INSTITUT TEKNOLOGI NASIONAL MALANG
FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO S - 1

KONSENTRASI TEKNIK ELEKTRONIKA

SKRIPSI

PERENCANAAN DAN PEMBUATAN BEL SEKOLAH YANG
BISA BERSUARA SECARA OTOMATIS DILENGKAPI
DENGAN MATRIK LED SEBAGA! TAMPILAN
BERBASIS MIKROKONTROLLER AT89S852

Disusun Oleh :

FILIP WONGSO WIBOWO
NIM : 99.17.118

APRIL 2005






LEMBAR PERSETUJUAN

PERENCANAAN DAN PEMBUATAN BEL SEKOLAH YANG BISA
BERSUARA SECARA OTOMATIS DILENGKAPI DENGAN MATRIK
LED SEBAGAI TAMPILAN BERBASIS MIKROKONTROLLER AT89S52

i :LE;' . SKRIPSI 5_“,-.Ees

b:susun dan Dugukan um‘uk Melengkapz dan Memenuk: .Sfyarat Guna
4 - | Memperolelz Gelar Sar]amz Tekmk !

F lLIP WONGSO WIBOWD

NIP.Y. 1039500274 . NIPB/103 980 0324

KONSENTRASI TEKNIK ELEKTRONIKA
JURUSAN TEKNIK ELEKTRO S§-1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG



basn




INSTITUT TEKNOLOGI NASIONAL
JI. Bendungan Sigura-gura No. 2
MALANG

BERITA ACARA UJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

Nama Mahasiswa : Filip Wongso Wibowo

NIM : 99.17.118

Jurusan : Teknik Elektro S-1

Konsentasi : Teknik Elektronika

Judul Skripsi : Perencanaan dan Pembuatan Bel Sekolah yang

Bisa Bersuara secara Otomatis Dilengkapi Dengan
Matrik Led  Sebagai Tampilan  Berbasis
Mikrokontroller AT 89552

Dipertahankan dihadapan Team Penguji Skripsi Jenjang Strata Satu (S-1) pada :

Hari : Selasa
Tanggal : 29 Maret 2005
Nilai 1 84 (A) '/77Um

Panitia Ujian Skripsi

Sekretaris

. Mochtar Asroni. MSME) (Ir. F. Yudi Lirfraptono. MT)
NIP. Y. 1018100036 NIP. Y. 1039500274

Anggota Penguji

Penguji Pertama Penguji Kedua

(Ir. F. Yudi Limgfaptono, M1 ) ( Ir. Hrfan. A. Dahlan )
NIP. Y. 1039500274 Nl&. 131 124 663




ABSTRAKSI

PERENCANAAN DAN PEMBUATAN BEL SEKOLAH YANG BISA
BERSUARA SECARA OTOMATIS DILENGKAPI DENGAN MATRIK LED
SEBAGAI TAMPILAN BERBASIS MIKROKONTROLLER AT89S52

( Filip Wongso Wibowo, 9917118, Teknik Elektro/Elektronika S-1, 84 halaman)
( Dosen Pembimbing : Joseph Dedy Irawan, ST, MT )
Kata Kunci : Mikrokontroller AT89S52, RTC DS 12C887, ISD 1420, LCD, Dot
Matrik, Keypad Matrik 4x4

Teknologi dibuat dan diciptakan untuk membantu pekerjaan manusia atau
untuk menjadikan suatu pekerjaan menjadi mudah dan efisien. Penerapan teknologi
dimanfaatkan oleh semua bidang, salah satunya adalah bidang pendidikan,
khususnya di sekolah — sekolah. Pada saat sekarang ini masih banyak
sekolah — sekolah yang di dalam menggunakan bel untuk aktifitas sehari — hari masih
menggunakan cara manual, seperti bel untuk membunyikan tanda masuk kelas,
pergantian jam pelajaran, istirahat, maupun tanda pulang sekolah, cara ini dirasa
kurang efektif dan kurang efisien.

Untuk merancang bel sekolah secara otomatis dapat memanfaatkan teknologi
mikrokontroller/ teknologi lainnya. Salah satunya dapat menggunakan teknologi
mikrokontroller AT89S52 dengan menambahkan komponen luar sebagai piranti
pendukung yang dapat digunakan sebagai bel sekolah secara otomatis yang dapat
memberikan informasi secara terjadwal. Salah satu dari komponen luar yang
digunakan diantaranya adalah : RTC DS 12C887 yang merupakan jam yang sangat
kompleks dan dapat menghitung dan menyimpan waktu ( detik, menit, jam, hari,
tanggal, bulan dan tahun yang mempunyai tingkat kepresisian/ keakuratan yang
sangat tinggi ) , ISD 1420, kevpad matrik 4x4.

Prinsip kerja dari sistem ini adalah pertama — tama user memasukkan data
waktu aktifitas sekolah melalui keypad, maka mikrokontroller AT89S52 akan
mendeteksi/ mencocokkan waktu sekarang dengan waktu yang dimasukkan melalui
keypad, jika waktw/ jamnya sama maka bel listrik dan ISD 1420 akan aktif dan
mengaktifkan driver motor DC untuk menutup dan membuka pintu gerbang sebagai
tanda dimulai/ selesainya aktifitas sekolah. Dengan demikian, dengan adanya bel
sekolah secara otomatis ini diharapkan mampu meringankan tugas seorang operator.



Lembar Persembahan

Kegagalan bukan berarti Anda adalah orang yang gagal

.......... ini berarti Anda masif belum berfiasil
Kegagalan bukan berarti Anda tidak mencapai apa — apa
.......... ini berarti Anda telah mempelajari sesuatu e
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Kegagalan bukan berarti Anda telah difiancurkan
.......... ini berarti Anda mempunyai Resempatan untuk,
mencoba sesuatu yang baru
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BAB I

PENDAHULUAN

1.1. Latar Belakang

Sampai saat ini, semua lembaga pendidikan ( mulai tingkat TK sampai
tingkat SMA ) menggunakan bel sebagai tanda aktifitas sehari 'T harinya, seperti :
masuk kelas, pergantian mata pelajaran, istirahat, pulang sekolah dan aktifitas
pendidikan lainnya.

Jika dilihat pada waktu yang lalu lonceng digunakan sebagai tanda — tanda
aktifitas di sekolah, namun beberdpa saat kemudian fungsi lonceng digantikan
dengan bel listrik. Semua alat yang digunakan dalam memberi tanda aktifitas di
sekolah tersebut masih dilakukan secara manual, sehingga sering terjadi
ketidaktepatan waktu dalam membunyikan bel dari waktu yang telah ditentukan.

Melihat kenyataan seperti di atas, maka penyusun ingin menerapkan
teknologi di bidang elektronika dengan jalan mengendalikan bel dan pintu gerbang
secara otomatis. Pengendali tersebut berupa mikrokontroller AT89S52 yang dapat
mengendalikan bel dan pintu gerbang pada waktu — waktu tertentu dengan memberi
informasi secara terjadwal pada suatu sekolah. Salah satu contohnya adalah pada saat
masuk kelas pada pukul 07.00, maka bel sekolah akan berbunyi secara otomatis dan
pintu gerbang akan menutup dengan sendirinya seiring bel masuk selesai berbunyi.
Begitu juga pada saat pergantian jam pelajaran dan waktu istirahat, bel akan berbunyi
secara otomatis, dan pada waktu pulang sekolah bel akan berbunyi diiringi dengan
terbukanya pintu gerbang secara otomatis. Alat ini juga dilengkapi dengan tampilan

suara sebagai tanda peringatan kalau jam menunjukkan waktu masuk, istirahat dan
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pulang sekolah. Dengan adanya alat ini diharapkan akan membantu aktifitas
pendidikan di sekolah, karena tidak akan ada lagi ketidaktepatan waktu di dalam
membunyikan bel sekolah sekaligus meringankan tugas seorang operator di dalam
mengoperasikan bel sekolah pada waktu — waktu tertentu, terutama pada saat masuk

kelas, istirahat dan pulang sekolah.

1.2. Rumusan Masalah
Dalam Perencanaan dan Pembuatan Bel Sekolah yang Bisa Bersuara Secara
Otomatis Berbasis Mikrokontroller AT89S52 dapat dirumuskan beberapa
permasalahan seperti di bawah ini :
1. Bagaimana merancang dan membuat minimum sistem mikrokontroller
AT89S52 sehingga membentuk sebuah bel otomatis.
2. Bagaimana cara membuat perangkat lunak ( sofiware ) untuk mengontrol
kerja sistem.

3. Bagaimana membuat pesan suara dan mengirim pesan suara ISD 1420.

1.3. Tujuan
Adapun tujuan dari perencanaan dan pembuatan alat ini antara lain adalah :
1. Mengaplikasikan teknologi mikrokontroller AT89S52 pada perencanaan
dan pembuatan bel sekolah secara otomatis.
2. Mencegah terjadinya ketidaktepatan waktu di dalam membunyikan bel
sekolah.

3. Meringankan tugas seorang operator di dalam mengendalikan bel sekolah.



1.4. Batasan Masalah

Sehubungan dengan permasalahan yang dibahas dalam pembuatan skripsi ini,
permasalahan dibatasi dengan tujuan untuk mencegah terjadinya kemungkinan
‘meluasnya masalah dari fokus permasalahan. Adapun batasan masalah pada skripsi
ini antara lain adalah sebagai berikut :

1. Mikrokontroller AT89S52 adalah sebagai pusat pengendali utama.

2. Data waktu diambil dari RTC DS 12C887.

3. Data suara diambil dari ISD 1420.

4. Tidak membahas motor Dc yang digunakan secara mendetail.

5. Tidak membahas mengenai rangkaian catu daya/ power supply.

6. Untuk tampilan settingan waktu digunakan LCD dot matrik 16x2.

1.5. Metodologi
Dalam perancangan dan pembuatan bel sekolah secara otomatis berbasis
mikrokontroller AT89S52, metode yang digunakan adalah sebagai berikut :
> Study Literature
Dengan mempelajari teori serta aplikasi sistem kontrol menggunakan
Mikrokontroller AT89S52.
> Perencanaan dan Pembuatan Alat
Pada perencanaan dan pembuatan alat ini dibagi menjadi dua bagian yaitu
terdiri atas perencanaan perangkat keras ( hardware ) dan perancangan
perangkat lunak ( software ) yang mendukung sistem kerja pembuatan alat
ini. Sesuai dengan rencana yang telah disusun sebagai perwujudan dari

penyusunan Skripsi.



> Pelaksanaan Pengujian Alat

Melakukan pengujian pada keypad, RTC DS 12C887, ISD 1420, driver

bel listrik, driver motor dc dan dot matrik sebagai proses kerja alat yang

telah dibuat apakah sudah sesuai dengan perencanaan dan pembuatan alat.

> Penyusunan Laporan Hasil Kerja dari Pelaksanaan Skripsi

Sistematika Penulisan

Adapun Sistematika dari Penyusunan Skripsi ini adalah :

BAB 1.

PENDAHULUAN
Berisi Latar belakang, rumusan masalah, tujuan,
batasan masalah, metodologi serta sistematika

penulisan.

BAB II. LANDASAN TEORI

Berisi tentang teori-teori dasar yang memiliki

relevansi sebagai dasar perencanaan dan pembuatan.

BAB III. PERENCANAAN DAN PEMBUATAN ALAT

Berisi tentang perencanaan hardware dan software.

BAB IV. PENGUJIAN ALAT

Berisi tentang data hasil pengujian peralatan yang

telah dibuat secara keseluruhan.



BAB V. PENUTUP

Berisi kesimpulan dari hasil pengujian alat dan saran.



BABII

LANDASAN TEORI

Dalam bab II ini akan dibahas tentang landasan teori yang menunjang

perencanaan dan pembuatan alat dalam penyusunan skripsi.

2.1. Mikrokontroller AT89S52
2.1.1. Umum

Perbedaan mendasar antara mikrokontroller dan mikroprosesor adalah
mikrokontroller selain memiliki CPU, juga dilengkapi dengan memori dan I/ O yang
merupakan kelengkapan sebagai sistem minimum mikr?kontroller sehingga
mikrokontroller dapat dikatakan sebagai mikrokomputer dalam keping tunggal yang
dapat berdiri sendiri ( stand alone single chip microcomputer ).

Mikrokontroller AT89S52 adalah mikrokontroller keluaran atmel dengan 8K
byte Flash PEROM ( Programmable and Erasable Read Only Memory ), AT89S52
merupakan memori dengan teknologi nonvolatile memori, artinya isi memori
;@rsebut qapat diisi ulang ataupun dihapus berulang kali.

Memori ini biasa digunakan untuk menyimpan instruksi atau perintah
berstandar MCS — 51 code sehingga memungkinkan mikrokontroller ini untuk
bekerja dalam mode Single Chip Operation ( Mode Operasi Keping Tunggal ) yang
tidak memerlukan Eksternal Memori ( Memori luar ) untuk menyimpan source code

tersebut.



2.1.2. Perangkat Keras Mikrokontroller AT89S52
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Blok diagram mikrokontroller AT89S52 adalah sebagai berikut :
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Gambar 2.1 Blok Diagram AT89S52

Sumber : Data Sheet AT89S552
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IC ATMEL AT89S52 menyediakan standart sebagai berikut :

=
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Sébagai tambahan AT89S52 dirancang menggunakan logika yang statis untuk
mode pengoperasian yang menuju ke frekuensi dasar dan pendukungan terhadap dua
software, serta dapat memilih model Power Savingnya. Mode idle akan berhenti
ketika CPU sedang menjalankan RAM, Timer/ Counter, Serial Port dan Interrupt
Sistem untuk terus melanjutkan fungsinya. Model power down akan menyimpan isi
dari RAM tapi akan memberhentikan osilator dan akan menghentikan semua chip
lain yang sedang berfungsi sampai terdapat adanya gangguan dari luar atau hardware

di reset. Pin — pin dari mikrokontroller AT89S52 dapat dilihat pada gambar di bawah

ini :

8K Bytes memori yang dapat diprogram ulang

256 Bytes intemal RAM

32 jalur I/O ( Input dan Output ) yang dapat diprogram
3 x 16 bit Timer dan Counter

Dual data Pointer ( DPTR )

Watchdog Timer

ISP Port

Mendukung serial Port secara penuh

Waktu Pemrograman yang singkat
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Gambar 2.2 Pin — Pin AT89S52
Sumber : Data Sheet AT89S52

2.1.3. Pin Deskripsi

VCC
GND

Port 0

Power Supply

Ground

Port 0 berfungsi sebagai 8 bit I/O bertipe open drain bi-directional.
Sebagai port keluaran, masing — masing pin dapat menyerap arus
sebesar 8 masukan TTL ( sekitar 3,8 mA ). Ketika diberikan logika ‘1’
pada pin port O ini maka pin — pin port 0 ini akan dapat digunakan
sebagai inputan berimpedansi tinggi.

Port 0 juga dapat dikonfigurasikan sebagai bus alamat/ data bagian
rendah ( /ow byte ) selama proses pengaksesan data memori dan
program eksternal. Jika digunakan dalam mode ini port 0 memiliki
internal Pull Up.

Port 0 juga menerima kode — kode data yang diberikan padanya selama

proses pemrograman dan memberikan kode — kode selama proses



Port 1

verifikasi program yang telah tersimpan di dalam flash memori. Dalam
hal ini dibutuhkan eksternal Pull Up selama proses verifikasi program.
Port 1 berfungsi sebagai 8 bit I/O Bi-directional yang dilengkapi
dengan internal Pull Up. Penyangga keluaran Port 1 mampu
memberikan/ menyerap arus sebesar empat masukan TTL
(sekitar 1,6 mA ). Ketika diberikan logika ‘1° pada pin — pin port 1 ini,
maka masing — masing pin akan di Pulled High dengan pullup internal
sehingga dapat digunakan sebagai inputan. Sebagai inputan, jika
pin — pin Port 1 ini dihubungkan ke ground ( di-Pulled Low ), maka
masing — masing pin ini dapat menghantarkan arus karena di Pulled
High secara internal. Port 1 juga menerima alamat bagian rendah
( Low Order Address Bytes ) selama melakukan pemrograman dan

verifikasi flash.

Pada port 1 di AT89S52, pin ini mempunyai fungsi alternatif seperti pada

tabel berikut ini :
Tabel 2.1 Fungsi — Fungsi Alternatif Port 1
Sumber : Data Sheet AT89S52
Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/ Counter 2 ).
clock-out

P1.1 T2EX ( Timer/ Counter 2 capture/ reload trigger and
direction contro]

P1.5 MOSI ( Master Output Slave Input ). Used for In-
System Programming.

P1.6 MISO ( Master Input Slave Output ). Used for In-
System Programming,

P1.7- SCK ( Serial Clock ). Used for In- System
Programming.
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Port2 : Port 2 berfungsi sebagai 8 bit VO Bi-directional yang dilengkapi
dengan internal Pull Up. Penyangga keluaran port 2 dapat memberikan
atau menyerap arus empat masukan TTL ( sekitar 1,6 mA ).

Jika diberikan logika ‘1’ pada pin — pin Port 2, maka masing — masing
pin akan di Pull High secara internal sehingga dapat digunakan
sebagai inputan. Sebagai inputan jika pin — pin Port 2 dihubungkan ke
ground ( di-Pulled Low ), maka masing — masing pin dapat
menghantarkan arus karena di Pull H igh secara internal.

Port 2 akan memberikan byte alamat bagian tinggi ( High Byte )
selama pengambilan instruksi dari memori program eksternal dan
selama pengaksesan memori data eksternal yang menggunakan
perintah dengan alamat 16 bit ( misalnya : MOVX@DPTR ). Dalam
aplikasi ini , jika ingin mengirimkan ‘1°, maka digunakan Pull Up
internal yang sudah disediakan. Selama pengaksesan memori data
cksternal yang menggunakan perintah dengan alamat 8 bit
( misalnya MOVX@R!i ), Port 2 akan mengirimkan isi dari SFR P2
( Special Function Register Port 2 ). Port 2 juga menerima alamat
bagian tinggi ( High Order Address Bytes ) selama pemrograman dan
veriﬁkaéi flash.

Port3 : Port 3 juga berfungsi sebagai 8 bit /O Bi-directional yang dilengkapi
dengan Pull Up Internal. Penyangga keluaran port 3 dapat
memberikan atau  menyerap arus empat masukan TTL

( sekitar 1,6 mA ).
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Jika diberikan logika ‘1’ pada pin — pin Port 3, maka masing — masing
pin akan di-Pulled High oleh Pull Up internal sehingga dapat
digunakan sebagai inputan. Sebagai inputan, jika pin — pin Port 3
dihubungkan ke ground ( di-Pulled Low ), maka masing — masing kaki
akan memberikan arus karena di Pull High secara internal.

Seperti halnya Port 1, Port 3 juga mempunyai fungsi — fungsi alternatif
yang diberikan oleh AT89S52 seperti pada tabel 2.2 berikut ini :

Tabel 2.2 Fungsi — Fungsi Alternatif Port 3
Sumber : Data Sheet AT89S52

Port Pin Fungsi Alternatif
P3.0 RxD ( port masukan serial )
P3.1 TxD ( port keluaran serial )
P3.2 INTO ( sela eksternal 0)
P3.3 INT1 ( sela eksternal 1)
P34 TO ( masukan pewaktu eksternal 0 )
P3.5 T1 ( masukan pewaktu eksternal 1)
P3.6 WR ( sinyal tulis memori data eksternal )
P3.7 RD ( sinyal baca memori data eksternal )

Reset

Inputan Reset akan memberikan logika High ( 1 ) pada pin ini dengan
jangka waktu yang ditentukan oleh lamanya pengosongan data muatén
kapasitor. Jangka waktu minimal adalah 2 siklus mesin ( 24 periode

frekuensi clock ) ditambah waktu start On Osilator.

12
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Gambar 2.3 Rangkaian Power On Reset
Sumber : Belajar Mikrokontroler AT89C51/52/55
ALE/ PROG : Keluaran ALE ( Address Latch Enable ) menghasilkan pulsa - pulsa
untuk menutup byte rendah ( Low Byfe ) alamat selama mengakses
memori eksternal. Pin ini juga berfungsi sebagai inputan pulsa
program ( The Program Pulse Input ) atau PROG selama
melakukan Flash Program. Pada operasi normal, ALE akan berpulsa
dengan laju 1/6 dari frekuensi kristal dan dapat digunakan sebagai
pewaktuan.
( Timing ) atau pendetakan ( Clocking ) rangkaian eksternal. Sebagai
catatan ada sebuah pulsa yang dilewati selama pengaksesan memori
déta eksternal. Jika dikehendaki operasi ALE dapat dinonaktifkan
dengan cara mengatur bit 0 dari SFR ( Special Function Register )

lokasi 8Eh. Jika diberi logika ‘1’ ALE hanya akan aktif selama

13



PSEN

EA/ VPP :

XTAL 1

XTAL 2

menemui instruksi MOVX atau MOVC. Selain itu, pin ini secara
perlahan akan di Pull High. Mematikan bit ALE tidak akan ada
efeknya jika mikrokontroller mengeksekusi program secara
eksternal.

PSEN ( Program Store Enable ) merupakan sinyal baca untuk

memori program eksternal. Ketika mikrokontroller AT89S52

menjalankan kode dari program eksternal, maka PSEN akan

" diaktifkan sebanyak 2 kali per siklusnya, kecuali dua aktivasi PSEN

dilompati ( diabaikan ) saat mengakses memori data eksternal.

EA/ VPP ( External Access Enable ) harus selalu dihubungkan ke
Ground jika digunakan untuk mengakses eksternal memori dengan

lokasi 0000H sampai FFFFH. Catatan sekalipun bit ‘1> sudah terkunci

dan terprogram, maka EA akan terkunci pada reset. EA juga harus
dihubungkan ke Vcc untuk menjalankan program secara internal. Pada
saat Flash Programming pin ini mendapatkan tegangan sebesar 12
Volt.

Merupakan input ke penguat pembalik osilator dan ke rangkaian
operasi Clock internal.

Keluaran dari penguat pembalik osilator.

14
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Gambar 2.4 Rangkaian Osilator
Sumber : Belajar Mikrokontroler AT89C51/52/55

Mikrokontroller AT89S52 memiliki rangkaian osilator internal dengan

mengacu pada frekuensi referensi pada pin XTAL1 dan XTAL2.

Watchdog Timer ( WDT ) :

Fungsi dari WDT ( Watchdog Timer ) sebenarnya adalah untuk melakukan
peresetan secara otomatis. Dimana dia akan mereset mikrokontroller jika
mikrokontroller sedang hang. Oleh sebab itu user harus selalu mereset WDT sebelum
WDT mereset mikrokontroller, jika WDT tidak direset oleh mikrokontroller dalam
" jangka waktu yang telah ditentukan maka secara otomatis WDT - lah yang akan
mereset mikrokontroller. WDT terdiri dari suatu 14-bit counter dan Watchdog Timer
Reset ( WDTRST ) SFR. WDT diset default untuk menonaktifkan reset yang ada.
Tidak ada jalan lain untuk menonaktifkan WDT kecuali melalui Reset ( baik
Hardware reset atau WDT Overflow reset ). Jika WDT Overflow, itu akan membuat
suatu keluaran Reset High di Pin RST.

Untuk mengaktifkannya user harus menulis 01EH dan OE1H di dalam daftar
urutan WDTRST ( alamat SFR-nya 0A6H ). Ketika WDT aktif, pefnakai harus

mengisinya dengan menuliskan 01EH dan 0E1H ke WDTRST untuk menghindari
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mengisinya dengan menuliskan 01EH dan OE1H ke WDTRST untuk menghindari
suatu WDT Overflow. 14-Bit Counter akan Overflow jika mencapai angka 16383
(3FFFH), dan ini akan mereset mikrokontroller. Disaat WDT aktif, dia akan
menaikkan tiap-tiap siklus mesin ketika osilator sedang menjalankannya. Dan ini
artinya pemakai harus mereset WDT sedikitnya tiap-tiap 16383 ( 3FFFH ) siklus
mesin. Untuk mereset WDT pemakai harus menulis 01EH dan OE1H ke WDTRST,
WDTRST adalah suatu write-only register. WDT counter tidak bisa dibaca atau

ditulis. Ketika WDT Overflow, itu akan menghasilkan suatu keluaran RESET di pin

RST. Jangka waktu Reset adalah 98 x Tosc, dimana Tosc = . Untuk membuat

Fosc
penggunaan terbaik dari WDT adalah user harus mengisikan bagian dari kode —

kode itu yang akan mereset WDT sebelum WDT mereset mikrokontroller.

Dual DPTR ( Data Pointer Register )

DPTR sebenamya digunakan untuk melakukan transaksi dengan memori
eksternal. Ini dikarenakan dalam keluarga MCS - 51 tidak dapat melakukan
pemindahan data secara langsung dari RAM Internal dengan memori Eksternal.
Pemindahan data semacam ini memerlukan DPTR untuk memberitahukan dimana
alamat tepatnya data akan dipindahkan dari RAM Internal atau dari RAM Internal ke
Memori Eksternal. Perbedaan antara AT89S52 dengan AT89C52 adalah bahwa
AT89S52 diberikan Dual DPTR sedangkan di AT89C52 hanya sebuah, jadi untuk
pengaksesan dari RAM Internal atau sebaliknya akan lebih cepat jika menggunakan
AT89S52.
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ISP Port : ISP Port digunakan untuk melakukan pemrograman secara langsung
tanpa harus melepaskan IC dari tempatnya, cara ini digunakan agar
lebih efisien pada waktu melakukan pemrograman, jika terjadi
kesalahan maka kita tidak perlu melepaskan IC tersebut untuk kembali
memprogramnya di Downloader AT89S52. Tapi kita hanya perlu
memberikan akses pada pin — pin Port 1. Tepatnya pada pin P1.5 untuk

MOSI, P1.6 untuk MISO dan P1.7 digunakan untuk SCK.

2.1.4. Register Fungsi Khusus
Register dengan fungsi khusus ( Special Function Register ) atau disebut juga
SFR terletak pada 128 byre bagian atas memori data internal. Wilayah SFR ini
terletak pada alamat 80H sampai FFH. Pengalamatannya harus diakses secara
langsung baik per bit atau per byre. Secara perangkat keras, SFR ini dibedakan
dengan memori data internal. Beberapa SFR yang digunakan dalam perancangan
sistem penghitung waktu adalah :
e Accumulator
Merupakan register untuk operasi penambahan dan pengurangan.
e PSW ( Program Status Word )
Terdiri dari beberapa bit status yang menggambarkan kejadian di
accumulator sebelumnya. Terdiri dari carry bit, auxiliary carry, dua bit
pemilih bank, bendera overflow, parity bit dan dua bendera yang dapat

didefinisikan sendiri oleh pemakai.

17



o SP ( Stack Pointer )
Merupakan register 8 bit. Register SP dapat diletakkan pada alamat
manapun pada RAM internal. Isi register ini ditambah sebelum data
disimpan, selama instruksi PUSH dan CALL. Pada saat reset, register SP
diinisialisasi pada alamat 07H sehingga stack akan dimulai pada lokasi
08H.

e DPTR ( Data Pointer )
Terdiri dari dua register, yaitu untuk byte tinggi ( Data Pointer High ) dan
untuk byte rendah ( Data Pointer Low ). Fungsinya untuk menahan alamat
16 bit.

o Poﬁ 0 sampai Port 3
Merupakan register yang berfungsi untuk membaca dan mengeluarkan
data pada port 0, 1, 2 dan 3. Masing — masing register ini dapat dialamati

secara per bit maupun per byte.

2.1.5. Metode Pengalamatan
Metode pengalamatan yang digunakan pada keluarga MCS — 51 adalah
sebagai berikut :
a. Pengalamatan Tak Langsung
Operasi pengalamatan tak langsung menuju ke sebuah register yang berisi
lokasi alamat memori yang akan digunakan dalam operasi. Lokasi yang
nyata tergantung dan isi register saat instruksi dijalankan. Untuk

melaksanakan pengalamatan tak langsung digunakan simbol @.
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Contoh :
ADD A, @RO0; Tambahkan isi RAM pada register 0 ke akumulator.
DEC @R1; Kurangi dengan 1 isi RAM pada alamat R1.
b. Pengalamatan Langsung
Pengalamatan Langsung dilakukan dengan memberi nilai ke suatu register
secara langsung. Untuk melaksanakan hal tersebut digunakan tanda #.
Contoh :

MOV A, # 01H; Isi akumulator dengan bilangan O1H.

MOV DPTR, # 19AB; Isi DPTR dengan bilangan 19ABH.
Pengalamatan data langsung dari O sampai 127 akan mengakses register
perangkat keras.

Contoh :
MOV P3, A; Pindahkan isi akumulator ke alamat data BOH
(alamat port 3 )

INC 50; Naikkan lokasi 50 ( desimal ) dalam memori.

2.1.6. Bahasa Assembler

Bahasa Assembler merupakan tata cara untuk mewakili operasi CPU dalam
format bahasa simbol yéng disusun berurutan dalam pernyataan — pernyataan.
Masing — masing pernyataan akan menterjemahkan ke dalam instruksi bahasa mesin
atau operasi biner yang disebut operasi code/ OPCODE. Dalam penulisan bahasa
mesin untuk program assembler umumnya, terdapat berbagai macam kelompok

instruksi, diantaranya perpindahan data.
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Instruksi ini memindahkan data antara register — register, memori — memori,
register — memori, antara muka register dan antara muka memori.
Contoh :
MOV A, RO; Menyalin isi register RO ke akumulator.
MOV A, @RO; Menyalin data di alamat yang ditunjukkan isi

register RO ke akumulator.

2.1.6.1. Operasi Aritmatik
Instruksi ini melaksanakan operasi aritmatik yang meliputi penjumlahan,
pengurangan, perkalian maupun pembagian.
Contoh :
ADD A, #DATA; Menambah akumulator dengan data.
ADC A, #DATA; Menambah akumulator dan carry.
INC R4; Menambah isi R4 dengan 1.
DEC R4; Mengurangi isi R4 dengan 1.
MUL A, B; Mengalikan isi akumulator dengan isi register B.

DIV A, B; Membagi isi akumulator dengan isi register B.

2.1.6.2. Operasi Percabangan
Instruksi ini mengubah urutan normal pelaksanaan suatu program untuk

- melaksanakan program di lain tempat yang kita perlukan pada saat itu.
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Contoh :

e CJNE ( Compare Memory to Accumulator )
Instruksi ini membandingkan isi lokasi memori tertentu dengan isi
akumulator, jika sama instruksi selanjutnya akan dieksekusi. Jika tidak
sama, eksekusi akan ke alamat kode.

o JB (Jump if Bit Set )
Instruksi ini menguji suatu alamat bit. Jika berisi satu, eksekusi akan
menuju ke alamat kode, jika tidak instruksi selanjutnya akan dieksekusi.

e JNB (Jump if Bit Not Set )
Instruksi ini menguji alamat bit. Jika berisi 0 ( nol ), eksekusi akan
menuju ke alamat kode. Jika berisi 1 ( satu ), instruksi selanjutnya yang

akan dieksekusi.

2.2, Keypad

Keypad digunakan sebagai sarana memasukkan data ke minimum sistem.
Untuk rangkaian keypad digunakan IC encoder jenis CMOS tipe MM 74C922.
Dipilih 74C922 karena di dalam IC tersebut sudah memiliki beberapa kelengkapan,
~ seperti misalnya rangkaian anti .debounching yang hanya memerlukan satu kapasitor |
eksternal. Rangkaian internal register akan mengingat tombol terakhir yang ditekan
meskipun tombol sudah dilepas. IC ini memiliki 4 bagian baris dan 4 bagian kolom
sehingga dapat dipakai sebagai keypad 4x4.

Dengan penyemat X, X,, X,, X, untuk kolomdanY,,Y,,Y,, Y, untuk

baris dapat dibuat keypad 4x4 sehingga keseluruhan ada 16 tombol. Tabel kebenaran
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untuk ke-16 tombol tersebut terhadap logika keluaran pada penyemat A, B, C dan D

dapat dilihat dalam Tabel 2.3.

Tabel 2.3 Kombinasi Masukan Keypad Matrik 4x4 IC 74C922
Sumber : Data Sheet IC 74C922

PIXIX|IX|[X|X[X|X|X[X|X X
I({11213]4/{1[2]|3]4][1]2 4
N|IY|Y|Y|Y|[Y|Y|[Y|Y|Y|Y Y

111 |1 ({2222 ]3]3 4
Aloj1j]o0f1fo}j1foj1]0¢}1 1
Bj{of{fof1j1j1o0flo0o}j1{1f[0]O 1
c{ojofofof1f1|1[1|0]|0O 1
D|OoOfO0O]O]JO]JO]O]JO)O]T1]1 1

Posisi tombol terhadap kolom ( Cn ) dan barisnya ( Bm ) serta pin yang

tersedia ditunjukkan dalam Gambar 2.5.

Gambar 2.5 Posisi tombol terhadap kolom ( Cn ) dan barisnya ( Bm ) serta

pin yang tersedia n dan m nomor kolom dan baris

Cl C2 Cc3 c4
Bl 1 | 2 | 3 [COR
B2| 4 | 5| 6 [MEN
B3] 7| 8|9 |vup
B4|CAN| 0 |ENT [DOWN

Sumber : Perancangan
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Gambar 2.6 Konfigurasi Pin IC 74C922
Sumber : Data Sheet IC 74C922

Keterangan :
» Pin1-4(Row Y, - Row Y, ), sebagai input dari baris.
> Pin 5 ( Oscillator ), sebagai Clock Input.

» Pin 6 (Keybounce Mask ), sebagai kunci input.

v

Pin7,8,10,11(X,,X,,X,, X, ), sebagai input dari kolom.
Pin 9, sebagai ground untuk rangkaian yang dipakai.

Pin 12, sebagai output data available.

Pin 13, sebagai output enable.

Pin 14 — 17, sebagai output data.

vV Vv V Vv V¥V

Pin 18, Vcc.

23. LCDM1632

Untuk tampilan dalam tugas akhir ini, digunakan LCD M 1632. Tampilan
jenis ini tersusun dari dot matriks dan dikontrol oleh ROM/ RAM generator karakter
dan RAM data display. Semua fungsi display dikontrol dengan instruksi dan LCD

dapat dengan mudah diantarmukakan dengan mikroprosesor unit.
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Adapun karakteristik dari LCD M 1632 adalah sebagai berikut :

16x2 karakter dengan 5x7 dot matriks.

