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ABSTRAKSI

PERANCANGAN DAN PEMBUATAN ALAT PENGHEMAT
LISTRIK DALAM PENGOPERASIAN MONITOR
PERSONAL COMPUTER (PC) PADA WARTEL
BERBASIS MIKROKONTROLLER AT89882152

(Vico Romandika, 02.17.079, Teknik Elektro S-1/Elektronika)
{Dosen Pembimbing : Ir. Eko Nurcahyo, M. Ashar. 8T. MT.)

Kata Kunei : Penghematan Listrik, LCD, Mikrokontroller. Keypad

Pada skripsi ini dirancang scbuah sistem Penghematan FListrik Puda
Monitor PC Pade warrel, dimana sistem ini bekerja apabila tidak ada penekanan
atau gerakkan dari mouse dan ketboard maka monitor pada PC wartel akan
standby. Kelika (idak ada gerakan mouse dan keyboard tersebut sesuai dengan
inputan waktu standby yang telah ditentukan melalui keypad yang ditampilkan di
LCD.

Pada saat monitor telah standby maka timer pada mikrokontroller akan
aktif sesual dengan lamanya waktu standby monitor, jika pada mouse atau
keyboard ditekan atau digerakan maka waktu standby berhenti, kemudian
disimpan di EEPROM dan sereen pada monitor aktif kembali.

Penghematan listrik disini terjadi ketika monitor pada PC terscbut
standby. Alat hanva dikususkan untuk warte] saja. Kelebihan alat ini juga dapat
digunkan rental pengetikan untuk memoniloring penghematan listrik pada
penggunaan monitor. tapi alat ini hanya dapat mengontrol dua buah monitor saja.
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BAB 1

PENDAHULUAN

1.1. Latar Belakang

Personal Computer (PC) sudah tidak asing lagi sekarang karena PC sudah
begitu memegang peranan penting dalam menyelesaikan permasalahan vang
dihadapi manusia. Hal ini discbabkan komputer memiliki kelebihan-kelebihan
vang dapat membantu seperti daya ingal dan kecepatan dalam menyelesaikan
suatu  pekerjaan  dalam  jumlah besar. Dengan menggunakan  komputer
penyelesaian suatu persoalan berjalan dengan waktu yang relatif singkat serta data
vang sewaktu-waktu diperfukan dapat diambil dalam media penyimpan seperti
disket. harddisk, compact disk, atau media pemyimpan data lainnya.

Kadang kala kita sering meninggalkan Personal Compufer tersebut begitu
saja dalam keaduan “on” karena sesuatu hal yang penting dan mendesak dan
besifat sementara. llal i menyebabkan pemborosan pemaksian daya sk
karena Personal Computer tetap on tanpa kita menggunakannya. Keborosan daya
listrik pada monitor kususnya pada Personal Komputer pada wartel sehimgga
mengakibatkan biaya operasional komputer ilu tinggi, schingga perlu untuk
mematikanmonitor Personal Computer apabila kitn akan meninggalkan komputer
tersebut walaupun dalam waktu yang relatif singkat. Sebenarnya fasilitas
pengurang daya listrik pada monitor kKomputer telah ada pada scbuah system
windows Personal Compuier | jika komputer didiamkan beberapa menit maka

laver moniter akan mati sendiri dan apabila keyboard ditekan atau mousc digeser




maka monitor akan menyala kembali yaitu monitor dalam keadan standby. Untuk
mematikan screen monitor pada Persona! Computer wartel monitor tidak dapat
dilakukan, karena system yang digunakan pada wartel dalam bentuk versi dos,
jadi screen monitor tidak dapat dimatikan . Dimana scbuah alat dapat memaiikan
screen monitor pads Personal Computer wartel yang dapat diaktifkan kembali
hanya dengan menyentuh mouse atati keyboard. Dengan penambahan rangkaian
ini, maka screen mohitor komputer mati (standby), jika komputer didiamkan
beberapa menit sesuai dengan waktu yang telah diset pada alat, schingga
pemhborosan daya listrik dapat dihindarkan dan pemakaian monitor PC dapat kita
ketahui, sehinggakils akan menghemat rupiah untuk pembayaran rekening

listriknya.

1.2. Rumusan Masalah

Untuk memecahkan permasalahan yang ada , maka rumusan masalah pada
laporan TA ini dititik beratkan pada :

# Bagaimana mengontrol Moritor pada PC supaya standby

+ Bagaimana mengetahui lamanya waktu stanby mohitor

e Bagaimana membuat dan merencanakan perangkat lunak maupun

perangkat keras vang dapat mengendalikan sistem.




1.3. Batasan Masalah
Dalam tugas akhir ini apar dicapai sasaran pembahasan yang tepat atau
sesual dengan judul tugas akhir ini serta mecegah meluasnya masalah vang dapat
timbul maka diberikan batasan-batasan yang meliputi:
I. Pembahasan hanya pada bagian alat vaita Pengkondisi Sinyal. Rangkaian
pengontrol, dan mikrokontroller.
2. Alat hanya dikususkan pada PC WARTEL yang berbasis Dos

3. Pengontrolan hanaya pada 2 buah monitor

1.4. Tujuan
Tujuan utama penvusunan tugas akhir ini adalah untuk membuat suatu
alat vang digunakan untuk mengontrol penghematan penggunaan listrik pada

monitor Personal Computer kususnya untuk wartel.

1.5. Metodologi Perencanaan
Adapun langkah-langkah yang diambil untuk menyelesaikan perubahan
tearitis pada pembuatan dan perancangan alat penghematan listrik dalam
pengoperasian monitor PC pada wartel berbasis mikrokontroller AT8958252
1. Studi literatur tentang teori yang berhubungan dengan judul diatas.
2. Setelah  melakukan pengumpulan  literatur, maka  dilakukan
perencanaan perangkat keras dan perangkat lunaknya.
3. Pengujian terhadap peralatan serta pengukuran data hasil pemantauan
peralatarn,

4. Penyusunan laporan Tugas Akhir,




1.6. Metodologi Pembahasan
U'ntuk dapat mencapai tujuan yang direncanakan dalam penyelesaian
laporan tugas akhir ini, maka metode pembahasan yang diterapkan adalah dengan
cara
1. Mengadakan studi kepustakaan. meliputi buku — buku acuan tentang
teori maupun praktek, modul serta data sheet komponen, dan lain-lain.
2. Merencanakan dan membuat alat.

3. Pengujian alat.

1.7.Sistematika Penulisan
Guna mempermudah pembuatan tugas akhir ini, pembahasan tugas akhir
ini dibagi beberapa bab. Sedangkan uraian-uraian isi tulisan sccara garis besar

diantaranya:

Bab I Pendahuluan
Bab ini meliputi latar belakang, alasan pemilihan judul, tujuan penulisan.
batasan masalah. metodologi pembahasan, sistematika penulisan.
Hab Il Landasan Tcori
Meribahas teori dasar vang secara umum dibutubkan untuk menunjang
pembuatan alat.
Baib [11 Perancangan dan Pembuaian Alat
Disini penulis membahas dan menguraikan rangkaian serta perhitungan

dari alat tersebut.




Bah IV Pengujian Alat dan Analisa
Membahas tentang proses kerja alat serta membandingkan data hasil
pengujian dan penpukuran dengan data pada perencanaan

Bab V Penutup
Berisi tentang kesimpulan dan saran-saran serta daftar referensi dari tugas

akhir.




BAB 11

LANDASAN TEORI

2.1, Keyboard

Kevboard merupakan piranti masukan yang paling efektif dan
digolongkan sebagi sarana pelengkap komputer seperti halnya disk drive. monitor.
dan lainya.. Hubungan keyboard dengan komputer dilakukan melalui sarana input
output {I/O port). Seperti halnya komputer, keyboard juga bisa bekerja
berdasarkan interrupt yang terdiri dari interrupt BIOS dan interrupt DOS. Sclain
interrupt ada juga buffer yang disebut keyboard buffer, terletak pada daerah BLOS.
Data arca interrupt sepanjang 32 Ryte. mulai alamat 40 : 001EH. Bulfer berfungsi
menampung semua karakter dari hasil penckanan keyboard sebelum diproses oleh
komputer. Dimana keybord butfer dirancang sebagai circular buffer. artinya jika
buffer telah terisi sampai batas akhir, sclanjutnya pengisian akan memutar
kembali (Wrap) kebatas awal. Seliap penekanan tombol yang tersimpan dibuticr
membutuhkan tempat sebesar 2 Byte. Byle pertama untuk kode ASCIL dan byte
kedua untuk kode scan. Semua tombol diklasifikasikan sebagai salah satu dari
dua tahapan yaitu make dan break. saat tombol ditekan mikroprosesor keyboard
mendifinisikan sebagai break yang dikirimkan kekomputer.

Operasi-operasi dasar pada  keyboard ditunjang oleh mikroproscsor
tersendiri didalamnya (Intel 8048 untuk PCXT, Intel 8042 untuk PC/AT, dan

Intel 8049 uniuk kedua type komputer IBM/ kompatibel ).




Analisis  kesalahan imernal (dilakukan pada sast kompater
dinyalakan),mendeteksi penckanan tombol dan pelepasan tombol, serta sebagai
buffer dan keyboard dengan kemampuan 20 karakter yang pada kondis: normal
buffer ini kosong. Buffer keyhoard yang lain berada pada ROM BIOS sebesar 16
karakter.

Data dari keyboard terdiri dari 11 bit word yang dikirim secara asinkron
melalui serial data port. Secara tekmis komumikasi antar keybeoard dengan
komputer dilakukan melalui sepasang sinval yaitu efock fine dan data lime. Ketika
terdeteksi penckanan fombol kevboard, mikroprosesor akan memeriksa status
clock line, jika setatusnva rendah (0) maka karakter tersebut akan disimpan
dibuffer. Sebaliknya jika terdeteksi status clock hine tinggi (1) maka keyboard
akan mcmeriksa status data line. Bila status daia tinggi maka berarti komputer
siap menerima data dani keyboard dan keyboard akan mengmimkan data senial
yang dimulai dani start bit {0) diikuti dengan 8 buah data bit, sebuah parity bit dan

sebuah stop(1).

2.2. Mouse

Mouse dengan connector PS5/2 yang dihubungkan ke komputer
motherboard yang menggunakan jenis yang sama yaitu 6 pin connector
[sebagai/ketika] PS/2 papan tombol. Data yang dikinm oleh mouse secara
syncronous melalui port serial yang serupa dengan pengmman data pada
keyboard. Mouse dengan connector PS/2 sudah tersedia di setiap motherboard
computer baik computer yang baru atau computer yang lama, karena mouse

dengan connector sudah merupakan standart pada setiap motherboard




Dimana mouse diatur dengan dua transmisi yaitu control Clock dan Data. Yang

keduanya dikontrol dengan mouse tersebut dimana Clock berlogika low dan

Data berlogika low atau mgh.

2.3 Mikrokontroller AT8958252
Mikrokontroller ~ ATS8958252 merupakan  pengembangan  dari

mikrokontroller standard MCS-51. yang mana mikrokontroller ATR958252

memiliki beberapa kelebihan dibandingkan dan mikrokontroller MCS-51,

Fitur dari mikrokontroller AT8988252 sebagai benikut :

a.

b.

k

8K hwte Downloadable flash memori
2K byte EEPROM

3 level program memori lock

256 hbyte RAM internal

32 O yang dapat dipakai semua

3 buah rimer‘counter 16 bit
Programmable UART (serial port)
SPI serial Interface
Programmable Watchdog Timer
Dual Data Pointer

Frekuensi kerja 0 sampai 24 Mliz

Tegangan operasi 2.7 Volt samapai 6 Volt

Terlihat bahwa mikrokontroller AT8958252 memiliki banyak fitur yang

menguntungkan Dipakainya downloadable flash memon memungkinkan




mikrokontroller ini bekerja sendiri tanpa diperlukan tambahan chip Jamnya.

Sementara Tash memorinya mampu diprogram hingga seribu Kali,

Hal lain yang menguntungkan adalah system peemrograman menjadi lebih

sederbana dan tdak memerlukan rangkwan yang ramit seperti rangkaian MCS-51.
Timericounter bertambah dari standar 2 buah pada MCS-51 menjadi 3 buah

pada mikrokoniroller ini, Selain itu [rekuensi kerja yang lebar dan rancangan

static sangat membantu untuk proses debugging. Dengan adanya beberapa fitur

tamhahan ini. maka akan mengakibatkan bertambahnya SFR (Special Fuwction

Rewister),
7
(Tz)P1.00 1 an Jvce
(TZEX) P11 2 39 [ PO.0 (ADD)
Pi203 38 O P01 (AD1)
PiaC]4 37 [ P02 (ADZ)
BSIP14a0 S 36 [0 P03 (AD3)
(MOSH) P15 8 36 [0 P04 (AD4)
MSO)PMEDTT 34 [C PO.5 (ADS)
(SCK)P1708 33 [C PO.6 (ADE)
RSTO9 32 O PO.7 (ADT)
(RXD)P32.0[] 10 31 [0 EAVPP
(MXD)P3.1 1 30 [ ALEIPROG
(iINTO) P32 12 29 [ PSEN
(INTT)P33 [ 13 28 [ P27 [(A159)
(TO)P3.4 ] 14 27 [ P26 (A14)
(T1)P35T] 15 26 (P25 (A13)
(WR)P36[]|16 25| 1 P24 (A12)
(RD)P3.7 ] 17 24 O P23 (A1)
XTAL2T] 18 23 [1P2.2 (A0}
XTAL1 ] 19 22 [ P2 1 (A9)
GND 7| 20 21 1 P2.0 (A8)
—
Gambar 2.1. Mikrokontroller AT89S8252
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Mikrokontroller ATRISH8252 memiliki 40 buah pin yang umumnya
kemasan mikrokentroller ini adalah DIP{Dual In Line Puckaged), pamun ada juga
yang kemasannya P1.CC dengan 44 buah pin.

Masing-masing dari mikrokontroller i1 memiliki kegunzan  sebagai
berikut ;

a. Portl
Port 1 merapakan VO dua arah (hi-directional) vang telah dilengkapi
dengan pull-up internal. Port ini dapat menerima 4 masukan
FTLiTransistor- Tramsistor Logic). Pada port lerdapat beberapa fingsi
khusus yaitu :

Tabel 2.1. Pin 1

| Port Pin Fungsi Khusus

P1.0 12 (masukkan luar untuk #mer/counter 2}
PLI T2EX{Timericounter 2 capturefreload  fringger dan |
| control arah.
PL.2 -
1.3 -
| Pl.4 | S5 (Slave porl sefect inpui)
P1.3 MOSI{ Master data owiput. Slave data input kanal SPI
Pl.6 MISO( Master data input, Slave data outpul kanal SPI
i SCK( Master clock owpur, Slave clock input kanal SF1

Sumber- Al R9SH252 Data Sheer (it Sewee atimel com)




b. RESET (RST)
Masukkan untuk Reset. Suan: fogika tingyi selama dua siklus pada pin
reser akan menyebabkan terjadinya proses resef,

¢, Port3
Pert 3 merupakan port 8 bit dua arah dengan pull up imernal. Selain

sehagai port paradiel biasa, port 3 juga memiliki fungsi khusus schagai

berikul ini
Tabel 2.2. Port 3

Port ‘Fungsi Khusus _‘
3.0 | RXD(masukan port scrial UART) ‘
RER! | I'XTXkeluaran port serial UART)

P3.2 INTU masukan interupsi laar 0)

P33 INT1{masukan interupsi luar 1)

P34 10{masukan huar timer/counter )
| P35 T1(masukan luar imer/counter 1)

P3G W R(pulsa penulisan data memori luar)
| B3.7 RD){pulsa pembacaan data memori luar)

Sumber: At 8955252 Do Sheet (At www.alotelcony
d. XTALI

Masukan unluk penguat inverting osilator dan masukan rangkaian
clock internal.
e. XTAL2

Kcluaran dari penguat inverting osilator.




. GND
{(irommnd system

g. Portl
Port 2 merupakan port paralle]l 8 hit yang bersifat dua arah dan
memiliki pufl up mternal.pors 2 menginmkan byte tingg dan alamat
selama pengaksesan dari program memori luar dan selama penulisan
ke data memori luar yang menggunakan alamat 16 bit.

h. PSEN
Program Store Fnable adalah pulsa pengaktif untuk membaca program
memori luar. Saat mikrokontroller melaksanakan instruksi dan
program memori luar, PSEN akan diaktifkan dua kah tap siklus
mesin, kecuah pada saat mengakses data memonr luar.

i. ALE
Adddress Latch Fnable merupakan suatu pulsa kelvaran  untuk
mengaitkan (laich) byle bawah dan alamat selama mengakses memor
luar.

j EA
Fxternal Accesy Enable. EA harus dihubungkan dengan grommd jika
ingin mengakses dari program memon luar dengan alamat 0000H
sampai FFFFH, EA harus dihubungkan dengan VCC jika

menggunakan program memon frrernal.
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k. Port0
Port 0 merupakan port 8 bit yang bersifat open drain dua arah. Schagai
keluaran, tiap pin dapat menerima 8 masukkan TTL. Saat logika 1
dituliskan pada port, pin port dapat digunakan sebagai masukkan
dengan impedansi tingg1.

L. VCC

Dihubungkan dengan tegangan kena +5 Volt.

2.3.1. SFR Pada AT8958252
SER(Special Function Register) pada AT8958252 memiliki tambahan dari

SFR MCS-51 yang gunanya untuk mengontrol alat tambahan pada
mikrokoniroller.

SFR tambahan ini meliputi : T2CON(Timer 2 regisfer dengan alamat
0C3H), T2ZMOD(Timer 2 Mode dengan alamat 0C9H), WMCON(Warchdog and
Memory Control Register dengan alamat 96H), SPCR(SP1 Conirol Register
dengan alamat D5H), SPSR(SPI Status Register dengan alamat AAH), SPDR( SPI
Data Register dengan alamat 36H) Gambar berikut akan menjclaskan letak

masing-masing SFR

13
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Gumbar 2.2. Letak SFR Pada Mikrokontroller ATSYS8252
Sumber: At 8858252 Data Sheet (hurp.Sooww almel comy

2.3.2. SFR Untuk Timer 2

Pada #imer/counter 2 ini dikendalikan oleh special function register yang

bernama T2CON(limer 2Control), TZMOD(Timer 2 Mode) dan  scpasang

register RCAPZH. RCAP2L. merupakan register caphreireload untuk timer 2

dalam 16 bit caplure mode atau aulo reload mode,

-

Register RZCON yang beralamat & OCR1I memiliki bit-bit sebagai berikut:

Tabel 2.3, Register Pada Mikrokontroler

MSH

LSB

T2 EX]i2

RCLK

Sumber: Al RUSAIEZ Diata Sheel fhip-tiwaw . ahied.carit)

TCLK

EXENZ Th2

ci12 | CPRL2 |

14




Tebel 2.4, Fungsi SFR Pada Mikrokontroler

Ril

Keterangan

[ TFZ

LXF2

RCIK

TCLRK

EXERZ

TRE

Ll I

CPRLE | penerator pada serial port.

Bendera overflow Limer 2, diset oleh timer 2 dan harus diclear Tewat sollware, TF2
tidah akan diset jika RCLK = | atau TCLE L

Bendera luar timer 2 diset soat suatu caprure alau relogd disebabkan oleh rransisi
negative pada T2EX dan EXEN2 = 1. jika scla timer 2 diaktitkan, EXE? =1 akan
menyvebabkan CPL mencabang ke rutin sefa timer 2. EXF2 harus diclear dengun

sofbware: EX12 tidak menyebabkan sela pada mode wpddown counrer (DCEN — 1)

Receive clock enable. Jika diset menyebabkan serial port menggunakan pulsa
overflow tmer 2 sebagal detak penerimaan pada serial port untuk mode | dan 3. Jika
RCILE = 0 menyebabhan pulsa overffow timer 1 yang digunakan sebapai detak.
Trausmit Clock enable. Jika diset menvebabkan serial port mengzunakan pulsa
evorflow timer 2 sebagai detak pengiriman. Jika TCLK = 0 menyebabkan pulsu
averflow timer | vang digunakan sebawai delak pengiriman.

Timer 7 eksternal enadle, Jika diset memungkinkan copire wfun relnad lerjudi
sebagai hasil darl transisi negalive pada pin T2EX jika timer 2 sedang tidak
digunakan scbagal fewd rete geperaior untuk serial port. Fika EXEN2 = ()
menycbabkan timer 2 akan melakukan apa-apa kejadian pada pin T2ZEX.

Bit untuk mengatur st dop antuk timer 2, jilka TR2 = 1 fmer akan aktif.

Bit pemilih (imer atan copfer untuk timer 2, Jika T2 0 maka terpilih lungsi
timer, CF12 = 1 untuke lungsi coumter.

Pemilihan (upiureRetoad. Jika diset maka proses caprure akan 1ejadi pada transisi
negative pada pin T2EX jika EXEN - 1. jika bit ini dicfear maka proses redirad
otomatis akan twrjadi saat timer 2 overflow atau transisi negative terjadi pada pin
T2EX saal bil LXTN2 — L. jika bit RCLE atau TCLK diset maka bit im menjadi
tidak diperhitungkan(ignore), Hal ini karena timer 2 dipakai sehagal paul rafe

Kb A BUSKZIZ | ata Sheet (hilp oW aimmel. e )

STR ini memiliki nilai pada saat reset : D000 D000

Timer 2 juga memiliki SFR yang bernama T2MOD(Timer 2 Mode Conirol

Registery yang beralamat di 0C911 dan memiliki nilai pada saal rescl xxxx xx0B.

bit-hit pada 12MOD adalah schagai berikut :




Tabel 2.5. Komposisi Data

MSB ; ; [ LSB |
: - B 2 e T20E | DCEN
Bit | Keterangan
[ T20E | Timer 2 Output Lnable bit
DOCEN | Jika diset memungkinkan timerscounier sehagal up:down counter

Smber: 48 ROSKI 52 Doy Shreat Phripeinimen atarel o)

2.3.3. SFR untuk Watchdog dan Mcmori

Fintuk menggunakan weatchdog timer atau memori, maka dapat dilakukan

dengan mengatur SFR yang hemnama WACON dengan alamat 96H. Bit-bit pada

SI'R ini dapat dijelaskan scbagai berikul :

Nilai SI'R ini pada saat reset adalah 0000 0000B,

Tuhbel 2.6, Pemetaan Memori

MSR | L5
[ Ps2 P51 P50 HFEMWE CEMEM DS WDOTTRST | WITEN
Bit | Keterangan - o -
pg2
[ e
P50 Ketiga bit ini merupakan bit prevealer untuk watchdoy tiser. Jiki ketiga hit
diclcar maka periode watchdog timer adalah 16 ms. Jika ketiga bit diatas disat
muka nominal periode waktu watedeg der adulah 2048 ms.
EUMWE | Bil pensaktif penulisan EEPROM data memori, Bit ini harus diser scbelum
; penulisan ke EEPROM dengan instruksi movy. Seiclah selesal penulisan miaka hit
ini harus diclear.
EEMLMN Bit peneaktil’ pengaksesan inwrnal LEPROM. Saal FEMEMN = 1 intruksi movk
~dengan DPTR akan mengakses internzl EEPROM bukan puda data memori luar,
Jika EEMEN = 0 instruksi movs dengan DPTR akan mengakses data memori
luar.
DPs Dalu Pointer Register Seltect: Jika bit ini diclear akan memilili bank pertama dari |
data pobiter regster( TR0 Jika bit ini diset akan terpilih ik keduoa (D1
WDTRST | Watchdos timer reset dan bil bendera EEPROM readydbusy. Tiap saat bit ini disef




WIYIEN

ke | olch soffware pengguna, suatu pulsa akan dihasitkan untuk merese! walchdog
famer, Bt ini kemudian secare otomatis akan diclear, Bit ini bersifat hanya untuk
dilulisi, 13it ini juga schagi bit bendera readivbusy pada mode reaa omfy sclama

perulisan LEPROM. RDY/BSY = | berarti bahwa LLEPROM siap untuk

diprogram. Selama operasi pemrograman berlangsung. bit ini akan bevlogika "0
| dan sccara ofomatis akan direset ke *17 saat pemrograman selesai,

Bit pengaktil watchdog fimer. Jika WDTEN - 1 akan mengakrifkan watchdoy
rimer, jika WDTEN =1 akan melumpuhkannya,

Symher: At 8988232 Data Sheet (hip. cowww. atmed com)

2.3.4.SFR Pengontrol SPI

Berbeda dengan MCS-51. mikrokontroller ATROSB252 memiliki fdsililas

SPl(Serial  Peripheral  Interfoce).

Fasilitas ini memungkinkan ansferdata

kecepatan lingei secara sinkron antara mikrokontroller ATEUSR252  dengan

peripheral atau anta mikrokontroller ATBUSE25Z.

Fitur SP1 pada AT8988252 meliputi :

.

b.

h.

Full duplek, 3 kawat dengan transfer data sccara sinkron.
Operasi Master ataw Shave,

Lrekuensi maksimum 6 MHz.

Sistem data transfer MSB dahulu alau LS5,

4 bif rate teTprogran,

Bendera sela pada akhir transmisi,

Write Collision Flag Profection.

Bangun dari maode idie (hanya untuk mode stave).




Crambar berikut menunjukkan hubungan antara CPU master dan stave,

MSE  MASTER LSE  Buco usal  MSB SLAVE LS8
r—!E—EITSHIFTREG!STEHH—%I—IH-BIHHH-'-iEGISTEﬂll—]
| . i :.um wosy__

!

1

i
= !
SPl _jEoK sck

[5LUCK GENERATOR > e

P Ve 4|

Gambar 2.3. Koneksi 81 Master dan Slave
Sumber: At 8958232 Data Sheet thitp.2 www, atmiel comi)

Pin SCK adalgh kelusran detak pada mode master, tetapl merupakan detak
masukkan pada mode stave, Menulis ke SPI data register pada CPU master akan
memulai SPI elock genergtor, dan data vang ditulis digeser keluar pada pin MOSI
dan menuju pin MOST pada CPU slave,

Setelah menggeser | byte, SPI clock generator akan berhenti, dan akan
mengaktifkan bendera(flag) sclesal pengiiman(SPIF). Jika kedua bit pengaktif
sela SPI dan bit pengakiil serial port (ES) diset, suatu sela akan dibutuhkan.,

Bit pemilih sluve seleci(SS) pada port 1 pin HP1.4) dibuat rendah untuk
memilih suatu alat S£1 individual sebagai slave. Jika pin ini tinggi. maka port SP1
tidak diaktifkan dan pin MOSKIP1.6) dapat digunakan schagai masukkan.

Sedangkan speciul function regisier untuk mengontrol  penggunaan SPI
adalah SPCR(SPI Conirol Register) dengan alamat D3SH dan SPSR(SPT Stafus

Register) dengan alamat AAH.




2.3.5. Data Memori (EEPROM) dan RAM

Mikrokontroller AT8958252 dilengkapi dengan data memori yang berupa
EEPROM(Electrically Erasable Programmable Read Only Memory). FEPROM
yang ditanamkan im sebesar 2 K byte dan dapat dipakai untuk menyimpan data_

EFEPROM on-chip ini diakses dengan mengeset bit EEMEN pada register
WMCON pada alamat 96H. Alamat EEPROM ini adalah 000H sampai 7FFH.
Instruksi movx digunakan untuk mengakses EEPROM internal ini. Namun jika
mgin mengakses data memori luar dengan menggunakan instruksi movx ini maka
bit £EMFEN harus dibuat 0"

Bit EEMWE pada register WMUON harus diset ke 1 sebelum sembarang
lokasi pada FEPROM dapat ditulisi. Program pengguna harus mereset bit
EEMWE ke “0° jika proses penulisan ke £FEPROM tidak diperlukan lagi. Proses
penulisan ke EEPROM dapat dilihat dengan membaca bit RDY/BSY pada 5fK
WAMCON. Jika bit ini berfogika rendah maka berarti penulisan EEPROM sedang
berlangsung, jika bit ini berlogika tinggi berarti penulisan sudah selesai dan
penulisan lain dapat dimulai lagi.

Sedangkan RAM yang ada pada mikrokoniroller AT8958252 i
berkapasitas 256 byte. RAM(Random Accses Memory) merupakan memori yang
bersifat sementara dan mudah terhapus isinya jika aliran histnk diputuskan,
Karena itu RAM tidak digunakan sebagai penyimpan program tetapi untuk
menyimpan data sementara. Peta dari RAM internal pada AT8%58252 adalah

schagai berikut
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2.3.6. Programmuable Watchdog Timer (WDT)

Pada mikrokontroller AT8958252 dilengkapi dengan Warchdog timer.

Watchdog timer ini menggunakan detak sendiri. Untuk mengatur rentang waktu

(periode) pada WDT ini maka terdapat bit prescaler yang dapat mengatur rentang

waktu yang dibutuhkan.

Bit prescaler ini adalah hit PSO. PS1 dan PS2 pada register WMCON,

Perioda waktu pada WD'L ini berkisar dari 16 me sampai 2048 ms. Karena bit

prescalernya ada tiga. maka akan ada 8 bush kemungkinan seperti yang tertera

dibawal ini,

Tabel 2.7. Priode Waktu Pada WDT

PS2 | PST [ PSO | Periode
0 () 0 | 16 mili detik
0 0 1| 32 mili detik
0 1 (0 | 64 mili detik
i 1 1| 128 mili detik
1 0 0 | 256 mili denk
i 0 1| 512 mili detik
I | 0 | 1024 mili detik
1 1 1 2048 mili detik

Srimber Ar KOS8232 Dara Sheer chip v anme! com)




EFH [ ‘ i
! RAM
| 7E Byte SR
{=las) o ‘
HH
BUH
FFH
iyl
120 Ayle
{baveahil
auaH

Gambar 2.4. Alamat internaf RAM dan SFR
Suppheps Af NOSEISZ Dave Sheef (Rproaso, ol el ot

2.3.6. Programmable Watchdog Timer (WD'T)

Pada mikrokontroller AT8988252 dilengkapi dengan Walchdoy timer.
Watchdog timer ini menggunakan detak sendiri. Untuk mengatur rentang waklu
iperiode) pada WDT ini maka terdapat hil presealer vang dapal mengalur renlang
waktu yang dibutuhkan.

Bit prescaler ini adalah bit PS0, P31 dan PS2 pada register FAMCON.
Perioda wailu pada WDT ini berkisar demi 16 ms sampai 2048 my. Karena bil
prescalernya ada riga. maka akan ada & huah kemungkinan seperfi yang tertera

dibawalh ini.

Tabel 2.7, Priode Waktu Pada WDT
P52 [PSI | PSO | Periode

0 0 0 | 16 mili detik
0 1|32 mili detik

0
0 | 0 | 64 mili detik
0 | || 128 mili detik

| 0 ¢ | 256 mih detik
1 0 1 512 mili detik
1 I 0 | 1024 mili detik

L 1 1| 2048 mili detik

Srembar: AL 8988237 Data Sheel (hitpwwatmel coy
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Warchdog timer dilumpuhkan oleh power on reset (POR) dan selama
power down. WDT diakitifkan dengan menscting bit WDTEN pada SFR WAMCON
{alamat 96H). jika perhitungan waktu WDT telah selesai(time out) tanpa ada reset
atau dilumpuhkan, maka suatu pulsa resef infernal akan dihasilkan untuk mereset
CPU.

