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ABSTRAKSI

Kemajuan teknologi terutama dibidang elektronika, mendorong manusia untuk
membuat peralatan elektronika tepat guna yang dapat dimanfaatkan dalam berbagai sendi
kehidupan, misalnya pembuatan alat pendeteksi arah dan kecepatan angin yang berfungsi
untuk peringatan dini terhadap bahaya kecepatan dan arah angin.

Penggunaan optocoupler sendiri sebagai pembaca kecepatan dan arah angin,
trefick led berfungsi seperti hainya lampu lalu lintas yang ada dijalan jika berwarna hijau
berarti diperbolehkan lewat jika berwarna kuning berarti hati-hati dan jika berwarna
merah maka berhenti, fungsi portal sebagai penutup jikalau kondisi angin pada jembatan
tidak memungkinkan untuk dilalui dan trefick led akan menyala merah.

Kata kunci: Mikrokontroller, Optocoupler, Portal, Trafick led.
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BAB1
PENDAHULUAN

1.1  Latar Belakang

Di dalam perkembangannya, mikrokontroller banyak diterapkan dalam
perancangan elektronika karena mikrokontroller memiliki sistem pengaturan dan
pengontrolan yang otomatis dan praktis. Keefektifan mikrokontroller inilah yang
diperlukan manusia dalam menunjang rutinitas, baik dalam proses produksi
maupun dalam kehidupan sehari — hari pada umumnya. Seperti sistem peringatan
dini bahaya kecepatan angin dan pendeteksi arah angin pada jembatan suramadu.
Hal ini dimaksudkan agar pengguna jembatan terhindar dari kecelakaaan.

Pada kondisi sekarang ini kenyataannya begitu ironis seiring dengan
meningkatnya pemanasan global maka akan mempengaruhi kondisi iklim yang
semakain hari semakin tidak menentu, hal ini mengakibatkan sering kali terjadi
kecelakaan yang disebabkan oleh faktor cuaca salah satunya faktor angin.

Untuk mengantisipasi kemungkinan terjadinya kejadian diatas salah satu
cara yang menjadi alternatif adalah dengan memanfaatkan instrumen elekronika
dengan perancangan tertentu. Maka alat ini diharapkan sangat membantu untuk
menghindari kecelakaan pada jembatan suramdu sebagai alat peringatan dini
terhadap bahaya kecepatan dan pendeteksi arah angin

1.2 Rumusan Masalah
Dalam perancangan dan pembuatan sistem peringatan dini terhadap
bahaya kecepatan angin dan pendeteksi arah angin pada jembatan suramadu, maka
permasalahannya adalah:
1. Bagaimana merancang dan pembuatan perangkat keras dalam metode ini
2. Bagaimana merancang dan pembuatan perangkat lunak atau sofiware pada
mikrokontoller yang mengadalikan semua kerja sistem



1.3  Batasan Masalah

Agar pembahasan perancanagan dan pembuatan sistem peringatan dini
terhadap bahaya kecepatan angin dan pendeteksi arah angin pada jembatan
suramadu berbasiskan mikrokontroller AT89S8252 maka diperlukan adanya
batasan-batasan dalam pembahasannya yaitu :
1. Mikrokontroller yang digunakan AT89S8252.
2. Tidak membahas power supply.
3. Tidak membahas panjang kabel serial yang digunakan.
4. Tidak membahas konstruksi jembatan yang digunakan.
5. Tidak Membahas RS 485 terlalu meluas.

14  Tujuan

Adapun tujuan dari pembuatan alat ini adalah untuk menciptakan suatu
alat yang dapat memonitoring kecepatan angin pada jembatan suramadu dan
pendeteksi arah angin. Hal ini juga untuk mengurangi kecelakaan yang terjadi
pada jembatan yang diakibatkan oleh faktor angin.

1.5 Metodologi Penulisan
Metode yang digunakan dalam penulisan tugas akhir ini adalah
1. Studi Pustaka
Memperoleh data dengan cara membaca dan mempelajari buku
literatur yang berhubungan dengan penyusunan skripsi ini.
2. Studi Lapangan
Memperoleh data dengan cara praktek secara langsung untuk
menunjang pembuatan alat.
3. Pengolahan Data
Mengolah data dengan jalan membuat analisa dan menarik
kesimpulan dari hasil pengujian yang ada.



1.6  Sistematika Pembahasan
Sistematika pembahasan dari skripsi ini terdiri dari pokok pembahasan
yang saling berkaitan antara satu dengan lainnya, yaitu :

BABI

BABII

BAB III

BAB IV

BABV

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

Landasan Teori
Pada bab ini dibahas tentang teori-teori yang mendukung dalam
perencanaan dan pembuatan alat ini yang meliputi rangkaian AT89S82

Perencanaan Dan Pembuatan Alat
Pada bab ini dibahas tentang perencanaan dan pembuatan keseluruhan
sistem perangkat keras (hardware) dan perangkat lunak (software).

Pengujian Alat
Pada bab ini dibahas tentang proses serta hasil dari pengujian alat,
yang didasarkan oleh pengukuran-pengukuran dan percobaan.

Penutup
Pada bab ini akan disampaikan kesimpulan dari perencanaan dan

pembuatan sistem ini.



BAB 11

LANDASAN TEORI

Landasan teori sangat membantu untuk dapat memahami suatu sistem.
Landasan teori juga dapat digunakan sebagai acuan di dalam merencanakan suatu
sistem. Dengan pertimbangan hal-hal tersebut, maka landasan teori merupakan bagian
yang harus dipahami untuk pembahasan lebih lanjut. Dalam landasan teori ini akan
dibahas teori dasar yang berhubungan dengan alat
2.1. Alat Pemantau Kecepatan dan Arah Angin

Pada umumnya alat pemantau kecepatan dan arah angin, masih menggunakan
mekanik manual, dengan menggunakan perhitungan mekanik yang langsung dapat
dilihat dengan visual mata kita. Oleh karena itu visual pembacaan meteran kecepatan
dapat diganti dengan elektronik

Pada prinsipnya menggunakan perhitungan counter. Pada sensor ini
menggunakan sebuah piringan berlubang, dapat dilihat pada gambar 2.1, dimana
untuk mendeteksi kecepatan, perubahan kecepatan gelap-terang berhubungan dengan
komponen sensor optocoupler. Optocoupler akan mengirimkan suatu pulsa cacahan.
Bila cahaya yang masuk pada sensor terhalang oleh piringan maka cahaya lampu akan
dipilah-pilah sehingga akan menghasilkan pulsa berurutan.

Dalam alat ini kecepatan diubah kedalam tegangan. Pada sensor kecepatan
angin ini menggunakan dan memanfaakan counter sebagai penghitung pulsa. Yaitu
counter sebagai alat penyimpan data atau /ach dan oprocoupler sebagai pendeteksi.
Secara lengkap fungsi dari masing-masing komponen adalah sebagai berikut :

1. Otocoupler digunakan sebagai komponen penghasil pulsa yang didapatkan dari
putaran baling-baling.

2. Counter 1 merupakan penghitung pulsa yang dihasilkan optocoupler.



3. Lach merupakan merupakan tempat penyimpanan daté sementara dari counter 1.
4. Jari-jari baling pada umumnya antara 20 cm — 60 cm, dimana nantinya dalam
perhitungan panjang keliling baling-baling dapat diubah kesatuan meter atau Km.
Rumus pada perhitungan kecepatan ini adalah :
V angin =K. A/T,
Dimana :
A = Jumblah putaran baling-baling
K = keliling baling-baling
D = Diameter baling=baling
V =Kecpatan angin
T = Waktu dalam sekon
Contohnya jika baling-baling berputar sebanyak 10 kali dalam waktu 30 detik
maka kecepatan angin pada waktu itu adalah, dengan asumsi gaya gesek poros dan
massa baling-baling diabaikan sehingga didapatkan :
T =30 detik,D=20 cm, A=10kali, K=nxD=3,14 x 40 cm = 1.256 m.

V angin= K.A/T = (1.256 x 10) / 30 = 4.18 m/detik.

Gambar 2.1 Piringan Mekanik gelap — terang
Sedangkan untuk menentukan arah angin secara elektronik terdapat
bermacam-macam cara. Namun kebanyakan memiliki kerugian-kerugian, kerugian ini

disebabkan oleh alat penggerak mekanik yang rumit, dapat digunakan piringan yang



dilubangi sesuai yang yang diinginkan, kemudian dikonversikan kedalam data digital,
konversi itu dapat menggunakan kode biner atau menggunakan kode gray yang saling

mengkonversi. Gambar piringan mekanik dapat dilihat pada gambar berikut.

Gambar 2.2 Piringan Mekanik Arah Angin
2.2. Optocoupler.

Optocoupler (juga disebut optoisolator) merupakan sebuah divice yang
memisahkan antara sumber eksitasi dan beban. Device ini terdiri dari sumber cahaya
berupa LED pada sisi input dan photodiode pada sisi output. Dioda cahaya pemancar
cahaya (LED) dan photodioda terpisah oleh celah pada optocoupler yang akan
menghasilkan tegangan AC berupa pulsa.

Bentuk optocoupler yang dijual-belikan secara umum terdiri dari kotak plastic

yang melindungi photodiode dan LED, seperti pada gambar di bawah.

Y. KX

Gambar 2.3 Simbol Optocuopler
2.2.1. LED (Light Emitting Diode) Infra Red
LED infra red digunakan untuk menghasilkan sinar infra red. Prinsip kerjanya
adalah, pada waktu LED infra red dibias foward, elektron dari pita konduksi melewati
junction dan jatuh kedalamhole pita valensi, sehingga elektron-elektron tersebut

memancarkan energi. Pada dioda penyearah biasa energi ini dikeluarkan sebagai
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energi panas, tetapi pada LED infra red akan memancarkan cahaya yang tidak
kelihatan, hal ini dapat dibenarkan dalam sistem tanda bahaya pencuri, penyampaian
informasi rahasia dan ruang lingkup yang lain yang membutuhkan pancaran yang

tidak tampak. Simbol LED infra red yang sering digunakan adalah :

Katoda

y

Anoda

s
'\

Gambar 2.4 Simbol LED Infra Red
LED infra red merupdkan PN junction yang memaricarkan radiasi inifra red yang tidak

tampak oleh mata kita. Apabila pada anoda diberi tegangan positif dan katoda diberi
ground, maka LED akan menjadi “ON” dan arus akan mengalir dari anoda ke katoda.
Pada reaksi semikonduktor suatu dioda akan terjadi perpindahan elektron dari tipe N
menuju tipe P dan berpindahnya hole dari tipe P ke tipe N. Proses rekombinasi antara
elektron dengan hole, mengakibatkan pelepasan energi berupa cahaya.

Pada LED infra red cahaya yang dipancarkan mempunyai panjang gelombang
yang sangat kecil (0,1 mm — 1 xm), sehingga pancaran gelombang tidak tertangkap
oleh manusia. Beberapa alasan dan keuntungan penggunaan spektrum infra red adalah

1. Pemancar infra red menggunakan tegangan yang kecil.
2. Mempunyai jangkauan yang cukup jauh.
3. Infra red dapat menembus kabut.
4. Tidakmengganggu pemakai udara untuk keperluan umum, sehingga
tidak memerlukan ijin khusus.
2.2.2. Photo Dioda
Photo dioda ini memiliki sifat kebalikan dari LED infra red di atas, yang mana

jenis dioda ini akan mengalirkan arus maju forward, saat dikenai cahaya infra red



padanya. Kuat arus yang mengalir juga tergantung dari kuatnya cahaya infra red
yang jatuh pada dioda tersebut. Bila cahaya lain mengenainya maka dioda ini
berfungsi sebagai sumbatan yang memiliki impedansi sangat tinggi sekali. Prinsip
kerja photo dioda ini sama dengan photo iransistor, hanya yang membedakan antara
keduanya kalau photo dioda tidak mamiliki penguatan arus pada anodanya,
sedangkan pada photo transistor memiliki penguatan pada arus kolektornya. Simbol
pada photo dioda sama dengan LED infra red hanya tanda panah masuk menuju

dioda, Berikut gambar dari photo dioda tersebut :

Sy %

Gambar 2.5 Simbol Photo Dioda

23. Sistem Mikrokontroller AT89S8252

Perbedaan mendasar antara mikrokontroler dan mikroprosesor adalah
mikrokontroler selain memiliki CPU juga dilengkapi memori dan input output yang
merupaka kelengkapan sebagai sistem minimum mikrokomputer sehingga sebuah
mikrokontroler dapat dikatakan sebagai mikrokomputer dalam keping tunggal

(Singgel Chip Mikrocomputer) yang dapat berdiri sendiri.

Mikrokontroler AT89S8252 adalah mikrokontroler ATMEL yang kompatibel
penuh dengan mikrokontroler keluarga MCS-51, membutuhkan daya rendah,
memiliki performance yang tinggi dan merupakan mikrokomputer 8 bit yang

dilengkapi dengan 8 KiloByte Flash memori untuk Program, 2 KiloByte EEPROM



(Electrical Eraseable and Programable Read Only Memory) dan 256 Byte RAM

internal. Program memori yang dapat diprogram ulang dalam sistem atau

menggunakan programer nonvolative Memori Konvensional. Dalam sistem

mikrokontroler terdapat dua hal mendasar, yaitu : Perangkat lunak dan perangkat

keras yang keduanya saling terkait dan mendukung.

2.3.1. Arsitektur AT89S8252

Secara umum Mikrokontroler AT89S8252 memiliki :

CPU 8 Bit termasuk keluarga MCS-51

8 Kbyte Flash Memori

256 Byte Internal Memori

32 Port /O, Masing-masing terdiri atas 8 Jalur I/O

2 Tiitief/Couiiter 16 Bit

2 Serial Port Full Duplex

Kecepatan pelaksanaan instruksi per siklus 1 uS pada frekuensi
clock 12 Mhz.

2 DPTR ( Data Pointer )

Watchdog Timer

Fleksibel ISP Programing

Dengan keistimewaan diatas pembuatan alat menggunakan AT89S8252 menjadi

lebih sederhana dan tidak memerlukan IC pendukung yang banyak. Adapun blok

diagram dari mikrokontroler AT89S8252 adalah sebagai berikut :
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Gambar 2.6 Diagram Blok Mikrokontroler AT89S8252

(Sumber: Data Sheet Atmel AT89S8252)

2.3.2. Konfigurasi Pin-Pin Mikrokontroler AT89S8252

Mikrokontroler AT89S8252 terdiri dari 40 pin dengan konfigurasi sebagai

berikut :
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Gambear 2.7 Konfigurasi Pena-pena AT89S8252

(Sumber: Data Sheet Atinel AT89S8252)

Fungsi-fungsi tiap pinnya adalah sebagai berikut :

VCC (Supply Tegangan ), pin 40

GND ( Ground ), pin 20

Port 0, pin 32-39

Merupakan port input-output dua arah, tanpa internal pull-up dan
konfigurasikan sebagai multipleks bus alamat rendah (A¢-A7) dan
data selain pengaksesan program memory dan data memory
eksternal

Port 1, pin 1-8

Merupakan port input-output dua arah dengan internal pull-up.

Port 2, pin 21-28

11



Merupakan port input-output dengan internal pull-up. Mengeluarkan

alamat tinggi selama pengambilan program memori eksternal.

Port 3, pin 10-17

Merupakan port input-output dengan internal pull-up, dimana Port 3

juga memiliki fungsi khusus dan dapat dilihat pada tabel berikut

Tabel 2.1 Fungsi Khusus Pada Port 3

Nama Penyemat Fungsi Khusus
Port 3.0 RxD (Port Masukan Serial)
Port 3.1 TxD (Port Keluaran Serial)
Port 3.2 /INTO (Masukan Interupsi eksternal 0)
Port 3.3 /INT1 (Masukan Interupsi Eksternal 1)
Port 3.4 TO (Masukkan Pewaktu Eksternal 0)
Port 3.5 T1 (Masukkan Pewaktu Ekstenal 1)
Port 3.6 /WR (Sinyal Tulis Memori Data
Port 3.7 Eksternal)

/RD (Sinyal Baca Memori Data

Eksternal)

(Sumber: Data Sheet Atmel AT89S8252)

e RST (Reset), pin 9

Input Reset merupakan reset master untuk AT89S8252.

e ALE/Prog ( Address Lacth Enable ), pin 30

Digunakan untuk menahan alamat memori eksternal selama

pelaksanaan interuksi.
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PSEN ( Program Store Enable), pin 29
Merupakan sinyal pengontrol yang memperbolehkan program

memori eksternal masuk ke dalam bus.

EA/VPP ( External Access), pin 31

Dapat diberikan logika rendah (Ground) atau logika tinggi (+5
Volt). Jika diberikan logika tinggi mak mikrokontroler akan
mengakses program dari ROM internal (EEPROM/Flash
Memori), dan jika diberikan logika rendah maka mikrokontroler

akan mengakses program dari memori eksternal.

X-TAL 1 dan X-TAL 2, pin 19,18

Pin ini dihubungkan dengan kristal bila menggunakan osilator
internal. X-TAL 1 merupakan masukan ke rangkaian osilator
internal sedangkan X-TAL 2 keluaran dari rangkaian osilator
internal. Untuk keperluan ini diperlukan kapasitor penstabil
sebesar 30 pF . Dan nilai Dari X-TAL tersebut antara 4-24 Mhz .
Untuk lebih jelasnya dapat dilihat gambar pémasangan X-TAL

serta kapasitor yang digunakannya.

o2
—_ﬂ___I— XTAL2
Cl

-

=1
> XTALY

ND

ull-]

Gambar 2.8 Osilator Eksternal AT89S8252

(Sumber: Data Sheet Atmel AT8958252)
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2.3.3. Organisasi Memory

Organisasi memori pada mikrokontroler AT89S8252 dapat dibagi menjadi dua
bagian besar yaitu memori program dan memori data. Pembagian tersebut didasarkan
atas fungsi dari penyimpanan data maupun program. Memori program digunakan
untuk menyimpan instruksi-instruksi yang akan dijalankan oleh mikrokontroler,
sedangkan memori data digunakan sebagai tempat yang sedang diolah

mikrokontroler.

Program mikrokontroler disimpan dalam memori program berupa ROM.
Mikrokontroler AT89S8252 dilengkapi dengan ROM internal, sehingga untuk
menyimpan program tidak digunakan ROM Eksternal yang terpisah dari
mikrokontroler. Agar tidak menggunakan memori program eksternal, penyemat/EA

dihubungkan dengan Vcc (Logika 1).

Memori program mikrokontroler menggunakan alamat 16 Bit mulai dari 0000y
— OFFFy sehingga kapasitas penyimpanan program maksimal adalah 4 Kbyte. Sinyal
/PSEN (Program Store Enable) tidak digunakan jika digunakan memori program

internal.

Selain Program mikrokontroler AT89S8252 juga memiliki data intrnal sebesar
128 Byte dan mampu mengakses memori data eksternal sebesar 64 Kbyte. Semua
memori data internal dapat dialamati dengan data langsung atau tidak langsung. Ciri
dari pengalamatan langsung adalah operand adalah alamat register yang berisi alamat
data yang akan diolah. Sebagian memori tersebut dapat dialamati dengan
pengalamatan register, dan sebagian lagi dapat dialamati dengan memori satu bit.
Untuk Membaca data digunakan sinyal /RD sedangkan untuk menulis digunakan

sinyal /WR.
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2.3.4. SFR (Special Fuction Register)

Register Fungsi Khusus (Special Fuction Register) terletak pada 128 Byte bagian
atas memori data internal dan berisi register-register untuk pelayanan lacth port,
timer, program status word, control peripheral, dan sebagainya. Alamat register fungsi

khusus ini ditunjukkan pada tabel 2.2

Tabel 2.2 Special Fuction Register

Simbol Nama Register Alamat
ACC Accumulator EOy
B Register B FOy
PSW Program Status Word D0
sP Stack Pointer 81y
DPTR Data Pointer 2 Byte
DPL Bit Rendah 824
DPH Bit Tinggi 834
PO Port 0 80y
Pl Port 1 90y
P2 Port2 A0y
P3 © Poit3 BO,,
IP Interupt Periority Control D8y
IE Interupt Enable Control A8y
TMOD Timer/Counter Mode 89y
TCON Control 88y
THO Timer/Counter Control 8Cy

15



TLO Timer/Counter 0 High 8Ay

THI Control 8D,
TL1 Timer/Counter 0 Low 8B,
Control
SCON 98y
Timer/Counter 1 High
SBUF 994
Control
PCON 874
Timer/Counter 1 Low
Control
Serial Cotitrol

Serial Data Buffer

Power Control

(Sumber: Data Sheet Atmel AT89S8252)

Beberapa macam register fungsi khusus yang sering digunakan adalah sebagai

berikut :

o Accumulator (ACC) merupakan register untuk penambahan dan
pengurangan. Perintah Mnemonic untuk mengakses akumulator
disederhanakan sebagai A.

® Register B Merupakan register khusus yang berfungsi melayani operasi
petkalian dan pembagian.

e Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan di
alamat manapun pada RAM internal.

e 2 Data Pinter (DPTR) terdiri atas dua register, yaitu untuk byte tinggi
(Data Pointer High,DPH) dan byte rendah (Data Pointer Low,DPL) yang

berfungsi untuk mengunci alamat 16 Bit.
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e Port 0 sampai Port 3 merupakan register yang berfungsi untuk membaca
dan mengeluarkan data pada port 0,1,2,3. Masing-masing register ini
dapat dialamati per-byte maupun per-bit.

e Control Register terdiri dari register yang mempunyai fungsi kontrol.
Untuk mengontrol sistem interupsi, terdapat dua register khusus, yaitu
register IP (Interupt Priority) dan Register IE (Interupt Enable). Untuk
mengontrol pelayanan timer/counter terdapat register khusus,yaitu register
TCON (Timer/Counter Control) serta pelayanan port serial menggunakan

register SCON (Serial Port Control).

2.3.5. Sistem Interupsi

Mikrokontroler AT89S8252 mempunyai 5 Buah sumber interupsi yang dapat

membangkitkan permintaan interupsi, yaitu INT0, INT1, T1, T2 dan Port Serial.

Saat terjadinya interupsi mikrokontroler secara otomatis akan menuju ke subrutin
pada alamat tersebut. Setelah interupsi selesai dikerjakan, mikrokontroler akan
mengerjakan program semula. Tiap-tiap sumber interupsi dapat enable atau disable

secara software.

Tingkat prioritas semua sumber interupt dapat diprogram sendiri-sendiri dengan
set atau clear bit pada (Interupt Priority). Jika dua permintaan interupsi dengan
tingkat prioritas yang berbeda diterima secara bersamaan, permintaan interupsi
dengan pﬁoritas yang sama diterima bersamaan, akan dilakukan polling untuk

menentukan mana yang akan dilayani.
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Tabel 2.3 Alamat Sumber Interupsi

Sumber Interupsi Alamat Awal
Interupt Luar 0 (INT 0) 03y
Pewaktu /Pencacah 0 (T0) 0By
Interupt Luar 1 (INT 0) 134
Pewaktu /Pencacah 0 (TO) 1By
Port Serial 23y

(Sumber: Data Sheet Atmel AT89S8252)

2.4 Teori Dasar Voice Timer ISD 2590

ISD 1420 ( Information Storage Devices ) adalah rangkaian terpadu serpi
tunggal. ISD 2590 Chip Corder merupakan peralatan yang dirancang untuk merekam
Seri dan memutar kembali suara dan bunyi dalam suatu chip. Suatu solusi yang tepat
untuk merekam dan memutar kembali suatu pesan pendek untuk suatu aplikasi

tertentu.

IC ISD 2590 mempunyai perlengkapan di dalam antara lain : Osilator internal,
mikrophone pre — ampilifier, gain kontroi otomatis, Fiiter perata dan Speaker amplifier
( penguat speaker ). Secara keseluruhan seri ISD 2590 dapat dilakukan sebuah
perekam atau pemutar ulang pesan dengan komponen yang sederhana seperti
mikropon, speaker, beberapa komponen penunjaang dan dua buah saklar tekan dan
sumber tegangan. Rekaman akan disimpan dalam sel memori yang tidak mudah
hilang ( non — volatile ), memberikan tempat penyimpanan yang masih kosong. Cara

unik ini yang membuat ISD 2590 disebut Direc Analog Storage Technology ( STDA )
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atau teknik penyimpanan analog langsung, dengan jalan sinyal suara ( voice ) dan
bunyi disimpan secara langsung dalam bentuk analog ke dalam memori.

Penyimpanan analog langsung memungkinkan re = produksi suara secara
alami dalam bentuk satu chip tunggal. Perekaman akan berhenti bila input REC
tertekan high. Tanda akhir dari pesan ( end — message marker ) akan otomatis terekam
sesudah itu. Tanda ini juga berguna untuk memutuskan playback otmatis bila rekaman
sudah habis. ISD akan langsung ke mode stand by bila REC dalam keadaan high.

ISD 2590 mempunyai waktu penyimpanan suara selama 90 detik. Susunan

ISD 2590 DAST serta pin dapat dilihat pada gambar dibawah ini.

internal Clock

&
A < i
Amp ¢ Antaliasing t
ANA QUT i 5-Pole Active
. i Smoathmng Filter
MiC s
MC REF Amp SP +
Automatic " Am
AGC - Gain Controd SP - i
(AGC) |
Power Conditioning Address Buffers Device Control

Gambar: 2.9 Blok diagram ISD 2590

Sumber : Perancangan
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2.5. Motor DC

Motor arus searah ( DC ) adalah suatu mesin yang berfungsi mengubah energi
listrik menjadi energi mekanik. Dasar prinsip kerja motor DC sebenarnya sangat
mudah, hanya saja kita sering dibingungkan dengan konstruksi mesin yang agak
rumit.
2.5.1.Prinsip kerja Motor arus searah (DC)

Prinsip kerja motor arus searah didasarkan pada penghantar yang membawa
arus ditempatkan dalam suatu medan magnet, maka penghantar tersebut akan
mengalami gaya. Gaya menimbulkan torsi yang menimbulkan torsi yang
menghasilkan rotasi mekanik, schingga motor akan berputar. Dalam sistematika
kerjanya bisa disimpulkan sebagai berikut :

1. Adanya garis — garis gaya medan magnet ( fluks ) anatara kutub yang
berada di stator

2. Penghantar dialiri arus ditempatkan pada jangkar dalam medan
magnet

3. Pada penghantar timbul gaya yang menghasilkan torsi

I

]

™~

Gambear 2.10. Medan yang dihasilkan oleh kutub

Sumber : “Pengantar Teknik Tenaga Listrik” Ir. Hamzah Berahim
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Gambar 2.11. Medan sebagai hasil arus yang mengalir pada penghantar

Sumber : “Pengantar Teknik Tenaga Listrik” Ir. Hamzah Berahim

Gambar 2.12. Interaksi kedua medan menghasilkan gaya

Sumber : “Pengantar Teknik Tenaga Listrik” Ir.Hamzah Berahim
Gambar 2.10 - 2.11. Terjadinya rotasi motor arus searah sebagai interaksi antara
medan magnet yang dihasilkan oleh kutub pada stator dan medan magnet yang
dihasilkan oleh arus yang mengalir pada penghantar
(sumber : Teknik Tenaga Listrik, “Teori Ringkas dan Penyelesaian Soal”, Ir. Hamzah
Berahim, 1991, Andy Offset Yogyakarta)
Ada empat persamaan yang mendasari prinsip kerja motor DC :
1. Persamaan gaya pada kawat berarus listrik dalam medan magnet.
F=i(1xB)
dimana :
F = gaya pada kawat

I = arus yang mengalir pada kawat
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L = panjang kawat

B = medan magnet

2. Persamaan tegangan induksi pada kawat berarus listrik yang bergerak dalam

medan magnet
end=(vxB)l

dimana

€ind = tegangan induksi pada kawat

v =kecepatan putar kawat

B = vector medan magnet

L = panjang konduktor dalam medan magnet

3. Hukum tegangan Kirchoff

Ve=iR=eni=0

Vp=eina+iR

Pada proses kerja motor DC, keempat persamaan tersebut saling terkait dan

berkesinambungan. Proses kerja dapat disimpulkan sebagai berikut :

1.

Penutup saklar ( memberi tegangan ) menghasilkan aliran listrik
I=Vg/R
Mengalirnya arus menghasilkan gaya pada lilitan kawat F = Bil
Lilitan kawat bergerak kesamping (kanan), menghasilkan tegangan induksi
yang berimbas pada kecepatan
Tegangan induksi menaikan arus i=(Vg—ejn )/R
Gaya induksi menurun ( F =il B ), sampai mendekati F = 0. Pada keadaan
tersebut, eind = Vi , i = 0, dan lilitan berputar konstan dengan kecepatan tanpa

bebanVss=VB/Bl
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2.6. KEY PAD
Matrik keypad 4x4 merupakan susunan 16 tombol membentuk keypad sebagai
sarana input ke mikrokontroler, meskipun jumlah tombol ada 16 tapi hanya

memerlukan 8 jalur port paralel, seperti terlihat dalam Gambar 2.13

4
a

iy

:iii

11

Gambar 2.13 Matrik Keypad 4x4 (Sumber : www.alds.stts.edu)

Dalam gambar 2.8masing-masing tombol menghubungkan sebuah jalur output
(K1; K2; K3 atau K4) ke sebuah jalur input (B1; B2; B3 atau B4), seperti yang
digambarkan secara rinci dalam bulatan bagian kanan gambar, tombol “A”

menghubungkan jalur K1 ke jalur B4.

Semua tombol mekanis yang biasa dipakai untuk keypad, saat ditekan atau
saat tekanan pada tombol dilepas akan bergetar selama lebih kurang 30 sampai 50
mili-detik, sifat ini akan mengakibatkan sub-rutin pembacaan keypad merasakan
adanya penekanan tombol secara berulang-ulang, meskipun sesungguhnya tombol
hanya ditekan sekali saja. Gejala ini biasanya disebut sebagai bounce.

Untuk mengatasi masalah ini, setelah berhasil membaca nilai tombol yang
ditekan, kontroller dipaksa “istirahat” berapa saat sampai tombol tidak bergetar,

sebelum membaca tombol berikutnya.
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2.7. LCD (Liquid Cristal Display)

Liquid Cristal Display adalah modul tampilan yang mempunyai konsumsi daya
yang relatif rendah dan terdapat sebuah kontroler CMOS didalamnya. Kontroler
tersebut berfungsi sebagai pembangkit ROM / RAM dan display data RAM. Semua
fungsi tampilan dikontrol oleh suatu instruksi, modul LCD dapat dengan mudah
diinterfacekan dengan MPU.

LCD yang digunakan dalam skripsi ini adalah LCD yang memiliki kemampuan

sebagai berikut :

> Meliputi 32 karakter yang dibagi menjadi 2 baris dengan display dot matrik 5 x
7 ditambah cursor.

» Karakter generator ROM dengan 192 karakter.

» Karakter generator RAM dengan 8 tipe karakter.

A4

Dilengkapi fungsi tambahan yaitu display clear, cursor home, display ON/OFF,
cursor ON/OFF, display character blink, cursor shift dan display shift.

> Internal data.

> 80 x 8 bit display data RAM.

» Dapat diinterfacekan dengan pnC 8 atau 4 bir.

> Internal otomatis dan reset pada power ON.

» +5 volt power supply tunggal.

