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BAB 1

PENDAHULUAN

1.1 Latar Belakang

Selring perkernbangan zaman, manusia semakin dituntut untuk melakukan
segala sesuatu bukan hanya secara cspat, tetapi juga harus tepat. Untuk it
manJsia scnantiasa mencari akal guna mempermudah pekerjaannya sehari-hari.

Berkaitan dengan hal tersebut, manusia juga cenderung disibukan dengan
pekerjaan yang menumpuk. Biasanya orang yeng mempunyai sepeda motor sering
lupa untuk mengecek apakah oli mesin sudah diganti atau belum dan kejadian ini
yang sering banyak terjadi di masyarakat pada umumnya. Padahal kita semua tahu
bahwa apabila kita terlambat mengganti oli akan berdampak pada kerusakan
sepeda motor 1u sendiri.

Dan hingga saat ini belum ada salah satu pabrikan sepeda motor yang
memberikan suatu alat peringatan pengganti oli sccara otomatis. Maka dari itu
kami akan merancang suatu alat peringatan pengganti oli mesin yang dinamai
awtomatic wariing oil

Dari permasalahan tersebut, dengan sedikitnya pengembangan dibidang
tersebut, kami merasa masih ada peluang untuk teknologi yang lebih tepat guna
dari rancangan kami tersebut. Sehingga kami dalam pengerjaan Tugas Skripsi ini
mencoba mengaktualisasikan suatu rancangan tersebut sehingga bermanfaat bagi

masyarakat.




1.2 Rumusan Masulsh

Pembuatan alat ini meliputi perencanaan hardware dan software.
Hardware meliputi Sensor Infra merah, keypad, Liquid Crystal Display { LCD ),
Information Storage Device ISD,. Sedangkan software yang digunakan meliputi

pemrograman mikrokontroller
Permasalahan vang timbul adalah:

* Bagaimana mendesain dan membuat suatu sistem menggunakan

Mikrokontroller AT8958252.
* Bagaimana merancang sistem berbasis mikrokontroler AT8958252
untuk diaplikasikan pada sistem waktu penggantian oli mesin dan

menghitung kecepatan putaran mesin yang menggunakan 1SD.

1.3 Batasan Masalah
Berdasarkan permasalahan yang telah dirumuskan sebelumnya, maka pada

perancagan dan pembuatan alat tersebut diberi batasan permasalahan, yaity :

* Perencanaan dan perealisasian sistem mikrokontroller ATR9S8252

* Pembuatan software yang dibutuhkan pada mikrokontroller

» Membahas system warning oil hanya untuk roda dua ( dua tak )

* Yang ditampilkan jarak yang ditempuh dan putaran mesin permenit

¢ Tidak membahas catu daya ( accu ).

¢ Alat ini hanya protofipe,

Tidak membahas kebocoran oli.




1.4

Tujuan

Tujuan dari penulisan tugas akhir Perencanaan dan Pembuatan Alat

sistem pengingat penggantian oli mesin dan menghitung kecepatan putaran mesin

pada sepeda motor Berbasis Microkontroller adalah -

.3

1.

Memberi kemudahan dalam mengingat waktu penggantian oli mesin
dalam waktu yang telah ditentukan oleh pemakai kendaranya sesuai

dengan keunggulan oli mesin yang digunakannya

Mengetahui jumlah putaran ( Rpm ) pada mesin schingga pemakai
kendaraan dapat membandingkan kapan harus menambahkan perseleng

{ gigik mesin } yang sesuai secara manual.

Metodologi
Metodologi penulisan tugas akhir ini adalah sebagai berikul ;

e Studi literature, yaitu melakukan pencarian informasi dan data-
data dari referensi-referensi yang berhubungan dengan alat seperti
Microcontroller, [SD

» Perancangan hardware dan soffware, yaitu melakukan kegiatan
pembuatan program, rangkaian per-blok hingga pembuatan PCB
rangkaian keseluruhan sampai melakukan perakitan komponen,

* Pengujian dan analisa, pada bagian ini melakukan uji coba
hardware dan sofiware, kemudian melakukan analisa berdasarkan

hasil pengujian yang dilakukan.
3




1.6 Sistematika Penufisan
Untuk mempermudah dan memperjelas pembuatan laporan akhir ini, maka
penulisan disusun secara sistematis sebagai berikut :
BAB1 : Fendahuluan
Meliputi latar belakang, rumusan masalah, tujuan, , metodologi, dan

sistematika penulisan

BAB 11 : Tecri Dasar
Meliputi uraian mengenai teori-teori yang mendukung perencanaan dan
pembuaatan alat

BAB III : Percncanaan dan Pembuatan Alat
Meliputi penjelasan blok diagram serta perencanaan dan pembuatan
hardware dan software.

BAB IV : Pembahasan
Meliputi prinsip kerja, pengujian, dan spesifikasi alat

BAB Y : Penutup

Meliputi kesimpuian dan saran




BABII

TEORI PENUNJANG

Landasan teori inl sangal membantu untuk dapat memahami suatu sistem.
Disamping itu dapat juga dijadikan sebagai bahan acuan didalam merencanakan
suatu sistem. Dengan pertimbangan hal-hal tersebut maka landasan teori

merupakan bagian yang harus dipahami untuk pembahasan selanjutnya.

2.1 Mikrokontroler AT8958252

Mikrokentroler AT8958252 merupakan mikrokontioler 8 bit kompatibel
dengan Standar industri MCS-51"" baik atas segi pemrograman maupun kaki tiap
pin. Mikrokontroler AT89S8252 menpunyai 8 Kbyre (Flash Programmable and
Read Omly Memori ) pada dasarmya mikrokontroler adalah terdid atas
mikroprosesor, fimer, dan couner, perangkat L/O dan internal memori.
Mikrokontroler termasuk perangkat yang sudah didesain dalam chip tunggal.

Pada dasarnya mikrokontroler mempunyai fungsi yang sama dengan
mikroprosesor  yaitu untuk mengontrol suatu kerja system. Selain itu
mikrokontroler juga dikemas dalam satu chip (single chip). Didalam
mikrokontroler juga terdapat CPU, ALU, PC. SP. dan regisier seperti dalam
mikroprosesor, tetapi juga ditambah dengan perangkat-perangkat lain seperti
ROM. RAM, PIO, SIO, counter dan sebuah rangkaian clock. Mikroprosesor
didesain dengan intruksi-intruksi lebih luas dan 8 bil instruksi yang digunakan
membaca data instruksi dari internal memori ke ALU. Sebagai suatu system
control mikrokontroler bila dibandingkan dengan mikroprosesor memiliki

kemampuan dan segi ekonomis 5}rang bisa diandalkan karena dalam




mikrokontroler sudah terdapat RAM dan ROM. Sedangkan mikroprosesor
didalamnya tidak terdapat keduanya. Terlihat bahwa mikrokontroler Atmel
ATBISE252  memilki  banyak fitur yang menguntungkan. Dipakainya
Downloadable flash memori memungkinkan mikrokontroler ini bekerja sendiri
tanpa diperlukan tambahan chip lainya. Sementara Flush memorinya miampu
diprogram hingga seribu kali. Hal lain yang menguntungkan adalah system
pemrogreman menjadi lebih sederhana dan tidak memerlukan rangkaian yang
rumit seperti rangkaian untuk memprogram produk Atmel lainya. Secara umum
konfigurasi yang dimiliki mikrokontroler ATR9S8252 adalah sebagai berikut

* Sehuah CPU 8 bit dengan menggunakan teknologi dari Atmel.

= 8K byte Downloadable Flash Memaori,

» 2K byte EEPROM

= OScbuah port serial dengan control full duplex UART (Universal

Asynchronous Receiver Transmiter

= 250 byte RAM internal.

* 32 VYO yang dapat dipakai semua.

® 3 buah Timer/Counter 16 hit ,

= 5PI Serial Interface.

= Progranmable Watchdog Timer .

= Dual Data Pointer.

*  Frekuensi kerja 0 sampai 24 MHz

* Tegangan operasi 2,7 Volt sampai 6Voll,

* Kemampuan melaksanakan operasi perkalian, pembagian, dan operasi

Bolean (bit)




Sedangkan untuk blok diagram AT8988252 diperlihatkan dalam gambar 2-1
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2.1.1. Penjelasan Fungsi Pin AT89S88252
Mikrktroler AT89S8252 mempunyai 40 pin seperti yang ditunjukkan

dalam gambar 2-2 Fungsi-fungsi pin dijelaskan sebagai berikut :

St
T2 P10O1 40 pvee
T2EX} P11 2 30 [JPO.0O (ADD)
Pi20]3 38 O P01 (ADY)
Pi.a]4 47 O PO.2 (ADZ)
(SBIP1405 38 [JP0.3 (AD3)
MOSH P1 B 6 35 O PO.4 (AD4)
MISOIP1&a7 34 [0 PO.5 (ADE)
(SCKIP170O8 33 O P05 (ADE)
RETS 42 O PO.7 [ADT)
(RXD) P3OLC]10 31 O EA/VPP
(TXp P31 a0 [ ALEPROG
{INTO) Pa2]12 20 N FSEN
ilNT1) P33 13 20 O P27 (Al5)
(TO} P340 14 27 0 P286 (A1d)
T} P35 16 26 P25 (A13)
(WR) Pas] 16 25 0F24 (a12)
{AD) P37 17 24 O P23 (A11)
XTaLz[]18 23 JP22 (A1)
XTAL1 ] 19 22 O P21 (A
@GND [ 20 21 O P20 (AB)

..........................................................................

Gambar 2-2 Susunan FPin AT8958252 1

# Pin 1 sampai 8
Port 1 yang terdiri atas pin 1 sampai 8 merupakan saluran
masukan/keluaran dua arah.

# Pin9
RST merupakan saluran dua masukan untuk mereser mikrokontroler
dengan cara memberi masukan logika tinggi.

8
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Pin 10 sampai 17

Fort 3 yang terdiri atas pin 10 sampai pin 17 merupakan saluran
masukan'keluaran dua arah dan mempunyai fungsi khusus seperti yang
terlihat dalam tabel 2-1 |

Pin 18 dan 19

X TAL; dan XTAL; merupakan saluran untuk mengatur pewktuan systern.
Untuk pewaktuan dapat menggunakan pewaktuan internal maupun
eksternal .

Pin 20

Vs merupakan hubungan ke ground dari rangkaian.

Pin 21 sampai 28

Port 2 yang terdin atas pin 21 sampai 28 merupakan saluran
masukan/keluaran dua arah. Port ini mengeluarkan 8 bit bagian alamat
tinggi (A8-Al5) selama pengambilan instruksi dari memori program
ekstenal dan pengambilan data memori eksternal yang mengpunakan
mode pengalamatan 16 bit,

Pin 29

PSEN  (Progrum Siore Enable) merupakan sinyal baca untuk
mengaktilkan memori program eksternal,

Pin 30

ALEPROG (Address Laich Enable) merupakan pulsa yang berfungsi
untuk menahan alamat rendah (AD-A7) dalam porr 0, selama proses
bacajtulis memori eksternal. Frekuensi ALE adalah 1/6 kali frekuensi

osilator, dan digunakan sebagai pewaktu. Pin ini juga berfungsi sebagas
9




41,2,

saluran program selama dilakukan pemrograman jika menggunakan
memeti program eksternal,

Pin 31

EA/NVPP (External Access Enable)y untuk mengatur penggunaan memori
program eksternal dan internal. Pin ini harus dihubungkan dengan ground
bila menggunakan memori program eksternal dan dihubungkan dengan
VPP sebesar 12 Volt jika menggunakan memori program eksternal.

Pin 32 sampai 39

Port 0 yang terdiri atas pin 32 sampai 39 merupakan saluran
masukan/keluaran. Pors 0 merupakan ssluran alamat rendah (A0-A7) yang
dimultipleks dengan saluran bus data (DO-D7).

Pin 40

Vee merupakan saluran masukan untuk catu daya positif sebesar 5 Volt

DC dengan toleransi kurang lebih 10 %.

Masukan dan Keluaran

Untuk saluran dan keluaran terdapat 4 buah port yang masing-masing 8

bit. Saluran ini bersifal dua arah (bidirecrional) yang berarti dapat difungsikan

sebagal masukan atau Keluaran, serta dapal dialamati per bit. Port 3 selain

digunakan sebagai port masukan dan keluaran juga dapat digunakan sebagai

fungsi pengganti sebagaimana yang terdapat dalam tabel 2-1, Sedangkan

ATE9SB252 memiliki fitur tambahan yang terdapat pada port | seperti pada tabel

2-2.
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Tabel 2-1 Fungsi Pengganti Por¢ 3 11

— S S S —
Port Pin Alternate Functions
Fa.0 FXD (saral Input port)
P3. THD (setlal output port)
P32 TNTT (external Interrupt O)
Fa.a INTT (extarnal interrupt 1)
P34 TO (timer 0 external input)
P3kE T1 (timer 1 external Input)
P3s WH (extarnal data memory writa stroba)
P37 AD (extarnal data memory read strobe)

Tabel 2-2 Fungsi khusus pada port ] AT8958252 (1

Port Pin Alternate Functions

P1.0 T2 (external court Input to Timer/Counter 2,
clock-out

P19 TZEX (TimerfCounter 2 capturareload trigger
and directon cantrod)

P1.4 S5 (Slave port select Input)

F1.E MOSI (Master data cutput. slave data Input pin
far 5P| channel)

F1.& MISO (Master data mput. slave data output pin
for 5F| channel)

P17 SCHK iMaster clock output, slave clock Input pin
tor 5P channal)

2.1.3. Osilator

Jantung dari AT8958252 adalah rangkaian yang membangkitkan pulsa
clock yang mesinkronkan semua operasi internal. Mikrokontroler AT8988252
memiliki osilator internal (on chip oscillator) yang dapat digunakan sebagai
sumber pewaktu (clock) bagi CPU. Untuk menggunakan internal diperlukan
sebuah kristal atau resonator keramik antara pin XTALI dan pin XTAL2? dan

sebuah kapasitor ke ground. Kunﬁguria.lsin}ra dapat dilihat pada gambar berikut.




Gz

R [

[]

]
u-—ql-—-l'— AL

-

Cambar 2-3 Konfigurasi Osilator Menggunakan Kristal

Nilai C1 dan C2 adalah 10 pF - 30 pF bila menggunakan kristal, dan
bernilai 10 pF - 40 pF bila menggunakan resonator keramik.
Untuk penggunaan dengan external clock, XTAL2 harus dibiarkan dalam

kondisi tidak terhubung. Konfigurasinys dapat dilihat pada gambar berikut ini :

NG — wTALS

EXTERRNAL
DECLLATOR = XTAL!

SIGMAL
r ONG

Gambar 2-4 Konfigurasi Osilator Menggunakan External Oscilator Signal !

2.1.4. Reset

Rangkaian power on reset diperlukan untuk mereset mikrokontroler secara
otomatis setiap catu daya on. Gambar 2-5 menunjukkan rangkaian pewer on resef,
Ketika catu daya diaktifkan, rangkaian reser menahan logika tinggi pin RST

dengan janpka waktu yang ditentukan oleh besarnya pengisian muatan C,
12
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Gambar 2-5 Rangkaian Power On Reset "

2.1.5. Data Memori (EEPROM) Dan RAM

Berbeda dengan mikrokontroler standard MCS-51, mikrokontroler Atmel
ATB958252 juga dilengkapi dengan data memori yang berupa EEPROM
(Llecirically Frasable Programmable Read Only Memory). EEPROM yang
dimaksud ini hesarnya 2 Ko byte (2K) dan dipakai untuk penyimpanan data.

EEPROM orn-chip ini diakses dengar mengeset bit EEMEN pada register
WMCON pada alamat 96H. Alamat EEPROM ini adalah 000H sampai 7FFH.
Intruksi move digunakan untuk mengakses EEPROM internal ini. Bit EEMWE
pada register WMCON harus diset ke-1 sebelum seberang lokasi pada EEPROM
dapat ditulisi, Program pengguna harus mereset bit EEMWE ke “‘0jika proses
penulisan ke EEPROM tidak diperlukan lagi, Proses penulisan ke EEPROM dapat
dilihat dengan membaca bit RDY/BSY pada SFR WMCON. Jika bit ini berlogika
rendah maka berarti penulisan EEPROM sedang berlangsung, jika bit ini
berlogika tinggi berarti penulisan sudah selesai dan penulisan lain dapat dimulai

lagi.
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Sedangkan RAM yang ada pada mikrokontroler AT89S8252 adalah
berkapasitas 236 hyre dan kompatibel dengan RAM yang ada pada mikrokontroler

standard MCS-51.

FFH —FFH
Upper 128 I
SFR
80H 80H
lower 128
i

Gambar 2-6, Memori Data internal (RAM) &

Pada lower 128 lokasi memori dibagi menjadi 3 bagian

1. Register bank 0 -3
Lokasi bank register dimulai dari alamat 00H — 1 H yang terdiri dari 32 byres.
Register bank ini terdiri dari 4 buah register § bit vang dapat dipilih melalui
pengaturan program status word register.

2. Bit Addressing
Terdiri dari 16 bytes yang dimulai dari 20H — 2FH. Masing-masing dari 128
bit lokasi ini dapat dialamati secara langsung yaitu dari 00H sampai 7EH.

3. Scratch Pad Area
Lokasi dari alamat 30H — 7FH atau sebanyak 80 bytes yang dapat digunakan

sehagal alamat bagi RAM.

14




2.1.6, Special Function Register (SFR)

Special Function Register merupakan register dengan tugas khusus. SFR
pada mikrokontroler AT8938252 kompatibe! dengan mikrokontroler keluarpa
MCS-31 dan memiliki alamat 80H - FFH sehingga terdapat 128 lokasi alamat
untuk SFR. Namun demikian pada mikrokontroler ini tidak berarti memiliki SFR

sebanyak 128 buah, Berikut ini adalah gambar letak dari Iokasi alamat SFR.

OFgH aFFH
GRIH § oETH
SR |
e EFH
A
il TR ETH
CEH e
P PR
L DER TR T 001 Ky AN
e | TRGON TEMCD RCAPZL [ Tz THz i
OEBE | AEDOORG | (UMM | DODBRMG | COOMKOE | COGODD
BT aTH
"
W o) HaFH
3
el BT TP e
L pr
iiH e ey =l MG e
-]
DH PATH
s SRF |
] T s
P | WO
BHL wi | OHOARD HTH
oo | TN TMEID! Lo TLY THI ™ -
SR QGGG | eooooin | eamdnme | odeddodd | ewemon
e Bl sp LRI LM oRiL R sPoR pook | o
SEIRTRT A0 19 OWN | wmo | eHmme | e | oo | oo

Gambar 2-7, AT89S8252 SFR Map dan Reset Value 'V
Selain itu mikrokontroler AT8958252 memiliki tambahan SFR . Hal ini
tak lain adalah karena terdapamya tambahan fitwr pada mikrokontroler ini. SFR
tambahan ini meliputi : T2CON (Timer 2 Register dengan alamat 0C8H),

T2MOD (Timer 2 Mode dengan alamai 0CSH), WMCON (Watcdog and Memory
15




Control Register dengan alamat 96H), SPCR (SPI Control Register dengan alamat

D5H), SPSR (SPI Status Register dengan alamat AAH), SPDR (SPI Data Register

dengan alamat B6H).

.

~

\_:"

SFR untuk Timer 2

Mikrokontroler ATB9S8252 terdapat tambahan sebuah Timer/Counter
yang diberi nama timer 2 (sehingga AT8958252 memiliki 3 Timer
/Counter yaitu Timer/Counter 0, Timer/Counter 1, Timer/Counter 2). Pada
Timer/Counter 2 ini dikendalikan oleh Special Function Register yang
bernama T2CON (Timer 2 Control), T2MOD (Timer @ MODE) dan
sepasang register RCAPZH, RCAP2ZL merupakan register capture/reload
untuh Timer 2 dalam 16 bit caprure mode/auto reload mode.

SFR untuk Watchdog Memori.

Untuk menggunakan Wurchdog timer atau memori, maka dapat dilakukan
dengan mengatur SFR yang bernama WMCON dengan alamat 9611,

SFR pengontrol SPI

Berbeda dengan mikrokontroler MCS-51, AT8958252 memiliki fasilitus
SPI (Serial Perpheral Interface). Fasilitas ini memungkinkan transfer data
kecepatan tinggi secara sinkron antara mikrokontroler dengan peripheral
atau antar mikrokontroler AT8958252, Fitur ini meliputi ;

a. Full Duplek, 3 kawat dengan transfer data secara sinkron .

b, Operasi Master atau Slave,

c. Frekuensi maksimum 6 MHz,

d. 4 bit rate terprogram.




2.1.7. Timer dan Counter

Dalam mikrokontroler ATE9SE252 terdapat tiga buah pewaktu/pencacah
(imer/counter 16) 16 bit yang dapat diatwr melalui perangkat lunak, yaitu
pewaktu / pencacah 0 dan pewaktu / penvacah 1. Timer/counter ini diawr oleh
special function register yaitu Timer/Counter Control (TCON alamat 88H), dan
Timer/Counter Mode Control (TMOD alamat 89H). Selain itu nilai byte bawsah
dan byte atas dari Timer/Counter disimpan dalam register TL dan TH,

Jika difungsikan sebagai Timer, maka akan menggunakan system clock
sebagal sumber masukan pulsanya. Jika sebagai Counter {pencacah), maka akan
menggunakan pulsa dari luar (eksternal) sebagai masukan pulsanya. Pada Port 3
terdapat fungsi khusus yaiu TO (masukan luar untuk Timer/Counter 0y dan T1
(masukan luar untuk Timer/Counter 1). Pemilihan mode Timer/Counter dikontrol
oleh register TMOD. Dengan memberikan nilai tertentu pada register TMOD
dapat dipilih mode operasi untuk Timer/Counter 0 dan Timer/Counter | scpert

terlihat dalam Tabel 2-3,

Tabel 2-3 Mode Operasi Timer/Counter 0 dan 1 P

T
M2 \S Mode Keterangan
) 0 0 13 bit Timer 7
0 1 1 16 bit Timer
; l 0 2 8 bit auto-reload
L 1 1 3 Split Mode

17




Pada mikrokontroler AT8958252 terdapat tambahan Timer 2. Timer yang
lain adalah Timer (0 dan Timer 1. Timer 2 ini merupakan Timer/Counter 16 bit
dan memiliki 3 mode operasi vaitu caprure, awio reload (up down counting) dan
baud rate generator. Untuk memilih mode ini dilakukan dengan mengatur bit pada
$FR T2CON (Timer 2 Control Repister). Timer 2 ini terdir dari 2 buah timer 8
bit register yaitu TH2 dan TL2. pada fungsi Timer, register TL2 dinatkkan
(increment) tiap siklus mesin. Karena siklus mesin terdiri dari 12 periode osilasi,
maka couni rate menjadi 1/12 dari frekuensi osilator. Sedangkan pada fungsi
Counter, register dinaikkan berdasarkan tanggapan adanya transisi tinggi ke
rendah pada pena yang bersesuaian (dalam hal ini pin T2 atau P'1.0). Tabel berikut

menunjukkan mode operasi yang dapat dijalankan pada timer 2.

Tabel 2-4 Mode Operasi Timer 2 ]

RCLK + TCLK | CP/RL2 | TR2 | MODE
0 0 1 16-bit Auto-reload
0 1 1 | 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 | (off)

RCLK = Receive clock enable. Jika diset menyebabkan serial port menggunakan
pulsa overflow Timer 2 sebagai detak penerimaan pada serial port. Jika
RCLK = 0} Timer | yang digunakan.

TCLK ='lransmit clok enable, Jika diset menyebabkan serial port menggunakan
pulsa overflow Timer 2 sebagai detak pengiriman. Jika TCLK = 0

pulsa overflow timer | yangedigunakan.




CP/RL2 = Pemilihan capture/Reload. Jika diset maka proses capture vang terjadi
sedangkan jika bit ini diclear maka proses reload.

TR2 = Bit untuk mengatur start/stop untuk timer 2 jika TR2 = 1 Timer akan

aktif,

2.1.5. Idle Mode
Saat ffe Mode mikrokontoler tidak melakukan apa-apa. Tetapi peralatan
lain yang terhubung tetap aktif. Kondisi ini dapat dihentikan dengan sebuah

interrupt atau dengan me-reset system.

1.1.9. Sistem Interupt

Mikrokontroler ATB9S8252 mempunyai 6 buah sumber interrupt vang
dapat membangkitkan permintaan interrupl, yaitu INTO, INTI1, T0, T1, T2 dan
port serial.

Saat terjadinya interrupt, mikrokontroler sccara otomatis akan menuju ke
sub rupin pada alamat tersebut. Setelah interrupt service selesai dikerjakan,
mikrokontroler akan mengerjakan program semula. Dua sumber interrupt external
adalah INTO dan INT1, dimana kedua interupsi eksternal akan aktif atau aktif
transisi tergantung isi dari 1TO dan IT1 pada register TCON. Interupsi TO, T1, T2
aktif pada saat timer yang sesuai mengalami rofl over, interupsi serial
dibangkitkan dengan melakukan operasi OR pada R1 dan T1. Tiap-tiap sumber
interupsi dapat enable atau disable secara otomatis.

Tingkat prioritas semua sumber interupsi dapat diprogram sendiri-sendiri

dengan sct atau cfeqr bit pada SFRS IP (interrupt Priority).
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Tabel 2-5 Alamat Sumber Interupsi 1]

[ IMEDLLEE)
[Ea |- [etz Es [enlex [ero [eno |
Enale Bit = 1 enables the ntespt,
Enabele B = o dlsobiss Uhe IMeTUpt,
WUH | G | 11| | o | A | N1 1 | | S | W— ] | PO | o ] |
Symbol | Pogition | Funetion
Clsables dlinterupts, ITEA = 0, no Inteimupt
Ea ET iz m:h:m'Mad_qad. If EA =1, sach Irtarmupt
solres 15 individually enabled or disabled by
setting or clearing its enable bit.
- IE.& Regerved,
ET2 IE.5 Timer 2intarrupt anable bit
ES IE4 SF and UART Interiupt anabie bt
ET1 IE2 Tiimaal 1 irbarrupt an able bit.
EX1 IE2 Examal insqrupt 1 emable bit
ETno IEA Timsar inbemuapt en oble bit.
EXo IEQ Exemal mismupt & enable bit

2.2 ISD{ Information Storage Device ) 1400

Peralatan penyimpanan informasi suara, 1SD seri Y80 menpunyai kualitas
bagus, dengan durasi penyimpanan dati 16 sampai 20 detik. Peralatan CMOS
yang ada didaiamnya adalah chip oscilaivr, mocrophone preamplifier, awtomatic
gain control, antilisiong filter, smouthing filter, speaker amplifier. Pada
pengembangannya, [SD 1400 adalah kompatibel dengan mikrokontroler,

mengijinkan penyimpanan dan pengalamatan yang komplek, Perekaman disimpan

dalam suatu chip yang tidak mudah benibah dalam celi memori.

Sinyal suara dan audio disimpan secara langsung ke memori pada tempat

naturalnya dengan kualitas suara yang bagus. Uniuk karakieristiknya adalah

sebagai berikut;

» Chip tmppal vang mudah digunakan ontuk merekam atau memainkan

suara.
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# Durasi perekaman 14 dan 20 detik.
# Suara yang direproduksi menpunyai kualitas yang bagus dan alami.
> DBisa dioperasikan secara manual dengan swirch atau dengan
mircokontroler,
# Disa dipasang bertingkat untuk durasi waktu yang lama.
> Arus pada saat standhy = | pA,
# Tidak perlu power untuk tetap menyimpan data dalam IC, sehingga tidak
perluy baterai cadangan.
» Data dapat tahan hingga 100 tahun.
#» 100,000 kali rekam,
» Power supply +5 Volt.
Tabel 2.6. Seri ISD 1400 ©!
Tipe Waktu (detik ) | Sample rate (KHz) | Filter band pass
(Hz)
ISD 1416 16 8.0 3300
1SD 1420 20 6.4 2600

Dengan melihat tabel diatas, maka dapat diketahui bahwa IC penyimpan

suara [SI) seri 1420 ini adalah merupakan jenis EEPROM ( Electrically Erasable
Programable ROM ). EEPROM adalah jenis ROM wyang dapat diprogram,
dihapus dan diprogram ulang secara elektrik, IC ISD 1420 ini dapat melakukan
perekaman suara atau pesan dengan jangka waktu durasi maksimum 20 detik.

dengan sample rate 6.4 Khz.
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Gambar 2-8. Diagram blok ISD1400 %!
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CGambar 2-9. Susunan Kaki ISD 1400 1!

Keterangan pin [SD 1400 :
1. Microphone Input (Mic)
Input microphore akan mentransfer sinyal yang akan masuk ke amplifier

vang berada di dalam IC rangkaian AGC mengontrol penguatan antara -15
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10,

11

12.

Voltage Input (Veea Veen)

Merupakan kaki untuk memasukkan tegangan +5 Volt pada IC.

Ground Input (Vssa Vssp)

Input untuk kaki ground pada 1C.

Speaker Output ( SP+ dan 8P- )

Pin ini digunakan untuk mengeluarkan suara yang telah direkam ke
speaker atau ke device lainnya. Output ini menpunyai impendasi sebesar
16 Ohm.

Optimal Eksternal Clock { XCLK )

Digunakan untuk menenbahkan kristal ¢lock bila dibutuhkan pewaktuan
yang lebih besar dan presisi. Bila input ini tidak digunakan, harus

dihubungkan dengan ground,

. PLAYL { playback, level-activated )

Ketika sinyal input ini berpindah dari high ke fow; maka PLAYL akan
berjalan. Playback akan berjalan sampai input ini tertekan high, tanda
akhir dari pesan tercapai atau ruang memori sudah habis. ISD akan
kembali ke mode stanby setelah playback ini terhenti.

PLAYE (playback, edge-activated )

Ketika sinyal akan berpindah menuju Jow ( low — going — transition )
lerdeteksi di inpar ini, maka PLAYE akan berjalan. Playback berjalan
sampail tanda akhir dari pesan tercapai atau akhir dari ruang memori
tercapai. Setelah menyelesaikan playback., ISD secara otomatis akan

kembali ke mode stanby, menakan PLAYE ke high pada waktu playback

akan berhenti bila mencapai ahkir dari pesan atau ruang memori habis.
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13. REC { Record Input )
Input sinyal akan aktif dalam keadaan fow. ISD 1420 akan merekam bila
REC dalm keadaan Jow, dan sinyal ini harus terus dalam keadaan low bila
ingin terus merekam. Jika input REC ini tertekan Jow dalam keadaan kita
masih memutar ulang { playback ), maka playback akan berhenti dan ISD
akan merekam. Dalam perancangan dan pembuatan alat ini, harga
kapasitor ditentukan sama dengan yang terdapat dalam data sheet ISD
1420,

14. RECLED ¢ Record Led )
Output dari RECLED akan low selama perckaman, maka output ini
biasanya digunakan untuk menjalankan sebuah LED yan berguna untuk
mengetahui bahwa scdang terjadi proses perekaman. RECLED ini akan

low sebentar ketika tanda akhir dari pesan tercapai pada saat playback.