2.3.7. Timer
Pada mikrokontroller im terdapat tambahan fimer yaitu fimer 2. timer yang

lainya timer 1 dan fimer O penggunaanya sama dengan pada MCS-51.

Hal yang perlu diperhatikan adalah bahwa fimer/counter dapat digunakan
sebagai generator baud rate untuk serial port, Selain menggunakan fimer 1 untuk
menghasilkan baud rare maka bisa digunakan pula timer 2 untuk menghasilkan
baut rate untuk serial port,

Timer 2 ini merupakan fimer/counter yang berukuran 16 bit yang dapat
beroperasi sebagi fimer atau penghitung kejadian dengan detak dan luar. Untuk
mengatur fungsi ini dilakukan dengan mengatur bit C/T2 pada SFR T2CON.
Terlihat bahwa jika bit tinggi maka akan terpilih fungs counfer, tetapi jika bit im
rendah maka akan terpilih fungsi timer 2.

Timer ini memiliki 3 mode operasi yaitu cepture, awto reload(up dan
down counting) dan baud rate generator. Untuk memilih mode im dengan
mengatur bit pada SFR 72COMTimer 2 Control Register)berikut i mode

operasi yang dapat dijalankan oleh timer 2.




Tabel 2.8. Pewakivan LOCATRISR252

RCLK+TCLK | CP/RL2

()
0
1
X

TR2 MODE,
] | 16 bit auie reload
| | 16 hit capiure
x 1 Bawd rate generator
X o |og

Sumiber: At SUSE252 Data Sheet (it

2.3.8. Mode Capture

e atmad coanl

Pada mode ini dua pilihan dipilib oleh bit EXEN2 pada SFR T2C0ON. Jika

EYENZ = 0, timer 2 merupakan 16 bit timer atau counter yang jika telah overflow

akan mengeset bit TEZ pada T2OON.

Bit ini kemudian dapat digunakan untuk menghasilkan sela. Jika EXENI

= 1. timer 2 akan berlaku sama. tetapi suatu transisi Unggi ke rendah(1 1 0) pada

pin T2EX(P1.1) akan menyebabkan nilai sekarang pada THZ2 dan TL2 untuk

ditangkap dum disimpan ke RCAP2II da RCAP2L. sebagai tambahan transisi

tinggi ke rendah pada T2LX menycbabkan bit EXF2Z pada 12CON diset. it

EXF2 sama halnva dengan bit TF2 dapat menghasilkan sela.

C8C

T2 PIN

12EX PIN

12

G =1t
—cr]'/:l——p{ a2 | Tz e TR |
| conrsou HIKEHE LN
o1 T ViV
CAPTLRE H |
RCAFZH RGAHE
TRANMSITION
: TIMER 2
AL PTERRLIFT

e~ PF

o

ext

(%]

CONTROL

Gambar 2.5. Timer 2 Pada Mode Capture
Suinbers At SUSHIZFD Dara Sheot (hopcinsn atmiel cone)
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2.3.9. Auto Reload (Up atau Down Counter)

Timer 2 dapat diprogram untuk menghitung naik atau menghitung mundur
jika dikonfigurasikan sebagai mode 16 bit auto refoad. I'itur ini dapat dimatikan
dengan mengatur bit DCEN{Down Counter Enabley pada SFR T2MOD. Pada saat
reset DCEN akan berlogika rendah maka timer 2 akan memiliki default untuk
menghitung maju(up connrer), Jika bit DCLEN diset, timer 2 dapat menghilung,
maju atau mundur tergantung pada nilai logika pada pin T2EX.

Pada gambar berikut timer 2 scoara otomatis menghilung naik saal DCEN
— (0. pada mode ini. 2 pilihan dipilih oleh bit EXIIN2 pada SFR T2CON. Jika
EXENZ = (. timer 2 akan naik menjadi OFFFFH dan kemudian akan mengeset bit
TF2 jika tclah everflow. Overflow juga menycbabkan terjadinya register tmer

diisi kembali dengan nilai 16 bit dari RCAP2ZH dan RCAPZL.

QR —;1 +1# !
| T2 = D
S~—too{—{= | = -

| conmroL |

— ™2 1
— _‘]nrr:n RELDAD .
S ' INTERRLPT
[oaren ] e
™

TRANEITION
TEE:FHD——-‘ T oo — B2 |

Gambar 2.6. Timer 2 Pada Mode Auto Reload DCEN=0

Sumher, At SUSH252 Dater Shieet (hite vl aimaed comg

OVERFLOW
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2.3.10. Baud Rate Generator

Timer 2 dapat dipihih scbagai boud rate generator dengan menseting
TCLK dan RCLK pada SFR T2CON. Bawd rate untuk pengiriman dan
penerimaan sementara fimer | digunakan untuk tugas lain.

Baud rate gencrator secara teknis sama mode aufo reload, dimana
pelimpahan TH2 menyebabkan register timer 2 diisi kembali dengan 16 bit pada
register RCAP2H dan RCAP2L vang telah diisi(present) oleh pemakai.

Baud rate pada mode 1 dan 3 ditentukan oleh rate overflow timer
berdasarkan persamaan :

Timer 2 Overflow Rate

Baud rate (mode 1,3) — i

Timer dapat dikonfigurasikan sebagei operasi himer alau counter. Pada
kebanvakan pemakai adalah difungsikan timer dimana bit CP/T2 dibuat 0.
Operasi fimer adalah berbeda jika timer 2 difungsikan sebagai beud rate
generator, Secara normal sebagai timer, akan natk setiap siklus mesin (pada |2
frelwensi vsilator). Sebagal baud rate generator akan dinaikkan tiap state time
(pada Y4 frekuensi osilator). Rumus untuk baud rate adalah sebagai berikut :

- Frekuensi Osilator
32x[65536 — (RCAP2H ,RCAP2L)|

Baud rate (mode 1,3} =

Dimana (RCAP2H, RCAP?L) adalah isi dari register RCAP2H dan

RCAP2L yang diambil sebagai 16 bit integer tak bertanda.
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Gambar 2.7, Timer 2 Sebagai Baud Rate Generator
Soember: Ar BUSS23Z Dra Sheef inp 2w atmred cow)

2.3.11. Programmable Clock Qut

liungsi terakhir dari timer 2 adalah untuk menghasilkan suatu detak(clock).
Detak dengan siklus wgas 50% dapat diprogramkan schingga keluaran dari P1.0.
pin ini selain sebagai O biasa juga mempunyai dua [ungsi alternatif. )i dapae
diprogram sebagai pin masukkan untuk eksternal clock timer/counter 2 atau
sebagat penghasil elock dengan siklus 50% dengan rentany dari 61 Hz sampai 4
MHzx jika dipakai 16 MHz kristal scbagai frefwensi mikrokontroller

[Intuk membuat timericounter 2 sebagai penerator detak, bit C/12
(TZCON.1} harus dibuat rendah dan bit T20F (T2MOD.1) harus disct. Bit TR2
(T2CON.2) scbagal start timer.

Frekuensi detak yang dihasilkan bergantung kepada frekucnsi osilator
yang dipakai dan nilai reload pada caplure register timer 2 (RCAP2H, RCAP21)
seperti pada persamaan bernikut |

Frekuensi Gsilator
«[65536 —(RCAP2H, RCAP2L)|

Frekuensi clock-out = —




Gambar berikutl menunjukkan tmer 2 sebagai clock oul generator |
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Gambar 2.8, Timer 2 Dalam Clock Out Mode

Sumber: At 8OS8252 Date Shect (it ewwcmel com

2.4, LCD (Liguid Cristal Display)

Pada dasarnya indikator kristal cair terdini dari satu jenis kristal cair yang
(ransparan yang berada di antara 2 keping kaca.Bagian dalam keping kaca rersebut
dilapisi bahan penghantar Peghantar yang depan adalah lembus cahaya. Saal
hahan penghantar diberi tegangan hsink maka terjadilah medan listrik vang
menembus kristal. Kristal yang semula tampak bening dan tembus cahaya menjadi
keruh.

Jarak antara kedua keping kaca adalah kira-kira 10um, dan kual medan
vang diperlukan kira-kira 0,5V/pm. (Wasito 5. 1994:189). Semakin kuat
medannya maka akan semakin keruh kristal cair terscbut. Pada kuat medan kira-

kira 3 sampai 5 V/um erjadilah penjemuran (tidak dapat keruh Lagi).




Karakteristik dari LCD dot matrik yang digunakan adalah sebagai berikut :

16 x 2 karakier dengan 3 x 7 dot matrik + kursor,

ROM generator karakter dengan 192 tipe karakter.

RAM generator karakter — karakter dengan 8 tipe karakter (untuk

program write}.

80 x 8 bit RAM data display.

Dapat di interfacekan dengan kemungkinan MPU 4 bit atau 8 bit.

RAM data atau RAM generator karakter yang dapat dibaca oleh MPLL

+ 5 Volt single power supplay.

Power On Reset,

Rangkaian temperature operasi 0°c sampai dengan 50°¢.

Beberapa fungsi instruksi yaitu display clear, cursor home, display

ON/OFF, cursor ON/OFF, display blink, cursor shift, dan display shitt.

Data pin pada display led lebih lengkapnya pada tabeldi bawah ini :

Tabel 2.9. Terminal Simbol LCD

NO | SYMBOL | LEVEL FUNCTION
u Vss 0V (GND) |
2 Voo - 5V +10%
3 Vee Z For LCD Drive
1 " RC H/L | H:DataInput L : Instruction Input
& R/W IFL. | H:Read L : Write B
6 T E H Enable signal i
7 ~ DBO H/L | Data bus
8 DBl H/L
0 DB2 HIL
10 DB3 H/L
Tk DB4 H/L




Tampilan kristal cair menggunakan interaksi unik antara karakieristik
elektrik dan optik dari suatu kelompok cairan agar tetap berada dalam bentuk
kristal. Hal ini memberikan sifat optis vang sangal diperlukan sebagai piranti
tampilan. Dengan pemakaian LCD, tidak ada cahaya yang dibangkitkan, sehingga
mengurangi konsumsi arus dan dayanya. Sedangkan kemungkinan untuk
mengaktifkan LCD diperlukan tegangan AC. Sehingga unluk penggerak (driver)
LCD tidak dapat digunakan transistor-transistor bipolar.

Alat ini menggunakan unit tampilan jenis LCD matrik jenis DMC 202.
LCD ini memiliki 40 karakter (2 baris dengan 20 karakter tiap barisnya). Tiap
karakter terdiri dari 5X7 titik ditambah dengan kursomya. Terdapat 192 karakier
vang dapat ditulis dalam LCD ini [LCD USER MANUAL, 1987: 1). Rangkaian
LCD dan hubungannya dengan mikrokontroler dapat dilihat pada bab bernikutnya.

LCD jenis ini mempunyai 16 pin, pin 1 dihubungkan dengan Ground. Pin
2 adalah pin untuk mengatur kecerahan dari karakter yang ditulis, dihubungkan
dengan +5volt melalui timer potensio 1 Kohm. Scdangkan pin 3 adalah VDI yang
dihubungkan dengan +5voli.

Pin 4 adalah RS (Register Selection) vang dipergunakan untuk memilih
register. Jika diberi logika 1 maka rcgister akan menjadi register data, jika diberi
logika 0 maka akan menjadi regisler perintah. Pin 5 adalah R/W yaitu pin yang
dipergunakan untuk memilih mode. yaitu mode baca atau wlis. Jika diberi logika
| maka LCD akan membaca data dan jika diberi logika 0 maka LCD akan menulis
data. Pin 6 adalah pin enable, untuk tiap pengiriman satu data ini harus diberi satu

sinyal falling edge.
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Gambar 2.9 Kontruksi Liquid Crystal Display
Sumber - Roger L, Fokdein, 1990
2.5 TC ULN 2003A

Pada IC ULN 2003A didalamnya terdapat rangkaian penguat Darlington.

Untuk sam IC ULN2003A terdapat 7 pasang rangkaian Darlington NPN vang

tersusun dalam rangkaian common catoda. Rangkaian Darlington i digunakan

sehagai saklur. Pada masing-masing rangkaian Darlington arus koeleklornya

schesar S00mA. Rangkaian Darlington yang ada di dalam IC ULN 2003A dapal

diparalel puna untuk kebutuhan arus yang hesar. Karenanya IC ini dapat

diaplikasikan untuk driver relay, driver lampu, driver display dan logic buffe dan

lain sebagminya.
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Adupun pin-pin koneksi yang ada dalam 1C ULN 2003 A dapal dilihai pada

gambar 2,17 berikut ini:

LT | T %
L. - outT 2
iM 3 ouT 3
IN & ouT %
IN B T 5
iN 8 ouT 8
M7 ouT 7
OHD g COMbN FREE

WHEELING DFO0ES

B TRTRE

Gambar 2.10. Pin-Pin Koneksi Dalam [C ULN Z003A

1ata Shee! LILNZO03A ] Texas Instramen Incorvorated S hal 2

Sedangkan gambar untuk setiap rangkaian Darlington pada 1€ ULN

2003 A dapat dilibat pada pambar 2.15.

UL 0034 Ry = 27
ULNIL Q20044 R = 10,58t

Gambar 2.11. Rangkaian Darlington didalam IC ULN 2003A

Daty Sheet LILN2003A, | exas Instrumen lncorvorated Jhal 2
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2.6. Relay

Relay adalah komponen elektronika yang umumnya digunakan untuk
menghidupkan rangkaian kontrol dan peralatan lainnya yang mempunyai arus
relatif kecil. Namun demikian relay dapat mengontrol tegangan dan arus yang
lebih besar dengan menggunakan efek pengaturan. [fek pengaturan didapat
dengan cara memanfaatkan tegangan kecil (3 - 34 volt) untuk mengaktifkan koil
dan relay. Kemudian koil tersebut digunakan untuk mengubah-ubah posisi kontak.
Kontak pada relay dapat digunakan untuk mensaklar (switching) tegangan yang
lebih besar sampai 400Watt. Aliran arus yang digunakan untuk mengatur relay

tersebut.

Pada dasarnya relay dapat dikatakan sebagai kontak beban elekink yang
mengontrol suatu rangkaian elektrik dengan cara membuka dan menutup kontak
pada rangkaian lain. Apabila kontak relay adalah normally open (NO), maka akan
terbuka bila relay tidak dialiri energi listrik. Scbaliknya pada titik kontak relay
yang tergolong normally efose (NC), akan tertutup bila relay tidak dialiri arus
listrik. Pada kedua kondisi tersebut kontak - kontak pada relay akan berubah

keadaannya apabila relay dialiri arus listrik.

Wer

Sakl I n_#—

i btk Lol =

Gambar 2.12. Relay

( Sumber: Malvino, Prinsip-Prinsip Elektronika )
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3. DPST{dual pin single terminal)

Simbol relay DPST

EELAY-DEFST

Gambar 2.15. Relay DPST
( Sumber: Malvino, Prinsip-Prinsip Elektronika )
4. DPDT(dual pin dual terminafl)

Simbel relay DPDT

EELAY-DPDT

Gambar 2.16. Relay DPDT

{ Sumber: Malvino, Prinsip-Prinsip Elekironika )
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PERANCANGAN DAN PEMBUATAN ALAT

1.1 Gambaran Umum

Perancangan perangkat keras ini bertujuan untuk merencanakan

. sebuah rangkaian yang berfungsi mengontrol monitor pada Personal

\@mpmer warlel menjadi standby,

Adapun tahapan perancanpan dan pembuatan alat yang berfungsi

untuk membuat monitor pada Personai@;mputcr wartel menjadi standby.

adalah sebagai berikutl : Rangkaian pembaca data, Rangkaian pengontrol,

Kevpad, Mikrokontroler AT83S8252. dan LCD TM 162 ABC.

3.2. Blok Diagram System

. — Jﬁ-ﬁimkur:wlilﬂ
| Kevboard| Keypad ATRISE2S2

[

e o M
of LI »  Sinyal ‘

— PU2

Raunghaian
Penganiral |

- CPLI

Gambar 3.1. Blok Diagram

> LCD
»- Monitor | |

e Monitor?




Spesilikasi Alai
1. Mousec Dan Keyboard
Mouse dan Kevboard berfungsi sebagai inputan ke rangkaian pengkondisi
sinval.
2. Keypad

Rangkaian keypad digunakan scbagal inputan standhy.

w

Rangkaian Pengkondisi Sinyal
Rangkaian ini digunakan sebagal pendeteksi inputan yang dihasil oleh
keybogrd atau mouse (apakah ada gerakan/sentuhan atau tidak).
4. Rangkaian Pengontrol
Rangkaian vang digunakan sebagai pengontrol antara monitor dengan P’
Sechinnga monitor dapat standby berdasarkan setingan wakitu.
5 LCD
Sebagai tampilan waktu yang disetling dari keypad.
6. Mikrokontroller
Sebagai pusal pengendali keseluruhan sistem dengan menggunakan

mikrokontroler ATROSEZS2.
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3.3, Prinsip Kerja Alat

Dalam perencanaan dan pembuatan alat yang berfungsi untuk
membuat monitor pada Persongl Computer wartel menjadi standby,
mikrokontroler AT8958252 adalah sebagai pengendali utama. Mikrokontroler
membutuhkan komponen system lain sebagai pendukung antara lain
Rangkaian pembaca data, Rangkaian pengontrol, LCD TM 162 ABC dan
Keypad 1C74922. Kerja system secara kescluruhan dapat dijelaskan sebagai
berikut:

Rangkaian Pembaca Data adalah suatu Rangkaian berfungsi sebagai
pembaca data-data masukan yang diambil dari mous¢ dan keyboard pada
perangkat IBM PC. Rangkaian ini akan bekerja layaknya sebuah gerbang
ANﬁ yang akan menghasilkan outputan logika 0 jika semua inputan logika 0
atau salah satu dari inputan berlogika 0. Sehingga jika mouse dan keyboard
tidak aktif (tidak ditekan atau digeser), maka keluaran dari rangkaian ini akan
berlogika 1. Data keluaran dari rangkaian ini  akan diumpankan
kemikrokontroler dan jika data yang diumpankan berlogika 1 maka oleh
mikrokontroler data ini digunakan uniuk mengaktifkan timer counter dan jika
data pada timer counter ini sesuai dengan data waktu yang dimasukkan lewat
keypad maka mikrokontroler akan mengeluarkan data untuk memutuskan

hubungan antara CPU dengan monitor, dan apabila data yang masuk
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3.4, Perencanaan Hardware
3.4.1. Perancangan Rangkaian Pengkondisi Sinyal
Rangkaian ini mendapatkan inputan dari Mouse dan Kevboard,

dimana hubungan kaki konektor untuk kevbord dan mouse dapat dilihat

pada keterangan berikut:

A. Konektor Keybord

Kaki1 = Pin Data,yang dihubungkan pada rangkaian AND
{(Keybord Data) dan PC

Kaki 2 = Reserved. langsung ke komputer
Kaki3 — GND, dihubungkan ke ground Langsung ke komputer (Reserved)
Kaki4 = —5V dihubungkan ke mikrokontroller dan langsung ke komputer

Kaki 5 = Pin Clock, Langsung dihubungkan ke computer

Kaki 6 = Reserved, langsung ke computer

Adapun gambar konektor keybord dapat dilihat dibawah ini.

male

Gambar 3.2. Konektor Keyhoard
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B. Konektor Mouse

Kaki | = Pin Data,yang dihubungkan pada rangkaian AND

(Keyhord Data) dan PC

Reserved, langsung ke komputer

GND, dihubungkan ke ground Langsung ke komputer (Reserved)

Kaki 2
Kaki 3

Kaki 4 — +5V dihubungkan ke mikrokontroller dan langsung ke komputer

Kaki 5 Pin Clock, Langsung dihubungkan ke computer

Kaki 6 = Reserved. langsung ke computer

Adapun gambar koncktor keybord dapat dilihat dibawah ini.

male

Gambar 3.3, Konektor Keyhoard

Rangkaian Pengkondisi Sival ini berfungsi sebagai pembaca
data-data masukan yang diambil dari mouse dan keyboard pada perangkat
IBM PC. Rangkaian ini akan bekerja layaknya sebuah gerbang AND vang
akan menghasgilkan keluaran logika | jika semua masukan logika 0.

Sechingga jika mouse dan keyboard tidak aktif (tidak ditekan atau digeser),

maka kelvaran dari rangkaian ini akan berlogika |, gambar rangkaian

pembaca data ditunjukkan pada Gambar 3.4 berikut:
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Data Mousel > l 14
Data Keyboard—2 13 e
{ KEMEPiD 3 12—
Data Mouse2 =4 11—
Data Keyhoard——5 10— —_—
{ KE MK F3.l =14 g — T
r—"? B

Gambar 3.4. Rangkaian Pembaca Data

Adapun hasil dari keluaran rangkaian pembaca data berdasarkan tabel
kebenaran dari gerbang AND dengan tipa inputan yaitu A, B dan C dapat dilihat

pada tabel 3,1 dibawah ini

Tabel 3.1.

Tabel Kebenaran Rangkaian Pembacaan Data Gerbang AND

I A B C
I 0 _ 0 0
0 1 ]
1 i} 0
1 1 1
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Grafik 3.1 Kurakteristik Gerbang And

3.4.2. Perancangan Rangkaian Keypad

Rangkaian Keypad ini merupakan rangkaian yang berfungsi schapai

tombol untuk inputan waktu standby. Keypad ini tersusun atas tombol matrik 4x3

dan masing-masing tombol terthubung ke mikro.

I 2 K
= [(EE MK Pi0 ">
4 F 6 KE MWE T :'-'
KE WE H1 4
s s ol l EEME L3 >
u--—nq-—'-—uq-—r-—-ﬂ WE ME PLA o
] THEEMKPLS >
¥ 5 G KE MHE.FLa -5
-—-—iﬁl—qtl—i'-ﬂ—ll—ilti—:
L o ol
m
‘ atllc . :

Gambar 3.5. Keypad Matrik 3 x 4 dengan Mikrokontroller ATB9S8252

Sumber : Perencanaan, Mata Kuliah I['TN Malang
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Dari rangkaian diatas, dalam proses scanning, jika kendisi awal pada
mikrokontroller berlogika high (1), apabila ada penekanan tombol 1 maka P1.0
berlogika high “17 dan P1.4 berlogika low “0" dan seterus. Keterangan lebih

lanjut dapat dilihat pada table sebagai berikut :

Tabel 3.2.

Pada Saat Keypad Kolom1 Di Clear

Tomhbol Baris - Clr Kolom 1
1 PL.O=1 Pl.4=0
4 Pl.1=1 P1.4=0
7 P1.2=1 Pl.4=0
* P1.3=1 Pl.4=0
Tabel 3.3,

Pada Saat Kevpad Kolom2 Di Clear Dan Kolom1 Di Setbit

Tombol Baris Cir Kolom2/Seth
_ Koloml
2 Pl.0=1 P1.5=)
5 Fl1.1=1 P1.5=)
8 ri.2=1 Pr1.5=0
0 P1.3=1 P1.5=0 '
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Tabel 3.4.

Pada Saa Keypad Kolom2 Di Clear Dan Koloml1 Di Setbit

Tombeol Baris Clr Kolom3/Seth
Kolom2
| 1 P1.0=1 P1.6=0
4 Pi.1=1 P1.6=0
4 Pl.2=1 P1.6=0
* P1.3=1 P1.6=0

3.4.3. Perancangan Rangkaian Mikrokontroler AT8958252

Mikrokontroler pada sistem berfungsi untuk mengolah data masukan dari
kevpad vang selanjutnya akan mengendalikan tampilan LCD. Mikrokontroler
yang digunakan pada sistem ini adalah Mikrokontroler jenis AT8YS8252 yang
merupakan 1C CMOS 8 bit imternal RAM, 40 bit dan 3 port /(). Diperlihatkan

pada gambar 3.7. scbagai berikut ;
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Gambar 3.6. Rangkaian Mikrokontroler AT8958252
Sumber : Perencanasm, Mata Kuliah ITN Malang
Adapun baagian-bagian fungsi pin yang digunakan :
1. Port 0.0 sampai Port 0.7 sebagai outputan ke LCD 162
2. Port 1.0 sampai I'ort 1.6 digunakan untuk inputan keypad 3x4
3. Port 3.0 dan Port 3.1 berfungsi sebagai inputan gerbang AND
4. Port 3.2 dan Port 3.3 berfungsi sebagai outputan ke ULNZ2003

5. Porl 3.4 dan Port 3.5 berfungsi sebagai inputan dari Ve keyboard
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3.4.4. Perancangan Rangkaian Clock Internal

Mikrokontroler AT89S8252 ini memiliki imternafl clock generator yang
berfungsi sebagai sumber cfock, tetapi masih diperlukan rangkaian tambahan
untuk membangkitkan efock tersebut. Rangkaian ini terdiri dari 2 buah kapasitor
dan sebuah kristal dengan ketentuan:

C1 dan €2 =20 pF — 40 pF untuk kristal

= 30 pF — 50 pF untuk keramik resonator
Dalam perencanaan rangkain mikrokontroller ini digunakan kapasitor

sebesar 30 pF sampai dengan 10 pl-.

il
1 1
i

Gambar 3.7. Rangkaian Clock

3.4.5. Perancangan Rangkaian LCD (Liguid Cristal Display) TM 162 ABC

Pada lembaran data sheet modul LCD M1632 SEFKO INSTRUMENT INC.
disebutkan bahwa
Power yupply 1.CD meliputi

Vss =10V (GND)
Vee =35V +10% (2mA)

Vee =Vece-133V sampai Voo +0.3V (ImA pada Vee = 0,25 V)
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Vee = Vec - 13,3 V sampai Vee + 0.3 V (ImA pada Vee = 0,25 V)
Power supply Back Light LCD :
V+BL =4 ¥V sampal 4,2 V { 50 sampai 200 mA)
V. BL =0V (GND)
Untuk memenuhi ketentuan diatas, maka digunakan sebuah Variabel
resistor dengan tujuan membuat tegangan variable untuk input Vee,
Pada input V + BIL. dipasang scbuah dioda IN4001 ( bahan silicon dengan
Vd = 0,65 V sampai 0,7 V ). Tujuannva adalah didapatkan tegangan V + BL
sebesar 4,3 V dengan perhitungan sebagai berukut :
Vee=Vd + (VHBL}
5 =0,7+(V+BL)
{(V+BL)=5-07=43V
Dipilih dieda IN4001 karena arus maksimum yang bisa dilewatkan oleh
dioda sebesar 1A. Berikut ini adalah rangkaian lengkap modul LCD yang

digunakan dalam perancangan, yang ditunjukkan pada Gambar 3.5.

voo
LR ATE958232
a A :
Wag LRz o
0 A
Vee DR3
1 ADS
Yoo DB4 =
13 AD:
IBS
13 AlS
B 14 ALY
RS  DB7 Al
RW
E
DIODE
DHD  V+ ]1;

Gambar 3.8. Rangkaian LCD

Sumber - Perencanaan, Mata Kuliah I'I'N Malang
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3.4.6. Perancangan Rangkaian Pengontrol

Unmuk driver penggerak relay digunakan IC ULNZ2003A dan relay sebagai
komponen utamanya, dengan tegangan 5 Volt dapat memicu 1C ULN2003A dan
arus maksimum yang diperbolchkan sebesar 500mA dengan subu kerja dari -20°C
sampai 80°C dengan data yang ada diatas maka 1C U/LN2003A mampu digunakan
untuk menghidupkan dan mematikan relay yang memiliki tegangan maksimal
sebesar 12 Volt dengan resistansi kumparan sebesar 400 £ jadi dapat diketahui

arus relay sebesar:

VCC

Dimana: | ., = ol
relay

12
400

— 30 ma

Jadi jika ULN 2003 tidak mendapatkan tegangan 5V dari Mikrokontroller
ATR9S8252 maka relay SPST 12V tiduk aktif sehingga memutuskan data vertical
CPU dengan veriical monitor dan moritor menjadi standbay, Jika ULN 2003
mendapatkan tegangan dari Mikrokontroller AT8988252 maka relay SPST 12V
akan aktif sehingga menghubungkan data vertical CPU dengan vertical monitor

dan monitor menjadi akan aktit kembali.
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Gambar 3.9. Rangkaian Pengontrol
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3.5. Perancangan Perangkat Lunak (Software)

Inisialisasi Port |

l

Inizsialisasi EEPROM

T
. Tnmbni . s Tmha\“&
el Ambll Dnj@,e-“' H f‘lcm‘ I').nm ,--'*
m
b Y
MenitA = 38H [3BH=0
JamA =39H FIH=10
Hari =55H | 5511=0
MenitB =411 41H - 0
| JamB =47H C A2H=0
Haril  =56H 56H=0
E |
" Inputkan Data
Wakiu Smnba]_r_

L |

~ Tombol # =
Ditekan
__'_,_.-""

e

—

Gambar 3.10. Flewchart Diagram 1




}: == g

—
el

Dy Monitor] Datm Mondlor| |

T i/’;'> T ,/\
P34=0 .
.;-/f

B

Y

o

< pagen

V4

| e
]

Menit =
Jam =0
Hari =0
Seth P32

= Yo
Aktifkan Waltu
Stankay

Gamabar 3.11. Flowchart Diagram 2
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Ambil Data EEPROM
Hari  =55H
JamA =39H
Menith —38H

/\ |_1|t3!mrﬂﬂ

'DtE

Gamabar 3.12. Flowchart Diagram 3
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Gamabar 3.13. Flowchart Diagram 4




BAB IV

PENGUJIAN ALAT DAN ANALISA DATA

4.1.PENGUJIAN ALAT

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

Bagian-bagian yang diuji dari peralatan ini adalah :

1. Ouiputan Mouse dan Kevboard

[t

Rangkaian keypecd.
3, Rangkaian Liquid Cristal Display (LCD) .