Gambar 2.14 di bawah ini menunjukkan LCD beserta pin — pinnya :
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LCD M1632

Gambar 2.14

Bentuk fisik dari LCD ( Liguid Cristal Display )

Sumber: LCD Module User Manual, Seiko Instruments Inc

Dimana untuk definisi pin-pin yang terdapat dalam LCD (Liquid Cristal Display)
tersebut dapat dilihat pada tabel berikut ini :

Tabel 2.4 Definisi pin-pin LCD

No Nama Penyemat | Fungsi
1 Vss Terminal ground
2 Vee Tegangan catu +5 volt
3 Vee Drive LCD
RS Sinyal pemilih register
4 0: Instruksi register (tulis) 1: Data Register (tulis dan
baca)
R/W Sinyal seleksi tulis atau baca
’ 0: Tulis 1: Baca
E Sinyal operasi awal, sinyal ini mengaktifkan data tulis dan
’ baca
7-14 | DB0-DB7 Merupakan saluran data, berisi perintah dan data.
15 V+BL Pengendali kecerahan latar belakang LCD 4 - 4,42 V dan

25




50 -500 mA

16 V-BL Pengendali kecerahan latar belakang LCD 0 V

2.8. LAMPU TREFFIC(LED)

Cahaya ini dapat dibangkitkan melalui difusi pada dioda semi konduktor yang
biasa disebut LED (Light Emiting Dioda). Sedangkan dioda sendiri juga banyak
jenisnya termasuk yang bisa memancarkan cahaya saat dialiri arus forward padanya,
elektron dari pita konduksi melewati junction dan jatuh kedalam hole pita valensi,
sehingga elektron — elektron tersebut memancarkan energi. Pada dioda biasa energi
ini dipancarkan melalui panas dan dioda yang tidak memancarkan cahaya contohnya
dioda zener maupun dioda biasa. Lambang dan bentuk dari Led tersebut dapat dilihat

pada gambar 2.15 berikut dibawah ini :
R
“a
Gambar 2.15 Simbol Dari LED

2.9. RS-485

Penggerak komunikasi RS-485 adalah pembantu komunikasi serial seperti
halnya RS-232 yang sudah dipakai dalam transfer data serial sekarang ini. Perbedaan
antara keduanya terletak pada panjang saluran yang dipakai, maksimum bit rate, level
tegangan data “1” dan 0", kebocoran daya dan masukaan penerima, mengenai

perbedaan tersebut.
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Panjang saluran yang di maksud adalah batas panjangnya saluran yang
digunakan antara satu driver RS-485 ke driver yang lain yang masih diperbolehkan,
ini berkaitan dengan kualitas data yang diterima driver penerima

. Tabel 2.5 menunjukkan karakteristik beberapa tipe komunikasi serial.

Table 2.5 karakteristik beberapa tipe komunikasi serial

Karekteristik RS 232 RS 485 RS 423
Saluran panjang 100ft
Maksimum bit/detik 2x10* 10° 10¢
Data “1”=making -1,5--36v vV, >V, V,=-
Data “0”=spancing +1,5v

+3,6v
Hubungan pendek 100 100 100
Kebocoran bila daya
dimatikan,maksimum
tegangan yang 300 100 100
diberikan pada yang
tak diberi daya
Masukan penerima 1,5 100mv 100mv
Ujung tunggal diferensial diferensial

Sumber : zaks D, 1987
Untuk menampilkan data binér dibutilikan dia besaran tegangan (V , dan
V ;). Pada RS-485/RS-422 kondisi “1” atau mark dinyatakan dengan membuat

tegangan saluran B lebih besar dari saluran A(V , dan V ), sedangkan kondisi “0”
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atau space dinyatakan dengan membuat saluran A lebih besar dari saluran B(V , >

V 5 ). Syaratnya tegangan antara dua saluran tersebut (V , ;) harus lebih besar dari 0,4
V dan lebih baik kecil dari 12 V. keuntungan transmisi sinyal diferensial adalah
berkurangnya noise dalam satu saluran sinyal, akan berkurang secara sama pada
saluran sinyal yang lain [ Douglas V.Hall ,1992].

Gambar 2.16 menunjukan interface MAX 485.

Bimimim|

)
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0IP/SO
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;&

Gambar 2.16 Interface MAX 485
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BAB III

PERANCANGAN DAN PEMBUATAN ALAT

Bab ini akan membahas tentang perencanaan dan perancangan alat yang

meliputi perencanaan perangkat keras (Hardware) dan perangkat lunak (Software)

dari sistem pengaturan kerja motor untuk mengatur agar bisa mebgatur naik-turunnya

portal. Pengaturan sistem kerja Sensor kecepatan dan Arah Angin. Perancangan

secara keseluruhan dapat dibagi menjadi dua bagian, yaitu :

1. Perancangan Hardware
2. Perancangan Software

3.1 Diagram Blok

| LCD l

a8

DRIVER MOTOR 2
ARAH

LAMPU P

- MOTOR PORTAL

TRAFFIC > MK

AT
89852

18D

RS 485

KEYPED

OP AMP

SPEAKER

SENSOR
KECEPATAN ANGIN
MK
AT
80S52
SENSOR ARAH -
ANGIN o
RS 485

Gambar 3.1 Diagram Blok
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Fungsi dari tiap — tiap Blok dijelaskan sebagai berikut:
1. Lampu Traffic

Berfungsi sebagai indikator adanya tanda bahaya

2. RS 485
Berfungsi sebagai interface antara pengontrol dan alat
3. LCD

Berfungsi sebagai tampilan batasan kecepatan angin dan arah angin

4. Keypad

Sebagai tombol untuk setting point batasan kecepatan angin

5. Driver Motor 2 Arah

Sebagai penguat tegangan untuk motor portal

6. Motor Portal

Sebagai penggerak naik turun portal

7. ISD
ISD ( Information Storage Device)
Tipe ISD 2590
ISD ini mempunyai kemampuan daya simpan suara, selama 90 detik.
Demikian juga untuk waktu putar ulangnya juga selama 20 detik.
2590 mempunyai rekaman suara akan disimpan dalam sel memori yang

tidak mudah hilang.

8. AMPLIFIER

Sebagai penguat tegangan dari ISD
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9. SPEAKER
Se agai output, pemberitahuan adanya tanda bahaya sebagai hasil rekaman
dari ISD.

10. Sensor Optocoupler Kecepatan Angin

Sebagai pambaca pulsa kecepatan angin

11. Sensor Optocoupler Arah Angin
Sebagai pembaca pulsa arah agin
12. Mkrokonntroller AT89S52
Digunakan untuk mengolah data yang diterima, mengkontrol dan

mengendalikan rangkaian - rangkaian yang dihubungkan dengannya

3.1.1 Cara Kerja

Sensor kecepatan dan arah angin membaca kecepatan dan arah angin yang
akan dikirimkan ke mikrokontoller kemudian memproses kecepatan dan arah angin
yang akan dikirim ke operator dengan mengunakan RS 485 yang berfungsi sebagai
interface jaringan. Operator akan memproses data yang dikirimkan dari client, apabila
data yang dikirimkan dari client melebihi seting point yang telah di tentukan, maka
secara otomatis lampu traffick akan menyala merah sebagai tanda bahaya dan ISD
akan memberitahukan bahwa kecepatan angin telah melampaui batas normal yang
telah ditentukan dengan mengunakan speaker, maka portal akan menutup secara

otomatis, ini bertanda bahwa jembatan untuk sementara tidak dapat di gunakan.
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3.1.2. Sensor Kecepatan dan Arah Angin

Sensor kecepatan yang dipakai merupakan intregasi antara optocoupler
sebagai sensor elektronik dengan piringan berputar sebagai mekaniknya. Setiap angin
berhembus akan menggerakan piringan, sehingga akan berputar. Opfocupler akan
membaca setiap perubahan pada gelap/terang dipiringan dengan logika “1” dan logika
“0”.

Data ini akan diolah dan disimpan pada sebuah program database.Pada
perancangan ini sensor mekanik yang digunaksan adalah piringan yang di buat gelap-
terang

Untuk sensor arah sensor arah angin menggunakan sensor inframerah sebagai
pemancarnya sedangkan penerimanya menggunakan photodioda, yang kemudian
diintregasikan dengan sensor mekanik berupa piringan yang berputar.piringan ini
memuat 32 data digital dengan menggunakan sistem kode BCD. Dengan
menggunakan 5 buah sensor photodioda akan mengkonversi data BCD, yang
disesuaikan dengan letak arah angin, jika sensor terhalang (gelap) akan berlogika “0”
sedangkan jika tidak terhalang (terang) akan berlogika “1”.data berupa data 5 bit
(00000,00001,00010,00011,00100, ... ).

3.1.3. Perancangan Rangkian Sensor
3.1.3.1. Perencanaan Rangkaian Pemancar LED Infra Red

Led infra Red dalam hal ini berfungsi sebagai sumber cahaya yang

memancarkan sinyal cahaya. Rangkain dari pemancar LED infra Red seperti pada

gambar berikut :
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Gambar 3.2 Rangkaian Pemancar LED Infra Red
Pada perancangan dan pembuatan perangkat keras di sini, di mana sumber
tegangan Vcc yang dipakai sebesar 5V dan agar dioda infra merah dapat

memancarkan sinar infra merah diperlukan arus sebesar 15mA. Sehingga R dapat

dihitung dengan menggunakan rumus:

V=I.R

Di mana :

V = sumber tegangan

I =arus

R = hambatan

Pada Infra merah :

Diketahui :
V =35V
R =330Q
Vied =18V

Ditanya I dan R ?

[= YV -Vied
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_32
10
=(0.32KQ

=320Q =330Q

Karena hambatan 320 Q) di pasaran tidak ada, maka nilai R yang digunakan

sebesar 330Q sesuai yang ada di pasaran.

3.1.3.2. Perencanaan Rangkaian Penerima Infra Red
Pada sensor arah angin digunakan photodioda sebagai penerima sinyal cahaya
yang dipancarkan LED InfraRed dan photodiada dipasang piringan dimana piringan

tersebut terdapat sisi gelap-terang,

5V

-

10K <

_L'."
"

Gambar 3.3 Rangkaian Penerima InfraRed
Sedangkan pada photodioda diperlukan arus sebesar 0.32 mA sehingga

besarnya R dapat dihitung:
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Diketahui :
vV =5V
R =10k
Vied =1.8V
Ditanya I danR ?

I= V —Vlied

R=10 k

3.1.4. Perancanaan Rangkaian Sensor Kecepatan Angin

Pada perancangan rangkaian ini dihubungkan dengan kaki port 2.0 pada
mikrokongroller AT89S52 client.
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Gambar 3.4 Rangkaian Optocoupler Pembaca Kecepatan Angin

Rangkaian sensor yang digunakan adalah opfocopler yang berfungsi untuk
mendeteksi jumlah pulsa yang masuk dari kincir angin yang dipasang dari poros
kincir angin. Rangkaian Optocoupler ini terdiri dari dioda pemancar cahaya dan
Photidioda yang terpisah oleh celah, dan apabila diberi tegangan maka akan
menghasilkankan tegangan output berupa pulsa.

Photodioda pada optocoupler berfungsi untuk menerima sinar dari dioda
pemancar cahaya.

S

1E €

¥ |=x

Gambar 3.5 Rangkaian optocoupler

Led Infra Red dalam hal ini berfungsi sebagai sumber cahaya yang
memancarkan sinyal cahaya. Rangkaian dari pemancar LED Infra Red seperti pada

gambar 3.5.

Rangkaian dioda pemancar cahaya (LED Infra Red) dengan Vcc = 5Volt

diperlukan arus sebesar 10 mA sehingga besarnya R dapat dihitung :
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Diketahui :
V =5V
R =330Q
Vied =18V
Ditanya I dan R ?

5-1.8

32
10

= 0.32KQ
=320Q = 330Q

Karena hambatan 333 Q di pasaran tidak ada, maka nilai R yang digunakan

sebesar 330Q sesuai yang ada di pasaran.



Sedangkan pada photodioda diperlukan arus sebesar 0.32 mA sehingga

besarnya R dapat dihitung:
Diketahui :
vV =5V
R =10k
Vied =1.8V
Ditanya I dan R ?

I_V—Vled

R=10 k
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3.1.5. Piringan Untuk Sensor Kecepatan Angin

Pada Optocoupler yang difungsikan sebagai pengukur kecepatan angin dipasang
piringan yang berberbentuk silindris yang dibuat gelap/terang sebanyak 10 yang akan
menghasilkan 10 buah pulsa keluaran dalam satu putaran. Banyaknya putaran
tergantung pada kencang lambatnya angin,semakin angin bertiup, maka semakin
banyak putaran dan pulsa yang di hasilkan.

Pulsa yang di hasilkan oleh Optocoupler ini akan di konterkan oleh
mikrokontroller. Dari counter ini akan diketahui berapa banyak pulsa yang dihasilkan
oleh piringan optocoupler yang diasumsikan sebagai kecepatan angin,Pad piringan
optocoupler, lubang satu dengan lainnya mempunyai selisi beda sudut 36°. Misalkan
dalam satu lubang pada piringan 1/10 putaran kecepatan dalam satuan Km dan
pengukuran ini dilakukan per detik, maka apabila dalam satuan detik hanya dihasilkan

2 pulsa keluaran, maka kecepatan angin diasumsikan sebesar 0,2 m/det.

Gambar 3.6 Piringan Sensor Untuk Kecepatan Angin

Untuk mencari kecepatan angin digunakan rumus dasar sebagai berikut :
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t=T=£(l dan
no

S disini sama dengan K=2.n r
Ket :
n = Jumblah sisi terang pada piringan
® = Kecepatan sudut (rpm)
T = Pereode (detik)
K =Keliling lingkaran (m)
r = Jari-jari Piringan (m)
n=3,14
Sehingga diperoleh persamaan kecepatan sebagai berikut :

S

g
V= 2.xr
T

\'%

Misal o =10rpm ;r=5cm ; T =0,1875 sec maka :

_ 2.xr
T

\%

v = 2x3.14x5x107
0,1875

V =8,932 m/s

3.1.6 Perancanaan Rangkain Sensor Arah Angin
Pada perancangan ini Seneor arah angin dihubungkan pada mikrokontroller:
Port 0.0 (kaki 39) dihubungkan dengan Optocoupler ArahAngin
Port 0.1 (kaki 38) dihubungkan dengan Optocoupler ArahAngin

Port 0.2 (kaki 37) dihubungkan dengan Optocoupler ArahAngin
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Port 0.3 (kaki 36) dihubungkan dengan Optocoupler ArahAngin

Port 0.4 (kaki 35) dihubungkan dengan Optocoupler ArahAngin

5V 5V 5V 5V SV 5V

2330 10K 2 330 10K 2 330 10K

+ W s o T ;L F—Izz }’:‘ POZ >
_;_r-.mr'.f. = | R | - 1

5V 5V 5V 5V

> 330 10K ; 2330 WK 2

I* mRX || FIE o mRRY || TR

“mrx f 1 mm ]

Gambar 3.7 Rangkaian Optocoupler Pembaca Arah Angin

3.1.7. Piringan Untuk Sensor Arah Angin

Piringan yang dipasang pada sensor arah angin berbentuk silindris seperti sensor
pada kecepatan angin, hanya bedanya piringan dibuat pola-pola pembentuk kode yang
tersusun secara konsentris pada sisi piringan tersebut. Pola-pola tersebut terbentu dari
segment-segment yang bergantian antara gelap dan terang pda piringan.

Piringan ini terdiri dari 5 cincin yang disusun secara dari pusat menuju kearah
luar jumblah bagian gelap-terang pada cincin kosentris bertambah dalam cacahan
biner pada
cincin terluar. Maka masing=masing posisi sudut dari poros penggerak akan
mempunyai kombinasi kode yang berbeda.

Karena pada piringan ini dipasang 5 photodioda yang akan mendeteksi semua
bilangan biner yang ada pada piringan, maka 360° : 2° = 11%4°. Ini berarti lubang

satu dengan yang lainnya pada piringan selisih beda sudut sebesar 11%°.
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Gambar 3.8 Piringan Pada Sensor Arah Angin
Dari piringan diatas, maka akan didapat pengkodean arah mata angin seperti
terlihat pada tabel 3.1.dibawah ini.

Tabel 3.1 Pengkodeaan Arah Angin Menggunakan Pencacah Bilangan Biner

DESIMAL BILANGAN BINER ARAH SUDUT
0 00000 UTARA 09
1 00001 11257
2 00010 5550
3 00011 BARAT LAUT 33.75°
4 00100 250
5 00101 56.25°
6 00110 BARAT 67,5°
7 00111 78,75°
8 01000 L
9 01001 100,25°
10 01010 1259
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11 01011 BARAT DAYA 123,75°
12 01100 135°

13 01101 146,25°
14 01110 SELATAN 157,5°
15 01111 168,75°
16 10000 180°

17 10001 191,25°
18 10010 205,5°
19 10011 TENGGARA 213,75°
20 10100 225°

21 10100 236,25
22 10110 TIMUR 247,5

23 10111 258,75°
24 11000 270°

25 11001 281,25°
26 11010 292,5°
27 11011 TIMUR LAUT 303,75°
28 11100 315°

29 11101 326,25°
30 11110 UTARA 337,5°
31 11111 348,75°
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3.2 Perancangan Mikrokontroller
3.2.1 Perancangan Mikrokontroller Untuk Operator
Agar sebuah vmikrokonu'oller dapat bekerja sebagai pengontrol, maka kaki —
kaki/ port mikrokontroller dihubungkan pada rangkaian — rangkaian eksternal. Pada
perancangan untuk operator ini dipaparkan port apa saja yang akan digunakan pada
mikrokontroller AT89S52 yaitu:
1. Port 0 dihubungkan dengan ISD dan LCD
2. Port 1 dihubungkan dengan key ped
3. Port2
Port 2.2 (kaki 23) dihubungkan dengan PD (Kaki 24) High ISD
Port 2.3 (kaki 24) dihubungkan dengan PR (kaki 27) Start ISD
Port 2.4 (kaki 25) dihubungkan dengan A9 (kaki 10) Low ISD
Port 2.5 (kaki 26) dihubungkan dengan A8 (kaki 9) pada ISD
Port 2.6 (kaki 27) dihubungkan dengan kaki 4 pada LCD
Port 2.7 (kaki 28) dihubungkan dengan kaki 6 pada LCD
RXD (kaki 10) dihubungkan dengan RO (Kaki 1) Pada RS485
TXD (kaki 11) dihubungkan dengan DI (Kaki 4) Pada RS485
INTO (kaki 12) dihubungkan dengan RE dan DE Pada RS485
INT1 (kaki 13) dihubungkan dengan input2 pada driver motor L.298D
TO (kaki 14) dihubungkan dengan inputl pada driver motor L298D
T1(kaki 15) dihubungkan dengan LED warna Merah Pada traffic Lamp
WR (kaki 15) dihubungkan dengan LED warna kuning Pada traffic Lamp
RD (kaki 15) dihubungkan dengan LED warna Hijau Pada traffic Lamp
Reset (kaki 9) dihubungkan dengan rangkaian reset

X1 (kaki 18) X2 (kaki 19) dihubungkan dengan rangkaian osilator



EAA/P (kaki 40) Dan VCC (kaki 31) dihubungkan dengan tegangan 5V
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Gambear 3.9 Perancangan Mikrokontroller Untuk Operator

3.2.2 Perancangan Mikrokontroller Untuk Client

Pada Rangkaian mikrokontroler AT89S52 untuk clien berfungsi sebagai
pengolah data digital yang akan dikirimkan ke server menggunakan RS 485

Mikrokontroller untuk client ini terdapat port - port yang dihubungkan pada
rangkaian pendukung yaitu:

Port 0

P0.0 - P0.5 (kaki 34 - 39) dihubungkangn dengan optocoupler
RXD dihubungkan dengan RO pada RS485
m dihubungkan dengan DI pada RS485

INTO dihubungkan dengan RE dan DE pada RS485.
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Gambar 3.10 Perancangan Mikrokontroller Untuk Client

3.3 Perancangan Koneksi RS 485

Pada perancangan ini digunakan komunikasi serial antara mikrokontroller
AT89S52 sebagai operator dan AT89S52 sebagai clien.Pada rangakaian komunikasi
serial ini terdapat masing-masing 8 kaki yang dihubungkan pada RS485 maupun pada

mikrokontroller yang berfungsi sabagai pembaca dan pengirim data,yaitu:
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Gambar 3.11 Perancangan koneksi RS 485

3.3.1 RS485 pada OPERATOR
Kaki 1 (RO ) dihubungkan dengan RXD pada mikrokontroller
Kaki 2 ( RE ) dihubungkan dengan INT0 pada mikrokontroller
Kaki 3 ( DE ) dihubungkan dengan INTO pada mikrokontroller
Kaki 4 ( DI ) dihubungkan dengan TXD pada mikrokontroller
Kaki 5 dihubungkan pada ground
Kaki 6 ( A ) dihubungkan dengan kaki A pada RS485 client
Kaki 7 ( B ) dihubungkan dengan kaki B pada RS485 client
Kaki 8 sebagai VCC

3.3.2 RS485 pada CLIENT
Kaki 1 ( RO ) dihubungkan dengan RXD pada mikrokontroller
Kaki 2 ( RE ) dihubungkan dengan INTO pada mikrokontroller

Kaki 3 ( DE ) dihubungkan dengan INT0 pada mikrokontroller
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Kaki 4 ( DI ) dihubungkan dengan TXD pada mikrokontroller
Kaki 5 dihubungkan pada ground

Kaki 6 ( A ) dihubungkan dengan kaki A pada RS485 client
Kaki 7 ( B ) dihubungkan dengan kaki B pada RS485 client

Kaki 8 sebagai VCC

3.4 Rangkaian LCD ( Liquid Crystal Display )

LCD diperlukan untuk menampilkan nilai karakter input yang akan diproses
dan data karakter output dari hasil pengukuran supaya hasil proses dan pengukuran
bisa dipahami oleh manusia. Rangkaian LCD ini dalam pengoperasiannya
memerlukan 8 bit data dan 3 bit kontrol. Bagian utama dari rangkaian ini adalah
penampil karakter LCD 16 x 2 baris. RS (Register Select) dan Enable pada pin 4 dan
pin 6 yang merupakan kontrol dari LCD. Saluran data (data bus) dihubungkan ke port
0 mikrokontroller. Untuk pin R/W akan berlogika low (0) apabila dihubungkan
dengan ground maka LCD difungsikan hanya untuk menuliskan program atau data ke
display. Untuk mengambil data dari mikrokontroller maka pin-pin data dihubungkan
dengan port dari mikrokontroller.

Pada lembaran datasheet modul LCD M1632 SEIKO INSTRUMENT
INC disebutkan bahwa:
Power supply LCD meliputi :
Vss=0V
Vee =5V £ 5% (2mA)
Power supply back light :
V +BL =4 -4,2 V (50 sampai 200 mA)

V BL =0V (GND)
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Pada input V + BL dipasang sebuah dioda 1N4001 (bahan silicon
dengan Vd =0,65 V sampai 0,7 V). tujuannya adalah didapatkan tegangan V +
BL sebesar 4 - 4,2 V dengan perhitungan sebagai berikut :

Vec=Vd+(V +BL)
3 =0,7+(V+BL)
(V+BL)=5-0,7=4,3 Volt.

Dipilih dioda 1N4001 karena arus maksimum yang biasa dilewatkan

oleh dioda ini sebesar 1A, berikut ini adalah rangkaian lengkap modul LCD yang

digunakan dalam perancangan pada gambar 3.5.
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Gambar 3.12 Rangkaian LCD

3.5 ISD 2590

Pada perancangan alat ini ISD (/nformation Storage Divice) yang digunakan
tipe ISD 2590, dimana ISD ini mempunyai kemampuan daya simpan suara, selama 90
detik. Demikian juga untuk waktu putar ulangnya juga selama 20 detik. ISD dengan
tipe 2590 mempunyai rekaman suara akan disimpan dalam sel. Memori yang tidak
mudah hilang ( nonvolatile ) yang mempunyai kemampuan untuk menyimpan suara

sepanjang 90 detik. Rangkaian ISD dapat dilihat pada gambar 3.6
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Gambar 3.13 Rangkaian ISD 2590

3.6 Amplifier

LM386 Adalah sebuah pengeras suara yang di rancang untuk di gunakan pada
aplikasi-aplikasi bertegangan rendah. Peningkatan di buat sampai 20 pada bagian
dalam untuk menjaga bagian luar tetap pada hitungan rendah, tapi tambahan sebuah
resistor dan kapasitor luar antara pin 1 dan 8 akan meningkatkan tambahan terhadap

nilai manapun mulai dari 20 sampai 200.

Pemakaian bereferensi-dasar sedangkan hasilnya secara otomatis membiaskan
ke 1-1/2 penyedia tegangan. Penarikan/penyedotan daya diam hanya 24 miliwatts
ketika sedang bekerja mulai dari sebuah penyedia 6 volt, membuat LM386 ideal

untuk pengoperasian dengan baterai.

Gambar 3.14 Rangkaian Amplifier LM386
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3.7 Perancangan Traffic led

Traffic led merupakan rangkaian yang berfungsi sebagai indikator pada
jembatan, apakah jembatan aman untuk dilewati atau tidak. Treffic led jika berwarna
hijau ini bertanda bawa jembatan aman untuk dilewati, tetapai jika berwarna merah
maka jembatan tidak aman untuk dilewati, rangkaian ini dihubungkan ke

mikrokontroller

Pada traffic led memiliki 3 lampu indikator yang dihubungkan dengan mikro
kontroller yaitu:
- Led merah,dihubungkan pada Port 3.5 (T1)
memberitahukan bahwa jembatan berbahaya untuk dilewati
- Led kuning dihubungkan pada Port 3.6 (TR)
Memberitahukan bahwa keadaan angin pada jembatan tidak terlalu baik
- Led hijau dihubungkan pada Port 3.7 (RD)

Jembatan aman

Gambar 3.15 Rangkaian Traffic led
Menentukan R pada rangkaian traffic led

Diketahui :

V=138

[ = 5 sampai 15mA
Ditanya R =7

51



_32
10
=0.32KQ

=320Q =330Q

Karena hambatan 333 Q di pasaran tidak ada, maka nilai R yang digunakan

sebesar 330 Q sesuai yang ada di pasaran.

3.8 Driver Motor L298D
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Gambear 3.16 Driver Motor L298D
Driver yang berfungsi mengatur pergerakan motor yang dihubungkan dengan
port 3.4 (To) — port 3.5 (INT1)pada mikrokontroller.

3.10.1.Karakteristik Driver L298D
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Gambar 3.17 L298D

1.Operasi tegangan hingga 46v
2.Total current DC hingga 4A
3.Overtemperatur proteksi
4.Logic”0” input hingga 1,5v

(high nois immunity)

3.9 Rangkaian Keypad

Pada gambar 3.8 adalah blok diagram hubungan keypad dengan mikrokontroller.
Keypad yang digunakan adalah keypad matriks 4x4. Port yang digunakan untuk
sinyal port 1.0 — port 1.3 dari mikrokontroller masuk ke kelompok baris keypad,
sedangkan kelompok kolom keypad dihubungkan ke port 1.4 - port 1.7
mikrokontroller. Untuk fungsi dari tombol-tombol keypad tergantung pada

pemrogram. Berikut blok diagram dari penyambungan keypad ke mikrokontroller
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(e & fms o ) s o |
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Gambar 3.18 Blok Diagram Hubungan Keypad Dengan Mikrokontrolle
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3.10. Diagram Alir Sistem

Kirim data Req

Jawaban

Baca Data Arah
& Kecepatan

Bandingkan
dengan Setpoint

ISD berblcara

Portal tuutp

Gambar 3.19 Flowchart 1
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Baca Kecepatan
Angin

l

Simpan

Baca Arah
Angin

l

Simpan

N
Req
Y

Bandingkan
Dengan Stpoint

Sama

Y

Kirim Arah Dan
Kecepatan

And

Gambar 3.20 Flowchart 2
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BAB IV

PENGUJIAN DAN HASIL

Bab ini akan membahas mengenai pengujian alat yang telah dirancang. Tujuan
pengujian alat ini adalah untuk mengetahui kerja dari sistem yang dibuat masing —
masing blok, sehingga dapat diketahui kepresisisan kerja dari alat yang telah
direncanakan. Secara umum tujuan dari pengujian tersebut adalah sebagai berikut :

1. Mengetahui proses kerja dari masing — masing rangkaian ( blok).
2. Memudahkan pendataan spesifikasi alat.
3. Memudahkan perawatan dan perbaikan apabila sewaktu — sewaktu terjadi kerusakan.

Pengujian dilakukan secara berulang — ulang untuk mendapatkan hasil
pengukuran yang tepat. Prosentase kesalahan antara hasil pengukuran dan hasil

perhitungan dapat dicari dengan rumus sebagai berikut :

4.1  Pengujian Rangkaian Sensor Kecepatan Angin
4.1.1 Tujuan Pengujian
Untuk mengetahui apakah rangkaian sensor kecepatan angin (optocoupler) ini

dapat bekrja sebagaimana yang diinginkan
4.1.2 Peralatan yang digunakan

- Indikator Led.

- Multimeter digital.

- Rangkaian Optocoupler.

- Catu daya 5 volt
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4.1.3 Prosedur Pengujian

PemancarlLed
Infra Red

-

Detektor Photo

Dieoda

Indikator Led

Gambar 4.1Rangkaian pengujian optocoupler

1. Merangkai peralatan yang digunakan sesuai gambar 4.1

2. Memberikan catu daya 5 v pada rangkaian optocoupler

3. Mengarahkan berkas sinar ke photodiode pada jarak sekitar 2 cm

4. Mengamati keluaran indikator led

4.1.4 Hasil Pengujian

Hasil dari Pengujian Optocoupler ditunjukan pada table 4.1 berikut

Table 4.1 Hasil Pengujian Optocoupler Sensor Kecepatan Angin

Ada/Tidak Ada Tegangan Output Logika
Halangan
Ada 42V High
Tidak 130,6 uV Low

Photodioda akan berlogika 0 (low) jika mendapatkan halangan,dan akan

berlogika 1 (high) jika tidak mendapatkan halangan

Berdasarkan hasil dari pengujian yang dilakukan,terlihat bahwa optocoupler

tersebut bekerja dengan baik sesuai perencanaan.
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4.2 Pengujian Sensor Arah Angin

4.2.1 Tujuan

bekerja sebagaimana yang diinginkan

4.2.2

423

4.2.4

Untuk mengetahui apakah rangkaian sensor Arah angin (optocoupler) ini dapat

Indikator Led

Peralatan yang Digunakan
- Indikator Led.
- Multimeter digital.
- Rangkaian Optocoupler.
- Catu daya 5 volt.
Prosedur Pengujian
PemancarLed Detektor Photo
Infra Red "| Dioda
Gambar 4.2 Rangkaian pengujian optocoupler
1. Merangkai peralatan yang digunakan sesuai gambar 4.2
2. Memberikan catu daya 5 v pada rangkaian optocoupler
3. Mengarahkan berkas sinar ke photodiode pada jarak sekitar 2 cm
4. Mengamati keluaran indikator led
Hasil Pengujian

Hasil dari Pengujian Optocoupler ditunjukan pada table 4.2 berikut
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Table 4.2 Hasil pengujian optocoupler Sensor Arah Angin

Ada/Tidak Ada Tegangan Output Logika
Halangan
Ada 42V High
Tidak 130,6 pv Low

Photodioda akan berlogika 0 (low) jika mendapatkan halangan,dan akan
berlogika 1 (high) jika tidak mendapatkan halangan
Berdasarkan hasil dari pengujian yang dilakukan,terlihat bahwa optocoupler

tersebut bekerja dengan baik sesuai perencanaan.

4.3. Pengujian Rangkaian Driver Motor DC
4.3.1 Tujuan Pengujian
Untuk mengetahui apakah rangkaian driver Motor pada Driver Motor Penggerak

Naik/Turun portal dapat bekerja sesuai dengan perencanaan
4.3.2 Peralatan yang Digunakan

1. Motor DC

2. Mikrokontroller AT89S52

3. Multimeter digital

4. Power Supply driver Motor DC

5. Power Supply Motor DC
4.3.3 Langkah-Langkah Pengujian

1. Alat dirangkai seperti dalam Gambar 4.3 dan memberikan logika driver Motor.

2. Mengukur nilai tegangan keluaran pada Motor.
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3. Memberikan logika pada port driver Motor.

4. Mengukur kembali nilai tegangan keluaran pada Motor.

5. Memberikan logika tinggi pada rangkaian NIAIK/TURUN driver Motor.
6. Mengukur polaritas tegangan keluaran pada Motor dan melihat arah

Motor DC.
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Gambar 4.3 Pengujian Rangkaian Driver Motor DC

putar
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4.3.4 Hasil dan Analisis Pengujian

Tabel 4.3 Hasil Pengujian Rangkaian Driver Motor DC

Masukan Logika pd Driver Polaritas
N Motor BE V out pada i d Arah Putaran
omor otor e
Motor DC ganganp Motor

ON/OFF Atas/Bawah Motor DC

1 LOW (0) LOW (0) 0 Volt - -

2 HIGH (1) LOW (0) 12 Volt Positif Ke Atas
HIGH (1) HIGH (1) 12 Volt Negatif Ke Bawah

4.4 Pengujian Rangkaian Tampilan LCD

4.4.1 Tujuan

Untuk mengetahui kemampuan rangkaian tampilan yang sudah dibuat apakah

dapat mendukung sistem yang direncanakan untuk menampilkan data pada LCD.

