: Output 2V/Dlv.
Ra = 3.9kQ
Rg = 3kQ
C = 0.01pF

FIGURE 11. Puise Poslition Modulator
LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit Is re-
placed by a constant current source, a linear ramp is gener-
ated. Figure 12 shows a circult configuration that will parform
this function.

TRIGGER Ot

~

LMBSS

QUTPUT Ot 3

0S007851-18

FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.
The time Interval Is given by:

- 2/3VecRe(Ry + Rp) C
R1Vee — Vee (Ry + R2)
Vgg = 0.6V
VBE = 0.6V

vall}:
7 7

W . A
pd i e
DS007851-17

Vee = 8V Top Trace: {nput 3V/Div.

TIME = 20us/DIV. Middle Trace: Output 5V/Div.

Ry = 47kQ Bottom Trace: Capacitor Voltage 1V/Div.
Rz = 100kQ

Rg = 2.7 kQ

C 2 0.01 pF

FIGURE 13. Linear Ramp
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LM555

Applications Information (continued)

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Ry may be con-
nected as in Figure 14. The time period for the output high is
the same as previous, t; = 0.693 R, C. For the output low it
Ist, =

Rg - ZHA]
[(RA Rg)/(Ra + FIB)] C¢n _——ZRB _—
Thus the frequency of osclilation is

1

'=t1+t2

? e

Stk

Rg
22k
A

LM855 6 p——p——l °

pi
1

FIGURE 14. 50% Duty Cycle Oscillator

I Y
ey 0.014F
0.00uF

QUTPUT O 3 L

- Note that thls circuit will not oscillate if Rg is greater than 1/2

R, because the junction of R, and Ry cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing Is necessary to protect
assoclated clrcultry. Minimum recommended is 0.1pF In par-
allet with 1uF electrolytic.

Lower comparator storage time can be as long as 10ys
when pin 2 Is driven fully to ground for triggering. This limits
the monostable pulse width to 10ps minimum.

Delay time reset to output Is 0.47us typical. Minimum reset
puise width must be 0.3ys, typical.

Pin 7 current switches within 30ns of the output (pin 3) volt-
age.

www.national.com
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Physical Dimensions inches (milimeters) unless otherwise noted
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LMS555 Timer

Physlcal Dimensions inches (millimeters) unless otherwise noted (Continued)
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General Description

The LM168 gerles consists of two Independent, high gain,
intemally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wida range of voilages. Operation from
split power supplles i3 also possiblo and the low powar sup-
ply current draln Is independent of the magnitude of the
power supply voitage.

Application areas Include transducer amplifiers, dc galn
blocks and all the conventlonal op amp circuits which now
can be more easlly Implemented In single power supply sys-
tems. For example, the LM158 serles can be dlrectly operat-
ed off of the standard +5V power supply voitage which Is
used in digltal systems and will easlly provide the requlred
Interface electronics without requiring the additlonal +15V
power supplies.

Unique Characteristics

m In the linear mode the [nput common-mode voltage
range Includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

| The unity galn cross frequency Is temperature
compensated.

8 The [nput bias current is also temperature
compensated.

&National Semiconductor

LM158/LM258/L.M358/LM2904
Low Power Dual Operational Amplifiers

December 1984

Advantages

& Two Internally compensated op amps in a single
package

®8 Eliminates need for dua) suppiles

B8 Allows directly sensing near GND and Voyr also goss
to GND

| Compatible with all forms of loglc

. Power drain suitable for battery operation

& Pin-out same as LM1558/LM1458 dual operational
amplifier

Features
® Internally frequency compensated for unity gain
B Large dc voltage gain
= Wide bandwidth (unity gain)
(temperature compensated)
® Wide power supply range:
Single supply 3V to 32v
or dual suppiles +1.5V to £16V
| Very low supply current drain (500 pA)—essentlally in-
dependent of supply voitage
& Low Input offget voltage 2mv
® (nput common-mode voitage range includes ground
o Differential Input voitage range equal to the power sup-
ply voltage
| Large output voltage swing

100 dB
1 MHz

OVto v+ ~ 1.5V

Connection Diagrams (rop views)

Metal Can Package

TUH/7787-1
Order Number LM158AH, LM158AH/863°,
LM158H, LM158H/883°, LM258H or LM358H
See NS Package Number H08C

*LM158 is available por SMD #5982-8771001
LM158A is avatable per SMD ¢#5962-8771002

DIP/SO Package

1 ]

oUTPUT A v

2 ?
INVERTING INPUT A =y p— QUTPUT 8

umuv‘t's:r#: 3 INVERTING (NPUT B

S NON-NVERTING
INPUT B

TUHITI87-2
Order Number LM158J, LM158J/883°,
LM158AJ or LM158AJ/883°

See NS Package Number JOBA
Order Number LM356M, LM358AM or LM2804M

Seo NS Package Number MOSA
Order Number LM35S8AN, LM358N or LM2804N

See NS Package Number NOSE

D1995 Netone! Somiconductor Corparstion  TL/H/T787

~ RRD-BI0U115/Printed n V). 8. A

sJoildwy jeuonesadQ jenq Jomod mo-

Y062INT1/8SEWT/8SCINT/8SLINT



Absolute Maximum Ratings -
Hf Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Otfice/Distributors for avaRability and specifications.
{Note 9)

LM158/LM258/LM358 LM158/LM258/LM358

LM1S8A/LM258A/LM358A Lu2304 LM158A/LM258A/LM358A L2504
Supply Voltage, V+ 32v 28V Operating Temperature Range
Differential Input Volitage 32v 28V LM358 0°Cto +70°C -40°Cto +85'C
Input Voltage -03Vio+32V  —0.3Vio +26V mﬁ :gg!: :13255'?0
mmffm (ote 1) 830 mW 830 mW Storage Temperature Range —65°Cto +150°C —-65°Cto +150°C
Metal Can 550 mwW Lead Temperature, DIP
Small Outiine Package (M) 530 mwW 530 mW (Soldering, 10 seconds) 260°C 260"C
Outpiit Short-Circuit to GND Lead Temperature, Metal Can
(One Ampiifier) (Note 2) {Soldering, 10 seconds) 300°C 300°C
V+ < 15Vand T = 25°C Continuous Continuous Soldering Information
Input Current (Viy < —0.3V) Dual-In-Line Package
(Note 3) 50 mA 50 mA Soldering (10 seconds) 260°C 260°C
Small Outiine Package
Vapor Phase (60 seconds) 215°C 215°C
Infrared (15 seconds) 220°C 220°C

See AN-450 "Surface Mounting Methods and Their Effect on Product
Reliability” for other methods of soldering surface mount devices.

