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ABSTRAKSI

PERANCANGAN DAN PEMBUATAN ALAT PORTABLE DATA
ENTRY UNTUK KWH METER DIGITAL MELALUI MEDIA INFRA
MERAH YANG DAPAT DAKSES PADA PC

Dwi Adimas Putre S.
02.17.158
Jurusan Teknik Elektronika — Institut Teknologi Nasional Malang
Jin. Raya Karangio km 2 Malang

Dosen Pembimbing : 1. Ir. Widodo Pudji M, MT.
11, Sotyohadi, ST, MSc,

Kata Kunci : Mikrokontroler ATR9851, Infra Merah, Max232, L.CD, Push
Button, EEPEOM,

Sampai saat ini, Pl' PLN dalam mengukur konsumsi energi listrik pada
sebagian besar pelanggannya, masih menggunakan KWH meter analog atau
disebut KWH meter elektromekanik. Salah satu kelemahannya adalah dalam
pembacaan hasil pengukuran energi, karena petugas pembaca meter harus
mendatangi satu per satu pada alat tersebut, dan mencatatinya secara manual,
Hal ini akan berdampak pada pelayanan pelanggan, karena seringnya terjadi
kesalahan enfry dan kendala petugas pencatat meter lidak bisa membaca dari
jarak dekat, karena terhalang pagar atau posisi KWH meter yang sulit untuk
dijangkau.

Dengan melihat dan mengamati fenomena yang terjadi di atas tadi maka
penulis berkeinginan dan berinisiatif “Bagaimana membual scbuah alat PDE
untuk mencatat data KWH meter digital pelanggan dari jarak jauh yaitu
menggunakan infra merah dan mengirimkan data pada PC”, sehingga dapat
memudahkan petugas pembaca meter dalam mengambil data dan pelanggan,
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BAB I

PENDAITULUAN

1.1. Latar Belakang

Pengukuran cnergi listrik dengan menggunakan alat KWI  meter.
digunakan oleh perusahaan penyelenggara jasa layanan pendistribusian energl
listrik, seperti di PLN. Sampai saat ini, PLN dalam mengukur konsumsi energi
histrik pada schagian besar pelanggannya, masih menggunakan KWII meter
analog atau disebut KWH meter elektromekanik.

Salah satu kelemahannya adalah dalam pembacaan hasil pengukuran
energi. karena perugas pembaca meter harus mendatangi satu per satu pada alat
tersebut, dan mencatatnya secara manual, Hal ini akan berdampak pada pelayanan
pelanggan, karena seringnya terjadi kesalahan entry dan kendala petugas pencatat
meter tidak bisa membaca dari jarak dekat, karena terhalang pagar atau posisi
KWH meter yang sulit untuk dijangkau.

Sisterm pembacaan jauh elektronik (SPJ-¢) merupakan salah satu solusi
terhadap permasalahan tersebut, schingpa disamping akan memudahkan petugas
dalam pembacaaan alat ini juga bisa mengurangi kesalahan emry,

Dengan melihat dan mengamati fenomena vang tegadi di alas maka
penyusun berkeinginan, “bagaimana membuat alat yang dapat memudahkan
petugas pembaca meter?”, dalan hal ini penyusun akan merancang sebuah alat
vang bisa mencatat data KWH meter dari jarak jauh dengan menggunakan media

infra merah dan mengirimkan data pada PC server. Sclain itu perancangan ini




merupakan salah satu cara untuk mengantisipasi adanya manipulasi biaya

pemakaian energi listrik vang dapat merugikan pelanggan PLN.

1.2. Tujuan

Tujuan dari penulisan skripsi ini adalah :
Membuat alat Portable Date Enrry untuk KWH meter digital dengan
menggunakan media infra merah yang dapat diakses pada PC secara serial.

1.3. Rumusan Masalah
Melihat dari apa yang telah dijabarkan pada latar belakang, maka dapat
dibuat rumusan masalah scbagai berikut -

1. Bagaimana merancang dan membuat alat PDE (portable data entryv)
vang bisa digunakan untuk mengambil data pemakaian energi listrik pada
kwh meter digital ?

2. Bagaimana cara pengambilan data dengan menggunakan PDE (poriable

data entry} vang kemudian diuploadkan pada PC ?

1.4. Batasan Masalah

Untuk menjaga konsistensi dan agar cakupan pembahasan dari
perancangan dan pembuatan alat ini tidak terlalu meluas maka penyusun perlu

membuat batasan-batasan masalah yvang meliputi :

d




[ 2]

L)

Lh

- Alat im dirancang untuk digunakan pada KWH meter | fasa pada rumah

tangga dengan dava 450 VA

Dalam perancangan alat ini akan dibahas tentang perangkat keras
(hardware), scdangkan untuk perangkat lunaknya (sofiware) dibahas
secura garis besarnya saja.

Hanya membahas tentang PDE (purtable data entryp) dan proses
pengambilan data pada KWH meter digital serta pengiriman data ke PC.
KWH meter digital yvang digunakan h;m;m dibahas secara paris besarnya
8aj4.

Tidak membahas catu dava.

1.5. Metodologi Penulisan

Beberaps melode yang penyusun gunakan dalam menyusun dan

menganalisa laporan Tupas Akhir ini adalah -

1.

L

Studi Literatur

Dengan mencan  relerensi-relerensi yvang berhubungan  dengan
perencanaan dan pembuatan alat yang akan dibuat.

Field Rescarch

Dengan melakukan penelitian sccara langsung mengenai objek-objek

vang berhubungan langsung dengan perencanaan alat yang akan dibuat.

. Perencanaan Dan Pembuatam Alat

Dralam pembuitan alat ini menggunakan konscp sebagai berikut :

» Perencanaan sistemn secara keseluruban (pembuatan blok diagram




sistem ),
* Mendesknpsikan fungsi dari masing-masing blok diagram.
e Membuat perangkat keras (hardware) dan perangkat lunaknya
feerftware).
4. Pengujian Alat
Dengan melakukan pengujian perblok rangkaian dan kerja selurub sistem
pada alat tersebut.
5. Penyusunan Laporan Sknipsi
Membuat laporan yang terdiri dari: Pendahuluan, [Landasan Teori,

Perencanaan dan Pembuatan Alat, Pengujian Alat dan Penutup.

1.6. Sistematika Pembahasan
Sistematika pembahasan dari skripsi ini terdiri dad  pokok

pembahasan yang saling berkaitan antara satu dengan lainnya, yaitu

BABI Pendahuluan
Memuat latar belakang, rumusan masalah, wjuan, balasan masalah,
metodolog pembahasan, dan sistematika pembahasan.

BABII Teori Penunjang
Membahas teori-teori yang mendukung dalam perencanaan dan
pembuatan alat

BABIII Perencanaan dan Pembuatan Alat
Perancangan dan perealisasian alal yang meliputi spesifikasi,

perencanaan blok diagram, prinsip kenja dan realisasi alat.




BAB IV  Pengujian Alat
Memuat hasil pengujian terhadap alat vang telah direalisasikan.
BABY  Kesimpulan dan Saran

Memuat kesimpular dan saran-saran.




BABTI

TEORI PENUNJANG

Untuk memudahkan dalam memahami cara kerja rangkaian maupun dasar-
dasar pembuatan alat PDE (Portable Data Fntey), maka perlu penjelasan dan
uraian teori penunjang vang dipunakan dalam mgas akhir ini.

Tcon-ilcor penunjang vang dijelaskan dalam bab 1m meliputi:

. Mikrokontroler ATS2S5]

2

LCD M1632

3. Memori AT24C64

4. Standar R§232

5. Komunikasi Infra Merah

6. KWH Meter Digital {secara garis besamva saja)

2.1. Mikrokontroler ATE9551

Mikrokontroler ATE9551 adalah mikrokontroler CMOS 8 bit keluaran
Almel dengan 4K bytes Flash PEROM (Programmable ond Eraseable Read Only
Memorv). Memori ini digunakan untuk menyimpan perintah (instruksi) berstandar
MUCS-51, schinpga memungkinkan mikrokontroler ini untuk bekerja dalam mode
single chip operation (mode operasi keping tunggal) vang tidak memerfukan

externad memory (memori luar) untuk menyimpan sowrce code lersebut,




2.1.1. Arsitektur Mikrokontroler AT895851

Gambar 2-1 di bawah ini merupakan susunan pin dari mikrokontroler

ATRYUSST:
Py
= g aadvee
AT gs =0 o b Tl e
AzOa IEOAC T AT
=nalj= ITOACL T AT
L F Tw o 35 BFL3E [ADT:
i E T 523 PNAG 3 oAl
MR FRELT BRGNS (AL
S PIT O 23 DPC.E (ADE:
mervlle B FIR0T ATy
[ eiEertidn ki nEivee
(Tag =sr O ar =D eSoE
e eI 6z 9 IPZER
NEE @330 TALYSET ATSy
(TE PZalln TR PIE pATL
(T RIEg e 5 AP E ALy
TR PIET] IS ISETPT A AT,
i O PEI AT
XTI 1 IIFT PRI AT
RLT I P (RET
SREe 2 PR Ak
Gambar 2-1

Susunan Pin ATRYSS1

Secara fisik, mikrokontroler ATR89851 mempunyai 40 pin, 32 pin di
antaranya adalah pin untuk keperiuan port masukan/keluaran. Satu port paralel
terdini dari & pin, dengan demikian 32 pin terscbut membentuk 4 buah port
paralel, yang masing-masing dikenal denpgan Port 0, Port 1, Port 2 dan Port 3.

Berikut penjelasan dari masing-masmg pin yang digunakan dalam
perancangan PDE:

e Pin1sampai4 (P1.0-FPL.3)
Pin | sampai 4 dihubungkan dengan push button scbagai masukan pada

mikrokontroler.




Pin 9 (Resef)

Pin 9 Merupakan masukan resel bagi mikrokontroler. Reset akan aktil
dengan memberikan input high selama 2 machine cycle. Reset pada
mikrokoatroler mmerupakan masukan aktf Aigh *1°. Pulsa transisi dari
rendah “0" ke tinggi *17 akan mereset mikrokontroler menuju alamat
(000H. Pin reset dihubungkan dengan rangkaian power-on reser,

P'in 10 (RXD) dan 11 (TXD}

Pin pada port 3 merupakan saluran /O 8 bit dua arah dengan imternal
pullup. Di samping sebagai saluran 1/0, port ini memiliki fungsi pengganti
seperti terlihat pada tabel 2-1, Bila fungsi pengganti tidak dipakai maka
dapat digunakan sebagai port paralel 8 bit serbaguna

Tabel 2-1 Fungsi Alternatif Port

Hil MNama Foangsl Alternatif

Fi.0 RxD Tintek mererinm dita perd seril

P3i TXD Uik e reirim duts gy serial

P32 N Interupsi evrernal U
P33 INTH Inlerupsi exrermal |

P4 T Input exversial Pewaktu/Pencacah O
P35 Ti Input esreriad Pesraki/Pencacah |

LS WR Jalur tnenulis memor dat eyrerae!

P37 RD Jalur membace memon data exrennal

Pin 18 (XTAL2) dan 19 (XTALI)
Pin 18 dan |9 merupakan masukan untuk rangkaian ogilasi
mikrokontreler. Kecepatan proses pengolahan data dari mikrokontroler

ditentukan oleh clock yang dirangkai pada mikrokontroler, karena kristal yang




digunakan mempunyai frekuensi sebesar 11,0592 MHz maka untuk satu
periode membutuhkan waktu sebesar:

]
Tase =

e

l
= §
1 L0592 Mz

= 9042x 1078

Pin 20 (GND)

Pin 20 merupakan ground dari sumber tegangan.

Pin 21 (P2.0) dan 22 (P2.1)

Pin 21 dan 22 merupakan saluran /O dua arah dengan imternal pullup.
Dalam perancangan P2.0) dan P2.1 digunakan sebapai jalur untok
mengakses memon eksternal.

Pin 28 (P2.7)

Pada perancangan, pin ini digunakan sebagai lampu indikator.

Pin 31 (EA/VPP)

Pada kondisi Jow, pin ini akan berfungsi sebagai External dccess Enable
{IEE.} vaitu mikrokontroler akan menjalankan program vang ada pada
memon external. Jika berkondisi high, pin i akan berfunpgsi untuk
menjalunkan program yang ada pada memori imternal. Pin ini juga
berfungsi sebapal masukan tepangan pemrograman sclamna  proses

emrogramarn.
P 2




Pin 32 sampai 39 (P0.7 - P0.0)

Pin 32 sampai 39 ialah Poré 0 yang merupakan saluran /O 8 bit open
collector dan dapat juga digunakan sebagai multipleks bus alamat rendah
dan bus dala sclama adanya akses ke memorl program exfernaf. Pada
perancangan ini, port ( dihubungkan dengan LCD sebagai ampilan.

Pin 40 (VCC)

P'in 40 merupakan masukan sumber tegangan positif bagi mikrokontroler

sebesar 3V,

2.1.2. Struktur Memori AT89551

ATRYS51 mempunyai struktur memori vang terdiri atas:

RAM infernal, memon scbesar 128 bytes vang digunakan untuk
menyimpan variabel atau data vang bersifat sementara.

Special Function Regisier (Register Fungsi Khusus), memori yang berisi
register-register yang mempunyal fungsi-fungsi khusus yang disediakan
oleh mikrokontroler seperti fimer, seriad porf dan lain-lain,

Fiastr PEROM, memori vang digunakan untuk menyimpan instruksi-

instruksi MCS-51 schesar 4Kbytes.

2.2. LCD (Liquid Crystal Display) M1632

LCD (Liguid Crysial Display) banyak digunakan pada alar-alat elektronika

yang memerlukan penampil, schingga pemakai dapat mengerti dengan informasi

vang ditampilkan oleh alat. Keunggulan dari LCD adalah benluknya yang kecil
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dan dapal menampilkan karakter ASCII pada tampilanonya juga membutuhkan
dava vang kecil. schingea sangat praktis apabila digunakan pada peralatan vang

hemat daya.

2.2.1. Deskripsi M1632

LCD (liquid Crystal Display) adalah suatu jenis piranti cwiprf vang
menggunakan dava rendah dengan pengontrol kontras dan kecerahan. Pengontrol
wamanya dan karakter ada pada ROM generator (CGROM) dan display data
HAM (DDRAM) vang akan menghasilkan extended key codes (kede tombol /
kevboard standar internasional dalam Hexa) jika diberikan masukan. Untuk
mendapatkan fungsi dengan baik maka perlu diperhatikan proses inisialisasi yang
telah ditentukan olch pabrik pembuatnya.

Ada dua jenis register yang terdapat dalam LCD MI1632 ini, yailu dala
register dan instruksi register. Dengan menggunakan pin RS (Register Sefect)
pada LCD, pemakaian kedua register dapat dipilih. Pemilihan register dapat

dipilih pada LCD, ditunjukkan dalam tabel benkut ini :

Tabel 2-2 Pemilihan Register Pada LCD M 1632

Nama Sinyal ] No. Terminal 1O Tujuan Keterangan Sinyal

| R e
RS ' 4 | Input | MPU | 0: Instruction Register

1 : Data Repister
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Jika bagian yang dipilih adalah instruksi register maka ewiput vang
dihasilkan adalah meliputi operasional dari LCD, misalnya fungsi display efear,
cursor home. entry mode set, display omdoff. cursor shifi, dan sejenisnya,
Sebaliknya, jika bagian vang dipilih adalah data register, owtpur yang dihasilkan
adalah meliputi karakter yang rabelnya terdapat pada lampiran data sheet LCTY.

Berikut adalah garnbar dan LCD dengan pin-pin vang terhubung dengan

mikrokontroler ATE9S31:

= vo 13
3 ToT RATRE LCD
= AX IE CHAEACTEE TYPE IMI&ES2
&
| So@mzags Y-
4 3 bl afatatatatatats
= L] W - E_. vl
Gambar 2-2

Muodul LCIY 2 =16 karakier

LCD M1632 mempunyai spesifikasi sebagai berikut :

165 karakter 2 baris dalam bentuk dot matrik 5 * 7 dan kursor.

o [y ratio 1716,

*  Mumiliki ROM pembangkit karakter untuk 192 jenis karakter,

e RAM untuk data display sebanyak 80 = 8 bit (80 karakter maksimum}.
o Dapat dirangkai dengan MPU (Mikroprocessor Linif) 8 bit atau 4 bit.

»  RAM data display dan RAM pembangkit karakier dibaca olch MPU.
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= Memiliki fungsi intruksi : display ONOFF, cursor ON/OFF. display
character blink, cursor shifl dan display shifi

o Memiliki rangkaian oscillator sendin.

o Sumber tcgangan unggal +5 voll.

= Memiliki rangkaian resel ctomatis pada catu daya dihidupkan.

« Suhu operasi 0"-50" C.
LCD modul M1632 mempunyai 16 pin dengan fungsi sehagai herikur :

Tabel 2-3 Fungsi Pin — Pin LCD

No. PIN | Nama PIN Fungsi
I Vs Terminal Ciround
23 Vee Tezangan Catu + 5 volt
3 Vee Mengendalikan kecerahan LOCD
Sinval pemilihan register
4 RS (0= Instruction Register

1 = Data Register

Sinval seleksi tulis atau baca
5 BW 0= Tulis

| = Baca

Sinyal operasi awal yang
mengaktifkan data tulis atau baca

Merupakan saluran data berisi

1—14 | DB0O-DB7 perintah dala yang akan ditampilkan

15 vV + BlL Rack Light Supply

16 V- BL Back Ligth Supply (Ground)
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2.2.2 Sinyal Interface M 1632
Untuk berhubungan dengan mikrokontroler pemakai M1632 dilengkapi
dengan 8 jalur pada data (DRO....DB7) yang dipakai untuk menyalurkan kode
ASCII maupun perintah pengatur kerja M1632. Sclain itu dilengkapi pula dengan
E. RW, RS seperti layaknya komponen vang compatibel dengan mikrokontroler,
Kombinasi sinyal E dan R'W merupakan sinyal standar puda komponen buatan
Motorolla. sebaliknya sinyal-sinyal dari mikrokontroler merupakan sinyal khas
Intef dengan kombinasi sinyal WR dan RID. RS singkatan dari register Select,
dipakai untuk membedakan jenis data yang dikirim ke M1632. Jika RS = 0 maka
data yang dikirim adalah perintah untuk mengatur kerja M1632. Sebaliknya jika
BS = 1 maka data vang dikirim oleh kode ASCII vang ditampilkan. Demikian
pula saat pengambilan data, saal RS = 0, data yang diambil dari M1632
merupakan data status yang mewakili aktivitas M1632. Saat RS = 1, maka data
vang diambil merupakan kode ASCII dari data yang ditampilkan.
Proses mengirim atan mengambil data dari atau ke M1632 adalah schagai

bertkul:

I. RS harus dipersiapkan dulu, untuk menentukan jenis data seperti yang
telah dibicarakan di atas.

2. R/W di-nol-kan unruk menandakan akan diadakan pengiriman data ke
M1632. Data yang akan dikirim disiapkan di DB0..DB7, sesaal
kemudian sinyal E di-satu-kan dan di-nol-kan kembali. Sinyval E
merupakan sinyal sinkronisasi, saat E berubah dari 1 menjadi 0 data di

DBO .. DB7 diterima oleh M1632,
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3. Untuk mengambil data dari M1632 sinyal Rﬁ? di-satu-kan, menyusul
sinyal E di-satu-kan. Pada saal E menjadi 1, M1632 akan meletakkan
datanya di DBO .. DB7, data ini harus diambil sebelum sinyal E di-

nol-kan kembali.

2.3. Memori AT24C64
Fasilitas dan keistimewaan darit AT24C64 berkaki 8 pin adalah:

e 2-Wire Serial Inferjace

¢ Low-Power Devices (ISB =25 mA @,5V)

o High Reliability: — Endurance; 1| Million Write Cyeles

— Data Retertion: 100 Years
AT24C64 mempunyai 1 jalur WP (Write Protect), 1 jalur 8CL (Serial

Clock), 1 jalur SDA (Serial Data), dan 3 pin jalur alamat. Gambar 2-3

menunjukkan susunan pin vang dimiliki oleh AT24C64:

#+n FPOIRP
L

HE i
ko

(1501
1504

AD [
AlQ
Az
D O

F S B % T
L I T R N =

Gamhbar 2-3
Susunan Pin AT24C64




2.4. Standar R8-232

Secara umum, RS-232 didefinisikan sebagai antar muka antara peralatan
terminal data dengan peralatan komunikasi data menggunakan data biner sccara
secara serial. Pada prinsipnya proses transfer data dengan mengpunakan seriaf
imerface i sangat sederhana. Komumikasi senal meropakan komumikasi data
dengan pengiriman data  secara satu per satu dengan mengpgunakan satu jalur
kabel data. Schingga komurikasi serial hanya menggunakan 2 kabel data yaitu
kabel data untuk pengiriman yang disebut fransmife (Tx) dan kabel data untuk
penerimaan yang  disebut receive (Rx). Kelebihan dari komunikasi serial adalah
jarak pengiriman dan penerimaan dapat dilakukan dalam jarak yang cukup jauh
dibandingan dengan komunikasi paraffef tetapt kekurangannva adalah kecepatan
lebih lambat danpada komunikasi paraifel.

Tenis data yang yang akan ditransfer adalah dalam bentuk bingr, Dalam
merancang  sistem komunikasi  senal, haend-shake disempurpakan dengan
menambahkan karakter pengendali dalam deretan data yang dikirim vang biasa
disebut sebagai seart bit atau stop bit.

Kabel ES-231 biasanya terdin dari 4, 9, atau 25 pin. Kabel 25 pin
menghubungkan setiap pin, sedangkan kabel 4 pin merupakan hubungan vang

minimum.
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Tabel 2-4 Fungsi pin-pin R8-232

DTypeds pin | D-Tspe? pin Abbreianon Full Name

KD, Ba,

Pan? Pia3 Lib Transaxt Data

Pind P ED Foacarve Dara

P4 Pin? RTS Recpsest To Send

Pins Pin® 5T Clear To Send

Pind Ping DSE Data Set Ready

Pin? Puns 5G Signal Grownd

Pinf Fn1 8 Carner Derect

Pn2b Pend DTE Ciata Termmal
Eeady

P 22 Pung RI Ring Indicaror

2.4.1. Spesifikasi RS- 232

Spesifikasi antar muka RS-232 akan dijelaskan berikut ini. Pada sinyal
yang dikirim, level tegangannya adalah +5 Vde sampai +15 Vdc untuk biner ‘{1’
dan -5 Vde¢ sampai -15 Vde untuk biner *1°. Sedangkan untuk data vang diterima,
level tegangannya adalah +3 Vdec sampai +13 Vdc untuk biner “0° dan -3 Vde
sampai -13 Vde¢ untuk biner *1'. Kecepatan pengiriman data yaitu 50 bps sampai
19200 bps (bit per second alau bit per detik). Sedangkan untuk membangkitkan

Betdrate yang diinginkan, maka timer | dapat dicari dengan mengegunakan

persamaan berikut:

3SMOD T
12x32xBaudrate

TH1 =256 -
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2.5. Komunikasi Infra Merah

Komunikasi infra merah dilakukan dengan menggunakan dioda infra merah
sebagai pemancar dan modul penerima infra merah sebagai penerimanya. Untuk
jarak vang cukup jauh, yaitu kurang lebih tiga sampai lima meter. Pancaran data
indra merah harus dimodulasikan terlebih dahulu untuk menghindari kerusakan
data akibat nvise.

Proses modulasi dilakukan dengan mengubah kondisi logika “0" dan “1°
menjadi kondisi ada dan tidak ada sinyal carrier infra merah vang berkisar antara

30 KHz sampai 50 KHz.

Data 1Y /

Bl

Smeal IR

Gambar 2-4
Modulasi Sinyal Infra Merah

2.5.1. Bagian Pemancar

Pemancar terdiri dari bagian modulator, bagian penguat dan diode infra
merah.

Diode Infra

Modulator —= Penguat —s

Gzambar 2-5

Blok Diagram Pemancar
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Proses modulasi dilakukan dengan mencampur sinyal carrier infra merah
dengan sinval data yvang diperoleh dari port serial DST-51. Rangkaian Modulator

vang terdiri dari sebuah gerbang dan rangkaian R-C sebagai ascillator.

i _.h;- Feslniz g E
I bzt L=
=t n [ |
1 e

Gambar 2-6a Rangkaian Modulator Gambar 2-6b Saat Data Logika | atau fdle

Gambar 2-6¢ Saat Data Logika 0

Gerbang tersebut menggunakan IC 74HCI132 di mana pada saat pin T'X.D
berkondisi logika ‘1* maka owtput dar 1C ini sesuail dengan tabel kebenaran yang
ada pada datasheet adalah logika “1°. Namun bila sebaliknya 1XD berkondisi
logika ‘0" maka sesast output dari IC ini (pin 6) berubah ke logika *0°, schingga
kapasitor C1 akan membuang muatannya melalui R2. Bila tegangan C1 terbuang
hingga di bawah tegangan ambang 74HC132 maka inpuf pin nomor 5 dari IC im
akan dianggap berkondisi logika ‘07 sehingga outputnya (pin 6) berubah menjadi

logika *1°.
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Arus akan mengalir dari pin ¢ menuju ke C1 melalui R1 hingga tegangan
pada kapasitor ini melebihi tegangan ambang dan inpul pin nomor 5 dianggap
berkondisi logika ‘1° (gambar 2-6b). Bila pada saat itu TXD masih berkondisi
high maka output dari gerbang ini vaitu pin nomor ¢ akan berkondisi fow dan C]
akan membuang muatannya melalui R] sehingga tegangan pada pin 5 berada di
bawah legangan ambang atau berlogika ‘0" (gambar 2-6¢). Cuiput pada pin 6
kembali berlogika *1’ dan arus mengalir lagi mengisi C1 melalui R1.

Proses pembuangan dan pengisian kapasitor C1 ini menyebabkan adanya
osilasi pada pin 6 1C 74HC132 sehingga terbentuk sinyal carrier dengan frekuensi

vang dapat dihitung dengan menggunakan rumus berikut:

T=2R0 |im 2oV | [2oNTE
YV ¥s

Jadi pada intinya apabila input TXD berkondisi kigh maka frekuensi carrier
yang terjadi pada pin -nemur 4 akan dilewatkan ke owfpumya dengan frekuensi
yang sama persis, namun bila TXD berkondisi Jow maka osilasi pada pin nomor 4
akan berhenti dan output dari gerbang adalah high.

Avunan sinval ini diperkuat lagi oleh gerbang lain dann 74HC132 yang
dibentuk menjadi inverfer dan diteruskan ke transistor BC546 yang mengalirkan
sinyal-sinyal frekuensi hasil dari modulafor tersebut ke diode Infra merah. Diode
infra merah membutuhkan arus kurang lebih 100 mA dan tegangan kurang lebih 2

Volt untuk memancarkan sinar secara maksimum.
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Outpt dari IC 74HC132 yang hanya mengeluarkan arus maksimal 4mA
tentu saja tidak cukup kuat untuk mengendalikan LED tersebut. Transistor BC546
adalah sebuah transistor dengan konfigurasi darfington dan penguatan minimal
100 x (HFE). Oleh karena 1w, untuk membangkitkan arus Kolekior sebosar 100
mA. maka hanya dibutuhkan arus sebesar 1 mA saja pada basis. Qutput 74110132
vang dapat mengeluarkan arus 4 mA dapat dihubungkan ke transistor tersebut

melalui resistor R3.

— SS9
]

ER

Gambar 2-7
Bagian Pengual Infra Merah

()silasi yang telah dikuatkan oleh bagian penguat im akan mengakibatkan

adanya pancaran sinyal infra merah dengan frekuensi seperti pada gambar 2-7,

2.5.2. Bagian Penerima
Bagian Penerima seperti yang lelah disebutkan scbelumnya, adalah
merupakan modul penerima infra merah yang terdin dari phote diode yang sudah

dilengkapi dengan rangkaian hand pass filter vang hanya melewatkan frekuensi
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antara 30 KHz sampai 50 KHz saja. Bagian penerima menggunakan modul DT

L/O reciver infra red seperti pada gambar di bawah:

e El

&

g
R FUEC 3

' ||| i

Gambar 2-8

Modul Peperima Infra Merah

Outpirt dari modul ini berupa logika 0" dan ‘1° sehingga dapal langsung
dihubungkan ke DST-51 di bagian pemancar. Frekuensi 47,13 Kz yvang diterima
dari pancaran diode infra merah diubah menjadi logika *0° dan tidak adanya

frekuensi sebagai logika *17 seperti pada timing diagram berikut.