2.2.1. Cara perekaman / pengisian suara

Langkah langkah yang dilakukan untuk memulaj perekaman  yang
mengesel alamat / durasi waktu yang dibutuhkan untuk perekaman. Pada saat
memulai perckaman sinyal REC LOW maka dengan demikian secara olomatis pin
ANA — IN bekerja. Pada saat inilah dimasukan suara vang akan direkam melalui
microphone. Jika ruang sudah terisi penuh maka sinyal REC harus dikembalikan
keposisi HIGIL. Tanda ahkir dari pesan ( end — off — meseage merker } akan
otomatis terekam sesudah itu. Tanda ini berguna uniuk memutuskan Playback

sccara otomatis bila rekaman sudah habis. ISD 1420 akan langsung ke stanby bila

REC dalam keadaan high.
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23  Liguid Crystal Display ( LCD )
2.1 Konfigurasi LCD

Liguid Crystal Display adalah modul tampilan berkonsumsi daya yang
relatif’ rendah dan terdapat scbuah kontroller CMOS didalamnya. Kontroler
tersebut sebagai pembangkit karakter dari ROM/RAM dan display data RAM,
Semua fuugsi tampilan dikontrol oleh suatu intruksi dan modul LCD dapat
dengan mudah untuk diinterfacekan dengan mikroprossor/mikrokontroller. Input
yang diperlukan untuk mengendalikan modul ini berupa bus data yang
termultipleks dengan bus alamat dan 3 bit sinyal kontrol. Pengendali dot matrik
LCD dilakukan secara internal pada modul LCD sendiri.

LCD merupakan suatu bentuk kristal cair yang akan beremulsi apabila
dikenakan tegangan padanya. Tampilannya ini berupa dot matrik 5 x LCD
schingga jenis huruf yang dapat ditampilkan akan lebih banyak dan lebih baik
resolusinya jika dibandingkan dengan 7 segment.

T DOT MATRIK LCD .
| 2 s 16 CHARACTHR TYPE Ml!—lﬁzl |

1 o i

FEFFTFTTT FFTETT T

Gambar 2-10 Deskripsi pin pada LCD Tipe M1632

{ Sumber : LCD Manual Book -
LCD tipe M1632 memiliki ciri-ciri sebagal berikut :
+ LCD i terdiri dari 32 karakler dengan 2 baris masing-masing 16
karalcter dengan display dot matrik 5 x 7
o Karakter penerator Rom dengan 192 tipe karakter

» Karakter generator RAM dengan 8 tipe karakter
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R0 x 8 display data RAM

¢ Dapat diinterfacekan ke MPU 8 atau 4

* Dilengkapi fungsi tambahan : display clear, cursor hpme, display
ON/OFF, cursor ONYOFFE, display character blink, cursor shift,
elan display shift.

* Internal Data

e Internal Otomatis, reset pada saat power ON

» 5 volt PSU Tunggal

Tabel 2-6 Konfigurasi Pin-pin LCD

| NO | SYMBOL | LEVEL FUNCTION
1 Vs < 0 Ground
2 Vee . 5V + 10%
3 Vee | - 1.CD Drive
4 RS H/L H : Data Input
L : Intruksi Input
5 R/W HL H: Read L : Write
6 | E H/L Enable Signal
7-14 | DBO-DB7 | HL Data Bus
15 | Light LCD - Menyalakan lampu LCD max 200
mA
16 | Light LCD . Ground
I

( Sumber : LCD Manual Book )
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2.3.2 Interuksi Operasi Dasar
2.3.2.1 Register

Kontroller dari LCD mempunyai dua buah register 8 bit yaitu register
intruksi (IR} dan register data (RD). IR menyimpan intruksi seperti display clear,
cursor shift dan display data (DD RAM) serta character generator (CG RAM),
DR menyimpan data untuk ditulis di DD RAM atau CG RAM atau membaca data
dari DD RAM atau CG RAM. Ketika data ditulis ke DD RAM atau CG RAM
maka DR akan secara otomatis menulis data ke DD RAM atau CG RAM dan data
pada DD RAM atau CG RAM hendak dibaca maka alamat data ditulis pada IR

sedangkan data alamat dimasukkan melalui DR dan mikroprosesor membaca data

dari DR.
Tabel 2-7 Tabel Register Seleksi
RS R/W OPERASI
0 { Seleksi IR, IR Write Display Clear
0 _ 0 Busy Flag (DB7) @counter (DB0-DB7)
' Read
B 1 0 Seleksi DR, DR Write
1 1 Seleksi DR, DR Read

( Sumber : LCD Manual Book )




2.3.2.2 Busy Flag

Busy Flog menunjukkan bahwa modul sigp untuk menerima instruksi
sclanjutnya Sebagaimana yang lerlihat pada table register seleksi sinyal akan
melalui DB, Jika RS = 0 dan R/W = 1. Jika bernilai 1 maka modul sedang
melakukan kerja internal dan intruksi tidak dapat diterima. Sehingga status dari

flag ini harus diperiksa sebelum melaksanakan intruksi selanjutnya.

2.3.2.3 Address Counter

AC menunjukkan lokasi memori dalam modul LCD. Pemilihan lokasi
alamat itu diberikan lewat registerintruksi (IR). Ketika data ada pada A, maka AC

secara otoimatis menaikkan atau menurunkan alamat tergantung dari Entry Mode
-geill

2.3.2.4 Display Data RAM (DD RAM)

Pada LCD masing-masing line mempunyai range alamat tersendiri.
Alamat ini diekspresikan dengan bilangan Hexadecimal, Untuk itu | range alamat
berkisar 00H-OFH sedangkan untuk line 2 range alamat berkisar antara 40H-4FH.

2.3.2.5 Character Generator ROM (CG ROM )

CG ROM mempunyai tipe dot matrik § x 7 dan data pada LCD telah
tersedia ROM sebagai pembangkit Character dalam kode ASCII.
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2.3.2.6 Character Generator RAM (CG RAM)

CG RAM digunakan untuk pembuatan karakter tersendiri melalui

FII'UEI'H]TL
Tabel 2-8 Fungsi Terminal Pada LCD
Nama Jml 1/0 | Tujuan Fungsi
Signal Term
DB0-DB3 4 YO | MPU | Sebagai lalu lintas data dan
intruksi ke atau dari MPU
Low Byte
DB4-DB7 4 /o MPU | Sebagai lalu lintas data atau
| intruks: 2 arah upper byte,
| DBY sebagai busy flag
E 1 I | MPU | Sinyal Start (read/write)
R/W 1 I MPU | Seleksi Sinyal
0 = write
| 1 =read
RS ! I I MPU | Seleksi Register
VLS | = PS | 0= intruksireg (wr)
Busy flag addr counter (rd) |
1 = data reg (wr dan rd)
7 ] - PS | Mengatur Tampilan LCD
Vss | 1 - PS +5 volt

( Sumber : LCD Manual Data Book )
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2.4 Transistor

Trunsistor adalah suatu komponen aktif yang dibuat dari bahan
semikonduktor. Apabila kita mendoping semikonduktor untuk mendapatkan
kristal NPN atau PNP, maka kristal seperti i disebut Transistor Junction. Daerah
tipe N mempunyai banyak sekali elektron pita konduksi dan daersh tipe P
mempunyai banyak hole. Jadi transistor junction mempunyai dua macam
pembawa muatan yaitu clektron bebas pada daerah N dan hole pada daerah P.
Oleh karena itu transistor junction disebut juga transistor dua kutub (hipolar).
Transistor bipolar ada dua macam vaitu transistor Jenis NPN dan PNP, Adapun

simbol dari kedua transistor seperti pada gambar 2.12 berikut ini :

C C
I
L E

Transistor PNP Transistor NPN
Gambar 2-13. Simbal Transistor Bipolar
Daerah kerja dari transistor terbagi menjadi tiga yaitu : daerah kerja cut

aff. daerah kerja saturasi dan daerah kerja aktif,
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Uniuk lebih jelasnya mengenai dacrah kerja Transistor dapat dilihat pada gambar

2.13, dibawah ini ;

L]':

sllUTEE

Ih =Ty

& The = Fh g

\_{\B I

1,v
/
f(
A

3]
R \.: b =0 (Cur O

Ve

Gambar 2-14, Garis Beban Transistor 1©

A = Penjenuhan (saturasi)
B = Titik Kerja
C = Titik Sumbat (Cut Off)

Untuk garis beban diperoleh dengan persamaan ;

Vee=lo. Re+ Ve

Saat cur 0ff Ta =0 | schingga -

lc = Bae . [n
_ Vee—Vbe
e _YeE
Rb

Ver ooy = Yec (pada titik A)

Saat saturasi, maka Iy = In 4, schingga ;

¥ .
l{"{“il:l= g { titik E-}




Jika arus basis lebih besar atan sama dengan lp saturasi, titik kerja Q
berada dalam ujung atas dari garis beban, maka transistor seperti sebuah saklar
tertutup. Sebaliknya, jika arus basis nol, transistor bekerja dalam ujung bawah dari

gatis beban, dan transistor seperti sebagai suklar terbuka .

Daerah Kerja Transistor

Berdasarkan pada teori di atas maka dapat dilihat bahwa transistor
mempunyal 3 daerah vairu : Basis, Kolektor dan Emilor. Pada transistor NPN
mempunyal dua junetion . yaitu jurction antava Emilor dan Dasis serta function
antara Basis dan Koleklor, Oleh karena itu, transistor bersifut seperti dua buah
dioda. Sedangkan pada transistor PNP adalah kebalikan dari transistor NPN

khususnya untuk karakteristik arus dan tegangannya.

2.5  Light Emitting Dioda ( LED )

Sesuai dengan namanya LED digunakan untuk menghasilkan emisi. Emisi
tergantung dari bahan yang menyusunnya misalnya untuk LED berbahan Galium
Arsenid ( GaAs ) mempunyai panjang gelombang 940 nm sedangkan untuk
herbahan Calinm Alumunium Arsenid ( GaAlAs ) dengan panjung gelombang
880 nm schingga lebih cfisien dan meningkatkankepekaan sistem dibanding
dengan GaAs.

LED biasanya digunakan dalam rangkaian dengan daya kcluaran scbesar 2
sampai 7 mV . Dengan arus maksimum 100 mA serta tegangan rata-rata pada

LLED 1.1 Volt. Dengan penurunan rumusnya adalah:
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| —_ e

....................... — e 2.30
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Gambar 2-15 Simbol Infra —merah

2.6 Fotodioda

Yotodioda adalah piranti detector peka cahaya yang tersusun dari
sambungan semikondukior pn  yang bekerja pada arus balik . Forwodioda
merupakun salah satu fotodetektor , yaitu optoelektronika yang dapat mengubah
cahaya datang menjadi besaran listrik.
Pada fotodioda terdapat sebuah jendela yang memungkinkan cahaya untuk masuk
melalui pembungkus dan mengenai persambungan pn , maka jumlah elektron —
elektro valensi semakin besar yang berarti jumlah pembawa minoritas menjadi

bertambah banyak yang mengakibatkan semakin besar arus baliknya.

Gambar 2-16. Fotodioda
a4




2.7 Penguat Operasional (Operational Amplifier)

Penguat opcrasional adalah chip yung umumnya digunakan untuk
penguatan sinyal dan nilai penguatannya dapat dikontrol melalui penggunaan
resistor dan komponen lainnya. Umumnya op-amp terdiri dari doa input dan satu
output, Pemakaian penguat operasional digunakan untuk menperkuat sinval dari
transducer (sensor) (anpa menpengaruhi ketelitian sensor, sebab impendasi
inputnya sangat linggi sehingga dapat dianggap tidak menyerap arus pada
masukannya. Mutu penguatan itu tergantung dari dari mutu Op-Amp yang
digunakan. Selain itu keicpatan penguatan Op-Amp dipengaruhi ketepatan dan

mutu komponen pendukung yang digunakan.

VeC(+)

Input @—

Input @

VIOC(-)

Gambar 2-11. Rangkaian Dasar Op-Amp ¥

Pada gambar 2.11. diatas menunjukkan bahwa Op-Amp menpunyai input
yang berfungsi sebagai masukan pembalik (inverting) dan masukan tak membalik

(hon inverting).
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BAB I

PERENCANAAN DAN PEMBUATAN ALAT

3.1. Pendahuluan
Bagian ini menjelaskan tentang perencanaan dan pembuatan alat warning

0il dan putaran mesin ( rpm ) berbasis mikrokontoller AT89S8252

SENSOR Pengkondisi
Infra merah [~ sinyal ]
o ISD
SENEOR Pengkondisi MIKRO
Infra merah [ sinyal | KONTROLLER
ATRORE2S52
Tombosl |

pilihan ’—_.

Gambar 3-1 Blok Diagram Rangkaian
Sesiem ini secara umum dapat dibagi menjadi dua bagian besar yaitu
bagian mengukur jarak tempuh dan menghitung jumlah putaran mesin { rpm ).
Dari gambar blok diagram di aws dapat dijelaskan fungsi dari masing—masing
blok, antara lam :
e Mikrokontroller AT89S8252
Berfungsi sebagai pengendali keseluruhan sistem.
Mikrokontroller skan memproses input yang telah diberikan dan

mengendalikanoutput,




* ISD
Berfungsi sebagai perekam dan memutar kembali suatu pesan pendek
kedalam Chip.
¢ COptocoupler
Sebagai pendeteksi pulsa-pulsa yang dihasilkan oleh putaran mesin.
* Kevpad
Sebagai masukan data, untuk mengatur menu dan data pada MCU
s LCD
Sebagai tampilan dari RPM putaran mesin pada coil.
s  Sensor Putaran
Sensor putaran yang dipakai adalah infra merah sebagai pemancar dan

fhoto dioda sebagai penerimanya,

Prinsip kerjanya :

Pertama-tama menyalakan / mengaktitkan mesin sepeda motor maka
dengan begitu koil akan ikut berputar. Kemudian perputaran koil tersebut akan
diditeksi oleh sensor putaran yang akan mendeteksi putaran rpim / mesin kemudian
sensor akan mengirim pulsa ke mikrokontroler dan oleh mikrokontroler akan
diolah kemudian akan dikirim ke LCD untuk menampilkan angka yang diditeksi.

Kemudian proses kedua sensor awtocopler akan mendeteksi jarak yang
ditempuh sesuai dengan inputan dari kypel , berapa jarak yang ditentukan untuk
penggantian oli sesuai dengan mutu dari cli. Lalu sinyal dari sensor tersebut akan
dikirim ke mikrokontroler dan oleh mikrokontroler diteruskan ke lampu indikator
dan ISD) sebagai peringatan kepada pengendara sepeda motor.
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Reset digunakan apabila oli mesin telah diganti, maka dengan menekan

tombol reset secara olomatis agar yang tampil pada rpm akan kembali ke 0 lagi
dan siap untuk digunakan lagi.

3.2 Perencanaan Perangkat Keras
Bagian ini menguraikan perencanaan perangkat keras vang meliputi
perencanaan :
1. Sistem Mikrokontroller AT§958252
2. Amarmuka Mikrokontroller ke keypad

3. Antarmuka Mikrokontroller ke modul LCD

32.1 Sistem Mikrokontroller AT89S8252

Gambar 3-2 menunjukkan rangkaian mikrokontroller AT89S8252 yang
akan diantarmukakan ke keypad, modul kartu debet, modul LCD dan transceiver
saluran transmisi RS-485. Pada masing-masing blok memiliki rangkaian yang

sama, hanya pada blok dapur tidak dipasang modul kartu debet.

E@m‘; o - Eo
o) 5 [y s 3 7 OgE S e . S
i e L.. At posgoe [
— 13 Folfarml Lo
% — "3 T
i i ENET |- PLIER  FUMATS)
—f ¥l FUA(RIH —i
amat ‘T Fl a0 PR AL =
; L 2 o A
TR ='_ IO (RET) ErATF qi
2 1] PILIETY  simgmoa .ol
PR - 1.5 P S 15— BT e
! Eim B th
TOMERCIL L —n
il e Nt Fl Sphly
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= — 2 TRD b ETETY
GHA‘ HIndd FIE I8
HiEkils F
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Gambar 3-2 Rangkaiard Mikcokontroller ATB9S8252




Rangkaian yang mendukung mikrokontroller ada dua, vaitu rangkaian ¢lock dan
rangkaian reset. Kristal dengan frekuensi 11,0592 Mhz serta dua buah kapasitor

30pF ( sesuai dengan datasheet AT89SR252 ) digunakan untuk menggerakkan

osilator internal

oz
-—il—l— HTALZ
]
A I
1 XTAL1

; GND

Gambar 3-3 Rangkuaian Pewaktuan dengan Osilator Internal
Untuk mereset mikrokentroller, pin RST harus diberi logika tinggi selama
sekurangnya dua siklus mesin ( 24 periode osilator ). Unwk membangkitkan
sinyal reset pads saat awal catu daya vang dihidupkan, suatu reset otomatis dapat
dilakukan dengan menghubungkan pin RST ke rangkaian Power-On Reser,
Rangkaian Power-On Reser ditunjukkan dalam gambar 3-4.

e =

L1
1

Gambar 3-4 Rang}aiﬂn Power-On Reset




Pemberian cau daya pada mikrokontroller lanpa suatu sinyal reset dapat
menyebabkan CPU memulai eksekusi intstruksinya dari lokasi yang tak tentu. Ini
disebabkan karena Program Counter tidak terinisialisasi Dengan adanya
rangkaian reset, pin RST akan ditahan dalam kondisi logika tinggi selama selang
beberapa saat tergantung nilai kapasitor dan resistor yang mempengaruhi jangka
waktu pengosongan muatan kapasitor, Jangka walktu pengosongan muatan C yang
masih dalam level logika 1 dapat dihitung dengan persamaan berikut.
Dalam sistem mikrokontroller ini direncanakan penggunaaan port vang tersedia
sebagai !

[.Port 1.0 s/d Port 1.3 sebagai jalur data untuk LCD.

2.Port 1.4 sebagai relay.

3.Port 2.0 s/d port 2.7 sebagal jalur data untuk keypad.

4.Port 3.0 sebagai jalur data R§-232

Port 3.1 sebagai jalur data RS-

32.2 Rangkaian Antarmuka Moedul LCD ( Liguid Cyrstal Display )

Sebagai unit keluaran system mikrokoniroller, port 1 digunakan sebagai
jalur data bagi penampil LCD. Dalam aplikasi ini tidek dilakukan operasi
pembacaan dari register intruksi internal ataupun register data internal modul
LCD, Oleh karena it jalur kontrol R/W dihubungkan langsung ke ground
sehingga mode operasi yang dilakukan selalu operasi penulisan ke register
instruksi maupun register data infernal modul LCD,

Rangkain antarmuka LCD ditunjukkan dalam gambar 3-6. Dengan

mengubah nilai Ve menggunakan potensiometer P1 akan diperoleh tingkat
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kecerahan yang berbeda pada tampilalirﬁ LCD. Dioda D1 dipasang antara V.. dan
terminal BL~ untuk mencatu lampu latar tampilan LCD pada tegangan 4.3V, Bila
LCD yang digunakan tanpa backlight, dioda tigak perlu dipasangkan

L =]

—_———
Cs T M ATHIR LoD
XA THARACTER TYRE biie3a

= E-El-u SEEBEERE -
[

T I nig]

| s [

tma LT T

—fEmTr [ e
= — CEm TS,

R

Gambar 3-5Rangkaian Antarmuka Modul LCD
3.2.3. Sensor Infra Merah

Unwk mengaktifean Kapan kontrol akan bekerju adalah dengan

menggunakan sensor infra merah sebagai pemancar dan Fhoto dioda sebagai

penerimanya.

=5 +5

R=10K
R=220

Pemancar Fenerima

Gambar 3-6 Rangkaian Sensor Infra Merah
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Dari pambar rangkaian inlta merahdi atas, saat pemanecar infra merah high
memerlukan arus ( Lig ) sebagal 20mA dan tegangan ( Vix) sebesar 1.2 volt

sehingga dapal dihitung besarmya R; sebagai berikut :

VeV,

il

R

= 190 Ohm
Dikarenakan sulit untuk mencari nilai resistor 190 ohm, maka dipilih harga
resistor 220 ohm yang tersedia dipasaran,
Dan untuk nilai dari R; :
IC=0,5.10"mA
Vepsar=0,1
-Vee+le.Re + Vepsar=10
5+05.107 Re+0,1=0

0.5mA . Rc=35,1
L |

Re= -I}-:j_
Rc=102K

Dikarenakan sulit untuk mencari nilai resistor 10,2K, maka untuk R2 dipilih harga

resistor 10K yang tersedia dipasaran.
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3.2.4. IC Voice/Perekam ISD 1420P

Peralatan penyimpan informasi suara, 1SD 1420P mempunyai kualitas
yang
bagus, dengan durasi penyimpanan 60 detik Rangkaian alat dapat dilihat pada

Gambar 3.4 di bawah i1

- e Vet Ao |—1
e 15— ok a3
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Gambar 3-7 Rungkaian ISD 1420P

Peralatan CMOS yang ada didalamnya adalah chip escillator, microphone
preamplifier, wutomatic gain control, antialiasing filter, smovthing filter, dan
speaker amplifier. ISD 1420P adalah kompatibel dengan mikrokentroler. Alamat
dan jalur kendali dapat di hubungkan dengan mikrokontroler, sehingga
mengijinkan penyimpanan dan pengalamatan yang komplek. Perekaman disimpan
dalam suatu chip yang tidak mudah berubah dalam ce/l memori. Sinyal suara
audio disimpan secara langsung ke memori pada tempat naturalnya dengan
kualitas suara yang bagus.

Dengan memanggil alamat-alamat data yang diinginkan maka terbetuk

kalimat-kalimat dari penggalan-penggalen kata-kata yang sudah dialamati.




3.2.5 Perhitungan Pengkalibrasian { Jarak Tempuh )

Setiap motor memiliki ukuran roda yang berbeda-beda sesuai dengan jenis
kendaraan .Disini saya memakai motor dua tak dimana diameter rodanya
53cm schingga kita dapat mengetahui banyaknya putaran roda dalam jarak
yang ditempuh

Diameter = 53cm

Keliling = 3,14 , 53 = 166,42 em
sehingga roda dalam satu putaran menempuh jarak 166,42em atau
1.6642m
Sehingga dalam 3 putaran menempuh jarak

1,6042 , 3 = 4,9926 m dibulatkan menjadi 5 m
Dari perhitungan diatas maka kita peroleh untuk menghitung jumlah
putaran dalam perhitungan penggantian oli dapat dilatung
s Lintuk jarak tempuh 1500 km

Jumlah putaran = (1500 km / 5). 3 = (1500.000 m /5 ). 3
=300.000 . 3 = 900.000putaran

. Untuk jarak tempuh 2000 km
Jumlah putaran = (2000 km / 5). 3 = (2000.000m / 5).3
= 400.000 , 3 = 1200.000putaran
. Untuk jarak tempuh 2500 km
Jumlah putaran = (2500 km / 5). 3 = (2500.000m / 5). 3

= 500,000 , 3 = 1500.000putaran




Dari perhitungan diatas dalam pembuatan alat saya mengugunakan sekala 1 ;
100.000

Sehingga dalam 3 putaran menempuh jarak 500 000m

Maka yang di peroleh dalam jarak tempuh 1500km

Jumlah putaran = (1500 km / 500km), 3 = (1500.000 m /500,000 ). 3
=13 .3 =9putaran

Untuk jarak tempuh 2000 km
Jumlah putaran = (2000 km / 500km), 3 = (2000.000m / 500.000). 3
=4 .3 = 12putaran
Untuk jarak tempuh 2500 km
Jumnlah putaran = (2500 km / 500km), 3 = (2500.000m / 500.000), 3
=2 .3 = 15putaran
Sehingga nilai erormya
¢ Untuk jarak 1500km
Jarak sebenarnya=Y00.000 . 1,6642 = 1497780 m = 149778 km
Nilai eror = (1500.000 — 1497.780) . 100% / 1500.000
= 2220, 190% / 1500.000 = 0,148 %
*  Untuk jarak 20600km
Jarak sebenarnya = 1200.000 . 1,6642 = 1997.040m = 1997,04 km
Nilai eror = ( 2000.000 - 1997.040 } , 100% / 2000.000
=2960 . 100 % / 2000,000 = 0,148 %
+  Untuk jarak 2500km
Jarak sebenamya = 1500.000 . 1,6642 = 2496,300m = 2496,3km
Nilai eror = { 2300.000 —2496.300 ) . 100 % / 2500.000

=3700. 100 %/ 25(&(,}%“ = 0,148




3.3  Perencanaan Perangkat Lunak / Software

Untuk pemakaian mikrokontroller di dalam  suatn  sistem, perlu
direncanakan perangkat lunak mikrokontroler yang dapat mengatur system
tersebut. Perangkat lunak disini adalah susunan perintah-perintah { program ) di
dalam memon yang harus dilaksanakan adalah mikrokentroler. Di dalam suatu
mikrokontroler memori merupakan suatu fasilitas utama karena disinilah disimpan
perintah-perintah yang harus dijalankan. Memori disini dapat dibedakan menurut
fungsuinya menjadi memori program dan memori data.Mak perlu dibuat sebuah
program yang mengendalikan setisp proses yang akan dilakukan oleh
mikrokontroller . Metode yang digunakan dalam pembuatan perangkat lunak ini
didasarkan pada studi Literatur dari buku-buku dan Literatur mikrokontroller
Atmel B958252. Program ( software ) ditulis dengan sembarang pengolah kara
(teks) dan disimpan dengan H51 atau ASM. Pembuatan perangkat lunak
menggunakan teknik pengolahan dengan bahasa pemrograman Asyembly dengan
menggunakan konsep-konsep pemrograman yang efesien, selanjutnya dievaluasi
dan di-download kedalam EPROM mikrokontroller 8958252 menggunakan
experimeter 8958252,

Perencanaan perangkat lunak ( software ) didasarkan perencanaan
perangkat keras yang telah dibuat sebelumnya, untuk mendapatkan system  kerja

yang diharapkan,
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Mesin berputar / kipas
mesin berputar
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mendeteksi putaran
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Gambar 3 - 9 Flowchart Putaran Mesin

( Rpm )
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Mesin berputar / kipas
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End

Gambar 3 = 9 Flowchart Putaran Mesin

(Kpm )
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BAB IV
PENGUJIAN ALAT

Dalam bab imi akan dibahas temtang pengujian alar yang telah dibuat
berdasarkan perencanaan dan pembuatan. Maksud dan tujuan pengujian alat ini
adalah untuk mengetahui apakah alat yang tclah dircncanakan dan dibuat dapat
bekerja dengan baik juga untuk mengetahui kerja darl masing-masing blok,
schingga dapat diketahui kepresisian kerja dari alat vang telah direncanakan
secara umum , dari pengujian tersebut adalah sebagai berikut
1. Mengetahui proses kerja dari masing-masing rangkaian
2, Memudahkan spesifikasi alat
3. Memudahkan perawatan dan perbaikan apabilah sewaktu-wakm terjadi

kerusakan

4.1. Pengujian Sensor Infra merah

¢ Tujuan
Mengetahui tegangan pada sensor infra merah saat phototransistornya
terkana dan tidak terkena sinar led.

s  Alat dan Bahan
1. AVO meter digital
2. Rangkaian sensor infra merah

o Langkah pengujian dan pengukuran
1. Mengaktifkan semua peralatan vang dibutuhkan.
2. Mengukur tegangan sensor infra merah pada saat photo transistor

terkena cahava led.
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3. Mengukur tegangan sensor infra merah pada saat photo transistor

tidak terkena sinar led.

Gambar 4-1 sensor infra merah ditempatkan pada roda yang dipakai untuk jarak

tempuh (warning oif system)

Gambar 4-2 sensor infra merah ditempatkan pada kipas mesin dipakai untuk

menghitung banyaknya putaran mesin per menii ( rpm )

Al




Hasil Pengukuran
Hasil pengukuran pada sensor infra merah yang dipakai untuk jarak
tempuh ( warning oil system )

Tlegangan pada pemancar ; 1,89 Volt

Tegangan pada saat tidak terhalang : 5,04 Vol

Tegangan pada saat terhalang : 0,131 Volt

Gambar 4-3 Pengukuran Tegangan

( saatl sensor terhalang )

Gambar 4-4 Pengukuran Tegangan

( saat sensog fidak terhalang )




Hasil pengukuran pada sensor infra merah yang dipakai untuk
menghitung banvaknya putaran mesin per menit { rpm )

Tegangan pada pemancar ; 1.89 Volt

Tegangan pada saat tidak terhalang : 4.87 Vol

Tegangan pada saat terhalang : 3,6 Volt

Gambar 4-5 Pengukuran Tegangan

{ sant scnsor terhalang )

(zambar 4-6 Pengukuran Tegangan

( saat sensor tidak terhalang )
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4.2,

Analisa Hasil

Tegangan pada led sebagai pemancar sinar  ataupun  pada
phototransistor  dipengaruhi  ketidak  idealan komponen yang
menyehabkan tegangan pada pemancar tidak bisa sesual dengan
perancangan alat. Walaupun tegangan pada phototransistor saat
terkena sinar led tidak sebesar 5 voll ataupun pada szat tidak terkena
sinar tidak bisa mencapai 0 volt, tetapi hal ini tidak mempengaruhi
data pembacaan logika pada sensor infra merah. Pada saal tegangan
bernilai 4,45 volt dan 4,67 volt, logika sensor inframerah adalah 1 dan

berlogika 0 saal tegangan 3,24 voll dan 3,26 voll

Pengujian Penguat Sinyal

Tujuan

Untuk mengetabui besarnya penguat sinyal vang dikuatkan oleh
rangkaian penguat sinyal

Peralatan yang digunakan

1. Power supply

2. Rangkaian penguat sinyal

3. AVO meter digital

4, Kabel jepit buaya
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Hasil Pengujian
Tabel 4-1 Hasil pengujian pada penguat sinyal untuk pengukuran jarak

tempuh ( Warning oil system )

Tegangan Input Tegangan Output
3.24 o
4.45 5

Tabel 4-2 Hasil pengujian pada penguat sinval untuk putaran mesin

(rpm)
Tegangan Input Tegangan Output
3.26 0
4.67 3

Gambar 4-7 Rangkaian penguat sinyal
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»  Analisa Hasil
Dapat dilihat dari tabel diatas dari hasil pengukuran penguat yang
dilakukan cleh rangkaian penghuat sinyal ini adalah dikisaran kurang

dari empat adalah nol dan lebih dari empat adalah lima

4.3. Pengujian IC penyimpan Suara ( ISD 1420P )

* Tujuan
Tujuan dari pengujian IC ini adalah untuk mengetahui apakah ISD
1420P bisa melakukan perckaman suara dengan baik ataukah tidak.

= Langkah Pengujian
Lamanya perekama akan menentukan banyaknya alamat vang dipakai
oleh ISD 1420P, semakin lama perckamannya maka alamal yang
dipakai semakin banyak. Jika ISD 1420P dipakai untuk merekam suara
lebih dari satn maka lamanya perekaman tidak boleh melebihi atan
masuk pada alamat suara berikutnya Jkarena suara yvang tclah dirckam
akan tergeser pada alamat berikutnya dan otomatis suara vang telah
direkam akan terputus.

Tabel 4-3 Pemilihan alamat untuk merekam kata-kata

Alamart Kata yang direkam

00000000 ( 011) Waktu penggantian ofi
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Gambar 4-8 Rangkaian [SD 1420P

« Hasil Pengujian I1SD 1420P
Dari hasil pengujian diperoleh hasil perekaman suara melalui sebuah
speker apabila suara vang direkam dari mic condensor, berarti IS
telzh bekerja dengan baik.

