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ABSTRAKSI

PERENCANAAN DAN PEMBUATAN SISTEM PEMESANAN
MAKANAN PADA RESTORAN BERBASIS
MIKROKONTROLLER ATR9S51

SEPVIYAN YUDIANTHO
03.17.019

Jurusan Teknik Elektronika S1- Institut Teknologi Nasional Malang
Jl.Raya Karanglo Km.02 Malang, Indonesia

pluto_59@yahoo.co.id

Abstrak
Sistem pelayanan restaurant di era modern ini masih menggunakan sistem
manual. Dalam proyek akhir ini akan menyajikan penggunaan modul sistem
minimum Mikrokontroller AT89S51untuk perancangan dan pembuatan sistem
minimum untuk pemesanan menu pada meja konsumen. Microsoft Access
digunakan sebagai database dan Delphi 7.0 difungsikan untuk form pemanggil
data data dari Microsoft Access dengan memanfaatkan fasilitas. Data Manager
yang ada di Delphi 7.0. Masukan dari meja makan yang berisikan kode menu dan
jumlah menu. Akan ditampilkan pada LCD dan dengan menggunakan komunikasi
serial RS 485 DB9, data akan dikirimkan dari mikroprosesor ke PC bagian dapur
dengan menggunakan komunikasi yang sama.
Kata kunci : Mikrokontroller AT89S51, LCD, Keypad, Delphi 7.0, Microsoft
Acces.

Abstrack

The restaurant service system in this modern era stills use the manual
system. In this Preface Of The Final Project Paper present using of
Microcontroller AT89S51 in designing and making of minimum system for
ordering menu on consumer desk. Microsoft Access used a database and Delphie
7.0 functioned for the form of caller of data from Microsoft Access by exploiting |
Data Manager facility exist in Delphi 7.0. Input from the table about the codes of
Jfood will be show to the LCD. This information from the table about the codes of
Jfood will be show to the LCD. This information from the table will be sent with
RS-485,DB9 to PC Kitchen by using same communication.
Keywords : Microcontroller AT89S51, LCD, Keypad, Delphi 7.0, Microsoft
Access.
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BABI

PENDAHULUAN

1.1. Latar Belakang

Dalam perkembangan dunia saat ini sudah demikian pesatnya dengan dukungan
ilmu teknik elektronika. Teknologi menjadi suatu media penerapan yang membantu
manusia dalam hampir seluruh aspek kehidupan. Salah satunya dalam pemesanan
makanan pada restoran, dimana pelayan restoran tidak perlu datang untuk memberikan
menu makanan. Selain kurang efesien biasanya pengunjung lama menunggu pelayan
restoran datang. Hal ini membuat pengunjung agak kecewa dengan pelayanan yang
diberikan oleh restoran tersebut.

Untuk itu penulis bermaksud membuat suatu alat pemesanan makanan pada meja
restoran berbasis mikrokontroller AT89S51. Dengan penggunaan teknologi seperti ini
memudahkan pelayanan yang cepat dan lebih mudah. Karena pemesanan makanan

langsung kedapur restoran tanpa pelayan mengantar menu kedapur.

1.2. Rumusan Masalah
Berdasarkan latar belakang yang telah diuraikan pada bagian sebelumnya, maka
permasalahannya adalah :
1. Bagaimana merancang dan membuat rangkaian hardware.
2. Bagaimana merancang dan membuat perangkat lunak atau software pada

mikrokontroller yang mengendalikan semua kerja sistem.



1.3. Batasan Masalah

Untuk menyederhanakan pembahasan maka diberikan beberapa batasan masalah
sebagai berikut:
1. Tidak membahas pemesan pindah meja.

2. Sebagai pengontrolnya menggunakan mikrokontroller AT89S51

w

Sebagai tempat keypad digunakan papan tombol
4. Sebagai penghubung atau komunikasi menggunakan RS-485

5. Tidak membahas catu daya.

1.4. Tujuan
Tujuan penulisan adalah untuk membuat alat pelayanan menu restoran dan papan
tombol pada masing — masing meja menggunakan serial multipoint RS-485 berbasis

mikrokontroller AT89S51.

1.5. Metodologi Penelitian
Untuk merealisasikan sistem yang dirancang maka dilakukan langkah — langkah:

1. Studi literature, yaitu melakukan pencarian informasi dan data — data dari
referensi yang berhubungan dengan ala seperti menu — menu cepat saji,
mikrokontroller dan komunikasi serial multipont RS-485.

2. Perancangan software dan validasi software, yaitu melakukan kegiatan
pembutan progaram, rangkain perblok hingga pembuatan PCB rangkaian

keseluruhan sampai melakukan perakitan komponen.



3. Pengujian dan analisa, pada bagian ini melakukan uji hardware dan
software, kemudian melakukan analisis berdasarkan hasil pengujian yang
dilakukan.

4. Pengujian alat dilakukan untuk mengetahui apakah alat yang dibuat telah
sesuai dengan yang direncanakan.

5. Pembahasan analisa data menggunakan progam Delphi.

6. Kesimpulan saran.

1.8. Sistematika Penulisan
Sistematika pembahasan dari skripsi ini terdiri dari pokok pembahasan yang
saling berkaitan antara satu dengan lainnya, yaitu :
BABI Pendahuluan
Pada bab ini dibahas tentang latar belakang permasalahan, rumusan masalah,
batasan masalah, sistematika pembahasan dari alat yang direncanakan,
BABII Landasan Teori
Pada bab ini dibahas tentang teori-teori yang mendukung dalam
perencanaan dan pembuatan alat ini yang meliputi rangkaian mikrokontroller
AT89S51.
BABIII Perencanaan Dan Pembuatan Alat
Pada bab ini dibahas tentang perencanaan dan pembuatan keseluruhan sistem

perangkat keras (hardware) dan perangkat lunak (software).



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

BABYV Penutup
Pada bab ini akan disampaikan kesimpulan dan saran dari perencanaan dan

pembuatan sistem ini.



BABII

DASAR TEORI

2.1. Umum.

Pada bab ini akan diberikan teori dasar yang melandasi permasalahan dan
penyelesaiannya yang diangkat dalam proyek akhir ini. Teori dasar yang diberikan
meliputi: pembuatan data base, yang memberikan definisi dan klasifikasi tentang
penyimpanan serta koneksi database antara Delphi dan Microsoft access. Selanjutnya,
diberikan tentang teori komunikasi data serial, pararel, connector interface RS 485,
pengaksesan port serial pada Delphi serta komunikasi serial pada Mikrokontroller

AT89S5].

2.2. Mikrokontroller AT89S51.

AT89S51 adalah mikrokontroller keluaran Atmel dengan 4K byte Flash PEROM
(Programmable and Erasable Read Only Memory), AT89S51 merupakan memori dengan
teknologi nonvolatile memory, isi memori tersebut dapat diisi ulang ataupun dihapus
berkali-kali. Memori ini biasa digunakan untuk menyimpan instruksi (perintah)
berstandar MCS-51 code sehingga memungkinkan mikrokontroller ini untuk bekerja
dalam mode single chip operation (mode operasi keping tunggal) yang tidak memerlukan
external memory (memori luar) unruk menyimpan source code tersebut. Gambar 2.1

menjukkan konfigurasi pin mikrokontroller AT89S51.



PDIP

R
P1.0C+ 40pvee
Pi.102 39 1 P0.0 (ADD)
P1.203 383 P0.1(AD1)
P1.3}4 37 1 P0.2 (AD2)
P1405 36 1 P0.3 (AD3)
(MOSHP1.5C]6 35{1P0.4 (AD4)
(MISO) P1.6 07 34 [3 P0.5 (AD5)
(SCKyP1.7]8 330 P0.6 (AD6)
RSTC]¢ 320 P0.7 (AD7)
(RXDyP3.0] 10 31 [JEANPP
(TXD)P3.1 411 30 [J ALEPROG
(INTO)P3.2012 29[ PSEN
(NTT)P3.3J13 283 P2.7 (A15)
(TO)P3.40]14 27 [1P2.6 (A14)
(THP35]15 26 P2.5(A13)
WR)P36 18 251P2.4(A12)
(RDyP3.7 Y17 24[1P23 (A1)
XTAL2 |18 23[1P2.2 (A1)
XTAL1 L9 22].1P2.1 (A9)
GND ] 20 21[1P2.0 (A8)

Gambar 2.1. Konfigurasi Pin Mikrokontroller AT89S51

Deskripsi Mikrokontroller AT89S51:

* VCC (power supply)

* GND (ground)

¢ Port 0, yaitu pin p0.7..p0.0
Port 0 dapat berfungsi sebagai 1/0 biasa, low order multiplex addres/data atau pun
menerima kode dyte pada saat Flash Programming. Pada saat sebagai /O biasa port ini
dapat memberikan output sink ke delapan buah Transistor Transistor Logic (TTI,) input
atau dapat diubah sebagai input dengan memberikan logika 1 pada port tersebut.

* Port 1, yaitu pin p1.0...p1.7 Port 1 berfungsi sebagai 1/O biasa atau menerima low order
address byte selama pada saat Flash Programming. Port ini mempunyai internal puil
updan berfungsi sebagai input dengan memberikan logika 1. Sebagai output port ini

dapat memberikan output sink keempat buah input TTL. Fasilitas khusus dari port 1 ini



adalah adanya In-System Programming, yaitu port 1.5 sebagai MOSI, port 1.6 sebagai
MISO, port 1.7 sebagai SCK.

* Port 2, yaitu mulai pin p2.0...p2.7 Port 2 berfungsi sebagai I\O biasa atau high order
address, pada saat mengakses memori secara 16 bit (Movx DPTR). Pada saat
mengakses memori secara 8 bit (Mov Rn), port ini akan mengeluarkan sisi dari Special
Function Register. Port ini mempunyai pull up dan berfungsi sebagai input dengan
memberikan logika 1. Sebagai output, port ini dapat memberikan output sink keempat
buah input TTI..

* Pin 3.0, sebagai RXD (Port Serial Inpw).

* Pin 3.1, sebagai TXD (Port Seial Output).

* Pin 3.2, sebagai INTO (Port External Interupt ().

* Pin 3.3, sebagai INT1 (Port External Interupt 1).

* Pin 3.4, sebagai TO (Port External Timer 0).

* Pin 3.5, sebagai T1 (Port Fxternal Timer 1).

* Pin 3.6, sebagai WR (External Data Memory Write Strobe).

* Pin 3.7, sehagai RD (External Data Memory Read Strobe).

* Pin 9, sebagai RST Reset akan aktif dengan memberikan input high selama 2 cycle.

* Pin 30, sebagai AI.LF/PROG Pin ini dapat berfungsi sebagai Address Latch Fnable
(ALE) yang me-latch low byte address pada saat mengakses memori external.
Sedangkan pada saat Flash Programming (PROG) berfungsi sebagai pulse input. Pada
operasi normal ALE akan mengeluarkan sinyal clock sebesar 1/16 frekwensi oscillator,
kecuali pada saat mengakses memori external. Sinyal clock pada saat ini dapat pula

di disable dengan men-set bit 0 Special Function Register.



* Pin 29, sebagai PSEN Pin ini berfungsi pada saat mengeksekusi program yang terletak
pada memori eksteranal. PSEN akan aktif dua kali setiap cycle.

* Pin 31, Sebagai ENWP Pada kondisi Jow, pin ini akan berfungsi sebagai EA yaitu
mikrokontroller akan menjalankan program yang ada pada memori eksternal setelah
sistem di reset. Jika berkondisi Aigh, pin ini akan berfungsi untuk menjalankan program
yang ada pada memori internal. Pada saat Flash Programming pin ini akan mendapat
tegangan 12 Volt (VPP).

* Pin 19, sebagai XTALL1 (Input Oscillator).

* Pin 18, sebagai XTALL2 (Output Oscillator).

Dengan keistimewaan diatas pembuatan alat menggunakan AT89S51 menjadi

lebih sederhana dan tidak memerlukan IC pendukung yang banyak. Adapun gambar 2.2

menunjukan blok Diagram dari Mikrokontroler AT89S51 adalah sebagai berikut:
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Gambar 2.2. Blok Diagram Mikrokontroler AT89S51



2.2.1. Struktur Memori.

AT89S51 mempunyai stuktur memori yang terdiri atas :

* RAM Internal, memori sebesar 128 byte yang biasanya digunakan untuk menyimpan
variabel atau data yang bersifat sementara.

* Special Function Register (Register Fungsi Khusus), memori yang berisi register-
register yang mempunyai fungsi-fungsi khusus yang disediakan oleh mikrokontroller
tersebut, seperti timer, serial dan lain-lain.

* Flash PEROM, memori yang digunakan untuk menyimpan instruksi-instruksi MCS51.

Gambar 2.3 menjukkan struktur memori AT89S51.

73
[ 2rooRrAMt
SPECIAL ADDRESS
FUNCTION REGISTER
REG.
KA 4]
ADD2ESS = i
GISTER )::> FLASH
RAM i
INTERNAL PEROM

Gambar 2.3. Struktur Memori AT89S51

2.2.2. Organisasi Memory.

Organisasi memori pada mikrokontroler AT89S51 dapat dibagi menjadi dua bagian
besar yaitu memori program dan memori data. Pembagian tersebut didasarkan atas fungsi
dari penyimpanan data maupun program. Memori program digunakan untuk menyimpan
instruksi-instruksi yang akan dijalankan oleh mikrokontroler, sedangkan memori data

digunakan sebagai tempat yang sedang diolah mikrokontroler.
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Program mikrokontroler disimpan dalam memori program berupa ROM.
Mikrokontroller AT89S51 dilengkapi dengan ROM internal, sehingga untuk menyimpan
program tidak digunakan ROM eksternal yang terpisah dari mikrokontroller. Agar tidak
menggunakan memori program eksternal, EA (Eksternal Address enable) dihubungkan
dengan Vcc.

Memori program mikrokontroller menggunakan alamat 16 bit mulai 0000H-
FFFFH, sehingga kapasitas penyimpanan program maksimal adalah 4Kb. Sinyal /PSEN

( Program Store Fnable ) tidak digunakan jika digunakan memori program internal.

Selain memori program mikrokontroller AT89S51 juga memiliki data internal 128
byte dan mampu mengakses memori data eksternal sebesar 64 Kb. Semua memori data
internal dapat dialamati dengan data langsung atau tidak langsung. Ciri dari
pengalamatan langsung adalah operand alamat register yang berisi alamat data yang akan
diolah. Sebagian memori tersebut dapat dialamati dengan pengalamatan register, dan
sebagian lagi dapat dialamati dengan memori satu bit. Untuk membaca data digunakan

sinyal /RD sedangkan untuk menulis digunakan sinyal /RW.

2.2.3. SFR ( Special Function Register ).

Register fungsi khusus ( Special Function Register ) terletak pada 128 byte bagian
atas memori data internal dan berisi register-register untuk pelayanan latch port, timer,
program status words, control peripheral dan sebagainya. Alamat register fungsi khusus

ditunjukan pada tabel 2.1.
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Tabel 2.1 Special Function Register

Simbol Nama Register Alamat
ACC Accumulator EOy
B Register B FOy
PSW Program Status Word DOy
SP Stack Pointer 81y
DPL Bit rendah 824
DPH Bit Tinggi 83n
PO Port 0 80y
P1 Port 1 90y
P2 Port2 Ay
P3 Port 3 B0y
IP Interupt Periority Control B8y
IE Interupt Enable Control A8y
TMOD Timer/Counter Mode Control 8%
TCON Timer/Counter Control 88y
THO Timer/Counter 0 High Control 8CH
TLO Timer/Counter 0 Low Control 8An
THI Timer/Counter | High Control 8Dy
TL1 Timer/Counter 1 Low Control 8By
SCON Serial Control 98y
SBUF Serial Data Buffer 99y
PCON Power Control 87
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Beberapa macam register fungsi khusus yang sering digunakan adalah sebagai

berikut ini:

[ ]

Accumulator (ACC) merupakan register untuk penambahan dan pengurangan.
Perintah mnemonic untuk mengakses akumulator disederhanakan sebhagai A.
Register B merupakan register khusus yang berfungsi melayani operasi
perkalian dan pembagian.

Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan di alamat
mana pun pada RAM intemal.

Data Pointer ( DPTR ) terdiri dari dua register, yaitu untuk byre tinggi ( Data
Pointer High, DPH ) dan byte rendah ( Data Pointer I.ow, DPI. ) yang berfungsi
untuk mengunci alamat 16 bit.

Port 0 sampai Port 3 merupakan register yang berfungsi untuk membaca dan
mengeluarkan data pada port 0, 1, 2, 3. Masing-masing register ini dapat
dialamati per-byte mau pun per-bit.

Control Register terdiri dari register yang mempunyai fungsi kontrol. Untuk
mengontrol sistem interupsi, terdapat dua register khusus, yaitu register 1P
(Interupt Priority) dan register IE (Interupt Enable). Untuk mengontrol
pelayanan timer/counter terdapat register khusus, yaitu register TCON
(timer/counter control ) serta pelayanan port serial menggunakan register
SCON ( Serial Port Control ).

2.2.4. Sistem Interupsi.

Mikrokontroller AT89S51 mempunyai 5 buah sumber interupsi yang dapat

membangkitkan permintaan inferupsi, yaitu INTO, INT1, T1, T2 dan Port Serial. Saat
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terjadinya interupsi mikrokontroller secara otomatis akan menuju ke sub rutin pada
alamat tersebut. Setelah interupsi selesai dikerjakan, mikrokontroller akan mengerjakan

program semula. Tiap-tiap sumber interupsi dapat enable atau disable secara software.

Tingkat prioritas semua sumber inferupt dapat diprogram sendiri-sendiri dengan
set atau clear bit pada ( Interupt Priority ). Jika dua permintaan interusi dengan tingkat
prioritas yang berbeda diterima secara bersamaan, permintaan interupsi dengan prioritas
tertinggi yang akan dilayani. Jika permintaan inferupsi dengan prioritas yang sama
diterima bersamaan, akan dilakukan polling untuk menentukan mana yang akan dilayani.

Bit-bit pada IP adalah sebagai berikut:

PS PT1 PX1 PTO PX0

Priority bit=1 menandakan prioritas tinggi

Priority bit = 0 menandakan prioritas rendah

Simbol Posisi Fungsi

_ IP.7 Kosong

_ IP.6 Kosong

_ IP.5 Kosong

PS P4 Bit prioritas interupsi port serial
PT1 1P.3 Bit prioritas interupsi Timer 1
PX1 IP.2 Bit prioritas interupsi

PTO IP.1 Bit prioritas interupsi Timer 0
PX0 IP.0 Bit prioritas interupsi
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Tabel 2.2 Tingkatan Prioritas Interupsi.

Prioritas Interupsi Sumber Interupsi Alamat Vektor
1 1EO (Interupsi eksternal 0) 0003y
2 TFO (timer overflow flag 0) 000By
3 IE1 (interupsi eksternal 1) 0013y
4 TF1 (timer overflow flag 1) 001By
5 R1 dan T1 0023y
2.3 Komunikasi Data Serial

Komunikasi data serial sangat berbeda dengan format pemindahan data pararel.
Disini pengiriman bit-bit tidak dilakukan sekaligus seperti pada saluran pararel, tetapi
setiap bit dikirimkan satu persatu melalui saluran tunggal. Dalam pengiriman data secara
serial harus ada sinkronisasi atau penyesuaian antara pengirim dan penerima agar data
yang dikirimkan dapat diterima dengan tepat dan benar oleh penerima. Dalam
komunikasi secara serial terdapat tiga macam mode transmisi serial dalam
mentransmisikan bit-bit data yaitu : syncronous, asynchronous da isochronous. Dalam
proyek akhir ini hanya membahas mode transmisi asyncronous saja yang digunakan.
Transmisi serial mode asyncronous digunakan bila pengiriman data dilakukan satu

karakter tiap pengiriman. Antara satu karakter dengan karakter lainnya tidak ada waktu
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antara yang tetap. Karakter dapat dikirimkan sekaligus atau pun beberapa karakter
kemudian berhenti unutk waktu yang tidak tentu, kemudian dikirimkan sisanya. Dengan
demikian bit bit data ini dikirimkan dengan periode yang acak sehingga pada sisi
penerima data akan diterima kapan saja. Ada pun sinkronisasi yang terjadi pada transmisi
serial asinchronous adalah dengan memberikan bit bit penanda awal dari data dan

penanda akhir dari data pada sisi pengirim maupun dari sisi penerima.

2.3.1. Metode Komunikasi
Metode yang dimaksud adalah:
a. Mode Komunikasi Simplex.
b. Mode Komunikasi Half Duplex .

¢. Mode Komunukasi Full Duplex.

2.3.1.1 Mode Komunikasi Simplex

Pada mode komunikasi simplex ini jalur komunikasi yang diberikan adalah satu
arah seperti yang ditunjukkan gambar dibawah. Dalam komunikasi pengirim dan
penerima adalah permanen, dimana pada pihak pengirim adalah selalu mengirim data,
dan pihak penerima adalah selalu menerima data. Gambar 2.4 menunjukkan hubungan

simplex.

pengirim ———! penerima

Gambar 2.4. Hubungan Simplex
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2.3.1.2 Mode Komunikasi Half Duplex

Pada mode komunikasi half-duplex ini komunikasi data dilakukan dalam dua arah
dimana pada masing masing pihak bisa sebagai penerima atau sebagai pengirim data
seperti yang ditunjukkan pada gambar 2.5. Namun pada mode ini tidak dapat dilakukan
secara bersamaan tetapi secara bergantian atau disebut rwo way alternative. Jika salah
satu sebagai pengirim maka yang lain adalah sebagai penerima demikian sebaliknya.

Gambar 2.5 menunjukan hubungan half-duplex.

Pengirim - ~ Pengirim
penerima

penerima

Gambear 2.5. Hubungan Half-duplex

2.3.1.3 Mode komunikasi Full-Duplex
Mode komunikasi full duplex dilakukan dalam dua arah yang terjadi secara

bersamaan seperti ditunjukkan pada gambar 2.6.

Pengirim ———! Pengirim
penerima penerima

e

Gambar 2.6. Hubungan Full-Duplex

2.3.2 Format data komunikasi serial
Dalam teknik komunikasi dara serial dikenal istilah format data serial. Format

data serial ini terdiri dari parameter - parameter yang dipakai untuk menentukan bentuk
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data serial yang akan dikomunikasikan. Ada beberapa macam format data serial yang
dapat digunakan, dimana elemen elemennya terdiri dari :

a) Kecepatan mobilisasi data per bit (baut rate).

b) Jumlah bit data per karakter (data length).

c) Pariti yang digunakan.

d) Jumlah stop bit dan start bit.

2.3.2.1 Kecepatan mobilisasi data per bit

Laju data serial sering kali dinyatakan dalam satuan baud. Laju baud dalam kanal
komunikasi merupakan laju tercepat dari perpindahan bit. Laju pemindahan bit kanal
jaringan biasanya lebih rendah dari laju baud. Keterlambatan tersebut karena bit ekstra
ditambahkan untuk keperluan pewaktuan. Dalam system kecepatan tinggi, pemindahan
juga diperlambat oleh tundaan aktif proses pengolahan.

Data serial dapat dimobilisasikan pada berbagai baud rate. Baud rate yang
digunakan dalam teknik komunikasi data serial null modem asycronous adalah 300 bps

sampai 19200 bps.

2.3.2.2 Jumlah bit data per karakter

Dalam komunikasi data serial mode asycronous biasa berlangsung transmisi data
yang dikemas dalam bentuk karakter. Dalam satu karakter diperbolehkan terdiri dari
beberapa variasi jumlah bit. Dari sekian variasi yang diperbolehkan diantarannya adalah
terdiri dari 7 bit dan 8 bit (panjang data karakternya saja ). Kedua variasi ini adalah yang

paling sering digunakan dalam komunikasi serial. Tetapi meskipun demikian tidak
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menutup kemungkinan jika diinginkan untuk menggunakan variasi jumlah bit yang lain
asalkan masih diperkenakan dalam penulisan inisialisasi peralatan serial yang
bersangkutan dalam komunikasi serial. Tetapi meskipun demikian tidak menutup
kemungkinan jika diinginkan untuk menggunakaan variasi jumlah bit yang lain asalkan

masih diperkenakan dalam penulisan inisialisasi peralatan serial yang bersangkutan.

2.3.2.3 Parity bit

Bit parity adalah bit yang digunakan sebagai alat pemeriksaan kesalahan
sederhana dalam proses transmisi data digital. Pemakaian parity ini akan diikut sertakan
dalam proses penulisan inisialisasi peralatan serial yang bersangkutan. bit parity ini akan
diletakan setelah susunan bit data. Kemungkinan dari jenis ini ada tiga macam ,yaitu
parity ganjil, parity genap dan tanpa parity (tidak diikutkan dalam pemeriksaan

kesalahan) level digital .

2.3.2.4 Konfigurasi port serial
Gambar 2.7 menunjukkan konektor port serial DB-9 pada bagian belakang CPU.
Pada computer IBM PC kompatibel biasanya kita dapat menemukan dua konektor port

serial DB-9 yang biasa dinamai COM 1 dan COM 2,
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DCE Ready
Request To send
Clear To Send
Ring tndicator

- Recelved Line Signal detector
- Received Data

i~ Transmitted Data

— Oata Terminal Ready

—~ Signal Ground

Gambar 2.7. Konektor serial DB-9 pada bagian belakang CPU

Tabel 2.3 Konfigurasi pin dan nama sinyal konektor serial

N;l;lor : SNi:;z Direction Keterangan
Data Carrier Detect / Received

: DCD In Line Smyal Detect
2 RxD In Receive Data
3 TxD Out Transmit Data
4 DTR Out Data Terminal Ready
5 GND - Ground
6 DSR In Data Set Ready
7 RST Out Request to Send
8 CTS In Clear to Send
9 RI In Ring Indicator

Keterangan mengenai fungsi saluran RS-232 pada konektor DB-9 adalah sebagai

berikut:

e Received Line Signa detect, dengan saluran ini DCE membertahukan ke DTE

bahwa pada terminal masukan ada data masukan.

e Received data, digunakan DTE pada saat menerima data dari DCE.

e Transmite data, digunakan DTE pada saat mengirim data ke DCE.

e Data terminal ready, pada saluran ini DTE memberitahukan kesiapan

terminalnya.
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Signal groud, merupakan saluran groud.

Ring indicator, pada saluran ini DCE memberitahu ke DTE bahwa sebuah stasiun
menghendaki hubungan dengannya.

Clear to send, dengan saluran ini DCE memberitahukan bahwa DTE sudah dapat
memulai pengiriman data.

Request to send,dengan saluran ini DCE diminta mengirim data oleh DTE.

DCE ready,merupakan sinyal aktif yang menunjukan bahwa DCE sudah siap.

2.3.3. Komunikasi Serial Pada Mikrokontroller

Komunikasi antar PC dengan mikrokontroller adalah komunikasi serial dimana

menggunakan RS-232 sebagai konektor interfacenya.

Pada Mikrokontroller terdapat parameter-parameter sefup window yang harus

diset sesuai dengan parameter MSCom. Parameter-parameter tersebut antara lain:

1.

2.

3.

4.

S.

Transmission speed  : pilih 2400.

Data length : pilih 8 bit sebagai bit datanaya.
Stop bit :pilih 1.

Parity check : pilih NONE.

Flow control : pilih NONE.

Untuk melakukan pengiriman data ke Mikrokontroller maka untuk RS-232 sebagai

konektor interfacenya hanya menggunakan 3 pin saja. Gambar 2.8 koneksi RS-232 pada

mikrokontroller dan PC.
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9 pin 9pin
2RxD ATxD
3TxD 2RxD

SGND SGND
[ o
6DSR

— 1DCD

TRTS
Mikrokonuoller PC
8CTS

Gambar 2.8. Koneksi RS-232 pada mikrokontroller dan PC

2.3.4. Konektor Interface RS-232.

Karakteristik dari RS-232 memiliki ketentuan level tegangan sebagai berikut:

1. Logika ‘1’ disebut ‘mark’terletak antara -3 Volt hingga -25 Volt.

2. Logika ‘0’ disebut ‘space’terletak antara +3 Volt hingga +25 Volt.

3. Daerah tegangan antara -3 Volt hingga +3 Volt adalah invalid level,yaitu
daerah tegangan yang tidak memiliki level logika pasti sehingga harus
dihindari. Demikian juga, level tegangan lebih negatif dari -25 Volt atau lebih
positif dari +25 volt juga harus dihindari karena tegangan tersebut dapat
merusak line driver pada saluran RS-232.

Gambar 2.9 berikut ini adalah contoh level tegangan RS-232 pada pengiriman

huruf ‘A’dalam format ASCII tanpa bit paritas.

+25 V T Y 1] T

oV 'n;: %
]1 0 0 o o of1]o0o| &

25V

Gambar 2.9. Level tegangan RS-232 pada pengiriman huruf ‘A’

tanpa bit paritas
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2.3.4.1. IC Serial MAX 232

Komunikasi serial RS-232 merupakan komunikator yang menghubungkan antara
terminal data dari suatu peralatan dan peralatan ini menjalankan pertukaran data biner
secara serial, Sedangkan IC yang dipakai untuk komunikasi juga menyediakan
pemrosesan data dan protocol, sedang yang laen berupa interface ke jalur komunikasi
secara fisik. Bagian yang menangani komunikasi dapat dihubungkan dengan berbagai
palikasi yang berhubungan dengan elektronik, tetapi memiliki kondisi arus dan tegangan
yang tak menentu. IC serial RS 232 dipakai sebagai interface (antar muka) dari PC ke
perangkat luar (level TTL) atau sebaliknya dari perangkat luar ke PC. Tegangan yang ada
pada RS 232 berbeda dengan level tegangan digital. Tegangan RS 232 tersebut antara +3
volt sampai +15 volt untuk logoka “0” dan -3 sampai dengan -15 volt untuk logika “1”.
Tegangan yang cukup tinggi ini mengakibatkan data dapat ditransmisikan cukup jauh.

