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ABSTRAK

“’Perencanaan dan Pembuatan Sistem Reminder Berbasis Mikrokontroller
AT89S51.

Deny Novianto, 03.52.015,

Tugas Akhir, Teknik Energi Listrik DIII, Institut Teknologi Nasional Malang,
Dosen Pembimbing : Ir. F. Yudi Limpraptono, MT.

Sudah menjadi sifat kita sebagai manusia yang sering pelupa schingga
berangkat dari permasalahan tersebut penulis mengambil judul untuk Tugas akhir
yaitu Perancangan dan Pembuatan Sistem Reminder Berbasis Mikrokontroller
AT89S51.Alat ini dibuat dengan memanfaatkan RTC DS1307 sebagai pewaktu
yang dikontrol oleh Mikrokontroler AT89S51 dan dilengkapi dengan LCD M1632
sebagai display dan menggunakan ISD 1420 untuk menghasilkan feedback suara.

Untuk menghasilkan output suara yang nantinya akan dijadikan sebagai
output sistem reminder maka penulis menggunakan IC perekam/pemutar suara
ISD 1420. Rangkaian antarmuka ISD1420 dengan mikrokontroler
AT89S51.Dalam system yang kita rancang ini RTC DS1307 difungsikan sebagai
pewaktu, yaitu peripheral yang menyediakan data detik, menitjam, hari, tanggal,
bulan dan tahun.

Data waktu ini nantinya akan diolah oleh mikrokontroller dan ditampilkan
pada LCD. Dikarenakan Sistem Reminder yang telah dibuat dilengkapi dengan
output suara menggunakan IC perekam suara ISD 1420, sehingga batas durasi
maksimum outputan suara yang dapat direkam pada sistem ini adalah 20 detik.

Kata Kunci : RTC DS1307, ISD 1420, MK AT89S51, LCD M1632
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BABI

PENDAHULUAN

1.1. Latar Belakang

Mikrokontroler sebagai suatu terobosan teknologi mikroposesor dan
mikrokomputer hadir memenuhi kebutuhan pasar (market need) dan teknologi
baru. Sebagai teknologi baru, yaitu teknologi semikonduktor dengan kandungan
transistor yang lebih banyak namun hanya membutuhkan ruang yang kecil serta
dapat digunakan sebagai pengendali utama dalam berbagai aplikasi-aplikasi
pengontrolan, sistem kendali, otomatisasi, dan lain sebagainya

Tingginya aktivitas dalam memenuhi kebutuhan ekonomi seringkali
membuat kita lupa pada kegiatan yang telah lama kita rencanakan jauh-jauh hari
sebelumnya sehingga membuat kita rugi atau terkadang dapat membuat orang lain
sakit hati karena janji kita yang tidak terpenuhi dikarenakan kita terlupa. Sudah
menjadi sifat kita sebagai manusia yang sering pelupa sehingga berangkat dari
permasalahan tersebut penulis mengambil judul untuk Tugas akhir yaitu
Perancangan dan Pembuatan Sistem Reminder Berbasis Mikrokontroler
AT89S51.

Alat ini dibuat dengan memanfaatkan RTC DS1307 sebagai pewaktu yang
dikontrol oleh Mikrokontroler AT89S51 dan dilengkapi dengan LCD M1632
sebagai display dan menggunakan ISD 1420 (Information Storage Device) untuk
menghasilkan feedback suara. Diharapkan alat ini dapat digunakan sebagai System
Reminder berdasarkan input seting User berdasarkan tahun, tanggal, jam, menit

dan detik yang diinginkan dengan output suara.

1



1.2. Rumusan Masalah

Dari uraian tersebut diatas maka timbul beberapa permasalahan

diantaranya adalah:

1.

2.

Bagaimana merancang rangkaian mikrokontroler AT89S51?
Bagaimana merancang rangkaian RTC DS1307?
Bagaimana merancang rangkaian ISD 1420?

Bagaimana menampilkan kerja alat pada LCD?

Bagaimana merancang rangkaian Power Supply?

1.3. TUJUAN

Perancangan dan Pembuatan Sistem Reminder Berbasis Mikrokontroler

AT89S51 untuk membantu kita dalam mengingat kegiatan yang telah kita

rencanakan jauh-jauh hari sebelumnya dengan output suara.

1.4. BATASAN MASALAH

Agar permasalahan tidak meluas maka penulis membatasi permasalahan

sebagai berikut:

1.

2.

Menggunakan Mikrokontroler AT89S51 sebagai pengendali utama..
Menggunakan RTC DS1307 sebagai pewaktu.

Menggunakan LCD sebagai display kerja alat.

Menggunakan buzzer sebai alarm

Menggunakan output suara..



1.5. Metodologi Penulisan

Metodologi yang dilakukan dalam penulisan tugas akhir Perancangan dan
Pembuatan Sistem Reminder Berbasis Mikrokontroler AT89S51 adalah sebagai
berikut:
1. Kajian pustaka, meliputi konsep dasar dan teori yang digunakan
2. Perancangan dan pembuatan aplikasi meliputi perancangan model, proses

pembuatan disertai diagram alirnya

3. Pengujian tentang aplikasi yang sedang dibuat

4. Membuat kesimpulan serta saran dari hasil pengujian aplikasi

1.6. SISTEMATIKA PENULISAN
Untuk mempermudah dan memperjelas pembahasan dari laporan tugas
akhir ini penulis menerapkan system penulisan seperti dibawah ini :
BABI : PENDAHULUAN
Berisi latar belakang permasalahan, rumusan masalah, tujuan
pembahasan, batasan masalah, metodologi penulisan dan sistematika
penulisan.
BABII : DASARTEORI
Membahas tentang teori dasar rangkaian yang digunakan,
mikrokontroler, hardware dan teori dasar alat-alat pendukung
lainnya.
BABIII : PERENCANAAN DAN PEMBUATAN ALAT
Perancangan dan Pembuatan Sisttm Reminder Berbasis

Mikrokontroler AT89S51.



BABIV : PENGUJIAN ALAT
Berisi tentang uji coba alat yang telah dibuat, pengoperasian dan
spesifikasi alat.

BABV : PENUTUP
Merupakan kesimpulan dari pembahasan pada bab-bab sebelumnya

dan kemungkinan pengembangan alat.
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BAB II

TEORI DASAR

Bab ini akan menguraikan tentang dasar-dasar teori dasar yang menunjang
dalam perancangan dan pembuatan alat. Uraian teori dalam bab ini meliputi teori
IC AT89S51, ISD 1420, LCD M1632 dan perangkat-perangkat pendukung
lainnya.

2.1. Mikrokontroler AT89S51

2.1.1. Teori umum.

PO.0...PO. P20..P02.7
I PORT 0 | I PORT 2 J
[ 3 ? f
3 A 4
RAM PORT 0 PORT 2
ADDRESS RAM LATCH LATCH FLAS ¢
3 3 F 3
PROGRAM
3 y 3 ADDRESS <
4 3 REGISTER
v
REGISTER ” AKUMULATO | STACK
ronvTes
h 4 A 4
| T™P2 I | T™P | | PC
INCREMENTE [T |
| INTERRUPT,SERIAL
ALU PORT
- - PROGRAM R
COUNTER | |
PSW
EN<
wa« TIMING mstrucTio | | $
e > DPTR
EA —¥ AND N 1
RST —¥
? A A A
PORT 0 PORT 0
osc LATCH LATCH
»
A 4 I
_“] PORT 1 PORT 3
= :l\
= P1O..PL. P3.0...P3.

Gambar 2.1. Diagram Blok AT89S51 [



AT89S51 merupakan sebuah mikrokontroller 8-bit CMOS, Low Power
dengan 4Kb flash Programmable and Erasable Read Only Memory (PEROM). IC
ini dibuat sesuai dengan standart industri konfigurasi pin dan intruction set dari

MCS-51.

e 4Kb Flash Memory.

e 128 Byte Internal RAM.

e 32]/O Lines.

e 2 Timer/Counter 16-Level.
e 1 Serial Port Full Duplex.
e On Chip Osilator.

AT89S51 mempunyai dua buah Power-Saving mode yang dapat diatur
melalui software, yaitu: IDE Mode yang akan menghentikan CPU sebagai RAM,
Timer/Counter, Serial Port dan Interrupsi system tetap berfungsi. Power Down
Mode yang akan menyimpan ini di RAM, tetapi menahan Oscilator untuk tidak

mengaktifkan chip yang lain sampai terjadi reset secara hardware.

2.1.2. Arsitektur AT89S51

Arsitektur Mikrokontroler AT89S51 adalah sebagai berikut:

CPU (Central Processing Unit) 8-bit dengan register A (Accumulator) dan B.
= 16-Bit Program Counter (PC) dan data pointer (DPTR).

= 8-Bit Program status word (PSW).

= 4-Bit Stack pointer (SP).

= 4 Kbyte internal EPROM

= 128 byte internal RAM.



e 4 bank register, masing-masing berisi 8 register.

e 16 Byte yang dapat dialamati pada bit level.

e 80 Byte general purpose memory data.

e 32 pin input-output tersusun atas PO-P3 masing-masing 8-bit.

e 2 Buah 16-bit timer counter.

e Receiver Register, yaitu : TCON, TMOP, SCON, IP, dan IE.

e 5 Buah sumber interupt (2 buah sumber interupt eksternal dan 3 buah sumber
interupt internal).

e Oscilator dan Clock internal.

2.1.3. Konfigurasi Pin pada Mikrokontroler AT89S51
Konfigurasi kaki-kaki mikrokontroler AT89S51 terdiri dari 40 pin, seperti

terlihat pada gambar 2.2 sebagai berikut.

AT89851 0
9
—=— RESET i
i P00 —
—= XTALI POl ——
= P02 ——
w, 36
13 2 Il 5
— xTALZ |3 EDAS =
) E: P05 o—
—— PLO " PO.6 5
—5 BM P07 ——
— | Pl.2 21
—("— P13 U e
6l PlL4 P2.1 B
—=1 P15 Bl ——
—~ BLé P23 [——
~—=— P17 Bz ———
i B2Sk—
T P3.0_RXD P26 [
—=— P3.1_TXD P27 |—
= P32INTO o
— P33_INTI EA/VPP ——
5 P3.4_TO ALE/PROG —7
Ty | Sl PSEN ——
7] PE¥R x
—— P37_RD GND ——

Gambar 2.2. Konfigurasi Pin-Pin AT89S51 14



Fungsi dari tiap-tiap pin adalah sebagai berikut:

1. VCC (Supply tegangan).

2. GND (Ground).

3. Port0
Merupakan port input-output dua arah dan dikonfigurasikan sebagai multiplex
dua bus alamat rendah (A0 — A7) dan data selama pengaksesan program
memory dan data memory internal.

4. Port1
Merupakan port input-output dua arah dengan internal pull-up.

5. Port2
Merupakan port input-output dua arah dengan internal pull-up. Mengeluarkan
address tinggi selama pengambilan (fetch) program memory internal dan
selama pengaksesan ke data memory port 2 mengeluarkan isi P2SFR (Special
Function Register) menerima addres tinggi dan beberapa sinyal kontrol
selama pemograman dan veritifikasi.

6. Port 3.
Merupakan port input-output dua arah dengan internal pull-up. Port 3 juga
memiliki fungsi khusus, yaitu:
= RXD (P3.0) :Port input serial.
= TXD (P3.1) :Portout-put serial.
= INTO (P3.2) : Interrup O external.
= INTI(P3.3) :Internal 1 external.
= TO (P3.4) : Input external timer 0.

= TXD (P3.1) :Port out-put serial.



10.

11.

= INTO (P3.2) : Interrupt O external.

= INTI(P3.3) :Interrupt 1 external.

» TO (P3.4) : Input external timer 0.

= TI1(P3.5) : Input external timer 1.

= WR(P3.6) : Strobe tulis data memory external.
= RD (P3.7) : Strobe baca data memory external.

RST

Input reset.

ALE\PROG

Pulsa output ALE diguhakan untuk proses “latching” byte addres rendah
(A0 - A7) selama pengaksesan ke external memory. Pin ini juga untuk
memasukkan pulsa program selama pemrograman.

Pada operasi normal ALE mengeluarkan rate konstant yaitu 16 frekuensi
osilasi dan boleh digunakan untuk timing external.

PSEN

Merupakan strobe baca ke program memory external.

EA\VPP

External addres enable EA digroundkan jika mengakses memory external.
Untuk mengakses memory internal maka dihubungkan ke VCC.

XTAL 1 dan XTAL 2.

Kaki ini dihubungkan dengan kristal bila menggunakan osilator internal.
XTAL 1 merupakan input inverting osilator amplifier sedangkan XTAL 2

merupakan out-put inverting osilator amplifier.



2.1.4. Karakteristik Oscillator Inverting

X-TAL 1 dan X-TAL 2 secara berurutan merupakan input dan output dari
sebuah inverting amplifier yang dapat dikonfigurasikan penggunaannya sebagai
on chip oscillator seperti yang ditunjukkan pada gambar 2-3a. X-TAL 1 dan
X-TAL 2 ini dapat menggunakan sebuah kristal quartz maupun resonator keramik.

Untuk memberikan AT89S51 dari sumber clock external. Maka pin
X-TAL 2 dibiarkan tidak berhubungan dan X-TAL 1 dihubungkan dengan sumber
clock external seperti pada gambar 2-3b. Rangkaian ini tidak melakukan duty
cycle dari setiap sinyal clock internal, karena input bagi masukan rangkaian clock
internal dihubungkan ke flip-flop pembagi dua, tetapi spesifikasi nilai tegangan

pada saat tinggi dan rendah, maksimum dan minimumnya harus diberikan.

_I_ XoTAL? NC I XoTAL 2
—]
.-_.’| T NTAL 1 SINYAL X-TAL I
I OSILATOR
1

EKSTERNAL

GND GND

(a)  Oscillaror Conmector (b)y  Exrernal Clock Drive Configuration

Gambar 2.3. Karakteristik Oscilator [*!
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2.1.5. Organisasi Memory

Didalam AT89S51 memiliki ruangan alamat telah dibedakan untuk
program memory dan data memory. Pemisahan memori program dan data tersebut
membolehkan memori data diakses dengan alamat 8-bit, sehingga dapat dengan
cepat dan mudah disimpan dan dimanipulasi oleh CPU 8-bit. Namun demikian,

alamat memori data 16-bit bisa juga dihasilkan melalui register DPTR.

2.1.5.1. Program Memory Internal

AT89S51 memiliki program memory internal sebesar 4Kbyte dengan
ruang alamat 0000H-OFFFH. Jika alamat-alamat program lebih tinggi daripada
OFFFH, yang melebihi kapasitas ROM\Fash memory internal menyebabkan
AT89S51 secara otomatis mengambil Code Byte dari program memory external.
Code Byte juga dapat diambil hanya dari external memory dengan alamat 0000H-

FFFFH dengan cara menghubungkan Pin EA ke Ground.

2.1.5.2. Data Memory (RAM) Internal
Ruang alamat bawah memory data (RAM) internal dengan kapasitas 128
byte yaitu 00H-7FH yang terbagi atas 3 daerah, yaitu :
= 4 Bank Register
Setiap bank terdiri dari 8 register (RO-R7). Sehingga jumlah register untuk
keempat bank register (bank 0 - bank 3) menjadi 32 buah register yang
menempati ruang alamat 00H-1FH. Mengaktifkan salah satu bank register
dapat dilakukan dengan mengatur RSO-RSI pada PSW (Program Status

Word).
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Bit Addressable.

Terdiri dari 16 byte yang berada pada alamat 20H-2FH. Masing-masing 128

bit lokasi ini dapat di alamatkan secara langsung.

General Purpose.

Terdiri dari 80 byte yang menempati alamat 30H-7FH. yang dapat dialamati

secara langsung dan dapat digunakan untuk keperluan umum (General

Purpose RAM). Misalkan digunakan untuk lokasi stack.

1FH

Bank 3

RORT
18H 2 B
17H . a7

Bank 2 e

RO-R7 i
10H o

29 |

OFH 5

Bank 1 :L;' :

RO-R7 56
08H el
07H =t

Bank 0 o

RO-R7 o4
00H 5

Working Register

Bit Addressable

7F

30

General Burpose

Gambar 2.4. Organisasi RAM Internal 4

Tabel 2-1. Pengaturan RS0-RS1 Untuk Select Register Bank 5]

Lgelect Register Bank i

| RS1 [ B
| 0 I 0 ~ T Banko
| 0 |




2.1.5.3. SFR (Special Function Register).

Untuk mengoperasikan AT89S51 yang tidak menggunakan alamat
internal RAM (00-7FH) dilakukan oleh SFR yang beraddres 80H-FFH, tetapi
tidak semua address tersebut digunakan sebagai SFR. Fungsi-fungsi SFR

dijelaskan oleh tabel 2 - 2 sebagai berikut.

Tabel 2-2. 128 Byte Special Function Register !

s
B REGISTER
STACK POINTER
DATA POINTER 2 BYTE ]
Low b TE
HIGH BYTE
PORT U
PORT 1 90H
PORT 2
FORT:
INTERUPT PERIORITY CONTROL

INTERUPT ENABLE CONTROL 0ABH
TMOD TIMER / COUNTER MODE CONTROL 89H
TCON TIMER/COUNTER CONTROL 88H

TIMER/COUNTER 0 HIGH CONTROL |
TIMER/COUNTER 0 LOW CONTROL
TIMER/COUNTER | HIGH CONTROL

SYMBOL

<
T
<
aw

PSW

SP

DPTR
DPL
DPH

Pl
P2
P3

]

T

E

Al

TIMER/COUNTER 1 LOW CONTROL
SCON SERIAL CONTROL
SBUF SERIAL DATA BUFFER

PCON POWER CONTROL



2.2. RTC DS1307

DS1307 adalah IC serial Real Time Clock (RTC) dimana alamat dan data
ditransmisikan secara serial melalui sebuah jalur data dua arah I2C. Karena
menggunakan jalur data [2C maka hanya memerlukan dua buah pin saja untuk
komunikasi. Yaitu pin untuk data dan pin untuk sinyal clock. Sistem jalur data
I2C adalah suatu standar protokol sistem komunikasi data serial yang
dikembangkan oleh Philips dan cukup populer dikarenakan penggunaannya cukup
mudah.

Pada dasarnya, pada sistem I12C terbagi atas dua bagian, yaitu suatu device
yang bertindak sebagai pengontrol atau Master dan suatu device yang dikontrol
atau Slave. Master dan Slave saling berkomunikasi melalui jalur data bus 12C.
Alat yang mengendalikan komunikasi data disebut Master dan alat yang
dikendalikan oleh Master dikenal sebagai Slave. Dimana pada perancangan ini,
penulis menggunakan mikrokontroler AT89S51 sebagai Master.

Pada satu jalur data I2C yang sama dapat terdapat slave lebih dari satu
oleh karena itu I2CBus harus dikendalikan oleh sebuah Master yang dapat
membangkitkan serial clock (SCL), mengontrol sistem komunikasi data (SDA),
dan juga dapat menghasilkan kondisi-kondisi “START” dan “STOP”. Pada hal ini
DS1307 beroperasi seb;Igai slave pada 12C bus. Contoh bagaimana data ditransfer
pada jalur data I2C adalah seperti pada gambar 2.5. Pada jalur data bus I2C hanya
terdapat 2 buah jalur yang digunakan yaitu Clock (SCL) dan Data (SDA).
Terdapat beberapa macam jenis kondisi pada jalur data I12C, jenis kondisi tersebut

adalah:
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. Bus not busy: Jalur data (SDA) dan clock (SCL) berlogika high
. Start data transfer: Suatu perubahan kondisi pada jalur data, dari logika high
ke logika low, ketika jalur data sedang berlogika high, menandakan kondisi
START.
. Stop data transfer: Suatu perubahan kondisi pada jalur data, dari logika /ow
ke logika high, ketika jalur data sedang berlogika high, menandakan kondisi
STOP
. Data valid: Suatu kondisi ketika jalur data menandakan data valid, yaitu
ketika setelah kondisi START, jalur data tetap stabil selama periode high
sinyal clock. Data pada jalur data harus berubah selama periode low dari
sinyal clock. Terdapat satu pulsa clock untuk setiap bit data. Setiap proses
pengiriman data dimulai dengan kondisi START dan diakhiri dengan kondisi
STOP. Banyaknya jumlah byfte data yang ditransfer diantara kondisi START
dan STOP tersebut tidak terbatas, dan diatur oleh Master.
. Acknowledge: Setiap device yang dituju telah menerima data dengan benar
akan membangkit kan kondisi Acknowledge setiap menerima byte data. Device
yang membangkitkan Acknowledge harus membangkitkan logika Jow pada
jalur SDA selama sebuah pulsa clock. Untuk mengakhiri suatu proses
pengiriman data Master harus memberikan suatu tanda dengan tidak memberi
kan tanda acknowledge melainkan memberikan tanda STOP pada slave.

Pada sistem jalur data I2C, terdapat dua tipe arah proses pengiriman data
yaitu:
. Data transfer dari master menuju slave. Byte pertama yang dikirimkan oleh

master menuju slave adalah alamat slave. Lalu selanjutnya adalah byre-byte
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data. Slave membalas dengan bit acknowledge setiap berhasil menerima 1 byte
data.

. Data transfer dari slave menuju master. Byte pertama (alamat slave)
dikirimkan oleh master. Kemudian slave yang mempunyai alamat yang dituju
oleh master membalas dengan bit acknowledge. Lalu diikuti dengan proses
pengiriman byte-byte data dari slave menuju master. Master membalas dengan
mengirimkan bit acknowledge setiap berhasil menerima 1 Byfe. Untuk
mengakhiri proses pengiriman data master membalas dengan mengirimkan bit
“not acknowledge” kepada slave.

Pada aplikasi ini DS1307 bekerja dengan dua mode, yaitu:

. Mode Slave Penerima (Master Menulis Pada Slave): Data serial dan clock
diterima melalui SDA dan SCL. Setiap menerima byte data DS1307 akan
merespon dengan membangkitkan bit acknowledge. Untuk mengawali proses
pengiriman data dari master menuju slave diawali dengan kondisi START
dan diakhiri dengan kondisi STOP. Setiap slave akan membaca alamat yang
dituju oleh master dan memeriksa apakah alamat tersebut sama dengan alamat
Slave tersebut. Byte alamat slave adalah Byfe pertama yang diterima slave
setelah master membangkitkan kondisi START. Byte alamat terdiri dari 7 bit
data, untuk DS1307 Byre alamat tersebut adalah 1101000b, dan diikuti oleh bit
arah (R/W), yang mana untuk penulisan data ke slave adalah 0. Setelah
menerima dan menganalisa Byfe alamat, DS1307 membangkitkan tanda
acknowledge pada jalur SDA. Kemudian master akan mengirimkan sebuah
data word alamat pada DS1307 untuk mengeset regiter pointer pada DS1307.

Setelah itu Master dapat mengakhiri proses pengiriman data ataupun
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melanjutkannya dengan mengirimkan Byte data pada DS1307. Register
pointer akan bertambah nilainya secara otomatis setiap terjadi proses
penulisan data. Untuk mengakhiri proses pengiriman data master
membangkitkan kondisi STOP.

2. Mode Slave Pengirim (Master Membaca Dari Slave): Byre pertama
diterima dan diolah oleh slave seperti pada mode penerima, tetapi bit arah
bernilai 1. DS1307 mengirimkan data serial pada SDA ketika menerima sinyal
clock pada SCL. Untuk memulai prose pengiriman data diawali dengan kondis
START dan diakhiri dengan kondisi STOP. Byte yang berisi data alamat
diterima setelah master membangkitkan kondisi START. Byte alamat DS1307
terdiri dari 7-bit alamat dan 1 bit arah. 7-bit alamat tersebut adalah 1101000
dan bit arah tersebut (R/W) adalah 0 untuk read. Setelah menerima dan
mengolah data alamat, DS1307 akan membalas dengan membangkitkan bit
acknowledge pada pin SDA. Kemudian DS1307 mulai mengirimkan data
dimulai dari data yang terdapat pada alamat yang ditunjuk oleh register
pointer. Nilai register pointer secara otomatis akan bertambah setiap terjadi
proses pembacaan 1 Byfe data. Untuk mengakhiri proses pengiriman data
maka master harus mengirimkan tadan “not acknowledge” kepada slave.

