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ABSTRAKSI

Pemanfaatan Teknologi Mikrokontroller AT89S51 Untuk Perencanaan dan

Pembuatan Similasi Alat Pemindah Posisi Rantai Sepeda Pada Sepeda Balap

(Kadek Artha Mahardhika, 9917194, T. Elektro S-1/T. Elektronika)

(Pembimbing: Ir. Kartiko Ardi Widodo, MT)

Skripsi ini bertujuan merancang dan membuat alat pemindah posisi rantai
sepeda pada sepeda balap, sehingga memudahkan para pembalap sepeda pemula
dalam memindahkan posisi rantai sepeda. Sistem ini menggunakan sebuah sensor
kemiringan, Penguat Operasional, Analog to Digital Converter, AT89S51, motor DC
dan display seven segment.

Pembuatan alat ini pertama-tama adalah dengan melakukan perancangan blok
diagram system. Selanjutnya masing-masing blok diagram diimplementasikan dengan
rangkaian yang sesuai. Setelah itu pembuatan program mikrokontroller AT89S51

yang nantinya akan berfungsi untuk memproses data yang telah diambil oleh sensor.

Kata kunci: Sensor kemiringan, Penguat Operasional, Mikrokontroller, Perpindahan.
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BAB I

PENDAHULUAN

1.1. Latar Belakang

Perkembangan ilmu pengetahuan dan teknologi telah sedemikian majunya, hampir
sebagian besar pekerjaan manusia dapat dikerjakan oleh mesin. Hal ini bisa terjadi karena
hampir semua aspek kegiatan di dunia ini mempunyai hubungan dengan dunia elektronika.
Semua kegiatan itu agaknya sekarang ini akan susah bila dipisahkan dari dunia elektronik.
Sehingga dunia elektronika selalu dituntut melakukan riset-riset untuk melakukan inovasi-
inovasi baru. Salah satu teknologi yang sangat membantu pekerjaan manusia adalah
teknologi yang. memanfaatkan mikrokontroller.

Sekarang ini sepeda gunung sistem pemindahan rantainya masih menggunakan
sistem konvensional, dengan memanfaatkan teknologi mikrokontroller kita dapat membuat
alat untuk memindahkan posisi rantai sepeda secara otomatis. Untuk mewujudkan salah satu
keinginan itulah skripsi ini disusun, dengan judul sebagai berikut: “PEMANFAATAN
TEKNOLOGI MIKROKONTROLLER AT89S51 UNTUK PERENCANAAN DAN
PEMBUATAN SIMULASI ALAT PEMINDAH POSISI RANTAI SEPEDA PADA
SEPEDA BALAP”

Dengan memanfaatkan teknologi mikrokontroller, nantinya diharapkan dapat
membuat suatu alat pemindahkan posisi rantai sepeda pada sepeda secara otomatis, tanpa

menggunakan sistem konvensional lagi.



1.2. Tujuan Penulisan
Adapun tujuan dari pembuatan tugas akhir yang dilaksanakan ini adalah
memanfaatkan teknologi mikrokontroller sebagai pengendali alat pemindah posisi rantai

sepeda pada sepeda balap secara otomatis.

1.3. Rumusan Masalah
Melihat latar belakang yang telah disampaikan sebelumnya, maka rumusan masalah
ditekankan pada :
1. Bagaimana membuat hardware maupun software untuk system yang dapat
mengendalikan pemindah posisi rantai sepeda pada sepeda balap.
2. Bagaimana membuat mekanik model simulasi sebuah pemindah posisi rantai sepeda

sesuai dengan yang diharapkan.

1.4. Batasan Masalah
Dalam perencanaan dan pembuatan alat ini agar dicapai sasaran yang tepat dan
sesuai dengan judul serta mencegah meluasnya pembahasan serta masalah yang timbul,
maka dibuat batasan-batasan masalah yakni sebagai berikut :
1. Sistem pengolahan data untuk mengontrol kerja dari hardware berbasis
Mikrokontroler AT89S51.
2. Tingkat kecepatan dari sepeda adalah 12 tingkat kecepatan.
3. Hanya diperhitungkan pada jalan menanjak, menurun dan datar (jalan raya yang
biasanya digunakan untuk balap sepeda), tidak pada jalan yang bergelombang.
4. Tidak membahas power supply.

5. Sebagai sensor kemiringan digunakan potensiometer yang bukan jenis wirewound.
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1.5. Metodologi Penulisan

1.

2.

Studi literatur.

Melakukan kajian dari buku, data sheet, serta bahan yang diperoleh dari internet.
Perancangan tiap-tiap blok rangkaian.

Perancangan alat yang dibuat dengan jalan membuat tiap-tiap blok dari rangkaian

kemudian menggabungkannya menjadi satu rangkaian alat yang dirancang.

3. Pengujian alat.

Pengujian alat dilakukan per blok rangkaian dan keseluruhan rangkaian dari blok-
blok yang telah digabungkan sehingga dapat diketahui kerja dari alat yang dibuat.
Analisa.

Setelah dilakukan kalibrasi alat maka dapat dilakukan analisa dan kemudian menarik

kesimpulan dari alat yang telah dibuat.

1.6. Sistematika Penulisan

@,
L X4

(2
%

Sistematika penulisan tugas akhir meliputi beberapa bab yaitu sebagai berikut:

BAB | : PENDAHULUAN

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

BAB 2 : TEORI PENUNJANG

Berisi tentang teori-teori yang menunjang perancangan alat serta membahas tentang
Mikrokontroler AT89S51.

BAB 3 : PERANCANGAN ALAT

Bab ini membahas tentang blok diagram dan komponen-komponen elektronik yang

digunakan dalam perancangan alat.

-3-



% BAB 4 :PENGUIJIAN ALAT
Pada bab ini berisi tentang pengujian alat yang dibuat serta data-data hasil pengujian
alat per blok dan keseluruhan sistem.

% BABS5:PENUTUP
Berisi tentang kesimpulan dan saran yang didapat oleh penulis setelah membuat dan

melakukan pengujian terhadap alat yang dibuat.



BAB 11

LANDASAN TEORI

Landasan teori sangat membantu untuk dapat memahami suaatu sistem. Selain dari
pada itu dapat juga dijadikan sebagai bahan acuan didalam merencanakan suatu sistem.
Dengan pertimbangan hal-hal tersebut, maka landasan teori merupakan bagian yang harus

dipahami untuk pembahasan selanjutnya.

2.1. Potensiometer

Pada pembuatan alat ini, digunakan potensiometer sebagai sensor kemiringan jalan
yang dilalui oleh sepeda. Potensiometer berfungsi untuk mengubah perubahan nilai besaran
sudut menjadi perubahan nilai besaran resistansi. Prinsip kerja dari sensor kemiringan jalan

dapat dilihat pada gambar berikut:

Gambar 2-1

Prinsip Kerja Sensor Kemiringan



Bila W dimiringkan sebesar o, maka W’ akan membentuk sudut yang besarnya sama
dengan o terhadap bidang normalnya. Besarnya ot akan terdeteksi sebagai perubahan sudut.
Pergeseran ini juga akan memutar tuas potensio sebesar . Perubahan nilai yang ditunjukkan

oleh potensio merupakan perubahan dari besarnya & daiém satuan Ohm.

Potensiometer atau variable resistor adalah tranducer yang mengubah posisi mekanik
menjadi elektrikal signal. Pada pembuatan skripsi ini, potensio berfungsi untuk mengubah
perubahan besaran sudut yang terdeteksi menjadi besaran resistansi.

Dengan cara memutar tuas potensio ke kanan atau ke kiri akan mengubah nilai
resistansi dari potensio. Posisi putaran biasanya sampai 360° atau bahkan sampai beberapa
kali putaran 2, 5, ataupun 10 kali putaran.

Output dari potensio akan berubah-ubah sesuai dengan perubahan dari sudut yang
terjadi dan ini berarti adalah konversi dari posisi menjadi suatu besaran resistansi. Pada
dasarnya suatu presisi dari potensio terdiri dari elemen resitif dengan angker yang dapat
bergerak atau silinder yang dihubungkairi dengan elemen. .Sebagai angker yang berputar,
variasi-variasi tahanan diantara dua yaitu akhir dari elemen tahanan dan silinder
menunjukkan posisi sumbuh.

Kelebihan dari tranducer ini adalah memiliki efisiensi listrik yang sangat baik dan
dapat memberikan suatu keluaran yang cukup untuk memperbolehkan suatu operasi
pengontrolan. Disamping itu jenis tranducer ini bisa mendapatkan input tegangan dari AC
maupun DC, sehingga dapat melayani cakupan pemakaian yang cukup luas. Sedangkan
kelemahan dari tranducer ini memiliki umur pemakaian yang terbatas dan cepat menjadi

derau sebagai akibat dari gesekan mekanis.



2.2. Operasional Amplifier (Op-Amp)
2.2.1. Sekilas tentang Op-Amp

Operasional amplifier adalah penguat gain tinggi yang dirancang untuk
melaksanakan tugas-tugas matematis seperti penjumlahan, pengurangan, perkalian dan
pembagian. Pada saat ini Op-Amp rangkaian terpadu linier dapat bekerja dengan tegangan
yang rendah dan dengan hasil yang tidak kalah baiknya dengan para pendahulunya. Dengan -
harga yang relatif murah da mudah di ganti-ganti serta sifatnya yang dapat diandalkan, maka
tidak heran kalau setiap tahunnya berjuta-juta Op-Amp dipergunakan. Dari kelebihan yang
dimiliki oleh Op-Amp telah memperluas penggunaan Op-Amp sampai jauh melampaui
kegunaannya saat pertama dirancang. Beberapa penggunaan Op-Amp adalah dibidang
pengendalian proses, komunikasi, computer, sumber daya dan isyarat, system peraga dan
system pengukuran atau sistem pengujian.

Pemakaian penguat operasional adalah untuk memperkuat sinyal dari tranduser
(sensor) tanpa merﬁpengaruhi ketelitian sensor, sebab impedansi inputnya sangat tinggi
sehingga dapat dianggap tidak menyerap arus pada masukannya.

Penguat operasioanal dapat dibuat dengan menggunakan Op-Amp. Mutu penguat ini
tergantung dari mutu Op-Amp yang dipergunakan. Selain itu ketepatan penguatan Op-Amp
dipengaruhi ketepatan dan mutu komponen pendukung yang digunakan.

Penguat Operasional (Op-Amp) adalah penguat DC dengan penguatan tinggi yang
dapat dipakai dari 0 sampai 1 MHz. Apabila Op-Amp ini ditambah dengan rangkaian umpan
balik (feedback) yang sesuai, maka dapat digunakan untuk bermacam-macam aplikasi seperti

penguat sinyal AC maupun DC, filter aktif, osilator, dan lain-lain.



+Vee
Input +

Cutput
Input -

-Vee

Gambar 2-2
Bentuk Umum Operasional Amplifier (Op-Amp)

Pada gambar Op-Amp menunjukkan bahwa Op-Amp mempunyai dua input yang

berfungsi sebagai masukan pembalik dan masukan tak membalik.

2.2.2. Penguat Pembalik (Inverting)

Sebuah penguat menerima arus atau tegangan kecil pada masukannya dan
membangkitkan arus atau tegangan yang lebih besar pada ukurannya. Penguat amplifier
memiliki gain yang relatif linier, keluaran dikendalikan sebagai fungsi dari pada masukan

penguat pembalik Op-Amp memperlihatkan pada gambar dibawah ini:

Gambar 2-3
Penguat Pembalik (Inverting)
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Penguatan tegangan rangkaian ditentukan menurut :

_ Vout
Vin

Av

Sementara factor penguatan dalam modus tertutup untuk penguat pembalik dinyatakan

dalam :

Sedangkan untuk tegangan keluaran diperoleh dengan jalan mengalikan tegangan yang

diketahui dengan factor tegangan.

2.2.3. Penguat Tak Membalik (Non inverting)

Pada dasarnya semua Op-Amp yang dipakai dalam rangkaian penguat mempunyai
prinsip kerja yang sama yaitu menguatkan sinyal masukkan. Tetapi untuk rangkaian penguat
non inverting adalah kebalikan dari penguat inverting. Yaitu tegangan keluaran Vo
mempunyai polaritas yang sama dengan tegangan masukan Ei. Untuk mencari tegangan

outputnya kita dapat gunakan rumus:

Vo= (l +£) .Ei
Rl
Berdasarkan rumus diatas, maka pada pemakaian rangkaian penguat non inverting
polaritas dari masukan dan keluaran adalah sama. Jadi apabila masukan kita beri tegangan

positif maka keluaran akan berupa tegangan positif begitu juga sebaliknya.



Ri ;

= ) |
£

|

Vo=(1+RIRI)Ei
11=Ve/R1

R1

o

Gambar 2-4
Op-Amp Non Inverting dengan Tegangan Input Positif

2.3. ADC (Analog To Digital Converter) 0804
Untuk dapat mengukur atau mengolah suatu besaran fisis yang umumnya bersifat
analog dengan perangkat digital, maka besaran analog tersebut harus diubah dahulu menjadi
besaran digital yang nilainya proposional dengan besaran analognya. Suatu perangkat yang
bertugas melakukan hal tersebut dinamakan ADC (Analog to Digital Converter). ADC
mempunyai kelebihan diantaranya adalah:
a. Mudah menginterfacekannya dengan mikroprosesor atau bekerja sendiri.
b. Bekerja dengan 2.5V tegangan referensi.
c. Tegangan input analog 0-5V dengan single tegangan.
d. Dikemas dalam bentuk single Chip DIP 20 pin, sehingga bentuknya kecil.
ADC dalam interfacing berfungsi sebagai pengubah sinyal listrik analog (kontinyu)

menjadi sinyal digital, yang mewakili oleh susunan bit-bit dengan kombinasi tertentu.
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Spesifikasi penting lain selain ketelitian (akurasi) dan linieritas adalah waktu
konversi (convertion time). Waktu konversi ADC adalah waktu yang diperlukan ADC untuk
menghasilkan kode biner yang valid untuk tegangan masukan yang diberikan. Semakin
pendek waktu konversi berarti kecepatan konversi semakin tinggi.

Pada pembuatan skripsi ini, digunakan ADC 0804. ADC 0804 mérupakan ADC
buatan National Semiconductor yang mempunyai resolusi 8 bit, berarti ADC ini memiliki 2N
kombinasi atau 2% = 256. Kombinasi untuk mencari tegangan yang diwakili tiap bitnya

adalah:

- - 5
Vb= V'"”“"zN Vivun 5230 = 5sg = 0,01953125=0,02V atau 20mV

Dalam proses konversi ADC, perlu diperhatikan beberapa parameter yang akan

menentukan mutu sebuah ADC, yaitu:

-~ Kesalahan kuantitatis

— Ketidaklinieran

— Kode tidak lengkap (hilang)

— Waktu konversi
Karakteristik yang linier didekati dengan karakteristik dalam bentuk anak tangga sehingga
timbul kesalahan kuantitas sebesar setengah dari anak tangga. Karena tinggi anak tangga
adalah sama dengan bit paling rendah (least significant, LSB) dalam bilangan biner, maka
kesalahan tersebut sama dengan ) LSB. Kadang-kadang kombinasi bit-bit tertentu tidak
tersedia dengan perkataan lain buah tangga dilompati. Kombinasi semacam itu disebut kode
yang hilang (missing code). Kode hilang tidak akan terjadi bila kesalahan linieritas kurang
dari +) LSB. Waktu yang dibutuhkan ADC untuk mengubah tegangan menjadi bit

kombinasi disebut waktu konversi (convertion time).
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Gambar blok diagram dari ADC 0804 ini dapat dilihat pada gambar berikut 2-6.

Untuk dapat menggunakan ADC 0804 tidak perlu mempelajari secara detail tentang fungsi

dari masing-masing blok.
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Gambar 2-§
Diagram blok ADC 0804’

! Sumber : www.national.com
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Tabel 2-1.

Label dan Fungsi Pin ADC 0804

Pin Label Status Fungsi
1 Cs Masukan | Baris pilihan chip dari kendali PPI
2 RD Masukan | Baris baca dari kendali PPI
3 WR Masukan | Baris tulis dari kendali PPI
4 CLK IN Masukan Detak/pulsa
5 INTR Keluaran | Baris inetrupsi menjadi masukan interupsi PPI
6 Vin(+) Masukan Tegangan analog (masukan +)
7 Vin(-) Masukan | Tegangan analog (masukan -)
8 AGND Daya Pembulatan analog
9 Vref/2 Masukan Referensi tegangan yang lain
10 DGND Daya Pembulatan digital
11 DB7 Keluaran Keluaran dari LSB
12 DB6 Keluaran Keluaran data
13 DB5 Keluaran | Keluaran daﬁ
14 DB4 Keluaran | Keluaran data
1S DB3 Keluaran Keluaran data
16 DB2 Keluaran | Keluaran data
17 DBI Keluaran | Keluaran data
18 DBO0 Keluaran Keluaran dari MSB
19 CLKR Keluaran | Tahanan eksternal yang dihubungkan untuk
detak
20 Vee Daya Catu daya 5 volt
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Gambar 2-6
Konfigurasi pin-pin ADC 0804

2.4. Limit Switch
Merupakan peralatan mekanis yang dapat dipergunakan untuk menentukan posisi
fisik dari peralatan. Jenis saklar ini akan aktif bila suatu level melebihi batasan yang telah

ditetapkan atau keluar dari jangkauan yang ditentukan.

V-

Gambar 2-7
Simbol Limit Switch

2.5. Relay

Relay adalah komponen elektronika yang umumnya digunakan untuk menghidupkan
rangkaian kontrol dan peralatan listrik lainnya yang menarik arus relatif kecil. Namun
demikian relay dapat mengontrol tegangan dan arus yang lebih besar dengan menggunakan
efek pengaturan. Efek pengaturan didapat dengan cara memanfaatkan tegangan kecil (5-24
V) untuk mengaktifkam koil dan relay. Kemudian koil tersebut diguanakan untuk

mengubah-ubah posisi kontak. Kontak pada relay dapat digunakan untuk mensaklar
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(switching) tegangan yang lebih besar sampai 400 Watt. Aliran arus yang digunakan untuk
mengatur koil relay terpisah dari arus listrik yang dikontrrol oleh kontak-kontak pada relay
tersebut.

Berikut ini merupakan gambar dari relay:

|
____f_____ __RELAY DPDT
[
Gambar 2-8
Simbol Relay DPDT

Pada dasarnya relay dapat dikatakan sebagai kontak beban elektrik yang mengontrol
suatu rangkaian elektrik dengan cara membuka dan menutup kontak pada rangkaian lain.
Apabila kontak relay adalah Normaly Open (NO), maka akan terbuka bila relay tidak dialiri
energi listrik. Sebaliknya, pada titik kontak relay yang tergolong Normaly Close (NC), akan
tertutup bila relay tidak dialiri arus listrik. Pada kedua kondisi tersebut kontak-kontak pada
relay akan berubah keadaannya apabila relay sialiri arus listrik.

Ada beberapa jenis susunan kontak relay dimana semuanya terisolasi terhadap arus
listrik yang ada didalam kumparan. Jenis susunan kontak sebagai berikut:
e Normaly Open (normal terbuka)
Yaitu kontak-kontak tertutup pada saat kumparan relay dialiri listrik.
e Normaly Close (normal tertutup)

Yaitu kontak-kontak terbuka pada saat kumparan relay dialiri listrik.

-15-



Macam-macam relay:
1. SPST (Single Pin Single Terminal)

Simbol Relay SPST

. NO

2. SPDT (Single Pin Dual Terminal)

Simbol Relay SPDT

3. DPDT (Dual Pin Dual Terminal)

Simbol Relay DPDT

~NC
—, NO
—_— NO
— —« NC

Sedangkan jenis relay yang dipakai dalam perencanaan dan pembuatan alat pada tugas

akhir ini adalah relay jenis DPDT.

2.6. Motor Arus Searah (Motor DC)
Motor adalah komponen yang terdiri dari lilitan/spoel dan magnet permanen, yang
mana dia akan bergerak bila dialiri arus padanya. Jadi motor merupakan perangkat

elektronik yang berfungsi untuk mengubah energi listrik menjadi energi mekanik/gerak.
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Prinsip kerja motor didasarkan pada induksi elektromagnetik dan momen kopel. Adapun
bagian dari motor listrik adalah sebagai berikut :
1) Bagian yang tetap atau disebut stator.

Stator terdiri dari bahan magnet permanen artinya memiliki gaya magnet tetap.
2) Bagian yang berputar atau disebut rofor.

Bagian ini merupakan coil/lilitan dimana arus listrik mengalir. Dengan mengalirkan arus

listrik, maka menimbulkan medan listrik di sekitar lilitan.

Pada motor DC ini, jika bagian penghantar yang membawa arus searah ditempatkan
dalam suatu medan magnet, maka penghantar tersebut akan menghasilkan medan magnet.
Bila medan magnet yang dihasilkan sama dengan medan magnet permanennya, maka akan
terjadi gaya tolak-menolak diantaranya dan rotor akan berputar. Kejadian ini akan terus

berulang selama ada arus yang mengalir sehingga menghasilkan kecepatan putaran motor.

Prinsip kerja dari motor DC ditunjukkan berikut ini :

1) Pada gambar 2-9 ditunjukkan garis-garis gaya medan magnet (fluks) yang dihasilkan

oleh kutub-kutub magnet permanen dan bagian ini disebut stator.

Gambar 2-9

Medan Yang Dihasilkan Oleh Medan Magnet Permanen
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2) Gambar 2-10 menunjukkan penghantar yang dialiri arus, maka pada bagian ini

timbul medan magnet (garis-garis gaya/fluks) yang kemudian disebut rotor.

Gambar 2-10
Medan Yang Dihasilkan Oleh Arus Listrik Yang Mengalir
Pada Penghantar

3) Interaksi kedua medan dari gambar 2-9 dan 2-10 akan menimbulkan medan yang
tidak seragam seperti terlihat pada gambar 2-11 sehingga timbul gaya dan gaya

tersebut akan menghasilkan torsi yang akan memutar jangkar.

Gaya (F)
Rotasi

r‘ ; - §~._.

v

Gaya (F)

Gambar 2-11

Interaksi Kedua Medan Magnet Menghasilkan Gaya

Arah dan garis-garis gaya (fluks) medan magnet yang dihasilkan oleh kutub ialah

sebanding dengan arah arus yang dihasilkan pada penghantar dan arah dari

gaya, saling tegak lurus serta menurut Hukum Tangan Kiri Fleming.
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2.7. Mikrokontroller AT89S51

Mikrokontroller AT89S51 merupakan pengembangan dari mikrokontroller standart

MCS-51. Karena merupakan pengembangan maka terdapat beberapa fitur tambahan yang

tidak terdapat pada mikrokontroller MCS-51, maka mikrokontroller dapat. menggantikan

mikrokontroller MCS-51, tetapi tidak berlaku sebaliknya.

2.7.1. Struktur Mikrokontroller MCS-51

Fitur — fitur yang dimiliki oleh mikrokontroller AT89S51 adalah sebagai berikut:

a.

b.

kompatibel dengan mikrokontroller MCS-51.
4K byte Downloable Flash Memory.

2K byte EEPROM.

3 level program memory lock

128 byte RAM internal

32 I/O yang dapat dipakai semua

2 buah Timer/Counter 16 bit

Tegangan operasi 4.0 Volt sampai 5.0 Volt
Frekuensi kerja 0 Hz sampai 33 Mhz

Dual Data Pointer

Programmable Watchdog Timer
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Konfigurasi kaki-kaki pin Mikrokontroller AT89S51
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Gambar 2-12

Konfigurasi Kaki — kaki Pin Mikrokontroller AT89S512

2Sumber : www.atmel.com
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Blok Diagram Mikrokontroller AT89S51
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Gambar 2-13

Blok Diagram Mikrokontroller AT89S51°

3Sumber : www.atmel.com
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Gambar 2-14
Mikrokontroller AT89S51
Semua pin pada Mikrokontroller AT89S51 adalah sama dengan Mikrokontroller

MCS-51, namun pada port 1 Mikrokontroller AT89S51 terdapat fungsi khusus yang tidak
terdapat pada Mikrokontroller MCS-51.
Adapun fungsi khusus tersebut adalah :

Port Pin Fungsi Khusus

P1.5 MOSI (Master data output, Slave data input untuk kanal SPI)
Pl1.6 MISO (Master clock input, Slave data input untuk kanal SPI)
P1.7 SCK (Master clock output, Slave clock input untuk kanal SPI)

Selain fungsi khusus diatas, juga mempunyai tambahan yang lain yaitu SFR
(Special Function Register) yaitu fungsi register yang mengontrol alat tambahan pada
Mikrokontroller AT89S51.

Tambahan SFR ini meliputi:
e TCON : Timer Register dengan alamat 88H
e TMOD : Timer Mode dengan alamat 89H
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2.7.2. Register Utama
Mikrokontroller keluarga 8031 mempunyai banyak register yang meliputi
Akumulator, register R, register B, Data Pointer (DPTR), Program Counter (PC), dan Stack

Pointer (SP).

2.7.2.1. Akumulator

Digunakan sebagai register umum untuk mengakumulasi atau mengumpulkan hasil
dari instruksi — instruksi. Daya atau kapasitas tampung sebesar 8 bit (1 Byte) data serta
merupakan register yang paling sering dipakai. Keluarga 8031 hampir setengahnya
menggunakan akumulator sebagai penyimpan instruksi baik dalam hal perhitungan ataupun

instruksi yang lainnya.

2.7.2.2. Register R

Register R merupakan delapan set register yang dinamakan RO, RI, R2, R3, R4; RS,
R6 dan R7. Adapun fungsi dari register — register ini adalah sebagai register yang membantu
penyimpanan data yang menggunakan banyak operasi. Register — register ini membantu

akumulator dalam melakukan operasi antara dua operan.

2.7.2.3. Register B

Fungsi dari register B adalah sama dengan akumulator yaitu menyimpan sebuah
harga | Byte, dan hanya digunakan dalam dua interuksi keluarga 8031, yaitu MUL AB dan
DIV AB. Karenanya apabila diperlukan untuk mengalikan atau membagi akumulator A
dengan suatu harga yang lain maka dapat dilakukan dengan menyimpan harga tersebut

kedalam register B kemudian menjalankan instruksinya.
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2.7.2.4. DPTR ( Data Pointer)

Merupakan satu — satunya register yang dapat diakses sebanyak 2 Byte di dalam
. keluarga Mikrokontroller 8031, digunakai'l. untuk ‘merujuk pada lokasi suatu data. DPTR
digunakan oleh beberapa perintah untuk mengakses memori eksternal. Apabila AT89S51

mengakses memori ekternal dengan merujuk alamat yang ditunjukkan DPTR.

2.7.2.5. PC ( Program Counter)

PC merupakan alamat 2 Byte yang menginstruksikan 89S51 alamat instruksi yang
selanjutnya akan dilaksanakan. Saat inisialisasi 89851, PC tersisi dengan 00000h dan akan
bertambah satu setiap kali instruksi telah dilaksanakan. Harga PC tidak dapat langsung
dirubah dengan menggunakan perintah MOV PC, 2430h, namun dengan perintah LJMP

2340h akan mengisi PC dengan 2340h.

2.7.2.6. SP ( Stack Pointer )

Digunakan untuk menunjukkan dimana harga berikutnya yang akan diambil dari
stack. Daya tampung dari SP sebesar | Byte data. Apabila suatu harga dimasukkan ke dalam
stack, 89S51 akan pertama — pertama menambah harga SP kemudian akan menyimpan
kedalam memori yang bersesuaian. Demikian juga apabila harga diambil dari stack. maka

89S51 akam mengambil data dari stack kemudian akan mengurang harga stack.

2.7.3. Mode Pengalamatan
Mode * Pengalamatan menunjuk pada bagaimana pemrogram yang akan

mengalamatkan suatu alamat suatu lokasi memori. Mode Pengalamatan memberikan akan
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suatu kemudahan khusus yang sangat penting. Mode Pengalamatan ini meliputi immediate

addressing, direct addressing dan indirect addressing.

2.7.3.1. Immediate Addressing

Immediate addressing adalah mode pengalamatan yang sangat umun digunakan
mengingat harga yang akan disimpan dalam memori langsung mengikuti kode operasi dalam
memori, sehingga tidak memerlukan pengambilan harga dari alamat lain untuk disimpan.
Misalnya: MOV A#20h

Pada instruksi diatas, akumulator akan diisi dengan harga yang langsung
mengikutinya, dalam hal ini 20h. mode ini sangat cepat mengingat harga yang dipakai

langsung tersedia.

2.7.3.2. Direct Addressing

Pada mode ini harga yang akan dipakai diambil langsung dalam alamat memori lain.
Mode pengalamatan ini sangat cepat, meskipun harga yang didapat tidak langsung seperti
immediate, namun cukup cepat karena disimpan dalam RAM internal. Demikian pula akan
mudah menggunakan mode ini daripada mode immediate karena harga yang didapat bisa
dari lokasi memori yang mungkin variabel.
Misalnya: MOV A, 30h

Instruksi diatas akan dibaca data dari RAM internal dengan alamat 30h, yang

selanjutnya disimpan dalam akumulator.
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2.7.3.3. Indirect Addressing

Mode pengalamatan indirect addressing sangat berguna karena dapat memberikan
fleksibelitas tinggi dalam mengalamati suatu harga. Mode ini merupakan satu — satunya cara
untuk mengakses 128 Byte lebih dari RAM internal pada keluarga 8052.

Misalnya: MOV AGRO

Pada instruksi ini 89S51 akan mengambil harga yang berada pada alamat memori
yang ditunjukkan oleh isi dari RO dan kemudian mengisikannya pada akumulator.

Mode pengalamatan ini selalu merujuk pada RAM internal dan tidak pernah merujuk
pada SFR, oleh karena itu menggunakan mode ini untuk mengalamati alamat lebih dari 7Fh
hanya digunakan untuk keluarga 8052 yang memiliki 256 Byte spasi RAM internal.

Mode pengalamatan memori eksternal menggunakan mode ini dan terdiri atas dua
bagian. Bagian yang pertama digunakan untuk mengakses memori eksternal, dimana
alamatnya terdapat di dalam DPTR16 bit.

Misalnya: MOVX A, @DPTR atau MOVX @DPTR,A

Kedua bagian mengakses almat memori eksternal secara 8 bit, dimana alamat dari
harga yang akan diambil terdapat didalam register R.

Misalnya:  MOVX G@GRO,A.

Didalam instruksi tersebut, alamat yang terdapat didalam register RO dibaca terlebih
dahulu dan kemudian harga akumulator ditulis dengan harga yang terdapat pada alamat
memori eksternal yang didapat. Karena register RO hanya dapat menampung alamat dari
00h hingga FFh, maka penggunaan mode pengalamatan eksternal 8 bit ini hanya terbatas

pada 256 Byte dari memori eksternal.
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2.7.4. Interupsi

Interupsi merupakan suatu kejadian yang akan menghentikan sementara jalan
program saat itu. Dengan interupsi, suatu alur program dapat dihentikan sementara untuk
menjalankan suatu subrutin, dan kemudian melanjutkan aliran program secara normal seperti
tidak pernah ada interupsi. Subrutin ini yang disebut dengan interrupt handler, dan hanya
dijalankan jika terjadi suatu kejadian (event) khusus. Kejadian ini bisa berupa timer yang
mengalami overflow, penerimaan karakter melalui port serial, mengirimkan karakter melalui
port serial, atau salah satu dari dua kejadian eksternal. Mikrokontroller 89S51 bisa
dikonfigurasi untuk menangani interupsi yang disebabkan oleh salah satu dari kejadian.

Dengan interupsi ini, dapat dengan mudah dimonitor kejadian — kejadian yang
diinginkan. Tanpa adanya interupsi maka proses monitor ini dilakukan dehgan manual
melalui pengecekan berulang. Proses pengecekan manual ini akan membuar program
menjadi lebih panjang dan lebih rumit.

Tabel 2-2

Daftar Alamat Rutin Interupsi

Interupsi Flag Alamat Rutin
Ekternal 0 IFO 0003h
Timer 0 TF 0 000Bh
Eksternal | IF | 0013h
Timer 1 RF 1 001Bh
Serial RI/TI 0023h

Dengan demikian, maka perlu dibedakan interupsi yang terjadi karena kejadian-

kejadian yang berbeda. Hal ini bisa diwujudkan dengan adanya alamat yang pasti bagi
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sebuah rutin interupsi untuk masing-masing interupsi. Dari data diatas dapat dikatakan jika
TIMERO mengalami overflow (bit TFO logika 1), maka program utama akan ditunda

sementara dan kontrol program akan melompat ke alamat 0003h.

2.7.4.1. Setting Interupsi

Pada saat pertama dihidupkan (power on), maka semua interupsi akan dimatikan.
Meskipun bit TFO diset (interupsi timer 0 diaktifkan), mikrokontrolier 89S51 tidak akan
menjalankan interupsi. Sebuah program harus dibuat dan dijalankan untuk mengaktifkan dan
mengkhususkan untuk interupsi yang diinginkan. Hal ini dapar dilakukan dengan
konfigurasi SFR IE (Interrupt Enable) yang berda di alamat A8h. Adapun konfigurasi bit—
bit yang mengatur enable dari konfigurasi interupsi tercantum pada tabel dibawah ini:

Table 2-3
Konfigurasi Bit — bit SFR IE

Bit Nama Alamat Fungsi

7 EA Afh Global enable/disable interupsi
6 - Aeh Tidak didefinisikan

5 - ADh Tidak didefinisikan

4 ES Ach Enable interupsi serial

3 ETI Abh Enable interupsi timer 1

2 EXI Aah Enable interupsi eksternal 1

1 ETO A%h Enable interupsi timer O

0 EX0 AS8h Enable interupsi eksternal 0
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Sebelum semua interupsi dijalankan, bit 7 dari SFR harus diset terlebih dahulu.
Global enable/disable interupsi ini menyebabkan semua interupsi enable ataupun disable.
Jika bit 7 IE ini dinolkan, tidak akan ada satu interupsi pun yang terjadi. Prosedur yang benar
adalah dengan mengeset jenis interupsi yang diinginkan dan kemudian mengeset bit 7 IE,

barulah interupsi akan berjalan dengan baik.