ROM generator karakter dengan 192 tipe karakter.

RAM generator karakter dengan 8 tipe karakter ( untuk program write ).

80x8 bit RAM data display dengan 80 karakter maksimal.

Dapat diantarmukakan dengan MPU 4 atau 8 bit.

RAM data dan RAM generator karakter dapat dibaca dari MPU.

Rangkaian oscilator terpadu.

Catu daya tunggal +5 volt.

Reset otomatis terpadu.

Temperatur antara 0 °C sampai 50 °C.

Adapun untuk menampilkan karakter yang ada dilakukan dengan cara

memberikan kode karakter untuk tiap-tiap karakter yang diinginkan pada bus data

dan dengan menggunakan sinyal kontrol E, RS, dan R/W .

Tabel 2.4 Konfigurasi Pena LCD M 1632
Sumber : LCD Module User Manual

Nama
Sinyal

Jumlah A
Teminal

/O

Tujuan

Fungsi

DB0 -DB3 4

/O

4 bit bus data lower tristate
dua arah, dapat dibaca/ ditulis
terhadap MPU

DB4 - DB7 4

VO

4 bit bus data upper tristate
dua arah, dapat dibaca/ ditulis
terhadap MPU, DB7 juga
sebagai busy flag

b=l

Input

Sinyal tanda mulai operasi
yang berfungsi sebagai alat
baca/ tulis

Input

MPU

0 : Write
1 : Read
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Sinyal seleksi register :
RS ’ Input MPU | . Register Instruksi ( tulis )
1 : Data Register ( baca/ tulis )
- Untuk mengatur kontras pada
Ve 1 Power Supply | 1 op & P
- +5V
Voo I Power Supply
: - 0V ( ground
Vs I Power Supply (gr )

2.4.

Real Time Clock DS 12C887 ( RTC DS 12C887 )

Adapun karakteristik dari RTC DS 12C887 adalah sebagai berikut :

Pengganti jam / kalender komputer IBM AT.

PIN kompatibel / sesuai dengan MC 146818B dan DS 1287.

Data tidak akan hilang maksimal sampai 10 tahun meskipun tidak ada
daya.

Subsistem tercakup sendiri meliputi lithium, kwarsa, dan rangkaian
pendukung lainnya.

Menghitung detik, menit, jam, hari, hari dalam seminggu, tanggal, bulan
dan tahun dengan lompatan pergantian tahun.

Data waktu, kalender atau alarm dapat dipresentasikan dalam format biner
/ BCD.

Clock 12 atau 24 jam dengan AM dan PM dalam mode 12 jam-an.

Pilihan waktu penyimpanan siang hari.

Timing bus dapat dipilih antara Motorola dan Intel.

Bus multipleks untuk efisiensi PIN.

Interface dengan software dengan lokasi RAM 128 byte
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- 15 byte clock dan register kontrol
- 113 byte RAM untuk keperluan umum
e Tiga penyelaan terpisah dalam sofiware yang dapat dilindungi dan dapat
diuji
- Waktu harian alarm sekali/ detik atau sekali/ hari.
- Laju periodik dari 122 ms sampai 500 ms.

- Akhir clock memperbaharui putaran.

MOT
NC
NC

ADO

AD1

AD2

AD3

AD4

ADS

ADS

AD7

GND

O 0 ) N fe WY e

Gambar 2.7 Konfigurasi PIN dari RTC DS 12C887
Sumber : Data Sheet RTC DS 12C887

RTC DS 12C887 buatan Dallas Semiconduktor ini selain menyediakan
data — data mengenai waktu yang dapat ditampilkan dalam format biner atau BCD
Jjuga menyediakan RAM internal sebesar 128 bytes. RAM internal terdiri atas 15
bytes yang digunakan untuk clock dan register kontrol, sedangkan 115 bytes lainnya
dapat digunakan oleh pemakai. Pembagian alamat RAM internal RTC DS 12C887

ditunjukkan dalam gambar 2.8.
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Gambar 2.8 Pembagian Alamat RAM DS 12C887
Sumber : Data Sheet RTC DS 12C887

Tabel 2.5 Fungsi Penyemat RTC DS 12C887
Sumber : Data Sheet RTC DS 12C887

Penyemat

Fungsi

Vce dan GND

Merupakan penyemat catu daya, Vecc
dihubungkan pada catu daya positif dan GND
pada ground. Tegangan catu daya adalah 5
Volt.

MOT ( Motel )

Memilih mode diagram pewaktuan. Apabila
dihubungkan pada Vcc berarti diagram
pewaktuan Motorola yang dipakai, jika
dihubungkan dengan ground berarti sistem
pewaktuan lain yang dipakai ( Intel ).

SQW ( Square Wave Output )

Mengeluarkan sebuah sinyal dari 15 periode
yang ada. Besar frekuensi SQW dapat diubah
dengan diprogram pada register A. Untuk
mengaktifkan/ menonaktifkan sinyal SQW
dipilih lewat bit SQW pada register B.

ADO - AD7 ( Address Data 0 —7)

Bus data dan bus alamat yang masih
termultipleks. Pengiriman data maupun alamat
dilakukan melalui bus ini.

AS ( Address Strobe )

Untuk memisahkan bus data dan bus alamat
( ALE ). Tepi turun dari ALE akan
menyebabkan alamat ditahan 12C887 secara

27




internal.

DS ( Data Strobe ) Berfungsi sama dengan sinyal OE ( Output
Enable ) pada komponen memori. Sinyal DS
dihubungkan dengan sinyal RD yang berasal
dari mikrokontroller untuk melakukan proses
membaca data pada RAM internal RTC.

CS ( Chip Select ) Mengaktifkan piranti RTC. Sinyal CS didapat
dari dekoder alamat dengan alamat tertentu.
IRQ ( Interrupt Request ) Untuk menginterupsi mikrokontroller. Untuk

mereset IRQ, mikrokontroller memberikan
program pada register C pada RTC. Saat tidak
terdapat interupsi, penyemat ini dalam kondisi
impedansi tinggi.

RESET Untuk mereset beberapa flag menjadi nol
tetapi tidak berpengaruh pada unjuk kerja
clock, kalender dan fungsi RAM.

R/ W (Read/ Write ) Untuk membaca dan menulis data pada RTC.

RCLR (RAMclear) ‘Menghapus data — data pada RAM dengan
cara menghubungkan penyemat atau RCLR
dengan ground.

2.5. Information Storage Device 1420 (ISD 1420 )

ISD ( Information Storage Device ) adalah rangkaian terpadu serpih tunggal
yang mempunyai persamaan dengan CMOS LSI. Seri ISD 1420 Chip Corder
merupakan peralatan yang dirancang untuk merekam dan memutar kembali suara
atau bunyi dalam suatu chip. Suatu solusi yang tepat untuk merekam dan memutar
kembali suatu pesan pendek atau suatu aplikasi tertentu.

IC ISD 1426 mempunyai perlengkapan di dalam antara lain : Osilator
Internal, Microphone pre-amplifier, Gain kontrol otomatis, Filter perata dan Speaker
amplifier ( penguat speaker ). Secara keseluruhan seri ISD 1420 dapat dilakukan
sebuah perekam atau pemutar dengan komponen yang sederhana seperti microphone,
speaker, beberapa komponen penunjang, dua buah saklar tekan dan sumber tegangan.

Rekaman akan disimpan dalam sel memori yang tidak mudah hilang ( non-volatile ),
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memberikan tempat penyimpanan yang masih kosong. Cara unik ini yang membuat
ISD disebut Storage Direct Analog ( DAST ) atau teknik penyimpanan analog
langsung, dengan jalan sinyal suara ( voice ) dan bunyi disimpan secara langsung
dalam bentuk analog ke dalam memori EPROM.

Dalam penggunaannya, IC ini dalam menyimpan data sinyal suara dapat
menggunakan static RAM atau ROM. Jika memakai static RAM data suara dapat
diganti, data tetap ada selama catu daya masih diberikan, tetapi memori yang dipakai
ROM/ EPROM, maka IC ini hanya berfungsi untuk produksi suara.

Penyimpanan analog langsung memungkinkan reproduksi 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 tertekan
sesudah itu, tanda ini juga berguna untuk memutuskan playback otomatis bila
rekaman sudah habis. ISD akan langsung ke mode stanby bila REC dalam keadaan
HIGH.

ISD 1420 mempunyai waktu penyimpanan suara selama 20 detik. Susunan
ISD 1420 DAST adalah dalam 160 segmen dari alamat AO sampai A7 yang
menunjukkan akses setiap segmen dalam kesatuan untuk alamat pesan. Kemampuan
pemberian aﬁu penyediaan alamat yang berupa pesan yang disimpan dalam bentuk
kalimat dan suara.

Tanda akhir pesan ( end — of message marker ) akan otomatis terekam
sesudah itu. Tanda ini berguna untuk memutuskan playback secara otomatis bila
rekaman sudah habis. ISD akan langsung ke stanby bila REC dalam keadaan HIGH.

Blok diagram dari ISD 1420 dapat dilihat pada gambar 2.9 di bawah ini :
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Gambar 2.9 Blok Diagram ISD 1420
Sumber : Data Sheet ISD 1420

2.5.1. Konfigurasi Pin — Pin ISD 1420
IC rekam atau ulang ISD 1420 mempunyai jumlah kaki atau pin 28 buah,

seperti pada gambar 2.10.

ISD1400
A 510 28 [ Veoo
Al 2 27 [ REC
A2 ga 28 1 XK
A3 a 25 (1 RECLED
Ad s 24 [ PLAYE
A5 6 28 [— FLAVL
NC 7 22 NC
NC ga 27 ANA OUT
AL 9 20 gANAIN
A7 o 19 AGC
NC C{n 18 [ MIC REF
Vsso (] 12 17 /4 MIC
Vgoa 5 18 16 ™ Veoa
SP+ 14 16 [ SP—

Gambar 2.10 Konfigurasi PIN dari IC ISD 1420
Sumber : Data Sheet ISD 1420
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Keterangan dan fungsi dari masing — masing PIN dapat dijelaskan sebagai
berikut :

» Playback, edge — activated ( PLAYE ), pin 24 :
Ketika sinyal akan berpindah menuju ke LOW ( low — going transition )
terdeteksi di input ini, maka PLAYE akan berjalan. Playback berjalan
sampai tanda akhir dari pesan tercapai atau akhir dari ruang memori
tercapai. Setelah menyelesaikan playback, ISD secara otomatis akan
kembali ke mode stanby, menekan PLAYE ke HIGH pada waktu
playback berjalan tidak akan menghentikan dari playback. Jadi playback
akan berhenti bila mencapai akhir dari pesan atau ruang memori habis.

> Playback, level — activated ( PLAYL ), pin 23 :
Ketika sinyal input ini berpindah dari high ke low, maka PLAYL akan
berjalan. Playback akan berjalan sampai input ini tertekan high, tanda
akhir dari pesan tercapai atau ruang memori sudah habis. ISD akan
kembali ke mode stanby setelah playback ini terhenti.

» Record Led Output ( RECLED ), pin 25 :
Output dari RECLED akan low selama perekaman, maka output ini
biasanya digunakan untuk menjalankan sebuah LED yang berguna untuk
mengetahui bahwé sedang terjadi proses perekaman. RECLED ini akan
low sebentar ketika tanda akhir dari peéan tercapai pada saat Playback.

> Record (REC), pin 27 :
Input sinyal akan aktif dalam keadaan low. ISD 1420 akan merekam bila
REC dalam keadaan low, dan sinyal ini harus terus dalam keadaan low

bila ingin terus merekam. Jika input REC ini tertekan low dalam keadaan
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kita masih memutar ulang ( playback ), maka playback akan berhenti dan
ISD akan merekam. Frekuensi rendah bila akhir dart suara
( the low — frekuensi end of the voice panssband ). Dalam perancangan
dan pembuatan alat ini, harga kapasitor ditentukan sama dengan yang
terdapat dalam data sheet ISD 1420.

» Automatic Gain Control ( AGC ), pin 19 :
Kegunaan dari AGC adalah untuk menambah atau mengurangi secara
otomatis penguatan ( gain ) dari pre-amplifier. Dan juga meluaskan batas
dari sinyal input yang dapat digunakan oleh microphone tanpa terjadi
distorsi. AGC ini dapat secara dinamis meluaskan batas dari suara bisikan
sampai suara yang keras. Untuk menggunakan fasilitas AGC ini, resistor
dan kapasitor luar ( eksternal ) harus dihubungkan secara paralel antara
pin AGC dengan ground. Harga yang direkomendasikan adalah R = 470
kQ dan C = 4,7 pF. Dalam perancangan alat ini digunakan juga harga
seperti diatas, sesuai dengan yang terdapat pada data sheet ISD 1420.

» Speaker Output ( SP+ dan SP- ), pin 14 dan 15
Pin SP (+) dan SP (-) digunakan untuk mengeluarkan suara yang telah
dirckam ke speaker atau ke device lainnya. Ol;tput ini mempunyai
impedansi sebesar 16 Q.

» Optimal Eksternal Clock ( XCLK ), pin 26 :
Digunakan untuk menambahkan kristal clock bila dibutuhkan pewaktuan
yang lebih besar dan presisi. Bila input ini tidak digunakan harus
dihubungkan dengan ground.

» Vi dan V., , pin 16 dan 28
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Rangkaian Analog dan digital yang terdapat di dalam chip ISD 1420
menggunakan bus power yang terpisah untuk meminimalisasi noise. Pin

power ini harus dihubungkan sedekat mungkin dengan sumber tegangan.

V g4 dan Vg, ( Ground ), pin 13 dan 12 :
Sama seperti V., dan V .,, rangkaian analog dan digital di dalam ISD

1420 menggunakan bus ground yang terpisah untuk meminimalisasi
noise. Pin ini harus dihubungkan sedekat mungkin dengan ground.
Address Input ( AO— A7), pin 1-6 dan 9-10 :

Input alamat ini mempunyai dua fungsi, tergantung pada level dari dua
Most Significant Bits ( MSB ) dari alamat. Jika dua MSB ini kedua —
duanya low, maka semua input digunakan sebagai bits pengalamatan

( address bits ) dan digunakan sebagai alamat untuk memulai ( start
address ) dari perekam atau pemutaran ulang ( playback ). Kaki — kaki
dari pengalamatan adalah hanya memasukkan dan bukan merupakan
informasi keluaran pengalamatan internal ( output internal address
information ) ketika proses operasi sedang berjalan.

Ketika dua MSB ini kedua ~ duanya HIGH, maka sinyal input
pengalamatan digunakan sebagai bits ( mode bits ). Pada saat ini mode
operasi normal dan pengalamatan secara langsung tidak dapat digunakan
secara langsung ( simultaneously ). Kedua MSB tersebut adalah pada kaki
9 dan 10 dari ISD 1420.

Microphone — input ( MIC ), pin 17 :

Kaki microphone ini terhubung dengan Vcc dengan microphone ground,

maka tingkat noise selama perekaman dapat dikurangi. Noise ini
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disebabkan oleh preamplifier yang terdapat di dalam chip. Bila pin ini
digunakan maka tidak boleh dihubungkan dengan sinyal atau tegangan
apapun, harus dalam keadaan terbukti.

Analog Output ( ANA OUT ), pin 21 :

Sinyal dari microphone dikuatkan dan dikeluarkan melalui ANA OUT
pin. Penguatan tegangan dari pre-amp tergantung dari tingkat tegangan
dari AGC ( Automatic Gain Control ) pin. Pre-amp ini mempunyai
penguatan maksimum sekitar 24 dB untuk tingkat masukan sinyal kecil.
Analog Input ( ANA IN ), pin 20 :

Kapasitor eksternal menghubungkan antara ANA IN ke ANA OUT pin.
Harga dari kapasitor luar bersama — sama dengan 3 kQ input impedansi di
ANA 1N, dapat dipilih sendiri untuk memberikan keadaan cut-off

( terputus ).

2.5.2. Cara Perekaman Atau Pengisian Suara

Langkah - langkah yang dilakukan untuk memulai perekaman yang mengeset

alamat atau durasi waktu yang dibutuhkan untuk perekaman. Pada saat memulai

perekaman sinyal REC LOW, maka dengan demikian secara otomatis pin ANA-IN

bekerja. Pada saat inilah dimasukkan suara yang akan direckam melalui micrbphone.

Jika ruang sudah terisi penuh maka sinyal REC harus dikembalikan ke posisi HIGH.

Tanda akhir dari pesan ( end — off — message merker ) akan otomatis terekam sesudah

itu. Tanda ini berguna untuk memutuskan playback secara otomatis bila rekaman

sudah habis. ISD 1420 akan langsung ke stanby bila REC dalam keadaan HIGH.
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2.5.3. Mode Operasional

Mode operasional disini akan dibahas pada putar ulang. Pada perancangan
disini diinginkan pengisyaratan pesan dapat sesuai dengan alamat pesan yang
diinginkan. Yaitu setiap pemanggilan data pada alamat data dapat berlangsung secara
acak dan tidak berurutan. Untuk mode operasional diatas dapat dipilih PLAYE atau
PLAYL saja. PLAYL sebagai level activated untuk mencegah data melompat ke data
berikutnya, pada kaki PLAYE diberi sinyal HIGH maka pointer akan mereset
kembali data pesan. Untuk mode operasi seperti yang diinginkan di atas dengan jalan
membuat kondisi REC menjadi LOW untuk selamanya. Sedangkan pada saat kaki
PLAYE dan kaki PLAYL dijadikan satu dan diberi sinyal LOW maka proses putar
akan berjalan dan pada saat kaki PLAYE dan PLAYL diberi sinyal HIGH, maka

proses putar ulang akan berhenti sekaligus mereset kembali pointer data pesan.

2.6. Motor Arus Searah ( Motor DC)

Motor arus searah ( dc ) adalah suatu mesin yang berfungsi mengubah tenaga
listrik arus searah menjadi tenaga mekanik dimana tenaga gerak tersebut berupa
putaran rotor. Dalam kehidupan schari-hari motor arus searah sering dijumpai
dimana-mana. Sebagai contoh adalah motor yang dipasang pada starter mobil,
mainan anak-anak, tape recorder dan lain sebagainya. Sedangkan pada pabrik-pabrik,

motor arus searah dapat dijumpai pada elevator, conveyor dan sebagainya.

2.6.1. Prinsip Dasar Motor Arus Searah ( Motor DC )
Prinsip dasar dari motor arus searah adalah kalau sebuah kawat berarus

diletakkan antara kutub magnet ( U-S ), maka pada kawat tersebut akan bekerja suatu
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gaya yang akan menggerakkan kawat tersebut. Arah gerak dari kawat tersebut dapat
ditentukan dengan “ Kaidah Tangan Kiri “ yang berbunyi sebagai berikut : “ Apabila
tangan kiri dibiarkan terbuka dan diletakkan diantara kutub utara dan kutub selatan,
sehingga garis-garis gaya yang keluar dari kutub utara menembus telapak tangan kiri
dan arus di dalam kawat mengalir searah dengan keempat jari, maka kawat tersebut
akan mendapat gaya yang jatuhnya sesuai dengan ibu jari “, seperti pada gambar 2.11
di bawah ini. Adapun besarnya gaya yang bekerja pada kawat tersebut dapat
dirumuskan sebagai berikut :

F=BxIxL Newton

dimana :

B = kerapatan fluks magnet ( Weber )

L = Panjang penghantar ( meter )

I = Arus listrik ( Ampere )

Gambar 2.11 Kaidah Tangan Kiri

Sumber : www. Google.com
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2.7. Display Dot Matrik

Display dot matrik merupakan sebuah chip yang berisi kumpulan dari
beberapa led yang dikemas menjadi satu, kemasan led ini biasa disebut Led Dot
Matrik.

Display dot matrik yang ada di pasaran disusun dengan berbagai komposisi,
mulai 7x5, 8x5, 8x8 sampai 16x16. Angka pertama dari komposisi ini menunjukkan
jumlah kaki anoda, sedangkan angka kedua merupakan jumlah kaki katoda.

Dalam tugas akhir ini dipakai rangkaian Led Dot Matrik 7x5, artinya dalam
kemasan ini terdapat 35 buah led yang disusun menjadi 7 baris deretan led ( kolom ),
setiap deretan led ( baris ) terdiri dari 5 buah led. Dengan demikian terminal yang
keluar pada chip adalah 5 sambungan anoda dan 7 buah sambungan katoda.

Display dot matrik memiliki keistimewaan dibandingkan dengan tampilan
yang lain, seperti : seven segment yaitu kemampuan untuk menampilkan karakter
dan berbagai macam simbol.

Dot matrik merupakan kumpulan titik cahaya yang tersusun menjadi
sejumlah kolom dan baris. Contohnya adalah matrik 7x5 yang ditunjukkan dalam

gambar di bawah ini :
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Gambar 2.12 Konfigurasi Dot Matrik

Sumber : Fairchild Semiconductor

Matrik LED ini terdiri dari 7 baris dan 5 kolom, ke 35 LED ini dapat
menghasilkan berbagai macam dan bentuk karakter. Untuk menghidupkan satu LED
dalam matrik ini dengan menerapkan tegangan ke anoda dan menghubungkan
katodanya ke ground. Dengan menerapkan tegangan ke beberapa kolom tertentu dan
menghubungkan beberapa baris tertentu ke ground. Setiap angka desimal, huruf, dan
berbagai bentuk atau lambang lainnya dapat ditampilkan. |

Untuk memperagakan karakter dengan tampilan matrik, LED yang
diperlukan tidak dinyalakan secara bersamaan tetapi LED — LED ini diaktifkan baris
demi baris dengan cepat. Proses ini diulangi untuk baris dan kolom — kolom
berikutnya ( scaning ). Jadi sebenarnya hanya kolom — kolom pada satu baris tertentu
yang menyala pada suatu saat. Tetapi karena proses dilakukan dengan cepat, mata

menganggap bahwa LED — LED yang dimaksud menyala secara serentak.
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2.8. Register Geser ( Shift Register )

Register adalah kumpulan dari elemen — elemen memori yang bekerja
bersama sebagai satu unit. Register yang paling sederhana tidak lebih dari sebuah
penyimpanan kata biner, jenis lain dari register dapat mengubah kata yang tersimpan
dengan menggeser bit — bitnya ke kiri atau ke kanan. Sebuah register geser dapat
memindahkan bit — bit yang tersimpan ke kiri dan ke kanan.

Rangkaian register geser ( Shifi Register ) yang digunakan adalah IC
74LS164, yang berfungsi untuk menyimpan dan memindahkan data dari satu bagian
ke bagian sistem yang lain. Prinsip kerjanya adalah masukan seri ke keluaran paralel

(SIPO).

2.9. Transistor

Transistor merupakan salah satu komponen elektronika dengan terminal yang
terdiri dari kolektor ( C ), Basis ( B ), dan Emitter ( E ). Setelah bahan semikonduktor
dasar diolah, terbentuklah bahan semikonduktor jenis P dan N. Walaupun proses
pembuatannya banyak, pada dasarnya transistor merupakan tiga lapis gabungan
kedua jenis bahan tadi, yaitu NPN dan PNP.

Simbol sirkuit kedua jenis bahan tersebut hampir sama, perbedaannya hanya
terletak pada arah ﬁanah di yjung emitter. Arah panah ini menunjukkan arah aliran
arus konvensional yang berlawanan arah dalam kedua jenis tadi.

Adapun lambang komponen transistor NPN maupun PNP dapat dilihat pada

gambar 2.13 di bawah ini.
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Emiter | N |p N Kolektor Emiter P I N p Kolektor
Basis Basis
Kolektor Emitter Emitter Kolektor
NPN PNP
Basis Basis

Gambar 2.13 Lambang-lambang Transistor
Sumber : Malvino, Prinsip — Prinsip Elektronika

2.9.1. Transistor Sebagai Saklar
Suatu transistor dalam sistem kerjanya mengalami keadaan saturasi dan titik
sumbat. Dengan demikian jika transistor digunakan sebagai saklar maka hubungan
saklar ini terjadi antara kolektor dan emitor dari transistor tersebut. Sedangkan buka
dan tutup saklar itu ditentukan oleh suatu tegangan yang diberikan pada basisnya.
> Saklar Terbuka
JikaV, =0 Volt, I, =0 A, maka transistor dalam keadaan titik sumbat
( cut-off ) sehingga tidak ada arus yang mengalir dan saklar dalam
keadaan terbuka.
» Saklar Tertutup
Untuk mengembalikan saklar dalam keadaan tertutup maka harus
diberikan tegangan input ( Vin ) pada V, dan arus pada basis, sehingga
keadaan transistor menjadi saturasi, dimana perpotongan dari garis beban

dankurval, =1, . Keadaan ini seperti sebuah switch yang tertutup.
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Jika transistor dikerjakan pada keadaan saturasi ( Vce = 0,7 volt ), maka
antara kolektor dan emitor akan terhubung dengan cepat atau dengan kata lain saklar
dalam keadaan tertutup. Adapun besarnya arus basis yang diperlukan untuk

rangkaian ini dapat dicari melalui persamaan :
Ic
I B z

Maka nilai R ; dapat dicari sebagai berikut :

Jika arus kolektor yang mengalir terlalu banyak, transistor akan menuju ke
kondisi jenuh. Secara ideal terjadi suatu hubung singkat antara terminal kolektor dan

emitor, dengan arus kolektor jenuh sebesar :

c(sat) =

Lot
R

L

Rangkaian transistor switch dapat dilihat pada gambar 2.14 di bawah ini.

RC

e

- VCC

NPN

Gambar 2.14 Transistor Sebagai Saklar
Sumber : Malvino, Prinsip — Prinsip Elektronika
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2.10. Relay

Relay adalah switch/ saklar yang digerakkan secara elektronik. Kontak jenis
ini adalah salah satu komponen bantu proses otomatisasi, walaupun kontak tersebut
bersifat mekanis. Disini relay difungsikan untuk menghubungkan data yang
ditransmisikan oleh mikrokontroller menuju bel listrik dan motor dc. Adapun
karakteristik dari sebuah relay adalah sebagai berikut :

1. Tegangan Operasi, yaitu tegangan coil minimum yang diperlukan coil
untuk dapat mengaktifkan kontak saklar relay dari posisi normal ke posisi
operasi.

2. Tegangan lepas, adalah tegangan coil minimum yang diperlukan coil
untuk dapat mengaktifkan kontak saklar relay dari posisi operasi ke posisi
normal.

3. Tegangan maksimum, yaitu coil maksimum yang diperlukan coil untuk
dapat bekerja tanpa merusak coilnya sendiri.

4. Tegangan normal, adalah tegangan kerja nominal sehingga coil dapat
bekerja secara normal.

Adapun prinsip kerja dari relay yang kondisi normalnya Off ( open ) adalah :

a. Apabila lilitan terisolasi dari relay tersebut kita beri tegangan, maka akan
timbul induksi. |

b. Dengan adanya induksi maka besi ( inti ) yang diselubungi lilitan akan

berubah sifatnya menjadi magnet yang bersifat sementara.
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c. Karena besi tersebut menjadi bersifat magnet, maka akan dapat menarik
besi lain yang berfungsi sebagai kontak sehingga relay menjadi On.
d. Jika tegangan pada lilitan dihilangkan, maka besi akan kembali seperti

sifat semula sehingga relay menjadi Off.
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BAB I

PERENCANAAN DAN PEMBUATAN ALAT

3.1. Penerapan Perangkat Keras ( Hardware)

Dalam bab ini akan dijelaskan mengenai perancangan dan pembuatan bel
sekolah otomatis yang dilengkapi dengan suara berbasis mikrokontroller AT89S52.

Pada perancangan alat ini secara keseluruhan dibagi menjadi dua bagian,
yaitu :

1. Perancangan Perangkat Keras ( Hardware )

2. Perancangan Perangkat Lunak ( Sofiware )

3.1.1. Diagram Blok
Diagram blok dari perangkat keras ( hardware ) yang direncanakan,

diperlihatkan pada gambar 3.1.

LCD Dot Matrik
v Driver l Motor
Motor DC '—’ De
RTC Mikrokontroller - 1 Mikrokontroller - 2 B
DS 12C887 AT 89852 AT 89852
—| L
Driver Bel
1 l Bel Listrik Listrik
Keypad 1SD
4x4 1420

Gambar 3.1 Diagram Blok Sistem
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3.1.2. Cara Kerja Alat

Pertama kali user memasukkan waktu — waktu/ jam — jam tertentu sebagai
ketentuan untuk masuk sekolah, istirahat dan waktu pulang sekolah melalui keypad
ke dalam mikrokontroller AT89S52. Setelah itu mikrokontroller AT89S52 akan
mendeteksi/ mencocokkan dengan waktu/ jam saat ini melalui RTC DS 12C887.

Jadi inputan mikrokontroller AT 89S52 berasal dari keypad dan RTC
DS 12C887. Jika waktu inputan keypad tidak sama dengan waktu RTC DS 12C887,
maka mikrokontroller AT89S52 akan mendeteksi atau mencocokkan secara terus
menerus. Jika waktu inputan keypad sama dengan waktu RTC DS 12C887, maka
akan muncul tampilan melalui display dot matrik. Dan pada saat itu pula
mikrokontrolier AT 89S52 akan mengaktifkan bel sekolah dan mengendalikan driver
motor DC sebagai penggerak pintu gerbang sekaligus mengaktifkan driver ISD 1420

untuk memberikan informasi secara terjadwal.

3.1.3. Perencanaan dan Pembuatan Rangkaian Keypad

Untuk memasukkan waktu-waktu ( jam-jam ) tertentu yang terdiri dari waktu
masuk sekolah, waktu istirahat maupun waktu pulang sekolah, maka dibutuhkan
rangkaian keypad. Pada perencanaan dan pembuatan rangkaian keypad ini digunakan
IC 74C922 dan keypad berukuran 4 x 4. Gambar 3.2 di bawah ini memperlihatkan

suatu rangkaian keypad matrik 4 x 4 dengan IC 74C922.
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Gambar 3.2 Keypad Matrik 4 x 4 dengan IC 74C922

Dari rangkaian di atas dapat diperoleh 16 kemungkinan output yang
diperlihatkan pada Tabel 3.1.

Tabel 3.1 Kombinasi Output Keypad Matrik 4 x 4

Switch | 0 | 1 |2 |3 |4 |5|6|7|8|9|A|B|C|D]|E

Position | X1 | X2 | X3 | X4 | X1 |X2|X3|X4|X1|X2|X3 (X4 X1[X2]Xx3

Output | Y1 Y1) Y1 /Y1l Y2|Y2|Y2{Y2|{Y3|Y3|Y3|Y3|Y4|Y4]|Y4

A Jj0f1 /0101 ]0j1]0]1]|0]|1(|0][1]0

B
cC J]ojo0jO0 (0|1 |1|1|1|O0]O|O 0 |1]|1]1
D

Berdasarkan tabel di atas, kita dapat dengan mudah menyeleksi tombol angka
mana yang ditekan pada rangkaian keypad yang dibuat. Keluaran tombol yang
dipilih dihubungkan langsung pada port mikrokontroller AT89S52 dengan ketentuan

port 1.0 untuk output A, port 1.1 untuk output B, port 1.2 untuk output C dan port 1.3
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untuk output D sedangkan untuk strub masuk pada port 1.4 dan selanjutnya
mikrokontroller AT89S52 akan mencocokkan/ mengkomper dengan RTC

DS 12C887.

3.1.4. Perencanaan dan Pembuatan Rangkaian Mikrokontroller AT89S52
3.1.4.1. Rangkaian Mikrokontroller AT89S52

Mikrokontroller pada sistem ini berfungsi untuk mengolah data masukan dari
keypad dan RTC DS 12C887 yang selanjutnya akan mengendalikan driver bel listrik,
driver motor dc, driver ISD 1420 dan juga tampilan pada LCD serta tampilan pada
dot matrik.

Mikrokontroller yang digunakan pada sistem ini adalah Mikrokontroller jenis
AT89S52 yang merupakan IC CMOS 8 bit internal RAM, 40 pin dan 4 port I/ O.

Pada perencanaan dan pembuatan rangkaian mikrokontroller AT 89852 ini
dibagi menjadi dua bagian, yaitu : Rangkaian Mikrokontroller — 1 dan Rangkaian
Mikrokontroller — 2, dimana pada rangkaian mikrokontroller — 1 digunakan sebagai
masukan ( inputan ) dari keypad, RTC DS 12C887, serta tampilan pada LCD.
Sedangkan pada mikrokontroller — 2 digunakan sebagai pengendali bel listrik,
pengendali motor dc, pengendali ISD 1420, serta tampilan pada dot matrik.

Untuk lebih jelasnya Rangkaian Mikrokontroller — 1 dan Rangkaian

Mikrokontroller — 2 dapat dilihat pada gambar 3.3 dan gambar 3.4 di bawabh ini :

47



N
- e
T wc
P sow —"I——
' e A0
: LA :'1 : bed " A
' LI P < o 9 i
: ': Yo ° E “n“r'—"' 2o A
pn—l.n_ xn ™ el 15 _we
: °_L_‘_: - s x ]
xa KB @o — 1
TOKEYmo -F oD asc ICRTC 05130 -
= Caom
N
?: vee
1
Yo s
&S
y & 5w
1 oa
cas e
¥ . g 11 n: /1
Ve \
| & -
w<
o

Gambar 3.3 Rangkaian Mikrokontroller — 1 AT89S52

Adapun fungsi dari masing-masing pin ( kaki ) dalam Mikrokontroller - 1

AT89S52 adalah sebagai berikut :

L.

Pin 1 - Pin 5 ( P1.0 - P1.4 ) merupakan port 1 mikrokontroller yang
digunakan sebagai input bagi rangkaian keypad.

Pin 32 — Pin 39 ( P0.0 — P0.7 ) merupakan port 0 mikrokontroller yang
digunakan sebagai data untuk RTC DS 12C887 '.
Pin 17 ( P3.7 ) dihubungkan dengan pin 17 ( DS ) dari RTC DS 12C887.
Pin 16 ( P3.6 ) dihubungkan dengan pin 15 ( RIW ) dani RTC
DS 12C887.

. Pin 30 ( ALE ) dihubungkan dengan pin 14 ( AS ) dari RTC DS 12C887.

Pin 21 — Pin 28 ( P2.0 — P2.7 ) digunakan sebagai data bus LCD.

Pin 14 ( P3.4 ) digunakan untuk jalur RS pada LCD.
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8. Pin 15 ( P3.5 ) digunakan untuk jalur E pada LCD.