Untuk dapat mengambil nilai waktu dan tanggal maka master harus
melakukan proses pembacaan data (Read) pada slave (DS1307), dengan alamat
register sesuai dengan tabel 2-2. Setiap nilai-nilai waktu atau tanggal disimpan
pada register yang mempunyai alamat yang berbeda-beda, misalnya untuk register

detik yang menyimpan nilai detik, menempati alamat register GOh.
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Gambar 2.5. Proses Transfer Data pada 12C [12)

é

<Slawe Address> <Word Address (n)> <Data(n) <Cata (n+1)> <Daa (n+X)>
[ s | 1101000 | o [a]xcocoox [a] xooooose | a] xoooosx |l xeeooox | Al P

)
£
S —START DATATRANSFERRED
A — ACKNOW LEDGE (X+1 BYTES + ACKNOWLEDGE)

P —STOP
R/W— READAWRITE OR DIRECTION BIT ADDRESS = DOH

Gambar 2.6. Format Data ['?!

g

<Slave Address> ¥ <Data (n)> <Data (1) <Data (n+2)> <Data (XY
['sT 1101000 [ 1 | a] xecocooe [a] xooooox | a] oo [ a] soocooood [2] P
)
{4
DATATRANSFERRED
S — START 0(+1 BYTES + ACKNOWLEDGE); NOTE: LAST DATA BYTE IS

A — AC KNOW LED GE FOLLOWED BY ANOT ACKNCWLEDGE(A) SIGNAL)

P —STOP
A — NOT ACKNOW LEDGE
R/W — READA¥RITE OR DIRECTION BIT ADDRESS = D 1H

Gambar 2.7. Format Data ['?
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Tabel 2-2. Setting DS1307 [

Gambar 2.8. RTC DS1307 "%

Konfigurasi Pin DS1307:

Vee, + 5 Volt

X1 dan X2, merupakan jalur untuk koneksi ke kristal 32,768 kHz.

B+(Vgar), Input untuk baterai hack-up tegangan sebesar 3Volt.

SQW/OUT, Square Wave/Output Driver
SCL, Serial Clock
SDA, Serial Data

GND, Ground
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2.3. Speak Call ISD 1420 ( IC Data Perekam Suara)

Pada perancangan alat ini selain menggunakan tampilan LCD kita juga
menggunakan tampilan berupa suara yang telah kita rekam sebagai output sistem
reminder. IC perekam suara yang kita gunakan adalah tipe ISD1420 (Information
Storage Device) komponen rekaman/putar ulang suara berdurasi 20 detik dalam

chip tunggal.

2.3.1 Gambaran umum ISD 1420

Komponen untuk menyimpan informasi ISD 1420, memberikan solusi
rekaman atau putar ulang dalam chip tunggal untuk durasi penyimpanan 20 detik.
Di dalam komponen CMOS-nya dilengkapi dengan chip osilator, pre-amplifier,
microphone, kontrol gain otomatis, filter penghalus, dan amplifier speaker. Pada
IC ini kompatibel penuh dengan mikrokontroler sehingga pesan-pesan alamatnya
yang kompleks bisa dicapai. Perekaman disimpan dalam sel memori non-folatif
sehingga menghasilkan penyimpanan pesan tanpa daya (Zero Power). Sinyal
suara dan audio disimpan secara langsung dalam bentuk analog seperti aslinya di
dalam memori. Komponen ini juga mempunyai penyetabil suhu sendiri dengan
menggunakan osilator basis waktu. Komponen IC ISD 1420 beroperasi pada catu
daya bila konsumsi daya minimum setelah mencapai tahap kritis. Komponen ini
juga dapat dihubungkan dengan rangkaian antar muka dengan pengalamatan
pesan pada alamat A0-A7 dan kontrol pesan untuk mode pengalamatan data

rekam dan putar ulang..
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ISD1420
=
1] (28] Vecd
[2] 27] REC
3] [26] XCLK
(4] 75| RECLED
5] 74] PLAYE
[6] 23] PLAYL
NC [7] 22] NC
NC [8] 21] ANAOUT
[9] [20] ANAIN
[10] [19] AGC
NC [11] 18] MIC REF
Gndd [12] [17] MIC
Gnda [13] [16] Vecca
SP+ [14] [15] SP-

Gambar 2.9. ISD 1420 !

Gambaran mengenai fungsi masing-masing pin pada IC ISD 1420 sebagai

berikut :

e Record (ﬁ)
Input REC memepunyai signal rekaman aktif rendah (LOW). Pin ini akan
merekam pada saat REC aktif LOW selama durasi perekaman REC. harus
didahulukan dari pada sinyal playback (baik PLAYE dan PLAYL). Jika REC
ditarik LOW selama putaran palyback (tidak LOW), play back segera berhenti
dan perekaman mulai. Putaran rekaman selesai daat REC ditarik HIGH.
Penanda berakhirnyta pesan direkam di dalam, memungkinkan putaran
playback berikutnya untuk mengakhiri dengan tepat. Secara otomatis power

down menjadi mode standby.



e Playback Edge Activated (m)
Ketika transmisi ke LOW terdeteksi pada signal ini, mulailah putaran
playback. Playback berlangsung secara terus menerus sampai penunda akhir
pesan bertemu atau jarak akhir memori dicapai. Saat selesainya putaran
playback, secara otomatis power down menjadi mode standby. Pengambilan
PLAYE yang HIGH selama putaran playback tidak akan menghentikan

putaran arus.

o Playback Level Activated (m)

Pada saat sinyal input bertransisi dari HIGH ke LOW inilah putaran playback

berawal. Playback berlangsung terus sampai PLAYL ditarik HIGH,

terdeteksinya penanda berakhirnya pesan atau jarak atau ruang dicapai secara
otomatis power down menjadi mode standby tanda terselesainya putaran
playback.

v Catatan : dalam playback, baik PLAYL atau PLAYE jika dipertahankan
LOW selama EOM atau OVERFLOW. Alat akan tetap dalam keadaan
stadby dan oscilator internal dan penghasil waktu akan berhenti.
Bagaimanapun naiknya PLAYL dan PLAYE secara perlahan tidak lagi
didebounce dan secara perlahan lahan yang ada pada pin input akan
mengawali playback lainnya.

¢ Record LED Output (RECLED)

Keluaran RECLED LOW selama putaran rekaman, bisa digunakan untuk

membuat LED menhasilkan saklar arus bolak-balik, selama putaran rekaman

dalam proses. Untuk catatan, RECLED kemudian berubah LOW saat penanda

akhir pesan bertemu dalam putaran playback.
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Microphone inpeet (MIC)

Microphone eksternal dikopling AC ke pin ini menggunakan kapasitor seri .
harga input kapasitor seri dapat dipilih bersama dengan tahanan dalam sebesar
10 K ohm, menentukan besar frekuensi cut-off rendah untuk band frekuensi
input IC ISD 1420.

Microphone Referensi Input (MICREF)

Dengan menggunakan pin ini ke Vssa (ground analog) lewat sebuah kapasitor
seri noise dapat dicegah pada pre-amplifier. Harga kapasitor sama dengan
kapasitor kopling yang digunakan pendekatan ini akan mengurangi noise
sebesar 10dB.

Output Analog (ANA OUT)

Pin ini menyediakan output pre-amplifier. Gain pre-amplifier ini ditentukan
oleh tingkat tegangan pada pin AGC. ANA OUT inin memiliki gain
maksimum sekitar 24 dB untuk tingkat sinyal yang kecil.

Input Analaog (ANA IN)

Pin input analog memindahkan sinyalnya ke chip untuk direkam. Untuk inpiut
microphone, pin ANA OUT dihubungkan lewat kapasitor eksternal pada pin
ANA IN. Harga kapsitor ini bersama-sama dengan impedansi input 3 KOhm
dan ANA IN, dapat dipilh untuk memberikan cut off tambahan pada frekuensi
rendah dari band frekuensi suara.

Automatic Gain Control (AGC)

AGC secara dinamis mengatur gain pre-amplifier untuk meghasilkan
jangkauan yang lebar pada tingkat michrophone. AGC dapat merubah suara

yang lemah menjadi lebih kuat untuk dapat direkam untuk distorsi minimal.
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Waktu pengaktifan ditentukan oleh konstanta waktu tahanan dalam sebesar 5
KOhm dan kapasitorluar (C2) yang dihubungkan dari pin AGC ke ground

analaog Vssa. Harga nominal 470 KOhm dan 4,7 pF untuk memberikan hasil

yang ideal. Untuk tegangan AGC 15 V dan dibawahnya. Pre-Amplifier akan
berkurang apabila tegangannya sekitar 1,8 V.

Output Speaker (SP+/SP-)

Pin SP+ dan SP- memeberikan saluran pergerakan langsung ke loudspeaker
dengan impedansi serendah 16 ohm. Akan tetapi satu output tunggal dapat
digunakan untuk memberikan peningkatan daya empat kali lipat
dinbandingkan dengan satu output saja. Untuk satu output saja diperlukan
penghubng kapasitor kopling AC antara pin SP dan speaker. Bila hubungan
kaki kai SP+ dan SP- digunakan kapasitor, maka kopling tidak diperlukan.
Output speaker ditahan pada Vssa selama perekaman dan pemadaman daya.
Operasional Eksternal Clock (XCLK)

Signal ini diikat ke dasar dalam rangkaian aplikasi, jika pemilihan ketelitian
waktu yang lebih besar diinginkan (jam internal memiliki kurang lebih 25%
toleransi terhadap temperatur dan jaringan voltase). Jika XCLK tidak
digunakan input ini harus dihubungkan ke ground.

Input Tegangan (Vcca dan Veep )

Untuk meminimalkan noise, rangkaian analog dan digital dalam ISD 1420
menggunakan bus bus data terpisah. Bus-bus +5V dialirkan pada kaki-kaki

yang terpisah dan hendaknya dibuat sedekat mungkin dengan suplainya.
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e Input-Input ground (Vssa dan Vssp)
Komponen ISD 1420 ini menggunakan bus-bus ground analog dan digital
yang terpisah.

e Input-Input Alamat (A9 —-A7)
Dalam IC ISD 1420 input-input / mode memeberikan fungsi alamat pesan .
untuk menentukan lokasi memeori dari IC ISD 1420 cukup dengan
menambahkan dipswitch yang berisi 8 pin yang dihubungkan dengan kaki-
kaki addres A¢-A;. Sehingga dengan cara seperti ini maka ada sebanyak 28 =

256 alamat yang berbeda.

2.4. Tombol Akses (Push-button)

Tombol atau saklar digunakan sebagai tombol Kontrol masukan untuk
mikrokontroller. Tombol atau saklar berfungsi sebagai penghantar aliran arus
pada suatu rangkaian. Jika kondisi saklar atau tombol terbuka (ﬁdak ditekan),
maka akan berlogika 1, sebaliknya apabila tombol ditekan maka akan berlogika 0

dikarenakan rangkaian akan terhubung dengan ground.

Gambar 2.10. Peraga Tombol / saklar ")

25



2.5. Dioda

Semua dioda prinsip kerjanya adalah sebagai penyearah. Tetapi karena
proses pembuatan, bahan dan penerapannya yang berbeda-beda, maka namanya
pun bebeda-beda serta memiliki karakteristik yang berbeda pula. Macam-macam
dioda antara lain: Dioda Penyearah, Dioda Zener, Dioda Tunnel, Dioda Varaktor

dan Dioda Photo.

2.4.1. Dioda Penyearah

Kebanyakan dioda penyearah dibuat dari bahan silicon, mengingat
kemampuan dan keandalannya yang tinggi. Mampu dilewati arus yang besar dan
dapat bekerja pada suhu yang tinggi. Keuntungan ini dimungkinkan karena
elektron tersebut baru bias terlepas dari intinya oleh kekuatan atau energi yang
sangat besar. Penyearah disini berarti merubah arus bolak-balik (AC) menjadi arus

searah (DC) yang berfrekuensi rendah. Gambar simbol dioda seperti dibawah ini:

N

Gambar 2.11. Simbol Dioda !



2.5. Kapasitor

Kapasitor adalah komponen elektronika yang terdiri dari plat konduktor
yang satu disekat terhadap yang lainnya dengan isolator (dielektrik) dan berfungsi
sebagai pelawan untuk arus bolak-balik, filter, tuning, kopel antar rangkaian,
pembangkit gelombang sinus dan konduktor khusus. Untuk menentukan
banyaknya muatan listrik yang dapat disimpan oleh kapasitor, dapat dirumuskan

sebagai berikut:

Q = Banyaknya muatan dalam Coulomb
C = Kapasitor dalam farad

V = Tegangan yang ada diantara keping keping dalam Volt

Gambar 2.12. Simbol Kapasitor |’
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Sebuah kapasitor dikatakan mempunyai kapasitas satu farad apabila
muatan sebesar satu couloumb membuat tegangan naik sebesar satu volt, apabila
farad ternyata terlampau besar sehingga digunakan mikrofarad dan satuan lainnya
yaitu nano farad dan pikofarad. Kapasitor yang berfungsi sebagai penyimpan
tenaga listrik dalam praktek dapat digunakan untuk pewaktu, untuk pewaktu
kapasitor dengan resistor yang disebut sebagai rangkaian sebagai rangkaian RC.

Rumus pada rangkaian RC sebagai berikut:

Dimana:

R = Tahanan dalam kapasitor
C =Kapasitor dalam farad
RC = Konstanta waktu dalam detik
Dalam Kkapasitor terdapat reaktansi kapasitor, jika kapasitor tersebut
diterapkan pada arus bolak balik sinus, tegangan akan tertinggal sejauh 90°.

Untuk menentukan besarnya nilai reaktansi adalah:

Dimana:

Xc = Reaktansi kapasitor
F =Frekuensi dalam ohm
C =Xkapasitas dalam farad

Untuk mencari kapasitansi dari kapasitor dalam rangkaian dapat dicari

dengan rumus:
1 1
F=—= = 2 PO 2-4)
2T1 14ACR
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Dimana:

F = frekuensi dengan satuan Hz
T = Amplitudo
C = besar kapasitor dengan satuan farad

R = besar hambatan dengan satuan Q

2.5.1. Cara Kerja Kapasitor

Terjadinya perubahan tegangan pada kapasitor menyebabkan perubahan
arus listrik, sedangkan perubahan tersebut berbanding lurus dengan perubahan
tegangan, energi akan timbul kembali pada saat tegangan berkurang menjadi nol.
Pada saat saklar (S) posisi ON, arus dari tegangan V2 mengalir ke dalam kapasitor
dan beberapa saat kapasitor dapat terisi penuh. Dalam kondisi ini berarti Vs = V¢

dan [ = 0.

|
Y
/

Gambar 2.13. Rangkaian Pengisian Kapasitor !’
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Gambar 2.14. Grafik Tegangan dan Arus Pengisian Kapasitor 71

Berdasarkan grafik diatas, dapat kita ketahui bahwa setelah terjadi
pengisian kapasitor secara penuh dan kapasitor akan membuang melalui R, maka
C tidak seketika menjadi netral dan dalam menetralkan muatan tersebut

diperlukan waktu tertentu.

2.6. Resistor

Pada dasarnya semua bahan memiliki sifat resistif namun beberapa bahan
seperti tembaga, perak, emas dan bahan metal umumnya memiliki resistansi yang
sangat kecil. Bahan-bahan tersebut menghantar arus listrik dengan baik, sehingga
dinamakan konduktor. Kebalikan dari bahan yang konduktif, bahan material
seperti karet, gelas, karbon memiliki resistansi yang lebih besar menahan aliran

elektron dan disebut sebagai insulator.



Tabel 2-3. Tabel Gelang Warna Resistor 7l

|
Nilai

e J 0 JC___
M Coldat ] %
[(Meran J|[ 2[00 J[2% ]
|

Kuning ||| 4 J{f 10.000 |
| I s __|1 00.000 |
Bie |6 J|[__10° ]
violet |7 J|[ 0 |
Abwabu T8 JT_10° |
Putih_J||[ 9 J_||—_|__1___"|09—|
Emas Il - o1 |

Perak |i- —J

| o001 |
Tanpa
warna |l )

Resistor adalah komponen dasar elektronika yang digunakan untuk

l( Faktor

Pengali Toleransi

Warna

A
(o=
I
L1

|

T
LE.
=

L

ilF

|

|
)]
=S

CD|
c\
_—;

0

membatasi jumlah arus yang mengalir dalam satu rangkaian. Sesuai dengan
namanya resistor bersifat resistif dan umumnya terbuat dari bahan karbon. Dari
hukum Ohm diketahui, resistansi berbanding terbalik dengan jumlah arus yang
mengalir melaluinya. Satuan resistansi dari suatu resistor disebut Ohm atau

dilambangkan dengan simbol € (Omega).
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Tipe resistor yang umum adalah berbentuk tabung dengan dua kaki
tembaga di Kiri dan kanan. Pada badannya terdapat lingkaran membentuk gelang
kode warna untuk memudahkan pemakai mengenali besar resistansi tanpa
mengukur besarnya dengan Ohm meter. Kode warna tersebut adalah standar
manufaktur yang dikeluarkan oleh EIA (Electronic Industries Association) seperti
yang ditunjukkan pada tabel 2-3.

Resistansi dibaca dari warna gelang yang paling depan ke arah gelang
toleransi berwarna coklat, merah, emas atau perak. Biasanya warna gelang
toleransi ini berada pada badan resistor yang paling pojok atau juga dengan lebar
yang lebih menonjol, sedangkan warna gelang yang pertama agak sedikit ke
dalam. Dengan demikian pemakai sudah langsung mengetahui berapa toleransi
dari resistor tersebut. Kalau kita telah bisa menentukan mana gelang yang pertama
selanjutnya adalah membaca nilai resistansinya.

Jumlah gelang yang melingkar pada resistor umumnya sesuai dengan
besar toleransinya. Biasanya resistor dengan toleransi 5%, 10% atau 20%
memiliki 3 gelang (tidak termasuk gelang toleransi). Tetapi resistor dengan
toleransi 1% atau 2% (toleransi ke::il) memiliki 4 gelang (tidak termasuk gelang
toleransi). Gelang pertama dan seterusnya berturut-turut menunjukkan besar nilai
satuan, dan gelang terakhir adalah faktor pengalinya.

Misalnya resistor dengan gelang kuning, violet, merah dan emas. Gelang
berwarna emas adalah gelang toleransi. Dengan demikian urutan warna gelang
resitor ini adalah, gelang pertama berwarna kuning, gelang kedua berwana violet
dan gelang ke tiga berwarna merah. Gelang ke empat tentu saja yang berwarna

emas dan ini adalah gelang toleransi. Dari tabel 2-3 diketahui jika gelang
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toleransi berwarna emas, berarti resitor ini memiliki toleransi 5%. Nilai
resistansisnya dihitung sesuai dengan urutan warnanya. Pertama yang dilakukan
adalah menentukan nilai satuan dari resistor ini. Karena resitor ini resistor 5%
(yang biasanya memiliki tiga gelang selain gelang toleransi), maka nilai satuannya
ditentukan oleh gelang pertama dan gelang kedua.

Masih dari tabel 2-3 diketahui gelang kuning nilainya = 4 dan gelang
violet nilainya = 7. Jadi gelang pertama dan kedua atau kuning dan violet
berurutan, nilai satuannya adalah 47. Gelang ketiga adalah faktor pengali, dan jika
warna gelangnya merah berarti faktor pengalinya adalah 100. Sehingga dengan ini
diketahui nilai resistansi resistor tersebut adalah nilai satuan x faktor pengali atau
47 x 100 =4.7K Ohm dan toleransinya adalah 5%.

Spesifikasi lain yang perlu diperhatikan dalam memilih resitor pada suatu
rancangan selain besar resistansi adalah besar watt-nya. Karena resistor bekerja
dengan dialiri arus listrik, maka akan terjadi disipasi daya berupa panas sebesar
W=I’R watt. Semakin besar ukuran fisik suatu resistor bisa menunjukkan
semakin besar kemampuan disipasi daya resistor tersebut.

Umumnya di pasar tersedia ukuran 1/8, 1/4, 1, 2, 5, 10 dan 20 watt.
Resistor yang memiliki disipasi daya 5, 10 dan 20 watt umumnya berbentuk
kubik memanjang persegi empat berwarna putih, namun ada juga yang berbentuk
silinder. Tetapi biasanya untuk resistor ukuran jumbo ini nilai resistansi dicetak

langsung dibadannya, misalnya 100 Q 5W.
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2.7. LCD ( Liquid Crystal Display ) M1632

LCD Display Module M1632 buatan Seiko Instrument Inc. terdiri dari
dua bagian, yang pertama merupakan panel LCD sebagai media penampil
informasi dalam bentuk huruf/angka dua baris, masing-masing baris bisa
menampung 16 huruf/angka. Bagian kedua merupakan sebuah sistem yang
dibentuk dengan mikrokontroler yang ditempelkan dibalik pada panel LCD,
berfungsi mengatur tampilan informasi serta berfungsi mengatur komunikasi
M1632 dengan mikrokontroler yang memakai tampilan LCD itu. Dengan
demikian pemakaian M1632 menjadi sederhana, sistem lain yang M1632 cukup
mengirimkan kode-kode ASCII dari informasi yang ditampilkan seperti layaknya

memakai sebuah printer.

2.7.1. Sinyal interface M1632

Untuk berhubungan dengan mikrokontroler pemakai, M1632 dilengkapi
dengan 8 jalur data (DB0..DB7) yang dipakai untuk menyalurkan kode ASCII
maupun perintah pengatur kerjanya M1632. Selain itu dilengkapi pula dengan E,
R/W dan RS seperti layaknya komponen yang kompatibel dengan mikroprosesor.
Kombinasi lainya E dan R/W merupakan sinyal standar pada komponen buatan
Motorola. Sebaliknya sinyal-sinyal dari MCS51 merupakan sinyal khas Intel
dengan kombinasi sinyal WR dan RD..

RS, singkatan dari Register Select, dipakai untuk membedakan jenis data
yang dikirim ke M1632, kalau RS=0 data yang dikirim adalah perintah untuk
mengatur kerja M1632, sebaliknya kalau RS=1 data yang dikirim adalah kode
ASCII yang ditampilkan. Demikian pula saat pengambilan data, saat RS=0 data

yang diambil dari M1632 merupakan data status yang mewakili aktivitas M1632,
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dan saat RS=1 maka data yang diambil merupakan kode ASCII dari data yang
ditampilkan. Proses mengirim/mengambil data ke/dari M1632 digambarkan dalam

gambar 2.15 bisa dijabarkan sebagai berikut :

X X

RW R
RW=1. saat E dari 1 ke 0 \

RW=0, saat E dari 1 ke 0 \) J

3 2.9 s
DH[LL)B'—( DO.D Do.D
S

Data masuk Ke M1632 Data keluay dori M1632

Gambar 2.15. Mengirim/Mengambil Data Ke/Dari M1632 161

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

2. R/W di-nol-kan untuk menandakan akan diadakan pengiriman data ke M1632.
Data yang akan dikirim disiapkan di DB0..DB7, sesaat kemudian sinyal E di-
satu-kan dan di-nol-kan kembali. Sinyal E merupakan sinyal sinkrom's.asi, saat
E berubah dari 1 menjadi 0 data di DBO .. DB7 diterima oleh M1632.

3. Untuk mengambil data dari M1632 sinyal R/W di-satu-kan, menyusul sinyal
E di-satu-kan. Pada saatu E menjadi 1, M1632 akan meletakkan datanya di

DBO .. DB7, data ini harus diambil sebelum sinyal E di-nol-kan kembali.