2.7.4.2. Prioritas Interupsi

Prioritas interupsi yang dimiliki mikrokontroller AT89S51 ada dua macam, yaitu
prioritas tinggi dan prioritas rendah. Maka dapat ditentukan priotidas interupsi yang akan
dikerjakan terlebih dahulu daripada interupsi — interupsi yang lainnya yang bekerja
bersamaan pada saat itu. Sebagai contoh, interupsi timer | diaktifkan untuk secara otomatis
memanggil sebuah rutin saat timer 1 mengalami kondisi overflow. Disamping itu, interupsi
serial juga diaktifkan untuk memanggil suatu rutin saat ada sebuah karakter diterima dalam
port serial. Dalam hal ini diinginkan penerimaan karakter dari port seria lebih penting
dripada interusi timer. Jadi seandainya interupsi timer | sedang bekerja dan terjadi
penerimaan karakter, maka rutin interupsi timer 1 tersebut akan diinterupsikan oleh interupsi
port serial dan akan ditunda sementara untuk mengerjakan rutin interupsi port serial ini.
Setelah pengerjaan rutin interupsi serial selesai, maka control program akan kembali ke rutin
interupsi timer 1. Yang dikerjakan disini adalah mengeset prioritas interupsi serial lebih
tinggi dahulu daripada prioritas interupsi timer. Propritas interupsi ini dikontrol oleh SFR 10
dengan alamat B8h yang memiliki konfigurasi bit — bit sebagaimana tercantum dalam tabel

dibawabh ini:
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Tabel 2-3
Konfigurasi Bit — bit SFR IP

Bit Nama Alamat Fungsi
7 N . o= Tidak terdefinisi
6 - - Tidak terdefinisi
5 - - Tidak terdefinisi
4 PS BC Prioritas interupsi serial
3 PT 1 BB Prioritas interupsi timer 1
2 PX 1 BA Prioritas interupsi eksternal 1
1 PT 0 B9 Prioritas interupsi timer 0
0 PX 0 B8 Prioritas interupsi eksternal 0

Pemakaian perioritas interupsi di atas mempunyai beberapa peraturan yang
tercantum di bawah ini:
1. Interupsi yang lebih tinggi boleh menginterupsi interupsi yang lebih rendah.
2. Interupsi prioritas rendah boleh terjadi jika tidak ada interupsi yang sedang
dijalankan.
3. Tidak ada interupsi yang menginterupsi interupsi yang lebih tinggi.

Jika dua interupsi terjadi pada waktu yang bersamaan, maka prioritas instruksi yang
lebih tinggi akan dikerjakan terlebih dahulu. Apabila keduanya mempunyai prioritas yang
sama, maka interupsi yang mempunyai polling akan dikerjakan terlebih dahulu.

Mikrokontroller AT89S51 secara otomatis akan menguji apakah sebuah interupsi
visa terjadi setelah setiap instruksi dikerjakan. Pengecekan ini mengikuti suatu alur yang

disebut dengan Polling Sequence dengan urutan:
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1. Interupsi Eksternal 0
2. Interupsi Timer 0
3. Interupsi eksternal |
4. Interupsi Timer |
5. Interupsi Seris
Hal ini berarti jika sebuah interupsi serial terjadi pada waktu yang bersamaan dengan
interupsi eksternal 0, maka intrupsi eksternal 0 akan dikerjakan terlebih dahulu, dan interupsi

serial akan dikerjakan setelah interupsi external 0 selesai dilakukan.

2.7.5. Timer
Mikrokontroller AT89S51 mempunyai dua timer, keduanya bisa dikontrol, set baca
dan konfigurasisecara sendiri-sendiri. Timer 89S51 mempunyai tiga fungsi umum, yaitu:
1. Dapat menghitung waktu antara dua kejadin (event).
2. Dapat menghitung sendiri jumlah kejadian.

Dapat membangkitkan baud rate untuk port serial

(%)

Sebuah timer akan bekerja dengan mecacah (rrigger), tidak tergantung fungsinya
sebagai timer, counter ataupun generator baud rate, yang oleh mikrokontroller akan

ditambahkan satu pada timer tersebut.

2.7.5.1. Timer sebagai Setting Waktu

Fungsi utama sebuah timer adalah untuk mengukur waktu, dimana saat timer
digunakan akan bertambah satu untuk satu siklus mesin. Setiap siklus mesin membutuhkan
12 pulsa kristal. Maka, apabila mikrokontroller AT89S51 dengan kristal 11,059 MHz, setiap

detiknya akan berharga:
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_'_]_-0_5?99 =921.583 pencacahan per sec

Artinya : terdapat 921.583 kali pencacahan dalam setiap detiknya (second).
Dengan cara yang sama apabila diinginkan m:ndapatkgp pewaktu 0,05 detik, maka
dibutuhkan timer yang mencaéah sampai:
921.583x0,05=46.079.05
. Artinya: kita perlu memonitorl cacahan dari timer hingga mencapai harga 46.079. hal ini
sekalipun tidak presisi karena menghilangkan hitungan 0,15 dibelakang koma, namun cukup

mendekati dan masih bisa ditolelir.

2.7.5.2. Timer SFR

Mikrokontroller 89S51 mempunyai dua buah timer yaitu TIMER 0 dan TIMER 1.
yang kedua timer berbagi dua macam SFR, yaitu TMOD dan TCON,yang mengontrol timer,
masing — masing timer mempunyai dua macam SFR yaitu THO/TLO untuk TIMER 0 dan

THI/TL1 untuk TIMER 1. Berikut ini adalah tabel SFR untuk TIMER.

Tabel 2-5
Daftar SFR untuk Timer
Nama SFR Keterangan Alamat
THO Timer 0 High Byte 8Ch
TLO Timer 0 LowByte 8Ah
TH1 Timer 1 High Byte 8Dh
TL1 Timer 1 Low Byte 8Bh
TCON Timer Kontrol 88h
TMOD Timer Mode 89h
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Timer 0 memiliki dua mcam SFR yang eksklusif bagi dirinya, yaitu THO dan TLO
yang membentuk harga actual dari timer.

Timer 1 memiliki persamaan yang identik dengan Timer 0, yang membedakan adalah
- SFR eksklusif yang dimilikinya yaituTH 1 dan TL1. dan karena kedua timer ini mempunyai
kapasitas 2 Byte, maka harga maksimum yang bisa ditampung adalah 65.535. Apabila timer
telah melampui harga 65.535 akan mereset atau overflow dan kemudian akan kembali ke

harga awal yaitu 0.

2.7.5.3. SFR TMOD

SFR TMOD digunakan untuk mengontrol mode operasi dari kedua timer. Setiap bit
dari SFR ini menyediakan informasi bagi mikrokontroller untuk menjalankan timer. Empat
bit orde tinggi ( bit 4 hingga bit 7 ) berhubungan dengan TIMER 1, sedangkan empat bit orde

bawah ( bit 0 hingga bit 3 ) mempunyai fungsi sama yang diperuntukkan untuk TIMER 0.
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Tabel 2-6
Daftar Bit SFR TMOD

Bit | Nama Fungsi Timer

7 GATE | Jika bit ini diset, timer akan bekerja jika INT1 (P3.3) 1
berlogika 1. Jika bit ini dinolkan, timer akan bekerja

tanpa dipengaruhi kondisi INT1.

6 | C/T1 |Jika bit ini diset, timer akan menghitung kondisi pada 1
T1 (P3.5). Jika bit ini dinolkan, timer akan bertambah

satu setiap siklus mesin.

5 T1M1 | Bit mode timer 1

4 T1MO | Bit mode timer 1

3 | GATEO | Jika bit in diset, timer hanya akan bekerja jika INTO 0
(P3.2) berlogika 1. jika bir ini dinolkan, timer akan
bekerja, tanpa dipengaruhi kondisi INTO

2 C/TO | Jika bit ini diset, timer akan menghitung kondisi pada 0
TO (P3.4). Jika bit ini dinolkan, timer akan bertambah
satu setiap siklus mesin.

1 TOM1 | Bit mode timer 0

0 TOMO | Bit mode timer 0

2.7.5.4. Mode Timer 16 Bit (Mode 1)

Mode ini adalah timer 16 bit yang paling banyak digunakan, dimana fungsinya sama
dengan timer 13 bit. Karena kemampuannya 16 bit, maka mode ini memiliki batas
maksimum harga 65.535. Jadi jika timer diset dalam mode ini, akan menjadi nol setelah

65.535 siklus mesin.
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2.7.5.5. Mode Timer 8-bit Auto Reload (Mode 2)

Mode ini adalah timer 8 bit dengan kemampuan pengisian ulang (auto reload),
dimana THx akan menyimpan harga awal counter dan TLx berfungsi sebagai timer 8-bit.

TLx akan mulai mencacah dengan harga yang tersimpan pada THx, dan. jika~ telah

melampaui harga 255, akan reset dan kembali ke harga awal yang tersimpan di THx.

Jika dimisalkan THO menyimpan harga FDh dan TLO harga aktualnya FEh, maka

untuk beberapa siklus mesin akan didapatkan urutan perubahan harga sebagai mana

tercantum dalam tabel dibawah ini:

Tabel 2-7
Perubahan Harga TLO
Siklus Mesin Harga THO Harga TLO
1 FDh FEh
2 FDh FFh
3 FDh FDh
4 FDh FEh
5 FDh FFh
6 FDh FDh
7 FDh FEh

Seperti yang tercantum dalam tabel untuk harga dari THO tidak mengalami
perubahan, sehingga dalam mode 2, THx sebagai variabel yang menentukan waktu
sedangkan RTLx adalah timer yang selalu mencacah secara konstan setiap siklus mesin. TLx
akan mengalami overflow dan reset ke harga yang tersipan dlam THO. keuntungan yang

didapatkan karena fleksibilitas penentuan tenggang waktu dengan mengatur harga pada THx.
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2.7.5.6. Mode Timer Split / Pemecah (Mode 3)

Mode ini merupakan mode yang memecah / split. Apabila TIMERO diset dalam
mode 3, akan menjadi dua timer 8-bit yang berbeda. TIMERO adalah TLO dan TIMERI
adalah THO. kedua-duanya akan mencacah dari dari 0 hingga 255 dan jika menemui kondisi
overflow akan mereset ke nol. Saat TIMERO dalam mode split, TIMERI bisa diset pada
mode 0,1 atau bahkan 2 secara normal. Mode ini hanya dipakai jika diperlukan dua timer 8

bit yang terpisah.

2.7.5.7. SFR TCON
Bagian ini mengontrol kedua timer dan menyediakan informasi yang sangat berguna

berkaitan dengan timer-timer tersebut. Adapun struktur SFR TCON dapat dilihat pada tabel

dibawah ini:
Tabel 2-8
Bit-bit SFR TCON
Bit | Nama | Alamat Fungsi Timer
7 TF1 8Fh Timer 1 overflow.maka diset oleh 1
mikrokontroller.
6 TRI 8Eh Timer 1 RUN, jika diset akan bekerja. I
Dan jika direset timer | akan mati
5 TFO 8Dh | Timer 0 overflow.maka diset oleh 0
mikrokontroller.
4 TRO 8Ch Timer 0 RUN, jika diset akan bekerja. 0
Dan jika direset timer 0 akan mati

Pada tabel diatas hanya dicantumkan 4-bit dari 8-bit yang ada pada SFR TCON. Hal
ini karena hanya 4-bit ( bit 4 hingga bit 7 ) yang berkaitan dengan timer dan bit sisanya
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berkaitan dengan interupsi. Untuk mengeset atau mereset bit-bit SFR tidak perlu dengan
memberikan nilai 8-bit, dimana bisa dialamati perbit yang tidak akan mengganggu status bit

yang lainnnya.

2.7.5.8. Pembacaan Status Timer

Pembacaan status timer dapat dilakukan dengan dua cara yaitu dengan membaca
harga aktual 16-bit dari timer, dan yang kedua dengan mendeteksi keadaan jika timer
mengalami overflow. Jika timer yang digunakan adalah time 8-bit, maka pembacaan akan
lebih mudah.

Apabila timer yang digunakan adalah mode 13-bit atau 16-bit, maka akan menjadi
lebih rumit.
Sebagai contoh:
Harga aktual Jow byte adalah 255 dan pembacaan high byte adalah 5. seharusnya harga
sebenarnya adalah high byte 14 dan low byte 255, karena saat membaca low byte sebesar
255, beberapa saat kemudian high byte akan bertambah satu, saat pembacaan menjadi

meleset menjadi 256 hitungan, karena terletak pada high byte.

Solusinya adalah dengan membaca high byte terlebih dahulu dan kemudian membaca
low byte, setelah itu high byte dibaca lagi dan kemudian dibandingkan dengan pembacaan
semula, apabila ada perbedaan maka nilai yang dipakai adalah pembacaan high byte yang
pertama.

Yang perlu diketahui adalah kapan saat timer reset menjadi nol, tidak perduli berapa
harga aktual dari timer, melainkan kapan saat timer overflow dan kembali menjadi nol. Pada

saat timer menjadi overflow maka secara otomatis mikrokontroller mengeset bit TFx dalam
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register TCON. Dengan cara ini maka dapat dibuat program untuk menentukan jeda waktu

yang jelas.

2.8. -Display Seven ,Segment'

Untuk tampilan posisi rantai dari Mikrpkontroller digunakan display seven segment.
Seven segment terdiri dari tujuh buah LED utama yang dikemas dalam satu kemasan.
Antara dua kaki yang oleh LED tersebut salah satu dari ketujuh kaki LED tersebut daling
dihubungkan antara yang satu dengan yang lainnya atau lebih dikenal dengan common.
Common pada seven segment ada dua macam, yaitu: common anoda dan common katoda,
tergantung dari kaki yang mana yang saling dihubungkan ke ground.

7-segm ent display

* o °a o o
— >
f b
g
———
e c
d
> O4+— decimal
¢ © ©o o o point
Gambar 2-15

Display seven segment

Seven segment dapat juga tersusun dari masing-masing segment berupa bilangan
tipis yang dapat menyala. Jenis ini disebut peragaan pijar dan sama dengan lampu LED
biasa. Penayang jenis lain adalah tabung gas, yang dapat beroperasi pada tegangan tinggi.
Tabung ini memancarkan cahaya berwarna merah jingga bila beroperasi pada tegangan
tinggi dan suatu peraga yang memancarkan warna hijau bila beroperasi pada tegangan

rendah. Seven segment dapat menampilkan digit decimal, yaitu dari 0-9.
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Jika seven segment digunakan untuk indicator multi digit, metode pergerakan yang
paling efektif adalah system multyflexing. Walaupun LED-LED tersebut di drive oleh arus
tinggi, tapi dilaksanakan secara bersamaan, sehingga mengurangi disipasi daya rata-rata.

" Clock display yang bekerja pada frekwensi 1 KHz atau lebih, menyebabkan display setiap
seven segment dipilih secara bergantian dan disambungkan dengan data masukan yang tepat.
Semua segmen yang sama dari setiap display dihubungkan dengan saluran bus bersama yang

dihubungkan dengan IC decoder atau drive BCD to sevent segment.

2.9. Decoder 4511

Untuk mendukung sevent segment atau merubah kekurangan dari IC AT89S51
menjadi tampilan bilangan decimal diperlukan IC decoder. Disini IC secoder yang
digunakan adalah IC decoder type 4511. IC 4511 ini mempunyai fungsi untuk mengubah
data masukan biner menjadi data keluaran decimal. Pin-pin yang terdapat pada IC decoder

type 4511 dapat dilihat pada gambar 2-16 dibawah ini.

inputs 1 [] — [ v

inputCc 2 [ ] 15 f segment

lamp test input 3 [ 1 14 g outputs
ripple blanking input 4 1 i 13 a
enable (store) input 5 1 i 12 b
inputo 6 [ 11 ¢
inputA 7 0 i 0 d
ov 8l o e

Gambar 2-16
Pin Decoder 4511
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Tabel 2-8 di bawah ini menunjukkan hasil konversi dari inputan bilangan biner pada

IC decoder type 4511 dengan output pada seven segment berupa tampilan bilangan decimal.

Tabel 2-9
Decoder to 7 Segment

BCD mputs J| segment outputs disl
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BAB 111

PERANCANGAN SISTEM

3.1. Pendahuluan

Pada dasamya perencanaan alat yang dibuat dalam tugas akhir ini meliputi
perencanaan perangkat keras dan perencanaan perangkat lunak. Komponen yang dipakai
dalam peraencanaan ini antara lain : Mikrokontroller AT89S51 sebagai kontrol utama,
dengan komponen pendukung meliputi: sensor kemiringan (potensiometer), ADC (Analog to

Digital Converter), Op-amp, seven segment, limit switch dan driver motor dc.

3.2. Perancangan Perangkat Keras (Hardware)
32.1. Blok diagram ‘
Adapun blok diagram dari model alat pemindah rantai pada sepeda balap ini adalah

sebagai berikut :
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Blok diagram

Sensor kemiringan
jalan Driver motor DC
| penggerak rantai
‘ v pada gear
Pengkondisi belakang
Sinyal
A
ADC > . Driver motor DC
Mikrokontroler »| penggerak rantai
ada gear depan
AT89S51 P
Sensor posisi
rantai sepeda pada >
gear depan Display posisi
rantai untuk gear
— depan
Sensor posisi
rantai sepeda pada
gear belakang Display posisi
»{ rantai untuk gear
belakang
Gambar 3-1
Blok Diagram

Dari blok diagram di atas dapat dijelaskan fungsinya adalah sebagai berikut
1. Sensor posisi kemiringan jalan berfungsi untuk mendeteksi kemiringan jalan
yang dilalui.
2. Pengkondisi sinyal berfungsi untuk mengkondisikan dan memperkuat sinyal

yang dihasilkan oleh sensor kemiringan agar dapat diubah oleh ADC.
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3. ADC berfungsi mengubah sinyal analog yang dihasilkan oleh sensor menjadi
sinyal digital.

4. Sensor posisi rantai sepeda berfungsi untuk mendeteksi posisi rantai.

5. Driver motor DC berfungsi untuk menarik kawat seling pada waktu .tetjadi .
perpindahan posisi rantai sepeda.

6. Display seven segment berfungsi untuk menampilkan posisi rantai.

7. Mikrokontroller berfungsi untuk sebagai kontrol utama untuk menggerakkan
keseluruhan system dengan bantuan software atau untuk memproses data
masukan dan selanjutnya akan mengaktifkan driver motor dc dan tampilan

pada display seven segment.

Cara kerja:

Pada model sistem pergeseran posisi rantai sepeda pada sepeda balap, saat terjadi
perubahan kondisi jalan yang dilalui oleh sepeda, sensor kemiringan akan mendeteksi
terjadinya perubahan sudut kemiringan jalan. Perubahan sinyal yang dihasilkan oleh
potensiometer kemudian dikuatkan oleh Op-Amp untuk kemudian di-input-kan pada ADC
yang berfungsi untuk mengubah sinyal analog yang dihasilkan oleh sensor kemiringan
menjadi sinyal digital. Setelah menjadi sinyal digital, maka sinyal digital tersebut kemudian
dii-input-kan pada mikrokontroller untuk kemudian diproses. Apabila sensor mendeteksi
terjadi perubahan kondisi jalan, maka mikrokontroller akan memerintahkan driver motor dc
untuk menggerakkan rantai agar berada pada posisi gear yang telah ditentukan. Sensor posisi
rantai akan mendeteksi apakah rantai sudah berada pada posisi yang telah ditentukan yang

kemudian akan ditampilkan pada display seven segment.
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3.2.2. Perancangan Sensor Kemiringan

Perancangan sensor dibagi menjadi tiga blok yang dapat dilihat pada gambar berikut:
JP1 vVCcC
o— { Op-Amp >

R —_

SENS

90 — N W

= WF

Gambar 3-2

Sensor Kemiringan

Dimana: Pin 1 sebagai ground.
Pin 2 merupakan keluaran dari sensor kemiringan.
Pin 3 sebagai Vcc dengan tegangan sebesar +5 Volt.
Pada pembuatan sensor kemiringan ini digunakan potensiometer. Potensiometer
berfungsi untuk mengubah perubahan nilai besaran sudut yang terjadi menjadi perubahan

nilai besaran resistansi. Prinsip kerja dari sensor sudut dapat dilihat pada gambar berikut:

>z

Gambar 3-3

Prinsip Kerja Sensor Kemiringan
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Bila W dimiringkan sebesar o, maka W’ akan membentuk sudut yang besarnya sama
dengan o terhadap bidang normalnya. Besarnya ot akan terdeteksi sebagai perubahan sudut.
Pergeseran ini juga akan memutar tuas potensio sebesar . Perubahan nilai yang ditunjukkan

oleh potensio merupakan perubahan dari besarnya o dalam satuan Ohm.

3.2.3 Pengkondisi Sinyal

Rangkaian ini dibuat untuk mengubah nilai resistansi dari sensor menjadi nilai
tegangan sekaligus berfungsi sebagai penguat. Penguat operasional dipergunakan untuk
menguatkan tegangan yang kecil dari Potensiometer, sehingga menjadi tegangan yang
berkisar antara 0 volt sampai 5 volt. Sebuah penguat tak membalik, yaitu dengan tegangan
keluaran (Vo) mempunyai polaritas yang sama seperti tegangan masukan (Ei), atau tegangan

output sefasa dengan tegangan inputnya.

Gambar 3-4
Rangkaian Penguat (Om-Amp)

Apabila tegangan antara terminal masukan (+) dan terminal masukan (-)

menunjukkan 0 (nol) volt, hal ini menyebabkan besar tegangan input (-) dan sama dengan
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besar tegangan input (+) terhadap ground yaitu berada pada potensial Ei yang sama. Karena

Ei tampak melintas Ri, Ei menyebabkan arus I mengalir sebasar :
I= 2 (Ampere).
Ri

Arah arus () tergantung pada polaritasEi, karena arus akan mengalir melalui Rf,
penurunan tegangan melalui Rf dinyatakan oleh Vi, ditunjukkan dengan persamaan sebagai
berikut :

Vol =Ei+V,,

Vol=Ei+ (Rf in) (Volt)

i

i

Vol = (1 +& )x Ei (Volt).

Besar penguatan (gain) diperoleh dari tegangan output berbanding dengan tegangan

input, dimana diperoleh dengan persamaan sebagai berikut :

Ei
Aol = (1+5f-)= (I +£J= (1+0,5) = 1.5 kali.
Ri 10K

Arus beban I, diberikan oleh %2— karena hanya tergantung pada Vo dan RL saja

sedangkan lo adalah arus yang mengalir dari keluaran Op-Amp.

3.2.4. Perancangan Rangkaian ADC (4nalog Digital Converter)
Perancangan rangkaian ADC (A4nalog Digital Converter) dapat dilihat pada gambar
3-5 di bawabh ini:
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18
Vin{-) ke K5DBO
2 DBl (17
Vin(+) - .DB2 <
DB3 ;
DB4 C
A-GND DBS C
DB6 1
msbDB?
Vrefl2 s
INTR o—=————{P32I0T0 )
1
CLK-R cs
w b2
CLK-IN WR PO
o7
ADC0804 .
Gambar 3-5
Rangkaian ADC 0804

Rangkaian ADC ini berfungsi mengkonversikan besaran analog menjadi besaran
digital agar nantinya dapat diolah oleh mikrokontroller sebagai data masukannya. Jadi sinyal
keluaran dari sensor adalah sinyal analog yang harus diubah menjadi sinyal digital agar
dapat diinterfacekan sehingga dapat dibaca oleh program komputer.

Untuk rangkaian pengkonversian data analog ke digital (ADC) digunakan IC 0804
buatan national semikonduktor. Dengan sebuah masukan yaitu Vin + (pin6) dan delapan
buah keluaran yaitu DB0-DB?7 (pinl1-pin18) pada port 1. Bekerja dengan tegangan referensi
sebesar 2,5 Volt pada Vref/2 atau pin 9 yang didapat dari resistor pembagi tegangan (sesuai
data sheet). Fungsi dari rangkaian referensi ini adalah untuk mendapatkan resolusi | bit yang
diinginkan. Sebagai Vcc adalah tegangan 5V stabil yang dihubungkan dengan pin 20 pada
chip. Pemasangan kapasitor pada pin 20 terhadap ground berfungsi untuk sebagai filter.

Untuk mendapat clock, maka pin 19 dan pin 4 dihubungkan dengan resistor R ditentukan
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sebesar 10 KQ dan nilai kapasitor C sebesar 150 pF, sehingga frekuensi clock dapat

dihitung dengan rumus:
1
LIx RC

f = ___l—
1,Ix 10K x 150p

f =606,06 KHz

Dari perhitungan diatas dapat dilihat bahwa harga frekuensi yang didapatkan sudah

dapat memenuhi harga yang diminta ADC 0804 berdasarkan data sheetnya. ADC ini
dirancang dapat menerima masukan 0 sampai 5 Volt sehingga bit berbobot 5%-5- = 19,6 mV.

Tegangan referensi Vref /2 diset 2,00 Volt sehingga Vref yang dihasikan sebesar 4,00 Volt

maka untuk perhitungan resolusi setiap | bit berbobot :

Resolusi 1 bit = % (banyaknya data per bit 2%=255)
-2 —i56mv.
255

Sedangkan V| () dihubungkan ke ground V) (+) sebagai input analog. Untuk mendapatkan
konversi yang terus menerus sesuai perubahan input maka pin 3 WR dan pin 5 INTR pada

chip dihubungkan, pin 1 CS dan pin 2 RD dihubungkan ke ground.

3.2.5. Sensor posisi rantai

Perancangan sensor posisi rantai bertujuan untuk mendeteksi posisi rantai, baik pada
gear depan maupun pada gear belakang. Pada perancangan sensor posisi rantai digunakan
limit switch. Limit switch akan tertekan apabila terjadi perubahan posisi rantai. Misalnya
pada gear depan, bila terjadi perubahan posisi rantai dari gear | ke gear 2, yang tadinya limit
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switch S1 yang tertekan, maka mikrokontrller akan memerintahkan untuk menekan limit
switch S2. Demikian pula bila terjadi perubahan posisi rantai pada gear belakang.

Perancangan sensor posisi rantai dapat dilihat pada gambar 3-6 berikut.

. P3.0,P3.1 dan P3.3.P3.6 mC
P2.0 dan P3.7 mC

;

il

ol

[

R?
'St

T g

s ghs 8

P

T

I

.

ﬂg

Gambar 3-6
Rangkaian Sensor Posisi Rantai

3.2.6. Rangkaian Driver Motor DC
Pada perancangan rangkaian driver motor dc digunakan rangkaian driver relay yang
dapat menggerakkan motor dc bergerak dua arah. Rangkaian relay DPDT yang terhubung

dengan AT89S51 dapat dilihat pada gambar 3-7 berikut ini.
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Gambar 3-7
Rangkaian Driver Motor Pemindah Posisi Rantai

Cara kerja rangkaian driver relay dari gambar diatas menggunakan dua buah
transistor yaitu BC 547 dan BD 139 sebagai penguat arus. Penguat arus untuk menggerakkan
relay yang selanjutnya relay akan mengaktifkan motor. Relay akan menyambung jika ada
arus yang melewati kumparan, arus ini yang akan diatur oleh transistor, sedang transistor
akan aktif apabila mendapat arus bias dari basis. Jika ada arus bias dari basis, maka arus
akan mengalir dari kolektor dan keluaran arus dari kolektor BC 547 akan masuk ke basis BD
139 dan arus bias dari basis akan mengalir ke kolektor sehingga kumparan relay akan
terhubung dengan emitor. Pada saat arus kolektor mengalir, maka arus dari sumber akan
mengalir sehingga relay aktif dan jika tidak ada arus bias dari basis, maka tidak ada arus
yang mengalir dari kolektor ke emitor sehingga relay tidak aktif. Relay yang digunakan
adalah relay mekanik DPDT dengan tegangan 12 V. Sinyal penggerak relay ini adalah

keluaran dari transistor. Karena relay adalah beban induktif, maka pada saat saklar berguling
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ke off , akan masih terdapat tegangan induksi, sehingga pada rangakainan driver relay ini

ditambahkan diode yang berfungsi untuk menghubung-singkat tegangan induksi tersebut. -

3.2.7. Rangkaian Display Seven Segment

Seven segment terdiri dari tujuh buah LED yang dikemas di dalam satu kemasan.
Diantara dua kaki yang dimiliki oleh LED terdebut, salah satu kaki dari ketujuh LED |
tersebut saling dihubungkan yang satu dengan yang lainnya atau lebih dikenal dengan
common. Common pada seven segment yang digunakan pada perancangan ini adalah jenis
common anoda.

Pada perancangan alat ini, seven segment digunakan untuk menampilkan angka |
sampai 6 untuk posisi rantai pada gear belakang dan angka 1 sampai 2 untuk posisi rantai
pada gear depan. Gambar dari rangkaian seven segment terlihat pada gambar 3-8 dibawah

ini.

R? J‘jr Q?
P25 oC 7

<¢
[8]
P0O-PO3mC » -
u? o ISEGCAL
TN el
—1B B B
< ¢ c L _C c
I pl— D .
vee 9 E
3 = Es v |E
e o T
50| BI G G
B
= 4511
- E=
=
Gambar 3-8

Rangkaian display 7segment
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3.2.8. Mikrokontroller AT89S51
Mikrokontroller pada system berfungsi untuk mengolah data masukan dan
selanjutnya akan mengaktifkan driver motor dc dan tampilan pada display seven segment.
Mikrokontroller yang digunakan pada system adalah mikrokontroller jenis AT89S51
yang merupakan IC CMOS 8 bit internal RAM, 40 pin dan 3 port I/O. Untuk dapat
melakukan fungsinya sebagai pengolah data, mikrokontroler AT89S51 harus didukung oleh
beberapa komponen tambahan, yaitu berupa rangkaian clock dan reset. Penggunaan port-

port dan sinyal-sinyal yang digunakan juga harus ditentukan.

wee

31
3

iRBEI:E,B

Gambar 3-9
Rangkaian Mikrokontroller AT89S51
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Adapun fungsi masing-masing pin dalam mikrokontroller AT89S51 adalah:

1.

10.

12.

Pin 1-8 (P1.0-P1.7) dan Pin 12 (P3.2) INTO digunakan sebagai input
mikrokontroller dari rangkaian ADC (Analog Digital Converter).

Pin 9 reset aktif tinggi yang terhubung dengan Power On Reset dan jika diaktifkan
akan mereset mikrokontroller.

Pin 10,11 dan 13-16 (P3.0, P3.1 dan P3.3-P3.6) befungsi untuk input
mikrokontroller dari sensor posisi rantai sepeda pada gear belakang.

Pin 17 dan 21 (P3.7 dan P2.0) befungsi untuk input mikrokontroller dari sensor
posisi rantai sepeda pada gear depan.

Pin 18 (XTAL 1) sebagai pembangkit oscillator (clock) XTAL 1.

Pin 19 (XTAL 2) sebagai pembangkit oscillator (clock) XTAL 2.

Pin 20 dihubungkan ke ground.

Pin 31 (EA/VPP) berfungsi sebagai Vcc +5 volt.

Pin 22 dan 23 (P2.1 dan P2.2) merupakan output dari mikrokontroller berfungsi
untuk mengaktifkan driver relay motor dc pemindah posisi rantai pada gear depan.

Pin 24 dan 25 (P2.3 dan P2.4) merupakan output dari mikrokontroller berfungsi
untuk mengaktifkan driver relay motor dc pemindah posisi rantai pada gear

belakang.

. Pin 36-39 (P0.0-P0.3) dan Pin 26 (P2.5) berfungsi sebagai outputan untuk

rangkaian display untuk posisi rantai pada gear depan.
Pin 32-35 (P0.4-P0.7) dan Pin 27 (P2.6) berfungsi sebagai outputan untuk

rangkaian display untuk posisi rantai pada gear belakang.
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3.2.9. Diagram Alir Perpindahan Posisi Rantai

START

INIALISASI

<

KONDISI T
JALAN
MIRING

y
PADA GEAR PADA GEAR v
Y DEPAN BELAKANG RANTAI
RANTAIPADA | P RANTAIPADA TEPAT
GEAR 2 GEAR 1
T T
PADA GEAR h PADA GEAR J
Y DEPAN BELAKANG RANTAI
RANTAIPADA [P RANTAIPADA TEPAT
GEAR GEAR 1
T T
GEAR DEPAN PADA GEAR
Y9! RANTAIPADA | 3| BELAKANG
GEAR NO.1 RANTAI PADA
GEAR 2
T
GEAR DEPAN PADA GEAR
Y RANTAI | g| BELAKANG RANTAI \Y
T PADA GEAR RANTAIPADA TEPAT
A GEAR 3
T T
GEAR DEPAN PADA GEAR
Yp! RANTAIPADA | 3 BELAKANG
GEARNO.1 RNéTN P4ADA
T T
y | GEARDEPAN ll;ADA GEAg Al y
R A na A =Pt RANTAIPADA TEPAT
GEAR NO.1 e
T T
GEAR DEPAN PADA GEAR
) Y RANTAIPADA | | BELAKANG RANTAI
GEARNO.1 RA\\éTA] PADA TEPAT 4
EAR 6
T
Gambar 3-10

Diagram Alir Perpindahan Posisi Rantai Sepeda
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Pada saat start perubahan kemiringan jalan akan terdeteksi oleh sensor kemiringan
jalan. Apabila terjadi perubahan kondisi kemiringan jalan, maka mikrokontroller akan

memerintahkan motor dc untuk menarik atau mengendurkan kawat seling. Jika perubahan

sudut yang terjadi lebih besar atau sama dengan0°(jalan mendatar atau menurun), maka
rantai sepeda akan digerakkan pada posisi gear depan ke gear nomor 2 dan pada gear
belakang ke gear nomor 1. Jika posisi rantai belum tepat berada pada posisi gear yang telah
ditentukan maka proses akan terus dilakukan sampai rantai benar-benar berada pada posisi
gear yang telah ditentukan. Apabila terjadi perubahan kondisi kemiringan jalan antara
0° > x>-10° (kondisi jalan menanjak), maka rantai sepeda akan digerakkan pada posisi
gear depan ke posisi gear nomor 1 dan posisi gear belakang nomor 1. Proses tersebut akan
terus dilakukan sampai posisi rantai tepat berada pada gear yang telah ditentukan.
Perubahan-perubahan sudut dengan perubahan posisi rantainya yang telah ditentukan dapat

dilihat pada gambar 3-10 diatas.
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BAB IV

PENGUJIAN ALAT

4.1. Pendahuluan
Setelah dilakukan perancangan diperlukan pengujian untuk mengetahui apakah

peralatan y;mg telah dirancang bekerja sesuai dengan yang diharapkan. Pada bab ini
pengujian alat dilakukan dengan mengamati masukan dan keluaran dari mas;ing-masing sub
system dari rangkaian secara keseluruhan. Sub system yang diuji meliputi:

= Sensor kemiringan jalan

» Rangkaian penguat

= Rangkaian ADC

» Rangkaian driver motor DC

= Rangkaian seven segment

4.2. Pengujian Perangkat Keras
Peralatan utama yang dibutuhkan untuk menunjang dalam pengujian alat yang telah
dirancang adalah sebagai berikut:
=  Multimeter digital
=  Power suplay 5 Volt DC dan 12 Volt DC
»  Modul downloader AT89S51
= Mistar busur derajat

= Komputer
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4.2.1. Pengujian Rangkaian Sensor Kemiringan
Sensor kemiringan yang digunakan adalah potensiometer. Bagian yang diukur pada
potensiometer adalah tegangan output (Vo) yang dihasilkan. Tegangan output selalu
berubah-ubah sesuai dengan nilai yang dihasilkan dari perubahan pada nilai tahanan
potensiometer.
1. Tujuan
Pengujian sensor kemiringan (potensiometer) berfungsi untuk mengetahui
keluaran tegangan (V..) dengan sudut yang dibentuk oleh kemiringan jalan dan

linieritas dari potensio tersebut.