Gambar 2.10 menunjukan Interface MAX 232.

ICL232
(PDIP, CDIP, SOIC)
TOP VIEW

C1- E 6] Ve

v-[Z] 5§ orp
o-[5] 4] Tyt

c2-[7] 3] R1yy,
C2-E 12] R1gyy

V-E [{11] Ty

WUTE o] T2,
R2y E 9 | R2gyy

Gambar 2.10 Interface MAX 232

IC MAX 232 mempunyai 16 kaki dengan supplay tegangan sebesar 5 volt. Kaki
ke-16 digunakan sebagai input tegangan (Vcc), kaki ke-15 sebagai ground (GND). Kaki

8 dan 13 digunakan sebagai input RS-232. RS-232 merupakan suatu interface yang
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digunakan untuk menghubungkan antar terminal data dari suatu peralatan dan peralatan

komunikasi data yang menjalankan pertukaran data biner secara serial.

2.3.5. RS-485/RS-422 Transceiver

Penggerak komunikasi RS-485/RS-422 adalah pembantu komunikasi serial
seperti halnya RS-232 yang sudah dipakai dalam transfer data serial sekarang ini.
Perbedaan antara keduanya terletak pada panjang saluran yang dipakai, maksimum bit
rate, level tegangan data “1” dan *0”, kebocoran daya dan masukaan penerima, mengenai
perbedaan tersebut.

Panjang saluran yang di maksud adalah batas panjangnya saluran yang digunakan
antara satu driver RS-485 ke driver RS-483 yang lain yang masih diperbolehkan, ini
berkaitan dengan kualitas data yang diterima driver penerima. Tabel 2.4 menunjukkan
karakteristik beberapa tipe komunikasi serial,

Table 2.4 karakteristik beberapa tipe komunikasi serial

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

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

Sumber : zaks D, 1987
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Untuk menampilkan data biner dibutuhkan dua besaran tegangan (V , dan V ;).
Pada RS-485/RS-422 kondisi “1” atau mark dinyatakan dengan membuat tegangan
saluran B lebih besar dari saluran A(V , dan V ; ), sedangkan kondisi “0” atau space
dinyatakan dengan membuat saluran A lebih besar dari saluran B(V , > V ;). Syaratnya
tcgangan antara dua saluran terscbut (V , ;) harus Icbih besar dari 0,4 V dan Iebih baik

kecil dari 12 V. keuntungan transmisi sinyal diferensial adalah berkurangnya noise dalam
satu saluran sinyal, akan berkurang secara sama pada saluran sinyal yang lain [ Douglas

V.Hall ,1992]. Gambar 2.11 menunjukan interface MAX 485,

N :-, H5)
Rl ) 5] o

DiP/SO

Gambar 2.11 Interface MAX 485

2.5. LCD (Liquid Crytal Display )

Liquid Crystal Display adalah modul tampilan yang mempunyai konsumsi daya
yang relatif rendah dan terdapat sebuah [kontroller CMOS didalamnya.
kontroller tersebut sebagai pembangkit ROM/RAM dan display data RAM. Semua fungsi
tampilan dikontrol oleh suatu instruksi,sehingga modul LCD dapat dengan mudah

diinterfacekan dengan MPU. Ciri-ciri dari 1.CD M1632:
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Terdiri dari 32 karakter yang dibagi menjadi 2 baris dengan display dot matrik
5 X 7 ditambah cursor.

Karakter generator ROM dengan 192 karakter.

Karakter generator RAM dengan 8 tipe karakter.

80 X 8 bit display data RAM.

Dapat diinterfacekan dengan MPU 8 atau 4 bit

Dilengkapi fungsi tambahan : Display clear, cursor home, display ON/OFF,
cursor ON/ OFF, display character blink, cursor shift dan display shift

Internal data

Internal otomatis dan reset pada power ON

+5 V power supply tunggal

Berikut ini merupakan pin-pin LCD berserta konfigurasinya:

LCD

DOT MATRIX LCD
2 X 16 CHARACTER TYPE M1632

IIGHT

g

R s T VR N

T

— VCC
— VEE

— V55

Gambar 2.12 Pin Pada LCD

L.CD ini mempunyai 16 pin yang dihubungkan dengan perangkat keras prosessor

penunjang. Adapun fungsi dari masing-masing pin, ditunjukkan dalam tabel 2.5 berikut:
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Tabel 2.5 Fungsi Pin LCD M1632

No | Nama Penyemat | Fungsi =
1‘ | Vss 7 Temﬁnal ground
2 Vce Tegangan catu +5 volt
3 Vee Drive LCD
RS Sinyal pemilih register
4 0: Instruksi register (tulis) 1: Data Register (tulis dan
baca)
R/W Sinyal seleksi tulis atau baca
’ 0: Tulis 1: Baca
E Sinyal operasi awal, sinyal ini mengaktifkan data tulis danv
° baca
7-14 | DB0-DB7 Merupakan saluran data, berisi perintah dan data.
V+BL Pengendali kecerahan latar belakang LCD 4 - 4,42 V dan
]5 50-500 mA
16 V-BL Pengendali kecerahan latar belakang LCD 0 V

Masukan yang diperlukan untuk mengendalikan modul berupa bus data yang
masih termutiplek dengan bus alamat serta 3 bit sinyal kontrol. Sementara pengendalian
LCD dilakukan secara internal oleh kontroler yang sudah terpasang dalam modul LCD.

Diagram blok untuk 1.CD dapat dilihat dalam Gambar 2.13.

27



(o= comeesl LCD |
=TTl
i _ Controller Serial data Segmen
RW t Driver
E Timing signal TT

Gambar 2.13 Diagram Blok LCD M1632

2.6. Keypad 4x4

Teknik yang sering digunakan dalam perancangan keypad adalah teknik
multiplexing empat buah jalur baris dan empat jalur kolom. Bila baris dan kolom ini
disidangkan maka akan terbentuk titik-titik potong yang membentuk matriks 4x4. seperti

pada Gambar 2.13.

1 2 3 |COR

4 5 6 | MEN

7 8 9 *

CAN| 0 |ENT| &

Gambar 2.14 Penampang Dasar Keypad

Rangkaian ini dapat dianalogikan dengan empat buah kabel terbuka yang
disilangkan dengan empat kabel terbuka lainnya. Bila pada suatu titik, kabel yang
disilangkan itu disentuhkan maka diasumsikan bahwa tombol keypad pada posisi yang-

bersilangan tersebut ditekan. Untuk mengidentifikasikan letak atau posisi tombol yang
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ditekan itu, bahwa susunan matrix keypad itu membetuk koordinat (x,y) dalam dua

dimensi, informasi posisi yang diperlukan adalah informasi tentang nilai x dan y.

2.7. Personal Computer
2.7.1. Struktur dan fungsi CPU.

Mengerti dan fungsi CPU yaitu dapat melakukan fech instruksi, interperenter
intruksi, fech data, exusidata, dan penyimpanan kembali. Mengerti aliran data pada siklus
tak langsung, siklus inferupt. Mengerti pipeling dan mengerti menangani percabangan
pada pipeling. Agar dapat menjalakan tugas CPU, CPU harus menyimpan data untuk
sementara waktu. CPU harus mengiat lokasi instruksi terakhir sehingga CPU dapat
mengambil instruksi berikutnya. CPU perlu menyimpan instruksi dan data untuk
sementara waktu pada saat instruksi sedang dieksekusi. CPU memerlukan memori
internal berukuran kecil yang dikenal dengan register. Blok diagram CPU sebagai

berikut.

CPU

| 1

Control
Unit
ALU —
egister] |

Comnd Pata Address
Bus Bus Bus

Systen
Bus

Gambar 2.15 Blok diagram CPU
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ALU
e Melakukan komputasi/ pengolahan data berdasarkan instruksi yang diberikan
padanya.

e Komponen — komponen utama CPU
1. Arithmetik dan logic unit.
2. Register.
3. Control Unit (CU ).

¢ Contol unit
1. Mengontrol perpindahan data dan instruksi ke CPU atau dari CPU dan

pengontrol operasi ALU.

2. Selain itu menunjukkan memori internal minimum yang terdiri dari

beberapa lokasi penyimpanan yang disebut register.
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BAB Il

PERENCANAAN DAN PEMBUATAN ALAT

Bab ini akan membahas tentang perencanaan dan perancangan alat yang meliputi
perencanaan perangkat keras (Hardware) dan perangkat lunak (Soffware) mikrokontroler.

Perancangan secara keseluruhan dapat dibagi menjadi dua bagian,yaitu:
1. Perancangan Perangkat Keras (Hardware).

2. Perancangan Perangkat Lunak (Software).

3.1. Perancangan Perangkat Keras (Hardware).

LCD

It

Mikrokontroler
AT89S51 K— RS 485

i |

KEYPAD

Personal
RS485 K—> RS232 K| computer

= u

it V PRINTER

Mikrokontroler

AT89851 RS 485

i

KEYPAD

Gambar 3.1 Diagram Blok Sistem.
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Keterangan dari diagram blok :

e Keypad
Keypad yang digunakan berupa keypad matrik 4 x 4. Berfungsi sebagai inputan
data pada mikrokontroller. Inputan yang dimasukan berupa jumlah menu yang
akan dipesan.
e Mikrokontroler
Sebagai pengolah semua data dan inputan dari sensor dan keypad kemudian
menampilkannya pada LCD. Mikrokontroller berfungsi sebagai pengontrol semua
sistem, dalam IC ini terdapat 4 Kbyte EEPROM, 128 hyte RAM internal, 32
Programmable 1/0 lines, 4 Kb F lash memory dan 2 buah timer / counter 16 bit.
e RS-485 |
RS-485 digunakan sebagai converter antara meja klien 1 dengan meja klien 2.
e RS-232
RS-232 sebagai konverter antara RS-485 dengan komputer.
e Printer
Digunakan untuk mencetak masukan dari komputer.
Dari gambar blok diagram 3.1 dapat dijelaskan cara kerjanya sebagai berikut:
Prinsip kerja:
Sistem alat ini bekerja pada saat kita menekan tombol menu pada keypad maka
LCD akan menampilkan menu makanan yang sudah diprogam oleh mikro kita tinggal
memilih menu apa yang kita inginkan dan berapa jumlah makanan atau minuman yang
kita pesan. setelah selesai kita memilih menu yang kita pesan kita tekan tombol enter,

setelah itu tekan tombol exit. maka mikro akan memberikan konfirmasi kepada pemesan
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yang ditampilkan oleh LCD. Jika kita memilih ya maka mikro akan menirimkan data.
jika kita tekan tombol tidak maka mikro tidak akan mengirim data tersebut.
Data yang dikirim diterima oleh komputer yang berada dimeja kasir restoran. Data
tersebut diproses untuk dicetak, data tersebut dicetak oleh printer. Adapun miniatur tata

peletakan alat pada meja restaurant.

Gambar 3.2. Miniatur alat pada meja.

3.2. Mikrokontroller AT89S51

Dalam perancangan dan pembuatan rangkain ini menggunakan mikrokontroller
AT89S51 sebagai pengontrol masukan dan keluaran. IC ini memiliki fasilitas EEPROM
sebagai memori program sebagai dapat mempermudah dalam proses perencanaan sistem

alat ini. Adapun aplikasi mikrokontroller AT89S51 dalam perancangan sebagai berikut:
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Gambar 3.3. Menunjukan masing — masing port.

Agar sebuah mikrokontroller dapat bekerja sebagai pengontrol, maka kaki — kaki/
port mikrokontroller dihubungkan pada rangkaian — rangkaian eksternal. Pada
perancangan ini dipaparkan port apa saja yang akan digunakan pada mikrokontroller

AT89S51 yaitu:
1. PO ( P0.0 sampai P0.7 ) sebagai out put untuk tampilan LCD.
P2 ( P2.0 sampai P2.7 ) sebagai input untuk tombol.

P1 ( P1.0) digunakan untuk enable sedangkan untuk P1 ( P1.1) digunakan untuk

RST 1.CD.

2. Kaki pin 9 ( RST ) dihubungkan kerangkaian reset untuk mereset hardware baik

secara sofware atau pun manual, maka pin RST ini berlogika ‘1” (aktif high ).
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3. Kaki pin 18 ( XTAL 2 ) dan kaki pin ( XTAL 1 ) dihubungkan kerangkaian
osilator crystal untuk memberikan clock inputan yang dibutuhkan oleh

mikrokontroller AT89S51.
4. Kaki pin 20 ( GND ) dihubungkan ke ground.
5. Kaki pin 40 ( VCC ) dihubungkan kesumber tegangan 5V DC.

6. Kaki pin 11 ( TXD ) digunakan untuk mengirim data ke PC.

3.2.1. Rangkaian Clock Minimun Sistem.

Mikrokontroller AT89S51 ini memiliki internal clock generator yang berfungsi
sebagai sumber clock yang di perlukan. Rangkaian ini terdiri dari dua buah kapasitor dan
sebuah kristal, dengan ketentuan :

CldanC2  =30pF £10 pF untuk ristal

= 40 pF £10 pF untuk keramik resonators
Dalam minimun sistem ini menggunakan kristal 11,0592 Mhz dan C1 = C2 sebesar 33
pF. Dengan rangkaian sebagai berikut :

=2

_"_I__ XLz
o1 I
) XEALIL

%: hND

Gambar 3.4. Rangkaian Clock
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Dengan menggunakan nilai kristal diatas maka dapat dihitung waktu yang
diperlukan untuk satu siklus mesin.

Diketahui: F=11Mhz

Sehingga : Tme = ?Xlz
Kristal
Tme = Ixl12 12
11Khz 11Khz
Tme = 1,09 pS

Maka satu siklus mesin dari mikrokontroller AT89S51 adalah sebesar 7me = 1,09 uS.
Kecepatan proses dilakukan oleh mikrokontroller ditentukan oleh sumber clock (
pewaktuan ) yang mengendalikan mikrokontroller tersebut. Sistem yang dirancang ini
akan menggunakan osilator internal yang sudah tersedia didalam chip AT89S51. untuk
menentukan frekuensi osilatornya, cukup dengan cara menghubungkan kristal pada pin
XTAL 1 dan XTAL 2 serta dua buah kapasitor ke ground. Besar crystal disesuaikan
dengan kecepatan yang diharapkan untuk transfer data melalui pin serial interface
AT89S51 tersebut. Sistem ini dirancang untuk memiliki kemampuan baud rate sebesar

2400 bps, sehingga dipilih crystal dengan nilai 12 MHZ..

3.2.2. Rangkaian Reset.

Rangkaian reser dalam mikrokontroller AT89S51 akan melakukan reset setelah
catu daya dihidupkan. Pada saat kondisi reset maka faktor reset pada alamat 0000H akan
dituju oleh mikrokontroller AT89S51 (dalam hal ini program counter) agar program yang
terdapat didalam mikrokontroller kembali ke kondisi semula atau dengan kata lain

mikrokontroller mengakses awal dari program yang telah diisi didalamnya. Didalam reset
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ini akan mengunakan beberapa macam cara untuk mereset miktrokontroller AT89S51.
Cara pertama mengunakan switch (manual), dimana user yang akan mengoperasikan
switch ini. Cara ke dua mengunakan capasitor 47 uF, dimana kapasitor tersebut akan
berkondisi aktif high selama beberapa detik.

Besarnya nilai tahanan dan kapasitor pada rangkaian reset akan menentukan
lamanya waktu pulsa reset. Sedangkan untuk mencari frekuensi dari reset tersebut dengan
mengunakan rumus sebagai berikut:

1
Fo=—
1,I*R, *C,

Sehingga dengan komponen resistor dengan nilai 10 KCQ dan kapasitor dengan nilai 10
uF akan dihasilkan frekuensi:

1
Fo=
® = LIx10° x10x10~

F, =90,9Hz
. _ 1
Maka periode clock = 7
1
T'=——=0,01S
90.9

Dengan frekuensi yang dihasilkan serta periode clock yang telah diketahui maka akan
memberikan siklus ke mikrokontroler untuk bekerja terus sampai tombol reset tersebut
ditekan.

Karena crystal yang digunakan mempunyai frekuensi sebesar 11,0595 MHZ, maka
satu periode membutuhkan waktu sebesar:

1 1

T= = =9,042x107°
JXTAL 11,0592MHZ
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Sehinga waktu minimal logika yang dibutuhkan untuk mereser mikrokontroller adalah:
Reset ( min )= 7 x periode yang digunakan

=9,042 x10~* x24=2,17 us
Jika mikrokontroller membutuhkan waktu minimal 2,17 usuntuk mereset. Waktu
minimal inilah yang dijadikan pedoman untuk menentukan R dan C dengan menentukan
nilai R = 10 k dan C =10 xF maka.
t=0,357RC =0357x10x10° x 10x107® = 35,7 us
Jadi dengan nilai komponen R=10k dan C =10 gF dapat memenuhi syarat minimal untuk

waktu yang dibutuhkan oleh mikrokontroller. Gambar 3.5 menunjukaan rangkaian reser :

P2

10uF

K

L

— B we 4
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&4 38
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Gambar 3.5. Rangkaian Reset.

3.2.3. Rangkaian LCD M1632 ( Liquid Crystal Display ).
LCD diperlukan untuk menampilkan nilai karakter input yang akan diproses dan
data karakter output dari hasil pengukuran supaya hasil proses dan pengukuran bisa

dipahami oleh manusia. Rangkaian I.CD ini dalam pengoperasiannya memerlukan 8 bit
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data dan 3 bit kontrol. Bagian utama dari rangkaian ini adalah penampil karakter LCD 16
x 2 baris. RS (Register Select) dan Enable pada pin 4 dan pin 6 yang merupakan kontrol
dari LCD. Saluran data (data bus) dihubungkan ke port 0 mikrokontroller. Untuk pin
R/W akan berlogika low (0) apabila dihubungkan dengan ground maka I.CD difungsikan
hanya untuk menuliskan program atau data ke display. Untuk mengambil data dari
mikrokontroller maka pin-pin data dihubungkan dengan port dari mikrokontroller.
Pada lembaran data sheet modul LCD M1632 SEIKO INSTRUMENT INC

disebutkan bahwa:

Power supply LCD meliputi :

Vss=0V

Vec =5V + 5% (2mA)

Power supply back light :

V +BL =4 -4,2 V (50 sampai 200 mA)

V BL =0V (GND)

Pada input V + BL dipasang sebuah dioda 1N4002 (bahan silicon dengan

Vd =0,65 V sampai 0,7 V). tujuannya adalah didapatkan tegangan V + BL sebesar
4 - 4,2 V dengan perhitungan sebagai berikut :

Vee=Vd +(V +BIL)

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

Dipilih dioda 1N4002 karena arus maksimum yang biasa dilewatkan oleh dioda ini
sebesar 1 A, berikut ini adalah rangkaian lengkap modul 1.CD yang digunakan dalam

perancangan. Gambar 3.6 menunjukaan rangkaian LCD :
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Gambar 3.6. Rangkaian LCD

3.2.4. Rangkaian Keypad.

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

diagram dari penyambungan keypad ke mikrokontroller.

— —p [ Y T

3 & » I_
— ==
iy | L |,
4—'«—1-——-;——1|————1»—o——|

Gambar 3.7. Blok Diagram Hubungan Keypad Dengan Mikrokontroller.
Apabila terjadi penekanan tombol maka data yang dihasilkan dalam bentuk
hexadesimal akan diterjemahkan oleh mikrokontroller menjadi desimal. Dari kombinasi

penekanan tersebut menghasilkan 16 tombol atau kemungkinan yang akan terbentuk

40



karakter angka dan simbol. Teknik pembacaan pada keypad ini, yaitu model scaning 4
jalur baris dan 4 jalur kolom. Bila baris dan kolom ini disilangkan maka akan terbentuk

titik-titik potong yang membentuk matrik 4x 4.

3.2.5. Perencanaan dan Pembuataan Rangkaian Konverter Saluran Transmisi RS-
485

Dalam jaringan yang direncanakan terdapat dua buah titik c/ient dan MCU bagian
meja pembeli dan titik server berupa MCU bagian operator yang bertindak sebagai kasir.
Pada setiap titik mikrokontroller, port komunikasi serial digunakan bekerja pada level
tegangan TTI. sehingga dapat langsung dihubungkan keport/ masukan dan keluaran TTI.
dari transiver RS-485.

Rangkaian antaramuka kesaluran transmisi RS-485 pada masing-masing

mikrokontroller ditunjukan dalam gambar 3.8 berikut.
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1..xzﬁ|—“_ 1uF _:,'_.;_ - !
l ci+ Wt 4_]' 1 0 v 7
o e 12 1 fpss :
" e s CREgRe 2 —E
] y > 1uF + & —uj
—7 ] peiicg 12001 14
»<=5—0 Kou IR L ﬁ
12001 bT «| Rs485
MAX232 1K
- _ | - §
C— = ——
|o—=—
‘_:‘j_ T
~ L ==
DB-2 [

Gambar 3.8. Rangkaian converter saluran transmisi RS-485
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3.3. Perangkat Lunak Mikrokontroler.

Untuk mendukung hardware yang sudah dibuat, maka dibutuhkan perangkat
lunak (software) supaya perangkat keras tersebut bisa berjalan sesuai dengan tujuan.
Mikrokontroler dapat mengendalikan seluruh sistem apabila ada urutan instruksi yang
mendefinisikan secara jelas urutan kerja yang harus dilaksanakan. Dalam perancangan
alat ini perangkat lunak yang digunakan adalah bahasa pemrograman Delphi.

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

3.3.1. Langkah Pémbuatan Program.

o Buat diagram alir dari program yang dibuat.

e Mengubah flowchart ke dalam bahasa pemprograman Delphi sesuai urutan

jalannya program.

e Mengkompilasi program yang dibuat sampai menghasilkan struktur program

yang dihasilkan.

e Mendownload program yang telah sesuai dengan apa yang diharapkan ke

dalam mikrokontroler dengan menggunakan downloader sesuai tipe mikro
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yang digunakan.

3.4. Desain komunikasi client dan server.

Pada saat progam dinyalakan server request Eo dan E1 pada masing-masing meja,
untuk menanyakan Eo apakah ada pesanan pada meja 1. Server akan menunggu jawaban
pada meja |1 selama 1 detik. Jika ada jawaban maka data disimpan pada database untuk
diprint. Data pesanan terdiri dari jenis makanan dan minuman ( merupakan urutan dari
menu ), jumlah éorsi/buah, contohnya ada pesanan pecel 2 porsi/buah dan es teh 2
porsi/buah jadi data yang dikirim oleh mikro adalah Eo (2,2,21,2). Angka 2 pertama
adalah urutan daftar menu sedangkan angka 2 yang kedua adalah jumlah pesanan. Jika
tidak ada jawaban maka server akan melanjutkan request pada Ei apakah ada pesanan
pada meja 2, jika ada pesanan pada meja 2 maka server akan mengambil data pesanan
dan disimpan padé database untuk diprint. Jika tidak ada maka server akan mengcounter
ulang pada meja 1.

Untuk mengupdate menu pada client 1 dan 2, PC request Fo untuk meja 1 dan Fi
‘untuk meja 2. untuk menu yang akan diupdate. Untuk update menu hanya dapat diupdate
pada server aja, jika menu yang masih ada ditandai dengan true atau logic ”1” sedangkan
yang tidak ada diﬁndai false atau logic ”0”. Jadi server hanya mengirimkan logic 1~
dan ”0” pada masing-masing meja. Contoh menu pecel habis kita lihat pecel dalam daptar
menu berada pada urutan menu no 2. jadi uratan tersebut yang diberi logic ”0” . Maka
server mengirimkan Fo(1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,) pada meja client

1.
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3.5. Personal Computer

Untuk menjalankan progam Delphi pada komputer dibutuhkan spesifikasi
minimnya menggunakan pentium 3, memory RAM 256Mb, hardisk 80Gb. Kurang dari
spesifikasi tersebut progam tidak dapat jalan dengan sempurnya atau kemungkinan
adanya error pada saat program Delphi berjalan. Untuk itu spesifikasi diatas perlu

diperhatikan.



3.6 Diagram alir secara umum

v
Tampilkan
pesanan pada PC

Cetak

End

Gambar 3.9 flowchart secara umum.
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BABIV

PENGUKURAN DAN PENGUJIAN

4.1. Umum

Untuk memastikan apakah sistem pengiriman data menu masing — masing meja
dapat bekerja sesuai dengan spesifikasi perencanaan,diperlukan serangkaian pengujian
dan pengukuran.

Bab pengujian dan pengukuran ini menguraikan tentang bagian alat yang diuji,

tujuan pengujian, langkah-langkah pengujian dan hasil pengujian yang menunjukkan
unjuk kerja dari tiap-tiap bagian alat. Pembahasan dalam bab ini dibagi menurut
pembagian alat yang diuji untuk mengetahui untuk kerja sistem secara keseluruhan.
Pada bab ini membahas cara pegujian dan analisa dari alat yang dirancang, sehingga
dapat diketahui apakah alat tersebut dapat bekerja sesuai dengan yang telah direncanakan.
Dalam rangka pengujian alat tersebut diuraikan percobaan yang dilakukan untuk
mengetahui respon dari keseluruhan alat yang telah dirancang.

Untuk mengetahui kemampuan alat dan sistem kerja sesuai dengan program yang
telah dibuat maka dilakukan pengujian pada alat dan sistem kerja alat dengan prosedur
pengujian sebagai berikut:

1. Pengujian perangkat keras

2. Pengujian sistem secara keseluruhan
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4.2. Pengujian Hardware
Pengujian perangkat keras ini mencakup pengujian rangkaian elektronika pada masing-
masing blok maupun blok secara keseluruhan yang telah dirancang dengan menggunakan

multimeter digital

4.2.1 Pengujian LCD
4.2.1.1. Tujuan

Adapun tujuan dari pengujian rangkaian ini untuk mengetahui kondisi keluaran
LCD yaitu sebagai tampilan.juga mencatat nilai tegangan yang masuk pada LCD sebelum
dan sesudah melewati diode.
4.2.1.2. Alat-alat yang digunakan

e LCD

e Rangkaian mikrokontroler AT 89S51.

e Catudaya.
4.2.1.3. Prosedur pengujian

1. Menyusun rangkaian pengujian seperti pada gambar 4.1
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Gambar 4.1 Rangkaian Pengujian LCD
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2. Membuat sofiware pengujian rangkaian LCD, program ini berisi inisialisasi

mikrokontroler dan LCD.
mulai: mov DPTR, #nama
lcall linel
mov Hurf, #16
lcall tulis
mov DPTR, #nim
lcall line?2
mov Hurf, #16

lcall tulis
lcall delay?2

3. Mengaktifkan catu daya.
4. Mengoperasikan program dan hasil keluaran akan ditunjukkan pada
layar penampil kristal cair.
4.2.1.4. Hasil pengujian
Dari hasil pengujian maka didapatkan tampilan seperti yang terlihat pada

gambar berikut ini:

Gambar 4.2 Tampilan Pengujian LCD

42.2. Pengujian Keypad 4 x 4
4.2.2.1. Tujuan
Untuk menguji apakah tombol keypad dapat bekerja sebagai inputan,dan

mensimulasikan tombol yang ditekan melalui suara buzzer pada multimeter digital.
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4.2.2.2. Alat yang digunakan
e  Multimeter digital

e  Keypad

4.2.2.3. Prosedur Pengujian

1. Menyusun rangkaian pengujian keypad seperti pada gambar 4.3.

(i

I

Gambar 4.3 Pengujian Rangkaian Keypad.
2. Memberikan kombinasi masukan dengan menekan tombol-tombol keypad.
3. Mengamati hasil penekanan keypad. Kemudian mencatat hasil pengamatan

pada tabel 4.1.

4.2.24. Hasil Pengujian

Tabel 4.1 Hasil Pengujian Keypad.

TOMBOL BARIS KOLOM
1 2 3 4 1 2 3 4|
1 1 0 0 0 1 0 0 0
2 1 0 0 0 0 1 0 0
3 1 0 0 0 0 0 I 0
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A 1 0 0 0 0 0 0 1
- 0 1 0 0 1 0 0 0
3 0 1 0 0 0 1 0 0
6 0 1 0 0 0 0 1 0
B 0 1 0 0 0 0 0 1
7 0 0 1 0 1 0 0 0
8 0 0 1 0 0 1 0 0
9 0 0 1 0 0 0 1 0
C 0 0 1 0 0 0 0 1
# 0 0 0 1 1 0 0 0
0 0 0 0 1 0 1 0 0
¥ 0 0 0 1 0 0 1 0
D 0 0 0 1 0 0 0 1

*Keterangan : cara membaca tabel diatas adalah jika antara baris dan kolom terhubung

(1) maka akan membentuk matrik baris dan kolom sesuai penekanan

tombol keypad.

Gambar 4.4 Pengecekan Jalur Keypad Dengan Multimeter.
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4.2.3. Pengujian jalur komunikasi serial

Pengujian ini bertujuan untuk mengetahui besaran elektrik yang digunakan dalam
komunikasi data serial, sehingga dapat diidentifikasikan sebagai logika ‘1’ dan logika ‘0’.
Pengujian ini terdapat pada titik hubung antara MCU dan RS 485 jalur komunikasi RS

485. Untuk lebih jelasnya dapat dilihat dalam gambar 4.5 berikut:

TPI TP2
MCU |——— mrs4ss — & |
[ ¢———e——ip} e

Gambar 4.5 Titik pengujian jalur komunikasi serial

Tabel 4.2 Hasil pengujian jalur komunikasi serial

Pada Saat ‘ Hasil Pengujian
TP1 TP2
1 1Gvol) | 1(4,8vol)
2 ‘ 0.0 volt) : 0.00,2 volt)
Analisa penujian

Pada saat penyalaan pertama ditampilkan menu makanan, serta harga pada 1.CD.
Kita memilih menu tersebut dan masukan kedalam kolom pemesanan ketika kita keluar
dari menu tersebut. MCU menerima dari sentral dan mencocokkannya dengan address
yang dia punya. Ketika data yang masuk sama dengan address yang dia punya maka

MCU mengirimkan data balasan yang berarti siap berkomunikasi untuk mengirimkan
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data pemesanan. Ketika data yang dikirimkam tidak sama dengan address yang dia punya
maka MCU tidak mengirimkan data tersebut.