4.4.2 Peralatan yang Digunakan

1. Power Supply 5 Volt

2. Sistem Mikrokontroler dan LCD M1632

4.4.3 Prosedur Pengujian

1. Menyusun rangkaian seperti dalam Gambar 4.4

2. Menjalankan program untuk menampilkan tulisan “Identitas Alat”

3. Mengamati keluaran pada LCD.

r

Sistem

{ Mikrokontroler

Gambar 4.4 Diagram Blok Pengujian Rangkaian Tampilan
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4.4.4 Hasil dan Analisa Pengujian

Dari hasil Pengujian dapat dilihat bahwa rangkaian tampilan dapat bekerja
dengan baik.

4.5 Pengujian Rangkaian Input Keypad

4.5.1 Tujuan
Untuk menguji apakah tombol keypad dapat bekerja sebagai inputan,dan

mensimulasikan tombol yang ditekan melalui suara buzzer pada multimeter digital.
4.5.2 Peralatan yang digunakan
1. Keypad

2. Multimeter

4.5.3 Pelaksanaan Pengujian

1. Alat — alat dirangkai seperti dalam gambar 4.4

2. Menekan tombol — tombol pada keypad dan mengamati serta mencatat keluaran
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3. Memberikan kombinasi masukan dengan menekan tombol —tombol keypad
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Gambar 4.5 Pengujian Keypad

4. Memberikan kombinasi masukan dengan menekan tombol — tombol keypad

4.5.4. Hasil Pengujian

Tabel 4.4 Hasil Pengujian Keypad

TOMBOL BARIS KOLOM

1 2 3 4 1 2 3 4
1 1 0 0 0 1 0 0 0
2 1 0 0 0 0 1 0 0
3 1 0 0 0 0 0 1 0
A 1 0 0 0 0 0 0 1
4 0 1 0 0 1 0 0 0
5 0 1 0 0 0 1 0 0
6 0 1 0 0 0 0 1 0
B 0 1 0 0 0 0 0 |
7 0 0 1 0 1 0 0 0




8 0 0 1 0 0 1 0 0
9 0 0 1 0 0 0 1 0
C 0 0 1 0 0 0 0 1
# 0 0 0 1 1 0 0 0
0 0 0 0 1 0 1 0 0
* 0 0 0 1 0 0 1 0
D 0 0 0 1 0 0 0 1

*Keterangan : Cara membaca tabel diatas adalah jika antara baris dan kolom
terhubung (1) maka akan membentuk matrik baris dan kolom sesuai

penekanan tombol keypad.

Gambar 4.6 Pengecekan Jalu ey ngan Multimeter.
4.5.5 Analisa Hasil Pengujian
Dari rangkaian pengujian didapatkan bahwa untuk membentuk satu karakter
penekanan keypad maka baris dan kolom harus terhubung. Sebagai contoh : jika angka 1
ditekan kemudian mengeceknya menggunakan multimeter pada baris 1 dan kolom 1
maka akan terdengar suara buzzer pada multimeter,begitu seterusnya pada penekanan

keypad yang lain sesuai tabel



4.6. Pengujian IC Penyimpan Suara ISD 2590
4.6.1. Tujuan
Tujuan dari pengujian IC ini adalah untuk mengetahui apakah ISD2590 dapat
melakukan perekaman suara dengan baik atau tidak.
4.6.2. Langkah Percobaan

1. Menghubungkan peralatan sesuai dengan blok diagram berikut :

%Q — s
B

= SRES

TR

=—1=>

ACIRITBESETE

Gambar 4.7 Diagram Blok Pengujian 1ISD2590
2. Pin A0 — A7 di beri logika alamat pesan yang diinginkan..
3. Mengaktifkan Power Up Chip and select record/playback mode dengan
memberikan kondisi “/ow” pada pin PD.
4. Memulai perekaman dengan memberikan kondisi “/ow” pada pin P/ R dan CE .
5. Mengakiri sebuah perekaman dengan memberikan kondisi “high” pada pin CE
atau PD.
6. Memulai pemutaran hasil perekaman dengan memberikan kondisi “kigh” pada
pin P/ R dan pulsa “low” pada pinCE .
4.6.3. Hasil Pengujian
Dari hasil proses perekaman suara melalui mic codensor yang telah dilakukan

sebelumnya, dihasilkan suara dari speaker dengan kualitas suara mendekati sebenarnya.
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4.7  Pengujian Keseluruhan
4.7.1 Pengujian Set Poin, Kecepataan dan Arah Angin

Table 4.5 Hasil pengujian perbandingan, Set Poin,Kecepatan dan Arah Angin

Arah

Kecepatan

Set point

Motor

Traffic led

ISD

Utata

5 km/jam

8 km/jam

Naik

Hijau

Off

6 km/jam

7 km/jam

8 km/jam

Barat Laaut

5 km/jam

6 km/jam

7 km/jam

8 km/jam

8 km/jam

Naik

Hijau

Off

Barat

5 km/jam

8 km/jam

Naik

Hijau

off

6 km/jam

7 km/jam

8 km/jam

Turun

Merah

Batar daya

5 km/jam

Naik

Hijau

6 km/jam

7 km/jam

8 km/jam

Selatan

5 km/jam

6 km/jam

7 km/jam
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8 km/jam

Tenggara

5 km/jam

8 km/jam

Naik

Hijau

Ooff

6 kim/jam

7 km/jam

8 km/jam

Timur

5 km/jam

6 km/jam

7 km/jam

8 km/jam

Turun

On

Timur Latut

5 km/jam

8 kim/jam

Naik

Off

6 km/jam

7 km/jam

8 km/jam

Naik

Off

8 km/jam

Dari hasil pengujian dapat diketahui bahwa tanda bahaya akan memberitahukan

setelah diketahui kecepatan angin > 8 km/jam dan arah angin berhembus dari arah

samping (Ttimur dan Barat pada set point)
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Gambar 4.8 Alat dan Portal
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BABYV

PENUTUP

5.1. Kesimpulan

Dari hasil perancanagan dan pembuatan sistem peringatan dini terhadap bahaya

kecepatan angin dan pendeteksi arah angin pada jembatan suramadu berbasiskan

mikrokontroller AT89S8252 ini dapat diambil kesimpulan antara lain:

1.

Keakurasian pengukuran arah angin di pengaruhi oleh pemasangan kincir
angin dengan memperhatikan kode piringan arah angin tepat menunjukan
utara sebagai acuan pertama.

Piringan untuk sensor arah angin dibagi dalam 32 segmen (16 sisi gelap, 16
sisi terang). Sehingga memiliki beda sudut 11,25°. Semakin kecil beda
sudutnya, data yang dihasilkanakan lebih akurat.

Pada pengujian sensor arah angin jika ada halangan maka dihasilkan tegangan
4,44 Volt yang berlogika high, dan jika tidak ada halangan dihasilkan
tegangan 075,6 uV yang berlogika low

Pada pengujian sensor kecepatan jika ada halangan maka dihasilkan tegangan
4,2 Volt yang berlogika high, dan jika tidak ada halangan dihasilkan tegangan

130,6 nV yang berlogika low.
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5.2. Saran
- Meskipun hasil pengujian dan analisis sudah menyampai keadaan yang
diharapkan namun masih banyak perbaiakan atau pengembangan yang dapat

dilakukan untuk lebih meningkatkan lagi performasi alat.

- Bahan yang digunakan untuk angin diharapkan dari bahan yang ringan tapi kuat.

Agar kecepatan angin keccilpun dapat terdeteksi. Dan apabila ada angin yang

kecepatannya besar, kincir angin dapat menahan tidak goyang dan rusak
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A TING PROGRAN



LISTING PROGRAM

org 0Oh
limp init
org 23h
cr ES
jnb RIS
cr RI
mov  A,SBUF
mov  R7,A
setb ES
reti
Hibt BitP2.2 ; ISD address High
ISTR BitP2.3 ; ISD start
Lobt BitP2.4 ; ISD address Low
ISPR Bit P2.5 ; ISD play/record
Rest Bit P2.6 ; RSLCD
Enbl Bit P2.7 ; ENLCD
Slet BitP3.2 ; select RS485
Prit BitP3.3 ; portal tutup
Prbk BitP3.4 ; portal buka
Ledm BitP3.5 ; led merah
Ledk BitP3.6 ; led kuning
Ledh BitP3.7 ; led hijau

Stsn Bit 20h.0 ; status sensor



Stbe
Dkp0
Dkp1
Dkp2
Buf0
Bufl
Buf2
Dtlo
Dthi
Bicr
Dta0
Dtal
Dta2
Dta3
DtsO
Dtsl

Dts2

Dhid
Tmot
Char
Darh
Darc
Dkec

Stpn

Bit 20h.1
Equ 3Ch
Equ 31h
Equ 32h
Equ 33h
Equ 34h
Equ 35h

Equ 36h

Equ37h

Equ 38h
Equ 39h
Equ 3Ah
Equ 3Bh
Equ 3Ch
Equ 3Dh
Equ 3Eh
Equ 3Fh
Equ 40h
Equ 41h
Equ42h
Equ 43h
Equ 44h
Equ 45h
Equ 46h

Equ47h

; status bicara
; register data input keypad 0
; register data input keypad 1
; register data input keypad 2
; register data buffer 0
; register data buffer 1
; register data buffer 1
; register data address lo
; register data address hi
; register lama bicara
; data adc O
; dataadc1
; data adc 2
; dataadc3
; data suhu O
;datasuhul
; data suhu 2

; datasuhu 3



init:

.
’

Dly0 Equ 60h
Dlyl Equ61lh
Dly2 Equ62h

Dly3 Equé63h

acall led_in
acall srl_in
clr Ledh
cir  Stsn
clr  Stbc

mov  Stpn,#5

mulai: mov DPTR,#nama

Icall linel

mov Char,#16
Icall tulis

mov DPTR,#nim
lcall fine2

mov Char,#16
icall tulis

Icall delay2
mov DPTR,#jurs
lcall linel

mov Char,#16



Icall tulis
mov DPTR,#univ
Icall line2

mov Char,#16

Icall tulis
Icall delay2
simp mulai

stgpnt: mov  DPTR,#tpstpn
acall linel
mov  Char,#16
acall tulis
mov  DPTR,#tpkcpt
acall line2
mov Char,#16
acall tulis
acall tg_lps
mov DPTR,#angka
stpnt0: mov  PO,#0CAh
acall w_ins
mov  AStpn
acall nil
mov PO,#0DCh
acall w_ins

acall tg_lps



stpntl: acall scnkpd
cjne RO,#10,stpnt2
sjmp stpntl

stpnt2: cjne RO,#11,stpnt3
mov  SP,#07h
limp mulai

stpnt3: cjne RO,#12,stpnt4
simp stpntl

stpnt4: cjne  RO,#13,stpnt5
sjmp isiisd

stpnt5: cjne RO,#14,stpnt6
sjmp stpntl

stpnt6: cjne RO,#15,stpnt7
sjmp stpntl

stpnt7: cjne RO,#16,stpnt8
sjimp stpntl

stpnt8: mov  PO,#0CAh
acall w_ins
mov BufQ,RO
mov A,RO
acall wr_chr
acall tg_lps
acall tg_tkn
mov  Bufi,RO

mov A,RO



acall
acall
mov
mov
mul

mov
add

mov
limp

.
’

wr_chr
teg_lps
A,Bufd
B,#10
AB
B,Bufl
AB
Stpﬁ,A

stpnt0

isiisd: acall lcdclr

mov

isisd0: cjne  R1,#1,isisd1
mov  DPTR ditpdgsr
isisdl: cjne R1,#2,isisd2

mov  DPTR,#tprcsr

R1,#1

isisd2: acall linel

mov Char,#16

acall tulis

acall tg_lps

isisd3: acall scnkpd

cjne RO,#15,isisd5

dec

cjne R1,#0,isisd4

mov

R1

R1,#1

A\
)

; | pembulatan
i

i/

; simpan



isisd4: ljmp isisd0

isisd5: cjne  RO,#16,isisd7
inc R1
cjne R1,#3,isisd6
mov R1,#2

isisd6: ljmp isisd0

isisd7: cjne RO,#11,isisd8
mov SP,#07h
ljimp mulai

isisd8: cjne RO,#12,isisd3

isisd9: cjne R1,#1,isisdA
ljmp plyisd

isisdA: cjne R1,#2,isisd9
ljmp recisd

plyisd: mov  DPTR,#tpaddr
acall line2
mov Char,#11
acall tulis
mov DPTR,#angka
acall tg_tkn
mov  DkpO,RO
mov A,RO
acall wr_chr

acall tg_lps



acall
mov
mov
acall
acall
acall
mov
mov
acall

acall

tg_tkn
Dkp1,RO
A,RO
wr_chr
tg_lps
tg_tkn
Dkp2,R0
A,RO
wr_chr

tg_lps

plisd0: mov DPTR,#tpdgsr

acall
mov
acall
mov
acall
mov
acall
mov
mov
acall
mov
acall
mov

acall

linel
Char,#16
tulis
DPTR,#tpaddr
line2
Char,#11
tulis
DPTR, #angka
A,Dkp0
wr_chr
A,Dkp1
wr_chr
A,Dkp2

wr_chr



mov A#10

acall wr_chr

mov  A#10

acall wr_chr
plisd1: acall scnkpd

cjne RO, #11,plisd2

mov SP,#07h

limp mulai
plisd2: cjne RO,#12,plisd1

acall lcdcir

mov DPTR,#tpplyg

acall linel

mov Char,#16

acall tulis
acall datadd
mov A,Dthi

plisd3: cjne A,#0,plisd4
cir Lobt
clr  Hibt

plisd4: cjne A, #1,plisd5
setb Lobt
clr  Hibt

plisdS: cjne A, #2,plisd6
clr Lobt

setb Hibt

; reset RAM

; switch data to address (dec to hex)



plisdé: mov PO,Dtlo

acall delay0
acall delay0
cr IStr

acall tg_lps
setb IStr

acall tg_lps
limp plisd0

recisd: mov DPTR,#tprcsr
acall linel
mov Char,#16
acall tulis
mov  DPTR #tpaddr
acall line2
mov Char,#11
acall tulis
mov DPTR,#angka
acall tg_tkn
mov  DkpO,RO
mov A,RO
acall wr_chr
acall tg_lps
acall tg_tkn

mov Dkp1,RO



mov
acall
acall
acall
mov
mov
acall

acall

A,RO
wr_chr
tg_lps
tg_tkn

Dkp2,R0

A,RO
wr_chr

tg_lps

rcisd0: mov  DPTR, #tpresr

acall

mov

acall

mov

acall

mov

acall

mov

mov

acall

mov

acall

mov

acall

mov

acall

linel

Char,#16
tulis

DPTR #tpaddr
line2

Char,#11
tulis

DPTR, #angka

A,DkpO
wr_chr

A,Dkp1
wr_chr

A,Dkp2
wr_chr

A#10

wr_chr



mov A,#10

acall wr_chr
rcisdl: acall scnkpd

cjne RO,#11,rcisd2

mov SP,#07h

ljimp mulai

rcisd2: cjne RO,#12,rcisd1

acall lcdclr

mov  DPTR,#tprcdg

acall linel

mov Char,#16

acall tulis
acall datadd
mov  A,Dthi

rcisd3: cjne A, #0,rcisd4
clr Lobt
clr  Hibt

rcisd4: cjine A #1,rcisdS
setb Lobt
cir Hibt

rcisdS: cjne A, #2,rcisd6
cr Lobt
setb Hibt

rcisd6: mov  PO,Dtlo

; reset RAM

; switch data to address (dec to hex)



acall delayo

acall delay0

clr ISPR

clr IStr

acall tg_lps

setb I1Str

setb ISPR

acall tg_lps

limp rcisd0
datadd: mov  Buf0,DkpO

mov A,Dkpl

mov B,#10

mul AB

mov  B,Dkp2

add AB

mov Bufl,A

mov  Dtlo,#0

mov Dthi,#0

mov A,Buf0

cjne A,#0,datadl

ljimp datad3
datadl: mov R7,#100
datad2: acall cntadr

dinz R7,datad2

; simpan data input keypad 0 -> Buf0
A\
; | data input keypad 1 dikali 10
; | ditambah dengan
; | data input keypad 2
; | hasil simpan -> Bufl
i/
; reset counter lo addr
; reset counter hi addr
A\
; | cek Buf0=07?
; | tidak -> panggil subroutine cntadr
; | sebanyak 100 kali
; | ulang sebanyak Buf0
i/



dinz Buf0,datadl
datad3: mov A,Bufl
cine A,#0,datad4
limp datad5
datad4: acall cntadr
djnz Bufl,datad4
datads5: ret
cntadr:inc  Dtlo
mov A,Dtlo
cjne A,#0,cntadd
inc  Dthi
cntadd: ret

kalbrs: Icall lcdclr

mov  DPTR,#tpkcpt

Icall line2
mov Char,#16
Icall tulis
kibrsO: Icall bc_arh
Icall linel
mov Char,#16

Icall tulis

mov DPTR,#angka

mov  PO,#0CAh

N\

; | cekBufl=07?

; | tidak -> panggil subroutine cntadr

; | sebanyak Buf1
; | return

i

A\
; | tambah Dtlo
; lcekDtlo=07?

; | tambah Dthi

i



Icall w_ins

Icall bc_kec
mov  A,Dkec
Icall nilai

mov  PO,#0D0h
Icall w_ins
Icall proses
Icall bicara
mov Dly3,#1
Icall delay3
lcall scnkpd

cjne RO,#11,klbrsO

mov SP,#07h
limp mulai

proses: mov A,Darh

cine A,#02,prsesO

limp prsesl

prsesO: cjne A,#06,prses2

prsesl: mov A,Dkec
mov B,Stpn
div AB

jz  prses2

; analisa bahaya

; analisa bicara



jb  Stsn,prses3

setb Stsn

clr Ledm

setb Ledh

lcall prtttp

limp prses3
prses2: jnb  Stsn,prses3

clr  Stsn

setb Ledm

cir Ledh

Icall prtbka
prses3: ret
bicara: jnb  Stsn,bicr00

Icall berbhy

setb Stbc

limp bicrol
bicr00: jnb  Stbc,bicrO1

clr  Stbc

lcall bcramn

icall bcramn

Icall bcramn
bicr01: ret

berbhy: cir  Hibt

; address G0



.
?

cir Lobt
mov  PO,#00
clr ISTR

mov Dly3,#60
Icall delay3
setb ISTR
mov Dly3,#1
Icall delay3

ret

bcramn: clr  Hibt

.
’

bc_arh: mov  A,#100

clr Lobt
mov  PO,#100
clr ISTR
mov Dly3,#60
Icall delay3
setb ISTR
mov Dly3,#1
Icall delay3
ret

Icalt kr_sri
Icall tg_cmd

mov B,#4

; address 100



div AB
mov Darh,A
bcarhO: cjne  A,#00,bcarhl
mov DPTR,#tparh0
bcarhl: cjne A,#01,bcarh2
mov DPTR,#tparhl
bcarh2: cjne A,#02,bcarh3
mov DPTR,#tparh2
bcarh3: cjne A, #03,bcarh4
mov DPTR,#tparh3
bcarh4: cjne  A,#04,bcarhs
mov DPTR,#tparh4
bcarh5: cjne  A,#05,bcarh6
mov DPTR,#tparh5
bcarh6: cjne  A,#06,bcarh7
mov DPTR,#tparh6
bcarh7: cjne A,#07,bcarh8
mov  DPTR,#tparh7
bcarh8: ret
bc_kec: mov  A,#101
lcall kr_srl
lcall tg_cmd
mov Dkec,A

ret



srl_in: acall delayl
mov TMOD,#20h
mov TH1,#0F3h
mov  SCON,#50h
setb TR1
setb ES
setb EA
cr  Slet
ret
kr_srl: setb  Slct
Icall delay0
cr ES
mov SBUF,A
jnb TS
cr TI
setb ES
clr  Slet
ret
tg_cmd: lcall rstemd
tgcmdoO: cjne R7#0FFh,tgemdl
limp tgemdO

tgcmdil: ret



'

rstemd: mov  R7,#0FFh
ret

’

nilai: mov B,#100

div AB
acall wr_chr
mov A,B

nil: mov B,#10
div AB
acall wr_chr
mov AB
acall wr_chr
ret
prtbka: cIr  Prbk ; portal buka
setb Prtt
mov  Dly3,#5
lcall delay3
sethb. Prbk
setb Prtt
ret
prtttp: setb Prbk ; portal tutup

cr Prtt



mov Dly3,#6
Icall delay3
setb Prbk
setb Prtt
ret

;

linel: mov PO,#080h
acall w_ins
ret

;

line2: mov PO#0COh
acall w_ins
ret

tulis: cir A
acall wr_chr
inc DPTR
djnz Char,tulis
ret

;

wr_chr: movc A,@A+DPTR
mov POA
acall w_chr

ret



w_ins: cir  Enbl
clr Rest
setb Enbl
clr  Enbl
acall delay0
ret

w_chr: cir Enbl
setb Rest
setb Enbl
cir  Enbl
acall delay0
ret

led_in: acall delayl

mov PO, #01h ; Display Clear

acall w_ins

mov  PQ,#38h ; Function Set

acall w_ins

mov PO, #0Dh ; Display On, Cursor, Blink
acall w_ins

mov  PO,#06h ; Entry Mode

acall w_ins

mov PO,#02h ; Cursor Home

acall w_ins



ret

lcdcir: mov  PO,#01h
acall w_ins
acall delay0
acall delay0
ret

scnkpd: mov  RO,#10
acall delay0

coll: mov P1,#11111110b
mov APl

clbl: cjne A,#11101110b,c1b2
mov RO,#1

clb2: cjne A,#11011110b,c1b3
mov RO,#2

clb3: cjne A,#10111110b,c1b4
mov RO#3

clb4: cjne A,#01111110b,col2
mov  RO,#13

col2: mov P1,#11111101b
mov A,P1

c2bl: cjne A,#11101101b,c2b2

mov  RO,#4

; Display Clear



c2b2: cjne A,#11011101b,c2b3
mov  RO#5

c2b3: cjne A,#10111101b,c2b4
mov RO #6

c2b4: cjne A,#91111101b,col3
mov RO,#14

col3: mov P1,#11111011b
mov APl

c3bl: cjne A,#11101011b,c3b2
mov RO#7

c3b2: cjne A,#11011011b,c3b3
mov  RO,#8

c3b3: cjne A,#10111011b,c3b4
mov RO,#9

c3b4: cjne A,#01111011b,col4
mov RO,#15

col4: mov P1,#11110111b
mov APl

c4bl: cjne A,#11100111b,c4b2
mov RO,#11

c4b2: cjne A,#11010111b,c4b3
mov RO,#0

c4b3: cjne A,#10110111b,c4b4



mov RO,#12

c4b4: cjne A,#01110111b,back

mov RO,#16

back: ret

tg_tkn: acall scnkpd

tg_tkO0: cjne RO,#16,tg_tkl
ljmp tg_tkn

tg_tkl:cjne RO,#15,tg_tk2
ljimp tg_tkn

tg_tk2: cjne RO,#14,tg_tk3
limp tg_tkn

tg_tk3: cjne RO,#13,tg_tk4
limp tg_tkn

tg_tkd: cjne RO,#12,tg_tk5
limp tg_tkn

tg_tkS: cjne RO,#11,tg_tké
limp tg_tkn

tg_tk6: cjne RO,#10,tg_tk7
limp tg_tkn

tg_tk7: ret

tg_lIps: acall scnkpd
cjne RO, #10,tg_lps

ret



delay0: djnz  Dly0,delay0
ret
delayl: acall scnkpd
djnz Diyl,delayl
ret
delay2: mov Dly2,#15
dely20: acall delayl
cjne RO, #13,dely21
ljimp stgpnt
dely21: cjne RO,#14,dely22
limp kalbrs
dely22: djnz Dly2,dely20
ret
delay3: acall delay0
djnz Dlyl,delay3
djnz Dly3,delay3
ret
nama: DB ' Chendra °
nim: DB 'NIM:03.17.098°'

jurs: DB *Teknik Elektro'



univ: DB ' ITN Malang '
tpstpn: DB ' Seting Point
tpkcpt: DB ‘Kecepatan Kmh'
tpdgsr: DB ' Dengar Suara ?’
tprcsr: DB ' Rekam Suara ? '
tpplyg: DB ' Playing.... '
tprcdg: DB ' Recording.... '
tpaddr: DB ' Address: '
tparh0: DB ‘Arah: Utara '
tparhl: DB  'Arah: Barat Laut'
tparh2: DB 'Arah: Barat '
tparh3: DB 'Arah: Barat Daya'
tparh4: DB ' Arah: Selatan'
tparh5: DB ' Arah : Tenggara'
tparh6: DB ' Arah: Timur '
tparh7: DB ‘Arah: Timur Laut'

angka: DB ‘0123456789 '

end
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3 is an 8-bit open drain bbi-didirectional 1/O pori. As an
it port, each pin can sink eight TTL inputs. When 1s
vritten to port O pins, the pins can be used as high-

T
Hanuec nIpuLD.

0 can also be configured to be the multiplexed low-
r address/data bus during accesses to external

program and dat

pullups.

Port 0 also receives the code bytes during Flash program-
ming and ouipuls the ¢code bytes during program
verification. External pullups are required during program
verification.

2 memory. In this mede, PQ has internal

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
Tha Part 1 ~u |t'n| it huffare ran cink/eniirro fanr TTI inpl ite
Whein 1s aie wiilten to Port 1 pins, they are pulied high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current {1, ) because of the internal pullups.



AT8558252

ok Diagram
P00 - PO.7 P20 - P27
14444424 aaaasaan
.................................. L--L-J--J--L--h--,--J------ ecestvaboslsadecsdccbochescssccccnccscsscnsonsvovsones
Voo | TYVYYYYY VYV YYYYY :
; PORT 0 DRIVERS PORT 2 DRIVERS !
GND : a a L) a .
: l ! i
= | I T | I VUSRI e 1 i '
; IFFPROM | i "REGISTER RAM l YSiaTh I | Twar i | FLASH W——m
: J L |
T T |
: | | | | ) ’
A - : k4 k4 v v
: A T T :
; - - A
: > : ! : > -
. B STACK PROGRAM
; REGISTER ACC POINTER o=
E T
. ! | ] ! |
3 v v v 5
' ,
E ] « BUFFER :
: ! o | ; —_ :
% A N
: M i ]
: ’i ALU r ! I INCREMENTER
; ‘ INTERRUPT, SERIAL PORT, 5
. ' AND TIMER RI NWVKQ .
: - ] J ! Voo
: A T PROGRAM
: PSW l COUNTER
! a ! ! b
PSEN €——] I | | f
ALEPROG 4—— TMING  |insTRUCTION :
—_ ' S M‘.‘.,E,.. REGISTER y x v *A vy »| DPIR
i oepp . | ' ! 1 [}
RST —l—»[ l | ' ¢
! I WATCH | I AT 3 I porT 1 || s L A erocraw | :
N I [N t] I | taen g I LAICH | I P ~ 'I LOCIC !
N ’ T—f ] }
‘ 1 ! T
h 4 Y

' POHTS'DRIVERSIQ—}
T l B EXEEXE X X XXX K

_f._'i;i_i VVVVVVVVY
‘[ T P30 - P37
A———

AlIMEL

PORT 1 DRIVERS

YYVYYY Y
P10 - P17



AIMEL

e Port 1 pins provide additionai functions, P1.0 and
can be configured to be the timer/counter 2 external
t input (P1.0/T2) and the timer/counter 2 trigger input
FYZER}, respecuvety.

Description
iermore, P14, P15, P18, and P17 can be configured
ie SPI slave port select, data input/output and shift
. input/output pins as shown in the following table.

t Pin Alternate Functions

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

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

55 {Slave port seiect input)

--

) MOSI (Master data output, slave data input pin
for SPI channel)

5 MISO (Master data input, slave data output pin
for SPI channel)

N e LA L N I T o T L O T T
VWVIN LIVIAJLTE LIVUN UULPUL, JIAYT UIVUN UL (2100

for SP1 channel)

1 also receives the low-order address bvtes during
! programming and verification.

2

2 is an B-bit bi-directionai /O port with internal puilups.
2ort 2 output buffers can sink/source four TTL inputs.
1 1s are written to Port 2 pins, they are pulled high by
HEal PUILLS Ay Gall DB Ustu ad U, AS Ui,
2 pins that are externally being pulled low will source
nt (I,) because of the internal pullups.

O mmnibn bha hicmkh Avdac cddeana hida adhiivimm fatalnma
LS AT T Y T RS TR L R O R VLR VI TR TR T SR L TR 1

external program memory and during accesses to
nal data memory that use 16-bit addresses (MOVX @
3). In this application. Port 2 uses strong internal pul-
when emitting 1s, During accesses to external data

ory that use 8-bit addresses (MOVX @ RI), Port 2
 the contents of the P2 Special Function Register.

2 also receives the high-order address bits and some
ol signals during Flash programming and verification.

~
24

3 is an 8 bit bi-directional /0 port with internal pullups.
2ort 3 output buffers can sink/source four TTL inputs.

v 4o ara wiritan tn DAk 2 nine thau ara nadlad hinh hae
ee /O WHRST 2 TR S R, T O e NG oy

iternai puiiups and can be used as inpuis. As inputs,

Port 2 pins that are externally being pulied low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT88S8252, as shown in the following tabie.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD {serial output port)

P3.2 INTO (external interrupt 0)

ra.a o IRCTN] El;lrnai nerup 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST
Reset input. A high on this pin for two machine cycles while
Son mmaillabac fn memmic e cmmode e ddmeeine
ttelivievivrtviiiniyirrivitrtviivetetorieltpioliviotitiotoN
ALE/PROG

Addrace | aich Enshia ic an autnut nuilea far latching tha
iow byie ol liie address during accesses v exiernai inem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
puise 1s skipped guring each access to external gata
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR oAU OCM. VWith tiie DIl sei, ALE 5 aGiive oty dus-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no

affart if the minrarantmiller iq in avtarnal avaciitinn made

PSEN

Proaram Store Enable is the read strobe to external pro-
gram memory.

When the AT89S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

- neenes
v vrr

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-

AT8S55825, e —
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1 memory iocations starting at 0000H up to FFFFH,

IVORUVIIC S

, however, that if lock bit 1 is programmed, EA will be

¥TAL{
Input to the inverting oscillator amplifier and input to the

nally latched on reset.
ihould be sirapped {0 Vg for internal program execu-
5. This pin also receives the 12-volt programming
dle voltage (Vpp) during Flash programming when 12-

B P e NS g}
JIVHIQNIINNIY O CCITVICU.

e 1. AT8958252 SFR Map and Reset Values

internal clock operating circuit.

XTAL2

Output from the inverting oscillator amplifier.

BH OFFH

on | .2 . OF7H

BH OEFH

. ACC

A OETH

BH ODFH
PSW SPCR

OH 1 60000000 000001XX 0D7H

T20.0N T20A000N RC.AP2I RCAPOH T2 TH2

oH 0C7H
e

H | 00000 0BFH

- P3 o

e 11141141 Do
IE SPSR

H 1 0x000000 GOXXXXXX 0AFH

. P2 o

M1 44111111 OA/H

H sfc%?:',qcc Mfggfm 9FH
P1 WMCON

H 111111 00000010 97H

- 10U rviou [YRY] ) 1My 1.1 arn

** 1 00000000 00000000 | 0CCO0OCO | 00000CO | 000000CO |  0GO00000 8FH

H PO sP DPOL DPOH DPIL DP1H SPDR PCON | o

11111111 annnniig anonnann aannnnnn ananonnn ooonconn XXAXXXXX AXXxXannn




x$Cial Func
p of the on-chip memory area called the Special Func-

enicter (SFR) enare ic chown in Tahle 1.

that not all of the addresses are occupied, and unoc-
yd addresses may not be implemented on the chip.
| accesses to these addresses will in general return
ym data, and write accesses will have an indeterminate

t.

> software should not write 1s to these unlisted

22, T2CON—TI

AIMEL

tion Registers

locations, since they may be used in future products to in-
unlie naw foaturac In that cace, tha racol or inactive valuoe
of the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
reaisters T2CON (shown in Table 2) and T2MOD (shown in
Table @) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16 bit cap-
ture mode or 16-bit auto-reload mode.

imar/Counter 2 C
mereouniera e

ontrol Register

ON Address = 6C8H

Reset Value = 0000 0000B

e “
WU oddavic

TF2

EXF2

RCLK

TCLK

EXEN2

cfrz

CP/RLZ

7

0

ibol

| Function

'

2

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either

oyl e Y4 -
LML — 1 U1 LN - g,

Tnmer 2 external flag set when either a capture or reload is caused by a negative transmon on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be

nAlaarad e aafhonra TVED Anne nat aniinna an intarrint in nnfldnum aanimtae mada (INCECN - 1)
S By T NarC, o s ST N Tl T AN ool L QR/Covmn eounlor mece == .ee

Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for the receive clock.