Sensor
kemiringan jalan

Penguat

Voltmeter

Gambar 4-1

Pengujian Rangkaian Sensor Kemiringan Jalan

Tabel 4-1

Data Hasil Pengujian Rangkaian Sensor Kemiringan Jalan

Sudut (°) Vout max (Volt)
X20 0,95
0>X2-10 1,143
-10>X2>-15 1,264
-15>X2-20 1,353
-20>X2-25 1,457
-25>X2-30 1,575
X<-30 1,893
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2. Analisa pengujian dan kesimpulan

= Dari hasil pengujian pada tabel di atas dapat disimpulkan bahwa setiap
perubahan sudut yang terjadi, nilai tahanan pada potensiometer tidak berubah
secara linier, mengingat potensiometer yang digunakan bukan jenis linier. Hal
ini mengakibatkan perubahan nilai tegangan output (V) tidak linier pula.

» Dari hasil pengujian pada tabel diatas dapat disimpulkan bahwa semakin kecil
perubahan sudut yang terjadi pada potensiometer, semakin besar nilai

tegangan output (Vi) yang dihasilkan.

4.2.2. Pengujian Rangkaian Pengkondisi Sinyal

Bagian yang diukur pada penguat non-inferting adalah tegangan output (V) yang

dihasilkan oleh Op-Amp.

1. Tujuan

Pengujian rangkaian penguat berfungsi untuk mengetahui keluaran tegangan
(Vo) penguat Op-Amp pada setiap perubahan sudut yang terjadi
membandingkannya dengan hasil perhitungan. Untuk mengetahui tegangan output
yang dihasilkan maka kita dapat mengukurnya pada pin 6 dari Op-Amp.

Pengujian dan pengukuran rangkaian penguat (Op-Amp) dilakukan berdasarkan blok

diagram dibawah.

Pengkondisi Sinyal

ADC

A

Voltmeter

Pengujian Rangkaian Pengkondisi Sinyal

Gambar 4-2
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Pada dasarnya semua Op-Amp yang dipakai dalam rangkaian penguat
mempunyai prinsip kerja yang sama yaitu menguatkan sinyal masukkan

Untuk mencari tegangan outputnya kita dapat gunakan rumus:
Vo= (l + —Ii] .Ei
Rl

Dimana Ei adalah tegangan output dari sensor kemiringan. Berdasarkan rumus
diatas, penguatan pada masing-masing sudut dapt dicari. Misal Ei = 0,95 Volt maka
besarnya penguatan adalah sebagai berikut:

Vo= (1 +i) 0,95 Volt
10

= 1,425 Volt
Dengan menggunakan cara yang sama, hasil selengkapnya dapat dilihat pada tabel

4-2 dibawah ini.

Tabel 4-2
Data Hasil Perhitungan dan Pengukuran Output
Rangkaian Op-Amp
Sudut Kemiringan Voumax (Vol
©) Perhitungan Pengukuran

X220 1,425 1,633
0>X2-10 1,715 1,891
-10>X2-15 1,896 2,102
-15>X2>-20 2,030 2,234
-20>X2=-25 2,186 2,393
-25>X2-30 2,363 2,574
X<-30 2,840 3,054
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Untuk mencari kemungkinan kesalahan relatif dapat dicari dengan rumus sebagai

berikut:
Kesalahan relatif = perhltungart— penQUKuran| x 100%
perhitungan |
_[1425-1633) oo
1,425
=0,208%

Dengan menggunakan cara yang sama, hasil selengkapnya dapat dilihat pada table

4-3 dibawah ini.

Tabel 4-3
Data Kesalahan Relatif
Sudut Kemiringan | V,,c max (Volt) | V,,s max (Volt) Error
) Perhitungan Pengukuran (%)
X20 1,425 1,633 0,208
0>X2-10 1,715 1,891 0,176
-10>X2>-15 1,896 2,102 0,206
-15>X2-20 2,030 2,234 0,204
-20>X=>-25 2,186 2,393 0,207
-25>X2>2-30 2,363 2,574 0,211
X<-30 2,840 3,054 0,214

Kesalahan relatif rata-rata dapat dicari dengan rumus:

Kesalahan relatif rata-rata = 2. error
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Dimana: Y, error = jumlah error
X = banyaknya sampel
Jadi apabila Y error = 1,426%
X =7

1,426

Maka kesalahan relatif rata-rata = =0,204%

2. Analisa dan Kesimpulan
Dari hasil perhitungan dan pengukuran pada tabel 4-3 diatas, maka dapat
disimpulkan terjadi selisih dari hasil perhitungan dan pengukuran, sehingga terdapat
nilai kesalahan relatif rata-ratanya yang dapat dicari dengan rumus:

Kesalahan relatif rata-rata = error

Dimana: Y’ error = jumlah error

X = banyaknya sampel

4.2.3. Pengujian Rangkaian ADC
1. Tujuan
Tujuan pengujian rangkian ADC 0804 adalah untuk mengetahui nilai hasil
converter tegangan analog ke digital karena mikrokontroller hanya bisa menerima
sinyal yang berupa sinyal digital. Pengujian dan pengukuran rangkaian ADC

dilakukan berdasarkan blok diagram dibawah.
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Mikrokontroller

Barled

Gambar 4-3

Pengujian Rangkaian ADC

Data hasil converter dari tegangan analog ke digital dapat dilihat pada table 4-4

berikut ini:
Tabel 4-4
Data Hasil Pengujian Rangkaian ADC
~ Sudut Voo Max Vout max .
Kemiringan (Volt) (Volt) Error ADC output

O Perhitungan | Pengukuran (%) |7 [os [ps [ps b3 b2 o1 [Do
X20 1,425 1,633 0,208 11|11 }j1]1]o0
0>X2-10 1,715 1,891 0,176 1/0|0|1}]1{0}|0]|O
-10>X2>-15 1,896 2,102 0206 |j(O0|1j0}j0 1|1}l
-15>X2-20 2,030 2,234 0,204 110|1{1]0|1}01{0
-20>X2=-25 2,186 2,393 0,207 1/1|]0(0}0]0]1]0
-25>X2>-30 2,363 2,574 0,211 11110({1]0]0]|0}1
X<-30 2,840 3,054 0,214 111 {1}1]1{0}0|0

2. Analisa dan kesimpulan

ADC 0804 sebagai pengkonversi sinyal analog menjadi sinyal digital sangatlah

membantu, dalam pengkonversian dengan ketentuan masukannya harus disesuaikan

dahulu dengan karakteristik ADC itu sendiri.
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Dari tabel 4-4 di atas dapat diketahui nilai biner hasil converter tegangan analog ke
digital dari ADC. Dari nilai biner tersebut dapat dicari nilai decimal dan hexadecimal
dari output ADC. Nilai decimal dan hexadesimainya dapat dilihat pada table 4-5
dibawah ini:
Tabel 4-5
Data Hasil Converter dari Output Rangkaian ADC

Dari Biner ke Decimal dan Hexadecimal

ADC output
D7 |D6 |DS D4 |D3 {D2 |D1 |DO DECIMAL HEXADECIMAL
of1j1jrj1j1y11]o0 126 7Eh
1{0|0f1]1]0(0]0 152 98h
1{oj1(o0jO|1{l1]1 167 A7h
1{0|1]1(0}|1]0(0 180 B4h
1{1|]0]0]O0O|O]|1]0 194 C2h
1{110]1{0]0 1 209 Di1h
1{111(1]|1]0 0 248 F8h

4.2.4. Pengujian Rangkaian Driver Motor DC
1. Tujuan
Pengujian rangkaian driver motor DC ini bertujuan untuk mengetahui nilai
tegangan dan membuktikan cara kerja driver motor DC. Pengujian dan pengukuran

rangkaian driver motor DC dilakukan berdasarkan blok diagram dibawah.
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Mikrokontroller

Driver Motor
DC

\

Voltmeter

Gambar 44

Pengujian Rangkaian Driver Motor DC

Dari pengujian diatas didapat hasil pada table 4-6 dibawah ini:

Tabel 4-6

Data Hasil Pengujian Rangkaian Driver Motor DC

Input Voutput Driver Kondisi
motor DC
P21 | P22 (Volt) Motor DC
1 1 0 Mati
0 1 4,30 Putar Kanan
0 0 -4,30 Putar Kiri

2 Analisa dan kesimpulan

Dari hasil pengujian diatas, driver berfungsi sebagai saklar pembalik polaritas
dan driver motor DC ini akan aktif jika diberi logika ‘0, begitu juga sebaliknya jika
diberi logika ‘1°, driver motor DC akan mati. Pada saat motor DC berputar kekiri,
tegangan yang dikeluarkan oleh Driver motor DC adalah positif (+), sedangkan pada

saat motor DC berputar kekiri tegangan yang dikeluarkan oleh driver motor DC

adalah negatif (-).




4.2.5. Pengujian Display (sevent segment)
1. Tujuan pengujian
Untuk mengetahui apakah seven segment yang telah dibuat tersebut dapat

menampilkan angka.

Downloder Sevent
»  pCAT89S51 ™ Segmen
Gambar 4-5
Pengujian Sevent Segmen

Hasil pengujian seven segment ditunjukkan dalam Tabel 4-5 berikut ini :

Tabel 4-7
Hasil Pengujian Seven Segment
Data _ | Tampilan Seven Segment
00111111b 0
00000110b 1
01011011b 2
01001111b 3
01100110b 4
01101101b 5
01111101b 6
00000111b 7
01111111b 8
01101111b 9
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2. Analisa pengujian

Berdasarkan tabel hasil pengujian di atas, terlihat bahwa seven segment

tersebut mampu menampilkan data angka sesuai dengan data biner yang diinputkan.

o

menyala menampilkan angka 0 desimal.
Pada saat di inputkan 00000110b maka
menyala menampilkan angka 1 desimal.
Pada saat di inputkan 01011011b maka
menyala menampilkan angka 2 desimal.
Pada saat di inputkan 01001111b maka
menyala menampilkan angka 3 desimal.
Pada saat di inputkan 01100110b maka
menyala menampilkan angka 4 desimal.
Pada séat di inputkan 01101101b maka
menyala menampilkan angka S desimal.
Pada saat di inputkan 01111101b maka
menyala menampilkan angka 6 desimal.
Pada saat di inputkan 00000111b maka
menyala menampilkan angka 7 desimal.
Pada saat di inputkan O01111111b maka
menyala menampilkan angka 8 desimal.
Pada saat di inputkan 01101111b maka

menyala menampilkan angka 9 desimal.
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BABY

PENUTUP

5.1. Késimpulan

Dari keseluruhan pengujian dan perencanaan yang dilakukan dapat ditarik beberapa

kesimpulan dibawabh ini:

1.

Potensiometer dapat dimanfaatkan sebagai sensor kemiringan dimana dalam aplikasi
perlu dihubungkan dengan pendulum atau bandul.

Dengan posisi sensor kemiringan pada simulasi alat mengakibatkan semakin kecil
perubahan sudut yang terjadi pada potensiometer, semakin besar nilai tegangan
output (V) yang dihasilkan.

ADC 0804 sebagai pengkonversi sinyal analog menjadi sinyal digital sangatlah
merr;bantu dalam pengkonversian dengan ketentuan masukannya harus disesuaikan
dahulu dengan karakteristik ADC itu sendiri.

Driver pada rangkaian motor DC berfungsi sebagai saklar pembalik polaritas dan
driver motor DC ini akan aktif jika diberi logika ‘0’ (aktif low), begitu juga
sebaliknya jika diberi logika ¢1°, driver motor DC akan mati.

Teknologi mikrokontroller AT89S51 dapat digunakan sebagai pengendali simulasi
alat pemindah posisi rantai sepeda pada sepda balap secara otomatis, dimana dari
perubahan nilai sensor kemiringan yang terbaca dapat menggerakkan posisi rantai

sepada pada gear-gear sesuai tingkat kecepatannya.
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5.2. Saran

1. Agar kinerja rangkaian dapat maksimal, disarankan untuk menggunakan komponen
yang baik pula, serta jangan lupa untuk merencanakan PCB yang baik agar tidak
terjadi kesalahan yang menggkibatkan kerusakan komponen yang mengkibatkan
rangkaian tidak bekerja.

2. Untuk pengembangan alat ini selanjutnya diharapkan mampu dibuat pada kondisi
jalan yang bergelombang atau pada kondisi jalan yang perubahan kondisi kemiringan
jalannya cepat.

3. Untuk lebih sempurna lagi disarankan alat ini dapat dikembangkan agar bisa

digunakan oleh semua orang, bukan hanya dari kalangan pembalap sepeda saja.
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#include <c:\Gaza04X\FileH\reg51.h>
#include <c:\Gaza04X\FileH\DelayW.h>

sbit d1 = P1°0;
sbit d2 =P1/1;

sbit bl =P172;
sbit b2 = P113;
sbit b3 = P1/4;
sbit b4 = P115;
sbit b5 = P1/6;
sbit b6 = P1/7;

sbitonl =P3/2;
sbit blk1 = P33;
sbit on2 =P3"4;
sbit blk2 = P3/5;

sbit ss1 = P3/0;
sbit ss2 = P3/1;
sfr dd = 0xA0;

sfr sdt = 0x80;

unsigned char gd,gb;

void display11(){
unsigned char ii;
for(ii=0;ii != 2;ii++){
dd = 0xf9;
ssl=1;
delayMSEC(5);
ssl =0;
}
}

void display12(){
unsigned char ii;
for(ii=0;ii != 2;ii++){

dd = 0x24;
ssl=1;
delayMSEC(5);
ssl =0;

}



}

void display21(){
unsigned char ii;
for(ii=0;ii 1= 2;ii++){
dd = 0xf9;
ss2=1;
delayMSEC(5);
ss2 =0;
}
}

void display22(){
unsigned char ii;
for(ii=0;ii != 2;ii++){
dd = 0x24;
ss2=1;
delayMSEC(5);
ss2 =0;
}
}

void display23(){
unsigned char ii;
for(ii=0;ii != 2;ii++){
dd = 0x30;
ss2=1;
delayMSEC(5);
ss2 =0;
}
}

void display24(){
unsigned char ii;
for(ii=0;ii != 2;ii++){
dd =0x19;
ss2=1;
delayMSEC(5);
ss2 =0;
}
}

void display25(){
unsigned char ii;
for(ii=0;ii != 2;ii++){
dd = 0x12;
ss2=1;



delayMSEC(5);
ss2=0;
}
}

void display26(){
unsigned char ii;
for(ii=0;ii != 2;ii++){
dd = 0x02;
ss2=1;
delayMSEC(5);
ss2=0;
}
}

void sudut0(){
if(gd == 1){
onl =0;

blkl =0;

while(d2){
onl =1;
blkl =1;
gd =2;
}
}

iffgd = 2){
onl =1;
blkl =1;

}

if (gb >= 2){
on2 =0;
blk2 = 0;
while(b1){

on2=1;
blk2 =1;
gb=1;
}
}
if (gb = 1){

on2=1;
blk2=1;



}

void sudut10(){

if{lgd = 2){
onl =0;
blkl = 0;

while(d1){
onl =1;
blkl =1;
gd =2;
}
}

iftgd = 1){
onl =1;
blkl =1;

}

if (gb >=2){

on2 =0;

blk2 = 0;

while(b1){
on2=1;
blk2=1;
gb=1;

}

} A
if (gb = 1){
on2 =1;
blk2=1;

}

void sudut150){

if(ed = 2){
onl =0;
blk1 =0;

while(d1){
onl =1;
blkl =1;
gd =2
}



}
if(gd = 1){

onl =1;
blkl =1;
}

if (gb >=3){
on2 =0;
blk2 =0;
while(b2){
on2=1;
blk2 = 1;
gb=1;
}
}

if (gb <= 1){
on2 =0;
blk2=1;
while(b2){

on2=1;
blk2 =1;
gb=1;
}
}

if (gb = 2){
on2=1;
blk2 =1;

}

void sudut20(){

if(gd = 2){
onl =0;
blkl =0;

while(d1){
onl =1;
blkl =1;
gd =2;
}
}



iflgd = 1){
onl =1;
blkl =1;

if (gb >= 4){
on2 =0;
blk2 = 0;
while(b3){

on2=1;
blk2=1;
gb=1;
}
}

if (gb <=2){
on2 =0;
blk2 =1;
while(b3){
on2=1;
blk2=1;
gb=1;
}
}

if (gb =3){
on2=1;
blk2 =1;

}

void sudut25(){

if(gd = 2){
onl =0;
blk1 =0;

while(d1){
onl =1;
blkl =1;
gd =2
}
}



if(gd = 1){
onl =1;
blkl =1;

if (gb >= 5){
on2 =0;
bik2 = 0;
while(b2){

on2=1;
blk2 = 1;
gb=1;
}
}

if (gb <=3){
on2 =0;
blk2 =1;
while(b2){
on2=1;
blk2 =1,
gb=1;
}
}

if (gb = 4){

on2=1;
blk2 =1;

}
}

Main(){

P1 = Oxff;
P3 = Oxff;

while(1){
if(d1 = 0){
gd=1;

display11();
}

if{d2 == 0){



gd=2;
display12();
}

if(bl == 0){
gb=1
display21();

}

if(b2 = 0){
gh=2;
display22();

if(b3 = 0){
gb=3;
display23();

}

if(b4 == 0){
gh=4;
display24();

}

if(bs = 0){
gb=35;
display25();

}

ifib6 = 0){
gb=6;
display26();

if(sdt = Oxee) sudut0();

if(sdt = 0x76) sudut10();
if(sdt = 0xe6) sudut15();
if(sdt = 0x86) sudut20();
if(sdt = 0x86) sudut25();



eatures

Compatible with MCS-51° Products

4K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock -

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Full Duplex UART Serial Channel

Low-power Idle and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Dual Data Pointer

Power-off Flag

Fast Programming Time

Flexible ISP Programming (Byte and Page Mode)

)lescription

ne AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
/tes of in-system programmable Flash memory. The device is manufactured using
tmel’s high-density nonvolatile memory technology and is compatible with the indus-
y-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
iemory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
-ammer. By combining a versatile 8-bit CPU with in-system programmable Flash on a
ionolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
ghly-flexible and cost-effective solution to many embedded control applications.

he AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
AM, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
actor two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
ock circuitry. In addition, the AT89S51 is designed with static logic for operation
own to zero frequency and supports two software selectable power saving modes.
he Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
terrupt system to continue functioning. The Power-down mode saves the RAM con-
»nts but freezes the oscillator, disabling all other chip functions until the next external
iterrupt or hardware reset.

AIMEL

Y ®

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51

Rev. 2487A-10/01



LA 4

'in Configurations

PDIP
-/
P1.0C]1 40avee
P1.102 391 P0.0 (ADO)
P1.203 38 [0 P0.1 (AD1)
P1.304 37 P P0.2 (AD2)
P.40s 36 [0 P0.3 (AD3)
MosyP1.5C]6 35 [0 P0.4 (AD4)
(MISO)P1.60]7 341 PO.5 (ADS)
(scK)P1.7C]8 331 P0.6 (AD6)
RSTC]9 320 P0.7 (ADT)
(RXD) P3.0C] 10 310 EAvPP
(TXD) P3.1 ] 11 30[J ALE/PROG
(iNTO)P3.2[] 12 281 PSEN
(INT1)P3.3C] 13 281 P2.7 (A15)
(To)P3.4] 14 270 P2.6 (A14)
anprasdis 26 P25 (A13)
(WR)P3.6C]16 251 P2.4 (A12)
(RD)P3.70] 17 243 P2.3 (A1)
XTAL2(]18 2311 P22 (A10)
XTAL1E]19 22[1P2.1 (A9)
GNDL]20 21 [0 P2.0 (AB)
TQFP
- N
5988
TMNmO Qo= an
iaiaaaz8geee
ininiaEnlinisinEnEalals]
/ 3129359885883
Mosn P1.5C]1 33[1P0.4 (AD4)
(MISO) P1.6C)2 321 PO.5 (ADS)
(SCK)P1.7(13 31 {1 P0.6 (AD6)
RsT(]4 30{0P0.7 (AD7)
(RXD) P3.0C]5 29[ EANVPP
Nc6 28[INC
axoyp3.1]7 27 [J ALE/PROG
(iNTO)P3.2C]8 261 PSEN
(INTH) P339 25[1P2.7 (A15)
(TO)P3.4 (] 10 240 P2.6 (A14)
1) P35 11 23[1P2.5 (A13)
gegeeh2235 8
gouuvuuauuugagy
ONNEO0QOT N0
£eI23Eaeees
ggX% "ggscs
2E S2zzx

AIMEL

PLCC

- N M

3388

taN=e 99=-an

ftiainazSEERR

A e
(Mosn P1.5C]7 0 ¥ FT33h004 (AD4)
(Miso)P1.6C|8 38 [0 PO.S (ADS)
(scKyP1.7009 37[3 P0.6 (AD6)
RsTC]10 361 PO.7 (AD7)
(RXD)P3.0C] 11 35 EAVPP
Nc 12 M [INC
TXD)P3.1 13 330 ALE/PROG
(iNT0) P3.2C] 14 321 PSEN

(NTI)P3.30]15 31[3P2.7 (A15)
(T0) P3.4C] 16 300 P2.6 (A14)
T1)PasQ 172 2SR NTIREN 329 P25 (A13)

9NN0883589%

ggadgloacns

go %% @ssca

1 2zgz

AT 8'D'S /51 00000000

2487A-10/01



R . N ) LY

lock Diagram

PO.0 - PO.7
Ve | :
' | PORT 0 DRIVERS I PORT 2 DRIVERS :
oND ! A T :
S — :
T RAM ADDR. PORT 0 PORT 2 :
' REGISTER [~P RAM LATCH LATCH FLasH ;
: 7y 7y ' :
; ! 1 | 1 ’ :
: | i | 1
' 4 '
. DRI S Y A Yy .Y .
: A A V A | i :
: | ; ; f :
H ! ; ; .
! h 4 2 \ 4 ; . .
! i : PROGRAM .
. B : ; STACK :
N REGISTER ACC H : POINTER i égggﬁ-gg < :
; 1 “ | | 5
. 4 P BUFFER ¢ [ .
: TMP2 T™P1 : :
' i : f
; L PC :
; ALY INCREMENTER [¢  »
' INTERRUPT, SERIAL PORT. :
: ‘ AND TIMER BLOCKS !
: y - :
: A A PROGRAM o ) .
: PSW COUNTER :
: A :
PSEN d .
ALE/PROG 4 ! TING  1iINSTRUCTION v Y
: AND A\ : »| DUALDPTR |4 — B
EAIv, . M conMRoL | REGISTER |4 4 A A
RST M
: 7 Y 4 4 y
. WATCH PORT 3 PORT 1 ISP PROGRAM
: DOG LATCH LATCH portT |4 ¥ LOGIC
: A A ry
0sC Y A 2 Y
: PORT 3 DRIVERS |< | PORT 1 DRIVERS
: AAXAAX A AAAAAAA
el e YYVYVVYYY YYYVYYVYYVYY
= = P30 - P37 P10 - P17
[ ]

AINEL 3

B7A-10/01



in Description

cC
IND

ort0

ort1

'ort 2

'ort 3

AIMEL

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port, each pin can sink eight
TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance
inputs.

Port O can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data memory. In this mode, PO has internal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes
during program verification. External pull-ups are required during program verification.

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

Port 1 also receives the low-order address bytes during Flash programming and verification.

Port Pin Alternate Functions

P1.5 MOS! (used for In-System Programming)
P16 MISO (used for In-System Programming)
P1.7 SCK (used for In-System Programming)

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

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

Port 2 also receives the high-order address bits and some control signals during Flash pro-
gramming and verification.

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

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the
following table.

AT 8'OS 5“1 0000

2487A-10/01
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Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T4 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is running resets the
device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state
of bit DISRTO, the RESET HIGH out feature is enabled.

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

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

If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution
mode.

Program Store Enable (PSEN) is the read strobe to external program memory.

When the AT89S51 is executing code from external program memory, PSEN is activated
twice each machine cycle, except that two PSEN activations are skipped during each access
to external data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from extemal program memory locations starting at 6000H up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be internally latched on reset.

EA should be strapped to V¢ for intemal program executions.

This pin also receives the 12-voit programming enable voltage (Vpp) during Flash
programming.

Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting oscillator amplifier

AlEL 5
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pecial A map of the on-chip memory area called the Special Function Register (SFR) space is shown
unction in Table 1.
;egisters Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-

mented on the chip. Read accesses to these addresses will in general return random data,
and write accesses will have an indeterminate effect.

ible 1. AT89S51 SFR Map and Reset Values

OF8H OFFH
OFOH 8 OFTH
00000000
OE8H OEFH
ACC
OEOH | (mCC 0E7H
0D8H ODFH
PSW
0DOH | oo 0D7H
0C8H OCFH
0COH 0C7H
0B8H 1P 0BFH
XX000000
P3
OBOH | 44411111 087H
0ABH IE OAFH
0X000000
P2 AUXR1 WDTRST
OAOH | 14111111 XXXXXXXO XXXXXXXX OATH
SCON SBUF
98H | 00000000 | XXXXXXXX SFH
P1
90H 11111111 97H
se | TCON T™MOD TL0 T THO TH AUXR aFH
00000000 | GO000CO0 00000000 | 0000OCOO | 000GOCOO | 0000000 |  XXXOOXXO
80H PO sp DPOL DPOH DPIL DP1H PCON | ..
11111111 | 00000111 00000000 | 00OCOGOO | 00000C00 | 000COGOO 0XXX0000

AT89S51 e ——
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User software should not write 1s to these unlisted locations, since they may be used in future
products to invoke new features. In that case, the reset or inactive values of the new bits will
always be 0.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities
can be set for each of the five interrupt saurces in the IP register.

Table 2. AUXR: Auxiliary Register

AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit
Addressable
- - - | WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 o]

- Reserved for future expansion
DISALE Disable/Enable ALE

DISALE
Operating Mode
0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WDIDLE  Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WOT halts counting in IDLE mode

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory,
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DP0 and DPS = 1 selects DP1.
The user should always initialize the DPS bit to the appropriate value before accessing the
respective Data Pointer Register.

AINEL 7
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Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR.

POF is set to “1” during power up. It can be set and rest under software control and is not
affected by reset.

Table 3. AUXR1: Auxiliary Register 1

AUXR1
Address = A2H
Reset Value = XXOOXXXXX0B
Not Bit
Addressable
- - - - - - - DPS
Bit 7 6 5 4 3 2 1 0
- Reserved for future expansion
DPS Data Pointer Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K
bytes each of external Program and Data Memory can be addressed.

If the EA pin is connected to GND, all program fetches are directed to external memory.

On the AT89S51, if EA is connected to V¢, program fetches to addresses 0000H through
FFFH are directed to internal memory and fetches to addresses 1000H through FFFFH are
directed to external memory. .

The AT89S51 implements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct
and indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 bytes of data RAM are available as stack space.

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a
user must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H).
When the WDT is enabled, it will increment every machine cycle while the oscillator is running.
The WDT timeout period is dependent on the external clock frequency. There is no way to dis-
able the WDT except through reset (either hardware reset or WDT overflow reset). When
WDT overflows, it will drive an output RESET HIGH pulse at the RST pin.

To enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment
every machine cycle while the oscillator is running. This means the user must reset the WDT
at least every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H
to WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written.
When WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET

e duration is 98xTOSC, where TOSC=1/FOSC. To make the best use of the WDT, it

i ATBQS%’Li AR e =
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should be serviced in those sections of code that will periodically be executed within the time
required to prevent a WDT reset.

in Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long encugh for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not
started until the interrupt is pulled high. It is suggested that the WDT be reset during the inter-
rupt service for the interrupt used to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it is best
to reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit =
0) as the default state. To prevent the WDT from resetting the AT89S51 while in IDLE mode,
the user should always set up a timer that will periodically exit IDLE, service the WDT, and
reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from IDLE.

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further
information on the UART operation, refer to the ATMEL Web site (http://www.atmel.com).
From the home page, select ‘Products’, then ‘8051-Architecture Flash Microcontroller, then
‘Product Overview'.

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
AT89CS51. For further information on the timers’ operation, refer to the ATMEL Web site
(http://iwww.atmel.com). From the home page, select ‘Products’, then ‘8051-Architecture Flash
Microcontroller’, then ‘Product Overview’.

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INT1), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are all shown in
Figure 1.

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. |E also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 4 shows that bit position IE.6 is unimplemented. In the AT89S51, bit position
IE.5 is also unimplemented. User software should not write 1s to these bit positions, since they
may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TF0 and TF1, are set at SSP2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle

ATMEY 9



AIMEL

Table 4. Interrupt Enable (IE) Register
(MSB) (LSB)
lea |- | - | es EM |Ex1  |em  |exo |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol -Position . Function

EA IE7 Disables all interfupts. If EA =0, no interrupt is
acknowledged. If EA = 1, each interrupt source is
individually enabled or disabled by setting or clearing
its enable bit.

- IE.6 Reserved

- IE.5 Reserved

ES IE4 Serial Port interrupt enable bit

ET1 IE3 Timer 1 interrupt enable bit

EX1 IE.2 External interrupt 1 enable bit

ETO IE.1 Timer O interrupt enable bit

EX0 IE.O External interrupt O enable bit

User software should never write 1s to reserved bits, because they may be used in future AT89

products.

Figure 1. Interrupt Sources

SR O
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|8
_ m\k
TFO e >
o
0
Wi —o e
1
P ™ B
TF1 >

AT 8O 51 10000000 —



——————————————_——_————n—  \ p ] 1Y |

scillator
haracteristics

le Mode

ower-down
ode

J7A-10/01

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 2. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an extemal clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 3. There are no require-
ments on the duty cycle of the external clock signal, since the input to the internal clocking
circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

Figure 2. Oscillator Connections

-1 XIAL2

1};—4[————-;— XTAL1

GND

Note:  C1, C2 =30 pF 110 pF for Crystals = 40 pF + 10 pF for Ceramic Resonators

Figure 3. External Clock Drive Configuration

NG ——omm—emd  XTAL2
EXTERNAL

OSCILLATOR XTALY
SIGNAL

—~] GND

o

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

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro-
gram execution from where it left off, up to two machine cycles before the internal reset
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a
port pin when idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memory.

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-
down is the last instruction executed. The on-chip RAM and Special Function Registers retain
their values until the Power-down mode is terminated. Exit from Power-down mode can be ini-
tiated either by a hardware reset or by activation of an enabled external interrupt into INTO or
INT1. 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.

AINEL i
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Table 5. Status of External Pins During Idle and Power-down Modes

Mode Program Memory | ALE | PSEN | PORTO | PORT1 | PORT2 | PORT3
idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down | Internal 0 0 Data Data Data Data
Power-down | External 0 0 Float Data Data Data
rogram The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed
lemory Lock (P) to obtain the additional features listed in the following table.
its Table 6. Lock Bit Protection Modes
Program Lock Bits
LB1 LB2 LB3 | Protection Type
U U V) No program lock features
2 P V) U MOVC instructions executed from external program
memory are disabled from fetching code bytes from internal
memory, EA is sampled and latched on reset, and further
programming of the Flash memory is disabled
3 P P U Same as mode 2, but verify is also disabled
P P P Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during
reset. If the device is powered up without a reset, the latch initializes to a random value and
holds that value until reset is activated. The latched value of EA must agree with the current
logic level at that pin in order for the device to function properly.

'rogramming The AT89S51 is shipped with the on-chip Flash memory array ready to be programmed. The
he Flash - programming interface needs a high-voltage (12-volt) program enable signal and is compati-
) ble with conventional third-party Flash or EPROM programmers.

arallel Mode

The AT89S51 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S51, the address, data, and control
signals should be set up according to the Flash programming mode table and Figures 13 and
14. To program the AT89S51, take the following steps:

1. 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.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ps. 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 AT89S51 features Data Polling to indicate the end of a byte write cycle.
During a write cycle, an attempted read of the last byte written will result in the complement of
the written data on P0.7. Once the write cycle has been completed, true data is valid on all out-
puts, and the next cycle may begin. Data Polling may begin any time after a write cycle has
been initiated.

ok N
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY out-
put signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0
is pulled high again when programming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed code
data can be read back via the address and data lines for verification. The status of the individ-
ual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and.P3.7 must be pulled
to a logic low. The values retumed are as follows.

(000H) = 1EH indicates manufactured by Atmel
(100H) = 51H indicates 89551
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will return 00H at the data output.

The Code memory array can be programmed using the serial ISP interface while RST is
pulled to V... The serial interface consists of pins SCK, MOSI (input) and MISO (output). After
RST is set high, the Programming Enable instruction needs to be executed first before other
operations can be executed. Before a reprogramming sequence can occur, a Chip Erase
operation is required.

The Chip Erase operation turns the content of every memory location in the Code array into
FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be con-
nected across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency should be
less than 1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK fre-
quency is 2 MHz.

To program and verify the AT89S51 in the serial programming mode, the following sequence
is recommended:

1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H".
If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz
clock to XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serial instruction to
pin MOSI/P1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be
less than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page mode.
The write cycle is self-timed and typically takes less than 0.5 ms at 5V.

4. Any memory location can be verified by using the Read instruction that returns the con-
tent at the selected address at serial output MISO/P1.6.

5. Atthe end of a programming session, RST can be set low to commence normal device
operation.

AIMEL 13
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Power-off sequence (if needed):
Set XTAL1 to “L" (if a crystal is not used).
Set RST to “L".
Turn Vg power off.