4. Rangkaian Pengonirol Driver Relay

4.1.1. Pengujian Outputan Mouse Dan Keyboard

a. Tujuan
Puogaiias comaotan Jdaia nouse dun keyboard di gerbang AND

il snskah pada saat ada penckana atau
pada saat tidak ada penekanan berlogika high atau low,
b.Peralatan yang digunakan
1, Octloscope
2.Mouse dan Keyboard

3.1C gerbang AND
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c.Prosedur Pengujian
1.Mengatur posisi Ociloscope pada ouputan gerbang lalu
dihubungkan ke ground
2.Mekukan penekanan pada mouse dan Kkeyboard secara

bergantian, cara pengukuran dapat dilihat seperti gambar berikut:

7408
[T Monee] ——1 —
ot Kevbuurd [ m—1 13—
-3 12—
| — 1
—_5 19— e

| sz —_— g —
L LT

Gambar 4.1, Cara Pengukuran Qutputan AND

d.Hasil Pengujian
A
Tidiv T/div = 2mis
Vidiv = 1v/div
-

Vidiv

Grafik 4.1, Hasil Pengujian Pada Saat Tidak Ada Penckanan
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Tidiv =30 w's
Vidiv =13 V/div

-

Vidiv

Grafik 4.2. Hasil Penakanan Pada Mouse

Tidiv +

T/diy = 50 ps
Vidiy =5 Vidiv

o
Vidiv

Grafik 4.3. Hasil Penekanan Pada Keyboard

Tabel 4.1. Hasil Pengujian Mouse Dan Keyboard

Mouse Keyboard AND Timer Monitor
0 0 0 Off On
0 1 0 Off On
1 0 0 Off On
. 1 1 1 On Off
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4.1.2. Pengujian Rangkaian Keypad

a.Tujuan
Pada rangkaian keypad, mengpunakan matrik keypad 4x3 sehingga
ada |2 fasilitas tombol vang tersedia. Tombol vang tersedia adalah
1, 2, 3 pada baris pertama, tombol 4. 3, 6 pada bars ke dua. tombol
7. 8. 9 pada baris ke tiga, serta tombol *, 0. # pada baris ke cmpat.
Pada masing-masing tembol keypad ini  prinsipnya  hanya
menghubungkan atan menggabungkan Port pada baris dengan Port
pada kolom yang dimana kondisi awal pada mikro berlogika high,

b. Peralatan yang digunakan:
1) Avometer
2} Keypad

¢. Prosedur pengujian:
I )Mengatur posisi Avometer pada posisi setiap baris dan kolom
NMelakukan penckanan pada tombol keypad lalu mengukur

dengan menggunakan avometer untuk mencan jalur mana yang

terhubung.
. .m. .m,
| - . FelE
— TR R . e
'] : i e
_— |, | —
1 [ TR e R
b g e e p——— ——p
L " Ll )
e P
|ﬂ

Avﬂl

Gambar 4.2. Cara Pengukuran Keypad
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c.Hasil pengujian keypad ditunjukkan pada tabel dibawah ini.
Tabel 4.2. Hasil Pengujian Keypad

Pada Saat Kolom 1 Diclear

Tombol | Baris Clr Kolom 1
1 Baris1=1 0
4 Baris2=1 0
T Baris3=] 0
. Barisd=1 | 0

Tabel 43. Hasil Pengujian Keypad

Pada Saat Kolom 2 Diclear Dan Kolom1 Di Sethit

Tombol Baris Clr Kolom2/5eth
Koloml
2 Baris1=] 0
5 Baris2=1 0
8 Baris3=1 | 0
0 Barisd=1 | 0
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Tabel 4.4. Hasil Pengujian Keypad

Pada Saat Kolom 3 Diclear Dan Kolom2 Di Setbit

Clr
Tombal Baris Kolom3/Seth
Kolom2
1 Barisl=1 (]
4 Baris2=1 [|]
7 | Baris3=1 0
e Baris4=1 0

d.Analisa Pengujian

karena kondisi awal pada mikrokontroller berlogiks high, maka

jika menekan tombol

Berdasarkan hasil pengujian:

Pada saat Kolom 1 diclear

Tomtbol keypad 1 ditekan menghasilkan P1.0=1 dan P1.4=0
Tombol keypad 4 ditekan menghasilkan P1.1=1 dan P1.4=0
Tombol keypad 7 ditekan menghasilkan P1.2=1 dan P1.4=0
Tombol keypad * ditckan menghasilkan P1.3—1 dan P1.4=0
Pada saat Kolom 2 diclear dan Koloml Disethit

‘Tombol kevpad 2 ditekan menghasilkan P1,0=1 dan P1.5-0
Tombol keypad 5 ditekan menghasilkan P1.1=I dan '1.5=0
‘lombel keypad 8 ditckan menghasilkan P1.2=1 dan P1.5=0

Tombol keypad 0 ditckan menghasilkan P1.3=1 dan P1.5=0

57




Pada saat di Clr Kolom3 dan Set Kolom2

Tombol keypad 3 ditekan menghasilkan P1.0=1 dan P1.6=0
Tombol keypad 6 ditekan menghasilkan P1.0=! dan P1.6=0
Tombeol keypad 9 ditekan menghasilkan P1.0=1 dan Pl 6=0

Tambol keypad # ditckan menghasilkan P1.0=1 dan P1.6=0

4.1.3. Pengujian Hangkaian LCD (Liquid Cristal Display)
a)Tujuan
Tujuan pengujian rangkaian LCD ini untuk dapat mengetahui
kinerja dari pada LCD tersebut, dimana LCD yang diuji adalah
[CD dengan tipe M 162 A yang terdiri dari 16 pin dengan fungsi
masing-masing adapun zlat yang digunakan adalah sebagai berikut:
hPengujian Rangkaian LCD.
Alat vang digunakan:
. Avometer
2). LCD
¢)Langkah pengujian
Sesnai dengan perencanazn glat dan dari hasil pengujian yang
dilakukan, RS dari LCD dihubungkan Mikrokontroler master di Port
2.0 sementara itu Enable dihubungkan dengan Port 2.1. L.CD apabila
membaca instruksi maka Port 2.0 harus berlogika 0 (Low) secara
program dengan perintah CLR P2.7. Pada saat membaca data dari

MCU master maka 2.0 harus berlogika | (high) dengan perintah
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SETH P2.0 Untuk pin Enable dihubungkan dengan Port 2.1 diberikan

logika | pada saat penulisan atau pembacaan data. Untuk D0 sampai

dengan D7 merupakan tempat masuknya data dan instruksi yang

diberikan melalui port MCUJ master yaitu Port 0,0 sampai dengan P0.7.
d)Data Hasil Pengujian

Tabel 4.5. Hasil Pengujian LD

Angka | D7 D6 | DS | D4 | D3 | D2 | DI | DO
1 0 0 0 i 0 0 1 1
'; |
2 0 0 I 0 0 0 1 1
3 0 0 1 1 0 0 1 i

4.1.4. Pengujian Rangkaian Pengontrol
a)Tujuan
Tujuan pengujian ini digunakan untuk mengetahui outputan tegangan duri
Te Driver ULN20003 yang dikontrol oleh mikrokontroller untuk
mengaktifkan atau mengnonaktifkan Relay.
b) Alat yang Digunakan
1.Rungkaian driver relay.
2. Power supply 12V dan 5V.

3 Multimeter.
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¢} Prosedur Pengujian

1. Merangkaian keseluruhan system pengujian seperti pada
gambar 4.2,
2 Mengaktifkan power supply.

3. Memasangkan multimeter pada 5 titik pengukuran.
4, Mengukuran pada dua kondisi yailu relay dalam kondisi
aktif dan relay dalam kondisi tidak aktif.

5. Memasukkan hasil pengukuran pada tabel 4.2.

—

W0C AN | =
Trari dals Testiral Xem 1 T L5
Y
RELAT.PST
)]-, | S ';g— ar | M1 —:,— EEME P53k
¢ K Vorheal Boaatar 1 1 ouTa Mma 7 EEMEF37
- QUT3 ING [
1 %-— auUT4 s -——;—
& T”" T S —5—
—— ot W6 i
— QT 7 K7
x — FELATSET] 9 Lo commen |
(T Vol Wi 2| ' i BT =

Gamabar 4.3, Pengukuran Outputan Relay
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dilEasil Pengukuran

Tabel 4.6. Hasil Pengukuran Relay

[ | N
. ULN OUT(V) | RELAY

{ 14 Relay Nonaktif

1 0 Relay Aknf

4.1.5, Pengujian Timer Pada Mikrokontroler

a)Tujuan
Pengujian disini untuk mengetahui berapa crror wakiu yang
dibangkitkan pada mikrokeniroler.

b)Procedur Pengujian
Membandingkan wakiu pada jam yang sebenarnya dengan wakiu
vang dibangkitkan pada timer mikrokontroler yang di tam pilkan di
display.

c)Analisa Pengujian
Dalam wakiu satu jam pada mikrokontroler dibandingakan dengan
dengan waktu yang sebenarnya. Dalam satu jam sama dengan 3600

detik, Dalam pengujian disini dilakukan pecobaan sehanyak 5 kali.
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Tabel 4.7. Data Perbandinagan Timer Dengan Wakitu Sebenarnaya

NO | JAM SEBENARNYA TIMER | SELISIH
MIKROKONTOLER

1 L1 Jam | 59 Menit 58 Detik 2 Detik
2 | 1lam 59 Menit 57 Detik 3 Detik

3 1 Jam 59 Menit 58 Detik 2 Detik

4 | 1Jam 59 Menit 56 Detik 4 Detik

5 | 1Jam 59 Menit 57 Detik 3 Detik
I Rata-Rata Selisih -

Error = ——Dcioin X 100%

Waktu Sebenamya

Presentase error timer mikrokontroler pada sctiap percobaan :
Diketahui 1jam = 3600 detik

Percobaun 1 |

4
fo= 7 NI
L 3600

E\_0.055%

Peorcobasn 2 ;

1
Ei= ——X1Hm

< 3a00
£

Percobasan 3 ;

. o 1D
33600
3=,055%

X100%

p
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Percobaan 4 :

A=t x100%
3600
E4011%
Perchaan 5 @
Eg =—— X100%
3 3600
ks _0.083%
Tabel 4.8. Persentase Ervor Timer Dengan Waktu Sebenarnaya
i i TASE |
NO s TIMER PERENTASE
JAM SEBENARNYA | 00 OKONTOLER ERROR
| 1 Jam 59 Maztit 58 Detik | 0,055%
! N
i 1 Jam | 59 Menit 57 Detik 0.083%
W3 | Jam 59 Menit 58 Detik (L0550
4 1 Jam 39 hMenit 56 Detik (11%
5 | Jam 59 Menit 57 Detik 0.083% |

Schinpga rala-rata presentasi error yang didapal scbagaiberikut |

E4E.+E, +h,+F
Kata — ratol Errov) = 1 z 3 % 3

5

(1L055+ 0,083+ 0,055+ 0,1 1+0,083

Retta—ratal Error ) = :

Rarter—raten Epvor) = 0LOTT7T2%
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4.2. ANALISA PERIHITUNGAN STANDBY MONITOR

Analisa Perhitungan standby pada monitor disini untuk mengetahui berapa
penghematan Lnergi listrik yang dipakai jika menggunakan alat ini. Dimana
perhitungan disini menghitung daya listrik pada monilor 14 Inc dengan data
schagai berikut :

Arus = 1.5 Amper

‘l'egangan =240 Voll

Berdasurkan Pengukuran spesifikasi monitor Pada Saat Aktif':

Tegangan =230 Vol
Cosg — 0,34
Arus = 1.5 Amper

Rerdasarkan Pengukuran spesifikasi moniwr Pada Saat Standby

Tegangan =228 Volt
Cos ¢ =025
ATus = (.03 Amper

Perumusan Energi Listrik :
E=VxIxCospxt
IYimana :
v = Tegangan
i = Arus
Cos ¢ — Fuklor daya
Besrdasarkan survey pada wartel., waklu yang tidak digunakan pada saal tidak

penelepon rata rata 3 jam setiap harinya.
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Dimana pada saat penclepon tidak ada dan monitor sedang aktit
L— 3 jam

E1 =230x1.5x034x3 =35 L9 anr.Sam
Dimana pada saat monitor dalam kzadaan Standby -

1_5'2 =228x0,03:0.25x3 =3 130 au Jam

Sehingea Encrpi listrik vang dihemat selama 3 jam:

E._g =3519-513=346.7TWatt Jam

Schinpga persenlasi penghematan encrgi listrik pada saat monitor standby

dengan monitor akliv :

E, =—=x100%

47 gl

p ~BAETT o
4 3519

E, =98.5%
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BAB Y

KESIMPULAN DAN SARAN

5.1. KESIMPULAN

Berdasarkan perencanaan dan penbuatan alat Penghematan Listrik Dalam
Pengoperasian Monitor  Personal  Computer (CPU) Pada Wartel Berbasis
Mikrokontroller AT89S8252 ini dapat ditarik Beberapa kesimpulan sebagai
berikut :

1. Berdasarkan pengujian alat dihasilkan bahwa dengan mengontrol monitor
Personal Computer pada wartel dapat diminimalisir daya lisirik. sehingga
diperoleh perbandingan persentase daya lisirik antara monitor aktl dengan
monitor standhy sebesar 98 3%,

2.Berdasarkan pengujian timer pada mikrokontroler yang dibandingkan
dengan wkatu sebenarnya, terjadi Krror sebesar 0,772%.

3. Berdasarkan pengujian pada pemutusan data VOA pada monitor melalui
keyboad dan mouse terjadi cfck yang berupa garis-garis pada monitor, efek

tersebut disebabkan karena adanva pengaruh tegangan pada driver relay.
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3.2. SARAN

Alat ini hanya dapat mengontrol dua bugh monitor saja, sehingga

alat i terbatas penggunaannya,

Tampilan dari alat ini hanya menampilkan lamanya waktu standby

pada Monitor dan tampilan setingan inputan standby.
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VICOO

org 00h

: LCD CONSTANTA

L Fou 000000018
BLINK EQU ODDULLULE
ENTRMOD  EQU 000001108
DISPON EQU DD001100B
CURSOR EqQu 000111008
FUNCSET  EQU 001110008
iDEVICE ADDRESS [LCD]

RS BIT PZ.0 1Oy
E BIT P2.2 :LCD
ON_OFF1 BIT P3.2
ON_OFF2 BIT P3.3

monitorl BIT P3.0°
monitor2 BIT P3.1 )

monitorl_MaTI BIT P3.4
monitorZ_MATI BIT P3.5
DTK ECU 31H
MNT EQU 32H
JAM EQU 33H

: FLAGDTK EQU PSW.5
STATDTK EQU O

DTKL EQU 34H
MNTL1 EQU 35H
JAML EQU 3I6H
DTKA EQU 37H
MNTA EQU 3BH
IAMA EQU F9H
DTKR EQU 40H
MNTB EQU 41H
JAMBE EQU 42H
DATAKEY3 EQU 44H
DATAKEYS EQU 45H
DATAKEYS EOQU <4BH
DATAKEYS EQU 47H
DATAKEY? EQU 48H
DATAKEYS EQuU 49H
DATAKEYD EQU 57H
DATAKEY10D ECQU SBH
DATAKEYLL EQU 52H
DATAKEY12 EQU 53H
LOKAST ECU S4H
DATAQ EQL 43H
HART EQU 55H

HARI1 FOU S6H

WMCOM
EEMEN
EEMWE
WDTR5T

barisl
baris2
baris3
baris4
koloml
kolom2
kolom3

ﬂeypnrt
keydata

DATA
EQU
EQU
EQU

96H

000010008

000100008

0000001086

bit P1.0 ; atas (1.2.3)
bit Pl.1

bit Pl.2

bit Pl.3

bit Pl.4 : kiri (1,4,7,redial)
bit Pl.5

bit PL.6

equ Pl

equ 50h
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keybounc egu 51H
IMP MULAT

ISR_INTO:
ORG 3H
RETI
ISR_TIMERD:
ORG OBH
CLR TRO

MOV TLO, #OECH
; RELOAD TIMER1
MOV THO, #OFOH

LCALL HITUNG_WAKTU
LCALL DSPIAM

RETI
ISR_TIMERL:
DRG 1BH
SETH TRO
CLR TRO
RETI
MULAT =
CLR ON_OFF1
CLR ON_OFF2
: MOV WMCON , #O6H
LCalLl INIT_LCD
LCALL KEYPAD
MOV DATAKEY3 ,#(DFH
MO DATAQ,#0
INISTALTISAST:

eEEEESE SRR d Rt IR E L

%  TNISIALISASI LCD %

aEETTTTT IS A AR R AT N T EEY
1

DELAY _INIT_LCD:

MOV RE,#20H

DLY_LCD_LP:

MOV R7 ,#0

paNz  R7,§

DINZ  R6,DLY_LCD_LP

RET
INIT_LCD:

SETB RS

CIR E

MOV A, #DISPCLR
LCALL CONTROLOUT
LCALL DELAY_INIT_LCD

MOY A, #FUNCSET
LCALL  CONTROLOUT
MOV A, #DISPON
LCALL  CONTROLOUT
MOV A, #ENTRMOD
LCALL  CONTROLOUT
MOV DPRTR , #NAMA
LCALL PRTNTSTRINGL
MO DPTR , #SEKOQLAH
LCALL PRINTSTRING?Z
MOV R7 ,#100
LOOFZ: MOV R, #100
LOOPLl: MOV RS, #100

DINZ R5,%
DINZ R&, LOGP]
DINZ R7,LOOPZ

VICOC
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LOOP4:
LOOP3:

KEY1ZA:

key3IA:

Tooop:

keyda:

keylla:

eroorl:

ULAMHG :

VICOD

MOV R7 ,#100
MOV RE, #100
MO R5,#100

DINZ R5,%
DINZ R6,LOOP3
DINZ R7 ,LOOP4

MO DPFTR,#PILTHA
LCALL PRINTSTRINGL
MO DPTR,#PILIHT
LCALL PRINTSTRINGZ
MOV keybounc, #50
SETB kolom3

clr koloml

JB baris4,key4a

DINZ kevbounc,key3a
IMP ULANHG

MOV A, WMCON

ANL A, #WDTRST

1z Tooop

RET

SETB koloml

CLR kolom3

18 baris4, keyl2A
DINZ keybounc, keyllA
IMP LULANHGG

ImMP eroor

ORL  WMCON,#EEMEN
ORL  WMCON , #EEMWE
MOV DPTR,#001H
MO A, #00H

MOVX  EDPTR, A

CALL LOOOP

MOWX  A,@DPTR

CINE A, ,#00H,eroorl
MOV HARI, A

XRL  WMCON, #EEMWE
XRL  WMCON , #EEMEN

ORL WMCON , #EEMEN
ORL  WMCON , #EEMWE
MO DPTR , #002H
MoYv A, #DOH

MOVX GDPTR,A

CALL LOOOR

MOV A, GDPTR
CINE A #O0H , eroor

MOV JAMA , A
XRL WMCON , #EEMWE
XRL WMCON , #EEMEN

ORL WMCOM , #EEMEN
ORL WMCION , #FEMWE
MOV DPTR, #003H

MOV A, #00H

MOVY UDPTR, A

CalLL LOOOF

MOVY AL BDPTR

CINE A, #00H, eroor

MO MNTA, A
XRL WMCON , #EEMWE
XEL WMCON , #EEMEN
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eroor.

ULANHGG:

ORL
ORL
MOV

MOWVE
CALL

CINE

XRL
XRL

ORL
ORL

MO
CALL
MOV
CINE

XRL
XRL

ORL
ORL

MOV
M
CALL
MOWX
CINE
MOv
XRL
XRL
IMP

MOy
MOV

ImMP

WMCON , #EEMEN
WMCON , #EEMWE
DPTR , #004H
A, #OOH
EDPTR, A
LOODP
A, BDPTR

A, #OOH, eroor

HARI1,A

WMCON , #EEMWE
WMCON , #EEMEN

WMCON , #EEMEN
WMCON , #EEMWE
DPTR, #005H
A, #00H
EDPTR, A
LOOOP
A, BDPTR

A, #00H, eroor
JAMB . A

WMCON , # EEMWE
WMCOMN , #EEMEN

WMCOMN , # EEMEN
WMCON , #EEMWE
DPTR, #006H
A, #00H
@DPTR, A
LODOP
A, @DPTR

A, #00H, eroor

MNTE, A

WMCOM , #EEMWE
WMCON , #EEMEN

ULANH

HARL , #3FH
DTKA, #3FH
MNTA, #3FH
JAMA , #3FH
DTKE,#3FH
MNTE, #3FH
JAMB, #3FH
ULANH

WMCON , #EEMEN
DPTR, #001H
A, BDPTR
HARI, A
WMCOMN , #EEMEN

WMCON , #EEMEN
DPTR, #002H
AL, UDPTR
JAMA A
WMCOM , #EEMEN

WMCON , #EEMEN
DPTR, #003H
A, BDPTR
MNTA, A
WMCON , #EEMEMN

WMCON , #EEMEN
DPTR, #004H
A, BDPTR
HARIL, A
WMCON , #EEMEN

VICOO
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VICOD

ORL  WMCON, #EEMEN
MOV  OPTR,#005H
MOVX A,@DPTR

MO JAME , &

XRL  WMCON, #EEMEN

ORL  WMCON , #EEMEN
MO DPTR. , #006H
MOVx A EDPTR

MOV  MNTE,A

XRL  WMCON,#EEMEN

ULANH :
Call ROLL
MOV DPTR,#PILIH4
LCALL PRINTSTRINGL
MOV DPTR, #PILIHS
LCALL PRINTSTRINGZ
MOV DATAKEYZ,#0
MOV DATAKEYS, #0
MOV DATAKEYG, #0
MOV DATAKEY?Z, #0
MOV DATAKEYS, #0
MOV DATAKEYD, #0
MOV DATAKEY10,#0
MOV DATAKEYLL,#0
MOV DATAKEYL12,#0
MOV LOKAST,#0

KEYPAD:

KEYLOOP:

ulang: call Keipad3x4
moy A, keydata )
cine A, #0FFH, tampi]
jmp ulang

: routine u/ baca keypad 3x4

; output pd keydata((-9,e=redial,F=#)

Keypadixd:
oy keybounc, #50
Moy ke¥pnrt,#DFFh
clr koloml

ull: i barisl, keyl
dinz keybounc,ull
moy keydata, #1
ret

kayl: b barisz,keiz
dinz kevbounc, keyl
moy keydata, #4
ret .

key?: ib baris3, key3
djnz keyhounc, key?2
mov keydata, #7
ret

tampil:
1jmp tampil2

key3: jb barizd, keyd
dinz keybounc, key3
IMP LILANH
ret

keyd: seth koloml
Page 5




keys:

keyt:

key7 :

keyd:

keyd:

keyl0:

tampil2:

keyll:

keyl?:

TAMPILL:

PILO:

PILLL:

PILZ2:

clr kolom2

Jb bharisl, key5

dinz keybounc, keyd

mov keydata,#2
ret

jb barisZ, keyb

dinz keybounc, key5

moy keydata ,#5
ret

jb barisl,kEﬁ?

dinz keyvbounc, keyb

mov keydata,#8
ret

b har154,keiﬁ

dinz keybounc, key7?

mov keydata,#0
ret

seth kolom2

clr kolom3

ib barisl,keia

djnz keybounc, keyd

Moy keydata,#3
ret

ib baris2, keyl0
inz kevhounc, keyd

mav keydata,#6

ret

jh baris3, keyll

dinz keybounc, keylD

MoV keydata,#9
ret

Timp tampill

ib baris4, keyl2
djnz keybounc, keyll

mov keydata,#0F
ret

moy keydata,#0FFh
ret

MOV A, KEYDATA

ANL A, #OFH

MOV B,A

CLR 5

SUBR A, #10

INC LOOPKEY

MO A, LOKAST

TNC a

MO LOKASI A

CINE A, #00000001E, PILLL

MOV DATAKEY12 B

MOV AL #12

LCALL POSISI1
MOV A,DATAKEY12

amMp TAMPTLL

CINE A #000000108, PIL2
MO DATAKEY11l.B

Mov AL, #13

LCALL POSISI1
MOV A, DATAKEY11l

IMP TAMPILL
CINE AL, #ODOO0011E, PILS
MOV DATAKEY1D,B

MOV A, #12

LCALL POSISIZ

YICOO
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MOV A DATAKEYLOD

IMP TAMPTLL
PIL3:
CINE A, #000001008, PILD
MO DATAKEYY, B
MoV A, #13
LCALL POSISIZ
MOV A, DATAKEYY
IMP TAMPILL
; LOOPKEY:
B LIMP LOOPKEYL
PILS:
LIMP PILD
RET
TAMPILL:
ORL A, #30H
LCALL DATAQUT
Call rall
JMP KEYLOOP
RET
rall:
MOV R7,#50
LOOPAC: MOV RG,#50
LOOPAD: MOV RS, #100
DINS k5, %
DINZ RG, LOOPAD
DINZ R7, LODPAC
RET
Toopkey:
mMov DPTR,#PILIH4
LCaLL PRINTSTRINGL
MOy DPTR, #PILIHS
LCALL PRINTSTRINGZ

MOV A,DATAKEY12
SWAP A

ORL A,DATAKEY1l
MOV DATAKEY1L,A
CLR A

MOV A, DATAKEY1D
SWAP A

ORL A,DATAKEYZ

MOV DATAKEYSD,A

MoV a,#12

Leall PosisIl
Mo A, DATAKEY11
SWAP A,

ANL A, #OEH

ORL A, #0300
LCALL DATADUT
MOV A, DATAKEY11
ANL A, #OFH

ORL A, #030H
LCALL  DATAOUT
MOV A #12

LCALL  PDSISIZ
MOW A, DATAKEYY
SWAP A

ANL A, #0FH

ORrRL A, #0304
LCALL  DATAOUT
MO A, DATAKEYY
AML A, #OFH

ORL 4, #030H
LCALL DATAOUT

VICOG
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MOV DTKA, #0
MOV DTKE, #0
MOV DTE, #0
MOV MNT, #0
MOV JAM, #0
MOV DTKL,#0
MoV MNTL, #0
MOy JAML, #0
CLR P2.4
CLR P2.5
CLR PZ.6
CLR P2.7
MOV DATAKEY I, #ODFH

ENTERL:

;1’111’#1#'&"&****‘#‘#‘#*#*****’*k*#

:%  INISIALISASI TIMER i

:*  OUTO RELODAD UNTUK JAM *
B i e ko
T

WAKTU: MOV TMOD, #001.000018

:T1 MODE 2, TO MODE 3

Mo THL,#25H

MO TLL, THL

MOV TLO, #0ECH

MOV THO, #0F0H

MOV IE,#100010108

{EMEBLE ALL INTRAF: TIMERQO&1

SETE ir.1

SETB TR1 :T1 RUN

: SEMUA BAFER WAKTU DIBUAT O

CLR P2.5

CLR P2.4
TIMEROMN :

CLE P2.5

MOV A, #1L

LCALL PODSISIZ

MY &, #4DH

LCALL DATAOUT
layar3:

INB P3.4,.layarl

SETH p2.4

B P3.0, Tayar?

MOV OTK . #0

Mo MNT , #0

Moy JAM  #0)

SETB ON_OFF1

mp layar?2
Tayarl:

CLR p2.4

MoV A, #1

LCALL POSISIL

MOV A, #4DH

LCALL DATACUT
layar: ;

JINE P3.5,timeran

SETB PZ.5

ie P3.1,layar3

MO OTKL,#0

MOW MNTL, #0

MOW JAM1, #0

SETB OM_OFF2

IMP Tayar3
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HITUNG_WAKTU:

PUSH ACC

INB PZ.4, RETURN_HW2

INB ON_OFFL, RETURN_HW

MOV A, #1

LCALL POSISIL

MOy AL #AEH

LCALL DATAOQUT

EEEE R AN AN AT A S SRR AR AR AR e R A
L]

A A R T A T A AR R T TN A AR A AEEEES AR S S
L

CLR <

MOV A, DTK :INC DTE

INC A

DA A

MOV DTK, A

CINE A, #60H, RETURN_HW2

MOV DTK, #0

MOV ALMNT (INC MNT

INC A

DA A

MOV MNT, A

CINE A, #99H , RETURN_HW2

MOV MNT , #0

IMP RETURN_Hw?
RETURMN_HW:

CLR C

Moy A DTKA INC DIK

INC A

DA A

MO DTKA, A

CINE A, #60H, RETURN_HWZ

MOV DTKA, #0

MOV A, MNTA INC MNT

INC A

DA A

MOV MNTA, A

CINE A, #60H, RETURN_HWZ2

MOY MNTA, #0

MOV A,dama INC Jam

INC A

DA A

MO JAMA, A

CINE A, #24H, RETURN_HW2

Moy Jama #0

MO AL HART  ;INC JAM

TNC A

DA o

MOV HARI, A

CINE A, #31H, RETURN_HWZ

MOV HARI , #0
RETURN_HW2 :

INE  P2.5,RETURN_HW1

JINB ON_OFF2 , RETURN_HwW3

MOV A, #1

LCALL POSISIZ

MOV A, #4EH

LCALL  DATAOUT

CLR c

MOV a,DTKL  $INC OTK

INC A

DA A

MOV DTKL,A
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DEPJAM:

(FORMAT DATA KE ASCIT
(UNTUK MENAMPILKAN WAKTU
i=> SYARAT BITSTART = 1

ORL
ORL
MoV
MOV
MOVX
ACALL
MOVH
VCINE
L VY
ARL
XRL

ORL
ORL
MOV
MOV
MOV
ACALL
MOVX
1 CINE
MoV
XRL
XRL

ORL
ORL
MOV
MOV
MO X
ACALL
MOV
s CINE
MOV
XRL
XRL

ORL
ORL
MO
MOV
MOVX
ACALL

:CINE

XEL
KRL

UKL
ORL
Moy
MO
MOwX
ACALL
MOVX
;CINE

KRL
XRL

ORL
ORL
MoV
MO
MOAX
ACAlLL

WMCON , #EEMEN
WMCON , #EEMWE
OPTR , #001H
&, HART
ADPTR, A
LOOOR
AL GDPTR
A, HARI, eroor?
HARI , A
WMCON , #EEMWE
WMCOM , #EEMEN

WMCOMN , #EEMEN
WMCON , #EEMWE
DPTR, #002H
A, TAMA
ADPTR, A
LOoGoP
A BOPTR
A, JAMA  eroor?
JAMA, A
WMCON , #EEMWE
WMCOM , #EEMEN

WMCON , #EEMEN
WMCON , #EEMWE
DPFTR, #003H
Ay MNTA
BDPTR, A
LOOOP
A, BDPTR
AMNTA, erpord
MHTA , A
WMCON , #EEMIWE
WMCOM , #EEMEMN

WMCOM, #EEMEM
WMCON , #EEMWE
DPTR, #004H
AL HART1
@DPTR, A
LODOP
A ODPTR
A, HARIL,erocor2
HARIL, A
WHCON , #EEMWE
WMCOMN , #EEMEN

WMCON , BEEMEMN
WMCOM , #EEMWE
DPTR, #005H
A, JaMB
@pPTR, A
LDOOP
A " @}PTR
A, JAMB, eroor2
JTAaMEB , A
WMCON , #EEMWE
WMCON , #EEMEN

WMCOMN , #EEMEN
WMCOM , #EEMWE
DPTR , #006H
A, MNTB
@WOPTR , A
LOQOP

VICOO
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CINE A, #60H, RETURN_HW1

