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ABSTRAKSI

A. Kadir, 0117138, 2006, Perancangan dan Penbuatan Alat Pengatur
keberangkatan Bus Secara Otomatis Di Terminal Menggunakan
Mikrokontroller Dan PC. Teknik Elektro / Konsentrasi Teknik Elektronika S1,
66 halaman. Dosen Pembimbing : Ir. Yusuf Ismail Nakhoda, MT.

Kata kunci: Pengatur Keberangkatan Bus, Mikrokontroller dan PC.

Guna pengaplikasikan suatu perkembangan teknologi mikrokontroller dan
pemprograman komputer diperlukan suatu eksperimen aplikasi baru yang dapat
membantu kelancaran untuk malaksanakan suatu pekerjaan, sesuai dangan ilmu
masing-masing, dalam hal ini salah satu aplikasinya akan diwujudkan menjadi
suatu alat pengatur keberangkatan bus yang dilengkapi dengan penampilan suara.
Jadi alat ini mampu untuk mengatur keberangkatan dan mengatur antrian bus di
terminal secara otomatis dengan keluaran suara.

Dalam perencanaan dan pembuatan alat pengatur keberangkatan bus secara
otomatis di terminal menggunakan mikrokontroller dan PC. Modul-modul
pendukung antara lain: komputer sebagai pengatur keseluruhan sistem alat ini,
modul rangkaian mikrokontroller, modul penampil pada LCD, rangkaian
komunikasi serial RS232 .

Setelah melakukan pengukuran dan perhitungan pada alat pengatur
keberangkatan bus secara otomatis di terminal ini, serta melakukan perhitungan
dalam algoritma pemrograman, maka prosentase dari kesalahan pada alat yang
dibuat adalah pada I laserdioda sebesar 1,06 % dan V laserdioda 2,4 % sedangkan
pada V photodioda sebesar 3,9 %.
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BABI
PENDAHULUAN

1.1. Latar Belakang

Perkembangan ilmu pengetahuan dan teknologi saat ini terus berkembang
pesat seiring dengan perkembangan dunia industri terutama dibidang elektronika.
Salah satu perkembangan yang paling menonjol saat ini adalah perkembangan di
bidang komputerisasi, selain itu perkembangan teknologi robotika. Suatu sistem
yang ditangani oleh komputer , semuanya akan terasa lebih cangih, lebih pintar,
lebih otomatis, dan lebih praktis serta efisien.

Dalam kehidupan sehari-hari kita sering bepergian jauh dengan
menggunakan bus yang tentunya kita pasti pergi ke terminal untuk naik bus. Di
terminal proses pemberangkatan bus ini masih dilakukan secara manual oleh
petugas jaga dari Dinas Perhubungan yang bertugas di terminal. Proses
pemberangkatan secara manual tersebut masih terasa kurang efisien dan kurang
maksimal karena proses pemberangkatan bus masih sering terlambat dan
keterlambatan ini akan merugikan bus yang dibelakangnya dan juga masih
membutuhkan banyak tenaga dari petugas-petugas di terminal, dan sering kali
terjadi kesalahan jadwal pemberangkatan bus yang disebabkan kesalahan
pengaturan atau pencatatan jadwal dari petugasnya schingga mengakibatkan
keterlambatan atau kacaunya jadwal pemberangkatan bus.

Dalam skripsi ini akan direncanakan dan dibuat suatu alat yang yang akan
memadukan antara teknologi Mikrokontroller dan pemprograman komputer,
dimana alat ini nantinya akan diaplikasikan di terminal bus. Seperti kita amati di
terminal proses pengaturan atrian dan pengaturan jadwal keberangkatan bus tidak
tertata dengan baik dan masih membutuhkan banyak petugas jaga. Alat ini
berfungsi sebagai pengganti petugas jaga di terminal yang bertugas mengatur
atrian dan pengatur jadwal keberangkatan bus di terminal. Alat ini nantinya akan
diatur secara otomatis oleh Personal Commputer ( PC ) sehingga atrian dan
pengaturan jadwal keberangkatan bus di terminal dapat berjalan teratur dan lancar.



1.2. Permasalahan

Permasalahan yang diangkat dalam skripsi ini adalah Bagaimana
merencanakan dan membuat instalasi hardware input dan output dari
Mikrokontroller, Bagaimana merencanakan dan membuat software pada
mikrokontroller, serta bagaimana merencanakan dan membuat software dengan
bahasa pemprograman Delphi pada Personal Commputer (PC)

1.3. Batasan Masalah

1.  Jumlah jalur bus yang dipakai dibatasi tiga jalur saja.

2. Tidak membahas tentang catu daya

3. Menggunakan Sofiware dan Hardware pendukung AT89S51.
4, Tidak membahas modul penampil suara

1.4. Tujuan
Tujuan dari skripsi ini adalah merancang dan membuat alat pengatur

keberangkatan bus secara otimatis di terminal menggunakan Mikrokontroller dan

Personal Commputer ( PC).

1.5. Metodologi

Metodologi penelitian yang dipakai dalam pembuatan skripsi ini adalah :

1. Studi Literatur yang mempelajari teori-teori yang berkaitan mengenai cara
kerja komponen-komponen yang digunakan dalam perancangan dan
pembuatan alat pengatur keberangkatan bus secara otomatis di terminal
menggunakan Mikrokontroller dan Personal Computer (PC ).

2. Perancangan dan Pembuatan alat pengatur keberangkatan bus secara
otomatis di terminal menggunakan Mikrokontroller dan Personal Computer
(PC).

3. Pelaksanaan uji coba alat pengatur keberangkatan bus secara otomatis di
terminal menggunakan Mikrokontroller dan Personal Computer (PC).
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4. Penyusunan laporan skripsi dan menyimpulkan hasil perancangan dan
pembuatan alat

1.6. Sistematika Penulisan

Sistem penulisan yang akan digunakan untuk membahas masalah dalam
Tugas Akhir ini diperlukan gambaran susunan alat secara keseluruhan yang
selanjutnya ditentukan komponen-komponen utama dan pendukung yang
digunakan dan kemungkinan untuk disederhanakan baik untuk bentuk, biaya
pembuatanya agar didapatkan susunan yang seefisien dan seefektif mungkin.

Adapun pembahasan Tugas Akhir ini dibagi menjadi beberapa bab sebagai
berikut:

BAB1 Pendahuluan
Pada pendahuluan ini dibahas mengenai latar belakang perancangan dan
pembuatan alat pengatur keberangkatan bus secara otimatis di terminal
menggunakan mikrokontroller dan Personal Commputer ( PC ), rumusan
masalah, tujuan pembuatan alat, pentingnya alat, dan ruang lingkup
perancangan dan pembuatan alat.

BABII Kajian Pustaka
Pada kajian pustaka ini akan dibahas mengenai teori-teori yang
mendasari pembuatan alat ini.

BAB III Desain Proyek dan Implementasi
Memuat perancangan dan pembuatan alat pengatur keberangkatan bus
secara otimatis di terminal menggunakan Mikrokontroller dan Personal
Commputer (PC)



BAB IV Hasil Pengujian dan Analisisa

BABYV

Memuat hasil pengujian pengatur keberangkatan bus secara otimatis di
terminal menggunakan Mikrokontroller dan Personal Commputer (PC).
Pengujian dilakukan dengan menguji tiap blok rangkaian dan pengujian
rangkaian secara keseluruhan.

Penutup

Berisi kesimpulan dari perancangan dan pembuatan alat pengatur
keberangkatan bus secara otimatis di terminal menggunakan
Mikrokontroller dan Personal Commputer ( PC ). serta saran-saran
yang dapat menyempurnakan alat yang telah dibuat.



BABII
LANDASAN TEORI

2.1. Mikrokontroller AT89S51

2.1.1. Uraian Singkat
Mikrokontroler Atmel AT89S51 merupakan pengembangan dari

Mikrokontroler MCS-51. Mikrokontroler AT89S51 memiliki beberapa kelebihan

dan tambahan fitur yang tidak dimiliki oleh mikrokontroler MCS-51,sehingga

Mikrokontroler AT89S51 dapat menggantikan mikrokontroler MCS-51.
Mikrokontroler AT89S51 memiliki kelengkapan sebagai berikut:

a. Kompatibel dengan Mikrokontroller MCS-51

b. 4K Byte downloadable flas memory

c. Tegangan operasi 4V sampai 5,5V

d. 128 x 8 bit internal RAM

e. 32 programable /0

f. 2 buah timer/counter 16 bit

g. 3 level memory clock

h. Frekuensi osilator 0 hz sampai 33 Mhz

i. Full duplex UART (serial port)

j. Programmable watchdog timer

k. Dual data pointer

1. Flexsibel ISP programing (byte & page mode)
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2.1.2. PIN-PIN AT89S51
Gambar menunjukkan penampang pin-pin IC AT89S51. 32 pin dari 40 pin

yang dimiliki oleh AT89S51 difungsikan sebagai jalur /O.

P1.0 g1 acpvce
P1.1 2 39 |1 P0.0 (ADO)
P1.233 38 P PO.1 (ADD)
P1.3]4 37 [0 PO.2 (AD2)
P1.40]5 36 [1P0.3 (AD3)
(MOSH P1.5C]6 35 [0 P0.4 (AD4)
(MISO) P1.6 7 34 [ P0O.53 (ADS)
(SCK)P1.7[]8 33 |1 P0.6 (ADS)
RSTC9 32 3 PO.7 (AD?)
(RXD) P3.0C110 31 1 EAVPP
(TXD)P3.1C] 11 30 O ALE/PROG
(INTO) P3.2]12 29 [ PSEN
(INTT) P3.3C]13 28 [0 P2.7 (A15)
(To) P3.4[]14 271 P2.6 (A14)
(THP3ISL|1S 26 (3 P2.5 (A13)
(WR) P3.6 |16 2511 P2.4 (A12)
(RD) P3.7 [ 17 24 O P2.3 (A1)
XTAL2 ] 18 23O P2.2(A10)
XTAL1L]19 221P2.1 (A9)
GND(]20 21 [1P2.0 (A8)

Gambar 2.2 Konfigurasi Pin Mikrokontroler AT89S51

» Port0
Port 0 mempunyai 2 fungsi yang berada pada pin 32-39 dari IC AT89S51.
didalam rancangan sistem sederhana port ini digunakan sebagai port 1/O
serbaguna. Untuk rancangan yang lebih komplek dengan melibatkan
memori eksternal jalur ini dimultiplek untuk bus data dan bus alamat.

> Port1
Port 1 disediakan sebagai port /O dan menempati pin 1-8. port ini juga

mempunyai fungsi tambahan seperti pada tabel berikut:



Tabel 2.1 Fungsi Tambahan Pada Port 11"

Port Pin Alternative Functions
P1.5 MOSI (used for In-system Programming)
P1.6 MOSI (used for In-system Programming)
P1.7 SCK (used for In-Programming)
» Port2

Port 2 terletak pada pin 21-28 yang merupakan port dua fungsi yaitu
sebagai I/O serbaguna, atau sebagai bus alamat byfe tinggi untuk

rancangan yang melibatkan memori eksternal.

» Port3
Port 3 adalah port dua fungsi yang berada pada pin 10-17, port ini

memiliki multifungsi, seperti yang terdapat pada tabel berikut:



Tabel 2.2 Fungsi Alternatif Port 31"

Port Pin Alternative Funtions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P34 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)
P3.6 WR (internal data memory write strobe)
P3.7 RD (external memory read strobe)

» PSEN (program strobe enable)
PSEN adalah sebuah sinyal keluaran yang terdapat pada pin 29. Fungsinya
adalah sinyal kontrol untuk memungkinkan mikrokontroller membaca
program (kode) dari memori eksternal. Biasanya pin ini dihubungkan ke
pin OE EPROM. Jika eksekusi program dari ROM internal atau dari flash

memori, maka PSEN berada pada kondisi tidak aktif (high).

» ALE (address latch enable)
Sinyal output ALE yang berada pada pin 30 fungsinya sama dengan ALE
pada mikroprosesor INTEL 8085, 8088, atau 8086. sinyal ALE

dipergunakan untuk demultiplex bus alamat dan bus data.
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Sinyal ALE membangkitkan pulsa sebesar 1/6 frekwensi oscillator dan
dapat dipakai sebagai clock yang dapat dipergunakan secara umum. Jika
clock menggunakan XTAl 12 Mhz maka sinyal yang oscillator ALE

sebesar 2 Mhz.

> EA (external access)
Masukan sinyal E4 terdapat pada pin 31 yang dapat diberikan logika
rendah (ground) atau logika tinggi (+5V). Jika EA diberikan logika tinggi
maka mikrokontroler akan mengakses program dari ROM internal
(EPROM/Flash memori). Jika EA diberikan logika rendah maka

mikrokontroler akan mengakses program dari memori eksternal.

» RST (reset)

Input reset pada pin 9 adalah reset master untuk AT89S51.

vee

+Co
10 uF TLW-PB

1
10K

Gambar 2.3 Pemasangan Oscillator

{RST

{4]
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» XTAL 1 dan XTAL 2
Oscillator yang disediakan pada chip dikemudikan dengan XTAL yang
dihubungkan pada pin 18 dan pin 19. Diperlukan kapasitor penstabil

sebesar 30pF. Besar nilai XTAL sekitar 12 Mhz.

2
I} T XTAL2
]
Cl 1'
I XTAL1
-I: GND
Gambar 2.4 Rangkaian Clock!"

» VCC
AT89S51 dioperasikan dengan tegangan supplay +5V, pin VCC berada

pada nomor 40 dan VSS (ground) pada pin 20.

2.1.3. Organisasi Memori
AT89S51 mengimplementasikan ruang memori yang terpisah antara

program (kode) dan data. Keduanya bisa merupakan memori infernal, tetapi
keduanya dapat diperluas dengan memori eksternal sampai dengan 64K memori

program dan 64K memori data.
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Memori internal terdiri dari ROM/Flash Memory dan RAM data didalam
chip. RAM berisi susunan general purpose strorage, bit addressable strorage,
register bank dan special function register. Gambar 2.5 menampilkan secara

detail memori data didalam chip mikrokontoller MCS-51.

Byte Byte
Address Bit Address Address Bit Address
7F FF
Fo |F7|re|Fs]Fa|F3]F2[F1]Fo] B
General Purpose RAM €0 |e7|es|Es|es|E3|E2]E1]E0] ACC
Do [D7[D8|D5{D4|D3|D2|D1|D0] PSW
— 3 B8 [~ -] - Joc]ea]ea]ee]es] 1P
2k [7F|7el7ol7C|7B]7A| 70| 78
2e|77176|75)74]73}72| 71170 B0 |B7|B8]|B5]B4|B3|B2]B1]B0] P23
ap|eF|eElen|ec|eB|eA]69]68
2c|67]es|es[64[63[62]61]60 AsaF] - | - |ac]aslaajas]as| g
28|5F |5E|sD|sc|sB]5A]59 |58
& A0 [A7]As|Aas|A4]A3]A2]|A1]a0] P2
,E 2a]s7|56|55|54|53]52]51|50 Jas]as[m]asfaz]at]
: 29{4r|4E|4Dlac|aBl4A]49]48 60 PrrTTE— SBUF
2847]46]45]44|43142]41]40 98 [er [ee[onJoc]eB]ea]ee]se] scon
g 27|3F|3e|3D|3c|38]3A[38]38
§ 26|37]36]35)34]3332|31}30 80 |76 ]05]84 s3] 02]01]00] P4
g 25|2F|2E|20]2C]28|2A] 20| 28
24127|26]25]24123]22)21}20 8D Not bit addressable TH1
23|1F|1elip]ic]iB]1A]19]18 8C Not bit addressable THO
27|16 [15[1a[13[12]11 [0 88 x:::"m:: T
21 [oF[oefep]oc|os]oa]os]os 8A o 0
89 Not bit addressable TMOD
- f: 07]06]05{04{03]02)0100 88 |sF |ee|ep]ec]eB|eA]eo]88] TCON
18 Bank 3 87 Not bit addressable PCON
17
10 Bank 2 83 Not bit addressable DPH
g: Bank 1 82 Not bit addressable DPL
07 - 81 Not bit addressable SP
00 Default register bank for R0-R7 80 °F|35|3°|a°|33|°“|89|58 PO
RAM SPECIAL FUNCTION REGISTER

Gambar 2.5 Memori Data Pada Mikrokontroler 8051
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Ruang memori internal dibagi menjadi
a. Register bank (00H-1FH)

b. Bit addressable RAM (20H-2FH)
c. General purpose RAM (30H-7FH)

d. Special function register (§0H-FFH)

» General Purpose RAM
Lokasi memori pada general-purpose RAM dapat diakses secara langsung
dengan mode direct maupun indirect addressing. Sebagai contoh, untuk membaca
dan mengkopi isi RAM internal dengan alamat SFH kedalam accumulator dapat
menggunakan instruksi:
MOV A,5FH
Instruksi ini memindahkan byte data secara direct addressing dengan sumber
yang beralamat SFH. RAM infernal dapat juga diakses menggunakan indirect
addessing melalui RO atau R1. sebagai contoh, 2 instruksi berikut ini:
MOV RO#SFH
MOV A,@R0
Instruksi pertama dipakai sebagai immediate addressing yang memindahkan
nilai SFH kedalam register RO,instruksi kedua dipakai sebagai indirect addressing
untuk memindahkan data yang ditunjuk oleh RO kedalam accumulator.
> Bit Addressable RAM
AT89S51 memiliki 210 lokasi bit adderssable, dimana 128 lokasi mempunyai

alamat byfe mulai dari 20H-2FH dan selebihnya merupakan special funcion
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register. Adapun pengaksesan bit-bit secara individu dengan sofiware adalah
fasilitas utama yang dimiliki oleh kebanyakan mikrokontroler. Bit-bit dapat di set,
di reset, di AND kan, di OR kan dan sebagainya, hanya dengan instruksi tungal.

Port /O AT89S51 merupakan bit addressable, sehingga akan
menyederhanakan program untuk interface I/O satu bit.

Ada 128 lokasi general purpose bit addressable pada alamat 20H-2FH (8
bit/byte X 16 Byte = 128 bit). Alamat-alamat ini dapat diakses sebagai byte atau
bit, tergantung dari instruksi yang digunakan. Sebagai contoh, untuk mengeset bit
pada alamat 67H, instruksi yang digunakan adalah:

SETB 67H
Instruksi diatas tidak berpengaruh pada bit-bit lain pada alamat yang

bersangkutan.

» Register Bank

32 register paling bawah dari memori internal berisi register bank. Instruksi
AT89S51 mendukung 8 register yaitu R0-R7,dan kondisi default (setelah sistem
reset), register ini beralamat 00H-07H. sebagai contoh instruksi berikut ini untuk
membaca isi alamat 05H dan meletakkannya kedalam akumulator:

MOV ARS

Instruksi ini adalah merupakan 1 byfe instruksi yang menggunakan register
addressing. Operasi diatas akan sama jika dibentuk dengan 2 byfe instruksi
menggunakan direct address

MOV A,05H
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Instruksi menggunakan register RO-R7 merupakan instruksi yang pendek dan

lebih cepat dari pada menggunakan direct address.

2.1.4. SFR (Special Funktion Register )
Register internal 8051 tersusun sebagai bagian dari RAM internal

mikrokontroler. Special Function Registers (SFR) berjumlah 21 yang terletak

pada bagian atas RAM internal, yaitu antara alamat 80H hingga FFH, yang

ditunjukkan pada gambar dibawah ini.
0FBH OFFH
OFOH | oD OFTH
00000000
0ESH OEFH
ACC
OEH | g OETH
006H ODFH
PSW
O00H | oo 0DH
0CeH OCFH
0COH 0CTH
0B8H | ot 0BFH
XX000000
P
0B0H | 44111111 0B7H
oaeH | . E 0AFH
0X000000
) AUXR1 WDTRST
0R0H 1 nnimig X0 XXKKHO0 0ATH
SCON SBUF
%1 1 00000000 | 3000000 9FH
PI
CLal ITTIRTTY 9TH
s | TCON | THOD o Y THO THI ADR 5
00000020 | 00000000 | 00000000 | 0000000 | 00000000 | oooooooo | xcKomXXG
| P ) DRIL DPOH PIL DPIH PCON | g
wiiinnr | oooootr | 00000000 | oocooooo | oooooooo | oocooooo OXXX0000

Gambar 2.6 Letak SFR Pada Alamat 80H Sampai FFH!)
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» PSW (Program Status Word)
PSW terletak pada alamat DOH yang berisi bit status, selengkapnya

terdapat pada tabel 2.3.

Tabel 2.3 Program Status Word™

BIT SYMBOL | ADDRESS BIT DESKRIPTIN
PSW.7 CY D7H Carry flag
PSW.6 AC D6H Auxiliary carry flag
PSW.5 FO DSH Flag 0
PSW.4 RS1 D4H Register bank select 1
PSW.3 RSO D3H Register bank select 0

00 = bank 0;address 00H-07TH
01 = bank 1;address 08H-0FH
10 = bank 2;address 10H-17TH
11 = bank 3;address 18H-1FH
PSW.2 ov D2H Overflow flag

PSW.1 - DI1H Reserved

PSW.0 P DOH Even parity flag
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» Carry Flag
Carry flag (CY) mempunyai dua fungsi, untuk fungsi tradisional CY
dipakai untuk operasi matematika. Bit ini akan di sef apabila selama proses
penambahan terdapat bawaan (carry out), atau di sef juga apabila dalam
proses pengurangan terdapat borrow pada bit 7.
Sebagai contoh, jika accumulator berisi FFH, lalu diberikan instruksi

ADD A#,1

Maka isi accumulator adalah 00H dan CY pada PSW akan di set.

> Auxiliary Carry Flag
Jika melakukan penambahan angka BCD (binary-coded-decimal), maka
Auxiliary Carry Flag (CY) akan diset jika bawaan dihasilkan dari bit 3 ke
bit 4 atau jika hasil dari Jower nibble diantara 0AH-OFH.

» Flag0
Flag 0 (FO) adalah general purpose flag bit untuk aplikasi pemakai.

> Register Bank Select Bits
Register bank select bits (RSO dan RS1) menunjukkan register bank yang
aktif. Register ini dihapus setelah sistem reset dan untuk mengubahnya
harus melaui sofware. Sebagai contoh, 3 instruksi berikut ini mengaktifkan
register bank 3 dan kemudian memindahkan isi register R7 (dengan
alamat byte 1FH) ke accumulator.

SETB RS1
SETB RS0

MOV AR7
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> Overflow Flag
Overflow flag (OV) diset jika terdapat arithmatic overflow setelah operasi
penambahan atau pengurangan. Apabila bilangan bertanda ditambahkan
atau dikurangkan, sofiware dapat memeriksa bit ini untuk menentukan
apakah hasil terletak pada range yang sebenarnya. Apabila bilangan tak
bertanda ditambahkan, bit OV bisa diabaikan. Proses aritmatik dengan
hasil-hasil yang lebih besar dari +27 atau lebih kecil dari -128 akan

mengeset bit OV.

> Parity Bit (P)
Bit paritas (P) secara otomatis di sef atau di clear setiap sirklus mesin
untuk membentuk paritas genap dengan akumulator. Jumlah bit-bit 1
didalam akumulator ditambah bit P selalu bernilai genap.
Sebagai contoh, akulmulator berisi 10101101B, P akan berisi 1 (untuk
membentuk bit-bit 1 yang berjumlah 6). Bit paritas biasanya digunakan
pada rutin port komunikasi serial untuk menyertakan bit paritas sebelum

ditransmisikan atau memeriksa bit paritas setelah mengirim data.

» Register B
Register B terletak pada alamat FOH digunakan bersama-sama dengan

akumulator untuk operasi perkalian dan pembagian.
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Instruksi MUL AB mengalikan suatu nilai 8 bit tak bertanda (unsigned)
didalam register A dan B dan memberikan hasil 16 bit di A (low-byte) dan
di B (high-byte).

Instruksi DIV AB membagi A dengan B memberikan hasil integer di A
dan sisa di B. register B dapat juga diberikan sebagai general purpose
scratch pad register. Register ini merupakan bit-addressable dengan

alamat FOH-F7H.

» Stack Pointer
Stack pointer (SP) adalah register 8 bit yang berada pada alamat 81H.
register ini berisi alamat yang datanya terletak pada stack teratas. Operasi
stack terdiri dari pushing data ke stack dan popping data dari stack.
Pushing data ke stack akan menaikkan isi register SP sebelum mcnuliskan
data, dan popping dari stack akan menurunkan isi register SP.
Stack AT89S51 berada pada RAM internal dan pengaksesan dengan cara

indirect addressing.

> Data Pointer
Data pointer (DPTR), digunakan untuk mengakses memori kode program
atau memori data. Register ini merupakan register 16 bit pada alamat 82H
(DPL, low byte) dan 83H (DPH, high byte).
Sebagai contoh 3 baris instruksi berikut ini untuk menuliskan data 55H

kedalam RAM eksternal yang berlokasi pada alamat 1000H:
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MOV A#55H

MOV DPTR,#1000H

MOVX @DPTRA
Instruksi pertama digunakan sebagai immediate addessing untuk
meletakkan data 55H ke akumulator. Instruksi kedua juga digunakan juga
sebagai immediate addressing, untuk meletakkan data 16 bit (10000H)
kedalam data pointer. A (55H) ke lokasi RAM eksternal dimana lokasi

alamatnya ditunjuk oleh data yang ada pada DPTR (1000H).