2.7.2. Interface Ke MCS-51

Sinyal-sinyal M1632 yang mengikuti standar teknik interface Motorola,
tidak sesuai dengan sinyal dari MC-S51, dengan demikian sinyal-sinyal itu
disimulasikan melalui port MCS51. Sebagai contoh gambar 2.17 memperlihatkan
hubungan AT89C2051 dengan M1632, dalam gambar tersebut P3.7 dipakai
untuk mensimulasikan sinyal RS, P3.5 sebagai R/W dan P3.4 sebagai E. Lewat
program dibangkitkan sinyal-sinyal pada ketiga kaki Port 3 ini, sesuai dengan

pesyaratan yang dikehendaki M1632.

Cll

—ik

4 S
, 100 R.S Vee
RS ) 3
ﬁ'L;lT‘E Ll rsTvpp  veo |2 i
o 5 o " 2
ﬂ——_tr 12 dl - o B
B2 (1] = W Vee
aop [ l.’I\E_I = | EE 71 pes -
H(—m—t— XTALZ P2 (3 — DB 5
30p 2 , L T Ty
—— T PAORXD Pl o= i1 DBd ;
: S PALTD  PLE Lo 7] DBS Vs —
= P32 INTO! PL6 (o= o DB6  RW -
— P33_INTI' PL7 DE” V-
— P34_TO - S
i1 PI: TI % LCD M1632 =
P37 GND
L
ATSOC'2051 4

Gambar 2.16. Hubungan M1632 ke MCS’51 1!

Potongan Program 1 merupakan sub-rutin untuk mengendalikan M1632
yang dihubungkan ke AT89C2051 seperti terlihat di gambar 2.16, sebelum sub-
rutin ini dipakai, tepatnya pada saat setelah reset harus dikirimkan perintah CLR
E. Potongan program 1 terdiri dari dua bagian, yakni bagian mengirim data ke

M1632 yang terdiri dari sub-rutin Kirim Perintah dan sub-rutin Kirim ASCII,
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sedangkan bagian mengambil data dari M1632 terdiri dari sub-rutin Ambil Status

dan sub-rutin Ambil ASCII.

Sebelum mengiriman data, Akumulator A sudah terlebih dulu diisi dengan
data yang akan dikirim. Data yang dikirim dengan sub-rutin Kirim Perintah akan
diterima M1632 sebagai perintah untuk mengatur kerja M1632, dan data yang
dikirim dengan sub-rutin Kirim ASCII akan ditampilkan di panel LCD.

Setelah M1632 menerima data, M1632 memerlukan waktu antara 40
sampai 1640 mikro-detik untuk mengolahnya, selama waktu itu M1632 untuk
sementara tidak bisa menerima data, hal ini ditandai dengan bit 7 dari Register
Status = ‘1°.

Proses pengiriman data ke M1632 dijelaskan sebagai berikut :

1. Perbedaan sub-rutin Kirim Perintah dan Kirim ASCII terletak pada nilai RS
pada saat sub-rutin itu bekerja. Sub-rutin Kirim Perintah bekerja dengan
RS=‘0" (baris 6), data yang dikirim AT89C2051 diterima M1632 sebagai
perintah untuk mengatur kerja M1632. Sui)-mﬁn Kirim ASCII bekerja
dengan RS=‘1" (baris 10), data yang dikirim AT89C2051 diterima M1632
sebagai kode ASCII yang akan ditampilkan

2. Sinyal RW di-nol-kan agar M1632 siap menerima data (baris 12), setelah itu
data di akumulator A diletakkan di D0..D7 (Port 1 dari AT89C2051) di baris
13, baris 14 dan 15 membangkitkan sinyal sinkronisasi E dengan cara
membuat P3.4 menjadi ‘1’ dan kemudian kembali menjadi ‘0’. Saat sinyal E
kembali menjadi ‘0’ data di Port 1 akan diterima oleh M1632.

3. Selesai mengirim data, program harus menunggu sampai M1632 siap

menerima data lagi. Hal ini dilakukan dengan cara mengambil Status M1632
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(baris 18), dan memeriksa bit 7-nya (baris 19), selama bit 7 bernilai ‘1’ berarti
M1632 masih sibuk mengurus diri, dan program menunggunya di Tunggu
Dulu.

Proses pengambilan data dari M1632 dijelaskan sebagai berikut :

. Seperti bahasan di atas, RS dipakai untuk memilih Register Perintah/Status,
sub-rutin Ambil Status bekerja dengan RS=0 dan sub-rutin Ambil ASCII
bekerja dengan RS="1".

. Sinyal RW di-satu-kan agar M1632 siap memberi data (baris 29), setelah
sinyal E menjadi ‘1’ (baris 30) M1632 akan meletakkan data di D0 .. D7,
setelah data ini diambil (baris 31) sinyal E dikembalikan menjadi ‘0’

Berikut adalah Potongan Program 1 AT89C2051 dengan M1632 :

01: E bit P3.4 ;sinyal E di P3.4

02: RW bit P35 ; sinyal R/W di P3.5

03: RS bit P3.7 ; sinyal RS di P3.7

04: ;Comment In Here

05: KirimPerintah:

06: CLR RS ; RS=0 : register perintah
07: SIMP OutByte

08: ;

09: KirimASCII:

10: SETB RS ; RS=1 : Display Data RAM
11: OutByte:

12: CLR RW ; RW ="0', kirim data

13: MOV PLA ; siapkan data di D0..D7
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14:

15:

16:

17:

18:

19:

20:

21:

22:

24:

26:

27:

28:

29:

30:

31:

32:

33:

SETB E ; buat pulsa positip
CLR E ; sesaat
TungguDulu:

ACALL AmbilStatus

JB A.7,TungguDulu

RET

AmbilStatus:

CLR RS ; RS=0 : register status
SIMP InByte

AmbilASCII:

SETB RS ; RS=1 : Display Data RAM
InByte:

SETB RW ; RW ="1', ambil data
SETB E ; minta data pada M1632
MOV AP1 ; ambil data

CLR E ; kembalikan E ke '0’

RET

2.7.3. Mengatur tampilan M1632

M1632 mempunyai seperangkat perintah untuk mengatur tata kerjanya,

perangkat perintah tersebut meliputi perintah untuk menghapus tampilan,

meletakkan kembali cursor pada baris huruf pertama baris pertama,

menghidup/matikan tampilan dan lain sebagainya, semua itu dibahas secara

terperinci dalam lembar data M1632.
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Setelah diberi sumber daya, ada beberapa langkah persiapan yang harus
dikerjakan dulu agar M1632 bisa dipakai, langkah-langkah tersebut antara lain
adalah:
1. Tunggu dulu selama 15 mili-detik atau lebih.
2. Kirimkan perintah 30h, artinya trasfer data antar M1632 dan mikrokontroler
dilakukan dengan mode 8 bit

3. Tunggu selama 4.1 mili-detik
4. Kirimkan sekali lagi perintah 30h
5. Tunggu lagi selama 100 mikro-detik

Setelah langkah-langkah tersebut di atas M1632 barulah bisa menerima
data dan menampilkannya dengan baik. Pada awalnya tampilan akan nampak
kacau, dengan demikian perlu segera dikirim perintah menghapus tampilan dan
lain sebagainya, sesuai dengan petunjuk yang ada di Lembar Data.

Di atas dipakai AT89C2051 sebagai contoh, meskipun demikian semua
yang dibahas di atas sepenuhnya bisa dipakai pada mikrokontroler MCS 51.
Dalam pemakaiannya karena berbagai macam alasan, bisa saja sinyal E; RW dan
RS tidak disimulasikan di P3.4; P3.5 dan P3.7. Hal ini bisa diselesaikan dengan
melakukan beberapa penyesuaian, yakni tentukan dulu perubahan rangkaian
sesuai dengan keadaan yang ada, dan perubahan rangkaian itu harus di sesuaikan
di baris 1 sampai 3 pada potongan program di atas.

M1632 mempunyai 8 jalur data dan memerlukan 3 jalur kontrol, dalam
suatu rangkaian yang memakai banyak port dari MC-S51, bisa terjadi kekurangan
port untuk menghubungkan MCS51 ke M1632. Jika sampai terjadi hal semacam

ini bisa ditempuh hal hal berikut :
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. M1632 dipakai dalam mode data 4 bit, yakni hanya memakai jalur data
DO0..D3

. Dengan sedikit tambahan rangkaian sinyal WR dan RD diubah menjadi sinyal
E dan R/W gaya Motorola, sehingga tidak perlu menyediakan port untuk
men-simulasikan sinyal-sinyal tersebut. Berikut adalah gambar rangkaian
LCD dengan komponen-komponen pendukung dengan pin-pin yang akan

dihubungkan pada mikrokontroler MCS 51 :

LCD M1632

—— we o
VO = ==
2 - LCD MIGs2
VEE VO

VSS L 5 SEEaznss Ve 13
B = a

1N4001

— From MK Slave 1

Gambar 2.17. Rangkaian LCD M1632 ®

LCD M1632 mempunyai spesifikasi sebagai berikut :

. Memiliki 16 karakter dan dua baris tampilan yang terdiri dari 5 x 7 dot matrik
ditambah dengan kursor.

. Pembangkit karakter ROM untuk 192 jenis karakter.

. Pembangkit karakter RAM untuk 8 jenis karakter.

80 x 8 display data RAM (max 80 karakter).

. Isolator didalam modul.

. Memerlukan catu daya + 5 volt.

. Otomatis reset saat catu daya dinyalakan.
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Tabel 2-4. Fungsi Pin — Pin LCD ©

- Termmal Ground
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=
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wj
]
IL

! Vee —I‘ Tegangan Catu + 5 volt

|
|

f
|
f
|

Smyal pemlhhan register
| 0= Tulis

=
|

|

=

|

|

|

i

|

e

|

=B |
— L - ‘l e b s e e s e P e e A S TE T

i | Smyal operasi awal yang mengaktif .

JL i kan data tulis atau baca i

——— e e —

T 1 [ 1

s =
I____ — N
'____n ﬁ

1 —
r if Merupakan saluran data berisi perin
i }\ Dol -—BT il tah data 2 yang akan dit akan thampllkan L

— <t

V +BL J Back nght Supply 5 Volt (Volt) ——!

2 W' D
V-BL Back Ligth Supply 0 (Ground
| v e e ey

Pada LCD juga terdapat instruksi — instruksi sebagai berikut :

e Display clear : membersihkan tampilan yang ada pada LCD.
e Cursor home : hanya membersihkan tampilan dan kursor kembali ke semula.
e Empty mode Set : layar beraksi sebagai tampilan tulis.

S:1/0  =menggeser layar.

1/0 : 1 = kursor bergerak ke kanan dan layar bergerak ke kiri.
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Display On/Off kontrol.

D:1 = layar on

D:0 = layar off

C:1 = kursor on

C:0 = kursor off

B:1 = kursor berkedip-kedip

B:0 = kursor tidak berkedip — kedip
Cursor Display Shift

S/C : 1 = LCD diidentifikasikan sebagai layar

S/C : 0 = LCD diidentifikasikan sebagai kursor

R/L : 1 = menggeser satu spasi ke kanan

R/L : 0 = menggeser satu spasi ke kiri

Fuction Set

DL : 1 = panjang data LCD pada 8 bit

DL : 0 = panjang data LCD pada 4 bit

Bit upper ditransfer terlebih dahulu kemudian diikuti dengan 4 bit lower.
N : 1/0 = LCD menggunakan 2 atau 1 baris karakter

P : 1/0 = LCD menggunakan 5 x 10 dot matrik

CG RAM address set : menulis alamat RAM ke karakter

DD RAM address set : menulis alamat RAM ke tampilan
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e BF/address set : BF = 1/0, LCD dalam keadaan sibuk atau tidak sibuk.

e Data write to CG RAM or DD RAM : membaca byte dari alamat terakhir

RAM yang dipilih.
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BAB III

PERANCANGAN DAN PEMBUATAN ALAT

3.1. Diagram Blok
Secara umum perancangan dan pembuatan Sistem Reminder Berbasis
Mikrokontroler AT89S51 yang akan dibuat, digambarkan secara diagram blok

sebagai berikut :

RTC DS1307

Gambar 3.1. Blok Diagram

e Mikrokontroler AT89S51 sebagai pengendali utama keseluruhan rangkaian.

e RTC DS1307 sebagai pewaktu yang menghitung berdasarkan tahun, tanggal,
Jjam, menit dan detik.

e ISD 1420 digunakan untuk merekam suara sehingga dihasilkan output suara.

¢ Loud Speaker digunakan untuk mengeluarkan output suara.
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Mic digunakan untuk proses perekaman suara pada ISD.

4 Push-button digunakan sebagai input untuk seting sistem reminder, yaitu
tombol menu, tombol up, tombol down, dan tombol reset.

Buzzer digunakan sebagai alarm sistem reminder.

LCD digunakan sebagai display.

Power Supply digunakan untuk memberikan tegangan kerja yang dibutuhkan

untuk keseluruhan rangkaian.

3.2. Prinsip Kerja Alat

1.

2.

User memasukkan input suara melalui mic.

User memasukkan seting aktif reminder berdasarkan tahun, tanggal, jam,
menit dan detik yang diinginkan melalui push-button menu, up dan down.

Bila waktu sekarang telah menjadi sama dengan waktu yang diinputkan pada
saat seting aktif reminder maka buzzer akan berbunyi dan LCD menampilkan
ada pesan sistem reminder.

User menekan tombol push-button up untuk mematikan buzzer dan

menampilkan pesan output suara melalui loud speaker.

3.3. Mikrokontroler AT89S51

Mikrokontroller AT89S51 dirancang untuk dapat berdiri sendiri, karena

sudah terdapat EPROM, RAM serta Port 1/O internal. Untuk berhubungan dengan

peralatan luar chip dibutuhkan 3 Bus yaitu :
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1. Data Bus
Yaitu jalur untuk input - output data yang lebarnya sesuai dengan data yang
diolah oleh mikrokontroler, yaitu 8 bit.

2. Address Bus
Yaitu jalur input - output atau dari memori yang dihubungi, sehingga pada
suatu saat hanya ada satu device yang berhubungan dengan CPU. Lebar
address bus mikrokontroler AT89S51 adalah 16 bir (A0 - Al5).

3. Control Bus
Berfungsi sebagai pengatur sinkronisasi hubungan antara CPU dengan device

Luar.

3.3.1. Pemetaan Memori

Mikrokontroller AT89S51 memiliki 16 bit address (A0 - A15) dengan
demikian kapasitas maksimumnya adalah 2'® = 65536 byre = 64 Kbyte dengan
alamat 00C0H-FFFFH. Jika alamat-alamat program lebih tinggi dari OFFFH, yang
melebihi kapasitas RAM internal menyebabkan mikrokontroler secara otomatis
mengambil code byte dari program memori eksternal. Code byte juga hanya
diambil dari memori eksternal dengan alamat O00COH-OFFFH dengan
menghubungkan Pin EA ke ground.

Dalam perancangan ini hanya menggunakan 4 Kbyre, karena program
sudah mencukupi, sehingga pin EA dihubungkan ke VCC. Mikrokontroler
ATR89S51 memiliki 4 Kbyte memori internal yang dapat diprogram dan dihapus
sesuail dengan keinginan, dan bersifat non volatile (tidak hilang pada saat catu

daya terputus).
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3.3.2. Rangkaian Clock

Mikrokontroler AT89S51 ini memiliki internal clock, yang berfungsi
sebagai sumber clock, tapi masih diperlukan rangkaian tambahan untuk
membangkitkan c/ock yang diperiukan. Rangkaian ini terdiri dari 2 buah kapasitor

dan sebuah kristal dengan ketentuan seperti gambar berikut :

XTAL 1

12MHz

XTAL 2

GND

Gambar 3.2. Rangkaian Clock AT89S551

3.3.3. Rangkaian Reser

Rangkaian reser bertujuan agar mikrokontroler dapat menjalankan proses
mulai dari alamat awal. Rangkaian reser untuk mikrokontroler dirancang agar
mempunyai kemampuan power on reset yaitu resel yang terjadi pada saat sistem
dinyalakan untuk pertama kalinya. Reser juga dapat dilakukan secara manual
dengan menyediakan tombol yang berupa switch.

Jika saklar S1 ditekan , reset bekerja secara manual, aliran arus akan
mengalir dani VCC melalui R1 menuju kaki RST. Tegangan di RST atau VR2

akan berubah menjadi :
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VR2 =

R2xVCC
R1+R2

8200x5

~ 100 + 8200

=494V

Saat saklar dilepas, aliran arus dari CC melalui R1 akan berhenti dan tegangan

pada kaki RST akan turun menuju ke nol dan proses reset selesai.

CRESEED

=|I

Gambar 3.3. Rangkaian Reset

3.3.4. Hubungan Pin Pada AT89551

Diskripsi konfigurasi Pin-I’in AT89S51 pada rangkaian:

Pin 1 dan 2
Pin34dan 5
Pin 6,7 dan 8
Pin9

Pin 16 dan 17

l’in 18 dan 19

. dihubungkan ke LCD E dan RS

- dihubungkan ke rangkaian ISD REC, PLAYE, PLAYL
- dihubungkan Push-button Menu, Up, dan Down

- dihubungkan Push-button reset

- dihubungkan SCL dan SDA DS1307

- dihubungkan X-tal 12 Mz
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e Pin20 : dihubungkan ke GND
o [Pin32-39 : dihubungkan ke LCD D0-D7

e Pin3l1dan40 : dihubungkan ke VCC

Cé6 VEC
R31 . |
— il
10K 10uF
C4 - cpi 5 e
3“lP IV 5 { LCD DO-DY
s 21 RESET .
IC5 " § PO.0 [
1. 3% XTALI P01 |5
- » PO.2
P03 |=
L8] xTAL2 % P0.4
) #| PoS =
vee Ll pLo 21 pos e —
- —{ pL1 P07 = | ISDAGAT -
RESET et __1_ P12
5 (18D FLAYE —H P13 P20
SW-PB 18D PLAYL = P14 P21
- ST —{ PLS P22 =
MENL ; Sk P23 |2
— PL7 P24 |
SW-PB 10 P25
i FH 3.0 RXD P26 | =
: = P3.1_TXD P2.7
g = Ao =
SW-PB 2 p3a Nt EAIVRR g
& O] paaT0 ALE/PRGS 2
DOWN |5 = — | 20 VCC
i 2 rsT PSEN |=
o O CSELED o] P36 TWR -
SW-PB SDA

] P3.7_RD GND r-—_-:]_

Gambar 3.4. Hubungan Pin Pada AT89S51

3.4. Rangkaian RTC DS1307

DS1307 adalah IC serial Real Time Clock (RTC) dimana alamat dan data
ditransmisikan secara serial melalui sebuah jalur data dua arah. Karena
menggunakan jalur data serial maka hanya memerlukan dua buah pin saja untuk
komunikasi. Yaitu pin untuk data dan pin untuk sinyal clock. Dalam system yang
kita rancang ini RTC DS1307 difungsikan sebagai pewaktu, yaitu peripheral yang
menyediakan data detik, menit_jam, hari, tanggal, bulan dan tahun. Data waktu ini

nantinya akan diolah oleh mikrokontroler dan ditampilkan pada LCD.
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Pemilihan penggunaan serial RTC DS1307 pada perancangan ini adalah
dikarenakan RTC DS1307 mempunyai beberapa kelebihan sebagai berikut::
e Harga yang relative lebih murah jika dibandingakan dengan RTC lainnya
e Karena akses data dilakukan secara serial, maka hanya butuh 2 pin saja,
sehingga akan menghemat port mikrokontroler
e Tidak perlu lagi ada perbaikan penanggalan untuk penggunaan ditahun 2000
ke atas
e Sudah tersedia pin untuk baterai back-up, sehingga tidak perlu lagi dibuatkan

rangkaian untuk baterai back-up, apabila kehilangan supply tegangan

CR2 wee
ﬁlh : : | §
e e Xl vce ¢ Mikrokontolr ATSZES] >
32 786KHz g = SONITT ;
T B+ SCL ¢—= s
I GND SDA /

e DS1307
—CR2032

Gambear 3.5. Rangkaian Serial RTC DS1307

Baterai back-up yang digunakan adalah baterai back-up 3V CR2032, yang
dapat bertahan untuk masa operasi 10 tahun, kondisi ini amat hemat biaya. Kristal
yvang digunakan adalah standart quariz kristal dengan dinilai 32,768K1z. Pin
SDA dan SCL dari RTC serial DS1307 ini dihubungkan ke port mikrokontroler

AT89551 P3.6 dan P3.7.
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3.5. Rangkaian Pemutar Suara ISD1420

Untuk menghasilkan output suara yang nantinya akan dijadikan sebagai
output sistem reminder maka penulis menggunakan IC perekam/pemutar suara
ISD 1420. Rangkaian antarmuka 1SD1420 dengan mikrokontroler AT89S51
untuk memutar suara ditunjukkan dalam Gambar 3.6. Pin alamat A, sampai A
[SD1420 di hubungkan dengan port 2 mikrokontroler. Untuk memutar suara maka
mikrokontroler mengirimkan data lokasi alamat tempat penyimpanan suara

informasi tersebut ke ISD1420 dengan mengirimkan logika rendah pada pin

PLAYE atau pin PLAYL. Saat playback cycle, alamat input menetapkan
mulainya alamat dan memutar suara secara kontinyu sampai alamat EOM (Lnd
Of Message) ditemukan (EOM berlogika rendah) dan ditandai dengan keluaran
dari Record Led QOuitput (M’) yvang akan berlogika rendah ketika operasi
playback cycle berakhir atau adanya transisi tinggi dari PLAYL (apabila

digunakan pin PLAYL untuk pemutaran suara).

AT89851 - Eh
\, 1
\ - 2 :
T‘J,lu’-‘ "
hpao 1} St e
AN B v: (I
NZENN by e LB
F23 4 13 —
TER Vasa 2
RN e P, i
QRN b Pl IT:
CiTii] L l—‘_ L
LCKAE PP I
P22 =4 3 b
Fised mﬁﬂ;i T __J_"""‘”' |0K ez 0uF
Firaas WEE Ayt T — - <3
j 5
slompms e o il s o
i FH o D
o5 Age [y
d
= ‘L,..A )
0.001uF tp _—— -y E F o
5 s
: N
L - 0, 1uF
e wee

Gambar 3.6 Rangkaian Pemutar Suara 1SD1420
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Sebagaimana diketahui durasi penyimpanan IC ini selama 20 detik, maka
kata-kata yang akan disimpan tidak boleh melebihi dari durasi yang diijinkan,
Tabel 3.1 memperlihatkan pemilihan alamat yang digunakan untuk merekam
suara. ISD1420 memiliki 8 bit jalur alamat atau memiliki lokasi alamat sampai
256 bit. Jadi tiap detiknya membutuhkan jumlah alamat sebanyak

256 bit
Os

Jumlah alamat perdetik = =12.8bit

Sehingga untuk lebih amannya dalam penyimpanan kata-kata, perdetiknya
digunakan jumlah alamat yang dibutuhkan sebanyak 16 bit agar kata yang akan

direkam tidak masuk ke lokasi alamat berikutnya.

3.6. Perancangan Rangkaian LCD

LCD Display Module M1632 buatan Seiko Instrument Inc. terdiri dari dua
bagian, yang pertama merupakan panel LCD sebagai media penampil informasi
dalam bentuk huruf/angka dua baris, masing-masing baris bisa menampung 16
huruf/angka. Bagian kedua merupakan sebuah sistem yang dibentuk dengan
mikrokontroler yang ditempelkan dibalik pada panel LCD, berfungsi mengatur
tampilan informasi serta berfungsi mengatur komunikasi M1632 dengan
mikrokontroler yang memakai tampilan LCD itu..

Untuk berhubungan dengan mikrokontroler pemakai, M1632 dilengkapi
dengan 8 jalur data (DBO0..DB7) yang dipakai untuk menyalurkan kode ASCII
maupun perintah pengatur kerjanya M1632. Selain itu dilengkapi pula dengan E,
R/W dan RS seperti layaknya komponen yang kompatibel dengan mikroprosesor.