1ransmi CIOCK enapie. vvnen set, CaUSes Ine senai Port 10 USe | Imer Z Overrow PuiSes 10T 11S Tansmit CI0CK in senal port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

N2

Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX if

I I|ll°l L |a IIU| W" " uwu I.U \'I\J\-l‘\ I.I 19 DS lﬂl U l I-I\I_I\‘ Ll \.I LaudTd I nie 4 lU ls! I ovol llb al e,

Start/Stop control for Timer 2. TR2 = 1 starts the timer.

Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

AH | 'V
&l

Capture/Reioad select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RLZ =0
causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.
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thdeg and Memery Control Register The WMCON
ster contains control bits for the Watchdog Timer
vn in Table 3). The EEMEN and EEMWE bits are used

2 3. WMCON—Watchdog and Memory Control Register

to select the 2K bytes cn-chip EEPROM, and tc enable
byte-write. The DPS bit selects one of two DPTR registers
available.

CON Address = 96H

Reset Value = 6000 0010B

PS2

PS1

PS0

EEMWE

EEMEN

DPS

WDTRST

WDTEN

7

1

0

bol

Function

Prescaler Bits for the Watchdog Timer. When all three bits are set to “0”, the watchdog timer has a nominal period of

T Y L L S e T I P T ] LI T Y Y S
TV T ¥VHITH QN BHTT VI AIT OGL WL ), LT HIVHTHNHICE MOV 1D &VTY 1110,

fWE EEPROM Data Memory Write Enable Bit. Set this bit to “1” before initiating byte write to on-chip EEPROM with the

MONY inntrintian | lanr anfhaunara ahacld anat thin kit ta S07 aftae CEDDNAM winita ia anmalatadd
Bt e e time et W . W tett o e wrra e B st se s W emsem s s s meie Ceiiem G el igenm e e

1IEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses extemnal data memory.

y vaia romter Hegisier Select. DO = U SeIeclis e Nrst pank or uara Fointer Hegisier, Dy, ana PHysS = 1 selects e

second bank, DP1

TRST

Watchdog Timer Reset and EEPROM Ready/Busy Flag Each time this bit is set to “1” by user software, a pulse is
’I'BS‘I' s IGIGIW l\l lUW! ll (1] Wdl\.al lu\l\.l lllllBl Ille vvu 1 I‘IO 1 uu lb |I 1°n autunlam.auv leact l\.l U lll Il < llcl\l ll l°ll U\AIUH \..vme.
The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write.
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
the RDY/BSY bit equals “0” and is automatically reset to “1” when programming is completed.

TEN

Watichdog Timer Enabie Bit. WOTEN = 1 enables ine waichdog iimer and WDTEN = 0 disables the waichdog timer. i

tegisters Control and status bits for the Serial Periph-
nterface are contained in registers SPCR (shown in
» 4) and SPSR (shown in Table 5). The SPI data bits
ontained in the SPDR register. Writing the SPI data

bnw diiwticmn anwial dada duamalas aata dhha WWLL. Nallaloaw
st WAL I QW I UL LU VI VWil WiV PRIV Ww i

ICOL, in the SPSR register. The SPDR is double buff-
for writing and the values in SPDR are not changed by
t.

rupt Registers The globai interrupt enable bit and the
idual interrupt enable bits are in the IE register. In
ion, the individua! interrupt enable bit for the SP! is in
PUH register. { wQ prioriues can pe set 1or eacn or mne
terrupt sources in the IP register.

Dual Data Pointer Registers To facilitate accessing both
internal EEPROM and external data memory, two banks of
16 bit Data Pointer Registers are provided: DPOQ at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS

Nl OO VARAANARM aalaata MNA cad NN 4 aalaada
VW T VT ITIWAWIY DWW W W U W W = ) Uwilwvew

DP1. The user should always initialize the DPS bit to the
appropriate value before accessing the respective Data
Pointer Reaister.

Bower Off Flag The Power Off Flag (POF) is iccated at
bit_4 (PCON.4) in the PCON SFR. POF is set to “1” during
power up. It can be set and reset under software control
ana s not arnecileq dy HESED.



2> 4. SPCR—S&PI Control Register

AIMEL

;R Address = D5H

Reset Value = 0000 01XXB

SPIE

SPE

DORD

MSTR

CPOL

CPHA

SPR1

SPRO

7

1

0

bol

Function

..... . o-
Ul l nncnuut l-‘lGUIU I‘llb Ull, Gll MUIIJUI I\al‘\.l!l Wil UG t.U lnllt Ill utv ll— |°3I°I.°l' GIIG-UIGO \Jl l IIN.QIIU’JW \Jl e - l anu l—U

= 1 enabie SPI interrupts. SFIE = U disables SPi interrupts.

SPI Enable. SPI = 1 enables the SPI channel and connects SS, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, and

D4 7 CDI — N dinahlan tha COI AhannAl
Ceede wr s T QOQIZZICT NS SR Chann.

Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.

Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.

| Clock Polarity. When CPOL = 1, SCKis high when idie. When CPOL = 3, SCK of the master device is low wh

transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.

&h Noi

Clock Phase. The CPHA bit toaether with the CPOL bit controls the clock and data relationshio betwaen master and
sltave. Please refer to tigure on SP! Clock Phase and Polarity Control,

SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have
no effect on the slave. The relationship between SCK and the oscillator frequency, Fagc, is as follows:

i SPR1SPRO SCK = £ . divided by
0 0 4
0 1 16

' 1 0 84
1 1 128

~e

-
2 D O"\)l'\ Ol‘l Oldlu3 ncglalcl

‘R Address = AAH

Reset Value = 00XX XXXXB

SPIF WCOL - - - - - -
7 6 5 4 3 2 1 0
ibol Function

: SPI Interrupt Flag When a serial transfer is oomplete the SPIF bit is set and an intertupt is ganerated if SPIE=1 and

—r 4 . Lo~ e IR Y TP v .
| et = 1. 111G W n vll. lo uccucu uy luauntg u-c \Jl l Saus louloxun "uu uu U oanu veusL ullo oul cnu nlﬂll awwcnnu

the SPI data register.
JL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer,

tha racult af raadina tha QDF\D mrnntnr mon hn -nnr\nt\ﬁ and -unhnﬂ ta it hne an nffnst Tha \Alf‘f\l hit I'\nﬂ thne QDIC
- I

Lil) are cleared by reading the SF! siatus leglaiel wili SPIF and WCOL sel, and ihen accessing the oP- dala register. i

+ 6. SPDR —~ SPI Data Register

'R Address = 86H Resel Value = unciianyed
STdbJ¢ sPUE sPUS SrL4 s sHU2 st SrUY
7 6 5 4 3 2 1 0

AT83558252 meesssss———————————
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:a Memory — EEPROM and RAM
AT8958252 implements 2K bytes of on-chip EEPROM
\ata ctorage and 288 bytos of BAM, The uppor 122
5 of RAM occupy a paraliel space to the Speciai Func-
Registers. That means the upper 128 bytes have the
2 addresses as the SFR space but are physically sepa-
from SFR space.

n an instruction accesses an internal location above
ess 7FH, the address mode used in the instruction
ities whether the CPU accesses the upper 128 bytes
AM or the SFR space. Instructions that use direct
essing access SFR space.

axampie, e pHowIng airect aguressmy Nstrucuon
sses the SFR at location 0AOH (which is P2).

IOV 0AOH, #data

u\hnna that ven onrlwnnb nr‘r‘rnepnnn aoooce tha vinnar
c— <L Agarestt

v i -

byies of RAM. For example, the foilowing indireci
assing instruction, where RO contains 0AOH, accesses
jata byte at address OAOQH, rather than P2 (whose
385 is OAQH).

OV @RO, fdata

» that stack operations are examples of indirect
2SS0y, SO e upper 120 Dyies Ui ddaig RAM are avaii-
as stack space.

on-chip EEPROM data memory is selected by setting

A AFTAL Lt Ale = VASRBINANAY wa Al el L
—_aviIk_ uu UG vy luglolcl TR R iviviYetex)

ion 86H. The EEPROM address range is from 000H to
1. The MOVX instructions are used to access the
ROM. To access off-chip data memorv with the MOVX
ictions, the EEMEN bit needs to be set to “0°,

~EMWE bit in the WMCON register needs to be set to
afore any byte location in the EEPROM can be written.
software should reset EEMWE bit to “0” if no further
OM write is required. EEPROM write cycles in the
| programming mode are self-timed and typically take
. T; s yluglcbai:::“ao:v: Wl;;ﬂ wan ;JG LAV} l;;UlB\J‘
ading the RDY/BSY bit (read-only) in SFR WMCON.
BSY = 0 means programming is still in progress and

BSY = 1 mt—\ane EEPROM write cvcle is comnleted
incther write cycle can be initiated.

dition, during EEPROM programming, an attempted
from the EEPROM will fetch the byte being written
he MSB complemented. Once the write cycie is com-
1, true data are valid at all bit locations.

grammable Watchdog Timer

yrogrammable Watchdog Timer (WDT) operates from
Aanandant nerillatnr The nracralar hite, PQN PQ1
’S2 in SFR WMCON are used te set the pericd of the
hdog Timer from 16 ms to 2048 ms. The available
periods are shown in the following table and the

actual timer pericds (at V,; = 8V} are within +30% of the
nominal.

The WDT is disabled by Power-on Reset and during
Power-down 1l is enabled by selling the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
;JE;' ly H:Dl:; wi ul;aab;cu', anrl ;Il;ﬂllld; RST PU;DC ;a 9!:' IBIQECUI

to reset the CPU.

Table 7. Watchdoq Timer Period Selection

WOT Prescaler Bits
PS2 PS1 PS0 Pericd (nominal)

] 0 i6ms

0 0 1 32ms

0 1 0 BAme

0 1 1 128 ms

1 0 o 256 ms

1 Y 1 §12ms

1 1 0 1024 ms

| i | i | i | 2546 s \

Timer 0 and 1

Timer 0 and Timer 1 in the AT8958252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52 and

AT89C55. For further information, see the October 1995
Microconirolier Dala Book, page 2-45, section iiiied,

“Timer/Counters.”

Timer2
Timer 2 is a 16 bit Timer/Counter that can operate as either

o timar nr an avent ecnuntar Tha h;no nf nnnrahr\n ic
selecied by bit C/72 in ihe SFR TZCON (Shown in Tabie 2

Timer 2 has three operating modes: capture, auto- reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CCON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
macnine cycle. SiNCe a machine cycie Consists of 12 0scil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

1 tie Cuunie IUNGHUN, T Teyisien is GIgmgnieu in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during SAP2 of prvary machina cvele When the samnles
show 2 high in one cycle and a low in the next cycie, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which

AIMEL 0
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ransition was detected. Since twe machine cycles (24
lator periods) are required to recognize a 1-to-0 transi-

the maximum count rate is 1/24 of the oscillator
Iency. 10 ensure nat a giver ievel is sampled dt ledst
-before it changes, the level should be held for at least
full machine cycle.

2 8, Timer 2 Operating Mcdes
LK+TCLK | CP/RL2 | TR2 | MODE

10-UH AUIU- EIUAEU

c

v

0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)
re 1. Timar 2 in Canture Made
0sc 12 —‘ .
C/Mm2 =0
\t\\ ~ | ~ /-’/r\ I
e
T R TR2

CONTROL ' OVERFLOW
» /

F | : [AYS 1\ 1 '
T2 PIN CAPTURE | |
| RCAP2HI RCAP2L |

Capture Mod

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0. Timer 2 is a 16 bit timer
or counter which upen overfiow sets bit TF2 in T2CON,
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a I-
I0-U ransition at exernat nput 1 Ze X alse causes tne cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
cancae hit EYED in TOCON tn ha cot Tha EYEI hit lite
TF2, can generaie an inlerrupl. The capture mode is illus-
trated in Figure 1.

N
! 'l, " e = !

THANSIHOUN ! !
! ! TIMER 2
DETECTOR - | INTERRUPT
7,\ :/'
TEX PIN [ }—— 4 oslie ¢ -I.l EXF2 ,I
b S o ]




s A T 6558252

o-reload (Up or Down Counter)

yr 2 can be programmed to count up or down when
‘aured in its 16 bit auto-reload mode. This feature is
ed by the DCEN (Down Counter Enabie) bit iccated in
SFR T2MOD (see Table 9). Upon reset, the DCEN bit
t to 0 so that timer 2 will default to count up. When
N IS S, 1Tiner £ can coum up or gown, gepenaing on
alue of the T2EX pin.

re 2 shows Tnmer 2 automatlcally countmg up when

a
v - \.I lll I.lllD lll\l\lc IWU \.IIJGI\JIID GIO aclcutcu IJV UII

N2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
=FH and then sets the TF2 bit upon overflow. The
low also causes the timer registers to be reloaded with
§ bit value in RCAP2H and RCAP2L. The values in
P2H and RCAP2L are preset by software. If EXEN2Z =
16 bit reload can be triggered either by an overflow or

by a 1-to-0 transition at external input T2EX. This transition
also sets the EXF2 bit. Both the TF2 and EXF2 bits can
generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls
the direction of the couni. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16 bit value in

[ala X Xa T K] [ lallalal
[RAS ] U Y-X | ﬂl C\.l [ RIS T oy = 5 I.U uc lQiUCUGU Il llV tl lG tlIlICl Icglo'

ters, TH2 and TL2, respectively.
A logic 0 at T2EX makes Timer 2 count down. The timer

wheon THZ and TL3 cqual the eniuce ciored in
RCAP2H and RCAP2L. The underfiow sets ihe TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
Tha FXF2 hit mgglng whanavar Timar 2 nverflaws ar
underiiows and can be used as a 17th bit of resoiution. in
this operating mode, EXF2 does not flag an interrupt.

sindavflAaiie
et ey

re 2z, THHE! 2 N AL Ry viode (DGEN = U)
0OSC =12 — _
_L cM2=0 —m—
TS ae 4 g | - ]
- o O * TH2 Tiz '—l
OVERFLOW
| conTROL A /\
a . 142 ) 74',/ \\ H’
] | o2 = RELOAD
T2 PIN TIMER 2
I T INTFRRHIDPT
! i RCAPzHi RCAP2L | |
< J. TF2
TRANSITION _l I
DEEGION 1 I:)_/\_»‘
T2EX PIN [J—— = u o/o l - —» EXF2 | -
! CONTROL
EXEN2
» 8, TOMQD  Timor 2 Modo Control Dogictar
‘OD Address = 0C9H Reset Value = XXXX XX00B
Bit Addressable
- - - - - - T20E DCEN
7 6 5 4 3 2 1 0
ibol Function
Not implemented, reserved for future use.
E ! Timer 2 Quiput Enabie bit,
When set, this bit allows Timer 2 to be configured as an up/down counter.

Al
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re 3. Timer 2 Aute Reload Mede (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
{ I |
{ OFFH | OFFH | b e |
i urres Jl I < | ! EXFZ
E Bt
|
T v :
,, % %
0SC —-l +12 N Y \| ovERFLOW |
G2 =0
~ ~ - / - ] : ) 1 1 1 ]
s Sals SoTH2 . T2 b2 1.4 A
H H T 1 RIS
]
| CONTROL A A \/“
s 1K / \\I ’/ \‘l ' v
o |crme = 1 TIMER 2
INTERRUPT
T2 PIN
] 1 )
| RCAP2H | ROAPZL | 4
COUNT
(UP COUNTING RELOAD VALUE) ?l%ECWON
| 0=DOWN

TArv e
ey 1y

re 4. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW

——— NUIE: OSC. FREQ. IS DIVIDED BY 2, NOT 12 N «—
.............. SMOD1
i { 1
; !

osc =2
//’ : (’I1I‘ neAu
~o—1}—0" o——»l TH2 | TL2 I_T_T_’\
: — R S AL
]

S . P P
| coNTROL | l ) CLOCK
T _ TR2 16—
—_ cm2 =1 ;

i
1 T
1

b ! i o R
T2 PIN | ] [ ] \
| HCAP2H| RCAP2L| ‘ e TOLK -
HANS!HON H ll I ¥ alas
<1
DETECTOR 1 i %

2EX PIN ] >! 4 !——1!—0“/5/() 7|4—>| FXF2 | > .I!MEE .?w
— AN : ]
I ]

' 1 AR TR It

t | — |

I | :
' CONTROL

EXEN2

AT8558252
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id Rate Generator

ir 2 is selected as the baud rate generator by setting
Y andior BCLK in T2COM (Table 2}, Moto that the
i raies for transmit and receive can be diiierent if Timer
ised for the receiver or transmitter and Timer 1 is used
ne other function Setting RCLK and/or TCLK puts

L.

baud rate generator mode is similar to the auto-reload
3. in that a rollover in TH2 causes the Timer 2 registers
» reloaded with the 16 bit value in registers RCAP2H
RCAP2L, which are preset by software.

DaUA rates In MoUes 1 ana g are geermineq Dy 1uner
verflow rate according to the following equation.

Timear 2 Overflow Rata
i

MES | din) 3 Daud NAies =

Timer can be configured for either timer or counter
ation. In most applications, it is configured for timer
ation (CP/T2 = 0). The timer operation is different for
r 2 when it is used as a baud rate generator. Normally,

NS NGNS SVaTy madhine Sydic it /12 the
ator frequency). As a baud rate generator, however, it
yments every state time (at 1/2 the oscillator fre-

cv). The baud rate formula is aiven below.

ides 1 and 3 _

Sauu R

_ Oscillator Frequency

dz x. {00200 — ' l'“ Argn !'\L H!"&L ||

e (RCAP2H, RCAP2L) is the content of RCAP2H and

PN taliaa aa & 40 L ccmalnnnd tntaman
T Smtm MLANVLI S AL WA S L LA S I S

r 2 as a baud rate generator is shown in Figure 4. This
3 is valid only if RCLK or TCLK = 1 in T2CON. Note

2 rallovar in TH? dnace nnt cat TF2 and will nnt nanaor.

[ g Y4 oo X}

n interrupl. Note loo, that if EXENZ is sei, a i-10-0
ition in T2EX will set EXF2 but will not cause a reload
(RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer

2is in use as a baud rate generator, T2EX can be used as

Aan + +. it T34
Rt t el nA werense tsnar 40 sewrt s sapeae

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from ar written ta Lindar thesa nanditinng the Timer is
incremented every state time, and the resulls of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
cverlap a reload and cause write and/or relcad errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

Programmable Clock Out

A 50% dutv cvcle clock can be proarammed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
tar 1/0 pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
Of 10 OUIPUT & bUY Quly CYCle CIOCK ranging Irom bl HZ 10 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
G2 (TZGGN. 1) 1usi Ue vicaiod and Uil T2OL (12miws. 1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscillator fre-

misanae Aand Hlha valanAd vinboa a‘ 'l' Hestold D Annbiien vAniniara
~

e v’ TATINe SE W f W IwLANe  ® Na — AR AR W ¢ gt

(RCAP2H, RCAP2L), as shown in the following equation.

Flank st Eramionms — Oscillator Frequency

T T Y 4x165536 - (RCAP2H.RCAP2LY)

in the clock-out mode, Timer 2 rollovers will not generate
ann ineupl. THIS DEHAVION 15 STl W wien 1o 2 i
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simuita-
nraiirlv Nate hawavar that tha hand-rata and alack-aut
frequencies cannct be determined independently from one
another since they both use RCAP2H and RCAP2L.

AIMEL 13
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'

TR2
ok 1
T RCAP2L { RCAP2H
i L] ] civ2 eir
Din l; ;] L - ] l ~a l
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T20E (T2MOD.1)
TRANSITION
¥ DETECTOR
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(T2EX) t ; : L 1 INTERRUPT
FXFN?2
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AT
UART in the AT89S8252 operates the same way as

JADT in tho ATQACEY ATQOCED and ATQQCEE Eor
er information, see the Ociober 1995 iiicrocontroiier
Book, page 2-49, section titled, “Serial Interface.”

ial Peripherai interface
serial peripheral interface (SPI) allows high-speed syn-

nous Udld "'ﬂlbltﬂ U'-‘lw';":.'!! !H'—' ALOMDDLDZ d!IU
>heral devices or between several AT89S8252
ces. The AT89S58252 SPI features include the

uinn

::-Dupiex 3-Wire Synchronous Data Transfer
ister or Slave Operation

P MUz Rit Erannancy (may )

B First or MSB First Data Transfer

ur Programmable Bit Rates

Q Of Iransmission merrupt rag

re 7. SPI Master-slave Interconnection

MID  MASTER

o W

* Wakeup from Idle Mode (Slave Mode Only)
Thp intarconnaction hatwaan mastar and slava C.Plls with
 is shown in the fvuvvvulg flgdfe The SCK pin is the
clock output in the master mode but is the clock input in the
slave mode. Writing to the SP| data register of the master
CPU starts the SP! clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SP! clock generator

AtAnn ~Athina (hh A'\f‘ f\‘ ifnnam nn an "hh IQDlC\ “ ho\“—-
cleey SCIONS “s

ine SPi interrupt enabie bit (SPlE) and the senal pon inter-
rupt enable bit (ES) are set, an interrupt is requested.

The Slave Salant innut. SS/P1 4 is aat Iaw tna selent an
individua! SP! device as a slave. When S55/P1.4 is set high,
the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are iour combinations of SCK phase and polarity
with respect to serial data, which are determined by control
bits CPHA and CPOL. The SPI data transfer formats are

snown m Figure 8 ang rigure o

* Write Collisicn Flag Protection

LB  hweo misol MSH Stave LsB
[— 8-BIT SHIFT REGISTER ‘~‘ ‘ 8-BIT SHIFT REGISTER
? i ¥
! B PMOSE MOSYE ' !
SPI ] SCK  SCKi
1[CLOCK GENERATOR! " iss 55
—VCC r
‘e 8 SPi transier Format with CPHA, =
SCK CYCLE # 1 2 3 4 5 6 7 8
(FOR REFERENCE)
SCK (CPOL:G'; _///'ﬂ\‘:_/,,;_\\ _/x/rﬁ\ :_///f_\\ » RN _//1—\\ _"'Al—\\ :_///:_\,":
SCK (CPOL=1) _\L {4 [ j\!4 [ [ _\J_/ —\L '
| [ ! | ! ! |
MOSH N mas NN, Yoo il.SB '\
SN b (o G
MISO 6 5 24 28 X 2 21 xisB < v o —

{FHUM SLAVE) !

SS (TO SLAVE) _\J ! | ! !

iefined but normally MSRB of characte

r just received

AIMEL
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re @, SPi Transfer Format with CPHA = 1
SCK CYCLE # 1 2 3
(FOR REFERENCE)
SCK (CPOL=0}

(FROM MASTER)

MISO
(FROM SLAVE)

SS (TO SLAVE)

defined but normaily L SB of previcusly transmitted chara

wrriinte

AT89S8252 has a total of six interrupt vectors: two
nal interrupts (INTO and INT1), three timer interrupts
are 0,1, and D) ond the corial nort intorrunt, Thoeo
upis are aii shown in Figure i0.

of these interrupt sources can be individually enabled
wablad by samng or nlr-\.aring a hit in Snacial Funation
ster IC. IC also contains a giobai disabie bit, LA, which
les all interrupts at once.

that Table 10 shows that bit position |E.6 is unimple-
ted. In the ATB9CE1, bit position {E B is also
slemented. User software should not write 1s to these
ositions, since they may be used in future AT89
r 2 interrupt is generated by the logical OR of bits TF2
=XF2 in register T2CON. Neither of these flags is

CW MY NQIUYWQIT WIIGH UIT OCI VIVE 1VUNIG 19 VOulWVICuU
| fact, the service routine may have to determine
1er it was TF2 or EXF2 that generated the interrupt,
nhat bit will have to be cleared in software.

rimer O and Timer i fiags, TFO and TF i, are sei ai
. of the cycle in which the timers overflow. The values
1en polled by the circuitry in the next cycle. However,
imer 2 flag, TF2, is set al S2P2 and is polled in the
-cycle in which the timer overflows.

Table 10. Interrupt Enable (IE) Register

| (vsB)LSB)

b ey | R L P

| R =
| EA —It:|2||:o|r:||||:1\||| [

m
>
o

Enable Bit = 1 enables the interrupt.

! CHauit Ol = U UIdaUIes (g o ic1iupt.

Symbol Position | Function
Disables all intervupts. if EA = 0, no interrupt
EA IE7 is acknowledged. If EA = 1, each interrupt
) source is individually enabled or disabled by
setting or clearing its enable bit.
- ic.0 Reserved.
ET2 IES Timer 2 interrupt enable bit.
:S ;:.'; Sr; ﬂll\-; :J.;\l—;-;' ;uicnup; unn;:;e .u;l.
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 External interrupt 1 enable bit.
ETC HSW Timar Q interrupt enable bit.
EXO0 IE.O External interrupt 0 enable bit.

Hlane andbcnva aloacilad caasime swiba 4o bn nimmnlammantad hita hacaiina
e mlteeme w mrtmemees o tar o e BN4SIs § A Sar me sl EEItAsEleAss It MO NN) & LA
-
il

| ey may be used in future ATSS pioducis.




re 10, Interrupt Sources

INTO —0’1' iE0
=

sillator Characteristics

1 and YTAIl 9 ara tha inniit and Antninib racnantivabh,
A and VT8I 9 are the innut and autnut racnantivah:
inveriing ampiiiier inai can be coniigured ior use as
I-chip oscillator, as shown in Figure 11. Either a quartz
al or ceramic resonator may be used. To drive the
e from an external clock soiirce, XTAL2 should be left
nected while XTAL1 is driven, as shown in Figure 12.
3 are no requirements on the duty cycle of the external
5;9:‘:6:, SIS e ;r':pu;. W NG nnsimal \;:\)\;;\;l-lg \;;f\;u;;l"v
Jugh a divide-by-two flip-flop, but minimum and maxi-
voltage high and low time specifications must be
ved.

AT8558252

Figure i1, Qscillator Connections

1
L]
T——n—$—— XTAL1

l GND

iNote:  iNote: Ci, C2 pF x i0 pF for Crysiais

=30
= 40 pF + 10 pF for Ceramic Resonators

Figure 12. External Clock Dnive Contiguration

NG XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
l GND
—_— }
= L

2
=
m
F
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e mode, the CPU puts itself to sleep while all the on-
narinharale ramain activa Tha mada ie inunlad hy
are. The conient oi ine on-chip RAM and aii ine spe-
‘unctions registers remain unchanged during this
2. The idle mode can be terminated by any enabled
upt or by a hardware reset.

that when idle mode is terminated by a hardware
., the device normally resumes program execution

tus of External Pins During |

from where it left off, up to two machine cycles before the
intarnal racet alporithm tabae contral On-chin hardware
inhibiis access io iniernai RAN in ihis eveni, but access io
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
naied by a reset, the instruction following the one thai
invokes idle mode should not write to a port pin or to exter-
nal memory.

ie and Power-down Modes

le Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
internal 1 1 Data Data Data i Data
External 1 Float Data Address Data
or down Intornal 2 2 Dot Dot Datn Dot
er-down External 0 0 Float Data Data Data
ver-down Ricde Program Memory Lock Biis

» power-down mode, the oscillator is stopped and the
intinn that inunkae nnwnr.dnwn ia tha lact incatrirtinn
sied. The on-chip RAM and Special Function Regis-
retain their values until the power-down mode is
nated. Exit from power-down can be initiated either by
aware reset or oy an enapieq externat inerrupt. Heset
ines the SFRs but does not change the on-chip RAM.
eset should not be activated before V. is restored to

wmal nnorolinr\ laval and muet ha hald antiva Innn
A vel he hald activa Inng

3nio ailow ine osciliaior 10 resiari and stabilize.

it power-down via an interrupt, the external interrupt
be enabled as level sensitive before enterina nower-
. The interrupt service routine starts at 1€ ms {nomi
fter the enabled interrupt pin is activated.

The AT89S8252 has three lock bits that can be left unpro-
nrammnd (l I\ or ran ha nrnnrammnd (D) tn nhtain tha
ted in the | feilowing table.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the laich initializes 1o a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current Ioglc level

additional faah rog lis

catures Iis

N
Ol L lﬂl Ulll lll \JI \.lc! l\.ll I.l |€ ucv u..\: lU u.n IM(IUI L A ) ly

Once programmed, the lock bits can only be unpro-
grammed with the Chip Erase operations in either the

v\hmllnl or annnl Ml\f‘f\ﬁ
porbotssn 4302010200

s emes e . .o em o {1UN
N DIt FroteCliorn Mmeoaes: v
drogram Lock Bits
I 1 D4 I § DN I I D2 Duadandian Tima
ot 1 ipa 1 1D2 Soction Tyme

V) U V) No internal memory lock feature.

P U U MOVC instructions executed from external program memory are disabled from fetching code bytes
rom nemal memeory, £A 1$ sampleag anc 1aicnea on reset ang rurther programming ot the riash
memory {parallel or serial mode) is disabled.

P P U Same as Mode 2, but parallel or serial verify are also disabled.

i e I P | P ! gameasMode 3, but externat execution is alsc disablec. i

1. U =Unprogrammed
2. P =Programmed
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gramming the Flash and EEPRCOM

I's AT89S8252 Flash Microcontroller offers 8K bytes

Avntam eaneanramennhia Clacnh CadaA mamane and D0
y ettt e gt e v s s Ciristiee y waree ame s

; of EEPROM Data memory.

AT8958252 is normally shipped with the on-chip Flash
y and FFPROIM Nata mamanry arravs in the araced
{i.e. contents = FFH) and ready tc be programmed.
device supports a High-voltage (12V) Parallel pro-
rming mode and a Low-voltage (5V) Serial

. a convenient way to download the AT89S8252 inside
ser's system. The parallel programming mode is com-
e with ~ranvantinnal third pgrh‘: Flach nr FPRNM
ammers.

Sode and Data memory arrays are mapped via sepa-
address spaces in the serial oroarammina mode. In
arallel programming mode, the two arrays occupy one
juous address space: 0000H to 1FFFH for the Code
and 2000H to 27FFH for the Data array.

>ode and Data memory arravs on the AT8958252 are
ammed byte-by-byte in either programming mode. An
erase cycle is provided with the self-timed program-
uyc'cuun " wuIc ocial !.JI uglalunm I3 HIVUG. 11IC1C 10
red to perform the Chip Erase operation to reprogram
nemory location in the serial programming mode
s anv of the lock bits have been oroarammed.

} paraiiei programming mode, there is no auio-erase
. To reprogram any non-blank byte, the user needs to
1e Chip Erase operation first to erase both arrays.

iel Programming Algorithm: To program and verify
T89S8252 in the parallel programming mode, the fol-
J sequence is recommended:

ower-up sequence:

pply power between Vc and GND pins.

et RST pin to “H".

pply a 3 Mz to 24 Mz clock to XTAL1 pin and wait
w at least 10 milliseconds.

et PSEN pin to “L”

LE pin to “H*

A pin to “H” and all other pins to “H".

nolv the anoranriate comhbination of “H” ar 4 " logic
wels to pins P2.§, P2.7, P3.6, P3.7 tc select one of

e programming operations shown in the Flash
rogramming Modes table.

poly ihe desired byle address io ping P1.0 &
nd P2.0 to P2.5.

pply data to pins P0.0 to P0.7 for Write Code
seration.

[»}

P17

5. Raise EA/V,; to 12V to enable Flash programming,

Avnnn Ar unvifinabina
Setans Wi v s ternsranines sy

6. Pulse ALE/PROG once to program a byte in the

Code memory array, the Data memory array or the
lark hite The hute-write rurle is self-timed and tuni.

caily takes 1.8 me
cally lakes .o me

7. To verify the byte just programmed, bring pin P2.7 to
“L” and read the programmed data at pins P0.0 to
P0.7.

8. Repeat steps 3 through 7 changing the address and

data for the entire 2K or 8K bytes array or until the

ena of the object e Is reached.
9. Power-off sequence:

Set XTAL1 to “L".

Set RST and EA pins to “L”.