Port Register
Port 1/0 AT89S51 terdiri dari port 0 pada alamat 80H, port 1 pada alamat
90H, port 2 pada alamat AOH, dan port 3 pada alamat BOH. port 0, 2 dan 3
tidak dapat dipakai untuk I/O jika memori eksternal digunakan. Seluruh
port bersifat bit-addressable.
Sebagai contoh, jika sebuah motor dihubungkan dengan suatu relay dan
transistor driver relay dikendalikan melalui port 1 bit 7, maka motor akan
hidup atau mati hanya menngunakan sebuah instruksi:

SETB P1.7
Dengan instruksi diatas motor akan hidup, dan motor akan mati dengan
instruksi berikut:

CLR P1.7
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» Timer Register
AT89S51 mempunyai dua buah timer/counter 16 bit yang dapat dipakai
sebagai pewaktuan dan penghitungan. Timer O berada pada alamat 8AH
(TLO, low byte) dan 8CH (THO, high byte), dan timer 1 berada pada alamat
8BH (TL1, low byte) dan 8DH (TH1, high byte). Setting operasi timer
berada pada fimer mode register (TMOD) yang beralamat pada 89H dan
timer control register (TCON) yang berada pada alamat 88H. hanya

TCON yang bersifat bit-addressable.

» Serial Port Register
AT89S51 memiliki port serial untuk komunikasi port secara serial dengan
peralatan lain. Register untuk penangan komunikasi serial adalah serial
data buffer (SBUF) pada alamat 99H yang akan menangani pengiriman
(transmit) dan penerimaan (receive) data. Menuliskan data ke SBUF
berarti menyiapkan data yanng akan dikirimkan dan untuk membaca data
dari SBUF berarti mengakses data yang diterima. Macam-macam mode
operasi dapat diprogram melalui serial port control register (SCON) pada

alamat 98H.

» Interrupt Register
AT89S51 memiliki 5 sumber interrupt. Interrupt tidak aktif setelah sistem

reset dan diaktifkan melalui interrup enable register (IE) pada alamat
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A8H. level prioritas diset melalui interrupt periority register (IP) pada

alamat B8H. kedua register bersifat bit-addessable.

» Power Control Register
Power control register (PCON) terletak pada alamat 87H yang berisi
beberapa bit control dan dirangkum pada tabel berikut ini:

Tabel 2.4 Power Control Register'”

BIT | SIMBOL DISKRIPSI

7 SMOD | Double-boud rate bit:. jika diset maka boud

rate didouble dan berlaku pada mode serial

1,2 dan 3.
6 - Tidak didefinisikan
5 - Tidak didefinisikan
4 - Tidak didefinisikan
3 GF1 General purpose flag bit 1
2 GFO0 General purpose flag bit 0
1* PD Power down: kondisi set untuk

mengaktifkan mode power down, keluar
dari mode ini hanya dengan reset.

0* IDL Mode idle; kondisi set untuk mengaktifkan
mode idle; keluar dari mode ini hanya

dengan interrupt atau sistem reset
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» Mode Idle
Pada mode idle sinyal clock internal untuk CPU akan dihentikan, tetapi
interrupt timer dan port serial tetap aktif. Status CPU masih terpelihara
dan semua isi register masih terjaga, Mode idle dihentikan oleh interrupt
atau mereset sistem.
» Power Down Mode
Pada mode power down maka akan terjadi:
a.  Oscillator akan dihentikan
b. Semua fungsi berhenti bekerja
c. Semua isi RAM internal dipertahankan
d. Pin port dipertahankan pada level logikanya
e. Sinyal ALE dan PSEN ditahan pada kondisi rendah.
Untuk keluar dari mode ini melalui reset sistem. Selama mode power

down, VCC dapat lebih rendah dari 2V.

2.2. Keypad
Pada intinya terdiri dari beberapa switch yang berhubungan

berhubuingan secara matrik. Dimana jumlah dari switch tersebut adalah perkalian
antara jumlah baris dan jumlah kolom. Fungsi dari keypad ini adalah untuk
memasukkan kode dari tiap bus dengan menekan tombol dari keypad ini yang
merupakan kombinasi angka yang nantinya akan ditampilkan di LCD dan

dikirimkan ke Mikrokontroller .
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Mikrokontrofler <} '1_‘_|_ 2| 3f

N 4
4 5 6

N l"‘L"‘ I"-L‘J I"J_"
7l s_L ]

N | b | i SN e
- 0 #

N I'"L“ r"l“ r"'L"

Q o /

Gambar 2.7 Keypad 3 x 4

2.3. LCD ( Liquit Cristal Display )
LCD ( Liquid Crystal Display ) digunakan untuk menampilkan kode yang

dimasukkan melalui keypad, kemudian ditampilkan pada LCD yang berupa

kombinasi angka.

LCD DOTMATRIK

16x2

VSS VCC VEE RS RW E DO D1 D2 D3 D4 DS D8 D7 A K

Gambar 2.8 Konfigurasi Pin LCD Dot Matrik 16 x 2

2.4. Sistem Komunikasi Serial RS 232

Dalam skripsi ini menggunakan komukasi serial antara Mikrokontroller dan
Komputer karena antara keduanya tidak dapat langsung dihubungkan. Untuk
mengirimkan data dari AT89S51 ke PC (Personal Computer), digunakan port
serial RS-232 yang terdapat pada PC, dimana pada por¢ ini terdapat fungsi-fungsi
untuk Tx (pengiriman data), Rx (penerimaan data) dan Tx/Rx (pemilihan mode
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Tx atau Rx). Untuk melakukan fransfer data dari mikrokontroller ke PC
digunakan IC MAX232, yang merupakan rangkaian terpadu untuk antarmuka

komunikasi serial.
P
et 1] 18] vee
s [2] [15] GHD
5] sman [1d 10T
c2[a] maxzox  [13] R
o2- 5] MAXZSZE 5] miour
v-[6] [11] TN
1207 [7] 18] T2H
RaiM 6] 9] ReouT

Gambear 2.9 Konfigurasi Pin-Pin MAX232%

2.5. PC ( Personal Computer )

PC ( Personal Computer ) atau lebih dikenal dengan komputer dalam skipsi

ini mempunyai peran yang sangat penting karena sebagian besar kerja dari alat

yang dibuat ini dikendalikan oleh komputer
pemprograman Delphi 6.

dengan mernggunakan bahasa



BABIII
PERANCANGAN DAN PEMBUATAN ALAT

Pada bab ini akan dibahas mengenai peralatan yang direncanakan dan akan
direalisasikan sebagaimana fungsinya. Adapun perencanaan dan pembuatan alat
meliputi perencanaan dan pembuatan perangkat keras serta perencanaan dan
pembuatan perangkat lunak secara garis besarnya.

3.1. Perencanaan Perangkat Keras
3.1.1. Diagram Blok

Sensor Sensor Sensor
\ 4
Keypad | | Mikrokontroller ,|  DISPLAYLCD
RS232
a Komputer
Pengearas Suara

Gambar 3.1 Blok Diagram Perancangan Alat Keseluruhan

26
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Fungsi dari tiap blok adalah sebagai berikut :

1.

Sensor Berfungsi untuk mendeteksi ada tidaknya bus di jalur dimana sensor
itu berada.

Keypad berfungsi sebagai alat atau sarana untuk memasukkan kode ke
mikrokontroller yang berupa kombinasi angka .

Mikrokontroller berfungsi sebagai pembaca masukan dari keypad dan
menampilkannya di LCD kemudian akan meneruskannya ke server (PC).
RS 232 berfungsi sebagai pengkonversi level TTL ke /evel tegangan RS 232
agar bisa dibaca oleh PC (Personal Commputer).

Komputer (server) berfungsi sebagai pengatur komukasi keseluruhan sistem
dari alat ini dan menampilkan data-data yang masuk.

Pengeras Suara berfungsi untuk menyuarakan keluaran dari komputer yang
berupa panggilan bus untuk masuk jalur dan pemberangkatan bus.

3.1.2. Laser Dioda

Pada umumnya tegangan kerja dari Laserdioda adalah 3 - 5 volt dan

arusnya kurang dari 60mA. Pada perancangan alat ini Laserdioda diberi tegangan
4,5V dan arus 50ma, sehingga untuk mencari nilai resistansi yang digunakan

adalah :
R= Vec —Vied
lled
_5-45
50.107



28

Gambar dari Rangkaian sensor laserdioda dapat dilihat pada gambar dibawah ini :

1'g

100km ¢

Gambar 3.2 Rangkaian Sensor Laserdioda

3.1.3. Rangkaian Detektor Photodioda
Rangkaian dari sensor Photodioda adalah sebagai berikut :

_5‘,"
1K {

Gambar 3.3 Rangkaian Detektor Photodioda
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Prinsip kerja dari rangkaian diatas adalah:

1. Kondisi saat Photodioda tidak mendapat cahaya dari Laserdioda
Pada saat kondisi ini Photodioda mempunyai hambatan besar sekali sehingga
tegangan dari Vcc dibias ke transitor. Arus yang melewati Phofodioda max
10mA, untuk rangkaian diberikan arus sebesar 0,5mA supaya tidak cepat
rusak karena rangkaian ini aktif dalam waktu yang lama. Dengan Vppowo
sebesar 2,3V.
maka :
Vce = Vg + Vpnoto
Vg = Vee = Voo
VrR=5-23
Vr=2,7 Volt
VR = Iphpto. Ri
2,7=5.10"R,

_ 27
' 510
R, = 5K4

Karena dipasaran tidak ada nilai resistor sebesar 5K4 maka diganti dengan
nilai terdekat yaitu 4K7

Dengan tegangan sebesar 2,7V ini, agar dapat mengkondisikan transistor
C9014 berada dalam kondisi saturasi (Vce = 0). Dengan menentukan nilai R,
sebesar 1K maka dapat dicari nilai tahanan Basis (R2):

_ Vec—Vee
Re
=220
1000
Ic=5mA
Dari data sheet diketahui nilai Bdc dari transistor C9014 =186, maka :

_ I

= ———

Bdc

Ic
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Ib= §1I_A.;
186
Ib=27uA
Sehingga Nilai R, dapat dicari :
_ Vs —Vbe
Ib
2,7-0.7W
Ry= 2
2T 27ud
R, =74,07K

R;

Karena nilai tahanan 74,07K tidak ada dipasaran maka dapat diganti dengan
nilai yang terdekat yaitu 68K.

Dengan transistor berada dalam keadan saturasi maka tegangan Vcc akan
mengalir ke ground, sehingga praktis dapat dikatakan tegangan yang mengalir
menuju mikrokontroller adalah OV.

. Kondisi saat Photodioda mendapat cahaya dari Laserdioda

Pada saat kondisi ini Photodioda mempunyai hambatan kecil, sehigga
tegangan tidak dibias, melainkan mengalir ke ground. Akibatnya transistor
berada dalam kondisi cutt off; sehingga tegangan Vcc transistor akan mengalir
ke mikrokontroller.

Jadi dapat disimpulkan bahwa photodioda tidak mendapat cahaya maka logika
ke mikrokontroller adalah O(Jow). Pada saat Photodioda mendapat cahaya
maka logika ke mokrokontroller adalah 1(high).
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3.1.4. Rangkaian Keypad

PR RN .
- - -

-—o—o-—]i»—--—o — —° o

o—o — 1 "/ °

+H
Pe,
F

P
Pc
+*

Gambar 3.4 Rangkaian Keypad 3 X 4
Pada perancangan skripsi ini diguanakan Keypad 3 X 4 dimana fungsinya
yaitu sebagai media untuk memasukkan data kode bus yang terdiri dari kombinasi
angka. Pin-pin pada Keypad ini akan langsung dihubungkan ke Mikrokontroller
yaitu pada Port 2.0 sampai port 2.6.

3.1.5. LCD ( Liquit Cristal Display )

Sebagai penampil (display) dari masukan kombinasi angka melalui
Keypad yang merupakan Kode tiap bus pada alat ini digunakan LCD jenis TM162
yang membutuhkan arus maksimal 3 mA dan tegangan 5V. LCD jenis TM162
dapat menampilkan 16 karakter dalam 2 baris. Dalam perencanaan skripsi ini
untuk penyambungan antara LCD ke Mikrokontroller AT89S51 digunakan IC
7418164 yang merupakan IC converter yang berfungsi sebagai register geser dan
juga untuk memudahkan proses pengkabelan antara LCD dan Mikrokontroller
AT89S51.
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LCD DOTMATRIX ]
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Gambar 3.5 Rangkaian LCD ( Liguit Cristal Display )

Ket:

e Vcc : Tegangan+5V

e Vss : Ground

e Vee : LCDDrive

e RS : Instruksi/data register yang dihubungkan ke P1.1

e R/W : Signal pemilih mode baca atau tulis yang dihubungkan Ground
e E . Signal untuk mengaktifkan tulis data atau baca datayang
dihubungkan ke P1.0
e DBO0-DB7 : Bus data 8 bit, untuk membaca atau menulis data. DB7 juga
digunakan untuk busy flag.
e R, K (Back Light) : Bila LCD yang digunakan tanpa back light, diode IN4001
tidak perlu dipasang.

3.1.6. Minimum Sistem AT89S51

Rangkaian sistem minimum dari mikrokontroller AT89S51 terdiri dari
rangkaian clock dan reset. Rangkaian tersebut tersusun dari komponen-komponen
3 buah kapasitor, 1 buah IC mikrokontroller, sebuah resistor dan sebuah kristal
atau resonator keramik. Rangkaian kapasitor dan kristal atau resonator keramik

digunakan sebagai rangkaian pembangkit internal clock generator yang terdapat
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pada AT89S51. Nilai kapasitansi ditentukan sesuai dengan jenis oscillator yang
digunakan, yaitu:
C1 dan C2 = 20pF — 40pF untuk kristal
C1 dan C2 = 30pF — 50pF untuk resonator keramik.
Karena dalam rancangan digunakan oscillator kristal maka harga kapasitor
yang penulis gunakan adalah sebesar 30pF.
Mikrokontroller AT89S51 mempunyai frekwensi maksimal 33 MHz,
dimana 1 siklus mesin = 12 clock. Dalam rangkaian digunakan kristal dengan
harga 12 MHz, maka program akan dijalankan pada setiap langkahnya selama

lps.
AT89S51
+sp—3L 1 F& ALE |—35—
39 ! po.o
_37—53. PO 1 P2.0 —-%3‘,-—
—35— P02 P21 e
—=— P03 P22 [—22-
P04 P23 (e
-33—33 P05 P24 —5
—5— P06 P25 -
PO 7 P26  —
i P27
—— P10 10
—3— P11 P3.0 —11-
—3— P12 P31 f—om
A P1.3 P3.2 3
—— P14 P33 L
| P15 P34
7 P16 P3 15
I P36 ____n_IE
I '0 P37
‘ XTALI
_I3[!pF _L I e g ] ST
9 20
%1701 1 RST GND —==—
| 30pF
- & 10K
1 _@F
RESE l .

Gambar 3.6 Rangkaian Minimum Sistem Mikrokontroller AT89S51
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3.1.7. Perancangan Penggunaan Port-Port Pada Mikrokontroller AT89S51

Pada skripsi ini IC Mikrokontroller AT89S51 digunakan sebagai pembaca
inputan data dari keypad yang kemudian mikrokontroller ini akan
menampilkannya ke LCD dan selanjutnya akan mengirimkan data tersebut ke
Komputer. Untuk melaksanakan fungsi tersebut diatas maka perlu dirancang port-
port 1/O serta sinyal-sinyal yang akan digunakan dengan seksama.

Gambar 3.7 menunjukkan rancangan port-port 1/O serta sinyal-sinyal pada
IC mikrokontroller AT89S51 yang dimanfaatkan pada skripsi ini.

AT89851

A& ALE —
BSEN |—2-
%9
= |2 2
3By 129
7 2
21 ma P21
36 =
. 73
35 s a4
T P23 =5
—33— P05 P24 %
5 POs rs 7
Ay ng —
LD 5 n7 —2-
Lo e TS
b m i T
by Pl o T
3 »2 —
— ya—
Bilny—— PL 34—t
Dex)—— P18 y3s
30pF Data P17 lP);ﬁ T
e 7
- ¥ | a1
I B pmaa e 2|
M) | —— BST o —
30pF =
|
= [_" (10K

Gambar 3.7 Rancangan Pemakaian Port-Port Mikrokontroller AT89S51
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» Port0
Port 0 merupakan port dua fungsi yang berada pada pin 32-39 dari IC
AT89S51. dalam perancangan skripsi ini port 0 tidak digunakan.

» Port1
Port 1 disediakan sebagai port /O dan menempati pin 1-8,dalam perancangan
P1.0 dihubungkan ke E ( Enable Signal ), dan P1.1 dihubungkan ke RS (
Register Selection Signal ) pada LCD,Port 1.2 dihubungkan ke pin 8 pada IC
7418164, sedangkan pin 1 dan 2 pada IC 74LS164 digabung dan dihubungkan
dengan port 1.3, port 1.5, 1.6, 1.7 dihubungkan ke sensor.

> Port2
Port 2 yang berada pada pin 21-28 merupakan port dua fungsi yaitu sebagai
1/O serbaguna.
P 2.0 sampai P2.6 dihubungkan dengan keypad yang nantinya akan
memberikan masukan data ke Mikrokontroller.

» Port3
Port 3 merupakan port dua fungsi yang berada pada pin 10-17 dari IC
AT89S51. Pada perancangan alat ini port 3 yang digunakan hanya port 3.0 (
RXD ) dan port 3.1 (TXD ).

» PSEN (Program Strobe Enable)

PSEN adalah suatu sinyal keluaran yang terdapat pada pin 29. Fungsinya
adalah sebagai sinyal kontrol untuk memungkinkan mikrokontroler membaca
program (code) dari memori eksternal. Jika eksekusi program dari ROM

internal (8051/8052) atau dari flash memori AT89S51 , maka PSEN berada
pada kondisi tidak aktif (high).
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» ALE ( Address Latch Enable )
Sinyal output ALE yang berada pada pin 30 fungsinya untuk demultipleks bus
alamat dan bus data. Sinyal ALE membangkitkan pulsa sebesar 1/6 frekwensi
oscillator dan dapat dipakai sebagai clock yang dipergunakan secara umum.

» EA (External Access)
Masukan sinyal E4 terdapat pada pin 31 yang dapat diberikan logika rendah
(pin terhubung ground) atau logika tinggi (pin terhubung Vcc). Jika E4
diberikan logika tinggi, maka mikrokontroller akan mengakses program dari
ROM internal (EPROM/flash memory). Jika EA diberikan logika rendah,
maka mikrokontroller akan mengakses program dari memori eksternal. Pada

skripsi ini EA dihubungkan ke Ve

> RST (Reset)
Input reset pada pin 9 adalah reset master untuk AT89S51.

» Oscilator
Oscillator yang disediakan pada chip dikemudikan dengan XTAL yang
dihubungkan pada pin 18 dan pin 19. Besar nilai XTAL yang digunakan
sebesar 12 MHz untuk keluarga MCS-51, dan diperlukan dua buah kapasitor
penstabil sebesar 30pF.

» Vee
AT89S51 dioperasikan dengan tegangan supply +5V. Pin Vcc berada pada pin
nomor 40 sedangkan Vss (ground) berada pada pin 20.

» Timer
Didalam mikrokontroler AT89S51 terdapat 2 buah timer/counter masing-
massing diberi nama timer/counter 0 dan timer/counter 1atau disingkat TO dan
T1. Clock input dari kedua timer ini didapat dari frekwensi X-TAL yang
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dipasang dibagi dengan 12. Kedua timer bisa dipakai untuk meng-inferupt
program dengan selang waktu yang bias kita tentukan dengan memakai
rumus:

1. Bila dipakai sebagai timer/counter 8 bit

T = (256 - TLx)* ——

(F.osc]

12

2. Bila dipakai sebagai timer/counter16bit
1

(F.osc)
12

3.1.8. Perancangan Komunikasi Serial RS232

T = (65536 — THx TLx) *

RS-232 merupakan seperangkat alat yang berfungsi sebagai inferface
dalam proses transfer data secara serial. Metode pengiriman secara serial RS-232
adalah Asinkron. Pengiriman Asinkron berarti tidak membutuhkan pewaktu
sebagai Sinkronisasi. Dalam pengiriman serial asinkron, clock tidak dikirimkan,
tetapi dikondisikan oleh timing start bit yang merupakan isyarat dari sumber ke
tujuan untuk mengkodekan adanya pengiriman karakter sudah selesai dikirim.

Karakteristik elektris dari sistem RS-232 adalah mempunyai tegangan
keluaran antara —15 Volt sampai dengan +15 Volt. Teganan +5 sampai +15 volt
untuk mewakili level rendah (logika 0’/ spacing) dan tegangan -5 sampai -15 volt
untuk mewakili level tinggi (logika 1°/ marking). Hal tersebut seperti ditunjukkan
dalam Gambar 3.8.

Gamber 3.8 Level Logika Standar RS-232%
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Di dalam komputer terdapat fasilitas komunikasi serial yang menggunakan
standar RS-232, yaitu terletak pada COM1 dan COM2. Kedua fasilitas ini
menggunakan konektor DB9 atau DB25 sebagai penghubung dengan piranti luar.
Gambar konektor DB9 seperti terdapat dalam Gambar 3.9.

2001 Mow Stutt Works

Gambar 3.9 Konektor DB-9 dan DB-25!"!



Fungsi masing-masing pin pada DB-9 seperti terdapat dalam Tabel 3.1.

Tabel 3.1. Fungsi Pin RS-232 dalam DB-9!")

Pin Nama Fungsi
) DCD (Data Carrier Mendeteksi sinyal carrier dari
Detect) modem lain
5 RD (Receive Data Line )/ | Pengiriman data serial dari DCE
(RxD) ke DTE
3 TD (Transmit Data Pengiriman data serial dari DTE
Line)/(TxD) ke DCE
4 DTR (Data Terminal Memberitahu DCE bahwa DTE
Ready) telah aktif dan siap untuk bekerja
Referensi semua  tegangan
5 | Ground
antarmuka
Memberitahu DTE bahwa DCE
6 | DSR (Data Set Ready) . . .
telah aktif dan siap untuk bekerja
Memberitahu DCE bahwa DTE
7 | RTS (Request To Send) .
akan mengirim data
Memberitahu DTE bahwa DCE
8 | CTS (Clear To Send) . .
siap menerima data
Aktif jika modem menerima
9 | RI (Ring Indikator) . . .
sinyal ring pada jalur telepon

39

Jalur data (TxD dan RxD) untuk transport data, TxD adalah jalur output
pada komputer, data dikirim dari pin ini. Sedangkan RxD adalah penerima untuk
komputer, data yang datang akan diterima oleh pin ini. Pin ke empat adalah
output (RTS) di mana sebuah sinyal akan diberikan pada alat yang dihubungkan
dengan maksud meminta kiriman data. CTS adalah sinyal masukan yang
menunggu sinyal dari alat yang terhubung. Ketika alat tersebut menerima sinyal
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RTS dan bisa menerima data maka ia akan mengirimkan sinyal balik yang
merupakan CTS. DTR adalah sinyal keluaran yang memberi tanda bahwa ada alat
yang terhubung dan akan mengirimkan data. DSR merupakan sinyal input yang
mana jika alat yang terhubung manerima sinyal DTR ia akan memberi sinyal balik
kemudian diterima sebagai sinyal DSR.
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3.2. Perancangan Perangkat lunak
3.2.1. Perancangan Perangkat Lunak Pada Mikrokontrller

Cara kerja dari perangkat lunak (sofware) pada Mikrokontroller secara
umum sebagai berikut:

Cek Masukan Sensor

Tunggu
Pemintaan Data
Dari PC

Kirim Data Dan Status
Sensor Ke PC

__Y
<>

Gambar 3.10 Folwcart Perangkat Lunak Pada Mikrokontroller
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3.2.2. Perancangan Perangkat Lunak ( Softwere ) Pada PC
Berikut ini merupakan Flow Cart perancangan perangkat lunak
(Softwere ) pada PC.

Inisialisasi
Softwere

Cek Tabel

Cek Komunikasi
Kirim ‘A’

Y Ada
Jawaban ?
T
v Hit Error = Hit Error + 1
)
Hit Error=5 I

Y



Masukan Kode

Ada Kode
Terdaftar ?

Baca Jadwal Berangkat

A 4

Masukkan Daftar Antrian

Mode 0

Pengumuman Persiapan

Mode 1

l

Bus Masuk Jalur

Periksa Jadwal Berangkat

Mode 2 & Jam
Berangkat ?
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O
\ 4
Pengumuman Berangkat

\ 4
Catat Di TB Rekap

~ ®
A

Hapus Dari TB Persiapan

A 4

Periksa Jadwal Berangkat 10 Menit
Selanjutnya

Gambar 3.11 Folwcart Perangkat Lunak Pada Komputer
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3.3. Prinsip Kerja Alat

Prinsip kerja alat pengatur keberangkatan bis secara otomatis di terminal ini
yaitu pertama-tama bis harus bis harus mendaftarkan data-data bisnya ke petugas
yang mengoperasikan komputer sebagai server dari alat ini, selanjutnya setelah
mendafiar masing-masing bis akan mendapatkan ID bis. Selanjutnya apabila bis
tersebut telah siap untuk masuk daftar antrian maka supir bis memasukkan ID nya
melalui Keypad yang selanjutnya Keypad akan meneruskannya ke
Mikrokontroller dan mikrokontroller akan menampilkannya ke LCD (' Liquit
Cristal Display ), apabila data yang dimasukkan telah benar maka untuk
mengirimkan data tersebut ke komputer maka ditekan tombol kirim yang berada
di Keypad. Setelah datanya terkirim maka Sofiwere di komputer akan
mencocokkannya dengan data Base yang ada di komputer apabila data /D yang
dimasukkan ada yang cocok maka data dari ID tersebut akan dimasukkan ke
daftar antrian dengan Mode 0, 10 menit sebelum keberangkatan bis yang
bersangkutan akan dipanggil untuk masuk jalur sesuai dengan data jurusannya dan
Modenya akan berubah menjadi Mode I,Apabila bis telah masuk ke jalurnya
maka Sensor yang berada di jalur akan memberikan informasi ke komputer
sehingga Modenya berubah menjadi Mode 2.tepat pada jam keberangkatannya
maka bis akan secara otomatis akan diberangkatkan, dan selanjutnya program
akan memanggil daftar antrian 10 menit selanjutnya.