Pengiriman data tersebut dilakukan secara bertahap ( step by step ) mulai dari
pemesanan pertama sampai dengan kelima, jika tidak ada pesanan maka data yang
dikirim adalah 0 ( kosong ). Ketika central menerima data dari meja pemesan maka akan

diterima oleh MCU untuk dicetak.

4.3. Pengujian sistem keseluruhan komunikasi RS 485

Pada saat penyalaan pertama ditampilkan menu makanan minuman serta harga
pada LCD. Kita memilih menu tersebut dan memasukannya kedalam kolom pemesanan,
ketika kita keluar dari menu tersebut, MCU menerima dari server mencocokkannya
dengan address yang dia punya. Ketika data yang masuk sama dengan address yang dia
punya. Maka MCU mengirimkan data balasan yang berarti siap berkomunikasi untuk
mengirimkan data pesanan. Ketika data yang masuk tidak sama dengan address yang dia
punya maka MCU tidak menghiraukan data tersebut.

Pengiriman data tersebut dilakukan secara bertahap( step by step) mulai dari
pemesanan pertama sampai dengan kelima, jika tidak ada pesanan maka data yang
dikirim adalah 0 ( kosong ).

Ketika server menerima data dari setiap meja berupa pesanan maka MCU server

mencetaknya keprinter.
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4.4. Pengujian sistem secara menyeluruh

Pengujian rangkaian secara keseluruhan dilakukan dengan menghubungkan
Masing-masing rangkaian atau blok dan menjalankan perangkat lunak yang dibuat
Pengujian ini dimaksudkan untuk mengetahui apakah peralatan yang dibuat telah sesuai
Dengan perecanaan :

1. Pengujian alat digunakan pada daerah yang sama dengan beberapa

kali pengukuran

2. Memberi tegangan catu daya 12 Volt DC

3. Menghidupkan saklar dengan mengamati LCD

4. Mengisi data melalui keypad

5. Komputer sebagai server yang berada pada kasir

Dari hasil pengujian alat secara keseluruhan didapatkan hasil yang maksimal. Jadi
dalam pembuatan alat ini sudah pada tahap yang sempurna tanpa ada gagal pada

pengiriman data. Gambar 4.6 menunjukan gambar keseluruhan alat.

-Gambar 4.6 Alat keseluruhan
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BABY

PENUTUP

5.1. Kesimpulan
Setelah melakukan perencanaan dan pengujian sistem pengontrol untuk restoran
menggunakan mikrokontroller AT89S51 dapat diambil kesimpulan sebagai berikut:

1. Rangkaian ke&pad dan penampilan I.CD dapat bekerja sesuai dengan perencanaan
yaitu sebagai masukan input dan LCD sebagai penampilan dari menu-menu yang ada
pada restoran.

2. Mikrokontroller dalam proses pengontrolan sistem dan keypad sebagai masukan dan
program menu ditampilkan pada 1.CD, sedangkan komunikasi dengan server

menggunakan serial RS-485.

3. Untuk menghindari keterlambatan pada saat pengiriman data jarak jangkauan kabet

maksimal 15 meter,

5.2. Saran

Meskipun hasil pengujian dan analisis sudah menyampai keadaan yang
diharapkan namun masih banyak perbaiakan atau pengembangan seperti menu dapat
diganti dengan menu lain, harga dapat diganti untuk lebih meningkatkan lagi performasi

alat.
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Features

e Compatible with MCS-61°Products

* 4K Bytes of In-System Programmable (ISP) Flash Memory
- Endurance: 1000 Write/Erase Cycles

* 4.0V to 5.6V Operating Range

* Fully Static Operation: 0 Hz to 33 MHz

 Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

* 32 Programmable /O Lines

* Two 16-bit Timer/Counters

* Six Interrupt Sources '

* Full Duplex UART Serial Channel

» -Low-power-ldie and Powsr-down Modes

* Intarrupt Recovery from Power-down Mode

» Watchdog Timer

» Dual Data Pointer

» ‘Power-off Flag

* Fast Programming Time

* Floxible ISP Programming (Byte and Page Mode)

Description

The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
bytes of in-system programmable Flash memory. The device is manufactured using
Atmel's high-density nonvolatile memory technology and is compatible with the indus-
iry-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory to-be reprogrammed.in-system. or-by a-conventional nonvolatile- memory.- pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on a
monolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
RAM, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
clock circuitry. In addition, the AT89S51 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt-system to-continue functioning. The Power-down mode-saves the RAM con-
lents but freezes the oscillator, disabling all other chip functions until the next external
nterrupt or hardware reset.

ATMEL

8-bit

Microcontroller
with 4K Bytes
In-System
Programmable

Flash

AT89S51

Rev. 2487A-10/01
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1 Description

c
D

t 0

t1

t2

t3

AIMEL

Supply voltage.
Ground.

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

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

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

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

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

Port Pin Alternate Functions

P1.5 MOSI (used for In-System Programming)
P1.6 MISO (used for In-System Programming)
P1.7 SCK (used for In-System Programming)

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

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

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

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

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

Port 3 also serves the functions of various special features of the AT89S51, as shown in the
following table.

ATE9551 pmrrrres e e T e TS
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Port Pin Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 NTO (external interrupt 0)
P33 INTT (external interrupt 1)
P3.4 TO (timer O external input)
P35 T1 (timer 1 external input)
P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)
T Reset input. A high on this pin for two machine cycles while the oscillator is running resets the

device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. in the default state
of bit DISRTO, the RESET HIGH out feature is enabled.

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

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

If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution
mode.

EN Program Store Enable (PSEN) is the read strobe to external program memory.

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

NPP External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from extemal program memory locations starting at G000H up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be internally latched on reset.

EA should be strapped to V. for intemal program executions.
This pin also receives the 12-volt programming enable voltage (Vpp) during Flash

programming.
AL1 Input to the inverting oscillator amplifier and input to the internal clock operating circuit.
AL2 Output from the inverting oscillator ampilifier

- ATMEY 5



AIEL

ecial A map of the on-chip memory area called the Special Function Register (SFR) space is shown
egisters Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-

mented on the chip. Read accesses to these addresses will in general return random data,
and write accesses will have an indeterminate effect.

le 1. AT89551 SFR Map and Reset Values

FeH OFFH
JFOH 2 OF7H
00000000
EBH 0EFH
ACC
EOH | Jobcoo00 OETH
D8H ODFH
PSW
DOH | pooo oo 0D7H
C8H OCFH
COH 0CTH
BEH P 0BFH
XX000000
P3
BOH | 44111111 QB7H
ABH = OAFH
0X000000
P2 AUXR1 WDTRST
AOH 1 14111111 XXXXXXX0 XXXXKXKX OATH
SCON SBUF
98H | 00000000 | XXXXXXXX 9FH
P1
90H 11111111 97H
et | TCON TMOD TLO LA THO THA AUXR -
00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 | XXXOOXXO
son PO sp DPOL DPOH DPAL DP1H PCON | g,
11111111 | 00000111 00000000 00000000 | 00000000 | 00000000 OXXX0000

ATR08E] e e s S T RS
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User software should not write 1s to these unlisted locations, since they may be used in future
products to invoke new features. In that case, the reset or inactive values of the new bits will
always be 0.

Iinterrupt Registers: The individual interrupt enable bits are in the |E register. Two priorities
can be set for each of the five interrupt sources in the IP register.

Table 2. AUXR: Auxiliary Register

AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit
Addressable
- - — | WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 0

- Reserved for future expansion
DISALE Disable/Enable ALE

DISALE
Operating Mode
0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WDIDLE  Disable/Enable WDT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WDT halts counting in IDLE mode

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

ATNEL 7
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Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR.
POF is set to *1” during power up. It can be set and rest under software control and is nat
affected by reset.

Table 3. AUXR1: Auxiliary Register 1

AUXR1
Address = A2H
Reset Value = XXXXXXX0B
Not Bit
Addressable
- - - - - - - DPS
Bit 7 6 5 4 3 2 1 0
- Reserved for future expansion
DPS Data Pointer Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

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

If the EA pin is connected to GND, all program fetches are directed to external memory.

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

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

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a
user must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0AGH).
When the WDT is enabled, it will increment every machine cycle while the oscillator is running.
The WDT timeout period is dependent on the external clock frequency. There is no way to dis-
able the WDT except through reset (either hardware reset or WDT overflow reset). When
WDT overflows, it will drive an output RESET HIGH pulse at the RST pin.

To enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment
every machine cycle while the oscillator is running. This means the user must reset the WDT
at least every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H
to WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written.
When WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET

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

AT89S?!i B e e e e e =
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should be serviced in those sections of code that will periodically be executed within the time
required to prevent a WDT reset.

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not
started until the interrupt is pulled high. It is suggested that the WDT be reset during the inter-
rupt service for the interrupt used to exit Power-down mode.

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

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit =
0) as the default state. To prevent the WDT from resetting the AT89S51 while in IDLE mode,
the user should always set up a timer that will periodically exit IDLE, service the WDT, and
reenter IDLE mode.

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

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further
information on the UART operation, refer to the ATMEL Web site (http://www.atmel.com).
From the home page, select ‘Products’, then ‘8051-Architecture Flash Microcontroller’, then
‘Product Overview'.

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

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

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. IE also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 4 shows that bit position IE.6 is unimplemented. In the AT89S51, bit position
IE.5 is also unimplemented. User software should not write 1s to these bit positions, since they
may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S6P2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle

AIMEL 9
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Table 4. Interrupt Enable (IE) Register
(MSB) (LSB)

EA l - l - l ES l ET1 l EX1 ETO EX0
Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables all interrupts. If EA = 0, no interrupt is
acknowledged. If EA = 1, each interrupt source is
individually enabled or disabled by setting or clearing
its enable bit.

- IE.6 Reserved

- IE.5 Reserved

ES IE.4 Serial Port interrupt enable bit

ET1 IE.3 Timer 1 interrupt enable bit

EX1 IE2 External interrupt 1 enable bit

ETO IE.1 Timer 0 interrupt enable bit

EX0 IE.O External interrupt 0 enable bit

User software should never write 1s to reserved bits, because they may be used in future AT89
products.

Figure 1. Interrupt Sources

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

Figure 2. Oscillator Connections

F f———e——| XTAL2

1
}———a—— XTAL1

—— GND

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

Figure 3. External Clock Drive Configuration

NC —— XTAL2

EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

i—
|
|

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

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

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-
down is 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 mode can be ini-
tiated either by a hardware reset or by activation of an enabled external interrupt into INTO or
INT1. Reset redefines the SFRs but does not change the on-chip RAM. The reset should not
be activated before V. is restored to its normal operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

R A E RN ] ‘IﬁEl 11



ogram

emory Lock

ts

ogramming
e Flash -
irallel Mode

AIMEL

Table 5. Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN | PORTO | PORT1 | PORT2 | PORT3
Idie Internal i 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down | Internal 0 0 Data Data Data Data
Power-down | External 0 0 Float Data Data Data

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed
(P) to obtain the additional features listed in the following table.

Table 6. Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 Protection Type
1 U U U No program lock features
2 P U U MOVC instructions executed from external program
memory are disabled from fetching code bytes from internal
memory, EA is sampled and latched on reset, and further
programming of the Flash memory is disabled
P U Same as mode 2, but verify is also disabled
P P Same as mode 3, but external execution is also disabled

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

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

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

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

1. Input the desired memory location on the address lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V.

5. Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ps. Repeat steps 1

through 5, changing the address and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle.
During a write cycle, an attempted read of the last byte written will result in the complement of
the written data on P0.7. Once the write cycle has been completed, true data is valid on all out-
puts, and the next cycle may begin. Data Polling may begin any time after a write cycle has
been initiated.

ATR9S5] oo e e e
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY out-
put signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0
is pulled high again when programming is done to indicate READY.

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

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled
to a logic low. The values retumed are as follows.

(000H) = 1EH indicates manufactured by Atmel

(100H) = 51H indicates 89S51

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

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 560 ms.

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

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

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

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be con-
nected across pins XTAL1 and XTALZ2. The maximum serial clock (SCK) frequency should be
less than 1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK fre-
quency is 2 MHz.

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

1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H".
If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz
clock to XTAL1 pin and wait for at least 10 milliseconds.

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

3. The Code array is programmed one byte at a time in either the Byte or Page mode.
The write cycle is self-timed and typically takes less than 0.5 ms at 5V.

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

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

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

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

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

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

All major programming vendors offer worldwide support for the Atmel microcontroller series.
Please contact your local programming vendor for the appropriate software revision.

)le 7. Flash Programming Modes

AE | EA poro | P20 | P10
yde Vec | RST | PSEN | PROG Vep P26 | P27 | P33 | P36 | P37 Data Address
)
fite Code Data Y H L ~ 12v L H H H H D A11-8 A7-0
iad Code Data | SV H L H H L L L H H Dour A11-8 A7-0
@)
rite Lock Bit 1 5V H L -~ 12v H H H H H X X X
i it2 5V H L ® 12v H H H L X X X
rite Lock Bit ~r L
i L il Y H X
fite Lock Bit 3 sv H -~ L H H L X X
PO.2,
'ad Lock Bits sv | H L H H H H L H L PO.3, X X
2,3 P04
§ 5V il BTYY H X
lip Erase H L ~ L H L L X X
rad Atmel ID 5v H L H H L L L L L 1EH 0000 60H
:ad Device ID Y L H H L L L L L 51H 0001 O0H
:ad Device ID 5V H L H H L L L L L 06H 0010 00H

es:

[l ol e

X = don't care.

Each PROG pulse is 200 ns - 500 ns for Chip Erase.
Each PROG pulse is 200 ns - 500 ns for Write Code Data.
Each__l?_llf)'(s‘ pulse is 200 ns - 500 ns for Write Lock Bits.
RDY/BSY signal is output on P3.0 during programming.

AT 8O S 5 000000 —
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Figure 4. Programming the Flash Memory (Parallel Mode)
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Figure 5. Verifying the Flash Memory (Parallel Mode)
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ash Programming and Verification Characteristics (Parallel Mode)

= 20°C to 30°C, V¢ = 4.5 t0 5.5V

ymbol Parameter Min Max Units
;F.p Programming Supply Voltage 11.5 12.5 "
P Programming Supply Current 10 mA
c Ve Supply Current 30 mA
fterce Oscillator Frequency _ 3 a3 MHz
Vgl Address Setup to PROG Low 48tc, o,
CHAX Address Hold After PROG 48tc 01
VGL Data Setup to PROG Low 48te o,
- Data Hold After PROG 48t o,
HSH P2.7 (ENABLE) High to Vpp 48t ¢,
— Ve Setup to PROG Low 10 us
i Vpp Hold After PROG 10 ps
- PROG Width 0.2 1 ps
vav Address to Data Valid 48te o
{ei ENABLE Low to Data Valid 48te o,
Oz Data Float After ENABLE 0 48te o
;H:L PROG High {o BUSY Low - - | 1.0 us
/C Byte Write Cycle Time 50 us
jure 6. Flash Programming and Verification Waveforms — Parallel Mode
P10 - P17 " PROGRAMMING N VERIFICATION
T I % E— ADDRESS ,—j ADDRESS _ >————
+— twav
PORT 0 ¢ DATA_IN <—EIJ ( DATA OUT _p——
e ¢ L"’ tover  tenox [ e
ALE/PROG N A

P27 teLav [
(ENABLE)
tene —]
P3.0
(RDY/BSY) BUSY READY
twe
AT89S51
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gure 7. Flash Memory Serial Downloading

VCC
AT89S51 ?
Vi |
INSTRUCTION
NST[N,EST ON ___ 4| p1.smosi
DATA OUTPUT +— P1.6/MISO
CLOCK IN —»] P1.7/SCK
T XTAL2
!
333 MHz | L
=
|
— L
| T
| |
| i
I e S| XTALA RST |¢—— V,,
e—| GND

ash Programming and Verification Waveforms — Serial Mode

yure 8. Serial Programming Waveforms
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ble 8. Serial Programming Instruction Set

Instruction
Format
istruction Byte 1 Byte 2 Byto 3 Byte 4 Operation
'rogramming Enable 1010 1100 0101 0011 000K J00CK 30000 300K Enable Serial Programming
0110 1001 while RST is high
(Output)

'hip Erase 1010 1100 100x 00 000(  XXXX KK YO0 Chip Erase Flash memory
amay

‘ead Program Memory | 6010 0000 XX T > }=] 5gey oo | Read data from Program

3yte Mode) « WRIR |5 G888 1 memory in the byte mode

/rite Program Memory | 0100 0000 000K e L9903 oU=2 | B8%3 3858 Write data to Program

3yte Mode) <<$2 < = eaaq memory in the byte mode

/rite Lock Bits®® 1010 1100 1110 00 8 | x0o xox 30000 XHKX Write Lock bits. See Note (2).

'ead Lock Bits 0010 0100 X000 X000¢ 0000 X000 x> g;;:o( Read back current status of

-+ 4 the fock bits (a programmed

lock bit reads back as a *17)

ead Signature Bytes!" | 0010 1000 X 23997 |@wx X0 Signature Byte | Read Signature Byte

ead Program Memory | 0011 00C0 XX To Byte 0 Byte 1... Read data from Program

age Mode) << Byte 255 memory in the Page Mode
(256 bytes)

/rite Program Memory | 0101 0000 00X T Byte 0 Byte 1... Write data to Program

3age Mode) << Byte 255 memory in the Page Mode

(256 bytes)

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

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

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

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

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

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

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

be decoded.

AT89S51 s
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Serial Programming Characteristics

~igure 9. Serial Programming Timing

rable 9. Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

most __ X X

tovsH
SCK

tsHox

<

A
Y
Y

NN

MISO

X X

AT89S51

Symbol Parameter Min Typ Max Units
ool Oscillator Frequency 0 33 MHz
toreL Oscillator Period 30 ns
- SCK Pulse Width High Bt ) s
B SCK Pulse Width Low Btouec ns
toveH MOSI Setup to SCK High oo, ns
tsHox MOSI Hold after SCK High 2tcc ns
tsiiv SCK Low to MISO Valid 10 16 32 ns
teraSE Chip Erase Instruction Cycle Time 500 ms
tswe Serial Byte Write Cycle Time 64 to ¢ + 400 us
19
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bsolute Maximum Ratings*

)perating TeMPerature............o.oeveeueeverecunee -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

torage Temperature ...........cccoeevveevecnsrrsiennes -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

oltage on Any Pin other conditions beyond those indicated in the

fith Respect to Ground ... .........ewamiasessssssissss -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

faximum Operating VOI8@e .......ccceeerieeeeeeeieeeecreceene 6.6V conditions for extended periods may affect
device reliability.

C OQutpUt CUITENL.....veeeeeereeceee e eceeeae e csnessnsssneeeeeees 19.0 MA

C Characteristics

e values shown in this table are valid for T, = -40°C to 85°C and V. = 4.0V to 5.5V, unless otherwise noted.

ymbol Parameter Condition Min Max Units
i Input Low Voltage (Except EA) 0.5 0.2 V0.1 Y
i Input Low Voltage (EA) -0.5 0.2 V0.3 v
H Input High Voltage (Except XTAL1, RST) 0.2 Vc+0.9 Vect0.5 "
A Input High Voltage (XTAL1, RST) 0.7 Ve Vect0.5 "
Output Low Voltage'" (Ports 0.45 v
oL 1,2,3) lop = 1.6 mA
Output Low Voltage!" 0.45 \"%
oLt (Port 0, ALE, PSEN) loL = 3.2 mA
loy =-60 pA, Ve =5V +10% 24 v
Output High Voltage lon = -25 WA 05 Vep Ll
OH (Ports 1,2,3, ALE, PSEN) loy =-10 pA 0.9 Ve v
lon =-800 pA, Ve =5V £10% 24 v
Output High Voitage lop =200 pA 0.75 Vec v
OH1 (Port 0 in External Bus Mode) loy = -80 pA 0.9 Ve v
Logical 0 Input Current (Ports -50 LA
1,2,3) Vi =0.45V
Logical 1 to 0 Transition Current -650 HA
L (Ports 1,2,3) Vin =2V, Voo =5V £10%
Input Leakage Current (Port 0, #0 HA
. EA) 0.45 <V, < Ve
RST Reset Pulldown Resistor 50 300 KQ~
,0 Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current Idle Mode, 12 MHz 6.5 mA
c Power-down Mode® Vee = 5.5V 50 pA

es: 1. Under steady state (non-transient) conditions, 1o, must be externally limited as follows:
Maximum |l per port pin: 10 mA
Maximum |, per 8-bit port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total |, for all output pins: 71 mA
If 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V. for Power-down is 2V.

AT BOS51 e o e S
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C Characteristics

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

xternal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
symbol Parameter Min Max Min Max Units
fteLoL Oscillator Frequency 0 33 MHz
i, ALE Pulse Width 127 2t o 40 ns
WLL Address Valid to ALE Low 43 toe-25 ns
LAX Address Hold After ALE Low 48 toLcL25 ns
v ALE Low to Valid Instruction In 233 4t o 65 ns
Lol ALE Low to PSEN Low 43 torc-25 ns
S PSEN Pulse Width 205 3te o 45 ns
LV PSEN Low to Valid Instruction In 145 3te o -60 ns
i Input Instruction Hold After PSEN . 0 0 ns
Xz Input Instruction Float After PSEN 59 teucl25 ns
i PSEN to Address Valid 75 toro-8 ns
WIV Address to Valid Instruction In 312 5te 180 ns
ik PSEN Low to Address Float 10 10 ns
o RD Puise Width 400 6t o -100 ns
NLWH WR Pulse Width 400 Btey e -100 ns
ADV RD Low to Valid Data In 252 5te e -90 ns
—_— Data Hold After RD 0 0 ns
HDZ Data Float After RD 97 2t 028 ns
LoV ALE Low to Valid Data In R : 517 Bto 150 ns
VOV Address to Valid Data In 585 o -165 ns
" ALE Low to RD or WR Low 1 200 300 B 50 | Bloe +50 ns
i Address to RD or WR Low 203 At o, 75 ns
o Data Valid to WR Transition 23 teo-30 ns
- Data Valid to WR High 433 Ttorc-130 ns
i Data Hold After WR 33 terc 25 ns
AT RD Low to Address Float 0 0 ns
VHLI RD or WR High to ALE High 43 123 tercL-25 to 25 ns

AIMEL 2
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ternal Program Memory Read Cycle

b —
ALE o .
* * torpn
tavie [ 3 LY,
— uwpL [«
PSEN / Ay v 1/ N\
toxix—» o—
PORT 0 K A0-A7 K INSTRIN b > a0-a7_ >
+ taviv

PORT 2 X A8 - A15 X __AB-A15

ternal Data Memory Read Cycle

tH—
ALE N
— twhLH

PSEN _ / et _'I N

— triRH —»

[ tLLWL —>
RD e ta— N A
N triov trHpz

AR S Wy

_.
— tRHD)(
PORT 0 :}(Ao - A7 FROM Rl OR DPL)()()I:(DATA IN XA - A7 FROM PCLO~C INSTR IN

ad tAVWL >
[ ‘AVDV
PORT 2 ) ¢ P2.0 - P2.7 OR A8 - A15 FROM DPH  »{_ A8 - A15 FROM PCH
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lernal Data Memory Write Cycle

tu—»
ALE 4: )

AT89S51

—>
PSEN __ \ /
—— tw —e—twwn —»
WR Lt ax —»! h Y 4
i—tAVLL—-—D tQVW)( " g B tWHQ)(
e— tavwn —
PORT 0 __ K A0 - A7 FROM Ri OR DPL) | DATA OUT__IX A0 - A7 FROM PCL-CINSTR IN
tavwi q
PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH
ternal Clock Drive Waveforms
——— tenex
v tenex toren —] e— topcy
cc - 0.5V 4
——/ 0.7 Ve
0.2 Ve - 0.1V N A
0.45v L
[¢— forex —*
¢ e >
ternal Clock Drive
nbol Parameter Min Max Units
oL Oscillator Frequency 0 33 MHz
' Clock Period 30 ns
x High Time 12 ns
X Low Time 12 ns
H Rise Time 5 ns

—m
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AfnEr

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

12MHz Osc Variable Osclillator
nbol Parameter Min Max Min Max Units
1 Serial Port Clock Cycle Time 1.0 12tcc Hs
H Output Data Setup to Clock Rising Edge 700 10tg 133 ns
x Output Data Hold After Clock Rising Edge 50 2tc 80 ns
X Input Data Hold After Clock Rising Edge 0 0 ns
) Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns
ift Register Mode Timing Waveforms
INSTRUCTION|0|1|2|3|4|5|6|7|8|
ae  _ LA e e e
M txext
CLocK N I I T I T I T A
VXH & >
—] f— tXHIDx
WRITE TO SBUF, N ol X 1 X2 X3 X a X 5 X 6 X 1/
; —p] t
OUTPUT DATA tynov [+ b SETTI
. CLEARRI $
v
INPUT DATA

Testing Input/Output Waveforms'"

Vee- 0.5V

02 Voo + 09V

TEST POINTS
0.2 Vi - 0.1V

0.45v

1. AC Inputs during testing are driven at V¢ - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at Vi
min. for a logic 1 and V; max. for a logic 0.

at Waveforms(!)

+ 0.1V

vLOAD

Timing Reference

LOAD Points

Viono™ ™V

1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded Vg, /Vy; level occurs.

NG ————————————— |
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AT89S51

lering Information

peed Power

MHz) Supply Ordering Code Package Operation Range

24 4.0Vto 5.5V | AT89551-24AC 44A Commercial
AT89551-24JC 44) (0°C to 70°C)
AT89S51-24PC 40P6
AT89551-24Al 44A industrial
AT89S551-24J1 44) (-40°C t0 85°C)
AT89551-24PI 40P6

33 4.5V to 5.5V | AT89S51-33AC 44A Commercial

AT89551-33JC 44J (0°C to 70°C)
AT89S51-33PC 40P6

:| = Preliminary Availability

Package Type

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

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

—10/01

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

25



ATEL

ckaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad 44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Flat Package (TQFP) Dimensions in inches and (Millimeters)

Dimensions in Millimeters and (Inches)*

045(1.14)X 45" PINNO. 1 msu.mlxsp--«s' 012(.305)
| 12.21(0.478) IDENTIFY — — | 008(203)
PINTID —~  fo— {11.75(0.458) > Lo gain \ i 3N ‘31
R e G h | ==
b fAnNRnANanD 1 L BSE(I6T) 1 sagen)
0. 1 1 |1 B50(16.5) | 590(15.0)
0.45(0.018) 032(813) | - :
0.80{0.031) BSC — { 0.30(0.012) 026(660) ¢ ] 695(1”)50
1 —_ o ; 685(17.4
= ! I T ) "
050(1.27) TYP ™ o vrorti T 1 = oa3109)
— = .500(12.7) REF SQ ! .020(.508)
L | -120(308)
™ 090(229)
z e :180(4.57)
. 1010{03;91150 iy = 165(4.19)

; S50
{— 1.20(0.047) MAX =

sosoms % 7 =: 022
12 EL L 022(.559) X 45° MAX (3X
_Li_“_J I O N R @)

_Jng(o 030) 0.15(0.006) _ !
0.45(0.018) 0.05(0.002)

*Controlling dimension: millimeters

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

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

i 2.07(52.6) i
I 2.04(51.8) Plﬂ
]
[ 1| l'l [ inba i dalal 3\ i % .....-_f.
,)Y (" .566(14.4)
/ \| 530(135)
|1
u uuuuuu Lo l—-
— .090(2.29)
1.900(48.26) REF — MAX
220(5 59) _._1 - mS(.12“r)
e ﬁﬁf tﬁ} W T
FLANE I | _[ 065(1.65)
.161{4.09)| L 015(.381)
125(3 15) 0220580
955(’_55_7. 014(.356)
.110(2.79) 041(1.04)
090(2.29) 630(16.0)
590(15.0)
¢ —— O REF
012(:305) --# — \-J“.J—?
RORLERD 890(17.5) f
F‘_ :awts.sr"{

ATEOSE l mm————————————————————————
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This manual describes technical informations on functions and
instructions of M1632 from Seiko Instruments Inc. Please read
this instruction manual carefully to understand all the module
functions and make the best use of them. Description details

may be changed without notice.
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1. GENERAL

1.1 General S ,

1.2

1

*
AhadiPs

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

display units for measuring gages.

Features

* 16-character, two-line TN liguid crystal display of 5 x 7 dot matrix + cursor

+ Duty ratio: 1/18

+ Character generator ROM for 192 character types.