4.4, Pengujian Rangkaian Tampilan LCD

o Tojuan
Untuk mengetahui kemampuan rangkaian tampilan yang sudah dibuat
apakah dapat mendukung system yang direncanakan untuk
menampilkan data pada LCD

« Peralatan yang dibufuhkan untuk pengukuoran

. Tacho Meter
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s Hasil Pengukuran

Hasil pengukuran dari Tacho meter digital dengan Tampilan LCD sebagai

berikut:
HasilPengukuran Tampilan LCD

j { Rpm } { Rpm )

f 2235 2230
1994 1990
1516 1510
1450 1441
1336 1330 |
1091 1090
912 910
761 _ 760

|

Sehinggu kita peroleh nilai eror dan keseluruhan didapat:

Fror =(0,224+ (1,201 + (1624 + (1451 +0.091+0.21 +0.131) %/ 8

=1,932/8

=0.2415 %
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s s |
Gambar 4-9 Mengukur putaran Mesin { kipas mesin )

Gambar 4-10 Nilai yang ditampilkan LCD
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¢ Hasil dan Analisa

Dari hasil pengujian dapat dilihat babwa rangkaian tampilan dapat

beketja dengan baik

Gambar 4-11 Tampilan LCD

dengan tiga pilihan jarak tempuh untuk penggantian oli

Gambar 4-12 Tampilan LCD

Dengan jarak tempuh 1500 Km untuk penggantian oli
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Gambar 4-13 Tampilan LCD

Dengan jarak tempuh 2000 Km untuk penggantian oli

Gambar 4-14 Tampilan LCD

Dengan jarak tempuh 2500 Km untuk penggantian oli
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4.5. Gambar Alatl Serta Alat Pendukungnysa

Gambar 4-15 Power Kontrol

Sebagai pengatur kecepatan Mesin ( kipas mesin )

Gambar 4-16 Perangkat Keras (Dari Samping)
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Gambard-18 Alal Keselurahan
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Spesifikasi :

5

It

Ukuran alat dengan panjang + 1 meter.,

Dengan lebar alat + 21.5 em.

Dengan tinggn alat + 58 em.

Memakai tegangan schesar 5 Voll, dengan tampilan 1L.CD 162A dan
rekaman suara sebagai peringatan (1S 1420P).

Dengan tipa tombol pilihan sebagai pilihan untuk jarak tempuh
pengaantian oli.

» [ilihan 1 dengan jarak tempuh 1500 Km untuk penggantian oli.

e Pilihan 2 dengan jarak tempuh 2000 Km untuk pengeantian oli.

¢ Pilihan 3 dengan jarak tempuh 2500 Km untuk pengpantian oli.

Setelah penggantian oli tekan tombol restarr terlebih dahulu. setelah im
baru memulih tombol pilihan sesuai keinginannya serta disesuatkan dengan
kondisi dan mutu oli vang akan dipakainya.

Dalam tampilan LCD disertal dengan putaran mesin (RPM).

Suara peringalan akan berbunyi saat mencapai jarak vang ditempuh (jarak

tempuh vang dipilih).

63




5.1.

BAB Y
KESIMPULAN DAN SARAN
Kesimpulan

Dari hasil perancangan dan pembuatan melomatic warning oil system dom

kccepatan putaran mesin pada scpeda motor berbasis mikrokontroller ATB958252,

maka dapat disimpulkan sebhagai berikut :

Rangkaian Liquit Crystal Display ( LCD ) digunaksn untuk menampilkan
perhitungan pularan mesin (rpm) wakiu mesin hidup dan jarak tempuh wakin
kendaraan mulai start.

Hasil pengujian menunjukckan bahwa alat mampu bekerja dengan baik yaitu
dengan menampilkan jarak tempuh kendaraan dan jumlsh putaran mesin
(rpm).

Nilai jurak tempuh dengan jarak sesunggunya memiliki nilai selisi 0,148 %
dan untuk jumlah putaran mesi (rpm) vang ditampilkan oleh LCD dengan
pengukuran memiliki selisih 0,2415 %

Bahwa suara yang tersimpan dalam ISD dapat dikeluarkan setelah suara diisi
terlebih dahulu dengan modul ISD.

Suara keluaran dari speker yang dihasilkan sesuai dengan keinginan , sehingga

diharapkan bisa menjadi pengingat kepada pemakai kendaraan.
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5.2 Saran

Saal penggantian oli kita bisa memeriksa lingkat kekentalan oli dimana
tingkat kekertalan oli diatas jauh dari ukuran standamya oli yang barw
Dilihat dari wama oli yvang jelek wamanya sangat hitam apalag
mengandung  gram  besi  harus  segera  menggantinya  Karena
dapatmengakibatkan kerusakan pada silinder mesin dan bagian lainnya.

Oli vang baik harus memiliki daya kepekatan yang bagus terutama dalam
suhu yang tinggi . bila dalam suhu 100 "C kondisi oli harus memiliki daya
kepekatan yang hampir sama dengan kondisi biasa . Dari kondisi suhu
yang panas kita bisa mengetahui adanya unsur-unsur lain atau oli palsu
karena dalam keadaan panas oli tersebut kekemalanmya akan cepat
berubah tidak sesuai dengan kondisi semula.

Dalam rancang bangun suatu peralatan hendaknya direncanakan secara
matang dengan memperhatikan keterbatasan ketrampilan dan pengalaman
vang dimiliki serta peranan dan prasarana yang dibutuhkan.

Sebaiknya pada sensor diberi kotak pelindung agar tidak terkena sinar
mataharl karena mempengaruhi pada sensitifitas sensormya.

Dalam pengoperasian alat hendaknya diperhatikan cara pengoperasian
yang benar karena akan memberikan hasil yang maksimal sesuai dengan

vang diharapkan.
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oli

org 00h
Sensor_rpm bit P3.1
sensor_jarak bit P3.0
data_rpm egu 20h
data_jarak eou 22h
Mo data_jarak,#0
mulad:
o TMOD, #01h
mov data_rpm,#0
rpm:
Moy ro, #20
timel:
mov tho, #03ch
moy t10,#0b0hk
seth trd
ulang:
jnb SEensor_rpm, counter_up_rpm
Toop: jnb sensor_jarak, counter_up_jarak
inb tfo,ulang
glr tri
clr tf0
dinz ri, timel
mow p0,data_rpm
mow p2,data_jarak
jmp mulai

; data rpm disimpan di data_rpm
counter_up_rpm:

jnb sensor_rpm, %

inc data_rpm

jmp ulang
counter_up_jarak: )

jnb sensor_jarak.$

inc data_jarak

imp lagp

end

Fage 1




org 00k

awal;

Sensor_rpm

sensor_jarak

rs

s

e?c

play

data_led

data_rpm

data_jarak
seth
seth
Moy
moy
call
moy
call
Mo
call

tomball: jb

5jmp
tombol2: jg

sjmp
tombol3; j%
simp

mulaiz mov
M
timel: mov
Moy
) geﬁh
ulang: n
Toop: %nb
jnb

clr
clr
dinz
call
Mmep
gaT1
Jmp
counter_up_rpm:
inb

inc
jmp

bit P3.1
bit P3.C
bit p2.c
bit p2.7
bit pZ.1
bit p2.C
agu pl
aqu 20h
equ 22h
a0Cc

play
TMOD , #01h
data_jarak, #0
inisial 3

dgtr,#pﬁ1ihan
%
dgtr.#pi1ihan2

®
p3.7,tombol2
mulai

p3.6, tombol 3
mulai?
p3.5,tomboll
mulad3

data_rpm, #0

r0,#20

thQ,#03ch

£10, #0b0h

tri

Sensor_rpm, counter_up_rpm
sensor_jarak,counter_up_jarak
tf0,ulang

trd

tf0

rd,timel

bandingkan_rpm
a,data_jarak
bandingkan_jarak

mulad

sensor_rpm, $

data_rpnm
ulang

counter_up_jarak:

inb
inc
§311

timeZ: mov
mav
seth

ulangz: jnb

loopZ: jnb
jnb
clr
clr
dinz
call
mowv
call

sensor_jarak, %
data_jarak
bandingkan_jarak
loop

T il i A Rt o g T i 1 il e e e e it

data_rpm, #0
r,#20
thit,#03ch
1, #0boh
trl
sensor_rpm, counter_up_rpm2
sensor_jarak, counter_up_jarak?2
tf0,ulang?
tro
tf0
ri,time
bandingkan_rpm
a,data_jarak
bandingkan_jarak2
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Jmp

counter_up_rpma:

]nb
'II"II'..'.
imp

mulaiz

sensor_rpm, S
data _rpm
ulang2

counter up_JarakE

inb
1nc
call

Jnp

mu1a13' Mo

time3d: mov

ulang3: jn
loop3: 7Jnb

L [
dinz
call
mo
call
Jmp

counter_up_rpm3:

jnb
inc

Jmp
counter_up_jarak3:

an
inc
call

jmp

sensor. jarak, $
data_jarak
bandingkan_jarak?2
ToopZ

data_rpm,#0
rd,#20
thit,#03ch
10, #0b0h
tri

oli_2

SENsOr_rpm,counter_up_rpm3

sensar_Jarak counter_up_jarak3

tf0,ulang3

tri

tf0

rd, timed
bandingkan_ram
a,data_jarak
bandingkan_jarak3
mulail

sensor_rpm, 3
data_rpm
ulang3

sansor_jarak,§
data_jarak
bandingkan_jarak3
Toop3

Eperbandigan rpm

Eandingkan_rpm: call

Mo

rpml: cjne
call

sjmp

rpma: cine
ga11

3 Jmp
rpm3; cine
call

s jmp

rpmd: cine
call

; sjmp
rpm3: cine
call

sjmp

rpmbG; cine
call

simp

rpme cine
ga11

g Jmp
rpmB: cjne
call

a,data_rpm
a.#2ah,rpm2
Ted 1
rpmé
a.#29h,rpm3
Ted 2
rpm3
a,#28h, rpm4
Ted 3
rpmd
a,#27h,rpms
Ted 4
rpms
a,#26h, rpmb
Ted 5
rpmé
a,#25h, rpm?
1ed_6
rpmy?
a,#24h, rpm8
1cd 7
rpma
a,#23h, rpm9
Ted 8
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rpma:

rpmld:
rpmll:
reml2:
rpml3:
rpmld:
rpml5:
rpmle:
rpml?:
rpml8:
rpmlS:
rom20:
rpm2l:
rpm22:
rpm23;
rpm2d:
rpm25:
rpm2e:
rpm2 7
rpmz&:
rpm29;

rpm30:

sJmp
cine
call
simp
cine
call
sjmp
cine
call
simp
cine
9311
Jmp

cine
call
sjmp
cjne
call
s jmp
cjne
call
simp
cine
call
simp
cina
call
Jmp

cjne
call
s]mp
cne
call
sjmp
cine
call
s]mp
cjne
call
sJmp
cjne
call
Jmg

cjne
call
sjmp
cjne
call
symp
cjne
call
sjmp
cine
call
sjmp
cine
call
jmp

cine
call
simp
cine
call
sjmp
cine
call
simp

rpme

a,#22h, rpml0
Ted 9

rpmld
a,#21h,rpmll
lcd_10

rpmll
a,#20h,rpml?2
Ted_11

rpml2
a,#1th,rpml3
Ted_12

rpml3
a,#leh, rpml4
lcd_13

rpml4
a,#1ldh, rpml5
led_14

rpmls
a,#lch, rpmlé
Ted_15

rpml6
a,#1bh, rpml?
Ted_16

rpml?
a,#lah, rpmlB
Ted_17

rpml8
a,#19% , rpm19
Ted 18

rpml9
a,#¥18h, rpm20
Ted_19

rpm20
a,#17h,rpmi1
lcd_20

rpm21
a,#16h, rpm22
Tod_21

rpm22
a,#15h, rpm23
Ted 22

rpm2 3
a,#ldh, rpma24
1Cd533

e
a?glﬂh,rmeS
Ted 24

rpm25
a,.#1l2h, rpm26
Ted_ 25

rpm2&
a,#11h, rpm27
1cd§§E

fi

a?glﬂh . rpm28
Ted_ 27

rpm28
a,#0ah, rpm29
Tcd 27

rpmzy
a,#0Th, rpm30
Ted 28

rpm30
a,#0eh,rpm3l
Ted 29

rpm3l

oli_2
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rpm31:

rpm32:

rpm33:

rpm3d:

rem3s:

rpm36;

rpm37:

rpm38:

rpm39:

rpmd0:

rpmdl:

romd2

rpmd3:

rpmd4:

rpmds

cine
call
simp
cine
call
Jmp

cine
call
5imp
cine
call
sjmp
cjne
call
sjmp
cjne
call
sjmp
cine
ga]l
Jmp

cinge
call
sjmp
cine
call
sjmp
cine
call
simp
cine
call
sjmp
cjne
call
sjmp
cjne
call
sjmp
cjne
call
simp
ret

a,#0dh, rpm3z
Ted_30

rpm3z2
a,#0ch, rpm33
Ted 31

rpm33
a.,#0bh, rpm34
Ted_32

rpm3d
a,#0ah,rpmi5
Ted_33

rpm3s
a,#0%h, rpm36
Ted_34

rpm3 6

a #08h, rpm37
Ted_35

rpm37
a,#07h, rpm38
Ted_36

rpm3s
a,#06h, rpm3%
led_37

rpm3s
a,#05h, rpm40
Ted 38

rpmad
a,#04h, rpmdl
Tcd_39

rpmdl
a,#03h, rpmd2
led_40

rpmd?2
a,#02h, rpm43
Ted_41

rpmd3
a,#01h, rpm44
Ted_42

rpmdd

a, #00h, rpmd4s
Ted_43

pmd5

oli_2

icd_l:

Ted_2:

Ted 3:

led_4:

Ted 5

icall
mov
call
ret
:call
mow
call
ret
;call
mow
call
rat
:call
Mo
call
ret
rcall
M
call
ret

inisial
dptr, #tulis_~pm_1
w2

inisial
dgtr,#tu1is_rpm Z
%

inisial
dgtr,#tu115_rpm_3
b

inisial
dptr,#tulis_rpm_4
xZ

inisial
dgtr,#tu1i5_rpm_5
X
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lcd_6:

Tcd F:

Tcd. 8:

Ted 9:

Ted_10:

Tcd 11:

Ted 12z

led_13:

led 14

Ted_15;

Tod 16:

Ted 17:

Ted: T8:

led 19:

Ted_20:

Ted_21:

Ted_22:

scall
mow
call
ret
:call
mow
call
ret
rcall
Mo
call
ret
rcall
mow
call
ret
jcall
moy
call
ret
;call
mow
call
ret
;call
mow
call
ret
;call
a3
call
ret
icall
oY
call
ret
jeall
moy
call
ret
call
moy
call
ret
call
mow
call
ret
:call
mow
call
ret
call
mow
call
rel
icall
Mo
call
ret
rcall
Mo
call
rer
jcall
mov
call

inisial _
dgtr.#tu115_rpm_6
P

inisial
dptr,#tulis_rpm_7
x2

inisial
dgtr,#tu1i5_rpm_8
x

inisial
dptr ,#tulis_rpm_9
¥

inisial
dgtr,#tu11s_rmelﬂ
x

inisial
dgtr.#tu1i5_rpm_ll
x

1nisial
dptr,#tulis_rpm_12
b A

inisial
dgtr,#tu?is_rpm_lS
X

inisial _
dptr, #tulis_rpm_14
b s

inisial
dgtr,#tu1is_'pm_15
®

inisial
dgtr,#tu1is_'pm_lﬁ
®

inisial

dptr #tulis_rpm_17
xe

inisial
dgtr,#tu1is_rpm_18
*

inisial
dptr,#tulis_rpm_19
x2

inisial
dgtr,#tu115_rpm_2ﬂ
X

inisial

dptr,#tulis_rpm_21
®2

inisial
dptr,#tulis_rpm_22
X

oli_2
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Tcd_23:

Tcd_24:

Jcd-25:

Ted _26:

led 27

Tcd_28:

Ted_29:

Tcd 30:;

Ted. 31

lecd_32:

Ted_33:

lcd_34:

led_35:

Ted _36:

led 37

led 38:

Ted_39:

ret
scall
mo
call
ret
qcall
Moy
call
ret
;call
mow
call
ret
icall
Mo
call
ret
;call
mow
call
ret
icall
mow
call
ret
icall
Moy
call
ret
rcall
Moy
call
ret
:call
Mo
call
ret
rcall
11[03%
call
ret
icall
moy
call
ret
“call
mow
call
ret
scall
mov
call
ret
:call
mov
call
ret
reall
moy
call
ret
ccall
mowv
call
ret
rcall
Moy

inisial
dptr,#tulis_rpm_23
X

inisial
dgtr.#tu?is_rpm 24
-

inisial
dgtr.#tu11s_rpm_25
®

imisial
dptr,#tulis_rpm_26
ne

inisial
dgtr,#tu115_"pm_2?
by

inisial
dptr,#tulis_-pm_28
X2

inigial
dgtr.#tu11s_*pm 29
=

inisial _
dgtr.#tu11s_rpm_35
x

inisial
dptr,#tulis_rpm_31
we

inisial
dgtr,#tu1i5_rpmh32
X

inisial
dptr,#tulis_rpm_33
X2

inisial
dptr,#tulis_rpm_34
x2

inisial
dgtr.#tuWiﬁ_ran35
x

inisial
dptr,#tulis_rpm_36
X

inisial
dgtr,#tu1i5_rpm_3?
*

inisial
dptr, #tulis_rpn_38
xZ

inisial
dptr,#tulis_rpm_33

oli_2
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Tcd_44:

Tcd_41:

Ted_42:

Ted 43+

call
ret
call
ey
call
ret
call
Moy
call
ret
:call
MTICS
call
ret
icall
moY
call
ret

X2

inisial
dgtr.#tu1i5_rpm_4ﬂ
>

inisial _
dgtr,#tu115_rpm_4l
X

inisial
dptr,#tulis_rpm_42
X2

inisial
dgtr,#tu115_"pm_43
X

oli_2

;perhandigan jarak

ﬁandingkan_iarak: call imisial_2

jarakl:

jarak?:

jarak3:

jarakd:

Mo
cine
call
simp
cjne
call
sjmp
cine
call
=jmp
cine
call
FLF
]

jb
call
call
call

Timp

ret

a,data_jarak
a,#0, jarak2
lcd_jarak_1
jarak?
a,#1,jarak3
lcd_jarak_ 2
jarak3
a,#2,jarak4
1cd_jarak 3
jarak4d
a,#3,jaraks
led_jarak_4
play

eoc, b
p3.4,%
delay

delay

delay

awal

o s . ot o o

bandingkan_jarak2: call inisial_2

jarakb:

jarak8:

jaraklQ:

jarakll:

jarakl?2:

mow

cjne
call
sjmp
Cine
call
5jmp

cine

call
sjmp
cine
call
simp
clne
call
clr

a,data_jarak
a,#0,jaraks
Ted_jarak_1
jarak8

a,#1, jarakld
lcd_jarak_2
JaraklO
a,#2,jarakll
lcd_jarak_3
jarakll
a,#3,jaraklz
Ted_jarak_4
jarakl2
a,#4,jarakl3
lcd_jarak 5
play

eoc, §

p3.4,%

delay

delay

delay

awal
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jarakl3i: ret

oli_2

Eandingkan_jarakS: call inisjal_2

o
jaraklG:cjne
call
simp
jarakl?:c%ne
call
simp
jaraklﬂ:c%ne
call
simp
jaraklg:c§ne
call
simp
jarakED:c%ne
call
s57mp
jarak2l:cjne
call

e

i
call
call
5411
Jmp
jarak22: ret

a,data jarak
a,#0,jarakl?
led_jarak_1
jarakl?
a,#1,jaraklB
led_jarak_ 2
jarakls
a,#2,jarakls
led_jarak_3
jarakl9
a,#3,jarak20
led_jarak_4
jarakio
a,#4,jarak?l
led_jarak_ 5
JarakZl
a,#5,jarakz?
lcd_jarak_6

play
eoc, %

p3.4,%

delay
delay
delay
awa’l

:
;penulisan LCD jarak

icd_jarak_lz

Ted_jarak 2:

Tecd_jarak 3:

led_jarak_4:

lcd_jarak 5:

lcd_jarak_6:

rcall
moy
call
ret
scall
[1iLe3%)
call
ret
xcall
mow
call
ret
;call
mow
call
ret
:call
mov
call
ret
icall
mow
call
ret

imisial_2
dgtr.#tu115_jaruk_1
x

inisial_2
dptr,#tulis_jarak_2
x3

inisial_2
dptr,#tulis_jarak_3
x3

inisial_?
dgtr,#tu]iS_jarak_4
b

inisial_2
dgtr,#tu]is_jarak_S
X

indisial_2
dgtr,#tu115_jarak_ﬁ
®

i
inisial Tcd semua

I e e o e e e
1

xl: clr

d

a,G8a+dptr

dptr
tulis
r3, xl

Fage §




ol7_2

X2 mov r3.#10
mov a,#80h
call instruksi
call x1
ret

3 mow rd, #1646
moy a,#0cOh
call instruksi
call ud
ret

x4 clr a
movc a,da-dptr
ing dptr
call tulis
dinz rd x4
ret

x5 Mo rd,#16
maw a,#80h
call Fnstruksi
call w4
ret

®E: moy rd,#16
mow a,#0cOh
call instruksi
call x4
ret

1nisial: mov a,#3th

call instruksi
MO a,#00001100b
call instruksi
moy a,#01h

call instruksi
ret

inisial_Z: mov a,#3fh

call instruksi
mov &, #00001100k
call dinstruksi
smov 18h,#01h
call instruksi
- - - r-Et
inisial_3: mov a,#3fh
call instruksi
moy_ a,#0dh
call instruksi
mov  a,#01h
call instrukss
ret

instruksi:
clr rs
seth cs
Moy data _lcd.a
clr Cs
seth cs
call delay
ret

Tulig:
seth rs
seth £s
Moy data_lecd;a
clr Cs
seth cs
call delay
ret

sdelay
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&e]ay:

mav rl,#5
delayl: mov r2,#10

dinz r2 .4

djnz rl,delayl

ret
;data base rpm
tulis_rpm1: db 'rpm 2530
tulis_rpm_2: db 'rpm: 2470’
tulis_rpm_3: db 'rpm 2410
tulis_rpm_4: db 'rpm: 2350°
tulis_rpm_5: db 'rpm: 2290'
tulis_rpm_6: db ‘rpm: 2230°
tulis_rpm_7: db ‘rpm: 2170'
tulis_rpm_8: db 'rpm; 2110°
tulis_rpm 9: db 'rpm: 2050°
tulis_rpm_10: db 'rpm: 1990'
tulis_rpm_11: db 'rpm: 1930'
tulis_rpm_12: db 'rpm 1870
tulis_rpm_13: db "rpm: 1810'
tulis_rpm_14: db "rpm: 1750
tulis_rpm_15: dbh 'rpm: 1690
tulis_rpm_16: db '"rpm: 1630
tulis_rpm_17: db 'rpm: 1570°
tulis_rpm_18: db ‘'rpm: 1510°
tulis_rpm_19: db ‘rpm;: 1450'
tulis_rpm_20: db 'rpm: 1390'
tulis rpm 21: db ‘rpm 1330
tulis_rpm_22: db 'rpm: 1270'
tulis_rpm_23: db "rpm: 1210’
tulis_rpm_24: db "rpm 1150
tulis_rpm_25: db 'rpm: 1090’
tulis_rpm_26: db 'rpm 1030"
tulis_rpm_27: db 'rpm: 0970’
tulis_rpm_28: db ‘rpm: 0910°
tulis_rpm_29: db 'rpm: 0850’
tulis_rpm_30: db 'rpm: 0790°
tulis_rpm_31: db 'rpm: Q730
tulis_rpm_32: db 'rpm: 0670'
tulis_rpm_33: db "rpm: Q610"
tulis_rpm_34: db "rpm: 0550
tulis_rpm_35: db "rpm: 049¢°
tulis_rpm_36: db "rpm: 0430°'
tulis_rpm_37: db 'rpm: 0370°'
tulis_rpm_38: db "rpm: 0310°
tulis_rom_39: db "rpm: 0250°
tulis_rom_40: db "rpm: 01907
tulis_rom_41: db 'rpm: 01307
tulis_raom_42: db "rpm: Q070'
tulis_rom_43: db 'rpm:  0010'
tulis_rpm_44: db 'rpm: 0300°
;data base rpm
tulis_jarak_1: db 'jarak 0 Km'
tulis_jarak_2: db 'jarak 500 km'
tulis_jarak_3: db 'jarak: 1000 Km'
tulis_jarak_4: db 'jarak: 1500 Km'
tulis_jarak _5: db ‘jarak: 2000 Kkm'
tulis_jarak_6: db 'jarak: 2500 km'
pilihan: db '"1=1500K 2=2000ik'
piéfhan?: db ' 3=2500K !
an
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in Description
cc Supply voltage.
MND Ground.
ortQ Fort 0 |s an 8-bit open drain bi-didirectional /O port. As an ouiput port, each pin can
sink gigh: TTL inpuis, When 1s are written to port 0 pins, the pins can be used as high-
impedance inpuls.
Fort 0 can also be configured to be the multiplexed low-arder address/data bus during
accesses fo exliernal program and data memory, [n this mode, PO has intemal pull-ups.
Port 0 alzo receives the code bytes during Flash programming and outputs the code
bytes during program varification. External pull-ups are required during program
varification
‘ort 1 Port 1 i an 8-bit bi-directional VO port with internal pull-ups. The Port 1 output buffers

can sink/zoures four TTL inputs, When 18 are written to For 1 pins, thay are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 1 ping 1hat are exter-
nally being pulled low will source cument (|, ) because of the intemal pull-ups.
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‘ort 2

'ort 3

AImEL

Some Part 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.

Furthermore, P14, P1.5, P1.6, and P17 can be configured as the SPI slave port select,
data input/output and shift clock inputfoutput pins as shown in the following table.

Port Pin | Allernate Functions
P1.0 | T2 (extamal count input o TimerCowuntar 2}, clock-oul

_;1_ _______ _TEEK {TimenCounter 2 capiure/reload trigger and direckon control)
P1.4 5E {Slave port salact input) -
P1-.é o MGS-I ﬂ.ﬂ.aﬁut.é.r.data-uutmn.. slave data 1.r1|.:b-ut hln far_ EP_i channaly
P1.6 MISO (Master data input, slave data output pin for SFI chamnel)
P17 SCK (Master ciock output, slave clock input pin for SPI channel)

Port 1 also receives the low-order address bytes during Flash programming and
varification,

Port 2 is an B-bit bi-directional 110 port with intemal pull-ups, Tha Port 2 output buflers
can sink/source four TTL inputs. When 1s are written to Pori 2 pins, they are pulled high
by the imternal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (1, ) because of the intemal pull-ups,

Part 2 emits the high-order address byle during fetches from external program mamory
and during accesses to external data memory that use 16-blt addresses (MOVX @
DPTH). In this application, Port 2 uses strong intemal pull-ups when emitting 1s. During
actesses to external data memory that use B-bit addresses (MOVX @ RI), Port 2 emits
the contenis of the P2 Special Funetion Register.

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

Port 3 is an 8-bit bi-directional /O port with internal pull-ups. The Port 3 output buters
can sink'source four TTL inputs. When 15 are writtan to Port 3 ping, they are pulled high
by the irmemal pull-ups and can be used as inputs. As inputs, Port 3 pins that ara exter-
nally being pulled low will source current {, } because of the pull-ups.

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

Port 3 also serves the functions of various special featuras of the ATESS8252, as shown
in the following table,
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Port Pin Alternate Functions
P3.0 AXD {seral Input port)
P31 TXD (=arial cutput port) ;
P32 THTT (extemal interrupt )
Pa.3 TNTT (external Inberrupt 1) 1
P34 TO (timer 0 axternal input)
P3.5 T1 {timar 1 external Input)
| Pas WH [external dala mnm;:.r write strobe)
PA7 | FD (axternal data memory read strobe) S

Reszetinput. A high on thig pin for two machine cycles while the oscillator is running
resets the device.

Address Latch Enable i3 an cutput pulse for latching the low byte of the address during
accesses to external memory. This pin is also the program pulse Input (FROG) during
Flash programming.

In normal operation, ALE |s emitted at a constant rate of 1/6 the oscillator frequeney and
may be usad for external timing or clocking purposes. Mote, howevar, that one ALE
pulse |5 skipped during each access 1o extérnal data memaory.

If desired, ALE operation can be disabled by setting bit 0 of 3FR location BEH. With the
bit set, ALE Is active only during a MOV or MOVC Instruction, Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no eftect if the microcontroller is in
extemal sxecution mode,

Program Store Enabde is the read strobe to external program memary.

When the AT8SS8252 is executing code from external program memaory, PSEN is achi-
vated twice each machine cycle, excapt that twe PSEN activations are skipped during
each access to external data memony.

Extemnal Access Enable. EA musl be strapped to GND in order to enabie the device to
feich code from extemal program memory locations starting at C000H up to FFFFH.
Mote, hawewver, that if lock bit 1 is programmed, EA will be internally latched an raset.

EA should he strapped 10 V. for Intemal program executions. This pin also receives the
12-volt programming enable voltage (Ve during Flash programming when 12-volt pro-
gramming is selected.

Input to the invarting osclllator amplifier and input 1o the intemal clock operating circuit.

Qutput from the Inverting oscillator amplifier,




pecial Function

‘egisters

ATMEL

A map of the on-chip memory area called the Speclal Function Register (SFR) space is
shown in Table 1.

Mote thal not all of the addresses are occupied, and unoccupied addresses may nol be
implemeanted on the chip. Read accesses to these addresses will in general return an-
dorm data, and write accessss will have an Indeterminate effect.

User sofware should not write 1s to these unlisted locations, since they may be used In
future praoducts 10 invoke new features. In thal case, the reset or inactive valuas of the
new bits will ahways be 0

Timar 2 Registers Control and status bits are contained in registers T2CON (shown in
Table 2) and T2MOD {(shown in Table 3) for Timer 2, The register gair {(RCAPZH,
RCAP2L) are the Capture/Reload registers for Timar 2 In 16-bit caplure mode or 16-bit
auto-relead mode.

abie 1. ATBISE252 5FH Map and Resst Valuss

OFRH OFEM
OFOH uquu%nm [ OFTH
GEAH | GEFH
= — - i
CEH | poopoooo ! OETH
0DF
goaH o
FEW SFGR
OnoH DOOCGHn OO KK OCTH
i ToCON TEMOD FIGAE ) RCADZH g ) THE OCF
ODOE0A0 NI OUCO0I00 BO00000 DOOBRO0 O0CAa00 H
BCaH oM
0BEA xmt::a}u BFH
Pa
05 11111 | OETH
IE 5FER
T IR DORKR K (AR
p:?
DA 19111441 ATH
300N SEUF
g | QOO0 ENEEELEN I aFH
| P WRACON
ROH 1111111% QOOD0CH O 5TH
i TCOM TMOD TC LI THE THY iy
BICA0ND DARCO000 DOO0RO00 £E00000 OBo0aaon 0000000
— PO 5P oroL BRIH DRIL DRFiH SFDR | FCOM -
1111111 00000111 OO0 OO0 opoaanon XXXRKOUK | 0XKK0000
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ible 2. T2CON — Timer'Counter 2 Contrel Register

r2G0M Address = 0CBH Reset Value = 0000 000DB
3il Addressable
| oTr2 | Exes ACLK TCLK EXEN2 TR2 | € CF/RL2

it | T B 5 4 3 2 | 1 o

Symbol Fungtion

TF2 Timar 2 everflow flag sat by a Timer 2 overflow and must ba clearad by software. TF2 wlll not ba sal when aither
ROLK=10or TCLK=1.