BAB IV
PENGUJIAN ALAT

4.1. Umum
Pengujian alat ini dilakukan untuk mengetahui kinerja dari keseluruhan

sistem rangkaian. Jadi pada tahap ini akan diketahui nilai-nilai serta parameter-
parameter dari setiap bagian yang menyusun sistem secara keseluruhan.

4.2. Pengujian Perangkat Keras
4.2.1. Pengujian Sistem Mikrokontroller

1. Tujuan
Untuk mengetahui kondisi awal dari mikrokontroller apakah sudah sesuai
dengan yang direncanakan.
2. Peralatan Yang Dibutuhkan
1. Komputer.
2. Sistem mikrokontroller.
3. Prosedur Pengujian
1. Membuat program yang digunakan dalam pengujian mikrokontroller.
2. Program yang digunakan dalam pengujian mikrokontroller ini merupakan
program sederhana dengan memasukkan bilangan OFH dan FOH ke port 2.
3. Port2 AT89C51. Program yang dibuat adalah sebagai berikut :
ORG OH
MULAI: MOV P2 #0FH ;kondisi satu
CALL DELAY
MOV P2,# FOH :kondisi dua

CALL DELAY

46
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JMP MULAI
DELAY:MOV RO,#0
DELAY1: MOV  RS5#50H

DINZ R5.$

DINZ RO,DELAY1

END

4, Membuat rangkaian seperti Gambar 4.1:

SISTEM [ﬁ I]Hri\lﬂi‘ ‘ﬂ“ ﬁr‘ I[I ig IJ

[hmsiaioians. MIKROKONTROLLER
DISPLAY LED

R

_ i

KOMPUTER

Gambar 4.1 Diagram Blok Pengujian Mikrokontroller

5. Memasang catu rangkaian sebesar 5V

6. Mendownload program diatas .

7. Mengamati keluaran pada LED Display .
8. Hasil pengujian

Hasil pengujian mikrokontroller adalah sebagai berikut :
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Tabel 4.1 Hasil Pengujian Sistem Mikrokontroller

KONDIS KELUARAN PADA LED DISPLAY

I Bit0 | Bit1 | Bit2 | Bit3 | Bit4 | Bit 5 | Bit 6 | Bit 7

Satu 0 0 0 0 1 1 1 1

Dua 1 1 1 1 0 0 0 0

Pada saat port 2 diberi bilangan OFH, LED pada P2.0 sampai dengan P2.3
padam, dan LED pada P2.4 sampai P2.7 nyala. Ketika port 2 diberi bilangan
FOH, P2.0 sampai P2.3 nyala dan P2.4 sampai P2.7 padam. Kemudian program

terus mengulang sehingga LED akan menyala dan padam secara bergantian.

4.2.2. Pengujian Rangkain Sensor Laserdioda

1.Tujuan :

Mengetahui nilai tegangan dan arus dari sensor laserdioda.
2. Peralatan yang dibutuhkan :

» Catu daya 5V DC.

» Digital Multimeter.

> Rangkaian sensor laserdioda.
3. Prosedur pengujian :

> Alat-alat dirangkai seperti ditunjukkan pada gambar 4.2 dibawah ini :
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Gambar 4.2 Rangkaian Pengujian Laserdioda

» Rangkaian diberi catu daya 5V DC.
» Dilakukan pengukuran arus dan tegangan pada rangkaian pengujian
sensor Laserdioda.
4, Hasil Pengujian
Hasil pengujian rangkaian sensor laserdioda adalah sebagai berikut

Tabel 4.2 Hasil Perbandingan Antara Pengukuran Dan Perhitungan Rangkaian

Laserdioda
PENGUKURAN PERHITUNGAN
1 taserdioda V laserdioda 1 taserdioda V laserdioda
(mA) (Volt) (mA) (Voli)
49,47 4,39 50 4,5




Iinf( perhitungan) — I inf( pengukuran) x 100%

Error 1 jaserdioda = :
FrOT laserdioda I'inf( perhitungan)

Error 1 jaserdioda = —50—_;:)9—’4“7— x 100%

Error 1 juserdioda = 1,06 %

V inf( perhitungan) — V inf( pengukuran)
V inf( perhitungan)

Error V jaserdioda = x 100%

4,5-4,39

)

Error V juserdiods = x 100%

Error V paserdioda = 2,4%

4.2.3. Pengujian Rangkaian Sensor Photodioda

1. Tujuan

Mengetahui nilai tegangan dan arus pada rangkaian sensor photodioda

2. Peralatan yang dibutuhkan

Catu daya 5V DC.

Digital Multimeter.

Rangkaian sensor Photodioda.

LS ]

. Prosedur pengujian

5w

13
&
10chm AR I—'—@

Gambar 4.3. Rangkaian Pengujian Sensor Photodioda

Alat-alat dirangkai seperti ditunjukkan pada gambar 4.3 dibawah ini :

50
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e Rangkaian diberi catu daya 5V DC
e Dilakukan pengukuran arus dan tegangan pada rangkaian pengujian sensor
photodioda.

4. Hasil Pengujian
Hasil pengujian rangkaian Sensor Photodioda adalah sebagai berikut :

Tabel 4.3 Hasil Perbandingan Antara Pengukuran Dan Perhitungan Rangkaian

Photodioda
Ipotodiod Pengukuran Perhitungan
(mA) V Protodioda V photodioda
(Volf) (Volt)
0,5 2,21 2.3

e Kondisi Sensor Photodioda terhalang :

Vphoto(perhitungan) — Vphoto( pengukuran) x 100%
Vphoto( perhitungan)

Error Vppowodioda =

23-2,21

£}

Error VPhotodioda = x 100%

Error V photodioda = 3,9%

4.2.4. Pengujian LCD
1. Tujuan

Mengetahui apakah rangkaian LCD dapat menampilkan data karakter yang

sesuai dengan data yang dikirimkan.
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2. Peralatan Yang Dibutuhkan

Komputer.

Sistem mikrokontroller AT8S51.

Catu daya 5V DC.

3. Prosedur Pengujian

e Merangkai peralatan seperti dalam Gambar 4.4.

e Membuat perangkat lunak pengujian rangkaian LCD. Program ini berisi
inisialisasi Mikrokontroller, dan LCD.

e Mengaktifkan catu daya

e Mengoperasikan program, hasil keluaran akan ditunjukkan pada layar

penampil kristal cair.

- SISTEM DISPLAY LCD
—P MIKROKONTROLLER | 16 X 2

b

Computer

Gambar 4.4 Diagram Blok Pengujian LCD

4. Hasil Pengujian
Dari hasil pengujian didapatkan bahwa rangkaian LCD dapat
menampilkan karakter-karakter, sesuai dengan data yang dikirimkan. Tampilan

terdiri atas 2 baris yang masing-masing mempunyai 11 karakter.
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Gambar 4.5 Hasil Pengujian LCD

.2.5. Pengujian Rangkaian Keypad

. Tujuan

Untuk mengetahui keluaran dari unit papan tombol saat tombol ditekan

apakah sesuai dengan tampilan yang ada di LCD.

2. Peralatan yang dibutuhkan

(%]

Catu daya 5V DC.
Rangkaian keypad.
Digital Multimeter.
MCU
Rangkaian LCD

. Prosedur pengujian :

Alat-alat dirangkai seperti ditunjukkan pada gambar diagram blok dibawah ini

KEYPAD > SISTEM I LCD
MIKROKONTROLLER

A

Gambar 4.6 Diagram Blok Pengujian Keypad
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4. Hasil Pengujian

Dari hasil pengujian dapat diketahui bahwa rangkaian Keypad dapat berfungsi
dengan baik hal ini dapat diketahui dari tombol yang ditekan sesuai dengan
tampilan yang ada di LCD, berikut ini table perbandingan tombol yang ditekan
dengan tampilan di LCD :

Tabel 4.4 Hasil Pengujian Rangkaian Keypad

SWITCH __ Tampilan LCD.
1

#H|O] rjO0|@ NP |OIBIWIN
# (O] r|O|DINO|N|HBIWIN |-

4.2.6. Pengujian Perangkat Keras Secara Keseluruhan
1. Tujuan
Tujuan dari pengujian perangkat keras secara keseluruhan ini adalah untuk
mengetahui kinerja perangkat keras secara keseluruhan apabila dijalankan
sesuai perintah yang kita jalankan.
2. Peralatan yang dibutuhkan :
» Catudaya 12V
3. Prosedur pengujian
> Merangkai semua perangkat keras menjadi satu seperti yang tampak pada
diagram blok.
» Mengaktifkan catu daya



Gambar 4.7 Tampilan Awal LCD
» Memasukkan kode bis

Gambar 4.8 Tampilan LCD Pada Saat Memasukkan Kode Bis

» Mengamati kode yang ada di LCD

Gambar 4.9 Tampilan LCD Pada saat Kode Bis Lengkap

» Mengirimkkan data ke komputer

Gambar 4.10 Tampilan LCD Setelah Data Dikirimkan
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4.3. Pengujian Perangkat Lunak
4.3.1. Pengujian Perangkat Lunak Pada Mikrokontroller

Program yang digunakan ialah program assembly. Pengujian program
assembly ini dilakukan pada saat mengkompile program sumber assembly, yang
merupakan kumpulan baris-baris perintah dan telah disimpan dengan extention
.ASM. Program ini ditulis menggunakan HB2000W Programmer & Evaluation
Board For AT89S/C/51/52. Pada bagian proses assembly, program .ASM akan
dikompile menjadi dua bagian, yaitu listing assembly * LST dan program obyek
* HEX yang berisikan kode-kode yang hanya dikenali mikrokontroller. Program

inilah yang akan didownloadkan ke mikrokontroller.

4.3.2. Pengujian Perangkat Lunak Pada Komputer

Program yang digunakan adalah bahasa pemprograman Borland Delphy 6
jadi di komputer ini dibuat suatu program yang nantinya akan memproses data
yang dikirimkan oleh Mikrokontroller.Berikut ini tampilan utama dari Program
pengatur keberangkatan bus ini :
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Gambar 4.11 Gambar Tampilan Menu Utama Pengatur Keberangkatan Bus

Dari gambar diatas dapat kita lihat bahwa terdapat dua tabel yaitu tabel
keberangkatan dan tabel persiapan, dalam tabel keberangkatan terdapat 5 kolom
yaitu :

Jam keberangkatan
ID bis

Nama bis

Jalur keberangkatan

Jurusan.

vV V V V VY

Lebih jelasnya mengenai tabel keberangkatan ini dapat dilihat pada
gambar dibawah ini :
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Eebsranakatan !

; __|BusiD |Nama _ ¥ _|Jatur|Jurusan
0100000001 Akas o Surabaya
0100000002 Tentrem a1 Malang
0100000003 Akas o1 Jogjakarta
0100000004 Akas o1 Surabaya
0100000005 Restu o1 Malang
0100000006 Akas o1 Jogjakarta
0100000007 Akas o1 Surabaya
0100000008 Tentrem o1 Malang
0100000009 Mawar o1 Jogjakarta
0100000010 Akas o1 Surabaya
0100000011 Restu Malang
0100000012 Tentrem Jogiakarta
0200000001 Akas Jember
0200000002 Alas B anyuwangi
0200000003 Akas Probolinggo
0200000005 Akas Banyuwangi
0200000004 Akas
0200000006 Akas
0200000007 Akas
0200000008 Akas B anyuwangi
0200000009 Akas Probolinggo
0200000010 Akas Jember
0200000011 Akas B anyuwangi
0200000012 Akas Probolinggo
0300000001 Karina Jakarta
0200000002 Gunung Harta Bali
0300000003 Lorena Bali
0300000004 Kramat Jati Jakarta
0300000005 Gunung Harta Bali

Gambar 4.12 Gambar Tampilan Tabel Keberangkatan

Sedangkan tabel kedua yaitu tabel persiapan dalam tabel ini dimasukkan
data-data bis yang telah siap untuk diberangkatkan dan telah masuk dalam daftar
antrian. Dalam tabel ini terdapat terdapat 4 kolom yaitu :

» Jam keberangkatan

» ID bis

» Jalur keberangkatan

» Mode, untuk mode disini dibagi menjadi 4 mode yaitu

e Mode 0 berarti bis telah memasukkan /D nya dan telah dimasukkan
dalam daftar antrian.

e Mode 1 berarti bis telah dipanggil untuk persiapan di jalur yang
telah ditentukan.

e Mode 2 berarti menandakan bahwa bis telah berada di jalur.

e Mode 3 berarti bis telah diberangkatkan.

Lebih jelas tentang isi dari tabel persiapan ini dapat dilihat dari gambar
dibawah ini :
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yaitu :

Jam

BuslD Jalur

04/02/2006 10:04:00
04/02/2006 10:06:00
04/02/2006 10:10:00
04/02/2006 10:16:00

04/02/2006 10:30:00
04/02/2006 10:34:00
04/02/2006 10:36:00
04/02/2006 10:40:00
04/02/2006 10:44:00
04/02/2006 10:46:00

Gambar 4.13 Tampilan Tabel Persiapan

0200000001 03
0300000001 02
0100000002 01
0300000002 02
0100000004 01
0200000004 03
0300000004 02
0100000005 01
0200000005 03
0300000005 02

o8

Pada menu utama pengatur keberangkatan bis ini terdapat pula dua Button

» Lihat data bis

ihat Data Bus

Gambear 4.14 Button Lihat Data Bis

Apabila kita mengklik button ini maka akan tampil data bis lengkap

seperti gambar dibawah ini :



2 Lihat Data

Lihat Data Bus

Nama

NoPol

Alamat

Akas
Tentrem
Akas
Akas
Restu
Akas
Akas
Tentrem
Mawar
Akas
Restu
Tentrem

» Mulai

NB237L
NB236F
N6448k
N6202U
N6446
NB203
N1245T
N7834D
AB5478X
N9376B
N2135¢
N1258M
N3054J
NE164L

Gambar 4.15 Tabel Data Bis

74 e

Gambar 4.16 Gambar Button Mulai

Probolinggo
Malang
Probolinggo

~

Probolinggo

Malang
Jember
Probolinggo
Malang
Jogjakarta
Probolinggo
Malang
Malang
Probolinggo
Probolinggo
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Pada saat kita mengklik Butfon mulai ini maka program pengatur
keberangkatan bus ini akan dijalankan.
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4.4. Langkah Langkah Menjalankan Program Pengatur Keberangkatan Bis

1. Pertama-tama kita harus memastikan keseluruhan perangkat keras telah
terhubung dengan benar dan dialiri catu daya 12 V

2. Menghubungkan perangkat keras dengan komputer melalui Port Serial 1.

3. Mengklik Button mulai yang terdapat pada menu utama.

4. Mengatur konfigurasi Port Serial dengan cara mengklik tulisan konfigurasi
yang terdapat pada bagian atas tampilan utama kemudian akan tampil kotak
konfigurasi komunikasi serial. Lebih jelasnya dapat dilihat pada gambar
dibawah ini :

£ EEE
com ot - [ELLTTRS

Gambar 4.17 Gambar Tampilan Konfigurasi Komunikasi Serial
5. Untuk mendaftarkan jalur dan jurusan kita dapat masuk di data antrian dan

klik di jalur bis, lebih jelasnya tampak pada gambar dibawah ini :

ittt Konfigurasi Laporan  Keluar
Persiapan

Keberangkatan 5

Data Bus
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%% Jalur Pemberangkatan

Ertry D ata Jalur Pemberanakatan

Gambear 4.18 Form Untuk Mengisikan Daftar Jalur Dan Jurusan

6. Untuk mengisi data bis maka kita dapat membuka data antrian dan klik data
bus maka akan tampil kotak untuk memasukkan data bus. Lebih jelasnya
mengenai pengisian data bus dapat dilihat di gambar dibawah ini :

el e Konfigurasi  Laporan  Keluar
Persiapan

Keberangkatan 5

Jalur Bus
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:_!'.' Edit Database

Entry Data Bus

Kaode Bus

]

”:l’ll: Bus

Juuzan .

Momaor Fol

hiu_____ )

ul:ml-ﬂ

Gambar 4.19 Gambar Form Untuk Mengisikan Data Bus

7. Langkah selanjutnya yaitu mengisikan jam keberangkatan bis yaitu dengan
masuk di data antrian kemudian klik di keberangkatan, kita tinggal
memasukkan /D bis dan menentukan jam keberangkatannya. Lebih jelasnya
mengenai cara memasukkan jam keberangkatan ini dapat dilihat pada gambar
dibawah ini :

me= GG Konfigurasi  Laporan  Keluar

Keberangkatan
Data Bus
Jalur Bus
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%% Edit Database

Entry Data Jadwal Feberangkatan

MNama Bk as

| Jurusan : Surabaya

<< Jam Berangkat »>»

0100000007 Akas
0100000008 Tenh
0100000009 Maw
0100000010 Akas
0100000011 Rest
0100000012 Tent
(0200000001 Akas

Gambar 4.20 Form Untuk Mengisikan Jam Keberangkatan

8. Setelah komukasi antara perangkat keras dan computer telah berjalan maka
kita dapat mulai mengirimkan ID bis melalui keypad. ID yang dikirimkan
apabila datanya cocok dengan yang ada di data base computer maka akan
langsung dimasukkan ke daftar antrian dan ditampilkan di tabel persiapan dan
dengan mode 0. 10 menit sebelum keberangkatan bus yang telah masuk daftar
antrian akan dipanggil untuk masuk jalur maka modenya akan menjadi mode
1, apabila bis telah berada di jalur maka modenya akan menjadi mode 2, tepat
pada jam keberangkatannya maka bis akan diberangkatkan.

9. Setelah bis diberangkatkan maka data bis tadi akan dimasukkan kedalam data
rekap keberangkatan. Untuk melihat data rekap keberangkatan kita dapat
melihatnya di laporan kemudian klik di lihat rekap pemberangkatan. Untuk
lebih jelasnya dapat kita lihat di gambar dibawah ini :



Data Antrian  Konfigurasi [E=sE Keluar

Lihat Rekap Pemberangkatan

Antnan Bus

24 Edit Database

Data Keberangkatan Bus

Nopol

»|03/02/2006 10:00.00
- |03/02/2006 10:04:00
| 03/02/2006 22:50:56

Gambar 4.21 Gambar Laporan Rekap Keberangkatan Bis

NB237L
N3054)
NB236F
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BABY
PENUTUP

5.1. Kesimpulan

1.

5.2.

a.

Pada perencanaan penggunaan port-port pada mikrokontroller, port 0
dalam perancangan alat ini tidak digunakan, port 1 digunakan untuk
keluaran ke LCD, port 2 dihubungkan ke Keypad, sedangkan Port 3
yang digunakan hanya pin 3.0 dan 3.1 yang digunakan untuk komunikasi
dengan komputer.

Pada perencanaan rangkaian Laserdioda ini digunakan Resistor sebesar
10 Q. .

Pada perencanaan rangkaian Photodioda dari hasil perhitungan
didapatkan nilai R1 dan R2 sebesar SK4 dan 74,07K karena dipasaran
tidak ada nilai resistor sebesar ini maka diganti dengan nilai yang
terdekat yaitu resistor dengan nilai 4K7 dan 68K.

Pada pengujian mikrokontroller didapatkan hasil bahwa mikrokontroller
berjalan sesuai dengan yang direncanakan yaitu mengambil masukan
data dari keypad melalui port 2 kemudian menampilkannya di LCD
melalui port 1, dan mengirimkan data ke komputer melalui port 3.

Pada pengujian rangkaian sensor laserdioda terdapat adanya error yaitu
1 Laserdioda SELESAr 1,06% dan V acerdioda Sebesar 2,4%.

Pada pengujian rangkaian photodioda terdapat adanya error yaitu

Vphotodioda S€besar 3,9%.

Saran

Dengan segala keterbatasan yang dimiliki penulis maka, terbatasnya
jangkauan operasional alat ini, seperti alat hanya mampu memakai 3 jalur
saja, sebaiknya alat ini dapat dikembangkan lagi.

Hendaknya alat ini dipergunakan sebagaimana fungsinya yaitu mengatur

keberangkatan bis agar supaya dapat berguna bagi masyarakat luas.
Sebaiknya alat diterapkan dan digunakan sesuai dengan prosedur dan
ketentuan yang telah disebutkan.
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tpatible with MCS-51° Products

Jytes of In-System Programmable (ISP) Flash Memory
Endurance: 1000 Write/Erase Cycles

' to 5.5V Operating Range

y Static Operation: 0 Hz to 33 MHz

re-level Program Memory Lock

x 8-bit Internal RAM

'rogrammable /O Lines

16-bit Timer/Counters

interrupt Sources

Duplex UART Serial Channel

-power Idle and Power-down Modes

rrupt Recovery from Power-down Mode
chdog Timer

i Data Pointer

-er-off Flag

t Programming Time

ible ISP Programming (Byte and Page Mode)

cription

T89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
of in-system programmable Flash memory. The device is manufactured using
's high-density nonvolatile memory technology and is compatible with the indus-
andard 80C51 instruction set and pinout. The on-chip Flash allows the program
ry to be reprogrammed in-system or by a conventional nonvolatile memory pro-
ner. By combining a versatile 8-bit CPU with in-system programmable Flashon a
lithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
~flexible and cost-effective solution to many embedded control applications.

T89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of

321/0 lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
r two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
circuitry. In addition, the AT89S51 is designed with static logic for operation
to zero frequency and supports two software selectable power saving modes.
jle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
Jpt system to continue functioning. The Power-down mode saves the RAM con-
but freezes the oscillator, disabling all other chip functions until the next external
Jpt or hardware reset.

| ATMEL

Y

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

AT89S51
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Description

AIMEL

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional |/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 (|, ) because of the internal 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 [n-System Programming)

Port 2 is an 8-bit bidirectional /O port with internal pull-ups. The Port 2 output buffers can
sink/source four TTL 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 intemal 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 Part 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.

/AT S0'S 5 1 00000000

2487A-10/01
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Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 iNTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

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.

IPROG 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 puise 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.

N 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.

/PP External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memoery locations starting at 6000H 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 internal program executions.
This pin also receives the 12-voit programming enable voitage (Vpp) during Flash
programming.

L1 Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

L2 Output from the inverting oscillator amplifier

-10/01 -/
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1. AT89S51 SFR Map and Reset Values

AlMEL

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

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

H OFFH
H 8 OFTH
00000000
H OEFH
ACC
H 1" 00000000 OE7H
» ODFH
PSW
H | 00000000 0D7TH
H OCFH
H 0CTH
P
H | xx000000 OBFH
P3
H1 1111111 0B7H
IE
3H | ox000000 OAFH
P2 AUXR1 WDTRST
M| 41111911 XHXXXXXXO XXXHXXHKX 0ATH
SCON SBUF
BH | 00000000 | XO00OKXXX SFH
P1
BH | 41919111 97H
s | TCON TMOD TLO L1 THO ™1 AUXR -
00000000 | 00000000 | 00000000 | 0000C0CO | 00000000 | 00000000 |  XXXOOXXO
oH PO sP DPOL DPOH DPIL DP1H PCON | gy
11111111 | 00000111 00000000 | 00000000 | 00000000 | 00000000 0XXX0000

/AT 8DS 51 100000000
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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.

Interrupt Registers: The individual interrupt enable bits are in the IE 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
WOIDLE 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.



nory
anization

ram Memory

Memory

chdog
er

e-time
bled with
et-out)

1g the WDT

AImEL

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

Table 3. AUXR1: Auxiliary Register 1

AUXR1
Address = A2H
Reset 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 0E1H in sequence to the WDTRST register (SFR location 0A6H).
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 0AGH). 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

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

ATS89S51 e ——

2487A-10/01
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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 encugh 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 AT83S51 while in IDLE mode,
the user should always set up a timer that will pericdically 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 S5P2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle

—‘—m 9



AIMEL

Table 4. Interrupt Enable (IE) Register
(MSB) (LsB)

EA |- | - les  [em  |ex e |[Exo |
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.S Reserved
ES IE4 Serial Port interrupt enable bit
ET1 IE.3 Timer 1 interrupt enable bit
EX1 IE.2 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
E, .......... >' ........ 1
Oy !
INTG :.1 N ;; €0 |-
L ™
TF0 >
INTY 1 . %~—u 181 [~
TF1

&
|
i

/AT 80 S 5“1 0000



EREIINIIIN—————————————_y N p .1: N1y

illator
racteristics

Mode

rer-down
le

10/01

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

c2
e et S IO

i '""‘

-
; i XTAL1

GND

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

Figure 3. Extemal Clock Drive Configuration
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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 idie 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 made, 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.

AIEL 1
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Table 5. Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN | PORTO | PORT1 | PORT2 | PORT3
Idle Internal 1 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 P u Same as mode 2, but verify is also disabled
P P P Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during
reset. If the device is powered up without a reset, the 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.
Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise EA/Vpp to 12V.

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 us. Repeat steps 1
through 5, changing the address and data for the entire array or until the end of the
object file is reached.

o s wN

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.

/AT 810)S 5“1 000000
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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 returned 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 control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

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

During chip erase, a serial read from any address location will return 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 (cutput). 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 turns 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 XTAL2. The maximum serial clock (SCK) frequency should be
less than 1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK fre-
quency is 2 MHz.

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

1. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H".

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

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 Vg 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 writlen will result 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 byle in the Flash array can be programmed by using the appropriate combination
of conlrol signals. The write operation cycle is self-timed and once initiated, will automatically
time itself to completion.