DmodetR A R T
XD Nossns / | Yo

Gambar 2-9
Timmng Diagram Penerima

Dengan adanya rangkaian pemancar dan penerima ini, maka kondisi logika
‘0° dan *1” pada pin TXD akan diterima pada pin RXD dengan kondisi yang sama
pula. schingga proses transmisi data secara serial dapat terjadi.
# Komunikasi Data

Komunikasi data serial antara sebuah pemancar dan sebuah penerima pada
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media infra merah, hanya menggunakan satu jalur saja yaitu jalur data

tanpa memerlukan sinval clock sebapai simfronisasi. Oleh karena itu

transmisi serial harus dilakukan secara asinkron di mana setiap paket data
harus diawali denpan seart bit (*07) dan diekhiri dengan stop bir (*17).

Komunikasi serial asinkron pada ATHEYS51 tefadi dengan mengirimkan

start bit, 1.8 terlebih dahulu dan diakhiri dengan MSB lalu stop bit.

Sebelum proses pengiriman dan penerimaan data dilakukan, maka ada
beherapa register yang mengatur proses komunikasi serial pada ATS9551 yang
harus diinisial agar komunikasi asinkron dengan baudrare 600 bps dapal
dilakukan.

Untuk mengatur baudrate dari port scrial ATEOSS51 maka Timer 1 dari
ATEYS5] diatur sebagai mode 8 bit auto reload di mana timer tersebut akan
dipunakan scbagai pre scaler dan baudrate.

Sedangkan untuk membangkitkan baudrate, maka dapat dicari dengan
menggunakan persamaan berikur:

I'H1 =256 - Elis
| 2x32xRBaudrate

2.6. KWH Meter Digital

Perancangan KWH meter digital dapat ditunjukkan pada diagram blok

berkut:
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Gambar 2-10)

Diiagram Blok KWTH Meter Digital

*  Sensor Arus

Pada perancangan sensor arus vang digunakan adalah berupa kawal
tembaga. Pada daigshect 1C ADE7757, kawat tembaga yang dipakai harus
memiliki nilai tahanan sebesar 350 pL2 Untuk menentukan berapa panjang kawat

yang dibutuhkan dengan menentukan diameter kawat scbesar 1,7 mm dan

? tembaga Sebesar 16,8 pl¥mm, maka digunakan persamaan sebagai berikut:

R =pt
A
150x10°% = 16.8x10" x i
3.14%0.85"
{ =473 mm

R : Tahanan, p: Tahanan Jenis, { :Panjang kawat, A : Luas penampang kawat
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s+ Sensor Tegangan
Pada perancangan, sensor tegangan mengpunakan rangkaian pembagi

tegangan dengan tegangan masukan maksimal 165 mV,

¢ IC ADETT57
IC ini digunakan untuk memproses pemakaian energi dengan masukan

dari sensor arus dan tegangan, seperti pada gambar diagram blok di bawah ini:

zambar 2-11
Diagram Blok IC ADE7757

Sinval keluaran dari IC ADE7757 yang menjadi masukan bagi
mikrokontroler adalah pada pin F1 yang berupa pulsa dengan kalibrasi 100 pulsa

per kWh, schingga untuk | pulsa sama dengan 0,01 K'Wh.
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BAB Il

PERENCANAAN DAN PEMBUATAN ALAT

A1, Pendahuluan

Dalam bab ini akan dibahas mengenai perencanaan dan pembuatan alat PDE
(Portable Date Entry) untuk K'WH meter digital melalui media infra merah yang
dapat diakses pada PC, Pembahasan akan dilakukan pada setiap blok rangkaian,
terdiri atas pemilihan komponen, cara kerja masing - masing blok rangkaian,
perhitungan dan fungsi masing - masing blok rangkaian tersebul. Secara garis
besar terdapat dua bagian perangkat vang ada, vaitu ;

e Perencanaan perangkat keras (Hardware)
s Perencanaan pcrangkat lunak (Software)

Pada perencanaan perangkat keras meliputi seluruh peripheral yang
digunakan pada sistem ini. Sedangkan pada perencanaan perangkat lunak meliputi
Mflowehart dan soffware secara umum. Akan tetapi kedua perangkat terschut dalam

kerjanya akan saling menunjang satu sama lain.

3.2. Perancangan Perangkat Keras (Hardware)

3.2.1. Spesifikasi Alat

Spesifikasi “perencanaan dan pembuatan alat PDE (Portable Data Entry)
wituk K WH meter digital melalw media infra merah vang dapat diakses pada PC”

vang dirancang adalah sebaga berikut:
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1. Alal ini mengzgunakan sistem minimum mikrokontroler AT89551 sebagai

pengontrol utama dan EEPROM AT24C64 scbagal memori eksternal.

s

Mengpunakan infra merah, sebagal media untuk pengambilan data pada
KWII meter digital vang berupa nomor pelanggan dan jumlah pemakaian
eriergl.

3. Menggunakan LCD scbagai tampilan.

4. Mengeunakan push button untuk menjalankan proses pengambilan data
dari KWH meter digital dan pengiriman data pada PC surta untuk
menghapus memori pada KWH meter digital dan PDE.

5. Komunikasi PDE dengan PC menggunakan komunikasi serial RS232.

3.2.2. Blok Diagram Keselurahan Alat

Perancangan dan pembuatan PDE agar dapat dilakukan secara sistematis
dan terstruktur maka perlu dibuat blok diagram yang menjelaskan dari sistem
vang dirancang. Secara garis besar sistem perancangan ditunjukkan pada blok

diagram dari Gambar 3-1.
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Kelerangan fungsi Jdan masing-masing blok diagram pada blok PDE di atas

adalah sebagai berikut :

1. Mikrokontroler AT89551

Berfungsi sebagai unil pemroses data dari push buston, infra merah, dan

pada saat mengupinagd data ke PC serta mengendalikan mekanisme kerja

scluruh sistem.

2. EEPROM AT24C64

Berfungsi schagan unit penyimpan data.

3. Infra merah

Berfungsi sebagai komunikasi antara PDE dengan KWH meter digital.

4. LCD (Liguid Crysial Display)

Berfungsi untuk menampilkan informasi data tentang berapa pemakaian

encrgi listrik, nomor pelanggan, load Ok, Memaori Fulf dan sebagainya.
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RS232

Berfungsi sebapai komunikas) serial antara PDE dengan PC.

Push Button

Berfungsi untuk menjalankan proses pengambilan data dan KWL meter
digital dan pengiriman data pada PC serta untuk menghapus memori pada
KWI11 meter digital dan PDE.

PC (Personal Compuier)

Berfungsi sebugai pengolah data pelanggan listrik untuk menampilkan
berapa pemakaian energi listrik dan nomor pelanggan.

Blok unit penghitung encrai

Berfungsi untuk mengukur jumlah pemakaian energi pelanggan listrik dan

schagai obyck dalam pengambilan data dengan menggunakan PDE.

3.2.3. Prinsip Kerja PDE

Alat ini digunakan untuk pengambilan data yang berupa jumlah pemakaian

daya dan nomor pelanggan dan KWH meter digital. Alat ini bekerja sesuar

dengan fungsi dari masimg-masing lombol. Adapun [ungsi dari masing-masing

tombol adalah sebagai berikut:

¥

Tombol 4
Tombol ini berfungsi untuk mengambil data dari KWH meter. Prinsip
kerjanva adalah, pada saat tombol 4 ditekan, mikrokontroler ATRISS1

memberikan perintah pada KWH meter digital untuk mengirimkan data
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pada PDE, lalu data tersebul disimpan pada EEPROM dan ditampilkan

pada LCD.

B

Tombol 3

Tombol ini berfungsi untuk mengirimkan data dari PDE ke PC secara
serial. Prinsip kenjanva adalah. pada saal tombol 3 ditekan maka PDLE
dalam kondisi standby, menmingpu perintah dari PC untuk melanjutkan
proscs pengiriman data.

Tombol 2

sl

Tombol ini mempunyai 2 fangsi:
s Pada saat mode normal tombol 11 berfungsi untuk mereset KWH meter
digital.
s Juga hisa berfungsi sebagai tombol exff dan kembali pada mode normal.
4. Tombol 1
Tombol ini berfungsi untuk meresct data pada EEPROM. Bila tombol
ditckan maka mikrokontroler akan menjadikan identitas data yang

disimpan pada EEPROM menjadi *0°

3.2.4. Perancangan Mikrokontroler AT89551 pada PDE

Dalam hal ini cara kerja mikrokontroler AT89551 hampir sama dengan otak
manusia, mikrokontroler akan mengendalikan seluruh rangkaian pada PDE. Agar
dapat mengerjakan suatu perintah maka mikrokontroler harus diisi program

terlebih dahulu
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Mikrokontroler AT89851 memerlukan  knstal dengan  frekuens
11,0592MHz dan dua buah kapasitor 33pF di pakai untuk melengkapi rangkaiat
oseillator pembentuk clock yang menentukan kecepatan kerja mikrokontroler.
Kapasitor 10pF dan resisior 10K dipakai uittuk membentuk rangkaan resef
dimana rangkaian ini pada saat pertama kaii catu daya dihidupkan, akan meresef
rangkaian mikrokontroler schingga program dipastikan akan bekerja dan awal.
Prinsip kerja rangkaian reset adalah proses pengisian kapasitor yang ditunda oleh
sebuah resistor sehingpa pada saat pengisian kapasitor akan terjadi proses keadaan
dari tegangan rendah (low) ke tegangan tinggi (high), keadaan inilah yang akan
mereset rangkaian mikrokontroler.

Por: 0 mikrokontroler AT89851 merupakan keluaran untuk alamat (address
ADO-ADT) yang tidak mempunyai tahanan pull-up, seperti pada konstruksi pori-
port yang lain. Pada saat PO di pakai sebagal port output tegangan pada kaki PU
tidak mungkin menjadi high (tegangan ambang), untuk mengatasi hal ini maka
harug dipasangkan R-Pack seperti pada skema rangkaian mikrokontroler

ATR9S51 yang diperlihatkan pada gambar 3-2.
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Gambar 3-2
Rangkaian Mikrokontroler ATROS51

Agar sebuah mikrokontroler dapat bekerja sebagai pengontrol, maka kaki-
kaki/port mikrokontroler dihubungkan dalam rangkaian-rangkaian eksternal.
[yalam perancangan ini, port yang digunakan adalah sebagai berikut:

I. Pin 1 ~ 4 (PL.O0— Pl 3) digunakan untuk push button.
2. Pin 9 digunakan untuk reset.
3, Pin 10 — 11 (P3.0 — P3.1) digunakan sebagai komunikasi serial pada PC

dan komunikasi pada infra merah.
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4. Pin 18 — 19 digunakan untuk XTALZ2 dan XTALL.

5. Pin 20 (GND} dihubungkan pada growurel.

6. Pin 21 {P2.0) dihubungkan ke pin SDA pada EEPROM.

7. Pin 22 (P2.1) dihubungkan ke pin SCL pada EEPROM.

8. Pin 32 - 39 (PL7 — P0.0) digunakan sebagai keluaran untuk LCD M1632,

9. Pin 31 (EA) dan 40 (VCC) dihubungkan pada tegangan +5V.

3.2.4.1. Perancangan Rangkaian Push Buatton

Dalam perancangan ini mikrokontroler AT&9851 telah dialur untuk
mengirimkan data ke infra merah, mengupload data ke PC, mereset KWH meter
digital dan mereset data pada PDE. Oleh karena it untuk melakokan proses
penginiman, pengambilan dan mereset data tersebut maka dibutuhkan push burton.

Perancangan push button seperti pada gambar 3-3 berikut:

— . ]
25 O—— Piu
B3 I - )
—0 O—PI1.1
Bz + : =
-_—0 OD——= P12
Bl e s,

Gambar 3-3
Rangkaian Push Button

Jika tombol-tombol tersebut ditekan maka akan memberikan masukan

grownd pada mikrokontroler.




3.2.4.2. Perancangan Rangkaian Clock

Pada mikrokontroler ATR9S51 terdapat oscillator scbagai pembangkit
pulsa. Untuk mengaktifkan Oscillator, pori XTALl dan XTAL2 harus
dihubungkan ke sebuah crystaf 11Mhz dan dua buah ceramic capacitor masing-
masing 30pF atau sesuai dengan yang dispesifikasikan. Kecepatan proses
pengolahan data darl mikrokontroler ditentukan oleh cfock yang dirangkai pada

mikrokontroler tersebut seperti pada gambar berikut:

CTRLALT
1—|D= TRTALL
L1055
—_ipF  —l—3F
Gambar 3-4
Rangkaian Clock

Untuk menghitung waktu T, dapat menggunakan persamasn scbagai

herikut:

1

Tope =——
L

1
T 11,0592x10°

=9,042 x 10°*8
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3.2.4.3. Perancangan Rangkaian Reset

Pin reset pada mikrokontroler merupakan masukan aktif tinggi *1°. Pulsa
transisi dari rendah ‘0" ke tinggi * |’ akan meresel mikrokontroler menuju alamat
0000H. Pin reset dihvbungkan dengan rangkaian power on reset yang
diperlihatkan pada gambar 3-4 berikut ini :

ay

o

. 2R
1i 2
__..J:
Gambar 3-5

Rangkaian Power On Reset ATEYSS1

Sehingga waktu minimal logika tinggi yang dibutuhkan untuk mereset
mikrokontroler adalah
Reset (min) = T » periode yang dibutuhkan
= 0,042 %107 % 24 =2.170 ps
Jadi mikrokontroler membutuhkan waktu minimal 2,170 ps untuk mereset.
Waktu minimal inilah yang dijadikan pedoman untuk menentukan nilal R dan C. Dan
persamaan konstanta waktu © =R x C { William I Hyat, 1998, h132 [1] ) dan jika

nilai B ditentukan sebesar 10 k€2, maka nilai C adalah :
C :1
Fis
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_2,170x107
10x10°

=2170 x10 *F
Kapasitor minimal yang dibutuhkan adalah 2,170 pF. Dengan menggunakan
kapasitor schesar 10 g F, maka akan menjamin walktu reset di atas nilai minimal waktu

vang dibutuhkan untuk mereset mikrokontroller.

3.2.5. Perancangan Rangkaian LCD (Liguid Crystal Display)

Sehagai penampil data digunakan display LCD dot matrik 2 X 16 karakicr.
Sinval-sinyal vang dipergunakan oleh LCD adalah data bus, RS, R'W dan E.
Sinval E dihubungkan ke P02 untuk mengaktifkan LCD. LCD akan aktif jika
mikrokontroler memberi intruksi tulis pada alamat LCD. Sedang P0O.O untuk
memberikan sinval RS vang membedakan sinyal antara instruksi program atau
instriksi penulisan data.

Untuk pin R/W difungsikan untuk menuliskan program jika diben logika "0°
dan untuk membaca jika diberi logika ‘1°. Untuk menampilkan data dan

mikrokontroler maka pin-pin LCD dihubungkan dengan P0.0 sampwm PO.7 seperti

pada gambar berikut:
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Gambar 3-6
Rangkaian LCD

VR pada pin 3 (VEE) digunakan untuk mengatur kontras dari karakter

vang ditampilkan.

3.2.6. Perancangan Rangkaian K5232
Pada perancangan komunikasi data antara mikrokontroler dengan PC secara

serial dengan menggunakan RS232 seperti pada gambar 3-7 berikut ini:

W
S

EELQJT_“_I 2 R5232

5
_flé ] -
= ) 10 N - J
E: 47
T

Gambar 3-7
Rangkaian Komunikasi Serial R5232

= [ .| [=
o A —

@ Celele
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Serial conirol (SCON) merupakan register khusus pengontrol kerja port
serial, disel untuk mentransmisikan 8 bit data UART ( Universal Asynchronous
Reeiever Transmitter) yang merupakan standar komunikasi data dengan bawd rate
vang dapat diatur  (varighle). Spesifikasi antar muka RS-232 akan dijelaskan
berikut ini.

Pada sinval yang dikirim, level tegangannya adalah +5 Vde sampai +15 Vde
untuk biner *0" dan -5 Vdc sampai -15 Vdc untuk biner *17. Sedangkan untuk data
vang diterima, level legangannya adalah +3 Vdc sampai +13 Vde untuk biner “F
dan -3 Vde sampai -13 Vdc untuk biner ‘17, Pada perancangan digunakan
haudrate sebesar 19200 bps, maka :

2%¥°" x Frekuensi Osilator
32x12[256- THI]

Baud Rate = -

Vs i
o200 bps 209210
32x12[256-TH]]

TH1 = 253 d=0FDH

Dengan baudrate 19200 bps, maka untuk memproses satu bit data

membutahkan wakin 52,08 ps. Jadi untuk satu karakter vang terdiri atas 8 bit

membutuhkan wakiu sebesar: 8 x 52,08x10™" — 0,42 ms.

3.2.7. Perancangan Rangkaian Infra Merah

Pada rangkaian infra merah terdiri dari dua bagian yaitu bagian pemancar
(transmitter) dan bapian pencrima (Reciever). Pada bagian penenma,
menggunakan DT 1/0 Reciever untuk menerima data dari KWH meter digital

yang kemudian diproses pada mikrokontroler AT8%551 seperti pada gambar 3-8.
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Pada bagian pemancar menggunakan DYT-51 yang terdiri dari bagian
modulator, bagian penguat dan diode inlra merah seperti pada gambar 3-8.
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Gambar 3-8
Rangkaian Infra Merah

Pancaran data infra merah harus dimodulasikan terlebih dahulu uniuk
menghindari kerusakan data akibat noise. Pada perancangan digunakan R sebesar
3.9 k(2 dan C sebesar 6,8 nF untuk membentuk frekucnsi carrier, di mana VT-
adalah batas bawah tegangan ambang 74HC132 yaitu sekitar 2 Volt dan VT+
adalah batas atas dari tegangan ambang 74HC 132 yaitu sekitar 3 Volt. Schingpa

frekuensi carrier yang terbentuk scbesar:

" m_[ s w ves ]]

=2x39kx68n[In(3/5)In(2/5)=2,175x107 s

= 1

F=_1
T 2,175x10-=

ig




= 45,98 kliz
Jadi frekuensi carrier yang digunakan untuk modulasi data yang dikirim
adalah sebesar 45,98 kHz

Pada perancangan digunakan baudrate schesar 600 bps, maka :

Baud Rat 2% Frekuensi Osilator
s,
32x12(256-THI]
oo = ez ll

32x12[256-THI|
TH1 = 160d=0A0H
Dengan  paudrate 600 bps, maka unluk memproses satu bit data
membutuhkan waktu 1,67 ms. Jadi untuk satu karakter yang terdiri atas 8 bitl

membutuhkan waktu sebesar: 8 x 1.67x107 = 13,36 ms.

3.2.8. Perancangan EXPROM AT24C64
Pada perancangan CEPROM AT124C64 yang mempunyal kapasitas 8
kbptes ini, untuk komunikasi dengan mikrokontroler menggunakan sistem [2C.
Fitur utama 12C bus adalah sebagai berikut :
= Hanya melibatkan dua kabel vaitu serial data line (selanjuinya disebut
SDA) dan serial clock line (selanjuinya discbut SCL).
e 12C merupakan scrial bus dengan orientast data 8 bit, komunikasi 2 arah,
dengan kecepatan transfer data sampai 100 kbps pada mode standart dan

3.4 Mbps pada mode kecepatan tinggi.
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Gambar 3-9
Rangkaian GEPROM ATZ24C64

3.3. Perencanaan Perangkat Lunak

Untuk mendukung agar perangkat keras berfungsi sesum  dengan
perencanaan, maka diperlukan perangkat lunak sebagai penunjangnya. Perangkat
Junak ini sendiri maksudnya adalah suatu program yang kita buat yang nantinya
akan ditanam ke dalam mikrokontroler ATE9S51. Setelah mikrokontroler tersehur
diprogram, maka akan diketahui apakah program yang telah kita buat bekerja
sesuai dengan yang kita rencanakan ataukah masih memiliki kesalahan.

Sistem aplikasi mikrokoniroller AT89S51 ini dapat mengatur dan
mengendalikan  keseluruhan sistem apabila ada wurutan instruksi  vang
mendefinisikan secara jelas urutan tugas yang harus dikerjakan. Urutan instruksi
ini sangat penting untuk didefinisikan, karena mikrokontroler dapat bekerja secara

pasti sesuai dengan instruksi yang telah dibuat.
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33.1. Perancangan Diagram Alir (Flowcharf) pada PDE
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Giambar 3-10 (a)
Diagram Alir Saat Penekanan Tombol 1 (Hapus Data PDE)
dan 2 (Reset KWH Meter Digital)
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Idiagram Alir Saal Penckanan Tombol 4 (Download)
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BAB IV

HASIL PENGUJIAN ALAT

Untuk mendapatkan  hasil  vang  maksimal  setelah  melaksanakun
perancangan dan pembuatan alat, maka perlu dilakukan suatu pengujian terhadap
alat yang telah dibuat. Pengujian ini bertujuan untuk mengetahui apakah alat yang
telah dibuat telah dapat bekerja sesuai dengan perencanaan.

Bagian-bagian vang diuji dari peralatan ini adalah :

I. Pengkalibrasian K'WH Meter Digital.

I

Penpujian  pengambilan  data pada KWH meter digital dengan

menggunakan PDE.
3. Pengujian jarak yang bisa dijangkau pada saat pengambilan data.

4. Pengujian pengiriman data ke PC.

4.1, Pengkalibrasian KWH Meter Digital
4.1.1. Tujuan Pengkalibrasian

Untuk mengetahui herapa error dari KWH meter digital yang telah dibuat
menurut standar dari PLN. Proses pengkalibrasian alat im dilakukan di PLN

Malang dan dilakukan oleh petugas rera PLN Malang.




4.1.2. Alat dan Bahan

4;1 -

"y

-2

bk

!-.J'r

.

. KWH meter digital

Sensor impuls

Meja Tera

PE

. Langkah Penglkalibrasian

Persiapan untuk mengaktifkan rangkaian
Menentukan tegangan dan arus pada meja tera

Menyalakan KWH meter digital sclama 30 memt scbelum pengkalibrasian

(standar PLN)
Pengkalibrasian KWH meter digital dengan menggunakan sensor impuls

PC digunakan untuk menghitung error (dengan menggunakan soffware

pengkalibrasian) dengan masukan dari sensor impuls

Pengkalibrasian dilakukan sampai mendapatkan nilai error yang relatil

kecil
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Gnm bar 4-1

Pengkalibrasian KWH Meter Digital dengan Menggunakan Sensor Impuls

4.1.4. Hasil Pengkalibrasian

Dari pengkalibrasian KWH meter digital yang dibuat didapatkan errer
sebesar 2,86%, sehingga alat ini mempunyai tingkat keakuratan sebesar 97,14%.

Faktor penyebab error antara lain sebagai berikut:

* Kualitas kawat tembaga (nilai tahanan jenis tembaga)

* Pemasangan sensor arus yang kurang tepat

Menentukan error dengan menggunakan perhitungan:
Diketahui: V=220v , [=045 A, Cosp =1 (diset oleh petugas PLN)
Bi=VxIxCosp
=20x045x 1
=099 kWh
Diketahui: | (jumlah impuls yang dihitung) =2 impuls
T (waktu vang diperlukan) = 70,65 detik
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Ri (konstanta impulg) = 100 impuls/k'Wh
Py = (1 x 3600) / (T x Ri)
=(2 x 3600) / (70,65 x 100)
= 1,019 kWh
E =[(P1/P2)-1] x 100%

= [(0.99/1,019) - 1 ] x 100% = - 2,92%

Menentukan error dengan menggunakan PC (sofiware):

Gambar 4-2

Tampilan Nilai Error pada PC

Terjadi perbedaan nilai error antara metode perhitungan dengan soffware,

hal ini disebabkan oleh adanva pembulatan angka dalam perhitungan.
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4.2. Pengujian Pengambilan Data pada KWH Meter Digital dengan

Menggunakan PDE

4.2.1. Tujuan Pengujian

Tujuan dan pengupian inm adalah untuk menguji keakuratan data yang

diambil dengan mengpunakan PDE.

4.2.2. Peralatan Yang Digunakan

[y

KWH meter digital

2. Beban berupa lampu dan heater

fal

=

Catu dava AC 220 volt untuk sumber tegangan KWH meter digital

PDE (Portable Data Entry)

4.2,3, Langkah PPengujian

1.

2.

Persiapan untuk mengaktifiian peralatan

KWH meter dihubungkan dengan tcgangan sumber AC 220 volt dan
diberi beban

Mengatur nomor pelanggan (tersedia 4 nomor pelanggan dalam saty
KWH meter untuk simulast)

Setelah terjadi perubahan jumlah pemakaian energi yang ditunjukkan
pada LCD KWH meter digital kemudian aktifkan PDE

Download data dari KWH meter digital dengan menggunakan PDE

Bandingkan data pada KWh meter digital dengan data pada PDL
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7. Mengulangi kembali langkah 3, 4, 5, dan 6 sesuai dengan nomor

pelanggan yang digunakan.

4.2.4. Hasil Pengujian
Hasil pengujian pengambilan data pada KWH meter digital dengan
menggunakan PDE seperti terlihat pada tabel berikut ini:

Tabel 4-1 Hasil Pengujian Pengambilan Data

Py moeegin | DO
(kWh) Tl
123450 0000,13 0000,13
123450 0000,24 ~0000,24
123451 0000,05 0000,05
123451 ' 0000,26 0000,26
123452 000027 | 0000,27
123452 0000,33 0000,33
123453 | 0000,10 0000,10
123453 | 000021 0000,21

Data diambil pada jarak L

Dari tabel di atas dapat disimpulkan bahwa data yang ditam pilkan pada

KWH meter digital sama dengan data yang ditampilkan pada PDL.

50




(zamhar 4-3

Tampilan 1.CD pada KWH Meter Digital

Gambar 44

Tampilan LCD PDE

4.3. Pengujian Jarak pada Saat Pengambilan Data

4.3.1. Tujuan

Tujuan dari pengujian ini adalah untuk mengetahui berapa jarak maksimal

vang dapat dijangkau oleh PDE dalam mengambil data dari KWH meter digilal.
4.3.2. Alat dan Bahan

1. KWH meter digital

2. Beban berupa lampu dan heater
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3. Catu daya AC 220 volt untuk sumber tegangan KWH meter digital
4. PDE (Portahle Data Entry)
5. Professional Tape (Melcran)

4.3.3. Langkah Pengujian
1. Persiapan untuk mengaktitkan peralatan

2. KWH meter dihubungkan dengan tegangan sumber AC 220 velt dan diber
beban

3. Setelah terjadi perubahan jumlah pemakaian energl yang ditunjukkan pada
L.CD KWH meter digital kemudian aktifkan PDE

4. Download data dari KWH meter digital dengan mengatur jarak antara
KWIH meter digital dan PDE

5. Ulangi sampai pada jarak maksimal yang dapat dijangkau olch PDL

4.3.4. Hasil Pengujian
Hasil pengujian jarak pada saal pengambilan data pada KWH meter digital

dengan menggunakan PDE seperti terlihat pada tabel berikut ini:

Tabel 4-2 1asi] Pengujian Jarak yang Dapat Dijangkau Oleh PDE

No Jarak (m) KET

1 1 "~ Sukses

- 1,5 ) Sukses |
3 2 . Sukses

4 2.5 Sukses

[ s 3 Sukses
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G 3.5 Sukses

7 4 (Gagal

g | 4,5 Gagal

Pengujian dengan mesggonakan baterad dalam keadnan baru

Dari hasi] pengujian di atas dapar disimpulkan bahwa jangkauan maksimal
dari PDE adalah 3.5 m. Hal ini disebabkan olch kemampuan infra merah dalam
mengirim dan menerima data hanya berkisar anitara 3 sampai 5 m. Setelah
dilakukan pengujian berulang kali temyata kondisi bateral juga dapat

mempengaruhi jangkauan dan alat 1.