Turn V¢ power off.
In the parallel nrogramming mada thare is no autn-arase
Cycle and to reprogram any non-blank byte, the user needs
to use the Chip Erase operation first to erase both arrays.
Data Polling: The AT89S8252 features DATA Polling to
indicate the end of a write cycle. During a write cycle in the
parallel or serial programming mode, an attempted read of
the last byte written will result in the complement of the writ-
e daiuim o P07 (paraiiel mode), dau on e man ol i
serial output byte on MISO (serial mode). Once the write
cycle has been completed, true data are valid on all out-
nits and tha next cunle mav hanin NATA Palling mav
begin any time after a write cycie has been initiated,
Ready/Busy: The progress of byte programming in the
parallel programming mode can also be monitored by the
RDY/BSY output signal. Pin P3.4 is pulled Low after ALE
goes High during programming to indicate BUSY. P3.4 is
pulled High again when programming is done to indicate

[alafk lalYd
UL TS B

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed Code or Data byte can be
rood bocl via tho addroce ond data linae for varifioation
parallel programming mode. In the serial programming
mode, the state of the lock bits can only be verified indi-
recuy Ly UDSerVing Was the I0Ck Dit iLdures are enavied.
Chip Erase: Both Flash and EEPROM arrays are erased
electrically at the same time. In the parallel programming
MIOUS, Clup GIGSS i3 nLaiSu Uy udiiig WS PIvpe Commina-
tion of control signals and by holding ALE/PROG low for 10
ms. The Code and Data arrays are written with all “1”s in
the Chio Erase operation.

The state of the lock bits can also be verified directly in the

|

”
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2 serial programming mede, a chip erase operation is
ed by issuing the Chip Erase instruction. In this mode,
arase is self-timed and takes about 16 ms.

g chip erase, a serial read from any address location
sturn OOH at the data outputs.

Il Programming Fuse: A programmable fuse is avail-
tc gisable Senal Programming it the user needs
mum system security. The Serial Programming Fuse
inly be programmed or erased in the Parallel Program-

s,

AT8958252 is shipped with the Serial Programming
2 enabled.

e e AL N Rcee Pl n. Tha clacaliiva bvdan awa
M LG VIMIULMIS DY ILD. 11T DY QLU W WY LwD Ui

by the same procedure as a normal verification of
ons 030H and 031H, except that P3.6 and P3.7 must
ilfed to a logic low. The values returned are as follows:

mm ey

)31H) = 72H indicates 8958252

gramming interiace

1 code byte in the Flash and EEPROM arrays can be
HE, ANl e entite anay Gan e erased, by using die
)priate combination of control signals. The write oper-

1 cycle is self-timed and once initiated, will
natically tima itsalf ta comnlsation

3jor programming vendors ofier woridwide support for
tmel microcontroller series. Please contact your local
amming vendor for the appropriate software revision.

ial Downloading

“n: CU‘J‘E dllt; Dd;d lucnluny allaya wali be PIU'
med using the serial SPI bus while RST is pulled to
‘he serial interface consists of pins SCK, MOSI (input)
fISO (autnut) After RST is set hiah the Proaramming
i& instruction needs to be executed first before pro-
‘erase operations can be executed.

to-erase cycle is built into the self-timed programming
tion (in the serial mode ONLY) and there is no need
t execute the Chip Erase instruction unless any of the
its have been programmed. The Chip Erase opera-
HUS Ui CUNENL U1 VETY IOy JUGaUOn i Lol i

and Data arrays into FFH.
'ode and Data memory arrays have separate address

J.

0000H to 1FFFH for Code memory and Q00H to 7FFH for
Data memory.
Either an external system clock is supplied at pin XTAL1 or

a crysial needs to be connected acinss pins XTALY and
XTAL2. The maximum serial clock (SCK) frequency should
be less than 1/40 of the crystal frequency. With a 24 MHz

L L L T Y R ey P V] R L L ]
WOLINAIVI CIVLNR,. UIC 1HAQANTIWN OV llc\{ue' VY 10 VUV NI,

Serial Programming Algorithm

10 program ana verity e .1 8YsS52Z52 In tne sernat pro-
gramming mode, the following sequence is recommended:
1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H".
If a crystal is not connected across pins XTAL1 and
XTAL2, apply a 3 MHz to 24 MHz clock to XTAL1 pin
and wait for at least 10 milliseconds.
2. Enable serial programming by sending the Pro-
gramming knaple senal nstruction to pin
MOSI/P1.5. The frequency of the shift clock sup-
plied at pin SCK/P1.7 needs to be less than the
COU clogl ot MTAL 4 dividad b a0,
3. The Code or Data array is programmed one byte at
a time by supplying the address and data together
with the annranriata Writa instruction The selactad

memory location is first automatically erased beiore

K o

new data is written. The write cycle is self-timed and
typically takes less than 2.5 ms at 5V,

4. Anv memory location can be verified by using the
Read instruction which returns the content at the
selected address at serial output MISO/P1.6.

5. Atine eng of 2 programming session, HS! can o
set low to commence normal operation.

Power-off sequence (if needed):
Set X1AL? to "L” {it a crysta! is not used).
Set RST to “L".
Turn V¢ power off.

Serial Programming Instruction

The Instruction Set for Serial Proarammina follows a 3-bvte
pretecoi and is shown in the foliowing tabie:
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truction Set

Input Format

ruction Bvte 1 | Bvte 2 ' Bvie 3 Goeration

jramming Enable 10101100 | 0101 0011 | xxxx xxxx | Enable serial programming interface after RST goes high.

> Emoz w1 e 0o :moninoer | Chin ornos hoth OW 9 81 mamamy amawn,

d Code Memory aaaa a001 low addr xxxx xxxx | Read data from Code memory array at the selected address.
The 5 MSBs of the first byte are the high order address bits.
Tha low ardar addrass hite ara in tha sacand hvta Data ara

vailable at pin MISQ during the third byte,

e Code Memory aaaa a010 low addr data in Write data to Code memory location at selected address. The
address bits are the 5§ MSBs of the first bvte together with the
second byte.

d Data Memory 00aa a101 low addr xxxx xxxx | Read data from Data memory array at selected address. Data
are available at pin MISO during the third byte.

e Data Memory GOaa ai i0 iow addr daia in Write data o Data memory iocation at seiected address.

e Lock Bits 1010 1100 xx111 | xxxx xxxx | Write lock bits.

!

, Qat § Rt IR2 nrl RR = “N"1n nranram Inrle hite

i. DATA poiiing |s used io indicate the end of a write cycie which typuzily takes iess than 2.5 ms ai 5V.
2. “aaaaa” = high order address.

3. %" =don't care.

B
=
m
F
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sh and EEPROM Paralie! Programming Modes
l | ] Data VO | Address

o acT DRREN Al FioRnn —-A—I\l' D2 R D27 D2R D27 DN 70 0% R-n D1 7-n

al Prog. Modes H h" ht" x

 Erase H Lo~~~ | v H L T x X

3 (10K bytes) Memory H L N 12v L H H H DIN ADDR

4 10U hesnc) Mamnes X} [ u 10u ' ] o %} N ANND

2 Lock Bits: H L (N 12v H L H L DIN X
Qi . 4 en7 -0 v
Bit- 2 P0.6=0 X
Bit- 3 PO5=0 X

i Lock Biis: H i H izv H H L L DoOuUT X
Bit - 1 @Po0.2 X
Rit -2 @Pn1 X
Bit- 3 @P0.0 X

§ Atmel Code H 12v L L L L DOUT 30H

! Davics Code H L 12v L L L L DOUT 3

il Prog. Enable H L |~ @ 12v L H L H | Poo=0 X

i Prog. Disable H Lo ? 12v L H L H f PCO=1 X

| Serial Prog. Fuse H L H 12v H H | L H @P0.0 X

TN = woanly pune gt nisinany. 3. T33 15 Duiiou Low Gurinn srouicninin iy w0 niumeais

2. Chip Erase and Senal Programming Fuse require a

10 ms PROG pulse. Chip Erase needs to be per-
formed first before reprogramming any byte with a
centent other than FFH.

RDY/BSY.
4. “X" =don't care




I A § 5958252

re 13. Programming the Flash/EEPROM Memory Figure 18, Flash/EEPROM Serial Dow
+5V
AT8358252 g AT8558252
ADDR. A0 - A7 [ by Vec Voo
7FFH
0000H2 P20 - P25 PO ki LoM
A8 - A2 CATA CTON
IN
P2.6 STNPUT —» P1.5/MOSI
an'f':ﬁ'.’m [ —» P27 ALE PROG DATA OUTPUT +——] P1.6MISO
DES TABLE p3e oLOCK I ———s P17ISCK
\—» P3.7
—eo— XTAL2 EA — Voo —e——| XTAL2
] !
24 MHz .l, 3-24 MHz J,
— L — Ll
—_ T ! — ;
! [ e b I .
- (/ NN ) LR Iv o) ad '!H - rI AN Ial Y] LRISA )
GND PSEN __L GND
re 14, Verifying the FiasiVEEPROM Memon
+5V
......... ~
M0 OIDOLOL ‘:’
ADDR, 20 - ALl g, Vee ||
CO0OH/2FFFH PGM DATA
.. ——P» P20 - P25 PO [-»(USE 10K
Au ot A PULLUPS)
—»| P26
SEE FLASH | — | po7 ALE |e Vi
'lf\f\ﬁﬁlllllllc T
IODES TADLE | — P} P30
L] Paz
—e———| XTAL2 EA [&— Vi
] ]
4 Mhz_|_ .'..
1 e—
- =+ 1
LI—L XTAl 1 RAT l¢—— V:::
prlow iy

AIMEL

nicading

+4.0V 10 6.0V

<
1
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ATMEL

sh Programming and Verification Characteristics — Parallel Mode
0°C to 70°C, Ve = 5.0V £ 10%

ibol | Paramieter Min ' Max Units
Programming Enable Voltage 1.5 125 \
Drngrnmminc Enahla Currant 10 ma
oL Oscillator Frequency 3 24 MHz
Address Setup to PROG Low 48t e
X Address Held after PROG 48%ciaL
Data Setup to PROG Low 48t; ¢
x Daia Fuiu aiier - noa “0ig o
3 P2.7 (ENABLE) High to Vg, 48tc oL
Vep Setup to PROG Low 10 Hus
4 PROG Width 1 110 us
' Address to Data Valid 48tc
' ENABLE Low to Data Valid 48t
? Data Float after ENABLE 0 48tc o
PRA Hinh tn RTTSV 1 o 10 e
Byte Write Cycle Time 2.0 ms

AT6558252 maessses——————————————————
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sh/EEPRCOM Programming and Verification Waveforms — Parallel Mode
1o - P17 | PROGRAWMNG | | VERIFICATION
;,ﬁ - pz.s \’ ALY ‘1’——‘t MALIISEDD
l l — e tavav
PORT 0 ! l( DATA IN ) " DATA OUT l
st temox : i
taveL [ ‘_'{ taHax '
ALE/PROG { y I
tel [Tel] :‘—5: . | ll :
o *—leLeh— ™
. A Ve
FANT." ____________ e g b —— e —————
—b] t — t
P2.7 i‘_ EHSH tELQV "l ‘_"I |< EHQZ
(ENBRI F) A ~ ,'
' teeL » [ ' '
P34 __
(RDY/BSY) N BUSY ) J{ READY
i « twg »>

i3l Jownioading waveiorms

SERIAL CLOCK INPUT

SCK/P1.7

SERIAL DATA INPUT

MOSIP1.5 MSBL | [ 1 [ | Iissl
!

SERIAL DATA OUTPUT |

MISO/P1.6 MSB__ [ 1 1 [ T [SB

25



AlNEL

solute Maximum Ratings*

rating Temperature............co.ueeeeverreessenses -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absclute
I.V:dl\;l nunn r‘\ﬂll;l sga‘ 11} nay waAUOT woHial st I; \:ﬂl "=
age Temperature ... -65°C to +150°C age to the device. This is a stress rating oniy and
functional operation of the device at these or any
ige on Any Pin other conditions beyond those indicated in the
Respect to Ground .....wweeneneecsecrenns 1OV o +7.0V operational sections of this specitication is not
implied. Exposure to absolute maximum rating
imum Operating Voltage 6.6V conditions for extended pericds may affect device
reliabilitv.
Jutput Current reerereree e eaean 15.0 mA i
Characteristics
alues shown in this table are valid for T, = -10°C to 85°C and V,; = 5.0V = 20%, uniess ctherwise noted.
ibol | Parameter Condition Min Max Units
" lyui Luw-vu;iagc (Eu.epi g} -0.5 .2 ."'CC -G v
Input Low-voltage (EA) -0.5 02Ve-03 | V
Input Hifh-voltage {Except XTAL1, RST) 0.2Vq +0.9 Ve +0.5 \
Input Hith-voltage (XT1AL1, BS() 0.7 Ve Vee + 0.5 v
Output Low-voltage
mﬂﬁ, e lo, = 1.6 MA 05 v
Output Low-voltage ¢ _
(Port 0, ALE, PSEN) lou =3.2mA 05 v
Ion = -OU MA, Voo = DY £ 1U% 2.4 v
Output Hifh-voltage —
(Ports 1,2,3, ALE, PSEN) low = -25 KA 0.75 Vee v
I{\u = "10 U.A 0.9 Vrjr; V
lon = -800 A, Ve =5V £ 10% 24 \
Output Hifh-voltage _
(Port 0 in External Bus Mode) low = -300 pA 0.75 Vee v
gy =-BOnA 0.9 Vee v
Logical 0 input Current (Ports 1,2,3) Viy = 0.45V -50 HA
b mmiam I 4834 N Tonnmatiaa (\ -m-.s& [l g PN -I La 321y \Y} [ Y AR Y) [ AN IR Fat-7) ocn A
Legical 18 O Tanclicn Hiceterol IO SRR A DA LR AL 1 cee e
Input Leakage Current
(P%n 0. ﬁ)g 0.45 < Vjy < Ve +10 pA
T PESE FUN-UUWH M ESISIU) 20 RSvy) naz
Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 25 mA
Hower Supply Current -
Idie Mode, 12 MHz 6.5 mA
Voo =6V 100
Powar-down Made & &« - uA
E Vee =3V { ! 40 | ouA |
1. Under steady state (non-transient) conditions, I, Maximum total I, for all output pins: 71 mA
must be externally limited as follows: If I, exceeds the test condition, V,,_may exceed the
Modmumi porpontpini 10 mA roiatcd cpocification, Pinc aro net guarantesd o oink
Maximumn ig, per 8-bit port: currerii grealer inan ine tisied iest condiiions.
Port 0: 26 mA 2. Minimum V. for Power-down is 2V

Ports 1, 2, 3: 15 mA

AT83S8252 meessssse—————meesssssssss—
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Characteristics
3r operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

e . ON ~C
e ~ pee o

ernal Program and Data Memory Characteristics

Vatiauie UsCiiaiul

1bol Parameter Min Max Units
. Oscillator Frequency 0 24 MHz
ALE Pulse Width 2lg oL - 40 ns
. Address Valid to ALE Low tee- 18 ns
‘ Address Hold after ALE Low tore - 20 ns
ALE Low to Valid Instruction In Mo o - 65 ns
. BLE 1~ tn BEENT 1 v e 12 ne
. PSEN Pulse Width 3te e - 20 ns
PSEN Low to Valid Instruction In SBig o - 45 ns
Input Instruction Hold after PSEN 0 ns
Input Instruction Float after PSEN terel - 10 ns
Foeh iU Autress Vai icic -0 "s
Address to Valid instruction In StercL - 55 ns
, PSEN Low to Address Float 10 ns
. RD Pulse Width Ble e - 100 ns
H WR Pulse Width 6te e - 100 ns
; RD Low to Valid Data in Stoior - 80 ns
X Data Hold after RD 0 ns
. Data Flnat aftar AN M2 ne
ALE Low to Valid Data In 8tc o - 150 ns
' Address to Valid Data In Mo e - 165 ns
ALE Low to D or WR Low 3Btei oL - 50 BtoeL + 50 ns
_ Address to RD or WR Low e e -75 ns
% Daia Vaiii iv Wi Tansiion toLeL - 20 "
H Data Valid to WR High Tto o - 120 ns
v Data Hold after WR tai - 20 ns
. RD Low to Address Float 0 ns
\ RD or WR High to ALE High tepeL - 20 teoL +25 ns

AIMEL 27



AIMEL

ernal Program Memory Read Cycle
-t
ALE N\ ’/ ~
. . t
tans }‘7 b r ’! Y ’l PLPH

PSEN N > \
> e toiaz Fitpx‘w»‘
! tLLAX i‘ s ! ! wxu ———
t|>x1x—>l — \J_J
PORT 0 > A0-A7 [}—INSTRIN p A0-A7 >~
e taviv >1'
PORT 2 ( AB-A15 > AB-A15

einal Data Memory Read Cycle

'k t 4“] :
ALE L N y
—”  YwhH
PSEN - ' \
¢ tiiov __,1 —
taLRH —»
p k... o !
RD — tLLAX —P N
o ten. trLov ‘—'I tarpz
oo Tagaz | # < ! !

— tRHDX
PORT 0 __ A0 - A7 FROM Rl OR DPLY X P DATA IN :l;AD - A7 FROM PCL>—<INSTR IN

] ' 1 '

< tavwL — '
——— oy ———»
DABT A V" Bon . P57 NR 88 - 848 FAAM MBH a8 - A1E FROM BN

¢ e 2N .- Ea - - N
'

AT89S58252 meessse—————————



ernal Data Memory Write Cycle

AT8558252

e— ti *bi E
ALE [ L N /
b’ tWHLH
m , 1 i AN ,”
— thw —‘“T_tWLWH —
WR : 5 r
- JRN nl | PR !’! ) —» !F’ | P
L ' ARy e j e
e vy
PORT 0 K A0 - A7 FROM RI OR DPL}q | DATA OUT X XA0 - A7 FROM PCL >—<INSTR IN
Tavwe >
DADT 2 . Pon - P27 NR AR . 418 FRNM NBH AR . A1R FBRNM PAH

. . | e truey L
e Loy — ™ — - — «—t .
Vg - 08V —— “LLGH ——— CHOL
P - 0.7 Vcc A -
N d N
—— 0.2 V- 0.1V T - -~
45V / * . ///
o .
e t
I GLGL
sinal Clock Drive
bol | Parameter Vee =4.0V to 6.0V Units
' Win ' Max
L Oscillator Frequency 0 24 MHz
Claol Darind : 4ie ne
High Time 15 ns
Low Time 15 ns
Rise Time ’ 20 as
Fall Time ns
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ial Port Timing: Shift Register Mode

Test Condition

ralues in this table are valid for V¢ = 4.0V to 6V and Load Capacitance = 80 pF.

ibol | Parameter Variable Oscillator Units
Min Max
_ Qarial Part Mlack Nurla Tima 191 . ne
H Output Data Setup to Clock Rising Edge 10t o - 133 ns
X Output Data Hold after Clock Rising Edge 2o - 117 ns
X Input Data Held after Clock Rising Edge (¢ ns
J Clock Rising Edge to Input Data Valid 10to oL - 133 ns
it Register Mode Timing Waveforms
NSTRUCTION l_o__y__V__2__8___4_|_5__6_ | _7__|_8_|__
ALE O e
F'—'I baxe
CLOCK S T P D T e e
T Tk o
WRITE TO SBUF o | < 1 2 X 3 X 4 X 53 X & X 7
N I ey} p L SFTTI ]
__GLEARRI i T T T AUDX_ DYALGK YA
INPU‘l" DATA SET RIT

{1}

Testing inpu/Ouiput Waveiorms'*’

- 0.8V
' /02 V ce + 0.9V K

TEST POINTS >
PR // \ U‘ VCC'UIV ,,/‘// \\\
YoV e .

nevs

1. AC Inputs during testing are driven at Vg - 6.5V
for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V|, min. for a logic 1 and V. max.
far a lngir 0

Fioai Waveforms(?

VLOAD' 0o IV/L 'V'OL- iV
Vv Timing Reference \__
LoD . N Points 7

- . Vd
Vynam Y0V N .
LOAD < 7

v+ v

o

Noigs: 1. Fortiming purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from

tha lnadad \l;: ;I\I;L laval arriire

AT85586252 mmessss———————————————




AT8958252

AT89S8252
2 TYPICAI ICC (ACTIVF) at 95°C
i H
N I
| ! ! v
C 16 - P v
Y12 e I sl *=
mo— _—T
~ v l
4 //j/ , . —; R i
ol 1 1 | | i i
0 4 8 12 16 20 24
F (MHz)
ATB8958252
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)
20
6 v H / i
C 10 _ /
18 P
A 5 / el . ;
0
3.0V 4.0V 5.0V 6.0V
V. VOLTAGE
AT89S8252
TYPICAL ICC (IDLE) at 25°C
4'8[ } | i 5 [Vec=6.0V
an : : , ; /,{_"
!
¥ K ; - L . Vg =20V
24 /+/ b T ] Ve i
m e 2 i// ;
A “/ i o I
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I
nformation
Pawer [ | | |
Supply Qrdering Code Package Operaticn Range
4.0V to 6.0V AT8958252-24AC 44A Commercial
AT8958252-24JC 44J (0°C to 70°C)
AT8988252-24PC 40P8
AT8958252-24QC 44Q
4.0V to 6.0V AT8958252- 24Al 44A Industrial
\T8958252-24J 444 {-40C 0 85°C
AT8988252-24PI 40P6
AT8958252-24Q1 44Q
4.5V to 5.5V AT8958252-33AC 44A Commercial
AT8988252-33JC 444 (0°C to 70°C)
AT8958252-33PC 40P6
! ATRARRIRD.ANN . 440 ! !
= Preliminary Information
Package Type

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

dd-lead, Piastic J-leaded (‘hvp Carrier (pl CC‘i

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

‘ Alamd Plandia N0 WAl a Neiadd Mladmaal. IO
| TE NNAMAMY | IAAIN MAAIE E T IR NMAALANS S SLALMALY {1 AR o g |
:
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Kaging information

AT8558252

4A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
latpack (TOFP)

limensions in Millimeters and (Inches)*

EDEC STANDARD MS-026 ACB

12.21(0478
PINTID — 11.75(0.458; sa
- Jnananannan
:=7‘ ;== ﬂ ARN NINY
0.80(0.031) BSC —* g l% oso(o 012)
—
M I
llllllUllIlUllUllll
s2ammmon
GO0 ARRY
1.20(0.047) MAX
0
20(.008) 7 r
ooIGo3Y 1/ P Tty 121ty s 2
'7_" J paunpuhpgnnn 2 s

!
P L amsomo ossaon J1

0.45(0.018) 0.05(0.002)

ONIrONNG CUMENSION: MUNMeers

44, 44-lead, Piastic J-leaded Chip Carrier (PLCC) I
Dimensions in inches and (Milimeters)
JEDEC STANDARD MS-018 AC

045(1 A4)X45°  PINNO.1 045(1.18) X 30" - 45" gy 355)
v BT . @‘ 008(203)
F—‘L—L e
t ) h 'i‘\m‘ﬁ ll 1 ; ;‘q—b B L VRl XVI}
~650(16.5) -5350G(i5.0)
.032(813) ]_Ll E us(177|) .021(533)
.026(660 =
.660) 15{ F 775 FEE 013(3%0) '
050(127)13;‘ ié Lt : :':ﬁm)
¥ ToTirooO———— v - uas.
| =] .500(12.7) REF SQ 1020(508)
120(3 0s)
gt S S N iy

\ -
~r -t -pogu 10

5 E

DP6, 40-lead, 0.600" Wide, Plastic Dual Inline

ackage (PDIP)
imensions in inches and (Millimelers)

2 I\7IR') Q\
2. 04151 &) u-vm |

:: j .~ 566(144\
7/

O
/ \ 1 .930{%3.5)

(O (O
L —~

)
9‘)(\!( m\

—-l ]—7 G051 l'ay

sy ﬂ]q ERE R

1 Unogwery g pu T 085(14.65)
Bi{4.08) ) .015(.381
125(3.18) ' ‘_Ih -‘L 022(.559) )

== -065(1.65) 014(.356)

.110{2.79) 041(1.04)

IEET 83001600

I" 590 (15‘.0)“'1
1% REF
012309 i o
el 4
1 BH17.5) '

= B1o(15.5) 1

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

PIN1ID
RN

0.80 (0.031) BSC

10.10 (0.394)
9.50 (0.386) °2

R —

] ! 2,45 (0.085) MAX

0
0.17 (0.607) 7 I
0.13 {0.005) L '( ‘
[
T e
x \ 1.U3 (UU41) [
--J l‘ 855 t5050) 0.25 (0.010) MAX

Controlling dimension: millimeters
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ISDISAN/TS/00/120

1. GENERAL DESCRIPTION

Winbond's 1SD2500 ChipCorder” Series provide high-quality, single-chip, Record/Playback solutions
for 60- to 120-second messaging applications. The CMOS devices include an on-chip oscillator,
microphone preamplifier, automatic gain control, antialiasing filter, smoothing filter, speaker amplifier,
and hiah densitv multi-level storace arrav. In addition. the 1SD2500 is microcontroller compatible.
ailowing complex messaging and addressing o bhe achieved. Recordings are siored into on-chip
nonvolatile memory cells, providing zero-power message storage. This unique, single-chip solution is
made possible through Winbond's patented multilevel storage technology. Voice and audio signals

ara  etarad  diracth: intn maman: in thair natiiral farm nravidina hinh o Analihe ealid ctata  wunica
2 BTl ey, siiaa e W RRERT REEESN el il ey o e p o e R e

o e AT
fepioaucuoii.

Tl

EATURES
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» Easy-to-use single-chip, voice record/playback solution

Flhimbe mrsmlibh: = mbismnl ssmima fmeeadia - -
TOARIMI UL, 1L U B U SR U T

« Single-chip with duration of 80, 75, 90, or 120 seconds.
Manual switch or microcohtroller compatible

Plavback can be edge- or level-activated

Directly cascadable for longer durations
Automatic power-down (push-button mode)

- Qi:r}r‘ih\l current 1 vl {tunicail
olanaby current 1 pA (ypical)

Zero-power message storage
- Fliminates hatterv hackin circnits
- Fully addressabie io handie muitiple messages
« 100-year message retention (typical)
= 100 000 record cveles (fvnical)
- Programmer support for play-only applications
= Sinale +5 ualt nower sinnly
= Ayaiiabie in die form, PDIP, SCIC and TSOP pacicagin

« Temperature = die (0°C to +50°C) and package (0°C to +70°C)



3. BLOCK DIAGRAM

IS SAN/T75/90/120

[ et choe}— """'L}—w
XCLK o f _____ =
I Sampllng CIock } ]
SRR T |
ANAIN o A.mp> mﬁi‘;‘;a'glﬁ:"gl;“ {1 Analog Transceivers _
graa Pt |
:l 480K Cell I
ANAOUT oo ] Nonvolatile i | s-PoleActive |
. ;\—' [‘_fg Multilevel Storage Smoothing Filter
— la Array =
MIC REF (,_j ' P M~—1 - sps
W ‘ @JMD*
AGC & Gain Control o SP-
ace) |
| Power Conditioning | | AddessBuffes | |  Dovice Control |
T T T T T i i
u._J!!! iﬂl | 4!4|
Vi v;u v—,,,, Vs 0 u;u A2 A: Aé A5 AG AT A8 AS  PD OVF PR CE EOM  AUXIN
i
Punhr-na‘rnn k‘a’an__g _l'_:g_g_ Jlt_f_r!y_y_’_?
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5. PIN CONFIGURATION

Aomo[ 1 | @ 28 |V ol |1 @ 2 [ anaouT
AMI[ 2| | 27 |PR cel 2 77 [—1ANAIN
Anman 5 Fae v o o o S
————— b — — J T T
AsmMs| 4 2 |EoM EOML |4 25 [ MIC REF
AaMa[ 5 24 |PD xclk[—ls 2 [ Imic
asms[ 6 23 |CE PRI | 3 [ IV,
aemigl 7 ) | 22 lovr Vo B4 % 2 sp
Had o lettadard T = -
- ¥
AT[ 8 | tedny 21 _|ANAOUT Aomo[—] a ISD2560 21 [ ISP+
As[ 8 | 20 [ANAIN  A1M1[_| o 20 [V,
A8 10 15 |AGC Azmas i an 1 [ 1w
sersreas T2 1 | e ‘L j.l..t
AUA N 1 10 miL REr AWM n 18 L AUA i
Ve[ 12 17_|mic AdM4 12 17 [ 1A9
Vo[ 13| 16 | Veea ASMS5 (] 13 16 [ 1A8
SP+! 14 | “ 158 1S5P- AGME | “ 1 15 1 1AT
L 1 ! 1
L !
= Same pinouts tor 1ISD2575/ 2500 / 25120 products

Publication Release Date: Mgy 2003
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6. PIN DESCRIPTION

IS SA0/75/90/120

PIN NO.
PIN NAME | goic/ | TSOP FUNCTION
PDIP
Ax/Mx 1-10/ | 8-17/ | Address/Mode Inputs: The Address/Mode Inputs have two
1-7 8-14 | functions depending on the level of the two Most Significant Bits

(MSB) of the address pins (A8 and A9).

If either or both of the two MSBs are LOW, the inputs are at' ?
interpreted as address bits and are used as the start address for
the current record or playback cycle. The address pins are inputs
only and do not outout any internal address information during the

operation. Address inputs are latched by the falling edge of CE.

If both MSBs are HIGH. the Address/Mode inputs are interoreted as
Mode bits according fo the Operational Mode iabie on page 12,
There are six operational modes (MO...M8) available as indicated in
the table. It is possible to use muitiple operational modes

cimuliananichs Mnaratinnal Madace ara camnlad An asacrh fallina
et DSy mpme Do GATTTT TTT TTMPeC o oacht T2ing

edge of CE, and thus Operational Modes and direct addressing
are mutually exclusive.

A ans wma
MU Dy

-t
-
-t
(]

Vssa, Vssn 13,12 | 20, 19

;‘UA;;;GII! :II‘IJI.I;.. T:IB I:\UA;;;ﬂlr :ll'l.'l-l.l ;a l!lu;;.;_l};GAG\.: ;,:IIUIJS:I ‘lU ;.:IG
output amplifier and speaker output pins when CE is HIGH, P/R
is HIGH, and playback is currently not active or if the device is in

nlgnhamk nvarfloaw WWhan ngergdinn mulﬁr\ln I]SN28NN dnuim:c tha

ruJA iN pin is used {o connect a playbau\ algnm iiom a u.muwius
device to the previous output speaker drivers. For noise
considerations, it is suggested that the auxiliary input not be driven

YI‘I =N lll!: DlUlﬂUl: anay 1s auuvc

Ground: The ISDZSOO series of dewces Utl|IZBS separate analog
and digital ground busses. These pins should be connected

canaratals thrnuah a lnwimnadanca nath ta nawar eniinnhy arnond
ol e e " . e = SRR = e S =2 e of b B - SaEe -

SP+/SP- 14115 | 21/22

L

Speaker Outpuits: All devices in the ISD2500 series include an on-
chip differential speaker driver, capable of driving 50 mW into 16 Q
from AUX IN (12.2mW from memorv).

™ The speaker outputs are heid at Vsss ieveis during record and
power down. It is therefore not possible to parallel speaker outputs
of multiple ISD2500 devices or the outputs of other speaker drivers.

]
A clnglo end nnipui mqy ho usoed (lnnludlng a mupl:ng mnacﬁﬂr

between the SP pin and the speaker). These outputs may be used
individually with the output signal taken from either pin. However,

thm simm AE n:n-—-'n el - .L—u.‘ mmmialba G A A ba A endoiabiae e e
. e e w o

ouipui power. I

"l Connection of speaker outouts in parallel mav cause damaae to the device.
! Never ground or drive an unused speaker outpui.



ISN2S60/75/00/120

PIN NAME

FUNCTION

Veea Veeo

Supply Voltage: To minimize noise, the analog and digital circuits
in the ISD2500 series devices use separate power busses. These
voilage ousses are brouant out to separate pins and should be tied
together as close to the supply as possible. In addition, these
supplies should be decoupled as close to the package as possible.

W

AMICTODRRONE. T IICIORNONE DI IENSIEES INDUL SIgNai 10 e on-
chip preamplifier. A built-in Automatic Gain Control (AGC) circuit
controls the gain of this preamplifier from —15 to 24dB. An external
microphone should be AC coupled to this pin via a series capacitor.
The capacitor value. together with the intemal 10 KO resistance on
this pin, determines the low -frequency cutoff for the ISD2500 series
passband. See Winbond's Application Information for additional
information on Inw-fmquenny cutoff calculation

MIC REF

Microphone Reference: The MIC REF input is the inverting input
to the microphone preamplifier. This provides a noise-canceling or
common-mode rejection input to the device when connected to a
differential microphone.