9. Pin 9 reset aktif high yang terhubung dengan rangkaian Power On Reset
dan jika diaktifkan akan mereset mikrokontroller AT89S52.

10.Pin 10 ( P3.0 ) digunakan untuk menerima data dari mikrokontroller — 2
AT89S52.

11.Pin 11 ( P3.1 ) digunakan untuk mengirimkan data ke mikrokontroller — 2
AT89S52.

12.Pin 18 berfungsi sebagai output dari rangkaian pewaktu luar ( X2 ).

13.Pin 19 berfungsi sebagai input dari rangkaian pewaktu luar ( X1 ).

14. Pin 20 berfungsi sebagai ground ( GND ).

15.Pin 31 ( EA ) dihubungkan dengan Vcc, karena mikrokontroller
mengakses program secara internal.

16.Pin 40 berfungsi sebagai Vcc +5 Volt.

RESPACK
- N T N O 00O
PU0TO00 T_|
'VCC
i TO DOT MATRIK
_ vCC di
_I'inl_ GND vee ;g - 2
2 0—-—2— PlO POO 38 a3
1 D___f— Pl PO.1 E7] | 4
P12 P02 o
TO DRIVER MOTOR 4 _1n3 po3 —36 de
3 35
: T B 3
2p v [y Pos 32 9 TO PLAYL ISD
TO DRIVER BELLS= L7 Fo7 —3;
. o L
13— o ool e - — =
INTL R2—= g3
14 Ll e =
5| T A —=%—9>5
lﬂuF/lﬂ'V VT Tl 2: —————9 -‘}
I O
T—— v P27 )L-—o 8
I = 17
RESET D TO A0 - A7ISD
108 wE 15
19 X1 ALEDP | 30
pl" 10
I: 18 RXD |
X2 TXD |
| ] l C ATE9552 ‘
X-TAL
r 11,0592 MHz

Gambar 3.4 Rangkaian Mikrokontroller — 2 AT89S52
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Adapun fungsi dari masing-masing pin ( kaki ) dalam Mikrokontroller — 2

AT89S52 adalah sebagai berikut :

1.

2.

Pin 1 dan Pin 2 ( P1.0 dan P1.1 ) digunakan untuk driver motor dc.

Pin 5 ( P1.4 ) digunakan untuk driver bel listrik.

. Pin 33 — Pin 39 ( P0.0 — P0.6 ) digunakan sebagai data dot matrik.

Pin 12 dan Pin 13 ( P3.2 dan P3.3 ) digunakan sebagai data dan clock dari
dot matrik.

Pin 21 - Pin 28 ( P2.0 - P2.7 ) digunakan sebagai alamat ( A0 — A7 ) dari
ISD 1420.

Pin 32 (P0.7 ) dihubungkan dengan PLAYL dari ISD 1420.

Pin 9 reset aktif high yang terhubung dengan rangkaian Power On Reset
dan jika diaktifkan akan mereset mikrokontroller AT89S52.

Pin 10 ( P3.0 ) digunakan untuk menerima data dari mikrokontroller — 1
AT89S52.

Pin 11 ( P3.1 ) digunakan untuk mengirimkan data ke mikrokontroller — 1

AT89S852.

10.Pin 18 berfungsi sebagai output dari rangkaian pewaktu luar ( X2 ).

11.Pin 19 berfungsi sebagai input dari rangkaian pewaktu luar ( X1 ).

12.Pin 20 berfungsi sebagai ground ( GND ).

13.Pin 31 ( EA4 ) dihubungkan dengan Vcc, karena mikrokontroller

mengakses program secara internal.

14. Pin 40 berfungsi sebagai Vce +5 Volt.

50



3.1.4.2. Komunikasi Serial Antar Mikrokontroller

Gambar 3.5 Rangkaian Komunikasi Serial Antar Mikrokontroller

Komunikasi serial antar mikrokontroller ditunjukkan pada gambar 3.5 di atas,
dimana komunikasi serial yang digunakan adalah asinkron dengan mode 1, dimana
data dikirim melalui P3.1 ( TxD ) dan diterima melalui P3.0 ( RxD ). Pada mode 1
ini data dikirim atau diterima 10 bit sekaligus, diawali dengan 1 bit start, disusul
dengan 8 bit data yang dimulai dari bit yang bobotnya paling kecil ( bit 0 ), diakhiri
dengan 1 bit stop. Agar dapat mengirimkan data, maka perlu adanya inisialisasi
komunikasi serial, dalam perancangan ini menentukan baud rate yang digunakan
untuk kecepatan proses pengiriman data adalah 9600 dengan menggunakan rumus :

FrekuensiOscilator

Baud Rate = X
32x12(256-TH1)

Dimana K adalah konstanta dengan nilai : K = 1, jika SMOD =0
K =2, jika SMOD =1
Dalam perancangan ini digunakan nilai SMOD = 0, jadi nilai K = 1, maka

untuk menghitung nilai Timer TH1 adalah sebagai berikut :
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FrekuensiOscilator
384 xBaudRate

TH1 =256 -

_ 11059200 X
384x9600

=256-3
=253

=FDH

3.1.4.3 Rangkaian Clock Minimum Sistem

Kecepatan proses pengolahan data pada mikrokontroller ditentukan oleh
clock ( pewaktu ) yang dikendalikan oleh mikrokontroller tersebut. Pada
mikrokontroller AT89S52 terdapat internal clock. Internal clock generator berfungsi
sebagai sumber clock, tapi masih memerlukan rangkaian tambahan untuk
membangkitkan clock yang diperlukan. Rangkaian clock ini terdiri dari dua buah
kapasitor dan sebuah kristal yang dirangkai sedemikian rupa dan kemudian
dihubungkan dengan Pin 18 dan 19 pada AT 89S52.
Dalam perancangan rangkaian ini menggunakan :

1. C=30 pF. Penentuan besarnya kapasitansi disesuaikan dengan spesifikasi

pada data sheet AT89S52.
2. Kiristal 11,0592 MHZ ( berdasarkan data sheet AT89S52 ). Adapun

gambar rangkaian clock tampak seperti pada gambar 3.6.
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Gambar 3.6 Rangkaian Clock Minimum Sistem

3.1.4.4. Rangkaian Reset
Reset pada Mikrokontroller merupakan masukan aktif High ¢ 1 ‘. Pulsa
transisi dan rendah ‘0’ ke tinggi ‘1’ akan mereset Mikrokontroller menuju alamat
0000H. Pin reset dihubungkan dengan rangkaian power on reset seperti tampak pada
gambar 3.7.
vece

4
SW-PB([ = a

RES. “T10uFi6 V

T

{Pin Reset AT 89552)

R1
10K

Gambar 3.7 Rangkaian Power On Reset
Rangkaian reset bertujuan agar mikrokontroller dapat menjalankan proses

dari awal. Rangkaian reset untuk mikrokontroller dirancang agar mempunyai
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kemampuan power on reset, yaitu reset yang terjadi pada saat sistem dinyalakan
untuk pertama kalinya. Reset juga dapat dilakukan secara manual dengan menekan
tombol reset yang berupa switch push button.

Rangkaian Reset terbentuk oleh komponen R dan C yang sudah baku
(ditetapkan oleh perusahaan pembuat IC AT 89S52). Nilai R yang dipakai adalah 10
kQ dan C =10 pF.

Sedangkan untuk mencari frekuensi dari reset tersebut dengan menggunakan
rumus sebagai berikut :

1
#o=1irc

Sehingga dengan komponen resistor dengan nilai 10 kQ serta kapasitor
dengan nilai 10 pF akan dihasilkan frekuensi sebesar :

1

0 =
s 1,1x10.10°x10.10™°

fo=9,09Hz

Maka Periode Clock dapat dihitung sebagai berikut :

T =0,11 detik.
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3.1.5. Perencanaan dan Pembuatan Rangkaian RTC DS 12C887

Dalam perencanaan dan pembuatan rangkaian RTC DS 12C887 ini berfungsi
untuk mencocokkan/ mendeteksi dengan inputan keypad.

RTC DS 12C887 scjcnis jam yang sangat kompleks, yang dapat menghitung
detik, menit, jam, hari, tanggal, bulan dan tahun dengan lompatan pergantian tahun.
RTC DS 12C887 ini mempunyai RAM internal sebesar 128 byte yang terdiri atas 14
byte untuk pewaktuan dan 114 byte untuk data yang bisa diprogram oleh pemakai.
Hubungan penyemat untuk RTC DS 12C887 antara lain adalah sebagai berikut :

o AS ( Address Strobe ) dihubungkan dengan ALE mikrokontroller yang

berfungsi untuk memisahkan saluran data dan saluran alamat yang

termultipleks pada saluran ADO — AD7.
e R/ W dihubungkan dengan WR mikrokontroller yang berfungsi sebagai
kontrol untuk penulisan data pada RAM internal.
e DS ( Data Strobe ) dihubungkan dengan RD mikrokontroller yang
berfungsi sebagai kontrol untuk pembacaan data pada RAM internal.
e MOT dihubungkan dengan ground untuk mendapaﬂcan sistem pewaktuan
bus intel.
Operasi pembacaan dan penulisan pada RAM internal RTC DS 12C887 ini
sama dengan operasi baca tulis pada RAM. Gambar dari rangkaian RTC DS 12C887,
diperlihatkan pada Gambar 3.8 di bawah ini :
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Gambar 3.8 Rangkaian RTC DS 12C887

3.1.6. Perencanaan dan Pembuatan Rangkaian LCD M 1632

Untuk tampilan dari keseluruhan waktu-waktu yang ada digunakan LCD jenis
dot matriks fpe M 1632. LCD M 1632 dihubungkan dengan bus data
mikrokontroller. Sinyal — sinyal yang dipergunakan oleh LCD adalah RS, R/W, dan
E. Sinyal RS dihubungkan ke P3.4 dari mikrokontroller — 1, Sinyal RS diberikan ke
LCD untuk membedakan sinyal antara instruksi program atau instruksi penulisan
data. Sinyal E dihubungkaﬁ ke P3.5 dari mikrokontroller — 1 untuk mengaktifkan
LCD, LCD akan aktif jika mikrokontroller memberikan instruksi tulis pada alamat
LCD. Sedangkan pin R/W 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 P2.0 — P2.7 yang

merupakan pin — pin data dari mikrokontroller.
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Dengan bantuan perangkat lunak yang dibuat, dapat ditampilkan karakter
yang diinginkan pada layar tampilan, yaitu dengan mengendalikan pada pena E,
R/W danRS.

Gambar dari rangkaian LCD M 1632, diperlihatkan pada Gambar 3.9.
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1N4002

Gambar 3.9 Rangkaian LCD M 1632

VRI pada pin 3 ( VEE ) digunakan untuk mengatur contras dari karakter
yang ditampilkan, sedangkan pada pin 15 ( V+ ) diberi sebuah diode gunanya adalah
agar tegangan yang masuk sesuai dengan data sheet yaitu sebesar 4,5 volt maksimal.

Tegangan diode = 0,6 Volt
Vee =5 Volt

Jadi tegangan yang masuk = 5 — 0,6 = 4,4 Volt
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3.1.7. Perencanaan dan Pembuatan Rangkaian Driver Bel Listrik

Kegunaan bel listrik disini adalah sebagai alarm, yaitu mengisyaratkan
aktifitas sekolah. Bel listrik akan berbunyi jika waktu atau jam yang telah
dimasukkan melalui keypad sama dengan waktu pada RTC DS 12C887. Rangkaian
ini berfungsi untuk mengontrol bel listrik yang mempunyai catu daya AC 220 Voit.

Pada rangkaian driver bel listrik ini digunakan optotransistor dengan tipe
4N25 yang berfungsi sebagai osilator untuk mengisolasi IC mikrokontroller dengan
rangkaian driver bel listrik, jika tegangan keluaran dari mikrokontroller sebesar 5
volt dan untuk membuat aktif optotransistor diperlukan arus forward If = 10 mA dan
tegangan forward Vf = 1,5 volt, maka nilai R1 dapat dihitung sebagai berikut :

_ Vee-Vf
If

5-15

10

R1

5-15
10x1073

=350Q

Karena nilai resistor 350 Q tidak ada di pasaran maka digunakan resistor
dengan nilai 330 Q. Di dalam 4N25 terdapat transistor jenis NPN yang dapat dipicu
oleh cahaya LED, transistor ini peka terhadap cahaya sehingga bisa disébut juga
fototransist&. Bila LED menyala maka pada basis transistor akan terjadi loncatan
elektron yang bisa menimbulkan adanya arus basis dan membuat arus kolektor (I )
mengalir atau transistor menjadi saturasi. Untuk mengaktifkan relay diperlukan
transistor NPN tipe BD139 sebagai saklar. Untuk melindungi transistor dari arus

balik dipasang diode tipe 1N4001 sebagai pengamannya sehingga transistor tidak
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akan rusak. Dari data sheet transistor BD139 diperoleh nilai h = 25, Vg, = 0,7

Volt. Apabila V. = 12 Volt, R ,,,, = 360 Q, maka besarnya R3 dapat dihitung
sebagai berikut :

relay

=1,332 mA.
Maka besarnya nilai R2 dapat dihitung dengan persamaan :

VBB’ - VBE
1 B

R2=

_ 5-07
1332mA

_ 5-07
1332x107

=323 kQ
Karena nilai resistor sebesar 3,23 kQ tidak ada di pasaran, maka digunakan

resistor dengan nilai 3k3 Q.
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Gambar 3.10 Rangkaian Driver Bel Listrik |

3.1.8. Perencanaan dan Pembuatan Rangkaian Driver Motor DC

Rangkaian driver motor DC pada perancangan ini digunakan sebagai pemicu
atau penggerak motor DC yang nantinya digunakan untuk menggerakkan pintu
gerbang. Prinsip dasar kerja dari motor DC ini adalah jika berputar ke kanan maka
pintu gerbang akan tertutup dan jika berputar ke kiri maka pintu gerbang akan
terbuka. Driver motor DC ini diperlukan karena tegangan dan arus output dari
mikrokontroller sangat kecil sehingga tidak mampu untuk menggerakkan sebuah
motor DC, maka diperlukan driver motor agar motor bisa berputar. Gambar dari

rangkaian driver motor DC ditunjukkan pada Gambar 3.11.
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Gambar 3.11 Rangkaian Driver Motor DC

Prinsip kerja dari rangkaian driver motor DC di atas adalah jika pada R1
diberi logika High dan R2 diberi logika Low maka motor akan berputar ke kanan dan
jika pada R1 diberi logika Low dan R2 diberi logika High maka motor akan berputar
ke kiri. Seperti halnya pada rangkaian driver bel listrik, rangkaian driver motor ini
juga menggunakan optotransistor dengan tipe 4N25, untuk perhitungan nilai R1 atau
R2 adalah sama dengan perhitungan nilai R1 pada rangkaian driver bel listrik yaitu
330 Q.

Sama halnya dengan rangkaian driver bel listrik, rangkaian driver motor dc
ini juga menggunakan transistor NPN tipe BD 139 sebagai saklar, diode tipe 1N4001

sebagai pengaman dari arus balik relay sehingga transistor tidak akan rusak. Untuk
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perhitungan nilai R3 dan R4 sama seperti perhitungan nilai R2 pada rangkaian driver

bel listrik.

3.1.9. Perencanaan dan Pembuatan Rangkaian ISD 1420

Pada perencanaan dan pembuatan alat ini, suara yang direkam menggunakan
Voice Processor ISD 1420 yang disimpan dalam EPROM. Berdasarkan datasheet
ISD 1420 mampu merekam suara dengan lama perekaman selama 20 detik.

Gambar dari rangkaian ISD 1420, diperlihatkan pada Gambar 3.12.
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Gambar 3.12 Rangkaian ISD 1420

3.1.10. Perencanaan dan Pembuatan Rangkaian Display Dot Matrik
Display yang direncanakan adalah dot matrik dengan tipe common anoda
yang mana data yang akan ditampilkan di driver oleh IC Latch 74LS164. Arus kerja

dari masing — masing led dot matrik adalah sebesar 10 — 20 mA, sedangkan tegangan
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kerja yang paling baik adalah antara 1,5 — 2,5 Volt. Pada led — led dot matrik perlu
diberi tahanan untuk membatasi arus dan menjaga tegangan kerja seperti pada
gambar 3.13 di bawah ini.

Vee Voo Voo Vee Vo Vee ©
T

% TTT ‘;’L F DOTMATRIK 1 DOTMATRIK2 DOTMATRIK 3 DOT MATRIK 16
;
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2 X eecce 2 lesses seese 2{essese
2 'ﬁgﬁ—ﬁf—? Ohmd legeee—3leases——looesel i;—-looooo
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X TRT secee O lseves secee seeee
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Gambar 3.13 Rangkaian Display Dot Matrik

Nilai resistansi dari tahanan — tahanan pembatas arus tersebut dapat dicari
dengan menggunakan rumus :

_ Vee-Vd
Id

R

5-25

10

2,5

0,01

=250Q

Karena nilai tahanan sebesar 250 Q tidak ada di pasaran, maka digunakan
tahanan sebesar 220 Q.
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3.1.11. Perencanaan dan Pembuatan Rangkaian Shift Register ( Register Geser )

Pada rangkaian shift register ( register geser ) menggunakan IC 74LS164,
yang berfungsi untuk mengubah data serial dari rangkaian kontrol yaitu pada
mikrokontroller port 3.7 untuk menjadi data paralel sebagai data kolom yang
bergeser pada tiap bitnya seiring dengan diberikannya pulsa clock. Gambar dari

rangkaian shift register ( register geser ) dapat dilihat pada gambar 3.14 di bawah ini.

st | setpe] | el
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<@ <@ g E < m ‘g ﬁo £ g ﬁm

5 48
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Gambar 3.14 Rangkaian Shift Register ( Register Geser )

Cara kerja dari rangkaian shift register ( register geser ) adalah sebagai
berikut :

Sinyal scanning diatur oleh software dari program mikrokontroller
AT89S52, bit pertama yang diterima oleh 741.S164 akan diteruskan ke pin QO, dan
pada saat bit kedua diterima maka bit tersebut juga diteruskan ke pin QO, sedangkan
data semula atau data yang pertama dari pin Q0 akan dipindahkan atau digeser ke pin
QI, demikian seterusnya. Pada saat bit ke 8 diterima maka data yang berada di pin
Q7 langsung diteruskan ke 74LS164 yang berikutnya, dimana data tersebut dianggap
sebagai bit pertama dan akan diteruskan ke pin Q0. Proses tersebut berlangsung

secara terus — menerus sampai ke 80 data ( bit ) yang diinginkan sudah siap di pin Q0



sampai Q7 pada semua komponen 74LS164, setelah itu mikrokontroller AT89S52
akan mengirimkan sinyal sehingga data tersebut ditampilkan. Serta pada saat yang
sama pula mikrokontroller mengirimkan sinyal scanning untuk baris pertama, kedua,
sampai dengan baris ke tujuh. Karena kecepatan dari scanning sangat tinggi maka
kita melihat seolah — olah tampilan yang ada pada display dot matrik tidak berkedip.
Bit — bit terus bergeser ke kanan dan data tersebut akan low ( 0 ) semua
ketika pulsa clear diberikan. Pada rangkaian dot matrik ini didapatkan arus awal

sebesar 23 mA yang didapat dengan rumus :
=7
R

Dimana :
I = Arus dot matrik
V = Tegangan sumber / Vcc
R = Tahanan/ hambatan
Bila diketahui :
V=35 Volt
R=220Q

maka:I=i
220

[=0,023 A

I=23 mA
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3.2. Perencanaan Perangkat Lunak ( Software ) T

Untuk mendukung agar perangkat keras berfungsi sesuai dengan
perencanaan, maka diperlukan perangkat lunak sebagai penunjangnya. Untuk
mengatur dan mengendalikan keseluruhan sistem perangkat keras yang telah dibuat,
harus dibantu dengan perangkat lunak. Perangkat lunak disini adalah susunan
perintah — perintah ( program ) di dalam memori yang harus dilaksanakan oleh
mikrokontroller. Sistem aplikasi mikrokontroller AT89S52 ini dapat mengatur dan
mengendalikan keseluruhan sistem apabila ada urutan instruksi yang mendefinisikan
secara jelas urutan tugas yang harus dikerjakannya.

Urutan instruksi ini sangat penting untuk didefinisikan, karena
mikrokontroller bekerja secara pasti berdasarkan urutan instruksi ini. Susunan logika
perancangan yang salah tidak dapat diketahui oleh mikrokontroller. Selama instruksi
yang diterima sesuai dengan aturannya, mikrokontroller tetap mengerjakan instruksi
tersebut. Kesalahan seperti ini baru diketahui ketika kerja sistem aplikasi tidak sesuai
dengan spesifikasi awal. Oleh karena itu, perancangan perangkat keras sangat
menentukan dalam keberhasilan pembuatan perangkat lunak, sama pentingnya
dengan perancangan perangkat keras. Sebuah mikrokontroller tidak akan bekerja bila
tidak diberikan program. Program tersebut memberitahukan apa yang harus
dilakukan oleh mikrokontroller.

Perangkat lunak ( software ) dari perangkat keras ( hardware ) yang telah
dibuat terdapat di bagian lampiran dan diagram alir ( flowchart ) dari perangkat keras

tersebut adalah sebagai berikut :
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Gambar 3.15 Diagram Alir ( Flowchart ) dari Perencanaan Software
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BAB 1V

PENGUJIAN ALAT

41. Umum

Setelah dilakukan perancangan diperlukan pengujian untuk mengetahui
apakah peralatan yang telah dirancang bekerja sesuai dengan yang diharapkan.

Di dalam bab ini akan dilakukan pengujian yaitu mengamati masukan dan
keluaran masing — masing blok serta untuk mengetahui kerja dari masing — masing
sistem yang dibuat per blok, dan menguji rangkaian secara keseluruhan serta
menganalisa apakah bentuk dan besarnya nilai masukan serta keluaran tersebut sudah
sesuai dengan yang diharapkan, jika tejadi penyimpangan apa yang menyebabkan
penyimpangan itu terjadi.

Secara umum tujuan dari pengujian alat ini adalah sebagai berikut :

1. Mengetahui proses kerja dari masing — masing rangkaian per blok.

2. Memudahkan pendataan spesifikasi alat.

3. Memudahkan perawatan dan perbaikan apabila sewaktu — waktu
terjadi kerusakan.

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

perhitungan dapat dicari dengan rumus sebagai berikut :

Perhitungan — Pengukuran
Perhitungan

% kesalahan = [ ] x 100 %
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42. Pengujian Rangkaian Keypad
4.2.1. Tujuan Pengujian
Untuk mengetahui apakah rangkaian keypad yang telah dibuat dapat bekerja
sesuai dengan yang direncanakan.
4.2.2. Alat dan Bahan
1. Rangkaian keypad yang diuji
2. Catu daya 5 volt dc
3. LED peraga output keypad
4.2.3. Pelaksanaan Pengujian
1. Merangkai rangkaian keypad seperti pada gambar 4.1.
2. Menghubungkan rangkaian keypad ke catu daya.

3. Menghubungkan output rangkaian keypad dengan LED peraga.

SWi1 Sw2 SW3 SWCOR k(oo
— — — 18 AR
—0 —o —o 0 0/ ] Y€ 7 b
11 A
SW4 SWHMEN 2 16 A
- - —- —- 7 12 B
+—0 *—0 +—0 +—0 1 3 < 14 2
SR TSR ‘WO:L_._ —m::{_._ 0 >
20 0 0— -0 +—o0 :; b4} pa |12 DAN
SW CAN SWT 5 I 13 =
$—0 00— ¢4 0— =0 0— 0 o0— 7 ﬁ Eg:l ]
L
1 L—’ e o | I
= IC4CIR a C2
1oF | | 100

Gambar 4.1. Rangkaian Pengujian Keypad 4x4 dengan IC 74C922
4.2.4. Analisa Hasil Pengujian

Encoder keypad untuk mendeteksi penekanan tombol keypad dan
menterjemahkan ke dalam kode — kode biner 4 bit. Dalam perencanaan dan

pembuatan alat ini menggunakan keypad 4 x 4 dan IC 74C922, dimana IC ini
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berfungsi untuk mengeluarkan data dalam bentuk bilangan biner 4 bit, sehingga
data — data yang dikeluarkan oleh keypad dapat diterjemahkan oleh mikrokontroller.
Adapun kombinasi output dari keypad dengan IC 74C922 yang diperoleh dari hasil
pengujian adalah sebagai berikut :

Tabel 4.1 Hasil Pengujian Keypad 4x4 dengan IC 74C922

SwitchDitekan | D | C | B | A HEX
1 0l 0] 0} O 0
2 0] 0 0 1 1
3 010 1 0 2
COR 010 1 1 3
4 0 1 010 4
5 0 1 0 1 5
6 0 1 1 0 6
MEN 0 1 1 1 7
7 1 0j0]0 8
8 1 0] 0 1 9
9 1 0 1 0 A
UP 1 0 1 1 B
CAN 1 1 0] 0 C
0 1 1 0 1 D
ENT 1 1 1 0 E
DOWN 1 1 1 1 F
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4.3. Pengujian LCD

4.3.1. Tujuan Pengujian

Untuk mengetahui apakah rangkaian LCD yang telah dibuat dapat bekerja

sesuai dengan yang direncanakan.

4.3.2. Alat dan Bahan

1.

2.

3.

4,

5.

Rangkaian LCD

Rangkaian Mikrokontroller AT89S52
Catu daya S volt dc

Membuat program untuk inisialisasi LCD

Memprogram IC mikrokontroller kemudian menjalankannya

4.3.3. Langkah — Langkah Pengujian

1.

2.

Mengisi IC mikrokontroller dengan software, dengan program yang dapat
ditampilkan pada layar LCD berupa tulisan — tulisan.
Bila pada layar LCD tampak tulisan berupa angka dan huruf, maka LCD

tersebut siap untuk digunakan.

Adapun cara pengujian dapat dilihat pada blok pengujian LCD M 1632 di

bawabh ini.

Catu Daya Mikrokontroller
5 Volt de > AT89S52 > LCDM1632

Gambar 4.2 Blok Diagram Pengujian LCD
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4.3.4. Analisa Hasil Pengujian

Untuk bisa sebuah mikrokontroller mengirim data ke LCD, terlebih dahulu

mikrokontroller diprogram software inisialisasi sebuah LCD. Adapun potongan

program inisialisasi LCD dapat dilihat di bawah ini :

void menu_utama(void){
uchar buf_select;
uchar buf list;
if (data_key = menu){
list=1;
select=1;
led_gotoxy(0,0);
lcd_puts("SET JAM MASUK ")
led_gotoxy(0,1);
led_puts("SET JAM ISTIRHT ");
cek_select(select);
while(data_key != cancel){
if (list==1){
while(data_key != cancel){
lcd_gotoxy(0,0);
lcd puts("SET JAM MASUK ");
led_gotoxy(0,1);
lcd_puts("SET JAM ISTIRHT ");
cek select(select);
get_noC();
data_key=getC();
if{fup_down_atas(5))break;
if(data_key==enter){
buf select=select;
buf list=list;
data_key=0;
led_gotoxy(0,1);
lcd_puts(" 00:00:00 ");
lcd_gotoxy(0,0);
if(select=1){

led_puts("SET JAM MASUK ");
load_jam_setting(jam_masuk);
menu_edit_jam(); '
save_jam_setting(jam_masuk);

}

elsef
lcd_puts("SET JAM ISTIRHT ");
load_jam_setting(jam_istirahat);
menu_edit_jam();
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4.4. Pengujian Driver Motor D¢
4.4.1. Tujuan Pengujian

Tujuan dari pengujian driver motor DC ini adalah untuk mengetahui apakah
driver motor yang dirancang dapat bekerja dengan baik. Pengujian rangkaian driver
motor dilakukan dengan mengukur arus pada kaki kolektor dan kaki basis transistor
BD 139.

4.4.2. Alat dan Bahan
1. Dua Avometer digital merk DT830B
2. Power Supply dengan catu daya 5 Volt dan 12 Volt.
4.4.3. Langkah — Langkah Pengujian
1. Menyusun rangkaian seperti pada gambar 4.3
2. Menghubungkan rangkaian driver motor dengan catu daya 5 Volt dan 12
Volt.

3. Memasukkan hasil pengukuran pada tabel 4.2 dan 4.3.

Rangkaian driver motor DC berfungsi sebagai penggerak motor DC, jika
pada R1 diberi logika HIGH ( 1 ) dan R2 diberi logika LOW ( 0 ) maka motor akan
berputar ke kanan, dan sebaliknya apabila pada R1 diberi logika LOW ( 0 ) dan R2
diberi logika HIGH ( 1 ) maka motor akan berputar ke kiri. Optotransistor tipe 4N25
berfungsi sebagai isolator untuk mengisolasi IC mikrokontroller dengan rangkaian
driver motor. Agar transistor saturasi maka perlu adanya masukan berlogika HIGH

(1) sehingga relay akan aktif dan motor akan berputar.
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Gambar 4.3 Rangkaian Driver Motor DC

Tabel 4.2 Pengukuran Arus Pada Optotransistor 4N25

Hasil Pengukuran Hasil Perhitungan % Kesalahan

1, =10,68 mA I, =10mA 6,8

Tabel 4.3 Pengukuran Arus Pada Transistor BD 139

Hasil Pengukuran " Hasil Perhitungan % Kesalahan

Ic=31,24 mA Ic=33,3mA 6,2

I, =121 mA I, =1332mA 9.2




4.4.4. Analisa Hasil Pengujian
Dari hasil pengujian driver motor didapatkan hasil pengujian pada rangkaian

driver motor yaitu pada transistor yang digunakan.

4.5. Pengujian Driver Bel Listrik

Untuk pengujian driver bel listrik ini sama dengan pengujian yang dilakukan
pada rangkaian driver motor dc yaitu mengukur arus pada optdransistor 4N25 dan
arus pada transistor BD139. Gambar dari rangkaian driver bel listrik dapat dilihat

pada gambar 4.4.

1
—Q 2

AC220V

+5V
S~ L—_ } ...........
3k3 DIODE (o] o
1N4001 T I
. 1 |

30 ohm
TR
BD 139 BELL

Ul

¥: [

[ Fiamez >—

4NT5 L

=

Gambar 4.4 Rangkaian Driver Bel Listrik

4.6. Pengujian RTC DS 12C887
4.6.1. Tujuan Pengujian

Tujuan Pengujian dari rangkaian RTC DS 12C887 adalah untuk mengetahui
apakah rangkaian ini dapat bekerja menjadi basis pewaktuan. Perangkat lunak yang
digunakan untuk menguji kerja rangkaian RTC adalah sebuah program simulasi jam

digital dengan memanfaatkan modul penampil LCD.
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4.6.2.

4.6.3.

Peralatan yang Digunakan

1. RTC Dallas 12C887

2. Mikrokontroller AT89S52

3. LCD 16x2

4. Power Supply Sistem

Pelaksanaan Pengujian

1. Merangkai rangkaian RTC seperti pada gambar 4.5.

2. Membuat perangkat lunak pengujian rangkaian pewaktu Real Time Clock
( RTC ). Program ini berisi inisialisasi mikrokontroller Real Time Clock
( RTC ) dan penampil kristal cair ( LCD ). Program kemudian
mengirimkan data karakter berupa jam, menit dan detik ke rangkaian
penampil kristal cair (LCD ). |

3. Mengaktifkan catu daya.

4. Mengoperasikan program. Hasil keluaran akan ditunjukkan pada layar

penampil kristal cair ( LCD ).
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Gambar 4.5 Rangkaian Pengujian Pewaktu RTC DS 12C887

4.6.4. Analisa Hasil Pengujian

Dari pengujian diperoleh hasil bahwa pada modul penampil kristal cair
terlihat informasi waktu berupa jam, menit, detik dengan tampilan detik yang
berubah setiap detik. Dengan demikian rangkaian Real Time Clock ( RTC ) dapat
berfungsi dan dapat diakses oleh pérangkat lunak. Adapun potongan software untuk
inisialisasi RTC adalah sebagai berikut :

void clear_buf_serial(void){

i_rd=0;

i wr=0;

buf_per=0;

y

uchar cekC_serial (void){

uchar data=0;

if(i_wr !=i_rd)data=1;
return data;

}
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void tx_hex_serial(uchar data){
n = data/16;
if(n<=9)txC_serial(n|0x30);
else txC_serial(n-10+0x41);
n = data % 16;
if(n<=9)txC_serial(n|0x30);
else txC_serial(n-10+0x41);

4.7. Pengujian IC Penyimpan Suara ( ISD 1420 )
4.7.1. Tujuan Pengujian
Pengujian ini bertujuan untuk mengetahui bekerja tidaknya rangkaian 1SD.
4.7.2. Peralatan yang Digunakan
1. Rangkaian ISD 1420
2. Catu Daya 5 Volt D¢
3. Speaker
4. Microphone kondensor
4.7.3. Pelaksanaan Pengujian
Prosedur pengujian keluaran ISD ditunjukkan pada gambar blok diagram di

bawah ini :

Speaker
Catu Daya _»| Rangkaian
5 Volt ISD 1420 :)
Mic

Gambar 4.6 Blok Diagram Pengujian ISD 1420
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Langkah - langkah pengujian adalah sebagai berikut :

1. Rangkaian ISD diberi input tegangan 5 Volt DC.

2. Pada pin 27 ( REC ) diberi logika rendah fungsinya untuk melakukan
perekaman suara, setelah proses perekaman suara selesai, pin yang dibuat
berlogika rendah ( pin 27 ) dikembalikan lagi pada posisi HIGH
( berlogika ‘1°).

3. Untuk memutar ulang suara yang dirckam maka posisi pin 23 ( PLAYL )
diberi logika rendah sedangkan untuk pin 27 ( REC ) tetap posisinya pada
logika HIGH.

4.7.4. Analisa Hasil Pengujian

Dalam perencanaan dan pembuatan rangkaian ISD membutuhkan tegangan
5 Volt DC dan mendapat input kontrol dari mikrokontroller. Dari hasil pengujian
didapat data bahwa rangkaian ISD 1420 dapat merekam suara dan dapat pula

memutar ulang suara tersebut.

4.8. Pengujian Rangkaian Display Dot Matrik

Pengujian display dot matrik dilakukan untuk mengetahui nilai arus yang
masuk dan keluar dari dot matrik serta membandingkan dengan hasil perhitungan.
Untuk nilai arus keluaran dot matrik selalu berubah -- ubah berdasarkan input.