(character font: 5 x 7 dot matrix)

* Character generator RAM for eight character types (program write)
"(character font: 5 x 7 dot matrix)

+ 80 x 8 bit display data RAM (80 characters maximum)
. Interface with four-bit and eight-bit MPUs possible .
+ Display data RAM and character generator RAM readable from MPU

- Many instruction functions

Display Clear, Cursor Home, Display ON/OFF, Cursor ON/OFF, Display
Character Blink, Cursor Shift, and Display Shift "

» Built-in os.cmator circuit

+ +5 V single power sgipply

+ Built-in automatic reset circuit at power-on
- CMOS process

+ Operating temperature range: 0°C to 50°C



1.3 Dimensions Diagram

. $5.0/3.346 .
o IV woroya (1009
A 2 e 1.6£0.20/.06)
S 2.54£0.3/.10 01.29/R.009 R '
- * '—.‘—'I'—-:-—-z - |
e Y == =="ve | 33 @/
3 3= (o e R =S ;
3 358 33 TEEREREREEREREN] 339 2 )
: ?I 3 :" ® ’-1‘ u .lr“-!r—! I3 9w o n !: 1 -r!r B‘ a z :‘
el 33 | AU E R sof * |
L [ Ay - ]
\] - 7 B ; E_.S:J. 1 '
3 gl ¢ 2
< 15.385/.606 $5.73£0.3/2.19¢ (13.888)4. 547 < T 0220 e omacs iSTmas
3 = =
i u.zs}.uz §2,0/2.448 007500 420) =
1.0/.2%6 12.8/2.854 (s.gm.z_m 10 fman/e3%0ma
g =) 1§ ]
| -t .-. Lj‘ U
Unit : mm/inch
. General tolerance : £0.5 mm
2.53/.139 No. | Symbol| Level Function
) 2.78/.109 9.75/.030 ! Vss - n 0V (GND)
2 Ve _ ower
0.507.020, 0,017,003 ’ Supply SV £i0%
8 """r"'—" 3 Vee - for LCD Drive
E____ 0] "-= ] 4 RS H/L |H: Data Input
§"‘— ] L: Instruction Input
o 5 F 5 R/WV /L |H:READ L:WRITE
g 3 < 6 E H, L [Enable Signal
3 - 7 | DBO | HIL
3 DBl HL
- 00
3 9 | bB2 | L
3 10_{ DB | WL
| ‘ DB‘l HoL Da‘a Ulls
12 D83 HL
13 DB6 "L
4 | DB7 | HL
15 {v+BL| . |[Back  ja-d2v
Figure 1 Dimensions diagrap Light 50-200mA
16 | v-BL| . |Suply  foyTGND)




.4 Block Diagram

| S

Common signal

Segment signal

Lco

L

RIVT 3] Controller :

£ ————— serlal'data

Segment
driver

Timing signal

Vop Lo T e

Vss o ,

Vie

P PRS-

~




.5 Absolute Maximum Ratings

L

Ves = OV
item Symbol Standard Unit Remarks
Power supply Voo -03t0 +7.0 v
voltage Vi  |Vop-135toVpp+03| V
Input voltage Vin -0.3to Vpp+0.3, v
oPeraﬁ&?e Topr Oto +50 °C
Storage | Tatg -20t0 +60 °C At 50% RH

.6 Eleetrical Characteristics

pr =5V%5%, V=0V, Ta= 0°C to 50°C

. Standard
Item Symbol Conditions - Unit
Min. Typ. Max.

Input High Vini 2.2 - Vpp \
voltage |low Viu 0 - 0.6 "
Output | High Vour | ~lon = 0.205 mA 2.4 - - Y
voltage

(TTL) Low Vot loy = 1.2mA - - 0.4 Vv
Output High Vouz | =lox = 0.04 mA 0.9Vpp - - v
voltage

\ (CMOS) Low Voi2 oL = 0.0 mA - - 0.1Vpp v
Power supply Voo . 475 | 5.00 5.25 Vv
voltage Ve |Vop=5V,Ta= 25°C - 0.25 - \'4
consumption . e |Vic =025V - - 10 mA
Clock oscillation freq. fosc | Resistance oscillation 190 270 350 kHz




1.7 Optical Characteristics

1.7.1 Optical characteristics

Maximum viewing angle: 6 a'clock (@ = 0F)
Ty = 25°C, Vopr = 475V

Item symbol|  Conditions - Min. Typ. Max. Remarks
viewing angle | 62-6\ cz20,2=0 35 - - See ';om !
Contrast o 0=25°, @=0° 5 8 - see Note 3.
Rise time ton |6=25°, @=0° - 60 ms 70 ms s;e Note 4.
Fall time toff | 0225, O= 0° - 150 ms 170ms | see Note 4.
Note 1: Definition of angles @ .and 8 Note 2: Definition of viewing angles 6y and 6;

¢
™~

&

(6=0) Cmax. 1

Y (@ ='.1so'\

Contrast C |,

2.0

x ; } N
-~ ! :
L.
‘\.;'5"'& - Viewing angle
Y (2=0°% :
(8=90%
. ]
Note 3: Definition of contrast C Note 4: Definition of response time
c Brightness (reflection) of unselected dot (B2) 2":
Brightness (reflection) of salected dot (81) -, ™ Vopr
Voltage ﬂ_‘ ﬂl ......
: (ari ‘h?&e“) N '. |... .............. [
4 TN I IVOTY (L PO pveeen 1.l L.,
(%)) H se%e:tedogoto ‘J J
(@right) : JUUPR | N | U | R § SR - RULINLE
Brightness
g VG R N A
33 nselected do
(::?Ieai:n) : Unselected Se'lected state Ur_nelected state
E sTatc Sglspiaz ON). (display OFF)
: )
(Bright)
{Dark) : ? . + 10 +
° T Brightness 100% 90%
Operating voltage (V) {transmission) L
{Dark) i
> .
ton tont

Voge ¢ Operating voltage v)
fean : Frame frequency ( z)
ton © Response time (rise){ms)
ton © Response time (fall}(ms)



1.7.2

Recommended operating voltage

The viewing angle and screen contrast of the LCD panel can be varied by

changing the liquié’icrysta.l operating voltage (Vopr)~that is VLc.?
The optical cheracteristics is influenced by an ambient temperature. The

recommen

Temperature (T)

10

25

40

50

Voltage Vopr (V)

5.00

4.90

4,75

4.60

4.50

ded value of Vopr for an ambient temperatures are shown below.

Vopr = Voo = Vic



OPERATING INSTRUCTIONS

2.1 Terminal Functioos

Table 1 Terminal functions

Signal name tg:iiggls 10 Destination Function

DBg to DB3 4 ¥o MPU | Tristate bidirectional lower four data buses: Data
is read from the module to the MPU or written to
the module from the MPU through the buses. if
the interface data is 4 bits, the signals are not
used.

DB4 to DBy 4 o MPU Tristate bidirectional upper four data buses: Data is
read from the module to the MPU or written to the
module from the MPU through the buses. DBj is also

< used as a busy flag.
E 1 input MPU | Operation start signél: The signal activates data
write.or_read.
W 1 Input MPU Read (R) and Write (W) selection signals
0: Write
1: Read '
RS 1 Input MPU Register selection signals
0: Instruction register (Write)
Busy flag and address counter {Read)
1: Data register (Write and Read)
Vic 1 - power |Power supply terminal for driving liquid crystal
' supply |display: The screen contrast can be varied by
chaggiig Vic
Voo 1 - Power | 4+5V
supply '
Vss L - Power |Ground terminal: 0V
supply ~




).2 Basic Operations

2.2.1 Registers - . : , .

LAadi* 9

The controller has two kinds of eight-bit registers: the instruction register
(IR) and the data register (DR). They are selected by the register select (RS)
signal as shown in Table 2.

The IR stores instruction codes such as Qispla_l_g:g_ar and gxg_sg;jnm, and
the address_informatien-of display data RAM (DD RAM) and character generator
RAMWThey can be written from the MPU, but cannot be read to the
MPU.

The DR temporarily stores data to be written into DD RAM or CG RAM, or
read from DD RAM or CG RAM. When data is written into DD RAM or CG
RAM from the MPU, the data in the DR is automatically written into DD RAM
or CG RAM by internal operation. However, when data is read from DD RAM
or CG RAM, the necessary data address is written into the IR. The specified
data is read out to the DR and then the MPU reads it from the DR. After the,
read operation, the next address is set and DD RAM or CG RAM data at the,
address is read into the DR for the next read operation.

Table 2 Register selection

RS RW Operation

0 0 | IR selection, IR write. Internal operation : Display clear

0 1 | Busy flag (DB;y) and address counter (DBg to DBg) read

1 0 | DR selection, DR write. Internal operation : DR to DD RAM or CG RAM
1 1 | DR selection, DR read. internal operation : DD RAM or CG RAM to DR

2.2.2 Busy flag (BF)

The flag indicates whetbzr the module is ready to accept the next
instruction. As shown in 1able 2, the signal is output to DB7 if RS = 0 and
R/W = 1. If the value is 1, the module is working internally and the
instruction cannot be accepted. If the value is 0, the next instruction can be
written. Therefore, the flag status needs to be checked before executing an
instruction. If an instruction is executed without checking the flag status,
wait for more than the execution time shown by 2.4 Instruction Outline.

-8 =




2.2.3

2.2.4

Address counter (AC)

The counter specifies an address when data is written into DD RAM or CG
RAM and the data stored in DD RAM or CG RAM is read out. If an Address
Set instruction (for DD RAM or CG RAM) is written in the IR, the address
information is transferred from the IR to the AC. When display data is
written into or read from DD RAM or CG RAM, the AC is automatically
incremented or decremented by one according to the Entry- Mode Set. The
contents of the AC are output to DBg to DBg as shown in Table 2 if RS = 0
and R/W = 1.

.
H

Display data RAM (DD RAM)

DD RAM has a capacity of up to 80 x 8 bits and stores display data of 80
eight-bit character codes. Some storage areas of DD RAM which are not used
for display can be used as general data RAM.

A DD RAM address to be set in the AC is expressed in hexadecimal form as
follows.

Example: DD RAM address = 07

{=— Upper bits Lower bits —>|
AC : ACg | ACs | ACa | AC3 | AC, ACy | AGy
‘
DD RAM : 0 (s} 0 0 1 1 1
T 7

003 to 0Fy of the DD RAM address is sét in the line 1, and 40y to 4TFH in the
line 2. .

Note: The addresses in the digit 16 of line 1 and the digit 1 of line 2 are not
consecutive. '

-
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit

A I *

Line 1| 00 011 02 |03 {04 | 05 0g {07 |08 |09 |0A|OB|0OC}0D|OE | OF | DD RAM
: : . : address

Line 2| 40 E%ﬁé 42 |43 |44 {45 |46 |47 |48 | 49 |aA | 4B | ac | aD 4E | 4F

™
FIN0R

If the display is shifted, DD RAM address 00H to 27y are displayed in line 1 and
40K to 67K in line 2. The following figures are examples of display shifts.

*Left shift
2 3 4 5 6 7 8 9 10 11 12 13-14 15 16 Display digit

0210310405106 |07|08{09|0A}0B|OC|0D]|OF]OF 10 | DD RAM
address

42 143 |44 145 |46 {47 {48 |49 {aa|aB ac |aD | aE | 4aF | SO

*Right shift
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit

Linet1{ 27 | 00 I;,?gé 02103)104|05(06{07|08}09|0A|08}0C|0OD|0E| DD RAM

e address
Line2| 67 | 40 I@E 42 143 |44 145]4a6|47 )48 |49 |aaias | ac 4D | 4E

.5 Character generator ROM (CG ROM)

Character generator ROM generates 192 types of § x 7 dot-matrix character
patterns from. eight-bit character codes.

Table 3 shows the correspondence between the CG ROM character codes and
character patterns.

.6 Character generator RAM (CG RAM)

CG RAM is uscd to create character pnuéms freely by programming. Eight types
of character patterns can be written.

Table 4 shows the character patterns created from CG RAM addresses and data.
To display a ereated character, pattern, the character code in the left column of the
table is written into DD RAM corresponding to the display position (digit). The areas
not used for display are available as general data RAM.

- 10 -



Table 3 Correspondence between character codes and character patterns
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Table 4 Relationships between CG RAM addre';séé' and character codes
(DD RAM) and character patterns (CG RAM data)

Character code Character pattern
(DD RAM data) CG RAM address (CG RAM data)
76543210 S 4 3 2 10 76543210
upper bit Lower bit {~Upper bit Lower bit - 4 Upper bit Lower bit
EO 0 0 - &
:0 0 1 Example of
:8 : ? character
0000+000 0 0 017 o o pattern (R)
10 1
i1 1 0
11011 .« - Cursor
- position
Eo 0 0 . *ow
:0 0 1 y
:g : ? ! Example of
0000+«~001 0 0 1 ;1 0 'o character
; pattern (¥)
! 1 0 1
' 1 1 0 .
:1 1 1 " &
10 0 0 “an
0 0 1
/ [] T
0000« 111 111! —
. . 11 0 0
i1 0 1
't 1 0
:‘l 1 1 * A &

Notes: -

In CG RAM data, 1 corresponds to Sclection and 0 to Non-selection on the
display. ) ’

Character code bits 0 to 2 and CG RAM address b_its_ 3 to 5 correspond
with each other (three bits, cight types). —y

. EY
CG RAM address bits 0 to 2 specify a line position for a'character pattern.
Line 8 of a character pattern is the cursor position where the logical sum
of the cursor and CG RAM data is displayed. Set the data of line 8 to 0 to

display the cursor. If the data is changed to 1, one bit lights, regardless of
the cursor.

- 12 -
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The character pattern column positions correspond to CG RAM data bits 0
to 4 and bit 4 comes to the left end. CG RAM data bits § to 7 are not
displayed but can be used as gencral data RAM. '

*w L4

When reading a character pattern from CG RAM, set to 0 all of character
code bits 4 to 7. Bits 0 to 2 determine which jpattern will be read out.
Since bit 3 is not valid, 00g and 08H select the same character.

~

-13 -



3 Timing Characteristics

2.3.1 Write timing cheracteristics N

*a

AN.No.1632-711E

Vpp = 5.0V+5%, Vgs = 0V, To = 0°C to 50°C

Standard
Item Symbol Unit
Min. Max.
Enable c'yclc time teycE 1000 - ns
Enable pulse width High level PWey 450 - ‘ns
Enable rise and fall time terter - 25 ns
Setup time RS, VW — E tAs 140 - ns
Address hold time tan 10 - ns
Data setup time to;w 195 - ns
Data hold time tH 10 - ns
Write operation
RS ViHs Vin
R Vin Vit
. a(((o.y
RAW or
ViLy 4 ViLa
- PWem o fs |
N delo- -
) ‘. 1 tee
-E clatie lZ[ ViH1 Vin1 \S /
Vi Viua - =+ Vi
Al . N /
tee | le_tosw | {2
I Vi : Vins
D8 \Y% .
o to DBy Vit alid data Vin
‘ ' . cofe IO‘\
- tevcE AN

Figure 3 Data write from MPU to module

-14 -




2.3.2 Read timing characteristics

. "Wpp = 5.0V5%, Vgs =0V; Ta = 0°C'to 50°C

Figure 4 Data read from module to MPU

)

Standard
Item Symbol . Unit
Min. Max.
Enable cycle time teycE 1000 - ns
Enable pulse width High level PWey 450 - ns
Enable rise and fall time tentes - 25 ns
Setup time RS, RAW—E tas 140 - ns
Address hold time 1AH 10 - ne
Data delay time toor - 320 ns
Data hold time | ' 20 - ns
Read operation
RS X Vin Vil
R ViL ViLt
— tas teg
7 \
-— Vint \Y/
VW l H1
—— - PWen - ]
: - )
E y Z[ n 1 > ;/Lm | /
T n Vit - /| viu
fr | |,
' — _lopnr BT
1o DBy zo"' valid data Vo
oul Vou
- tevcE .
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"Instruetion Outline

AN.No.1632-711E

\

- L 4
™o
Table § List of instructions
| . Code Functi E:%cw
5 ] ) n 1on
nstruction as | hvw] 08, | oag| ooy | Do, | 053] 08, 00, 08, unctio time
/ Clears all display and returns cursor to
Display clear olo{o]lo]oloajo]olo] s |home position (address 0} 1o m
/ Returns cursor to home position. Shifted
Cursor Home sjojfojoqyojofolo}]t}]e|displayretutns to home position and DD 1eam
RAM contents do not change.
T Sets direction of cursor movement and
Entry Mode Set / o Jojojaojlojolo 1 v | s | whether display will be shifted when data a0
1 | O ]is written or read
. Turns ON/OFF total display (D) and cursor
lay. ON/ OFF
Display. ON/©O ojojloeotlatjo 0 ) ]l cioe F(C and makes cursor positinn colutnn start an ps
contral o
A bLlinking (RN)
Moves cursor and shifts display without
Cursor/Display Shm/ ojojo]lo]o]rv]|wjm] ] . ]|changing DO RAM contents 4o s
‘/ Sets interface data length (DL)
Function Set ofojo o v b} vdoe]oete. 40 13
)
Sets CG RAM address to start transmitting
:G‘ RAM  Address | § | o [ o | o Acc or receiving CG RAM data a0 ps
e
i Sets DD RAM address to start transmitting
RAM  Address
?g e ol Ao\ or receiving DO RAM ‘data o us
Reads BF indicating module in internal
BF/Address Read ol ]w AC . | operation and AC contents (used for both ops
CG RAM and DD RAM)
) Data Write to CG e Writes data into DD RaM or CG RAM
RAM or DD RAM t]o Write Data : 40 s
) Data Read {rom Reads data from DD RAM or CG RAM
CG RAM or DO 1 | Read Data o sops
fAM .
Y .
: Invalid bit My = 1 : Increment C=1 : Cursor ON A, = 1 : Right shHt
¢! CG RAM address YD = 0 : Decrement C=0 : Cursor OFF R/ = O : Lalt shilt
yo: OD RAM address )
S =1 : Display shift Bwt : Olink ON DL = 1 : 8 bits
S =0 : Nodisplay ohilt R=0 : Blink OFF DL ~0 : A birvs
D = 1 : Display ON $/Ca 1 : Display BF @ 1 : Internal operation
D = 0 : Display OFF shift in progress
. S$IC » 0 ¢ Cursor BF « 0 : Instruction can be

movement accepted
A ]
-7 . PAVR 4
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instruction Detalls '

Display Clear .

Al

RS RW DBy ' DBy
Code |0}l o0]ojojojo]jojolojH

Display Clear clears all display and rcturns cursor to home position (address 0).
Space code 20 (hexadecimal) is written into all the addresses of DD RAM, and DD
RAM address 0 is set to the AC. If shifted, the display returns to the original

position. After execution of the Display Clear instruction, the entry mode is
incremented. '

Note : When cxecuting the Display Clear instruction, follow the restrictions listed
in Table 6. :

) Cursor Ilome

" RS RW DBy ' DBg
Code | 0 ] 0 0 JoJloJoJo ol i]«] «:invaldbi

Cursor Home returns cursor to home position (address 0).
DD RAM address 0 is set to the AC. The cursor returns to the home position. If

shifted, the display returns to %c original position. The DD RAM contents do not
change. If the cursor or blinking' is ON, it returns to the left side.

Note : When exccuting the Cursor Home instruction, follow the restrictions listed
in Table 6. '

Table 6 Restrictions on exccution of Display Clear and Cursor Ilome instructions

Conditions of use . Restrictions
When executing the Display Clear or Cursor The Cursor Home instructipn should be
Home instruction when the display is executed again immediately after the Displa
shifted (after execcution of Display Shift Clear or Cursor Home instruction is execuled,

Do not leave an interval of 2 multiple of
A00/fq,c* sccond alter the [irst execution.
‘Example: 1.5 ms,3 ms, 4.5 ms for fy,c = 270 ¥Hz
*fosc:  Oscillation {frequency

instruction)

when 231, 7?71 63y, or 67y is used as a DD !*e‘pret.cmcy‘linu, t'he t}u‘f‘sor fHomg D RAM

. instruction, | 1 dala o W Iour
RAM a?dm” to execule Cursor Home addresses given at the left should be read
instruction and saved. Afler execution, write the data
again in DD RAM.(This restriction is
necessary to dprevent the contents of the
DD RAM addresses from being destfoyed
after the Cursor Home instruction has heen
oxecuted.)

-17 -



3) Entry Mode Set

- '
RS RW DBy e DBg
Code ojojlojojojefj{o}| 1 ]|w]s

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

I/D : The DD RAM address is incremented or decremented by one when a
) character code is written into or read from DD RAM. This is also true for
writing into or reading from CG RAM.

When I/ = 1, the address is ineremented by one and the curser or blink
moves to the right.

When I/D = 0, the address is decremented by one and the cursor or blink
moves Lo the left.

S : If S=1, the entire display is éhifted cither to the right or left for writing
into' DD RAM. The cursor position does not change, only the display
moves. There is no display shift for reading’ from DD RAM.

When § = 1 and I/D = 1, the display shifts to the left.
When S = 1 and I/D = 0, the display shifts to the right.

I S =0, the display does not shift.

4) Display ON/OFF Control ,

RS RAW DBy
code |0 [ofJoJolVolo] 1ol c]

DBo
B |

Display ON/OFF Control turns the total display and the cursor ON and OFF, and

makes the cursor position start blinking. Cursor ON/OFT and blinking is donc at the
column indicated by the speeificd DD RAM address by the AC.

D: When D = 1, the display is turned ON.
When D = 0, the display is turned OFF.

D = 0 is used, displny data remaing in DD RAM. Change 0 to 1 to (li:-.plny
cnta.

- 18 -



C: When C = 1, the cursor is displayed.
When C = 0, the cursor is nol displayed.
The cursor is displayed in the dot line below the 5 x 7 dot-matrix character
fonts. If the cursor is OFF, display data is written.into DD RAM in the order
specified by 1/D. '

B : When B = 1, the character at the cursor position starts blinking.
When B = 0, it does not blink. :
For blinking, all-black dots and the character are switched about every 0.4
. seconds. The cursor and blinking can be set at the same time.

Example: C = 1 (cursor display) B = 1 (blinking)
| P i
R
«---i

ﬂ&‘m’?

i
5

;1’
L-llr
.

p 97w

) Cursor/f)isplay Shift

RS R/W DBy DBg
code [0 oloflofo]| 1 {sclr]«]«] «:invalidbi

Cursor/Display Shift moves the cursor and shifts the display without changing the
DD RAM contents.

The cursor position and the AC contents match. This instruction is available for
display correction and retrieval because the cursor position or display can be shifted
without writing or reading display data. Since the DD RAM capacity is 40-character
and two lines, the cursor is shifted from digit 40 of line 1 to digit 1 of line 2.
Displays of lines ! and 2 are shifted at the same time. Therefore, the display -
pattern of line 2 is not shifted to line 1.

S/C R/L Operation

0 0 | The cursor position is shifted to the left (the AC decrements one).
0 1 | The cursor position is shifted to the right (the AC increments one).
1 0 The entire display is shifted to the left with the cursor.

1 1 The entire display is shifted to the right with the cursor.

Note: If only display shift is done, the AC contents do not change.

N -19 -
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i) Function Set

.
A had RN

RS RW DB, ' DB,
Code 0 0 0 0 1 DL 1 * | e » * : Invalid bit
S——’ . .
LN C =p ;
Function Set sets the interface data length.
~

DL : Interfoce data length QO _
When DL = 1, the data length is set at ejght bits (DB7 to DByg).
When DL = 0, the data length is set at four bits (DB7 to DBy).
" The upper four bits are transferred first, then the lower four bits follow.

The Function Sct instruction must be executed prior to all other instructions
except for Busy Flag/Address Read. If another instruction is executed first, no
function instruction except changing the interface data length can be executed.

Remarks: Initialization .
The system is automatically initialized at power-on if the following power supply
conditions are satisfied.

et]
¢

0.2v o.2v 2V

teee FE*

s P
< |

0.1ms S tyee S 10ms . torr & 1ms

*torr: Time when power supply is OFF if cut instantaneously or
turned ON and OFF repeatedly

- 20 -



The following instructions are executed for Initialization.

. § x 7 dot-matrix charncter font: 1/8 duty

.

** Display clear
. /I"unction Set DL = 1: Interface data length: 8 bits

+ Display ON/OFF Control D =0: Display OFF
C = 0: Cursor OFF
B = 0: Blink OFF

+ Entry mode 170 = 1: Increment
‘ S = 0: No display shift

Since the condition is not suitable for the M1632, further function setting is
necessary. ’

1f automatic i_nitia.lizution is not executed because the above power supply
conditions are not satisfied, use the instruction from next page on.

- 21 -



) Interface data length : Eight bits

( Power-on )

Y

Wait for 15 ms or more
after Vpp reaches 4.5 V.

. \r

following instruction:

(interface data length:
5 0%8)

-following instruction:

(interface data length:

following instruction:

__. (interface data length:

following instructions.

Funclion Set

Display OFF

Display Clear

RS RW DBy = = = = = = — = DBy
0 0 0 0 1 1 * « s =
\__m r___’___’/
\ (ov
Wait for 4.1 ms or more.
Y
——

RS RWDBy = = = = = « = « DBg
¢ 0 0 0 1 1 » *x = =
Y
|- Wait for 100 ps or more.

— 4
RS RRW DBy = = = = = = = = DBy
0 0 0 0 1 1 & * &
Y
RS RRW DBy = = = = = = — — DBy
0 0 0 0 1 1 1 « =« «
0 0 0 0 0 0 1t 0 0 O
0 0 0O 0 0 0 0 0 O 1
0 0 0O 0 0 0 0 t WDS

Entry Mode Set

End of initialization

D22 -
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The busy flag cannot be checked before the

Function Set

8 bits)

The busy flag cannot be checked before the

Function Set
8 bits)

The busy flag cannot be checked before the

Function Set
8 bits)

The busy flag can be checked from the



| Interface data length: Four bits

( Power-on )
_—_

3

Wait for 15 ms or more
after Vpp reaches 4.5 V.

Y

RS RW DB; - - DB,

o 0 0 0 1 1

A

Wait for 4.1 ms or more,

Y

RS RAW DBy = - DBy

0 0

o 0 1 1

A

Wait for 100 ps or more.

z

RS RAW DBy -~ - DBy

o o0 0 o t 1

Y
-

RS RAW DB; - - DBs
O 0 o0 0 1t ©
O 0 0 0 t O
0 0. 1 ® %
0 0 O 0 O O
0 0 1 0 0 O
0 0 0 0 O O
0 0 0 0 O 1
o 0 0 O O ©
0 0 0 1 WDS

!

End -of initialization

AN.No.1632-711E

[
"™ o

The busy flag cannot be checked before the
following instruction: Function Set (interface
data length: 8 bits)

The busy flag cannot be checked before the
following instruction: Function Set (interface
data length: 8 bits) ~

4

The busy flag cannot be checked before the
following instruction: Function Set (interface
data length: 8 bits)

The busy flag can be checked from the

following instructions.

Function Set
(interface data length: 4 bits)
Function Set

~-Display OFF
Display Clear

Entry Mode Set

_73,1.-



'} CG RAM Address Set

.
- ~

RS RW DB, — __ pg,
Code ™ 0 0 0 1 AlA]|A]A A A
' : ,«-Upper bit Lower bit -

A,

CG RAM addresses expressed as binary AAAAAA are set to the AC. Then data in
CG RAM is written from or read to the MPU.

) DD RAM Address Sct

RSRI\TVDB;M\ _,./\/\

DB,
Code 0 0 1 Al A A A A A A
I-*—Upper bit Lower bit -~

. DD RAM addresses expressed as binary-AAAAAAA sre set to the AC. Then data
in DD RAM is written from or read to the MPU. The addresses used for display in
line 1 (AAAAAAA) are 00K to 27H and those for line 2 (AAAAAAA) are 40y to 67H.-

Busy Flag/Address Read

RS R/W DB, DB,
Code | 0 |1 |8f|lAaflala]lalala A
J<Upper bit Lower bit ~=|

"The BF signal is read out, indicating that the module is working internally because
of the previous instructjon.

.

When BF = 1, the module Is working inte;nnlly and the ncxt instruction cannot be
' acceptled until the BF value becomes 0.

When BF = 0, the next instructios can be accepted.

Therefore, make sure that BF = 0 before writing the next instruction. The AC
values of binary AAAAAAA are read out at the same time as rcading the busy (lag.
The AC addresses are used for both CG RAM and DD RAM but the address set
before execution of the instruction determines which address is to be used.

b4 —24—
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i

) Data Write to CG RAM or DD RAM

RS RW 0B, —“DBg ¢
Code 1 lolololplololbp}lo|D '
l—*—Upper bit Lower bit -

Binary cight-bit datn DDPDNDDLD s written into CG RAM or DD RAM. The CG
RAM. Address Sct -instruction of (7) or the DD RAM Address Set instruction of (8)
before this instruction selects cither RAM. After the write operation, the address
and display shift are determined by the entry mode setting.

1) Data Read from CG RAM or DD RAM

RS RW DBy - DBy
Code-lt|1[o|o|o|olo|olo|o
: ‘«-Upper bit Lower bit -

Binary eight-bit data DDDDDDDD is.read from CG R:AM or DD RAM. The CG
RAM Address Set instruction of (7) or the DD RAM Address Set instruction of (8)
before this instruction selects either RAM. In addition, either instruction (7) or (8)
must be exccuted immediately before this instruction. If no address set instruction
is executed before a read instruction, the first data read becomes invalid. If read
instructions are exccuted consecutively, data is normally read from the second time.
However, if the cursor is shifted by the Cursor Shift instruction when reading DD
RAM, there is no need to execute an address set instruction because the Cursor Shift
instruction docs this.

After the rend operation, the nddress is nulomntian;‘lly ineremented or decremaonterl
by one according to the entry made, but the display- is not shifted.

Note : The AC is automatically incremented or decremented by one according
' o the entry mode after o wrile instruction is exccuted to write data in
CCG RAM or DD RAM. lowever, the data of the RAM sclectaed by the
AC are not read out even il a read instruction is execuled immedintely
afterwards. '

Corrcet data Is rend out under the following conditions.
« An address set instruction is exccuted immediately before readout.
. For DD RAM, the Cursor Shift instruction is executed immediately before
readout. .
« The sccond, or later, instruction is executed in consecutive execution of read
instructions. : ‘
{
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1) Interface data length: Eight bits

Bx.amples of Instruction Use

-,

AN.No.1632-711E

). Instruction Display Operation
Power-on The built-in reset circuit
initializes the module.
RS |RW DBy —— DBy

Function Set v~

RS |RW |DB;, —— DB
0¥00‘0}_1"1tt}

P ———

The interface data length is
set to B bits. The character
format becomes 5 x 7 dot-
matrix at 1/16 duty cycle.

' 5
Dlspf'ay ON/OFF Cohtiol®

RS |RW |DB; —— DBg

000011210

0 0.