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

7. Flash Programming Modes

! ! ALE/ EA/ ! P0.7-0 i PLEO
2 ¥.c | RST | PSEN | PROG Vep P26 | P27 | P33 | P36 | P37 Data Address
@
 Code Data 5V H L 5, 12V L H H H H Dy A11-8 AT-0
 Code Data 5V H L H H L L L H H D A11-8 AT7-0
(3)
i v
 Lock Bit 1 5V H L g 12 H H H H H X X X
3)
 Lock Bit 2 5V H L g 12V H H H L L X X X
i \Y o 2 H
. Lock Bit 3 5 H L sy g 12V H L H L X X X
" P0.2
| t '
LackBits 5V H L H H H H L H L P03, X X
3 PO.4
v L m 2V H
Erase 5 H S 1 H L L L % X X
| Atmel 1D 5V H L H H L L L L L 1EH 0000 00H
| Device 1D 5V H L H H L L L L L 51H 0001 00H
| Device 1D 5V H L H H L L L L L 06H 0010 00H

SN

X =don't care.

AT89S51

Each PROG pulse is 200 ns - 500 ns for Chip Frase

Each PROG pulse is 200 ns - 533 ns for Write Code Data,
Each PROG pulse is 200 ns - 580 as for Write Lock Bits
RDY/BSY signal is autput on P3.& during nrogranuming.

2487A-10/01



Figure 4. Programming the Flash Memory (Parallel Mode)

v"'.(:
ATB9SS1
appr. DA propty Voo _..J
QOOOH/FFFH
A%;;Tﬁ P20 - P23 PO le—m DOM
——» P26
SEE FLASH | —¥ P27 ALE |-~ PROG
PROGRAMMING | ~——-f P33
MODES TABLE | .——91 P36
P— Y
XTAL2 EA |e—— V,iVin
a3 M | 4 Rovi
D L P3.0 -a-g?'
XTALY RST famr Vg,
GND PSEN

Figure 5. Verifying the Flash Memory (Parallel Mode)

MODES TABLE |

+

VGZ
9

323 MHz | &

[ | $

AIMEL

AT88S51
propPir Ve
P20 -P23 PO

ALE
XTAL2 EA
XTAL1 RST
GND PSEN

PGM DATA
-5 (USE 10K
PULLUPS)

oV,

AT89S51
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ATMEL

n Programming and Verification Characteristics (Parallel Mode)
'5°C 16 30°C, Ve = 4.510 5.5V
o1 o "Pa‘ram:l;r“ﬂ’"ﬁ— N ' Min E Max Units
Programming Supply Voltage 11.5 12.5 v
Programming Supply Current ! 10 mA
Vee Supply Current 30 mA
L Oscillator Frequency 3 33 MHz
- 7;ddress Setup-i;ﬁﬁé Low B 48ICLG-L“ o - -
: Address Hold After PROG o 8o |
Data Setup to PROG Low 4Bto o
( | Data Hold After PROG 48t q,
; P2.7 (ENABLE) High to Vpp 48tc
| | VppSeptoPROG Low ' 10 e
- T/P,, Hold After PROG S 10 o us
i PRGG Width N o % 02 1 LQ o
: Address to Data Valid 48tc o
) ENABLE Low to Data Valid 48to o
, Data Float After m 0 48tc oL
PROG High to BUSY Low _ 1.0 us -
Byte Write Cycle Time 50 us
e 6. Flash Programming and Verification Waveforms — Parallel Mode
P10 - PL7 PROGRAMMING i __VERIFICATION
P20 - P23 e ADDRESS b e 4 ADDRESS D>
e B ol VoY
PORT 0 ,;‘( DATAIN )‘} DATA_OUT__ P
b e vy ooy v B e
ALE/PROG N A
fsraL ——— tonsi
T . .. . N NLOGIC 1
U S A EeTET TR R
pP2.7 v‘1 i lg oy —t ‘_:—-.! "l
""""""""""" |
(ENABLE) A oo e e
P30 { |
(ROY/BSY) ‘&.“ BUSY /i READY
= Yy T

AT89S551
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e 7. Flash Memory Serial Downloading

AT89S51

Veo

INSTRUCTION
NSt ——| P1.5MOSI

DATA QUTPUT +—— P1.6/MISO
CLOGK IN =¥ P1.7/SCK

-—-g—————1 XTALZ

333 MHz| L

e e XTAL1 RST (e V,,
GND

-IIQ—T- -

sh Programming and Verification Waveforms — Serial Mode

e 8. Serial Programming Waveforms
sen e /e X X XX XN
1
1
s oo /i) X X X XN

¢ 1

SERtALCL%?!gl:\tS%UKT) ﬂ !:] D r:l [:] D H ﬂ
1 0

7
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3. Serial Programming Instruction Set

Instruction
Format
ction Byte 1 Byte 2 Byte 3 Byte 4 Operation
amming Enable 1010 1100 0101 0011 X0 XX0KK XX XXX Enable Serial Programming
0110 1001 while RST is high
(Output)
Zrase 1010 1100 100x  xxxx XXXX  XXXX XK XXXX Chip Erase Flash memory
aray
Program Memory | 06010 0000 XXXX TO22 | oYY LR IO IO Read data from Program
Mode) <« < BAS3 8058 memory in the byte mode
Program Memory | 0100 0000 XXXX o ~ =) wy oneo | Write data to Program
Mode) 722% 2923 W2 | 5583 88as memory in the byle mode
Lock Bits® 1010 1100 1110 00 TS | oo oo 00K X0 Write Lock bits. See Note (2).
Lock Bits 0010 0100 X000 XXXX XXXX  XXXX XX @ §§xx Read back current status of
4 the lock bits (a programmed
lock bit reads back as a “17)
Signature Bytes(" | 6010 1000 o 23T QR 00X Signature Byte | Read Signature Byte
Program Memory | 06011 0000 xXxx T2 Byte 0 Byte 1... Read data from Program
) Mode) <« Byte 255 memory in the Page Mode
(256 bytes)
Program Memory | 0101 0000 bt S Byte 0 Byte 1... Write data to Program
) Mode) < Byte 255 memory in the Page Mode
(256 bytes)
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 Each of the lock bits needs to be activated sequentially before
B1 =1, B2 = 0 —Mode 3, lock bit 2 activated Mode 4 can be executed.

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

After Reset signal is high, SCK should be low for at least 64 system clocks before it goss 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.

/AT 8D'S 5“1 0000000000
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ial Programming Characteristics

ire 9. Serial Programming Timing

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

MOSI

X X

tovsn

VAR NVER

SCK

« »{tsHoxX

»
A 4

MISO

X X

AT89S51

mbol Parameter Min Typ Max Units
CLCL Oscillator Frequency 0 33 MHz
oL Oscillator Period 30 ns
1SL SCK Pulse Width High 8tcicL ns
SH SCK Pulse Width Low 8tcicL ns
/SH MOSI Setup to SCK High teLeL ns
10X MOSI Hold after SCK High 2t 01 ns
W SCK Low to MISO Valid 10 16 32 ns
ASE Chip Erase Instruction Cycle Time 500 ms
NC Serial Byte Write Cycle Time 64 tg o + 400 us
19




olute Maximum Ratings*

AIMEL

ating Temperature -55°C to +125°C *NOTICE: Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanent dam-
ige Temperature....... -65°C to +150°C age to the device. This is a siress rating only and
functional operation of the device at these or any
ge on Any Pin other conditions beyond those indicated in the
Respect to Ground -1.0Vto +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
mum Operating Voltage 6.6V conditions for extended periods may affect
device reliability.
Jutput Current 15.0 mA
Characteristics
alues shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.
bol Parameter Condition Min Max Units
Input Low Voltage (Except EA) -0.5 0.2 Vge-0.1 v
Input Low Voltage (EA) -0.5 0.2 V0.3 v
Input High Voltage (Except XTAL1, RST) 0.2 Vc+0.9 Vect0.5 v
tnput High Voltage (XTAL1, RST) 0.7 V¢ Vect0.5 v
Output Low Valtage!" (Ports 0.45 \Y
1,2,3) lo, = 1.6 mA
Output Low Voltage!" 0.45 v
(Port 0, ALE, PSEN) lop =3.2mA
lon =-60 pA, Voo =5V £10% 24 Vv
Oulput High Voltage lon =-25 pA 0.75 Vee v
(Ports 1,2,3, ALE, PSEN) low =-10 A 0.9 Ve \"
lon = -800 pA, Ve =5V £10% 24 \"
Output High Voltage lon =-300 pA 0.75 Vec v
(Port 0 in External Bus Mode) lon =-80 pA 0.9 Ve \"
Logical O Input Current (Ports -50 A
1,2,3) Vi = 0.45V
Logical 1 to 0 Transition Current -650 A
(Ports 1,2,3) Vin=2V, Ve =6V10%
Input Leakage Current {Port 0, #0 HA
EA) 0.45 < V< Ve
T Reset Pulldown Resistor 50 300 KQ
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
Power-down Mode® Vge = 5.5V 50 pA

1. Under steady state (non-transient) conditions, I, must be externatly limited as follows:

Maximum g, per port pin: 10 mA
Maximum I, per 8-bit port:

Port 0: 26 mA Ports 1,2, 3: 15 mA
Maximum total I, 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 810 51 00—
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~haracteristics

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

arnal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
ibol Parameter Min Max Min Max Units
o Oscillator Frequency 0 33 MHz
ALE Pulse Width 127 2t 40 ns
Address Valid to ALE Low 43 tor-25 ns
Address Hold After ALE Low 48 toLcL-25 ns
ALE Low to Valid Instruction In 233 4t 65 ns
ALE Low to PSEN Low 43 toLc-25 ns
: PSEN Pulse Width 205 3t 45 ns
PSEN Low to Valid Instruction In 145 3t o -60 ns
Input Instruction Hold After PSEN 0 0 ns
Input Instruction Float After PSEN 59 toLe-25 ns
, PSEN to Address Valid 75 to -8 ns
Address to Valid Instruction In 312 Stc c -80 ns
) PSEN Low to Address Float 10 10 ns
1 RD Pulse Width 400 6tg . -100 ns
" WR Pulse Width 400 6l o -100 ns
/ RD Low to Valid Data In 252 5te o -90 ns
X Data Hold After RD ] 0 ns
z Data Float After RD 97 2t o 28 ns
: ALE Low to Valid Data In 517 8tc o ~150 ns
' Address to Valid Data In 585 Otc o -165 ns
) ALE Low to RD or WR Low 200 300 3tc o -50 3t o +50 ns
L Address to RD or WR Low 203 4 o 75 ns
- Data Valid to WR Transition 23 toLc-30 ns
H Data Valid to WR High 433 Tterc-130 ns
X Data Hold After WR 33 torc-25 ns
, RD Low to Address Float 0 0 ns
H RD or WR High to ALE High 43 123 toLc-25 toLc +25 ns

ATMEL 21



AIMEL

arnal Program Memory Read Cycle

by, —™
ALE /T N
o . - N * toLpn
Lavit. : » tuv
JUSS—— = MLPL :“'
PEEN / ¢ tpuy N\
R tHA] (—-t%
b iax ) toxiz fe——
loxx—»  je—
PORT 0 > AD-AT KINSTRIN b > a0-a7_ >
taiv >
PORT 2 ). 4 A8 - A15 > A8-A15
ernal Data Memory Read Cycle
k by —— |
ALE \ A N
— el
PSEN \ /
~ e by T

RO e tax—a Nt —A
i by v lrHpz

e bavi L —»

-
sz — trrnx
PORT 0 __>-KAD - A7 FROM Ri OR DPLY K ——1CDATA IN Y KA0 - A7 FROM PCLY-CINSTR IN

N bt >
—————— taypy
PORT 2 X P2.0 - P27 OR A8 - A15 FROM DPH X AB - A15 FROM PCH

AT 80S 5  0000000—



AT89S51

irnal Data Memory Write Cycle

- b >
ALE N
— twrn
‘1 PSEN \ /
\ e—— tywn ——sle—twn
i
WR et N 4
,‘AW.L""" tQVWX i % e "WHQX
ot o ——»

PORT 0 A0 - A7 FROM Ri OR DPL DATA OUT X A0 - A7 FROM PCLO~(INSTR IN

tavw
PORT 2 i P20 - P27 OR A8 - A15 FROM DPH X AB - A15 FROM PCH

arnal Clock Drive Waveforms

= {oncL

Ve - 05V 1 y
_.07 =

A 07V
0.2 Vg - 0.1V
0.45V

ernal Clock Drive

ibol Parameter Min Max Units

o Oscillator Frequency 0 33 MHz

) Clock Period 30 ns

X High Time 12 ns

< Low Time 12 ns

1 Rise Time 5 ns

L Fall Time 5 ns
— AINEL 23



AIMEL

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

12 MHz Osc Variable Oscillator
1 Parameter Min Max Min Max Units
Serial Port Clock Cycle Time 1.0 12tc 0 us
i Output Data Setup to Clock Rising Edge 700 10tg o -133 ns
. Output Data Hold After Clock Rising Edge 50 21, 80 ns
¢ Input Data Hold After Clock Rising Edge 0 0 ns
' Clock Rising Edge to Input Data Valid 700 10t ¢ -133 ns

it Register Mode Timing Waveforms

INSTRUCTION 1 0 { 1 | 2 | 3 ] 4 | 5 i 6 | 7 i 8 |
‘“‘”"“"itnxL
l

CLOCK ‘ T T I O T O I
QVXH >
e e
WRITE TO SBUF, o0 112 XT3 X4 X 58 X 8 X 1/
i 7 e toiox serm ]
OUTPUT DATA beiov [+ ‘
. CLEARRI , &
y f
INPUT DATA SET R

Testing Input/Output Waveforms("

- 0.5V
Veg- 09 0.2 Vo + 0.9V

TEST POINTS
N 0.2 Vi - 0.V

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

Vieap™ OV

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 V,/Vg level occurs.

/AT 8O S 5“1 000000
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essssssssssseesessssssssseeeessessnssmns AT89S51

gring Information

;ﬁd Power
z) Supply Ordering Code Package Operation Range
4 40Vto 5.5V | AT89S51-24AC 44A Commercial
AT89S51-24JC 44) (0°C 1o 70°C)
AT89S51-24PC 40P6
AT89S51-24Al 44A Industrial
AT89S51-24J1 44) (-40°C to 85°C)
AT89S51-24PI 40P6
33 . 45V1055V | ATB9S51-33AC -1 44A - Commercial-
' o | AT89851-33C RN {0°Cto70°C)
AT89S51-33PC 40P6 '
] = Preliminary Availability
Package Type

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

44-lead, Plastic J4eaded Chip Carrier (PLCC}

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

-10/01
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AIMEL

H}aging Information

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

t Package (TQFP)
i‘ ensions in Millimeters and (Inches)*

. ; 12.210478) o
PINID | e ...§ 11,7500 458)
o1
i
IS
i

i
1
1
1
rn

_6.45(0.418)
{ TI3RG6T2)
..ﬁ.

0.80(0.031) 8BSC —y

14

el Lo

10 10{0.384}
S se

AAAAA 1 20(0.047) MAX

eI y o

! \ L‘o‘zswosm 0.15(0.006) _
1 PT045(0018) 0.05(6:002)

Controlling dimension: millimeters

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

045(1.14) X 45  PINNO.1

046(114) X 30"+ 88" g49¢ 305)
i .ooe(.eoa)

. i
5. 1 e30(16.0)
1 88N(165) , | 50(150)
s 021(533) |
> 113 230 I
T A)SQ = B1%330) ;
. ! . H b T D
B50{1.27) TYP Tt oy A oy T i R _l ; .043(1.09)
}agrrerenmene] . 500(12.7) REF SQ 26( 508)
120308
TR R, 086(2.29)
BN IE Y R T e ABO457)
= L 165(3.19)
=3 =7
dy £
& Ty
f{ m{: 022(559) X 45° MAX (3X)
1.—.‘ ’)‘{' 3‘!’ f"'! 5_
RIS 'Q'U --------- ‘

OP6, 40-pin, 0.600" Wide, Plastic Dual Inline
'ackage (PDIP)

Jimensions in Inches and (Millimeters)

EDEC STANDARD MS-011 AC

; 2.07(526) o
i ZOUBTH i
i !
'11\;\\“1"""{:”’" \x"""l'

i !

il 71 566(144)
/i L ES0EE)
{{ 1
g '

I..‘ AR SR N ENREEEE ] | 1) L1
i ] e 020(229)
omes 1.900{48 26) REF —erf MAX

220¢5.69} e e 005{ 127)
pe——— p } . utN
(g
SEATING | 8] H ]
pLanNe Ty i e
AU i 065{1 85}
Jsg‘é‘;@?é " TIB(ET
=i M,P;g‘ggi.
L0279 P
T8
0120308 _fi-
S T

AT .8'0'S 5“1 0000000
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How to use
Intelligent L.C.D.s

By Julyan Ilett

An utterly “practical” guide to interfacing
and programming intelligent liquid crystal P d rt 0 ne
display modules.

Recently, a number of projects using intelligent liquid crystal display (l.c.d.) modules
have been featured in EPE. Their ability to display not just numbers, but also letters,
words and all manner of symbols, makes them a good deal more versatile than the
familiar 7-segment light emitting diode (l.e.d.) displays.

Although still quite expensive when purchased new, the large number of surplus modules
finding their way into the hands of the “bargain” electronics suppliers, offers the hobbyist
a low cost opportunity to carry out some fascinating experiments and realise some very
sophisticated electronic display projects.

Basic Reading

This article deals with the character-based l.c.d. modules which use the Hitachi HD44780
(or compatible) controller chip, as do most modules available to the hobbyist. Of course,
these modules are not quite as advanced as the latest generation, full size, full colour, back-
lit types used in today's laptop computers, but far from being “phased out,” character-based
l.c.d.s are still used extensively in commercial and industrial equipment, particularly where
display requirements are reasonably simple.

The modules have a fairly basic interface, which mates well with traditional micro-
processors such as the Z80 or the 6502. It is also ideally suited to the PIC microcontroller,
which is probably the most popular microcontroller used by the electronics hobbyist.

However, even if, as yet, you know nothing of microcontrollers, and possess none of the
PIC paraphernalia, don't despair, you can still enjoy all the fun of experimenting with
l.c.d.s, using little more than a handful of switches!

Shapes and Sizes

Even limited to character-based modules, there is still a wide variety of shapes and sizes
available. Line lengths of 8, 16, 20, 24, 32 and 40 characters are all standard, in one, two
and four-line versions.



Several different liquid crystal technologies exist. “Supertwist” types, for example, offer
improved contrast and viewing angle over the older “twisted nematic” types. Some modules
are available with back-lighting, so that they can be viewed in dimly-lit conditions. The
back-lighting may be either “electro-luminescent,” requiring a high voltage inverter circuit,
or simpler l.e.d. illumination.

Few of these features are important, however, for experimentation purposes. All types are
capable of displaying the same basic information, so the cheaper types are probably the
best bet initially.

Connections

Most l.c.d. modules conform to a standard interface specification. A 14-pin access is
provided (14 holes for solder pin insertion or for an IDC connector) having eight data
lines, three control lines and three power lines. The connections are laid out in one of
two common configurations, either two rows of seven pins, or a single row of 14 pins.
The two layout alternatives are displayed in Figure 1.
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Figure 1: Pinouts of the two basic L.c.d formats.



On most displays, the pins are numbered on the l.c.d.'s printed circuit board, but if not, it
is quite easy to locate pin 1. Since this pin is connected to ground, it often has a thicker
p.c.b. track connected to it, and it is generally connected to the metalwork at some point.

The function of each of the connections is shown in - - .
. .| N ‘
Table 1. Pins 1 and 2 are the power supply lines, Vss Pin No I = l Function l%
and Vdd. The Vdd pin should be connected to the 1 Vss Ground
positive supply, and Vss to the OV supply or ground. 2 Vdd +ve supply
Although the 1.c.d. module data sheets specify a 5V 3 Vee (?ontrast
d.c. supply (at only a few milliamps), supplies of 6V 4 RS | Register Select |
and 4.5V both work well, and even 3V is sufficient 5 R/W Read/Write |
for some modules. Consequently, these modules can 6 E Enable |
be effgcnvely, and economically, powered by 7 DO Data bit 0 ;
batteries. :
8 D1 Databit1 |
Pin 3 is a control pin, Vee, which is used to alter the g D2 Databit2 |
contrast of the display. Ideally, this pin should be 10 D3 Data bit 3
connegted to a variable voltage supply. A preset 11 D4 Data bit 4
potentiometer connected between the power supply _ ;
lines, with its wiper connected to the contrast pin is 12 DS Databit5 [
suitable in many cases, but be aware that some 13 D6 Databit6 |
modules may require a negative potential; as low as 14 D7 Databit7 |

7V in some cases. For absolute simplicity, connecting
this pin to OV will often suffice.

Pin 4 is the Register Select (RS) line, the first of the

Table 1. Pinout functions for
all the L.c.d. types.

three command control inputs. When this line is low, data bytes transferred to the display
are treated as commands, and data bytes read from the display indicate its status. By
setting the RS line high, character data can be transferred to and from the module.

Pin 5 is the Read/Write (R/W) line. This line is pulled low in order to write commands or
character data to the module, or pulled high to read character data or status information

from its registers.

Pin 6 is the Enable (E) line. This input is used to initiate the actual transfer of commands
or character data between the module and the data lines. When writing to the display,
data is transferred only on the high to low transition of this signal. However, when
reading from the display, data will become available shortly after the low to high

transition and remain available until the signal falls low again.

Pins 7 to 14 are the eight data bus lines (DO to D7). Data can be transferred to and from
the display, either as a single 8-bit byte or as two 4-bit “nibbles.” In the latter case, only
the upper four data lines (D4 to D7) are used. This 4-bit mode is beneficial when using a

microcontroller, as fewer input/output lines are required.



Prototype Circuit

For an l.c.d. module to be used effectively in any piece of equipment, a microprocessor or
microcontroller is usually required to drive it. However, before attempting to wire the
two together, some initial (and very useful) experiments can be performed, by connecting
up a series of switches to the pins of the module. This can be quite a beneficial step, even
if you are thoroughly conversant with the workings of microprocessors.

~ ™~
X1 LCD Module
. J
p7r D6 D5 D4 D3 D2 D1 DO E RW RS Vee Vdd Vss
1a] 13| 12] 1| 10 9 8 7 6 s 4 3 2 1
+gv
R1 R2 R3 R4 RS R6 R7 R8 RO R10
4k7 4K7. 4k7 4k7 4k7 4K7 4K7 4KT ak7 4k7
L [ < [ 9 <
0 o o o o S ) o
- s
s:/ sz/ s::/ s4 / ss:/ s6 s-:/ S8 $9/--h 1/ e l
Sk cw
| ov

8-WAY D.l.L. SWITCH

Figure 2: Circuit diagram for an L.c.d. experimental rig.

In Figure 2 is shown the circuit diagram of an 1.c.d. experimentation rig. The circuit can
be wired-up on a “plug-in” style prototyping board, using d.i.l. (dual-in-line) switches for
the data lines (S1 to S8), a toggle switch for the RS input (S10), and a momentary action
switch (or microswitch) for the E input (S9). The R/W line is connected to ground (0V),
as the display is only going to be written to for the time being.

All of the resistors (R1 through R10) are 4K7 ohms. It is probably most convenient to use a
s.i.l. (single-in-line) resistor pack for the eight pull-up resistors (R1 to R8) on the data lines.
The other two resistors, R9 and R10, can be discrete types. Preset potentiometer VR1

(5K ohms) is used for the contrast control and is shown with one end left disconnected.

If desired, this end can be connected to the positive line via a resistor of about 47K ohms
(it should be connected to a negative supply, via a similar resistor, for those modules

which require negative biasing).

All the switches should be connected so that they are “on” when in the “down” position,
so that “down” generates a logic 0 (low) and “up” provides a logic 1 (high). The switches
should also be arranged so that data bit D7 is on the left, and data bit DO is on the right. In
this way, binary numbers can be entered the right way round.

Initially, the contrast control should be adjusted fully clockwise, so that the contrast
control input (Vee) is connected to ground. The initial settings of the switches are



unimportant, but it is suggested that the RS switch (S10) is “up” (set to logic 1), and the
E switch (S9) is left unpressed. The data switches, S1 to S8, can be set to any value at
this stage. All is now prepared to start sending commands and data to the l.c.d. module.

The experimental circuit can be built on plug-in prototyping boards.

Experiment 1: Basic Commands

When powered up, the display should show a series of dark squares, possibly only on part
of the display. These character cells are actually in their off state, so the contrast control
should be adjusted anti-clockwise (away from ground) until the squares are only just visible.

The display module resets itself to an initial state when power is applied, which curiously
has the display blanked off, so that even if characters are entered, they cannot be seen. It
is therefore necessary to issue a command at this point, to switch the display on.

A full list of the commands that can be sent is given in Table 2, together with their binary
and hexadecimal values. The initial conditions of the 1.c.d. after power-on are marked
with an asterisk.

Throughout this article, emphasis will be placed on the binary value being sent since this
illustrates which data bits are being set for each command. After each binary value, the
equivalent hexadecimal value is quoted in brackets, the $ prefix indicating that it is
hexadecimal.

The Display On/Off and Cursor command turns on the display, but also determines the
cursor style at the same time. Initially, it is probably best to select a Blinking Cursor with
Underline, so that its position can be seen clearly, i.e. code 00001111 ($0F).