Sedangkan untuk nilai arus inputan dot matrik dapat dilihat pada tabel 4.4.
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Tabel 4.4 Hasil Pengukuran dan Perhitungan Arus Inputan Dot Matrik

Hasil Pengukuran Hasil Perhitungan % Kesalahan
20,27 mA 23 mA 11,9
Diketahui Vec =5 Volt, R =220 Q
Data Display
Modul Ckg:tf g'c:aarll) iSDlaY> Display
Mikrokontroller .
AT89S52 Clock Data Scan q Dot Matrik

Gambar 4.7 Blok Diagram Pengujian Display Dot Matrik

Tabel 4.5 Hasil Pengujian Dot Matrik

Clock | Data | Data | LED1 | LED2 | LED3 | LED4 { LEDS | LED6 | LED7
Scan | Baris -
1 0 0 1 0 0 0 0 0
1 0 0 1 1 0 0 0 0
) 0 0 1 1 1 0 0 0
) 0 0 1 1 1 0 0 0
1 0 0 1 1 1 1 0 0
1t 0 0 1 1 1 1 1 0
1 0 0 1 1 1 1 1 1
1 1 1 0 1 1 1 1 1
) 1 1 0 0 1 1 1 1
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1 1 1 0 0 0 1 1 1 1
1 1 1 0 0 0 0 1 1 1
1 1 1 0 0 0 0 0 1 1
1 1 1 0 0 0 0 0 0 1
1 1 1 0 0 0 0 0 0 0

Tabel 4.5 menunjukkan hasil pengujian dot matrik. Pada tabel hasil pengujian
diberikan data sebanyak 14 bit terbukti bahwa pada 7 bit pertama led dot ﬁaﬁk
terus — menerus menyala. Selanjutnya pada 7 bit terakhir led dot matrik
terus — ménerus mati satu — persatu mengikuti detak clock yang diberikan. Pada
percobaan display dot matrik ini hanya ingin menguji apakah seluruh led dot matrik
dapat bekerja dengan baik atau tidak. Karena display ini disambungkan atau discan
melalui register geser ( shift register ), jika diberikan logika 0 ( switching transistor
aktif low ) pada data baris dan logika 0 pada data scan dengan clock terus — menerus
diberikan, maka display akan menyala satu — persatu bergeser ke kiri. Sebaliknya
pada saat data scan diberikan logika 1 sedang data baris berlogika 1 maka led dot

matrik akan mati satu — persatu.
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BABY

PENUTUP

5.1. Kesimpulan

Dari Perencanaan dan Pembuatan bel sekolah yang bisa bersuara secara

otomatis, maka dapat ditarik beberapa kesimpulan antara lain :

1. Digunakannya RTC DS12C887 dalam alat ini karena mempunyai
beberapa kelebihan diantaranya adalah RTC DS12C887 dapat menghitung
detik, menit, jam, hari, tanggal, bulan, dan tahun serta dapat menyimpan
data yang digunakan untuk keperluan lain, misalnya data jadwal aktifitas
sekolah.

2. Bel listrik akan aktif pada saat masukan berlogika “1” ( high ) karena
terdapat tegangan masukan sebesar 4,98 volt, sedangkan bel listrik tidak

. akan aktif pada saat masukan berlogika “0” ( low ).

3. Pada rangkaian driver motor DC jika pada R1 diberi logika high dan R2
diberi logika low maka motor akan berputar ke kanan, sedangkan jika
pada R1 diberi logika low dan R2 diberi logika high maka motor akan
berputar ke kiri. Driver motor DC ini berfungsi untuk menutup atau
membuka pintu gerbang sebagai tanda dimulai atau selesainya aktifitas
sekolah.

4. Seluruh sistem apabila telah dirangkai akan menjadi sebuah alat
pengendali bel sekolah sehingga dapat mempermudah tugas seorang

operator bel sekolah.
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5.2.

Saran — Saran

1.

Bel sekolah secara otomatis sebaiknya dikembangkan lebih lanjut dengan
menggunakan teknologi terbaru, misalnya Fuzzy Logic atau VHDL. .
Direalisasikan bel sekolah secara otomatis tersebut diharapkan dapat

meningkatkan disiplin waktu untuk para siswa di sekolah.

Driver motor yang digunakan untuk menggerakkan pintu gerbang ini

hanya berupa simulasi/ prototype, apabila diterapkan dalam kondisi yang
sebenarnya driver motor harus disesuaikan. |
Apabila menginginkan tampilan yang lebih besar, maka dot matrik 7x5
yang berukuran kecil dapat diganti dengan ukuran yang lebih besar.
Apabila menginginkan suara yang lebih besar, maka bisa ditambahkan

rangkaian penguat pada ISD 1420.
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/***********************************************************

* Program CONTROL BELL SEKOLAH DENGAN SUARA
* Program ini Berpasangan dengan ITN_PLP2.C

***************#*******#****#******************************/

#include <stdio.h>
#include <reg51 h>
#include <irg52.h>
#include <sys51.h>
#include <string h>
#include <math.h>
#include "ds12887.h"
#include "keypad3.h"
#include "Icd_4bit.h"

#define enter 'B'
#define cancel ‘A"
#define corect 'C'
#define menu D'
#defineup E'
#define down 'F'

#define FCPU 12000000

#define frek_x 1000 //hz 8khz 0. 125ms
#define prescaler (65536-((FCPU/ 12)/frek_x))
#define baud_rate 9600

#define baud rate TH 253 /A256-((1*FCPU)/(32*12*baud_rate))) //253 //10592 251

/£18432 /1252 //1481318//
#define jml_buf 10

const char baris1[J="PERENCANAAN DAN";
const char baris2[|="PEMBUATAN BEL SE";
const char baris3{]="KOLAH YANG BISA "
const char baris4[]="BERSUARA SECARA ";
const char baris5[]="OTOMATIS BERBA "
const char baris6[]="SIS MICROCON "
const char baris7[J="TROLLER AT89852."
const char baris8[]=" "

inear uchar buf_serial[jml_buf];
near uchar ascl_des[4];

inear uchar buffer_key[4];

inear uchar Jam_masuk[4];

inear uchar Jjam_istirahat[4];
inear uchar Jam_msk_istirahat[4];
inearuchar jam _pulang[4];

near uchar i_rd=0;

near uchar i_wr=0;



near uchar buf_per,buf_jam,buf menit,buf _detik=0;
near uchar buf_jam_rtc.buf_menit_rtc,buf detik rtc;
near uchar buf_jam2.buf_menit2,buf_detik2=0;

near uchar gsr,pjg,bufl buf2 buf3,n,n2 data_key=0;
near uchar tunggul tunggu2 tunggu3,status,sts;

near uchar list=1;

near uchar select=1;

near uchar i,no_scrn,lama;

near uchar time_out,buf prcirl,buf prclr2=0;

near uint cnt_down=1000;

1/ KERNEL SERIAL

void wr_mem (far char* name_mem,char data){ .-
*name_mem = data;

}

It INTERUPSI SERIAL

IRQ_VECTOR(keme!_seriaL SERIAL)

void kernel_serial (void) interrupt {
RI=0;
wr_mem(buf_serial+i_wr,SBUF);
if(-+++i_wr—jml_buf)i wr=0;

I/ INTERUPSI TIMERO
IRQ_VECTOR(timerOint, TIMERO)
void timerQint (void) interrupt {
TRO =0;
THO = buf_prclrl;
TLO = buf_prcir2;
TRO =1;
if(!--cnt_down){
cnt_down=1000;
if(time_out)time_out--;
else TRO=0;
}
}
/f serial

uchar rd_mem (far char* name_mem){
uchar data;
data=*name mem ;



return data;

void txC_serial(uchar data){

EA=Q;
TI=0;
SBUF=data;
while(!TI);
TI=0;
EA=1;
}
uchar getC_serial (void){
uchar data;
time out=2;
TRO=1; .o
while(i_wr =1i_rd)
if(!time_out)break;
data=rd_mem(buf_serial+i_rd);
if(++i_rd==jml_buf)i_rd=0;
return data;
}
void txS_serial(uchar *string){
uchar index;
for(index=0;string{index] !=0; index++)
txC_senal(string[index]);
}
uchar cek_Ok(void){
data_key=0;
while(data_key != 'K"){
data_key=getC_serial(); //OK
if{'time_out)break;
}
return time out;

}

void pesan_pop_up(uchar *linel,uchar *line2){
led_gotoxy(0,0);
lcd_puts(linel);
led_gotoxy(0,1);
lcd_puts(line2);



1/ INTERUPSI RTC

IRQ_VECTOR(int 0,IRQ_INTO)
< = void int_0 (void) interrupt {

EX0 =0;
_wait_ms(1);
buf_jam_rtc=(uchar)get rtc_jam();
buf_menit_rtc=(uchar)get_rtc_menit(),
buf_detik rtc=(uchar)get_rtc_detik();
txS_serial("JM");
txC_serial(buf jam_rtc);
txC_serial(buf menit ric);
txC_serial(buf_detik_rtc);

no_scrn ++;

if{lno_scrm >=6)no_scrn = 0;
EX0 =1,

/f RUTIN SERIAL
void clear_buf _serial(void){

i_rd=0;

i wr=0;

buf_per=0;

uchar cekC_serial (void){
uchar data=0;
if(i_wr =i _rd)data=1;
return data;
o}

void tx_hex_serial(uchar data){’
n = data/16;
if{ln<=9)txC_serial(n|0x30);
else xC_serial(n-10+0x41);
n = data % 16;
ifln<=9)txC_serial(n{0x30);
else txC_serial(n-10+0x41);

1 - M KONVERSI HEXA to ASCL




Const char asclu={lo"ll ',02"'3 l,l4',l5',l61,|7l,'8l,!9'} ;

void konvert_hex_to_ascl(uchar hex){
ascl_des[0] = ascl [hex /100];
hex =hex % 100;
ascl_des[1] = ascl [hex /10];
hex =hex % 10;
ascl_des[2] = ascl [hex];
ascl_des[3]=0;

}

void tampil_lcd(uchar hexnya){
konvert_hex to_ascl(hexnya);
lcd_puts(ascl_des);

void konvert_hex_to_ascl2(uchar hex){
ascl_des[0] = ascl [hex /10];
hex =hex % 10;
ascl_des[1] = ascl [hex];
ascl_des[2]=0;

}

void tampil _lcd2(uchar hexnya){
konvert_hex_to_ascl2(hexnya);
lcd_puts(ascl_des);

} ' :

uchar konvert_ascl_nilai(uchar data_keya,uchar col){

uchar hargaa;

data_keya -=48; //nilai ascl ke nilai sesungguhnya
if(col==3)hargaa = (100 * data_keya);
if{col=2)hargaa = (10 * data_keya);
if{(col=1)hargaa = (1 * data_keya);

return hargaa;

}

uchar save_mem(void){

uchar col,i hex;
hex=0,
col=strlen(buffer key);
i=0;
while(col>0){

data_key=rd_mem(buffer_key+(i));



hex += konvert_ascl_nilai(data_key,col);

col--;
i++;
}
return  hex;
}
/f RUTIN UNTUK TAMPILAN MENU
void cek_select(uchar select){
if{select==1)
Icd_gotoxy(15,0);
else
led_gotoxy(15,1);

led_puts("< ");

uchar up_down_atas(uchar max){
uchar to_break=0;
if(data_key==down){
if(select=1)
select=2;
else{
list ++;
to_break=1,
}
}
if(data_key—up){
if{select=2)
select=1;
else{
list=max;
to_break=1,
}
!
return to_break;

}

uchar up_down_tengah(void){
uchar to_break=0;
if(data_key=—down){
if{select=1)
select=2;
else{
list ++;
to_break=1;
}




}
if{(data_key=—=up){
if(select=2)
select=1;
else{
list--;
to_break=1;
}
}

return to_break;
}

uchar up_down_bawah(void){
uchar to_break=0;
if(data_key=—=down){
if(select=1)
select=2;
else{
list=1;
to_break=1;
}

}
if{data_key=—up){
if{select=2)
select=1;
else{
list—;
to_break=1;
}
}
return to_break;

}

uchar baca_key_nilai(uchar xpos,uchar jml_max,uchar buf_nil){
konvert_hex_to_ascl2(buf nil);
strepy(buffer_key,ascl_des);
if{(data_key >= 48) && (data_key <= 57)){
if(i<jml_max){
wr_mem((buffer_key+(i)),data_key);

1+
\ }
if{data_key—corect){
if (i){

led_back();
i--;

lcd_gotoxy(xpos+i,1); //supaya no error loncat



}

return save_mem();

uchar baca_key up_down(uchar batas_bawah,uchar batas_atas,uchar buf hasﬂ){

if{data_key==up){
if(buf | hasil<batas _atas)
buf_hasil++;
}

if(data_key=—=down){
if(buf_hasil>batas bawah)

buf_hasil--;
}
return buf_hasil; : -~
}
void menu_edit_jam(void){
led_gotoxy(3,1);
tampil_Icd2(buf_jam);
lcd_gotoxy(6,1);
tampil_lcd2(buf menit),
led_gotoxy(9,1);
tampil_lcd2(buf_detik);
i=0;
jam:  while(i<2){
led_gotoxy(3+i,1);
get_noC();
data_key=getC();
if (data_key—enter)break;
if (data_key—=cancel)goto gakjadi;
if (data_key==up)||(data_key=—down))
buf jam=baca key up_down(1,24,buf jam);
else
buf_jam=baca_key_nilai(3,2,buf jam);
iflbuf_jam>23)buf jam=23;
led_gotoxy(3,1);
tampil_lcd2(buf jam);
}
i=0;
menit: while(i<2){
lcd_gotoxy(6+,1);
get_noC();
data_key=getC();

if (data_key==enter)break;

if (data_key==cancel)goto gakjadi;

if (data_key==corect)&&(i=0)){
=1



goto jam;

}
if ((data_key—up)||(data_key=—down))
buf_menit=baca_key_up_down(1,60,buf menit);
else
buf menit=baca_key_nilai(3,2,buf menit);
if{buf_menit>59)buf _menit=59;
led_gotoxy(6,1);
tampil_lcd2(buf menit);
}
i=0;
while(1){
lcd_gotoxy(9+i,1);
get_noC();
data_key=getC();
if (data_key==enter)break;
if (data_key==cancel)goto gakjadi;
if ((data_key=—corect)&&(i==0)){
—1:

goto menit;

}
if (data_key—up)||(data_key=—down))
buf_detik=baca_key up_down(1,60,buf detik);
else
buf_detik=baca_key nilai(3,2,buf detik);
if(buf_detik>59)buf detik=59;
lcd_gotoxy(9,1);
tampil_lcd2(buf detik);
ifi=2)i=1;

}
gakjadi:data_key=0; ;
}

1= RUTIN RTC

void set_time_rtc(void){
stop_update();
rtc_write(4,buf jam);
rtc_write(2,buf_menit);
rtc_write(0,buf_detik);
init_rtc();

}

void save_rtc_setting(void){
rtc_write(20,jam_masuk[0]);
rtc_write(21,jam_masuk([1]);
rtc_write(22 jam_masuk[2]);



rtc_write(23 jam_istirahat[0]);
rtc_write(24 jam_istirahat[1]);
rtc_write(25 jam_istirahat[2]);
rtc_write(26,jam_pulang[0]);
rtc_write(27 jam_pulang[1]);
rtc_write(28 jam_pulang[2]);
rtc_write(29 jam_msk_istirahat[0]);
rtc_write(30 jam_msk istirahat[1]);
rtc_write(31,jam_msk _istirahat[2]);
}

void load_rtc_setting(void){
jam_masuk([0]=rtc_read(20);
Jjam_masuk([1]=rtc_read(21);
jam_masuk[2]=rtc_read(22);
jam_masuk[3]=0;
jam_istirahat{0])=rtc_read(23);
jam_istirahat[1]=rtc_read(24);
jam_istirahat[2]=rtc_read(25);
Jjam_istirahat[31=0;
jam_pulang[0]=rtc_read(26);
Jjam_pulang[1]=rtc_read(27);
jam_pulang[2]=rtc_read(28);
Jjam_pulang[3]=0;
jam_msk_istirahat[O]=rtc_read(29);
Jjam_msk istirahat[1]=rtc_read(30);
jam_msk_istirahat[2]=rtc_read(31);
jam_msk_istirahat{3]=0;

}

void load_jam_setting(char* jam_set){
buf jam=jam_set[0];
buf_menit=jam_set[1];
buf_detik=jam_set[2];

}

void save_jam_setting(char* jam_set){
jam_set{0]=buf_jam;
Jjam_set[1]=buf menit;
jam_set[2]=buf detik;

void menu_utama(void){

uchar buf_select;

uchar buf list;

if (data_key =— menu){
list=1;



select=1;
led_gotoxy(0,0);
led_puts("SET JAM MASUK ");
led_gotoxy(0,1);
led_puts("SET JAM ISTIRHT ");
cek_select(select);
while(data_key != cancel){
if (list=1){
while(data_key = cancel){
lcd_gotoxy(0,0);
led_puts("SET JAM MASUK  ");
lcd_gotoxy(0,1);
led_puts("SET JAM ISTIRHT ");
cek_select(select);
get_noC();
data_key=getC(),
if(up_down_atas(5))break;
if{ldata_key=—enter){
buf select=select;
buf_list=list;
data_key=0;
led_gotoxy(0,1);
lcd_puts(" 00:00:.00 ");
led_gotoxy(0,0);
if(select=1){
led_puts("SET JAM MASUK  ");
load_jam_setting(jam_masuk);
menu_edit_jam();
save_jam_setting(jam_masuk);
}
else{
lcd_puts("SET JAM ISTIRHT ");
load_jam_setting(jam_istirahat);
menu_edit_jam();
save_jam_setting(jam_istirahat);
}
save_rtc_setting();
select=buf select;
list=buf _list;

}
}
if (list=2){
while(data_key != cancel){
led_gotoxy(0,0);
led_puts("SET JAM ISTIRHT ");
led_gotoxy(0,1);
lcd_puts("SET JAM MSK IST ");



cek_select(select);
get_noC();
data_key=getC();
if(lup_down_atas(4))break;
if(data_key==enter){
buf_select=select;
buf_list=list;
data_key=0;
lcd_gotoxy(0,1);
led_puts(" 00:00:00 *);
led_gotoxy(0,0);
if(select=1){
led_puts("SET JAM ISTIRHT ");
load_jam_setting(jam_istirahat);
menu_edit_jam(); - -
save_jam_setting(jam_istirahat),
}
else{
led_puts("SET JAM MSK IST ");
load_jam_setting(jam_msk_istirahat);
menu_edit_jam();
save_jam_setting(jam_msk_istirahat);
}
save_rtc_setting();
select=buf select;

list=buf list;
}
}
}
if (list=3){
while(data_key != cancel){
led_gotoxy(0,0);
lcd_puts("SET JAM MSK IST ");
led_gotoxy(0,1);

led_puts("SET JAM PULANG ");
cek_select(select);
get_noC();
data_key=getC();
iflup_down_tengah())break;
if{data_key—tenter){
buf select=select;
buf list=list;
data_key=0,
led_gotoxy(0,1);
lcd_puts(" 00:00:00 ");
led_gotoxy(0,0);
if{select—=1){
led_puts("SET JAM MSK IST *);



load_jam_setting(jam_msk_istirahat);
menu_edit_jam();
save_jam_setting(jam_msk_istirahat);
}
else{
led_puts("SET JAM PULANG ");
load_jam_setting(jam_pulang);
menu_edit_jam();
save_jam_setting(jam_pulang);
}
save_rtc_setting();
select=buf select;
list=buf list;

} | -

}
if (list==4){
while(data_key != cancel){
led_gotoxy(0,0);
led_puts("SET JAM PULANG ");
led_gotoxy(0,1);
lcd_puts("SET JAM SYSTEM *);
cek_select(select);
get_noC();
data_key=getC();
iflup_down_tengah())break;
if{data_key—=enter){
buf_select=select;
buf list=list;
data_key=0;
led_gotoxy(0,1);
led_puts(" 00:00:00 ");
lcd_gotoxy(0,0);
if(select==1){
led_puts("SET JAM PULANG ");
load_jam_setting(jam_pulang);
menu_edit_jam();
save_jam_setting(jam_pulang);
save_rtc_setting();

else{
led_puts("SET JAM SYSTEM ");
buf_jam=buf jam_rtc;
buf_menit=buf_menit_rtc;
buf_detik=buf detik_rtc;
menu_edit_jam();
set_time_rtc();



}

select=buf select;
list=buf list;

}

while(data_key != cancel){
lcd_gotoxy(0,0);
lcd_puts("SET JAM SYSTEM *);
led_gotoxy(0,1);
led_puts("SET JAM MASUK "),
cek_select(select);
get_noC();
data_key=getC();
iflup_down_bawah())break;
if(data_key=—enter){ :
buf select=select;
buf_list=list;
data_key=0;
lcd_gotoxy(0,1);
led_puts(" 00:00:00 ");
led_gotoxy(0,0);
if(select=1){

}
if (list=5){
}
}
}
y
}

. void tampil_jam(void){

else{

}

lcd_puts("SET JAM SYSTEM ");
buf jam=buf jam rtc;

buf menit=buf menit_rtc;
buf_detik=buf detik rtc;
menu_edit_jam();

set_time rtc();

lcd_puts("SET JAM MASUK ");
load_jam_setting(jam_masuk);
menu_edit_jam();
save_jam_setting(jam_masuk);
save_rtc_setting();

select=buf select;
list=buf list;



}

lcd_gotoxy(4,1);
tampil_lcd2(buf_jam_rtc);
led_gotoxy(7,1);
tampil_lcd2(buf menit_rtc);
lcd_gotoxy(10,1);
tampil_lcd2(buf detik rtc);
lcd_kursor_out();

void bell_masuk_aktif{void){

}

EX0 =1,

led_clear();

led_gotoxy(0,0);

lcd_puts(" BELL MASUK *);
led_gotoxy(0,1);

led_puts(" AKTIF "),
clear_buf_serial();
txS_serial("BM"),
if{!cek_Ok())pesan_pop_up("Pembacaan serial"," Gagal!! ");
_wait_ms(2000);

EX0 =1;

void bell_keluar_aktif{void){

}

EX0 =1;

led_clear();

Icd_gotoxy(0,0);

lcd_puts(" BELL PULANG ");
lcd_gotoxy(0,1);

led_puts(" AKTIF "),
clear_buf serial();
txS_serial("BK");
if(!cek_Ok())pesan_pop_up("Pembacaan serial",” Gagal!! ");
_wait_ms(2000);

EX0 =1,

void bell_istirahat_aktif{void){

EX0=0;

led_clear();

lcd_gotoxy(0,0);

led_puts(" BELL ISTIRAHAT ");

led_gotoxy(0,1);

led_puts(" AKTIF "),

clear_buf serial(); ‘

txS_serial("BI");

if{!cek_Ok())pesan_pop_up("Pembacaan serial"," Gagal!! ");
_wait_ms(2000);



EX0 =1;
}

void bell_aktif(void){
EX0=0;
led_clear();
led_gotoxy(0,0);
led_puts(" BELL ")
led_gotoxy(0,1);
led_puts(" AKTIF ");
clear_buf serial();
txS_serial("BL");

if{(!cek_Ok())pesan_pop_up("Pembacaan serial"," Gagal!!

_wait_ms(2000);
EX0 =1;
}

void gerbang_buka(void){
EX0 =0,
Ied_clear();
led_gotoxy(0,0);
led_puts(" GERBANG BUKA ");
lcd_gotoxy(0,1);
led_puts(" AKTIF ");
clear_buf serial();
txS_serial("GQ");

)

if{!cek_Ok())pesan_pop_up("Pembacaan serial”,”" Gagal!! ");

_wait_ms(2000);
EX0 =1,

void gerbang_tutup(void){
EX0 =0;
lcd_clear();
lcd_gotoxy(0,0);
lcd_puts(" GERBANG TUTUP ");
led_gotoxy(0,1);
led_puts(" AKTIF ")
clear_buf serial();
txS_serial("GC");
if('cek_Ok())pesan_pop_up("Pembacaan serial",” Gagal!!
_wait_ms(2000);
EX0 =1;

%



void gerbang_bell_buka(void){

EX0 =0;

led_clear();

Icd_gotoxy(0,0);

led_puts("BEL GERBANG BUKA");

led_gotoxy(0,1);

led_puts(" AKTIF ");

clear_buf serial(),

txS_serial("GL");

if('cek_Ok())pesan_pop_up("Pembacaan serial”,” Gagal!! ");
_wait_ms(2000);

EX0 =1;
}
void controller(void){
if(jam_masuk[0]==buf jam rtc){
if(jam_masuk{1]==buf_menit_rtc){
if(jam_masuk[2]==buf detik rtc){
bell_masuk_aktif{);
H
} }
if(jam_istirahat[0]==buf jam_rtc){
if(jam_istirahat{1]==buf menit_rtc){
if(jam_istirahat[2]=buf detik_rtc){
bell_istirahat_aktif();
}
} }
if(jam_msk_istirahat{0]==buf jam_rtc){
ifjam_msk_istirahat[1]=buf_menit_rtc){
if{ljam_msk_istirahat{2]=buf detik rtc){
bell_masuk_aktif();
}
\ }
if(jam_pulang[0]=buf jam_rtc){
if(jam_pulang[1J=buf menit rtc){
if(jam_pulang[2]=buf detik rtc){
bell_keluar_aktif{);
}
}
}
}
void screen(void){

if(lama !=no_scm){



lama = no_scrn;
led_gotoxy(0,0);
led_puts(baris1+(no_scrn * 17));
led_gotoxy(0,1);
led_puts(baris2+(no_scrn * 17));
}
}

void main(void){
EA =0
TMOD =0;
TMOD &=0xF0; // TMOD Timer 0:
TMOD [|=0x01; // 16 Bit Mode 1 16 bit counter
TMOD [=0x20; //timerl mode2 outo reload
THO = (uchar)((prescaler+30)>>8);
TLO = (uchar)(prescaler+30); //+30 waktu buat set TH dan TL
buf_prclrl=(uchar)((prescaler+62)>>8);
buf_prclr2=(uchar)(prescaler+62);
THI =baud_rate_TH,;
TL1 =baud_rate_TH,;
TR1 =1,
TRO =0;
SCON = 0x50;
EX0 =1;
ES =1; //enable seral
ETO0 =1; //enable timer0
IP =0x10; //prioriti int serial
led_init();
lcd_gotoxy(0,0);
led_puts("FILIP WONGSO W. ITN MALANG ");
led_gotoxy(0,1);
led_puts(" [99,17,118] T.ELEKTRONIKA "),
_wait_ms(3000);
led_geser_kiri(16,100);
_wait_ms(3000);
lcd_clear();

Icd_gotoxy(0,0);

. led_puts(" ITN MALANG ");
led_gotoxy(0,1);
led_puts(" T.ELEKTRONIKA ");
_wait_ms(3000);
EA=1;
init_rtc();
load_rtc_setting();

no_scm = 0;

while(1){

screen();

controller();



J . if(cekC(){
data_key=getC();
if(data_key=—menu){

Ied_clear();

menu_utama();
}
if{data_key="1"){
bell_aktif();
}
if(data_key=—"2"){
gerbang_buka();

}
if(data_key=="3"){
gerbang bell buka();

}
if{data_key—"5'){
gerbang_tutup();

}



/*****#****************#********##*********************##***********
*
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/

#include <stdio.h>
#include <reg51.h>
#include <sys51.h>
#include <irq52.h>
#include "dotmatrk.h"

#define FCPU 12000000
#define baud_rate 9600

#define baud_rate TH 253 / (256-((1*FCPU)/(32*12*baud_rate))) //253 //1 0592
251 //f18432 /1252 //1481318//
#define jml_buf 10

#define motor_relayl P1_B0
#define motor_relay2 P1_B1
#define sensor_tutup P1_B5
#define sensor_buka P1_B6
#define bell_aktif P1 B4
#define adrs_isd P2

#define playl PO_B7

near uchar buf serial[jml buf];
near uchar i_rd=0;

near uchari_wr=0;

near uchar perintah;

near uchar jam,menit,detik;
near uchar ascl_des[3];

void wr_mem (far char* name_mem,char data){
*name_mem = data;
}

IRQ_VECTOR(kernel_serial, SERIAL)

void kernel_serial (void) interrupt {
RI=0;
wr_mem(buf_serial+i_wr,SBUF);
if(++_wr—jml_buf)i_wr=0;

uchar rd_mem (far char* name_mem){
uchar data;

data=*name mem ;
return data;



}

uchar cekC_serial (void){
uchar data=0;
if(i_wr =1 _rd)data=1;

* return data;

}

uchar getC_serial (void){

uchar data;
while(i_wr =1 _rd),
data=rd_mem(buf serial+i_rd);
if(-++i_rd==jml_buf)i_rd=0;

return data;

}

void &xC_serial(uchar data){
EA=0;
TI=0;
SBUF=data;
while(!TI);
TI=0;
EA=1;

}

void txS_serial(uchar *string){
uchar index;
for(index=0;string[index] !=0; index++)
txC_serial(string[index]);

}

void kirim_ok(void){
txC_serial('O'");
txC_serial('K);

}
const char ascl[]={'0',1',2.,34/5'6',7"'8',9'};

void konvert_hex_to_ascl2(uchar hex){
ascl_des[0] = ascl [hex /10];
hex =hex % 10;
ascl_des[1] = ascl [hex];
ascl_des[2] =0;

}

void tampil_jam(void){
konvert_hex_to_ascl2(jam);



Dot_mtrk xpos(7);
Dot_mtrk_puts(ascl_des);
konvert_hex_to_ascl2(menit);
Dot_mtrk_xpos(25);
Dot_mtrk_puts(ascl_des);
konvert_hex_to_ascl2(detik);
Dot_mtrk_xpos(43);
Dot_mtrk_puts(ascl des);

}

void bell_bunyi(void){
bell_aktif =0;
_wait_ms(200);
bell_aktif =1;
_wait_ms(200);
bell_aktif =0;
_wait_ms(200);
bell_aktif =1;
_wait_ms(200);,
bell_aktif =0;
_wait_ms(200);
bell_aktif=1;

}

void bell_bunyi2(void){
bell aktif =0;
_wait_ms(200),
bell_aktif=1,
_wait_ms(200);
bell_aktif =0;
_wait_ms(200);
bell_aktif =1;

}

void bell_bunyi3(void){
bell_aktif =0,
_wait_ms(200);
bell aktif=1;

}

void suara_masuk(void){
playl =1;
adrs_isd =0x00;
_wait_ms(1);
playl =0;

}

void suara_istirahat(void){



-

&

-

playl =1;
adrs_isd =0x30;
_wait_ms(1);
playl =0;

}

void suara_pulang(void){
playl =1,
adrs_isd =0x68;
_wait_ms(1);
playl =0;

}

void stop_suara(void){
playl =1;

void Pagar_tutup(void){
motor_relay1=0;
motor_relay2=1;

}

void Pagar_buka(void){
motor_relayl=1;
motor_relay2=0;

}

void cek_max_buka(void){
if(!sensor_buka){
motor_relayl=0;
motor_relay2=0;

}

void cek_max_tutup(void){
if('sensor_tutup){
motor_relayl=0;
motor_relay2=0;

}

}

void main(void){
EA =0;
TMOD =0;
Dot_mtrk_init();

TMOD |=0x20; //timer]l mode2 outo reload
TH1 =baud rate TH;
TL1 =baud_rate_TH,



MASUK ")

wWIB

ES =1, //enableint serial
IP [=0x10; //prioriti serial
TR1 =1;
SCON = 0x50;
EA =1;
bell_aktif=1;
playl =1;
motor_relay1=0;
motor_relay2=0;
Dot_mtrk puts_geser_kiri("FILIP WONGSO WIBOW");
Dot_mtrk_puts_geser_kiri("0 99.17.118 TEKNI");
Dot_mtrk_puts_geser_kiri("K ELEKTRONIKA INST");
Dot_mtrk_puts_geser_kiri("ITUT TEKNOLOGI NAS");
Dot_mtrk_puts_geser_kiri("IONAL MALANG ");
Dot_mtrk_puts_geser_kiri(" 00:00:00 WIB ");
kirim_ok();
while(1){
tampil_jam();
if{cekC_serial()){
perintah=getC _serial();
switch(perintah){
case 'B":perintah=getC_serial();
if('M'=—perintah){
kirim_ok();
bell_bunyi();
_wait_ms(500);
Pagar_tutup();
cek_max_tutup();

suara_masuk();
Dot_mtrk _puts_geser_kiri(" WAKTU

Dot_mtrk_putar_kiri();
while(sensor_tutup)playl =1,
playl =1,
cek_max_tutup();
playl =0;
_wait_ms(1000);
stop_suara();
Dot_mtrk_stop_putar();
Dot_mtrk_puts_geser_kiri(" 00:00:00
"%
break;
}

. if('T==perintah){
kirim_ok();
bell_bunyi2();



-

}

ISTIRAHAT ");

WIB "),
cek_max_buka()

PULANG "),

- WIB ")
if{('L'==perintah){
kirim_ok();
bell_bunyi3();
break;

>

_wait_ms(500);
suara_istirahat();
Dot_mtrk_puts_geser_kiri("WAKTU

playl =1;

Dot_mtrk_putar kiri();

playl =0;

_wait_ms(1000);

stop_suara();

Dot_mtrk_stop putar();
Dot_mtrk_puts_geser_kiri(" 00:00:00

if’K'=perintah){

kirim_ok();
bell_bunyi();
_wait_ms(500);

Pagar buka();

suara_pulang();
Dot_mtrk_puts_geser_kiri(" WAKTU

Dot_mtrk_putar_kiri();
while(sensor_buka)playl ~=1;

playl =1;

cek_max_buka();

playl =0;

_wait_ms(1000),

stop_suara();
Dot_mtrk_stop_putar(),
Dot_mtrk_puts_geser kiri(" 00:00:00

break;

case 'I":perintah=getC_serial();

if M'—perintah){

kirim_ok();
Jjam=getC_serial();
menit=getC_serial();
detik=getC_serial();



break;

)
case 'G".perintah=getC_serial();

if('C==perintah){

kirim_ok(),

Pagar_tutup();

while(sensor_tutup);

cek_max_tutup();

break;

}

if('O'==perintah){
kirim_ok();
Pagar_buka();
while(sensor buka);
cek_max_buka();
break;

}

if’L'=perintah){
kirim_ok();
bell_bunyi();
_wait_ms(200),
Pagar_buka(),
while(sensor_buka);
cek_max_buka();
break;

}
default :txC_serial(perintah);
}
}
_wait_ms(50);

// END
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‘eatures

Compatible with MCS-51° Products

8K Bytes of in-Systom Programmabte (1SP) Flash Memory
— Endurance: 1600 Write/Erase Cycles

4.0V to 5.3V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock

256 x 8-bit Intornal RAM

32 Programmable VO Lines

Three 16-bit Timer/Counters

Eight interrupt Sources

Full Duplex UART Serial Channel

Low-power ldle and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Duat Data Pointor

Power-off Flag

lescription

ne AT89852 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
ftes of in-system programmabte Flash memory. The device is manufactured using
tmel’s high-density nonvolatile memary technology and is compatible with the indus-
7-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
emory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
ammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
monglithic chip, the Atmel AT89S52 is a powerful microcontrofler which provides a
ghly-flexible and cost-effective solution to many embedded control applications.

e AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
'RAM, 32 /0 lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
x-vector two-fevel interrupt architecture, a full duplex serial port, on-chip oscillator,
id clock circuitry. In addition, the ATB9S52 is designed with static logic for operation
wn to zero frequency and supports two software selectable power saving modes.
1@ ldle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
lerrupt system to continue functioning. The Power-down mode saves the RAM con-
nts but freezes the oscillator, disabling all other chip functions until the next interrupt
hardware reset.