AGC

Automatic Gain Control: The AGC dynamically adjusts the gain of
the preamplifier to compensate for the wide range of microphone
nput wevels. 1ne P‘JL- anows me range or wnspers o0 1ouq
sounds to be recorded with minimal distortion. The “attack” time is
determined by the time constant of a 5 KQ internal resistance and
an external capacitor (C2 on the schematic of Figure 5 in section
11) connecied from the AGC pin {o Vses analog ground. The
“release” time is determined by the time constant of an external
resistor (R2) and an external capacitor (C2) connected in parallel
hatween the AGC nin and Veec. analna around Nominal valies of

470 KQ and 4.7 pF give satisfactory results in most cases.

ANA IN

Analog Input: The analog input transfers analog signal to the chip
for recording. For microphone inputs, the ANA OUT pin should be
connected via an exitemnal capaciior to the ANA IN pin. This
capacitor value, together with the 3.0 KQ input impedance of ANA
IN, is selected to give additional cutoff at the low-frequency end of
the vnire nasshand [If tha desirad innut is derived from a source

cther than a microphone; the s'g""' can be fed, capacitively

coupled, into the ANA [N pin directly.

ANA OUT

PIN NO.
SOIC/ | TSOP
PDIP
16,28 | 23,7
17 24
18 25
19 26
20 27
21 28

Anaiog Output: This pin provides the preamplifier output to the

user. The voitage gain of the preamplifier is determined by the

voltage level at the AGC pin.

Pubiication Release Date: May 200

13
-7- Revts:on 1.0




ISN2560/75/90/120

PIN NAME

PIN NO.

soic/
PDIP

TSOP

FUNCTION

OVF

22

Overflow: This signal pulses LOW at the end of memory array,
indicating the device has been filed and the message has

overiiowed. Ihe OVF output then follows the CE input until a
PD pulse has reset the device. This pin can be used to cascade
several 1SD2500 devices together to increase record/playback
durations.

23

Chip Enable: The CE input pin is taken LOW to enable all
plavback and record operations. The address bpins and
piayback/record pin (P/R ) are iaiched by the faiiing edge of CE.

CE has additional functionality in the M6 (Push-Button)

Nnaratinnal Mnada ace daerrihad in tha Nnaratinnal Mada cantinn

PD

24

Power Down: When neither record nor playback operation, the PD
pin should be pulled HIGH to place the part in standby mode (see

i A anifantiaa) VAfhmnn mvemeflmne. £ OWIT
B R T e

overfiow condition, PD shouid be brought HIGH to reset ine
address pointer back to the beginning of the memory array. The PD
pin has additional functionality in the M6 (Push-Button) Operation
nMOQe as gescripes In Ine Uperauonal Moage secon.

maslama | MIAT Fane Ae
~ s s

!
] MMrwae s v e

EOM

25

End-Of-Message: A nonvolatile marker is automatically inserted at
the end of each recorded message. It remains there until the

imessage is recorded over. The EOM output pulses LOW for a
period of Tgoy at the end of each message.
In addition, the ISD2500 series has an internal V¢ detect circuit to

IANNAN INESSAge THeyiny SHOuIt Voe 120 DEIOW 3 5V i1 s sase,

EOM goes LOW and the device is fixed in Playback-only mode.

When the device is configured in Operational Mode M6 (Push-
Buton Moege), s pin provides an active-HiIGH signal, ingicaung
the device is currently recording or playing. This signal can
conveniently drive an LED for visual indicator of a record or

playback operation in process.
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PIN NAME

PIN NO.

SOIC/
PDIP

TSOP

FUNCTION

XCLK

286

External Clock: The external clock input has an internal pull-down
device. The device is configured at the factory with an internal

sampling cleck fregquency centered to +1 percent of speeification.

The frequency is then maintained to a variation of +2.25 percent
over the entire commermal temperature and operatmg voltage

-= £ . ——eteam el Mea ale P e PR
|:l|l\.|i—o " 5""““"‘ yl\—ulolvu = luquu\.u VI UGVILEG LAl WS \.nvun!;u

through the XCLK pin as foiiows:
Part Number

Sample Rate

Required Clock

1IcNnaEan

o N -

ANTA Ll

ISD2575

6.4 kHz

819.2 kHz

1SD2590

5.3 kHz

682.7 kHz

IcnNEann

AN LU=

E49 L=

These recommended clock rates should not be varied because the
antialiasing and smoothing filters are fixed, and aliasing problems
can occur if the sample rate differs from the one recommended.
The duly cycie on ihe inpii clock is not critical, as the ciock is
immediately divided by two. If the XCLK is not used, this input
must be connected to ground.

3

-

I
~

-

-

Playback/Recer edge
of the CE pin. A HIGH level selects a playback cycle while a LOW
level selects a record cycle. For a record cycle, the address pins

provide ihe siafting address and recording continues until PD or

CE is pulled HIGH or an overflow is detected (i.e. the chip is full).

When a record cvcle is terminated bv pullina PD or E HIGH.

then End-Of-Message (EOM ) marker is stored at the current
address in memory. For a playback cycle, the address inputs

nrowiirla tha etartinn addrace and tha davira will nlav nintil an FOM

marker is encountered. The device can continue to pass an EOM

marker if CE is held LOW in address mode, or in an Operational

L P PO | o SR o Ty | JRp Y et PRy T Jat |
VIVUG. |WCG wNGIauviial i AV H

Pubhication Release Date:
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7. FUNCTIONAL DESCRIPTION

7.4, DeETAILED DESCRIPTION

Speech/Sound Quality

- —_———— ~ e e
e VVIIIUUI!UB IQULJUU acnca H(\.;I[.IUC:‘! ucvlwb uucucu l:ll "PU ‘)‘J U" ﬂllu [SHV I RS aauluuns

frequencies, allowing the user a choice of speech quality options. Increasing the duration within a
product series decreases the sampling frequency and bandwidth, which affects the sound quality.
Please refer to the 1SD2560/75/90/120 Product Summary table below to compare the duration,
sampling trequency and hiter pass band.

The speech samples are stored directly into the on-chip nonvolatile memory without any digitization
and compressuon assomated like other solutlons Dlrect analog storage provides a very true, natural

R [y L i R seemad ol b o md - F 7Y U S O e
ovuuulng |up|vuuuuu|| T woree, 1uons, lullua unu SUUIIU CHCLLS llUI. QVGHGIIG YUl IOl OUHu oLtaus

digitai soiutions.

Luration
To meet various system requirements, the 1ISD2560/75/90/120 products offer single-chip solutions at
60, 75, 90, and 120 seconds. Parts may also be cascaded together for longer durations.

TARI E 4: ISN2ERNITEIAN/A 20 DRONICT SHMMARY

Part Number Duration Input Sample Typical Filter Pass
(Seconds) Rate (kHz) Band * (kHz)
1SD2560 60 8.0 3.4
1ISD2575 75 6.4 2.7
ISD2590 90 53 2.3
1ISD25120 120 4.0 1.7
SUL TON=UI DO
EEPROM Storage

One of the benefits of Winbond's ChipCorder® technology is the use of on-chip nonvolatile memory,
proviamg Zero-power message siorage. | ne message Is re@mea 1or up 10 11UV yedrs typicany winow
power. In addition, the device can be re-recorded typically over 100,000 times.

Microcontroller Intertace

In addition to its simplicity and ease of use, the ISD2500 series includes all the interfaces necessary
for microcontroller-driven applications. The address and control lines can be interfaced to a

(R P — demllae mmd mmmmimiidlndad bn mafrncen A ssmniabs Ak bmnlea laall ..l —— —— o e e B ——
R e e T T uuuu-y LALLM I T RS A e S nn.n,-, et

concaienation, preuennea fixed message SEngHT.aIIOﬂ and message managemeni.
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Programming

The 1SD2500 series is also ideal for playback-only applications, where single or multiple messages
are referenced through buttons, switches, or a microcontroiier. Once the desired message
configuration is created, duplicates can easily be generated via a gang programmer.

i

7.2. OPERATIONAL MODES
The 1SD2500 series is designed with severat built-in Operational Modes that provide maximum
functinnalitv with minimum external comnonents. These modes are described in details ag below The
Operational Modes are accessed via the address pins and mapped beyond the normai message
address range. When the two Most Significant Bits (MSB), A8 and A9, are HIGH, the remaining
address signals are interpreted as mode bits and not as address bits. Therefore, Operational Modes

Aand Adirant addracecina ara nat ramnatihla and crannat ha tead cimoibananoachs
e e

There are two important considerations for using Operational Modes. First, all operations begin initially
at address 0 of its memory. Later operations can begin at other address locations, depending on the
Operational Mode(s) chosen. In addition, the address pointer is reset to 0 when the device is changed

from record io piavback, piavback io record {excepi MB mode), or when a Power-Diown cycie is
executed.

Second. Operational Modes are executed when & aoes LOW. This Operational Mode remains in

effect untii the next LOW-going CE signai, at which point the curreni mode(s) are sampied and
executed.

TAE £ 7 (IOCRATOWAT MANES

Mode Function Typical Use Jointly Compatible @

MO Message cueing Fast-forward through messages M4, M5, M6

M1 Delete EOM markers | Position EOM marker at the end of M3, M4, M5, M6
the last message

M2 Not applicable Reserved N/A
M3 Looping continuous playback tfrom Adaress U | M1, Mb, MBS
M4 Consecutive Record/playback multiple MO, M1, M5
addressing consecutive messages
M5 T A i Allows message pausing MO, M1, M3, M4 1
CE ievei-aclivaied ~ ~
M6 Push-button control Simplified device interface MO, M1, M3
il gecidos mads nin nooded 1o ha “1° A8 and AQ nin ara alen rantired ta ho “17 in order ta pnter inta the ralated anaratiansl
Besides mode pin needed to be *1", A2 and AQ pin are 2lec required to be *1” in order to enter intc the related operationa!
mode.

@ |ndicates additional Operational Modes which can be used simultaneously with the given mode.

Publicarion Release Date: My 20032

-11- Revision 1.0
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7.2.1. Operational Modes Description

The Operational Modes can be used in conjunction with a microcontroller, or thev can be hardwired to
provide the desired system operation.

mu — message vueng
Message Cueing allows the user to skip through messages, without knowing the actual physical

addresses of each message. Each CE LOW pulse causes the internal address pointer to skip to the
1ext message. | his mode is used tor playback only, and s typically used with the M4 Uperationa!

Mode.

Yelete EQOM Marice!

The M1 Operational Mode allows sequentially recorded messages to be combined into a single

meaeeans with anlv nna FNOM markar eat at the and af tha final maceana \Whan thie Nnaratinnal

Meode is configured, messages recorded sequentially are played back as one continugus message.
M2 — lInuicad

Wwhen Operationai Modes ar

M2 — Maceana | anninn

The M3 Operationai Mode aiiows for the automatic, continuousiy repeated piayback of the message

located at the beginning of the address space. A message can completely fill the ISD2500 device and
will loop from beginning to end without OVF going LOW.

During normal operation, the address pointer will reset when a message is played through an EOM

IATRET . T Vi DpeAuOnal MUUE INEIDIS 1S aU01ess DUIIET TESEL 0N DUV, aiowing [essages o

be played back consecutively.

The default mode for 1SD2500 devices is for CE to be edge-activated on playback and level-

ALDVAIEG O IECOIU. 1T VD OpEIAuong) VioUE GAUSESs e LD pHl 0 DE INeIpieien as jeve-

activated as opposed to edge-activated during playback. This is especially useful for terminating
playback operations using the CE signal. In this mode, CE LOW begins a playback cycle, at the
beginning of the device memory. 1he playback cycle continues as long as CE is held LOW. When
CE goes HIGH, playback will immediately end. A new CE LOW will restart the message from the
beginning unless M4 is also HIGH.

1

b

b
]
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M6 — Push-Button Mode

The 1SD2500 series contain a Push-Button Operational Mode. The Push-Bution Mode is used
primariiy in very low-cost appiications and is designed to minimize externai circuitry and components,
thereby reducing system cost. In order to configure the device in Push-Button Operational Mode, the
two most significant address bits must be HIGH, and the M6 mode pin must also be HIGH. A device in

thic mode :um:ue powers down at the end of each nl:un:r-lr or record r‘ur‘!n after CE goes HIGH .

When this operational mode is implemented, three of the pins on the device have alternate
functionality as described in the table below.

TARI E 2- Al TERNATE FHINCTINNAL ITV IN DINS

Pin Name Alternate Functionality in Push-Button Mode
CE Start/Pause Push-Button (LOW pulse-activated)
PD Stop/Reset Push-Button (HIGH pulse-activated)
EOM Active-HIGH Run Indicator

CE (START/PAUSE)

In Push-Button Operational Mode, CE actsas a LOW—gomg pulse-activated START/PAUSE signal.

ll Hnuw Upﬂ'dlll"l J"b \;Hlll"!!li\l lll‘ IJI Uuln’b‘a a L\JVU'UIJI]IH !Jlllbl“ wun Ililb "sluf!dl Wlll l‘lllllﬂlc a PIdVUr.lL.A wn
record cycle according to the level on the P/R pin. A subsequent pulse on the CE pin, before an
EOM is reached in playback or an overflow condition occurs, will pause the current operation, and

the address counter is not reset. Another CE puise wiil cause ihe device io continue the operation

from the place where it is paused.

PD {STOP/RESET)

In Push-Button Operational Mode, PD acts as a HIGH-going pulse-activated STOP/RESET signal.
When a playback or record cycle is in progress and a HIGH-going pulse is observed on PD, the
culrent cycle s Ierminatec ang e adaress poinier IS resel 1o aggaress U, e bpeginning of me

message space.

In Push-Button Operational Mode, EOM becomes an active-HIGH RUN signal which can be used to
Ariva an | EN Aar athar aviarnal davicra It ic HICH whanawvar a rarard ar nlavhack Aanaratinn ic in
drive an LEIV.or atharaviemsl dawica Iiis HIGH uwhonaver o papard o nlavhack anarstian i in

progiess.

Macacdla e e Meccall Docdde o AR S
TR LRI FEE O ELEE ELALLAEE ERELTLA

1. The PD pin should be LOW, usually using a pull-down resistor.

Publication Release Date: May 2003
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ISDISA0/T75/90/120

The P/R pin is taken LOW.

Tha CE nlp i plli:pﬂ LOW, Hnr'nrrhrln gtarte EOQOM aoes HIGH 1o indicaie an

_____ taSS e Y =S, S glts e R laiT

operation in progress.

Whan tha CFE nin ie nulead | OW  Rarardinn naneae FNM nnae hark | OW Tha

internai address poiniers are noi cieared, bui the EOM marker is siored in memory io
indicate as the message end. The P/R pin may be taken HIGH at this time. Any
DH;JDI:HUCJJ;. CI’: WUU;!J D;ﬂl;. a !J;G_‘V;.JGU;\ G;. al.l‘l.l‘l oD G‘

The CE pin is pulsed LOW. Recording starts at the next address after the previous set
FOM marker FOM anes harck HIGH B!

VWhen the recording sequences are finished, the finai CE puise LOW wiii end ine iasi

record cycle, leaving a set EOM marker at the message end. Recording may also be

LIRS DY @ PG Ve ON EL, WINGH Wil IBAVE & SEL SOV 1A Re

Playback in Push-Button Mode

Note:

»

|

"CI

OWAT

in shouid b

tD

[_

n
,.-

The P/ﬁ pin is taken HIGH.

~ A ] .

Tie CE pinis puised LOW Piavback slarls, FOM goes HIGH {o indicaie an operation
in progress.

If the CF nin is pulsed LOW or an FOM marker is encountered durina an operation.

ine part wiii pause. The internai address poiniers are noi cieared, and EOM goes back

LOW. The P/R pin may be changed at this time. A subsequent record operation would
not reset the address nointers and the recordina wonld beain where nlavback ended

Pt

CE is again puised LOW. Piayback siaris where it ieft ofi, with EOM going HIGH io
indicate an operation in progress.

Plavhack continiies as in stens 4 and 5 until PN is pulsed HIGH or overfliow occurs
if in overfiow, puiing CE LOW wiii reset ine address pointer and start piayback from ine
beginning. After a PD pulse, the part is reset to address 0.

Push-Buiton Mode can be used in conjunction with modes M0, M1, and M3

it the M1 Operational Mode pin is also HIGH, the just previously wntten EOW bit1s erased, and recording starts at that

address.
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Winbond products are very high-quality single-chip voice recording and playback systems. To ensure
the highest quality voice reproduction, it is important that good audio design practices on layout and
power supply gecoupiing be Tollowed. See ApPPUCANON INTOMMANoN of DeIowW INKS Tor astans,

Good Audio Design Practices

Single-Chip Board Layout Diagrams

Publication Release Dare: Ay 2073
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8. TIMING DIAGRAMS

ISDI540/75/90/120
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Start Pause Start Step
o —| Tee —] Tee | — ] Tee ‘ |
CE —\
(Start/Pause) N N { N ’ !
R ‘ ! | e—sem,l : | | PR S N
PIR * /P ‘ ’
T ]
en > Teer [+ ’! ;rz? fe- TSE’ ")I-
(StopiResat) N~ ! | ! A ! | AN
- Tier —> :
A0-A9
e ) a | 9 1 ‘L | 23 )
OVF 1 :
Trun ¥ 'I r = Toause v
E5 : LA F i S . a N
Yttty I
! T... —» ]
Run ; o8B e T, —] — __“‘:
(R} ! Teiiy i‘m ve e, L7 Tos 4
Nnitae (R1] i (£} 4 Ry (Y Ry
FIGURE 3: PUSH-BUTTON MODE RECORD
Start Pause Start Stop
—I'; Tr_‘!: a— -—H‘ Tr:,= . : ""‘ - t
ce I ] [ i 1 B . i
(Start/Pause) 4
‘F— Teer — if_Ts:; FTstr,
I s 1 ! 1 <T 1 <l T
i P ) 1 1 ) N 1 N ]
_— | N 1 ] ] [ | S i ! p, S |
T — T T
PD s PD =8
(Stop/Reset) ¥
T : :
ach 1 1 ] ] 1 1
—_—! | | | i i .
A0-A9 ‘T\ i
S R— e hivr v
—_— | 1 1 | | .
O\!l: T T T T T Y : R "
Teun ﬂ_}— "[ r ~Tonuse \_/
- R N P
(Bun) T e Top o | ™
> T fe- T i el oo |
Notes 1) @ G 4,5) 8 7) 8

FIGURE 4: PUSH-BUTTON MODE PLAYBACK

-17

Publication Reiease Dare: Aay 2003

Revision 1.0



ISN2560/75/90/120

Notes for Push-Button modes:

¢n

© N

AD A

X

,and A

53

=1 for pl_l,:h-i‘\nhnn aneration

1 100 pUST-ouUnion L

The first (E LOW pulse performs a start function.
The part will beain to play or record after a power-up delay Teiin.

The part must have CE HiGH for a debounce period Tpg Defore it wiii recognize another faiiing edge of
CE and pause.
The second CE LOW pulse, and every even pulse thereafter, performs a Pause function.

Again, the part must have & HIGH for a debounce period Tpg before it will recognize another falling

adna of CF which waild rastart an anaration In additinn tha nart will nat dn an intarnal nawer down
untii CE is HIGH for the Tpg time.

The third & LOW pulse, and every odd pulse thereafter, performs a Resume function.

A o s . _~— . . e el TS e . .
ML QY WG, G 13 IGYGE VL Y LU UG LUTGTTL U LU, TEIGE BT GUUIT GO0 WUUILG!, aliu puwot

down ine device.

1
Go
\



9. ABSOLUTE MAXIMUM RATINGS

TABLE 4: ABSOLUTE MAXIMUM RATINGS (DIE)

ISD25A0/75/90/120

CONDITION VALUE

Junction temperature 150°C

Storage temperature range -85°C to +150°C

Voltage applied to any pad (Vss —0.3V) to
(Ve +0.3V)

Vel e ce e e S B mnee el M meoceaa —th enthe A ke S AL AN nir B A\ WATE >N

VUIGYL QIGU W TEHY PO LT UL DTS T LS W Lo Uty L * 5 e w g o
{(Vee +i.0V)

Vee — Vss -0.3Vto +7.0V

TABLE 5: ABSOLUTE MAXIMUM RATINGS (PACKAGED PARTS)

CONDITION VALUE

Junction temperature 150°C

Storage temperature range -65°C to +150°C

Voltage applied to any pin (Vss —0.3V) to
(Ve +0.3V)

VORAGE SpDIEA 10 J@NY DI (NDULCUITENT IITIe 10 +20 A} (Ves —i.0V)
(VCC +1 .OV)

Lead temperature (Soldering — 10sec) 300°C

§ Voo — Vae

i -0.3Vic +7.0V

Note:  Stresses above those lisied may cause permanent damage io ih

e de

vice. Exposure {0 the

absolute maximum ratings may affect device reliability and performance. Functional

operation is not implied at these conditions.

Publication Release Date: May 2002

Revision 1.0
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ISD2560/75/90/120

9.1 OPERATING CONDITIONS

TABLE 6: OPERATING CONDITIONS (DIE}

CONDITION VALUE
Commercial operating temperature range 0°C to +50°C
Supply voltage (Vo) +4 5V to +6.5V
Ground voltage (Vss) @ | oV £

TABLE 7: OPERATING CONDITIONS (PACKAGED PARTS)

CONDITION VALUE
Commercial operating temperature range ™! 0°C to +70°C
Supply voltage (Vcc) ™ +4.5V to +5.5V
Ground voltage (Vsg) @ ov

iy, ) vy
Vee = Veea= Ve
[2] = -

VSS = VSSA - VSSD

Bla v
(Sivivivivhrrivietyvii

'

Lo
=l
'



10. ELECTRICAL CHARACTERISTICS

10.1. PARAMETERS

Erpit

FoR PACKAGED PARTS
FOR FPACKACED PARTE

ISD)S60/75/90/1720

1TADLE 0. UG FARANE | ERS — FAURayed rans

PARAMETER SYMBOL | MIN® TYP | MAX® | UNITS | CONDITIONS
Input Low Voltage Vi 0.8 V
Input High Voltage Vi 20 \%
Output Low Voltage Vou 0.4 Vv lo. = 4.0 mA
Output High Voltage Vou Vee-0.4 vV lon=-10 pA
OVF Output High Voltage | Yort 24 ¥ ion = -1.8 mA
EOM Output High Voltage | Yor2 Vee=1.0 | Vec-0.8 v low=-3.2 mA
Ve Current (Operating) s 25 30 MA | Regxr=™
Ve Current (Standby) Iss 1 10 pA (B
Input Leakage Current M 11 uA
Input Current HIGH w/Pull | lpp 130 pA | Force Ve M
Down B i B o I
CQutput Load Impedance Rea 16 2 Speakertoad
Preamp Input Resistance Ruic 4 9 15 KQ MIC and MIC

REF Pins

AUX IN inpui Resisiance Raux 5 ii 20 K
ANA IN Input Resistance Ranain 23 3 KQ
Freamp Gan i By zi o o] B AGC - 0.0V
Preamp Gain 2 Apgre2 -15 dB AGC =25V
AUX IN/SP+ Gain Anux 0.98 1.0 VIV
ANA IN 0 SP+/- Gain Anrp 21 23 26 aB
AGC Output Resistance Race 25 9.5 KQ

Notes'

M Typical values @ Ta = 25° and Ve = 5.0V.
B Al Min/Max limits are guaranteed by Winbond via electrical testing or characterization. Not all specifications are 100

(RIS T =V

Bl Veea and Veeo connected together.

¥ XCLK pin only.

4

nhiicanion Reiease Date: My 201

2003
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TABLE 9: AC PARAMETERS - Packaged Parts

e e

s

i

e

CHARACTERISTIC symBoL | MIN® | TYP" | mAX® | UNITS CONDITIONS
Sampling Frequency Fs
ISD2560 8.0 kHz |™
ISD2575 6.4 kHz |11
ISD2590 53 kHz |
ISL25120 4.0 KHZ |
Filter Pass Band Fee
ISD2560 3.4 kHz | 3 dB Roll-Off Point®I®!
i8D2575 &7 kHz | 3 dB Roil-Off Poini™™®™
ISD2590 23 kHz | 3 dB Roll-Off Point™I®!
ool 4.7 e | 54D Ruiksh Punil
Record Duration Trec
ISD2560 58.1 60.0 62.0 sec | Commercial Operation™
iISD2578 728 780 75 sec Commercial Operation™
ISD2590 87.1 90.0 93.0 sec Commercial Operationt”
ISN2R120 11/ 1 1200 1939 cen Commarcial Onarationll
Playback Duration TeLay
1SD2560 58.1 60.0 62.0 sec Commercial Operation
1SD2575 728 75.0 77.5 sec Commercial Cperation
1SD2590 87.1 90.0 93.0 sec Commercial Operation
1SD25120 116.1 120.0 123.9 sec Commercial Operation
CE Pulse Width Ice i00 HoEC
Control/Address Setup Time Tset 300 nsec
ControifAddress Hold Time Thoio 0 nsec
Power-Up Delay Trup
£ 1sDagen 241 250 278 videms LiCnimimsrslal Miskatioon
1 ISD2575 30.2 31.3 34.3 msec | Commercial Operation
1ISD2590 36.2 375 40.8 msec | Commercial Operation
1ISL25120 48.2 50.U 53.6 msec | Commercial Uperation
PD Pulse Width (record) Teor
1ISD2560 25.0 msec
iISD2575 31.25 msec
1ISD2590 37.5 msec

w22
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TABLE 9: AC PARAMETERS - Packaged Parts (Cont'd)

CHARACTERISTIC symBoL | miN? | TYP" | MAX® | UNITS CONDITIONS
PD Pulse Width (Play) Tepp
1SD2560 125 msec
1SD2575 15.625 msec
1SD2590 18.75 msec
ISUZ8120 Z5.0 msec
PD Pulse Width (Static) Vo 100 nsec |
Power Down Hold Tenn 0 nsec
EOM Pulse Width Teom
ISD2560 12.5 msec
1SD2575 H0aE i
1SD2590 18.75 msec
1SD25120 25.0 ! msec
Overflow PulseWidth ~ |Tow | | 65 | | msec | |
Total Harmonic Distortion THD 1 2 % @ 1 kHz
Speaker Output Power Pour 12.2 50 MW | Rexr = 16 O
Voltage Across Speaker Pins | Vour 25 Vpp | Rexr=6000Q
MIC Input Voltaae Vini 20 mV | Peak-to-Peak!™
ANA IN Input Voltage Ving 50 mvV Peak-to-Peak
AUX Input Voltage Vina 1.25 Y Peak-to-Peak;
1 g ! ! I | Pen T 0 y
Notes:
| YDIGHT VAIUES (@ 14 = £07L @110 Voo = 9.0V
B All Min/Max limits are guaranteed by Winbond via electrical testing or characterization. Not all specifications are 100
percent tested.
B |ow-freauencv cutoff deends ubon the value of external caoacitors (see Pin Descriotions)
Bl From AUMIN; if ANA IN is driven 2t 50 mV pp, the P, = 12.2 mW, tynical,
B With 5.1 K 0 series resistor at ANA IN.
Bl Tppg is required during a static condition, typically overflow.
®

dran by natire nf nassina thrannh hath filtera

" E

Filter specification applies to the antialiasing filter and the smoothing filter. Therefore, from input to output, expect a 6 dB

re: Aay 20032

Revision 1.0



Percent Distortion (%)

Operating Current (mA)

1SDSE0/75/90/120

10.1.1. Typical Parameter Variation with Voltage and Temperature (Packaged Parts)

Chart 1: Record Mode Operating
Current (I_.)
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10.2. PARAMETERS FOR DIE

ISN2S60/75/90/120

TABLE 10: DC PARAMETERS - Die

PARAMETER symBoL | miN®! | TYP'l | mAX® | UNITS | CONDITIONS
Input Low Voliage Vi 0.8 \'
Input High Voltage Vin 2.0 v
Output Low Voltage VoL 0.4 Vv lor =4.0 mA
Output High Voltage Vou Vec-0.4 Vv lon=-10 pA
OVF Output High Voltage | Yor 24 Voo jlon= 1emA
EOM Output High Voltage | Yor2 Vee=110 V(;J% Vi iR
Ve Current (Operating) icc 25 30 MA | R =™
Vec Current (Standby) lss 1 10 pA |4
INput Leaxkage Lurrent b +1 BA
Input Current HIGH w/Pull | I pp 130 pA | Force V™
Down
Ouipui i oad impedance R iB a Speaker L oad
Preamp IN Input Ruic 4 9 15 KQ MIC and MIC
Resistance REF Pads
AUX IN Input Resistance Raux L) 11 20 K
ANA IN Input Resistance Ranamn 2.3 3 5 KQ
icainp Gan PV 23 23 25 ao ACC — .oV
Preamp Gain2 [ B I T 5 dB |AcC=25v
AUX IN/SP+ Gain Anux 0.98 VIV
ANA IN to SP+/- Cain Aaip 21 22 26 dB
AGC Output Resistance Racc 25 5 9.5 KQ

Noifes

" Typical values @ Ta = 25°C and Ve = 5.0V.
B All Min/Max limits are guaranteed by Winbond via electrical testing or characterization. Not all specifications are 100

WTILCHIL SIS,

Bl \ea and Veeo connected together.

¥ XCLK pad only.

Publication Releas
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TABLE 11: AC PARAMETERS - Die

CHARACTERISTIC symsoL | MIN® | TYP" | mAX® | UNITS CONDITIONS
Sampling Frequency Fs
ISD2560 8.0 kHz |
1ISD2575 6.4 kHz |1
ISD2590 5.3 kHz m
ISLZ12Y a.u KHz o
Filter Pass Band Fer
ISD2560 34 kHz | 3 dB Roll-Off Point®I®!
i5D2575 27 KMz | 3 dB Roii-Off Poini™™
1ISD2590 23 kHz | 3 dB Roll-Off Point™l®!
; oCeoi2l . WHZ o SubD nun-Gir run
Record Duration Trec
1SD2560 58.1 60.0 62.0 sec Commercial Operationt™
iSD2575 728 78.0 7.5 sec Commercial Operaucnm
1SD2590 87.1 90.0 93.0 sec Commercial Operation®
ISN2512N 11R8 1 120N 1220 sen Coammarrial f_'l:'_\gr?l_ir_\nm
Playback Duration TeLay
1ISD2560 58.1 60.0 62.0 sec Commercial Operation™
1SD2575 72.5 75.0 775 sec | Commercial Operation™
ISD2590 87.1 90.0 93.0 sec | Commercial Operation™
1SD25120 116.1 120.0 1239 sec Commercial Operation™
CE Pulse Width Tee g ISRC
Control/Address Setup Time Tser 300 nsec
Control/Address Hold Time Thown 2 nsec
Power-Up Delay Teup
1enasan aa4 260 22:8 mann | Commnenlalfroventinm
ISD2575 30.2 31.3 34.3 msec | Commercial Operation
ISD2590 36.2 37.5 40.8 msec | Commercial Operation
i 15025120 48. 50.0 53.8 msec | Commercial Operation
PD Pulse Width (Record) Tror
1SD2560 25.0 msec
iSD2575 3i.25 msec
1SD2590 375 msec
L A I U - A B . ... - 1
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TABLE 11: AC PARAMETERS - Die (Cont'd)

CHARACTERISTIC symsoL | MIN® | TYP" | mMAX™ | UNITS CONDITIONS

PD Pulse Width (Play) T

1SD2560 125 msec

1SD2575 15.625 msec

1SD2590 18.75 msec

ISUZ8120 Zhu msec
PD Pulse Width (Static) Tros 100 nsec |
Power Down Hold Tenu 0 nsec
EOM Pulse Width Teom

1SD2560 125 msec

i 1SD2575 9625 T

1SD2590 18.75 msec

ISD25120 — msec
‘Overfow Pulse Width | Towr | | 85 | | psec |
Total Harmonic Distortion THD 1 3 % @ 1kHz
Speaker Output Power Ear 12.2 50 MW | Rexr = 16 O™
Voltage Across Speaker Pins | Vour Vp-p | Rexr=600Q
MIC Input Voltaae Vinis 20 mV | Peak-to-Peak!™
ANA IN Input Voltage Vinz 50 mVv Peak-to-Peak
AUX Input Voltage Ving 1.25 A\ Peak-to-Peak;

: R_..—1&n

Notes:

"

1yHILal VaIuTS W 14 = £ U aliu Voe — Q.UV.

¥ All Min/Max limits are guaranteed by Winbond via electrical testing or characterization. Not all specifications are 100

percent tested.