Binary

Command ov bs Ds ps D3 b2 b1 oo || M|

Clear Display 0 0 0 0 0 0 0 1 o1 |
Display & Cursor Home 0 0 0 0 0 0 1 x 020r03 |
Character Entry Mode 4] 0 0 o] 0 1 1/D| S 04 to 07 [ﬁ
Display On/Off & Cursor 0 0 0 0 1 D U B 08 to OF k
Display/Cursor Shift 0 0] 0 1 D/C | R/L x x 10 to i}
Function Set 0 0 1 8/4 | 2/1 |10/7| x x 20to 3F |:
Set CGRAM Address 0 1 A A A A A A 40 to 7F [
Set Display Address 1 A A A A A A A |[sotoFF |
1/D: 1=increment*, 0=Decrement R/L:  1=Right shift, 0=Left shift
S: 1=Display shift on, 0=0Off* 8/4: 1=8-bit interface*, 0=4-bit interface
D: 1=Display on, 0=0Off* 2/1: 1=2line mode, 0=1 line mode"*
u: 1=Cursor underline on, 0=0Off* 10/7: 1=5x10 dot format, 0=5x7 dot format*
B: 1=Cursor blink on, 0=Off*
. 1=Display shift, 0=Cursor move x = Don't care * = |nitialization settings

Table 2. The command control codes.

Set the data switches (S1 to S8) to 00001111 ($0F) and ensure that the RS switch (S10) is
“down” (logic 0), so that the device is in Command mode. Now press the E switch (S9)
momentarily, which “enables” the chip to accept the data, and Hey Presto, a flashing
cursor with underline appears in the top left hand position!

If a two-line module is being used, the second line can be switched on by issuing the
Function Set command. This command also determines whether an 8-bit or a 4-bit data
transfer mode is selected, and whether a 5 x 10 or 5 x 7 pixel format will be used. So, for
8-bit data, two lines and a 5 x 7 format, set the data switches to binary value 00111000
($38), leave RS (S10) set low and press the E switch, S9.

It will now be necessary to increase the contrast a little, as the two-line mode has a
different drive requirement. Now set the RS switch to its “up” position (logic 1),
switching the chip from Command mode to Character mode, and enter binary value
01000001 ($41) on the data switches. This is the ASCII code for a capital 4.

Press the E switch, and marvel as the display fills up with capital 4's. Clearly, something
is not quite right, and seeing your name in pixels is going to have to wait a while.

Bounce
The problem here is contact bounce. Practically every time the E switch is closed, its contacts

will bounce, so that although occasionally only one character appears, most attempts will result
in 10 or 20 characters coming up on the display. What is needed is a “debounce” circuit.

But what about the commands entered earlier, why didn't contact bounce interfere with
them? In fact it did, but it doesn't matter whether a command is entered (“enabled”) just
once, or several times, it gets executed anyway. A solution to the bounce problem is
shown in Figure 3.



Here, a couple of NAND gates are cross-
coupled to form a set-reset latch (or flip-flop)
which flips over and latches, so that the contact
bounce is eliminated. Either a TTL 74LS00 or a
CMOS 74HCO00 can be used in this circuit. The
switch must be an s.p.d.t. (single-pole, double-
throw) type, a microswitch is ideal.

After modifying the circuit, the screen full of
A’s can be cleared using the Clear Display
command. Put binary value 00000001 ($01) on
the data switches, set the RS switch to the
“down” position and press the new modified E
switch. The display is cleared.

Note that the output of the “de-bounce” circuit is
high when the switch is pressed and low when the
switch is released. Since it is the high to low transition that actually latches data into the
1.c.d. module, it will be observed that characters appear on the display, not when the
button is pressed, but when it is released.

Figure 3. Switch debounce circuit.

Experiment 2: Entering Text

First, a little tip: it is manually a lot easier to enter characters and commands in hexadecimal
rather than binary (although, of course, you will need to translate commands from binary
into hex so that you know which bits you are setting). Replacing the d.i.l. switch pack with a
couple of sub-miniature hexadecimal rotary switches is a simple matter, although a little bit
of re-wiring is necessary.

The switches must be the type where On = 0, so that when they are turned to the zero
position, all four outputs are shorted to the common pin, and in position “F”, all four
outputs are open circuit.

All the available characters that are built into the module are shown in Table 3. Studying
the table, you will see that codes associated with the characters are quoted in binary and
hexadecimal, most significant bits (“lefti-hand” four bits) across the top, and least
significant bits (“right-hand” four bits) down the left.

Most of the characters conform to the ASCII standard, although the Japanese and Greek
characters (and a few other things) are obvious exceptions. Since these intelligent
modules were designed in the “Land of the Rising Sun,” it seems only fair that their
Katakana phonetic symbols should also be incorporated. The more extensive Kanji
character set, which the Japanese share with the Chinese, consisting of several thousand
different characters, is not included!
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Table 3. Standard l.c.d character table.

Using the switches, of whatever type, and referring to Table 3, enter a few characters
onto the display, both letters and numbers. The RS switch (S10) must be “up” (logic 1)
when sending the characters, and switch E (S9) must be pressed for each of them. Thus



the operational order is: set RS high, enter character, trigger E, leave RS high, enter
another character, trigger E, and so on.

The first 16 codes in Table 3, 00000000 to 00001111, (300 to $SOF) refer to the CGRAM.
This is the Character Generator RAM (random access memory), which can be used to
hold user-defined graphics characters. This is where these modules really start to show
their potential, offering such capabilities as bargraphs, flashing symbols, even animated
characters. Before the user-defined characters are set up, these codes will just bring up
strange looking symbols.

Codes 00010000 to 00011111 ($10 to $1F) are not used and just display blank characters.
ASCII codes “proper” start at 60100000 ($20) and end with 01111111 ($7F). Codes
10000000 to 10011111 ($80 to $9F) are not used, and 10100000 to 11011111 ($A0 to
$DF) are the Japanese characters.

Codes 11100000 to 11111111 ($EO to $FF) are interesting. Although this last block
contains mainly Greek characters, it also includes the lower-case characters which have
“descenders.” These are the letters g, j, p, g and y, where the tail drops down below the
base line of normal upper-case characters. They require the 5 x 10 dot matrix format,
rather than the 5 x 7, as you will see if you try to display a lower-case j, for example,
on a 5 x 7 module.

Some one-line displays have the 5 x 10 format facility, which allows these characters
to be shown unbroken. With 5 x 7 two-line displays, the facility can be simulated by
borrowing the top three pixel rows from the second line, so creating a 5 x 10 matrix.

For this simulation, set line RS low to put the chip into Command mode. On the data
switches, enter the Function Set command using binary value 00110100 ($34). Press
and release switch E. Return RS to high, and then send the character data for the last
32 codes in the normal way (remembering to trigger line E!).

Experiment 3: Addressing

When the module is powered up, the cursor is positioned at the beginning of the first line.
This is address $00. Each time a character is entered, the cursor moves on to the next
address, $01, $02 and so on. This auto-incrementing of the cursor address makes entering
strings of characters very easy, as it is not necessary to specify a separate address for
each character.

It may be necessary, however, to position a string of characters somewhere other than at
the beginning of the first line. In this instance, a new starting address must be entered as
a command. Any address between $00 and $7F can be entered, giving a total of 128
different addresses, although not all these addresses have their own display location.
There are in fact only 80 display locations, laid out as 40 on each line in two-line mode,
or all 80 on a single line in one-line mode. This situation is further complicated because
not all display locations are necessarily visible at one time. Only a 40-character, two-line
module can display all 80 locations simultaneously.



To experiment with addressing, first set the l.c.d. to two-line mode (if two lines are
available), 8-bit data and 5 [P3] 7 format using the Function Set command, i.e. code
00111000 ($38). Note that the last two bits of this command are unimportant, as indicated

by the X in the columns of Table 2, and either of them may be set to 0 or 1.

(From now on, we won't constantly remind you that RS must be set appropriately before
Command or Character data is entered, or that E must be triggered afier data has been

entered  you should know by now!)

Using the Display On/Off and Cursor command, set the display to On, with Underline and
Blinking Cursor, code 00001111 ($0F). Now set the cursor to address 00001000 ($08).
This is done by sending a Set Display Address command, binary value 10001000 ($88).

The cursor will jump to the ninth position on the display, at which point text can now be
entered. The Set Display Address command is always 10000000 ($80) greater than the
display address itself.

Experiment with different display addresses and note their display locations. Be aware
that display addresses 00101000 to 00111111 ($28 to $3F) and 01101000 to 01111111
(868 to $7F) cannot be used on any of the display types.

The relationship between addresses and display locations varies, depending on the type
of module being used, but some typical examples are shown in Figure 4.

|EIEIEIEI BB E1E EIE E1E Bl E [HEIHHE']HEEEHEEIHEIEIEIEIEHEI1
]EEEEEE EEEBEB 20 Character 1 line (TLCM2011)

16 Character 2 line (TLCM1621 or LMO16L) )

EIEIE B E EIE FE EE E A EE

Ta[alaT e[l aTeTala e e TeTaTaTe] [ e e e e e
IAEREARCERRRREAEEEE) | BREeEAARsARRGRAS

BIEEEEEEAREREEREE

16 Character 4 line (SMC1640A or LMO41L)

AFFPREREERARECEANEEOEARER BN AROE AR ARE)
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40 Character 2 line (TLCM4021 or LMO18L)

20 Character 2 line (LM0O32L)
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Figure 4: Examples of the relationship between addresses
and display locations for typical module formats



Most are laid out conventionally, with two lines of characters, the first line starting at
address 00000000 ($00) and the second line at address 01000000 ($40).

Two interesting exceptions were discovered during this article's research. The single-line
module shown in Figure 4 is actually a two-line type, with the second line placed to the
right of the first. In one-line mode, only the first 10 characters were visible.

The rather magnificent 4-line module is, actually, also a two-line type, with the two lines
split and interlaced. This complicates the addressing a little, but can be sorted out with a
bit of software.

Experiment 4: Shifting the Display

Regardless of which size 1.c.d. module is being used, there are always 80 display
locations that can be written to. On the smaller devices, not all 80 fit within the visible
window of the module, but can be brought into view by shifting them all, either left or
right, “beneath” the window area. This process must be carried out carefully, however,
as it alters the relationship between addresses and their positions on the screen.

To experiment with shifting, first issue suitable Function Set, Display On/Off and Cursor
commands, and, if necessary, the Clear Display command (you've met their codes above).
Then enter all 26 letters of the alphabet as character data, e.g. 010006001 (341) to
01011010 ($5A).

On a 16-character display, only 4 to P will be visible (the first 16 letters of the alphabet),
and the cursor will have disappeared off the right-hand side of the display screen.

The Cursor/Display Shift command can now be used to scroll all the display locations to
the left, “beneath” the 1.c.d. window, so that letters Q to Z can be seen. The command is
binary 00011000 ($18). Each time the command is entered (and using the E switch), the
characters shift one place to the left. The cursor will re-appear from the right-hand side,
immediately after the Z character.

Carry on shifting (wasn't that a film title? Ed!), and eventually the letters 4, B, C, and so
on, will also come back in from the right-hand side. Shifting eventually causes complete
rotation of the display locations.

The binary command 00011100 ($1C) shifts the character locations to the right. It is
important to note that this scrolling does not actually move characters into new addresses,
it moves the whole address block left or right “underneath” the display window.

If the display locations are not shifted back to their original positions, then address $00
will no longer be at the left-hand side of the display. Try entering an Address Set
command of value 10000000 ($80), after a bit of shifting, to see where it has moved to.



The Cursor Home command, binary 00000010 ($02), will both set the cursor back to
address $00, and shift the address $00 itself back to the left-hand side of the display.
This command can be used to get back to a known good starting position, if shifting
and address setting gets a bit out of control.

The Clear Display command does the same as Cursor Home, but also clears all the
display locations.

One final word about the Cursor/Display Shift command; it is also used to shift the
cursor. Doing this simply increments or decrements the cursor address and actually has
very little in common with shifting the display, even though both are achieved using the
same command.

Experiment 5: Character Entry Mode

Another command listed in Table 2 is Character Entry Mode. So far, characters have
been entered using auto-incrementing of the cursor address, but it is also possible to use
auto-decrementing. Furthermore, it is possible to combine shifting of the display with
both auto-incrementing and auto-decrementing.

Consider an electronic calculator. Initially, a single zero is located on the right-hand side
of the display. As numbers are entered, they move to the left, leaving the cursor in a fixed
position at the far right. This mode of character entry can be emulated on the L.c.d.
module. Time for another experiment:

Send suitable Function Set, Display On/Off and Cursor commands as before. Next, and
assuming a 16-character display, set the cursor address to 00010000 ($10). Then send the
Character Entry Mode command, binary 00000111 ($07). This sets the entry mode to
auto-increment/display shift left.

Finally, enter a few numbers from 0 to 9 decimal, i.e. from 00110000 to 00111001 (330
to $39). Characters appear on the right-hand side and scroll left as more characters are
entered, just like a normal calculator.

As seen in Table 2, there are four different Character Entry modes, 00600100 to
00000111 (304 to $07), all of which have their different uses in real life situations.

Experiment 6: User-Defined Graphics
Commands 01000000 to 01111111 ($40 to $7F) are used to program the user-defined

graphics. The best way to experiment with these is to program them “on screen.” This is
carried out as follows:

First, send suitable Function Set, Display On/Off and Cursor commands, then issue a
Clear Display command. Next, send a Set Display Address command to position the
cursor at address 00000000 ($00). Lastly, display the contents of the eight user character



locations by entering binary data 00000000 to 06000111 ($00 to $07) in turn. These
characters will initially show up as garbage, or a series of stripes.

Now, send a Set CGRAM Address command, to start defining the user characters.
Any value between 01000000 and 01111111 ($40 and $7F) is valid, but for now, use
01000000 ($40). The cursor will jump to the begmmng of the second line, but ignore
this, as it is not important.

Data entered from now on will build up the user-defined graphics, row by row. Try the
following sequence of data: 60001110, 06010001, 00001110, 060000100, 00011111,
00000100, 00001010, 00010001 ($0E, $11, SOE, $04, $1F, $04, $0A, $11). A little
“stick man” will appear on the display, with his feet in the gutter (the cursor line)!

By entering another set of eight bytes, the second user character can be defined, and so on.

How the CGRAM addresses correspond to the individual pixels of the user-defined
graphics characters is illustrated in Figure 5. Up to eight graphics can be programmed,
which then become part of the character set and can be called up using codes 00000000
to 00000111 ($00 to $07), or codes 00001000 to 00001111 ($08 to $OF), both of which
produce the same result, i.e. 64 command codes available for user programming,

Address Data Address Address
(binary) hex hex
(00001110) 48 78
(00010001) 49 79
(00001110) 4A 7A
{00000100) 4B @ 78
(00011111) 4Cc 7C
(00000100) 4D 7D
(00001010) 4E 7E
(00010001) 4F 7F
User-defined User-defined User-defined
graphic #1 graphic #2 graphic #7

Figure 5: Showing how the CGRAM addresses correspond to individual pixels.

It can be seen that the basic character cell is actually eight pixels high by five pixels wide,
but most characters just use the upper seven rows. The bottom row is generally used for
the underline cursor. Since each character is only five pixels wide, only data bits 0 to 4
are used, bits 5 to 7 (the three “left-hand” bits) are ignored.

The CGRAM is volatile memory, which means that when the power supply is removed
from the 1.c.d. module, the user-defined characters will be lost. It is necessary for the
microprocessor to load up the user-defined characters, by copying data from its own
EPROM, early on in the program, certainly before it intends to display them.

Experiment 7: 4-Bit Data Transfer

The HD44780 1.c.d. control chip, found in most 1.c.d. modules, was designed to be
compatible with 4-bit microprocessors. The 4-bit mode is still very useful when
interfacing to microcontrollers, including the PIC types.



Microcontroller input/output (1/0) pins are often at a premium and have to be rationed
carefully between the various switches, displays and other input and output devices in
a typical circuit. Bigger microcontrollers are available, which have more I/O pins, but
miniaturisation is a key factor these days, along with cost, of course.

Once the display is put into 4-bit mode, using the Function Set command, it is a simple
matter of sending two “nibbles” instead of one byte, for each subsequent command or
character.

Nibble is a name devised by early computer enthusiasts in America, for half a byte, and
is one of the more frivolous terms that has survived. By the time the 16-bit processors
arrived, computing was getting serious, and the consumption analogies “gobble” and
“munch” were never adopted!

When using 4-bit mode, only data lines D4 to D7 are used. On the prototype test rig,
set the switches on the other lines, DO to D3, to logic 0, and leave them there. Another
experiment is now imminent.

In normal use, the unused data I/O lines D0 to D3 should either be left floating, or tied to
one of the two power rails via a resistor of somewhere between 4k7[C24] and 47k[C24].
It is undesirable to tie them directly to ground unless the R/W line is also tied to ground,
preventing them from being set into output mode. Otherwise the device could be
programmed erroneously for 8-bit output, which could be unkind to lines DO to D3,
even though current limiting exists.

After power on, the l.c.d. module will be in 8-bit mode. The Function Set command must
first be sent to put the display into 4-bit mode, but there is a difficulty. With no access to
the lower four data lines, D0 to D3, only half the command can be applied.

Fortunately, or rather, by clever design, the 8-bit/4-bit selection is on data bit D4, which,
even on the modified test rig, remains accessible. By sending a command with binary
value 00100000 ($20), the 4-bit mode is invoked.

Now, another Function Set command can be sent, to set the display to two-line mode.
Binary value 00101000 ($28) will do the trick. The value 00111000 ($38) may be a more
familiar number, but it cannot be used now, or the display would be put straight back into
8-bit mode! Also, from now on, all commands and data must be sent in two halves, the
upper four bits first, then the lower four bits.

Start by setting data lines D7, D6, D5 and D4 to 0010 ($2), the left-hand four bits of the
8-bit code, and press the E switch. Then we set the same four data lines to 1060 ($8), the
right-hand four bits of the 8-bit code, and press the E switch again. It's a lot more
laborious for a human being, but to a microcontroller, it's no problem!

Finish off by experimenting with other commands in 4-bit mode, and then try putting a
few characters on the display.



A Final Note

The data sheets warn that under certain conditions, the 1.c.d. module may fail to initialise
properly when power is first applied. This is particularly likely if the Vdd supply does not
rise to its correct operating voltage quickly enough.

It is recommended that after power is applied, a command sequence of three bytes of value
0011XXXX ($3X) is sent to the module. The value $30 is probably most convenient. This
will guarantee that the module is in 8-bit mode, and properly initialised. Following this,
switching to 4-bit mode (and indeed all other commands) will work reliably.

That’s it — For Now!

Well, that's about it, really. You've made it this far, so now you know everything there is
to know about 1.c.d. modules. Well, almost everything!

The next step, of course, is to connect the display up to a controller of some sort, such as
a PIC microcontroller, as will be seen next month. Then we shall also consider such
things as signal timing and instruction delays.
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+5V-Powered, Muitichannel R$-232

General Description

16 MAX220-MAX249 family of line driversfreceivers is
lended for all EIA/TIA-232E and V.28/V.24 communica-
ns interfaces, particularly applications where 12V is
i availabie.

ese parts are especially usetul in battery-powered sys-
ms, since their low-power shutdown mode reduces
»wer dissipation to less than SpW. The MAX225,
AX233. MAX235, and MAX245/MAX246/MAX247 use
» extarnal components and are recommended for appli-
itions where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Muitidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

+ Operate from Single +5Y Power Supply
{+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications
+ Muttiple Drivers and Receivers

¢ 3-State Driver and Receiver Quiputs

+ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Piastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE °Cto +70°C 16 Wide SQ
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide 8Q
MAX220EJE ~40°C 10 +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No.of Nominali  SHDN  8x
Bt Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
umber ) Orivers/Mx_Ext. Caps {pF) State SHDN  (kbps) Features
AX220 +& 272 4 8.1 No 120 Uttra-iow-power, industrv-giandard pliveit |
\AX222 +5 42 4 0.1 Yes 200 Levi-poviar shitdown
AX223 (MAX213) +B A3 a4 1.000 Yas v 120 MAZ%241 and 1eceivers active n shutdown
AX225 +5 5/5 8} . Yes v 120 Availeble in SC
BX230 (MAX2C0) +5 5 4 16{0.1} Yog - 120 § drivers with shitdewn
IAX231 (MAX201) +5and 2i2 2 1O 1) N - 120 Standeard +5/4 12V or haitery supplies,
+7.510413.2 same functions as MAX232
AX232 (MAX202) 45 22 4 1.00.1) Na - 120 (€4) Indusity standard
AX232A +£5 22 4 [+8] No o 200 tiigher slew rate, small caps
IAX233 (MAX203) +5 222 c —— No - 120 No axternal caps
AX233A +5 Y No 200 No externat caps. high slew rate
IAX23d (MAX204) 45 a0 4 1g{on No e 12¢ Replaces 1488
IAX235 (MAX208) +5 55 ] - Yes 120 No extermal caps
IAX236 (MAX206} +5 43 4 1.0{0.1} Yes - 120 Sturdown, three state
IAX237 (MAX207) +3 53 4 1o{el) No 120 Cormplemenits 18M PC senal port
IAX238 (MAX208) +5 444 4 10(0.1) No 120 Replaces 1458 and 1489
IAX233 (MAX209) +5 and 35 2 10(0.1) No o 120 Standard +5/+ 12V or battery supplies;
+75w 132 single-package solution for IBM PC senal pori
IAX240 +8 85 4 10 yes 120 DIP or Aatpack package
iA%241 (MAX211} +5 45 4 1.0i0.1) Yes 126 Compleie 3 PC serial port
IAX242 +5 22 4 C1 Yes v 200 Separate shutdown ard enabie
IAX243 +5 22 4 a1 No 260 Open-ine datection simplifies cabling
iAX244 +5 8110 4 10 N e 120 High slew rate
IAX245 +5 8ho Q — Yes v 120 High slew rate. int. caps, twe shutdown modes
IAX246 +5 510 g - Yos 14 120 High slew rale, int, caps, three stutciown modes
axe47 5 3] 0 - Yes v 120 High slew rate, int. caps, nine operating moces
IAX248 +5 58 4 10 Yas v 120 High slew rate, setective haif-chip enatbles
IAX249 +8 oo 4 10 Yes v 120 Avziiabie in quad Ralpack package
MAXIMN Maxim integrated Products 1

‘or pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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5V-Powered, Multichannel RS-232

20-Pin Plastic OIP (derate 8.00mW/°C above +70°C}..440mW
16-Pin Narrow SO (derate 8. 70mW/°C above +70°C)...686mwW

16-Pin Wide S0 {derate 8.52mWf°C above +70°C)......
18-Pin Wide SO (derate 9.52mW/°G above +70°C)......
20-Pin Wide 30 (derate 10.00mW/°C abave +70°0)....
20-Pin SSOP {derate 8.00mW/,°C above +70°C)

762mwW
762mwW
800mwW
640mwW

16-Pin CERDIP {derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mWFC above +70°C).....842mW

Operating Temperature Ranges
MAX2, AC_ _ MAX2_ G .

- -
rivers/Receivers
SOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
aly Voltage (VEC)Y v e s -0.3V to +6V
t Vollages
............................... e o033V O (VG - 0.3Y)
i (Except MAX220} . e 30V
§{MAX220)... oo cercmmcrarnrennns +28Y
ST (Except MAX220)} (NOte 1) i +15V
JT (MAX220). ..o s £13.2V
sut Voltages
UT eerereermreresecssasercssinsnns [OOSR -0.3V 1o (Voo + 0.3V)
er/Receiver Qutput Short Circuited to GND......... Continuous

tinuous Power Dissipation (Ta = +70°C)
Pin Plastic DIP {derate 10.53mWPG above +7(0°C)....842mW
Pin Plastic DIP (derate 11.11mW/°C above +70°C)....88%mW

reereennn07G 10 +70°C

MAX2_ AE_ _ MAX2_ _E__ .. -..~40°C to +85°C
MAXZ2_ _AM_ _, MAX2_ _M__ .-55°C to +126°C
Storage Temperature Range .............. .~65°C o +160°C
Lead Temperature (soldering, 10S€C) vooonvieeeecivivnnns +300°C

e 1: Input voltage measured with Toyr in high-impedance state, SHON or Vo = OV.
e 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, hut their absolute ditference cannot exceed 13V.

sses beyond thase fisted under "Absolute Maximum Ratings® may cause pesmanent damage lo the davice. Thess are siress 1atings only, and functienal
-ation of $he device at these or any other conditions beyond those indicated in the aperational sections of the spacitications is not inphed. Exposure to
st maximum 18ting conditions for extended perods may atfect asvice rediability.

ECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
C = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.331F, Ta = TmIN to TMAX, unless otherwise noted.)