4.4, Pengujiun Pengiriman Data dari PDE ke PC

4.4.1. Tujuan

Tujuan dari pengujian ini adalah untuk mengetahui keakuratan PDE

dalam mengirim data pada PC,
4.4.2. Alat dan Bahan

1. PDE (Portable Data Entry)

i-d

Kabel scrial DB9
i PC

4.4.3. Langkah Pengujian

I. Hubungkan PDE dan PC secara serial dengan menggunakan kabel nDBY
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2. Tekan tombol upload pada PDE {untuk pengiriman data ke PC)

Tekan sefport untuk menentukan port, baudrare, dan jumlah bit yang

%]

digunakan
4. Tekan oper (untuk membuka jalur data) lalu tekan download pada
program tampilan Delphi (untuk mengambil data dari PDE)
4.4.4, Hasil Pengujian

AT ==l Eh- e e T e e i

L i T o mit
mmne I

| | 0212450000008 1 2345000000

[} | 021 23450000008173 450000000

i

|

i

il

i

i \

i -

I :

i |

i :

| |

! ,

i ;

I|- |

|’ i

Il ;

i L wpat | Op=n ] Ll |

Gambar 4-5

Tampilan Program Delphi
Dari hasil pengujian didapatkan data yang ditampilkan oleh form] sebagai

herikut:

02123450000008123450000000

Maka dapat diartikan sebagai berikut:

02 : kode jumlah data yang diambil
123450 : Nomor pelanggan
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00000 : Jurnlah pemakaian energl
123450 : Nomor pelanggan
00000 - Jumlah pemakaian coergl

Dari 6 angka jumlah pemakaian enerei, 2 angka terakhir adalah 1/100 kKWh (2

angka setelah koma),
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BABYV
KESIMPULAN DAN SARAN

5.1. Kesimpulan

Dari hasit perancangan dan pembuatan alat portable data eniry untuk
KWII meter digital melalui media infra merah yang dapat diakses pada PC, maka

dapat diambil kesimpulan sebagai berikut:

I. Dari hasil pengkalibrasian dapat diketabui bahwa KWH meter digital

memilk: error schesar 2,80%,

L

Dari hasil pengujian alal, dapat diketahui bahwa jarak maksimal PDE
dalam penpambilan data pada KWH meter digital adalah 2,5 meter,
sehingga bila dalam pengambilan data jaraknya melebihi 3,5 meter maka
PDE tidak dapat mengambil data dan tampilan pada 1.CD> PDE adalah
*LOAD ERROR'.

Dari hasil pengujian, dapat diketahui bahwa kondisi baterai yang dipakai

[FE]

juga dapat mempengaruhi jangkauan.

5.2, Saran

1. Perangkat wvang dibuat akan lebih akurat dan lebih presisi lagi jika
menggunakan komponen-komponen yang Kualitas dan kemampuannya

lebih bak.
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b

Untuk pengembangan sclanjutnya dari alat ini diharapkan menggunakan
transceiver infra merah yang memiliki jangkauan yang lebih jauh.

Untuk mempertahankan jangkauan scbaiknyva digunakan baterai yang
mermiliki arus vang lebih besar,

Untuk penpgembangan sclanjulnya dari alat ini, apabila dinginkan unmk
menyimpan data pelanggan yang lebih banyak, maka sebaiknya digunakan

memori yang herkapasitas lebih hesar.
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d3

R e = *
Vad mapgin mamar B
£ 0 12345 6789012345 */
/* - - )
- et el i ¥ ix e —— e F

/* peklarasi interface mikrokontrollér ATB9551 :ﬁ

#include <atB9x51.h=
#include <stdbool.h>
#include <stdrlib. b=
#include "PENDING.C"

J’ﬂ - — S *
/* peklarasi interface LCD *
/* remark: ] */
ki menggunakan interface 4 bit T
I RS PD.D *
/* RW PO.1 *4

* EN PD.2 o
F ikl o4 P04 *
7% p5 PO.S */
Y D6 PO.6 =/

* D7 pPO.7 ot A

+ R ——— = =

#define Tlcd_port PO
#include <lcd4b.h=

S = - *
/* beklarasi interface serial EEFPROM =
£F remark: )

* SDA P2.3 x/

+ 5Dl P2.2 7

& - - SMCILLLLL RO, *Jluf
#define EEPROM_ADDR G
#define 5CL P2_2
#deTine SDA P2_3
#include "twi.c”

* ol ! = B s e *

o SR + rJ.f
?i peklarasi 1nterFac? . <)
#define th_download P10
#define tb_transfer PL1
#define th_free P12
#define tb_hapus Pl 3
#define Jed_kadip p2_4
#define sbuf_size 30 :

#define E0s_buf serbuf{ser_dig-1]

#define EOS 3

#define total_member 10

#define member_dig_size 6

#define kwh_dig_size 6

//#define record_size 16 o . )

#define record_size ((member_dig_size + kwh_dig size) + 1)

- e ek —_— ey g
/* peklarasi variable :f
f o= o = . % s e - -

igned char serbuf[sbuf_size],serial_current,ser_dig,tmp,tombol,
Sk nu‘peignggan[mem ér_dig;size].data_kwh[Ewh_ﬂ1g_ﬁ1ze].
tmp_kosong; | .
unsigned int tick_kedip,tick_ambil; , . :
1 loop_ambil,exit_upload,exit_cari,exit,errorser;
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o i . - e e ; S—
/* peklarasi prototype function */
# = */

void InitHardware();

void serial_reset(};

vaid putchar{un51 ned char dtl;

unsigned char read_EEPROM16(unsigned char chip_addr,unsignad int address);
uq;d_grﬁtE_EEPﬂﬂmlﬁiunsignEd char chip_addr.unsigned int address, unsigned char
mlai};

char baca_keypad();

void proc_download();

void proc_upload();

void proc_reset();

void main_view();

unsigned char cari_tempat();

void hapus_memori();

void proc_hapus(};

void TimerInterrupt (void) interrupt 1 using 1
THO = OxFC; //1ms

TLO = Ox66;
lf (++t1ck_ked1p>1ﬂﬂ0}
tick_kedip=
i Ted ked1pr'1ed kedip;
ks
Eﬁid it_serial () interrupt 4
RI=0 :
5Erbuf{5&r dig]=SBUF;
if {++ser_digs=sbuf_ 512&) ser_dig =0;
1

B i o R o L TR L L T U R R R R R R R ***t#ﬁ*iﬁ****#ﬁﬁ##****ﬁ
void main()

InitHardware(} v //Serial  timer
Ted_init () Sfinisialisasi Tcd
Ted_command (Ox0C) :  //cursor off
serial_reset() :

main_view() :

?hi1e (1)
tombol=baca_keypad();
if(tombol==1) proc_download();

alse if (tamb¢1==2) proc_upload();
else if (tombol==3) pruc_rESEt(%:
s else if (tombol==4) proc_hapus();

;*#*ﬁﬁiii*wi*ﬂﬂ**++&w*i#t@*t#ﬂk#ﬂ*ﬁ***ﬁ*ﬁ***********#*#W*E*ﬁ*****ﬁ*************f

void InitHardware()

TMOD =(xZ21 :
SCON =0x50 ;
PCON |= DxBﬂ //double speed
TH1 =160 + //300bps @11,059200Hz double speed jadi 600 bps
EA =true ;
ETO =true ;
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TRO =trues ;
TR1 =true ;
ES =true ;
PS =true ;

1

void serial_reset()

{

char i;

serial_current=ser_dig=0; .
for(i=0;i<sbuf_size;i++) serbuf[il=0;

void putcharCunsigned char dtl

SBUF = dr;
while(!TI){;}
TI =0;

unsigned char read EEPROM16(unsigned char chip_addr, unsigned int address)
{

unsigned char datax :

unsigned char addresshi i

unsigned char addressio :

unsigned char chip .
addrasshi address >> 8 s
addresslo address i
chip chip_addr << 1

iZze_start() ] ;

12c_wr]teEEEFRDM_AQDR | chip 2 t

12¢_writaladdresshi) »

j2r_write(addresslio) :

. i2c_stop()

i2c_start() z

j2c_write(EEPROM_ADDR | (chip | 1 J) ;

datax = i2c_read(0) -

i2c_stop() :

return datax

3
void write EEPROMIG(unsigned char chip_addr,unsigned int address, unsigned char
nilai)

unsigned char addresshi
unsigned char addresslo
unsigned char chip

ELE N

addresshi = address >> B :
addreszslo = address
chip = chip_addr << 1 -
i2e_start() i

i2c_write(EEPROM_ADDR | chip ) :
iZc_writaladdresshi) ;

i2c_write(addressio) .
i2zc_write(nilai) .
iZc_stopl) ;
y delay_ms{10) ;
%har baca_keypad()
char tb;
th=0;

if (! tb_download) th=1;
else if(!ltb_transfer) tb=2;
else if(!lth_free) th=3;
alse if(!tbh_hapus) Th=4:
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}return th;

void proc_download()

char i,j:
lcd_cleart);
led_putsf('Load ") ;
serial_reset();
Es=false;
putchar('a’>:
putchar({13);
ES=true;
delay_ms (2003 ;
}F{5er_dig{4]

delay_ms(200);
serial_reset();
Es=false;
putcharC'a'l;
putchar(l13);
ES=tiue;

Iy
delay_ms(500);

strclr{no_pelanggan,member_dig_size);
strclr(data_kwh, kwh_dig_size);

JMed utnx*(ﬂ.ﬁ):
/[ for %1=D: <16;1++) lcd_putchar(serbuf[il);

for (i=0;i<member_dig size;i++) no_pelanggan[i] = serbuf[i+Z];
for (i=0;ickwh_dig size;i++) data_kwh[i] = serbuf[i+8];

j=0;
errorser=false;
Fur{i=ﬂ;i€5:i++)

if{ (no_pelanggan[i]<0x30) || (no_pelanggan[i]=0x39) ) errorser=true;
Ffor{i=0;i<6;i++)

if( (data_kwh[i]<0x30) || (data_kwh[i]=0x39) ) errorser=true;

if [ arrorser )
Tod_putsf("ERROR") ;

else

Toed _putsFCTOK™) ;
tmp_kosong= cari_tempat{]);
if{tmp_kosong!=255)

{

1cd_gotoxy(0,1); ) . . :
far %i:ﬂ;i<member_d1g_51ZE;1++] 1cd_putchar{no_pelanggan[ilJ;
Tecd_putchar(® ');

led_putchar(" ');

lcd_putchar(' '); : :

for (i=0;i<kwh_dig_size;i++)

led_putchar(data_kwh[i]);
if Ci==3)lcd_putchar(',');
1
tmp_kosong=tmp_kosong*record_size;
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write EEPROMLG(0, tmp_kosong,1);
for (i=0;i<member_dig _size;i++)
write_EEPROM16(0, tmp_kosong+i+1l,no_pelanggan[i]);
for (1=0;1i<kwh_dig_size;i++) )
write_?EPRﬂMlﬁ(ﬂ,tmp_kusung+1+?.data_kwh[1]);

elsp

led_gotoxy (O, 1);
Ted_putsft("Memori Full 1111"7;

1

delay_ms(2000);
Jiwnilelbaca_keypad()!=0);
Ted_clear(};

main_view();

1
void proc_upload()

char i,j,posisi,header,jml;

led_clear();
led_putsf("PC UpLoad”™); o
TH1 = =253 : //9600bps @11,059200Hz double speed jadi 19200 bps

serial_reset{) ;
exit_upload=false;
while(!exit_upload)

if(baca _keypad()==3)

exit_ug1uad-true;
while(baca_keypad(}!=03;

1
if(ser_dig!=0)

jml=0; .
or (1=0;i<total_member;i++}

osisi=i*record_size; o
eader=read_EEPROM16{0,posisi);
if(header==1) jmli++;

1

putchar(jm] /10%10]0x303 ;
putchar(iml%10}0x30); A
for (i=0;i<total_member;i++)

osisi=i*record_size; .
eader=read_EEPROM1E(0,posisi);
if(header==1)

EDP{j=D:j<12:j++)

putchar{read_EEPROM16(0,posisi+i+l));
//if(G==9) putchar(’,"};

//putcharC’ ');

1
putchar{13);putchar{10};
exit_upleoad=true;

¥

%cd_c1gar%§:
main_view(); o
TH1 =160 - //300bps @11,059200Hz double speed jadi 600 bps

} Page 5
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void proc_reset()

Tcd_clear():
led_putst("Reset kwh");
Es=false:

putchar('rR"');
putchar(l3i);

Es=true;
while(baca_keynad(}1=03:
Ted_clear();
main_view();

}
void main_view()

led_gotoxy(0,0); lcd_putsf("main view");
led_gotoxy (0, 1) ; Tcd_putsF("main view');

unsigned char cari_tempat()

{
unsigned char i,posisi,bhasil,tmp;

i=0;

hasi1=255;
exit_cari=false;
while(!lexit_cari}

posisi=i*record_size;
tmp=read_EEPROML6(0,posisi);
if (tmp==0)

hasil=i;
 exit_cari=true;
¥
1443 . )
if (i>=total_member} exit_cari=true;

return hasil;

void hapus_memori ()

char i,posisi; :
for (i=0;i<total_member;i++)

posisi=i*record_size;
write_EEPROM16(0,posisi,0);

b

void proc_hapus()

led_clear();
1cdpput5F£"Ha?us data...");
hapus_memori(};

delay_ms {1000} ;
Ted_putst(moK");
delay_ms(1000);
Ted_clear();

main_view(C);
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Compatible with MCS-51® Products

4K Bytes of In-System Programm.abie (|SF) Fiazh Memory
- Endurance: 1000 Write/Eraza Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Throe-lavel Program Memory Lock

128 x B-bit Intermal RAM

32 Programmable O Lines

Twao 16-blt Timer/Counters

ATMEL

“patures ‘

R N Y o

Six Interrupt Sources 3'bit

Full Duplex UART Saral Channel

Low-power Idis and Power-down Modes i

Int::rup-t Recovary from Power-down Mode M ICroco ntml Ier
- D G Pl with 4K Bytes
' Power-off Fi
' Fast Pmurlr:.;rllng Tima |I'I-Sy5tem
i Flexible ISP Programming {Byte and Page Mode) Prugrammable
Description Flash

The AT20S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
sytes of in-system programmable Flash memory. The device is manufactured using
tmel's high-density nonvolatile memory technology and is compatible with the indus- ATBQS 51
ry-standard BOCS1T instruction set and pinout. The on-chip Flash allows the program
namory Lo be reprogrammed in-system or by a conventional nonvolatile memory pro-
jrammar. By combining a versatike 8-bit CPLU with in-system programmable Flash on a
nonalithic chip, the Atmel AT89551 is a powerful microcontroller which provides a
nighly-flexible and cost-effective solutlon to many embedded control applicaions.

The ATRS551 provides the following standard features: 4i bytes of Flash, 128 byles of
RAM, 32 11O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
vector two-level interrupt architecture, a full duplex serial port, on-chip escillator, and
slock circuitry, In addition, the AT89551 is designed with slatic logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
‘ants but freezas the ascillator, disabling all other chip functions until the next external
nterrupt or hardware resel.
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AT89S51
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Pin Description

VCC
GND

Port 0

Port 1

Port 2

Port 3

AIMEL

Supply voitage.
Ground.

Part 0 is an B-bit open drain bidirectional /O pork. As an oulput port, each pin can sink eight
TTL inputs. When 1s are writlen 1o port O pins, the pins can be used as high- mpedance
inputs.

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

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

Fort 1 is an 8-bit bidirectional 110 port with internal pull-ups. The Port 1 output ouffers can
sink/source four TTL Inputs. When 15 are written to Port 1 pins, they are pulled high by the
intemal pull-ups and can be used as inputs. As inputs, Port 1 pins that are extemally being
pulled fow will source current (I, ) because of the intermal pull-ups,

Port 1 also recelves the low-order address bytes during Flash pregramming and verification.

Port Pin " Altemate Functions

P15 " MOSI (used for In-System Programming)

P16 | MISO (usad for In-System Programming)
P17 SCK {used for In-System Programming)

Por 2 is an 8-bit bidiractional /O port with internal pull-ups. The Port 2 output Suffers can
sink/source four TTL inputs. When 15 are writtan ta Port 2 pins, they are pulled high by the
internal pull-ups and can ba used as inputs. As inputs, Port 2 pins that are extemally being
pulled low will source current {1, ) because of the intemal pull-ups.

Part 2 emits the high-order address byte during fetches from extemal program memary and
during accesses to extemnal data memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 usas strong intemal pull-ups when emitting 1s. During accesses to extemal
data memory that use 8-bit addresses (MOVX @ RI), Port 2 emits the contants of tha PZ Spa-
cial Function Register.

Fort 2 also raceives the high-order address bits and some control signals during Flash pro-
gramming and verfication.

Port 2 iz an 8-bit bidirectional 0 port with internal puli-ups, The Parl 3 output buffers can
sink/source four TTL inpuis. When 1s are written to Port 3 pins, they are pulled high by the
intermnal 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 varous special features of the ATB9S51, as shown in the
following table.

4 LHTEUSS ] e e T
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5T

ALE/PROG

gl

PP

KTAL1

XTAL2

HETA-10TH

Port Pin Alternate Functions

F3.0 RXD (marial input port)

P3.1 TED {serial output port) .

P32 - INTG {Exh;mal intarrupt 0) o
P33 - W .l_ﬂﬂernnl intermupt 1) -

i Pa4d - TO ﬁimefﬂ exlernal |n'|:;ut] - ]
P35 . | T4 (timer 1 external input) i
P36 WR (external data mamary wn?stmbe:l - a

T‘ﬂ? RO (external data mEmory read shnbe_]_ _ .

Reset input. A high on this pin for two machine cydes while the osciliator ic running resets the
davice. This pin drives High for B8 oscillator periods after the Watchdog times oul. Tha 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 fealure is enabled,

Address Latch Enable (ALE) is an cutput pulse for latching the low byte of the addreas during
accesses Lo external memory. This pin Is also the program pulse input (PROG) during Flash
programiming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and may

be used Ior external timing or clocking purposes. Note, however, that one ALE pulse is
skipped during each access lo external data mamory.

If desired, ALE operalion can be disabled by setfing bit 0 of SFR location 8EH. With tha 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 micracontraller is in external axacution
mode.

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

When the AT89551 is executing code from external program memory, PSEN is activated
twice each machine cycle, except that two PSEN activations are skipped during each accass
to external data memory,

External Access Enable, EA must be strapped to GND in order o enable the device to fetch
coda from external program memory locations starting at 0000H 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 iMemal program executions.

This pin also recelves the 12-valt programming enable vaoltaga (Vep) during Flash
programiming.

Input to the inverting oscillator amplifier and input to the internal clock operating elrculi

Quitput from the inverting cscillator amplifier
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ipecial A map of the on-chip memory area called the Special Function Ragister (SFR) space is shown
:unctian in Tabla 1.
?.Egi sters Note that not all of the addresses are occupied, and unocrupied addresses may not be imple-

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

able 1. AT89551 S5FR Map and Resat Values

|
OFBH OFFH
B
OFOH | ponnonoo OFTH
DESH : OEFH
DEDH | un-;ccc ‘ 0ETH
oDBH ‘ HoFH
R , .
PEW )
U00H | 0000000 007H
uCEH OCFH
OCOH | BeTH
[ = i
0B8H = 0BFH
FXO0O00a |
Pa
O80H | 19111 0e7H
DARH ¥ OAFH
GO
P2 AUXRA WOTRST
BADH | 4 gi1119 XHUKAXD | 000000 T
SCOM SBUF ' .
985 | onoo0oco | o000 aFH
P
ol IR TR TER o
ga | TCON TMOD TLo e THO TH1 AUXR .
DOODODOO | DUGOAD0O DOOODOOD | DODODOOO | DODOOOOD | 0DOODODO |  XXXODXXD
P PO ap DFOL OPOH DPiL OP1H PCON | o
11$11111 | 00000111 DOOGOON0 | 00DDDOOO | 0ODO0OOD |  DOOODOO DXXX0000
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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 Reglisters: The individual intermupt enable bits are in the |E register. Two priorities
can ba set for each of the five interrupt sources in the P register,

Table 2. AUXR: Auziliary Register

ALLXR

Mot Bit
Addressable

Addrass = BEH Reset Value = ¥2X00XX0B

Bit

_ | = wobDLE | DisRTO | - _ | DISALE
6 | 5 s. | 3 | & 1| g

DisALE

DISRTO

WODIDLE
WDIDLE
0
1

Reserved for fulure expansion
Dizabla/Enable ALE

DISALE
Dparating Mode

Disable/Enable Reset oul

DISRTO

DigablaEnable WOT in IDLE mode

WIDT continues to count In IDLE mode
WDT halts counting in IDLE mode

ALE is emitted at a constant rate of 1/6 the oscillator frequency
ALE is active anly during & MOVX or MOVE instruction

Raset pin is driven High after wWDT times out

Rasot pin i input onby

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

AIMEL 7




Memory
Organization

Program Memory

Data Memory

Watchdog
Timer
(One-time
Enabled with
Reset-out)

Using the WDT

m [ = = - e === ]
Powur 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

AR
Address = AZH
Rasat Valua = X00000008
Nt Bit
Addressable - - o
' = s | =1 = = f &= DPS
gt 7 | 6 | s | 4 | 3 | 2 | 1 0
= Resarved for future expansion
oPs Data Pointer Registar Salect
DFs
0 Selects DPTR Registers DPOL. DPOH
1 Selacts DPTR Registers DFIL, DP1H

MCS-51 devices have a separate address space for Program and Data Mamory. Up to 54K
bytes each of external Program and Data Memory can be addressed.

If the EA pin iz connected to GND, all program feiches are directed to external memaory,

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

The ATA9SS51 implemants 128 bytes of on-chip RAM. The 128 bytes are accassible via direct
and indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 byles of data RAM am available as stack space.

The WOT is intended as a recovery methed 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 exiling reset. To enable the WOT, a
user musi write 01EH and OE1H in sequence to the WDTRST register (SFR location 0ABH ).
When the WDOT is anablad, it will increment every machine cycle while the osdillator is running.
The WDT timeout pariod is dependent on the extemnal clock freguency. Thers is no way to dis-
able the WOT except through reset (either hardware reset or WDT ovarflow reset). Whean
WDT overflows, it will drive an output RESET HIGH pulse at the RST pin,

To enable the WDT, & user must write 01EH and 0E1H in sequence to the WDTRST register
{SFR location DASH). Whean the WDT is enabled, the ussr needs to service it by writing 01EH
and 0E1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH), and this will resat the device. Whan the WDT is enabled, it will increment
avery machine cycle while the osclllator Is running. This means the user must resset the WOT
at leasi every 168383 machine cydles. To reset the WDT the vser must write 01EH and 0E1H
to WDTRST. WDTRST Is a write-only regisier. The WDT counter ¢annot be read or written.
When WDT overlows, it will generate an output RESET pulse at the RST pin. Tha RESET

& duration iz 98xTOSC, whera TOSC=1/FOSC. Ta makea tha bast usa of the WDT, it

8 ATﬂgsglli Ry e ——
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NDT During
Jower-down
and Idle

JART

lNmer0and 1

nterrupts

24ETA-T0M

should be serviced in those sections of code that will pericdically be executed within the time
required to prevent a WDT resel.

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
Fower-down mode: by @ hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Powser-down is exited with hardware reset,
servicing tha WDT should eccur as it normally doas whenaver the ATBIS51 is resel Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough 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 pln is held low, the WDT is not
starled until the interrupt Is pulled high. It Is suggested that the WDT be reset during ths inter-
rupt service for the intermupt used to exit Power-down mode.

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

Befora going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determina whether
the WDT continues to count if enabled. The WDT keeps counting dunng IDLE (WDIDLE bit =
0} as the delault state. To prevent the WDT from resetting the AT89551 while in IDLE mode,
the user should always set up a Hmer that will periodically exit IDLE, service the WDT, and
reenter IDLE mode.

With WDIDLE bit enablad, the WDOT will stop to count in IDLE mode and resumes the count
upoan axit frorn IDLE.

The LUART in the AT88551 operates Hlie same way as the UART in tha AT8SCS1. For furthar
information on the UART operation, refer to the ATMEL Web site (hitp:/fwww . atmal.com).
From the home page, select 'Products’, then '8051-Architecture Flash Microcontraller’, then
‘Product Overview',

Timer 0 and Timer 1 in the ATBSS51 operate the same way as Timer 0 and Timer 1 in the
ATB9C51. For further information on the timers' operation, refar to the ATMEL Web site
{http-/fwww.atmal.com). From the home page, select 'Products’, then “8051-Architecture Flash
Microcontroller’, then 'Product Overview',

The ATB9551 has a fotal of five interrupt vectors: two extamal interrupts (TNTG and TNTT), two
fimer interrupts (Timers 0 and 1), and the serial port interrupt, These intermupts are all shown in
Figure 1.

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

Mota that Table 4 shows that bit position [E.6 is unimplemented. In the ATBS551, bit position
IE.5 is also unmimplemented. User software should not write 1s to these bit positions, since they
may be used in future ATES products.

The Timer 0 and Timar 1 flags, TF0 and TF1, are set al S5P2 of the cycls in which the timers
overflow. The values are then polled by the circuitry in the next cycle
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Table 4 Interrupt Enabla (IE) Registar

M38) (L5B)
| ea B | - | es GER ETe | EXD |

| Enabla Bit = 1 enables tha interrunt '

Enable Bit = D disatdas e inlamupl

Symbol Position Function :
EA Ier Dizablas all Interrupts. IF EA =0, no interrupt Is
acknowladged. If EA = 1, each interrupt source is
individually enabled or disabled by setting or cearing
its cnable bil,
- IE.B Razanmad
- IE.5 Raserned
ES IE.4 Serial Port interrupt enabla bit
ET1 IE3 | Timer 1 Interrupt enabbe bit
EX1 IE.2 | External interrupt 1 enable bit
ETO IEA Timer O interrupt enable bit
EX0 IE.O | External interrupt 0 enable bit
User software should never write 15 1o reserved bits, bacause they may be used in fulure ATED
products. -
Figure 1. Intarrupt Sourcas
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Oscillator
Characteristics

idle Mode

Power-down
Mode

2ABTA=101N

XTAL1 and XTALZ 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 external clock source, XTALZ
should be left unconnected while XTAL1 is driven, as shown in Figure 3. Thera are no require-
ments on the duty cycle of the extemal clock signal, since the input to the intemal clocking
circuitry is through a divide-by-two flip-flop, but minkmum and maximum voltage high and low
time spacifications must be obsarved,

Figure 2. Oscillator Connections

—  ETaia

fell]s]

Note: C1.C2 = 30 pF £ 10 pF for Crystals = 40 pF + 10 pF for Ceramic Resonators

Figure 3, Exlernal Clock Drive Configuration

HE ———— XTALZ
EXTLAMAL
CECILLATOR ®TALY
SIEMAL,

J_ GHD

In Idie mode, the CPU puts itself to slesp 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 mods, The idle mode can be terminated by any
enabled interrupt or by a hardware reset.

Nots that when idle mode is terminated by a hardware resel, the device normally resumes pro-
gram execution from where it left off, up to two machine cycles before the internal resst
algorithm takes control. On-chip hardware inhibits access to intemal RAM in this event, but
access fo the port pins is not inhibited. To eliminate the possibllity of an unexpected write to a8
port pin when idle mode is terminated by a reset, the instruction following the one that iInvokes
idle mode should not write to 8 port pin or to external memory.

In the Powar-down moda, the oscillator is stopped, and the instruction that invokes Power-
down is the |ast instruction exacuted. The on-chip RAM and Special Function Registers retain
their values until the Powar-down mode [s terminated. Exit from Power-down mode can be ini-
tiated either by a hardware reset or by activation of an enabled extarnal interrupt into TNTO or
iNT1. Reset redefines the SFRs but does not change the on-chip RAM. The reset should not
be activated belore Y. is restored to its normal operating level and must be held active long
ancugh to allow the oscillator to restart and stabilize.

AIMEL t
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Table 5. Status of External Pins During Idle and Power-down Modes

#Mode | ProgramMemory | ALE | PSEN | PORTD | PORTI | PORT2 | PORT3
Hlla l Internal T | 1 Data Data Dala Date
idle External 1 1 Float Data | Address | Dals
Powerdown | Internal 0o | o | Daa | Das | Dam | Dat
Powerdown | External "0 | Foat | oas | pam | Dam |

The ATEO9S51 has three lock bits that can be lefl unprogrammed (L) or can be programmed
(P} to obtain the additional features listed in the following table.
Table 6. Lock Bit Protection Modes
Program Lock Bits
LBl L8z LB3 Protection Typa
o TN U JiHa progrntlock fnidned

2 P | U U | MOVC instructions executed from external program
g | memory are disabled from fefching code bvles from internal
| I | marnory, EA is sampled and latched on reset, and further

1 | programming of the Flash memory is disabled

B P U | Same as mode 2, but verily is also disabled
P | P P | Same as mode 3, but external axocution Is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during
resat. 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 cument
logic level at that pin in order for the device to function propery.

The ATB9551 is shipped with the onchip Flash memory array ready to be programmed. The
programming interface needs a high-voltage (12-volt) program enable signal and is compati-
ble with conventional third-party Flash or EPROM programmers.