Bl Low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions)

B Eram ALIX IN i ANA IN ie drivan 2t BN m\ nn tha D = 49 9 miAl huminal
From AUX IN; i ANA IN is driven at 50 mV p-p, the Poyr = 12.2 mW, typical,

Bl with 5.1 K 0 series resistor at ANA IN.

3

STeqQuency anc pia

range. For greater stability, an external clock can be utilized (see Pin Descriptions)

Gl

AR dran by natira Af nassinn thrannh hath filters

Teps is required during a static condition, typically overflow.

-I7 -
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Filter specification applies to the antialiasing filter and the smoothing filter. Therefore, from input to output, expect a 6
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ISD)SA0/75/90/120

10.2.1. Typical Parameter Variation with Voltage and Temperature (Die)

Chart 5: Record Mode Oparating Chart 7: Standby Current (i)
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10.3. PARAMETERS FOR PUSH-BUTTON MODE

ISD2E60/75/00/120

TABLE 12: PARAMETERS FOR PUSH-BUTTON MODE

PARAMETER symBoL | MIN® | TYP™ | max™ | UNIT | CONDITIONS
s
CE Pulse Width Toe 300 nsec
(Start/Pause)
ConiroifAddress Seiup Time Tser 300 nsec
Power-Up Delay Trup
;SDZSGG 2:L\'.‘l’ 1ISeL ‘I =
ISD2575 3125 msec
1SD2590 37.25 msec
iISD25120 50.0 msec i
PD Pulse Width (Stop/Restart) | Tep 300 nsec
— i s 28 ANN near
LE 10 EUM MIGH S == °ec
C? to EOM LOW TF‘AUSE 50 400 nsec
CE HIGH Dabounce Tou
ISD2560 70 105 msec
ISD2575 85 135 msec
iSD2590 105 160 MSEeC
1ISD25120 135 215 msec
Noies

4]

PTG LSS,

Typical values @ Ta = 25°C and V¢ = 5.0V.
B Al Min/Max limits are guaranteed by Winbond via electrical testing or characterization.

_29.
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11. TYPICAL APPLICATION CIRCUIT

ISDISA0/75/90/120
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FIGURE 5: DESIGN SCHEMATIC

Note: if desired, pin 18 (PDIP pacikage) may he iefi unconnected {microphone nreampiifier noise wiii he higher). in
this case, pin 18 must not be tied to any other signal or voltage. Additional design example schematics are

provided below.
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TABLE 13: APPLICATION EXAMPLE ~

ISDYSA0/75/90/120

BASIC DEVICE CONTROL

Control Step Function Action
I 1 Power up chip and select Record/Playback Mode 1.PD=LOW, 2. P IR =Asdesired
P2 Set message address for record/playback Set addresses AQ-AQ
A Begin playback P/R =HIGH, CE = Pulse LOW
hed [ Hegi feeoiq PIR =LOW, CE =LOW
4A End playback Automatic
AP Fed cmnmmed
e ety =HIGH

T
(%]
o]
=3
C
P

Part Function Comments
R1 Microphone power supply decoupling Reduces power supply noise
R2 Release time constant Sets release time for AGC
_RB,_RS_ T .I-\Ei-croﬁtbﬁ; bi:‘:-:-;iﬁg fesis_’ib}s . Provides b"éaéing fo;_microphbr;é operatian 1
R4 Series limiting resistor Eec’!‘uces [tlevel “to prevent distortion at
hinhorisunalyynlianas
R6 Series limiting resistor Reduces level to high supply voltages
C1,C5 !‘\/Iicrophone D(Ec-blocking capacitor Low- Decqtjples ‘ mlicroplhorlle t‘)ias from cizlp“
S D U ANHATED: DRAIYIETRMIG IMEIECINGEMETY: ST
and command mode noise rejection.
Cc2 Attack/Release time constant Sets attack/release time for AGC
Ca LOW-1T£0QUENCY GUIOT CADEcon FIOVIOES SGUaiiondl poie 108 Iow-ieguency
cutoff
Cc4 Microphone power supply decoupling Reduces power supply noise
f 6, 7,08 : Power supply capacitors : Filter and bypass of power supply {

-3I-
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ISDISAN/TS/00/120
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FIGURE 6: I1SD2560/75/90/120 APPLICATION EXAMPLE — MICROCONTROLLER/SD2500

NTEDCADE

in this simplified biock diagram of a microconiroiler application, the Push-Button Mode and message
cueing are used. The microcontroller is a 16-pin version with enough port pins for buttons, an LED,
and the ISD2500 series device. The software can be written to use three buttons: one each for play
Aand ramnard and Ana far mAaceann enlantinn Danainicn tha minrananirallar e intarnratina tha holbane
andipnaaed: andionn far m calnetion: Bamausasihn minmnoontuallanio Srdaemenfine thohbine

application.

Note: Winbond does not recommend conneciing addn

(18— =L

Address lines should be externally latched.

ss lines directly to 2 microprocessor bus,

=1 " 1tE=1011

1
tag
W)

1



ISNI560/75/90/120

ISN2ARNTRRNH 20 VCX:
CE
IR 1P vlm

Ve Vv, v, +25 Al Veea18 o - I

| T | = r:}:A"? 04 Py AT \01 uF ——C5

] J V... |12 Nl N2 F

! Re S =R7 (R o = |

| = | |

| 100K = <1WK v .,_'r’.!M Vwﬂ‘ S

., | ] = 16 |

| —0 O | Preess) —— A
i 7 A6 i4 -

START / PAUSE | ‘._:,cq SP+ = ;’.‘/ |
- 1 | L& SP- —Li|
A PR AN 60
—r0 ‘3'—‘—‘ \ 10] po ANAIN 120
! STOP/ RESET I

i
Ty
| Y
*—C
| PLAYBACK/ RECORD

Note:

FISURE £ ISLZ06U/ /9120 AFPLIGATIIUN EXAMMLE — FUSH-BUL TUN

Please refer to page 13 for more details.
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ISDI5A0/75/00/120

TABLE 15: APPLICATION EXAMPLE — PUSH-BUTTON CONTROL

Control Step Function Action
1 Select Record/Playback Mode PIR = Asdesied
2A Begin p!aybaCk ala = I—lil‘.‘H' l-? = Puice LOW
25 SegaReard P/IR =LOW, CE = Pulse LOW
3 Pause record or playback CE = Pulsed LOW
4A End playback Automatic at EOM marker or PD = Pulsed HIGH
| 48 | End recoid | PO = Pulsed HIGH ]

TARI E 418: ADDI ICATINN EYAMDI E _ DAQSIVE TOMDPONENT Fi INCTINNS

Part Function Comments
R2 Release time constant Sets release time for AGC
R4 Series limiting resistor Reduces level to prevent distortion at
! higher supply veltages
R6, R7 Pull-up and pull-down resistors Defines static state of inputs
£ A BF Rauigrsyinnhanananng Eiltsrsiand husbas A AmyEr siianh
c2 Attack/Release time constant Sets attack/release time for AGC
C3 Low-frequency cutoff capacitor Provides additional pole for low-frequency

LTIV T

]
i)




ISDISAN/T5/90/1720

12. PACKAGE DRAWING AND DIMENSIONS

12.4. 28-LEAD 200-MiL PLASTIC SMALL QUTLINE IC (SQIC)
26 27 26 25 24 23 22 21 20 15 18 17 16 15
1 2345 6789 10 1112 13 14
Tonooooloonoooo oo
= A L - I
! i - -C '
1
B i |
n_._ L;LaL.iLII_-L!J_.}LH_LJ.._-LJ' "-_..,'i..}_T_ I':iiL___.—-'ii__ll
: i lew
INCHES MILLIMETERS
Min Nom Max Min Nom Max
A 0.701 0.706 0.711 17.81 17.93 18.06
B 0.097 D.101 0.104 2.48 2.56 2.64
C 0.292 0.296 0.299 7.42 7.52 7.59
D 0.005 0.009 0.0115 0.127 0.22 0.29
| E 0.014 0.016 0.018 0.35 0.41 0.48
F 0.050 1.2T7
! S GC.+00 .00 G v 1010 10.51 0.1
H 0.024 0.032 0.040 0.61 0.81 1.02

Note: i ead copianarity i0 be within 0.004 inches

-35-

Rewsron 1.0



ISDS6N/75/90/120

12.2. 28-LEAD 600-MIL PLASTIC DUAL INLINE PACKAGE (PDIP)

S o S o N s w5 A o A e

28 27 26 26 24 23 22 21 20 19 18 17 16 16

0O
)

INCHES MILLIMETERS
Min Nom Max Min Nom Max
A 1.445 1450 | 1455 36.70 36.83 36.96
B1 0.150 | 3.81
B2 | 0065 0.070 0.075 165 | 178 | 191
c1 0.600 0.625 15.24 15.88
c2 | osa0 0.540 0.550 12.46 12.72 13.07
D 0.19 483
nt | nnis 028
E 0.125 0.135 3.18 343
F 0.015 0.018 0.022 0.38 0.46 0.56
G 0.055 0.060 0.065 140 152 162
H 0.100 2.54
K 0008 0010 0012 020 025 030
S | 0070 | 0075 | 0.080 178 | 191 | 203
0° 15° 0° 15°

|

fan

-8
]



ISNISAN/TS/00/120

12.3. 28-LEAD 8X13.4MM PLASTIC THIN SMALL OUTLINE PACKAGE (TSOP) TYPE 1

= A =
1
F B | | &l
—i1@é m = i I—Eﬂ
=2 27 = =
? 23 "
8 21 C =
..-.-..'3 ’m'_ I 7::
10 19 1]
11 18 3
12 17 3
g-}i Eé l |EL—_£=
AR

Plastic Thin Small Outline Packaae (TSOP) Tvoe 1 Dimensions

INCHES MILLIMETERS

Min Nom Max Min Nom Max
A 0.520 0.528 0.535 13.20 13.40 13.60
B 0.461 0.465 0.469 11.70 11.80 11.90
c 0.311 0.315 0.319 7.80 8.00 8.10
D 0.002 0.006 0.05 0.15
E 0.007 0.009 0.011 0.17 0.22 0.27
" TRIPAN u.nn
G 0.037 0.039 0.041 0.95 1.00 1.05
H 0° 3° 6° 0° 3° 6°
i U.0Z0 U.0zz 0.0Z0 .00 U.00 0.7 U
Jd 0.004 0.008 0.10 0.21

Note: Lead coplanarity to be within 0.004 inches.

Publicanion Release Date: May 2003
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IS S60/75/90/120

12.4. 1ISD2560/75/95/120 PRODUCT BONDING PHYSICAL LAYoUT (Dig) M

ISD2860/75/95/420
o Die Dimensions
X 149 5 + 1 mils
Y:262.0 + 1 mils

SR, R ) (&3
(8] LI THCRNESS ©

11.8 + .4 mils
-~ Pad Mnoaninna
o Pad Opening
111 x 111 microns
AAvAAmile
Noies
U]
OcCcCur.
in

Lay
(>]

laz| a0 | PR | EQM PD
‘ EEE B H Bl [ ] -
pmi=
. -
As e
. 4
AeH | OVF
| 1SD2560/75/90/120X
|
|
Py i
o =~
|
i
A7 B ANA OUT
an -  Eam B anam
| | ] | mm |
Ag (8@ T_ | | 5 | 1 - I. |
AUXIN | Vg, | SP-| MIC AGC
\.f_.;w SR+ \!;u‘ MIC Rk

The backside of die is intemally connected to Vss. It MUST NOT be connected to any other potential or damage may

0 LU IGO0 19 SULJOLL W Ul G I, IGO0 Las G ¥ ¥ AU I TG 1 DRI Gl I G Y GG Y



ISN2S60/75/90/120

1SD2560/75/90/120 PRODUCT PAD DESIGNATIONS
(with respect to die center)

Pad Pad Name X Axis (pm) Y Axis (pm)
A0 Address 0 -897.9 3135.2
Al Address 1 -1115.4 3135.2
A2 Address 2 -12321.0 31352
A3 Address 3 -1544.0 3135.2
A ol 1g4n 4 2008
A5 Address 5 -1698.2 2671.0
AB Address 6 -1698.2 2441.5
AT Address 7 173172 -2583.7
A8 Address 8 -1731.2 -2768.4
AQ Address Q -1731 2 -3NR0 8
AUX IN Auxiliary Input -1410.2 -3115.7
Vssp Vsgg Digital Power Supply -1112.4 -3096.5
Vssa Vss Analog Power Supply -408.2 -3138.9
SP+ Speaker Output + -46.65 -3068 .4
SP- Speaker Output - 386.1 -3068.4
Veea Vee Anaiog Power Suppiy 746.9 -31i0.8
MIC Microphone Input 1101.2 -3146.0
Wi e WL URHUNE AsiEIEHLE 1227 -2 140U
AGC Automatic Gain Control 1666.4 -3130.3
ANA IN Analog Input 1728.6 -2654.0
ANA QUT Analog Cutput 1700.9 -2411.
OVF Overflow Output 1674.6 2489.5
or Chip Enable Input 1728.7 28244
PD Power Down Input 1730.5 3094.0
EON Live Ut IMIGS5aGSs 5es Jiz22a
XCLK No Connect (optional) 986.5 3160.7
F':'I:{ Plavback/Record an7 2 3163 4 !
Veen V¢ Digital Power Supply 544 .4 3159.6

_39- Revision 1.0



ISNISA0/75/90/120

13. ORDERING INFORMATION

iSD25 _ _
=L
} . | l Special Temperature Field:
ispzoun Senes ' b Blank= Commercial Packaged (°C to +70°C)
Duration: g or Commercial Die (0°C to +50°C)
60 = 60 seconds . _
75 = 75seconds RERSEE a
90 = 90 seconds P = 28-Lead 600mil Plastic Dual Inline
120 = 120 seconds Faskage{HBIF)
S = Z28-iead 300mii Smaii Outline
Integrated Circuit (SOIC)
E = 28-lLead 8x13.4 mm Thin Small
Outline Package (TSOP) Type 1
X = Die

When ordering 1SD2560/75/90/120 products refer to the following part numbers which are supported
IN volume TOr TNIS Proauct series. UONsuit tne 1ocal YINDona Sales Kepresentatve or LISTputor Tor
availability information.

Part Number Part Number Part Number Part Number
ISD2560P 1SD2575P 1ISD2590P ISD25120P
ISD2560S 1SD25758 1ISD2590S 1SD25120S
ISD2560E 1SD2575E ISD2590E
ISD2560X 1ISD2575X ISD2590X 1SD25120X

For the latest product information, access Winbond’'s worldwide website at

- di -



ISNYSAN0/75/00/120

14. VERSION HISTORY

VERSION DATE PAGE DESCRIPTION
0 Apr. 1998 All Preliminary Specifications
1.0 Mav 2003 All Re-format the document.
Update TSOP pin configuration.
Revise Overflow pad designation.

Publicanon Release Dare: May 2003
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ISN2560/75/90/120

The contents of this document are provided only as a guide for the applications of Winbond products. Winbond
maKkes no representation of warranties with respect o the accuracy or completencss of the contents of this
publication and reserves the right to discontinue or make changes to specifications and product descriptions at
any time without notice. No license, whether express or implied, to any intellectual property or other right of
Winhnnd or nthers is aranted hv this nohlicatinn Fxrent as qet farth in Winhnnd's Standard Terms and
Conditions of Sale, Winbond assumes no liability whatsoever and disciaims any express or implied warranty of

merchantability, fitness for a particular purpose or infringement of any Intellectual property.

Winbond products are not designed, intended, authorized or warranted for use as components in systems or
equipments intended for surgical implantation, atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, or for other
applications intended to support or sustain life. Further more, Winbond products are not intended for applications

wharain rainure ot Vwinhond nroducts could rasult or lead to a sityation wharain narsonal inmng  death or cavara
WNerein Tature o YVindonc Pr < i Or a sShiuglon wherein 2 WMy, o =

QQuCisS CoUC Iesud 2ac o Rerso caul sSevVe

property or environmental injury could occur.

Application examples and alternative uses of any integrated circuit contained in this publication are for illustration
onlv and Winbond makes no representation or warrantv that such aoplications shall be suitable for the use
specified

1SD® and ChipCorderﬁ’ are trademarks of Winbond Electronics Corporation.
The 100-year retention and 100K record cycle projections are based upon accelerated reliability tests, as

published in the YWinbond Reliability Hepert, and are neither warranted nor guaranteed by Wintbond,

Information contained in this 1ISD® ChipCorder@ data sheet supersedes all data for the 1ISD ChipCorder products
published by ISD® prior to August, 1998.

T;I;D l)‘ﬂld :ilc:i ﬂlﬂ-; ﬂ!.ly l‘uiui: au\.}l:nuimn iU ;.;J;: I..llﬂl.ﬂ hill‘_‘ti ;h!_’ﬂll::r i;lc w]llll.l;cil: arll.; WililU;;illH ;3;‘” C;l;yculu.t:lm
product specifications. in the event any inconsistencies exist between the information in this and other product
documentation, or in the event that other product documentation contains information in addition to the information
in this, the information contained herein supersedes and governs such other information in its entirety.

an-.—inhl" INNT WAk amd Elasdesmt M Aarmaralb~e Al dembda rammmiad ISV e A ramindarad dradaneaels
AUy P ] VUll!bUllU I—‘GMIUIII(:S UU'HUIaUUH- tatll r‘lHlila I1ITOCIVOU. I\JD 19 d ICYIDIWCICU Uauchiiar Of
Winbond. ChipCorder” is a trademark of Winbond. All other trademarks are properties of their re:
owners.
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M AKX/

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

_ General Description

The MAX481E, MAX483E, MAX485E, MAX487E-MAX491E,
and MAX1487E are low-power transceivers for RS-485 and
RS-422 communications in harsh environments. Each driver
output and receiver input is protected against +15kV electro-
static discharge (ESD) shocks, without latchup. These parts
contain one driver and one receiver. The MAX483E,
MAX487E, MAX488E, and MAX489E feature reduced slew-
rate drivers that minimize EMI and reduce reflections caused
by improperly terminated cables, thus allowing error-free
data transmission up to 250kbps. The driver slew rates of the
MAX481E, MAX485E, MAX490E, MAX491E, and MAX1487E
are not limited, allowing them to transmit up to 2.5Mbps.

These transceivers draw as little as 120pA supply current
when unloaded or when fully loaded with disabled drivers
(see Selection Table). Additionally, the MAX481E,
MAX483E, and MAX487E have a low-current shutdown
mode in which they consume only 0.5pA. All parts operate
from a single +5V supply.

Drivers are short-circuit current limited, and are protected
against excessive power dissipation by thermal shutdown
circuitry that places their outputs into a high-impedance
state. The receiver input has a fail-safe feature that guaran-
tees a logic-high output if the input is open circuit.

The MAX487E and MAX1487E feature quarter-unit-load
receiver input impedance, allowing up to 128 transceivers
on the bus. The MAX488E-MAX491E are designed for full-
duplex communications, while the MAX481E, MAX483E,
MAX485E, MAX487E, and MAX1487E are designed for half-
duplex applications. For applications that are not ESD sen-
sitive see the pin- and function-compatible MAX481,
MAX483, MAX485, MAX487-MAX491, and MAX1487.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

i Features
+ ESD Protection: +15kV—Human Body Model
+ Slew-Rate Limited for Error-Free Data
Transmission (MAX483E/487E/488E/489E)
+ Low Quiescent Current:
120pA (MAX483E/487E/488E/489E)
230pA (MAX1487E)
300pA (MAX481E/485E/490E/491E)
4+ -7V to +12V Common-Mode Input Voltage Range
+ Three-State Outputs
4+ 30ns Propagation Delays, 5ns Skew
(MAX481E/485E/490E/491E/1487E)
4+ Full-Duplex and Half-Duplex Versions Available
4+ Allows up to 128 Transceivers on the Bus
(MAX487E/MAX1487E)
4 Current Limiting and Thermal Shutdown for
Driver Overload Protection

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX481ECPA 0°Cto +70°C 8 Plastic DIP
MAX4B1ECSA 0°Cto +70°C 850
MAX481EEPA -40°C to +85°C 8 Plastic DIP
MAX4B1EESA -40°C to +85°C 8 S0

Ordering Information continued on last page.

Selection Table

PART HALF/FULL | DATA RATE | SLEW-RATE | LOW-POWER RE(;IEEVI:E!RJ Qél‘;iiciil;’:? T‘I;“AJ:SBME:T?;S PIN
NUMBER DUPLEX (Mbps) LIMITED SHUTDOWN ENABLE (1A) ON BUS COUNT
MAX481E Half 2.5 No Yes Yes 300 32 8
MAX483E Half 0.25 Yes Yes Yes 120 32 8
MAXA485E Half 25 No No Yes 300 32 8
MAX487E Half 0.25 Yes Yes Yes 120 128 8
MAX488E Full 0.25 Yes No No 120 32 8
MAX489E Full 0.25 Yes No Yes 120 3z 14
MAX490E Full 25 No No No 300 32 8
MAX491E Full 2.5 No No Yes 300 32 14
MAX1487E Half 2.5 No No Yes 230 128 8
MAXIMN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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MAX481E/MAX483E/MAXASSEMIAXABTE~-MAX491EMAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC)-....ccuuverevinerineiininscissssconeesnnrsnisansesnes 12v
Control Input Voltage (RE. DE).... ...-0.5V to (Ve + 0.5V)
Driver Input Voltage (Dl).............. ~0.5Vto (Vcc + 0.5V)
Driver Qutput Voltage (Y, Z: A, B) ... .-BVto +12.5V
Receiver Input Voltage (A. B)...... .-BVito +12.5V

Receiver Output Voltage (RO)..... ....0.5V to (Vcc + 0.5V)
Continuous Power Dissipation (Ta = +70°C)
8-Pin Plastic DIP (derate 9.09mwW/°C above +70°C) ....727mW

14-Pin Piastic DIP (derate 10.00mW/°C above +70°C)..800mW

8-Pin SO (derate 5.88mW/*C above +70°C)................. 471mwW
14-Pin SO (derate 8.33mW/°C above +70°C)............... 667mwW
Operaling Temperature Ranges

MAX4_ _C_ _/MAX1487EC_A...

MAX4_ _E_ _/MAX1487EE_A.
Storage Temperature Range .
Lead Temperature (soldering, 1

0°C to +70°C
.-40°C to +85°C

Stresses beyond those fisted under "Absolute Maximum Ratings” may cause permanent damage (o the device. These are stress ratings only, and functional
operalion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not impfied. Exposure to
absolute maximum rating conditions for extended peviods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS
{(Vce = 5V £5%. Ta = TmIN to Tmax, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Driver Output (no load) Vob1 5 v
Differentia) Driver Output Vi R = 50Q (RS-422) 2 v
(withtoad) 002 'R =270 (R5-485), Figure 8 15 5
Change in Magnitude of Driver
Differential Output Voltage for AVop | R=27Qor 50Q, Figure 8 0.2 v
Complementary Output States
Driver Common-Mode Output N
Voltage Voc R = 27Q or 50Q, Figure 8 3 \"
Change in Magnitude of Driver
Common-Mode Output Voitage AVGD R = 27 or 500, Figure 8 0.2 v
for Complementary Output States
Input High Voltage ViH DE, Ol RE 20 v
Input Low Voltage Vi DE, DI. RE 0.8 v
input Current [ DE, DI. RE £2 pA

DE =0V: _
Ve = OV or 5,25V, VIN = 12V 1.0 A
Input Current all devices except .
oy e INz | MAX4BTE/MAX148TE Vin = -7V 08
MAX4B7E/MAX1487E, ViN = 12V 0.25 mA
DE =0V.Vcc =0Vor 5.25V [ vy = -7v 0.2
Receiver Differential Threshold
Voltage VTH -IVEVem<12v -0.2 0.2 v
Receiver Input Hysteresis AVTH Vem = 0V 70 mv
Receiver Output High Voltage VoH lo = -4mA, Vip = 200mV 35 v
Receiver Output Low Voltage VoL 10 = 4mA, VIp = -200mV 0.4 v
Three-State (high impedance)
Output Current at Receiver lozr 0.4vsVos24v £ A
-7V s VcMm £ 12V, all devices except 12 Q
MAX487E/MAX1487E
Receiver Input Resistance RN
-7V SVCM < 12V, MAX487E/MAX1487E 48 kQ

MAXIMN
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)
(Vcc = 5V £5%. Ta = Tmin to Tmax. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
MAX48BE/MAXABIE,
DE. DI. RE < OV or Ve 120 250
MAX490E/MAXA91E,
DE. DI, RE = OV or Vee 300 500
MAX481E/MAX485€, | DE = Vce 500 900
&‘:ﬁ;’g;’ Supply Curent lcc | RE=0Vorvee DE = OV 300 500 | MA
MAX1487E, DE = Vcc 300 500
RE = OVor Vee DE = OV 230 400
- MAX483E 350 650
MAX483E/MAX487E, | DE = Ve 83
RE = OV or Ve MAXA487E 250 400
DE = OV 120 250
Supply Current in Shutdown ISHDN | MAX481E/483E/487E, DE = OV. RE = Vc¢ 0.5 10 pA
Driver Short-Circuit Current, . ; .
Vo = High lospt | -7V < Vo €12V (Note 4) 35 250 mA
Driver Short-Circuit Current,
VO = Low losp2 | -7V < Vo 12V (Note 4) 35 250 mA
Receiver Short-Clrcuit Current losr ov<Vo<Vee 7 95 mA
ESD Protection A, B, Yand Z pins, tested using Human Body Model £15 kv

SWITCHING CHARACTERISTICS—MAX481E/MAX485E, MAX490E/MAXA491E, MAX1487E

(Vce = 5V 25%. Ta = TMIN to Tmax. unless otherwise noted.) (Notes 1, 2)

MAXIMN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. tpLH | Figures 10 and 12, RpiFF = 54, 10 40 60

Driver Input to Output PHL 031 - CL2 = 100pF 0 20 50 ns

Driver Output Skew to Qutput tskew | Figures 10 and 12, RoiFF = 54Q, Cpy = Cp2 = 100pF 5 10 ns
Figures 10 and 12,] MAX481E, MAX485E, MAX1487E 3 20 40

Driver Rise or Fall Time R.tF RoiFF = 54Q, ns
CL1 = CL2 = 100pF | MAX490EC/E, MAX491EC/E 5 20 25

Driver Enable to Output High tzH Figures 11 and 13, CL = 100pF, S2 closed 45 70 ns

Driver Enable to Output Low tzL Figures 11 and 13, C = 100pF, S1 closed 45 70 ns

Driver Disable Time from Low tz Figures 11 and 13, C = 15pF, S1 closed 45 70 ns

Driver Disable Time from High tHzZ Figures 11 and 13. Cy = 15pF, S2 closed 45 70 ns
Figures 10 and 14.] MAX481E, MAX485E, MAX1487E| 20 60 200

Receiver Input to Output tPLH. PHL | RDIFF = 54Q. ns
Ct1 = CL2 = 100pF| MAX490EC/E. MAX491EC/E( 20 60 150

| tewt - tewiL | Differentiat tskp | Fi9ures 10 and 14. Roifr = 540, 5 ns

Receiver Skew Cu1 = Cr2 = 100pF

Receiver Enabte to Output Low L Figures 9 and 15. Crt. = 15pF. 51 closed 20 50 ns

Receiver Enable to Output High tzH Figures 9 and 15. Cri = 15pF, S2 closed 20 50 ns

Receiver Disable Time from Low 1z Figures 9 and 15, Cre = 15pF, S1 closed 20 50 ns

Receiver Disable Time from High tHz Figures 9 and 15, CrL = 15pF. S2 closed 20 50 ns

Maximum Data Rate fMAX 25 Mbps

Time to Shutdown tSHON | MAX481E (Note 5) 50 200 600 ns

3
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MAX481E/MAX483E/MNMAXASSEMANASTE-NMAXA91EMAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,

Low-Power, RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481E/MAX485E, MAX490E/MAX491E, MAX1487E

(continued)
(Vo = 5V £5%. Ta = TmIN to Tmax. unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to "
Output High (MAX481E) tzH(sHoN) | Figures 11 and 13, Ci. = 100pF, S2 closed 45 100 ns
i l )
gmt?:v? g fr' ao}mm ::‘E‘;‘down 1o 1zL(sHDN) | Figures 11 and 13, C = 100pF, S1 closed 45 100 ns
Receiver Enable from Shutdown Figures 9 and 15, Ct = 15pF, S2 closed,
10 Output High (MAX4B1E)  [(ZHISHON) [ AT oy 225 1000 | ns
Receiver Enable from Shutdown Figures 9 and 15, C = 15pF, S1 closed,
10 Qutput Eow (MAX481F) tZLSHON) | BT A - av 225 1000 } ns
SWITCHING CHARACTERISTICS—MAX483E, MAX487E/MAX488E/MAX489E
(Vcc = 5V £5%. Ta = TMIN t0 Tmax. unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
] PLH | Figures 10 and 12, RpiFF = 54Q, 250 800 2000
Driver input to Output oy Ci1 = CLz = 100pF 350 300 2000 ns
N Figures 10 and 12, RpIrr = 540,
Driver Output Skew to Output ISKEW Ci1 = Cua = 100pF 20 800 ns
. oy . Figures 10 and 12, RpIFF = 54Q,
Driver Rise or Fall Time IR, tF Ci1 = CLz = 100pF 250 2000 ns
Driver Enable to Output High tzH Figures 11 and 13, CL = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 11 and 13, CL = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low wz Figures 11 and 13, CL = 15pF. S1 closed 300 3000 ns
Driver Disable Time from High tHz Figures 11 and 13, Cy = 15pF, S2 closed 300 3000 ns
. PLH | Figures 10 and 14, RpiFf = 54Q 250 2000
| 3
Receiver Input to Output — CL1 = CL2 = 100pF 350 2600 ns
1tpL - teHL | Differential Figures 10 and 14, Rpifr = 54,
Receiver Skew 1SKD | ¢y - Cr2 = 100pF 100 ns
Receiver Enable to Cutput Low zL Figures 9 and 15, Cry = 15pF, S1 closed 25 50 ns
Receiver Enable to Cutput High tzH Figures 9 and 15, CrL = 15pF, S2 closed 25 50 ns
Receiver Disable Time from Low Wz Figures 9 and 15, CrL = 15pF. S1 closed 25 50 ns
Receiver Disable Time from High tHz Figures 9 and 15, Crt: = 15pF, S2 closed 25 50 ns
Maximum Data Rate fmax tPLH. tPHL < 50% of data pericd 250 kbps
Time to Shutdown tSHDN | MAX483E/MAX48T7E (Note 5) 50 200 600 ns
Driver Enable from Shutdown to MAX483E/MAXA87E, Figures 11 and 13,
Output High UZH(SHDN) | ¢, . 100pF, S2 closed 2000 | ns
Oriver Enable from Shutdown to MAX483E/MAX4BT7E, Figures 11 and 13,
Output Low WZLSHON) | ¢, "~ 100pF. S1 closed 2000 | ms
Receiver Enable from Shutdown MAX483E/MAX48T7E, Figures 9 and 15,
to Output High {ZHISHON) | ¢, - 150F, S2 closed 2500 | ns
Receiver Enable from Shutdown 1ZL(SHDN) MAX483E/MAXA4BTE, Figures 9 and 15, 2500 ns

to Output Low

Cy = 15pF, $1 closed

MAXIMN




i .

PR

”



+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, R RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive; all curents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

Note 2: All typical specifications are given for Vcc = 5V and Ta = +25°C.

Note 3: Supply cumrent specification is valid for loaded transmitters when DE = QV.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481E/MAX483E/MAX487E are put into shutdown by bringing RE high and DE low. If the inputs are in this state for
less than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Vce = 5V. Ta = +25°C, unless otherwise noted.)

GUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER OUTPUT HIGH VOLTAGE
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE vs. TEMPERATURE
50 - -25 g 48 ]
L1} H ’ ' I?
45 i Y H
— 40 20 b, s » Ino = BMA
€ 3 g ™ Y ™~
g % \\ E 2 [~~~y
g » g A g 4w =
3 5 3 \ <] "~
5 2 VA4 5 .0 z 38
4 3 E
& / = 3.6
2 15 / g g
10 5 S 34
Ve 22
0 0 30
o 05 10 15 20 25 15 20 25 30 35 40 45 50 60 40 20 0 20 40 60 80 100
OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
RECEIVER OUTPUT LOW VOLTAGE ORIVER OUTPUT CURRENT vs.
vs. TEMPERATURE DIFFERENTIAL OUTPUT VOLTAGE
[12] I l Ig %0 3
H N, 8
08 o < B 3 80 \\ i
E o1 T 0 N
2 08 = 60
£ z N
S os € 5 AV
5 o S e
5 03 - g
E /( =1
© o2 T 20 w\
01 10 N
0 0
60 40 -20 0 20 40 60 80 100 0 05 1.0 15 20 25 30 35 40 45
TEMPERATURE (*C) DIFFERENTIAL OUTPUT VOLTAGE (V)
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491EMAX1487E

*+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

(Vce = 5V. Ta = +25°C, unless otherwise noted.)