Data Polling: The Data Polling feature is also available in the serial mode. In this mode, dur-
ing a write cycle an attempted read of the last byte written will result in the complement of the

'MSB of the serial output byte on MISO.

‘-ogramming
struction Set

rogramming
terface —
arallel Mode

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 8
on page 18.

Every code byte in the Flash array can be programmed by using the appropriate combination
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 microcontroller series.
Please contact your local pregramming vendor for the appropriate software revision.

ble 7. Flash Programming Modes

ALE | EA pozo | P20 | P110
lode Ve RST | PSEN | PROG Vep P26 | P27 | P33 | P36 | P37 Data Address
@) 1
/rite Code Data sv H L ~ 12v L H E H i H H Din A11-8 A70
'ead Code Data | 5V H L H H L Lbou ] oH H Dour A11-8 A7-0
. . ® i |
/rite Lock Bit 1 5V H L -~ 12v H H v H | H H X X X
Jrite Lock Bit 2 5v H L @ H ’ : X
rite it | ~ 12v H H L L X X
Vrit Bit3 @ |
rite Lock Bit 5V H L ~ 122v H L ; H H L X X X
" P0.2
\ead Lock Bits '
e: N 5v H L H H H H L H L P0.3, X X
.2, | P0.4
- m ’
‘hip Erase 5V H L -~ 12v H L H ; L L X X X
‘ead Atmel ID 5v H L H H L L L i L L 1EH 0000 0CH
lead Device ID 5v H L H H L L L l’ L L 51H 0001 0CH
lead Device ID 5v H L H H L L L L L 06H 0010 COH
tes: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal is output on P3.0 during programming.
5. X =don't care.

}
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AT89S51

Figure 4. Programming the Flash Memory (Parallel Mode)
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Figure 5. Verifying the Flash Memory (Parallel Mode)
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ash Programming and Verification Characteristics (Parallel Mode)
= 20°C to 30°C, Ve =4.5t0 5.5V

rmbol Parameter Min Max Units
p Programming Supply Voitage 11.5 12.5 v
> Programming Supply Current 10 mA
s Vec Supply Current i 30 mA
tere Oscillator Frequency 3 33 MHz
/oL Address Setup to PROG Low 48t oo
HAX Address Hold After PROG 48t o,
VoL Data Setup to PROG Low 4800
HDX Data Hold After PROG 48t ¢
HSH P2.7 (ENABLE) High to Vpp 48t o,
HGL Ve Setup to PROG Low 10 s
HSL Vpp Hold After PROG 10 us
LGH PROGG Width 0.2 1 us
vav Address to Data Valid 48tc oL
LV ENABLE Low to Data Valid 48t ¢,
Haz Data Float After ENABLE 0 48t ¢,
HBL PROG High to BUSY Low 1.0 us
ic Byte Write Cycle Time 50 us
jure 6. Flash Programming and Verification Waveforms ~ Parallel Mode
P1G - P1.7 PROGRAMMING J VERIFICATION
P20 - P23 % ADDRESS ——a;r ADDRESS _ D>—
+— tavav
PORT 0 —oaA N ) " DATA_OUT_p——
B F“: tover  ltaHox '—:I
tavor [* * tonax
ALE/PROG N /|
tsheL [* et on—] * tonst
- A Ve L N\LOGIC 1
EANVee o f__ 1] LOGIC O e
P2.7 ..I " fenon teLav ‘q — I " leraz
(ENABLE) /l tna —
P3.0
(RDY/BSY) BUSY READY
twe
AT89S51
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ire 7. Flash Memory Serial Downloading

VCC
AT89S51 ©
|
Vee |—-
|§$T$S;ION ——»{ P1.5MOSI
DATA OUTPUT « - | P1.6MISO
CLOCK IN ¥ P1.7/SCK
_-IMN”“ XTAL2
3-33 MHz | }‘
i
P o] XTALY RST (e~ Vin
o—-- GND

ish Programming and Verification Waveforms — Serial Mode

ire 8. Serial Programming Waveforms

some /v X YOO
SERIAL DA;;}E?JE%T) / M%;B X X X X X X X LSB \
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ble 8. Serial Programming Instruction Set

Instruction
Format
struction Byte 1 Byte 2 Byte 3 Byte 4 Operation
'rogramming Enable 1010 1100 0101 0011 000 XK 000X X000 Enable Serial Programming
0110 1001 while RST is high
(Cutput)

*hip Erase 1010 1100 100x  x00xx 0K XXXX 00X XX Chip Erase Flash memory
array

lead Program Memory | 0010 G000 3000( o2 | WO W2 rwone oneo | Read data from Program

3yte Mode) - <« HERR e memory in the byte mode

Vrite Program Memory | 0100 0000 20000 oo 5203 VT2 + on—o | Write data to Program

3yte Mode) < WL <<= | Beoo acdoo memory in the byte mode

Vrite Lock Bits® 1010 1100 1110 00 o [ oo oo 000X X0 Write Lock bits. See Note (2).

lead Lock Bits 0010 0100 YK XK XXXX  XXXX XX T NK Read back current status of

- = the lock bits (a programmed

lock bit reads back as a “17)

lead Signature Bytes!” | 0010 1000 X 23IIYT QXK 00K Signature Byte | Read Signature Byte

lead Program Memory | 0011 0000 00X —oowe | Byte 0 Byte 1... Read data from Program

Sage Mode) << Byte 255 memory in the Page Mode
(256 bytes)

Vrite Program Memory | 0101 0000 oxx  Toee | Byte0 Byte 1... Write data to Program

3age Mode) << Byte 255 memory in the Page Mode

(256 bytes)

tes: 1. The signature bytes are not readable in Lock Bit Modes 3 and 4.
2. B1=0,B2=0—Mode 1, no lock protection

B1 =0, B2 =1 —Mode 2, lock bit 1 activated

B1 =1, B2 =0 —Mode 3, lock bit 2 activated

B1 =1, B1 =1 —Mode 4, lock bit 3 activated

Each of the lock bits needs to be activated sequentially before
Mode 4 can be executed.

After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to clock in the enable data
bytes. No pulsing of Reset signal is necessary. SCK should be no faster than 1/16 of the system clock at XTAL1.

For Page Read/Write, the data always starts from byte 0 to 255. After the command byte and upper address byte are
latched, each byte thereafter is treated as data until ali 256 bytes are shifted infout. Then the next instruction will be ready to

be decoded.

; AT89S51 mur———————
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bsolute Maximum Ratings*

)perating Temperature -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

torage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

bitage on Any Pin other conditions beyond those indicated in the

rith Respect to Ground -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

laximum Operating Voltage 6.6V conditions for extended periods may affect
device reliability. . ’

)C Output Current 15.0 mA

C Characteristics

e values shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.

iymbol Parameter Condition Min Max Units
" Input Low Voltage (Except EA) 0.5 0.2 V0.1 v
"1 Input Low Voltage (EA) - -0.5 0.2 V0.3 v
"H Input High Voltage (Except XTAL1, RST) 0.2 Vct0.9 Vcct0.5 v
"H1 Input High Voltage (XTAL1, RST) 0.7 Ve Vect0.5 \Y
Output Low Voltage!" (Ports 045 \Y
oL 1,2,3) loL = 1.6 MA
Output Low Voltage'" 0.45 v
) (Port 0, ALE, PSEN) lor =3.2mA
lon = -60 YA, Vg =5V £10% 24 \Y
Output High Voltage lon =-25 pA 075 Ve v
'oH (Ports 1,2,3, ALE, PSEN) lon =-10 pA 0.9 Ve Y
lon = -800 PA, Vg =5V £10% 24 v
Output High Voltage lon =-300 pA 0.75 Vee v
"oH1 (Port 0 in External Bus Mode) loy =-80 pA 0.9 Ve A
Logical 0 Input Current (Ports -50 HA
L 102-3) VIN =0.45V
Logical 1 to O Transition Current -650 HA
r (Ports 1,2,3) Vin =2V, Ve =5V £10%
Input Leakage Current (Port 0, #0 HA
4 EA) 0.45 <V < Ve
IRST Reset Pulldown Resistor 50 300 KQ
‘0 Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current Idle Mode, 12 MHz 6.5 mA
< Power-down Mode® Vee = 5.5V 50 pA

tes: 1. Under steady state (non-transient) conditions, |5, must be externally limited as follows:
Maximum I, per port pin: 10 mA
Maximum Iy, per 8-bit port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total I, for all output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

) A T 80 S 51 s —
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\C Characteristics

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

:xternal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
Symbol Parameter o Min Max Min Max Units
1RercL Oscillator Frequency ‘ 0 33 MHz
b ALE Pulse Width 127 2t ¢ 40 ns
taviL Address Valid to ALE Low 43 terc-25 - ns
tiax Address Hold After ALE Low 48 1 toc-25 ns
b ALE Low to Valid Instruction In © 233 4, 65 ns
tur ALE Low to PSEN Low 43 | terc-25 ns
torpH PSEN Pulse Width 205 3o o 45 ns
teuv PSEN Low to Valid Instruction In , 145 3to e 60 ns
o Input Instruction Hold After PSEN o | 0 1 ns
toxiz Input Instruction Float After PSEN ‘ 59 1 tore-25 ns
toxay PSEN to Address Valid 75 e ns
taviv Address to Valid Instruction In ; 312 | 55 -80 ns
toLaz PSEN Low to Address Float : 10 ] 10 ns
e RD Pulse Width 400 . Bleici-100 o ns
town WR Pulse Width 400 Btec =100 | ns
tmov | RD Low to Valid Data in © 282 | Bleyc-90 ns
[ — Data Hold After RD 0 o ns
terioz Data Float After RD . o7 L 2ga28 ns
t Lov ALE Low to Valid Data In ' 517 ! SQL;L:15 h ns ]
tavov Address to Valid Data In ) 585 o -?st;;ﬁ? ) n; -
tum ALE Low to RD or WR Low 200 300 M50 Bl e +50 ns
tavw Address to RD or WR Low 203 4tCLc|_-775w*» s
tavwx Data Valid to WR Transition 23 - te o =30 s
tovwn Data Valid to WR High 433 | a0 | ns
twrax Data Hold After WR 33 | w25 o es
tauaz RD Low to Address Float#ﬂ A f - Wﬂ(; I ‘ 0 ns
by RD or WR High to ALE High - 43 _ 123 tw;g.b_s tctcgzsr e

AIMEL 2
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xternal Program Memory Read Cycle

tu, —*
ALE /T N
N toron
tavie [* »1¢ ™ v
. — tup fe—
PSEN / N toLw /1 N\
re—tpxay .
= [ teiaz |
tax le toxiz
toxix—  f¢—
PORT 0 > A0-A7 K INSTRIN b » A0-A7_ >
“ taviv >
PORT 2 X AB - A15 X A8-A15

xternal Data Memory Read Cycle

L —> |
ALE \ {_\—/
—* LY
PSEN __/ i o N N\
— tRuRH —»
— tyw —
R0 N 4
RD et ax— ;I_/ .
« LDV HDZ
e— ta,— taiaz 4> t
— RHDX
PORT 0 __ A0 . A7 FROM RI OR DPLK K +—CDATA IN JIXCAD - A7 FROM PCL—INSTR IN
“ tavwL >
N tavov »
PORT 2 X P2.0 - P2.7 OR AB - A15 FROM DPH A8 - A15 FROM PCH

! AT SO'S 51 100000000 —
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iternal Data Memory Write Cycle

ton—
ALE N
¥ bwhLH

FSEN __/ S

— by~ —»

WR N Y
r— v — tavwx T [*— —* [+ twrox
ei— tovwH —

PORT 0 D—(AO - A7 FROM RI OR DPLP{ | DATA OUT X A0 - A7 FROM PCLO-CINSTR IN

[ tAVWL —

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

tternal Clock Drive Waveforms

tenex
toicn — +— tenel

v

1
teex

0.2 V- 0.1V

0.45v

* terex >

+ telcL
tternal Clock Drive
ymbol Parameter Min Max Units
teLeL Oscillator Frequency 0 33 MHz
cL Clock Period 30 ns
HCX High Time 12 ns
ox Low Time 12 ns
CH Rise Time 5 ns
HCL Fall Time 5 ns

AIMEL 2
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serial Port Timing: Shift Register Mode Test Conditions
he values in this table are valid for V¢ = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
o .| Serial Port Clock Cycle Time 1.0 12tc o us
tovi Output Data Setup to Clock Rising Edge ' 700 10ty 133 ns
tynax { Output Data Hold After Clock Rising Edge 50 2t -80 ns
txHox Input Data Hold After Clock Rising Edge 0 0 ns
txHov Clock Rising Edge to Input Data Valid 700 10tg o ~133 - ns
shift Register Mode Timing Waveforms
INSTRUCTION 0 1 2 3 4 5 6 7 8
re _ninnimninntintnnontnentinontnonts
* * baxe
cLock N N P N N I O I O
VXH
—| J— txnI::x
WRITE TO SBUF, SO o X 1 X 2 XT3 X a X 5 X &8 X1 /7
v t
OUTPUT DATA txriov *—']_’ [+ o serm |
_ CLEARRI |
v
INPUT DATA

\C Testing Input/Output Waveforms(")

V- 05V

02 Vo + 0.9V

TEST POINTS

0.2 V.. - 0.1V
0.45V (5

ote: 1. AC Inputs during testing are driven at V¢ - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at Vy
min. for a logic 1 and V,_max. for a logic 0. '

‘loat Waveforms!"

Timing Reference
Points

ote: 1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded V,/Vg level occurs.

4 AT89S51 meess——————————————sssssssss—
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rdering Information

Speed Power
(MH2) Supply Ordering Code Package Operation Range
24 4.0Vto 5.5V | AT89S51-24AC 44A Commercial
AT89S51-244C 44) (0°C to 70°C)
AT89S851-24PC 40P6
AT89S51-24Al 44A Industrial
AT89S851-24J1 44) {-40°C t0 85°C)
AT89S51-24P} 40P6
33 45V105.6V | AT89S51-33AC 44A Commercial
AT89851-33JC 44J (0°C to 70°C)
AT89S51-33PC 40P8
| = Preliminary Availability
Package Type
4A 44-ead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
0P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

37A-10/01
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ackaging Information

AlmEY

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

Flat Package (TQFP)
Dimensions in Millimeters and (Inches)*

12.21(0.478)
PINTID —, |- 11 75(0.456)

0.80{0.031) BSC

S - 10.1000394) oo
; 9.90(0.3886)
: |
oz0008) 7 I'F)
. "

o . 07500.030) 0.15(0.008) . '
0.45{(0.018) 0.05(0.002)

*Controlling dimension: millimeters

r 1.20(0.047) MAX

'
i
!

032813 b
026(660) y .

|

050(1.27) TYP

44, 44-lead, Plastic J-eaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)

045(1.14) X 45° -

PIN NO: 1 O45(1.14) X 30°- 45" g0 54
.'!DENTIFY . - ‘T— .665(.203)
BSB(16.7) —. ¥ sax160)
B50(16.5) 1 580(15.0)
69517.7), 021(.533)
: : 013(.330
685(37.4)°% L 0133%0)
1
! ! L 0431.09)
- .500{12.7) REF SQ 1020{.508)
. 120(3.05)
090(2.29)
. -18014.57)
.165(4.19)

.022(.559) X 45° MAX (3X)

40P6, 40-pin, 0.600" Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-011 AC
20n526)
= 2.04(51.8) Pl
£ bcecieaesdel b b s ke [ w!.
.566(14.4)
530(13.5)
— - .080(2.29)
- 1900{48.26)REF = MAX
220(5.59)
MAX

- - 005(.127)
MIN

[} —
SEATING | L
]
PLNE & o . ! oesies)
-:g;‘ﬁ:’ . R » 016(.381)
B8 v — i~ 022(559)
' -B65(1.65) .014(.356)
11012.79) 041(1.04)
050(2.29) _ 630(160) _
590(15.0) ™
N REF
0120305 _‘° oi s
.008(.203) " 7 W
690(17.5)
610(15.5)

e
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National
Semiconductor
LM741

Operational Amplifier

General Description

The LM741 series are general purpose operational .amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, piug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplitiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

August 2000

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

00934102
Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number H08C

Ceramic Flatpak

w—e —
+0FFSET KULL i’ ,= NC
o= LM7aIW v
l— 1 oureur
v-——] 1 -OFFSET NULL

0093100
Order Number LM741W/883
See NS Package Number W10A

Typical Application

Dual-in-Line or S.0. Package

\J
OFFSET NULL—1 8j-ne
INVERTING INPUT =1 2 v
NON=INVERTING —1 3 6 |—outpur
WNPUT
V=14 5 |=OFFSET NULL

. 00934100
Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JO8A, MOSA or NOSE

Offset Nulling Circuit

!

o003

© 2004 National Semiconductor Corporation DS009341

www.national.com
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LM741

Absolute Maximum Ratings (note 2)

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

Distributors for availability and specifications.

(Note 7)

Supply Voltage

Power Dissipation (Note 3)
Differential input Voltage

Input Voltage (Note 4)

Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature
Soldering Information

N-Package (10 seconds)
J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

LM741A
22V
500 mW
+30V
+15V
Continuous
-55°C to +125°C
-65°C to +150°C
150°C

260°C
300°C

215°C
215'C

LM741
+22V
500 mw
+30V
15V
Continuous
-85'C to +125°C
-65'C to +150'C
150°C

260°C
300°C

215°C
215°C

LM741C
18V
500 mw
+30V
15V
Continuous
0°'C to +70°C
-65'C to +150°C
100°C

260°C
300°C

215°C
215°C

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

soldering
surface mount devices.

ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (ot 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

input Offset Voltage Ta=25C
Rs .10 kQ 10| 5.0 20 | 60 mV
Rg < 500 08 | 30 mV
Tamin € Ta € Tamax
Ry < 500 4.0 mv
Rg < 10 kQ) 6.0 75| mv

Average Input Ofiset 15 pv/i'C

Voitage Drift

Input Offset Voltage Ta=25C, Vg = £20V +10 +15 +15 mv

Adjustment Range

Input Offset Current To=25C 3.0 30 20 | 200 20 | 200 nA
Tanin < Ta S Tanax 70 85 | 500 300 | nA

Average Input Offset 0.5 nA/"C

Current Drift

Input Bias Current To=25C 30 80 80 | 500 80 | 500 nA
Tamin < Ta € Tamax 0.210 1.5 0.8 pA

Input Resistance Ta =25C, Vg = £20V 1.0 | 6.0 03 ] 20 03] 20 Mo
Tann S Ta € Tanax. 0.5 M
Vg = £20V

Input Voltage Range Ta=25C £12] %13 \Y
Tanun € Ta € Tamax 12 | 213 v

veww.national.com




Electrical Characteristics ote 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
wrge Signal Voltage Gain | T, =25°C, R 2 2 kQ
Vg = 220V, Vg = £15V 50 VimV
Vg = 15V, Vg = 210V 50 | 200 20 | 200 Vimv
Tamin S Ta € Tamaxe
RL 22k,
Vg = £20V, Vg = £15V 32 VimV
Vg = £15V, Vo = =10V 25 15 Vimv
Vg = %5V, Vg = £2V 10 VimV
utput Voltage Swing Vg = 20V
R 2 10 kQ +16 A
R.z2kQ *15 \
Vg = 215V
Ry 2 10 kQ +12 | +14 +12 | +14 \
R. =z 2 kQ =10 | 13 +10 | =13 v
utput Short Circuit Ta=25C 10 25 35 25 25 mA
urrent Tamin € Ta € Tamax 10 40 mA
ommon-Mode Tamin € Ta € Tamax
ejection Ratio Rs < 10 kQ2. Vg = 212V 70 | 90 70 | 90 a8
Rg < 5062, Vo = 212V 80 95 dB
upply Voltage Rejection Tamin € Ta S Tamaxs
atio Vg = £20V to Vg = x5V
Rg < 5002 86 96 dB
Rg < 10 kQ 77 | 96 77 | 96 daB
ransient Resporse Ta = 25C. Unity Gain
Rise Time 025{ 08 0.3 0.3 ps
Overshoot 6.0 20 5 5 %
andwidth (Note 6) Ta=25C 0437} 1.5 MHz
lew Rate Ta = 25°C. Unity Gain 03 | 0.7 0.5 0.5 Vips
upply Current Tao=25C 1.7 | 2.8 1.7 | 2.8 mA
ower Consumpuion Ta=25C
Vg = £20V 80 150 mw
Vg = 215V 50 | 85 50 | 85 | mw
LM741A Vg = 220V
Ta=Taun 165 mw
Ta = Tamax 135 mw
LM741 Vg = 15V
Ta = Tann 60 | 100 mw
Ta = Tamax a5 | 75 mw

Note 2: "Absolite Maximum Ratings”™ indicate limuls beyond which damage to the device may occur. Operating Ralings indicate conditions for which the device 15
tunctional. but de ot guarantee specific performance itmits,

www.national.com
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LM741

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. {listed under "Absolute Maximum
Ratings®). T; = Ta + (84 Pp).

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
8;4 (Junction to Ambient) 100°C/W | 100°'C/W | 170°C/W | 195'C/W
8ic (Junction to Case) N/A N/A 25'C/W N/A

Note 4: For supply voltages less than 15V, the absolut i input vollage is equa! to the supply voltage.

Note §: Unfess otherwise specified, these specifications apply for Vg = 215V, ~565'C £ Ty 5 +125°C (LM741/LM741A). For the LM741C/LM741E, these
specifications are limited o 0°C < T 5 +70°C. ' :

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time{ps). )
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 k2 in series with 100 pF.

Schematic Diagram

7
° ° - ° v
Q8 Q9 Q12 a13
$ Kou
3 2 INVERTING
NON-INVERTING >
Q1 Q2 < RS
INPUT INPUT :: 29K AA
R7 o15 !
45K
=—Cl ¢
a3 30pF| R8 l:: & R9
o 75K S5
A

6
< {07 ll\(:, 5 $=0UTPUT

:: R10
< 50
{ a7
\l I/ Q6 Q10 \l |( .
0s an 0 }\on
OFFSET NULL — S _GFFSET r‘
NULL
Rt SRS SR2 R4 Sz <
1k $sox Sk 5K S5k 5o
4.~
A\
0033101
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Physical Dimensions inches (milimeters)
unless otherwise noted

0.350—0.370
{8.80—9.359)
DiA 0315-0.335
l DI 1 (8.001-8.509)
MAX
] 0.025
0.165—0.185 | EH mg&mm»
4.191-4.693) ‘ ;
A 5
REFERRICE PUNE ™) Yoo B3 o, seamerume
T - ' 0.015-0.040
270  MAX {0.381-1.016)

_’“<> 0.016-0.019 CIA TYP

{0.465—0.483)
0.195-0.205 DIA
0.100 (4.953—-5.207) P.C.
g "
[}
0.029~-0.045
0.737—1.183)
0.028-0.034
e 0.115—0.145
(n.m—n.esc)\%< B35
[T

45° EQUALLY
SPACED

Metal Can Package (H)

HOBC (REV E}

Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH

NS Package Number H08C

[5,]
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

[¢——— 0.400 MAX ————>

[=1 7] [e] [51

RO.010 TYP

0.220  0.310 MAX

/> 0.291  GLASS
R0.025 TYP I l

R 3 ) E I K

0.045
™ [* o0ss™

0.290 j+— 0.005 GLASS
0.320 I MIN /- SEALANT

L/

. I )
0.180 0.200 0.020
WAX 0.050

£

£ .
P abs o’
: 0.200 I

A 90° 1 4° TP
950 £5° TYP i 0.310 0.055 MAX —»
| * 0.410 'I BOTH ENDS H H
0.008 J L 0.0180.003 TYP

TYP
0.100£0.010 TYP 108A (REV K)

0.012

Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number JOBA

0.373-0.400
a4 =10.16) "]

0.032 £0.005
10.813=0.127)
0.2500.005 AAD
PIN NO, # IGENT (5.35£0.127) o, 1ion—~
o
0.280
. " 0.039 sz T
0.300-0.320 {0.782) T 0.145-0.200
™1 ps2-sam | ‘ o951 12.683-5.050)
et _{ * 4 0130008
. . Yy R30ei0im
sy iy LA ?: ‘r :__ 0.125-0.140 ?
s S8 fiU (T
0.009-0.015 d (1.651) ”'il’ m
|_o.zzs—u.uu"’" - g.‘"ﬂ Jhe
NOM umazo 003
aas toon 10.45720.075)
- +1.016 £0.10040.010
(oss 350 z (2.54020.250)
0.045£0.015___ |
11.143 £0.381)
(l 524]
NOBE: (NEV F

(‘ mi

Dual-In-Line Package (N)
Order Number LM741CN
NS Package Number NOBE

www.national.com



Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

0.080 _,. - |+0.270 MAX"["
0.055 0.050 £ 0.005 --—1 r— -k« 0.005 MIN TYP
0.035 _,| e
0.026 i ol
TYP 1
0.370
0.250
H
0.270 MAX 0.260
GLASS 0.238
0.012
113 -0.008
) /‘ DETAIL A
DETAIL A 0370 ———
0.250
PIN #1 l
IDENT 1 5 W10A (REV £)
0.006 _,l{o H
0.004
TYP 0.019 _J 0.045 MAX
0.015 TP e ~ve

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883
NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Lite support devices or systems are devices or systems 2. A critical component is any component of a life support
which. (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, and whose failure to perform when expected to cause the failure of the life support device or
properly used in accordance with instructions for use system, or to aftect its safety or eltectiveness.

provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specitication (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-11152) and contain no “Banned
Substances” as defined in CSP-9-11182.

National Semiconductor National Semiconductor National Semiconductor Natlonal Semiconductor
Americas Customer Europe Customer Support Center Asia Pacitic Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507

Email: new.teedback @ nsc.com Email. eutope.suppon@nsc.com Emanl: 2p.suppon & nsc.com Email: jpn.lecdback® nsc.com

Tel: 1-800-272-9959 Deutsch Tel: +49 {0) 69 9508 6208 Tol: 81-3-5639-7560

Enghsh Tel: +44 {0) 870 24 0 2171
wawvw. national com Frangais Tel: +33 (0) 1 41 91 8730
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General Description

The ADCO0801, ADCO0802, ADCO0803,. ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric
ladder—similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE output latches directly
driving the data bus. These A/Ds appear like memory loca-
tions or 1/0 ports to the microprocessor and no interfacing
logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In additicn, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uyP Compatible A/D Converters

November 1999

= Differential analog voltage inputs

m Logic inputs and outputs meet both MOS and TTL
voltage level specifications

8 Works with 2.5V (LM336) voltage reference

m On-chip clock generator

= 0V to 5V analog input voltage range with single 5V
supply

8 No zero adjust required -

= 0.3" standard width 20-pin DIP package

m 20-pin molded chip carrier or small outline package

® Operates ratiometrically or with 5 V¢, 2.5 Vpe, or
analog span adjusted voltage reference

Key Specifications

8 Resolution 8 bits
= Total error +% LSB, % LSB and £1 LSB
Featunjes . a Conversion time 100 ps
® Compatible with 8080 pP derivatives—no interfacing
logic needed - access time - 135 ns
= Easy interface to all microprocessors, or operates “stand
alone”
Connection Diagram
ADC080X
Dual-In-Line and Small Outline (SO) Packages
Vo (OR Vegr)
CLKR
080 (LSB)
08t
DB2
083
0B4
085
086
D87 (MSB)
DS00S5671-30
See Ordering Information
Ordering Information
TEMP RANGE 0°CTO 70°C 0°C TO70°C -40°C TO +85°C
+v4 Bit Adjusted ADCO801LCN
ERROR 1% Bit Unadjusted ADC0802LCWM ADCO0802LCN
+1% Bit Adjusted ADCO803LCN
+1Bit Unadjusted ADC0804LCWM ADCO0B04LCN ADCO0B0SLCN/ADC0804LCY
PACKAGE OUTLINE M20B— Small N20A —Molded DIP
Outline

Z-80* is a rogistered tradomark of Zilog Corp.

® 2001 National Semiconductor Corporation DS005671

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

5V

/A
-0 B Yee Ll I
:’ f5 cikAa L
e L] o TRANSOUCER
< 5o} mTH CLK N s | smivaesoLuTion
| < Ll ow oS |ovenauy panio
ANY gle 2 Joss vintr 18 [ | < |[vorzaceaaxee
L #R0CESSOR| oy Bl M w — SEE SECTION 241
| * -— L) ) Vinl-) L .
< 2 Yo acno . ?
L 16 o2 ? SPAN ADS I e
» LA P VRer2 —o;t:'ssmnu - =
< L o580 0 &R0 i
w DS005871-1
8080 Interface
8 ———>0
b f————p-0)
NSC300,
0, @ f———q
A0
ETC. O] (WY
< DATA 1
0S005671-31
Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- Vred2=2.500 Vpc | Vgres/2=No Connection
Number Scale (No Adjustments) (No Adjustments)
Adjusted
ADC0801 | t% LSB
ADC0802 +% LSB
ADC0803 | t%2LSB
ADCO0804 +1LSB
ADC0805 +1LSB
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Absolute Maximum Ratings (Notes 1, 2) Infrared (15 seconds) 220°C
It Military/Aerospace spocified devices are required, Storage Temperature Range -65°C to +150°C
please contact the National Semiconductor Sales Office/ Package Dissipation at T,=25'C 875 mW
Distributors for availability and specifications. ESD Susceptibility (Note 10) 8oov
vorpy volage (oc) (Note 3) %V Operating Ratings (ots 1, 2)
Logic Control Inputs -0.3V to +18V Temperature Range TrinSTaSTmax
At Other Input and Outputs -0.3V to (V¢ +0.3V) ADC0804LCJ -40°CsT,s+85°C
Lead Temp. (Soldering, 10 seconds) ADC0801/02/03/05LCN -40'C<TA5+85'C
Dual-In-Line Package (plastic) 260°C ADCO804LCN 0°C<TAS+70°C
Dual-In-Line Package (ceramiic) 300°C ADC0802/04LCWM 0°C<T,s+70°C
Surface Mount Package Range of V¢ 4.5 Vpc 10 6.3 Ve
Vapor Phase (60 seconds) 215°C
Electrical Characteristics
The following specifications apply for Vec=5 Vpc, TminSTa<Tmax and fo =640 kHz unless otherwise specified.
Parameter Conditions Min Typ Max Units
\DCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. E371 LSB
(See Section 2.5.2)
\DC0802: Total Unadjusted Error (Note 8) Vrer/2=2.500 Vpc F 37 LSB
\DC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £ 373 LS8
(See Section 2.5.2)
\DCO0804: Total Unadjusted Error (Note 8) Vrer/2=2.500 Vpe 1 LsB
\DC0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection +1 LSB
/ree/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADCO0804 (Note 9) 0.75 1.1 kQ
\nalog Input Voltage Range (Note 4) V(+) or V(-) Gnd-0.05 Vect0.05 Voc
3C Common-Mode Error Over Analog Input Voitage 1116 % LSB
Range
>ower Supply Sensitivity Vee=5 Vpc £10% Over 1116 % LSB
Allowed V,,(+) and Vin(-)
Vcltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for V=5 Vpe and Tyn<TasTmax Unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
PN Conversion Time foLk=640 kHz (Note 6) 103 114 Hs
e Conversion Time (Notes 5, 6) 66 73 1ok
cLK Clock Frequency V=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle 40 60 %

>R Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpe, fork=640 kHz

WOWRIL Width of WR Input (Start Pulse Width) CS =0 Vpc (Note 7) 100 ns

ACC Access Time (Delay from Falling C.=100 pF 135 200 ns
Edge of RD to Output Data Valid)

T A TRI-STATE Control (Delay C_=10 pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

I Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR

SN Input Capacitance of Logic 5 7.5 pF
Control Inputs

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (cContinued)
The following specifications apply for Vee=5 Ve and TyunSTaSTuax unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cour TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1” Input Voltage Vee=5.256 Vpe 20 15 Vo
(Except Pin 4 CLK IN)

Vi (0) Logical “0" Input Voltage Vee=4.75 Vpe 0.8 Voe
(Except Pin 4 CLK IN)

hn (1) Logical “1” Input Curment Vin=5 Vpe 0.005 1 HAoc
(Al Inputs)

Iin (0) Logica! “0” Input Current Vin=0 Vpc -1 1-0.005 A MAoc
(All Inputs)

CLOCK IN AND CLOCK R

Vy+ CLK IN (Pin 4) Positive Going 27 31 35 Voec
Threshold Voltage

Vy= CLK IN (Pin 4) Negative 15 1.8 2.1 Vbe
Going Threshold Voitage

Vy CLK IN (Pin 4) Hysteresis 0.6 13 20 Voe
(Ve+)=(V+-)

Vour (0) Logical “0" CLK R Output 10=360 pA 04 Voc
Voltage Vec=4.75 Vpe

Vour (1) Logical “1” CLK R Output 1o=-360 pA 24 Voc
Voltage Vee=4.75 Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical "0" Output Voltage

Data Cutputs lour=1.6 MA, V=475 Ve 04 Voe

INTR Output lour=1.0 MA, Vcc=4.75 Ve 0.4 Voc
Vour (1) Logical “1” Output Voltage 16=-360 pA, Vcc=4.75 Vpe 24 Voe
Vour (1) Logical *1" Output Voltage 1o==10 pA, V=475 Vo 45 Voe
lour TRI-STATE Disabled Output Vour=0 Vpe -3 MAGC

Leakage (All Data Buffers) Vour=5 Voc 3 PASC
lsource Vour Short to Gnd, To=25C 45 6 mApc
Isink Vour Short to Ve, To=25C 9.0 16 mApc
POWER SUPPLY
lee Supply Current (Includes foLk=640 kHz,

Ladder Curmrent) Vrerf2=NC, To=25C

and CS =5V
ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCWM 1.9 25 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when cperating
the device beyond its specified operating conditions.

Note 2: All vollages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should glways be wired to the D Gnd.

Note 3: A zener diode exists, intemally, from V¢ to Gnd and has a typical breakdown voitage of 7 Vpc.

Note 4: For Vin(~)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the Ve supply. Be careful, during testing at low Vg levels (4.5V), as high

level anatog inputs (5V) can cause this input diode to conduct-especially at elevated temp and cause emors for analog inputs near full-scale. The spec
allows 50 mV forward bias of either diode. This means that as long as the analog Viy does not exceed the supply voltage by more than 50 mV, the outpul code will
be ct. To achieve an absolute 0 Vpc to 5 Vg input voltage range will theref quire a mini supply voltage of 4.950 Vpc over temperature variations,
initial tolerance and loading.