PARAMETER } CONDITIONS [ MmN TYP  MAX | UNITS
3.232 TRANSMITTERS
fput Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 v
put Logic Threshold Low 1.4 0.8 \
) Al devices except MAX220 2 1.4
L i Id High \%
i Logic Threshold FHigh MAXZ20: Vieg = 5.0V 24
All except MAX220, normal operation 5 40
gi i-Upfinput 1
gic Pull-Upfinput Current 'SHDN = 0V, MAX222/242, shutdown, MAX220 +0.01 +1 WA
VGG = 5.5V, SHON = OV, Vout = £15V, MAX222/242 £001 10
utput Leakage Current A
Hpu ge Lum Voo = SHDN = OV, Vout = £15V 001 =10 | ¥
ata Rate 200 116 khis
ansmitter Output Resistance Vee = V+ = V- = 0V, Vout = 22V 300 10M Q
utput Short-Circuit Current Vour =0V *7 %22 mA
S$-232 RECEIVERS
5-232 Input Voltage Operating Range +30 \
All except MAX243 R21N 0.8 1.3
32 Input Threshcld Ve = 5V \
5-232 Input Threshold Low cC VAXZ3 Rz (Note 2) 3 V
. Ali except MAX243 R2y 1.8 2.4
8-232 Input Threshold High Voo =5Y
232 Input T 9 © MAX243 B2 (Note 2) rr i N
. All except MAX243, Vee = 5V, no hysteresis in siin, 0.2 Q5 1
§-232 Input Hysteresis VIAX343 3 v
$-232 Input Resistance 3 5 7 kQ
TL/CMOS Qutput Voltage Low loyt = 3.2mA 0.2 0.4 Y
TL/CMOS Qutput Voltage High lout = -1.0mA 35 Vge-0.2 v
o Scurcing Vout = GND -2 -10
TL/CMOS Output Short-Circuit nt
CMOS Output Short-Gircuit Curre Shrinking Vot = Vac o % mA




+5V-Powered, Multichannel RS-232
Drivers/Receivers

LECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
oC = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33uF, TA = TMiN to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP  MAX | UNITS
TL/CMOS Output Leakage Cumrent m;u\icffécm = Ve (SHDN = 0V for MAX222), +005 +10 | pA
‘N Input Threshold Low MAX242 1.4 0.8 v
*N Input Threshold High MAX242 20 14 v
Jperating Supply Voltage 4.5 55 A"
No load MAX220 0.5 2
fcc Supply Current (SHDN = Voe), MAX222/232A/233A/242/243 4 10 A
igures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
. Ta = 0°C to +70°C 2 50
shutdown Supply Current MAX222/242 A= 40°C 1o +85°C 5 =h WA
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 1.4 0.8 v
SHDN Threshold High MAX222/242 20 1.4 v
CL = 50pF to 2500pF,
RL=3KQlo7kQ, | MAX222/232A/233A/242/243 6 12 30
lransition Slew Rate Voc =5V, Ta = +25°C, Vius
measured from +3V | MAX220 15 3 30
to -3V or -3V to +3V
lransmitter Propagation Defay PHLT mggl%ZNZSSNZQIMS ! f ?g
L;IL:: I1RS-232 (normal operation), o 457243 15 35 us
MAX220 5 10
Jeceiver Propagation Delay PHLR mzawzm‘mma 05 !
. 0.6 3
_ig-uar::z 2(0 TLL (normal operation), — MAXZ22/23 ABA2243 08 3 1)
MAX220 0.8 3
3eceiver Propagation Delay PHLS MAX242 0.5 10
35-232 to TLL (shutdown), Figure 2  [tpLrs MAX242 25 10 Hs
eceiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Jeceiver-Output Disable Time, Figure 3 | tDR MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242, 0.1pF caps 250
'SHDN goes high), Figure 4 ET (inciudes charge-pump start-up) Hs
%ﬁgﬁ&?}%ﬁif Time tor MAX222/242, 0.1uF caps 600 ns
lransmitter + to - Propagation {PHLT - PLHT MAX222/232A/233A/242/243 300 ns
Delay Difference (normal operation) MAX220 2000
3eceiver + to - Propagation PHLR - tPLHR MAX222/232A/233A/242/243 100 ns
Delay Difference (normal operation) MAX220 205
ote 3: MAX243 R20uyr is guaranteed to be low when R2)N is 2 OV or is floating.
MAXILM 3
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-5V-Powered, Multichannel RS-232
Jrivers/Receivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

OUTPUT VOLTASE vs. LOAD CURRENT

8 L
g | EVTHERVs ORV-LOADED
s 4 | Vogeat [ OF_|
; NOLOAD ON
2 | TRANSMITTER QUTPUTS
P (ExcEPIT MAX220|. MAX2334)
. |
3 | V-LOADED, NOLOAD ON Vs
v 1
- 01uF tuF — |
5
8
Vs LOADED, NO LOAD ON V-

0 5 10 15

20 2%

LOAD CURRENT (mA)

OUTPUT CURRENT (mA)

AVRILABLE OUTPUT CURRENT
vs. BATA RATE

) 1 |
OUTPUT LOAD CURRENT §
— FLOWS FROM V4 TOV-
CAPS \\]

<
Voo o625V |

Voo = 4475V
1

\\L\

0 0 20 30 4 5 6

DATA RATE {kbits/sec)

Vi, V- VOLTAGE (V)

+1V

2 2 &%

Vi

MAX222/AX242
ON-TIME EXITING SHUTDOWN

T CHPS i |§
0.1uF CAPS
]

A

V-

MAXIM




+5V-Powered, Multichannel RS-232

Drivers/Receivers

\BSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

OCeeeeeee ~0.3Vto +6V
+ (Vce - 0.3V) to +14V
- +0.3V to -14V
iput Voltages

TIN ceeeees -0.3V to (Ve + 0.3V)
RiN +30V
utput Voltages

Tout (V+ + 0.3V) to (V- - 0.3V)
R0UTeeee- -0.3Vto (Vce + 0.3V)
hort-Circuit Duration, TouT ....... Continuous

ontinuous Power Dissipation (TA = +70°C)
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mWj/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C).......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO (derate 10 00mW/°C above +70°C).......800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C).......941mW
28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
44-Pin Plastic FP (derate 11.11mW/°C above +70°C).....889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C).......... 727TmW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........800mW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)
24-Pin Narrow CERDIP

Operating Temperature Ranges
M

__C__ 0°C to +70°C

MAX2 __E__ -40°C to +85°C
MAX2 __M__ -656°C to +125°C
Storage Temperature Range ............ccowevvmveenenns -65°C to +160°C
Lead Temperature (soldering, 10SeC)..........ccueevunvunnnns +300°C

tresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functional
neration of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is rot implied. Exposure to
hsolute maximum rating conditions for extended periods may affect device reliability.

:LECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

AAX223/230/232/234/236/237/238/240/241, Voc = +5V +10; MAX233/MAX235, Ve = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
oc = 5V £10%; V+ = 7.5V t0 13.2V; Ta = TMiN to TMax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All transmitter outputs loaded with 3kQ to ground +5.0 7.3 v
MAX232/233 5 10
Ve Power-Supply Current ?:ioig's"c MAX223/230/234—238/240/241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
v+ P - t
+ Power-Supply Curren MAXZ39 3 5
MAX223 15 50
| Ta= +25
Shutdown Supply Curent | Ta = +25°C |0 5/236/240/241 1 10 bA
Input Logic Threshold Low | Tyy; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 \"
TiN 20
Input Logic Threshold High | EN, SHDN (MAX223); o4 v
EN, SHDN (MAX230/235/236/240/241) :
Logic Pull-Up Current TiN =0V 15 200 pA
Receiver Input Voltage
Operating Range =50 0 v
MmAXIM 5
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LECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

JAX223/230/232/234/236/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Vo = 5V 5%, C1-C4 = 1.0uF; MAX231/MAX239,
3¢ = 5V £10%; V4 = 7.5V to 13.2V; Ta = TMiN to Timax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal cperation
SHDN = 5V (MAX223) 0.8 1.2
Ta = +25°C SHDN = OV (MAX235/236/240/241)
1S-232 Input Threshold Low Vec =8V v
cc= Shutdown (MAX223)
SHDN = 0V, 0.6 1.5
EN = 5V (R4in, R5iN)
Normal operation
SHDN = 5V (MAX223) 1.7 24
Ta = +25°C SHDN = 0V (MAX235/236/240/241)
15-232 Input Threshold High Vee = 5V ) \")
cCc= Shutdown (MAX223)
SHDN = 0V, 15 24
EN = 5V (R4, R5)n)
1S-232 Input Hysteresis Ve = 5V, no hysteresis in shutdown 0.2 0.5 1.0 A
1S-232 Input Resistance Ta = +25°C, Vec = 5V 3 5 7 kQ
TL/CMOS Qutput Voltage Low louT = 1.6mA (MAX231/232/233, loyT = 3.2mA) 0.4 Vv
TL/CMOS Output Voltage High louT = -1mA 35 Vgc-04 v
TL/CMOS Output Leakage Curent g‘}gi@%g (ia x?(%g'_*z;oy (MAX223); 005 10 | pA
. Normal MAX223 600
Receiver Qutput Enable Time . ns
P operation MAX235/236/239/240/241 400
. . Normal MAX223 900
Yeceiver Qutput Disable Time . ns
er Lt ' operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
>ropagation Delay TTL/CMOS OUT,| SHDN = OV tPHLS 4 40 us
Cu = 150pF (MAX223) 1PLHS 6 20
MAX223/MAX230/MAX234-241, Ta = +25°C, Ve = 5V,
RL = 3kQ to 7k, Cy = 50pF to 2500pF, measured from 3 5.1 30
+3Vto-3Vor-3Vto +3V
‘ransition Region Slew Rate Vips
MAX231/MAX232/MAX233, Ta = +25°C, Vce = 5V,
RL = 3kQ to 7kQ, C = 50pF to 2500pF, measured from 4 30
+3Vto -3V or -3Vto +3V
lransmitter Output Resistance Vee = V+ = V- =0V, Vour = +2V 300 Q
lransmitter Cutput Shornt-Circuit
Surrent +10 mA

MAXIMN
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85

80

75

70

65

90

MAXIAMN

- -
Drivers/Receivers
Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTASE (Vou)
TRANSMITTER QUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTABE (Vor) vs. Vee DIFFERENT RATA RATES vs. LOAD CAPACITANCE
74 120 r
T E -
> TOMSMITTERS § |§ y 1 TRANSMITTERLOADED T = 125°C §
LOADED 72 0 Veg =45V
| A 7 100 iy
70 < A 5 \ ! el
s s w 24 s RS ™
L 9 [ 160viskec™ 7 ]
g 3 TRANG- ; E
77 s | F g | i '//\\ : AN
LOADED ) | & 70 N
"/ Ta=425°C 64 |Ta=+25°C 3 TRANSMITTERS \\\
C1-Ca= 1 ] Vo = 45V 80 Flowmm | \
/ TRANSMITTER gp |3 TRANSMITTERS LOADED A B NN
4 TRANSMITTERS LOADS = R-30 \ 50 Loon | \\.
‘ L0 | 2500pF 60 2uf 49 .
45 50 55 0 50 1000 150 2000 2500 0 500 1000 150 200 2500
Voo V) LOAD CAPACITANGE (pF) LOAD CAPACITANCE (6F)
TRARSMITTER OUTPUT VOLTASE (Voy)
TRANSHMITTER GUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER GUTPUT VOLTASE (V+, V-)
VOLTASE (Vgy) vs. Ve DIFFERENT DATA RATES vs. LOAD CURRENT
. £0 10
ATRANS-  Ta= 425°C |§ Ta= 425 [ | |§
MITTERS __ C1-Cd = 1uF | $2 |vgo- v 8 y
LOADED ™ TRANSMITTER 3 TRANSMITTERS LOADED / 6 Ta=+25°C S
\ L0ADS = -84 R =%0 4 4 Vee = 45V 4
- \~ 3k 11 2500pF 4 o5 |LCHCe=tF / C1-CA = 1F
- T 2 .
\\ | t60knassec / g . [waow TR o |
] 3% [ sovisse = 0 [EeuALY Tony, NOLOAD
1 TRANS- 70 | 20Kibit/sec 2 [LoAED ONV-
MITTER : / 4 1l
LOADED 22 — 4 L
|2 TRANS- 3 TRANS- e 5 v
MITTERS  MITTERS 14 e s M =
LOADED  LOADED 76 ' ALL TRANSMITTERS UNLOADED)
45 50 55 T 0 500 100 1500 2000 2500 05 10152 2530 35 4 4 5
Vee V) LOAD CAPACITANCE (pF) CURRENT ()
Vs, V- WHEN EXITING SHUTDOWN

(1uF CAPACITORS)

0
V-
L SR
500ms/div
*SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS
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Irivers/Receivers

BSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

ipply Voltage (Vcc) -0.3V to +6V Continuous Power Dissipation (Ta = +70°C)

put Voltages 28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
", ENA, ENB, ENR, ENT, ENRA, 40-Pin Plastic DIP (derate 11.11mW/°C above +70°C)...611mW
NRB, ENTA, -0.3V to (Vce + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07W
RIN eeereerersererennerenencnsasssssestsesmsessnsssrsssasasesesesnsssasssss sussssssses +25V Operating Temperature Ranges

lout (Note 3). +15V MAX225C_ _, MAX24_C__ 0°C to +70°C
ouT -0.3V to (Vg + 0.3V) MAX225E_ _, MAX24_E_ _

Jort Circuit (one output at a time) Storage Temperature Range

out to GND Continuous Lead Temperature (soldering, 10S6C) ......cccceeerernrrareeencne +300°C
AouT to GND Continuous

ote 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Veec =0V.

tresses beyond those listed under “Absclute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functional
seration of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
hsolute maximum rating conditions for extended periods may affect device reliability.

:LECTRICAL CHARACTERISTICS—MAX225/MAX244~-MAX249
NAX225, Voo = 5.0V £5%; MAX244-MAX249, Vce = +5.0V +10%, exteral capacitors C1-C4 = 1F; Ta = TmiN to Tmax; unless oth-

wise noted.)
PARAMETER | CONDITIONS | MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 \
Input Logic Threshold High 2 14 v
Logic Pull-Upfinput Current Tables 1a-1d | omal operation 0 %0 1 A
Shutdown +0.01 +1
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Output Voltage Swing Al transmitter outputs loaded with 3kQ to GND +5 7.5 v
ENK ENE, . EXTA ENTS w01 s
Output Leakage Current (shutdown) Tables 1a-1d pA
Vee =0V,
Vour = £15V +0.01 +25
Transmitter Output Resistance Voo = V+ = V- = 0V, Vout = £2V (Note 4) 300 10M Q
Output Short-Circuit Current Vour =0V 7 +30 mA
AS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 v
RS-232 Input Threshold Low Vee =5V 0.8 13 \
RS-232 Input Threshold High Vee =5V 1.8 24 \'
RS-232 Input Hysteresis Voo =5V 0.2 0.5 1.0 \
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voitage Low louT = 3.2mA 0.2 0.4 v
TTL/CMOS Cutput Voltage High lout = -1.0mA 35 Vgg-02 v
L Sourcing Vout = GND -2 -10
TTL/CMOS Output Short-Circuit Current Shrinking VouT = Voo 0 0 mA
TTLICMOS Output Leakage Curent | Yo f:_ﬁ':f‘g&:i‘ggf S"\',s;:'%%ﬁ_ Voo 1005 £0.10| pA
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LECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

1AX225, Vi = 5.0V £5%; MAX244-MAX249, Ve = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = TMIN to Tmax; unless oth-
wise noted.)

PARAMETER | CONDITIONS | MIN TYP  MAX | UNITS
0WER SUPPLY AND CONTROL LOGIC
. MAX225 4.75 5.25
Operating Supply Voltage MAX244-MAX249 45 55 |
MAX225 10 20
No load
vce Supply Current MAX244-MAX249 11 30 mA
(normal operation) 3kQ loadson | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current TA = T 10 TrAx 5 HA
Leakage current +1 HA
Control Input Threshold low 14 0.8 v
Threshold high 24 14
AC CHARACTERISTICS
" CL = 50pF to 2500pF, R = 3kQ to 7kQ, Voo =5V,
Transition Slew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V 5 10 30 Vius
Transmitter Propagation Delay tPHLT 13 35
TLL to RS-232 (normal operation), us
Figure 1 tPLHT 15 35
Receiver Propagation Delay tPHLR 0.6 15
TLL to RS-232 (normal operation), Us
Figure 2 tPLHR 06 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode), us
Figure 2 tPLHS 30 10
Transmitter + to - Propagation _
Delay Difference (normal operation) 1PHLT - tPLHT 850 ns
Receiver + to - Propagation .
Delay Difference (normal operation) tPHLR - IPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | ter 100 500 ns
Receiver-Output Disable Time, Figure 3 | tpR 100 500 ns
MAX246-MAX249 5 us
excludes charge-pump start-u
Transmitter Enable Time teT ( P ad
MAX225/MAX245-MAX249 10 ms
(includes charge-pump start-up)
Transmitter Disable Time, Figure 4 ot 100 ns

lote 5: The 300Q minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Voe =
oV is 10MQ as is implied by the leakage specification.

MAXIM 9
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Typical Operating Characteristics
MAX225/MAX244-MAX249
TRANSMITTER 0UTPUT VOLTAGE (V+, V-)
TRANSMITTER SLEW RATE QUTPUT VOLTASE vs. LOAD CAPACITANGE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
18 : - 10 = 90 "
Veg=5V ——— Voo = 5V WITHALL TRANGNATTERS DRVEN |3
.1 A\ = Ig ¢ [Vewovcoe _+_ 7 E 85 eqwmmw'rmsm g
§ “ \\ 6 i ‘E,ITHERV&OR" a0 I\ -— 10W=
7 EXTERNAL POWER SUPPLY € 4 lvg=w -LOADED Ny m“r"“\
TS N\ 142F CAPACITORS g , | EXTERVAL GlARGE PUMP 15 \\;\Q\ s —
3 5 10F CAPACITORS g \ N~
i 2 o |8RANSMITTERS > 70 B/see—
(_ foosona | 5 [oavicsna0 s N\ ~
2 8 3 TRANSMITTERS 2 I 20000F AT 20kbis/sec 65 N
] Nooownsa| 8 —— v-:?mm- \ N
¢ 6 i _— 60 100kh/sec
: \\ 6 [V+ ANDV- LOADED——mrd maam NN
4 ~J 8 55 ™ AN
. -m V+ LOADED oo IALCRACTORS tuF
0 1 2 3 4 5 0 5 W 15 2 5 WM B "o 1 2 3 4 5
LOAD CAPACITANCE (nF) LOAD CURRENT {mA) LOAD CAPACITANCE (aF)
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' +3V .
[Ty SCER 50% ------ 50%
3V , , wwr \
INPUT \ o Y : :
-4 : E E v
: : OUTPUT —-3--Xe- 50% wgre- 0% °
' — Ve Pt AR
- o Neooee 0 P P
E : 5 v teHR 3 E E E tPuR
: : : s —>  — —>
oo —Bn a— — et
*EXCEPT FOR R2 ON THE MAX243
WHERE -3V IS USED.
gure 1. Transmitter Propagation-Delay Timing Figure 2. Receiver Propagation-Delay Timing
&N
RxOUT 1k
RxIN R} Voo -V s —Y
a) TEST CIRCUIT o
150pF —! lag— (OUTPUT DISABLE TIME (to7)
= 43V
ENINPUT |/
o W - Moo BV
—{  ta—— OUTPUT ENABLE TIME (icn) >—-ov
o i
35V V- /
RECEIVER —_—
OUTPUTS — 1
08V
a) TIMING DIAGRAM
b) ENABLE TIMING
4V &
= 0
& INPUT —— 1R
———p»!  tag— QUTPUT DISABLE TIME (tpr) 3k 50pF
v
o A\ Vo - 05V 1 I
RECEIVER Voo - &V - -
OUTPUTS
i Vo +05V b) TEST CIRCUIT
Vo
¢) DISABLE TIMING
igure 3. Receiver-Oulput Enabie and Disable Timing Figure 4. Transmitter-Quiput Disabie Timing
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able 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 ¢ Nermat Operation All Active Ali Active
¢ 1 Normai Qperation All Active All 3-State
1 0 Shutdown Alf 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-5tate All 3-State
able 1b. MAX245 Control Pin Configurations
N R OPERATION TRANSMITTERS RECEIVERS
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
0 0 Normai Operation All Active All Active All Active All Active
. - wawo | BA1-RA4 3-State, | RB1-RB4 3-State,
0 1 Normat Operation Ali Active All Active RAS Active RB5 Active
\ N All Low-Power All Low-Power
1 0 Shutdown All 3-Gtate Ali 3-Gtate Receive Mode Receive Mode
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-Stale RAS Low-Power RBS5 Low-Power
Receive Mede Receive Mode
able 1¢c. MAX246 Control Pin Configurations
B ST OPERATION TRANSMITTERS RECEIVERS
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
I o i RB1.-RB4 3-State,
0 1 Normal Opsration Al Active Ali 3-State All Active RBS Active
1 0 | Shutdown Al 3-State Alhctive | RAT-RAS SStEte. ) active
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-5tate All 3-State RAS Low-Power RAS Low-Power
Receive Mode Receive Mode

MAXIMN
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able 1d. MAX247/MAX248/MAX249 Control Pin Configurations
TRANSMITTERS RECEIVERS
— e || =———==| OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
NTA | ENTB |ENRA | ENRB STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TAS | TB1-TB3 RA1-RAS RB1-RB5
0 0 0 0 | Normal Operation Ail Active | All Active | All Active All Active
All 3-State, except
0 0 0 1 Normal Operation All Active | All Active | All Active RBS5 stays active on
MAX247
0 0 1 0 | Normal Operation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 1 Normal Operation All Active | All Active | All 3-State RBS stays active on
MAX247
0 1 1] 0 | Normal Operation All Active | All 3-State | All Active All Active
All 3-State, except
0] 1 0 1 Normal Operation All Active | All 3-State | All Active RBS stays active on
MAX247
0 1 1 0 | Normal Operation All Active | All 3-State | All 3-State All Active
All 3-State, except
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State RBS stays active on
MAX247
1 0 0 0 | Normal Operation All 3-State | All Active | All Active All Active
All 3-State, except
1 o 0 1 Normal Operation All 3-State | All Active | All Active RBS5 stays active on
MAX247
1 0 1 0 | Normal Operation All 3-State | All Active | All 3-State All Active
All 3-State, except
1 0 1 1 Normal Operation All 3-State { All Active | All 3-State RBS stays active on
MAX247
Low-Power Low-Power
1 1 0 0 Shutdown All 3-State | All 3-State Receive Mode Receive Mode
All 3-State, except
1 1 0 1 Shutdown All 3-State | All 3-State lé:végm:} de RBS stays active on
MAX247
1l 1] 1] o Shutdown All 3-State | All 3-State | All 3-State Low-Power
Receive Mode
All 3-State, except
1 1 1 1 Shutdown All 3-State ( All 3-State | Al 3-State RBS stays active on
MAX247
MmMAXIM 13
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sminal 5kQ values. The receivers implement Type 1
iterpretation of the fault conditions of V.28 and
|A/TIA-232E.

he receiver input hysteresis is typically 0.5V with a
uaranteed minimum of 0.2V. This produces clear out-
ut transitions with slow-moving input signals, even
ith moderate amounts of noise and ringing. The
sceiver propagation delay is typically 600ns and is
dependent of input swing direction.

Low-Power Receive Mode
he low-power receive-mode feature of the MAX223,
|AX242, and MAX245-MAX249 puts the IC into shut-
own mode but still allows it to receive information. This

important for applications where systems are periodi-

ally awakened to look for activity. Using low-power
ceive mode, the system can still receive a signal that
ill activate it on command and prepare it for communi-
ation at faster data rates. This operation conserves
/stem power.

Negative Threshold—MAX243
he MAX243 is pin compatible with the MAX232A, differ-
g only in that RS-232 cable fault protection is removed
n one of the two receiver inputs. This means that control
es such as CTS and RTS can either be driven or left
sating without interrupting communication. Different
ables are not needed to interface with different pieces of
guipment.
he input thresheld of the receiver without cable fault
rotection is -0.8V rather than +1.4V. lts output goes
ositive only if the input is connected to a control line
1at is actively driven negative. If not driven, it defaults
) the 0 or “OK to send” state. Normally, the MAX243's
ther receiver (+1.4V threshold) is used for the data line
"D or RD), while the negative threshold receiver is con-
ected to the control line (DTR, DTS, CTS, RTS, etc.).

ither members of the RS-232 family implement the
ptional cable fault protection as specified by EIA/TIA-
32E specifications. This means a receiver cutput goes
igh whenever its input is driven negative, left floating,
r shorted to ground. The high output tells the serial
ommunications IC to stop sending data. To avoid this,
1e control lines must either be driven or connected
ith jumpers to an appropriate positive voltage level.

Drivers/Receivers

Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5ps for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver cutputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver cutputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Recceiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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ables 1a-1d define the control states. The MAX244
as no control pins and is not included in these tables.

1e MAX246 has ten receivers and eight drivers with
vo control pins, each controlling one side of the
evice. A logic high at the A-side control input (ENA)
auses the four A-side receivers and drivers to go into
three-state mede. Similarly, the B-side control input
‘NB) causes the four B-side drivers and receivers to
o into a three-state mode. As in the MAX245, one A-
de and one B-side receiver (RA5 and RB5) remain
stive at all times. The entire device is put into shut-
own mode when both the A and B sides are disabled
:NA = ENB = +5V).

he MAX247 provides nine receivers and eight drivers
ith four control pins. The ENRA and ENRB receiver
nable inputs each control four receiver outputs. The
NTA and ENTB transmitter enable inputs each control
wr drivers. The ninth receiver (RBS) is always active.
he device enters shutdown mode with a logic high on
oth ENTA and ENTB.

he MAX248 provndes eight receivers and eight drivers
ith four control pins. The ENRA and ENRB receiver
nable inputs each control four receiver outputs. The
NTA and ENTB transmitter enable inputs contro! four
rivers each. This part dees not have an always-active
:ceiver. The device enters shutdown mode and trans-
litters_go into a three-state mode with a logic high on
oth ENTA and ENTB.