ESD Tolerance (Note 10) 250V 250V
Electrical Characteristics v+ = +5.0v, untess otherwise stated
Pa ter Conditions LM1S8A LM358A LM158/LM258 LM358 LM2904 Units
Min Typ Max |[Min Typ Max |[Min Typ Max |[Min Typ Max |[Min Typ Max

Input Ottset Voltage | (Note 5), Ty = 25°C 1 2 2 3 2 5 2 7 2 7 mv
Input Bias Curmrent ing+) of bing—), Ta = 25°C,

Vew = OV, (Note 6) 20 50 45 100 45 150 45 250 45 250 nA
Input Offset Cumrent | Iing+) = ling—), VoM = OV, T = 25°C 2 10 5 30 3 30 5 50 5 50 nA
Input Common-Mode | V+ = 30V, (Note 7) +_ +_ +_ + - + -
Voltage F o (LM2804, V+ = 26V), Ty = 25°C 1] v+t-15| 0 v+-15} 0 vV+-15| 0 v+-15| 0 V+-15| Vv
Supply Current Over Full Temperature Range

R = oo on All Op Amps

V= = 30V (LM2904 V+ = 26V) 1 2 1 2 1 2 1 2 1 2 mA

V= = 8V 0.5 1.2 0.5 1.2 0.5 1.2 0.5 1.2 05 1.2 mA




Electrical Characteristics (continued) v+ = +5.0v, Note 4, unless otherwise stated

LM158A

LM358A

LM158/LM258

Parameter Conditions Units
Min Typ Max|Min Typ Max [Min Typ Max |Min Typ Max|Min Typ Max
Large Signal Voitage V+ = 15V, Ta = 25°C,
Gain Ry 2 2k, (ForVp = 1V 50 100 25 100 50 100 25 100 25 100 v/mv
to 11V)
Common-Mode Ta = 25°C,
Vo = OV o V+ ~ 1.5V 70 85 65 85 70 85 65 85 50 70 d8
~ower Supply v+ = 5Vio 30V
Rejection Ratio (LM2904, V+ = 5V 65 100 65 100 65 100 65 100 50 100 dB
to 26V), Tao = 25°C
Amplifier-to-Amplifier | f = 1kHz o 20kHz, Tp = 25°C 3 _ _ N _
Couptling (input Referred), (Note 8) 120 120 120 120 120 g8
Output Cumrent | Source | Viy+ = 1V,
ViN— = 0V,
v+ = 15V, 20 40 20 40 20 40 20 40 20 40 mA
Vo = 2V,Tp = 25°C
Sink | VN~ = 1V, V)t = 0V
V+ =15V, Ty = 25°C, 10 20 10 20 10 20 10 20 10 20 mA
Vo =2V
Vi~ = 1V,
Vit =0V
Tp = 25°C, Vo = 200 mV, 12 50 12 50 12 50 12 50 12 50 pA
v+ = 18V
Short Circuit to Ground ‘;ﬁ_ == 215;3. {Note 2), 40 60 40 €0 40 €0 40 €0 40 60 mA
Input Offset Voitage {Note 5) 4 5 7 9 10 | mv
Input Offset Voltage Rs =00 7 15 7 20 7 7 7 pVrC
Drift
input Offset Current hng+) — liNg-) 30 75 100 150 45 200 nA
g‘d”l‘:‘ Offset Current Rs = 00 10 200 10 300 10 10 10 PAIC
tnput has Cumrent WiNg+) O Iing-) 40 100 40 200 40 300 40 500 40 500 nA




Electrical Characteristics (continued) v+ = +5.0V, Note 4, untess otherwise stated

ter Conditions LM158A LM358A LM158/LM258 LM358 LM2904 Units
) Min Typ Max |Min Typ Max [Min Typ Max |Min Typ Max Min Typ Max
Input Common-Mode v+ =30V, (Note7) . . . . . _ v
Voltage R (LM2804, V+ = 26V) 0 v+-21 0 v+-21 0 v+-2| 0 v+-2| 0 v 2
Large Signal Voitage V+ = 15V
Galn (Vo= 1Vto11V) 25 15 25 15 15 v/mvV
R 2 2kn

Output VoH | V¥ = +30V R.=2kn | 26 2 26 28 22 v
‘g‘::" (LM2904,VH = 26V} | g = qokn | 27 28 27 28 27 28 27 2 2 24 v

VoL | v+ = 5V,R = 10k

Output Cumrent | Source | ViN* = +1V, ViN~ = OV,
V+ = {5V,Vg = 2V

Sink | Vi~ = +1V, VNt = 0V,
V¥ = 15V,Vg = 2V

Noto 1: For oporalng at high tamperatures, tho LM3S8/LM358A, LM2904 must be deratod based on a +1mmmummmnwma1mmmmmmmmmwﬁu

o
8
@
3
o
8
@
3

5 100 mvV

10 20 10 20 10 20 10 20 10 20 mA

10 15 5 8 5 8 5 8 5 8 mA

wxmmmmummmse/msnwmlsen.msuwuwmtmwonauso-c D Tho dissigation is the total of both amglifiers—use extemal rasistors, whora
poaaiue.wmwmﬂu»mummommmmamuhmmwm

Nota 2= Shori circuits trom the output to V* can cause axcassive heating and ) ion. Whea idering short cirucits 10 ground, the maximum output current i 2pp ly 40 mA dent of the mag! o
V*.Mvﬂmdmmhma‘l+!5v.mmm~:mmmmwmmwm J d jon. O« A sipation can sesull oM simultanoous shorts on all Bmpkfiors.

m&mmxwwwmmmwummminpmmummmusmwmm-mmumhmmmmmmwuwwwmumm
Mhmwmmmm«hmuw%mﬁbMummmwmmmmmmmwmumopmpslooolomev‘va:aoelcvd(wbgmmawge
overdive) for the time duration that an inpul is driven negative. This is not d 2 andmmdmmlﬂamwvmummmi@lmmnmumm.mmwammm-o:N(aﬁC).
m&mmmmww-msns+am«amw1um1mmmmmumnxmwmﬂrm'a-dw—zs-csns+es-c.m;mse/mmwnmrm
Wmmmwnsns*mwwmzwmmw\ommww-wcsns+m
ms:voauv.ns-mmv*msvwmv:wmmfuamqmwow(ovwv* —1.5V) 81 25°C. For LM2904, V+ from 5V to 26V.
m&mmammamnmwmwnmmwmpmmwmm's ialty i of the stals of the oulpul 90 no loading changs axists on the input tnes.
mhmmmmmmmmxmmagamumummwgonogaﬁvemmwo.avwzs-q.mmammmmmmmmwhv*-1.svwmmm«m
Manwlo+wmudam(+ZCV!um29M).mwMolmemmoiv*.