The ATBIS51 code memory array is programmaed byte-by-byte.

Frogramming Algorithm: Before programming the AT88551, the address, data, and control
signalzs should be set up according to the Flash programming mode table apd Figures 13 and
14. To program the ATB9S51, take the following steps:

1. Input the desired memary location an the address lines.

Input tha appropriale data byte on the data fines.

Activate the cormect combination of control signals.

Raise EAV o to 12V

Pulse ALE/PROG oncs 1o program a byte in the Flash array or the lock bits. The byta-
write cycle is self-timed and typicslly takes no more than 50 ps. Repeat steps 1

through 5, changing the address and data for the entire armay or until the end of the
object file is reached.

Data Polling: The AT89551 features Data Polling to indicate the end of a byle write cycle.
During a write cycle, an attempted read of the last byte written will result in the complement of
the written data on PD.7. Once tha write cycle has been completed, trua 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.

L
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY oul-
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 Lo indicale 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 bils can be verified directly by reading them back,

Reading the Signature Bytes: The signature byles are read by the same procedure as a nor-
mal verifization of locations GH, 100H, and 200H, except that P3.6 and P3.7 must be puled

to a logic low. The values returned are as follows.

{000H} = 1EH indicates manufactured by Atmed
(100H) = 51H indicates 89551
(200H) = D6H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using tha
proper combination of control signals and by pulsing ALE/FROG 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 made, chip erase is self-timed and takes about 500 ms,

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

The Code memaory 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 iz set high, the Programming Enable instruction naads to be axecited first before other
operations can be executed. Before a reprogramming sequance can ocour, a Chip Erase
operation is required.

The Chip Erase operation tums the content of every memory location in the Code amay into
FrH.

Either an extarnal system clock can be supplied at pin XTALY or a crystal needs 1o be con-
nected across ping XTAL1 and XTALZ. The maximum senial clock (SCK} frequency should ba
imss 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 ATB3S51 in the seral programming mode, the following sequence
is racommended:
1. Power-up ssquence.
Apply power batween VCC and GHD pins.
Sat RST pin to “H".
If a crystal is not connected across ping 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 SCKP1.7 neads 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 Byle or Page mode,
The write cycle is seli-imed and typically takes |ess 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 sarial output MISO/P1.6.

5. At the end of a programming session, RST can be sel low 1o commence nomal device
operation.

AIMEL 13
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Power-off sequence (if needad):
Set XTALT to "L (if a crystal is not used).

Set RETto"L"

Turn Ve power off.

Data Polling: The Dala Polling feature is also available in the serial mode. In this mode, dur-
ing & write cycle an attempted read of the last byte written will resulf in the complement of the
MSE of the serial output byte on MISO.

The Instruction Set for Seral Programming follows a 4-byte protocol and Is shown in Table B

on page 18.

Every code byte in the Flash array can be programmad by using the appropriate combination
of control gignals. 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 microcontrolier series.
Flease contact your local programming vendor for the appropriate software revision.

Table 7. Flash Programming Modes

ACE) i | pozo | _F230 | PLTD
Mode V.. | RST | PEEN | PROS Von P26 | PLT | P32 | P36 | PLT Data Address
@ |
Write Code Data | 8V H L S 12V L [ H H H H Dy A11-8 | ATD
Read Code Dala 5y H L H | H L L L H H | Do AT1-8 ATD
— u N2 e e
i H
Write Lock Bit 1 sV H L | - | H H H H X X X
=2 I
Write Lock Bit 2 sV H L G H | H H L L 3 b4 ¥
- i1 | ) _
Wirite Lock Bit 3 sv H L g | 2 M L H | H L i X x .
; 5 Fo2,
RanclockDls | o F oy L H H H| W L H L P03, X X
1,23 . FO4
" !
Chip Erasa sV H Ol — 12y M L e L E X x X
Read Atmel 1D 5y H L H H L L L L 1EH 0oog DOH
Read Davicald | &V | H L H H i ESESE 51H 0001 | oM
Read Device 10 5 L H H L L L L L 0EH 0040 UoH

Motes:

oA e A

14

Each PRCG pulse is 200 ns - 500 ns for Chip Ersse.
Each PROG pulse is 200 ns - 500 ns for Write Code Data.
Each PROG pulzs is 200 ns - 500 ns for Write Lock Bits.
ROY/BSY signal is output on P3.0 during programming.

X =don't care,

ATIGS S e ————aes———
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Figure 4. Programming tha Fiash Memory (Parallel Moda)
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Figure 5. Verifying the Flash Memory {Paraliel Mode)
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ATmEL

Flash Programming and Verification Characteristics (Parallel Mode)
Ta=20°C to 30°C, Voo = 4.5 t0 5.5V

Symbol Paramater Min Max | Units
W Programming Supply Voltage 11.5 125 | W

b . Programming Supply Curment ' _ | 10 L A

e | Voo Supply Current " FA
ﬁc_u:L I Dwscillator Frequency 3 - : a3 N MHz
Taves o Address Sﬁil.lpiﬂF'_'m'jELﬂ‘h; - __4'81CL('.L T I

b Address Hold Aftar PROG . B R calle 4Bt o -

bl Data Setup to FROG Low da_:ﬂ_u ) o
Lo Data Hold After PROG ' o '

ki P2.7 (ENABLE) High 10 V- | e -
.ts..ﬂ,_ Vee Setup to PROG Low 10 ; ps

b Ve Hold After PRGOS | 10 us
T | PROG WA _ : 0.2 A s

% . | AddresstoDatavaid NN _ 4Blo o

i ENABLE Low to Data Valid ' | amge

s | Data Float After ENARLE o o | 48aa | B
o, | FROG High to BUSY Low 1.0 Cws |
!ﬁ o Byte Write Cycle Time 0 | ws

Figure €. Flash Programming and Verification Waveforms — Parallel Mode

B0 - P17 PROGRAMMING VERIFICATION
PRO-P23 % ADDRESS p ADDRESS __ p———
H— L
PORT 0 b DATA IN 9 " DATA OUT  p———
M‘F_:lmﬂ T-anxf_:! -
aLEFROG ) A
- + la——
Lapica s e bapimy
e (. s e Tlogic 1
e S Lo i A el MO ] (Bo,] o, SN N
P27 . tera o T e
|ENABLE)
tore, —™
P30 _
(RDY/BSY) BUSY READY
I||I'I‘|3
16 AT89S51
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Figure 7. Flash Memory Serial Downloading

Vcc
ATHESSI =
VDE
INSTRUCTICN
INPUT  P.584051
DATE OUTPUT < P1.EMISO
CLOCK 1IN M PLT/SCK
L] XTALZ
333 MHz_ —
L]
L] XTALA RST [« Vi
GHND

Flash Programming and Verification Waveforms — Serial Mode

Figura B. Serial Programming Waveforms

SERIAL DATA o / s \ _)(q—“}{‘ o X X }< }( LSE \
ST - - -
SERIAL CLOCK INPUT [_| |_| I_[ I ] |—| |_| | |
P1.7 (SCK) '
7 5 z

B E] 3 1 0
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Tabla B. Sarial Programming Instruction Set

instruction |
Format
Instruction Byte 1 Byta 2 Byta 3 Byta 4 ' Operatian .
Programming Enable 1010 1100 0101 0011 ID0OE - KM [ s S Enable Serial Programming
0110 1001 while RST s high
_ | (Qutput]
Chip Eraza [ 1010 1100 | 100x 000 10000 000 M0 W00 Chip Erass Flash memory
| array

Read Progam Memory | 0010 0000 ox S29% | Te9E el = oo | Read data from Program
[Byte Moda) << TEREEE B RERR mamory in the byte mode
Write Program Memory | 0100 000D KK o *‘E-‘&’E — rasnw ooyecy | WWEe data to Program
(Byte Mode) <= HRIALER | G005 HEB. | vy Inthe byte mole
Wiite Lock Bits™® 1010 1100 1110 00 ZF | xxux xoix B Write Lock bits. Ses Note (2).
Read Lock Bits 0010 0100 2000 30001 l W00 000 ks S B g Read back current siatus of

’ 4 =3 the fock bits (a programmed

lock bit reads back as a*17)
Read Signatura Bytes!" | 0010 1000 oo 2 oy IE 000 000K Signatura Byte | Read Signature Byis
Read Program Memory | 0011 000D oHy oo E;ta 0 | B)I'Ea 1. o Read data from F‘mgmm_- |
{Page Mode) =< | Byte 285 memory in the Page Mode
= | (256 bytes)
Write Program Memory | 01041 0000 : wixx mooe | Byle D | Byta 1... Write data to Program
{Page Mode) [ =< I Byta 255 ramary In the Page Mode
| | (256 bytes)
Motes: 1. The signature bytes are not readabde in Lock Bit Modes 3 and 4.

£, B1 =0, B2 =0—Mods 1, no lock protection
Bl =0, B2=1—Mods 2 lock bil 1 activated
B1 =1, B2 =0 —Moda 3, lock bit 2 activated
B1 =1, B1 =1 —Mode 4, lock bit 3 activated

Each of the lock blis needs to be aclivated sequentially before
Mods 4 can boe avsciied.

After Rasat signal Is high, SCK shauld ba low for at least 64 system clocks before it goes high to dock in tha enable data
hytes. No pulking of Reset signal is nacessary. SCK should be no fastar than 116 of the system clock at XTAL1.

For Page Read/Wrlla, the data always starts from byte 0 to 255, After the command byte and upper address byla are
latched, aach byte thereafter is treated as date unfil all 258 byles are shifled infoul Than the next instruction will be ready to

be decoded.

18
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Serlal Programming Characteristics

Figure 3. Seral Programming Timing

K X

t

LovsH fe—sie »{IsHox SLSH
SCK \_/A_/_\ q/

tsmst |
MISO ' . bjC
tsinv

Table 8. Seral Programming Characteristics, T, =-40°C to 857 C, Vg = 4.0 - 5.5V (Unless Otherwise Moted)

N
NS

\
MOSI )

AT89S51

Symbol | Parameter ! Min Typ Max Units

Moo Oscillator Fraquency 0 . 3z MHz

teLe | Oscillator Pﬂl"lﬂd- a0 | ] - ns

tss. | SCK Pulse Width High Bl B | _ ns

S SCK Pulse Width Low Bloe, e

lovsss | MOSISewptoSCKHGh | teme | T ns

bahaci MOS! Hold after SCK High - th_.:,_ - { s

in SCK LowtoMISOValid | 10 16 32 ns
lemase | Chip Erase Instruction Cydle Time 500 ms

e Sarial Byts Write Cycle Time  BAtn o t400 | ps |

AIMEL

SAETA-TT
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Absolute Maximum Ratings*

ATmEL

Operating Temparature ..o e

Slorage Temperatung .. ee o s
Wolteege on Any Fin

-55°C to +125°C
cenann ~B5"C 0 15070

srmermennens= LUV (0 #7.0Y

with Respact o Ground ..........ccveeeacen,
Maximum Operating Voltage ...

emmemeeeeen 1A

*NOTICE:

B.6%

DC Characteristics

Stresses beyond those listed under “Absalute
Maximum Ratings” may cause permanent dam-
age to the device. This is & stress rating only and
functional oparation of the device at these or any
other condiions beyond those indicated in the
cperational sactions of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended pariods may affect
device reliability.

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

Symbaol Parameter | Condifion Min #ax Units
Vi | Input Low Voltage {(Except EA) 05 0.2 V0.1 v
Vi Input Low Voltage (Eﬁ_} : | — T — 06 0.2 V.03 v
Vi Input High Voltage (Except XTAL1, RST) 0.2 Voo t0.9 Vect0.5 v
Vi Input High Voltage (XTAL1, RST} 0.7 Voo Voot0.5 v
Cutput Low Voltage®™ (Paris 0.45 v
Voo 1.2.3) Iy, =16 mA
Output Low Violtage!!? 0.45 v
Ve (Port 0, ALE, PSEN by, = 32 mA
b = 60 A, Voo = 5V £ 100% 24 v
: Ouiput High Voltage Iy = =23 pA S | 0.75 Vg § E‘r :
| Vo | (Ports 12,3, ALE, PSEN) gy =-10 pA 0.9 Ve v
| I = ~800 g, Vi = 5V £10% 2.4 W
N (Port 0 in External Bus Mode) | gy = 80 pA 0.9 Ve v
Logical O Input Current (Ports | | -50 Ty
he 1.2.3) | Wy =045V
Logical 1 to O Transition Current | [ -650 [F
ki (Ports 1,2.3) | Vi =2V, Vg = 5V £10% |
Input Leakage Current (Port 0, | 0 A
f EA) | 0.45 < Wy, <V |
RRST Reset Pulidown Resistor ' N 50 00 | Ka
Cu Pin Capacitance Test Freq. = 1 MHz, T, = 25°C w0 PF
Active Mode, 12 MHz 25 | mA
Power Supply Current Idle Made, 12 MHz 65 mA
b Power-cown Mode™! Vo= 5.5V : 50 | pA
Motes: 1. Under steady state (non-transient) conditions, I, must be extarnally imited as follows:
Maximum I per por pin: 10 mA
Maximum Iy par 8-bit port:
Port 0: 26 mA Ports 1. 2, 3: 165 mA
Maximum total I, for all output pins:; 71 mA
If I exceeds the test condition, Vi, may exceed the related spedification. Pins are nol guaranteed 1o slnk current graater
than the listed test condilions.
2. Minimum V.. for Power-gown is 2
20 ATEES0 e e
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AC Characteristics
Under operating conditions, load capacitance for Port (0, ALE/PROG, and FSEN = 100 pF; load capacitance for all other

outputs = 80 pF.
External Program and Data Memory Characteristics
| 12 MHz Oscillator Variable Osclliator |

Symbaol Farameter Kin T Max Min Max I Units
Mee Oscllator Freguency 0 33 MHz
Lo ALE Pulse Width a7 T ' ns
Yol B _;hdrass Vafid to ALE Lowe 43 IC,_G,_ZEE - ns

TJ;_ “m_;ud_drass Hold After ALE Low 48 - by o =25 s - |
by ALE Low to Valld Instruction in 213 4to o 65 ns
e ALE Low lo PSEN Low 43 B tiys-25 w
bereivic FSEN Pulse Width ' 205 Bl o 45 e

DPNL T i | E
y e Input Instruction Hold After PSEN 1] 1] ns

oz input Instruction Float After PSEN 58 oy o125 ns |
fodi PSEN to Address Valid 75 toye B ns
i | Address to Vald Instruction In 2 t, o, -80 s
K | PSEN Low to Address Float 10 10 s
fuws | ROPuseWidth _ 400 ) Bt 100 e
by | WR Putsa Width 400 Bty ¢ -100 ns
latow ROlowtoValdDateln 252 StoLo,-90 s
e Data Hold Afer RD o | | 0 |
b Data Float After RD g7 - Do 28 | ns
Ly o .ﬁL—E Luw_h-:: Valid Data In a7 Sy oy =150 [L]:]
| Addrass to Valld Data In 585 Mo -185 i
- ALE Low to RD or WR Low 200 300 oy -50 e e +50 s
Yo Address to RD or WR Low 203 oy, 75 ns
i Data Valid to WR Transition 23 fere 30 e
- Data Valid to WR High 433 Ttoupe-130 | s

Yot Data Hoid Afler W 33 W2 s
Yaii RD Low 1o Address Float o o | s
fomiis RD or WR High to ALE High 43 123 lecca-25 laet25 | e

21
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External Program Memory Read Cycle

t, —»
. _/l:;\ e

I_ i tPLF"H
Lo [ e * tiw
— b m—
PSEN P \.-:' H ey ™,
i =il S Loy
tiax |-—|- tP:Pm ‘._1
(1]
PORT 0 o M-AT INSTRIN § > AD-AT
- Loy ”
POST 2 b Al - Al _ M AR-A1S

External Data Memory Read Cycle

:r— by—s
ALE /[ 't
=N L
PSEN F - T \ /
— g oy —=
L 11T M
e b
RD WA PRSI Y
T, T i — Ly vz
Ll-?l AT 1
— RHDE
PORT O __{CAD - A7 FROM R| OR DPLY 3 DATA 1IN LW AD - A7 FROM PCL < INSTR
+ T s
——— gy ——————»
PORT 2 p 4 P20 - P27 OR AR - A1E FROM DPH N A8 - A5 FROM PCH

22 ATEOS S ey
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External Data Memory Write Cycle

ALE z[r_ - '\ —

.=

|
PSEMN Fy
L, —— et —
|
e %) L7
RSN U |, S—
WR e
— Lo | Loy —H ey o Yo
el towws —+
PORT 0 __ ¥ A0 - A7 FROM RI OR DPLIM | DATA OUT 3% XAD - A7 FROM PCLY—~INSTR N

PORT 2 __ X P20 - P2.7 OR AS - A15 FROM DPH A - A15 FROM PCH
External Clock Drive Waveforms
— fon
- lc"':x = t::-i.r.rl =] ~ = t:ur.;
4y LT
- 0V M
045V N S
— lop e —
* ool 2
External Clock Drive
Symbol | Paramstar Min Max Units
Mee Crsclilator Frequency . o 33 MHz
G Clock Pariod 30 ns
o High Time ! 2 s
l":’l-':: . Low Time It} 12 ns
LEEa | Rise Tima ns
| teme Fall Tirme | s

AINEL
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vee = 4.0V to 5.5V and Lead Capacitance = 80 pF.

12 MHz Osc Variable Osclliator !
Symbol | Parameter | Min | Mac | Min | Max | Units
b | Serlal Port Clock Cycle Time 1.0 12y | s
b | Ouitput Data Setup to Clock Rising Edge 700 10 o - 123 ' ns
b | Output Data Hold After Clock Rising Edge 50 | 280 =
Lo N Input Data Hotd After Clock Rising EE&-_-“ . i ] 0 i o { ns
tapmy ol Clock Rising Edge to Input Data Valid RN [ FO0 .: 1080y o =123 ns
Shift Register Mode Timing Waveforms
3 4 5 & 7 E

INSTRUCTION | 1 [ 1 [ 2 | | | | | | |

™ | by

CLOCK I T T s = S SN e I (s T [
sl =N
WRITE TO SBUF FE R AN TR T T
S e - sermif
| GLEARRI | o> oA
INF"IJ# DATA serri]

AC Testing Input/Qutput Waveforms'’

0.2 Vo + 0.8V
TEST FOINTS
02 "'::l: = @Y

Mote: 1. AC Inputs during testing are driven at Ve - 0.5V for 5 logic 1 and 0,45V for a lagic 0. Timing measuraments are made at Wy,
min. for a logic 1 and V) max for a logic 0.

Float Waveforms!'"

Mote: 1. For thming purposes, a port pin is no longer fleating when 3 100 m change from laad valtage ocours. A port pin begins to
float when a 100 mV change from the [oaded VooV level occurs,

24 ATEOSES e
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Ordering Information

Spaed Power
(MHz) Supply Ordering Code Package Operation Range
24 4.0 to 5.5V | AT89S51-24A0 448 Comrmercial
ATBS551-24JC 44 {0*C o 707 C)
ATBES51-24PC 40F6
ATBESS57-24A/ 448 Industrial
ATHYSS1-24.01 44 {~405C 0 BSAC) |
ATEIES1-24P| | 40PE
a3 45V to 65V | ATBOSS51-33AC | 444 Carmmercial
ATBESS1-334C | 44 (0°C to TO°C)
ATBESE1-33FC | 40P6

| = Preliminary Availability

! Package Type

| ada 44.lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
a4 44-lead, Plastic Headed Chip Carrier (PLCC) |
aope 40-pin, 0.600" Wide, Plastic Dual Intine Package (PDIP) E

2ATA-100T

AIMNEL
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Packaging Information

444, d4-leac, Thin (1.0 mm) Plastic Guil Wing Quad
Flat Package (TQFF)
Dimensions in Millimeters and (Inches)y”

12,2 10470
et [— —— 175 Ase) T
-,

OARKLDTA,

DAHILKIFBSC. Jf O3
e 5
1]
f
10 A0 2044
T
a T L2MD0ET) MAY
E'.%Lﬂ_l}_ﬂ_l_ . - 1
B | |
oy rtmmrh
[ il

» s -

*Conlrolling dimension: millimeters

44.5. 44-lead, Plastic J-leaded Chip Carriar (PLCC)
Dimensions in inchas and (Millimeters)

e ERRELE 1o Y D51 14) W 307 - 45" L2

i S, If||_1ErmF'|-f — -_LT-!W_- OB 203
k& = T paE T
o L Esb1aT) e L L1
I‘ £ e TaE S | s | =i
sﬁﬁ; % L lmesarn o [Ee j“‘%i:‘
' L I_- s e | e TR
b | T
AT TYE -~ TR T O ! L] ]
e 5012 7! REF 20
LA T o
IR
T : E‘ = 6% 15
il — o
= e

il
I[__T

R e Ry OZE[ANE] X 45 MK {33

—trrie b *

40P8, 40-pin, 0.600% Wide, Plastic Dual Inline
Package (FDIF)

Dimensions in Inches and (Millmaters)
JEDEC STANDARD M5-011 AC

0 TOT(SZE) y
| 7 OMESE 8) P

1
.r|r|r||—r|r-ll.| n
[
L1 b

i

)I Lo Sened)

( i i
i i |

ot o U T o

I- 1 BOHI4B: 2y REF _:I e
.mIE.EB:I ___| |___ m'; 123]

| MIN
1
seamnc | U] I:l]].l i 3
AR ]. b oesiem
A 405 |L_ IS 361)
12:.@.14 M oz esny
11!',1{2 ] I:Id-'lq'l':b‘i i
A2 ARHIED_
= =EisE)
- o 0 REF
iz 308) __H:f
e I 6
= B0pss

——— . —
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Features

* Low-Yoltage and Standard-Yoltage Operation
- 5.0 (Voo = 4.5V to 5.5V)
= 27 (Wee = 2.7V 10 5.5V)
- 2.5 (Ve = 2.5V fo 5.5V)
- 1.8 (Vg = 1.8V o 5.5V)
Low-Power Devices [l.5 = 2 pA @@ 5.5V) Availabie
Intemnally Organized 40965 x 8, 8192x 8
2-Wire Serlal Interface
Schmitt Tagger, Filtered Inputs for Nokse Suppression
Bidirecticnal Data Transfer Protocol
100 kidz (1.8Y, 2.5V, 2.7V) and 400 kHz (5V) Compatiblity
Write Protect Pin for Hardware Data Protection
32-Byte Page Write Mode (Partlal Fage Writes Allowed)
Self-Timed Write Cycle {10 ms max)
High Reliabifity
= Endurance: 1 Million Write Cycles
— Daxta Retention: 100 Yaars
— ESD Protection: >3,000V
* Aurtomotive Grade and Extended Temparature Devices Available
+ B-Pin JEDEC PDIP, B-Pin and 14-Pin JEDEC S0IC, B-Pin ElAJ SOIC,
and B-pin TSS0P Packages

I T T I I I

Description

The AT24C32/64 provides 32,768/65,536 hits of senal electrically erasable and pro-
grammabie read onty memory (EEPROM) organized as 4096/8192 words of 8 bits
each. The davice's cascadable feature allows up to 8 devices to share a common 2-
wire buz. The device iz oplimized for use in many industrial and commercial applica-
tions where low power and low voltage operation are essential. The AT24C32/64 s
available in space saving 8-pin JEDEC PDIP, 8-pin and 14-pin JEDEC S0IC, B-pin
Elad SOIC, and E-pin TSS0P packages and is accessed via a8 2-wire serial interface.
In addition, the entire family is avallable in 5.0V (4.5V to 5.58V), 2.7V (2.7V lo 5.5V),
2.5V (2.5V to 5.5V) and 1.8V {1.8V to 5.5V) versions,

g<Fin PDIP
Pin Configurations =
AD L1 svee
Pln Nama | Function A1z 7Ewe
Al 1o AZ Address Inputs AZA G1SCL
SDA Sorial D P GNDO4 51sDA
SCL | Serial Clock Input e
WP Wite Protect
ADI:‘IO 8 [IvCC
A2 T IWF
14-Pin SOI1C Az[C13 & JBCL
i GND ]+ 5T 1 5DA
NG 1 14 I NG
AnCo 2 {aaveo B8Pln S0IC
X N 12 we
NC | 4 11N Ao s[vee
Az 5 1011 86L A1 2 7TEwe
GHNO & o JSDA A2T3 615801
NC 7 8L IHC GND (] 4 51504

ATEL
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B B

2-Wire

Serial EEPROM
32K (4096 x 8)

64K (8192 x 8)

AT24C32
AT24C64
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Absolute Maximum Ratings®

Operating TEMPEratife..... ..o on. -55°C to +125'C *NOTICE:  Streswes beyond those listed under "Absolute
Mazimum Ratings" may cause permanent dam-
Storage Temperaturs ... -BEFC 1o +180°PC age 1o the device, This is a stress rating only and
_ funictional operation of the device at these or any
#?llaga on Any Pin other conditions beyond those indicated in the
with Respect to Ground . .10V #TOV | operational sactions of this specification is not
_ _ [ implied. Exposura ta absolute maximum rating
Maximum Operating Voltage_ ... e e, 525V | conditions for extended periods may affact
device reliability.
P Output GOTTeNE.. ooty rmmsas e maes e o e 300 TR
Block Diagram
wE
Vg —=
GMD —
SCL START
ol e 1—‘7
N =T
| - W CONTROL —-I HAL PUMPITIRENG
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s e 2 x
pEvice | COMPR . DATA RECOVERY
ADDHRESS
’ COMPARATOR LAD llhl{:
hy ——a— _J ! . -
o e S i A DATA WORD & :
g: ! | * ADDRICOUNTER "nx i
kg
; [ ¥ DEG | v sEm.-.rl. WL
| ]
Dy gy ACK
. LOGIG
Do |

Pin Description

SERIAL CLOCK {SCL}: The SCL input is uzed to positive
aedge clock data into each EEFROM device and negative
edge clock data out of each device.

SERIAL DATA (SDA): The SDA pin is bidirectional for
serial data transfer. This pln is open-drain driven and may
ba wire-ORed with any number of other open-drain or open
collector devicas,

DEVICE/PAGE ADDRESSES (A2, A1, Al0): The AZ, A1
and AD pins are device address inputs that are hard wired
or left not connected for hardware compatibility with
ATZ4C16. When the pins are hardwired, as many as eight
32K/64K devices may be addressed on a single bus sys-
tern (device addressing is discussed in detail under tha

Device Addressing section). Whean the pins are not hard-
wirad, the daefault A;, Ay, and A, are zero.

WRITE PROTECT (WP): The wrile protect input, whan tied
1o GMND, atlows normal write oparations. When WP s Had
high to V¢, all write operations to the upper quandrant
{8/16K bits}) of memory are inhibited. If lefi unconnected,
WP Iz internally pulled down to GND,

Memory Organization

AT24C32E4, I2K/G4K SERIAL EEPROM: The 32K/E4K Iz
intemally organized as 256 pages of 32 bytes aach. Ran-
dom word addressing requires a 12/13 hit data word
address.

2 AT24C32/64 meessee————————————————
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Pin Capacitance'!)
Applicable over recommended operating rangs from T, = 25°C, 7= 1.0 MHz, Vae = +1.8Y,

Symbol Test Condition Max Units Conditions
(Ci | InpuliOutput Capacitance (SDA) ; BF Vig = OV
[ Cue | Input Capacitance (A, A,, Ay, SCL) j [ 6 pF V= OV
Mote: 1. This parametar is characterizad and is not 100% tested.

DC Characteristics

Applicable over recommended operating range from: Ty = 40°C to +85°C, Vo = #1.8V to +5.5V, T = 0°C to +70°C,
Vi = +1.8Y to +5.5V {unless otherwise noted).