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. in shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.
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igure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuil
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MAX225 FUNCTIONAL DESCRIPTION
5 RECEIVERS < *
5 TRANSMITTERS 3
2CONTROLPNS 2e— e
1 RECEIVER ENABLE (ENR) 5k
1 TRANSMITTER ENABLE (ENT) 1 =
SO . = RN 20
5k
1 ER =
PINS (ENR, GND, Vi, TsOUT) ARE INTERNALLY CONNECTED. BT 5 e

CONNECT EITHER OR BOTH EXTERNALLY. T50UT iS A SINGLE DRIVER. ‘ 13 | lﬂ

igure 7. MAX225 Pin Configuration and Typical Operating Circuit
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Tgure 8. MAX223/MAX241 Pin Configuration and Typical Operating Circuit
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gure 9. MAX230 Pin Configuration and Typical Operating Circuit
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gure 11. MAX233/MAX233A Pin Configuration and Typical Operating Circuit
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PART TEMP. RANGE  PIN-PACKAGE MAX232AC/D 0°C to +70°C Dice*
MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AESE  -40°C to +85°C 16 Narrow SO
MAX222C/D 0°C to +70°C Dice* MAX232AEWE  -40°C to +85°C 16 Wide SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEJE  -40°C to +85°C 16 CERDIP
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AMJE ~ -55°Cto +125°C 16 CERDIP
MAX222EJN -40°C 1o +85°C 18 CERDIP MAX232AMLP  -55°Cto+125°C  20LCC
MAX222MJN 55°Cto +125°C 18 CERDIP MAX233CPP 0°Cto +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 SSOP MAX233EPP -40°Cto +85°C 20 Plastic DIP
MAX223CWI 0°C to +70°C 28 Wide SO MAX233ACPP 0°Cto +70°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EAI -40°C to +85°C 28 SSOP MAX233AEPP  -40°C to +85°C 20 Plastic DIP
MAX223EWI -40°C 1o +85°C 28 Wide SO MAX233AEWP  -40°Cto +85°C 20 Wide SO
MAX225CWiI 0°C to +70°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX225EWI -40°C to +85°C 28 Wide SO MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234C/D 0°C to +70°C Dice*
MAX230CWP 0°C to +70°C 20 Wide SO MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP -40°C to +85°C 20 Wide SO MAX234MJE 55°Cto +125°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP 55°Cto +125°C 20 CERDIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C to +70°C 16 Wide SO MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231C/D 0°C to +70°C Dice* MAX236CWG 0°C to +70°C 24 Wide SO
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236C/D 0°C to +70°C Dice*
MAX231EWE -40°C to +85°C 16 Wide SO MAX236ENG 40°Cto +85°C 24 Naow Plastic DIP
MAX231EJD -40°C to +85°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide SO
MAX231MJD 56°Cto+125°C 14 CERDIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236MRG 55°Cto +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide SO
MAX232C/D 0°C to +70°C Dice* MAX237C/D 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG -40°C o +85°C 24 Narrow Plastic DIP
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237EWG -40°C to +85°C 24 Wide SO
MAX232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232EJE -40°C to +85°C 16 CERDIP MAX237MRG 55°C to +125°C 24 Narrow CERDIP
MAX232MJE 55°C to +125°C 16 CERDIP MAX238CNG 0°C to +70°C 24 Narow Plastic DIP
MAX232MLP -55°C to +125°C 20LCC MAX238CWG 0°C to +70°C 24 Wide SO
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dice*
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232ACWE 0°C to +70°C 16 Wide SO * Contact factory for dice specifications.
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Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX238EWG -40°C to +85°C 24 Wide SO MAX243CSE 0°C to +70°C 16 Narrow SO
MAX23BERG -40°C to +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice*
MAX238CNG 0°C to +70°C 24 Namow Plastic DIP MAX243EPE -40°C to +85°C 16 Plastic DIP
MAX239CWG 0°C to +70°C 24 Wide SO MAX243ESE -40°C to +85°C 16 Narrow SO
MAX239C/D 0°C to +70°C Dice" MAX243EWE -40°C to +85°C 16 Wide SO
MAX238ENG -40°C to +85°C 24 Namow Plastic DIP MAX243EJE -40°C to +85°C 16 CERDIP
MAX238EWG -40°C to +85°C 24 Wide SO MAX243MJE -55°C to +125°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice*
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244EQH -40°C to +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice* MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CAl 0°C to +70°C 28 SSOP MAX245C/D 0°C to +70°C Dice*
MAX241CWiI 0°C to +70°C 28 Wide SO MAX245EPL -40°C to +85°C 40 Plastic DIP
MAX241C/D 0°C to +70°C Dice* MAX246CPL 0°C to +70°C 40 Plastic DIP
MAX241EAl -40°C to +85°C 28 SSOP MAX246C/D 0°C to +70°C Dice*
MAX241EWMI -40°C to +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Plastic DIP
MAX242CAP 0°C to +70°C 20 SSOP MAX247CPL 0°C to +70°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247C/D 0°C to +70°C Dice*
MAX242CWN 0°C to +70°C 18 Wide SO MAX247EPL -40°C to +85°C 40 Plastic DIP
MAX242C/D 0°C to +70°C Dice* MAX248CQH 0°C to +70°C 44 PLCC
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248C/D 0°C to +70°C Dice*
MAX242EWN -40°C to +85°C 18 Wide SO MAX248EQH -40°C to +85°C 44PLCC
MAX242EIN -40°C to +85°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC
MAX242MJN -55°C to +125°C 18 CERDIP MAX249EQH -40°C to +85°C 44 PLCC

* Contact factory for dice specifications.

Maxim cannot assume responsibility for use of any circuilry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
mplied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

6 __________Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 8540886 {408) 737-7600
Printedt USA

3 2001 Maxim Integrated Products MDOM is aTegistered traclemark of Maxim Integrated Products.



@ MOTOROLA

SERIAL-IN PARALLEL-OUT

SHIFT

REGISTER

The SN54/74L.5164 is a high speed 8-Bit Serial-In Parallel-Out Shift Regis-
ter. Serial data is entered through a 2-Input AND gate synchronous with the
LOW to HIGH transition of the clock. The device features an asynchronous
Master Reset which clears the register setting all outputs LOW independent of
the clock. It utilizes the Schottky diode clamped process to achieve high
speeds and is fully compatible with all Motorola TTL products.

e Typical Shift Frequency of 35 MHz
e Asynchronous Master Reset
e Gated Serial Data Input
e Fully Synchronous Data Transfers
e Input Clamp Diodes Limit High Speed Termination Effects
e ESD > 3500 Volts
CONNECTION DIAGRAM DIP (TOP VIEW)
Voo Q7 Qg Qs Qi MR CP
[14] [1s] [2] [*] [10] [o] [e]
NOTE:
The Flatpak version
) has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.
L] [2f [s] Lef Ls] Lef L7}
A B Q Q@ Q@ Q3 GND
PIN NAMES LOADING (Note a)
HIGH LOW
A B Data Inputs 0.5U.L. 0.25 U.L.
CcP. Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25U.L.
MR Master Reset (Active LOW) Input 0.5U.L. 0.25U.L.
Qp-Q7  Outputs (Note b) 10UL | 5(@5 UL
NOTES:

a) 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

SN54/74LS164

SERIAL-IN PARALLEL-OUT
SHIFT REGISTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
soic

P

1 CASE 751A-02

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

LOGIC SYMBOL

1— A
2—8
8—C

LS164
8-BIT SHIFT REGISTER

MR Qg Q1 0p 03 Q4 Qs Qg O

[TTTLLTT

9 3 4 5 610 111213

Ve = PIN 14
GND=PIN7

FAST AND LS TTL DATA
51
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SN54/74LS164

LOGIC DIAGRAM
A
;: Ho o} D @ 0 D Q D Qq D Q Q
B

telllelite | tel|lelital e llle

CP T y 1)
) =0

Q Q4 @ Q3 Q4 Qs Os
e @ © o ¢ © o
O =PINNUMBERS
UNCTIONAL DESCRIPTION

The LS164 is an edge-triggered 8-bit shift register with seri-

| data entry and an output from each of the eight stages. Data
.entered serially through one of two inputs (A or B); either of
lese inputs can be used as an active HIGH Enable for data
ntry through the other input. An unused input must be tied

IGH, or bath inputs connected together.

MODE SELECT — TRUTH TABLE

all Q outputs LOW.

OPERATING INPUTS OUTPUTS
. MR | A | B | o | ag0r
Reset (Clear) L X X L L-L
H | I L Q0 -6
Shift H { h L dp-a6
H h | L Q0 -a8
H h h H q0-98
L (i) = LOW Voltage Levels
H (h) = HIGH Voltage Levels
X = Don't Care

Qn, = Lower case letters indicate the state of the referenced input or cutput one

set-up time prior to the LOW to HIGH clock transition.

JUARANTEED OPERATING RANGES

eg

Each LOW-to-HIGH transition on the Clock (CP) input shifts
data one place to the right and enters into Qg the logical AND
of the two data inputs (A«B) that existed before the rising clock
edge. A LOW level on the Master Reset (MR) input overrides
all other inputs and clears the register asynchronously, forcing

Symbol Parameter Min Typ Max Unit
vee Supply Voitage 54 45 5.0 55 Vv
74 4.75 5.0 5.256
TA Operating Amblent Temperature Range 54 -55 25 125 °C
74 0 25 70
IoH Output Curront — High 54,74 -04 mA
loL Output Current — Low 54 40 mA
74 8.0
FAST AND LS TTL DATA
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SN54/74L5164

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

5-3

Limits
Symbol Parameter Min 5" Max Unit Test Conditlons
Guaranteed Input HIGH Voitage for
ViH Input HIGH Voitage 20 Y All ot
54 0.7 Guaranteed Input LOW Voltage for
ViL input LOW Voltage 7 o8 \' Al Inputs
VIK input Clamp Diode Voltage -0.65 -15 Y Voo =MIN, IiN=-18mA
54 2.5 3.5 Ve = MIN, Iop = MAX, ViN = Vi
VOH Output HIGH Voltage 74 27 35 v or VL per Truth Table
54,74 0.25 0.4 v loL=4.0mA Vee =Vee MIN,
VoL Output LOW Voltage ViN=ViHorViL
74 0.35 0.5 \ loL=8.0mA per Truth Table
20 Voo = MAX, ViN=27V
M Input HIGH Current pA_ | Yoo N
0.1 mA Ve =MAX, ViIN=TOV
i Input LOW Current -04 mA Voo = MAX, Vin =04V
108 Short Circuit Cumrent (Note 1) -20 -100 mA | Voo = MAX
Icc Power Supply Cument 27 mA Vee = MAX
Nota 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (TA = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Tost Conditions
fMAX Maximum Clock Frequency 25 36 MHz
Propagation Delay Vee =50V
tPHL MR to Output Q 24 % " &C.-_ 15 pF
tPLH Propagation Delay 17 27 ns
tPHL Clock to Output Q 21 32
AC SETUP REQUIREMENTS (T = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Tast Conditions
w CP, MR Pulse Width 20 ns
Data Setup Time 15 ns
s Vo =50V
th Data Hold Time 5.0 ns
trec MR to Clock Recovery Time 20 ns
FAST AND LS TTL DATA




SN54/74L.5164

AC WAVEFORMS
*The shaded areas indicate when the Input is permitted to change for predictable output performance.

MR SN 13v 7'! 13V
» I*m_.lﬁf.m
7F 13V
a 13V 13V cp
h £ P
@ !R 13v /
Figure 1. Clock to Output Delays Figure 2. Master Reset Pulse Width,

and Clock Puise Width Master Reset to Output Delay and
Master Reset to Clock Recovery Time

-

13V 13v 13v

1fmax
| ]
cP 13V 13V 13V % 13V

= e

ts(“) o
D ///////‘, 13V 47 13V /////)A/ /
Q %T.sv 1.3VNR

Figure 3. Data Setup and Hold Times

FAST AND LS TTL DATA
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ransistors USHA
SC9014 (INDIA) LTD

RE-AMPLIFIER, LOW LEVEL & LOW NOISE

ligh total power dissipation. (PT=450mW)
ligh hre and good linearity
>omplementary to SS9015

BSOLUTE MAXIMUM RATINGS (T.=25°C)

Characteristic Symbol Rating Unit
ollector-Base Voltage Veso 50 \
;ollector-Emitter Voltage Veeo 45 v
mitter-Base Voltage Veso 5 v
;ollector Current lc 100 mA
oliector Dissipation Pc 450 mw
unction Temperature Tj 150 °C
torage Temperature Tstg —-55~150 °C

1. Emitter 2. Base 3. Collector

_LECTRICAL CHARACTERISTICS (T.=25°C)

Characteristic Symbol Test Conditions Min Typ Max Unit
ollector-Base Breakdown Voitage BVeso le=100pA, =0 50 Vv
ollector-Emitter Breakdown Voltage | BVeeo lc=1mA, lg=0 45 v
mitter-Base Breakdown Voltage BVeso le=100pA, lc=0 5 Vv
ollector Cutoff Current lcso Vea=50V, le=0 50 nA
mitter Cutoff Current leso Ves=5V, le=0 50 nA
C Current Gain hee Vee=5V, lc=1mA 80 280 1000
ollector-Base Saturation Voltage Vee(sat) | le=100mA. lr=5mA 0.14 0.3 v
ase-Emitter Saturation Voltage Vee(sat) | lc=100mA, lg=5mA 0.84 1.0 \)
ase-Emitter On Voltage Veelon) Vee=5V, le=2mA 0.58 0.63 0.7 \
Jutput Capacitance Cob Vep=10V, lg=0 2.2 3.5 pF

f=1MHz
urrent Gain-Bandwidth Product fr Vee=5V, lc=10mA 150 270 MHz
loise Figure NF Vee=5V, lc=0.2mA 0.9 10 dB
f=1KHz, Rs=2K0

&t CLASSIFICATION

slagsification A B Cc D )

hee 60-150 | 100-300 | 200-600 | 400-1000 “ J
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LISTING PROGRAM MIKROKONTROLLER

;X1 EQU P2.0;
7 X2 EQU P21
; X3 EQU P22
; X4 EQU P23
;Y1 EQU P27
A ¢ EQU P26
;Y3 EQU P25
;SCAN_KEYPAD:
;PORT LCD

ORG OOH
RS EQU P1.0
E EQU P11
CON_LCD EQU P1.2
DATA_LCD EQU P13
; INISIALISASI CONTROL LCD
DISPCLEAR EQU OIH
FUNCSET EQU 38H
ENTRMOD EQU 06H
DISPON EQU OCH
DATA_SENSOR EQU 30H
BUFFER EQU 20H
BUFFERI1 EQU 22H
AWAL EQU 2FH
BUSH1 EQU P17
BUS2 EQU P16
BUS3 EQU P15
TANDA EQU 21H
TANDAO EQU TANDA.O

ORG 00H

LIMP MULAI

ORG 23H

LIMP SERIAL
SERIAL:
; MENERIMA DATA DARI KOMPUTER

PUSH ACC

JNB RIL$

MOV A,SBUF

CLR RI



SANJOATAONOHALM MASD08T DWTTel

0.04
P
i

.84

7.0y
.54
r.of

SR
O

1O DY
SI08

Oy 1
O '
O e

LG HA Vi e
T Y0

HOo 940
019 IO 235
LAY O dl
L (¢ % Gn. V)
U Q0 ATR

T ACHTAOD \2AZLIALLAL
HI0 1507 AT I9RIC
Hae  J0H BERYARE|
HOO  TIOA LOMSTTIAH
L0 U0 404214
Noi U sioRve A1ad
HOS O PREEI
HET O ST
PEIL IO A2 L
T U0 128
ot U0 cPUe
A0 £21 )¢
IS Oy IXOIN)

GAAWAT O DACVAT

HOO 050
FALUM GHAL
HES OHO
JAIAAE MALT

AALAHAe

AT9200 BEAA ATAL AMIASVIM

on HE
RPNVt
Al VO
1 IR



TELEK1: CINE A#A',TELEK2 ;==TAMPILKAN ACCOUNT

LCALL KIRIMKOM
LIMP AKHIR
TELEK2: CJNE A,#B',TELEK3
JB BUS1,TELEK21
MOV A#30H
LCALL KIRIMSER
LIMP AKHIR
TELEK21:
MOV A#31H
LCALL KIRIMSER
LIMP AKHIR
TELEK3:
CINE A #C',TELEK4
JB BUS2,TELEK31
MOV A,#30H
LCALL KIRIMSER
LIMP AKHIR
TELEK31:
MOV A#31H
LCALL KIRIMSER
LIMP AKHIR

JMP AKHIR
TELEK4:

CINE A#D',AKHIR

JB BUS3,TELEK41

MOV A#30H

LCALL KIRIMSER

LIMP AKHIR
TELEK41:

MOV A#31H

LCALL KIRIMSER

LIMP AKHIR

AKHIR:
POP ACC
RETI

MULALIL
LCALL INITLCD

SETB EA

MOV TMOD,#20H
MOV TH1,#FDH
SETB TRI1

MOV SCON,#50H
SETB ES

SETB TANDAO
LCALL CLRMEM
MOV AWAL,#30H

; #0F3 2404 BPS ; #0E6H UNTUK 1200 BPS
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PUTER:

PAD:

TERUSO:

TERUS:

TERUSI:

MOV R5,#1

MOV DPTR,#ANTRI1
LCALL CETAK1
MOV R5.#1

MOV DPTR,#ANTRI2
LCALL CETAK2
LCALL DLY1000MS
LCALL DLY1000MS
LCALL DLY1000MS

MOV RS#1
MOV DPTR#AWALLI
LCALL CETAKI

MOV RS #l

MOV DPTR#AWAL2
LCALL CETAK2
LCALL KEY

MOV BUFFER,A
LCALL BUSEK

MOV R5 #1

MOV DPTR #KODE2
LCALL CETAK2

MOV RS #1

MOV DPTR,#KODE
LCALL CETAKI1

MOV R4,#1

MOV R1,#30H

MOV A,BUFFER

MOV @RL,A

LCALL DATAOUT

LCALLKEY
CINE A,#23H,TERUS0
LIMP TERUSI1

CINE A,#AH,TERUS
LCALL CLRMEM
JMP PUTER

INC Rl

INC R4

MOV @R1,A
LCALL DATAOUT
LIMP PAD

CLR TANDAO
MOV AWAL,#31H
LIMP PUTER



;==SUBPROGRAM

KURANG:
MOV RS #1
MOV DPTR,#KODE2
LCALL CETAK2
MOV R5,#1
MOV DPTR,#KODE
LCALL CETAK1
MOV R1,#30H
MOV BUFFER1,R4
KURANGI:
MOV A,@R1
LCALL DATAOUT
INCRI
DINZ BUFFER1,KURANG!
RET

KIRIMKOM:
MOV RO#2FH
MOV R2,#11
KIRIMKOMI:
MOV A,@R0
LCALL KIRIMSER
INC RO
DINZ R2,KIRIMKOM]
JB TANDAO KIRIMKOM?2
LCALL CLRMEM
MOV AWAL,#30H
SETB TANDAO
KIRIMKOM?2:
RET

KIRIMSER:
CLR ES
MOV SBUFA ; KIRIM LEWAT SERIAL COMM.
JNB TLS
CLR TI
SETB ES
RET

CLRMEM: MOV R0,#30H
MOV R2,#10

CLRMEMI:
MOV @RO0,#20H
INCRO
DINZ R2,CLRMEM1
RET



BUSEK:

KEY:

KEY1:

KEY2:

KEY3:

KEY4:

KEYS:

KEYé6:

KEY7:

MOV R5,#1

MOV DPTR,#HAPUS
LCALL CETAK1
MOV RS,#1

MOV DPTR,#HAPUS
LCALL CETAK2
RET

MOV P2,#0FEH
JB P24, KEY1
MOV A#31H

JNB P2.4.$

LIMP KEYAKHIR

JB P2.6,KEY2
MOV A#32H

JNB P2.6,$

LIMP KEYAKHIR

JB P2.5,KEY3
MOV A#33H

JNB P2.5,%

LIMP KEYAKHIR

MOV P2,#11111101B
JB P2.4KEY4

MOV A,#34H

JNB P2.4,%

LIMP KEYAKHIR

JB P2.6, KEYS
MOV A#35H

JNB P2.6,$

LIMP KEYAKHIR

JB P2.5,KEY6
MOV A,#36H

JNB P2.5.%

LIMP KEYAKHIR

MOV P2,#11111011B
JB P24 KEY7

MOV A#37TH

JNB P24,

LIMP KEYAKHIR

JB P2.6,KEY8
MOV A,#38H

JNB P2.6,$

LIMP KEYAKHIR
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KEYS:

JB P2.5,KEY9
MOV A,#39H

JNB P2.5.$

LIMP KEYAKHIR

KEY9:

JB P2.5,KEY10
MOV A, #23H

JNB P2.5,$

LIMP KEYAKHIR

KEY10:

JB P2.6, KEY11
MOV A,#30H

JNB P2.6,$

LIMP KEYAKHIR

KEY11:

JB P2.7KEY12
MOV A#2AH
JNB P2.7.$

LIMP KEYAKHIR

KEY12:

LIMP KEY

KEYAKHIR:
RET
;INIT LCD

DELAY
MOV
DLYLCDLP
MOV
DINZ
DINZ
RET
BARIS2

R6,#00H

R7.#00H
R7,$
R6,DLYLCDLP

MOV AR5
ADD A #0COH ;11000000B
LIMP POSISISUB

BARIS1

MOV AR5
ADD A #80H; 10000000B

POSISISUB

DEC A

LCALL CONTROLOUT

RET

CETAK2



CETAK1

ANSA

LOOP

LCALL BARIS2
LJMP ANSA

LCALL BARIS1

LJMP OUTSTRING

LCALL DATAOUT
INC DPTR

OUTSTRING

CLR A
MOVC A,@A+DPTR
CINE A #$',LOOP

RET

CONTROLOUT

DATAOUT

ouT

GESER

Al

PUSH DPH
PUSH DPL

CLRRS
LIMP OUT

PUSH DPH
PUSH DPL

SETB RS

SETBE
LCALL GESER
MOV R6,#250
DINZ R6,$
POP DPL

POP DPH
CLRE

RET

CLR CON_LCD
MOV B#8

RRC A

MOV DATA_LCD,C
NOP

NOP

NOP



NOP
SETB CON_LCD
NOP
NOP
NOP
NOP
CLR CON_LCD
DINZ B,Al
RET
DELAY2
MOV  R6#0FFH
DLYLCD!
MOV  R7#0FFH
DINZ R7$
DINZ R6,DLYLCDI1
RET

DELAYPLUS MOV R5,#10

DELAYPLUS2 CALL DELAY2
DINZ RS,DELAYPLUS2
RET

INITLCD
MOV A #DISPCLEAR
LCALL CONTROLOUT
LCALL DELAY

MOV A#FUNCSET
LCALL CONTROLOUT

MOV A #DISPON
LCALL CONTROLOUT

MOV A #ENTRMOD
LCALL CONTROLOUT

RET

‘RUTIN DELAY

DLY1000MS:
MOV R2#10
ULDEL:
LCALL DLY100MS
DINZ R2,ULDEL
RET
DLY100MS:
MOV R6,#200
LIMP WAKTU



DLY10MS:

MOV Ré6,#20

LIMP WAKTU
; TIMER 0,5 MS
; R6 = PERKALIAN
WAKTU:

MOV R7,4#247

DINZ R7$

DINZ R6,WAKTU

RET
HAPUS

DB' $
AWALL

DB' MASUKKAN KODE §'
AWAL2:

DB' BUS $
KODE:

DB 'KODE=$'
KODE2:

DB '"*>HAPUS #>KIRIM §'
ANTRI1:

DB' ANTRIAN BUS §
ANTRI2:

DB' ABDUL KADRR ¥
END



LISTING PROGRAM DELPHI

unit Unitl;
interface

uses

Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls,
Forms,

DialogsCust, Menus, StdCtrls, Grids, DBGrids, ExtCtrls, ComCtrls,
Buttons,

DB, DBTables, CPort, CPortCtl, StrUtils, DateUtils, MMSystem;

type
TForml = class(TForm)

MainMenul: TMainMenu;
EntryDatal: TMenultem;
Konfigurasil: TMenuItem;
Bantuanl: TMenultem;
RekamKatal: TMenultem;
PeriodeAntrianl: TMenultem;
FormatPengumumanl: TMenultem;
KomunikasiSeriall: TMenultem;
PanduanOperasil: TMenultem;
Nl: TMenultem;
Penyusunl: TMenultem;
Kedatanganl: TMenultem;
Persiapanl: TMenultem;
Keberangkatanl: TMenultem;
DataBisl: TMenultem;
utupl: TMenultem;
DBGridl: TDBGrid:;
Labell: TLabel:;
Label2: TLabel;
DBGrid2: TDBGrid;
Label3: TLabel;
DBGrid3: TDBGrid;
Bevell: TBevel;
Labeld: TLabel;
Jam: TLabel;
TimerJam: TTimer;
btLihat_data: TSpeedButton;
Tablel: TTable;
Table2: TTable;
Table3: TTable:;
DataSourcel: TDataSource:;
DataSource2: TDataSource:;
DataSource3: TDataSource;
Tabled: TTable;
DataSourced: TDataSource:;
ComComboBoxl: TComComboBox:;
StatusBarl: TStatusBar;
ComPortl: TComPort;
JalurBusl: TMenultem;
Table5: TTable;
Laporanl: TMenultem;



RekapPemberangkatanl: TMenultem;
Table6: TTable;
BitBtnl: TBitBtn;
Panell: TPanel;
Label5: TLabel;
Label6: TLabel:;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
LabellQO: TLabel;
Imagel: TImage:

procedure
procedure
procedure
procedure

utuplClick(Sender: TObject):
FormCreate (Sender: TObject):
TimerJamTimer (Sender: TObject):
DataBislClick(Sender: TObject):

procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
private
{ Private

KedatanganlClick(Sender: TObject):
PersiapanlClick(Sender: TObject):
KeberangkatanlClick(Sender: TObject):
btLihat_dataClick(Sender: TObject):;
PeriodeAntrianlClick(Sender: TObject):
KomunikasiSeriallClick(Sender: TObject):
ComPortlAfterClose(Sender: TObject);
ComPortlAfterOpen(Sender: TObject):
JalurBuslClick(Sender: TObject):;
RekapPemberangkatanlClick(Sender: TObject):
BitBtnlClick(Sender: TObject):

declarations }

procedure Pengumuman{var stbus,stjurusan,stjalur,stnopol: string;
const stmode string):

procedure Masukkan_antrian(var stkode:string);

function Cari_Jadwal (var stkode string) :boolean;

procedure Pengumuman_persiapan(var jalur :byte):

procedure Pengumuman_berangkat (var jalur:byte);

.
.