S

. |.
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8-bit
Microcontroller
with 8K Bytes
in-System
Programmable
Flash

AT89S52
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Almgy

’in Description

'cC

wupply voltage.

iND

jround.

'ort 0

'ort 0 is an 8-bit open drain bidirectional 1/O port. As an
utput port, each pin can sink eight TTL inputs. When 1s
re written to port 0 pins, the pins can be used as high-
npedance inputs.

'ort 0 can also be configured to be the multiplexed low-
rder address/data bus during accesses to external
rogram and data memory. In this mode, PO has internal
uliups.

ort 0 also receives the code bytes during Flash program-
ting and outputs the code bytes during program verifica-
on. External pullups are required during program
erification.

ort1

ort 1 is an 8-bit bidirectional /O port with intemal pulfups.
he Port 1 output buffers can sink/source four TTL inputs.
fhen 1s are written to Port 1 pins, they are pulled high by
i internal pullups and can be used as inputs. As inputs,
ort 1 pins that are externally being pulled low will source
srrent (1) because of the internal pullups.

| addition, P1.0 and P1.1 can be configured to be the
mer/counter 2 external count input (P1.0/T2) and the
ner/counter 2 trigger input (P1.1/T2EX), respectively, as
own in the following table.

ort 1 also receives the low-order address bytes during

ash programming and verification.

lort Pin Alternate Functions

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

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

1.5 MOSI (used for In-System Programming)

"1.6 MISO (used for In-System Programming)

"7 SCK (used for In-System Programming)

wt2

it 2 is an 8-bit bidirectional /O port with internal pullups.
i@ Port 2 output buffers can sink/source four TTL inputs.
hen 1s are written to Port 2 pins, they are pulled high by
3 internal pullups and can be used as inputs. As inputs,
wt 2 pins that are extemally being pulled fow will source
rrent (I, ) because of the internal puilups.

it 2 emits the high-order address byte during fetches
im external program memory and during accesses to

extemal data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong intemal pul-
lups when emitting 1s. During accesses to external datz
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

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

Port 3

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

Port 3 also serves the functions of varicus special features
of the AT89S52, as shown in the following table.

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

Port Pin Altemate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P32 INTO (external interrupt 0)

P33 INTT (external interrupt 1)

P34 TQ (timer O external input)

P35 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
the oscillator is running resets the device. This pin drives
High for 96 oscillator periods after the Watchdog times cut.
The DISRTO bit in SFR AUXR (address 8EH) can be used
to disable this feature. In the default state of bit DISRTO,
the RESET HIGH out feature is enabled.

ALE/PROG

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

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

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE s active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is

AT89S52 memsssssssssssss————



EEEEEEssssssenenssns A T89S 52

reakly pulled high. Setting the ALE-disable bit has no
ffect if the microcontroiler is in extemal execution mode.
'SEN :
'rogram Store Enable (PSEN) is the read strabe to exter-
al program memory.

vhen the AT89S52 is executing code from external pro-
ram memory, PSEN is activated twice each machine
ycle, except that two PSEN activations are skipped during
ach access to extemal data memory.

AIVPP _

xtemal Access Enable. EA must be strapped to GND in
rder to enable the device to fetch code from extemal pro-
ram memory locations starting at 0000H up to FFFFH.

able 1. AT89S52 SFR Map and Reset Values

Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V. for internal program execu-

tions.

This pin also receives the 12-volt programming enable volt-

age (Vpp) during Flash programming.

XTAL1

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

XTAL2

Output from the inverting oscillator amplifier.

OF8H
8
OF0H | 50000000
OEBH
ACC
CEOH | 50000000
0D8H
PSW
000H | 55000000
ocan | T2CON T2MOD RCAP2L RCAP2H 2 TH2
00000060 | XXXXXX00 | 00000C00 | 0G0ODGO0 | 00000000 | 00DG00GO
0CoH
P
0B8H | yxoa0000
P3
0BOH | 4iq19111
IE
OABH | oxo00000
0RGH P2 AUXR1 WDTRST
11111111 XOOKKXXO XHONXX
ga | SCON SBUF
00000000 | JOOKXXXX
P1
SOH | 44111114
ggn | TCON T™OD o ) THO T AUXR
00000000 | o0000OOCO | o0co00OCD | ocococoo | oocococo | 00000000 |  XxXDOXXO
s0M PO sp DPOL DPGH DPIL DP1H PCON
1111111 | 00000111 00000000 | 00000000 | ©£0000000 | 00000000 0XXX0000

— AT

OFFH

OF7H

OEFH

0E7H

ODFH

0D7H

OCFH

0C7H

OBFH

0B7H

OA7H

9FH

97H

8FH

87H
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Special Function Registers

\ map of the on-chip memory area called the Special Func-
ion Register (SFR) space is shown in Table 1.

\ote that not all of the addresses are occupied, and unoc-
iupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general retum
andom data, and write accesses will have an indetermi-
1ate effect.

Jser software should not write 1s to these unlisted loca-
ions, since they may be used in future products to invoke

able 2. T2CON -~ Timer/Counter 2 Control Register

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 3) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

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

T2CON Address = 0C8H

Reset Value = GC00 0000B

Bit Addressable —
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 c2 CPRI2
7 6 5 4 3 2 1 0

Symbol | Function

TF2 Timer 2 overflow fiag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either RCLK = 1
orTCLK=1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receivec!oekenable.Whenset,causesmeseﬁalpoﬂtouseTunerzoverﬂowpulsesforitsreceiwc!od(hseﬂaIpon
Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overfiow pulses for its transmit clock in serial port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 | Timer2 external enable. When set, aliows a capture or reload to scour as a result of a negative transition on T2EX if Timer
2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

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

c2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external evert counter (falling edge triggered).

CPRLZ | Capture/Reload select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RLZ2 =0
causes automatic refoads 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.

AT89S52 s ——
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lable 3a. AUXR: Auxiliary Register

AUXR Address = 8EH
Not Bit Addressable

Reset Value = X0XX00XX0B

WDIDLE

DISRTO - - DISALE

Bit 7 6 5

- Reserved for future expansion
DISALE Disable/Enable ALE
DISALE Operating Mode

0 ALE is emitted at a constant rate of /6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction

DISRTO Disable/Enable Reset out

DISRTO

0 Reset pin is driven High after WOT times out

1 Reset pin is input only
Disable/Enable WDT in IDLE mode
WDIDLE

WDIDLE

0 WDT continues to count in IDLE mode

1 WDT halts counting in IDLE mode

d

ual Data Pointer Registers: To facilitate accessing both
iternal and external data memory, two banks of 16-bit
ata Pointer Registers are provided: DP0 at SFR address
ications 82H-83H and DP1 at 84H-85H. Bit DPS = 0
| SFR AUXR1 selects DP0 and DPS = 1 selects DP1.
he user should always initialize the DPS bit to the

able 3b. AUXR1: Auxifiary Register 1

appropriate value before accessing the respective Data
Pointer Register.

Powaer Off Flag: The Power Off Flag (POF) is located at bit
4 (PCON.4) in the PCON SFR. POF is set to “1” during
power up. It can be set and rest under software contro! and
is not affected by reset.

AUXR1 Address = A2H
Not Bit Addressable

Reset Value = XO000XXX0B

DPS

Bit 7 6 5

- Reserved for future expansion
PS Data Pointer Register Select
DPS

0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H
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Vlemory Organization
ACS-51 devices have a separate address space for Pro-

jram and Data Memory. Up to 64K bytes each of external
>rogram and Data Memory can be addressed.

>rogram Memory

f the EA pin is connected to GND, all program fetches are
lirected to extemal memory.

)n the AT89S52, if EA is connected to V¢, program
stches to addresses 0000H through 1FFFH are directed to
temal memory and fetches to addresses 2000H through
‘FFFH are to external memory.

)ata Memory

he AT89S52 implements 256 bytes of on-chip RAM. The
pper 128 bytes occupy a parallel address space to the
)pecial Function Registers. This means that the upper 128
ytes have the same addresses as the SFR space but are
hysically separate from SFR space.

b

When an instruction accesses an intemal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions which use direct
addressing access of the SFR space.
For exampile, the following direct addressing instruction
accessaes the SFR at location 0ACH (which is P2).

NOV OACH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the foliowing indirect
addressing instruction, where RO contains 0ACH, accesses
the data byte at address OAOH, rather than P2 (whose
address is 0AQH).

MOV ©RO, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

AT89S52 e —
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Watchdog Timer
[One-time Enabled with Reset-out)

The WDT is intended as a recovery method in sifuations
vhere the CPU may be subjected to software upsets. The
NDT consists of a 13-bit counter and the Watchdog Timer
Reset (WDTRST) SFR. The WDT is defaulted to disable
rom exiting reset. To enable the WDT, a user must write
Y EH and OE1H in sequence to the WDTRST register
SFR location 0A6H). When the WDT is enabled, it will
ncrement every machine cycle while the oscillator is run-
ting. The WDT timeout period is dependent on the external
slock frequency. There is no way to disable the WDT
axcept through reset (either hardware reset or WDT over-
jow reset). When WDT overflows, it will drive an output
RESET HIGH pulse at the RST pin.

Using the WDT

fo enable the WDT, a user must write 01EH and OE1H in
sequence to the WDTRST register (SFR location 0A6H).
Nhen the WDT is enabled, the user needs to service it by
vriting 01EH and OE1H to WDTRST to avoid a WDT over-
low. The 13-bit counter overflows when it reaches 8191
1FFFH), and this will reset the device. When the WDT is
snabled, it will increment every machine cycle while the
)scillator is running. This means the user must reset the
VDT at least every 8191 machine cycles. To reset the
NDT the user must write 01EH and OE1H to WDTRST.
VDTRST is a write-only register. The WDT counter cannot
)8 read or written. When WDT overflows, it will generate an
wtput RESET pulse at the RST pin. The RESET pulse
luration is 96xTOSC, where TOSC=1/FOSC. To make the
iest use of the WDT, it should be serviced in those sec-
ions of code that will periodically be executed within the
'me required to prevent a WDT reset.

NDT During Power-down and Idle

1 Power-down mode the oscillator stops, which means the
VDT also stops. While in Power-down mode, the user
loes not need to service the WDT. There are two methods
f exiting Power-down mods: by a hardware reset or via a
jvel-activated external interrupt which is enabled prior to
ntering Power-down mode. When Power-down is exited
fith hardware reset, servicing the WDT should occur as it
ormally does whenever the AT89S52 is reset. Exiting
'ower-down with an interrupt is significantly different. The
terrupt is held low long enough for the oscillator to stabi-
ze. When the interrupt is brought high, the interrupt is
erviced. To prevent the WDT from resetting the device
thile the interrupt pin is held low, the WDT is not started
ntil the interrupt is pulled high. It is suggested that the
/DT be reset during the interrupt service for the interrupt
sed to exit Power-down mode.

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

Before going into the IDLE mode, the WDIDLE bit in SFR
AUXR is used to determine whether the WDT continues to
count if enabled. The WDT keeps counting during IDLE
(WDIDLE bit = 0) as the default state. To prevent the WDT
from resetting the AT89S52 while in IDLE mode, the user
should always set up a timer that will periodically exit IDLE,
service the WDT, and reenter IDLE mode.

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

UART

The UART in the AT89S52 operates the same way as the
UART in the AT8SC51 and AT89C52. For further informa-
tion on the UART operation, refer to the ATMEL Web site
(http:/imvww.atmel.com). From the home page, select ‘Prod-
ucts’, then ‘8051-Architecture Flash Microcontroller’, then
‘Product Overview'.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89S52 operate the same way
as Timer 0 and Timer 1 in the AT83C51 and AT83C52. For
further information on the timers’ operation, refer to the
ATMEL Web site (http://www.atmel.com). From the home
page, select ‘Products’, then ‘8051-Architecture Flash
Microcontroiler’, then ‘Product Overview’.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 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 T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes
RCLK +TCLK | CPRI2 TR2 MODE
0 1} 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X (] (of)

“@ 9
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) the Counter function, the register is incremented in
3sponse to a 1-f0-0 transition at its corresponding external
iput pin, T2. In this function, the extemal input is sampled
uring S5P2 of every machine cycle. When the samples
how a high in one cycle and a low in the next cycle, the
ount is incrementad. The new count value appears in the
agister during S3P1 of the cycle following the one in which
le transition was detected. Since two machine cycles (24
scillator periods) are required to recognize a 1-to-0 transi-
on, the maximum count rate is 1/24 of the oscillator fre-
uency. To ensure that a given level is sampled at least
nce before it changes, the level should be held for at least
ne full machine cycle.

-apture Mode

1 the capture mode, two options are selected by bit
XEN2 in T2CON. if EXEN2 = 0, Timer 2 is a 16-bit timer
r counter which upon overflow sets bit TF2 in T2CON.

igure 5. Timer in Capture Mcde

This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the
current value in TH2 and TL2 to be captured into RCAP2H
and RCAP2L, respectively. In addition, the transition at
T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit,
like TF2, can generate an interrupt. The capture mode is
illustrated in Figure 5.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin. ’

0sc o 12 i
jcmz=0
T _,\/\__ o TH? 2 | o T2 |
. | CONTROL | | OvERFLOW |
O | ciz =1 TR2 i W
12 PIN CAPTURE . L _D
RCAP2H | RCAP2L ; v
TRANSITION MER 2
DETECTOR . | INTERRUPT
TEX PIN [ |- —» & , oG e -~ EXF2 |- '
| CONTROL
EXEN2

gure 6 shows Timer 2 automatically counting up when
CEN=0. In this mode, two options are selected by bit
XENZ2 in T2CON. if EXEN2 = 0, Timer 2 counts up to
“FFFH and then sets the TF2 bit upon overflow. The
rerflow also causes the timer registers to be reloaded with
e 16-bit value in RCAP2H and RCAP2L. The values in
mer in Capture ModeRCAP2H and RCAP2L are preset
1 software. if EXEN2 = 1, a 16-bit reload can be triggered
ther by an overflow or by a 1-to-0 transition at external
put T2EX. This transition also sets the EXF2 bit. Both the
=2 and EXF2 bits can generate an interrupt if enabled.

stting the DCEN bit enables Timer 2 to count up or down,
s shown in Figure 6. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L fo be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underfiow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

) AT89S52 msssssssssssssssee————



gure 6. Timer 2 Auto Reload Mode (DCEN = 0)
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AT89S52
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ble 4. T2MOD ~ Timer 2 Mode Control Register

EXF2

TIMER 2
INTERRUPT

T2MOD Address = 0C9H

Reset Value = XXXX XX00B

Not Bit Addressable
- - - - - T20E DCEN
Bit 7 6 4 2 1
'ymbol Function
Not implemented, reserved for future
20E Timer 2 Output Enable bit
}CEN When set, this bit allows Timer 2 to be configured as an up/down counter

AIMEL
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gure 7. Timer 2 Auto Reload Mode (DCEN = 1)
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gure 8. Timer 2 in Baud Rate Generator Mode
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’rogrammable Clock Out

\ 50% duty cycle clock can be programmed to come out on
1.0, as shown in Figure 9. This pin, besides being a regu-
ar 1/0 pin,’has two alternate functions. It can be pro-
rammed to input the external clock for Timer/Counter 2 or
> output a 50% duty cycle clock ranging from 61 Hz to 4
1Hz at a 16 MHz operating frequency.

o configure the Timer/Counter 2 as a clock generator, bit
/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
wst be set. Bit TR2 (T2CON.2) starts and stops the timer.

he clock-out frequency depends on the oscillator fre-

uency and the reload value of Timer 2 capture registers
RCAP2H, RCAP2L), as shown in the following equation.

Table 5. Interrupt Enable (IE) Register

(MsB) (LSB)
ENENCACECACAEIED
Enable Bit= 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Clock-Out Frequency =

| the clock-out mode, Timer 2 roll-overs will not generate
n interrupt. This behavior is similar to when Timer 2 is
sed as a baud-rate generator. it is possible to use Timer 2
3 a baud-rate generator and a clock generator simulta-
sously. Note, however, that the baud-rate and clock-out
aquencies cannot be determined independently from one
1other since they both use RCAP2H and RCAP2L.

iterrupts

1@ AT89S52 has a total of six interrupt vectars; two exter-
il interrupts (INTO and INT7), three timer interrupts (Tim-
s 0, 1, and 2), and the serial port interrupt. These
terrupts are all shown in Figure 10.

ach of these interrupt sources can be mdnvndually enabled

'disabled by setting or clearing a bit in Speciat Function
agister IE. IE also contains a global disable bit, EA, which
sables all mterrupts at once.

ste that Table 5 shows that bit position JE.6 is unimple-
ented. In the AT89S52, bit position IE.5 is also unimple-
ented. User software should not write 1s to these bit
sitions, since they may be used in future AT89 products.

wer 2 interrupt is generated by the logical OR of bits TF2
id EXF2 in register T2CON. Neither of these flags is
:ared by hardware when the service routine is vectored

. In fact, the service routine may have to determine
lether it was TF2 or EXF2 that generated the interrupt,
d that bit will have to be cleared in software.

e Timer 0 and Timer 1 flags, TFO and TF1, are set at .

iP2 of the cycle in which the timers overflow. The values
2 then polled by the circuitry in the next cycle. However,
2 Timer 2 flag, TF2, is set at S2P2 and is polled in the
me cycle in which the timer overflows.

AT89S552

Symbol Position Function

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

Oscillator Frequency t -
4 x [65536-(RCAP2H,RCAP2L)] - IE6 Reserved.

ET2 IE5 Timer 2 interrupt enable bit.

ES IE4 Serial Port interrupt enable bit.

ET1 I3 Timer 1 interrupt enable bit.

EX1 IE2 Externat interrupt 1 enable bit.

ETO IE.1 Timer O interrupt enable bit.

EX0 [E.0 External interrupt O enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 10. Interrupt Sources

ﬁ
INTO €0

-
5
<
v

TF1 —>
e ) ——
RI
TF2
) s




s A T89S52

)scillator Characteristics

TAL1 and XTAL2 are the input and output, respectively,
" an inverting ampilifier that can be configured for use as
1 0on-chip oscillator, as shown in Figure 11. Either a quartz
'ystal or ceramic resonator may be used. To drive the
svice from an external clock source, XTAL2 should be left
wconnected while XTAL1 is driven, as shown in Figure 12.
1ere are no requirements on the duty cycle of the external
ock signal, since the input to the internal clocking circuitry
through a divide-by-fwo flip-flop, but minimum and maxi-
um voltage high and low time specifications must be
served.

lle Mode

idle mode, the CPU puts itself to sleep while all the on-
ip peripherals remain active. The mode is invoked by
ftware. The content of the on-chip RAM and all the spe-
3l functions registers remain unchanged during this
ode. The idle mode can be terminated by any enabled
errupt or by a hardware reset.

te that when idle mode is terminated by a hardware
set, the device normally resumes program execution
m where it left off, up to two machine cycles before the
ernal reset algorithm takes control. On-chip hardware
libits access to internal RAM in this event, but access to
» port pins is not inhibited. To eliminate the possibility of
unexpected write to a port pin when idle mode is termi-
ted by a reset, the instruction following the one that
okes idle mode shauld not write to a port pin or to exter-
. memory.

wer-down Mode

he Power-down mode, the oscillator is stopped, and the
truction that invokes Power-down is the last instruction
scuted. The on-chip RAM and Special Function Regis-
s retain their values until the Power-down mode is termi-
ed. Exit from Power-down mode can be initiated either
a hardware reset or by an enabled external interrupt.
set redefines the SFRs but does not change the on-chip
M. The reset should not be activated before Vee is
tored to its normal operating level and must be held

active long enough to allow the oscillator to restart

and stabilize.

Figure 11. Oscillator Connections
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Note:

° XTAL2
®-—| XTAL1
GND

C1, C2 =30 pF +10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators
Figure 12. Extemal Clock Drive Configuration
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le 6. Status of External Pins During Idle and Power-down Modes

XTAL2
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GND

xde Program Memory ALE

PSEN PORTO PORT1

PORT2

) Internal

1 Data Data

Data

3 External

Address Data

wer-down Internal

Data

Data Data

wer-down External

1
1
0
0
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Data

Data Data
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'rogram Memory Lock Bits

he AT89S52 has three lock bits that can be left unpro-
-ammed (U) or can be programmed (P) to abtain the addi-
al features fisted in the following table.

able 7. Lock Bit Protection Modes

Program Lock Bits

iB1 1B2 LB3 | Protection Type

u u ) No program lock features

MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled

2 P u U

Same as mode 2, but verify is
also disabled

Same as mode 3, but externat

execution is also disabled

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

'ogramming the Flash - Paraliel Mode

B AT89S52 is shipped with the on-chip Flash memory
ay ready to be programmed. The programming interface
3ds a high-voltage (12-volt) program enable signal and
compatible with conventional third-party Flash or
ROM programmers.

3 AT89S52 code memory array is programmed byte-by-
e.

dgramming Algorithm: Before programming the
39852, the address, data, and contro} signals should be
up according to the Flash programming mode table and
ures 13 and 14. To program the AT89S52, take the fol-
ing steps:

Input the desired memory location on the address
lines.

Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise —E—A—,Vpp to 12V.

Pulse ALE/PRCG once to program a byte in the

Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 50 Us.

Repeat steps 1 through 6, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89S52 features Daia Polling to indi-
cate the end of a byte write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on P0.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Palling may begin any time
after a write cycle has been initiated.

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

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

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 100H, and 200H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel

(100H) = 52H indicates 89552

(200H) = 06H :
Chip Erase: In the parallel programming mode, a chip
erase operation is initiated by using the proper combination
of control signals and by pulsing ALE/PROG low for a dura-
tion of 200 ns - 500 ns.

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

During chip erase, a serial read from any address location
will retumn OOH at the data output.

Programming the Flash — Serial Mode

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

The Chip Erase operation tums the content of every mem-
ory location in the Code array into FFH.

Either an external system clock can be supplied at pin

XTAL1 or a crystal needs to be connected across pins
XTAL1 and XTAL2. The maximum serial clock (SCK)

AT89S52 e — R
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squency should be less than 1/16 of the crystal fre- appropriate Write instruction. The write cycle is self-
sency. With a 33 MHz oscillator clock, the maximum SCK timed and typically takes less than 1 ms at 5V.
3quency is 2 MHz. 4. Any memory location can be verified by using the
Read instruction which returns the content at the
erial Programming Algorithm selected address at serial output MISO/P1.6.
) program and verify the AT89S52 in the serial program- 5. Atthe end of a programming session, RST can be
ing mode, the following sequence is recommended: set low to commence normal device cperation.
Power-up sequence: Power-off sequence (if needed):
Apply power between VCC and GND pins. Set XTAL1 to “L” (if a crystal is not used).
Set RST pin to “H". Set RST to “L".
If a crystal is not connected across pins XTAL1 and Tum Ve power off.
XTAL2, apply a 3 MHz to 33 MHz clock to XTAL1 pin  Data Polling: The Daia Polling feature is also available in
and wait for at least 10 milliseconds. the serial mode. in this mode, during a write cycle an
Enable serial programming by sending the Pro- attempted read of the last byte written will resuit in the com-
gramming Enable serial instruction to pin plement of the MSB of the serial output byte on MISO.
MOSVP1.5. The frequency of the shift clock sup-
plied at pin SCK/P1.7 needs to be less than the Serial P i
CPU clock at XTALT divided by 16, rogramming Instruction Set

. The Instructi fi i i
The Code_ array is programmed one byte at a time protocol and?: :;;w‘:,riﬁ?p:é;:?grammmg follows a 4-byte
by supplying the address and data together with the ’
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2rogramming Interface — Parallel Mode

=very code byte in the Flash array can be programmed by  All major programming vendors offer worldwide support for
1sing the appropriate combination of control signals. The  the Atmel microcontraller series. Please contact your l_oca!
vrite operation cycle is self-timed and once initiated, will  programming vendor for the appropriate software revision.
wtomatically time itself to completion. =

rable 8. Flash Programming Modes

- poro | P240 | P170
Mode Vee RST | PSEN | PROG Vep P26 | P27 | P33 | P36 | P37 Data Address
@
Wirite Code Data sV H L -~ 12v L H H H (] Dy A12-8 A70
Read Code Data 5v H L H H L L L H H Dour A12-8 A7T-0
e
Write Lock Bit 1 5v H L ~ 12v H H H H H X X X
] ] @
Wirite Lock Bit2 sV H L -~ 12v H H H L L X X X
Wil Bit3 5V ®
rite Lock H L -~ 12v H L H H L X X . X
Read Lock Bits £0.2,
1.2.3 sv H L H H H H L H L P0.3, X X
’ . N.4
Chip E sv H @
ip Erase L -~ 12v H L H L L X X X
Read Atme! 1D sv H L H H L L L L L 1EH X 0000 00H
Read Device ID 5v H L H H L L L L L 52H X 0001 GOH
Read Device ID sv H L H H L L L L L 08H X 0010 00H
otes: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
3. EachPROGpulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal is output on P3.0 during programming.
5. X=don't care.
igure 13. Programming the Flash Memory Figure 14. Verifying the Flash Memory (Parallel Mode)
(Paralle! Mode) v
Vee AT89S52 5
po a7 AT89S52 ? apor. A b1y Vu i
ADDR. P1.0-P1.7 Vee |—— GOGOH/MFFFH | PGM DATA
Q000HAFFFH l i PGM AB A" P20 - P24 PO —»(USE 10K
ABTATZ] P20 - P24 PO [e— o sl p2s PULLUPS)
> P26 SEE FLASH | — | P27 ALE {q .
SEE FLASH | =% P27 ALE |—— PROG PROGRAMMING | -#| P33
PROGRAMMING| ——] P3.3 MODES TABLE . —-p! P36 :
MODES TABLE | —{ P36 - P37 ?V”’
——»f P37 B — — i XTAL2 EA lgom |
XTAL2 BA fe— ViVe ; i
333 MHz | Jz
e P30 ol i
I ! - | XTAL1 RST M=V,
. XTALY RST fe— v, »—| GND PSEN |- -,
- ‘E GND PSEN . =
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lash Programming and Verification Characteristics (Parallel Mode)
\=20°C t0 30°C, Ve = 4.5 t0 5.5V

Symbol Parameter Min Max Units
/pp Programming Supply Voitage 115 125 A"
PP t Programming Supply Current 10 mA
cc Vec Supply Current 30 mA
Rey oL Oscillator Frequency 3 33 MHz
AVGL Address Setup to PROG Low 48t o

GHAX Address Hold After PROG 4Bloro

vGL Data Setup to PROG Low 48loa

SHOX Data Hold After PROG 48te o,

. P2.7 (ENABLE) High to Vpp 48t .

SHGL Vps Setup to PROG Low 10 us
—y Vpp Hold After PROG 10 s
eH PROG Width 0.2 1 us
wav Address to Data Valid 48t ¢,

1qv ENABLE Low to Data Valid 48t o,

HaZ Data Float After ENABLE o 48t o,

SHBL PROG High to BUSY Low 1.0 us
ve Byte Write Cycle Time 50 us

jure 15. Flash Programming and Verification Waveforms — Paralle! Mode

P10 - P17 PROGRAMMING VERIFICATION
P20 - P25 — % ADDRESS 7—_—’# ADDRESS >——
P34 i““ Lwvay
PORT 0 J’t DATA IN Y (DATA OUT p———
) tovel  YeHox P—J
AVGL ] — tGHAX
ALE/PROG \d b e
tshoL et ey tamst
P G/ A _N\Losic 1
EANee T Leico .
e— .. i
P27 —1 EHSH teLav 4:’; +— fenaz
(ENABLE) /T !
tenaL —] '
P3.0
t\NC _"{
L ‘ImEl 19
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igure 16. Flash Memory Serial Downloading

AT89S52 T
VCC
INSTRUCTION

INPUT -——p P1.5MOSH
DATA OUTPUT +—— P1.6/MISO
CLOCK IN —¥ P1.7/SCK

XTAL2

3-33 MHz |

i
[

]

) jT{j

IS U N A
%E—— GND

lash Programming and Verification Waveforms — Serial Mode

gure 17. Serial Programming Waveforms

SERIAL gfj\gx&:ggg / M,S;X X K X X X X Lss \
SERIAL DATA OUTPUT / M;B X X X X X X X s\
SERIAL cLock z&%u’g I—:I lj ﬂ l—l l_] ,—l ’_] [_|

5 4 3 2 1 0
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able 9. Serial Programming Instruction Set

instruction
- Format
Instruction Byte 1 Byto 2 Byte 3 Byte 4 Operation
rogramming Enable 1010 1100 0101 0011 XXX XHXKX 00K J000¢ Enable Serial Programming
? g = 0110 1001 while RST is high
(Output)
Chip Erase 1010 1100 100x 3000 2000 2000 X000 3000¢ Chip Erase Flash memory
array
Read Program Memo 0010 00CO X N TOg® | oy oyt BBy on=2 Read data from Program
'‘Byte Mods) i T I« RER e memory in the byte mode
Nrite Program Memory | 0100 0000 XX o T 9% YT 588y mo=a Write data to Program
‘Byte Mode) TR | dR'Ew €899 | memory in the byte mode
Nrite Lock Bits® 1010 1100 110 00 T | »0xx 000¢ 00K 3000 Write Lock bits. See Note (2).
Read Lock Bits 0010 0100 3000¢ XX 2000 300X 0 %xx Read back current status of
~ the lock bits (a programmed
lock bit reads back as a *17)
Read Signature Bytes(" | 0010 1000 X Q3T | 0% 300 Signature Byte | Read Signature Byte
Read Program Memory | 0011 0000 X N oo Byte 0 Byte 1... Read data from Program
Page Mode) < << Byte 255 memory in the Page Mode
(256 bytes)
Vrite Program Memory | 0101 0000 X N Togn Byte 0 Byte 1... Write data to Program
Page Mode) < << Byte 255 memory in the Page Mode
(256 bytes)

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

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

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

ler Reset signal is high, SCK should be low for atleast 64
stem clocks before it goes high to clock in the enable
ta bytes. No pulsing of Reset signal is necessary. SCK
ould be no faster than 1/16 of the system clock at

AL1.

Esch of the lock bits needs to be activated sequentiafly before

Mode 4 can be executed.

For Page Read/Write, the data always starts from byte 0 to
255. After the command byte and upper address byte are

{atched, each

byte thereafter is treated as data until all 256

bytes are shifted infout. Then the next instruction will be

ready to be decoded.