Kombinasi lainya E dan R/W merupakan sinyal standar pada komponen buatan
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Motorola. Sebaliknya sinyal-sinyal dari MCS51 merupakan sinyal khas Intel

dengan kombinasi sinyal WR dan RD.

RS, singkatan dari Register Select, dipakai untuk membedakan jenis data
yang dikirim ke M1632, kalau RS=0 data yang dikirim adalah perintah untuk
mengatur kerja M1632, sebaliknya kalau RS=1 data yang dikirim adalah kode
ASCII yang ditampilkan. Demikian pula saat pengambilan data, saat RS=0 data
yang diambil dari M1632 merupakan data status yang mewakili aktifitas M1632,
dan saat RS=1 maka data yang diambil merupakan kode ASCI/ dari data yang
ditampilkan. Proses mengirim/mengambil data ke/dari M1632 bisa dijabarkan
sebagai berikut:

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

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

3. Untuk mengambil data dari M1632 sinyal R/W di-satu-kan, menyusul sinyal
E di-satu-kan. Pada saatu E menjadi 1, M1632 akan meletakkan datanya di
DBO .. DB7, data ini harus diambil sebelum sinyal E di-nol-kan kembali.

M1632 mempunyai seperangkat perintah untuk mengatur tata kerjanya,
perangkat perintah tersebut meliputi perintah untuk menghapus tampilan,

meletakkan kembali cursor pada baris huruf pertama baris pertama,
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menghidup/matikan tampilan dan lain sebagainya, semua itu dibahas secara

terperinci dalam lembar data M1632. Setelah diberi sumber daya, ada beberapa

langkah persiapan yang harus dikerjakan dulu agar M 1632 bisa dipakai, langkah-

langkah tersebut antara lain adalah :

1.

2.

)

Tunggu dulu selama 15 mili-detik atau lebih.

Kirimkan perintah 30h, artinya trasfer data antar M 1632 dan mikrokontroler
dilakukan dengan mode 8 bir

Tunggu selama 4.1 mili-detik

Kirimkan sekali lagi perintah 30h

Tunggu lagi selama 100 mikro-detik

Setelah langkah-langkah tersebut di atas M1632 barulah bisa menerima

data dan menampilkannya dengan baik. Pada awalnya tampilan akan nampak

kacau, dengan demikian perlu segera dikirim perintah menghapus tampilan dan

lain sebagainya, sesuai dengan petunjuk yang ada di lembar data.

AT89851
A
V4
P1.0 2 R.S Vcee
M1632
L LT 1'(11 S ix v+
NEOO 7T JipRg o Ves
P0.1 8
\PO.L 8 | gy
P0.2 5
NEO-2__ 9 | phg
$0.3 10
DB3
N P0.4 11 5
50.5 12] PP
e 21 DB5 Vs
0. 11| PB6 RW |57
DT R V-
LCD M1632 e

Gambar 3.7. Rangkaian LCD Pada Mikrokontroler
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Diskripsi konfigurasi Pin-Pin pada LCD:

e Pinl13,5dan 16 : dihubungkan dengan ground

e Pin2 : dihubungkan dengan VCC

e Pin4 : dihubungkan dengan P1.0 AT89S51

e Pinb : dihubungkan dengan P1.1 AT89S51

e Pin7-14 : dihubungkan dengan AT89S51 (P0.0-P0.7)

Untuk tampilan dipergunakan LCD Dot Matrik 2 x 16 karakter. Sinyal-
sinyal yang diperlukan oleh LCD adalah RS dan Enable, sinyal RS dan Enable
dipergunakan sebagai input yang outputnya dipakai untuk mengaktifkan LCD.
LCD akan aktif apabila mikrokontroler memberikan instruksi tulis pada LCD.
Saat kondisi RS don’t care dan Lnable 0 maka LCD tetap pada kondisi semula,
pengiriman data ke LCD dilakukan saat RS berlogika 0 dan enable berlogika 1.

Instruksi dikirim pada LCD bila keadaan RS 1 dan Enable 1. Pin LCD ini
untuk data terkoneksi pada Port 0 mikrokontoler AT89S51. Kemudian untuk RS
dihubungkan pada Port 1.0, tulis/baca (Read/Write) diberikan logika /ow karena
disini LCD bersifat menulis data, dan yang terakhir Enable (E) dikendalikan

dengan Port 1.1.

3.7. Perangkat Lunak (software)

Perencanaan perangkat lunak sangat diperlukan untuk menjalankan sistem
seperti yang diinginkan. Mikrokontroler AT89S51 tidak akan bisa dijalankan
tanpa adanya software. Didalam perencanaan perangkat lunak ini di buat perintah-
perintah yang berfungsi untuk mengatur urutan dan tata kerja dari keseluruhan

sistem.
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Flowchart

e vy

Gambar 3.8. Flowchart Keseluruhan Alat

57



BAB1V

PENGUJIAN ALAT

Setelah melakukan perancangan atau pembuatan sistem kontrol ini, maka
kita perlu melakukan suatu pengujian sistem. Yang mana pengujian sistem ini
bertujuan antara lain :

1. Mengetahui sejauh mana Sistem Reminder Berbasis Mikrokontroler AT89S51
ini berfungsi sebagaimana yang kita harapkan.

2. Mencari dan menemukan berbagai kendala yang mungkin timbul pada saat
Sistem Reminder Berbasis Mikrokontroler AT89S51 beroperasi untuk
kemudian diperbaiki sampai pada tingkat kesalahan sistem yang sekecil

mungkin sehingga didapatkan hasil yang sebaik-baiknya.

4.1. Pengujian Mikrokontroler AT89C51
Pengujian ini bertujuan untuk mengetahui apakah minimum sistem dan
port-port pada mikrokontroler yang digunakan dapat berjalan dengan baik.
< Peralatan yang Digunakan
1. Mikrokontroler AT89S51

2. LED

hed

Mikrokontroler writer

)
L4

Prosedur Pengujian
1. Merancang rangkaian seperti dalam Gambar 4.1
2. Menguji dengan program

3. Mencatat hasil keluaran pada tabel 4.1

58



| N7 R RCR-CES LN |

8k B 9§ saazeess apepsses

H

™
B

E

]
i

I

—

ﬂl:

8!'.‘

£
7
£
veo
31 T _SWPUSH
* c3 ('J
4 10aF
22
R1
10k

Gambar 4.1. Rangkaian Pengujian Mikrokontroler dan Sistem Minimum

Listing Program :

mulai:

org Oh

jnb p3.0,nol
jnb p3.1,satu
jnb p3.2,dua
jnb p3.3.tiga
jnb p3.4,empat
jnb p3.5.lima
jnb p3.6.enam

jnb p3.7,tujuh
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nol:

satu:

dua:

tiga:

empat:

lima:

enam:

tujuh:

end

jmp mulai
mov pl#11111111b
jmp mulai
mov pl,#11111110b
jmp mulai
mov pl,#11111101b
jmp mulai
mov pl,#11111100b
jmp mulai
mov pl,#11111011b
jmp mulai
mov pl,#11111010b
jmp mulai
mov pl,#11111001b
jmp mulai
mov pl,#11111000b

Jjmp mulai
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Data Hasil Pengujian :

4.2. Pengujian Rangkaian Pemutar/Perekam Suara ISD1420

4.2.1 Tujuan

Pengujian Rangkaian Pemutar/Perekam Suara ISD1420 dilakukan untuk

mengetahui apakah IC ISD1420 dapat dioperasikan untuk menyimpan suara dan

Tabel 4-1. Tabel Hasil Pengujian Mikrokontroler

Kondisi Nyala LED
Tekan P3.0 1111 1111
Tekan P3.1 1111 1110
Tekan P3.2 1111 1101
Tekan P3.3 1111 1100
Tekan P3.4 1111 1011
Tekan P3.5 1111 1010
Tekan P3.6 1111 1001
Tekan P3.7 1111 1000

memutar suara yang telah direkam.

4.2.2 Peralatan Yang Digunakan

s  Modul IC ISD1420

= Mikrokontroler AT89C51

s (Catu daya 5 volt
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4.2.3 Prosedur Pengujian

1.

Merangkai rangkaian pengujian pemutar/perekam suara ISD1420

seperti ditunjukkan dalam Gambar 4.2.

2. Alamat penyimpanan suara yang akan direkam diset terlebih dahulu.

3. Untuk merekam suara, tekan tombol REC . Setelah selesai merekam,
tombol tersebut langsung dilepaskan.

4. Untuk memutar suara, tekan tombol PLAYL hingga akhir perekaman
(ditandai dengan keluaran sinyal RECLEDyang berlogika rendah)
atau tombol PLAYE.

5. Menguji memutar suara ISD1420 dengan program.

Speaker

I

13

T3

13

=

I 15D1420 :l:j

/3 MIC

I
Dip Switch REC

i
Gambar 4.2. Modul Pengujian IC ISD1420
Listing Program

Playe bit P2.5
;PO Alamat ISD

mulai:

org 0Oh

setb p2.5
MOV A, #0
sini: mov pl,A
mov p0,A
JB P3.6,S5
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JnB P3.6,8
clr p2.5
call delay
setb p2.5
mov r0,#10
djnz r0,loncat
jmp mulai
loncat: add a,#10H
jmp sini
delay: mov  R7,#0
delayl: mov R5,#0h
djnz R5,$
djnz R7,delayl
ret
end

4.2.4 Hasil Pengujian
Hasil pengujian Rangkaian Pemutar/Perekam Suara ISD1420 dapat dilihat
pada Tabel 4-2 dibawah ini:

Tabel 4-2. Pemilihan Alamat untuk Merekam Suara

Alamat Awal | Durasi (detik) Kata yang Direkam
0000 0000 0,85 Nol
0000 1010 0,85 Satu
0001 0100 0,85 Dua
0001 1110 0,85 Tiga
0010 1000 0,85 Empat
0011 0010 0,85 Lima
0011 1100 0,85 Enam
01000110 0,85 Tujuh
0101 0000 0,85 Delapan
0101 1010 0,85 Sembilan
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0110 0100 0,85 Puluh

01101110 0,85 Belas

0111 1000 0,85 Ratus
Total durasi: 10,2

Tabel 4-2 menunjukkan pemilihan alamat untuk merekam suara serta

durasi penyimpanannya. Untuk memutar suara yang telah direkam maka tombol
PLAYL atau PLAYE diberi logika rendah dan pada waktu suara selesai diputar

maka secara otomatis sinyal RECLED akan berlogika rendah dan ditandai

menyalanya lampu LED.

4.2.5 Analisis hasil pengujian

Lamanya perekaman akan menentukan banyaknya alamat yang dipakai
oleh ISD1420 semakin lama merekam maka alamat yang dipakai semakin banyak.
Jika IC ISD1420 dipakai untuk merekam suara lebih dari satu maka lamanya
perekaman tidak boleh melebihi atau masuk pada alamat suara berikutnya, karena
suara yang telah direkam akan terdengar pada alamat suara berikutnya dan
otomatis suara yang telah direkam akan terpotong.

Penggunaan program pada mikrokontroler akan memperdengarkan
kembali suara yang terekam pada ISD1420 secara berurutan mulai dari alamat
awal penyimpanan, dengan memberi logika 0 (rendah) pada port 3.6.

Berdasarkan hasil pengujian, rangkaian perekam/pemutar ulang suara
menunjukkan bahwa rangkaian telah mampu memperdengarkan kembali suara
yang telah direkam selama 10,2 detik.
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4.3. Pengujian Rangkaian Tampilan LCD
e Tujuan
Untuk mengetahui kemampuan rangkaian tampilan yang sudah dibuat
apakah dapat mendukung sistem yang direncanakan untuk memampilkan data
pada LCD.
o Peralatan yang dibutuhkan
1. Power Supply 5 Volt
2. Sistem Mikrokontroler dan LCD M1632
° Prosedur Pengujian
1. Menyusun rangkaian seperti dalam Gambar 4.3
2. Menjalankan program untuk menampilkan tulisan
' APLIKASI d
'SISTEM REMINDER '

3.  Mengamati keluaran pada LCD

T————

APL IKAS1

SISTEM REMINOER . |

Gambar 4.3. Foto Tampilan LCD Hasil Percobaan
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4.4. Pengujian Terhadap Rangkaian RTC DS1307

RTC DS1307 merupakan modul Real Time Clock, yaitu sebuah modul
yang mempunyai sistem jam digital yang bekerja secara independent. Artinya,
sistem jam digital pada modul RTC DS1307 ini bekerja mengaktifkan sistem jam
digital di mana besaran jam, menit dan detik tersimpan dalam register-register
tertentu dalam modul RTC DS1307. Seperti pembahasan pada bab sebelumnya
bahwa RTC DS1307 berfungsi sebagai pewaktu maka pengujian dapat dilakukan
dengan cara sebagai berikut:
1. Membuat rangkaian seperti gambar 4.4.
2. Memasukkan program untuk tes RTC pada mikrokontroler.
3. Menggunakan keypad untuk seting awal waktu.

4. Mengamati Waktu pada LCD.
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Gambar 4.4. Rangkaian Pengujian RTC DS1307
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Gambar 4.5. Foto Hasil Pengujian Rangkaian RTC DS1307

4.5. Pengujian Terhadap Rangkaian Push-button

Rangkaian push-button berfungsi sebagai inputan mikrokontroler untuk
seting sistem reminder. Push-button diberikan inputan tegangan sebesar 4,9 Volt
dan dirangkai dengan menggunakan common ground. Sehingga apabila terjadi
penekanan pada tombol push-button, maka akan terjadi arus hubung singkat yang
menyebabkan kondisi tegangan pada pin push-button yang terhubung dengan
mikrokontroler berubah dari kondisi “high” 4,9 Volt menjadi kondisi “low” 0
Volt.

Pengujian rangkaian push-button dilakukan dengan cara mengukur
tegangan pada pin mikrokontroler yang terhubung dengan rangkaian push-button
dengan menggunakan multimeter DC dengan batas 20V/DC. Kondisi tegangan
pada pin mikrokontroler yang terhubung dengan rangkaian push-button sebelum
adanya penekanan pada tombol push-button adalah 4,9V. Berikut cara pengukuran

tegangan pada rangkaian push-button.
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Gambar 4.6. Cara Pengukuran Tegangan Pada Pengujian Rangkaian Push-Button

Tabel 4-3. Hasil Pengukuran Pada Rangkaian Push-Button

Push-Button P1.5 P16 P1.7 RESET
(Tertekan) (V) V) A% V)
PB 1 (Menu) 0 49 49 0
PB 2 (Up) 4.9 0 4.9 0
PB 3 (Down) 4.9 4.9 0 0
RESET 49 49 4,9 4.9
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4.6. Pengujian Terhadap Rangkaian Power Supply

Pengujian ini bertujuan untuk mengetahui tegangan yang dikeluarkan oleh
rangkaian power supply yang telah dibuat. Dengan begitu dapat diketahui apakah
terjadi kesalahan terhadap rangkaian power supply atau tidak. Tegangan yang
dibutuhkan untuk memberikan tegangan kerja untuk rangkaian keseluruhan adalah
+5V. Untuk mengukur besarnya tegangan pada rangkaian power supply maka
pada pengujian rangkaian power supply ini menggunakan Multimeter Digital.
Berikut cara pengukuran untuk pengambilan data besarnya tegangan pada

rangkaian power supply.

Volt Meter L7805

Gambar 4.7. Diagram Blok Pengujian Tegangan Power Supply

Untuk mengukur besarnya tegangan keluaran rangkaian power supply
maka tegangan masukan pada rangkaian power supply juga harus tersambung
dengan sumber tegangannya yaitu baterai 9 Volt. Multimeter digital di-seting pada
DC Volt dengan batas maksimal pengukuran yaitu 20 Volt DC. Pengukuran
tegangan dilakukan pada output keluaran dari regulator tegangan LM7805. Dari
hasil pengukuran pada rangkaian power supply diperoleh data seperti pada tabel

berikut ini.
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Tabel 4-4. Hasil Pengukuran Rangkaian Power Supply

Indek Out 7805
Pengujian | (V/DC)
1 4,9
2 5,0
2 5,0
3 4,9
4 4,9
5 4,9

Dari hasil pengukuran yang diperoleh dapat diketahui bahwa power supply
ini dapat memberikan tegangan kerja untuk rangkaian kseluruhan sesuai dengan
tegangan kerja yang dibutuhkan. Hasil tersebut, dikarenakan oleh adanya
beberapa faktor yang mempengaruhi, diantaranya kualitas dari tiap-tiap komponen

yang digunakan nilainya tidak murni.
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5.1

BAB YV

PENUTUP

Kesimpulan

Pada bab ini akan dibahas mengenai kesimpulan dari hasil Laporan
Tugas Akhir ini. Kesimpulan yang dibuat tentu saja berdasarkan dari hasil
perencanaan dan pembuatan alat seperti yang di bahas pada bab — ba
sebelumnya. Kesimpulan yang didapat adalah sebagai berikut :

1. RTC DS1307 (Real Time Clock) bekerja mengaktifkan sistemjam
digital dimana besaran jam, menit, dan detik tersimpan dalam
register — register tertentu dalam modul RTC DS 1307.

2. Tampilan Error pada LCD berupa Get Error RTC Pada saat seting
reminder dikarenakan pemasangan pada komponen tersebut telah
goyah (tidak rapat) sehingga harus dilakukan pemeriksaan /
pemasangan secara benar.

3. Dikarenakan sistem reminder yang telah dibuat dilengkapi dengan
output suara mengunakan IC perekm suara ISD 1420,sehingga
batas durasi maksimumoutputan suara yang dapat direkampada
sistem ini adalah 20 detik.

4. Untuk tampilan display dipergunakan LCD Dot Matrik 2x16
karakter, ada beberapa langkah persiapan yang harus dikerjakan
dulu agar M 1632, bisa dipakai dan bisa menerima data dan

menampilknya dengan baik.
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5.2

Saran

. Berdasarkan dari hasil perencanaan dan pembuatan alat seprti yang

dibahas pada bab — bab sebelumnya, diharapkan alat ini dapat

dikembangkan dengan menambahkan outputan yang lebih banyak.

. Bahan — bahan dan komponen yang digunakan dalam perancangan dipilih

setepat mungkin dengan harga yang terjangkau tapi masih memenuhi

syarat — syarat yang diperlukan.

. Dalam pengoperasian alat hendaknya diperhatikan cara pengoperasian alat

yang benar karena akan memberikan hasil yang maksimal sesuai dengan

yang diharapkan.
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Foto Rangkaian alat Sistem Reminder berbasis Mikrokontroler AT89S51.
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ChipCorder”

HOMROCT ST Td

ISD1400 Series

Single-Chip Voice Record/Playback Devices

16- and 20-Second Durations

FEATURES

Easy-to-use single-chip voice Record/

Piayback solution

High-quality, natural voicefaudio

reproduction

Push-button interface

- Playback can be edge- or level-
activated

Single-chip durations of 16 and 20

seconds

Automatic power-down mode

- Enters standby mode immediately
following a Record or Playback
cycle

- Standby current 0.5 pA (typical)

Zero-power message storage
- Eliminates battery backup circuits

« Fully addressable to handle multiple
messages

< 100-year message retention (typical)

* 100,000 record cycles (typical)

« On-chip clock source

» No algorithm development required

» Single +5 volt power supply

+ Available in die form, DIP, and SOIC
-packaging

« Industrial temperature (-40°C to +85°C)
versions available

I1SD1400 SERIES SUMMARY
Part Minimum Duration input Sample Rate |  Typical Filter
Number " {Seconds) (KHz) ‘ Pass Bamd (KHz)
ISD1416 16 8.0 3.3
ISD1420 20 6.4 2.6
Information Storage Devices, Inc. 1-59



1501400 Series

Product Data Sheets

GENERAL DESCRIPTION

Information Storage Devices' ISD1400 Chip-
Corder® Series provides high-quality, single-chip
record/playback solutions to short-duration mes-
saging applications. The CMOS devices include
an on-chip oscillator, microphone preamplifier,
automatic gain control, antialiasing filter, smooth-
ing filter, and speaker amplifier. A minimum
record/playback subsystem can be configured
with a microphone, a speaker, several passives,
two push-buttons, and a power source.

Recordings are stored in cn-chip nonvolatile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through ISD's patented multilevel stor-
age technology. Voice and audio signals are
stored directly into memory in their natural form,
providing high-quality, solid-state voice reproduc-
tion.

DETAILED DESCRIPTION
Speech/Sound Quality

The ISD1400 Series includes devices offered at
6.4 and 8.0 KHz sampling frequencies, allowing
the user a choice of speech quality options. The
speech samples are stored directly into on-chip
nonvolatile memory without the digitization and
compression associated with other solutions.
Direct analog storage provides a very true, natural
sounding reproduction of voice, music, tones, and
sound effects not available with most solid-state
digital solutions.

Duration
To meet end system requirements, the 1ISD1400

Series offers single-chip solutions at 16 and 20
seconds.

EEPROM Storage

One of the benefits of ISD’s ChipCorder technol-
ogy is the use of on-chip nonvolatile memory,
providing zero-power message storage. The mes-
sage is retained for up to 100 years typically
without power. In addition, the device can be re-
recorded typically over 100,000 times.

ISD1400 SERIES BLOCK DIAGRAM
XCLK O—f=———————t Internal Clock }— Timing
H &
ANAINO % pioie pctve |1 T Araion Tranacaivers Chiporder
I/ o| 2K can
Nonvolatile
ANAOUTC | o M s _o@-o
Mic N § Amay Smoothing Fitter L o5
MIC REF O Ame.
Automatic
AGC O Gain Control
(AGC)
Power Conditioning | [ Address Buffers ] | Device Controt ]
0 0 000000006 b 0 o o
Veca Vssa Vsso Voco Ap A1 A2 A3 A4 AS AS A7 REC PLAVE PLAYL RECLED
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ISD1400 SERIES PINGUTS
A 1] e 1 28 Voo
Al 2 1 27 REC
A2 3] [ 26 XCLK
A3 4 ] 25 RECLED
A4 5 1 24 PLAYE
AS 6] ] 23 PLAYL
ne 70 1SD1400 522 ne
NC 8 ] 21 ANAOCUT
A8 9] 20 ANAIN
A7 10 [—1 19 AGC
NC 11 [ 18 MIC REF
Vasp 12 ] 17 MIC
Vsaa 13 [ 16 Vcea
8P+ 14 [ 1 15 SP-
DIP/SOIC

NOTE: NC means Must Not Connect.

Basic Operation

The ISD1400 ChipCorder Series devices are con-
trolled by a single Record signal, REC, and either
of two push-button control playback signals,
PLAYE (edge-activated playback), and PLAYL
(level-activated playback). The ISD1400 parts are
configured for simplicity of designin a single-mes-
sage application. Using the address lines will
allow multiple message applications. Device
operation is explained on page 1-75.

Automatic Power-Down Mode

At the end of a Playback or Record cycle, the
ISD1400 Series devices automatically return to a
low-power standby mode, consuming typically
0.5 pA. During a Playback cycle, the device pow-
ers down automatically at the end of the message.
During a Record cycle, the device powers down
immediately after REC is released HIGH.

Addressing (cptional)

in addition to providing simple message play-
back, the ISD1400 Series provides a full
addressing capability.

The ISD1400 Series storage array has 160 distinct
addressable segments, providing the following
resolutions. See the ISD Application Notes and
Design Manual in this book for ISD1400 address
tables.

"" b Minimum Duration
Part gl - {Seconds)
ISD1416 100 ms
1ISD1420 125 ms
PIN DESCRIPTION
NOTE

The REC signal is debounced for 50 ms
on the rising edge to prevent a false retrig-
gering from a push-button switch.