Note & Due to pr y of P insyre that ing i3 NO! Oniginating via stray i b theso parts. This typé can be < &3 this type of i L a1 highor fraquenci
mtmwnsrscseueumtsuﬁmwumwwnerstsaxmmisamwymm

Note 10 Humen body modal, 1.5 k1l in serias with 100 pF.




Typical Performance Characteristics

" Input Voitage Range
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Typical Performance Characteristics (continued) (Lm2002 only)

Input Current
L]

{n
WEs=srr
EJ
] 1] » »
V* - SUPPLY VOLTAGE tvoc!
Application Hints

The LM158 serles are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remaln In the linear mode with an Input common-mode
voltage of 0 Vpc. These amplifiers opo-ate over a wide

ranga of power supply voitage with Iittie change in perform- °

ance chara teristics. At 25°C ampilier operation is possible
down to a minimum supply voitage of 2.3 Voc

Precautions should be taken to Insure that the power supply
for the Integrated circuit never becomes reversed In polarity
or that the unit Is not inadvertently installed backwards in a
test socket as an untimited cument surge through the result-
ing forward diode within the IC could cause fusing of the
intemnal conductors and result In a destroyed unit.

Large differential Input voltages can be easily accomodated
and, as Input differential voltage protection diodes are not
needed, no large Input currents result from large differential
input voltages. The differential input voltage may be larger
than V+ without damaging the device. Protection should be
provided to prevent the Input voltages from going negative
more than —0.3 Vipc (at 26°C). An Input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the powsr supply current draln, the amplifiers
have a class A output stage for small signal levels which
converts to class B In a large signal mode. This allows the
ampiifiers to both source and sink large output currents.
Therefore both NPN and PNP extemal current boost tran-
sistors can be used to extsnd the power capability of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 dlode drop above ground to blas the on-chip vertl-
cal PNP translistor for output current sinking apptications.
For ac applications, where the load Is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to Increase the class A
blas current and prevent crossover distortlon. Where the
load is directly coupled, as In dc applications, there is no
crossover distortion.

Voltage Gain
1o
[

- Ry=2M2
2
i |- Mozath
g,
g
'§ ®

[] 0 ] %

V° - SUPPLY VOLTAGE (Vo)
TUHITIRT-5

Capacitive loads which are applied directly to the output >
the amplifler reduco the loop stability margln. Values of 50
PF can be accomodated using the worst-case ron-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amptifler.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vpg to 30 Voc.

Output short circults either to ground or to the positive pow-
er supply should be of short time duration. Unils can he
destroyed, not as a resuit of the short circult current causing
metal fusing, but rather due to tha large increase in IC chip
dissipation which will cause eventual fallure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one ampiifier at a time will increass the total IC
power dissipation to destructive ‘evels, If not properiy pro-
tected with extema! dissipation «miting resistors In series
with the output leads of the ampliflers. The larger value of
output source current which Is avallable at 25°C provides a
larger output current capabliity at elevated temperatures
(see typlcal performance characteristics) than a standard IC
op amp.

The circults presented In the section on typlcal applications
emphasize operation on cnly a single power supply voltage.
If complementary powaer supplles are avallable, all of the
standard op amp clrcults can be used. In general, Introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
allow operation above and below this valua in single power
supply systems. Many application circuits are shown which
take advantage of the wide Input common-mode voltage
range which Includes ground. in most cases, Input blasing is
not required and input voltages which range to ground can
oasily be accommodatad.




Typical Single-Supply Applications v- = s0vpg)

Non-Inverting DC Gain (OV Input = 0V Cutput)

Vi . WY | = ——— o m———
2
-d
=3
2
(-]
i oA 1+ 2
/1
Ry *R not needed due to .
° tomperature Independont iy 101 (AS SHOWN}
= TLN/TTET-6 e Vi (m¥)
TLIHITI07-2
DC Summing Amplifier
(Ving 2 0 Vog and Vo 2 0 Voc) Power Amplifier
R L)
100% 010k
AAA

121M158

Vo
Vi Vo = 0 Vpg for Viy = 0 Vo

Ay = 10 R

TUn/TTeT-8 TU/HITT87-9
Whera: Vo = Vy + Vg + Vg + V
(Vy + V) 2 (Vg + Vo) to keep Vo > 0 Vpc

“BI-QUAD" RC Active Bandpass Filter

R1
100k
c
310 pF
A2 I
100k
Vin
Al
10M
AAA
A A s
A3 < c2
100 S 20 pf
|
172 LM158
a7
1o = 1 kHz 100% ,
Q=60 v
Ay = 100 (40 dB) +

lnl;: 1 10.F I

TWH/T787-10




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Fixed Current Sources Lamp Driver

TU/MITTBT-12
Current Monltor
A1 X
0.1 ——
VO
A
R2

-
=3
o

"

- |V(I!)
Yo Vo 1A

TUH/TIB7-13 R3 *(increass R for |, smat))
" VLS Ve =2V

TUWHITION -4

Pulse Generator

ar
N INSI4

1914

_"\N\'_N—
0—-\'33»—{1—

TUHITIBT-16 0.001¢

Volitage Follower

Yo = V,
Ve O 0 = Vin

TUHITIBT-17

TUHIT787~18




Typlcal Single-Supply Applications v+ = 5.0 vpc) (Continued)

Squarewave Osclllator

Pulse Generator

TL/HITIOT-18 TUHITI8T-19
Low Drift Peak Detector
Vo
-
Zouy
Win O
—.'lm [PGLYCARBONATE OR
POLYETHYLENE) = 2K929°
*bi g AT 100 nA
HIGH Zy Py
LOW 2oyt
2y
218358
AUX ANP
R INPUY CURRENT
™ COMPENSATION
- TUH/T787-20
High Compllance Current Sink

Comparater with Hyateresls

lo = 1 amp/volt Viy
(Increass Rg for lo smati)

4

= TuWTer-n




Typical Single-Supply Applications v+ = 5.0 vpo) (Continued)
Voltage Controlled Oscillator (VCO)

0.05F
it
R 11
WA \
AA —
vy
We* O=—@ 12 LM3s8 - __rm_
A e + 112 1M358 PO QUTPUT 1
yvy
< v”iAsAkA
> R2 +
:, m B‘I hAA A4
1o AN
AAA
— A\ A 4
O OUTPUT2
R
) VWA~
= TUM/1787-23
*WIDE CONTROL VOLTAGE RANGE: 0 Vpc < Vg < 2 (V* 1.5V po)
AC Coupled Inverting Amplifier
Ry
100%
*
Vin
TL/H/T787-24