Mo DTKL, &80
MOY AL MNTL; INC MNT
INC A
A, A
MOV MNTL, A
CINE AL, #99H, RETURN_HW1
Moy MNTL, #0
IMP RETURMN_HW1
RETURN_HW3:
CLR I
MOV A,DTKB  INC DTK
INC A
DA A
MOY DTKE, A
CINE A, #60H, RETURN_Hw1
MOV DTKE, #0
MOV A MNTB  INC MNT
INC A
DA, A
MOV MNTE, A
CINF A, #O0H, RETURN_HwW1
MOV MNTE, #0
MoV A,JAMB  ;INC JaM
INC A
DA A
MOV JAMB. A
CINE AL #24H, RETURN_Hw1
MO JAMB, #0
Mo AL,HARI1 ;INC 1AM
INC A
179 -
MOV HARTL A
CINE AL #I1H , RETURN_HW
MO HARTIL,#0
RETURN_HWL:
FOP ACC
MOV A,MNT
XRL A,DATAKEY11
17 EQUAL
HHH :
MOV A, MNTL
XRL A,DATAKEYD
JZ EQUALL
RET
EQUAL: clr ON_OFF1
MOV AL#1
LCALL POSISII
MO A, #53H
LCALL  DATACUT
JMP HHH
EQUALL: clr DN_DFFZ
MOW AL #L
LCALL POSISIZ
MO A&, #53H
LCAaLL DATAOUT
RET

: TAMPILKAN WAKTU KELCD

VICOOD
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MOWX A, BDPTR
;CINE A MNTE,eroor?
MOV MNTE, A
XAL WMCON , #FEEMWE
R WMCON , #EEMEN
: IMP BENAAAR
:ERCORZ:
T MOV HARI,#3FH
MOV DTKA, #3FH
MOV MNTA L #3FH
TMOV JaMA, #3FH
MOV DTKB,#3FH
T MOV MNTE, #3FH
(MO 1AMB, #3FH
s BENAAAR ;
PUSH ACC
MOV A, #2
LCALL POSISTL
MOV AR
LCcaLL  DATAOUT
MO A, HART
Swap A
ANL AL #OFH
ORL &, #0304
LCALL  DATAOUT
MOV A, HART
ANL A, #OFH
ORL A, #030H
LCALL DATAQUT
MOy A BT
LCALL DATAOUT
MO B, JaMs
SwWaP A
ANL A, #OFH
ORL A, #030H
LCALL DATAOUT
MOV A, JAMA
ANL A, #0FH
ORL A, #030H
LCALL  DATADUT
MDY A,DATAKEY3
LCALL DATADOUT
MOV A, MNTA
SWAP .Y
ANL AL #OFH
ORL A, #030H
LCALL  DATAOUT
MO & MNTA
AML AL #OFH
ORL &, #0304
LCALL  DATAOUT
MOV A# !
LCALL  DATADUT
MOV A, #14
LCALL POSISIL
MOV A, DATAKEY 3

VICOO

Page 12




VICOO
LCALL DATAOUT

MOV A, MNT
SWAP A

ANL A, #0FH
ORL A, #030H

LCALL DATAOUT

MOV AL,MNT
ANL o, #0FH
ORL AL #0300
LCALL  DATAQUT

MOV A #2

LCALL POSISIZ
MOV AL#Y!
LCALL DATAOUT
MOY AL HARIL
SWAP A

ANL AL #OFH
ORL A, #030H
LCALL  DATAQUT
MOV A, HARI1
ANL A, #OFH
ORL AL #030H
LCALL  DATAOUT
MOv ﬁ'.#lfl
LCALL DATAOUT
MOV &, 1AMRE
SWaPp A

ANL & #0FH
ORL A, #030H
LCALL  DATAQUT
MOY A, JAMB
ANL A #0FH
ORL A, #030H
LCALL  DATAQUT
MO A, DATAKEY3
LCALL  DATAOUT
MOV 4 MNTE
SWaPp A

AML A, #HOFH
ORL A, #0304
LCALL  DATAOUT
MOW ALMNTE
AML A, #0OFH
ORL A #0304

LCALL DATACUT

MO A#
LCALL DATADUT

MOV A, #14

LCALL POSISIZ
MOV A, DATAKEY3
LCALL DATAQUT
MOV ALMNTL
SWAP A
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ANL A, #0FH

ORL A #HOI0H
LCALL DATAQUT
Mo AL MNTL

AML A #0OFH

ORL A, #030H
LCALL  DATAOUT
MOV A, DATAKEY3
CPL A

MOY DATAKEYY, A
FOP ACC

RET

;#******w****#***w&ww*wﬁﬁ******ﬂ*
¢* KUMPULAN RUTIN PELAYANAN LD i

e EEEE AT AT AR AN A A EEE R AR R d
5

POSISIZ_1:
MoV ALHL
POSISIZ:
ADD A, #110000008
3IMP POSISTI_SUB

POSISIL 1:

MOV AL #L
POSISIL:

ADD A, #100000008
POSISI_SUB:

DEC A,

LCALL CONTROLOUT

RET
PRINTSTRINGZ:

LCaLL  POSISIZ2_1

SIMP  PRINTSTRING
PRINTSTRINGL:

LCALL POSISI1_1
PRINTSTRING:

SIMP OUTSTRING
PRINTSTRINGLOOP:

LCALL DATAOUT

INC DFTR
OUTSTRIMNG:

CLR A

Move A, BA+DPTR

INZ PRINTSTRINGLOOP

RET
CONTROLOUT !

CPL RS

CPL E

MOW PO LA

CPL E

CPL RS

Mov PO, #0FFH

SIMP LCD_OQUT
DATAQUT :

:CPL RS

CPL E

MOV PO LA

CPL E

:CPL RS

VICOO
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LCD_OUT:

MOV GDPTR, A
DELAY_L{D:

PUSH ACC

MOV ALHZ50
DINZ ACC, §

POP ACC

RET
MAMA : DB ' VICO ROMANDIKA ',0
SEKOLAH: DE 'NIM : 02.17.072 '.0
SETWAKTU: DE 'MASUKKAN wakTu °,0
PILIH4 ;: DB ' |00/00:00fF : ",0
PILIHY pe ' |00/00:00] : .0
PILIHG * DR 'Prs * Clr Memori®.O
PILIHT DB 'Prs # aml Memori',0

END
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yles of In-System Reprogrammabls Downloadabls Flazh Memory
iPt Sarial Interface for Program Downloading
‘ndurance: 1,000 Write/Emsa Cycles

ytes EEPROM

*nderance: 100,000 Writc/Erase Cycles

6V Operating Range

Static Operation: {1 Hz to 24 MHz

+$eval Program Memory Lock

B-bit Internal RAM

ogrammable II0 Lines

» 16-hbit Timer/Counters
interrupt Sources
ammabde UART Sarial Channel
wrial Interface
power idie and Power-down Modes
upt Recovery from Power-down
rammable Watchdog Timer

Data Pointor
roff Flag

ription

BOSBIS2 is a low-power, high-perdformance CMOS B-bit microcontrolier with 8K
f downloadable Flash programmable and erasable read-only memory and 2K
f EEPROM. The device is manufactured using Atmel's high-density nonvolatile
y technology and is compatible with the indusiry-standard 80C51 instruction
| pinout. The on-chip downloadable Flash allows the program memary to be
ammed In-System through an SPI senial inferface or by a conventional norvol-
amory programmer. By combining a versatile 8-bit GPU with downloadable
n a monolithic chip, the Atmel AT89S8252 is a powerful microcontrolier, which
is a highly-flexible and cost-effective solution to many embedded conlrol
fions.

80858252 provides the following standard features: 8K bytes of downloadable
'K bytes of EEPROM, 256 bytes of RAM, 32 /0 lines, programmable watchdog
w0 data pointers, three 16-bit timer/counters, a six-vactor two-level interrupt
ture, a full duplex serial port, on-chip oscillator, and clock circuitry. In addition,
1856252 is designed with static logic for operation down to zero frequency and
5 two software selectable power saving modes, The ldle Mode stops the CFU
lowing the RAM, timerfcounters, serial port, and interrupt system to continue
iing. The Power-down mode saves the RAM conlents but freezes the oscillator,
g all other chip funcfions until the next extarnal interrupt or hardware reset.

wnloadable Flash can be changed a single byte at a time and is accessible
| the SP1 serial interface. Holding RESET active forces the SPI bus into a serial
aming interface and allows the program memory to be written to or read from
ock bits have been activated.

8-bit
Microcontroller
with 8K Bytes
Flash

AT8958252
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Bupply voltage.
Ground.

Port 0 is an 8-bit open drain bi-didirectional /0 porl. As an output port, each pin can
sink eight TTL inputs. When 1s are writlen lo port 0 pins, the pins can be used as high-
impadance inputs.

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

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

Part 1 is an 8-bit bi-directional /O port with internal pull-ups. The Port 1 output buffers
can sink/source four TTL inputs. When 1< are written to Port 1 pins, they are pulied high
by ihe internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will zource current (|, ) because of the internal pull-ups.

AT8938252
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Some Port 1 pins provide additional functions. P1.0 and P1.1 can be configured to be
the timer/counter 2 external count input (P1.0/T2} and the timer/counter 2 trigger input
{P1.1/T2EX), respectively.

Furthenmore, P1.4, P1.5, P16, and P1.7 can be configured as the SPI slave pon select,
data input/output and shift clock input/output pins as shown in the following table.

| Port Pin | Alternate Functions
P10 T2 (external count input to Timer/Counter 2), clock-out
P11 T2EX (TimerCourter 2 capturaireload trigger and direction control)
P14 | E {Slave port selact input‘;| ..... -
?5 ] MOs! {I'_ui-a-ster datla output. slave data input pln for 3P| channel)
P16 | MISO (Master data inpul, slave data output pin for SPI channel)
_F'1 T —_EGK {Mastar clock output, slave clock input pin for P channel)

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

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

Port 2 emits tha high-order address byte during fetches from extemal program memory
and during accesses to exiernal data memory that use 1f-hit addresses (MOWVX @
DPTR). In this application, Port 2 uses strong internal pull-ups when emitting 1s. During
accesses to extemnal data memory that use 8-hit addresses (MOVX @ RI), Port 2 emits
the contents of the P2 Specizl Function Register,

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

Port 3 is an 8-bil bi-directional I¥0 port with internal pull-ups. The Porl 3 output buffers
can sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high
by the internal pull-ups and can be us sed as inputs. As inputs, Port 3 pins that are exter-

“nally being pulled low will source current (1, } because of the pull-ups.
Port 3 receives some control signals for Flash programming and verification.

Port 3 alsa serves the functions of various special features of the ATBOS8252, as shown
in the following table.

ATEISRZE, e——— e
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Port Pin | Alternate Functions

F3.0 | RXD (serial input port)

F3.1 TXD (=erial outpul pDr-'.I}I

P3.z2 INTO (external iﬁ[envpt ay
P33 | NTT (extermal interrupt 1)

P3.4 TO (timer 0 external input)

P3.a T1 ftimer 1 external input)
Iﬂ ) WR {external data memeory writa stroba)
| P37 RD {exiernal data memaory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is running
resets the device.

Address Latch Enable is an output pulse for latching the low byte of the addrass during
aoceszes to external memary. This pin is also the program pulse input (PROG) during
Flash programming.

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

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

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

When the ATA9SAE252 is executing code from external program memory, PSEN is acti-
vated lwice each machine cycle, except that two PSEN activations are skipped during
each acoess o external data memary.

External Access Enable. EA must be strapped to GND in order to enable the device to
fetch code from external program memory locations starting at DO0OH up to FFFFH.
Mote, however, that if lock bit 1 is programmed, EA will be intemally latched on reset.

EA should be strapped to V. for internal program executions. This pin also receives the
12-voit programming enable voltage (V) during Flash programming when 12-volt pro-
gramming is selected.

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

Cutput from the inverting oscillator amplifier.
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& map of the on-chip memory area called the Special Function Register (5FR) space is
shown in Table 1.

Mote that not all of the addresses are eccupied, and uncccupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general retum ran-
dom dala, and write accesses will have an indeterminate effect.

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

Timer 2 Registers Conirol and status bils are contained in registers T2CON (shown in
Table 2) and T2MOD (shown in Table 8) for Timer 2. The register pair (RCAP2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bit
auto-reload mode,

. ATB938252 5FR Map and Reset Values

! ‘ OFFH
B g
| Q0gaannD OFTHE
DEFH
ACC
0000000 ! AEFH
ooF
H
e SRCR
0ODCUOLU 0000071XX Gz
— - — v — t S S FS—
TZE0N T200 RCAPIL REABZH Lz THe BCF
06000000 REXEHROD O0D0000 DORGOH00 DOODD000 HO000GOD H
OCTH
xxu::;:m OBFH
Pa [
19111144 HETH
IE )
OX00000D e T e QAEH
P2 '
T | [ BArH
200K SBUF | oFH
DOGOO000 MO0
P WMGON
11111411 U010 o
TCON TMGD LD TL THo TH e
BO00000N 00CoDO00 Q000D000 000000 00000000 10000000
PO =P DRoL BPOH DPIL DP1H SP1R RFOON sl
1111111 noNT1 0000000 00000000 | 0O0ODOOO 000000 IR IXXXO00G

AT8958252
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. T2CON — Timer/Counter 2 Conftrol Register

N Agdress = 0G8H Resei Value = 0000 00008
Iressable
TF2 CXF2 RCLK TCLK EXENZ TR2 Cra CRRLE
7 B 5 4 ) ; 2 1 ] _
al | Function i

(LN

et

Timer 2 overfiow flag sst by a Timer 2 overflow and must 2e cleared by software. TF2 will not ba set when aither
RCLK =1 or TCLK = 1.

Timer 2 external flag set when either a capture or relead i caused by a negative lransition on T2EX and EXENZ = 1.
Vhen Timer 2 interrupl Is enabled, EXF2 =1 will cause ke CPU to vector to the Timer 2 interrupt routine, EXF2 must bo

cleared by software. EXF2 does not cause an interrupt in upidown counter mode (DCEN = 1),

Recaive clock enable. Whean sel, causes the serial port 1o use Timer 2 overflow pulses for its receiva clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows o be used for the receive clock,

Transmit clock enable. When sel, causes the serial port lo use Timer 2 overflow pulses for its lransmil clock in serial port
Modes 1 and 3. TCLK = 0 causes Timer 1 overllows o be used for the transmit clock,

Timer 2 extarnal enable. When set, allows a capture or reload to occur as a result of a negative transition on T2ZEX if

| Timer 2 Is niot being used to clock the serial port, EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

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

Timer or counter sekact for Timer 2. CTZ = 0 for timer function. T2 = 1 for external event counter (falling edge
triggered).

Capture/Reload select. CP/RLZ = 1 causes caplures to occur on negative transilions at T2EX if EXEN2 = 1. CPRRLE=10

causes automatic reloads to oocur when Timer 2 overflows of negative transitions ocour al T2EX when EXENZ = 1. When
either RCLK or TCLE = 1, this bit i= ignored and the timer is forced to auto-reload on Timer 2 overflow.
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{og and Memory Control Register The WMCON register contains control bits for the Watchdog Timer {shown in
t}. The EEMEN and EEMWE bits are used to select the 2K bytes on-chip EEPROM, and 1o enable byte-write. The
t selects one of two DPTR registers available.

i, WMCON—Watchdog and Memory Gontrod Register

N Address = 96H Feset Value = 0000 00106
PS2 PE1 P& EEMWE EEMEN oPs WDTRST WOTEM
7 6 5 4 3 2 1 a
al Function

| instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses exiernal data memory.

| Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each tima this bit is set to 1" by user software, a pulss is

Prescaler Bits for the Watchdog Timer, When all three bils are sel lo “07, the watchdeg timer has a nominal period of
16 ms, When all three bits are setto 1", the nominal period is 2048 ms,

EEFPROM Data Memory Write Enabls Bil. Sat this bit to "1 before initiating byte write to en-chip EEPROM with the
MOV instruction. User saftware should set this bit to "C" after EEPROM write is completed.

| Internal EEFROM Access Enable. When EEMEN = 1, the MOVX instruction with DFTR will aceess on-chip EEPROM

Data Fointer Register Select, DPS = 0 selects the first bank of Data Pointer Register, DPD, and DPS = 1 selacts tha
second bank, DP1

generaled to reset the watchdog timer, The WOTRST bit is then automatically reset ko "0" in the nesl inslruction cycle.

The WDTRST hit s Write-Cnly, This bit also serves as e RDY/BSY flag in a Read-Only mode during EEPROM write,

RDY/BSYT = 1 means that the EEPROM is ready to be programmed. While programming operations are being sxecuted,
the ROY/BESY bit equals "0" and is automaticaily reset to *1° whan programming is completed,

Walchdog Timer Enabla Bit. WDTEN = 1 enables the watchdog timer and WOTEN =0 dizables the watchdog timer. |

BT RO G I e ———
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SPI Ragisters Control and status bits for the Serial Peripheral Interface are contained in
ragisters SPCR. (shown in Taole 4) and SPSR {shown in Table §). The SPI data bits are
contained in the SPDR register. Writing the SPI data register during serial data transier
sels the Write Collision bit, WCOL, in the SPER register. The SPDR is double buffered
for writing and the values in SPDR are not changed by Reset.

Interrupt Registars The gloaal interrupt enable bit and the individual interrupt enable
bits are in the IE register. In addition, the individual interrupt enable bit for the 5P| is in
the SPCR register. Two prionities can be set for each of the six interrupt sources in the
IP register.

Dual Data Pointer Registers To facilitate accessing both intemal EEPROM and exter-
nal data memory, two banks 2f 16-bit Data Pointer Registers are provided: DP0 at SFR
address locations 82H-83H and DP1 at BAH-85H. Bit DPS = 0 in SFR WMCON selects
DED and DPS = 1 selects DP1. The user should ALWAYS initialize the DP3 bit to the
appropriate value before accessing the respactive Data Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at bit_4 (PCON.4} in the PCON
SFR. POF is set to "1" dunng powear up. it can be set and reset under software control
and is not affected by RESET.

. SPCR — SPI Control Register

Address = D4H Reset Yalue = 0000 01XXB

| sPE SPE DORD MSTR CPOL CPHA SPR1 SPRD i
7 | e | 5 | a 3 2 1 0 |

il | Function

SPI Interrupt Enabie. This bit, In conjunction with the ES bit in the |E register, enables SP| interrupts: SPIE=1and ES =
1 enable SPI interrupts. SPIE = 0 disables 3P| intemrupts

SP1 Engble. 5P =1 enables the S5F[ channel and connecis 55, MOS|, MISO and SCK 1o pins P1.4, P1.5, P1.6, and P1.7.
| BPI = 0 disables the SPI channel,

Data Order. DORD = 1 selects LS8 first data transmission, DORD = 0 selecls MSB first data transmission.
Master/Siave Salecl. MSTR = 1 selects Master 5P mode, MSTR = 0 selects Slave 5P| mode.

Cilock Polarity. When CPOL = 1, SCK is high when idle, When CPOL = 0, SCK of the master device is low when not
| transmitling. Please refer to figure on SPI Clock Phaze and Polarity Contral,

| Clock Phase, The CPHA bit together with the CPOL bit controls the clock and data relationship batween master and

slave. Pleasa refar to figure on 5P| Clock Phase and Polarity Control.

5Pl Clock Rate Select. Thess twa bits control the SCK rate of the device conflgured as master. SPR1 and SPRO have no
affect on the slave. The relationship between SCK and tre oscillator frequency, Frge . i a5 follows:

SPRO SCK = Fu divided by

SPR1

0

0
1
1

0

1
0
1

4
16
&4

128

e == ] ‘I“‘El 9
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SPSR — SPI Status Regisler

ddress = AAH Reset Value = DOXCC XXXXB

sE | weol | =L seginy Aemnaini Saad=—eo TN R S

7 | & i 5 | 4 | 3 2 i 1 il fi 1 |
| |Funcllon \

| 2P| Interrupt Flag. When a serial transfer is complets, the SPIF bit is satand an intetrupt is generated if SFIE=1and ES
=1 The SFIF bit is cleared by reading the gp| status register with SPIF and WCOL bits set, and then reading/writing the
SFI data register.

Write Collision Flag. The WCOL bit is sat if the SPI dala register is written during 2 data transfer, During data transfer. the
| resull of reading the SPDR register may ba incomect, and writing to it has no effecl. The WCOL bit (and the SPIF bit] are
cleared by reading the SF| stalus register with SPIF and WEOL set, and then accessing the SP data register,

. SPDR — SPI Data Register

Address = 86H Resel Value = unchanged
[ seor | sPps | sPDS _1_ SPD4 _4_ SPD3 |_ sPD2 .| T sPD1 _L_ sPDo |
| 7 6 5 | 4 g . 2 S I |
Memory — The AT8958252 implements 2K bylas of on-chip EEPROM for data storage and 258
:OM and RAM bytes of RAM. The upper 128 bytes of RAM occupy a parallel space to the Special

Function Registers. That means the upper 128 bytes have the same addresses as the
SFR space but are physically separate from SFR space.

When an instruction accesses an internal location above address 7FH, the address
mode used in the instruction specifies whether the CPU accosses the upper 128 byles
of RAM or the SFR space. instructions thal use direct addressing aceess SFR space.

Far example, the following direct addressing instruction accesses tha SFR at localion
0AOH (which is P2).
mow CROH, #data

Instructions that use indirect addressing access the upper 128 bytes of RAM. For exam-
ple, the following indirect addressing instruction, where RO containg DAOH, accesses the
data byte at address OAOH, rather than P2 {whose address is DAUH).

Mov 8RO, Hdata

MNate that stack operatlions are examples of indirect addressing, so the upper 128 bytes
of data RAM are available as stack space.

The on-chip EEPROM data memory is selected by setling the EEMEN bit in the
WMCON register at SFR address location g6H. The EEPROM address range is from
DOOH to TFEH. The MOVX instructions are used to access the EEPROM. To access off-
chip data memory with the MOVX instructions, the EEMEN bit needs to be setto "0".

The EEMWE bit in the WMCON register needs to be set to *1" before any byte location
in the EEPROM can be written. UUser software should reset EEMWE bit to “0" if no fur-
ther EEPROM write is required. EEPROM write cycles in the serial programming mode
are self-timed and typically take 9 & rns. The progress of EEPROM write can be moni-
tored by reading the RDY/BSY bit (read-only) in SFR WMCGON. RDY/BSY = 0 means

AT89S8252 /
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programming is still in progress and RDY/BSY = 1 means EEPROM write cycle is com-
pleted and another write cycle can be initiated.

in addition, during EEPROM programming, an attempted read from the EEPROM will
fetch the byte being written: with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

The programmable Watchdog Timer (WDT) operates from an independent internal
oscillator. The prescaler bits, PS0, PS1 and PSZ in SFR WMCON are used to set the
period of the Watchdog Timer from 16 ms to 2048 ms. The available timer periods are
shown in the following table and the actual timer periods (at Ve = 5V) are within £30%
of the nominal,

The WDT is disabled by Power-on Reset and during Power-down. It iz enabled by sat-
ting the WDTEN bit in SER WMCON (address = 96H). The WDT is reset by setting the
WOTRST bit in WMCON. When the WOT times out without being réset or disabled. an
internal RST pulse is generated 10 reset the CPU.

Table 7. Watchdog Timer Period Selection

wWDT Prescaler Bits
sz | Pst N pso | Period (nominal)
0 | 0 ! o | 16 ms
e T T e ]
4] i 1 J_ 0 64 ms
~ w7 4 ___l__EEn‘;__
— — s | o _| T sems ]
K _—[__G_T_T — T T Tsizms
__ __1___ __|__ __"___ |__ __“___—.r_ __ __1“;‘_“"5_ - __
B 1 | 1 . 1 | 2048 ms |

Timer 0 and Timer 1in the AT80S6252 operate the same way as Timer 0 and Timer 1in
the ATBOCS1 and AT89CHZ. For further information on the timers’ operation, refer to the
Atmel web site {http:lhwww atmel .com). From the home page, select "Products”, then
“Micracontrollers, then “8051-Architecture”. Click on “Dgeumentation”, then on “Other
Documents”. Open the document "ATEY Series Hardware Description”.

Timer 2 is a 16-bit Timer/Counter that can operate as either a imer or an event counter.
The type of operation is selected by bit C/T2 in the SFR T2CON (shown in Table 2}
Timer 2 has lhree operating modes: capture, auto-reload (up of down counting), and
baud rate generator. The modes are salected by bils in T2ZCON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, THZ and TL2. In the Timer function, the TLZ reg-
ister is incremented every machine cycle. Since a machine cycle consists of 12
ascillator perieds, the count rate is 1/12 of the oscillator requency.

In the Counter function, the register is incremented in responsa to a 1-to-0 transition at
its cormesponding external input pin, T2, In this function, the axternal input is sampled
during 35P2 of every machine cycle. When the samples show a high in one cycle and a
low In the next cycle, the count is incremented. The new saunt value appears in the reg-
ister during S3P1 of the cycle following the one in which the transition was delected.

e AI“IEI. "
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Since two machine cycles (24 oscillator periods) are required to recognize a 1-to-0 tran-
sition, the maximum count rate is 1/24 of the oscillator frequency, To ensure that a given
level is sampled at least onca hefore it changes, the level should be held for at least one
full machine cycle.

Table 8. Timar 2 Operating Modes

‘ RCLK + TGLK [ cpmiz | TR2  WMODE
& _ _|__& 17 [ rebtavoreload
s _1 ) _1 _Ijﬁ-bEaplui =
T T Ty T [ [ 1 ldesndeoteems
| X | X o | (of

re Mode

In the capture modea, two options are selected by bit EXENZ in T2CON. If EXENZ =0,

Timer 2 is a 16-bit imer or counter which upon overflow sets bit TF2 in T2CON, This bit

can then be used to generate an interrupt. If EXENZ = 1, Timer 2 performs the same

operation, but a |
THZ and TLZ to be capture

fransition at T2EX causes bit
generate an intermupt. The capture mode is illustrated in Figure a

4. Timer 2 in Capture Mode

J‘ .[ .,2_‘| -

osc
= G2 =0
-
0 CTe =1
T2 PIN
TRAMSITION
DETECTOR

PN [ ] — -| Ta }; _‘:—]

CAPTURE |

1!

| conTROL
EXENZ

_to-0 transition at external input T2EX also causes the current value in
d into RCAP2H and RCAP2L, respectively, In addition, the
EXF2 in T2CON to ba set. The EXF2 hit, like TF2, can

TL2 _Il_ o TFE_I—

M THz
i T

|
TMCDNTF{CIL
| — o

¥

RCAPZH

RCAP2L ‘

= — -

OWERFLOW |

=

TIMER 2
i INTERRUFT
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n Timer 2 can be programmad to count up or down when configured in its 16-bit auto-

reload mode. This feature is invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD {see Table 9). Upon recet the DCEN bit s set to 0 so that timer 2 will
default to count up. When DCEN |s set, Timer 2 can count up or down, depending on the
value of the T2EX pin.

Figure 2 shows Timer 2 gulomatically counting up when DCEN = 0. In this mode, two
options are selected by bit EXENZ in T2CON_If EXENZ = D, Timer 2 counig up to
OFFFFH and then sets the TF2 bit upon overfiow. The overflow also causes the timer
registers to be reloaded with the 16-bit valua in RCAP2H and RCAP2ZL. The values in
RCAP2H and RCAPZL are preset by software. 1 EXENZ = 1, & 16-bit reload can be tig-
gered either by an averflow or by 2 1-to-0 transition at external input T2ZEX, This
iransition also sets the EXF2 bit. Eoth the TF2 and EXF2 bits can generats an interrupt
if enabled.

Setiing the DCEN bit enablas Timer 2 to count up Or down, as shown in Figure 3. In this
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the TFE2 bit. This overflow also
causes the 16-bit value in RCAPZH and RCAPZL to be reloaded into the timer registers,
TH2 and TL2, respectively.

A logic 0 at TZEX makes Timer 2 count down. The timer underflows when THZ and TLZ
equal the values storad in RCAP2H and RCAPZL, The underflow aots the TFZ bit and
causes OFFFFH to be reloaded into the timer registers,

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

2. Timer 2 in Auto Reload Mode {DCEN =0}

l-r -r_iz—l_ —

e = =

x PN — —

TR = — =
SR J__. HZ | T | -
] '_|_|_=_|_ = |CNEF¢FLGW
CONTROL [
T L TRZ — _PT'I ._L. ..'r" \
o) WSl RELOAD | ] T +
| | | , | TIMER 2
pi= =g ] \NTERRUFT
Q |ncm=zﬂ BCAPIL 5
e S l——‘ TF2 |
TRANSITION | et |
_DETEGTOR A D
3 S
=" [ 2 —l——————g.-r[xpg —
e J | ; | o gt |
[ conTROL

EXENZ

T s ‘ImEl 13
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T2MOD — Timer 2 Mode Control Register

Address = 0C9H

Resat Value = X000 XXOB

ﬁnddress.ahle
= |_ -~ — T = T - [ 7E | beeN
ra 5—\—4—'—3—#2—1——0—\
I_[ Function
_| Not I.rnplemented reserved for futureuse. - .
Tmer 2 Ou'tput Enabla h|t
N When set, this bit allows Tlmar '.-_?m_be cunf‘gured as aI:pJ"dEM"I'I muar - -
3. Timer 2 Auto Reload Mode (DCEN = 1)
(DOWN COUNTING AELOAD VALUE) TOGGLE
. OFFH | OFFH | l_ \{_ |4.|' S
I (A L LT
b 2 |
;: | I'rll_-ﬂ:2 _I_ T2 =0 7 \T'“'“AL M WEHFLDW,;‘:_‘.: . |
: : i i o _'ll'_Ll _J—~—- TR
— . </ -
== A
THEC-DNTHGL l ;| | | l
i So— ——
- _Tr:..rrz =1 T =T TIMER 2
= | | | NTERFUFT
T2 FIN |_ L ] = |
ncfzn EB#PE T counr
(UF COUNTING RELOAD WALUE) ‘ ?lEE.PGTIC'N
=00
L]
TZEX PIN
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. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW

_— |

. HWOTE: OSC. FREQ. IS DVIDED BY 2 NOT %2 -

l
| rJE":—|_.||-+2 —| =0
T ~|:'>f"/l —>|_| e T

- i g
12 | b‘\! e
LR L K
B l v RELK R
COMTROL .-"h' L_ =16 GLDLE
TRZ — :
i Jc:rrz =1 T T
v g |
T2 PIN T 3 f*
LH Hl i .I X, S TOLK Tx
TRANSITION L |+ s [
DETECTOR B
; —
12EX PIN[_— +‘ L \‘— —N =4 "%% —# Ext2 > INTERRUFT
; L
| COMTROL
EXEMNZ

Rate Generator Timer2is selected as the baud rate generator by sefting TCLK andfor RCLK In T2CON
{Table 2). Note that the baud rates for transmit and receive can be differant If Timer 2
is used for the receiver or transmitter and Timer 1 is used for the other function.
Setting RCLK andior TCLK puts Timer 2 into its baud raie generaior mode, as shown in
Figure 4.

The baud rate generator mode is similar o the auto-reload mode, in that a rollover in
TH2 causes the Timer 2 registers 1o be reloaded with the 18-bit value in registers
RCAP2H and RCAPZL, which are preset by software.

The baud rates in Modes 1 and 3 are determinad by Timer 2's overflow rate according to
the following equation.

Mades 1 and 3 Baud Rates = Timer 2 D:n;lﬂow Rale

The Timet can be configured for sither timer or counter operation. In most applications,
it is configurad for timer operation (CPfTZ = 0). Tha timer operation is different for Timer
2 when it Is used as a baud raté generator. Normally, as a timer, it [ncremants evary
machine cycle (at 1712 the oscillator frequency). As a baud rate ge nerator, however, it
increments every state time (at 1/2 the oscillator frequency). The baud rate formula is
given below.