Voltage Inputs (Veca - Veen)

Analog and digital circuits intemal to the 1SD1400
Series use separate power buses to minimize
noise on the chip. These power buses are brought
out to separate pins on the package and should
be tied together as close to the supply as possi-
ble. It is important that the power supply be
decoupled as close as possible to the package.

Ground Inputs (Vssp . Vssp)

Similar to Veca and Veep. the analog and digital
circuits internal to the 1ISD1400 Series use sepa-
rate ground buses to minimize noise. These pins
should be tied together as close as possible to the
device.

Record (REC)

The REC input is an active-LOW Record signal.
The device records whenever REC is LOW. This
signal must remain LOW for the duration of the
Recording. REC takes precedence over either
Playback (PLAYE or PLAYL) signal. If REC is

pulled LOW during a Playback cycle, the Play-
back immediately ceases and Recording begins.

1-61



I1SD1400 Series

Product Data Sheets

A Record cycle is completed when REC is pulled
HIGH or the memory space is filled.

An end-of-message marker (EOM) is internally
recorded, enabling a subsequent Playback cycle
to terminate appropriately. The device automati-
cally powers down to standby mode when REC
goes HIGH.

Playback, Edge-Activated (PLAYE)

When a LOW-going transition is detected on this
input signal, a Playback cycle begins. Playback
continues untii an end-of-message (EOM) is
encountered or the end of the memory space is
reached. Upon completion of the Playback cycle,
the device automatically powers down into
standby mode. Taking PLAYE HIGH during a
Playback cycle will not terminate the current
cycle.

Playback, Level-Activated (PLAYL)

When this input signal transitions from HIGH to
LOW, a Playback cycle is initiated. Playback con-
tinues until PLAYL is pulled HIGH, an EOM marker
is detected, or the end of the memory space is
reached. The device automatically powers down
to standby mode upon completion of the Playback
cycle.

NOTE

In Playback, if either PLAYE or PLAYL is
held LOW during EOM or OVERFLOW, the
device will still enter standby and the
internal oscillator and timing generator will
stop. However, the rising edge of PLAYE
and PLAYL are not debounced and any
subsequent falling edge (particularly
switch bounce) present on the input pins
will initiate another Playback.

Record LED Output (RECLED)

The output RECLED is LOW during a Record
cycle. It can be used to drive an LED to provide
feedback that a Record cycle is in progress. In

addition, RECLED pulses LOW momentarily when
an EOM is encountered in a Playback cycle.

Microphone Input (MIC)
The microphone input transfers its signal to the
on-chip preamplifier. An on-chip Automatic Gain
Control (AGC) circuit controls the gain of this
preamplifier from -15 to 24 dB. An external micro-
phone should be AC coupled to this pin via a
series capacitor. The capacitor value, together
with the internal 10 K Ohm resistance on this pin,
determine the low-frequency cutoff for the
ISD1400 Series passband. See the ISD Applica-
tion Notes and Design Manual in this book for
additional information on low-frequency cutoff
calculations.

Microphone Reference (MIC REF)

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

Automatic Gain Control (AGC)

The AGC dynamically adjusts the gain of the
preamplifier to compensate for the wide range of
microphone input levels. The AGC allows the full
range of sound, from whispers to loud sounds, to
be recorded with minimal distortion. The “attack”
time is determined by the time constant of a 5 KQ
internal resistance and an external capacitor (C6
on the schematic on page 1-75) connected from
the AGC pin to Vgga analog ground. The “release”
time is determined by the time constant of an
external resistor (R5) and an external capacitor
(C8) connected in parallel between the AGC Pin
and Vsga analog ground. Nominal values of
470 KQ and 4.7 uF give satisfactory results in
most cases.

Analog Output (ANA OUT)

This pin provides the preamplifier output to the
user. The voltage gain of the preamplifier is deter-
mined by the voltage level at the AGC pin.
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Analog Input (ANA IN)

The ANA IN pin transfers the input signal to the
chip for recording. For microphone inputs, the
ANA OUT pin should be connected via an external
capacitor to the ANA IN pin. This capacitor value,
together with the 3.0 KQ input impedance of ANA
IN, is selected to give additional cutoff at the low-
frequency end of the voice passband. If the
desired input is derived from a sgurce other than
a microphone, the signal can be fed, capacitively
coupled, into the ANA IN pin directly.

Extemal Clock Input (XCLK)

The external clock input for the ISD1400 devices
has an internal pull-down device. The ISD1400 is
configured at the factory with an internal sampling
clock frequency that guarantees its minimum
nominal record/playback time. For instance, an
ISD1420 operating within specification will be
observed to always have a minimum of 20 sec-
onds of recording time. The sampling frequency is
then maintained to a variation of +2.25% over the
commercial temperature and operating voltage
ranges, while still maintaining the minimum spci-
fied recording duration. This will result in some
devices having a few percent more than nominal
recording time.

The internal clock has a £5% tolerance over the
industrial temperature and voltage range. A regu-
lated power supply is recommended for industrial
temperature parts. If greater precision is required,
the device can be clocked through the XCLK pin
as follows:

Part ‘ IR
Number Sample Rate Requiredmock
ISD1416 8.0 KHz 1024 KHz
1SD1420 6.4 KHz 819.2 KHz

These recommended clock rates should not be
varied because the antialiasing and smoothing fil-
ters are fixed, and aliasing problems can occur if
the sample rate differs from the one recom-

mended. The duty cycle on the input clock is not
critical, as the clock is immediately divided by two
internally. IF THE XCLK IS NOT USED, THIS INPUT
SHOULD BE CONNECTED TO GROUND.

Speaker Cutputs (SP+, SP-)

The SP+ and SP- pins provide direct drive for
loudspeakers with impedances as low as
16 ohms. A single output may be used. but, for
direct-drive loudspeakers, the two opposite-polar-
ity outputs provide an improvement in output
power of up to four times over a single-ended con-
nection. Furthermore, when SP+ and SP- are
used, a speaker-coupling capacitor is not
required. A single-ended connection will require
an AC-coupling capacitor between the SP pin and
the speaker. The speaker outputs are in a high-
impedance state during a record cycle, and held
at Vsga during Power Down.

Address Inputs (A0-A7)

The Address Inputs have two functions, depend-
ing upon the level of the two Most Significant Bits
(MSB) of the address.

iIf either of the two MSBs is LOW, the inputs are ALL
interpreted as address bits and are used as the
start address for the current Record or Playback
cycle. The address pins are inputs only and do not
output internal address information as the opera-
tion progresses. Address inputs are latched by
the falling edge of PLAYE, PLAYL, or REC.

OPERATIONAL MODES

The I1ISD1400 Series is designed with several buiit-
in operational modes provided to allow maximum
functionality with a minimum of additional compo-
nents, described in detail below. The operational
modes use the address pins on the 1SD1400
devices, but are mapped outside the valid
address range. When the two Most Significant Bits
(MSBs) are HIGH (A6 and A7), the remaining
address signals are interpreted as mode bits and
not as address bits. Therefore, operational modes
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and direct addressing are nor compatible and
cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin ini-
tially at address 0, which is the beginning of the
ISD1400 address space. Later operations can
begin at other address locations, depending on
the operational mode(s) chosen. In addition, the
address pointer is reset to 0 when the device is
changed from Record to Playback but not from
Playback to Record when A4 is HIGH in Opera-
tional Mode.

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 Oper-
ational Mode remains in effect until the next LOW-
going control input signal, at which point the cur-
rent address/mode levels are sampled and
executed.

OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
tion with a microcontroller, or they can be hard-
wired to provide the desired system operation.

RO — Message Cueing

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each control input
LOW pulse causes the internal 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.

A1 — Delete EOM Markers

The A1 Operational Mode allows sequentially
recorded messages to be combined into a single
message with only one EOM marker set at the end
of the final message. When this operational mode
is configured, messages recorded sequentially

NOTE are played back as one continuous message.
The two MSBs are on pins 9 and 10 for
each ISD1400 Series device.
OPERATIONAL MODES TABLE
Address Crtl. Jointly
(HIGH) Function | Typical Use | Compatible*
A0 Message cueing Fast-forward through messages A4
Al Delete EOM markers Position EOM marker at the end of the last A3, A4
message
A2 Unused
A3 Looping Continuous playback from Address 0 Al
A4 Consecutive addressing Record/Play multiple consecutive A0, A1
messages
A5 Unused

NOTE: An asterisk () indicates additional operational modes which can be used simultaneously with the given mode.
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A2 — Unused
A3 — Message Looping

The A3 Operational Mode allows for the auto-
matic, continuously repeated playback of the
message located at the beginning of the address
space.

A message can completely fill the ISD1400 device
and will loop from beginning to end. Pulsing
PLAYE will start the Playback and pulsing PLAYL
will end the Playback.

A4 — Consecitive Addressing

During normal operations, the address pointer will
reset when a message is played through to an
EOM marker. The A4 Operational Mode inhibits
the address pointer reset, allowing messages to
be recorded or played back consecutively. When
the device is in a static state; i.e., not recording or
playing back, momentarily taking this pin LOW will
reset the address counter to zero.

A5 — Unused
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TIMING DIAGRAMS
Record
TREC TrREC ]
REC ) D Y }’
TLEDS Tiem
TSET' THoLD } Tsa' THOLD
MIC/
ANATN MMM —
- TRPUD [*—TrroD
Playback
m XX XXX
A T /T \
PLAYL \ y { /4
PLAYE \ \_/—
Teer| JHOLD Teer|e ol THOLD Teer | JTHOLD
A0-A7 BL ‘%
SP+- 1
— Trpup ~—TeroD [—Tpppp Tepuo
RECLED | |
Teou —’}" -— Teon —]

NOTES: 1. REC must be HIGH for the entire duration of a Playback cycle.
2. RECLED functions as an EOM during Playback.
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(PACKAGED PARTS) (PACKAGED PARTS)
Condition Value Congdition Value
Junction temperature 150°C Commercial operating 0°Cto +70°C
¢)]
Storage temperature range -65°C1to +150°C temperature range
Voltage applied to any pin (Vss-0.3V) to Industrial op:;’ating —40°Cto +85°C
(VC c+ 0.3V) temperature
Voltage applied to any pin (Vss-1.0V) to Supply vohage (Vcc)® +45V 0 +55V
Input current limited to £20 mA)
(inp ) | (Ve +1.0V) Ground voltage (Vsg)® ov
Lead temperature (soldering - | 300°C
10 seconds) NOTES: 1. Caselemperature,
2 Vec =VYeca=VYeco
Vee - Vss -03Vto+7.0V 8. Vss=Vssa=Vssp
NOTE: Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ralings may affect device reliabillty.
Functional operation is not implied at these
conditions.
DC PARAMETERS (PACKAGED PARTS)
Symbol Parameters Min® | Typ™ | Max® | Units Conditions
Vi Input Low Voltage 0.8 \'
Viy Input High Voltage 2.4 v
VoL Output Low Voltage 0.4 v loL = 40 mA
Vou Output High Vaoltage 2.4 v loy = - 1.6 MA
Ice Vcc Current (Operating) 15 30 MA | Ve =55V Reyp =0
Isg V¢ Current (Standby) 0.5 10 BA @) (4
I Input Leakage Current +1 pA
e Input Current HIGH w/Pull 130 HA Force Ve 5
Down
Rext Output Load Impedance 16 Q Speaker Load
Rmic Preamp In Input Resistance 4 9 17 KQ Pins 17, 18
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DC PARAMETERS (PACKAGED PARTS) — CONTINUED

Symbol Parameters | min{® | v | max® Units ~ Conditions
RanA IN ANA IN Input Resistance 2.5 3 5 KQ
Apggq Preamp Gain 1 20 23 26 d8 |[AGC=00V
Apre2 Preamp Gain 2 -45 -15 dB8 JAGC=25V
Aarp ANA IN to SP+/- Gain 20 22 25 dB
Rage AGC Output Resistance 2.5 5 9.5 KQ
IPREH Preamp Out Source -2 mA |@Vgyr=1.0V
IPREL Preamp In Sink 0.5 mA @ VOUT =20V
NOTES: 1. Typical values @ T4 = 25° Cand 5.0 V.
2. Al Mir/Max limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested.
3. Veea and Veeop connected together,
4. REC, PLAVL, and PLAYE must be at Vecp .
8. XCLK pin.
AC PARAMETERS (PACKAGED PARTS)
Symbol Characteristic Min®@ | Typ® | Maxt? | Units Conditions
Fg Sampling Frequency — ISD1416 8 KHz | &
—1SD1420 6.4 KHz |
Fcr Filter Pass Band —I1SD1416 33 KHz | 3 dB Roll-Off Point 318
—15D1420 26 KHZ | 3 48 Roll-Off Point @@
Trec Record Duration —1ISD1416 | 16 sec
—1ISD1420 | 20 sec
Teray Playback Duration —1ISD1416 | 16 sec 5)
—1ISD1420 | 20 sec | ©
TLept RECLED ON Delay 5 msec
TLep2 RECLED OFF Delay —ISD1416 | 30 38.9 95 msec
—1SD1420 | 40 48.6 110 msec
Tser Address Setup Time 300 nsec
ThoLp Address Hold Time 0 nsec
Treup Rec. Power-Up Delay  — ISD1416 26 msec
— ISD1420 32 msec
TreoD Rec. Power- —ISD1416 26 msec
Down Delay — ISD1420 32 msec
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AC PARAMETERS (PACKAGED PARTS) - CONTINUED

Symbol Charactoristic Min® | Typ (9 | Max® | Units Congitions
Tepun Play Power-Up Delay — ISD1416 26 msec
— ISD1420 32 msec
TeroD Play Power-Down Delay — ISD1416 6.5 msec
— ISD1420 8.1 msec
Teom EOM Pulse Width — I1SD1416 12.5 msec
— ISD1420 15.625 msec
THD Total Harmonic Distortion 1 3 % @ 1 KHz
Pout Speaker Output Power 12.2 mW | Rexr=16Q
Vour Voltage Across Speaker Pins 1.25 2.5 Vpp |Rexr=600Q
VIN1 MIC |nput Voltage 20 mv Peak-to-Peak “)
Vin2 ANA IN Input Voltage 50 mv Peak-to-Peak -
NOTES: 1. Typicalvalues @ Tg = 25° Cand 5.0 V.
2. Al Min/Max limits are gusranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested.
3. Low-frequency cutoff depends upon value of external capacitors {see Pin Descriptions).
4. With 5.1 KQ series resistor at ANA IN.
8. Sampling frequency and Playback duration will vary as much as+2.25% over the commercial temperature
and voltage ranges. It may vary as much as+5% over the industrial temperature and voltage ranges. All devices
will meet the maximum sampling frequency and minimum Playback duration parameless. For greates stability, an
external clock can be utilized (see Pin Descriptions),
6. Filter specification applies to the antisliasing filter and to the smoothing filter.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE
(PACKAGED PARTS)

RECORD MODE OPERATING CURRENT (Icc) STANDBY CURRENT (Isp)
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ABSOLUTE MAXIMUM RATINGS (DIE) OPERATING CONDITIONS (DIE)
Condition Valuo ~ Condition . Vale
Junction temperature 150°C Commercial operating 0°Cto +50°C
Storage temperature range -65°Cto +150°C {emperature range
Voltage applied to any pad (Vss-0.3V) to Supply vottage (V)" +4-5V10+65V
Vee +03V) Ground voltage (Vsg)® ov
Voltage applied to any pad (Vgg-1.0V) 10
(Input current limited to + 20 MA) | (Ve + 1.0V) ROTES: 1. Vec = Veea = Voo
Vee - Vss _03Vto+ 7.0V 2 Vss=Vssa=Vsso

NOTE: Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliabiltty.
Functionaloperationis notimplied atthese conditions.

DC PARAMETERS (DIE)
Symbol Parameters Min? | Typ™ | Max® | Units |  Conditions
Vi Input Low Voltage 0.8 v
Vin Input High Voltage 2.4 v
Voo Output Low Voltage 0.4 v gL = 4.0mA
Vou Output High Voltage 2.4 V |ign=-1.6mA
lee Ve Current (Operating) 15 30 mA Ve =55V, Reyp = o0
Isg Ve Current (Standby) 05 10 uA | D)
he Input Leakage Current +1 HA
liLPD Input Current HIGH w/Pull 130 HA Force Ve 6}
Down
Rext Output Load Impedance 16 Q Speaker Load
Rnic Preamp In Input Resistance 4 9 17 KQ Pins 17, 18
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DC PARAMETERS (DIE) - CONTINUED
Symbol Parameters | #inf? 1w M- | Max® | Units ~ Conditions -
Rana N ANA IN Input Resistance 25 3 5 KQ
Apggq Preamp Gain 1 20 23 26 dB JAGC=0.0V
ApRe2 Preamp Gain 2 - 45 -15 dB AGC =25V
Aprp ANA IN to SP+/- Gain 20 22 25 dB
Race AGC Output Resistance 2.5 5 9.5 KQ
IpREH Preamp Out Source -2 mA |@Vgyr=10V
IpreL Preamp In Sink 0.5 mA | @Vgyr=2.0V
NOTES: 1. Typical values @ Ty =25 Cand 5.0 V.
2. All Min/Max limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested.
8. Vecaand Vep connected together,
4. REC, PLAVL, and PLAYE must be at Vecp -
8. XCLK pin.
AC PARAMETERS (DIE)
Symbol _Chamcmwc : ‘ : mnﬂ) Typ i) Ma‘xm‘ Units g " Conditions ,
Fg Sampling Frequency — ISD1416 8 KHz {5
— ISD1420 6.4 KHz | &
Fcr Filter Pass Band — I1SD1416 33 KHz | 3 dB Roll-Off Pgint B8
—1SD1420 2.6 KHZ | 2 48 RoIl-Off Point 316
Trec Record Duration —ISD1416 | 16 sec
—1IsD1420 | 20 sec
Teray Playback Duration —ISD1416 | 16 sec 5)
—1iSD1420 | 20 sec |
TLepa RECLED ON Delay 5 msec
TLep? RECLED OFF Delay —ISD1416 | 30 38.9 95 msec
—ISD1420 | 40 48.6 110 msec
Tset Address Setup Time 300 nsec
ThoLo Address Hold Time 0 nsec
TrPUD Rec. Power-Up Delay — iSD1416 26 msec
—ISD1420 32 msec
TrPOD Rec. Power- —ISD1416 26 msec
Down Delay —I1SD1420 32 msec
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AC PARAMETERS (DIE) - CONTINUED
Symbol Characteristic Min® | Typ ® | Max® | Units Conditions

Tepun Play Power-Up Delay — I1SD1416 26 msec

—ISD1420 32 msec
TepoD Play Power-Down Delay — ISD1416 6.5 msec

—ISD1420 8.1 msec
Teom EOM Pulse Width —1SD1416 12.5 msec

—ISD1420 15.625 msec
THD Total Harmonic Distortion 1 3 % @1 KHz
Paour Speaker Output Power 12.2 mW | Rexr=16Q
Vour Voltage Across Speaker Pins 1.25 2.5 VpP |Rexr=600Q
Vin MIC Input Voitage 20 mv Peak-to-Peak ¥
Vinz ANA IN Input Veltage 50 mv Peak-to-Peak
NOTES: 1. Typlcal values @ Ty = 25° Cand 5.0 V.

LI I

All Mir/Max limits are guaranteed by ISD via electrical testing or characterization.

Not all specifications are 100% tested.

Low-frequency cutoff depends upon value of external capacitors {see Pin Descriplions).

With 5.1 KQ series resistor at ANA IN.

Sampling frequency and Playback durstion will vary as much ast2.25% over the commercial temperature

and voltage ranges. All devices will meet the maximum sampling frequency and minimum Playback duration
parameters. For greater stability, an external clock can be utilized (see Pin Descriptions).
Fitter specification applies to the antialiasing fiiter and to the smoothing filter.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)

RECORD MODE OPERATING CURRENT (icc)
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APPLICATION EXAMPLE
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FUNCTIONAL DESCRIPTION EXAMPLE sage space, the entire message is played.

The following example operating sequence dem-
onstrates the functionality of the ISD1400 Series
devices.

1.

Record a message filling the address
space.

Pulling the REC signal LOW initiates 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 automatically power down after
REC is pulled HIGH.

Edge-activated playback.

Pulling the PLAYE signal LOW initiates a
Playback cycle from the beginning of the
message space or at a selected location.
The rising edge of PLAYE has no effect on
operation. If a Recording has filled the mes-

When the device reaches the EOM marker,
it automatically powers down. A subse-
quent falling edge on PLAYE initiates a new
Piay cycle from the start address.

Level-activated playback.

Pulling the PLAYL signal LOW initiates a
Playback cycle from the beginning of the
message space or a selected location. If
Recording has filled the message space,
the entire message is played. When the
device reaches the EOM marker, it auto-
matically powers down. A subsequent
falling edge on PLAYL initiates a new Play
cycle from the starting address.

Level-activated playback (truncated).

IfPLAYL is pulled HIGH any time during the
Playback cycle, the device stops playing
and enters the power-down mode. A sub-
sequent falling edge on PLAYL initiates a
new Play cycle from the start address.

1-75



I1SD1400 Series

Product Data Sheets

5.

Record (interrupting playback).

The REC signal takes precedence over
other operations. Any LOW-going transition
on REC initiates a new Record operation
from the beginning of the start address or
at a selected location, regardless of any
current operation in progress.

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 EOM
to be placed. The device powers down
automatically.

Play back a message, partially filling the
address space.

Pulling the PLAYE or PLAYL signal LOW ini-
tiates a Playback cycle which is then
completed when the EOM marker is
encountered. Playback ceases and the
device powers down.

RECLED operation.

The RECLED output pin provides an active-
LOW signal which can be used to 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. This pin also puises LOW to
indicate an EOM at the end of a message
being played.

APPLICATIONS NOTE

Some users may experience an unexpected
recording taking place when their circuit is pow-
ered up, or the batteries are changed and V¢
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 mem-
ory, preventing access to the original message,
and nothing is played.

To prevent this occurrence, place a capacitor
(approx. 0.001 uF) between the control pin (REC)
and V¢c. This pulls the control pin voltage up with
Vcc asitrises. Once the voltage is HIGH, the pull-
up device will keep the pin HIGH until intentionally
pulled LOW, preventing the false EOM marker.

Since this anomaly depends on factors such as
the capacitance of the user's printed circuit
board, not all circuit designs will exhibit the spuri-
ous marker. However, it is recommended that the
capacitor is included for design reliability. A more
detailed explanation and resolution of this occur-
rence is described in the ISD Application Notes
and Design Manualin this book.
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ORDERING INFORMATION

Product Number Descriptor Key

ISD14_ _ _ _
18D1400 Series Special Temperature Field:
Duration: Blank = Commercial P§ckaged (0°'Cto +70°C)
16 = 16 Seconds or Commercial Die (0°C to +50°C)
20 = 20 Seconds I = Industrial (-40°C to +85°C)
Package Type:
P = 28-Lead 0.600-Inch Plastic Dual In-Line Package
(PDIP)
S = 28-Lead 0.300-Inch Smalf Outline Integrated Circuit
X = Die

When ordering ISD1400 Series devices, please refer to the following valid part numbers.