EXF2 Tirner 2 extermal flag st whean either & caplure or raload & caused by a nagative ransilion on TZEX and EXENZ = 1,

| When Timer 2 interrupt is enabled. EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
| elearad by software. EXF2 does nat cause an interrupt in upddown courder made (DEEN = 1),

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

TCLK Transmit clock enabds. Wihen set, causes the serial port to use Timer 2 overfiow pulses for its transmit clock in senal port
kiodes 1 and 3. TGLK =0 causes Timear 1 ovarflows to be wsed for the Iransmit clock.

EXEN2 Timer 2 sxternal anable. When sel, allows a capturs or reload to oocur as a result of a negative transition on TZEX i
Timer 2 s not baing usad to clock the serial port. EXEMZ =0 causes Timer 2 to ignore svents at T2EX.

TR2 Start'Stop cantrol for Timer 2, TR2 =1 starts the dmer,

c2 Timer or counter selest for Timer 2, G2 = 0 for timer function, C/T2 = 1 for external event counter {falling edge
riggered).

CPALZ Caplure/Reload salect. CPYAL? = 1 causes capiures to occur on negative iransitions at T2EX fEXENZ = 1. CP/ALZ =0

causes automatic reloads o occur when Timer 2 overflows or negative transitions eccur at TZEX when EXENZ = 1, When
aithar RCLK or TCLK = 1, this bit is ignored and tha timar is forced to auto-reload on Timar 2 ovefiow.
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atchdog and Memory Control Register The WMCON register contains control bits for the Watchdog Timer {shown in
ible 3). The EEMEN and EEMWE bits ars used to select the 2K bytea on-chip EEPROM, and 1o enable byte-wrile. The
75 bit zelacts one of twa DPTR ragistars avallabla.

ible 3. WMCON—Watchdog and Memory Control Register

WMOON Address = B6H Resat Value = 0000 00108
P&z P31 P30 EEMWE EEM EM - DPS WOTRST WDTEMN
it . B 5 4 3 2 1 i)

Symbol Function

P&z Prescaler Blts for the Watchdog Timer, Whan all three bits are set o 07, the watchdog timer has a nominal perod of
P31 16 ms. Whan all threm bits am =at to 1", the nominal period is 2048 ms,
P30

EEMWE EEPROM Data Memory Write Enable EHI: Set this bﬂ to “1" before initialing byte wite to on-chip EEPROM with the
MD‘W{ mﬂ.’cru::tlm Us.ar software should set thie bit to 0" after EEPROM write is complatad.

EEMEN Internal EEFROM Access Enable. Yhan EEMEN = 1, the MOWX instruction with DFTR will access on-chip EEPROM
instead of external dala memory, When EEMEN = 0, MOVX with DPTR accesses external dala memary.

oPE Data Pointer Register Select. DPS = 0 seleais the first bank of Data Pointar Ragistar, DPD, and DPS =1 selacts the
second bank, DP1

WDTRST | Watchdog Timer Reset and EEP3CH Headjr.fE!u::y Flag. Each lime this bit is sef o 1" by user sofivare, a pulsa is
ALY/BSY | genemted to reset the watchdeg imer, The WOTRST bit is then automatically roset to "0” in the next instruckion cycla.
The WDTRST bit is Write-Onby. This bit ales serves as the ADY/BEY flag in a Read-Only mode during EEPROM write.
AOY/BSY = 1 means that the EEPROM is ready to ba programmed, ¥vhlle programming operations are being executed,
tha RU‘H‘EE? bit equals "0" and i3 automatically raset to "1" when programming is comphatead,

WOTEN | Watchdog Timer Enabis Bit, WOTEN = | anables the waichdog timer and WDTEN = 0 disables the watchdog timer. |

ATEOREDLD o e e e e
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5P| Registers Conlrol and status bits for the Gerial Peripheral Interface are contained In
registers BPCR {shown In Table 4) and SPSR (shown (n Table B). The SPI data bits are
contained in the SPDR register. Writing the SP| data register during saral data transior
gets the Write Collision bit, WCOL, In the SPSR register. Tha SPDR is double butfered
for writing and the values in SPDAR are not changed by Aesst.

Interrupt Registers The global Interrupt enable bH and the individual Interrupt enable
bits are in the |E register. In addition, the individual interrupt enable bit for the SP1 s in
the SPCH register. Two pricrities can be sel for each of the six interrupt sources in the
IP register,

Dual Data Pointer Reglsters To facilitate accessing both intemal EEPROM and exter-
nal data mamory, two banks of 18-bit Data Pointer Registers are provided: DPO at SFR
addrass [ocations B2H-83H and DP1 at B4H-B5H. Bit OPS = 0 in 5FH WM ON selects
DFO and DPS = 1 selects DP1. The user should ALWAYS initialize the OPS bit to the
eppropriate value before accessing the respective Data Pointer Registar.

Power O Flag The Power Off Flag (POF) Is located at bit_4 (PCON.4) in the PCON
SFA. PCF is set to "1" during power up. Il can be set and reset under software control
and i not affected by RESET.

able 4. SPCA - SPI Control Register

SPCA Addrass = D5H

Racet Value = 0000 01 XXE

SPIE SPE DOAD  MSTR cPOL CPHA | SPRi SPRO |
Bit 7 B 5 4 3 & ! 1 0
Symbol | Function
SPIE | Pl Interrupt Enabla. This bit, in conjunction with the £S bit in the |E reqlster, enables SP1 interrupts: SPIE = 1 apd ES =
1 Bnahha SPI 4ntﬂrrupts SPRIE = 0 dmables 5P m!errupls

SPE SPI Enable SP| = 1 anables the SPI channst and connects 55, MOSI, MISD and SCK 1o pms P14, P15, P16, and P1.7.

5Pl = () disables the SF‘I i:'hﬂnnel
DIDF!D | Data Order. DORD =1 scleds LSE flrst data h‘&nSMIBBer‘I DORD = 0 selacte MSB first dats transmlsslc:n
MSTFI Maslan‘ﬂl&vﬂ Sakect, MSTH = 1 sebects Mastsr SF] mude MST R = 0 selects Siave 5P moda,
CPOL | Glock Polarity. When GPOL =1, SCK is high whan rdia Whﬂl‘l CPOL =0, 5CK of the master device is low whan nol

{ 1rﬂnﬂrn|tt=ng Please rafer 1o figure on E‘:P'I C|Ddf Phasa and F'nlanly Contral,

CPHA Clock Phaze. The CPHA bil togetar wﬂh lhe GPDL bit controls the clock and date relationship betwean master and

slave. Please refer to figure on SPI C-Iuck F'hase and Pularity Controd,
SPA0 5P Clock Rate Select, Thess two bils control the SCK rate of the device configured as master. SPR1 and SPRD have na
SPR1 affect on the slave, Tha relationship between SCK and the cacillator frequency, Fage, 15 as follows:

SPA1  SPAD  SCK  Foo divided by

1) a 1

a 1 16
1 0 €4
1 1 128

101 G-MECAC-306
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ible 5. SPSH — 5PI Status Regiater

3PSA Address = AaH

Reset Valus = 00X XOKB

SPIF WooL = | - - - = -
Bt 7 6 5 | 4 3 2 1 | o
Symbo Function
SPIF SPI Imterrupt Flag. When a serial lransfar is completa, the SPIF bit iz set and an interrupl is genarated if SPIE=1 and ES

SFI data register,

WCOL Writa Collision Flag. The WCOL bit is set if the 5P| dats register is written during a dats trenafer. During data transfer, the
result of reading the SPDR register may be incorrect, and writing toit has no affect. The WCOL bl (and the SPIF bil) are
ciearad by reading the 5P| status register with SPIF and WGOL sat, and than accassing the 5P| data ragistar

= 1. Tha SPIF bit is clearad by reeding the SPI status register with SPIF and WCOL bits set, and then reacing/writing the

able 6. SPDR — 5P Data Register

SPDR Address = 864

Hasal Value = unchanged

SPD7 SPDe

Bit 7 g

Jata Memory —
‘EPROM and RAM

SPRS SPD4 SPo3 SPDe SPDA SPLO

5 | 4 : 3 2 1 a

The ATE258252 implements 2K bytes of on-chip EEPROM for data storage and 256
bytes of RAM. The upper 128 bytes of RAM occupy a parallel space to the Spacial
Function Registers. That means the upper 128 bytes have the same addresses as the
SFR space but are physically separate from 5FR space.

Whean an instruction accesses an internal location above address 7FH, the address
mode used in the Instruction specifies whether the CPU accesses the upper 128 bytes
of RAM or the 3FR space. Instructions that use direcl addressing access SFA space.

Faor exarmple, the following direct addressing instruction accesses the SFR at location
OACH (which is P2).
MOV OLOH, #data

Instructions that use indirect addressing access the upper 128 bytas of RAM. For exam-
ple, the following indirect addressing instruction, where R0 contains OACH, accesses the
data byte at address 0ADH, rather than P2 {whose address is DAOH).

MOV GRO, #date

Mote that stack operations are examples of indirect addressing, so the upper 128 bytes
of data FAM are available as stack space.

The an-chip EEPROM data mamory s selected by setting the EEMEN blt In the
WMGCON register at SFR address location 36H, The EEPROM address range is Irom
000H to TFFH. The MOVX instructions are used 1o access the EEPROM. To actess off-
chip datz memory with the MOVX instructions, the EEMEN bit needs to be set to 07,

The EEMWE bBit in the WMCON register needs to be set to 1" before any byte location
in the EEPROM can be written. User software should reset EEMWE bit to "0" if no fur-
ther EEFROM write is required. EEPROM write cycles in tha sarial programming maoda
are salf-fimed and typically take 2.5 ms. The progress of EEFROM write can ba mani-
tored by reading the ADY/BSY bit (read-only) in SFR WMCON. RDY/BSY = 0 means

0 e T sl = =
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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 atternpted read from the EEPROM will
teteh the byte being written with the MSB complameanted. Onea the writa eycle is com-
pleted, frue data are valid at all bit loeations.

The programmable Watchdog Timer (WDT) operates fram an independent infernal
oscillator. The prescaler bits, P30, PS1 and P52 in 5FH WMCON are used to set the
period of the Watchdog Timer from 16 ms to 2048 ms. The avallable imer periods are
shown in the following table and the actual timer periods (at Vo = 5V) are within £30%
of the nominal.

Tha WDT is disabled by Power-on Reset and during Powar-down, It is enablad by set-
ting the WDTEM bit in SFR WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCOM, Whan the WDT times aut without baing ressl or disablad, an
internal AST pulse |s generated to reset the CPU,

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits

ps2 PS1 | pso Petiad (nominal)

k| i] 1 | — 18 ms

; ; e e
- i 0 64 s

0 1 1 128 ms
; 1 0 0 258 ms

1 D 1 S12 ms

1 1 U] 1024 ms

1 T i 2048 ms

Timer 0 and Timer 1 in the ATE9S8252 oparate the same way as Timer 0 and Timear 1 in
the ATBSCE1 and ATAICSZ, For furthar infermation on the timers’ oparation, refer to tha
Atrmel web site (htfp://'www.atmel.com), From the home page, select "Products”, then
“Micracontrollers, then “8051-Architecture”. Click on "Documentation”, fhen on "Other
Cocuments”. Open the document "ATBS Series Hardware Description”,

Timar 2 i3 & 18-bit Timer/Counter that can operate as afthar a timar or an evant countar.
The type of operation is selacted oy bit /T2 in the SFR T2CON (shown in Tabla 2)
Timer 2 has three operating modes: captura, auto-reload (up or dawn counting), and
baud rate generator. The modes are selected by bits in T2CON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 reg-
ister |z incrementad every machine cycle, Since a machine cycle consists of 12
ascillator periads, the count rate is 1/12 of the oscillator fraquency.

In the Counter function, the register is incremantad in response to a 1-10-0 transition at
it cormesponding external input pin, T2, In this function, the exlernal input |5 sampled
during S5P2 of every machine cycle. Whan the samples show a high In one oycle and a
low in the next cycle, the count is incrementad. The new counl value appears In the reg-
ister during S3F1 of the cycle following the ane in which the transition was detected.

ATMEL i
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Slnce two machine cycles (24 oscillator perods) are required to recognize a 1-10-0 tran-
siflon, the maximum count rate is 1/24 of the oscillator frequency. To ensure that a given
lovel ie sampled at l2ast once before it changes, the lavel should be held for at least one

full machine cycle.
Table 8. Timer 2 Operating Modes
RCLK 4+ TCLK CFP/RL2 TR2 MODE
] 0 1 16-bit Austo-reload
0 1 1 16-hit Capture
1 X i Baud Rate Ganarator
X {1 ()
:apture Mode In the capture mode, two options are selected by bit EXEN2 in T2CON. If EXENZ =0,

Timer 2 is a 18-bit imer or counter which upon overflow sets bit TF2 in T220N. This bit
can then be used 1o generate an interrupt. [f EXEN2 = 1, Timer 2 perlorms the same
operation, but a Ho-0 transition at external input T2EX also causes the current valua in
THZ and TLZ to be captured into RCAFZH and RCAPZL, respectively. In addition, the
transition at T2EX causes blt EXF2 In T2COM to be set. The EXF2 bit, like TF2, can
generata an intermupl. The capture mode is illustrated in Figure 1.

lgure 1. Timer 2 in Capture Mode

I Qsc & +12 j\_
S ——— CAE = 0
‘Ho——cr"fo—-———-{ THY | Tlz [ TPz |

CONTEOL CVERFLOW

|
- TR2 7
] T GiT2 = 1 _‘] f‘_‘*v
T2 PIN CAPTURE :Dl

RGAP2H | RCAP2L

TRANSITION
DETECTOR INT‘r“E"HE;JﬁT
T2EX PIN [J—— ~ s _ G”/r_: o ExFz
| conmRoL
EXEMZ

2 ATHUSE S e e e o
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uto-reload {(Up or Down Timer 2 can be programmed to count up or down when configurad in s 16-bit auto-

ounter)

reload mode. This feature Is invaked by the DCEN (Down Gounter Enable) bit located in
the SFR T2MOD (2ee Table 9). Upon reset, the DCEN bit is set to 0 so that timer 2 will
default to count up. Whan DCEN is set, Timer 2 can count up or down, depending on the
value of the T2EX pin.

Figure 2 shows Timer 2 sutoematically counting up when DCEN = @, In this mode, two
options are selected by bit EXENZ in T2CON. If EXENZ = 0, Timer 2 eounts up to
O0FFFFH and then sats the TF2 bit upon overflow. The overflow also causes the timer
registers to be reloaded with the 16-bit value in RCAPZH and RCAFZL. The values in
RCAP2H and RCAPZL are preset by software. I EXEN2 =1, a 16-bit reload can be irig-
gered e ther by an overflow or by a 1-to-0 transition at external input T2EX. This
fransition also sets the EXF2 bil. Both the TF2 and EXF2 bits can generate an interrupt
if enabled.

Setting the DCEN bit snables 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 overllow at OFFFFH and set the TF2 bit, This overflow also
causas ine 16-ait value in RCAPZH and RCAPZL fo be relvaded into the timer registars,
TH2 and TL2, respectively.

A logle 0 at T2EX makes Timer 2 count down. The fimer underflows whan TH2 and TLZ
equal the values slored in RCAP2H and RCAPZL, The underflow sets the TF2 bil and
catizas DFFFFH to be reloaded into the limer ragisters.

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

Igure 2. Timer 2 in Auto Reload Mods (DCEN = )
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zble 8. T2MOD — Timer 2 Moda Control Register

T2MOD0 Address = 0CAH HReset Value = X300 X00B
Yot Bit Addressabile
= =~ = - T20E CCEM
Bit t 7 \‘ B ‘ .E | R :1-- o a 2 1 [; ;

Symbol Funciion

- Mot implementsed, resarved for futre use.

T20E Timer 2 Qutput Enabla bit -

EHE]EN - i ';l.l'hnr.'lnsét, this i::;lt -E."[;WE.:I-'iI‘-I'IﬁF 2 bEu c:-:r.-r;nﬁglj_rad as an updown counter,
Igure 3. Timer 2 Auto Reload Mode (DCEN =1)
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'gure 4. Timer 2 In Baud

—— MOTE: OS50 FREQ, IS CIVIDED BY 2, NOT 12

AT8958252

Rate Generator Mode

TIMER 1 OVERFLOW

osc o 22

BT i e
BN

T2 FIN
RCAP2H | RCAPAL

TAAMSITION

DETECTOR
- = g TIMER 2
ToEx PN[ }—s N CT O EXF2 " iNTERAUFT

| conRoL
EXEM2

}aud Rate Generator Timer 2 is selected as the baud rate generator by setting TCLK andfor RGLK In T2CON

I1O-MICRO-306

{Table 2. Note that the baud rates for transmit and receive can be different if Timear 2
iz used for the receiver ar transmitter and Timear 1 iz used for the other function.
Setting RCLK and/or TCLK puts Timer 2 into its baud rate generator mode, as shown in
Figure 4.

The baud rate gensrator mode 15 similar to the auto-réload moda, In that & rolloverin
THE causes the Timer 2 registers to be elpaded with the 16-oit value in registers
RCAPZE and RCAPZL, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer 2's overflow rate according to
the following eguation,

Timer 2 Cwverllow Rate

WModes 1 and 3 Baud Rates = 16

Tha Timer can be configurad for either timer ar countar operation. In most applications,
it is configurad tor timear oparation (CP/T2 =0} Tha timer aperation is diffarant for Timear
2 when it is used as a baud rate genarator. Nomally, as a timer, it Increments every
machine cycla {(at 1/12 the oscillator frequency). As g baud rale generator, however, it
incraments every state time (at 1/2 the oscillator frequency), The baud rate formula is
Qivern bekow.

Mecdes 1and 3 _ Oiecillator Fregquency
Baud Rate 32 = [65538 - (RCAPZH RCAPZL))

where (RCAP2ZH, RCAP2L) Is the content of RCAFP2H and RCAPZ2L taken as a8 16-bit
unsignad Integer,

AIMEL 18
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Timer 2 as a baud rate generator is shown in Figure 4, This figure Is valid only it RGLK
or TCLK =1 in T2CON, Mote that a rollover in TH2 does nof set TF2 and will not gener-
ate an [rterrupt. Note too, that if EXENZ |s set, a 1-to-0 transition in T2EX will set EXF2
but will not cause & reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus whan Timar 2
is in use as a baud rate generalor, T2EX can be usad as an exira external inderrupt.

Mote that when Timer 2 is running (TAZ = 1) as a timer in the baud rate generatar maode,
THZ or TL2 should not be read from or written to. Under these conditions, the Timer is
'rm:ramantad_ avary stata time, and the results of a read or write may not be accurate.
The RCAPZ registers may be read but should not be wrltten ta, because a write might
overlap a reload and cause write andfor reload errors, The Himer should be turned off
{clear TR2) before accassing the Timer 2 or RCAPZ registers.

A B0% duty cycle clock ean ba programmaed to come out on P1.0, as shown in Figure 5.
This pin, besides being a regular Y0 pin, has two alternate functions. [t can be pro-
grammed 1o input the extemnal clock for Timar/Countar 2 ar to output a 50% duty cycla
clock ranging from 61 Hz to 4 MHz (for a 16-MHz operating frequency),

To conflgure the Timer/Counter 2 as a clock gererator, bit C/T2 (T2ZCON. 1) musi be
cleared and bit T20E (T2MOD .1} must be set. Bit TR2 (T2CON.2) starts and slops the
timear.

The clock-out freguency depends on the oscillator Irequency and the raload valus of
Timer 2 capture registers (RCAP2H, RCAPZ2L), as shown In the following equation.

Qscillator Freduency

Clock Out Frequency = - erens  (RCAP2H.RCAPEL)]

In the clock-out mode, Timear 2 rollovars will not generate an interrupt. This behavior is
similar to when Timer 2 is used as a baud-rate generator. [t Is possible to use Timer 2 as
& baud-rate genarator and a clock generator simultaneously. Mote, however, that the
beaud-rate and clock-out frequencies cannot be determined independently from one
another since they both use ACAP2H and RCAP2L.,
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igure 5. Timer 2 in Clock-out Mode
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The UART in the ATB858252 operates the seme way as the UART in the ATE2CH1 and
ATB9CSZ. For further information on the UART operation, refer to the Atmel wab site
(http:dwww.atmel.cam). From the home page, select “Products”, then “Microcontrallers,
then "8051-Architecture”. Click on “Documentation”, then on "Cther Docurnents™ Open
the document "ATES Seres Hardware Description”.

The ser al periphera| interfaca (SP1) allows high-speed synchronous data transfer
betwesn the ATBISB252 and peripheral devices or between several ATRISER52
devices. The ATBOSB252 SP| featuras include the fellowing

*  Full-Duplex, 3-Wire Synchronous Data Transter
«  Master or Slave Operation

* 1.5 MHz Bit Frequency (max.}

«  LSB First or MSB First Data Transfer

= Four Programmable Bit Rates

= End of Transmission Intarrupt Flag

= Write Collision Flag Protection

= ‘Waksup from Idie Mods (Siave Mode Crly)

The Interconnection between master and slave CPUs with SPI is shown |0 the following
figure, The SCK pin is the clock cutput in the master mode but I the ¢lock input in the
slave moda. Writing 1o the 5P data register of the master CPU starts the 5P clock gen-
arator, atd the data written shifts out of the MOSI pin and into the MOS! pln of the slave
CPU. Afier shifting one byte, the 5Pl clock generator stops, setting the end of transmis-
sion flag (SPIF). If both the SPI interrupt enable bit (SPIE) and the seral port intermupt
enable bit (ES) are set, an intermupt is requestad.

The Slave Select input, S5/P1.4, is set low to selact an Individual 5P| device as a slave.
When S5/P1.4 Is sat high, the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an inpul,

There are four combinations of SCK phase and polarity with respect to serial data,
which are determined by control bits CPHA and CPOL. The SP| data transfer formats
ara shown in Figure B and Figure 9.

Igure 7. SPI Master-slave Interconnection

MSB  MASTER LSB -0 en MSBE  SLAVE LSB
—-—{ B-BIT SHIFT REGISTER .== &-BIT SHIFT REGISTER
: ‘ ?MDSJ mgsﬁ " ’—‘
5P| sk sex
CLOCK GENERATOH == =

a ATREORAIED e e e s e ey ey

0407 G-MICRO-306




igure 8, 521 transfer Format with CPHA =0

BCK CYCLE &
(FOR BEFEREMCE)

SCK (CPOL=0}
SCHK [CPOL=T]

MOEL
(FRCM MASTER]

MISO
(FROM SLAVE)

35 (TO SLAVE)

1

T

8

AT8958252

= KRR Ko=

s

Iote: Mot defined bul normally M3B of chamacter just recaivad

igure 9. SPI Transter Format with CPHA =1

SCK CYCLE #
{FOR REFERENCE]

SCK (CROL=0)

SCH (CPOL=1)
MOSI
{FI0M MASTER)

MISC
[FROM SLAVE)

55 (TO SLAVE)

N R 6 5 X4 3 2 1

msein |‘::<\|5|}{5|}<\|41}{[a|}{|2j)(|1[)=<lsult><-§f—
LTI -
== == & =11 =Lk 4 —h =k |
1 2 3 4 5 5 7 B

olg: "Net defined but normally LSE of previoushy tranemitted charaster.

nterrupis
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The ATESSR2ZEZ has a tofal of six interrupt vectors: two external interrupts (INTD and
INTT1}, three timer Interrupts (Timers 0, 1, and 2), and the serial port interrupt. These
intermupts are all shown in Figurs 10,

Each of these interrupl sources can be individually enabled or disabled by setting or
cléaring a bit in Special Function Beagister |E. IE also containa a global disable bit, EA,
which disables all interrupts at once.

Mota that Tabla 10 shows that bit position 1E.6 is unimplemented. In the ATB9CS1, bit
position IE:5 is also unimplemeantad. User soffware should not wrile 1s to these bit posi-
tlons, since they may bé used In future ATES products.

Timer 2 interrupd is generated by the logical OR of bits TF2 and EXF2 in register
T2ZCON. Neither of these flags is cleared by hardware when the service routine Is vec-
tored to. In fact, the sarvice routine may have to determine whether it was TF2 or EXF2
that ganerated the interrupt, and that bit will have to be clearad in software.

Tha Timar 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the ¢ycle in which the
timers avarflow. The values ara then pollad by the circuitry in the next cycla. Howevar,
the Timer 2 flag, TF2, |5 set at S2P2 and |5 polled In the same ¢ycla in which the timar

ATMEL 15
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apble 10. Imerrupt Enable (|E) Ragister
[MSB)NLSE)
EA = ET2 ES ET1 EX1 ET0 | Exo
Enabla Bit = 1 enaies the interrupt _ |
Enable Bit = ¢ disables the interrupt.

Symbaol Posltlon Function
E#& BT Disables all interrupts. I EA = 0, no Intarrupt is acknowledged. If EA =1, aach intarrupt
source |5 Individually enabied or disablad by setting or clearing |15 enable bil.
IE.B Reserved.
ET2 IES Tirner 2 Interrupt enable bit
E3 IE4 5P| and UART interrupt enabla bit,
ET1 IE.3 Timer 1 interrupt enable bil
EX1 IEZ | Extarnal interrupt 1 enable b,
ETO IE.1 Tirmer G internuplt enable bit.
EXD IED Extarnal interrupt O enable bit.

Usar software should never write 15 to unimplemented bits. becauss they may ba usad in future ATSY products. -

Igure 10. I4terrupt Sources
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iIscillator XTAL1 end XTALZ are the Input and autput, respactively, of an inverting amplifiar that

‘haracteristics can be configurad for use as an on-chip oscillator, as shown in Figure 11 Eithar a
quarlz crystal or ceramic resonator may be used. To dive the device from an external
clock source, XTALZ should be ieft unconnected while XTAL1 is driven, as shown In
Figure 12, There are no requirements on the duty cycle of the axternal clock signal,
since the input to the internal clocking clrouitry |s through a divide-by-two fiip-flop, but
minimum and maximum voltage high and low time specifications must be obaerved.

Figure 11. Cacillator Connactions

c2
—l}—T— HTALZ
C1 i
—H———  HTAL]
[ GENO
Mota: C1, G2 a0 pF + 10 pF for Crystals

"o

Figure 12. External Clock Drive Configuration
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ile Mode

*ower-down Mode

‘rogram Memory
.ock Bits

ATMEL

Inidie mode, the CPU puts itself to sleep while all the on-chip peripherals remain active.
The mode is invoked by software. The content of the on-chip RAM and all the special
funclions registers remain unchanged dunng this mode. The idle mode can be termi-
natad by any anablad intarrupt ar by a hardware reset,

Mote that when idle mode is terminated by a hardwara resat, 1ha device normally
resumes program execution from where it left off, up to twa machina cycles bafora the
intarnal resat algorithm takes conirol, On-chip hardware Inhibits access 1o Intemal RAM
in this event, but access 1o the port pins is not inhibited. To eliminate the possibility of an
unexpecied wiite 1o a port pin when idle mode |5 terminated by a reset, the instruction
following the one that invokes idle mode should not write to a port pin or lo exiernal
mamory.

Status of External Pins During Idle and Power-down Modes

Pragram
Mode Mamory ALE PSEN PORTO PORTT PORT2 PORT3
e Intarnal 1 1 Caia Data _Dara Data
[ ile | Extemal 1 1 Flost | Data | Address | Deta
Powarconn | Intecnal | O o _I':.‘:s:a Diata Data Data
| Powerdown | Edemnal | 0 O | Fioat Data Data Data

In the powear-down mode, the oscillator is stopped and the Instruction thal invokes
power-dawn |s the last instruction executed. The on-chip RAM and Special Function
Registers retain their values until the power-down mode is terminated. Exit from power-
down can be initizted sither by a hardware reset or by an enabled extemal interrupt.
Reseat redefines the SFAs but does not change the on-chip AAM. The reset should not
be activeted before V.. s restored to its normal operating level and must be held active
lang enough to allow the oscillator to restart and stabilize.

To exit power-down via an inlerrupt, the external interupt must be enabled as level sen-
sitive before entering power-down. The Interrupt service rauting stards at 16 ms
{nominal) after the enabled interrupt pin Is activated.

Tha ATB958252 has three lock bils that can ba left unprogrammed (U} or can be pro-
grammed () 1o obiain tha additional teaturas listed in the following table,

When lock bit 1 is programmed, the logic level at the EA pin |s sampled and latched dur-
ing reset. il the device is powered up without a reset, the latch inilializes to a @ndom
value and hoids that value until reset |s activated. The latched value of EA must agree
with the current logic level at that pin In order for the device 1o function properdy,

Cnce pregrammed, the lock bits can only be unprogrammed with the Chip Erase opera-
lions in eithar the parallel or serigl modeas.

.ock Bit Protection Modas'"

Prcgram Lock Biis

LBt LB2 LE3 Prolaction Type

1 U u U | Maintemal memory lock feature. S

2 P u B MOVE instructions execudad from extemal progeam meamary ara disabdad from fetehing ooda Bytes from
imlernad memony, E4 i sampled and latched on resat and further programming of the Flash memary
{paralisl or serial moda) is disablad.

3 P P u Same as Mode 2, but paraliel or seral varify are also disabled.

4 F P P Same as Mode 3, but sxternal execution |s also disabled.

letes: 1, U= Unprogrammed

2

2. P =Pmgrammed

A T A D e e
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'rogramming the
lash and EEPROM
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Atmel's ATBIS8252 Flash Microcantroller offers BK bytes of in-system reprogrammabls
Flash Code memory and 2K bytes of EEPHOM Data memony.

The ATEZS8252 is normally shipped with the on-chip Flash Code and EEPROM Data
mamory arrays in the erased state {i.s. contents = FFH) and ready 1o be programmed.
This device suppors a High-voltage (12-V Vap) Parallel programming mode and a Low-
voltage I5-V V) Serlal programming mode. The serial programming mede provides a
convenient way to reprogram the ATB3S8252 inside the user's system, The parallel pro-
gramming mode |8 compatible with conventional third party Flash oar EPROM
programmers.

The Code and Data memaory arrays are mapped via separate address spaces in the
serig! pragramming mode, In the parallel programming mode, the two arrays ocoupy
one conliguous address space; 0000H to 1FFFH for the Code array and 2000H to
27FFH for the Data amray.

The Code and Data memory arrays on the ATBIS8252 are programmed byle-by-byte |n
either programming mode. An auto-erase cycle is provided with the self-timed pregram-
ming aperation in the senal programming mode. There is no need 1o perdorm tha Chip
Erase oparation to reprogram any memory |ocation in the serial programming mode
unless any of the lock bits have been programmed.

In the parallel programming mode, there is no auto-erase cycle, To reprogram any non-
blank byta, the user needs to use the Chip Etase operation first to erase both arrays.

Parallel Programming Algorithm: To program and verify the ATS358252 in the paral-
lel programming mode, the following sequence is recommended:
1. Power-up sequance:

Apply power between V- and GND pins.