Note 5: Accuracy is guaranteed at fok = 640 kHz. At higher clock freqg i y can degrade. For lower clock frequencies. the duty cycle limits can be

extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 5: With an asynchronous start pulse. up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start req is i iy latched, see Figure 4 and section 2.0.
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AC Electrical Characteristics (continued)

Note 7: mﬁmmbmwmmeﬁmhwtmmmwm&dWMmng__ﬁpummm.mmuaﬁlywidepulsewmwmu
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).
Note 8: None of these A/Ds requires a zefo adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 7.

Note 9: The Vrer/2 pin is the center point of a two-resistor divider connected from Vg to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADCO805, and in the ADCOB04LCY, each resistor is typically 16 k. In all versions of the ADC0804 except the ADCC804LCJ, each resistor is typically 2.2 kQ.

Note 10: Human body model, 100 pF discharg;

gh a 1.5 kQ

Typical Performance Characteristics

Logic Input Threshold Voitage
vs. Supply Voitage ’

18 ]

[

~55°C < Tp < +125°C

-

LOGIC INPUT THRESHOLD VOLTAGE (V)

45 435 500 525 550
Vg - SUPPLY VOLTAGE (Vgg)

BS005871-38
feuw vs. Clock Capacitor
1000 1 1l
A [
X T
\R=1
A 506 N
= \
] \ \
x®
3 \
100 - MI
10 100 1000
CLOCK CAPACITOR (pF)
BS005671-49
Output Current vs
Temperature
' Vec*SVpc | |
? ——
x DATA QUTPUT_ ] |
£, BUFFERS .
= [ 1) LR
E s : :;:zlxl? She Voc]
o N l ]
ol N T
2 'y s \ 4t 5
5
} "s;x
[ T Vour-04vaE -

2
-50 25 0 25 S50 15 100 125
Ta - AMBIENT TEMPERATURE (“C)}
BS005671-44

Delay From Falling Edge of

RD to Output Data Valid
vs. Load Capacitance

DELAY (m)

LINEARITY ERROR (LS8}

400

4

I

100
[]

V0 400 600 800 1000
LOAD CAPACITAKRCE (pF)

DS005671-39
Full-Scale Error vs
Conversion Time
L}
Tg= ek
1
s
s Vec= 45V
. A
, l
\ Vep =50V
2 .
\%
' ~
NG
[}

0w 800 100 120 140

Tc. CONVERSION TIME (3)
DS00567142

Power Supply Current
vs Temperature (Note 9)

I - POWER SUPPLY CURRENT (mAgc)

24

~ 1]
a&‘q,”-.

20

~
~] Vo]

~ &5y

16 | A0c0s0y 4 -:trsv

2% AND ADcigsVec 45

[/ AT

12

os

Vep = 45v
[

04

LI
foLx = 540 kiz

[- LR}
111t

50

-25 0 25 S50 75 100 125
Ta - AMBIENT TEMPERATURE {°C)
DS005671-45

CLK IN Schmitt Trip Levels

vs. Supply Volitage -
35
s
Z -
Y -
2 Vs LA
3 -
> 2 -
S ~55°C < Tq < #125°C
g
g
£
- Vy- -
Zz 19 -— ]
E T
1.5
450 475 500 525 550
Vg - SUPPLY VOLTAGE (Vpg)
0500567140

Effect of Unadjusted Offset Error
VS, VRgplz Voltage

OFFSET ERROR(LSEs)

%
"

- ASSUMES Vos

— T FORA 2EROADLIF 1
" THE SPAN IS REDUCEO. T]

3_.\:.;;&:» PIMEE TR

[ THIS SHOWS THE NEED ]

=2aV. T

1
) - e

! Il

.01

(1] 10
VRer/2 (Vge)

DS005871-43

Linearity Error at Low

Vrer/2 Voltages
b T T T T T
|-Aocossi . oo 2VRep2) —
L 58
] (ZERO AND FULL- _ |
2 SCALE ADJUSTED)
S el
@ T T T I
S os - |- 1's8VALUEEY) |
E 1 12 ' ams 19.53 4
< (10 BITS) 937 (pgiTs)
= Uzoim) (1) sns)-‘r !
£ = .
11 .
JIA TV
0 1 2 28
VREF/2 VOLTAGE {Vqe)
DS005671-45

$08020V/¥0800AV/£0800aV/208000V/108020V
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

tn

Vee

DATA

DS005671-47

'“"—'ltzﬁl

o}

t,

H
Vee
10k

‘ DATA
GUTPUT

CL

Vee

s
°®

!

DS005871-49

TRI-STATE Test Circuits and Waveforms

=20 ns

=20 ns

tyer CL=10 pF

—]
Vee 0%
A 50%
GND e} 10%
— tH
v
pata o' 0%
CUTPUTS
- GND'*
© DS00S67148

tow, C=10 pF

Vec

MGHO —J

cc

V|
DATA
QuUTPUTS
You

Timing Diagr AMS (Al timing is measured from the 50% voltage points)

START
CONVERSION
= —\ f
" —/
F—O
Wi o
—={ womn — “BusY-
) DATA ISVALID IN
ACTUAL INTERNAL P -
STATUS OF THE "NOT BUSY' ; QUTPUT LATCHES
CONVERTER
[———— 1T08x Vg x INTERNAL Tg —————==1
(LAST DATA WAS READ)
(LAST DATA tYAS XOT READ) d-" INT ASSERTED
—_— W2 Tex
0S005871-51
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Timing Diagrams (Al timing is measured from the 50% voltage points) (Continued)

Output Enable and Reset with INTR

INTR RESET

m-—\

s [\ Ak

—

(7]
p
DATA TRISTATE®
oUTRUTS ™ — T T T T = = - E_ ---------
4. o1 |-
08005871-52
Note: Read strobe must occur 8 clock periods (8/fc ) after 1 of interrupt to g reset of INTR .
Typical Applications
6800 Interface Ratiometeric with Full-Scale Adjust
6‘?;!
cs
o E)D_» a
™ XDR ~————
oo, o¢————————5im | Vee ! '
ﬁ » aD - * Vil ﬁ' :
13 - - 1 H + . on H
| - T 1
BATA ‘ = = :—_-E ' s |
: L L 2 |
1 £
'
DS005671-53 [ 1 [
Vigl~) Vgt 4 : j?- :
L
= sedee orTiGNAL
b4 ad S ADJUST
- DS005671-54

Note: before using caps at Vi of Vpeg/2,
see section 2.3.2 Input Bypass Capacitors.
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

SETS 26RO

Typical Applications (continued)

Absolute with a 2.500V Reference

)

. vinte)
Vin

CODE YOLTAGE VA

Qg V4 e
+
T uf
= B 3
AD <a
1500 Voo
Ot Vi) Vpes?
Iy ~4 > 1
e e 33
1 A
= v
DS005671-55

“For low power, see also LM385-2.5

Zero-Shift and Span Adjust: 2V < V|, < 5V

%o

Veo

M e — . —
r o
] 112 L35S |
! i uas |
Vint-) VREsR ' P33l I

3 >4
1L R I
T Tuf I
. SETSVOLTAGE SPAN

A A | | oeesscnonze |
" b ———— .

1
n nnvn%w

DS005671-57

Absolute with a 5V Reference
v
===
! |
O vixt) vee 4 1
! |
i b [ S
Tllﬂ l <:h '
= 1 1
AR Lydim |
19 |
LN
O—m Vint-} Vaee : s :
[ I |
ORAL
FSADIUST
DS005671-56
Span Adjust: 0V <V, <3V
A

Vree?

T

_]L 10uF
T

AAA
W
14

72 L350
Qo m
+
e

+
Vb
I -
=
=
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Typical Applications (continued)

Directly Converting a Low-Level Signal

Veo
(s Vpg)

T

. Vixin Vee
Vi I *
. . T 10uF Su
VS Viy< 12wy 1%
172LM388 i
Vot VRgeR o $n Luazs
+ ¢
0 i 'JI" TN Tt
Y = = = =
15 Vor O——AAN—@—AAA, AN
0
\7
w0 Hif
DS005671-59
VRer/2=256 mV
1 mV Resolution with pP Controlled Range
Vee
sVpg)
. Vingted hid |
Vin T’ 10uF
A
soroac
wERGON™ 7 M Vags

VRer/2=128 mV
1L8B=1mVv
VoacsVins(Vpac+256 mV)
0 < Vpac < 2.5V

A pP Interfaced Comparator

O——]viyt

O Vi)

Veo

VRer?

thuf

Vee
5Vl
{
T

For:
Vin(+)>Vin(=)
Output=FFex
For:
Vin{+)<Vin(-)
Output=00ugx

0S005671-61

> 230 vge

-
e

1
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continued)

Digitizing a Current Flow

Self-Clocking Multiple A/Ds

W Ot CLK R
e CLKIN
< < .
A S
< r
cKm
. % O—— cLX R
I Wef
AD 82
P CLxiv
v
1F NORE THAN S ADDITIONAL
A/D1, USE A CMOS BUFFER (NOT T2L)
DS005671-63
* Use a large R value
to reduce loading
at CLK R output.

v u ———e 1L0AD A FULLSCALE)
s v‘,ﬁ M I
b' v
bl r ‘5':‘;0:'
vini-) Veo a
> Io
<
Sun T tBuf ::n __]__
AND —
= = (U3
P 3
2tR0 ¢ Vintrh VREFR
ADJ 1'
>
1: 26

0S005671-62
External Clocking
[
e
—
=11 VN
S L -F----tsvmaxs
'. — —
1
ferx >—1 axm
100 kHzsfe <1460 kHz

DS005671-64
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Typical Applications (continued)

Self-Clocking in Fres-Running Mode

O———qVini*} Y]
<
Ot Vit :: L]
cakm
AR ;;‘_ 150pF
—Cf WA W
[+

0S005571-85

*After power-up, a momentary grounding of the WR input is needed to
guarantee operation.

Operating with “Automotive” Ratlometric Transducers

v

Ve

v
XBR X0R Vinle) Vee
+
- 3
L¥ 4 . WsF
] vyt ‘ I N
uno & N =
1> W < p
I ADCO305 b3
<
= - [ iessea
Vegseit
[ $u
+ ® ADs
_J_ o 1L
T &
DS005671-67
“Vin(-)=0.15 Ve
15% of VecsVxpr<85% of Vee

F

HP Interface for Free-Running A/D

L

PETASE

o

HE

GRARY CTR
[

e

READY
s
—ol l- -as g
“vg! l— I l PREVENTSRD
CURING M
OATA GPRATE
fo——-—%,
Reser T2 e aser
0S005871-66
Ratiometric with Vggef2 Forced
¥
Voo
XOR
Se Vinl 7
i (3 *
< +
%llu!
= <
= w ::m
112 URSIA
r Vini-) VRer2
= J_’

'II—)
-
€
5

0S005671-68

HP Compatible Differential-Input Comparator with Pre-Set Vg (with or without Hysteresis)

—
(4]
s 1
s ouTIUT
O] V%) (oan -—-I I :
]
|
AD
172 LMISSA
O] Vit Vagst

i.n' - ’1:\"

au—)

*See Figure 5 to select R value
DB7="1" for Vin(+)> ViN(-}+(VRer/2)
Omit circuitry within the dotted area if
hysteresis is not needed

F .
s¥oe
3 %'.‘
2
<
e [ fe
p
Lot LS Yy (GRVgg)
12 cotets | | 'i“'
DS005671.69

1H—AAA
—N b

www.national.com

$0800QV/¥08000V/€0800AV/20800AV/10800AY



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continued)

Handling £10V Analog Inputs

IV IR
AA

Venlis

Vint)

O oo

*Circuit values shown are for 0°CsTas+128°C
***Can calibrate each sensor to allow easy replacement, then A/D can be calfibrated with a pre-set input voltage.

*Beckman Instruments #694-3-R10K resistor array

-t
1ouF

5

DS005671-70

Low-Cost, uP Interfaced, Temperature-to-Digital

HP Interfaced Temperature-to-Digital Converter

Vixt)

Vint=?

Ve

Vaee2

Converter
nieo
b3 - .
M—p——] vix e —9
n»i %un
=i - =
Voe
o
T vixt-} ntsd :3,"“'
5} bk
DS005671-71
¥
B0
[~}
+
-j uF s
<
= s
n" a8y
” VW >
] Lt S Tamax Ron
- S Ta
" -~ ’\ 16F < L ADS
T = i: "’
0S005671-72
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Typical Applications (continued)

Handling £5V Analog Inputs

Vee
(5Vpg)

Vit Vee

10uF

Lp)n

vint)

|||-—|

DS005671-33
*Beckman instruments #694-3-R10K resistor array

HP Interfaced Comparator with Hysteresis

viyl® L X

Yin oss }—» surruy

Vint}

Vagr2 j

*VReF

Diodes are 1N914

DS005671-3%

Read-Only Interface
wPeus
= B
| DATA
D o » Am
l— >0 e [NTR
W
8 \____ /
- .
b
DS005671-34
Protecting the Input
Yeo
{S Voo
-]
Ve (4} N
EEW;J
A/D

I V(=)
= 0S005671-8

908000VN08000VI§08000V1308OOGVI 108000aV

13
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continued)

Analog Self-Test for a System

)

7779979 ¢°¢9

Vint+)

)
CHANNEL
ANALOG A
MUX .
€D4051

SYSTEM
0C TEST 4
POINTS

_r- [Vint-)

r 1' 1‘3 CHANNEL
SELECT
N _—
FROM OUTPUT
PORT OF uP

-~

DS005671-38

A Low-Cost, 3-Decade Logarithmic Converter

Vinis
0 mV > -Va > -10V O

~VMAXgep
10 Vpe)

*LM389 transistors
A, B, C, D = LM324A quad op amp
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter

A, B,C, D= LM324A
72

1
AA
Wy Vinfel

+10mV 10 -?‘&10—%

AD

120
MWy Vint-) VRep?

> t0h
>3

0S005671-74
fc=20 Hz

Uses Chebyshev implementation for steeper roll-off unity-gain, 2nd order,
low-pass filter

Adding a separate filter for each channel increases system response time
if an analog multiplexer is used

Output Buffers with A/D Data Enabled

-rcﬂ
ST - [
I

4
BATA NS

T ]
0S005671-76
*A/D output data is updated 1 CLK period prior to assertion of INTR

Multiptexing Differential Inputs

,,,,l"’- -
.S
o]
«
& sty
o LTI ~
ez
™ g oz
65—
&
o )
g l‘ ceaniy
Rueey
=T
DS005671-75

Increasing Bus Drive and/or Reducing Time on Bus

hed
sara v SATA bt

® trestatat
hid [

=+

?‘l Il}
DS005671-77
*Allows output data to set-up at falling edge of CS

15
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continued)

Sampling an AC Input Signal

T

4 WAX
N B}:’ 1= T
=+ = | f L w
e T “"""1‘“

ITs.

—da

" fe—

Lo

DS005671-78

Note 11: Oversample whenever possible (keep fs >. 2f(-60)] to eliminate input frequency folding (aliasing) and to allow for the skirt response of the filter.
Note 12: Consider the amplitude erors which are introduced within the passband of the filter.

70% Power Savings by Clock Gating

(Complete shutdown takes = 30 seconds.)

73

DS005871-79

Power Savings by A/D and Vgge Shutdown
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*Use ADCO0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to Vgg with A/D supply at zero volts.
Buffer prevents data bus from overdriving output of A/D when in shutdown mode.

Functiondl Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1. The horizontal scale Is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Ves/2 pin). The digital
output codes that correspond to these inputs are shown as

—%

ll!—

DS005671-80

D-1, D, and D+1. For the perfect A/D, not only will
center-value (A-1, A, A+1, . . . .) analog inputs produce
the comect output digital codes, but also each riser (the
transitions between adjacent output codes) will be located
+ % LSB dway from each center-value. As shown, the risers
are ideal and have no width. Correct digital output codes will
be provided for a range of analog input voltages that extend
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Functional Description (continued)

1+ LSB from the ideal center-values. Each tread (the range
of analog input voltage that provides the same digital cutput
code) is therefore 1 LSB wide.

Figure 2 shows a worst case error plot for the ADC0801. All
center-valued inputs are guaranteed to produce the correct
output codes and the adjacent risers are guaranteed to be
no closer to the center-value points than % LSB. in other
words, if we apply an analog input equal to the center-value
1% LSB, we guarantee that the A/D will produce the correct
digital code. The maximum range of the position of the code
transition is indicated by the horizontal arrow and it is guar-
anteed to be no more than % LSB.

The error curve of Figure 3 shows a worst case error plot for
the ADC0802. Here we guarantee that if we apply an analog
input equal to the LSB analog voltage center-value the A/D
will produce the correct digital code.

Transfer Function

L]

CIGITAL CUTPUT CODE

)
A=) A+d
ANALDG INPUT (V)
DS005671-81

Next to each transfer function is shown the comesponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the emor is
continuously displayed and includes the quantization uncer-
tainty of the A/D. For example the error at point 1 of Figure 1
is +¥2 LSB because the digital code appeared ¥2 LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot

] QUANT.

-

A-1 A Asl
ANALCE INPUT (Vyy)
0S005671-82

FIGURE 1. Clarifying the Error Specs of an A/D Converter
Accuracy=10 LSB: A Perfect AID

Transfer Function
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Error Plot
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FIGURE 2. Clarifying the Error Specs of an A/D Converter
Accuracy=%1V LSB
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Functional Description (continued)

Transfer Function

Error Plot
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FIGURE 3. Clarifying the Error Specs of an A/D Converter
Accuracy=1% LSB
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2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference input
voltage [Vin(+) — Vin(-)] to a comresponding tap on the R
network. The most significant bit is tested first and after 8
comparisons (64 clock cycles) a digital 8-bit binary code
(1111 1111 = full-scale) is transferred to an output latch and
then an interrupt is asserted (INTR makes a high-to-low
transition). A conversion in process can be interrupted by
issuing a second start command. The device may be oper-
ated in the free-running mode by connecting INTR to the WR
input with CS =0. To ensure start-up under all possible
conditions, an external WR pulse is required during the first
power-up cycle.

On the high-to-low transition of the WR input the intemal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will remain
in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-high
transition.

A functional diagram of the A/D converter is shown in Figure
4. All of the package pinouts are shown and the major logic
control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simuita-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1" level resets the 8-bit shift register, resets the Interrupt
(INTR) F/F and inputs a “1” to the D flop, F/F1, which is atthe
input end of the 8-bit shift register. Internal clock signals then
transfer this “1” to the Q output of F/F1. The AND gate, G1,
combines this "1” output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “17) the start F/F is reset and the 8-bit
shift register then can have the “1” clocked in, which starts
the conversion process. if the set signal were to still be
present, this reset pulse would have no effect (both outputs
of the start F/F would momentarily be at a “1” level) and the
8-bit shift register would continue to be held in the reset
mode. This logic therefore allows for wide CS and WR
signals and the converter will start after at least one of these
signals retums high and the intemal clocks again provide a
reset signal for the start F/F.

www.national.com
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Functional Description (continued)

17 = RESET SHIFT REGISTER
“0” = BUSY AND QUIESCENT STATE

INPUT PROTECTION
FOR ALL LOGIC INPUTS
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Note 13: TS shown twice for clarity.
Note 14: SAR = Successive Approximation Register.

DS005671-13

FIGURE 4. Btock Diagram

After the “1” is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this “1” is output from the
shift register, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
is subsequently enabled, the Q output makes a high-to-low
transition which causes the INTR F/F to set. An inverting
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains tow for 8
of the external clock periods (as the internal clocks run at ¥4
of the frequency of the extemal clock). If the data cutput is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
at a “1” level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When operating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low—see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input is still present, the Q output will
go high, which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse to only
a few propagation delays (approximately 300 ns).

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit
digital cutputs.

2.1 Digital Control Inputs

The digital contro! inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output Enable
labels. In addition, these inputs are active low to allow an
easy interface to microprocessor control _busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is
cobtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).

19
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Functional Description (continued)

2.2 Anatog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
analog differential voltage input. The V(-) input (pin 7) can
be used to automatically subtract a fixed voitage value from
the input reading (tare correction). This is also useful in 4
mA-20 mA cument loop conversion. In addition,
common-mode noise can be reduced by use of the differen-
tial input.

The time interval between sampling Vi(+) and V (=) is 4-12
clock periods. The maximum error voitage due to this slight
time difference between the input voltage samples is given
by:

AVe(MAX) = (Vp) (2fcm) (%E’(—)

where:
AV, is the error voltage due to sampling delay
Ve is the peak value of the common-mode voltage
fom is the common-mode frequency

As an example, to keep this error to ¥4 LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, f_,,, and
using a 640 kHz A/D clock, f, «, would allow a peak value of
the common-mode voltage, Vp, which is given by:

- [AVe(max) (fari]

(2tem) (4.5)
or
Vo = (81079 (640 109)
P (6.28) (60) (4.5)
which gives
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the intemal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 5.

fon 0of SW 1and SW2 = 5kQ
r=ron CstrRAY = 5 kQ x 12 pF = 60 ns
FIGURE 5. Analog Input Impedance

The voltage on this capacitance is switched and will result in
currents entering the Viy(+) input pin and leaving the Vi\(-)
input which will depend on the analog differential input voit-
age levels. These current transients occur at the leading
edge of the intemal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period.

Fault Mode

If the voltage source applied to the Viu(+) or Vi\(-) pin
exceeds the allowed operating range of Vc+50 mV, large
input currents can flow through a parasitic diode to the V¢
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the V¢ pin (with the current bypassed with
this diode, the voltage at the Viy(+) pin can exceed the V¢
voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resis-
tances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Viy(+)
input voltage at full-scale. For continuous conversions with a
640 kHz clock frequency with the V,(+) input at 5V, this DC
current is at a maximum of approximately 5 pA. Therefore,
bypass capacitors should not be used at the analog inputs or
the Vigee/2 pin for high resistance sources (> 1 kQ). If input
bypass capacitors are necessary for noise filtering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage drop across this input
resistance, which is due to the average value of the input
current, can be eliminated with a full-scale adjustment while
the given source resistor and input bypass capacitor are
both in place. This is possible because the average value of
the input current is a precise linear function of the differential
input voitage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause emors as the input
currents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series
resistor (< 1 kQ2) for a passive RC section or add an op amp
RC active low pass filter. For low source resistance applica-
tions, (< 1 kQ), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
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Functional Description (Continued)

vire. A 100Q series resistor can be used to isolate this
:apacitor—both the R and C are placed outside the feed-
yack loop—from the output of an op amp, if used.

2.3.4 Noise

rhe leads to the analog inputs (pins 6 and 7) should be kept
1s short as possible to minimize input noise coupling. Both
10ise and undesired digital clock coupling to these inputs
:an cause system errors. The source resistance for these
nputs should, in general, be kept below 5 k. Larger values
)f source resistance can cause undesired system noise
sickup. Input bypass capacitors, placed from the analog
nputs to ground, will eliminate system naise pickup but can
sreate analog scale errors as these capacitors will average
he transient input switching currents of the A/D (see section
2.3.1.). This scale error depends on both a large source
esistance and the use of an input bypass capacitor. This
3rror can be eliminated by doing a full-scale ‘adjustment of
he A/D (adjust Vree/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

or maximum applications flexibility, these A/Ds have been
lesigned to accommodate a 5 V¢, 2.5 Vp¢ or an adjusted
roltage reference. This has been achieved in the design of
he IC as shown in Figure 6.

Vee Vaer)
[+
2

)
Vaerz O~ DICITAL
CIRCUITS

] ANALCG
CtRCUITS

»
2
g

05005871-15

FIGURE 6. The Vpgrerence Design on the IC

Notice that the reference voltage for the IC is either ¥2 of the
voltage applied to the V¢ supply pin, or is equal to the
voltage thatis extemally forced at the Vige/2 pin. This allows
for a ratiometric voltage reference using the Vcc supply, a §
Vg reference voltage can be used for the V¢ supply or a
voltage less than 2.5 Vg can be applied to the Vgee/2 input
for increased application flexibility. The intemal gain to the
Vgrer/2 input is 2, making the full-scale differential input
voltage twice the voitage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voitage were
to range from 0.5 V¢ t0 3.5 Vp, instead of OV to 5 Vp,, the
span would be 3V as shown in Figure 7. With 0.5 Vp¢
applied to the V () pin to absorb the offset, the reference
voltage can be made equal to ¥z of the 3V span or 1.5 Vpc.
The A/D now will encode the Vi\(+) signal from 0.5V to 3.5 V
with the 0.5V input comesponding to zero and the 3.5 Vp¢
input comresponding to full-scale. The full 8 bits of resclution
are therefore applied over this reduced analog input voitage
range.

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels cut in the final digital output
code. The ADC0805 is specifted particularly for use in ratio-
metric applications with no adjustments required. In absolute
conversion applications, both the initial value and the tem-
perature stability of the reference voltage are important fac-
tors in the accuracy of the A/D converter. For Vpge/2 volt-
ages of 2.4 Vpc nominal value, initial errors of 10 mVp¢ will
cause conversion errors of £1 LSB due to the gain of 2 of the
Vreef2 input. In reduced span applications, the initial value
and the stability of the Vgee/2 input voltage become even
more important. For example, if the span is reduced to 2.5V,
the analog input LSB voltage value is comrespondingly re-
duced from 20 mV (5V span) to 10 mV and 1 LSB at the
Vrer/2 input becomes 5 mV. As can be seen, this reduces
the allowed initial tolerance of the reference voitage and
requires correspondingly less absolute change with tem-
perature variations. Note that spans smaller than 2.5V place
even tighter requirements on the initial accuracy and stability
of the reference scurce.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for
references if the ambient temperature changes are not ex-
cessive. The LM336B 2.5V IC reference diode (from Na-
tional Semiconductor) has a temperature stability of 1.8 mv
typ (6 mV max) over 0°C<T,<+70°C. Other temperature
range parts are also available.
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Functional Description (continued)
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FIGURE 7. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vinan), is not ground,
a zero offset can be done. The converter can be made to
output 6000 0000 digital code for this minimum input voltage
by biasing the A/D V,(~) input at this Viyouny value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the Vi (-) input and applying a small magnitude
positive voltage to the V, (+) input. Zero error is the differ-
ence between the actual DC input voltage that is necessary
to just cause an cutput digital code transiticn from 0000 G000
to 0000 0001 and the ideal ¥ LSB value (12 LS8 = 9.8 mV
for Vrer/2=2.500 Vo).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 1%2 LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vgger/2 input (pin 9 or the V¢ supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
that does not go to ground) this new zero reference should
be properly adjusted first. A Vi (+) voltage that equals this
desired zero reference plus ¥2 LSB (where the LSB is cal-
culated for the desired analog span, 1 LSB=analog span/

256) is applied to pin 6 and the zero reference voltage at pin
7 should then be adjusted to just obtain the 00,gx to 01,ex
code transition.

The full-scale adjustment should then be made (with the
proper V(-) voltage applied) by forcing a voltage to the
Vin(+) input which is given by:

- e | Vmax — VMIN)]
ViN (+) fs adj = Viax 1.5[ 256

where:
Vuax=The high end of the analog input range

and

Vuin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)
The Vgee/2 (or V) voltage is then adjusted to provide a

code change from FE.ex to FFuex. This completes the
adjustment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 8.
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‘unctional Description (continued)
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FIGURE 8. Self-Clocking the A/D

leavy capacitive or DC loading of the clock R pin should be
voided as this will disturb nomal converter operation.
oads less than 50 pF, such as driving up to 7 A/D converter
lock inputs from a single clock R pin of 1 converter, are
llowed. For larger clock line loading, a CMOS or low power
‘TL buffer or PNP input logic should be used to minimize the
»ading on the clock R pin (do not use a standard TTL
uffer).

.7 Restart During a Conversion

[ the A/D is restarted (CS and WR go low and return high)
luring a conversion, the converter is reset and a new con-
ersion is started. The output data latch is not updated if the
onversion in process is not allowed to be completed, there-
are the data of the previous conversion remains in this latch.
'he INTR output simply remains at the “1" level.

'.8 Continuous Conversions

‘or operation in the free-running mode an initializing pulse
ihould be used, following power-up, to ensure circuit opera-
ion. In this application, the CS input is grounded and the WR
nput is tied to the INTR output. This WR and INTR node
thould be momentarily forced to logic low following a
yower-up cycle to guarantee operation.

1.9 Driving the Data Bus

rhis MOS A/D, like MOS microprocessors and memories,
vill require a bus driver when the total capacitance of the
jata bus gets large. Other circuitry, which is tied to the data
jus, will add to the total capacitive loading, even in
'RI-STATE (high impedance mode). Backplane bussing
ilso greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
randle this problem. Basically, the capacitive loading of the
jata bus slows down the response time, even though DC
specifications are still met. For sysltems operating with a
elatively slow CPU clock frequency, more time is available
n which to establish proper logic levels on the bus and
herefore higher capacitive loads can be driven (see typical
>haracteristics curves).

At higher CPU clock frequencies time can be extended for
/O reads (and/or writes) by inserting wait states (8080) or
Jsing clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, external
aus drivers must be used. These can be TRI-STATE buffers

(low power Schottky such as the DM74LS240 series is rec-
ommended) or special higher drive current products which
are designed as bus drivers. High current bipolar bus drivers
with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter V¢ pin and values of 1 pF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the V¢ supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be retumed to digital ground. Any Vger/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be retumed to the analog ground point. A test for
proper grounding is to measure the zero error of the AID
converter. Zaro errors in excess of ¥4 LSB can usually be
traced to improper board layout and wiring (see section 2.5.1
for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to
display the resulting digital output code as shown in Figure 9.

For ease of testing, the Vree/2 (pin 9) should be supplied
with 2.560 V¢ and a V¢ supply voltage of 5.12 V¢ should
be used. This provides an LSB value of 20 mV.

if a full-scale adjustment is to be made, an analog input
voltage of 5.080 Vp (5.120-1% LSB) should be applied to
the Vin(+) pin with the V,y(~) pin grounded. The value of the
Vgrer/2 input voltage should then be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111,
This value of Vreg/2 should then be used for all the tests.
The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). 7able 7 shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and “VLS" columns in
Table 1, the nominal value of the digital display (when
Vser/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc. These
voltage values represent the center-values of a perfect A/D
converter. The effects of quantization error have to be ac-
counted for in the interpretation of the test results.
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Functional Description (continued)
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FIGURE 9. Basic A/D Tester

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voitages or differences in 2
digital words.

Abasic A/D tester that uses a DAC and provides the error as
an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical
subtraction feature is available to read the difference volt-
age, “A-C", directly. The analog input voltage cen be sup-
plied by a low frequency ramp generator and an X-Y plotter
can be used to provide analog error (Y axis) versus analog
input (X axis).

-or operation with a2 microprocessor or a computer-based
test system, it is more convenient to present the errors
digitally. This can be donc with the dircuit of Figure 11, wher:
the output code transitions can be detcciad o e *
DAC is incremented. Thic provide: 12 LS8 stups fo Lo S L
A/D undor test. If the results of this test are automatically
rloited with the analog input on the X axis and the error (in
L9s) 25 the Y axis, a usaful transfer function of the AJD
i tesl sasulte. TFor acceptance testing, the plot is not
necessary and the testing speed can be increascd by estab-
lishing internal limits on the allowed error for each: cods,

4.0 MICROPROCESSOIT N5 f A0

To dicuss the interface with 8080A and 6800 microproces-
sure, 2 commen samele subroutine structure is used. The
it aprocessar stats the A/D, reads and stores the results
Of IS SusCussivs wanivarsiuns, then returmns to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware defails & i
vided separately for each type of miciopiotussui.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
3085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard mesniany 2l
dress decoding for CS and the MEMR and MI Mw vir-
nr #t can be controlled as an /O device by usiny ine WO R
and oW ;lrobes and decoding the address bits A0 — A7
S A1E as they will contain the same 8-bit
st} io ebtain the €S input. Using the 1/0
spase pruvices £9o dddilivnal addresses and may allow a
simpler 8-bit address decoder but the data can only be input
to the accumulator. To make use of the additional meisor ;
reference instructions, the A/D should be mapped inlo
memory space. An example of an A/D in /O space 15 shown
in Figure 12.

www.natlonal.com
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Functional Description (continued)

ANALDG INPUT o
VOLTAGE

r'?

4-BIT

A/D
UNDER TEST

VANALOG OUTPUT

100X ANALCB
ERROR VOLTAGE

DS005671-89
FIGURE 10. A/D Tester with Anatog Error Output

| a/0 UNDER DIGITAL

TESY oUTPUT

DS005871-90

FIGURE 11. Basic “Digital” A/D Tester
TABLE 1. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
Veoes/222.560 Vo
MS GROUP LS GROUP VMS VLS
GROUP GROUP
(Note 15) (Note 15)
F 1 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 71128 4.480 0.280
D 1 1 0 1 13/16 13/256 4.160 0.260
C 1 1 0 O 34 3/64 3.840 0.240
B 1 0 1 1 11/16 11/266 3.520 0.220
A 1 0 1 0 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 9/256 2.880 0.180
8 1 0 0 o0 12 1/32 2.560 0.160
7 0 1 1 1 7/16 71256 2.240 0.140
6 0 1 1 0 3/8 3/128 1.920 0.120
5 o 1 0 1 516 2/256 1.600 0.100
4 0 1 0 0 1/4 1/64 1.280 0.080
3 0 0 1 1 3/16 3/256 0.960 0.060
2 0 0 1 0 1/8 1128 0.640 0.040
1 0 0 0 1 1/16 1/256 0.320 0.020
0 0 0o 0 0 0 0

Note 15: Display Output=VMS Group + VLS Group
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Functional Description (continued)

4} >0= P INT (18)
< IOWR 21
—d OHD {25)°
10
AAA
vy
1 \ ) 20 I#
23 8 Vch—OW 10uF
ry bl CLK A== :-_l_.\
—O] ¥R 080 » 080 (131"
4 17
" CLK IN o » 081 (16)°
e L AD o082 » 0m2 (11)*
[ 18 - M
7 ViRt De3 m » 083 (3)
. Vine) cp4 vy > 084 (5)*
[l a0 085 > 085 (18
— O“—l Vaer2 088 :: —p 088 (20)*
DGND 0B? -» 087 (7)*
3
WT Vee
% 85 -4 AD15 (38)
T 8 —d AD14 {39)
n "::‘53' 83 < AD13(3%)
n COMPARATOR B2 —d ADI2 (37}
n ] —d ADV1 (40)
(] 80 < ADI8 (1)
m
DS005671.20

Note 16: *Pin numbers for the DP8228 system controller, others are INSB8080A.
Notoe 17: Pin 23 of the INS8228 must be tied to +12V through a 1 kQ resistor to generate the RST 7
instruction when an intermupt is acknowledged as required by the accompanying sample program.