Part Number Part Ntﬁnber
ISD1416P ISD1420P
ISD1416PI ISD1420P1
ISD1416S 1ISD1420S
ISD1416SI 1ISD1420S!1
ISD1416X 1ISD1420X

For the latest product information, access ISD's worldwide website at hitp://www.isd.com.
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B DALLAS DS1307

» SEMICONDUCTOR 64 x 8 Serial Real-Time Clock
wWWw.maxim-ic.com
EATURES PIN ASSIGNMENT

Real-time clock (RTC) counts seconds, 1 T8 H Ve
minutes, hours, date of the month, month, day x2d2 7 HEsawiout
of the week, and year with leap-year Venl3 6 FscL
compensation valid up to 2100 oNnD 4 5 [spa
56-byte, battery-backed, nonvolatile (NV) i _mi
RAM fot date storage DS1307 8-Pin DIP (300-mil)
Two-wire serial interface

Programmable squarewave output signal :; 12 : - \SIOQCWIOUT
Automatic power-fail detect and switch Vewrm|3s 6 MmscL
circuitry GND M[4 5 [MSDA
Consumes less than 500nA in battery backup DS1307 8-Pin SOIC (150-mil)
mode with oscillator running
Optional industrial temperature range:
-40°C 10 +85°C PIN DESCRIPTION
Available in 8-pin DIP or SOIC Ve - Primary Power Supply
Underwriters Laboratory (UL) recognized X1, X2 - 32.768kHz Crystal Connection
VBAT - +3V Battery Input
GND - Ground
IRDERING INFORMATION SDA - Serial Data
S1307 8-Pin DIP (300-mil) QCT. - Serial Clock
S1307Z 8-Pin SOIC (150-mil) SQW/OUT - Square Wave/Output Driver
S1307N 8-Pin DIP (Industrial)
S1307ZN 8-Pin SOIC (Industrial)
ESCRIPTION

he DS1307 Serial Real-Time Clock is a low-power, full binary-coded decimal (BCD) clock/calendar
us 56 bytes of NV SRAM. Address and data are transferred serially via a 2-wire, bi-directional bus.
he clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of
e month date is automatically adjusted for months with fewer than 31 days, including corrections for
ap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The
S1307 has a built-in power sense circuit that detects power failures and automatically switches to the

ittery supply.
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YPICAL OPERATING CIRCUIT

Vee
Vee Yee T
T 8
Veo 1
DS1307 %
';W
RPU |R1 5] SOA
w | 5| saL 3
7] sqw/out j_—
- I
GND =
T 1
\
|
'PERATION

he DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
ndition and providing a device identification code followed by a register address. Subsequent registers
in be accessed sequentially until a STOP condition is executed. When V¢ falls below 1.25 x Vgar the
svice terminates an access in progress and resets the device address counter. Inputs to the device will
3t be recognized at this time to prevent erroneous data from being written to the device from an out of
lerance system. When V¢ falls below Vgar the device switches into a low-current battery backup
ode. Upon power-up, the device switches from battery to Vcc when Vecis greater than Vgar + 0.2V
1d recognizes inputs when Vcc is greater than 1.25 x Vpar. The block diagram in Figure 1 shows the
ain elements of the serial RTC.

1I$1307 BLOCK DIAGRAM Figure 1

(iR,

RTC
OSCILATOR
AND DIVIDER
SQUARE WAVE
sawrout ouy | — RAM
(58 X8)
Loac
Vaar ———
o ——= R
SCL e id
ADDRESS
it 2% N e—
SDA ——v)
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IGNAL DESCRIPTIONS

ccs GND — DC power is provided to the device on these pins. Vec is the +5V input. When 5V is
yplied within normal limits, the device is fully accessible and data can be written and read. When a 3V
attery is connected to the device and Vccis below 1.25 x Vgar, reads and writes are inhibited. However,
e timekeeping function continues unaffected by the lower input voltage. As Vcc falls below Vpar the
AM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at Vgar.

saT — Battery input for any standard 3V lithium cell or other energy source. Battery voltage must be
1d between 2.0V and 3.5V for proper operation. The nominal write protect trip point voltage at which
cess to the RTC and user RAM is denied is set by the internal circuitry as 1.25 x Vpar nominal. A
thium battery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence of
ower at 25°C. UL recognized to ensure against reverse charging current when used in conjunction with a
thium battery.

ee “Conditions of Acceptability™ at http://www.maxim-ic.com/TechSupport/QA/ntrl.htm.

CL (Serial Clock Input) — SCL is used to synchronize data movement on the serial interface.

DA (Serial Data Input/Output) — SDA is the input/output pin for the 2-wire serial interface. The SDA
n is open drain which requires an external pullup resistor.

QW/OUT (Square Wave/Output Driver) — When enabled, the SQWE bit set to 1, the SQW/OUT pin
1tputs one of four square wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT pin is open
ain and requires an external pull-up resistor. SQW/OUT will operate with either Vcc or Vbat applied.

1, X2 — Connections for a standard 32.768kHz quartz crystal. The internal oscillator circuitry is
>signed for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

or more information on crystal selection and crystal layout considerations, please consult Application
ote 58, “Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 can also be driven by an
cternal 32.768kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
gnal and the X2 pin is floated.

RECOMMENDED LAYOUT FOR CRYSTAL

r- RTC
I Crystal
Local Ground Plane AR :
Layer 2
Guard Ring
(connect to giound)
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LOCK ACCURACY

he accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
stween the capacitive load of the oscillator circuit and the capacitive load for which the crystal was
immed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
rcuit noise coupled into the oscillator circuit may result in the clock running fast. See Application Note
3, “Crystal Considerations with Dallas Real-Time Clocks” for detailed information.

lease review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
r additional information.

TC AND RAM ADDRESS MAP

he address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The RTC registers
e located in address locations 0Ch to 07h. The RAM registers are located in address locations 08h to
7h. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps
ound to location 00h, the beginning of the clock space.

$1307 ADDRESS MAP Figure 2

OCH

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
O07H CONTROL

08H RAM
3FH 6x8

LOCK AND CALENDAR

he time and calendar information is obtained by reading the appropriate register bytes. The RTC
gisters are illustrated in Figure 3. The time and calendar are set or initialized by writing the appropriate
gister bytes. The contents of the time and calendar registers are in the BCD format. Bit 7 of register 0
the clock halt (CH) bit. When this bit is set to a 1, the oscillator is disabled. When cleared to a 0, the
scillator is enabled.

lease note that the initial power-on state of all registers is not defined. Therefore, it is important
) enable the oscillator (CH bit = 0) during initial configuration.

he DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
2- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
e AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
} hours).

n a 2-wire START, the current time is transferred to a second set of registers. The time information is

ad from these secondary registers, while the clock may continue to run. This eliminates the need to re-
ad the registers in case of an update of the main registers during a read.
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$1307 TIMEKEEPER REGISTERS Figure 3

lew ] | | | | | [|sm]

oo | CH 10 SECONDS SECONDS 00-59
0 10 MINUTES MINUTES 00-59
o |12 10HA 01-12
2 [Cap | OHR HOURS 0023

0 [} 1] 0 0 DAY 1-2
0 [ - 130
10 DATE DATE iy
0 [ 0 10 MONTH 01-12
10 YEAR YEAR 00-09

oM | our | O 0 |sawe| © 0 | ms1 | Rs0

ONTROL REGISTER

1e DS1307 control register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT § BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OouT 0 0 SQWE 0 0 RS1 RSO

UT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
itput is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if
UT=0.

JWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
squency of the square wave output depends upon the value of the RS0 and RS1 bits. With the square
ave output set to 1Hz, the clock registers update on the falling edge of the square wave.

S (Rate Select): These bits control the frequency of the square wave output when the square wave
itput has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

QUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT FREQUENCY
0 0 1Hz
0 1 4.096kHz
1 0 8.192kHz
1 1 32.768kHz
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DS1307

-WIRE SERIAL DATA BUS

1e DS1307 supports a bi-directional, 2-wire bus and data transmission protocol. A device that sends
ita onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
mtrols the message is called a master. The devices that are controlled by the master are referred to as
aves. The bus must be controlled by a master device that generates the serial clock (SCL), controls the
15 access, and generates the START and STOP conditions. The DS1307 operates as a slave on the 2-
ire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

YPICAL 2-WIRE BUS CONFIGURATION Figure 4

Vec

AAA
vy
?
A
A\ A A
4

=

081307 OTHER
R REAL TIME PERIPHERAL
CLOCK DEVIGE

gures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

Data transfer may be initiated only when the bus is not busy.
During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

ccordingly, the following bus conditions have been defined:
us not busy: Both data and clock lines remain HIGH.

lart data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
‘fines a START condition.

lop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
IGH, defines the STOP condition.

ata valid: The state of the data line represents valid data when, after a START condition, the data line
stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
1ring the LOW period of the clock signal. There is one clock pulse per bit of data.

ach data transfer is initiated with a START condition and terminated with a STOP condition. The
imber of data bytes transferred between START and STOP conditions is not limited, and is determined
7 the master device. The information is transferred byte-wise and each receiver acknowledges with a
nth bit. Within the 2-wire bus specifications a regular mode (100kHz clock rate) and a fast mode
00kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.
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:knowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
seption of each byte. The master device must generate an extra clock pulse which is associated with
s acknowledge bit.

device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
1y that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
urse, setup and hold times must be taken into account. A master must signal an end of data to the slave
‘not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
> slave must leave the data line HIGH to enable the master to generate the STOP condition.

ATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

VY P
: . - V - -':1 :
.o fe———— ADORES3 o —
M " ACKNOWLEDGEMENT |
X BT SIGNAL FROM .
_.| - RECEIVER '
v ACKNOWLEDGEMENT v
v SIGNAL FROM .
v RECEIVER Co
. )

st 1\ /_1\_/_2\ 8\ 7\ f8\ [o 1\ [2 8\ (s f v
v ACK AcK Lo

START STOP CONDITION

REPEATED IF oo
CONDITION (e—— MOREBYTES ARE ——" IR CONDITION

spending upon the state of the R/W bit, two types of data transfer are possible:

Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a “not acknowledge” is returned.

i master device generates all of the serial clock pulses and the START and STOP conditions. A
nsfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
ndition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
th the most significant bit (MSB) first.

7of 12



DS1307

1 DS1307 may operate in the following two modes:

Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains
the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W ) which, for a write,
isa 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

ATA WRITE - SLAVE RECEIVER MODE Figure 6

<Slave Address> l§ <\ord Addrass (n)> <Catafn}> <Data (ne1)> <Data (neX)>
['s T 1101000 [ 0 T a T000000x | A Tx000000¢ T A Tro000000¢ | A | 0000000 f A | P |

S - START (.

A - ACKNOWLEDGE nmm’a’lmm

P — STOP (X+1 BYTES + ACKNOWLEDGE)
*RAN — READ/WRITE OR DIRECTION BIT. ADDRESS « D0h

Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the
*direction bit (R/W) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a “not acknowledge” to end a read.

ATA READ - SLAVE TRANSMITTER MODE Figure 7

<Slave Address> 'é <Dataln)> <Oastalnetp> <Data (n+2)> <Deta (n4X}>
['s T 1101000 [ 1 T A Jr0000000x T & Txxooo0aox T A 0000000 | A [ 000000 [ R | P |

l p |

1

8 - STAAT DATA TRANSFERRED

A - ACKNOWLEDGE 1 BYTES + ACKNOWLE NOTE: ABYTE IS

2 - sioe o R B e A T ARAD
= NOT ACKNOWLEDGE

“RAN ~ REAVWRITE OR DIRECTION BIT ADDRESS = DTh
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BSOLUTE MAXIMUM RATINGS*
dltage on Any Pin Relative to Ground

orage Temperature
)Idering Temperature

-0.5V to +7.0V

-55°C to +125°C

260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

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.

Range Temperature Vee
Commercial 0°C to +70°C 4.5V to0 5.5V Vear
Industrial -40°C to +85°C 4.5V t0 5.5V Vcai

ECOMMENDED DC OPERATING CONDITIONS

(Over the operating range*)
'"ARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
upply Voltage Vee 4.5 5.0 5.5 \'4
.ogic 1 Vi 2.2 VCC +0.3 \'
.ogic 0 Vi -0.5 +0.8 \'/
/sat Battery Voltage VBAT 2.0 3.5 \'
Jnless otherwise specified.
C ELECTRICAL CHARACTERISTICS

(Over the operating range®)
'ARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
nput Leakage (SCL) I 1 HA
/O Leakage (SDA & Iio 1 HA
QW/OUT)
.ogic 0 Output (Ior = SmA) VoL 0.4 \Y
\ctive Supply Current Icca 1.5 mA 7
itandby Current Iccs 200 pA 1
3attery Current (OSC ON); IgaTi 300 500 nA 2
\QW/OUT OFF
3attery Current (OSC ON); Ipam2 480 800 nA
\QW/OUT ON (32kHz)
‘ower-Fail Voltage Ve 1216 x Vpar | 1.25X Vpar | 1.284x Vaar \% 8
Jnless otherwise specified.
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C ELECTRICAL CHARACTERISTICS

(Over the operating range*)
ARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
~L Clock Frequency fscL 0 100 kHz
1s Free Time Between a STOP and taur 4.7 us
[ART Condition
old Time (Repeated) START Condition | tuyp.sta 4.0 us 3
DW Period of SCL Clock tLow 47 us
[GH Period of SCL Clock tHicH 4.0 us
t-up Time for a Repeated START tsu:sTA 4.7 us
ndition
ata Hold Time tUD:DAT 0 us 4,5
ata Set-up Time {SU.DAT 250 ns
se Time of Both SDA and SCL Signals tR 1000 ns
1 Time of Both SDA and SCL Signals tF 300 ns
t-up Time for STOP Condition tsu:sTO 4.7 us
wacitive Load for each Bus Line Cs 400 pF 6
Cwo 10 pF
) Capacitance (Ta = 25°C)
ystal Specified Load Capacitance 12.5 pF
'a=25°C)
Jnless otherwise specified.
OTES:

Iccs specified with Ve = 5.0V and SDA, SCL =5.0V.

Vee =0V, Vear =3V.

After this period, the first clock pulse is generated.
A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the
Vmmmn of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

The maximum typ.pat has only to be met if the device does not stretch the LOW period (tLow) of the

SCL signal.

Cs — Total capacitance of one bus line in pF.
Icca — SCL clocking at max frequency = 100kHz.

Vpr measured at Vear = 3.0V.
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IMING DIAGRAM Figure 8

R = oje o 200

$1307 64 X 8 SERIAL REAL-TIME CLOCK
-PIN DIP MECHANICAL DIMENSIONS

3 5 PKG 8-PIN
'f DIM | MIN | MAX
. A IN. | 0360 | 0400
| MM} 914 | 1016
J. BIN. | 0240 | 0260
- : MM | 610 | 660
A—s) CIN. | 0.120 | 0.140
MM | 305 3.56
D IN. | 0300 | 0325
— MM | 762 | 826
196 EIN. | 0015 | 0040
i mM | 038 1.02
x+if | L'E"" | Soa | e
¢ GIN. | 00% | 0.110
MM | 229 | 279
"H IN. | 0320 | 0370
l'— o —'I MM 8.13 9.40
JIN. | 0008 | 0012
MM | 020 | 030
9 IN. | 0015 | 0021
MM | 038 | 053
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$1307Z 64 X 8 SERIAL REAL-TIME CLOCK

-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

1T
AAAE

12 0f 12

8-PIN
PKG (150 MIL)
DIM MIN MAX
A IN. 0.188 0.196
| MM | 478 | 498
B IN. 0.150 0.158
| MM | 381 | 401
C IN. 0.048 0.062
ovm | 122 | 157
E IN. 0.004 0.010
MM 0.10 0.25
F IN. 0.053 0.069
MM 135 1.75
G IN. 0.050 BSC
| MM 1.27BSC
H IN. 0.230 0244
MM 5.84 6.20
J IN. 0.007 0.011
MM 0.18 0.28
K IN. 0.012 0.020
| MM | 030 | osi
L IN. 0.016 0.050
MM 041 127
phi 0° 8°
56-G2008-001



LCM

Liquid Crystal Display Modules

Seiko Instruments GmbH







Dot Matrix Liguid Crystal Display Modules

CHARACTER TYPE

e FEATURES:
o Slim, light weight and low power consumption
 High confrast and wide viewing angle

SO

@ Built-in controller for easy interfacing
e |.CD modules with built-in EL or LED backlight

L1652 L2012
[ ] -
SPECIFICATIONS : [ : Standard producls |: Products of oplional specificalion
iracter Formal (characler x ling) 16x1 16x 2 16x2 16x2 16x4 20x2
del M1641 M1632 L1642 L1652 L1614 L2012
eclive M16410AS M16320AS L164200J000S L165200J200S L161400J000S 120120040008
packlight M164190WS M16329DWS L164221J000S 1165221J200S L161421J000S 1.201221J000S
) backlight _M16417DYS _M16327DYS L1642B1J000S L1652B1J200S L1614B1J000S 12012B1J000S
gelive (wide temp) M16410CS M16320CS L164200L000S L165200L2008 L161400L000S 1201200L000S
) backlight (wide lemp) M16417JYS M16327JYS L1642B1L000S L165281L200S L1614B1L000S L2012B1L000S
iracler font 5x7 dols + cursor | 5x7 dols + cursor | 5x7 dols + cursor | 5x7 dols + cursor | 5x7 dols + cursor | 5x7 dols + cursor
dule |Reflective 80,0x36,0x11,3 | 850x30,0x10,1 | 80,0x36,0x 11,3 |1220x440x11,3 | 87.0x60,0x 116 |116,0x37.0x 11,3
: EL backlight 80,0x360x11.3 | 850x30,0x101 | 80.0x36,0x11,3 |1220x440x 11,3 | 87.0x60,0x 116 J116,0x37.0x11.3
VxT) mm__ JLED backlight 80,0x36,0x15.8 | 80.0x30.0x158 | 80,0x360x158 |1220x440x158 | 870x600x158 |1160x370x158
wing area (HxV) mm 645x138 62,0x 16,0 645x138 99.0x 24,0 61,8x252 83,0x 18,6
iracler size (HxV) mm_*1 3,07x5,73 2.78x4,27 295x 3,80 4,84 x 8,06 2,95 x 4,15 3,20x4,85
size (HxV) mm 0,55x 0,75 0,50 x 0,55 0,50 x 0,55 092x1,10 0,55 x 0,55 0,60 x 0,65
ver supply vollage (VDD-VSS) V +5V +5V +5V +5V +5V +5V
rent consumption DD 15 2.0 16 2,0 2,7 2,0
\Iyp) ILC *4 02 0,2 03 04 1,1 04
ing method (duty) 1/16 1/16 1/16 1/16 1/16 1/16
KS0066 KS0066 KS0066 KS0066 KS0066 KS0066
l-in LSI or equivalent MSM5839 MSM5839 MSM5839 KS0063 KS0063
, or equivalent or equivalent or equivalent or equivalent orequivalent |
raling lemperalure (°C) normal lemp. 01lo +50 01lo + 50 01o+50 0lo+50 0lo+50 0lo+50
) wide lemp. *2 -201t0+70 -2010+70 -2010+70 -2010+70 -2010+70 -2010+70
rage lemperalure (°C) normal lemp. -20 10 + 60 -20 10 +60 - 2010 + 60 - 2010 + 60 -2010 + 60 - 2010 + 60
wide lemp. -3010+80 -3010 + 80 -301o + 80 -3010 + 80 -3010 +80 -3010 + 80
ght Reflective 25 25 25 50 50 40
typ.) EL backlight 30 30 30 55 55 45
LED backlight 35 40 35 65 65 60
| Model 53 58 58 5C 5A 5A
arlers Power supply (V) +50 +50 +50 +50 +5.0 +5.0
EL current consumplion (mA) *3 10 10 10 35 45 45
Forward current
) consumplion (mA) 100 112 100 240 200 154
Klight Forward input voltage
(V,lyp.) +4,1 +4,1 +4,1 +41 +4,1 +4,1
Excluding cursor H : Horizonlal v : Vertical T Thigkness (max)

With external temperature compensation
Including EL backiight
Based on normal lemperature range

2 our policy is one ol continues improvements we reserve the right fo change the specilications for the praducts in the catalogue w ithout notice.



* SPECIFICATIONS :

M4024

: Slandard producls : Producls of oplional specification
Character Formal (character x ling) 20x2 20x4 24 %2 40x2 40x4
| Model L2022 L2014 12432 L4042 M4024
Reflective - 12014000008 1243200J000S 1404200J000S M40240AS
EL backlight - 1201421J000S 124322140005 1.404221J000S M40243DWS
LED backlight - L2014B1J000S 1.2432B1J000S L4042B1J000S M402470YS
| Reflective (wide lemp) 1.202200P000S 1201400L000S 124320010008 L404200L000S M40240CS
LED backlight (wide lemp) L2022B1P000S L2014B1L000S L2432B1L000S L4042B1L000S M40247JYS
Characer fonl 5x7 dols +cursor | 5x7 dols + cursor |  5x7 dols + cursor 5x7 dols + cursor 5x7 dots + cursor
Module Reflective 180,0 x 40,0 x 10,5 | 98,0x60,0x 116 | 1180x360x 11,3 | 1820x335x113 | 190.0x54,0x 10,1
size EL backlight 180,0x 40,0 x 10,5 | 980x600x116 | 1180x360x 11,3 | 1820x335x113 | 1900 x 54,0 x 10,1
(HxVxT) mm___[LED backlight 180,0x 40,0x 14,8 | 980x60,0x158 | 1180x36,0x 158 | 1820x335x163 | 190,0x54.0x16,3
Viewing area (HxV) mm 149,0x 23,0 76,0x 252 94,5x17.8 154,4x 15,8 147,0%x 29,5
Character size (HxV) mm_*1 6,00 x 9,66 295x4.15 3,20 x 4,85 3,20 x 4,85 2,78 x4,27
Dot size (HxV) mm 112x1,12 0,55 x 0,55 0,60 x 0,65 0,60 x 0,65 0,50 x 0,55
Power supply vallage (VDD-VSS) V. +5V +5V +5V +5V +5V
Current consumption IDD 42 28 25 30 _80
(mA,lyp) ILC "4 2.6 1,2 05 1,0 30
Driving method (duly) 1/16 1/16 1/16 1/16 1/16
KS0066 KS0066 KS0066 KS0066 KS0066
Buill-in LSI KS0063 MSM5839 KS0063 KS00863 MSM5839
or equivalent or equivalent or equivalent or equivalent or equivalent
Operaling lemperalure (°C) normal lemp. - 0lo+50 0lo +50 0lo+50 0lo+50
wide lemp. *2 -20t0+70 -2010+70 -20l0+70 -2010 +70 -2010 +70
Storage lemperalure (°C) normal lemp. - -2010 + 60 -2010 +60 - 2010 +60 -20 10 + 60
wide lemp. -3010+80 -3010+80 - 3010 + 80 -301to+80 -301t0+80
Weight Refleclive 80 55 40 70 90
(@, lyp.) EL backlight - 60 45 75 105
|LED backlight 110 70 60 95 140
Model - 5A 5A 5C 50
Inverlers Power supply (V) +5.0 +5.0 +50 +5.0 +5.0
for EL ion (mA) "3 - 45 45 25 80
Forward current
LED consumplion (mA) 320 240 150 260 480
backlight Forward input vollage
(Vilyp.) +4.1 +4,1 +4.1 +4,1 +4.1
*1 : Excluding cursor H : Horizontal V: Vertical T : Thickness (max)

*2 : With ex lemal lemperalure compensation
*3 : Including EL backlight
*4 ; Based on normal femperalure range
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Dot Matrix Liguid Crystal Display Modules

GRAPHIC TYPE

* FEATURES :

*Wide viewing angle and high contrast «Slim, light weight and low power consumption
«Full dot configuration fits any application *Available in STN and FSTN

» SPECIFICATIONS :

format (HxV.dol) 97 % 32 128x% 32 128 x 64 128 x 64
el Y7031 G1213 G1216 G1226
| type Reflective built-in RAM - - - -
1y mode) | Reflective wide temp. built-in RAM - G121300N000S G121600N000S -
LED backlight built-in RAM - - - G122681J000S
: LED backlight wide temp built-in RAM - G121381N000S G121681N000S -
N type Transmissive - - - - -
Wmode)  [with CFL backlight built-in controlier = s 5 -
. Transflective built-in RAM YO7031LFEOW. - - -
jule size Reflective (no backlight) 475x654x21 750x415x68 750x527x68 -
VxT) LED backlight - 750x41,5x89 75,0%527x89 930x700x 114
CFL backlight 3 - 2 =
ving area mm 435x239 60.0x 21,3 60,0x 325 70,7x 388
size (Hx V) mm 0,35x 0,48 0,40x 048 0,40x 0,40 0,44 x 0,44
pitch (H x V) mm _ 0,39% 052 0,43% 051 043x 043 0,48x 0,48
rer supply vollage (V) (VDD - VSS) +50 +50 +50 +50
(VLC - VSS) . -80 -8.1 82
ent consumplion IDD 0,10 2,0 2,0 3,0
1DD (built-in controller) - - - -
typ) ILC = 18 1.8 20
. Driving method (duty) 1/33 1164 1/64 1184
-in LS| Driver SED1630 HD61202 HDB1202 KS0107
HD61203 HD61203 KS0108
or equivalent or equivalent or equivalent or equivalent
i Controller - - - -
rating temperature range ( °C) - 210 +70 -201Mo0+70 -20to+70 0to+50
-30to+80 -30to+80 -30to+80 -20to+60
10 23 35 -
- 35 45 72
- 40 20 125
L |Forward input voltage (V. typ) . 38 4.1 4.1
|Mode . - = -
rter for CFL | Power supply voltage (V) - - - -
Current consumption (mA. typ.) - - - -

built-in DC/DC converter (single power source)
Use with external temperature compensation circuit
e our policy is one of conlinues improvements we reserve the right to change the specificalions of the producls in the catalogue without nolice.