Set AST pin 1o “H".

Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait for at least 10 milllseconds.
2. BetPSEN pinto“l”

ALE pin to *H"

EA pin to “H" and all other pins to "H",

4. Apply the approprigte combination of *H" or "L’ logic levels to pins P2.6, P2.7, P3.5,
P37 to select one of the programming operations shown in the Flash Programming
Mades table.

4. Apply the desired byle address 1o pins P1.0 10 P1.7 and P2.0 ta P2 5,
Apply data te pins PO.0 to P0.7 for Write Code operation.
5. Ralse EA/V,; to 12V to enable Flash programming, erase or verification.

6. Fulse ALE/PROG once ta program & byte in the Code memaory amay, the Data mem-
ory array or the lock bits, The byte-write cycle Is seli-imed and typically takes
1.5 ms.

7. Toverify the byte just programmed, bring pin P2.7 10 "” and read the programmed
data at pins F0.0 1o PO.7.

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

9. Power-off sequence:
Set XTAL1 to "L,
Sat AST and EA pins to “L".
Tum Vo power off,

AINEL ke
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*rogramming
nterface

ATmEY

In the parallel programming mode, there is no aute-erase cycle and to reprogram any
non-blank byte, the user needs to use the Chip Erase operation first o erase both
arrays.

Data Polling: The AT8858252 faatures DATA Poliing to indicate the end of a byte write
eycle. 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 FO.7 (parallel mode). and on the MSB of the serial output byta on MISO {senal
maoda}. Once the write cycle has been completed, true data are valid on all outputs, and
the next cycle may begin, DATA Polling may begin any lime after a write cycle has oeen
inltiated.

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

Program Yeriy: Il lock bits 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 |ock bits can also be verlfied direcily In the parallel programming mode. In
the serial programming mode, the state of the lock bits can only be verified indiractly by
obsarving that the lock bit features are enabled,

Chip Erase: Soth Flash and EEPROM amrays are erased electrically at the same fime.
In the parallel programming mode, chip erase is initiated by using the propear combina-
tion of control signals and by holding ALE/PROG low for 10 ms, The Code and Data
arrays are written with all “1"s in the Chip Erase operation,

In the serial programming mode, a chip erase aperation s initiated by issuing the Chip
Erase instruction, In this mode, chip erase is self-timed and 1akes about 16 ms,

During ehip arase, & seral read from any addiess location will return 00H at the dala
outputs.

Serial Programming Fuse: A programmable fuse is avallable 1o disable Serial Fro-
gramming it the user needs maximum system securlty. The Seral Programming Fuse
can cnly be programmed or erased in the Parallel Programming Mode.

The ATE9SB252 iz shipped with the Serfal Programming Moda enabled.

Reading the Signature Bytes: The signalure bytes are read by the same procedurs as
a normal varitication of Incations G30H and D31H, axcept that P3.6 and P3.7 must be
pulled ta a loglc low. Tha values returned are as follows:

(030H) = 1EH Indicates manufactured by Atrmel

(031H) = 72H indicatas B958252

Every code byte in the Flash and EEFROM arrays can be written, and the entire amray
can be erased, by using the appropriate combination of control gignals. The write opera-
tion cycle is self-timed and once Initiated, will automaiically time itself 1o completion.

Most warldwlde maor programming vendors offer support for the Atmel ATB3 miciocon-
treller serles, Pleaze conlact your local programming vendor for the appropriate
software revision,

4 A O ——e e e

0401 G-MICRD-318




werial Downloading

serial Programming
Algorithm

FIO-MICRO-8

Boih the Code and Data memory arrays can be programmed using the serial SPI bug
while BRST is puiled to V.. The senal interface conzists of ping SCK, MOS! (input) and
WMISO (oulput). Aher RST is sel high, the Programming Enable instruction needs 1o be
executed lirst before programierase operations can be executed.

An auto-erase cycle is buill into the seli-timed programming operation (in the serial
mode ONLY) and there is no need to first execute the Chip Erase Instruction unless any
of the lock bits have bean programmed. The Chip Erase oparation turns the content of
every memoery location in both the Code and Data arrays into FFH.

The Code and Data meamoary arrays have separate address spaces:

0000H to 1FFFH for Code memory and 000H 1o 7FFH for Data memory,
Either an external system clock iz supplied at pin XTAL1 or a crystal needs to be con-
nected across pinsg XTAL1 and XTALZ2: The maximum serial clock (SCK) fragqueancy

should ce less than 1/440 of the crysial frequency. With a 24 MHz osclllator clock; the
maximum SCK frequency is 600 kHz.

To program and verify the ATBRSB252 In tha serlal programming mode, the folliowing
sequance is recommended:

1, Power-up segquence:
Apply power between VCC and GND pins,
Set AST pin 1o H".

It a crystal is not connected across ping XTALY and XTALZ apply a 3 MHz to
24 MHz clock to XTALT pin and wait for ai least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serlal Instruction to
pin MOSIP1.5, The frequency of the shift clock supplied al pin SCK/P1.7 neads to
ba |less than the CPL clock at XTAL1 divided by 440,

4. The Code or Data array iz programmed one byte at g time by supplying the addrass
and data together with the appropriate Writs instruction. The sslected memory loca-
tion is first automatically arased before new data is written. The wiite cvcle is self-
timed and typically takas less than 2.5 ms at 5W.

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

5. At the end of a programming session, RST can be set low lo commence normal
operafion,

6. Power-off sequence (if needad):
Set XTALT to"L" (f 2 erystal is not uzed).
Set AST 1o "L
Tum Ve power off.

AIMEL s
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erial Prugrammlng The Instruction Set for Senal Programming follows a 3-byte protocol and s shown In the

istruction following table,

istruction Sat

Input Format

Imstruction Byta 1 Byte 2 Byte 3 Operation

Programming Enable 10101100 | 0101 0011 | soxxsxk  Enable serial programming Interface after RST goes high,

Chip Erazse 10001 100 o K100 s s Chip erase both 8K & 2K memory arrays.

FRead Code Mamory aaaa alt] low addr Ak 0k | Aead data from Gode memory anay at the selected address.

| The 5 MSBs of the first byte are the high order address bits.
The low order address bils are in the second byte. Data ara
available at pin MESO during the Ihird bate.

Winte Coda RMamary aaaa aQ fow addr data in Wiite data to Code memory location at selected address. The
address bits ara the 5 MSBe of the first byl togather with the
second byte.

Read Data Mamory 00aaali low, addr woek ok | Aead data from Data memory amay at selecied address. Data
are avallable at pin MISO during the third byte.

Write Data Memory 00as ai10 [ew a@ddr data in Write data io Data mamory location at sslected addrass.

Write Lock Bits 10101100 | =i xl11 oo mooe | Write lock bits.

5 Sat LB1, LB2 or LE3 = "0" fo program lock bits.

iotes: 1. DATA polling is used to indicate the end of a byte write cycle which typically takes lass than 2.5 ms al 5V,

2. “zaaaa” = high ormer addregs.
3. "W =don’t cara.

& AT R S S e e ——————
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‘lash and EEPROM Parallel Programming Modes

o =[] Deta O | Address

Moria RET PSEN | ALEPROG EAV.. | P25 | P27 | Pas | PAT | POz P2.5:0 P1.T:0
Sarial Prog, Modes H A1l n' X
Chip Erase H L[ 8 12V H L L L S Ed
Write (10K byles) Memory H L o 12V L H H H oM ADDH
Read (10K byvies) Memory H L H 12 L L H H DOUT ADDR
Wirite Look Biis: H E TG T 12y H L H I DN X

Bit- 1 PO7=0 X

Bit - £ FOG=g X

Bit-3 FOS=0 »
Fead Lock Bila: H = H 12v H H L L DouT X

Bt - 1 aPaz ®

Bit - 2 PO X

Bit -4 FPO.D ¥
Rasd Atmel Gade : H 12v TR | pouT 30H
Fead Devipa Coda = H 12w L L L DOUT 3MH
Zeria! Prog, Encble H L | 12 L H L H POO=0 x
Sarial Prog, Disabls H L[~ & 12 L H L H POO=1 b4
Aead Serisl Prog. Fuss H L H 12V H H L H aPoD X |

ates: 1,

" = waakly pulled "“Hiy'r" internally,

2. Chip Erase and Serial Programmirg Fuse require a 10 ms PROG pulse. Chip Erase needs to be performed first before

reprogramming any byte with a conlent other than FFH.
3, P34 s pulled Low during programming to indicate ROY/BSY.
4

.Mt =don't cane

W G-MICACO-30
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lgure 13. Pregramming the Flash/EEPROM Memary

ATHOSE2E2

AImEL

+54

Figure 15. Flash/EEPROM Serial Downloading

+4.0% 10 8.0V

A0 - AT

ALOHA. F1 Yoo
DI0OHETEFH
= P20 - P25 PO

AR - A3
——p P2H

SEE FLASH ALE
PROGRAMMING g e

MIDES TABLE ————m F3.8
“‘—'—P F3.7

XTALZ EA
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_T ATBESS2
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INSTRUCTION
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—— FDY/ e
BSY
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s
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Igure 14. Verifying the Flash/EEPROM Memary
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‘lash Programming and Verification Characteristics — Parallel Mode
v=0°C 10 T0°C, Vor = 5.0V + 10%

Symbol | Parameter Min | Max Unlis
Vas Frogramming Enable Vialtags 115 12.5 ')
o Programming Enable Gurrent o _ 1 10 mA
5o Oscillator Frequency B _ 3 24 MHz
B Address Setup to PROG Law o | 48t -
t-m,u Address Hold afier PROG - A8l o ! =1
boye Data Setup o FAGG Low -_ - ' 4Bl r
Data Hold after PROG . B ! AR o )
- P27 (ENABLE) High 10 Ve o | B |
] Vep Setup to PROG Low 10 ps
tooe | PADG Width - I 5 ‘ 110 "
taoy Addrass (0 Data Valid ) 8o ||
tuqy  EMABLE Low to Data Valid _ | 4Bty
.tgﬂz Data Fleat after ENAELE . . o 3w | ABlg o
IGHBL - BROG High to BUSY Low _ - ' 1.0 oS
lwc_ . ;_Byta Write Cyela Tlma . R 2.0 ms
‘lash/EEPROM Programming and Verification Waveforms - Parallel Mode
P10 - P17 = PRGEARMMING _ VERIFICATION
P - Pes { ADDRESS ; 4.‘ ADDRESS  ——
*— i
PORT 0 ¢ DATA IN N DATA OUT
tW{!LJ‘ i : twar  Yawox > .J Tesin :
ALEPROG | ) - ‘
oot M laLoH—*|
_ o T Ve .
Wil 00 0 D i mae e ces e b e
e =¥ * Loy by ® L gl *+— oz
(EMABLE) : g A
" Lorey —™ -
F3.4 - S
(RDY/BSY) S BUSY " READY
b by "
29
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werial Downloading Waveforms

SERIAL CLOCK INPUT

SCK/PY.7 R 7 0 0 0 5. O O 1 7

I
SERIAL DATA INPUT !
MOSIP1 5 msel | | | | 1 s

SERIAL DATA QUTPUT
MISO/P1.6 [MSE

serlal Programming Characteristics

‘lgure 16. Serial Programming Timing

MOSI b 4 b b A

toveH fesle s tsHoN tsaH
SCK _\_JQ\_/_\D/
HSL

MISO -4 b4 >4

able 11. Serial Programming Characteristics, T, = -40°C o 85°C, V- = 4.0 - 8.0V {Unless Otherwlse Noted)

Symbol Parameter Min Typ Max Units
1o Oscillator Frequentcy 0 24 MHz

e | Oscillator Period 416 ' ns |
tis. | SCK Pulse Width High P4tg 0 ' e

. SCK Pulse Width Low Pty g ] ns

Lewan MOS! Setup to BCK High - telct I ns

i MOS! Hald after SCK High 2lep, . s

0 ATEORANED e ey
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\bsolute Maximum Ratings*

Oiperating TEmPerature . . o s s ~35°0 [0 +125°C 'NOTICE:  Stresses heyond those listed under "Absolute
Maximum Ratings” may cause permanant dam-
SRS TRMPAREIUFIE. vty s isie i venens =55°0 10 +150°C age to the device. This is a sress rating only and
functional operation of the device at these or any
Valtage an Any Fin othar conditions beyend those Indicated in tha
wilh Fespact 10 Ground .. i s =1.0V o + 7.0V operational sections of thiz specification is not
i Implied. Exposure to absodute maximum rating
BAgemum Oaerating VORAGE e cesiioceann oo, BUEY : conditions for extended periods may aHect davice
resliatllity,
DG Cutput Gurmemle. . oveees cenesirivmae s censsnssesnsss seeeesseee 15,0 FRA

JC Characteristics
he values chown In this table are valid for T, = -40°C to 85°C and Vi = 5.0V £ 20%, unless otherwise noted.

Symial Paramater Caoneition Min Max Units
Vi tnput Low-voliage {Excepl EA) .5 02 Y - 01 v
Wiy Input Low-voltage (E&) 05 02V -03 v
Vi npu Highaltags | Ecept 1ALy, BSTY 02 Vet 08 | Voo 0.5 v
Vi Input High-volags | paawr esm) | 07vee | Vusos v
Vo Cutput Low-voltage o oy = 1.8 mA - ! - 03 v
{Pors 1,23)
You | Culgist Lowe-vollage Iy = 3.2 MA {h5 o W
{Port 0, ALE, FSEN) I
Vg . Cutput Highrvidltage by = -B0 g, Vgp =5V £ 10% 5.4 B W
(Ports 1,23, ALE, PSEN) by = 25 A - 0.75 Vi - Vv
B | o =10 A B | oeve - i
Vaut Cutpul High-woliage lgy = -BO0 ph, Vep = 5V + 10% 24 L)
(Fart 0 in Extermal Bus Mode) I.DH - 300 kA U.‘J.'E"‘v;l'm I &
lop = B0 A B 0.8 Vi v
i-IL Loghcal O Input Cwmanl (Ports 1.2,3) ¥ = ﬂ-,45'h.-l'_ R - - 50 ik
In Logical 1 10 0 Transition Gurrani ;_Fm:t; - 2.3 Vi =8V, Voo = SY-q0m 650 m
I | Input Lpakaga Gurren 045 < Wy :‘u'u, - . 110 juf
SRR 2ok | |
AAST  Rsset Pull-down Resistor =t ’ 50 aa Kix
Gy PnCepaotance ' TestFreq. = 1 MH, T, = 25°C e BF
s Pawer Supply Gurrent  Active Mods, 12 MHz i 25 | ma
Idiz Fu'l't:l:h_l. 12 MHz 6.5 ] wd
Power-down Mods | VepmBV 100 A
Yoo =3V w ,;m i
dotes: 1. Under steady state {non-transient) conditions, 1o, muost be extomally imitod as follows:

Maximum Iy, per port pin: 10 mA
Maximum by, per 8-bil port: Port 0 26 mA; Ports 1, 2.3, 15 mA
febawimurn total 1o, for all output pins: 71 mA
If I, 8xcesds the tast condition, V5, may excasd tha related specification. Ping are not guarantead 1o sink current graater
tren the listed test conditions.
2. Minimuam Vo lor Power-down s 2Y

=

‘W ! 31
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\C Characteristics

nder operating conditions, load capacitance for Purt 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
Jtputs = BC pF

xternal Program and Data Memory Characteristics

| Varlable Oselliator

Symbol | Parameter . Min Max Units

Tia L Oscillator Fraguancy ] 24 MHz

t,. | ALE Pulse Width i Ly <40 e ]-
Lo L Addrass Valid 1o |'!‘I.L_E Lﬂw B fopoL= 13 ns

e Addregs Hold after ALE Low T g 20 e |
g ALE Low to Valid Instruetion In - ) Moo - 85 om

t.h,_F.,_. ' ALE Low o PSEN Low b = 13 E! ' ns

Ao PSEN Pulsa Width Bt - 20 _ ' 118 |
b FBEN Low fo Valid Instruction In | Mgy, - 45 s
t-,:ﬂ I It Instrustion Hold after FSEN o] [ - ns

trsde Imput Instruction Float after PSER I oy - 10 ns

T _Fééﬁ-ﬁ;ﬂﬁurem Walid e Teie -8 ”_H'S

m - ._A.dt-:lress to Walid Instru::tiur'; |ﬂ_ - | Sty - 55 [

Faiiy PSEN Low to Address Fioal | w |

famy | FDPulseWidth Bl - 100 s

oot | WR Pulse Width : Bl - 100 - e

i ' RD Low 1o Valid Data In St oL - 50 e

biviiae Data Hold after AD 4] _  m

bk Data Float afar RD [ Pleiry - 28 ns

K ALE Low to Valid Data In - Blgc 150 | ns

ta;.-'w Address to Valid Data In Btm; - 185 ns

t:,_.,;t | ALE Low to RD or WH Low _ 31‘;,_.3.._ 50 | P 50 né

vy Address to AD or WR Low o Ao =75 - (473

t.;,,_w ' Data Valid to WR Transition N toroL = 20 ns

tonan Data Valid to WH Hi.gh . Tl - 120 - ns 1
t...‘._,_,::,,.;t : | Data Hold after WR lopop - 20 o ne
e | FD Low 1o Address Fioal a . o ns

taieh RD or WA High 1o ALE High — tey g - 20 teo + 25 i ne

i2 T O O e
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:xternal Program Memory Read Cycle

- 1 HL_ 1 3
ALE i %
- — " Loy
| e >
— LL}‘:__* e il
PSEN ;- >ty A
'| +—lpyay * Texay
baax |- tpz <
By w =
PORT 0 t. AD-AT7 CINSTRIN > % ©  AD-A7 >
u Lapimy
PORT 2 X _ AB-AI5 S AB A5 B
:xternal Data Memory Read Cycle
-« b » |
ALE A 5
-+ g
PSEN & ' % 4
_ . fLiov p S
= Ak —»
- b v »
RD < luax o
O T TR + iy o Ao
- Tanpx
PORT 0 < AD - AT FROM RI OR DFL~_ < +—<DATA IN>4A0 - A7 FROM PCL> ¢|NSTE IN
- —— Lavwe F I
h by —————»
PORT 2 ¥ P20 - P27 OR AB - A15 FROM DPH < AB - A15 FROM PCH

ATMEL =




xternal Data Memory Write Cycle

-4 tLHLL 8 2

Al e . /t " _
t‘-"ﬂ‘u i

PN sl | . R

!“ b i by =

WH A W
el Cavwx ‘|‘|" A b
I Ty —»
PORT 0 | A0 - A7 FROM RI OR DEL3C | DATA OUT - A0 - A7 FROM PCL. < INSTR IN.
Tawwi %
PORT 2 _ +  P2D- P27 OR AB - A15 FROM DPH < A3 - A15 FROM PCH

:xternal Clock Drive Waveforms

—lonox —

I‘— Lonnx i 9
Vies - 0.6V —o LeieH ] Lemer
— 07 Ve _ -

, M o N
—— 32 Ve DAY e e
0.45V TR |
k- loiox r
“— toie —*

=xternal Clock Drive

Voo = 4.0V to 6.0V
Symbol | Parameter B Min I Max Units
Moo Ozcillator Fragquansy 0 24 MHz
el | ClockPeriod 415 | s
lenex High Time 15 s
o Lew Tima 15 - e
biign Risa Tima - T 20 ns
P Fall Time - I 2t _ ns

" ATEORERND e sene o e
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serial Port Timing: Shift Register Mode Test Conditions
he values |7 this table are valid for V.., = 4.0V to 8V and Load Capacitance = 80 pF.

Variable Osclllator
Symbol  Parameter Min Max Units
bl Serial Port Clock Cycle Time 1200 ps
Eewren . Ciutput Data Setup 1o Clock Rising Edge 1Mge, - 133 ns
Liicii Output Data Hold after Clock Rising Edge Bloyee - 117 ns
teHpx Input Data Hold aftar Clock Rizing Edge i ns
I':H'.T-' EHDCIE H.|5|m Emﬂ o |FI|j]LI1' Data 'H'Ellll.‘.l ]mC-LE-'\_ = 133 ns
shift Register Mode Timing Waveforms
INSTRUCTION US  UR. TUVNS S TS [N LN ST 6| _ 7 _ 8
ZrY I o g
o L TR - -
HO0 N 1 TI T i ] Y
taren |- "
o ~—a w Rynow -
SWRITE TG SBUF, N B X 1T 2 ) A R e . B X s K3
b ¥ A tuupy +
CUTPUT DATA beriow [ SETTI
G BT T i T Gl T T T - T
INPUT DATA SET HIT

\C Testing Input/Output Waveforms'"

W - 0.5V
Gl 02 V. + 08V

TEST POINTS
02 Vo - 0V

Tasy

dote: 1. AG Inputs during testing are driven al Ve - 0.5
fora logic 1 .and 0,45V ior a logic 0. Timing maasurements any made al ¥, min. for aleghe 1 and ¥, max, for a logic @,

Float Waveforms!!

Timing Refarence
Pointe

lote: 1. For timing purposas, a port pin is no longer fioating when a 100 mV change from load voliage occurs. A port pin beqging le
float when-a 100 mV change from the loaded W,/ leval oceurs.

AIMEL 3
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ATBSS8252
TYPICAL GG (ACGTIVE) at 25°C

B3 00—

ATB9S8252
i TYPICAL ICC (IDLE) at 25°C
: | ' T W =BV
l . _ .
G L
& |
m
A
04 I -
0 4 8 12 16 20 24
F (MHz)
AT89S8252

TYPICAL IGC vs, VOLTAGE - POWER DOWN (85°C)

3.0V 4.0V 5.0V 8.0V
V.. VOLTAGE

Motes: 1. XTALY1 fied to GND for lce (powear-down)
2. Lock bitz programmed

& A TRAGHIEY somsmerwrm e e ey

4 G-I GRO-3DE




e e e I (A n et Rt

Irdering Information

Spead Power
iMHz) Supply Ordering Code Package Operation Rangs
4.0V (o 6.0V ATEOS8252-24AC 448 Commercial
ATAOSE252-24.1C 44, (0°C to 7OPC)
o ATHASARE3-2APC 40P6
40V to 8.0V ATESSR2E3-2441 o 444 [ Industrial
ATBOS8252-24]1 .| | {=40°C 1o BE=C)
ATEOS8252-24P1 40P6
Package Typa
444 44-lagd, Thin Flastic Gull Wing Quad Flatoack (TGFF)
444 44-laad, Plastic J-leaded Chip Carrier (PLCC}
40F6 a0-lead, 0.600" Wide, Plastic Dual Inline Package (FOIF)

AIMEL &
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'‘ackaging Information

4A - TQFP

|
PIN 1 f
B
A
_ L
a-t_ ﬁug E1 E
b =
\'8 %
OO e
[
| (]
Cm  O~F b
T
"H ; ad A ta

COMMON DIMEMNSIONS
{Unit of Megaune = mim)

SYMBOL| MIN NOM MAX | NOTE

A - - 1.20

Al a.05 - n.e

L A |G ] toe L T

o 11.75 1240 12:25
01 .80 1000 10,10 | Mote 2

E 11.75 12:00 12.85

Motes: 1. This package conforms bo JEDEC refarance MS-028, Variation ACH.

2. Dimensions 01 and E1 do natinclude mald prerusion. Allowable = 9.8 10:00 1010 | Prie 2

protruskon is 0.25 mm per sida. Dimensions 01 anc £1 are maximuom 3 oac | - {45
plastic hedy size dimensions includng mold mismateh .;" Hog | = o

A Lead coplanariy is 083 mim masiram - - £ a
L N 078

&

o
m
[}
4
=

00T
TITLE DRAWING NO. |REY.
iﬁgg?{: Zi:ff 444, 44-lead, 10 % 10 mm Body Size, 1.0 mm Bedy Thickness, Pl =
' 0.8 mm Lead Pitch, Thin Proflie Plastic Guad Flat Package (TQFP)

8 AT SR a e ——— e e e
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I T e (| 1 o o o

4J - PLCC
. 1. 4[00a5) ¥ 45
Pl ;
140045, X 45 M ML | 0,97 Bl 0125
5 ! iy IET—; = 0.1871(0.0075;
+ 0 0
j_[ 1
s u '
" ) = + B E Dovss
+ i u|
—] i
—{ uj
a —+ 5 i
CLILIT LTy LTETLET
B e ——— 1 L5
CL5T {020 AN
45" WMAK {5
i COMMON DIMENSIONS
Rl af Measure = mim)
SYMBOL| MIMN NOM MAX NOTE |
A 4,191 4 E72
Al 2.286 - d.4048
az (508 - =
(] 17.39% - 17.653 |
[n} ] 16510 166682 | Mote 2
; E 17393 - 17653
Motess 1, This peckage contorms to JEDEC reference MS-018, Vadation AC.
2. Dimangions 01 and E1 da not include mald pratrugion. E1 1E51 - 16.662 | Nole 2
Allowabke profrusion s 01050254 mm) per sida. Denansion G neE2 | 14.a88 E 16007
and E1 include mald mismatch and are measuned af the extreme B P
materigl condition al the upper or lower parting line: 9 i QR1a
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ISD1400 SERIES
{Winbond

1. GENERAL DESCRIPTION

Winbond's ISD1400 ChipCorder” series provide high-quality, single-chip, Record/Playback solutions
o short-duration messaging applications. The CMOS devices include an on-chip oscillstor,
microphona preamplifier, automatic gain control, anti-aliasing filter, smeothing filter, and speaker
amplifier. A minimum Record/Playback subsystem can be configured with s microphone, a speaker,
several passive companents, two push buttons and a power source. Recordings are stored into on-
chip ron-volatile memory cells, providing zero-power message storage. This unigue, single-chip
solution |s made possible through Winbond's patented Multi-Level Storage (MLS) technology. Voica
and audio signals are stored directly into memory in their natural form, providing high-quality, solid-
state vaice reproductian,

2. FEATURES
« Single +5 volt power supply
= Dureion: 14 and 20 seconds.
+ Easy-In-use single-chip, voice recard/playback solution
» High-guality, natural voice/audio reproduction
+ ManvLal switch or microcontroller compatible Playback can be edge- or level-activated
« Direclly cascadable for longer durations
» Automalic power-down (push-buttan mode)
¢ Slandby current 1 pA {typical)
« Zero-sowar message skorage
= Eliminates battery backup circuits
« Fully addressable to handle multiple Massages
» 100-y=ar massage retentinn (typical)
= 100,000 record cycles (typical)
COhn-chip oscillator
+ Programmer support for play-anly applications
+ Avallable in die, PDIP and 80|C
« Temperalure:
¢ Commercial - Packaged unit : 0°C to 70°C. Die : 0°C to 60°C
o Industrial - Packaged unit - 40°C to 85°C
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5. PIN CONFIGURATION
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6. PIN DESCRIPTION
PIN NAME PiN NO FUNCTION
AD-AT 1-6, 9, 10 Address Inputs: The address inputs have two functions,
depending on the level of the two Most Slgnificant Bits (MSB)
of the address.
If either or both of the two MSBs are LOW, the inpuls are all
intarpreted as address bits and are used as the start address
for the current record or playback cycle. The address pins arg
inputs only and do not oulput internal address Information ag
the operation progresses. Address inputs are latchad by tha
falling edge of PLAYE , PLAYL ,or REC.
If both AB & A7 are HIGH, then the device Is in spacial
operational medes. Please refer to operational modes section
for details,
WC 7,8 11, 22 NC: No Connect
Vean, Vesa 12,12 Ground: Similar to Vgc, anid Veco, the analog and digital

circuits Internal to the ISD1400 series use separate ground
buses 1o minimize noise. These pins should be tied together
as close as possible to the device.

5P+, 5P- 14, 15 Speaker Qutputs: The SP+ and SP- pins provide direct drive
for loudspeakers with impedances as low as 16 (0. A single
output may be used, but, for direct-drive loudspeakars, the
two opposite-polarity outputs provide an Improvement in
outpul power of up to four times over a single-anded
connection. Forthermore, when SP+ and SP- are used, a
speakarcoupling capacitor is not required. A single-ended
cennaction will require an AC-coupling capacitor between the
SP pin and the speaker. The speaker outputs are in a high-
impedance state during a recond cycle, and hald at Vg,
during power down.

Veea Voon 16, 28 Supply Voltage: Analag and digital circuils internal ta the
IS01400 series use separate power buses to minimize nolss
o the chip. These voltage buses are brought ocut to separste
pins on the package and should be tied together as close to
the supply as possible. It is important that the power sUpply
he decoupled as close to tha package as pussible.

MIC 17 Microphone: The microphone input transfers its signal to the
on-chip preamplifier. An on-chip Automatic Gain Control
{AGC) circult controls the gain of this preamplifier from —15 ta
24dB. An external microphone should be AC coupled to this
pin via a series capacitor. The capacitor valus, together with
the intemal 10 KQ resistance on this 3in, determines the low-
frequency culoff for the ISD1400 series passhand. See
Winbond's Application Information for additional information
on low-frequency cutoff calculation.
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PIN NAME PIN NO FUNCTION
MIC REF 18 Microphone Reference: The MIC REF input is the imvarting

input to the microphone preamplifier. This provides a noise-
canceling or common-mode rejection input fo the device
when connected to a differential microphone,

AGC 18 Automatic Galn Contral (AGC): The AGC dynamicelly
adjusts the gain of the preamplifier to compensate for tha
wide range of microphone input levels. The AGC allows the
full range of sound, from whispers to loud sounds, to be
recorded with minimal distortion. The “attack” time is
determined by the time constant of a 5 K( internal resistance
and an external capacitor (C6 on the schematic of saction 11
Figure 5} connected from the AGC pin to Vg analog ground.
The “release” time is determined by the fime constant of an
extemal resistor (RS) and an external capacitor {Ca)
connected in parallel between the AGC pin and Vass analog
ground. Nominal values of 470 KQ and 4.7 pF give
satisfactory results in most cases.

ANA IN 20 Analog Input: The analog input pin transfers its signal o the
chip for recording. For micraphone inputs, the ANA OUT pin
should be connectad via an external capacilor to the ANA IN
pin. This capacitor value, together with the 3.0 KQ input
impedance of ANA IN, is selected lo give additional cutoff at
the low-frequency end of the voice passband. If the desired
input is derived from a source other than a microphone, the
signal ean be fed, capacitively coupled, into the AMA IN pin
diractly.

ANA OUT 21 Analog Output: This pin provides the preamplifier output to
the user. The voltage gain of the preamplifier is determined
by the voliage level at the AGC pin.

F'-_“LA‘EL [E]] 23 Playback, Level-Activated: When this input signal s held
LOW, a playback cycle is iniliated, and playback continues

until PLAYL s pulled HIGH, or an EOM marker is detectad.
The device automatically powers down and enters into
standby mode upen completion of a playback cycle.

PLAYE & 24 Playback, Edge-Activated: When a LOW-going transition |s

input to this pin, a playback cycle begins. Taking PLAYE
HIGH during a playback cycle will not terminate the current
cycle. Playback continues untll an EOM 's encountered, Upen
completion of a playback cycls, the device autormnatically
powers down and enters into standby mode.

Publicarion Relegse Dare: June 21, 2005
-7- Revislon 1.2
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PIN NAME PIN NO FUNCTION
RECLED 25 Record LED: The RECLED output 55 LOW during a record
Gycle. It can be used to drive an LED to indicate a record
cycle is in progress. In addition, RECLED pulses LOW
momentarily when an end-of-message Is encountered in a
playback operation.
XCLK 26 External Clock: The input has an Intemal pull-down devica.