Symbol Paramater Test Condition Min Typ Max Units
Veer Supply Voltage 18 | 55 v
Vi Supply Vohage 25 55 v
Wews Supply Voltage B 27 55 v
Vees Supply Vohage a5 | 55 | V
e ' Supply Cument Ve, =50V READ at 100 kHz | o4 10 | ma
locs | Supply Current Ve = 5.0V B “WRiTEaﬂmh}jg_”- - | 20 | an | mA
Vor =18 0.1
e 1 W e R T
i I e i e
Voo = 2.7V 05
583 Smndhj;f;vmngﬁnn] ,u,,z =55V = Vin =V 0r Vss 20 i
o Smm“ﬁﬁ?u,“ﬂ":h'.‘;ﬂ Voo =45-65V | V= Ve 0 Vs 20 35 pA
I Input Leakags Current [ ve=VecorVes 0.10 20 pA
G | Output Leakage Curent _ Vour =Vec 0 Vs 0.05 30 pA
v, ' Input Low Levaf™ ) 06 | Veex0a| v
Vi  Input High Level™® i Voo x 0.7 Ve +05 | v
[ Wia Output Low Level Ve = 3.0V o o = 2.1 mA 04 v
(Vo Output Low Level Voo = 1.8v lo =0.15 MA - g2 | V¥
Motas: 1.V min and Vy, max ane raference only and are not tested.
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AC Characteristics
Applicable over recommended operating range from T, = -40°C to +83°C, Ve = +1.8V t0 +5.3Y, CL = 1 TTL Gatz and 100

ATEL

pF {unless otherwise noted).

1.8-voit 2.7-, 2.5-volt E0-volt |

Symbol Farametar Min Max Min Max Min Kax Uniits

Topy Clock Fraquency, SCL 100 I ﬂ?ﬂ 4y kHz

Vi Clock Puise Width Low 47 a7 | 12 | us |
bt Clock Pulse Width High 40 | | 40 06 ue

L Notse Suppression Time!" 100 100 | s

ba | ClockLowto Data Outvaid 01 | 45 | 04 | 45 | 01 | 09 |  ps

e etrs & naw onedon gty | 47 47 12 s

) BB Starl Hold Time 40 40 | o8 s

. | Stant Set-up Time a7 47 0.6 s

Yo 0 Data In Hold Time 0 0 0 us

toy Datz In Set-up Time 200 200 | 100 ns

':'R Inputs Rise Time'" 1.0 _ 1__E |/ 0.3 _ us

L Inputs Fall Time'™ 300 300 ns

tsusmo | Stop Sat-up Time B 4.7 47 EI.E_- o pe

g | Data Qut Hold Time 100 | wo | | so | e

Yieq Wiita Cycle Time 20 w0 | 10 ms

Endurancel’ | 5.0V, 25°C, Page Mode m | mw | | m | Wrile Cycles
Note: 1. This parameter i characierized and is not 100% tested,

Device Operation

CLOCK and DATA TRANSITIONS: The SDA pin is nor-
mally pulled high with an external devica, Data on tha SDA
pin may change only during SCL low time periods (refer to
Data Validily timing diagram). Data changes during SCL
high periods will indicate a start or stop condition as
defined balow.

START CONDITION: A high-to-low transition of SDA with
SCL high is a start condition which must precede any other
command (refer to Start and Stop Definition liming dia-
gram}.

STOP CONDITION: A low-lo-high transition of SDA with
SCL high is a stop condition. After a read sequence, tha
stop command will place the EEPROM in a standby power
made (refer to Start and Stop Definition timing diagram]).

ACKNOWIL_EDGE: All addresses and data words ara sari-
ally transmitted to and from the EEPROM in 8-bit words.
The EEPROM sends a zero during the ninth clock cycle to
acknowledge that it has received each word.

STANDBY MODE: The AT24C32/64 Teatures a low power
standby mode which is enabled: a) upon power-up and b)
after the receipt of the STOP bit and the completion of any
internal oparations.

MEMORY RESET: After an interruption in profocol, power
loss or system reset, any 2-wire part can be reset by follow-
ing these steps:

{a) Clock up to 9 cycles, (b} look for SDA high in each cycle
while SCL is high and then (c) create a start condition as
S5DA s high.

s AT24C 3264 e —————————rseereas ey
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Bus Timing
SCL: Serial Clock, SDA: Serial Data I/O

o bian
—

= 1y

\.= Low =,"r \ 7
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)

Write Cycle Timing
SCL: Serial Clock, SDA: Serial Data /O

SCL

S04 IN

(e /\J( /M W\

bRl

S’T'DF' START
CONDITION CONDITION

Mote: 1. The wrile cycle time Ly is the Ume rom a valid stop condition of a write sequence 10 the and of the internal clear/wrile
cycla,
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Data Validity

SDA / -’ ::><i

| DATA STABLE
i

OwATA STABLE

DATA
CHANGE

Start and Stop Definition

S0A

8cL

Output Acknowledge
SCL
o N/ C
== \ —
DATA QUT
N
START ACKNOWLEDGE
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Device Addressing

The 32K/64K EEPROM requires an 8-bit device address
word following a stail condition to enable the chip for & read
or write operation (refer ta Figure 1). The device address
word consists of a8 mandatory one, zero sequence for the
first four most significant bits as shown. This is comman to
all 2-wire EEPROM devices.

The 32iK/64K useas the three device address bits A2, A1, AD
to allow a5 many as eight devices on the same bus. These
bits must compare to their cormegponding hardwirad input
pins. The AZ, A1, and A cins use an internal proprietary
circuit that biases them to a loglc iow condition if the pins
are allowed to float,

The eighth bit of the device address is the read/write opera-
fion select bit. A read operation Is iniliated if this bit is high
and a write oparation is inftiated if this bit is low.

Upon a compare of the device address, the EEPRCM will
cutput a zero. If a compare is not made, the device will
return o standby state.

NOISE PROTECTION: Special intemal circuitry placed on
the SDA and SCL pins prevenl small noise spikes from
activating the device. A low-V detector {5-voit option)
resets the device to prevent dats corruption in & noisy anvi-
ronment.

DATA SECURITY: The AT24C32/64 has a hardware data
protection scheme thal allows the user to write protect the
upper guadrant (B/16K bits) of mamary whan the WP pin is
at Ve,

Write Operations

BYTE WRITE: A write operation requires two 8-bit data
waord addrasses following the device address word and
acknowledgment. Upon receipt of this address, the
EEPROM will again respond with a zero and then clock in
the first 8-blt data word. Following recelpt of the 8-bit data
ward, the EEPROM will cutput a zero and the addressing
device, such as a microcontroller, must terminate the write
sequence with a stop condition. At this time the EEPROM
enters an internally-timed writa cycle, g, to the nonvolatile
memory. All inputs are disabled during this write eycle and
the EEPROM will not respond until the write is complete
{refar to Figure 2).

PAGE WRITE: The 32K/64K EEPROM is capabla of 32-
byte page writes.

A page write is Initiated the same way as a byte write, but
tha microcontroller does not send a stop condition after the
first data word is clocked in. Instead, after the EEPROM
acknowledges receipt of the first data word, the microcon-
tralier can trangmit up to 31 more data words. The
EEPROM will respond with a zero after each data word
receivad, The microcontroller must terminate the page
write sequence with a stop condition (refer to Figure 3.

The data word address lower 5 bits are internally incre-
mented following tha receipt of each data word. The higher
data word address blts are not incremented, retaining the
memory page row location. When the word address, inter-
nally generated, reaches the page boundary, the following
byte is placed at the beginning of the same page. If mora
than 32 data words are transmitted to the EEPROM, the
dala word addrezs will "roll over” and previous data will be
overwritten.

ACKNOWLEDGE POLLING: Once the internally-timed
write cycla has started and the EEPROM inpuls are dis-
abled, acknowledge polling can be inltiated. This involves
sending a start condition followed by the device address
word. The readiwrite bit is representative of the operalion
desired. Only if the internal write cycle has completed will
the EEPROM respond with a zero, allowing the read or
write sequence o continus,

Read Operations

Read operations are inltiated the same way as write opera-
tions with the exception that the readfwrite selact bit in the
device address word is set to one. There are three read
operations: current address read, random address read
and sequential rmad.

CURRENT ADDRESS READ: The Internal dala word
address countar maintaine the last address accessed dur-
ing the {ast read or write operation, incremeantad by ona.
This address stays valid between operations as long as the
chip power is maintained. The address “roll over™ during
read is from the last byte of the last memory page, to the
first byte of the first page. The address "roll over” during
write is from the last byte of the current page to the first
byta of the same page.

Once the device address with the readiwrita salect bit sat
to one iz clocked in and acknowladged by the EEPROM,
the curment address data word Is serially clocked aut. Tha
micracentroller does not respond with an input zero but
does generate a following stop condition (refer to Figure 4).

RANDOM READ: A random read reguires a “dummy” byte
write sequence to oad in the data word address. Once the
devica address word and data word address are clocked In
and acknowledged by tha EEPROM, the microcontrollar
must generate anothar start condition. The microcontrallar
now inftiates a cumrent addrass read by sending a device
address with the read/wrile selact bit high. The EEPROM
acknowledges the device address and serially clocks out
the data word. The microcontroller does not respond with a
zero but doas generate a following stop condition (refer to
Figure 5).

SEQUENTIAL READ: Ssquantial reads are initiated by
either & current address read or a random addrass read.
Aftar the microcontralier recelves a data word, It responds
with an acknowledge. As long as the EEPROM raceives an
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acknowladga, it will continue to increment the data word tinue. The sequential ead oparation is iferminated when
address and serially clock oul segquential data words. When the microcontroller does not respond with a zero but does
the memaory address limit is reached, the data word generale a following slop condition (refer to Figure 6).
address will *roll ovar® and the segquential read will con-

Figure 1. Davice Address

(1Tl 1ToA[A]A R

MSB LsE
Flgure 2. Byte Wrila
= W
T =] [
A | T
A DEVICE T FIRST SECOND [+
T appRESs E WORD ADDRESS — WORD ADDFESS DATA F
T T | O I e | T T .1 B T 1 =53 o
e T1 1] [V Pt ol D o) [ N
M LA A M A LA A
5 54 C 53 G 5G il
& BW K B K BK K
Figure 3. Page Write
5 w
T " 5
A ] T
R DEVICE T FIRST SECOND a
T apoREss E worD mnness 1:1]. WORD ADDRESS {n) DATA :m \1 DATA 0+ 5} P
b '||,I |..-.---.1..||. '|||:
leNED_LI—.I ] III: IIIIIIII 1 1 1 1 | I"/n"ll 1 |
i LA A A {H A
5 gl G ol G
B EW K 1: K 1: K
Maotes: 1. " =D0NT CARE bits 2. % =DONT CARE bits for the 12K
Figure 4, Current Addrass Read
5
T A 8
A E T
FI DEVIGE A Q
ADDRESS D P
T T T 1.1 T
S0A LiNE [U RERINN | ]
| P I A | =4
LA A DATE, M
5 51 o
B BEW K
A
o
K
Figure 5. Random Read
w 5
$ A 184, Znd WORD T R 3
A I ADDAESS n 4  DEVIGE E i
A DEVICE . R ADOAESS & &
T ADDRESS E T b B
1 ¥ T I T
soA LNe [FLLL_LL @ LTI T I
LA A A DATA 1 N
s4G c Q
| E| BWK |K K
z #
| i
DUMMY WFTE

Mote: 1. *=DONT CARE bits
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Figure 8. Sequential Read

E g
A A T
DEVICE A G G E 2
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e L [ L AR (Y S 1S 3 M A P | AL e I L] ¥ | I I | 1
Fr'é DATA n DATA n + 1 DATA R + 2 DATA n + 8
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AT24C32 Ordering Information

| twmimax) | doc(max) | lggfmax) | ‘
(me) {pA} {wA) {(kHz) Ordering Code Package Operation Range
10 L a5 400 AT24C32-10PC B8P3 Commerclal
AT24C22N-105C 851 (0°C to 70°C)
AT24C30W-1080 BSZ
i AT24C32-10TC BT
| | AT24C32108C 145
3000 as 400 | AT24C32-10P) aPa Industrial
AT24C32N-105] 8s1 - {(-40°C to 85°C)
AT24C32W-105! BS2
AT24C3Z-10T) BT
AT24C32-1051 145
10 1500 05 100 | AT24C32-10PC27 BP3 Commercial
AT24C22N-108C-2.7 831 {0°C to 70°C)
' AT24C32WA0802.7 asz -
AT24C32-10TC-2.7 BT
AT24C32.108C-2.7 145
1500 0.5 100 AT24C32-10P27 BP3 Industriai
AT24CIZN-1051-2.7 as1 | {(-40°C o B5°C)
AT24C32W-1051-27 a5z _
AT24C32-10T1-2.7 8T
. AT24C32-1081-2.7 | 14s
Package Type IR
BP3 8-Lead, 0.300" Wide, Plastic Dual Infine Package (PDIP)
8 8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
882 | 8-Lead, 0.200" Wide, Plastic Gull Wing Small Outline (EAJ SOIC)
oT &-Lead, 0.170° Wide, Plastic Gull Wing Small Outline (TSSOP)
149 | 14-Lead, 0.150" Wide, Plastic Gull Wing Small Qutline (SOIC)
Options
Blank Standand Dperation (4.5V to 5.5V)
271 | Low Voltage (2.7V to 5.5V)
2.5 Low Voltage (2.5V to 5.5\
-1.8 Low “oltage (1,8V to 5.5V)

10 AT24C32/64 e
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AT24C32 Ordering Information (Continued)

|ty (max) lgg (max]) lag (max) ™
(me) (A} (e} {kHz) Ordaring Code Package Operation Range
10 1000 0.5 | 106 AT24C32-10PC-2.5 &P3 | Commercial
| AT24C32N-10SC-25 851 {0°C ta 70°C)
AT24C32W-108C-2.5 BS2 |
AT24C32-10TC-2.5 BT
AT24C32-108C-2.5 145
1000 05 100 ATZ4C32-10PI1-2 5 8P " Industrial
AT24C32N-1081-2.5 851 (~40°C ta B5°C)
[ AT24CIZ2W-1051.2.5 a5
AT24C32-10T-25 ar
ATZ24C32-1051-2.5 1458
10 800 0.1 100 AT24C32-10PC1.8 B8P3 " Commercial
ATZ4CA2N-105C-1.8 BS1 {0C to TOPC)
ATHCAMN-105C-1.8 BS2
AT24C32-107TC-1.8 BT
1 AT24C22-108C-1.8 145
800 0.1 100 AT24C32-10P1-1.8 BP3 industrial
AT24C32MN-1031-18 B51 (-20°C to 85°C)
; AT24C32W-1051-1.8 852 |
! AT24C32-10T1-1.8 aT
AT24C32-10S1-1.8 145
Package Type _1
B8P3 8-Lead, 0.300" Wide, Plastic Dusl Inline Package {PDIP)
851 B-Lead, 0.150" Wide, Plastic Gull Wing Srail Outline (JEDEC SOICY
852 B-Lead, 0.200" Wide, Plastic Gull Wing Small Outhne (EIAJ SOIC)
BT | B-Lead, 0.170" Wide, Plastic Gull Wing Small Outline (TSSOP)
145 14-Lead, 0.150" Wide, Plastic Gull Wing Small Qutine (SOIC)
Options
Blank Standard Operation (4.5V 10 5.5V)
2.7 Lo Voltage (2.7V to 5.5V)
2.5 Low Voltage (2.5V to 5.5V)
-1.8 Low \Violtage (1.8Y 1o 5.5V)

ATTET
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AT24C64 Ordering Information

Ly (max) lec (max) | lgg (max) fuanx | ¥
(ms) (A} (LA) (kHz) Ordering Code Package | Operation Rangs
10 3000 35 | 400 AT24064-10PC &P3 ' Comimercial
AT24CB4N-1050 £51 (0°C to 70°C)
AT24CE4W-108C 852 ;
AT24C64-10TC aT -
AT24064-108C 143
3000 | 35 400 AT24C54-10P) | aP3 industrial |
' AT24CE4N-108| 851 (-40°C 1o B5°C)
. | AT24CBAW-10SI BSZ '
AT24CB4-10T1 8T
AT24CH4-10S1 145
10 1500 05 [ 100 ATZ4CE4-10PC27 8P3 i Commaercial
ATZ4CEAN-105C-2F BS1 {°C to 70°C)
AT24CEIWNSC-2T Bs2 {
AT24C64-10TC-2.7 8T .
AT24CE4-108C-2.7 | 148
1500 0.5 100 AT24CB4-10P1-2.7 - BP3 Industrial
AT24064N-1051-2.7 B31 {(~40°C to B5°C)
AT24CE4W-1051-2.7 BS2
AT24CE4-10T1-2.7 8T
| [ AT24CE4-1051-2.7 145
Package Type
8P3 | BLead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
as1 B-Lead, 0.150" Wide, Plastic Gull Ying Small Outiine (JEDEC SOIC) _—
882 B-Lead, 0.200" Wide, Plastic Gull Wing Smail Outline (ElAJ SOIC)
BT B ead, 0.170° Wida, Plastic Gull Wing Small Cutline (TSSO -
148 14-Lead, 0,150" Wide, Plastic Gull Wing Small Outline (SOIC)
Options
Blank | Standard Operation (4.5V to 5.5v)
27 Low Voltage {2.7V ta 5.5V)
=2.5 Low Voltagae (2 5V to 5.5V) -
4.8 Low Voltage (1.8V 1o 5.5v)

12 AT24C32/64 meeee——————————
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AT24C64 Ordering Information (Continued)

tom (max} | lgg (max} | lgy (max) | fuay |
{ms) (KA) | (uA) (kHz) Ordering Code Package Operation Range
10 1000 0.5 100 AT24CH4-10PC-2 5 8P3 Commercial
AT24CBAN-10SC-2 5 831 (0°C ta 70°C)
AT24CB4W-108C-2.5 852
| ATZ4CE4-10TC-25 a1
_ AT24CE4-1080-2.5 148
1000 0.5 100 AT24CB4-10P-2.5 aP3 Industrial
| AT240B4N-105-2.5 a59 {-40°C to BSAC)
ATZACE4AW-1051-2 5 8S2
AT24CB4-10T1-2.5 8T
AT24CE4-1051-2 5 145
10 800 0.4 100 AT24CB4-10PC-1.8 8P3 Commergial
AT24C64MN-105C-1.8 ES1 (0°C ta 70=C)
AT24CH4W-105C-1.8 8S2
AT24C64-10TC-1.8 8T
) AT24C64-105G-1.8 148
800 0.1 100 AT24C64-10P1-1.8 8P3 Industrial
AT24CEAN-10511.8 881 {-40°C to 85°C)
AT24CB4W-1081-1.8 8s2
AT24C84-10T1-1.8 8T
AT24C64-10S1-1.8 145
Package Type
8P3 8-Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
851 8-Lead. 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
852 8-Lead, 0.200" Wide, Plastic Gull Wing Small Outiine {EIAJ SOIC)
BT 8-Lead, 0.170" Wide, Plastic Gull Wing Small Outline (TSSOP)
143 14-Lead, 0.150" Wide, Plastic Gull Wing Small Outiine (S0IC)
Options
Blank Standard Operation (4.5V to 5.5V)
2.7 Low Voltage (2.7V to 5.5V)
25 Low Voltags (2.5V o 5.5V)
1.8 Low Voitage (1.8Y to 5.5V)

ATNEL
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Packaging Information

8P3, 8-Lead, 0.300" Wide, Plastic Dual Inline

Package (PDIP)
Dimensions in Inches and (Millimetars)
JEDEC STANDARD MS-001 BA

A0 (10.18)
ES (4.6
- PN
e u.l i
280 {7.11)
| i 240 {E.10)
| § A e
il g SR, | 211}
306 702 REF = JET (5
210 {EAT) M | _l: A0 (2.54) BSG
BEATMG | | =
PUNE | 1] i _{_
A0 f2.81) "|"' i {[15 {.380] MIN
1528 | = o225
ATO[ETE) D44 38E)
S5 11.14)
R25 (8.98)
300 (7.62)

SRR—— 1T Y TP

B51, B-Lead, 0150" Wide, Plastic Gull Wing Small
Outfine (JEDEC SOIC)
Dimensions in Inches and (Millimeters)

020 { 5}
013 {330
1 i ‘
; AST(3.80) B4 (620
Py | , 180 (381) 228 (5.79)

= = 03 [aT)BsC

186 (4.98)

ABD [4.80)

- - OE (1.73)

; D3 (1.35)

ey

IL_ s .l L
ool L
004 {102

b
3 REF 010 {254)
i | 007 {209}

! i
b oo piem
D16 {ADE

832, 8-Lead, 0.200" Wide, Plastic Gull Wing Small

Outline {ElAJ SCIC)
Dimensions in Inches and (Millimeters)

_ 00 (508)
012 0%

i

U 234 s0mam
PIN1 , I p 20B(E] 2007620

= —= DBEO{1.27)BEC

22 {538)
203 (5.16)
— -— 080 (2.09)

y 070 {178)
[___J '

o3 4!
00 {102

o
REF L0 (264
”" [0 ;007 (178)

Vg5 (8ee)
2D (. 508)

— -

BT, &-Lead, Plastic Thin Small Outline Package
(TSS0P)
Dimensions in Milimeters and (Inches)

B S [F5]
GBI (4]
Sl |
-I L omgom
U1 )
31012
1,05 |.044) 280 [AM) 1.20 1047y RAK
nEa 033, = —— H
| ﬁ_j_r
5 (oG] B = L1 { 00a )
| ety
A5 AT

F L i
E [.76 [.0A0) .J

g REF 048 iR}
*Controlling dimension: millimeters
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Packaging Information

148, 14-Lead, 0.150" Wide, Plastic Gull Wing Small
Cutline {SOIC)
Dimensions in Inches and (Millimeters)

020 (508 1
013 [ 3%0)

. S MAN) 244 (6.20)
BN 4 ) i JA5H{3BE) DEE(R.TH)

T

= — D53 {12T ESC

344 18.74)
= .3riese) — 065 (1,73}
053 (1.35)
e ail==i !
PR 4 '
owgzg * )
004 (102}
5 REF 00 (248
I b 0B (151}
r -— - 1
Voosopan '
018 [.436) -

.




ANALOG
DEVICES

Energy Metering IC
with Integrated Oscillator

ADE7TST”

FEATURES

On-Chip Ozcillaior ag Clock Source

High Accuracy, Supposes 50 Hzf60 Hz IEC 521/1036

Less than 0.1% Error Ower a Dynamic Range of 500 to 1

The ADE7757 Supplics Average Real Power on tha
Frequency Dutputs F1 and F2

The High Frequency Output CF Is Intended for
Calibration and Supplies Instantanecus Real Power

The Logic Output REVP Can Be Used to Indicate a Poten-
tial Miswiring or Negative Power

Direct Drive for Electromechanical Counters and
Two Phase Stepper Motors (F1 and F2)

Proprietary ADCs and OSP Provide High Accuracy over
Large Variations in Environmental Conditions and
Time

On-Chip Power Supply Manitoring

On-Chip Creep Protection (Mo Load Threshold|

On-Chip Referance 2.5 VW = 8% (20 ppm/“C Typical)
with External Gverdrive Capability

Single 5% Supply, Low Power (20 mW Typicall

Low Cost CMOS Process

AC Ilnput only

GENERAL DESCRIFTION

The ADETTST i o high decuracy elecirical snergy measurement
IE Itis @ pin reducoon version of ADTT55 with an enhancemnent

of a precise oscillator circuil that serves ss s clock sonree o the
chip. The ADETTIT climinares the cost of an external crvsial or
resonater, thos reducing the overall cost of & meter bullc wich

this I, The chip direccly ipterfaces with the shunt mesistor and

aperntes uoly with ac inpur,

The ADETTIT specificarions surpass the acouracy TequireTments
a5 gquoted o the TEC G scandard, ac 1o the smianny beiween
thie ATYRT 737 and ALTT33, the Applicetinn MNote AWN-55U can be
usad ag-a basis for 8 descrpon of an IECHRIG low cost wan-hour
meter reference destgn

The oty enwlog circurry used in the ADETTST is in the sipma-
delra ADDCs and reference circuit. All ather signal processing
(e, multiplicazion and filteriog) is cartied oul in the digital
domain. This approack provides superior stability and accuzacy
over nimie and extreme envirenmental conditiens.

The ADETYSY supplics sverage real power inforimation on the
law frequency vulpuls FL end F2 These outputs may oe vscd
to directly drove an elzcrromechanical conmer or interlface with
an ML The high frequency CF Ingic outpus, ideal farcslibra-
tinn purpases, provides instantatieous real power informalion,
The ADETTSY includes 4 pnwer supply momitaring ciremit on
the ¥y supply pin, The ADETTST will temain inactive untd the
supply voltoge vn Vi, reaches approamarcly 4V, If the supply
falls beloa: 4 ¥, the ADETTS7 will also remuin inactive and the
Fl, F2, and CF nutputs will he in cheir nonaccive modes,

Imterral phiase mnrching ciceuitey ensures thar the vollage cnd
currenl channes are phase marched while the HPF ir the cur-
rent channe! eliminates de offsets. Ao internal no-load threshald
ensures thar the ATMET?57 does not exhibic creep when no load
15 present.

The ADET?ST 5 available i a 16-l2ad SO parrow-bady packaps.

FUNCTIONAL BLOCK DIAGRAM

Yoo AGHD CGHND
1) {a) {13
el g et
ADETTST
- SIGNAL
-PROCESSING
C - BLOTK

oo

e Lor i1 S

o PHREEY ..
CORRECTION: ymp

INTERMAL
QSCILLATOR

DIGITAL-TO-FREGLUERCY
COHVERTER

Akl

T J’\
7 {i7)

2.5%
REFERENCE

] (e

AEFpyour  PECLKIN

"UE Fatents 5,745,32% 3.9 617, 3,862,064, 5,872,369, athers pendong,
REV. O

imformation furnished by Analog Devices s belicved 19 be securats amd
reliable. However, na responsibility is assumed by Analog Devices for its
use, aod fo &ny lI'lfrlngérnE nis of patonis or oiherrights of thicrd parbies hat
miay red ult from = uge, No licenss s granted kg implication ar otheny@s
under amy patent or patent nghts of Analog Devices.

SEERYY

SCF =0 31 REYFP CF F1 Fa2

One Technology Way, P.O. Box 9106, Narwood, MA §2062-2106. LI5A,
Tal; 7TBY/229-4700 www . analog.com
Fax: FE1/32Z6-8703 B Analog Devices, Ing., 2002




ADE7731-SPECIFICATIONS

Wop =3 Y = 5%, AGND = DEND = DV, On-Chip Reference, RCKLIN= 6.2 k{2

0.1% = 15ppm/=C, Ty 10 Ty

= =40°C to +85°C, unless otherwise noted )

Purameter | Valsa Tmit Test Condirlons! Comments
ACCURACY!2
Mrasurement Frmor' on Chanms=] Y1 Chaerg] W2 with Tull-Scale Signal {163 W3, 2590
.1 % Beadung typ Creer a Iynamic Range 500 10 ]
Phase Error' Beraeen (hainnels Line Frequensy = 45 Hz to 65 Hz
51 Plisse Leail 377
[PF = 0.F Capracatve) b Diepeces(™) max
%1 Phase Lag o0°
{PE = 4.5 Tnducave) +ikl Dregress)™) iy
AL 'ower Supply Rejeciion’ Sr=5]=1
Erarprur Froguenoy Yanation {O17 0.2 7 Beading op V1 =2E210Y mas, ¥2.=.116.7 mY mme o 30 Hz
Ripple on Vi of 200 mV ems < 100 Fe
L Power Swpply Regection' S50=51 =1,
Crutpior Fregeency Vaniaosz (CF) L U Reading orp VI =212 %W mmy, V2= 1167 mVY tms,
Vo= 5 V223l oy
ANATOG INPUTS See Analog Inputs sectanm
Channel ¥1 Maxiium Signal Level Tl mYy g VIF and VIN 1o AGND
Channmel V2 Maximum Signal Level + 163 mY max V2T oned V2N w0 AGND
loput Impedance {TH2) 320 1 min LSC = 430 kHx, ROKITN = 6,2 k0 0,1% % 15ppm™ 0
Bandwidth (-3 dR) T #Hz nomins! D50 =450 kHz, RCELIN = 6.2 K2 0.0% L 15ppn™c
ADC Offset Brpor'? 18 my max Se¢ Termmuoolugy Section and Typical Perfasmance
Characreristics.
Gin Esror! L4 % Tdeal p Farerial 2.5 V Refirenos
¥l =212 mY ons, Y2 = 116.7 mV s
OSCILIATOR FREQUENCY (0500 450 kH ouormimal | RCELIN= 6.2 K2 000 % % UppmC
Drecallutor Freguency Tolerance! +12 Y Beading oyp |
Cheaablutor Fregueency Srabiling L3O PRt op
FEFEREMCE INPITT !
BEEF iy Inpus Yolrage Bange 29 | V¥ max 25V + 8%
23 | Wi 25 - 8%
Tnput Capaditunce ¥ ! plF max
OMN.CHIP REFERENCE Sl 2.5 W
Reference Emur =200 W i
Temperature Coetlicient -] prmt O oovp
LU INPLTS?
SCF, S0, 51,
Input High Voltzee, Vg D4 V min Voo =5V £ 3%
Inpur Low Valtage, Vo B V max Voo =3 VIin
Tnput Current, Iy, | HA prax Trpically 10 n&, Yy =0 Yoo Vop
Ioput Cupaceunoe, Gy 10 pE max
LOWGIC OUTPLITR?
Flaumil F2
Ouzpur Hiph Voliage, Vo Lsovpin = 10 mA
4.3  min Vin =3V
Chucpur Lew Veltage, Vo, Topas. = 10 mA
i3 I'l" max 1\"1"1 =3V
LCF
Ourpat High Voliage, Yo Teoimes = 5 mA
4 Y min Vop=3 Y
Ourpuar Low Yaolraps; Vi lepm = 3 mA
0.4 W ooaniea Vop=5%
Frequency Onrpur B!~ (CF) +10 %o Tkl b External 2.5 ¥ Beference,
V1=212m¥ s, ¥E=11607mY s
POWER SUPPLY Fore Specified Perlonmanoe
Yoo 4,75 WVormin 5% - 3%
5.25 V max CRE TS
Inn 3 mh max Typically & mh
MWOTES

'Gee Teorminubugy section for explanation of specificating.
o Ry N bl
“Hee placs in "ypical Merformnnce Characreristics.