Modes 1 and 3 Oscillator Fraquency

Baud Rate 32 » | 65536 — (RCAPZH,RCAP2LI]

where (RCAP2ZH, RCAP2L) is the content of RCAPZH and RCAPZL 1aken as a 16-hit
unsigned inteqer.

P ‘ImEL 15
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Timer 2 as a baud rate generator is Shown in Figure 4. This figure is valid only it RCLK
or TCLK = 1 in T2CON. Note that a roliover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXENZ? is set, a 1-to-0 transition in T2EX will set EXF2
but will not cause a refoad from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer 2
is in use as a baud rate generator, TZEX can be used as an extra external interrupt.

Note that when Timer 2 is running (TR2 =1)as a timer in the baud rate generator made,
TH2 or TL2 should not be read from or written to. Under these conditions, the Timer is
incremented every state time, and the resulls of a read or write may not be accurate.
The RCAPZ2 registers may be read but should not be writtan o, because a write might
overlap a reload and cause write andfor reload errors. The timer should be turned off
{clear TR2) before accessing the Timer 2 or RCAP2 registers.

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 5.
This pin, besides being a regular /0 pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or {o output a 50% duty cycle
clock ranging from 61 Hz to 4 MHz (for a 16-MHz operating frequency).

To configure the Timer/Counter 2 as 8 clock generator, bit T2 (T2CON. 1) must be
cleared and bit T20E (T2MOD 1) must be sel. Bii TR2 (T2CON.2) starts and stops the
timer.

The clock-out frequency depends on the oscillator frequency and the reload value of
Timer 2 capture registers (RCAPZH, RCAPZL), as shown in the following equation.

_ _ _ Oscillator Fraguenc
Clock Out Frequency = Z— |65536 — { RCAPZH, RCAPZL )]

In the clock-out mode, Timer 2 rollovers will not generate an intermupt. This behavior is
similar to when Timer 2 jsused as a baud-rate generator. It is possible to use Timer 2 as
a baud-rate generator and a clock generator simultaneously. Note, however, that the
baud-rate and clock-out frequencies cannot he determined independently from one
another since they both use RCAPZH and RCAPZL

AT8958252 /M
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_ Timer 2 in Glock-oul Mode
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The UART in the AT8958252 operatas the same way as the UART in the ATBOC51 and
ATR9C52. For further information on the UART operation, refer to the Atmel web site
(http:iwww.atmel com}. From the home page, select “Products”, then “Microcontrollers,
then “B051-Architaclure’. Click on ‘Documentation’, then on "Other Documents”. Opan
ihe document “AT8S Series Hardware Description”.

| Peri pheral The serial peripheral interface (3P} allows high-speed synchronous data transfer
ace betwaen the AT89S8252 and peripheral devices or batween sevaral AT8358252
devices. The ATB9S8252 SP| features include the following:

»  Full-Duplex, 3-Wire Synchronous Data Transier

- Mastar or Slave Opermation

- 1.5 MHz Bit Frequency (max.)

. LSB First or MSB First Data Transfer

«  Four Programmable Bit Rates

«  End of Transmission interrupt Flag

»  \Write Collision Flag Protection

- Waksup from ldle Mede (Slave Mode Only)

The interconnection between master and slave CPUs with SPI is shown in the following
figure. The SCK pin is the clock output in the master mode but is the dlock input in the
slave made. Writing to the SPI data register of the master CPU starls the SPI clock gen-
arator, and the dala written shifts out of the MOSI pin and into the MOSI pin of the slave
CRL Afer shifting one byte, the SPI clock generator stops, seiting the end of transmis-

sion flag (SPIF}. If both the SP| interrupt enable bit (SPIE} and the serial port intermupt
gnable bit (ES) are set, an interrupt is raquested.

The Slave Select input, SE/P1 4, is sat low to select an individual SP1 device as a slave.
When 55/P1.4 is sel high, the SPi port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phage and polarity with respect to serial data,
which are determined by control bits CPHA and CPOL. The SPI data transfer formats
are shown in Figure B and Figure g

7. SPI Master-slave Interconneciion
M3B EﬁSTER LS? MI:-.tD MIEGE M_SB SLi\.-"E LEB

— [ 8-BIT SHIFT REGISTER| +— — <+ |SBITSHIFT HEGIETEFﬂ"—l
il i gy il 5 =y =
e mosiwost ,
I
| : |
T sp | RCK :
CLOCK GSET:ERHTD;! I o
o SR e B f asi
Yo v
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. SPI transfer Format with CPHA = Q

SCK CYCLE # ' '
FOR HEFERENCE] | A B & | & = | 7 o7 s ]
i | |
scKicPoL=0) | AT i 7 R ,|_ o
R = - = | [l | . \
SGK {GPDL=1‘] | \\i_-"/! s i ).'| . JI _./"i \\_/ A Lj\l,_\\_\_ . AT | _-| 4 //l e
- i ok I ) A s = o=t e
MOS! b meR ¥ 6 5 X4 3.4 2 K. 1 KB
MISO — I wEE T8 X 8 X & X s 2 X1 CLem =
(FROM SLAVE) | | | | | | r 17 ! _|/ I |A T |/K_
SS(TOSLAVE) 4 . | | W VI | |
|

spat defined but nomally MSB of character just recsived

g. SPI Transfer Format with CPHA = 1

SCK CYCLE # — 4 2 3 TR & = Tl
(FOR REFERENCE) - —| == ] i — J: [, =
o 2o i s AL [ == ) =
SCK (CPOL=0) _/l" % x1_/| it N AT NG AT TN R ™ _| o
- e G S <l [ = =——=
SCK U:PDLz'l] \_1 EY, '\.\I_/.' -\‘ /.—’!_ ‘\I_.f‘. \\.‘I_ !4 *_\J /T \| J_,‘! kS I_ I
= |_ flizs L o AN S e i == l _I =
MOS! “MSE B ¥ 5 X 4 i S i o
(FROM MASTER) |_ I I__ |_ | = 5 _I [ | =T |'
- A e I IT8 — y _I‘ c— e —_— I
MISO - s Wmse X B % 8 X A AN F K 2 e
(FROM SLAVE) | | . | | | | | | | T
SE(TOSLAVE) | || | g ] i |
G T iR B | e T =g T S e s
"Nat dafined but normally LSB of previously transmitted characler.
upts The ATBOSE252 has a total of six interrupt vectors: two external interrupts (INTO and

INT1), three timer interrupts (Timers 0, 1, and 2}, and the seral port Interrupt. These

interrupts are all shown in Figure 10.

Each of these [ntermupt sources can be individually enabled or disabled by setting or
clearing a bit in Special Function Register IE. |E also contains a global dizable bit, EA,

which disables all interrupts at once.

Nota that Table 10 shows that bit position 1E.6 is unimplementad. In the ATBSCH1, hit
position IE.S is also unimplemented. User software should not write 1s to these bit posi-

tions, since they may be uzed in future ATA9 progucts.

Timer 2 interrupt is generated by the logical OR of bits TF2 an
T2CON, Neither of these flags is cleared by hardware when the service routine is vec-
tored to. In fact, the service routine may have to determine whether it was TFZ or EXF2

that generated the interrupt, and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle which the
timers overflow. The values are then polled by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set at 52P2 and is polled in the same cycle in which the timer

overflows.

== s se o sE——=—— ‘mEl

RO=1103 =

d EXF2 in register



. Interrupt Enable (IE) Register
SEB) - ‘
—e T - [em [ m_ e [ =4 | em | B0
Enabla Bit = 1 enablas the intemupt. |
Enable Bit = 0 disables the interrupl, |
;hnl Position | Function
EA iE.7 Disables all imermupts. I EA =0, no intermupt is acknowledged, If EA = 1, each interrupt
source I8 Is Indwidual.lyr enablled or dis digabled byr se‘ll]ng or clearmg fis Enable: brt
— 1 ks Reserved. -
?TE = 1 - IE; TlmerEmierEpt en_ablshiT - —
EE_ T _IE.4 ] Slmand_LmRTEterrupt;abIEEl. - o
e | E3 Timer 1 inlerrupt enable bit. -
X E2 | Externalintemupt1 e R
gy vowibwwewsw -
_Ei:}_ __ |: IEiJ Dk Extemallnterruptnenablebﬂ __ - _____ __
sitware should never write 15 to unlmpi&ﬂ‘l-cnted bits, bacause they may be used in fulure ATES pmd ucks,

10. Interrupt Sources

T— — — — — — —*
INT1 JDI i}c— l .|_|E1_|_.
SP%;E: j _r> - — 7
R e
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ator
cteristics

XTAL1 and XTALZ are the input and autput, respectively. of an inverting amplifier that
can be eonfigured for use as an on-chip oscillator, as shown in Figure 11. Either a
quartz crystal or caramic resonator may be used. To drive the device from an extemal
clock source, XTAL2 should be left unconnected while XTAL1 is driven, as shown in
Figure 12. There ars no requirements on the duty eycle of the external clock signal,
since the input 1o the internal clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time spacifications must be observed.

Figure 11. Osciliator Connections

o2
bl & WTALD
o) -

e ® XTALT

GND

"|l| ®

Note: C1,C2 30 pF & 10 pF for Crystals

40 pF % 10 pF for Ceramic Resonators

Figure 12. Extemal Clock Drive Configuraiion

NC XTALZ
EXTERNAL
OSCILLATOR KTALY
SIGNAL
GND

e ‘lmEl 2

AO-1103




ode in idle mode, the CPU puts itself to sieep while all the on-chip pefipherals remain active.
The mode is invoked by software. The content of the on-chip RAM and all tha special
functions registers remain unchanged during this mode. The idle mode can be termi-

nated by any enabled interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally
resumes program execution from where it left off, up to twe machine cycles hefore the
internal reset algorithim takes control. On-chip hardware inhibits access ta internal RAM
in this event, but access to the port pins is not inhibited. To eliminaie the possibility of an
unexpecied write to a port pin when idle mode is terminated by a reset, the instruction
following the one that invokes \dle mode should not write to a port pin orto extemal

mermory.
Status of External Pins During Idle and Power-down Modes
= o || | | | | |
Mode Memory | ALE | PSEN | PORTO | PORT1 PORTZ | PORT3 |
We [ Woma | 1 [ 1 | Oae T oam | oas | owa |
gs  \Bwema | 1 |1 | Fost | Dew | dddem o
roro | wemat | 4 | © | o | oam | o [ paa
| Powerdown | Externsl | @ 0 | Float | Data | Datd Data |
r-down Mode in the power-down mode, the oscillator Is stapped and the instruction that invokes

power-down is the last instruction executed. The on-chip RAM and Special Function
Registers retain their values until the powsr-down mode is terminated. Exit from power-
down can be initiated gither by & hardware resel or by an enabled exlernal interrupt.
Resat redefines the SFRs but does not change the on-chip RAM. The reset should not
he activated before V., Is restored to fts normal operating level and must be held active
long enough ta allow the oscillator to restart and stabilize.

To exit power-down via an intarrupt, the external interrupt must be enabled as level sen-
sitive before antering power-down. The interrupl service routine starts at 18 ms
{nominal) alter the enabled interrupt pin is activated.

am Memory The ATBOSA252 has three lock bits that can be left unprogrammed {J) or can be pro-
Bits grammed (P} to obtain the additional faatures listed in the following table.

when lack bit 1 is programmed, the logic level at the EA pin is sampled and latched dur-
ing reset. if the device is powerad up without a reset, the latch initializes to a random
value and holds that value until reset is aetivated. The latched value of EA must agree
with the current logic level at that pin in order for the device to function properly.

Once programmed, the lock bits can only be unprogrammed with the Chip Erase opera-
tions in either the parallel or serial modes.

jit Protection Modes!"?
B Program Lm:k_Bim

rogram Lock Bits

LB LB2 | LB: | Protection Type
e I | No nternal memory lock foaturs. - -
. =

L u | MW insh-ucﬁnns_emcmﬂd from external program memany are disabled from fetching code bytes rom
| | | intarnal mamory. EA is sampled and latchad on reset and further programming of the Flash memory
{parallel o serfal mode) s dsabied.

l_ F'_ ]__ P_ J__ uJ Same At Miﬂe z;thErdﬂm ;e_ﬁal w:-riy arﬂlsuﬁsabE. - L e S
J_® 1 E | P | Sameas Mode 3. put extermal exsculion is also disabled. i
1. U = Unprogramimed
7 P = Programmad

ATB89S58252 _’
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amming the atmel's AT8958252 Flash Micracontroller offers 8K bytes of in-system reprogrammable
and EEPROM Flash Code memory and 2K bytes of EEPROM Data memory.

The ATBESE252 is normally shipped with the on-chip Flash Code and EEPROM Dala
maemory arrays in the erased state {i.e. contents = FFH) and ready to be programmed.
This device supports a High-voltage {12V Vpp) Parallel programming mode and a Low-
voltage (5-V V) Serial programming made. The serial programming mode provides &
convenient way to reprogram the AT80S2252 inside the user's syslem. The parallel pro-
gramming mode |5 compatible with conventional third party Flash or EPROM
programmers.

The Code and Data memory arrays ara mapped via separate address spaces in the
sarial programming mode. In the paralisl programming made, the two amays oCoUpy
one cortiguous address space: pOOOH to 1FFFH for the Code array and 2000H to
27FFH for the Data array,

The Code and Data memory arrays on the ATBYS8252 are programmed byte-by-byte in
either programming mode. An auto-erase cycle is provided with {he self-timed program-
ming operation in the serial programming mode. There is no reed to perform the Chip
Erase operation lo reprogram any memory location in the serial programming mode
unless any of the lock bits have been programmed.

In the parallel programming mode, there is no auto-erase gycle, To reprogram any non-
blank byte, the user needs to use the Chip Erase pperation first to erase both arrays.

Parallel Programming Algorithm: Ta program and verify the ATBLS8252 in the paral-
lel programming mode, the following sequence Is recommended:
1, Power-up sequence:

Apply power between V. and GND pins.

Set RST pin o “H™

Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait for at least 10 milliseconds.
2 SetPSENpinto 'L"

ALE pin to *H”

EA pin to "H" and all other pins to "H'".

3. Apply the appropriate combination of “H" or "L" logic levels to pins P28, P27, F3.6,
P3.7 to select one of the programming operations shown in the Flash Programming
Modes table.

4. Apply the desired bivte address to pins P1.0to P17 and P2.0 to P2.5.
Apply data to pins PO.0 to P07 for Write Code pperation.
5 Raise EAV, 1o 12V to enable Flash programming, erase or verification.

6 Pulse ALE/PROG once to program a byte in the Code memory array, the Data mem-
ory array or the lack bits. The byte-write cycle is self-timed and typically takes
1.5 ms.

7. To verify the byle just programmed, bring pin P27 to"L" and read the programmed
data at pins P0.0 to PO.7

8. Repeat steps 3 through 7 changing the address and data for the enlire 2K or BK
bytes array or until the end of the object file is reached.

9, Power-off sequence;
St XTALY fo L7
Set RST and EA pins to "L".
Turn V. power off.

.mﬂ ‘ImEL 23
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in the parallel programming mode, there is no aulo-erase cycle and to reprogram any
non-plank byte, the user nesds {o use the Chip Erase operation first to erase both
amays:

Data Polling: The AT8958252 features OATA Polling to indicate the end of a byle write
cycla. During a byte write cycle in the parallel or serial programming mode, an
attempted read of the last byte written will result in the complement of the written datum
on PO T (parallel mode), and on the MSB of the serial output byte on MISO {serial
mode). Once the write cycle has been completed, trua data are valid on all outputs, and
the next cycle may begin. DATA Polling may begin any time after a write cycle has been
inifiated.

Ready/Busy: The progress of byte programming in the parallel programming mode Gan
alsn be monitored by the RDY/BSY output signal. Pin P3.4 is pulled Low after ALE goes
High during progra mming to indicate BUSY. P34 is pulled High again when program-
ming is done to indicate READY.

Program Verify: If lock bite LB1 and LB2 have not been programmed, the programmed
Code or Data byte can be read back via the address and data lines for verification. The
state of the lock bits can also be verified directly in the parallel programming mode. In
the serial programming mode, the state of the lock bits can only be verified indirectly by
observing that the iock bit features are enabled.

Chip Erase: Both Elash and EEPROM arrays are erased electrically at the same time.
in the parallel programming mode, chip erase is initiated by using the proper combina-

tion of control signals and by halding ALE/PROG low far 10 ms. The Code and Data
arrays are written with Il “1"s in the Chip Erase operation.

in the serial programming mode, a chip erase operation is initiated by issuing the Chip
Erase instruction. In this mode, chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location will return DOH at the dats
outputs.

sarial Programming Fusa: A programmable fuse ie available to disable Serial Pra-
gramming if the user needs maximum system security. The Serial Programming Fuse
can only be programmed or arased in the Parallel Programming Made.

The ATE9S8252 je shipped with the Serial Programming Mocle enabled.

Reading the Signature Byles: The signature bytes are read Dy the same procedure as
a normal verification of locations 030H and 031H, except that P3.6 and P3.7 must be
pulled to a logic low. The values returned are as follows:

(030H) = 1EH indicates manufactured by Atmel

(031H) =72H indicates BASB252

Every code byt in the Flash and EEPROM amays can be written, and the entire array
can be erased, by using the appropriate comhination of control signals. The write opera-
tion cycle is seli-timed and once initiated, will automatically time itself 10 complstion,

Most worldwide major programming vendors offer support for the Atmel ATES microcon-
troller saries. Please contacl your local programming vendar far the anprapriate
software revision.

AT8958252 %
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Downloading

Programming
thm

RO-11/G3

Both the Code and Data memory arrays can be programmed using the serial SP1 bus
while RST is pulled 10 Ve, The serial interface consists of pins SCK. MOSI (input) and
MISO (output). After RST is set high, the Programming Enable instruction needs to be
executed first before programierase gperations can be axecuted.

An auto-erase cycle is buill into the self-timed programming gperation (in the serial
made ONLY) and there is no need to first execute the Chip Erase instruction unless any
of the lock bits have been programmed. The Chip Erase operation turns the content of
every memary location in both the Code and Data arrays intg FFH.

The Code and Data memary amays have separate address spaces.

ODOOH to 1FFFH for Code memory and 000H to 7FFH for Data memory.
Either an external system clock is supplied at pin ¥TAL4 or a erystal needs to be con-
nected across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency

should be less than 1/40 of the crystal frequency. With a 24 MHz osciliator clock, the
maximum SCK frequency is 500 kHz.

To program and verify the ATBISB252 in the serial programming mede, the following
sequence is recommended:

1. Power-up sequence:
Apply power between YOG and GND pins.
Set RST pinto "H".

It a crystal is not connected across pins XTALT and XTALZ, apply a 3 MHz to
24 MHz clock to XTAL1 pin and wail for at least 10 milliseconds.

5 Enable serial programming by sending the Programming Enable serial instruction to
pin MOSIP1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs 1o
be less than the CPU clock al XTAL1 divided by 40

3. The Code or Data array is programmed one byle at a time by supplying the address
and data together with the appropriate Write instruction. The selected memary loca-
tion Is first automatically orased before new data is written. The write cycle is self-
timad and typically takes lass than 2.5 ms at 5V.

4. Any memory location can be verfied by using the Read instruction which returns the
content at the selected address at serial output MISO/F1 6.

5 At the end of a programming session, RST can be sei low 10 commence normal
operation.

6 Power-off sequance (if neaded):
Set XTAL1 fo “L” (if a crystal is not usead).
Sat RST to "L
Turn Vo power off,




’mgrammlﬂg The Instruction Set for Serial Pragrarmming follows 2 3-byte protocol and is shown in the
tion following table:
on Set
| Input Format '
jon Byte 1 Byte2 | Byted | Operation
wming Enable 100 1100 o101 0011 X HHHN | Enable serial programming interface after RET goes high
356 1040 1100 woooe w100 IO 000K | Chip erase both 8K & ¥ priamory amays.
ode Memory aaaa a00i lowr addr —|_ w00 o | Read data from Code memory array at the selected addrass.
The 5 MSEBs of the first byte are the high order address bits.
| The low order address bits are in the secand kyte, Data are
| available at pin MISO during the third byte.
pde Mamory gasa a010 low addr T data in | Write data to Code memory location at selected address, The
address bits are the 5 MEBs of the first byte together with the
Kala Mermory (g a1l | lowy acdr | HHKN, MR | Read data from Data memory array at selected address. Data
| are available at pin MISO during the third byte.
ata Memory Obaa a1l | low addr dala in | Write data to Data memory location at selected address.
ack Bits | 1010 1100 | e b ¥ | MO0 KX | Write lock bits,
e o | Set LB1, LB2 or LB3 ="0" to program lock bits.

1 DATA polling is used lo indicate

2 “agaga’ = high order address.

3. “x =dont care

The and of a byle wriie cycle which typically takes less than 2.5 msat &Y

AT55S58252 _—’—
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and EEPROM Parallel Programming Modes
L | |

G | - | Datal0  Address
| RST | FSEN | ALEPROG | eanv,. | P28 | pz7 | P3s | P37 | porn | P2EOFLTO
og. Modes - | H_| hil |_ ni |_ x._l N B _I _|_ ) B
= ]_H L |_‘x,_,f‘_t21 | 12v | H L L | L | X i X
K bytes) Memory I_H N R | L | o H | w | oM ADDR
S R i R ] e
ki Bits: | Lo w | oW L om | L " om | x

Bit-1 ‘ | | | | por=o | X

Bt - 2 | | | | | | | Pos=0 | X

B2 | | | | | POS=0 X
26K Bits: H T L | H B | w | L L sour | %

Bil- 1 | | | @roz | X

Bit- 2 | | | | | | @Pot | X
B Bt = == l_ i g |_ 1 ey S
miCode | "L | . '|_12_ |t L_l = |_L O _baup 0 BN
vice Code - |_H T T D .3 |_L—|_ L | t ] 4 | BOuT 3H |
by, Enable | H_I L .|—\_,;—E?1 |_ .zi L_!_ H_| _L |_ H_| T.U:_E} L _>< i
og. Disable | H L |3 | v L | H | clow | Poa=1 | *
e LB LE ] e e W | e | ] @0 | X

T = weakly pulled "High” internally.

#. Chip Erase and Carigl Programming Fuse mequire 2 10 ms PROG pulse. Chip Erase nesds to be performed fArst before
reprogramming any byte with a content other than FFH.

indicate RDYBSY,

3.
4.

P24 le pulled Low during programming o
=y = don'L cane

RO

27
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3. Programrming the Flash/EEPROM Memory Figure 15. Flash/EEPROM Sarial Downloading
+5V +4.0V o 8.0V
ATB958252 iy ATBIS52 <
ADDR. &J-D.i?h P Ve — - "-"?I _—
WOHIZTFFH | . PGM
M—H p2g - P25 PO 4 — patA
INSTRUCTION
{/ —» P2A wi & e NpUT | — —¥| P1SMOSI
FLASH — +— —| P1&MISD
ANMING ¢ | P27 DATA QOUTPUT
o TABLE \ — » P36 cLocK 1IN — ¥ P1.7/SCK
.~ —* a7 )
.—T 4 XTALZ EA & — Ve —»— — | XTALZ
| | |
MHz =L 334 MHE e
‘_hl . — 11 :_
ety p34 | ——» ROY LR |
| oz | BSY | T
| . Bl |
& — — xTAu RST & — Vi ' 2 RTAL RET & — Vi
GNI PSEN |— p —| CHD
peapoe Sl 1 Ril
14, Verifying the Flash/EEPROM Memory
+5Y
ATB9S58252
soor 2L =AY e Vos _F'|GM -
JOHiZFFFH
2 P20 pas PO fw (usE 10K
AB - A13 PULLUPS)
) _ af P26 P em———
:ﬂiﬁHG i i
5 I
o TaBlE | — " P38
@ PAT
l—y——lxw.z EA [4— — Ve
ol b
T -
T
L.
_‘ — "_ m1 RET - — 'Iur|r|
i—IElD PSEN |— —_!__

AT8958252 /
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Programming and Verification Characteristics — Parallel Mode

to 70°C, Voo = 5.0V £10%
I_!_Paranater | Min | Max | Units |
Programming Enable Voltaga 1.5 1‘2.5_ A
| rogag oo — | e
_fﬂmllamrFrmuancy _______ — _______ 3 _| 4 J_ MHz |
Address Setup to PROG Low A8t o
_ |AduressH:}Iuarﬁ.a'rPRDG - - ____________Tﬁc:,__|____|_____
e S T i
T el HalsaherROG. ™ . j
—I—PZ?{EMABLE}H!ghmM; o _____ ________ | E&;L;L_! - I
|VFFSeIuptGPHDGLuw ____ B ___ S ot 1 ___| L
PRBGwWAR o — — — _|__1_|_‘|1ﬁ_|_p5_
Address 1o Data Valid 2y ==t o ﬁcu_-,__ K
TENABLEmeData\raud_____ T e e __I'_ sl |
Toapmsorge .. BT
_ PROG HightoBUSY Low — it R L B

Byte Write Cycle Time ]_ d—I— 20 | ms_ |

|EEPROM Programming and Verification Waveforms — Parallel Mode

y - P17 PROGRAMMING VERIFIGATION
} - P25 ADDRESS ADDRESS
s “  Lawov
SORT O DATA N DATA OUT
< »tpe  tawox ¢
L " - L PR
=PROG
tEI iGL - -’_- tG'I GH -
Ver
EM"JT.,:,________________________
- < ftoysy by 4 * - Uehioz
P27
NABLE) .
~HEL | e
P3.4
W/BSY) BUSY READY
- t'u'l't:- 13

RO-4 403




Downloading Waveforms
SERIAL CLOGK INPUT

SCKIP1.7 ok T Ll b =
78 5 43 2 10

|

|

|

SERIAL DATA INPUT

MOSIP1.5 msel ! LSB'
]

SERIAL DATA OUTPUT |

MISOIP1 B msg| || | |Lsel

Programming Characteristics

16. Serlal Programming Timing

<

LovsH — ollg o tsLsH

SCK

fshsL

as— W K

. Senal Programming Characteristics, T, = <40°C to 85° G, Voo =4.0-8.0V {Unless Otherwise Moted)

| parameter | Min Typ ! Max | Units
[ Oscillator Frequency o | | 24 | Wz |
| Oscillator Period 4156 | 1A | ns
Sk Pulse Width High 24400 [ | | ns !
—————————————|———1————|————
SCK Pulse Width Low | 24 tue 1 — ng
WOS| Setup to SCK High J_ toreL _| ns J
| MOS! Hold after SCK High EI | | ng |

AT8958252 ’_‘-_




/ AT8958252

ute Maximum Ratings”

) TRMDEFALITE .y cormercovsnssrs i -55°C to +125°C 'NOTICE:  Siresses beyond those listed undar “Absolute
Maximurm Ratings” may cause permanent dath-
TempEratUre ... .cooemnsimininne _f5°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or army
on Any Pin olher conditions beyond those indicated in the
080010 GrOUNd oo A0V o +7.0V operational seclions of this specification is not
- implisd. Exposure to absolute maximum rating
M Oparating VORBDE .......criemmnssmsms 6.6V conditions for extendad periods may affect device
refiability.
DULCUITENL convoocassasmoomssronmsmsiom s 15.0 mA
haracteristics
Jeq shown in this table are valid for T, = 40°C to 85°C and Ve = 5.0V + 20%, unless otherwise noted.
| Parametocr ll Condition | Min | Max: | Lnits |
" input Low-vokags | (Except EA) ™ 05 | 02¥e-0d | V¥
[wpulowvotsge®R) | — — — — "1 a5 | oavgoes j ¥
Input High-weltages _|_|:E;m:ep+ XTAL1, RET) 02V +09 | M t0S8 | W |
Input High-voltage [XTAL1. R&T) 07 Ve _| VT
l' Outpul Low-voltags iat] T o = 1.6 maA f U5 | W
|Ei—‘0|‘t51.2,ﬂ___ —l———— . __J___ LI
I Output Low-valtage '’ g =32 ma l_ | 0.5 | W |
|poaomErSN | — — — —— B S (-
| Cuiput High-voltage lgws = 30 A, Vg =5 +10% e _| - _l u —I
iPorsc i ALE: Pl | tou=-25uA T 078V | v
' g = AD YA T = aove LY
| Qutput High-voltage | by = BOD A, Vg =SV £10% | 2.4 [ v
) e _____—_——____I_—l
¢rord i Cxternal Bus BAode ) | Ly = <300 A .I 0.75 Vog -l | v
| Iy = =80 1A 09 Ve W
| Lopicat O inpul Curment (Ports 1,2.3) | 4y =045V | B :l _s0 i
Logleal 1 to 0 Transition Current (Ports 1.2.3) e e I I— | s wA |
| Input Leskage Cument | 45 < Vg = Yo .. Hi oA

| (Port 0, EA)
| Reget Pull-down Resistor

g |

Teet Frea. = 1 MHz, T, =25°C _| [ 1 | PFE
Active Mode, 12 MH2
| ldle Mode, 12 MHz

| Power-down Mods ! |_'I."m_=ﬁ*-..f____ | D . =SS -
| | Vo= kL | | 40 | ;_LAJ
i, Under steady statc {non-fransient] conditions, 1, must be awternally limited as folows:
Maximum |, per port pin: 10 mA
Maximum 1, per 8-bit port: Fort f): 26 mA; Ports 1, 2, 3: 15 mA
Maximum total ke for all output pins: 71 mA
If 1,5, EWCEEAS the teal condition, Vg ey Enety ihe teiated speumcation. Pihs ais it guaraliised o sink current greater
than the listed test congitions.
s Minimum Vg for Power-down is 4

| Pin Capacitance

| Pavier Supply Curmant

e = A mEl 31

3o=-11102
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A

|

aracteristics

,erating conditions, load capacitance for Port 0. ALE/PROG, and PSEN = 100 pF; load capacitance for all other
= AN pF.

al Program and Data Memory Characteristics

I Variabia Gsciflator | '
\ | Parameter F——a T W& | Unis \
| Osaillator Fraauency | 0 | 24 ! MHz |
_LHLE Puise Widih ___________|__ Paa-40 |_ - B l—_— ;___W
1 Address Valid lDALE Low ! leice - 13 | . s |
i | ddressHoldafier ALELow touc - 20 _'+ - .
| ALE Low to Valid Instruction In 4tc,_.u—55 B ne
T&&Eﬁ&_____ﬂ_EQE_H = |
~ | PSEN Pulse Widn ___________|__ B2 __r - ____ B |___T|.s___
JF@Lawmwmdmswdwh— == _i - [__ T I B
| lnputlrm‘trucuunHmdaﬁarﬁEﬁ | — o 1) I '__ ns \
_| Input InstrudmnFtoataﬂerPSEN - -.| o . tewe - 10 _T_ _ns _I
| PSeNAddessVald | o I 0 ms ‘
Tﬁddmssm\a'aildlnshuc:mnm I |y Se e _i:___ 5_"-r|.::L;55_ _| L J
|PSENLw.rl:JMdressFloai Ry S JI s l
 Roewewn " et T |
— Wi Hulse Width S ] Bae-100 | D S
. E"meualmnalam = = | Saa | s B
nm»a.w&wnn B 6 | - _'l ns '
Tounatae®® =T - ___1 e -28 L one
LT e N g |
_| Mdref:stﬂ‘l.l’alid Dala In ______ ____l______ B _j_ th,_,;,_— 16-5 __L _ns __||
|ALELuwtﬂHDurWRLuw ﬂ_ Bty -50 |_ _mﬁmju_ L oms
[ Address to RD or WR Low B ________J_  Atga-Te o ||_ s
_'_Data*ufaildtoWRTrans:hnn I Ju— _iCL_GL'E o B . . _ns_
_”@W@@%_____J_EE@_L______E_J
_|_D_ata|—boldanar_ﬁ L == _J__lim,_zu__| . _|__n5_ _l
D Low to Address Flost ) 0 . ns
.|_R_mWRHrghtnALEngh_ =TT e = & +£_4|_ ns J
-3 I e L e [ w7 L

A 8YDBLYL /
(<4601 F—MICRO-1 103




/ AT8958252

yal Program Memory Read Cycle

ks LTo L2
ALE
» * leipn
Loy 4 = T
» lyp
PSEN : LR
+ loy »
" tplﬂ T'F'}ltlz - -
Linx « -
Yoty = 4
PORT O AD - AT INSTH ™ AD - AT
- Tawiv ’
PORT 2 AB - AlS AB - A1S

nal Data Memory Read Cycle

- tLHU- L

ALE
w4 by
PSEN - Lo -
<« g »
“ tow >
AD i Kogw
L] “'tHLD"J' k| 'l-tm_m‘{
ol IA\H_L [ ] tHLAZ L5 -‘
[ tHHDX
PORT O A0 - AT FROosd Al OR DPL DATA 1M A - AT FROM PCL INSTH 1M
Ve »
Eavoy [
PORT 2 pzo - P27 OR AB - AlD FROM DPH AB - A15 FROM PCH
s ATMEL 33
ﬂn

RO=11803




1al Data Memory Write Cycle

"" LT =

ALE
o4 gy
PSEN
- T e b =
WH d byay *
- t,le__ > tﬂ‘hl"l'ii": e e twm
« loywn =
PORT O AD - A7 FRCM Bl OR oPL parA OUT AD - AT FROM pPCL NSTR IN
- t.A'I.ML b
BORT 2 Pag - P27 OR AB - Al5 FROM DPH AB - A5 FROM PCH
nal Clock Drive Waveforms
. \ : 4 Lonex
CHEY 1 - a4 > -4 :
i = RN CLCH toroL
0.7 'ull:ili
0.2 V- 0V
i
- tolox e
= toioL =
nal Clock Drive
| [ Vecm4dioeN |
1 | Parameter | Min | Max | Units |
| Qscillator Frequency I o I 24 I MHz —|
| Glock Period | 416 | | ns |
| High Tirme | 15 | | ns —|
| Lew Time | 15 | N ns _l
| Rise Time ! | 20 | ns
T Fall Time i I 20 ne

AT8958252 /




/ AT8958252

Port Timing: Shift Register Mode Test Conditions

a5 in this table are valid for Voo =40V 10 &y and Load Capacitance = 80 pF,

| | Variable Oscillator | |
! | Parameter | rﬂln_ _| B I'_ﬂax_ _| Units_l
~SermporCookCyleTme . J
| Output Data Setup to Clack Rising Edge T 10t - 133 s |
~ [ Output Data Hoid o id afler Clock Rising Edge - — T Bt 1 B ll_ns_ _|

Input Data Hdld aﬂﬂr Chuck RI&II’IQ Edge
TCIock Rising Edge 1o hnput I:Jata \falid | 1Ula“ 133 i na

iR
iy - —T e | s
| |

Register Mode Timing Waveforms

TRUGTION
g Mo g R Wy LU fl_l”l_ﬂ_J_‘ Yrormntn
g
CLOCK _.] ._J_—|__]_ i = L L_|_—| =
tmrmh e —— Dot

WTE TQ SBUF ~__ 0 Wﬂ_i)&i -
v = Lo SETTI t

o e B @O B

GLEAH RI

_,_,—_

b
SPUT DATA

»sting Input/Output Waveforms''/

Fon> BEV— — e
0" 0% N, 702 Vet oev = .
o ot
S5 TEST POINTS A
A a 02 Vo - 0V A :
p45v — —_= = ===

1. AC Inputs during tecting are drivan at Wep - 0.5Y

for & loglc 1 and 0.45Y for 2 logic 0, Timing meacurements are made at ¥y min, for a logic 1 and Wy max for a logic 0.