The 1SD1400 is configured at the factory with an intemnal
sampling clock frequency that guarantees its minimum
nominal record/piayback time. For Instance, an ISD1420
operating within specification will be abserved to ahvays have
@ minimum of 20 seconds of recording time. The sampling
frequency s then mairtained to a variation of 12.25 percent
over the commercial temperature and operating voltage
ranges, while still maintaining the minimum spedified
recording duration. This will result in some devices having &
few percent more than nominal recording time.

The. Inlernal clock Fas a 5 parcent iolerance over the
industrial temperature and voltage range. A regulated power
supply Is reccmmended for industrial temperature parts. If
greater precision is required, the device can be clocked
through the XCLK pin as follows:

EXTERNAL CLOCK SAMPLE RATES

Part Mumber | Sampie Rate | Required Clock |
ISD1416 8.0 kHz 1024kHz |
ISD1420 6.4 kHz 8192 kHz |

These recommended clock rates should not be varied
bacause the antisliasing and smoothing filters are fixed, and
aliasing problems can occur if the sample rate differs from the
wne recommended. The duty cycle on the input clock is not
critical, as the clock is immediately divided by two. i the
XCLK s not used, this input must be connected to
ground.
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PIN NAME

PiN NO

FUNCTION

REC

27

Racord Input: The REC input is an active-LOW record

signal. The device records whenever REC is LOW. This
signal must remain LOW for the duration of the recording.

REC takes precedence over either playback {PLAYE or

FLAYL ) signal. If REC is pullad LOW during a playback
cycle, the playback immediataly cegeses and racording
begins.

A record cycle i3 completed when REC is pulled HIGH or
the memory space |5 filled,

And end-of-message marker (EOM) is intermally recorded,
enabling a subsequent playback cycle tv  terminate
approprigtely. The device autormnatically powers down fo

standby mode when REC goes HIGH.

Motas:

"' The REC signal is debounced for 50 ms on the rising edge to prevent a falsa retiggering from & push-

button switeh,

" During playback, if sither PLAYE or PLAYL Is held LOW during EOM or OVF, the device will still
enter into standby mode and the internal pscillator and timing generatar will stop. However, the rising

egge of PLAYE and PLAYL are not debounced and any subsequent falling edge (particularly switch
bounce) present on the input plns will initiate anothar playback

FPublication Release Date: June 21, 2003
i T Revision .2
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7. FUNCTIONAL DESCRIPTION

7.1. DETAILED DESCRIPTION

Speesch/Sound Quality

The Winbond's 1SD1400 series offer 6.4 and 8.0 kHz sampling frequencies, allowing the user a choice
of speech quallty options. The spesch samples are stored directly into on-chip non-volatile mMemory
without the digitization and compression associated with othar solutions. Direct analog storage
provides a very true, natural sounding reproduction of veics, music, tones, and sound effects not
available with most solidstate digital solutions,

Durstion

To meet end system requirements, the 1SD1400 series offer single-chip solulions at 16 and 20
seconds.

TABLE 1: ISD1400 SERIES SUMMARY

Part Number ] Duration Input Sample Typical Filter Pass
1 (Seconds) Rate (kHz) Band* {kHz)
ISD1416 16 B.O 33
1BD1420 20 64 2.6

* 3dB rol-off-point

EEPRCM Storage

DOne of the banefits of Wirbond's ChipCorder® technology is the use of on-chip non-volatila memory,
providing zero-power massage storage. The message is retained for up to 100 years typically without
power. |n addition, the deviee can be re-racorded typically over 100,000 times.

Basic Operation

The ISD1400 ChipCorder” series are controlled by a single control signal, REC, PLAYE (edge-

activeted playback] or PLAYL (level-activated playback), The ISD1400 parts are configured for
simplicity of design in a single/multiple-message application. Using the address linas will allow
mulliple message applications.

Automatic Powesr-Down Mode

Al the end of a playback or record cycle, the ISD1400 series automatically retumn to a low-power
standby mode, consuming typically 0.5 pA. After a playback cycle, the device powers down
automatically at the end of the message. After a record tycle, the device powers down immediately

after REC is pulled to HIGH,

- 1.
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Addressing

In addition to providing single message application, the |S01400 seres provide a full addressing
capability,

The 1SD1400 series have 160 distinct addressable segrnents, providing the below resalutions. See
Application information for 1ISD1400 address lables,

TABLE 2; DEVICE PLAYBACK/RECORD DURATIONS

Part Number 1 Minimum Duration (Seconds) -
1501418 160 ms
ISD1420 125 ms

7.2. OPERATIONAL MODES

The ISD1400 series have several bullt-in operational modes providing maximum functionality with a
miniral additional somponents. The operational modes use the address pins, but are mzppead to
Outside the normal address rangs. When the two Mast Significant Bits (MSBs), AB and A7, are HIGH,
the remaining address signalz are interpreted as mode bits and not as address bits. Therefore,
operational modes ard direct addressing are not compatible and cannol be used simultanecusly,

There are two impertant considerations for using operational modes. Firstly, all operations bagin
initlally at address 0, which is the beginning address Later operations can begin at other address
locations, depending on the operational mode{s) chosen. In addition, the address pointer is reset to 0
when the device is changed from record to playback but not from playback to record when A4 is HIGH
in Operaticnal Mode.

Secondly, an Operational Mode |s executed when any of the control inputs, PLAYE . PLAYL or

REC, goes LOW and the two MSBs are HIGH. This Operational Mode remains in effect until the next

LOW-going control input signal, at which point the curmrent addressimode levele are sampled and
aexecutad.

7.2.1. Operational Modes Description

The Operational Mades can be used In conjunction with a microcontroller, or they can ba hardwired to
provice the desired system operation.

AD ~ Message Cusing

Message Cueing allows the user to skip through messages, without knowing the actual physical
addresses of each message. Each LOW pulse causas the internal address pointer to skip to the next
message. This made is used for playback only and typlcally used with the A4 Opersational Made.

Publication Refease Date: fune 21, 2005
-if=- Revivipn [.2
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A1l - Delete EOM Markers

The A1 Operational Mody zllows recording messages sequentlally and playback as a single message
with only ene EOM  set at the end of the final message.

A2 — Unused

A3 = Message Looping

The A3 Operational Mode allows repeating playback & message continuously from the beginning of
tha memory. A messzage can completely fill the 1SD1400 device and will loop from beginning to end.

Pulsing PLAYE will start the playback and pulsing PLAYL will end the playback,

A4 - Consecutive Addressing

During normal operation, the address pointer will reset when a message s played through o an

EOM marker. The A4 Operational Mode inhibits the address pointer reset, allowing messages to be
recorded or played back consecutively, When the device is In a static state; e, not recording or
playback, momentarily taking this pin LOW will reset the address countsr to Zero.

A5 —Unsued
TABLE 3: OPERATIONAL MODES
Mode Function Typlcal Uss Jointly Compatible [
Al Meassage cueing Fast-forward through messages Ad
At Delete EOM markers Position EOM marker at the end of | A3 A4
the last message
A2 Llnuséd
A3 Loaping Continugus playback from Address @ | A1
| A4 Consecutive Recordiplayback multiple consecutive | A0, A1
addressing messanes
AS Unused

' Additional Operatisral Modes can bs Lsead simultanaously with the given mode.

.
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8. TIMING DIAGRAMS
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9. ABSOLUTE MAXIMUM RATINGS?

TABLE 4: ABSOLUTE MAXIMUM RATINGS (PACKAGED PARTS)

CONDITIONS VALUES
Junction temperaturs 180°C
Storags temperature range -65°C to +160°C
Vaoltage applied to ary pin (Vss — 0.3V} 1o (Vee + 0.3V)
Woltage applied to any pin (Input current limited to £20 mA} | (Ves — 1.0V] to (Voo + 1.0V)
Lead temperature {Soldering — 10sec) 300°C
Vg — Vg 0.3V to +7.0V

TABLE 5: ABSOLUTE MAXIMUM RATINGS {DIE)

CONDITIONS VALUES
Junction temperature 150°C
Storage temperature range -f5°C to +1560°C
Voltage applied to any pad (Vag = 0.3V) to (Ve + 0.3V)
Voltage applied to any pad (Input current limited to £20mA) | (Vss — 1.0V) to (Voo + 1.0V)
Lead Temperature (soldering 10 seconds) 3 g
Voo — Vis 0.3V to +7.0V

? Stresses abovs thosa listed may cause permanant damage to the device. Exposure 1o the absolute maximum
ratings may affect device reliability and pedformance. Functional oparation |2 not implied at thess conditions.

o
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8.1 OPERATING CONDITIONS

TABLE 6: OPERATING CONDITIONS (PACKAGED PARTS)

CONDMTIONS VALUES
Commercial operating temperature range (Case temperature) 0°C to +70°C
Industrial operating temperature (Case temperature) -40°C 1o +85°C
Supply voltage (Vee) " +4.5V 1o +5 5V
Ground voltage (Vss) @ ov

. TABLE 7: OPERATING CONDITIONS (DIE)

CONDITIONS VALUES
Commercial operating temperature range 0°C to +80°C
Supply valtage (V) +4.5V to +6.5V
Ground voltage (Vsg) ™ oV

Moy = Ve = Visp

By g5 = Yasa = Vasp

L5

Fuhficaiton Release Dare: Juné 21 2005
Revision 1 2
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10. ELECTRICAL CHARACTERISTICS

10.1. PARAMETERS FOR PACKAGED PARTS

TABLE 8: DC PARAMETERS

PARAMETERS SYMBOLS | MIN® | TyP™ | MAX™ | UNITS | CONDITIONS
Input Low Voltage Wil 0.8 vV
Input High Yealtage Vin 24 v
Output Low Voltage VaL 0.4 v lm=4.0ma
Cutput High Voltage Vau 24 v lgy=-1.6 mA
Vee Current {Operating) gz 15 an mA | Vee =550

HE.:-{T =

Ve Current (Standby| i 0.5 10 pa | B
Inpul Leakage Current Iy +1 HA
Input Current HIGH wiPull | lpo 130 WA | Force Ve
Crown
Cutput Load Impedance Rexr 16 (4] Speaker Load
Preamp IM Input Riac 4 8 b7 KQ Pins 17, 18
Reslstance
ANA IN Input Resistance R in 25 3 L] KO
Preamp Gain 4 Aprg 20 23 26 de AGC = 0.0V
Preamp Gain 2 Apres -45 -15 dB AGC = 2.5V
ANA IN to SP+/- Gain Aurp 20 22 25 dB
AGC Output Resistance Ruae 2.5 5 95 K0
Freamp Out Sourcs lerey -2 mA | & Vogr = 1.0V
Freamp In Sink [ 0.5 m, @ Vour = 2.0V

11} Typical valoes @ T, = 25% and 5.00.

(2 All Min/Max limits ars guarantesd by Winbond via electronical lesting or characterization. Not all
spacifications are 100 percant tasted,

[3 Wogs and Vigp connected togather,

[4] REC, PLAYL,and PLAYE mustbe atVeop.

[5] XCLK gin .
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TABLE 9: AC PARAMETERS

CHARACTERISTICS SYMBOLS | MIN® | TYP" | mMAX™ | UNITS CONDITIONS
iampling Freguency Fe a.0
SD1418 6.4 kHz | @
SD1420 kHz | [
“llier Pass Band For
s501418 33 kHz | 3 dB Roll-Off Paint™™®
801420 26 kHz | 3 dB Roll-Off Poimt™*
Record Duration Tree
IS014486 16 sac
ISD1420 20 sec
Slayback Cruration Troay
SD1416 18 sec |
501420 20 sec |
RECLED ON Delay Tieoy b s
RECLED OFF Delay Ticez -4 ] @88 | 8 | meds
SD1418 0ol ase | M| mgec
SCH420
Address Setup Time Taer 300 nsec
8ddress Held Time Thowo 0 nsec
aacnrr:l Fower-Up Delay Trruo
[E01416 26 msac
[SD1420 a2 maec
Record Power-Down Delay Taenn
ISD1416 26 msec
1SD1420 32 MmSas
Play Power-Up Delay Tapuo
1SD1418 26 msec
1501420 32 msac
Play Power-Down Delay Teoimn | B85
ISD1416 | 81 mesc
1501420 mEec

e

Publication Kelease Dare: June 21, 200%
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CHARACTERISTICS SYMBOLS | MIN® | TYP™ | max® | uNnITS CONDITIONS
OM Pulse Width Teow
3D1416 12 it
301420 16.625 maec
‘otal Harmonic Distartion THD 1 3 Yo 1kHz
ipeaker Output Power Paur 12.2 mW | Rexr=16180
foltage Across Speaker Pins | Vayr 1.25 25 Vpp | Reg=68000
AIC Input Voltage ViNg 20 mY | Peak-to-Peak!®
iNA IN Input Voltage | Vinz 50 mY Paak-to-Peak
Motes:
[1] Typical values @& T, = 25% and 5.0V.
[2] Al MinMas limits are guaranteed by Winbond via elsctronical testing or charactarization. Not all specifications ars
100 percant tested,
[3] Lewdrequency cutoff depends upon the value of external capacitors (see Pin Descriplions)
[4] Witn 51 K 0 sarles resistor at ANA IN,
=] Samplng Frequancy and playback duration can vary as much as 42 25 percant over the commerclal temperature
and voltage rangs, It may vary a8 much as +5 parcent over the Industrial temperaiure and voltage ranges. All
devices will meet the maximum sampling frsquency and minimum playback duration paramelers. For greater
slability, an external clock can be utilized (ses Fin Descriptions)
[6] Filtar specification applies ta the arti-aliasing fiter and the smoothing fiter. Typical Parameater \Variation with

Voltage and Temperature. This paramatar is not checked during production testing and may vary dus to procesa
variationa and other factars, Therefore, the customer should not rely upan this value for testing pumoases.

-5
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Operating Currant (mAj

Percent Distartion (%)

10.1.1, Typical Parameter Variation with Voltage and Temperatura

05

<
N

=
(]

f=] =]
| |
|

Chart 1: Record Mode Operating

Current {I_.}

| | |
| I [

40 25 70 85
Temperawre (C)

l w 55\Volts 4.5 Volts |

Chart 2: Total Harmonic Distortion

& & ]
| | |
| [ |
-4 25 70 B85

Temperatura (C)

[ = 55 volts * 4.5 Valts |

Chart 3: Standby Current (l..)
030~
025~

0.20—

Standby Current (mA)

0 | I |

| I 1

-40 25 70 85
Temperature (C)

| = 55Volts ¢ 4.5Vols |

Chart 4: Osclilator Stabllity
1.5

] | |
'2 .l:l I'

-40 25 70 85
Temparaturs (C)

W 55Volts 4.5 Volts |

Publication Releave Date: Jfume 21, 2005
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10.2. PARAMETERS FOR DIE

TABLE 10: DC PARAMETERS

PARAMETERS SYMBOLS | MIN® | Ty | mAX™ | UNITS | CONDITIONS
Inpud Low Voltage Vi 0.8 W
Input High Yoltage Viu 24 v
Dutput Low Voltage VoL 0.4 W loe = 4.0 mA
Output High Voltage Wen 2.4 W lgn=-1.6 ma
Ve Current (Operating) leo 15 30 mA | Ves = 5.50°

RErr =

Ve Current (Standby) lep 0.5 10 uA | IH
Input Leakage Current I +1 A,
Input Current HIGH wiPull | lap 130 BA | Force Vo™
Diown
Cutput Load Impedance Rexr 16 a Speaker Load
Preamp IN Input Ruc 4 | 9 17 KQ | Pads 17,18
Raosistance
ANA IN Input Resistance Flmj_r_g 2.5 3 5 K4
Preamp Gain 1 ArRE1 20 23 26 dB | AGC =Q.0V
Preamp Gain 2 Appez -45 =15 dB | AGC =25V
ANA N o SP+H- Gain Bppre 20 22 25 dB
AGC Qulput Resistance Race 25 5 0.5 10
Preamp Out Source lprey -2 mA | @ Vour = 1.0V
Freamp In Sink lere. 0.5 mA @ Vaur =20V

[T, Typlzal values @ T, = 25% and 5.0V,

(2] Al MindMex limits are guaranieed by Winbond via electronleal testing or characenzation. Not all
spacifications are 100 percent tested,

[3] Voo and Voro connected logether.

[4] REC. PLAYL  and PLAYE must be at I'I.I'-:r_'p.

[5] XCLK pin,

-2 -
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TABLE 11: AC PARAMETERS
CHARACTERISTICS SYMBOLS | MIN® | TP | mMax™® | uNITs CONDITIONS
Sampling Frequency Fe
ISD1416 8.0 kHz | H
1501420 6.4 kHz |®
Filter Pass Band Fer
ISD1416 a3 kHz | 3 dB Roll-Off Point™ |
ISD1420 26 kHz | 3 dB Roll-Off Point1®
Record Duration Trec
1501416 16 80
1201420 20 sac
Flayback Duration Tevwar
1501446 16 sac
1501420 20 SBG
RECLED ON Delay Tizny § msec
RECLED OFF Delay Tieoz
I1SD1416 30 389 g5 mses
ISD1420 40 48.6 110 maac
Address Setup Time Tser 300 | nsec
Address Hold Time Thol o | nsec
Power-Up Delay Tasuo
1501416 26 msec
15D1420 3z maac
PD Pulse Width (Record) it
501416 26 mse
[SD1420 32 maec
PD Pulse Width (Play) T
S48 6.5 msag
IS01420 8.1 msec
| Play Power-Down Delay Terow
ISD14186 6.5 msec
301420 8.1 Msec
FPublication Release Date: Sume 21, 2005
-dd- Revision 1.2
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CHARACTERISTICS SYMEOLS MIN® Typl! MAX™ UNITS CONDITIONS
EOM Pulse Width Teom
ISD1416 125 G
1SD1420 15,625 meeas
Total Harmonic Distortion THD 1 3 % @ 1 kHz
Speaker Output Power Pour 12.2 mW | Req = 16 M
Voltage Across Speaker Pins | Vour 1.25 25 Vpp | Rer=8000
MIC Inpu: Voltage Wik 20 mV | Peak-to-Peak®
ANAIN Input Voltage Wiz 50 my Peak-to-Paak
Motas:

(1]
(2]

[3]
[4]
(5]

Typical values @& T, = 25% and 5.0V,

All MinfMax limits are guaranieed by Winbond vie electronical testing or chamactarization, Not all specifications are
100 parcant tasted.

Low-fraquaney euteflf depends upon the value of external capacitars (see Pin Descriptions)
With 5.1 K & series resistor at ANA N,

Sampling Fraquency and playback duration can vany as much as +2.25 parcent ovar the commercial temperaluine
and voltags rangs. It may vary as much as +5 percent over the Industrial lemparature and voltage ranges. Al

devicas will maet tha maximum sampling frequancy and minimum playback duration parameters. For greater
stability, an extemal clock can be utilized (see Pin Descriptions)

Fitter spacification applies to the anti-aliasing filter and the smoothing filter. Typlcal Parameter Waration with
Voltage and Temperature. This paramaar is not chacked during production testing and may vary due to process
variations and oiher factors, Therefore, the customer should not rely upon this value for testing purposas.
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10.2.1. Typical Paramater Variation with Voltage and Temperaturs

Chart 5: Record Mode Operating Chart 7: Standby Currant {9
Current (I..)
15 0.35
z I\"' = 0.30 = -
£ == — E
fg 10 L\ g 0.25
4 Y 3 0.20 ” .
o s =
£ 5 1 E o153 : .
E_ &
& 3 010
n ] : — |
0 25 50 0 25 50
Tamperature (C) Temperaturs (C)
= 85Volts #55Volts  #4.5 Vot | ® 6.5Vols @55Volls  #4.5 Volis |
Chart 6: Total Harmonic Distortion Chart 8: Oscillator Stability
05— 2.5
g _ 20
e == = 3 £ 15
€ 03 g )8
z o 05
£ 02 E 0
£ 05
0.1 —4— &
W 1.0
j |
0 | | 1.5+ i -
0 25 50 0 25 50
Temperature {C) Tamperature (G}
® 65Volls #55Volts 4.5 Vol | m 65Volls #55Vals  #4.5Volls |

Publication Release Date: June 21, 20035
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11. TYPICAL APPLICATION CIRCUIT

il BE 5[E ﬁhk{n]mLL =

FIGURE 5: DESIGN SCHEMATIC
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Functional Description Exampls
The following operating examples demonstrate the functionality of tha ISD1400 series.

[

Record a message:

Pulling the REC signal LOW initiates a record cycle from cument location. When REC is

held LOW, the recording continues. Uniil the memory array is filed up or when REG is
pulled HIGH, recording ceases. An EOM marker |s written at the and of message. Then the
device will automatically power down,

Edge-activaled playback:

Pulling the PLAYE signal LOW initiates 3 playback cycle from the beginning of the message

until the entire inessage iz played. The rising edge of PLAYE has no effect on oparation.
When tha EOM rmarker is encountered, the device autormatically powers down. A subsequent

faling edge on PLAYE nitiates a new playback operation from the beginning of the
message.

Level-activated playback:

Holding the PLAYL signal LOW initiates a playback cycle from the beginning of the

message, untii PLAYL is pulled HIGH or when the EOM marker is encountered, playback
operation stops and the device automatically powers down.

Recard (interrupting playback).

The REC signal takes precedence over playback operation. Holding REC LOW initiates a
new record operation fram current location, regardiess of any current operation in progress.

RECLED operation.

During record, the RECLED output pin provides an active-LOW signal, which can be used to

drive an LED as a “record- n-progress” indicator. It retumns to a HIGH state when the REC
pin is pulled HIGH or when the recording Is completed due to the memory belng fillad.
However, during playback, this pin also pulses LOW to indicate an EOM &t the end of a
message.

Publlcation Refease Date: June 21, 2005
-25- Revision }.2
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Applicationa Note
Some users may experience an urexpected recording taking place when their circuit s powered up,

or the batteries are changed and Vop rises faster than REC. This Undesired recording prevents
playback of the previausly recordec message, A spurious End Of Message (EOM) marker appears at
the very beginning of the memory, preventing access to the original message, and nothing Is played.

To prevent this occurrence, place = capacitor {approx, 0.001 uF) between the control pin ({REC ) and
Veeo This pulls the control pin voltzge up with Ve as it rises. Once the voltage is HIGH, the pull-up
device will keep the pin HIGH until intentionally pulled LOW, preventing the false EOM marker.

Since this anomaly depends on factors such as the capacliance of the user's printed circuit board, not
all eircult designs will exhibit the spurious marker, However, it is recommendad that the capacitor is
included for design refiadility,. A more detailed explanation and resolution of this occurrence s
desaribad in Application Infarmation.

- M-
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12, PACKAGE DRAWING AND DIMENSIONS
12.1. 28-LEAD 300 MIL PLASTIC SMALL OUTLINE IC (S0IC)

|Z?EEHZ413 21 20 18 18 17 18 18
1 2 34 5 67 B 910 1112 1314

. A .{ ]
4 | PR
e
B
DﬁL_ - Il[l__‘!]]__l
e -
B INCHES MILLIMETERS B
Min Nom Max Min Mem Max
A 0.701 0.708 0.711 17.81 17.93 18.08
B 0.097 0.101 0.104 246 2.56 2.64
C 0.262 0.296 {.299 742 T.52 7.59
D 0.005 0.009 0.0115 | 0.127 0.22 0.29
E 0.014 0.016 0.019 0.35 0.41 0.48
F 0.050 i 1.27 i
G 0.400 0.4086 0.410 10.16 10.231 10.41
T H 0.024 0,032 0.040 0.61  0.81 1.02

Mote: Lead coplanarity to be with n 0.004 inches.

27 -
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12.2. 28-LEAN 600 MIL PLASTIC DUAL INLINE PACKAGE (PDIP)

s O e e e s
21718717 1616

01—
5 ==
. J
o
~ INCHES MILLIMETERS
‘ Min MNom Manx Min Mom Max
A 1.445 1.450 1.455 36.70 36.83 35.98
B1 0.150 i 3.81
B2 | 0085 0.070 0.075 1.65 1.78 1.91
ct | o600 0.625 16.24 15.88
cz [ os30 0.540 0.550 13.46 13.72 13.97
D 0.1 483
O 0,015 | 0.38
E | 0125 0.135 3.18 343
F 0.015 0.018 0.022 0.38 048 | 056
G 0.055 0.060 0.065 1.40 1.52 1,62
H 0.100 254 _
J 0.008 0010 | 0012 0.20 0.25 0.30
5 0.070 0.075 0.080 1.78 1.91 2.03
EN 15° 0° 15°

o,
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12.3. DIE PHYSICAL LavouT [V

A3 Al Vecp KCLK
1501400 | A2 ‘ Al ‘ REC RECLED
o Die Dimensicns | | ]
X: 1722+ 1 mils REH B N n n
; i ———
¥ 168.5+ 1 mils ]
ASL
B FLAYL
o Die Thickness®
17.5+ 1 mils
ISD1400X
o Pad Opening
100 x 112 microns
3.9 x 4.4 mis
ABI— B—— ANA QUT
:; : T T B ANA N
i T | T ws L
v,ls,;, v, [ SP- i M'u:] AGC
P+ v, MICREF

Moles;

['] The backside of dis is intemally connected to Vgg- It MUST NOT be connected to any other potential or
damage may oocur,

(4] Die thickness & subject to change, please contact Winbond factory for status and availability.

Publication Relesse Dave: June 21, 2005
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ISD140( SERIES PAD DESIGNATIONS
{with respect to die canter)

Pad Pad Name X Axis (pam) Y Axis [pm}
AD Address 0 -1332.5 1973.8
Al Address 1 -1628.9 1973.8
A2 Address 2 -1808.9 1973.8
Al Address 3 -2014.1 1910.2
A Address 4 -2014.1 1722.6
AS " Address 5 -2014.1 1519.8
AB Address B -2014.1 12146 |
AT Address 7 20141 -1399.8 |
NC No Connect -2014 .1 =1745.4
Vi Digital Ground 1894 1 19718
Vadi Analog Ground -358.1 -1971.8
SP+ | Bpeaker Output + -17.7 ~1686.6
5P- Speaker Output- 4119 -1898.6
Vees Analog Power Supply 7795 -1936.2
MiC Microphone Input 9915 -1973.8 !
MIC REF Microphone Reference 1168.7 -1973.8
AGC Automatic Gain Control 1977.9 -1910.6
ANA IN Analog Input 2005.1 -1580.2
ANA CUT Analog Outout 1880.7 -1379.0
PLAYL Level-Activated Playback 20139 1608.6
PLAYE Edge-Activated Playback 20139 17770
RECLED | Record LED Output 2011.9 19718 |
[ XCLK | External Clock 1580.7 1973.8
REC Record 752.3 1973.8
Veon Digﬁal Power Supply -48.5 18204

Dia dimensions and pad positions may be subjected ta change. Please contact Winbond Sales Offices or
Reprasentatives to verlfy currert or fulure specifications.

-3 -
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13. ORDERING INFORMATION

Product Number Descriptor Key

ISD14
HIB1400 Sarien L Special Temperature Fiald:
Duration: Blank = Gommercial Packaged (0°C to +707)
16 = 16 seconds or  Commercial Dis (0°C to +507)
20 = 20 saconds I = Industrial {-40'C to +B5")
— Package Type:
X = Die
P = 28-Lead B0 mil Plastiz Dual inline
Package (POIP)
§ = 28Llead 300 mil Small Qutline Package
{S0IC)

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

Die / Package 16-Second 2(-Second
Product P/N Ordering PIN Product P/N Ordering P/N
Die I501416X C5008 11416X5006 ISD1420X C5008 11420X5006
PDIP ISD1416P C5006 11416P5008 ISD1420P C5006 11420P5008
ISD1416PI C5006 | 11416PIS006 | ISD1420P! C5006 | 11420P15006
s50IC 1SD14165 C5008 1141655006 1SD1420S C5006 1142055006
ISD141651 C5006 | 11416515008 | 1SD142081 C5006 | 11420815006

For the latest product information, access Winbond's worldwide website at
http:/fwww.winbond-usa.com

= 3f-
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14. VERSION HISTORY
VERSION DATE DESGRIPTION
o Before 2004 | Initial issue,
10 March 2004 “ﬁefm'mat the document.
Reviza footnote for Filter Passband in Tables 1, 9 & 1.
| Revise Functional Description Example section.
Revise die picture.
' Revise ordering infarmation.
1.1 | Apr 2005 Revise the disclaim section,
1.2 Jun 2005 | Revise the part number for 11420 device in Ordering section.
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Winbond products ere not designed, iIntended, authorzed or warranted for use as COMPONEnts In systerms ar equlpment
Imtended for surgicsl implantation, atomic energy sentrol instruments, girplane or spaceship instrumants, transportetion
Instrumnents, traffic signat instruments, combustion control Instruments, or for other apgplications Intended to support or
susian life, Furtharmaore, Winbond produ ts are nat intended for applications wharein failure of Winbond produsts could
result or lead (o a situation whenaln personal injury, death or severs property of envionmantal damage could ooour,

Winbond customers using or solling these products for use in such applications do so al thalr own risk and agrea to fully
indemnify Wirbond fr any damages resulting from such impropes use or sales.

The contents of this documant ane provided only as a guide for the applications of Winbond preducts, Winbond makes no
representation or warrantles with respect lo the accuracy or completeness of the contents of this publication and
reservas the righl to discontinue or make chenges to spacfications and product descriptions at any time withaut notice.
Mo license, whether sxpress or implied, to arty inteliectual property or other right of Winband or others ia grarited by this
publication. Except a sat forth in Wintond's Standard Termes and Conditions of Sale, Winbond assumes no Habliity
whalsoever and disclaims any express or implisd warranty of merchantability, fitness for a particuler purposs or
infringement of any Intellectual proparty.

The cantznts of this document are provided *AS 1S°, and Winbond assumes no liability whatsoaver and disclaime any
enprass or implied warranty of merchantability, fitness for & particular purpose or infringerment of any Intellectual
prepedy. In no event, shall Winbond be iable for any damages whatsoever (Including, without limétation, damages for
less of profits, business intermuption, loss of infarmation) adsing out of the use of or inabliity to use the contents of this
documents, aven If Winbond has been ad-lsed of the possibilily of such damages.

Applicatlon sxamples and allemative uses of By integrated circull contsined in ihls publication are for lestration only
and Winbond makes na representation or warranty that such applications shall be sultatde for the use specified.

The 100-ear retention and 100K recard tyclm projections ere based upon sccelerated rellability testa, a8 publishad in
iy 'n“ﬂnhnng Redability Report, and are reither warranted nor guaranteed by Winbond. This product Incorporates
SuperFiash™

Inforration contained In this 1S0% ChipGondar® datashieet suparsedes all data for the IS0 ChipCorder products
publized by 150% prior to August, 1998,

This datathest and any future addendum to this Jatashest Is(are) the complete and contralllng 1SD® ChipCorder®
product spedfiicatons. In the event ary Inconsistencies exiet between the informatlon in this and other product
dasumentation, of in the avent that other product documsntation containe informaton In addition 18 te informabien In
this, the information contained herein supersadas and govems such obher Infarmation in its antlrety. This dalasheet is
subject to change without notlce,

| Copynght™ 2005, Winbond Electronice Corpocation. Al rights resanved, ChipCorder® and ISD® are trademarks of
Winband Electronics Corparalion. Superfiash® is the trademark of Slicon Starage Technology. Ine. Al other trademarks
are preperties of thielr respectiva owners,

Winbond
Electronics Corp.
Headgquarters Winkond Slectronics Corporalion Amarica Winbend Electran|cs {Shanghal) Lid,
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TEL. ftvgi- -0/ W56 FAX: = AD8-E4d 1y FAx: B8 2F-E25565034
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KS0070B 16COM / B0SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

INTRODUCTION

KSOO0TOB is a dot matrix LCD driver & controller LSI which is fabricated by low power CMOS technology.
It is capable of displaying 1 or 2 lines with the 5x7 format or 1 line with the 5x10 dots format.