1/2 LM358

' Vo = Va

TUH/7187-25

10




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

AC Coupled Non-Inverting Amplifier

A1 R2
100k L)

A2
Aymtaos

Ay = 11 (As Shown)

Vin

172 LM3s8

Ve

TL/H/TT87-28

TWH/TIBT-27

fo ~ 1kHz
Q~25

T 4/7787-28

1




Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

High input Z, DC Ditferential Amplifier

R?
100%

W,

Vo

+V; O

For Bl A4 (CMRR depends on this TUHITIET-28

A2 R3 resistor satio malch)
R4
Vo=1+2(V2=-Vy)
A8 Shown: Vo = 2 (V2 — Vy)
Photo Voltate-Cell Amplifter Bridge Current Amplifier

By *Vaus
™"

AAA
A A 4

feew 1
{CELL HASOV
ACROSS IT)

Vo

- TUHITI8?-30

High input Z Adjustable-Gain
DC instrumentation Amplifier

A1
100k

+Vy O=

GAIN ADJUST

+V,

ItA1 = AS&R3 = A4 = A6 = R7 (CMAA depends on match)
2R
Vo= 1+ 5z (V2= Vi)
Asshown Vg = 101 (V, ~ V)

For8 <<1endR;>>R

tomver(2)2

R

TU/H/T787-33

TWL/H/TI87-31

12




Typical Single-Supply Applications v+ = 5.0 vpo) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (Qeneral Concept)

12 LM358 +Vo

*MAAT S0 nA
+
ls
1 172 M358
AUX AW
1 ,3 INPUT CURRENT
’ COMPENSATION

TWH/TT87-32

Schematic Dlagram ach Ampiifier)

(NPUTS

TL/H/7787-3

13 -
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EFAIRCHILD
SEMICONDUCTOR™

CD4069UBC
Inverter Circuits

General Description

The CD4088UB consists of slx inverter circuits and is man-
ufactured using complementary MOS (CMOS) to achleve
wide power supply operating range, low power consump-
tion, high nolse Immunity, and symmelric controlled rise
and fall times.

This device Is intended for all general purpose Inverter
applications where the special characteristics of the
MM74C801, MM74C807, and CD4049A Hex Inverter/Butf-
ers are notl required. In those applications requiring larger
nolse Immunity the MM74C14 or MM74C914 Hex Schmitt
Trigger s suggested.

All Inputs are protected from damage due to slatic dis-
charge by diode clamps to Vpp and Vgg.

October 1987
Revised April 2002

Features
B Wide supply voltage range: 3.0V to 15V
B High nolse immunlty: 0.45 Vpp typ.

8 Low power TTL compatibllity: Fan oul of 2 driving 74L
or 1 driving 74LS

B Equivalent to MM74C04

Ordering Code:

Order Number |Package Number

Package Dascription

CD4089UBCM M14A

14-Lead Small Oulline Inlegrated Circult (SOIC), JEDEC MS-012, 0.150" Narrow

CD4088UBCSJ M14D

14-Lead Small Out.ins Package (SOP), EIAJ TYPE II, 5.3mm Wide

| cD4068UBCN N14A

14-Lead Plastlc Dua!-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagram

Devios atso avsilablo In Tapo end Roct. Spacify by appending suffix “X" to tha ordoring codo.

Schematic Diagram

Yo 94— Voo
i 13 Jia i) 10 ls s
— .
t [: Vigy O AAA ey 4 Vour
‘_l ]
L] 2 Is 4 3 Is 15
Vss
® -O Vg3
® 2002 Falrchild Semiconductor Corporation  DS005975 www.falrchildsemi.com

SHN24ID JaHvAUl DEN690YAD



CD4069UBC

Absolute Maximum Ratingsote 1)
(Note 2)

DC Supply Voitage (Vpp) -0.5V to +18 Vpg
lnpl.it Voltage (VIN) -0.5V to VDD +0.5 VDC
Storage Temperature Range (Tg) -65°C to +150°C
Power Dissipation (Pp)

Dugl-tn-Line 700 mW

Small Outline 500 mW
Leed Temperature (T )

{Soldering, 10 seconds) 260°C

DC Electrical Characteristics mote3)

Recommended Operating
Conditions ote2)

DC Supply Voltage (Vpp) 3Vio 15Vpg
Input Voltage (Viy) 0V to Vpp Vpe
Operaling Temperature Renge (TA) -88°C to +125°C

Nota 1: "Absoluts Maximum Ratings” ata thoto values boyond which tho
safaty of the davice cennct be guarantsed. They are not meent to imply
that the devices should be operatsd at these limits. The table of “Recom-
mended Oparating Conditions” and Elactrical Characteristics table provide
conditions for actual device oporation.

Note 2: Vgg = OV unioss otherwise specified.

-58°C +26°C +125°C

Symbol Parameter Conditlons T W | i e | e ETRETR Units

lop Quiescent Device Current Voo =5V, 0.26 0.25 7.5
Vin=Vpp o Vss
Vog = 10V, 0.5 05 15 WA
Vin=Vpp of Vss
Vog = 15V, 10 10 30
Vin=Vpp of Vss

Voo TOW Lovel Oulput Voliage Tlol<1pA
Voo =5V 0.05 0 0.05 0.05
Vpp = 10V 0.056 0 0.05 0.05 v
Vpg = 15V 0.05 0 0.05 0.05

Vo HIGH Level Ouiput Voliage Tol<1pA
Vop =5V 495 495 5 4985
Vop =10V 995 9.95 10 9.95 \"
Vop = 15V 1495 1495| 15 14.95

Vo LOW Level Inpul Voltage flol < 1 pA
Vop =5V, Vo= 4.5V 10 10 10
Vpp = 10V, Vo= 8V 20 20 20 v
Vpp = 15V, Vo = 13.5V 30 3.0 3.0

Vin HIGH Level input Voltage Tol<tpA
Vop 5V, Vo= 0.5V 40 40 ' 40
Vop = 10V, Vo= 1V 8.0 8.0 2.0 v
Vop = 15V, Vo » 1.5V 120 120 120

Tor LOW Lovel Oulput Current Vop = 6V, Vo = 0.4V 064 051 | 0.88 0.36

(Note 4) Vop = 10V, Vo = 0.6V 18 13 | 225 09 mA

Vop = 15V, Vg = 1.5V 4.2 34 88 24

Ton HIGH Level Output Cument Vop ~ 5V, Vo=4.6V 0.64 051 -0.68 2636

{Note 4) Voo = 10V, Vo = 8.5V -16 -1.3 | -2.25 -0.¢ mA

Voo = 15V, Vo = 13.5V iy -34 | 88 -24

(™ Tnput Current Voo = 15V, Vig= 0V 04 0S| 04 210
Vo = 15V, Vi = 15V 01 108 04 10] MA

Note 3; Vgg = OV unless ctherwiso specified.