1
Waveforms'"
Vigas ™" 7/ - l-\v{:l: L
r
A - Timang Peferance i
LD \\ Points ! i
Y ioao evs .e‘LVGL*“1U

1. For liming purposes, 3 port pin is no longsr flaating whan a 100 my change from load voltage oocurs. A port pin begins to
floal when a 100 mV change from the loadead Vo, /Wy level oecurs.

35
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ATB958252
y TYPICAL ICC (ACTIVE) at 25°C
Ve =8 v
| 21] f’f_..f
C 16 T e
1 et T
m |2 f”f-’-ff _d__d-f"' T
A E- _,_F-d-""f_-!
n L—
1]
] 1 g 12 16 20 24
F {MHz)
AT8958252
AR TYPICAL 1CC (IDLE) al 25°C
Yo =BV
410 J—Ff_d_ﬂ-""
é 332 ﬁd,f“'; [ =
= Z4 __,ff - e e VTR
ITI i .E f _,_,_o--"'-'-f-'---
A i &
] e
0a I—
1 4 8 12 1a 20 4
F (MHz)
ATB9SB252
TYPICAL IGC vs. VOLTAGE - POWER DOWN (85°C)
20
o
| 15
C
c 10
i
A g
o L—
a.ov 4.0V 5.0V 600
Voo VOLTAGE

MNotes: 1, XTAL1tiedto GMND for foo {power-down)
5 | ock bits programmed

AT89S58252 M




/ AT8958252

ing Information
1 Power | | ' |

y | Supply Ordering Code | Package | Operation Rangs _[
a0V 060V | ATRASH252-24AC T 44A | Commercial |
| | AT80SE252-24.0 | aal (0°C 1o 70°C)

ATBOS8252-24PC 40P8 | |
| aovieeov | ATE9S8252-24Al T | Industrial |
| | ATBBSE252-241 | a4l | (-40"C 10 85° C) |

ATBOSRZ52-24P | 40P8 -

Package Type

_'| 44-tead, Thin Plastic Gull W Wing Quad Flatpack ( (TQFP)
A4- Iead F'Iastbc J-I-aadeﬁ C—hlp Carﬂer LF‘LGG}
40- Iead 0. EG-D WId-EI Plastic Dual inline Package [‘F’D1P}
 40-lead, 0.600" Wide, Plasto 0 77— =~ ———— ol

S—— A mEln 37
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ging Information

rQFP
=
PRI RTINS - f
F]N1_—[ﬁ\\ 73 [ Y
= ! =
3 e =8 | |
= PIN 1 IDENTIFIER E |
= li-:_l. |
I_I.I-"_\ i g N ;
PR P E1 E
= g =
= E |
= )) E |
: R N
0 T
| [ —= By === _"'| l
e e e W = 5 -]
Cq,.ﬂ%?‘___.,_______*__i
T'—'—l‘* T e e — !F__l‘ =
» AL~ A2 LA

] L.-L

COMMON DIMENSIONS
{Unit of Measure = Frrm)

pg 1, This package eanforms to JEDEC reference MS.026, Varation ACE
o CHrrensions T and E4 o ot include mald protrusion. Allowable
protruson is 0,25 mm per Side. Dimensions 01 and E1 an P TN
plastic body size dimensions ncluding mold ismatch.
3. Lepd coplanariy is 010 mm EmLrT,

10V 20M1
o335 Orchard Park UTLE ORAWING NO. (REV.
rcha ety . .
aan Jose, CA 95131 444, 44-ead, 10x 10 mm Body Size, 1.0 mm Body Thickness, 448 B

0.8 mm Lead Pitch, Thin Profile Plastic Ouad Flat Package {TQFF})

AT89S8252 /




'LCC =
1.14{0 045} X 45 .
1 " C31E0.0125
1.14(0. 0431 X 45 k2% ==~ n.19L1:u.m?53
1 ,ir'.DE—MTE_EH— === |5 .ok
S 5 A — — T N — — = .
ZN - S ! 'l' | 'lr _.'f. # !
*_:_I I:I = ] —j; B o2Es
i - — E1 E B |
8= T Lo | =0
_*q . | ';f' }_
. = _
_*LL J—|_ * + - 2 e
8 |. — T O e — — | F_J|__._M
||-'-'— ot —— | - |.-hn.1
— — - B - — —l-—l A
| HHB AT e
aiisiveny iy
| : -
] R il |
H_l_' 3 g—f
_:_J" .1'1 '\.\_:L
0,.510.020)MAX I‘: EE_[EI’
a5 A ax) T T hs COMMON DIMENSIONS
YL TR (Unit of Maasura = mm)
e i e : z
* o SYMBOL| MIN | NOW | MAX | NOT
#4191 - 4572
2,286 = 3.048
0508 = Ex
wage | - | 1788 )
16,510 | Nate 2
14,399
2 BEZ | Mote 2
joles: 1. This package conloms 10 JEDEC reference MS-0148, Varation AC 16.510 | 16,652 | Nots 2 |
" 3 Dimensions D1 and E1 do nat include moid pwm resion D 14.986 16002 ) |
" Alowable rotrusion Is 010°(0.254 mm) per side. DIMEns ™ = T
and £1 include mold misimnatch and ars measll a KIrEme . )
miterial condition at the Lpper oF lWer mr?.::lﬁ::”&' g1 a0 | - | 0.533
3. Load coplanarty is 0.004" (0102 ) meximes o | wove |
1000401
l'I:IRNHlHG NO. |REV
TITLE - " 5
2308 Orehard Parkway | 443 44-lead, Plasiic Jdeaded Chip Carrier (FLCG) J |
E San Jose, CA 95131
e —— MEL =
‘—'H

RO-11003




PDIP
o= 2 =
Iim]\.ﬂ_w_n_h \Ylug_ll —
| / / (1 =
S *ftl:l‘:l‘ﬁ‘_'.—lj—jlﬂlﬁ‘ﬁ |——nJ ——k
A-

L—Jr |
r‘JI""' 'Bw =B

|--— - E ———-—||
=}

|'——._

i "_ %WDW U._:f

COMMON DIMENSIONS

C [ |___=_=_=_ i e~ 15" REF {Lniit of MeAsUTS = TTUm )
T ||I - ___J s
S MAX | NOTE
|"'_— aB __--l = - 4 B26

s 576 | Nota 2

tes: 1. This package CONTATHIS tn JEDEC reference ME-011, Wgriation AL
= Dimensions D and E1 do pot indude it Flash or Protraskon.
poid Flash or Protrusion shall not exceed 0.25 mam (0. 010M

00/28i01
25325 Orchard Park E DRAMMG HO. |REV.
cchard Parkway | 4ope. 40-ead (0.6007/15.24 mm Wide) Plastic pual
E San Jose, CA 956131 | iniine Package (PDIP) AGPS B
N~
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GENEEAL

1.1 GEI‘I.'BTI]- - !

The M1632 is & low-power-consumption dot-mateix liquid crystal displey (LCD)
module with a high-contrast wide-view TN LCD panel and & CMOS LCD drive
controller built in. The controller has & built-in character generator ROM/RAM, and
display data RAM. All the display functions are controlled by instructions and the
module can easily be interfaced with an MPU. This makes the module applicable to &
wide range of purposes including terminal display unlts for microcomputers and
display units for measuring gages.

1.2 Features
. 1B-tcharacter, two-line TN liguid crystal display of § x T dot matrix + cursor
. Duty ratio: 1/18

. Character generator ROM for 132 character types
{character font: 5 x 7 dot matrix)

- Character ganerator RAM for eight character types (program write)
{character font: 5 X 7 dot matrix)

. B0 x 8 bit display data RAM (80 characters maximu m)

. Interface with four-bit and eight-bit MPUs possible

. Display data RAM and character generator RAM readable from MFU
» Many .'.nstru.ctinn functions

Display Clear, Cursor Home, Display ON/QEF, Cursor ON/OFF, Display
Charscter Blink, Cursor Shift, and Display Shift

= Buiit-in ns-r:il.'lat-::-r circuit

- +5 ¥ single power sppgl-g

. Built-in automatic reset elreuit at power-on
. CMOS process

. Operating temperature range: G°C to 50°C




1080371108

akn. 3, el

]

{ Dimensions Disgram
B5 .03 096 i
1.3£0.3/ .8 4033 120 - {1 S)/L.08N] =
S = A Gaand
! s
i LT Tman l,ilﬂ.w.ﬂ“
1.54%0,3.10 4L AR08 l:_
o et S
z 118 === & 3 -
i i —— "‘=: _=.-
- i Y ot 1
2 a0 r-w-:-—-Eh N ALE(E
= i_ll_.i = =+ -
% S F‘ﬁﬁ'. T 232 | 3
3% O O =i | |
--“l- b "': =
2 & Ll 125 =Y
el = .
45,384/ BOB T30, 3E, 190 {|:|. l!-:hl'l L*{E = 05,607 A 4 nand 13
|z.n;.m E2.0F1 441 l“" T8iA A = B e
1.w.zrii LI [5"’.'”"",'” :
Fl' ;| 1 e— i
Unit : mmfi rich
General tolerance : 0.5 mm
| 1,50 .13 Na. | Symbol ’-'3'-"31 Fuaction |
’ LN L 157,030 | Vss = oW (GMD) i
pm (155 )
2 | Ve R g"““: 5V 2 (0%
820, 0,01 - upp _
=n.m ml R0 00 < Vee B Y for LCD Drove
--———":‘: ! TR 4 Tt Ha (M Data fnput
# j} 3 I L [nstruction Enput
8 Mooog 5 | RAW | HL [H:READ L:WRITE
8 s E el et & E H, L |Crable Signal '
ral B
E o = L.. N T oo HIL
* EEE | s | Dby | 1L
S g DB2 ELL
% ) lo_|_Dp3. | IL
1 ] Dos | L |PuaBus
12 DB3 FLL
I3 06 L
14 pBy HL
Back 4-40Y
15 | v+ BL 4 ;
Figure 1 Dimensions diagran Ié,l_g,hl.i S0-200m A
G | V-BL | - upply  lov (GND) i




Block Dlagram

[+ L9 ____.———'"
an o _,’4 Cantroller

E_____-—-—-'—""'

£ ommen signal

nam—

Segment signal

serlal'data

Timing signal

3




Absolute Maximum Ratings

"' Weg = OV
I_ item symbal standard Unit Remarks N
power supply Voo 03t +7.0 W
voltage Vie Vpp- 13.5 10 Voo + 0.3 v
Input voltage Vin _g.310Vgp +0.3, Y
Dperating T .
temperature o 0ta +50 c
storage T
& { g -20to +60 i = At 50% RH ___]
i Blectrical Characteristics
Vpg = 5V £5%, Veg = 0V, Ta = 0°C to 50°C
=]
Standard
ltermn Symbal Conditions : —1 Unit
Min. Typ. Miax
Input High ViH1 2.3 - Voo v
voltage | Low Vii 0 - o6 |V
Qutpul | High Vony | ~lon = 0205 mA 2.4 - o v
ypliage —
) e Vour | lou= 1.2mA - = 0.4 v
Output |High | Vowz | ~lod = 0.04 mA 0.9Vep| = = v
voltage T ===
(cmos) | oW Vouz | lou= 0.08mA - - 0ivgp| Vv
power supply Voo | 475 | 5.00 5.25 Vo
'.mltage 'U”_‘ Ung =5V, TA = 25°C - G.25 - v
Current IDU = z,ﬂ 3.ﬂ mﬁn
ronsumption . e [Mes 0.25¥ - - 1.0 mAi
Clock oscillation frea. fosc | Resistance oscillation 190 270 a5 kHz




7 Optieal Characteristics

1.7.1 Optical characteristics

) Maximum yiewing angle: g o'clock (@ = [t}

T, = I5°C Vom = 475 ¥
ltem symbe! Conditions - Min. Typ. Max. Remarks
viewing angle §,-6 |C= 20, B8=0 _ . see Notes |
Cantrast c g=25", @=0 8 - ee Note 3.

[

Rise time ton 18=25. =0 60 ms 70ms | see Note &
L_ Fall ume LoH = 25%, @B=0 150 ms 170 ms s Mote 4.

Mote 2: pefinition of yigwing angltes O and 8:

Note 1: Definition of angles @ and 8

e R

>

\Viewing angle

Y@= 0"
{g=90"

Note 3: pefinition of contrast C Note & pefinition of response time

= Brightnasd {reflaction} of unselected dat (B2)
Brightness {rafiection) of selected dot (B —

yoltage

grightness
{reflecticn j ol
seiecied

(e}
{Erght)
Bri?htnen
{re Iaﬁtéma}gl 1}
I et unielacted dot
o ghtn. : Unielecied 4etected state Unpielecied staie
{l:!hﬂbﬂl‘l‘j ate iﬂiinﬂa! o) (display OFF)
- {Bright) 10 *
{Dark} 1 = *_
o ; Brightnes
Oparating voltage v} {transmission]
(Oark}
tan Eaid
Vo - Cperating voltage V)
+ Prame frequentcy Hz)

Aespanie Hme [reelims}
tyy ¢ Responi® time (taliim




ommended operating voltage

d screen contrast of the LC
operating voltege {(Yoprir

os is influenced Dy an ambien
nt temperatures 8re shown be

7.2 Ret
D panel can be varied by
Ahat is VLC.*

t temperature. The
low.

The viewing angle an
changing the ii.qui& erystal
The optical characteristi
recommended value of Vopr for an ambie

0 10 25 | 40 50 1

Emperature (T)
‘uguage Vopr V) so0 | 490 | 475 | 460 | q.su_] Vope = Voo = Vic




PERATING [NSTRUCTIONS

1 Terminal Functions

Table 1 Terminal functions

gnal neme 'I:I'*':Ib:li-:lilh o Destination Function

¥BploDBy | 4 ) —oU | Tristate bidirectional lowe! four data buses: Data
is read froem the module to the MPU or written 1@
the module from the MPU through the buses. If
the interface data is 4 bits, the signals are not
used.

)84 to OB7 4 o nMPL Tristate bidirectional upper four data buses: Data is
read from the module to the MPU af written Lo the
module from the MFU through the buses. DB; is also
used as a busy flag. -

CE 1 input MPU | Operation start sgnal: The signal activates data

= write .or read. -

RV 1 Input mPU Read (R} and Write (W) selection signals
0: Write
o 1: Read
RS 1 Input MPU Register selection signals
0 instruction register (wWritel
Busy flag and address counter {Read)
__ 1: Data regisier {Wvrite andﬂa_fﬂ
Vie i - Power |Powel supply terminal for driving liguid crystal
supply display: The screen contrast can  be varied by
changing Vic
o Voo 1 - Power +5Y
= supply L S
Vss 1 = Power | Ground terminal: OV
| supply __




Basie Operations

2.2.1 Registers » :

-
-

The controiler nas two kinds of eight-bit registers: the instruction register
(IR) and the data register {DR). They are celected by the register select (RS)

signal &s ShowWn in Table Z.
The 1R stores instruction codes such &5 gisglag Clear and r@gmyjﬂiﬁ, and

the sddress information of dispiay datg RAM (DD RAM) and character generatar
EAM\(-GQ_ELHT}-/TMY can be written from the MPU, but eannot be read 1o the

MPU.
The DR temporarily stores data to be written into DD RAM or cG RAM, or

read from DD RAM or CG RAM. When dala is written into Db RAM or CcG
RAM from the MPU, the data in the DR is automatically written into DD LAM
or CG RAM by internal operation. However, when dafa i read from DD RAM
or CG RAM, the necessary data address is written into the IR. The specified
data is read out to the DR and then the MPU reads it from the DR. After the .
read operatiomh the next address is set and DD RAM or G RAM data al the
gddress is read into the DR for the next read operation.

rable 2 Register selection

)
1

FB.S RAW Operation
Q 0 | IR selection, IR write. internal operation | Display cleaf
0 1 |Busy flag {DB7) and address counier (DB, to DBgl read
1 o | DR selection, DR write. Internal gperation : DR to DD RAM or CG RAM

1 1 | OR selection, DR read. internal operation : DD RAM or CG RAM 10 DR

2.2.2 Busy flag (BF)

The flag indicales wheth2r the module is ready tg accept the next
ingtruction. As shown in 1able 2, the signal is output to paq if RS =10 and

R/W=1. I the value is 1, the module is working internally and the

instruction cannot be pccepted. If the value ia 0, the next instruction can be
written, Therefore the flag status needs to be checked before executing an
instruction. if an instruction is executed without cheeking the [lag status,

wait for more than the execution time shown by 2.4 Instruction Outline.




.2.3  Address counter {AC)

The counter specifies e pddpmee whon dete i weittan intn DD RAM or CG
RAM and the data ctored in DD RAM or cG RAM is redd out. 1f an Address
$et instruction {(for DD RAM or G RAM) is written in the 1R, the address
furieniidn e b anererred Do R oo the AG when display data is
written into oT read {rom DD RAM or CG RAM, the AC is automatically
inaremented oF geprpmented by ona aronrding tn the Entry Mode Set. The

contents of the AC sre output to DBy 1o Dby B S gl dl i e
and R/W = 1.

9.2.4 Displaey data RAM (DD RAM)

DD RAM has B pppeatty of vpin an v f hite and chores Alerlny dnta of RO
eight-bit charncter eodes. some storage ATCAS of DD RAM which are not used
for display can be used az generol dota RAM.

et g ot i A As semoonozd IR w-=odecimal form &3

Ak A el mltE e il e D el e TR B

follows.

gxample: DD aahl address = 97
- |pper bits Lawer Rils -—-"\
AC : { ACe \ ACy \ BCa \A":; l nCy 1 AT \ ﬂt:\
! ) e Y S 5

i
1
1
|

o Raw Eﬂ_\g“)\i\qqg

R 7

e

and 4033 to 4FH in the

;;rj_ TRl Uil b o] ain i ©53 :hléuét in e ne 1;
1
line Z. ;

Note: The sddresses in the digit 16 of line 1 and the digit 1 of linc 2 gionot
consecutive.




AMNo.1BA2-F11E

1 2 3 4 s & 7 8 3 10 1 42 13 14 15 16 Display digit

3 T | " i
G5 |06 | o7 [ 0B |09 [Ua | OB | DL OD I' OE 1 oF | bu RAm
: address

Line 1} 00 [ GZIUE o4

Line2| 40 ﬁé 4z | 43 | 244 | as | a6 | 47 dﬁld‘i 4A | 4B | ac | 4D dEldF]

—_— B

If the display iz shifted, DD RAM eddress 00 to 27y are displayed in line 1 and

B CAMiglES ui Uispiay SLLL LS.

-'iﬂH to 6TH in line 2. The [ulvwming Ll.uuuz.-: [F1Y

*Left shift
3 4 5 & 7 8 13 10 11 12 13 14 15 16 Display digit

03 |0alos |06 |07 |08)09 ﬂAlUE oC | 0D | Ok ﬂFLiﬂ]DL‘I AR

. P S———— P—— C— —_— - —nn T LA R R e
43 |44 | 45 | a6 | 47 | 48 49 ﬂAldB 4C | 4D | 4E -ﬂ-F—\ SDJ

*Right shift
{ 2 3 4 5 6 71 8 9. 10 11 12 13 18 15 16 Display digt
ine 1|27 | oo |81} 02 o P P e P P e T Teoilemt] == mmusy
e | address

Eas
ine2| 67 | a0 ?‘-‘d%i 42 | 41| aa | as | a6 | a7 |an | a9 |aa |48 4c|aD ) aE

(Rt

5 Character generntor TOM (CG ROM)
Charactar goicicier DU pLnsiatea 131 lypss Wl 5§ x5 dui-malnix charscter
patterns from eight-bit character codes.

T-Lln 3 shows the corcespendence between the CG ROM charncler codes ond

rigy

character patterns.

3 Charncter generator RAM (CG REAM)

o0 AN Iz nsed 1o crente Alipennlne p.,,1_1.;._-n,= frecly by Drogram ming. Eight 1ypos

of character patterns can be written.

—— ik e — il B o A . B
N TrR T B B R LB Ldhe

Table 4 shows the Ch-—....n-n.-.' P R S st B man HLEHE
To display a ereated chorncter pattern, the character code in the left column ol the

teble is wrltten inte DD RAM earrespending to the display pesition (digith, The areas
pieg aic evaieule as general data RAM.

= 1




~a

o Aiunatas =~dpg and character patterns

S, pampmy T L
Bp ey ot e S

P e — -
................
& T

mable 3 TR

perbikl © 3 2 e
oooa | 0010 | cO1} 0100

1010 | 10011 | 1100 1101 | 1110 (11D

T

bt

B — -
EG - - s -

< % 0000 t 7 3

wx il l el “' ‘ 'l_:
i




Table 4 Relotionships between

F 1 LA L P P | [ =

-
-

-

£ RAM pasroco<F zod chosootor sodas

- —

patierns (CG RAM dntn)

{ND RAM) aond charneter

Character code Character pattern
(DD RAM dats) _ G8 po wedpee | o (G BANICS
?554'1311.13 t 4 3 2 1 0 7654323210
Jpper bit Lower bit =¥ i=Upper bit  Lower bit -+ 4 Upper bit Lower bit =¥
I:ﬂ { 0 - W W %‘E‘g
:D 0 1 : Example of
:g 1 ';: characler
I
0000000 0 0 0y 0 0 pattern (R}
s T
bk I S
LTI AR * o i Cursor
Ii pasition
l[} U 0 L -
11] o 1 g [
':g ]I [: 2ilE | Example of
D000 001 O I . 3100 | character
:1 g @O e ik e
R 10 0 ==t VA
1 I i
i1 1.0 g 0[]0 0
R 4= *lp0000
g 0 0 . oni
___.-""-_--—_-_ ——._________'_-__-___-::-.:‘_-_______ . _1__//_::.-::‘
onoo0o=~111 T ¥ ¥ 3 et
. ' 'y ¥ 1 -
v o f
[ T (O ;
% R J
Notes: + In CG RAM drta, 1 corrosponds to Selection and 0 1o Hon-sclection an the

displey.

Character code bits 0 Lo 2 and CG LAM address kits 3 to o
wilh eaeh other (three bils, eight types)-

correspond

. -

CG RAM address bits 0 to 2 specify & line position for a character pattern.
Line 8 of A charaetor pattern is the cuwsol nosition where the logical sum
of the cursor and CG RAM data is displayed. Set the data of line 8 to U to
dispiny the cursor. 1f the data is changed to 1, One bit lights, regardless of
the gursor.

=-13'=




The character patiern eolumn positions correspond to CG RAM data bits 0
tp 4 and bit 4 comes to the left end. CG RAM date bits 5

to T are not
displaycd but can be used ps gonerel dats AM.

ek "

When reading & character pattern from CG RAM, set to U all of character

oo Wi A 4g T, Bits 0.£3

4 Amtazming

which pattern will be rend out,
Sinee bit 3 is not vnlid, 00y and D8H select the same characier.

-
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Timing Characteristics

.3.1 Write timing characteristics

AN.No.1632-T11E

Vpo = 5.0 Vﬁs%, ‘""T-Tl = 0V, Tg = 0'C ie E0*C

Standard
ltem symbol tnit
Min. Max.

Enable cycle time teycE 1000 - e
Ernable pulse width l High level PWep 450 - s
Enable rise and fall time titii - 25 l e
Selup time ‘ RS, mﬁ— E 1A% 144 - n$_|
e o T - | =
Data setup tims tu;ﬁ © 185 - ns
LDf hold ume M 10 - s

Write operation

Vini N a
Vilw 7

% “/_"M"1H'.
e ™ Vit

- las .},E.'{L
e [m.’-
—_——y
W
T Mo Vi
) —
clotle Eﬂ'm s
Viu —= W
7 N
o {0
b L¥)
to DBy :r'l:‘: valid data | .u'l'::
! . rw_-l'@‘ fr.lu,_
. ___}t*rcE 4 s

Tigure 3 Data write from MPU to module

i il




4.2 TRead timing characteristics

“Vpp = 5.0V £5%, Ves ='0Vi Ta = oc"te 50°C

—

Standard
Item Symbal y Unit
M. ax,
Enable cycle time teveE 1000 - s
Enable pulse widlh High level PWEH 450 - ns
Fotto oo ond fall time e tEs - 15 ns_‘
Lotup Lime s RI‘_N—E the A0 . e
Address hold time G 10 o) e j
Data delay time tnoa - 320 ns l
Data hold time ti 20 ] - I fi I
Read operation
: 1 vy Vi1
& Vi Vi
—tas et
7 &
= ViK1 & Vi
v Vi :
— ~ Een o L] N
A2 Vi gt Vi (‘
LU | S
- S Vi | R A v
fr —==| |=1— 1
= 1nnn H 'l
Ve . Vinn
OB Valid data
! ! l Yau Vi

lcvr_‘E

Tigure 4 Data read from module to MPU
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Instruction Outline

- W

AN No 1632-711E

rl
LA
Table 5 List of instructions
. Code , Ewecl-
nstruciicen ) [ Function tign
ouy| oog) oo Db | BBy} 0N nn,]m., tima
J{ Clears all display and retums cursar to
play chear '] ] 8 ] ] 7 o | B i | home pasio (adadicas .:" 1.t it
.|"rl fleturns curzod to home position. Shifted
et R T A R r al vl el oniing ta home pasition and OD 18 m
faN ontents do not change.
ters direction of curnor mavement and
try Mods Set u“‘ PO T v . A ] L [ s | wilimbher stizptsy s b Shblensd ke dlabe 48 1)%
|| i weitken of raad
alay. ON | DFF Turrme OMIOFRF total dhﬂla'l:' (o} and cursor
il 0 n L] L L3 1 T [ n | iC) andd makmy cursgr [apertifn etalipmin shart AT
ol B Lekienk iy LI l
e —_ - - S (R
Maves curgor and shits i play watlsu!
rorbisplay Shift g | o | 8 | & y hwefn] « | - changing DD RAM contents wopk \
e E———— K— B i . — — " . - - i
sets interface data length (raLy
netian 5ot o B L 1 i 0 " . % s
= ) I S il _
RAM  Address cuty C0 MAM address o start tranemining
6ot &g or receiving CG RAM data a9 p¥
. RAM Address Sets l'.il.'fI nasA acddress to sart transmitting
o g Aﬂl:\ ar receiving DO Tan data -
Mo SF ldicating module n jmernal
nddress Read WEL rd speration and AC tantent {used for bath apt
CG RAM and DD RaM)
jatn WWrite to it ; wirits: g T Lyrns Lack ey i = ik
AM of DD RAM [ wiitg Data B
e~ masqd  from i."'.::f!', tess dizi DD RAM gr OO fapd ||
G RAM or DO 1 Resd Data 4 AT
BbA -
‘ -
wahsd bit WY = 1D ey cowm 1 & Curor ON il = 1 - Hight shiHl
CG RaM sddrest WD =0 @ Dgocrement £ w0 @ Cursar QOFF L = 1 LAt kil
po BAM eddress
£ .1 : Oizplay thill B=1 :Blnk ON GL=1 . B bitx
e =@ Mo alisplay child =0 & Wik 0FF =0 A kit
D=1 : Ditplay ON &iC = 1« Display §f = 1 : internal opecation
D=0 : Ditplay OFF shift in progres
. G/C w 0 1 Cursar BF = 0 @ Imrtructicn €an =13
migyoment atcepind
Ll
g e P




Fohldp iy 8wl T T

struction Detalls

Displey Clear Z

-
b ar

RS RANW DBy —— DHg

Code | O cJololo ululnln\ﬂ

Display Clenr clears nll display aud returns cursor to home position (address o).
Cname node an {he!udecimnﬂ Is written into all the addresses of DD RAM, and DD
1AM address U is set 1o the AC. If shifted, the display returns o the criginal
position. After execution of the Display Clear instruction, the entry mode is
increment ed. '
Mote : When grecuting the Display Clear instruction, follow the resiriclions listed
in Table 6.