FUNCTIONS

= Character type dot matrix LCD driver & controller

* Internal driver: 16 common and 80 segment signal output

= Easy interface with 4-bit or 8-hil MPL

+ Display characler pattern: 5x7 dots format (192 kinds) & 5x10 dots format {32 kinds)

* The special character pattern is directly programmable by the character generator RAM,
A customer character pattern is programmable by mask option.

* Itean drive & maximum of B0 characters by using the KS00658 or KS0063B externally.
= Varicus instruction funclions

* Built-in automatic power on resat

* Driving method is A-type (Line inversion)

FEATURES

= Internal Memary

- Character GGanerator ROM (CGROM): B,320 bits (192 characters » 5 x 7 dots)
& (32 characters » 5§ » 10 dots)

- Character Generator RAM (CGRAM): 64 = 8 bits (§ characters = 5 x 7 dots)
- Display Data RAM (DDRAM): 80 x 8 bits (80 characters max_}
+ Low power operation
- Power supply voltage range: 2.7 to 5.5 vV {VDD)
- LCD Driva voltage rapge: 3.0 to 10.0 ¥V (VDD to VE)
= Supply voltage for display, 0 Lo =5 Y {V5)
* Programmable duty cycle; 1/8, 1111, 1/16
= Interral oscillator with an external rasistor
= Bare zhip or bumped chip available
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16COM / 80SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

BLOCK DIAGRAM

VOO —a- Parallal to senal
Data conversion
GND — circuit |
Ve e Iy
Wi ——— T 5 T
V3 = Ps 1
Ve i ==
VE —a= | Busy Character Character
Flag E=nerator Gengrator gﬁ:ﬁ"m
ROM RAM Control
(GG ROM) | |(CG RAM) il
{ B320 bits | f12 bits | i
] l B | L
3 L W L4 " l
DED-CE3 = & | oData 8 {E S
4 -m- Ragizter | __ | |
DE4-DIAT -t it (OR) ) Ja { 80bit || 80bit | Segment| ao
Gutput = oo : : shift [ Latch |~ Driver [7—™
L | Ragister| | Circuit | | SEGT-
BN —a=| Buffer al Display , ‘ SETED
| 8 Instruction | @ | Instruction il =
g —7 ™| Reglster Decodear %Hédm; - I |
E —n R) | (D) ¢ A R Bl ‘
[} —==D
T N
Address
c ter (AC
il L L
7 Shift carmmon 1-
,’ = | Ragister) | Onver COMIE
folas | .
—  Timing = CLK1
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KS0070B 16COM / BOSEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

PIN CONFIGURATION
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*AD CONFIGURATION
NNORMAL TYPE PAD COCNFIGURATION

=5 1 W@ e el = | = 0D im ™

R ERREE R LR R R b LR L
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RUANLONUNNNER DR NBOLMNLEOUONGATDN
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COO0O00CODOogoOoCcooggoaoonononon
SEG33 2O [ | 102 SECE0
SEG32 3| [ O | 101 SEGET
SEG3 4[] m O | 100 SEG62
SEG30 5|0 =] | 99 SEcea
SEG28 6|0 5 [l | 8¢ SEGE4
SEG2E 7| g | 97 SEGES
SEG27T #|0 ¥ | 96 BEGES
SEG26 8|0 1| 95 SEGET
SEZ25 10| O 0| %4 SEGEs
SEG24 11| O | 93 SEGED
SEG23 12 (O Yi 1| 92 sEGTO
SEEZZ 12| [0 0| 91 SEGT1
SEG21 14| O £l | 80 SEGT2
BES2D 15| O 0| s8 SEGT3
SEZ10 16| O ]| 88 SEG74
SE318 17| O 0| 87 SEG?S
SE31T 18 | [ 1| 86 SEGTE
5E316 19| 0 e O| &5 SEc?r
SEZM5 20| O 0.0) X | 84 SEG78
e U CHIP SIZE: 3920 x 5070 20 bty
SEG12 23|10 PAD SIZE: 100 » 100 0| 81 COM16
SEG11 24 | O UNIT: um | 80 COM15
SEG10 25|17 0| 79 COM14
SEED 26| O | 78 COmM13
BEGE 27| O 0| 77 Comiz
SEGT 2811 0| 76 COM14
SEGE 290 0| 75 COM10
SEGE 30| 0| 74 COMS
SEG4 31[[ Ol 73 coMe
SEG3 32| MO O] 72 COM7
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W33 35| 0| 68 coms
0sSC2 36|13 | BB COM3
0sc1 37| 5 0| 67 comz
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2] MIRROR TYPE PAD CONFIGURATION
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127 SEGSE
125 SEGSE
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PAD COORDINATE
1} NORMAL TYPE PAD COORDINATE

[ ] -
PAD pap COORDINATE|o.p pag COORDINATE b o] oap COORDINATE|pzp| pap (COORDINATE

'NO, | NAME ¥ v [N | NAME " W NO | NAME % v | MNO.| NAME | ¥ ¥

NC S - 24 | BEGYH |-1794 | -581 | 47 CLK1 ~-530 |-2368| 7O | COMS | 1794 | -1831

SEC33 |-1764 | 2160 | 25 | SEG1D |-1794 | 706 | 48 CLK2 405 |.2380 | 71 ' COMs 1794 | -1706

SEGI2 |-1794 | 2044 | 26 | SEGE |-1794| -831 | 49 M -280 | -2389| 72 | COMY7 | 1794 | -1581

| BEG31 |-1794 | 1919 27 | SEGE |-1704 | -088 | 50 ¥ -185 |-2363 | 73 | COME | 1794 |-1455

SEGZS |-1794 | 1869 | 20 SEGE |-1794 | -1206| 52 R 95 |-2369 | 75 |COM10| 1704 | 4206
-

| SEG2B '-1794 | 1544 | 30 | SEGS |-1794|-1331 53 E 220 |-23891 76 |COM11 1794 | -1081

| BEG27 |-1794{ 1419 | 31 | SEG4 |-1794|-1456 | 54 | vDD | 348 -2369 | 77 |COM12| 1794 | -956

1
2
3
4
—5_ SEG20 (-1794 1784 2B | SEGY |-1794 [-1081 | 51 RS =30 |-2369 | 74 | COMS | 1794 | 12331
P
7
i
g

SEG26 | -1794 | 1204 | 32 | SEG3 [-1794|-1581| 55 DBEO 470 | -2360 | 78 |COM13| 1794 -3-31

10 | SEG25 |-1794 | 1168 | 33 | SEG2 |-1794|-1706 | &8 bB1 595 |-2369 7O |COM14 | 1794 | -708

11 | SEG24 | -1794 | 1044 | 34 | SEG1 |-1784|-1831/| 57 D=2 T20 |-2369 | B0 |COM15| 1704 | -581

tf SEGZ3 |-1784 | 910 | 35 | v8s |-1704|-1958 58 DB3 B45 |-2369 [ B1 /COM16 | 1704 | -486

13 1SEG22 [-1794 | 794 | 38 | 08C2 |-1704|-2108| 58 DB4 870 |-2369 | 82 | BEGH0 | 1794 | -331

4 SEG2Y | 1794 €69 37 | OSC1 |-1794 | -2231 60 DES 1095 |-2369 | 83 | SEGT9| 1784 | -206

15 | SEG20 (1794 | 544 | 38 MG - - 61 DEg 1220 | -2369 | B4 | SEGTE |1 ?94. =B1
16 | SEG18 -1794 | 419 | 39 NC ] - = €2 De? 1345 |-2369 | 85 | SEG77 | 1794 | 44
17 | SEG18 [ -1784 | 204 | 40 MO - _. - K] TEEf 1470 | -2360 | 88 |SEGT8 | 1794 | 189
| 18 | SEG-7 (1794 | 188 | 41 NG - . 64 NC - z BY | SEGT5 | 1794 | 204
‘_19' I BEG6 |-1794 | 44 | 42 W1 -1155 | -2369 | B85 NC s - 88 | SEGT4 | 174 | 419

20 | BEG15 -TT‘BE Bl |43 W2 -1030 | -2368 | 86 | COM1 | 1784 |-2331| 89 | BEGY3 1784 | 544

A .SEGM 1794 | L2086 | 44 V3 905 | -2369 | 67 | COM2 | 1794 |-2206 | 90 | SEGTZ | 1794 | 66D

22 | BEGTY -1794 | -331 | 48 W -TED |-2389 | 68 COM3 [ 1784 |-2081| 91 | SEGT1 | 1794 | 7od

23 | SEGT2 (1784 | 456 | 46 Va -G5S -2;36‘9 B8 | COM4 | 1784 |-1956 | 92 | BEGTO | 1784 | 319

ELICTROMNICS.
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NORMAL TYPE PAD COORDINATE {CONTINUED)
paD| pap [FOORDINATE PAD | pap [COORDINATE PAD | paD (COORDINATE PAD | pap [FCORDINATE

NO. | NAME X v MO. | NAME ¥ v NGL | NAME X ¥ NO. | NAME X- | Y- L

43 | BECE2| 1794 | 1044 | 102 |SEGHI| 1784 | 2160 | 111 SEGS1| 563 | 2369 | 120 | SEG42 | -562 | 2368

B4 | SECEB | 1794 | 1169 | 103 |SEGS9| 1563 | 2368 | 112 SEGEU 438 | 2360 | 121 | SEG41 | 687 | 2369

85 | SEGOT | 1794 | 1294 | 104 |SEGSE | 14308 | 2369 | 113 |SEG49| 313 2369 | 122 |SEG40 | 812 | 2319 |

56 |SEGE6| 1794 | 1419 | 105 |SEG57 | 1313 | 2380 | 114 SEG48| 188 | 2369 | 123 |SEGa9 | -937 | 2369

a7 SEGEE- 1794 | 1544 | 106 |SEG56 | 1188 | 2960 | 115 |SEG47| &3 | 2389 124 | SEG38 | 1062 2369
98 | SEGB4| 1794 | 1869 | 107 |SEGSS| 1083 | 2369 116 |SECG46| 62 | 2360 | 125 SEG3T |-1187 | 2768

98 | SEGE2| 1794 | 1794 | 108 |SEGS4| 938 | 2368 | 117 |SEG4S =187 | 2369 | 127 | SEG36 |-1312 | 2369

100 | SEGB2| 1794 | 1819 | 108 |SEGS3| 813 | 2388 | 118 |SEG4d -312 | 2369 | 127 | SEG35 | -1437 | 2380

101 | SEGET | 1794 | 2044 | 11D _EEGEZ G808 | 2369 | 110 |SEG43| 437 | 2380 | 128 |SEGa4 |-1582 | 2360
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2} MIRROR TYPE PAD COORDINATE

COORDINATE

ki

PAD| pAD OOORONATED, o] pag FOORDINATEI g g

pAD| pAD |[COORDINATE|
NO. | NAME " T INO.| NAME NO | NAME 7]
x [ x | v

X v |NO.| NAME %

¥
1 NC - - 24 | COM15 |-1794 | -581 | 47 De2 =720 | -2369| 7O | SEG1 | 1794 | 1831
2 | SECE0 |-1794 | 2160 | 25 | COM14 |-1794| -706 | 48 DB1 =585 | <2368 | 71 | SEG2 | 1794 | 1706

3 (SECE1 1794 | 2044 | 26 | COM13 |-1794| -831 | 43 DED =470 | -2368 | 72 | SEG3 | 1794 | -1681

4 | SEGB2|-1794 1919 | 27 | COM12 |-1784| 956 | 50 | VDD | -345 |-2369| 73 | SEG4 | 1794 | 1230
5 |SEGE3 |-1794| 1784 | 28 [ cOM1- [-1704]-1081 | 51 | € | 220 |-2369| 74 | 525 | 17es 4331 |
6 |SEGE4 |-1704| 1669 | 20 COMT0 |-1704| 1208 | 2 | Rw | 05 | 2308 75 | SEG6 1794 |-1208
T | SEGES (-1794 | 1544 | 30 | COM2 -1784 | -1331 | 53 R3 30 |-236% | 76 | SEGT | 1704 | 1081
| 8 |SEGAB|-1794| 1419 | 31 | cOMa |-1784|-1456| 54 | D | 185 |-2369 | 77 | SEce | 1704 | 080
9 | SEGST 179411204 | 32 | COMT |-1794)-1581 55 | M | 280 |-2389| 78 | SEGO | 1794 | 631
ﬁ SEGES | 1794 'ITE_Q 33 | COMG [-1794|-1706 | 56 CLKZ 405 |-2380 7O EEG'I‘Dxﬂ'E# =706

—
i

SEGES [-1794 | 1044

¥

COMS |-1794|.1831 | §7 | CLK1 | 530 |-2369| 80 | SEG11| 1794 | -5a1
12 | SEG70 [-1794 919 | 35 | COM4 |-1794|-1858 | 58 | s 655 '-2369 | B1 |SEG12 | 1794 | -456

13 | SEGT1 |-1784 | 794 | 38 | COMI (-1794| -2081 | 59 W4 780 |-2369 | 82 | SEG13 | 1794 | -331

14 | SEG?2 |-1704 | 669 | 37 | comM2 |-1794 | -2208 ﬁ-EI Wi 805 |-2369 | 83 | SEGY4 | 1794 | -206

15 SEGY3 -1794 | 544 | 38 | CcOM1 |-1784).2331 | 61 V2 1030 |-2369 | 84 |SEG15| 1794 | -8

16 SEG?4|-1784| 419 (39| NG | - | - |e2| w1 |1158 2363 | 85 (SEG16 [ 1794 | 44
| 17 | SEG?s |.1704| 204 | 40| NG - - e ]| nNe . - | 86 |sEG17 | 1704 | 180
18 |SEG78 |-1794 | 163 | 41 | TEST |-1470|.2388] 64 | NG - | - |87 |sEcis| 1754 | 204
18 | SEG?7 -1794 | 44 | 42| DBT |-1345 2380 85 | NG - | - |#8|secte| 1784 | 419
20 |SEG7a |-1704 | -a1 | 43| OB6 |-1220| 2359 | 88 | No - | - |as|sEG20| 1704 | 544 |

121 | BEGTY -1794 | -206

£

DB3 |-1095|-2389 | 67 | OSC1 | 1794 |-2231| 80 | sEG21 | 1794 668

22 | BEGED | 1764 | 331 | a5 DE4 -970 | -2369 | BE QBCZ | 1794 |-2106 | 91 | SEG22 | 1704 | To4

23 |COMI6 | 1794 | 456 | 46 | DB3 | -845 |-2369| 69 | vsSs | 1794 |-1958 | 92 SEG23 | 1704 | 818
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MIRROR TYPE PAD COORDINATE (CONTINUED)

[rap | PAD CDDRDINATEJ_ PAD | pap [COORDINATE PAD | PAD E?GRDIN&TE PAD | PAD [COORDINATE
NO. | NAME X y NO. | NAME ¥ Y NO. | NAME i ¥ NO. | NAME %

¥
B3 |BEG24 | 1794 1I;.'l;14 102 SEG33 | 1794 2169 | 111 |SEG42| 562 | 2380 | 120 | SEGSY | -563 2369

84 |SEG26| 1794 | 1169 | 103 SEGE; 1562 | 2368 | 112 \SEG43| 437 | 2389 | 121 |3EGS52 | 688 | 2369

95 |SEG26| 1794 | 1294 | 104 |SEG35| 1437 | 2360 | 113 SEG44| 212 | 2369 | 122 |SEGS3| -813 | 2360

96 |SECZT| 1734 | 1419 | 105 |SEG35 | 1312 | 2369 | 114 SEG45| 187 | 2368 | 123 |SEGS4 | -838 | 2388

97 | SEG28| 1794 | 1544 | 106 |SEG3I7| 1187 | 2368 | 115 |SEG4E B2 | 2368 | 124 | SEGS5 | -1063 | 2360 |

98 |SEG29| 1794 | 1860 | 107 |SEG33| 1062 | 2388 | 118 SEG47| -63 | 2369 | 125 | SEGS56 | -1188 | 2380

89 |SEG30| 1704 | 17294 | 108 |SEG39| 937 | 2389 | 117 |sec4s| -188 2380 | 127 [SEGBE7|-1213 | 2389

100 | SEG31| 1794 | 1919 | 109 |SEG40| B12 | 2360 | 118 SEG4D| 313 | 2382 | 127 |SEGS8 |-1438 | 2369

101 | SEG3Z| 1794 | 2044 | 110 | SEG41| BET [235’9 113 |SEGS50| -438 | 2369 | 128 | SEGS58 |-1563 | 2369
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PAD DESCRIPTION

Pad No, Inputf
(NarmaliMiror} | Output Namea Dascription Interface
VDD (54/50) ' For logical circult {+3 V, + 5 V)
VS5(35, 69) ) Power supply 0V (GND) Power
C v1-vs peE . Suppy.
(42~46/62-58) Bias voltage level for LCD driving.
SEG1 ~SEGBD
{34-2 128~82/ Cutput Segmant outpul Segment signal ocutput for LCD drive. LCD
T0~128, 2=22}
COM1 ~ COM16 ’ ;
| (66~81/38~23) Output Comman outpul | Comraon signal output for LCD drive. LCD
i Input When using internal oscillator, connect Extemal
oSC1,058C2 (OsCy Oscillator external Rf resistor, resistorf
(37.38/67 68) Cutput If external clock is used, connect It to pscillator
{05C2) asci. (O8C1)
Extension driver ; .
(rawiry | Odout | Laon(CLNTVSH | Eoh ot exenson e ok | Extarsn
) ! | {CLK2) clock '
Allamtad s]gnal Outputs the altemnating signal to convert Extension
M (48/55) Qutpot fior LCD driver LCD driver waveform to AC, drivar
output
Display data Output extension driver data {the 41st Extension
B8t Pl intertace dot's data) driver
Used as register selection input,
; When RS ="1", Data register is selectad.
RS (51/53) Input Registar select When RS = '0", Instruction register is MPU
selactad,
Used as readfwrite selaction input. Whan
RW (52/52) Input Read/\Vrite RW = "1, read oparation. When RW = MPLU
“0", write operation.
E (53/51) Input | ReadMrile enable | Used as read. Write enable signal. MPU
When B-bit bus mode, used as low order
" i r:f-iﬁ} bidirectional data bus, MPU
—— During 4-bit bus mode open these pins.
npu
1 Data bus 0~7 When 8-bit bus mode, used as high
DB4-DB7T Output order bidirectional data bus. In case of
(59-62145-42) 4-bit bus mode, usad as both high and MPU
low order.
DBY used for Busy Flag output.
TEST (€3/41) Input Test Pin This pin must be fixed to VDD or open. -

ELECTRONIES
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UNCTION DESCRIPTION
System Interface

This chip Fas botn kinds of interface type with MPU: 4-bit bus and B-bit bus.
i-bit bus and 8-bit bus are selected by the DL bit in the instruction register,

During read or write oparation, two 8-bit registers are used. One is the data register (DR}, and the other is the
instruction ragistar (IR},

The data register (DR) is used as a temporary datg storage place for being writtan into or read from DDRAM/
CGRAM. Targel RAM is selected by RAM address setting instruction. Each internal operation, reading from or writ-
ing into RAM, is done automatically.

After MPU reads DR data, the data in the naxt DDRAM/CGRAM address is transferred into DR automatically,
Also, after MPU writes data to OR, the data in DR is transferred into DORAM/CGRAM

automatically,

The Instruction register {IR) is usad only to store instruction codes transfarred from MPU. MPU cannot use it to
read instrustion data.

To select a register, use RS input pin in 4-bit/3-bit bus mode.

Table 1. Various Kinds of Operations According to RS and R/'W bits.

RS A Operation
o 0 Instruction Virite operation (MPU writes Instruction code into IR)
0 1 Read Busy Nag {DE?} and address counter (DBO0 ~ DBS)
1 0 | Data Write operation (MPU writes data into DR) ]
j 1 | 1 Data Read operation (MPU reads data from DR)

Busy Flag {BF)

Whan BF ="1", it indicates that the internal operation is beirig processed. So during this time the next instruction
cannol be accepted. BF can be read, when RS = "0" and R/W = "1"

(Read Instruction Operation), through DB7 port.

Before executing the next instruction, be sure that BF is not *{",
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Address Counter (AC)

The Address Counter (AC) stores DORAM/CGRAM addressas, ransferred from IR,

After writing into (reading from) DDRAM/CGRAM, AC is automatically Increased
(decreased) by 1, When RS = "0" and R/W = "1*, AC can ba read thraugh ports DEO~DBE,
Display Data RAM {DDRAM)

DORAM stores display data of maximum 80 x 8 bits (B0 characters).
DDRAM address Is set in the addrass counter {AC) as a hexadecimal number, (Refer to Fig-1)

MSB LSB
AC6 | acs | Aca | aca | Acz | Aac1 | aco

Fig-1. DDRAM Address

1] 1-line display

In the casz of a 1-line display, the address range of DDRAM is 00H - 4FH.
An Extension driver will be used. Fig-2 shows the example when a 40-segment
extensian driver is added.

2} 2ine display

In the case of 5 2-line display, the address range of DORAM is DOH ~27H and 40H ~ E7H.
An Extension driver will be used, Fig-3 shows the example when a 40 sagment
extension driver iz added,

ELECTRONICS
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1 2 3 4 5 6 7 B 8 10 11 12 13 14 15 18 17 18 10 20 21 22 23 24
COM1 . = 5
was| 00| 01|02 03| 04 05| 08 |07 | o8 | 00 [0a[ o6 [oc] o0 [oe| oF ”’f“ 12 13|14 15| 18] 17
COMB | ' L
SEG1 KES00TOR SEGE) SEG1  Exenaon Driver (405EGISEGH]
12 3 4 5 6 7 & § 1011 1213 14 15 18 17 18 19 20 21 22 23 24
Co .
=) 0102 | 03| 04| 05 |08 | 07 | 08| 0w mfua!c»c oo | oE |oF | 10 111213141518 [17] 18
COM | i
SEGT KS0070R SEL:ED SEGT  Exension Diver (40SEG)SEGH0
(After Shift Laft)
ok
mm | 2 5 4 5 8 7 8 B 1011 12 13 14 15 16 17 18 10 20 21 22 23 24
aF [ 00 m|uzi+:+a m[w[uﬁ:m 58 | 09| 0A| 08| oc oD oF IE[m 11[12[13]14] 15 15J
i 1
s£G1 KS00TOR SEG1 Extension Driver (40SEG) SEGH0
{Atter Shift Right)
— S
Flg-2. 1:line x 24ch. Digplay With 40 SEG. Extension Driver.
]
1 2 3 4 65 6 7 & 8 1011 12 43 14 15 18 17 18 19 20 21 22 23 24 ,
SOM T T
w00 [ 01| 02] 03 mJnslus 07 |03 09 04 0B uc!nl:: OE|OF 10{11 12 [13] 14 15’1&_1?
CoMe I
coms - . _
w40 41 42] 43 44 45 [ 46 47| 48|49 |44 |48 [4c 4D 4E|4Fi 5051 52'53‘54 55|56 | &7
COMI0
SEGT ksoovos SEGE0 SEGT  Exianaon Drver (40SEG) SEG40
12 3 & 5 8 7T B D 6 A2 1344 15 18 17 18 1% 20 21 22 73 24
COMY |
o=l 010203/ 04 |08 0807 m’uafna!na oc|op |0z "F["}f 11[12 1314 15| 18] 17 [ 18
COMY .
_414243!4445_|454?4Eanm45[4+:4u¢5#5c—:] 51|52 |53 |54 |55 |56]57 [s8
COME i ] -
EEG) KS007 B BEGE) SEGH EWMMHDGEG}SE{:—WJ
(Aftar Shift Left)
fa A B OB T OB 8 W A8 B e e 17 18 18 20 21 22 23 24
COMI—] ] | T : —— |
w27 (0010102 [03 04 |05 ] 05 [07 [ 08 ] as A | 0B nclun 0E loF {10 | 11]12|13[14[15 |18
comB - : . — L |
COMS i d
gl P 4n|41 42(43|44 | 45|46 a7 | 28 |40 [an |a8 [4c a0 ae 4F |50 | 51|52 53|84 | 55] 56
COMID
o — SEGan SEGI  Extension Drver (40SEG)SEG40
(After Shift Right)

Fig-3. 2-line » 24ch. Display WIith 40 SEG. Extension Driver.
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CGROM [Character Generator ROM)

CGROM has a § » 7-dot 182 character pattern, and a 5 = 10-dot 32 character pattern (Refer to Table 2).

CGRAM (Character Generator RAM)

CGRAM has up to 5 x 8-dot B characters. By writing font data to CGRAM, user defined characters can be used
(Refer to Table 3).

Timing Generation Circuit

Timing generation circuit generales ¢lock signals for the internal operations.

LCD Driver Circuit

LCD Driver circut has 16 common and 80 segment signals for LCD driving.

Data from CGRAMICGROM is transferred to an 80-bit segment latch serially, and then stored to an BO-bit shift
latch. When each com is selectad by a 16-bit common registar, segment data is also oulput through the segment
driver from an 80-bit segment lalch,

In the case of a 1-line display made, COM1 ~ COM8 hava 1/8 duty or COM1 ~ COM11 have a 1/14 duty. Ina
2-line display mode, COM1 - COM16 have a 1/18 duty ratia.

CursoriBlink Control Circuit

It controls cursoriblink ONIOFF at cursor position.
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Table 2. CGROM Character Code Table
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Table 3. Relationship BEetween Character Code (DDRAM] and Character Pattermn (CSRAM)

Character Code (DDRAM data) | CGRAM Address CGRAM Data Pattern
D7 DE D5 D4 D3 D2 D1 DO|A5S A4 A3 A2 A1 AO|P7 P6 P5 P4 P3 P2 P1 Pp| number
U:}Gﬂxﬂuﬂt}UﬂDﬂDxxx;'il pattern 1
D ﬂ 1 ...__"
5 D1 0
o 1 |
1 0 @
1.0 1
1 1 0
1 i 1
0 0 0 0 x 1 1 1|1 1 1 D 0 0|x = = pattern B
0 0 1
D1 0
b 1 1
1 0 0
1T 0 1
1 1 0
11 1
o T donl care

ELECTHOMICS
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INSTRUCTION GESCRIPTION

Outline

To overcome the speed differance batween the internal clock of KS00708 and the MPU clock, KS0070B performs
internal operations by storing control information te IR or DR. The internal

operation Is determined according to the signal from MPU, composed of read/write and data bus
{Refer to Table 5 ).
Instruction can be divided largely into four kinds:

(1) KS0O708 funclion set instructlons { set display melhods, set data length, ste.)
(2) address set instructions to intemal EAM

(d) data transfer instructions with internal RAM
(4} others .

The address of the internal RAM is automatically increased or decreased by 1.

" NOTE: During internal operation, Busy Flag (DB7) is read "1", Busy Flag check must be preceded by the
next instruction.
When you make an MPU program with checking the Busy Flag {DB7), It must be necessary

172 Fosc for executing the next instruction by falling E signal afler the Busy Fiag (DB7) goes to "0,
Contents

1) Clear Display

RS RW DB7 DB DB5 ©DB4 DB3 DB2 OB1 DBO
[ 0 ] 0 0 0 ! '

-

Clear all the display data by writing "20H" {space code) to all DDRAM addresses, and set the DDRAM addresses
to "00H" in the AC (address counter). Return cursor ta original stalus, namely,

bring the cursor to the left edge on
first line of the display. Make entry mode incrament (1D ="1",

£} Return Home

RS R oBy DB3 DBS DB4 DB3
0 o 0 0 0

DB2 DBY1  DBO
0 0 EE x 1

Return Home is the cursor return home instruction.
Set DDRAM address to "00H" in the address counter. Return cursar to its original site and return display to its orig-
inal status, if shifted. Contents of DDORAM does not change.
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3} Entry Mode Set

RS RN DEY DEC DBS DE4 DB3 DBz DB1 DBO
0 0 0 0 o | o 0 1 lis! SH

Set the moving direction of curser and cisplay.

WD * Increment / decrement of DDRAM address (cursor or blink)

When I/D = "1", cursor/blink moves to right and DDRAM address is increased by 1,
When I/D = '0", cursor/blink moves to left and DDRAM address |s decreasad by 1.

" CGRAM operales the same as DDRAM, whan reading from or wri ng to CGRAM.

SH: Shift of entire display

Whenr DDRAM |s in read (CGRAM read'wrile} operation or SH = 07, shift of entire display is not parformed.
If SH = *1"and in DDRAM write aperation, snift of entire display is performed according to I/D value

(D =417 ghift feft, /D ="0" shift right}.
4) Display ON/OFF Contral

RS RAWY DB7 OB3 DBS DB4 DB3 De2 DB DBO

u 0 0 0 0 0 1 D J_ c B |

Control displayfcursorfblink ON/OFF 1-bit register,

D : Display ON/OFF controi bit

When D =*1", entire display Is turned on_

When D =07 display is turned off, but display data remains in DDRAM.

C : Cursor ONJOFF control bit
When C =9" eursor is turned on.

Whan C ="0", curser disappears in current display, but I/D register retains its data.

B : Cursor Blink ON/OFF control bit

When B = 1", cursor blink is on, which perforrms alternately betv/een all the 1" data and disptay characters
at the cursor position,

When B = ‘07, blink is off.
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5) Cursar ar Display Shift

RS RW DB7 DB DB5 ©DB4 DB3 DB2 DBI DBO
0 o [ o o [ o T 1 Jsc | RrRL ][ x | x

Without writing or reading the display data, shift rightlleft cursor position or display.

This instruction is used to coirect or search display data. (Refar to Table 4)

During 2-line mode display, cursor moves to the 2nd line after the 40st digit of the 1st ling,
Note that display shift is performed simultanecusly In all the lines.

When displayed data is shifted repeatecly, sach line shifts Individually.

Whan display shift is parformed, the contents of the address counter are not changed.

Table 4. Shift Patterns According to S/C and R/L bits

SiC Rl Cpearalion
“ﬂ 0 Shift cursor to the left, AC s decreased by 1
0 1| Shift cursor to the right, AC is Increased by 1
1 H] EHIEt all the display to the laft, cursor moves according to the display
| 1 1 Shift all the :lispiay to the right, cursor moves according to the display

&) Function Set

RS RW D37 DBS DB5 DB4 DB3  DB2  DB1 DB
r 0 0 0 DL N F x x

=¥
k.

DL : Interface data length control bit

When DL =" it means 8-bit bus mode with MPU.

When OL =T, it means 4-bil bus mods with MPU, So 1o speak, DL is a signal to select
8-bit or 4-bit blys mode.

When 4-bit bus mode, it needs to transfer 4-bit data In two parts.