M@
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)ierial Programming Characteristics

igure 18. Serial Pragramming Timing

able 10. Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless otherwise hoted)

AlmEL
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tsmsL

tsHox

mosi X
lovsH fesf

SCK

MISO X

X

Symbol | Parameter Min Typ Max Units
Moo Oscillator Frequency 0 33 MHz
leteL Oscillator Period 30 ns
lsHsL SCK Puise Width High 2tae - ns
lsLsH SCK Pulse Width Low 2t ns
OVSH MOSI Setup to SCK High toec ns
SHOX MOSI Hold after SCK High 2t ns
SLV SCK Low to MISO Valid 10 16 32 ns
ERASE Chip Erase Instruction Cycle Time 500 ms
SWC Serial Byte Write Cycle Time 64 toy o + 400 ys
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\bsolute Maximum Ratings*

peratin. perature -55°C to +125°C *NOTICE: Stresses beyond those fisted under “Absolute
O g Tem Maximum Ratings® may cause permanent dam-
Storage Temperature -65°C to +150°C age to the device. This is a stress rating cnly and
e functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground -1.0Vto +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voitage 6.6V conditions for extended periods may affect
device reliability.
DC Output Current 15.0 mA
)C Characteristics
he values shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.
Symbo) Parameter Condition Min Max Units
Vo input Low Voltage (Except EA) 0.5 0.2 V0.1 v
Vi Input Low Voltage (EA) -05 0.2 Vee-0.3 v
Vin Input High Vohage {Except XTAL1, RST) 0.2V t0.9 Veet05 v
Vit Input High Voitage (XTAL1, RST) 0.7 Ve Veet05 \
VoL Output Low Vollage™ (Ports 1,23) | o, = 1.6 mA 045 v
Output Low Voltage'® -
Yot {Port 0, ALE, PSEN) lo =3.2mA 045 v
low =-60 PA, Vor = 5V £10% 24 v
Output High Voltage -
fou (Ports 1,23, ALE, PSEN) o =25 pA 075 Vee v
oy =-10 pA 0.9 Ve v
loy = -800 YA, Ve = 5V £10% 24 v
Output High Voitage =
‘oms (Port 0 in Extemal Bus Mode) low = -300 pA 0.75 Voe v
lon =80 pA 0.8 Ve v
L Logical 0 Input Current (Ports 1,2,3) | V,, =045V -50 pA
Logical 1 to 0 Transition Cumrent _ I
n (Ports 1.2.3) Vin=2V, Ve =5V £10% -850 BA
a Input Leakage Cumrent (Port 0, EA) | 0.45 <V <V, #0 pA
IRST Reset Pulldown Resistor 10 30 KQ
o Pin Capacitance Test Freq. = 1 MHz, T, = 256°C 10 oF
Active Mode, 12 MHz 25 mA
Power Supply Curment
- Idle Mode, 12 MHz 85 mA
Power-down Mode'® Voo =56.5V 50 HA
tes: 1. Under steady state (non-transient) conditions, 1, must be extematly limited as follows:

2. Minimum V. for Power-down is 2V.

Maximum |5, per port pin: 10 mA
Maximum [y, per 8-bit port:
Port 0: 26 mA

Ports 1,2,3: 15mA

Maximum total Iy for all cutput pins: 74 mA
If oy exceeds the test condition, Vey may exceed the related specification. Pins are not guaranteed to sink current greater

than the fisted test conditions.
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C Characteristics
wder operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
tputs = 80 pF.
xterna| Program and Data Memory Characteristics .
12 MHz Osciliiator Variable Oscillator

yymbol Parameter Min Max Min Max Units
Raer Osciistor Frequency ] 33 MHz
HUL ALE Pulse Width 127 2tg 40 ns
wiL Address Valid to ALE Low 43 ter =25 ns
LAX Address Hold After ALE Low 48 toc-25 ns
L ALE Low to Valid Instruction In 233 4t 65 ns
™ ALE Low to PSEN Low 43 tor 25 i ns
sLPH PSEN Pulse Width 205 Bt 45 ns
v PSEN Low to Valid Instruction In 145 3ty o 60 ns
xx Input Instruction Hold After PSEN ] 0 ns
e Input Instruction Float After PSEN 59 to 25 ns
XAV PSEN to Address Vatid 75 tac8 ns
iy Address to Vialid Instruction in 312 Stey 80 ns
XAZ PSEN Low to Address Float 10 10 ns

RD Puise Width 400 6tc, o 100 ns
wH WR Pulse Width 400 Bty ~100 ns

RD Low to Vatid Data In 252 5ty c-90 ns
HDX Data Hold After RD 0 0 ns
- Data Float After RD 97 2te 28 ns
v ALE Low to Valid Data In 517 Blg o -150 ns
VoV Address to Valid Data (n 585 Ste o ~165 ns
W 4| ALE Low to RD or WR Low 200 300 3t 50 3t o +50 ns
. Address to RD or WR Low 203 Ay 75 ns
WX Data Valid to WR Transition 23 to 30 ns
VIVH Data Valid to WR High 433 Ty =130 ns
HoX Data Hold After WR 33 terc25 ns
Az RD Low to Address Float 0 0 ns
HLH RD or WR High to ALE High 43 123 torcr-25 taat25 ns

%
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xternal Program Memory Read Cycle

_ — L —
T AE [ Y
<« - | < * toLpn .o
tavie [+ 3 "
1 up [
PSEN / N teuy N\
—toxa
—d tF z
fLax R texiz
toxix—» o
PORT 0 K A0-A7 KINSTRIN b > A0-A7_ >
tAvw E——
PORT 2 X AB - A15 M AB-A15

xternal Data Memory Read Cycle

W
ALE ,F AN /L’__;/
- bkt

PSEN o —— N

o— trir —
fe— tiow —
\ /
RD —tun—ef —f—
t < trioy RHDZ
r—-— v —] S IR t
— RHDX
PORT 0 _ _)-KA0 - A7 FROM Ri OR DPLX J KDATA IN IR0 - A7 FROM PCLY—C INSTR IN
tavwe, >
° tavov >
PORT 2 > 4 P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

m@
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xternal Data Memory Write Cycle

_ tL—]
ALE N

2 o - tWHLH ..
PSEN / N\ /
—— tuwe —>pe—byiwn —
WR e tx— —mo- A
"—tﬁ‘m-’ tovwx = [« — 1 twrox
— tavwH —
PORT 0 >K A0 - A7 FROM RI OR DOPLI | DATA ouT  }X (A0 - A7 FROM PCLY-CINSTR IN
e tA\fWL — =
PORT 2 ) 4 P2.0 - P2.7 OR A8 - A15 FROM DPH X AB - A15 FROM PCH
xternal Clock Drive Waveforms
tene
[ lonex toen —* * e— tencL
Ve - 0.5V 4
_/ 0.7 Vge
0.2 V- 0.1V
0.45v u L_
— torox —*
¢ teree >
cternal Clock Drive
ymbol Parameter Min Max Units
tacL Oscillator Frequency 0 33 MHz
et i Clock Period 30 ns
HCX H.gh Time 12 ns
LeX Low Time 12 ns
LCH Rise Time 5. ns
HCL Fall Time ns
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ierial Port Timing: Shift Register Mode Test Conditions
he values in this table are valid for Vo = 4.0V to 5.5V and Load Capacitance = 80 pF.

42 MKz Osc Variable Osclllator
Symbol | Parameter Min Max Min Max Units
b Serial Port Clock Cycle Time 1.0 12t ps
- Output Data Setup to Clock Rising Edge 700 10te, o -133 ns
bsax Output Data Hold After Clock Rising Edge 50 2t 80 ns
beox input Data Hold After Clock Rising Edge 0 0 ns
- Clock Rising Edge to nput Data Vatid 700 10t o -133 ns
»hift Register Mode Timing Waveforms )
INSTRUCTION 1 =9 —1 1 =2 i i 5 =% —1 7 | s 1
ae o' e’ ' ]t nt ittt
* bauxe
cLock (o | | | I A e
B e— tXHi:xX
WRITE TO SBUF, N0 [X 1 X2 XT3 X a X5 X s X717
OUTPUT DATA tyriov 4——-—:»’—" [+ beox SETTI
_ CLEARRI , g
INPU¥ DATA

\C Testing Input/Output Waveforms("

Vee- 08V
cc 03 0.2 Vo + 08V

TEST POINTS
0.2 Vg - 0.1V

0.45v

de: 1. AC Inputs during testing are driven at V¢ - 0.5V
for a fogic 1 and 0.45V for a logic 0. Timing mea-
surements are made at Vy,; min. for a logic 1 and V.
max. for a logic 0.

Timing Reference
Points
\Y4 OL* 01V

For timing purposes, a port pin is no longer fioating
when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from




)rdering Information
Speed Power
(MHz) |~ Supply Ordering Code Package Operation Range
24 | _4.0Vto55V AT89552-24AC 44A Commercial

AT89S52-24JC 44 (0°C 10 70°C)
ATB9S52-24PC 40P6
AT89S52-24Al 447 industrial
AT89S52-24J1 44y (-40°C 10 85°C)
AT89S52-24P 40P6

Package Type
4A 44-lead, Thin Plastic Gull Wing Quad Flatpack {TOFP)
4 44-lead, Plastic J-leaded Chip Carrier (PLCC)
i6P6 40-pin, 0.600" Wide, Plastic Dua! Infline Package (PDIP)

x AT89S52 s ss———
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ackaging Information

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

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

12.21(0.478) sQ

PIN 11D 11.75(0.458)
L |
/4
= 0.45(0.018)
0.80(0.031) BSC — 0.30(0.012)
' —-—_[:f
i
| =
|
10.10(0.394) o
9.90{0.306)
-~ 1.26(0.047) MAX
_0_ ‘ ( )
o zo( ooa;

IL 0.75(0.030) 6.15{0.006) | 1

0.45(0.018) o 05(0.602)

“Controlling dimension: millimeters

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

- >

045(1.14) X 45  PINNO.1
Y / tDE_NTtFY

! 1

D4EAHX 046" 500 505

!._..“ SAREL I

i i
1.656(16.7)
.;; I 650(16 5)S°
032(813) | L
026(660) $° 695(17 7) H qz—mi
!” 535(174) Sa H R

080(1.27)TYP ~ wuwuifverzz

(mres emes —am] S00(12.7) REF $Q 0201

420(3.05)

080(2.29)
| .180{4.57)
= 653.19)

1 (022(.559) X 45° MAX (3X)

40P6, 40-pin, 0.600" Wids, Plastic Dual Inline

Package (PDIP)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-011 AC
- 207(526) :
204(518) PN
L LA
! T

U sseges
T .530(13.5)

s
a
I
i
!

| v - 090(2.29)
e 1.900148.26) REF —— o MAX
.22015.59) i peemees
MAX il 005(‘1;&)
T [ — s
SEATING |
PLANE ’
161 ane){,] i %g'&']:%?)
5. 18) 1 i oy 665
pud Y] ! gesies T 022(559)
£085(1.65) 014(358)
no(z 79 031(1.08)
090(2.28) .830(16.0)
" Bo(i56) <
LM—-M—; 0 ReF
0124308 ¢t~ -
008(203) 7 =
L s
. £10(155)
Lo
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§” SEMICONDUCTOR Real Time Clock

WW.dalsemi.COmw"" ‘ D

‘EATURES PIN ASSIGNMENT
Drop-in replacement for IBM AT computer
clock/calendar ;; ‘slgw
Pin compatible with the MC146818B and ni NC
DS1287 218 NC
Totally nonvolatile with over 10 years of 208 NC
operation in the absence of power ;z ::EQSE.L
Self-contained subsystem includes lithium, 178 Ds
quartz, and support circuitry. 1680 NC
Counts seconds, minutes, hours, days, day of 15 :ISW
the week, date, month, and year with leap :; =
year compensation valid up to 2100
Binary or BCD representation of time, DS12C887 24-Pin
calendar, and alarm ENCAPSULATED PACKAGE

- clock with AM and PM in
> b e PIN DESCRIPTION
Daylight Savings Time option ADO-AD7 - Multiplexed Address/Data Bus
Selectable between Motorola and Intel bus NC - No Connect
timing MOT - Bus Type Selection
Multiplex bus for pin efficiency cs - RTC Chip Select Input
Interfaced with software as 128 RAM AS - Address Strobe
locations . RW - Read/Write Input
- ﬁ;)z;e; of ;:lock ::ld control lr{eill;ters DS - Data Strobe
- s of general purpose
Programmable square wave output signal RESET - ResctInput -
Bus—compatible interrupt signals (IRQ) IRQ - Interrupt Request Output
Three ~ interrupts are separately software SQwW - Square Wave Output
maskable and testable Vee - +5 Volt Main Supply
— Time—-of-day alarm once/second to GND - Ground
once/day

— Periodic rates from 122 ms to 500 ms
- End of clock update cycle
Century register

IESCRIPTION

he DS12C887 Real Time Clock plus RAM is designed as a direct upgrade replacement for the DS12887
 existing IBM compatible personal computers to add hardware year 2000 compliance. A century byte
as added to memory location 50, 32h, as called out by the PC AT specification. A lithium energy
urce, quartz crystal, and write-protection circuitry are contained within a 24—pin dual in-line package.
s such, the.DS12C887 is a complete subsystem replacing 16 components in a typical application. The
nctions include a nonvolatile time-of-day clock, an alarm, a one-hundred-year calendar, programmable
terrupt, square wave generator, and 113 bytes of nonvolatile static RAM. The real time clock is
stinctive in that time-of-day and memory are maintained even in the absence of power.

1of 19 020900



DS12C887

JPERATION o ‘
he block diagram in Figure 1 shows the pin connections with the major internal functions of the

)S12C887. The following paragraphs describe the function of each pin.

IGNAL DESCRIPTIONS

ND, Ve -DC power is provided to the device on these pins. Vc is the +5 volt input. When+5 volts are
pplied within normal limits, the device is fully accessible and data can be written and read. When Vc is
elow 4.25 volts typical, reads and writes are inhibited. However, the timekeeping function continues
naffected by the lower input voltage. As V¢ falls below 3 volts typical, the RAM and timekeeper are
witched over to an internal lithium energy source. The timekeeping function maintains an accuracy of 1
iinute per month at 25°C regardless of the voltage input on the V¢c pin.

10T (Mode Select) — The MOT pin offers the flexibility to choose between two bus types. When
onnected to Vcc, Motorola bus timing is selected. When connected to GND or left disconnected, Intel
us timing is selected. The pin has an internal pull-down resistance of approximately 20KQ. ~=

QW (Square Wave Output) — The SQW pin can output a signal from one of 13 taps provided by the
5 internal divider stages of the Real Time Clock. The frequency of the SQW pin can be changed by
rogramming Register A as shown in Table 1. The SQW signal can be turned on and off using the SQWE
it in Register B. The SQW signal is not available when V¢ s less than 4.25 volts typical.

D0-AD7 (Multiplexed Bidirectional Address/Data Bus) — Multiplexed buses save pins because
ddress information and data information time share the same signal paths. The addresses are present
uring the first portion of the bus cycle and the same pins and signal paths are used for data in the second
ortion of the cycle. Address/data multiplexing does not slow the access time of the DS12C887 since the
us change from address to data occurs during the internal RAM access time. Addresses must be valid
rior to the falling edge of AS/ALE, at which time the DS12C887 latches the address from ADO to ADS6.
‘alid write data must be present and held stable during the latter portion of the DS or WR pulses. In a
ad cycle the DS12C887 outputs 8 bits of data during the latter portion of the DS or RD pulses. The read
ycle is terminated and the bus returns to a high impedance state as DS transitions low in the case of
fotorola timing or as RD transitions high in the case of Intel timing.

S (Address Strobe Input) — A positive going address strobe pulse serves to demultiplex iﬁe bus. The
ling edge of AS/ALE causes the address to be latched within the DS12C887. The next rising edge that

scurs on the AS bus will clear the address regardless of whether CS is asserted. Access commands
rould be sent in pairs.

S (Data Strobe or Read Input) — The DS/RD pin has two modes of operation depending on the level
F the MOT pin. When the MOT pin is connected to Ve, Motorola bus timing is selected. In this mode
S is a positive pulse during the latter portion of the bus cycle and is called Data Strobe. During read
rcles, DS signifies the time that the DS12C887 is to drive the bidirectional bus. In write cycles the
ailing edge of DS causes the DS12C887 to latch the written data. When the MOT pin is connected to
ND, Intel bus timing is selected. In this mode the DS pin is called Read(RD). RD identifies the time
;riod when the DS12C887 drives the bus with read data. The RD signal is the same definition as the
utput Enable (OE) signal on a typical memory.

~ -
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DS12C887

/W (Read/Write Input) — The R/W pin also has two modes of operation. When the MOT pin is
snnected to Ve for Motorola timing, R/W is at a level which indicates whether the current cycle is a
:ad or write. A read cycle is indicated with a high level on R/-W while DS is high. A write cycle is
dicated when R/W is low during DS. When the MOT pin is connected to GND for Intel timing, the
/W signal is an active low signal called WR. In this mode the R/W pin has the same mem}ing as the
/tite Enablé signal (WE) on generic RAMs. -

'S (Chip Select Input) — The Chip Select signal must be asserted low for a bus cycle in the DS12C887
) be accessed. CS must be kept in the active state during DS and AS for Motorola timing and during RD

nd WR for Intel timing. Bus cycles which take place without asserting cs will latch addresses but no
ccess will occur. When Vg is below 4.25 volts, the DS12C887 internally inhibits access cycles by

ternally disabling the CS input. This action protects both the real time clock data and RAM data during
ower outages.

=

RQ (Interrupt Request Output) - The IRQ pin is an active low output of the DS12C887 that can be
sed as an interrupt input to a processor. The IRQ output remains low as long as the status bit causing the
terrupt is present and the corresponding interrupt-enable bit is set. To clear the IRQ pin the processor
rogram normally reads the C register. The RESET pin also clears pending interrupts. When no interrupt
onditions are present, the IRQ level is in the high impedance state. Multiple interrupting devices can be
»nnected to an IRQ bus. The IRQ bus is an open drain output and requires an external pull-up resistor.

ESET (Reset Input) — The RESET pin has no effect on the clock, calendar, or RAM. On power-up the
(ESET pin can be held low for a time in order to allow the power supply to stabilize. The amount of
me that RESET is held low is dependent on the application. However, if RESET is used on power-up,
ie time RESET is low should exceed 200 ms to make sure that the internal timer that controls the
'S12C887 on power-up has timed out. When RESET is low and V¢ is above 4.25 volts, the following
SCurs:

A. Periodic Interrupt Enable (PEI) bit is cleared to zero.

B. Alarm Interrupt Enable (AIE) bit is cleared to zero.

C. Update Ended Interrupt Flag (UF) bit is cleared to zero.

D. Interrupt Request Status Flag (IRQF) bit is cleared to zero.

E. Periodic Interrupt Flag (PF) bit is cleared to zero.

F. The device is not accessible until RESET is returned high.

G. Alarm Interrupt Flag (AF) bit is cleared to zero.

H. IRQ pin is in the high impedance state.

L. Square Wave Output Enable (SQWE) bit is cleared to zero.

J. Update Ended Interrupt Enable (UIE) is cleared to zero.

| a typical application RESET can be connected to Vec . This connection will allow the DS12C887 to
) in and out of power fail without affecting any of the control registers.
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)S12C887 BLOCK DIAGRAM figure 1

o] osc. | +8 > +64 | +64 M ..
Vv v, :
cC SWITCH cC
—s! T AND - —N PERIODIC INTERRUPT/SQUARE WAVE
WRITE POK SELECTOR
Vew | protecT [ )
—t— SQUARE | le gow
' WAVE OUT
= [} -
- ,

REGISTERSABC.D

USER RAM
13 BYTES

CENTURY BYTE
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OWER-DOWN/POWER-UP CONSIDERATIONS

he Real Time Clock function will continue to operate and all of the RAM, time, calendar, and alarm
emory locations remain nonvolatile regardless of the level of the V¢c input. When Vc is applied to the
S12C887 and reaches a level of greater than 4.25 volts, the device becomes accessible after 200 ms;
-ovided that the oscillator is running and the oscillator countdown chain is not in reset (see Register A).
his time period allows the system to stabilize after power is applied. When V¢c falls below 4.25 volts,

e chip select input is internally forced to an inactive level regardless of the value of CS at the input pin.
he DS12C887 is, therefore, write-protected. When the DS12C887 is in a write-protected state, all inputs
¢ ignored and all outputs are in a high impedance state. When V¢ falls below a level of approximately
volts, the external V¢c supply is switched off and an internal lithium energy source supplies power to
€ Real Time Clock and the RAM memory.

TC ADDRESS MAP
he address map for the DS12C885 is shown in Figure 2. The address map consists of 113 bytes of user
AM, 11 bytes of RAM that contain the RTC time, calendar, and alarm data, and 4 bytes which are used
ir control and status. All 128 bytes can be directly written or read except for the following:

1. Registers C and D are read-only.

2. Bit-7 of Register A is read-only.

3. The high order bit of the seconds byte is read-only.

1$12C887 REAL TIME CLOCK ADDRESS MAP Figure 2

o 00 ° SECONDS
148YTES 1 SECONDS ALARM
3 o0 2 MINUTES
w| & 3 MINUTES ALARM
M HOURS
- 2 5 HOURSALARM g
5 6 DAY OF THE WEEK E
7 DAY OF THE MONTH g
) MONTH %
) YEAR
1 REGISTERA
1 REGISTER B
12 REGISTER C
il 7F 13 REGISTER D
s CENTURY
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IME, CALENDAR AND ALARM LOCATIONS

he time and calendar information is obtained by reading the appropriate memory bytes. The time,
ilendar, and alarm are set or initialized by writing the appropriate RAM bytes. The contents of the ten
me, calendar, and alarm bytes can be either Binary or Binary-Coded Decimal (BCD) format. Before
riting the internal time, calendar, and alarm registers, the SET bit in Register B should be written to a
)gic one to prevent updates from occurring while access is being attempted. In addition to writing the ten
me, calendar, and alarm registers in a selected format (binary or BCD), the data mode bit (DM) of
egister B must be set to the appropriate logic level. All ten time, calendar, and alarm bytes must use the
ime data mode. The set bit in Register B should be cleared after the data mode bit has been written to
low the real time clock to update the time and calendar bytes. Once initialized, the real time clock
iakes all updates in the selected mode. The data mode cannot be changed without reinitializing the ten
ata bytes. Table 2 shows the binary and BCD formats of the ten time, calendar, and alarm locations. The
4-12 bit cannot be changed without reinitializing the hour locations. When the 12-hour format is
slected, the high order bit of the hours byte represents PM when it is a logic one. The time, calendar,
1d alarm bytes are always accessible because they are double buffered. Once per second the eleven bytes
e advanced by one second and checked for an alarm condition. If a read of the time and calendar data
scurs during an update, a problem exists where seconds, minutes, hours, etc. may not correlate. The
-obability of reading incorrect time and calendar data is low. Several methods of avoiding any possible
icorrect time and calendar reads are covered later in this text. The three alarm bytes can be used in two
ays. First, when the alarm time is written in the appropriate hours, minutes, and seconds alarm
cations, the alarm interrupt is initiated at the specified time each day if the alarm enable bit is high . The
:cond use condition is to insert a “don’t care” state in one or more of the three alarm bytes. The “don’t
ie” code is any hexadecimal value from C0 to FF. The two most significant bits of each byte set the
lon’t care” condition when at logic 1. An alarm will be generated each hour when the “don’t care” bits
e set in the hours byte. Similarly, an alarm is generated every minute with “don’t care” codes in the
»urs and minute alarm bytes. The “don’t care” codes in all three alarm bytes create an interrupt every
scond.

IME, CALENDAR AND ALARM DATA MODES Table 1

ADDRESS FUNCTION DECIMAL _RANGE
LOCATION RANGE BINARY DATA MODE BCD DATA MODE
o Seconds 0-59 00-3B 00-59
1 Seconds Alam 0-59 00-38 00-59°
2 Minutes 0-59 00-38 00-59
3 Minutes Atam 0-59 00-38 00-59
4 Hours 12-hr, Mode 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM
Hours 24-hr, Mode 0-23 00-17 00-23
5 Hours Alamm 12-hr, Mode 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM
Hours Alarm 24-tr, Mode 0-23 00-17 00-23
6 Day of the week Sunday=1 17 01-07 " 01-07
7 Date of Month 1-31 01-1F 01-31
8 Month 1-12 01-0C 01-12
9 Year 099 00-63 00-99
50 Century 099 NA 19,20
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REGISTER B

MSB LSB
BIT 7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT BIT 0
SET PIE AIE UIE SQWE DM 24/12 DSE

SET - When the SET bit is a 0, the update transfer functions normally by advancing the counts once per
second. When the SET bit is written to a 1, any update transfer is inhibited and the program can initialize
the time and calendar bytes without an update occurring in the midst of initializing. Read cycles can be

executed in a similar manner. SET is a read/write bit and is not affected by RESET or internal functions
of the DS12C887.

PIE - The Periodic Interrupt Enable bit is a read/write bit which allows the Periodic Interrupt Flag (PF)
bit in Register C to drive the IRQ pin low. When the PIE bit is set to 1, periodic interrupts are generated
by driving the IRQ pin low at a rate specified by the RS3-RS0 bits of Register A. A 0 in‘the PIE bit
blocks the IRQ output from being driven by a periodic interrupt, but the Periodic Flag (PF) bit is still set
at the periodic rate. PIE is not modified by any internal DS12C887 functions but is cleared to 0 on
RESET.

AIE - The Alarm Interrupt Enable (AIE) bit is a read/write bit which, when set to a 1, permits the Alarm

Flag (AF) bit in register C to assert IRQ. An alarm interrupt occurs for each second that the 3 time bytes
equal the 3 alarm bytes including a “don’t care” alarm code of binary 11XXXXXX. When the AIE bit is

set to 0, the AF bit does not initiate the IRQ signal. The internal functions of the DS12C887 not affect
the AIE bit.

UIE - The Update Ended Interrupt Enable (UIE) bit is a read/write bit that enables the Update End Flag
(UF) bit in Register C to assert IRQ. The RESET pin going low or the SET bit going high clears the
UIE bit.

SQWE - When the Square Wave Enable (SQWE) bit is set to a 1, a square wave signal at the frequency
set by the rate-selection bits RS3 through RS0 is driven out on the SQW pin. When the SQWE bit is set

to 0, the SQW pin is held low. SQWE is a read/write bit and is cleared by RESET . SQWE is set to a 1
when Vccis powered up.

DM - The Data Mode (DM) bit indicates whether time and calendar information is in binary or BCD
format. The DM bit is set by the program to the appropriate format and can be read as required. This bit

is not modified by internal functions or RESET. A 1 in DM signifies binary data while a 0 in DM
specifies Binary Coded Decimal (BCD) data.

24/12 - The 24/12 control bit establishes the format of the hours byte. A 1 indicates the 24-hour mode and
a 0 indicates the 12-hour mode. This bit is read/write and is not affected by internal functions or RESET .

DSE - The Daylight Savings Enable (DSE) bit is a read/write bit which enables two special updates when
DSE is set to 1. On the first Sunday in April the time increments from 1:59:59 AM to 3:00:00 AM. On
the last Sunday in October when the time first reaches 1:59:59 AM it changes to 1:00:00 AM. These
special updates do not occur when the DSE bit is a zero. This bit is not affected by internal functions or

RESET .
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DS12C887

REGISTER C

1SB LSB
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
IRQF PF AF UF 0 0 0 0

RQF - The Interrupt Request Flag (IRQF) bit is set to a 1 when one or more of the following are true:
F=PIE=1

F=AIE=1

IF=UIE=1

e., IRQF = (PF e PIE) + (AF o AIE) + (UF e UIE)

mny time the IRQF bit is a 1, the IRQ pin is driven low. Flag bits PF, AF, and UF are cleared after
.egister C is read by the program or when the RESET pin is low. :

'F - The Periodic Interrupt Flag (PF) is a read-only bit which is set to a 1 when an edge is detected on the
slected tap of the divider chain. The RS3 through RSO bits establish the periodic rate. PF is set to a 1

1dependent of the state of the PIE bit. When both PF and PIE are 1°s, the H{E signal is active and will
=t the IRQF bit. The PF bit is cleared by a software read of Register C or a RESET .

.F - A 1 in the Alarm Interrupt Flag (AF) bit indicates that the current time has matched the alarm time.

“the AIE bit is also a 1, the IRQ pin will go low and a 1 will appear in the IRQF bit. A RESET or a read
f Register C will clear AF.

[F - The Update Ended Interrupt Flag (UF) bit is set after each update cycle. When the UIE bit is set to
, the 1 in UF causes the IRQF bit to be a 1, which will assert the IRQ pin. UF is cleared by reading
egister C ora RESET .

IT 3 THROUGH BIT 0 - These are unused bits of the status Register C. These bits always read 0 and
annot be written.

‘EGISTER D

ISB LSB
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
VRT 0 0 0 0 0 0 0

RT - The Valid RAM and Time (VRT) bit indicates the condition of the battery connected to the Vi
in. This bit is not writeable and should always be a 1 when read. If a 0 is ever present, an exhausted
iternal lithium energy source is indicated and both the contents of the RTC data and RAM data are

nestionable. This bit is unaffected by RESET .

IT 6 THROUGH BIT 0 - The remaining bits of Register D are not usable. They cannot be written and,
hen read, they will always read 0.
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DS12C887

CENTURY REGISTER

The century register at location 32h, is a BCD register designed to automatically load the BCD value 20
as the year register changes from 99 to 00. The MSB of this register will not be affected when the load of
20 occurs and will remain at the value written by the user. '

NONVOLATILE RAM

The 113 general purpose nonvolatile RAM bytes are not dedicated to any special function within the
DS12C887. They can be used by the processor program as nonvolatile memory and are fully available
during the update cycle.

INTERRUPTS

The RTC plus RAM includes three separate, fully automatic sources of interrupt for a processor. The
alarm interrupt can be programmed to occur at rates from once per second to once per day. The periodic
interrupt can be selected for rates from 500ms to 122us. The update-ended interrupt can be used to
indicate to the program that an update cycle is complete. Each of these independent interrupt conditions is
described in greater detail in other sections of this text.

The processor program can select which interrupts, if any, are going to be used. Three bits in Register B
enable the interrupts. Writing a logic 1 to an interrupt-enable bit permits that interrupt to be initiated

when the event occurs. A zero in an interrupt-enable bit prohibits the IRQ pin from being asserted from

that interrupt condition. If an interrupt flag is already set when an interrupt is enabled, IRQ is
immediately set at an active level, although the interrupt initiating the event may have occurred much
earlier. As a result, there are cases where the program should clear such earlier initiated interrupts before
first enabling new interrupts.

When an interrupt event occurs, the relating flag bit is set to logic 1 in Register C. These flag bits are set
independent of the state of the corresponding enable bit in Register B. The flag bit can be used in a
polling mode without enabling the corresponding enable bits. The interrupt flag bit is a status bit which
software can interrogate as necessary. When a flag is set, an indication is given to software that an
interrupt event has occurred since the flag bit was last read; however, care should be taken when using the
flag bits as they are cleared each time Register C is read. Double latching is included with Register C so
that bits which are set remain stable throughout the read cycle. All bits which are set (high) are cleared
when read and new interrupts which are pending during the read cycle are held until after the cycle is
completed. One, two, or three bits can be set when reading Register C. Each utilized flag bit should be
examined when read to ensure that no interrupts are lost.

The second flag bit usage method is with fully enabled interrupts. When an interrupt flag bit is set and the
corresponding interrupt enable bit is also set, the IRQ pin is asserted low. IRQ is asserted as long as at
least one of the three interrupt sources has its flag and enable bits both set. The IRQF bit in Register C is
a one whenever the IRQ pin is being driven low. Determination that the RTC initiated an interrupt is
accomplished by reading Register C. A logic one in bit 7 (IRQF bit) indicates that one or more interrupts

have been initiated by the DS12C887. The act of reading Register C clears all active flag bits and the
IRQF bit.
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DS12C887

OSCILLATOR CONTROL BITS

When the DS12C887 is shipped from the factory, the internal oscillator is turned off. This feature
prevents the lithium energy cell from being used until it is installed in a system. A pattern of 010 in bits 4
through 6 of Register A will turn the oscillator on and enable the countdown chain. A pattemn of 11X will
turn the oscillator on, but holds the countdown chain of the oscillator in reset. All other combinations of
bits 4 through 6 keep the oscillator off.

SQUARE WAVE OUTPUT SELECTION

Thirteen of the 15 divider taps are made available to a 1-of-15 selector, as shown in the block diagram of
Figure 1. The first purpose of selecting a divider tap is to generate a square wave output signal on the
SQW pin. The RSO-RS3 bits in Register A establish the square wave output frequency. These
frequencies are listed in Table 1. The SQW frequency selection shares its 1-of-15 selector with the
periodic interrupt generator. Once the frequency is selected, the output of the SQW pin can be turned on
and off under program control with the square wave enable bit (SQWE).

PERIODIC INTERRUPT SELECTION

The periodic interrupt will cause the IRQ pin to go to an active state from once every 500ms to once
every 122ps. This function is separate from the alarm interrupt which can be output from once per second
to once per day. The periodic interrupt rate is selected using the same Register A bits which select the
square wave frequency (see Table 1). Changing the Register A bits affects both the square wave
frequency and the periodic interrupt output. However, each function has a separate enable bit in Register
B. The SQWE bit controls the square wave output. Similarly, the periodic interrupt is enabled by the PIE
bit in Register B. The periodic interrupt can be used with software counters to measure inputs, create
output intervals, or await the next needed software function.

PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY

Table 2
EXT. REG.B SELECT BITS REGISTER A te; PERIODIC INTERRUPT SQW OUTPUT
E32K RS3 | RS2 | RSt | Rso RATE FREQUENCY

0 0 0 0 0 None None
0 0 0 0 1. | 3.90625 ms 256 Hz
0 0 0 1 0 7.8125 ms 128 Hz
0 0 0 1 1 122.070 ps 8.192 kHz
0 0 1 0 0 244.141 ps 4.096 kHz
0 0 1 0 1 488.281 pis 2.048 kHz
0 0 1 1 0 976.5625 ps 1.024 kHz
0 0 1 1 1 1.953125 ms 512 Hz
0 1 0 0 0 3.90625 ms 256 Hz
0 1 0 0 1 7.8125 ms 128 Hz
0 1 0 1 0 15.625 ms 64 Hz
0 1 0 1 1 31.25ms 32Hz
0 I 1 0 0 62.5ms 16 Hz
0 1 1 0 1 125 ms 8 Hz
0 1 1 1 0 250 ms 4Hz
0 1 1 1 1 500 ms 2Hz
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DS12C887

UPDATE CYCLE

The DS12C887 executes an update cycle once per second regardless of the SET bit in Register B. When
the SET bit in Register B is set to one, the user copy of the double buffered time, calendar, and alarm
bytes is frozen and will not update as the time increments. However, the time countdown chain continues
to update the internal copy of the buffer. This feature allows time to maintain accuracy independent of
reading or writing the time, calendar, and alarm buffers and also guarantees that time and calendar
information is consistent. The update cycle also compares each alarm byte with the corresponding time
byte and issues an alarm if a match or if a “don’t care” code is present in all three positions.

There are three methods that can handle access of the real time clock that avoid any possibility of
accessing inconsistent time and calendar data. The first method uses the update-ended interrupt. If
enabled, an interrupt occurs after every up date cycle that indicates that over 999 ms are available to read
valid time and date information. If this interrupt is used, the IRQF bit in Register C should be cleared
before leaving the interrupt routine.

A second method uses the update-in-progress bit (UIP) in Register A to determine if the update cycle is in
progress. The UIP bit will pulse once per second. After the UIP bit goes high, the update transfer occurs
244ys later. If a low is read on the UIP bit, the user has at least 244ps before the time/calendar data will
be changed. Therefore, the user should avoid interrupt service routines that would cause the time needed
to read valid time/calendar data to exceed 244ys.