3Ssrn_|'n]c tested doring indrial eelease and afier any cedesign or process charge that moy otfect this Darameter.

Specificavons sehject 1o change withour notice

REW. {




TIMING CHARACTERISTICS"

ADETT97

7 (W =5V = 5%, ABND = DGND = 0 ¥, On-Chip Reference, REKLIN = 6.2 k2
0.1% = 15ppm/™C. Ty te Ty = —40°C to +B5°C, unless otherwise noted.)

Parameter A, B Versions TUnir
5 244 my
Ly See Takle 11 BEC
Ly 12 SeC
i T 173 ms
t5 See Tabie 111 Es
t 2 L
BT ES

Test Conditions/Comments

F1 and F2 Palsewidith {Logic Low)
Ciugput Pulse Peoiod. See Trunsfer Funcdon secton.
Time berween F1 Falling Edge and 2 Falling Edge
CF Pulsewidrh {1 ngic High)

CF Pulse Perind. See Trunsfer Function section.
Minimum Timie between Fl and T2 Pulse

"Sumple tested doring initial Telcase and afier ure rederiph - pracess shange tha iney aflest Uiss parameces

g -
~Eme Fagurs |

“The pulsewidths of F1, E2y and LF are not-fixed for higher curpa) focsvence . See Freguence Owipus sectica.
“The CF pulse ie always 35 s in the hogh frequence awdy See Frogueey Oorpuss szecivn znd Talle 171

Specificanums subiecs ro change withour aacice.

REY. 0

= Ny |=—
— -t it T
e \_/
Ly —
=t 5 1 -
1Y Nh 113
T T e
2 et —=l\_ /S

T

A hnnn

Figure 1. Timing Nagram for Fraquency Qutouts




ADE7 737

ABSOLUTE MAXIMUM RATINGS'
{Ta = 25, unless arherwise nared )

Voyy ta- AGINEY -D3Vi+1V

I|ln'r|:|'|:. BETAGEINTE) o s e -3V V
Apuleg loput Voltage o AGND

YIP, VIN V2P, and VIN ... o0, o. ... AV to+6 Y
Beference Input Voltage wo AGHND . =03 Vio Vi #0103 Y

Crigital Input Voliage e DOGND
Digtal Ourput Voliage 1o DGND ..
Ooerating Temperature Range

Indusirial (A, B Yemslons) ooy cooo o
Storage Temperuruze Range

0.3V Ypp t 03V
BV Ny 03y

—H*C 1o +537C
G52ty +1530°C

Joimictivi Temippatiee . 0L o e 1304
Li-Lead Plastne SOLC, Power Dissipation ... . o2 330 mW
Hys Thermal Impedance? ..., ... RN [ T i L3
Lead Temperature, Saldecing
YVapor Phase (00 secl ..., oooonsiisy T 215
Iofbared O S ReeY o s iy i et R 22000

" Srpesses above theae Jsted wuler Absobate Masimum Bavings may cause peeind-
tent damage w0 the device. This is a smess raning aalyy ﬁ,ln(‘"_i('ﬂ:l-l:lp-l.'l:umu ol the
diwide pl these we any acher conditions above those Ewed o the operational
sectons of this specificasim ic nar impled. Exposere to absolute syeamur ming
cuntriiens tor extended perinds may sfeol deveee reliabilise

ﬁ]l‘.‘l’."il:'{.' 15 Standard (2-4mver) Bogrd Tipra

ORDERING GUIDE

Model TPackage Description |Package Optioms
ADETTISTARN S0IC Marrew-Body  |EN-1a
ADETISTARNMEL. | 50IC Merrow-Hody  |RMRL-16

in Reel
EVAL-ADET?STED | Bvaluadon Board

Evaluation Boand

TERMINOILAOWGY

Measurement Error

The crror associated with the energy measurement made by the
ADETTST is defined by the fallowing formula:

i By = LY fTEE!ETL‘d;J_‘;' HEE? 737 — Frue Energy
Fue Energy

x [00%

Phase Error Belween Channels

The HTF {High-Fuxs Filter] m the current channel (Channet V13
haz a phase lead respense. To aflser this phase response and
equalize the phase response between clinnels, o phass cormec-
tion nerwork is also placed in Channel V1. The phase comrection
network matches the phase oo within 0.1 over a range of 45 Hz
to 09 He, and 20.27 over 8 runge 40 Hz (o 1 kHz See Figures
11 and 12.

CAUTION —

Power Supply Rejection
Thas quantifies the ADET757 measureisiil €Iror us 8 PErCeni-
age of reading when the power supplies are varied.

For the s PSR measurement, s reading st neminal supplies
05V e taken. A 200 mV rms/100 He sipnal is then introduced
onto the supplies and a second reading i obrained under the
same [npuc gignal levels. Any error introduced s expressed az o
percentage of reading—see Medsurement Brror defimigon,

t'or the do PSR measurement, s reading §1 nominal suppliss
(3 V) is raleen, The supplies ire then vared 5% and 2 secord
reading 5 obisined with the same inpur signal levels, Any ermor
intreduced is agaim expressed 25 & percentage of reading

ADC Offset Error

This refers oo the small de signal {alfiel) associaced weth the
inalog imputs to the ADCs, However, e HPF in Channel Vi
eliminates the offser in the crewitry. Therefore, the power calou
lanien 15 not affected by this offser.

Frequency Output Errore (CF)

The frequency ourpat error of the ADETTST s defined 5 the
difference belween the measured outpur frequency (minus the
offset} and the ideal ourput frequency. The differcnce 5 cx-
pressed whoa percentage of rhe ideal frequensy. The ideal fre-
gquency is abnained from the ADETTST tramsfer function (sce
Trensfer Funcoion scction).

Gain Ertor

The gain error of the ADETTST s defined == the difference
bevwesrs (he measured output fregueney (minus the offzer) and
the ideal output frequency. The differénce 1 expressed asa
percentage of the ideal frequency, "[he ideul Teguency is ot
ratned fromi the ADETT?57 trensler function (see Transfor Func-
LI st ),

Dzcillator Frequency Tolerance

The osallator frequency tolerance of the ADETTST is defined ax
pari-o-part feguency vanalion in terms of PerCcnTages ar moom
tempearature (25°C), I1 is measured by tuking the difference
herween the measored ozcillator frequency and the nominal
frequency detined in the Specificarions section.

Ozeillator Frequency Stability

Oecillaror frequency stability s defined as frequency variaton
in terms of percentage doifl per millicn over the vperating
temperaiure range. In 8 metering dapplication, the rempera-
tare range is —30°C o +557C, Oscillator requency stabilny s
measured by taking the difference bemween the msasuied
oscillator frequency at -40°C and +85°C and the measured
pscillator frequency at +25°C.

ESEF (electrostane discharge} sensitive device. Elecirostatic charges as hagh as #4000 ¥ readily accumulaoe
on the humman body and test equipinent snd con dischange withowt detecoon. Altbwugh the ADETTSY
features propoetary ESD protecrion circwitey, pesmanent damage may occur on devices suljecred 1o high
energyelecuostanc discharges. Therefore, proper EST precaenions sre recommended to svoid performancs

degradadion or less of funcrionalicy,

S

ESD SENSITIVE DEVICE

HEV. O




ADETT31

MY CONFIGURATION

Yoo [1] (1] F1
viP[: hafFz
wiM)] 4 4| oF

I"“l 1| ADETTET 3] i
FEP VLW
wip[s [1z] REVR

(e bo B
achD[ o] [71] ACL kI
REFrypauy [7] BT
soF (] [#]ad

PIN FLNCTION DESCRIPTIONS

Fin No.

Mnemonic

Deseription

nF

4,3

1a

11

12

13

14

15, 16

Yoo

WP, V2N

VIN, VID

AGNT

REF pout

SCF

51, 80

ROLEKETN

REVFP

DGEND

F2, Fl

Power Supply. TLis pie provides the supply viltage for the cincuitry in the ADET 57, The supnls
voltage should be mainzained ar 5 W = 5% for specified aperatinn. This pin should be decoupled with
2 10 pF cepacier in parallel witk @ ceramic 100 nF capacitor.

Analag Inpus for Channel V2 {voltsge channel}. These inputs provide a fully dilferenual input pair,
The mavimum differential input voleage i £ 165 mV for specilied operaton. Boch inpurs have internal
ESD provection circudtry; 2o evervoltage of £6V can be sustaited on these inpus without mskoal
permanent damage.

Angleg Inputs for Chacnel VI {current channel). These inpurs are flly differential voltage inputs with
4 mmzximum sipnal lavel of £30 m& with respect 1o pin VN for specified operatinn. Bath inpurs have
internal ESD protection circuiley and, in addition, an overvoliage of £6 V can be custained on thess
inputs without risk of permanenr damage.

This provides the pround reference for the analog ciccuitey i the ADE? 757, i.e., ADC: and reference,
This pin should be tied 10 the anelog grovnd plane of the PCB. The analeg ground planc s the
ground reference for all analog cacuiny, € g, amialissiong Olters, current and voliage sensars, and 5o
forth. For accurate nodss suppression, the analog ground plaine should only be connected w the digial
ground planc at ene poiot. & sae ground configuration will help to keep nnisy digital currenes away
from the snalog cirouics.

This pin provides access to the on-chip voltage reference. The on-chip reference has 3 naminal valoe
Wl 2.5V 8% and a typical remperarare cocfficient of 20 ppm™C. An external reference source
mny akso be connecred at this pin. In either case, this pin should be decoupled to AGNIY with &
1 pF tanealum capacitar and 100 aF ceramic capacitor. The internal relerence cannoot be used Lo
drive an external lnad.

Select Calibration Frequency, This legic inpu is used o geleet the frequeney on the calibration sutput
CF. Table IIT shows cahbration requencies selection,

These Inpic inputs are vsed 1o select ane of four possible freguencies for the digital-o-freguency con-
version, With this logic inpur, designers have greater Hexibilioe when desipning an energy meter. See
Selecting a Frequency for an Bnergy Meter Application section.

To cnable the intemal oscillater asa clock source o the chip, 8 precise low emperacore dft resisior
at nominal value of 5.2 k{? must be connected from this pin to DGHD.

This: lome outpue: will go high when negative power s deteeted. §.c., when the phasc angle beoween the
voltage and current signals is greater than 907 This output is oot latched and will be reset when posi-

tve power 15 once 3g8in detected. The outpue will go high or low ac the samie time as 8 padse s issued

on CF.

Thizs provides the ground reference for the digital circuitry in the ADET?57, e, multiplier, filters, and
digial-to-freguency converier. This pin should be ted 10 the dyztal ground plane of the PCH. The
digial ground plane s the ground veference for all dipial drouilry, e, countéer: (nechanical and
dagntal), MCUs, and indicator LED:. For accurase noise suppressinn, the analog ground plane should
be connected to the dyrial rroutd plane at one point ooy, ez, 4 star cround.

Calibration Frequency Logic Output, The CF lopic owrput provides instantaneous real power informe-
ton. This outpat i intended for calibrition pumoses. Alsa see 5CF pin descoriplaon.

Low Fraguency Logic Ouipurs, F1 oand F2 supply aneregs roel poreer information. The loge vutputs
can be vuzed o directy dove electiromechanical counters and two phase stepper motorns.

ZSee Transfer Function section.

REV. 0
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ADE773]-Typical Performance Characteristics

0s

Figure 2. Test Cireuit for Performance Curvos
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THEORY OF OPERATION

The twa AN digitice the voltage tignals feom the cureent and
voltage sensacs. These ATWCs are 16-hic sigma-delcs with an
pversampling rate of 430 kHa, This analog mput scruciure
greatly simplifies sensor imterfocing by providing a wide dynanuic
range fordirect connectinn 1o the sensor and also simplities the
entighiasing flter design. A high-pass [iler 30 the curcent chenmnel
temoves any de component from the current sigral. This elimi-
nates any inscouracies in the real power caldulation due o off-
sels in the voltage or cugrent sipnals, Becanse the HET 15 always
enablzd, the 1C will operate only with ac inpul (see HI'F aind
OHfset Elfects section),

The real power calculadoen is dervied from he ioslanianeous
power signal. The instantsnsous powsr signal i@ genesared be a
direct multiplication af the current and voltage signals. In arder
ti extract the real power companent (i.e. the &C CHIDONENE),
the instantaneous power signal i low-pass fltered. Figure 3
ilusrtates the instantanenus real power sigral and shows how the
real powsr information can be excracted by low-pass filtering the
mstactaneous powet signal. This scheme correcely calculates real
power for sinsaidal current and valtage wavelorms ac all powsr
factors. AN sigpral arocessing is carried out o the digical domen
Toor superior scability over emperature and tme.

DIGITALTD=
FREQUENGY

= 1
= F2

OIGITAL-TO-
FREDUEMCY

HPF

CH

CHz

|
INSTARTAMEDLUS REAL
POVWER SIGHAL

IFESTANTAMECHFE
POWER SIGHAL ~ Bl

TIME TIME

Figure 3. Signal Processing Block Diagram

The low frequency outputs (F1, F2) of the ADET? 57 are gener-
gted by accumulating this real power informarion. This low
froquency inherently means a lnog accumnlation tme berween
cutput pulses, Consequently, the resulring ovtput frequency is
proportional to the averags real power. This average real power
irformation is then accumulated (e.g., by o Counter) 0 gEnerire
real enerey informadon, Comversely, due o iks high output
[requency and hence shorter integranon time, the CF augpur
frequency is propectional o the nstaaaneons real power, This
15 useful for system colibration. which can be done fascer undar
steady load conditions.

Power Factor Considecatons

The methed used ta exrrace the real power inlormaton from the
inslantinecus poves signal (1.2, by low-pass enng; is sl
valid cven when the waltage and current signals are not in phase.
Figure 4 displavs the unity powet facter condinon and a DTT
{Displacement Powear Factor) = (0.5, Le., current signal lagging
the waltape by 607 10 we assume the voltage and current wave-
Torms ere sinusoidaly the real power component of the inslazila-
ncons power signal (ie., the de term) is given b

sl
(- Jx cos(ad™)
2
This iz the corrger réal power calculatior.

IMSETANTAHEQUS FEAL
POWERN SIGHAL

INSTANTAMCOUS
POWER SHaMAL
POWER

4= TIME

o
CURRAENT \/ \/
VOLTAGE

IMESTANTANEQLE REAL
FOWER INSTANTANEOUS POWER ShaNAL

Figure 4, DC Componeant of Instantansous Power
Signal Conveys Real Power Information PF <1

REV. O

8-




ADET757

MNonsinusoidal Veltage and Current

The real power calculation method also holds troe for
nonsintsoidal current and woltage waveforms, Al vollage and
cirent waveforms in pracoical 2pplications will have some har
monic content. Using the Foorer Transform, instantaneous
wltgre and curment wavelomns can be expressed in cerms of
their hesrnuenie comlenl,

; i
piry=F, + 2% 21 sain e+ o (1
Areil
where:
o) s the mstantaneaus valtage
[“s 15 the averege value

15 1 the rmy vatue of voltage harmanic &, and
L
o), i the phase anglz of the valtage harmonic,

:'(r]—'fﬂ+~,-'§x ,‘; f, xsmihor + 3, ) (2
el

wherc:

i 1% the mstaaanecus current

{q s the do compunent

I, i the oms velue of current hormonic &, and

Ay is'the phase angle of the current harmonic,
Using Equations | and 2, the veal power P can be expressed o
termis af ire fundamental real power (M and harmonic real
power (P

=L+ 8,

whers:

2= %, cogo,

{3
t, —ey — [
and
P, = XV, %I, cost,
ark I:-}']

'1—"[. =0, ﬂ'.’.

As can be seen from Eguation 4, a harmonic res] power compo-
aent is generated for every harmonic, provided that harmonic is
present in boch the voltage and current waveforms. The power
[octor calculation has previously been shown to be accurate in
the case of a pure sinusoid, Uherefore the harmonic real power
must also comectly account for power facrer since it is made up
of a serizs of pure sinusoids,

mate that the imput bandwidih of dee analog inputs is 7 kHe
the nominal internal cscillotor frequency of 450 kHz.

REV. O

ANALGG INPUTS

Channel ¥1 (Gurrent Channel}

The voliage aurput from the current sensor 15 connected to the
ADE7757 here, Channel W1 iz fully dillerentinl voltags inpur.
V1P is the positive input with respect to VIN,

The maamur peak differential sipnal on Channel ¥1 should be
less than £30-mV (21 mV ms for a pure sinusoidal sipnal) for
specified operation,

vl
3
vty -
ViP
DIFFERENTIAL INFUT % Vi
=HmY MAK PEAK
Veu
COMMOM-MOIDE
/ 5. 26MY MAX
=l T AN
L

Figure 5, Maximum Signal Levels, Channel V1

The diagram in Flpure 5 illustrates the maximum sigoal leveks
on V11 and VIN. The maximam difterennal volrage is 30 mY.
The differential voltage siznal on che inputs mast be relerenced
Lo & common mode, ¢ g, AGNT. The maximum comman-
made signal is 26,25 mV, a3 shown in Figure 5.

Channel V2 (Voltage Channel )

The curpur of the line voltage sensor is connected w the
ADETTST ar this analog input, Channel V2 iz fully differen-
finl voltape input with 5 maximum peak dillferencial signal of
+165 mV. Hignre & illestrates the masdmnmn signel levels dat
can he comnected o the ADETTST Channe] W2,

Vi
1 |
+TABmA -

HFFEAENTIAL BPLUT
+165mV MAK FEAK

COMMON-MODE
m2Emi MAK

Ve

=Aahm

Figura 6. Maximum Sigral Levels, Channel 172

Chaunel V2 is useally drven from a comman-maode velige,
i, the differential voltage signal on the iopur s seferenced 0 og
common maode (usually AGNDY, The analog inputs of the
ADET757 can be driven with commaon-mede voluages of up Lo
25 mV with respect to AGND, However best results are achieved
using & enmman mode equal 1o AGND.
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Typical Connection Diagrams

Fipure 7 chows g tepicnl conmection diagram tor Charmel ¥1. 4
shurt s the curment sensos selected for this example because of
its bow cost compared to other current sensors such as the CT
{currenl tracelormer), This 1C is ideal for low current meters.

AGNDH
PHASE HWEUTRAL

Figure 7, Typical Connection for Shanne! V1

Figure & shows a tvpical connection for Channef V2. 'Tvpecally,
the ADETTST is biased atound the newtral wire; and a resistor
divider is wsed w0 provide s voltage signal that is proportional to
the line voltaes, Adjusting the ratia of Ry, By, and B is afso g
convenient wav of carrving our 2 gain calibration on-a meter,

| qme s

PHASE HEUTRAL

*Fig o> R+ Ag

Figure 8. Typical Connections for Channsel V2

FOWER SUPPLY MOKITOR

The ADETT57 vontains an on-chip poswer supply moninor. Dhe
power supply (Voo Is continuowsly monitored by the ADETTST. I
the supply is less than 4 W, the ADHTTS7 becomes inacuve.
This is useful W ensure propar device opsration AT pOWer-up
and power-down. The power supply monitor bas buill in hysree-
esls and fllering that provide a high degree of immunizy ta false
rriggering from noisy supplies.

A4 can be scen from Figure 9, the wigaey level is nominally ser
at 4 V. The wlerance on this trigger leve] 18 within +5%. The
power supply and decompling for the part shonld be such that
the ripple at Yo does not exceed 3V £ 3% a5 specilied fou
sormal operation.

I"Ill B

i1 S

v

MTERNAL

AGTIVATION |INACTIVE IHACTIVE

ACTIVE

Figura 9 On-Chip Power Supply Monitor

HPT and Offset Effects

Fipure 10 tlustrates the ellect of offsets on the real power
caleulation. As an be sec, offsers on Channel VI and Chan-
rel W2 will conrzibute & de component after sawlplicarion.
Since this do component is extracted by the LFE snd osed
penerate the real power infirmation, the ollsets will contrib-
ute & canstant error o the real power caloulation. This prob-
lem i eagily avoided by the huilt-in HPF in Channel ¥ 1. By
removing the offzets from a1 least one channel, nw erros Com-
ponent can be generated at de by the muliplicaden, Frrar
Lermmis 4t the line frequency () ace reimoved by the LTF and
the digital-to-frequency conversion (see Dipital-to-Freguency
Canversiun secliun).

The equation below shows how power caloulation s affected by
the de offsets in the curtent and volrage chammels:

{V cosime] Ff(;_.{} = { feosior) - fu-;} =
Ful!

+ Ve ® Lo Py x Foos(un] + a2 B cos{oe)

V=i
i

= oos{ 2]

At COMPORENT (INCLBOING ERROA TERM)
& EXTRACTED BY THE LPFFOA REAL
POWER CALCULATION

o ® W

Vs |

FEEQAIEMCY — RAD:

Figure 10, Effect of Chanre! Offset on the Real Power
Calcuiation

REV. 4
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The HFF in Channel ¥1 has a0 associated phase cesponse thar
i compensated for an-chip Figures 11 and 12 show the phase
error berween channels with the compensation neowark acni-
vuled, The ADETTST is phase compensated up to 1 kb as
shown, This will ensure carrect active harmonic powsp cpicula-
tan even al e power facloms.
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FREGLUEMCY - Hz

Figure 11, Fhagse Error betweaen Channets (0 Hz o 1 fHz)

035

N

240

PHESE = [legrees

ok

e

=10
L 45 an 55 EQ b T

FREGUENCY — Hx

Figure T2, Phase Error between Chavinels (40 Hz ta 70 Hz}

DIGITAL-TO-FREQUENCY CONVERSION

Az previously described, the digital ourpur of the low-pass liler
after multiplication contans the real power information. How-
gyver, since this L PT is notan ideal “brick wall™ Aleer implemen-
ration, the outpat sipnal @lso contains allenuated companents al
the lioe freguency and its harmenics, i.¢., costhwt) whaee h — 1,
2.3 ...

The mugnitude response of the filter is given by
1

L) = ——

ond =0 on.

-

||.|_L.J (5
V445

REV. O

Far a line frequercy of 50 Hz, this would glve an attenoation of
the Zeo (100 Hz) component of approximately 22 dB, The
domina ing harnecic will be at wwice the line frequency (20 duc
to the instancanecus power caloulation.

Figure 13 shows Lhe instanlaneous real power signal at the
putpul of the LI'F that soill contains a significant amouwnr of
insianzaneous power informaticn, 1 ¢, cos(2ot). This signal is
then passed to the digital-to-frequency converter where iL is
integrated (ascomulated) oves tme i order oo produce wo eotpat
[Fequency, The accanmilaion of the signal will suppress or aver-
age out any non-de components in the insntaneous real
power sipnal, The average value of a sinuscidal signal is zero.
Thus the frequercy generated by the ADBETTST is prope:-
riomal to 1he dverage real power. Figurs 1% shows the digital-
to-frequency conversion for steady loed conditons, |,
corsm@nt woltage and curment.

-
DTALTD- B
FREQUEMGY =
o F1 3
r E L
i TIME
MULTIFLIER DG TAL-TO-
FREGLIENTY ©F
T V| F E f 3
a [
I E i S e S
. LPF TO EXTRACT a
1 AEAL POWER o
(O TEAM) E
Wl TIKE
—D F 5
COS [Zuw)
ATTENMWATED BY LFF

a \IL-- Zur
FRECAJERCY (RADM)
INSTANTANEDUS REAL POWER SIGHAL
[FRECUEHCY DOMAIN)

Figure 13. Real Power-to-Fregquoncy Conversian

As can be geen in the diagram, the fequency output CF i seen
Lo wary over time, even under wteady load condiions. This fre-
quency vanation is primarily due to the cos(2et) componsnt in
the instantanieous real power signal, The ourput requency on
CF can b2 up o 2048 times higher than the frequency on- T'1 and
12, This higher output frequency 18 genetated by accumulalug the
instantancous real power signal over 2 much shorrer time whale
converting it to a frequency. This shocter accumulation period
means less averaging of the cos{2w) component. Consequently,
soroe ol Uis instantancous power signal passes through the
digital-to-frequency conversion. This will not be a problem ix
the application. Where CF 15 wsed for calibration purposes, te
frequency should be weeraged by che frequency counter, which
will remove any opple, If COF 15 being wsed 1o neasure energy,
For examiple i 8 microprocessor-baged application, the CF
ontput should alse be averaged 1o caloulate powet,

Because the outpurs F1 and F2 operate st much lower fre-
quency, 4 lot morne averaging of the mstantaoeous real power
signal is carried cut. The resulr is-a gresly amenuated sipuscidal
conlent and a virtually dpple-free frequency auipur,

-11-
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Interfacing the ADETI57 to 2 Microcontroller for Energy
Measurement

The easiest way 10 interface the ADETTST 10 a microcontroller
i W wse e CF ligh frequency outpat with the ourput frequency
soaling ser to 2048 = F1, F2 This 1= done by setiing 5CF =0 and
S0 =81 =1 {se= Table I, Wik full-scale ac signals on the ana-
tog inputs, te suipat freqeency on CF will be approzimately
2867 klz Figure 14 illusicates one scheme than could i uscd
b digtize the eutpul [reguency and carey ot the necessany
averazing mentencd n the previons seclion.

CF
FREGULNGY
RIFFLE
AVERAGE ’TL
FRECUENCY > 7{*}‘\\';‘/“’\ *.J-"”
TRIE =
j [ [
BDETTET
" I t NOUNTER
CF e T

TIMER

Figurs 14, Interfoacing the ADEFTET to an MOL

As showiy, te frequency ourpur ©F {5 coonected 1o an HMCL
counter ot port, This will count the oumber of pulses in 3 given
imtegradon tirne, which s daterniined by an MO intetnal tomer.,
The average power praportional to the average frequency is
aiven by

% et
Anarage Freguency = Awdrage Poaer = —_—
Time

The energy consumed during an integration period is given by

Ciowniter : 7
S x Time = Counrer
Time

Ewergy = Awerape Pawerx Time =

For the purpose of calibration, thiz integratien time could he
10 1o 20 seconds in order to scomnulare enonph polses 1w en-
sure cosTect aversging of the frequency. In noomal operapion,
the integrition e could be reduced to one or rwe seconds
depending, for example, on the required wpdate rate of a dis-
plav. With shorter integration times o the MG, the amount
of energy in each update way stll have some small amopnt of
ripple, even under steady load conditions, Howewer, aver 4
minite ar maore the messored enecgy will have no ripple,

Tower Measurement Considerations

Caleulating and displaying power infonmation will ahwuys bave
some sssaciated opple that will depend on the nlegration period
nzed in the MCLU 1o determine average power, and also the
load. For cxamgple, s light leads the cwpat frequency may be
10 Hz. With an integration period of twa seconds, onky aboul 20
pulses will be counted. The possibiliny of missing one pulse abways
exists as Lhe ADBETTS7 output frequency is running asyncheo-
nously to the BMCU mer. This would result in g one-in-Twency
or 3% erur in the powe: measurement.