{Dot format (HxV,dof) 240x64 240x 128 320x 200 320x% 240 640 x 200
Model G2448 (G242C G321D G324E G649D
STN type - - - - -
(Gray mode) - -
FSTN type - G2446X5R1A0S G242CX5R1ACS (G321DX5R1A0S GI24EX5R1A0S GB49DX5R010S
(BA&W moade) with CFL backight built-in controlier G2448X5R1ACS G242CX5R1ADS G321DX5R1ACS G324EXSR1ACS -
Transflective |buift-in RAM - - - -
Module size Reflective {no backlight) - - -
(HxVxT) LED backlight - - - -
mm CFL backlight 191,0x79.0x151 | 1800x1100x151 | 166,0x134,0x 15,1 166,0x 1340 x 15,1 260,0x1220x 167
\Viewing area (HxV) mm 134.0x 41,0 134.0x 76,0 128,0x 110,0 128,0x 1100 216,0x 83.0
Dot siza (H x V) mm 0,49 x 0,49 0,47 X 0,47 0,34 x 0,48 0,32x 0,39 0,30x 0,36
Dot pitch (H x V) mm il 0,53 x 0,53 0,51 x 0.51 0,38 x 0,52 0,36 x 0,43 0,33x0,39
Power supply voltage (V) (VDD -VSS; +50 +50 +50 +50 +50
(VLC - VSS) o i | -240 -24 0 -240
Current consumption DD 12 30 8 75 11
IDD (built-in coniroller) 15 40 23 23 -
) liie - - 6 6,5 9
Driving method (duty) 1/84 1/128 17200 17240 1200
Built-in LS| Driver MSM5298 Ks0103 MSM5268 HDB66204 MSM5288
MSM5299 KS0104 MSM5299 HD66205 MSM5299
or equivalent or equival or equivalent or equivalent of equival
Controller SED1330FB SED1330FB SED1330FB SED1330FB -
ure range ( °C Oto+50 0to+50 Oto +50 Oto+50 Oto +50
temperature range { °C) -20 to + 60 -20t0 +60 -20to +60 -20to +60 -20to +60
Weight |Refiective (Transflective no backiight) Z E - 5 =
(0. typ.) LED backlight s = = 2 -
CFL backiight 200 280 350 350 420
LED backlight Forward current consumption (mA) - - - - -
Fonward input voltago (V. yp) - - : - -
Mode 4800210 4800210 4800210 4800210 4800120
Inverter for CFL  [Power voltage (V) +50 +50 +50 +50 +120
Curent con ion ) 250 350 365 365 390

*1 : built-in DC/DC converter (single power source)
*2 : Use with external temperature compensation

Since our policy is ane of continous improvemets, we reserva the right to change the specifications of the produdts in the catalogue without notice.
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'HECK LIST FOR CUSTOM DESIGNED LCD MODULE

. Company, 2. Application 3. Customer Specified Part No.
. Design
] New [JModified : Manufacturer, , Part No. , Remarks
[] Equivalent: Manufacturer , Part No. , Remarks
LCM Dimensions . A x B : Module size X mm
- c Hi | He E x F : Viewing area X mm
| & P x Q : Active display area X mm
————— A C : Length between mounting holes mm
i : : Length between mountingholes_________mm
N ! 1igR ' D th b ing hol
® | ! * ; M : Diameter of mounting hole mm
N—— == T ; H : Total thickness mm
- & H1 : Upper thickness mm
M E H H2 : Lower thickness mm
Display Contents 11. Temperature Compensation Circuit
] Character type: characters lines [Cintemal ["JExtemal [ JUnnecessary
Character font . dots + cursor Compensation range: [] 0°C to 50°C [J__°Cto °C
gg?’aitcct:' pitch X mm 12. Current Consumption
Dot zize : rmn: l;or :?gig: .typ. m’ max, m
[JGraphics (Full dot) type: X dots orlCdrive:typ.__________mA, max.
Dot pitch X mm Others ( )ityp____ mA, max. mA
Dot size _X _mm 13. Contrast Adjustment
ClSegment type: digits lines Ointernal [JExtemal [ JUnnecessary
C1Others Method: [J Temp. compensation circuit [JVolume []
LCD Panel

Viewing angle: []6 o'clock [(112 o'clock[]___o'clock
Type: [L1TN [JFSTN (Black and white)
OSTN (CYellow green []Gray []Blue)
Chromaticity coordinates
( SXxs '
[JPositive type []Negative type
[JReflective [ Transflective [] Transmissive
CJOthers

sys )

Gray scale: [JYes gray scale [JNo
Preferential specifications:
[JResponsetimeton ms( °C)ter ms( °C)

[(Viewingangle  deg.(  °C)[JContrast __( °C)
[COthers

LCD surface finishing:
[CONormal [JAnti-glare[]
Polarizer color:[[]Normal (neutral gray) [ JRed
[JGreen [1Blue ]
Driving Method
Multiplexing:1/ duty, 1/
Frame frequency: Hz
1C
LCD driver: []Specified [JUnspecified
Segment driver (Manufacturer )
Common driver (Manufacturer )
Controller: [Jintemal [ JExternal
Type No. (Manufacturer )
MPU: [CJinternal [JExtemal
Type No. (Manufacturer )
RAM: [Jinternal [JExtemnal
Type No. /Memory size
D. Power Supply
[Jsingle power supply: (J5v [J \Y
]2 power supplies
For logic: (Voo-Vss) : [15V [ Vv
For LC drive: (Vic-Vss): [] \'4

bias

(Kbit) (Manufacturer )

14. Temperature Range
Operating temperature range: [] 0°C to 50°C[] °Cto__°C

Storage temperature range:[ - 20°C to 60°C[] °Cto  °C
15. Input/Output Terminals

Specifying allocation: [JYes [INo

Specifying position: [ ]Yes [ JNo

16. Weight
typ. g, max. g
17. Connector
] Intemal[J Extemal [ ] Unnecessary
Type No. (Manufacturer )
18. Backlight

Ointemal [JExtemnal [JUnnecessary
CJEL: CIGreen [(JWhite[]
[JLED: [JYellow green [ JAmber []
[CJCFL: [Jwhite[
Oincandescent lamp []Others,

[CJBacklight type [ JEdge backlight type

Brightness: cd/m?
Inverter:[Jinternal ] External [JUnnecessary
Powersupplyvoltage___________V

Current consumption (backlight included) mA
Brightness control: [ JYes [INo

19. Others

20. Schedule
Estimate:
Sample: Delivery , Quantity:
Mass production: Target price:

Delivery , Total quantity:
Quantity per month pcs

&
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quid Crystal Displays

iECK LIST FOR CUSTOM DESIGNED LCD

ompany 2. Application 3. Customer Specified Part No.
design
INew [ JModified: Manufacturer , Part No. , Remarks
JEquivalent: Manufacturer, , Part No. , Remarks
'anel Dimensions
12 o'clock
3
___________________ Et' .-
9 o'clock 3 o'clock
% g| H "
vi SE 13 _°2.I_
_-!ﬂ F1{=R1) -jl— | T
6 o'ock
- Type A (connection through conductive material) - - Type B (direct common) -
Horizontal length of upper glass mm V1 :Horizontal length of viewing area mm
Vertical length of upper glass mm V2 :Vertical length of viewing area mm
Horizontal length of lower glass the same as F1 CN**: Terminal length mm
: Vertical length of lower glass mm Cs**:Terminal length mm
2 is generally longer than F2 when terminals are with pin. **CN or CS=0 in case of one side terminal type.
TR™*: Thickness of glass mm CC: Terminal length mm
Standard type: 1.1 mm or 0.7 mm SE,SW,SN,SS : Seal width
Thickness of LCD mm (According to design or manufacturing condition:
| seal:Right “JLeft [JRight or Left about 2.0 mm to 4.0 mm)
anel Form
m] (m] m] o O
Terminal [ |
_____________________ =
Display area Display area g&z‘g‘"ﬂ
"""""""""""" |—Rubber {2zebra) connector type — L= Pin typs —_
- TypeA- -Type B-
Chamfering » Drilling 10. Temperature Range
_________________ Operating temperature range
[ Yes L] Yes [OJwith temperature compensation circuit (or volume)
N
__________ ONe | N  [[INo (CJo°Cto50°C [ °Cto °C)
— — [CJwithout temperature compensation circuit
Jisplay Mode (QoCcto50°C ] °Cto °C)
ewing angle : [16 o'clock[] 12 o'clock [J o'clock Storage teomperatt:re range . .
rpe: CJTN [JFSTN (Black and white) (O-20°Cto60°C [ Cto C)
[JSTN: ([] Yellow green [ ] Gray[]Blue) 11. Terminal Connectin
- . g Method
Chromaticity coordinates (_<xs__ . ___sys__ ) [CJRubber connector (Zebra rubber)

[CJPositive type [JNegative type

[JReflective [] Transflective []Transmissive

referential specifications:

[CJResponse time ton ms( °C)ton ms( °C)
[JViewingangle "deg.(__°C)[ jContrast __(_°C)
[JOthers

Yolarizer

urface finishing: [ JNormal [JAnt-glare(]____

olor: ["JNormal (neutral gray) [ JRed [JGreen
(Ble[_______

ont polarizer : ['] Attached type [ ] Separate type

ear polarizer : [] Attached type [ ] Separate type

Iriving Method

Static[] Multiplexing: (1/ duty, 1/ bias)
Iperating voitage (Vopr) ; \'4

rame frequency; Hz

riving IC: (Manufacturer )

:urrent consumption: pA

Orin: CJDIL (siL £
Pitch ((J2.54 O mm) Length ( mm)
[JHeat seal: [JEquipped [JUnnecessary
12. Others

Print (Characters, lines, masks etc.) : [(JYes []No
Protective film:
OYes (Color: [] Red [JTranslucent [JTransparent) [ ]No
Chamfering (for heat-seal connector) :
[OYes (Position: )
(Quantity: )
[CINo

13. Schedule

Estimate :
Sample : Delivery, , Quantity : pcs
Mass production : Target price :
Delivery_______, Total quantity: pcs
Quantity per month; pcs




quid Crystal Display Modules

YEFLECTIVE/TRANSFLECTIVE/TRANSMISSIVE LCD

Reflective LCD
teflector bonded fo the rear polarizer
eflects the Incoming ambient light. Low power
onsumption because no backlight Is required.

@ Transflective LCD
Transflector bonded to the rear polarizer re-
flects light from the front as well as enabling
lights to pass through the back. Used with
backlight off in bright light and with it on in low
light to reduce power consumption.

© Transmissive LCD

Without reflector or transfiector bonded to the
rear polarizer. Backlight required. Most com-
mon Is tranemissive negative Image.

) light
ggz:“ m light source transmitted light source
: ckiight) light cklight)
< <§ reflectsd light <4 < <4 <4
4
reflected G
light + transmiited }
reflactor ight - yransfiector
20SITIVE/NEGATIVE MODE
i
Positive ‘E W Negative hegative type
type P Emg type (when data s inverted)
' [
"N TYPE/STN TYPE/FSTN TYPE
N (Background/dot color) TN( Twisted Nematic) type is most conventional and economical. It is used for static drive LCD and
Gray/Black low-duty drive LCD (watch,calculator, etc.)
Yellowgreen/Dark blue .
™ GrayiDark biue STN (Super Twisted Nematic) type has a higher twist angle, and thus provides clear visibility
' IRt gl oo S and wider viewing angle. This is suitable especially for high-duty drive LCD.
White/Blue
STN White/Black FSTN (Film Super Twisted Nematic) type utifizes RCF (Retardation Control Film) to remove
the coloring of STN LCD. Thus FSTN type ides easy-to-read black-and-white display.

'TRUCTURE AND FEATURE OF LCD MODULE WITH BACKLIGHT

-FL (Cold Cathode Fluorescent Lamp) backlight
Features: high brightness, long service life, inverter required

® Edge backlight type
(G2446,G242C)
(G321D,G649D) _/=me =2 S
E \ '“. }
= T NPs

» Backlight type

OWER SUPPLY

Character modules (single power supply)

LCD module
Voo

+5v

Vig|

VR

Ves GND

Character Modules(Dual power supply)

LCD module
LL—O +5V
v:“ OGND
VR
- 2V (min)

EL (Electroluminescent Lamp) backlight
LED (Light Emitting Diode) backlight

Features: EL.: thin, inverter required

LED: long service life, low voltage
driving, no inverter required

Frame LCD

I— 1

\ Pc8 \_ ELorLED
® G2446,G242C (Built-in DC-DC conv.) ® G321D, G324E and G648D
LCD module
|v.,° 5V LCD module
Voo
Vss +5V
A
GND R
VV“ GND
e Y1206 and G1226 ——2VR
Vi Ri Negativi
(7 e
LCD module o v:%tg:ge
|Voo
+5V Note 1:Contrast can be adjusted by VR.
Vss GND Note 2:For module with backlight, power supply
- © for backlight is necessary.
Ve  oNegative

voltage *

-Negative voltage should be variable for
contrast adjustment.



'recautions

ifety Instructions

If the LCD panel is damaged, be careful not to get the
liquid crystal in your mouth and not to be injured by
crushed glasses.

If you should swallow the liquid crystal, first, wash your
mouth thoroughly with water, then, drink a lot of water
and induce vomiting, and then, consult a physician.

If the liquid crystal should get in your eye, flush your
eye with running water for at least fifteen minutes.

If the liquid crystal touches your skin or clothes, re-
move it and wash the affected part of your skin or
clothes with soap and running water.

EL or CFL backlight is driven by a high voltage with an
inverter. Do not touch the connection part or the wir-
ing pattern of the inverter.

Do not use inverters without a load or in the short-cir-
cuit mode.

Use the LCD module within the rated voltage to pre-
vent overheating and/or damage. Also, take steps to
snsure that the connector does not come off.

indling P ion:

Since the LCD panel has glass substrate, avoid apply-
'ng mechanical shock or pressure on the module. Do
not drop, bend, twist or press the module.

Do not soil or damage LCD panel terminals.

Since the polarizer is made of easily-scratched mate-
rial, be careful not to touch or place objects on the dis-
slay surface.

Keep the display surface clean. Do not touch it with
your skin.

CMOS LSl is used in the LCD module. Be careful of
static electricity.

Jo not disassemble the module or remove the liquid
srystal panel or the panel frame.

Jo not damage the film surface of the EL lamp; other-
nise the lamp will be damaged by humidity.

To set an EL lamp in an LCD module, push the EL
amp with its emitting side up, without pushing the rub-
3er connectors too hard. If you damage them, the LCD
nodule may not work properly.
sunting and Designing

To protect the polarizer and the LCD panel, cover the
fisplay surface with a transparent plate (e.g., acrylic
or glass) with a small gap between the transparent plate
and the display surface.

<eep the module dry. Avoid condensation to prevent
he transparent electrodes from being damaged.

Jrive LCD panel with AC waveform in which DC ele-
nentis notincluded to prevent deterioration in the LCD
anel.

contrast of LCD varies depending on the ambient tem-
3erature. To offer the optimum contrast, LC drive volt-
age should be adjusted. LCD driven in a high duty
‘atio must be provided with drive voltage adjustment
nethod.

Viount a LCD module with the specified mounting part/
10les.

» Design the equipment so that input signal is not ap-
plied to the LCD module while power supply voltage is
not applied to it.

* Do not locate the CFL tube and the lamp lead wire
close to a metal plate or a plated part inside the equip-
ment. Otherwise stray capacity causes a drop in volt-
age, decreasing the brightness and the ability to start-

up.

Cleaning

* Do not wipe the polarizer with a dry cloth, as it may
scratch the surface.

*Wipe the LCD panel gently with a soft cloth soaked
with a petroleum benzine.

* Do not use ketonic solvents (ketone and acetone)or
aromatic solvents (toluene and xylene), as they may
damage the polarizer.

Storing

« Store the LCD panel in a dark place, where the tem-
perature is 25°C+10°C and the relative humidity be-
low 65%. If possible, store the LCD panel in the pack-
aging situation when it was delivered.

* Do not store the module near organic solvents or cor-
rosive gases.

» Keep the module (including accessories) safe from vi-
bration, shock and pressure.

*Use an LCD module with built-in EL backlight within
six months of delivery.

* EL backlight is easily affected by environmental con-
ditions such as temperature and humidity; the quality
may deteriorate if stored for an extended period of time.
Contact Seiko Instruments GmbH for details.

* Some parts of the backlight and the inverter generate
heat. Take care so that the heat does not affect the
liquid crystal or any other parts.

* Dust particles attached to the surface of the LCD or
the surface of the backlight degrade the display qual-
ity. Be careful to keep dust out in designing the struc-
ture as well as in handling the module.

« Black or white air-bubbles may be produced if the LCD
panel is stored for long time in the lower temperature
or mechanical shocks are applied onto the LCD panel.

On This Brochure
*Seiko Instruments GmbH reserves the right to make

changes without notice to the specifications and mate-
rials contained herein.

* The colors of the products reproduced herein may be
different from the actual colors. Check color on actual
products before using the product.

* The information contained herein shall not be repro-
duced in whole or in part without the express written
consent of Seiko Instruments GmbH

* The products described herein are designed for con-
sumer equipment and cannot be used as part of any
device or equipment which influences the human body
or requires a significantly high reliability, such as physi-
cal exercise equipment, medical equipment, disaster
prevention equipment, gas related equipment, vehicles,
aircraft and equipment mounted on vehicles.
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atures

ompatible with MCS-51° Products

{ Bytes of In-System Programmabie (ISP) Flash Memory
— Endurance: 1000 Writef/Erase Cycles

OV to 5.5V Operaling Range

ally Static Operation: 0 Hz to 33 MHz
wee-level Program Memory Lock

8 x 8-bit Internal RAM

' Programmabile IO Lines

vo 16-bit Timer/Counters

x interrupt Sources

1l Duplex UART Serial Channel

w-power Idle and Power-down Modes

terrupt Recovery from Power-down Mode
atchdog Timer

jal Data Pointer

ywer-off Flag

15t Programming Time

exibie ISP Programming (Byte and Page Mode)

scription

AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
s of in-system programmabie Flash memory. The device is manufactured using
el's high-density nonvolatile memory technology and is compatible with the indus-
standard 80C51 instruction set and pinout. The on-chip Flash allows the program
nory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
nmer. By combining a versatile 8-bit CPU with in-system programmable Flashon a
wolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
ly-flexible and cost-effective solution to many embedded control applications.
AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
4, 32 /0 lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
or two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
k circuitry. In addition, the AT89S51 is designed with static logic for operation
n to zero frequency and supports two software selectable power saving modes.
Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
rupt system to continue functioning. The Power-down mode saves the RAM con-
s but freezes the oscillator, disabling all other chip functions until the next external
Tupt or hardware reset.

-

AIMEL

TR SR R e R

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

AT89S51

Preliminary

Rev. 248TA-10/401



| Configurations

PDIP PLCC
~ §382
P1OLC]1 40jIvee ===
PriC]2 38 |3P0.0 (ADDY Mmmmmmwmm.a.a
pi2r3 as[1p0.1 (AD1) OO wm!mm
PL3C]4 37{1 P02 (AD2) *-339%8
PIALlS 36 |1 P0.3 (AD3) meos) PisT 7 20 PO.4 (ADY)
(MOSI P1SC]6 35|71 P0.4 (AD4) (IS0} P1.6T18 3B POS (ADS)
(MISO) P16C]7 34[1PO.5 (ADS) (SCK)PL7(}8 37 {1 PO.S (ADS)
(scK)P17C]8 331 PD.8 (ADS) RSTC} 10 38 {7 PO.7 (AD7)
RSTL]|9 321 P07 (AD7) (Fm) P30 11 s Eawver
(RXD) P3.0T{ 10 31 [1EANVPP NCT]12 MOINC
(M) P21 T 11 30 1) ALE/FROG (X0} P31 L1123 B MEFROG
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1 Description

t0

t1

t2

t3

Supply voltage.
Ground.

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

Port 0 can also be configured to be the multiplexed low-order address/data bus during
accesses 1o external program and daia memory. In this mode, PO has intemal pull-ups.

Port O also receives the code bytes during Flash programming and ouiputs the code byites
during program verification. External pull-ups are required during program verification.

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

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

Port Pin Alternate Funclions

P15 MOS! (used for In-System Programming)
P16 MISO (used for In-System Programming)
P17 SCK (used for In-System Programming)

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

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

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

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

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

Port 3 also serves the functions of various special features of the AT89551, as shown in the
following table.

ATROSE oo e e e R
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AT89S51

Port Pin Alternate Functions
P30 RXD (serial input port)
P3.1 TXD (serial output port)
P32 INTO (external interrupt 0)
P33 INT1 (external interrupt 1)
P34 TO (timer 0 external inpuf)
P35 T1 (timer 1 external input)
P36 WH (external data memory wrile sirobe)
P3.7 AD (external data memory read strobe)
I Reset input. A high on this pin for two machine cycles while the oscillator is running resets the

device. This pin drives High for 98 oscillator periods after the Waichdog fimes out. The DIS-
RTO bit in SFR AUXR {address 8EH) can be used io disable this feature. In the default state

of bit DISRTO, the RESET HIGH out feature is enabled.

=/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 puise input (PROG) during Flash

programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency and may
be used for external timing or clocking purposes. Note, however, that one ALE pulse is

skipped during each access to external data memory.

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

mode.

=N Program Store Enable (PSEN) is the read sirobe o exiemal program memory.

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

to extemnal data memory.

VPP Extemnal Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memory locations starting at 0000H up to FFFFH. Notle, however,

that if lock bit 1 is programmed, EA will be intemally latched on reset.
EA should be strapped to V. for intemal program executions.

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

programming.
A\L1 input to the inverting oscillator amplifier and input to the intemal clock apersating circuit.
\L2 Output from the inverting oscillator amplifier

—1/01 TR
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A map of the on-chip memory area called the Special Function Register (SFR) space is shown
in Table 1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Read accesses to these addresses will in general retum random data,
and write accesses will have an indeterminate effect.

le 1. AT89S51 SFR Map and Reset Values

FBH OFFH
FoH B OF7H
00000000
= OEFH
ACC
E0H | 60000000 OE7H
38H 0DFH
PSW
DOH 00000000 007H
S8H OCFH
~0H 0C7H
o P 0BFH
XX000000
P3
30H | 911114 0B7H
ASH 3 0AFH
0X000000
P2 AUXR1
AOH | 4 q11111 XOOOOK0 oATH
SCON SBUF
BH | 00000000 | 3000000 ¥
Pl
30H 11111111 a7+
o | TCON T™OD Tio T THO THI -
00000000 |  O0O0000O 00000000 | 00000000 | 00000000 | 0OOOOCOO
i PO sp DPOL DPOH DPIL DP1H -
11111111 | 00000111 00000000 | 0ODDODOD | 0OOCO000 | 0ODOOOOO
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User software should not write 1s to these unlisted locations, since they may be used in future
products to invoke new features. In that case, the reset or inaclive values of the new bits will
always be 0.