FIGURE 12. ADC0801_INS8080A CPU Interface
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Functional Description (continued)

SAMPLE PROGRAM FOR Figure 12 ADC0801-INS8080A CPU INTERFACE

0038 €30003 RST 7: JIMP LD DATA

[ ] [ ] *

[ [ ] ®
0100 21 0002 START: LX1 H 0200H sHLpairwill point to

; data storage locations

0103 31 00 04 RETURN: LXI SP 0400H s Initialize stack pointer (Note 1)
0108 m MOVA, L ; Test # of-bytes entered :
0107 FEOF CPIOFH ;If#=16. JMPto
0109 CA1301 JZ CONT s user program
010C D3EO - OUTEOH ; Start A/D
010E FB El s Enable interrupt
010F 00 LOOP: NOP :Loopuntil end of
0110 C30F 01 JNP LOOP s conversion
0113 . CONT: L]

[ ] [ ] ® [ ]

. . (User program to .

. . process data) L]

L ] [ ) [ ] [

[ L ] [ ] .
0300 DB EO LDDATA: INEOH ; Load data into accumulator
0302 77 MOV N, A ; Store data
0303 23 INXH s Increment storage pointer
0304 €30301 JMP RETURN

DS005871-89
Note 18: The stack pointer must be dimensioned b aRST7 n pushes the PC onto the stack.

Note 19: All address used were arbitrarily chosen.

The standard control bus signals of the 8080 CS, RD and
WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to aliow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and associated hardware
shown in Figure 12 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an I/O device, specifically an 8-bit bi-directional
port located at an arbitrarily chosen port address, EO. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address decoding
is still required to generate the appropriate CS for the con-
verter.

It is important to note that in systems where the A/D con-
verter is 1-of-8 or less I/O mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(A0 to A7) can be directly used as CS inputs— one for each
I/O device.

4.1.2 INS8048 Interface

The INSB048 interface technique with the ADC0801 series
(see Figure 13) is simpler than the 8080A CPU interface.
There are 24 1/O lines and three test input lines in the 8048.
With these extra /O lines available, one of the I/O lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the_use of an extemal address decoder. Bus
control signals RD, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at
on-chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and wriling into a
dummy address, respectively. A sample interface program is
shown below.
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Functional Description (continued)

0410 JMP
ORG
04 50 JMP
ORG
99 FE ANL
81 MOVX
8901 START: ORL
B8 20 Mov
B9 FF MoV
BA 10 MOV
23 FF AGAIN: MOV
99 FE ANL
91 MOVX
05 EN
96 21 LOOP: JNZ
EA 1B DJNZ
00 NOP
00 NOP
ORG
81 INDATA: MOVX
AOD MOV
18 INC
8901 ORL
27 CLR
93 RETR

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and I/O request, IORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An
advantage of operating the A/D in I/O space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the I/O devices to respond. Logic to map the
AJD in /O space is shown in Figure 14.

* $V
[« T )
104F
Vee - :ﬂ L] PP Vee T #
D) ”, o
ozt e - =
orzfe DB2
o8 q‘_'imu
osele's 71
oas | 13] oas
(LR TR L Mon ascosn
‘ 1
m :' :: B CLKR ': '_.L
il pram o L] CLRIN A
+ iNTR =
ol 4|5 AGND ‘:
[] DGND
AnaLgs (=1 Vat) -
INMUT Vinl-] 3
Vs ot Vinl-}
A
£5008671-21
FIGURE 13. INS8048 interface

SAMPLE PROGRAM FOR Figure 13 INS8048 INTERFACE

10H : Program starts at addr 10
3H
S50H ; Interrupt jump vector
10H ; Main program
P1, #OFEH : Chip select
A, @R1 ; Read in the 1st data
s1toreset the intr
Pl, #1 s Set port pinhigh
RO, #20H s Data address
R1l, #0FFH ; Dummy address
R2, #10H s Counter for 16 bytes
A, #OFFH s Set ACC forintrloop
P1, #OFEH ;Send CS (bit O of P1)
@R1, A : Send WR out
I ; Enable interrupt
LoOP sWait for interrupt
R2, AGAIN ; I£16 bytes are read
s go touser's program
S50H
A, @Rl ; Input data, CS still low
@RO, A : Store inmemory
RO ; Increment storage counter
Pl, #1 s Reset CS signal
A ; Clear ACCto get out of
; the interrupt loop
DS005671-AD
(1] RD 2 \UJ
ioRg amp
W& 3
L)
MM74C32
DS005671-23

FIGURE 14. Mapping the A/D as an l/O Device
for Use with the Z-80 CPU

Additional )/O advantages exist as software DMA routines
are available and use can be made of the output data
transfer which exists on the upper 8 address lines (A8 to

www.national.com
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Functional Description (continued)

A15) during VO input instructions. For example, MUX chan-
ne!l selection for the A/D can be accomplished with this
cperating mode.

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it
employs a single R/W line and additional timing, if needed,
can be derived fom the ¢2 clock. All /O devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 15 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using % DMB8092. Note that in many 6800 systems, an
already decoded 475 line is brought out to the common bus
at pin 21. This can be tied directly to the CS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

The following subroutine performs essentially the same func-
tion as in the case of the 8080A interface and it can be called
from anywhere in the user’s program.

In Figure 16 the ADC0801 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is

already memory mapped in the M6800 system and no CS
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram contro! through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one is
shown below Figure 16. The PIA Data and Control Registers
of Port B are located at HEX addresses 8006 and 8007,

respectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be restrictive. Each of these application
circuits would have its counterpart using any microprocessor
that is desired.

5.1 Multiple ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since all conversions occur simultaneously. This schems is
shown in Figure 17.

» 70 w)*lor**

4 R 138) (8
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Vine)
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ogo‘————’ 08 (33) I31)

(L] “—b 01 (30 {29]
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Note 20: Numbers in parentheses refer to MC6800 CPU pin out.
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12 DMas -—Oq—dns s 3
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DS005671-24

common bus code.

FIGURE 15. ADC0801-MC6800 CPU Interface

29

www.national.com

$08000V/0800AV/€0800AV/20800AV/10800AY



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

0010
0012
0015
0018
001B
001C
001D
001F
0022
0024
0027
0028
002A
002C
002E
0031
0033
0034

00386
0038
003B
003D
003F

Functional Description (continued)

SAMPLE PROGRAM FOR Figure 15 ADC0801-MC6800 CPU INTERFACE

DF 36
CE002¢C
FFFFF8
B7 5000
0E

3E

DE 34
8C02.0F
2714
B7 50 00
o8

DF 34
20F0
DE 34

B6 50 00
A7 00

3B

0200

00 00
CE 0200
DF 34
DE 36

39

DATAIN STX TEMP2
LDX #8002C
STX $FFFS
STAA $5000
CLI

CONVRT WAI
DX TEMPY
CPX #3020F
BEQ ENDP
STAA $5000
INX
STX TEMPL
BRA CONVRT

INTRPT LDX TEMPL
LDAA $5000
STAA X
RTI

TEMP1 ¥DB $0200

TEMP2 ¥DB 80000

ENDP LDX #80200
STX TEMPL
LDX TEMP2
RTS

; Save g_g_ntents of X

s Upon IRQ low CPU

3 Jumps to 002C

; Start ADCO80L

;Wait for interrupt

; Is final data stored?

s Restarts ADCO80Y

s Read data
:StoreitatX

; Starting address for
; data storage

sReinitialize TEMPLl

: Return from subroutine
s Toussr's program

FIGURE 16. ADC0801-MC6820 PIA Interface

DS00S671-A1
Nots 22: tn order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.
18,1
Lol
<4 19 ce2
10k
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A A A4
1les U/ vec|Zosv
2o/ Y L
3ol wr 080 :" ::'ﬁ‘ peg PIA
4 CLKIN D81 L P pB1
5 INTH AlD D82 18 12 PB2
15 13
ANALOG O : Ving+) 083 m M: PB3
INPUTS O Ving-) DB4 ™ g (]
160 oF 8 AGND [11:] '5: -1
P ot VRer2 nasﬁ LN e
10 OGND 087 ": PB?
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= DS005671-25
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Functional Description (continued)

SAMPLE PROGRAM FOR Figure 16 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX
0013 FFFFF8 SIX
cole B6 80 06 LDAA
0019 4F CLRA
0014 B7 8007 STAA
001D B7 80 06 STAA
0020 OE CLI
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F78007 CONVRT STAB
0028 B78007 STAA
002B 3E WAI
002C DE 40 LDX
002E 8C 02 0F CPX
0031 270F BEQ
0033 08 INX
0034 DF 40 STX
0036 20 ED BRA
0038 DE 40 INTRPT LDX
0034 B6 80 06 LDAA
003D A700 STAA
003F 3B RTI
0040 0200 TEMP1 FDB
0042 CE 0200 ENDP LDX
0045 DF 40 STX
0047 39 RTS
PIAORB EQU
PIACRB EQU

The following schematic and sample subroutine (DATA IN)
may be used to interface (up to) 8 ADC0801's directly to the
MC6800 CPU. This scheme can easily be extended to allow
the interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save components, the clock
signal is derived from just one RC pair on the first converter.
This output drives the other A/Ds.

All the converters are started simultaneously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling all the CS inputs low. This can easily be avoided by
using a more definitive address decoding scheme. All the
interrupts are ORed together to insure that all A/Ds have
completed their conversion before the microprocessor is
interrupted.

The subroutine, DATA IN, may be called from anywhere in
the user’s program. Once called, this routine initializes the

#80038 : Upon TRQ low CPU
$§FFF8 s Jumps to 0038
PIAORB ; Clear possible IRQ flags
PIACRB
PIAORB : Set Port B as input
#334
#83D
PIACRB s Starts ADC0801
PIACRB
s Wait for interrupt
TEMP1
#8$020F ; Is final data stored?
ENDP
TEMP1
CONVRT
TEMP1
PIAORB ; Read data in
X ;Storeitat X
$0200 ; Starting address for
; data storage
#80200 s Reinitialize TEMP
TEMP1
s Return from subroutine
$8006 ; Touser's program
$8007

DS005571-A2

CPU, starts all the converters simultaneously and waits for
the interrupt signal. Upon receiving the interrupt, it reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX
addresses 0200 to 0207, before retumning to the user’s pro-
gram. All CPU registers then recover the original data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended conversion for
a differential transducer. Thus, cne op amp can be elimi-
nated since the differential to single ended conversion is
provided by the differential input of the ADC0801 series. In
general, a transducer preamp is required to take advantage
of the full A/D converter input dynamic range.
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Functional Description (continued)
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Note 23: Numbers in parentheses refer to MC6800 CPU pin out.
Noto 24: Numbers of letters in brackets refer to ME800 sys! bus code.
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FIGURE 17. Interfacing Multiple A/Ds in an MC6800 System
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Functional Description (continued)

SAMPLE PROGRAM FOR Figure 17 INTERFACING MULTIPLE A/D’s IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS

0010 DF 44 DATAIN STX TENP ; Save Contents of X
0012 CE 00 2A LDX #8002a ; Upon TRQ LOW CPU

0015 FFPFFF8 STX §FFF8 s Jumps to 002A

0018 B7 5000 STAA $5000 s StartsallA/D's

001B 0E CLI

001C - 3E WAL . :Wait for interrupt
001D CE 5000 LDX #85000

0020 DF 40 SIX INDEX1 : Reset both INDEX

0022 CE 0200 LDX #3$0200 ;land2to starting
0025 DF 42 STX INDEX2 ; addresses

0027 DE 44 LDX TENP

0029 39 RIS ; Return from subroutine
002A DE 40 INTRPT LDX INDEX1 ; INDEX1 — X

002C A8 00 LDAA X s Read datain fromA/Dat X
002E 08 INX ; Increment X by one

002F DF 40 STX INDEX1 ;X — INDEX1

0031 DE 42 LDX INDEX2 ; INDEX2 — X

SAMPLE PROGRAM FOR Figure 17 INTERFACING MULTIPLE A/D’s IN AN MC6800 SYSTEM

DS005671-A3

ADDRESS HEX CODE MNEMONICS COMMENTS

0033 A700 STAA X ; Store dataat X

0035 8C 0207 CPX #80207 s Have all A/D*'s been read?
0038 2708 BEQ RETURN ;s Yos : branch to RETURN
003A 08 INX ; No: increment X by one
003B DF 42 STX INDEX2 ;s X — INDEX2

003D 20 EB BRA INTRPT ; Branch to 002A

003F 3B RETURN RTI

0040 50 00 INDEX1 FDB $5000 ; Starting address for A/D
0042 02 00 INDEX2 FDB $0200 ; Starting address for data storage
0044 00 00 TENMP FDB $0000

DS00567 1-A4

Note 25: In order for the microprocessor o service subroutines and interrupts, the stack pointer must be dimensioned in the user's program.

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the preamp.
Figure 18 is a gain of 100 differential preamp whose offset
voltage errors will be cancelled by a zeroing subroutine
which is performed by the INS8080A microprocessor sys-
tem. The total allowable input offset voltage eror for this
preamp is only 50 pV for ¥4 LSB error. This would obviously
require very precise amplifiers. The expression for the differ-
ential output voltage of the preamp is:

2R2
Vo = IVin(+)=ViN(-)] [1 ol
—
SIGNAL GAIN
2R2
(Vos, — Vos, — Vosg £ IxRx) (1 + —H—1-)
- v )
DC ERROR TERM GAIN

where |y is the current through resistor Rx. All of the offset
error terms can be cancelled by making *1xRy= Vggy +
Vosa — Vosz. This is the principle of this auto-zeroing
scheme.

The INS8080A uses the 3 /O ports of an INS8255 Progra-
mable Peripheral Interface (PP1) to control the auto zeroing
and input data from the ADC0801 as shown in Figure 19.
The PP} is programmed for basic /O operation (mode 0) with
Paort A being an input port and Ports B and C being output
ports. Two bits of Port C are used to altemately open or close
the 2 switches at the input of the preamp. Switch SW1 is
closed to force the preamp’s differential input to be zero
during the zeroing subroutine and then opened and SW2 is
then closed for conversion of the actual differential input
signal. Using 2 switches in this manner eliminates concern
for the ON resistance of the switches as they must conduct
only the input bias current of the input amplifiers.

QOutput Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. Buring the zeroing
subroutine, the voltage at V, increases or decreases as
required to make the differential cutput voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of A1 is approximately 2.5V so that a logic “1" (5V) on
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Functional Description (continued)

any output of Port B will source current into node Vy thus
raising the voltage at Vy and making the output differential
more negative. Conversely, a logic “0” (0V) will pull current
out of node Vy and decrease the voltage, causing the differ-

the ADCO0801. It is important that the voltage levels that drive
the auto-zero resistors be constant. Also, for symmetry, a
logic swing of OV to 5V is convenient. To achieve this, a
CMOS buffer is used for the logic output signals of Port B
and this CMOS package is powered with a stable 5V source.
Buffer amplifier A1 is necessary so that it can source or sink

ential output to become more positive. For the resistor vai-
ues shown, Vy can move 112 mV with a resolution of 50 pV,
which will null the offset emor term to ¥ LSB of full-scale for

the D/A output current.
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Note 26: R2 = 49.5 R1

Note 27: Switches are LMC13334 CMOS analog switches.

Note 28: The 9 resistors used in the auto-zero section can be £5% tolerance.

FIGURE 18. Gain of 100 Differential Transducer Preamp
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“unctional Description (continued)

INVERVING
i ___$310A ADDRESS BUS > ::?::‘::
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e
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POAT D BUFFERS
woeew |
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N

$083A CONTROL SIGNALS

0DS005671-92

FIGURE 19. Microprocessor Interface Circuitry for Differential Preamp

\ flow chart for the zeroing subroutine is shown in Figure 20.
. must be noted that the ADC0801 series will output an all
ero code when it converts a negative input [V (=) 2 Vin(+))
JIso, a logic inversion exists as all of the /O ports are
uffered with inverting gates.

Jasically, if the data read is zero, the differential cutput
oltage is negative, so a bit in Port B is cleared to pull Vy
nore negative which will make the output more positive for
e next conversion. If the data read is not zero, the output
oltage is positive so a bit in Port B is set to make Vy more
iositive and the output more negative. This continues for 8
ipproximations and the differential output eventually con-
erges to within 5 mV of zero.

‘he actual program is given in Figure 21. All addresses used
ire compatible with the BLC 80/10 microcomputer system.
1 particular:

Port A and the ADC0801 are at port address E4

Port B is at port address ES

Port C is at port address E6

PPI control word port is at port address E7

Program Counter automatically goes to ADBR:3C3D upon

acknowledgement of an interrupt from the ADC0801

.3 Multiple A/D Converters in a Z-80 Interrupt

Jriven Mode

1 data acquisition systems where more than one A/D con-
erter (or other peripheral device) will be interrupting pro-
ram execution of a microprocessor, there is obviously a

need for the CPU to determine which device requires servic-
ing. Figure 22 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
lowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D type
flip-lop. When the Z-80 acknowledges the interrupt, the
program is vectored to a data input Z-80 subroutine. This
subroutine will read a peripheral status word from the
DM74LS373 which contains the logic state of the INTR
outputs of all the converters. Each converter which initiates
an interrupt will place a logic "0” in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered.

www.national.com
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ADC()801IADCOBOZIAbC0803IADCOBO4lADC0805

Functional Description (continued)

OPEN SW1
CLOSE Sw2

v

PREAMP IS ZERGED

AND PROPER INPUT

CONVERSIONS CAN
BE DONE

START ZERDING
SUBRCUTINE

CLOSE Swt
GPEN SW2

!

INITIALIZE SAR
BIT POINTER
REGB- X80

|

INITIALIZE SAR
CODE INREG C
REGC=X7F

‘

OUTPUT FIRST
SAR COCE
PORTB=X'80

o
<

A 4

START A/D AND
READ DATA

“0R” REG BWITH
REG C TO CLEAR
BIV IN PORT 8
WHEN REAPPLIED

L 2

SHIFT “1” IN REG B
RIGHT TO POINT TO
NEXT BIT

“EXCLUSIVE-DR"
REG BWITHREG C
TO SET NEXT BIT
INPORT B

v

OUTPUT NEW SAR

CODE TOPORY D

DS005671-28

FIGURE 20. Flow Chart for Auto-Zero Routine
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Functional Description (continued)

3D00 3ES0 MVI 90

3D02 D3E?7 Out Control Port ; Program PP1

3D04 2601 MVIHO1 Auto~-Zero Subroutine

3D06 7C MOV A,H

3D07 D3Ee ourc : Close SW1 open SW2

3D09 0880 MVI B 80 s Initialize SARbit pointer
3DOB 3E7F MVIA7F ; Initialize SAR code

3DOD 4F NOVC,A Return

3DOE D3ES OUTB ’ ; Port B=SAR code

3D10 31AA3D LXI SP 3DAA Start ; Dimension stack pointer
3D13 D3E4 OUT A ; Start A/D

3b15 ¥B 1B

3Dle 00 NoP Loop :Loopuntil INT asserted
3D17 C3163D -JMP Loop

3D1A 74 MOV A,D Auto-Zero

3D1B €800 ADI 00 .

3D1D CA2D3D JZSetC s Test A/D output data for zero
3D20 78 MOV A,B Shift B

3D21 Fe600 ORI 00 ; Clear carry

3D23 1F RAR ;Shift *1* inBright one place
3D24 FE0QO CPI 00 ; IsBzero? If yes last

3D26 CA373D JZDone ;s approximation has been made
3D2% 47 MOV B,A

3D2A C3333D JMP NewC

3D2D 79 MOV A,C SetC

3D2E BO ORAB s Set bit inCthat is in same
3D2F 4F MOV C,A :positionas "1" inB

3D30 C€3203D JMPShiftB

3D33 A9 XRAC NewC ;Clearbit inC that is in
3D34 C30D3D JMPReturn ; same positionas *1" inB
3D37 47 MOVB,A Done ; then output new SAR code.
3D38 7C MOV A,H ; Open SW1, close SW2 then
3D39 EE03 XRI 03 s proceed with program. Preamp
3D3B D3E6 ouT C ; is now zeroed.

3D3D . Normal

®

*

Program for processing
proper data values

3C3D DBE4 INA Read A/D Subroutine : Read A/D data

3C3F EEFF XRI FF : Invert data

3C41 57 MOVD,A

3C42 178 MOV A,B ; ISsBReg=0? If not stay
3C43 EGFF ANI FF : in auto zero Subroutine

3C45 C21A3D JNZ Auto-Zero
3C48 C33D3D JMP Normal

DS005671-AS
Note 29: All numerical values are hexadeci p
FIGURE 21. Software for Auto-Zeroed Differential A/D

5.3 Multiple A/D Converters in a2 Z-80 Interrupt Driven » The stack pointer must be dimensioned in the main pro-
Mode (Continued) gram as the RST 7 instruction automatically pushes the
The following notes apply: PC onto the stack and the subroutine uses an additional
» ltis assumed that the CPU automatically performs a RST 6 stack 'addresses. .

7 instruction when a valid interrupt is acknowledged * The peripherals of concem are mapped into /O space

(CPU is in interrupt mode 1). Hence, the subroutine with the following port assignments:
starting address of X0038.
» The address bus from the Z-80 and the data bus to the
Z-80 are assumed to be inverted by bus drivers.
« AJD data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen
address X 3EQ0.

37 www.national.com
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued) HEX PORT ADDRESS PERIPHERAL
04 AD 4
HEX PORT ADDRESS PERIPHERAL 05 AD S
(14] MM74C374 8-bit flip-flop 06 AD 6
02 AD 2 This port address also serves as the A/D identifying word in
03 AD 3 the program.
1 I |
oMM —ﬁs o
B aot
N ¢— £-3 o
) ——3 L |
[am |
[l o 8 o
[+ S— r—-— W a0z ¢
sl = o]
SATASUS D15 Mo :‘_ LB
b | p—
oot 8 oo]
CLK_D18.08 =0V =15 D3I é,_
L
] KN
1 - o
m s . ]
- g Ae |;7 |
. — | CLKIN
TRTR
A a8 L=
*T-|f0 wos 2]
wR> ] v i o
CLKIN
L —— 1
oM [0}
o ——— [ 1
ne ‘ " O I e
KRy n - or[]
WA
o . o
L I;l [
CLKIN
st (<13}
ra
05005671-29

FIGURE 22. Multiple A/Ds with Z-80 Type Microprocessor
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Functional Description (continued)

INTERRUPT SERVICING SUBROUTINE

LOoC
0038
0039
003a
003B
003E
0040
0042
0044
0045
0046
0048
004B
004C
004D
004E
0051
0052
0055
0057
0059
0054
00SB
00SC
005D
0060
0061
0062
0063

OBJ CODE
ES

C35100
F1
C1
El
c9

TEST

NEXT

LOAD

DONE

SOURCE

STATEMENT
PUSH HL
PUSH BC
PUSH AF
LD (HL) ,X3EQ0
LbC, X01
OUT X00, A

" INA, X00

LDB,A
LDA,C
CP, X08
JPZ, DONE
LDA,B
RRA
LDB,A
JPC, LOAD
INCC
JP,TEST
INA, (C)
XORFF

LD (HL) ,A
INCL

LD (HL),C
INCL
JP,NEXT
POP AF
POP BC
POP HL
RET

COMMENT
; Save contents of all registers affected by
s this subroutine.
s Assumed INT mode 1 earlier set.
s Initialize memory pointer where datawill be stored.
s Cregisterwill be port ADDRof A/D converters.
; boad peripheral status word into 8~-bit latch.
+ Load status word into accummlator.
s Save the status word.
; Test to see 1f the status of all A/D's have
; been checked. If so, exit subroutine

: Test a single bit instatus word by looking for

;a2 "1" tobe rotated into the CARRY (an INT
1isloadedasa™l™). If CARRY is set then load
;contents of A/D at port ADDR in C register.

s If CARRY is not set, increment C register to point
; tonext A/D, then test next bit in status word.

s Read data from interrupting A/D and invert

; the data.

; Store the data

;s Store A/Didentitier (A/Dport ADDR).

; Tost next bit in status word.

: Re-establishall registers as they wers
; before the interrupt.

s1Returnto original program
0S005671-A8

39 www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Physical Dimensions inches (milimeters) unless otherwise noted
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

sispaAuo) a/v elquedwo) drl 31g-¢ 50800AV/¥0800AV/£0800AV/20800AV/10800AY

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor Natlonal Semiconductor National Somiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 180-530 85 86 Response Group Tel. 81-3-5639-7560
Email: support@nsc.com Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Oeutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
English Tel: +44 (0) 870 24 0 2171 Email: ap.support@nsc.com
www.national.com Frangais Tel: +33 (0) 1 41 91 8790

wnal does nol assume any rasponsibiity lor use of any circuitry described, no circuit patent licenses are implied and National reserves the right al any time without notice 1o change said circuitry and specifications.
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Philips Semiconductors

Product specification

BCD to 7-segment latch/decoder/driver

HEF4511B
MSI

DESCRIPTION

The HEF4511B is a BCD to 7-segment
latch/decoder/driver with four address inputs (Da to Dp),
an active LOW latch enable input (EL), an active LOW
ripple blanking input (BI), an active LOW lamp test input
(LT), and seven active HIGH n-p-n bipolar transistor

When EL is LOW, the state of the segment outputs (O, to
Oy) is determined by the data on Da to Dp.

When EL goes HIGH, the last data present on Da to

Dp are stored in the laiches and the segment outputs
remain stable. When LT is LOW, all the segment outputs
are HIGH independent of all other input conditions. With
LT HIGH, a LOW on BI forces all segment outputs LOW.

segment outputs (O to Og). The inputs LT and BI do not affect the latch circuit.
16] [1s] [1a] [13] [12] [17] fio] [9]
7 1 2 6 Voo O¢ Og O Op Oc Og Oe
ba  [PB  |Pc  |Dp D) HEF45118B
5|EL
= LATCHES _
Og Oc LT BI EL Dp Da Vss
L] [2] [3] L&) 18] [ef L] L8]
4|BI 7273716.1
—-—OI DECODER Fig.2 Pinning diagram.
_:“__‘ior DRIVERS
HEF4511BP(N):  16-lead DIL; plastic (SOT38-1)
Og |Of [Oe |Od |Oc |Ob |Oa HEF4511BD(F):  16-lead DIL; ceramic (cerdip) (SOT74)
14 15 |9 |10 |11 |12 |13 HEF4511BT(D):  16-lead SO; plastic (SOT109-1)

7273717.2

Fig.1 Functional diagram.

Vbp
|
I "l.’é
driver '-—I
logic — ._I |
— OH
b | L N
Iﬁ} VoH
1 :
Vss 7279908

Fig.3 Schematic diagram of output stage.

( ): Package Designator North America

PINNING
Da to Dp address (data) inputs
EL latch enable input (active LOW)
Bi ripple blanking input (active LOW)
T lamp test input (active LOW)
O, to Oy segment outputs
a
L}
f / / b
9
C ]
Fig.4 Segment e ¢
designation. d
R

January 1995

FAMILY DATA, Ipp LIMITS category MSI

See Family Specifications
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Philips Semiconductors Product specification

: HEF4511B
BCD to 7-segment latch/decoder/driver MSI
o—Por——
l— o
cP
. [ ]— 0
——— 7Z79901
Fig.6 Logic diagram (one latch); see also Fig.5.
FUNCTION TABLE
INPUTS OUTPUTS
EL BI LT | Dp Dc Dg Dp | Oa ©Op O Oy O, Of Oy |DISPLAY
X X L X X X X H H H H H H H 8
X L H X X X X L L L L L L L blank
L H H L L L L H H H H H H L )
L H H L L L H L H H L L L L 1
L H H L L H L H H L H H L H 2
L H H L L H H H H H H L L H 3
L H H L H L L L H H L L H H 4
L H H L H L H H L H H L H H 5
L H H L H H L L L H H H H H 6
L H H L H H H H H H L L L L 7
L H H H L L L H H H H H H H 8
L H H H L L H H H H L L H H 9
L H H H L H L L L L L L L L blank
L H H H L H H L L L L L L L blank
L H H H H L L L L L L L L L blank
L H H H H L H L L L L L L L blank
L H H H H H L L L L L L L L blank
L H H H H H H L L L L L L L blank
H H H X X X X . .

Note

1. H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)
X = state is immaterial _
* Depends upon the BCD code applied during the LOW to HIGH transition of EL.

January 1995 4



Philips Semiconductors Product specification

HEF4511B

BCD to 7-segment latch/decoder/driver MSI

0 n_h_neneye nehLd
L N ey el

L J L) L J A ——
7272856
Fig.7 Display.
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134).
Output (source) current HIGH —lon max. 25 mA

For other RATINGS see Family Specifications.
Note

1. A destructive high current mode may occur if V; and Vg are not constrained to the range Vss < V) or Vo < Vpp.

January 1995 5



Philips Semiconductors Product specification

BCD to 7-segment latch/decoder/driver HEF45:/;|SE;
DC CHARACTERISTICS
Vgg =0V
Tamb (oc)
 HEF V\‘;" "3: SYMBOL -40 +25 +85
MIN. MAX. MIN. TYP. MIN. MAX

Output voltage 5 0 4,10 410 440 4,10 v
HIGH 10 0 |Von 9,10 9,10 940 9,10 v
15 0 14,10 14,10 14,40 14,10 '
Output voltage 5 5 4,20 Vv
HIGH 10 5 |Vou 9,20 v
15 5 14,20 v
Output voltage 5 10 3,60 3,60 4,05 3,30 \
HIGH 10 10 |Von 8,75 875 910 845 Y
15 10 13,75 1375 14,10 1345 \'
Output voltage 5 15 4,00 Vv
HIGH 10 15 |Vou 9,00 v
15 15 14,00 v
Output voltage 5 20 2,80 2,80 3,80 2,50 v
HIGH 10 20 |Von 8,10 810 9,00 7,80 \"%
15 20 13,10 13,10 14,00 12,80 \Y
Output voltage 5 25 3,70 Vv
HIGH 10 25 |Von 8,90 v
15 25 14,00 '

January 1995 6



Philips Semiconductors Product specification

BCD to 7-segment latch/decoder/driver HEF4511B
MSI
Tamb (oc)
HEC Voo | lon | symeoL 55 +25 +125
MIN. MAX. ~ MIN. TYP. MIN. MAX
Output voltage 5 0 410 410 440 4,10 Y
HIGH 10 0 |Vou 9,10 9,10 980 9,10 \
15 0 14,10 14,10 1440 14,40 Y
Output voltage 5 5 : 4,30 v
HIGH 10 . 5 |Vou 9,30 \'
15 5 14,30 \
Output voltage 5 10 3,60 3,60 425 320 \"
HIGH 10 10 |Von 8,75 8,75 925 8,35 \"
15 10 13,75 13,75 14,25 13,35 \"
Output voltage 5 15 4,20 \")
HIGH 10 15 |Vou 9,20 Vv
15 15 14,20 v
Output voltage 5 20 2,80 2,80 4,20 2,30 v
HIGH 10 20 |[Vou 8,10 8,10 920 7,60 \'
15 20 13,10 13,10 14,20 12,60 v
| output voitage 5 25 4,15 v
HIGH 10 25 |Von 9,20 Vv
15 25 14,20 V.
AC CHARACTERISTICS
Vss = 0 V; Tamp = 25 °C; input transition times <20 ns
VD | TYPICAL FORMULA FOR P (1W)
Dynamic power 5 1000 f;+ 3. (f,CL) X Vpp? where
dissipation per 10 4000 f; + X (f,CL) x Vpp? fi = input freq. (MHz)
package (P) 15 10 000 f; + X (f,Cy) x Vpp? fo = output freq. (MHz)
C = load capacitance (pF)
3. (foCv) = sum of outputs
Vop = supply voltage (V)

January 1995 7



Philips Semiconductors Product specification

BCD to 7-segment latch/decoder/driver HEF45'USB|
AC CHARACTERISTICS
Vss =0 V; Tamb = 25 °C; C = 50 pF; input transition times <20 ns
Voo | symBOL | MIN. TYP. MAX. TYP 'CALFE)’;LR{,‘LTLAT'O"
Propagation delays '
Dn—On 5 155 310 ns 128ns + (0,55 ns/pF)Cy
HIGH to LOW 10  |tpuL 60 120 ns 49ns + (0,23 ns/pF)C,
15 40 80 ns 32ns + (0,16 ns/pF)Cp
5 135 270 ns 108 ns + (0,55 ns/pF) C
LOW to HIGH 10 |tpw 55 110 ns 4ns + (0,23 ns/pF)C_
15 40 80 ns 32ns + (0,16 ns/pF) C.
EL—-On 5 160 320 ns 133ns + (0,55 ns/pF) C,
HIGH to LOW 10 |tpHo 60 120 ns 49ns + (0,23 ns/pF) C,
15 45 90 ns 37ns + (0,16 ns/pF)C,
5 160 320 ns 133ns + (0,55 ns/pF)Cp
LOW to HIGH 10 |[tewn 70 140 ns 59ns + (0,23 ns/pF)CL
15 50 100 ns 42ns + (0,16 ns/pF) C.
B> 0, 5 120 240 ns 93ns + (0,55ns/pF)C,
HIGH to LOW 10 |tpw 50 100 ns 39ns + (0,23 ns/pF)C,
15 35 70 ns 27ns + (0,16 ns/pF) C
Bl - O, 5 105 210 ns 78ns + (0,55 ns/pF)Cy
LOW to HIGH 10 |tpn 40 80 ns 29ns + (0,23 ns/pF)Cy
15 30 60 ns 22ns + (0,16 ns/pF) CL
LT -0, 5 80 160 ns 52ns + (0,55 ns/pF) CL
HIGH to LOW 10 tpHL 30 60 ns 19ns + (0,23 ns/pF) C.
15 20 40 ns 12ns + (0,16 ns/pF) Cp
5 60 120 ns 33ns + (0,55 ns/pF)C
LOW to HIGH 10 teLH 30 60 ns 19ns + (0,23 ns/pF)Cy
15 25 50 ns 17ns + (0,16 ns/pF) C.
Output transition times 5 60 120 ns 10ns + (1,0ns/pF)Cp
HIGH to LOW 10 |trao 30 60 ns 9ns + (0,42 ns/pF)CL
15 20 40 ns 6ns + (0,28 ns/pF)C
5 25 50 ns 20ns + (1,0nalpF)Cy
LOW to HIGH 10 |ty 16 32 ns 13ns + (0,06 ns/pF) CL
15 13 26 ns 10ns + (0,06 ns/pF)C.