The third method uses a periodic interrupt to determine if an update cycle is in progress. The UIP bit in
Register A is set high between the setting of the PF bit in Register C (see Figure 3). Periodic interrupts
that occur at a rate of greater than tgyc allow valid time and date information to be reached at each
occurrence of the periodic interrupt. The reads should be complete within 1 ( tpy2 + tgyc ) to ensure that
data is not read during the update cycle. ’

UPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIP Figure 3

UIPBIT IN
REGISTERA
tguc—e ft—
REGISTER C
fe— toie —ota—— tory —s
PF BIT IN
REGISTERC

lo
N tey

~L

tpy = PERIODIC INTERRUPT TIME INTERNAL PER TABLE 1
tguc = DELAY TIME BEFORE UPDATE CYCLE = 244 ps
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DS12C887

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

-0.3V to +7.0V

0° to 70°C

-40°C to +70°C

260°C for 10 seconds (See Note 7)

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Power Supply Voltage Voc 45 50 5.5 v 1
Input Logic 1 Vi 2.3 Vect0.3 \'A 1
Input Logic 0 Vi -03 08 \' 1
DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; VCC = 5.0V £ 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Average V¢ Power Supply Icc 7 15 mA 2
Current
Input Leakage Iy -1.0 +1.0 HA 3
I/O Leakage IoL -1.0 +1.0 MA 4
Input Current Imor -1.0 +500 HA 3
Output @ 2.4V Ion -1.0 mA 1,5
Output @ 0.4V IoL 40 mA 1
Write Protect Voltage Vi 4.0 425 4.5 v
CAPACITANCE (tA = 25°C)
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Input Capacitance Cn 5 pF
Output Capacitance Cour 7 pF
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DS12C887
AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; VCC = 5.0V * 10%)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Cycle Time tcyc 385 DC ns
Pulse Width, DS/E Low or PWg. 150 ns
| e/ wE High
Pulse Widih, DS/C Iigh oi PWru 125 s
| R/ WR Low
| Input Rise and Fall tg, tp 30 ns
,SJ W Hold Time 1 tewm 10 I ns
| R/W Setup Time Before DS/E irws 50 ns
Chlp Select Setup Time Before trs 20 ns
| DS, !UD ,or I?n ! ' .
I C‘l.'u“ﬁ Sclect Hold Tinc WH < ] I nd
Read Data Hoid Time tDHR 10 30 ns
Write Data Hold Time toHw N R ns ]
Mux’ed Address Valid Time to tas. 30 ns
| ALE Fall
Mused Address Hold Time to tager 10 ns
AIF Fall
Dalay T y 1 inic BS/E 1o AS/ALE TASD 20 13
Rise
Pulse Width AS/ALE High PWash 60 ns
Delay Time, AS/ALE to DS/E tASED 40 ns
Rise PR sem . . LRI T LIPS . - .. e -
Output Data Delay Time from tppr 20 120 | ns | 6
I DS/E or BD
Data Setup Time tosw 100 ns
Reset Pulse Width trRwL 5 us
IRQ Release from DS tros Hs
IRQ Release from RESET g us
NOTES:
1. All voltages are referenced to ground.
2. All Outputs are open.
3. The MOT pin has an internal pull-down of 20KQ.
4. Applies to the AD0-AD7 pins, the IRQ pin, and the SQW pin when each is in a high impedance state.
5. The IRQ pin is open drain.
6. Mcasurcd with a load as shown in Figure 4.
7. Real-Time Clock Modules can be successfully processed through conventional wave-soldering

techniques as long as temperature exposure to the lithium energy source contained within does not
exceed +85°C. Post solder cleaning with water washing techniques is acceptable, provided that
ultrasonic vibration is not used. Such cleaning can damage the crystal.
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TPUT LOAD Figure 4

45 VOLTS

1

12C887 BUS TIMING FOR MOTOROLA INTERFACE
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DS12C887

DS12C887 BUS TIMING FOR INTEL INTERFACE WRITE CYCLE
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DS12C887

)S12C887 IRQ RELEASE DELAY TIMING

i
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OWER DOWN / POWER UP TIMING

Veo
-
45y ——— Z ——————
oy ———
F —a N‘- —ol/ fa—— 1
] £
4 1 4
L4 4

[ ¥l

17 of 19



DS12C887

>OWER DOWN / POWER UP TIMING

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
CS at Vi before Power- tpp 0 us
Down
Vec slew from 4.5V to OV tr 300 ps -
(CS at Vi) 4.0<Vcc< 4.5V
Vcc slew from 0V to 4.5V tR 100 us
(Cs at V)
Cs at Vi after Power-Up trec 20 200 ms
Expected Data Retention tpr 10 years 10,11
(tA=25°C)
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Expected Data Retention tor 10 years 10,11
\Note:
[he real time clock will keep time to an accuracy of +1 minute per month during data retention time for
he period of tpg.
Narning:

Jnder no circumstances are negative undershoots, of any amplitude, allowed when device is in battery

rack-up mode.

[ Y
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)S12C887 REAL TIME CLOCK PLUS RAM

13

12
..J

e

""_ 11 EQUAL SPACES AT
100 +010TNA

NOTE:

ins 2, 3, 16, 20, 21 and 22 are missing by design
PKG 24-PIN

DIM MIN MAX
AIN 1.320 1.335
MM 33.53 33.91
BIN 0.675 0.700
MM 17.15 17.78
CIN 0.345 0.370
MM 8.76 9.40
DIN 0.100 0.130
MM 2.54 3.30
EIN 0.015 0.030
MM 0.38 0.76
FIN | _0.110 0.140
MM 2.79 3.56
GIN 0.090 0.110
MM 2.29 2.79
HIN 0.590 0.630
MM 14.99 16.00
JIN 0.008 0.012
MM 0.20 0.30
KIN 0.015 0.021
MM 0.38 0.53

Ad

M—rﬁ 4
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MM74C922 - MM74C923

General Description

The MM74C822 and MM74C923 CMOS key encoders pro-
vide afl the necessary logic to fully encode an anay of
SPST switches. The keyboard scan can be implemented

16-Key Encoder * 20-Key Encoder

October 1987
Ravised January 1999 7

An intemal register remembers the last key pressed even
after the key is released. The 3-STATE outpuis provide for
easy expansion and bus operation and are LPTTL compat-
ible.

E []
Jepoau3 Ae)y-0Z « Jepoous Ae)-91 Z6DPLWIN « ZZ6DYLININ

by either an external dock or external capacitor. These Features

encoders also have on-chip pull-up devices which permit

switches with up to 50 k2 on resistance to be used. No 8 50 k2 maximum switch on resistance

diodes in the switch amay are needed 1o eliminate ghost 8 On or off chip clock

switches. The internal debounce circuit needs only a singte

extemal capacitor and can be defeated by omiting the T O 0P oW Pulkup devices

capacitor. A Data Available outpul goes 1o a high level B 2key roli-over . )

when a valid keyboard enfry has been made. The Data ¥ Keybounce efimination with single capacitor
Avgilable output retums to a low level when the entered 8 Last key register at outputs

key is released, even if another key is depressed. The Data W 3-STATE output LPTTL compatibie

Available wil return high to indicate acceptance of the new & Wide . 3Vio 15V

key after a normal debounce period; this two-key roll-over supply range:

ia provided between any two switches. B Low power consumption

Ordering Code:

Ovrder Number | Package Number “Package Description

MM74Ca22N NiéA 18-Lead Plastic Duakin-Line Package (PDIP), JEDEC MS-001, 0.300° Wide
MM74C822WM M208 20-Lead Smafl Outfine Integrated Circuit (SOIC), JEDEC MS-013, 0.300° Wide
MM74C923WM M20B 20-Lead Small Outine Integrated Ciroult (SOIC), JEDEC MS-013, 0.300° Wide
MM74C823N N20A 20-Lead Plastic DuaHn-Line Package (PDIP), JEDEC MS-001, 0.300° Wide

Connection Diagrams

mmmnmmmummwngmwrmmmm

Pin Assignment for DiP Pin Assignment for SOIC
\J
OSSN, | U LA, Kov v1 ~41 205V
j " OW Y242 19 L-unma
sowv2 —= [— BATACUTA tov 343 18}~ oaTA 0UT B
aowvs S, ax1a oot tovvends 1nfoanorc
aonvetd LT xe—fs 18 1= oata out 0
. " GSCLLATR =4 & 1
DSCULATOR — }-—uuncw KEVBOUNCE MASK ~] 7 14 |~ OUTHOT EXARE
KEVBOUNCE RASE =2 2. comrerenae oo xs ~f 8 13} CaTA AVAILARLE
I 12 cowun x3 ~19 12 = comm x1
oLy x4 =1 CATRAVAILASLE gl MY al a
coLomnx3 X L covmmn xy
) i} Top View
2 — COLUMN X2
i MMT4CO22
Top View
MM4C922
© 1999 Fairchild Semiconductor Corporaticn ~ DS006037.gurf www.fairchildsemi.com



MM74C922 « MM746923

Connection Diagrams (Contined)

Pin Assignmont for
OIP and SOIC Package ‘
aonvi Y U .ﬂ,c
rowve -2 LERTTVTY
amv L' caracers
nowve -4 9 pavasute
wwvs Y LI
eseucator 3% oavacure
xevasouce sask - 8, SEveoT ERARTE
cormxs L S oATA AvAILARLE
cotumexs 12 eotguaxt
T 1Y, oot 2
Top View
MM74C023
Truth Tables
(Pins 0 through 11) .
swtch | 0 1 2 3 4 5 6 7 @8 8§ w0 0
Position YIX1 Y4X2 Y1,X3 Y1,X4 Y2X1 Y2X2 Y2X3 Y2X4 Y3Xt Y3X2 Y3XS Y3 X4
D
A A ] 1 4] 1 0 1 0 1 0 1 0 1
T B Q 0 1 1 0 0 1 1 ] (1] 1 1
A C V] 4] 0 0 1 1 1 1 0 0 /] )]
o D 0 0 1] 0 1] 0 4] 0 1 1 1 1
U E(Note1)| O 0 0 0 0 0 1] 0 1] 0 1] 0
T
(Pins 12 through 19)
12 13 14 15 186 7 18 19
P | vax1 vaxz vexs vAXe YENote1), Y5 (Noto 1), YS(Noto 1), Y5 (Noted),
x1 X2 X3 x4
D
A A (1] 1 0 1 1] 1 ] 1
T B 0 0 1 1 (4] Q 1 1
A C 1 1 1 1 0 0 [4) 0
o D 1 1 1 1 0 0 4] 0
U E@oet)| o 0 0 0 1 1 1 1
T

Note 1: Omit for MM74C922
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Block Diagram
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Absolute Maximum Ratingsnoe 2) Operating Vo Range Vi 15V
Voitage at Any Pin Voc—0.3Vio Vg +0.3V :::“ w
emperatize
Operating Temperature Range (Soldering, 10 seconds) 260°C
MM74C922, MM74C923 —40°C to +85°C
Storage Temperature Range BFCOHSIC e 2 Abmoktn Maximum Retinge" are tocs vakios beyond which the
Hm’m (PD) ssfaty of the device cannot be Exospt for Te
Duatintine W e e
Small Outling S00mW  conditions for actusl devios oporston.
DC Electrical Characteristics
Min/Max keriks apply acrss tampersturs range uniess otherwise specifiod
Symbol Parsmeter Conditions o | Tve l xx | Ugis,
CMOS TOCMOS
Vr, Posiivo-Going Threshold Voitage Vec = 5V, tnz 0.7 mA 30 as 43 v
2t Osc and KBM (nputs Voc= 10V, iy 2 14MA 80 a8 86 v
Voo= 15V, iy22.1mA 9.0 10 129 v
V. Nogatve-Gaing Thieshald Vortage Voo = 5V, k2 0.7 MA a7 14 20 v
1 Osc and KBM Inputs Voo =10V, gy 2 14 mA 14 a2 40 v
Voo 15V, 221 mA 21 5 80 v
Vw) Logical *1° input Voitaga, Vec=SV 35 45 v
Excopt Osc and KBM fnputs Ve =10V 80 ) v
Veo= 16V 125 135 v
Veunr Lopical 0" Input Voltage, Voo =5V 05 15 v
Excapt Osc and KBM inputs Veg =10V 1 2 v
Voo =15V 15 25 v
o Row PuUp Curert st Y1, Y2, Voo =5V, Vay = 0.1 Voo 2 5 aA
Y3, YA and Y5 Inputs Vee = 10V -10 -20 pA
Veo = 15V -45 HA
Vouny | Logical *1 Output Vokage Voo =8V, lo = —10 gA 45 v
Voo = 10V, ig=—10 pA ] v
Veee 15V, lg=-10 pA 138 \4
Vourm | Logicel 0 Output Vokage Voc =8V, lg= 10 pA 05 v
Voo™ 10V, lo= 10 3A 1 v
Voo =15V, o= 10 pA 15 v
[Roo Colurn “ON" Resistance &t Voo = 5V, Vo = 0.5V ~ 500 1400 )
X1, X2, X3 2nd X4 Outputs Voe =10V, Vo= 1V 300 700 o
Ve = 15V, Vg = 1.5V 200 500 [+]
lec Supply Current Voc =8V ass 11 mA
Qac 820V, (one Y fow) Vo= 10V 11 19 mA
Vo= 15V - 17 26 mA
by Logical ** tnput Current Voo = 15V, Vg = 16V 0.005 10 SA
at Cufpd Enable:
[vw Logicel °0" Input Currerd Voc= 15V, Vg = 0V =10 20,005 7y
«t OApiAd Enable
CMOSAPTTL INTERFACE
Vi) Exoept Osc and KBM Inputs Veg= 4.5V Voc— 15 v
Vo Except Gec and KBM Inputs Voc =475V 08 v
Voumy |Logcal T Outpul Volags lo=—S60 1A
Voo =475V 24 v
lo = -360 uA
Vourmy | Logical 0" Output Votage o= 360 pA
Ve =475V 04 v
lo=-360pA




DC Electrical Characteristics (contnued)

Symbot |

Parameter

] Conditions

OUTPUT DRIVE (Seo Famtly Characteristics Data Sheet) (Short Ctreult Current)

Isoyrce | Output Source Cumrent Vee =5V, Vour =0V,
(P-Channei) Ta=25°C

lsourcE | Otput Scurca Cumemt Voc =10V, Vour =0V,
(P-Channal) Ta=25C

Tae Cutput Sink Cirent Voc =5V, Vour = Voo,
(NGhannal) Ta=25C

Ismex Cutput Sink Current Veo =10V, Vour=< Voe,
(N-Channel) To=25°C

AC Electrical Characteristics (not3)
Ta =25°C, C_= 50 pF, unless otherwise notad

Symbdol Parameter Conditions Ty Max
o L | Propagation Delay Tima © CL=50 pF (Pigre 1)
Logical °0" or Logical *1° Voo =5V &0 150 ns
fomDA. Voo =10V k3 80 ns
Vg = 15V % ] ns
oty | Propagation Delay Tims from Ry =10k, C = 10 pF (Figun 2)
Logical °0° or Logiead *1° Vee =56V, R = 10k 80 200 ns
fndo High impedanca State Voc=10V,C, = 10pF 65 150 ns
Vo = 15V 50 110 ns
%oty | Propagaton Dalay Vime from Ry =10k, C_ = 50 pF (Figwa 2)
High tmpedance State to 8 Vee =5V, R =10k 100 250 ns
Logical "0” o Logical *1” Vg =10V, C =50 pF S5 125 s
Vog =15V 40 90 ns
Cy Input Capacitance Any inpit (Note 4) 5 75 oF
Cour 3-STATE Outpirt Capaciance Any Output (Noto 4 w0 oF
Note 3: AC are bty DC testing.

Note 4: Capacitsnce Is gusranteod by periodic tosting.

"
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Switching Time Waveforms

Veo
axy Kev
[

Vee
ANY OTRER
«EY

’

Vee
DATRA
AVAHASLE

l/

Vee
DATA
QuTPYT

Li;_f
T

]
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| Typical Performance Characteristics
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Asyrichronous Data Entyy Onto Bus (MM74C922)
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The MM74C922/MM74C923 Keyboard Encoders

ment all the logic necessary to interface a 16 or 20 SPST
kay switch matrix {o a digital system. The encoder will con-
vert a key swilch doser to a 4(MM74C922) or
5(MM74C823) bit nibble. The designer can control bath the
keyboard acan rate and the key debounce petiod by alter-
ing the oscillator capacitor, Cosg, and the key bounce
mask capaditor, Cygy. Thus, the MM74C922/MM74C923's
perforinance can be optimized for many keyboards.

The keyboard encoders connect to a switch matrix that Is 4
rows by 4 columns (MM74C822) or 5 rows by 4 columns
(MM74C923). When no keys are depressed, the row inputs
are pulied high by interal pitl-ups and the cokmnn outputs
sequentially output a logic *0°. These culputs are open
drein and are therefore low for 26% of the time and other-
wise oft. The column scan rate is controiied by the oscila-
tor input, which consists of a Schmitt trigger oscilstor, a 2-
bit counter, and a 2-4-bit decoder.

When a key is depressed, key 0, for axample, nothing wil
happen when the X1 input s off, since Y1 wiil cemain high.
When the X1 column is scanned, X1 goes low and Y1 wil
go fow. This disables the counter and keeps X1 bow. Y1

w2 =
x4 KEM
x
- A p—p
| .——_’
1[2T1]e : ¢l <
1fs]s]e 2 o ’
OO0 v BA DATA AVARASLE
Flejajc Aod
asc] [
I
= SR -
mmhmmwmhmmmbmmuwmmbmmmum
Expansion to 32 Key Encodor (MM74C922)
.
| surscon?
[7
n ® oy
2 oKy l
¢ sktoc
] & L
l g X DA =P pATA AVANARLE
oOftjz2 n Ap—> 0
afstel7 ] s>
s]sfwln ¢ B o>
12813114 18 i 2 v P L &um
1NQ14¢
16 §17 {18 |10 b 4 ‘ "
wlalz]s = "
24fs ||z
FIEIEIE . - w020
$ ¢ % $oa
Veo
Theory of Operation

going low also initiates the key bounce circuit tming and
locks out the other Y inputs. Tha key code to be output is a
combination of the frozen counter value and the decoded Y
inputa. Once the key bounce circuil times out, the data is
tatched, and the Data Available (DAV) output goes high.

H, during the kay ciosure the switch bounces, Y1 input wi
gordghegﬁn,mﬂngmesmandmgmeley
bounce circuitry. The key may bounce several times, but as
scon as the switch siays low for a debounce period, the
dosure Is assumed vafid and the data is latched.

A key may eiso bounce when it Is released. To ensure that
the encoder does nof recognize this bounce as ancther key
closure, the debounce circuit must 6me out before another
closure is recognized.

The two-key roil-over foature can be Bustrated by assum-
ing a key Is depressed, and then a second key is
depressed. Since all scanning has stopped, and all other Y
inpuls are disabled, the second key is not recognized unti
the first key is #ftad and the key bounce dircultry has reset.
The output latches foed 3-STATE, which is enabled when
the Output Enable (GE) input is taken low.

v fairchitdsemi
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Physical Dimensions nches (mitimeters) uniess otheswise noted
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MM74C922 - MM74C923 16-Key Encoder ¢ 20-Key Encoder

Physical Dimensions inches (mzkneters) uess otharwise noted (Continued)
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Package Number N20A
UFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DNCESORSYSTEMSWWTHEB@RE%WAPPROVMOFWEPRESIMOFFMRGMD
SEMICONDUCTOR CORPORATION. As used herein:

1. Lise support devices or systems are devices orsyslems 2 A ariical component in any component of a life support
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SN74LSi 64

Serial-Iin Parallel-Out
Shift Register

The SN74LS164 is a high speed 8-Bit Scrial-In Parallel-Out Shift
Register. Serial data is cntered through a 2-lnput AND gatc
synchronous with the LOW to HIGH transition of the clock. The
device features an asynchromous Master Reset which clears the
register setting all outputs LOW independent of the clock. It utilizes
the Schottky diode clamped process to achieve high speeds and is fully
compatible with all ON Semiconductor TTL products.
® Typical Shift Frequency of 35 MHz
® Asynchronous Master Resct
® Gated Serial Data Input
® Fully Synchronous Data Transfers
¢ Input Clamp Diodes Limit High Speed Termination Effects
¢ ESD > 3500 Volts

GUARANTEED OPERATING RANGES

Symhaol Parameter Min Typ Max Unit
Vee Supply Voitage 475 5.0 5.25 v
Ta Operating Ambient 0 25 70 "C
Temperature Range
loH Output Current — High ~0.4 mA
loy, Output Current - Low 8.0 mA
<
+ Semuconduciar Components industries, LLC. 1999 1

December, 1999 — Rev. 6

ON

VLY

&

Semiconductor

SR Ih ey o Nt

http:/fonsemi.com

LOW

POWER

SCHOTTKY

PLASTIC
N SUFFIX
CASE 646

1

soIc
D SUFFIX

CASE 751A

-t

ORDERING INFORMATION

Device Package Shipping
SN74LS164N 14 Pin DIP 2000 Units/Box
SN74L.5164D 14 Pin 2500/Tape & Reel

Pubtication Order Number:

SN74LS164/D




SN74L.S164

CONNECTION DIAGRAM DIP (TOP VIEW)

Ve & Q@ Q5 Q MR

I!TII—HEI—IITO]I_H—]

D)

GG CI ]

GND

NOTE:

The Flatpak version has the same
pinouts {Connection Diagram) as

the Dual In-Line Package.

LOADING (Note a)

PIN NAMES HIGH Low
AB Data Inputs 0501 0.25U.1.
ce Clock (Active HIGH Going Edge) input 05U.L. 0.25 U.L.
MR Master Reset (Active LOW) input 0.5U.L. 0.25 U.L.
Q- Outputs 10U.L. 5U.L.
NOTES:

a) 1TTL Unit Load (L.L.) = 40 pA HIGH.6 mA LOW.

LOGIC SYMBOL

T—A 1S164
2—B 8-BIT SHIFT REGISTER
8 —icCP
MR Qo Gy 0 Q3 Qu Q5 Q5 Oy

[TTTTIIT]

4 5 610 1112 13

Vee =PIN 14
GND=PIN7

http://lonsemi.com
2

-



SN74LS164

LOGIC DIAGRAM

® A
D Q 1) Q D Q D Q b Q 0 Q D Q D Q

© 3_3

- - Co r Co F Co r Co r Co r Co r Cp r Cp

T T T e L] ) T
o LT . . . . . -
VR

®—o

Ve - PIN 14 Q Q Q; Q; Q Qs Q; Q;

cc =
GND=PIN7 @ ® © © @ ® ®

O - PIN NUMBERS

FUNCTIONAL DESCRIPTION

The LS164 is an edge-triggered 8-bit shift register with
serial data entry and an output from each of the eight stages.
Data is entered serially through one of two inputs (A or B);
either of these inputs can be used as an active HIGH Enable
for data entry through the other input. An unused input must
be tied HIGH, or both inputs connected together.

Each LOW-to-HIGH transition on the Clock ( CP) input
shifis data one place to the right and enters inwoQq the logical
AND of the two data inputs (AB) that existed before the
rising clock edge. A LOW level on the Master Reset (MR)
input overrides all other inputs and clears the register
asynchronously, forcing alf Q outputs LOW.

MODE SELECT — TRUTH TABLE

OPERATING INPUTS OUTPUTS
MODE MR | A | B | @ | aray
Reset (Clear) L X X L L-L
H ! | L Q-G
Shift H ] h L 90— Qs
H h ! L 90—
H h h H 90 - 95

L (1) = LOW Voltage Levels

H (h) = HIGH Voltage Levels

X = Don't Care

Gn = Lower case lefters indicate the state of the referenced inpul or cutput one
set-up time prior to the LOW to HIGH clock transition.

http://onsemi.com
3



DC CHARACTERISTICS OVER OPERATING

TEMPERATURE RANGE (unless otherwise specified)

SN74LS164

Limits
Symbsgl Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
Vin 3. Input HIGH Voltage 20 v All Inputs .
Guaranteed Input LOW Voltage for
Vi Input LOW Voltage 0.8 Vv All Inputs
ViK Input Clamp Diode Voltage -0.65 -15 \ Vee = MIN, Iy =-18 mA
. 2.7 35 Vee = MIN, Ign = MAX, Vin = Viy
Vou Output HIGH Voltage v or Vy_per Truth Table
0.25 0.4 % loL = 4.0 mA Vee = Vee MIN,
VoL Cutput LOW Voltage Vin= Vi or V.
0.35 0.5 \ oL = 8.0 mA per Truth Table
20 pA Vec = MAX, vy =27V
™ Input HIGH Current ¢ N =
0.1 mA Vee = MAX, V= 7.0V
Iy Input LOW Current -0.4 mA Vee = MAX, Viy =04V
los Short Circuit Current (Note 1) ~20 -100 mA Vee = MAX
lee Power Supply Current 27 mA Vee = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (T, = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
faax Maximum Clock Frequency 25 36 MHz
Propagation Delay
teHL " 24 36 ns Vee=5.0V
MR to Output Q CL=15pF
toLH Propagation Delay 17 27
torL Clock to Output Q 21 32 ns
AC SETUP REQUIREMENTS (Tp = 25C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tw CP, MR Pulse Width 20 ns
tc o Data Setup Time 15 ns
Vee=5.0V
th Data Hold Time 5.0 ns
trec MR to Clock Recovery Time 20 ns
- -

http:lionsemi.com
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SN74L.5164

AC WAVEFORMS

*The shaded areas indicate when the input is permitted to change for predictable output perdformance.

cpP

i
. e 1y WM 73V
tw —bL—-»!» tec
L——'- tPHL L—-‘- s ]](1_3\,———
Q . .
3k 13V % 13V CP
et
CONDITIONS: MR < H Q
3k 13V /

Figure 1. Clock to Output Delays Figure 2. Master Reset Pulse Width,
and Clock Pulse Width Master Reset to Output Detay and
Master Reset to Clock Recovery Time

,q-— mmax*j
f— ty
1 L
X )m o )T::l T

B )
Q 7’[ 13V 13V NR

Figure 3. Data Setup and Hold Times

http:/fonsemi.com
5



A
€

SN74LS164

PACKAGE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE M

-

NOTES.
| DIMENSIONING AND TOLERANCING PER ANSI
{} A A A A A }:‘ ¥14.54, 1982

2. CONTROLLING DIMENSION: INCH
1. DIMENSION L TO CERTER OF LEADS WHEN
B8 FORMED PARALLEL

O ‘ 4. DMENSION B DOES NOT INCLUDE MOLD FLASH

5. ROUNDED CORNERS CPTIONAL,

INCHES IALLGSETERS

A > ]

T
-
]
zgr—xk*n-uuoun»lg
o
o
S [&IE

L Lk 3 —>flw
D1apL
@Ton0w[@]

http://onsemi.com
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D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03
ISSUE F
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ROTES:

1. DRAENSIONING AND TOLERANCING PER ANSI
Y14,5M,1952.

2. CONTROLLING DIMENSION: MILUMETER.

3. GIMENSIONS A AND B 00 KOTINCLUDE
MOLD PROTRUSION. -

4. MAXIMNUM B4OL D PROTRUSION 0 15 (0.006)
PER SIDE.

S DIMENSION 0 DOES ROT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL 8E 0 127 (0.005) TOTAL
[N EXCESS OF THE D DR4ENSION AT
HAXMUMMATERIAL CONDITION

MiLLIMETERS IRCHES

68| WAX | G | wax |
855 375
3.80 .00 | 0.150

135 | 175 ] 0054 | 0068
035 | 049 | 0014 { 0019
040 | 125 ] 0016 | 0049
127 85C 0,05 BSC
210 ] 075 | 00os | 0605
810 | 025 | GO0F | 0009
o ] 79[ 0°] 3°
580 | 620 | 0728 | D244
025 | 050 | 0010 ] 0049

s
0337

h

e eSS T b vnwalg

:
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ON Semiconductor and ' are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes

withoutfurther notice loany products herein. SCILLC makes no wamanty, representation orguarantee regatding the suitability of its products for any particular
purpose, nor does SCILLC assume any Uability arising out of the application or use of any product or circuit, and specificaily disclaims any and all liability,
including without imitation special, consequential or incidental damages. “Typical® parameters which may be provided in SCILLC data sheels and/or
specifications can and do vary in different applications and actual perfennance may vary over time. All operating parameters, including *Typicals® must be
validaf®d for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, orauthorized for use as components in systems intended for surgical implantinto the body, or other applications
intended to support or sustain le, or for any other application in which the failure of the SCILLC product could creale a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and disiributors hanmless against all claims, costs, damages, and expenses, and reasonable
attomey fees arising out of, directly or indirectly, any claim of personat injury or death associated with such unintended or unauthosized use, evenif suchclaim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equai Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

North America Literature Fulfillment:

Literature Distribution Center for ON Semiconductor

P.0O. Box 5163, Denver, Colorado 80217 USA

Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: ONlit@hibberico.com

N. American Technical Support: 800--282-9855 Toll Free USA/Canada

EUROPE: LDC for ON Semiconductor — European Support
German Phone: (+1) 303-308-7140 (M-F 2:30pm to 5:00pm Munich Time}
. Email: ONlit-german@hibbertco.com
Frenci™ Ptione: (+1) 303-308-7141 (M-F 2:30pm to 5:00pm Toulouse Time)
Email: ONlit-french@hibbertco.com
English Phone: (+1) 303-308-7142 (M—F 1:30pm to 5:00pm UK Time)
Email: ONIlt@hibbertco.com

ASIA/PACIFIC: LDC for ON Semiconductor ~ Asia Support

Phone: 303-675-2121 (Tue-Fri 9:00am to 1:00pm, Hong Kong Time)
Toll Free from Hong Kong 800-4422-3781

Email: ONlit-asia@hibberico.com

JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi-Golanda, Shinagawa-ku, Tekyo, Japan 141-8549
Phone: 81-3-5487-8345

Emaitl: r14153@onsemi.com

Fax Response Line: 303-675-2167
800-344-3810 Toll Free USA/Canada

ON Semiconductor Website: htip:/fonsemi.com

For additional information, please contact your local
Sales Representative.
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B 0.7°5x7
PR . i DOT MATRIX DISPLAYS
‘. R —
HER GMA 7175C GMC 7175C
YELLOW GMA 7475C GMC 7475C
GREEN GMA 7975C GMC 7975C

iakld. . iada.. cobwan > bivdvd o

L - 3
127403 — o cno: The GMX7X75C serios aro 0.7° (17.2mm) matrix height
1500} JN 5 X7 dot matrix displays. Afl these parts are available in
000G /7 grey face and white dot color.
T [

ez e ,.,_/800000000 1ns vewss g prm— 23434177 The X in GMX derotes row anode of row cathcde

oooooj"‘“ "’E Ez:jm

OO

2 =7 e
e R B FERTURES;. |
& 0.77 (17.8mm) matrix height
# Choice of 3 colors — creen, ysliow and HER
I l o & Low power consumption
Eﬁ I — ® 5%7 array with XY select
one o ore = Stackadle verticalty and norizontaliy
- . = Cholce of 2 matrix orientation cathode column ot
ST2618
anode column
NOTES: : = Easy mountng or PC8 or_so&qﬂ
1. ALL PINS ARE 00.5 {.02). & Categorized for luminous intensity
2. DIMENSION IN MILLIMETERS (INCH),
TOLERANCE IS 0.25 (.01) UNLESS
OTHERWISE NOTED. .
i Sieneagiiy, R T G
YELLOW HER GREEN UNITS
Power dissfpation perdot ............... 60 70 75 mw i
Peak forward cumrentperdot ............. 80 100 100 mA
(Duty cycie 110, 10KHz)
Continuous L perdot ................... 20 25 &5 mA
Reverse voltage perdol ................ 5 4 5 v
Operating and operating temperature f@Rge .....ooooeiiniiinennn v e ver--- —25°Cto +85°C
Soldering time at 260°C (1/16 inCh below Seating PIaNe) ... .......o.ooveeneeennoeeins oo 3 sec
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PRELIMINARY DATA SHEET

ISD1200/1400 Series

Single-Chip Voice Record/Playback Devices
10+, 12, 16, and 20-Secogd Durations

'G.EN.E_HAL DESCRIPTION

: v

Information Storage Devices’ 1ISD1200/1400 ChipCorder™
Series provides high-quality, single-chip record/playback
solutions to short duralion messaging applications. The
CMOS devices include an on-chip oscillator, microphone
pre-amplifier, automatic gain conlrol, antialiasing filter,
smoothing filler, and speakeramplifier. Aminimum record/
playback subsystem canbe configured witha microphone, a
speaker, several passives, lwo push-bultons, and a power
source.

Recordingsarestored in nonvolatile memory cells, provi ding
zero-power message storage. This unique solution is inade
possible through ISD’s patented Direct Analog Storage
Technology (DAST™), .whereby voice and audio signals are
stored directly, in their natural analog form, into EEPROM
memory. Direct analog storage allows natural voice
reproduction in a single-chip solid-state solution.

ISD1200/1400 SERIES SUMMARY

S

e hartasRDural
; g&g‘kgﬁ{ z’»h*s;??’*-%gg}s‘&ua WA
“IS'D'ITR)“_"TD_—“‘—“"E'
ISD1212 12
1SD1416 16
ISD1420 20

FEATURES |
* Easy-to-use single-chip voice record/playback
solution : .

—No external ICs required ;

- Minimizes external components
* High-quality, natugal voice/audio reproduction
* Push-button inlcrf_:":_?c e

- Playback can be edge- or level-activated
* Zero-power message storage
-~ Eliminates baltery backup circuils
* 100-year message rctentio:n (typical)
* 100 K record cycles (typical)
* On-<hip clock source
* No programmer or development system needed
* Fully addressable to handle mulliple messages
* Aulomatic power-down mode

—Enlers standby mode iminediately following

a record or playback cycle

= 0.5 uA standby current (typical)

* Single power supply ,

* Available in DIF, SOIC, and die form for Chip-
on-Board (COB) Module assembly

XCLK O -
# Sainpling Clock |
- - BET e e .
+« ANAIN O— o Aaﬂi&u%:gi:;!;‘\!ﬂeler Y Analog Transceivers ~ :
4 Nonvolatile . o
ANAOUT O—= 18 Analog Storage ~ v
3 Array “#[] §-PoleActive |-
MIC O—r ] 3 -] Smocthing Filter {7
A .| Q] 18D1200 - 64K Catts {20 e —
MIC REF Q—- . lSl)MOO-‘-l?nKColls _ i P
*| Aulomalic P Iw s id, ' »
AGC O~ 4 Gain Control . N
& ";:. (AGC) "% ~ gl
R RS SRR k2 B ONETARR - s, : . ..::_r'[. B
Poveer Condiiioning | Address Bullers ] Device Control - N
, : - ‘
o 0 bobdd T Y o

Voor Vssa Vsso Veoo A0 A1 A2 A3 A4 A5 AS A7 REG PUAVE PLWC REGLED

‘4
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8D1200/1400 SERIES

JETAILED DESCRIPTION
3asic Operation

[he 1SD1200/1400 ChipCorder Series devices are
:ontrolled by a single signal, REC, and either of two
>ush-button control playback signals, PLAYE (edge-
ictivated playback), and YL (level-activaled
slayback). The 1SD1200/1400 parts are configured for
iimplicity of design in a single-message application.
Jsing the address lines will allow multiple message
wpplications. Device operation is explained on page 4.

speech Quality

SD'spatented DAST technology provides natural record
ind playback. The input voice signals are stored
lirectly in nonvolatile EEFROM cells, and repro-
duced without the synthetic effect often heard with
ligitalsolid-statespeechsolutions. Acompletlesample
s stored in a single cell, minimizing the memory
necessary to store a recording of a given duration.