Noto 4: loy and Iy are tested one output at a time.

www.falrchildsemi.com




AC Electrical Characteristics (Note 5)
Ta=25°C, C = 50 pF, R = 200 kA, 1, &nd | s 20 ns, unlass otherwise specified

Symbol Parameter Conditions Min Typ Max Units
tpHL O oLl Propagation Delay Time from Vop=5v 50 90
Input to Output Vpo= 10V 30 60 ns
Vpp= 15V 25 50
tri OF i Transition Time Vpp= 5V 80 150
Vno =10V 50 100 ons
Vpo= 15V 40 80
Cin Average Input Cepaciiance Any Gate ] 15 pF
Cep Power Disslpation Capacitence Any Gate (Note 6) 12 pF
Note 8: AC P: are g byDC testing.
Nots 8: Cpp determines the no load AC power consumption of any CMOS davice. For ion, seo Family C isti lication noto—
AN-80.

AC Test Circuits and Switching Time Waveforms

Vin Vour

Cp=850pF

,=ty=20ns

3 www.fairchildsemi.com
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CD4069UBC

Typical Performance Characteristics

Gate Transfer Characteristics Propagatluoon Delay vs. Amblent Tamperature
1
1 Eagaanm UL
TA=-55"C [~ Vpp =S¥
EEEE| i ..uucn'nii‘melun
vop=10v |1 X van=1isv 5 T
10 @& gy CLe50
g = T
Q >
£
f’ FVop =8V g L= 150F T =
%0 £ -
g ol
]
0 (1] " 15 -50 =25 0 25 50 75 100 125
vin v AMBIENT TEMPERATURE (°C)
Povz‘er Disslpation vs. Frequency Propagatlan Delay vs. Amblent Temperature
1 %
| L
g o For —FHH ~Vpp -Im
E stversa st - HH T 4o |-SEEACTEST CRCUIT
g R i o =
£ i T,
Cueitgr | z - 3
g Vago (61 2 r Gy~ 16 ¢F = "
] 3 = IE
£ w :
g a 10
2

~50-26 0 28 60 75 100 125
AMBIENT TEMPERATURE (°C)

IKPUT FREQUENCY (H2}

Propagation Delay Time vs. Load Capacltance
1680

T AT e
g —T~Vo0 ® 3V 17— 36€ AC TEST—
CIRCUIT ]
>
3w y um:-lsvl
a y 1
8 =t
. P v
g =il
3 = Voo =1V
Pon s LI
X I 11T
s n o 100 180
C1, ~ LOAD CAPACITANCE (gF)

www.falrchildseml.com 4




Physical Dimensions inches {milimeters) unless olherwise noted

0.353-0.344

< sa-irn

W 1o n o1

$
AAaa

o

0.228-0.244 o
{3.7191~6.188) o v
u»m.t/l
ooy OO Q QU Y
T 1 % &1 8 & 7
: 0.010 yay
0.25%
61500157
=™ wao—smn (4
0.010 0,620 0.053 -0.060
0.254~0.55%) X48¢ N3-S
fzs4-o. r_ Ty 0.000-0.010
ALL LEADS 7 (0.102 - 0.25¢)
i ‘ T B

g lde ~Thmil]

f0.as-1.270) ™
m ;u’ TYP ALLLEADS

14-Lead Small Outline Integrated Circult (SOIC), JEDEC MS-012, 0.150" Narrow

Package Number M14A

0.014-0.420 Jou-0428 1y
10.356~0.508)

YA AP

www.falrchilds emi.com
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>atures
Sompatible with MCS-51™ Products

K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles
Fully Statlc Operation: 0 Hz to 24 MHz
Y 7

Three-level Program Memory Lock
128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources .
Programmable Serial Channel 8-bit

Low-power Idle and Power-down Modes .
Microcontroller
escription with 4K Bytes

ie AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K

tes of Flash programmable and erasable read only memory (PEROM). The device Flash
manufactured using Atmel's high-density nonvolatile memory technology and is
mpatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
ash allows the program memory to be reprogrammed in-system or by a conven-

nal nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash AT89C51
1 a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides

nighly-flexible and cost-effective sclution to many embedded control applications.

: . POIP Not Recommended
in Configurations 2 for New Desi
prodh whvee or New vesigns.
P02 331 Po.0(a00)
preds  sepeaton Use AT89S51.
P30}« a7 hro2(aoz
p14ds saf1Po.3 (a3
ri.5cls 351 Po.4(angy
pieg]? 34 {3 P0.5(ADS)
pircle 23 3P0.6(ADG)
rsttlo 21Po.7 (AD7)
PQFP/TQFP rxo)Pa.og 10 31 PEAVPP
(TXD) P31 C] 11 30 ) ALE/PROG
5 scaa m)mc 12 20 DPSER
3 o yP3ag]is 28D P27 (A15)
EE éggg mo)pPaAc]14 a7 r2oat)
I28z2 0 § g2cya T)P3sg 16 shp2sa)
aoaa0az &EES e;g,n,gcqg 250 P24{A12)
o) Parc}7 [ P23(A1)
32979885883 xraLzt]18 nhr22(a10)
xtauic}e 2[0p2.1{A9)
P1.5Q1 33 [1POA (AD4) aNoE20 218P20(A8)
P12 3211 P0.5 (ADS)
P1.7003 31 0 P0.6 (ADS)
RrsTO4 30107 (AD7) PLCC
RXD) P3.0[]§ 20 D EAVPP
NCcOe 281INC
m)P&l 7 27 DALE/PROG
iNTO) P3.2[]8 28 D PSEN
NT)P3aC]s 25 O P2.7 (A15)
(To)P3A4[] 10 24 D P28 (At4) .
ryPasg 2apr2sA13) PO (AD4)
———————— D PO.5 (ADS)
o oo [P0, (ADS)
pr 9 [1P0.7 (AD?
22428888084 hEe
R CEEEH hic

[} ALE/PROG
) PSEN

P27 (A15)
0 P2.6 (A14)
[) P2.5 (A13)

Rev. 0285G-02/00




AlmEr

lock Diagram

P0.0 - PO.7 P20 - P27

. ;
' PORT 0 DRIVERS PORT 2 DRIVERS ;
GND ! 7 R Y y ;
; :
5 E
— H .
s RAM ADDR. PORT 0 PORT 2 :
: REGISTER [P RAM LATCH LATCH FLASH ;
N ]
: 7 :
' 1}
; i
: Y A A E
' 4 ;
! 1
' H
' 1]
— ’
: PROGRAM :
: B STACK < '