January 1995 8



Philips Semiconductors

Product specification

. HEF4511B
BCD to 7-segment latch/decoder/driver MSI
Voo TYPICAL EXTRAPOLATION
Vv SYMBOL | MIN. TYP. MAX. FORMULA
Minimum EL 5 80 40 ns
pulse width; LOW 10 |twew 40 20 ns
15 35 17 ns
Set-up time 5 50 25 ns
D, — EL 10 |t 25 12 ns sge also waveforms
Fig.8
- 15 20 9 ns
Hold-time 5 60 30 ns
D, — EL 10 | tho 30 15 ns
15 25 12 ns
EL INPUT 50%
<~ tWELL—™
D¢ INPUT 50%
tsy thold |=—
Og OUTPUT
Conditions:
Dp = LOW
DA=DB=§.=L_T=H|GH
Fig.8 Waveforms showing minimum EL pulse width, set-up and hold time for DC to EL.

January 1995



Philips Semiconductors Product specification
BCD to 7-segment latch/decoder/driver HEF45;A1SE;

APPLICATION INFORMATION

Some examples of applications for the HEF4511B are:
Driving LED displays.

Driving incandescent displays.

Driving fluorescent displays.

Driving LCD displays.

Driving gas discharge displays.

Vbp
i
-/ common cathode
>-—]l-K—-< T} LED
o Y,
L v 2N 1,7V
T
w7 Vss —
# 7279907

Fig.9 Connection to common cathode LED display readout.

common anode

LED
. ——
7
FE
g 2

711 Vss

Fig.10 Connection to common anode LED display readout.

January 1995 10
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BCD to 7-segment latch/decoder/driver HEF45;/:SB|
Voo
Vbp
direct

)

(1) Afilament pre-warm resistor is recommended to
reduce filament thermal shock and increase the
effective cold resistance of the filament.

Fig.11 Connection to incandescent display readout.

(low brightness)

|

I M)
|..« — to
L filament
r' supply
wz Vss 4
7279906

Fig.12 Connection to fluorescent display readout.

VoD

appropriate

7279905

Fig.13 Connection to gas discharge display
readout.

exitation
{square wave ;

Vv
oD b Vgs to Vpp)

J

/4 HEF40708B

JEIMmLY lﬂ_l

7279903

z Vss

Fig.14 Connection to liquid crystal (LCD) display
readout. Direct d.c. drive of LCDs not
recommended for life of LCD readouts.

January 1995
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HEWLETT®
PACKARD

(D

Low Current Seven Segment

Displays
Technical Data

Features

* Low Power Consumption

¢ Industry Standard Size

¢ Industry Standard Pinout

¢ Choice of Character Size
7.6 mm (0.30 in), 10 mm (0.40
in), 10.9 mm (0.43 in), 14.2
mm (0.56 in), 20 mm (0.80 in)

* Choice of Colors
AlGaAs Red, High Efficiency
Red (HER), Yellow, Green

¢ Excellent Appearance
Evenly Lighted Segments
+ 50° Viewing Angle

* Design Flexibility
Common Anode or Common
Cathode
Single and Dual Digit
Left and Right Hand Decimal
Points
+ 1. Overflow Character

* Categorized for Luminous
Intensity
Yellow and Green Categorized
for Color
Use of Like Categories Yields a
Uniform Display

* Excellent for Long Digit
String Multiplexing

Description

These low current seven segment
displays are designed for applica-
tions requiring low power
consumption. They are tested and
selected for their excellent low
current characteristics to ensure
that the segments are matched at
low currents. Drive currents as
low as 1 mA per segment are
available.

Pin for pin equivalent displays
are also available in a standard
current or high light ambient
design. The standard current
displays are available in all colors
and are ideal for most applica-
tions. The high light ambient
displays are ideal for sunlight
ambients or long string lengths.
For additional information see
the 7.6 mm Micro Bright Seven
Segment Displays, 10 mm Seven
Segment Displays, 7.6 mm/10.9
mm Seven Segment Displays,
14.2 mm Seven Segment
Displays, 20 mm Seven Segment
Displays, or High Light Ambient
Seven Segment Displays data
sheets.

HDSP-3356X Series
HDSP-555X Series
HDSP-751X Series
HDSP-A10X Series

-HDSP-A80X Series

HDSP-A90X Series
HDSP-E10X Series
HDSP-F10X Series
HDSP-G10X Series
HDSP-H10X Seri

es
HDSP-K12X, K70X Series

HDSP-N10X Series




Devices
AlGaAs | HER | Yellow | Green Package
HDSP- | HDSP- | HDSP- | HDSP- Description Drawing
A101 7511 A801 AS01 | 7.6 mm Common Anode Right Hand Decimal A
A103 7513 A803 A903 7.6 mm Common Cathode Right Hand Decimal B
A107 7617 A807 A907 7.6 mm Common Anode + 1. Overflow C
- A108 7618 A808 A908 - | 7.6 mm Common Cathode + 1. Overflow D
. F101 : ] 10 mm Common Anode Right Hand Decimal E
F103 10 mm Common Cathode Right Hand Decimal F
F107 10 mm Common Anode + 1. Overflow G
- F108 10 mm Common Cathode * 1. Overflow H
G101 10 mm Two Digit Common Anode Right Hand Decimal X
G103 10 mm Two Digit Common Cathode Right Hand Decimal Y
E100 3350 10.9 mm Common Anode Left Hand Decimal I
E101 3351 10.9 mun Common Anode Right Hand Decimal J
E103 3353 10.9 mm Common Cathode Right Hand Decimal K
E106 3356 10.9 mm Universal £ 1. Overflowl!} L
H101 5551 14.2 mm Common Anode Right Hand Decimal M
H103 5553 14.2 mm Common Cathode Right Hand Decimal N
H107 5557 14.2 mm Common Anode + 1. Overflow 0
H108 5558 14.2 mm Common Cathode + 1. Overflow P
[ K121 K701 14.2 mm Two Digit Common Anode Right Hand Decimal R
K123 K703 14.2 mm Two Digit Common Cathode Right Hand Decimal S
N100 20 mm Common Anode Left Hand Decimal Q
N101 20 mm Common Anode Right Hand Decimal T
N103 20 mm Common Cathode Right Hand Decimal U
N105 20 mm Common Cathode Left Hand Decimal \%
N106 20 mm Universal 1. Overflow!!! W
Note:

1. Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagrams Lorw.

Package Dimensions

MITERED CORNER FOR

P nerEnanet " T o aencs
19 —+{}=- (010}
[ (.165) MIN. 27
g .
¢ [\w oo ru.oso) T
) | 10 E 508 10
2 T (.020)
2 9 Tve,
1 015) 1 1.300) *
g W /Y8 P 2
sl dlor)fe K
1}
297 (m)
762 I (R}t | 297
1,030 297 [ 1”, MINUS 297 L_ [RL 1]
TP -“Lg I MIN. (A3} |~ 762 |
NOTE 2 #The Sido View of package X0
REF. Indicates Country of Origin.
A.B FUNCTION c.o
PIN A 8 c )
1 |AnODEI o CATHOOEIS! | ANODE 4! CATHODE 151
2 |[CATHODE t | ANODE ¢ CATHODE PLUS | ANODE PLUS
3 {CATHODE g | ANODE ¢ CATHOOE MiINUS | ANODE MiNUS
4 |CAYHODE ¢ | ANODE ¢ NC NC
5 |CATHODE ¢ | ANODE o NC NC
& |anoo€ie CATHODEIS! | anoperar CATHODE BB}
254 7 {CATHODE OP| ANODE OP | CATHODE DP ANODE 0P
(o 3 8 |CATHODE ¢ | ANODE ¢ CATHOOE ¢ ANODE ¢
127 9 |CATHODE & | ANODE b CATHODE b ANODE b
om 1.050) 10 |cATHODE & | ANODE » NC NC
1.200) NOTES: '
1. ALL DIMENSIONS (N MLUMETRES (INCHES).
A, B,C.D 2 MAXINUM.
3. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.
4. REDUNDANT ANODES.

8. REDUNDANT CATHODES.




Package Dimensions (cont.)

5.59
(0.220)

1 1)
2
12.9020.50 3
(0.508 = 0.020)
4
5
9.79 MAX.
10.385 MAX.)
E.F
L3
0.256
10.090}
762
10.300)
E.F.G. H
arv
pus| J

t

12.90 + 0.50
(0.508 £ 0.020)

9 79 MAX. .

{0.385 MAX.)

L

]

1w

]
8
7
6

LUMINCUS INTENSITY CATEGORY

COLOR BIN (NOTE 3)

0.5
(0.020)

2.54
10.10)

HDSP-XXXX

0.400) -
% ) ee——
| DATE CODE
5.08
(0.2001_—. | ea—
—] |- K‘&
6.36 MAX. 183 MN.)
{0.250 MAX.1 T
E.F.G. H

& The Side View of package indicates Country of Origin.

FUNCTION

PIN E F a H

1 | ANODB* CATHODE™ | ANODE" CATHODE™
2 | CATHODE! | ANODE! CATHODE PLUS | ANODE PLUS
3 | CATHODEQ | ANODEgQ CATHODE MINUS | ANODE MINUS
4 | CATHODEe | ANODEe NC NC

8 | CATHODEd | ANODEd NC NC

6 | ANODE“ CATHODE™ | ANCDE< CATHODE™
7 | CATHODEDP | ANODEDP | CATHODE DP ANODE DP

8 | CATHODEc | ANODEc CATHODE ¢ ANODE ¢

® | CATHODED | ANODED CATHODE b ANCDED

10 | CATHODE= | ANODE: NC NC

NOTES:

1. ALL DIMENSIONS (N MLUMETRES GNCHES).
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.
3. FOR YELLOW AND GREEN SERIES PRODUCT ONLY.
4. REDUNDANT ANODES.

S. REDUNDANT CATHODES.




Package Dimensions (cont.)

2.01 (.278)

—] /.-to-

“
' (= /4 (5]
” ' |12

~N
-]
* S, + (11 1092 (430)
-oﬂ ”4— 10
+ ~ 1AL k]
(— g.

2180128 ? . [T o4

b

REWN -

LHOP.

8.35 {.250)

FRONT VIEW
rtz.ro(.ﬁw)

42101 ( 260)
4.08 MW
um

I 010)

762
{300}

END VIEW

19.06 + 0.25
1.750 = .010)

N O A W N -

1.17 MAX.
%umow (048)
701 {278) INTENSITY, 4152 051
—of fo—1or c‘"‘m‘“\ ‘m—‘l I—- l 1020
' ) ! g == -
‘ '] u~ : l
31+ ” 2 3
9 bl N 24
watem fe, e o ma| e, =
s}+ ” ”‘ +]we 2 l
iRl iy > —
R 8 i —=—=—§—"
Note & k2 /
RHDP. OATE CODE 100)
6.35 (.250) 621 (208
J.K
FRONT VIEW SlDE VIEW
“The Side View of package Indlcates Country of Origin.
FUNCTION
PiN ) J X L
7 | CATHODEa | CATHODE-a | ANODE» CATHCDE o
2 | CATHODEt | CATHODEt | ANOOE ANOOE 9
3 | anoDEIS ANODE!! CATHOUE!(S! | NOPIN
4 | NOPIN NO PIN NO PIN CATHODE ¢
s | noriN NO PIN NO PIN CATHODE ¢
6 | CATHODE do | NO CONN.I3) | NO CONN.I3! | ANODE ¢
7 | CATHOOEe | CATHODE« | ANODE« ANOOE ¢
8 | CATHOOES | CATHODEd | ANODE-d ANODE-dp
9 | NOCONN.IS | CATHOOEdp | ANODEdp | CATHODEdp
10 | CATHODE ¢ | CATHODEe | ANODE< CATHODE &
1} | CATHODEg | CATHODEg | ANODEs CATHODE »
12 | norn NO PIN NO PIN NO PIN
13 | CATHODEL | CATHODEDL | ANOOCED ANOOE-»
14 | anooein ANODE I3 CATHODE 16} | ANOOE-b
NOTES:

1. ALL DIMENSIONS IN MILUMETRES (INCHES).
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.
3 REDUNDANT ANODES.

4. UNUSED dp POSITION.

S. SEE INTERNAL CIRCUIT DIAGRAML
& REDUNDANT CATHODES.

7. SEE PART NUMBER TABLE FOR LH.D.P. AND RH.D.P, DESIGNATION.



Package Dimensions (cont.)

10" Luminous
INTENSITY o
CATEGORY 1.020)
TvP
1w l _ 119
17.02%. _ losat 1.047)
(673 £. ¢
L— 25411001
72348 pAte —-I 195 (.156)
12573 miN
o (435 *The End View of package indicatos
Country of Origin.
a8
uen"l b—
M. N M, N OP
FRONT VIEW TOP END VIEW
! 8.00
1 1315 (f)%)
29876 I Tve
. —[

e 1230
enzon ;':"U;_q

vZ348 |
. 481 _,] 6.86 I,
- 1270

XTI
| 12573
ro— {.435}
MAX

FRONTVIEW O, P

15.24
1.600)

SIDEVIEWM.N.O. P

FUNCTION
PIN M, N ) [
1 |CATHODEe | ANODEe CATHODE ¢ ANODE ¢
2 |CATHODEJ | ANODEd ANODE c. d CATHODE ¢. ¢
3 | ANGDE|4} CATHODEIS| | CATHODE b ANODE b
4 |CATHODEc | ANODEC ANODE a.b.DP | CATHODE a.b. DP
5 | CATHODEDP | ANODE OP | CATHODE DP ANODE DP
6 |CATHODED | ANODED CATHODE a ANODE a
7 |CATHODEa | ANODEa ANODE a.b. DP | CATHODE a.b. OP
8 | ANODEIY} CATHODEIS| | ANODE ¢c. d CATHODE c.d
9 |caTHOODE" ANOGDE t CATHODE d ANODE d
10 |CATHODEg | ANODEg NO PIN NO PIN
NOTES:

1. ALL DIMENSIONS IN MLUMETRES INCHES).

2 MAXIMU,

S ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.
4. REDUNDANY ANODES.
5. REDUNDANT CATHODES.




Package Dimensions (cont.)

_—— MO?

(O.Jf)‘J I‘\ .

1 +1e

I 2|+ T ¥
al+ | 16 10.16
ng 15 O

EE

- s|+ * i3
71+ l + |12
8| + +
9

i N

13.08
(0.515)

2769 0.26
11.050 £ 0.010}

LHoP — "25\
H (0.325)
ll__ 127
(0.050)

i€
iLanaAcrea
PACKAGE

FRONT VIEW Q, V

- ant

(0.240 MIN.}

t

—e¥*— 0.38 10.015)

15.24 - 0.25
({0.600 - 0.010}

ENDVIEWQ, T, U, V. W

c&bzr.}n“T !‘_/vll l-\ o

1|+

2) + 7§

4 + 15 ‘O

5 .u__L 18.87

ol + T + s (0.743)

7| + | + 12

8] + ! +In

9 +/b_ n0—"
|

NOTE 4 .
127 _| RH

{0.050)

8.25
10.325)
&
PACKAGE —

FRONT VIEW W

NOTE 4

LUMINOUS
INTENSITY 051
CATEGORY ") [ (0.020)
1]+
2] +
. 508
3] + —) t (0.200)
a4 + § ——
: + X~ b PIN2 AND 17
+ e 1
I+ % ; —ra—-— - —L-
8] + % Enp—~
9 h ¢ = r
2541025
{0.100 £ 0.010)
e RHDP L_parte cooe
— 1.27 SIDEVIEWQ, T, U, V. W
0.060}
CHARACTER *The Side View of package indicatos
PACKAGE Country of Origin.
FRONTVIEWT. U
Function
Pin a T u v w
1 [NnO PN NO PIN NO PIN NO PIN NO PIN
2 |CATHODE a | CATHOOE a2 | ANGDE » ANOOE » CATHODE a
3 |caTHODEt | CATHODEt |ANODE!¢ ANQDE 1 ANODE d
4 |anope™! ANODE¥ CATHODE™ | CATHODE"™' | CATHODE o
S |CATHODE ¢ | CATHODE ¢ | ANODE ¢ ANODE » CATHODE ¢
6 |anooe™ ANOCOE™ CATHODE™ |CATHODE™ | CATHODE e
7 JCATHOODE cp | NO CONNEC | NO CONNEC. ] ANODE ¢p ANODE ¢
8 |NnOoPIN NO PIN NO PIN NO PIN CATHOOE dp
9 |noPin NO PIN NO PIN NO PIN NO PIN
10 |NOPIN CATHODE dp { ANODE dp NO PIN ANODE ¢p
11 |CATHODE 0 | CATHODE 0 | ANOOE o ANODE o CATHODE ap
12 |anooE*™ ANODEMW CATHODE' | CATHODE'' | CATHODE b
13 |CATHODE c | CATHODE ¢ | ANOOE ¢ ANODE ¢ ANODE &
14 |CATHODE g | CATHODE g |ANOODE g ANODE g ANOOE ¢
15 |CATHODE b | carnoDE® |ANOODE b ANODE b ANODE »
16 |[NOPIN NO PIN NO PIN NO PIN NO PIN
17 |ANODE™ ANGCDE" CATHODE'™ [CATHODE® | CATHODE a
18 INOPIN NO PIN NO PIN NO PIN NO PIN
NOTES:

1. ALL DIMENSIONS I MILLIMETRES GNCHES).

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.

3. REDUNDANT ANODES.

4 UNUSED dp POSITION.

5. SEE INTERNAL CIRCUIT DIAGRAM.

6. REDUNDANT CATHODES.

7. SEE PART NUMBER TABLE FOR LLD.P. AND RH.D.P. DESIGHATION.



Package Dimensions (cont.)
PN18 tzlzs)
INTENSITY v
CATEGORY~_}- (.Esa'm
1
2.3% II
OATE CODE -7 ‘—f
395(.155)- -I |—-
MIN
TOP END VIEWR, S

$The Side View of package [ndicaws
Country of Origin.

COLOR BN

OTE H0.3 0.51 (0.020) TYP.

LUMINOUS
wrensy | H F—
CATEGOARY — I
. N —
—
=0 2.54(0.100 TYP.)
—]

HOSP-XXXX 5
B YWW

114
(0.045)

DATE CODE

TOP END VIEW X, Y

*The Side View of package [ndicates
County of Origin.

”

SIDE VIEW
750 10
(307~ - o 800 .
Tve | .010)
3 1817 16 1514 13 rzm;
17022 .25 ” |
.. + 14.22_ 1524
Yo T 1600 ¢ 1.800)
]
L (amuw go]
712346567 |
25.148 : I
1.990) — ‘m
MAX. 481 2700
DIGITNO. 1 R B R T
TP
12.700 6.150
(500 "1 T (.242)
FRONT VIEWR, S

~of~ — [ei™
18 17 t8f15 14 13 9211 10
LI LR} ‘
— 17022023 I
(0.570 £ 0.010)
1 - J_1w.10 1524
o) "1 T
AT - fi
m 12baserso
0.25(0.010) TYP.
8 B e
— 358 yyp,
0.149) > xTu
(.
" (osﬁo) ~— 9
Sl
FRONT VIEW X, ¥
Function
Pin RX SY
" 1" | ECATHODENO. 1 E ANODE NO. 1
2 | DCATHODENO 1 | D ANODE NO. t
3 | CCATHODENO. 1 | CANODE NO.1
4 | DP CATHODE NO.1 | DP ANGODE NO. 1
5 | ECATHODENO. 2 | E ANODE NO. 2
6 | DCATHODENO.2 | D ANODE NO. 2
7 | G CATHODENO. 2 | G ANODE NO 2
8 | CCATHODE NO.2 | CANODENG. 2
9 | OP CATHODE NO.2 | DP ANODE NO. 2
10 | BCATHODENO 2| B ANODE NO. 2
11 | ACATHODENO 2 | AANODENO 2
12 | FCATHODENO.2 | F ANODENO 2
13 | DIGIT NO 2 ANODE | DIGIT NO. 2 CATHODE
14 | DIGIT NO. 1 ANODE | DIGIT NO. 1 CATHODE |
15 | BCATHODENO 1| B ANODE NO. 1
16 | ACATHODE NO.1 | A ANODE NO. 1
17 | GCATHODENO. 1 | G ANODENO 3
18 | F CATHODE NO.1 F ANODE NO 1

NOTES:

1. BIMENSIONS ARE IN MILLIMETRES (INCKES).

2. ALL UNTOLERANCED DiMENSIONS ARE FOR REFERENCE ONLY.
3. WHERE APPUICABLE.



Internal Circuit Diagram
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Internal Circuit Diagram (cont.)
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13
HOLE PATTERN FOR PCB LAYOUT TO ACHIEVE UNIFORM 0.450 In. DIGIT TO DIGIT PITCH. FOR HDSP-FXXX TO HDSP-GXXX.

Absolute Maximum Ratings
AlGaAs Red HER
HDSP-A10X/E10X/ | HDSP-751X/ Yellow Green
H10X/K12X/N10X/ | 335X/556X/ | HDSP-A80X | HDSP-A90X
Description F10X, G10X Series | K70X Series Series Series Units
Average Power per Segment or DP 37 52 64 mwW
Peak Forward Current per 45 mA
Segment or DP
DC Forward Current per 151 15 mA
Segment or DP
Operating Temperature Range -20 to +100 -40 to +100 °C
Storage Temperature Range -55 to +100 °C
Reverse Voltage per Segment 3.0 A
or DP
Lead Solder Temperature for 3
Seconds (1.60 mm [0.063 in.} below 260 °C
seating plane)
Notes:

1. Derate above 91°C at 0.53 mA/°C.
2. Derate HER/Yellow above 80°C at 0.38 mA/°C and Green above 71°C at 0.31 mA/°C.



Electrical/Optical Characteristics at T, = 25°C

10

AlGaAs Red
Device ,
Series . . .
HDSP- " Parameter Symbol | Min. | Typ. | Max.| Units | Test Conditions
. 3156 600 Ir=1mA
A10X
3600 Ir=5mA
330 | 650 Ir=1mA
F10X, G10X
3900 I[r=5mA
390 650 Ip=1mA
E10X Luminous Intensity/Segmentl!.2] Iy ped
(Digit Average) 3900 Ir=5mA
400 | 700 Ir=1mA
H10X, K12X
4200 Ir=5mA
270 | 580 Ir=1mA
N10X
3500 Ir=5mA
1.6 Ir=1mA
Forward Voltage/Segment or DP Vr 1.7 \' Ir=5mA
1.8 2.2 Ir = 20 mA Pk
All Devices | Peak Wavelength ApEAK 645 nm
Dominant Wavelength!3! Ad 637 nm
Reverse Voltage/Segment or DP{4) Vr 3.0 15 \'s Iz = 100 mA
Temperature Coefficient of AVE°C -2mv mv/°C
Vr/Segment or DP
A10X 265
F10X, G10X 320
E10X 340
Thermal Resistance LED ROy.piN °C/W/Seg
H10X, K12X | Junction-to-Pin 400
N10X 430
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High Efficiency Red
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max.| Units | Test Conditions
160 270 Ir=2mA
751X
1050 Ir=5mA
200 | 300 -tIp=2mA
Luminous Intensity/Segment!1.2] Iv med
(Digit Average) 1200 Ir=5mA
335X, 556X,
K70X 270 | 370 Ir=2mA
1480 Ir=5mA
1.6 Ir=2mA
Forward Voltage/Segment or DP Vr 1.7 v Ir = 5mA
2.1 2.5 Ir = 20 mA Pk
All Devices | Peak Wavelength APEAK 635 nm
Dominant Wavelength!3! Ad 626 nm
Reverse Voltage/Segment or DP!4) Vi 3.0 30 \' Ig = 100 mA
Temperature Coefficient of AVR/°C -2 mV/C
Vg/Segment or DP
751X 200
335X Thermal Resistance LED ROpiN 280 °C/W
Junction-to-Pin
556X, K70X 345
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Yellow
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max.| Units | Test Conditions
Luminous Intensity/Segment!!.2} 250 |-420° ' Ir=4mA
(Digit Average) Iy med
1300 Ir=10mA
1.7 | Ir=4mA
Forward Voltage/Segment or DP Vr 1.8 v Ir=5mA
ABOX
2.1 2.5 Ir = 20 mA Pk
Peak Wavelength ApEAK 583 nm
Dominant Wavelength!3.51 Ad 581.6 | 5856 |592.6 nm
Reverse Voltage/Segment or DP{4] Vi 3.0 30 A Ig = 100 mA
Temperature Coefficient of AVF/°C -2 mV/°C
Vr/Segment or DP
Thermal Resistance LED RO;.piN 200 °C/W
Junction-to-Pin
Green
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max. Units | Test Conditions
Luminous Intensity/Segment!!.2] 250 | 475 Ir=4mA
(Digit Average) Iv mcd
1500 Ir=10mA
1.9 Ir = 4mA
Forward Voltage/Segment or DP Vr 2.0 \'% Ir = 10 mA
A90X
2.1 2.5 Ir = 20 mA Pk
Peak Wavelength ApEAK 566 nm
Dominant Wavelengthl3.5 g 571 | 577 nm
Reverse Voltage/Segment or DPI4) Vg 3.0 30 v Iz = 100 mA
Temperature Coefficient of AVR/°C -2 mvV/°C
Vg¢/Segment or DP
Thermal Resistance LED RO;.piN 200 °C/W
Junction-to-Pin
Notes:

1. Device case temperature is 25°C prior to the intensity measurement.

2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package.

3. The dominant wavelength, A4, is derived from the CIE chromaticity diagram and is the single wavelength which defines the color of the
device.

4. Typical specification for reference only. Do not exceed absolute maximum ratings.

5. The yellow (HDSP-A800) and Green (HDSP-A900) displays are categorized for dominant wavelength. The category is designated by a
number adjacent to the luminous intensity category letter.
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HER, Yellow, Green
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Figure 5. Maximum Allowable
Average or DC Current vs. Ambient
Temperature.
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Figure 7. Relative Luminous Intensity
vs. DC Forward Current.

Electrical/Optical

For more information on
electrical/optical characteristics,
please see Application Note 1005.

Contrast Enhancement
For information on contrast

enhancement please see Applica-
tion Note 1015.

Soldering/Cleaning
Cleaning agents from the ketone
family (acetone, methyl ethyl
ketone, ete.) and from the
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Figure 8. Relative Efficiency
(Luminous Intensity per Unit
Current) vs. Peak Current.

chorinated hydrocarbon family
(methylene chloride, trichloro-
ethylene, carbon tetrachloride,
etc.) are not recommended for
cleaning LED parts. All of these
various solvents attack or
dissolve the encapsulating
epoxies used to form the package
of plastic LED parts.

For information on soldering
LEDs please refer to Application
Note 1027

HEWLETT®
PACKARD
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your nearest Hewlett-Packard sales office,
distributor or representative call:

Americas/Canada: 1-800-235-0312 or
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Far East/Australasia: Call your local HP
sales office.

Japan: (81 3) 3335-8152
Europe: Call your local HP sales office.
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rc barrier equipped.

igh dielectric strength (2,000 VAC).

ong dependable service life assured by AgCdO contacts.

hoose models with single or bifurcated contacts,
=D indicator, diode surge suppression,

ish-to-test button, or RC circuit.

Il models meet UL and CSA
oprovals; VDE, LR, and SEV

proved versions are available.

rdering Information

OmRON

Order: Select the part number and add the desired coil voltage rating (e.g., LY1-DC6).

Type Terminal Contact Model
form Single contact Bifurcated contact
Standard Upper Lower Standard Upper Lower
bracket mounting | mounting bracket mounting | mounting
mounting bracket bracket mounting bracket bracket

indard Plug-in/solder SPDT . LY1 LY1F LY1S —_ —_ _

DPDT LY2 LY2F LY2s Ly2z LY2ZF LY2ZS
3PDT LY3 LY3F LY3S - —_ —_
4PDT LY4 LY4F LY4S _— —_ —_
PCB SPDT LY1-0 — — — — —
DPDT LY2-0 — — LY2Z-0 — —-—
3PDT LY3-0 — — — — —
4PDT LY4-0 — —_ — — —
D indicator Plug-in/solder SPDT LYIN — = = = =
DPDT LY2N — — LY2ZN — —
3PDT LY3N — — — — —
4PDT LY4N — - — — —
xde surge SPODT LY1-D — — - — —
opression DPDT LY2-D — - LY2Z-D - -
3PDT LY3-D — — — — —
4PDT LY4-D — — —— — -
D indicator SPDT LY1N-D2 - - —_ —_ —
gp??:;?oi“fge DPOT LY2N-D2  |— — LY2ZN-D2 |— —
4PDT LY4N-D2 — — - - -
; circuit SPDT LY1-CR —_ _ —_ — —
DPDT LY2-CR — — LY2Z-CR — -
D indicator SPDT LY1N-CR — - — - —
1 RC circuit DPDT LY2N-CR  |— — LY2ZN-CR |— -

te: 1. Types with specifications other than those listed are available. Contact your Omron Sales representative.
2. To order connecting sockets and mounting tracks, see “Accessories” section.

General Purpose Relay LY
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Type Terminal Contact Model
form Single contact Bifurcated contact
Standard Upper Lower Standard Upper Lower

bracket mounting | mounting bracket mounting | mounting

mounting bracket bracket mounting bracket bracket
Push-to-test Plug-in/solder SPDT Lyii4 - —_ — — -
button DPDT Ly2ia — - LY2Zi2 - —
3PDT LYsi4 — - — — -
4PDT Lyaia — — — — _
LED indicatorand | Plug-in/solder DPDT LY214N —_ — LY2ZI2N — —
push-to-test button 4PDT LY4lIN — — — — —

Note: 1. Types with specifications other than those listed are available. Contact your Omron Sales representative.

2. To order connecting sockets and mounting tracks, see “Accessories” section.

H Accessories
Connecting Sockets
To Order: Select the appropriate part numbers for sockets, clips, and mounting tracks (if required) from the following charts.
Track Mounted Sockets

Relay Socket* Relay hold-down clip Mounting track

Standard RC circuit
SPDT PTFOBA-E PYC-A1 Y92H-3 PFP-100N/PFP-50N &
DPDT PFP-M or PFP-100N2
3PDT PTF11A PFP-S (Option spacer)
4PDT PTF14A-E
* Track mounted socket can be used as a front connecting socket.
Back Connecting Sockets
Relay Solder | Wire wrap Retay hold-down clip Socket Mounting Plate
terminal | terminal |~Standard | Push-to-test | RC clrcuit | Mtg. plate | 1 10 12 18

SPDT |PTO8 PTO8QN |PYC-P PYC-P2 PYC-1 PYC-S PYP-1 - - PYP-18
DPDT
3PDT PN PT11GN PTP-1-3 - PTP-12 -
4PDT PT14 PT14QN PTP-1 PTP-10 - -
Note: Types PYP-18, PTP-12 and PTP-10 may be cut to any desired length.

Relay PC terminal socket Relay hold-down clip

Standard Push-to-test RC circuit

SPDT PT08-0 PYC-P PYC-P2 PYC-1
DPDT
3PDT PT11-0
4PDT PT14-0

General Purpose Relay LY
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specifications
I Contact Data
Load Single contact Bifurcated contact
SPDT DPDT, 3PDT, 4PDT DPDT
Hesls:ive ,Ioad lndm':tlv% !:ad Resls;ive 1Ioad lndu?uval:ad nec!s}ive 1lcmd lndutf:tiv% .I:ad
(p1-=1) (|‘.7ﬁ'='7 ;n%) P27 (1.(5’6;'7 mg) (p4-=1) (3&';7 m:);)
lated load 15Aat110VAC [10Aat110VAC [10Aat1I0VAC [7.5Aat110VAC [5Aat110VAC 4 Aat 110 VAC
15Aat24VDC |7 Aat24 vDC 10Aat24VDC |5Aat24VDC 5Aat24VDC |4Aat24VDC -
'ontact materlal |AgCdO
:arry current 15A [10A [7A
lax. operating 250 VAC
oltage 125 VDC
lax. operating [15A 10A 7A
urrent
lax. switching 1,700 VA 1,100 VA 1,100 VA 830 VA 550 VA 440 VA
apacity 360 W 170 W 240 W 120W 120W 100 W
:ianci permissible [100 mA, 5 VDC 10 mA, 5 VDC
1 Coil Data
- and 2-pole Types — AC
Rated Rated current (mA) Coll Coll inductance Pick-up Dropout | Maximum Power
voltage (V) resistance (ref. value) (H) voitage voltage voitage | consumption
50 Hz 60 Hz (@) Armature | Armature (% of rated voltage) 4
OFF ON
214.10 183 12.20 0.04 0.08 80% max. |30% min. 110% Approx.
2 106.50 91 46 0.17 0.33 1.00101.20
(60 H2)
4 53.80 46 180 0.69 1.30
0 25.70 22 788 3.22 5.66
00/110 11.70/12.90 [10/11 3,750 14.54 24.60 Approx.
10120 9.9010.80 |8.40/920 |4.430 19.20 32.10 ?égO’_:g)‘ 10
00/220 6.20/6.80 |5.30/5.80 [12,950 54.75 94.07
20/240 4.80/5.30 |4.20/460 |18,790 83.50 136.40
- and 2-pole Types — DC
Rated Rated current (mA)] ¥
kg 0 T i | vy | Vonsge | “ebos | “tabage” | congumption
@ Armature | Armature (% of rated voltage) VA, W)
OFF ON
150 40 0.16 0.33 80% max. |[10% min. 110% Approx.
2 75 160 0.73 1.37 0.90
4 36.90 650 3.20 5.72
8 18.50 2,600 10.60 21
00/110 9.10/10 11,000 45.60 86.20

ote: 1. The rated current and coil resistance are measured at a coil temperature of 23°C (73°F) with tolerances of +15%, -20% for AC rated
current, and +15% for DC rated coil resistance.

2. The AC coil resistance and inductance are reference values at 60 Hz.
3. The performance characteristics are measured at a coil temperature of 23°C (73°F).
4. Class B coil insulation is available.