Automatic Power-Down Mode

Atthe end of a playback or record cycle, the ISD1200/
1400 Seriesdevicesautomalically returntoa low-power
standby mode, consuming typically 0.5 pA. During a
playback cycle, the device powers down automatically
1t the end of the message. During a record cycle, the

device powers downimmediately after REC is released
FIGH.

Addressing (optional)

[n addition to providing simple message playback,
‘he 1ISD1200/1400 Series provides a full addressing
:apability.

The ISD1200 Series storage array has 80 distinct
1ddressable segments, while the 1ISD1400 Series
itorage array has 160 dislinct addressable segments,
sroviding the following resolutions. '

1SD1212 150 ms
ISD1416 ° 100 ms
125ms

ISD1420

PRELIMINARY DATA SHEET

I1SD1200/1400 SERIES PINOUTS

a0 1cfe 28 Veco
ET= 27 Rec J
A2 30 26 XOLX~*
A4 25 RECLED Y
A S 24 POAVE" *
AS 6 23 PLAYL,
o 7] 15D1200 B2 ne '\ -
NC 8 (T 21 ANAOUT
As 9] 1SD1400 [ 20 anAm
AT 0 19 AGC .
NC 11 ] 18 MIC REF
Vgsp 12 1 17 MG
Vssa 13 [ 16 Vcea
SPe 14 15 SP- |
OIP/SOIC
P
Nole: NC means Must Not Connecit
PIN DESCRIPTIONS s f

Nole: The REC, PLAYL, aud PLAYE signals are all iicbounced for 50 mss. on
the rising edge to prevenl a fulse retriggering from a push-bulion switch.

Record (REQ)

TheRECinputis anactive-LOW record signal. Thedevice
records whenever REC is LOW. This signal must remain
LOW for the duration of the recording. REC lakes
precedenceovercither playback (PLAYEor PLAYLsignal.
If REC is pulled LOW during a playback cycle, the
playback immediately ceases and recording begins.

A record cycleis completed when REC is pulled HIGH.
An end-of-message marker is internally recorded,
enabling a subsequent playback cycle to terminate
appropriately. The device automalically pawers down to
standby mode when REC goes HIGH. ,

Playback, Edge-Activated (PLAYE)-

When a LOW-going transition is detecled on this input
signal, a playback cycle begins. Playbzck continues until
anend-of-messag2 markeris encountered orthe end of the
memoryspaceisreached. Uponcompletionof the playback
cycle, thedeviceautomalically powersdowninlostandby

mode. Taking PLAYE HIGH during a playback cycle will
not lerminate the current cycle. :

Playback, Level-Activated (PLAYL)

When this input signal transitions from HIGH to LOW, a
playbackcycleisiniliated. Playback continues until PLAYL
is pulled HIGH, an end-of-message markeris detected, or
the end of the device space is reached. The device
automalically powers down to standby mode upon
completion of the playback cycle. -~

Note: In playback, if either PLAYE or PLAYLis held LOW
during EOM or OVERFLOW, the device will still enter
standby and the internal oscillator and timing generator

Single-Chip Solutions That Speak For Themselues ™
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villstop. However, therisingedge of PLAYEand PLAYL
~ill no longer be debounced and any subsequent falling
xdge present on the input pins will initiate another
Jlayback.® *

Record LED Output (RECLED)

(he output RECLED is LOW during a record cycle. It
an be used to drive an LED to provide feedback that a
ecord cycleis in progress. In addition, RECLED pulses
.OW momentarily when an end-of-message marker is
ncountered ina playback cycle.

vicrophone Input (MIC)

"he microphone is usually AC-coupled to this pin viaa
eries capacitor. The user-selectable value of the input
eries capacitor (together with the 10K ohm resistance
nternal to the chip) determines the low-frequency cutoff
or the ISD1200/1400 Series passband.

Aicrophone Reference (MIC REF)

VhenMICREFisACcoupled tothemicrophone ground,
he recorded noise level is significantly reduced.
sround noise is referenced to the preamplifier. If Lhis
inis notused, it must NOT be connected to any signal
r voltage. It must float.

wnalog Output (ANA OQUT)

he microphone signal is amplified and is output to the
NA OUT pin. The voltage gain of the preamp is
etermined by the voltage level at the Automatic Gain
‘ontrol (AGC) pin. The preamplifier has a maximum
ain of about 24 dB for smali input signal levels.

nalog Input (ANA IN)

he external capacitor connects ANA IN to the ANA
'UT pin. The value of the external capaditor, together
ith the'3 KQ input impedance at ANA IN, can be
10sen to give additional cutoff at the low-frequency
\d of the voice passband. The ANA IN pin may also
2 used to input alternative sources of analog signals
nstead of the microphonesignal) througha coupling
\pacitor. :

utomatic Gain Control (AGC)

1e purpose of the AGC is to dynamically adjust the
eamplifier gain, and therefore extend the range of
put signals which can be applied to the microphone
put without causing distortion. The AGC can
nsiderably extend the range of recordable sound from
hispers o loud voices. To use the AGC feature, an
ternal reSistor and capacitor should be connected in

PRELIMINARY DATA SHEET

ISD1200/1400 SERIES

parallel between the AGC pin and Ground.

Recommended values are 470 KQ and 4.7 pF. The
“attack” time of the gain control is determined by the
sourceresistance (5 KQ2) and the extefiial capacitor. The
“release” timeis determined by the external resistor and
capaditor. For AGC voltages of 1.5 Vplis and below, the
preamplifierisatits maximum gain gf24 dB.Reduction
in preamplifier gain occurs for vollagesofapproximately
1.8 Volts. If the AGC functionis not desired, the AGC pin
can be tied lo Ground and the preamplifier gain will be
held at its highest level of approximately 24 dB.

If operaling at voltages above 5.5 V, insert a 5.1 KQ
resistor in series with the capaditor frem pin 20 lo pin 21
to minimize distortion. i

Speaker Qulputs (SP+, SP-) i

The SP+ and SP- pins p’n}bvidg direct drive for
loudspeakers with impedances as low as 16 ohms. A
single vutput may be used, but, for direct-drive
loudspeakers, thetwo opposite-polarity outputs provide
animprovement in output power of up to four times
over a single-ended connection. Furthermore, when
SP+and SP-are used, a speaker-coupling capacitor is
not required. Asingle-ended conneclion will requircan
AC-coupling capacilor between the SP pin and the
speaker. The speaker outputs are ina high-impedance
state during a record cycle, and held at Vg, during
Power Down. .

Optional External Clock (XCLK) .

This signal is normally tied to ground in applications
drcuits. If, however, greater timing precision is desired,
(internal clock has +2.5 % lolerance ovar temperature
ar.d voltage range), the chip can be externally clocked
through this pin. If the XCLK is not used, this input
siiould be connected to ground.

VCCA and VCCD

Analog and digilal circuits internal to the ISD1200/
1400 Series use separate power buses to minimize
noise on the chip. These power buses are broughtoutto
separale pins on the package and should be tied

togetherascloseto thesupplyaspossible. Itisimportant

that the power supply be decoupled as close as possible
to the package.

Vgsa and Vgsp (Ground)

Similar to Vecaand Veep, theanalog add digital dircuits
internal to the ISD1200/1400 Series use separale
ground buses to minimize noise. These pinsshould be
tied together as close as possible to the device.

’

i
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1SD1200/1400 SERIES

TABLE 1. OPERATlONAL MODES

PRELIMINARY DATA SHEET

Message cueing Fast- forwarcl lhrough messages A4

j Delete EOM markers Position EOM marker at the end of the last message~| A3, A4 _
Unused _
Looping Continuous playback from Address 0 Al
Conseculive addressing | Record/Play multiple conseculive messages AQ, AT
Unused

* Indicales additional operational mades which can be used sindtancously with the given made.

Address Inputs (A0-A7)

The Address Inputs have two funclions, depending upon
the level of the two Most Significant Bits (MSB) of the
address.

If either of the two MSBs is LOW, the inputs are ALL
interpreted as address bits and are used as the startaddress
for the current Record or Playback cycle. The address pins
are inpuls only and do not output internal address
information as the operalion progresses. Address inpuls

are lalched by the falling edge of PLAYE, PLAYL or REC.

OPERATIONAL MODES

The 1SD1200/1400 Series is designed with several built-
in operational modes provided lo allow maximum
functionality witha minimum ofadditional components,
described in detail below. The operational modes use the
address pinsonthelSD1200/1400devices, butaremapped
outside the valid address range. When the two Most
Significant Bits (MSBs) are HIGH, the remaining address
signals are interpreted as mode bits and NOT as address
bits. Therefore, operational modes and direct addressing
are not compahble and cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin initially at
address 0, which is the beginning of the 1SD1200/1400
address space. Latler operations can begin at other
address locations, depending ontheoperationalmode(s)
chosen. In addition, the address pointer is reset to 0
when the device is changed from Record to I’layback
Playback to Record, or when a Power—Down cycle is
executed.

Second, an Operational Mode is executed when any of
the control inputs, PLAYE, PLAYL, or REC, go LOW and
the two MSBs are HIGH. This Operational Mode remains
in effect until the next LOW-going control input signal,

at which point the current address/mode levels are
sampled and executed.

(Note: The two MSBs are on pins 9 and 10 for each
1SD1200/1400 Series member.)

OPERATIONAL MODE DESCRIPTIONS

The Operational Modes can be us€d in conjunction wilh
a microcontroller, or they can be hard-wired to provndu
the desired system operation.

A0 — Message Cucing (PLAYE or PLAYL only)

Message Cueing allows the user ‘to skip through
messages, without knowing theactual physical addresses
of cach message. Each control input LOW pulse causes
theinternal address pointer to skip to the next message.
This mode should be used for Playback only, and is
typically used with the A4 Operational Mode.

Al — Delete EOM Markers (REC only)

The A1 Operational Made allows sequentially recorded
messages Lo be concatenated into a single message with
only one EOM marker set at the end of the combined
message. When this operational mode is configured,

messages recorded sequentially are played back as one
continuous message.

-

A2 — Unused .

A3 — Message Looping (PLAYE or PLAYL only)

The A3 Operational Mode allows for the automatic,
continuously repeated playback of the message lacated
at the beginning of the address space. A message CAN
complelely fill the 15D1200/1400 device and will loop
from beginning to end.

A4 — Consccutive Addressing

During normal operalions, theaddress pointer will reset
when a message is played through to an EOM marker.
The Ad Operational Mode inhibils the address pointer
reset, allowing messages o be played back consccutively.

A5 — Unused - ;
I
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1SD1200/1400 SERIES
PRELIMINARY DATA SHEET ; .
APPLICATION SCHEMATIC . ;
Vec Veo Vcc 1SD1200/1400 Vee Vee .Vce
«- D1 -2 pro— ,51'
REC < 3l 0.1 l-lF -1 KQ 16Q
LED 001 uF ant a SPEAKER
S1_u l 7 1l =
S| N
—C o § "P—S' .]
PLAYL ) o s
R6< R7<4 Rs A A ANA IN s
_ 82""6 100K | 100K |100K | o] 2% 2204
23| S avr ~
. PLAYL ANAOUT
PLAYE 241 PLAYE . ELECTRET
S3_upy 2] Y ‘ MICROPHONE
—0 O— 1 REC MIC REF :
RECORD R9 : MIC
AN 23| RECLED AGC
= 1KQ +28 xcLK
= fs 4.7 yF
: 470 KQ

Note: ISD Application Notes and Design Manual awilable

FUNCTIONAL DESCRIPTION EXAMPLE

The following example operating sequence
demonstrales the functionality of the 1SD1200/1:400
Series devices.

1. Record a message filling the address space.

Pulling the REC signal LOW iniliates a record cycle from
the beginning of the message space. If REC is held
LOW, the recording continues until the message space
has been filled. Once the message space is filled,

recording ceases. The device will automalically power
down after REC is pulled HIGH.

2. Edge-activated playback.

Pulling the PLAYE signal LOW.iniliates a playback
cycle from the beginning of the message space. The
rising edge of PLAYE has no effect on operalion. If a
recording has filled the message space, the enlire
message is played. When the device reaches the end of
the message space, it automatically powers down. A
subsequent falling edge on PLAYE iniliates a new play
cycle from the start address.

3. Level-activaled playback.

Pulling the PLAYL signal LOW initiates a playback

cle from the beginning of the message space. If
gh?l.remams LOW, the device plays through to the
end of themessageand subsequently enters the power-
down mode.

1
4. Level-activated playback (truncated).
I{ PLAYL is pulled HIGH any limc'during the play- back
cycle, thedevicesstops playing and enters the power-down
made. A subsequent falling edge on PLAYC initiates a new
play cycle from the start address.

5. Record (interrupting playback).

The REC signal takes precedence over other operations.
Any LOW-going transition on REC initiates a new record
operalionfromthe beginning of thestartaddress, regardless
of any current operation in progress.

- 1?
6. Record a message, partially filling the address space.

A record operation need not fill the entire message space.
Releasing the REC signal HIGH before filling the message
space causes the recording to stop and an end-of-
message marker lo be placed. The device powers down
automatically.

7. Play back a message, partially filling the address space.
Pulling the PLAYE or PLAYL signal LOW initiales a
playback cycle which is then completed when the end-of-
message marker is encountered Playback ceases and the
device powers down.

8. RECLED operation.

The RECLED output pin provn&es an active-LOW signal
which can be used lo drive an LED as a “record in
progress” indicator. It returns to a HIGH state when -
the REC pin is released HIGH or when the recording
is completed due to the message space being filled.

]
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' 1SD1200/1400 SERIES

APPLICATIONS NOTE

Some users may experience an unexpecled recording
taking place when their circuit is powered up, or the
batteries are changed and Vc rises faster than REC.
This undesired recording prevents playback of the
previously recorded message. A spurious End Of
Message (EOM) marker appears at the very beginning
of the memory, preventing access lo the original
message, and nothing is played.

To prevent this occurrence, place a capaditor (approx.
.001 uF) between the control pin (REC) and Vcc. This

PRELIMINARY DATA SHEET

pulls the control pin voltage up with Vccas it rises.
Once Lhe vollage is HIGH, the pull-up device will keep
the pin HIGH until intentionally pulled LOW,
preventing the false EOM marker.

Since this anomaly is dependent upon factors such as
the capacilance of the user’s prinled cjrcuit board, not
all circuit designs will exhibit the spurious marker. It is
recommended, however, that the capaditor is included
for design reliability. A more detailed explanation and
resolution of this occurrence is described in the ISD
Application Notes and Design Manual.

ABSOLUTE MAXIMUM RATINGS (ISD1200/1400 SERIES - PACKAGED)

me under bias -65°Ctlo+125°C !
Slorage temperature range -65°Cto+150°C o A
Voltage applied to any pin (Ves-03 V)10 (Ve +03 V)
Voltage applied to any pin (Vss-1.0V) 1o (Vcc+1.0V) '
(Input current limited to + 20 mA)
Lead iemperaturé (soldering - 10 seconds) 300°C
Vee- Vss -03Viwo+70V
Stresses above those listed may cause permancnt damage to the device. Exposure to the absolule mxinmm ratings nay affect device reliability.
DC PARAMETERS (ISD1 200/1400 SERIES - PACKAGED) :
Operating Conditions: Ty = 0°10 70° C, Ve =4.5 Vto 6.5 VM, Vg = 0 V ?); unless otherwise noted
Symbol I’aramctc N R Mih"_ Typ® | Max Ui\its - Conditions
ViL Input Low Voltage 0.8 v
Vin Input High Voltage 24 \Y o
VoL Output Low Voltage 0.4 v lo = 4.0mA
Vou Output High Voltage 24 v loy=-16mA
Icc Ve Current (Operaling) 15 30 mA Rexp =0 W) '
Isg Ve Current (Standby) 05 2 HA @e)
In Input Leakage Current +1 pA | WO '
Rexr Output Load Impedance 16 Q Speaker Load |
Rmic Preamp In Input Resistance 10 KQ | lins17,18
Ranaln Ana In Input Resistance 3 KQ
Apper Preamp Gain 1 24 ds | AGc=00V j
Aprpr Preamp Gain 2 -45 -15 dB AGC=25V
Aarp AnaInto SP+/- 22 dB |
Race AGC Output Resistance 5 KQ i
— Preamp Out Source -2 mA | @Vour=10V:
Iper = | Preamp InSink. 05 mA @Voyr=20V:
Noles:1. Vee = Veea = Veep- 4. Veea and Veep conncecled logether.
2. Vss=Vgsp=Vssp. 5. REC, PLAYL, and PLAYE must be Veep.
3. Typical values @ Ty = 25° Cand 5.0 V.
November, 1993
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PRELIMINARY DATA SHEET

AC PARAMETERS (ISD1200/1400 SERIES - PACKAGED) ; .
Operating Conditions: Ty =0° 10 70° C, Ve = 4.5 V10 6.5 V™, Vg = 0 V @; unless othenwvise noted

.

ISD1200/1400 SERIES

i

Tiem RECLED ON Delay 5 psec |
Tiem RECLED OFF Delay 48.6 msec :
T's ‘ Loop Setup Time 300 nsec .
Ty Loop Hold Time 0 nsec
Treup Record Power-Up Delay 32 msec !
Treop Record Power-Down Delay 32 msec -~
Trrup Play Power-Up Delay 32 msec .
Teron Pléy Power-Down Delay 8.1 msec
Pour Speaker Qutput Power 12.2 mW Rixr=16Q
Vour Voltage Across Speaker Pins 1.25 25 Vpp | Rexr=600Q
Vini MIC Input Voltage 20 mV | Peak-to-Peak ¥
Vinz ANAIN Input Vollage 50 mV Peak-to-Peak
AC PARAMETERS
. 45 ISD:"[1SD- [18D- | 1SD- | I8D- |- [ Ees e s
_v;;,Cl",;‘..--,,... nsh N B : 1208 | 1210 | 1212 1416 1420 _ 'Ullil§ Sy ',-‘vCOndi:'li('ms d
Fs Sampling Frequency (max) 8 6.4 53 8 64 | Kz Internal Oscillator
BW  |Bandwidth (max) 34 [ 27 | 23 | 34 | 27 |[KHMz 3 dB Roll-Off Point ®
Trpw |Record Pulse Width (max) 8 10 12 16 2() sec.
Tpray | Playback Duration (min) 8 10 12 16 20 sec.
Tiepe | RECLED OFF Delay 389 | 486 | 583 | 389 | 486 [msec © )}
Treup | Rec. Power-Up Delay 26 32 39 26 32 |msec ©
Trrop | Rec. Power-Down Delay 26 | 32 | 39 | 26 | 32 [msec © o
Tepyp | Play Power-Up Delay 26 32 39 26 32 [msec 6
Tprop | Play Power-Down Delay 65 | 81 | 97 | 65 | 81 |msec ©

Notes:1. Vee = Veea = Veep -

.V

55 = Vssa = Vssp

3. Typical values @ Ty = 25° C, 5.0 V, and 6.2 KHz sample rale.
4. With 12 KQ series resistor at ANA IN.

5. Low-frequency cut
6. Typical valucs @

off depends upon value of exicrnal capucilors (see Pin Descriptions).
Ta=25°Cand 5.0 V.

November, 1993 * -

Single-Chip Solutions That Speak For Themselves ™



ISD1200/1400 SERIES

PRELIMINARY DATA SHEET

TIMING DIAGRAMS (1SD1200/1400 SERIES - PACKAGED)

RECORD | g
~——Trew ‘ . Thew -
REC - ) P 'S J/ ‘
—| [ Tiens | [ Tieo2 ,
RECLED \ / N\ / |
Ts |« 1Ty Ts |+ >l—Ty > — '
4
A0-A7 3\. \N :

—*| |*—Tnruo —*| |*—Theoo
l
PLAYBACK ' : ;
i TpLAY > ;
PLAYL ‘\ // 4 V .

N/
T [Ty . T[T y— Ts [ ~—Tj
A0- A7 -% _\:!< _ % je__
spot vw\/rwwaw—ww W

. t
= |*—Tppup ~—TppoD ™ [*—Tepoo —=| [*—Tppup
1

7N\

Nole: REC must be HIGH for the entire duration of a playback cycle.

l | ? J
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1SD1200/1400 SERIES

~ PRELIMINARY DATA SHEET

PACKAGE DIAGRAMS '

< o
28-Lead Plastic Dual In-Line Package (DIP) Type P

mialinlisinsliclisicslaliaEalaNnle

°

O ' O ¢ A, |1.445]1450 [1.455 ] 36.7 [36.83]36.95
S B 150 3.89

OO OO O OO Cl | .600 625 [ 15.24 15.88

A c1 C2 | 530 | 540 | 550 |] 13.46 [13.72|13.97

1 1 = D | 125|130 [135¢]] 292 | 3.05 | 318

2:[ B — E | .a25] .30 [135.[] 318 343

' T F_| 015 .018 {.022 || 038 | 046 | 056

’ ‘] \l G | .055|.060 |{.065°|| 1.40 | 1.52 | 1.65
F Hl- -G oY TH 100 , 254

0 f oo |7 [15°5]] 00| 7 |15

28-Lead Plastic Small Qulline Package (SOIC) Type | '

ﬂ‘ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ. e

=

B

| = _

BOEEOTTTONTT D_| 004 | 007 | 010 || 102 | 178 | 254
A N , - —l’ 11:: 014 :g;g 020 || 360 14;2 480
olmmmfm _E"_ G [ 463 | 470 | 477 || 1176|1200 {1212
-l_s__"_ _iFL -l [—u H | .020].031].0a2 ] 510 790 | 1.07

cras e e ma
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ISD1200/1400 SERIES

PRELIMINARY DATA SHEET

ABSOLUTE MAXIMUM RATINGS (1SD1200X/1400X SERIES - UNPACKAGED DIE)

Slorage lgmperature range - 65°C o 150°C :

Voltage applied to any pin (Vgg-03 V) to (Ve + 03 V) —

Voltage applied to any pin (Vgs-1.0V) to (Ve +1.0V) '
(Input current limited to + 20 mA)

Vee-Vss -03Vio+70V :

Stresscs above those listed may cause permanent damage to the device, Exposire to the absolule maximum ralings may affect device réliability.

DC PARAMETERS (ISD1200X/1400X SERIES - UNPACKAGED DIE)
Opcratmg Conditions: Ty =0°10 50°C (ambxcnl), Vcc 45Vie 65V Vss 0V @; unless olhcrwxsc noled

Pa %ﬁzc ‘Min Max Umls ’§~Condxllons
. lnput Low Voltage 08 \Y
Input High Voltage 24 \Y
VoL .| OutputLow Voltage ' 0.4 v loL = 4.0 mA
Vou Output High Voltage 24 \4 Iop=-16mA |
Icc | Vec Current (Operating) 15 30 mA | Rpg=e® |
Isg Ve Current (Standby) 0.5 HA @6 :
I Input Leakage Current +1 pA He ,
Rexr Output Load Impedance 16 Q Speaker Load
Rumic Preamp In Input Resistance 10 KQ Pins17,18 |
Ranaln | Anmaln Input Resistance ' 3 KQ !
Arpey Preamp Gain 1 24 dB | AGC=00V
Ame | PreampGain2 _ -45 | --15 dB | AGC=25V
Aarr | AnalntoSP+/-- 22 dB R
Racc AGC Output Resistance 5 KQ I
_I;;:EH' Prcz':mp Out Source -2 mA @Vour=10V; )

Ipger - | Preamp InSink 05 mA | @Vour=20V’

Notes:1. VCC =Veea = Veco-
2. Vss=Vssa=Vssp '
3'1V'ypcalvalucs@7'4 =25°Cand 50 V.
. 4.Veca and Vg connected together.
5. REC, PLAYL, and PLAYE must be Vcep-

0 Single-Chip Solutions That Speak For Themscluves ™ " November, 1993



1SD1200/1400 SERIES
PRELIMINARY DATA SHEET ?

e

' AC PARAMETERS (ISD1200X/1400X SERIES - UNPACKAGED DIE) 1
Operating Conditions: Ty = 0° te 50° C (ambient), Vee=4.5 V0 6.5 V), Vg =0 V @ unless otherwise noted
.. | .

VISEEIRALY TR I
nifs gCo‘ndmonsg

A 20 mﬁf@{“ﬁm’g&w .‘%

gmg : vﬂfﬂ%«ﬁ»@&w S ey 0 AR f*t i > RIP N
THD Total Harmonic Distortion @1KHz

Tugm "RTECTET)'ON Delay ‘

Tepe | RECLED OFF Delay f

Ts - Loop Sclup Time 300 '

T Loop Hold Time 0 : nsec :

Treup Record Power-Up Delay 32 msec .

Trroo Record Power-Down Delay 32 msec '

Tprup Play Power-Up Delay 32 msec i

Tpppp Play Power-Down Delay 8.1 msec ;

Pour Speaker Output Power 122 mWwW Rexr=16Q

Vour Voltage Across Speaker Pins 1.25 25 Vpp | Rexr=600Q

Vinm MIC Input Voltage 20 mV | Peak-to-Peak ¥
Vlr:lz ANA IN Input Vollage S0 mV Peak-to-Peak

AC PARAMETERS

5. | dsD- || isDE |
12 |:13416 [ 71420 | “Units; - | Conditions.
8 6.4 KHz Internal Osdillator
Bandwidth (max) 34" | 27 | KHz | 3dBRoll-Off Point®

Trew | Record Pulse Width (max) 10 16 20 sec.

Tpray | Playback Duration (min) 10 16 20 sec.

Teepe | RECLED OFF Delay 486 | 583 | 389 | 486 | msec | @

Treup | Rec. Power-Up Delay 32 39 26 32 | msec | @ .

Trroo | Rec. Power-Down Delay 32 39 26 32 msec | @ .

Tepup | Play Power-Up Delay 32 39 26 32 msec | @

Tepop | Play Power-Down Delay 8.1 9.7 6.5 8.1 msec @

fesm = =

Noles:1. Vee = Veea = Veep -
2. Vss = Vssa = Vssp.
3. Typical values @ Ty = 25° C, 5.0 V, and 6.2 KHz sample rate.
4. With 12 KQ scrics resister at ANA IN.,
5. Low-frequency culoff depends upon value of external capacitors (see Pin Descriptions).
6. Typical values @ Ty=25° Cand 5.0 V.

R N S

1
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'ISD1200/1400 SERIES

PRELIMINARY DATA SHEET

ISD1200X DIE BONDING PHYSICAL LAYOUT

1SD1200X

I. Dio Dimensions
X: 172.2 41 mils
Y:138.2 1 mlls

Il. Dle Thickness
21 mlls

lil. Pad Opening(min)
88 x 112 microns
(3.46 x 4.41 mlls)

A2 A1 A0 Veco REC XCLK -
A3 L“. l ‘/‘/,EEI:’J;T:
M T PLAVE
AS\...-.. :
PLAYL
ISD1200X
A6 —-m HA OUT
AT
"ca'. ANA IN
AGC 7
Vsso

Vgsa SPe SP- Vcoa MC MIC REF

ISD1200X PIN/PAD DESIGNATIONS, WITH RESPECT TO DIE CENTER (11m)

e

:Bin iy | Pin'Nan ds:|-Y Axis | |Pin .| PinName ;- [
Al Address 0 1589.6 { | Veea Ve Analog Power Supply
Al Address 1 -16484 | 1589.6 | | MIC Miagophone Input 992 | -15%
A2 Address 2 -18164 | 1589.6 | | MICREEF | Miaophone Reference 11692 | -15%)
A3 Address 3 -2013.6 | 15156 | | AGC Automalic Gain Control 19784 | -1590
Ad Address 4 -2013.6 | 13376 | | ANAIN | Analog Input 2005.6 | -1196.4
A5 Address 5 -2013.6 | 11296 | | ANA OUT| Analog Output 1912 | -995.2
Ab Address 6 -20136 | -831.2 | | PLAYL Level-Activated Playback 20144 | 12244
A7 Address 7 -2013.6 | -1022 PLAYE [ Edge-Activated Playback 20144 | 13928
NC No Connect -2013.6 | -1361.6 | | RECLED | Record LED Output 20124 | 15876
Vssp | Vss Digital Power Supply | -1893.6 | -1588 XCLK No Connecl (optional) 15812 | 1589.6
Vssa | Vss Analog Power Supply| -357.6 | -1588 REC Record 7528 | 1589.6
SP+ Speaker Oulput + -172 | -15128 Veen Vce Digilal Power Supply ~8 15452
SP- Speaker Oulput - 4124 | -1512.8

Note:  Die dimensions and pinjpad positions may be subject ta change. Please cantuct

ISD Sales Offices or Representatives lo verify currenl or future specifications.
12 : . . Single-Chip Solutions That Speak For Themsclves ™ November, 1993
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PRELIMINARY DATA SHEET

1ISD1400X CURRENT DIE BONDING PHYSICAL LAYOUT

1SD1200/1400 SERIES

1SD1400X

. Dlo Dimenslons
X: 211 31 mlls
Y: 207 +1 mils

Il. Dle Thicknoss

21 miis

lil. Pad Opening (min)

109 mmlcrons
(4.3 mils)

]
Vsso

A2 At A0

Voco REC XCLK i

|

Ao.\l: - :».'.

NC—[® "

il
7/

Vssa SPe SP~ Vcea MIC MIC REF |

Ty T L
‘?&* — PLAYE

Single-Chip Solutions That Speak For Themselves ™

ISD1400X PIN/PAD DESIGNATIONS, WITH RESPECT TO DIE CENTER (jun)
Biny SPin Name 5 Axis. | Yxis | [iPin ¢ | PinName it XAist [ Vi
AD Address 0 -17125 | 24455 | | Veea Vce Analog Power Supply 9522
Al Address 1 -2068 24455 | | MIC Microphone Input 12175
A2 Address 2 -2278 24455 | | MICREF | Microphone Reference 1439
A3 Address3 -2509.5 | 2368 AGC Aulomalic Gain Control 24505
Ad Address 4 -S50S5 | 21455 | | ANAIN | Analog Input 2484.5
A5 | Address5 25095 | 18855 | | ANA OUT | Analog Oulput 24665
A6 Address 6 -25095 | -15255 [ | PTAYC | Level-Activated Playback | 24955
A7 Address 7 25095 | -1764 PLAYE Edge-Activated Playback 24955
NC No Connect -25095 | -21785 | | RECLED | Record LED Output . * 2493
Vssp | Vss Digital Power Supply | -2359.5 | -2456.5 | | XCLK No Connect (oplional) ¢ 1970
Vssa | VssAnalog Power Supply| -469.5 | -24565 | | REC Record 900
SP+ Speaker Output + -29 -23625 | | Veen Vec Digital Power Supply -525 | 2390
SP-- Speaker Output - 508 | -23625 ,
Note: Die dimensions and pinfpad positions may be subject o change. Please contuct
15D Sales Offices or Representatives lo verify current or future specifications. )
I
l
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1$D1200/1400 SERIES

PRELIMINARY DATA SHEET

ISD1400X FUTURE DIE BONDING PHYSICAL LAYOUT

A2 At A0 Veco REC XCLK
\ \ ' / / RECLED
ISD1400X FUTURE » Qr. VT o
I. Dio Dimensions AS —_]" et
X: 206.9 +1 mils N PV
¥:202.3 +1 mils
il. Dio Thickness
21 mils . .
AG ———re m4—ANA OUT
Ill. Pad Opening (min) AT—Ta - .
88 x 112 microns NC— ] \ANA IN
(3.6 x 4.4 mlls) 2L Ires )
. _— AGC T
Vsso
Vssa SPe SP- Vcea MIC MIC REF ‘s

'SD1400X FUTURE PIN/PAD DESIGNATIONS, WITH RESPECT TO DIE CENTER (Hm)

4 Y Axis | |:Pin . Pin Nanu. v i I B XAxxs YAJus
Address 0 -13325 | 19738 | | Vcea Vee Analoz, Power Supply 7795 | -19362
Address 1 -1628.9 | 19738 | | MIC Microphone Input 915 |-19738
Address 2 18089 | 19738 | | MICREF | Microphone Reference 11687 | -19738
Address 3 -2014.1 | 19102 | | AGC Aulomatic Gain Control 19779 | -19106
Address 4 ’ -2014.1 | 17226 | | ANAIN | Analog Input 2005.1 | -1580.2
Address 5 -20141 | 15198 | | ANA OUT | Analog Output 1990.7 | -1379
Address 6 20141 | -12146 | | PLAYL | Level-Aclivated Playback 20139 | 16086
Address 7 -2014.1 | -1399.8 PLAYE Edge-Activaled Playback 20139 | 1777
No Connect -2014.1 | -17454 RECLED | Record LED Output 20119 | 19718
Vss Digital Power Supply | -1894.1 | -1971.8 | | XCLK No Connect (optional) 15680.7 | 19738
Vgs Analog Power Supply | -358.1 | -1971.8 | [ REC Record 7523 | 19738
5P+ | Speaker Output + -17.7 | -1896.6 | | Vccp Vce Digilal Power Supply -85 | 19294
5P~ Speaker Ouiput - 4119 | -1896.6 ;
‘ole:  Die dimensions and pinfpad positions may be subject to change. Please contact
15D Sales Offices or Representalives to verify current or future specifications.
Single-Chip Solutions That Speak For Themscelves ™ November, 1993
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ISD1200/1400 SERIES
PRELIMINARY DATA SHEET
™ ORDERING INFORMATION ;
hen placing an o 200/1400 Series devices, please refer to the following part‘ndmbers:
i E,?ﬁrgg'g% Ebaa e w:gga R EE %3. Y
~ ISD1210P . 28-pin plastic dualin-line package (DIP)
ISD1210G 10 sec. 28-lead small-outline integrated circuit (SOIC)
ISD1210X 10 sec. Bare unpackaged die
ISD1212P 12 sec. 28-pin plastic dual in-line package (DIP)
ISD1212G 12 sec. 28-lead small-outline inlegrated circuit (SOIC)
ISD1212X 12 sec. Bare unpackaged die
ISD1416P 16 sec. 28-pin plastic dual in-line package (DIP) ,
1SD1416G 16 sec. 28-lead small-outline integrated circuit (SOIC) >
ISD1416X 16 sec. .| Bareunpackaged die
ISD1420P 20 sec. | 28-pin plastic dual in-line package (DIP)
ISD1420G 20 sec. ?[  28-lead small-oulline integrated circuit (SOIC)
ISD1420X 20 scc. | Bareunpackaged die

. .
L i
e, .
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