M : Display line number control bit
When N = 17 it means 1-line display mode.
When N = 4" 2-line display mode |5 set.

F : Display font type control bit
When F = 0 5 x 7 dots format display mode
When F ='1" 5 x 10 dots farmat display made.

SEET
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7} Set CGRAM Address

RS RW D57 DB6 DB5 D34 DB3 DB2 _ DBY _ DBO
0 0 0 1 | Acs | Ac4 | ACS | AC2 | AC1 | ACO |

Sel CGRAM addrass to AD,
This inslruction makes CGRAM data available fram MPU,

8) Sel DDRAM Address

RS R/W DBYT ©DB6 DBS ©DB4 DB3 DB2 DB1 DBO
0o | 0 1 ACE | AC5 | AC4 | Ac3 | Ac2 | act | Aco

—

Set DDRAM address to AC.

This instruction makes DDRAM data available from MPL.

When in 1-line display mode (N = (), DDRAM address is from ‘00H"to “4FH"

In 2-line display mode (N = 1), DDRAM address in the 1st line is from TDOH 1o 2TH" and DDRAM
addreas in the 2nd line i= from Y0H"to B7H"

%) Read Busy Flag & Address

R3S RAW OBe7? DEH DB5 DB4  DB3 DBz bB1 DBO

——

0 0 BF ACE | ACs | Aca | aca | acz ' AC1 ACD]

This instruction shows whether KS00708 is in internal operation or not. If the resultant BE s "% it means
the internal aperation is in progress ana you have to wait until BF is Low. Then the next ingtruction can
be performed. In this instruction you car also read the value of the address eounter,
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0) Write data to RAM

RS __RMW _DBT DB6 DBS5 DB4 DB3 DB2  DB1  DBO
1 0 D7 D& D5 D4 D3 D2 D1 Do

Vrite binary B-bit data to DDRAM/CGRAN.

ha selection of RAM from DDRAM, and CGRAM, is set by the previous address set instruction

DDRAM sddress set, and CGRAM address set, RAM set instruction can also determine the AC direction to RAaM.
\fter write oparation, the address is automatically increased/decraased by 1, according to the entry maode.

11} Read data from Rah

RS RW DB7Y DBs6 DBS DB4 De3 Dez DB1 OBd

1 1 | o7 DB 05 D4 D3 | D2 D1 Do

lead binary B-bit data from DDRAM/CGRAM.

The selection of RAM is sel by the pravious address set Instruction. If the address set instruction of RAM s not
performied before this instruction, the dala that is read first is invalid, because the direction of AT iz not
determined. If you read RAM data several times without RAM address set Instruction before read operation,
¥OU can get correct RAM data from the second, but the first data would be incorrect, because there is no

dme margin o transfer RAM data. In the case of DDRAM read operation, cursor shift instruction plays the sams
rele as DDRAM address set Instruction; It also transfers RAM data to the output data register.

After read operation the address counter is automatically increased/decreased by 1 according to the entry
mode, After CGRAM read cperation, display shift may not be executed correctly.

In the case of RAM wnite operation, after this AC is Increased/decreased by 1 like read operation. At this time,
4C indicates the next address position, but you can read only the previous data by the read instruction.

ELECTRONICS
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ible 5. Instruction Tabla

h Inal:uctiur'; Code Exacution
, : Time
instruction FUWI ; EJ 3] LJ [D Crescription ¢ 3
RS DEI.TDBEE]DE DBE4DB3ADEZDBDBN ifose =
: 270 kHz)
Clear | i Write “20H" to DDRAM and set
Display AN SR AR N N DDRAM addrass to “OCH™ from AC. Tad.ms
" Retum | 1 | | set DDRAM address to “00H" from AC
Haomea D100 |0|0|0C|0|0]|1]| = |andreturn cursorto itc original position | 1.53 ms
| if shifted.
Er'r_try Maode 1 AssION cursor moving direction and o
Set Al | ¢10e { 9|1 {¥2 8H enable the shift of entire display . e
Display ON/ Set display (D), curser (C), and blinking
JFF Control ¢ ! B D& e ) B R of cursor (B) on'olf control bit, By
Cursor or Set cursor moving and display shift
Jisplay Shit | 0 | 0 | 0 | 0 | 0 | 1 [SC|R/L| % | » |pontrol bit, and the direction, without 0 us
changing of DDRAM data,
Function | ' Set Interface data length (DL : 4-bit/a-
Set Qlojo| 0|1 |DLIN|F] x| = |bt), numbers of display line (N : 1-line/ | 39 ps
_ 2-line, Display font type (F:0 ...)
set CGRAM ' " Sel CGRAM address in address
s oiresa 0o . 0|1 ACEACJIAMBACZACMGG countas 39 us
3et DDRAM ; Set DDRAM address in address
Ktensa | Blo| ACEACEACMC%CEACMGGWU e 39 us
Read Busy ' Whether during internal operation or
flag and : not can be known by reading BF.
Address 01 BFACBACSACAACIACIACIACG The contents of address counter can 01
| i also be read.
Write Dala | o] ; | | Write data into internal RAM
toRaM | 1|0 |D7|D6|D5|D4|C3|D2|D1|D0 (DDRAM/CGRAM), | 43ps
Read Data | , | ' Read data from internal RAM
e r | | 1 | D7 |DE D5|D4 |03 |D2|D1|DO | (DDRAMICGRAM), 43 ps

NOTE : When you make an MPU program with checking the Busy Flag {DB7), it must be necessary 1/2Fosc
for executing the next instruction by falling E signal after the Busy Flag (DB7) goas 1o 0"
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TERFACE WITH MPU
Interface with B-bit MPLI

'hen interfacing data length are 3-bit, ransfer is performed zll at once through 8 ports, from DBO to DB7T,
n Example of the timing sequence iz shown below.

RS

W 1/ e e
= _/ S\
it [ intemal operation \ f—
Da7 :X_DAE_}:(_; Busy \_T/Bmy\ A_\m mam
M

i . A

o i
INSTRUBTION  pysy Flag Chect Busy Flag Chack  Busy Flag Chck INSTRUCTION

Fig-4. Example of B-bit Bus Mode Timing Diagram

) Interface with 4-bit MPLU

/hen interfacing data langth ars 4-hit, only 4 ports, from DB4 to DB7, are used as dala bus,

tfirst, highsr 4-bit {in case of 8-bit bus mode, the contents of DR - DBY) are transferred, and then the lower 4-bit
n case of B-bit bus mode, the contents of DB - DB3) are transferrad. So transfer is performed in two parts. Busy
lag outputs 1" after the second transfer ars endad.

xampla of timing sequence is shown below.

R3S

- / __

: WL AN AN AL

;ﬁéﬁ‘gﬁ' _/ Intsmal operation \ /_

o = ) FOE RO =)
A A A

METRUCTION Eusy Fiag Chacx Busy Flag Grack INSTRUCTICN

Fig-5. Example of 4-bit Bus Mode Timing Diagram

ELECTROMICE
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PPLICATION INFORMATION ACCORDING TO LCD PAMNEL

| LCD Panel: 16 characters x 1-ling format { 5= 7 dots + 1 cursor fine 1/4 bias, 1/8 duty)

SO f————

oA
i

Pl
i‘"

SEG10 |-

BEGHE
SEGTL N
REGED

}LCD Panal; 16 characters x 1-line format (5= 10 dots + 1 cursor line 1/4 bias, 1/11 duty)

£ : e ook b g X
ML TR e 1.-";;" ook oo
e |
== [ o
e l'||'1._ o
/ K LR
v AL [ 11
CLIAD 1 it f, e ——. 1] 7
LI PR R cfeynlefaly / FIMEXLD
B fUH g3
fiEds | _ |
|
SEGIV[
SEGTEL . e
BEGTE == - -
SEGE] = N

ELECTROMICSE
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) LCD Panel : 16 characler x 2-line format: (5 x 7 dots + 1 cursor line 1/5 bias, 1/16 duty)

o -"I'“ " =¥, P
e
3 f
— e
g0 e
COM7 — o
come po4 ebebels 3 '
CONG y 7
¢ | ,
: 45 B \
KS0070B Fheh AN
M S f— FY e B L?
COMg P o EA B An f)l : e
SEG
SEG10:
| SEGED 5

V) LCD Panel - 32 character x 1-ling format: { 5 x 7 dots + 1 cursor line 1/5 bias, 1/16 duty)

COM = . b
= 2 st [
] © skl [ AR
2 Rt |
i ity o ol
B3 o o, 2 T
COM?
|
Gl | DD A
- i ]
SEG" |- —— | f
KS00708
SEG10 - J
SEGHD T =
COMS ——
COMBE '

ELECTROMCS
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' LCD Panel : 8 character x 2-ling format: ( 5 x 7 dots + 1 cursor line 1/4 bias, 1/8 duty)

—

S5EGY |
]
]
1
B 1
SEG10 =
SEG40 1
comi |— i 4 . e
S i
L
- cha |
Ly iy 5 L
R Ly VT ;
COMT? -1 e ‘:ln
COME e = ;/)— b
KS00708 _ :
' ——
[TF > - r B
£ ) L
|
5L 3
He b
LN e | |J
e ——EEhD 7, kst
BEG41 ___J
SEGS0 |— &
SEGSH ——
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WPLICATION CIRCUIT

1
— I
b LCD Panel
C1-C18
§1- 80 ; B
SC1 - 3040 | 5C1 - 53040 3C1 -5C40
oLz oLz
+] I PV = o B e il
= w DRIf—————p O DR2 #OLT B DRo
_ T o ol THFCS o glee—pfFcs 2 CL1 —
; | BHLY = Lz SHLl = oLr #|SHL1 = CL2 e
= HEHL2 o o %
08C1 — sH2 © by ‘_' ! s 2 M lg— | | #—P|SHLZ 2 M e
] ViEg o —a YOO w — 55 "
05c2 7 — VDD —H —»| VDD
|
" W v
KSO070B YUV VY E ] | YWY WYY E Vv vy yyE
6B gl B8 43 21E . 85435 21E
was — bl [ . ] *—!_‘
M ]
CLKA -
CLk2 ! L
ok . _ VoD
Wi .
Va2 - & & o
[V S C—b . s - R
V4 r
W&
GND or
PEQ - OBT —— T MPL Other voltage”y

* When KS0065E is externally cannected Lo the KS0070B, you can increasa the number of display digits
up ta 80 characters
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IAS VOLTAGE DIVIDE CIRCUIT

1114 blas, 1/8 OR 1/11 duty 2} 1/5 bias, 116 OR 1711 duty
VOD C———e— VDD Voo vED
i o s, P Pt
R |y, i vz
4 | ksooros R KS00708
Wi T
R R
f" Ve Va4
A R
~ s V5
GHNDCR OTHER \ . GHD QR OTHER = |
VOLTAGE VOLTAGE !
|

JITIALIZING

vhen the power is tumed on, KS0070B is initialized automatically by the power on reset circuil.

'uring the initialization, the following instruztions are executed, and BF{Busy Flag) is kept “1Tbusy state) to
he end of initlallzation,

1) Display Clear instruction
Write 20H"to all DDRAM

%) Set Funclions instruction
DL =1 : 8-bit bus mode
N =10: 1-line display mode
F=0:57 font type

3) Control Display ON/OFF Instruction
D =0 : Display OFF
C =0 Cursor OFF
B =0:Blink OFF

1) Sat Entry Maoda instruction
WD =1 Increment by 1
3H =0 No entire display shift
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INTRODUCTION

KS0070B is a dot matrix LCD driver & centrolier LS| which is fabricated by low power CMOS technology.
Itis capable of displaying 1 ar 2 ines witn the 6x7 format or 1 line with the 5x10 dots format.

FUNCTIONS

« Character type dot matrix LCD driver & contraller

= Internal driver; 16 common and 80 segment signal output

« Easy interface with 4-hit ar B-bit MPU

* Display character pattern: 5x7 dots format (182 kinds) & 5«10 dots format (32 kinds)

= The spacial character pattern s directly programmable by the character generator RAM.
* A customar character pattern is programmable by mask option.

= Itean drive a maximum of B0 charactars by using the KS00658 or KSO0638 atemally.
= Various instruction functions

= Built-in automatic power on reset

« Driving method is A-type (Line Inversion)

FEATURES

* |ntermal Memery

- Character Generator ROM (CGROMY): B,320 bits {192 characters = 5 x 7 dats)
& (32 characters x 5 % 10 dots)

- Character Generalor RAM (CGRAMY: 64 x 8 bits (8 characters x 5x 7 dots)
- Display Data RAM (DDRAM): 80 x 8 bits (B0 characlers max.,)
* Low power operation
- Power supply voltage range: 2.7 to 5.5V (VDD)
- LCD Drive voltage range: 3.0 to 10.0 V (VDD to V5)
+ Supply valtage for display: 0 lo =5 V {\V5)
= Programmable duty eyecle: 1/8, 1/11, 1,16
+ Internal oscillator with an external resistor
= Bare chip or bumped chip avaitabie

ELECTRONICS
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BLOCK DIAGRAM

YOO —e= Parallel o sanal
Data conversion
GND " circuit
YV —— T f §
W —t— { 5
WY — ;5 A
V4 —= 1
—_— Busy | Character Charscter
W5
i Flag | | Genarator Genarator E'i‘ilnmliw
' ROM | RaM Contro
'TE ROM) {CGE RAaM) Cireult
B3Z0 bits 512 bits
« [ %
DBO-CE3 =arke B | Daa 8 - i
4 -?’l-; Registar ! [
DB4-DET | | . (DR 80bit || 80bit  [Segment| 80
Gl i) . shift [ Latch ~| Driver 7
LRy _ ) Register| | Circult SEG1-
RIW —=| Buffer | _ - [ Diep SET8)
ng ' 8 | Instruction| 8 | Instruction 7 | Gats RA%
i i R’Hglﬁlﬂ‘r Decoder {DD‘ W}
E —™ (IR) o | g7 | 540 bits
Ik =D
T
Address
—_—
CouariAR) 16t | | 16t | 18
Shift  [—cormmon COM1-
T —‘;L-'
2 = | Register] | Driver Comie
08c 7] _
=== Tirming = LK1
o502 Generatian = CLKZ
~— Circuit g
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PIN CONFIGURATION

H:l H}: l:é W ﬁ'l :::::l [ o .4 [} F.._ H: H: m (] # in
oG hRdEiEtEii R RRaRELE
BiEigielelziE|EIEIEIEIEIBIEIEIEIEIEIBIBIBIEIRIEIEIE
B ERE] m aEEa1
sean [T SEGHT
SEG3 E SEC
SEG28 E SEGES
SEGZE E SEGHE
aeazr [T SEGRT
SEqEE E SEGEE
SEQES IE SEGHD
staws [ 11 ab
BEGIE E: Ty
Bbc IE SEGTR
sESzy | 14 SEGT
seazg [1F] SEQT
sEcia [ 18 SEQTS
BEGIE ['T_?J gEOME
BEGHT F segry
s£cie [1@ o
e (5] KS0070B

EECG [ M

SEG7) E
S E
SEGT |_T_
EEGD E
= [F]
seas [
SEGY E;E
SEG E
2ES E
AEGA E
sis [
zEa E
sist [F]

iy E
ISt E
[Tl E

b E

ELECTRAGMCS
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‘RAME FREQUENCY
b 118 duty cyele

J A-type Waveform

1-line selection perioz

M 2| 3| 4 |? a|1‘2 3 [? al
VDD -
V1
COM1
V4
V5
Item Clock / Frequency 1
Ling selection pericd 400 clocks
Frame frequancy - 84.4 Hz
TOSC=Z70 KHZ [T CIocK = 3.7 Ji5)
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11111 duty cycle

+ A-type Waveform

1-line selaction period

-

V] 23 4] et ] ] 2] 8] e |0 14
VDD
V1
COM1 :
V4 =
Vo
ltem Clock f Fraquancy
Line selection period _ 400 clocks
Frame frequency 61.4 Hz

"Tosc=Z70KHZ (T clock = 3.7 1s)

) 1118 duty cycle

o A-type Waveform
1-line sedaction perioc

"T’z 3| a ---[15’151]2[3ir-- 15 | 18
VDD
W1
cCom
V4
VS
Itarm | Clock { Frequency -
Lina selection period 200 clocks
Frama frequency i 844 Hz
o = " Tos¢=27UKHEZ {1 CIock = 3.7 5]
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NITIALIZING BY INSTRUCTION

} B-hit interface mode

Fower on

:

Wail for more than 30 me
after VDD risesto 45 v

Y

Condition: fosc=270 kHz

-Fum::t.iun set

|RS | AW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | bB1 | DBO

Lu o | o | o | 1 1 [ N | F ] = | =

Y

L Wait for more than 33 ps

|
i

¥

[ . Display ON/OFF Centrol

{ RS | AW | DB7 | DB& | DB5 | DB4 | DB3 | pB2 DB1 | DBO

0 ] D 0 0 0 1 (¥ cC B

rWaIt for morae than 39 ps

v

| Clear Display

—_—

| RS [Rw | D87 | 086 | DBS | OB4 | JB3 | DBz | OB1 | DBO

|_ﬂ[n I 0 0 D 0 | o 1

[ Wait for more than 1.53 ms
!

Y

Entry Mode Sat

RS | RAW ! DB7 [ 0BG | DBS | DB4 | DE3 | DB2  DB1 | DEO

8] 0 0 LU B ¥ Q o 1 il."l] sSH

ey " T ]
Initiallzation end |

N 1<line made
2-line mode
. b = 7 dots
5= 10 dots
—D display off
display on
o cursor off
CUrsOr on
blink
5 ink off
blink on
6 decremeant mode
incrament moda
entire shift off
SH
entire shift on
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j 4-bit interface mode

Fowar on

—

Wait for more than 30 ms
after Vdd risesto 4.5 ¢

Condition: fosc=270 kHz

w i e
Funclion set
RS | Rw | DB? | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DED
ol o 0 a 1 0| % | X x | x
o[ o0 | o 1 X | X | X | X
o o [ N T F | x S
|- ;'-;'-’_alt for more than 3% ps
'IF_ i
Display On/Off Control
RS | RW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | D81 | DBG |
¢ | o | o T o 0 0 e 1 e T ET %
o | o© 1 o |l %k | XM=
.'_'_._ *
Wait for more than 39 us
L
Clear Display
RS | RW | DB7 | DB6 | D85 | DB4 | DB3 | DB2 | DB | DBO
0 | 0 o | o oKk T %
ol 0o o o [ o N EEE AE:
w
Walt for mora than 1.53 ms
v
Entry Mode Set
RS | RW | DB7 | DBS | DB | DB4 | DB3 | DB2 | D81 | D8O
BNEAEEEEEREEEE RS
D o 1 [ wm[sH] x [ X | x | %
S w

Initialization end

N 0 1-line mode
1 2-lne moda
£ 0 5x7T Dols
5% 10 Dots
b 0 display off
display on
—c 0 curser off
1 CUrsor on
blink
5 ink off
blink on
VD 0 | decrament modsa
incrament moda
0 entire shift off
SH

1 antire shift on

ELECTROMICS
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XAMPLE OF INSTRUCTION AND DISPLAY CORRESPONDENCE
1. Power supply on: Initialized by the internal power on reset circuit

LCO DISPLAY
[ Rs [ RW [ DB7 | DB5 | DBS | DB4 | DB3 | DBZ | DB1 | DBO
2. Function Set: 8-bit, 2-line, 5x7 dot
RS | W | DB7 | DB& | DBS | DB4 | pBa | oB2 | DB1 | DBO
0 0 0 0 1 ' I
3. Display ON/OFF Control: Display/Cursor on/Blink off
RS | RW | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DBY | DBO
EEEREEEAERERE il i =
4. Entry Mode Set: Increment
RS [ RW | DB7 | DBS | DBS | DB4 | DBa | DBZ | DBY | DBO
¢ | o | o0 [0 o0 o 0 1 1 0 | =
5. Write Data to DDRAM: Write 5
us RW | DB7 | UB6 | DB5 [ DB4 | DB3 | DB2 | DB1 | OBO
E R AEN AN EERE B
6."Write Data to DDRAM: Wiite A
RS |RW | DBT | DBE | DB5 | DB4 | DB2 | DB2 | DB1 | DBO
tjolo |+ oe]o]oalop 1 _SA—
7. Write Data to DDRAN: Write M
RS | RW | DB7 | DB6 | DBS | DB4 | O 52 | OB 50 | -
B B3 [ D 1 | DBO SAM —|
1 0 0 | 1 0 0 1 1 0 1
&. Write Data to DDRAM: Wriia 5
| Rs | Rw | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO -
- . ' SAMS_ [
1 K 1,0 1 0 ) 1 1

Shusuncg
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9, Write Data to DDRAM: Write U

RS | R'W | DB7

DBE | DBS | D34 | DBA | DB2 | DB1 | DBO SAMSU
1 o | o | o1 4 0 1 0 1
100 Write Data 1o DDRAM: Write M
| R& | RW | DB7 [ DB6 [ DBS DB« | DB3 | DBZ | DBY | DEO SAMSUN_
E ¢ [ o | 1 T 1 1] o
11. Write Data to DDRAM: Write G
RS | Rw | DB7 | DB6 DB5 | DB< | DB3 [ DB2 [ DBY | DBD | SAMSUNG
HNEEEREEREERE R E 1 1|
12, Set DDRAM Address: 40H
| RS | Rw [ 0B7 | DB6 | DBS | DB4 | DB3 | OBz | DB1 | DBO SAMSUNG ]
0 a | 1 1 0 D 0 0 0 0 :
L = |
13. Write Data to DDRALY: Write K =
RS | RW | DB7 DB6 | DBS | DB4 | DB3 | DB2 | DB | DBO SAMSUNG
118 [ @ T o | o [ 1 0 1 1 K J
14 *Write Data to DDRAM: Write S
| Rs [Rw [ DB7 [ DB6 | D85 | OB4 | DB3 | DB2 | DB1 | D50 | SAMSUNG
1 ¢ (o a0+ d0 [ 1 KS. I
15. Write Data to DDRAM: Write 0

| RS | RW | DB7 [ DBS .l DBS | DB4 | DB3 | DB2 | DBY | DBO SAMSUNG
| 1 o 0 0 [ 1 1

R 0 | o | KSO
16. Write Data to DDRAM: Write 0

RS | Rw | DB7 [ DB6 | DB5 | DB4 | DB3 | DB2 | DB | DBO SAMSUNG
|1 HEAERERE 0 [ o | o] o KS00_
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17, Write Data to DDRAM: Write 7

RS | RW | DB7 | DB6 | DB5 | DB4 | DB3 | DBZ | DB | DBO SAMSUNG
SEEE AR AR EDE KS007_

18, Write Data to DDRAM: Write 2

| Rs [ Rw | DB7 [ DB | DB | DB+ | DBa | DBZ | DBI | DBO SAMSUNG
K HERERE 1 HEREREN KS0072_

19, Curser or Display Shift: Cursor shift left

[ 'Rs [ Raw [ DB7 | De6 | DB | DB4 | DB3 | DBz | DBY | D8O SAMSUNG
glefrwya g 1] @]l 8 x| KS0072

20. Write Data to DDRAM: Write O

RS | Riw | DBY | DB6 | DBS | DB4 | DB3 | DB2 | DBY DEO | SAMSUNG
1nr':|éu1_1nﬂlﬂ|ﬂ| KS0070_

21, Entry Mode Set: Entire Display shift Enable

RS | RW [ DB | DBG | DBS | D84 | 083 | DB2 | DAY | DBO | SAMSUNG
o lolo[o oo ]| o] 1 L KS0070_

22, Write Data to DDRAM: Write B

RS | RW [ DB7 | 0B6 | DE5 | D84 | DB3 DB2 | DB1 | DBO AMSUNG
REETERERAE A AR S B ) S00708_

23, Return Home

| Rs [RW | D87 | DBS | DB5 | DB< | DBa | DBZ | DB1 | DBO "SAMSUNG

(ol oJolo oo oo [T~ KS0070B

24, Clear Display
]S | RW | DET | DBE | DB5 | DB< | DB3 | DBZ | DB | DBO =
0 L 0 ) 0 | o 0 n ] o i

Fintineg
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IAXIMUM ABSOLUTE RATE

laximum Absolute Power Ratings

N Item Symbol Unit Value
o Power supply vnllage{f}- Voo W -EI-,-E- to+7.0
Power supply volltage(2) Vien v VDD-15.010 Vg +03 |
Input voltage Vi W 0.3 0 Vpp + 0.3

"NOTE: Voltage greater than above may damage the circuit (VDD = V1 =2 = V3 > V4 = v5)

‘emperature Characteristics

Item Symbol Unit Value
Operating temperature Topr °0 .30 to + 85
Storage temperature Tsig *C S50 + 128




(500708

16COM / 80SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

:LECTRICAL CHARACTERISTICS

IC Charactarigtics

(Voo = 4.5V to 5.5V, Ta = -30 lo +85 °C)

item Symbol Condition Min | Typ Max Unit
Operaling Voltage Vio - 45 | - 5.5 v
i Ceramic resonator
Do foss = 250 kHz 0.7 1.0
Supply Current Resistor oscillation m#A
lppe extemal clock operation - 0.4 0.6
fosc = 270 kHz
Input VYoltage (1) Vi 3 2.2 5 Yoo v
(except OSC1) Vit . 0.3 06
Input Voltage (2) ViHz : Vo180 | - Voo G
(0seh) ViLz - -0.2 - 1.0
Cutput Vollage (1) | Yo oA i 24 ; oy
(DBO {o DB7) Vaus lo = 1.2 A - - 0.4
Sutput Yoltage (2} VGH? lo=-40 pA 0.8Vpp = v
{except DBO to DBT) Yoz lg = 40 pA i - s 0.1¥pp
Vicom | - - 1
‘Voltage Drap ln=+0.1mA W
Vdges - - 1
Input Leakaga Current e Vin=0VioVgg -4 - 1
Vin=0V,Vpg=5V HA
Low Input C I IN ' Y00 0 k i
w Input Current M (PULL UP) 50 125 250
Internal Clack Rf=21 kil +2%
(external RN fic (Voo =5 V) 180 270 350 kHz
fec 150 | 250 | 380 | khz
External Clock duty 43 50 BS %o
ir, tf - - 0.2 HE
LCD Driving Valtage Vico Vpo-Vs (1/5, 1/4 Bias) 4.6 - 10.0 W
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{VDD = 2.? fo 4.5'\". Ta= -30 + BE”G}I

LCD Driving Voltage (next page)

Item _I[ Symbol Condition | Min Tvp Max | Unit
Operating Voltage | Wpp = 27 = 485 | ¥
§ ceramis reénnatnr
oot fusc = 280 kHz - o4 0.5
Supply Current ! Resistor oscillation mA
- lope aexiernal clock operation .17 0.3
fosc = 270 kHz
Imput Vaoltage (1) Vg1 0.7Vpo - _VDD v
{except OSC1) ViLy I 03 . 0.4
Input Vollage (2) | Yinz 0.7Von | - Voo o
(0SC1) Viz ) = 0.2Vpp
Gutput Vollage {1} Vo lon =-0.1 mA 2.0 v
{DBO to 0B7) vgu IOL = 0.1 mA - = 0.4
Output Voltags (2) Vouz lp = -40 uA 0.8Ypg .
{excapt DBO to DB?J v{JLE I{} = A{} (LA . G.zvnn
Vdeom - - {
Voltage Drog lo =+ 0.1 mA - Y
Vdgeg - - 1.5
Input Leakage Current I ViN=0Vto Vpgp -1 1
V=0V, Vgp=3V WA
| | N + Voo . 3
Low lnput Current N (PULL UP) 10 -50 120
Internal Clock _ Rf =75 kil + 2%
(external Rf) | fic (Voo = 3V) 180 250 350 kHz
i_jm ! 125 270 350 | kHz
Exiernal Clock - duty . 45 a0 55 Y
tr, A e 0.2 us
" LCD Driving Voitags Vico Vpp-¥s (1/5, 1/4 Bias) 3.0 " 10.0 i)
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LCD Driving Voltage

~ POWER DUTY 1/8, 1711 DUTY 1/16 DUTY
[ BIAS 1/4 BIAS 1/5 BIAS
Voo Voo Voo
V1 Yoo - Yico/4 Voo - Vicp/S
V2 ’ Vipp - Vicp/2 Voo - 2V cp/5
) V3 Voo - Viep/2 Vpg - 3V cp/s
V4 Voo - 3V o/ Yoo - 4V cpf5
:_ V5 .UDD -Vico Voo - Vieo
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AC Characteristics
(Vop = 4.5t0 5.5V, Ta = -30 to +85°C)
o Mada fterm " Symbuol Min Typ Max Unit
o E Cycle Time te 500
| E Rise { Fall Tima trif - - 25
E Pulse Width {High, Low) tw 220
ég:ﬁg‘gg‘?s} : R/W and RS Setup Time tsul 40 - - ns
RW and RS Ho d Time th1 10
Data Setup Time teu2 &0 - -
 Data Hoid Time th2 10 - -
B | 'E Cyde Time | tc 500 | - -
E Rise { Fall Time trtf - - 25
| € Pulse Widih (High, Low) tw 220 | - 3
fﬂz?;dt;n;g?ﬂ RAW and RS Setip Time su 40 2 2 i
R/W and RS Hold Time th 10 - -
Data Output Delay Time i - i 120
| Data Hold Tima toH _ 20 - -

Vop=2Tt 45V, Ta=-30to +85°C)

Moda ltem 1 Symbol Min Typ Max Unit
' E Cycle Time e 1400 -
E Risa / Fall Time tr.tf - - 25
E Pulse Width (High, Low) tw 400 - -
mﬂ;ﬁfﬁ%‘?ﬁj _FWI.F a_nd RS Setup Tima tsul 60 - - ns
R/ and RS Hold Time th1 20 -
Diala Setup Time tsu2 140 - -
' Data Hold Time th2 10 " ,
o E Cycle Time te 1400 | - -
g Rise | Fall Time - tr tf - - 25
E Pulse Width (High, Low) tw 400 E s |
[Rﬁ;:rdt :’;’i‘;ﬁn | R and RS Setup Time tsu 60 3 - ns
R and RS Hold Time th 20 - -
Data Output Delay Time to . - 360
FData Held Time o | 5 -

ELECTROMCY
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=2.Tto 55V, Ta=-30to +859C)
oo

Mode ! ' Item Symbol | MiIn | Type | Max | unit

Clock Pulse Width {High, Low) tw [ 8OO -

Clock Rise ! Fall Time tr if - - 100
Jnterf?:r:itehﬂdude Clock Setup Time tsi4 500 -
Extension Driver Data Setup Time tsuz 300 £ i AR
{Refar to Fig-8) — —

Diata Hold Time thy 300

| M Delay Time L | -1000 - 1000

CBO-DBT | Wiy Valid Data %/ ViHs |
P — ViLs Viee
| =

——

Fig-€. Write Mode Timing Diagram
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R ] N
RS
RW
E A=
Vi
DBO~DBT i [ Valid Data :‘EG'":: |
| ‘“ -]

Fig-7. Read Mode Timing Diagram

Yo '—'.‘n-- t'
CLET t'-"-' i Voue
b oo
S
CLK?2 '"'c:-in'i— f e &cl YoLz i N
— e Q—J

LB ——] — |
M 1 =
~ e "‘{""'m.z
L

Fig-8. Interface Mode with Extension Driver Timing Diagram
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