Cursar 1Jlome

RS RAW DBy

Bg
rade ]u]nin]n]nlnlu[n]i.ln-l--.|nua1idhn

Cursor Home returns cursor to home position {address 03.
DD RAM oddress @ je oot to ths AT The oo roturns 10 the home nositine if
<hilled, the displny returns to the original position. The DD RAM contents do not
ehange. 1[ the gursor oF bliuk‘s} is OMN, il returns to the lefl side.
viuoie @ nilied captuLing e Guisw Tlgine sustiucliaf, {aliow the restrictions listed
in Table 6.

Tabhle G Ttostriclions on cxcculion of Nisplay Clenr and Cursor flome insiructions

S

Conditions of use , Restriclions

e —
Nhen executing the Display Clear or Cursor | The Cursof Home instructipn should be
Jome instruction when the display is executed again immediately after the Displa
i fLad (afLer oxecution o pbitan BN Cloar or Cursof Home instrurtion 1% preculed,
Al AR B CER E R Lo [ho B b TEh chvme el S R o
nstruction) A001oe* secund afler the fitsl exeauinn,
rmmpleﬂ,s me. 3 ms, 4.5 ms for fop = 270 kNZ

ol P Oscillation {reguency

e —————

wWhen 23 77 £3,,, of 67y is used #s A pp |fefore axncuting the Cursnr Home

nAM ~ddress Lo oxteute Crems Moz irstruaclinn, The tata of the Towr [0 BATA

T PR AR LRSS e adtiCaTes S mg arntae ol RN 4

jmstruction and saluudf Afler execulion. write the data
again in DD RAM.(This restricthion 1%

necessary 19 I|:,|r|e~mer|‘t the contents of the
EEEANET Padocti Hiom bming, destroyed

AR LFIE i lope ansiruclion has hoen
pyeculel.)

——

=iy =




Entry Mode Set

RS RAW DBy " — DB
Code [0]0]oojofejol]1 ] s |

Entry Mode Set sets the direction of cursor movement and whether display will be
ghifted.

/D : The DD RAM address is ineremented or decremented by one when 2
' rharactar ande iz written into or read from DD RAM. This is also true for

writing into or reading from CG RAM.

When /13 = 1, the nddress is incremented by one and the euranr OF Liink
maves to the right.

Whan /D = 0, the addrose is dem-emontad by one and the cursor of plink

moves 1o the left.
g : 1IfS=1, the entire display is shifted githar i< tic pight oo left log wrriiing
into DD RAM. The cursor position does not change, only the displey
moves. There is no disploy shift for reading from DD RAM.

Wihen S = 1 and /13 = 1, the display whifts to the lefl.
When 8 = 1 and /12 = 0, the display shilts Lo the right.

if S =0, the display does nat shift.

Displny ON/OFF Countrol

RS RAW DEj DBg

Code nln1ulnj/u]nl_1 ol |8 |

Dispiny ON/OFF Control turns the total display and the cursar ON and OFF, and
makes the ctirsor pesilion start blinking. Cursor QN/OTT and blinking iz done at the

v A
b

column indivaiml by the spenilicd DD RAM nddress Ly the AG.

O: When D= 1, the displny is turned ON.

When I = 0, Lhe displny is turned OTT,
s If D = U is aned, display doln remanine in D LAM. Chnnge 0 to 1 e alinplny
dlaln.

113—




C: When C = 1, the cursor is displayed.
When C© = 0, the curser is nol displnyecd.
The cursor is r]_'mpln'_;er.l In the dot line below the § x 7 dot-matrix charnocler
fonts. Il the cursor is OFF, display data is wrlltendnjo DD RAN in e (FTRFIESS
specified by 1/D.

§ 4 Wiza B = 1, %2 characier at the eursor position starts blinking.
When B = 0, it does not blink.
For blinking, all-black dots and the charanter are switched ahout suery 0.4
. seconds. The eursor and blinkiug ¢au Le seb &1 Lhie sawe ble.

Example: € = 1 [cursor display) B = 1 {blinking)

S, 't

h e

a = Cursor

Cursor/Display Shift

] RS W Dby DBy
code [0 Jololojol: [sc[Ri] ~ 1 = | = :invens o

PArmm e MEralay Shift meior thy SR7mss wad oBIFte she dieniny without changing the
DD RAM contents.

The cursor position and the AC contents mateh. This instruction is available for
dlsplay correcticn et rctriivnt Luttans e Tmmos Ay i o Y e e -
without writing er reading display data. Since the DD RAM cepacity is 40-character
and twn lincs, the enrsor is shifled from digit 40 of line 1 10 digit 1 of line 2.

s aep gy Uk sibia b oawy £ ace suisried ul lhe saine time. Therefore, the dispiny

pattern of line 2 is not shifted to line 1.

l_SJ'C l /L Operation I
a b i e Lurawn st i siniied 10 ihe left (the AC decrements enel. —l
0 1 The curser position is shifted to the right (the AC increments one). “
i 0 {The P T e e Hik M
1 1 ‘_Fhe entire display is shilted to the rigght with the cursor. J

Mirtas Pt vty =Lt Te dame alam S e
L5 . R AT L~ ar -==t=nto dg pet chang?,

=

o - 19 -




Funetion Set

& &

RS RW DBy : DBg
tode [0 JoJofo]1 o] [ - T« 1+ ] «:nvalic bit

"h-.,_____.--" |

o C = \b'

I
Function Set sets the interface data lund’th.
P

DL : Intecface data length &7
When DL = 1, the data length is set at eight bits (DB7 to DBgh

Whan TV, = 0 the Ant= 1omth i 5ot at four bits (DB7 to DB4).
' The upper four bits are transferred first, then the lower four bits follow.

The Funetion Sct instruction musl be exeouled prior Lo all other instructions

except ch'Busy Flag/Address Read. 1f another instruction is executed first, no

function jnstruction exesnt changing the intarfure data length can be executed.

Remaorks: Initinlization
The system is nutomatically initinlized

contditions are sotinficd.

at pawer-on if the (ollowing power supply

N Seommmmmmen e
@
02w g2v )
v!ﬂ -
tree tore”
B ' |t —=
0.1 ms S e S 10ms b torp = 1 ms

*topp: Time when power supply is OFF if cut instantanecusly or
turned ON and OFF repealedly

- 20 -




1e following fnstructlions are executed for initialization.
5 x 7 dotl-mntrix chnrncter font: 1/8 duty

. Display clear

-/Funr.-t!nn Set DL = 1: Interfnce data lengir: & bits
« 17ispiny ON/OFF Caontrol D = 0: Disploy OoF i

C = 0: Cursor OFT

B = 0: Blink OFF
. Tntry mode /O = 1: Increment

5 = 0: Mo display ghift

Since the condition iz not guttekls for the M1677, furthor funotinn setting is

\eCESSAry.
12 auiTanohes soter-tontiohn bo ot smzzuizd DITOUSE the gbove power supply

.onditions are not catisfied, use the instruction from next page on.-

w2l =




AN.No.1632-711E

interface data length : Eignt bits

(3 o
Power-on

Wait for 15 ms or more
atter Yop reaches 4.5 V.

S RAW DBy = == = = = - - DBy The busy fiag cannot be checked before the
5 B 01 1 - & % * following instruction:  Fupction Sel

= _ {_"_/_,_/' {interface data length: 8 bits)
] fod & 338 >

5 RW DBy = = === 7 = DBg The busy flag cannot be checked before the
g n o0 1 i ¥ ok J {ollowing instrugtion: Function St
" {interface data length: B bLits)

& AW DBy — == = = == 7 DB;_] The busy Tiag cannotl be checked tofore the
o @ kL o8 A B fallowing instruction:  Function et
. {imterface dats length: 8 bDitd

The busy flag <an be checked lrom ihe
] R.I"\Tll' By = = = == = == Nhg Tolloviiig P ITA R ITLT NP S
D | 3 1 b e = funclion Set
o o o 0 o0 1 0 O a Display OFF
“% o0 00 00D 0 1 _ pisplay Clear
o 0 0 0 0 0O 1 WDS . Entry Mode Set

End of initialization

R i LR




e following instructlons are executed for initialization.

5 x 7 dot-mnirix charncter font: 1/8 duty

.' Display clear

-,Funetinn Set DL = 1: Interince dsta length: 8 Dits
. Display ON/OYF Contrel D =D Disploy QTFF
¢ = 0: Cursor OFF
B = 0: Blink OFF

. Lntry mode 1/O = 1: Increment
' 5 = 0: No display ghift

Since the eondition is not cuitable for the M1632, further function setting is

ecesSAry.

1f automatic initialization is not executed because the above pawer supply
onditions are not satisfied, use the instruction from nexl Page un.

N e




AN N2 1633-T11E

interface data length : Eight bits

m o

wait for 15 ms or more \

after Vpp reaches 4.5 V.

3 0 0 0 following instrugtion: Function Gt
— . i {interface data length: B8 bits)
ﬂflr "}’ 334 P

wWait for 4.1 ms ar more. _]

R RRW DBy - = - = ===~ DBJ [he busy flag cannot be checked befors 1ne

35 RAW DBy — = — = = - = = DBg The busy flag cannot be checked before the
] g 9 & F ¥ * e e A following instruction: Function et
,L (interface dats length: 8 Dbits)

The busy lag cannul be cheeked belore the
lallowing instruction; Function ol
 f{inlerface data length: B bitt)

i The busy flag can be rtheeked from the
S RW PRy — = - = - = = = Dﬂn_[ lallowing insiructinns
i i ‘I_ T SER Funciion Set
AR oD 1 o oo Display OFF
oW g b o o B oo Disploy Tles
o 0 0 0 0 1 WS '1 : Entry Mode 58l
¥

End of initialization

—_— 22 ==




AN.No.1632-711E

Interface data length: Four bits

Power-on

Wail for 15 ms or maore
after Vpp reaches 4,5 V.

!

| ns RAN DBy - — D -1 The busy flag cannot be checked before the
o ¢ 0 0 11 J following instruction: Function 5et {interface
l‘ dota lengih: 8 bits)

Wait for 4.1 ms or more. J

l

RS RANW DBy —- — DBa The busy flag cannot be checked before the
o o0 o0 0 1 1 following instruction: Function Set (imerface
- data length: B bits)

L

Wait for 100 ps or more.

:

l_RS RAW DBy - — DBa The busy flag cannot be checked before the
l o] 0 o o 1 1 following instruction: Function Set linterface
L data length: 8 bits)
(The busy flag can be checked from the
|_n'_-‘, RV DBy — — DBy following instructions.
0 0 oo 1 0 Function 5el
5 o o @b § o EE {'tr_'.terface data length: 4 bits)
Function et
o 23 1 = % K
o o © 0 00 - Display OFF
o 'O 1 o 0 O
c 0 0 0 0 O Display Clear
1] o o 0o 0o 1
0 0 o 0 0 O Entry Mode Set
¢ o o 1 s | i

End of initialization
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CG RAM Address Set

RS RMW DBy DBy
Code’ 0 0 0 1 A A s A F ) A
|-¢-Upper bit Lower bit -*-[

CG RAM addresses expressed 85 Dinary AAAAAA are set to the AC., Then data in
CC RAM iz written from or read to the MPU.

DD BAM Address Set

P Iy _,'./’\"f. ™

RS R/W DBy & DBy
code [olol1[afalalalalalal]
letpper bit Lower bit —=|

DD RAM addresses expressed as binary AAAAAAA sre set to the AC, Then data
In DD RAM is written from or read to the MPU. The addresses used for display in
ine 1 (AAAAAAA) are 00y to 275 and those for line 2 (AAAAAAA) are 40y to 6711

jusy Flag/Address Read

RS RAMW DBy DEg
code' |0 |1 ]er|alalalalajalal
|- Upper bit Lower hbit ==

‘The BF signal iz read out, indieating that the module is working internally because
[ the previous instruction.

When OF = 1, the module Is working internally and the next insktruclion cannot be
' necepled untll the OF value becomes 0.

When BF = 0, the ncxt instructiod can be accepted.

Therefore; make sure thal NF = 0 before writing the next instruction. The AC
lues of Linary AAAAAAA nre rend oul nt the same time gs reading the busy [log.
he AC addresses are used for both CG RAM and DD RAM but the address set
sfore exerution of the instruction determines which address is to be used.

L —24-‘




' AN No.1632-T11E

i

Data Write to CG RAM or DD Rﬁ.fﬂ

Code 1|u|n[n|nonnnﬂ '
'|-¢—Upper bit Lower bit =

Binnry cight-bit data DNRNRDLD i* writien fnto CG ILAM or DD RAM. The o
R AM. Address Sct instruction of (7} er the DD MAM Address Sct insteuetion af (8}
before this instruction scleets pither RAM. After the write operation, the address
pnd display shift are determined by the entry mode setting.

Data Read {rom CG AM or DD RAM

RS RAW DOy 5By
c.a:!e[1{1|:-|n|n olnhp1n1nj
' |=-Upper hit . Lewer bit

Binary eight-bit dntn DDDDDDDD is read from CG TLAM or DD RAM. The cG
RAM Addres: Set instruction of (T) of the DD RAM Address Qet instruction of (8)
before this instruction selects gither RAM. In addltion, either instruetion (7) or (8)
must be executed immediately before this instruction. 1f no address sel instruction
35 exccuted before 0 rend instruction, the first data read becomes invalid. If read
instructions are execuled consecutively, data is normally read {rom the socond timec.
However, if the cursor is shifted by the Cursor Shift instruction when reading DD
RAM, there is no need to execute an sddress sel instruction because the Cursor shift
instruetion docs this.

Afler the rond oporation, the nddrens is nulomnatically ineremented or deoromoentord
by ono pecording to Lho enlry mode, tut Lhe display % not shifted.

Note : The AC s automatically incremented or decremented by one pocording
1o the enlry mode nfter b write instruction is excciited lo write date in
cc HAM or DD tAM. lTloewevor, the dnta of the RAM selocied by the
AC ore not repd oul even if a read instruclion is excculed immedintely
afterwards.

Correct dain is rend onl under the [ollowing condlitions.
An address sct instruction is excouted immediately belore readout.
TFor DD RAM, the Curser ahift instruction is axecuted immediately belore
readout.

. The second, or Intch tnstructien iz executed in pconsecutive execution of read
instrugtions. :

i
h

e




Eiamples of Instruction Use

Interface data length: Eight blts

AN Mo 1632-711E

Instruction Display Operation
Power-on The built-in reset circuit
initializes the module.
Rt | RAW |DBy —— DBp
Function Set v~ The interface data lenglh it
‘ sel 1o B bits, The charatler
RS | "W | DBy DBy farmat becomes 5 x 7 dot-
matriz ot 1/16 duty cycle,
U.L L&) 00111 s » %
gz e
i. #., %= % ]
Dép ay ON/OFF Controi The display and cursor are
turned ON, but nothing 1%
RS RIH'F-'. DBy DBﬂ - diSFﬂE"_.l'Ed,
0 0 g poo111D

Entry Mode 5et

RS | RW |DB; ——  DBg |

0 ﬂDDGDD]lDJ

The addressis ingremented
by one and the cursor shifte
to the right In 2 wrile
msperalion to intarnal fRAM.
The display is not shifted.

VWrite to CG RAM or DD RAM

Doy

DB

&
“gt

g1o001100

L is written, The ACit
incremented by one and the
cursor shifts to the right.

Write to CG RAM ar DD RAM

RS Doy

—_—

DBy

= Eh

010000711

e

C js written. -

PP Tt L L)

B

wWrite to CG RAM or DD RAM

OBy

——

DBy

cog11001170

LCD MODULE

M1632

_1

2 is written in digit 16. Cursor
disappears.

e
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APU Connection Diagrams

.1

ZBOA

10RQ
Ha

a

Pa
Oy

74L500

T4L504

"*-.1

P

AN No 1B32-Y51E

+ 5

e

ZB0A

ZEOA nel B205A

2804,

741530

| e

"D: ﬁﬂﬂ'D = r—E Vit

— 1 kD

c5 PCo
PCy

Mg RCa

1A,

RD

VW

Do Fﬂr

s Phy

B2554°

D8O
- Pl Vs,
DD7?

W
Ay
4
RS Wen ——i
DBEg
J> ] Vs,
[3R5
7
M1632
+ 5V
E Vic =5 1kD2
RAN
45 "u"
’i
Vyu
.?f?l

M1632




ULN2001A, ULN2002A, UGI.H%{]33A, gLNEgJJfA, ULQ2003A, ULQ2004A
_ HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

The ULN2001A is obsolete
and Is no longer supplied. SRS F — DEmmaEmg—hggggu%BaﬁﬂFmHzﬁf

==
® 500-mA-Rated Collector Current ULNZ001A ... D OR N PACKAGE
{Single Dutput} ULN2002A . . . N PACKAGE
2 ULN2003A, ULN2004A . . . D, N, OR NS FACKAGE
® High-Voltage Outputs . . . 50V ULQZO03A, ULEZ004A . . . D OR N PAGKAGE
@ OQutput Clamp Diodes (TOP VIEW)
® Inputs Compatible With Various Types of el ~ ehic
Logic =11 2 15]] 2C
® Relay-Driver Applications e (ls 14]] 3¢
® Designed to Be interchangeable With apffs  13flac
Sprague ULN200D1A Series sB[fs 12]] 5C
eB[]5 11[] 6C
wscription/ordering information 78017 10]] 7C
Elje 8] COM
The ULNZ001A, ULN200ZA, ULN2O03A, !
ULN2O04A, ULO2003A, and ULO2004A arc
high-voitage, high-current Darlington transistor arrays. Each consists of seven npn Darlinglon pairs that feature
high-voltage outputs with common-cathode clamp diodes for switching inductive foads_ The collector-current
rating of a single Darlington pair is 500 mA. The Darlington pairs can be paralleled for higher cumrent capability.
Applications include relay drivers, nammer drivers, lamp drivers, display drivers (LED and gas discharge), line
drivers, and logir: buffers. For 100-V (otherwise intercha ngeable) versions of the ULN2003A and ULN 20044,
see the SN75468 and SN75469, respectively.
ORDERING INFORMATION
ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
ULN2002AN LILNZOO2AN
FDIF (M) Tube of 25 ULM2003AN UILNZO0EAN
LILMZ0D4AN ULM2O04AN
Tube of 40 ULNZO03AD
ULMN20D2A
B to 7050 Reslof 2500 | ULN2003ADR
SOIC D)
Tube of 40 LILR2O04A4T
UILNZO048,
Real of 2500 | LULM2DD4ADR
LILNZOD3ANSR LILM20038,
S0P (NS Faal af 2000
LILNZOO4ANSR LILNZ004A
U200 ULE2003A
POIF () Tube of 25 Lol &
LLG2OD4AN L Q2Z004AMN
Tube of 40 LI Oy AL ULCE003A,
—AFC o BS°C
e i Real of 2500 | ULOZDDIAOR LILE0IA
3 Tube of 40 ULD200480 LILOZ004A
Reel 6f 2500 | LILOR004ADR ULEIZ0044
T Patckage drawings, standard packing quantities, thermal data, symbelization, and PGH design guidelines are
svallabla st weantl comfanhackages,
Plaase be aware thal sn important natlce conceming availabillly, gtandard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclabnars thersto appears &t the end of this dala shest
= T —— T— S =
GUCTIDN DATA Irformalion |8 curent 2. of pubicetion dafh. » Copyright &5 2003, Texas Instnanests Incorporated
b e T i WP
e R TEXAS
INSTRUMENTS

FOAT OFFIGE DOX 855303 & CAL_AS, TEXAS fE285 1




001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
VOLTAGE HIGH-CURRENT DARLINGTON

ISISTOR ARRAY

F— DECEMBER 1875 — REVISED FEBRUARY 2003
raress s

The ULN2001A is obsolete
and Is no longer supplied.

#

iptionfordering information (continued)

he ULN2001A is a general-purpose array and can be used with TTL and CMOS technologies, The ULMN2002A
- designed specifically for use with 14-V 10 25-V PMOS devices. Each input of this device has a Zaner diode
nd resistor in saries to control the input current to a safe imit. The ULN2003A and ULQ2003A have a 2.7k
sries base resistor for each Darlington pair for operation directly with TTL or 5 CMOS devices. The
LN20044 and ULQZ004A have a 10.5-k0) series base resistor to allow aperation directly from CMOS devices
1at use supply voltages of 6 V to 15 V. The required inpul current of the ULN/ULQ2004A is below that of the
LM/ULQ20034A, and the required voltage Is less than that required by the ULN2002A.

diagram

18
2B

iB

B

— COM
1
2 15
i — 2¢
@
a 14
—+—— 3,

TC

#

TEXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

HIGH "'.\'OLTﬁGE HIGH- CUHHENT DAHLINGTDH
The ULN2001A is obsolete
ahd is no longer supglied. SLRSIZ7F - DECEMEEIIIE&?M!EEEOFIEHBH&RHYHE&}E

shematics (each Darlington pair)

—p+— com

ULN200ZA

— COM
R Outpui
Input
B
ULN/ULQ2003A: R = 2.7 kit LA f— I
ULNULO04A: R = 0.5 kil T2k
ULHZ0O3A, HLNEIIMA ULQz003A, ULG20048
|1 resister values shewn ane nominak.
== e = —— = )

k’ TEXAS

INSTRUMENTS
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001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
VOLTAGE HIGH-CURRENT DARLINGTON N
tS_IiIgEEFﬁQRTﬁB -ARstFD FEBRUARY 2003 and is no longer supplied.

e

ste maximum ratings at 25°C free-air temperature (unless otherwise noted)T
olfector-emitter voltage .. ... o i e e e e e I ——— 50V
lamp diade reverse voltage (See Note 1) ... i e 50V
ipuUt voltage, Vi (SEe NIOIB 1) -0 c vl coieiamiin vo s el s dad e s e m b e e s e KR
eak collector current (see Figures 14 and 15) ... oo i ca i s e 500 mA
UtpUt CIAMP CUIMBNE, TORC & oot vimiiis i e bsit o b e s ay (a8 a6 s s g g e = ey 500 mA,
stal emitter-terminal CUMTENT . . .ot e s i ie s wiam ia e s da s s e —25A
perating free-air temperature rangs, Ta, ULNZ00RA ... oocoovii o ciiiiinn —20~C to 70°C
LILESOA. oo s wi s i s e wase s e —40°C to 85°C
LIS v s srensmssmrn it i simonst —40°C to 105°C
ackage themmal impedance, 64 (see Notes 2and 3y Dpackage ...............coveiernonns T3ChW
Mpackage ..... ... . .. .c.cirieeoiiionos 67°CIW
MSpackage .. .- ... cooiviiniiaiannn B4 CWY
ackage thermal impedance, 8- (see Noles 4 and 5): Dpackage ... .......................0. 36"CW
Mpackage ... ..ooviiriommeioniinnnns 54°CAWY
iperating virtual junction temperature, T oo vaan oo e e i e 150°C
sad lemperature 1,6 mm (1/18 inch) from case for 10 seconds  ............ ...l 260°C
forage temperature range, Tapg - --- -« oeroeoeommomsamann e —85°C 1o 1500

15 beyond those listed under “absclute maximum ratings” may cause parmanent damage to the device, Thess are siress ratings only, and
~al operation of the device at these or any oihar conditions beyond those Indicated unds “racmimiended operating conditions” is ot
. Exposure 1o absohute-masimurn-rated conditions for extended pariods may affect device refiability.
1. Al voltage values are with respaect to the emittar/substrate terminal E, unless otherwiss motad.
2. Maximum power dissipation is @ function of Timax), Bya, and Ta. The maxdmum allpwable power dissipation at any allowable
ambiert temperalure is P = {T j{max) — TaM0 4, Operating at the absoluta maximum T of 150°C can affact refiahility
3. The package tharmal impedance is calculated in Ascordance with JESD 51-7,
4. Maximurm power dissipation is a function of T jimax), &y, and To, Themaximum allowable power dissipation atany allowable cass
temparature is P = (T {max) - TeW - Operating at the absolule maximum T of 160°C can affect reliahility.
5, The package themal impedance is calculated in accorcance with MIL-STD-883.

cal characteristics, T4 = 25°C (unless otherwise noted)

TEST ULNZ001A ULN2002A
FARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX MIHN TYP MAX
On-state input voltage ] Veg=2M, Igp=300ma 13 W
_ | =250 ph,  Io= 100mA o8 11 be 11
i ::t':frgzznmzs 5 [y-as0pA  Io-200mA " 1T 13| Vv
I =500 WA, g =350 mA 12 18 12 18
Clamp forward voltage & IF =350 mA 1.7 2 1.7 2 W
Vo =50w, =10 50 50
Collector cutoff clrment 4 Vep=sow (W=D 100 A0 A
Ta=T0"C  |vi=6V SO0
Off-skats input currert 3 ;‘EE jn’f"l‘:u' IC=S0A 1 50 68 50 68 wA
Input current 4 V=17 v 0.82 .25 i
CAamp feyerses GLIFant T il L bl T, Sl gl 1 pa
Vr=50V 50 LY
f;ﬁﬁ“r;ﬁ':““”t 5 |veg=2V. ic=350mA | 1000
Input capaciiance V=10 f=1MHZ 15 25 15 25 pF

*f?‘ TEXAS

INSTRUMENTS

SQET OFFIEE B0k B55300 & DALLAE, TEXAS 7564




ULN2001A, ULN2002A, u&.h%ngan.gmzoam, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

The ULN2001A is obsolete
and is no Iunger = PpIIEd- SLRSIETF - DECEMBEJIET#&?JEEE?QH&RHEZ#DE

actrical characteristics, T4 = 25°C (unless otherwise noted) (continued)

ULNZ003A ULNZ00484
PARAMETER FiGuRe |  TESTCONDIIONS MN Ty wmax| wmm Tve wmAax|
I = 125 mA 5
s = 200 mA 24 B
_ Ie = 250 mA 2.4
{on) On-state input voilage fi Veg=2W o= 275 A = v
I = 300 mA 3
I =350 mA L]
| =250 A, g = 100 mA 29 11 DE 11
~E(sat) Eﬂ:f:;;fﬂfm 5 [ -950pA  Ig=200mA T 43 1 13| v
I =500 wh, I =350 md 1.2 16 12 1.8
1 YoF=50W, L =0 50 &0
Ex Collector cutoff currant 5 Veg=50W, |I= 0 100 100 s
TASTOC  [w=1v 500
= Clamp furward voltage L [g = 380 mA 1.7 2 1.7 2 W
oy Ofi-state mput current T s gl ki I 50 65 A
V)= 3.85Y D93 135
Input eurment 4 Vi=5Y 0.35 0E| mh
V=12V 1 145
Clamp reverse currant 7 Vi M ¥ > = Lty
VR=51Y, Ta=70C 100 100
Impit capacitance V=1, f=1MHz 15 25 15 25 pF
= = . ==

ﬂ’ TeEXAS
INSTRUMENTS

POST GFFICE DOX FSE3E & DALLAS, TEXAS 75365 L]




DO1A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULG2004A
VOLTAGE HIGH-CURRENT DAHLIMGTON

SISTOR ARRAY

[!IECEI'I.I'IEI&'Q]"E - REVISED FEBRLIARY 2003

The ULN2001A is obsolete
and is no langer supplied.

B e e e e — o

cal characteristics over recommended operating conditions {unless otherwise noted)

ULOZ003A ULQI004A
PARAMETER o | TEST CONDITIONS e I TIETEE R TvE ad
lo= 128 ma
g = 200 M 27
On-state input voltage g |wpeny PR £ v
I = 275 mA T
I = 300 md 3
I = 350 mA )
; =250 paA, g =100 mA 0.8 1.2 0.9 1.1
. ﬂﬁrﬂﬁﬂg’e 5 |, -3s0pA, Ig- 200 mA T 14 T 13| v
Iy =500 pa, I =350 mA 12 1.7 12 16
1 YoE=S0V, nh=0 100 B
Gollector cutofl curmeant " VaE=50V =0 100 o
V=1V 500
tlamp forward voltage IF = 350 mA 1.7 213 1.7 2| w
Dff-state input cument 3 Vop=50V., g =500 A &% = 85 A
=385\ .93 1.38
Input current 4 V| =5V 035 05| mA
V=12V 1 145
Vp=50V, Ta=25C 100 50
Clamp reverss cument 7 1A
V=50V 100 100
|nput capactance Vi=0, - 1MHz 15 28 15 25 pF
ing characteristics, Ty = 25°C
ULN2001A, LILN2002A,
PARAMETER TEST CONDITIONS ULNZDO3A, ULNZ0DSA | uNT
MIN TYP MAX
Fropagation delay tme, Iow- to high-level outpud Sae Figure 9 0.25 1 e
Propagation delay time, high- to |we-devel oulput Sew Flgure 9 0.25 1 L
High-level output voltage afier switching VeI IR | e my

ing characteristics over recommended operating conditions {unless otherwise noted)

ULQ2003A, ULG2004A

A RAM TEST CONDITIONS LMIT
: i MIN TP MAX
Propagation delay ime, iow- to high-level output Sea Figure 8 1 i js
Propagation delay time, high- to low-level output Sea Figure d 1 10 us
: ; s Mg =60V, Iy = 300 ma,
High-level output woltage after switching See Figure 10 W50 my'
=] e S —

*.'? TEXAS

INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

The !..ILNZPMh is obsn_leta
ﬂll‘\: [E-N AL ) IHIIHF' lﬂlu.-!.-!:lll.r\:-

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

TRANSISTOR ARRAY

SLAS0ZTF - DECEMBER 1978 — RE‘£~SED FEBRUARY 2{:{2

PARAMETER MEASUREMENT INFORMATION

Open  vee

'l_EE}¢|

Figure 1. Iggy Test Circuit
Opsh yep

'l{am [ vl

P

Figure 3. qufﬂ Test Circult

Open

MOTE: |fis fixed lor measuring VioE{gat), variabla for
IMeasLng hEg.
Figure 5. hgg: VoEisat) Test Circuit

Ve
| vﬂ
Open ADU

Figure 7. |g Tast Circuit

J.;’P TEXAS

Cpen VeE

Figure 2. Icgx Test Circuit

Open
|

lg{ o)
¥ Opan

Figure 4. I; Test Circuit

ﬂpan

W

1]

e
11

EEL
LTT

Figure &. Vi(op) Test Circuit

N —

i *+—

|
= o |
VG )**F
Ope I

Figure 8. Vg Test Circuit

INSTRUMENTS
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101A, ULN2002A, ULN2003A, ULN2004A, ULG2003A, ULG2004A

VOLTAGE HIGH-CURRENT DARLINGTON
QISTNR ARRAY
- - DECEMBER 1076 — REVISED FEBRUARY 7003

The ULN2001A is obsolaete
and is no longer supplied.