The display and cursor are
turned ON, but nothing is
displayed.

Entry Mode Set

RS | RW |DB; —— DBg

0 0 jfoopo00O0110

The address is incremented
by one and the cursor shifts
to the right in a write
ogeralion to internal RAM,
The display is not shifted.

Write to CG RAM or DD RAM

L is written. The ACis

L incremented by one and the

; Rs | Rw | DB, DBy — cursor shifts to the right.

1 0 010022100

Write to CG RAM or DD RAM C is written. -

. — LC_
' RS | W {DB; —— DBy

1 0 jol1o000011
, ; :

Write to CG RAM or DD RAM

RS JRRW DBy —— DBy

LCD MODULE Ml1l632

1 0 joor10010

2 is written in digit 16." Cursor
disappears.

-2 —
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.

0. Instruction . Display Operation
DD RAM address set Tt DD RAM address is set so
that the cursor appears at
3 | [rs Trw logy - DBq LCD MODULE M1632} | jioit 1 of line 2.
0 0 {11000000 =
Write to CG_ RAM or DD RAM . 1 is written.
0 — LCD MODULE Ml632
RS |RW|DBy — DBy 1 ~
1 0 |]oD110001 —
Write to CG RAM or DD RAM G Is written.
r — LCD MODULE M1632
RS DBy — DBy
16
1 0 |[o0o11011210 =
l : H
Write to CG RAM or DD RAM 5 is written.
3 — LCD MODULE M1632
RS |RW D87 — DB 16DIGITS, 2LINES
1 0 01010011
DD RAM address set The cursor returns to the
1 — LCD MODULE M1632| | home position,
RS |RW DBy —— DB 16DIGITS, 2LINES
0 0 1 0000000
Display clear All the display disappears and
. _ the cursor remains at the
15 rRs | RW | DB, DBy home position.
0 0 joooOO0OO0O0O1
16

—27 —
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(2) Interface data length: Four bits

No. Instruction Display "~ . * Operation
Power-on ' o The built-in reset circuit
— initializes the module.
RS |RW |DB; — DB,
1 /
Function Set ' Four-bit operation mode is
— - set. *Eight-bit operation
) RS | YW | DBy — DB, mode is set by initialization,
” and the instruction is
° 0 0 0 1 0 . executed only once.
Function Set ' i The 4-bit operation mode,
— 1716 duty cycle, and 5 x 7
RS | W |DB; — DBy - dot-matrix character format
3 are selected. Then 4-bit
0 ]0 0 10 ‘operation mode starts.
0 1 - ® * . .
Display ON/OFF Control The display and cursor are
turned ON, but nothing is
. RS |RW |DB; — DB, - displayed.
0 0 |0 0 0 0
0 ot 11 0
Entry Mode Set " | The address is incremented
: by one and the cursor shifts
i RS |R/W |DB; — DB, - to the right in a write
? operation to internal RAM.
0 0 {0 .0 0 0O The display is not shifted.
0 j0 1 10 .
Write to CG RAM or DD : L is written. theACis
RAM. L : incremented by one and the
, RS {R/W |DB; — DB, = cursor shifts to the right.
, M
1 oo 1 0 o '
1 0|1t 1+ 0 0O
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MPU Connection Diagrams
1.7.1 Z80A

“w
T e

'+SV
- 741500 241508 -
WR ‘] :-)c‘ ' —D——- E Vic ¢ 1kQ
¢ AW
ToRQ [
Ay
A + 5V
s As .
Aq 5 RS Voo ——J
) DBo
F > N -
Z80A M1632
2.7.2 Z80A and 8255A
741830 +5V
IORQ )
As — ’
| __.ADO—'———,—- csS PCo 3 Vic > 1kQ
A3 PCy RS '
Ag Ap PC, RAW
Ay Ay
RD )
+‘SV
WK WR ‘
o B Vo
Dq p D8O
1 K —
D, Dy PBy DB7
L 77
280A 8255A° M1632
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MAXIMN

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

General Description

The MAX481E, MAX483E, MAX485E, MAX4B7E-MAX491E,
and MAX1487E are low-power transceivers for RS-485 and
RS-422 communications in harsh environments. Each driver
output and receiver input is protected against +15kV electro-
static discharge (ESD) shocks, without latchup. These

contain one driver and one receiver. The MAX483E,
MAX487E, MAX4B8E, and MAX48SE feature reduced slew-
rate drivers that minimize EMI and reduce reflections caused
by improperly terminated cables, thus allowing error-free
data transmission up to 250kbps. The driver slew rates of the
MAX481E, MAX485E, MAX4S0E, MAX4S1E, and MAX1487E
are not limited, aflowing them to transmit up to 2.5Mbps.

These transceivers draw as fitle as 1 supply current
when unloaded or when fully loaded with disabled drivers
(see Selection Table). Additionally, the MAX481E,
MAX483E, and MAX487E have a low-current shutdown
mode in which they consume only 0.50A. All parts operate
from a single +5V supply.

Drivers are short-circuit current limited, and are protected
against excessive power dissipaticn by thermal shutdown
circuitry that places their outputs into a high-impedance
state. receiver input has a fail-safe feature that guaran-
tees a logic-high output If the input is open circuit.

The MAX487E and MAX1487E feature quarter-unit-load
receiver input impedance, aflowing up to 128 transceivers
on the bus. The MAX488E-MAX491E are designed for full-
duplex communications, while the MAX481E, MAX483E,
MAX485E, MAX487E, and MAX1487E are designed for half-
duplex applications. For applications that are not ESD sen-
sitive see the pin- and function-compatible MAX481,
MAX483, MAX485, MAX487-MAX491, and MAX1487.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

Features
¢ ESD Protection: $15kV—Human Body Model
4 Slew-Rate Limited for Error-Free Data
Transmission (MAX483E/487E/488E/489E)
¢ Low Quiescent Current:
120pA (MAX483E/487E/488E/483E)

230pA (MAX1487E)
300pA (MAX481E/485E/490E/491E)

¢ -7V to +12V Common-Mode input Voitage Range

¢ Three-State Outputs

¢ 30ns Propagation Delays, 5ns Skew
(MAX481E/485E/430E/491E/1487E)

¢ Full-Duplex and Half-Duplex Verslons Avallable

¢ Allows up to 128 Transceivers on the Bus

(MAX487E/MAX1487E)
4 Current Limiting and Thermal Shutdown for
Driver Overload Protection
Ordering Information
PART TEMP. RANGE PIN-PACKAGE

MAX481ECPA 0°Cto +70°C 8 Plastic DIP
MAX4B1ECSA 0*Cto +70°C 8 SO
MAX481EEPA -40°C to +85°C 8 Plastic DIP
MAX4B81EESA -40°C to +85°C 8 SO

Ordering Information continued on last page.

Selection Table

PART | MALFFULL | DATARATE | SLEWRATE | Lowpower | RECENER! | QUIESCENT | MM s | v
NUMBER | DUPLEX (Mbps) LIMITED | SHUTDOWN | penapiE WA ONBUS COUNT
MAX4SB1E Half 25 No Yos Yes 300 32 8
MAX4S3E Half 0.25 Yes Yes Yes 120 32 8
MAX4SSE Half 25 No No Yes 300 32 8
MAX487E Haif 0.25 Yes Yes Yes 120 128 8
MAX4S3E Full 025 Yes No No 120 ) 8
MAX489E Ful 0.25 Yes No Yes 120 2 14
MAXASOE Full 25 No No No 300 32 8
MAX491E Ful 25 No No Yes 300 32 14
MAX1487E Half 25 No No Yes 230 128 8

MAXIMN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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MAX481EMAXA483EMNAX485E/MAX487E-MAX491EMAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,

Low-Power, RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc)

Control Input Vottage (RE. DE)
Driver Input Voltage (D).....
Driver Output Voltage (Y. Z;

Receiver Input Voitage (A, B).... :

Receiver Output Voltage (RO)

Continuous Power Dissipation (Ta = +70°C)

8-Pin Plastic DIP (derate 9.09mW/°C above +70°C} ....727mW

0.5V 0 (Voo + 0.5V)

.-0.5Vto (Vcc + 0.5V)

-8Vto +12.5V
.-8Vio +12.5V

14-Pin Plastic DIP (derate 10.00mwW/*C above +70°C)
8-Pin SO (derate 5.88mW/°C above +70°C)
14-Pin SO (derate 8.33mW/*C above +70°C)
QOperating Temperalure Ranges
MAX4_ _C_ _/MAX1487EC_A..
MAX4_ _E_ _/MAX1487EE_A...
Storage Temperature Range
Lead Temperature (soldering, 10sec}) ...

..... 0°Cto +70°C

..800mwW

Stresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage (o the device. These are stcss ratings only, and functionat
aperation of the device at these or any ather conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device refiability.
DC ELECTRICAL CHARACTERISTICS

(Ve = 5V £5%. TA = TMIn to Tmax. unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
Differential Driver Qutput (nofoad) [ Voot 5 v
Differential Driver Output Vi R = 509 (RS-422) 2 v
(with load) 002 IR = 270 (RS-485). Figure 8 15 5
Change in Magnitude of Driver
Differential Output Voltage for AVop | R=27Qor 500, Figure 8 0.2 v
Complementary Output States
Driver Common-Mode Output "

Vohiage Voc R = 27Q or 50Q, Figure 8 3 v
Change in Magnitude of Driver
Common-Mode Output Voltage AVop | R=27Qor 50Q, Figure 8 0.2 v
for Complementary Output States
Input High Voltage ViH DE. DI, RE 20 v
Input Low Voltage Vir DE, DI, RE 0.8 \
Input Cumrent Nt DE, DI RE +2 pA
DE = OV; =
Ve = OV or 5,25V, Vin = 12V Ll .
i ent all devices except .
(',1"’"3‘)@" N2 | MAX4BTE/MAX1487E Vin=-7V 08
MAX487E/MAX1487E, VIN = 12V 025 | A
DE =0V, VcCc =0V or5.25V | viy = -7V 0.2
Receiver Differential Threshold
Voltage VTH -IVsVems12v 0.2 0.2 v
Receiver Input Hysteresis AVTH | Vem =0V 70 mv
Receiver Qutput High Voltage VOH lg = -4mA, Vip = 200mV 35 v
Receiver Output Low Valtage Vor lo = 4mA, Vip = -200mV 0.4 \
Three-State (high impedance)
Output Current at Receiver lozr | 0.4VsVos24V #1 pA
-7V S VM £ 12V, all devices except 12 xQ
MAX487E/MAX1487E
Receiver input Resistance RiN
-7V SVeM S 12V, MAX487E/MAXT48T7E 48 kQ

MAXIN



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

DC ELECTRICAL CHARACTERISTICS (continued)

(Vee = 5V £5%, Ta = TMin to Timax, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488E/MAXABIE,
DE. DI, RE = OV or Ve 120 250
MAX490E/MAX491E,
DE. DI, RE = OV or Ve 30 500
MAX481EMAX485E, | DE = Vcc 500 900
[Lf;f:g;’ Supply Current icc | RE=0vorvee DE- OV 300 500 | pA
MAX1487E, DE = Vecc 300 500
RE =0V or Ve DE = OV 230 400
MAX483E 350 650
MAX483E/MAX48TE, | DE = Vcc
RE = OV or Ve MAX487E 250 400
DE = OV 120 250
Supply Cureent in Shutdown isHDN | MAX481E/483E/487E, DE = OV, RE = Voo 0.5 10 pPA
5“"3‘ Short-Circuit Current, losp1 | -7V < Vo 12V (Note 4) 35 250 | maA
0 = High
Driver Short-Circuit Current,
Vo = Low lospz | -7Vs Vo $12V (Note 4) 35 250 mA
Receiver Short-Circuit Current losR ovVsVosvece 7 95 mA
ESD Protection A B, Y and Z pins, tested using Human Body Model 215 kv

SWITCHING CHARACTERISTICS-—MAX481E/MAX485E, MAX430E/MAX491E, MAX1487E
(Ve = 5V £5%. Ta = TMIN to Tmax. unless otherwise noted.) (Notes 1. 2)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
. tptH | Figures 10 and 12, RpiFF = 540, 10 40 60

Driver input to Output L1 CL1 = CL2 = 100pF 0 %0 50 ns

Driver Output Skew to Output tskew | Figures 10 and 12, Rowr = 540, Cp1 = Ci2 = 100pF 5 10 ns
Figures 10 and 12,| MAX481E. MAX485E, MAXT487E| 3 20 40

Driver Rise or Fall Time tR.tF | RDIFF = 5492, ns
Cy1 = C12 = 100pF| MAX490EC/E. MAX491EC/E 5 20 25

Driver Enable to Output High ZH Figures 11 and 13, Cy = 100pF. S2 closed 45 70 ns

Driver Enable to Output Low L Figures 11 and 13, Cp = 100pF. S1 closed 45 70 ns

Driver Disable Time from Low wz Figures 11 and 13, Cp = 15pF, S1 closed 45 70 ns

Driver Disable Time from High tHz Figures 11 and 13, C, = 15pF, S2 closed 45 70 ns
Figures 10 and 14,] MAX4B1E. MAX485E, MAXT487E] 20 60 200

Receiver input to Output tPLH. tPHL | ROIFF = 54Q. ns
Cu1 = Ci2 = 100pF | MAX490EC/E, MAX491EC/E| 20 60 150

| teLH - tpH | Differential ko | Figures 10 and 14, RoiF = 540 5 ns

Receiver Skew Cuy = CL2 = 100pF

Receiver Enable to Output Low tzL Figures 9 and 15. CrL = 15pF, S1 closed 20 50 ns

Receiver Enable to Output High tzH Figures 9 and 15. CrL = 15pF. S2 closed 20 50 ns

Receiver Disable Time from Low tz Figures 9 and 15, CrL = 15pF, S1 closed 20 50 ns

Receiver Disable Time from High tHZ Figures 9 and 15. Cri = 15pF. S2 closed 20 50 ns

Maximum Data Rate fmax 2.5 Mbps

Time to Shutdown tSHDN | MAX481E (Note 5) 50 200 600 ns

MAXIMN
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,

Low-Power, RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481E/MAX485E, MAX490E/MAX491E, MAX1487E

{continued)
(Ve = 5V £5%. Ta = Tmin to Tmax, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to . B
Output High (MAX481E) tzrisHON) | Figures 11 and 13, Co = 100pF. S2 closed 45 100 ns
Driver Enable from Shutdown to )
Oulput Low (MAX481E) tzusHon) | Figures 11 and 13, Ci. = 100pF, S1 closed 45 100 ns
Receiver Enable from Shutdown Figures 9 and 15, CL = 15pF, S2 closed,
1o Output High (MAX481E) QZHSHDN) [ AT8 ~ gy 225 1000 | ns
Receiver Enable from Shutdown Figures 9 and 15, Cp = 15pf. S1 closed.
to Output Low (MAX481E) ZLsHON) | gTA - 2v 225 1000 | ns
SWITCHING CHARACTERISTICS—MAX483E, MAX487E/MAX488E/MAX489E
(Vce = 5V £5%. Ta = TMiN to Tmax. unless otherwise noted.) (Notes 1. 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
. tetH | Figures 10 and 12, RoiFF = 54Q. 250 800 2000
Driver Input to Output r— C1 = CLz = 100pF 50 300 2000 ns
. Figures 10 and 12, RpiFf = 54Q.,
Driver Output Skew to Output tSKEW Cu1 = CLz = 100pF 20 800 ns
o ] Figures 10 and 12, Rpir = 540,
Driver Rise or Fall Time R tF Ci1 = Crz = 100pF 250 2000 ns
Driver Enable to Output High tzH Figures 11 and 13, Ci. = 100pF. S2 closed 250 2000 ns
Driver Enable to Output Low tze Figures 11 and 13, Ci = 100pF. S1 closed 250 2000 ns
Driver Disable Time from Low Wz Figures 11 and 13. Cy_ = 15pF. S1 closed 300 3000 ns
Driver Disable Time from High tHz Figures 11 and 13, CL = 15pF, S2 closed 300 3000 ns
] PLH__ | Figures 10 and 14, RoifF = 54Q. 250 2000
Receiver Input to Output ey Ci1 = CL2 = 100pF 350 2000 ns
I tpH - tehe | Differential Figures 10 and 14, RpiFF = 54Q.
Receiver Skew 'SKD | 1y = Ci2 = 100pF 100 ns
Receiver Enable to Output Low tzL Figures 9 and 15, Cri = 15pF, S1 closed 25 50 ns
Receiver Enable to Output High tzH Figures 9 and 15, Cri = 15pF, S2 closed 25 50 ns
Receiver Disable Time from Low wz Figures 9 and 15, Cry = 15pF, S1 closed 25 50 ns
Receiver Disable Time from High tHz Figures 9 and 15, Cre = 15pF. S2 closed 25 50 ns
Maximum Data Rate fMAX | tPLH. teHL < 50% of data period 250 kbps
Time to Shutdown tSHDN | MAX483E/MAXA48T7E (Note 5) 50 200 600 ns
Driver Enable from Shutdown to MAX483E/MAXA8TE, Figures 11 and 13,
Output High 1ZHSHON) | ¢~ 100pF, S2 clased 2000 | ns
Driver Enable from Shutdown to MAX483E/MAXABTE, Figures 11 and 13,
Output Low WZL(SHDN) | ¢\ < 100pF. S1 closed 2000 | ns
Receiver Enable from Shutdown MAX483E/MAX48TE. Figures 9 and 15,
to Output High 1ZHSHON) | ¢, '~ 15pF, S2 closed 2500 | ns
Receiver Enabte from Shutdown MAX483EMAX4BTE, Figures 9 and 15,
to Output Low RZUSHDN) | ¢, _ 15pF, S1 closed 2500 | ns
4 MAXIAM




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

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1:

Note 2:
Note 3:
Note 4:
Note 5:

All currents into device pins are posilive; alt cumrents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

All typical specifications are given for Vcc = 5V and Ta = +25°C.

Supply current specification is valid for loaded transmitters when DE = OV.

Applies to peak current. See Typical Operating Characteristics.

The MAX481E/MAX483E/MAXA48TE are put into shutdown by bringing RE high and DE low. If the inputs are in this state for
tess than 50ns, the parts are guaranteed not o enter shutdown. if the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Ve = 5V, Ta = +25°C, unfess otherwise noted.)

OUTPUT CURRENT (mA)

cwd3 a3 B8HREESE

OUTPUT CURRENT vs. OUTPUT CURRERT vs. RECEIVER CUTPUT HIGH VOLTAGE
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE vs. TEMPERATURE
= .25 48
i E 4 Ll |§
= 0 P~ S 4 lag - BmA
H ™ W ™
~ N 2 a2
LR S, 8 —
14 N g
S \ = I~
/ 2 2 38
4 -10 =
/ E 2 18
/ 3 g
5 B 34
/[ 32
0 30
o 05 10 15 20 2§ 15 20 25 30 35 40 45 S0 50 40 20 0 20 40 60 80 100
OUTPUT LOW VOLTAGE (V) GUTPUT HIGH VOLTAGE (V) TEMPERATURE (°C)
RECEIVER OUTPUT LOW VOLTAGE DRIVER GUTPUT CURRENT vs.
vs. TEMPERATURE DIFFERENTIAL OUTPUT VOLTAGE
09 ] 3 %0 < r
]
08 eareran b 80 AN i
E o7 z 1 N
& g \.
= 06 = 60 N
a ]
g os g g5 A\,
z £ N
9 o« 5 49
S o
03 o E 3
% // 8
© 02 -+ 20 ‘\
01 i) N
0 0
60 40 20 0 20 40 60 80 100 0 05 10 15 20 25 30 35 40 45
TEMPERATURE (*C) DIFFERENTIAL GUTPUT VOLTAGE (V)
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JLEYLXYIWILEPXYIN-TL8YXYIWISSYXYVINIESYXYIWILBYXYIN



MAX481EMNMAXA483E/MAX485E/MAX487E-MAX491EMAX1487E

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

(Vce = 5V. Ta = +25°C, unless otherwise noted.)

Typical Operating Characteristics (continued)

DRIVER DIFFERENTIAL OUTPUT GUTPUT CURRENT vs. OQUTPUT CURRENT vs.
VOLTAGE vs. TEMPERATURE DRIVER OUTPUT LOW VOLTAGE DRIVER CUTPUT HIGH VOLTAGE
23 T 140 -100
R=54Q % A § %0 §
€ 22 H 120 ;
Y - l\ )
§ # E w0 E -0 ]
c 20 — = / 3 [HA
=3 & g y il w -6
E g g N3
E 19 [ & o
3. 3 % =) \
ot 5 5 .40
< 18 2
= & \
g . g o §
g / 2
8 16 2 / 20
1.5 0 1)
60 40 -20 0 20 40 50 80 100 0 2 4 6 8 10 12 8 6 -4 2 0 2 4 6
TEMPERATURE (°C) QUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V)
MAX4SIE/MAN4S5E/MAXIS0EMANAIIE MAX483E/MAXABTE-MAX4BIE MAX1487E
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
600 T T T L o 600 600 A
MAXSBTEMAXASSE; DE « Voo, /E = X ; s |§
500 500 500
kY g B 3
g 400 5 400 ‘—_l]m‘;seml,‘um. g 400
&g & 1 z MAXI4BTE: DE = Vig, RE » X
3 300 S 300 S 300 —
4 MAXGESE;DE - O RE = X = MAaTe: 06 s v BE - X > T B
= " OF « RE ] = et
Z o | MAKBIEDERE-D g 00 e Z 0 | __
3 £ v NN 0 ] MAXI4B7E: DE » OV, RE = X
1 1
100 T 100 1 100
MAYASIE: DE « Q. RE = Ver WAVSSENAUSTE: D€ - RE «Vog 0
0 0 R R
60 40 -20 0 20 40 60 80 100 60 40 -20 0 20 40 60 80 100 60 40 20 O 20 40 60 80 100
TEMPERATURE (*C) TEMPERATURE (*C) TEMPERATURE (°C)
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Pin Description

PIN
MAX4GIEMAX4EIE |  poooor MAXASSE NAME FUNCTION
MAX4SSEMAXASTE |  \ax400E MAX491E
MAX1487E
) ) R R0 | Recelver Output: ITA > B by 200mV, RO will be high:
If A < B by 200mV, RO will be low.
2 _ 3 RE Receiver Output Enable. RO is enabled when RE is

tow; RO is high impedance when RE is high.

Driver Cutput Enable. The driver outputs. Y and Z, are
) enabled by bringing DE high. They are high imped-
3 - 4 DE ance when DE is low. if the driver outputs are enabled,
the parts function as line drivers. While they are high
impedance, they function as line receivers if RE is low.

Driver Input. A low on DI forces output Y low and out-

4 3 5 Dt put Z high. Simitarty, a high on DI forces output Y high
and output Z low.

5 4 6.7 GND Ground

- 9 Y Noninverting Driver Output

— 6 10 z Inverting Driver Output

6 _ _ A Noninverting Receiver Input and Noninverting Driver
Qutput

—_ 8 12 A Noninverting Receiver input

7 - — B8 Inverting Receiver Input and Inverting Driver Output

— 7 n B Inverting Receiver Input

8 1 14 Vce Positive Supply: 4.75V < Vcc £5.25V

- —_ 1.8.13 N.C. No Connect—not intemally connected

MAXIAN 7
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MAX481E/MAX483E/MAX485E/MAXA487E-MAX491EMAX1487E

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

o MAXGBIE
TOPVIEW o o T e [oe
sG] [Je ok . W e ~'§§]_ﬂ
2 7 2
MO N ;‘EQJ‘A% mcuwh
o[ slon o] Zﬁ‘m—_L e

DIP/SO = ‘ 3

NOTE: PIN LABELS Y AND Z ON TIMNG, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH.
TYPICAL OPERATENG CIRCUTF SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481E/MAX483E/MAX485E/MAXA8TE/IMAX1487E Pin Configuration and Typical Operating Circuit
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Figure 2. MAX488E/MAX490E Pin Configuration and Typical Operating Circuit
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Figure 3. MAX489E/MAX491E Pin Configuration and Typical Operating Ciscuit
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Function Tables (MAX481E/MAX483E/MAX485E/MAX487E/MAX1487E)

Table 1. Transmitting

Table 2. Receiving

INPUTS OUTPUTS INPUTS OUTPUT
RE DE ] z Y RE DE AB RO

X 1 1 0 1 0 0 > +0.2v 1

X 1 0 1 0 1] ] <-0.2v 0

0 4] X High-Z High-Z 0 1] Inputs open 1

1 0 X High-2* | High-Z* 1 0 X High-Z*
X = Don't care X = Don't care
High-Z = High impedance High-Z = High impedance

*

* Shutdown mode for MAX481E/MAX4B3E/MAX4B7E

Applications Information

The MAX481EMAX483E/MAX485E/MAX487E-MAX491E
and MAX1487E are low-power transceivers for RS-485
and RS-422 communications. These "E” versions of the
MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 provide extra protection against ESD. The
rugged MAX481E, MAX483E, MAX485E, MAX497E-
MAX491E, and MAX1487E are intended for harsh envi-
ronments where high-speed communication is important.
These devices eliminate the need for transient suppres-
sor diodes and the associated high capacitance loading.
The standard (non-"E”) MAX481, MAX483, MAX485,
MAX487-MAX491, and MAX1487 are recommended for
applications where cost is critical.

The MAX481E, MAX485E, MAX430E, MAX491E, and
MAX1487E can transmit and receive at data rates up to
2.5Mbps, while the MAX483E, MAX487E, MAX488E,
and MAX489E are specified for data rates up to
250kbps. The MAX488E-MAX491E are full-duplex
transceivers, while the MAX481E, MAX483E, MAX487E,
and MAX1487E are half-duplex. In addition, driver-
enable (DE) and receiver-enable (RE) pins are included
on the MAX481E, MAX483E, MAX485E, MAX487E,
MAX489E, MAX491E, and MAX1487E. When disabled,
the driver and receiver outputs are high impedance.

+15kV ESD Protection
As with all Maxim devices, ESD-protection structures
are incorporated on all pins to protect against electro-
static discharges encountered during handling and
assembly. The driver outputs and receiver inputs have
extra protection against static electricity. Maxim’s engi-

Shutdown mode for MAX481E/MAX483E/MAX4B7E

neers developed state-of-the-art structures to protect
these pins against ESD of +15kV without damage. The
ESD structures withstand high ESD in all states: normal
operation, shutdown, and powered down. After an ESD
event, Maxim's MAX481E, MAX483E, MAX485E,
MAX487E-MAX491E, and MAX1487E keep working
without latchup.

ESD protection can be tested in various ways: the
transmitter outputs and receiver inputs of this product
family are characterized for protection to +15kV using
the Human Body Model.

Cther ESD test methodologies include IEC10004-2 con-
tact discharge and 1EC1000-4-2 air-gap discharge (for-
merly IEC801-2).

ESD Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
test set-up, test methodology, and test results.

Human Body Model
Figure 4 shows the Human Body Model, and Figure 5
shows the cumrent waveform it generates when dis-
charged into a low impedance. This model consists of
a 100pF capacitor charged to the ESD voltage of inter-
est, which is then discharged into the test device
through a 1.5kQ resistor.
{EC1000-4-2
The IEC1000-4-2 standard covers ESD testing and per-
formance of finished equipment; it does not specifically
refer to integrated circuits (Figure 6).

MAXIMN
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MAX481E/MMAX483EMNIAX485E/MAXA87E-MAX491E/MAX1487E

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

Rc 1M Rp 15000
p—/\/\/\,—o/ o v
CHARGE CURRENT|  DISCHARGE 1 100% Ir PEAK-TO-PEAK RINGING
LIMIT RESISTOR RESISTANCE ? %% | (NOT DRAWN TO SCALE)

HIGH DEVICE AMPERES

VOLTAGE Cs —-- STORAGE UNDER
bC 100pF T CAPACITOR TEST 368%
SOURCE
10% -
0
0] w TME —
- f— (o
CURRENT WAVEFORM
Figure 4. Human Body ESD Test Model Figure 5. Human Body Mode! Current Waveform
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W% - qoccmmcfpoemmnmafpacea oot
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Figure 6. IEC1000-4-2 ESD Test Model

Figure 7. IEC1000-4-2 ESD Generator Current Waveform
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Figure 8. Driver DC Test L.
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

OUTPUT

UNDER TEST + w®
I S2

Figure 10. Driver/Receiver Timing Test Circuit

Figure 11. Driver Timing Test Load
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Figure 12. Driver Propagation Delays

Figure 13. Driver Enable and Disable Times (except MAX488E
and MAX4S0E)
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—> Iaisiney. iz —

Figure 14. Receiver Propagation Delays

Figure 15. Receiver Enable and Disable Times (except MAX488E
and MAX490E)
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

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

100B/div |

OHz SMHz
500kHz/div

10dB/div

OHz SMHz
500kH2/div

Figure 16. Driver Outpul Waveform and FFT Plot of
MAX485E/MAX4S0EMAX49T1E/MAXT487E Transmtting a
150kHz Signal

The major difference between tests done using the
Human Body Model and IEC1000-4-2 is higher peak
current in IEC1000-4-2, because series resistance is
lower in the [EC1000-4-2 model. Hence, the ESD with-
stand voltage measured to IEC1000-4-2 is generally
lower than that measured using the Human Body
Model. Figure 7 shows the current waveform for the 8kV
IEC1000-4-2 ESD contact-discharge test.

The air-gap test involves approaching the device with a
charged probe. The contact-discharge method connects
the probe to the device before the probe is energized.

Machine Model
The Machine Model for ESD tests all pins using a
200pF storage capacitor and zero discharge resis-
tance. Its objective is to emulate the stress caused by
contact that occurs with handling and assembly during
manufacturing. Of course, all pins require this protec-
tion during manufacturing—not just inputs and outputs.
Therefore, after PC board assembly, the Machine Model
is less relevant to I/O ports.