INTERNAL OSCILLATOR (OS5C)

The naminal internal oscillacor trequency s 350 ke when used
with RCELIN with nominal value of 9.2 K2 The frecuency
aulputs aee directly proportional to the escillator frequency,
thus RCKELIM must have low tolerance and low temperature
drif 1o ensure stability and linearity of the chip, The oscillatur
frequency is mverscly proportiona: to the ROKLIN as shown in
Figure 15, Although the inrernal cszillator operates when used
with RCKLIN valoes between 5.5 ki) and 20 kLY, 06 recom-
menrded 1o choose a value within die range of the nominal valuoe
&5 shown m Figure 15,

430 - 3
LT = -

)
e S

3

= WHZ
&
Fy

§

440 "-\“\

FREGLEMCY

Rl

a1 -

Al
54 S% ®O 61 62 BRI 68 B3 RE BT

RESISTANCE -k

Figure 15, Effest of RCKLIN on Imternal Oscillator
Fraguency (S

TRANSFER FUNCTION

Frequency Qutpuis Fl and F1

The ADETTST caleulates the produect of two vnliage signeks (0n
Channel V1 and Channel V2 and then lew-pass (ilters this
product to cxrract real power information, This real power
inFormation it ther converied to 8 frequency. The frequency
information is output on F1 end F2 in the form of active low
pulscs, The pulse rate al these ourpues i3 relatvely low, e.g.,
(.175 He maximum for ac signals with 50 =51 = 0—sec Table 10
This means that the frequency ar these outputs 15 generatéd
from real puwer juformation accumulated over a relarively lnng
peood of dme. The result i an output frequency thal is propor
tinmal tor the average real power, The averaging of the real power
sipnal is implizit 1o the digital-le-lreguency conversion, The
outpur frequency or pulse rate is relaced to the inpur valeage
signals by the following equastion:

515,84 %11y, %V 20, % F 4
Vi

Frea=

whene:

Freg = CQurpur frequency on B oand F2 Tz}

e = Dierential s voliage sigral on Channel YW1 (volig)
F2,.. = Differential rms voltage signal on Chaonel ¥2 (volts)
o = The reference voltage {2.5 ¥ = 8% (valus)

Fii = Oneof four possible frequencies selected by using the
logte inputs S0 and §1—sec Table I

AEV. 0

=13~
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Table I. Fi, Freguency Selection

F,_, at nominal
51 S0 OSC Relation' | OSC(Hz)
0 a osc2! (.86
4] 1 Qs Cia'e 1272
I 0 o 41
1 1 SGt H.AR

_'F,_, ie a hinary fraerian of the meermal aszilster Fequeney (052

Sulues are gengated Lsing the neminal freguency uf 4510 kH:

Example

In thiz example, with we voltages of £ 30 mV peak applied 10 ¥1
and £145 m¥ peak applied to V2, the expecied ouiput fre-
gueency 15 caleadated as follows:

Fiy = O8CY He, S0 =81=10

M., = 0033217

Vi = 0163087V

Fras = 2.5 IV {nominal reference valus)
WOTE: If the on-chip reference is used, actual
output frequéncizs may vary from device to device
due o reference talerance of =8%.
515,85 =303 = 0,165 = IF

Frig = DB BONES IR RS g SR = TS

-..'E K-u.'ri R

Table 1. Maximpm Quepot Frequency on Fl and F2

Max I'requency®
51 S0 O5C Relation for AC Inputs (Hu)
0 0 0,204 < F, 0175
4 1 0,204 = E; .35
1 0 0204 = Fy 0.70
L 1 1,204 K F, IR 11]

*alees ure pesiratiod using the pooting] frequency of 430 KHz

Frequeney Qutput CF

“Ihe pulse outpat GF [Calibration Frequency) s intended for
calibrutivn purposes, The outpur pulse rate on CF ean be up 1o
2048 times the pulse rate on F1 and F2, The lower the F_,
frequency selected, the higher the CT scaling (excopt for the
high frequency mode 3CF = 0, 51 = 50 = 1}, Table 1l shows
hew the two froquencies are related, dependmy on the states af
the logic inputs 30, 81, and SCF. Due 1o its relatively high
pulse tate; the Fequency at COF logic outpul 15 proposticnal to
the instantaneous real power. A5 with Tl end F2, CF is denved
from the ourpur of the low-pase fileer afrer multiplicatien. How-
ever, because the ourpur frequency is high, this real power infor-
mativn s accumnulared over @ much shorter time, Therefore less
pveraging is carried oul in the digital-to-frequency conversicn,
With much less averaging of the real power signal, the CF oulpor is
much more responsive to power Nuctuations (see Signal Pro-
cessing Block in Figure 33,

REV. D

Table II1. Maximum Output Frequency on GF

]
)
k5|
iy
n
=

C'F Max for AL Signals (Hz)*

iI28xFl,F2=224
4 =Fl1,F2=112
Ad = Fl, F2 =224
2xFLEI=112
I2xF1.F2 =224
IixFL, =112
I x F1, F2 —224
248 x F1, F2 = 2. 86T kHzx

Fa A o R Sy R
- D
el =R RN

*Waluts sae penernted using 19 nominal feequence of 450 kHz

SELECTING A FREQUENCY FOR AN ENERGY METER
APPLICATION

Agshown in Table T, the user can select ong of towr froguencees.
This frequency selection determings the maximum freguency an
Tl and F2, These aurpets are intended for driving an energy
repister (electromechanical or others), Since only four different
gutput frequencies can be selected, the available frequency
seheclon bias becn oprimized for s metes constant of 100 mmpleW o
wirh a maximum comrent of betwsen 104 and 1204, Table TV
shors the pucput frequency for several mexinmiem correnes Tyax)
with a line voltage of 220V, Lu all cases, the meter constant i3
100 empEWhe.

Table [¥. Fland F2 Freguency at 1M tooplWhe

[ F1andF2 (H2)

Ippax{V)
12.5 .0OT7R
234 1153
01 0243
600 (%567
0.0 LR e
120.0 0,733

The ¥, ; trequencies allow complete coverage of this range of
ourput frequencies (F1, F2). When designing an cnemgy meler,
the nominel design voltage on Channel VE (voliage) shonld be
gt 1o half-scale wr allow for calibration of the meier CONSCEAT,
The cursent channel showld also be no maore than half-scale
when the merer sess maximam foad. This will allow overcireenc
signals sad cianals wirh high ceest factors w be accommodated,
Table ¥ shows the octpur freguency oo FL and F2 when both
analng inputs are half=scale. The frequencies listed in Talsle W
alipn wery well with those listed in Tabte IV for meximue lead,
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Table ¥. Fl and F2 Freguency with Half=5cale AC Inputs

Frequency om F1 and FI-
51 | 80 | Fiy (" | GH1 and CH2 Hall-Scale AC Input®
i (L R 0051 = I 0041 He
] I 1.7z 0051 2 By D488 Hz
I LI 0051 % Fy 0.176 He
1 1|68 0951 = Fy D352 1:

B el ere ercraled using S dooaal froguency of 456 kHz

Wlern welecting a suitable F,_; frequency fora meter design, the
froquency auiput gt Ty s (maxnmuom had) with a meeer con-
stanit of 100 impkWhr shoold be compared with eolomn four of
Tabklz V. The closes: frequency in Table W will determineg the
hest chivive of frequency (Fy ). For example, if 2 meter with a
plainin cugent of 23 A s being designed, the ourput frequency
an Fl and F2 with o meter constant of 100 mp/E%he i 0.153 Hz
ar 79 A and 220 V {from Table IV). Looking at Table V. the
clogest frequency to 0,133 He in column four 15 0,176 Hae.
Therefors, By {3.44 He—see Tehle I) iz selected for this design,

Freguency Qutputs

Figure 1 shows a timing diagram for the vanous equency our
puts. The cutputs F1 and F2 are che low frequency outputs thu
can ‘e used to directly drive a stepper mator ar electtommechani-
cal impulse counter. The F1 and F2 outputs pravide mwo alree-
natng low freguancy pulses. The F1 and F2 pulsewidihs 1) are
sersuch thae i it Balls below B ms (0,942 Hz) they are sct o
hall ol their penod. The inaxunum ouiput frequencies for FL
und F2 arve shown in Table I1,

The high freguency CF autput is intended 1w be used for com-
mumnications and calibradon purposes, CF produces a 175 my-

wide acrive high pulse {t) ar 8 frequency propoctanal o acove
pawer. The CF autput frequencies are given in Table TTL As m
the case of F1 and B2, if the period of CF () falls below 346 ms.

the CF pulsewidth s set to helf the penod. For example, o the
CF freguensy 15 20 Hi, the CF pulsewidth s 25 mis.

MOTE: When the bigh frequency mode is selacted, (e, SICE =4
1 = 850 = 1) the CF pulsewidrh is fixed at 35 ps. Therefore oy
will always be 35 us, régardless of ourpur frequency on CFF,

KO LOAD THRESHOLL

The ATIET 757 alsa incledes a “po-load Giceshold ™ and “soare-
up current” feature thet will elimirate any ceeep effects in the
meetar. The ATIETYST i designed to ssue 4 minmum ousput
equency. Any Toad generating 4 freguency lower than thix
minimum frequency will not cause o pulse 1o be imzoed on F1,
F2, or CF. The minirmim ouipun fregquency is given ag (00 3%
ot the full-scale output fregquency for each of the F, , fequency
selections {see Table 1), For example, for an encigy merer with 3
meter constant of 100 imp W hr on F1, F2 vsing Ty (344 Iz,
the mimmm cutput frequency a1 FI o F2 woald be 0,001 4%
af 344 Ha or 4.81 % 107 He. This would Le 3.08 % 107 Hz at
CF {64 = Fl Hz) when SCF — 50— 1, 51 = {1 In thig example,
the no-toad threshsld woold be equivalent oo 1.7 W of load ora
seart-up current of 8 maA ar 220 ¥, Comypare this value o the
IECTE 6 specificanon which states that the meter muest start vp
with a load equal 10 or less than (£ 4% The For 2 34 (Th) meter,
4% of b 15 cguivalen: (o 20 mA.

NEGATIVE POWER INFORMATION

The ATIET 1497 detects when the current and voltage chenneis
ligve a0 pliase shift gicater than 940°, This mechanism can detect
wrong connectian ol the meter or generation of pegative power.
The REVT pin autput will 2o active high whon negative power
is. detecred and acdve low if posinive power s dewesewed, The
REVP pin output changes stace as a pulse 15 issued oo CF, The
REVT pin i not functianal in the oumment version and will only
work in the & version (ATDETTS7A)

REV. 0D

il




ADET 757

REV. O

OUTLINE DIMENSIONS
i6-Lead Standard Small Ouidine Package
MNarrow Body

(RN-18)
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74AC253, TAACT253

Dual 4-Input Multiplexer with 3-STATE Qutputs

Features

B |- ang |gz reduced by 50%

® nMultifunciion capability

® honinverting 3-3TATE oulputs

B Oubputs sourseisink 24ms,

B ACT253 has TTL-compatibde inpuls

General Description

The ACIACTZ53 i= o dual d-input mulipiorer with
3BTATE culpuls, It can select twe bits of <ala from four
sources wsing common select npuls. The ouiputs may
be individually switched o a high impedance sigle wilt 4
HIGH an the respective Output Enatle (OC) inpuis,
allowing the outputz o intcrdface diescily with Bus
affantad svsioms.

Apl 2007

Ordering Information

" Order Number Package Package Description

Number .
TAAC253EC M18A | 16-Lead Small Oulline Integrated Gircuit (SOIC), JECEC WS-012, 0.150° Naraw |
748025380 Mi60 | 16-Lead Small Oulline Package (SOP), EIAJ TYPE I, 5.3mm Wide 1
TAMC253PC M1BE 18-Lead Plastic Cuakin-Line Package (POIF). JEDEC MS-001, -El_aﬂc-"‘ui";-'irl-n
TAACTZ5358C 184 1{i-Lead Small Outline Integrated Circuit (S0IC). JEDEC MS-0°2, 0.150° Narrow
TAACT2535) | MI8D | 16-1ead Small Outine Package (SOP), EIAJ TYPE 1L, 5.3mm Wide
T4ACT253MTC MTC16 | 16-Lead Thin Shrink Small Qulline Package (TSSOP), JEDEC MO-153,

4 4mm VWids

Device alen availanle Tape and Reel Specity by appending suffix iztter “=" to the ordering rumber,

Connection Diagram

Pin Descriptions

Description

Side A Data Inputs

Side B Data Inpuis

Common Salact Inpuls

Slde & Dutput Enabsle nput

Side B Output Enable Input

3-STATE Qulpuls

|
S |

Pin Names

0E,—{1 . 16 f="Vee loa—13a

5.2 15 OF, foa—t3e

l3a =13 141=5q S Sy

Iy = 4 faf=iy, OE.,

e E 12415 BE,

loa =18 =l Z.. 2y

7,—7 10 gy
GHD —] B sb-1,

FACT ™ 45 a trademark of Facchild Semicondustor Corporetion.

E1932 Fairchikl Semiconduclar Corporation
TAACISE, TAACT2SE Rev. 1.3

weae farchildsemicomm
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Logic Diagram Functional Description
The AC/ACT253 contains two identical d-input multiple x-
| | | | | | ers with 3-STATE outputs. They select two bits from four
1 TR P T | sources selected by comman Selzct inpuls (Sg. 54]. The
—Ofot, o M sa o it T 4-Input multiplexers have individual Quiput Enabie (OE,,
—s, OER} inputs whicl, when HIGH, force the oulputs to a
= high impedance {High Z) slate. This device is the logic
1 implementaiion of a 2-pole, 4-position switch, where Lhe
—Ojog, : Iy position of the swilch s delermined by the logic levels
l suppied fo the two select inputs, The logic equations for
the outputs are shovwn:
Z, O -+ (I 5 '_ELI *lyg S] C S
EERIER lpa =Sy = 8 * lag = 59 + S
Z,=0Fy * (w51 Sp*r g5y St
e L1 bom * S * S0 lan = 59 = Sal
5;— 1 b3 If the outputs of 3-8TATE devices are tied together, all
but one device must be in the high Impedance stale to
hilL avoid high currents that would exceed the maximum
OE, =& EN ratings, Designars should ensure that Culpul Erable
.. — 0o signals o 3-STATE devices whose culpuls are tied
Qs fogether are designed so that Ihare is ne overdap,
lgg = 1 vz,
I'zﬂ. — I
Iy, —13 '
OF, —=
loh =
|1 h — -——Zb
T
T S
Truth Table
Select Inputs Data Inputs Cutput Enable Cutputs
Sg | Sy b |l b | K OE z
X b X X £ X H z
k= L L X x x L L
L D H x | X X L H
¥ L % L X X L L1
H L 3 H X X | H '
E H X A L x L L
L H X X H X L H
H H X X b L L L
H H X X ’I x H L H
Address inputs 55 and 54 are common to both seclions, i
H = HIGH Voltage Lavel
L = LOW Valtage Level
K= Irmrmaterial
Z = High Impedance

synding IIVIS-¢ ypm sexapdnjniy indul-y [eng €5ZLIVEL '€5ZOVRL

wown fairchiklswcam

iz 9R8 Faichitd Semicoaductar Corporation
TACZED. TAACTESE Hew. 1.5 z




Logic Diagram

Tk, Im Ly e

&

—

Iy

estimate nropagalion delaye.

Please note that this diagram is provided only for the understanding of logic eperations and should nal be used to

el |

T

sinding 31vLS-¢ yum texapdyiniy Indu-y |Bng £5210VF.L '€STIVRL
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Absolute Maximum Ratings

Stresses exceeding the absolule maximum ralings may damage the device. The device may not function er be
operable above the recommended operating conditions and stressing lhe parts o these levels is not recommended.
In addition, extended exposures to siresses ahove the recommended operating conditions may affect device reliability

Tha absolute raximum ratings are stress ratings only.

Symbol | Parameter Rating
Wag Supply Yoltage = —{i.w to +7.0V
e DC Input Diode Current

W) = —0.5v —20mA
I V=Moo + 0.5Y +20mA
"u" | DG Input Voltage 35V e Ve # LBV

bagk | D Outpusd Dinda Current =
L gy 05V —20maA
Va=Vep + 0.6Y +20mA
Ve OC Output Violtage 0.5V to Ve + 0.5V
Iy OC Cutpul Source or Sink Current ;tEDmA.
loc o lgrp | DE Vg or Ground Corrent per Crtput Fin ) #50mA,
TaTe Storage Temperature -65°C o +150°C
Ty Junction Temperature 7 140°C

Recommended Operating Conditions

recomimend oxcoeding them or designing to absolute maximum ratings.

=

The Recommended Operaling Sonditions table cefines the conditions Tor actual doevice oparation, Recommended
operating conditions are specified to ensure opfimal performance 1a tha datasheel specifications. Fairchild does nol

A% LAl Minimum Inpul Edce Rate, ACT Devicea:
Wi from 0L8W 1o 2.0V, Ve @ £.5Y, 5.5V

Symbol Paramater Rating
Vs Supply Voltage

AC 2.0V to 6.0V

AT EEAT R T RN
W, Input Vollaoe 1o Vcr;

Vo | Output Voltage OV ta Ve
T, Opearating Temperature —40°C o +25°C
_-j.‘-.-:.f.-*.t WMinimum input Edge Rate, AC Dovices: 125mins
Vipy from 30% 10 T0% of Vee, Voo @ 2.3V, 4.5V 5.5V
. | ) 128mVins

£1%a80 Cairclild Sems-condustor Corporaton
FAMIAES, TARCTESS Rey, 1.5 4
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DC Electrical Characteristics for AC

Vee Ta=+25°C | To=—407C to +85°C
Symbuol Parameter Vi Conditions Typ. Guaranteed Limits Units
Vi |Minimum HIGH Level | 3.0 |Vour=01V 15 | 21 21 Y
Inpual Voltage 4_1'._-;_ af Vo —001Y 5 95 315 ada
55 275 | aes  ama
v [Maximum LOW Level | 3.0 [Vour =01V 15 | 0o 0.8 T v ]
Input Vollace a5 | ar Ve — DY 2 95 195 wws
5.5 275 | 165 185
Vop | Minimum HIGH Level | 3.0 |loyr = -50pA 700 | 28 24 v
! Qutput Voltage a5 a49 | 44 44
§ 55 548 | 54 5.4
Vi =Wy or Vi !
30 |Ig=—12mA 2.56 2 45
45 |log— -24mA 3.86 376
55 | lpy— -24matl 4,86 476 |
VoL  |Maximum LOW Level | 30 [lgyr = 50pA 0.o02 | 01 0.1 V f
Dutput voltage 45 0001 | O 01
5.5 0.001 | 01 0.1
IV =V) or iy -
| 3.0 |lg =12mA 038 D44
[ 45 | lg. - 24mA 0.35 0.44 )
55 g, =24mAll 36 0.44
Lt | Maximum Input 55 |V =Vee GHD +  #10 | opA |
Leakage Current
lgz | Maximum 3-STATE B.5 |V (OEI=N My 025 +2.5 i
[ Current Vi = Vep, GND
I— Wy = e, GHO B i
loo Minimum Dynamic 5.5 | Vpup - 1.65V May, 75 rd,
loHp Cutput Current'?! 55 |Voup=2385Y Min, | =& A
oo™ |Maximum Quisscent | 55 |Vpy-Vegor GND | 40 0.0 pA
Supply Current
MNotes:

1. All oulputs loaded; thresholds on input associated with culpul under lest,

2. Maoximum test duration 2.0rms, one oulput loaded ata lime.
2. Iy and e @ 3.0 are guaranteed to be less than or egqual to the respactive Timit 5.5V Vg

EA3ER Fairchiid Sermscond uslos Corperal on
TAMC253, TAACTZE Haw, 1.4
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DC Electrical Characteristics for ACT

.

4, Al outputs loaded; thresholds on inpul associated with output under lest,
5, Maxirnum test duration 2.0ms. ane output loaded al 2 time,

Vee Tp =+25°C | Ty =—40°C to +85°C
Symbol Parameter (W} Conditions Typ. Guaranteed Limits Units
Vig | Minimum HIGH Level | 4.5 | Vpyy = 0.1V or 15 | 20 7.0 v
Input Vallage 55 | Yoo VR 1.8 20 20
Vi Maximunﬁ.DW Level Vagy =0V ar 155 14 0.A - W
Input Vaitzge 55 | Yoo -0V 5 0.6 06
T Vop | Minimum FIGH Leval | 45 | lgur=—50pA a4a | 44 44 v
Oulpat Valtage 545 54 54
Wi =M 2y
4.5 |lo=—24mA 3,06 3.76
5.5 ling = —24maltl 4 86 4.76
VoL | Maximun LOW Level | 4.5 |lgyr = 50pA 0.001 | 0.1 0.1 Voo
Dulput Voltage 55 | " oom | oA 04
Vi =YL 0 Vi f
45 |ig=24ma 0.36 0.44
5.5 |l - 24mAl 0.36 044
lw | Maximum input 56 |V, = Ve GND 0.1 +10 uh
Leakage Current
gz | Masimum 3-STATE 55 |V, =V Vep +0,25 +2.5 A
Currant Vo = Voo, GND
I,;:T | Maimum leedlnpul 55 W= Vep— 23V 0.6 1.5 frif
loLe ! Mirimum Dynaeic 55 |Wgp = 165 Max [ e}
lorD Oustput Current!™ 55 |Voup - 3.85V Min. 75 =
lce Maxirmum CSuiescent 54 |[Vin=VeoorGHND 4.0 a0.0 TS
Supply Current ]
Notas:

sidNQ JLVLS-¢ Yim saxajdiniy ndul-p 1ena €5ZLOYPL ‘€STOVPL
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AC Electrical Characteristics for AC
‘ T, - +25°C Ta = —40°C to +85°C,
C, - 50pF C, — 50pF
Symbol Parameter Vee {U](EJ Min, | Typ. | Max. Min Max Units
e | Propagation Datay, 33 20 | 85 | 155 20 17.5 ns
Sn o Z, T 20 | 85 | 110 15 12.5
leHL Prapagation Cralay, 1 25 .5 168.0 20 16.0 ns
S to &y 50 | 20 | 7.0 | 118 15 13.0
leys | Propagation Datay, e 15 | ru | 145 15 70 | ns
1410 Zn s0 | 15 | 55 | 100 15 11.5
lmi. | Propagation Dalay, | 3.4 20 | 75 | 30| 15 | 150 ns
I 10 Zy 50 | 15 | 55 | 85 | 15 1.0
Iz | Qutput Enable Time 332 | 15 | 45 | &0 10 85 ns
5.0 15 | 35 | 80 10 6.5
tpz. | Output Enable Time 3.3 15 | 56 | 89 | 1.0 90 s
5.0 15 | 35 | &0 1.0 7.0
lpnz Output Disable Time 3 £ 2.5 9.5 1.5 0.0 ns
5.0 20 | 50 | 80 15 85 |
tmz | Output Disable Time 3.3 15 | 50 | 80 10 B0 | s
5.0 15 | 40 7.0 1.0 75 |
Mote:
6. Valtage ratge 3.3 is 3.3V £ 0.3V Voltage range 5.0 s 5.0 £ 0.5V
AC Electrical Characteristics for ACT
Ts = +25°C, Tx = —40°C to +85°C,
Cp =50pF | C| = S0pF
Symbol Parameter Ve W7 | Min. | Typ. | Max. |  Min Mazx, Units
iy | Fropagation Deolay, S, to Z,, 5.0 20 | 7.0 | 115 20 13.0 hs
oL Propagation Delay. S, 10 Z,, 50 a0 | 75 | 130 25 14.5 ns |
lin |Propagation Delay, I, to Z, 5.0 25 | 55 | 100 20 114 ns
| oL |Propagation Delay, l,teZ, | 50 | 35 | 65 | 110 30 EEE fa
’ fpzy | ©Outpul Enable Time G 20 | 45 | 75 15 B ns
tez. | Output Enable Time 50 | 20 | 50 | 80 15 | o0 | ms
iz | Output Disable Time 50 30 | 6D | 95 25 | 100 s |
= Cutput Disable Time 50 i2s 4.5 i 20 8.5 [ ne |
MNote:
7. Vollags range 5015 5.0V = 0.8V,
Capacitance
Symbol Parameter Conditions Typ. Units
Ci Inputl Capacitance Wiy = OPEN 4.5 pr
B C-,F.D Power Dissipation Capacitance Yo =50V 500 Bk

1266 Fairchild Somiconducles Corgaration
TAAC253, T4AGTIST Ry, .4

wa'y FEIMGNIIC S2mincim




Physical Dimensions
Dimensions are in millimetzs unless otherwise noted.
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Figure 2. 16-Lead Small Outline Intagrated Circuit (SOIC), JEDEC M5-012, 0.150" Narrow

| Package Number M1EA
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Physical Dimensions (Continued)
Dimensions are in millimeters unless otherwise noted,

047 TH —

102151

33101

PIN 41 IDENT.

2.0 WAk

g ALL LEAD TIPS
1.27 TP

I
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= —-i ‘-——ﬂ-u TfF

LAMD PATTERM RZCOMMENDATION

18401

-

DIMENZIONS ARE IN MILLIMETERS

NOTES:

A CORFORMS TO BAI EDR-7320 REGISTRATEN,
ESTABLISHED W DECZWAER, 1998,
B. DIWCRSIONS ARE IN MILIMETLHS,
C. DIMERSICMS ARE EXCLUSVE DF BURRSE, WD
FLASH, ARDY TIE FAR EXTRUISIONS.

MIGDREVG

mi 1l

Lﬂ.1ﬁiﬂ.ﬂﬁ
0.35-03

SEE DETAL &

DETAIL A

Figure 3. 16-Lead Small Outline Package (S0P}, EIAJ TYPE I, 5.3min Wide

Package Number M16D

I
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Physical Dimensions (Continued)
Dimensions are in millimeters unless othemwise noted,
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E. DRAWING FILE MAME: MTC1EREW DETAIL A

F. LMD PATTERN RECOMMENDATION PER PCT5 - 08
TACPEEPELN10-1EN

MATC1 Erevd

Figure 4. 16-Lead Thin Shrink Small Outline Package (TSSOF), JEDEC MO-153, 4. 4mm Wide
Package Nurnber MTG16
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Physical Dimensions (Continued)
Dimensians are In inches (millimetars) unless otherwise noled,
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Elgure 5. 16-Lead Plastic Dual-ln-Line Package (PDIP), JEDEC M3-001, 0,300 Wide
Package Number N16E
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FAIRCHILD

SERICTNII IS TR

TRADEMARKS

The following are registered and unregistersd trademarks Fairchild Semicondustor oens G ks aulbonzed o use and i not intended 1o be an

exhaustve list af all such frademarks

AGEX" HISetT Programmable Active Droop'™  Tinylogic®
Acress ke baard, Araund the waorkd, ™ L a™ aFeT? TINYOPTOM™
Activedrray™ |mplied Disconnact™ Qg™ TinyPower ™
Battomilegss™ |IntelifassT™ QT Oploslecironics™ TinyWoire™
Build 4 Mow™ |E0PLANARM Ouel Series™ TruTranslalbont™
CoolFET * MICEQCOUPLER™ RapidConfigure™ paerDos!v
CROSEVOLT MictoPak™ RapidConnect™ UHG
ETE™ MICROWIRE™ ScalarPump™ LIniFET™
Current TransTer Lagic™ RS SMART START™ YOE™
CME T BASH Pra™ SRR Wirg™u
E'CMOS™ OCKM STEALTH™

EcoSPaRK® CCRPra™ SuparFET™

EnSigna™ CETOLOGIE® Supers0TTe-3

FACT Quiel Sarlan’™ OPTOPLANAR® SuperSQT™6

FACT PaCaN™ Supers0TT3

FasT" B SyncFET ™

FASTI™ Power220" ToMm™

FPg5™ Power?d 7™ The Power Franchize®

FRFET" Powercdge'™ ™

Giotaldptosalator™ PoworSaveriv TiryBaast™

GTom PowerTrench™ TiryBuck™

DISCLAIMER

FAIRCHILD SEMICORDUCTOR RECECRVES THE RIGHT TG MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODLCTS
HEREIMN TO IMPROWE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD BOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
AFPLISATION OF USE OF ANY PRODUCT OR CIRZUIT DESCRIPED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER
ITE PATENT RIGHTS, NOR THE REZHTS OF OTHERS. THESE SPECIFICATIONS DO MOT EXPAND THE TERMS OF FAIRCHIL 'S
WORLOWIDE TERMS AND CONIHNTIONS, SFECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY
FAIRCHILDY'S PFRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SLUPPORT DEVICES OR
SYETEMS WITHOUT THE EXPRESSE WRITTEN APPROVAL OF FAIRCHILD SEMICONOUCTOR CORPORATION.