: ACC ADDRESS
: REGISTER POINTER REGISTER :
! :
N 1
! H
5 4 3 A :

1]

< BUFFER  |[€—P :
5 T™P2 T™P1 D :
i ;
; :
5 :
: PC P !
: ALU INCREMENTER "
! H
: INTERRUPT, SERIAL PORT, :
: AND TIMER BLOCKS :
: 1
! PROGRAM 1
E PSW COUNTER [¢ P E
: :
PSEN <——] '
=PROG 4—+—1 TMING | insTRUCTION Y Y DPTR ;
K/ Vep ——P| CONTROL | REGISTER 4 .
' 1]
RST ——P 5
H H
: .
: PORT 1 PORT 3 :
; LATCH LATCH !
.
a . ’
' L}
H H
' L}
E 08C A :
; PORT 1 DRIVERS _»!  PORT 3 DRIVERS :
: L]
! 1]

T_I_T P1.0 - P1.7 P3.0 - P3.7

AT89C51 s



AlmEL

llse is skipped during each access to external Data
amory.

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

5EN

ogram Store Enable is the read strobe to external pro-
am memory.

hen the AT89C51 is executing code from external pro-
am memory, PSEN is activated twice each machine
cle, except that two PSEN activations are skipped during
ich access to external data memory.

A/VPP

«ternal Access Enable. EA must be strapped to GND in
der to enable the device to fetch code from external pro-
am memory locations starting at 0000H up to FFFFH.
ote, however, that if lock bit 1 is programmed, EA will be
ternally latched on reset.

A should be strapped to V¢ for internal program
tecutions.
1is pin also receives the 12-volt programming enable volt-
3e (Vpp) during Flash programming, for parts that require
2-volt Vpp.

TAL1

put to the inverting oscillator amplifier and input to the
ternal clock operating circuit.

TAL2
utput from the inverting oscillator amplifier.

)scillator Characteristics

TAL1 and XTAL2 are the input and output, respectively,
F an inverting amplifier which can be configured for use as
n on-chip oscillator, as shown in Figure 1. Either a quartz
-ystal or ceramic resonator may be used. To drive the
evice from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

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

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when ldle is terminated by
reset, the instruction following the one that invokes ldie
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
——al-—I——~ XTAL2
]
ci I
o—)| XTAL1
F GND
_

Note: C1,C2 =30 pF 110 pF for Crystals

= 40 pF +10 pF for Ceramic Resonators

itatus of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internal 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 o Float Data Data Data

AT89C51 m————
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ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V¢
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

gure 2. External Clock Drive Configuration

NC XTAL2

EXTERNAL
OSCILLATOR
SIGNAL

XTAL1 -
Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-

grammed (U) or can be programmed (P) to obtain the

additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to

GND

|

ower-down Mode
the power-down made, the oscillator is stopped, and the

struction that invokes power-down is the last instruction  function properly.
ecuted. The on-chip RAM and Special Function Regis-
ock Bit Protection Modes
Program Lock Bits
LB1 LB2 LB3 Protection Type
U U U No program lock features
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 is disabled
3 P P U Same as mode 2, also verify is disabled
P P P Same as mode 3, also external execution is disabled

AIMEL 5



AIMEL

rogramming the Flash

1e AT89C51 is normally shipped with the on-chip Flash
amory array in the erased state (that is, contents = FFH)
id ready to be programmed. The programming interface
:cepts either a high-voltage (12-volt) or a low-voltage
'cc) program enable signal. The low-voltage program-
ing mode provides a convenient way to program the
r89C51 inside the user's system, while the high-voltage
ogramming mode is compatible with conventional third-
irty Flash or EPROM programmers.

e AT89C51 is shipped with either the high-voltage or
w-voltage programming mode enabled. The respective
p-side marking and device signature codes are listed in
e following table.

Vpp =12V Vpp= 5V
lop-side Mark AT89C51 AT89C51

YOO XXXX-5

yyww yyww
Signature (030H) = 1EH (030H) = 1EH

(031H)=51H (031H)=51H

(032H) =F FH (032H) = 05H

1e AT89C51 code memory array is programmed byte-by-
rte in either programming mode. To program any non-
ank byte in the on-chip Flash Memory, the entire memory
ust be erased using the Chip Erase Mode.
rogramming Algorithm: Before programming the
T89C51, the address, data and control signals should be
it up according to the Flash programming mode table and
gure 3 and Figure 4. To program the AT89C51, take the
llowing steps.
input the desired memory location on the address
lines.
Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise EA/Vpp to 12V for the high-voltage program-
ming mode.
Puise 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 AT89C51 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 datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming 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 lines 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 “1”s. The chip erase operation must be executed
before the code memory can be re-procgrammed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values retumed are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

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

All major programming vendors offer worldwide support for
the Atmel micracontroller series. Please contact your local
programming vendor for the appropriate software revision.

AT89C51 meessssssssssss——————————



lash Programming Modes

AT89C51

fode RST PSEN ALE/PROG EANVpp P26 | P27 | P36 | P3.7
Vrite Code Data H L H/12V L H H H
-~
tead Code Data H L H H L L H H
Vrite Lock Bit-1 H H/12V H H H
-~
Bit-2 H L H/12v H H L L
—~_
Bit-3 H L H/12V H L H L
-~
>hip Erase H L (1) H/12v H L L L
-~
Read Signature Byte H L H H L L L L
ste: 1. Chip Erase requires a 10 ms PROG pulse.
gure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 T AT89C51
ADDR. 20 - A7) by Vee f— appR, A0- ATl o Vee |
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
a8 P20 - P23 PO |&—— parn e P20 - P23 PO |- (USE 10K
[‘—b P26 — " ol P2.6 PULLUPS)
SEE FLASH —» P2.7 ALE le—— PROG SEE FLASH J —pf P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE 1—' P3.6 MODES TABLE l_—’ P3.6 oV
—» P37 —» P3.7 "
—T—— XTAL2 EA |[¢&— Vy/Vee ——— XTAL2 EA
|
l
324 MHz | & 324 MHz | o
- 3
XTAL1 RST |le—— v, XTAL1 RST le—— v,
GND PSEN GND PSEN
< - L

ANMEL




AMEL

lash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 4 ADDRESS ,if ADDRESS )>———
— tavav
PORT 0 ¢ DATA IN D ( DATA OUT p———
+«— tover  teHpx [«
taveL +— {guax
ALE/PROG N /
tsnaL [, toLen—> * tahsL
— A Ve ____1 ____INocic 1
EANgp oo lwece .
Q—t t
P2.7 ERSH terav le— *— lEnaz
(ENABLE)
toHaL —
P34
(RDY/BSY) BUSY READY
twe

lash Programming and Verification Waveforms - Low-voitage Mode (Vpp = 5V)