MAX487E/MAX1487E:
128 Transceivers on the Bus
The 48k, 1/4-unit-load receiver input impedance of the
MAX487E and MAX1487E allows up to 128 transceivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 transceivers
maximum). Any combination of MAX487E/MAX1487E
and other RS-485 transceivers with a total of 32 unit
loads or less can be put on the bus. The MAX481E,
MAX483E, MAX485E, and MAX488E-MAX491E have
standard 12kQ receiver input impedance.

12

Figure 17. Driver Output Wavelorm and FFT Piot of
MAX483E/MAX487E-MAX489E Transmitting a 150kHz Signal

MAX483E/MAX487EMAX488EMAXA489E:
Reduced EMI and Reflections
The MAX483E and MAX487E-MAX489E are slew-rate
limited, minimizing EMI and reducing reflections
caused by improperly terminated cables. Figure 16
shows the driver output waveform and its Fourier analy-
sis of a 150kHz signal transmitted by a MAX481E,
MAX485E, MAX490E, MAX491E, or MAX1487E. High-
frequency harmonics with large amplitudes are evident.
Figure 17 shows the same information displayed for a
MAX483E, MAX487E, MAX488E, or MAX489E transmit-
ting under the same conditions. Figure 17's high-fre-
quency harmonics have much lower amplitudes, and
the potential for EMI is significantly reduced.

Low-Power Shutdown Mode
(MAX481E/MAX483E/MAX487E)

A low-power shutdown mode is initiated by bringing
both RE high and DE low. The devices will not shut
down unless both the driver and receiver are disabled.
In shutdown, the devices typically draw only 0.5pA of
supply current.

RE and DE may be driven simultaneously; the parts are
guaranteed nat to enter shutdown if RE is high and DE
is low for less than 50ns. If the inputs are in this state
for at least 600ns, the parts are guaranteed to enter
shutdown.

For the MAX481E, MAX483E, and MAX4BT7E, the tzH
and tz| enable times assume the part was not in the
low-power shutdown state (the MAX485E, MAX488E-
MAX491E, and MAX1487E can not be shut down). The
tZH(SHDN) and tzL(SHDN) enable times assume the
parts were shut down (see Electrical Characteristics).

MM




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

Figure 18. Receiver Propagation Delay Test Circuit

It takes the drivers and receivers longer to become
enabled from the low-power shutdown state (ZH(SHDN).
tzL(sHDN)) than from the operating mode (zH, tzU). (The
parts are in operating mode if the RE, DE inputs equal a
logical 0,1 0r 1,107 0, 0.)

Driver Output Protection
Excessive output current and power dissipation caused
by faults or by bus contention are prevented by two
mechanisms. A foldback current limit on the cutput stage
provides immediate protection against short circuits over
the whole common-mode voltage range (see Typical
Operating Characteristics). n addition, a thermal shut-
down circuit forces the driver outputs into a high-imped-
ance state if the die temperature rises excessively.

gation Delay
Many digital encoding schemes depend on the differ-
ence between the driver and receiver propagation

delay times. Typical propagation delays are shown in
Figures 19-22 using Figure 18's test circuit.

The difference in receiver delay times, tPLH - IPHL. iS
typically under 13ns for the MAX481E, MAX485E,
MAX490E, MAX491E, and MAX1487E, and is typically
less than 100ns for the MAX483E and MAX487E-
MAX489E.

The driver skew times are typically 5ns (10ns max) for
the MAX481E, MAX485E, MAX4390E, MAX491E, and
MAX1487E, and are typically 100ns (800ns max) for the
MAX483E and MAX487E-MAX489E.

Typical Applications
The MAX481E, MAX483E, MAX485E, MAX487E-
MAX491E, and MAX1487E wtansceivers are designed for
bidirectional data communications on multipoint bus
transmission lines. Figures 25 and 26 show typical net-
work application circuits. These parts can also be used as
line repeaters, with cable lengths longer than 4000 feet.

To minimize reflections, the line should be terminated at
both ends in its characteristic impedance, and stub
lengths off the main line should be kept as short as possi-
ble. The slew-rate-fimited MAX483E and MAX487E-
MAX489E are more tolerant of imperfect termination.
Bypass the V¢ pin with 0.1pF.

Isolated RS-485
For isolated RS-485 applications, see the MAX253 and
MAX1480 data sheets.

Line vs. Data Rate
The RS-485/RS-422 standard covers line lengths up to
4000 feet. Figures 23 and 24 show the system differen-
tial voltage for the parts driving 4000 feet of 26AWG
twisted-pair wire at 110kHz into 100Q loads.

13
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

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

A e -3 ~ B s s i
500mV/div 1 500mV/div {
B — - ' A= =
RO s it -_— SVidiv -
SVidiv » 3 RO —— '
25ns/div - N 25"‘54'55;“_ -

Figure 19. MAX481E/MAX485E/MAX490E/MAX1487E Receiver Figure 20. MAX481EMAX485E/MAX490E/MAX49TE/

tPHL MAXT1487E Receiver lpLH
Y S B f—_
= P
\ P r
500mV/div 500m\V/div 3
7-_-.*..,,
b g Y me—— Np——
RO - SVidiv e
Svidiv & . i B ] 1
200nsidiv 200ns/div
Figure 21. MAX483E/MAX4871-MAX489E Receiver lpHL Figure 22. MAX483E/MAX487E-MAX489E Receiver IpLH
DI - 9 5 ol - v
" H "
- — - OV — o
w
Va-Va . 0 Ve-Va 0
- : v W
5y 0o = 5
00 . ov " o
2us/div 2us/id
Figure 23. MAXABTE/MAXAB5E/MAX490E/MAXAGTES Figure 24. MAXA83EMAX1487E-MAX489E System Differential
MAX1487E System Differential Voltage at 110kHz Driving Veltage at 110kHz Driving 40001t of Cable
40001t of Cable
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

1200 129

:_F% (« ~WA 4—5{_::

mmam
MAX481E
MAX4G3E
MAX485E
MAX4B7E o D¢
MAX487E

-
2

B -
A~
e

Q-
B —
e

Figure 25. MAX481E/MAX483E/MAX485E/MAX487E/MAX1487E Typical Half-Duplex RS-485 Network

MAX488E
MAX489E
MAX490F
MAX49TE

NOTE: RE AND DE ON MAX4B3E/MAX491E ONLY.

Figure 26. MAX488E-MAX491E Full-Duplex RS-485 Network

MAXILA 15

JL8YLXYVIWILGYXVIN-T L8P XYVIN/ISSYXYINIESYXVIWILBYXYVIN



MAX481EMAX483E/NAX485E/MAXA487E-MAX491E/MAX1487E

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

Ordering information (continued)

PART TEMP. RANGE PIN-PACKAGE PART TEMP. RANGE PIN-PACKAGE
MAX483ECPA 0°Cto +70°C 8 Plastic DIP MAX489ECPD 0°Cto +70°C 14 Plastic DIP
MAX483ECSA 0°Cto +70°C 8S0 MAX488ECSD 0°Cto +70°C 14 SO
MAX483EEPA -40°C to +85°C 8 Plastic DIP MAXA489EEPD -40°Cto +85°C 14 Plastic DIP
MAX483EESA -40°C to +85°C 8S0 MAX48SEESD -40°C to +85°C 1480
MAX485ECPA 0°Cto +70°C 8 Plastic DIP MAX480ECPA 0°Cto +70°C 8 Plastic DIP
MAX485ECSA 0°Cto +70°C 850 MAX4S0ECSA 0°Ctlo +70°C 850
MAX485EEPA -40°Clo +85°C 8 Plastic DIP MAX490EEPA -40°C o +85°C 8 Plastic DIP
MAX485EESA -40°C to +85°C 850 MAX490EESA -40°C to +85°C 850
MAX487ECPA 0°C to +70°C 8 Plastic DIP MAX491ECPD 0°Cto +70°C 14 Plastic DIP
MAX487ECSA 0°Cto +70°C 850 MAX491ECSD 0°C 1o +70°C 1450
MAX487EEPA -40°C to +85°C 8 Piastic DIP MAX491EEPD -40°C 1o +85°C 14 Plastic DiP
MAX487EESA -40°C to +85°'C 8 S0 MAX491EESD -40°C lo +85°C 1450
MAX4BBECPA 0°Cto +70°C 8 Plastic DIP MAX1487ECPA 0°Cto +70°C 8 Plastic DIP
MAX488ECSA 0°Cto +70°C 8S0 MAX1487ECSA 0°Cto +70°C 8SO
MAX48BEEPA -40°C to +85°C 8 Plastic DIP MAX1487EEPA -40°C to +85°C 8 Plastic DIP
MAX48BEESA -40°Cto +85°C 8 SO MAX1487EESA -40°C to +85°C 850

TRANSISTOR COUNT: 295

Chip Information

Maxim cannol assume responsibility for use of any circuitry other than circultry entirely embodied in a Maxim product. No circuit patent licenses are
imptied. Maxim reserves the right to change the circuitry and specifications without notice &t any time.
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MAX232, MAX232I
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047]1— FEBRUARY 1983 — REVISED OCTOBER 2002

® Meet or Exceed TIA/EIA-232-F and ITU MAX232...D, DW, N, OR NS PACKAGE
Recommendation V.28 MAX2321...D, DW, OR N PACKAGE
Y (TOP VIEW)
® Operate With Single 5-V Power Supply )
@ Operate Up to 120 kbit/s C1+[] 1 16{] Vec
® Two Drivers and Two Receivers (\3/?+ E 2 15 ::Il ?:ICI):'UT
-3 14
® +30-V input Levels co+ | 4 13f] RAIN
® Low Supply Current. .. 8 mA Typical c2-{ls 12{] R1OUT
® Designed to be Interchangeable With vg_[Ie 1[I TIN
Maxim MAX232 T20UT[}7  10[] T2IN
® ESD Protection Exceeds JESD 22 R2IN [} 8 9]] R20UT

— 2000-V Human-Body Model (A114-A)

@ Applications
TIAJEIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept +30-V inputs. Each
driver converts TTL/CMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION
ORDERABLE TOP-SIDE
Ta PACKAGET PARTNUMBER | MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
SOIC (D) MAX232
Tape and reel MAX232DR
0°C to 70°C
Tube MAX232DW
SOIC (DW) MAX232
Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX232ID
SOIC (D) MAX2321
—40°C to 85°C Tape and reel MAX232IDR
Tube MAX232I1DW
SOIC (DW) MAX2321
Tape and reel MAX232IDWR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

jard warranty. F ion p ing does not ily include
testing of all parameters.

‘5‘ TEXAS

Copyright ©® 2002, Texas Instruments Incorporated
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NAX232, MAX232|
JUAL EIA-232 DRIVERS/RECEIVERS

LLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002
M—— R

__
Function Tables
EACH DRIVER
INPUT | OuTPUT
TIN TOUT
L H
H L
H = high level, L = low
level
EACH RECEIVER
INPUT | OUTPUT
RIN ROUT
L H
H L
H = high level, L = low
level
ogic diagram (positive logic)
11 ' 14
T1IN Dc T10UT
10 7
T2IN Do T20UT
12 13
R10UT fiy R1IN
9 8
R20UT T R2IN

*9 TEXAS
INSTRUMENTS
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MAX232, MAX232i
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 - REVISED OCTOBER 2002
R

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Vo (seeNote 1) ... ..., -03Vtob6V
Positive output supply voltage range, Vg+ «..covvvirirnmennnii i Vec-03Vto15V
Negative output supply voltagerange, Vg ... ..o -03Vto-15V
Input voltage range, Vi: Driver ... ... ...t -03VtoVpc+03V
1= 1Y = S 30V

Output voltage range, Vo: TIOUT, T20UT ......oiviiiiiiiiiiiiiinnnnenn, Vg_-03VtoVg: +0.3V
RIOUT,R20UT ... .ottt ~-03VtoVec +03V

Short-circuit duration: TIOUT, T20UT ... it ittt iiiiiiit it ananeens Unlimited
Package thermal impedance, 0p (see Note 2): Dpackage ................cc.oiiiiiiiinn 73°C/W
DWpackage ........coeeviviienviinnnnnnnnns 57°C/w

Npackage ........cccciiiiieniiiiinninnnnnens 67°C/W

NSpackage ..........covieiiiiiiiiiiiiaann. 64°C/W

Lead temperature 1,6 mm (1/16 inch) from casefor10seconds ..................c.ociiaiatn 260°C
Storage temperature range, Tgtg - ... .ovoiiiiii i —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX| UNIT
Vece Supply voltage 45 5 5.5 v
ViH High-level input voltage (T1IN,T2IN) 2 \
ViL Low-level input voltage (T1IN, T2IN) 08 Vv
R1IN, R2IN Receiver input voitage +30 \
TA Operating free-air temperature MAX232 0 70 °C
MAX232I -40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPE MAX] uNIT
Ve =55V, Alloutputs open,
lcc  Supply cumrent T:S 25°C P pe 8 10| mA

1 Al typical values are at Voc = 5 V and Ta = 25°C.
NOTE 3: Test conditions are C1-C4=1pFatVoc=5V+05V.

‘t’f TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 3



1AX232, MAX232|
JUAL EIA-232 DRIVERS/RECEIVERS

LLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002
Fesses e e e

DRIVER SECTION

lectrical characteristics over recommended ranges of supply voltage and operating free-air
emperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT  MAX| UNIT
Vo4 High-level output voltage T10UT, T20UT | Ry =3 kQto GND 5 7 v
VoL Low-level output voltaget T10UT, T20UT | RL =3 kQto GND -7 -5 \"
fo Output resistance T1OUT, T20UT |Vs+=Vg_=0, Vo=%2V 300 Q
losS  Short-circuit output current T10UT, T20UT |Vcc=55V, Vo=0 +10 mA
is Short-circuit input current T1IN, T2IN Vi=0 200| pA

All typical values are at Vo =5V, Ta = 25°C.

The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

Not more than one output should be shorted at a time.

IOTE 3: Test conditions are C1-C4 =1uFatVoc=5V+05V.

.witching characteristics, Vog =5V, Ta = 25°C (see Note 3)

PARAMETER TESTCONDITIONS | MIN TYP MAX| UNIT
) Ry =3kQto7kQ,
SR Driver sltew rate See Figure 2 30 Vips
SR(t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s
IOTE 3: Test conditions are C1-C4=1uF atVcc=5V+0.5V.
RECEIVER SECTION

lectrical characteristics over recommended ranges of supply voltage and operating free-air
emperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT
Von _High-level output voltage R1OUT, R20UT | lop =—1 mA 35 v
o
VoL  Low-level output voitaget R10UT, R20UT |ipL=32mA 04| Vv
ViT+ ;ﬁﬁ;%ﬁ;ﬁwmg tnput R1IN, R2IN Vee =5V, Ta=25°C 17 24| v
viT- ze,;':m'ﬁ:g‘;mmg input 1 R1IN, R2IN Vec =5V, Ta=25°C 08 12 v
Vhys Input hysteresis voltage R1IN, R2IN Vee =5V 02 0.5 1 v
n Receiver input resistance R1IN, R2IN Vee =5, TaA=25°C 3 5 71

All typical values are at Vo = 5 V, Ta = 25°C.

‘The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

IOTE 3: Test conditions are C1-C4 =1 pFatVcc=5V+0.5V.

switching characteristics, Vgc = 5 V, Tp = 25°C (see Note 3 and Figure 1)

PARAMETER TYP | UNIT
tPLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

IOTE 3: Test conditions are C1-C4 = 1puFatVcc=5V+0.6V.
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MAX232, MAX232i
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002
S R

PARAMETER MEASUREMENT INFORMATION

Vce
4

RL=13kQ

R1IN
Pulse See Note C
Generator
(see Note A)
Cp =50 pF
I (see Note B)
TEST CIRCUIT

<10ns —» |e— —» le—<10ns
[ [ !

|
| ——
Inout 2 80% 90% 3V
Ly 10% | 50% 50% N\ 10% ov

fe——t
tPHL I PLH
|
I | VoH
Output 15V isv ¥ VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 Q, duty cycle < 50%.
B. Ci includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpyy; and tp 4 Measurements
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NAX232, MAX232l
JUAL EIA-232 DRIVERS/RECEIVERS

JLLS0471 - FEBRUARY 1989 - REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

e TAIN or T2IN T1OUT or T20UT
Generator ElA-232 OQutput
(see Note A) |

CL=10pF

(see Note B)
TEST CIRCUIT
<10ns —b{ le— —»] }(— <t0ns
| | e 3V
Input l 80%  90% N{
zlzso% 50%
10% /| Pet0% oV
o S
j¢—»—tpLH
tPHL —K—’: l
|
80% | 75 90% VoH
Output I\ 10%  10% A
| T VoL
trHL e "’I j& tTLH
sr = 22 Vou~Vou) =08 VoL~ Vou!
= or
YL bl
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 ©, duty cycle < 50%.
B. Cy includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy_ and tpi 4 Measurements (5-us Input)

Pulse
( s(:znﬁoraéox ) ElA-232 Output
1]

CL=25nF
TEST CIRCUIT
<10ns —» le— —» le— <tons
Input |
L 90%  90%°N |
10% 15V 15V ' 0%
[ 2us—>
o o e
|
' ' VoH
Output 3V ‘k | oy |f 3V
SV —tT VoL
6V
SR=—2V
trHL O tiun
WAVEFORMS

NOTE A: The pulse generator has the following characteristics: Zg = 50 €, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tty and ty y Measurements (20-us Input)
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MAX232, MAX232
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047!1 - FEBRUARY 1888 — REVISED OCTOBER 2002
R

B S

APPLICATION INFORMATION

5V

+
Caypass = 1 1F
16

= c3t 1
, Vec \ l T
I S e
ct==1r3 | Vs > 85V
‘\—-——4 c1- 6
2 :.___._____1 o C2+ Vs__ —I“_——' -85V
T TH S5
c2- c:I 1uF
1 > 14 £1a.232 Output
From CMOS or TTL
10 > S 7 Ei1A-232 Output
12
= I <2 ea232input
To CMOS or TTL 9 s
«—— oV I |—<—— EIA-232Input
15
GND

t €3 can be connected to Vg or GND.

Figure 4. Typical Operating Circuit
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M1632 MODULE LCD 16 X 2 BARIS (M1632)

Deskripsi:

M1632 adalah merupakan modul LCD dengan tampilan 16 x 2 baris dengan konsumsi daya y
rendah. Modul ini dilengkapi dengan mikrokontroler yang didisain khusus untuk mengendalikan L(
Mikrokontroler HD44780 buatan Hitachi yang berfungsi sebagai pengendeli LCD ini mempunyai CGR(
(Character Generator Read Only Memory), CGRAM (Character Generator Random Access Memory)
DDRAM (Display Data Random Access Memory).

DDRAM

DDRAM adalah mesupakan memori tempat karakter yang ditampilkan berada. Contoh, un
karakter ‘A” atou 41H yang ditulis pada alamat 00, maka karakter tersebut akan tampil pada baris perts
dan kolom pertama dari LCD. Apabila karakter tersebut ditulis di alamat 40, maka karakter tersebut a
tampil pada baris kedua kolom pertama dari LCD.

Oisplay
poskion S 3 4% @ 7 0 s Mg 3 iLts

DORAM -;:on edosoiodadorps

o Enrand
[l

A

HOATSOUdsptie Exswnalon iiver
display

o e i
et fofefedeliqed el
e [P EP R PP
)
Gambar 1

DDRAM M1632 (diambil dari data sheet HD44780)

CGRAM

CGRAM adalah merupakan memon untuk menggambarkan pola sebuah karakter di m
bentuk dari karakter dapat diubah-ubah sesuai keinginan. Namun memori ini akan hilang saat power sup
tidak aktif, sehingga pola karakter akan hilang.

CGROM

CGROM adalah merupakan memori untuk menggambarkan pola sebuah karakter di mana 1
tersebut sudah diteatukan sccara permanen dari HD44780 schingga pengguna tidak dapat mengubeh 1
Namun karena ROM bersifat permanen, maka pola karakter tersebut tidak akan hilang walaupun po
supply tidak aktif

Pada gambar 2, tampak terlihat pola-pola karakter yang tersimpan dalam lokasi-lokasi terte
dalam CGROM. Pada saat HD44780 akan menampilkan data 41H yang tersimpan pada DDRAM, m
HD44780 akan mengambil data di alamat 41H (0100 0001) yang ada pada CGROM yaitu pola karakter A

DELTA ELECTRONIC
hittp//www.delta-electronic.com
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Gambar 2
Hubungan antara CGROM dan DDRAM (diambil dari data sheet HD44780)

1_{vcC +SV

2 | GND ov

3 | VEE Tegangan Kentras LCD

4 |RS Register Select, 0= Register Perintah, 1 = Register |
5 | RW 1 =Read, 0 = Write

6 |E Enable Clock LCD, logika 1 setiap kali pengiriman :

pembacaan data

7 | DO Data Bus 0

8 |Di Data Bus 1

9 | D2 Data Bus 2
10 | D3 Data Bus 3
11 | D4 Data Bus 4
12 | DS Data Bus §
13 | D6 Data Bus 6
14 1 D7 Data Bus 7
15 | Anoda (Kabel coklat untuk LCD Hitachi) | Tegangan positif backlight
16 | Katoda (Kabel merah untuk LCD Hitachi) | Tegangan negatif backlight

DELTA ELECTRONIC
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Gambar 3 Gambar 4
Pin Out M1632 LCD Hitachi Pin Qut LCD M1632 Standard

Register

HD44780, mempunyai dua buah Register yang aksesnya diatur dengan menggunakan kaki
Pada saat RS berlogika 0, maka register yang diakses adalah Register Perintah dan pada saat RS berlog
1, maka register yang diakses adalah Register Data

Register Perintah
Register ini adalah register di mana perintah-perintah dari mikrokontroler ke HD44780 pada :
proses penulisan data atau tempat status dari HD44780 dapat dibaca pada saat pembacaan data.

Penulisan Data ke Register Perintah

Penulisan data ke Register Perintah dilakukan dengan tujuan mengatur tampilan LCD, inisiali
dan mengatur Address Counter maupun Address Data. Gambar 5 menunjukkan proses penulisan data
register perintah dengan menggunakan mode 4 bit interface. Kondisi RS berlogika 0 menunjukkan ab
data ke Register Perintah. RW berlogika 0 yang menunjukkan proses penulisan data akan dilakukan. Nit
tinggi (bit 7 sampai bit 4) terlebih dahulu dikirimkan dengan diawali pulsa logika 1 pada E Clc
Kemudian Nibble rendah (bit 3 sampai bit 0) dikirimkan dengan diawali pulsa logika 1 pada E Clock i
Untuk mode 8 bit interface, proses penufisan dapat langsung dilakukan secara 8 bit (bit 7 ... bit 0)
diawali sebuah pulsa logika 1 pada E Clock.

Wl |
B el
e /S S\
c8s (Cme Rz X XL
o5 (_ms (R X XAcH)
o84 ke X Re X XAcA)
Gambar 5
Timing diagram Penulisan Data ke Register Perintah Mode 4 bit Interface
Tabel 1
Perintah-perintah M1632
Perintah D7|D6 |DS |[D4 [D3 | D2 | DI | DO | Deskrpsi
[ Hapus Display 0| o [ ] 0 0 0 1| Hapus Display dan DDRAM
Posisi Awal 0 0 0 0 0 o 1 X Set Alamat DDRAM di 0
Set Mode 0 1] 0 0 0 1 /D s Atur arah pergeseran cursor dan displ
DELTA ELECTRONIC
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Display On/OFF [] 0 [} 0 1 D B | Awr display (D) On/OFF, cursor
ON/OFF, Blinking (B)

Geser [ [ 0 ] S/C | RIL X Geser Cursor atgu display tenps men
Cursor/Display slamat DDRAM

Set Fungst [] [] 1 DL N F X | Atr pamjang datn, jumlsh baris

i, dan font karakter

Set Alamat | 0 1 ACG | ACG | ACG | ACG | ACG | ACG | Data dapat dibacs ztau dimlis set
CGRAM slamat diater

Set Alamat | | | ADD | ADD | ADD | ADD | ADD | ADD | ADD | Data dapat dibaca atau ditulis set
DDRAM alamat distur

X = diabaikan

/D 1=Increment, 0=Decrement

S 0=Display tidak geser

S/C 1=Display Shift, 0=Geser Cursor
R/L 1=Geser Kiri, 0=Geser Kanan
DL 1=8 bit, 0=4bit

N 1=2 baris, 01 baris

F 1=5x10, 0=5x8

D 0=Display OFF, 1=Display ON

C 0=Cursor OFF, 1=Cursor ON

B 0=Blinking OFF, 1=Blinking ON

Pembacaan Data dari Register Perintah

Proses pembacaan data pada register perintzh biasa digunakan untuk melihat status busy dari L
atay membaca Address Counter. RS diatur pada logika 0 untuk akses ke Register Perinteh, R/'W diatur p
logika 1 yang menunjukkan proses pembacaan data. 4 bit nibble tinggi dibaca dengan diawali pulsa log
1 pada E Clock dan kemudian 4 bit nibble rendah dibaca dengan diawali pulsa logika 1 pada E Ck
Untuk Mode 8 bit interface, pembacaan 8 bit (nibble tinggi dan rendsh) dilakukan sekaligus dengan diav
sebuah pulsa logika 1 pada E Clock.

s o/
w /S

oa4 Xacax " (acoX

Gambar 6
Timing Diagram Pembacaan Register Perintah Mode 4 bit Interface

Register Data

Register ini adalah register di mana mikrokentroler dapat menuliskan atau membaca data ke ¢
dari DDRAM. Penulisan data pada register ini akan menempatkan data tersebut ke DDRAM sesuai den;
alamat yang telah diatur sebelumnya

Penulisan Data ke Register Data

Penulisan data pada Register Data dilakukan untuk mengirimkan data yang akan ditampilkan pas
LCD. Proses diawali dengan adanya logika 1 pada RS yang menunjukkan akses ke Register Data, kondisi
R/W diatur pada logika 0 yang menunjukkan proses penulisan data. Data 4 bit nibble tinggi (bit 7 hingga

DELTA ELECTRONIC
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bit 4) dikirim dengan diawali pulsa logika 1 pada sinyal E Clock dan kemudizn diikuti 4 bit nibble rendah
(bit 3 hingga bit 0) yang juga diawali pulsa logike 1 pada sinyal E Clock.

RS

/
A A
VAR VA VAN

Gambar 7
Timing Diagram Peoulisan Data ke Register Data Mode 4 bit Interface

Pembacaan Data dari Register Data

Pembacazn data dari Register Data dilakukan untuk membaca kembali data yang tampil p
LCD. Proses dilakukan dengan mengatur RS pada logika 1 yang menunjukkan adanya akses ke Regi
Data. Kondisi R’W diatur pada logika tinggi yang menunjukkan adanya proses pembacaan data. Data 4
nibble tinggi (bit 7 hingga bit 4) dibaca dengan diawali adanya pulsa logika 1 pada E Clock dan dilanjut
dengan data 4 bit nibble rendah (bit 3 hingga bit 0) yang juga diawali dengan pulsa logika 1 pada E Clock

rRs

RV /

e _/ N\

087

oss

oa4
Gambar 8

Timing Diagram Pembacaan Data dari Register Data Mode 4 bit Interface

Antar muka LCD dengan mikrokontroter

DELTA ELECTRONIC
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Antar Muka dengan Modul SC-51 atau AT8951

Program

Rutin-rutin Program untuk DST-51 yang diassembly dengan A1 DS atau ASMS 1
Rutin-rutin Program untuk SC-51/AT8951 yang diassembly dengan Al DS atau ASMS |

Datasheet 1144780

DELTA ELECTRONIC
http://www.delta-electronic.com

PO7407 o? wer——
POS/08 08
PD5JD5 D5
. : HITACHI
- D3
- 2 Dz
DST-51 | <45 |
. HD44780
Css E
[41Rw WG !
P2 1480 ¥ 3 RS GND —
Gambar 9
Antar muka dengan Modul DST-51
N
POZ4D7 A 07 A1
POB/DB 71 08
PD5JD5 05
. e HITACHI
3
- Pod D2
SC-51 ot
\ HD44780
P2.7AA E
P2 B4A | Riwy VLGD |
P2.1/88 ' RS - BNIZL—-
Gambar 10
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SERIES 96
Conductive Rubber

FEATURES

= Quality, Economical Keyboards

« Easily Customized Legends

= Matrix Circuitry

= Backlit and Shielded Options
Available

= Termination Mates With Standard
Connectors

« Tactile Feedback to Operator

= 1,000,000 Operations per Button

« Compatible With High Resistance
Legic Inputs

The Series 96 is Grayhill's most economical 3x4
and 4x4 keypad family. The contact system
utilizes conductive rubber to mate the
appropriate PC board traces. Offered in matrix
circuitry, with shielded and backlit options. Built
with quality component parts, the Series 96 is
subjected to our rigid statistical process control
to insure that it meets our reliability standards.