Ge

neral Purpose Relay LY



3-pole Type — AC

OMmRON

Rated Rated current (mA) Coll Colil inductance Pick-up Dropout Maximum Power
voltage (V) resistance (ref. value) (H) voltage voitage voltage consumwon
() (VA,
50 Hz 60 Hz Armature | Armature (% of rated voltage)
OFF ON
6 310 270 6.70 0.03 0.05 80% max. 30% min. 110% Approx.
12 159 134 24 0.12 0.21 1.60 10 2.00
(60 Hz)
24 80 67 100 0.44 0.79
50 38 33 410 2.24 3.87
100/110 15.90/18.30 |13.60/15.60 |2,300 10.50 18.50
120 17.30 148 2,450 11.50 20.60
200/220 10.50/11.60 [9.00/9.90 |8,650 34.80 59.50
240 9.40 8 10,400 38.60 74.60
3-pole Type - DC
Rated Rated current (mA) Coll Coll inductance Pick-up Dropout Maximum Power
voltage resistance {ref. value) (H) voitage voltage voltage consumption
) (@ Armature | Armature (% of rated voltage) ’
OFF ON
6 234 25.70 0.11 0.21 80% max. 10% min. 110% Approx.
12 112 107 0.45 0.98 1.40
24 58.60 410 1.89 3.87
48 28.20 1,700 8.53 13.90
100/110 12.70/13 8,500 29.60 54.30
4-pole Type — AC
Rated Rated current (mA) Coil Coll inductance Pick-up Dropout Maximum Power
voltage (V) resistance (ref. value) (H) voltage voltage voltage consum‘gt)ion
50 Hz 60 Hz (@ [TArmature | Armature (% of rated voltage) (VA,
OFF ON
6 386 330 5 0.02 0.04 80% max. 30% min. 110% Approx.
1.95t02.50
12 199 170 20 0.10 0.17 (60 Hz)
24 93.60 80 78 0.38 0.67
50 46.80 40 350 1.74 2.88
100/110 22.50/25.50 |19/21.80 1,800 10.50 17.30
120 19.00 16.40 2,200 9.30 19
200/220 11.50/13.10 |9.80/11.20 |6,700 33.10 57.90
240 11.00 9.50 9,000 33.20 63.40
4-pole Type — DC
r!ated Rated current (mA) Coil Coll inductance Pick-up Dropout Maximum Power
voltage (V) res!(sg;nee (vef. value) (H) voltage voltage voitage cons:m tion
Armature | Armature (% of rated voltage) ’
OFF ON
6 240 25 0.09 0.21 80% max. 10% min. 110% Approx.
12 120 100 0.39 0.84 150
24 69 350 1.41 29
48 30 1,600 6.39 13.60
100/110 15/15.90 6,900 32 63.70

Note: 1. The rated current and coil resistance are measured at a coil temperature of 23°C (73°F) with tolerances of +15%, -20% for AC rated
current, and +15% for DC rated coil resistance.

2. The AC coil resistance and inductance are reference values at 60 Hz.

3. The performance characteristics are measured at a coil temperature of 23°C (73°F).

4. Class B coil insulation is available.

General Purpose Relay LY
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~haracteristics
tact resistance 50 mQ max.
rate time 25 ms max.
:ase time 25 ms max.
rating frequency Mechanlcally 18,000 operations/hour
Under rated load 1,800 operations/hour
ilation resistance 100 MQ min. (at 500 VDC)
ectric strength 2,000 VAC, 50/60 Hz for 1 minute
1,000 VAC, 50/60 Hz for 1 minute between contacts of same polarity
ation Mechanical durability |10 to 55 Hz, 1.00 mm (0.04 in) double amplitude
Malfunction durabllity {10 to 55 Hz, 1.00 mm (0.04 in) double amplitude
ck Mechanical durability |1,000 m/s? (approx. 100 G)
Malfunction durabllity 200 m/s? (approx. 20 G)
sient temperature  |Operating -40° to 70°C (-40° to 158°F) -
nidity 35 t0 85% RH
vice Life Mechanically AC: 50 miflion operations min. (at operating frequency of 18,000 operations/hour)
DC: 100 million operations min. (at operating frequency of 18,000 operations/hour)
Eloctrically See “Characteristic Data"
ght SPDT, DPDT: Approx. 40 g (1.41 oz), 3PDT: Approx. 50 g (1.76 02)

4PDT: Approx. 70 g (2.47 02)

»; Data shown are of initial value.

Characteristic Data

timum switching capacity

LY2 LY3, LY4 LY2z
1 ac T 1 ! I ac | A
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b : n“- :;;.M. § L] T 1&;"5?hu é e oot #g:,‘,e.?..'. § af =0.4
Ht pt. el * " X it : 1
' : Sematan 3 . pr.<04 oopanons 3 e 04 sosritons 3 '3 o (11]
R (G =8 N : S T 1 - 8
B : £ = £ Ve = £ o el
s[HHurT ™ ¥ 3 2 oes ey =r [ IRYm 222 8 o5 Hlea—— H
s . -1 a8 = o 8 + -7 ih 8 URe? me
(| 1 o , T 111 o [ o t bef— o
+ a = 0C ek o et - oe~ -t 2
; a : Recistive Toad ' 2 Resitove fomd | 8 ]
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% &, o E ! = E o LY2Z 3210° operateons.
L o T ps aparpyayiid 3 -
0s 1o =0 100 %0 1000 os 10 0 100 00 1000 °s w0 © W 500 1000 0s o 0 100 500 1000
Rated operating voltage (V) Rated operating voltage (V) Rated operating voltage (V) Rated operating voltage (V)
ctrical service life
Ly2 LY3, LY4 LY2z
T+ T+ { < D Ewamma = < 1 = 1§ T < H !—.—'.' -
T € S HINN \ € - s HI: H T
] - 2w S ol 4J= @y LT
110 VAC § Revnl v losd 5 24 vDC = 5 24 VOC
s Resatrve toac [ - - 8 *E - o S+t 1 Ret stve tosa : o s Resistree losd =S
wvoc £ 11ovac + g R+ 1o vAG B 2 :i:?n\::tcm
Resriire foeg = i/ Rewtwe losa’ | = H  Pesiane losd = I
' [ i e, sy 8 wowc |
110 VAC pl.=0.4 4
[ 8. [-1] B 8.95 al ~04 8.05 ==&
TIN 1T o OVAC A o - % o - i
I AN, A B - nt. =04 ! + g ] B : ] 3 avoc [ 1 1 ot !
vo'-“ 10 VAC P! o, L]jevoc i = et @ atded T
'EEUR ma [ 82204 @ O F{iunrm : = @ o EERNNT @ o
AR & s t = |
9 2 4 8 8 10 12 1¢ 16 18 2 O 2 4 & 8 0 12 W 15 W X 0 2 4 5 8 1092 14 W8 BN 0 2 4 5 8 W. 12 14 18 18 20
Rated operating voltage (V) Rated operating voltage (V) Rated operating voltage (V) Rated operating voltage (V)
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Dimensions
Unit: mm (inch)
H Relays
LY1 Terminal Ly2 Terminal
arrangement arrangement
(Bottom view) (Bottom view)
50 —— - 50
|2 ﬂ'ss [l—L_—_l‘ ' wamia | =|= a!so ¥ 2]
+—- holes o loht- 0 T — da_ holes b - Y B
max 3 4 max. r!.l ['
S08(20 € a ) - - 508(20) 1Y | { {
. | 2159 ] : : —4} e | 2159 _| H :
w08 30402 (85 max i3 808 04013 (86 max. s
LT W el .2 0 ma o bz -2
LY3 Terminal LyY4 Terminal
arrangement arrangement
(Bottom view) = (Bottom view)
2 [P o - 0 ' - .
AETELL i o R
1T ] U (4. 3| &l S L0 s 1| sl
R [TSTE 534 T 4 94
.._"232,-&_._ 178 9! Y l 8 0 92
. 3857 3040121 fe——{}—=- . —_— ' - ) H
(149 max “gag 35 11-304(12 . hokes e " ") ._0%—3.:‘;‘% 14204128 oln. - e Y
LY1-0, LY2-0, LY3-0, LY4-0 Mounting holes for LY1-0, LY2-0, LY3-0, LY4-0
{Bottom view)
1422 1422(55 9999 99 99 99
93[—(?9.9 (39(39 (39(39) (3
408 LRI e8I L AL 1457
(AR : 1 4 v 18
;_L.P. L 132
558 | - § & ;v‘ b — 7.11m m
3003 sasoctogw a—wc%‘) 11-).51(,1@ w250
cio.holes G holes . holes dia. holes
Note: The above drawing shows LY2-0. With LY1-0, SPTD DPDT 3PDT 4PDT
dimension “*" should read as eight 6.35 (.25).
LY1F, LY2F Mounting LY3F Mounting
holes holes
L
203(08 Tg’& o 355019 .
. —— -&—r
50 == 381 I 45 - aa'1
@ 12IS] e L @ qE I JM«m |
~— 38.1+10 : 4394 | 381110
019 | 073 (1.50£004 - | (1 &
meo (199 | w || @) 82 =
T oemem ol e =1 {_L
- My W7 =y 33 da. N
asue w2My 5 br2vy
Note: The above drawing shows LY1F. With LY2F, dimension “*"
should read as eight 3.05 mm (0.12 in) dia. holes.
General Purpose Relay LY 6



Mounting holes

5 hasr2v

OMRON

-

BB
(40mae 63529

381,10
(1504004

_——

(1.10£.009

ste: The above drawing shows LY2S-US. With LY1S-US, dimension “*”

should read as eight 2.03 mm (0.08 in) dia. holes.

Round hole Rectangular hole
2-355(14) dia holes
«rzué
) IR
27.94+20/0
MB1L10 (1.10+ .0080)
o I l u:muo
2997 (3.1 dia. holes o
2-355(1
da.mg)uzm m
Round hole Rectangular hole
(2;—3255 14} dia. holes mﬂdh holes
LY ¥
[ AT | 2&'1&1)/0
“3&&.10 1 } U (1.114.008/-0)
S0e.009 ; 38110
l Q JL ’j ' (15009
P 229970118 o ——1
dia holes
9.90£.10 31.75+20/-0
(3a+.009 (1.25+.008/-00
Round hole Rectangular hole
2-355(14)dia. holes
2

{ | (i \ /ILI0
) (1.502.004

General Purpose Relay LY



W Accessories

Unit: mm (inch)

Track mounted sockets (UL File No. E87929) (CSA Report No. LR31928)

OmRON

PTFOBA-E Terminal arrangement/ PTF11A Terminal arrangement/
mounting holes mounting holes
(Top view) (Top view)
B-MA5x7.87 (31) %mdh s 2’%&“’“ Lo
SOms SCrew one:
r“\____i — o _‘ ,4_-
| in [ ”_j
|E I_. | 68.07+.10 _[}EI‘
b (268% .004) 4 68.074.20
°® | | ¢+ ’ I J | 4
e | | @ o T
19,0520 (75:.008) - 3708 — 78730 |— e 27.43+.20 (1.08£.008)
(1.46) max.
2997 (1.18) max.

Track mounting sockets (UL File No. E87929) (CSA Report No. LR31928)

PTF14A-E Mounting height of

Terminal arrangement/
relay with socket

mounting holes

(Top view) (Applies to all PTFOA sockets)

K g:iéﬂwmia. holes
fm-—--ﬂ i

‘ j} ﬁ‘ 68.07+.10

L T
| LL_.ZLJ_ | <L
Tl e 36,06+ 20 (1.42£.008)

2997 (1.18) max.

Note: 1. UL/CSA does not apply to wire wrap (Q) type sockets.
2. Values in brackets for LY JCR.

Back connecting socket (UL File No. EB7929) (CSA Report No. LR31928)
Terminal arrangement/

PTO8 Terminal arrangement/ PT11
(Bottom view) (Bottom view)
11-1.77 (07) dia x 356 (14)
msap:‘@un)]
200 [ ] [ = T
i L1 | l 520 44 26.67+254-0
24 2046 | oo I |s9+00 029 & o o000 (1.(‘.6:.01!-0)
so Rl 1201110 | s i ]
(20 W IR 20 | | LI
; [ ] - ] 3098+ .20
578 SN X e 203(08 2136200 379411) (122t 008)
2057 (1) max. (840080 2057 (81) max. 29.46(1.16) max.

General Purpose Relay LY 7
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ck connecting socket (UL File No. E87929) (CSA Report No. LR31928)

4 Terminal arrangement Mounting height of relay with socket
(Bottom view) (Applies to all PT sockets)
141 Tf(ﬂ%:dla. x3.55(14}
. : e mﬁ'uzs-v-ﬂ
@] 0
2000 W
L ® | 4089+20 ]
(1.61+.008
26.41 ﬂ»04}_
2 9 (11)

205!(-31)"13& 2046 (1.16)max.
e: Values in brackets for LYQCR.

ck connecting socket (UL File No. E87929) (CSA Report No. LR31928)

)8QN PT11QN PT14QN
iel cut-out and terminal Panel cut-out and terminal Panel cut-out and terminal
ingement are the same arrangement are the same arrangement are the same
lype PTO8. as Type PT11. as Type PT14.
182x152 152x152
(06 x.06} (06x.06)
—
iy
8,89 (35 254(1 ?‘;&s
279
35.05(1.38 max. (11 889(39)

BOSHIHMaL  2946(1.16 max.

:k connecting socket (UL File No. E87929) (CSA Report No. LR31928)

8-0 Mounting holes PT11A Mounting holes
ninal arrangement is (Bottom view) Terminal arrangement is (Bottom view)
same as Type PTO8. the same as Type PT11.
a9 =25(01) 99 99
: 558
33 5 254(10 dia. holes BTy @ -m-rmf—'amm
sxatAy LI o 32
P € amm— {2 } (2 3 asue
!ﬂ%ﬁ».—,l—! 124449 ?-Lg [N ] ?5'3 4 - I—‘ 1244 (49
&s% -4 [ V—— 1
T a3 o 431-{—+600(29 T E__z, = 63529
304 1549 M L 294 T (89 111254010
(12 (81) 1803(71) (116 max. 20 dia. holes
ax.

ck connecting socket (UL File No. E87929) (CSA Report No. LR31928)

14-0 Mounting holes
minal arrangement is (Bottom view)
same as Type PT14.

|
1457018
12.44(49)

. 835(25
14-254(10)
dia. holes

General Purpose Relay LY
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Unit: mm (inch)

Relay hold-down clips

PYC-A1 PYC-S PYC-P

For PTFQA socket For relay mounting plates For PTQ socket
(Applicable to Type PYP-1 and PYP-18
socket mounting plates only.)

508
(20 ma.
B3R
(143
% (8 oy L 2wem
(09 (Applicable to Type PYP-1 and PYP-18
socket mounting plates only.)
Relay hold-down clips
PYC-P2 Y92H-3 PYC-1
For push-to-test button type with For RC circuit type For RC circuit type

PTQ socket

J

Mounting track/end plate/spacer

PFP-100N/PFP-50N mounting track PFP-M end plate
M4x8 pan head sorew
IF !,:———’ M4 spring wesher
= . | 290258 o o, ey 609 18
i | (1.080") " 38+ 01) 24 i
as7 fe—i—+ =1 | *
V8L _les LT | 1laol | B vy C a5
2489 (39 2489 2489 (33 2489 el wan || !
(98 (%8 (99 (%8 7,96t 254 : =3 tw ?ﬁ
f—— o308 (2at.01) 1,43 07 .
{49784 {16y (43 ! |
a9 ago| FHzri08
(9 (L L
(&2
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-100N2 mounting track

101
i

2387" 2882 350624
(99 , {109 '(128£01)

PFP-S spacer

OmRrRoN

* This dimension is 14.99 mm (0.59 in) on both ends in the case of PFP-100N, but on one end in the case of PFP-50N.

12-2489 4.57 (1
e
E —7 fa T e —
2921
=] (19
zuﬂgﬁMﬁi' bmniJmes
1498 (%9 99 (99 (9899 (981398 1
el il
k - 1
** L =Length
PFP-50N .. L =497.84 mm (19.60 in)
PFP-100N .. L =990.60 mm (39.00 in)
PFP-100N2 . .. L =990.60 mm (39.00 in)

of 9.91 (0.39) between holes.

ket mounting plates (t=1.52 (.06)]

-1 PTP-1-3
40
-3.30(13 da holes 41912_?
['(1.65+. 009"
T
000 [ 4902
: a1l .59
(169 19110
—1 - y
754
110~ tszgl?a 4-33(13 dia. holes
10

r 9:(194:173&(2 oo W i

1
“’"?H‘f“ I“*—?_ i
(153
-—l— g
e
e |
101 (04 4 33113
457(18
2286 x 4027444 5+ 50 7.0
Ox194=1T50E0D |0 [ (2
— 228B6x4027-4445:50 —— (]
Bx1.94=17 50 07)
49199(19.37)

A total of twelve 24 BQ X 4 57 mm (0.98 x 0.18 in) elliptic holes are provided, with six holes cut from each end of the track at a pitch

Number of socket specs.
Socket needed 1 10 12 18
PTO8, PTOBQN PYP-1 = = PYP-18
PT11, PT11QN PTP-1-3 - PTP-1-2 _
PT14, PT14QN PTP-1 PTP-10 - -
PTP-10 PTP-12
PTP-1 PYP-18
491.93(19.37)
4313:2.43:465&?1]
215 (17x1.08=18.34+.02)
S e, 828
sy |17 STV
*e-—o&

PTP-12

§r—

gy

Se/-®
T

8 ]

— 4318x

279,40 x 0.37=433.32+ 50
— (11x155=17.0600)
279.40% B.I7=AX32+ 50 2921 |
(11 x1.55=17.06+.02) (.19
49199(19.37)

4318 x 27 4346583+ 50
—  (17x1.08=18.34-.02)
274346583t 50
(17x1.w=1&3‘ﬁ'_(2

2159

iy

General Purpose Relay LY



OomRroN
l Relay Options

LED Indicator

Specifications and dimensions same as the Standard Type with the following exception. With the LED indicator type, the rated current i roxi-
mately 0 to 5.0 mA higher than the Standard Type. g excep type IS approx:

Terminal arrangement/internal connections (Bottom view)

LY2N
DC col] rating type . AC coll rating type
r‘—-'_21 ‘ ‘ 1 N 2
i3 ali '3 :
4 3
[} [ 5

N
o

Note: 1. The coil terminals 10 and 11 of Type LY3N become (-) and (+) and terminals 13 and 14 of Type LY4N become (-) and (+), respectively.
2. Pay special attention to the polarities when using the DC type.

Diode Surge Suppression

Specifications and dimensions same as the Standard Type with the following exception. Ambient operating temperature: -25° to 40°C
(-13° to 104°F)

Without Diode With Diode
QOFF N OFF
|
149V
5= A
4+ . Oiode p
%'_ ‘logiqiul I f;“‘*“"mm v ’I‘ To digital
24 memory F q:rd E vboC movym
voc L orw
‘°°x.' b curient: 1A A 1
)
Terminal arrangementfinternal connections (Bottom view)
LY2(N)-D(2)
LY2-D LY2N-D2 LY2N-D2
6,12, 24,48 6, 12, 24,48 VDC 100/110 VDC
1001110 VDC
Y MH T a alt '3 4|
2 é Ly o I G Ly
-4 l's 8 | : 5 8 :
" A A —G)——w—1

Note: 1. Pay special altention to the polarities when using the DC type.
2. The release time is scmewhat longer, but satisfies the standard specifications of 25 ms.
3. The reverse-breakdown voltage of the diode is 1,000 VDC.
4. Available on DC versions only.

General Purpose Relay LY 1
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Relay Options

Circuit
ifications and dimensions same as the Standard Type with the following exceptions.

racteristic Data
out RC circuit With RC circuit

‘ 233’: v \\
ms ! 282
{ VL A E IR
VL L L] [ TN [[Heov
LAY I/ 1
800 V \I_.. J Bi 412ms
e To ai;m iE r 1$1C=0.033 uF
200 memory scope AC200 tLlia=120 2
A A
CR, LY2(Z)-CR Terminal arrangement/Internal connections (Bottom view)
LY1-CR LY2(Z)-CR
— 50 ]
ﬁ (2 gh_{ oo l f— = [_ Tl
SR 14~y | Ll zree B el S
giesm @'{ | — ’ 5 C
t 3.04 (12 9y - © M RC arrcuit

_Qm)m_.ﬂ 2159 (85 max. I e : :1 s: C:0.033pF
635129 71—0:1'8’ l J 200
: 1. The above drawing shows LY2(Z)-CR. With LY1-CR, “*” should read eight 2.03 mm (0.08 in) dia. holes.

2. Available on AC versions only.

h-to-test Button
sifications and dimensions same as the Standard Type with the following exceptions.

12 LY112, LY212

Approx. 208
"~ —

o: Type LY112 has the same dimensions and appearances as Type LY212 shown except that dimensions **” is 2.03 mm (0.08 in) dia. holes.

LY412
330(13
R ) A swus
Zlgr?(-é uf% o i 1
27.94 B R i 7
(.10 max. = = Gmax
508 (20 0 @' 1] |
304 (12 14-304 | 4140 __]
%606 | [ (12Ada (1.63) max.

T (49max” gas holes
29
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H Approvals
UL Recognized Type (File No. E41643)
Type Contact form Coil ratings Contact ratings
Lya SPDT 6 to 240 VAC 15 A, 240 VAC (Inductive)
610120 VDC 15 A, 28 VDC (Resistive)
TV-5 (ACTV)
1/2 HP, 120 VAC (Motor)
Lya DPDT 13 A, 120 VAC (Resistive)
12 A, 240 VAC (Inductive)
10 A, 28 VDC (Resistive)
TV-3 (ACTV)
1/2 HP, 120 VAC (Motor)
LYQ . |spOT 10 A, 240 VAC (Inductive)
4PDT 10 A, 28 VDC (Resistive)
1/2 HP, 240 VAC (Motor)
CSA Certified Type (File No. LR31928)
Type Contact form Coll ratings Contact ratings
LYo SPDT 610240 VAC 15 A, 120 VAC (Inductive)
6to 120 VOC 10 A, 240 VAC (Inductive)
15 A, 28 VDC (Resistive)
TV-5 (ACTV)
Lya DPDT 13 A, 28 VDC (Resistive)
12 A, 120 VAC (Inductive)
10 A, 240 VAC (Inductive)
1/3 HP, 120 VAC (Motor)
TV-3 (ACTV)
Lya 3PDT 10 A, 240 VAC (Inductive)
4PDT 10 A, 28 VDC (Resistive)

VDE Approved Type (File No. 9903 [SPDT, DPDT & 3PD

, File No. 9947 [4PDT]))

Type Contact form Colil ratings Contact ratings
LY2-VD SPDT 6, 12, 24, 50, 10 A, 220 VAC (Resistive)
110, 220 VAC 10 A, 28 VDC (Resistive)
and 6, 12, 24, 7 A, 220 VAC (Inductive)
48, 110 VDC 7 A, 28 VDC (Inductive)
LYQ-VvD DPDT 7 A, 220 VAC (Resistive)
3PDT 7 A, 28 VDC (Resistive)
4PDT 4 A, 220 VAC (Inductive)
4 A, 28 VDC (Inductive)
LR (Lloyd's Register) Approved Type (File No. 562K0B-204523)
Type Contact form Coll ratings Contact ratings
LYQ DPDT 610 240 VAC 7.5 A, 230 VAC (Inductive)
4PDT 610110VDC 5 A, 24 VDC (Inductive)
SEV Listed Type (File No. D7 91/82 [2- & 4-pole], D 91/204a [1- & 3-pole])
Type Contact form Coll ratings Contact ratings
LYa-sv SPDT 6 to 240 VAC 15 A, 220 VAC (Resistive)
6%0 110 VDC 15 A, 24 VDC (Resistive)
LY3-SV DPDT 10 A, 220 VAC (Resistive)
3PDT 10 A, 24 VDC (Resistive)
4PDT

Note: 1. The rated values approved by each of the safety standards (e.g., UL, CSA, VDE, and SEV) may be different from the performance char-
acteristics individually defined in this catalog.
2. In the interest of product improvement, specifications are subject to change.

General Purpose Relay LY 13
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rALL DIMENSIONS SHOWN ARE IN MILLIMETERS. To convert millimeters into inches, divide by 25.4

OomRoN

OMRON ELECTRONICS LLC OMRON CANADA, INC. OMRON ON-LINE

One Commerce Drive 885 Milner Avenue Global - hitp:/www.omron.com
Schaumburg, IL 60173 Toronto, Ontario M1B 5V8 USA - http://www.omron.com/oei
847-882-2288 416-286-6465 Canada - http://www.omron.ca

Cat. No. GC RLY8 5/03 Specifications subject to change without notice Printed in USA
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Philips Semiconductors Product specification
L

NPN general purpose transistors BC546; BC547; BC548

FEATURES PINNING

e Low current (max. 100 mA) PIN DESCRIPTION
e Low voltage (max. 65 V).

emitter
base
collector

APPLICATIONS

e General purpose switching and amplification.

WIN| =~

DESCRIPTION 1 3

2
NPN transistor in a TO-92; SOT54 plastic package. 3 —— == 2
PNP complements: BC556, BC557 and BC558. Eom—

1

MAM182

Fig.1 Simplified outline (TO-92; SOT54)

and symbol.
| QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter
BC546 - 80 Vv
BC547 - 50 Vv
BC548 - 30 v
1 Vceo collector-emitter voltage open base
BC546 - 65 \
BCS547 - 45 Y
BC548 - 30 \
1icm peak collector current - 200 mA
| Prot total power dissipation Tamb £25°C - 500 mwW
| hee DC current gain lc=2mA; Vg =5V
BC546 110 450
BC547 110 800
BC548 110 800
fr transition frequency lc=10mA; Vce =5V, f=100 MHz 100 - MHz

1997 Mar 04 2



Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
|Vecso | collector-base voltage open emitter
BC546 - 80 \
BC547 - 50 v
BC548 - 30 v
Vceo collector-emitter voltage open base -
BC546 - 65 \
BC547 - 45 v
BC548 - 30 \%
Veso emitter-base voltage open collector
BC546 - 6 \
BC547 - 6 v
BC548 - 5 \Y
Ic collector current (DC) - 100 mA
lom peak collector current - 200 mA
lgm peak base current - 200 mA
Ptot total power dissipation Tamb £ 25 °C; note 1 - 500 mw
Tsig storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C
Note
1. Transistor mounted on an FR4 printed-circuit board.
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient | note 1 0.25 K/mw

Note

1. Transistor mounted on an FR4 printed-circuit board.

1997 Mar 04



Philips Semiconductors Product specification
NPN general purpose transistors BC546; BC547; BC548
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Iceo collector cut-off current le=0;Vep=30V - - 15 nA
le=0;Vep=30V; T;= 150 °C - - 5 A
leso emitter cut-off current Ic=0;Vgg=5V - - 100 nA
hee DC current gain Ic=10pA; Vce=5V;
BC546A; BC547A; BC548A  [see Figs2,3and 4 - 90 |-
BC5468; BC547B; BC5488 - 150 -
BC547C; BC548C - 270 -
hre DC current gain lc=2mA;Vee=5V,
BC546A; BC547A; BC548A see Figs 2, 3 and 4 110 |180 |220
BC546B; BC5478B; BC548B 200 290 450
BC547C; BC548C 420 520 800
BC547; BC548 110 - 800
BC546 110 - 450
VcEsat collector-emitter saturation voltage | Ic = 10 mA; Ig = 0.5 mA - 80 250 mV
Ic=100 mA; Ig =5 mA - 200 600 mvV
VBEsat base-emitter saturation voltage Ic =10 mA; Ig = 0.5 mA; note 1 - 700 - mV
Ic = 100 mA; Ig =5 mA; note 1 - 800 - mV
Ve base-emitter voltage Ilc=2mA; Vce =5V, note 2 580 660 700 mvV
Ic=10mA; Ve =5V - - 770 mv
Cc collector capacitance lg=ig=0;Veg=10V;f=1MHz |- 1.5 - pF
Ce emitter capacitance Ic=ic=0;Veg=05V;f=1MHz |- 11 - pF
fr transition frequency lc=10mA; Vce =5V, f=100 MHz | 100 - - MHz
F noise figure Ic =200 pA; Vce =5V, - 2 10 dB
Rs =2kQ; f =1 kHz; B =200 Hz
Notes

1. Vgesa decreases by about 1.7 mV/K with increasing temperature.

2. Vgg decreases by about 2 mV/K with increasing temperature.
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Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547; BC548

250

hre

200
VCE =5V

150

100

50 \

0
10-2 107! 1 10 102 Ic (mA) 108

BCS46A; BCS47A; BC5S48A.

Fig.2 DC current gain; typical values.

MBH724

300
™N
\\
200 \\
100 \\
N
0
10°2 107 1 10 102 Ic (mA) 103

BC546B; BC547B; BC548B.

Fig.3 DC current gain; typical values.
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*hilips Semiconductors Product specification

NPN general purpose transistors BC546; BC547; BC548

heg ~

400

¥

200

102 10-1 1 10 102 g ma) 10

BC547C; BC548C.

Fig.4 DC current gain; typical values.
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Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; 3 leads

SOTS4

1 A {—==—-"--c
E
[0~ A L
'
+ b
@ 1 : Y= —= —’..'L_ t
7 -3
L2 — _1
o—- —f@~-—1}- ' ) ———-— [¢]
1 l J
: =3 -—-
I )
B4 - Ly —->I
0 25 5 mm
| IS W S S S S T |
scale
DIMENSIONS (mm are the original dimensions)
UNIT| A b by c D d E e eq L | L0
5.2 048 | 066 | 045 48 1.7 4.2 145
mm | 50 | 040 | 056 | 040 | 44 | 1.4 | 35 [ 25|V [ 27| 25
Note
1. Terminal dimensions within this zone are uncontrolied to allow for flow of plastic and terminal irregularities.
REFERENCES
OUTLINE EUROPEAN
E
VERSION IEC JEDEC ElAJ PROJECTION ISSUE DATE
SOT54 TO-92 SC-43 E @ 97-02-28
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'hilips Semiconductors Product specification

NPN general purpose transistors BC546; BC547; BC548
JEFINITIONS
Data Sheet Status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.
Limiting values

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

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

IFE SUPPORT APPLICATIONS

'hese products are not designed for use in life support appliances, devices, or systems where malfunction of these
sroducts can reasonably be expected to result in personal injury. Philips customers using or selling these products for
1se in such applications do so at their own risk and agree to fuily indemnify Philips for any damages resulting from such

mproper use or sale.

1997 Mar 04 8



*hilips Semiconductors Product specification

NPN general purpose transistors BC546; BC547; BC548

NOTES
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hilips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139
- __________________________________________________________________________________________]
EATURES PINNING

High current (max. 1.5 A) PIN DESCRIPTION

Low voltage (max. 80 V). 1 emitter

h . . 2 . collector, connected to metal part of
PPLICATIONS mounting surface

Driver stages in hi-fi amplifiers and television circuits. 3 base
JESCRIPTION
IPN power transistor in a TO-126; SOT32 plastic
ackage. PNP complements: BD136, BD138 and BD140. O 2

I
1[]2[]3[] Topview  wauass

Fig.1 Simplified outline (TO-126; SOT32)

and symbol.
WICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vceo collector-base voltage open emitter
BD135 - - 45 A
BD137 - - 60 \
BD139 - - 100 \
Vceo collector-emitter voltage | open base
BD135 - - 45 \
BD137 - - 60 Vv
BD139 - - 80 Vv
lem peak collector current - - 2 A
Piot total power dissipation Tmb S 70°C - - 8 w
hge DC current gain Ic=150 mA; Vg =2V 40 - 250
fr transition frequency Ic=50mA; Ve =5V;f=100MHz | - 190 - MHz
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>hilips Semiconductors

Product specification

NPN power transistors

BD135; BD137; BD139

-IMITING VALUES
n accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter :
BD135 - 45 . \Y;
BD137 - 60 \'
BD139 - 100 \'
Vceo collector-emitter voltage open base '
BD135 - 45 v
BD137 - 60 \Y
BD139 - 80 \
VEeBo emitter-base voltage open collector - 5 v
e collector current (DC) - 1.5 A
Icm peak collector current - 2 A
lgm peak base current - 1 A
' Ptot total power dissipation TmbS$70°C - 8 w
Tstg storage temperature —65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature —-65 +150 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihja thermal resistance from junction to ambient note 1 100 KW
Rth pmb thermal resistance from junction to mounting base 10 KW
Note

1. Refer to TO-126; SOT32 standard mounting conditions.
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Philips Semiconductors

Product specification

NPN power transistors

BD135; BD137; BD139

CHARACTERISTICS
Tj= 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Icso collector cut-off current le=0;Veg=30V - - 100 |nA
lg=0;Vcg=30V; Tj=1256°C - - 10 pA
leso emitter cut-off current Ic=0; Vgg=5V - - 100 |nA
hee DC current gain Vee =2V, see Fig.2
Ic=5mA 40 - -
Ic = 150 mA 40 - 250
Ic = 500 mA 25 - -
hee DC current gain Ic =150 mA; Vcg = 2V, see Fig.2
BD135-10; BD137-10; BD139-10 63 - 160
BD135-16; BD137-16; BD139-16 100 |- 250
Veesat collector-emitter saturation voltage | Ic = 500 mA; Ig = 50 mA - - 0.5 v
Vae base-emitter voltage Ic =500 mA; Vgg=2V - - 1 \%
fr transition frequency Ic=50mA; Ve =5V, f=100 MHz | - 190 |- MHz
h DC current gain ratio of the licl = 150 mA; [Vgel =2V - 1.3 |16
_FE1 complementary pairs
Peez
160 MBH729
heg V=2V
o~
120 \\
1\
N
80
\
\
40 \
0
10-1 1 10 102 Ic (MA) 103

Fig.2 DC current gain; typical values.
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Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads SOT32

-
~—]
I—;:—
| .

—
-,
[

e e ———
-

B T e p——

ol B ® ol JE -
0 25 5mm
ISR A . |
scale
DIMENSIONS (mm are the original dimensions)
L4
UNIT A bp c D E e eq L max Q P P4 w
27 088 | 060 | 11.1 78 16.5 15 3.2 39
™M | 23 | 065 | 045 | 105 | 72 | 458 | 22| 153 | 2% | g9 | 30 | 35 |0
Note
1. Terminal dimensions within this zone are uncontrolled to allow for flow of plastic and terminal irregularities.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE
SOT32 T0-126 E3® 97-03-04
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Philips Semiconductors Product specification

NPN power transistors BD135; BD137; BD139
DEFINITIONS
Data Sheet Status .
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final praduct specifications. . ‘
Limiting values

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

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

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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