PARAMETER MEASUREMENT INFORMATION

|4 tpHL -ty P

| |
Output \'\5““‘ 5”7/—_

VOLTAGE WAVEFORMS

Figure 9. Propagation Delay-Time Waveforms
Vg

Inpu Open 3 2mH
ULMZomaOnly -Ii~— 1H3064

2.7 kil [ I
— —w—— | T I Z 200
Generator _———— | —I—'Q—T— —a—— Output
{sna Note A) ULN2002A | N I——-
~T== L=

ULNULCR003A ]
ULNULQZO04A = L (see Note B)

TEST CIRCUIT

|
H
input I! e 80°% ! (see Note C)
! 15V 165V
10% 1%

Vou
Outpurt \
— = YL

VOLTAGE WAVEFORMS

& The pulee generator has the following chafacharistics: PRR = 12.5 kHz, 7 =504

B. C_ includes probe and [ig capacitance,

G ortesting the ULN2001A, the ULNID03A, and the ULOR003A, Wiy = 3 Y, for the ULM2002A, ViH = 13V,
for the LILN2004A and the LLC2004A, Vg =8V

Figure 10. Latch-Up Test Circuit and Voltage Waveforms

{9 TEXAS

INSTRUMENTS
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ULNZOUTA, ULNZUUZA, ULNZUUSA, ULNZ004A, ULG2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON

The ULN2001A is obsolete

[TRY VAT N N L) I-I-IIIH'Fl Lob ol pbb ]

vﬂE[lHt] = LOlISCIOr-EMmer aamration vonage — ¥

SLRSIZFF —

e e e et

TRANSISTOR ARRAY

DECEMBER 1976 — REVISED FEBRLIARY 2003
accos ]

TYPICAL CHARACTERISTICS
COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
v5 e
GOLLECTOR CURRENT TOTAL COLLECTOR CURRENT
{OME DARLINGTON} (TWO DARLINGTONS IN PARALLEL)
25 | | e 25 | T |
I
= i Ta= |
Ta=25C ‘ Ch a=25°C [
= 1 ]
2 | :g z | T
|. i) = 250 ph £ Iy =350 pA —
/ I = 350 pA #
1.5 / I = SO0 pA | — ﬁ 1.5
A : =
el z =1 || =500 LA
1 = wi T i
&
1] [
E
0.5 2 ]
|
| E | |
" | o A |
0 100 200 300 400 SO0 GOD 700 8OO = 0 100 200 300 400 500 BOD TOO BOO
Ig — Collector Current — mA Igjtot) — Total Gollector Current — mA
Figure 11 Figure 12
COLLECTOR CURRENT
L]
INPUT CURRENT
500 ] T
| Rp =100
450 I v\ =357C /-r;'/"’
< 400 I / "
E Vg =10 Vy /
L 350 . =
5 / Vg =B8Y
5 aob =
= /
E 250 f /
— m —
2 /
o 150 |
100
50
ﬂ 1
0 25 50 75 400 125 150 175 200
Ij— Imput Current — pA
Figure 13
= = e ——

# TEXAS
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DUTA, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
\CLTAGE HIGH- CURRENT DARLINGTON

M2D01A Is obsolete
SISTOR ARRAY fliio i i :
:_ DECEMBER 1976 REVISED FEBRUARY 2003 and ie oz longer supplied.
AN SRS # = il

THERMAL INFORMATION

D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
V5 VS
DUTY CYCLE DUTY CYCLE
0 T T T 500 I | [
o ‘ T — < 500 t ‘ -
N\ \ | i \ N N L: N TN
~~"\.\‘__I: MNed T :I =1
p— —N=4 == E 00— e ——
h"“h =1 i \ =4
w N=3 """"..‘_‘ E \
5 “1\ \\ / ""-..w.i E ﬁ 200 a5 — \\ e Ih“‘""“"--...___l_
\ \Nk'-i 3 N=6— \R\“‘u?{*‘x
1] N :\\ I.h‘\""'h--- ! — E 200 N=T ] ‘u_\‘- T — Bl
FH=T7 7 = o e g ]
i [ E "“‘*\_H‘H—.‘ [
MN=5 [ = | [
I~ Ta=70°C — L 100 |~ Tp = B5°C
H = Humber of Outputs = M = Mumber of Outputs
" I‘.-‘anduchng mmultaneauaijr 5 I Cm:duc%ing El-hnmltnna?uﬂy_ i
1
D 10 20 30 40 50 60 T¢ BOD 90 100 0 10 20 20 40 S50 EO FD &0 S0 100
Duty Cycle - % Duty Cycla —%
Figure 14 Figure 15

/

Q’ TEXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

HIGH-VOLTANE LIAL ALIRRFAFT N A N1 ILATAN

The ULN2001A is obsolets B THhNSIhSTUH ARHAY

and is no longer supplied.
SLRS02Z7F - DECEMBER 1878 - REVIZED FEBRLARY 2003
=on Al g )

ST ATITH DITCRMATION

ULMNZOO3A

Ve ULG2003A W

Figure 16, P-MOS to Load Figure 17. TTL to Load
ULN2004A ULNZ003A
Vop ULO20044 v vGo ULQ2003A W

i

et leliotlal el 2
;{ v
VYyly'yTy
EFEFRIEEET

e——

=
|

- {.l_i
!
Ll
_.@:}/ »
gy
.
;
L]
T

MOS 7
stput —— ==
. TIL
JT_ = Output —
Finura 1% R dffar fnr Hinher Carent Loads Fiaurs 19. Use of Pullup Resistors
le izl Do Current
e = == =

Q TeX: .~
INSTRUMENTS
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R—GDI2 = T#*) CERAMIC DUAL IN—LINF PACKAGE
05 SHOWN
[~_p
DIMHQ':‘MS ] [ 16 18 20
e :
La naon | Qa0 0300 0,200
o i G2l | En | e | (7s3
y i = BSZ ASC BS B5C
T S 0./85 B | DGED | 1.080
il 1 o 2 O O T O MAX (19,94) | (21,34) | (24,38} | (26,97}
) C B MIN — | — | — .
l & i 0300 | 0300 | 030 (300
] L\_‘J Lu] L\_rl LL,J ) | 7.62) | (762 | {787) | {FE2
1 . . ]
s . p245 | D245 | Dz | 0245
_ggi::?: £ Mk ] ,27) | (6.22) | (5.59) | (8.22)
o045 1T, ;
0060 {1,52)
—.I r—n.nnb (11,13} M TN ) (4]
i ] 0,200 (3.08) MAX (F— _=‘||
I L Seating Plane |
H ' H Q.150 (3307 M L rﬁ
_.ILI‘_U[!AE (0.68) [
J L 0.01% (0,96, - i
[0100 (254 pote (036) L
G008 (0,20)

4040083 /F 03/03 |

& linear dimensions ore i anches [milimaters),

This EIFEI-'I'IT'[J s hub]E'}t to C’l‘ll‘.ll'l(..ﬁ withaut nalice

Thia package is hemetically seaed with o ceraemic lid using glass it

Index point is provided on coo for terrvingl denbificotian only on press ceromic glaoss fril sedl oaly,

Falls within MIL ST0 1835 &RIPI— 114, GOIP1-T16, COIPI-TIA and GOIP1-T20.




ECHANICAL

MPOHONZC — JANUARY 1995 —REVISED DECEM3ER 200402

{RFDlF-'l**} M moTe Riial ML INE PACKAGE
PINS SHOWN
~._PINS **
b 14 16 18 20
| o775 | o7s | 0920 | 1050
== & =M A MAX | g 60y | (19,89) | (23,37} (26,92)
16 9 p—_— 0745 | 0745 | D.A50 | 0.940
Py Ay ey e AL A T A (18.92) | (18.82) | (21.59) | (23,88)
" .
— 0.260 (6,60)  / MS-100
) 0.240 (6,10) S| vammon | A% | 88 | Ac | A0
I_.— —\-_rl L J L '—I ._\_’,_I "—u— 1_r' L_I
3 e :
0.070 (1,78 f’\
0045 (114 2
0.045 {1.14) 0.325 (8,26)
» Shiiti 0.020 [0,51) MIN —
i r 0.030 (0,78) ) o) 0.300 (7,62)

J
E AU
0.100 (2,54) Rﬁ, 4>| 0.430 (10,92) MAX L
0.021 (0.53) \
MM Q015 (0.38)

[ ] 0.010 (0.25) W |

\ ,J 14/18 PIN ONLY ;E.\j.

“ 20 pin vendor optlon

Gauge Flnru:

_ T ’/B\ 0.015 1I.'l ﬂﬂ}
0.200 (5,08) MAX ]_
L = coting Plana
hJ_LHJH’—u MU\‘ LL’ . 0.125 (3,18} MIN r”r_’u 010 {0,25) NOM

4040048/E 1272002

TES: A. Al lineardimensaons ara in Inches (millineters).
B. This drawlng | subject to change withouwt nates,

/5, Falls witnin JEDEC MS-001, except 18 and 20 pin minimum body gt (Dim A).
/A, The 20 pin and lead shoulder width is & vendor option. either falf or ful width.

@ TExAS
INSTRUMENTS

POET OFFICE BOX BR5303 ® JALLAS TEXAS TRME




MECHANICAL DATA

MSDICOZE — JANUARY 1885 — REVISED SEFTEMBER 2001
S

(R-PDSO-G™) TLASTIC ZINALL-OUTLINE PACKAGE
NS SHOWN
0.020 (0,51) o
0.050 {1.27) 45‘ —D‘ -l— 018035} 4 D.O10 [ﬂ',m,wj
8 5
17 T . 3
HH O |
0.244 (6,20) 0.008 {0,20) NOM
0.228 (5,80)
0.157 (4,00)
0.150 (3,81)
I 1
— + | v
i H o H ‘ e
1 4
“— A — » Lol
o D0aa(112)
0.016 (0,40}
— .
UL ‘Soating Plane N
0.010 0,25} g
0.069 (1.75) MAX ety | 0.004 (0,10)
. PINS™
oM 8 14 16
[ [ | =N
0197 | 0344 | 0394
A AR (500) | (8.75) | (10,00) |
0180 | 0337 | 0.386
A MM | 480) | (8,35 | (3.50)

4040047 E 0D/01
TES: A All linear dimansions are in inches (millimeters).
O Tl deesdes in oubject to change withaut notice,
. Body dimensions do not include mold Mash or protrusion. nol o excead 0.006 (0,15
0. Faliswithin JEQEG M3-012
—— -

%Tms

INSTRUMENTS
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MECHANICAL DATA
I-PDSO-G™) PLASTIC SMALL-OUTLINE PACKAGE
15 SHOWN
7 +| i-— 5ot (#0250
14

3,60
=
o l

|'§HFH'HL5__¢

— = — >

Ln

1
S5

1 o AR L

e

i=laio-
?x@‘m " '|
o | 14 16 | 20 74
AWM W58 | 1051 1280 | 1530
A MM 9,90 3,90 | 1230 | 1470

ane006E /6 03703

& Al linear dmensions are n millimeters
H. Thiz drowing is s:hject toochonge withowt nobice,
¢ Body dimensions do nol include mole flash o protrusan, nol (o exesed D15

venw il.com




2 keyboard and mounse mini-LIN-G conneclor piloLis Pdpc £ W J

shoard via a special "Y-solitter® cable adapter.

s "Yosplitter" cabie adapter is connected as ol lows:

sboard (F) Compriter (M) Mouse ()
1otunet len pin fanntion pin functicn
=data ===——————— 1=dats f——= 'l=cgts

! Tiadla e -—+ 2 y Y 20
Iy ————— - Fegnd S 3=gnc
e e S J=+Ey —mmmm———— =4 by
F=eladle ———=E = b oolonk pmm———— S=riock

3 nLe AR b e =1 Lo ol ot

5 is Tthe "4068"/"AKEE™ (“stubliy™) "FS5/Z Keyboard & Mouse Spliter
11 Din DineM/T/F™ fron GBlus Diationd.,

1 ean nlan commeat bho kevbosrd or mouse slonae Lo that connaestor,
-hout bLhe Y-splittes. I don't know how the cempater can Lell whizh
rioce 18 plugged iable it, though:

sre i85 also anobnar common Y-splitter available, which is connected
Zollows:

rhoa—d 4T Uompuater (M) Keibogzrd $2. [F
i Fungzicn pin fanaok ion pin Tanction
=aa =e—-——esses BE D o o R =ijala

o N e e o e e e PLESTT )
l=gad ——=~T——" F=gnd —————-—- F=arid

3y mmm—mm————— e T L5y

clagk ————--—= S=nlock --—----—=—= Biogs]l gk
T R e e B e ST & on.n

g im bl "HE22ET/UVEREXIT (Ylong™) TES#2 Port Splict=c” [rom ZLlge
mond. 1L canmet be used as a Kevbeard/Mouse splittsr, because it
ANt separane —he cata (& clouk) lines of the two devices. T didn'l
w what it was goga fur until § gob an emai! [rom Bswvn Gundorses,

D wWrote:  YIt's uwsed 1F vouw want two keyboards to wokk ag oons an 3
pitar,  Possible uscs are many, Oone esshblo woie T e AF won want &
code =oanher connechod bo pefd togother witn = Fevboasrd, cr & barcode
\nner and a magnel o card reader, oto, ™ Lhanks, Bawvn!

o+ the sonnector is callea a 6-pin mini-2IN, and the keykoard and
56 coanector pirout charts above show Six sins, but scme mice and
boards are made wils the [malel cénnsclor having only Zour pins
c., woelh tne unconnected pin 2 and pin @ missing) -

S'E 4 web gite with a lot more detailsd technical informel - on

the P5/2 Mouse/Hevhoard inlerface:

E;ffwww.nq;pute:—t'c::ee:lﬂgt;;gf

attp://panda. o= ndsa. nodak . sdind ~520 s/ PI0ml creE22 ped ML Jas Lecel

E:\Kuliah\' TA\Laporan'Data Shet TA\Mouse Keyboard\PS2 keyboard und mouse ... 3102007




12 Keyboard and mouse min-LIN-O connector prnouls

32 keyboard and mouse mini-DIN-6é connector pincuts

;Ikeyhnﬂrﬂ_and_n;use_ﬂ;w'—F11—n_:cnnezxur_;'ncu;s.hLLL

Dave Burton <malitosdavefiur Tonsys. comanospan Tann]2s5-052 keyoourd ang motsc &

ety " Ty 3
T:.'.". L oI SO IR .-t'-"-:-_"--'l-T-."Il

t=: the original wersicn of this document vses [3M PO Line-Drawing
aracters (TANSI art").  You zan download it from hers:

2 Koyboard anch monss miri=NTH=-& conneebor pinonts. xl

it dacs oot look right when viewed with a Windows choracles sot,

WM PS/2-types mouse arnd kevhoard connectors are botn "Eepin mini-0OIK"
areclars. The (emalc comneclars arc on tha comoutzr, the mals
nneetors sve on bho mouss snd kevbecard cablas that pluyg into zhe
npatar.

ewing the Zemale connecluer jon the compulér), the piooul, &

female

swing the male sonncctor (on ~he kayoosrd or mouse canle), The pinout 1::

nale

belh fases, Lhe pins ars normacly used ag tollows:

137 hameisaan

1 Cata

2 ‘ressrved)
! chd

4 —LiaF

L clock

B [resacwar])

gever, on Tns WEY Versa 2d4xu ano Fardsonic Totwbbook CF=35 laphop
apul e, and =oms others, thore iz juat one cannactor on Lhe compubar,
1 it ges "roescrved” piss to permit connect ng botnoa peuse and oa
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ﬂ The page cannot be displayed

e page you are looking For is currently unavailable. Tha Web site
ight be expericncing technical difficulties, or you may need fo adjust

1ie BaAainAE mab e -

'GA analogue display connector

arly all modern PC graphics cards use the same 15 pin conenctor that the original IBM VGA card
.. The connector is not very suitable for high resolution graphics because it does not have a well
ined impedance characteristics like BNC connectors. 15 pin VGA connector [s still commonly used
-ause it is sa popular that it is hard to sell product without it

in numbering in female connector

| G4 connector picture

inout

Rel out *

Croen oubt *

Blug ocut ¥

Monitor 18 & An
Sround

Bed reaturs

Croen retuTn

Blue returrn

no pin

Eyvnc returr
Monitor ID O i;
Moniteor 7O 1 in
Farizomal Syme onl
Verl ieal Sync out
reserved (nueailor ID 3

sals marked with * are analogue 0.7V p-p positive signals to 75 ohm load. All other signals are
lavel signals.

a is an ASCII pinout diagram for those who prefer it:

Bed (analogl £ Red Return 1% (LDOF GNR {Solor) e w ow &
Green CAnalog) 7 Gresn Reburn 129101y HE LColor
Bla= iBnalogl § B uie  Betusrs 13 Horzontal Sync
Hogserves 5 Ha Connect 14 sertical &Hyn= i E
Ceoand 10 Eround 15 mo Connect Y E

1. | T 5

onitor ID detection pin assignments
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11 Lz

Poo1pd ID1
ulf o T o N MONitor
rfe R Moao monitor which deez not soppoel 1024x768
GRD  nfa Calpr monitat whnioh dees rot supportt 1024x7ED
GHD nfo Tolor menites which supperts 10E34x7T6H

D menas connected to ground
means that the pin has not bee connected anywhere

s monitor type detection is becoming more and more obsolete nowadays, because more and
de intelligence Is Integrated to the monitor, New plug-and-play monitors communicate with the
1puter accarding to VESA DDC standard.

ESA DDC

A Display Data Channel is a methoed for integrating digital Interface to VGA conenctor to be able
monitor and grapahics card to communicate. There are two different levels of DDC. DDCL and
Cc2.

)C1

=1 allows the menitar to tell it's parapeters to the computer. The following VGA card connector
; had to be changed to allow DDC1 fuctions:

new function

Optional +5V cutpot From graphics card

Data ftrom diaplay

Standard vertical sync aignal which works also os data clock
Meiriter TE3

an grpahics card detects data on data-line it starls to read the data coming from the monitor
cronous to vertical sync pulse. Vertical sync pulse frequency can be increased up to 25 KHz for
time of the data transfer if a DDC1 compliant menitor is found (be sure not to send those high
juencles to non DDC1 monitors!).

1c2

-5 allows bidirectional communication: moniter can tell It's parameters and computer can adjust
sitor settings. The bidirectional data bus is a syncronous data bus similar to Access Bus and is
ad on 12C technology. Tha following pins had to be changed to to enable DDC2 to work:

new function
gprional 5V output Zron goaphics sErd
Bidirecliunal data line {SD&)

eta cleock 18LC)

signals in the data bus are standard [2C signals. The computer provides 15 kohm pullup for the
y and SLC lines. Monitor must provide 47 kohm pull-up on SCLK line.

TE: If the optional +5Y power output pin is used, a special DDC/VGA connector must be used to
rovide proper sequencing. The +5V output voltage must be withing +/-5% range and tha card
st be able to supply at least 300 mA current (maximum 1A},

ESA DPMS power saving

A has defined a standard method for computer to tell monitor when to go to power saving
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de. This power saving mode is controlled by changing the sync signals according the table

oW |
MORMAT, GRANDEYT Buspended

Yne L5 1 afr (55

Pyprc i )51 off

ler lowel 1005 ] 0

11 engashd

wpd  Engdai TRIKL.T1x

i orndified: May 28, 2302

icbmeszar | |

| Ti

wiba:k T | Zriend 1 [maela Dudex Cigalsinar ]

liegal Kotice

Fublished by TLH Communications Lid. all rights reserved.
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v us inout, VGA pin ou
e Iﬁ”“ulfggjlfs karhmrglguu piriaut, IEEE 1394 panut Hame | Shop]
KA CONSOLE K WVIDED VIDED MATRLY WVIDED
EWITCHES EWITCHES SPLITTER SWITCHES SWITCHES SPLITTER
Ky MONITORS & SERVER VIDED CABLES B
DRAWERS AGCESSORIES EMVIRONMENT CONVERTERS ADAPTERS

Keyboard, Monitor & Mouse Pinouts

for PC, SUN, MAC, USE, FireWire®, RS232, Digital Flat Panel and EVC configurations

VEA VIDED with DDC
VEXLT-xx, VEXT-ux-M

Mating face of 15-pin HO male

VGA VIDED with DDC
{(VEXT FLT-xx, VEXT-FLT-xx-MM)
KT-THH-xx. VEXT-THN=10-MM}

G_) {2 (3 @@ Wating face of 15-pin HD
& (71 (81 &
QE®® @;

Sa ESNAL I IGHAL
B0 1 C FiNe__ [SIGHAL R ST
REEN 0 EYHG R1N i FED ] DOC+E
TS 11 ] g FCREEN i _?*rm: RTN
oz B B or oo e B | NS 11 e
R iE] HSYNG b jioz 2 SC1 or DOG
= JRED SHIELD i WY NG | SN 13 HEYME
GREEN SHIELD & 03 or DDOC CLOCK EL} SHIELDH 14 WETHNG
ok RHIELD OEEMN SHIELD 5 D3 or DDC
= |ELUE SHIELD

I's WA cables extand a VEA monitor up o 100 tleat at high resclutions up
19201 2040,

& P2 CABLES for mors dedalls

T2 Flat and Super Thin VGA cables extend & VGA monilo
[These cables are ideal for applications where space i ighl.

[See P‘ﬂ_g'if CABLES for moa dalails

SUN AND 5GI VIDED

P52 KEYEDARD OR MOLUSE

e o = Ranbiny 1208 OF 13VV3 femahe
iy D@ @@ @ = 5 Wafing face of § pin MIRDIN femake
STede®s T "/ é:? € 2
—F —
m BIGNAL T e =
CND FDT i L __.-'"” Pk AR
VETNC 3 | EX 1 TA 4 s
| BH 10 GND 2 e 5 CLOC
GND o RED i JGhD E c
CETNL, [z SREEN
AR (3 Eloe INTY's kayboard and mouse cables extend PG keyboards anc
| ST

1 enmpidercables and 2daplens include Sun 1o VGA adapiers, Sun o BNG

ith o koss of signal
e P&I2 CABLES Tor mare datails.

oo adapters and SUN gender changers. e ST
» SUN CABLES for more details. T [~ Mating face of 5 pin DIN femalke
MAC VIDED (3 (1
@,@ fS:“J@ I@@@@?}M&unuhmmlﬁumh @@@
\ (@) @ @ 1B 6@ G @3 Fina EJGNAL Fins Em
L ae i LOCK d B
=y LTy I TGHAL 7] _%TA 4} -5
— [SHD 7 BLUE g C
o= —_—
?EENE :? =D SUM KEYEOARD AND MOUSE
f= Matng face of B pin MINDIN femals
o ik 2 (e
ISREEN 13 HD 5 @
GHD 14 M &
EH] 5 Hs
PG T ESTGNAL | T SIGNAL
1 GHD < YBD RLY
5G| Dpen LD = KGN KB KMAT
g 5 PWRN
n WCLUSE I P
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A Llsb ada Prewire Y L KeyDoard INODIOT Mousc POTL PIROHL, WA ae DI LG Fagt = 013

¥ —,

— B e 1. — ) MAC KEYBOARD OR MOUSE

= T 3[R kit WL 7 o Mating fane of 4 pin MmN female

A pdl Y e

S Mg (Y S

Jfing face of MOR36 famale & o

= ﬁfz%; ljlm 'Ei'fg“;,_ PN EEIGNAL A e
[ini? DO 50 k2 D3+ ! m"* P 5
Linke O1- g Ik CLK- E L i Joi
| inkD DA+ F Eu CLK+

e - it SER:;]_:D;;EM male 30 m

ink D2+ 4 GG AR o
NC 0 DOC DATA SDA CRGRORORE)
= 6 GHD (& (D {5y
=] 7 M —’
[END 8 GHD 2 EIGNAL e EiGH
uC i ¥ 1 NC 3 £
T 1] INC 7 e 7l TS
Link1 DO i : i TH 7 IC.
Link1 DD+ H = T @ C
Link1 D1- 3 Link] CLK- 3 [T '
Link 1 D & fink] CLH+
Link 1 D2- 5 Link1 D3- BERTT S
Link | D2+ 8 ~ JLink1 D3+

DIGITAL FLAT PANEL (DFP} PORT

™ Mating face of MOR20

SH o)™

O@EOENEOE@EDIDN
\E6HEB T EDMBDID T

[Mating face of male RS232 LBIS
it E‘IGNAL Pt | SET
P 1 Ty 14 /A
g D iB B
(T SIGHAL P S NAL T T b a
X1+ 11 T2+ 3 T ‘. I
E:u- 1z TA2- 3 ] B 2,
e HLO1 13 SHLDZ 3 SR [E] i
=HLDC 14 i D = TT] 1] DTR
IR+ 15 TAD+ E DCD 71 M,
TR G- e *0- 7 frae, ¥ ]
EE] LES C == £ | ) 7 e
i 18 L= 17 | T 4 A
C 1o D¢ _DAT e Y 5 I,
NC 1 BC _CLE iE pln':ﬂ il
o UEB TYPE A and B

B Cic2 Natng 1ace of OVl female

fERENAEWSN

e
1 = 3 i

2 4
Mating ace of USE Wintinn faca & LIEE
e Afomela wpewg female
| EILE] SIGMAL friz =
1 5 B =Data
2 Cata i =MD

ji7 USE MR cabkes exbend a VEA monilon and USE ket
15 fest,

USE CABLES for more detalls

7 28 C1cA
i BSIGHAL IPIME (SIGRAL
E'.M D% DATA Z- 16 HOT PLUG OETEGT
[FMO5 BATA 2+ T fTM.D5DATAD-
MO.G DATA 24 SHIELD P28 [TM.O.5 DATA D+
AT 4 T |TM.D.5 DATA 0/5 SHIELD
DS DATA a+ M DGOATH ©
0 CLOGK T [TM.D.GDOATA ST
~IGoC DA TA TR.D.5 CLOGK SHIELD
T IRNALCG VERT, SYNG 3 [TM.D.S CLOCKS
Froa e AT T 4 M.D.5 CLOGK.

T TM.DS DATA 1+

M.OS DATA 173 SHIELD 1 JANALOG RED
p.0L5 DATA 3- CZ  |ANALOG GREEN
c-'g FANES o Ca Py

W05 DATA 3

ANALOG HORZ SYNC

E&V PIYWER o
&) ]

AL CG GROUND

[s DV mahles axiends signals op o 10 feet.

B DVl CABLES lm mwie delals

Mini USB TYPE B

EVC

Mating face of EVC female

i W G1Ci
EEARFNEERF En

Dn| BmiiiieERe) O

[ fSIGHAL [E 510G M
-5 5l N
-0ATA 5 GO
DA A
r/— - Matng face of 2
P ) § Typs Bt
lélng[ i
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A UaD 1Y rImewme BV KEYDEErd IMOoNNor MIOUse POrt pinowt, a3 Lins LD,

HEC 0L 2

PiNG SIGMAL Filg SIGN,

iNg_ [BIGNAL FINE_JSIGNAL 1 ) g - DAT

T 0.5 DATA 2+ T [1394 VG = LOATA i i8]

TMDS oATA 2- 0 1304 WE

T MO.S DATA 2 RN | ] EM T8 DATA D 'ﬁ:ﬁ:::m —

ST NG RTM o2 M.0.5 DATA O+ ;

FTORIZ SYNC TTL 53 [MDSDAIAGRIN 2 4.6 \ Feirsackat

WERT. SYNC TTL 7 CTERED SYRC TIL | 1

M5 CLOCK RTN E5  [OCRIN
TOATNIZS P INPLT 56 |DDC OATA S0 _ 1 7 5

1304 PAIR & DATA 77 IODC CLOGE BGL
T [1394 PAIR A, DATAT T TS ] SIGMAL Fir §IGN
i T MG DATA 1+ 0 [1304 FAIR B, CLOCKS 1 FOWER fl BB+
5 [TMI.S DATA I- D [13594 PAIR B, CLOCK- 7 GHL 5 TPA
5 [TMD.5 DATA | HTN 51 JRED WVIDEG OUT 3 FE- E Ene
i M.D.G CLOCK~ 2 VIDED OUT Mating face of 4-pin
5 E.M.D.S‘: CLOCK- w Ex CLOGE OUT FisaVWire Souket
i LIGE DATA+ o4 |BLU WIDED OUT g |
r_ JUsB DATA- =5 [COMMON GMD BTN
T N384 SHIELDICHARGING POWER INPLUT- 1 2.3 4
11's EVE-adapters connect a VGA monlior o g EVG video port, oTheE : EGNAL Fre e
; ——— 1 : a3 PR
ze EYC ADAPTERS fo ri detake E e T o

RE5232 DBY INTERFAGE

INTI"s IEEE 1384 FireWire cables and adapters extend firewn
meters.

e FIREWIRE CABLES & ADAPTERS for more details

HOMI
i 3 7 148
2 4 16 18

afingg facws of HDI'ﬂI-'ﬁ'pe-& miale
PiME S IGMAL kg JSIGHNAL
H Vil Ligles v il J LA s
b TMDS Data? Shield 12 DS Chock-
3 TMDS DataZ- 13 JFC (not ueed
a TMDS Datals 14 eperved (N.G. o
5 IMDE Datai Ehieid 15 %:L
K 15 Detal- 16 Rl
[7 05 Datad+ 17 ICOCYCED Ground

JTMES Dratall Shiald Mo W Powar
TS Lratad) {13 Mot Plug Detect

0 TMDS Clock+ ]

~ sy 1008 O male RS232 DRO
Q@A W E by
\PR®®
N TEhAL TN# EGMAL
_Em 'E R
XD 4?
TAL = 3 TS
i 3 3
| E ]
RS232 RJAZ wree e ]
i B_ Matng face of female RS232 K445
|
WL
'ﬁ
NE EIGHAL iz SIGNAL
TS HGMD
0TS | )
TR DSR
SND ICTS
search
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Hasil Pengujian Pada Mikrokontroler




Hasil Pengukuran Outputan Relay Pada Saat Tidak Aktif




Hasil Pengukuran Tegangan Monitor Pada Saat Aktif

Hasil Pengukuran Arus Monitor Pada Saat Aktif




Hasil Pengukuran Arus Monitor Pada Saat Standhy
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