DIMENSIONS In inches (and millimeters)

3x4 Front Mount Keyboard Standard Versions Shielded/Backlit Versions
030 340+ .015 340 £ .015
2000£ 015 __ (0.76) [ (8,64 £0,38) (ors) (8,64 £ 0,38)
= (50,8 0,38) |
le-t— -500
(12,7) +t 0252 .002 it 025 % .002
| 1000 450 3.1 R. (osuoos) sQ.PIN (054*005) 5Q. PIN
(254) 4 CORNERS
500
(20 i _
[ 600 FpE=-
-] t (15.24) 1
[ E =
12, 2.700
BB EH"| 150 508 E
38,1) (68.
L ‘ ‘ e 038) |
1
T
| (25.4) | -
\_ SWITCH POSITION 075 (1,91)
IDENTIFICATION BUTTON
HEIGHT
FREIT | .308 (7,82) SQ.
BANEL BUTTON 12PLS. 020 {0.51)
HIGH
MOUNT 1.700 125
BUTTON
cuTouT
]“ (43, 13)*! {3.18) GUARD 1 1o 100 (2.54) REF. & .100 (2.54) REF.
T FQ —| =250 (8,35) TERMINAL TER*T%ER
4PLS. FIN HEADER PIN
5 “'57’ R | l=— 200 (5.08) TERMINAL PIN
2PLS. 200 {5 TERMINAL PIN
onds / IDENTIFICATION # JOENTIEISATION
1 1 71654321 i 8765432 1
195 (3.18) MAXIMUM EEEEEEE O oooaoeoeeoe
L PANGL THICKNESS P = s00@syve. I = |~ 100 250 TYP.
7" RECOMMENDED 098 (2,49) 1098 (2,49)
.125/(3,18) DIA. REF. TERMINAL REF. TERMINAL
2PLS. PIN HEADER PIN HEADER

Grayhill, Inc. - 561 Hiligrove Avenue « LaGrange, Hlinois 60525-5997 « USA - Phone: 708-354-1040 « Fax: 708-354-2820 - www.grayhill.com
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DIMENSIONS In inches (and millimeters)

3x4 Rear Mount Keyboard Standard Versions Shielded/Backlit Versions
030 _ 340+ .015 030 _ 340+ 015
L 2200£.015__, 0.76) [(8.64+0,38) (0.76) [ (864 0,38)
"~ (5588038) " | 150 (3,81)R.
|- 2.000 {50,8) = 4 PLS.
b 025 £ .002 [ et 025 £ .002 ]
Hemmi- 600 (15,24) 750 (0,64 + 0,05) SQ. PIN (0.64 +0,05) SQ. PIN
s e {en| 0 1 |/ ;190
TS : s 600 (15.24]-.._.]..._>?_.7oo (1'7.7&) 1.100 (27,94)_;__. 500 (112,7)
, = r )\ P_ fe i & A \“
7 i
2, o | E e e
000 . (12.7)
~005 (15,11) HEE 1 1,500
oo = @38,1)
-0,13 12
b 3 B4
{ (25.4)
495 (12,57) —==] N—sw. POS. e
Tl = i TE
- =~ 2 12)- - : 4PLS.
”;ff#,%‘?; 3.000 £ .015 — | .075 (1,91) glﬁ f&fi_sé
(76,2 + 0,38) =3 : ) )
12 PLS. BUTTON
1.990 + .000 -.005 HEIGHT
(5055 +000-0.13) | 490(0,51) 100 (2,54) REF. | j=-100(2,54) REF.
AR - " S5l HIGH TERMINAL TERMINAL
PANEL i (1.27) BUTTON PIN HEADER PIN HEADER
MOUNT GUARD TERMINAL PIN
CUTOUT 150 +.000 IDEEF::#"I':?(I:-ATI?JN IDENTIFICATION
—005R. g
1 j_7654321 | A 8765432 1
2800 |  (381+0.00 | 2700 oaooeoo 500006000600,
(T12)|  -0.13) (68,58)
4PLS, e roesymve. | |~ 100 254 TYP.
062 (1,57) MAXIMUM 098 (2.49) 098 (2.49)
PANEL THICKNESS REF. TERMINAL REF. TERMINAL
RECOMMENDED PIN HEADER PIN HEADER
093 (2,36) DIA., 4 PLS. OR
2-56 X 250 (6,35) LONG STUD
4x4 Front Mount Keyboard Standard Versions Shielded/Backlit Versions
030 0 .030 340
2.500 +.015 .76} | =.015 076} [ +.015
(63,5 0,38) (884 (8,64
500 1.500 +0,38) +0,38)
(127 (38,1) -t 025 £ .002 i 0252 .002
| 1000 | 150 (381 R, (0,64 £ 0,05) SQ. PIN (0,644 0,05) SQ. PIN
(25.4) 4 CORNERS 750 1.200 700
5 700 (17,78) rl r
(127) i - = L
ORE T [
?g.q{ 1' 2.700 (3.81)
EE 1500 & o {
= 38,1) (68,
(=109 (] (2 [{’w.aa) [
TH s [
| (25.4) =
\_ sWITCH POSITION 075 (1,91)
IDENTIFICATION BUTTON 100 (2,54) -100 (2,54)
—— 308 (7,82) SQ. HEIGHT DIA. 4 PLS. DIA. 4 PLS,
Ay BUTTON 12 PLS. i‘f’fg}f"ﬁﬂ 2200 150 2.200 150
MOUNT 2200 425 BUTTON (55,88) (3,81 (55,88) (3,81)
cuToUT [~ (5588) {8 GUARD
0
B | Bt i 100 (2,54) REF. " 1100 (2.54) REF.
A 4PLS. TERMINAL TERMINAL
062 (1.57) R. !l 200 5.08) PIN HEADER PN HEADER
PLS. : i TERMINAL PIN
2.400 TERMINAL PIN
(60,96) IDENTIFICATION IDENTIFICATION
t lslzes4a321 1 Mo 87654
.125 (3,18) MAXIMUM EEEEEEEE) eoeeeoeeeoooo
/ . PNEIooESs = |~ 100 @259 TVP. P =100 @say Tve.
1098 (2,49) 038 (2.49)
125/(3.18) DIA. REF, TERMINAL REF. TERMINAL
o PIN HEADER PIN HEADER
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DIMENSIONS In inches (and millimeters)

4x4 Rear Mount Keyboard Standard Versions Shielded/Backlit Versions
030 340 030 _ 340
. 2700£.015 ___, 78| 2.015 o78) [ =.015
(68.58 £ 0,38) 150 (381)R. j.t €5 1) mo
~— 2.500 (63,5} —= TAPLS. +0,38) +0,38)
600 (15,24) 1.500 i 025 £ 002 ] i 025 £ 002 [}
(38.1) -750 (0.64 £ 0,05) SQ. PIN (0,64 £0,05) SQ. PIN
500 (12.7) 1000 | {19,05) o
: (25.4) 650 700 800 (22,86) e 1.200 700 (17.78)
500 (12.7) (16,51) €,1?.?8r| ¥ ' (30,48) ['“'
T ‘ - I T I +
©c o 0o 0 O Qi *d o
2600 I EIE EH sk 200 200
+.000 595 [_,a E (12,7) © © o 0 Ois508) © o _o o olllis08)
~005 (15,11) [} 1,500 o b o o oI5 b o
ee | QEOE @
:30'00 D E @ o o o o o o o
13 13 16 PR G GRATHLL B
* 1.000 o 0o 0 o o o o
. (2594) Il ;8 J i
495 (12,57) —== h— SW. POS. L L g L aBEL \
(zsn el b ::}vmpg;s:zn _'_'Ozgg (;‘g? M 100 (254) R. 100 (2,54) R.
(7.82) 5Q. 3000( 3 '01; ‘075 ((1 'g 1; 093 (2&3:9), 4PLS. gl?of ‘(12 P’J:.Bs). 4PLS.
; A1 — / DIA. 4 PLS. :
g (762 0.38) BUTTON
REAR : 2.490+ .000 -.005 HEIGHT
PANEL (6325 +0,00-013)  __|. .020(0,51) o] |=-100(2,54) REF. ol e -100 (2,54) REF,
MOUNT o HIGH TERMINAL TERMINAL
CUTOUT |=— 2500(635)—~f BUTTON PIN HEADER PIN HEADER
T (121 GUARD
TERMINAL PIN TERMINAL PIN
150 + 000 \DENTIFICATION /' IDENTIFICATION
—005R. !
t 87654321 i o 98765432 1
éf‘,’g) ‘_1"1’3; 020 i 00000000, CEEEEREEEREEER
: Fris &d.38) ' o |~ .100 254 TYP. P < 100@ssmve.
062 (1,57) MAXIMUM 098 (2,49) .098 (2,49)
PANEL THICKNESS REF. TERMINAL REF. TERMINAL
RECOMMENDED PIN HEADER PIN HEADER
.093 (2,36) DIA., 4 PLS. OR
2-56 X .250 (6,35) LONG STUD
CODE AND TRUTH TABLES
Dots in the chart indicate connected terminals when switch is closed.
Terminals are identified on the keyboard.
12 Button Keypads 16 Button Keypads
MATRIX CODES MATRIX CODES
A e Shielded/Backlit Ak Standard Shielded/Baclit
1= . - . Shiolded keypad = Shielded il . . . Shielded keypad = Shielded
ANOED T Backlit keypad = NC FIRD . . . Backiit keypad = NC
=[3 ale ole Shielded and backlit keypad = 3 NED AND Shielded and backlit keypad =
N 0 . . Shielded Za o e ole Shielded
<|5 . a . - i=15]e ° - .
8ls ol |o Nl 11 Shislded keypad = NC G EE . : = T Shielded keypad = NC
=7l = . . Backlit keypad = EL Panel 1 1K . e . . Backlit keypad = EL Panel 1
ATIEC = = = Shielded and backlit keypad = | 2[5 T P = W P 1 and backlit keypad =
E S EEREED =112 EL Panel 1 Slote ~min - EL Pael 1
m |10} e|le . 4 shielded keypad = NG 310 ° . . . 1 s keypad = NC
11} |e s}l 1o . Backiil keypad = EL Panel 2 ix! ‘ . = . Backiit keypad = EL Panel 2
12 ) ] * . Shielded and backlit keypad = 12 J L] L] . Shielded and backiit keypad =
516/7]1]213[4)l6 7|8 [2[3]4l5[1]000} EL Panet2 13]e *ll= s EL Panel 2
TERMINAL LOCATION 141 e ol Ie J
15 - - - °
16 5 . . .
5|6/7/8l112|3la)le(7]sla[z|3l4[s[1]i0f11
TERMINAL LOCATION

Grayhill, Inc. - 561 Hillgrove Avenue - LaGrange, lllinois 60525-5997 + USA - Phone: 708-354-1040 - Fax: 708-354-2820 + www.grayhill.com [o2:]



grayﬁill Standard Keypads

SPECIFICATIONS
Rating Criteria

Rating at 12 Vdc: 5 milliamps for .5 seconds
Contact Bounce: < 12 milliseconds

Contact Resistance: < 100 ohms (at stated
operating force)

Voltage Breakdown: 250 Vac between
components

Mechanical Operation Life: 1,000,000
operations per key

Insulation Resistance: > 10*?ohms @ 500 Vdc
Push Out Force Per Pin: 5 Ibs.

Operating Features

Travel: .040 minimum

Operating Force: 175 + 40 grams
Operating Temperature: -30°C to +80°C

Material and Finishes

Terminal Pin: Phosphor bronze, solder-plated
PC Board: FR-4 glass cloth epoxy

Keypad: Silicone rubber, durometer 50 £ 5
Housing: ABS, cycolac “KJW"

Housing Color: Black

STANDARD LEGENDS

Shielding Effectiveness

Results shown are typical for a standard Grayhill
Series 84S keyboard. A conductive gasket will
generally increase the shielding, depending on
the size and shape of the gasket and its material.
Data derived for E-Field Radiation.

Test Method:

Measurements were made with the keyboard
mounted to a brass plate, which in turn was
mounted to a shielded enclosure containing the
receiving equipment. Asignal generator provided
the frequency source that was radiated from the
transmitting antenna to the enclosed receiving
antenna. The spacing between antennas was
maintained constant throughout the frequency
range. The effectiveness rating is determined
by establishing a reference reading without
obstruction between the two antennas and
determining the difference between that reading
and the test setup reading.

Note:

When measured in actual equipment, shielding
effectiveness is determined by many factors.
This method accurately represents the shielding
effectiveness of the Grayhill Series 84S under
Ideal test conditions.

SHIELDING EFFECTIVENESS OF
dB SERIES 96 E.L. KEYPADS
100
4 ~ -
80
v \
60
-__/\/

40 f—
20

0

01 10 100 400 800 2000 6000 10000 18000

MHz
— - Represents shielding effectiveness
greater than or equal to line.

Frequency Rating
M Hz indB
0.1 2 66.2
10 2948
100 90.5
400 64.2
800 423
2,000 40.5
6,000 331
10,000 344
18,000 37.0

Available through Grayhill Distributors

-102

To order one of the configurations below, use the dash number shown here; select the keypad
size and code, and order the part number with the appropriate legend dash number.

ORDERING INFORMATION

[ —

96AB2-102-FS-EL

L=

Grayhill Series Number
Keyboard Size: A = 3x4, B = 4x4
Circuitry: B2 = Matrix (terminal pin header)

E.L. Panel Backlighting Option

EL = Backlit, Blank = Non-backlit

EMURFI! Shielding Option

S = Shielded, Blank = Non-shielded

Mounting Option: F = Front panel mount, R = Rear panel mount

Standard Legend Cheices

12 Position legends

102 = Black legends on a white button
152 = White legends on a black button
16 Position legends

006 = Black legends on a white button
056 = White legends on a black button

Available from your local Grayhill Distributor.
For prices and discounts, contact a local Sales
Office, anauthorized local Distributor or Grayhill.

c-9

Grayhill, Inc. + 561 Hillgrove Avenue  LaGrange, Winois 60525-5897 - USA - Phone: 708-354-1040 - Fax: 708-354-2820 - www.grayhill.com



T-1/0 B

232-RS5485 Converter merupakan suatu pengubah
‘tegangan dua arah antara R$232/TTL dan RS485. Modul
apat difungsikan sebagai jalur komunikasi antara komputer
mikrokontroler berantarmuka UART RS232 dengan modul
jaringan berantarmuka UART RS485.

ifikasi

\engubah level tegangan RS232 atau TTL menjadi RS485
an sebaliknya.

\engakomodasi baud rate 300 bps hingga 115200 bps.
apat dikonfigurasi sebagai DCE (Data Communication
quipment) atau DTE (Data Terminal Equipment).

rah data pada jalur RS485 dapat dikendalikan secara
anual (sisi R$232/TTL menggunakan 2 jalur data dan 1 jalur
sntrol) ataupun otomatis (sisi R$232/TTL hanya menggunakan
jalur data).

srsedia pengaturan bias+, terminator dan bias- untuk jalur
S485.

\embutuhkan tegangan + 9YDC sebagai catu daya.

Letak & Pengaiuran Jumper

(Bone 1500 1000 o3[7] -&]-
3 C3 CAac3 m&:nlmUO m:nrr@@
— 7 e (B AD;}&M {rour /25
R R
L, SO P
2 ‘i:M!';)nfcq ra:égismEl B 1o
" c n2c7 ot

BND _+5UDC

L5l U%%a 1H4002
m% 05 12U Q‘ZZD.H BEDDFJ"
— of

N4148  10nF i
ol ssagse 12
100nF Jizau

3
220w 2
2200 2200H nn1514 1

— s

») = .t HH i (®)

R0 100R/0.25H gNp D- D+ Bras- T Baas+

an pin konektor RJ12 (Female) :

654321
Alokasi RJ12 (J1)
Pin Nama Fungsi
1 CTS Pengendali arah data
2 RTS (tergantung jumper J5 & J8)
3 COM Jalur Referensi Ground
4 XD Jalur data keluar/masuk
(tergantung jumper J3, J4,
5 RXD J9 & J10)
6 DSR Tidak digunakan
Alokasi RJ12 (J18)
Pin Nama Fungsi
1 cOoM Jalur Referensi
2 B Jalur B RS485
3 D-
4 D+
5 D+ Jalur A RS485
6 COM Jalur Referensi
Alokasi J2 Alokasi J17
TTLOUT TTLCTRL D-
nz
1
GND TTLIN GND D+

Konfigurasi J3, J4 dan J5 (R5232)

Pin RXD (J1) digunakan sebagai jalur
data keluar dari modul ini (DCE)

Pin TXD (J1) digunakan sebagai jalur
data keluar dari modul ini (DTE)

Pin TXD (J1) digunakan sebagai jalur
data masuk ke modul ini (DCE)

Pin RXD (J1) digunakan sebagai jalur
data masuk ke modul ini (DTE)

Pin RTS (J1) digunakan untuk
mengendalikan arah data (DCE)

Pin CTS (J1) digunakan untuk
mengendalikan arah data (DTE)
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Konfigurasi J8, J9 dan J10

Pin TTLCTRL (J2) digunakan untuk
mengendalikan arah data

Pin CTS atau RTS (J1) digunakan untuk
mengendalikan arah data (terganfung
jumper J5)

Pin TTLOUT (J2) digunakan sebagai jalur
data keluar dari modul ini

Pin RXD atau TXD (J1) digunakan

1 @ () O)]|19 | sebagai jalur data keluar dari modul
ini (tergantung jumper J3)

Pin TTLIN (J2) digunakan sebagai jalur
data masuk ke modul ini

Pin TXD atau RXD (J1) digunakan

()] 110 | sebagai jalur data masuk ke modul ini
(tergantung jumper J4)
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%

Konfigurasi J13

ife][eme)
Arah data ckan dikendalikan secara
1 [’!m 113] stomatis (tanpa memperhatikan posisi

jumper J5 dan J8)

Arah data dikendalikan secara manual
i @ O Ojj 13 (tergantung jumper 15 dan J8)

lika J13 berada pada posisi 1-2, maka salah satu jumper J11
atav J12 harus terpasang (tidak boleh terpasang keduanya).
111 terpasang : untuk baud rate 219200 bps

J12 terpasang : untuk baud rate < 9600 bps

Jumper J14, J15, dan J16 digunakan sebagai bias dan terminator.
Dalam satu jaringan, hanya boleh terdapat satu bias +, satu bias
-, dan 2 terminator (masing-masing di kedua vjung jaringan).
114 terpasang : D+ (J17 dan J18) terhubung ke bias+

J15 terpasang  : D+ dan D- (J17 dan J18) dihubungkan oleh
terminator
J1é terpasang  : D- (J17 dan J18) terhubung ke bias-

Konfigurasi kabel serial yang terdapat pada paket penjualan
adalah sebagai berikut (berfungsi sebagai DCE):

COM port RS232-R5485
Komputer DB9 Converier (J1)
RX (pin2) RX (pin5)
TX (pin3) TX (pin4)
GND (pin5) GND (pin3)
RTS (pin7) RTS (pin2)

® Terima Kasih atas kepercayaan Anda menggunakan produk
kami, bila ada kesulitan, pertanyaan atau saran mengenai
produk ini silahkan menghubungi technical support kami :

support@innovativeelectronics.com
¥, N A I T R N R R T S TR A Ty
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unit Unitl;
interface

uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, ExtCtrls, StdCtrls, Grids, DBGrids, OleCtrls, MSCommLib_TLB,
Crystal_TLB, DB, ADODB, Buttons, Menus;

type

RMenu = Record
No_Menu:string;
NamaMenu:string;
Golongan:string;
Harga:Real;

end;

RPesanan = Record
No_Pesan: string;
Tgl_Pesan: string;
No_Megja: string;
Total: string;

end;

RItem_Pesanan = Record
No_ItemPesan:string;
No_Pesan:string;
No_Menu:string;
Harga:string;
Jumlah:string;
SubTotal:string;

end;

TForm1 = class(TForm)
MSComm1: TMSComm;
Labell: TLabel;
Timerl: TTimer;
Label2: TLabel;
LTanggal: TLabel;
Label3: TLabel;
Tx(NoMejal: TEdit;
Label4: TLabel;
Label5: TLabel;
TxtNoPesananl1: TEdit;
TxtNoMeja2: TEdit;
TxtNoPesanan2: TEdit;
Label6: TLabel;
TxtTotall: TStaticText;
Label7: TLabel;



TxtTotal2: TStaticText;
Tabell: TStringGrid;
Tabel2: TStringGrid;
CRI1: TCrystalReport;
AdoConn: TADOConnection;
Search: TADOQuery;
CmdSavel: TBitBtn;
CmdSave2: TBitBtn;
Timer2: TTimer;
MainMenul: TMainMenu;
SettingMenul: TMenultem;
Exitl: TMenultem;
procedure Timer1 Timer(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure CmdSavelClick(Sender: TObject);
procedure CmdSave2Click(Sender: TObject);
procedure Timer2Timer(Sender: TObject);
procedure Exit1Click(Sender: TObject);
procedure SettingMenulClick(Sender: TObject);
private
{ Private declarations }
No_Meja,Nol,No2,a:byte;
Stat_Tabel:Boolean;
Wkt, Wkt2:integer;
buffer,Buffer]:string;
Sqlcmd: string;
Menu:Rmenu;
Item_Pesanan:RItem_Pesanan;
Pesanan:RPesanan;
Array Menu:array[1..25]of integer;
public
{ Public declarations }
Procedure Atur_Tabel(Tabel: TStringGrid);
Procedure Setting_Awal1;
Procedure Setting_Awal2;
Procedure Setting_Awal;
Function Find Menu(No_Menu: string):boolean;
Function Find_Tabel(Tabel: TStringGrid;No:byte;No_Menu:String):Boolean;
Function Hitung_Total(Tabel: TStringGrid;No:byte):Real;
Function Get_No_Pemesanan1():string;
Function Get_No_Pemesanan2():string;
Procedure Update_StatusMenu;
end;

var
Forml: TForml;



implementation
uses Unit2;

{$R *.dfm}
procedure TForm1.Timer1Timer(Sender: TObject);
var
i:integer;
No_Menu,Juml_Pesan:integer;
begin
case wkt of
1: begin
if not mscomm1.PortOpen then mscomm 1.PortOpen:=true;
mscomm 1.Output:=chr(223+No_Meja);
inc(wkt);
end;
2: begin
Buffer:= MSComm.Input;
If Not (Buffer =") Then
begin
if length(buffer)>=3 then
begin
bufferl:=";
No_Menu:=0;
For i:= 1 To Length(Buffer) do
buffer1:= buffer1+ inttostr(ord(buffer[i]));
For i:=1 to length(bufferl) do
begin
if i mod 3 =1 then
begin
No_Menu:=(strtoint(buffer1 [i])-1) * 5;
end
else if i mod 3=2 then
begin
No_Menu:=No_Menu + strtoint(buffer1[i]);
Menu.No_Menu:= copy('00',1,2-length(inttostr(no_menu))) +
inttostr(no_menu);
if No_Meja=1 then
begin
if txtNoPesanan1.Text =" then
txtNopesanan].text:=Get_No_Pemesananl;
If Find Menu(Menu.No_Menu) then
begin
if not find_Tabel(tabel1,No1,Menu.No_Menu) then
begin



inc(nol);
if No1>1 then Tabell.RowCount:=Tabel1.RowCount+1;
Tabell.Cells[0,No1]:=inttostr(no1);
Tabell.Cells[1,No1]:=Menu.No_Menu;
Tabell.Cells[2,No1]:= menu.NamaMenu;
Tabel1.Cells[3,No1]:= Floattostr(menu.Harga);
end;
end;
end
else
begin
if txtNoPesanan2.Text =" then TxtNoPesanan2.text:=
Get_No_Pemesanan2;
If Find_Menu(Menu.No_Menu) then
begin
if not find_Tabel(tabel2,No2,Menu.No_Menu) then
begin
inc(no2);
if No2>1 then Tabel2.RowCount:=Tabel2.RowCount+1;
Tabel2.Cells[0,No2]:=inttostr(no2);
Tabel2.Cells[1,No2]:=Menu.No_Menu;
Tabel2.Cells[2,No2]:= menu.NamaMenu;
Tabel2.Cells[3,No02]:= Floattostr(menu.Harga);
end;
end;
end;
end
else if i mod 3= 0 then
begin
Juml_Pesan:= strtoint(buffer1[i]);
if No_Meja=1 then
begin
if stat_Tabel then
begin
Nol:=a;
tabel1.Cells[4,No1]:=inttostr(strtoint(tabel 1.Cells[4,No1]) +
Juml_pesan);
end
else
tabel 1.Cells[4,No1]:=inttostr(Juml_pesan);
tabel1.Cells[5,No1]:=Floattostr(strtofloat(tabel1.Cells[3,No1])*
strtofloat(tabell.Cells[4,No1]));
Nol:=tabell .RowCount-1;
txttotal 1.Caption:=floattostr(Hitung_Total(Tabell,No1));
end
else



begin
if stat_Tabel then
begin
No2:=a;
tabel2.Cells[4,No2]:=inttostr(strtoint(tabel2.Cells[4,No2]) +
Juml_pesan);
end
else
tabel2.Cells[4,No2]:=inttostr(Juml_pesan);
tabel2.Cells[5,No2]:=Floattostr(strtofloat(tabel2.Cells[3,No2])*
strtofloat(tabel2.Cells[4,No2]));
No2:=tabel2.RowCount-1;
txttotal2.Caption:=floattostr(Hitung_Total(Tabel2,No2));
end;
end;
end;
end;
end;
wkt=1;
if No_Meja =1 then No_Meja:=2
else No_Meja:=1;
end;
end;
end;

procedure TForm1.FormCreate(Sender: TObject);

begin
AdoConn.Open;
if not(Mscomm1.PortOpen) then Mscomm1.PortOpen:=True;
setting_awal;

end;

procedure TForm1.Atur_Tabel(Tabel: TStringGrid);

var
i:byte;

begin
Tabel.ColCount:=6;
Tabel.RowCount:=2;
For i:=0 to tabel.ColCount-1 do

Tabel.Cells[i,1}:=";

Tabel.cells[0,0]:='No';
Tabel.cells[1,0]:=No Menu'";
Tabel.cells[2,0]:='Nama Menu';
Tabel.Col Widths[2]:=110;
Tabel.cells[3,0]:='Harga’;
Tabel.cells[4,0]:='Jumlah';



Tabel.cells[5,0]:='Sub Total';
end;

procedure TForm1.Setting_ Awall;

begin
Nol:=0;
TxtNoPesanan1.Text:=";
TxtNoMejal.Text:="01";
TxtNoPesanan | .Enabled:=false;
TxtNoMejal .Enabled:=false;
Txttotal1.Caption:=";
Atur_tabel(tabell);

end;

function TForm1.Find_Menu(No_Menu: string): boolean;
begin
Find_Menu:=False;
with search do
begin
if not (trim(No_Menu)=") then
begin
Sqlcmd:= 'Select NamaMenu,Harga From Menu Where No_Menu=""+ No_Menu
+"l l;
close;
sql.Clear;
sql.Add(sqlcmd);
open;
if not (isempty) then
begin
Find_Menu:=True;
Menu.NamaMenu:= Fieldbyname('NamaMenu').AsString;
Menu.Harga:= Fieldbyname("Harga").AsCurrency;
end;
end;
end;
end;

function TForm1.Find_Tabel(Tabel: TStringGrid;No:byte;No_Menu:string): Boolean;
Var

izinteger;
begin

Find_Tabel:= False;

Stat_Tabel:= False;

Fori:==1To Nodo

begin

If Tabel.Cells[1, i] = No_Menu Then



begin
Find_Tabel:= True;
Stat_Tabel:= True;
break;
end;
end;
a:=i;
end;

function TForm1.Hitung_Total(Tabel: TStringGrid; No: byte): Real;
Var
i:byte;
Total:real;
begin
Total:=0;
For i:=1 to No do
Total:=Total + Strtofloat(Tabel.Cells[5,i]);
Hitung_Total:=Total;
end;

function TForm1.Get_No_Pemesanan|: string;
Var
Temp:string;
begin
Get_No_Pemesananl:=";
Temp:=Formatdatetime('yyMMdd',date);
with search do
begin
Sqlemd:= 'Select Top 1 No_Pesan From Pesanan Where No_Pesan like "'+ Temp
+'%" order by No_Pesan desc ';
close;
sql.Clear;
sql.Add(sqlcmd);
open;
if not (isempty) then
begin
if txtnoPesanan2.Text =" then
Get_No_Pemesanan1:=Temp + copy('0000',1,4-
length(Floattostr(strtofloat(copy(Fieldbyname('No_Pesan').AsString,7,4))+1)))+
Floattostr(strtofloat(copy(Fieldbyname('No_Pesan').AsString,7,4))+1)
else
Get_No_Pemesanan1:=Temp + copy('0000',1,4-
length(Floattostr(strtofloat(copy(Fieldbyname('No_Pesan").AsString,7,4))+2)))+
Floattostr(strtofloat(copy(Fieldbyname('No_Pesan’). AsString,7,4))+2);
end
else



begin
if txtnoPesanan2.Text =" then
Get_No_Pemesanan1:=Temp + '0001'
else
Get_No_Pemesanan1:=Temp + '0002';
end;
end;
end;

function TForm1.Get No_Pemesanan?2: string;
Var
Temp:string;
begin
Get_No_Pemesanan2:=";
Temp:=Formatdatetime('yyMMdd',date);
with search do
begin
Sqlemd:= 'Select Top 1 No_Pesan From Pesanan Where No_Pesan like "'+ Temp
+'%" order by No_Pesan desc ';
close;
sql.Clear;
sql.Add(sqlcmd);
open;
if not (isempty) then
begin
if txtnoPesanan1.Text =" then
Get_No_Pemesanan2:=Temp + copy('0000',1,4-
length(Floattostr(strtofloat(copy(Fieldbyname('No_Pesan').AsString,7,4))+1)))+
Floattostr(strtofloat(copy(Fieldbyname('No_Pesan'). AsString,7,4))+1)
else
Get_No_Pemesanan2:=Temp + copy('06000',1,4-
length(Floattostr(strtofloat(copy(Fieldbyname('No_Pesan').AsString,7,4))+2)))+
Floattostr(strtofloat(copy(Fieldbyname("No_Pesan').AsString,7,4))+2)
end
else
begin
if txtnoPesanan1.Text =" then
Get_No_Pemesanan2:=Temp + '0001’
else
Get_No_Pemesanan2:=Temp + '0002";
end

end;

end;



procedure TForm1.CmdSavelClick(Sender: TObject);
Var
icinteger;
begin
adoconn.BeginTrans;
With Pesanan do
begin
No_Pesan:=txtnoPesanan1.Text;
Tgl_Pesan:=Ltanggal.Caption;
No_Meja:=txtnomejal.Text;
Total:=txttotal 1.Caption;
sqlcmd:= 'INSERT INTO PESANAN VALUES("'+ No_Pesan +","'+ tgl_Pesan +",