As used harein:
1. Ufe support devices of syslams are dowices o systems
which, {ay arc intended for surgical implant nte the body of
(o) supporl or suslain lile, and (&) whose lailure o perform
when propery used in eccordance wilh instructions for use
provided in lhe labeling, can be reasonably expecled o
result in a significant injury of the user

2. A critical component in any component of a life support,
devico, of system whose failure lo perforn can be
reasonably expected to cause the fallure of the Ife suppon
device or system, or o affect ts safety or effeclivencss,

PRODUCT STATUS DEFINITIONS
Definition of Terms
D_at_as_b_aﬁl_id_antiﬁcatibn

Definitian |
This datasheet contains the dosign specifications Tor product
development, Speciicalions may change in any manner wathoul notice. |

Product Status

Advance Informalon Farmative or In Design

This datashecl containg preliminary data; supplementary data will be
pubdished at a later date. Fairchild Semicerductar reserves the right 1o |
make chamges al any ime withoul notice 1o improve design. |

Preliminary First Production

This datashast conlains finat spaciicabons. Farchild Semiconduclor
reserves the fight to make changes at any lime withaul notice o improve

design,

Ma [dentificabion Meedod Full Production

This datashueet containg specifications on a praduct that has been
dizcontinuad by Fairchild Semiconductor, The dataghoot iz printed for
refarenca mlormaticn anly,

Obsolete Mot In Producticn
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FAIRGHILD

SEAICOMNCILIC TR April 2007

T4AC253, 74ACT253
Dual 4-Input Multiplexer with 3-STATE OQutputs

Features General Description
8 |- and lg> reduced by 50% The ACACTZ253 I8 a dusl 4-input mullinlexer with
m Multifunction capability 3-STATE outputs. It can select two bits of data from four

® Non inverting 3-STATE outputs SOUMCES using cammt-r'l select nputs. The outputs may
W Outputs sourcelsink 24ma be individually switched to a high impedance state with a

iy 3 A HIGH on the respective Qutput Enable (0L} inputs,
WACTZ53has T =aompaiii pus alowing the outputs to interface directiy with bus
criented systems.

Ordering Information

Order Number | Package Package Description
Number
T4AC2535C Mi6A | 16-Lead Small Outiine Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Namow
T4AC2535 M1ED 16-Lead Small Outline Pacl-'age (S0P, ElAl TYPE I, 5.3mm Wide
‘?-IMZE3PE M16E 16-Lead Flastlc Dual—ln Llrle F'ack&ge {PDIF), JEDEC MS-001, 0.300" Wide
TAACT25350C MA1EA, 16-Lead SmﬂH Qutling Integrated Ciil'ﬂ.lll [20IC), JEDEC MS-012, 0,150" Namow
T4ACT2535) M1E0 {6-Lead Small Outline Package (SOP), EIAI TYPE 11, 5.3mm Wida
74ACTZ5IMTC MTC16 | 16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, -
4 4mm Wide

Davice alzso available Tape and Reel. Spacify by appending suffix letter “X" lo the ordering number.

Connection Diagram Pin Descriptions
Pin Names Description

D, =41 ~ 16—V ulua—kg,g Side A Data Inputs

5,2 15 |—0EF, Ios—'an Slde B Cata Inputs

l3g—1 3 14 =5, S 5 Commeon Seled Inpufs

Iy = * 1313 OE, Side A Output Enabie Input

lia=15 12 f=lgy OE, Side B Cutput Enable npul

loa=]E =lip |2 T 2.STATE Outputs :
2,7 101=1lgy
cho—8 9z,

i FACT™ k2 a rademark of Fairdiid Semicnducior Corporabon.

14984 Fairchild Samimmnducnr Comoraton werw._Tairchildasamicom
THAC25], TAACTZEEI Rov. 1.5
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Legic Diagram

R

Functional Description

The ACIACT253 containg two (dentical d-=lnput mutiplex-
ers with 3-3TATE oulpuls. They select two bils Trom four

Address Inputs S, and 5y are common to both sactions.
H = HIGH Voltage Lavel

L = LOW Valtage Level

¥ = Immatenal

Z = High Impedance

I TR : sourcos solected by commaen Selact Inputs (S, B, :!lhﬂ
~Ofoe, ou lta '2a Ba oo 1 2 13 4-input multiplexe rs have individual Output Enable (OE ,,
—s; UEy) inpuls which, when HIGH, force the oulputs 1o a
—1 high impedance (High 2} slate. This devica is the logic

! implementation of a 2-pals, 4-position ewitch, whers the
-} 0E, I, I posilion of the switch is determinad by the logic levels
I I supplied (o the iwo sefect inputs. The logic equations for
the outputs are shown:
Eazﬁa - ﬂm ) 51 '_Ec, + |13'E1 “Sh'i'
|IEEE/NEC log * 51 B + lag * S1 * Sg)
Z,=0Ey * (lgn* Sy Sp iS58y +
55—10] .0 byp = S5 = Sg * Izp 54« Bg)
5;— ! L If the outputs of 3-STATE devices ara tied together, all
bt one device must be in the high impedance state o
MUX avedd high curments that would exceed the maximum
OF, =B £N ratings. Designers should ensure that Output Enable
o = g gignals to 3-S5TATE devices whose outputs are lied
e together are designed so that there Is no overap.
!11-_ 1 W _Iﬂ
IEI —_— 2
o
ﬁb -
lop =
lgp =
lze =
Truth Table
Salect Inputs Data Inputs Output Enable | Outputs
Sp 5, Iy i I I3 OE Z 1
X X X X b3 b H £
L L L X X X L L
I L L H ® X X L H :
| H L X L X X L L |
H L X H X X L H
I H % X L X i L
I H _ s H X a L H
H H x x X L L L
H H -4 X X H L - H

D18EE Fairchikd Semcondysctor Corporalion
TAACZEA TAACTZE3 Rav. 1.5
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Logic Diagram

OE, bsg I2n Wi leg

v

g 5 Fra 134 '

f'_'_"

Y000
Y

Iy,

estimata propagation delays.

Y

1,

Please note that this diagram is provided only for the understanding of logic operations and shouid not be used to

Figure 1.

M_N;E Farchdd Semiconducior Comporalion
TAACZSD, TAACTE52 Rav, 1.5
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Absolute Maximum Ratings
Shassos exceading tha absolute maximum ratings may damage the device, The device may not funchion or be
oparable above the recommended operating conditions and stressing Lhe pars o hese levels i ol recommanded,
Im addition, extended exposure to stresses above the recormmended operating conditions may affect devica reliability.
Tha absolute maximum ralings are siress ratings only.

| [ symbol Parameter Rating
| Ve | Supply vohage 0.5V tn 470V
k  |DC Input Diode Current '
V= 0.8V ~20mA
V) = Vg + 0.5V +20ma,
V| DC Input Voltage 0.5V 1o Vg + 0.5V
lox | DC Qutput Diode Cument
Vg =—0.5V —20me
Vo = Ve + 0.5 +20mA,
Va DC Output Valtage T 0.5V to Vg + D.5V|
o DG Output Source or Sink Gurrent +50mA
e ";_lran-u DC Ve of Ground Curmrent par Output Pin +50mA,
Te1 Storage Ternpemture: - —656°C 10 +160°C
Tal Junction Temparaiure ) 140°G

Recommended Operating Conditions
The Recommended Operating Condilions tabke defines the conditions for aciual device oparation. Recommended
operating conditions are spedied lo ensure optimal performance to the datasheel specifications. Fairchild does not
recommend exceeding them ar designing to absolute maximum ralings.

Symbaol Parameter Rating
Vee | Supply Voltage o
A 2.0V 1o 6.0V
-ACT 4.5V 10 5.5V
i | | Input Voltage oV o Ve
| Va Output Voltage OV o Vg
[ Ta Operaling Temperature —40°C to +85°C
AV fat  Minimum Inpul Edgo Rate, AC Devicas, 125miins
Wy from 30% to 70% of Ve Voo @ 3.3V, 4.5V, 5.5V
AVIAL | Minimum inpul Edge Rate, AGT Devices: 125mVins
|vm from 0.8V 10 2.0V, Ve @ 4.5V, 5.5V

E18A Fairchid Semiconducho: Gormpanion
TAACDST, TARCT2E3 Raw 1.5
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DC Electrical Characteristics for AC

1. Al oulpuls lbaded; threshalds on input associated with output under test
2. Maximurm test duration 2.0ms, one owtput loaded ai a lime,
3. Ly and 1 @ 3.0V are guaranteed to be |ess than or equal to the: respective imit @ 5.5V V.

@A0ER Fairchlid Samecondactor Compomlion
TAACEEd, T4ACT 253 Rav. 16

Vee Ta=+25°C | To=—40°C to +85°C
Symbol Parameter V) Conditions Typ. Guaranteed Limits Units
Vik Minimum HIGH Levsl A0 | Noyr=0.1V 1.5 24 21 W
Input Violtage 45 |or Vep -0V 2_2'5 3_'{5 “ads
5.5 275 | 385 385
Wi Maximum LOW Level 30 |Vgr=01V 1.5 049 0.9 W
Input Voltage 25 |orVee—01V 225 | 148 135
55 275 | 185 1.65
Von  |Minimum HIGH Level | 3.0 |lgyy - ~50uA 290 | 29 2.9 W
Dutput-voiiage 45 | 448 | 24 T
5.5 549 | 54 54
Wip = Vi or Vg
30 |lgy=—12mA 256 24¢
4.5 |lgy=—24mA 3.86 ave
55 |lgy ——24mal’ 4.06 476
VoL |Maximum LOW Level | 3.0 |lgyr = 50uA o002 | 04 0.1 v
Cutput Voltags 4.5 0.007 | 0.1 iR
55 0.001 | 01 0.1
- ;""IN =Wy or Vs
A0 | gL =12ZmA 0.36 .44
45 |l —24mA 0.35 0.44
55 |lg, =24mAll 0.36 044
I | Maximum Input 55 |V =Vop GND +0.1 +1.0 pA
Leakage Currenl
loz | Maximum 3-STATE 55 |V, (OE)= Vi, Vi +0.25 125 =
Current V| =Vep, GND;
Vg = Voo GND .
e | Minimum Dynamic 55 |Vgp= 165V Max T rred
lono | QVteut Current? 65 |Voup =385V Min, 75 mA,
lee™ [ Maximum Quiescent 55 [V =Vgcor GND 40 40.0 A
Supaly Current
Motes:

wrawn JalFciuldeamI com
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DC Electrical Characteristics for ACT

4. all outputs loaded: threshaolds on input associated with output under test.
5, Maximum test duration 2.0ms, one output loaded at a fime;

Voo Ty =+25°C | To=—40°C to +B5°C |
Symbol | Parameter M Conditions Typ- Guaranteed Limits Units |
Vi | Minimum HIGH Levei | 4.5 |Voyr=0.1Vor 15 | 20 20 v |
Input Vokage 55 |Voc— 0.0V 15 | 20 2.0 ]
Vo Maximum LOW Level | 4.5 [Vour=0.1Vor 15 | 0B | 083 v f
Input Vokage 55 |Vec— 04V 15 | U8 0.8 |
Vou  Minimum HIGH Level | 45 |lgyr = -50pA A49 | 44 44 "
Output Voitage (55 | 549 | 5.4 54 |
E M = Vi or Vi ) |
45 |lgy =—24mA 3.86 3.78 i
55 |lon=—24mAl "4.86 a6 |
Vo, | Maximum LOW Level | 4.5 [layr=50uA 0.001 | 0.1 01 v |
Output Voltage 55 0.001 | 0.1 0.1 !
T Wi =V orVy a
45 |lg= 24ma 0.36 | 0.44
55 |lgy = 24mAf®) | 0.36 | 0,44
in Maximum Ingput 55 |V =Vpro GND E 201 I 1.0 (178
Leakage Current !
loz | Maximum 3-STATE 55 |V =ViL Vi, £0.25 425 A
Current Y =Vep, GND
leor | Maimum loofinput | 55 |V =Yoo —2.4V 06 15 mA
lopp | Minimum Dynamic 55 |Vopp=1865V Max [t A
Tosy  [IRAS Current(® 55 |Voun=3.85V Min, T 75 -y
lee  |Maximum Quiescent | 5.5 |Viy=Vpe or GND 40 | 40.0 | pA
- Supply Current |
Maotes:

1988 Fairchild Sermviconductor Corporation
TARCIES, T4ADTISA Raw 1.5

e [girc hildsomiGam

synding JUVLS-E yum exajdini Indul-f [ENQ £5Z10VPL ‘E5ZIVPL




AC Electrical Characteristics for AC

sinding JLVLS-C yum Jexapdnn indul-p [eng £5ZLOVE.L ‘S52oVY.

Tp-+25°C T - 40°C to +85°C,
|:|_ = EﬂlpF GL - MPF
Symbol Parameter Vee (V) [ Min. | Typ. | Max. Min Max Units
teLn Propagation Delay, 33 20 8.5 155 2.0 17.5 rs
Spled, 5.0 20 | 85 | 110 15 | 125
tey. | Propagation Delay, 33 25 | 95 | 150 20 18.0 ns
Snte &, 5.0 20 | 70 | 15| 15 13,0
teyy | Propagation Detay, 33 15 | 7o | 145 15 17.0 .|
Into 2, 50 15 | 55 | 100 | 15 15
ta. | Propagation Delay, | 33 20 | 75 | 13.0 15 150 | ns
htod, 5.0 15 | 55 | 95 15 110
oy | OUIpU Enable Time 33 15 | 45 | &0 | 10 8.5 ns
5.0 15 | 36 | 60 1.0 65
" tpm |OutputEnable Time | 33 15 | 50 | 80 1.0 9.0 ns |
5.0 15 | 35 | 60 1.0 70 |
teyz | Outpt Disable Time 33 20 | 55 | 95 15 100 ns |
5.0 2.0 5.0 a0 14 E.5 |
tz | Output Disable Time 33 | 15 | 50 | &0 10 5.0 =
5.0 15 | 40 | 7.0 1.0 7.5 !
Note:
6. Voltage range 3.3 i3 3.3V + 0.3V Vollage range 5.0 i5 5.0V £ 0.5V,
AC Electrical Characteristics for ACT
T Ta=+25°C, [T,=-40°C to +85°C,
Cy = 50pF Cy = 50pF
Symbel Parameter Voe M) | Min. [ Typ. [ Max.|  Min. Max. | Units
e | Propagation Delay, S, to Z, 5.0 20 | 70 | 115 | 20 13.0 ns
topn Propagalion Delay, S, to 2, 5.0 3.0 5 | 13.0 25 145 ns
" lew | Propagation Delay, I to Z, 5.0 25 | 55 | 100 20 1.0 ns
te | Propagation Delay, | 1o Z, 5.0 35 | 85 | 1.0 | 30 125 ns
tozy | Cutput Enable Time 5.0 20 | 45 | 75 15 85 e
i | Output Enatle Time 50 20 | 50 | 8O 15 gp | ns
gz | Output Disabie Time 5.0 30 | 60 | a5 25 10.0 ns
thLz Owutput Dizable Time 5.0 2.5 45 53 20 a5 ne
Mote:
7. Voltage range 5.0 is 5.0V £ 0.8V,
Capacitance
Symbol Parameter Conditions TYP. Units
Ciy B 'F_'lpul Capadténca Vi = OPEN 4.5 pF H
" Cep | Power Dissipation Capacitance Ve =50V 50.0 pF

01938 Fairchild Samcondscler Corporalson
T4ACIE], T4ACTZ55 Rev. 1.5
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Physical Dimensions

Dimansions are in millimaters unless othemnwize noted.
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Figure 2. 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC M5-012, 0.150" Narrow
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LAND PATTERN RECOMMEMNDATION
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Package Mumber M16A
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Physical Dimensions (Continued)
Dimensicns are in millimaters unless otherwise noled.

10.240.1 -
047 TR —— }—
o nf il DU
A
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T —

il 127 "‘l’F—"'I L— J LD.ET‘I‘P

MM 1 IDENT,

R SEE DETAL A
SLMdY T — 1.840.1
) 0 ] J R
I_ I__ D_ﬁ_;n:.ﬁm.uﬁ Bysgias]

MEMEIONE ARE 1IN WELIMETERS

HOTES:
A CIMPCRG TO O umnm’gmm

M1BOREVC

Figure 3. 16-Lead Small Outline Package (SOF), EIAJ TYPE I, 5.3mm Yyide
Package Number M16D
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Physical Dimensions (Continued)
Dimenzlians ara in miliimaters unless ctherwise noted.
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PIN 8} IDENT. LAND) PATTERH RECOMMEHGATLH IF)
01 =il
LAY SEE DETAL A
1_1m] T i=kbaE] i“{m" —~;§
If k| L3 ! 0.08-0.20
il Q_jjz—/ L
(el 1 T
0104008
(088 0.18 - 0,30 == f—12° TOP AND BOTTOM
GAGE PLANE
vt ; / =
A CONEORMS T EDEQ REGIETRATION MO1&3, VARIATION &g, 078 - 7
8, DIMENSIONS ARE IN MLLINETERS {__
. DRREHEONS AME EXCLLIIVE OF BURRS, NOLOALASH, l \
D TEE BAR EXTRLEIONS —i0.8x0 1— -« BEATING PLANE
L CHABENSK VNG ARD TOLERANCES PER ARSI T, T
. DRAMNG FILE HANE: MTCHEEV i
F, LA PATTERN RECOMMENGATION PER IPGTIS1 - D9
TEOPRPLATE BB
MTC Grewd

Figure 4. 16-Lead Thin Shrink Small Outline Package (TS50P), JEDEC MC-133, 4.4mm Wide
Package Mumber MTC16

A 98E Fairchild Samicamdacion Corporabion www Eawchildaemi,com
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Physical Dimensions (Cortinued)
Dimenslens arg in inches (millimeters) unless otherwise noted,

0740 - 0.780 0.080
. EM.-ED‘-I!'.I!Iil r -_i.'z_-zﬁ'ﬂ]‘

02504 0.010
fe.350 £0.254)
PIN N 1
IDEMT
0.130 2 £.005 {5] e
: - 0.080 4 TYp 0.300 - 0130 6513
ameeiar) —=| =g P ”""; f"“‘ OPTIONAL _" {7520 -8.125) |"_ ]
N ST L
0145 = 0,200 | o
[3EEs-5080) 4 ¢ - f
o]
o 1,008 ~0.016
2w ] O T g AR
0.125= 0,150 | DO3020.015 | 112
{5.175- 3.410) P T M ip7sz20.381) l_. L
0014 = 0.023 | - Da00go010 (0.375+0.040
0,356 - 0,504 C.05040,010 2-540“?525* 2R -0.018 N1EE (BEY )
TiP 27040254} (azsstL Ol
TrP .

Figure 5. 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0 300" Wide
Package Number N186E
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FAIRCHILD

BE I CONDLC TR

TRADEMARKS

Thee illowing s reglstered and unregisiersd trademarks Fairchild Semiconducion onns or is authorized fo use snd is not imtended 1o be an
exhaiestive listof all such tradamarks.

ACER" Higalm Programmabie Active Droop™  TinyLogic®

Acmss e boand. Around the workd ™ LigW™ QFETY TINYOPTO™

Activemay™ ImpledDiEconnact™ [ TinyPower'™

Bottomiegz™ Irvtehibg A ™ QT Optostecironcs™ TimAine™

Build il Mow™ ISOPLAMAR™ Chulet Seres™ TruTranskation™

ConiFET™ MICROCOUPLER™ RagidConfigure™ pSerDesm

CROSSVOLT™ MicroPak™ RapidCannact'™ uHC®

cnm™ MICROWIRE™ SealarPump™ UniFET™

Current Transler Logic™ MSK™ EMART START™ PVt

DOME™ MSXPro™ SFW Wirgmw

E’'CMOs™ OCX™ STEALTH™

EcoSPARK" OCXProms SuparFET™

EnSigna™ oPTOLOGIC® SuperSOT™3 i
FACT Cuiel Serias™ OFTOPLANARY SuparS0T™6 i
FACT® PACMAN™ SuparSOTT8

FJ‘\ST‘I BOp™ SMETN 1
FASTA P-DH'BIZZD“ TOR™ |
FRS™ Pm?q'lf’ The Power Fl'Bﬂ':'iﬂE‘l |
FRFET® PowedEdge™ ™

GlotalOptolsalatar™ PowerSaver™ TinyBoost™

STOm PowerTrench™ TinyBuck™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE HIGHT TO MAKE CHANGES WITHOUT FURTHER ROTICE TO ANY PRODUCTS
HEREIM TO (MPRCVE AELWWBILITY, FUNCTION DR DESIGH. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARESING OLIT OF THE
APPLICATION DR UISE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER
ITS FATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERME OF FAIRCHILIYS
WORLDWIDE TERMS AND GONDNTIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS,

sinding 3 LVLS-¢ Unm sexaldnini nduj-y (eng £SZLOVYL ‘€SZowy)

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUGTS ARE NOT AUTHORIZED FOR USE AS CRIMICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

s used hersin;
1. Life suppord dévices o systems am devices or systerna 2. A orifical componant in any component of & life support,
which, (8) are Intended for surgical implant nlo te body o devige, or system whose fallure to parform can be
{b} support or sustain e, and (c) whose failure to perform reasonably expacted 0 cause the failure of the |ife support
when propery used in accordance with mstructions for tse davice or systam, or to affoclils safety or effectiveness,
provided In the labefing, can be reasonably expacted to
reaudt in a significant Injury of the user.

PRODUCT STATUS DEFINITIONS

i “T - . — S ——————— - -
| Datasheel ldentification | Product Siaius : Drefinition
| Advanca rormetion Fonmative of in Design This datasheal conlains the design specifications for product
| development. Specificatiores may changs in any manner without notice.

Prafiminary Flrst Production This datasheel containa prefiminary data; supplementary data will be
published at a kater date. Fairchild Semiconducion reserves tha rght io
make changes al any time withaut nolica Lo improve daesgn.

No Identification Needed | Full Production This datesheet conlains final spacifications. Fainhild Semconductor |
resanses the right to make changes &t any tima without notice 1o impiove
dasign

Ohznlete Mt In Production This datasheet contams specfications on a pduct thet has baan
dizcontinuad by Fairchild Semiconductor, The datasheat is printsd for
reference Information anly. |

- Hau 12
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SKRIPSI

Perancangan dan Pembuatan Alai Portable Data Entry untuk KWH
Meter Digital Melalui Media Infra Merah yang Dapat Diakses pada PC

Disusun oleh :

DWI ADIMAS PUTRO SISWOYO
NIM 02.17.158

JURUSAN TEKNIK ELEKTRO S§-1
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INSTITUT TEKNOLOGI NASIONAL MALANG
MARET 2008




	Image (2).pdf (p.1)
	Image (3).pdf (p.2)
	Image (4).pdf (p.3)
	Image (5).pdf (p.4)
	Image (6).pdf (p.5)
	Image (7).pdf (p.6)
	Image (8).pdf (p.7)
	Image (9).pdf (p.8)
	Image (10).pdf (p.9)
	Image (11).pdf (p.10)
	Image (12).pdf (p.11)
	Image (13).pdf (p.12)
	Image (14).pdf (p.13)
	Image (15).pdf (p.14)
	Image (16).pdf (p.15)
	Image (17).pdf (p.16)
	Image (18).pdf (p.17)
	Image (19).pdf (p.18)
	Image (20).pdf (p.19)
	Image (21).pdf (p.20)
	Image (22).pdf (p.21)
	Image (23).pdf (p.22)
	Image (24).pdf (p.23)
	Image (25).pdf (p.24)
	Image (26).pdf (p.25)
	Image (27).pdf (p.26)
	Image (28).pdf (p.27)
	Image (29).pdf (p.28)
	Image (30).pdf (p.29)
	Image (31).pdf (p.30)
	Image (32).pdf (p.31)
	Image (33).pdf (p.32)
	Image (34).pdf (p.33)
	Image (35).pdf (p.34)
	Image (36).pdf (p.35)
	Image (37).pdf (p.36)
	Image (38).pdf (p.37)
	Image (39).pdf (p.38)
	Image (40).pdf (p.39)
	Image (41).pdf (p.40)
	Image (42).pdf (p.41)
	Image (43).pdf (p.42)
	Image (44).pdf (p.43)
	Image (45).pdf (p.44)
	Image (46).pdf (p.45)
	Image (47).pdf (p.46)
	Image (48).pdf (p.47)
	Image (49).pdf (p.48)
	Image (50).pdf (p.49)
	Image (51).pdf (p.50)
	Image (52).pdf (p.51)
	Image (53).pdf (p.52)
	Image (54).pdf (p.53)
	Image (55).pdf (p.54)
	Image (56).pdf (p.55)
	Image (57).pdf (p.56)
	Image (58).pdf (p.57)
	Image (59).pdf (p.58)
	Image (60).pdf (p.59)
	Image (61).pdf (p.60)
	Image (62).pdf (p.61)
	Image (63).pdf (p.62)
	Image (64).pdf (p.63)
	Image (65).pdf (p.64)
	Image (66).pdf (p.65)
	Image (67).pdf (p.66)
	Image (68).pdf (p.67)
	Image (69).pdf (p.68)
	Image (70).pdf (p.69)
	Image (71).pdf (p.70)
	Image (72).pdf (p.71)
	Image (73).pdf (p.72)
	Image (74).pdf (p.73)
	Image (75).pdf (p.74)
	Image (76).pdf (p.75)
	Image (77).pdf (p.76)
	Image (78).pdf (p.77)
	Image (79).pdf (p.78)
	Image (80).pdf (p.79)
	Image (81).pdf (p.80)
	Image (82).pdf (p.81)
	Image (83).pdf (p.82)
	Image (84).pdf (p.83)
	Image (85).pdf (p.84)
	Image (86).pdf (p.85)
	Image (87).pdf (p.86)
	Image (88).pdf (p.87)
	Image (89).pdf (p.88)
	Image (90).pdf (p.89)
	Image (91).pdf (p.90)
	Image (92).pdf (p.91)
	Image (93).pdf (p.92)
	Image (94).pdf (p.93)
	Image (95).pdf (p.94)
	Image (96).pdf (p.95)
	Image (97).pdf (p.96)
	Image (98).pdf (p.97)
	Image (99).pdf (p.98)
	Image (100).pdf (p.99)
	Image (101).pdf (p.100)
	Image (102).pdf (p.101)
	Image (103).pdf (p.102)
	Image (104).pdf (p.103)
	Image (105).pdf (p.104)
	Image (106).pdf (p.105)
	Image (107).pdf (p.106)
	Image (108).pdf (p.107)
	Image (109).pdf (p.108)
	Image (110).pdf (p.109)
	Image (111).pdf (p.110)
	Image (112).pdf (p.111)
	Image (113).pdf (p.112)
	Image (114).pdf (p.113)
	Image (115).pdf (p.114)
	Image (116).pdf (p.115)
	Image (117).pdf (p.116)
	Image (118).pdf (p.117)
	Image (119).pdf (p.118)
	Image (120).pdf (p.119)
	Image (121).pdf (p.120)
	Image (122).pdf (p.121)
	Image (123).pdf (p.122)
	Image (124).pdf (p.123)
	Image (125).pdf (p.124)
	Image (126).pdf (p.125)
	Image (127).pdf (p.126)
	Image (128).pdf (p.127)
	Image (129).pdf (p.128)
	Image (130).pdf (p.129)
	Image (131).pdf (p.130)
	Image (132).pdf (p.131)
	Image (133).pdf (p.132)
	Image (134).pdf (p.133)
	Image (135).pdf (p.134)
	Image (136).pdf (p.135)
	Image (137).pdf (p.136)
	Image (138).pdf (p.137)
	Image (139).pdf (p.138)
	Image (140).pdf (p.139)
	Image (141).pdf (p.140)
	Image (142).pdf (p.141)
	Image (143).pdf (p.142)
	Image (144).pdf (p.143)
	Image (145).pdf (p.144)
	Image (146).pdf (p.145)
	Image (147).pdf (p.146)
	Image (148).pdf (p.147)
	Image (149).pdf (p.148)
	Image (150).pdf (p.149)
	Image (151).pdf (p.150)
	Image (152).pdf (p.151)
	Image (153).pdf (p.152)
	Image (154).pdf (p.153)
	Image (155).pdf (p.154)
	Image (156).pdf (p.155)
	Image (157).pdf (p.156)
	Image (158).pdf (p.157)
	Image (159).pdf (p.158)
	Image (160).pdf (p.159)
	Image (161).pdf (p.160)
	Image (162).pdf (p.161)
	Image (163).pdf (p.162)
	Image (164).pdf (p.163)
	Image (165).pdf (p.164)
	Image (166).pdf (p.165)
	Image (167).pdf (p.166)
	Image (168).pdf (p.167)
	Image (169).pdf (p.168)
	Image(1).pdf (p.169)