P10 - P17 PROGRAMMING VERIFICATION
. - . V=" N
+— tavav
|
PORT 0 ( DAIAIN ) C DATA OUT p——
> tover  toHox [+
taveL [¢ +— touax
ALE/PROG N A
s le—toran—
= LOGIC 1
EANw iz L __ weicol| .
l— 1t
P2.7 EHSH teLay Pl — tenaz
(ENABLE)
toneL —
P34
(RDY/BSY) BUSY READY
twe

/AT 8O C /51 10000
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lash Programming and Verification Characteristics
=0°Ct070°C, Vg = 5.0+10%

jymbol Parameter Min Max Units
lpp Programming Enable Voltage 115 12.5 Vv
e Programming Enable Current 1.0 mA
MercL Oscillator Frequency 3 24 MHz
AVGL Address Setup to PROG Low 48te o

GHAX Address Hold after PROG 48t oL

veL Data Setup to PROG Low 48tci ¢,

GHDX Data Hold after PROG 48tc o,

EMSH P2.7 (ENABLE) High to Vpp 48tg o

SHOL Vep Setup to PROG Low 10 us
ons'” Vpp Hold after PROG 10 us
cLaH PROG Width 1 110 us
AvQv Address to Data Vatid 48t oL

eLav ENABLE Low to Data Valid 48tc oL

EHQZ Data Float after ENABLE 0 48tci o

GHBL PROG High to BUSY Low 1.0 Hs
WC Byte Write Cycle Time 2.0 ms

ste: 1. Only used in 12-volt programming mode.




bsolute Maximum Rating§*

AIMEL

Jperating Temperature..............ceerrerrseineene. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
3torage TeMPErature ........c..wereecrerseereerisesens -65°C to +150°C age to the device. This Is a stress rating cnly and
functional operation of the device at these or any
/oitage on Any Pin other conditions beyond those indicated in the
vith Respect to Ground..........c.cevernrervesiinnenes -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
viaximum Operating Voltage .........cccoevreiieeinnnninceas 6.6V conditions for extended periods may affect device
reliability.
IC Output CUMBNL ...t nenereststeasnse e 15.0 mA
IC Characteristics
\ = -40°C to 85°C, V¢ = 5.0V £20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
/. Input Low-voltage (Except ER) 0.5 0.2 V- 0.1 v
it Input Low-voitage (EA) 0.5 0.2 Vee-0.3
i Input High-voltage {Except XTAL1, RST) 0.2V +0.9 Ve + 0.5 v
Vi1 Input High-voltage (XTAL1, RST) 0.7 Vee Vec 0.5 \
VoL Output Low-voltage'" (Ports 1,2,3) lo, = 1.6 MA 0.45 \
Output Low-voltage(? -
You (Port 0, ALE, PSEN) loo =32 mA 0.45 v
|OH =-60 lJA, Vcc =5V£10% 24 Vv
Output High-voitage _
Vou (Ports 1,2,3, ALE, PSEN) lon = -25 pA 0.75 Vec v
'OH =-10 uA 0.9 VCC \")
lon = -800 pA, Ve = 5V £10% 24 v
Output High-voltage _
Vort (Port 0 in External Bus Mode) lon = -300 WA 0.75 Vee v
low = -B0 pA 0.9 Ve v
e Logical 0 Input Current (Ports 1,2,3) Vin= 045V -50 17.3
Logical 1 to 0 Transition Current _ -
In (Ports 1,2,3) Vi =2V, VCC =5V £10% 650 PA
h input Leakage Current (Port 0, EA) 0.45 < Vi< Ve #10 pA
RRST Reset Pull-down Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Cumrent
Idle Mode, 12 MHz 5 mA
lee
Vee = 6V 100
Power-down Mode? e WA
Vee =3V 40 HA

otes: 1. Under steady state (non-transient) conditions, |, must be externally limited as follows:
Maximum lo, per port pin: 10 mA
Maximum lg, per 8-bit port: Port 0: 26 mA
Ports 1,2, 3: 15 mA
Maximum total |, for all output pins: 71 mA
if 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V for Power-down is 2V.

0 AT89C51 meesss—————————
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C Characteristics

1der operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
itputs = 80 pF.

xternal Program and Data Memory Characteristics

12 MHz Osclllator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
WtoreL Osclllator Frequency 0 24 MHz
LHLL ALE Pulse Width 127 2t o 40 ns
AVLL Address Valid to ALE Low 43 toro13 ns
LLAX Address Hold after ALE Low 48 torc =20 ns
Y ALE Low to Valid Instruction In 233 4tc 65 ns
LLPL ALE Low to PSEN Low 43 toe-13 ns
oL PSEN Pulse Width 205 3t 20 ns
PLV PSEN Low to Valid Instruction In 145 3t 45 ns
PXIX Input Instruction Hold after PSEN ] 0 ns
— Input Instruction Float after PSEN 59 terc-10 ns
PYAY PSEN to Address Valid 75 terer-8 ns
AV Address to Valid Instruction In 312 5ty o -56 ns
PLAZ PSEN Low to Address Float 10 10 ns
ALRH RD Pulse Width 400 Bteyc,-100 ns
WLAH WR Pulse Width 400 Bte,c,-100 ns
RLDV RD Low to Valid Data In 252 St -90 ns
— Data Hold after RD 0 0 ns
lrHDZ Data Float after RD 97 215028 ns
LoV ALE Low to Valid Data In 517 8touo ~150 ns
tavov Address to Valid Data In 585 Stcy o -165 ns
haw ALE Low to RD or WR Low 200 300 3to e -50 3t o, +50 ns
- Address to RD or WR Low 203 4te o -75 ns
lowwx Data Valid to WR Transition 23 tere-20 ns
lavwh Data Valid to WR High 433 Ttorc-120 ns
bwvax Data Hold after WR 33 terer-20 ns
tauaz RD Low to Address Float 0 0 ns
boveiL RD or WR High to ALE High 43 123 tec 20 tocL*25 ns
11
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AIMEL

xternal Program Memory Read Cycle

i —
ALE X A
< * topn
tave ¢ o " v
— tup je—
PSEN / N\ A% \
—tpxa
= [ toaz
tax texiz
toxix—  fe—
PORT 0 >—K__ A0-A7 K INSTRIN D> a-ar <
¢ tavv »
PORT 2 X A8 - A15 X AB-A15

xternal Data Memory Read Cycle

t—»
ALE g \ TN

YwHLH

PSEN ’ 4
_/ ——— t., oy ___,I \__/

le— tRLRH —

RD le—tax—» | —"

triov | trrpz

—» trHDX
"DATA IN -X/A0 - A7 FROM PCL>— INSTR IN

e— tavi —)

triaz 1+

PORT 0 __>KA0 - A7 FROM RI OR DPLILY

—— taw, ————
tavov
PORT 2 ) 4 P2.0 - P2.7 OR AB - A15 FROM DPH " AB - A15 FROM PCH