LI No_Meja +l",l 4 Total +t) r;
adoconn.Execute(sqicmd);
end;
With Item_Pesanan do
begin
For i:==1 to Nol do
begin
No_ItemPesan:=Pesanan.No_Pesan + copy('00',1,2-length(inttostr(i))) +
inttostr(i);
No_Pesan:=Pesanan.No_Pesan;
No_Menu:=Tabell .Cells[1,i];
Harga:= Tabell.Cells[3,i];
Jumlah:=Tabell.Cells[4,i];
SubTotal:=Tabell.Cells[5,i];
sqlcmd:='INSERT INTO ITEM_PESANAN VALUES("+ No_ItemPesan +","+
No_Pesan +", '+
"™+ No_Menu +",'+ Harga +','+ Jumlah +,'+ SubTotal +') ’;
adoconn.Execute(sqlcmd);
end;
end;
adoconn.CommitTrans;
CR1.ReportFileName:= 'report1.rpt’;
CR1.SelectionFormula:='{Pesanan.No_Pesan}=""+ Pesanan.No_Pesan +"';
CR1.Action:=1;
Setting_Awall;
end;

procedure TF orm1.CmdSave2Click(Sender: TObject);
Var

i:integer;
begin

adoconn.BeginTrans;

With Pesanan do



begin
No_Pesan:=txtnoPesanan2.Text;
Tgl_Pesan:=Ltanggal.Caption;
No_Meja:=txtnomeja2.Text;
Total:=txttotal2.Caption;
sqlcmd:='TNSERT INTO PESANAN VALUES("'+ No_Pesan +","+ tgl_Pesan +",
'+
e No_Meja +"l,l + TOta.l +v) l;
adoconn.Execute(sqlcmd);
end;
With Item_Pesanan do
begin
For i:=1 to No2 do
begin
No_ItemPesan:=Pesanan.No_Pesan + copy('00',1,2-length(inttostr(i))) +
inttostr(i);
No_Pesan:=Pesanan.No_Pesan;
No_Menu:=Tabel2.Cells[1,i];
Harga:= Tabel2.Cells[3,i];
Jumiah:=Tabel2.Cells[4,i];
SubTotal:=Tabel2.Cells[5,i];
sqlemd:='INSERT INTO ITEM_PESANAN VALUES("+ No_ItemPesan +","+
No_Pesan +", ' +
'+ No_Menu +",'+ Harga +','+ Jumlah +',+ SubTotal +') ;
adoconn.Execute(sqlcmd);
end;
end;
adoconn.CommitTrans;
CR1.ReportFileName:= 'reportl.rpt';
CR1.SelectionFormula:='{Pesanan.No_Pesan}=""+ Pesanan.No_Pesan +" ';
CR1.Action:=1;
Setting_Awal2;
end;

procedure TForm1.Update_StatusMenu;
Var
Temp:string;
i:integer;
begin
Fori:=1to 25 do
Array_Menu[i]:=1;
with search do
begin
sqlcmd:='Select Top 1 * From Menu order by No_Menu';
close;
sql.Clear;



sql.Add(sqlcmd);
open;
i=1;
While not (isempty) do
begin
Temp:=Fieldbyname('No_Menu').AsString;
if FieldbyName('Status').AsBoolean then
array_Menufi]:=1
else
array_Menu[i]:=2;
sqlemd:='Select Top 1 * From Menu Where No_Menu > "'+ Temp +" order by
No_Menu';
close;
sql.Clear;
sql.Add(sqlcmd);
open;
inc(i);
end;
Wkit2:=1;
Timer2.enabled:=True;
end;
end;

procedure TForm1.Timer2Timer(Sender: TObject);
Var
Buf,i:integer;
begin
case wkt2 of
1: begin
if not mscomm1.PortOpen then mscomm|.PortOpen:=true;
mscomm 1.Output:= chr(239+no_meja);
inc(wkt2);
end;
2: begin
buf:=0;
buffer:=mscomm 1.Input;
If Not (Buffer =") Then
begin
For i:= 1 To Length(Buffer) do
buf:= ord(buffer[i]);
if buf=255 then
begin
For i:=1 to 25 do
begin
mscomm 1.Output:=chr(array_menu[i]);
sleep(50);



end;

if No_Meja=2 then

begin
timer2.Enabled:=false;
wkt:=1;
mscomm | .PortOpen:=false;
timer1.Enabled:=true;

end

else

begin
Wkt2:=1;
inc(No_Meja);

end;

end;
end;
end;
end;
end;

procedure TForm1.Exitl Click(Sender: TObject);
begin

close;
end;

procedure TForm1.SettingMenu! Click(Sender: TObject);
begin

timer1.Enabled:=false;

timer2.Enabled:=false;

Form1.Hide;

Form2.show;
end;

procedure TForm1.Setting_Awal;
begin
No_Meja:=1;
wkt:=1;
Wkt2:=1;
Setting_awall;
Setting_awal2;
Ltanggal.Caption :=formatdatetime('dd/MM/yyyy',date);
Timer] .Enabled:=false;
Timer2.Enabled:=false;
update_StatusMenu;
end;

procedure TForm1.Setting_Awal2;



begin
No2:=0;
TxtNoPesanan2.Text:=";
TxtNoMeja2.Text:='02";
TxtNoPesanan2.Enabled:=false;
TxtNoMeja2.Enabled:=false;
Txttotal2.Caption:=";
update_StatusMenu;
Atur_tabel(tabel2);

end;

end.
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reset LCD
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selector RS485 -> TX/RX
status menu

pesan master menu
pesan sub menu
pesan jumlah menu



init:

mulai:

mamenus:

mamenO:

mamenl:

Dlyl
Dly2

lcall
lcall
lcall
lcall
mov
mov

mov
lcall
mov
lcall
mov
lcall
mov
lcall
lcall
mov
lcall
mov
lcall
mov
lcall
mov
lcall
lcall

mov
lcall
mov
lcall
nov
lcall
mov
lcall
mov
lcall
lcall
mov
lcall
mov
lcall
mov
lcall
lcall
1jmp

mnov
lcall
mov
lcall
cjne
mov
cjne
mov

Equ 62h
Equ 63h

led _in
srl_in
stsmnu
rstpsn
R5, #0
R7, #0FFh

DPTR, f#nama
linel
Hurf, #16
tulis
DPTR, #nim
line2
Hurf, #16
tulis
delay2
DPTR, #jurs
linel
Hurf, #16
tulis
DPTR, #univ
line2
Hurf, #16
tulis
delay2

DPTR, #judull
linel

Hurf, #16
tulis

DPTR, #judul2
line2

Hurf, #16
tulis

DPTR, #judul3
delay3

linel

Hurf, #16
tulis

DPTR, #juduld
line2

Hurf, #16
tulis

delay3

loop

DPTR, #tmamnu
linel

Hurf, #16
tulis

R1l, #1,mamenl
DPTR, #tmamnO
R1, #2, mamen2
DPTR, #trmamnl

Ne Ne We Ve N N

inisialisasi LCD
inisialisasi serial
reset status menu
reset pesan menu
reset jumlah pesan
reset request data



mamen2: cjne R1, #3, mamen3

mov DPTR, #tmamn2
mamen3: cjne R1, #4,mamen4

mov DPTR, #tmamn3
mamend: cjne R1, #5, mamen5

mov DPTR, #itmamn4
mamen5: lcall line2

mov Hurf, #16

lcall tulis
1call tg_lps
mamen6: lcall scnkpd

cjne RO, #15, mamen8
dec R1
cjne R1, #0, mamen?
nov R1, #1
mamen7: ljmp mamen0
mamen8: cjne RO, #16, mamenA
inc Rl
cjne R1, #6,mamen9
mov R1, #5
mamen9%: 1ljmp mamenO
mamenA: cjne RO, #11, mamenB
mov SP, #07h
mov R7, #0FFh
1jmp loop
mamenB: cjne RO, #12, mamené
sbmen0: cjne R1, #1, sbmenl
mov DPTR, #tmamn0
sbmenl: cjne R1, #2, sbmen2
mov DPTR, #tmamnl
sbmen2: cjne R1, #3, sbmen3
mov DPTR, #tmamn2
sbmen3: cjne R1, #4, sbmend
mov DPTR, #tmamn3
sbmen4: cjne R1, #5, sbmenb
mov DPTR, #tmamn4
sbmen5: lcall linel
mov Hurf, #16
lcall tulis
mov R2,#1
sbmen6: cjne R1, #1, sbmen?7
sbmn00: cjne R2, #1, sbmn01
mov R3, Sm00 FAN
admn00: cjne R3, #1, tdmn00 ; | cek status menu 1
mov DPTR, #tsmn00 ; | ada / tidak
tdmn00: cjne R3, #2, sbmn01 P
mov DPTR, #mnkosg 3/
sbmn0l: cjne R2, #2, sbmn02
mov R3,Sm01 s\
admn0l: cjne R3, #1, tdmn0l ; | cek status menu 2
mov DPTR, #tsmn01 : | ada / tidak
tdmnO0l: cjne R3, #2, sbmn02 ;|
mov DPTR, #mnkosg 2/
sbmn02: cjne R2, #3, sbmn03
mov R3, Sm02 7\



admn02:
tdmn02:
sbmn03:
admn03:
tdmn03:
sbmn04:
admn04:
tdmn04:
sbmn05:

sbmen7:
sbmnl0:

admnl0:
tdmnl0:
sbmnll:
admnll:
tdmnll:
sbmnl2:
admnl2:
tdmnl2:
sbmnl3:
admnl3:
tdmnl3:
sbmnld:
admnlé:
tdmnl4:
sbmnl5:

sbmen8:
sbmn20:

admn20:

tdmn20:

cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
1jmp

cjne
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cine
mov
cjne
mov
cjne
mov
1jmp

cjne
cjne
mov
cjne
mov
cjne

R3, #1, tdmn02
DPTR, #tsmn02
R3, #2, sbmn03
DPTR, #mnkosg
R2, #4, sbmn04
R3,Sm03

R3, #1, tdmn03
DPTR, #tsmn03
R3, #2, sbmn04
DPTR, #mnkosg
R2, #5, sbmn05
R3, Sm04

R3, #1, tdmn04
DPTR, #tsmn04
R3, #2, sbmn05
DPTR, #mnkosg
sbmenB

R1, #2, sbmen8
R2, #1, sbmnll
R3,Sm05

R3, #1, tdmnl0
DPTR, #tsmnl0
R3, #2, sbmnl]
DPTR, #mnkosg
R2, #2,sbmnl2
R3,Sm06

R3, #1,tdmnil
DPTR, #tsmnll
R3, #2, sbmnl2
DPTR, #mnkosg
R2, #3, sbmnl3
R3,Sm07

R3, #1, tdmnl2
DPTR, #tsmnl2
R3,#2,sbmnl3
DPTR, #mnkosg
R2, #4,sbmnl4
R3,Sm08

R3, #1, tdmnl13
DPTR, #tsmnl3
R3, #2, sbmnl4
DPTR, #mnkosg
R2, #5, sbmnl5
R3,Sm09

R3, #1, tdmnl4
DPTR, #tsmnl4
R3, #2, sbmnl5
DPTR, #mnkosg
sbmenB

R1, #3, sbmen9
R2, #1, sbmn21
R3,Sml0

R3,#1, tdmn20
DPTR, #tsmn20
R3, #2,sbmn21
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cek
ada

cek
ada

cek
ada

cek
ada

cek
ada

cek
ada

cek
ada

cek
ada

cek
ada

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak
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sbmn21:
admn21:
tdmn21:
sbmn22:
admn22:
tdmn22:
sbmn23:
admn23:
tdmn23:
sbmn24:
admn24:
tdmn24:
sbmn25:

sbmen9:
sbmn30:

admn30:
tdmn30:
sbmn31:
admn31:
tdmn31:
sbmn32:
admn32:
tdmn32:
sbmn33:
admn33:
tdmn33:
sbmn34:
admn34:

tdmn34:

mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
1jmp

cjne
cjne
mov
cine
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne

DPTR, #mnkosg
R2, #2,sbmn22
R3,Smll

R3, #1, tdmn21
DPTR, #tsmn21
R3, #2,sbmn22
DPTR, #mnkosg
R2, #3,sbmn23
R3,Sml2

R3, #1,tdmn22
DPTR, f#tsmn22
R3, #2,sbmn23
DPTR, #mnkosg
R2, #4, sbmn24
R3,Sml13

R3, #1, tdmn23
DPTR, #tsmn23
R3, #2, sbmn24
DPTR, #mnkosg
R2, #5, sbmn25
R3,Sml14

R3, #1, tdmn24
DPTR, #tsmn24
R3, #2,sbmn25
DPTR, #mnkosg
sbmenB

R1l, #4, sbmenA
R2, #1,sbmn31
R3,Sml5

R3, #1, tdmn30
DPTR, #tsmn30
R3, #2, sbmn31
DPTR, #imnkosg
R2, #2,sbmn32
R3,Smlé6

R3, #1, tdmn31
DPTR, #tsmn31
R3, #2, sbmn32
DPTR, #mnkosg
R2, #3,sbmn33
R3,Sml7

R3, #1, tdmn32
DPTR, #tsmn32
R3, #2,sbmn33
DPTR, #fmnkosg
R2, #4, sbmn34
R3,Sml8

R3, #1, tdmn33
DPTR, #tsmn33
R3, #2, sbmn34
DPTR, #mnkosg
R2, #5, sbmn35
R3,Sml9

R3, #1, tdmn34
DPTR, #tsmn34
R3, #2, sbmn35
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cek
ada
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cek
ada

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak

status menu
/ tidak
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sbmn35:

.

sbmenA:
sbmn40:

admn40:
tdmn40:
sbmn4l:
admn4l:
tdmn4l:
sbmn42:
admn42:
tdmn42:
sbmn43:
admn43:
tdmn43:
sbmné44:
admn44:
tdmn44:
sbmn45:

’

sbmenB:

sbmenC:

sbmenD:
sbmenk:

sbmenF:
sbmenG:

sbmenH:

-
r

pesan:

mov
1jmp

cjne
cjne
mov
cine
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
1jmp

lcall
mov
lcall
lcall
lcall
cjne
dec
cjne
mov
1jmp
cjne
inc
cjne
mov
1jmp
cjne
1jmp
cjne
1jmp

mov

DPTR, #mnkosg
sbmenB

R1l, #5, sbmenB
R2, #1, sbmn4l
R3, Sm20

R3, #1,tdmn40
DPTR, #tsmn40
R3, #2, sbmn4l
DPTR, #mnkosg
R2, #2, sbmn42
R3,Sm21

R3, #1, tdmn4l
DPTR, #tsmn4l
R3, #2, sbmn42
DPTR, #mnkosg
R2, #3,sbmn43
R3,Sm22

R3, #1, tdmn42
DPTR, #tsmn42
R3, #2,sbmn43
DPTR, #mnkosg
R2, #4, sbmn44
R3,Sm23

R3, #1, tdmn43
DPTR, f#ftsmn43
R3, #2, sbmn44
DPTR, #mnkosg
R2, #5, sbmn45
R3,Sm24

R3, #1, tdmn44
DPTR, #tsmnd4
R3, #2,sbmn45
DPTR, #mnkosg
sbmenB

line2

Hurf, #16
tulis

tg_lps

scnkpd

RO, #15, sbmenE
R2

R2, #0, sbmenD
R2, #1

sbmen6

RO, #16, sbmenG
R2

R2, #6, sbmenF
R2, #5

sbmené

RO, #11, sbmenH
mamenu

RO, #12, sbmenC
pesan

DPTR, #imaspsn
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lcall linel
mov Hurf, #16
lcall tulis
lcall line2
mov Hurf, #16
lcall tulis

~e

mov DPTR, #tangka
lcall line2

mov A, #10

lcall wr_chr

mov A,#10

lcall wr_chr

lcall tg_tkn

mov A,RO

mov R4,A

lcall wr_chr

cjne R4, #0,pesan0
1jmp pesan

jumlah pesanan

~e

cek 0
ya -> ulang

~

pesan0: mov DPTR, #dtabnr
lcall linel
mov Hurf, #16

lcall tulis

pesanl: lcall scnkpd
cjne RO, #11,pesan2
1jmp pesan

pesan2: cjne RO, #12,pesanl

inc R5

mov A,R5

mov B, #6 ; max jumlah pesanan
div AB

cjne A,#0,pesan3
mov DPTR, #spnpsn
lcall linel

mov Hurf, #15
lcall tulis

mov DPTR, #tangka
mov A,R5

lcall wr_chr
lcall delay2
1jmp pesan4

pesan3: mov DPTR, #qtotod
lcall linel
mov Hurf, #16

lcall tulis
lcall delay2

1jmp mamenu
pesand: cjne R5, #1, pesan5

mov PsOm, R1

nov Ps0s,R2

mov Ps0j,R4
pesan5: cjne RS, #2,pesané

mov Pslm,R1



mov Psls,R2

mov Pslj,R4
pesan6: cjne RS, #3, pesan’

mov Ps2m,R1

mov Ps2s,R2

mov Ps2j,R4
pesan7: cjne RS, #4, pesan8

mov Ps3m,R1

mov Ps3s,R2

mov Ps3j,R4
pesan8: cjne R5, #5,pesan9

nov Ps4m,R1

mov Ps4s,R2

mov Ps4j,R4
pesan9: ljmp mamenu
krmpsn: mov R7, #0FFh \

cek ada quota

ya -> kirim data

tidak -> return

reset menu pesan & jumlah quota

cjne R5, #0, krpsnl

1jmp krpsn2
krpsnl: lcall  kr_dta

lcall rstpsn

Ne Ne Ne e “o

mov RS, #0 ; return
krpsn2: ret :/
kr_dta: mov A,PsOm

lcall kr_srl

mov A,PsOs

lcall kr_srl

mov A, Ps0j

lcall kr_srl

~

mov A,Pslm
lcall kr_srl
mnov A,Psls
lcall kr_srl
mov A,Pslj
lcall kr_srl
mov A,Ps2m
lcall kr_srl
mov A,Ps2s
lcall kr_srl
mov A, Ps2j
lcall kr_srl
mov A,Ps3m
lcall kr_srl
mov A,Ps3s
lcall kr_srl
mov A,Ps3j
lcall kr_srl
mov A,Psdm
lcall kr_srl
mov A,Psis

lcall kr_srl
mov A, Psdj



stsmnu:

’

rstpsn:

;
mnupdt:

lcall
ret

mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
nov
mov
mov
mov
mov
mov
mov
mov
ret

mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
mov
ret

mov
lcall
lcall
mov

lcall
lcall
mov

lcall
lcall
mov

kr_srl

Sm00, #1
Sm01, #1
Sm02, #1
Sm03, #1
sm04, #1
Sm05, #1
sm06, #1
Sm07, #1
Sm08, #1
Sm09, #1
Sm10, #1
Smll, #1
Smi2, #1
Sml3, #1
Sml4, #1
Smil5, #1
Smlé6, #1
Sml7,#1
Sml8, #1
Sml9, #1
Sm20, #1
Sm21, #1
Sm22, #1
Sm23, #1
Sm24,#1

PsOm, #00
PsOs, #00
Ps0j, #00
Pslm, #00
Psls, #00
Pslj, #00
Ps2m, #00
Ps2s, #00
Ps2j,#00
Ps3m, #00
Ps3s, #00
Ps3j,#00
Ps4m, #00
Psds, #00
Ps43,#00

R7, #0FFh
respon
tgudta
Sm00, R7
respon
tgudta
Sm01,R7
respon
tgudta
Sm02,R7

; reset status menu

; update menu



lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov

respon
tgudta
Sm03,R7
respon
tgudta
Sm04,R7
respon
tgudta
Sm05,R7
respon
tgudta
Sm06,R7
respon
tgudta
Sm07,R7
respon
tgudta
Sm08,R7
respon
tgudta
Sm09,R7
respon
tgudta
Sml0,R7
respon
tgudta
Smll,R7
respon
tgudta
Sml2,R7
respon
tgudta
Sml3,R7
respon
tgudta
Sml4,R7
respon
tgudta
Sml5,R7
respon
tgudta
Smlé6,R7
respon
tgudta
Sml7,R7
respon
tgudta
Sm18,R7
respon
tgudta
Sml19,R7
respon
tgudta
Sm20,R7
respon
tgudta
Sm21,R7



srl_in:

kr_srl:

tgudta:
tdkada:

adadta:

.
r

respon:

;cnkpd:
coll:
clbl:
clb2:
clb3:

clb4:

14

col2:

lcall
lcall
mov
lcall
lcall
mov
lcall
lcall
mov
lcall
ret

lcall
mov
mov
mov
setb
setb
setb
clr
ret

setb
lcall
clr
nov
jnb
clr
setb
clr
ret

mov
cjne
1jmp
ret

lcall
mov
lcall
ret

mov
lcall
mov
mov
cjne
mov
¢cjne
mov
cjne
mov
cjne
mov

mov
mov

respon
tgudta
Sm22,R7
respon
tgudta
Sm23,R7
respon
tgudta
Sm24,R7
respon

delayl
TMOD, #20h
TH1, #0F4h
SCON, #50h
ES

EA

TR1

Slct

Slct
delay0
ES
SBUF, A
TI,$
TI

ES
Slct

R7,#0FFh
R7, #0FFh, adadta
tdkada

delay0
A, #0FFh
kr_srl

RO, #10

delay0
P2,4#11111110b

A, P2

A, #11101110b, clb2
RO, #1

A, #11011110b, clb3
RO, #2

A, #10111110b, clb4
RO, #3
A,#01111110b, col2
RO, #13

P2,#11111101b
A,P2

.

~e

RS485 receive

RS485 transmit

RS485 receive



c2bl:
c2b2:
c2b3:

c2b4:

éol3:
c3bl:
c3b2:
c3b3:

c3b4:

col4:
cdbl:
c4db2:
cdb3:
cé4b4:
back:

tg_tkn:
tg_tkO:

tg_tkl:
tg_tk2:
tg_tk3:
tg_tk4:
tg_tk5:
tg_tké6:
tg_tk7:

tg_lps:

linel:

~

cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov

mov
mov
cjne
mov
cjne
mov
cjne
mov
cjne
mov
ret

lcall
cjne
1ljmp
cjne
1jmp
cine
1jmp
cjne
1jmp
cjne
1jmp
cjne
1jmp
cjne
1jmp
ret

lcall
cjne
ret

mov
lcall
ret

A,#11101101b,c2b2
RO, #4
A,#11011101b,c2b3
RO, #5
A,#10111101b, c2b4
RO, #6
A,#01111101b,col3
RO, #14

P2,#11111011b

A, P2
A,#11101011b, c3b2
RO, #7
A,#11011011b, c3b3
RO, #8
A,#10111011b, c3b4
RO, #9
A,#01111011b, cold
RO, #15

P2,#11110111b
A,P2

A, #11100111b, c4b2
RO, #11
A,#11010111b, c4b3
RO, #0
A,#10110111b, c4b4d
RO, #12
A,#01110111b, back
RO, #16

scnkpd
RO, #16,tg_tkl
tg_tkn
RO, #15,tg_tk2
tg_tkn
RO, #14,tg_tk3
tg_tkn
RO, #13,tg_tk4
tg_tkn
RO, #12,tg_tk5
tg_tkn
RO, #11,tg_tk6
mamenu
RO, #10,tg_tk7
tg_tkn

scnkpd
RO, #10,tg_lps

PO, #080h
w_ins



line2: mov PO, #0COh
lcall w_ins
ret

.
14

tulis: «clr A
movc A,Q@A+DPTR
mov PO,A
lcall w_chr
inc’ DPTR
djnz Hurf,tulis
ret
;

wr_chr: movc A, @A+DPTR

mov P0,A
lcall w_chr
ret

w_ins: clr Enbl
clr Rest
setb Enbl
clr Enbl
lcall delay0
ret

w_chr: clr Enbl

setb Rest
setb Enbl

clr Enbl
lcall delayO
ret

led_in: acall  delayl

mov PO, #01h ; Display Clear
acall w_ins
mov PO, #38h ; Function Set
acall w_ins
mov PO, #0Dh ; Display On, Cursor, Blink
acall w_ins
mov PO, #06h : Entry Mode
acall w_ins
mov PO, #02h ; Cursor Home
acall w_ins
ret

lcdclr: mov PO, #01h ; Display Clear

acall w_ins
acall delay0
acall delay0
ret

delay0: djnz D1y0O,delay0
ret

delayl: lcall delay0
djnz Dlyl,delayl
ret



delay2: mov Dly2,#20
dely20: lcall delayl
djnz Dly2,dely20

ret
delay3: mov Dly2,#20
dely30: acall delay0
cjne R7,#0EOh,dely31l : cek request EO,El,E2,E3,...
1jmp krmpsn ; ya -> cek pesanan, ada -> kirim
dely31l: cjne R7, #0F0h, dely32 ; cek request FO,F1,F2,F3,...
1jmp mnupdt ; ya —-> update menu

dely32: lcall scnkpd
cjne RO, #14,dely33
mov R1, #1
1jmp mamenu
dely33: djnz Dlyl,dely30
djnz Dly2,dely30
ret

.
,

nama: DB Sepvian Y '

L

nim: DB ' Nim: 03.17.019 '°'
jurs: DB ' Teknik Elektro '
univ: DB ' ITN Malang '
judull: DB ' Selamat Datang '
judul2: DB ' RM Digital '
judul3: DB ' Selamat '
juduld: DB ' Menikmati '
dtabnr: DB '* Data Benar ? '
maspsn: DB 'Masukkan Pesanan'
prsbua: DB ' Porsi/Buah '
spnpsn: DB 'Simpan Pesanan '
gtotod: DB 'Quota Out Order!'
tangka: DB '0123456789 '
mnkosg: DB ' e -
tmamnu: DB >> Menu << !

1]

L

]

tmamnO: DB ' Masakan Jawa

tmamnl: DB ' Masakan Cina
1]

tmamn2: DB Masakan Daerah '
tmamn3: DB 'Masakan Nasional'
tmamné4: DB ' Minuman '
tsmn00: DB 'Urap2 Rp4.000"
tsmn0l: DB 'Pecel Rp3.500'
tsmn02: DB 'Uduk Rp3.000°
tsmn03: DB 'Rames Rp6.000"
tsmn04: DB 'Rawon Rp5.000"'
tsmnl0: DB 'Bamie Rp4.000"
tsmnll: DB 'Cuimee Rp3.000"'
tsmnl2: DB 'CapJday Rp7.000"'
tsmnl3: DB 'Mie Ayam Rp3.500'
tsmnl4: DB *Sup Ayam Rp5.000°'
tsmn20: DB 'Soto Rp4d.500"
tsmn2l: DB 'Rawon Rp4.500"
tsmn22: DB ' Pepes Rp3.000'
tsmn23: DB 'Gado2 Rp3.500'
tsmn24: DB 'Oseng?2 Rp2.500'
tsmn30: DB 'Gule Rp5.000'

tsmn3l: DB 'Rendang Rp5.000'



tsmn32: DB 'Opor Rp6.000"

tsmn33: DB 'Kare Rp4.000"
tsmn34: DB 'Sate Rp7.000"
tsmn40: DB '*Es Teh Rpl.500'
tsmn4l: DB 'Es Teler Rp3.000'
tsmn42: DB 'Es Moka Rp2.500'
tsmn43: DB 'Es Jeruk Rp2.000'
tsmn44: DB '*Es Buah Rp3.500'

’

end



START

inisialisasi
Nama Bit &
Nama Memory

|

tniglalisasi LCD
Display On,
Blank Screen,
Cursor Off, Blink,
Shift Right,
8bit Data Transfer

|

Inisiaiisasi Seral
9600bps, 8data,
no parity, 1stop bit

Reset Status Menu

Tulis Nama
LCD Line 1
Tulis NIM
LCD Line 2

1

Tulis Jurusan
LCD Line 1
Tulis Universitas
LCD Line 2

it

Tulis Simt Datang
LCD Line 1
Tulis Nama Hotel
LCD Line 2

T oo 1] e
& Pesan
Tulis Selamat
LCD Line 1
Tuiis Menikmati Jumiah
LCDLine 2 Pesgn?an
>




Pih Meru
§ Pesan

e Mem
=3?
Yes
¥
Tuls Tuds Tulis Dec Msin Menu Inc Main Meny
Masakan Daerah | | | Masakan Nasionsl Ninuman padznMens=0| | | BaManMen=b
LCD Linet LCD Lined LD Lined LCDLinet LCD Linet set Main menu=1 | | | set Main menu=5




SetSubMew 1=

Sub Menu 1
21? ]

227 T

Tuis

Urep2 Rp4000.-
LCO Line2

Dec Sub Mew
jka Sub Menu §=0

set &b Mena 151

inc Sub benu 1
Fka Sub Merw 18
5ot Sub Menw 15

Nasukdan Jumizh
Porti /Buzh

TenENT?

Simpan Porsi/Buah
Sub Menyt

LCO Line 1

Tekan CAN?

Inc Jurréah Pesan

Tekan CAN?




snumz

Set SubMenu 2=1
1
SubMeri2 Sub Weu2 Sub Merw 2 ‘Sub Meru 2
217 \ =21 239 249 Tekntp? Teken Down ? Tekan ENT 2 Tekn CAN?
Yes Yes Yes Yes Yes Yes Yes
) v v ¥ ¥ v v
Tuis Tuls Tuts Tds Tuss Dec Sub Ko 2 e Sub Merw 2
Barrie Rp4000.- Cuimes Rp3000- Caplay Rp7000,- Mio AyamRp3500 | | [Sup Ayam RpS000| | {7ka Sub Menu2-0 ka Sub Merws 26 Yes
LCOLine2 [~ LCOLins2 LCD Line2 LCD Line2 LCD Line2 setSubMeny 221 [ | set Sub Menu 255

Mesukdan Juriksh
Porsi / Buch

Pesanan ¥ Inc Jumiah Pesan
>5

Yes

F

Quota Out Order
LCDLine

p—
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