procedure Periksa_jalur(var jalur : byte);
procedure Laporan_ berangkat (var stkode, stbus, stnopol: string);
procedure PlayWav(var stfile : string);
public
{ Public declarations }
end;
var
Forml: TForml;
fRun : Boolean;
hitError : integer;
implementation
uses Unit2, Unité4;
{$R *.dfm}
const
Title = 'Antrian Bus';
AppBGColor = 11876877;
szJam = 8;
szBusID = 10;



szJalur = 2;

szNama = 20;

szNopol = 10;

szPemilik = 20;

szAlamat = 30;

szJurusan = 20;

Karjlrl = 'B';

AdaBis = '1"';

tmbersiap = 10; // waktu persiapan
var

jamnya : TDateTime;
recnum : integer;
procedure TForml.utuplClick(Sender: TObject);
begin
Comportl.Close;
Application.Terminate;
end;
procedure TForml.FormCreate(Sender: TObject);
var
lebar : integer;
pathnya,DBnya : string:
begin
fRun := False;
Application.Title := Title;
Forml.Caption := '';
Labeld.Caption := title;
lebar := Forml.Width;
Bevell.Width := lebar - 32;
Bevell.left := 15;
pathnya := GetCurrentDir;
DBnya := Pathnya + '\TBDatang.db';
if not FileExists(DBnya) then
begin
with Tablel do // bikin TBDatang;
begin
DatabaseName := Pathnya;
TableType := ttPAradox;
TableName := 'TBDatang':
With FieldDefs do
begin
Clear;
with AddFieldDef do begin
Name := 'Jam';
DataType := ftString;
Required := True;

Size := gzJam;

end;

with AddFieldDef do begin
Name := 'BusID';

DataType := ftString;
Size := szBuslD;
end;
end;
with IndexDefs do begin
Clear:
end;



CreateTable;
end;
end;
DBnya := Pathnya + '\TBPersiapan.db’;
if not FileExists(DBnya) then
begin
with Table2 do // bikin TBPersiapan;
begin
DatabaseName := Pathnya;
TableType := ttPAradox:
TableName := 'TBPersiapan';
With FieldDefs do
begin
Clear;
with AddFieldDef do begin
Name := 'Jam';
DataType := ftDateTime;
Required := True;
end;
with AddFieldDef do begin
Name := 'BusID';
DataType := ftString;
Size := szBuslID;
end;
with AddFieldDef do begin
Name := 'Jalur';
DataType := ftString:
Size := szJalur;
end;
with AddFieldDef do begin
Name := 'Mode';
DataType := ftString;
Size := 2;
end;
end;
with IndexDefs do begin
Clear;
end;
CreateTable;
end;
end;
DBnya := Pathnya + '\TBJadwal.db';
if not FileExists(DBnya) then
begin
with Table3 do // bikin_TBJadwal;
begin
DatabaseName := Pathnya;
TableType := ttPAradox;
TableName := 'TBJadwal';
With FieldDefs do
begin
Clear;
with AddFieldDef do begin
Name := 'Jam';
DataType := ftString:;
Required := True;
Size := szdJam;



end;
with AddFieldDef do begin
Name := 'BusID';
DataType := ftString:
Size := szBuslD;
end;
with AddFieldDef do begin
Name := 'Nama';
DataType := ftString:;
Size := szNama;
end;
with AddrieldDef do begin
Name := 'Jalur';
DataType := ftString;
Size := szjalur;
end;
with AddFieldDef do begin
Name := 'Jurusan';
DataType := ftString:;
Size := szdJurusan;
end;
end;
CreateTable;
end;
end;
DBnya := Pathnya + '\TBBus.db';
if not FileExists(DBnya) then
begin
with Table4 do
begin
DatabaseName := Pathnya;
TableType := ttPAradox;

TableName := 'TBBus';
With FieldDefs do
begin
Clear:;
with AddFieldDef do begin
Name := 'BusID’';
DataType := ftString;
Required := True;
Size := szBusID;
end;

with AddFieldDef do begin
Name := 'Nama‘';
DataType := ftString;
Size := szNama;

end;

with AddFieldDef do begin
Name := 'NoPol';
DataType := ftString:;
Size := szNopol:

end;

with AddFieldDef do begin
Name := 'Sopir':;
DataType := ftString:;
Size := szPemilik;

end;

// bikin_ DBBus;



with AddFieldDef do begin
Name := 'Alamat';
DataType := ftString;
Size := szAlamat;
end;
with AddFieldDef do begin
Name := 'Jurusan';
DataType := ftString:
Size := szJurusan;
end;
end;
with IndexDefs do begin
Clear;
with AddIndexDef do begin
Name := 'Kode';
Fields := 'BusID';
Options := [ixPrimary]:
end;
end;
CreateTable;
end;
end;
DBnya := Pathnya + '\TBJalur.db';
if not FileExists(DBnya) then
begin
with Table5 do //
begin
DatabaseName := Pathnya;
TableType := ttPAradox;
TableName := 'TBJalur’';
With FieldDefs do
begin
Clear;
with AddFieldDef do begin
Name := 'Jalur';
DataType := ftString;
Size := szJalur;
end;
with AddFieldDef do begin
Name := 'Jurusan';
DataType := ftString;
Required := True;
Size := szdurusan;
end;
end;
CreateTable;
end;
end;
DBnya := Pathnya + '\TBRekap.db';
if not FileExists(DBnya) then
begin
with Tableé do //
begin
DatabaseName := Pathnya;
TableType := ttPAradox;
TableName := 'TBRekap':
With FieldDefs do

bikin_TJalur;

bikin_TBRekap;



begin
Clear;
with AddFieldDef do begin
Name := 'Tgl_Jam';
DataType := ftString;
Size := szJam+szJam+d;
end;
with AddFieldDef do begin
Name := 'Nopol';
DataType := ftString;
Size := szNopol:
end;
with AddFieldDef do begin
Name := 'PO';
DataType := ftString;
Required := True;
Size := szNama;
end:
end;
CreateTable;
end;
end;
Tablel.TableName
Tablel.Open;

‘*TBDatang’;

Table2.TableName := 'TBPersiapan’';
Table2.0Open;

Table3.TableName := 'TBJadwal';
Table3.Open;

Table4.TableName := 'TBBus';

Tabled4.Open;

Table5.TableName := 'TBJalur';
Table5.Open:;

Table6.TableName := 'TBRekap':;
Table6.0Open;
StatusBarl.Panels.Items[0] .Text := Comportl.Port;
StatusBarl.Panels.Items[1l] .Text := 'Stop';

Comportl.Open;
end;

procedure TForml.TimerJamTimer (Sender: TObject):

var
dtout : char;
hit, hot : byte:;
stkode,stjlrl,stjlr2,stjlr3 : string;
hasil : boolean;

begin
Jam.Caption := DateTimetoStr (Now):
if fRun then
begin
hasil := true; // Query Kode
dtout := 'A'; // Kirim 'A' <- jawaban 11 byte

; byte 1 : 0O=gak ada; l=baca kodenya
Comportl.WriteStr (dtout):
stkode :='"';
Comportl.ReadStr(stkode,11);
if length(stkode) < 11 then
hasil := false;
if (hasil) and (stkode[l] = 'l1') then



begin
if Cari_jadwal (stkode) then
Masukkan_antrian(stkode);

Statusbarl.Panels.Items[2].Text = ' >> ';
end else if not hasil then
begin
Statusbarl.Panels.Items(2].Text := ' >> Gak ada jawaban !

Mungkin kabel putus atau coba port yang lain.';
inc(hiterror):;
end;
if (hiterror = 5) and (fRun = True) then
begin
Bitbtnl.Click;
end;
hot := 1;
for hit := 1 to 3 do // mode antrian:
begin // 0 : antri
Pengumuman_berangkat (hot) ; // 1 : pengumuman persiapan
Pengumuman_persiapan(hot); // 2 : persiapan
inc(hot): // 3 : pengumuman berangkat
hapus dr antrian -> catat di rekap
end;
hot := 1;
for hit := 1 to 3 do
begin
Periksa_jalur (hot); // Query jalur
inc(hot):
end;
end;
end;
procedure TForml.DataBislClick(Sender: TObject):
begin
Application.CreateForm(TForm2, Form2);
Form2.Color := Forml.Color;
Form2.Font.Color := Forml.Font.Color;
Form2.pnlDataBus.Color := Forml.Color:;
Form2.pnlDataBus.Font.Color := Forml.Font.Color;
Form2.Labell.Caption := 'Entry Data Bus';
Form2.Tablel.TableName := 'TBBus':;
Form2.Tablel.Cpen:;
Form2.pnlDataBus.Visible := True;
Form2.edKode.MaxLength := szBuslID;
Form2 .edNopol .MaxLength := szNopol;
Form2.edPemilik.MaxLength := szPemilik;
Form2.edAlamat.MaxLength := szAlamat;
// Form2.edJurusan.MaxLength := szJurusan;
Table5.First:
Form2.cbJurusan.Clear;
if not Table5.IsEmpty then
begin
repeat
Form2.cbJurusan.Items.Add (Table5.FieldValues('Jurusan']);
Table5.Next;
until
Table5.Eof;
end;
Form2.edNama.MaxLength := szNama;



Form2.ShowModal:;
Form2.Tablel.Close;
Form2.Free;
end;
procedure TForml.KedatanganlClick(Sender: TObject):
begin
Application.CreateForm(TForm2, Form2);
Form2.Color := Forml.Colox:;
Form2.Font.Color := Forml.Font.Color;
Form2.pnlDataBus.Color := Forml.Color;
Form2.pnlDataBus.Font.Color := Forml.Font.Color;
Form2.Labell.Caption := 'Entry Data Jadwal Kedatangan':
Form2.pnlDatang.Visible := True;
Tabled4.TableName := 'TBBus';
Table4.Open;
Table4.First;
if Tabled4.IsEmpty or Table5.isEmpty then
begin
MessageDlg('Tabel data bus dan dan tabel jalur masih kosong. "+#13
4+'Isi dulu tabel data bus dan tabel jalurnya !',
mtConfirmation, [mbOK],0);
end else begin
repeat
Form2 .ComboBoxl.Items.Append (Tabled.FieldValues(['BusID']):
Table4 .Next;
until
Table4 .Eof;
Form2.ComboBoxl.ItemIndex := 0;
Form2.ComboBoxlChange (Self);
Form2.Tablel.TableName := 'TBDatang’;
Form2.Tablel.Open;
Form2.ShowModal:;
end;
Form2.Free;
Tablel.Refresh;
end;
procedure TForml.PersiapanlClick(Sender: TObject):
begin
Application.CreateForm(TForm2, Form2) ;
Form2.Color := Forml.Color;
Form2.Font.Color := Forml.Font.Color;
Form2.pnlDataBus.Color := Forml.Color;
Form2.pnlDataBus.Font.Color := Forml.Font.Color;

Form2.Labell.Caption := 'Data Jadwal Persiapan Keberangkatan';
Form2.Tablel.TableName := 'TBPersiapan’;
Form2.Tablel.Open;

Form2.DBGridl.Visible := False;
Form2.DBGrid2.Visible := True;
Form2.pnlLihatdatabis.Visible := True;

Form2 .ShowModal;
Form2.Free;

end;

procedure TForml.KeberangkatanlClick(Sender: TObject):

var
hit : integer;
stnya : string;

begin



Application.CreateForm(TForm2, Form2) ;
Form2.Color := Forml.Color;
Form2.Font.Color := Forml.Font.Color;
Form2.pnlDataBus.Color := Forml.Color;
Form2.pnlDataBus.Font.Color := Forml.Font.Color;
Form2.Labell.Caption := 'Entry Data Jadwal Keberangkatan';
Form2.cbKode.Clear;
Tabled.TableName := 'TBBus':;
Tabled4 .Open;
Tabled.First;
if Tabled4.IsEmpty or Table5.IsEmpty then
begin
MessageDlg('Tabel data bus dan Tabel Jalur Bus masih kosong.'+#13
+'Isi dulu tabel data bus dan data jalur
pemberangkatannya !', mtConfirmation, [mbOK],0);
end else begin
repeat
Form2.cbKode.Items.Append(Table4.FieldValues['BusID']);
Tabled .Next;
until
Table4 .Eof;
Form2.cbKode.ItemIndex := 0;
Form2 .cbKodeChange (self);
Form2.ComboBox1lChange (Self) ;
Form2.Tablel.TableName := 'TBJadwal’:;
Form2.Tablel.Open;
Form2.pnlBerangkat.Visible := True;
for hit := 0 to 23 do
begin
stnya := InttoStr(hit);
while length(stnya)<2 do
stnya := '0'+stnya;
Form2.ComboBox2.Items.Append(stnya);
end;
for hit := 0 to 59 do
begin
stnya := InttoStr(hit):;
while length({stnya)<2 do
stnya := '0O'+stnya;
Form2.ComboBox3.Items.Append(stnya);
end;
Form2.ComboBox2.ItemIndex :=
Form2.ComboBox3.ItemIndex :=
Form2.ShowModal;
end;
Form2.Free;
Table3.Refresh;
end;
procedure TForml.btLihat_dataClick(Sender: TObject):;
begin
Application.CreateForm(TForm2, Form2);
Form2.Color := Forml.Color;
Form2.Font.Color := Forml.Font.Color;
Form2.pnlLihatdatabis.Color := Forml.Color;
Form2.pnlLihatdatabis.Font.Color := Forml.Font.Color;
Form2.Labell.Caption := 'Lihat Data Bus';
Form2.Tablel.TableName := 'TBBus’';

0;
0;



Form2.Tablel.Open;
Form2.DBGridl.Visible := False;
Form2.DBGrid2.Visible := True;
Form2.pnllLihatdatabis.Visible := True;
Form2.Caption := 'Lihat Data':;
Form2.ShowModal;
Form2.Free;
end;
procedure TForml.PeriodeAntrianlClick(Sender: TObject):
var
stTunggu : string:;
Frcolor, FntColor, intTunggu : integer;
begin
FrColor := Forml.Color;
FntColor := Forml.Font.Color;
stTunggu := InputBox('Konfigurasi', 'Waktu Tunggu Antrian
(menit):',*15', FrColor,FntColor);
try
intTunggu := Strtolnt (stTunggu):
except on EConvertError do
begin
MessageDlg('Masukan tidak valid !'+#13
+'Menggunakan nilai default = 15 menit.', mtError,
[mbOK], 0) ;
IntTunggu := 15;
end;
end;
end;
procedure TForml.KomunikasiSeriallClick(Sender: TObject):
begin
Comportl.Close;
TimerJam.Enabled := False;
Application.CreateForm(TForm5, FormS) ;
Form5.Color := Forml.Color;
Form5.Font.Color := Forml.Font.Color;
Form5.ShowModal;
Comportl.Open;
TimerJam.Enabled := True;
end;
procedure TForml.ComPortlAfterClose(Sender: TObject);
begin
StatusBarl.Panels.Items[0] .Text := Comportl.Port;
StatusBarl.Panels.Items[1]).Text := 'Stop';

end;
procedure TForml.ComPortlAfterOpen(Sender: TObject);
begin
StatusBarl.Panels.Items([0].Text := Comportl.Port;
StatusBarl.Panels.Items(1l].Text := 'Aktif';
end;
procedure TForml.JalurBuslClick(Sender: TObject):
begin

Application.CreateForm(TForm2, Form2) ;
Form2.Color := Forml.Color;

Form2.Font.Color := Forml.Font.Color;
Form2.pnlJalur.Color := Forml.Color;
Form2.pnlJalur.Font.Color := Forml.Font.Color;
Form2.pnlJalur.Visible := True;



Form2.Labell.Caption :
Form2.Tablel.TableName
Form2.Tablel.Open;

:= 'TBJalur':;

= 'Entry Data Jalur Pemberangkatan';

Form2.pnlLihatdatabis.Visible := False;

Form2.DBGridl.Visible := True;
Form2.Caption :
Form2.ShowModal;
Form2.Free;

end;

= 'Jalur Pemberangkatan';

procedure TForml.Pengumuman(var stbus, stjurusan, stjalur, stnopol :

string ; const stmode : string);
var
stpos,CurrDir,wavnya, kalimat : string;
posisi : integer;
begin
stpos :=''; // DONE : play wav successively
if stmode = 'bersiap' then
begin
stpos := 'di';
kalimat := 'bis "'+stbus+'" '+stnopol+' jurusan '+stjurusan+' '+'
silahkan masuk jalur '+stjalur;
end else begin
stpos := 'dari';
kalimat := 'bis "'+stbus+'" '+stnopol+' jurusan '+stjurusant+' '+'
silahkan diberangkatkan':;
end;
kalimat := Trim(kalimat):

CurrDir := GetCurrentDir+'\wav\';
while length(kalimat) > 0 do
begin

posisi := AnsiPos('.',kalimat);

if posisi = 2 then

begin

wavnya := lowercase (Trim(LeftStr(kalimat,1))):
kalimat := Trim(RightStr(kalimat,length(kalimat)-posisi));

wavnya := CurrDir+wavnya+'.wav';
PlayWav (wavnya) ;
end else begin

posisi := AnsiPos('"',kalimat):
if posisi = 1 then
begin
kalimat :
posisi := AnsiPos('"', kalimat);
wavnya :=

kalimat := Trim(RightStr(kalimat
wavnya := CurrDir+wavnya+'.wav';
PlayWav (wavnya) ;

end else begin

= Trim(RightStr(kalimat,length(kalimat)-1));

lowercase (Trim(LeftStr(kalimat,posisi-1)));
«length(kalimat)-posisi)):

posisi := AnsiPos(' ',kalimat):;

if posisi <> 0 then

begin
wavnya := Lowercase(Trim(LeftStr(kalimat,posisi)));
kalimat := Trim(RightStr(kalimat,length(kalimat)-posisi)):
wavnya := CurrDir+wavnya+'.wav';

PlayWav(wavnya) ;
end else begin

wavnya := CurrDir+lowercase(Trim(kalimat))+'.wav';



PlayWav (wavnya) ;
kalimat := '";
end;
end;
end;
end;
end;
function TForml.Cari_Jadwal (var stkode:string): boolean;
var
jamskrg, jadwal : TDateTime;
stjam, stjalur,stjurusan : string:
hasil : boolean;
begin
result := false; // DONE : Cari jadwal berangkat
yg terdekat
recnum := 00;
stkode := RightStr(stkode,10);
jamnya := IncDay (Now):
jamskrg := Now():;
Table3.First;
repeat
if Table3.FieldValues['BusID'] = stkode then
begin
jamskrg := TimeOf (jamskrg):
stjam := Table3.FieldValues(['Jam']+':00°';
jadwal := StrtoTime(stjam):;
if jadwal < jamskrg then

begin
jadwal := incday({Now-TimeOf (Now)) + jadwal);
end;
if jadwal < jamnya then // bandingkan dg data sebelumnya
begin

jamnya := jadwal;
recnum := Table3.RecNo;
end;
result := True;
end;
Table3.Next;
until
Table3.Eof:;
end;
procedure TForml.Masukkan_antrian(var stkode : string);
var
stmode, stjurusan, stjalur,stjam : string;
hasil : boolean;
sekarang, jadwall, jadwal : TDateTime;
begin
Table3.RecNo := recnum; // DONE : Masukkan dalam
antrian dan urutkan
sekarang := now;
jadwal := (Sekarang-
TimeOf (Sekarang) ) +StrtoTime (Table3.FieldValues['Jam']+':00'");
if jadwal < sekarang then
jadwal := IncDay(jadwal):
stjalur := Table3.FieldValues['Jalur'];
stjurusan := Table3.FieldValues('Jurusan']};
hasil := false;



Table2.First;
if not Table2.Locate('BusID',6stkode, []) then
begin
Table2.First:
repeat
if Table2.Eof then
begin
stmode := '00';
Table2.AppendRecord([jadwal, stkode, stjalur,stmode]);
hasil := true;
end else begin
jadwall := Table2.FieldValues('Jam'];
if jadwal < jadwall then
begin
stmode := '00';
Table2.InsertRecord([jadwal, stkode, stjalur, stmode]);
Table2.Edit;
Table2.Post;
hasil := true;
end;
end;
Table2.Next;
until
hasil = true;
end;
end;
procedure TForml.Pengumuman_berangkat (var jalur: byte):
var
sttamp, stjam, stbus, stmode, stkode, stjalur, stjurusan, stnopol : string;
hasil : boolean:;
jamnya, jamskrg : TDateTime;
hit : integer;
begin
hasil := True; // DONE : baca tabel persiapan,
umumkan yg berangkat
stjalur := InttoStr(jalur):
if length(stjalur) < 2 then
stjalur := '0'+stjalur;
Table2.First;
if Table2.Locate('Jalur',stjalur,[]) then
begin
jamnya := Table2.FieldValues('Jam'};
jamskrg := Now;
if jamnya<jamskrg then
begin
stmode := (Table2.Fieldvalues('Mode']):;
if stmode = '02' then
begin
stkode := Table2.FieldValues['BusID'];
stjalur := Table2.FieldValues['Jalur'];
Tabled.First:
Table4.Locate ('BusID', stkode, []);
stjurusan := Table4.FieldValues['Jurusan'];
stbus := Tabled4.FieldValues['Nama']:
sttamp := Trim(Table4.FieldValues['Nopol']):
laporan_berangkat (stkode, stbus, sttamp) ;
stnopol := '';



repeat
stnopol := stnopol+LeftStr(sttamp,l)+'.';
sttamp := RightStr(sttamp,length(sttamp)-1):;
sttamp := Trim(sttamp):;
until
length(sttamp) < 1;
stnopol := Trim(stnopol):
stjalur := InttoStr(jalur);
Pengumuman (stbus, stjurusan, stjalur, stnopol, 'berangkat');
end;
Table2.Delete;
end;
end;
end;
procedure TForml.Pengumuman_persiapan(var jalur: byte);
var
sttamp, stjam, stbus, stkode, stmode, stjalur, stjurusan, stnopol :string;
hasil : integer:;
jamnya, jamskrg : TDateTime;
begin
stjalur := InttoStr(jalur); // DONE : baca tabel persiapan,
umumkan yg bersiap
while length(stjalur) < 2 do
stjalur := '0'+stjalur;
Table2.First;
if Table2.Locate('Jalur',stjalur,[]) then

begin
jamnya := Table2,FieldValues('Jam'];
jamskrg := Now;
stmode := Table2.FieldValues{'Mode']:
if (jamnya<jamskrg) and (stmode = '0l') then
begin
Table2.Delete;

end else begin
if (SecondSpan(jamskrg,jamnya) < (tmbersiap*60)) and (stmode =
'00') then

begin
Table2.Edit;
Table2.FieldValues|['Mode'] := '01°';
stkode := Table2.FieldValues{'BusID'];
stjalur := Table2.FieldValues['Jalur'];
Table4.First;
Tabled.Locate ('BusID', stkode, []):
stjurusan := Tabled.FieldValues['Jurusan'];
stbus := Tabled4.FieldValues{'Nama']:;
sttamp := Trim(Tabled4.FieldValues['Nopol'l}l):

stnopol := '';

repeat
stnopol := stnopol+LeftStr(sttamp,l)+'."';
sttamp := RightStr(sttamp,length(sttamp)-1):
sttamp := Trim(sttamp);

until
length(sttamp) < 1;

stnopol := Trim(stnopol);

stjalur := InttoStr(jalur):
Pengumuman ( stbus, stjurusan, stjalur, stnopol, 'bersiap"');
Table2.Post;



end;
end;

end;
end;
procedure TForml.Periksa_jalur(var jalur: byte):
var

querykar : byte;

dtin, stjalur,stmode : string;

begin
// DONE : periksa kondisi jalur

querykar := byte(karjlrl) + (jalur-1); // Kirim 'B' <- jawaban
jlr 0; 1 byte : O=kosong ; l=ada

Comportl.Write(querykar,1l); // Kirim 'C' <- jawaban
jlr 1; 1 byte : O=kosong ; l=ada

Comportl.ReadStr (dtin,1); // Kirim 'D' <- jawaban

jlr 1; 1 byte : O=kosong ; l=ada
stjalur := InttoStr(jalur):
while length(stjalur) < 2 do
stjalur := '0'+stjalur;
Table2.First:
if Table2.Locate('Jalur',stjalur,[]) then
begin
stmode := Table2.FieldValues['Mode']};
if stmode = '01' then
begin
if not(dtin = adabis) then
begin
Table2.Edit;
Table2.FieldValues(['Mode'] := '02';
Table2.Post;
end;
end;
end;
end;
procedure TForml.Laporan_berangkat (var stkode, stbus, stnopol: string):;
var
sttgljam : string;

begin

stTgljam := DateTimetoStr (Now); // DONE : Catat
keberangkatan

Table6.AppendRecord( [stTgljam, stnopol, stbus]);
end;
procedure TForml.RekapPemberangkatanlClick(Sender: TObject):
begin

Application.CreateForm(TForm2, Form2);
Form2.Color := Forml.Color:;

Form2.Font.Color := Forml.Font.Color;
Form2.pnlDataBus.Color := Forml.Color;
Form2.pnlDataBus.Font.Color := Forml.Font.Color:
Form2.Labell.Caption := 'Data Keberangkatan Bus';
Form2.Tablel.TableName := 'TBRekap':;
Form2.Tablel.Open;

Form2.DBGridl.Visible := False;
Form2.DBGrid2.Visible := True;
Form2.pnlLihatdatabis.Visible := True;
Form2.ShowModal;

Form2.Free;



end;

procedure TForml.PlayWav(var stfile: string);

var
pFile : Pchar;
begin

pFile := StrAlloc(length(stfile)+1l);

StrPCopy(pFile,stfile);
PlaySound(pfile, 0, SND_Sync);
end;

procedure TForml.BitBtnlClick(Sender: TObject);

begin

if BitBtnl.Caption = '&Mulai' then

begin
hitError := 0;
fRun := True;
BitBtnl.Caption := '&Stop':
end else begin

StatusBarl.Panels[2].Text := '

fRun := False;
BitBtnl.Caption := '&Mulai';
end;
end;
end.

>> Stop Komunikasi':