Typical Operating Characteristics (continued)

DRIVER DIFFERENTIAL OUTPUT OUTPUT CURRENT vs. OUTPUT CURRENT vs.
VOLTAGE vs. TEMPERATURE DRIVER OUTPUT LOW VOLTAGE DRIVER OUTPUT HIGH VOLTAGE
23 U 140 A s 100 .
€ 22 - g 120 i 0 H <l§
g 21 g / g ® |
5 —— € 0 g 2
g I = ’ \
20 s Z
5 g g Vel Z 60 N
& 19 g , o \
> - 3 > 50
2 2w e \
g 18 g 5 40 \
5 .30
& 17 3 % 3
g a
8 16 2 / 10
15 0 0
60 40 20 O 20 40 60 80 100 0o 2 4 6 8 W 112 84 6 4 2 0 2 4 &
TEMPERATURE (°C) OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V)
MAX4STEIMAXASSEMMAX4SCEMAX4TTE mim MAX1487E
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
600 T T T 1 3 600 = 600 F‘
MAXASTEAANABSE: OF 2 Vo, RE 2 X lg § i
$00 500 500
g
g 400 g’ 400 O = Ve, = g 400
& & i ] g MAX)4STE; DE = Veg, FE « X
R - R MAXAB7E; OF = Ve, R « X 3 ™ —T""1
MAYASSE; DE « 0. RE = X. 1 -
5 o el = I > g
g a0 X & 20 MAKSSEMANATTE O« FE - € g 200 WAKI GTE: D€ =Y, R - X
@ B NAXASSEMAAESE: € « RE = X @
100 I 100 1 00
MAXAGTE; DE = 0, RE = Ver mmm&u-nil-\u
0 0 ringart 0
60 40 20 0 20 40 60 80 100 60 40 -20 O 20 40 60 B0 100 60 40 20 0 20 40 60 80 100
TEMPERATURE (*C) TEMPERATURE (*C) TEMPERATURE (*C)
6

MAXIMN



2 T =3
LR ) P ..
. - . . . et bae e
s - e~

.
'
|
'
) . .
; B e KIS PR oy
I
'
R
s .
. . e B
i
s ot
.-
5
B R . T N
i ’ * - e kS




+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Pin Description

PIN
MAX481E/MAXA483E MAX488E MAX489E NAME FUNCTION
MAX4SSEIMAXASTE | \\0yq00E MAX4S1E
MAX1487E
] 5 R R0 Receiver Output: If A > B by 200mV., RO will be high;

If A < B by 200mV. RO wiil be low.

2 _ 3 e Receiver Output Enable. RO is enabled when RE is
low; RO is high impedance when RE is high.

Driver Output Enable. The driver outputs, Y and Z, are
enabled by bringing DE high. They are high imped-

3 — 4 DE ance when DE is low. If the driver outputs are enabled.
the parts function as line drivers. While they are high
impedance, they function as line receivers if RE is low.

Driver Input. A low on DI forces output Y low and out-

4 3 5 DI put Z high. Similarly, a high on DI forces output Y high
and output Z low.

5 4 6.7 GND Ground

- 5 9 Y Noninverting Driver Output

— 6 10 Z Inverting Driver Output

6 _ _ A Noninverting Receiver Input and Noninverting Driver
Output

— 8 12 A Noninverting Receiver Input

7 - — B Inverting Receiver Input and Inverting Driver Output

- 7 n B Inverting Receiver Input

8 1 14 Vee Positive Supply: 4.75V £ Vce <€ 5.25V

— — 1.8.13 N.C. No Connect—not intemally connected

MAXIM 7
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MAX481I5MAN483E/MAXMI85EMAXNNBTE-MAXI9TENIAX1487E

=19k V ESD-Protecied, Siew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

1AM
MAX481E
1ansncw [ Lo MAX4RIF I
‘ 1= AMAX485E !

) ! ! o L v g S T
DIPISO =

NOTE: P LASELS Y AND 7 ON TIMENG, TEST, AND WAVECOMA QIACOAMS PECER 10 DINS 8 AND B WHEN DE IS HICH,
PYPICAL GPERATING CIRCUNS SHOWN W LIPSO PACKAGE.

- MAX48/¢
EW’oc MAX1487E ‘ngl
1.8 B
AR ER S A AT
I T
Iﬁ

Figure 1. MAX481E/MAX483E/MAX485E/MAX487E/MAX1487L Pin Confiauration and Tvoical Operatina Circuit
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Figure 3. MAX489E/MAX491E Pin Configuration and Typical Operating Circuit
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£15kV ESD-Protecied, Siew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Functior Tables (MAXA481E/MAXABIE/MAXASSE/MAXA8TE/MAX1487E)

Table 1. Transmitting
l INDUTS I NITRUTR |
RE DE D z Y
X 1 1 0 1
X 1 0 1 0
0 4] X High-Z High-Z
1 0 X Hiah.77 Hiah-7*
L L 1 L i 1
X = Uon't care
High-Z = High impedance

* Smurdown mode for MAX481E/MAX483E/MAX48TE

Applications Information
Tho ANV 40T E’f.‘.."X‘.SEE.’.‘.t".".‘.8“’“““"‘”'—' dANAE
and MAX1487E arce low-powcer transceivers for RS-485
and RS-422 communications. These "E” versions of the
MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 provide extra protection against ESD. The
rugged MAXAH1E, MAXAE3E, MAXIBSE, MAXAY /L
MAX491E, and MAX1487E are intended for harsh envi-
ronments where high-speed communication is important.
These devices eliminate the need for transient suppres-
cor rlan -;rwi 'hr\ acc:v-mtrvl h-nl—\ ronarn—nvvs ln—adnnn
The standard (nnn~ E") MAX481, MAX483, MAX485,
MAX487-MAX491, and MAX1487 are recommended for
applications where cost is critical.

The MAX481E. MAX485E. MAX490E, MAX491E. and
MAX1487E can transmit and receive at data rates up (o
2.5Mbps, while the MAX483E, MAX487E, MAX488E,
and MAX489E are specified for data rates up to
250kbps. The MAX488E-MAX491E are full-duplex

L cdelle alem MAANVANAI LAAV AANT LEAV ANTIC
VG UYL 2, PRI LT IV VAT G, TV AT, SV WA f e

and MAX1487C are hau-dup!ex in addition, driver-
enable (DE) and receiver-enable (RE) pins are included
on the MAX481E, MAX483E, MAX485E, MAX487E,
MAX489E, MAX491E, and MAX1487E. When disabled,.
the driver and receiver outputs are high impedance.

+15kV ESD Protection
As with all Maxim devices, ESD-protection structures
are incomarated on all nins 10 nintect anainst electro-
sialic discharges encourniered timmg ildndimu and
assembly. The driver outputs and receiver mputs have
extra protection against static electricity. Maxim’s engi-

FAAXNAA

Table 2. Receiving

| NeuTS I

ouTenT l

RE DE AB RO

0 (] > +0.2V 1
T P =02V o

0 0 Inputs open 1

1 0 X High-Z*

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481E/MAX483E/MAX487E

neers developed state-of-the-arnt structures to protect
these pins against ESD of +15kV without damage. The
£SL structures withstand high £SD i all states: normal
operation, shutdown, and powered down. After an ESD
event, Maxim's MAX481E, MAX483E, MAX485E,
MAX487E-MAX491E, and MAX1487E keep working
withru i latrbhon

ESD protection can be tested in various ways; the
transmitter outputs and receiver inputs of this product
family are characterized for protection to +15kV using
the Human Radv Model.

Other ESD test methedologies include EC10004-2 con-
tact discharge and IEC1000-4-2 air-gap discharge (for-
merly IEC801-2).

e
LOU tooi vvu\nuvua

E3D petivmaiice depends vii a vaiiely of conditiuns.
Contact Maxim for a reliability report that documents
test set-up, test methodology, and test results.

Human Body Model
Figure 4 shows the Human Body Model, and Figure 5
shows the cursrent waveform it generates when dis-
charged into a low impedance. This model consists of
a 100pF capacitor charged to the ESD voltage of inter-
est, which is then discharged into the test device
through a 1.5k resistor.

IEC1000-4-2

The 1EC1000-4-2 standard covers ESD testing and per-
formance of finished equnpment it does not specifically
refer to integrated circuits (Figure 6).

LAY LXVWI L BY X W=V X VI ISE VX YIS Y XYL XY
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MA X481 /MR X483E/MAX4OSEMAXISTE-MAXI9T1ENAXT1487E

=19k V ESD-Proiecied, Siew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Rg 1M Rp 15000
I CHARGE cumm' DISCHARGE o—l

PEAK-T0-PEAK RINGING

NT ANAUAI TN CPAITY

""@I:ﬂﬁ__{"—

LIMIT KEDIDIUK § REJDIANLE = : / ’
DEVICE AMPERES
Cs STORAGE UNDER
100pF ]~ CAPACITOR TEST % | I~
] ] 2
| | ! W% - }
1 ~—
0 R TIME —

: - le—— 1,

CURRENT WAVEFORM
] ]

Figure 4. Human Body ESD Test Model

Figure 5. Human Body Mode! Current Waveform
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Figure 8. Driver D(C Test Load
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Figuie 3. Receiver Timing Test Load
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15KV ESD-Protecied, Siew-Rate-Limited,

Low-Power, R$-485/RS-422 Transce'vers

L - ]

Figure 10. Driver/Receiver Timing Test Circuit
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Figure 12. Driver Propagation Delays

Figure 13. Driver Enable and Disable Times (except MAX488E
and MAX490E)

A
l‘—i‘mn- » iy —ad e
—
1.5V QUTPUT NORMALLY LOW Vou + D5V

OUTPUT NORMALLY HIGH

l +l‘t\l

:I I<— (sion. tn

Figure 14. Receiver Propagation Delays

PAAME AR

Flguie 15. Receiver Enabie and Disable Tines {except MAX486E
and MAX490E)
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19KV ESD-Froiecied, Siew-Rate-Liimited,

Low-Power, RS-485/RS-422 Transceivers

OHz AMHz

10d8/div

OHz ShAHz
S00kH2/dw

OkH? Srgnaf

The major difference between tests done using the
Human Rodv Maodel and IFC1000-4-2 is hicher neak
cutteni in IFCI0N0-4-7. hecause series iesisidnce is
lower in the IEC1000-4-2 model. Hence, the ESD with-
stand voltage measured to IEC1000-4-2 is generally
Iower than that measured usmq the Human Body
IVILJL.II.:I J IUUJU J DI:UUVJ I.l councin VVQVCIUHII lUl ll c UJ\V
iEC1000-4-2 ESD contaci-disci IdigL. test.

The air-gap test involves approaching the device with a
charged probe. The contact-discharge method connects

tho mraba ba the doies o bhnfora tha araba ie anoeaizad
- e e oSG Gim o

Machine Model
The Machine Model for ESD tests all pins using a
ZOO;JF storage capacnor and zero dlscharqe resm
l(llll_.l._—. th Uui\‘\.-uvt. Lhe) lU ClllUl(.lI.C UIL Jlll.'_‘:..) L.uu_)\:u uv
contact tial occurs witi har IUIIIIQ di IU a:;:.t:nn_n_y UUI IIIH
manufacturing. Of course, all pins require this protec-
tion during manufacturing—not just inputs and outputs.
Therefore, after PC board assembly, the Machine Model
is less relevant 1o 1O ports.

MAX487EMAX1487E:
128 Transceivers on the Bus

Tha ARLO T/ unitdnad rocoivor inonil imnoadanca of tha
MAXAR/E and MAX14R7E allows up to 128 transcaivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 transceivers
maximum). Any combination of MAX487E/MAX1487E
AN QLT D480 UATNSCEIVETS WILET A LOAL OF 32 LT
loads or less can be put on the bus. Ihe MAX481E,
MAX483E, MAX485E, and MAX48BE-MAX491F have
standard 12k2 receiver input impedance.

12

mitting

Figure 17. Drrvw Ou!pur Waveform and FFT Plot of

AMANAZ ANAE AEANABEE Trans, oo 150k Sianai
XAGIEAAAX A ViAATGY a NG

MAX483EMAX487EMAX488EMAXA489E:
Dalﬁu-nd F'.lll' aml Dﬂﬂm-ﬁnnc
limited, mnnnmszmg EMI and reducmg reflectrons
caused by improperly terminated cables. Figure 16
shows the driver output waveform and its Fourier analy-
SIS O A IDUKM S ‘\IUIIHI HArsnmen Ily A IVIRA4D T
MAX4BOE, MAX490E, MAX4YIE, or MAXI48/E. Hign-
frequency harmonics with large amplitudes are evident.
Figure 17 shows the same information displayed for a
MAXAR3F MAX4ARTF MAX4RAF nr MAX4R9F tranamit-
ting under ihe same condilions. Figure 77°s high-fre-
quency harmonics have much lower amplitudes, and
the potential for EMI is significantly reduced.

Low-Power Shutdown Mode
(EAXABIESIAXABSESIA N 287E)

A low-power shutdown mode is mmated by bringing
both RE high and DE low. The devices will not shut
down unless both the driver and receiver are disabled.
N SIUEAOWN, INe aevices ypcany araw ony u.ops of
supply current.

RE and DE may be driven simultaneously; the parts are
guaranteed not to enter shutclown if RE is hlgh and DE
12 1w U 1GaS i UL 1 LIS 1D are i Uino. sl
fur at iedst 66Gns, tihe pails ale gualauu:t_u o enie
shutdown.

For the MAX481E MAX483E and MAX487E, the IzH

and ¢ wmn tho o o amne nnt in the

Ir\ AoOOWwWer r-lehv{n wn state f!}-‘n IJIAVdOLL thVa‘QQL
[&1¢) GOV

MAX491E. and MAX1487E can not be shut down). The
tZH(SHDN) and tzL(SHDON) enable times assume the
parnts were shut down (see Flectrical Characteristics)
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+ 15KV ESD-Protected, Siew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

.8
RECENVER
oul
R=540 y
t ¢ 1

Figure 18. Receiver Propagation Delay Test Circuit

1t takes the drivers and reccivers longer to become
enabled from the low-power shutdown state (izH(SHDN).
tZL(SHDN)) than from the operating mode (izH. tzy). (The
pants are in operating mode if the RE, DE inputs equal a
fcgical Ut or L1 or Y, U}

Driver Output Protection
Excessive output current and power dissipation caused
bv faults or bv bus contention are vrevented bv two
mechanisms. A foldback current limit on the output stage
provides immediate protection against short circuits over
the whole common-mode voltage range (see Typical
Operaung Charactensacs) In addition, a thermal shut-

SOvnis Sl 1oroCs e Gnver w\puu VRO G

ance state if the die temperature rises excessively.

ion Delay
Many digital encoding schemes depend on the differ-
BIHLE DEIWHEL 108 UHVEL AN 1RLEIVEL DIOPayYaion

SARAXD AR

deiay times. Typical propagation deiays are shown in
Figures 19-22 using Figure 18's test circuit.

The difference in receiver delay times, tPLH - tPHL, is
typically under 13ns for the MAX481E, MAX485E,

MAXAS0E, MAX491E, and MAX1487E. and is typically
less than 100ns for the MAX483E and MAX487E-
MAX489E.

The driver skew times are typically 5ns (10ns max) for
Ne MAXAYIE, MAXABOE, MAXAYUE, MAXAYIL, ana
MAX1487E. and are typically 100ns (800ns max) tor the
MAX483E and MAX487E-MAX489E.

Typical Applications
The MAX481E, MAX483E, MAX485E, MAX487E-
MAX491E, and MAX1487E transceivers are designed for
bidirectional data communications on multipoint bus
transmlssxon lines, thures 25 and 26 show typical net-

feet.

To minimize reflections, the line shou!d be terminated at
both ends in its characteristic impedance, and stub
Innnlhc Nff the main line chriidd ho l{nni ac chnrt ac nnccb-
bie. The slew-rate-limited MAX483E and MAX487E-

MAX489E are more tolerant of imperfect termination.
Bypass the Vicc pin with 0.1pF.

Smmnbnbnd B dOPr

For isolated RS-485 applications, scc the MAX253 and
MAX1480 data sheets.

Line Length vs. Data Rate
I‘EC I'\J"'UJ"\J"!ZZ D\.ﬂl I\JOI\.I Vel D mw: “:llgll': uy W
4600 ieet. Figures 23 and 24 siow the systein differen-
tial voltage for the parts driving 4000 feet of 26AWG

wisted-pair wire at 110kHz into 100Q loads.
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MAX481EMAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

I

19KV ESD-Fioiecied, Siew-Rate-Liimited,

Low-Power, RS-485/RS-422 Transceivers

A - 1
500mviar
1
B ;
RO - - -
Sv/div " i
25ns/div

S00mV/div |

SVidiv

O

25ns/div

Figure 18. MAX481EMAX485EMAX4G0EMAXT487E Receiver

Figure 20. MAXA81EMAXASSEMAXA00F/MAXA9 1 F/
MAXT487E Recelver tpiH

200ns/div

tPHL

A B joe— -

) o

SComv/die 5
=
" ‘ n s
RO — - SVidiv | &
SV/div . L

[ S —

200ns/div

Figure 21. MAX483E/MAX487E-MAX489E Receiver tpHL

Figure 22. MAX483E/MAXABTE-MAXA89E Receiver o+

5!.’
8
Va-Vp : 0
B v
e 5V
no n o

2us/div

ot 4

- o

w

Va-Va U
v

LY - 5V
= - ov

2ps/div

Figure 23. MAX481E/MAX485E/MAX490F/MAX491E/
MIAXT487E Sysicin Differciiiial Voitaue al 170k Diving

40001t of Cable

14

Figure 24. MAX483E/MAXT1487E-MAX489F System Differential
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=19k ESD-Protecied, Sievw-rRate-Limited,
Low-Power, RS-485/R$-422 Transcelvers

OE l/l/ 'iA' B A )) ) ) i A lil——m
: — — -
N ] , I S

I
N ' V’ '
MAX481F
] 3

maxa st [
MAX485L I

] ! ¢

LA
MAX487E 1} DE  RORE ot
MAX1487€
i |
Figure 25. MAX481E/MAX483E/MAX485E/MAX487E/MAX1487E Typical Half-Duplex RS-485 Network

S
|

g—-—
8_..
R-1-

A (( Y
200 ) 1200
< [ — AR
I B T )) T 7
z

[N ]
I 1l [
Di DE RERO ol DE

2

];2_

3

£

}
LSFXYIN-ZLOPX

NCTE: RE AND DE ON MAXASOE/MAXAO1E ONLY. |

Figure 26. MAX488E-MAX491E Full-Duplex RS-485 Network
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MAX485E MAXNSTE-MAXI91EAIAX1487E

MAX481/MAX483L

=15k V ESD-Protected, Siew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Crdering Information {continued)

TRANSISTOR COUNT: 295

PART TEMP.RANGE __ PIN-PACKAGE PART TEMP. RANGE __ PIN-PACKAGE
MAX483ECPA 0°Ct0+70°C 8 Plastic DIP MAX489ECPD 0°Cto +70°C___ 14 Plastic DIP
MAX4B3ECSA 0°Ctc +70°C 8S0O MAXABOECSD 0°C 10 +70°C 1450
MAX483EEPA _ -40°Clo +85°C__ 8 Plastic DIP MAX4B9EEPD __ -40°Clo +B5°C___ 14 Plastic DIP
MAX483EESA__ -40°Cl0+85'C___ 8SO MAX4BGEESD _ -40°C10 +85°C___ 14 SO
MAX485ECPA 0°Cto +70°C___ 8 Plastic DIP MAX480ECPA 0°C 10 +70°C____8 Plastic DIP
MAX48SECEA 0°Cto : 70°C 80 MAXAQ0ECSA 0*Cto +70°C 8so
MAX485EEPA  -40°Cto +85°C___ 8 Plastic DIP MAX490EEPA_ 40°Cto +85°C___ 8 Plastic DIP
MAX485EESA _ -40°C o +85°C 850 MAX490EESA _ -40°Cto +B5°C___ 8SO
MAX4B7ECPA 0°Cl0+70°C___ 8 Plastic DIP MAX491ECPD 0°Cto +70°C___ 14 Plastic DIP
MAX487ECSA 0°Cto +70°C 8sC MAX491ECSD 0°Cto : 70°C 14SC
MAX4B7EEPA __ -40°Co +85°C___ 8 Plastic DIP MAX491EEPD  -40°Clto +85°C___ 14 Plastic DIP
MAX487EESA  40°C10+85°C 85O MAX491EESD __ -40°'Clo +85°C___ 1450
MAX488ECPA 0°C10+70°C___ 8 Plastic DIP MAX1487ECPA___ 0°Cto+70°C___ 8 Plastic DIP

488ECSA 0'Clo+70°C___ 8SC MAX14B7ECSA _ C°Ct0:70°C__ 8SO
MAX488EEPA___ -40°C'to +85°C___ 8 Plastic DIP MAX1487EEPA __ -40°C10 +85°C___ 8 Plastic DIP
MAX488EESA -40°C to +85°C 8S0 MAX1487EESA -40°C 10 +85°C 8S0

Chip Information

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are

implied. Maxim resefves the right to change the circuitry and specifications without notice at any time.

10 SO r y LW DBNY

© 1886 Maxim Integrated Products Printed USA
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&National Semiconductor

LM386

Low Voitage Audio Power Ampilifier

General Description

The LM386 is a power amplifier designed for use in low voit-
age consumer applications. The gain is intemally set to 20 to
keep external part count low, but the addition of an external
resistor and capacitor between pins 1 and 8 will increase the
gain to any value from 20 to 200.

The inputs are ground referenced while the output automati-
cally biases to one-half the supply voitage. The quiescent
power drain is only 24 milliwatts when operating from a 6 volt
supply, making the LM386 ideal for battery operation.

Features

=» Battery operation

# Minimum external parts

= Wide supply voltage range: 4V-12V or 5V-18V

= Low quiescent current drain: 4mA

m Voltage gains from 20 to 200

m Ground referenced input

= Self-centering output quiescent voltage

® Low distortion: 0.2% (A, = 20, Vg = 6V, R = 8Q, Pp =
125mW, f = 1kHz)

=8 Available in 8 pin MSOP package

Applications

1 AM-FM radio amplifiers

= Portable tape player amplifiers
2 Intercoms

= TV sound systems

8 Line drivers

= Ultrasonic drivers

# Small servo drivers

® Power converters

August 2000

Equivalent Schematic and Connection Diagrams

3 v Small Outline,
[ * Molded Mini Small Outline,
S ® and Dualn-Line Packages
7
orons o.% —L 9 L
< GAIN ey r—— GAIN
::tu ea'm an‘m
" T " i R s -t =3 L Gveass
A O Your . .
2 3 | HNPUT et f— Vg
- INPUTY p—0O +INPUT
s oD =4 s Vour
S
50k N < o DS006976-2
rA \ Hi Top View
+ . | . Order Number LM386M-1,
DS005976-1 LM386MM-1, LM386N-1,
LM386N-3 or LM386N-4
See NS Package Number

MOBA, MUAOSA or NOBE

® 2000 National Semiconductor Corporation DS006976

www.national.com
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LM386

Absolute Maximum Ratings (Note 2)

Dual-In-Line Package

if Military/Aerospace specified devices are required, Soldering (10 sec) +260°C
please contact the National Semiconductor Sales Office/ Small Outline Package
Distributors for availability and specifications. (SOIC and MSOP)
Supply Voltage Vapor Phase (60 sec) +215°C
(LM386N-1, -3, LM386M-1) 15V Infrared (15 sec) +220°C
Supply Voltage (LMISGN-4) 2V o broduct Relianity” for oy methods of solderng
Package Dissipation (Note 3) surface mount devices.
(LM386N) 125w Thermal Resistance
(LM386M) 0.73W 0,c (DIP) 37°CW
{LM386MM-1) 0.595wW 0,4 (DIP) 107°C/W
input Voltage 04V 8, (SO Package) sow
Storage Temperature -65°C to +150°C 0,4 (SO Package) 172°CW
Operating Temperature 0°C to +70°C 6, (MSOP) 210°'C/W
Junction Temperature +150°C 8,c (MSOP) 56°C/IW
Soldering Information
Electrical Characteristics (Notes 1, 2)
Ta = 25C
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vs)
LM386N-1, -3, LM386M-1, LM386MM-1 4 12 v
LM386N-4 5 18 v
Quiescent Current (Ig) Vg=6V,V)y=0 4 8 mA
OCutput Power (Poyr)
LM386N-1, LM386M-1, LM386MM-1 Vs =6V, R, =8Q, THD = 10% 250 325 mw
LM386N-3 Vg =9V, R, =8Q, THD = 10% 500 700 mw
LM386N-4 Vg = 16V, R, = 32Q, THD = 10% 700 1000 mw
Voitage Gain (Ay) Vg =6V, f=1kHz 26 dB
10 pF from Pin 1to 8 46 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg =6V, R = 8Q, Pgyr = 125 mW 0.2 %
f = 1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vs =6V, f = 1 kHz, Cgypass = 10 yF dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (Ryy) kQ
Input Bias Current (lgias) Vs = 6V, Pins 2 and 3 Open 250 nA

given, however, the typical value is a good ndi

Note 1: All voitages are measured with respect to the ground pin, unless otherwise specified.
Note 2: Absolute Maximum Ratings indicate fimits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC elecirical specifications under particular test conditions which guar-
antee specific performance fimits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for paremeters where no limit is

ion of device perfe

Note 3: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and 1) a thermal resis-
tance of 107°C/W junction to ambient for the duakin-iine package and 2) a thermal resistance of 170°C/W for the smail cuffine package.

www.national.com




\pplication Hints

AIN CONTROL

» make the LM386 a more versatile amplifier, two pins (1
id 8) are provided for gain control. With pins 1 and 8 open
e 1.35 kQ resistor sets the gain at 20 (26 dB). If a capacitor
put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
1in will go up to 200 (46 dB). If a resistor is placed in series
th the capacitor, the gain can be set to any value from 20
200. Gain control can also be done by capacitively cou-
ing a resistor (or FET) from pin 1 to ground.

iditional external components can be placed in parallel
th the intemal feedback resistors to tailor the gain and fre-
tency response for individual applications. For example,
2 can compensate poor speaker bass response by fre-
tency shaping the feedback path. This is done with a series
S from pin 1 to 5 (paralleling the internal 15 k< resistor).
i 6 dB effective bass boost: R = 15 kQ, the lowest value
r good stable cperation is R = 10 kQ if pin 8 is open. If pins
and 8 are bypassed then R as low as 2 kS can be used.
lis restriction is because the amplifier is only compensated
r closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base cumrent of the input transis-
tors is about 250 nA, so the inputs are at about 125 mV
when left open. If the dc source resistance driving the LM386
is higher than 250 kQ it will contribute very little additional
offset (about 2.5 mV at the input, 50 mV at the output). If the
dc source resistance is less than 10 kQ, then shorting the
unused input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For dc source resistances
between these values we can eliminate excess offset by put-
ting a resistor from the unused input to ground, equal in
value to the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to by-
pass the unused input, preventing degradation of gain and
possible instabilities. This is done with a 0.1 pF capacitor or
a short to ground depending on the dc source resistance on
the driven input.

www.naticnal.com
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LM386

Typical Performance Characteristics

Quiescent Supply Current
vs Supply Volitage
]

- 8

<

~ 1]

g -

N

s 3

£

® 2

4 5 6 7 8 9 18 U 12

SUPPLY VOLTAGE (VOLTS)
DS006975-5

Voltage Gain vs Frequency

VOLTAGE GAIN (23)

100 1 0% 100k ™

FREQUEKCY (M2)
DS006976-14

Device Dissipation vs Output

Power—4X2 Load
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i
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Power Supply Rejection Ratio
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Device Dissipation vs Output
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Peak-to-Peak Output Voitage
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'ypical Applications

Amplifier with Gain = 20
Minimum Parts

Vs

2
[ 250,F
- 3 +
Vi 5
3 ?
0 0.05F
= = % 10
OSW-WM

Amplifier with Gain = 50

Amplifier with Bass Boost

0S006976-8

Amptifier with Gain = 200
v 1F

Q.1uF _I

:

DS006876-8

www.national.com
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LM386

Typical Applications (continued)

Frequency Response with Bass Boost
27
26

25

N\
24
2 I\
22
il
20
19

VOLTAGE GAIN (d8)

N

18
7

20 50 100 200 500 1k 2k Sk 10k 20k

FREQUENCY (Hz2)
£S006976-10

AM Radio Power Amplifier

FROM
DETECTOR

FERRITE

£S006876-11

Noto 4: Twist Supply lead and supply ground very tightly.

Noto §: Twist speaker lead and ground very tightly.

Note 6: Ferrite bead in Feroxcube K5-001-001/38 with 3 tums of wire.
Note 7: R1C1 band limits input signals.

Note 8: All comp must be spaced very closely to IC.

www.national.com 6
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'hysical Dimensions inches (millimeters) unless otherwise noted

0.189-0.157

14.500-5.004)
5B 71 5 s

n.28-0.204
{5.191-8.138)

0.010 yax

)mm
LEADND. ¥ 1.2 3 & ”';T
wENT -
0.150-0.157
i F =T
9.053-0.089

0018-0.0%0 L axe gl g
R340, I S n.us*t.m) (: m _::;:
—-0.254)

R T
oma-ogio 08 ot8—0.050 : 0.014-0.020 1yp
-0 —» e

AL TYPALL LEAGS (0.283) CEA (REV H

SO Package (M)
Order Number LM386M-1
NS Package Number MOBA
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LM386

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

0.118£0.004
(&t [320.1]
8 5
T s :
' )
0.193£0.004 0.1[?50;(])04
[4.9£0.1] .
™ (0.040)
: [1.02] ™ P
ni_A 7 N u H
IDENT N i
NOTE 2 _.| L_
UL ([06?4116]) e . (0.0256)

: . [0.65]
(0.0258)| TYP LAND PATTERN RECOMMENDATION
[0.65) 0.008
R0.13] TP GAGE
0.043 — 0.005 PLANE
[1.09] MAX R fo.13) TP
) (0.010)
— v 0.25]
i e AL
[©]0.002[0.05} 4] &li " 0.01210-904 | 0.021£0.005 '
0.002-0.006 0 3:00.‘:’0012 TYP_" I" J ’I [0.5320.12] 0°-6° TYP—,
.002-0. -320.05
[0.06-0.15] TP (rd?ass“]) [06.0935735] o SEATING PLANE
[©To.002 [0.05]1@[® [c®)]
0.007£0.002 .
[0.18*0.05] UUADSA (REV B)
8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386MM-1
NS Package Number MUAGSA
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'hysical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.373—0.400
(9.474—10.16)
0.090
- {2.286)
o092 2L [7] (5] [ 0.032 +0.005
{2.337) 5 e {0.8130.127)
N 0.250+0.005 RAD
TR Ve (6:3520.127) PIN NO. 1 IDENT
oFTION 1 |®
0.280 L.l el s e
— gy e— o L
@.11) 0030 :1 015) {1o1g) F i OPTION 2
__p{ 0:300-0.320 (0.762) e =5 0.145—0.200
{7.62-8.128) | ‘ 20741 —’I/"— {3.663 —5.080)
: I * e T & osasous [
i T T 1] Y 3302x0.127) {
95° 450 . |1—_> 4 0az-0.140 T
0.065 ¢ (3.175-3.556)
0.008—D.015 0.125 ﬁﬁi Bﬂ';tq 0.020
oL a.1rs) ° 42 {0.508)
0ze—oaen) gl WD) N
+0.040 NOM 0.018:4+0.003
0325 _g 15 = {0.457£0.076)
+1.016 0.100:+0.010
(3'255 -n.m) (2.5400.250)
0.045+0.015
{1.14320.381) 0.060
- 2 {1.528)
l1~2ml_b ‘ NOGE (REV F)

Dual-In-Line Package (N)
Order Number LM386N-1, LM386N-3 or LM386N-4
NS Package Number NOBE

-E SUPPORT POLICY

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

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.
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National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: suppori@nsc.com
w.national.com

National Semiconductor
Europe
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tel: +33 (0) 1 41 61 8790

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.supporl@nsc.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

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