L T
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AT89C51

xternal Data Memory Write Cycle

f t—]
ALE __/F / N v

—  — b

PSEN N

— tuwe ——sfe—twwn —

ot ax —
—tau—»  tavwx - 1 tanox
fe1— tavwn —
PORT 0 )~ A0 - A7 FROM RI OR DPL ‘!‘ DATA OUT X >(AD - A7 FROM PCL>—INSTR IN

\ taowe ——*

PORT 2 K P2.0 - P2.7 OR A8 - A15 FROM DPH P A8 - A15 FROM PCH

xternal Clock Drive Waveforms

temex

—p le—
Vg - 0.5V lowcn teet,

0.2 Vo - 0.1V

0.45v

e toiex —

“ torer >
:xternal Clock Drive
Symbol Parameter Min Max Units
MtcroL Oscillator Frequency 0 24 MHz
teLet Clock Period 416 ns
terex High Time 15 ns
terex Low Time 15 ns
teren Rise Time 20 ns
toneL Fall Time 20 ns




AlmEL

erial Port Timing: Shift Register Mode Test Conditions
s = 5.0 V+20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
iymbol Parameter Min Max Min Max
XL Serial Port Clock Cycle Time 1.0 12000 ps
WXH Output Data Setup to Clock Rising Edge 700 10tg  -133 ns
HOX Output Data Hold after Clock Rising Edge 50 2t 0 -117 ns
KHDX Input Data Hold after Clock Rising Edge 0 0 ns
KHDV Clock Rising Edge to Input Data Valid 700 10tg o -133 ns
hift Register Mode Timing Waveforms
INSTRUCTION | o] | 1 i 2 | 3 | 4 | 5 | 6 | 7 | 8 |
NS 1 T T T O I I O I
- > b
cLock L e
tavxm , |
—! e— bnax
WRITE TO SBUF, 0 | > 1 | xT 2 X 3 X a4 X 58 X & X1 7”7
; A
OUTPUT DATA terov ~——?’ [ txrox SETTI |
L CLEARRI i i A i e sl
INPUT DATA SET RlT

C Testing Input/Output Waveforms'")  Float Waveforms("

Vee- 0.8V AN 7402 Voo + 0.8V =< S Vioao' OV A4 A Vgt 0w
N4 AN / AN
< TEST POINTS ;(\ Viorn ~~  Timing Reference N
7 N02 V- 0av N oA\ Points /
0.45V —— Nt et T T N Vioap™ OV =< < Vot 0V

ste: 1. AC Inputs during testing are driven at V¢ - 0.5V fora Note: 1. Fortiming purposes, a port pin is no longer floating

logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at Vy, min. for a logic 1 and V, max. fora port pin begins to float when 100 mV change from
logic 0. the loaded Vg/V, level occurs.

4 /AT 8O C 51 1500000000
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rdering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £20% AT8SC51-12AC 44A Commercial
AT89C51-12JC 44) (0°C to 70°C)
AT83C51-12PC 40P6
AT89C51-12QC 4Q
AT89C51-12Al 44A Industrial
AT88C51-12JI 44J (-40°C to 85°C)
AT88C51-12PI 40P6
AT89C51-12Q1 4Q
16 5V +20% AT89C51-16AC 44A Commercial
AT83C51-16JC 44J (0°C to 70°C)
AT83C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A industrial
AT838C51-16JI 44) (~40°C to 85°C)
AT88C51-16P! 40P6
AT89C51-16Ql 44Q
20 5V £20% ATB9C51-20AC 44A Commercial
AT89C51-20JC 44) (0°C to 70°C)
AT83C51-20PC 40P6
AT88C51-20QC 4Q
AT89C51-20Al 44A Industrial
AT838C51-20J1 44 (40°C to 85°C)
AT89C51-20P!I 40P6
AT83C51-20Ql 44Q
24 5V £20% AT88C51-24AC 44A Commercial
AT89C51-24JC 44J {0°C 0 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT83C51-24Al 44A Industrial
AT88C51-24JI 44 (-40°C to 85°C)
AT89C51-24P! 40P6
AT839C51-24Ql 4Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Intine Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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AlmEL

ackaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)”

JEDEC STANDARD MS-026 ACB

12.21(0.478) o
11.75(0.458)

PIN1ID

0.45(0.018)

__{' 0.30(0.012)

0.80(0.031) BSC L
_f

10.10(0.384)
9.90{0.386)

1.20(0.047) MAX
0.20(.008 T _I
= ot
-—I L_OE(O_.Os_O). 0.15(0.008) I '

0.45(0.018) 0.05(0.002)

~jo

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045(1.14) X 45°  PINNO.1 045(1.14) X 30°- 45°  g45/ 305)

B I M l—-l =~ oosz03)
b 1 g
E 816.7) 630(16.0)

550(16.5) § "} 580(150)

i
I
032(813) § = .021(.533)
026(.660 95(17 Neq oS 1
(.660) ig 5(174) 013(.330)
X
1050{1.27) TYP _WU'”“ETT‘E“ 043(1.09)

1120(3.0)

le— o] 500(127) REF SQ r1 020(.508)
™ 650(2.29)
180(4.57)
85(4.19)
%ﬁm% .022(.550) X 45° MAX (3X)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

207(52.6)
2.04(51.8) PIN
1

NulintuEnlnd ek ’
) 566(14.4)
: 530(13.5)
Rpw; (ﬂ:rr:r —i

[ 0%0(229)
,—-—-— 1.900(48.26) REF
220(5.59)
e _-..l te— 005(. 127)
SEATING —L
PLANE 08641.86)
161 i_] JL 615(381)
o .085(1.85) 022(559)
110(2.79) 041(1.08) 014356
! 830(16.0)
l“.sgcus o)"‘
9 REF
.012(.305) 15
003(205) 690(17.5)
}"_ 610(15.5)_4

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345 (0.525) oy
12.95 (0.506)

PIN1ID

0.80 (0.031) BSC 1

10.10 (0.394
550 {osssg sa

r 2.45 (0.086) MAX

0170

0.13 ‘i : ;] |
_.I L. 0_{._)78 0630, Eo.zs (0.010) MAX

Controlling dimension: millimeters

6 AT89C51