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

Table 2. AUXR: Auxiliary Register

AUXR Address = 8EH Reset Value = 20000008
Not Bit
Addressable
- | - | - |woDLE | DISRTO | ~ | -j DISALE
Bit 7|6 | s 4 3 2 | 1 | 0
- Reserved for future expansion
DISALE Disable/Enable ALE
DISALE
Operating Mode
0 ALE is emitted at a constant rate of 1/6 the osciliator frequency
1 ALE is active only during a MOVX or MCVC instruction
DISRTO Disable/Enable Reset out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WDIDLE Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WDT halis counting in IDLE mode

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

—10/01
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Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR.

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

Table 3. AUXR1: Auxiliary Register 1

AUXR1
Address = A2H
Reset Vaiue = X00XXXX0B
Not Bit
Addressable
- - - - - - - | DPS
Bt | 7 6 5 4 3 2 | 1 | o
- Reserved for future expansion
DPS Data Pointer Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

MCS-51 devices have a separate address space for Program and Data Memory. Up 1o 64K
bytes each of extemal Program and Data Memory can be addressed.

If the EA pin is connected to GND, aif program fetches are directed to extemal memory.

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

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

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a
user must write 01EH and 0E1H in sequence to the WDTRST register (SFR location OAGH).
When the WDT is enabled, it will increment every machine cycie while the oscillator is running.
The WDT timeout period is dependent on the extemal clock frequency. There is no way to dis-
able the WDT except through reset (either hardware reset or WDT overflow reset). When
WDT overflows, it will drive an oufput RESET HIGH pulse at the BST pin.

To enable the WDT, a user must write 01EH and OE1H in sequence 1o the WDTRST register
{SFR location 0ASH). When the WDT is enabled, the user needs o service it by writing O1EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter ovesflows when it reaches
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment
every machine cycle while the oscillator is running. This means the user must reset the WDT
at least every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H
to WDTRST. WDTRST is a write-only register. The WDT cownter cannot be read or wriiten.
When WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET

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

AT89S51 T e e e A T R P RTIEs
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should be serviced in those sections of code that will periodically be executed within the fime
required o prevent a WDT reset.

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated extemal internupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with handware reset,
servicing the WDT should occur as it normally does whenever the ATB3S51 is reset. Exiling
Power-down with an interrupt is significantly different. The interrupt is heid low long enough for
the oscillator to stabilize. When the interrupt is brought high, the intermupt is serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not
started until the interrupt is pulled high. It is suggested that the WDT be reset during the inter-
rupt service for the interrupt used fo exit Power-down mode.

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

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used 0 determine whether
the WDT continues fo count if enabled. The WDT keeps counfing during IDLE (WDIDLE bit =
0) as the default state. To prevent the WDT from resetting the AT88S51 while in IDLE mode,
the user should always set up a timer that will periodically exit IDLE, service the WDT, and
reenter IDLE mode.

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

The UART in the AT89S51 operates the same way as the UART in the AT8SC51. For further
information on the UART operation, refer to the ATMEL Web site (hitp://swww_atmel.com).
From the home page, select '‘Products’, then ‘8051-Architeciure Flash Microconiroller’, then
‘Product Overview'.

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
AT89C51. For further information on the timers’ operation, refer to the ATMEL Web site
(http//www.atmel.com). From the home page, select ‘Producis’, then “8051-Architecture Flash
Microcontroller’, then ‘Product Overview’.

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

Each of these interrupt scurces can be individually enabled or disabled by sefiing or clearing a
bit in Special Function Register IE. IE aiso contains a global disabile bit, EA, which disabies ali
interrupts at once.

Note that Table 4 shows that bit position IE.6 is unimplemented. in the AT88S51, bit position
IE.5 is also unimplemented. User software should not write 1s io these bit positions, since they
may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers
overflow. The values are then polied by the circuitry in the next cyde
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Table 4. interrupt Enable (IE) Register
(MSB) {LSB)
| ea |- [ - | es e [e0 |em  [e0 |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function

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

- IE6 Reserved

- IE5S Reserved

ES IE4 Serial Port interrupt enablie bit

ET1 IE3 Timer 1 interrupt enabie bit

EX1 IE2 External interrupt 1 enable bit

ETO IEA Timer 0 interrupt enalbie bit

EXO IE0 External interrupt 0 enabile bit

User software should never write 1s to reserved bits, because they may be used in fufure AT82

products.

Figure 1. Interrupt Sources
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XTAL1 and XTALZ2 are the input and output, respectively, of an inverfing amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 2. Either a quariz crystal or
ceramic resonator may be used. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 3. There are no require-
ments on the duty cycle of the extemal clock signal, since the input to the intemnal clocking
circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

Figure 2. Oscillator Connections
c2
5:---31—1 — Xz
| =

(%] |
{ XTAL?

i g
f
8

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

Figure 3. External Clock Drive Configuration

-
!
=

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

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

In the Power-down mode, the oscillator is stopped, and the imstruction that invokes Power-
down is the last instruction executed. The on-chip RAM and Special Funciion Registers refain
their values until the Power-down mode is terminated. Exit from Power-down mode can be ini-
tiated either by a hardware reset or by activation of an enabled extemal interrupt into INTO or
INT1. Reset redefines the SFRs but does not change the on-chip RAM. The reset should not
be activated before V. is restored to its normal operating level and must be held aciive fong
enough to allow the oscillator to restart and stabilize.

A O e e e T ‘ﬁiiEl 11
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Table 5. Status of External Pins During Idle and Power-down Modes
Mode Program Memory | ALE | PSEN | PORTO A PORT1 | PORT2 | PORT3
Idle Internal Data | Datla | Data Data
Idle External Float | Data | Address | Data
Power-down | Internal Data Data Dala Data

C|lo|ala
0| Q| e | =

The AT89S551 has three lock bits that can be left unprogrammed (U) or can be programmed
(P) to obtain the additional features listed in the following table.

Table 6. Lock Bit Protection Modes

Program Lock Biis
LB1 LB2 LB3 | Protection Type
U U U No program lock fealuses
2 P U U MOVC instructions execuied from extermal program

memory are disabled from fieiching code bytes from intemal
memory, EA is sampled and kaiched on reset, and further
programming of the Flash memory is disabled

P P U Same as mode 2, but verify is also disatiled

P P P Same as mode 3, but external execution is also disabled

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

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

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

Programming Algorithm: Before programming the AT88551, the address, daia, and control
signals should be set up according to the Flash programming mode table and Figures 13 and
14. To program the AT89S51, take the following steps:

1. Input the desired memory location on the address lines.
2. Input the appropriate daia byte on the data fines.
3. Activate the correct combination of control signals.
4. Raise EA/Vpp to 12V.
5. Pulse ALE/PROG once to program a byte in the Flash amay or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ps. Repeat sieps 1
through 5, changing the address and data for the entire array or undil the end of the
object file is reached.
Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle.
During a write cycle, an attempted read of the last byte writien will resull in the complement of
the written data on P0.7. Once the write cycle has been compieied, true data is valid on all out-
puts, and the next cycle may begin. Data Palling may begin any time after a write cycle has
been initiated.

ATE0SET omumsramms e s e e S S SR
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY out-
put signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0
is pulled high again when programming is done {o indicate READY.

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

Reading the Signature Byles: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 1060H, and 200H, except that P3.6 and P3.7 must be puled
to a logic low. The values retumed are as follows.

(000H) = 1EH indicates mamufactured by Atmel

(100H) = 51H indicates 89551

(200H) = 06H
Chip Erase: In the paraflel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.
In the serial programming mode, a chip erase operation is inifiated by issuing the Chip Erase
instruction. In this mode, chip erase is seff-timed and takes about 500 ms.

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

The Code memory array can be programmed using the sesial ISP interface while RST is
pulled to V.. The serial interface consists of pins SCK, MOS! (input) and MiSO (output). After
RST is set high, the Programming Enable instruction needs to be executed first before other
operations can be executed. Before a reprogramming sequence can occur, a Chip Erase
The Chip Erase operation tums the content of every memory Iocation in the Code array into
FFH.

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

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

is recommended:

1. Power-up sequence:

Apply power between VCC and GND pins.

Set RST pin to “H”.

if a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz
clock to XTAL1 pin and wait for at least 10 miliseconds.

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

3. The Code amay is programmed one byte at a time in either the Byte or Page mode.

The write cycle is self-timed and typically takes less than 0.5 ms at 5V,

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

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

—m 13
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Power-off sequence (if needed):
Set XTAL1 to “L” (if a crystal is not used).
Set RST to “L".
Turn V¢ power off.
Data Polling: The Data Polling feature is also available in the serial made. In this mode, dur-

ing a write cycle an attempted read of the last byte written will resudt in the complement of the
MSB of the serial output byte on MISO.

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

Every code byie in the Flash array can be programmed by using the appropriate combination
of control signals. The write operation cycle is self-timed and once initiated, will automatically
time itself to completion.

All major programming vendors offer worldwide support for the Atme! microconfrofler series.
Please contact your local programming vendor for the appropriate software revision.

le 7. Flash Programming Modes

ALE/ | EA/ | | poze | F230 | P1.TO
de V.. | RST | PSEN | PROG | V., | P26 | P27 | P33 | P36 | P37 | Data Address
@ i
teCodeData | 5V | H Lo~ ™= | L | H| H| | 8| b, | a8 | azo
WdCodeData | 5V | H L H H L L| L | H]| H | Dug | A118 | A70
@ i :
lelockBit1 | 5V | H Lo | = | v | vl w| | u| x | x X
) = ‘ ‘
lelockBitz | 5V | H L ja~] & | ] v v] L] x | x x
. @ | | 5
elockBit3 | 5 | H Ll | w] vl e} x| ox X
. P02, |
Lock Bits ,‘
¥ v | H L H H Hl v | | v L PO3, X x
.3 PO
{1 4
> Erase sv | H L ofo ) 12v Ll M| L] oL x x x
«d Atmel ID 5V H L H H L L L L | L | 1EH 0000 00H
dDeviceld | 5v | H L H H L] ] v L] L 51H | 0001 ooH
dDevicelD | 5V | H L H H Lt | | v | i L | o | ool | ooH

s: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.

oA

Each PROG pulse is 200 ns - 500 ns for Write Code Data.
Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
RDY/BSY signal is oulput on P3.0 during programming.

X =don't care.
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Figure 4. Programming the Flash Memory (Parallel Mode)
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Figure 5. Verifying the Flash Memory (Paraliel Mode)
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AIMEL

ash Programming and Verification Characteristics (Paraliel Mode}
= 20°C t0 30°C, Vi = 4.5 10 5.5V

mbol

Parameter

P

Programming Supply Voitage

115

Programming Supply Current

Ve Supply Current

Oscillator Frequency

Elax
25
10
30
3

$12/2)<|f

Address Setup to PROG Low

Address Hold After PROG

Data Setup to PROG Low

Data Hold After PROG

P2.7 (ENABLE) High to Vpp

FEEEE-

Vee Setup to PROG Low

10

Ve Hold After PROG

i0

PROG Width

02 :

BB

Address to Data Valid

ENABLE Low to Data Valid

Data Float After ENABLE

FEE -

PH!!‘EPF’ES?EEE

PROG High to BUSY Low

Byte Write Cycle Time

e 6. Flash Programming and Verification Waveforms — Parallel Mode

P10 - P1.7

PROGRAMMING

P2.0 - P2.3 . ADDRESS

e

PORT 0 (

DATA IN

™

DATA CUT

VERIFICATION
Ej ADDRESS
— by
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24BTA-1NDT




O e I e e 1 OS5

ure 7. Flash Memory Serial Downloading

Vu:
ATB9S51 o
Voo |—
INSTRUCTION
DATA OUTPUT < P1.6MISO
CLOCK IN —¥| P1.7/SCK
o A
3-33 MHz | =‘
B =| [
e ? XTAL1 RST le—— v,
® | GND
=

ish Programming and Verification Waveforms — Serial Mode

ire 8. Serial Programming Waveforms

e /=X XX XXX =N
somears /X X XX OXCOCE=N
SER,ALCL%?;.&%UK’I)' i_l I's_l r] I':I I:I [:I I—I rl

7
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e 8. Serial Programming Instruction Set
Instruction
Format
struction Byte 1 Byte 2 Byie 3 Byie 4 | Operation
ogramming Enable 1010 1100 0101 0011 X000 3000¢ 0000 X000 Enabie Serial Programming
0110 100t | while RST is high
(Output) '
ip Erase 1010 1100 100x  3000¢ 00 30000 0000 XKKX | Chip Erase Flash memory
| amay
ad Program Memory | 0010 0000 0O C22F | hoow oo Lo oo Beaddalaﬁuangmn
e Mode) e R g g 000G DODO in the byte
ite Program Memory | 0100 0000 XX roow o rows oo | Wrile data to Program
e Mode) o= Id<x <4<3 | 0Oaas BAnA | memory in the byte mode
ite Lock Bits® 1010 1100 1110 00 R | 000 1000 WO X000 §Wﬁmlnch&SeeNom(2}.
ad Lock Bits 0010 0100 XHXX 000K 000K K00 g ek | Read back cument status of
= (s | the lodk bils {a programmed
| lock bit reads back as a “17)
ad Signature Bytes'” | 0010 1000 oKX 2 IRUT QX0 X000 Signature Byte | Read Signature Byte
ad Program Memory | 0011 0000 xox rogm | Byeo Byte 1... | Read data from Program
ge Mode) << Byte 255 | memory in the Page Mode
| {256 bytes)
te Program Memory | 0101 0000 wox rozm | Byle0 Byte 1... | Write data to Program
ge Mode) Byte 255 { memory in the Page Mode
| (256 bytes)

s: 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

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

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

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

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

For Page Read/Write, the data always starts from byte 0 to 255. After the command byie and upper address byle are
latched, each byte thereafter is treated as data until all 256 bytes are shifted in‘out. Then the next instruction will be ready 1o

be decoded.

ATEOSE] e S S T i
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AT89S51
erial Programming Characteristics

igure 9. Serial Programming Timing

mosi X X

SCK J%\
VD ¢ % X
Do

ible 9. Serial Programming Characleristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V {Unless Otherwise Noted)

Symbol | Parameter Min Typ Stax Units
Moo Oscillator Frequency 0 : 3 MHz
- Oscillator Period 30 : ns
- SCK Puise Width High .y s
. SCK Puise Width Low 81ccy ns
vaH MOSI Setup to SCK High ks, ns
- MOS! Hold after SCK High 2iccL : ns
- SCK Low to MISO Valid 10 16 32 ns
“RASE Chip Erase Instruction Cycle Time ' 500 ms
WC Serial Byte Write Cycle Time  Bhig oy +400 us

=101



AVMEL

=l
)solute Maximum Ratings*
serating Temperatirne ............cocueecureeeecnnes -55°C to +125°C "NOTICE:  Stresses beyond those kisted undes “Absolute
Maximum Rafings” may cause permanent dam-
orage Temperature -65°C to +150°C age io the device. This is a sivess raling only and
functional operation of the device at these or any
ltage on Any Pin other condifions beyond those indicated in the
h Respectto Ground.........cccoveccmrveemeereeeecen. -1.0V 1o +7.0V operational sections of this specification is not
implied. Exposwe o absolute maximum rating
pimum Operating VOltage .........ccoceeeeeeeee 6.8Y conditions for extended periods may affect
device refiabiiity.
> Qutput Current 15.0 mA
» Characteristics
values shown in this table are valid for T, = -40°C 10 85°C and V. = 4.0V {o 5.5V, unfess othenwise noted.
mbol Parameter Condition Min Bliax Units
Input Low Voliage (Except EA) 05 02 V01 v
’ Input Low Voltage (EA) 05 0.2V 03 v
Input High Voltage (Except XTAL1, RST) 0.2V +0.98 Voct0.5 v
s Input High Voltage (XTAL1, RST) 07V | Vgct05 v
Output Low Voltage!" (Ports 0.45 v
1,23) Io, = 1.6 MA ‘
Output Low Voltage'" J 045 v
F (Port 0, ALE, PSEN) loe =3.2mA
lop = 60 A, Voo =5V + 10% 24 v
Output High Voltage lowi =25 pA 075 Vee v
! (Ports 1,2,3, ALE, PSEN) loss =-10 pA 09V, v
loy = -800 pA, Ve =5V + 10% 24 v
Output High Voltage ous =300 pA 0.75 Veo v
1 (Port 0 in External Bus Mode) loss = -80 pA 0.9V v
Logical 0 Input Current (Ports _ 50 pA
11213) VIN = 0.45V
Logical 1 to 0 Transition Current : -850 pA
{Ports 1,2,3) Vi = 2V, Voo = 5V £ 10%
Input Leakage Current (Port 0, *+10 WA
EA) 0.45 < Viyy < V¢ '
5T Reset Pulldown Resistor 50 ' 300 KO
Pin Capacitance Test Freq. = 1 MHz, T, =25°C , 10 pF
Active Mode, 12 MHz i : 25 mA
Power Supply Current Idle Mode, 12 MHz 85 mA
Power-down Mode® Voo =55V 50 A

5: 1. Under steady state (non-transient} condifions, I, must be externally limited as follows:
Maximum I, per port pin: 10 mA
Maximum Iy, per 8-bit port:
Port 0: 26 mA Ports 1,2, 3: 1I5mA
Maximum total I, for all oulput pins: 71 mA
If I, exceeds the test condition, V5, may exceed the related specification. Pins are not guaranteed fo sink current greater
than the listed test conditions.
2. Minimum V. for Power-down is 2V.

ATESSD T oy s R e S
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» Characteristics

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

ternal Program and Data Memory Characteristics

12 MHz Oscillator Variable Osciilator
mbol Parameter Min Max Min Sax Units
oL Oscillator Frequency o a3 MHz
" ALE Pulse Width 127 240 ns
w Address Valid to ALE Low 43 25 ns
X Address Hold After ALE Low 48 25 ns
v ALE Low to Valid Instruction In 233 | Mg 85 | s
N ALE Low to PSEN Low 43 lac25 | | ns
- PSEN Pulse Width 205 3oy 45 | ns
v PSEN Low to Valid Instruction In 145 gy 60 ns
i Input Instruction Hold After PSEN 0 0 ' ns
= Input Instruction Float After PSEN 59 Y25 ns
W PSEN to Address Valid 75 tac® | ms
" Address to Valid Instruction In 312 S 80 | ns
- PSEN Low to Address Float 10 10 ns
- RD Pulse Width 400 6l o -100 ns
- WR Puise Width 400 6l o -100 ns
b RD Low to Valid Data In 252 Bl 90 ns
- Data Hold After RD 0 o ns
- Data Float After RD 97 2428 ns
e ALE Low to Valid Data In 517 8y 3 -150 ns
" Address to Valid Data In 585 8ig o -165 ns
5 ALE Low to AD or WH Low 200 300 3l 50 Bty 450 ns
L Address to RD or WR Low 203 45 75 ns
- Data Valid to WR Transition 23 toce-30 ns
- Data Valid to WR High 433 Ttec-130 ns
- Data Hold After WR 33 25 ns
2 RD Low to Address Float 0 0 ns
" RD or WR High to ALE High 43 123 to 25 oo 25 ns
-10/01 b a e



ATmEL

ternal Program Memory Read Cycle

by —*
ALE /S N
lorpn
tavie = LY
PSEN / N * touv . N
—toxa
teax—>  Je—
PORT 0 > AD-A7 INSTRIN b > An-A7 <
1-«—-—-——!,.\;[\;—&
PORT 2 ) 4 A8 - A15 X_A8-A15

ternal Data Memory Read Cycle

b h—
ALE /F % /l;_—L_/
—* LT

PSEN _/ N
iy gy som—mt]
i fj_m_ iy
RD N é
— 1y ax—) —
T S— Taow tanoz

taaz > __I tanox
PORT 0 __>(AD - A7 FROM Ri OR DPL.K 3 < DATA IN AD - A7 FROM PCLY-C INSTR

— tawm

Eavow
PORT 2 b 4 P20 - P27 OR A8 - A15 FROM DPH X AR - A15 FROM PCH
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ternal Data Memory Write Cycle

AT89551

N

Y—
ALE \
=" toran
PSEN /
e— T —fe—tum —»
w_R —1 g — \\____...//
Loy —» tovwx —P] [+ — [ byuox
— tovwn —
PORT 0 AO - A7 FROM Rl OR DPL DATA OUT X A0 - A7 FROM PCLY-CINSTR N
I
Ly ————»
PORT 2 P20 - P27 OR A8 - A15 FROM DPH p 4 A2 - A1S FROM PCH

lernal Clock Drive Waveforms

fonex
— tonex tocn —* - Yooy
Vg - 0.5V 4
0.7 Vo
J/o.z Vee- 0.V i 7
0.45V
| PR —)
4 toce
.ernal Clock Drive
nbol Parameter Min Max : Units
Lol Oscillaior Frequency 0 3 i MHz
L Clock Period 30 ns
L High Time 12 , ns
X Low Time 12 | ns
H Rise Time 5 ' ns
- Fall Time 5 ns
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ATmEL

rial Port Timing: Shift Register Mode Test Conditions
» values in this table are valid for V. = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Osciflstor
mbol Parameter Min Max Min : Rax Units
- Serial Port Clock Cycle Time 10 L us
- Output Data Setup to Clock Rising Edge 700 10l oy -133 ns
- Output Data Hold After Clock Rising Edge 50 2ty 0 -80 ns
i Input Data Hold After Clock Rising Edge 0 0 ns
- Clock Rising Edge to input Data Valid 700 101, o, -133 ns
ift Register Mode Timing Waveforms
INSTRLK}’HON|O|1|2|3|4|5|8|7|8|
ALE urerererorererereryoonarT
* baxe
CLocK I
—~— XHQX
WRITE 7O SBUF, oo X iiX 2 X 3 X 4 X5 X e X 7/
OUTPUT DATA o -—':I"' [ o sermt
, CLEARRI -
¥
INPUT DATA

Testing Input/Output Waveforms(!

Voo~ 05V

0.45V

1. AC inputs during testing are driven at V. - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measwements are made at Vi,
min. for a logic 1 and V; max. for a logic 0.

at Waveforms'"

1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voilage occuss. A post pin begins fo
float when a 100 mV change from the loaded V5 /Vy, level occurs.
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dering Information

Speed Power |
(MHz) Supply Ordering Code Package Operation Range
24 40V105.5V | AT89S51-24AC 44A _ Commercial
AT89S51-244C 444 (0°C to 70°C)
AT89S51-24PC | 40Ps
AT89S51-24Al | 44A industrial
ATB9S51-24J1 444 {-40°C 10 85°C)
AT89S51-24P| 40P6 |
33 45Vt055V | ATB9S51-33AC 44A Commercial
AT89851-33JC 443 {0°C1070°C)
ATBYS51-33PC | 40Ps. -
:[ = Preliminary Availability
Package Type ;

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

44-lead, Plastic J-leaded Chip Carrier (PLCC)

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

-10/01
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ickaging Information

444, 44-ead, Thin (1.0 mm) Plastic Gull Wing Quad

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

©0.80(0.031) BSC

*Controlfing dimension: millimeters

44J, 441ead, Piastic JHeaded Chip Carier (PLCC)
Dimensions in Inches and (Milimeters)

085(1.14)X45°  PINMOL3 DG X" - 557

ol D15
mw:» ]_ q —@ﬂﬂ-ﬁm @
050(1.27) TYP !ZTDFB-’N {"
%ﬂﬂﬁ - 0020 553) X 45 LAX §%)

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

Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-011 AC

'—_ 204518 —‘|

i,

tsoo(«m)na: _::I - m
N —ir "““z”
= ] +
065(1.65)
-ﬂmL previped ]
P
‘% REF
£012(.305)
— S
AT89S51
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